


RHEUMATOLOGY





RHEUMATOLOGY
Marc C. Hochberg, md, mph 
Professor of Medicine and Epidemiology and Preventive Medicine; 
Head, Division of Rheumatology and Clinical Immunology
University of Maryland School of Medicine
Baltimore, Maryland, USA

Alan J. Silman, md, msc, frcp, fmedsci 
Medical Director, Arthritis Research UK
Chesterfield, UK; 
Professor, Rheumatic Diseases Epidemiology
University of Manchester
Manchester, UK

Josef S. Smolen, md, frcp 
Professor of Medicine; 
Chairman,
Department of Internal Medicine III, Division of Rheumatology, 
Medical University of Vienna; 
Chairman, Second Department of Medicine
Center for Rheumatic Diseases
Hietzing Hospital
Vienna, Austria

Michael E. Weinblatt, md 
John R. and Eileen K. Riedman Professor of Medicine
Harvard Medical School;
Division of Rheumatology, Immunology and Allergy
Brigham and Women’s Hospital
Boston, Massachusetts, USA

Michael H. Weisman, md 
Chief, Division of Rheumatology
Professor of Medicine
Cedars-Sinai Medical Center
David Geffen School of Medicine at UCLA
Los Angeles, California, USA

FIFTH EDITION  



1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

RHEUMATOLOGY ISBN: 978-0-323-06551-1
Copyright © 2011, 2008, 2007, 2004, 2001, 1996 by Elsevier Ltd.

All rights reserved. No part of this publication may be reproduced or transmitted in any form or 
by any means, electronic or mechanical, including photocopying, recording, or any information 
storage and retrieval system, without permission in writing from the publisher. Permissions may 
be sought directly from Elsevier’s Rights Department: phone: (+1) 215 239 3804 (US) or 
(+44) 1865 843830 (UK); fax: (+44) 1865 853333; e-mail: healthpermissions@elsevier.com. 
You may also complete your request on-line via the Elsevier website at http://www.elsevier.com/
permissions.

Notice

Knowledge and best practice in this field are constantly changing. As new research and 
experience broaden our knowledge, changes in practice, treatment and drug therapy may 
become necessary or appropriate. Readers are advised to check the most current information 
provided (i) on procedures featured or (ii) by the manufacturer of each product to be 
administered, to verify the recommended dose or formula, the method and duration of 
administration, and contraindications. It is the responsibility of the practitioner, relying on 
their own experience and knowledge of the patient, to make diagnoses, to determine dosages 
and the best treatment for each individual patient, and to take all appropriate safety 
precautions. To the fullest extent of the law, neither the Publisher nor the Editors assumes any 
liability for any injury and/or damage to persons or property arising out of or related to any use 
of the material contained in this book.

 The Publisher

Library of Congress Cataloging-in-Publication Data

Rheumatology / [edited by] Marc C. Hochberg … [et al.].—5th ed.
  p. ; cm.
 Includes bibliographical references and index.
 ISBN 978-0-323-06551-1
 1. Rheumatology. I. Hochberg, Marc C.
 [DNLM: 1. Rheumatic Diseases. 2. Antirheumatic Agents—therapeutic use. WE 544 
R47141 2010]
 RC927.R48215 2010
 616.7′23—dc22
 2010009823

Volume 1: 9996077691
Volume 2: 9996077756

Acquisitions Editor: Pamela Hetherington
Developmental Editor: Lucia Gunzel
Publishing Services Manager:Linda Van Pelt
Project Manager: Francisco Morales
Design Direction: Louis Forgione

Printed in USA

Last digit is the print number: 9 8 7 6 5 4 3 2 1 

Working together to grow 
libraries in developing countries

www.elsevier.com  |  www.bookaid.org  |  www.sabre.org

mailto:healthpermissions@elsevier.com
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions


ACKNOWLEDGMENTS

We would like to acknowledge the tremendous work of the contributors to Rheumatology, without whom this book would not have been possible. 
In addition, we would like to acknowledge our mentors: Drs. Eva Alberman, Harry Currey (deceased), Lawrence E. Shulman (deceased, OBM), 
Carl Steffen (deceased), Alfred D. Steinberg, Georg Geyer, Mary Betty Stevens (deceased), and Nathan J. Zvaifler.

We would also like to acknowledge the excellent team at Elsevier led by Kim Murphy and including Pamela Hetherington, Lucia Gunzel, and 
Frank Morales, as well as our secretaries and administrative assistants (Jacqui Oliver, Aida Medina, Johanna Leibl, and Robin Nichols) for all of 
their hard work and diligence. Last, but certainly not least, we want to acknowledge our patients, who continue to provide stimulating challenges 
to us in our clinical practices.



DEDICATION

We would like to dedicate this book to our parents (living or of blessed memory) and our wives, children, and grandchildren:

Susan Hochberg; Francine, Jeffrey, and Eleanor (Nora) Zoe Giuffrida; and Jennifer Hochberg
Ruth Silman; Joanna, Timothy, and Daniel Silman
Alice Smolen; Eva and Daniel Hruschka; Nina, Etienne, and Anna Smolen-Wildson; Daniel Smolen; and Alexander Smolen and Meeri Parikka
Barbara Weinblatt; Hillary and Jason Chapman; and Courtney Weinblatt
Betsy Weisman; Greg, Nicole, Mia, and Joey Weisman; Lisa, Andrew, David, and Thomas Cope; and Annie, Bill, and Caroline Macomber

v

A
C

K
N

O
W

LED
G

M
EN

TS



CONTRIBUTORS

Aryeh M. Abeles, MD
Assistant Clinical Professor of Medicine
Division of Rheumatic Diseases
University of Connecticut School of Medicine
Farmington, Connecticut
USA
Inflammation

Abby G. Abelson, MD
Clinical Assistant Professor of Medicine
Interim Chair
Department of Rheumatic and Immunologic Disease
Vice Chair for Education
Orthopaedic and Rheumatology Institute
Cleveland Clinic
Cleveland, Ohio
USA
Management of osteoporosis

Abhishek Abhishek, MD, MRCP
Academic Rheumatology Unit
School of Clinical Sciences
University of Nottingham Faculty of Medicine and 

Health Sciences
Nottingham
United Kingdom
Calcium pyrophosphate crystal–associated arthropathy

Steven B. Abramson, MD
NYU Langone Medical Center 
New York, New York 
USA
Inflammation

Michael A. Adams, BSc, PhD
Reader in Spine Biomechanics
Department of Anatomy
University of Bristol Medical School
Bristol
United Kingdom
Biomechanics of the spine

David M. Adlam, MBBS, BDS, FRCS, FDSRCS
Honorary Lecturer in Surgery
University of Cambridge Medical School
Consultant Maxillofacial Surgeon
Addenbrooke’s Hospital
Oral and Maxillofacial Surgeon
Spire Cambridge Lea Hospital
Cambridge
United Kingdom
The temporomandibular joint

Thomas Aigner, MD, DSc
Professor of Pathology
Institute of Pathology and Molecular Pathology
Head of Pathology
University of Würzburg/Coburg Medical Center
Coburg
Germany
Pathogenesis and pathology of osteoarthritis

Shizuo Akira, MD, PhD
Professor 
Laboratory for Host Defense 
World Premier International Immunology Frontier 

Research Center 
Osaka University 
Osaka 
Japan
Principles of innate immunity

Ivona Aksentijevich, MD
Staff Scientist
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
The hereditary recurrent fevers

Daniel Aletaha, MD, MSc
Associate Professor
Department of Medicine
Division of Rheumatology
Medical University of Vienna
Vienna
Austria
Evaluation and outcomes of patients with rheumatoid 

arthritis

Antonios O. Aliprantis, MD, PhD
Instructor in Medicine
Harvard Medical School
Associate Physician
Department of Rheumatology, Allergy, and 

Immunology
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Relapsing polychondritis

Cornelia F. Allaart, MD, PhD
Associate Professor
Department of Rheumatology
Leiden University Faculty of Medicine
Leiden
The Netherlands
Parenteral gold, antimalarials, and sulfasalazine

Pamela G. Allen, MD
Fellow
Department of Orthopaedics
Union Memorial Hospital
Baltimore, Maryland
USA
The ankle and foot

Roy D. Altman, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology and Immunology
David Geffen School of Medicine at UCLA
Los Angeles, California
USA
Clinical features of osteoarthritis; Animal models of 

osteoarthritis

Martin Aringer, MD
Professor of Medicine
Carl Gustav Carus Faculty of Medicine
Dresden University of Technology
Chief
Division of Rheumatology
University Clinical Center Carl Gustav Carus
Dresden
Germany
Signal transduction

Dana P. Ascherman, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology and Clinical Immunology
University of Pittsburgh School of Medicine
Pittsburgh, Pennsylvania
USA
Clinical features, classification, and epidemiology of 

inflammatory muscle disease

Shervin Assassi, MD, MCR
Assistant Professor of Internal Medicine–Rheumatology
University of Texas Medical School at Houston
Houston, Texas
USA
Epidemiology and classification of scleroderma

Sergei P. Atamas, MD, PhD
Associate Professor of Medicine and Microbiology and 

Immunology
University of Maryland School of Medicine
Research Health Scientist
Research and Development Service
Baltimore VA Medical Center
Baltimore, Maryland
USA
The principles of adaptive immunity

Alan N. Baer, MD
Associate Professor of Medicine
Johns Hopkins University School of Medicine
Chief of Rheumatology
Good Samaritan Hospital
Baltimore, Maryland
USA
Metabolic, drug-induced, and other non-inflammatory 

myopathies

Dominique Baeten, MD, PhD
Professor of Clinical Immunology and Rheumatology
University of Amsterdam Faculty of Medicine
Academic Medical Center
Amsterdam
The Netherlands
Etiology, pathogenesis, and pathophysiology of 

ankylosing spondylitis

Nancy Baker, ScD, MPH
Assistant Professor
Department of Occupational Therapy
University of Pittsburgh School of Health and 

Rehabilitation Sciences
Pittsburgh, Pennsylvania
USA
Principles of rehabilitation: physical and occupational 

therapy

Alejandro Balsa, MD, PhD
Associate Professor of Rheumatology
School of Medicine
Universidad Autónoma de Madrid
Staff Rheumatologist
Hospital Universitario La Paz
Madrid
Spain
Septic arthritis, osteomyelitis, and gonococcal and 

syphilitic arthritis

vi

C
O

N
TR

IB
U

TO
RS



Les Barnsley, BMed(Hons), GradDipEpi, PhD, FRACP, 
FAFRM(RACP)

Associate Professor
Department of Medicine
University of Sydney Medical School
Sydney
Head
Department of Rheumatology
Concord Repatriation Hospital
Concord
New South Wales
Australia
Neck pain

Joan M. Bathon, MD
Professor of Medicine
Johns Hopkins University School of Medicine
Baltimore, Maryland
USA
Management of rheumatoid arthritis: synovitis

Michael A. Becker, MD
Professor Emeritus of Medicine
Division of Rheumatology
University of Chicago Pritzker School of Medicine/

University of Chicago Hospitals
Chicago, Illinois
USA
Etiology and pathogenesis of gout

Professor Jill JF Belch, FRCP, MD
Tayside R&D Director 
Head of Institute of Cardiovascular Research, (Vascular 

& Inflammatory Diseases Research Unit) 
Ninewells Hospital and Medical School 
Dundee 
United Kingdom
Raynaud’s phenomenon

Nicholas Bellamy, MD, MSc, MBA, DSc
Professor of Rehabilitation Medicine
Director
Centre of National Research on Disability and 

Rehabilitation Medicine (CONROD)
University of Queensland Faculty of Health Sciences
Brisbane, Queensland
Australia
Principles of clinical outcome assessment

Teresita Bellido, PhD
Professor
Department of Anatomy and Cell Biology
Department of Medicine
Indiana University School of Medicine
Indianapolis, Indiana
USA
Bone structure and function

R. Michael Benitez, MD
Associate Professor
Department of Medicine
Division of Cardiology
University of Maryland School of Medicine
Baltimore, Maryland
USA
The heart in rheumatic disease

Michael Benjamin, BSc, PhD
Professor Emeritus of Musculoskeletal Biology and 

Sports Medicine Research
School of Biosciences
Cardiff University
Cardiff
United Kingdom
Enthesopathies

Michael W. Beresford, MBChB, PhD, MRCP(UK), 
MRCPCH

Senior Lecturer in Paediatric Medicine
Institute of Child Health
University of Liverpool Faculty of Medicine
Honorary Consultant Paediatric Rheumatologist
Clinical Academic Department of Paediatric 

Rheumatology
Alder Hey Children’s NHS Foundation Trust
Liverpool
United Kingdom
Connective tissue diseases in children

Brian M. Berman, MD
Professor of Family and Community Medicine
University of Maryland School of Medicine
Medical Director
Center for Integrative Medicine
University of Maryland Medical Center
Baltimore, Maryland
USA
Complementary and alternative medicine

Bonnie Lee Bermas, MD
Assistant Professor of Medicine
Harvard Medical School
Associate Rheumatologist
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Drugs and pregnancy

George Bertsias, MD, PhD
Investigator 
Rheumatology, Clinical Immunology and Allergy 
University of Crete School of Medicine 
Crete 
Greece
Systemic lupus erythematosus: treatment—renal 

involvement

John P. Bilezikian, MD
Professor of Medicine and Pharmacology
Chief
Division of Endocrinology
Department of Medicine
Columbia University College of Physicians and 

Surgeons
New York, New York
USA
Primary hyperparathyroidism: rheumatologic 

manifestations and bone disease

Philip E. Blazar, MD
Assistant Professor of Orthopaedic Surgery
Harvard Medical School
Attending Physician
Department of Orthopedic Surgery
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The wrist and hand

Jane F. Bleasel, MBBS, PhD, FRACP
Clinical Associate Professor
Department of Rheumatology
University of Sydney Medical School
Head
Department of Rheumatology
Royal Prince Alfred Hospital
Sydney, New South Wales
Australia
Hemophilia and von Willebrand disease

Markus Böhm, MD
Associate Professor
Department of Dermatology
University of Münster Faculty of Health Science
Münster
Germany
Skin in rheumatic disease

Christelle Boileau, PhD
Assistant Professor
Department of Pharmacology
University of Montreal Faculty of Medicine
Postdoctoral Fellow
Osteoarthritis Research Unit
University of Montreal Hospital Research Centre 

(CR-CHUM)
Montreal, Quebec
Canada
Animal models of osteoarthritis

Marcy B. Bolster, MD
Professor of Medicine
Medical University of South Carolina College of 

Medicine
Charleston, South Carolina
USA
Clinical features of systemic sclerosis

Stefano Bombardieri, MD
Professor of Rheumatology and Director of the 

Specialty School of Rheumatology 
University of Pisa 
Director of Rheumatology Operative Unit and Director 

of the Department of Internal Medicine 
Azienda Ospedaliera Universitaria Pisana 
Pisa 
Italy
Cryoglobulinemia

Sydney Bonnick, MD
Adjunct Professor
Department of Kinesiology and Biological Sciences
University of North Texas
Medical Director
Clinical Research Center of North Texas
Denton, Texas
USA
DXA and measurement of bone

Dimitrios T. Boumpas, MD, FACP
Professor, Internal Medicine 
University of Crete School of Medicine 
Herakalion 
Chief 
Internal Medicine and Rheumatology, Clinical 

Immunology, and Allergy 
University Hospital of Heraklion 
Crete 
Greece
Systemic lupus erythematosus: treatment—renal 

involvement

Richard D. Brasington, Jr., MD
Professor of Medicine–Rheumatology
Director of Clinical Rheumatology
Washington University School of Medicine
St. Louis, Missouri
USA
Clinical features of rheumatoid arthritis

Ferdinand Breedveld, MD
Professor of Rheumatology 
Department of Rheumatology 
Leiden University Medical Center 
Leiden 
The Netherlands
Tyrosine kinase inhibition

C
O

N
TRIB

U
TO

RS

vii



Earl W. Brien, MD
Cedars Sinai Medical Center 
Los Angeles, California 
USA
Bone tumors

Anne C. Brower
Retired
Washington, DC
Seronegative spondyloarthropathies: imaging

Matthew A. Brown, MD, MBBS, FRACP
Professor of Immunogenetics
University of Queensland Faculty of Health Sciences
Brisbane
University of Queensland Diamantina Institute of 

Cancer, Immunology and Metabolic Medicine
Princess Alexandra Hospital
Woolloongabba, Queensland
Australia
Genetics of ankylosing spondylitis

Ian N. Bruce, MD, FRCP
Professor of Rheumatology
School of Translational Medicine
Arthritis Research Council (ARC) Epidemiology Unit
University of Manchester Faculty of Medical and 

Human Sciences
Manchester
United Kingdom
Clinical features of psoriatic arthritis

William D. Bugbee, MD
Associate Professor of Orthopaedic Surgery
University of California, San Diego, School of Medicine
Attending Physician
Division of Orthopaedic Surgery
Scripps Clinic
La Jolla, California
USA
The hip

Marwan A. S. Bukhari, PhD, FRCP
Honorary Senior Lecturer in Clinical Medicine
University of Liverpool Faculty of Medicine
Liverpool
Consultant Rheumatologist
University Hospitals of Morecambe Bay NHS Trust
Lancaster
United Kingdom
Mucopolysaccharidoses

Rubén Burgos-Vargas, MD
Professor of Medicine
Universidad Nacional Autónoma de México
Rheumatologist
Medical Sciences Investigator
Hospital General de México
Mexico City
Mexico
The juvenile-onset spondyloarthropathies

Jane C. Burns, MD
Adjunct Professor
Department of Pediatrics
University of California, San Diego, School of Medicine
La Jolla
Director
Kawasaki Disease Research Center
Rady Children’s Hospital San Diego
San Diego, California
USA
Kawasaki disease

David B. Burr, PhD
Professor of Biomedical Engineering
Department of Anatomy and Cell Biology
Indiana University School of Medicine
Indianapolis, Indiana
USA
Bone structure and function

Patricia C. Cagnoli, MD
Clinical Assistant Professor
Department of Internal Medicine
Division of Rheumatology
University of Michigan Medical School/University of 

Michigan Health System
Ann Arbor, Michigan
USA
Treatment of non-renal lupus

Leonard H. Calabrese, DO
Professor of Medicine
Cleveland Clinic Lerner College of Medicine of Case 

Western Reserve University
Vice Chairman
Department of Rheumatic and Immunologic Diseases
R.J. Fasenmyer Chair of Clinical Immunology
Theodore F. Classen DO Chair of Osteopathic Research 

and Education
Cleveland Clinic Foundation
Cleveland, Ohio
USA
Rheumatologic aspects of viral infections

Jeffrey P. Callen, MD
Professor of Medicine–Dermatology
Chief
Division of Dermatology
University of Louisville School of Medicine
Louisville, Kentucky
USA
Cutaneous vasculitis and panniculitis

Juan J. Canoso, MD, FACP, MACR
Adjunct Professor of Medicine
Tufts University School of Medicine
Boston, Massachusetts
USA
Rheumatologist
Department of Medicine
ABC Medical Center
Mexico City
Mexico
Adjunct Professor of Medicine
Department of Medicine
Tufts University School of Medicine
Boston, Massachusetts
USA
Aspiration and injection of joints and periarticular tissues 

and intralesional therapy

Sabrina Cavallo, MD
Université de Montréal 
Département de Médecine Sociale et Préventive 
McGill University Health Center: Montreal Children’s 

Hospital 
Montreal 
Canada
Rehabilitation and psychosocial issues in juvenile 

idiopathic arthritis

Tim E. Cawston, BSc, PhD
William Leech Professor of Rheumatology
School of Clinical Medical Sciences
Musculoskeletal Research Group
Institute of Cellular Medicine
Newcastle University
Newcastle upon Tyne
United Kingdom
Tissue destruction and repair

Michael Denis Chard, MD, MB, BS
Consultant Rheumatologist 
Worthing Hospital 
Worthing 
United Kingdom
The elbow

Lan X. Chen, MD, PhD
Clinical Associate Professor of Medicine
University of Pennsylvania
University of Pennsylvania School of Medicine
Attending Physician
Penn Presbyterian Medical Center
Philadelphia, Pennsylvania
USA
Other crystal-related arthropathies

Ernest H. S. Choy, MD, FRCP
Clinical Reader
Academic Department of Rheumatology
King’s College London School of Medicine and 

Dentistry
London
United Kingdom
Immunotherapies: T cell and complement

Daniel J. Clauw, MD
Professor
Departments of Anesthesiology and 

Medicine–Rheumatology
University of Michigan Medical School
Ann Arbor, Michigan
USA
Fibromyalgia and related syndromes

Philip J. Clements, MD, MPH
Professor of Medicine
David Geffen School of Medicine at UCLA
Attending Physician
Ronald Reagan UCLA Medical Center
Los Angeles, California
USA
Immunosuppressives (chlorambucil, cyclosporine, 

cytoxan, azathioprine [Imuran], mofetil, tacrolimus)

Nona T. Colburn, MD
Guest Researcher
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
The hereditary recurrent fevers

Laura A. Coleman, PhD, RD
Scientist
Epidemiology Research Center
Marshfield Clinic Research Foundation
Marshfield, Wisconsin
USA
Nutrition in rheumatic disease

Philip G. Conaghan, MBBS, PhD, FRACP, FRCP
Professor of Musculoskeletal Medicine
School of Medicine
University of Leeds Faculty of Medicine and Health
Deputy Director
NIHR Musculoskeletal Biomedical Research Unit
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Imaging of osteoarthritis

viii

C
O

N
TR

IB
U

TO
RS



Cyrus Cooper, MD, MA, FRCP, FFPH, FMedSci
Professor of Rheumatology
School of Medicine
University of Southampton
Director
MRC Epidemiology Resource Centre
Southampton General Hospital
Southampton
United Kingdom
Epidemiology and classification of metabolic bone 

disease

Felicia Cosman, MD
Associate Professor of Clinical Medicine 
Regional Bone Center 
Helen Hayes Hospital 
West Haverstraw, NY 
USA
Pathogenesis of osteoporosis

Karen H. Costenbader, MD, MPH
Assistant Professor of Medicine
Harvard Medical School
Co-Director
Lupus Center
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Epidemiology and classification of systemic lupus 

erythematosus

Paul Creamer, MD, FRCP
Senior Clinical Lecturer
Department of Rheumatology
University of Bristol Medical School
Consultant Rheumatologist
Southmead Hospital
North Bristol NHS Healthcare Trust
Bristol
United Kingdom
Neuropathic arthropathy

José C. Crispin, MD
Instructor in Medicine
Harvard Medical School
Staff Rheumatologist
Beth Israel Deaconess Medical Center
Boston, Massachusetts
USA
Pathogenesis of lupus

Lindsey A. Criswell, MD, MPH, DSc
Professor of Medicine–Rheumatology and Orofacial 

Sciences
University of California, San Francisco, School of 

Medicine
San Francisco, California
USA
The contribution of genetic factors to rheumatoid  

arthritis

Bruce N. Cronstein, MD
Paul R. Esserman Professor of Medicine
New York University School of Medicine
New York, New York
USA
Pharmacogenomics in rheumatology

Raymond Cross, MD, MS
Associate Professor
Department of Medicine
Division of Gastroenterology and Hepatology
Director
Inflammatory Bowel Disease Program
University of Maryland School of Medicine
Chief
GI Section
VA Maryland Health Care System
Baltimore, Maryland
USA
Gastrointestinal tract and rheumatic disease

Natalie E. Cusano, MD
Postdoctoral Clinical Fellow
Department of Endocrinology
Columbia University Medical Center
New York, New York
USA
Primary hyperparathyroidism: rheumatologic 

manifestations and bone disease

John J. Cush, MD
Professor of Medicine and Rheumatology 
Director of Clinical Rheumatology 
Baylor Research Institute 
Baylor University Medical Center 
Dallas, Texas 
USA
Tumor necrosis factor blocking therapies

Maurizio Cutolo, MD
Professor of Rheumatology
Director
Research Laboratory and Academic Unit of Clinical 

Rheumatology
Department of Internal Medicine
Medical School
University of Genoa Faculty of Medicine
Genoa
Italy
Effects of the neuroendocrine system on development and 

function of the immune system

Vivette D’Agati, MD
Professor of Pathology
Columbia University College of Physicians and Surgeons
Director
Renal Pathology Division
Columbia University Medical Center
New York, New York
USA
Immunopathology of systemic lupus erythematosus

Hanne Dagfinrud, PhD
Associate Professor
University of Oslo Faculty of Medicine
Senior Researcher
National Resource Center for Rehabilitation in 

Rheumatology
Diakonhjemmet Hospital
Oslo
Norway
Multidisciplinary approach to rheumatoid arthritis

David I. Daikh, MD, PhD
Associate Professor of Medicine
Department of Medicine
Division of Rheumatology
University of California, San Francisco, School of 

Medicine
Chief
Rheumatology Section
San Francisco Medical Center
San Francisco, California
USA
Animal models of lupus

Seamus E. Dalton, MBBS, FACRM, FAFRM, FACSP
Consultant in Rehabilitation and Sports Medicine
North Sydney Orthopaedic and Sports Medicine  

Center
Sydney, New South Wales
Australia
The shoulder

Shouvik Dass, MA, MBBCh, MRCP(UK)
Clinical Research Fellow
Academic Section of Musculoskeletal Disease
Leeds Institute of Molecular Medicine
University of Leeds Faculty of Medicine and Health
Consultant Rheumatologist
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Rituximab

Jean-Pierre David, PhD
Group Leader 
Experimental Bone Pathology 
Department of Medicine 3, Rheumatology and 

Immunology 
University of Erlangen-Nuremberg 
Erlangen 
Germany
Osteoimmunology

Aileen Davis, PhD
Senior Scientist 
Division of Health Care and Outcomes Research and 

Arthritis and Community Research and Evaluation 
Unit 

Toronto Western Research Institute 
Toronto, Ontario 
Canada
Assessment of the patient with osteoarthritis and 

measurement of outcomes

Chad L. Deal, MD
Associate Professor of Medicine
Cleveland Clinic Lerner College of Medicine of Case 

Western Reserve University
Head
Center for Osteoporosis and Metabolic Bone Disease
Cleveland Clinic
Cleveland, Ohio
USA
Management of osteoporosis

Karel De Ceulaer, MD
Department of Medicine 
University of the West Indies 
Kingston 
Jamaica
Joint and bone lesions in hemoglobinopathies

Chris Deighton, MD, FRCP
Special Lecturer
Nottingham University School of Medical and Surgical 

Sciences
Consultant Rheumatologist
Royal Derby Hospital
Derby
United Kingdom
The contribution of genetic factors to rheumatoid arthritis

Paul F. Dellaripa, MD
Assistant Professor of Medicine
Harvard Medical School
Staff Rheumatologist
Co-Director
Interstitial Lung Disease Center
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The lung in rheumatic disease

C
O

N
TRIB

U
TO

RS

ix



Alessandra Della Rossa
Clinical Assistant 
Azienda Ospedaliera Universitaria Pisana 
Pisa 
Italy
Cryoglobulinemia

David Dempster, PhD
Professor of Clinical Pathology
Department of Pathology
Columbia University College of Physicians and 

Surgeons
New York
Director
Regional Bone Center
Helen Hayes Hospital
West Haverstraw, New York
USA
Pathogenesis of osteoporosis

Elaine Dennison
MRC Epidemiology Resource Centre 
Southampton 
United Kingdom
Epidemiology and classification of metabolic bone 

disease

Christopher P. Denton, PhD, FRCP
Professor of Experimental Rheumatology 
Centre for Rheumatology 
Royal Free Campus 
University College London 
Hampstead 
Consultant Rheumatologist 
Royal Free Hospital 
London 
United Kingdom
Pulmonary management of scleroderma

John Denton, MSc
Research Fellow in Osteoarticular Pathology
School of Biomedicine
University of Manchester Faculty of Medical and 

Human Sciences
Honorary Advanced Practitioner in Osteoarticular 

Pathology
Central Manchester University Hospitals NHS 

Foundation Trust
Manchester
United Kingdom
Synovial fluid analysis

Roshan Dhawale, MD, MPH
Fellow
Division of Rheumatology and Clinical Immunology
University of Pittsburgh School of Medicine/University 

of Pittsburgh Medical Center
Pittsburgh, Pennsylvania
USA
T-cell co-stimulation

Michael Doherty, MD, MA, FRCP
Professor of Rheumatology
Academic Rheumatology Unit
School of Clinical Sciences
University of Nottingham Faculty of Medicine and 

Health Sciences
Nottingham
United Kingdom
Calcium pyrophosphate crystal–associated arthropathy

Patricia Dolan, MD, BSc
Reader in Biomechanics
Department of Anatomy
University of Bristol Medical School
Bristol
United Kingdom
Biomechanics of the spine

Rachelle Donn, MBChB, PhD
Reader in Complex Disease Genetics
Arthritis Research Campaign (ARC) Epidemiology Unit
School of Translational Medicine
University of Manchester Faculty of Medical and 

Human Sciences
Manchester
United Kingdom
Etiology and pathogenesis of juvenile idiopathic arthritis

Mary Anne Dooley, MD, MPH
Associate Professor of Medicine
Department of Medicine
Division of Rheumatology and Immunology
Thurston Arthritis Research Center
University of North Carolina at Chapel Hill School of 

Medicine
Chapel Hill, North Carolina
USA
Drug-induced lupus

Maxime Dougados, MD
Medicine Faculty, Paris-Descartes University 
Rheumatology B Department 
Cochin Hospital 
Paris 
France
Management of osteoarthritis

Michael F. Drummond, MCom, DPhil
Professor of Health Economics
Centre for Health Economics
University of York
York
United Kingdom
Principles of health economics and application to 

rheumatic disorders

George S. M. Dyer, MD
Clinical Instructor in Orthopaedic Surgery
Harvard Medical School
Orthopedic Surgeon
Brigham and Women’s Hospital and VA Boston 

Heathcare System
Boston, Massachusetts
USA
The wrist and hand

Brandon E. Earp, MD
Instructor in Orthopedic Surgery
Harvard Medical School
Attending Hand and Upper Extremity Surgeon
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The wrist and hand

N. Lawrence Edwards, MD
Professor and Vice Chairman
Department of Medicine
University of Florida College of Medicine
Gainesville, Florida
USA
Clinical gout

Patrick Ellender, MD
Sports medicine: clinical spectrum of injury

Paul Emery, MA, MD, FRCP(UK)
Arthritis Research Campaign (ARC) Professor of 

Rheumatology
Head
Academic Section of Musculoskeletal Disease
Leeds Institute of Molecular Medicine
University of Leeds Faculty of Medicine and Health
Rheumatologist
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Rituximab

Luis R. Espinoza, MD
Professor and Chief
Section of Rheumatology
Department of Internal Medicine
Louisiana State University School of Medicine
New Orleans, Louisiana
USA
Mycobacterial, brucellar, fungal, and parasitic arthritis

Joshua M. Farber, MD
Cytokines

Anders Fasth, MD, PhD
Professor of Pediatric Immunology
Department of Pediatrics
Institute of Clinical Sciences
Sahlgrenska Academy
University of Gothenburg
Consultant
Division of Immunology
The Queen Silvia Children’s Hospital
Gothenborg
Sweden
Consultant
Pediatric Rheumatology and Immunology Service
Hospital Nacional de Niños “Dr. Carlos Sáenz Herrera”
San José
Costa Rica
Presentations, clinical features, and special problems in 

children

Debbie Feldman, BScPT, MSc, PhD
Associate Professor
School of Rehabilitation
University of Montreal Faculty of Medicine
Physical Therapist
Montreal Children’s Hospital
McGill University Health Center
Epidemiologist
Public Health Department of Montreal
Research Scientist
Center for Interdisciplinary Research in Rehabilitation 

(CRIR)
Montreal, Quebec
Canada
Rehabilitation and psychosocial issues in juvenile 

idiopathic arthritis

David T. Felson, MD, MPH
Professor of Medicine and Epidemiology
Chair
Division of Clinical Epidemiology
Boston University School of Medicine
Boston, Massachusetts
USA
Professor of Medicine and Public Health
School of Translational Medicine
Arthritis Research Council (ARC) Epidemiology Unit
University of Manchester Faculty of Medical and 

Human Sciences
Manchester
United Kingdom
Local and systemic risk factors for incidence and 

progression of osteoarthritis
x

C
O

N
TR

IB
U

TO
RS



G. Kelley Fitzgerald, PT, PhD, FAPTA
Associate Professor
Department of Physical Therapy
University of Pittsburgh School of Health and 

Rehabilitation Sciences
Pittsburgh, Pennsylvania
USA
Principles of rehabilitation: physical and occupational 

therapy

Raymond H. Flores, MD
Associate Professor of Medicine
Division of Rheumatology and Clinical Immunology
University of Maryland School of Medicine
Baltimore, Maryland
USA
Entrapment neuropathies and compartment syndromes

David A. Fox, MD
Professor
Department of Internal Medicine
Division of Rheumatology
University of Michigan Medical School
Ann Arbor, Michigan
USA
Emerging therapeutic targets: IL-15, IL-17, IL-18, IL-23

Clair A. Francomano, MD
Associate Professor of Medicine
Johns Hopkins University School of Medicine
Director of Adult Genetics
Harvey Institute for Human Genetics
Greater Baltimore Medical Center
Baltimore, Maryland
USA
Skeletal dysplasias

Anthony J. Freemont, MD, FRCP, FRCPath
Professor of Osteoarticular Pathology
School of Biomedicine
University of Manchester Faculty of Medical and 

Human Sciences
Honorary Consultant in Osteoarticular Pathology
Central Manchester University Hospitals NHS 

Foundation Trust
Manchester
United Kingdom
Synovial fluid analysis

Izzet Fresko, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology
Cerrahpasa Medical Faculty
University of Istanbul
Instanbul
Turkey
Behçet’s syndrome

Kevin B. Fricka, MD
Orthopaedic Surgeon
Anderson Orthopaedic Clinic
Clinical Instructor
Adult Reconstruction Fellowship
Anderson Orthopaedic Research Institute
Alexandria, Virginia
USA
The hip

Daniel E. Furst, MD
Professor of Medicine
David Geffen School of Medicine at UCLA
Attending Physician
Ronald Reagan UCLA Medical Center
Los Angeles, California
USA
Immunosuppressives (chlorambucil, cyclosporine, 

cytoxan, azathioprine [Imuran], mofetil, tacrolimus)

Cem Gabay, MD
Professor of Rheumatology
University of Geneva School of Medicine
Head
Division of Rheumatology
University Hospitals of Geneva
Geneva
Switzerland
Cytokine neutralizers: IL-1 inhibitors

Sherine E. Gabriel, MD, MSc
Willliam J. and Charles H. Mayo Professor
Professor of Medicine and Epidemiology
Mayo Clinic College of Medicine
Director of Education
Mayo Clinic Center for Translational Science Activities
Mayo Clinic
Rochester, Minnesota
USA
Principles of health economics and application to 

rheumatic disorders

Bernat Galarraga, LMC, MRCP(UK), PhD
Hospital Quiron Bizkaia 
Erandio 
Bizkaia 
Spain
Raynaud’s phenomenon

Boel Andersson Gäre, MD, PhD
Professor
Department of Quality Improvement and Leadership in 

Health and Welfare
Jönköping Academy for Improvement of Health and 

Welfare
Jönköping University School of Health Sciences
Director
Futurum—The Academy for Healthcare
Jönköping County Council
Jönköping
Sweden
Presentations, clinical features, and special problems in 

children

Patrick Garnero, DSc, PhD
Director of Research 
Synarc 
Lyon 
France
Biochemical markers in bone disease

Lianne S. Gensler, MD
University of California, San Francisco (UCSF) 
San Francisco, California 
USA
Clinical features of ankylosing spondylitis

Danielle M. Gerlag, MD, PhD
Associate Professor
Department of Clinical Immunology and 

Rheumatology
University of Amsterdam Faculty of Medicine
Academic Medical Center
Amsterdam
The Netherlands
Minimally invasive procedures

Piet P. Geusens
Department of Internal Medicine 
Subdivision of Rheumatology 
Maastricht University Medical Center 
Maastricht 
The Netherlands 
Biomedical Research Institute 
University Hasselt 
Belgium
Osteoporosis: clinical features of osteoporosis

Jon T. Giles, MD, MPH
Assistant Professor
Department of Medicine
Division of Rheumatology
Johns Hopkins University School of Medicine
Baltimore, Maryland
USA
Management of rheumatoid arthritis: synovitis

Ellen M. Ginzler, MD, MPH
Distinguished Teaching Professor
Department of Medicine
Division of Rheumatology
State University of New York Downstate Medical 

Center College of Medicine
Brooklyn, New York
USA
Clinical features of systemic lupus erythematosus

Alison M. Gizinski, MD
Clinical Lecturer/Research Fellow
Department of Internal Medicine
Division of Rheumatology
University of Michigan Medical School/University of 

Michigan Health System
Ann Arbor, Michigan
USA
Emerging therapeutic targets: IL-15, IL-17, IL-18, IL-23

Garry Gold, MD
Associate Professor of Radiology, Bioengineering, and 

Orthopaedic Surgery
Department of Radiology
Stanford University School of Medicine
Stanford, California
USA
Magnetic resonance imaging

Tania Gonzalez-Rivera, MD
Rheumatology Fellow
University of Michigan Medical School/University of 

Michigan Health System
Ann Arbor, Michigan
USA
Treatment of non-renal lupus

Caroline Gordon, MD, FRCP
Professor of Rheumatology 
School of Immunity and Infection 
College of Medical and Dental Sciences 
University of Birmingham 
Birmingham 
United Kingdom
Assessing disease activity and outcome in systemic lupus 

erythematosus

Rachel Gorodkin, MBChB, PhD
Honorary Lecturer in Rheumatology
School of Translational Medicine
Arthritis Research Campaign (ARC) Epidemiology  

Unit
University of Manchester Faculty of Medical and 

Human Sciences
Consultant Rheumatologist
Kellgren Centre for Rheumatology
Manchester Royal Infirmary
Manchester
United Kingdom
Complex regional pain syndrome (reflex sympathetic 

dystrophy)

Jorg J. Goronzy, MD
Professor of Medicine 
Stanford University School of Medicine 
Stanford, California 
USA
Polymyalgia rheumatica and giant cell arteritis

C
O

N
TRIB

U
TO

RS

xi



Simon Görtz, MD
Resident Physician
Department of Orthopaedic Surgery
University of California, San Diego Medical Center
San Diego, California
USA
The hip

Elena Gournelos
The Complementary Medicine Program
University of Maryland School of Medicine
Baltimore, Maryland
USA
Complementary and alternative medicine

Rodney Grahame, CBE, MD, FRCP, FACP
Honorary Professor of Rheumatology
Department of Medicine
University College London Medical School
Consultant Rheumatologist
University College Hospital Foundation NHS Trust
Honorary Consultant in Paediatric Rheumatology
Great Ormond Street Hospital for Children
Honorary Consultant in Rheumatology
North West London Hospital NHS Trust
London
United Kingdom
Affiliate Professor of Pathology
University of Washington School of Medicine
Seattle, Washington
USA
Hypermobility syndrome

Andrew J. Grainger, MBBS, MRCP, FRCR
Honorary Senior Lecturer
School of Medicine
University of Leeds Faculty of Medicine and Health
Consultant in Musculoskeletal Radiology
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Imaging of osteoarthritis

Ellen M. Gravallese, MD
Professor of Medicine and Cell Biology
University of Massachusetts Medical School
Chief
Division of Rheumatology
University of Massachusetts Memorial Medical Center
Worcester, Massachusetts
USA
The rheumatoid joint: synovitis and tissue destruction

Jeffrey D. Greenberg, MD, MPH
Assistant Professor of Medicine–Rheumatology
New York University School of Medicine
Associate Director
Clinical and Translational Sciences
Division of Rheumatology
NYU Hospital for Joint Diseases
New York, New York
USA
Pharmacogenomics in rheumatology

Karlene Hagley, MBBS, MD
Consultant in Internal Medicine
Department of Medicine
University Hospital of the West Indies
Kingston
Jamaica
Joint and bone lesions in hemoglobinopathies

Alan J. Hakim, MBBCh, MA, FRCP
Consultant Physician and Rheumatologist
Director of Strategy and Business Improvement
Whipps Cross Hospital NHS Trust
London
United Kingdom
Hypermobility syndrome

Vedat Hamuryudan, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology
Cerrahpasa Medical Faculty
University of Istanbul
Instanbul
Turkey
Behçet’s syndrome

Boulos Haraoui, MD, FRCPC
Associate Professor of Medicine
Department of Medicine
University of Montreal Faculty of Medicine
Montreal, Quebec
Canada
Leflunomide

Adam Harder, MD
Sports medicine: clinical spectrum of injury

John B. Harley, MD, PhD
Professor of Medicine
Chief
Division of Rheumatology, Immunology, and Allergy
Department of Medicine
University of Oklahoma College of Medicine
Chair
Arthritis and Immunology Research Program
Oklahoma Medical Research Foundation
Staff Physician
Oklahoma City VA Medical Center
Oklahoma City, Oklahoma
USA
Genetics of lupus

E. Nigel Harris, MD
Vice Chancellor 
The University of the West Ladies 
Kingston 
Jamaica
Antiphospholipid syndrome: overview of pathogenesis, 

diagnosis and management

Philip J. Hashkes, MD, MSc
Associate Professor of Medicine and Pediatrics
Cleveland Clinic Lerner School of Medicine of Case 

Western Reserve University
Cleveland, Ohio
USA
Head
Pediatric Rheumatology Unit
Shaare Zedek Medical Center
Jerusalem
Israel
Management of juvenile idiopathic arthritis

Gillian Hawker, MD, MSc
Professor of Medicine–Rheumatology and Health 

Policy, Management, and Evaluation
University of Toronto Faculty of Medicine
Physician-in-Chief of Medicine
Women’s College Hospital
Toronto, Ontario
Canada
Assessment of the patient with osteoarthritis and 

measurement of outcomes

Philip N. Hawkins, MBBS, PhD, FRCP, FRCPath, 
FMedSci

Professor of Medicine
Centre for Amyloidosis and Acute Phase Proteins
University College London Medical School
Head
National Amyloidosis Centre
Royal Free Hospital
London
United Kingdom
Amyloidosis

Turid Heiberg, RN, MNS, PhD
Dean
Lovisenberg Diaconal University College
Research Leader
Oslo University Hospital
Oslo
Norway
Multidisciplinary approach to rheumatoid arthritis

Dick Heinegård, MD, PhD
Professor
Department of Clinical Sciences
Division of Rheumatology–Molecular Skeletal Biology
Lund University Faculty of Medicine
Lund
Sweden
The articular cartilage

Simon M. Helfgott, MD
Associate Professor of Medicine
Harvard Medical School
Director of Education and Fellowship Training
Division of Rheumatology
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Rheumatoid manifestations of endocrine and lipid disease

Jenny E. Heller, MPhil
Research Associate
Department of Medicine
Division of Rheumatology, Immunology, and Allergy
Brigham and Women’s Hospital/Harvard Medical 

School
Boston, Massachusetts
USA
Lyme disease

Ariane L. Herrick, MD, FRCP
Senior Lecturer in Rheumatology
School of Translational Medicine
Arthritis Research Campaign (ARC) Epidemiology Unit
University of Manchester Faculty of Medical and 

Human Sciences
Manchester
Attending
Salford Royal NHS Foundation Trust
Salford
United Kingdom
Complex regional pain syndrome (reflex sympathetic 

dystrophy)

Laurence D. Higgins, MS, MD
Associate Professor
Harvard Medical School
Chief of Sports Medicine
Harvard Shoulder Service
Boston, Massachusetts
USA
Sports medicine: clinical spectrum of injury

J. S. Hill Gaston, MA, PhD, FRCP, FMedSci
Professor of Rheumatology
Department of Medicine
University of Cambridge School of Clinical Medicine
Honorary Consultant in Rheumatology
Cambridge University Hospitals NHS Foundation Trust
Cambridge
United Kingdom
Cellular immunity in rheumatoid arthritis

Marc C. Hochberg, MD, MPH
Management of osteoarthritis

xii

C
O

N
TR

IB
U

TO
RS



Markus Hoffmann, PhD
Associate Professor
Researcher
Department of Internal Medicine III
Division of Rheumatology
Medical University of Vienna
Vienna General Hospital
Vienna
Austria
Autoantibodies in rheumatoid arthritis

V. Michael Holers, MD
Professor of Medicine and Immunology
University of Colorado–Denver School of Medicine
Staff Physician
University of Colorado Hospital
Aurora, Colorado
USA
The complement system in systemic lupus erythematosus

Michael F. Holick, PhD, MD
Professor of Medicine, Physiology, and Biophysics
Boston University School of Medicine
Program Director
General Clinical Research Unit
Boston Medical Center
Boston, Massachusetts
USA
Osteomalacia and rickets

Christopher Holroyd, BM, MRCP
Academic Clinical Fellow in Rheumatology
University of Southampton
MRC Epidemiology Resource Centre
Southampton General Hospital
Southampton
United Kingdom
Epidemiology and classification of metabolic bone 

disease

Osvaldo Hübscher, MD, MACR
Associate Professor of Medicine–Rheumatology
CEMIC Medical School
Buenos Aires
Argentina
Pattern recognition in arthritis

Tom W. J. Huizinga, MD, PhD
Professor and Chairman
Department of Rheumatology
Leiden University Faculty of Medicine
Leiden
The Netherlands
Dapsone, penicillamine, thalidomide, bucillamine, and 

the tetracyclines

David J. Hunter, MBBS, PhD, FRACP
Assistant Professor of Medicine
University of Sydney Medical School
Sydney, New South Wales
Australia
Chief of Research
New England Baptist Hospital
Boston, Massachusetts
USA
Assessment of imaging outcomes in osteoarthritis

M. Elaine Husni, MD, MPH
Assistant Professor of Medicine
Cleveland Clinic Lerner College of Medicine of Case 

Western Reserve University
Vice Chair
Arthritis and Musculoskeletal Treatment Center
Department of Rheumatic and Immunologic Diseases
Cleveland Clinic
Cleveland, Ohio
USA
Classification and epidemiology of psoriatic arthritis

Robert D. Inman, MD
Professor of Medicine and Immunology
University of Toronto Faculty of Medicine
Senior Scientist
Toronto Western Research Institute
Toronto, Ontario
Canada
Reactive arthritis: etiology and pathogenesis

Zacharia Isaac, MD
Instructor
Department of Physical Medicine and Rehabilitation
Harvard Medical School
Director
Interventional Physical Medicine and Rehabilitation
Brigham and Women’s Hospital and Spaulding 

Rehabilitation Hospital
Boston, Massachusetts
USA
Lumbar spine disorders

Maura D. Iversen, DPT, ScD, MPH
Professor and Chair
Department of Physical Therapy
Northeastern University
Assistant Professor of Medicine–Rheumatology
Harvard Medical School
Behavioral Scientist
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Arthritis patient education and team approaches to 

management

Douglas A. Jabs, MD, MBA
Professor and Chair
Department of Ophthalmology
Chief Executive Officer and Dean for Clinical Affairs
Mount Sinai Faculty Practice Associates
Mount Sinai School of Medicine
New York, New York
USA
The eye in rheumatic disease

Hayley James, BSc, MSc
Research Fellow
Unit of Behavioural Medicine
University College London
London
United Kingdom
Non-pharmacologic pain management

Rose-Marie Javier, MD
Senior Lecturer
Medical University Louis Pasteur
Senior Attending Physician
Rheumatology Unit
University Hospital Hautpierre
Strasbourg
France
Gaucher’s disease

David Jayne, MD, FRCP
Consultant in Nephrology and Vasculitis
Addenbrooke’s Hospital
Cambridge
United Kingdom
Churg-Strauss syndrome

Alyssa K. Johnsen, MD, PhD
Instructor/Senior Fellow
Division of Rheumatology, Immunology and Allergy
Brigham and Women’s Hospital/Harvard Medical 

School
Boston, Massachusetts
USA
Methotrexate

Joanne M. Jordan, MD, MPH
Herman and Louise Smith Distinguished Professor of 

Medicine
Associate Professor of Orthopaedics
Chief
Division of Rheumatology, Allergy, and Immunology
Director
Thurston Arthritis Research Center
University of North Carolina at Chapel Hill School of 

Medicine
Chapel Hill, North Carolina
USA
Osteoarthritis: epidemiology and classification

Melanie S. Joy, PharmD, PhD, FCCP, FASN
Associate Professor of Medicine and Pharmacy 
UNC School of Medicine 
Division of Nephrology and Hypertension 
Chapel Hill, North Carolina 
USA
Drug-induced lupus

Tsuneyasu Kaisho, MD, PhD
Team Leader 
Laboratory for Host Defense 
RIKEN Research Center for Allergy and Immunology 
Kanagawa 
Japan
Principles of innate immunity

Cees G. M. Kallenberg, MD, PhD
Head
Department of Rheumatology and Clinical Immunology
University Medical Center Gröningen
Gröningen
The Netherlands
Biology and immunopathogenesis of vasculitis

Yuka Kanno, MD, PhD
Staff Scientist
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Principles and techniques in molecular biology

Elizabeth W. Karlson, MD
Associate Professor of Medicine
Harvard Medical School
Associate Physician
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Classification and epidemiology of rheumatoid  

arthritis

Dimitrios G. Kassimos, MD, MSc
Consultant Rheumatologist
Head
Education Department
401General Military Hospitaa of Athens
Athens
Greece
Neuropathic arthropathy

Daniel L. Kastner, MD, PhD
Clinical Director
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Principles and techniques in molecular biology; The 

hereditary recurrent fevers

C
O

N
TRIB

U
TO

RS

xiii



Jeffrey N. Katz, MD, MSc
Associate Professor of Medicine and Orthopaedic 

Surgery
Harvard Medical School
Director
Orthopedic and Arthritis Center for Outcomes Research
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Lumbar spine disorders

Arthur Kavanaugh, MD
Professor of Medicine 
University of California, San Diego 
San Diego, California 
USA
Tumor necrosis factor blocking therapies

Jonathan Kay, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology
University of Massachusetts Medical School
Director of Clinical Research
Division of Rheumatology
UMass Memorial Medical Center
Worcester, Massachusetts
USA
Miscellaneous arthropathies including synovial tumors 

and foreign body synovitis and nephrogenic systemic 
fibrosis

Jennifer A. Kelly, MPH
Statistician and Research Project Director
Arthritis and Immunology Research Program
Oklahoma Medical Research Foundation
Oklahoma City, Oklahoma
USA
Genetics of lupus

Edward Keystone, MD, FRCPC
Professor of Medicine
University of Toronto Faculty of Medicine
Consultant in Rheumatology
Mount Sinai Hospital
Toronto, Ontario
Canada
Leflunomide

Munther A. Khamashta, MD, PhD, FRCP
Reader in Medicine
King’s College London School of Medicine
Consultant Physician
Director
Lupus Research Unit
St. Thomas’ Hospital
London
United Kingdom
Antiphospholipid syndrome: overview of pathogenesis, 

diagnosis, and management

Dinesh Khanna, MD, MSc
Assistant Professor
Department of Medicine
Division of Rheumatology and Immunology
David Geffen School of Medicine at UCLA
Los Angeles, California
USA
Assessing disease activity and outcome in scleroderma

Peter W. Kim, MD, PhD
Clinical Fellow
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
The hereditary recurrent fevers

Ingvild Kjeken, PhD
Senior Researcher
National Resource Center for Rehabilitation in 

Rheumatology
Diakonhjemmet Hospital
Oslo
Norway
Multidisciplinary approach to rheumatoid arthritis

Alisa E. Koch, MD
Staff Physician
VA Ann Arbor Healthcare System
Fredrick G.L. Huetwell and William D. Robinson, MD 

Professor of Rheumatology
Department of Internal Medicine
Division of Rheumatology
University of Michigan Medical School
Ann Arbor, Michigan
USA
Angiogenesis in rheumatoid arthritis

Matthew F. Koff, PhD
Assistant Scientist
Department of Radiology and Imaging–MRI
Hospital for Special Surgery
New York, New York
USA
Biomechanics of peripheral joints

Virginia Byers Kraus, MD, PhD
Associate Professor
Department of Medicine
Division of Rheumatology
Duke University School of Medicine
Durham, North Carolina
USA
Rare osteoarthritis: ochronosis, Kashin-Beck disease, and 

Mseleni joint disease

Hillal Maradit Kremers, MD, MSc
Professor of Epidemiology
Mayo Clinic College of Medicine
Mayo Clinic
Rochester, Minnesota
USA
Principles of health economics and application to 

rheumatic disorders

Hollis Elaine Krug, MD
Associate Professor of Medicine
Univeristy of Minnesota Medical School
Staff Rheumatologist
Minneapolis VA Medical Center
Minneapolis, Minnesota
USA
Principles of opioid treatment of chronic musculoskeletal 

pain

Pradeep Kumar, MD, FRCP
Consultant Rheumatologist 
Aberdeen Royal Infirmary 
Aberdeen 
Scotland
Raynaud’s phenomenon

Tore K. Kvien, MD, PhD
Professor of Rheumatology
University of Oslo Faculty of Medicine
Head
Department of Rheumatology
Diakonhjemmet Hospital
Oslo
Norway
Multidisciplinary approach to rheumatoid arthritis

Robert Lafyatis, MD
Professor of Medicine
Boston University School of Medicine
Laboratory Director
Boston University Medical Center
Boston, Massachusetts
USA
Pathogenesis of systemic sclerosis

Talia Landau, BA
Medical Student (Third Year)
University of Maryland School of Medicine
Baltimore, Maryland
USA
Gastrointestinal tract and rheumatic disease

Robert B. M. Landewé, MD
Professor of Rheumatology
Department of Internal Medicine
Division of Rheumatology
Maastricht University Faculty of Medicine
Maastricht
Consultant
Atrium Medical Center
Heerlen
The Netherlands
Interpreting the medical literature for the rheumatologist: 

study design and levels of evidence

Carol A. Langford, MD, MHS
Director
Center for Vasculitis Care and Research
Department of Rheumatic and Immunologic Diseases
Cleveland Clinic
Cleveland, Ohio
USA
Takayasu’s arteritis

Ronald M. Laxer, MD, FRCPC
Professor of Pediatrics and Medicine
University of Toronto Faculty of Medicine
Staff Rheumatologist
The Hospital for Sick Children
Toronto, Ontario
Canada
Management of juvenile idiopathic arthritis

Thomas J. Learch, MD
Chief of Musculoskeletal Imaging 
Department of Imaging 
Cedars-Sinai Medical Center 
Los Angeles, California 
USA
Imaging of rheumatoid arthritis

Marjatta Leirisalo-Repo, MD, PhD
Professor of Rheumatology
University of Helsinki Faculty of Medicine
Chief Physician
Department of Medicine
Division of Rheumatology
Helsinki University Central Hospital
Helsinki
Finland
Reactive arthritis: clinical features and treatment

George T. Lewith, MD, MA, FRCP, MRCGP
Professor of Health Research
School of Medicine
University of Southampton
Honorary Consultant Physician
Southampton Hospitals NHS Trust
Southampton
United Kingdom
Complementary and alternative medicine

xiv

C
O

N
TR

IB
U

TO
RS



Yi Li, MD
Research Assistant
Department of Medicine
University of Florida College of Medicine/Shands at UF
Gainesville, Florida
USA
Autoantibodies in systemic lupus erythematosus

Katherine P. Liao, MD
Research Fellow in Medicine
Harvard Medical School
Fellow in Rheumatology
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Classification and epidemiology of rheumatoid arthritis

Geoffrey Littlejohn, MD, MPH
Associate Professor of Rheumatology and Medicine
Monash University Faculty of Medicine, Nursing, and 

Health Sciences
Director
Division of Rheumatology
Monash Medical Centre
Melbourne, Victoria
Australia
Diffuse idiopathic skeletal hyperostosis

Michael D. Lockshin, MD
Professor of Medicine and Obstetrics-Gynecology
Weill Cornell Medical College
Attending Physician
New York-Presbyterian Hospital
Hospital for Special Surgery
New York, New York
USA
Systemic lupus erythematosus in the pregnant patient 

and neonatal lupus

Pilar Lorenzo, PhD
Researcher
Department of Clinical Sciences
Lund University Faculty of Medicine
Lund
Sweden
The articular cartilage

Thomas A. Luger, MD
Professor and Chairman
Department of Dermatology
University of Münster Faculty of Health Science
Münster
Germany
Skin in rheumatic disease

Ingrid E. Lundberg, MD, PhD
Professor and Consultant 
Rheumatology Unit 
Department of Medicine 
Karolinska University Hospital 
Stockholm 
Sweden
Inflammatory muscle disease—etiology and pathogenesis 

(myositis)

Harvinder S. Luthra, MD
John Finn Minnesota Arthritis Foundation Professor
Mayo Medical School
Consultant
Division of Rheumatology and Internal Medicine
Mayo Clinic
Rochester, Minnesota
USA
Relapsing polychondritis

Klaus P. Machold, MD
Associate Professor of Medicine
Medical University of Vienna
Deputy Head
Division of Rheumatology
Department of Internal Medicine
Vienna General Hospital
Vienna
Austria
Evaluation and management of early inflammatory 

polyarthritis

C. Ronald Mackenzie, MD
Associate Professor of Clinical Medicine
Associate Professor of Public Health
Division of Medical Ethics
Weill Cornell Medical College
Associate Attending Physician
Department of Rheumatology
Hospital for Special Surgery
New York, New York
USA
Ethics in clinical trials; Perioperative care of the rheumatic 

disease patient

Maren Lawson Mahowald, MD
Professor
Department of Medicine–Rheumatology
University of Minnesota Medical School
Chief
Rheumatology Section
Department of Internal Medicine
Minneapolis VA Medical Center
Minneapolis, Minnesota
USA
Principles of opioid treatment of chronic musculoskeletal 

pain

Alfred D. Mahr, MD
Classification and epidemiology of vasculitis

Joan C. Marini, MD, PhD
Chief
Bone and Extracellular Matrix Branch
National Institute of Child Health and Human 

Development
National Institutes of Health
Bethesda, Maryland
USA
Heritable connective tissue disorders

Eresha Markalanda, MD
Practicing Physician
Colombo
Sri Lanka
Immunosuppressives (chlorambucil, cyclosporine, 

cytoxan, azathioprine [Imuran], mofetil, tacrolimus)

Javier Marquez, MD
Professor of Internal Medicine–Rheumatology
Pontifical Bolivarian University School of Health 

Sciences
Staff Physician
Rheumatology Service
Hospital Pablo Tobon Uribe
Medellín
Colombia
Mycobacterial, brucellar, fungal, and parasitic arthritis

Johanne Martel-Pelletier, PhD
Professor of Medicine
Titular Head
Chair in Osteoarthritis
University of Montreal Faculty of Medicine
Co-Director
Osteoarthritis Research Unit
University of Montreal Hospital Research Centre 

(CR-CHUM)
Notre-Dame Hospital
Montreal, Quebec
Canada
Animal models of osteoarthritis

Emilio Martin-Mola, PhD
Associate Professor of Rheumatology
Faculty of Medicine
Universidad Autonoma Madrid
Head
Rheumatology Division
Hospital Universitario La Paz
Madrid
Spain
Septic arthritis, osteomyelitis, and gonococcal and 

syphilitic arthritis

Manuel Martinez-Lavin, MD
Professor
Department of Rheumatology
Faculty of Medicine
National Autonomous University of Mexico
Chief
Rheumatology Department
National Institute of Cardiology
Mexico City
Mexico
Digital clubbing and hypertrophic osteoarthropathy

Elena M. Massarotti, MD
Associate Professor of Medicine 
Harvard Medical School 
Co-Director 
Center for Clinical Therapeutics 
Division of Rheumatology 
Brigham and Women’s Hospital 
Boston, Massachusetts 
USA
Hemochromatosis

Eric L. Matteson, MD, MPH
Professor of Medicine
Mayo Clinic College of Medicine
Chair
Division of Rheumatology
Mayo Clinic
Rochester, Minnesota
USA
Extra-articular features of rheumatoid arthritis and 

systemic involvement

Maureen Mayes, MD, MPH
Professor of Medicine
Department of Internal Medicine
Division of Rheumatology
University of Texas Medical School at Houston
Houston, Texas
USA
Epidemiology and classification of scleroderma

Bongani M. Mayosi, PhD, FCP(SA)
Professor of Medicine 
Department of Medicine 
University of Cape Town 
Physician-in-Chief 
Groote Schuur Hospital 
Cape Town 
South Africa
Acute rheumatic fever

C
O

N
TRIB

U
TO

RS

xv



Timothy McAlindon, MD, MPH
Professor of Medicine
Tufts University School of Medicine
Chief
Division of Rheumatology
Tufts Medical Center
Boston, Massachusetts
USA
Osteonecrosis

Rex M. McCallum, MD
Professor of Medicine–Rheumatology
Duke University School of Medicine
Attending Rheumatologist
Duke University Hospital
Durham, North Carolina
USA
Cogan syndrome

Geraldine McCarthy, MD, FRCPI
Associate Clinical Professor of Medicine
School of Medicine and Medical Science
University College Dublin
Consultant Rheumatologist
Mater Misericordiae University Hospital
Dublin
Ireland
Basic calcium phosphate crystal deposition disease

W. Joseph McCune, MD
Professor
Department of Internal Medicine
Division of Rheumatology
University of Michigan Medical School/University of 

Michigan Health System
Ann Arbor, Michigan
USA
Treatment of non-renal lupus

Stephany A. McGann, MD
Medical Director 
Rheumatology Fellow 
University of Maryland School of Medicine 
Baltimore, Maryland 
USA
Entrapment neuropathies and compartment syndromes

Dennis McGonagle, MD
Professor of Investigative Rheumatology 
University of Leeds 
Leeds 
United Kingdom
Etiology and pathogenesis of psoriatic arthritis; 

Enthesopathies

Lachy McLean, PhD, FRCP
Senior Medical Director
Takeda Pharmaceuticals
Lake Forest, Illinois
USA
Etiology and pathogenesis of gout

Philip J. Mease, MD
Clinical Professor of Medicine
University of Washington School of Medicine
Director
Rheumatology Clinical Research
Swedish Medical Center
Chief
Seattle Rheumatology Associates
Seattle, Washington
USA
Management of psoriatic arthritis

Peter A. Merkel, MD, MPH
Associate Professor of Medicine
Boston University School of Medicine
Boston, Massachusetts
USA
Classification and epidemiology of vasculitis

Jamal A. Mikdashi, MD, MPH
Associate Professor of Medicine
University of Maryland School of Medicine
Baltimore, Maryland
USA
Primary angiitis of the central nervous system

Frederick W. Miller, MD, PhD
Chief
Environmental Autoimmunity Group
National Institute of Environmental Health Sciences
National Institutes of Health Clinical Research Facility
Bethesda, Maryland
USA
Management of inflammatory muscle disease

Paul D. Miller, MD, FACP
Distinguished Clinical Professor of Medicine
University of Colorado–Denver School of Medicine
Denver
Medical Director
Colorado Center for Bone Research
Lakewood, Colorado
USA
Renal osteodystrophy

Kirsten Minden, MD
Consultant in Pediatric Rheumatology
Department of Pediatric Pneumology and Immunology
Charité Universitätsmedizin Berlin
Scientist
German Rheumatism Research Center—A Leibnitz 

Institute
Berlin
Germany
Classification and epidemiology of juvenile idiopathic 

arthritis

Dimitris I. Mitsias, MD
Research Associate
Department of Pathophysiology
University of Athens School of Medicine
Athens
Greece
Sjögren’s syndrome

Girish M. Mody, MD, MBChB, FRCP, FCP
Fellow of the University of Kwa Zulu-Natal 
Aaron Beare Family Professor of Rheumatology 
Nelson R. Mandela School of Medicine 
University of Kwa Zulu-Natal 
Durban 
South Africa
Acute rheumatic fever

Paul A. Monach, MD, PhD
Rheumatology Fellow 
Brigham & Women’s Hospital 
Boston, MA 
USA
The rheumatoid joint: synovitis and tissue destruction

Larry W. Moreland, MD
Margaret Jane Miller Endowed Professor for Arthritis 

Research
University of Pittsburgh School of Medicine
Chief
Division of Rheumatology and Clinical Immunology
Department of Medicine
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania
USA
T-cell co-stimulation

Haralampos M. Moutsopoulos, MD, FACP, FRCP
Professor and Chairman
Department of Pathophysiology
University of Athens School of Medicine
Athens
Greece
Sjögren’s syndrome

Gauthier Namur, MD
Consultant
Department of Nuclear Medicine
University Hospital of Liege
Liege
Belgium
Bone scintigraphy and positron emission tomography

Esperanza Naredo, MD
Professor and Cofounder
Ultrasound School of the Spanish Society of 

Rheumatology
Senior Rheumatologist
Hospital Universario Severo Ochoa
Madrid
Spain
Aspiration and injection of joints and periarticular tissues 

and intralesional therapy

David J. Nashel, MD
Professor of Medicine 
George Washington & Georgetown 
University 
VA Medical Center 
Washington, DC 
USA
Entrapment neuropathies and compartment syndromes

Amanda E. Nelson, MD
Associate Professor of Medicine
University of North Carolina at Chapel Hill School of 

Medicine
Chapel Hill, North Carolina
USA
Osteoarthritis: epidemiology and classification

Stanton P. Newman, DPhil, DipClinPsych, MRCP(Hon)
Professor of Clinical Health and Psychology
Head
Unit of Behavioural Medicine
Division of Research Strategy
University College London Medical School
Honorary Consultant
University College Hospital
London
United Kingdom
Non-pharmacologic pain management

Johannes C. Nossent, MD, PhD
Professor of Medicine
University of Tromsø Faculty of Health Sciences
Institute for Clinical Medicine
Consultant in Rheumatology
University Hospital North Norway
Tromsø
Norway
Adult-onset Still’s disease

Ulrich Nöth
Orthopaedic Center for Musculoskeletal Research 
Orthopaedic Clinic 
König-Ludwig-Haus 
Julius-Maximilians-University 
Würzburg 
Germany
Principles of tissue engineering and cell- and gene-based 

therapy

Philip O’Connor, MD, MRCP, FRCR
Consultant in Musculoskeletal Radiology
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Musculoskeletal ultrasound

xvi

C
O

N
TR

IB
U

TO
RS



Chester V. Oddis, MD
Professor of Medicine
Director
Fellowship Training Program
Department of Medicine
Division of Rheumatology and Clinical Immunology
University of Pittsburgh School of Medicine
Pittsburgh, Pennsylvania
USA
Clinical features, classification, and epidemiology of 

inflammatory muscle disease

K. Sigvard Olsson, MD, PhD
Associate Professor 
Section of Hematology and Coagulation 
Sahlgreuslia University Hospital 
Gothenburg 
Sweden
Hemochromatosis

Michael J. Ombrello, MD
Clinical Fellow
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Principles and techniques in molecular biology

Philippe Orcel, MD, PhD
Professor of Rheumatology
Paris-Diderot Faculty of Medicine
University of Paris 7
Head
Rheumatology Department
Medical Coordinator
Musculoskeletal Division
Hospital Lariboisière
Public Assistance Hospitals of Paris
Paris
France
Gaucher’s disease

John J. O’Shea, MD
Scientific Director and Chief
Molecular Immunology and Inflammation Branch
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Cytokines; Signal transduction

Stephen A. Paget, MD
Profesor of Medicine
Weill Cornell Medical College
Physician-in-Chief Emeritus
Medical Director for Academic, International, and 

Philanthropic Initiatives
Hospital for Special Surgery
New York, New York
USA
Ethics in clinical trials; Perioperative care of the rheumatic 

disease patient

Carlo Patrono, MD
Professor and Chair
Department of Pharmacology
Catholic University School of Medicine
Rome, Italy
Nonsteroidal anti-inflammatory drugs

Jean-Pierre Pelletier, MD
Professor of Medicine
Head
Arthritis Centre
University of Montreal Faculty of Medicine
Head
Arthritis Division
University of Montreal Hospital Centre (CHUM)
Notre-Dame Hospital
Director
Osteoarthritis Research Unit
Research Centre
University of Montreal Hospital Research Centre 

(CR-CHUM)
Montreal, Quebec
Canada
Animal models of osteoarthritis

Silvia Pierangeli, PhD
Professor 
Division of Rheumatology, Department of Internal 

Medicine 
University of Texas Medical Branch 
Galveston, Texas 
USA
Antiphospholipid syndrome: overview of pathogenesis, 

diagnosis, and management

Heather Pierce, MD
Associate Professor of Pediatrics
University of California, San Diego, School of Medicine
La Jolla
Pediatric Hospitalist
Department of Medicine
Rady Children’s Hospital San Diego
San Diego, California
USA
Henoch-Schönlein purpura

Clarissa A. Pilkington, MBBS, BSc, MRCP(Paeds)
Honorary Lecturer
Institute of Child Health
University College London Medical School
Consultant in Paediatric and Adolescent Rheumatology
Great Ormond Street Hospital NHS Trust
London
United Kingdom
Connective tissue diseases in children

Michael H. Pillinger, MD
Associate Professor of Medicine and Pharmacology
Director
Rheumatology Training
Director
Masters of Science in Clinical Investigation Program
New York University School of Medicine
Section Chief
Rheumatology
New York Harbor Health Care System–NY Campus
Department of Veterans Affairs
New York, New York
USA
Inflammation

Carlos Pineda, MD
Subdirector
Biomedical Research
Instituto Nacional de Rehabilitación
Mexico City
Mexico
Digital clubbing and hypertrophic osteoarthropathy

Robert M. Plenge, MD, PhD
Assistant Professor of Medicine
Harvard Medical School
Director
Genetics and Genomics
Division of Rheumatology, Immunology, and Allergy
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The contribution of genetic factors to rheumatoid arthritis

Luminita Pricop, MD
Associate Scientist 
Hospital for Special Surgery 
New York, NY 
USA
Immunopathology of systemic lupus erythematosus

Lars Rackwitz
Orthopaedic Center for Musculoskeletal Research 
Orthopaedic Clinic 
König-Ludwig-Haus 
Julius-Maximilians-University 
Würzburg 
Germany
Principles of tissue engineering and cell- and gene-based 

therapy

Gautam Ramani, MD
Assistant Professor of Medicine, Cardiology 
University of Maryland School of Medicine 
Baltimore, Maryland 
USA
The heart in rheumatic disease

Angelo Ravelli, MD
Associate Professor of Pediatrics
University of Genoa College of Medicine
Attending
Istituto G. Gaslini
Department of Pediatrics II
Largo G. Gaslini
Genoa
Italy
Evaluation of musculoskeletal complaints in children

Westley H. Reeves, MD
Marcia Whitney Schott Professor of Medicine
Chief
Division of Rheumatology and Clinical Immunology
Department of Medicine
University of Florida College of Medicine
Gainesville, Florida
USA
Autoantibodies in systemic lupus erythematosus

Elaine F. Remmers, PhD
Staff Scientist
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Principles and techniques in molecular biology

Heikki Repo, MD
Senior Lecturer in Medicine
Department of Bacteriology and Immunology
University of Helsinki Faculty of Medicine
Attending Physician
Department of Medicine
Helsinki University Central Hospital
Reactive arthritis: clinical features and treatment

C
O

N
TRIB

U
TO

RS

xvii



Luis Requena, MD
Professor of Dermatology
Universidad Autónoma Medical School
Chairman
Department of Dermatology
Fundación Jiménez Diaz
Madrid
Spain
Cutaneous vasculitis and panniculitis

Clio Ribbens, MD, PhD
Clinic Head
Department of Rheumatology
University Hospital of Liege
Liege
Belgium
Bone scintigraphy and positron emission tomography

Graham Riley, BSc, PhD
Arthritis Research Campaign (ARC) Senior Research 

Fellow
School of Biological Sciences
University of East Anglia
Norwich
United Kingdom
Tendons and ligaments

Christopher Ritchlin, MD, MPH
Professor of Medicine
University of Rochester School of Medicine and 

Dentistry
Attending Physician
University of Rochester Medical Center
Rochester, New York
USA
Etiology and pathogenesis of psoriatic arthritis

Ivan O. Rosas, MD
Assistant Professor of Medicine
Department of Internal Medicine
Division of Pulmonary Medicine
Brigham and Women’s Hospital/Harvard Medical 

School
Boston, Massachusetts
USA
The lung in rheumatic disease

Ronenn Roubenoff, MD, MHS
Associate Professor of Medicine
Tufts University School of Medicine
Adjunct Professor of Nutrition
Tufts University School of Nutrition Science and Policy
Boston
Global Head of Translational Medicine
Musculoskeletal Diseases
Novartis Institutes for Biomedical Research
Cambridge, Massachusetts
USA
Nutrition in rheumatic disease

A. D. Rowan, BSc, PhD
Professor of Molecular Rheumatology
School of Clinical Medical Sciences
Musculoskeletal Research Group
Institute of Cellular Medicine
Newcastle University
Newcastle upon Tyne
United Kingdom
Tissue destruction and repair

Martin Rudwaleit, MD
Associate Professor of Medicine
Universitätsmedizin Berlin
Consultant in Rheumatology
University Hospital Charité–Campus Benjamin Franklin
Berlin
Germany
Classification and epidemiology of spondyloarthritis

Kenneth G. Saag, MD, MSc
Jane Knight Lowe Professor of Medicine
University of Alabama at Birmingham School of 

Medicine
Birmingham, Alabama
USA
Systemic corticosteroids in rheumatology

Jane E. Salmon, MD
Associate Clinical Director 
Roche 
Switzerland
Immunopathology of systemic lupus erythematosus

David C. Salonen, MD, BSc, FRCPC
Associate Professor
Department of Medical Imaging and Orthopedics
University of Toronto Faculty of Medicine
Staff Radiologist
University Health Network, Mount Sinai, and Women’s 

College Hospitals
Toronto, Ontario
Canada
Seronegative spondyloarthropathies: imaging

Donald M. Salter, MBChB, MD, FRCPath
Professor of Osteoarticular Pathology
Centre for Inflammation Research
Queen’s Medical Research Institute
University of Edinburgh Medical School
Consultant Histopathologist
Royal Infirmary of Edinburgh
Edinburgh
United Kingdom
Connective tissue responses to mechanical stresses

Daniel J. Salzberg, MD, FACP
Assistant Professor of Medicine
University of Maryland School of Medicine
Baltimore, Maryland
USA
The kidney and rheumatic disease

Philip N. Sambrook, MD, FRACP
Professor of Rheumatology
University of Sydney Medical School
Sydney, New South Wales
Australia
Glucocorticoid-induced osteoporosis

Benjamin Sanofsky, MD
Sports medicine: clinical spectrum of injury

Tore Saxne, MD, PhD
Professor
Department of Clinical Sciences
Section of Rheumatology
Lund University Faculty of Medicine
Consultant
Department of Rheumatology
Lund University Hospital
Lund
Sweden
The articular cartilage

Hans-Georg Schaible, MD
Professor of Physiology
Institute of Physiology/Neurophysiology
Friedrich Schiller University of Jena School of Medicine
Director
Department of Neurophysiology
University Hospital
Jena
Germany
Scientific basis of pain

Georg Schett, MD
Professor of Rheumatology and Immunology
Department of Internal Medicine 3
University of Erlangen–Nuremberg Faculty of Medicine
Erlangen
Germany
Osteoimmunology

Nicole Schmitz, PhD
Senior Research Scientist
Department of Pathology
University of Leipzig
Leipzig
Germany
Pathogenesis and pathology of osteoarthritis

Lew C. Schon, MD
Acting Director
Foot and Ankle Fellowship
Department of Orthopaedics
Union Memorial Hospital
Baltimore, Maryland
USA
The ankle and foot

H. Ralph Schumacher, Jr., MD
Professor of Medicine
University of Pennsylvania School of Medicine
Philadelphia, Pennsylvania
USA
Miscellaneous arthropathies including synovial tumors 

and foreign body synovitis and nephrogenic systemic 
fibrosis; Other crystal-related arthropathies

David G. I. Scott, MD, FRCP
Professor of Rheumatology
School of Medicine
University of East Anglia
Consultant Rheumatologist
Norfolk and Norwich University Hospital
Norwich
United Kingdom
Polyarteritis nodosa and microscopic polyangiitis

Brooke Seidelmann, BA, MA
Allergy Director
Joan Hisaoka Healing Arts Gallery
Washington, DC
USA
Complementary and alternative medicine

Andrea L. Sestak, MD, PhD
Research Assistant Member
Arthritis and Immunology Research Program
Oklahoma Medical Research Foundation
Oklahoma City, Oklahoma
USA
Genetics of lupus

Margaret Seton, MD
Assistant Professor of Medicine
Harvard Medical School
Director
MGH Rheumatology Fellowship Program
Massachusetts General Hospital
Boston, Massachusetts
USA
Paget’s disease of bone

Nancy A. Shadick, MD, MPH
Director of Translational Research Development
Division of Rheumatology, Immunology, and Allergy
Brigham and Women’s Hospital
Boston, Massachusetts
USA
Lyme diseasexviii

C
O

N
TR

IB
U

TO
RS



Lauren Shapiro, BA
Research Assistant
Stanford University School of Medicine
Stanford, California
USA
Magnetic resonance imaging

Lewis L. Shi, MD
Orthopedic Surgery Resident
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The knee

Prodromos Sidiropoulos, MD
Assistant Professor of Rheumatology 
University of Crete School of Medicine 
Heraklion 
Assistant Professor of Rheumatology
University Hospital of Heraklion 
Crete 
Greece
Systemic lupus erythematosus: treatment—renal 

involvement

Richard M. Siegel, MD, PhD
Senior Investigator
Acting Chief
Autoimmunity Branch
Laboratory of Clinical Investigation
National Institute of Arthritis and Musculoskeletal and 

Skin Diseases
National Institutes of Health
Bethesda, Maryland
USA
Cytokines; Principles and techniques in molecular biology

Joachim Sieper, MD
Professor of Internal Medicine–Rheumatology
Department of Medicine I
Universitätsmedizin Berlin
Head
Division of Rheumatology
University Hospital Charité–Campus Benjamin Franklin
Berlin
Germany
Management of ankylosing spondylitis

Richard M. Silver, MD
Distinguished University Professor
Department of Medicine
Division of Rheumatology and Immunology
Medical University of South Carolina College of 

Medicine
Charleston, South Carolina
USA
Clinical features of systemic sclerosis

Shonni J. Silverberg, MD
Professor of Medicine–Endocrinology and Metabolism
Columbia University College of Physicians and 

Surgeons
Attending
Division of Endocrinology
New York–Presbyterian Hospital
New York, New York
USA
Primary hyperparathyroidism: rheumatologic 

manifestations and bone disease

Julia F. Simard, ScD
Department of Medical Epidemiology and Biostatistics
Karolinska Institutet
Clinical Epidemiology Unit
Karolinska University Hospital
Stockholm
Sweden
Epidemiology and classification of systemic lupus 

erythematosus

Barry P. Simmons, MD
Associate Professor of Orthopaedic Surgery
Harvard Medical School
Chief
Hand and Upper Extremity Service
Division of Orthopaedic Surgery
Department of Surgery
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The wrist and hand

Robert W. Simms, MD
Professor of Medicine
Boston University School of Medicine
Chief
Section of Rheumatology
Boston Medical Center
Boston, Massachusetts
USA
Localized scleroderma and scleroderma-like syndromes

John Sims, PhD
Scientific Executive Director 
Amgen 
Seattle, Washington 
USA
Cytokines

Nora G. Singer, MD
Associate Professor of Pediatrics and Internal Medicine
Case Western Reserve University School of Medicine
Director
Division of Rheumatology
MetroHealth Medical Center
Cleveland, Ohio
USA
Evaluation of musculoskeletal complaints in children

Malcolm D. Smith, MBBS, FRACP, BSc(Hons), PhD
Professor of Internal Medicine–Rheumatology
Flinders University School of Medicine
Regional Head of Rheumatology
Southern Adelaide Health
Adelaide
Consultant in Rheumatology
Repatriation General Hospital
Daw Park, South Australia
Australia
The synovium

Stacy E. Smith, MD
Associate Professor of Radiology
Department of Diagnostic Radiology and Nuclear 

Medicine
University of Maryland School of Medicine
Baltimore, Maryland
USA
Conventional radiography and computed tomography

Josef S. Smolen, MD, FRCP
Evaluation and outcomes for patients with rheumatoid 

arthritis

Tim D. Spector, MD, MSc, FRCP
Professor of Genetic Epidemiology
Department of Twin Research and Genetic 

Epidemiology
King’s College London School of Medicine
Consultant Rheumatologist
Guy’s and St. Thomas’ NHS Foundation Trust
London
United Kingdom
Genetics of osteoarthritis

E. William St. Clair, MD
Professor of Medicine and Immunology
Duke University School of Medicine
Durham, North Carolina
USA
Cogan syndrome

Virginia D. Steen, MD
Professor of Medicine
Division of Rheumatology, Allergy and Immunology
Georgetown University School of Medicine
Washington, DC
USA
Management of systemic sclerosis

Günter Steiner, PhD
Professor of Biochemistry
Department of Internal Medicine III
Division of Rheumatology
Medical University of Vienna
Head
Research Laboratory
Group Leader
Vienna General Hospital
Vienna
Austria
Autoantibodies in rheumatoid arthritis

Andre F. Steinert
Orthopaedic Center for Musculoskeletal Research 
Orthopaedic Clinic 
König-Ludwig-Haus 
Julius-Maximilians-University 
Würzburg 
Germany
Principles of tissue engineering and cell- and gene-based 

therapy

John H. Stone, MD, MPH
Associate Professor of Medicine
Department of Medicine
Division of Rheumatology
Harvard Medical School
Clinical Director
Rheumatology Unit
Massachusetts General Hospital
Boston, Massachusetts
USA
Wegener granulomatosis

Millicent A. Stone, MB, MSc, FRCP
Assistant Professor of Medicine
Department of Rheumatology
University of Toronto Faculty of Medicine
Toronto, Ontario, Canada
Clinical Reader
University of Bath School for Health
Bath, United Kingdom
Research Scholar in Rheumatology
Hospital for Special Surgery
New York, New York/Oklahoma City, Oklahoma
USA
Reactive arthritis: etiology and pathogenesis

Rainer H. Straub, MD
Professor of Experimental Medicine
Department of Internal Medicine I
University of Regensburg School of Medicine
Staff Physician
University Hospital Regensburg
Regensburg
Germany
Effects of the neuroendocrine system on development and 

function of the immune system

C
O

N
TRIB

U
TO

RS

xix



Deborah P. M. Symmons, MD, FFPH, FRCP
Professor of Rheumatology and Musculoskeletal 

Epidemiology
School of Translational Medicine
Arthritis Research Campaign (ARC) Epidemiology Unit
University of Manchester Faculty of Medical and 

Human Sciences
Manchester
United Kingdom
Epidemiologic concepts and the classification of 

rheumatology

Zoltán Szekanecz, MD, PhD, DSc
Professor of Rheumatology, Medicine, and 

Immunology
Head
Division of Rheumatology
Third Department of Internal Medicine
University of Debrecen Medical and Health Sciences 

Centre
Debrecen
Hungary
Angiogenesis in rheumatoid arthritis

Ilona S. Szer
Chief of Pediatric Rheumatology at Rady Children’s 

Hospital, San Diego 
Professor of Clinical Pediatrics 
University of California, San Diego, School of Medicine 
San Diego, California 
USA
Henoch-Schönlein purpura

Paul P. Tak, MD, PhD
Professor of Medicine 
Academic Medical Center/University of Amsterdam 
Director 
Division of Clinical Immunology and Rheumatology 

EULAR & FOCIS Center of Excellence 
Amsterdam 
Netherlands
Minimally invasive procedures

Antonio Tavoni
Immunology Unit 
Department of Internal Medicine 
University of Pisa 
Pisa 
Italy
Cryoglobulinemia

Peter C. Taylor, BMBCh, PhD, FRCP
Professor of Experimental Rheumatology
Head
Clinical Trials
Kennedy Institute of Rheumatology
Imperial College London Faculty of Medicine
Honorary Consultant Physician
Department of Rheumatology and Clinical Trials Unit
Charing Cross Hospital
London
United Kingdom
Tumor necrosis factor blocking therapies

Robert Terkeltaub, MD
Professor of Medicine
University of California, San Diego, School of Medicine
La Jolla
Chief
Rheumatology Section
VA Medical Center San Diego
San Diego, California
USA
The management of gout and hyperuricemia

Mohamed M. Thabet, MD, PhD
Associate Lecturer in Internal Medicine–Rheumatology
Assiut University Medical School
Assiut
Egypt
Clinical Research Fellow
Department of Rheumatology
Leiden University Medical Center
Leiden
The Netherlands
Dapsone, penicillamine, thalidomide, bucillamine, and 

the tetracyclines

Jennifer E. Thorne, MD, PhD
Associate Professor of Ophthalmology
Johns Hopkins University School of Medicine
Associate Professor of Epidemiology
Johns Hopkins University Bloomberg School of Public 

Health
Baltimore, Maryland
USA
The eye in rheumatic disease

George C. Tsokos
Division of Rheumatology 
Beth Israel Deaconess Medical Center, Harvard Medical 

School 
Boston, Massachusetts 
USA
Pathogenesis of lupus

Rocky S. Tuan
Department of Orthopaedic Surgery 
Center for Cellular and Molecular Engineering 
University of Pittsburgh School of Medicine 
Pittsburgh, Pennsylvania 
USA
Principles of tissue engineering and cell- and gene-based 

therapy

Carl Turesson, MD, PhD
Associate Professor
Department of Clinical Sciences
Malmö University Faculty of Medicine
Senior Physician
Department of Rheumatology
Skåne University Hospital
Malmö
Sweden
Extra-articular features of rheumatoid arthritis and 

systemic involvement

Athanasios G. Tzioufas, MD
Professor
Department of Pathophysiology
University of Athens School of Medicine
Athens
Greece
Sjögren’s syndrome

Patricia A. Uber, BS, PharmD
Assistant Professor
Department of Medicine
Division of Cardiology
University of Maryland School of Medicine
Baltimore, Maryland
USA
The heart in rheumatic disease

Wim B. van den Berg, PhD
Professor of Experimental Rheumatology
Head
Rheumatology Research and Advanced  

Therapeutics
Radboud University Nijmegen Medical Centre Faculty 

of Medical Sciences
Nijmegen
The Netherlands
Animal models of arthritis

Désirée van der Heijde, MD, PhD
Professor of Rheumatology
Leiden University Faculty of Medicine
Leiden
The Netherlands
Use of imaging as an outcome measure in rheumatoid 

arthritis, psoriatic arthritis, and ankylosing spondylitis 
in clinical trials

Floris A. van Gaalen, MD, PhD
Fellow in Rheumatology
Leiden University Faculty of Medicine/Leiden 

University Medical Center
Leiden
The Netherlands
Parenteral gold, antimalarials, and sulfasalazine

John Varga, MD
Division of Rheumatology 
Northwestern University Feinberg School of Medicine 
Chicago, Illinois 
USA
Pathogenesis of systemic sclerosis

Dimitrios Vassilopoulos, MD
Assistant Professor of Medicine–Rheumatology
Athens University School of Medicine
Attending
2nd Department of Medicine
Hippokration General Hospital
Athens
Greece
Rheumatologic aspects of viral infections

Archana R. Vasudevan, MD
Clinical Assistant Professor
Department of Medicine
Division of Rheumatology
State University of New York Downstate Medical 

Center College of Medicine
Brooklyn, New York
USA
Clinical features of systemic lupus erythematosus

Patrick J. W. Venables, MD, FRCP
Professor of Viral Immunorheumatology
Kennedy Institute of Rheumatology
Imperial College London School of Medicine
London
United Kingdom
Overlap syndromes

Edward M. Vital, MBChB, MRCP(UK)
Research Fellow in Rheumatology
Academic Section of Musculoskeletal Disease
Leeds Institute of Molecular Medicine
University of Leeds Faculty of Medicine and Health
Leeds
United Kingdom
Rituximab

Richard J. Wakefield, MD, BM, MRCP
Senior Lecturer in Rheumatology
School of Medicine
University of Leeds Faculty of Medicine and Health
Honorary Consultant Rheumatologist
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Musculoskeletal ultrasound

Jennifer G. Walker, MBBS, FRACP
Senior Lecturer
Flinders University School of Medicine
Adelaide
Senior Consultant in Rheumatology
Repatriation General Hospital and Flinders Medical 

Center
Daw Park, South Australia
Australia
The synovium

xx

C
O

N
TR

IB
U

TO
RS



Robert J. Ward, MD, CCD
Chief, Musculoskeletal Imaging 
Department of Radiology 
Tufts Medical Center 
Director, Medical Education 
Assistant Professor of Radiology and Orthopedics 
Tufts University School of Medicine 
Boston, Massachusetts 
USA
Osteonecrosis

Richard Watts, MA, DM, FRCP
Clinical Senior Lecturer in Health Policy and Practice
School of Medicine
University of East Anglia
Norwich
Consultant Rheumatologist
Ipswich Hospital NHS Trust
Ipswich
United Kingdom
Polyarteritis nodosa and microscopic polyangiitis

Lucy R. Wedderburn, MD, MA, MBBS, PhD, FRCP, 
MRCPCH

Reader in Paediatric Rheumatology
Institute of Child Health
University College London Medical School
Consultant in Paediatric Rheumatology
Great Ormond Street Hospital NHS Trust
London
United Kingdom
Connective tissue diseases in children

Michael E. Weinblatt, MD
Methotrexate

Matthew R. Weir, MD
Professor of Medicine
University of Maryland School of Medicine
Director
Division of Nephrology
University of Maryland School of Medicine
Baltimore, Maryland
USA
The kidney and rheumatic disease

Claire Y. J. Wenham, BMBS, MRCP
Clinical Research Fellow
NIHR Musculoskeletal Biomedical Research Unit
Leeds Teaching Hospitals NHS Trust
Leeds
United Kingdom
Imaging of osteoarthritis

Sterling G. West, MD
Professor of Medicine
Division of Rheumatology
University of Colorado–Denver School of Medicine
Aurora, Colorado
USA
Sarcoidosis

Cornelia M. Weyand, MD, PhD
Professor of Medicine 
Stanford University School of Medicine 
Stanford, California 
USA
Polymyalgia rheumatica and giant cell arteritis

Kenneth E. White, PhD
Assistant Professor
Department of Medical and Molecular Genetics
Indiana University School of Medicine
Indianapolis, Indiana
USA
Bone structure and function

Frances M. K. Williams, PhD, FRCP(E)
Senior Lecturer
Department of Twin Research and Genetic 

Epidemiology
King’s College London School of Medicine
Honorary Consultant Rheumatologist
Guy’s and St. Thomas’ NHS Foundation Trust
London
United Kingdom
Genetics of osteoarthritis

Kevin L. Winthrop, MD, MPH
Assistant Professor of Infectious Diseases, 

Ophthalmology, and Public Health and Preventive 
Medicine

Department of Medicine
Division of Infectious Diseases
Oregon Health & Science University School of  

Medicine
Portland, Oregon
USA
Infections and biologic therapy in rheumatoid arthritis

Anthony D. Woolf, BSc, MBBS
Professor of Rheumatology 
Peninsula Medical School 
Universities of Exeter and Plymouth; 
Consultant Rheumatologist 
Duke of Cornwall Department of Rheumatology 
Royal Cornwall Hospital 
Truro 
UK
History and physical examination

Jane Worthington, PhD
Professor of Chronic Disease–Genetics
School of Translational Medicine
Arthritis Research Campaign (ARC) Epidemiology Unit
Musculoskeletal Research Group
University of Manchester Faculty of Medical and 

Human Sciences
Honorary Research Principal Investigator
Central Manchester and Manchester Children’s 

University Hospital
Manchester
United Kingdom
Genetic factors in rheumatic disease

John Wright, MD
Assistant Clinical Professor of Orthopaedic Surgery
Harvard Medical School
Orthopedic Surgeon
Brigham and Women’s Hospital
Boston, Massachusetts
USA
The knee

Hasan Yazici, MD
Professor of Medicine
Chief of Medicine and Rheumatology
Department of Medicine
Division of Rheumatology
Cerrahpasa Medical Faculty
University of Istanbul
Istanbul
Turkey
Behçet’s syndrome

Yusuf Yazici, MD
Assistant Professor of Medicine–Rheumatology
New York University School of Medicine
Director
Seligman Center for Advanced Therapeutics
Director
Behçet’s Syndrome Evaluation, Treatment, and 

Research Center
NYU Hospital for Joint Diseases
New York, New York
USA
Role of laboratory tests in rheumatic disorders

John R. York, MD, FRACP, FRCP(Glasg), GradDipCouns
Clinical Associate Professor
Department of Rheumatology
Institute of Rheumatology and Orthopaedics
Central Clinical School
University of Sydney Medical School
Consultant Emeritus
Department of Rheumatology
Royal Prince Alfred Hospital
Sydney, New South Wales
Australia
Hemophilia and von Willebrand disease

D. A. Young, BSc, PhD
Lecturer
School of Clinical Medical Sciences
Musculoskeletal Research Group
Institute of Cellular Medicine
Newcastle University
Newcastle upon Tyne
United Kingdom
Tissue destruction and repair

Sebahattin Yurdakul, MD
Professor of Medicine
Department of Medicine
Division of Rheumatology
Cerrahpasa Medical Faculty
University of Istanbul
Istanbul
Turkey
Behçet’s syndrome

Guangju Zhai, MBBS, MSc, PhD
Genetic Epidemiologist
Department of Twin Research and Genetic 

Epidemiology
King’s College London School of Medicine
London
United Kingdom
Genetics of osteoarthritis

Yuqing Zhang, MD
Local and systemic risk factors for incidence and 

progression of osteoarthritis

Haoyang Zhuang, PhD
Postdoctoral Fellow
University of Florida College of Medicine/Shands at UF
Gainesville, Florida
USA
Autoantibodies in systemic lupus erythematosus

C
O

N
TRIB

U
TO

RS

xxi



PREFACE

The fifth edition of Rheumatology is:

■ The most comprehensive, authoritative rheumatology text, 
designed to meet the complete needs of all practicing and aca-
demic rheumatologists as well as arthritis-related health profes-
sionals and scientists interested in disorders of the musculoskeletal 
system.

■ Firmly grounded on modern biomedical science, integrating the 
relevant basic biology with current clinical practice.

■ Easily accessible, user-friendly, and a beautifully illustrated color 
publication.

■ Consistent in style and format, with each chapter written to a 
strict template and rigorously edited.

■ A genuinely international book, with editors, authors, and mate-
rial drawn from all over the world.

■ Fully up-to-date, with carefully selected references to original 
work and key reviews up to and including articles published in 
the peer-reviewed literature through 2009.

THE FIFTH EDITION OF RHEUMATOLOGY IS A 
COMPREHENSIVE AND EXCITING BOOK
The international team of editors representing a broad spectrum of 
academic and clinical rheumatology and biomedical, clinical, and epi-
demiological research has again brought together a group of interna-
tionally renowned authors to deliver essential information on the 
scientific basis of rheumatic disease and the definition, epidemiology, 
pathophysiology, clinical features, and management of all musculo-
skeletal and rheumatic disorders.

Rheumatology, fifth edition, builds on the success of the fourth 
edition. As stated by Professor Jan Dequeker in his review: “The fourth 
edition of Rheumatology is the most comprehensive authoritative 
rheumatology text designed to meet the complete needs of all practicing 

and academic rheumatologists as well as arthritis-related health care 
professionals and scientists interested in disorders of the musculo-
skeletal system. The edition is firmly grounded on modern medical 
science, integrating the relevant basic biology with current clinical 
practice, easily accessible, user-friendly and a beautifully illustrated 
color publication.”

For the fifth edition, every chapter has either been carefully revised 
or, in many cases, completely rewritten. The Editors have pursued a 
rigorous editorial policy in order to ensure that the content and format 
of the book remain both consistent and of the highest possible standard 
so that each chapter contains the latest information in the field. There 
are 23 new chapters that provide new information on basic biomedical 
science, including the emerging field of osteoimmunology, clinical 
therapeutics, including cell- and gene-based therapies, disease and 
outcome assessment, including new imaging modalities, and patient 
management and rehabilitation, including new treatments for rheuma-
toid arthritis. In an effort to streamline the text even further, chapter 
contributors have provided their “top 50” references in the book only; 
the remaining references are found online, all with a link to PubMed. 
We have also continued to improve the index, in order to make it easier 
for the reader to find the material that she or he wants.

The fifth edition can be found entirely online at www.expertconsult.
com. Besides fully searchable text, you will also find a complete library 
of easily downloadable electronic images, links to PubMed and key 
society web sites, and continuous content updates from two dedicated 
web editors.

The production of the fifth edition of Rheumatology has been a 
greatly enjoyable team effort. We would like to thank every one of  
the authors who have contributed to this or any previous edition of  
the book, as well as the excellent team at Elsevier. We look forward  
to bringing you a sixth edition of Rheumatology in another 4 
years.

The Editors
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SECTION 1 THE SCIENTIFIC BASIS OF RHEUMATIC DISEASE

3

All the subjects are then studied to see how many in each group 
have been exposed to the risk factor(s) of interest. Each design 
has its advantages and disadvantages, and the choice is often 
dictated by the relative prevalence of the disease and the 
exposure.2

This chapter introduces the fundamental concepts of epidemiology 
and describes how these have been used to study the frequency of 
musculoskeletal disorders and their burden worldwide. It also discusses 
how hypotheses concerning risk factors for developing rheumatic dis-
eases or particular outcomes can be generated and tested.

DESCRIPTIVE EPIDEMIOLOGY—HOW MANY 
PEOPLE HAVE THE DISEASE?
The two most common measures of disease frequency are prevalence 
and incidence (Table 1.2).1 Prevalence relates to existing cases of 
disease. The term point prevalence is used to describe the proportion 
of the population that has the disorder at a particular point in time 
(sometimes called prevalence day). This measure is useful for chronic 
persistent disorders such as rheumatoid arthritis (RA) and osteoarthri-
tis (OA). For intermittent conditions such as back pain and gout, it is 
more appropriate to measure period prevalence—the proportion of the 
population that has the disorder at any time during a given time period 
(usually 1 year). The 1-year period prevalence of back pain includes all 
those who had back pain at the beginning of the year plus all those 
who develop back pain during the year regardless of how long any 
individual episode of back pain lasts. Finally, cumulative prevalence is 
the proportion of the population that has had, or that now has, the 
disorder up to a specified time point (e.g., by age 60 years) or up to the 
time of the study.

Prevalence
Prevalence in the population setting is commonly determined by a 
survey using questionnaires, clinical evaluation, or a combination of 
both. Such questionnaires may be self-completed or interviewer admin-
istered. In the hospital or primary care setting, prevalence is often 
assessed by identifying diagnosed cases and relating them to the appro-
priate population base. Although this may be a practical way of measur-
ing prevalence for uncommon conditions,3 the cases identified in this 
way are often skewed toward the more severe end of the clinical spec-
trum because mild cases may not be under current medical review.

Incidence
The term prevalence relates to existing disease, whereas the term 
incidence relates to new cases of disease. Investigators of disease etiol-
ogy will want to know the number of individuals in a defined popula-
tion who first develop the disorder in a given time period, typically 1 
year. This figure is known as the incidence rate or, more accurately, 
the first incidence rate. However, planners and providers of health care 
services may be more interested in the total number of episodes of a 
disorder, which is known as the episode incidence, than in the number 
of individuals affected. The episode incidence of back pain would be 
expected to be higher than the first incidence rate because it includes 

Epidemiologic concepts and  
the classification of  
musculoskeletal conditions
Deborah P. M. Symmons

 Musculoskeletal epidemiology is concerned with the determinants 
and distribution of musculoskeletal conditions in different 
populations.

 Frequency of disease in a population can be expressed in terms of 
incidence (the number of new cases) and prevalence (the 
proportion of the population with the disease).

 Most rheumatic diseases are defined using sets of classification 
criteria.

 Classification criteria are powerful tools for identifying and 
distinguishing patients with a target disease from those without 
the condition.

 Rheumatic disease frequency and severity vary with age, gender, 
ethnic origin, and country.

 Differences in disease or outcome frequency can be explored to 
yield hypotheses about demographic, genetic, hormonal, 
environmental, and psychosocial risk factors for development or 
severity of disease.

 Such hypotheses are best tested in case-control or cohort studies 
that involve the use of a comparison group.

INTRODUCTION
Epidemiology is the clinical science that studies the distribution and 
determinants of disease in populations. It involves describing the fre-
quency of diseases and their consequences (including morbidity and 
mortality) and understanding the risk factors for developing a disease 
or its complications. There are two basic types of epidemiologic study 
(Table 1.1).

● Descriptive epidemiology describes the number of people who 
develop the disease in a particular time period or who currently 
have the disease; what type of people are susceptible (in terms of, 
e.g., age, gender, or ethnic background); and where and when the 
disease occurs (geographic variations on a large or small scale, 
secular trends).1 Put more succinctly, descriptive studies investi-
gate the distribution of disease in relation to person, place, and 
time.

● Analytical epidemiology tests hypotheses of causation and involves 
using a comparison group (Fig. 1.1). By comparing the frequency 
of disease in people who have particular characteristics (such as 
exposure to certain drugs, pregnancy, or certain genotypes), or 
exposure characteristics in people with and without a particular 
disease or outcome, it is possible to identify risk factors for devel-
oping disease or attributes that affect outcome or disease severity. 
In cohort studies subjects are selected on the basis of their expo-
sure status or being disease free and followed to see how many 
develop the disease. Cohort studies may be prospective, if the 
outcome has not occurred when the study begins, or retrospective, 
if the outcome has already happened. In case-control studies 
groups are selected on the basis of their disease status, those with 
the disease being the cases and those without being the controls. 

1
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ascertainment. The nomenclature in most widespread use is that 
adopted by the International Classification of Diseases (ICD).4 The 
ICD names diseases and groups them in a hierarchy on the basis of 
the body system. ICD10 is the version in current use.

Most rheumatic diseases do not have a specific diagnostic test, so 
sets of classification criteria (Table 1.3) have been developed to identify 
homogeneous patient populations for epidemiologic studies and clini-
cal trials. These sets of classification criteria combine different types 
of information, including symptoms, signs, laboratory findings, 
imaging, genetic factors, and etiologic agents (e.g., infectious agents, 
drugs). Classification criteria have two purposes: first, to separate 
patients with the target disorder from normal subjects, and second, to 
distinguish patients with the target disorder from those with other 
similar disorders (e.g., distinguishing RA from psoriatic arthritis). In 
the majority of conditions, classification criteria should not be used for 
the diagnosis of the individual patient.

TABLE 1.1 QUESTIONS ADDRESSED BY EPIDEMIOLOGIC STUDIES

Question Methodology

How many? Descriptive epidemiology

Who?

Where?

When?

Why? Analytical epidemiology

How does it happen?

COMPARISON OF CASE–CONTROL AND COHORT STUDY DESIGNS

Study design Past Present Future

Prospective
cohort
study

Retrospective
case–control
study

Retrospective
cohort study

Disease

No disease

Disease

No diseaseExposed

Not exposed

Disease

No disease

Disease

No disease

Exposed

Not exposed

Exposed

Not exposed

Exposed

Not exposed

Disease

Controls

Fig. 1.1 Comparison of case-control and cohort study designs.

TABLE 1.2 MEASURES OF DISEASE FREQUENCY

Term Denominator Numerator

Prevalence 
(relates to 
existing 
disease)

Number of 
people in the 
population

Point prevalence (number who have the 
disorder at a given time point)

Period prevalence (number who have 
the disorder at some time during a 
given period)

Cumulative prevalence (number who 
have the disorder at some time up to 
a given time point)

Incidence 
(relates to 
disease onset)

Total person-
time of 
observation

First incidence (number who have their 
first onset of the disorder in a given 
time period)

Episode incidence (number of episodes 
of the disorder in a given time period)

Cumulative incidence (number who 
have their first onset up to a given 
time point)

Incidence
• What is the disease?
• When does it start?

Prevalence
• Point prevalence?
• Period prevalence?
• Cumulative prevalence?

Recovery
• Remission
• Effective treatment

Duration

Death
• Disease often not
 recorded on death
 certificate
• Impact of co-morbidity

X

PROBLEMS IN MEASURING DISEASE FREQUENCY IN
MUSCULOSKELETAL CONDITIONS

Fig. 1.2 Problems in measuring disease frequency in musculoskeletal 
conditions.

people who have second or subsequent episodes of back pain and 
counts more than once those who have repeated episodes during the 
time frame of interest. Those who are studying outcome may want to 
consider cumulative incidence up to a particular time. This measure 
can be used, for example, to compare the frequency of certain side 
effects in patients exposed to antirheumatic drugs.

Incidence is measured either by monitoring for new cases as they 
are diagnosed or by conducting two cross-sectional surveys some time 
apart and identifying new cases that have occurred between the two 
surveys.

Disease incidence and prevalence are related by the formula:

Incidence duration prevalence× =

Individuals may leave the prevalent pool of cases through either 
recovery or death. The mean disease duration is determined by the 
average length of time to recovery or death. RA has a relatively low 
incidence but a long duration, so the prevalence is relatively high. The 
rate of death may be expressed as the mortality rate (the number of 
deaths from a disease in a given time period divided by the total popu-
lation) or the case-fatality rate (the number of deaths from a disease 
in a given time period divided by the number of cases of the disease).

Practical issues in measuring disease frequency
Some of the issues related to measuring disease frequency are high-
lighted in Figure 1.2 and can be divided into issues related to the 
numerator and those related to the denominator.

Numerator
1. Case definition
Accurate estimation of incidence and prevalence depends on using a 
standard nomenclature, a reliable case definition, and complete case 
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TABLE 1.3 CLASSIFICATION CRITERIA FOR RHEUMATIC DISEASES

Name of disease
Name of classification 
criteria Reference

Ankylosing 
spondylitis

New York criteria
Modified New York Criteria

Bennett et al, 19685

Van der Linden et al, 
19846

Antiphospholipid 
syndrome

Sapporo classification
Revised Sapporo criteria

Wilson et al, 19997

Miyakis et al, 20068

Behçet syndrome Preliminary classification 
criteria for Behçet 
disease

International Study 
Group, 19929

Benign joint 
hypermobility 
syndrome

Revised (Brighton 1998) 
criteria

Grahame et al, 200010

Churg-Strauss 
syndrome

ACR 1990 criteria for CSS Masi et al, 199011

Dermato/polymyositis Bohan and Peter criteria Bohan et al, 197512

Tanimoto et al, 199513

Fibromyalgia ACR 1990 classification 
criteria for fibromyalgia

Wolfe et al, 199014

Giant cell (temporal) 
arteritis

ACR 1990 criteria for GCA Hunder et al, 199015

Gout Preliminary ARA criteria Wallace et al, 197716

Henoch-Schönlein 
purpura

ACR 1990 criteria for HSP Mills et al, 199017

Hypersensitivity 
vasculitis

ACR 1990 criteria for 
hypersensitivity 
vasculitis

Calabrese et al, 199018

Juvenile idiopathic 
arthritis

ILAR classification criteria 
for JIA

Petty et al, 199819

Petty et al, 200420

Kawasaki syndrome EULAR/PReS criteria for 
childhood vasculitides

Ozen et al, 200621

Osteoarthritis hand ACR classification criteria 
for hand OA

Altman et al, 199022

Osteoarthritis hip ACR classification criteria 
for hip OA

Altman et al, 199123

Osteoarthritis knee ACR classification criteria 
for knee OA

Altman et al, 198624

Polyarteritis nodosa ACR 1990 criteria for PAN Lightfoot et al, 199025

Polymyalgia 
rheumatica

Bird/Wood criteria Bird et al, 197926

Psoriatic arthritis Moll and Wright
CASPAR criteria

Moll and Wright, 197327

Taylor et al, 200628

Reiter’s syndrome Preliminary criteria for RS Willkens et al, 198129

Rheumatic fever Jones criteria (updated) American Heart 
Association, 199230

Rheumatoid arthritis 1987 ACR classification 
criteria for RA

Arnett et al, 198831

Scleroderma ARA criteria Arthritis Rheum, 198032

Sjögren’s syndrome Revised European criteria Vitali et al, 200233

SLE Revised ACR classification 
criteria for SLE

Tan et al, 198234

Hochberg, 199735

Spondyloarthropathy ESSG criteria Dougados et al, 199136

Takayasu arteritis ACR 1990 criteria for TA Arend et al, 199037

Vasculitis ACR 1990 criteria for 
vasculitis

Hunder et al, 199038

ANCA-associated 
granulomatous 
vasculitis

ACR 1990 criteria for WG Leavitt et al, 199039

Historically, most sets of classification criteria in rheumatology were 
developed by consensus. A panel of experts would compile a list of 
candidate variables and then assess their ability, either alone or in 
combination, to distinguish subjects who were judged by their own 
physician to be cases from those judged to be non-cases (either normal 
subjects or subjects with similar conditions). The assessment was done 
by determining the sensitivity and specificity of the criteria (Table 1.4). 
In more recent times, statistical techniques such as receiver operating 
characteristic (ROC) curves, discriminant analysis, and logistic regres-
sion have been used to eliminate redundant variables and weight the 
individual characteristics to give maximum sensitivity and specificity. 
Classification and regression tree (CART) methodology enables the 
substitution of one variable for another (which helps when some data 
are missing) and enables attributes to be used more than once in dif-
ferent parts of the tree. In all these methods, the physician’s opinion 
is the gold standard.

These methods assume that physicians (or rheumatologists) share 
a common construct of the disease in question. If there is no common 
construct, as perhaps is the issue in psoriatic arthritis, then it may 
prove impossible to develop criteria by consensus. Similarly, it must 
be remembered that physicians may share a construct that is wrong. 
Just because it is possible to develop a set of classification criteria, it 
does not mean that the disorder so defined, such as fibromyalgia, is a 
pathologic entity.

There are many problems in interpreting and applying classification 
criteria. The construction of nearly all the classification criteria sets is 
such that early or mild cases may not meet the criteria. In addition, 
some criteria sets require expensive, invasive, or non-standard inves-
tigations such as radiography or immunochemical tests, which are not 
routinely obtained or are not suitable for use in a population setting. 
This makes it difficult to apply the criteria retrospectively using 
patients’ medical records or to use them unaltered in population 
surveys.

In inflammatory conditions such as RA or systemic lupus erythe-
matosus (SLE), the criteria were developed using patients with active 
disease. A population survey of RA prevalence will therefore identify 
those individuals who currently have active disease plus those people 
who in the past have had disease that was sufficiently severe to leave 
stigmata such as joint deformities. People who had mild disease that 
is now in natural or drug-induced remission will not be detected. Thus 
the resultant estimate is a cross between point prevalence and cumula-
tive prevalence.

Finally, when conducting population surveys, it is important to 
recognize that although prevalence does not affect the sensitivity and 
specificity of classification criteria, it does affect their positive predic-
tive value (see Table 1.4). So in the example given in Table 1.5, the 
proportion of positives that are false positives is 2% in the clinic setting 
and 66% in the population setting.

TABLE 1.4 SENSITIVITY, SPECIFICITY, POSITIVE AND NEGATIVE PREDICTIVE 
VALUES OF CRITERIA SETS

Disease—by “gold” standard

Yes No

Positive a (True positive) b (False positive)

Criterion or 
criteria set

Negative c (False negative) d (True negative)

Sensitivity: the proportion of cases correctly identified a
a c+

Specificity: the proportion of non-cases correctly identified d
b d+

Positive predictive value: the proportion with a positive 
test who have the disease

a
a b+

Negative predictive value: the proportion with a negative 
test who do not have the disease

d
c d+
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TABLE 1.5 INFLUENCE OF PREVALENCE ON POSITIVE PREDICTIVE VALUE

Clinic setting Population setting

Prevalence of target disease—50% Prevalence of target disease—1%

Gold standard Gold standard

Yes No Yes No

Criteria Positive 490 10 500 98 188 286

Negative 10 490 500 2 9702 9704

500 500 100 9900

Positive predictive value—98% Positive predictive value—34%

% false positives—2% % false positives—66%

SOURCES OF CASES FROM A COMMUNITY

Level 5
Cases diagnosed by hospital

Level 4
Cases that present to hospital

Level 3
Cases diagnosed in primary care

Level 2
Cases which present to primary care

Level 1
All cases in community

Fig. 1.3 Sources of cases from a community.

2. Determining the onset date
Determining the time of disease onset is problematic for some rheu-
matic diseases. If OA is defined in terms of radiologic change, it is 
usually impossible to say when this first appeared. The classification 
criteria for SLE require an individual to satisfy 4 of 11 criteria,34,35 
which may be accumulated over several years. The disease is diagnosed 
on the day the fourth criterion is met and yet the onset presumably 
occurred on or before the day that the first feature appeared. It is there-
fore important to define precisely how the time of onset was deter-
mined and to recognize the consequences of this definition when 
interpreting studies.

3. Completeness of ascertainment
Finally, all cases of the disease within the population should be identi-
fied. Disease in the population has a continuum of severity (Fig. 1.3) 
and ascertainment may not be complete, depending on where it is 
carried out. Clinic-based studies rely on the patient having sought 
medical care, being (more or less) correctly diagnosed, and being 
referred to the appropriate specialist. With severe life-threatening dis-
eases one might reasonably assume that all cases are referred, but this 
is not the situation with most rheumatic diseases. To overcome this 
problem, several approaches may be used simultaneously (e.g., ascer-
taining SLE cases from hospital clinics, self-help groups, and laboratory 
records of antinuclear antibody results) to try to capture all those with 
the disorder concerned. Studies that use different case definitions or 
methods of case ascertainment will not yield comparable results. For 
example, a study of the prevalence of knee OA that begins by screening 

the population by radiography and then evaluates those with abnormal 
radiographs will not yield the same number of cases as one that screens 
the population for knee symptoms and then radiographs those who are 
symptomatic.

Denominator
To calculate rates it is necessary to know the size of the population 
from which the cases have been identified. This is difficult when cases 
are identified only from hospital or clinic attenders because many 
medical facilities do not have defined catchment populations. Many 
factors determine whether an individual case is referred to a particular 
center (referral bias). The denominator population should comprise 
only those individuals at risk of developing the disease. Thus the  
incidence of juvenile idiopathic arthritis should be expressed per 
100,000 children aged 16 and younger, not per 100,000 of the total 
population.

Sources of data for estimating disease occurrence
Routinely collected data may prove useful in building up a picture of 
the epidemiology of a musculoskeletal condition. Researchers  
using routinely collected data need to assess the diagnostic accuracy 
and level of completeness of these data. Some examples are listed as 
follows:

1. Death certificates
Mortality records have, with a few exceptions, been of little use in 
rheumatic disease epidemiology because rheumatologic disorders are 
an infrequent cause of death and also are often not recorded on the 
death certificate. Therefore, it is not possible to tell, for example, how 
many people with RA die each year in a particular country. However, 
if a cohort of RA patients has already been identified, death certificates 
will provide valuable information on the number of the cohorts who 
have died and their attributed causes of death. Because most countries 
code the cause of death using the ICD, it is possible to make compari-
sons of the attributed causes of death among RA cohorts in different 
locations and among RA cohorts and the general populations from 
which they were drawn.

2. Morbidity registers
Although many countries have cancer registers, the same is not true 
for the rheumatic diseases. Some Scandinavian countries have registers 
of people who are disabled or who can claim reimbursable medication 
and, using a unique personal identity number, investigators are able  
to link information on these registers with, for example, mortality data. 
The Mayo Clinic in Rochester, Minnesota, has developed a record 
linkage system whereby the health care records of all residents in 
Olmsted County are maintained on a central database. Information 
from this database, which dates back to 1910, has been used to gener-
ate incidence estimates of a number of rheumatic diseases. However,  
the population of Olmsted County is only about 100,000 and the 
majority of the population is of Scandinavian descent. The former 
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socioeconomic factors to disease etiology because these factors are 
often interrelated.

WHERE DOES THE DISEASE OCCUR?
Differences in disease rates between countries or regions may be due 
to genetic, other host-related, and/or environmental factors. Possible 
environmental factors include macro-environmental variables such as 
air and water and microenvironmental factors such as diet and socio-
economic factors. Migration studies may suggest whether geographic 
differences in disease frequency are predominantly due to genetic or 
environmental factors. If a migrating people have the same frequency 
of disease in their native and newly adopted countries, this suggests 
that genetic factors are more important. If the disease frequency 
changes, especially if it changes within one or two generations, this 
suggests a change in environment or lifestyle as being important. There 
are hints of geographic patterns for a number of rheumatic diseases, 
which are still being unraveled (Table 1.6).

First, RA occurs with similar frequency in most Caucasian popula-
tions. However, it has a higher prevalence among some native Ameri-
can peoples such as the Pima and a lower prevalence in West Africa, 
China, and Indonesia.45

Second, most of the geographic variation in the frequency of anky-
losing spondylitis can be explained by the varying prevalence of 
HLA-B27 in different racial groups. By contrast the issue is more 
complex in explaining the ethnic variation in SLE, although investiga-
tion of the frequency and clinical characteristics of SLE in people of 
African origin can yield important etiologic clues. There is a high fre-
quency of SLE in African-Americans and African Caribbeans but a 
lower frequency in West Africa.42 Although this suggests an environ-
mental cause for SLE, it is possible that genetic admixture46 may play 
a part in the changing incidence of SLE in this group of people.

WHEN DOES THE DISEASE OCCUR?
Time trends in disease occurrence may also provide important etiologic 
clues. Clusters of incident cases in a particular season of the year or 
sporadic time/space clusters suggest that all or most of the cases in the 
cluster may have been exposed to an etiologic agent from a common 
source. In rheumatology, Lyme disease provides a good example of a 
disease identified because of clustering of cases of juvenile and adult 
inflammatory arthritis in place and time.47 A rise or fall in disease 

limits the reliability of estimates for rare diseases and the latter the 
generalizability of all estimates because the residents of Olmsted 
County are not representative of the general U.S. population.

3. Health care provider databases
In some countries, health care that is reimbursed by the government 
or insurance companies is linked to diagnostic codes on large comput-
erized databases. These have provided a rich source of data on the 
frequency of rare events such as drug toxicity or major complications 
of orthopedic surgery. They enable the identification of individuals for 
detailed study. Examples include the data on Medicare patients in the 
United States or those enrolled in health maintenance organizations 
such as Kaiser Permanente or Canadians covered by their national 
health care system. In the United Kingdom, during the 10-yearly 
census years, a large group of primary care physicians coded the reason 
for every patient consultation and whether it was the first consultation 
for the particular diagnosis. These Royal College of General Practitio-
ners (RCGP) morbidity surveys provided unique national primary care–
based data on the incidence and prevalence of musculoskeletal diseases. 
Unfortunately, the last of these surveys was conducted in 1991. U.K. 
primary care–based data now come from computerized databases such 
as the General Practice Research Database (GPRD) (www.gprd.com) 
and The Health Improvement Network (THIN) (www.thin-uk.com) 
that comprise the pooled anonymized patient data from a large number 
of GP practices. In all these situations, information about the denom-
inator—the number of people covered by the registers—is known, but 
standard disease definitions are usually not used.

4. Work absenteeism records
In some countries information on the reason for, and duration of, 
absence from work for sickness is recorded and can be used to examine 
the profile of musculoskeletal complaints in the workforce.

5. Population health surveys
In many countries there are regular population surveys (called health 
interview surveys [HIS]) that examine social and demographic trends. 
These may include health-related information such as number of visits 
to a physician, self-reported illness, and disability. Examples include 
the General Household Survey in the United Kingdom. Sometimes an 
examination phase is included (a health examination survey [HES]). 
Examples include the National Health and Nutrition Examination 
Surveys in the United States (www.cdc.gov/nchs/nhanes.htm). There 
is a move to try to standardize the questions used in HIS across coun-
tries to facilitate comparisons.

ANALYTICAL EPIDEMIOLOGY—WHO IS 
SUSCEPTIBLE TO THE DISEASE?
Differences in disease occurrence arising from descriptive epidemiology 
provide useful starting points for the investigation of disease causation. 
Striking differences in age- and sex-specific incidence and prevalence 
rates are seen in many rheumatic diseases. For example, the annual 
incidence of RA is twice as high in females as in males40 and the onset 
of ankylosing spondylitis is rare after the age of 55 years.41 Apparent 
differences in overall or crude (i.e., all ages and sexes combined) inci-
dence and prevalence between populations may simply reflect differ-
ences in the proportions of men and women or in the age structures 
of the populations. It is therefore important, whenever possible, to see 
epidemiologic data broken down into age- (e.g., 10-year age bands) and 
sex-specific groups before making inferences. It is then possible to 
apply the age- and sex-specific incidence rates from one population (the 
standard) to the age/sex distribution of another population (the index) 
in order to calculate an overall rate in the latter, assuming that the age 
and gender distributions are identical. Frequently, the standard popula-
tion is based on national data.

Differences in disease frequency or adverse outcomes may also be 
found among ethnic groups (e.g., SLE is more common in people of 
African ancestry than in Caucasians)42; occupations (e.g., hip OA is 
more common in farmers)43; and social classes (e.g., back pain is more 
common in lower socioeconomic groups).44 It can be difficult, however, 
to determine the relative contributions of race, occupation, and 

TABLE 1.6 VARIATIONS IN RHEUMATIC DISEASE FREQUENCY COMPARED 
WITH EUROPEAN WHITES

Increased frequency Decreased frequency

Rheumatoid arthritis Native American (Pima, 
Chippewa, Yakima)

Rural African
Chinese
Indonesian

Juvenile idiopathic 
arthritis

Canadian Inuit African-Americans

Ankylosing spondylitis Haida people Australian aboriginals

Gout Polynesians
Filipinos

Africans

Systemic lupus 
erythematosus

African-Americans
Afro-Caribbeans
Asian Indians
Chinese

West Africans

Scleroderma Southern United States Australian aboriginals

Polymyalgia rheumatica Northern European 
Caucasians

African-Americans

Osteoarthritis of the knee African-American women

Osteoarthritis of the hip Chinese
Asian Indians
Africans

Osteoporosis Northern Europeans Africans

http://www.gprd.com
http://www.thin-uk.com
http://www.cdc.gov/nchs/nhames.htm
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The results in longitudinal studies are usually expressed as a relative 
risk or risk ratio (i.e., the risk [or incidence] of the disease in the 
exposed cohort [a/a+b] divided by the risk of disease in the unexposed 
cohort [c/c+d; see Table 1.4]). In a case-control study, however, the 
relative frequency of risk factors is compared between the cases and 
controls and so, in this situation, the odds ratio is calculated (i.e., the 
odds of exposure given disease [a : c] divided by the odds of exposure 
given no disease [b : d]. The relative risk or odds ratio indicates the 
strength of the association between the risk factor and the disease. In 
a case-control study causality cannot be assumed because information 
about disease state and exposure status is collected cross-sectionally or 
retrospectively. It is therefore impossible to be certain which came first. 
In a longitudinal study, the higher the relative risk, the more likely the 
exposure and the outcome are to be linked in a causal chain. Table 1.8 
shows the other factors that should be considered when examining 
causality.

CLINICAL EPIDEMIOLOGY—WHAT HAPPENS TO 
PEOPLE WITH THE DISEASE?
The investigation of prognosis is analogous to investigating the devel-
opment of disease and can be assessed with either cohort or case-
control studies. In prognosis studies, all the individuals studied have 
the disease in question. In longitudinal studies patients are selected on 
the basis of exposure to a predictor variable (e.g., being HLA-DR4 posi-
tive in RA or being overweight in OA) and then followed for the inci-
dence, in those with and without the predictor, of the outcome of 
interest (e.g., death or the development of disability). Longitudinal 
observational studies may be subject to right or left censorship.

● Left censorship, a bias in recruitment, occurs when, for example, 
subjects are recruited as consecutive prevalent cases from a hos-
pital clinic. Patients with mild disease who have been discharged 
from follow-up and those who have severe disease and have died 
will be underrepresented in the cohort.

● Right censorship, a bias in follow-up, occurs, for example, in a 
follow-up study when subjects have been lost to follow-up.

In a case-control study of outcome, patients are selected on the basis 
of whether or not they have developed a particular complication of their 
disease (e.g., vasculitis in RA or vertebral fracture in osteoporosis) and 
then compared with patients without this outcome for predictors such 
as corticosteroid use.

A summary of some of the etiologic, protective, and prognostic 
factors for selected rheumatic diseases is shown in Table 1.9. The 
evidence for some of these factors is more definitive than others, and 
further study is required.

APPLICATIONS OF EPIDEMIOLOGIC DATA
Determining attributable risk and population 
attributable risk fraction
The size of the relative risk indicates the strength of association 
between an exposure and outcome but does not indicate the relative 

incidence year-on-year may suggest a change in the level of exposure 
to risk factors. Between around 1970 and 1985 there was a marked fall 
in the incidence of RA in women in the United States and the United 
Kingdom. This coincided with the increasing use of the oral contracep-
tive pill and there is evidence to suggest that the two phenomena are 
linked.48 Changes in disease prevalence with time are more difficult to 
interpret because they may be caused by alterations in disease inci-
dence, recovery rates, or survival—or a combination of all three. When 
considering future health service provision, health care planners must 
take into account trends in incidence and prevalence, both of which 
may be affected by increasing life expectancy. For instance, the number 
of new cases of hip and knee OA in most Western countries is rising 
steeply. This is due more to the aging population than to any change 
in age-specific incidence rates of OA.

WHY DOES THE DISEASE OCCUR?
Descriptive epidemiologic studies can generate hypotheses about 
disease causation but they cannot test those hypotheses. Analytical 
studies are required to investigate the relationship between exposure 
to a risk factor (which might be environmental or genetic) and the 
development of disease. As discussed earlier, such studies may be 
retrospective or prospective (see Fig. 1.1). In a prospective study the 
individuals are identified and classified according to their exposure 
status prior to the development of disease. However, it is sometimes 
possible to assemble such cohorts retrospectively after the development 
of disease. For example, it may be possible to identify all men who had 
an occupational exposure to vinyl chloride over the past 5 years or all 
children who were immunized with a particular batch of mumps, 
measles, and rubella vaccine.

A cohort study is more efficient when investigating a rare exposure, 
whereas a case-control design is more efficient when investigating a 
rare disease (Table 1.7). The case-control study is best for investigating 
multiple risk factors simultaneously. Although either incident or preva-
lent cases can be used for a case-control study, incident cases are 
usually preferred because it is then clear that any risk factors identified 
are markers for disease susceptibility rather than chronicity. For 
example, clinic attenders with RA have a much higher frequency of the 
shared epitope than the general population. Furthermore, combina-
tions of shared epitope alleles (e.g., 0404 homozygosity) are associated 
with a particularly poor outcome from RA.49 However, in studies that 
were confined to incident cases of RA, the association with the shared 
epitope is only modest.

The most difficult aspect of a case-control study is the selection of 
appropriate controls. Controls should be individuals who, if they had 
developed the disease, would have been included among the cases. 
Thus the cases and controls should be selected from the same catch-
ment population.

TABLE 1.7 ADVANTAGES AND DISADVANTAGES OF VARIOUS 
EPIDEMIOLOGIC STUDY DESIGNS

Study design Advantages Disadvantages

Prospective 
cohort

Good exposure data
Accurate timing of 

exposure and 
disease onset

Little recall bias

Expensive
May be long delay before disease 

onset
Large numbers needed
Only suitable for frequent outcomes

Case-control Relatively 
inexpensive

Quick to perform
Useful for rare 

diseases

Subject to recall bias
Cases may not be representative
Controls difficult to select and 

ascertain
Exposure data may be unreliable
Time of exposure and disease onset 

may be imprecise

Descriptive 
prevalence 
study

Generalizable
Quick to perform

Difficult to distinguish cause and effect
Biased toward inclusion of chronic 

cases

TABLE 1.8 ASSESSING CAUSALITY BETWEEN A RISK FACTOR AND 
A DISEASE OR OUTCOME

An association between an exposure and an outcome may be due to:
 direct causation
 chance
 bias
 confounding
Causality is more likely if:
 exposure precedes the outcome of interest
 association is biologically plausible
 association is strong (high relative risk)
 association is consistent between studies
 association is supported by experimental evidence
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it is possible to calculate the proportion of GI problems in a whole 
population attributable to NSAID use.

Measuring the burden of illness
Information on the age- and sex-specific incidence and prevalence of 
musculoskeletal conditions can be used to estimate the total number 
of cases of musculoskeletal illness in a community in which the age 
and sex structure is known. Measuring the burden of illness within the 
community also requires information on premature mortality and on 
the impact of the specific conditions on quality of life.

Planning rheumatology health care services
The ability of a population to benefit from rheumatology health care 
depends on three things:

1. The incidence and prevalence of musculoskeletal disorders in 
that community

2. The effectiveness of the regimens available to treat or prevent 
musculoskeletal disorders

3. The proportion of those affected or potentially affected who 
might benefit from such interventions

The first step in planning rheumatology services is to compile a 
profile of the community’s musculoskeletal health. Ideally, this would 
involve conducting a detailed interview with each resident. A reason-
able substitute is to perform a survey using a stratified sample of the 
population. However, even when this is done, it is not possible to cover 
every aspect of musculoskeletal health in a single survey. Therefore, a 
picture of the community’s burden of illness has to be built up piece-
meal using all available sources of data, including published incidence 
and prevalence data, allowing for modifiers such as socioeconomic 
group, ethnicity, and cultural factors that may affect the applicability 
of external data.

importance of the exposure in accounting, for example, for the preva-
lence of the disease in the population. Patients with Sjögren’s syndrome 
have a relative risk of 44 of developing non-Hodgkin’s lymphoma 
compared with the general population.50 However, non-Hodgkin’s lym-
phoma is a rare disease in the general population and even when the 
incidence is increased 44-fold, the actual occurrence is still uncom-
mon. Thus despite this high relative risk, few patients with Sjögren’s 
syndrome develop non-Hodgkin’s lymphoma.

From a public health perspective, two other measures are more 
important: attributable risk and the population attributable risk.

● The attributable risk, which is the difference between the risk of 
the outcome in the exposed and in the unexposed, gives an esti-
mate of the number of cases among an exposed population that 
can be attributed to the exposure.

Example, individuals taking non-selective non-steroidal anti-
inflammatory drugs (NSAIDs) have a relative risk of 4 of having 
a gastrointestinal (GI) bleed or perforation compared with those 
not taking NSAIDs51 (i.e., they are four times more likely to have 
a serious upper GI complication than the general population). 
However, GI bleeds do occur in those not taking NSAIDs and 
some of the observed bleeds in NSAID users might have occurred 
by chance. It is estimated that NSAIDs have an attributable risk 
of 13/1000 per year for admission to hospital with a GI problem 
in patients with RA.52 That is, for every 1000 RA patients who 
take an NSAID for a year, 13 more will be admitted to the hospital 
each year for a GI problem than in a comparable group of RA 
patients not taking NSAIDs.

● The population attributable risk fraction is the proportion of cases 
of the disease in the population that can be attributed to the risk 
factor. An example is found in the association between NSAID 
ingestion and GI bleeding and ulceration. Thus using the earlier 
example, given data on the population frequency of NSAID use, 

TABLE 1.9 SOME ETIOLOGIC, PROTECTIVE, AND PROGNOSTIC FACTORS IN RHEUMATIC DISEASE

Condition Etiologic factors Protective factors Risk factors for a poor prognosis

Rheumatoid arthritis Smoking
Breastfeeding
Female gender
HLA-DR4
PTPN22

Oral contraceptive use
High fruit intake

Rheumatoid factor
Anti-CCP antibodies
HLA-DR4

Ankylosing spondylitis HLA-B27
Male gender

Gout Hyperuricemia
Thiazide diuretics
Lead exposure

Systemic lupus erythematosus Complement deficiency
African origin
Some drugs (e.g., hydralazine)
Female gender

Lower socioeconomic status

Scleroderma Silica exposure
Organic solvents
Some drugs (e.g., bleomycin)
Female gender

Osteoarthritis of the knee Obesity
Certain occupations

Smoking Obesity

Osteoarthritis of the hip Childhood hip disease (e.g., Perthes)
Certain occupations (e.g., farming)
Hip dysplasia

Back pain Obesity
Certain occupations
Driving

Previous back pain
Psychological factors

Osteoporosis Early menopause
Low body mass index
Smoking
Corticosteroid use

Obesity
African origin
Exercise

Falls
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It is important to appreciate that in the discipline of clinical mea-
surement (syn: clinical metrology) there is variable use of common 
terminology. Thus, the terms instrument and tool can refer not only 
to electromechanical devices but also to questionnaires and other 
assessment techniques. The questionnaires, in turn, are variably 
referred to as health status questionnaires (HSQs), health status mea-
sures (HSMs), or health status instruments (HSIs). The terms subjec-
tive (soft) and objective (hard) are best avoided, and instead the 
measurement technique should be referred to according to its measure-
ment characteristics (e.g., type of measure, purpose of measurement, 
reliability, validity, responsiveness).

Outcome measures may be divided into two broad categories: 
observer dependent (or assessor-rated) and observer independent  
(or self-rated). In general, observer-independent clinical measures  
are based on self-administered questionnaires, whereas observer- 
dependent clinical measures include interviewer-scored questionnaires, 
physical examination findings, and tests of performance rated on tech-
nical instruments (e.g., grip strength, walk time). Certain techniques, 
such as face-to-face interview, walk time, grip strength, and articular 
index, involve an interaction between the assessor and the patient and 
are not easily classified as either purely subjective or objective.3

FUNDAMENTAL PRINCIPLES OF CLINICAL 
OUTCOME ASSESSMENT
Outcome measurement procedures should fulfill four major criteria1 
that are similar to those proposed by the Outcome Measures in Rheu-
matology Clinical Trials (OMERACT) group as the OMERACT filter.4

Ethics
The measurement process must be ethical.1 Processes that are poten-
tially hazardous to patients raise ethical issues that must be explained 
to, and accepted by, patients and study participants. When possible, 
less invasive procedures should be employed. Furthermore, the impor-
tance and necessity of acquiring new information should be weighed 
against any attendant risks.

Validity
Validity is a measure of the extent to which an instrument specifically 
measures the phenomenon of interest.1 In contrast, reliability defines 
the extent to which the measurement procedure yields the same result 
on repeated determinations. Validity and reliability are separate clini-
metric issues, and it does not follow that because a measure is reliable 
it is also valid or vice versa (Fig. 2.1). More specifically, validity is 
concerned with sources of non-random error (i.e., systemic error or 
bias), whereas reliability is concerned with sources of random error, 
also known as noise. Systemic error or bias may prevent an instrument 
from truly measuring what is intended, which results in inaccuracy. A 
number of different strategies may be employed to determine validity, 
each conceptually different and relying on different methods of assess-
ment. There are four types of validity: face, content, construct, and 
criterion.

Face validity
A measure has face validity if experts judge that it measures at least 
part of the defined phenomenon.1 In many instances this is self-
evident, whereas in others, particularly in questionnaire-based 
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 Measurements of pain and other key symptoms, impairment, 
ability/disability, participation/handicap, patient and physician 
global assessments, disease activity, and adverse consequences of 
treatment are all commonly used.

 Outcome measures must be ethical, valid, reliable, and responsive 
and should be brief, simple, and easy to score, particularly for use 
in routine clinical care.

 The choice of outcome measures depends on disease state, the 
response repertoire of the intervention(s) exhibited, and whether 
for research or routine practice.

 Core sets of outcome measures have been recommended for use 
in clinical trials for several rheumatic diseases.

INTRODUCTION
Outcome, endpoint, and health status assessment, measurement, and 
evaluation are terms that are often used interchangeably.1 They char-
acterize measurement procedures used to acquire information, which 
are used to describe, predict, or evaluate. Measurement forms an essen-
tial component of health care at all levels, from the treatment of indi-
vidual patients to policy development. The focus of this chapter is on 
evaluating clinical health status in individual patients and groups of 
patients, that is, aspects of the condition that can be appreciated 
through questioning and clinical examination and that are not depen-
dent on imaging or laboratory determination or ancillary testing. In 
addition to evaluating individuals and groups of patients, clinical 
outcome measures find important applications in making formal 
assessments of the impact of health care decisions on health care costs, 
quality of care, quality of life, and burden of disease, as measured by 
morbidity and mortality in the population. Such assessments are an 
integral part of health care delivery systems.

CLINICAL OUTCOME ASSESSMENT:  
A CONCEPTUAL FRAMEWORK
The sequence of most chronic diseases is that an etiologic event trig-
gers a pathologic response, resulting in a number of clinical manifesta-
tions and outcomes. Clinical outcome measures examine the clinical 
consequences of a disease, in terms of mortality (survivorship) and 
morbidity (symptom severity, impact of the condition on various 
aspects of health-related quality of life [HRQOL], negative conse-
quences of treatment). In painful musculoskeletal conditions the 
impact on function is particularly important. These concepts were 
characterized more than 20 years ago by Fries in the paradigm of the 
“5Ds”—death, disability, discomfort, drug (or other iatrogenic) reac-
tions, and dollar (or economic) costs.2 The aforementioned outcomes 
are relevant to all patients, because they are discernible at the indi-
vidual patient level, represent the key consequences of disease and its 
treatment, and are the ultimate outcomes of the disease process. The 
components of health and the consequences of arthritis and musculo-
skeletal conditions are many and diverse, and it is possible to measure 
multiple aspects of a patient’s condition.1 Given the diversity of mea-
surement situations, the evaluation procedures selected should be com-
patible with specific clinical conditions, assessment objectives, and 
measurement environments.

2
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components (e.g., measures of social and emotional function). A 
measure has discriminant construct validity if the proposed measure 
correlates better with a second measure, accepted as more closely 
related to the construct, than it does with a third, more distantly 
related measure.1

Criterion validity
Criterion validity is assessed by statistically testing a new measure-
ment technique against an independent criterion or standard (concur-
rent validity) or against a future standard (predictive validity).1 Criterion 
validity is an estimate of the extent to which a measure agrees with a 
“gold standard” (i.e., an external criterion of the phenomenon being 
measured). The major problem in criterion validity testing, for ques-
tionnaire-based measures, is the general lack of gold standards. Indeed, 
some purported gold standards may not themselves provide completely 
accurate estimates of the true value of a phenomenon. In contrast, 
electromechanical devices such as those evaluating strength, resis-
tance, and range of movement can more often be validated using 
standard calibration techniques found in the engineering literature.

Reliability
Consistency, reproducibility, repeatability, and agreement are syn-
onyms for reliability.1 Reliability is the extent to which a measurement 
procedure yields the same result on repeated determinations (see  
Fig. 2.1). This determination may be the result of either different 
measurements performed at the same time (internal consistency) or 
the same measurements performed at different times (stability). 
Repeated measurements are rarely exactly the same, because there is 
usually some random error, noise, or degree of inconsistency. There 
are various methods of calculating reliability, each method reflecting a 
different aspect of instrument performance, such that different coeffi-
cients are derived using different methods. Defined sources of measure-
ment error include the subject, the assessor, and the measuring 
instrument. Patient variability often arises from normal variation in 
symptoms or from fatigue or inattention. When observers are involved 
in capturing information, both inter-observer and intra-observer  
reliability are important. Observer variability may be the result of 
inadequate standardization, the necessity for complex judgments, per-
ceptual elements, or fatigue. When technical instruments are involved 
in the measurement process, variation in, for example, the cuff con-
figuration of the modified sphygmomanometer or in the mechanical 
resistance of a dynamometer or dolorimeter may be important sources 
of error.

Responsiveness (sensitivity to change)
The primary goal of outcome assessment, in evaluative research, is to 
detect clinically important changes in some aspect of a condition.1 To 
detect change, a measurement technique needs to be targeted on 
aspects of the disease amenable to change, using scaling methods that 
allow detection of change, and be applied at a point in time when 
change might have occurred. Validity and reliability are important 
aspects of all measurement techniques, but the capacity to detect 
change is the quintessential requirement of a successful outcome 
measure for evaluating change over time and the patient’s response to 
treatment. An assessment technique may fail to record any clinical 
improvement for a number of reasons (e.g., patient lacks response 
potential, lacks compliance with the treatment program, or has received 
inefficacious treatment; insensitivity of the outcome measure; or 
occurrence of a type II error due to inadequate sample size).

STATISTICAL ISSUES
It is necessary to have a basic understanding of the statistics used in 
the development and validation of health status measures. Commonly 
used statistical tests for reliability, validity, and responsiveness are 
shown in Table 2.1. Several points are particularly noteworthy:

● Correlation is a measure of the strength of association, not a 
measure of agreement, such that it is possible to have perfect 
correlation but zero agreement between two measurements.

measures of functional status, it may not be entirely obvious whether 
the measurement reflects physical, social, or emotional function.

Content validity
An instrument can have face validity but fail to capture in its entirety 
the dimension of interest.1 Content validity, therefore, is a measure of 
comprehensiveness—the extent to which the measure encompasses all 
relevant aspects of the defined attribute. Content validity is generally 
determined by group consensus (e.g., nominal or Delphi techniques). 
The decision regarding which items should be included in a question-
naire-based instrument and which should be excluded is critical, 
because it defines the nature of the instrument and its future applica-
bility. Any subsequent addition or deletion results in an instrument 
that requires further validation.

Given the variability in symptom expression by patients, one of two 
approaches can be employed to achieve comprehensiveness in ques-
tionnaire-based measures. The first is to include a standard battery of 
measures that probes frequently occurring symptoms that are clinically 
important to the majority of patients. In the second approach, the 
measurement process is tailored to the individual by measuring only 
those items that are important to each person. The issue of importance 
can be decided by patients, who rate the importance of their symptoms, 
or by clinical assessors, whose decision is based on their perception of 
the patient’s symptoms.

Construct validity
Construct validity is of two types: convergent and discriminant.1 Both 
are tested by demonstrating relationships between measurement scores 
and a theoretical manifestation (i.e., construct or consequences of an 
attribute) of the disease. Convergent construct validity testing is 
assessed by the statistical correlation between scores on a single health 
component, as measured by two different instruments. If the correla-
tion coefficient is positive and appreciably above zero, the new measure 
is said to have convergent construct validity.1 In contrast, discriminant 
construct validity testing compares correlation coefficients between 
scores on the same health component, as measured by two different 
instruments (e.g., separate measures of physical function) and between 
scores on that health component and each of several other health 

SCHEMATIC REPRESENTATION OF SYSTEMIC ERROR (BIAS)
AND RANDOM ERROR (NOISE)

Valid and reliable

True value ‘Measured values’ of a single static phenomenon

Valid but unreliable

Reliable but biased Biased and unreliable

A. B.

C. D.

Fig. 2.1 Schematic representation of systemic error (bias) and random error 
(noise).
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Pain
Pain is an entirely subjective phenomenon, the perception of which is 
modulated by a variety of influences and results in pain behaviors that 
may be observed.1 The severity of perceived pain can only be rated by 
the sufferer. In contrast, pain behavior can be rated by a trained asses-
sor. Complex bidirectional interactions occur between pain and other 
factors, including personal factors unique to the individual. Pain can 
be assessed using a variety of techniques (Fig. 2.2), including1:

● Likert or adjectival scales
● Visual analog scales
● Ladder scales, numerical rating scales
● Chromatic continuous analog scales
● Pain faces scales
● McGill Pain Questionnaire
● Behavioral observation techniques

Comparative studies of pain rating scales in rheumatoid arthritis 
(RA) and osteoarthritis (OA) suggest that there is a positive relationship 
between initial pain rating and subsequent pain relief scores and that 
all the aforementioned types of scales are responsive.1 Likert and visual 
analog scales are the most frequently applied type of scales. Likert 
scales usually employ an odd (3, 5, 7, or 9) number of descriptors, 
whereas visual analog scales are most often 100 mm long and hori-
zontal in orientation, with terminal descriptors. The numerical rating 
scale is often scaled from 0 to 10, displayed in linked boxes, and has 
terminal descriptors. The focus, phraseology, descriptors, and time 
frames for recall used in such scales often vary between different ques-
tionnaires. In comparative studies in RA and OA, the single-item 
global numerical rating pain scale appears comparable in responsive-
ness to the same question presented on a visual analog scale and is 
slightly more responsive than the corresponding 5-point Likert scale 
(see Table 2.2).1

When applying pain scales, it is important to specify either the 
global nature of the question or the specific aspect of pain that is being 
assessed (e.g., while stair climbing, while walking, at rest, during the 
night, overall) and clearly indicate the time interval over which pain is 
being evaluated (e.g., 48 hours, 1 week). Several of the standard estab-
lished segregated multidimensional health status instruments, includ-
ing the Health Assessment Questionnaire (HAQ),5 Arthritis Impact 
Measurement Scales (AIMS and AIMS2),6,7 Western Ontario and 
McMaster Osteoarthritis Index (WOMAC),8 and Australian-Canadian 
Osteoarthritis Hand Index (AUSCAN),9 contain distinct pain sub-
scales. These contrast to other instruments that either contain no pain 
subscale (e.g., FIHOA—Functional Index for Hand Osteoarthritis,10 
Cochin Index11) or in which pain is an integral part of an aggregated 
scoring system combining scores on several different dimensions (e.g., 
Indices of Clinical Severity [ICS]).12

● Bland and Altman scatter-plots permit the distribution of pair-
wise data to be appreciated.

● Cohen’s kappa statistic, a metric reflecting agreement beyond 
chance, can be weighted or unweighted and adjustments made 
for bias and prevalence.

● For continuous data, intraclass correlation coefficients are often 
used in intra-rater and inter-rater agreement analyses.

● In evaluating construct validity using correlation coefficients, 
both strength and direction should be considered a priori; other-
wise, data interpretation can become complex and biased.

● Factor analysis is a useful procedure for evaluating structure pro-
vided that the sample is sufficiently large and is also representa-
tive. Repeated factor analyses on the same instrument using 
different datasets can yield conflicting results.

● Rasch analysis is increasingly being employed to test outcome 
scales against mathematical models, using a probabilistic form of 
hierarchical or Guttman scaling. The Rasch model attempts to 
scale variables along a continuum, but not all Rasch analyses of 
the same instrument necessarily agree with one another. 
Although, in general, individuals who can perform tasks of a 
particular degree of difficulty should be able to perform all tasks 
of lesser difficulty, this is not always the case.

● Responsiveness may differ between outcome measures used to 
evaluate different variables or even the same variable and may 
differ even within an outcome measure when it is presented in 
different scaling formats (Table 2.2).

● In group-level comparisons random error can, if necessary, be 
accommodated by increasing the sample size.

● In individual-level comparisons it is necessary to define mea-
surement error such that subsequent measures made on the  
same individual can be interpreted appropriately based on  
whether they are entirely within the measurement error or  
they exceed the measurement error and therefore reflect actual 
change.

OUTCOME ASSESSMENT TECHNIQUES
There are numerous techniques for assessing the beneficial and adverse 
outcomes of treatment. A number of health status instruments have 
been developed to specifically assess certain conditions (Table 2.3), 
some of which are used routinely in research-based applications. 
Readers interested in specific measurement issues should consult one 
or more standard measurement texts.1,3 In this section a review is 
presented of the measurement of pain, impairment, ability/disability, 
participation/handicap, patient and physician global assessments, mul-
tidimensional health status instruments (quality of life, utility), and 
adverse drug reactions. Readers should refer to other sections of this 
textbook for information on laboratory-based and imaging-based mea-
surement procedures.

TABLE 2.1 STATISTICAL TESTS COMMONLY USED IN OUTCOME 
MEASURE DEVLOPMENT

 Pearson/Spearman Correlation Coefficients—Estimates of strength of 
association. Used in evaluating test-retest reliability and construct validity

 Cronbach’s alpha—A measure of average inter-item correlation, used to 
evaluate internal consistency

 Intraclass Correlation Coefficient (ICC)—Used as a measure of reproducibility
 Cohen’s kappa—Used to estimate agreement beyond chance in inter-rater 

and intra-rater agreement studies
 Factor Analysis—Used to examine the structure of the relationship between 

variables in questionnaires
 Rasch Analysis—Used to test the fit between data and a model, in 

questionnaire development
 Effect Size (ES)—Used to evaluate responsiveness (Change score/Baseline SD)
 Standardized Response Mean (SRM)—Used to evaluate responsiveness 

(Change score/Change score SD)
 Relative Efficiency (RE)—Used to evaluate relative responsiveness (Square of 

the ratio of two t or z statistics)

TABLE 2.2 RELATIVE RESPONSIVENESS OF COMMONLY USED PAIN 
MEASURES IN OSTEOARTHRITIS (OA) AND RHEUMATOID ARTHRITIS (RA)

Pain measure

Osteoarthritis Rheumatoid arthritis

P SRM P SRM

Visual analog .0001 .97 .0001 1.08

Continuous 
chromatic analog

.0001 .94 .0001 1.04

Numerical .0001 .91 .0001 1.08

Likert .0001 .84 .0001 .97

Pain Faces Scale (1) .0001 .78 .0001 .90

MPQ total .0001 .74 .0001 .68

Pain Faces Scale (2) .0001 .70 .001 .66

Adapted from Bellamy N, Campbell J, Syrotuik J. Comparative study of self-rating pain scales in 
rheumatoid arthritis patients. Curr Med Res Opin 1999;15:121-127 and Bellamy N, Campbell J, 
Syrotuik J. Comparative study of self-rating pain scales in osteoarthritis patients. Curr Med Res 
Opin 1999;15:113-119.



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

14

TABLE 2.3 SELECTED HEALTH STATUS MEASURES FOR OUTCOME ASSESSMENT

Measure Reference

Rheumatoid arthritis Disease Activity Score (DAS) Ann Rheum Dis 1990;49:916-920

McMaster Toronto Arthritis Patient Preference Disability Questionnaire 
(MACTAR)

J Rheumatol 1987;14:446-451

Modified HAQ (MHAQ) Arthritis Rheum 1983;26:1346-1353

Rapid Assessment of Disease Activity in Rheumatology (RADAR) Arthritis Rheum 1992;35:156-162

Rheumatoid Arthritis Disease Activity Index (RADAI) Arthritis Rheum 1995;38:795-798

Osteoarthritis Australian/Canadian Hand Index (AUSCAN) Osteoarthritis Cartilage 2002;10:863-869

Cochin Hand Index Osteoarthritis Cartilage 2001;9:570-579

Functional Index for Hand Osteoarthritis (FIHOA-Dreiser) Rev Rheum (Engl Ed) 1995;62(Suppl 1):43S-53S

Hip Disability and Osteoarthritis Outcome Score (HOOS) Scand J Rheumatol 2003;32:46-51

Indices of Clinical Severity (Lequesne) Semin Arthritis Rheum 1991;20(Suppl 2):48-54

Knee Injury and Osteoarthritis Outcome Score (KOOS) Osteoarthritis Cartilage 1999;7:216-221

Osteoarthritis of Knee and Hip Quality of Life (OAKHQOL) J Clin Epidemiol 2005;58:47-55

Western Ontario and McMaster (WOMAC) Osteoarthritis Index J Rheumatol 1988; 15:1833-1840

Ankylosing spondylitis Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) J Rheumatol 1994;21:2286-2291

Bath Ankylosing Spondylitis Functional Index (BASFI) J Rheumatol 1994;21:2281-2285

Dougados Functional Index (DFI) J Rheumatol 1988;15:302-307

Dutch AS Index Br J Rheumatol 1994;33:842-846

HAQ-S J Rheumatol 1990;17:946-950

Reactive arthritis related Disease Activity Index from Reactive Arthritis (DAREA) Rheumatology 2000;39:148-155

Systemic lupus erythematosus British Isles Lupus Assessment Group’s Index (BILAG) Q J Med 1998;69:927-937

Systemic Lupus Activity Measure (SLAM) Arthritis Rheum 1989;32:1107-1118

Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Arthritis Rheum 1992;35:630-640

Low back pain related Aberdeen Back Pain Scale Spine 1994;19:1887-1896

Oswestry Low Back Disability Questionnaire Physiotherapy 1980;66:271-273

Quebec Back Pain Disability Scale Spine 1995;20:341-352

Roland and Morris Scale Spine 1983;8:45-50;141-144

Fibromyalgia related Fibromyalgia Impact Questionnaire (FIQ) J Rheumatol 1991;18:728-733

General arthritis measures Arthritis Impact Measurement Scales (AIMS) Arthritis Rheum 1980;23:146-152

Arthritis Impact Measurement Scales (AIMS2) Arthritis Rheum 1992;35:1-10

Health Assessment Questionnaire (HAQ) Arthritis Rheum 1980;23:125-145

Handicap Disease Repercussion Profile (DRP) Br J Rheumatol 1996;35:921-932

Fatigue Functional Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F) J Rheumatol 2005;32:811-819

Multidimensional Assessment of Fatigue (MAF) Nurs Res 1993;42:93-99

Piper Fatigue Scale Oncol Nurs Forum 1990;17:661-662

Coping Coping with Rheumatic Stressors (CORS) Br J Rheumatol 1994;33:1067-1073

Coping Strategies Questionnaire Pain 1983;17:33-44

London Coping with RA Questionnaire Psychol Health 1990;4:187-200

Self Efficacy Scale Arthritis Rheum 1989;32:37-44

Helplessness Arthritis Helplessness Index J Rheumatol 1988;15:427-432

Rheumatology Attitudes Index J Rheumatol 1988:15;418-426

Quality of life EuroQol Br J Rheumatol 1994;33:655-662

Health Utilities Index (HUI) J Clin Oncol 1992;10:923-928

Nottingham Health Profile (NHP) Soc Sci Med 1981;15A:221-229

Sickness Impact Profile Med Care 1981;19:787-805

Short Form 36 (SF-36) Med Care 1992;30:473-481

Standard Gamble Socioecon Planning Sci 1976;10:129-136

Time Trade-Off J Health Econ 1986;5:1-30

WHO Quality of Life Assessment (WHOQOL) Soc Sci Med 1998;46:1569-1585

WHO Disability Assessment Schedule II (WHODAS II) Arthritis Rheum 2008;59:382-390
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Rheumatology (ACR) 68 joint count or the European League Against 
Rheumatism (EULAR) 28 joint count. It is convenient to chart indi-
vidual joint involvement on a homunculus or mannequin (Fig. 2.3). 
Other methods have been developed for scoring joint involvement in 
OA, enthesopathy in ankylosing spondylitis (AS), and tender points in 
fibromyalgia.1,3 Methods for assessing other clinical signs, such as heat, 
erythema, and crepitus, have been less rigorously studied.1,3 All such 
procedures are liable to inter-rater and intra-rater error and are best 
performed by skilled standardized assessors.3 Nevertheless, various 
impairment assessments can be conducted at acceptable levels of reli-
ability by trained assessors.3

The American Medical Association Guides to the Evaluation of 
Permanent Impairment15 provide a standardized method to rate impair-
ment at maximum medical improvement (MMI). However, the Guides 
are primarily employed in compensation/litigation applications.

Ability/Disability
Functional measures can be subdivided into those based on observed 
tests of performance and questionnaires that assess functional 
capacity.

Performance-based measures
Performance-based measures might at first seem the most direct way 
to assess the patient’s function.1 However, such measures often involve 
an interaction between the assessor and subject that may augment or 
diminish the true performance and raise concern regarding intra-asses-
sor and inter-assessor consistency and the need for assessor standard-
ization. Furthermore, change in performance on the performance test 
may not correspond to a comparable change in the performance of 
relevant activities of daily living. The relevance of the change to the 

Impairment, ability/disability,  
and participation/handicap
The terms impairment, disability, and handicap may be confused in 
everyday usage, even though the World Health Organization (WHO) 
has previously characterized these three different entities.13 Impair-
ment is defined as any loss or abnormality of psychological, physio-
logic, or anatomic structure or function. It signifies that a pathologic 
state has reached a stage of detectability. In contrast, disability includes 
any restriction or lack of ability to perform an activity in the manner 
considered normal. Such disabilities include alteration in behavior, 
interactive processes such as communication, as well as strictly physi-
cal function. A handicap is manifest as a disadvantage experienced by 
an individual as a result of an impairment or disability, such that it 
limits or prevents the fulfillment of a role considered normal for that 
individual. In essence, therefore, impairment occurs at an organ level 
(intellectual, sensory, visceral, musculoskeletal), disability occurs at a 
personal level (behavior, self-care, locomotion, dexterity), and handicap 
occurs at a social level (independence, geographic mobility, employ-
ability, social integration).13 The concepts of disability and handicap, 
in particular, are considered unipolar; and partly for this reason the 
newer WHO International Classification of Functioning Disability and 
Health (ICF) is to be preferred, because it considers these same con-
cepts in a bipolar framework of ability and participation.14 The ICF 
framework proposed by the WHO is particularly useful in conceptual-
izing the functional impact of many of the conditions described in 
other chapters of this text.1 The ICF framework considers a hierarchy 
of impairments, activities, and participation, modulated by contextual 
factors (environmental and personal), and extends the original WHO 
classification of impairment, disability, and handicap to include posi-
tive aspects of health, including physical activity and participation in 
society.14

Impairment
In clinically based musculoskeletal applications in research and prac-
tice, measurement is often directed at the assessment of abnormalities 
in structure (e.g., swelling, tenderness). The most important examina-
tion-based measurement procedure is the separate enumeration of 
swollen and tender joints in patients with inflammatory polyarthri-
tis.1,3 The usual method employs separate counts of the number of 
swollen and tender joints, using either the American College of 

FIVE DIFFERENT TYPES OF PAIN SCALE

Likert scale

None

No pain Extreme pain

0 1 2 3 4 5 6 7 8 9 10

Mild Moderate Severe Extreme

Visual analog scale

Numerical rating scale

Continuous chromatic analog scale

Pain faces scale for children

a

b

c

e

d

Fig. 2.2 Five different types of pain scales.

AXIAL AND PERIPHERAL JOINTS

Axial joints
Peripheral joints

Fig. 2.3 Homunculus for recording joint involvement due to arthritis in routine 
clinical care.
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radiographic change and biochemical, hematologic, and immunologic 
abnormalities) and may have insight into whether the patient tends to 
amplify or minimize reported symptoms. Again, the physician requires 
clear specification as to which aspects of the condition should be con-
sidered when making his or her assessment. The time frame for the 
physician global assessment usually should be specified as “today” 
since the assessor generally has no knowledge of the patient’s interval 
status other than that described by the patient and captured by the 
patient global assessment. At the present time there is no international 
consensus on the exact wording of the patient global assessment ques-
tion or the preferred scaling format.

Patients and physicians may differ in their perception of the patient’s 
global assessment of disease activity or symptom severity.1 The deter-
minants and consequences of this discrepancy need due consideration, 
particularly by practitioners and researchers using interviewer-admin-
istered outcome questionnaires, in which there is potential for interac-
tion between the interviewer and patient (see Table 2.3).

MULTIDIMENSIONAL HEALTH  
STATUS INSTRUMENTS
A large number of disease-specific and generic multidimensional health 
status measures (HSMs) have been developed.1,3 Many are very sophis-
ticated instruments that have undergone extensive validation proce-
dures and have high performance characteristics with superior  
levels of validity, reliability, and responsiveness. They are either self-
administered or occasionally interviewer administered. It is important 
for users to contact the originator before initial application for instruc-
tions regarding usage (e.g., presentation, scoring, analysis). The latest 
version of the instrument should be obtained as well as a copy of the 
user’s guide.

Some HSMs have been developed in the form of segregated multi-
dimensional indices, which contain separate, distinct subscales that 
explore different aspects of the condition, such as HAQ, AIMS, AIMS2, 
WOMAC, and AUSCAN. They provide subscale scores on each of 
several separate dimensions. Others are in the form of aggregated 
multidimensional indices, in which scores from several different 
dimensions are weighted and aggregated into a single score, such as 
the Indices of Clinical Severity,16 Pooled Index,1 and Disease Activity 
Score.1 Health-related quality of life can be assessed either using a 
multi-item questionnaire, such as Medical Outcomes Study Short-
Form (SF)-36 (and its derivatives),1 Nottingham Health Profile (NHP),1 
EuroQol,1 or using a utility-based methodology, for example the Health 
Utilities Index (HUI).1 A utility is a holistic measure of the quality of 
life that rates an individual along a continuum from death (0.0) to full 
health (1.0). Models for predicting utilities from non-utility instrument 
data are evolutionary. For example, a model has been developed and 
validated to derive a utility score from WOMAC data that, at the group 
level, approximates the utility score estimated from the HUI in the 
same group of patients.19 This provides opportunity to derive utility 
scores from previously published studies that contain WOMAC data 
but that did not include a utility-based measure.

ADVERSE REACTIONS
Adverse reactions caused by treatment can result in symptoms, clinical 
signs, laboratory abnormalities, or death. Problems often arise in 
detecting, categorizing, attributing, and grading adverse events. Adverse 
event rates differ significantly depending on whether the assessment is 
based on open-ended questioning or structured questionnaires or is 
determined by a standard protocol. Various systems have been devel-
oped for categorizing adverse reactions to treatment. Attribution is the 
process of ascribing adverse reactions to interventions or other causes. 
The etiologic relationship is often graded as none, possible, probable, 
or definite. A number of factors determine the assigned level of the 
relationship, including prior knowledge of the patient, the pharmaco-
dynamic profile of the intervention, and the duration of treatment. The 
most difficult attribution decisions are in assigning the grades of “none 
versus possible” and “probable versus definite” and in grading the 
intensity of an adverse reaction. Often severity is rated as being mild, 

patient may therefore require interpretation. Nevertheless, some mea-
sures, such as the modified Schober test in AS, grip strength in RA, 
and range of movement in knee OA, remain in common usage in clini-
cal rheumatology. In health disciplines such as orthopedic surgery  
and physiotherapy extensive use is made of performance-based  
measures in the routine management of patients with bone and joint 
diseases.1,3

Capacity-based measurement
Musculoskeletal patients may suffer three types of functional disabil-
ity: physical, emotional, and social. All three forms are amenable to 
outcome assessment using valid, reliable, and responsive question-
naires. Physical disability, in particular, has received considerable 
attention, with some techniques being designed for a specific purpose 
while others have multipurpose applications (see Table 2.3).1 Physical 
disability is one of the two most important and immediate conse-
quences of many musculoskeletal conditions. The capacity to measure 
this aspect of the disease, both in clinical trials and clinical practice, 
is paramount. Fully validated health status instruments including 
separate measures of pain and function are to be preferred over ad hoc 
scales. Disease-specific measures of function include the following:

● WOMAC OA Hip/Knee Index (OA)8

● AUSCAN OA Hand Index9

● Cochin Hand Index11

● FIHOA10

● Bath Ankylosing Spondylitis Functional Index (BASFI)16

● Fibromyalgia Impact Questionnaire (FIQ)17

In contrast, measures such as the HAQ,5 AIMS6, and AIMS27 have 
multipurpose musculoskeletal applications and generic quality of life 
measures such as the SF-36 and the EuroQol can be used across a wide 
variety of diverse medical conditions.1,18 In recent years, there have 
been an increasing number of comparative studies of the performance 
of different health status measures.1 Different measures are under-
pinned by different constructs and may impose different sample size 
requirements when used in clinical research applications.

The measurement of emotional disability in musculoskeletal disease 
is important, because considerable psychological morbidity has been 
noted in patients with musculoskeletal disorders. Furthermore, it is 
not surprising, given the degree of pain, disability, anxiety, depression, 
and diminished sense of well-being, that many musculoskeletal disor-
ders have social consequences.

Participation/handicap
Measures of handicap reflect the social consequence of disease. Whether 
an individual is handicapped can be defined either by society or by an 
individual. The measurement of handicap in the rheumatic diseases 
has attracted relatively little attention. The Disease Repercussion 
Profile is a valid and reliable measure of patient-perceived handicap 
and is a significant contribution to this previously underdeveloped area 
of musculoskeletal clinical measurement.1

Global assessments
Global assessments by patient and physician of the patient’s overall 
condition are commonly used in clinical trials and in clinical practice.2 
It is extremely important to specify in the wording of the global ques-
tion which aspects of the patient’s condition are being considered (e.g., 
overall health status, symptom severity, disease activity, or an ana-
tomic area). The patient global assessment is particularly important 
because it can be phrased to assess current status or change in symptom 
status and be focused on a particular anatomic area, the condition in 
general, or the patient as a whole. Alternatively, it can be used to assess 
drug tolerability and/or efficacy or other aspects of the treatment 
program (palatability, compliance, affordability, convenience). The 
time frame over which the patient should consider his or her status 
should be defined (e.g., 48 hours, 1 week). It is debatable whether the 
physician global assessment of overall health adds much to the mea-
surement process over and above the patient’s own global assessment. 
However, the physician (or other assessor) can consider, in addition, 
aspects of the condition that are not assessable by the patient (e.g., 
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moderate, or severe. A mild adverse reaction is one that is easily toler-
ated by the patient, causes minimal discomfort, and does not interfere 
with everyday activities. A moderate side effect is an adverse experience 
that causes sufficient discomfort to interfere with normal everyday 
activities, whereas a severe reaction is an adverse experience that is 
incapacitating and prevents normal everyday activities. Finally, it is 
important to categorize the outcome of an adverse reaction, for example, 
as resolved, improved, unchanged, worsened, hospitalization required, 
hospitalization prolonged, or death.

MEASUREMENT IN CLINICAL TRIALS
There are more than 100 different rheumatic disorders, each present-
ing a different challenge in outcome measurement. Regulatory authori-
ties such as the U.S. Food and Drug Administration (FDA) and the 
European Medicines Evaluation Agency (EMEA), international non-
government organizations, such as the Osteoarthritis Research Society 
International (OARSI), the Outcome Measures in Rheumatology Clini-
cal Trials (OMERACT) group, the American College of Rheumatology, 
and the Initiative on Methods, Measurement, and Pain Assessment in 
Clinical Trials (IMMPACT) group, have pioneered the development of 
several evidence-based consensus-driven guidance documents. The 
FDA document on Patient Reported Outcomes is particularly impor-
tant in understanding the challenges of measuring patient-centered 
outcomes in regulatory environments.20 In addition to specifying 
domains, core set variables (measures), and identifying instruments, 
some organizations have also initiated investigations leading to the 
proposal of responder criteria, that is, criteria that could be used to 
segregate patients according to whether they have experienced a mean-
ingful improvement with treatment.1 Although improvement with 
treatment is a very important goal, it is also important to determine 
the value of the final health state attained. Work in this area is limited. 
However, proposals are emerging that attempt to identify achievable, 
acceptable, or desirable health states.

There are a large and continually growing number of outcome mea-
sures to evaluate RA, OA, AS, reactive arthritis, systemic lupus ery-
thematosus, low back pain, and fibromyalgia, as well as more generally 
applicable measures and measures of handicap, coping, helplessness, 
and quality of life (see Table 2.3). It is beyond the scope of this chapter 
to describe the development, validation, and scope of application of 
each of the currently available measures or the exact methods used to 
develop guidance documents or to develop and propose response and 
state-attainment criteria. Measurement preferences differ between dif-
ferent disorders, but pain, function, and patient global assessment are 
often emphasized. Furthermore, several health status questionnaires 
have been mapped to the ICF framework and, for a limited few, popu-
lation-based normative values have been elaborated.

Rheumatoid arthritis
In general, RA clinical trials evaluate either fast-acting, symptom-
modifying drugs, such as non-steroidal anti-inflammatory drugs 
(NSAIDs) and analgesics, or slow-acting disease modifying antirheu-
matic drugs (DMARDs), which include the biologic agents. Measure-
ment tools frequently used in RA studies in rheumatology are shown 
in Table 2.3. The following recommendation, developed by the 
OMERACT group,1 and ratified by the ACR,21 currently comprise the 
ACR minimum core set for RA clinical trials (Table 2.4): pain, physical 
function, number of swollen joints, number of tender joints, patient 
global assessment, investigator global assessment, erythrocyte sedi-
mentation rate or C-reactive protein, and imaging. Individual response 
criteria, based on these clinical variables, and referred to as the ACR 
20,22 have been proposed (see Table 2.4) as follows: greater than or 
equal to 20% improvement in tender and swollen joint counts and 
greater than or equal to 20% improvement in three of the five remain-
ing ACR core set measures. The above variables should be assessed 
with validated methods using standardized techniques. Frequently 
used measurement tools in RA are shown in Table 2.3. The sufficiency 
of the ACR 20 criteria has been considered,1 and higher-level response 
requirements based on the ACR 50 and ACR 70 criteria evaluated.23 
Definitions of remission and minimum disease activity have been 

TABLE 2.4 RESPONDER CRITERIA FOR OSTEOARTHRITIS, RHEUMATOID 
ARTHRITIS, AND ANKYLOSING SPONDYLITIS

Osteoarthritis
High improvement in pain or 

in function ≥50% and 
absolute change ≥20 
normalized units

or Improvement in at least two of the 
three following criteria:

Pain ≥20% and absolute change ≥10 
normalized units

Function ≥20% and absolute change 
≥10 normalized units

Patient’s global assessment ≥20% and 
absolute change ≥10 normalized 
units

Rheumatoid arthritis
Required:
≥20% improvement in tender 

joint count
≥20% improvement in swollen 

joint count

and ≥20% improvement in three of the 
following five criteria:
Patient pain assessment
Patient global assessment
Physician global assessment
Patient self-assessment disability
Acute-phase reactant (ESR or CRP)

Ankylosing spondylitis
Improvement of ≥20% and 

absolute improvement of 
≥1 unit (on a scale of 0-10) 
in at least three of the 
following four domains:
Patient global assessment
Pain
Function
Inflammation

and Absence of deterioration in the 
potential remaining domain, where 
deterioration is defined as a change 
for the worse of ≥20% and net 
worsening of ≥1 unit (on a scale of 
0-10)

considered in clinical research and clinical practice applications.24 The 
disease activity score using a 28-joint count has been proposed as a 
remission criterion.1 ICF core sets have been specified for RA1 validated 
from a patient perspective1 and commonly used instruments mapped 
to the framework.1 Normative data for the HAQ have been published25 
and Minimum Clinically Important Improvement (MCII) and Patient 
Acceptable Symptom State (PASS) estimates explored for RA based on 
the HAQ.

Osteoarthritis
Clinical trials in OA can be subdivided into those that assess symptom-
modifying and those that assess structure-modifying OA drug effects. 
There is ongoing debate regarding current therapeutic opportunities to 
prevent, arrest, or repair structural damage in OA. Measurement tools 
frequently used in OA studies in rheumatology are shown in Table 2.3. 
Core set measures for OA were proposed by the OMERACT group26 
and ratified,27 or in the case of hand OA developed,28 by the OARSI 
(see Table 2.4). OMERACT and OARSI core set measures for future 
phase III studies in hip, knee, and hand OA are pain, function, patient 
global assessment, and, for studies of 1 year or longer, joint imaging 
using validated methods and standardized techniques. OMERACT and 
OARSI have jointly proposed responder criteria for hip and knee OA 
(see Table 2.4), based on combinations of absolute and percentage 
changes in pain, function, and patient global assessment.29 The 
OMERACT-OARSI responder criteria are applicable to both hip and 
knee OA patients and are not intervention class specific (see  
Table 2.4). Response criteria developed for OA, and proposed by other 
groups, include definitions of Minimum Perceptible Clinical Improve-
ment (MPCI),1 Minimum Clinically Important Difference (MCID),1 
MCII,1 WOMAC 20-50-70, and AUSCAN 20-50-70.1 In addition to 
these definitions based on the degree of change, other definitions have 
been proposed based on the health state attained, the so-called state-
attainment criteria (Table 2.5). Definitions based on PASS1 and Bellamy 
Low Intensity Symptom State-Attainment (BLISS) Index30 are exam-
ples of initial attempts to establish working definitions for use in clini-
cal practice and clinical research (see Table 2.5). Observations that 
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consensus has been reached on a core set of domains for randomized 
controlled trials and longitudinal observational studies in psoriatic 
arthritis, namely, peripheral joint activity, skin activity, patient global 
assessment, pain, physical function, and health-related quality of life.32 
Further research is required in the areas of instrument development 
and validation, responder and state-attainment criteria, and ICF core 
sets. Based on qualitative studies, it appears that several aspects of the 
symptom experience in patients with psoriatic arthritis are not covered 
by existing measures of functioning.33

Systemic lupus erythematosus
Several measures have emerged for conducting outcome measurement 
in systemic lupus erythematosus1,34-37 and are shown in Table 2.3. It 
has been noted that there is moderate agreement between prospective 
and retrospective evaluations of SLICC/ACR DI scores.1 Modifications 
of the  SLEDAI, LAI, and SLAM have been proposed for use in systemic 
lupus erythematosus in pregnancy. These modifications are respec-
tively referred to as SLEPDAI, LAI-P, and m-SLAM.1

Core set domains for clinical trials and longitudinal studies have 
been proposed by the OMERACT group (see Table 2.4) and include 
(1) disease activity; (2) health-related quality of life; (3) organ damage; 
and (4) toxicity/adverse events.1 The ACR has proposed response cri-
teria for systemic lupus erythematosus clinical trials (see Table 2.5).1 
These criteria are based on absolute change, are instrument specific, 
and have been proposed for the BILAG, SLEDAI, SLAM, ECLAM, 
SELENA-SLEDAI, and RIFLE instruments. The criteria are in the form 
of threshold values for improvement and worsening. The Pediatric 
Rheumatology International Trials Organization and the ACR have 
proposed provisional response criteria for juvenile systemic lupus ery-
thematosus based on at least 50% improvement in any two of five core 
set measures, and with no more than one of the remaining measures 
worsening by more than 30%.38

Systemic sclerosis
The current status of outcome measures for clinical trials in systemic 
sclerosis has been reviewed by the OMERACT group.1 The HAQ and 
Scleroderma HAQ (SHAQ) were the only two patient-centered mea-
sures considered ready for use in clinical trials.1 The measurement of 
disease activity in systemic sclerosis remains challenging. However, 
the European Scleroderma Study Group have proposed preliminary 
activity criteria, based on the summation of scores across multiple 
variables.1 A Delphi-based consensus estimate has provided initial 
ranges of estimates for minimal clinically relevant treatment effects in 
scleroderma for the Modified Rodnan skin score, HAQ-DI, HAQ-Pain, 
MD global, patient global, and diffusing capacity.39

Behçet’s disease
To date there has been a paucity of measurement tools to assess disease 
activity and condition-specific quality of life in Behçet’s disease. The 
development and validation of the Behçet’s Disease Activity Index 
(BDAI)1 and the Behçet’s Disease Quality of Life (BD-QoL) index,1 
represent important contributions to measurement in Behçet’s  
disease.

Sjögren’s syndrome
Based on more than a 50% consensus at the Outcome Measures for 
Sjogren’s Syndrome Workshop in 2003, core set measures for Sjögren’s 
syndrome were proposed as follows: sicca symptoms, sicca objective 
(oral), sicca objective (ocular), HRQOL, laboratory measures, and 
fatigue.1 More recently, two new indices for assessing disease in 
Sjögren’s syndrome have been formulated and termed the Sjögren’s 
Syndrome Disease Damage Index (SSDDI) and the Sjögren’s Syndrome 
Disease Activity Index (SSDAI), respectively.40

Polymyalgia rheumatica
The European Collaborating Polymyalgia Rheumatica Group devel-
oped a specification of core set measures for polymyalgia rheumatica 

TABLE 2.5 PROPOSED STATE-ATTAINMENT CRITERIA FOR ARTHRITIS 
AND MUSCULOSKELETAL CONDITIONS

Patient Acceptable Symptom Severity (PASS75) (Preliminary estimates 
based on REFLECT Study) (All values on 0-100 scales)
Osteoarthritis (hip and knee):
 WOMAC Pain = 39.3; WOMAC Stiffness = 44.8; WOMAC Function = 47.7;  

PGA = 47.1.
Osteoarthritis (hand):
 AUSCAN Pain = 41.0; AUSCAN Stiffness =37.8; AUSCAN Function = 44.8;  

PGA = 41.6.
Rheumatoid arthritis:
 Pain = 40.7; HAQ = 39.4; PGA = 41.6.
Ankylosing spondylitis:
 Pain = 40.6, PGA = 43.2, BASFI = 40.4, BASDAI = 38.9; PGA = 43.2.
Low back pain:
 Pain = 39.4; Roland Morris Disability Questionnaire = 30.7; PGA = 40.3.
Bellamy et al: Low Intensity Symptom State-Attainment (BLISS) Index30

Osteoarthritis (knee):
 Two components—symptom level based on the WOMAC Osteoarthritis Index 

(pain, stiffness, function, and total score) and time combined in a state-
attainment based analysis.

Magnitude (normalized units [nu] 0-100 scale):
 ≤25 nu, ≤20 nu, ≤15 nu, ≤10 nu, ≤5 nu
Time:

Time to first BLISS day
BLISS days over 12 months
Patients in BLISS at month 12
Patients in BLISS at any time
BLISS maintained to month 12
Number of BLISS periods over 12 months

statistically significant between-group differences are detectable at low 
or very low symptom intensity levels, so-called BLISS states, are of 
particular importance in the evaluation of therapeutic interventions,30 
because they provide indicators of achievable health states. Although 
further research is necessary, observations of BLISS states have been 
made with the WOMAC and AUSCAN indices and in different classes 
of interventions and confirm that such states are achievable by some, 
but not all, patients. ICF core sets for OA have been elaborated and 
the WOMAC index, ICS, and OAKHQOL mapped to the ICF core 
set.1,31 Age- and gender-specific population-based normative data have 
been elaborated for the WOMAC and AUSCAN index items and MCII 
and PASS estimates explored for OA based on the WOMAC index for 
hip and knee OA and the AUSCAN index for hand OA.1

Ankylosing spondylitis
Clinical measurement in AS encompasses both the peripheral joints 
and extra-articular involvement, as well as axial skeletal involvement. 
Patient-centered measurement tools used in AS are shown in  
Table 2.3. Through the OMERACT process and the Assessment in 
Ankylosing Spondylitis (ASAS) Working Group, core set measures have 
been selected for use in different clinical research settings (see Table 
2.4).1 ASAS has also developed a definition of short-term improvement 
(ASAS20), based on four domains: physical function, pain, patient 
global assessment, and inflammation.1 Based on a scale of 0 to 10, the 
proposal is as follows: ASAS20 defines improvement as greater than or 
equal to 20% and greater than or equal to 1 unit (0-10 scale) improve-
ment on at least three of the four domains, with no worsening (defined 
as ≥20% and ≥1 unit [0-10 scale] deterioration) on the fourth dimen-
sion (see Table 2.4).1 The BASFI, DFI, HAQ-S, and RLDQ instruments 
have been mapped to the ICF framework,1 and MCII and PASS 
estimates have been explored for AS based on the BASFI.

Psoriatic arthritis
Outcome measurement in psoriatic arthritis has received relatively 
little attention until recently. Through the OMERACT process, 
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OUTCOME MEASUREMENT IN ROUTINE 
CLINICAL PRACTICE
For many rheumatologists in routine practice the goal will be to effi-
ciently track the progress of individual patients, even if there is no 
investigational goal. A recent survey of Australian rheumatologists46 
noted that the essential characteristics of, for example, an OA outcome 
measure for outpatient care were simplicity, rapid completion, easy 
scoring, reliability, validity, and sensitivity to change.

The major emphasis in clinical metrology has been on the develop-
ment of instruments for clinical research rather than for routine clini-
cal purposes. The challenge now is to apply these techniques in clinical 
practice as well as to build on clinical research experience to make 
available short, simple patient-centered self-completed questionnaires 
that are easily scored and can be used in office practice (Table 2.6).47 
It will also be important to investigate the extent to which quantitative 
measurement during routine clinical care results in improved out-
comes and is cost effective.48

Combinations of disease-specific, generic health-related quality of 
life and global measures are particularly useful in clinical practice. Six 
issues of practical importance deserve special consideration:

1. Although measures of discomfort (pain), disability (function), 
and patient and physician global assessment are common to all 
rheumatic diseases, conditions with extra-articular consequences 
may require additional organ-specific assessments (e.g., skin 
scores in scleroderma).

2. Outcome measurement in children is problematic. It is impor-
tant to select scales that are valid, reliable, responsive, and  
comprehensible in this particular group of patients.

3. In addition to defining a priori a schedule for assessing the ben-
eficial effects of a treatment program, it is equally important to 
establish a monitoring schedule for adverse events, particularly 
for pharmacologic interventions.1 Such a schedule should be 
capable of detecting both clinical and non-clinical (laboratory) 
forms of toxicity in a timely fashion.

4. Methods for handling data are important. For paper-based appli-
cations, flow charts are particularly useful in documenting lon-
gitudinal change in clinical status, as well as for charting the 
non-clinical (laboratory) tolerability of antirheumatic drugs. 
Expanding opportunities for electronic data capture are likely to 
solve many of the current problems with data capture, storage, 
and analysis of quantitative data.49 Electronic data capture has 
usually employed desktop and laptop computer-based applica-
tions. More recently, personal digital assistants and Web-based 
applications have been used to capture health status informa-
tion. In recent studies of electronic data capture using mobile 
(cellular) phones, high levels of correlation between paper and 
mobile phone-based versions of the WOMAC index and high 
levels of responsiveness were observed, despite the micro-screen 
presentation of 11-point Numerical Rating scales.50

in 2003 that included five measures: pain, physician global assessment, 
morning stiffness, C-reactive protein, and ability to elevate the upper 
limbs.1 From this proposition emerged the proposition for a composite 
index termed the PMR Activity Score (PMR-AS).1 A recent evaluation 
of the PMR-AS suggests it may be useful in monitoring PMR activity 
in routine practice and in managing corticosteroid tapering.41

Inflammatory myopathies
The International Myositis Assessment and Clinical Studies (IMACS) 
group has proposed three tools for the evaluation of patients with 
idiopathic inflammatory myopathies.1 These tools are the Myositis 
Intention to Treat Index (MITAX), the Myositis Disease Activity 
Assessment Visual Analogue Scale (MYOACT), and the Myositis 
Damage Index (MDI). The indices are currently being subjected to 
validity testing. Preliminary consensus-based estimates of clinically 
important improvement in adult and juvenile idiopathic inflammatory 
myopathies have been proposed as follows: muscle strength and physi-
cal function, 15%+; physician and patient global assessment, 20%+; 
and serum levels of muscle associated enzymes, 30%+.1 The Pediatric 
Rheumatology International Trials Organization and the ACR have 
proposed core set measures for juvenile dermatomyositis that include 
physician global assessment of disease activity, muscle strength, global 
disease activity measure, parent’s global assessment of patient’s well-
being, functional ability, and health-related quality of life.42

Vasculitis
Outcome assessment in the different pathologic entities that collec-
tively form the vasculitides may be difficult with only a single measure. 
Different conditions may require different indices. Consideration has 
been given to the development of a Combined Damage Assessment 
(CDA) Index for vasculitides involving small- and medium-sized 
vessels.43 In contrast, other initiatives have resulted in the development 
of the Birmingham Vasculitis Activity Score/Wegener’s Granulomato-
sis (BVAS/WG) for evaluating patients with Wegener’s granulomato-
sis.1 The reliability, construct, and discriminant validity of the BVAS/
WG have been assessed and the index proposed for use in clinical 
investigation.1 It has been suggested that the ability of the BVAS/WG 
to encompass the spectrum of disease activity might be enhanced by 
different selection and weighting procedures.44

Osteoporosis
Core set measures for bone loss prevention studies (bone mineral 
density measured at two sites, biochemical markers) and fracture  
prevention studies (fracture, hip, knee, and spine bone mineral  
density; biochemical markers; change in height) in osteoporosis  
have been proposed by the OMERACT group.1 In addition, ICF core 
sets have been suggested for osteoporosis1 and the content of osteo-
porosis-targeted health status measures compared using the ICF 
framework.1

Low Back Pain
Outcomes in low back pain can be assessed with various instruments 
(see Table 2.3) as well as with quality of life measures (see Table 2.3). 
The OMERACT group has proposed preliminary response criteria for 
chronic low back pain, based on at least 30% improvements in pain 
and in patient global assessment and no worsening in function.45 MCII 
and PASS estimates have been explored for low back pain based on the  
Roland Morris Disability Questionnaire.

Fibromyalgia
There has been no international agreement on a core set of measures 
for future phase III trials in fibromyalgia. The most frequently used 
measures in recent fibromyalgia studies (≤50% of trials) have been 
tender points, patient global assessment, fatigue, quality of sleep, pain, 
and stiffness. The Fibromyalgia Impact Questionnaire (FIQ) is probably 
the most widely used condition-specific measure used in fibromyalgia 
clinical trials (see Table 2.3).1

TABLE 2.6 CHARACTERISTICS OF HEALTH STATUS QUESTIONNAIRES 
FOR ROUTINE USE IN THE CLINIC

 Health status questionnaires (HSQs) must be short, not use more than 
minimal staff time, and not disturb the routine of the clinic. They must fit  
into the routine of the clinic.

 HSQs must help the physician and staff with record keeping, not impede it. 
They must assist in documentation of clinical care.

 Cost must be minimal.
 The result must be available at the time the patient is seen.
 Comparison with previous data and with other patients must be 

contemporaneous.
 The results must be intuitive and interpretable.
 The information must be more than just additional data. It must be clinically 

useful.

With permission from Wolfe F, Pincus T. Data collection in the clinic. Rheum Dis Clin North Am 
1995;21:321-358.
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5. The concomitant use of disease-specific, patient and physician 
global assessments and generic health-related quality of life mea-
sures is a particularly powerful combination. In inflammatory 
polyarthritis these measures can readily be supplemented by an 
articular index in the form of a simple count of tender and 
swollen joints.

6. The development of responder criteria, state-attainment criteria, 
and normative data is an important step in the transfer of mea-
surement procedures used in research environments into routine 
clinical practice and may permit more effective monitoring of 
patient progress and response to treatment (Fig. 2.4).

Implementation of what might be termed quantitative rheumatol-
ogy may require the development of new instruments or modifications 
to existing instruments, measurement processes, and analysis proce-
dures to meet demands in routine clinical practice. However, there is 
no reason to delay using some of the shorter, user-friendly, patient 
self-administered questionnaires currently available. The ability to 
quantitate the clinical condition provides patients, medical practitio-
ners, allied health professionals, third-party payers, and litigators with 
much important and useful information. Furthermore, proposed defi-
nitions of response and state-attainment, the elaboration of popula-
tion-based normative values, and innovations in electronic data capture 
all contribute to an expanding capability to capture and interpret health 
status information in a manner capable of informing shared decision-
making and goal setting in clinical practice and the evaluation of new 
interventions and therapeutic strategies in clinical research.

INDIVIDUAL PATIENT PROFILE (WOMAC PAIN)
TKR CANDIDATE WITH K-L GRADE IV OA
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Fig. 2.4 Response to treatment in osteoarthritis (OA) can be monitored over 
an extended period, by a combination of responder and state-attainment 
criteria.
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decision-making. For example, equity or fairness in the distribution of 
health care resources may also be important.

Dimensions of economic evaluation
There are three dimensions of analysis in considering economic evalu-
ation of health care (Fig. 3.1).

The first dimension defines the types of costs and benefits to be 
evaluated. Costs represent more than just transactions of currency but 
the sacrifices that result from the consumption of resources that could 
otherwise be used for alternate purposes. The cost of a resource is 
valued as the benefits that would be derived from using it in its next 
best alternative use, which are forgone once the resource has been used. 
This concept is called opportunity cost. In addition, from a societal 
perspective, not all transactions of money are regarded as costs, espe-
cially those that do not involve consumption of resources other than 
in their administration (e.g., retirement and disability payments, social 
security payments). These are called transfer payments, and their exis-
tence does not change the overall level of resources available to society.

Costs and benefits can be categorized into (1) the direct and (2) the 
indirect medical costs and benefits, plus (3) direct non-medical costs 
and benefits, and (4) intangible costs and benefits (Table 3.1). Direct 
medical costs and benefits are associated with the provision of health 
care. Typical examples include payments for the drugs, salaries of 
health care professionals, or the cost of hospital stay. In contrast, 
indirect medical costs represent the cost of morbidity or mortality 
associated with the disease. They mostly comprise productivity costs, 
covering items such as time lost from work, lost wages or death, and 
premature removal from the workforce. Direct non-medical costs are 
those incurred due to the disease or the need to seek medical care. 
Typical examples include cost of transportation to the hospital, home 
care, or special housing needed due to illness. Intangible costs are those 
of pain and suffering imposed by the disease and its treatment. These 
“costs” are difficult to value in monetary terms. Rather, they are 
reflected in measurements of the impact of interventions on quality of 
life. However, they influence health care decision-making. Intangible 
costs and benefits can be included in economic evaluations by using 
quality-adjusted life years (QALYs) as the effectiveness measure. The 
latter are calculated by assigning preference weights (or utilities) to 
various health states relative to perfect health or death.

The second dimension defines the viewpoint, or perspective, of the 
analysis to determine whose costs and benefits are to be evaluated. 
Economic analyses can be performed from the perspective of the health 
care provider, the payer, the employer, the patient, or the society at 
large. A cost from one point of view may be considered a benefit from 
another. For example, a hospital’s cost of providing a particular service 
may be less than its charge. If the perspective of the analysis is the 
hospital, charges would be an overestimation of the actual costs. On 
the other hand, charges truly reflect the cost of the service if the patient 
(or the health insurance plan) is paying the full charge. An analysis 
that takes the society’s perspective seeks to determine total costs to all 
parties. These include opportunity costs (e.g., forgone leisure time of 
informal careers) that are not easily measured in financial terms, which 
could have been used for an alternative intervention.

The third dimension defines the methodologic approach. The iden-
tification of costs and their measurement in monetary terms are similar 
across all forms of economic evaluation, but the valuations of conse-
quences arising from alternatives being examined differ considerably. 
The different analytical approaches are described next.

Principles of health economics and 
application to rheumatic disorders
Hilal Maradit Kremers, Sherine E. Gabriel, and Michael F. Drummond

 Economic evaluation is a systematic appraisal of the costs, the 
consequences, and the relative cost-effectiveness of alternative 
courses of action, alternative interventions, or therapies.

 Although economic evaluation is an integral part of the drug 
development process, postmarketing economic evaluations are 
critical because they address real-life cost and effectiveness issues.

 The “reference case” is a minimum set of criteria to be included in 
all economic analyses in order to improve quality, consistency, and 
comparability of economic evaluations.

 The majority of economic analyses in rheumatic diseases are 
conducted in osteoarthritis and rheumatoid arthritis and mostly 
evaluate interventions to reduce gastrointestinal ulcers induced by 
non-steroidal anti-inflammatory drugs, cost-effectiveness of 
biologic agents, and the value of arthroplasty. Economic 
evaluations in osteoporosis focus on the value of hormone 
replacement therapy for prevention of osteoporotic fractures and 
cost-effectiveness of screening strategies for different risk 
populations.

 Economic evaluations in rheumatic diseases are expected to 
increase in the future.

INTRODUCTION
In the past 2 decades we have witnessed remarkable advances in the 
field of rheumatology with, for example, the introduction of several 
biologic treatments for rheumatoid arthritis and other rheumatic dis-
eases. Although many of the biologic agents are quite costly, they may 
have major long-term benefits, especially slowing disease progression 
and preventing disability. In our current health care fiscal environ-
ment, proof of benefit alone is no longer sufficient. We must also 
demonstrate that the expected benefits of a new therapeutic agent are 
worth the costs of that agent. This can only be shown by formal eco-
nomic evaluation that involves a group of analytical methods that 
allow us to quantify and compare the benefits, such as prevented dis-
ability and improved quality of life, with the costs of medical 
interventions.

WHAT IS ECONOMIC EVALUATION?
Economic evaluation is about tradeoffs and choices between wants, 
needs, and the scarcity of resources.1 It is the systematic appraisal of 
the costs, the consequences, and the relative cost-effectiveness of alter-
native courses of action, alternative interventions, or therapies. The 
methods can be complex, but the general rule is that the difference in 
costs is compared with the difference in consequences. In health care, 
costs and consequences of medical interventions can be expressed not 
only as goods, services, and money but also in clinical or humanistic 
terms.

Economic evaluation should be viewed as an aid rather than a  
substitute to medical evaluation and medical decision-making.  
First, it is heavily dependent on the relevance and validity of the alter-
natives considered, as well as their costs and consequences. Second, 
cost-effectiveness is usually not the sole criterion in health care 
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TABLE 3.1 TYPES OF COSTS AND BENEFITS CONSIDERED IN ECONOMIC EVALUATIONS

Type of cost 
or benefit What is included as costs What is included as benefits

Direct costs Medical: Costs incurred during provision of medical care. Usually includes inpatient, 
outpatient, and nursing home care (e.g., physician’s fees, salaries of allied health 
professionals, hospital charges, purchasing of drugs, supplies, equipment, diagnostic 
tests)

Non-medical: Costs incurred because of illness or the need to seek medical care (e.g., costs 
of transportation to the hospital or physician’s office, cost of special housing, cost of 
hotel stays, special clothing or food needed because of illness)

Medical: Savings (avoided costs) as a result of therapy (e.g., 
avoided physician visits and hospitalizations, avoided 
surgery)

Non-medical: Costs avoided due to treatment or slowing 
of progression of illness as a result of therapy (e.g., 
avoided long-term care)

Indirect 
costs

Also referred to as productivity costs, they represent the costs associated with loss of ability 
to work or engage in leisure activities due to morbidity (e.g., time lost from work, loss of 
income, time of family members or volunteers to provide care) and lost economic 
productivity due to mortality (e.g., death leading to premature withdrawal from the 
workforce)

Indirect benefits represent reduction of indirect costs (e.g., 
continued employment, decreased absenteeism, early 
return to work)

Intangible 
costs

Costs incurred from changes in quality of life (e.g., pain, suffering, grief ) and result from 
the illness itself or the services used to treat the illness

Improvement in quality of life as a result of the 
intervention or therapy (e.g., reduced pain, increased 
mobility)

Treatment strategy B
current standard of care

• Identify, measure,
   value costs and
   consequences

• Conducting sensitivity
   analyses
• Interpret and report
   results

BASIC DESIGN FEATURES IN ECONOMIC EVALUATION

Treatment strategy A
includes new drug(s) of interest

• Define the problem
• Identify perspective
• Identify alternatives
• Describe relationships
   (modeling)

Choice

Costs B

Costs A

Consequences B

Consequences A

Fig. 3.2 Basic design features in economic evaluation. 
(Adapted from Drummond MF, et al. Basic types of economic 
evaluation. In: Methods for the economic evaluation of health 
care programmes, 2nd ed. Oxford Medical Publications, Oxford, 
UK,1997.)

Types of
costs and
benefits

Methodologies

Society 

Patient
Point

of view
Payer

Provider

Cost b
enefit

Cost m
inimizat

ion

Cost e
ffe

ctiv
eness

Cost u
tilit

y

Intangible
Direct non-medical

Indirect
Direct medical

THREE DIMENSIONS OF ECONOMIC EVALUATION

Fig. 3.1 Three dimensions of economic evaluation.

Design features in economic evaluation
An economic evaluation usually starts with identification of alterna-
tives to be compared. For example, in Figure 3.2, the two alternatives 
considered are treatment strategy A, which may include the new drug(s) 
or combinations of interest, and treatment strategy B, the current 
standard of therapy. Treatment strategy B could also be “doing nothing” 
if no effective therapy currently exists for the disease in question. Once 
the alternatives are identified, there usually are four key data param-
eters needed for conducting any economic evaluation: (1) baseline 
clinical outcome probabilities without the new treatment strategy, (2) 
the effectiveness of the new treatment strategy in relation to these 
clinical outcomes, (3) the costs associated with the disease and therapy, 
and (4) the effect on quality of life in case of a cost-utility analysis.

Depending on the time horizon and the perspective of the analysis, 
the costs and consequences of the two treatment strategies or interven-
tions are identified, quantified, and valued and the differences in costs 
are compared with the differences in consequences in an incremental 
analysis. Finally, various sensitivity analyses are performed to explore 
the lack of precision of estimates used in analysis. Values of costs  
and consequences are altered, and the impact of these changes is 
evaluated.

The time horizon of an analysis is the time over which costs and 
benefits are considered. It may be short for interventions whose costs 
and consequences occur immediately, although in most medical situ-
ations not all the costs and consequences occur at the same time. For 
example, preventive programs incur costs now but the benefits may 
not accrue for several years. Therefore, it is desirable to have a longer 
time horizon for interventions with long-term consequences and to 
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discount future costs and consequences. Discounting adjusts future 
costs and consequences and allows expression of all in terms of their 
present value.2

Types of economic evaluation
Most authors describe three main economic evaluation methodologies 
(Table 3.2).2,3 In addition to these methodologies, cost-minimization 
analyses can be done when the effectiveness of two or more alternatives 
or therapies is assumed to be, or shown to be, equal, although in prac-
tice such occasions are not very common. There is, however, substan-
tial overlap between these methodologies.

Cost-benefit analysis
All costs and consequences of alternatives are given a financial or 
monetary value, and the analysis implicitly assumes that each alterna-
tive is being compared with a do-nothing alternative that entails no 
costs or benefits. The analysis aims to determine either the ratio of 
money spent to money saved or the net saving (assuming benefits 
greater than costs). An intervention is cost beneficial if the monetary 
value of the benefits outweighs the costs. Cost-benefit analysis can 
evaluate not only the cost-benefit ratios or net benefits of different 
alternatives but also the additional or incremental cost of an interven-
tion compared with its additional or incremental benefit. The main 
difficulty in cost-benefit analysis is the measurement and valuation of 
clinical outcomes in monetary units.

Cost-effectiveness analysis
Cost-effectiveness analysis partially deals with the difficulty of assign-
ing a monetary value to health outcomes. Costs are still calculated in 
monetary units, but effectiveness is determined independently using 
meaningful clinical terms such as number of lives saved, patients 
cured, or events prevented. It involves the comparison of alternatives 
with outcomes of the same type but different in magnitude or achieved 
to different degrees. It is used to compare variations of a single program, 
different interventions aimed at the same medical problem, or different 
programs for different medical problems, but with consequences of the 
same type. It determines the least cost method of meeting a particular 
objective.

Like cost-benefit analysis, cost-effectiveness analysis can evaluate 
not only the cost-effectiveness ratios for individual treatments but also 
the incremental cost-effectiveness of an intervention compared with 
an alternative (Fig. 3.3). The average cost-effectiveness ratio is calcu-
lated by dividing the cost of an intervention by the measure of effective-
ness without regard to the alternatives. The incremental cost-effectiveness 

TABLE 3.2 TYPES OF ECONOMIC ANALYSES

Methodology Question addressed Cost measurement unit Outcome or effectiveness unit

Cost-benefit 
analysis

The effectiveness of two or more alternatives differs. What is the 
economic tradeoff between alternatives when all costs and outcomes 
are measured in monetary terms?

Dollars* Dollars

Cost-effectiveness 
analysis

The effectiveness of two or more alternatives differs. What is the 
comparative cost per unit of outcome for different alternatives?

Dollars Natural or clinical units (e.g., life-years 
gained, HAQ score, adverse events averted)

Cost-utility 
analysis

Same as for cost-effectiveness analysis. The outcome is a preference 
measure that reflects the value of patients or the society for the 
outcome.

Dollars Quality-adjusted life-years or other utilities

*or other currency unit.

INCREMENTAL COST-EFFECTIVENESS RATIO

Incremental cost-effectiveness ratio = =
Cost difference Cost of intervention – cost of alternative

Effectiveness of intervention – effectiveness of alternativeEffectiveness difference

Fig. 3.3 Incremental cost-effectiveness ratio.

ratio is an estimate of the cost of per unit of effectiveness of using one 
alternative in preference to another. For decision-making purposes, the 
incremental cost-effectiveness ratio is the most relevant because it 
assesses the extra benefits gained from committing additional resources 
to a new therapy.

Alternative therapies that cost less and demonstrate equal or better 
outcomes are said to be dominant and should always be preferred. 
Therapies that are more costly and less effective are said to be domi-
nated and should not be preferred. A new therapy that costs more but 
is also more effective is preferred if both the cost-effectiveness and the 
incremental cost-effectiveness ratios fall within an “acceptable” range. 
Acceptable cost-effectiveness thresholds have been proposed,3 although 
what is an acceptable cost from one perspective or at one time may be 
unacceptable from another or at a later time.

Cost-utility analysis
Cost-utility analysis is similar to cost-effectiveness analysis, but the 
outcome of intervention is measured in terms of both quantity and 
quality of life. The results are usually expressed as cost per quality-
adjusted life-years (QALYs) gained. The QALY is a combined measure 
of effectiveness that integrates expected increments in quantity of life 
with the effects on quality of life. It incorporates the preferences of 
society or patients for certain health states and their willingness to 
accept a shortening of life to avoid certain diseases or states. It is par-
ticularly desirable to use QALYs in rheumatic disorders because most 
interventions do not necessarily affect mortality but rather the physi-
cal, social, and psychological well-being of patients.

Cost-of-illness studies
In addition to these three types of economic evaluation, there are also 
cost-of-illness studies. These estimate the total societal cost of caring 
for patients with a particular illness compared with people without the 
illness. No consideration is made of specific interventions. All the 
direct and indirect costs of an illness are considered and the results 
provide a baseline against which new interventions can be evaluated.

Conclusion
In summary, economic analysis of a medical intervention or a thera-
peutic agent compares the monetary costs with the monetary benefits 
(cost-benefit analysis) or health-related outcomes (cost-effectiveness or 
cost-utility analyses). The perspective of the analysis determines which 
costs and benefits are to be taken into account. Direct costs are gener-
ated through provision of medical care, whereas indirect (or productiv-
ity) costs are considered if the medical intervention has an impact on 
morbidity and mortality.



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

26

markers. Ideally, economic analysis should be based on final 
outcomes such as permanent work disability or mortality.

5. Inadequate sample size for economic analysis: Sample size cal-
culations in trials are based on the clinical endpoints that may 
not be sufficient for highly skewed economic parameters (e.g., 
length of hospital stay, total cost).

6. Inappropriate range of endpoints for both costs and consequences: 
Ideally, economic analyses require data on resource use and 
outcomes of direct relevance to patients (e.g., quality of life).

Despite these methodologic problems, clinical trials are still viewed as 
an appropriate vehicle for economic analysis of drugs. Several methods 
are currently being investigated to overcome these problems.6-12 Large 
and simple outcome trials (pragmatic trials) deal with some of these 
issues, but they are very expensive to conduct and can only be done in 
late phase 3 or 4 time frame once the efficacy has been established. 
With the availability of an extended portfolio of new drugs in treatment 
of many rheumatic diseases, the focus in recent years has evolved from 
a simple comparison of single drugs or even drug combinations to 
comparative effectiveness and cost-effectiveness of alternative treat-
ment strategies over the entire life course of rheumatic diseases. Such 
an approach considers not only single drugs but also drug combinations 
and the sequencing and duration of therapy over time. To realize this 
complex goal, clinical trial–based economic evaluations will be increas-
ingly complemented with utilization and effectiveness data from obser-
vational studies and registries.

The reference case
Until the mid 1990s, economic evaluations varied considerably in 
quality. Regulatory authorities of some countries have established 
guidelines10,13-17 to improve comparability. In 1996, the U.S. Public 
Health Service appointed a panel on Cost-Effectiveness Analysis in 
Health and Medicine that proposed a “reference case” set of methodo-
logic practices to improve quality and comparability of economic analy-
ses.18,19 The panel recommended a set of minimum criteria that all 
analyses should include to allow comparability across studies. Investi-
gators are, however, encouraged to go beyond these minimum criteria 
in their individual studies.

This reference case analysis, based on a standard set of rules,  
facilitates comparisons with other similar analyses. It is based on the 
societal perspective and thus requires that the analysis considers all 
health consequences and all changes in resource use over a reasonably 
long time frame. The analysis should compare the new intervention 
to the existing practice or the best available alternative. It is also rec-
ommended that results be presented as incremental, that is, the addi-
tional costs incurred, to obtain each additional unit of health (e.g., a 
QALY).

The panel also outlined all major categories of resource use and 
health effects to be considered in the numerator and denominator of 
the cost-effectiveness ratio. The QALY is recommended as a common 
effect of health measure. Costs and outcomes are recommended to be 
discounted to present value, and extensive sensitivity analyses are 
recommended to address uncertainties of estimates and the decision 
model structure.

APPLICATION TO RHEUMATIC DISEASES
There are many published economic evaluations in rheumatology. 
However, evaluations, especially those conducted prior to 2000, vary 
considerably in their methodology and very few comply with the inter-
nationally agreed on criteria. This lack of agreement in methods, in 
turn, limits their validity, usability, and comparability. The methodo-
logic quality and major findings of some of these studies have been 
reviewed in a number of publications.20-35

Source of evaluations
The majority of economic evaluations in rheumatology are conducted 
in the United States, United Kingdom, and Canada. This is partially 
due to availability of easily accessible data sources, requirements set 

Economic evaluation in drug development
The basic approach of economic assessment can be applied to all kinds 
of medical interventions, but it is particularly relevant to economic 
evaluation of therapeutic agents. Economic evaluation plays a key role 
in all phases of drug development—from phase 1 to phase 4 clinical 
studies. The objective of phase 1 clinical trials is to determine the 
toxicity profile of drugs in humans. The first phase 1 trials usually 
consist of administration of single, conservative doses to a small 
number of healthy volunteers. The effects of increasing the size and 
number of daily dosages are evaluated to determine the point at which 
the likely therapeutic dosage has been exceeded. Cost-of-illness studies 
are carried out during this stage to aid decisions on priority setting and 
whether to further develop the drug and to gather background data for 
future economic evaluations.

In phase 2 clinical trials, a drug is administered to limited number 
of patients with the target disease to explore its potential therapeutic 
benefit. At this stage, efficacy is still uncertain. Again, cost of illness 
studies help to determine the potential market for the drug and lay the 
groundwork for formal economic evaluations. In addition, some of the 
instruments for gathering economic and quality of life data may be 
piloted during this phase.

Related applications of phase 1 and phase 2 economic evaluations 
also include guidance of decisions to focus further development in 
specific indications or patient groups, strategic positioning in relation 
to competitors, and determination of optimal sample size and data 
elements to collect prospectively during the conduct of phase 3 studies.

Phase 3 studies involve large, often multicenter, randomized con-
trolled clinical trials designed to determine efficacy. Such trials typi-
cally involve careful patient selection with clearly specified inclusion 
and exclusion criteria. At this stage of drug development, formal phar-
macoeconomic evaluation is indicated to determine the cost-effective-
ness of the new drug. Such evaluations are often conducted alongside 
the randomized controlled clinical trials and used commonly in reim-
bursement applications.4-7

During phase 4 or the postmarketing stage, data are gathered in 
support of the use of the drug in the community. Postmarketing eco-
nomic evaluations are critically important, because they allow the 
study of the costs and consequences of drug therapy outside the strict 
constraints of controlled clinical trials. In other words, economic evalu-
ations in phase 4 clinical trials address real-world costs, effectiveness, 
and cost-effectiveness issues, rather than simply the cost-efficacy of a 
new drug.

Economic data during several phases of drug development are either 
gathered prospectively as part of the trial protocol or retrospectively 
after a trial or through modeling using data from various sources.8-10 
However, there remain several methodologic issues that relate to the 
following:

1. Atypical nature of trial settings: Clinical trials are usually 
performed in specialist centers by highly committed investigators 
enrolling selected patients who have a higher likelihood of  
complying with therapy than patients in usual care. Also, patients 
in the trials are usually selected based on strict inclusion and 
exclusion criteria that would then limit generalizability of find-
ings (e.g., exclusion of pregnant women, children, the very 
elderly).

2. Protocol-driven costs and benefits: Clinical trial protocols often 
include close monitoring of enrolled patients through presched-
uled extra visits and tests. Protocol-defined testing for efficacy or 
safety purposes will increase the costs of diagnostic testing in the 
trial, whereas many of these tests would not be performed in 
usual care. Protocol-driven tests or procedures may also induce 
detection of extra cases or adverse events that would otherwise 
have gone undetected. In addition, detected outcomes may be 
treated more aggressively than they would be in usual care.

3. Inappropriate clinical alternatives: Trials usually compare the 
new therapy with a placebo or baseline therapy that may not 
represent the most appropriate alternative in current clinical 
practice.

4. Inadequate length of follow-up: Almost all trials use intermediate 
or surrogate endpoints such as disease progression or biomedical 
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Sensitivity analyses
Not all studies include sensitivity analyses or other approaches to  
allow for uncertainty in estimates. One-way sensitivity analyses  
are conducted in at least half of the studies, whereas probabilistic 
sensitivity analyses are rare. Economic evaluations, especially for  
biologic agents, increasingly rely on modeling techniques to adapt  
findings to different settings or to extrapolate costs and benefits  
beyond the time period for which data are available. These models  
are analytically very complex, with consideration of several treat-
ment regimens, disease stages and health states, treatment periods, 
compliance and safety outcomes, and sequencing of treatments.  
Structural features of these models and input parameters can be dif-
ficult to tease out and, yet, can significantly impact cost-effectiveness 
findings.38

Evaluation of surgical interventions
Additionally, since the mid 1990s, economic evaluations firmly estab-
lished the value of total hip and/or knee arthroplasty in patients with 
arthritis. Cost-effectiveness and cost-utility evaluations in arthroplasty 
include studies that assess overall cost-effectiveness of primary and 
revision arthroplasty, comparison of different surgical techniques and 
prostheses types, antithrombotic and infection prophylaxis, different 
management and rehabilitation schemes, hospital volume and experi-
ence, and interventions to reduce hospital stays and recovery. A 2005 
review of cost-utility analyses in arthroplasty33 highlighted the limita-
tions of cost-utility analyses in orthopedics and concluded that there 
is limited evidence currently to guide policy in orthopedic practice. One 
of the main limitations is lack of long-term effectiveness data and, 
consequently, heavy reliance on assumptions about the effectiveness 
of alternative strategies. For example, guidelines published by National 
Institute for Clinical Excellence (NICE) in 200039 could not identify 
the most cost-effective type of prosthesis and concluded that there is 
“currently more evidence of the long term viability of cemented pros-
theses, which, in many cases, occupy the lower end of the range of 
prostheses cost, than there is for uncemented and hybrid prosthesis.” 
It is hoped that the quality, generalizability, and applicability of  
economic evaluations in arthroplasty will improve with availability  
of long-term effectiveness data from observational studies and 
registries.

Conclusion
In conclusion, the science of economic evaluation in rheumatology  
has developed considerably in recent years but the long-term com-
parative effectiveness and cost-effectiveness of new therapies,  
different treatment strategies, and devices are still unclear. In addition, 
economic evaluations on diagnostic or therapeutic options in  
common syndromes such as low back pain or the value of primary  
care based interventions in management of rheumatic diseases are  
still lacking. There are a number of reasons for this, including the 
biased selection of comparators, inconsistent use of methodologies 
across studies, continuing controversy regarding defining meaningful 
clinical outcomes, lack of identifying optimal sources of effectiveness 
and utility estimates, lack of long-term comparative effectiveness  
data, and difficulty in determining the role of mathematical modeling 
and measuring and incorporating compliance and toxicity. Observa-
tional data derived from large cohorts, disease registries, and claims 
databases are valuable sources of real-world effectiveness data and  
will be increasingly used in the future for assessing long-term  
effectiveness of different treatment strategies. Furthermore, emerging 
methodologic standards for economic evaluations9,40 would improve 
the quality of studies, increase comparability across studies, and  
lead to identification of priorities for methodologic research. Such 
standards could serve as educational tools and should lead to increased 
use of such studies in health care decision-making. Indeed, efforts, 
such as the Economic Evaluation Task Force of the Outcome  
Measures in Rheumatoid Arthritis Clinical Trials (OMERACT)41-47 
will expedite and enhance both the conduct of the methodologic 
research itself and, subsequently, the transfer of the results into policy 
and practice.

by the regulatory bodies, as well as publication of these studies mostly 
in indexed medical journals in English. It needs to be realized, however, 
that there are several unpublished* economic evaluations in rheumatic 
diseases that had been used extensively in decision-making by several 
parties, including the regulatory authorities.

Therapeutic areas
By far, the most common disease areas for economic evaluations are 
osteoarthritis and rheumatoid arthritis; and the most common inter-
ventions evaluated are prevention of non-steroidal anti-inflammatory 
drug–induced upper gastrointestinal ulcers and the cost-effectiveness 
of biologic agents. Osteoporosis is another commonly evaluated disease 
area. Here, the published economic evaluations mainly focus on the 
value of various treatment strategies for prevention of osteoporotic 
fractures and cost-effectiveness of screening strategies in different risk 
populations. By contrast, there are only a few studies evaluating diag-
nostic or therapeutic options in common syndromes such as low back 
pain or the value of preventive or primary care based interventions in 
the management of rheumatic diseases.

Types of evaluations
Almost all of the economic evaluations in osteoarthritis, rheumatoid 
arthritis, and osteoporosis are cost-effectiveness or cost-utility analyses 
with relatively few cost-benefit analyses and thus show the typical 
spectrum of the economic evaluations in health care. Effectiveness 
outcomes in cost-effectiveness studies are expressed in clinical terms 
as the cost of per clinical event avoided or years of life saved (e.g., cost 
per gastrointestinal ulcer avoided).

Cost-utility analyses report costs per QALYs gained or costs per  
unit change on certain quality of life scales that combine information 
on the quantity and quality of life. To calculate QALY, health  
state utility values are estimated by incorporating preference  
weights using the commonly used outcome measures in rheumatoid 
arthritis (Health Assessment Questionnaire [HAQ], Disease Activity 
Score [DAS], and American College of Rheumatology core response 
criteria).36,37 Some cost-utility analyses use directly elicited preferences 
from patients collected prospectively during the conduct of clinical 
trials, whereas others use utility weights derived either from the pub-
lished literature or from expert opinions.

Sources of information
Economic evaluations typically rely on utilization and effectiveness 
data obtained from a variety of different sources. Earlier economic 
evaluations in rheumatology tended to rely on the opinion of clinicians 
in the absence of data, but this has changed dramatically during the 
past decade. Randomized controlled clinical trials, observational 
studies, meta-analyses, registries, and administrative databases are 
currently the most commonly used sources for utilization and effective-
ness data. Valuation of resources (or costs) is mainly derived from 
administrative data sources. True cost data are rarely available and, 
therefore, the majority of the studies still use market prices such as fee 
schedules, average payment, charges, and diagnosis-related group reim-
bursement rates for schemes such as Medicare in the United States to 
estimate costs.

The analysis perspective is mostly the societal or the third-party 
payer perspective. The consideration of various relevant cost categories 
is inconsistent across the majority of the studies. Whereas all studies 
examined direct medical costs, only a few also examined direct non-
medical and/or productivity costs. Differences in cost categories may 
result in substantial differences in cost-effectiveness estimates.38 The 
analysis time frame is typically short in the majority of the evaluations, 
with only about one fourth of the evaluations considering a lifetime 
time frame.

*Although unpublished in searchable data sources such as PubMed, they may 
have been published in “grey literature.”



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

28

THE FUTURE OF ECONOMIC EVALUATION IN THE 
RHEUMATIC DISEASES
There is no doubt that economic evaluations in health care, including 
rheumatic diseases, will become increasingly important in the future. 
There are a number of important reasons for this. First, an increasing 
number of licensing and reimbursement authorities now require com-
parative effectiveness and cost-effectiveness data in addition to the 
usual clinical efficacy data before approval of new drugs.48 Second, 
the pharmaceutical industry will use economic arguments more in the 
future in promotion of their products to the medical professionals and 
consumers. Third, health care payers will increasingly justify funding 
(or not funding) certain drugs or interventions in terms of effectiveness 
and cost-effectiveness. Fourth, the majority of rheumatic diseases are 
chronic, causing significant disability to patients during their most 

productive years, and the economic burden to the society is dispropor-
tional to their relatively low prevalence. With disability and lost pro-
ductivity being the major determinants of costs, especially in patients 
with rheumatoid arthritis, all future therapies will be expected to show 
economic advantage by delaying onset of disability. Fifth, treatment 
strategies and the range of available therapeutic options have evolved 
considerably in recent years. With the expansion of therapeutic pos-
sibilities, the choice of rational long-term therapies will increasingly 
depend on comparative effectiveness, costs weighed against the societal 
and personal expense of disability, decreased quality of life, and the 
burden of inpatient and outpatient medical care. In such an environ-
ment, it is critically important for clinicians to grasp the basic prin-
ciples of economic evaluations and actively engage in the debates, the 
discussions, and the research in an effort to optimize care for patients 
with rheumatic disease.
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appears to leave little room for environmental influences such as 
mechanical loading. However, heritability values depend very much on 
details of the study. Heritability is high if the population studied is 
homogeneous for competing environmental influences or if the trait is 
defined in such a manner that it is biased toward genetic (or other 
constitutional) factors. For example, heritability of lumbar disc degen-
eration is 75% if middle-aged women are considered and if degenera-
tion is averaged over all lumbar discs,2 but heritability falls to 29% in 
a diverse population of men if the most severe change in a single disc 
is considered. Similar arguments can be applied to vertebral osteopo-
rosis. A balanced view suggests that genes and environment contribute 
in approximately equal measure to disc degeneration and spinal osteo-
porosis; and of the environmental influences, mechanical loading is 
the best documented and most easily modified. Also, of course, the 
genetic component includes inherited influences on mechanical factors 
such as body weight and muscle strength.3

Adaptation versus injury
It is simplistic to suppose that mechanical loading is always harmful 
to the spine, the injury model. On the contrary, mechanical loading 
makes bones stiff and strong according to the principles of adaptive 
remodeling4 and there is evidence that articular cartilage5 and interver-
tebral discs6 can also become mechanically conditioned, given enough 
time. Disc water content increases with body mass and muscle strength, 
suggesting a positive adaptive response to moderate loading.7 Evidently 
it is not mechanical loading that should be avoided but mechanical 
overload, which physically disrupts tissues. Epidemiologic studies of 
the role of occupational loading in spinal pathology and pain usually 
fail to make this distinction and thus underestimate the influence of 
mechanical overload on spinal health. Such studies, especially when 
cross sectional in design, are prone to the “healthy worker effect” 
(whereby those with back pain move to less arduous occupations 
leaving only healthy workers behind them8), diluting the evidence from 
cross-sectional surveys that severe loading can injure backs. From a 
biomechanics standpoint, moderate spinal loading should be encour-
aged, whereas the risk of severe loading and accidents should be mini-
mized. In the words of Nietzsche: “What does not kill him makes him 
stronger.”

The purpose of the present chapter is not to revive the injury model, 
but to analyze mechanical influences in spinal disorders, such as inter-
vertebral disc degeneration, disc prolapse, spinal osteoporosis, and 
whiplash.

FORCES ACTING ON THE SPINE
Types of loading
The types of loading applied to the spine are illustrated in Figure 4.1. 
Compressive forces are usually defined as those that act down the long 
axis of the spine, at right angles to the midplane of the intervertebral 
discs. The curvature of the spine ensures that the direction of the 
compressive force varies between spinal levels, and this is consistent 
with the origins of this force, which is primarily tension in the para-
spinal muscles. Shear acts at right angles to the compressive force and 
causes vertebrae to slide forward, backward, or sideways relative to 
adjacent vertebrae. Bending moments (measured as a force multiplied 
by a lever arm, with units in Newton metres [Nm]) cause the spine to 
bend, usually relative to centers of rotation within each intervertebral 
disc. Torsional moments, or torques, have the same units as bending 
moment and cause the spine to twist about its long axis (axial 
rotation).

Biomechanics of the spine
Michael A. Adams and Patricia Dolan

 Genes and environment contribute equally to the strength of 
spinal tissues.

 Moderate mechanical loading strengthens vertebrae and 
(eventually) intervertebral discs.

 Muscle forces acting on the spine usually exceed gravitational 
forces, and inertial forces arising during falls are often the greatest 
of all.

 Intervertebral discs and vertebral bodies resist spinal compression, 
with the fluid properties of the disc nucleus spreading compressive 
load evenly on the vertebral bodies in all postures.

 Neural arches protect the intervertebral discs (and spinal cord) 
from shear, torsion, and bending.

 Intervertebral ligaments limit bending movements but are mostly 
slack in upright postures so that the spine can move freely within 
its “neutral zone.”

 Compressive overload damages the vertebral body, decompresses 
the adjacent disc, and can lead to internal disc disruption.

 Combined loading in bending and compression can create radial 
fissures in the disc anulus and cause disc prolapse, even in 
macroscopically normal discs.

 Injury to the disc anulus or endplate alters the mechanical 
environment of disc cells, creating a vicious cycle of matrix 
weakening, re-injury, and frustrated healing.

 Loss of anulus height can initiate a “degenerative cascade” 
involving segmental instability, vertebral osteophytosis, and 
apophyseal joint osteoarthritis.

 In the elderly, vertebral strength depends on physical activity as 
well as hormonal changes, and fracture patterns depend on disc 
degeneration.

INTRODUCTION
Relevance of biomechanics
Back pain and spinal deformity are largely attributable to age-related 
degenerative conditions that are influenced strongly by genetic inheri-
tance. Clinical prognosis depends on psychosocial factors that influ-
ence all aspects of human behavior, including the reporting of pain and 
responses to treatment. The old “injury model” of back pain has been 
replaced by the biopsychosocial model,1 which recognizes all of the 
diverse influences in this complex problem. This does not mean, 
however, that mechanical influences can be disregarded. Biomechanics 
implies an integration between biologic and mechanical influences. As 
will be discussed later, mechanical loading can make spinal tissues 
stronger or initiate degenerative changes within them, and genes influ-
ence mechanical characteristics as much as biologic ones. There is no 
reason to doubt that spinal disorders have a real physical basis that 
needs to be understood if spinal problems are to be avoided or treated 
successfully. Psychosocial involvement in spinal disorders may repre-
sent little more than normal human reactions to unsympathetic or 
ineffective treatment.

Genes versus environment
Heritability represents that proportion of the variance in “who gets a 
disease” that can be explained by genetic inheritance, and recent heri-
tability estimates for disc degeneration and vertebral osteoporosis have 
been reported to be as high as 75%2 and 83%,3 respectively. This 
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Muscle forces
Tension in a contracting muscle compresses the bones that lie between 
the muscle’s tendinous insertions. Muscle forces are hidden in the 
sense that they are internal to the body, but they often reach high levels 
for the reason illustrated in Figure 4.2. Essentially, muscles act on short 
internal lever arms and so must exert forces that are several times 
greater than external loads that often act on much greater lever arms. 
Often, the external load is dominated by the weight of the upper body, 
which is why lifting a trivial object (e.g., a pen) from the floor can gener-
ate a peak tensile force in the back muscles of over 200 kg!9 This force 
acts to compress the spine. (Approximately 1 kg = 2.2 lb = 9.81 N.) 
The highest forces tend to be generated when muscles are accelerating 
or decelerating body segments, especially during eccentric contractions 
when the collagenous tissue within muscle is being stretched. This is 
why forward lunging movements during racquet sports, or during 
manual handling, so often injure the back. The need to stabilize the 
body or head in a moving or vibrating environment often requires high 
levels of co-contraction of the paraspinal and abdominal muscles.

There are a number of practical implications of high muscle forces. 
In the medicolegal arena, many clinicians underestimate or disregard 
muscle forces, supposing (quite wrongly) that forces on the spine or 
neck must be low when external loads are light. A stark warning of the 
potential danger of muscle contractions comes from the finding that 
epileptic fits can cause the back muscles to crush vertebrae even when 
no falls are involved.10

Gravitational forces
Gravity exerts a vertical force on each body segment, which is known 
as its weight. This varies considerably by vertebral level, ranging from 
approximately 55% of whole-body weight acting at the fifth lumbar 
vertebral level compared with 7% acting on the first cervical vertebral 
level. These forces are generally only a small proportion of the total 
force acting on the spine during vigorous activity.

Inertial or dynamic forces
When a body segment is accelerated or decelerated, the force acting on 
it is amplified according to Newton’s second law of motion:

Force mass acceleration= ×

Weight can be seen as the special case, when acceleration equals 
1 g. Exceptionally high accelerations occur when the human body is 
ejected from an aircraft, and the compressive force on the lumbar spine 
can be enough to cause vertebral fracture. More typically, the human 
body is subjected to high decelerations during falls, especially from a 
considerable height when the velocity is high just before impact and 
when the surface is hard so that the velocity is brought to zero in a 
very short time. Prevention of slips and falls is a prime goal of ergo-
nomics and is probably more important than limiting the maximum 
weights to be lifted during manual handling.

S
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C

TYPES OF LOADING ACTING ON THE SPINE

Fig. 4.1 The lumbar spine, showing the directions of compressive (C) and 
shear (S) forces acting on the lumbosacral disc. Spinal compression acts 
perpendicular to the midplane of the disc, and so its direction varies with 
spinal level. A bending moment (BM) causes the spine to bend in flexion, 
extension, or lateral bending. An axial torque (AT) causes axial rotation about 
the long axis of the spine. (Reproduced with permission from Adams MA, Bogduk 
N, Burton K, Dolan P. The biomechanics of back pain, 2nd ed. Edinburgh: Churchill 
Livingstone, 2006.)

EM = F × d = W × D + w × dw
   C = F + (W + w) × cos α

dw

α

D

F
d

W

w

O

HIGH FORCES FROM BACK MUSCLES

Fig. 4.2 During manual handling, a high tensile force (F) must be created by 
the back muscles to generate an extensor moment (EM) large enough to lift 
up an external weight (W) and the weight of the upper body (w). Back muscles 
act on a short internal lever arm (d) compared with the long lever arms (D,  
dW) of the objects being lifted. In practice, the muscle force F is often much 
greater than the weight being lifted, so that the compressive force acting on 
the spine (C) rises to approximately 500 kg when a weight of 20 kg is lifted. 
(Reproduced with permission from Adams MA, Bogduk N, Burton K, Dolan P. The 
biomechanics of back pain, 2nd ed. Edinburgh: Churchill Livingstone, 2006.)
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Measurement of forces
Pressure transducers cannot be used safely when the spine is moved 
rapidly and forcefully. During manual handling, spine compression can 
be quantified from the electromyographic (EMG) signal recorded from 
the skin surface of the back. EMG signals are calibrated against 
moments and forces generated during isometric exertions and then 
used to calculate muscle forces acting on the spine during vigorous 
movements. Peak compressive forces on the lumbar spine vary between 
250 and 500 kg when lifting objects weighing up to 30 kg from the 
floor. Rapid lifts increase peak loading by more than 60% compared 
with slow lifts,9 and forces of this magnitude can cause fatigue (“wear 
and tear”) damage to accumulate in some spines.9 Similar peak forces 
are reported by mathematical models that calculate spinal loading from 
optical measurements of the movements and accelerations of various 
body parts.15

Shear forces and torques have not been measured reliably in vivo, 
but mathematical models show that peak anterior shear forces reach 
150 to 200 kg in the lower lumbar spine when heavy weights are 
lifted.15 Much of this force can be resisted by the back muscles.

Peak bending moments acting on the spine can be estimated by 
measuring the moment required to bend a cadaveric spine to the same 
angle as the spine of a living person. The technique has been used to 
show that bending moments on the lumbar spine rise to 10 to 25 Nm 
during heavy lifting.9 Cadaveric spines can be flexed more than this 
before they are damaged, so, in life, back muscles must normally 
protect the spine from excessive flexion. Protective muscle reflexes 
have been demonstrated in animals and humans, but they can be 
impaired if the spine is flexed repeatedly or for periods of an hour or 
more.16 This could be why activities such as gardening and long-dis-
tance driving are often associated with back pain.

MECHANICAL FUNCTION
Spinal curvature
Cervical lordosis appears when infants first lift their heads up, and 
lumbar lordosis develops when walking begins. Thoracic kyphosis 
appears to be a compensatory mechanism to maintain a level line of 
sight and to increase volume of the thoracic cavity. Spinal curves prob-
ably play a shock-absorbing role during locomotion, because the natural 
tendency for the curves to flatten and accentuate as the body rises and 
falls is resisted by the muscles of the trunk. The tendons of these 
muscles have a great capacity to store strain energy (which is propor-
tional to the tension multiplied by the stretch) so that the tendons of 
paraspinal muscles are able to act like shock absorbers, minimizing 
vertical accelerations of the head.13 A similar mechanism allows the 
quadriceps tendons to absorb strain energy when the knees are flexed 
to soften the landing from a jump.

Spinal movements
Intervertebral movements in living people combine angular rotations 
with small gliding movements (translation) in the plane of the disc. 
Angular rotations involve stretching and compressing the disc anulus 
in such a manner that the center of rotation (the theoretical pivot 
point) moves around within the disc nucleus. The oblique surfaces of 
the apophyseal and uncovertebral joints ensure that certain move-
ments are mechanically coupled: for example, attempted lateral bending 
normally creates a small axial rotation as well. The cervical spine is 
the most mobile region, because cervical intervertebral discs are rela-
tively thick compared with the height of adjacent vertebral bodies. 
Conversely, the thoracic spine is the least mobile because its discs are 
narrow and because movements are inhibited by ribs and dipping 
spinous processes. Mobility of the lumbar spine declines by approxi-
mately 50% between the ages of 16 and 85 years.17 This is partly due 
to disc narrowing, which brings the neural arches of adjacent vertebrae 
closer together and causes the center of rotation for flexion and exten-
sion to migrate posteriorly toward the apophyseal joints.

Intervertebral disc mechanics
The central region of an intervertebral disc, the nucleus pulposus, has 
such a high water content that it normally behaves like a pressurized 

Intra-abdominal pressure
People struggling to lift a heavy weight usually hold their breath and 
go red in the face, indicating a common but often unwitting strategy 
to stabilize the spine and protect it from high forces. Contracting trunk 
muscles generates a high pressure in the abdominal cavity, which can 
then transmit a compressive force directly from the thoracic spine and 
ribs to the pelvis, bypassing the lumbar spine. The mechanism is 
undoubtedly of benefit but is difficult to quantify because tension in 
some abdominal muscles acts to compress the spine further. However, 
raising the intra-abdominal pressure appears to be most beneficial 
when the spine is flexed, when a thick belt is worn to provide lateral 
support to the abdomen,11 and when the pressure is raised primarily 
by contraction of transversus abdominis (which does not compress the 
spine).

Overall compressive loading of the spine
The total compressive force acting on the spine of a living volunteer 
can be measured by inserting a pressure-sensitive needle into an inter-
vertebral disc. Hydrostatic pressure measured in the disc nucleus can 
then be converted to compressive force by multiplying by disc area, or 
by calibrating the transducer in cadaveric spines. The average compres-
sive force on the L4-5 disc of healthy subjects (average body weight, 
73 kg) ranges from 14 kg when lying prone to over 200 kg in the 
stooped standing position, as shown in Figure 4.3.12 Evidently, muscle 
tension can greatly exceed the weight of the upper body. Relaxed sitting 
increases spinal compression compared with standing because sitting 
flexes the lower lumbar spine, generating additional tension in the 
posterior ligaments, whereas a lordotic standing posture causes some 
of the compressive force to be resisted by the neural arch.13

Diurnal variation
There is an interesting diurnal variation in the forces acting on the 
spine. In the early morning, discs are swollen with water, so the anulus 
and intervertebral ligaments resist bending strongly and are most vul-
nerable to injury. As the day progresses, discs lose 20% of their water 
and height, so the spine becomes more supple. However, the neural 
arches then resist more of the compressive force on the spine.13 These 
diurnal changes explain why backache often increases after several 
hours of standing and why recurrent back pain can be reduced by 
avoiding flexion movements during the early morning.14

2500
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TOTAL COMPRESSIVE FORCE ON THE LUMBAR SPINE

Fig. 4.3 The compressive force acting on the lumbar spine increases to 2000 N 
(approximately 200 kg) in stooped standing postures. Forces were calculated 
from pressure in the L4-5 intervertebral disc nucleus, measured in vivo by a 
miniature pressure transducer. “Angle of motion segment” refers to the relative 
orientation of the upper and lower endplates of the L4-5 disc. (Reproduced 
with permission from Sato K, Kikuchi S, Yonezawa T. In vivo intradiscal pressure 
measurement in healthy individuals and in patients with ongoing back problems. 
Spine 1999;24:2468-2474.)
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joints or the spinous processes, depending on individual variations in 
anatomy. The disc and anterior longitudinal ligament also resist back-
ward bending.

Lateral bending has not been studied in detail, but the shape of most 
discs (wider from side-to-side than front-to-back) suggests that they 
resist lateral bending strongly, together with the apophyseal joint on 
the side that is being compressed. In life, lateral bending is often com-
bined with flexion, when individuals bend awkwardly to pick some-
thing up that is not directly in front of them. Such bending movements 
permit extra stretching of one posterolateral corner of the disc (the 
most usual site of herniation) because the additional component of 
lateral bending is not resisted by the interspinous and supraspinous 
ligaments, which lie on the axis of lateral bending. The protective 
function of these ligaments is therefore diminished.

INJURY
Fracture of the vertebral body
Compressive overload invariably damages the vertebral body before  
the intervertebral disc, even if the inner anulus of the disc is artificially 
weakened.13 In a young or middle-aged person, the vertebral endplate 
is the most common site of injury, because it is fractured  
by high pressure in the nucleus of the adjacent intervertebral disc. 
Cranial endplates are more often injured than caudal because they are 
thinner and supported by less dense trabecular bone.22 If nucleus tissue 
is expressed into the vertebral body (Fig. 4.4b) then it eventually 
becomes surrounded by a calcified layer known as a Schmorl’s node 
(Fig. 4.4a). These vertical disc herniations are best detected by MRI 
and are twice as common in patients with back pain.23 Multiple nodes 
at adjacent spinal levels are not uncommon in young people23 and 
suggest that a single compressive overload event can damage several 
vertebrae at the same time. Compressive overload injuries to the end-
plate and underlying trabeculae must be common in life, because 
damaged trabeculae (some with a healing microcallus) are found in 
most old cadaveric spines.24

Spondylolysis and spondylolisthesis
Spondylolysis represents a fracture of the pars interarticularis and 
occurs either unilaterally or bilaterally in the lower lumbar spine. It 
can be reproduced in cadaveric spines by applying a horizontal force of 
200 kg to the inferior articular processes so that the neural arch bends 
backward relative to the rest of the vertebra. In a living person, the 
injury could be caused by hyperextension of the spine, as in gymnas-
tics. On the other hand, spinal flexion in vitro causes the neural arch 
to be pulled forward and downward by tension in ligaments and 
muscles. Alternating movements in extension and flexion therefore 
have the potential to bend the neural arch backward and then forward,25 
creating stress reversals in the pars interarticularis that create severe 
problems for bone metabolism. This probably explains why spondy-
lolysis is particularly associated with sports such as cricket (fast 
bowling) and gymnastics, which involve extreme flexion and extension. 
Adolescents and young adults are affected the most, because reduced 
mineralization in their vertebrae allows much greater angular move-
ments at the pars.25 The L5 disc is affected most because it marks the 
junction between the mobile spine and relatively immobile sacrum and 
because it often lies at a steep angle to the horizontal (see Fig. 4.1) so 
that gravity contributes to the forward shearing force.

Spondylolisthesis is a forward slip of a vertebra. It often follows 
bilateral spondylolysis in adolescents, but not invariably, suggesting 
that strong back muscles can keep vertebrae in place.

Apophyseal joint injury
These small joints are most likely to be injured by excessive shear or 
torsional loading. They are particularly vulnerable to torsion, which 
concentrates compressive loading on only one of the two joints, so that 
damage occurs at a torque of 10 to 30 Nm.13 The inferior and superior 
margins of the articular surfaces are most frequently affected by carti-
lage loss and by osteophytes,26 suggesting that damage also occurs 
when the spine is heavily loaded in flexion and extension, especially 
when disc height has been reduced. Hyperextension of the spine can 

fluid, spreading a compressive load evenly on the adjacent vertebral 
bodies18 even when the vertebrae are angled in flexion or extension. 
The layers (lamellae) of the anulus fibrosus act in tension to retain this 
pressurized nucleus, but the adult human anulus is sufficiently fibrous 
to resist direct compressive loading as well. The internal mechanical 
functioning of loaded cadaveric lumbar discs has been investigated by 
pulling a needle-mounted pressure transducer along their midsagittal 
diameter: resulting “pressure profiles” are shown in Figure 4.5. The 
size of the fluid-like region, and the pressure within it, both decrease 
with age, whereas the direct compressive stress resisted by the anulus 
increases.18 Cervical discs are more fibrous than lumbar discs and have 
a thinner posterior annulus, but they behave in essentially the same 
way.19

Resistance to compression
Compressive loading of the spine is mostly resisted by the discs and 
vertebral bodies. As the compressive force increases, the disc anulus 
bulges radially outward and the vertebral endplates bulge vertically into 
the vertebral bodies.20 Energy (“shock”) absorption by a deformed object 
is proportional to height change, so the relatively high stiffness of 
intervertebral discs and vertebral endplates (compared with tendons, 
for example) ensures that they are not good shock absorbers. A small 
proportion of the compressive force is resisted by the neural arch, rising 
to 20% after sustained loading of the disc and when the spine is bent 
backward slightly to simulate the upright standing posture.

Resistance to shear
Apophyseal joints resist any forward shearing movements of adjacent 
vertebrae, with the more frontal plane orientation of the lower lumbar 
joints making them particularly well suited to prevent any forward slip 
of the overlying vertebra. If the apophyseal joints are removed, or 
damaged, the intervertebral disc can resist high shearing forces in any 
direction.

Resistance to torsion
Similarly, the articular surfaces of the apophyseal joints are well ori-
entated to resist axial rotation of the lumbar spine. In the lumbar spine, 
only 1 to 2 degrees of rotation is permitted before the articular surfaces 
make firm contact, but considerably more movement is allowed in the 
thoracic and cervical spine. Stretching of the apophyseal joint capsule 
and ligaments on the tension side, and deformation of the disc annulus, 
also contribute substantially to the spine’s resistance to torsion. Loss 
of apophyseal joint articular cartilage after osteoarthritis can allow 
more free play in these joints and an increased range of axial rotation. 
The unique shape of the first two cervical vertebrae allows a much 
greater range of axial rotation.

Resistance to bending
Intervertebral ligaments of the neural arch reorientate themselves 
when the spine is initially flexed. They then resist the movement 
strongly, with the interspinous and supraspinous ligaments being the 
first structures damaged in hyperflexion. The strong capsular ligaments 
of the apophyseal joints resist flexion the most, followed by the disc. 
The ligamentum flavum has such a high content of elastin that it can 
be stretched by up to 100% in full flexion, even though it is the only 
intervertebral ligament to be pre-stressed in the upright “neutral” posi-
tion. It appears to have a specialist role of protecting the adjacent spinal 
cord by providing a constant smooth posterior lining to the vertebral 
canal, a lining that does not overstretch in hyperflexion or become 
slack (and buckle) in extension. The posterior longitudinal ligament is 
much weaker than the posterior anulus to which it adheres and so does 
not protect it from hyperflexion. However, this weak ligament is able 
to deflect herniated nucleus pulposus tissue away from the spinal 
cord.21 A plexus of the mixed (autonomic/sympathetic) sinuvertebral 
nerve lies in the posterior longitudinal ligament, suggesting that its 
primary function may be to serve as a “nerve net” that detects abnor-
malities in the underlying disc.

Backward bending (spinal extension) is resisted by the bony surfaces 
of the neural arch, with most resistance coming from either the facet 
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Internal disc disruption
This is more common than disc prolapse and involves internal disrup-
tion of the lamellar structure of the anulus. The anulus may develop 
circumferential or radial fissures (see Fig. 4.4c) or collapse into the 
nucleus cavity (see Fig. 4.4b). Internal disruption can be caused in vitro 
by traumatic or repetitive loading involving bending and compres-
sion.21 The simplest method is to damage the vertebral body endplate, 
which is the “weakest link” in the adult spine. Endplate damage allows 
the pressurized nucleus to expand, reducing pressure within it and 
allowing inward collapse of the inner anulus (see Fig. 4.4b). The mech-
anism has been demonstrated in cadavers and animals.29 Internal disc 
disruption generates high stress concentrations in the anulus (Fig. 4.5) 
and sometimes allows nucleus pulposus to reach and sensitize nerves 
in the peripheral anulus. There is growing evidence that internal dis-
ruption plays an important role in discogenic back pain, comparable 
to the role of disc herniation in sciatica.

Ligament injuries
Excessive flexion tears the interspinous and supraspinous ligaments, 
followed by the capsular ligaments of the apophyseal joints. Extreme 
hyperflexion is required to tear the posterior wall of the disc or the liga-
mentum flavum. The strength of the spine in bending depends on the 
spinal level. In cadaveric experiments on lumbar spines, approximately 
60 Nm is sufficient to reach the elastic limit in flexion and 35 Nm is 
noted in extension.13 Equivalent values for the cervical spine are 7 Nm 
and 8 Nm, respectively.30 The elastic limit probably marks the end of 
the physiologic range of motion, at which a clinically relevant injury 
would be sustained in life. Little is known about injuries to the ilio-
lumbar ligaments or their role in back pain.

Whiplash
The essential feature of whiplash is a painful bending injury to the 
neck that is caused by a low-velocity insult, such as a car “shunt.” Low 
velocity can be misleading, however, because it does not mean that low 
forces are involved. Laboratory simulations on cadavers31 and live vol-
unteers32 show that a rear impact thrusts the shoulders forward relative 
to the head, so that the neck is initially distorted into an “S” shape 
involving hyperextension of lower cervical levels and variable flexion 
and extension of upper cervical levels (Fig. 4.6). This initial distortion 
is followed by general hyperextension. Finally, depending on the nature 
of impact and the presence or absence of a headrest, the neck can be 
thrown into hyperflexion. The key feature of whiplash is that signifi-
cant movements occur in less than 50 ms, before the neck muscles 
can resist them. Consequently the head, which weighs approximately 
5 kg, is thrown around relative to the slender neck, rather like a 
“balloon on a stick.” The cervical spine has approximately 45% of the 
compressive strength of the lumbar spine but only 20% of its strength 
in bending,30 suggesting that the neck is particularly vulnerable to 
bending injury.

The frequent involvement of both flexion and extension ensures 
that practically any structure in or around the cervical spine can be 
injured during whiplash.33 The site of injury would move away from 
the sagittal midline (perhaps to an apophyseal joint) if the victim was 
turning his or her head around at the time of impact. Any prior warning 
(e.g., the sound of braking) would allow the victim to contract the neck 
muscles in alarm, causing a higher proportion of compression to 
bending to act on the cervical spine and possibly increasing the risk of 
injury to muscles and intervertebral discs. As with any other human 
behavior, the reporting of persisting symptoms after whiplash is subject 
to a variety of psychosocial influences.

MECHANICAL INFLUENCES IN DISC 
DEGENERATION AND PROLAPSE
Middle-aged discs are vulnerable to injury
Loss of proteoglycans and water from the aging disc is mostly confined 
to the nucleus, where it leads to a smaller hydrostatic region (see Fig. 
4.5a) that exhibits a lower pressure within it. Consequently, 

cause the inferior articular processes to stretch and probably damage 
the apophyseal joint capsules.25

Disc herniation
Cadaveric experiments have shown that apparently normal discs can 
be made to prolapse posteriorly by loading them simultaneously in 
bending and compression.21 A single application of severe loading can 
cause an extrusion of nucleus pulposus (see Fig. 4.4c), and discs most 
readily affected are lower lumbar discs aged 30 to 50 years. In these 
experiments, either the bending or compression had to exceed normal 
limits, but not both. More moderate but repetitive loading of discs aged 
20 to 40 years creates radial fissures that allow nucleus material to 
migrate posteriorly but without permitting bulk extrusion of nucleus 
from the disc space.13 The underlying mechanism, which is supported 
by mathematical models,27 is that spinal bending stretches and thins 
the opposite wall of the anulus, so that the anulus rather than the 
vertebral endplate fails when compressive loading increases nucleus 
pressure. Herniated nucleus material swells by 200% to 300% in just 
a few hours, before shrinking again over several days as it loses pro-
teoglycans.13 This transient phenomenon could explain why back pain 
and sciatica sometimes develop gradually after a back injury. If a radi-
opaque gel is injected at high pressure into the nucleus of a (bovine) 
disc, the gel is able to insinuate itself into and between the lamellae 
of the anulus, eventually reaching the disc periphery.28 This raises 
the possibility that compressive loading alone might create a radial 
fissure in a human disc, but over a time scale of weeks or years rather 
than hours.

ca

b

*

*

Fig. 4.4 (a) Radiograph of a midsagittal section of a lumbar vertebra (anterior 
on the left). Note the large Schmorl’s node extending from the center of the 
upper endplate (arrow) and the large osteophytes on the anterior vertebral 
margins. (b) Midsagittal section through a lumbar disc and vertebrae showing 
a vertical herniation of nucleus pulposus (arrow) resulting from compressive 
overload in vitro. In life, calcification around the herniation would create a 
Schmorl’s node. Note the inward collapse of the inner anulus (*). (c) 
Compressive and bending overload in vitro can cause some nucleus pulposus 
(arrow) to herniate through a radial fissure in the posterior anulus (*). (Adapted 
from Adams MA, Bogduk N, Burton K, Dolan P. The biomechanics of back pain, 2nd 
ed. Edinburgh: Churchill Livingstone, 2006.)
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defects in the anulus ensures that its strength does not increase with 
stiffness; in fact, strength can fall slightly.6 Vertebral endplates and 
their supporting trabeculae also weaken with age, in common with 
most bone structures, and endplates develop an increasing concavity on 
the disc side. This further reduces nucleus pressure and concentrates 
stress in the anulus. Hence, increasing stress concentrations, increas-
ing stiffness, and accumulating structural defects make middle-aged 
discs vulnerable to injury. Injury risk appears to decrease in old age, 
probably because older people are less active and because sarcopenia 
reduces the peak forces that can be generated by aging back muscles.35

As described earlier, repetitive loading and/or trauma can create 
radial fissures in the anulus and allow disc herniation. Alternatively, 
primary endplate damage leads to nucleus decompression and internal 
collapse of the anulus. Either way, the anulus loses height and the disc 
bulges radially like a “flat tire.”20 Cadaveric experiments suggest that 
endplate fracture occurs more readily and has a more immediate effect 
on stresses within the disc than anulus injury.36 The distribution of 
compressive stress (force per unit area) often becomes highly irregular, 
as shown in Figure 4.5b.

Injury and frustrated healing
Cells within injured discs must respond to their altered mechanical 
environment. In vitro, nucleus and inner anulus cells (which resemble 
chondrocytes) respond to hydrostatic pressure: they synthesize more 
matrix in response to moderate and fluctuating pressures and synthe-
size less matrix when pressures are very high, very low, or static.37 
Outer anulus cells resemble fibroblasts and probably respond to tension 
rather than to hydrostatic pressure, because they do not normally 
experience the latter. Applying these principles to human discs in vivo 

compressive load-bearing is resisted increasingly by the anulus and 
high concentrations of compressive stress can develop within it, par-
ticularly posterior to the nucleus.18 Ageing anulus tissue is probably 
stiffened by increased collagen crosslinking, especially the nonenzy-
matic glycation reactions that are known to stiffen articular cartilage 
and render it more vulnerable to injury.34 The accumulation of small 
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NONDEGENERATED vs. DEGENERATED HUMAN INTERVERTEBRAL DISC

Fig. 4.5 (a) The photograph shows a mature non-degenerated human intervertebral disc cut through in the midsagittal plane. The graph below it 
shows how the horizontal and vertical components of compressive stress vary within such a disc. There is a central region of hydrostatic pressure (the 
“functional nucleus”) and a small concentration of compressive stress in the posterior anulus. (b) Internal disruption of the anulus lamellae, and the 
damaged endplate, indicate that this young adult disc is degenerated. Stress distributions in such a disc show a decompressed nucleus and high stress 
concentrations (arrows) in the anulus. The generally low disc stresses suggest that some compression has been transferred to the neural arch. 
Approximately 1 MPa = 10 kg/cm2. (Adapted from Adams MA, Bogduk N, Burton K, Dolan P. The biomechanics of back pain, 2nd ed. Edinburgh: Churchill 
Livingstone, 2006.)

0 50 ms 100 ms

STAGES OF REAR-IMPACT WHIPLASH

Fig. 4.6 During a rear-impact whiplash injury, the neck adopts an S-shaped 
deformity after only 50 ms before it can be protected by muscle action. 
Subsequently, the neck is thrown into hyperextension and possibly also into 
hyperflexion. (Reproduced with permission from Adams MA, Bogduk N, Burton K, 
Dolan P. The biomechanics of back pain, 2nd ed. Edinburgh: Churchill Livingstone, 
2006.)
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osteophytes reduce the abnormal movements that caused them to  
form in the first place, they can be viewed as adaptive rather than 
degenerative.

Apophyseal joint osteoarthritis
Height loss by the anulus of a degenerated disc brings adjacent neural 
arches closer together so that they resist up to 90% of the compressive 
force acting on the lumbar spine rather than the normal 0% to 20%.45 
Compressive load-bearing creates high concentrations of compressive 
stress in the inferior margins of the joint, especially in habitual lordotic 
(upright) postures. In addition, direct bone-on-bone contact between 
inferior articular processes and the laminae below can lead to gross 
bone remodeling, including osteophytes. A close relationship has been 
noted in cadaveric apophyseal joints between high load-bearing and 
osteoarthritic changes, including cartilage loss, bone eburnation, and 
sclerosis.46 Imaging studies in vivo have long suggested such a 
relationship.

Spinal stenosis
The height of the intervertebral foramen is decreased by narrowing of 
the anulus fibrosus. Its anteroposterior diameter is also decreased as a 
result of disc radial bulging and by apophyseal joint osteophytosis. 
These changes can combine to cause a severe reduction in the cross-
sectional area of the foramen, trapping the exiting nerve root. The 
consequences of spinal stenosis are usually most severe at L5-S1, 
which has a particularly small foramen.

Degenerative scoliosis
The two apophyseal joints at each spinal level often show pronounced 
asymmetries, a condition known as tropism. If the affected joints 
become heavily load bearing as a result of disc narrowing (see earlier), 
then their oblique articular surfaces will create an unbalanced torque 
about the long axis of the spine, leading to axial rotation. Axial rotation 
is mechanically “coupled” to lateral bending and can be coupled to 
flexion and extension, so a “triplanar” spinal deformity can develop 
that involves permanent twisting, lateral bending, and flexion of the 
thoracolumbar spine. This is a plausible explanation for degenerative 
scoliosis, but the mechanism is not proved.

suggests that reduced nucleus pressure after injury (see Fig. 4.5b) would 
inhibit proteoglycan synthesis and lead to steadily lower water content 
and pressure. This is the reverse of what is required to re-inflate the 
injured disc. Likewise, high stress concentrations in the injured anulus 
would inhibit collagen synthesis and repair and also increase the activa-
tion of matrix-degrading enzymes.37 This then provides a mechanism 
for progressive disc degeneration: injury affects the mechanical envi-
ronment of disc cells in such a manner that their metabolism becomes 
aberrant, leading to further weakening of the matrix and re-injury. By 
responding to their local mechanical environment, rather than to the 
mechanical requirements of the whole disc, cells initiate a degenerative 
process that resembles frustrated healing rather than a reparative 
process.38

High hydrostatic pressures within a disc would collapse blood 
vessels, so that discs become avascular at about the time that a child 
learns to stand upright. However, the loss of pressure in an injured or 
decompressed disc would allow blood vessels, and therefore nerves, to 
grow back in again, and this has been reported in severely degenerated 
discs.39 Ingrowth is also promoted by proteoglycan loss40 and by some 
disc cells.41 In this way, mechanical factors contribute to discogenic 
pain as well as to a pathologic process.

Prolapse
As degeneration progresses, radial fissures grow toward the disc periph-
ery, driven by the high gradients in compressive stress (see Fig. 4.5b), 
whereas increased bulging of a damaged anulus or endplate steadily 
reduces disc height, by approximately 3% per year.42 Herniation can 
occur at any point as a result of injury (see Fig. 4.4c), and the fact that 
prior degeneration is not a requirement for prolapse is an important 
medicolegal consideration.

SPINAL DEGENERATIVE CASCADE
Intervertebral discs play such an important role in spine mechanics 
that disc failure initiates a whole cascade of adverse changes in adjacent 
structures. This cascade initially leads to adverse mechanical influ-
ences but ultimately can lead to a series of pathologic structural 
changes.

Segmental instability
Loss of nucleus pressure and volume removes tension from the sur-
rounding anulus, and loss of disc height creates slack in intervertebral 
ligaments. These mechanical changes are sufficient to create “instabil-
ity” in the motion segment, manifested by a reduced resistance to 
bending and an increase in horizontal shearing movements.43 In effect, 
the segment “wobbles” and has an increased region of free play (or 
“neutral zone”). The situation is considerably more serious if the end-
plate becomes damaged, because that causes an immediate and gross 
decompression of the nucleus21 as shown in Figure 4.5b. Segmental 
instability is recognized by many manual therapists, and is associated 
with back pain. Pain could arise from the stress concentrations in the 
anulus (and apophyseal joints) that accompany nucleus decompres-
sion, rather than from the small movements themselves. Instability 
should not be confused with hypermobility, which indicates an 
increased range of movement. Hypermobility can be a systemic condi-
tion affecting many joints, or it can arise from injury to a restraining 
ligament.

Vertebral body osteophytes
Spinal instability is generally regarded as a transient phenomenon, 
because it can be corrected by the growth of osteophytes on the margins 
of the vertebral bodies (see Fig. 4.4a), adjacent to the “wobbling” disc. 
Animal experiments have shown that anulus injuries lead to osteo-
phyte growth,44 presumably because the increased radial bulging and 
shearing movements of the destabilized anulus pull on the periosteum. 
The primary mechanical effect of vertebral body osteophytes is to 
increase the disc’s resistance to bending. Osteophytes also increase the 
disc’s resistance to compression by increasing the effective cross- 
sectional area of the disc, but this is usually a minor effect. Because 

Erect posture

10% 26% 63%

ABNORMAL LOAD-SHARING IN A DEGENERATED SPINE

Fig. 4.7 (Left) The three percentages show how an applied compressive force 
is distributed between the anterior half of the vertebral body and disc, the 
posterior half of the vertebral body and disc, and the neural arch. (Average 
data for cadaveric specimens with severely degenerated discs, tested in the 
simulated erect standing posture.) (Right) Plain radiograph of such a specimen, 
showing how image intensity (which reflects bone mineral density) is very low 
anteriorly and very high in the apophyseal joints. (Image and data adapted 
from Adams MA, Pollintine P, Tobias JH, et al. Intervertebral disc degeneration can 
predispose to anterior vertebral fractures in the thoracolumbar spine. J Bone Miner 
Res 2006;21:1409-1416.)
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and when the spine is flexed or extended. If BMD becomes low, nucleus 
pressure can drive the central region of the adjacent vertebral endplates 
outward, creating “biconcave” deformities in the vertebrae. Degener-
ated discs, on the other hand concentrate compressive stress on the 
anterior and posterior vertebral body margins (see Fig. 4.5b) in flexion 
and extension, respectively. If the disc is grossly narrowed, the neural 
arch resists much of the compressive load on its own, especially in 
lordotic (upright) postures.45 These factors combine to stress-shield the 
anterior vertebral body in upright posture, causing it to lose BMD (Fig. 
4.7). Unfortunately, flexion movements disengage the neural arches 
and transfer high compressive stress onto the weakened anterior ver-
tebral body,49 creating anterior wedge deformities. The third type of 
vertebral deformity, “crush fracture,” probably results from high com-
pressive impacts when the discs are degenerated. Once one vertebra is 
damaged, it alters load sharing in the spine in such a manner that it 
increases the risk of fracture of neighboring vertebrae, in what has been 
termed a fracture cascade.50

MECHANICAL INFLUENCES IN  
VERTEBRAL OSTEOPOROSIS
Reduced mechanical loading weakens vertebrae
When a vertebral body is loaded naturally by adjacent intervertebral 
discs, its compressive strength is closely related to bone mineral density 
(BMD) and size.47 Old vertebrae lose BMD and strength, partly as a 
result of hormonal changes and partly because muscle strength 
decreases with age (sarcopenia) and so provides a reducing mechanical 
stimulus to maintain bone mass.48 Hormone levels and muscle strength 
are themselves influenced by genetic inheritance, as well as by age and 
environmental factors. A recent epidemiologic study has shown good 
correspondence between estimates of habitual mechanical loading and 
vertebral BMD.3

Osteoporotic vertebral deformities
The central region of non-degenerated intervertebral discs presses 
evenly on adjacent vertebral bodies, even in middle age (see Fig. 4.5a) 
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An example of a static force analysis is performed for the shoulder 
joint. Although this analysis is performed in 2-D for ease of analysis, 
important generalized biomechanical characteristics of whole joints are 
evident  from the results. The goal of this analysis  is to calculate the 
static in vivo muscular forces and contact force between the proximal 
humerus  and  the  glenoid  fossa  of  the  shoulder  joint.  We  examine  a 
shoulder at 90 degrees of abduction with a ball held in the hand. An 
overall picture of our static analysis is shown in Figure 5.1a.

To perform a  force  analysis  (static  or dynamic),  it  is necessary  to 
construct a free-body diagram, which displays all forces and moments 
acting on a body or body segment of interest. A free-body diagram of 
a simplified shoulder joint is shown in Fig. 5.1b. For ease of analysis, 
the radius, ulna, and humerus have been combined into a single bone 
segment  to  represent  the  arm,  forearm,  and  hand.  All  forces  and 
moments acting on the selected body segment must be included in the 
free-body  diagram.  Forces  included  in  the  free-body  diagram  may  be 
separated into four classes:

1.  contact force from the humerus acting on the glenoid fossa
2.  muscle forces  from muscle groups that flex, extend, and rotate 

the  shoulder  joint;  only  the  deltoid  muscle  is  modeled  in  this 
analysis

3.  intrinsic weight of the arm
4.  external forces such as the weight of the ball in the hand

It  is  also  important  to  record  the  lines  of  action  of  the  forces  
and  moments  in  the  free-body  diagram.  The  point  of  application,  
direction  (orientation),  and  magnitude  of  each  force  are  included  in  
the  free-body  diagram.  The  contact  force  is  placed  at  the  proximal  
end of the humerus; however, its direction (θJ) and magnitude (FJ) are 
unknown.

The  muscle  force  of  the  deltoid  muscle  is  placed  at  its  point  of 
attachment to the humerus at a distance “a” from the glenohumeral 
joint center. The magnitude of the muscle force (FM) is unknown. Lines 
of  action  of  muscle  forces  (θM)  are  often  assumed  on  the  basis  of 
detailed anatomic dissections of joints, which examine points of origin 
and insertion of muscle groups that cross the joint. The force represent-
ing the weight of the arm (WA) is assumed to be known and is placed 
at the center of mass of the arm at a distance “b” from the joint center. 
The  force representing the arm weight  is directed  in the direction of 
gravity. The same is true for the ball of known weight held in the hand 
(WB and distance “c”). The unknown variables in this problem are the 
magnitude of the contact force (FJ),  the direction of the contact force 
(θJ), and the magnitude of  the muscle  force  (FM). These variables are 
calculated using static force analysis.

A body is considered to be in static equilibrium when all forces and 
all moments acting on the body sum to zero. The summation of forces 
and moments may  be  performed  around  any  point  on  the  free-body 
diagram. For this 2-D model,  the static equilibrium vector equations 
may be written in terms of their individual x, y, and z components:

F Fx Y∑ ∑= =0 0,

and

Mz∑ = 0

When  the  force  equilibrium  equations  are  applied  to  the  free-body 
diagram in Fig. 5.1b, we obtain:

F F Fx J J M M∑ = → ⋅ ( ) = ⋅ ( )0 cos cosθ θ

F F F W Wx J J M M A B∑ = → ⋅ ( ) = ⋅ ( ) − −0 sin sinθ θ

Biomechanics of peripheral joints
Matthew F. Koff

 A static force analysis of a joint can be performed easily and 
displays important biomechanical characteristics of the joint.

 Diarthrodial joints in the body act as levers with poor mechanical 
advantage.

 Joint lubrication is a combination of boundary lubrication, 
hydrodynamic lubrication, and boundary film lubrication.

 The characteristic stress–strain curve of collagenous tissues, such as 
tendon and ligament is an initial toe region, followed by a steep 
linear region prior to eventual failure.

 Many tissues in the body are viscoelastic and exhibit anisotropic 
behavior.

 The response of a tissue to an applied load or deformation 
depends on the tissue’s structural composition and fluid content.

INTRODUCTION
Biomedical  engineering  is  a  large  field  of  study  that  applies  general 
principles from different engineering backgrounds to the study of the 
human body. Biomechanics is the application of mechanical engineer-
ing principles to living organisms. Biomechanics of organisms can be 
examined at different levels: cellular level (e.g., response of cells to an 
externally applied force or deformation), tissue level (e.g., strain of the 
anterior  cruciate  ligament during normal  gait),  and whole-joint  level 
(e.g., joint contact forces during activities of daily living).

Engineering principles may be used to understand the etiology and 
progression  of  many  rheumatic  diseases.  A  basic  understanding  of 
these principles  is beneficial  for clinicians and medical professionals. 
This  chapter  presents  a  rudimentary  background  of  engineering 
mechanics  pertaining  to  whole-joint  and  tissue  mechanics  in  the 
human body.

BIOMECHANICS OF WHOLE JOINTS
The effects of  a  rheumatic disease are often seen at  the microscopic 
level,  but  the  symptoms  of  the  disease  are  commonly  found  at  the 
whole-joint level. For example, not only does osteoarthritis cause the 
formation of clefts, fissures, and blisters in articular cartilage, but it also 
produces symptoms including joint pain, stiffness, and reduced range of 
motion. Examining the transmission of  forces through a diarthrodial 
joint is one way of determining the changing functional capabilities of 
the joint during the onset and progression of a rheumatic disease.

Statics and dynamics
Whole-joint  force  analyses  are  commonly  performed  to  determine  
the forces that a diarthrodial joint may experience during activities of 
daily living. A static analysis of a body or body segment examines the 
forces and moments (torques) acting on a body at rest. An example of 
this is the evaluation of forces in the knee during standing, or contact 
pressures in the thumb when grasping a key. In vector notation, this 
is written  as:  Σ

�
F = 0,  Σ

�
M = 0  where 

�
F   are  the  forces  acting  on  the 

body and 
�

M  are the moments (torques) acting on the body. A dynamic 
analysis of a body examines the forces and moments acting on a body 
in  motion.  A  dynamic  analysis  includes  descriptions  of  the  inertial 
properties of the body being analyzed. In vector notation, this is written 
as  Σ

� �
F ma=  and ΣM = Iα, where 

�
a  and α are the linear and angular 

accelerations, respectively, of the body, m is the mass of the body, and 
I represents the inertial properties (mass distribution) of the body.
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equations available for use prevented the inclusion of additional muscle 
or ligamentous forces. That is, for a two-dimensional problem we could 
only use two force equations (ΣFx = 0, ΣFy = 0) and one moment equa-
tion (ΣMz = 0) to solve the unknown variables. Stated differently, only 
three unknown variables may be determined in a 2-D analysis. If the 
analysis  were  performed  in  3-D,  it  would  be  possible  to  solve  nine 
unknown variables. Owing to complex human anatomy and numerous 
muscle forces, we often have a greater number of unknown variables 
to solve than we have equations to use in the analysis. This results in 
an indeterminate problem.

Several computational methods have been developed to increase the 
number of variables that may be solved. One method is the exclusion 
of  selected  forces.  For  example,  in  the  previous  analysis,  the  teres 
minor muscle, an adducting muscle of the shoulder, was excluded since 
the shoulder was  in pure abduction. It may be reasonable to assume 
that the force contribution of teres minor to producing shoulder abduc-
tion is minimal and may be excluded from the force analysis. A second 
way  to  reduce  the  number  of  unknown  forces  is  to  assume  a  force 
relationship between the different muscle units. For example, only the 
deltoid muscle was included in the above analysis. The supraspinatus 
is also active during shoulder abduction, but it was excluded to limit 
the number of unknown variables. We may have assumed a relation-
ship between the deltoid and supraspinatus, such as F2 = A • F1, where 
F2  is the muscle  force of the supraspinatus, F1  is the muscle  force of 
the  deltoid,  and  A  is  a  constant.  The  relationship  between  different 
muscular  units  not  included  in  the  analysis  may  be  formatted  in  a 
linear or nonlinear manner.

A third method to decrease the number of unknown variables would 
be  to  incorporate  direct  muscle  electromyography  (EMG)  measure-
ments into the analysis. Some assumptions would be needed to convert 
EMG  measurements  to  force  output  but  would  allow  additional 
unknown variables  in  the  analysis. A  fourth method  to  increase  the 
number of unknown variables is to use numerical optimization. Opti-
mization is performed by minimizing a mathematical function which 
is defined as the “cost” of performing an activity of daily living. Various 
cost functions that have been used include minimization of muscular 
forces; minimization of muscle stress, as calculated by the muscle force 
divided by physiologic cross-sectional area of the muscle; and minimi-
zation of muscle energy. These cost functions have been successful in 
evaluating muscle forces during various activities of daily living. More 
advanced methods of optimization have incorporated muscle architec-
ture  to  accurately  predict  muscular  forces  during  activities  of  daily 
living.

Joint lubrication
The human  joints  are  exposed  to  a  great  variation of  loading  condi-
tions.  There  can  be  high-impact,  short-duration  loads  such  as  in 
running; moderately low loads with a prolonged loading time such as 
in  standing;  and  low  loads with  rapid motion  in  the  swing phase of 
walking.  Over  a  lifetime  there  is  relatively  little  wear  in  the  joints, 
indicating a highly effective lubricating system.

Two types of lubrication exist: boundary lubrication and fluid film 
lubrication. Boundary lubrication is due to a single layer (monolayer) 
of  lubricant adsorbed on each bearing surface.  In  the case of a  joint, 
boundary  lubrication  is  achieved  by  a  macromolecular  monolayer 
attached  to  each  articular  surface.  These  layers  carry  loads  and  are 
effective in reducing friction. Fluid film lubrication is due to a thin film 
of  lubricant  and  produces  a  greater  bearing-surface  separation.  The 
pressure developed in the lubricating fluid carries the loads applied to 
the joint (Fig. 5.2).

In engineering materials such as steel and bronze, the thickness and 
extent  of  the  fluid  film,  as  well  as  its  load-bearing  capacity,  are  not 
dependent  on  the  bearing  materials.  The  lubricating  characteristics 
depend on the lubricant properties, such as viscosity, and on the shape 
of  the gap between the two bearing surfaces and the relative velocity 
of the surfaces. In a human joint,  the bearing materials, such as the 
articular cartilage, are not rigid and are not as stiff as steel and bronze. 
This results in what is known as elastohydrodynamic lubrication. As 
the  joint surfaces move and pressure  is developed,  the fluid pressure 
deforms  the  surfaces  (Fig.  5.3).  This  changes  the  film  geometry  by 
increasing  the  surface  area,  reducing  escape  of  the  lubricant  from 

In a static analysis, the sum of moments (ΣMz) may be taken at any 
coordinate location. In the current analysis, the sum of moments was 
taken  about  the  point  of  application  of  the  contact  force  on  the 
humerus. The  sum of moments was  taken at  this point  to preclude 
the presence of  the articulating surface contact  force  in  the moment 
equation, yielding:

M F a W b W cz M M A B∑ = → ⋅ ( ) = ⋅ + ⋅ =0 0sin θ

The equations above are then solved using basic algebra and geometric 
identities to obtain the solutions:

F W b W c aM a b M= ⋅ + ⋅( ) ( ) ⋅( )sin θ
θ θ θJ M M A B M MF W W F= ⋅ ( ) − −( ) ⋅ ( )( )−tan sin cos1

FJ = ⋅ ( )( ) + ⋅ ( ) − −( )F F W WM M M M A Bcos sinθ θ2 2

We  now  substitute  values  for  the  known  variables:  a  =  15 cm,  b  = 
30 cm, c = 60 cm, θM = 15 degrees, WA = 40N and WB = 60N, to solve 
for the unknown variables FM, θJ, and FJ. The calculated values are FM 
= 1236.4N, FJ = 1214.3N, and θJ = 10.4 degrees.

This simple analysis shows a characteristic common to diarthrodial 
joints  throughout  the human body: poor mechanical advantage. The 
poor mechanical advantage of the shoulder is shown when the weight 
of the ball in the hand is compared with the muscle force required to 
maintain the ball position. The calculated muscle force is more than 
20  times  the weight  of  the  ball! Altering  two  factors  of  the  analysis 
may  increase  the  mechanical  advantage  of  the  system  by  decreasing 
the muscle force required to hold the ball. First, an increase of θM would 
increase the component of FM that resists the downward force of the 
weight of the arm and the weight of the ball. Another alternative would 
be to increase the moment arm of FM, distance “a,” but this  is often 
not practical. Second, we can flex  the elbow and bring  the weight of 
the arm and the weight of the ball closer to the center of rotation of 
the shoulder. This would change the resulting value from our moment 
equation and  reduce our effective muscle  force and  resulting contact 
force.

A number of limitations to the current static analysis exist due to 
the number of unknown variables. The number of static equilibrium 

ANALYSIS OF FORCES IN THE SHOULDER JOINT 

Deltoid
muscle Radius

Ulna

Weight
in hand

Scapula

θJ θm
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Fig. 5.1 (a) Person holding a ball in the hand at 90 degrees of shoulder 
abduction. Relative positions of bones in arm indicated. (b) Free-body diagram 
of arm in 90 degrees of shoulder abduction (humerus, radius, and ulna 
grouped together for simplification of analysis). FJ, joint contact force; θJ, angle 
of joint contact force; FM, deltoid muscle force; θM, angle of deltoid muscle 
force; WA, weight of arm; WB, weight of ball; a, b, c, distances from the 
glenohumeral joint center to forces acting on the limb.
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BIOMECHANICS OF TISSUES
Understanding how tissues respond to applied loads and deformation 
often provides  insight  into  the progression of  various  rheumatic dis-
eases. When  a  force  is  applied  to  a  tissue,  the  tissue will  deform  in 
response to the applied load. If a displacement is applied to the tissue, 
the  tissue  will  produce  a  resistive  force  as  a  reaction  to  the  applied 
displacement.  Different  loading  modes  exist  throughout  joints  and 
tissues  in  the  body  (Fig.  5.5),  often  in  combination.  The  amount  of 
resulting deformation or reaction force produced by the tissue is directly 
related to the material composition, size, and shape of the tissue.

Structural properties versus material properties
Tissues  can  be  tested  as  isolated  individual  samples  (mechanical 
testing)  or  in  an  entire  structural  complex  (structural  testing).  The 
structural properties of a tissue incorporate not only the material com-
position of the tissue but also its geometric configuration and mech-
anical  environment.1  Output  from  structural  testing  is  shown  as  a 
force-displacement curve. A sample force-displacement curve of a mate-
rial is shown in Figure 5.6. The units of force are expressed in newtons 
(N) or pounds force (lbf) and the units of displacement are typically mil-
limeters (mm). Stiffness is a structural property of a body and is calcu-
lated as the slope of the elastic region of the force-displacement curve.

On the other hand, material properties of a  tissue encompass the 
inherent material  (chemical/physical) composition of  the  tissue  itself 
(e.g.,  contribution  of  collagen  fibrils  in  a  tendon).1  Output  from 
mechanical  testing  is  shown  as  a  stress–strain  curve.  The  units  of 
stress are typically expressed as pascals (Pa, N/m2), while strain has no 
assigned units. The mechanical property of modulus is calculated from 
the  stress–strain  curve.  Stress  and  strain  are  considered  normalized 
values of load and displacement, respectively, on the basis of the geom-
etry of the sample being tested (Fig. 5.7). Stress (σ) is calculated as the 
applied  force  divided  by  the  initial  cross-sectional  area  of  the  tissue 
sample:  σ  =  F/Ao.  Strain  (ε)  is  calculated  as  change  of  length  of  the 
tissue  sample  divided  by  the  initial  length  of  the  sample:  ε  =  ΔL/Lo. 
Stress and strain and force and displacement may be positive or nega-
tive values. Additional information about the tissue may be extracted 
from the stress–strain curve. For example, ductility is a measure of the 
amount of plastic deformation of a sample when it reaches failure, and 
resilience is the ability of a material to absorb energy when deformed 
elastically and to release the energy when unloaded. These mechanical 
properties are shown in Figure 5.8.

Stress and strain
The stress distribution  in a body  is a quantitative description of  the 
distribution  of  external  forces  acting  through  the  body  (Fig.  5.9).  In 

between  the  bearing  surfaces  and  generating  a  longer-lasting  film. 
These factors produce a lower stress within the joint.

In diarthrodial joints, a mixed mode of lubrication occurs, with the 
joint surface loads being sustained by fluid film pressures in areas of 
noncontact and by boundary lubrication in areas of contact (Fig. 5.4). 
In addition, cartilaginous joint surfaces differ from typical engineering 
bearings  in  that  the  cartilage  is  filled  with  fluid  and  is  porous  and 
permeable  so  that  the  surfaces  can  exude  a  lubricating fluid. As  the 
joint  moves  and  the  surfaces  slide,  fluid  is  exuded  in  front  of  and 
beneath the leading half of the load. Once the peak stresses decrease, 
fluid is reabsorbed back into the cartilage and it returns to its original 
dimensions.

The  viscosity  of  a  lubricating  fluid  is  important.  Synovial  fluid 
undergoes large changes in viscosity, with changes in both temperature 
and velocity gradient. For very low velocities, a thinner lubricating film 
is desirable. Being thixotropic, meaning it can become fluid when agi-
tated and then settle when left at rest, synovial fluid can meet these 
requirements.

If  a  joint  effusion  is  present,  the  velocity-dependent  properties  of 
the  synovial  fluid  may  be  lost,  resulting  in  reduced  lubrication  and 
subsequent wear of the joint surfaces.

HYDRODYNAMIC LUBRICATION

Weight

Velocity

Pressure
distribution

Fluid
pressure

Fig. 5.2 Hydrodynamic lubrication. During motion at sufficiently high 
velocities, the weight tilts and forms a wedge shape. Because of the viscous 
properties of the fluid, a pressure will be created within the fluid to support 
the weight.

COMPARISON OF LUBRICATION

Load

Rolling

Load

Squeeze
film

Squeeze
filmRolling

Rigid bearings

Load

Rolling

Load

Squeeze
film

Squeeze
filmRolling

Deformable bearings

3

Pressure 
distribution
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4

Fig. 5.3 Load carrying by lubricated bearing. A comparison of hydrodynamic 
lubrication (1) and squeeze film lubrication (2) of rigid surfaces, and 
elastohydrodynamic lubrication of deformable bearing surfaces under a 
hydrodynamic (sliding) action (3) and a squeeze film action (4). Surface 
deformation of elastohydrodynamically lubricated bearings increases the 
contact area, thus increasing the load-carrying capacity of these bearings.

ARTICULAR CARTILAGE LUBRICATION

Adsorbed
boundary
lubricant

Pressurized
fluid

Macromolecular
monolayer

Cartilage Boundary lubricated
asperity contact

Articular
surface

~0.3 m

Fig. 5.4 Articular cartilage lubrication. Mixed lubrication operates in articular 
cartilage: boundary lubrication in which the fluid film is as thick as the 
roughness of the bearing surfaces, and fluid film lubrication in which surfaces 
are more widely separated.
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VARIOUS LOADING MODES IN TISSUES THROUGHOUT THE BODY

Unloaded Tension Compression Bending Shear Torsion Combined loading

Fig. 5.5 Schematic representation of various loading modes.

Plastic
region

Elastic
region

∆D

∆F

Stiffness

Fracture
point

Yield
point

E

D
C

B

Force

A

FORCE–DISPLACEMENT CURVE

Displacement

Fig. 5.6 Force–displacement curve. This is the curve for a structure composed 
of a pliable material. If a load is applied within the elastic region (A-B) and 
removed, no permanent deformation occurs. If loading continues past the 
yield point (B) and into the plastic region (B-D) and is then released, 
permanent deformation results. The amount of permanent deformation that 
occurs if the structure is loaded to point C in the plastic region and then 
unloaded is represented by the distance between A and E. Structural stiffness 
is calculated as the slope of the linear portion of the elastic region.

is not possible to measure stress within a tissue. The stress in a body 
is  related  to  the  strain  by  the  modulus  of  the  body’s  material.  This 
relationship may be complex and may consist of numerous modulus 
values. The exact number of modulus values depends on the homoge-
neity  and  isotropy  of  the  test  sample.2  If  a  tissue  is  homogeneous, 
the mechanical properties of the tissue do not differ depending on the 
source location of the tested tissue sample. If a tissue is isotropic, the 
mechanical properties of  the  tissue do not change as  the orientation  
of the tissue sample is changed. Most tissues in the body are inhomo-
geneous  and  anisotropic.  Stress–strain  plots  of  tissue  samples  from  
an  inhomogeneous  and  anisotropic  tissue  (cartilage)  are  shown  in  
Figure 5.11.

The  orientation  and  source  location  of  the  tissue  sample  signifi-
cantly influence the stiffness of the tissue. Cartilage samples that are 
aligned with the preferred direction of collagen fibrils are stiffer than 
samples that are oriented perpendicular to the preferred direction. In 
addition,  tissue  samples  from  the  articular  surface  are  stiffer  than 
tissue samples from deep within the tissue. As a separate example, the 
relationship  between  the  compressive  modulus  of  cortical  bone  and  
the angle of the tissue sample relative to the long axis of the bone is 
shown in Figure 5.12. Researchers often assume a tissue to be homo-
geneous and  isotropic. This  results  in only  two variables  required  to 
fully describe the force/displacement response of a tissue to mechanical 
loading. Young’s modulus  (Ey)  and Poisson’s  ratio  (ν).  In one dimen-
sion, Young’s modulus is calculated as the slope of the linear portion 
of  the  stress–strain  curve.  Poisson’s  ratio  relates  the  longitudinal  
elongation  (εy)  of  the  material  to  the  lateral  contraction  (εx)  of  the 
material  (Fig.  5.13).  A  sample  stress–strain  curve  for  a  ligament  is 
shown  in  Figure  5.14.  Furthermore,  unlike  traditional  building 
materials  (e.g.,  steel),  soft  tissues  in  the body have an evident visco-
elastic component.

Viscoelasticity
For a viscoelastic  tissue,  the stress–strain  response depends not only 
on the magnitude of the applied stress or strain, but also on the rate 
of the applied stress or strain. Viscoelastic tissues have three charac-
teristic stress–strain responses: creep, stress–relaxation, and hysteresis. 
Creep  is  the deformational  response of a  tissue sample under a con-
stant load (Fig. 5.15). Stress–relaxation is the stress response of a tissue 
sample  under  a  constant  displacement  (Fig.  5.16).  Hysteresis  is  the 
difference in path between loading and unloading of the tissue sample 
on a stress–strain diagram (Fig. 5.17). These responses can be shown 
diagrammatically  on  a  ligament  sample.  We  assume  a  ligament  has 
been  removed  from  a  joint  as  a  bone-ligament-bone  (BLB)  segment. 
One end of the BLB has been anchored to the testing system through 
a load cell to measure applied force, and the other end of the BLB has 
been attached to the moveable cross-head of the testing system.

three dimensions, six independent stress components are required to 
describe the state of stress at each point in a body. Three of the stress 
components  are  normal  stresses  (tension–compression),  and  three 
stress components are shear stresses.

When an external force acts on the body, the body deforms to resist 
the applied load. This deformation is called strain (Fig. 5.10). In three 
dimensions, six independent strain components are required to describe 
the state of strain at each point in a body. Three of the strain compo-
nents  represent  longitudinal  elongation  or  compression  of  the  body 
along the x, y, and z axes of the local coordinate system. The remaining 
three  strain  components  represent  the  change of  angles between  the 
x-y axes, y-z axes, and z-x axes of  the  local coordinate system of the 
body.

We must assume a stress–strain relationship to calculate the stress 
within a tissue on the basis of experimental strain measurements. It 
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COMPARISON OF FORCE–DISPLACEMENT CURVES WITH STRESS–STRAIN CURVE

Fig. 5.7 Comparison of force–displacement curves 
with stress–strain curve. Different continuous 
structures composed of the same pliable material 
but with different geometries are tested in a, b, and 
c. When individual forces are converted to stress 
and displacements are converted to strains, all 
loading curves are superimposed onto one 
another.

ADDITIONAL MECHANICAL PARAMETERS FROM STRESS-STRAIN CURVE

Stress

Strain

Brittle
material

Ductile
material

Fig. 5.8 Additional mechanical properties from stress–strain diagram. Ductility is 
a measure of the amount of plastic deformation at failure and is shown in this 
figure. Resilience is the ability of a material to absorb energy when deformed 
elastically and to release the energy when unloaded. Resilience is calculated as 
the area under the stress–strain curve line. The presence of shear strain in a 
structure loaded in tension and in compression is indicated by angular 
deformation.

STRESS IN DIFFERENT LOADING MODES

Tensile loading Compressive loading Shear loading

Fig. 5.9 Stress distribution within a material in different loading modes.
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STATE OF STRAIN UNDER TENSION AND COMPRESSION LOADING

Under tensile
loading

Unloaded Under compressive
loading

Fig. 5.10 State of strain under tension and compressive loading. Tension and 
compression strain are indicated by longitudinal elongation or compression of 
the body of the local coordinate system. The presence of shear strain in a 
structure loaded in tension and in compression is indicated by angular 
deformation of the local coordinate system.
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ANISOTROPY AND INHOMOGENEITY OF CARTILAGE
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Fig. 5.11 Anisotropy and inhomogeneity of cartilage. (a) Schematic diagram of 
collagen fiber orientation through the depth of articular cartilage. Superficial 
fibers are tangent to the articular surface. Fibers in the middle zone have no 
preferred orientation. Fibers in the deep zone are oriented radially to the 
subchondral surface. (b) Stress–strain diagram of cartilage testing in tension. 
Tissue sample A is from the same region as tissue sample B but is oriented 90 
degrees to tissue sample B. Tissue sample C is from the same region as tissue 
sample D but is oriented 90 degrees to tissue sample D. Differences in 
stress–strain response indicate the anisotropic and inhomogeneous material 
nature of cartilage.
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ORIENTATION-DEPENDENT MODULUS OF CORTICAL BONE IN COMPRESSION

Fig. 5.12 Orientation-dependent modulus of 
cortical bone in compression. Cortical bone is 
anisotropic. The apparent compressive modulus of 
a cortical bone sample depends on the orientation 
of the sample relative to the longitudinal axis of 
the whole bone. GPa, gigapascal.

In a creep test, an instantaneous step or ramp load is applied to the 
tissue  sample  and held  constant  for  an  extended period of  time  (see 
Fig.  5.15).  This  is  considered  a  load  control  test,  and  the  resulting 
tissue displacement  is measured. The displacement  shows an  initial 
elastic response of the tissue followed by a gradual increase of lengthen-
ing of the tissue. As the test proceeds, fluid is exuded from the tissue, 
and the solid components of the tissue are supporting the applied load. 
A “solid-like” material will be distracted to a point at which the solid 
components  of  the  tissue  will  balance  the  applied  load  and  will  not 
elongate further. The modulus of the tissue is calculated as the stress 
of the tissue divided by the end displacement of the tissue. A “fluid-
like”  material  will  not  be  able  to  balance  the  applied  load  and  will 
continue to elongate.

In a stress-relaxation test, an instantaneous step or ramp displace-
ment is applied to the tissue sample and held constant for an extended 
period of time (see Fig. 5.16). This is considered a displacement control 
test; the resulting tissue force is measured. An initial increase in force 
measured by the load cell is followed by a gradual reduction in force. 
The force will eventually approach an equilibrium value. The magni-
tude of the equilibrium value will depend on the solid or fluid nature 
of the tissue. A solid-like material will have a final stress that is not 
zero.  A  fluid-like  material  will  have  a  final  stress  that  is  close  to  or 
equal to zero.

Finally,  hysteresis  of  a  soft  tissue  is  displayed  while  the  tissue  is 
cycled to a known force or displacement and back to its initial position 
(see  Fig.  5.17).  As  shown  in  the  figure,  the  loading  portion  of  the 
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POISSON‘S RATIO EXPRESSES LATERAL STRAINS
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Fig. 5.13 Poisson’s ratio expresses lateral strains with respect to longitudinal 
strains. An ideal incompressible material has ν = 0.5.

FailureLinear
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Toe
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Strain
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STRAIN–STRESS RESPONSE OF A LIGAMENT DURING TENSILE TESTING

Fig. 5.14 Stress–strain response of a ligament during tensile testing. The 
stress–strain curve is divided into three regions: toe region, linear region, and 
failure region. The regions are defined by the uncrimping of collagen bundles 
in the ligament. In the toe region, the collagen bundles are gradually recruited 
as force is applied to the ligament. In the linear region, all collagen bundles 
have been recruited and are resisting the applied load. Additional loading past 
the linear region will cause the bundles to fail. It is believed that physiological 
loading of ligaments during activities of daily living is within the toe region 
and lower limits of the linear region.
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CREEP TESTING

Fig. 5.15 Creep testing. An instantaneous stress (σo) is applied to a tissue 
sample at time to and maintained while the resulting tissue strain is recorded. 
Solid-like materials will exhibit an equilibrium deformation in response to the 
applied load, whereas fluid-like materials will elongate continuously.
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STRESS–RELAXATION  TESTING

Fig. 5.16 Stress–relaxation testing. An instantaneous deformation (εo) is 
applied to a tissue sample at time to and maintained while the resulting tissue 
stress is recorded. Tissues in the body have a solid component that will resist 
the applied deformation after interstitial fluid has been exuded from the 
tissue.
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Strain

B

Stress

HYSTERESIS CURVE FOR A LIGAMENT

A

= Direction of loading

= Energy loss

Fig. 5.17 Hysteresis curve for a ligament. The loading portion of the curve (A) 
is always above the unloading portion of the curve (B). The area between the 
loading and unloading portions of the curve indicates relaxation of the 
collagen fibers within the ligament and fluid being exuded from the ligament.

REPRESENTATIVE T2 MAP OF PATELLAR CARTILAGE

0 25 50 75

T2 (ms)

100 125

Fig. 5.18 Representative T2 map of patellar cartilage. Higher values of T2 
indicate fibrillation and degradation of the articular cartilage.

TABLE 5.1 T2 VALUES OF PATELLAR CARTILAGE AT EACH 
STAGE OF OSTEOARTHRITIS

Kellgren-Lawrence
T2 values (ms) 
radiographic OA stage n (average ± SD)

0 16 63.02 ± 6.25

1 25 62.15 ± 10.24

2 22 63.72 ± 7.85

3 10 64.18 ± 10.66

4 2 73.97 ± 2.33

force–displacement curve is always higher than the unloading portion 
of the curve. The area between the loading and unloading curves rep-
resents nonrecoverable energy that is lost during testing.

The viscoelastic responses of the ligament are due to the interaction 
of  fluid  and  solid  components  of  the  ligament:  water  and  collagen, 
respectively. In a relaxed state prior to loading, the ligament is approxi-
mately 60% to 80% water and contains collagen bundles that have a 
wavy appearance. When a force or displacement is applied to the liga-
ment, the fluid is exuded through pores in the tissue and the collagen 
fibers  begin  to  straighten.  In  a  creep  test,  a  majority  of  the  fluid  is 
exuded from the tissue and the applied load is balanced by the straight-
ened collagen bundles. In a stress–relaxation test, the collagen bundles 
are  straightened  by  the  imposed  displacement  and  fluid  is  initially 
exuded in response to the rapid increase in interstitial fluid pressure. 
As time passes, the interstitial fluid pressure comes to equilibrium and 
fluid  is no  longer exuded. A combination of  the fluid–solid effects  is 
seen in a hysteresis loop.

FUTURE OF BIOMECHANICS IN RHEUMATOLOGY
In the future, biomechanics  in rheumatology will use noninvasive  in 
vivo medical imaging modalities to determine the functional capabili-
ties of tissues during the progression of rheumatologic diseases. Cur-
rently,  different  imaging  modalities  are  used  to  determine  the  gross 
morphologic  shape of diarthrodial  joints  (e.g.,  radiography)  and  local 
defects  of  soft  tissues  in  the body  (e.g., magnetic  resonance  imaging 
[MRI]). However,  the gross morphologic appearance of  tissues  in  the 
body does not always directly indicate the functional capabilities of the 
tissues.

Recently,  two  novel  MRI  imaging  modalities  have  been  used  to 
assess  the  stage  of  osteoarthritis  (OA)  in  diarthrodial  joints.  One 
method evaluates T1 values (the spin-lattice relaxation constant) of the 
tissue to examine the local proteoglycan (PG) content of articular car-
tilage,3 and a second method evaluates T2 values (the spin-spin relax-
ation constant) of the tissue to examine fibrillation and disruption of 
the  local  collagen  fibers  in  cartilage.4  A  sample  T2  map  of  patellar 
cartilage is shown in Figure 5.18. Table 5.1 displays how these values 
relate to radiographic staging of the same joint. It is known that during 
the progression of OA, the tissue exhibits a loss of PGs and disruption 
of  the  superficial  collagen  fibers.  These  changes  in  biochemical  and 
histologic  characteristics have been  found  to  change  the  intrinsic T1  
and T2 values of cartilage. In addition, current studies are correlating 
these noninvasive measures of OA with the mechanical properties of 
the tissue.
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environment and modify that environment appropriately to the 
mechanical stresses to which it is exposed. This process can be divided 
into four main phases (Fig. 6.1)10: (1) macroscopic forces are trans
lated into local action at the surface of the mechanosensitive cell—
mechanocoupling; (2) forces are transduced from the outside of the 
mechanosensitive cell into biochemical signals within the cell— 
mechanotransduction; (3) signal transmission from the mechanosensi
tive cell to effector cells; and (4) extracellular matrix (ECM) modeling/
remodeling. Most connective tissue cells have been shown to be mech
anosensitive in vitro. In cartilage, chondrocytes are the only resident 
cells and both sense mechanical stimuli and act as effector cells produc
ing both matrix macromolecules and proteases required for tissue 
turnover and homeostasis. Similarly, the tenocyte appears to have a 
major role in mechanical tissue adaptation in tendons.11 In bone the 
situation is more complex because multiple cell types including pro
genitor cells, endothelial cells, and boneforming cells are present. 
Nevertheless, there is a growing consensus that the osteocyte is likely 
to be the most important mechanosensitive cell in boneinducing bone 
remodeling through paracrine effects on cells of the osteoprogenitor 
and osteoclast lineage.1,2

MECHANOCOUPLING
The mechanical loads applied to connective tissues have been exten
sively measured in vivo and vary in different tissues. In adult bone, 
peak strain magnitudes of 2000 to 3500 microstrain are encountered 
during vigorous exercise, whereas in normal activity strains of less than 
10 microstrain occur thousands of times a day. Cartilage and tendon 
are exposed to much greater loads.12 On normal walking, forces of three 
to four times body weight are generated in the hip and knee, rising to 
seven times body weight on rapid walking. During standing or climbing 
stairs forces up to 20 Mpa are produced in the hip within milliseconds. 
Tendons, by transmitting forces generated in muscles to bone, are also 
exposed to large mechanical forces, the Achilles tendon being predicted 
to encounter forces of 4 to 12 times body weight during walking and 
running.13 The cells within connective tissue, however, are not directly 
exposed to these mechanical forces because they are surrounded by 
protective extracellular matrix that functions to absorb, transmit, and 
dissipate these forces. As such, the forces encountered by cells with 
connective tissues are not entirely clear. Cartilage, for example, con
sists of type II collagen arranged in a network that imparts tensile 
strength and proteoglycan that resists compression, allowing it to with
stand high compressive and shearing loads.

Dynamic compression of cartilage results in production of a range 
of physiochemical changes in tissues including hydrostatic pressure 
gradients, fluid flow, streaming potentials, and alterations in matrix 
water content, fixed charge density, mobile ion concentrations, and 
changes in pH and osmotic pressure,14 as well as chondrocyte deforma
tion. All of these may influence cell behavior. To add further complex
ity, chondrocytes are enclosed in a specialized pericellular matrix rich 
in type VI collagen that resists hydrodynamic forces generated upon 
compression, although differences in the Young’s moduli of the pericel
lular and interterritorial matrix may amplify strain in the vicinity of 
the chondrocyte by 50%.15 Loading of bone induces both strain and 
compression, generating up to 5000 microstrain at the osteocyte cell 
surface16 and pressure gradients that stimulate flow of interstitial fluid 
through the osteocytic lacunar network.17 Osteocytes may encounter 
much higher levels of strain as flow of interstitial fluid through the 
canalicular network is resisted by the nonmineralized pericellular 

Connective tissue responses to 
mechanical stresses
Donald M. Salter

 Bone, cartilage, tendon, skeletal muscle, and other connective 
tissues require exposure to physiologic levels of mechanical 
stresses to remain healthy.

 Moderate exercise improves the strength and function of 
connective tissues.

 Withdrawal of mechanical stimuli or prolonged exposure to 
excessive mechanical loads results in tissue degeneration and 
development of diseases such as osteoarthritis.

 Mechanotransduction is the mechanism by which a mechanical 
signal is recognized by connective tissue cells and translated into 
biochemical and molecular responses.

 Connective tissue cells express mechanoreceptors that allow 
recognition of the physiochemical changes that occur within 
connective tissue during mechanical loading.

 Activation of mechanoreceptors results in generation of secondary 
messenger molecules and activation of signaling events that 
regulate gene expression and control cell function.

Exposure to physiologic mechanical forces is important for the main
tenance of most, if not all, connective tissues including bone,1,2 carti
lage,3 tendon,4 and skeletal muscle. Movement and mechanical 
stimulation are essential for normal embryonic development and mor
phogenesis of the skeleton and joints. Wolff ’s law states that bone in 
a healthy person or animal will adapt to the loads it is placed under. 
When loading increases, the bone remodels to become stronger to resist 
that sort of loading, whereas if the loading decreases, the bone will 
atrophy because there is no stimulus for continued remodeling that is 
required to maintain bone mass. This ability to alter structure in 
response to mechanical loading is shared with all connective tissues 
and is referred to as tissue mechanical adaptation.

In general, mechanical loading of connective tissues within a physi
ologic range such as is encountered during normal, everyday activity is 
sufficient to keep connective tissues healthy. Clinical observations and 
in-vivo studies demonstrate that moderate exercise increases connec
tive tissue performance. Changes in skeletal muscle bulk and strength 
are obvious but other connective tissues are similarly affected. Differ
ences in bone mass in the dominant and nondominant arms of tennis 
players who start training before puberty are a result of the differences 
in applied mechanical loads.5 The mechanical strength and collagen 
content of tendons is increased by physical exercise6 and exercise pro
motes proteoglycan synthesis and increases articular cartilage thick
ness.7 In contrast, withdrawal of mechanical stimuli results in 
connective tissue atrophy as can be seen in paraplegics, patients on 
prolonged bed rest, and in astronauts. The bones in paralyzed and 
underused limbs are architecturally and mechanically inferior to those 
subjected to normal mechanical loading. Similarly, immobilization 
results in a major loss of mechanical properties in tendon8 and, sig
nificantly, both overloading and underloading of articular cartilage  
are associated with loss of cartilage matrix and development of 
osteoarthritis.9

MECHANOSENSITIVE CONNECTIVE TISSUE CELLS
For tissue adaptation to occur in response to applied mechanical forces, 
cells within connective tissue need to receive information from their 
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Chondrocytes and bone cells express a variety of integrin molecules, 
many of which may function as mechanoreceptors. Roles for α5β1, 
αVβ5, and αVβ3 have been demonstrated in vitro but α5β1 integrin, 
the classical fibronectin receptor, appears to be the major integrin 
mechanoreceptor in connective tissues. The anabolic response of 
human articular chondrocytes to mechanical stimulation is α5β1 
dependent and involves phosphorylation of focal adhesion proteins 
including FAK and paxillin.26 Integrins may be part of larger mechano
receptor complexes including accessory molecules such as CD47 that 
may control integrin activation,27 and regulate intracellular signaling 
and gene expression. Conditional knock out of β1 integrin in cortical 
osteocytes limits the response of bone to disuse, indicating that β1 
integrins on osteocytes are active in at least some responses of these 
cells to mechanical loading.28

STRETCH-ACTIVATED ION CHANNELS
Stretchactivated or stretchsensitive ion channels (SACs) open upon 
mechanical deformation of the cell membrane.21 Potassiumselective 
channels (TREK1 family of 2P domain channels and ATPsensitive 
potassium channels), the ShakerIR K+ channel, Ntype Ca2+ channel, 
ionotropic Nmethyl Daspartate (NMDA) receptors (NMDAR), and 
Ca2+dependent BK channels have all been shown to act as SACs. SACs 
are directly activated by mechanical forces applied along the plane  
of the cell membrane. These forces induce membrane tension and 
distortion of the cell membrane lipid bilayer, resulting in conforma
tional changes that alter opening or closing rates allowing ion flux.29 
Hydrostatic pressure, in which mechanical forces are applied perpen
dicular to the cell membrane, appears to be less effective in activating 
SACs.21 Opening of calciumpermeable SACs causes an elevation in 
intracellular calcium levels and stimulation of downstream calcium
dependent intracellular signal cascades. Such changes in intracellular 
calcium occur rapidly and can be seen in chondrocytes after only one 
cycle of compression in threedimensional agarose constructs. SACs 
sensitive to gadolinium are necessary for loadrelated increases in pros
taglandin and nitric oxide production, cytoskeletal reorganization, and 
changes in gene expression in response to fluid flow of bone cells and 
responses of chondrocytes to both strain and compression. Response 
of connective tissue cells to mechanical stimulation may depend on 
differential activation of ion channels that are activated as a 

matrix inducing drag forces.17 Bone cells respond to shear forces 
and strain in vitro, and it is likely that both mechanical stimuli are 
important in vivo. In tendon the complex threedimensional struc
ture18 results in a tensile load at the macroscopic level being converted 
into tensile, shear, and compressive strains encountered by the 
tenocyte.

MECHANOTRANSDUCTION
Connective tissue cells express mechanoreceptors that allow recogni
tion of the physiochemical changes that occur within connective tissue 
during mechanical loading. Activation of these receptors results in 
stimulation of intracellular signaling cascades that regulate gene 
expression, changes in protein expression, and tissue remodeling (Fig. 
6.2). A number of molecules and molecular complexes that recognize 
physicochemical changes including changes in cell shape, cell mem
brane deformation, change in local ion concentration, and fluid flow 
have been identified as candidate mechanoreceptors and include inte
grins19,20 mechanosensitive ion channels,21 and connexins.22

INTEGRINS
Integrins are heterodimeric transmembrane glycoproteins comprising 
α and β subunits. Sixteen α and 8 β subunits may combine to form 
more than 20 specific integrin receptors. Each α and β subunit consists 
of an extracellular domain, a single transmembrane region, and a 
cytoplasmic tail. The extracellular domain provides the ligandbinding 
site for extracellular matrix protein ligands including fibronectin and 
collagen. The cytoplasmic tail is coupled to the cytoskeletal network 
in focal adhesions, specialized large macromolecular assemblies that 
include actinassociated proteins such as talin, vinculin, paxillin, and 
zyxin and signaling molecules such as focal adhesion kinase (FAK). 
This enables the integrin receptor to transduce mechanical signals 
transmitted through the matrix into biochemical responses within the 
cell.23 Integrins have been demonstrated to be involved in cellular 
responses to stretch, elevated hydrostatic pressure, fluid shear stress, 
and osmotic forces.24 Stretch, by increasing tension on integrins, acti
vates these integrins and recruits focal adhesion components. This is 
followed by activation of a subset of unoccupied integrins inducing 
their binding to ECM proteins and stimulation of intracellular signal
ing. Other mechanical forces may act in a similar way, increasing 
activation of integrins to stimulate cell adhesiveness and signaling.25 
The cytoskeleton also responds mechanically to forces channeled 
through integrins by rearranging its interlinked actin microfilaments, 
microtubules, and intermediate filaments.

Physical forces recognized
by cells transduced into
biochemical responses
• Mechanotransduction

Forces transmitted to
connective tissue cells
• Mechanocoupling

Connective tissue

Mechanical loading/stress

Tissue remodeling
and adaptation

PROCESSES INVOLVED IN THE RESPONSE OF CONNECTIVE
TISSUES TO MECHANICAL STIMULATION

Fig. 6.1 Processes involved in the response of connective tissues to 
mechanical stimulation.

CONNECTIVE TISSUE CELL MECHANOTRANSDUCTION

Transcription factor activation
and

regulation of gene expression

Intracellular signaling
• Intracellular calcium
• cAMP, PLC, PKC
• PI3-kinase/akt
• MAP kinases

Mechanical
signal

Mechanoreceptors
• Integrins
• Ion channels
• Connexins
• Cytoskeleton

Autocrine/paracrine
mediators
• Prostaglandins, ATP
• Neuropeptides
• Cytokines

Fig. 6.2 Connective tissue cell mechanotransduction. Mechanical stimuli are 
recognized by mechanoreceptors that activate a range of intracellular signal 
pathways, either directly or through autocrine/paracrine signaling, leading to 
changes in gene expression and tissue remodeling. (For abbreviations see text.)
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flow40 and are required for fluid flow induction of cyclooxygenase2, 
osteopontin, and prostaglandin.

MECHANICAL STIMULATION–ACTIVATED 
INTRACELLULAR SIGNAL CASCADES
Following recognition of a mechanical stimulus by the connective 
tissue cell mechanoreceptor(s), there is generation of secondary mes
senger molecules and activation of a cascade of downstream signaling 
events that regulate gene expression and cell function. A wide range of 
intracellular signaling molecules have been shown to be activated fol
lowing mechanical stimulation of connective tissue cells. These include 
G proteins, protein kinases, and transcription factors that regulate 
expression of matrix molecules and proteases involved in tissue remod
eling. These may be activated directly as a consequence of mechano
receptor signaling or indirectly following production of autocrine/
paracrine acting molecules (see later).

G PROTEIN–COUPLED RECEPTOR SIGNAL 
TRANSDUCTION PATHWAYS
Heterotrimeric guanine nucleotide binding proteins (G proteins) are 
associated with a variety of cell surface (G protein–coupled) receptors 
and, depending on the subclass, activate different intracellular signal 
cascades. Gs interacts with adenyl cyclase, catalyzing synthesis of cyclic 
adenosine monophosphate (cAMP) from ATP and activation of the 
protein kinase A signaling pathway. Gq and Go activate phospholipase 
C (PLC), leading to production of inositoltriphosphate (IP3) and diacyl
glycerol (DAG) from phosphatidylinositolbisphosphate (PIP2) with 
subsequent calcium release from intracellular storage sites and protein 
kinase C (PKC) activation. There is extensive evidence for the roles for 
these G protein–associated signaling molecules in mechanotransduc
tion, but limited evidence for G proteins as mechanoreceptors.

cAMP is increased in chondrocytes and bone cells following mechan
ical stimulation41,42 and through activation of PKA has roles in regulat
ing at least some of the responses of chondrocytes and bone to 
mechanical loading. As prostaglandins released by bone cells stimulate 
the G protein–coupled EP4 receptor to elevate intracellular cAMP and 
Cx43 expression, at least some G protein–coupled receptor activity in 
mechanotransduction is a result of paracrine/autocrine signaling (see 
later). The PLC/PKC pathway is stimulated as a consequence of 
mechanical loading of many connective tissue cells. This pathway is 
required for loadinduced aggrecan gene expression in chondrocytes 
and may be stimulated through integrins.20

The phosphoinositide 3-kinase–Akt/Protein 
kinase B (PKB) pathway
PKB/Akt is a protein family of serine/threonine kinase that has several 
important effects including inhibition of apoptosis by phosphorylation 
and inactivation of proapoptotic factors. It is activated by phos
phoinositide 3kinase (PI3K). Mechanical forces activate PI3K via inte
grin stimulation and through this route can inhibit cell death. 
Inactivation of the PI3K/PKB pathway may be important in deleterious 
effects of mechanical overloading of cartilage and bone loss in response 
to withdrawal of loading.43

Mitogen-activated protein kinases
Mitogenactivated protein (MAP) kinases are serine/threoninespecific 
protein kinases that regulate various cellular activities such as gene 
expression, mitosis, differentiation, and cell survival/apoptosis. ERK1/2, 
JNK, and p38 have each been shown to be activated in chondrocytes, 
bone cells, and fibroblasts2,44,45 following mechanical stimulation and 
are of critical importance in regulation of matrix protein and protease 
gene expression. Upstream pathways involved in MAPK activation by 
mechanical loading are beginning to be investigated and may depend 
in part on the nature of the mechanical stimulus and the cell type. 
ERK1/2 activation in bone cells by mechanical stimulation requires 
calciumdependent ATP release, whereas ERK1/2 activation in 

consequence of changes in membrane potential (voltagegated) or 
release of ligands from the cell (ligand gated). Ltype calcium channels 
have roles in bone cell responses to fluid flow rather than strain, 
whereas K+ channels of the TREK family but not gadolinium or 
nifedipinesensitive ion channels are important for stretchinduced 
elevation of parathyroid hormone (PTH)related protein gene expres
sion in bone cells. NMDAR are ligandgated ion channels that are 
nonselective to cations allowing influx of Na+ and small amounts of 
Ca2+ ions into the cell and K+ efflux when open. Roles for NMDAR in 
mechanotransduction have been demonstrated in chondrocytes.30

CONNEXINS
Connexins, a superfamily of 21 transmembrane proteins, form gap 
junctions and hemichannels. Connexins assemble in groups of six to 
form hemichannels, or connexons, that diffuse within the cell mem
brane to combine with a partner in an adjacent cell to form a gap 
junction.22 Gap junctions allow continuity between cells, permitting 
diffusion of ions, metabolites, and small signaling molecules such as 
cyclic nucleotides and inositol derivatives. Connexins may also associ
ate directly with intracellular signaling molecules such as csrc and 
protein kinase C (PKC) and regulate cell function through activation 
of intracellular signal cascades.

Connexins are widely expressed in connective tissue where net
works of cells are seen such as in bone,31 tendon,32 and meniscus33 and 
probably act to allow propagation of a mechanical stimulus through a 
tissue. Cx43 is the most abundant connexin family member present 
in skeletal tissue and believed to be involved in responses to mechani
cal loading. Conditional deletion of Cx43 reduces mineral apposition 
rate to mechanical loading, and Cx43 hemichannels are important for 
fluid shear induced prostaglandin E2 (PGE2) and adenosine triphos
phate (ATP) release in osteocytic cells.34 Junctional communication 
between osteocytes modulates shear stress–induced bone remodeling,35 
and altered expression of connexins by growth factors such as PTH is 
a route by which signal propagation and effects of mechanical loading 
can be controlled. Connexins and gap junctions are present at the tip 
of osteocyte dendritic processes and between these processes and osteo
blasts, indicating their potential importance in permitting cell–cell 
communication among the osteocytic network. Interestingly, connex
ins are functional in propagating a mechanical signal from osteocytes 
to osteoblasts but not from osteoblasts to osteocytes.36

In view of the limited cell–cell communication evident in mature 
articular cartilage, the importance of connexins in the mechanical 
responses of chondrocytes is less clear. Functional unapposed Cx43 
hemichannels act as ionic and molecular channels in the absence  
of a partner cell. As such, they have the potential to provide com
munication between intracellular and extracellular compartments and 
by release of small molecules such as glutamate and ATP mediate 
signal propagation. Cx32 and Cx43 are important in tenocyte mecha
notransduction.37 Cx32 junctions form a communication network 
arranged along the line of principal loading in the tendon and stimulate 
collagen production in response to strain. In contrast, the Cx43 
network links tenocytes in all directions and is inhibitory for collagen 
production.

PRIMARY CILIA
Primary cilia are solitary, immotile cilium present in most cells includ
ing chondrocytes and bone cells. They are microtubulebased organ
elles that grow from the centrosome and extend from the cell surface. 
They contain large concentrations of cell membrane receptors, includ
ing integrins, and function as chemosensors and/or mechanosen
sors.38,39 The chondrocyte primary cilium projects into the pericellular 
matrix and, through adhesive receptors, interacts with pericellular 
matrix components such as fibronectin and collagens. Bending of the 
cilium upon cartilage compression and deformation of the pericellular 
matrix is believed to result in the cilium pulling on matrix receptors, 
and activation of mechanoreceptors. Cx43 hemichannels are also 
present on chondrocyte primary cilia and by regulating ATP release 
and activation of the purine receptor P2Y2 may also be involved in 
mechanotransduction. Similar mechanosensing mechanisms may be 
present in bone where cilia on osteocytes are deflected during fluid 
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such as highimpact loading, however, results in PGE2 release.50 ATP 
is released when bone cells and chondrocytes are mechanically stimu
lated and may then bind and activate purinergic receptors. Both 
metabotropic P2Y receptors, which induce intracellular calcium release 
through activation of G proteins, and ionotropic P2X receptors, which 
are ligandgated channels, are involved in mechanical stimulation cas
cades. P2X7 deficiency results in osteopenia potentially as a result of 
reduced responsiveness to mechanical loading of the skeleton.

CYTOKINES AND GROWTH FACTORS
IL4 and IL1β autocrine/paracrine activity is seen in the integrin
dependent mechanotransduction cascade of chondrocytes (IL4 and 
IL1β) and bone cells (IL1β) to mechanical stimulation.51 These mol
ecules are secreted within 20 minutes of the onset of mechanical 
stimulation, suggesting release from preformed stores. IL4 release 
relies on secretion of the neuropeptide substance P, which binds to its 
NK1 receptor. Both IL4 and substance P are necessary but not suf
ficient for the increased expression of aggrecan mRNA and decrease 
in matrix metalloproteinase3 mRNA induced by the mechanical 
stimulus, suggesting crosstalk with other mechanosensitive signaling 
pathways. IL1β is involved in the early mechanotransduction pathway 
of both osteoarthritic chondrocytes and human trabecular bonederived 
cells. Mechanical loading may also induce release or activation of 
sequestered growth factors in extracellular matrix, which will then  
act on nearby resident connective tissue cells. bFGF2 is a possible 
mediator of mechanical signaling in cartilage through such a 
mechanism.46

CONCLUDING REMARKS
Individuals are exposed to a wide range of mechanical stresses during 
daily activity that are required to maintain connective tissues including 
bone, cartilage, and tendons in a healthy state. Moderate exercise can 
improve the strength and function of connective tissues, but with
drawal of mechanical stimuli or prolonged exposure to excessive 
mechanical loads result in tissue degeneration and development of 
diseases such as osteoarthritis. The mechanisms by which mechanical 
stresses regulate connective tissue cell function are beginning to be 
understood. It is likely that identification of mechanoreceptors and 
mechanotransduction pathways will increase our knowledge of how 
adverse mechanical environments have detrimental effects on connec
tive tissue and allow development of novel therapeutic interventions 
such as mechanomimetics to preserve or reconstitute connective tissue 
in aging and disease.

cartilage appears to be, at least under certain circumstances, dependent 
on basic fibroblast growth factor2 (bFGF2) rather than through inte
grin mechanoreceptors.46

The NF-kappa B pathway
NFkappa B (NFκB) is a protein complex that acts as a transcription 
factor. In bone cells NFκB is directly stimulated by mechanical stimu
lation through a pathway involving intracellular calcium release, but 
not the cytoskeleton.47 Dynamic biomechanical signals of lowphysio
logic magnitudes and mechanical stimulation within the physiologic 
range block NFκB activity and signaling that promotes chondrocyte 
responses to proinflammatory cytokines and matrix fragments48 and 
regulation of proapoptotic or antiapoptotic pathways. Conversely, high
amplitude dynamic stimulation, a catabolic stimulus, induces rapid 
nuclear translocation of NFκB subunits p65 and p50 in a similar 
manner to interleukin (IL)1β.

Autocrine/paracrine signaling events in 
mechanotransduction
In many mechanosensitive connective tissue cells mechanical loading 
induces secretion of soluble mediators, including prostaglandins, nitric 
oxide, cytokines, growth factors, and neuropeptides that are involved 
in downstream tissue modeling and remodeling responses. Production 
of soluble mediators by connective tissue cells in response to mechani
cal stimulation, however, may also be intrinsic to mechanotransduc
tion pathways. Rapid production and release of soluble mediators allow 
autocrine and paracrine activity, permitting crosstalk between different 
components of a mechanotransduction cascade and regulating the cel
lular response to the mechanical stimulus.

PROSTAGLANDINS, NITRIC OXIDE, AND ATP
Prostaglandins, predominantly PGE2, and nitrous oxide (NO) are 
rapidly produced when bone cells are mechanically stimulated and are 
required for the anabolic response of bone to mechanical loading in 
vivo. Prostaglandin production is integrin dependent; requires activa
tion of an intracellular signal cascade involving the cytoskeleton, SACs, 
PKC, and phospholipase A2 (PLA2); and may require IL1β. In bone, 
PGE2 may influence bone responses to mechanical loading by regulat
ing gap junction expression49 and bone mass by effects on RANKL 
expression and osteoclastogenesis. In contrast to bone, in cartilage 
PGE2 is catabolic and physiologic mechanical loading of chondrocytes 
inhibits production of PGE2 and NO. Pathologic loading of cartilage 
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molecule (VCAM)-1 expression. After cavity formation the intimal 
layer also takes on a higher level of expression of CD44 and β1 integrins 
compared with subintima.

The mechanism of cavity formation is not fully understood; a 
working hypothesis implicates interactions between interzone cells 
bearing CD44 (a hyaluronan receptor) and hyaluronan itself.3,4 Shortly 
before cavity formation, the cells of the potential joint line show high 
uridine diphosphoglucose dehydrogenase (UDPGD) activity, suggest-
ing increased hyaluronan synthesis. At the time of cavity formation 
high levels of hyaluronan appear along the joint line. At low concentra-
tion extracellular hyaluronan cross-links CD44 molecules on adjacent 
cells, inducing cell aggregation, but at high levels, hyaluronan saturates 
CD44 and disaggregation occurs.

Cavity formation might be expected to require lysis of matrix fibers. 
However, in human joints cavity formation is not associated with high 
local levels of matrix metalloproteinases at the joint line and matrix 
fibers appear to run only parallel to the joint line prior to cavity forma-
tion. Apoptotic cells are found in the interzone prior to cavity forma-
tion but are not localized to the joint line and are unlikely to contribute 
to cavity formation. It appears, therefore, that development of the joint 
cavity arises more from differential tissue expansion than through loss 
of solid elements.

An alternative explanation for the formation of the synovial lining 
and the synovial-lined joint space has recently been suggested from 
mouse model work.5 A study looking at cadherin-11–deficient mice 
suggests that expression of cadherin-11 on synovial fibroblasts may be 
critical in the development of the synovial lining by facilitation of cel-
lular organization, compaction, and matrix development to form a 
recognizable synovial lining. Although these findings have not been 
replicated in human tissue as yet, it does raise the possibility that 
cadherin-11 expression by synovial fibroblasts is critical for normal 
synovial tissue development.

STRUCTURE
The microscopic anatomy of synovial tissue was first fully described 
by Key,6 who divided synovium into three main types on the basis of 
subintimal structure: fibrous, areolar, and adipose (Figs. 7.1 to 7.3). He 
also noted that subintima may be periosteum, perimysium, or even 
hyaline or fibrocartilage.

Areolar synovium is the most specialized form (see Fig. 7.1). It is 
often crimped into folds, which may disappear when stretched. Less 
often it carries projections or villi. A more or less continuous layer of 
cells lies two or three deep on the tissue surface.7,8 Immediately beneath 
these cells are capillaries. Further into the tissue there is a plexus of 
small arterioles and venules,9,10 associated with mast cells. Lymphatic 
vessels can be found in all types of normal synovial tissue, although 
they are infrequent in the fibrous type of normal synovium.11 In normal 
synovium, most lymphatic vessels are found in the deep subintima and 
fibrous layers, whereas in synovium from RA patients lymphatic 
vessels are widespread and numerous. Nerve fibers are present, chiefly 
in association with blood vessels.12 Three layers of tissue matrix may 
be distinguished. The intima is associated with a fine fibrillar matrix 
with few type I collagen fibers.13 Beneath this is a layer relatively rich 
in type I collagen, which forms the physical membrane. Deeper is a 
loose layer that allows the membrane to move freely. Beyond the loose 
layer will lie ligament, tendon, or periosteum.

Adipose synovium occurs as fat pads and within villi (see Fig. 7.2). 
It has a complete intimal cell layer and a superficial net of capillaries. 
The intima may lie directly on adipocytes but there is usually a band 
of collagen-rich substratum, whereas the deeper tissue is fat. Villi 
usually have a central arteriole and venule but can be avascular. The 

The synovium
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 Synovium lines diarthrodial joints, tendon sheaths, and bursae.
 Specialized functions of synovium include non-adherence, control 

of synovial fluid volume and composition, and chondrocyte 
nutrition.

 The normal synovium expresses low levels of proinflammatory 
cytokines and some anti-inflammatory cytokines. In addition, the 
low levels of RANKL expression with high levels of OPG expression 
result in a low RANKL-to-OPG ratio suppressing osteoclast 
formation. This balance is likely to be important in maintaining 
homeostasis in the normal, non-inflamed synovium.

DEFINITIONS
Synovium is the soft tissue lining the spaces of diarthrodial joints, 
tendon sheaths, and bursae. The term includes both the continuous 
surface layer of cells (intima) and the underlying tissue (subintima). 
The intima is composed of specialized macrophages and fibroblasts, 
and the subintima contains blood and lymphatic vessels, a cellular 
content of both resident fibroblasts and infiltrating cells in a collage-
nous extracellular matrix. Between the intimal surfaces is a small 
amount of fluid, usually rich in hyaluronan (hyaluronic acid, HA). 
Together, this structure provides a non-adherent surface between 
tissue elements. Unlike serosal surfaces, which also have non-adherent 
properties, synovium is derived from ectoderm and does not contain a 
basal lamina.

The study of synovial tissue is of major importance in understand-
ing the pathogenesis of a number of inflammatory joint diseases, 
including rheumatoid arthritis (RA) and the seronegative spondyloar-
thropathies (SpA). Despite this, our knowledge of the immunohisto-
chemical architecture of the synovial membrane, particularly in normal 
subjects, is surprisingly limited.

In normal subjects, the synovium comprises an intimal layer, which 
is 20 to 40 µm thick in cross section, and an areolar subintima, which 
can be up to 5 mm in thickness. At many sites there is no discrete 
membrane, especially where subintima consists of fat pad or fibrous 
tissue.

Synovium is often atypical. Intimal cells may be absent. Superficial 
bursae contain little or no hyaluronan-rich fluid.1 Ganglia are sacs 
containing hyaluronan-rich fluid but do not occur at sites of shearing 
and do not have a typical intima and so may not be considered to really 
be synovial tissue. Diseased synovial tissue may lose any recognizable 
lining structure and only be definable by its relation to a joint. These 
variations probably reflect interplay of several factors in synovial 
histogenesis.

EMBRYOLOGY
In the early embryonic limb bud, a central core or blastema that will 
form the skeleton appears. Within this core, foci of cartilage appear, 
each destined to become a bone. Blastemal cells around cartilage foci 
form a perichondrial envelope showing strong expression of CD44. The 
area where this envelope lies between cartilage elements is known as 
the interzone, from which synovium forms. The perichondrium 
forming a sleeve around each cartilage element subsequently invades 
the cartilage to form bone marrow. Thus synovial and bone marrow 
stromal cells come from the same embryonic stock.

Shortly before the joint cavity forms, CD55 expression appears on 
cells along the joint line,2 followed later by vascular cell adhesion 
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Intimal cells
Two types of intimal cells have been defined by electron microscopy, 
one consistent with a macrophage (type A) and the other with a fibro-
blast (type B).14 It is now generally accepted that intimal macrophages 
are true macrophages, derived from blood monocytes, whereas the 
intimal fibroblasts are locally derived.15

Immunohistochemical and cytochemical methods have superseded 
electron microscopy as tools for cell identification.16 Intimal macro-
phages can be distinguished by their non-specific esterase (NSE) activ-
ity and expression of surface markers such as CD68 and CD163. 
Intimal fibroblasts show intense activity of the enzyme UDPGD and 
prominent expression of VCAM-1 and CD55 (complement decay-
accelerating factor [DAF]). In most disease states such as rheumatoid 
arthritis, intimal cells increase in size and number (Fig. 7.4). This is 
not hyperplasia but a complex change in cell populations, in terms of 
both origin and function, often dominated by macrophage influx.15

Synovial macrophages
Macrophages are present in both the intima and subintima. Intimal 
macrophages carry typical macrophage lineage markers. They show 
prominent NSE activity and are strongly positive for CD163 and  
CD68 but less so for CD14 (Fig. 7.5). Macrophages also express the 

amount of fat in villi varies and probably decreases with age, with an 
increase in fibrous tissue.

Fibrous synovium is often difficult to define, consisting of fibrous 
tissue such as ligament or tendon on which lies an intermittent layer 
of cells (see Fig. 7.3). Fibrous synovium may be indistinguishable from 
fibrocartilage, especially in the annular pads found in finger joints.

Fig. 7.1 Areolar form of synovium (H&E stain).

Fig. 7.2 Adipose form of synovium (H&E stain).

Fig. 7.3 Fibrous form of synovium (H&E stain).

Fig. 7.4 RA synovium (×400 magnification) showing a thickened intimal layer, 
containing mainly CD68+ macrophages (red) on the surface and weakly CD55+ 
fibroblastic cells beneath (blue).

Fig. 7.5 Synovial macrophages. Normal synovium (×200 magnification) stained 
for CD68+ macrophages (red).



CH
A

PTER 7 
● The synovium

53

are present at lower levels. The role of VCAM-1 on intimal fibroblasts 
is puzzling but it may modulate cell traffic. The ligand for VCAM-1, 
α4β1 integrin, is present on mononuclear leukocytes but not granulo-
cytes. Intimal fibroblasts may allow transmigration of polymorphs into 
synovial fluid but not mononuclear cells, potentially trapping inflam-
matory cell infiltrates within the synovial membrane in disease states 
such as RA.

The expression of two other surface molecules by synovial fibro-
blasts is noteworthy. Complement receptor-2 (CR2, CD21) is not 
expressed by normal intimal fibroblasts but has been induced on syno-
vial fibroblasts in culture, in contrast to other fibroblast populations.25 
DAF, VCAM-1, and CR2 are all involved in B lymphocyte survival, as 
is a bone marrow stromal cell marker, BST-1, reported to be expressed 
on fibroblasts in rheumatoid, but not normal, intima.26 Other mole-
cules associated with bone marrow stromal cells such as the chemokine 
SDF-1 and bone morphogenetic proteins and their receptors27-29 are 
expressed by synovial fibroblasts under various conditions. Moreover, 
lubricin, otherwise known as superficial zone protein, a glycoprotein 
found in synovium and the superficial zone of articular cartilage,30 
derives from the same gene as megakaryocyte stimulating factor. A 
defect of this gene leads to joint inflammation, pericarditis, and skeletal 
dysplasia. As indicated earlier, these patterns of gene expression may 
reflect a common embryologic origin for synovial and bone marrow 
stromal cells.

Intimal matrix
Intimal matrix has an amorphous or fine fibrillar ultrastructure. It is 
poor in type I collagen but contains minor collagens III, IV, V, and 
VI.31,32 Intimal matrix also contains laminin, fibronectin, and chon-
droitin-6-sulfate-rich proteoglycan, which, with collagen IV, are com-
ponents of basement membrane, although there is no basement 
membrane beneath the intimal layer. The looser structure of intimal 
matrix may be explained on the basis of an absence of entactin, which 
links other components in basement membrane together. Intimal 
microfibrils are of two types: fibrillin-1 microfibrils form a basketwork 
around cells, whereas collagen VI microfibrils form a uniform mesh.

Intimal matrix contains large amounts of hyaluronan (Fig. 7.8), 
which tails off 20 to 50 µm deeper into the tissue. This may indicate 
diffusion of hyaluronan from the surface toward clearing lymphatics.

Vascular net
A rich microvascular net lies beneath the synovial surface.9,10 Capillar-
ies occur just below or within the intima (Fig. 7.9). These capillaries 
are prominent in synovium from children but appear to be lost with 
increasing age. Some capillaries are fenestrated and fenestrae tend to 
face the tissue surface33; 50 to 100 µm beneath the surface small 
venules are prominent. About 200 µm beneath the surface, larger 

immunoglobulin receptor FcγRIIIa. Strong FcγRIIIa expression is 
restricted to a subset of macrophages that correspond closely to sites 
of macrophage activation in rheumatoid disease: synovial, alveolar, 
serosal, scleral, salivary gland, lymphoid and bone marrow macro-
phages, and Kupffer cells.17 Subintimal macrophages are FcγRIIIa dull 
or negative.

Macrophages make up a minority of cells in normal intima (Figs. 
7.5 and 7.6). In diseased tissue the proportion of macrophages may 
rise to 80% (see Fig. 7.4). Distribution varies but a common pattern 
occurs: a superficial layer of macrophages with an intimal phenotype; 
beneath this a layer of intimal fibroblasts; and further beneath and 
beyond the limits of the intima, a zone of NSE-weak, strongly CD14+ 
FcγRI+ macrophages, associated with venules. The deep, strongly 
CD14+ cells are probably freshly recruited cells and the superficial cells 
more mature.

In addition to true macrophages, there may be a small number of 
antigen-presenting interdigitating dendritic cells in normal synovial 
intima. These are more frequent in diseased tissue but overlap of 
markers is much greater in disease, making interpretation difficult.18,19 
Cells with features of osteoclasts such as expression of tartrate- 
resistant acid phosphatase and the vitronectin receptor also often 
appear in inflamed synovium. However, fully typical osteoclasts with 
calcitonin receptors may be restricted to pigmented villonodular syno-
vitis and giant cell tumors of tendon sheath.

Synovial fibroblasts
The synovial intima contains cells adapted to the production of hyal-
uronan. In normal synovium CD68− intimal fibroblasts alone demon-
strate high activity of the enzyme UDPGD.20 UDPGD converts 
UDP-glucose into UDP-glucuronate, one of the two substrates required 
by hyaluronan synthase for assembly of the hyaluronan polymer. 
Unlike many other enzymes, UDPGD activity in intimal fibroblasts is 
reduced, rather than enhanced, in diseased tissue. Synovial intimal 
fibroblasts express CD55 (see Fig. 7.6), a feature that can distinguish 
intimal fibroblasts from intimal macrophages.21,22

Cells disaggregated from inflamed synovium and grown in tissue 
culture display fibroblast characteristics and ramifying processes with 
production of high levels of metalloproteinases.23 It is not known 
whether they derive from intimal or subintimal cells. In tissue sections 
immunoreactivity for collagenase and gelatinase is patchy and not 
necessarily confined to the intima.

Synovial intimal fibroblasts also show prominent expression of 
several adhesion molecules,7,24 including VCAM-1, intercellular adhe-
sion molecule (ICAM)-1, CD44 and β1 integrins. Expression of 
VCAM-1 (Fig. 7-7) is particularly unusual, being absent from most 
other normal fibroblast populations, whereas CD44 and β1 integrins 

Fig. 7.6 Normal synovium (×200 magnification) stained for CD55+ fibroblasts, 
which are the predominant cell in the normal synovium intimal layer (contrast 
with Fig. 7.4).

Fig. 7.7 Normal synovium (×200 magnification) stained for VCAM-1.



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

54

Apart from the fenestration of superficial capillary endothelial cells, 
there is little evidence of specialization in synovial endothelium. Endo-
thelial cells enlarge in inflamed tissue and microvascular proliferation 
can occur, but these events are common to inflammation at many 
sites. Tissue-specific adhesion molecules or addressins have been 
sought, but nothing conclusive has been found. However, there remains 
the possibility that specialized lymphocyte traffic pathways apply to 
synovium, possibly based on chemokine-receptor interactions.

CELL ORIGINS AND RECRUITMENT
Evidence to date indicates that both intimal and subintimal macro-
phages derive from bone marrow via circulating monocytes, many of 
which probably arrive via subintimal venules and migrate to the  
intima.

Intimal fibroblasts are thought to arise by division within synovium 
but the site remains uncertain. Intimal fibroblasts might be a discrete 
self-replicating population, distinct from subintimal fibroblasts, but 
several pieces of evidence are against this. Rates of cell division within 
the intima are very low, even in disease. Following arthroplasty or 
synovectomy intimal cells reappear and express CD55, UDPGD, and 
VCAM-1. These may arise from intimal rests but it seems more likely 
that they are replaced from the subintima. If synovial fibroblasts are 
disaggregated and cultured in vitro, they lose VCAM-1 and CD55 
expression but the majority, apparently including cells of subintimal 
origin, will readily express these markers following cytokine stimula-
tion. Fibroblasts of dermal or subcutaneous origin express much lower 
levels of CD55 and VCAM-1 following equivalent stimulation. These 
findings suggest that synovial fibroblasts, in both the intima and sub-
intima, belong to a specialized population with a propensity to express 
VCAM-1 and CD55.

Two recent studies7,8 have demonstrated the range of cells that can 
be found in the subintimal regions of the normal synovial membrane. 
CD3+ T cells, including CD4+ and CD8+ cells, can be found within 
the normal synovial tissue. Some of these cells have memory T-cell 
phenotype and although they are likely to be simply trafficking through 
the normal synovium, their role, if any, in the homeostasis of synovial 
tissue is unknown. It is also possible to detect B cells, plasma cells, 
and granzyme B-positive cells in normal synovium, although they are 
present in small numbers.

Although inflammatory cytokine production can be detected in 
normal synovial tissue, including interleukin (IL)-1, IL-6, and tumor 
necrosis factor alpha (TNF-α),7 it is far less than that seen in inflamed 
synovial tissue such as in RA patients, and the amount of anti-inflam-
matory cytokine production, at least in the case of IL-1 receptor antago-
nist (the naturally occurring inhibitor of IL-1), is far greater than the 
amount of inflammatory cytokine seen (Fig. 7.11). This would achieve 
the desired result of suppressing an inflammatory process in the normal 

Fig. 7.8 Hyaluronan in normal synovial tissue. Photomicrograph of normal 
synovial tissue showing hyaluronan stained with a histochemical probe 
derived from proteoglycan core protein hyaluronan binding region. Staining is 
most intense surrounding the lining cells and decreases further into the tissue.

Fig. 7.9 Normal synovium (×magnification) stained with factor VIII to 
demonstrate the vascular network.

Fig. 7.10 Normal synovium (×magnification) stained with LYV-1 antibody to 
demonstrate the lymphatic network.

venules, together with arterioles and lymphatics (Fig. 7.10),11 form an 
anastomosing quadrilateral array. Vessels with lymphatic staining 
characteristics are prominent in RA synovium, a disease state in which 
increased turnover of hyaluronic acid and leukocyte trafficking is seen. 
It has been proposed that failure of lymphatic drainage of synovial fluid 
is a cause of villous proliferation in RA synovial tissue. If this is correct, 
it is likely to be due to overloading of existing lymphatic channels with 
HA-rich extracellular fluid and leukocytes rather than a lack of lym-
phatic channels.11
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Maintenance of the tissue surface
Synovial surfaces must be non-adherent to allow continued movement. 
The production of hyaluronan by intimal fibroblasts may be important 
in inhibiting adhesion. Plasminogen activator and DAF from intimal 
fibroblasts may also inhibit fibrin formation and scarring. To retain 
synovial fluid, the intimal matrix must consist of a fibrous mat of a 
particular porosity that allows free exchange of crystalloids and pro-
teins but inhibits rapid transit of the viscous hyaluronan solution that 
is an important component of the fluid. These functions presumably 
reflect the combined activities of the intimal macrophages and fibro-
blasts. The vasculature is likely to be important in both intimal cell 
nutrition and recruitment of new cells. New macrophages are derived 
from blood monocytes that enter the tissue through venules and  
perivascular fibroblasts may provide the main pool of intimal fibroblast 
precursors.

Lubrication
The ability of synovial fluid to lubricate cartilage surfaces is dependent 
on the presence of glycoprotein, especially a glycoprotein known both 
as lubricin and superficial zone protein because of its localization to 
the surface of both synovium and cartilage.30 Hyaluronan does not 
appear to contribute to the ability of synovial fluid to lubricate cartilage 
in ex vivo systems, but the glairy quality imparted by hyaluronan may 
be important in maintaining a film of lubricant on the cartilage sur-
faces in vivo.

Whatever the precise forces acting on fluid volume, the presence of 
hyaluronan is likely to be the main factor responsible for retaining a 
constant volume of fluid during exercise.35 This constant volume is 
probably important as a cushion for synovial tissue and as a reservoir 
of lubricant for cartilage. It is likely that the rate of synthesis of hyal-
uronan and its exportation into the synovial fluid compartment are 
dependent on the mechanical stimulation of intimal fibroblasts and 
are influenced by the effectiveness of the synovial fluid cushion. Thus 
when synovial fluid volume is high, mechanical stresses on intimal 
fibroblasts are reduced with a resultant reduction in the rate of hyal-
uronan production and vice versa.

Two distinct mechanisms create joint effusions. When synovium is 
mechanically irritated by worn bone and cartilage, the composition of 
the fluid remains reasonably normal. Excessive production of hyaluro-
nan by intimal fibroblasts is stimulated by frictional forces and this 
excess of hyaluronan retains plasma dialysate in the synovial cavity. 
In synovitis the effusion is an accumulation of exudate similar to a 
pleural effusion (i.e., an overspill from the inflammatory edema in 
synovial tissue created by increased vascular permeability). Recent 
theories about a possible low-grade inflammatory and immune reaction 
contributing to the pathogenesis of osteoarthritis would suggest that 
these two mechanisms of effusion development may not be as distinct 
as originally thought.36

Chondrocyte nutrition
The synovium provides the major route of nutrition for chondrocytes. 
In normal joints a surprisingly large proportion of hyaline cartilage lies 
within 50 µm of a synovial surface. In any one position only a small 
proportion of cartilage is apposed to the other articular surface and 
synovium packs most of the space between less congruent areas. In 
immature joints the subchondral plate is incomplete and may contrib-
ute to nutrition, but in adult joints this route is unlikely to be signifi-
cant. Nutrition of areas of cartilage that do not come into close contact 
with synovium must take an indirect route. This is most relevant to 
concave articular surfaces. Nutrition may occur by smearing of a thin 
film of fluid over these surfaces during movement. However, the 
amount of nutrient carried this way is small. Indirect routes through 
cartilage matrix and the apposed articular cartilage may be more 
important.4

Despite the fact that the vessels in synovium provide the most direct 
route for cartilage nutrition, there is no evidence that they are structur-
ally adapted to this function. The fenestrae seen in superficial capillar-
ies are present in tendon sheath synovium at sites where there is no 
cartilage (or tendon) dependent on their supply of small molecules.

synovial tissue. Similarly, the amount of RANKL (an essential factor 
for the development of osteoclasts) seen in normal synovial tissue is 
low7 and far less than that of osteoprotegerin, the naturally occurring 
inhibitor of RANKL (Fig. 7.12). The net result of this is to suppress 
the formation of osteoclasts within the normal synovium and preserve 
homeostasis within the normal joint.

FUNCTION
The functions of synovial tissue are often taken as evident but are 
remarkably difficult to define.34 Like other soft connective tissue, 
synovium provides a deformable packing that allows movement of 
adjacent, relatively non-deformable tissues. The difference between 
synovium and other soft connective tissue is that it allows most of the 
movement to occur between rather than within tissues. Areolar 
synovium may also have specialized viscoelastic properties for coping 
with the stretching, rolling, and folding it undergoes during joint 
movement.

Functions of the tissue relating to the cavity may be considered as:

● maintenance of an intact non-adherent tissue surface
● lubrication of cartilage
● control of synovial fluid volume and composition
● nutrition of chondrocytes within joints

Fig. 7.11 Normal synovium (×200 magnification) stained with an antibody to 
detect the IL-1 receptor antagonist.

Fig. 7.12 Normal synovium (×200 magnification) stained with an antibody 
against osteoprotegerin, a naturally occurring inhibitor of osteoclast formation.
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synovium and type A cells in RA, is an example of this. Numerous 
other examples can be given, including the changes in subintimal cell 
content, cytokine, and chemokine production; vascular and lymphatic 
changes; and production of metalloproteinases and stimulators of 
osteoclast formation. A recent study on a mouse model of arthritis has 
also raised the possibility of cadherin-11 expression on synovial fibro-
blasts as a potential therapeutic target in the treatment of RA,5 although 
these results from a murine model may not be directly applicable to 
human disease.37 Inhibition of cadherin-11 interactions in this mouse 
model interfered with both the synovial inflammation and the cartilage 
invasion by pannus, without any effect on bone erosion, which is pre-
dominantly dependent on osteoclast function. The inflammation in 
this mouse model could be reduced substantially by antibodies to  
cadherin-11 or a cadherin-Fc fusion protein.

Only two groups of enzymes found in the joint, cysteine cathepsins 
and matrix metalloproteinases, are capable of degrading native type I 
and II collagen fibrils. There is some evidence that cathepsin K may 
play an important role in the pathogenesis of osteoarthritis and RA 
and may be a potential therapeutic target in treating these conditions.38 
It is important to understand the hierarchy and chronology of these 
synovial changes in chronic inflammatory arthritides and contrast 
them with those seen in the normal synovium, to identify suitable 
therapeutic targets at various stages in the evolution of a chronic 
inflammatory arthritis. The identification of TNF-α, IL-1β, and IL-6 
as two likely therapeutic targets is an example of how such a strategy 
can lead to useful therapeutic interventions being introduced into the 
management of several chronic inflammatory arthritides including RA, 
psoriatic arthritis, and ankylosing spondylitis.

There is still much to be learned about the immunologic microen-
vironment of articular tissues, particularly the normal synovium.

SYNOVIUM AS A TARGET FOR  
IMMUNOLOGIC DISEASE
Synovial joints are involved in several immunologic or inflammatory 
disorders, including RA, systemic lupus erythematosus, and the sero-
negative spondyloarthropathies. Other than relapsing polychondritis, 
patterns of inflammatory rheumatic disease indicate targeting of 
synovium or enthesis rather than cartilage. Perhaps the most impor-
tant reason for studying the biology of synovium is to obtain insight 
into which immunopathologic processes are likely to be suitable thera-
peutic targets in inflammatory arthritides.

Autoimmune responses to synovial antigens might theoretically 
occur but evidence is lacking. Moreover, none of the clinical syndromes 
indicates targeting of joints alone. Associated targeting of other tissues 
such as pericardium or uveal tract requires an explanation. Few, if any, 
synovium-specific antigens are known and when rheumatic disorders 
are associated with autoantibodies, the antigens involved are ubiqui-
tous. In the seronegative spondyloarthropathies it is doubtful whether 
there is a true autoimmune response.

Understanding the microarchitecture of the normal synovium, 
including the wide range of microscopic appearance, cellular infiltrates, 
production of cytokines, enzymes, and other biologically relevant pro-
teins, will assist in understanding the relevant changes in synovial 
tissue architecture and immunopathology in disease states. Although 
the architecture of the normal synovium is not as homogeneous as 
previously portrayed in rheumatology textbooks, consistencies across 
the broad spectrum of normal synovial tissues can be contrasted with 
those seen in the chronically inflamed synovial tissue. The marked 
increase in synovial lining layer thickness, with a reverse of normal 
ratio of type A to type B intimal cells, favoring type B cells in normal 
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joint replacement, the inflammation recedes and the symptoms that 
have been plaguing the patients are ameliorated or disappear in the 
vast majority of patients. This brings up the question of whether com-
ponents released from the cartilage actually stimulate the inflamma-
tory reaction.

The main structural entities in cartilage include aggrecan and  
collagen. The proteoglycan aggrecan has a primary role in taking up 
load and resisting deformation. The collagen network provides tensile 
properties, and the type VI collagen network may have a role in protect-
ing the cell and guiding matrix assembly. A set of molecules close to 
the cells have specific functions in binding to specific cell surface recep-
tors and thereby provide signaling of conditions in the matrix.

This chapter will therefore focus on describing the individual carti-
lage macromolecules and, when possible, their functional properties 
and how these have implications for tissue assembly. In some instances 
candidate enzymes having roles in the degradation of specific macro-
molecules have been implicated and will be discussed.

OVERALL TISSUE ORGANIZATION
The matrix closer to the cells, the territorial matrix, has a somewhat 
different composition and structure compared with the matrix at some 
distance, the interterritorial matrix (Fig. 8.2).1 Examples of compo-
nents found in both compartments are collagen type II fibers and 
aggrecan, whereas collagen type VI is found particularly in the territo-
rial matrix and cartilage oligomeric matrix protein (COMP) as well as 
cartilage intermediate layer protein (CILP) are primarily found in the 
interterritorial matrix of normal cartilage. There is also a difference in 
composition of the cartilage from the superficial to deep layers. The 
collagen fibers are thinner in the superficial layer and arranged in paral-
lel with the surface of the tissue, while in the deeper layer the fibers 
are thicker and arranged perpendicularly to the surface, with a transi-
tion zone in between (see Figs. 8.1 and 8.3). Certain molecules like 
CILP are found primarily in the middle portions of the articular carti-
lage. Although over recent years a number of cartilage components 
have been described, we still have a very limited understanding of what 
specific requirements and functions are met by molecules with such a 
restricted localization in the tissue.

Aggrecan
A major structure of aggrecan, illustrated in Figure 8.4,1 is approxi-
mately 100 chondroitin sulfate glycosaminoglycan chains, each built 
from a disaccharide unit that is repeated some 50 times. Each disac-
charide contains a uronic acid with a negatively charged carboxyl group 
and an N-acetylgalactosamine with a sulfate either at the 4 or in the 
6 position. Each chain will therefore contribute around 100 negatively 
charged groups. The glycosaminoglycans are linked to a serine residue 
of the protein core of the proteoglycan via their reducing terminal end. 
The chains are clustered; this clustering differs between the two regions 
referred to as CS 1 and CS 2 (see Fig. 8.4). There is an additional 
glycosaminoglycan, keratan sulfate, with a disaccharide building block 
of galactose and an N-acetylglucosamine carrying a sulfate in the 
6-position. These chains are shorter and particularly enriched closer 
to the N-terminal end of the protein core, in the so-called keratan 
sulfate–rich region. There are some 30 such chains in the aggrecan 
molecule.

The proteoglycan core protein contains globular domains flanking 
the three domains carrying glycosaminoglycan chains. The one closest 
to the N-terminal, the hyaluronan-binding domain (G1-globe), contrib-
utes specific high-affinity binding of the aggrecan molecule to hyaluro-
nan (see later). After a short interglobular domain there is a second 

The articular cartilage
Dick Heinegård, Pilar Lorenzo, and Tore Saxne

 The cells in cartilage maintain the extracellular matrix function by a 
controlled turnover in response to minor damage in fatigue and 
altered load by removing malfunctioning matrix constituents by 
breakdown and producing new to achieve repair.

 The cell obtains feedback on the quality of the extracellular matrix 
via a number of cell surface receptors such as integrins, discoidin 
receptors, hyaluronan receptors and specific proteoglycans with 
specificity for different matrix molecules.

 Cartilage extracellular matrix shows different composition close to 
the cells in the so called territorial matrix compared to the more 
distant interterritorial matrix.

 Cartilage extracellular matrix contains a specific proteoglycan
—aggrecan—providing a very high fixed charge density and 
therefore an osmotic environment with water retention essential 
for tissue resilience.

 Fibrillar networks with collagen as the major constituent provide 
tensile properties essential for load distribution and dissipation. 
The fibers contain other matrix proteins, e.g. bound at their surface 
and providing for interactions with other tissue structures 
including neighboring fibers, thereby enhancing mechanical 
qualities.

 Cartilage extracellular matrix contains growth factors and 
proenzymes sequestered by binding to matrix macromolecules 
and these can be released upon degradation of the carrier 
molecules.

 As a result of cartilage matrix degradation, fragments formed are 
released into surrounding fluids and can be used as indicators of 
the ongoing process, the so called molecular marker technology.

INTRODUCTION
The articular cartilage has key roles in the function of joints. A major 
function is to take up and distribute load such that a given point of 
the underlying bone can handle very high strain. Another role of the 
cartilage is to provide for low friction movement. One key feature of 
joint diseases is deterioration in joint function. This results from pro-
gressive damage of the articular cartilage by degradation of structural 
components important for the tissue properties. The progressive joint 
destruction may eventually lead to total loss of the cartilage accompa-
nied by alterations in underlying bone in the common disease of 
osteoarthritis (Fig. 8.1). Mechanisms triggering this tissue destruction 
are not known in detail, but it is clear that excessive load may induce 
a remodeling process that fails to restore normal cartilage. Stimulation 
of chondrocytes by cytokines like interleukin (IL)-1, IL-6, and tumor 
necrosis factor (TNF)-α induces the cells to degrade their surrounding 
matrix and can, over an extended period of time, induce total dissolu-
tion of cartilage in vitro. The identity of the individual enzyme(s) 
accomplishing specific fragmentation of a particular matrix protein is 
(are) not known, although in some cases candidates have been estab-
lished. There is often a repair response mounted to the ongoing tissue 
destruction. In the more serious cases this is not sufficient, and results 
in ensuing tissue failure.

A prerequisite for understanding the mechanisms of tissue destruc-
tion and failed repair is to know the functions of the extracellular 
matrix molecules and how they are assembled into larger networks. It 
is equally important to understand the mechanisms involved in their 
degradation. One important and basic clinical observation in joint 
diseases such as rheumatoid arthritis and osteoarthritis is that upon 
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almost all aggrecan molecules found in the interterritorial matrix at a 
distance from the cell do not contain the G3, C-terminal globular lectin 
homology domain (A. Aspberg and D. Heinegård, unpublished observa-
tions). On the other hand, the molecules in the territorial matrix close 
to the cells contain this domain, which is probably a result of the 
gradual turnover of the aggrecan molecules. At the same time there is 
substantial accumulation of G1 domain apparently retained bound to 
hyaluronan.7 This fragment can be identified in the tissue either via 
its new C-terminal represented by a—EGE373-COOH sequence formed 
by the cleavage by aggrecanase or a further matrix metalloproteinase 
cleavage forming a C-terminal—PEN341-COOH sequence.8

Already from the early experiments by Thomas9 and Hardingham 
and colleagues,10 it was clear that the chondrocyte had a remarkable 
capacity to replace aggrecan molecules removed from the tissue by the 
use of enzymes cleaving the hyaluronan. It appears that a normal 
chondrocyte should be able to replace even large amounts of proteogly-
cans lost unless suppressed by cytokines such as IL-1 and TNF-α.

Collagen fibrillar networks
A major function of the rope-like collagen fiber networks in the carti-
lage is to provide tensile strength and distribute load essential in pre-
venting local excessive forces on the underlying bone. One type of fiber 
contains a core of collagen type II with a minor constituent of collagen 
type XI that is connected via a number of molecules bound at its 
surface.

The other fibrillar network contains a core of collagen type VI that, 
by a set of linker molecules, is connected to other molecular assemblies 

globular domain (G2), which shows structural similarities to the G1 
globe but does not bind hyaluronan and has no known function. In the 
very C-terminal end of the aggrecan molecule there is the G3-globe 
with a lectin homology domain that contributes binding to other  
proteins (e.g., fibulins and tenascins), which themselves can form 
molecular complexes involving several such molecules (see Fig. 8.2).

Many aggrecan molecules will bind to a single, very long strand of 
hyaluronan, thereby forming large aggregates providing an extreme 
number of charged groups. These are fixed in the glycosaminoglycan 
chains, which in turn are fixed in aggrecan, in its turn fixed in the 
aggregate. The interaction of aggrecan via its G1-globe with hyaluronan 
is stabilized by the link protein having structures similar to the hyal-
uronan-binding domain of aggrecan. This link protein will bind to this 
domain of the proteoglycan as well as to hyaluronan.

In normal cartilage turnover, as well as in pathology, the aggrecan 
molecule is cleaved by enzymes called aggrecanases (i.e., ADAMTS-4 
and ADAMTS-5).2,3 One site of this cleavage is in the interglobular 
domain between the hyaluronan-binding G1-globe and the G2-globe. 
This cleavage occurs between the stretches of amino acids EGE and 
ARG.4 The new N- and C-terminals formed have been used to develop 
antibodies recognizing only the fragments produced by the cleavage. 
These have been used to demonstrate such fragments in body fluids 
and in tissue extracts.4,5 The cleavage occurring in the domain carrying 
the chondroitin sulfate chains will result in shortening of the aggrecan 
with an ensuing decreased number of fixed charged groups (see Fig. 
8.4). With aging there is an accumulation of shorter aggrecan mole-
cules, where the extreme is the hyaluronan-binding domain with no 
glycosaminoglycan binding structures remaining.6 Indeed, in an adult, 
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ILLUSTRATION OF THE NORMAL (LEFT PART) AND OA (RIGHT PART) JOINTS SHOWING THE ORGANIZATION
OF THE ARTICULAR CARTILAGE IN DIFFERENT COMPARTMENTS

Fig. 8.1 Illustration of a normal joint and an osteoarthritic joint showing the organization of the articular cartilage in different 
compartments. As an example, one cartilage protein (CILP) shows a distinct change in localization from a distribution in the normal 
cartilage in intermediate parts of the tissue and rather selectively in the interterritorial matrix to a prominence at the superficial parts 
and primarily in the pericellular compartment in the diseased cartilage.
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run perpendicular to the surface. In the transition zone layer, fibers 
run at an angle (see Fig. 8.3).13 The organization can be seen as 
Benninghof ’s arcades on polarized light microscopy.

The collagen fiber formation is influenced by a number of matrix 
molecules, such as decorin, fibromodulin, and COMP as well as a 
special variant of an oversulfated CS-chain. In several of these cases, 
the molecules are also retained bound at the surface of the collagen 
fiber. This is particularly evident for collagen type IX, which has a part 
of the molecule extending out from the fiber. These molecules appear 
to have roles in providing sites for interactions with other matrix mol-
ecules including another fiber than the one where the protein is bound 
(see Fig. 8.2).

An important feature of the collagen fiber network is that the inter-
actions become sealed by covalent crosslink formation once the fibers 
are assembled outside the cell. This crosslinking depends on oxidation 
of lysine and hydroxylysine residues by lysyl oxidase, providing an 
aldehyde function that forms a Schiff base with a neighboring lysine 
amino group. These are then rearranged to become stable pyridinoline 
groups that crossbridge between the molecules and within the mole-
cules of a fiber. These crosslinks are important for the mechanical 
stability of the collagen. Because they are not metabolized on degrada-
tion of the collagen, they eventually end up in the urine and can be 
measured as indicators of collagen breakdown.14

Collagen type XI
This fibril forming collagen is an integral component of the fibers 
forming the main network in cartilage. The collagen consists of a major 
triple helical portion, similar in size to that of collagens type I and II 
but contrasting to these collagens in that the N-terminal propeptides 
are retained with the molecule incorporated into the fiber. There have 

in the matrix, including the collagen type II fibers and the major pro-
teoglycans. These networks are discussed separately next.

Fibers with collagen type II as the main constituent
Collagen type II and collagen type XI
The major fibrillar network in cartilage contains primarily collagen 
type II with a minor constituent of collagen type XI.11 A major feature 
of both these collagens is that the molecule forming the fibers is made 
up of three parallel, tightly associated polypeptide chains forming a 
very stable triple helix, the collagen molecule. This is extremely asym-
metric, being 300 nm long and 1.5 nm in diameter. An amino acid 
quite unique for collagen is hydroxyproline, which is essential for the 
stability of the molecule due to the hydrogen bonds formed to the 
hydroxyl group. The collagen type II is produced as a procollagen that 
does not form fibrils until the propeptides at both ends in the C- and 
N-termini are cleaved off (see Fig. 8.3). Upon this cleavage the mole-
cules form fibers by interactions with other collagen molecules such 
that a large part of the surface of the molecule is engaged and the col-
lagen molecules are positioned in relationship to one another to form 
a so-called quarter stagger arrangement.

The assembly process is regulated by a number of molecules in the 
matrix, including collagen type XI. It appears that the dimensions of 
the fiber formed depends on the relative proportion of collagens type 
II and XI, where the typical ratio is in the order of 50 : 1. This may 
depend on the presence of a central core of microfibrils of collagen type 
II and XI that direct the assembly of the fiber.12

The collagen fibers are different in dimensions and in directions 
between superficial and deep layers of the articular cartilage. Thus, the 
fibers in the superficial layer of the articular cartilage are thin and run 
in parallel, while the thicker fibers in the deeper parts of the cartilage 
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Fig. 8.2 Schematic illustration of the organization of specific cartilage extracellular matrix macromolecules into 
networks. Also indicated are the interactions between extracellular matrix proteins and specific receptors at the cell 
surface. Note the different molecular composition of the territorial matrix closer to the cell compared with the 
interterritorial matrix at some distance. HS-PG, heparan sulfate proteoglycan; HA, hyaluronan; KS, keratan sulfate; CS, 
chondroitin sulfate; MAT, matrilin; CHAD, chondroadherin; NC-4, the N-terminal globular domain of collagen 9; 
CD-44, receptor for hyaluronan.
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domain with its adjacent col3 triple helix protrudes from the fibers and 
is available for interactions with other molecules in the extracellular 
matrix (ECM), as is schematically illustrated in Figure 8.2.18 Examples 
of such ligands are COMP and the tyrosine sulfate domain of fibro-
modulin. Collagen type IX often contains a chondroitin sulfate side 
chain bound at the NC3 domain. Its role in the function of the collagen 
is not known.

Functionally, collagen type IX has been shown to interact with 
matrilins, COMP, and, in particular, collagen type II. The collagen  
is actually covalently crosslinked to collagen type II in the fibers in 
adult individuals.19 When collagen type IX is added in vitro to fibril-
forming systems of collagen type II, assembly and fiber formation is 
retarded.

Mutations in collagen type IX lead to severe growth disturbances. 
Some of these are similar to those with a mutated COMP molecule, 
which is of special interest in view of the high-affinity interaction this 
protein shows with all four NC domains of collagen type IX. Further-
more, a mouse with a knockout of collagen type IX develops early 
lesions of articular cartilage similar to those found in osteoarthritis.20

been reports to indicate that the retained N-terminal parts are exposed 
at the surface of the fibers with collagen type II as the major constitu-
ent at the same time as the major triple helical portion occurs more 
centrally in the fiber.15 Collagen XI appears to form microfibrils that 
together with other microfibrils of collagen type II forms the initial 
assembly regulating the further assembly of the cartilage collagen fiber, 
at least in skeletal morphogenesis.12 Interestingly, collagen type XI 
forms crosslinks to primarily other collagen type XI molecules.16 There 
are examples of mutations in collagen type XI chains with ensuing 
major growth disturbances indicating a role in cartilage growth and 
stability.17

Collagen type IX
This molecule is a member of the FACIT collagens (fibril-associated 
collagens with interrupted triple helices) and is found in the tissue 
bound at the surface of the fibrils with collagen type II as the major 
constituent. Collagen type IX contains three different α-chains with 
three triple helical domains (col1, col2, and col3), each surrounded by 
a non-collagenous domain (NC1, NC2, NC3, and NC4). The NC4 
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SCHEMATIC ILLUSTRATION OF STEPS IN COLLAGEN FIBER ASSEMBLY WITH THE 
PUTATIVE PENTAMERIC MICROFIBRIL INDICATED

Fig. 8.3 Schematic illustration of steps in collagen fiber assembly with the putative pentameric microfibril indicated. Also shown is the organization 
of collagen fibers at different distances from the surface of the articular cartilage as well as the differences in fibril diameters between the 
pericellular, territorial, and interterritorial compartments. (Data from Hedlund H, Mengarelli-Widholm S, Reinholt FP, Svensson O: Stereologic studies on 
collagen in bovine articular cartilage. APMIS1993;101(2):133-140.)
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The molecule is made up of five identical subunits, each with a molecu-
lar weight of around 87,000 daltons. The five subunits are held together 
by a coiled domain close to the N-terminal end, and the binding is 
further stabilized by disulfide bridges. The subunits are made up of 
several modules that bind calcium. At the C-terminal end, there is a 
globular domain that is involved in interactions with other proteins in 
the matrix. The molecule can be viewed as a bouquet of tulips tied 
together at their stalks (see Fig. 8.2).22

COMP, also referred to as thrombospondin-5, is a member of this 
family of proteins. Cartilage also contains other thrombospondins that 
share the same properties, where particularly thrombospondin-1 and 
thrombospondin-4 are abundant. These thrombospondins, however, 
contain an extension beyond the coiled coil domain in the N-terminal 
that contains a heparin binding motif adding additional interacting 
sites. Whereas thrombospondin-4 contains five identical subunits, 
thrombospondin-1 only contains three.1

The 3D structure of the C-terminal domain of thrombospondin-1 
has been resolved, demonstrating an organization stabilized by a large 
number of calcium ions.23 Because the C-terminal domain of the 
various thrombospondins shows a great deal of conservation, it is likely 
that its structure is similar for all five members of the family.

COMP has been shown to bind to collagens type I and II,1 where 
an individual C-terminal globular domain provides a high affinity in 
the nanomolar range. There are four binding sites evenly distributed 
along the collagen molecule. There is one at each end, and two are 
located along the filament such that there is a similar distance between 
the four binding sites. Even though each COMP molecule has five 
identical binding sites, an individual molecule can only engage one 
binding site on each collagen molecule and not span over the distance 
between two such sites. Therefore, each COMP molecule has the 
potential to bind to five different collagen molecules. The quarter 
stagger arrangement of the collagen in the fiber and the fact that there 

Molecules regulating collagen fiber assembly
Collagen fiber dimensions and orientation in the tissue vary between 
different layers of the articular cartilage. Furthermore, fibers in the 
territorial matrix close to the cells are thinner and have similar dimen-
sions at different layers of the cartilage. On the other hand, fibers in 
the interterritorial matrix are thicker and have larger and more variable 
diameters in the deeper layers. This regulation of fiber diameters is 
achieved by a number of macromolecules that bind to collagen. The 
exact role of the individual molecule in achieving the final dimensions 
and the directions of the fibers is not clear, although there are a number 
of examples where inactivation of individual genes of involved proteins 
leads to altered dimensions of collagen fibrils.

The extremely long half-life of collagen type II, in excess of 100 
years,7,21 indicates that there is very little elimination of collagen over 
the life of an individual, at the same time as fibers defective due to 
fatigue have to be repaired. It is possible that the very variable dimen-
sions of the fibers in the interterritorial matrix result from adding 
newly synthesized collagen molecules at the fiber surface, thus gradu-
ally increasing the diameter to provide mechanical stability.

A number of molecules bound at the surface of the collagen fibers 
are likely to prevent further accretion of collagen. It is likely that these 
molecules will have to be removed before new collagen molecules can 
be added to a fiber in remodeling or repair.

It appears that while the collagen itself does not turn over, the 
molecules at the fiber surface are continuously removed and 
replenished.

Molecules with putative roles in the regulating fibril formation are 
found among those that can bind collagen in vitro.

COMP
COMP is a molecule primarily found in cartilage, where it is quite 
abundant at a concentration of around 0.1% of the tissue wet weight. 
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THE PROTEOGLYCAN AGGREGATE STRUCTURE AND ORGANIZATION

Fig. 8.4 Depiction of the proteoglycan aggregate structure and organization. Also shown is a rotatory shadowing electron microscopic picture of an aggregate 
isolated from tissue. (Courtesy of Matthias Mörgelin.)
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Decorin
Decorin was the first molecule within the leucine-rich repeat (LRR) 
protein family that was cloned and sequenced. This family of mole-
cules in the extracellular matrix contains four subclasses with a total 
of 12 members, which all appear to share the function of binding to 
collagen (Fig. 8.5).1

One functional domain of these molecules is a central LRR region, 
where particularly leucine residues are at conserved locations in each 
repeat of some 25 amino acids, albeit somewhat variably long. Most 
of these molecules have 10 to 11 such repeats, where the entire domain 
contains a disulfide loop structure at each end. One subgroup contains 
molecules with only six repeats.

One variable of almost all the molecules in the family is an N- 
terminal extension of usually less than 20 amino acids, which may 
contain a variety of substituents (see Fig. 8.5). Some of the molecules 
also have a C-terminal extension. There is also variation in the glyco-
sylation of the repeat domain, which usually contains a few N-linked 
oligosaccharides that may occur with a variably long array of 6-O-sul-
fated lactosamine repeat disaccharides (see Fig. 8.4) extended to form 
the glycosaminoglycan keratan sulfate.

The 3D structures of decorin29 and biglycan30 have been resolved by 
x-ray crystallography. These molecules contain one (decorin) or two 
(biglycan) glycosaminoglycan chains bound at the N-terminal exten-
sion. These are chondroitin sulfate or dermatan sulfate depending on 
the tissue, while very similar between the molecules in a given tissue. 
In articular cartilage the chain is a lowly epimerized dermatan sulfate 
where a few of the glucuronic acid residues have been epimerized to 
iduronic acid, increasing its structural variability. This glycosamino-
glycan has capabilities of specific interactions with other molecules in 
the matrix, including binding other dermatan sulfate chains.1

Based on the presented x-ray crystallography data, the LRR family 
of molecules form a curved structure in which two molecules form a 
dimer in the crystals that overlap in opposite directions with about 
50% of their length such that the N-terminus of one molecule is located 
in the middle of the curved domain of the other. Support for such a 
dimeric structure was obtained by other techniques such as gel 

appears to exist a pentameric microfibril unit24 may relate to the four 
similarly spaced collagen binding sites in the molecule. COMP will 
accelerate and provide for a faster collagen fibril formation in vitro. It 
appears that this effect is mediated via the COMP molecule, bringing 
together several collagen molecules and facilitating their interactions 
in the forming fiber. The COMP molecule does not remain bound 
directly to the surface of the forming fiber. The molecule thus appears 
to function as a catalyst enhancing fibril formation.

In the cartilage of the growing individual and notably in the growth 
plate, COMP is primarily localized close to the cells in the territorial 
matrix, where it may have a role in stimulating collagen fibril 
formation.25

COMP has the ability to interact with all four non-collagenous (NC) 
domains of collagen type IX with similarly high affinity in the nano-
molar range. The interaction is mediated via the C-terminal globular 
domains (see Fig. 8.2).

In the adult individual, COMP is primarily localized in the interter-
ritorial matrix and may be bound to the collagen type IX and/or one of 
the matrilins that in turn bind to the surface of the collagen fiber (see 
Fig. 8.2). The role of COMP in adult cartilage appears to be to stabilize 
the collagen fiber network.

Mutations in the calcium-binding domain of COMP as well as in 
the C-terminal domain have been shown to lead to severe growth 
disturbances in the form of pseudoachondroplasia or multiple epiphy-
seal dysplasia. A feature of these conditions is that material retained 
in the endoplasmic reticulum of the chondrocytes contains both COMP 
and collagen type IX.26

On the other hand, the COMP null mouse shows no detectable 
alteration in phenotype.27 It is possible that other molecules compen-
sate for the lack of COMP function in these mice.

COMP is significantly upregulated in early stages of osteoarthritis,57 
even long before diagnosis, in an apparent repair attempt. At the same 
time the protein already deposited is cleaved and released from the 
tissue. Indeed assay for such fragments released to body fluids has been 
used to measure altered cartilage metabolism as a biomarker for 
arthritic disease.28
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its protein core exposing a keratan sulfate chain as well as the  
tyrosine sulfate domain, available to interact with PRELP and the NC-4 
domain of collagen type IX located on neighboring fibers. Such interac-
tions are important for the stability and properties of the collagen 
network.

Fibromodulin is a target in joint disease. In a model of articular 
cartilage destruction using stimulation of cartilage by IL-1 in explant 
culture, we have been able to show that fibromodulin is degraded after 
aggrecan and that the molecule is initially cleaved by MMP-13 to 
release the almost entire N-terminal tyrosine sulfate domain while the 
remainder of the molecule is initially retained in the tissue, probably 
bound to the collagen.36 This loss of the anionic domain is likely to 
alter the properties and interactions of fibromodulin. At the same time 
MMP-13 can release the entire NC-4 domain of collagen type IX from 
cartilage.37 This results in a loss of function that non-covalently cross-
links collagen fibers and stabilizes this network that is essential for the 
maintenance of structure and function of the cartilage. This may rep-
resent a central mechanism in the swelling and surface fibrillation 
observed in early osteoarthritis.

It is of interest to note that the fragment retained in the tissue is 
only found in pathology and not in normal tissue, albeit there is con-
tinuous turnover of matrix constituents in response to altered load and 
to remove damaged components. This normal turnover appears to 
involve different mechanisms of cleavage.

Other LRR proteins
PRELP distinguishes itself by having a basic, heparin binding N-termi-
nal domain.38 This mediates binding to molecules with heparan sulfate 
side chains, including perlecan and cell surface syndecan and glypican. 
At the same time the protein binds via its LRR domain to two sites 
on fibril-forming collagens type I and II. Thus, the molecule has the 
potential to bridge from the collagen network back to the cell surface. 
It thereby has the potential to provide feedback to the cells on the 
conditions of the matrix. Little is known of alterations of PRELP in 
joint disease.

Asporin is a close relative of decorin but differs in having a variably 
long polyaspartate sequence in the N-terminal end. The number of 
aspartate residues varies between individuals.39 It has been demon-
strated in studies of several cohorts of individuals in Asia that osteo-
arthritis is overrepresented in individuals having 14 such residues 
compared with those with 13 residues in the asporin N-terminal struc-
ture.40 In a different study from the United Kingdom no such pro-
nounced relationship could be discerned, indicating that other factors 
also are involved.41 One function of the polyaspartate sequence appears 
to be to bind calcium, where there may be a difference between the 13 
and 14 aspartate variants.42 At the same time asporin binds to collagen 
to the same sites as decorin,42 which can provide for its fixation to 
collagen fibers in the tissue. The molecule may thus have roles in regu-
lating mineralization relevant to the development of osteoarthritis. 
Asporin, like decorin, biglycan, and fibromodulin, appears to bind 
transforming growth factor (TGF)-β.

There is a set of LRR-proteins with only six repeats.1 These include 
epiphycan, mimecan, and opticin. Also, these molecules appear to have 
the ability to bind collagen. They all contain N-terminal extensions 
carrying glycosaminoglycan chains (epiphycan), tyrosine sulfate resi-
dues (mimecan), or O-glycosidically linked oligosaccharides (opticin) 
(see Fig. 8.5). Mimecan has also been named osteoglycin. There is 
limited knowledge on alterations of these proteins in joint disease. 
Mimecan and opticin are particularly prominent in connective tissues 
other than those of the joint.

Heparin/heparan sulfate
A glycosaminoglycan not prominent in cartilage is heparan sulfate, 
which shows overlapping structural features to heparin. Heparan 
sulfate is found as side chains of extracellular perlecan (see later), which 
has a very large protein core with several domains interacting with a 
number of other proteins in the ECM. The proteoglycan contains an 
N-terminal domain with some three glycosaminoglycan chains and a 
C-terminal domain with up to two chains. These may be heparan 
sulfate or chondroitin sulfate (see later).

Heparan sulfate contains two types of disaccharide repeats of  
either a glucuronic acid and an N-acetylglucosamine or an iduronic 

filtration on line with dynamic light scattering.29 Electron microscopy 
indicates that decorin and biglycan as well as chondroadherin may in 
addition to dimers also exist in a monomeric form at very low concen-
trations (M. Mörgelin and D. Heinegård, unpublished work).

The presence of the proteoglycan as a monomer or a dimer has 
specific relevance for interactions and functions. Thus, a monomeric 
molecule has only one of each interacting site whereas a dimer may 
exhibit two of each binding site.

Decorin binds tightly to the fibril forming collagens with a KD in 
the nanomolar range. Binding is close to the C-terminus of the collagen 
as shown for collagen type I. Binding occurs via the LRR region and 
particularly involves repeats 4 and 5.1 The critical sequence has been 
identified as SYIRIADTNIT.31

Via its binding to collagen, decorin inhibits formation of collagen 
fibers in vitro in a dose-dependent manner. In accord, mice lacking 
decorin generated by knockout technology have irregular collagen fibers 
with increased diameter particularly prominent in skin.32 They do not 
show increased early joint pathology, indicating that other molecules 
may compensate for the lack of decorin in articular cartilage.

Decorin is present bound at collagen fibers in the tissue, where the 
glycosaminoglycan chains are free to interact with other molecules. 
Thus, decorin can crossbridge to neighboring collagen fibers as well as 
to other molecules in the local environment (see Fig. 8.2).

Fibromodulin and lumican
Fibromodulin and lumican belong to the same subclass of the LRR 
proteins with the gene arrangement distinct from that of decorin. 
Other members of this subgroup are keratocan, osteoadherin, and 
PRELP. All these molecules except PRELP contain tyrosine sulfate 
residues in the N-terminal extension. Notably the number of such 
sulfate residues is variable both with regard to the relative proportion 
of candidate tyrosine residues that are sulfated within a given molecule 
and with regard to the number of such tyrosine residues that may carry 
a sulfate. One extreme is represented by fibromodulin, which contains 
up to nine sulfate residues; osteoadherin contains up to eight, lumican 
up to four, and keratocan only one.33 PRELP, in contrast, contains a 
cluster of basic residues contributing heparin-binding activity for this 
molecule.34

The function of this domain with clustered tyrosine sulfate residues 
is becoming clearer. The domains in fibromodulin and osteoadherin 
mimic heparin in many interactions and bind growth factors (e.g., 
fibroblast growth factor [FGF]-2), cytokines (e.g., Oncostatin M and 
IL-10), matrix metalloproteases [MMPs] (e.g., MMP-13 for fibromodu-
lin), as well as a number of matrix proteins via their heparin-binding 
domains (e.g., PRELP and chondroadherin).35 Thus, fibromodulin 
sitting on a collagen fiber appears to extend its tyrosine sulfate domain, 
which can bind to molecules with cationic domains. One such charged 
structure is the NC-4 domain of collagen type IX, which has been 
shown to interact with the anionic N-terminal extension of fibromodu-
lin,35 schematically outlined in Figure 8.2.

All of the molecules in this family appear to bind to collagen via 
their LRR domain, with dissociation constants ranging from 1 to 
10 nM.1 Only in a few cases has it been established where exactly along 
the collagen the LRR protein binds.

Collagen binding of fibromodulin has been extensively studied. It 
has been shown that the molecule inhibits fibril formation in vitro. 
The fibromodulin null mouse shows altered collagen fibril dimensions, 
particularly apparent in the tail tendon. Unexpectedly, in view of the 
inhibitory effects observed in vitro, the tendon contained a much larger 
number of thin fibrils. An explanation appears to be a higher abun-
dance of the related lumican molecule, which could be shown to bind 
to the same site on the collagen, albeit with somewhat lower affinity. 
It thus appears that lumican may guide early events in fibril formation. 
The molecule may then be competed away by fibromodulin to intro-
duce a different function. Because the mRNA levels and therefore 
synthesis of lumican were lower in the null mouse, it appears that the 
higher levels of this protein were caused by a retarded elimination 
apparently caused by the lack of competition by fibromodulin.1

These findings illustrate that fibril formation takes place in many 
steps involving a set of different molecules with different roles.

Fibromodulin is also present at the collagen fiber in the tissue, 
where it is bound in the gap region.1 It appears to be bound via 
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Matrilin-1 can be isolated from cartilage as a mixed polymer that 
contains subunits of matrilin-1 as well as matrilin-3. The functional 
significance of this heterocomplex is not understood.48

A module crosslinking to other matrix constituents
Decorin and biglycan appear to have roles also in the completed 
network. Collagen type VI isolated from a chondrosarcoma cartilage-
like tissue contains biglycan or decorin bound at the N-terminal glob-
ules. The proteoglycan, in turn, has a bound member of either 
matrilin-1, matrilin-2, or matrilin-3. This interaction is tight with a 
dissociation constant in the order of nanomolar. The matrilin, in turn, 
is binding to a procollagen type II molecule or a completed collagen 
fiber. Alternatively, the matrilin binds an aggrecan molecule (see Fig. 
8.2).49 Thus, the collagen type VI seems to be a center in a scaffold, 
which binds to the other major networks in the matrix. The collagen 
type VI is found only in the territorial matrix closer to the cells and is 
absent from the interterritorial matrix at some distance from the cell. 
The information on alterations of collagen type VI in joint disease is 
limited, but it is important to note that the protein is found particularly 
enriched in tissues subjected to load.

Molecules interacting at the cell surface and 
modulating chondrocyte behavior
The chondrocyte has the ability to both degrade the matrix and replen-
ish lost molecules with new constituents in a process of remodeling 
the tissue in response to material fatigue or to altered load. The cells 
are guided in this endeavor by receptors at their surface that recognize 
specific molecules in the matrix (see Fig. 8.2). Binding elicits specific 
signals, which either will effect cellular spreading and migration by 
engaging the actin network or lead to alterations in transcription and 
protein synthesis. Other stimuli that will affect cells include mechani-
cal forces, which provide signals that crosstalk with those from other 
interactions at the cell surface. Indeed, there are data to indicate that 
some of the signals elicited by mechanical load involve integrins.50

Integrin binding proteins
The integrins contain an α-chain non-covalently bound to a β-chain. 
The cells in connective tissues either contain a β1- or β3-chain in com-
bination with one of many α-chains. The different integrins have dif-
ferent preferred ligand extracellular matrix proteins.51 As an example 
of the organization of integrins, members of one such family with four 
members bind to collagens. They contain a β1-chain in combination 
with either an α1-, α2-, α10-, or α11-chain. These various integrins show 
different tissue distribution, such that those with α10 appear unique 
to cartilage while the others have more ubiquitous distributions. Their 
binding to collagen may elicit different responses and may either pri-
marily result in an altered production of enzymes degrading the matrix 
or in production of building blocks like collagen molecules.

There are a number of factors limiting our ability to discern what 
integrins are present on the chondrocyte in the tissue. One factor is 
limited accessibility by antibodies used, and another is alterations of 
integrin presence during the long procedure for cell isolation. Thus, 
present information on the presence of integrins at the cell surface is 
variable. It is likely that a number of integrins change their expression 
on chondrocytes in normal and in pathologic tissue in response to 
environmental factors.

Many of the molecules binding to integrins are not unique for car-
tilage. The collagen binding integrins appear not to be specific for a 
particular fibril-forming molecule. One exception is chondroadherin. 
This protein appears restricted to cartilage and can bind the α2β1 inte-
grin while not binding to other integrins containing the same 
β-chain.

Chondroadherin
Chondroadherin is a member of the LRR protein family, forming its 
own subclass. The protein differs from the other LRR family members 
in that the C-terminal cysteine loop is double and that the protein has 
a short C-terminal extension of basic amino acids. The protein has no 
N-terminal extension. Interestingly, on binding to the cell surface α2β1 
integrin the protein elicits signals that do not induce cell spreading, a 
behavior different from that of most other integrin-binding proteins.1

acid and an N-acetylglucosamine. The hexosamine carries an O- 
sulfate group and some of the residues have an additional N-sulfate 
instead of the N-acetyl group. Also, the uronic acid may be sulfated, 
usually in its 2-position. Thus, there is an extensive variability  
in the building blocks that are then assembled in variably long  
stretches with different repeat stretches of lowly and highly sulfated 
residues.

Other heparan sulfate–containing proteoglycans are found at the cell 
surface of the chondrocyte. These include four different syndecans,43 
which contain a domain intercalated in the cell membrane and some 
six glypicans that are linked via a glycosylphosphoinositide linkage.44 
The syndecans contain an intracellular signaling domain and, as dis-
cussed later, they are involved in signal transduction.

Fibers with collagen type VI as the main constituent
There is a different fibrillar network in cartilage with a more restricted 
distribution in the tissue. This has collagen type VI as a major con-
stituent and is primarily present in the territorial matrix surrounding 
the cells (see Fig. 8.1).

Collagen type VI
A distinct network of beaded filaments is represented by collagen type 
VI. This molecule contains three different α-chains with a central triple 
helical domain flanked by globular domains. The N-terminal portion, 
particularly the α3(VI)-chain, contains nine von Willebrand factor 
A–like (vWFA) repeats. Also the C-terminal portions of all three chains 
contain two vWFA repeats, as well as other motifs with less clear func-
tions. The vWFA domain is found in many proteins where it is involved 
in protein-to-protein interactions.45

While still within the cell, two collagen type VI molecules associate 
in an antiparallel fashion such that the dimer is flanked by the N- 
terminal domains, with the two C-terminal domains placed to form 
two interior globular structures along the filament formed by the two 
triple helices. Two such dimers associate laterally to form a tetramer 
having globular domains at each end representing a pair of the vWFA-
rich globules. Internal in the triple helical central filament are found 
the two globular structures representing the C-terminals.45 The tetra-
mer is secreted from the cell, and its N-terminal structures lay the 
ground for further associations into fibrils involving both end-to-end 
and side-to-side interactions. This assembly process appears to be 
governed by other molecules particularly involving the members of the 
LRR protein family.

Biglycan and decorin
Biglycan and decorin both bind with high affinity to the collagen type 
VI N-terminal domain independently of their glycosaminoglycan side 
chains. This binding is a prerequisite for formation of the collagen type 
VI beaded filament network in vitro. The regulation of the collagen 
type VI assembly also depends on the presence of the chondroitin/
dermatan sulfate side chains, where the two present in biglycan provide 
for a more efficient filament formation than the single chain in decorin. 
The two closely related proteoglycans appear to bind to the same site, 
which interestingly does not seem to involve the triple helical domain 
in this collagen.46

Matrilins
Cartilage matrix protein (CMP, matrilin-1) is the first identified of the 
four matrilins. These proteins47 contain vWFA domains. Matrilin-1 
has two such domains in each of the three identical subunits with a 
molecular mass of around 50,000 daltons; matrilin-3 with four sub-
units has only one such domain.

Matrilin-1 and matrilin-3 are quite restricted to cartilage while the 
others have a more general distribution. Interestingly, matrilin-1 is 
even further restricted and is not found in articular cartilage and the 
intervertebral disc, whereas it is particularly prominent in tracheal 
cartilage. The protein is present in the more immature cartilage of the 
femoral head during earlier phases of development and can be seen in 
the early bone anlagen. Its role in cartilage is becoming clearer, and 
data indicate roles in the collagen network function. Its two vWFA 
homology domains (only one in matrilin-3) may mediate the ability of 
the protein to bind to collagen. Matrilin-1 was initially isolated because 
of its apparent ability to bind to aggrecan.
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Interestingly, as discussed earlier, the N-terminal tyrosine-sulfate 
domain of fibromodulin can mimic heparin in many interactions and 
bind other proteins to crossbridge networks as well as sequester growth 
factors.

Other molecular functions
In joint disease, inflammation is a frequent component causing pain 
and limiting function. The inflammation is usually chronic and one 
issue is whether components from cartilage can propagate the inflam-
matory activity. It is a long-standing observation that when cartilage 
is removed in joint arthroplasty the inflammation recedes, indicating 
that factors released from the tissue have a role in propagating 
inflammation.

It has been shown that some patients with rheumatoid arthritis 
have circulating antibodies to collagen type II. Furthermore, an arthri-
tis condition can be elicited by injecting mice and rats with collagen 
type II (collagen-induced arthritis). The disease can be transferred by 
antibodies to specific collagen type II epitopes.61 It is thus possible that 
antibody binding activates complement and inflammation.

More recent findings indicate that matrix proteins may activate 
innate immunity. Fibromodulin has been shown to be as active as 
immune complexes62 in activating the classical pathway of comple-
ment. Although it appears to be as potent as complexes of immuno-
globulins, it does not bind to the same site. The protein binds C1q 
with ensuing deposition and activation of C4 and C3. The fibromodu-
lin binds to the head domains of C1q rather than to the triple helical 
stalk region.

Interestingly, fibromodulin can also recruit factor H via binding to 
a different site than that for C1q and thereby inhibit further activation 
of the complement cascade. Whether different fragments released in 
disease will have different roles in complement activation remains to 
be shown.

In other experiments it has been shown that biglycan can inhibit 
the classical pathway of complement. It appears that other LRR pro-
teins such as biglycan and decorin also can bind factors involved in 
regulating the complement cascade. One example is a tight interaction 
to C4BP having roles in regulating complement activity.63

Binding and sequestering growth factors in the extracellular matrix
The extracellular matrix of cartilage contains a number of factors that 
are sequestered there by binding to specific interaction partners. On 
degradation of the matrix one can envisage that these factors are 
released and affect cellular activities. In particular, a number of growth 
factors have been found to have the capacity to bind to matrix 
proteins.

Transforming growth factor-β
This growth factor has been shown to bind to a number of matrix 
proteins, where particularly the binding to some members of the LRR 
protein family has been investigated. All three TGF-β variants bind to 
bacterially expressed proteins of decorin, biglycan, and fibromodulin as 
well as to proteins with the full range of post-translational modifica-
tions. More recently there are indications that asporin also can bind 
TGF-β. It has been demonstrated that active TGF-β is released from 
decorin on treatment with MMP-3. Indeed cartilage contains substan-
tial amounts of TGF-β, which has been extracted and purified from 
the tissue.

Fibroblast growth factor
There are matrix proteins that contain heparan sulfate side chains, 
which are likely to bind growth factors within the FGF family. In the 
case of syndecan at the cell surface, these side chains appear to be 
involved in presenting the growth factor to its receptor.64

Other molecules in the extracellular matrix
Perlecan was found to have a central role in cartilage development 
when a mouse with the gene inactivated was developed. Most of these 
mice die during early development from problems with heart and major 
blood vessels, but those that survive until birth show major growth 
disturbances, with an extensively altered growth plate, lacking a large 
proportion of the collagen fibers.65 Further studies have revealed that 

Chondroadherin is present in articular cartilage but particularly 
enriched during growth in the pre-hypertrophic zone of the growth 
plate where cell multiplication is slowed, in line with its in-vitro effects 
on cell behavior. Interestingly, the protein appears to be lost early in 
the process of developing joint damage in osteoarthritis.

Fibronectin
Fibronectin52 is present in most tissues and can actually form its own 
fibrils that appear to have roles in guiding matrix assembly and cell 
migration. The protein contains two identical subunits held together 
by disulfide bonds close to their C-terminal end.

Fibronectin contains a collagen-binding domain with preference for 
denatured collagen (gelatin). There are integrin-binding domains, 
where the RGD (arginine-glycine-aspartic acid) represents the classic 
motif of integrin binding. This motif in fibronectin preferentially binds 
the α5β1 integrin, although the αVβ3 integrin can also interact. There 
are also other integrin-binding domains in fibronectin.53

Another motif is represented by the two heparin-binding domains 
of each some 20 kDa on each subunit. These can interact with heparan 
sulfate proteoglycans at the cell surface, including syndecan, which also 
represents a signaling molecule.54

Although the details are not known, fragments of fibronectin (e.g., 
those containing either of the heparin-binding domains) when added 
to cartilage in explant culture as well as injected into the joint will 
stimulate chondrocytes to produce proteases and cartilage break-
down.55,56 In contrast, the intact fibronectin molecule will not have 
these effects on the cells. It is possible that fragmentation of fibronectin 
is one mechanism for propagating joint destruction in disease. The 
active fragments have not yet been identified in body fluids.

Fibronectin is upregulated in the articular cartilage already at very 
early stages of osteoarthritis in many species, including humans.57 The 
functional consequences of this upregulation are not known but may 
represent part of a repair attempt. A result is further availability of 
fibronectin that may be fragmented to further increase tissue 
degradation.

Collagen and the discoidin receptors
There is an additional cell receptor for collagen, the discoidin domain 
receptor 2 (DDR-2). This receptor has been shown to be upregulated 
in mice developing osteoarthritis. This receptor will bind collagen type 
II that induces upregulation of MMP-13 production.58 Exposure of 
collagen type II may be enhanced by removal of proteins bound at  
the fibrillar surface, thereby making the molecule available for 
interactions.

Hyaluronan
Hyaluronan represents an extremely long glycosaminoglycan chain, 
which is distinct from all the others in that it is not bound to a protein 
core. It does not contain any sulfate groups. The backbone is made up 
of one to several thousand repeating disaccharides of glucuronic acid 
and N-acetylglucosamine. As discussed earlier, this glycosaminoglycan 
specifically binds to a domain in aggrecan essential for the formation 
of aggregates.

There is also an interaction with specific cell surface receptors. 
These are CD-44,59 which interacts with a minimally long hexasac-
charide sequence of the polymer. The interactions with hyaluronan are 
important for organizing the pericellular environment and provide for 
signals to the cell. The CD-44 occurs in many different splice forms 
with different presence on various cells, but a role for such variability 
in joint disease is unclear. Another receptor for hyaluronan is 
RHAMM.60 These are also signaling receptors, but like the CD-44 
receptors they are present on a variety of cells.

Ligands for heparan sulfate/syndecans
In addition to heparin-binding domains present in fibronectin, various 
other matrix proteins contain such domains. Examples are most 
members of the thrombospondin family, (excluding COMP), many 
MMPs, CILP, and PRELP.1 As discussed earlier, isolated heparin-
binding domain fragments can induce cartilage breakdown in vitro and 
in vivo. The precise role of these interactions or whether they represent 
a governing factor in tissue breakdown as discussed for fibronectin is 
not known.
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surrounding body fluids. With the use of sensitive immunoassays these 
fragments can be quantified in synovial fluid or serum. This so-called 
molecular marker technology (biomarkers) aims at providing new 
means of assaying ongoing active processes in the articular cartilage. 
In further developments such techniques may be used in diagnosis, for 
the estimation of activity of the tissue-destroying process, to document 
effects of therapeutic intervention, and, most importantly, to discover 
processes at the early stage before clinical symptoms become apparent. 
One example is the demonstration that COMP can be used to identify 
those cases that will lead to the most extensive joint destruction in 
both osteoarthritis and rheumatoid arthritis.28,69 Also a number of 
collagen fragments created by cleavages with collagenases as well as by 
subsequent gelatinase activity have been used to monitor disease.70,71 
With further developments of the technology we hope to be able to 
identify indicators specific to a particular pathologic process in a given 
tissue. Thus, it should be possible to identify activity of a process in 
the meniscus and activity in the cartilage.

chondroitin sulfate side chains specific for perlecan can actually accel-
erate and catalyze collagen fiber formation.66

GP-39 is a protein upregulated in osteoarthritis. It shares homology 
with a chitinase, but the true activity of the protein is not known.67 
GP-39 is also expressed in a number of other tissues, particularly in 
disease.

Cartilage matrix also contains a number of proteins that are made 
elsewhere and are normally primarily found in the circulation. There 
is a preference for certain proteins, and particularly low-molecular-
weight basic proteins (e.g. lysozyme)68 appear to bind into the matrix. 
It is not known if these molecules contribute specific functions.

Fragments of matrix proteins released in cartilage 
breakdown as molecular indicators of disease
In processes resulting in cartilage tissue destruction, extracellular 
matrix proteins are degraded by proteolytic enzymes. Some of the frag-
ments formed will no longer be retained in the tissue but released to 
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ORGANIZATION OF BONE
Macroscopic (organ) level
Bone at the organ level consists of the diaphysis (shaft), metaphysis, 
and epiphysis (Fig. 9.1). In the long bones of growing children, the 
growth plate separates the epiphysis from the metaphysis. The primary 
component of the diaphysis is cortical or compact bone. The Haversian 
canals in cortical bone create a porosity of about 3% to 5%, although 
this increases in older age and with osteoporotic changes to the skel-
eton. Compact bone is also found surrounding the spongy bone of the 
vertebral body and in the skull. It is strong and provides both support 
and protection.

Cancellous (trabecular or spongy) bone is found in the metaphyses 
of the long bones and in the vertebrae, surrounded by cortical bone. 
During growth, the primary spongiosa are composed mostly of disor-
ganized woven bone, or primary lamellar bone surrounding a core of 
calcified cartilage. It is separated from the remodeled, more highly 
oriented secondary spongiosa by an arbitrary boundary. The secondary 
spongiosa reflects patterns of stress and functions largely to funnel 
stresses to the stronger and more massive cortical bone. In regions 
beneath joint surfaces it also attenuates forces generated by mechanical 
loading and may protect the joint surface from loading-related trauma. 
The cancellous bone itself is composed of plates and rods of bone, each 
about 200 µm thick, with a porosity of about 75% to 85%. The marrow 
in the spaces between the trabecular struts are regions in which red 
blood cells are formed (i.e., red marrow). In osteoporosis the differentia-
tion of cells in the bone lineage can be partly diverted to adipocytes, 
and the marrow becomes more fatty (i.e., yellow marrow). Because 
cancellous bone has a large surface area in contact with vascular 
marrow, it is ideal for the long-term exchange of calcium ions. In 
osteopenia, regions of cancellous bone are affected first. This is why 
the vertebral column, which is mainly composed of cancellous bone, 
is affected earlier and more severely in osteoporosis than even the 
femoral neck and hip.

Microscopic (tissue) level
At the microstructural level, bone is organized differently for different 
functions (Fig. 9.2). In humans bone tissue can be divided into three 
broad categories partly on the basis of the arrangement of collagen 
fibers and partly on whether it has replaced preexisting bone: (1) woven 
bone, (2) primary bone, and (3) secondary bone.

Woven bone is characterized by randomly oriented collagen fibers, 
which tend to be smaller in diameter than those in more highly orga-
nized primary or secondary bone. Woven bone is not lamellar, is 
porous, and may become highly mineralized because the “loose weave” 
of the collagen fibers allows deposition of large amounts of mineral. 
The low density of woven bone, then, is a function of loosely packed 
collagen fibers and porosity, rather than low mineralization. Woven 
bone can be deposited de novo without any bony or cartilaginous sub-
strate or anlage, but it can also be formed as part of the process of 
endochondral ossification, either at the growth plate during develop-
ment or during fracture repair. Woven bone proliferates rapidly because 
it has a large cell-to-volume ratio, which makes its role in fracture 
repair ideal. It is often found associated with osteosarcoma, probably 
because of proliferation, especially of the cellular periosteum. It is also 
associated with the osteophytosis that occurs in the vertebral column 
consequent to disk degeneration and composes the bulk of osteophytes 
found on the margins of joints in osteoarthritis. The function of woven 
bone is primarily mechanical, rapidly providing both temporary strength 
and scaffolding on which lamellar bone may be deposited. However, it 

Bone structure and function
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 Bone is organized differently and for different functions at the 
organ (whole bone), tissue (material), and molecular (collagen-
mineral) levels.

 The non-collagenous proteins function as structural support in the 
bone matrix and have roles in regulating mineral deposition and 
crystal growth, as well as cell attachment and growth factor 
concentration and regulation.

 Bone mineralization is effected through hormonal action (FGF23), 
as well as through the bioactivity of matrix proteins with emerging 
roles (DMP1 and MEPE).

 Osteoclasts are the primary bone-resorptive cells and originate 
from precursors of the hematopoietic lineage upon stimulation 
with receptor activator of NF-κB ligand (RANKL) and macrophage 
colony-stimulating factor (MCSF).

 The rate of osteoclast generation determines the extension of the 
BMU, whereas the life span of osteoclasts determines the depth of 
resorption.

 Osteoblasts are the cells responsible for bone formation and 
originate from mesenchymal progenitors that also give rise to 
chondrocytes, muscle cells, and adipocytes.

 Osteocytes form a network that senses mechanical and hormonal 
environmental cues and orchestrates the function of osteoblasts 
and osteoclasts.

 Sclerostin is the first molecular mediator known to mediate the 
communication between osteocytes and osteoblasts.

 Four dynamic processes control skeletal development and 
adaptation—growth, modeling, remodeling, and repair—and these 
are defined by the relationship of bone resorption and bone 
formation to each other.

Bone is a complex natural composite material that undergoes  
millions of loading cycles during a lifetime without failure. Its structure 
is hierarchical, being organized differently at the organ (whole bone), 
tissue (material), and molecular (collagen-mineral) levels. This sequen-
tial hierarchy allows bone to serve a mechanical function. But the 
organization of its structure at these different levels also allows it to 
serve physiologically as a blood-forming organ and mineral reservoir 
and protect vital organs such as the brain and cartilaginous tissues in 
joints.

The mechanical functions of bone are the most widely recognized 
and are often described in terms of its strength and stiffness. In reality, 
bone’s design goal is to prevent fracture, which its hierarchical arrange-
ment and composite nature allow it to perform most effectively over a 
lifetime of use. Although strength and stiffness are important, bone is 
particularly effective at dissipating energy that could cause a fracture 
over repeated cycles of loading. Beyond its mechanical function, the 
marrow cavity and the porous trabecular bone in the ends of long bones 
and in the vertebrae and iliac crest are regions in which red blood cells 
are formed and stored. Bone is, in fact, a primary blood-storing organ. 
Additionally, bone is the body’s primary storehouse of calcium and 
phosphorus; 99% of the body’s calcium is stored in bone. These miner-
als are necessary for the proper function of a variety of systems in the 
body and are essential for enzyme reactions, blood clotting, the proper 
function of contractile proteins in muscles, and the transmission of 
nerve impulses.

9



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

68

Secondary bone is the product of the resorption of preexisting bone 
and its replacement with new bone. This can occur within dense corti-
cal bone (resulting in a secondary osteon, or Haversian system), or it 
can begin on the surfaces of trabeculae (resulting in what is sometimes 
called a hemiosteon). The distinction between primary and secondary 
bone is important because it is likely that control of primary bone 
apposition is different from that replacing preexisting bone by second-
ary bone. A secondary Haversian system in cortical bone has a central 
vascular canal 50 to 90 µm in diameter, known as a Haversian canal. 
The blood vessels in the canal have the characteristics of capillaries 
and are generally paired within the canal. Venous sinusoids and lym-
phatic vessels are not found in Haversian canals, although it has been 
suggested that pre-lymphatic vessels may exist.1 The vessel walls 
contain no smooth muscle but are fenestrated capillaries lined by an 
incomplete layer of endothelial cells, similar to vessels in other blood-
forming organs like the spleen and bone marrow.2 The vessel is accom-
panied about 60% of the time by two to seven unmyelinated nerve 
fibers.3 Because the capillaries have no smooth muscle, these nerves 
do not serve a vasomotor function. Instead, they are most likely part 

can also be associated with pathologic processes that involve inflam-
matory cytokines.

Primary bone must be deposited on a preexisting substrate and is 
organized into lamellar layers. Because of this, trabecular plates, which 
are mainly composed of primary lamellae, cannot be replaced once they 
are perforated. This accounts for the loss of trabeculae with age and is 
part of the reason that it is difficult to reverse osteoporotic changes 
once trabecular connectivity has been lost. Primary lamellar bone also 
forms in rings around the endocortical and periosteal surfaces of whole 
bone (circumferential lamellae). Primary lamellar bone itself is not very 
vascular and therefore can become dense. However, primary bone often 
borders highly vascular tissues and therefore the quantity and quality 
of primary lamellar bone can be affected by hematopoiesis and the 
body’s needs for mineral metabolism. Primary bone can also be arranged 
in concentric rings around a central canal—much like a secondary 
Haversian system, except without a definable cement line. Primary 
osteons tend to be small with few concentric lamellae. In reality, 
primary osteons are modified vascular channels that have “filled in” 
by the addition of lamellae to the surface of the vascular space.

Secondary
spongiosa

L2, 37 y.o. male

Cortical bone

Primary spongiosa

Diaphyseal
cortical bone

Fig. 9.1 At the organ level, bone consists of 
compact (cortical) bone, which forms a shell around 
the more porous, cancellous (trabecular) bone, or 
spongiosa. In the cancellous regions of the long 
bones, such as the proximal tibia shown here, the 
primary spongiosa is separated from the secondary 
spongiosa by an arbitrary boundary. Primary 
spongiosa is composed of primary bone, often laid 
down during growth on a calcified cartilage core 
that is subsequently remodeled. Secondary 
spongiosa is remodeled, reflects patterns of stress, 
and directs these stresses to the cortical shell.

Woven
bone

Primary
lamellar

bone

Secondary
osteonal

bone

Fig. 9.2 These photomicrographs show the three general microscopic 
types of bone, defined morphologically. Woven bone is composed of 
disorganized, randomly oriented collagen fibers. It is found at sites of 
fracture or inflammation. Lamellar bone can be divided into primary 
and secondary. Primary bone is deposited in layers by direct apposition 
on a substrate. It is found circling the endocortical and periosteal 
circumferences of a long bone and within trabeculae. Secondary bone 
is formed by replacement of primary bone, through the process of 
resorption and subsequent new bone formation. Woven bone: 
polarized light; primary lamellar bone: left—basic fuchsin, right—
polarized light; secondary osteonal bone: left—toluidine blue, 
right—scanning electron microscopic image.
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bone is resorbed, and which are used to measure bone resorption bio-
chemically. These individual triple helical collagen molecules self-
associate into a periodic arrangement of parallel molecules spaced in 
quarter staggered array at distances of 67 nm between their ends to 
form collagen fibrils (Fig. 9.3). The spaces between the ends of the 
collagen molecules are known as hole zones, and the 35-nm gap zones 
that run longitudinally parallel between the molecules are known as 
pores. Poorly crystalline hydroxyapatite (Ca10[PO4]6[OH]2) nucleates 
within these spaces. The initial deposition of mineral—or primary 
mineralization—occurs rapidly after new bone is deposited, achieving 
about two thirds of its eventual mineral content within about 3 weeks.5 
As the bone tissue matures, the mineral crystals grow, become more 
plate-like, and orient themselves parallel to one another and to the 
collagen fibrils. This process of crystal growth is sometimes called 
secondary mineralization and occurs over the next year or so until full 
mineralization is achieved. By itself, secondary mineralization can 
significantly increase the mass and mineral density of the bone. In 
trabecular bone, the c-axis or long axis of the mineral crystal aligns 
with the longitudinal axis of the trabeculae, whereas in cortical bone 
the mineral orients to the long axis of the osteon. Other elements can 
easily substitute into the hydroxyapatite crystal, changing its character 
and ability to withstand mechanical loads. As bone matures, carbonate 
may substitute for the phosphate groups or may be loosely bound to 
the surface of bone crystals. Ionic substitutions can also occur subse-
quent to treatment with therapeutic agents for osteoporosis. When 
sodium fluoride was given to women for osteoporosis, for example, 
fluoride substituted for the hydroxyl group, and it is now well known 
that too much fluoride in the crystal will make bone brittle. Likewise, 
strontium, which is now used in the form of strontium ranelate as a 
therapeutic agent to treat osteoporosis, can substitute for calcium.

Collagen fibers can become cross-linked through the action of 
enzymes, resulting in either immature and reducible (divalent) cross-
links, or mature and irreducible (trivalent) cross-links such as pyridino-
line and deoxypyridinoline, which are formed from divalent forms 
through the action of lysyl oxidase. Bone retains a large proportion of 

of the sympathetic nervous system and may have specialized receptors 
for stretch or pressure. Nerves in the Haversian canal could act to regu-
late the exchange of large molecules (e.g., protein polysaccharides or 
glycoproteins), but they have no direct role in altering blood flow.

The Haversian canal is lined by cells (lining cells, or resting osteo-
blasts) and is surrounded by a series of concentric lamellae containing 
bone cells—osteocytes—arranged in a circular fashion. The entire 
Haversian system is about 200 to 300 µm in diameter. The relation-
ship between the size of the osteon and the size of its canal is a measure 
of the balance between bone resorption (osteon diameter) and bone 
formation (canal diameter). The secondary osteon is bounded by a 1- to 
5-µm thick cement line, probably composed largely of sulfated glycos-
aminoglycans and with about 15% less mineral than in surrounding 
bone.4 The cement line forms an effective boundary that can arrest 
cracks in bone and stop them from growing to a critical size.

COMPOSITION OF BONE
Collagen and mineral composite
Bone is composed of organic and mineralized components, mainly 
consisting of a matrix of cross-linked type I collagen mineralized with 
nanocrystalline, carbonated apatite. Bone matrix incorporates a small 
fraction of non-collagenous proteins that serve to control collagen 
assembly and size, as well as the process of mineralization, and cell 
attachment. The mineral comprises about 65% to 67% of the bone by 
weight, the organic component about 22% to 25%, and water the 
remaining fraction (⊕10%). Within the organic fraction, collagen 
makes up about 90%, with the remainder accounted for by several 
minor collagens (types III and V) and a variety of noncollagenous pro-
teins, most of them extracellular, with cell protein accounting for about 
15% of the noncollagenous proteins in bone.

Type I collagen in bone is formed by a triple helix composed of two 
α1 chains and a single α2 chain. At either end of the collagen molecule 
are an N-telopeptide and a C-telopeptide, which can be cleaved when 

Hole zones

Gap zones

67 nm Periodic staggered structure
Mineral associated with gaps in stagger

“Young bone”:
Crosslinks associated with 
N and C end terminals of
collagen
Enzymatic crosslinks

“Old bone”:
Non-end terminal
associated crosslinks
Non-enzymatic crosslinks

THE STRUCTURE OF THE COLLAGEN FIBRIL

Fig. 9.3 The structure of the collagen fibril. Molecules are organized in quarter-staggered array, with hole and gap zones 
between them where mineral can deposit. The hole zones give the collagen fibril its banded appearance when viewed by 
electron microscopy. Cross-links are formed either through the action of enzymes (divalent and trivalent cross-links) or 
through non-enzymatic processes, the latter forming advanced glycation end products that can make bone behave in brittle 
fashion.
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concentration and bioactivity in the matrix (Fig. 9.4). The local-
ization of these proteins in mature bone varies because decorin 
may localize with specific matrix areas, and biglycan is evenly 
distributed throughout the matrix. Decorin-null animals have 
alterations in collagen fibril size and bone shape,9 whereas big-
lycan-null animals demonstrated reduced bone mass due to 
lower osteoblast numbers and also demonstrated reduced 
numbers of osteoclasts.10 The biglycan-null animals also have 
reduced ability to respond to TGF-β in concert with reduced col-
lagen synthesis. SLRPs play an essential role in the regulation of 
growth factor activity. In this regard, decorin, biglycan, and fibro-
modulin all possess the ability to bind to TGF-β; however, 
decorin is the best-characterized of these proteins for the ability 
to bind this factor. Decorin enhances TGF-β binding with its 
cognate receptors and enhances its bioactivity, and in concert, 
may act to sequester TGF-β in the collagen fibrils, thus reducing 
its activity. TGF-β activity is associated with increased apoptosis 
of osteoprogenitors. Therefore biglycan and decorin appear to be 
essential for maintaining mature osteoblast numbers through 
regulating the proliferation and survival of bone marrow progeni-
tor cells.

Osteocalcin
Osteocalcin (OC) is a polypeptide post-translationally modified to carry 
di-carboxylic glutamyl (Gla) residue, which relies on vitamin K for 
proper production (other identifiers for OC: bone gamma-carboxyglu-
tamic acid [Gla] protein [BGLAP or BGP]). In humans, vitamin K is 
primarily a cofactor in the enzymatic reaction that converts gluta-
mate residues into gamma-carboxyglutamate residues in vitamin K– 
dependent proteins including osteocalcin, but also in proteins involved 
in blood clotting such as factor IX. These Gla-containing motifs are 
thought to enhance calcium binding, which may function to control 
mineral deposition and bone remodeling. Of note, OC from porcine 
bone has been crystallized, and this analysis revealed that OC main-
tains a negatively charged protein surface that has arranged five calcium 
ions in an orientation spatially complementary to calcium ions in a 
hydroxyapatite crystal lattice.11 The interaction of OC with synthetic 
hydroxyapatite in vitro depends on the three residues of gamma-
carboxyglutamic acid. A nine-residue domain proximal to the amino-
terminus of secreted OC shares high homology with the corresponding 
regions in known propeptides of the gamma-carboxyglutamic acid–
containing blood coagulation factors. This common structural feature 
may be involved in the post-translational targeting of these proteins 
for gamma-carboxylation.

Osteocalcin may also act as a hormone to regulate the activity of 
osteoclasts and their precursors. In support of this, the skeleton of the 
OC-null animal manifests osteopetrosis when compared with wild type 
littermates. In humans, osteocalcin is expressed largely by osteoblasts 
and osteocytes, and the measurement of this protein in serum has been 
used as a marker for bone turnover. Osteocalcin messenger ribonucleic 
acid (mRNA) is upregulated by vitamin D through interactions with 
trans-acting factors in vitamin D response elements (VDREs) in the 
OC promoter.12 Due to its cell-specific expression, the OC promoter 
has proven to be invaluable as an active, functional deoxyribonucleic 
acid (DNA) to drive foreign cDNAs in osteoblasts in transgenic animals.

Osteopontin
Osteopontin (OPN), also referred to as secreted phosphoprotein-1 (SPP-
1), is a member of the “SIBLING” (Small Integrin Binding Ligand 
N-linked Glycoprotein) family, which is a group of non-collagenous 
extracellular matrix proteins involved in bone mineralization. The 
genes for this family are localized to human chromosome 4q21-25, 
have similar exon arrangements, and also encode dentin matrix 
protein-1 (DMP1), dentin sialoprotein (DSP), dentin phosphoprotein 
(DPP), integrin-binding sialoprotein (IBSP), and matrix extracellular 
phosphoglycoprotein (MEPE). The SIBLING proteins share common 
structural features such as multiple phosphorylation sites, a highly 
acidic nature, the presence of an arginine-glycine-aspartic acid (RGD) 
cell attachment domain, and proteolytic-resistant acidic serine- 
aspartate-rich MEPE-associated motif (ASARM motif).

divalent cross-links throughout life. This is probably the consequence 
of continuous bone remodeling because divalent cross-links are rapidly 
converted into mature trivalent cross-links under normal circum-
stances. Divalent and trivalent cross-links are associated with the N- 
and C-terminals of the collagen molecule. Cross-links can also be 
formed between the fibers without the action of enzymes. These cross-
links are formed by the condensation of arginine, lysine, and free 
sugars, or through various oxidation reactions, resulting in the forma-
tion of advanced glycation end products (AGEs). Accumulation of 
AGEs, such as occurs in diabetic bone, is detrimental to the mechanical 
properties of the bone, making the bone more brittle and increasing 
the risk of fracture.

Non-collagenous proteins
The skeletal non-collagenous proteins (NCPs) comprise 10% to 15% 
of total bone protein. These molecules constitute a wide range of poly-
peptide species and have roles in multiple skeletal processes in addition 
to functioning as structural scaffolding within the bone matrix. Bigly-
can and decorin are proteoglycans that control collagen fibril growth 
and size. Biglycan, either directly or indirectly by controlling fibril size, 
may inhibit mineralization. Osteocalcin, osteopontin, and osteonectin 
all play a role in regulating mineral deposition (osteonectin, osteocal-
cin) and crystal growth (osteopontin and osteocalcin). Several other 
NCPs such as thrombospondin and fibronectin regulate cell attach-
ment and spreading, as does osteopontin.

Proteoglycans
Proteoglycans (PGs) are a ubiquitous family of molecules composed of 
a core protein and one or several covalently attached sulfated glycos-
aminoglycan (GAG) chains. The GAGs are linear polymers of repeated 
disaccharide units of hexosamine and hexuronic acid, except for 
keratan sulfate, where hexuronic acid is replaced by galactose. The core 
proteins attached to the GAGs are a diverse protein group and range 
in size from 10 to 500 kDa. The wide variety of protein structure may 
aid in directing the unique functional roles for each PG family.

The bone matrix contains PG families of several primary structures, 
including the following:

1. Hyaluronan/CD44-, chondroitin sulfate–containing PGs are 
expressed in several regions of bone. Hyaluronan is expressed in 
focal regions within periosteum and endosteum and surrounding 
most of the major bone cell types including osteoblasts, osteo-
progenitor cells, osteoclasts, and osteocyte lacunae. CD44 is a 
cell-surface hyaluronan receptor that may play a role in guiding 
bone development and has been localized to osteoclasts, osteo-
cytes, and bone marrow cells.6 Versican, a chondroitin sulfate–
containing PG, may be enriched during early osteoid formation 
and may provide a temporary framework in newly formed carti-
lage matrix during bone development.7 Results from a mouse 
model carrying a disrupted versican gene (the “hdf” transgenic 
mouse) also suggest that mature versican proteoglycan may be 
essential for precartilage aggregation.8

2. Heparan sulfate PGs (HSPGs) are produced by osteoblast and 
osteoclast lineage cells. These molecules play important roles in 
cell-cell interactions during bone formation by trapping autocrine 
and paracrine heparin-binding fibroblast growth factor (FGF) 
family members, as well as acting as co-receptors with the FGF 
receptors (FGFRs). Also, other secreted molecules bind HSPGs 
such as transforming growth factor (TGF)-β (betaglycan) and 
osteoprotegerin (OPG) (syndecans). The bioactivity of these 
factors is modulated by HSPGs, potentially through focusing 
concentrations of these potent molecules near differentiating 
cells.

3. Small leucine-rich PGs (SLRPs) are the most abundant of the 
PGs in bone matrix and include decorin, biglycan, fibromodulin, 
lumican, and osteoadherin. Their core proteins may form a 
horseshoe structure to assist interactions with collagen and  
the mineral components of bone during calcification. These  
molecules help to provide structural organization of the bone 
matrix and interact with specific growth factors to increase factor 
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(PDGF), vascular endothelial growth factor (VEGF), and fibroblast 
growth factor-2 (FGF2). The osteonectin crystal structure has revealed 
a novel follistatin-like component and an extracellular calcium-binding 
region. The osteonectin-null mouse develops severe osteopenia, indi-
cating that this gene may have roles in osteoblast proliferation and 
mineralization.

Alkaline phosphatases
Alkaline phosphatases are widely distributed and are membrane-bound 
glycoproteins that hydrolyze monophosphate esters.16 The liver/bone/
kidney alkaline phosphatase, referred to as tissue-non-specific alkaline 
phosphatase (encoded by the ALPL gene), acts as a lipid-anchored 
phosphoethanolamine (PEA) and pyridoxal-5-prime-phosphate (PLP) 
ectophosphatase. Loss of function mutations in the ALPL gene leads 
to hypophosphatasia, which is characterized by marked defects in bone 
mineralization and is lethal in the infantile form. The inorganic pyro-
phosphate (PPi) produced by cells inhibits mineralization by binding to 
crystals, and the presence of PPi may thus prevent the soft tissues from 
undergoing mineralization. The degradation of PPi to inorganic phos-
phate (Pi) by ALPL in bones and teeth may assist crystal growth. 
Therefore it is thought that loss of function of the ALPL gene in hypo-
phosphatasia results in accumulation of PPi and reduced skeletal 
mineralization.

Thrombospondin 1 & 2
The thrombospondins (TSPs) are a family of secreted glycoproteins of 
high molecular mass. TSP1 and TSP2 share high homology and form 
450 kDa homotrimers. Both TSP1 and 2 are expressed by mesenchy-
mal cells and chondrocytes during cartilage formation. As osteoblasts 
replace the mineralizing cartilage, TSP2 expression decreases in chon-
drocytes and increases in the matrix within areas undergoing ossifica-
tion. TSP1 and 2 are strong antiangiogenic factors and therefore may 

OPN has a high sialic acid content and is produced by osteoblasts 
under stimulation by calcitriol. The suffix “-pontin” is derived from 
“pons,” the Latin word for bridge, and characterizes the role of osteo-
pontin as a linking protein. In this regard, OPN is expressed within 
cement lines and may thus act as a promoter of adhesion and allow 
the arrangement of dissimilar tissues together in biologic composites 
such as teeth and bone.13 OPN binds tightly to hydroxyapatite and may 
be involved in the anchoring of osteoclasts to the mineral of bone 
matrix. The vitronectin receptor, which has specificity for osteopontin, 
is focused within the osteoclast plasma membrane in the regions 
involved in the binding process. OPN-null mice were originally found 
to have altered wound healing because OPN is also highly expressed 
in skin. Long bones from OPN-null mice are indistinguishable from 
those of wild-type littermates by x-ray, but the relative amount of 
mineral in the more mature areas of the bone (central cortical bone) 
of the OPN-null mice is significantly increased, as is the mineral 
maturity (mineral crystal size and perfection) throughout all regions of 
the bone.14 In vitro, exogenous OPN inhibits pyrophosphate (PPi)-
dependent mineralization of a cultured osteoblast cell line.15 These 
findings indicate that OPN is a potent inhibitor of mineral formation, 
as well as crystal growth and proliferation. OPN is also overexpressed 
in several cancers and autoimmune disorders and therefore may be a 
biomarker for these diseases.

Osteonectin
Osteonectin, also referred to as secreted protein acidic and rich in 
cysteine, or SPARC, is a phosphoprotein that is the most abundant 
non-collagenous polypeptide expressed in bone. The mature protein 
binds selectively to hydroxyapatite, collagen fibrils, and vitronectin at 
distinct sites and may allow proper organization of the bone matrix 
through contacts with the cellular surface. Osteonectin also inhibits 
cellular proliferation through arrest of cells in the G1 phase of the cell 
cycle. It may regulate the activity of platelet-derived growth factor 
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PGs REGULATE GROWTH FACTORS AT SEVERAL LEVELS IN THE BONE MATRIX AND IN BONE CELLS

Fig. 9.4 Proteoglycans (PGs) regulate growth factors at several levels in the bone matrix and in bone cells. These polypeptides 
trap and locally concentrate endocrine and paracrine growth factors within the matrix. Soluble PGs such as decorin, biglycan, 
and perlecan also modulate activity through binding, thus controlling the concentrations of bioavailable factor. Membrane-
bound PGs such as betaglycan and syndecan modulate ligand-receptor interactions and thus play roles in regulating 
intracellular signaling. (Figure adapted from Lamoureux F, Baud’huin M, Duplomb L, et al. Proteoglycans: key partners in bone cell 
biology. BioEssays 2007;29:758-771.)
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mineralization processes in vivo. The C-terminal portion of 
DMP1 has been implicated in DNA binding, gene regulation, 
and as an integrin-binding protein. Inactivating mutations in 
DMP1 result in the metabolic bone disease autosomal recessive 
hypophosphatemic rickets (ARHR), which is associated with 
elevated FGF23 in these patients. As shown in the DMP1-null 
mouse, the primary cellular defect due to loss of DMP1 may be 
an alteration in osteoblast to osteocyte maturation, leading to 
inappropriate expression of typically “osteoblastic” or “early 
osteocyte” genes such as type I collagen, alkaline phosphatase, 
and FGF23 in mature embedded osteocytes. The relationship of 
DMP1 to cell differentiation is currently unknown.

3. Matrix extracellular phosphoglycoprotein, or MEPE, is another 
member of the SIBLING family found in the mineralizing matrix. 
MEPE was first identified in tumor medium and osteosarcoma 
cell lines using polyclonal antibodies raised against the preopera-
tive serum from a patient with tumor-induced osteomalacia 
(TIO), a rare syndrome in which secreted products of specific 
neoplasms result in isolated renal phosphate wasting and disor-
dered bone mineralization. MEPE is predominantly expressed in 
odontoblasts and osteocytes embedded in the mineralized matrix. 
In vitro studies of human osteoblast cell cultures indicate that 
MEPE expression is the highest during the mineralization 
phase.21 High levels of MEPE have also been reported in callus 
tissue of fractured bone and are presumably involved in both 
endochondral and intramembranous ossification. MEPE-null 
mice display increased trabecular and cortical bone mass because 
of increases in both osteoblast number and activity, and these 
mice are also resistant to age-dependent trabecular bone loss.22 
Taken together, these findings indicate that MEPE likely has a 
role as an important gene for the negative regulation of skeletal 
mineralization.

GROWTH FACTORS
Multiple growth factors, either those produced within bone or those 
that circulate to bone, are critical for skeletal development and func-
tion. These factors may be sequestered within bone matrix via the 
bloodstream or may be produced by the major bone cell types and act 
as paracrine and autocrine factors.

1. The insulin-like growth factors IGF-1 (somatomedin C) and 
IGF-2 (somatomedin A) are produced primarily in the liver but 
are also produced in bone. These factors predominantly circulate 
complexed with binding proteins (IGFBPs) to assist their trans-
port to tissues. IGFBPs can either enhance or inhibit IGF activ-
ity. IGF-1 and IGF-2 act through the IGF-1 receptors (IGFR1 and 
IGFR2) and possess bioactivity that promotes cell proliferation 
and differentiation.

The IGF1-null mouse has reduced cortical bone and femur 
length; however, trabecular density is increased. In vitro findings 
suggest that IGF-1 also increases osteoclastogenesis, and IGF1-
null mice have reduced levels of RANKL in osteoblasts isolated 
from bone marrow. Therefore IGF-1 may regulate osteoclasto-
genesis through direct and indirect actions. Overexpression of 
IGF-1 specifically in osteoblasts leads to increased bone mineral 
density and increased trabecular volume, although osteoblast 
numbers are not increased.23 These studies suggest that IGF-1 
acts directly on osteoblasts to enhance their function. Specific 
removal of IGFR1 from osteoblasts results in decreased trabecu-
lar number and volume and a dramatic decrease in bone miner-
alization, further supporting the role of the IGFs on osteoblasts. 
Less is known regarding the functions of IGF-2 in bone. However, 
it has been suggested that IGF-2 may be a local regulator of bone 
cell metabolism.

2. Bone morphogenetic proteins (BMPs) are members of the trans-
forming growth factor-β (TGF-β) superfamily. There are now 
more than 20 BMP-related proteins, which are classified into 
subgroups on the basis of structure and function. These factors 
play important roles in skeletal development by directing the fate 
of mesenchymal cells, through differentiation of these precursor 
cells into cells of the osteoblastic lineage, and by inhibiting their 

also play a role in controlling blood vessel organization in forming 
bone.

In the developing animal, TSP1 and TSP2 are expressed in temporal 
and spatial patterns distinct for each gene. TSP1 (mouse gene: “Thbs1”) 
and TSP2 (“Thbs2”) have both been disrupted in mice and have unique 
phenotypes associated with each gene. Thbs1 is a regulator of TGF-β 
in vivo, and these null animals have lower viability and prolonged 
wound healing. For skeletal phenotypes, this model has spine curvature 
and craniofacial alterations. Thbs2 mice have increased cortical bone 
density, higher numbers of mesenchymal stem cells (MCS), and a 
resistance to bone loss due to ovariectomy (OVX). Interestingly, osteo-
blasts from Thbs2-null mice also have delayed mineralization in vitro. 
Because the Thbs2-null mice demonstrate less bone resorption com-
pared with wild-type controls following OVX, this may suggest a role 
for this molecule in estrogen-dependent reductions in bone mass and 
in the control of osteoclast function. Although osteoclasts do not bind 
to TSP1 or TSP2, a peptide encoding a CD36-binding motif present in 
both TSP1 and TSP2 increases resorption in vitro.17 Whether TSP2 
controls osteoclasts is unknown, but TSP2 expressed by osteoblasts or 
osteoclasts may regulate bone resorption by modulating osteoclast-
matrix or osteoclast-osteoblast associations.

Proteins involved in mineralization
1. Fibroblast growth factor-23 (FGF23) is a phosphaturic hormone 

produced in bone that was identified as the gene for autosomal 
dominant hypophosphatemic rickets (ADHR), a metabolic bone 
disorder of isolated renal phosphate wasting.18 Full-length FGF23 
(32 kD) is the biologically active form of the protein and is inac-
tivated on cleavage into 20 and 12 kDa protein fragments. The 
N-terminal region of FGF23 contains the FGF-homology domain, 
whereas the C-terminus comprises a unique 71-amino acid tail. 
Intracellular cleavage of FGF23 occurs at a subtilisin-like propro-
tein convertase (SPC) site (R176XXR179/S), which inactivates the 
protein. The human FGF23 ADHR mutations R176Q, R179Q, 
and R179W destroy this site and stabilize the full-length active 
form of the protein. FGF23 acts in the kidney to inhibit phos-
phate reabsorption through reducing expression of the proximal 
tubule type I sodium-phosphate co-transporters Npt2a19 and 
Npt2c. The subsequent low-serum phosphate results in marked 
osteomalacia and rickets, fracture, and dental anomalies. Using 
in situ hybridization of adult trabecular bone, FGF23 mRNA was 
observed in osteocytes and flattened bone-lining cells. In regions 
of active bone formation, newly formed osteocytes and osteopro-
genitor cells also express FGF23.20 FGF23 is elevated in vivo by 
increased serum phosphate and 1,25(OH)2 vitamin D concentra-
tions, and FGF23 then completes the feedback loop by reducing 
phosphate reabsorption and 1,25(OH)2 vitamin D production in 
the kidney.

As expected, Fgf23-null mice have the reciprocal phenotype 
to ADHR patients and manifest hyperphosphatemia with ele-
vated 1,25(OH)2 vitamin D and often severe ectopic and vascular 
calcifications due to precipitation of calcium-phosphate crystals. 
Patients with inactivating mutations in FGF23, or in the FGF23 
co-receptor Klotho (KL), have tumoral calcinosis, the human 
disease correlates to the Fgf23-null animal. Whether FGF23 has 
direct effects on the skeleton is uncertain because KL is predomi-
nantly expressed in the kidney and parathyroid glands. However, 
because FGF23 is produced in bone, FGF23 expression and its 
actions on serum phosphate concentrations may be coordinated 
with intraskeletal signals to allow proper bone formation and 
mineralization.

2. Dentin matrix protein-1 (DMP1), like OPN, is a member of the 
SIBLING gene family. DMP1 is highly expressed in osteocytes 
and is composed of 513 residues, but it is secreted in bone and 
dentin as 37 kD N-terminal (residues 17-253) and 57 kD C- 
terminal (residues 254-513) fragments from a 94 kD full-length 
precursor. Recombinant DMP1 binds calcium-phosphate ions 
and the N-telopeptide region of type 1 collagen with high affini-
ties. Potential roles for DMP1 in bone and teeth may include 
regulating hydroxyapatite formation and, depending on proteo-
lytic processing and phosphorylation, may regulate local 
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gene was screened and three different heterozygous missense 
mutations were found in exon 4 in the nine families examined. 
All of the mutations in the CED patients were located either at 
(C225) or near (R218), suggesting the importance of this region 
in activating TGF β-1 in the bone matrix.

5. Platelet-derived growth factor and vascular-endothelial growth 
factor (PDGF and VEGF) are dimers of disulfide-linked polypep-
tide chains, encoded by nine different genes that direct produc-
tion of four different PDGF chains (PDGF-A, PDGF-B, PDGF-C, 
and PDGF-D) and five different VEGF chains (VEGF-A, VEGF-B, 
VEGF-C, VEGF-D; and placenta growth factor, PIGF). All 
members of these families carry a growth factor core domain, 
which is necessary for receptor activation. PDGFs mediate their 
bioactivity through two receptors, PDGFR-α and PDGFR-β. 
These receptors both have five extracellular immunoglobulin (Ig) 
loops for ligand binding and an intracellular tyrosine kinase 
domain. The VEGFs act through a homologous family of recep-
tors, VEGFRs 1, 2, and 3. PDGFs act primarily as paracrine 
growth factors.

PDGF is chemotactic and mitogenic for osteoblasts and osteo-
progenitor cells, and it upregulates cytokines that are crucial to 
bone healing. This factor also destabilizes blood vessels during 
healing to allow sprouting of new vessels. PDGFR-α-null mice 
develop skeletal abnormalities, including defective vertebral 
neural arch formation, which results in spina bifida. VEGF is 
produced by many cell types including fibroblasts, hypertrophic 
chondrocytes, and osteoblasts. VEGF may act not only in bone 
angiogenesis and vascular differentiation but also in aspects of 
development such as chondrocyte and osteoblast differentiation, 
as well as osteoclast recruitment.

BONE CELLS
Osteoclasts
Osteoclasts are the primary bone-resorptive cells. They are necessary 
for bone modeling, which leads to changes of the shape of bones, and 
for bone remodeling, which maintains the integrity of the adult skel-
eton. Osteoclasts originate from precursors of the monocyte/macro-
phage family of the hematopoietic lineage that differentiate to 
multinucleated cells on stimulation with receptor activator of NFκB 
ligand (RANKL) and macrophage-colony stimulating factor (M-CSF). 
On completing bone resorption, all osteoclasts undergo programmed 
cell death or apoptosis and disappear from the bone surface.

Osteoclast function
Osteoclasts have the capacity to adhere firmly to bone by the interac-
tion of osteoclast integrins with bone matrix. Integrins belong to a large 
family of transmembrane proteins that function as heterodimers of α 
and β subunits. Several integrins are expressed in osteoclasts and bind 
to collagen, fibronectin, and other proteins present in the extracellular 
environment. The expression of integrins αV and β3 is induced by the 
osteoclastogenic cytokine RANKL during osteoclast differentiation. 
The αV/β3 dimer recognizes the amino acid sequence Arg-Gly-Asp 
(RGD) present in osteopontin and bone sialoprotein. Attachment of 
osteoclasts to the bone surface depends on binding to RGD-containing 
proteins, as demonstrated by the evidence that competitive RGD 
ligands block bone resorption.25 The importance of αV/β3 in bone 
resorption is underscored by evidence that mice null for integrin β3 
develop a progressive increase in bone mass due to osteoclast 
dysfunction.

The integrin-mediated intimate contact between the osteoclast 
membrane and the bone matrix creates a space between the osteoclast 
and the matrix called the “sealing zone.” There is also polarization of 
the osteoclast fibrillar actin into a circular structure called the “actin 
ring,” containing podosomes composed of an actin core surrounded by 
αV/β3 integrins and associated cytoskeletal and signaling proteins. 
Thus the area in which the osteoclast apposes the bone is isolated from 
the general extracellular space and becomes acidified by the activity of 
a proton pump and a chloride channel.25 The low pH leads to dissolu-
tion of the mineral and exposure of the organic matrix of bone. The 
matrix, largely consisting of type I collagen, is subsequently degraded 

differentiation into myoblastic lineage cells. BMPs also increase 
osteoclastogenesis, which is tightly coordinated with osteoblas-
togenesis. BMPs activate specific receptors and induce cell signal-
ing by phosphorylating cytoplasmic receptor-regulated Smads, 
which enter the nucleus to recruit transcription factors and 
enhance gene expression. The human disorder fibrodysplasia 
ossificans progressiva (FOP) is a disease of dramatic ectopic bone 
formation that can be accelerated following blunt trauma. A 
recurrent mutation in activin receptor IA/activin-like kinase 2 
(ACVR1/ALK2), a BMP type I receptor, was reported as the 
molecular cause of FOP.24 These findings underscore the potent 
effects of BMP signaling on bone formation.

3. The fibroblast growth factor (FGF) family of proteins primarily 
acts as paracrine and autocrine factors and binds to one or several 
of four FGF receptors (FGFRs). FGFRs normally exist as an 
inactivated monomer. With FGF binding in the presence of 
heparin/heparan sulfate, the FGFRs dimerize, leading to the auto-
phosphorylation of tyrosine residues. The FGF family has potent 
effects on bone development. This is clearly evident by the fact 
that activating mutations in FGFR1 and FGFR2 are responsible 
for disorders of craniosynostosis and limb patterning, and FGFR1 
and FGFR3 mutations result in disorders of hypochondroplasia 
and achondroplasia. The FGFs interact with heparan sulfate PGs 
(HSPGs) and are sequestered within the mineralizing matrix. In 
addition, the HSPG syndecan may stabilize FGF-FGFR interac-
tions and promote FGF signaling and bioactivity.

The FGF family members play important roles in bone devel-
opment and formation. Expression of several FGF ligands includ-
ing FGF2, FGF5, FGF6, FGF7, and FGF9 has been observed in 
mesenchyme surrounding initial condensation. In limb buds, 
FGFR1 and FGFR2 are expressed in condensing mesenchyme. 
In rat growth plates, mRNAs encoding all four FGFRs and FGF2 
can be detected, and FGF2 is also present in osteoblasts. FGF2 
treatment of osteoblasts enhances the binding of Runx2 to the 
Cbfa1 consensus sequence in the osteocalcin promoter and may 
therefore have a role in differentiation. Transgenic animals have 
been important for understanding FGF function in bone. Fgf18-
null mice show alterations in both endochondral and intramem-
branous bone. Interestingly, these mice have expanded zones of 
proliferating and hypertrophic chondrocytes, a similar phenotype 
to that of Fgfr3-null mice.

4. Transforming growth factor-β (TGFβ) controls proliferation, dif-
ferentiation, and other functions in many cell types. TGF β-1, 
TGF β-2, and TGF β-3 all function through the type I and type 
II TGF receptors. The TGFBR1 forms a heterodimer with the 
TGFBR2 receptor. TGF-β stimulation leads to activation of 
Smad2 and Smad3, which form complexes with Smad4 that 
accumulate in the nucleus and regulate the transcription of 
target genes.

TGF β-1 is the most abundant growth factor in human bone, 
is localized within the bone matrix, and has functions both 
during embryonic development and in mature bone. During 
embryonic development, TGF β-1 plays a role in cell migration, 
controlling epithelial-mesenchymal interactions, and the forma-
tion of cellular condensations, which influence bone shape. This 
factor also plays a key role in inducing mesenchymal cell dif-
ferentiation to either chondrocytes or osteoblasts. In adult bone, 
TGF β-1 controls osteoblast differentiation, which affects matrix 
formation and mineralization. TGF β-1 inhibits the expression 
of the differentiation markers Runx2 and osteocalcin in osteo-
blast cell lines, and its functions interplay with other systems in 
bone such as the PTH and the Wnt-beta-catenin systems. The 
relevance of signaling induced by growth factors for osteoblast 
survival is underscored by decreased bone mass and increased 
osteoblast apoptosis in mice lacking Smad-3, which mediates 
TGF β-signaling, and by high bone mass in mice lacking PTEN, 
the phosphatase that causes osteoblast apoptosis by inactivating 
the PI3Kinase/IGF survival pathway.

The skeletal disorder Camurati-Engelmann disease (CED) 
highlights the importance of TGF β1 in skeletal formation. CED 
is a progressive diaphyseal dysplasia characterized by hyperosto-
sis and sclerosis of the diaphyses of the long bones. The TGF β1 
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and, therefore, it has no direct signaling capabilities. OPG suppresses 
osteoclast formation and resorption by binding to its natural ligand 
RANKL, thereby impeding RANKL interaction with RANK and inhibit-
ing osteoclast differentiation.

Osteoclast differentiation by activating the RANK/RANKL pathway 
induces the expression of genes required for osteoclast function. Failure 
of osteoclasts to properly form or function leads to development of 
osteopetrosis in mice or humans. Mutations in the TCIRG1 gene, 
which encodes for the a3 subunit of the H+ATPase of the proton pump, 
accounts for more than 50% of osteopetrosis in humans.

Osteoclast apoptosis
After completing bone resorption, osteoclasts undergo apoptosis and 
disappear from the bone surface. The types of signals that trigger apop-
tosis of osteoclasts in vivo are not completely understood. High con-
centrations of extracellular calcium, like the ones present in resorption 
cavities, induce osteoclast apoptosis in vitro and may be the triggering 
event. Fas ligand stimulates osteoclast apoptosis and Fas-deficient mice 
exhibit more osteoclasts and decreased bone mass, suggesting that 
activation of this pathway may also be involved in the control of osteo-
clast life span in vivo.

Alternatively, osteoclast apoptosis might result from loss of survival 
signals. Indeed, detachment of osteoclasts in vitro induces apoptosis, 
suggesting that changes in integrin expression in osteoclasts on com-
pletion of the resorption phase might render osteoclasts more suscep-
tible to apoptosis. However, osteoclast detachment is not sufficient to 
induce apoptosis, as demonstrated by the induction of detachment and 
inhibition of resorption induced by calcitonin.

Decreased production of prosurvival cytokines or growth factors  
in the extracellular milieu surrounding osteoclasts may also lead to 
osteoclast apoptosis. Potential antiapoptotic factors are M-CSF and 
RANKL, the same cytokines that induce osteoclast differentiation. 
TNFα and IL-1 also delay osteoclast apoptosis. All these cytokines 
activate the extracellular signal-regulated kinases (ERKs), and this acti-
vation is crucial for osteoclast survival as demonstrated by using an 
ERK-specific inhibitor. Another kinase with antiapoptotic effects in 
several cell types, phosphatidylinositol 3-kinase (PI3K), is also required 
for survival. PI3K might promote survival by activating the down-
stream kinase Akt. However, knock-down experiments using short-
hairpin RNAs (shRNAs) to reduce Akt expression revealed that Akt  
is required for osteoclast differentiation but not for survival. Mamma-
lian target of rapamycin (mTOR) is another target of PI3K and is 
required for the antiapoptotic actions of M-CSF, RANKL, and TNFα 
in osteoclasts. Because mTOR is also activated by ERKs, it appears  
to be a point of convergence in the action of prosurvival kinases in 
osteoclasts.

RANKL, TNFα, and IL-1 also activate NFκB in osteoclasts, and this 
transcription factor has been shown to inhibit apoptosis in various cell 
types. In osteoclasts, downregulation of NFκB mRNA inhibits IL-1-
dependent survival and blockade of NFκB binding to DNA with specific 
oligonucleotides induces apoptosis. However, osteoclast precursors 
lacking NFκB subunits have normal survival rate and inhibition of 
NFκB activation via a dominant-negative IKK2 did not affect the ability 
of IL-1 to promote osteoclast survival. Therefore the relevance of NFκB 
signaling for osteoclast survival is still controversial.

Regulation of osteoclast generation and survival
In the bone remodeling unit (BMU), the rate of osteoclast generation 
determines the extension of the BMU, whereas the life span of osteo-
clasts determines the depth of resorption. Whereas both genesis and 
apoptosis of osteoclasts lead to changes in osteoclast number and bone 
resorption, alteration of osteoclast life span might represent a more 
effective mechanism to accomplish rapid changes in bone resorption 
rate. Several factors regulate osteoclast formation and activity, as well 
as osteoclast survival.

Sex steroids have profound effects on osteoclasts. Both estrogens 
and androgens inhibit osteoclast generation by regulating the produc-
tion of pro-osteoclastogenic cytokines (such as IL-6 and IL-1) by cells 
of the stromal/osteoblastic lineage. This, together with an inhibitory 
effect of the hormones on osteoblast generation, leads to attenuation 
of the rate of bone remodeling. As in the case of sex steroids, gluco-
corticoids exert opposite effects on the life span of osteoclasts and 

by the activity of cathepsin K, an enzyme present in the osteoclast 
lysosomes, as well as by matrix metalloproteases. These degrading 
enzymes are transported into acidified vesicles that fuse with the osteo-
clast plasmalemma forming a villous structure referred to as the ruffled 
membrane. This structure and the actin ring are sine qua non features 
of a resorbing osteoclast, and abnormalities of either structure lead to 
arrested bone resorption. For example, osteoclasts in β3 null mice 
exhibit abnormal actin rings and ruffled membranes, fail to spread, and 
generate fewer and shallower resorptive lacunae on dentin slices than 
wild-type osteoclasts.

The cytoplasmic domains of integrins serve as platforms for signal-
ing proteins involved in osteoclast function such as the kinase Src, 
which is crucial for osteoclast attachment and resorption. Src regulates 
the disassembly of podosomes and the formation of the ruffled mem-
brane, at least in part by its ability to interact with the focal adhesion–
related kinase Pyk2 and the proto-oncogene c-Cbl. Rho, Rac, and the 
guanine nucleotide exchange factor that activates GDPases into 
GTPases, Vav3, also play a central role in modifying the resorptive 
capacity of osteoclasts by modulating actin cytoskeleton remodeling.

Products of osteoclast resorption are transported in vesicles through 
the cytosol to the basolateral surface and are discharged to the extracel-
lular milieu, or directly released to the surrounding fluid after osteo-
clast retraction from the resorptive pits.

Osteoclast formation and differentiation
Mature, multinucleated osteoclasts are formed by fusion of mononu-
clear precursors of the monocyte-macrophage lineage. The earliest 
recognized precursor of the osteoclast is the colony-forming unit, gran-
ulocyte-macrophage (CFU-GM), which also gives rise to granulocytes 
and monocytes. Osteoclast precursors proliferate in response to growth 
factors such as IL-3 and colony-stimulating factors (CSFs) such as 
GM-CSF and M-CSF to form postmitotic, committed osteoclast pre-
cursors. These committed mononucleated preosteoclasts differentiate 
and fuse to form multinucleated osteoclasts under the influence of 
RANKL, a member of the TNF family of ligands. RANKL is produced 
as a membrane-associated protein or in a soluble form. RANKL is 
expressed in different cell types including cells of the osteoblastic 
lineage, as well as T lymphocytes. Expression of RANKL on the surface 
of osteoblastic cells facilitates osteoclastogenesis via cell-to-cell contact 
with osteoclast precursors, which express RANK. RANKL expression 
is upregulated by hormones and cytokines known to induce osteoclast 
generation. This explains the long-observed property of primary osteo-
blastic cells or osteoblastic cell lines that, upon treatment with vitamin 
D, PTH, or interleukin (IL)-11, IL-6, and IL-1, support osteoclast 
development when co-cultured with osteoclast precursors derived from 
spleen or bone marrow. RANKL mediates several aspects of osteoclast 
differentiation, including fusion of mononucleated precursors into 
multinucleated cells, acquisition of osteoclast specific markers, attach-
ment of osteoclasts to the bone surfaces, stimulation of resorption, and 
promotion of osteoclast survival. Although M-CSF contributes to 
RANKL effects, RANKL appears to play a dominant role in bone resorp-
tion. Thus whereas M-CSF null mice recover with time from the 
decreased osteoclast number and activity, RANKL knockout mice do 
not. Furthermore, RANKL appears to stimulate osteoclast formation 
and resorption in mice even in the absence of functional M-CSF.26

Binding of RANKL (either the membrane-bound or the soluble form) 
to the trimeric RANK complex expressed in osteoclast precursors leads 
to activation of several signal transduction pathways involving the 
recruitment of the adapter protein TRAF6 (TNF receptor associated 
factor 6) to the intracellular domain of RANK. TRAF6 activates kinase-
dependent signaling and transcription factors. Among them, the 
nuclear factor-KB (NF-KB) has been shown to undergo nuclear trans-
location leading to upregulation of c-Fos. Fos, in turn, binds to nuclear 
factor of activated T cells-c1 (NFATc1) and upregulates genes crucial 
for osteoclast differentiation and function. Although other signaling 
pathways are activated by RANKL in osteoclasts, the evidence that 
deletion of NF-KB, c-fos/AP1, and NFATc1 leads to osteoclast dysfunc-
tion demonstrates the crucial role of these genes in osteoclasts.26

Osteoprotegerin (OPG) is an inhibitor of RANK activation and 
osteoclastogenesis. Like RANK, OPG is a member of the TNF family 
of receptors. However, unlike RANK or other members of this family 
of receptors, OPG is a secreted protein with no transmembrane domain 
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intact or cryptic sites of matrix proteins with integrins results in 
“outside-in” signaling that preserves viability.

Osteoblast formation and differentiation
Osteoblast growth and differentiation is governed by an array of trans-
cription factors, resulting in the temporal expression of proteins 
involved in bone matrix production and matrix mineralization. The 
entire process can be divided into steps comprising proliferation, extra-
cellular matrix development and maturation, mineralization, and 
apoptosis. Each stage is characterized by activation of specific transcrip-
tion factors and genes leading to a succession of osteoblast phenotypic 
markers. Thus transcription factors of the helix-loop-helix family (Id, 
Twist, and Dermo) are expressed in proliferating osteoblast progenitors 
and are responsible for maintaining the osteoprogenitor population by 
inhibiting the expression of genes that characterize the osteoblast 
mature phenotype. Transcription factors of the activating protein (AP) 
family such as c-fos, c-jun, and junD are expressed during proliferation, 
as well as later in the differentiation pathway, and may activate or 
repress transcription. Runx2 and osterix are essential for establishing 
the osteoblast phenotype. Their absence from the mouse genome 
results in lack of skeletal mineralization and perinatal lethality. Runx2 
is expressed earlier than osterix, but both genes regulate the expression 
of other genes that control bone formation and remodeling including 
osteocalcin, osteopontin, collagenase 3, osteoprotegerin, and RANKL. 
Runx2 regulates osteoblast differentiation and function by several sig-
naling pathways, including those activated by Wnts and BMPs, as well 
as the differentiation and survival of osteoblasts induced by integrins 
and the PTH receptor.

Osteoblast apoptosis
It is estimated that on completing the process of bone formation, 60% 
to 70% of osteoblasts die by apoptosis, whereas the remainder become 
lining cells or osteocytes. Apoptosis appears to begin at the early stages 
of osteoblast differentiation and continues throughout all stages of 
osteoblast life. Thus apoptotic mesenchymal progenitors have been 
found in primary spongiosa of developing long bones of chicks and 
rabbits and murine calvarial bone, at sites of fracture healing, and in 
forming bone during distraction osteogenesis.31 The prevalence of 
osteoblast apoptosis varies significantly depending on the method used 
to detect the DNA strand breaks. It has been shown to be as low as 
0.5% to 1% in vertebral cancellous bone of adult mice when analyzed 
with the terminal deoxynucleotidyl transferase enzyme32 and as high 
as 10% when using the more sensitive Klenow enzyme.33

Apoptosis of cultured osteoblasts has been extensively studied using 
several methods including increased activity of initiator or effector 
caspases, presence of cleaved genomic DNA by TUNEL or ISEL, and 
nuclear fragmentation and chromatin condensation using fluorescent 
dyes that bind to DNA. Examination of nuclear morphology of cells 
transfected with fluorescent proteins containing a nuclear localization 
sequence has proven a particularly useful tool for studying apoptosis 
in cells co-transfected with genes of interest. Cell detachment from the 
substrate, changes in the composition of the plasma membrane, and 
changes revealing cell shrinkage are also features that have been used 
to detect and quantify apoptotic cells.

Regulation of osteoblast generation and apoptosis
Most major regulators of skeletal homeostasis influence both genera-
tion and survival of osteoblasts.

The two major signaling pathways that promote osteoblast differ-
entiation are the ones activated by the bone morphogenetic proteins 
(BMPs) and Wnts. BMPs play an important role in osteoblast differen-
tiation and also induce apoptosis of mesenchymal osteoblast progeni-
tors in interdigital tissues during the development of hands and feet 
and of mature osteoblasts. Wnt signaling has a profound effect on bone 
as shown by the high bone mass phenotype of mice and humans with 
activating mutations of low-density lipoprotein receptor-related protein 
5 (LRP5), which together with Frizzled proteins are receptors for Wnt 
ligands. Wnts stimulate differentiation of undifferentiated mesenchy-
mal cells toward the osteoblastic lineage and stimulate differentiation 
of preosteoblasts. Remarkably, Wnt signaling in osteoblasts also affects 
osteoclasts. Thus canonical Wnt signaling in osteoblastic cells increases 
expression of the RANKL decoy receptor OPG leading to inhibition of 

osteoblasts. In mice receiving excess glucocorticoids, osteoclast pro-
genitors are reduced, but the cancellous osteoclast number does not 
decrease because glucocorticoids prolong osteoclast life span. This 
effect may account for the early transient increase in bone resorption 
in patients with exogenous or endogenous hyperglucocorticoidism. The 
prosurvival effect of glucocorticoids on osteoclasts is powerful enough 
to antagonize the proapoptotic effect of bisphosphonates. The anti-
apoptotic actions of glucocorticoids on osteoclasts are absent in trans-
genic mice in which the enzyme 11β-HSD2, which inactivates 
glucocorticoids, is overexpressed, confirming that the steroids act 
directly on osteoclasts to prolong their life span. In contrast to the rapid 
prosurvival effect of glucocorticoids on mature osteoclasts, glucocorti-
coids induce a decrease in osteoclast formation. This effect is likely a 
consequence of a reduction in the pool of osteoblastic cells that support 
osteoclastogenesis and leads to the typical low remodeling rate observed 
in this condition.

Osteoblasts
Osteoblasts are the cells responsible for bone formation. They originate 
from mesenchymal progenitors, which also give rise to chondrocytes, 
muscle cells, and adipocytes. Commitment of mesenchymal cells to 
the osteoblastic lineage depends on the specific activation of transcrip-
tion factors induced by morphogenetic and developmental proteins that 
carry out the functions of bone matrix protein secretion and bone 
mineralization. On completion of bone matrix formation, some mature 
osteoblasts remain entrapped in bone as osteocytes, some flatten to 
cover quiescent bone surfaces as bone lining cells, and most die by 
apoptosis.

Osteoblast function
The main function of osteoblasts is to synthesize bone matrix. Mature 
osteoblasts actively engaged in this process are recognized by their 
location on the bone surface and by their morphologic features typical 
of cells secreting high levels of proteins: cuboidal cells with large 
nucleus, enlarged Golgi apparatus, and extensive endoplasmic reticu-
lum. Osteoblasts express high levels of alkaline phosphatase and osteo-
calcin, and the level of expression of these proteins in the circulation 
reflects the rate of bone formation. Osteoblasts secrete abundant col-
lagen type I and other specialized matrix proteins, which form osteoid. 
This organic phase of bone serves as a template for the subsequent 
deposit of mineral in the form of hydroxylapatite.

Interaction of osteoblasts among themselves, with lining cells, and 
with bone marrow cells are established by adhesion junctions, tight 
junctions, and gap junctions. Adherens junctions, mainly mediated by 
cadherins, together with tight junctions serve to join cells and assist 
their anchorage to the extracellular matrix through the cytoskeleton. 
Changes in the expression level of the major cadherins expressed in 
osteoblasts, N-cadherin and cadherin 11, influence osteoblast differen-
tiation and survival. Intercellular communication among osteoblasts 
and neighboring cells is maintained by cell coupling via gap junctions. 
Opening of gap junction channels contributes to coupling and the 
coordination of responses within a cell population. The major gap 
junction protein expressed in bone cells, and in particular in cells of 
the osteoblastic lineage, is connexin 43. Its absence or dysfunction 
leads to impaired osteoblast differentiation, premature apoptosis, and 
deficient response to hormones and pharmacotherapeutic agents.27 
Furthermore, gap junction communication is fundamental for the 
maintenance of a continuum from bone, where osteocytes reside, 
through bone surface cells osteoblasts and osteoclasts, bone marrow 
cells, and endothelial cells of the blood vessels.28 This functional syn-
cytium might be responsible for the coordinated response of the bone 
tissue to changes in physical and chemical stimuli.

Interactions between osteoblasts and the bone matrix via integrins 
also modulate osteoblast differentiation, function, and survival. In 
particular, loss of antiapoptotic signals provided by the extracellular 
matrix causes apoptosis, a phenomenon referred to as anoikis. Thus 
neutralizing antibodies to the matrix protein fibronectin induce osteo-
blast apoptosis,29 and transgenic mice expressing collagenase-resistant 
collagen type I exhibit increased prevalence of osteoblast and osteocyte 
apoptosis compared with age-matched wild-type controls.30 Collec-
tively, this evidence supports the notion that interactions between 
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accompanies the bone fragility syndromes that characterize glucocor-
ticoid excess, estrogen withdrawal, and mechanical disuse.31 Con-
versely, preservation of osteocyte viability might explain at least part 
of the antifracture effects of bisphosphonates, which cannot be com-
pletely accounted for by changes in bone mineral density.33

Preservation of osteocyte viability by mechanical stimuli
Osteocytes interact with the extracellular matrix in the pericellular 
space through discrete sites in their membranes, which are enriched 
in integrins and vinculin, as well as through transverse elements that 
tether osteocytes to the canalicular wall. Fluid movement in the cana-
liculi resulting from mechanical loading might induce ECM deforma-
tion, shear stress, and/or tension in the tethering elements. The 
resulting changes in circumferential strain in osteocyte membranes are 
hypothesized to be converted into intracellular signals by integrin clus-
tering and integrin interaction with cytoskeletal and catalytic proteins 
at focal adhesions. Physiologic levels of mechanical strain imparted by 
stretching or pulsatile fluid flow prevent apoptosis of cultured osteo-
cytes. Mechanistic studies indicate that the transduction of mechanical 
forces into intracellular signals is accomplished by molecular com-
plexes assembled at caveolin-rich domains of the plasma membrane 
and composed of integrins, cytoskeletal proteins, and kinases including 
the focal adhesion kinase FAK and Src, resulting in activation of the 
ERK pathway and osteocyte survival. Intriguingly, a ligand-indepen-
dent function of the estrogen receptor (ER) is indispensable for mechan-
ically induced ERK activation in both osteoblasts and osteocytes. This 
observation is consistent with reports that mice lacking the ERα and 
ERβ exhibit a poor osteogenic response to loading.

In vivo mechanical forces also regulate osteocyte life span. Apoptotic 
osteocytes are found in unloaded bones or in bones exposed to high 
levels of mechanical strain. In both cases, increased apoptosis of osteo-
cytes was observed before any evidence of increased osteoclast resorp-
tion and accumulated in areas that were subsequently removed by 
osteoclasts. These findings suggest that dying osteocytes in turn 
become the beacons for osteoclast recruitment to the vicinity and the 
resulting increase in bone resorption. In support of this notion, targeted 
ablation of osteocytes in transgenic mice is sufficient to induce osteo-
clast recruitment and resorption leading to bone loss.38 Whether living 
osteocytes continually produce molecules that restrain osteoclast 
recruitment or whether in the process of undergoing apoptosis osteo-
cytes produce pro-osteoclastogenic signals remains to be determined. 
Taken together with the evidence that osteocyte apoptosis is inhibited 
by estrogens and bisphosphonates,33,39 these findings raise the possibil-
ity that preservation of osteocyte viability contributes to the antiremod-
eling properties of these agents.

Aging and osteocyte apoptosis
One of the purported functions of the osteocyte network is to detect 
microdamage and trigger its repair. During aging, there is an accumula-
tion of microdamage and a decline in osteocyte density accompanied 
by decreased prevalence of osteocyte-occupied lacunae, an index of 
premature osteocyte death. In view of the evidence discussed earlier on 
the role of osteocytes in microfracture repair, age-related loss of osteo-
cytes due to apoptosis could be partially responsible for the disparity 
between bone quantity and quality that occurs with aging. The decline 
in physical activity with old age could stimulate apoptosis of osteo-
blasts and osteocytes due to reduced skeletal loading.

Hormonal regulation of osteocyte life span
Estrogen and androgen deficiency lead to increased prevalence of osteo-
cyte apoptosis. Conversely, estrogens and androgens inhibit apoptosis 
of osteocytes and osteoblasts.39 This antiapoptotic effect is due to rapid 
activation of the Src/Shc/ERK signaling pathway through non- 
genotropic actions of the classical receptors for sex steroids. This effect 
requires only the ligand-binding domain of the receptor, and unlike the 
classical genotropic action of the receptor protein, it is eliminated by 
nuclear targeting.

Increased glucocorticoid activity in bone may also contribute to 
induction of osteocyte (and osteoblast) apoptosis, as aged mice exhibit 
higher levels of serum corticosterone, elevated adrenal weight, and 
increased expression in bone of 11β-hydroxysteroid dehydrogenase type 

osteoclast development. In addition, Wnt signaling inhibits apoptosis 
of mature osteoblasts and osteocytes.34 The increased bone formation 
exhibited by mice lacking the Wnt antagonist secreted frizzled-related 
protein-1 (SFRP-1) is associated with decreased osteoblast and osteo-
cyte apoptosis. Likewise, the prevalence of osteoblast and osteocyte 
apoptosis is decreased in mice expressing the high bone mass activating 
mutation of LRP5 (G171V). This LRP5 mutant exhibits reduced ability 
to bind sclerostin—a Wnt antagonist specifically secreted by osteocytes. 
Consistent with this, sclerostin induces osteoblast apoptosis in vitro. 
Moreover, the ability of PTH and mechanical loading to reduce scleros-
tin synthesis could contribute to their ability to stimulate osteoblast 
differentiation and prolong osteoblast life span.35,36 Activation of Wnt 
signaling in vitro also prevents apoptosis of uncommitted C2C12 
osteoblast progenitors and more differentiated MC3T3-E1 and OB-6 
osteoblastic cell models. Remarkably, Wnt ligands known to activate 
the so-called canonical and non-canonical pathways prevent apoptosis 
of osteoblastic cells by a mechanism that involves the Src/ERK and PI3/
AKT prosurvival kinases.

Glucocorticoids (GC) induce rapid bone loss resulting from a tran-
sient increase in resorption caused by delayed osteoclast apoptosis. 
This initial phase is followed by sustained and profound reduction in 
bone formation and turnover due to decreased osteoblast and osteoclast 
generation and increased osteoblast apoptosis.

Both chronic excess of parathyroid hormone (PTH), as in hyperpara-
thyroidism, and intermittent elevation of PTH (by daily injections) 
increase the number of osteoblasts. However, whereas the former con-
dition can lead to bone catabolism, intermittent administration of PTH 
causes bone anabolism. In both situations, the rate of bone turnover 
is increased due to simultaneous increase in osteoclast and osteoblast 
number and a delay in osteoblast apoptosis. However, intermittently 
administered PTH also causes de novo bone formation not coupled to 
previous resorption. This occurs early, creating the so-called “anabolic 
window.” Additionally, PTH causes an overfilling of erosion pits, creat-
ing net bone formation.

The increase in the number of osteoblasts can be achieved by only 
two mechanisms: an increase in the rate of their production from 
progenitors or a decrease in the rate of their death by apoptosis, or a 
combination of the two. Studies in mice indicate that chronic and 
intermittent PTH increase osteoblast number by different mecha-
nisms. Thus, whereas the increase in osteoblast number and the ana-
bolic effect of intermittent PTH can be accounted for by attenuation 
of osteoblast apoptosis,37 chronic elevation of the endogenous hormone 
resulting from dietary calcium deficiency, or continuous infusion of 
exogenous PTH, has no effect on osteoblast survival.37 Therefore, 
increased osteoblasts with chronic elevation of PTH must result from 
increased osteoblast generation.

Osteocytes
Osteocytes are former osteoblasts that become entombed during the 
process of bone deposition and are regularly distributed throughout the 
mineralized bone matrix. Osteocyte bodies are individually encased in 
lacunae and exhibit cytoplasmic dendritic processes that run along 
narrow canaliculi excavated in the mineralized matrix. Osteocytes 
communicate with each other, with cells on the bone surface, as well 
as with cells of the bone marrow through gap junctions established 
between cytoplasmic processes of neighboring cells.

Today, it is accepted that osteocytes are the mechanosensory cells. 
Osteoblasts and osteoclasts are present on bone only transiently, in 
low number, and in variable locations. On the other hand, osteocytes 
are the most abundant resident cells and are present in the entire bone 
volume. Osteocytes are also the core of a functional syncytium that 
extends from the mineralized bone matrix to the bone surface and the 
bone marrow, and all the way to the blood vessels. This strategic loca-
tion permits the detection of variations in mechanical signals (either 
through strain or fluid flow), as well as in levels of circulating factors 
(e.g. Ca++), and allows amplification of the signals leading to adaptive 
responses.

Osteocyte apoptosis: consequences and regulation
Osteocytes are long-lived cells. However, like osteoblasts and osteo-
clasts, osteocytes die by apoptosis and decreased osteocyte viability 



CH
A

PTER 9 
● Bone structure and function

77

1 (11β-HSD1), the enzyme that amplifies glucocorticoid action. The 
apoptotic effect of glucocorticoids is reproduced in cultured osteocytes 
and osteoblasts in a manner strictly dependent on the glucocorticoid 
receptor (GR).31 Induction of osteocyte and osteoblast apoptosis by 
glucocorticoids can result from the direct action of the steroids because 
overexpression of the enzyme that inactivates glucocorticoids 11β-
HSD2 specifically in these cells abolishes the increase in apoptosis. 
Strikingly, in osteocytic MLO-Y4 cells the proapoptotic effect of gluco-
corticoids is preceded by cell detachment due to interference with 
FAK-mediated survival signaling generated by integrins. In this mecha-
nism, Pyk2 (a member of the FAK family) becomes phosphorylated and 
subsequently activates proapoptotic JNK signaling. In addition, the 
proapoptotic actions of glucocorticoids may involve suppression of the 
synthesis of locally produced antiapoptotic factors including IGF-I and 
IL-6 type cytokines, as well as MMPs, and stimulation of the proapop-
totic Wnt antagonist SFRP-1.

Regulation of bone formation by  
osteocytes: the sclerostin paradigm
Osteocytes, but no other cells in bone, express sclerostin—the product 
of the Sost gene. Sclerostin antagonizes several members of the BMP 
family of proteins and also binds to LRP5/LRP6, preventing canonical 
Wnt signaling. Loss of Sost in humans causes the high bone mass 
disorders Van Buchem disease and sclerosteosis. In addition, adminis-
tration of an antisclerostin antibody increases bone formation and 
restores the bone lost on ovariectomy in rodents. Conversely, trans-
genic mice overexpressing Sost exhibit low bone mass.40 Taken together, 
these lines of evidence have led to the conclusion that sclerostin 
derived from osteocytes—the ultimate progeny of the osteoblast dif-
ferentiation pathway—exerts a negative feedback control at the earliest 
step of mesenchymal stem cell differentiation toward the osteoblast 
lineage.

Osteocytes and the skeletal actions of PTH
Recent evidence demonstrates that elevation of PTH dramatically 
downregulates the expression of the osteocyte-derived Wnt antagonist 
Sost and its product the protein sclerostin in vivo and in vitro.35 
Together with evidence of the relevance of Wnt signaling for osteoblast 
function, these findings suggest that the increase in osteoblasts and 
bone formation induced by chronic elevation of PTH could result from 
direct actions of the hormone on osteocytes leading to decreased 
sclerostin and increased Wnt signaling. Consistent with this hypoth-
esis, transgenic mice expressing a constitutively active PTH receptor 1 
exclusively in osteocytes (DMP1-caPTHR1 mice)41 exhibit reduced 
sclerostin expression, increased Wnt signaling, and a dramatic increase 
in bone mass. Importantly, the high bone mass of the DMP1-caPTHR1 
mice is ameliorated by deletion of the Wnt co-receptor LRP5. DMP1-
caPTHR1 mice also exhibit increased remodeling, which has been 
previously attributed to PTH actions on stromal/osteoblastic cells. 
Taken together, these findings reveal that osteocytes can mediate two 
of the recognized skeletal effects of PTH: to increase osteoblast number 
and bone mass and to increase bone remodeling.

GROWTH, MODELING, REMODELING,  
AND REPAIR
There are four dynamic processes involved in skeletal development and 
adaptation, and these are defined in specific ways by the relationship 
of bone resorption and bone formation to each other (Table 9.1). These 
general mechanisms include a coordinated system that first involves 
the activation (A) of cell populations, followed by the resorption (R) of 
preexisting tissue and/or the formation (F) of new or replacement 
tissue. Bone growth serves to increase bone mass through bone forma-
tion (F). Resorption of tissues is not part of the growth process, and 
the function of growth is only to increase mass, not to adapt the devel-
oping structure to its mechanical needs. Growth can occur on a sub-
strate but may involve ossification directly from fibrous tissue 
(intramembranous bone formation) or by forming a model with carti-
lage first, and then replacing the cartilage with bone (endochondral 

TABLE 9.1 DYNAMIC PROCESSES OF SKELETAL 
DEVELOPMENT AND ADAPTATION

Process Mechanism Morphology Function

Growth F Woven, lamellar Increased mass

Modeling A-F Primary lamellar Net increased mass

or

Adapt architecture

A-R Controls drift 
and curvature

Remodeling A-R-F Secondary 
lamellar

Bone maintenance

(osteons, 
hemiosteons)

Repair of 
microdamage

Prevention of bone 
loss

Repair F Woven Repair of fractures

Rapid 
mechanical 
adaptation

A, activation; R, resorption; F, formation.

ossification). Growth involves only the formation of tissues, without 
regard to shape. Modeling uses the tissue formed during the growth 
process to further increase bone mass and to shape its geometry to 
mechanical needs. Modeling occurs through the activation (A) of cells 
followed by either formation (F) or resorption (R). Formation and 
resorption are coordinated processes in modeling but do not occur 
sequentially on the same surface of bone. Remodeling, on the other 
hand, is defined by the sequential processes on the same bone surface 
of activation-resorption-formation (A-R-F). The function of remodeling 
is bone maintenance, not the increase in bone mass. Bone remodeling 
is also involved in skeletal repair of microdamage. Bone’s repair func-
tion, which restores its mechanical properties following a complete 
fracture or trabecular microfracture, usually occurs through the process 
of endochondral ossification, which forms a cartilage callus that also 
includes woven bone to bridge the fracture gap. This is eventually 
replaced through remodeling with replacement by lamellar bone.

Growth, modeling, and remodeling are present concurrently in all 
growing children. When skeletal maturity is reached, growth naturally 
stops. Modeling slows down or stops but may still be present at a 
reduced rate on trabecular surfaces and on the periosteal surface of the 
bone. However, at maturity, the predominant process is bone remodel-
ing, which serves to maintain the bone that has been formed and repair 
microscopic damage that may be sustained in bone during normal daily 
activities. Dysfunction to the remodeling process is associated with the 
loss of bone found in osteoporosis.

Growth
Growth of bone can occur through two different skeletal processes, one 
involving formation of bone from fibrous membranes and the other 
involving the formation of a skeletal anlage, or model. Intramembra-
nous bone formation occurs at centers of ossification via direct miner-
alization in highly vascular fibrous tissues through the action of 
mesenchymal cells. The calvarium of the skull is the best example of 
intramembranous bone formation, with the individual bones of the 
skull acting as centers that eventually grow together at the sutures. 
Apposition of bone on the periosteal surface of long bones can also 
occur through intramembranous ossification and has been demon-
strated especially in the region of the femoral neck.42

In the long bones, however, development generally occurs by the 
initial condensation of mesenchyme or hyaline cartilage in the form of 
the eventual skeletal structure. This cartilage model mineralizes over 
time and becomes detectable as a primary center of ossification. Some 
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bone resorption is suppressed, formation is also suppressed because 
these activities are linked by intercellular signaling mechanisms that 
are still little understood. In remodeling, bone resorption and bone 
formation are coupled, but in fact may not be balanced. Coupling and 
balance are not the same; balance refers to the relationship between 
the amount of bone resorbed and the amount formed, whereas coupling 
only denotes that the processes are linked in some way. Bone resorp-
tion and bone formation are in balance in the healthy skeleton, but 
when these are out of balance the amount of bone that is resorbed can 
be either more or less than the amount that is subsequently formed. 
So, bone can be lost or added, even though cells are coupled, in several 
different ways that alter the balance of resorption and formation. In 
actuality, one almost never finds a balance in favor of bone formation 
in a remodeling system, although this has been shown to occur with 
anabolic treatments for osteoporosis such as the administration of 
intermittent rhPTH1-34 (Forteo).43 More often, the balance is in favor 
of resorption. This is the case in osteoporosis, in which global resorp-
tion is increased, but formation at each of the erosion sites is normal 
or reduced, leading to a deficit in bone mass.

This coupled system is termed a bone multicellular unit (BMU) 
because different cell populations are involved; bone remodeling is 
sometimes referred to as BMU-based bone remodeling. A BMU typi-
cally consists of about 10 osteoclasts and several hundred osteoblasts. 
When cut in longitudinal section, the BMU shows the sequential 
aspects of the A-R-F system, and the various cell populations that are 
involved (Fig. 9.7). Each of the phases in this sequence is location, 

bones are formed from a single ossification center, although most of 
the long bones form secondary centers of ossification at the ends 
(epiphyses), which eventually fuse to the bone that developed from the 
primary ossification center (diaphysis) (Fig. 9.5). The secondary centers 
allow growth to occur at a cartilaginous growth plate until skeletal 
maturity in the late teens or (for the vertebral bodies) in the early part 
of the third decade. The growth plate slowly converts into primary 
spongiosa (or trabeculae) that become remodeled into lamellar trabecu-
lar plates in the metaphysis of the bone.

Modeling
Long bones must grow both in length and in diameter (Fig. 9.6). At 
the ends of the long bones—near the epiphyses—growth of bone 
demands that the wider joint surface continually be reshaped and nar-
rowed as it moves down into the metaphysis and diaphysis. Modeling 
is a continuous and prolonged process, unlike remodeling, which is 
episodic, and involves a coordinated process of bone resorption on 
some surfaces, while other surfaces undergo bone formation. Bone 
modeling occurs on both periosteal and endocortical envelopes and 
serves to provide the eventual shape of the bone, as well as to allow 
for expansion of the marrow cavity and periosteal diameter of the 
diaphysis. At the metaphysis, this occurs by osteoclastic resorption on 
the periosteal surfaces. As growth continues, however, bone is added 
to the periosteal surface by osteoblasts and simultaneously removed 
from the endocortical surface by osteoclasts. This serves to increase 
whole bone diameter and expand the marrow cavity, necessary for the 
formation of blood. It serves a second purpose to increase the mechani-
cal strength of the bone, while at the same time not increasing its mass 
or weight at the same rate. Bone curvature is also adjusted during 
growth through a process known as “drift,” in which the periosteal 
surface on one side of the bone is undergoing apposition, while the 
other is undergoing resorption. Likewise, different portions of the endo-
cortical surface are undergoing formation or resorption in coordination, 
to maintain cortical thickness of the diaphysis.

Remodeling
The quantum concept of bone remodeling states that bone is replaced 
in packets through the coupled activity of osteoclasts and osteoblasts. 
The coupling between osteoclasts and osteoblasts is why it was difficult 
for so many years to control the processes involved in bone loss. When 

Epiphysis

Epiphyseal plate

Metaphysis

Diaphysis

Cortical boneOsteoblastic
formation

Osteoclastic
resorption

Longitudinal
growth Cancellous bone

Fig. 9.5 Bone consists of the diaphysis (shaft), metaphysis, and epiphysis. In 
growing children, the growth (epiphyseal) plate separates the epiphysis from 
the metaphysis. During growth, the periosteal surface of the metaphysis must 
be constantly resorbed, while concurrent bone formation occurs on the 
endocortical surface, to convert the thin-walled but flared metaphysis into the 
narrower but thicker-walled diaphysis. Stained with McNeal’s tetrachrome.

Growth

This bone removed
by modeling

Diaphysis

Metaphyseal cut back

Diaphyseal enlargement Diaphyseal drift

THE METAPHYSEAL CUT-BACK THAT OCCURS THROUGH MODELING 
PROCESSES DURING GROWTH TO SHAPE THE BONE

Fig. 9.6 Diagram showing the metaphyseal cutback that occurs through 
modeling processes during growth to shape the bone. Subsequent 
enlargement of the diaphysis occurs through direct periosteal apposition, 
which is often accompanied by resorption on the endocortical surface to 
enlarge the marrow cavity. Bone can also change its location and curvature 
through “drift.” Arrows indicate direction of drift, with solid cells representing 
osteoblasts and bone formation, and the open cells representing osteoclasts 
and bone resorption. (Reprinted with kind permission of Springer 
Science+Business Media from Skeletal Tissue Mechanics. RB Martin, DB Burr, NA 
Sharkey. Skeletal Biology Chapter 2, Figure 19. New York: Springer, 1998:62).
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Capillary bud

Osteoblasts Osteoid

Erosion surface

Osteoclasts

Fig. 9.7 A bone multicellular unit, or BMU. This system shows the sequential 
aspects of the activation-resorption-formation system and the various cells 
that are involved. At the head of the resorption front (also called the cutting 
cone), there is a capillary bud that supplies nutrients to the multicellular 
osteoclasts that are decalcifying and resorbing bone matrix. Behind the 
resorption front, teams of osteoblasts are lined up along the wall of the BMU, 
laying down new bone, or osteoid, that will subsequently become mineralized. 
Some of these osteoblasts will eventually embed themselves and become 
terminally differentiated osteocytes. Stained with McNeal’s tetrachrome.
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THE BONE REMODELING SEQUENCE

Rate

Fig. 9.8 The bone remodeling sequence. The entire sequence, not including mineralization, takes about 4 months in people. 
Many cellular processes occur during each of the activation-resorption-formation sequence of events. The amount of 
resorption and formation are determined both by the individual activity of the cells and by the duration of their lifetime. In 
cross-section, formation requires about four times longer than the resorption of the same amount of bone, and consequently 
there are many more osteoblasts in bone than osteoclasts. (Reprinted from “Orthopedic principles of skeletal growth and 
remodeling.” In: Bone biodynamics in orthodontic and orthopedic treatment. Carlson DS, Goldstein SA, eds. Craniofacial growth 
series. Ann Arbor: Center for Human Growth and Development of the University of Michigan, 1992:15-50.)

magnitude, and rate specific, so alterations in the magnitude or timing 
of one can produce morphologic features characteristic of specific skel-
etal abnormalities (Fig. 9.8). Activation is initiated by chemical or 
mechanical signals (although the latter may be mediated biochemi-
cally) but actually involves a series of events that include recruitment 

of precursor cells, differentiation and proliferation of cells, and eventual 
migration to the site of activity. In humans, these processes take about 
5 to 10 days. Bone resorption by mature osteoclasts takes about 3 
weeks at a given site, although osteoclasts moving longitudinally 
through bone at a rate of about 40 µm/day may live much longer than 
this. There is a period of reversal, during which there is neither bone 
resorption nor formation; this may represent a period like the activa-
tion period during which osteoblasts are undergoing differentiation and 
proliferation from their precursors. This is followed by a period of bone 
formation that lasts about 3 months. As unmineralized bone—or oste-
oid—is laid down, it subsequently begins to mineralize, quickly at first, 
and then more slowly over the following years. This sequence of events 
occurs on all four skeletal envelopes (periosteal, endocortical, trabecu-
lar, and intracortical).

Changes in bone mass can occur simply through changes in activa-
tion frequency. The greater number of active remodeling sites, the 
larger the remodeling space (that space actively undergoing remodeling) 
and the greater the porosity (or the smaller the trabecular bone volume). 
Changes in activation frequency may lead only to transient changes in 
bone mass if resorption and formation are in balance, so early losses 
of bone mass due solely to increased activation frequency may resolve 
after several months as the new remodeling site leaves the resorption 
phase and enters the formation phase. Likewise, bone mass may 
change because some aspect of the recruitment, proliferation, migra-
tion, or differentiation of either osteoclasts or osteoblasts is inter-
rupted. These changes may be manifest as alterations of R-F balance 
but, in fact, may be caused by activation defects during cell 
maturation.

Repair
Fracture healing involves several stages in the repair (or regeneration) 
process (Fig. 9.9). The injury is typically followed by the development 
of a hematoma with associated inflammatory responses. This phase is 
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The rate and extent of healing depends on the fracture and also on 
the mechanical environment. Large amounts of motion will increase 
the size of the cartilage callus and interrupt its remodeling to bone. 
Small amounts of motion and juxtaposition of the fractured ends of 
the bone can allow healing without the development of much, or any, 
callus. Small loads will also assist healing. A variety of local factors 
can influence healing. Non-unions can occur when early signals for 
repair (e.g., from TGF-β and other growth factors and cytokines) are 
not received, if there is compromise to the local blood supply, or if 
there are complicating factors due to infection or bone death caused by 
radiation or thermal injuries. In addition, co-morbid conditions can 
prolong the length of time required to heal a fracture. Many of these 
are also risk factors for osteoporosis (e.g., poor diet, smoking, calcium 
or vitamin D deficiencies, and excessive alcohol intake).

followed within a week or so by a regenerative phase characterized by 
the formation of a cartilage callus. Also, there is direct woven bone 
apposition on periosteal surfaces, at least in separated and unstable 
fractures, through a process typical of intramembranous ossification. 
This unites the two ends of the bone to stabilize the fracture, but the 
bone is still not mechanically adapted to normal loads and may be 
quite weak. The callus subsequently matures to primary bone over a 
period of months via processes like those involved in endochondral 
ossification.

Over time, the cartilage callus remodels via the A-R-F sequence of 
events to become lamellar bone and eventually the bone is reshaped 
through modeling processes to achieve something close to its original 
dimensions. When this process is complete, the bone will be geometri-
cally and mechanically similar to its prefracture state.

Regeneration, not repair

Three sequential, yet overlapping stages

Normal bone Healed fracture

Inflammation Regeneration Remodeling

Days Weeks Months/years

Injury Hematoma/inflammation Regeneration Remodeling

FRACTURE HEALING INVOLVES SEVERAL STAGES IN THE REPAIR (OR REGENERATION) PROCESS

Fig. 9.9 Fracture healing involves several stages in the repair (or regeneration) process. The injury is typically followed by the 
development of a hematoma with associated inflammatory responses. This phase is followed by the development of a 
periosteal bridging callus (at least in separated and unstable fractures) that is composed of calcified cartilage. Over time, this 
cartilage callus remodels to become bone and eventually the bone is reshaped through modeling processes to achieve 
something close to its original dimensions.
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response is usually divided into three phases, more for convenience as 
the phases merge imperceptibly  into each other and represent a con-
tinuum rather  than discrete stages. The first phase, occurring  in  the 
first  week  after  disruption  of  the  tendon  fibers,  is  characterized  by 
inflammation. There is edema and infiltration of a variety of cell types 
attracted to the region by inflammatory mediators. Platelets and mast 
cells  release  histamine,  a  potent  agent  promoting  vasodilation  and 
increasing blood vessel  permeability.  Serotonin,  bradykinin,  leukotri-
enes,  and  prostaglandins  act  together  to  recruit  polymorphonuclear 
leukocytes  and  lymphocytes  from  the  circulation.  Growth  factors 
released  by  platelets  include  platelet-derived  growth  factor  (PDGF), 
transforming  growth  factor-β  (TGF-β),  and  epidermal  growth  factor 
(EGF). Macrophages are present within 24 hours, phagocytosing tissue 
debris  and  releasing  numerous  inflammatory  mediators  and  growth 
factors,  including basic fibroblast growth  factor  (bFGF),  transforming 
growth factor-α (TGF-α), TGF-β, and PDGF. These growth factors are 
chemotactic for fibroblasts and other cells and generally act to stimu-
late matrix  synthesis. Angiogenic  factors  such as bFGF and vascular 
endothelial growth factor (VEGF) stimulate capillary ingrowth into the 
fibrous  clot. Toward  the  end of  the  inflammatory phase, which may 
last  several  days,  fibroblasts  become  the  predominant  cell  type.  The 
second phase, generally lasting up to 6 weeks after injury, is character-
ized by cell proliferation and new matrix synthesis by fibroblasts. This 
new matrix is different in both quality and quantity from the normal 
matrix. Described as granulation  tissue,  it  consists of a disorganized 
matrix  with  an  elevated  cell  density  that  fills  the  tissue  defect.  The 
third phase, occurring from 3 to 6 weeks after injury and lasting for at 
least  a  year,  is  a  prolonged  period  of  remodeling  and  maturation  in 
which  the  matrix  components  and  tissue  cellularity  revert  gradually 
toward normal. During this stage many cells in the scar are contractile 
myofibroblasts, which are specialized cells important for the organiza-
tion of the wound tissue.

LIGAMENT INJURY AND REPAIR
Although ligaments are generally similar to tendons, there are known 
to be substantial differences in the quality of repair found in ligaments 
from different anatomic  locations.2 Most  ligaments,  such as  the col-
lateral ligaments of the knee, are extra-articular and in a close relation-
ship  with  the  joint  capsule  and  adjacent  vascular  structures.  This 
environment  is apparently much more conducive  to repair  than that 
surrounding the intra-articular cruciate ligaments. Injuries to the cruci-
ate  ligaments,  for  example, provoke a profuse vascular  response, but 
healing  by  second  intention  (i.e.,  the  contraction  and  filling  of  the 
defect  by  the  formation  of  granulation  tissue)  does  not  occur.  The 
medial  collateral  ligament,  in  contrast,  heals  spontaneously  without 
the need for surgical repair. A variety of explanations have been pro-
posed,  such  as  the  presence  of  synovial  fluid  preventing  fibrin  clot 
formation and the more dynamic mechanical environment of the cruci-
ate  ligament  inhibiting  repair. There are also  thought  to be  intrinsic 
differences  in  cell  types  from different  ligaments, with differences  in 
morphology as well as mitogenic, chemotactic, and synthetic responses. 
Medial collateral ligament fibroblasts, for example, are more prolifera-
tive  and produce more  type  III  collagen  than  cells  from  the  anterior 
cruciate ligament, and they show a greater response to growth factors 
such as EGF, TGF-β, and bFGF.5

CHRONIC PATHOLOGY
There are a variety of different terminologies for the chronic pathology 
that is more commonly seen in tendons, although some ligaments (e.g., 
the patellar) may also be affected. This confusion is partly due to an 
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 Although tendons and ligaments generally respond similarly to 
injury, there are anatomic and regional differences in the speed 
and quality of repair.

 Chronic painful conditions are more common in tendons, but some 
ligaments may also be affected.

 Most chronic conditions are degenerative, associated with 
“overuse.”

 Although inflammatory cells are usually not present in chronic 
lesions, various inflammatory mediators are present both in and 
around the affected tissue.

 Many current therapies for chronic conditions are not supported by 
good clinical trials.

 Future therapies in development include the use of mesenchymal 
stem cells to promote better quality repair and regeneration of the 
extracellular matrix.

INTRODUCTION
Musculoskeletal pain and dysfunction are commonly associated with 
lesions of soft connective tissues such as ligaments and tendons. These 
conditions  are  found  in  a high  proportion  of  rheumatology  patients, 
affecting not just the middle-aged and elderly but also the young and 
physically active populations. Current treatments often are not based 
on a sound scientific knowledge, and the condition frequently responds 
poorly  to  treatment,  resulting  in  chronic  pain  and  disability.  In  this 
chapter the spectrum of pathology affecting tendons and ligaments is 
discussed and current and potential novel strategies for treatment are 
outlined.

GENERAL CONSIDERATIONS
Tendons and  ligaments  are dense fibrous  connective  tissues  that  are 
important for joint movement and stabilization. They have a similar 
composition and structure and are composed primarily of a hierarchical 
arrangement of collagen fiber bundles primarily aligned with the long 
axis  of  the  tendon.  They  are  metabolically  active  and  capable  of 
responding to extrinsic factors such as mechanical load, exercise, and 
immobilization. However, there are differences in structure, composi-
tion,  and  function  between  a  tendon  and  a  ligament  that  make  it 
unwise to extrapolate directly from one tissue to another.1

The range of pathology affecting tendons and ligaments is different. 
Both  tissues  may  be  subject  to  acute  injury  as  a  result  of  trauma, 
overload, or direct mechanical insult resulting from crushing blows or 
penetrating  objects.  The  repair  response  follows  the  same  general 
pattern, with the important proviso that some ligaments and tendons 
are  apparently  able  to  mount  a  more  effective  repair  response  than 
others.2 This has been linked to a number of factors, such as whether 
tendons  are  intrasynovial  or  extrasynovial  or  whether  ligaments  are 
intra- or extra-articular, and the ability to repair may be dependent on 
the  quantity  and  quality  of  the  vascular  network  at  different  sites. 
Tendons  are  more  prone  to  chronic,  insidious  forms  of  injury  than 
ligaments.  These  conditions,  best  described  as  “tendinopathies,”  are 
often  associated  with  repeated  strain  and  repetitive  microtrauma 
(“overuse”) rather than a single traumatic episode.3,4

ACUTE INJURIES
The cellular events occurring after traumatic injury to a tendon or liga-
ment  are  similar  and  common  to  all  soft  connective  tissues.1  The 
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a cell-mediated process similar to endochondral ossification has been 
identified  in  some pathologic  tendons.12 Apoptosis  (programmed cell 
death)  is significantly  increased  in both patellar  tendinopathy and  in 
ruptured supraspinatus tendon.13,14 Most cells in painful tendinopathy 
specimens are fibroblast-like, albeit generally more rounded or ovoid, 
and there is an absence of  inflammatory cells, at  least  in the tendon 
substance. Overall, the histopathologic findings in most tendinopathy 
are  consistent with matrix  degeneration,  and  in painful  tendons  the 
cell  and  vascular  response  suggests  at  least  some  attempt  to  repair. 
There  is  evidence  to  suggest  that  the  cellular  changes,  such  as  the 
rounder  appearance  and  increased  number,  occur  before  any  clinical 
symptoms are apparent.15

Extracellular matrix changes in tendinopathy
The  extracellular  matrix  of  tendon  consists  mainly  of  the  structural 
protein  collagen,  which  comprises  around  65%  of  the  dry  weight.1 
Around 95% is type I collagen, with lesser amounts of collagen types 
II,  III,  IV,  V,  VI,  IX,  X,  XII,  and  XIV.  In  tendinopathy,  numerous 
molecular changes have been identified, consistent with the hypothesis 
that  dynamic  changes  in  the  regulation  of  matrix  turnover  by  the  
resident  tenocytes  are  responsible  for  the  altered  tendon  function 
(Table  10.1).  There  are  changes  in  the  levels  of  expression  of  some 
collagen genes, and  increased amounts of collagen type  III are  found 
throughout  the  tendon  matrix,  not  just  restricted  to  the  endotenon  
as  in  normal  tendon.16-18  Similar  changes  are  found  in  scar  tissue 
or  pathologic  fibrosis  and  have  implications  for  the  strength  of  the 
tendon, because type III collagen tends to form heterotypic fibrils with 
type  I  collagen,  which  has  a  smaller  average  diameter  and  form  a 
meshwork  rather  than  closely  aligned  fibril  bundles.  There  are  also 
increases  in  type  V  collagen,  an  increase  in  denatured  collagen,  and 
substantial  changes  in  the  crosslinks  that  stabilize  the  collagen 
matrix.18-20 There is strong evidence for increased turnover of the col-
lagen matrix in tendinopathy, because the collagen carries less of the 
glycation product pentosidine, which accumulates on long-lived matrix 
proteins with age.20 There are differences between tendons, with evi-
dence  for  higher  rates  of  collagen  turnover  in  supraspinatus  tendon 
compared  with  the  biceps  brachii  tendon  in  the  forearm,  associated 
with  the  increased prevalence of  tendon  injury and pathology  in  the 
shoulder,  although  whether  this  is  cause  or  effect  remains  to  be 
established.

Although less abundant than collagen, proteoglycans are important 
constituents of the tendon matrix, with a range of important functions, 
including water retention, sequestration of growth factors, and mediat-
ing  cell-matrix  interactions.1  A  diverse  family  of  molecules,  they  all 
contain at least one chain of a repeating disaccharide glycosaminogly-
can (GAG). Small leucine-rich proteoglycans (SLRPs), such as decorin, 
fibromodulin,  biglycan,  and  lumican,  are  present  in  normal  tendon, 
and they function to modulate fibril growth, fibril diameter, and orga-
nization  as  well  as  bind  growth  factors  such  as  TGF-β.  The  large 
proteoglycans versican and aggrecan are also present, although aggre-
can is more abundant at the insertion or where the tendon is subject 
to compression.7 The large proteoglycans carry more GAG chains than 
the SLRP, aggrecan in particular, and the high negative charge density 
of the sulfated GAG holds water in the tissue, which is important for 
viscoelastic properties and resisting shear or compressive load. In ten-
dinopathy, one of the most frequent observations is increased GAG in 
the  matrix,  often  associated  with  rounded  cells.21  The  identity  and 
processing of the particular proteoglycan associated with the GAG has 
not  been  fully  characterized  at  the protein  level,  although molecular 
analysis has shown increased expression of genes encoding for aggrecan 
and biglycan, even in the mid-substance of the Achilles tendon where 
fibrocartilage  is  not  normally  found.22  These  changes  are  consistent 
with an adaptive response to shear or compression, suggesting that at 
least some of  the molecular changes are  the result of changes  in the 
level and direction of mechanical forces acting on the resident tendon 
cells  (tenocytes). Although most tendinopathies are reported to show 
similar molecular changes, there may be differences at different sites. 
For example, levels of gene expression for the large proteoglycan versi-
can  were  reported  to  be  unchanged  in  painful  Achilles  tendons,23 
although  increased  versican  protein  has  been  reported  in  patellar 
tendons.24

incomplete  understanding  of  the  pathology  as  well  as  difficulties  of 
diagnosis, because biopsy specimens are rarely obtained at early stages 
of the disease. Terms such as tendinitis imply that there is inflamma-
tion, although there is little evidence of any inflammatory process in 
histologic  studies.6  Conditions  are  consequently  best  considered  as 
either acute or chronic, whether caused by trauma or repeated micro-
trauma  (often  attributed  to  “overuse”)  or  the  result  of  an  insidious 
process  of  clinically  silent  (i.e.  “pain-free”)  degeneration.  Unless  the 
presence of inflammation or degeneration has been unequivocally dem-
onstrated,  most  tendon  pain  and  dysfunction  is  best  described  as  a 
“tendinopathy.”

Sites commonly affected by tendinopathy include the supraspinatus 
and  long  head  of  the  biceps  in  the  shoulder,  the  medial  and  lateral 
extensors of the elbow, the patellar ligament, the posterior tibialis, and 
the Achilles tendon. In most cases, with the notable exception of the 
Achilles tendon, the site affected is at or near the bone insertion. There 
are several common features: these sites are more highly stressed, are 
often  exposed  to  repeated  strains,  including  shear  or  compressive 
forces,  and  are  relatively  less  vascularized  than  the  tendon  mid- 
substance. The insertion also has a different structure and composition 
compared with the mid-substance; it  is fibrocartilaginous, containing 
matrix components such as type II collagen and aggrecan that are more 
commonly associated with articular cartilage.7 The highly specialized 
structure  is  thought  to  help  dissipate  stress  and  compressive  forces 
acting on the insertion site.

ETIOLOGY OF TENDINOPATHY
The  cause  of  tendinopathy  is  still  controversial,  and  many  different 
factors have been implicated. Many lesions are associated with a reduc-
tion in vascular perfusion, particularly at specific sites in the supraspi-
natus and the Achilles. Because most tendon ruptures occur in the fifth 
decade, age-related changes are also  implicated, although ruptures of 
the Achilles tendon are most common in a younger, physically active 
population. More tendon ruptures tend to occur in males than females, 
although  it  is  unlikely  that  this  is  directly  associated  with  gender 
because  the  age  and  activity  levels  of  male  and  female  patients  are 
frequently very different.8 The combination of a more sedentary exis-
tence with increased leisure time, recreational sports, and a propensity 
to obesity may account for the greater incidence of tendinopathy in the 
developed world. There  is a strong association with particular sports 
and activities that result in high levels of stress being applied to specific 
sites.  Leg-length  discrepancies  and  other  anatomic  variants,  such  as 
the shape and slope of the acromion in the shoulder, are implicated in 
some individuals. Joint laxity may predispose to some conditions such 
as  rotator  cuff  lesions. Genetic  factors have been  recently  identified, 
with  an  increased  risk  of  tendon  injury  in  individuals  with  specific 
variants of genes encoding for the extracellular matrix proteins collagen 
type V and tenascin C.9,10

HISTOPATHOLOGIC FINDINGS
There have been many histopathologic investigations of various kinds 
of tendinopathy, usually studied in specimens taken from either rup-
tured  tendons  or  chronic  painful  tendons.  Ruptures  are  frequently 
described as “spontaneous,” meaning that the rupture occurred without 
any preceding clinical symptoms, although underlying degeneration of 
the  extracellular  matrix  is  almost  always  present.6  Painful  tendons 
frequently do not progress to a frank rupture, and specimens are gener-
ally  obtained  from  patients  who  have  failed  prolonged  conservative 
treatment before surgery, at which time a specimen was removed for 
analysis. Painful tendons generally show a much increased cellularity, 
cell  rounding,  an  increased  glycosaminoglycan  content  (“mucoid 
degeneration”),  decreased  matrix  organization,  and  increased  blood 
vessel infiltration (Fig. 10.1). Ruptured tendons show similar degenera-
tive  features  of  the  extracellular  matrix,  although  there  is  generally 
reduced cellularity and often little evidence of neovascularization. The 
cell  changes  in  ruptured  tendons  are  consistent  with  hypoxia,  and 
calcific deposits and lipid droplets are frequently found in the matrix.6 
The calcification,  seen  in most  ruptured  tendons,  is  thought  to be a 
degenerative  phenomenon,  occurring  as  a  result  of  precipitation  of 
calcium salts nucleated by cell debris or matrix constituents,11 although 
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Fig. 10.1 Histologic features of tendinopathy. (a) Normal Achilles tendon, showing dense bundles of highly organized collagen fiber bundles and relatively few 
tenocytes arranged in columns (H&E). (b) Specimen from patient with painful tendinopathy, showing increased cellularity and vascularity at the site of the 
lesion (H&E). (c) Normal Achilles tendon, showing low abundance of proteoglycan (toluidine blue). (d) Specimen from patient with Achilles tendinopathy, 
showing much increased abundance of proteoglycan throughout the tendon matrix (toluidine blue). (e) Degenerate supraspinatus tendon specimen from 
patient with rotator cuff pathology, showing loss of matrix organization, disruptions in the fibrillar structure, and reduced cellularity (H&E). (f ) Specimen of 
supraspinatus tendon from patient with rotator cuff pathology, showing increased proteoglycan associated with rounded cells in a “fibrocartilaginous” matrix 
(H&E/Alcian blue).
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TABLE 10.1 CHANGES IN EXTRACELLULAR MATRIX IN PAINFUL TENDINOPATHY

Molecule Potential significance References

Collagen type I (mRNA) ↑ Attempted repair/adaptation Ireland et al. Matrix Biol 2001;20:159-169
Corps et al. Rheumatology 2004;43:969-97223

Total collagen (protein) → No significant tendon growth or adaptation Riley et al. Ann Rheum Dis 1994;53:359-36617

Samiric et al. Matrix Biol 2009;28:230-236

Collagen type III (mRNA/protein) ↑ Fibrosis/scar formation
Smaller diameter fibrils
Decreased fibril strength

Riley et al. Ann Rheum Dis 1994;53:359-36617

Ireland et al. Matrix Biol 2001;20:159-169
Eriksen et al. J Orthop Res 2002;20:1352-135716

Fibronectin (mRNA) ↑ Repair response?
Altered cell-matrix interactions

Ireland et al. Matrix Biol 2001;20:159-169
Alfredson et al. J Orthop Res 2003;21:970-975

Tenascin C (mRNA/protein) ↑ Repair response?
Altered cell-matrix interactions

Riley et al. Am J Pathol 1996;149:933-94326

Ireland et al. Matrix Biol 2001;20:159-169

GAG (sugar moiety) ↑ Fibrocartilaginous change
Resistance to compression

Riley et al. Ann Rheum Dis 1994;53:367-376
Samiric et al. Matrix Biol 2009;28:230-236

Aggrecan (mRNA/protein) ↑ Fibrocartilaginous change
Resistance to compression

Corps et al. Rheumatology 2005;45:291-29422

Samiric et al. Matrix Biol 2009;28:230-236

Biglycan (mRNA/protein) ↑ Fibrocartilaginous change
Resistance to compression

Corps et al. Rheumatology 2005;45:291-29422

Samiric et al. Matrix Biol 2009;28:230-236

Fibromodulin (protein) ↑ Modulation of collagen fibril formation and fibril diameter Samiric et al C. Matrix Biol 2009;28:230-236

Versican (mRNA/protein) ↑ → Increased or no change
Significance not known

Ireland et al. Matrix Biol 2001;20:159-169
Corps et al. Rheumatology 2004;43:969-97223

Samiric et al. Matrix Biol 2009;28:230-236

HP/LP collagen cross links ↑ Fibrosis/scar formation
Adaptation to increased load?

Bank et al. Ann Rheum Dis 1999;58:35-4120

Pentosidine (AGE) ↓ Replacement of mature collagen and increased matrix remodeling Bank et al. Ann Rheum Dis 1999;58:35-4120

Arrows indicate direction of change (→ indicates no change).
GAG, glycosaminoglycan; HP, hydroxypyridinoline; LP, lysylpyridinoline; AGE, age-related glycation end-product.

Other  constituents  of  the  tendon  matrix  have  received  relatively 
little attention in studies of tendinopathy. Fibronectin, a large multi-
domain  glycoprotein  that  can  form many different  interactions with 
cells and other matrix molecules, is of very low abundance in normal 
tendon.25 The large increase reported in ruptured Achilles and supra-
spinatus tendons is consistent with a role in the repair response, where 
fibronectin  is  involved  in  cell  adhesion  and  migration  at  the  wound 
site. Tenascin-C, a multimeric glycoprotein that may function to help 
organize the matrix, is abundant in normal tendon but is increased in 
tendinopathy.26 There are  changes  in  splice variant expression and a 
strong association of tenascin-C with the rounded cells in the patho-
logic tendon. In addition, there is evidence for enzyme-mediated deg-
radation  of  tenascin-C  in  rotator  cuff  disease,  consistent  with  the 
increased matrix remodeling that is associated with the condition.

Matrix turnover and remodeling
Matrix  degradation,  both  in  health  and  disease,  is  to  a  large  extent 
mediated by a family of enzymes known as matrix metalloproteinases 
(MMPs). There are 23 MMPs in humans and a family of four naturally 
occurring inhibitors known as tissue inhibitors of matrix metallopro-
teinases (TIMPs). These enzymes have a variety of different substrate 
specificities,  with  activity  against  all  the  different  structural  matrix 
components,  although  they  are  also  involved  in  the  processing  and 
activation of growth factors and their receptors and implicated in the 
control of cell activity as well as matrix degradation. In tendinopathy 
there are changes in the expression and activity of various MMPs and 
TIMPs that are consistent with increased proteolytic activity and turn-
over  of  the  matrix  (Table  10.2).  For  example,  ruptured  rotator  cuff 
tendons  showed  greatly  increased  collagenase  (MMP-1)  activity  and 
reduced  gelatinase  (MMP-2)  and  stromelysin  (MMP-3)  activity  
compared  with  normal  tendons,  and  these  changes  were  correlated 
with levels of collagen turnover in the tissues.20 A study of gene expres-
sion  in  Achilles  tendons  showed  that  painful  and  ruptured  tendons  
had distinct patterns of  expression,  consistent with quantitative and 

qualitative differences in catabolic activity in the different clinical enti-
ties.27 Ruptured tendons showed higher levels of expression of MMP-1, 
MMP-9, MMP-19, MMP-25, and TIMP-1 and lower levels of MMP-3, 
MMP-7,  TIMP-2,  TIMP-3,  and  TIMP-4.  Painful  tendons  showed 
reduced  expression  of  MMP-3,  MMP-10,  TIMP-3,  and  increased 
expression of ADAM-12 and MMP-23. Very little is known about the 
role and function of A disintegrin and metalloproteinase (ADAM)-12 
and  MMP-23  in  tendons,  although  both  have  been  associated  with 
changes in cell phenotype: ADAM-12 with myogenesis and lipidogen-
esis and MMP-23 with endochondral ossification.28,29 In summary, the 
changes in tendon matrix composition are consistent with changes in 
cell-mediated  matrix  remodeling  that  precede  the  onset  of  clinical 
symptoms, and these changes are mediated at least in part by metal-
loproteinase enzymes.

Mechanical strain and the regulation  
of cell activity
The  cellular  and  molecular  processes  driving  the  changes  in  tendon 
matrix  remodeling  in  tendinopathy  are  yet  to  be  determined.  It  is 
uncertain to what extent the remodeling of the tendon matrix repre-
sents  a  limited  repair  response  to  microscopic  fiber  damage  or  an 
adaptive  (or  potentially  maladaptive)  response  to  changes  in  cell 
loading.  Cyclical  tensile  loading  of  tenocytes  in vitro,  simulating 
overuse, has been shown to elicit the expression of several inflamma-
tory mediators and growth factors as well as metalloproteinase enzymes, 
and it is suggested that this may trigger neovascularization, inflamma-
tion, and increased proteolytic activity in the tendon.30 However, levels 
of  strain  required  to  elicit  this  response  are  high,  potentially  much 
higher than the strains experienced by cells in vivo. More recently, it 
has been shown that tenocytes when released from tension will upregu-
late their expression of the collagenase MMP-13, and that this typically 
occurs after failure of one or more of the tendon fiber bundles in the 
stretched tendon.31 Thus it appears that MMP output is attenuated by 
normal  loading conditions and that damage to tendon fibers releases 
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the cells from this strain regulation, resulting in increased collagenase 
expression and the potential for matrix degradation.

Inflammation and inflammatory mediators
Although there is an absence of inflammatory cells, this does not mean 
that  inflammatory  mediators  are  not  implicated  in  tendinopathy,  at 
least at some stage in the disease, and changes in a number of cyto-
kines, growth  factors, and signaling molecules have been detected  in 
tendinopathy  (Table 10.3).  Increased  levels of  interleukin  (IL)-1 have 
been detected in the tissues surrounding painful tendons, such as the 
bursa in the shoulder.32 Prostaglandin E2 and other inflammatory medi-
ators  such  as  thromboxane,  bradykinin,  and  IL-6  are  increased  in 
peritendinous tissue after prolonged periods of intense exercise.33 There 
are also increased levels of growth factors such TGF-β and insulin-like 
growth factor-1 (IGF-1), and these have been shown to have a stimula-
tory  effect  on  collagen  synthesis.34  However,  some  or  all  of  these 
changes  may  be  part  of  the  adaptive  response,  or  involved  in  tissue 
repair, and their precise contribution to the pathology is uncertain.

Pain and neuropeptides
Pain in tendinopathy has been associated with the ingrowth of nerve 
endings  and  the  release  of  neurotransmitters  such  as  substance  P, 
calcitonin  gene–related  peptide  (CGRP),  and  glutamate.35  Levels  of 
substance P were increased in the subacromial bursa fluid of patients 
with rotator cuff tendinopathy and correlated with the degree of motion 
pain.36  Apart  from  the  modulation  of  pain,  substance  P  and  other 

TABLE 10.2 CHANGES IN PROTEASES AND THEIR INHIBITORS 
IN PAINFUL TENDINOPATHY

Molecule
Potential role/
significance References

MMP-1 ↑ Increased collagen 
turnover

Riley et al. Matrix Biol 
2002;21:185-195

Fu et al. Acta Orthop Scand 
2002;73:658-662

MMP-2 ↑ Increased collagen 
turnover

Ireland et al. Matrix Biol 
2001;20:159-169

Alfredson et al. J Orthop 
Res 2003;21:970-975

MMP-3 ↓ Decreased PG turnover?
Reduced activation of 

MMP?

Ireland et al. Matrix Biol 
2001;20:159-169

Jones et al. Arthritis Rheum 
2006;54:832-84227

MMP-23 
(mRNA) ↑

Not known Jones et al. Arthritis Rheum 
2006;54:832-84227

ADAM-12 
(mRNA) ↑

Not known Jones et al. Arthritis Rheum 
2006;54:832-84227

ADAMTS-2 
(mRNA) ↑

Pro-collagen peptidase
New collagen synthesis

Jones et al. Arthritis Rheum 
2006;54:832-84227

ADAMTS-3 
(mRNA) ↑

Pro-collagen peptidase
New collagen synthesis

Jones et al. Arthritis Rheum 
2006;54:832-84227

ADAMTS-5 ↓ Decreased PG turnover?
Cause of increase in PG?

Jones et al. Arthritis Rheum 
2006;54:832-84227

TIMP-3 ↓ Reduced inhibition of 
ADAMTS activity

Jones et al. Arthritis Rheum 
2006;54:832-84227

Caspase-3 ↑ Increased apoptosis Millar et al. J Bone Joint 
Surg Br 2009;91:417-424

Caspase-8 ↑ Increased apoptosis Millar et al. J Bone Joint 
Surg Br 2009;91:417-424

Arrows indicate direction of change (→ indicates no change).
MMP, matrix metalloproteinase; ADAM, A disintegrin and metalloproteinase; ADAMTS, a 
disintegrin and metalloproteinase with thrombospondin motifs; TIMP, tissue inhibitor of 
metalloproteinases; PG, proteoglycan.

TABLE 10.3 CHANGES IN CYTOKINES AND SIGNALING 
MOLECULES IN PAINFUL TENDINOPATHY

Molecule Potential role/significance References

TGF-β ↑ Repair/growth/fibrosis Fenwick et al. J Anat 
2001;199:231-240

Fu et al. Clin Orthop Relat 
Res 2002;73:658-662

Matrix synthesis

VEGF ↑ Associated with angiogenesis 
and neovascularization

Pufe et al. Scand J Med Sci 
Sports 2005;15:211-222

Scott et al. Clin Orthop Relat 
Res 2008;466:1598-1604

IL-1 ↑ Inflammation in surrounding 
tissues (bursa, synovium)

Gotoh et al. J Orthop Res 
2002;20:1365-1371

Ko et al. J Orthop Res 
2008;26:1090-1097

IL-6 ↑ Inflammation within tendon Millar et al. J Bone Joint 
Surg Br 2009;91:417-424

IL-15 ↑ Inflammation within tendon Millar et al. J Bone Joint 
Surg Br 2009;91:417-424

IL-18 ↑ Inflammation within tendon Millar et al. J Bone Joint 
Surg Br 2009;91:417-424

COX2 ↑ Production of prostaglandin 
within and around tendon

Fu et al. Clin Orthop Relat 
Res 2002;73:658-662

Glutamate ↑ Neurotransmitter—associated 
with pain and/or apoptosis?

Alfredson et al. J Orthop Res 
2001;19:881-88637

Alfredson et al. Acta Orthop 
Scand 2000;71:475-479

Substance P ↑ Neurotransmitter—associated 
with pain perception and 
edema

Gotoh et al. J Orthop Res 
1998;16:618-62136

Schubert et al. Ann Rheum 
Dis 2005;64:1083-1086

PGE2 → Mediator of pain and 
inflammation

Alfredson et al. J Orthop Res 
2001;19:881-88637

Alfredson et al. Acta Orthop 
Scand 2000;71:475-479

PDGFR ↑ Mediates cell response to 
PDGF—cell proliferation

Rolf et al. Rheumatology 
2001;40:256-261

NMDAR ↑ Glutamate receptor—affect 
on tendon cell not known

Alfredson et al. J Orthop Res 
2001;19:881-88637

TGFβR1 ↓ Mediates cell response to 
TGF-β—possible reduced 
response and poor repair?

Fenwick et al. J Anat 
2001;199:231-240

Arrows indicate direction of change (→ indicates no change).
TGF-β, transforming growth factor-β; IGF-1, insulin-like growth factor-1; VEGF, vascular 
endothelial growth factor; IL-1, interleukin-1; COX2, cyclooxygenase-2; PGE2, prostaglandin E2; 
PDGFR, platelet-derived growth factor receptor; NMDAR, N-methyl-d-aspartate receptor; 
TGFβR1, transforming growth factor-β type 1 receptor.

neuropeptides  regulate  the  local  circulation  and  may  also  directly  
affect tenocyte activity, as well as mediating neurogenic inflammation, 
potentially accounting for the bilateral occurrence of tendinopathy in 
many patients. Consequently, antagonists of neuropeptides and neu-
rotransmitters such as glutamate have been proposed for the treatment 
of tendinopathy.37 However, nerve ingrowth and increased expression 
of neuropeptides  are part  of  the normal  tendon  repair  response,  and 
injection  of  substance  P  has  been  used  for  the  treatment  of  tendon 
injuries, increasing the organization of collagen fibrils and the strength 
of the repair.38

TREATMENT OF TENDON AND  
LIGAMENT INJURIES
A great variety of treatments, sometimes quite bizarre, have been used 
for acute and chronic tendon and ligament injuries, although relatively 
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alignment of fibroblasts and increasing collagen synthesis, presumably 
mediated by the stimulation of growth factors such as IGF-1, TGF-β,  
and connective tissue growth factor (CTGF) in and around the tendon.33 
More experimental work with controlled studies is required to define 
the optimum exercise/loading regimen designed to promote reorganiza-
tion and remodeling of the damaged tissue so that higher strength and 
better function can be achieved.

Future therapeutic strategies
The application of exogenous recombinant growth factors to damaged 
and healing  ligaments and tendons has been attempted  in a number 
of animal studies with variable levels of success. Growth factors studied 
include various bone morphogenetic proteins (BMPs, members of the 
TGF-β  superfamily),  PDGF,  TGF-β,  FGF,  and  IGF-1.43-45  However, 
there are serious questions with the prolonged use of purified growth 
factors for treatment, including the high cost, problems with delivery 
systems, and the difficulty maintaining sufficient concentrations of the 
protein  at  the  site  of  the  lesion. Gene  therapy,  in which  the desired 
gene for a particular growth factor, for example, is inserted directly into 
tissue cells, may be an answer to this problem, although issues associ-
ated with the transfection of genetic material into human cells remain 
to be solved.46 Mesenchymal stem cells, which have the ability to form 
various types of connective tissue, are currently being evaluated for the 
treatment of a number of musculoskeletal conditions, including tendi-
nopathy.47,48 The idea is to replenish the reparative/regenerative capac-
ity of the tendon by injecting stem cell preparations directly into the 
site of  the  lesion. Stem cell  therapy has been reported to be of some 
benefit in equine tendinopathy, and future trials in human patients are 
anticipated.  Tissue  engineering  of  new  tendon  constructs  to  replace 
damaged tissue is also a long-term goal being actively pursued, although 
a number of problems remain to be solved, including the development 
of scaffolds with the appropriate strength to resist high-tensile loads.49

CONCLUSION
Ligaments  and  tendons  are  similar  but  not  identical;  they  respond 
similarly to acute injury but chronic pain and degeneration are more 
common in tendons. These tissues are metabolically active and respond 
to changes in their mechanical and chemical environment, with matrix 
changes mediated by altered cell synthetic activity and the local produc-
tion of a variety of matrix-degrading proteases.  Injury results  in sub-
stantial  and  permanent  changes  in  the  quantity  and  quality  of  the 
extracellular matrix. There are regional differences in the response to 
injury  that  are  related  to  the  tissue  cellularity,  vascularity,  composi-
tion,  and matrix  organization. The  repair  tissue  can  be  affected  and 
modulated by both physical and chemical factors, although the precise 
conditions required to optimize repair have not been rigorously defined. 
In tendons, most pathology is degenerative, resulting either in a “spon-
taneous” tendon rupture or a chronic painful tendinopathy, sometimes 
associated with calcification. Degeneration  in  tendinopathy has been 
shown to be an active, cell-mediated process involving increased levels 
of matrix remodeling, with the increased synthesis and degradation of 
matrix components mediated by a variety of enzymes. The source of 
pain in chronic tendinopathy is uncertain, because inflammatory medi-
ators may not be present  in  the  tendon,  although mediators of  pain 
and inflammation may be increased in the surrounding peritendinous 
tissues  or  fluids.  Current  forms  of  treatment  are  based  largely  on 
empirical observations, and their effectiveness is  in most cases ques-
tionable. More clinical and experimental work remains to be done to 
develop an evidence-based approach to therapy.

few have shown clinical benefit  in properly controlled clinical  trials.4 
Actovegin,  a  deproteinized  extract  of  calf  blood,  has  been  injected 
around the painful tendons of many top athletes. More evidence exists 
to  support  the  injection  of  autologous  platelet-rich  plasma  around 
tendon injuries, particularly in animal models. Low-energy laser pho-
tostimulation  stimulates  collagen  synthesis  in  healing  tendons,  pos-
sibly  mediated  by  an  increase  in  growth  factor  activity.  Therapeutic 
ultrasound has been shown to increase the tensile strength and elastic-
ity  of  healing  tendons  but  only  if  applied  during  the  early  stages  of 
healing. The synthetic polymer glycosaminoglycan polysulfate (GAGPS) 
was reported to show some benefit in the treatment of chronic tendi-
nopathy, perhaps as a consequence of inhibitory effects on proteolytic 
activities. Extracorporeal shock wave therapy (ESWT) may have some 
benefit in the treatment of tendon injury, although the mechanism is 
not known and there are potential negative effects at high-energy flux 
density. The injection of a sclerosant, targeting the neovascularization 
seen  in  tendinopathy,  is  advocated by  some practitioners,39  although 
there is some concern that the vascular response is part of the repair 
process and may have negative consequences in the long term.

Non-steroidal anti-inflammatory drugs (NSAIDs)
NSAIDs such as ibuprofen are useful for the treatment of pain in liga-
ment  and  tendon  injuries  and  may  be  of  some  benefit  in  managing 
pain in chronic tendinopathies. Their pharmacologic target is cyclooxy-
genase  (prostaglandin  synthase),  a  key  enzyme  in  the  formation  of 
prostaglandins,  which  are  key  mediators  of  pain  and  inflammation. 
Studies of their effects on tendon healing have been inconclusive, with 
both  positive  and  negative  effects  reported.  The  rationale  behind 
NSAID use in chronic tendon pain is uncertain, because inflammation 
is generally not a feature of these conditions and prostaglandin levels 
are not increased relative to controls in the fluid surrounding painful 
tendons. However, because cyclooxygenase 2 (COX-2) was reported to 
be increased in clinical specimens of patella tendinopathy,40 and pros-
taglandin injected around a tendon can induce a form of degenerative 
tendinopathy,41  there may be a  rational basis  for a direct  therapeutic 
effect of NSAIDs, at least in some patients.

Corticosteroids
Corticosteroid  injection  is  a  common  standby  for  the  treatment  of 
chronic tendon lesions, although once again there is limited evidence 
to  strongly  support  its  use.  There  are  many  case  reports  describing 
rupture, often bilateral, of Achilles and other tendons after long-term 
oral corticosteroids and also after local injections. Ruptures are associ-
ated  with  a  reduced  collagen  content  and  decreased  mechanical 
strength,  presumably  as  a  result  of  the  suppression  of  collagen  
synthesis  and  turnover.  There  are  very  few  controlled  studies  of  the 
effectiveness of corticosteroid injections, the precise effects on tendon 
tissue  are  unknown,  and  the  results  of  animal  studies  are  often 
contradictory.

Exercise and mobilization therapies
Controlled motion  therapy  for acute  tendon and  ligament  injuries  is 
now  generally  accepted,  and  also  used  for  the  treatment  of  chronic 
tendinopathies, particularly in the form of high-loading eccentric exer-
cises.42 It is well known that prolonged immobilization has deleterious 
effects on the quality of repair, in addition to other complications such 
as  muscle  atrophy,  joint  stiffness,  cartilage  deterioration,  adhesions, 
and thrombosis. Tension, applied cyclically or as a constant load, has 
a positive influence on the intrinsic fibroblast response and the strength 
of repair. It promotes cell proliferation and migration, facilitating the 
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For this reason, we find it easiest to classify cytokines not by their 
function but rather by the type of receptor that they bind. This clas-
sification is also useful because it reflects the evolutionary relatedness 
of cytokines, growth factors, and hormones and emphasizes similari-
ties in modes of signal transduction. Thus, we will classify cytokines 
as following: interleukin (IL)-1, the tumor necrosis factor (TNF), the 
type I (hematopoietin)/type II (interferon), IL-17, receptor tyrosine 
kinase, transforming growth factor-β, and chemokine families. In the 
interest of brevity, cytokines that have important immunologic and 
inflammatory functions will be stressed; only cursory discussion of 
other cytokines will be provided.

INTERLEUKIN-1 RECEPTOR FAMILY
Ligand and receptor structure
Cytokines of the IL-1 family are evolutionarily ancient, present in 
echinoderms, tunicates, and annelids in addition to all species of ver-
tebrates. IL-1 itself is also highly pleiotropic: indeed, the many names 
this cytokine had before our increasing sophistication led to molecular 
and nomenclatural consolidation in the 1980s—endogenous pyrogen, 
osteoclast activating factor, lymphocyte activating factor, leukocyte 
endogenous mediator, catabolin, and hematopoietin-1—reflect the 
multiple areas of biology that are profoundly influenced by the actions 
of IL-1.1-3

IL-1 family members form a beta-trefoil structure comprising 12 
strands folded into three sheets. These cytokines interact with recep-
tors whose extracellular portions are formed by immunoglobulin 
domains (typically 3) and whose cytoplasmic domains contain a con-
served fold known as the TIR domain. TIR domains are also shared 
with another important class of molecules in host defense known as 
Toll-like receptors. Indeed, TIR is an acronym derived from “Toll, 
IL-1R, plant Resistance genes,” all of which contain this ancient fold. 
The known functional receptor complexes are heterodimeric, such that 
the cytokine binds its primary receptor subunit (e.g., the IL-1 receptor), 
which then allows recruitment of a second subunit; in the case of  
IL-1 itself, the “accessory protein” is required for initiation of signal 
transduction.

Family members and their action
The IL-1 family consists of 11 members, whereas the IL-1 receptor 
family has 10 identified members (Figs. 11.1 and 11.2). Most IL-1 
family members lack a signal peptide, the exception being IL-1 receptor 
antagonist (IL-1ra, encoded by IL1RN—see later). Most IL-1 family 
members have prodomains, which, except in the case of IL-1α and 
IL-33, need to be removed for the cytokine to be biologically active. 
The prodomains of IL-1β and IL-18 are removed by caspase-1 cleavage 
within a protein assembly called the inflammasome. Secretion of the 
active cytokines appears to happen in concert with their cleavage, 
although the mechanism of how these cytoplasmic molecules are 
secreted is not well understood. The term inflammasome refers to a 
multiple-protein assembly whose formation results in the activation of 
caspase-1 and the maturation and secretion of IL-1β and IL-18.4 There 
are two key components: caspase-1 itself and a recognition/assembly 
component that is a so-called NOD-like receptor (NLR). Often another 
protein called ASC (a simple adapter protein containing both pyrin and 
CARD domains) is required to facilitate assembly. NLR proteins are 
intracellular pattern-recognition receptors that contain three domains: 
a segment with multiple leucine-rich repeats whose role is to recognize 
the trigger for activation (whether directly or indirectly remains 
unclear); a portion called a NACHT domain that leads to adenosine 
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  Cytokines are critical factors in host defense and 
immunoregulation.

  Cytokines are key players in autoimmunity and inflammation.
  Cytokines belong to different families and bind structurally distinct 

receptors.
  Mutation and polymorphisms of cytokines, cytokine receptors, and 

their signaling pathways are associated with a number of human 
diseases.

  Targeting cytokines themselves or their signal transduction 
pathways provides many new opportunities for therapy.

INTRODUCTION
Given the advances in therapy there is no longer a need to convince 
readers that cytokines play pivotal roles in the pathogenesis of rheu-
matologic diseases; on the contrary, this area has been one of the most 
exciting developments in the field, and rheumatologists are well aware 
of the central role of cytokines. Because of these spectacular develop-
ments, the role of the rheumatologist is increasingly that of an “applied 
immunologist,” and other practitioners look to rheumatologists for 
their expertise in the use of these biologic drugs. However, it is also 
clear that anti-cytokine therapies are not effective in all patients with 
a given disease. Furthermore, agents that are efficacious in certain 
autoimmune disorders are ineffective in others. This suggests different 
roles of cytokines in various disorders and perhaps subgroups of 
patients. For all these reasons, it is incumbent on rheumatologists to 
understand cytokine biology. However, this is a daunting task, given 
the sheer number of cytokines and the complexity of their actions. In 
this chapter, our goal is to be reasonably complete but also to provide 
the reader a conceptual framework for considering the different classes 
of cytokines. To facilitate the understanding of cytokine action, we 
provide some details regarding the signal transduction pathways 
employed by cytokines; however, to try to make the chapter accessible 
we do not provide an exhaustive discussion of all cytokines and their 
mechanisms of action.

An additional challenge is that the term cytokine does not denote 
a specific class of structurally or functionally related molecules; on the 
contrary, many different types of factors produced by immune and 
non-immune cells can be included in this category of secreted factors. 
Terms such as cytokine, lymphokine, interleukin (IL), and interferon 
(IFN) have been in use for more than 30 years; however, it is important 
to recognize the imprecision of the terms and understand that a wide 
variety of secreted polypeptides can modulate immune and inflamma-
tory responses. Because the problem of intercellular communication is 
a fundamental problem for homeostasis in all multicellular organisms, 
the boundary between what we think of as cytokines, growth factors, 
and hormones is indistinct. For instance, hormones such as growth 
hormone (GH), prolactin (PRL), erythropoietin (EPO), and leptin are 
clearly cytokines (see later). Structurally, they are related to interleu-
kins; their receptors are similar and they use the same biochemical 
pathways to signal. For this reason, it is probably easiest to simply 
accept that the term cytokine is necessarily imprecise and refers to a 
subset of factors involved in cell-cell communication. Their actions 
primarily relate to host defense and regulation of immune and inflam-
matory cells, but evolutionarily these factors are homologous to mol-
ecules that influence development and coordinate communication 
between other tissues and organs.
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triphosphate (ATP)-dependent dimerization of the NLR after trigger 
recognition; and a protein-protein interaction domain, most commonly 
either a pyrin or a CARD domain, that recruits caspase-1. The best-
studied inflammasome is the so-called NLRP3 inflammasome. Recog-
nition of the trigger by NLRP3 causes its dimerization, recruitment of 
ASC via interaction of the pyrin domains of NLRP3 and ASC, and 
subsequent recruitment of caspase-1 via the CARD domains present 
in both ASC and caspase-1. The dimerization of caspase-1 on inflam-
masome assembly allows it to autoactivate by cleavage of the proform 

to generate active enzyme. The NLRP3 inflammasomes are activated 
by ATP; components of gram-positive bacterial cell walls, such as 
muramyl dipeptide; intracytoplasmic DNA, such as occurs during viral 
infection; molecules resulting from tissue damage, such as hyaluronin 
fragments; crystals, including those of uric acid (released from necrotic 
cells), alum (a commonly-used adjuvant); silica and asbestos (environ-
mental contaminants that lead to lung disease); and β-amyloid, a key 
protein in Alzheimer’s disease. Cigarette smoke also leads to activation 
of caspase-1 in mice, but the mechanism is poorly understood. Muta-
tions in NLRP3 result in several hereditary periodic fever syndromes, 
including familial cold autoinflammatory syndrome (FCAS), Muckle-
Wells syndrome, and neonatal onset multi-organ inflammatory disease 
(NOMID; in Europe called chronic infantile, neurologic, cutaneous, 
articular syndrome [CINCA]). NLRP3 is also called cryopyrin, and 
these disorders have been collectively referred to as cryopyrinopathies.5 
The consequence of disease-causing mutations is excessive release of 
IL-1β. Other NLR proteins, including NLRP1, IPAF, and NAIP, assem-
ble into their own inflammasomes, which are triggered by other types 
of stimuli, such as gram-negative bacteria. Mutations of NLRP1 are 
associated with vitiligo. Although IL-1β and IL-18 require cleavage by 
active caspase-1 to generate their active forms, evidence suggests that 
the secretion of IL-1α also requires active caspase-1, even though it is 
not a direct caspase substrate. It is worth noting that although the 
inflammasome controls production of IL-1 in monocytes and macro-
phages, IL-1β made by other cells (e.g., neutrophils) is released in its 
precursor form on cell death and cleaved extracellularly by proteases 
such as neutrophil protease PR3.

IL-1α and IL-1β
IL-1α and IL-1β are the family members with the most widespread 
influence. Their biologic activities are identical, although they are 
made by different cells under different influences. The most abundant 
sources of IL-1β are monocytes and macrophages. In contrast, IL-1α is 
made by many types of cells, but keratinocytes and endothelial cells 
are particularly rich sources. IL-1α often remains associated with the 
plasma membrane of the cell that produces it, whereas IL-1β is released 
from cells and diffuses into the surrounding tissue and systemic circu-
lation. The prodomain of IL-1α also has a nuclear localization signal 
and is thought to influence transcription of certain genes. In general, 
most of the biology of IL-1 can be rationalized by thinking of it as a 
coordinator of the early host response to infection or tissue injury. 
Some of the specific effects of IL-1 on different cell types and organs 
are discussed next.

IL-1 is strongly induced by pathogens via stimulation of Toll-like 
receptors on macrophages and other cell types and is strongly induced 
by tissue damage.4 IL-1 also induces other inflammatory cytokines, 
such as TNF and IL-6, which themselves coordinate aspects of the host 
response, as well as small molecule mediators, including nitric oxide 
and prostaglandins. IL-1 also induces the synthesis of multiple chemo-
kines (see later), particularly those that attract neutrophils to the site 
of infection or injury. It also induces adhesion molecules on leukocytes 
and endothelial cells for the same purpose. Simultaneously, IL-1 pro-
motes release of neutrophils from bone marrow and enhancement of 
granulopoiesis. In addition, IL-1 enhances adaptive immune responses 
by increasing the potency with which antigen is presented by mono-
cyte/macrophages and dendritic cells. IL-1 is also a key driver of Th17 
cell differentiation (see later) and can also induce Th2 responses. An 
IL1B polymorphism has a large effect on severity of periodontitis. It is 
noteworthy that most poxviruses have a homolog of the inhibitory 
IL-1R type II (see later), suggesting that IL-1 plays a role in control of 
poxvirus infection. Deletion of the IL-1R2 homolog from vaccinia virus 
leads to greater pathology in mice.

IL-1 is a strong inducer of acute phase proteins, either directly or 
via induction of IL-6. IL-1 also promotes cartilage destruction by induc-
ing chondrocyte production of aggrecanases and collagenases, and by 
suppressing the synthesis of new collagen and proteoglycan. It also 
enhances bone resorption, primarily via induction of RANKL.

IL-1 is a key mediator of injury associated with ischemia and reper-
fusion, and mouse models demonstrate a significant contribution of 
IL-1 to atherosclerotic lesion formation.

IL-1 is a potent inducer of fever, through stimulation of central 
nervous system prostaglandin synthesis. It also causes loss of appetite, 
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Fig. 11.1  The expanded IL-1 family of cytokines is shown schematically here 
with the prodomains of each cytokine shown in hatched colors and putative 
proteases that process the proforms of these cytokines to mature forms 
indicated as shown. The IL-1 cytokine family has 11 members. IL-1α, IL-1β, 
IL-18, IL-33, and IL-1F7 have apparent prodomains, although those of IL-1α and 
IL-33 do not need to be removed for the cytokine to be active. IL-1ra has a 
signal peptide.

IL-18 IL-33
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Fig. 11.2  The IL-1 receptor family has 9 members, plus the non-signaling 
decoy receptor IL-1R type II. All other members have TIR domains 
cytoplasmically in addition to the extracellular immunoglobulin domains. 
TIGIRR, APL, and SIGIRR also have an additional 100 to 150 amino acids 
C-terminal to the TIR domain. IL-1R AcP is shared by the receptors IL-1R type I, 
IL-1Rrp2, and IL-33R. The receptors that bind members of the IL-1 family are 
shown schematically here with each subunit of heterodimeric receptors 
labeled as shown.
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enhancement of slow-wave sleep, decrease in energy expenditure, and 
social withdrawal, a constellation known as “sickness behavior.”6 Inhi-
bition of IL-1 relieves inflammatory and neuropathic pain in rodent 
models and reverses morphine tolerance. Some of IL-1’s effects on  
pain seem to be mediated via induction of matrix metallopro-
teinases. Finally, IL-1 also seems to play a role in spatial memory in 
the hippocampus.

There is evidence linking IL-1 to Alzheimer’s disease and stroke. In 
many animal models, IL-1 inhibition reduces infarct size, probably by 
preventing recruitment of neutrophils and thus decreasing bystander 
tissue damage.7 IL-1 is elevated in Alzheimer’s disease brains and 
induces amyloid precursor protein. In addition, β-amyloid is a trigger 
for the inflammasome and can induce IL-1. Furthermore, polymor-
phisms in IL1A and IL1B alter the risk of developing Alzheimer’s 
disease.

Several hematologic malignancies (multiple myeloma, acute myelo-
cytic leukemia, chronic myelocytic leukemia) constitutively secrete 
IL-1β, and for early-stage multiple myeloma there is suggestive evi-
dence that IL-1 blockade may reduce the frequency of transition to 
aggressive disease. Genetic evidence indicates that polymorphisms in 
IL1B and IL1RN affect the risk and prognosis of gastric, cervical, pan-
creatic, and breast cancers. The polymorphisms are thought to increase 
IL-1β and/or lower IL-1ra levels, contributing to cancer risk by promot-
ing inflammation and cancer progression. These cytokines also induce 
the secretion of IL-8 and vascular endothelial grown factor (VEGF), 
which, in turn, promotes angiogenesis.

Negative regulation of IL-1α and IL-1β
The actions of IL-1 are tempered by the actions of a critical natural 
cytokine antagonist, IL-1 receptor antagonist (IL-1ra) encoded by the 
IL1RN gene. Mutations in IL1RN cause a systemic autoinflammatory 
disease denoted deficiency of IL-1ra (DIRA),8 and a polymorphism in 
IL1RN is also associated with coronary artery disease and re-stenosis.

A recombinant version of IL-1ra, anakinra, is approved for the treat-
ment of rheumatoid arthritis; however, in most patients the outcome 
is inferior to treatment with other biologic agents such as TNF inhibi-
tors. By contrast, the systemic-onset form of juvenile idiopathic arthri-
tis (JIA) and its adult counterpart, Still’s disease, respond well to IL-1 
inhibition. IL-1 inhibition has also been reported to be effective in 
treatment of cryopyrinopathies, including NOMID, and other autoin-
flammatory disorders, including Schnitzler’s syndrome, Behçet’s 
disease, hyper-IgD syndrome, PAPA (pyogenic arthritis, pyoderma gan-
grenosum, and acne) syndrome, and TNF receptor–associated periodic 
syndrome (TRAPS). IL-1 inhibition may also be effective in the treat-
ment of gout.

Early clinical trials suggest that IL-1 inhibition will also be useful 
in lowering blood glucose and enhancing pancreatic function in type II 
diabetes.9 IL-1β is made by the pancreas and at low concentration 
enhances islet beta cell survival, proliferation, and insulin synthesis. 
At higher concentrations, which can be induced by elevated glucose 
levels, IL-1β has cytotoxic effects on islet beta cells. For unknown 
reasons, in diabetics the pancreatic balance of IL-1β and IL-1ra has 
shifted in favor of greater agonism. Antagonizing IL-1 is also protective 
against neointima formation after arterial injury in animal models, and 
IL-1ra is also being studied in the treatment of stroke.

Rilonacept is a fusion protein containing the extracellular portions 
of the two IL-1 receptor components IL-1R and AcP, and it has been 
approved by the U.S. Food and Drug Administration for the treatment 
of cryopyrinopathies. Other IL-1 antagonists in clinical development 
include antibodies to IL-1β or to IL-1R.

IL-1 receptor type II is a protein homologous to the IL-1R1, which 
binds IL-1 but does not signal. The IL-1R2 serves as a decoy receptor 
to lure IL-1 away from the signaling-competent IL-1R type I. A splice 
variant of the IL-1 accessory protein, termed AcPb, negatively regulates 
IL-1 responses in the central nervous system. Soluble versions of IL-1R 
type II and AcP also exist and contribute to negative regulation (in the 
case of soluble AcP, most likely by competition with full-length AcP 
for binding to surface IL1/IL-1R complexes). Mice lacking AcPb suffer 
greater neurodegeneration after a direct inflammatory stimulus to the 
brain.

Another negative regulator of IL-1 signaling is a cell surface receptor 
called SIGIRR. SIGIRR-deficient mice have increased susceptibility to 

infection, asthma, and inflammatory bowel disease and have enhanced 
signaling by all IL-1 family members that are known agonists (IL-1α 
and IL-1β, IL-18, IL-33, IL-1F6, F8, and F9). The ST2 receptor may 
have similar functions.

IL-18
IL-18 is made primarily by dendritic cells and macrophages. Unlike 
IL-1β, there is a constitutive pool of pro-IL18 in producer cells, so that 
regulation of secretion is largely determined by inflammasome activa-
tion rather than transcription. IL-18 acts to promote Th1 cell activa-
tion and enhances the cytotoxic activity of CD8+ T cells and of NK 
cells by upregulation of FasL.1 IL-18 is a strong inducer of inflammatory 
cytokines, especially IFN-γ (its original name was “interferon gamma–
inducing factor”). Typically, IL-18 activity is dramatically enhanced by 
other cytokines, including IL-2, IL-12, IL-15, IL-21, or IL-23. The main 
reason for the synergy is that IL-18 and the complementing cytokine 
mutually induce the other’s receptors, which normally are expressed 
at very low levels. In certain circumstances, IL-18 can also lead to 
induction of Th2 or Th17 cytokines.

IL-18 is elevated in synovium from RA patients and can have a 
catabolic effect on cartilage. It both induces and is induced by TNF 
and IL-1. IL-18 is also elevated in inflammatory bowel disease (both 
Crohn’s disease and ulcerative colitis). There is also a connection with 
vascular disease. After either stroke or myocardial infarction, IL-18 
levels are elevated and are correlated with greater extent of atheroscle-
rotic plaque and worse outcome. Individuals carrying an allele in the 
IL-18 promoter that leads to less IL-18 production have a lower rate 
of sudden cardiac death. On the other hand, IL-18- or IL-18R-knockout 
mice, or IL-18bp transgenic animals, all develop a condition similar to 
human metabolic syndrome (insulin resistance, hyperglycemia, altered 
lipid metabolism, obesity, and atherosclerosis). Whether this reflects 
differences between the biology of IL-18 in mice versus humans or is 
simply a level of complexity greater than we currently understand is 
not yet clear. The IL-18R is necessary in mice for development of 
inflammation and emphysema after exposure to cigarette smoke, and 
levels of IL-18 in the lung are elevated in humans with chronic obstruc-
tive pulmonary disease.

The IL-18 receptor (IL-18Rα) and its accessory protein, IL-18Rβ, are 
both members of the IL-1R family. An entirely separate gene product, 
IL-18–binding protein (IL-18bp) acts as a decoy receptor that attenuates 
the actions of IL-18. It circulates with serum levels typically 20 to 30 
times greater than IL-18, which is sufficient excess to block any IL-18 
activity. Analogous to IL-1R2, poxviruses contain a homolog of the 
IL-18bp, suggesting a role of IL-18 in controlling viral infection. IL-18bp 
has been tested in the clinic in psoriasis and rheumatoid arthritis with 
limited success. Whether this is due to its relatively short half-life or 
to IL-18 not playing a key role in these diseases is not clear. Antibodies 
to both IL-18 and IL-18R are in development for several indications by 
pharmaceutical companies.

Recent evidence suggests the possibility of other ligands in the IL-18 
system. IL-18R–deficient mice are reportedly resistant to experimental 
autoimmune encephalomyelitis (EAE), a model of multiple sclerosis, 
whereas IL-18 knockout animals are susceptible. On the other hand, 
IL-18R knockouts have accelerated rejection of transplants and 
enhanced cytokine production, whereas IL-18 knockouts have the 
opposite phenotype. Such data suggest the existence of an additional 
ligand(s) acting through the IL-18R; more work will be required to 
clarify this picture.

IL-33
IL-33, in contrast to IL-1β and IL-18, is abundant in tissues rather 
than hematopoietic cells.1 IL-33 promotes Th2 cell activation and 
cytokine secretion via a receptor formed by the IL-1R family member 
IL-33Rα (previously called ST2 or IL-1RL1) and the same AcP used by 
the IL-1 receptor. In addition, IL-33 promotes survival, maturation, 
and activation of various cells, including mast cells, eosinophils, baso-
phils, Th2 cells, and NK and NKT cells. Interestingly, the prodomain 
of IL-33 can bind DNA. Pro-IL33 is localized to the cell nucleus and 
may serve to affect transcription in endothelial and other cells. It is 
unclear at present whether processing of full-length IL-33 is required 
for biologic activity or for release from cells or, indeed, whether it even 
happens under natural circumstances. If processing does occur, it is 
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antibodies to TNF block endotoxic shock in mice paved the way for 
investigation of TNF blockade in a wide variety of inflammatory con-
ditions, culminating in the widely successful use of TNF-blocking 
agents in rheumatoid arthritis and other rheumatic diseases. These 
successes validated TNF family cytokines and receptors as therapeutic 
targets and led to current studies of blocking the action of other 
members of the TNF superfamily, which are now coming to fruition 
with a number of agents in late-stage clinical trials. With such a large 
number of cytokines and receptors in this family, the translation of 
knowledge about TNF family cytokines into clinical benefit is only 
beginning.

Genetically, TNF family members and their receptors are evolution-
arily recent, and a case can be made that they co-evolved with the 
immune system. There are no TNF family members or receptors in 
single-celled organisms, and in Drosophila there is a single TNF ligand, 
Eiger, that binds to a TNFR-like receptor, Wengen. In a striking parallel 
to TNFR1, Wengen can trigger cell death and mediates immunopathol-
ogy during infection with gram-negative organisms. All TNF-family 
cytokines are synthesized as type II transmembrane proteins. Despite 
low primary sequence homology, the structures of all TNF family 
molecules examined to date share a common “β-jellyroll” structure 
composed of stacks of beta sheets, with variable loops projecting from 
the core structure allowing for specificity of interactions between each 
TNF-family molecule and distinct receptors. The basic structure of 
TNF-family cytokines whether membrane bound or secreted is a 
homotrimer stabilized by non-covalent interactions between residues 
found in the central core of the TNF-homology domain. Lymphotoxin 
is unique in that it can exist as a heterotrimer composed of one 
lymphotoxin-α and two lymphotoxin-β subunits. Cleavage by prote-
ases, typically in the metalloprotease family, produces soluble versions 
of most TNF family cytokines that can circulate systemically, although 
serum levels of TNF family cytokines are often relatively low and not 
good biomarkers of their activity.

TNF receptors also share basic structural similarities. The extracel-
lular domains of all TNF-family receptors are composed of variable 

unclear what enzyme is responsible, although initial claims that 
caspase-1 mediates processing seem unlikely. A soluble form of IL-33Rα 
is generated by alternative splicing and is capable of mediating IL-33 
responses. Soluble IL-33Rα levels are elevated in acute asthma attacks 
compared with stable asthma and are higher in stable asthma than in 
non-asthmatic individuals. Polymorphisms of IL33RA are associated 
with asthma incidence and severity and eosinophilia. Soluble IL-33Rα 
levels are also elevated after myocardial infarction or during destabi-
lized heart failure and are correlated with poor prognosis. Elevated 
levels of soluble IL-33Rα suggest an attempt by the body, usually 
unsuccessful, to counteract excessive IL-33 signaling in that disease. 
In addition to strongly inducing typical Th2 cytokines such as IL-4, 
IL-5, and IL-13, IL-33 can promote typical Th1 responses such as TNF 
and IFN-γ production. Accordingly, inhibition of the IL-33/IL-33R 
pathway is beneficial in mouse models of arthritis.

IL-1F5, IL-1F6, IL-1F8, and IL-1F9
These family members act via a receptor complex formed from the 
IL-1R homolog IL-1Rrp2 (HUGO nomenclature IL-1RL2) and  
AcP.10 They are highly expressed in skin and airway and may be 
involved in skin diseases such as psoriasis. IL-1F5 serves to antagonize 
these three ligands in a manner similar to IL-1ra antagonism of IL-1α 
and IL-1β.

IL-1F7 and IL-1F10
Little is known about these two family members. IL-1F7 has been 
reported to bind to the IL-18R and IL-18bp. No consequence has been 
ascribed to IL-18R binding, but the binding of IL-1F7 to IL-18bp report-
edly recruits this complex to IL-18Rβ, thereby reducing IL-18 signaling. 
More generally, IL-1F7 has been suggested to reduce overall levels of 
inflammatory cytokines produced in response to a variety of stimuli. 
IL-1F10 has been claimed to bind to IL-1R. The structure of IL-1F10 
suggests that it may be an antagonist as well, but there have been no 
functional studies. IL-1F7 is the only family member that does not 
have a murine ortholog.

APL and TIGIRR
The remaining members of the IL-1 and IL-1R families are the receptor 
homologs APL and TIGIRR. Both of these have limited tissue distribu-
tion, with TIGIRR found almost exclusively in brain and APL in brain 
and a small number of other tissues. Nothing is known about the 
function of TIGIRR or about APL in any organ other than the brain. 
Most insight into APL has come from the finding that deletions or 
mutations of this gene cause mental retardation.

Signal transduction
IL-1 signaling is initiated by recruitment of the adapter protein MyD88 
to the IL-1R/AcP complex via TIR-TIR domain interactions. MyD88, 
in turn, recruits the kinase IRAK-4, leading to a chain of protein inter-
actions and complexes that include the molecules IRAK-1 or IRAK-2, 
Traf6, Tak1, Tab1, and Tab2. This results in activation of the MAP 
kinases Erk, Jnk, and p38 and the transcription factors NF-κB and AP-1 
and related family members. This results in gene induction and mRNA 
stabilization.11 PI3 kinase is also activated and contributes via a com-
plementary pathway to the activation of these same MAP kinases and 
transcription factors. IL-33, IL-1F6, IL-F8, and IL-F9 also activate 
NF-κB and MAP kinases.

TNF RECEPTOR SUPERFAMILY
Ligand and receptor structure
In the late 1960s, lymphotoxin and TNF were identified as products 
of lymphocytes and macrophages that mediated lysis of tumor cells. 
After the cloning of the genes encoding these molecules, it became 
apparent that they were part of a large gene family.12 We now know 
that the TNF family of cytokines and their receptors comprise a struc-
turally related group of molecules that control diverse aspects of cel-
lular function, with a central role in regulation of both adaptive and 
innate immune responses (Fig. 11.3). The seminal observation that 

THE TNF-RECEPTOR SUPERFAMILY
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CD40, 4–1BB
RANK, TNFR2

others

TNFR1, DR3 FAS,
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Fig. 11.3  Receptors that bind the tumor necrosis factor (TNF) superfamily 
cytokines are schematically depicted here, divided into subclasses by the 
adapter proteins they bind. Key functions for each subclass of receptor are 
shown at the bottom. Activating receptors induce biologic responses 
principally through the activation of NF-κB and MAP-kinase signaling 
pathways initiated by the TRAF (TNF receptor–associated factor) family of 
adapter proteins. Death-inducing receptors induce cell death principally 
through activation of caspase-8 through the adapter protein FADD (Fas-
associated death domain protein). The dual-signaling class of receptors can 
activate either cell death or activation through the adapter protein TRADD 
(TNF receptor–associated death domain protein), which initially interacts with 
TRAF family proteins and, under certain circumstances, can interact with FADD 
in a delayed manner to induce cell death.
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two proteases, caspases 8 and 10, through tandem DEDs at their 
N-termini. Caspases are cysteinyl proteases defined by their ability to 
cleave proteins after aspartate residues based on specific tetrapeptide 
motifs. Caspases can cleave substrates that initiate inflammatory or 
cell death; and when activated in the signaling complex of TNF recep-
tors, caspases 8 and 10 act as initiator caspases in a cascade of protease 
activation that amplifies the receptor signal, resulting in efficient death 
of cells within a few hours after receptor ligation by TNF ligands or 
agonistic antibodies.18

Two TNF-family receptors, TNFR1 and DR3, contain a death 
domain but combine both apoptotic and non-apoptotic signaling 
through the recruitment of the adapter protein TRADD. TRADD 
contains a death domain that mediates recruitment to the death 
domains of these receptors. However, rather than a death-effector 
domain, TRADD contains a TRAF-recruitment sequence in its N- 
terminus, allowing it to recruit TRAF1 and TRAF2, and secondarily 
cIAP-1, cIAP-2, and RIP, to the primary receptor signaling complex. 
This signaling complex functions similarly to that recruited by the 
non–death-domain–containing members of the TNF receptor family. 
However, after receptor internalization, TRADD dissociates from the 
receptor and nucleates a second signaling complex containing FADD 
and caspase-8. Normally, NF-κB upregulates antiapoptotic molecules 
such as c-FLIP, which blocks caspase-8 activation in “complex-2,” but 
if NF-κB is blocked, caspase-8 becomes activated and initiates apopto-
sis. It remains to be seen when TNFR1-mediated apoptosis occurs in 
primary cells, because in those cells TNF-TNFR1 interactions primar-
ily promote production of proinflammatory cytokines and cell death is 
rarely observed. EDARADD, the adapter protein recruited by the death 
domain of EDAR, also contains a TRAF recruitment domain and pri-
marily activates NF-κB.

Although these signaling pathways are common to the receptor 
superfamily, a large number of regulatory mechanisms allow each TNF 
family ligand to perform distinct functions that can be quite special-
ized. Expression of TNF family ligands and receptors are under tight 
control to produce highly dynamic patterns of expression. The subcel-
lular localization and cleavage of TNF family ligands is also regulated, 
and both TNF family ligands and receptors can be cleaved by proteases 
to produce soluble forms. Genetically related “decoy receptors” can 
block signaling through binding to a number of ligands and receptors 
and may themselves initiate “reverse signaling” on engagement with 
their receptors. Signaling pathways triggered by other cytokines, envi-
ronmental factors, or genetic programs allow many TNF family recep-
tors to perform more than one function even in the same cell type, for 
example, switching from cell death induction to inducing protection 
from cell death. Not surprisingly, a number of pathogens have evolved 
proteins that modulate signaling through TNF receptors in a number 
of interesting ways. Studies with knockout mice and blocking or ago-
nistic agents that affect the function of specific TNF-TNFR interac-
tions as well as genetic diseases stemming from mutations in genes 
coding for TNF cytokines and their receptors have provided a wealth 
of knowledge about the functions of TNF family cytokines in the intact 
immune system.

TNFR family members and their actions
TNF cytokines can be categorized into subgroups according to their 
function. The lymphotoxin-β receptor (LTβR) and RANK share the 
property of being important for development of lymphoid structures in 
the spleen and lymph nodes. Secondary lymphoid structures such as 
lymph nodes, the white pulp of spleen, and Peyer’s patches are induced 
by the seeding of tissue with specialized bone marrow–derived cells 
termed lymphoid-tissue inducer (LTi) cells. LTα1β2 heterotrimer 
produced by LTi cells acts through the LTβ receptor on surrounding 
non-hematopoietic stromal cells to begin this process. In response to 
lymphotoxin, stromal cells upregulate chemokines and integrins essen-
tial for attracting and binding lymphocytes and also secrete RANKL, a 
TNF family member that, in turn, can act on LTi cells to enhance lym-
photoxin expression, perpetuating this cycle. This regulatory circuit for 
lymphoid tissue was discovered through mouse knockout studies, 
which showed that mice lacking LTα, LTβ, or LTβ receptors have no 
lymph nodes, spleen germinal centers, or Peyer’s patches. Mice lacking 

numbers of cysteine repeat domains (CRD) forming a rod-like structure 
stabilized by intrachain disulfide bonds. Receptors can have between 
one and four cysteine-repeat domains, allowing for a large degree of 
diversity. The relationship between ligands and receptors in the TNF 
superfamily is not always 1:1. Rather, many TNF family cytokines bind 
more than one receptor, such as TNF interacting with TNFR1 and 
TNFR2, and a few receptors, such as TACI, binding more than one 
ligand (APRIL and BAFF). In all ligand-receptor crystal structures 
examined to date, the TNF cytokine homotrimer is interdigitated 
within the receptor chains such that each chain of the ligand makes 
contact with two chains of the receptor at points within the second 
and third cysteine-repeat domains of the receptor. This hexameric 
structure allows for the relatively low affinity of each ligand chain for 
receptors to be multiplied by the high valency of interactions to result 
in nanomolar affinities for most TNF-family ligands for their receptors. 
Interestingly, the N-terminal CRD of receptors containing more than 
one CRD is not bound by ligand, allowing this domain to participate 
in homotypic receptor-receptor interactions or interactions between 
TNF receptors and both pathogen-derived and mammalian molecules 
outside of the TNF family. These interactions can serve as pathogen 
entry mediators and also modulate TNFR function.

TNF-family receptor signaling
Unlike many other cytokine receptors, TNF receptors possess no 
intrinsic kinase activity nor do they stably recruit kinases to their 
cytoplasmic tails. Instead, TNF receptors signal through the ordered 
recruitment of a series of signaling complexes that determine the 
outcome of engagement by their cognate TNF family cytokine ligands.13 
Oligomerization of receptors and downstream signaling proteins is 
critical for efficient signaling by TNF family receptors, and a number 
of mechanisms regulate oligomerization of TNF family members.

The majority of TNF family receptors signal through the recruit-
ment of multifunctional adapter proteins termed TNF receptor–
associated factors (TRAFs). TRAF proteins bind to short consensus 
sequences in the intracellular tails of the receptors, with the sequence 
PXQXT (where X is any amino acid) preferentially recruiting TRAFs 
1, 2, 3, and 5 and the sequence QXPXEX preferentially recruiting 
TRAF-6. TRAF proteins are mushroom-shaped homotrimers held 
together by a coiled-coil “stalk” domain. Each lobe of the TRAF trimer 
binds one TRAF-interaction motif in the receptor, resulting in a hexa-
meric structure that mirrors the TNF-TNFR complex on the outside 
of the cell. TRAF6 also interacts with TLRs and IL-1 receptor family 
members, explaining the more severe phenotype in TRAF6 deficiency. 
A ring-finger domain in the N-termini of TRAF 2 to 6 allows these 
proteins to nucleate the assembly of a complex containing the mole-
cules cIAP-1 and cIAP-2, which also contain ring-finger domains.14 
These domains act as E3 ubiquitin ligases to catalyze the addition of 
K63-linked ubiquitin to many of the components in this signaling 
complex, including the kinase RIP1 (receptor-interacting protein 
kinase). RIP1 has multiple functions in TNF-R1 signaling, mediating 
activation of the NF-κB and p38 MAP kinase signaling pathways, as 
well as non-apoptotic cell death. Small molecules have been developed 
that potently alter signal transduction by inactivating some of these 
molecules. SMAC mimetics, which mimic a short peptide motif in the 
protein Second Mitochondrial Activator of Caspases (SMAC) that can 
bind IAP proteins, induce ubiquitin-dependent degradation of IAPs, 
which potentiates cell death induced by TNF through TNFR1.15,16 
Small molecules termed necrostatins bind to RIP1 and inhibit its 
kinase activity, blocking the ability of RIP1 to induce cell death.17

Six TNF-family receptors (Fas, TNFR1, TRAIL receptors 1 and 2, 
DR6, and EDAR) are termed death receptors because of their ability to 
trigger programmed cell death. The death domain in the cytoplasmic 
tail of these receptors confers this ability, although the efficiency of cell 
death induced by these receptors depends on the particular adapter 
proteins recruited to this domain. The death domain forms a globular 
structure made up of a knot of six α-helices with multiple protein-
protein interaction surfaces. Fas and TRAIL receptors recruit the 
adapter protein FADD through interactions between death domains 
present in both proteins. FADD also contains a structurally related 
domain termed a death effector domain that mediates recruitment of 
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the TNF-family cytokine TRAIL mediate efficient cell death in tumor 
cells, but the role of TRAIL in non-transformed cells seems much more 
restricted. CD8 cells may express TRAIL and undergo TRAIL-mediated 
autocrine cell death when CD4 T cell help is lacking. However, a non-
redundant role for TRAIL in the human immune system has not been 
clearly identified.

Finally, a group of TNF family receptors mediates development  
and function of non-immune cells. The TNF-receptor RANK is 
expressed on osteoclasts and is essential for osteoclast function, as 
shown by the osteopetrosis seen in RANK or RANKL deficiency, in 
both mice and humans. In experimental arthritis models, RANKL is 
expressed by activated CD4 T cells and is important in causing bone 
erosions. The TNF family receptor EDAR mediates formation of teeth 
and sweat glands, and ectodermal dysplasias characterized by impaired 
formation of these structures result from loss of function mutations in 
EDAR.

TYPE I AND II CYTOKINE RECEPTORS—
HEMATOPOIETIN AND  
INTERFERON RECEPTORS
Cytokines that bind the class of receptors termed the type I or hema-
topoietic cytokine receptor superfamily include hormones such as GH 
and EPO, colony-stimulating factors (CSF), and many interleukins. 
Closely related are the interferons, interferon-related cytokines, and 
IL-10 family cytokines, which bind type II receptors. The ligands that 
bind this receptor superfamily are structurally similar and referred to 
as the α-helical bundle cytokine family. Structurally, the type I family 
receptors have a conserved Trp-Ser-X-Trp-Ser motif (where X indicates 
any amino acid) in their extracellular domains, a single transmembrane 
domain, and divergent cytoplasmic domains; nonetheless, they utilize 
the same mode of signal transduction (Fig. 11.4).25 Some cytokine 
receptors, such as the EPO and GH receptors, exist as homodimers. 

RANK or RANKL still have lymph nodes but no spleen dendritic cells or 
Peyer’s patches. Lymphotoxin may have distinct functions in the 
peripheral immune system. LT-LTβ receptor interactions are essential 
for the ability of dendritic cells to migrate to and proliferate in lymph 
nodes. Ectopic expression of LTβ promotes “tertiary” lymphoid tissue at 
sites of inflammation in animal models and a number of disease states.

TNF acting through TNFR1 is a key amplifier of innate inflamma-
tory responses and septic shock. Local injection of TNF produces acute 
inflammation, and mice deficient in TNF or TNFR1 are defective in 
innate immune responses to bacteria but resistant to endotoxic shock. 
Transgenic mice overexpressing TNF develop multiple-organ inflam-
matory pathology. However, this pathology of TNF in transgenic mice 
is independent of T and B cells, suggesting that once TNF is produced 
its actions are primarily on cells of the innate immune system.19 In 
rheumatoid arthritis, myeloid cells are the likely source of TNF produc-
tion, but signals from activated T cells are likely to be important in 
inducing TNF production within the inflamed joint. Abundant evi-
dence from both mouse and human studies have shown that TNF is 
a key “master cytokine” in the inflammatory cascade. Patients with 
RA have elevated levels of TNF-α in their synovial fluid,20 and TNF 
levels in synovial fluid correlate with bone erosions. The efficacy of 
TNF blockade in reducing inflammatory activity and erosions in RA 
has borne out these correlations.

A third group of TNF family members mediates co-stimulation for 
lymphocytes and other cells of the immune system. Co-stimulatory 
signals synergize with TCR and BCR signals on lymphocytes and TLR 
signals on innate immune cells to enhance the functions of these 
primary stimuli. Germinal center formation and subsequent B-cell 
class switching is dependent on interactions between CD40L (CD154) 
on T cells and CD40 on B cells. CD40L co-stimulation is also impor-
tant for dendritic cell maturation. CD40L-deficient mice or humans 
lack germinal centers and have severe defects in B-cell responses 
(hyper-IgM syndrome). BAFF (also known as BLys) derived from den-
dritic cells is an additional survival and differentiation factor for ger-
minal center B cells expressing the BAFF receptor. BlyS also binds 
TACI, which provides additional co-stimulatory signals for B-cell class 
switching. About 10% of cases of common variable immunodeficiency 
have been linked to loss of function mutations in TACI. Overexpres-
sion of BAFF can induce systemic autoimmunity, and BAFF blockade 
can inhibit disease in animal autoimmune models. Interestingly, 
unlike most autoimmune disease models, autoantibody production 
mediated by BAFF overexpression is independent of T-cell help.21 
Another group of TNF receptors mediates co-stimulation for T cells. 
This large group of receptors includes DR3, 4-1 BB, HVEM, GITR, 
TNFR2, CD30, OX40, CD27, and their cognate ligands. Mice deficient 
for these receptors are defective in specific aspects of T-cell responses, 
and GITR and TNFR2 may play a role in counteracting suppression 
mediated by regulatory T cells.22 Mice lacking DR3, OX40, and CD27 
are resistant to a number of T cell–dependent autoimmune disease 
models, and preclinical and clinical development is underway for block-
ing agents aimed at these targets.23,24

TNF receptors containing death domains that recruit FADD are 
particularly efficient at triggering programmed cell death. Fas (also 
known as CD95) triggers programmed cell death in a number of cell 
types. For T cells, this occurs when activated cells are re-stimulated 
through the antigen receptor, which triggers both FasL gene synthesis 
and increased sensitivity to the apoptotic effect of Fas ligation, a process 
known as re-stimulation–induced cell death (RICD). In vivo, this cel-
lular suicide mechanism acts to limit expansion of chronically re-
stimulated T cells such as those that recognize ubiquitous self-antigens. 
This pathway can also be experimentally triggered through repetitive 
doses of antigen, which has been shown to eliminate autoreactive T 
cells in mouse models of multiple sclerosis. The importance of  
Fas/FasL interactions in maintaining immunologic self-tolerance is 
illustrated by the development of systemic autoimmune disease in 
Fas-deficient mice and humans harboring dominant-negative muta-
tions in Fas associated with the autoimmune lymphoproliferative  
syndrome (ALPS). The exquisite sensitivity of chronically activated 
lymphocytes to Fas-mediated apoptosis may allow strategies to speci-
fically eliminate autoreactive lymphocytes through Fas, although sys-
temic administration of anti-Fas antibodies induces hepatocyte 
apoptosis and significant liver toxicity in animal models. Receptors for 
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Fig. 11.4  Cytokine signal transduction. Type I and II cytokine receptors, which 
bind many cytokines, interleukins, interferons, and colony-stimulating factors, 
associate with a small family of protein tyrosine kinases known as Janus 
kinases or Jaks (Jak1, Jak2, Jak3, and Tyk2). Cytokine-binding activates Jaks, 
which, in turn, phosphorylate cytokine receptors, allowing STAT (signal 
transducer and activator of transcription) family DNA-binding proteins to dock 
to cytokine receptors and become phosphorylated. Activated STATs dimerize, 
translocate to the nucleus, and regulate gene expression. Mutations of JAK3 
underlie autosomal severe combined immunodeficiency. Mutations of TYK2 
are associated with autosomal recessive hyperimmunoglobulin E syndrome 
(HIES), whereas mutations of STAT3 result in autosomal dominant HIES or Job’s 
syndrome. Mutations of STAT1 are associated with atypical mycobacterial 
infections, and polymorphisms of STAT4 are linked with susceptibility to 
systemic lupus erythematosus, rheumatoid arthritis, and Sjögren’s syndrome.
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However, many cytokines bind receptors that contain two distinct 
subunits, one of which is often shared by other cytokines. Based on 
this characteristic, the type I family of receptors can be divided into 
subfamilies (Tables 11.1 and 11.2).

CYTOKINES THAT USE gp130: 
IL-6 AS A PROTOTYPE

The shared receptor subunit designated gp130 is a receptor component 
for a variety of cytokines, including IL-6, IL-11, IL-27, IL-31, leukemia 
inhibitor factor (LIF), oncostatin M, ciliary neurotrophic factor, and 
cardiotropin-1. From a rheumatologist’s point perspective, IL-6 is the 
most important cytokine in this subfamily.

The IL-6 receptor (IL-6R) consists of an 80-kDa IL-6–binding 
protein (α chain) (CD126) and gp130 (CD130). IL-6 is an inducer of 
febrile and acute phase responses, stimulating production of fibrinogen, 
serum amyloid A, haptoglobin, C-reactive protein, and complement 
proteins in the liver. IL-6 decreases synthesis of albumin and transfer-
rin and induces production of hepcidin and thereby contributes to the 
pathogenesis of anemia of chronic disease. IL-6 is an inducer of IL-17 
production and T-helper-17 (Th17) differentiation.26 IL-6 is a growth 
and differentiation factor for B cells, inducing immunoglobulin produc-
tion including IgA. IL-6 also promotes catabolism, induces insulin 
resistance, and plays a role in osteoporosis by enhancing osteoclast 
function.

IL-6 is produced by a wide range of cell types, including T cells, 
macrophages, adipocytes, and muscle cells. It is induced by other 

TABLE 11.1 SELECTED HUMAN TNF FAMILY RECEPTORS

Common name(s)
Gene 
symbol

Chromosomal 
location

Binds to 
ligand(s)*

Primary 
adapter 
protein Key functions Disease and therapeutic associations

Lymph node development

Lymphotoxin beta 
receptor (LTβR)

TNFRSF3 12p13 LIGHT (14), LTβ 
(3)

TRAF Lymphoid organ formation Blocking antibodies have been used in 
clinical trial for RA

Receptor activator 
of NF-κB (RANK)

TNFRSF11A 18q22.1 RANKL (11) TRAF Lymphoid organ formation, 
dendritic cell co-stimulation, 
osteoclast maturation and 
activation

Blocking anti-RANKL (Denosumab) in trial 
for cancer-associated bone lesions and 
osteoporosis. Familial osteolytic lesions 
associated with activating mutations in 
RANK

Inflammation

Tumor necrosis 
factor receptor 1 
(TNF-R1), p55, 
CD120A

TNFRSF1A 12p13.2 TNF-α (2), LTα (1) TRADD Mediates TNF-induced 
inflammation by acting on 
myeloid cells and non-
hematopoietic cells such as 
hepatocytes (and apoptosis in 
some cells)

Periodic fever syndrome (TRAPS) 
associated with heterozygous extracellular 
mutations. Multiple biologic agents 
(anti-TNF, TNFR2Fc) effective in RA, 
spondyloarthropathies, inflammatory 
bowel disease

Lymphocyte co-stimulation

Tumor necrosis 
factor receptor 2 
(TNF-R2), p75, 
CD120b

TNFRSF1B 1p36.3-p36.2 TNF-α (2), LTα (1) TRADD CD8 T cell co-stimulation

OX40, CD134 TNFRSF4 1p36 OX40L (4) TRAF T-cell co-stimulation Anti-OX40L in trials for asthma and other 
diseases

CD27 TNFRSF7 12p13 CD27L (7) TRAF T-cell co-stimulation Blocking anti-CD70 in development for 
autoimmune and inflammatory diseases

CD30 TNFRSF8 1p36 CD30L (8) TRAF ? Inhibition of CD8 T-cell 
effector function

Agonistic anti-CD30 in trials for cancer 
immunotherapy

4-1BB, CD137 TNFRSF9 1p36 4-1BBL (9) TRAF T-cell co-stimulation

Herpesvirus entry 
mediator (HVEM)

TNFRSF14 1p36.3-p36.2 LIGHT (14), 
herpesviruses

TRAF T-cell co-stimulation

Glucocorticoid-
induced TNF 
receptor (GITR)

TNFRSF18 1p36.3 GITRL (18) TRAF T-cell co-stimulation, marker 
for CD4(+)CD25(+) Treg cells, 
modulates Treg function

Death receptor 3 
(DR3)

TNFRSF25 1p36.2 TL1A (15) TRADD T-cell co-stimulation, 
secondary T cell responses

CD40 TNFRSF5 20q12-q13.2 CD40L (5) TRAF Co-stimulation and 
differentiation of B cells and 
APC

Hyper-IgM syndrome associated with 
CD40L or CD40 mutations. Blocking 
anti-CD40L used for systemic lupus 
erythematosus in trials but associated with 
thrombosis

TACI TNFRSF13B 17p11.2 APRIL (13), BAFF 
(13B)

TRAF May inhibit some of the 
pro-survival effects of BAFF-R

~10 % of common variable 
immunodeficiency

BAFF receptor 
(BAFF-R)

TNFRSF13C 22q13.1-
q13.31

BAFF/BlyS (13B) TRAF Anti-BAFF in clinical trials for SLE
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Common name(s)
Gene 
symbol

Chromosomal 
location

Binds to 
ligand(s)*

Primary 
adapter 
protein Key functions Disease and therapeutic associations

Apoptosis

Fas, CD95 TNFRSF6 10q24.1 FasL (6) FADD Apoptosis (chronically 
stimulated T cells, B cells, 
dendritic cells, and others)

Autoimmune lymphoproliferative 
syndrome (ALPS) associated with 
heterozygous dominant-interfering 
mutations

Decoy receptor 3 TNFRSF6B 20q13.3 FasL (6), TL1A 
(15), LIGHT (14)

NA Soluble decoy receptor for 
FasL, LIGHT, and TL1A. May 
have a role in tumor immune 
evasion

Death receptor 4 
(DR4), TRAIL 
Receptor 1

TNFRSF10A 8p21 TRAIL (10) FADD Mediator of dendritic cell and 
tumor cell apoptosis

TRAIL and agonistic anti-TRAIL-R antibodies 
in trials for cancer

Death receptor 5 
(DR5)

TNFRFRSF10B 8p22-p21 TRAIL (10) FADD Mediator of dendritic cell and 
tumor cell apoptosis

TRAIL and agonistic anti-TRAIL-R antibodies 
in trials for cancer

Decoy receptor 1, 
TRAIL R3

TNFRSF10C 8p22-p21 TRAIL (10) NA GPI-linked decoy receptor, 
interferes with TRAIL function

Decoy receptor 2, 
TRAIL-R4

TNFRSF10D 8p21 TRAIL (10) NA Transmembrane decoy 
receptor, interferes with TRAIL 
function

*The number in parentheses refers to the gene symbol number for the TNF family cytokine ligand e.g. (6) is for TNFSF6.

TABLE 11.1 SELECTED HUMAN TNF FAMILY RECEPTORS—cont’d

TABLE 11.2 CHARACTERISTICS OF MAJOR CYTOKINE FAMILIES

Subfamily Cytokine Major sources Actions

gp130 using 
cytokines

IL-6 Many cells: T cells, macrophages, adipocytes, 
and other non-immune cells

Fever, acute phase response, anemia of chronic disease, catabolism, 
osteoporosis, B-cell growth factor, Th17 differentiation

βc using 
cytokines

IL-3 T cells Growth of hematopoietic precursors, macrophages, mast cells, and 
megakaryocytes

IL-5 Th2 cells, mast cells Eosinophil survival and differentiation

GM-CSF T cells, macrophages, mast cells, and 
endothelial and other cells

Myelomonocytic differentiation

γc using 
cytokines

IL-2 Activated T cells, dendritic cells Autocrine T cell growth factor, induces IFN-γ, NK cytotoxicity, promotes 
CD8 memory, induces Foxp3 in Treg cells, B-cell class switching

IL-4 Th2 cells, NK T cells, dendritic cells, mast cells, 
and basophils

Th2 differentiation, B-cell class switching, growth factor for mast cells 
and basophils

IL-7 Marrow and thymic stromal cells T-cell development and homeostasis

IL-9 Th9 cells, mast cells, basophils Mast cell growth

IL-15 Mononuclear and other cells CD8 memory, NK-cell development

IL-21 Th17 cells, follicular helper T cells Th17 differentiation, B-cell differentiation and class switching

Homodimeric 
receptors

Growth hormone Pituitary gland Body growth, increased muscle mass and bone density, anabolic 
effects

Erythropoietin Kidney endothelial cells Erythroid development and survival

Heterodimeric 
cytokines

IL-12 Dendritic cells Th1 differentiation, IFN-γ production

IL-23 Dendritic cells Th17 cell survival

IL-27 Dendritic cells Immunosuppressive, anti-inflammatory

IL-35 Treg cells Immunosuppressive

Interferons Interferon α and β Plasmacytoid dendritic cells, widely expressed Anti-viral effects, upregulate MHC Class I, increase NK cytotoxicity

Interferon γ Th1 cells, NK cells Promote Th1 differentiation, increase NK and CD8 cytotoxicity, activate 
macrophages, B-cell class switching

IL-10 family IL-10 T cells, other immune cells Anti-inflammatory
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The IL-7 receptor consists of the IL-7Rα chain (CD127) in associa-
tion with γc. It is expressed on both immature and mature thymocytes. 
Humans with mutations of IL-7Rα have severe combined immunode-
ficiency characterized by absence of T and B cells (T(−)B+ SCID).29 
IL-7 is also important for memory T cells. IL-7 is produced by a wide 
variety of cells, including marrow and thymic stromal cells. TSLP is 
an IL-7–like cytokine expressed by epithelial cells and keratinocytes. 
Its receptor comprises TSLPR and IL-7Rα, which is expressed primarily 
on monocytes and dendritic cells, as well as on B cells. TSLP seems to 
promote Th2 differentiation through its effects on dendritic cells. Poly-
morphisms of IL7R are associated with multiple sclerosis.

IL-9 synergizes with stem cell factor (SCF) to promote the growth 
and differentiation of mast cells, and it is a potent regulator of mast 
cell function. IL-9 also potentiates IgE production induced by IL-4. IL-9 
seems to be produced by a subset of T cells, induced by IL-4 and 
TGF-β1.30

IL-21 binds to a receptor composed of the IL-21 α-chain and γc. 
IL-21 is produced by Th17 cells and by follicular helper T (Tfh) cells.31 
In T cells, IL-21 promotes Th17 differentiation. It also acts with IL-4 
to activate B cells and induce class switching. IL-21 drives the differ-
entiation of B cells into memory cells and terminally differentiated 
plasma cells.

HOMODIMERIC RECEPTORS
Many of the cytokines that use homodimeric receptors are classic 
hormones, including the factors GH, PRL, and leptin. EPO is included 
in this subfamily and is required for erythrocyte growth and devel-
opment. Similarly, thrombopoietin (TPO) is required for megakaryo-
cytic development. These recombinant cytokines are commonly used 
drugs.

HETERODIMERIC CYTOKINES
A small number of cytokines are structurally distinct in that they are 
heterodimers; this family includes IL-12, IL-23, IL-27, and IL-35. These 
heterodimers consist of one subunit that is homologous to other cyto-
kines and another that is homologous to cytokine receptors. For 
instance, IL-12 has two subunits, p35 and p40. IL-12 p35 shares homol-
ogy with cytokines, whereas p40 resembles the IL-6 receptor. Thus, 
these cytokines can be thought of as a preformed ligand/receptor 
complex. The receptor for IL-12 consists of two subunits, IL-12Rβ1 and 
IL-12Rβ2, which are present on T and NK cells. A major action of IL-12 
is to promote the differentiation of naive helper T cells to the Th1 
subset that makes IFN-γ. Humans with IL-12R mutations have blunted 
immune responses and are susceptible to infections by intracellular 
pathogens. In contrast, IL-23 is composed of p19 and IL-12 p40 and its 
receptor consists of IL-12Rβ1 chain paired with the IL-23R.32 This 
receptor is expressed on activated T cells and NK T cells, and IL-23 
promotes the production of IL-17. As a result, IL-23 is very important 
for host defense against extracellular bacteria and the pathogenesis  
of autoimmune and autoinflammatory disorders.33 Dendritic cells and 
macrophages produce IL-12 and IL-23 in response to occupancy of 
pattern recognition receptors. Polymorphisms of the gene encoding 
IL-23R are associated with inflammatory bowel disease, spondyloar-
thropathy, and multiple sclerosis.34 Ustekinumab targets the shared 
p40 subunit of IL-12 and IL-23 and has efficacy in inflammatory bowel 
disease and psoriasis but, interestingly, not multiple sclerosis.26,35

IL-27 is composed of two subunits, designated EBI3 and p28. It 
signals through a receptor comprising gp130 and WSX-1/TCCR (T cell 
cytokine receptor), which is expressed on naïve CD4+ T cells. IL-27 
can promote Th1 differentiation but also has critical Th1 anti-inflam-
matory properties. An important effect of IL-27 is to induce production 
of the anti-inflammatory cytokine IL-10.36 IL-35 is another dimeric 
cytokine consisting of EBI3 and p19; it is produced by regulatory T 
cells and appears to be another immunosuppressive cytokine, but the 
nature of its receptor has not been elucidated.37

INTERFERONS
The type I interferons include IFN-α, IFN-ω, and IFN-β; however, there 
are at least 14 separate IFN-α genes. All these ligands bind to a 

cytokines, including IL-1, TNF, or microbial products. Produced in 
response to infection, inflammation, and trauma, circulating levels of 
IL-6 are detectable in serum. Patients with rheumatoid arthritis, 
cardiac myxoma, Castleman’s disease, and other autoimmune diseases 
have high levels of IL-6 in their sera. Targeting IL-6 using a monoclonal 
antibody directed against IL-6R (tocilizumab) is efficacious in the treat-
ment of RA, systemic juvenile idiopathic arthritis, and Takayasu’s 
arteritis.27 LIF is important for blastocyst implantation and the main-
tenance of stem cell pluripotency in culture. IL-31 is produced by Th2 
cells, and overexpression results in atopic dermatitis. IL-27 also signals 
through gp130 but is a heterodimeric cytokine (see later).

CYTOKINE RECEPTORS UTILIZING  
THE βc CHAIN: IL-3, IL-5, AND GM-CSF
The cytokines IL-3, IL-5, and granulocyte-macrophage colony- 
stimulating factor (GM-CSF) all bind to receptors that share a common 
βc receptor subunit (CD131) and also have a ligand-specific α-subunit. 
IL-3 synergizes with other cytokines to stimulate the growth of imma-
ture hematopoietic progenitors. It also promotes survival of macro-
phages, mast cells, and megakaryocytes. IL-5 promotes the differentiation 
of eosinophils and thereby contributes to the pathogenesis of allergic 
disease. GM-CSF promotes myelomonocytic differentiation but also 
increases microbicidal activity of myeloid cells.

CYTOKINE RECEPTORS UTILIZING THE γ c 
CHAIN: IL-2, IL-4, IL-7, IL-9, IL-15, AND IL-21
IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21 all bind to receptors that share 
the gamma common chain or γc (CD132) in association with a ligand-
specific subunit. Mutation of the gene encoding γc causes X-linked 
severe combined immunodeficiency (X-SCID), characterized by lack of 
T cells, NK cells, and poorly functioning B cells.

The IL-2 receptor consists of three subunits: α (CD25), β (CD122), 
and γc. T cells, B cells, and other immune cells have inducible expres-
sion of the IL-2Rα subunit, which creates a high affinity receptor for 
IL-2. IL-2 is produced principally by activated T cells and is a prototypi-
cal autocrine T-cell growth factor. It augments the cytolytic activity of 
T and NK cells and induces IFN-γ secretion. IL-2 is also important for 
CD8+ memory cells. Interestingly, mutation of the genes encoding 
IL-2 or its receptor results in autoimmune and lymphoproliferative 
disease.28 Polymorphisms of IL-2 are associated with type 1 diabetes 
and other autoimmune diseases. This is thought to be due to impaired 
expression of the transcription factor Foxp3 and impaired development 
and function of Treg cells. IL-2 contributes to class switching in B cells 
and activates macrophages. IL-2 is approved for the treatment of renal 
cell carcinoma and has been used to boost CD4 T-cell counts in human 
immunodeficiency virus (HIV) infection, but its clinical utility is 
limited by toxicities, including hepatic dysfunction and vascular leak 
syndrome. Anti–IL-2Rα monoclonal antibodies such as daclizumab 
and basiliximab are approved for use in allograft rejection but are also 
being studied in the setting of autoimmunity.

The β and γc subunits of the IL-2 receptor can bind another cytokine, 
IL-15. IL-15 is critical for NK cell development and in the generation 
of memory T cells. IL-15 is produced by hematopoietic and non-
hematopoietic cells, and high levels of IL-15 have been associated with 
several autoimmune diseases while monoclonal anti–IL-15 antibody is 
being tested in rheumatoid arthritis.

There are two types of IL-4 receptors: one consisting of IL-4Rα and 
γc and a second comprising IL-4Rα and IL-13R. The former is predomi-
nantly expressed on hematopoietic cells. IL-4 promotes allergic response 
and differentiation of naive CD4+ T cells into a subset that produces 
IL-4 and IL-5. These cells are denoted as T-helper-2 (Th2) cells. IL-4 
also promotes B-cell proliferation and class switching, particularly to 
IgG1 and IgE. With GM-CSF, IL-4 is also a growth factor for mast cells 
and basophils. IL-4 inhibits macrophages and the production of proin-
flammatory cytokines. IL-4 is made by the Th2 subset of CD4+ T 
cells, NK1.1 CD4+ T cells, basophils, and mast cells. The second 
receptor is more broadly expressed; consequently, IL-13 has actions on 
many different types of cells and can promote fibrosis.
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An important class of molecules activated by JAKs is the signal 
transducer and activator of transcription (STAT) family of DNA 
binding proteins. There are seven mammalian STATs: STAT1, 
STAT2, STAT3, STAT4, STAT5a, STAT5b, and STAT6. Mutations 
of STAT1, which is activated by interferons, results in increased sus-
ceptibility to Salmonella and mycobacterial infections.38 STAT3 is 
activated by a variety of cytokines, and mutations of this gene result 
in an autosomal dominant primary immunodeficiency syndrome 
referred to as autosomal dominant hyper-IgE (AD-HIES), or Job’s syn-
drome.41 An important aspect of the susceptibility of these patients to 
infection is the failure to generate Th17 cells. Conversely, polymor-
phisms of STAT3 are associated with IBD. STAT4 is activated by 
IL-12, and type I has critical functions in Th1 differentiation; polymor-
phisms of STAT4 are associated with rheumatoid arthritis, systemic 
lupus, and Sjogren’s syndrome.42 STAT6 is activated by IL-4 and IL-13 
and is important in Th2-mediated responses. STAT5a and STAT5b 
are homologous and have overlapping functions. STAT5 is important 
for the expression of Foxp3, and mice lacking these transcription 
factors have impaired Treg development and autoimmunity. A single 
patient with STAT5b mutations has been identified, and she manifests 
impaired responses to GH and immune dysregulation.

INTERLEUKIN-17 RECEPTORS
The IL-17 receptor family comprises five receptors (IL-17RA through 
IL-17RE), which are ubiquitously broadly expressed.33 IL-17 family 
ligands include IL-17A-F; IL-17E is also called IL-25.

IL-17 (IL-17A) and IL-17F are produced by a subset of CD4 T cells 
referred to as Th17 cells but are also produced by γδ T cells, invariant 
NK cells, and lymphoid tissue inducer cells.26 These cytokines evoke 
inflammation by inducing the production of the G-CSF, GM-CSF, and 
chemokines. As a result, IL-17 is both a major regulator of stress 
granulopoiesis and recruitment of myeloid cells to sites of inflamma-
tion. IL-17A is involved in host defense against gram-negative extracel-
lular bacteria such as Klebsiella pneumoniae.33 Additionally, abundant 
data point to pathogenic roles of IL-17A in models of immune- 
mediated disease and in human autoimmune disorders. IL-17E (IL-25) 
is produced by Th2 cells and mast cells and evokes an inflammatory 
response characterized by overproduction of Th2 cytokines, mucus 
production, epithelial cell hyperplasia, and eosinophilia. IL-25 is essen-
tial for elimination of helminthic parasites. IL-17B, IL-17C, and IL-17D 
are less well studied. Studies targeting IL-17 and its receptor are under-
way in psoriasis, uveitis, Crohn’s disease, RA, psoriatic arthritis, and 
ankylosing spondylitis.

Signaling
IL-17 family receptors have a single transmembrane domain and large 
cytoplasmic tails, which contain a motif that is similar to the TIR 
domain of TLRs. This is referred to as an SEFIR domain. The adapter 
molecule Act-1 also has a SEFIR domain and binds to the IL-17R 
through a homotypic interaction. Another adapter molecule used by 
TNF family cytokines, TRAF6, also contributes to IL-17 signaling. 
Engagement of the IL-17 receptor activates MAP kinases and NF-κB, 
and IL-17 acts synergistically with TNF.

TRANSFORMING GROWTH FACTOR-β 
RECEPTOR FAMILY CYTOKINES
The transforming growth factor-β (TGF-β) family comprises more than 
40 cytokines, including TGFβ-1, β-2, and β-3, bone morphogenic pro-
teins (BMPs), activins, inhibins, and müllerian-inhibiting substance; 
only TGFβ-1 is discussed here. The receptor for TGFβ-1 is the dimer 
of two receptor serine-threonine kinases, TGFβRI and TGFβRII. Func-
tionally, TGFβ inhibits many aspects of lymphocyte function, includ-
ing T-cell proliferation and cytokine production. TGF-β1 also induces 
FoxP3 and promotes differentiation of Treg cells. Accordingly, mice 
lacking this cytokine or its receptor have overwhelming autoimmune 
disease. The TGF-β family is expressed as biologically inactive disul-
fide-linked dimers that require processing to be active. The enzyme 

heterodimeric receptor composed of two subunits—IFNAR1 and 
IFNAR2—and, therefore, have similar actions. Discovered more than 
50 years ago, the major effect of type I interferons is their antiviral 
action, inhibiting viral replication, protein translation, and cellular 
proliferation.38 They also upregulate major histocompatibility complex 
(MHC) class I expression, downregulate MHC class II expression, and 
increase the cytolytic activity of NK cells.

Type I interferons are produced ubiquitously, being induced by viral 
and bacterial infections. A subset of dendritic cells, plasmacytoid den-
dritic cells, produce especially high levels of IFNs. Type I IFN is used 
clinically in the treatment of viral hepatitis and leukemia. IFN-β has 
also been used as an immunosuppressant in the treatment of multiple 
sclerosis. The IFN signature of gene expression changes is now a well-
recognized characteristic of systemic lupus erythematosus, and thera-
peutic use of type I IFNs has also been associated with the appearance 
of antinuclear antibodies and the development/exacerbation of autoim-
mune disease. Blocking type I IFN is currently being tested in systemic 
lupus erythematosus.

IFN-γ, also known as type II IFN, binds to a dimeric receptor com-
posed of IFNγRα and IFNγRβ subunits. IFN-γ is a major activator of 
macrophages, enhancing their ability to kill microorganisms. It induces 
nitric oxide and upregulates MHC class II expression. IFN-γ acts on 
CD4 T cells to promote Th1 differentiation and inhibit Th2 cell  
differentiation. It augments NK and CD8 T cell cytolytic activity. In 
B cells, it promotes switching to IgG2a and IgG3 and inhibits switching 
to IgG1 and IgE.

IFN-γ is produced primarily by Th1 and NK cells. Humans with 
mutations of IFNγR subunits are also susceptible to mycobacterial and 
Salmonella infections.38 Conversely, IFN-γ has been used to treat 
patients with immunodeficiencies (e.g., chronic granulomatous disease) 
and disseminated mycobacterial infections. Clinical use of IFN-γ can 
be associated with production of autoantibodies and a lupus-like syn-
drome. A monoclonal anti–IFN-γ antibody, fontolizumab, was tested 
in RA, but the trial was terminated. Other interferon-like cytokines 
including IL-28A, IL-28B, and IL-29 (also designated IFNλ1, -λ2 and 
-λ3) have been identified, but their exact functions are less well 
understood.

The IL-10 receptor consists of two chains, IL-10R1 and IL-10R2. 
It is a critical immunosuppressive cytokine; mice lacking this cytokine 
have autoimmunity and inflammatory bowel disease. IL-10 inhibits 
production of inflammatory cytokines and decreases expression of 
MHC class II, adhesion molecules, and the co-stimulatory molecules. 
IL-10 is produced by a wide variety of immune cells and is induced 
by IL-6, LPS, and TNF. Levels of IL-10 are present in the blood of 
patients with septic shock and other inflammatory and immune dis-
orders. IL-22 also binds to IL-10R2 but also uses another receptor, 
termed the IL-22R. It is produced by Th17 cells but is also made by 
non-conventional NK cells (NKp44/46+). It is important for host 
defense in the gut but also has critical anti-inflammatory effects. It is 
also involved in the pathogenesis of psoriasis. Other IL-10–related 
cytokines include IL-19, IL-20, IL-24, and IL-26 but their biologic 
actions are less well understood and have considerable sharing of 
receptors.39

Signaling by type I/II cytokine receptors
Type I and II receptors have no intrinsic enzymatic activity but instead 
are associated Janus kinases (JAKs), which play a pivotal role in signal-
ing via this family of cytokine receptors (see Chapter 13).25 There are 
four JAKs—JAK1, JAK2, JAK3, and TYK2—that bind to different cyto-
kine receptor chains. Ligand binding activates the JAKs, and they, in 
turn, phosphorylate cytokine receptor subunits on tyrosine residues, 
allowing recruitment of signaling molecules. Deficiency of JAK3 results 
in autosomal-recessive severe combined immunodeficiency with failure 
to signal by γc cytokines, whereas mutation of TYK2 is associated with 
an autosomal recessive form of hyper-IgE syndrome. JAK2 is important 
for many cytokines, including EPO, and mutation of JAK2 underlies 
most cases of polycythemia vera. Polymorphisms of TYK2 and JAK2 
are also associated with autoimmune disease. JAK inhibitors represent 
a new class of immunosuppressant drugs, and clinical trials are cur-
rently being done.40
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Chemokines signal through seven transmembrane domain G pro-
tein–coupled receptors, 19 of which have been identified in humans. 
The superfamily of G protein–coupled receptors contains almost 1000 
members in humans, including the subfamilies of odorant and taste 
receptors and receptors for light, neurotransmitters, and catechol-
amines. Because G protein–coupled receptors have been successfully 
targeted by a large number of small molecule drugs, studies of the 
chemokine system have always maintained a view to potential thera-
peutic applications.

An important aspect of receptor-ligand relationships in the  
chemokine system is promiscuity. One ligand can often bind to  
more than a single receptor, and receptors generally bind to more  
than a single ligand. Nonetheless, a given receptor will bind chemo-
kines within a single subfamily only, a feature that underlies the  
receptor nomenclature: CXCR1-7 and CCR1-10 are receptors for CXC 
and the CC chemokines, respectively, whereas CX3CR1 and XCR1 is 
the receptor for CX3CL1. In addition to receptor-ligand promiscuity, 
an additional level of complexity is in the patterns of expression of 
receptors on leukocytes. Although some receptors are dominant in 
controlling migration of a given cell type, like CXCR1 and CXCR2 on 
neutrophils, and CCR3 on eosinophils, all leukocytes express multiple 
chemokine receptors, so that within a given context, blocking a single 
receptor may not prevent the cell’s recruitment.

As discussed later, clinical trials of antagonists of individual che-
mokine receptors as anti-inflammatory drugs have not been encourag-
ing, leading to the proposal that “promiscuous” drugs need to be 
developed that target multiple receptors to overcome the system’s 
redundancy. On the other hand, clinical investigations focused on the 
chemokine system are still in their early stages, particularly given  
the complexity of the system and the limited understanding of how 
the system is functioning in disease. It may, therefore, be premature 
to abandon the goal of using single-receptor antagonists to treat inflam-
matory disorders.

Chemokines/chemokine receptors are only one component of the 
molecular system important for leukocyte trafficking, a critical step 
of which is movement of cells out of postcapillary venules into tissue. 
This transendothelial migration has been described using a multiple-
step model of selectin-mediated rolling, followed by activation of a 
chemoattractant G protein–coupled receptor, followed by integrin-
mediated firm arrest, followed by diapedesis. Selectins and their 
ligands are expressed on both leukocytes and endothelial cells. The 
relevant chemoattractant G protein–coupled receptors and integrins 
are on leukocytes, with their ligands on endothelial cells—in the case 
of chemokines, immobilized on the endothelial cell surface. It is  
generally believed that chemokines also form gradients within  
tissues which cells move, and there is some direct evidence for such 
gradients.

Family members and their actions
CXCL12 and CXCR4 and immune cell development
A role for chemokines in leukocyte development has been best shown 
in studies of CXCL12 and its receptor, CXCR4, which are unusual 
within the chemokine system in being highly conserved during evolu-
tion. Cxcl12−/− mice show defective B lymphopoiesis and bone marrow 
myelopoiesis. This presumably reflects the role of CXCL12/CXCR4 in 
homing and retention of hematopoietic stem cells to appropriate niches 
within the bone marrow. A CXCR4 antagonist, plerixafor (AMD3100/
Mozobil), is now being used clinically to enhance stem cell mobiliza-
tion for subsequent autologous transplantation in individuals with 
non-Hodgkin’s lymphoma or multiple myeloma.

CCR7 and CCR5 and immune anatomy
Roles for chemokines in immune system anatomy and homeostasis 
are evident in the functions of CCL19 and CCL21 and their receptor 
CCR7, and CXCL13 and its receptor CXCR5. CCL19 and CCL21 are 
expressed on high endothelial venules and in the T-cell zones in lymph 
nodes and other secondary lymphoid organs, and these chemokines are 
required for the trafficking and positioning of T cells and dendritic cells 
within secondary lymphoid organs. The counterparts for B cells are 
CXCL13, which is expressed in B-cell follicles, and CXCR5, which is 

furin cleaves TGF-β, and deficiency of furin is associated with systemic 
autoimmunity. Paradoxically, TGF-β1 acting with IL-6 induces the 
proinflammatory cytokine IL-17.26 Thus, TGF-β1 has both proinflam-
matory and anti-inflammatory activities. The TGF-β family also 
induces fibrosis and may participate in the pathogenesis of diseases 
such as systemic sclerosis.

Signaling
On ligand binding, the type II receptor phosphorylates the type I recep-
tor, which allows the recruitment of SMAD family transcription 
factors: SMAD2 and SMAD3. Activated SMADs associate with SMAD4 
and the complex translocates to the nucleus to bind promoters of 
TGFβ-responsive genes. SMADs interact with a variety of other tran-
scription factors, transcriptional co-activators, and transcriptional co-
repressors. TGF-β also signals via TAK1 (TGF-β–associated kinase-1), 
which associates with TAB1 (TAK1-associated binding protein) and 
activates members of the mitogen-activated protein kinase (MAPK) 
family of kinases.

RECEPTOR TYROSINE KINASES
Classic growth factors such as the epidermal growth factor and insulin 
signal through receptors that are themselves tyrosine kinases and  
thus are called receptor tyrosine kinases (RTKs). Most of the ligands 
that use these receptors are not classified as cytokines, but some are: 
CSF-1 (colony stimulating factor-1 or macrophage colony stimulating 
factor [M-CSF]), stem cell factor (SCF, c-KIT ligand, or steel factor), 
FMS-like tyrosine kinase 3 ligand (FLT3-L), and platelet-derived growth 
factor (PDGF). Structurally, SCF and CSF-1 are similar to the four 
α-helical cytokines, suggesting a common evolutionary ancestor for 
both groups of cytokines. SCF is widely expressed during embryogen-
esis, and makes stem cells responsive to other CSFs. It has also  
important effects for the differentiation of mast cells. FLT3-L acts with  
SCF to induce proliferation of hematopoietic precursors. It is also 
important for generation of dendritic cells. Gain-of-function mutations 
of c-KIT cause systemic mastocytosis and mutations, resulting in a 
fusion of the PDGFRA and FIP1L1 genes that underlie the hypereosino-
philic syndrome. CSF-1 supports the survival and differentiation of 
monocytic cells. IL-34 is distinct from CSF-1 but binds the same 
receptor.

CHEMOKINES
As a collection of functionally integrated but anatomically dispersed 
populations of hematopoietic cells dedicated to defense of the host, the 
immune system, like any army, depends absolutely on its mobility. 
Within the immune system, cell migration is necessary during develop-
ment, homeostasis, and response to pathogen challenge. Several classes 
of molecules regulate this migration, among them chemoattractants 
and their receptors. The largest gene family of chemoattractants is that 
of chemokines (chemotactic cytokines), which contains more than 40 
members.43

Ligand and receptor structure
Chemokines are small secreted proteins (molecular weights of approxi-
mately 10 KDa). Exceptions include CX3CL1 and CXCL16, which are 
membrane-anchored through transmembrane domains in addition to 
having soluble forms generated through proteolytic cleavage. Although 
chemokines are secreted, they become immobilized by binding to gly-
cosaminoglycans on cell surfaces and extracellular matrix, and it is 
generally believed that the immobilized chemokines are the active 
forms, sometimes forming fixed gradients for chemotaxis.

Chemokines can be divided, based on the arrangements of con-
served cysteine residues near the N-termini, into CXC, CC, CX3C, and 
XC subfamilies, where X is a variable amino acid. The CX3C and XC 
subfamilies contain only one and two members, respectively, with all 
the rest being CXC or CC chemokines. The systematic names for 
chemokines consist of the subfamily, followed by “L” for ligand, and a 
number, which generally reflects the order of discovery.



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

102

CCR4, these inhibitors have undergone limited clinical testing with as 
yet no encouraging results.47 The recent description of Th17 cells as a 
separate lineage has engendered tremendous interest owing to the find-
ings that these cells are important mediators of tissue injury in models 
of autoimmune disease. The recognition of the relationship between 
Th17 differentiation and CCR6 have led to studies that demonstrate 
an essential pathogenic role for CCR6 in mouse models of arthritis, 
multiple sclerosis, and psoriasis. These data are likely to spur the 
development and testing of CCR6 antagonists in autoimmune 
disorders.

To date, the most significant clinical outcome from studies of  
the chemokine system has been unrelated to chemokine physiology 
but related rather to the use of CCR5 and CXCR4 by HIV-1 as co-
receptors, together with CD4, for viral entry. All clinical isolates of 
HIV-1 use CCR5 and/or CXCR4 as obligate co-receptors. CCR5 is the 
co-receptor of primary importance, since viruses found in an individ-
ual early after infection use CCR5 (and not CXCR4), and individuals 
who are homozygous for an allele encoding a truncated and inactive 
CCR5 are highly resistant to HIV-1 infection. The latter observations, 
together with the apparent absence of deleterious consequences in 
CCR5-null individuals, has led to the development of CCR5 antago-
nists that block viral entry in individuals infected with HIV-1. The 
first of these agents to reach clinical practice has been maraviroc 
(Pfizer, Inc.), which has been shown effective in reducing viral loads 
in treatment-experienced individuals with CCR5-using HIV-1. The 
availability of maraviroc will likely lead to its evaluation as an anti-
inflammatory drug. One such trial in rheumatoid arthritis failed to 
show efficacy (ClinicalTrials.gov identifier NCT00427934). Despite 
the good general health of CCR5-null individuals, it has recently been 
reported that CCR5 deficiency is a strong risk factor for symptomatic 
disease in individuals infected with West Nile virus.48 These data 
provide both the first good evidence in humans supporting the pre-
sumption that CCR5 and other inflammation-associated chemokine 
receptors have roles in host defense and a cautionary note on the use 
of chemokine receptor antagonists.

Signaling
G protein–coupled receptors are defined by the central feature of their 
signaling pathway, namely, the activation of heterotrimeric G pro-
teins through conformational changes in their cytoplasmic domains 
that are induced by binding of ligands to their extracellular domains. 
Heterotrimeric G proteins contain one each of 23 different α-, five 
β-, and 10 γ-subunits. Receptor-mediated G protein activation leads 
to replacement of Gα subunit-bound guanosine diphosphate (GDP) 
with guanosine triphosphate (GTP) and the dissociation of the trimer 
into Gα-GTP and a βγ dimer. For chemokine receptor–mediated pro-
cesses (e.g., chemotaxis), the βγ dimer is the critical activator of 
downstream signaling proteins, such as phosphoinositide-3-kinase, 
leading ultimately to actin polymerization and formation of lamelli-
podia at the leading edge and actin-myosin–mediated retraction of 
the uropod at the trailing edge.49 The 23 Gα subunits fall within 
four subfamilies, and heterotrimers are grouped similarly, based on 
their Gα components, into Gi, Gs, Gq, and G12/13 subfamiles. All 
chemokine receptors signal through Gi proteins, which, by using 
the specific Gi inhibitor, pertussis toxin, can be shown to be essential 
for chemotaxis. G12/13 proteins have also been implicated in chemo-
taxis, with activated Gi and G12/13 proteins responsible for creating, 
respectively, the front-specific and back-specific components of 
migrating cells.

Control of chemokine receptor function also requires limiting the 
duration of the activating signals, which is achieved through a number 
of mechanisms. Gα subunits have an intrinsic GTPase activity, and 
once GTP is hydrolyzed to GDP, the Gα-GDP reassociates with a βγ 
dimer to form the “resting” heterotrimer. The Gα GTPase activity can 
be accelerated by GTPase activating proteins (GAPs), including 
members of the RGS family of proteins.49 The chemokine receptors 
themselves are typically desensitized after chemokine binding through 
the activities of G-protein–coupled receptor kinases (GRKs), which 
phosphorylate serine/threonine residues in the receptors’ C-terminal 
tails. Receptor phosphorylation leads to recruitment of arrestin pro-
teins, which is typically followed by receptor internalization leading to 

expressed on B cells and on effector/memory T cells that traffic to B-cell 
follicles, so-called TFH, or follicular helper cells.44 Because B cells are 
critical for the formation of lymphoid organs during development, 
lymph nodes and Peyer’s patches in mice lacking CXCR5 are absent 
or rudimentary.

Sphingosine-1-phosphate
Another key pair of proteins that are not within the chemokine system, 
but have an important related function in lymphocyte trafficking 
through lymphoid organs, are sphingosine-1-phosphate and one of its 
receptors, the G protein–coupled receptor S1P1. Sphingosine-1-
phosphate and S1P1 mediate lymphocyte egress from the thymus and 
lymph nodes. This is of particular interest given the discovery that an 
immunosuppressive drug, fingolimod (FTY720), acts as a functional 
antagonist of S1P1 in vivo. Fingolimod has shown promise in the treat-
ment of relapsing multiple sclerosis.45 Although the beneficial effects 
may be related to fingolimod’s activity in blocking the egress of acti-
vated cells from lymph nodes, the drug has also been reported to 
increase numbers of suppressive regulatory T cells and to inhibit Th17 
cell differentiation in mouse models.

Other family members
The majority of chemokines and their receptors function in recruiting 
leukocytes, including myeloid cells, NK cells, and activated/memory 
lymphocytes into inflamed tissue sites. Most of these chemokines/
receptors do not have roles restricted to specific organs or tissues, but 
there are exceptions. The chemokine best documented as specific for 
a peripheral tissue is CCL25, the ligand for CCR9A/B, which (in addi-
tion to a role on thymocytes) has a role in recruiting lymphocytes 
specifically to the gut and preferentially to the small intestine. Together 
with the gut-associated integrin, α4β7, CCR9 is induced on T cells by 
dendritic cells from Peyer’s patches, thereby imprinting activated/
memory T cells to home to the bowel.46 As a result of these and related 
findings, a CCR9 antagonist is currently being investigated for anti-
inflammatory activity as therapy for moderate to severe Crohn’s disease 
(ClinicalTrials.gov identifier NCT00306215).

Major chemokine receptors for recruitment of the principal popu-
lations of myeloid “effector” cells are CXCR1 and CXCR2 on neutro-
phils and CCR2 on monocytes/macrophages. A number of agents  
have been developed to block CXCR1 or CXCR2 and are being evalu-
ated in clinical trials for diseases with neutrophil-mediated tissue 
damage, such as chronic obstructive pulmonary disease, ulcerative 
colitis, and ischemia-reperfusion injury associated with graft dysfunc-
tion after transplantation (ClinicalTrials.gov identifiers NCT00748410, 
NCT00248040). In a novel approach, antibody against CXCL8 (IL-8), 
a ligand for CXCR1 and CXCR2, has been evaluated as a topical 
therapy for psoriasis (ABCream), and is being marketed in China for 
that indication. Based on mouse models, CCR2 and its ligands, par-
ticularly CCL2, by recruiting monocytes/macrophages, have been sug-
gested to play important roles in the pathogenesis of disorders such as  
multiple sclerosis, atherosclerosis, rheumatoid arthritis, systemic scle-
rosis, and lupus nephritis. Both small molecule antagonists and  
antibodies to CCR2, as well as agents to block CCL2, have been under-
going clinical evaluation for treating some of these diseases. Although 
beneficial effects for these drug candidates are not yet clear, many of 
the clinical investigations of CCR2/CCL2 blockade are in their early 
stages.

Effector/memory T cells can express at least 15 different types of 
chemokine receptors to produce complex, combinatorial patterns. 
Although the factors and mechanisms regulating chemokine receptor 
expression during T cell activation and differentiation have not been 
extensively studied, it is clear that some receptors are induced as part 
of defined pathways for T-cell lineage commitment. Cells of the three 
principal effector/memory lineages of human CD4+ T cells, Th1, Th2, 
and Th17, are each wholly contained within the subsets expressing 
CXCR3 or CCR4 or CCR6, respectively. Not surprisingly then, the 
CXCR3, CCR4, and CCR6 genes are inducible, respectively, by the 
transcription factors T-bet, GATA-3, and RORγt, which are critical, 
respectively, for Th1, Th2, and Th17 differentiation. Given the expres-
sion of these receptors on subsets of effector/memory Th cells impli-
cated in a broad range of diseases, they might be considered good drug 
targets. Although antagonists have been developed for CXCR3 and 
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OTHER CYTOKINES
IL-32 is another structurally distinct cytokine that is induced by IL-12 
and IL-18. It activates NF-κB and p38, enhances production of other 
inflammatory cytokines and is found in rheumatoid synovium. The 
functions of IL-16 and IL-14 are uncertain.

degradation and/or recycling of receptors to the cell surface. At the same 
time that they serve to limit receptor-mediated activation of G pro-
teins, arrestins can also activate additional G-protein–independent 
signaling pathways.50
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Given the space constraints, we will not review basic concepts in DNA 
replication, transcriptional control, or signal transduction. There are 
several excellent textbooks that cover these topics.2,3 Rather, we will 
focus on the methods used to study these processes, but our intent is 
also not for this to be a laboratory manual or “how to” guide; again 
there are ample sources that provide detailed protocols of this sort.4,5 
Instead, our goal is to present the principles underlying important 
techniques with which the average rheumatologist should be familiar 
to comprehend studies that are pertinent to clinical work. Skimming 
through the rheumatologic literature one sees references to techniques 
such as single nucleotide polymorphism (SNP) typing, electrophoretic 
mobility shift assays (EMSAs), microarrays and gene expression profil-
ing, and tissue-specific knockouts using the cre-lox system. We there-
fore intend to discuss some of the major techniques and their 
modifications, to facilitate comprehension of the literature.

THE DRAFT SEQUENCE OF THE HUMAN  
GENOME AND BIOMEDICAL RESEARCH
The human genome consists of about three billion adenine (A), guanine 
(G), cytosine (C), and thymine (T) bases (Fig. 12.1) arranged in 23 pairs 
of chromosomes. A great surprise was that the immense amount of 
potential genetic information encodes a relatively small number of 
genes, less than 30,000,6,7 making humans about twice as complex as 
model organisms such as yeast and Drosophila but less complex than 
rice. It is important to emphasize, however, that alternative splicing 
and protein modifications greatly increase the complexity of the poly-
peptides encoded by the human genome.

The onslaught of information brought about by the Human Genome 
Project has provided both new opportunities and new challenges to 
investigators. DNA and protein sequences, sequence variation, expres-
sion data, and structural data are among the information being depos-
ited into a growing number of public and private databases. Savvy 
investigators can mine these databases to obtain useful information 
with a variety of search and computational tools. Many publicly acces-
sible databases and tools are available at the National Center for Bio-
technology website (http://www.ncbi.nlm.nih.gov/). Tools such as 
BLAST, which facilitates sequence comparisons, can be used, for 
example, to find additional members of gene families that may have 
similar functions to one another. Comparisons of homologous genes 
of several species can identify regions that are conserved among species. 
These elements may be expressed parts of genes or unexpressed regions 
that may be conserved because they contain important regulatory ele-
ments. Managing and analyzing the data derived from genome-wide 
approaches to expression profiling and disease-gene linkage and asso-
ciation studies can also require sophisticated computational and orga-
nizational approaches. The computational, statistical, and computer 
programming skills required for development of tools applicable to 
biologic problems have given rise to the new field of bioinformatics, 
surely an area that will continue to grow in the near future.8,9

The molecular biology revolution, of course, began long before the 
Human Genome Project. Major steps in the revolution were the devel-
opment of techniques that permitted the in-vitro manipulation of DNA 
and advances in large-scale DNA sequencing. These advances permit-
ted the identification, sequencing, isolation, and expression of genes, 
allowing their functions to be rapidly discerned.

Principles and techniques in 
molecular biology
Elaine F. Remmers, Michael J. Ombrello, Yuka Kanno, Richard M. Siegel,  
and Daniel L. Kastner

 Restriction enzymes, DNA and RNA polymerases, DNA ligases, 
reverse transcriptases, phosphatases, kinases, and thermostable 
DNA polymerases are enzymes used to clone, modify, and amplify 
DNA in the laboratory.

 Incorporation of exogenous DNA fragments into vectors that can 
replicate in bacteria, yeast, or insect cells permits large-scale 
production of the cloned gene or encoded protein.

 Restriction fragment length polymorphisms (RFLPs), minisatellite 
markers, microsatellite markers, and single nucleotide 
polymorphisms (SNPs) are common DNA sequence variants that 
differ among individuals and are therefore useful in genetic 
analysis of diseases with mendelian and complex inheritance.

 Northern blots and real-time PCR are methods that quantitatively 
measure the expression of specific genes, whereas microarray 
expression profiling methods simultaneously evaluate the 
expression of thousands of genes.

 Electromobility shift assays and chromatin immunoprecipitation 
assays detect DNA interactions with proteins, such as transcription 
factors and modified histones that are regulators of gene 
expression.

 Transfection methods are biochemical, physical, or viral methods 
for transferring exogenous DNA into cultured cells for expression. 
In a variant of the experiment, the expression vector directs 
transcription of short inhibitory RNAs (siRNAs) that block the 
endogenous gene’s expression.

 Transgenic mice are genetically modified animals in which an 
exogenous DNA construct has been transferred, whereas in 
knockout mice the endogenous gene has been disrupted, thereby 
preventing its expression.

 Protein-protein interactions can be analyzed by 
co-immunoprecipitation and yeast two-hybrid screening. 
Fluorescence resonance energy transfer (FRET) can be used to 
evaluate protein-protein interactions in living cells.

INTRODUCTION
In the recent past we have witnessed the publication of the draft 
sequence of the human genome, affording scientists and physicians 
extraordinary opportunities to advance our understanding of physiol-
ogy and pathology.1 Until just a few years ago these possibilities were 
more science fiction than science. However, a number of critical tech-
nologic breakthroughs have truly revolutionized biomedical research. 
The opportunities for improving our understanding of rheumatic and 
autoimmune diseases are now astounding. Moreover, it is likely that 
recent advances will accelerate the pace at which disease susceptibility 
genes are identified and their functions analyzed. It is likely that this 
information will also improve treatment and propel the discovery of 
new therapeutic modalities.

It is therefore intended in this chapter to review the basic tools that 
rheumatologists now see being employed when they read the literature. 
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THE HUMAN GENOME

23 pairs of
chromosomes

DNA

3 billion nucleotides
~ 30 000 genes

>3x104 – 1x105 proteins

Fig. 12.1 The human genome. Although less complex than initially thought in 
terms of the actual number of human genes, regulatory phenomena such as 
alternative splicing may considerably increase the diversity of proteins 
produced.

MANIPULATION OF DNA

New vectorDigested plasmid 2LigationAgarose gel
electrophoresis

Digestion

RE
InsertMCS

MCS

Ampr Ampr

GFPViral
promoter

Ori
Purify band

Plasmid 1

Fig. 12.2 Manipulation of DNA. Abundant commercially available enzymes (ligases, polymerases, and restriction enzymes) and vectors make the in-vitro 
manipulation of nucleic acids feasible. Ampr, ampicillin resistance gene; GFP, green fluorescent protein; MCS, multiple cloning site; Ori, origin of replication; RE, 
restriction enzyme.

Fig. 12.3 Green fluorescent protein. The ability to visualize the trafficking of 
cell proteins by tagging them with GFP has revolutionized cell biology and cell 
signaling. In this case, the Cybr gene is fused to GFP (green). Actin is visualized 
by binding of rhodamine-labeled phalloidin, and nuclei are stained with DAPI. 
(Courtesy of Dr. Massimo Gadina, National Institute of Arthritis, Musculoskeletal 
and Skin Disease, National Institutes of Health.)

BASIC MANIPULATION OF DNA:  
CLONING VECTORS AND CUTTING  
AND PASTING DNA USING ENZYMES
Vectors are engineered DNA molecules used to replicate, isolate, and 
express foreign DNA. There are several general types of vectors com-
monly used, which were derived from bacteria and bacteriophage.

Plasmids are extrachromosomal, double-stranded circular DNA 
molecules. Often they are relatively small (3-5 kb), and they have three 
important features: a drug selection marker, convenient cloning sites, 
and a replicator that permits autonomous replication in cells (Fig. 
12.2). Some plasmids also have mammalian promoters that permit 
expression of the protein in mammalian cells, whereas others are 
designed for expression in bacteria, yeast, or insect cells, the last being 
a very efficient means of generating large quantities of protein for crys-
tallography studies. Sometimes, plasmids are constructed to permit the 
production of “fusion proteins.”

A commonly used vector permits cloning of a given gene in-frame 
with glutathione S-transferase (GST). Glutathione-coupled agarose 

beads bind GST with high affinity and allow one to do “pull-down 
experiments” (see later). Another commonly used technique is to fuse 
the protein of interest to green fluorescent protein (GFP), a protein 
made by jellyfish, which can be easily visualized within cells (Fig. 
12.3).10 Remarkably, most fusions to GFP retain the localization prop-
erties of the original protein molecule, provided that expression levels 
are not extremely high. As discussed later, this permits one to visualize 
trafficking of molecules in cells by live cell imaging. This is aided  
by the fact that fusion fluorescent proteins are now engineered in a 
choice of colors, thus permitting simultaneous detection of multiple 
proteins.

The bacteriophage λ has been a heavily used tool in molecular 
biology for many years. Its genome is about 50 kb, but the central 
portion of the viral genome is not essential for lytic growth and can be 
replaced by 10- to 20-kb inserts; as such, this is a commonly used 
vector to create libraries of genes. Cosmid vectors are hybrids between 
lambda and plasmid vectors that can accommodate larger inserts of 
foreign DNA (35-50 kb). P1 vectors are derived from bacteriophage P1 
and are large, circular DNA molecules that can contain 70 to 100 kb 
of eukaryotic DNA. P1-derived artificial chromosomes (PACs) can 
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DNA SEQUENCING
Manual techniques to sequence DNA were devised in the 1970s; 
however, sequencing the human genome was made possible by the 
development of automated sequencing technology. This technology 
continues to play an important role in the rheumatology research labo-
ratory and is beginning to be applied as a diagnostic tool. In the 
research setting, DNA sequencing is being used to refine the human 
genome sequence and to provide information regarding normal and 
disease-associated variation in the human genome. Sequencing cDNAs 
constructed by reverse transcription of mRNA can provide information 
regarding the structure of gene products. The DNA sequence is also 
obtained to confirm the structure of cloned DNA and manipulated 
DNA constructs used for expression, gene transfer, or gene-targeting 
experiments.

In the clinical setting, several rheumatic diseases are now known 
to be genetic disorders for which mutations have been identified. These 
include several members of the periodic fever disease group, as well as 
some musculoskeletal disorders such as Marfan’s syndrome and famil-
ial osteochondral dysplasias causing early-onset osteoarthritis. For 
such disorders, sequencing can be used as a diagnostic tool, for example, 
to confirm the diagnosis of familial Mediterranean fever, which might 
be confused with a number of different inflammatory disorders. A 
definitive diagnosis permits the clinician to apply the most effective 
therapy as a treatment instead of using response to the therapy as a 
diagnostic tool.

Sequencing requires isolated DNA fragments specifically amplified 
by cloning or PCR. Complementary strands are synthesized by comple-
mentary base pairing on denatured DNA templates using enzymes 
(DNA polymerases) that normally perform this job in replicating cells. 

accommodate even larger DNA inserts (up to 150 kb), whereas bacte-
rial artificial chromosomes (BACs) have a still larger insert capacity (up 
to 200 kb) and have become the preferred vector for sequencing large 
DNA fragments and are used for multiple purposes, including generat-
ing transgenic mice. Although, yeast artificial chromosomes (YACs) 
can accommodate even larger DNA inserts (about 1 Mb), these vectors 
are used less frequently because of problems with instability and chi-
merism. Finally, vectors derived from the M13 filamentous bacterio-
phage can accommodate small inserts (up to 1 kb) and can be used to 
produce single-stranded or double-stranded DNA.

Libraries containing many different inserts representing different 
genes can be made using most of the aforementioned vectors. Libraries 
are made using genomic or cDNA and in some cases can permit expres-
sion of the gene encompassed by the insert.

Many different enzymes are commercially available that permit 
replication and joining of DNA; such enzymes are termed DNA poly-
merases and ligases. Modifying enzymes such as phosphatases and 
kinases are also important in DNA ligation reactions. Exonucleases 
and endonucleases cut DNA, whereas restriction enzymes are bacteri-
ally derived enzymes that cut DNA at specific sites. These are among 
the most important tools in molecular biology. Hundreds of restriction 
enzymes are commercially available, allowing one to cut DNA in a 
predictable manner.

Using the enzymes just listed, pieces of DNA can be copied and 
spliced into vectors, allowing large-scale production of the gene or  
the encoded protein. An example of how these different enzymes  
can be used to move a piece of DNA from one vector to another is 
provided in Figure 12.2. RNA can also be synthesized from DNA by 
DNA-dependent RNA polymerase and the RNA, in turn, can be trans-
lated in vitro into protein. Conversely, reverse transcriptase, derived 
from retroviruses, synthesizes DNA from RNA. This enzyme is used 
to make complementary DNA (cDNA) and to make libraries from 
mRNA and can be the starting point in the polymerase chain reaction 
(PCR).

POLYMERASE CHAIN REACTION
The polymerase chain reaction is a rapid procedure for in-vitro ampli-
fication of DNA; the development of this procedure was another land-
mark in molecular biology. A large number of applications use PCR, 
including:

● Cloning of genomic DNA or complementary DNA (cDNA)
● Mutagenesis or modification of DNA
● Assays for the presence of pathogens
● Detection of mutations
● Analysis of allelic sequence variations
● Genetic fingerprinting of forensic samples
● Nucleotide sequencing

A schematic of PCR is shown in Figure 12.4. The reaction includes 
the following components: a segment of double-stranded DNA to be 
amplified (template), two single-stranded oligonucleotide primers com-
plementary to the template, and deoxyribonucleoside triphosphates 
(dNTPs). Another critical component is a heat-stable DNA polymerase 
such as Taq polymerase. Its heat stability is an essential feature because 
the enzyme must withstand repeated cycles of heating and cooling to 
denature and replicate the target sequence many times. PCR takes 
place in a device termed a thermocycler, which can rapidly change the 
reaction temperature.

First, the double-stranded DNA template is heated to generate sin-
gle-stranded DNA. The primers, added in vast excess compared with 
the template DNA, anneal or hybridize to opposite strands of single-
stranded DNA. The DNA polymerase then synthesizes new strands of 
DNA complementary to the template. After the first round of synthesis 
the reaction mix is again heated, with subsequent denaturation of the 
double-stranded DNA, annealing of primers, and synthesis of DNA. 
These cycles permit a million-fold amplification of DNA. By designing 
particular primers, one can mutagenize DNA or add cloning sites.

An important application of PCR is to detect RNA transcripts or to 
amplify their sequences to permit cloning and/or sequencing. This 
requires first converting RNA templates to cDNA using reverse tran-
scriptase (RT-PCR).

THE POLYMERASE CHAIN REACTION

Cycle 1
Denature

5'
3'

Cycle n

3'
5'

5'
3'

3'
5'

Annealing
Synthesis

Annealing

Synthesis

Primer

Primer
5'
3'

3'
5'

Cycle 2 Denature

Fig. 12.4 The polymerase chain reaction. The use of thermostable DNA 
polymerases and automated thermocyclers permits vast amplification of DNA 
and RNA templates. Double-stranded DNA (template, light blue) is denatured 
by heat and, when cooled, primers (dark blue) anneal, allowing synthesis of 
new cDNA (broken line, lavender). These cycles of denaturing, annealing, and 
synthesis are repeated with continued amplification of DNA (green). One can 
start with double-stranded DNA or with mRNA and use reverse transcriptase 
to generate the first cDNA strand, which is further amplified as above. PCR has 
many applications, ranging from diagnostics to mutagenesis, and has become 
an indispensable laboratory tool.
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Positional cloning to identify genes associated 
with diseases with simple mendelian inheritance
Positional cloning refers to the process of identifying a disease gene by 
its position in the genome (Fig. 12.6). An example of a successful 
application of this strategy to a rheumatic disease is the positional 
cloning of the gene causing familial Mediterranean fever.11,12 The 
strength of this technique is that it does not require prior knowledge 
of the disease mechanism. The first step in positional cloning is to 
perform linkage analysis. Investigators systematically search the 
genome for polymorphic genetic markers that co-segregate with disease 
in families in which the disease occurs (see Fig. 12.6). Polymorphic 
genetic markers are DNA segments that vary among individuals. There 
are several kinds. Restriction fragment length polymorphisms (RFLPs) 
are sequence variants that alter a restriction enzyme recognition site 
and thereby result in different patterns of restriction enzyme digested 
fragments. Minisatellite markers are tandem repeats of 14- to 100-base 
sequences; the number of tandem repeats varies among individuals. 
Microsatellite markers are tandem repeats of short sequences that are 
two to four nucleotides in length. The number of these repeats also 
varies among individuals. Single nucleotide polymorphisms (SNPs) are 
single nucleotides that differ among individuals.13 SNPs are the most 
numerous genetic markers available for mapping studies.

If a particular variant of a polymorphic marker tends to occur in 
family members with the disease, the marker is likely to be linked to 
the disease locus. Statistical methods are used to evaluate whether a 
region of the genome is likely to contain a disease gene. Investigators 
often report LOD scores as evidence supporting linkage of a genetic 
region to a disease. The LOD score is the logarithm of the ratio of the 
likelihood of the genotype data assuming linkage versus the likelihood 
of the data assuming no linkage. For instance, a LOD score of 3 means 

There are several variations on the strategy to automatically obtain the 
sequence of the DNA fragment. In the most common variant, four 
different fluorescent dye–labeled analogs of the four deoxyribonucleo-
tides are included in the replication mix (Fig. 12.5). When an analog 
incorporates into a growing complementary DNA strand, the strand is 
labeled with the associated dye and further extension of the comple-
mentary strand is prevented. If, for example, a “red”-labeled deoxyri-
bocytosine analog is used, some fragments will terminate at each 
location at which a cytosine residue should be incorporated into the 
growing strand. All these fragments will be labeled with the same “red” 
fluorescent dye. The four nucleotide analogs are each labeled with a 
different fluorescent dye, permitting the C, A, T, and G products to be 
individually identified. The dye-labeled fragments are then separated 
by size by gel or capillary electrophoresis. The dye associated with each 
fragment indicates the nucleotide analog incorporated. The sequence 
can then be automatically read by detecting the succession of dyes 
detected as the fragments move through the separation medium.

IDENTIFICATION OF DISEASE- 
ASSOCIATED GENES
An exciting development in rheumatology research is the recently 
enhanced ability to identify genes associated with rheumatic diseases 
that has been provided by leveraging information from the human 
genome project. While these genetic approaches have been most suc-
cessful for relatively rare genetic diseases that display mendelian inher-
itance, they are now being successfully applied to identify genes 
associated with more common rheumatic diseases that fail to demon-
strate a simple mendelian mode of inheritance but nevertheless show 
evidence of a genetic contribution to disease susceptibility.

AUTOMATED SEQUENCING OF DNA
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Fig. 12.5 Automated sequencing of DNA. 
Sequencing is performed by extending 
oligonucleotide-primed DNA templates with a 
thermostable DNA polymerase in the presence of 
dye-tagged dideoxy terminators that block further 
extension of the newly synthesized DNA strand and 
label the strand with one of four different 
fluorescent dyes identifying the last base 
incorporated. Automated methods for size 
fractionating the fragments, detecting the fluors, 
and reading the DNA sequence have made 
possible large-scale sequencing required for 
sequencing the human genome.
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analysis). Alternatively, collections of trios, an affected child and two 
parents, can be used in the transmission disequilibrium test (TDT), a 
statistically robust method that tests for linkage of an allele with 
disease. In this method, linkage of a disease with genetic markers is 
evaluated by comparing the frequency at which heterozygous parents 
transmit the “disease-associated” allele to an affected child with the 
frequency expected by chance (50%). Another use of trios is to perform 
an analysis for association by comparing the frequency of marker alleles 
in affected offspring with the frequency in their parents’ untransmitted 
chromosomes. These family-based tests have the advantage of being 
insensitive to population stratification problems that can lead to spuri-
ous associations in standard case-control association studies. An 
encouraging result using these techniques identified a disease gene, 
NOD2, associated with a complex disease, Crohn’s disease.14,15

For late-onset diseases, such as rheumatoid arthritis, it may not be 
practical to collect a sufficiently large number of well-characterized 
cases with parents to perform an adequately powered TDT or family-
based association analysis, and therefore the standard case-control 
design may be required. In this instance, the matching of cases to 
controls is crucial to avoid false-positive results due to different popula-
tion substructure in the cases compared with the controls. Use of 
haplotype data as opposed to individual marker genotypes may increase 
the statistical power to identify associations with disease.

Until recently, adequately powered case-control disease association 
studies with sufficient markers to evaluate the entire genome for asso-
ciation were considered unwieldy, impractical, and cost prohibitive. In 
the wake of the HapMap Project, which identified and genotyped over 
4 million SNPs in four different populations, the genome-wide associa-
tion (GWA) study has emerged as a powerful tool for investigating 
complex genetic diseases. By employing these widely mapped SNP 
data, the linkage disequilibrium structure of the human genome can 
be used to define subsets of SNPs representing virtually all known 
common variation in the human genome. Rapid technologic advances 
utilizing the HapMap data have quickly emerged and have evolved into 
cost-effective methodologies for high throughput SNP genotyping. 
Using hybridization technologies that interrogate genome-wide SNP 
variation on microarray chips, companies such as Affymetrix (Santa 
Clara, CA) and Illumina (San Diego, CA) have developed platforms to 
undertake the whole-genome SNP genotyping necessary for GWA 
studies. These platforms have now been used to perform GWA studies 
on a broad range of diseases affecting every medical specialty. GWA 

that the likelihood of obtaining the genotype data assuming linkage is 
1000 times greater than the likelihood assuming no linkage.

After linkage to a genetic region is established, the location of the 
disease gene can then be further refined by fine mapping, but the  
resolution is ultimately limited by the occurrence of recombination 
events near the locus in families in which the disease occurs. Linkage 
disequilibrium and ancestral haplotype analysis can then be used to 
further narrow the interval in which a specific disease mutation is 
located. Whereas linkage measures co-segregation of markers and 
disease in pedigrees, linkage disequilibrium measures marker co- 
segregation in a population. Because linkage disequilibrium measures 
the tendency to inherit markers as a group or haplotype after many 
generations of recombination, the intervals identified by linkage dis-
equilibrium are much smaller than those identified by linkage. When 
the interval has been sufficiently narrowed, all the genes contained in 
the interval can be identified. This step has been greatly aided by the 
products of the Human Genome Project. The genes in the interval can 
then be screened for mutations in patients. Investigators may select 
plausible candidate genes for evaluation even before interval narrowing 
is completed, significantly expediting the disease gene-discovery process 
(see Fig. 12.6).

Positional cloning to identify genes associated 
with diseases with complex inheritance
Although positional cloning has successfully identified disease genes 
for rare mendelian genetic disorders, its application to more common 
diseases with a complex genetic etiology is less well established. These 
diseases are thought to result from a variety of genetic and non-genetic 
factors, and the genetic contribution is predicted to be the result of the 
sum of multiple genetic variants. These variants may be common in 
the population and difficult to recognize as disease-causing loci. It is 
hoped that genetic analysis of large, well-characterized cohorts will 
permit identification of the most common and most important disease-
associated genetic variants.

A number of variations to the positional cloning strategy described 
earlier are necessary to identify complex disease-associated genes. Use 
of multiplex/multigeneration families may not be practical because of 
incomplete disease penetrance, late age at disease onset, and the con-
tribution of non-genetic factors. In the place of multiplex families, 
affected pairs of siblings can be used for linkage analysis (sib-pair 

POSITIONAL CLONING

Fine map haplotype
analysis

Linkage
analysis

Family studies Physical map

Candidate gene analysis

Identify genes Screen for
mutations
in patients

Fig. 12.6 Positional cloning. A disease-associated 
gene can be identified by its position in the 
genome. DNAs from multicase families are used for 
linkage analysis, in which a disease gene location is 
identified by the locations of genetic markers that 
co-segregate with the disease. This location can 
then be refined by fine-mapping and haplotype 
analysis. The physical map of the refined region is 
determined and the genes within the interval 
identified; these steps are being accelerated by the 
data produced by the human genome project. The 
genes within the interval are then screened for 
mutations in patients. Identifying plausible 
candidate genes within the interval may shorten 
the process as shown by the long arrow in the 
figure.
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thus can be used to distinguish if a change in mRNA level is due to 
induction of transcription per se or to other reasons.

EXPRESSION PROFILING AND  
MICROARRAY TECHNOLOGY
A goal of the human genome sequencing project is to definitively map 
and identify all the genes encoded within the human genome. Comple-
tion of this goal will provide information that will allow us to compre-
hensively examine gene expression in both health and disease and 
thereby gain insights into the perturbations of gene expression that 
may lead to or be a result of different disease pathologies. Studying the 
function of the aberrantly expressed genes may lead to a better under-
standing of physiologic and molecular disease mechanisms and, it is 
hoped, will allow development of new and improved treatments. 
Although expression of genes can be evaluated by in-situ hybridization, 
RNAse protection assay, Northern blotting, or quantitative real-time 
PCR (see earlier), the selection of genes for study is limited by the 
extent of our prior knowledge. New technologies permit expression 
profiling, that is, analysis of the expression of thousands of genes, 
including those with unknown function, in a tissue or cell population. 
Indeed, these newer methods are likely to permit evaluation of expres-
sion of not just a few genes but potentially all genes.

Several techniques have been developed for expression profiling. In 
serial analysis of gene expression (SAGE), a small tag (short DNA frag-
ment) is generated from each transcript. The tags are concatenated, 
and these larger DNA fragments are sequenced to identify the tran-
scripts as well as their frequency in the transcript pool derived from a 

studies have identified novel susceptibility genes in rheumatic diseases, 
including rheumatoid arthritis, systemic lupus erythematosus, psori-
atic arthritis, and systemic scleroderma and have provided additional 
insights into common genes involved in human autoimmunity.16 
When properly designed and implemented, GWA studies have the 
potential to identify associations between genetic loci and diseases 
using a hypothesis-free model. Proper study design is critical to suc-
cessfully conducting a GWA study; the introduction of error may either 
preclude the identification of a significant genetic association or lead 
to the errant identification of a false association. Because these studies 
can now analyze over 1 million SNPs, the threshold for genome-wide 
significance is determined using a Bonferroni or other stringent correc-
tion for multiple comparisons. Inadequate sample sizes, uncontrolled 
ethnic stratification, improper or inconsistent patient phenotyping, 
and a variety of different logistical batch effects are a few common 
sources of potential error in GWA studies. It is important that indi-
viduals consuming the results of GWA studies, including rheumatolo-
gists, be familiar with strategies to critically analyze and evaluate GWA 
study results.17 SNP genotyping data and the analysis of linkage dis-
equilibrium in a wide variety of populations continue to be deposited 
in a public database available at: http://www.hapmap.org/. Genotype 
and phenotype data obtained from any GWA study supported by the 
U. S. government are deposited into the database of Genotypes and 
Phenotypes (dbGaP) at: http://www.ncbi.nlm.nih.gov/gap.

GENE TRANSCRIPTION
Insights into the physiologic and pathologic functions of a given gene 
may be gained by analysis of the expression of its messenger RNA 
(mRNA) in tissue and cells and delineating when, where, and how the 
gene is regulated. Northern blotting and quantitative real-time PCR 
are useful to measure the level of gene expression, and in-situ hybrid-
ization can be used to show the gene expression in tissue.

RNA is often isolated using acid guanidinium-phenol-chloroform–
based methods and in some cases is further purified by oligo dT 
columns, which bind the polyA tail of mRNA. In Northern blotting, 
RNA is separated by size in an agarose gel, transferred to a membrane, 
and detected by a labeled probe utilizing RNA-DNA hybridization. The 
amount of mRNA corresponds to the binding of the radioactive probe, 
which can be visualized by autoradiography.

In real-time PCR, a quantitative method for measuring mRNA, 
mRNA is transcribed into complementary DNA by reverse transcrip-
tase (Fig. 12.7). A probe with a fluorescent dye at its 5′ end and a 
quencher dye at the 3′ end is added to the reaction tube. During the 
PCR reaction, the reporter dye is separated from the quencher dye; 
DNA polymerase has 5′ nuclease activity, which degrades the hybrid-
ized probe as a new DNA strand is synthesized in its place. When the 
reporter dye is separated from the associated quencher dye, its fluores-
cence is detected and accumulates with each successive round of PCR. 
Generation of the fluorescence is quantitatively dependent on the 
number of transcript copies in the cDNA sample. A reference probe 
for a housekeeping gene is also included, allowing this to be a quantita-
tive assay. RNAse protection is another means of measuring mRNA 
and has the advantage that multiple genes can be analyzed simultane-
ously. In this method, labeled antisense riboprobes are hybridized to 
RNA in solution and then digested with RNAse, which digests  
single-stranded but not double-stranded RNA. The amount of ribo-
probe protected by the mRNA is therefore a measure of the gene 
expression.

In-situ hybridization identifies which type of cell in a tissue expresses 
a particular gene. In this method, one hybridizes a specifically labeled 
nucleic acid probe to the cellular RNA in individual cells or tissue sec-
tions. In principle, this employs the same strategy as Northern blotting 
(hybridization of RNA with labeled cDNA), but in this case the hybrid-
ization is visualized within cells using microscopy. The gene’s protein 
product or other proteins can also be visualized by immunohistochem-
istry, which may be quite informative in the analysis of clinical samples 
or in assessing the role of the gene in development.

The steady-state levels of mRNA are influenced by several factors, 
including the rate of its transcription as well as its stability, transport, 
and translation. The nuclear run-on assay measures the levels of 
primary transcript production without influence of other factors, and 
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Fig. 12.7 Quantitative real-time polymerase chain reaction. Oligonucleotide 
probes coupled to a reporter dye are synthesized along with ordinary primer 
pairs and used in a PCR reaction. The intact probe does not fluoresce because 
a quencher is also coupled to the probe. However, the probe is cleaved by 
DNA polymerase during amplification, separating reporter dye from quencher 
dye, resulting in increased fluorescence. The amount of PCR products 
generated can therefore be measured by monitoring the fluorescence intensity 
with each cycle, because the amount of probe cleaved parallels the amount of 
PCR products produced. This is a reflection of the initial amount of cDNA 
generated from mRNA. This test can be further standardized by including 
probes and primers for “housekeeping genes” and can be made more 
quantitative by generating a standard curve using known amounts of cDNA 
encoding the gene of interest.

http://www.hapmap.org/
http://www.ncbi.nlm.nih.gov/gap
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transcript) are affixed to each BeadChip microarray, and their locations 
are determined by the address tags. Labeled cRNA is produced and 
hybridized to the BeadChip. The chips are scanned, and the signal 
intensity for each probe type is measured.

An advantage of DNA chip or bead microarrays is that, because the 
microarrays are mass-produced under highly controlled conditions, 
reproducibility of the expression data obtained from them can be very 
high. A disadvantage is that production of the microarrays is inflexible 
(custom arrays are expensive). Furthermore, only genes with sufficient 
sequence data to generate the probes can be represented on a DNA 
chip microarray.

Spotted DNA microarrays
A somewhat different technique is used for spotted DNA microarrays 
(Fig. 12.9). The arrays are produced by robotically spotting cDNA frag-
ments or synthetic oligonucleotides onto glass microscope slides. The 
cDNA fragments are produced by PCR amplification of collections of 
cloned cDNA plasmids to obtain the cDNA inserts. Up to 40,000 ele-
ments can be printed on a single glass microscope slide. Unlike the 
DNA chip microarrays, in which transcripts from a single sample are 
hybridized to the array, cDNA transcripts from two samples the inves-
tigator wishes to compare are simultaneously hybridized to the spotted 
DNA microarray. RNA is extracted from the two samples and con-
verted to cDNA in the presence of either Cy3- or Cy5-labeled nucleo-
tides. The labeled transcripts are then co-hybridized to the DNA probes 
on the microarray. Hybridization signals from the two dyes are used 
to determine expression ratios for all the genes on the microarray (see 
Fig. 12.9).

A variant of the cDNA spotted array technique is to spot long oli-
gonucleotides (60-mers) in the place of the cDNA fragments. This 
change permits selection of a region or multiple regions of a transcript 
to be used as probes, thus allowing exclusion of regions that may be 
involved in non-specific hybridization, as well as allowing separate 
evaluation of differentially spliced forms of genes.

An advantage of spotted DNA microarrays is that, because the 
arrays are produced on a small scale, they can be customized, for 
example to include newly discovered genes. A disadvantage is that the 
cDNA clone or oligonucleotide libraries must be acquired for produc-
tion of the arrays. Furthermore, cDNA microarrays are technically 
difficult to produce and can be subject to reproducibility problems.

tissue or cell population.18 Array-based methods of expression profiling 
use specific nucleic acid probes immobilized in an ordered array on a 
solid surface. Hybridization techniques in which labeled cDNA or 
cRNA fragments bind to the immobilized probes are then used to 
estimate the relative number of copies of each gene transcript in RNA 
extracted from a tissue or cell sample by the amount of label that binds 
to the immobilized probe. To achieve probe density sufficient to assay 
expression of tens of thousands of genes from relatively small tissue 
or cell samples, microarray technology was developed. There are two 
commonly used expression profiling microarray techniques; DNA chip 
microarrays and spotted DNA arrays. In the DNA chip microarray 
technique the probes are oligonucleotides synthesized on the surface 
of a DNA chip or attached to the surface of beads that are affixed to 
the surface of a slide-like BeadChip, and in the second technique they 
are fragments of cDNA clones or synthetic oligonucleotides that are 
spotted on the surface of glass microscope slides.19,20

DNA chip microarrays
DNA chip microarrays (Fig. 12.8) are manufactured by Affymetrix, Inc. 
using a proprietary photolithographic process to synthesize 25-base 
oligonucleotides tethered to the chip surface; each is confined to an  
11 × 11-µm square space. Each gene is represented by 22 squares with 
oligonucleotide probes covering various parts of the gene. Half the 
probes are perfect-match, and half are hybridization controls, that is, 
copies of the perfect match oligonucleotides, each with a single nucleo-
tide mismatch. Probes for up to 47,000 transcripts can be synthesized 
on a single chip that is less than 1 cm2. RNA is extracted from tissue 
or cells, and cDNA is synthesized. The cDNA is used to produce 
biotin-labeled complementary RNA (cRNA), which is fragmented and 
hybridized to the probes on the chip surface. The chips are washed and 
stained with a streptavidin-conjugated fluorescent dye, which binds to 
the hybridized biotinylated cRNA. The chips are scanned and the fluo-
rescent signals are processed to determine the expression level of each 
gene. Normalized expression levels determined from different tissue or 
cell samples on different chips can then be compared (see Fig. 12.8).

A variant of the DNA chip microarray is the BeadChip microarray 
(Illumina, Inc.). In this technique beads are coated with oligonucle-
otides probes (50-mers) attached to an address tag oligonucleotide 
(30-mers). The beads are randomly affixed to the surface of a slide-like 
solid support. About 30 of each bead-type (representing a single 
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EXPRESSION PROFILING WITH DNA CHIP MICROARRAYS

RNA
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IVT
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25-base probe
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Mismatch probes

Biotin

Healthy control sample

RNA

cDNA

Patient sampleFig. 12.8 Expression profiling with DNA chip 
microarrays. Expression of tens of thousands of 
genes is simultaneously determined using mRNA 
extracted from samples. The mRNA is reverse 
transcribed to cDNA, which is in vitro transcribed 
(IVT), producing biotin-labeled cRNA. The cRNA is 
fragmented and hybridized to oligonucleotide 
probes that have been synthesized on the surface 
of a silica chip. The hybridized cRNA is labeled with 
a streptavidin-conjugated fluor and scanned for 
detection. Specific hybridization is gauged by 
comparison of hybridization to pairs of perfect-
matched and single-base mismatched 
oligonucleotides, represented in the figure by the 
blocks directly above and below one another. 
Approximately 11 pairs of oligonucleotides on the 
chip represent each gene. The intensity of the 
specific hybridization signal is a measure of the 
gene expression in the sample.
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EXPRESSION PROFILING WITH cDNA MICROARRAYS
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Fig. 12.9 Expression profiling with cDNA 
microarrays. Relative expression of tens of 
thousands of genes is compared in pairs of samples 
by extracting RNA from each sample and 
producing cDNA labeled with one of two different 
fluorescent dyes (Cy3 or Cy5). The labeled cDNAs 
are combined and co-hybridized to cDNA library 
probes (PCR products) that have been spotted onto 
the surface of glass microscope slides. The relative 
intensity of the hybridization signal from the two 
dyes is a measure of relative gene expression in the 
two samples.

LUCIFERASE ASSAY
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Transfect
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Fig. 12.10 Luciferase assay. To determine if a 
segment of DNA has enhancer/promoter activity, it 
is cloned upstream of a “reporter gene,” which 
when transcribed will produce the protein encoded 
by the reporter—in this case the luciferase enzyme. 
The transcription of this gene and hence the 
production of the protein is measured by an 
in-vitro assay that produces light, the amount of 
light produced being proportional to the activation 
of the promoter.

REGULATION OF GENE EXPRESSION AND 
PROTEIN-DNA INTERACTIONS
Understanding what controls the expression of a given gene is of con-
siderable interest in the pathogenesis of rheumatic diseases. Typically, 
the first step in the process involves the identification of the promoter 
and enhancers of the gene of interest. Generally, this is accomplished 
by identifying the transcriptional start site and the 5′ untranscribed 
regulatory portion of the gene. These regions of the gene are then 
subcloned into reporter systems, which are used as surrogates to 
measure transcriptional regulation and the interactions of cis- and 
trans-acting elements with promoters and enhancers. Typically, regula-
tory sequences are ligated to reporter genes, such as firefly luciferase, 
and these plasmids are transfected into cells of interest that are stimu-
lated in various ways. In this manner, the luciferase gene is transcribed 

in the place of the native gene, and the level of transcription can be 
detected by light produced by the translated luciferase protein, which 
is regulated by stimuli that act on the heterologous promoter (Fig. 
12.10). The fine structure of promotor/enhancer regions can be ana-
lyzed by introducing a series of mutations and examining the effects 
on reporter gene expression. The effect of patient-derived mutations/
polymorphisms in promoters may also be examined to assess their 
influence on gene expression.

Identifying transcription factors that bind promotor/enhancer 
sequences is another important aspect of understanding gene regula-
tion. Electrophoretic mobility shift assay (EMSA) is a commonly used 
technique to detect specific DNA-protein interactions (Fig. 12.11). 
Nuclear proteins are incubated with radioactively labeled oligonu-
cleotides, electrophoresed on polyacrylamide gels, and visualized by 
autoradiography. DNA bound to protein “shifts,” meaning that it 
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ELECTROPHORETIC MOBILITY SHIFT ASSAY

Synthesize
+

label
oligonucleotide

Stimulate cells

Isolate nuclei

Prepare nuclear
protein

Incubated with
or without AB

Supershifted complex

DNA protein complex

Labeled
oligonucleotide

*

*

Fig. 12.11 Electrophoretic mobility shift assay. When radiolabeled 
oligonucleotides are bound by nuclear proteins, their migration in acrylamide 
gels is retarded or slowed because of their larger molecular weight. This is also 
referred to as a “shift” in their mobility in the gel. If antibodies against the 
putative DNA-binding proteins are also included, the complex is said to be 
“supershifted,” and this provides evidence that a particular transcription factor 
is bound to the oligonucleotide.

CHROMATIN IMMUNOPRECIPITATION ASSAY

Immunoprecipitation of
protein–DNA complex

Crosslinking and shearing

Purification of DNA
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Control
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Fig. 12.12 Chromatin immunoprecipitation assay. 
Transcription factors, co-activators, and other 
DNA-binding proteins can be analyzed by 
crosslinking these proteins to DNA, followed by 
DNA shearing and immunoprecipitation with 
antibodies directed against the proteins of interest. 
Then protein is digested and the DNA is amplified 
by PCR with primer pairs for the DNA region of 
interest. A positive band indicates interaction of the 
protein with the DNA region (IP-stim) compared 
with what is seen in the absence of stimulation 
(IP-unstim). This is normalized to the amount of 
DNA present initially (input).

migrates more slowly than the unbound radioactive oligonucleotide 
probe. Bound proteins can be identified by the use of specific antibodies 
that cause the protein-DNA complex to migrate even more slowly, a 
so-called super-shift. The DNAse footprinting assay is another assay 
used to look for transcription factors bound to DNA and determine 
precisely which nucleotides are bound by transcription factors that 
protect them from degradation by DNAse treatment.

The chromatin immunoprecipitation (ChIP) assay is a technique 
that detects protein-DNA interaction in cells (Fig. 12.12).21 In this 
procedure, nuclear proteins are cross-linked to DNA by formaldehyde. 
The DNA is sheared and the protein-DNA complexes are immunopre-
cipitated with antibodies against the proteins that putatively interact 
with the DNA of interest, thus co-precipitating the DNA bound to 
these proteins. The cross-links are reversed, and PCR is used to amplify 
the regions of genes of interest. These products are then run out on 
agarose gels. Alternatively, real-time PCR can be employed to detect 
the DNA that was bound by the immunoprecipitated protein. An 
extension of these principles allows the identification of virtually all 
the targets of the investigated DNA-binding protein in different cells 
under different circumstances. This can be accomplished by labeling 
the immunoprecipitated DNA fragments and hybridizing them to 
DNA sequences on a microarray slide (ChIP on Chip) or by sequencing 
all of the immunoprecipitated DNA fragments using efficient “next 
generation” sequencing technologies. When combined with other “gene 
expression” data, these experiments provide a powerful genome-wide 
screening method to identify target genes of transcription factors.

Recent evidence shows that modification of the histone tail (e.g., 
acetylation, methylation, phosphorylation) is of considerable impor-
tance in regulating chromatin structure and the accessibility of genetic 
loci to transcription factors.22 Alterations of histone modification are 
very important in explaining transcriptional on-off states. These 
changes can be assessed using ChIP with antibodies that detect these 
modifications. The interaction of other transcription factors with pro-
moters and enhancers can also be determined using ChIP in regions 
with altered histone modifications. Histone modifications are thought 
to affect the “accessibility” of genes, and therefore their ability to be 
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translation of the target mRNA. Because a single siRNA in the RISC 
can inactivate multiple target mRNA’s, “knockdown” of gene expres-
sion through this mechanism can be potent (>90%) and long-lasting 
(up to 5 days from a single transfection of siRNA duplexes).

The promise of this technique for basic research and therapeutic 
intervention is beginning to be realized.25 In most higher organisms, 
including humans and mice, transfection of long dsRNA and even 
some shorter sequences can activate an antiviral gene response  
program that induces type I interferon induction and non-specific RNA 
degradation by RNAse L, so siRNA oligonucleotides shorter than 23 bp 
are used. Synthetic siRNA can be delivered to a variety of cultured cells 
through conventional transfection methods. More recently, injection 
of siRNA with a fluid bolus was found to silence gene expression effi-
ciently in mice, and coupling protamine-bound siRNA to a Fab anti-
body fragment specific for a cell surface molecule was able to target 
siRNA to specific cell subsets.26,27 For long-term silencing of target 
genes, expression of a “short-hairpin” RNA (shRNA) sequence contain-
ing the target siRNA connected by a loop region under the control of 
an RNA polymerase III promoter is preferred. Dicer cleaves the 
expressed shRNA into siRNA, which is incorporated into the RISC. 
Viral vectors have been engineered that can drive stable expression of 
shRNA and silence target RNA molecules in primary cells.28,29

GENETIC MANIPULATION OF MICE
Another way investigators can learn about the function of a gene is to 
study its in-vivo function in a genetic model organism in which its 
expression and structure can be experimentally manipulated. The 
mouse is particularly amenable to such studies. As a mammal, its 
genes and gene functions are very similar to those in humans, but it 
is possible to manipulate its genome by introducing or overexpressing 
genes in transgenic mice or by using targeted disruption to destroy a 
gene in knockout mice.30 Investigators can then study the effects of 
these genetic alterations in the animals, their tissues, or cells.

Transgenic mice
Transgenic animals are genetically modified animals in which foreign 
DNA has been experimentally inserted into the transgenic genome. 
This is accomplished by injecting a DNA construct into the pronucleus 
of a fertilized oocyte. Blastocysts that develop from these injected 
oocytes are transferred to pseudopregnant females, in which they 
develop, producing potentially transgenic pups (Fig. 12.13). The pups 
are screened for the presence of the transgene and bred. If the transgene 
was integrated into the genome of its germline, the animal will then 
transmit the transgene to the next generation.

The investigator can target expression of the transgene to specific 
tissues by using tissue-specific promoters or enhancers. The investiga-
tor can also control expression of a transgene by using an inducible 
promoter system such as a tetracycline-regulated system, in which a 
construct encoding a tetracycline-induced factor under the control of a 
tissue-specific promoter is introduced in one mouse line and the gene 
of interest, under control of a promoter that is controlled by the factor, 
is introduced into a second line. The tetracycline-induced factor can 
be either an expression activator or an expression repressor. The lines 
are then crossbred to generate animals with both genetic alterations, 
in which expression of the transgene can be controlled in the target 
tissue by administering or withdrawing tetracycline. Transgenes typi-
cally integrate as a tandemly repeated unit within the recipient genome. 
It is not possible to control the integration site or the number of copies 
integrated.

Knockout mice
Another way to study the function of a gene is to determine in animals 
the effect of disrupting the gene so that its product is not produced. 
Spontaneous mutations that have this effect on genes have provided 
investigators with a great deal of information regarding the function of 
the affected genes. It is now possible for investigators to experimentally 
manipulate the genomes of mice by disrupting a gene in pluripotent 
embryonic stem cells and incorporating those cells into a developing 
blastocyst (Fig. 12.14).

acted on by cis-acting transcription factors. Accessibility of genes can 
also be assessed by their ability to be digested with DNase; DNAse 
hypersensitivity is another means of assessing the transcriptional 
potential of a locus.

Recent work has illustrated that transcriptional regulation takes 
place in the context of interactions between disparate genomic loci. 
Chromosome conformation capture assay (3C assay) is designed to 
detect these interactions of genomic loci in vivo.23 In living cells, two 
loci that are seemingly far apart on the genome can move into close 
proximity by “looping out” of the chromosome and sharing DNA 
binding proteins. A chemical cross-linker is used to stabilize these 
interactions. Subsequently, the captured DNA is digested and ligated 
to generate a novel junction between the two interacting DNA loci. 
PCR is then used to detect these novel ligation products, which are 
indicative of intrachromosomal interactions between a gene locus and 
a distant enhancer element and even interactions between two loci on 
different chromosomes. The 3C assay has the potential to uncover 
coordinated regulation of genes that are not located close together on 
the genome yet become physically close together during regulatory 
remodeling of the chromatin.

ANALYZING GENE FUNCTION
The transfer of genes into mammalian cells has been an essential tool 
to study gene function. These techniques allow examination of the 
consequence of expression of a new or altered gene and provide us with 
a great deal of our knowledge about the action of the encoded protein. 
cDNAs corresponding to the genes of interest are cloned into expres-
sion vectors and are coupled to a strong promoter enabling high expres-
sion in cells. For instance, viral promoters are often used to allow high 
expression in various cell lines. Many different methods are used to 
transfect these constructs into mammalian cells. These include bio-
chemical methods such as calcium phosphate, DEAE-dextran, and 
liposome-based methods. Alternatively, for cells that are difficult to 
transfect by these methods, physical methods such as electroporation 
and microinjection are used. A third way to transduce genes is by using 
viral vectors. Developed as tools for gene therapy, these are now widely 
used for many experiments. The vectors can infect various types of 
mammalian cells, including cells that are hard to transfect by the other 
two methods. Adenovirus and retroviruses are representative viruses 
used for gene transfer. Adenovirus can infect most types of cells and 
allows transient but high protein expression, whereas retroviruses 
infect only dividing cells and are characterized by moderate but long-
term protein expression.

These methods allow transient expression of genes, which are trans-
lated into protein; the effect on cell function can be determined over 
hours to days. Over time, however, the cells lose the introduced plasmid 
construct because of degradation and dilution, but in a few cells the 
gene is integrated stably into the genome and maintained in offspring 
cells. These rare cells can be selected by using drug selection reagents 
to establish stable transfectants. They typically show lower expression 
of the gene than transient expression but are of great use for various 
experiments.

Recently, a new method has been devised for “knocking down” gene 
expression. This approach is based on RNA interference (RNAi) and 
is being heavily employed both with cells in tissue culture and more 
recently in animal models. For determining the non-redundant func-
tion of a particular gene, reducing gene expression has clear advantages 
over introducing the gene exogenously with plasmid or viral vectors. 
This is also important for determining if the functional effects of a 
treatment depend on a particular gene. RNAi has largely supplanted 
earlier techniques such as ribozymes or antisense oligonucleotides for 
reducing expression of specific genes. RNAi takes advantage of a 
recently discovered RNA silencing mechanism that is conserved from 
worms to mammals.24 Double-stranded RNA containing sequences 
complementary to the targeted gene are cut into 21 to 23 base-pair 
siRNA fragments by a specialized RNAse III enzyme called Dicer. 
These fragments are then incorporated into the RNA-induced silencing 
complex (RISC), a multiprotein assembly that unwinds the double-
stranded siRNA and binds to complementary sequences in an mRNA 
molecule. The RISC cleaves the target RNA at a single site in the 
middle of the complementary sequence, effectively inactivating further 
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protein, in which the reporter gene is fused to a portion of the gene 
under study. The chimeric gene is expected to be expressed in the same 
manner as the gene under study. Expression of the chimeric gene can 
be evaluated by analyzing expression of the reporter gene. This knockin 
technology can also be used to introduce a disease-associated or other 
mutation into the gene of interest.

Cre/lox-directed targeted disruption
If disruption of a gene interferes with embryonic development or is 
lethal, it is difficult to discern its function in knockout mice. Investiga-
tors may, however, examine the effect of eliminating the gene’s expres-
sion from specific tissues or at specific times. These experiments are 
made possible by the cre/lox recombinase system in which lox sites, 
recognized by the cre recombinase, are inserted in intron sequences 

The technique used to disrupt a gene is to transfect the embryonic 
stem cells in vitro with a DNA construct in which a fragment of the 
gene sequence has been disrupted by incorporating a selectable marker 
gene, such as the neomycin resistance marker, that can be used for 
positive selection of cells that have integrated the construct. Disruption 
of the endogenous gene occurs by the process of homologous recombi-
nation, whereby homologous sequences flanking the disruption facili-
tate the exchange of the disrupted gene fragment with the analogous 
fragment of the endogenous gene. The construct may include a coding 
sequence deletion and/or a premature termination and polyadenylation 
signal, which, when incorporated within the endogenous gene, blocks 
its expression. The construct also contains, outside of the gene disrup-
tion cassette, a second marker, such as the thymidine kinase marker, 
that can be used for negative selection to eliminate transfectants in 
which non-homologous recombination occurred.

Cells in which homologous recombination occurred are injected 
into blastocysts and the blastocysts are transferred to foster mothers. 
Some of the pups produced may be chimeras, in which the genetically 
altered embryonic stem cells have expanded and contributed to the 
developing embryo. By using blastocysts and stem cells from strains 
with different-colored coats, the chimeric pups can be recognized by 
the contribution of the stem cells to the coat color.

As with transgenic mice, the chimeric offspring are then bred to 
determine whether the embryonic stem cells contributed to the devel-
opment of germ cells and will therefore be transmitted to the next 
generation. Carriers of the chromosome with the disrupted gene can 
be interbred to produce knockout or gene-targeted mice, in which both 
copies of the gene are disrupted.

A variant of the knockout mouse, the knockin mouse, can be used 
to trace the temporal and spatial expression patterns of a gene and to 
study regulation of its expression. In this technique the targeting con-
struct includes a reporter gene, such as the β-galactosidase gene, as 
well as the selectable marker. The targeted animals produce a chimeric 
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Fig. 12.13 Transgenic mice. Overexpression of DNA constructs in transgenic 
animals is achieved by injecting a DNA construct (containing the transgene) 
into the male pronucleus of a fertilized oocyte. The transgene may integrate as 
a tandem repeat within the recipient genome. Blastocysts are allowed to 
develop in vitro and are then transferred to pseudopregnant female mice. If 
the transgene has integrated into the genome of the germline, the transgenic 
offspring (founders) will transmit the transgene to their offspring.

KNOCKOUT MICE
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Fig. 12.14 Knockout mice. A gene can be effectively deleted from an animal’s 
genome by disrupting it or deleting an essential domain in embryonic stem 
cells that can then be transferred to blastocysts, in which they may be 
incorporated into the germline tissue of the developing embryo. A gene-
targeting construct is transfected into embryonic stem cells, and a disruption 
cassette replaces a part of the cell’s gene by the process of homologous 
recombination. Because this process is inefficient, a positive selection gene 
(Neo) is incorporated within the disruption cassette and a negative selection 
gene (TK) is incorporated outside the cassette to eliminate untransfected cells 
and transfectants with integration of the targeting construct elsewhere in the 
genome. Rare cells that have undergone homologous recombination are 
expanded in culture and injected into blastocysts. Chimeric offspring, in which 
the targeted embryonic stem cells have incorporated, can be recognized by 
the contribution of agouti (brown) targeted (L129) stem cells to the non-
agouti (black) coat of the recipient (B6) blastocyst. If the stem cells have 
contributed to the offspring germline, the offspring will transmit the disrupted 
gene to its offspring.
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antibody to the protein of interest. Alternatively, using a GST-fusion 
protein pull-down assay provides good evidence for protein-protein 
interactions without the need to produce a specific immunoprecipitat-
ing antibody. The GST tagged protein binds with high affinity to glu-
tathione attached to agarose beads. Non-interacting proteins are 
removed by washing. Proteins that remain bound to the GST-tagged 
protein can then be assayed by 2D gel electrophoresis or other analytic 
techniques. A third method for assessing protein-protein interactions 
is far-Western blotting, in which a labeled, recombinant protein is used 
to “blot” a membrane in which cell lysates have been separated. If the 
recombinant protein interacts with a cellular protein, the interaction 
is visualized as a “band.”

Fluorescence resonance energy transfer (FRET) can be used to study 
protein-protein interactions in living cells as an important complement 
to strictly biochemical methods. Energy emitted by a fluorophore can 
be transferred to an acceptor fluorophore causing sensitized emission 
at a longer wavelength only if the two molecules are in extremely close 
proximity (<10 nm). Antibodies conjugated to appropriate fluoro-
chromes were originally used to measure protein-protein interactions 
in this way. More recently, fusion proteins to fluorescent protein pairs 
with properties suitable for FRET such as cyan fluorescent protein 
(CFP) and yellow fluorescent protein (YFP) have been used to assess 
interactions of proteins by microscopy and flow cytometry.31 In cell-free 
systems, protein-protein interactions can be quantitatively measured 
using surface plasmon resonance.32

Yeast two-hybrid screening is another method that not only pro-
vides a means of detecting interactions between known proteins but 
also permits the identification of new partners. Most proteins consist 
of multiple domains with independent functions. Two-hybrid technol-
ogy takes advantage of these modular functions. Typically, a fusion 
protein is created in which the DNA binding domain of one protein is 
linked to a domain from a heterologous protein; this is referred to as 
the “bait.” Either a known protein or a library of cDNAs is fused to a 
transcriptional activation domain. Interaction of the “bait” and the 
“prey” allows the activation of transcription of a reporter gene that is 
bound via the DNA binding domain. Often the reporter gene encodes 
β-galactosidase, so that protein-protein interaction is visualized by the 
blue color of the colonies. If the DNA binding domain and activation 
domain are not in proximity, no activation of the reporter occurs (Fig. 
12.16).

PROTEOMICS
Proteomics is a term that connotes some of the same issues as genom-
ics. It is defined as the expressed protein complement of the genome 
and seeks to gain a global and integrated view of changes in protein 

flanking an essential portion of the targeted gene. This genetic altera-
tion does not interfere with the gene’s expression. In the presence of 
the cre recombinase, however, the targeted region is excised from the 
gene, leaving a non-functional remnant. The cre recombinase can be 
inserted into the genome as a transgene and an inducible or tissue-
specific promoter can direct its expression. In this way, a gene can be 
disrupted in a specific tissue or at a specific developmental stage by 
regulating the location and timing of cre expression in the animal.

ANALYSIS OF PROTEINS
The regulation of expression of proteins in cells pertinent to rheuma-
tologic disease is often analyzed. Flow cytometry allows detection of 
cell surface and intracellular proteins recognized by specific antibodies 
on a single-cell basis and, with multicolor staining, permits the simul-
taneous analysis of the expression of several molecules on specific cell 
populations. Because of the ease of this technique it is commonly 
employed. To identify the location of a protein of interest within 
tissues, immunohistochemistry is often used; again, the detection of 
the protein is dependent on its recognition by specific antibodies. For 
localization within a cell, electron microscopy or confocal microscopy 
and immunofluorescence are often employed. Transfection of cells 
with proteins fused to GFP to detect under video-imaging is a modern 
technology to track localization and movement of the molecule in a 
living cell (see Fig. 12.3).

Immunoblotting or Western blotting is still the most widely used 
technique to identify protein expression, modification, and interactions 
with other proteins. In brief, proteins are separated by SDS-polyacryl-
amide gel electrophoresis, transferred to a membrane, and detected by 
specific antibodies bound to enzymes such as horseradish peroxidase. 
These antibody-protein complexes are detected by chemillumines-
cence, autoradiography, or similar methods (Fig. 12.15).

Protein function is regulated by various post-translational modifica-
tions and through dynamic protein-protein interactions; indeed a para-
digm shift in cell signaling has been the understanding of the importance 
of these interactions. For instance, tyrosine phosphorylation and 
serine/threonine phosphorylation are major modifications that regulate 
protein function and assembly of protein complexes. Increasingly, anti-
bodies against phosphorylated forms of various proteins are being made 
available for the dissection of signal transduction pathways. These 
antibodies can be used in immunoblotting (see Fig. 12.15) and even in 
flow cytometry.

Protein-protein interactions can be analyzed by various techniques. 
Co-immunoprecipitation of one protein with another is a standard 
technique, but the interactions can be influenced by the detergents 
used to lyse the cells. Immunoprecipitation reactions require a specific 
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Fig. 12.15 Immunoprecipitation, electrophoresis, and Western blotting of proteins. In these experiments, cells are typically activated in some way and lysed with 
detergent-containing buffers. The insoluble material is removed by centrifugation. Staphylococcal protein A bound to agarose beads is incubated with a desired 
antibody, and this complex is then incubated with cell lysates. The protein or protein complex recognized by the antibody is isolated in this way and then 
electrophoresed on polyacrylamide gels, which separates proteins by molecular weight. The proteins can then be electrotransfered to membranes. Modifications 
of these proteins (e.g., phosphorylation), proteins that co-associate, or the proteins themselves can be detected by incubating the membranes with antibodies 
(immunoblotting).
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At earlier times in the history of medicine, technologic advances 
have transformed diagnosis and treatment by fostering rational diag-
nostic schemes based on etiologic or pathogenetic insights. Microscopy 
and histochemistry led to our basic concepts of pathology at the  
tissue and cellular level. Later, the emerging field of microbiology  
permitted a classification of infectious disease based on specific patho-
gens. More recently, biochemistry has provided the tools to dissect still 
other classes of illnesses that evaded understanding on the basis of 
histology or microbiology alone. For instance, our current understand-
ing of amyloidosis is critically dependent on the discovery that amyloid 
deposits that are indistinguishable under the microscope are actually 
composed of one of several different possible proteins and that each 
type of deposit is associated with a different pathogenesis, prognosis, 
and treatment.

Rheumatology in the 21st century specializes in a number of disor-
ders that have defied understanding by application of current cellular, 
biochemical, and immunologic techniques. Whereas systemic lupus 
erythematosus, rheumatoid arthritis, and osteoarthritis are often 
viewed as single disease entities, there is great clinical heterogeneity 
among patients, and it is likely that these conditions are actually syn-
dromes that subsume multiple disorders, each with a distinct patho-
genesis, prognosis, and treatment.

Although it is unlikely that molecular biology will be the prism that 
resolves all of the rheumatic syndromes into their etiologic subsets, 
the genome revolution does provide us with new tools that are already 
beginning to have an impact. For example, owing largely to the advent 
of positional cloning, in the past 10 years we have witnessed the dis-
covery of five different genes and over 300 mutations in patients who 
were previously lumped together under the label of having “hereditary 
periodic fever.” In the field of oncology, lymphomas indistinguishable 
by light microscopy can now be classified according to gene expression 
profiles that much more accurately predict prognosis and response to 
treatment. In many areas of medicine, polymorphisms in drug metabo-
lizing enzymes have been associated with both clinical response and 
adverse effects of treatment. Proteomics and genomics offer new oppor-
tunities to identify biomarkers that provide surrogates of disease activ-
ity and response to therapy.

DNA diagnostics, gene expression profiling, and SNP analysis are 
among the molecular techniques that make up what might be regarded 
as the “new pathology,” and in many cases these approaches promise 
to redefine the clinical practice of rheumatology. For certain conditions 
it is already common practice to obtain blood specimens for DNA or 
RNA extraction for clinically indicated tests. In other conditions, par-
ticularly for complex rheumatic diseases such as systemic lupus ery-
thematosus, molecular studies are still at the level of bench research. 
However, the practitioner can help to catalyze the potential molecular 
transformation of rheumatology by participating in studies that often 

expression in cells or tissues.33,34 Whereas the human genome com-
prises about 30,000 genes, alternate splicing and different types of 
modification probably result in at least 100,000 different proteins. 
Furthermore, proteomics also includes protein-protein interactions and 
localization, making this field far more complex than genomics. It is 
worth emphasizing, in this respect, that proteins and not genes are the 
regulators of cell function.

2D gel electrophoresis is a multiple-step procedure that can be used 
to separate hundreds to thousands of proteins with extremely high 
resolution. It works by separating proteins by their isoelectric points 
in the first dimension (isoelectric focusing) and then by their molecular 
weights in the second dimension (polyacrylamide gel electrophoresis). 
Using sophisticated image analysis methods, the proteins from differ-
ent samples can be compared to identify differences among the samples. 
Proteins of interest can then be extracted, identified, and further 
analyzed.

Sequencing of proteins by Edman degradation has been performed 
since the 1940s, but automation of this technique and microsequenc-
ing of electrophoresed proteins transferred to membranes has greatly 
improved the ability to identify polypeptides. Mass spectroscopy was 
devised more than a century ago, but biomolecules are large and polar 
and are not easily transferred to the gas phase and ionized. However, 
the development and automation of two methods, electron spray ion-
ization and matrix-assisted laser desorption ionization (MALDI), has 
facilitated the application of mass spectroscopy to biology. The identi-
fication of polypeptides is also greatly enhanced by the availability of 
amino acid sequence and peptide mass fingerprinting databases; in this 
respect, advances in genomics facilitate advances in proteomics.

Like genomics, the field of proteomics has been driven by advances 
in technology. A variety of new techniques involving microarrays of 
proteins and tissues are permitting large-scale analysis of protein inter-
actions and localization. Spotting cell lysates on microarrays is allow-
ing efficient evaluation of pathways; for example, the kinetics of signal 
transduction pathways has been probed with phosphorylation-specific 
antibodies.35 Of particular interest to rheumatologists, autoantigen 
microarrays have been used to profile serum autoantibodies in patients 
with autoimmune diseases.36

MOLECULAR BIOLOGY: THE NEW PATHOLOGY 
FOR THE PRACTICING RHEUMATOLOGIST?
Aside from helping the clinician to understand the research papers that 
appear in the medical literature, what is the utility of the material 
presented in this chapter? Or to put it another way, what is the likely 
impact of the Human Genome Project and the molecular biology revo-
lution on the clinical practice of rheumatology?

YEAST TWO-HYBRID

DBD

TAD TAD

TAD

TAD
TAD

TAD

TAD

DBD

+

DBD

DBD

Fig. 12.16 Yeast two-hybrid. DNA binding domains 
(DBD) and transcriptional activation domains (TAD) 
may be present in a single protein, which regulates 
gene transcription, whereas transcription does not 
occur if they are not in proximity. However, these 
domains may also function as independent 
modules. When fusion proteins are created that 
join heterologous polypeptides (“bait” and “prey”) 
to these modules, transcription is driven only when 
there is physical interaction between these 
polypeptides. Often the “bait” is used to screen a 
library of potential “prey”; interacting polypeptides 
will score as positives in transcription of the 
reporter gene, in this case β-galactosidase, which 
will turn colonies blue.
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of possible job or insurance discrimination arising from predictive 
inferences that may be drawn from genetic test results. As with other 
paradigm shifts that have overtaken medical science in the past, the 
implications are likely to be far reaching, both in their impact on many 
levels of human experience and in the time course over which they will 
unfold.

require samples from hundreds or even thousands of patients to attain 
sufficient statistical power.

With the opportunities for a deeper understanding of rheumatic 
diseases come new responsibilities. These include not only educating 
our patients about these exciting new advances but also providing 
appropriate counseling or referrals for counseling when genetic condi-
tions are found. Moreover, as a society we must deal with the issues 
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receptor that has intrinsic guanylate cyclase activity.5 This enzyme 
uses guanosine triphosphate (GTP) to produce cyclic guanosine mono-
phosphate (cGMP), which, in turn, serves as a “second messenger” 
within the cell. cGMP is known to regulate many cellular proteins, 
such as protein kinases, ion channels, and phosphodiesterases.

Almost as simple are lipid-soluble ligands that bind to receptors that 
reside in the cytosol or the nucleus. For instance, the nuclear hormone 
receptor superfamily includes the receptors for vitamin A, vitamin D, 
glucocorticoid, estrogen, and thyroid hormone, as well as the peroxi-
some proliferator-activated receptor.6,7 These intracellular receptors 
have ligand-binding, DNA-binding, and transactivation domains and 
are often associated with co-activators or co-repressors. Arguably, for 
a rheumatologist, the most important group of ligands in this category 
are the glucocorticoids. Retinoid receptors are another important group, 
and Rorα and Rorγt have recently been recognized to be important 
factors that promote Th17 differentiation.8,9 Conversely, vitamin A, 
which binds to other retinoid receptors, inhibits interleukin (IL)-17 and 
upregulates Foxp3, thereby promoting the function of regulatory T 
cells.8,9 Similarly, the immunomodulatory effects of vitamin D are 
increasingly recognized.10 Conceivably, drugs that target this family of 
receptors could emerge as important immunomodulatory agents.

The aryl hydrocarbon receptor (AHR) is a basic, helix-loop-helix 
transcription factor. Its ligands include aromatic hydrocarbons such as 
tetrachloro-dibenzo-p-dioxen, a product of the defoliant Agent Orange. 
Additionally, endogenous products of tryptophan generated by ultravio-
let light exposure (6-formylindolo [3,2-b] carbazole) also activate AHR. 
The lipophilic nature of these ligands allows them to permeate the 
plasma membrane. Prior to ligand binding, AHR is associated with 
heat-shock protein 90.11 On activation, AHR dissociates from HSP-90 
and binds aryl-hydrocarbon receptor nuclear transporter (ARNT). This 
complex binds DNA and regulates gene expression. Recently it has 
been recognized that AHR can regulate IL-17, IL-22, and Foxp3 expres-
sion, and thus this receptor provides a means by which environmental 
toxins and ultraviolet light can have immunoregulatory actions.12

RECEPTORS WITH INTRINSIC  
ENZYMATIC ACTIVITY
Because most ligands are water soluble and cannot simply cross the 
plasma membrane they must interact with some kind of receptor on 
the cell surface. From a conceptual framework, the simplest architec-
ture encompasses receptors that have intrinsic enzymatic activity. 
These enzymes include phosphotransferases (kinases), phosphatases, 
and guanylate cyclases.

One of the most intensively studied classes of receptor are the recep-
tor tyrosine kinases (RTKs). These receptors have a ligand-binding 
domain outside the cell with a short transmembrane domain followed 
by a kinase domain on the intracellular portion of the receptor. Exam-
ples of this type of receptors include those for insulin, the epidermal 
growth factor, and the platelet-derived growth factor. Other ligands that 
bind to this class of receptor also include stem cell factor and colony-
stimulating factor-1. Ligand binding to RTK activates their enzymatic 
activity, and the receptors themselves become phosphorylated. These 
receptors are then bound by proteins that have modules that bind 
phosphotyrosine. This module is called an src homology 2 (SH2) 
domain. Of the many molecules that have SH2 domains, some have 
kinase and some have phosphatase activity, but other molecules lack 
enzyme activity. Instead, they serve as adapter molecules. For instance, 
the SH2-containing adaptor Grb2 brings the guanine-nucleotide 
exchange factor Sos into proximity with Ras, which activates down-
stream kinases including Raf1 and mitogen-activated protein kinase 
(MAPK).13 Other adaptors are transmembrane molecules and can 
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 Introduce principles of relaying messages within cells.
 Provide a systematic overview on signal transduction pathways.
 Define receptors, key enzymes and messengers in signaling.
 Sketch signaling pathways with relevance for rheumatic diseases.
 Relate to novel therapeutics targeting signaling molecules.

INTRODUCTION
A fundamental issue in cell biology is how cells respond to external 
stimuli and perturbations within the cell. Solutions to this problem 
underlie the concept of recognition of self/non-self by the vertebrate 
immune system but also pertain to the notion of immunoregulation 
and the control of inflammatory responses. Conceptually, one can 
visualize this problem by considering the nature of the ligands.

Some molecules such as gases or lipid-soluble ligands directly tra-
verse the plasma membrane, exerting their effects in the cytosol and 
nucleus. For instance, nitric oxide is an important gas that has critical 
regulatory functions in both non-immune and immune cells. Another 
subset of these membrane-permeant ligands binds cytosolic or nuclear 
receptors, which themselves function as transcription factors. Members 
of the steroid receptor superfamily, such as glucocorticoid receptors, 
are examples of such factors. In contrast, charged ions are obliged to 
traverse the plasma membrane via channels.

However, many other ligands require interaction with some kind of 
membrane receptor. The ligands themselves do not cross the plasma 
membrane; rather, they initiate a signal transduction cascade. From 
the point of view of a rheumatologist, most of the relevant ligands fall 
into this category. For instance, receptors on the cell membrane or 
inside the cell bind antigen, chemokines, cytokines, products of patho-
gens (so-called pathogen-associated molecular patterns [PAMPS]), 
adhesion, and co-stimulatory molecules.

In some cases, signal transduction leads to immediate changes in 
the cell, such as mobilization of intracellular calcium, actin polymer-
ization, alteration of cell shape and motility, and chemotaxis; caspase 
activation and initiation of apoptotic pathways; converting enzyme 
activation and processing of cytokines; and release of preformed media-
tors (Fig. 13.1). In other cases, signal transduction leads to de novo 
gene expression through the action of latent, cytosolic factors, which 
bind DNA and regulate transcription (transcription factors).

It is not our goal to comprehensively discuss all aspects of signal 
transduction, and we will not discuss transcriptional and epigenetic 
regulation of gene expression1-4; interested readers are referred to rel-
evant cell biology and biochemistry texts. Rather, our intent is to 
discuss this problem from a conceptual point of view, emphasizing 
what is relevant for rheumatic disorders. By focusing on the different 
types of receptors and the biochemical pathways they activate, our goal 
is to try to make a complex topic more accessible. It is hoped that this 
will serve as a platform for understanding disease pathogenesis and 
existing and potential therapies.

MEMBRANE PERMEABLE LIGANDS THAT BIND 
INTRACELLULAR RECEPTORS
As indicated, factors that readily cross the plasma membrane represent 
the simplest conceptual means of modulating cell function. Nitric 
oxide, which regulates vascular tone, binds to a soluble, cytosolic 
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On ligand binding, the Jaks become activated and phosphorylate the 
receptor. This provides docking sites for proteins that have SH2 
domains. Some cytokines activate MAPK in a manner similar to RTKs. 
Additionally, however, phosphorylation of cytokine receptors allows 
recruitment of members of a family of transcription factors that have 
SH2 domains known as the signal transducer and activator of tran-
scription (Stat) family. Phosphorylation of Stat factors allows them to 
reconfigure to a nutcracker-like structure,22 translocate into the nucleus, 
and bind cognate sites at various promoter and enhancer regions, regu-
lating gene expression. There are seven members of the Stat family, 
all with distinct functions (Table 13.1).

It is interesting that one target of Stat family transcription factors 
is the SOCS (suppressor of cytokine signaling) family of genes. These 
genes encode small proteins with SH2 domain, which bind to Jaks and 
cytokine receptors and inhibit signaling; as such, these proteins provide 
a classic mechanism for feedback inhibition.26,27

A classic example of signaling via Jaks and Stats is IL-2 and IL-15 
signal transduction (Fig. 13.2). These receptors differ in their ligand-
binding α-chains only.28 They share the same β-chain, which binds 
Jak1, and the common γ-chain (γc), which binds Jak3 and is also part 
of the receptors for IL-4, IL-7, IL-9, and IL-21. Jak3 is specific for 
immune cells, and deficiency in functional Jak3 or γc leads to severe 
combined immunodeficiency.29 On IL-2 and IL-15 binding, respec-
tively, their heterotrimeric receptors change their conformation, so that 

function as scaffolds to organize several enzymes into larger signaling 
complexes.14

The architecture of the receptor for transforming growth factor 
(TGF)-β is similar to the RTKs: it, too, contains an extracellular ligand-
binding domain, a single transmembrane domain, and an intracellular 
kinase domain. In this case, however, the enzyme has serine/threonine 
kinase activity. The TGF-β receptor consists of two subunits, whereby 
TGF-β type II receptor phosphorylates TGF-β type I receptor upon 
ligand binding.15 Whereas the enzymatic activity of the latter does not 
change, the TGF-β type I receptor is activated by a conformational 
change following phosphorylation and release of the inhibitory protein 
FKBP12.16

The critical family of substrates for the TGF-β receptors are the 
Smad family of transcription factors. These are cytosolic DNA-binding 
proteins that upon phosphorylation translocate to the nucleus and 
activate gene transcription. The activated TGF-β type I receptor phos-
phorylates receptor-activated Smads (R-Smads), mostly Smad2 and 
Smad3, enabling them to complex with the only common Smad 
(coSmad), Smad4.17,18 The complex then enters the nucleus and regu-
lates transcription. In addition, the two inhibitory Smads (I-Smads), 
Smad6 and Smad7, are negatively regulating TGF-β signaling through 
the inhibition of receptor activity. The many types of bone morpho-
genic proteins also bind this class of receptor.19

Rather than having kinase activity, some receptors have phospha-
tase activity, meaning they remove phosphate from proteins. A large 
group of receptors include the receptor protein tyrosine phosphatases. 
For instance, the CD45 molecule, which is an extremely abundant 
receptor on the surface of immune cells, is a protein tyrosine 
phosphatase.20

RECEPTORS THAT ASSOCIATE WITH ENZYMES
Some receptors do not have intrinsic enzymatic activity, but they do 
the next best thing—they associate with enzymes. We will first discuss 
a large family of receptors that associates with a small family of dedi-
cated kinases.

Type I/II cytokine receptors
More than 30 cytokines, interleukins, colony-stimulating factors, and 
hormones bind type I/II cytokine receptors (see Chapter 11). These 
receptors have extracellular ligand-binding domains and a single trans-
membrane domain. Their intracellular domain lacks motifs indicative 
of enzymatic activity. Instead, the membrane proximal domain of these 
receptors serves to bind members of a small family of kinases, the Janus 
kinases (Jaks) (i.e., Jak1, Jak2, Jak3, and Tyk2).21

TYPICAL EFFECTS OF LIGAND BINDING

Chemokine receptor Death receptor

Nod-like receptor

Mitochondrial
CytC release

Rearrangement
Actin cytoskeleton

Caspase activation
apoptosis

Cytokine or antigen receptor

Transcription factor activation
Transcription/repression

Signalosome activation
Mature cytokine release

Fig. 13.1 Typical effects of ligand binding to 
various receptors (in light gray) in the immune 
system. CytC, cytochrome C.

TABLE 13.1 TRANSCRIPTION FACTORS OF THE SIGNAL TRANSDUCER AND 
ACTIVATOR OF TRANSCRIPTION FAMILY AND THEIR ROLE IN SIGNALING AND 

AUTOIMMUNE DISEASE

Important for 
signaling of

Associations of mutations/
polymorphisms

Stat1 All interferons Mycobacterial infections23

Stat2 Type I interferons

Stat3 gp130 cytokines Hyper-IgE syndrome24

Stat4 IL-12, IL-23, type I 
interferons

Systemic lupus erythematosus, 
rheumatoid arthritis, primary 
Sjögren’s syndrome25

Stat5a/Stat5b Most cytokines, growth 
factors, hormones

Stat6 IL-4, IL-13

IL, interleukin.
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chain contains one ITAM. For starting the whole machinery, however, 
the CD4 (or CD8) co-receptor has to recruit the tyrosine kinase Lck, 
which phosphorylates the ITAMs, and, consecutively, activates ZAP-70 
and Syk, tyrosine kinases likewise essential for TCR signaling39 (Fig. 
13.3).

Lck also directly binds SLP-76 and PI3K, and ZAP-70 similarly has 
adaptor-like functions. Thus, kinase-dead ZAP-70 is still sufficient for 
ERK phosphorylation while ZAP-70 kinase activity is necessary for the 
phosphorylation of the transmembrane adaptor protein LAT, and 
calcium release via phospholipase-Cγ, which binds LAT and is acti-
vated by ZAP-70 and, consecutively, by the Tec family kinase Itk. Like 
LAT, the cytoplasmic adaptor protein SLP-76 is absolutely required for 
TCR signaling, whereas Lck and Fyn can replace each other, as can 
ZAP-70 and Syk. These mechanisms lead into a variety of pathways, 
including activation of the transcription factor NF-AT, MAPK, and the 
classic nuclear factor-κB (NF-κB) pathway.

The serine-threonine phosphatase calcineurin is activated by a pro-
longed increase in cytoplasmic calcium.40 Calcineurin then dephos-
phorylates NF-AT, thereby activating this transcription factor and 
exposing its nuclear import signal. This pathway is of significant 
importance, best demonstrated by the fact that it is through blocking 
calcineurin that cyclosporine and tacrolimus exert their well-known 
immunosuppressive effects.

For the MAPK pathway, the MAPK kinase kinase (MAPKKK or 
MAP3K) Raf activates the MAPK kinases (MAPKKs) MEK1/2 and the 
MAPKs ERK1/2, leading to activation (by serine phosphorylation) of 
the transcription factors Ets, Elk-1, and c-Myc.41 The scaffolding 

Jak1 and Jak3 phosphorylate each other. They next phosphorylate 
tyrosine residues on the receptor β-chain, which then bind homodi-
mers or heterodimers of the closely related Stat5a and Stat5b mole-
cules, and finally phosphorylate the Stat dimers. These dimers 
reconfigure, translocate into the nucleus, and regulate transcription. 
The IL-2 and IL-15 receptors also bind and activate the phosphatase 
Shp230 and phosphatidyl-inositol-3(OH)-kinase (PI3K).

Other important examples are the receptors for IL-6 and for inter-
ferons (IFNs). The IL-6 receptor consists of two molecules of gp130, 
again shared with other cytokines, and two IL-6 receptor α-chains 
(membrane bound or soluble) important for ligand binding.31,32 The 
gp130 chains bind a Jak1 molecule each; the activation of these Jaks 
leads to Stat3 phosphorylation and signaling. Stat3 is counter-regulated 
by SOCS333; deficiency in this counter-regulatory molecule leads to 
chronic inflammation of the liver. IFN-γ signaling is similar to the 
signaling of IL-6, but it is Stat1 homodimers that are essential for IFN 
signaling and SOCS1 molecules that provide counter-regulation; as 
exemplified for IL-2, other pathways are likewise involved.34 In addition 
to SOCS1, which inhibits Jak and Stat1 phosphorylation, PIAS1, a 
SUMO ligase, binds phospho-Stat1 and inhibits its action.35 IFN-α 
receptors also consist of heterodimers of two cognate chains, binding 
Jak1 and Tyk2. In contrast to IFN-γ, IFN-α induces the phosphoryla-
tion of another type of Stat complex, namely, a heterotrimer consisting 
of Stat1, Stat2, and p48.

Although their receptors are not particularly different from the ones 
just mentioned, it is worthwhile to briefly mention IL-4/IL-13 and 
IL-12. Their receptors are peculiar for binding unique Stats, namely, 
Stat6 and Stat4.36 Stat6 dimers, which bind to slightly larger-spaced 
GAS sites, are activated by the prototypical Th2 cytokines IL-4 and 
IL-13 and essential for Th2 differentiation. Stat4 acts downstream of 
both IL-12 and IFN-α and is an important prerequisite for Th1 cells.

Multichain immune recognition receptors
Another large group of receptors lacking enzymatic activity that also 
couple to protein tyrosine kinases are the multi-chain immune recogni-
tion receptors (MIRRs).37 This family encompasses more than 80 
receptors, including the T-cell antigen receptor, the B-cell antigen 
receptor, Fc receptors, killer inhibitor receptors (KIRs), killer-activating 
receptors (KARs), dectin-1, and co-stimulatory receptors (CD-28, 
CTLA4). All these receptors have motifs termed immunoreceptor-
based tyrosine activation motifs (ITAMs) or immunoreceptor-based 
inhibitor motifs (ITIMs). Phosphorylated ITAMs generate docking 
sites for two kinases, Syk and Zap70, which have two SH2 domains 
in the amino termini.

The T-cell receptor (TCR) is an especially well-studied receptor that 
serves as a useful model to discuss signaling by an ITAM-containing 
receptor. Other MIRRs, and the B-cell receptor in particular,38 work in 
largely analogous ways. The αβ or γδ TCR recognizes antigen, while, 
at the same time, the CD4 or CD8 co-receptor binds the major histo-
compatibility class II or class I molecule, respectively. The TCR neither 
has kinase function nor is it able to directly bind kinases. Instead, the 
four CD3 chains and two ζ-chains provide the ITAM motifs required 
for kinase binding. Each ζ-chain contains three ITAMs, and each CD3 

TYPICAL EXAMPLES OF MAJOR CYTOKINE SIGNAL TRANSDUCTION PATHWAYS

IL-2R
IL-15R

IL-6R IFNγR

α
β γ

Jak1

Jak3

sα sα
gp130

Jak1

Jak1

α α
gp130

Jak1
Jak2

Jak2
Jak1

Jak1
Jak2

Jak2
Jak1

β α α β

Stat5 Stat3
pStat

5
Stat1

pStat
1

pStat
3

pStat
3

Fig. 13.2 Typical examples of major cytokine signal transduction 
pathways. Receptors are in blue, tyrosine kinases (of the Janus 
kinase [Jak] family) are depicted as orange arrows, and transcription 
factors (of the signal transducer and activator of transcription [Stat] 
family) are shown as blue ovals.

PROXIMAL T-CELL RECEPTOR SIGNALING

Lck
PI3K

ZAP-70

Vav–Rho-GTPase

Calcium release-NF-AT

PKCθ
NF-κB

SLP-76

LAT

PLCγ

TCR

Gads Grb2

CD3

CD4

PKC-Ras-Raf
MEK-MAPK

ζζ

Fig. 13.3 Proximal T-cell receptor signaling. Receptor chains are in blue, 
adapter proteins are depicted as brown octagons (Src family), tyrosine kinases 
are shown in orange, and phosphatidyl-inositol-3(OH)-kinase and 
phospholipase Cγ are indicated by green arrows.
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SENSING OF INTRACELLULAR PATHOGENS BY 
THE INFLAMMASOME
In the past few years, it has become clear that a system analogous to 
the apoptosis cascade is essential for recognition of products of patho-
gens and other danger signals. Starting at intracellular receptors that 
recognize PAMPs, these pathways are relevant for crystal-induced 
inflammation and, if genetically abnormal, the cause of fever syn-
dromes. These NOD-like receptors (NLRs) activate caspase-1. Caspase-
1, also called IL-1 converting enzyme (ICE), cleaves immature IL-1 and 
IL-18 into their mature forms, which are immediately released.55,56 
NLRs contain a NACHT domain, leucine-rich repeats (LRRs), plus a 
caspase recruitment domain (CARD) and/or a pyrin domain.57 Those 
with a CARD, such as NOD1, NOD2, CIITA, and IPAF, directly bind 
caspase-1. NALP1 and NALP3 (for NACHT domain, LRR, pyrin 
domain–containing proteins) use their pyrin domain to bind the 
adaptor ASC (Fig. 13.6). ASC combines a pyrin domain and a CARD, 
thus bridging to caspase-1.58 AIM2, the intracellular sensor for double-
stranded DNA, likewise contains a pyrin domain.59 In contrast, the 
RIG I–like receptors or helicases (RLRs or RLHs), which are intracel-
lular RNA sensors, use their CARD-like domain for interacting with 
the adaptor IPS-1, inducing IRFs and the NF-κB pathway similar to 
the TLRs.60

G PROTEIN–COUPLED RECEPTORS
This largest class of receptors, the GPCRs, comprises roughly 350 
members divided into 19 groups. GPCRs include receptors that sense 
light, odor, or taste and receptors for neurotransmitters (serotonin, 
dopamine, glutamate); epinephrine, norepinephrine, or acetylcholine; 
hormones; lipids (sphingolipids, leukotrienes, prostanoids); and 
chemokines.

GPCRs are notable for having seven transmembrane domains. As 
indicated by their family name, they bind guanine nucleotide binding 

protein kinase suppressor of Raf (KSR) helps the amplification of this 
process by assembling the components near the plasma membrane.14

NF-κB heterodimers are kept inactive by proteins of the inhibitor of 
NF-κB (IκB) family and activated when the IκB molecule is serine 
phosphorylated, ubiquitinated, and digested by the proteasome.38,42,43 
IκB serine phosphorylation is effected by a complex mainly composed 
of the IκB kinases (IKK) α (or 1) and β (or 2) and their regulatory unit 
termed IKKγ or NEMO. Proximal events include activation of protein 
kinase C θ (PKCθ) that binds Lck, MALT-1, and Bcl10.44

Receptors containing ITAMs and the associated kinases are  
counterbalanced by receptors that contain ITIMs and recruit phos-
phatases.45 As soon as the ITIM motif gets phosphorylated by an 
activating kinase, the receptor is able to bind SH2-containing mole-
cules, such as the lipid phosphatase SHIP and the protein tyrosine 
phosphatase SHP-1, which becomes activated in this process.46 The 
importance of this counter-regulation by SHP-1 is illustrated by the 
fact that deficiency of this phosphatase leads to cellular activation and 
autoimmunity.47

Toll-like receptors (TLRs) and interleukin-1 (IL-1) 
family receptors
TLRs are one class of pattern recognition receptors (PRRs) that recog-
nize PAMPs such as lipopolysaccharides, glycolipids, or bacterial 
DNA.48 TLRs and IL-1 family receptors, such as the IL-1 and IL-18 
receptors, also lack intrinsic enzymatic activity; however, these recep-
tors are related in that they both have an intracellular TIR domain. 
This motif serves to bind a family of adaptors that also encompass  
this domain, such as Myd88, TRIF, and Mal. TIR-domain adaptor 
molecules link the receptors to a complex of kinases called IL-1 recep-
tor–associated kinases (IRAKs) 1, 2, and 4.45 These kinases activate 
the inhibitor of κB kinase complex (Fig. 13.4).49 In addition, these 
receptors activate the ERK, JNK, and p38 MAPK pathways,41,49,50 and 
TLRs, like other PRRs, induce type I INFs via INF regulatory factors 
(IRFs).51

Tumor necrosis factor receptor superfamily
TNF and related cytokines bind to a family of more than 20 different 
receptors. These trimeric receptors also have no enzymatic activity and 
are also linked to downstream kinases, including those that activate 
NF-κB. Analogous to the IL-1/TLR family, the TNFR family associates 
with a family of adaptors referred to as TNFR-associated factors 
(TRAFs). These proteins have a “TRAF” domain, which is also present 
in TNFR family receptors, that allows for homotypic interactions. 
TNFR2, for example, binds TRAF2 and induces the phosphorylation 
of the MAP3Ks Ask1 and NIK and the MAPKK MKK4, leading to p38 
and JNK MAPK as well as to NF-κB activation.52 TNFR1, in contrast, 
is an exception in that it has no TRAF domain. Instead, its death 
domain binds the adaptor protein TRADD, thus coupling to the TRAFs 
and the serine kinase RIP. This complex leaves the receptor and leads 
to the activation of the MAP3Ks Tab-associated kinase-1 (Tak1) and 
MEKK3, as well as of the IKKs, thereby inducing activation of the 
MAPK Jnk and of NF-κB.50

In addition to linking to kinases, some TNFR family members can 
also recruit a specialized series of proteases. These include TNFR1 
(CD120a), Fas (CD95), and the Death receptors DR-3 through DR-6. 
These receptors associate with an adaptor called Fas-associated protein 
with death domain (FADD) through a motif termed the death domain. 
FADD also has a “death effector domain” that binds death effector 
domains of cysteine proteases or caspases, which cleave proteins at 
asparagine residue.53 This brings caspase-8, or alternatively caspase-10, 
into proximity. These caspases cleave each other, which in turn acti-
vates effector caspases, namely, caspase-3 or caspase-7. Activation of 
this pathway culminates in a specialized form of cell death termed 
apoptosis. Alternatively, release of cytochrome C from mitochondria 
leads to the formation of the Apaf-1 apoptosome, which unleashes 
caspase-954 and likewise leads to caspase-3 activation (Fig. 13.5). Thus, 
in this case, signal transduction is mediated by the sequential building 
of complexes through protein interaction domains; this complex of 
proteins has been referred to as the “apoptosome.”

SIGNAL TRANSDUCTION OF TNF-RECEPTOR 1,
THE IL-1 RECEPTOR, AND TOLL-LIKE RECEPTORS
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Fig. 13.4 Signal transduction of TNF-receptor 1, the IL-1 receptor, and Toll-like 
receptors. Receptors are in blue, adapter proteins are depicted as brown 
octagons, serine kinases are indicated by yellow arrows, and transcription 
factors are shown as blue ovals. The inhibitor of κB protein is shown as a gray 
bar, which, on phosphorylation, is degraded by the proteasome and releases 
the transcription factor.
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which, when aided by its guanine-nucleotide exchange factor Sos, 
switches from its (inactive) GDP-bound state to its (active) GTP-bound 
state,62 activating the kinase Raf and the Rho family members Rho, 
Rac, and Cdc42, which are important for cytoskeletal 
rearrangement.13

IP3, the other split product, via a specific receptor linked to calcium 
pores, provokes the immediate release of calcium (Ca2+) stores from 
the endoplasmic reticulum into the cytoplasm. This Ca2+ stream 
further activates store-operated calcium channels (SOC) of the plasma 
membrane, ensuring a prolonged increase in cytoplasmic calcium that 
activates the serine-threonine phosphatase calcineurin, which dephos-
phorylates NF-AT.40

In addition to inducing calcium mobilization and lipid phos-
phorylation, these β-γ dimers activate Rho family G proteins, which 
then directly activate formins, which in turn effect actin filament 
assembly.63 Alternatively, promoting factors such as WASP can acti-
vate the Arp2/3 complex, which was the first assembly factor to be 
detected.

Within the immune system, moving immune cells must react 
rapidly to reach and address their target. Changes within the cytoskel-
eton, such as induced by chemokine receptors, C5a anaphylotoxin, 
FMLP receptor, or histamine, are critical and among the most rapid 
events induced by cell-surface receptors, with changes occurring within 
seconds to minutes.64

For inflammatory disease, one particularly interesting example of a 
GPCR are the five receptors for sphingosin-1 phosphate (S1P), termed 
S1P1 to S1P5.65 These are classic GPCRs, which therefore have a 
variety of effects, particularly on vascular cells. By mimicking effects 
of S1P on its receptors, the oral immunomodulatory compound 
FTY720 downmodulates SP1, significantly reducing inflammatory 
vessel functions.66

For completeness, it should be noted that some GPCRs may also 
have additional ways to transmit signals. For example, the bradykinin 
receptor B2 includes an ITIM motif and thereby apparently couples to 
the phosphatase Shp-2 and to phospholipase-Cγ1 (PLCγ1).67

NOVEL THERAPEUTIC APPROACHES  
IN RHEUMATOLOGY VIA MODIFYING  
SIGNAL TRANSDUCTION
Through the use of cyclosporine, which targets calcineurin (see earlier), 
rheumatologists have employed therapeutic interference with cell sig-
naling for some time. In addition to FTY720, the last years have 
brought a full palette of exciting new agents, which mostly interfere 
with various enzymes in signaling pathways. Since the successful use 
of the Abl tyrosine kinase inhibitor imatinib, which also inhibits 
PDGF-receptor kinase function and may eventually prove useful in 
connective tissue diseases,68,69 kinase inhibition has gained momen-
tum. Many such drugs targeting various signaling pathways have 
recently been tried in patients with rheumatoid arthritis or other rheu-
matic diseases. At the moment it is not clear which of these drugs will 
finally make it to routine clinical use; however, animal models and 
early clinical trials allow for some conclusions.

Among the most promising is blockade of Jaks. As mentioned 
earlier, Jak3 is essential for IL-2, -4, -7, -9, -15, and -21 signaling. 
Mutations of Jak3 cause severe combined immunodeficiency (SCID), 
and Jak3 is limited to immune cells.21 This was the impetus for devel-
oping Jak inhibitors. One such inhibitor, CP-690,550 has efficacy in 
animal models of allograft transplantation and autoimmunity (rheu-
matoid arthritis [RA]).70 The drug has also been studied in humans 
with RA71 and psoriasis72; preliminary data appear promising in terms 
of safety and efficacy. Another Jak inhibitor, INCB018424, which 
preferentially inhibits Jak1 and Jak2, has also been tested in RA and 
also appears to be reasonably safe and effective.73 None of these inhibi-
tors is entirely specific for a given Jak. However, selectivity may not 
always be advantageous for achieving significant therapeutic efficacy 
while not having major adverse effects.74 Several MAPK inhibitors are 
likewise being tested in various diseases, some of them in RA or at 
least animal models of arthritis or osteoarthritis.41,75 Among these are 
inhibitors of MEK1/2 inhibitors (ARRY-438162, PD198306), Jnk 
(SP600125), and p38 (BIRB 796, FR 167653, RPR200765A, SB 242235, 

proteins, usually heterotrimers (Gα, β, γ). On activation, the α-subunit 
exchanges GDP for GTP and dissociates from the β- and γ-subunits, 
which remain as heterodimers.13,61 Some family members produce 
cyclic adenosine monophosphate (cAMP) through the activation of 
adenylate cyclase, a protein that spans the plasma membrane 12 times. 
cAMP in turn activates protein kinase A.

Other GPCRs activate phospholipase-Cγ (PLCγ), a major example 
of another class of enzymes that are involved in the signaling by  
a variety of receptors, including G-coupled receptors. PLCγ breaks 
membrane phosphatidyl-inositol-(4,5)-diphosphate down to intracel-
lular diacyl-glycerol (DAG) and inositol-(1, 4, 5)-triphosphate  
(IP3).

DAG, one of the products, then can activate protein kinase C (PKC) 
and the Ras-GTPase-MAPK pathway. Ras is a monomeric G protein, 

APOPTOTIC PATHWAYS
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Fig. 13.5 Apoptotic pathways. Death receptors are in blue, adapter proteins 
are depicted as brown octagons, and caspases appear as red arrows. Yellow 
asterisks depict cytochrome C (Cyt C) molecules.
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Although, despite some safety concerns, there are also arguments 
for blocking NF-κB,42 there are only limited animal data available at 
the moment, namely, with the MEK2 inhibitor PHA-40881 and, indi-
rectly, with the Rho kinase blocker fasudil.82

Taken together, small molecules designed to interfere with several 
of the major signaling pathways have been designed and employed in 
first clinical trials, some with very positive results. Most likely, such 
drugs will have considerable impact in the near future. Moreover, as 
we learn more and more about signaling in immune cells, new thera-
peutic opportunities are likely to emerge.

SB681323, SCIO-496, SD-282, VX-702, VX-745). Most animal data 
suggested protective effects at least against bone erosion.41,75 However, 
elevated liver enzymes and/or disappointing efficacy were seen in some 
early clinical studies.76,77

Another interesting approach is inhibition of the Spleen tyrosine 
kinase (Syk). Syk is importantly involved in B-cell receptor78 and Fc-
receptor79 signaling. The relatively selective Syk inhibitor fostamatinib 
(R788) appeared fairly safe in a first trial and showed efficacy in the 
150-mg twice-daily group, with Disease Activity Score remission rates 
of 47%, compared with 17% on placebo alone.80
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increased disease risk and clustering in the families of affected cases, 
in the absence of any clear pattern of mendelian inheritance.

For a number of rheumatic diseases, twin studies have proved to be 
useful in confirming the existence of a genetic component and also in 
estimating the relative contributions of both genetic and environmen-
tal effects. Monozygotic twins are genetically identical, sharing 100% 
of their DNA. If a disease is caused solely by genetic factors it would 
be expected that when one twin develops the condition the co-twin 
should also be affected. The proportion of monozygotic twins in which 
both are affected is referred to as the level of disease concordance. 
Crude monozygotic twin disease concordance figures reflect approxi-
mately the relative contribution of genetic factors and environmental/
stochastic events. These estimates can be further refined by comparing 
concordance rates in monozygotic twins with those observed in dizy-
gotic (non-identical) twins, who only have, on average, 50% of their 
genes in common. Because both monozygotic and dizygotic twins 
usually share early environmental exposures, monozygotic and dizy-
gotic disease concordance figures can be modeled to more accurately 
measure disease heritability. Monozygotic and dizygotic twin concor-
dance figures for a number of rheumatic conditions are summarized in 
Table 14.1.1-10

Many twin studies have been based on relatively small datasets  
and/or have suffered from sampling bias and should be interpreted with 
caution. For RA, estimates of monozygotic twin disease concordance 
range from 12% to 34%, but analysis of heritability suggests that up to 
60% of disease etiology is likely to be explained by genetic factors.11

An alternative strategy for assessing increased familial risk is to 
compare the levels of disease risk for close blood relatives of probands 
(affected cases) with that seen in the open population. One measure 
used is that of the familial disease recurrence risk, and for RA this has 
been calculated as being approximately 10.12 Thus, first-degree relatives 
of RA patients are 10 times more likely to develop the disease than 
individuals without an RA-affected relative. This approach has been 
further modified to take account of how rare or common a disease is 
in the population. The coefficient of familial clustering (λs) was defined 
by Risch13 as a measure of how much genetic or shared environment 
component is involved in the etiology of a disease. This is calculated 
by dividing the sibling recurrence risk by the population prevalence. 
Depending on which published figures for RA sibling risk and preva-
lence are used, the λs for RA has been estimated to be between 2 and 
10.14 The λs values for a range of rheumatologic and autoimmune 
conditions are summarized in Table 14.2.14-20

RATIONALE FOR INVESTIGATING THE GENETIC 
BASIS OF RHEUMATIC DISEASES
An understanding of the risk factors for disease has the potential to 
impact on medicine and patient care at a number of points. Knowledge 
of genetic susceptibility factors could be used to identify individuals in 
whom modification of lifestyle might be advised to minimize exposure 
to environmental triggers of disease. Identifying potential cases before 
the onset of symptoms or at the very earliest stages of the disease 
process may identify a window of opportunity in which therapeutic 
interventions might be used to prevent development of the full-blown 
disease. These possibilities may be futuristic, and more immediately 
achievable targets include the identification of novel targets for thera-
pies. This has already been illustrated in inflammatory bowel disease 
(IBD) in which the identification of an association with polymorphisms 
in genes involved in autophagy highlighted this pathway for the  
first time in the pathogenesis of this disorder.21 Sirolimus, which is 
licensed for use in human organ transplantation, is known to have 

Genetic factors in rheumatic disease
Jane Worthington

 The majority of rheumatic conditions have a complex etiology in 
which multiple genetic and environmental effects interact to cause 
disease.

 Many rheumatic diseases are associated with human leukocyte 
antigen (HLA) class II or class I locus alleles, suggesting an immune-
mediated component to these conditions.

 Some disease-associated genes encode susceptibility, whereas 
others relate to disease progression, severity, and clinical 
heterogeneity.

 Genome-wide association studies using hundreds of thousands of 
single nucleotide polymorphisms genotyped in large samples of 
cases and controls have successfully identified large numbers of 
susceptibility loci for the rheumatic diseases.

 Identification of genetic factors for rheumatic disease 
etiopathogenesis is likely to assist in risk prediction, early diagnosis 
and intervention, differential diagnosis and resolution of clinical 
heterogeneity, variation in treatment response, and discovery of 
novel drug targets.

INTRODUCTION
A genetic basis for the majority of rheumatic conditions is now estab-
lished, and for a small number of these diseases the genetic contribu-
tion is clear and can be attributed to a disease-causing mutation in a 
single gene. Examples of such monogenic disorders include some cases 
of multiple epiphyseal dysplasia and periodic fevers. For single-gene 
disorders the penetrance of the disease-causing allele may not always 
be complete (i.e., the presence of a mutation may not result in the full 
disease phenotype), although the conditions are inherited in a strict 
mendelian fashion in either a dominant or a recessive way.

In contrast, the more common rheumatic diseases are not inherited 
as a simple mendelian trait but are the cumulative result of multiple 
genetic and environmental effects. The challenge of identifying risk 
factors for these complex diseases is significantly greater; however, in 
the past few years, significant advances in the characterization of varia-
tion across the genome and the development of high-throughput, accu-
rate, and affordable technologies for single nucleotide polymorphism 
(SNP) genotyping have resulted in major advances in the identification 
genetic loci for complex diseases. The focus of this chapter is to 
describe the various approaches used to identify susceptibility loci for 
complex diseases and, in particular, to illustrate how, since the intro-
duction of SNP-based whole-genome association studies in 2007, using 
rheumatoid arthritis (RA) as an example, knowledge of complex disease 
risk loci has increased exponentially. The genetics of a number of 
monogenic disorders and of the complex diseases of ankylosing spon-
dylitis, systemic lupus erythematosus (SLE), and osteoarthritis are 
described in detail in Chapters 114, 124, and 174, respectively.

COMPLEX RHEUMATIC DISEASES
A large number of rheumatic conditions are now considered to repre-
sent complex disease phenotypes, including RA, juvenile idiopathic 
arthritis, SLE, osteoarthritis, osteoporosis, and ankylosing spondylitis. 
The evidence for this has largely come from the demonstration of an 
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ment of technologies for rapid and accurate genotyping of single nucle-
otide polymorphism (SNP) markers in large numbers of samples.

In the past few years, GWAS have largely superceded whole-genome 
linkage in the study of complex disease genetics; however, a brief 
description of the linkage approach is presented here because it was 
used with success to identify a major non-HLA RA susceptibility locus. 
Candidate gene association studies have also been used with some 
success, and because many of the methodologic issues relevant to these 
studies are also considerations for GWAS, these are discussed, followed 
by an update on current knowledge of RA susceptibility loci revealed 
by each of the just discussed approaches.

Linkage analysis
The main advantage afforded by linkage studies is that they provide 
an opportunity to search the whole genome for novel susceptibility loci 
and require no a priori hypothesis for the involvement of a particular 
gene. Classic parametric linkage analysis that assesses linkage by cal-
culating the logarithm of the odds of linkage (LOD score) has seen 
relatively limited application to rheumatic diseases because it requires 
multi-case affected pedigrees, ideally with at least three generations. In 
addition, parametric linkage analysis requires specification of a model, 
the mode of transmission (dominant, recessive, additive), and esti-
mates of penetrance and recombination rates between markers and 
disease loci. Such factors are unknown for complex diseases, and 
because specification of the wrong model can lead to inaccurate results, 
this approach should be applied with caution for non-mendelian 
disorders.

Non-parametric linkage analysis is a model-free approach based on 
allele-sharing probabilities that allows identification of regions of the 
genome linked with disease and is much better suited to complex 
diseases. Evidence of linkage is obtained for genetic markers when 
analysis of large numbers of affected sibling pairs reveals an increased 
sharing of alleles inherited “identical by descent” above that expected 
under random segregation.25

Microsatellite-based whole-genome screens analyzing 300 to 1000 
markers in affected sibling pair families have been carried out for RA,26-29 
SLE,30-35 osteoarthritis,36,37 and ankylosing spondylitis38; and in all 
cases, in addition to strong evidence of linkage to the HLA region on 
chromosome 6, a number of additional potential disease loci were 
identified. The regions identified in genome scans may span several 
centimorgans (1 cM is approximately equal to 1 Mb in physical dis-
tance) that may contain hundreds of genes, and it has consistently 
proved difficult to identify a disease-associated polymorphism under 
linkage peaks. The early stages of the development of high-throughput 
SNP genotyping provided an opportunity using a higher density of 
genetic markers to refine linkage peaks. This was first demonstrated 
in an SNP-based linkage analysis of RA-affected sibling-pair families.39 
This study was based on only 157 families and was underpowered to 
detect small effects; however, it demonstrated the utility of SNP-based 
linkage analysis and resulted in the identification of four novel loci  
(P < .05) and refinement of the major linkage peak over the HLA region 
from 50 to 31 cM. A second SNP-based linkage screen of RA in a larger 
number of families identified two peaks on chromosome 11p12 and 
2q33.40 Subsequent dense association mapping of the region on 

autophagy-promoting as well as immunosuppressant and antifibrotic 
activities. In psoriasis and type II diabetes, recently identified genetic 
associations have been identified in genes encoding proteins that are 
already the target of successful therapeutics22; for example, ustekinemab, 
a drug that targets IL12/IL23R, has been used to treat psoriasis.23

RA is an example of a disease showing considerable heterogeneity 
in terms of clinical presentation and disease course, making it chal-
lenging for clinicians to identify those patients who should be targeted 
for most aggressive therapies and those in whom the condition may 
relapse with little or no intervention. It seems likely this heterogeneity 
is genetically determined, and thus the identification of genetic markers 
to predict outcome would have significant clinical utility. Response to 
therapies also is likely to be genetically determined, and the identifica-
tion of markers to predict likely treatment response or identify those 
at risk of adverse events would have major advantages in improving 
targeting of expensive therapies. Being able to achieve any or all of the 
above will have significant impact on the diagnosis and treatment of 
patients and will lead to a more personalized approach to disease.

APPROACHES FOR IDENTIFYING DISEASE GENES
The search for genetic variants that determine susceptibility to disease 
has been based on the use of two different scientific strategies: linkage 
and association studies. Traditional parametric linkage analysis, used 
with great success to identify loci determining monogenic diseases, 
relies on the use of multi-case extended pedigrees of the type rarely 
available for complex rheumatic diseases. In contrast, non-parametric 
linkage analysis carried out on smaller “affected sibling pair” pedigrees 
has been widely used to search for complex disease genes. These 
studies depend on the analysis of hundreds of highly informative 
genetic markers (usually microsatellites) mapping at regular intervals 
of the whole genome in large numbers of families. The markers are 
used to identify regions of the genome shared “identical by descent” 
by the affected sibling pairs more frequently than expected by chance 
that are, therefore, likely to contain disease genes. Before the advent 
of genome-wide association studies (GWAS), linkage studies offered 
the only method for screening the whole genome in a hypothesis-free 
approach.24

In contrast, association studies are based on the comparison of 
polymorphic markers in cohorts of cases and controls, with a difference 
in allele or genotype frequency providing evidence that the polymor-
phism, or one in linkage disequilibrium with it, is associated with 
disease. The vast majority of association studies before GWAS were 
candidate gene investigations based on a limited number of polymor-
phisms. Sequencing of the human genome and the subsequent expo-
nential increase in the identification and characterization of millions 
of polymorphic markers were vital to the development of association 
studies that screened the whole genome. Also critical was the develop-

TABLE 14.1 TWIN CONCORDANCE RATES

Condition

Monozygotic 
concordance 
(%)

Dizygotic 
concordance 
(%) Reference

Rheumatoid 
arthritis

34 4.9 Harvarld & Hauge 19651

32 6.0 Lawrence 19702

12.3 3.5 Aho et al. 19863

21 0 Bellamy et al. 19924

15.4 3.6 Silman et al. 19935

Systemic lupus 
erythematosus

57 0 Block et al. 19756

24 3 Deapen et al. 19927

25 0 Grennan et al. 19978

Ankylosing 
spondylitis

50 15 Jarvinen 19959

75 13 Brown et al. 199710

TABLE 14.2 SIBLING RECURRENCE RISKS

Condition λs Reference

Rheumatoid arthritis 5-10 Ollier & Worthington, 199714

Systemic lupus erythematosus 20 Vyse et al., 199615

Ankylosing spondylitis 46 Brown et al., 199816

Behçet’s disease 11.4-52.5 Gul et al., 200117

Juvenile idiopathic arthritis 15 Glass & Giannini, 199918

Systemic sclerosis 11-158 Englert et al., 199919

Paget’s disease 14 Ralston, 200220
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A further consideration when sampling subjects for association 
studies is whether the cases are truly representative of the disease  
group as a whole. This issue is well illustrated by studies of HLA 
associations in RA patients. Numerous studies over many years  
have characterized the HLA-DRB1 associations with RA and have 
shown quite variable effect sizes.47 What now emerges is that most 
of the earlier studies and those showing the highest effect sizes tended 
to be based on hospital-derived cohorts of patients. Many RA  
patients are managed by primary care physicians, and only those  
with more severe disease or complications will be seen in hospital-
based specialist centers. It was only by the establishment of prospective 
primary care–based cohorts with longitudinal follow-up, such as  
the U.K. Norfolk Arthritis Registry, that it was demonstrated that the 
HLA shared-epitope alleles are only weakly associated with inflam-
matory arthritis (OR, 1.8; 95% CI, 1.4-2.4). The risk increases  
for those cases satisfying American College of Rheumatology criteria 
(OR, 2.3; 95% CI, 1.7-3.1) but is strongest for hospital-based studies 
(average fivefold increased risk), suggesting that shared-epitope alleles 
may be more important in influencing disease progression than 
susceptibility.48

Power/effect sizes
The power of a study to detect a genetic effect size will depend on the 
sample size of the study and the frequency of the alleles that predispose 
to disease. Most association studies use similar numbers of cases and 
controls, although more power is gained by increasing the ratio of 
controls to cases (a ratio of four times more cases than controls is 
considered the most efficient). The “common disease/common variant 
hypothesis” supposes that, because common diseases generally occur 
after peak reproductive stages of life, the variants responsible are 
unlikely to have undergone negative selection and will have reached a 
reasonably high frequency in the population. It is now clear that the 
effect size for the majority of complex disease loci is very small, with 
the majority identified so far having odds ratios below 2. These obser-
vations serve to confirm that a large proportion of published associa-
tion studies, particularly from the pre-GWAS era, were underpowered 
and emphasizes the importance of using adequately powered studies, 
which for GWAS of most diseases means sample sizes of many 
thousands.

Selection of genetic markers
Candidate genes for association studies have tended to be selected 
either on the basis of pathology and biologic processes or because they 
map to a region of linkage. Potentially any polymorphism (micro- or 
mini-satellite repeat, insertions or deletions, or SNPs) could be caus-
ative. Until recently, the relative paucity of markers characterized for 
a given gene meant that, other than those prioritized because of known 
functional effect, available markers were analyzed in the hope that, if 
not causal, they would be sufficiently correlated with the causal variant 
for an association to be detected. As a result, many of the negative 
association studies reported may have failed to detect an effect because 
no markers in linkage disequilibrium with the causative variant were 
identified.

SNPs have been the markers most commonly used, largely because 
they are most easily genotyped. Three major initiatives have focused 
on the identification and characterization of SNPs, and as a result that 
it is now possible to select markers in a systematic and efficient 
manner to ensure coverage of common variation (minor allele fre-
quency > 1%) for a given locus/gene. First, the sequencing of the 
human genome provided a template against which genetic variation 
could be studied and mapped; second, the availability of markers was 
dramatically increased by characterization of millions of polymorphic 
markers (www.ncbi.nih.gov/SNP), and, third, patterns of linkage dis-
equilibrium between markers (www.hapmap.org) have been defined 
with data generated from four populations (Yoruba, Nigeria, n = 90; 
North American whites living in Utah, n = 90; Han Chinese, n = 45; 
and Japanese, n = 44). More recently the 1000 genomes initiative 
(www.1000genomes.org), which involves the complete resequencing 
of the genome in samples from three populations, has begun to  
reveal further detail of genetic variation between individuals and 
populations.

chromosome 2 led to compelling evidence of association to the gene 
known as signal transducer and activator of transcription 4 (STAT4); 
interestingly, the same association was also observed in SLE.41 The 
effect size observed for the association with RA was small (OR, 1.25) 
but is now recognized as typical of complex disease loci. The same 
association to markers in intron 3 of the gene has also been observed 
in Asian populations, and this together with the role of STAT4 in 
interleukin (IL)-12 signaling in T cells and natural killer (NK) cells 
have established it as a key RA susceptibility gene.

Association studies
The direct investigation of associations between gene polymorphisms 
and disease to study disease susceptibility has been in use for many 
years. Well before the advent of non-parametric linkage studies, asso-
ciation was the approach by which most of the well-established HLA 
associations with rheumatic diseases were identified. The principle is 
simple and is based on the assumption that the marker under inves-
tigation is either causally related to disease or strongly correlated with 
the causal variant (i.e., in linkage disequilibrium). A difference in the 
allele or genotype frequency between groups of cases and controls pro-
vides evidence of disease association of the variant under investigation. 
Before 2007, disease association studies targeted candidate genes or 
were the approach used to fine-map linkage peaks. The advent of tech-
nologies facilitating accurate, high-throughput genotyping of hundreds 
of thousands of SNPs has heralded the era of GWAS in which associa-
tion studies screening the genome in a hypothesis-free manner are 
carried out using 0.5 to 1 million SNPs and large numbers of cases and 
controls.

Providing basic epidemiologic principles are followed, both candi-
date gene and GWAS are robust approaches and the key methods by 
which new susceptibility loci will be identified and characterized; 
however, a PubMed search (at www.pubmed.com) for any of the rheu-
matic diseases will reveal thousands of reports claiming association or 
lack of association, the large majority of which are almost certain to 
be false-positive or false-negative results. There are a number of reasons 
for this observation. The majority of these considerations are relevant 
to both candidate gene and GWAS.

Selection of cases and controls
Perhaps the most common reason given for false-positive associations 
is population stratification. This arises when the population studied 
contains subpopulations that differ both in allele frequency and in the 
prevalence of the disease under study. Allele frequency differences 
between ethnic groups are well documented, and most studies will 
endeavor to take cases and controls from the same ethnic group. The 
extent to which population stratification, within an ethnic group, 
might influence the generation of false-positive associations is cur-
rently a major topic of debate.42 A recent study in the United Kingdom 
suggests that population stratification leads to an 11% inflation of the 
test statistics, which could be overcome by matching cases and controls 
within 12 geographically defined regions.43 This must raise concerns 
for candidate gene association studies, particularly for those to be 
carried out in populations considered to be less homogeneous than that 
of the United Kingdom. Methods to test for and correct for population 
stratification have been available for some time,44 and it is envisaged 
that panels of markers sensitive to population structure, so-called 
ancestry markers, will be developed and incorporated into future 
studies to overcome problems arising from population stratification. 
GWAS have a built-in opportunity to adjust for population-based dif-
ferences of cases and controls, and the utility of three different 
approaches for these large datasets—(1) structured association tests; 
(2) principal components analyses; and (3) multidimensional scaling—
has been demonstrated. The availability of such methods brings an 
additional advantage to GWAS in that it becomes possible to use large 
common population controls for studies in different diseases and dif-
ferent populations, resulting in significant cost savings.45 Family-based 
tests of association such as the transmission disequilibrium test are 
not subject to such problems and became popular for a while. They 
are, however, less cost effective and less powerful, and when investigat-
ing gene-environment interactions they are probably overmatched for 
environmental exposures.46

http://www.ncbi.nih.gov/SNP
http://www.hapmap.org
http://www.1000genomes.org
http://www.pubmed.com
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Protein tyrosine phosphatase N22
PTPN22 is one of a number of protein tyrosine phosphatases involved 
in regulating the immune response. A functional polymorphism of  
the PTPN22 gene, 1858C>T, was initially found to be associated with 
type 1 diabetes.56 Subsequently, researchers performed a large-scale 
case-control association study of candidate genes for RA (16,000 SNPs) 
and found the most significant association was with the same non-
synonymous SNP identified in the type 1 diabetes study.57 The initial 
association to RA has since been replicated in all the studies that have 
followed.58-65 Interestingly, association to the same SNP has been found 
in juvenile idiopathic arthritis,58 SLE,60,66-68 autoimmune thyroid 
disease,69-73 and a number of other autoimmune diseases.74 A number 
of the studies cited have demonstrated a functional effect of the associ-
ated polymorphism in terms of reduced binding of the protein encoded 
by PTPN22, Lyp, to Csk; and it had been assumed that this might 
cause a reduced ability to downregulate T-cell activation, resulting in 
an increased likelihood to develop autoimmunity. However, subse-
quent investigations of the functional effect of the 1858C>T polymor-
phism found that the disease-associated allele was, in fact, a more 
efficient inhibitor of T-cell activation. Based on these observations, it 
is hypothesized that this may result in less-efficient deletion of auto-
reactive T cells during thymic development or insufficient activity of 
T-regulatory cells.75 Interestingly, the 1858C>T variant is found only 
extremely rarely in Asian populations and although PTPN22 is clearly 
established as the major non-HLA RA susceptibility locus for whites 
there is no evidence that it has a role in RA susceptibility in Asians.

The presence and knowledge of linkage disequilibrium between 
markers means that it is usually unnecessary to type every known 
variant at a locus of interest, because haplotype tagging methods can 
be used to select the minimal number of markers to capture all hap-
lotypes of significant frequency within the population. SNP marker sets 
used for GWAS depend on linkage disequilibrium to achieve coverage 
of the genome, and although the effectiveness of coverage depends on 
the population under study it is typically in excess of 75%.

Genotyping of markers/genotyping technology
Another common source of error is poor genotyping quality. The  
earliest disease association studies were mostly based on restriction 
fragment length polymorphism (RFLP) assays that depend on a poly-
morphism introducing or destroying a restriction enzyme cut site. A 
failure to perform complete enzyme digestion often resulted in inac-
curate genotyping, most commonly an increase in heterozygous geno-
types. One would expect this to occur with equal frequency in both 
cases and controls, but this was often not the case and led to false-
positive associations. Simple steps such as mixing cases and controls 
within the same assay and including sequenced controls for each geno-
type can highlight a problem. Testing for a deviation from Hardy-
Weinberg equilibrium can also be used to screen for genotyping error 
in controls.

There have been major technologic advances for SNP genotyping, 
with new platforms allowing ever-higher throughput and claiming 
greater accuracy. Although this is undoubtedly the case, the principles 
of good experimental design should not be forgotten. A detailed discus-
sion of currently available technologies is beyond the scope of this 
chapter, but there is clear evidence that insufficient quality control 
checks can lead to false-positive associations in both candidate gene 
and GWAS.

Analysis and interpretation of results
As genotyping costs decrease and sample throughput increases, the 
issue of correction for performing multiple comparisons becomes more 
pertinent. Applying a significance threshold of P = .05 means that 1 
in 20 observed associations will have occurred by chance. Performing 
multiple tests without adjustment of the threshold is certain to gener-
ate false-positive findings.49 Applying a Bonferroni correction is thought 
to be overly conservative, particularly if SNPs are in linkage disequi-
librium with each other. An alternative is to perform permutation 
testing to empirically test the probability of having observed an associa-
tion by chance.50 The issue of multiple testing is key in the interpreta-
tion of GWAS based on the comparison of many hundreds of thousands 
of markers. The setting of significance thresholds for distinction of 
genuine associations from false-positive results remains a topic of 
debate, but a generally accepted threshold for the current generation  
of GWAS (500,000 to 1 million SNPs) is P < 5×10−7.

Replication of findings in an independent cohort provides compel-
ling evidence that the original result was real and not a false-positive 
finding. An interesting phenomenon in this context is the “winner’s 
curse” whereby there is an upward bias in the effect sizes reported in 
the first published study.51 This has been shown in a study of 55 meta-
analyses, which demonstrated that subsequent studies showed weaker 
or no association compared with the original studies.52 Hence follow-up 
studies should at least be powered to detect effects at the lower limit 
of the confidence interval around the odds ratio of the first study.

SUCCESSFUL EXAMPLES OF  
CANDIDATE ASSOCIATION STUDIES
The first genetic associations in rheumatic diseases were identified 
some 30 years ago and were with alleles of genes located in the HLA 
region.53-55 Since then, many other associations between HLA antigens 
and a wide range of rheumatic diseases have been reported, a consider-
able number of which have been replicated. A summary of these is 
reported in Table 14.3. A detailed discussion of how HLA may con-
tribute to the etiology of RA has been given elsewhere (see Chapter 
86).

TABLE 14.3 HLA CLASSIC ASSOCIATIONS

Condition HLA association Reference

Rheumatoid 
arthritis

DR4, DR1, DR10, DR14 
(Native American)

Ollier & Thomson, 
199247

Systemic lupus 
erythematosus

DR3/DQB1*0201; 
DR2/DQB1*0201

Schur, 199593

Ankylosing 
spondylitis

B27, B60, DR1 Brewerton et al, 197355

Wordsworth, 199894

Juvenile arthritis A2, DR8, DR11, DR13, 
DPB1*0201

Donn & Ollier, 199695

Giant cell arteritis DR4 Dababneh et al, 199896

Polymyalgia 
rheumatica

DR4, DR13 Dababneh et al, 199896

Reactive arthritis B27 Aho et al, 19863

Scleroderma DR11, DR3, DR2 
(Japanese)

Tan & Arnett, 200097

Polymyositis/
dermatomyositis

DR3, DQB1*0201, 
DR13 (black)

Shamim et al, 200098

Primary Sjögren’s 
syndrome

DR3 Kay et al, 199199

Psoriatic arthritis B27, B38, B17, B13, 
DR7, CW6

Silman, 2001100

Paget’s disease DR2 Singer et al, 1985101

Lyme disease DR7, DR4 Wang and Hilton, 
2001102

Steere et al, 2001103

Behçet’s disease B51 Ohno et al, 1982104

Erythema nodosum DR1 Amoli et al, 2001105

Kawasaki’s disease B51 Krensky et al, 1983106

Takayasu’s arteritis B52 (Japanese) Kimura et al, 1996107

ANCA-associated 
granulomatous 
vasculitis

B8 Katz et al, 1979108
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The PTPN22 story in many ways exemplifies the modern approach 
to disease association studies: well-powered experiments, multiple rep-
lications in different populations, and experimental data to demon-
strate a functional effect of the disease-associated allele. It will not, 
however, always be so straightforward as in this case where a single 
amino acid changing polymorphism was successfully targeted. A more 
likely scenario is extensive linkage disequilibrium–based investigation 
of multiple markers revealing evidence of association to a number of 
markers with differences dependent on the population studied.

There are further examples of RA associations that appear to be 
population specific, a phenomenon that has not been observed in other 
complex diseases. Replicated evidence for association to SNPs in pep-
tidylarginine deiminase-4 (PADI4)76 and FCγ-receptor-like (FCRL)377 
have been identified in Asian but not white populations.

WHOLE-GENOME ASSOCIATION STUDIES  
OF RHEUMATOLOGIC CONDITIONS
Successful GWAS have now been carried out for all the major rheuma-
tologic conditions, including RA, SLE, and ankylosing spondylitis, and 
screens are underway for osteoarthritis and psoriatic arthritis, juvenile 
idiopathic arthritis, and systemic sclerosis. In all cases the studies have 
both confirmed some of the established associations and identified new 
susceptibility loci. With the exception of RA, the findings are detailed 
in later chapters.

Rheumatoid arthritis GWAS
The proof of principle investigation that demonstrated the practicality 
and utility of GWAS came in 2007 from The Wellcome Trust Case 
Control Consortium (WTCCC), which undertook a genome-wide anal-
ysis of seven common diseases, including RA. Five hundred thousand 
SNPs were genotyped using the Affymetrix Gene Chip 500k Mapping 
Array Set in 2000 cases from each of the seven diseases and a set of 
3000 common controls, all samples from white U.K. residents.78 
Markers in the HLA-DRB1 and PTPN22 gene regions were highly sig-
nificantly associated with RA (P < 5×10−7). Strong but not incontro-
vertible evidence of association was detected to over 50 additional loci 

(P < 10−4-5×10−7) (Fig. 14.1). Analysis of markers from these loci in 
large independent sample sets has since confirmed RA loci at 6q23,79 
10p15, 12q13, and 22q13,80 implicating the genes TNFAIP3, PRKCQ, 
KIF5A, IL2RB, and AFF3.

The first RA GWAS from the United States used the Affymetrix 
GeneChip 100-k Mapping Array and in a relatively small study (397 
cases and 1,211 controls) also found highly significant association to 
markers at 6q23.81 Interestingly, the minor allele of the markers 
rs10499194 was associated with protection from RA (OR = 0.75), in 
contrast to rs6920220, the minor allele of which was associated with 
susceptibility in the U.K. study (OR = 1.2). Further genotyping of SNPs 
in the region in U.K. samples detected an additional independent 
association with markers in the TNFAIP3 gene and illustrated the 
complexity of the locus and the importance of systematic investigation 
of loci detected in GWAS.82 The odds ratio for carriage of risk alleles 
for both susceptibility markers together with non-carriage of the protec-
tive allele was 1.50, confirming 6q23 as the RA locus with the third 
largest effect, after HLA and PTPN22. Further complexity for this locus 
has been revealed by studies in different populations for both RA and 
other diseases, including SLE.83,84

Data from a second, larger GWAS in a U.S. population was com-
bined with that generated in a GWAS of a Swedish population, and 
after HLA-DRB1 and PTPN22 the most significant association was 
found to marker rs3761847 (4×10−14) in the TRAF/C5 gene region.85 
Interestingly, the same region had been targeted for a candidate gene 
investigation by a Dutch group that found association to rs10818488 
(1.4×10−8), providing independent confirmation of this as an RA 
locus.86 No markers at this locus were statistically associated with RA 
in the WTCCC study, although a subsequent replication study in U.K. 
samples did confirm association to this locus.87

The possibility and advantages of meta-analyses of GWAS to 
increase the power to detect risk alleles with small effect sizes  
have been clearly demonstrated for RA. Although the U.K., U.S., and 
Swedish studies all used different genotyping platforms with non-
identical sets of SNPs using data from Hapmap and methods for 
imputing data for SNPs not physically genotyped, together with 
methods to adjust for population differences a meta-analysis of these 
datasets revealed further novel RA susceptibility loci at CD40, CCL21, 
MMEL, PRKCQ, and KIF5A.88

A MANHATTAN PLOT ILLUSTRATES THE ASSOCIATION OF MARKERS IN A GWAS
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Fig. 14.1 A Manhattan plot illustrates the association of markers in a genome-wide association study. Each dot represents 
the P value for comparison of genotype frequencies for each marker when comparing cases (n = 2000) and controls (n = 
3000). Shades of blue are used to represent alternate chromosomes. Levels of significance of association are indicated. Red 
spots: P < 5×10−7; green spots: P < 10−5-5×10−7; yellow spots: P < 10−4.78
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DNA-sequencing machines, to complete the sequencing of the human 
genome, we are now entering an era when re-sequencing the genome 
of an individual will be possible in a matter of days at affordable prices. 
The impact that such information could have on medicine in general 
and rheumatology in particular is hard to imagine.

Furthermore, the post-genome era has led to a greater realization 
that disease etiology and processes should not just be viewed one-
dimensionally from the level of gene sequence but, rather, how these 
are transcribed differently by differentiated cells and how such trans-
cripts are translated into proteins. The great expansion in complexity 
that increases from approximately 20,000 genes in the human genome 
to an estimated 300,000 different proteins, largely through alternative 
gene splicing and post-translational protein modification, is becoming 
better appreciated. The way such proteins interact and the metabolic 
processes and products that result are now providing important insights 
into unraveling disease processes and pathways. Scientists are now 
increasingly realizing that a holistic approach has to be taken to fully 
understand disease etiopathogenesis. The development of genomic 
technologies such as transcriptomics, proteomics, and metabolomics 
is being powerfully combined with genomics into an approach called 
“systems biology.” This is increasingly driving translational medicine 
and is anticipated to have a major impact on rheumatology.

The full translation of the information that resides in our genome 
and how it relates to complex diseases will only come through under-
standing how it interacts with environmental factors. These could be 
gene-nutrient interactions, gene-infection interactions, gene-lifestyle 
(e.g., alcohol/smoking), or gene-drug interactions (pharmacogenetics). 
Such studies are difficult, and many can only be appropriately addressed 
through large longitudinal population-based cohorts. These enable pre-
morbid environmental exposure data and biologic samples to be col-
lected. One such study is U.K. Biobank in which environmental and 
lifestyle data, biological samples, and longitudinal health data are being 
collected on 5 million volunteers (www.ukbiobank.ac.uk). This may 
reveal great information for many human diseases, including rheuma-
tologic conditions such as rheumatoid arthritis, osteoarthritis, and 
osteoporosis.

There is increasing realization that response to drug treatment, in 
terms of both efficacy and adverse reactions, is largely encoded within 
our genes; and this is poised to have great impact in the field of rheu-
matology. Pharmacogenetic studies are already beginning to explain 
why some patients are multi-drug resistant to some second-line drugs 
or develop reactions to drugs such as azathioprine. The next 5 years 
in the genetic study of rheumatic disease will undoubtedly be very 
interesting.

GWAS can now be carried out as a matter of routine. The challenge 
remains to distinguish all true-positive associations from among a 
considerable number of highly significant results arising as false- 
positives. Increasing sample sizes and meta-analyses offer one solution, 
but bioinformatics has a great, but as yet largely unexplored, potential 
to assist with this challenge. Genes for a number of RA-confirmed loci 
are known to function in T- and B-cell signaling pathways, and it is 
likely that additional genes on the same or related pathways may 
harbor risk alleles. A recent paper demonstrated how a computational 
method (GRAIL) that applies statistical text mining to PubMed 
abstracts was used to prioritize loci with a functional connection to 
established RA loci from loci with relatively weak evidence of associa-
tion in the GWAS data (P < .001) for investigation.89 As a result, 
further RA loci were identified; CD2/CD58 (rs11586238), PRDM1 
(rs548234), CD28 (rs1980422), PTPRC (rs10919563), TAGAP 
(rs394581), RAG1/TRAF6 (rs540386), and FCGR2A (rs12746613).

The list of confirmed RA loci continues to grow. Most recently, a 
further GWAS of Canadian and U.S. samples identified association to 
c-REL in the nuclear factor-κB (NF-κB) family (Fig. 14.2).90 As the list 
grows it is tempting to try to determine what proportion of the genetic 
component of susceptibility can now be explained; however, until these 
loci have been fine mapped and all the risk and protective alleles deter-
mined, such calculations are likely to be inaccurate. A potentially more 
useful approach is to consider what insights we can get into the biology 
of the disease process from the genes revealed so far. The considerable 
overlap between loci identified for RA and those identified for other 
autoimmune diseases, including type 1 diabetes, celiac disease, and 
multiple sclerosis (Fig. 14.3), is quite amazing; and at the moment it 
appears the vast majority of RA loci are not unique to this disease.91 
Already we can see that multiple genes on key pathways are associated 
with disease, perhaps best illustrated to date by the identification of 
four genes (CD40, TRAF1, TNFAIP3, c-REL) on the NF-κB signaling 
pathway and important signaling pathways in T and B cells. The inte-
gration of our understanding of genetic variation into our studies of 
biology will surely enhance our understanding of disease processes.

Although rapid progress has been achieved over the past couple of 
years advancing our knowledge of RA susceptibility loci from 2 or 3 to 
over 20, for the most part our understanding of these loci and how 
associated alleles cause disease is very limited. The next key step will 
involve in-depth characterization of the genetic architecture at each 
locus. Subsequently, understanding how associated variants affect 
function will require an array of approaches but is likely to benefit 
considerably from the GenCode initiative,92 a program aimed at anno-
tating all protein coding sequences in the genome.

NEW HORIZONS
Since entering the post-genome era and the new millennium, it is 
sometimes difficult to comprehend how quickly things are now pro-
gressing. Accrual of knowledge about our own DNA code and how this 
translates into both health and disease susceptibility is almost expo-
nential. Progress has been driven largely by staggering advances in 
technology and computer-based informatics. Whereas it took a major 
international consortium 10 years, with teams of scientists and many 

A TIMELINE OF THE DISCOVERY OF RA SUSCEPTIBILITY LOCI
ILLUSTRATING THE IMPACT OF GWAS
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CD28
TRAF6
PTPRC
FCGR2A
PRDM1
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Fig. 14.2 A timeline of the discovery of RA susceptibility loci illustrating the 
impact of a genome-wide association study.

CONSIDERABLE OVERLAP OF SUSCEPTIBILITY OF
AUTOIMMUNE DISEASE LOCI IS BECOMING APPARENT
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Fig. 14.3 Considerable overlap of susceptibility of autoimmune disease loci is 
becoming apparent. Illustrated here are some of the loci identified for type 1 
diabetes, celiac disease, and rheumatoid arthritis. The specific markers 
associated with each disease may differ.

http://www.ukbiobank.ac.uk


CH
A

PTER 14 
● G

enetic factors in rheum
atic disease

131

KEY REFERENCES
5. Silman AJ, MacGregor AJ, Thomson W, et al. Twin 

concordance rates for rheumatoid arthritis: results from 
a nationwide study. Br J Rheumatol 1993;32:903-907.

10. Brown MA, Kennedy LG, MacGregor AJ, et al. 
Susceptibility to ankylosing spondylitis in twins: the role 
of genes, HLA, and the environment. Arthritis Rheum 
1997;40:1823-1828.

13. Risch N. Assessing the role of HLA-linked and unlinked 
determinants of disease. Am J Hum Genet 1987;40:1-14.

16. Brown MA, Pile KD, Kennedy LG, et al. A genome-wide 
screen for susceptibility loci in ankylosing spondylitis. 
Arthritis Rheum 1998;41:588-595.

24. Ollier W, Worthington J. Investigation of the genetic 
basis of rheumatic diseases. In Hochberg M, Silman AJ, 
Smolen J, et al, eds. Rheumatology, 4th ed. Philadelphia: 
Elsevier, 2008:123-131.

26. Cornelis F, Faure S, Martinez M, et al. New susceptibility 
locus for rheumatoid arthritis suggested by a 
genome-wide linkage study. Proc Natl Acad Sci U S A 
1998;95:10746-10750.

27. Shiozawa S, Hayashi S, Tsukamoto Y, et al: Identification 
of the gene loci that predispose to rheumatoid arthritis. 
Int Immunol 1998;10:1891-1895.

28. Jawaheer D, Seldin MF, Amos CI, et al. A genomewide 
screen in multiplex rheumatoid arthritis families 
suggests genetic overlap with other autoimmune 
diseases. Am J Hum Genet 2001;68:927-936.

29. MacKay K, Eyre S, Myerscough A, et al. Whole-genome 
linkage analysis of rheumatoid arthritis susceptibility 
loci in 252 affected sibling pairs in the United Kingdom. 
Arthritis Rheum 2002;46:632-639.

35. Lindqvist AK, Steinsson K, Johanneson B, et al. A 
susceptibility locus for human systemic lupus 
erythematosus (hSLE1) on chromosome 2q. J 
Autoimmun 2000;14:169-178.

37. Greig C, Spreckley K, Aspinwall R, et al. Linkage to nodal 
osteoarthritis: quantitative and qualitative analyses of 
data from a whole-genome screen identify trait-
dependent susceptibility loci. Ann Rheum Dis 
2006;65:1131-1138.

38. Carter KW, Pluzhnikov A, Timms AE, et al. Combined 
analysis of three whole genome linkage scans for 
ankylosing spondylitis. Rheumatology (Oxford) 
2007;46:763-771.

39. John S, Shephard N, Liu G, et al. Whole-genome scan, in 
a complex disease, using 11,245 single-nucleotide 
polymorphisms: comparison with microsatellites. Am J 
Hum Genet 2004;75:54-64.

40. Amos CI, Chen WV, Lee A, et al. High-density SNP 
analysis of 642 Caucasian families with rheumatoid 
arthritis identifies two new linkage regions on 11p12 
and 2q33. Genes Immun 2006;7:277-286.

41. Remmers EF, Plenge RM, Lee AT, et al. STAT4 and the risk 
of rheumatoid arthritis and systemic lupus 
erythematosus. N Engl J Med 2007;357:977-986.

42. Ardlie KG, Kruglyak L, Seielstad M. Patterns of linkage 
disequilibrium in the human genome. Nat Rev Genet 
2002;3:299-309.

43. Clayton DG, Walker NM, Smyth DJ, et al. Population 
structure, differential bias and genomic control in a 

large-scale, case-control association study. Nat Genet 
2005;37:1243-1246.

44. Pritchard JK, Rosenberg NA. Use of unlinked genetic 
markers to detect population stratification in 
association studies. Am J Hum Genet 1999;65:220-228.

45. Tian C, Gregersen PK, Seldin MF. Accounting for 
ancestry: population substructure and genome-wide 
association studies. Hum Mol Genet 2008;17:R143-R150.

46. Spielman R, Ewens W. A sibship test for linkage in the 
presence of association: the sib transmission/
disequilibrium test. Am J Hum Genet 1998;62:450-458.

48. Thomson W, Harrison B, Ollier B, et al. Quantifying the 
exact role of HLA-DRB1 alleles in susceptibility to 
inflammatory polyarthritis: results from a large, 
population-based study. Arthritis Rheum 
1999;42:757-762.

49. Colhoun HM, McKeigue PM, Davey SG. Problems of 
reporting genetic associations with complex outcomes. 
Lancet 2003;361:865-872.

50. Hirschhorn JN. Genetic approaches to studying 
common diseases and complex traits. Pediatr Res 
2005;57:74R-77R.

51. Lohmueller KE, Pearce CL, Pike M, et al. Meta-analysis of 
genetic association studies supports a contribution of 
common variants to susceptibility to common disease. 
Nat Genet 2003;33:177-182.

52. Ioannidis JP, Trikalinos TA, Ntzani EE, et al. Genetic 
associations in large versus small studies: an empirical 
assessment. Lancet 2003;361:567-571.

56. Bottini N, Musumeci L, Alonso A, et al. A functional 
variant of lymphoid tyrosine phosphatase is associated 
with type I diabetes. Nat Genet 2004;36:337-338.

57. Begovich AB, Carlton VE, Honigberg LA, et al. A 
missense single-nucleotide polymorphism in a gene 
encoding a protein tyrosine phosphatase (PTPN22) is 
associated with rheumatoid arthritis. Am J Hum Genet 
2004;75:330-337.

58. Hinks A, Barton A, John S, et al. Association between the 
PTPN22 gene and rheumatoid arthritis and juvenile 
idiopathic arthritis in a UK population: further support 
that PTPN22 is an autoimmunity gene. Arthritis Rheum 
2005;52:1694-1699.

61. Viken MK, Amundsen SS, Kvien TK, et al. Association 
analysis of the 1858C>T polymorphism in the PTPN22 
gene in juvenile idiopathic arthritis and other 
autoimmune diseases. Genes Immun 2005;6:271-273.

67. Reddy MV, Johansson M, Sturfelt G, et al. The R620W C/T 
polymorphism of the gene PTPN22 is associated with 
SLE independently of the association of PDCD1. Genes 
Immun 2005;6:658-662.

71. Velaga MR, Wilson V, Jennings CE, et al. The codon 620 
tryptophan allele of the lymphoid tyrosine phosphatase 
(LYP) gene is a major determinant of Graves’ disease. J 
Clin Endocrinol Metab 2004;89:5862-5865.

74. Vang T, Miletic AV, Bottini N, et al. Protein tyrosine 
phosphatase PTPN22 in human autoimmunity. 
Autoimmunity 2007;40:453-461.

75. Vang T, Congia M, Macis MD, et al. Autoimmune-
associated lymphoid tyrosine phosphatase is a 
gain-of-function variant. Nat Genet 2005;37:1317-1319.

76. Suzuki A, Yamada R, Chang X, et al. Functional 
haplotypes of PADI4, encoding citrullinating enzyme 
peptidylarginine deiminase 4, are associated with 
rheumatoid arthritis. Nat Genet 2003;34:395-402.

77. Kochi Y, Yamada R, Suzuki A, et al. A functional variant in 
FCRL3, encoding Fc receptor–like 3, is associated with 
rheumatoid arthritis and several autoimmunities. Nat 
Genet 2005;37:478-485.

78. Wellcome Trust Case Control Consortium. Genome-wide 
association study of 14,000 cases of seven common 
diseases and 3,000 shared controls. Nature 
2007;447:661-678.

79. Thomson W, Barton A, Ke X, et al. Rheumatoid arthritis 
association at 6q23. Nat Genet 2007;39:1431-1433.

80. Barton A, Thomson W, Ke X, et al. Rheumatoid arthritis 
susceptibility loci at chromosomes 10p15, 12q13 and 
22q13. Nat Genet 2008;40:1156-1159.

81. Plenge RM, Cotsapas C, Davies L, et al. Two independent 
alleles at 6q23 associated with risk of rheumatoid 
arthritis. Nat Genet 2007;39:1477-1482.

82. Orozco G, Hinks A, Eyre S, et al. Combined effects of 
three independent SNPs greatly increase the risk 
estimate for RA at 6q23. Hum Mol Genet 
2009;18:2693-2699.

83. Graham RR, Cotsapas C, Davies L, et al. Genetic variants 
near TNFAIP3 on 6q23 are associated with systemic 
lupus erythematosus. Nat Genet 2008;40:1059-1061.

84. Musone SL, Taylor KE, Lu TT, et al. Multiple 
polymorphisms in the TNFAIP3 region are independently 
associated with systemic lupus erythematosus. Nat 
Genet 2008.

85. Plenge RM, Seielstad M, Padyukov L et al: TRAF1-C5 as a 
risk locus for rheumatoid arthritis—a genomewide 
study. N Engl J Med 2008;40:1062-1064.

86. Kurreeman FA, Padyukov L, Marques RB, et al. A 
candidate gene approach identifies the TRAF1/C5 
region as a risk factor for rheumatoid arthritis. PLoS Med 
2007;4:e278.

87. Barton A, Thomson W, Ke X, et al. Re-evaluation of 
putative rheumatoid arthritis susceptibility genes in the 
post-genome wide association study era and hypothesis 
of a key pathway underlying susceptibility. Hum Mol 
Genet 2008;17:2274-2279.

88. Raychaudhuri S, Remmers EF, Lee AT, et al. Common 
variants at CD40 and other loci confer risk of 
rheumatoid arthritis. Nat Genet 2008;40:1216-1223.

89. Raychaudhuri S, Thomson B, Remmers EF, et al: 
Rheumatoid arthritis risk alleles at CD28, PRDM1, and 
CD2/CD58. Nat Genet 2009;41:1313-1318.

90. Gregersen PK, Amos CI, Lee AT, et al. REL, encoding a 
member of the NF-kappaB family of transcription 
factors, is a newly defined risk locus for rheumatoid 
arthritis. Nat Genet 2009;41:820-823.

91. Gregersen PK, Olsson LM. Recent advances in the 
genetics of autoimmune disease. Annu Rev Immunol 
2009;27:363-391.

92. Harrow J, Denoeud F, Frankish A, et al. GENCODE: 
producing a reference annotation for ENCODE. Genome 
Biol 2006;7(Suppl 1):S4-S9.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 15 
● The principles of adaptive im

m
unity

TH
E SCIEN

TIFIC BA
SIS O

F RH
EU

M
ATIC D

ISEA
SE

 
The principles of adaptive im

m
unity

SECTION 1 THE SCIENTIFIC BASIS OF RHEUMATIC DISEASE

133

a very sophisticated cellular and molecular protective system. The cells 
of adaptive and innate immunity utilize a complex spectrum of cell-
surface molecules and soluble factors to orchestrate a precisely timed 
and highly effective protection at the microscopic level.

Both innate and adaptive parts of the immune system must first 
recognize their targets; this process is commonly referred to as “cogni-
tive phase.” It is followed by the “effector phase,” during which the 
immune cells respond to the threat. The cognitive phase defines the 
central difference between the innate and adaptive immunity. In  
the innate immune system, the PRRs are rather ubiquitously expressed 
and are ready to immediately bind PAMPs, leading to instant activation 
of the effector phase. In contrast, the adaptive recognition system is 
constructed to effectively identify and respond to myriads of unpredict-
able new foreign molecules (antigens) without confusing them with the 
body’s own molecules. This process is dramatically more complex and 
less efficient than functioning of the innate immunity, and therefore 
it is much slower. To save time during the subsequent encounters with 
the newly “learned” antigens, the adaptive immunity is capable of 
having specific memory of previous experiences and responds much 
faster and more effectively the next time a previously encountered 
antigen threatens the host.

THE ADAPTIVE IMMUNE SYSTEM
The adaptive immune system is composed of B and T lymphocytes, 
often referred to as B and T cells. Numerous subpopulations of lym-
phocytes exist. When precursors (progenitors) of immune cell undergo 
maturation and differentiation into numerous subsets of functional cell 
types, they differentially express various functional molecules—“cluster 
of differentiation” (CD)—on their cell surface. These molecules are 
often used as markers of immune cell subtypes. For example, CD19 
and CD20 are expressed on B cells, whereas CD3 and CD28 are 
expressed on T cells.

The B cells mature in the bone marrow and are, in their terminally 
differentiated state, called plasma cells, the sole source of specialized 
protective molecules synonymically called immunoglobulins (Ig), or 
antibodies (Ab), or γ-globulins. The secreted antibodies mediate the 
so-called humoral (or fluid-based) immunity. Their goal is to circulate 
through the body in fluids, or humors, and bind to and neutralize 
extracellular microbes or any other targets that can be present outside 
cells. However, some pathogens can evade humoral immunity by 
hiding in the host’s cells as intracellular parasites and thus becoming 
inaccessible to antibodies. In such cases, cytotoxic T cells (Tc) will 
recognize and kill the infected host cells, thus preventing further 
spreading of the infection. Thus, there are the innate immune cells 
(e.g., macrophages that phagocytize and digest microbes) and adaptive 
immune cells, such as B cells (antibody producers) and CD8+ cytotoxic 
T cells (killers of own infected cells), all working together to provide 
molecular protection to the body. Even at this superficial level of  
analysis, there appears to be a need to integrate and orchestrate the 
activities of various cell populations in the humoral and cell-mediated 
branches of immunity. A major population of T cells acts as such a 
central regulator of immunity. They are CD4+ helper T cells (Th), 
the principal regulator of the entire immune response, that produce 
cytokines regulating activities of other types of immune cells. Unlike 
B cells that mature in the bone marrow, T cells mature in the  
thymus.

Despite phenotypic diversity and functional specialization of lym-
phocytes, each of them is ultimately defined by its antigen receptor, 
whereas the adaptive immunity as a whole is defined by the vast rep-
ertoires of lymphocytes bearing their unique receptors.

The principles of adaptive immunity
Sergei P. Atamas

 The adaptive immune system consists of T and B lymphocytes, 
which produce a large repertoire of T-cell receptors and 
immunoglobulins using somatic gene recombination.

 In contrast to the innate immune system, the adaptive repertoire of 
lymphocytes can recognize and eliminate a broad variety of new 
antigens not previously encountered by the host or the host’s 
species. Clonal selection preserves and expands those lymphocytes 
whose products prove useful in protecting the host.

 The adaptive immune system has an inherent potential for 
self-reactivity, or autoimmunity. The potential to induce 
autoimmunity is usually controlled by a combination of deletional 
and regulatory mechanisms jointly referred to as immune 
self-tolerance.

 Immune receptor triggering involves the movement of receptors 
and co-stimulatory molecules into specialized complexes followed 
by the assembly of enzymatic cascades within the cells’ interior.

 Immune responses can become polarized, depending on the 
phenotypes of helper T cells, into Th1 (mainly cell-mediated, 
controlled by interferon-γ), Th2 (mainly humoral, controlled by 
interleukin-4), Th17 (proinflammatory, controlled by  
interleukin-17), and Treg (anti-inflammatory and 
immunosuppressive, controlled by transforming growth factor-β 
and interleukin-10) types.

 All these processes provide targets for the therapeutic 
manipulation of autoimmune diseases.

INTRODUCTION
The reason for a rheumatologist to understand the bases of adaptive 
immunity is that most rheumatic diseases are autoimmune in nature 
or have an autoimmune component. Although the innate immune 
mechanisms often deliver the immediate damage in rheumatic dis-
eases, the primary defect leading to autoimmunity—failure to maintain 
tolerance to the body’s own tissues—appears to be in the adaptive 
immune system. The purpose of the immune system is to provide 
protection against microscopic invaders and their toxic products. As a 
result of co-evolution with pathogens, species acquired innate ability 
to recognize the pathogen-associated molecular patterns (PAMP) and 
to fight off the microscopic intruders. The innate immunity is not strict 
in specifically identifying the foreign molecules: anything that resem-
bles commonly occurring infections is considered as a sign of a poten-
tial problem. Therefore, general molecular patterns rather than specific 
molecules are recognized through the innate pattern recognition recep-
tors (PRRs, see Chapter 16). Although the innate immune system is 
very effective at its job, its limitation is that the spectrum of PRRs is 
shaped solely by the past history of the host-pathogen interactions. As 
a result, the innate immunity fails in situations when a new infectious 
agent that has not been previously encountered in the history of the 
host species appears. By constantly mutating, pathogens (viruses, bac-
teria, fungi, and protozoa) generate new molecular patterns that may 
avoid recognition by the preexisting PRRs. There is a need for a kind 
of immunity that would be able to adapt to whatever unforeseen patho-
gens attack the host. The adaptive (to the novelty of the future) immu-
nity developed much later evolutionarily than the innate immunity. 
As a result of their co-evolution, they are now tightly integrated into 
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γ, and δ) or four (ε and µ) constant region domains. Mature naïve B 
cells express IgM and IgD with identical variable domains. These cell-
surface immunoglobulins are co-expressed with Igα and Igβ chains, 
forming together a functional BCR capable of antigen recognition and 
binding (see Fig. 15.1), which lead to initiation of intracellular signaling 
and subsequent clonal selection of the antigen-specific B cells.

The TCR is a cell-surface heterodimer composed of α and β chains 
or, in about 5% of T cells, of γ and δ chains. Each of these chains is 
folded into two domains, one of which is the variable domain that 
determines antigen specificity, and the other of which is the constant 
domain that includes hydrophobic sequences that anchor the receptor 
to the surface of the T cell (see Fig. 15.1). The TCR associates with 
four other invariant chains at the cell surface: the CD3 proteins γ, δ, 
ε, and ζ chain. Collectively they are known as the TCR complex. 
Unlike immunoglobulins, the TCRs cannot bind antigens directly. 
Instead, the TCR chain variable domains bind antigen-MHC com-
plexes, as discussed later.

A functionally important structural similarity between BCRs and 
TCRs is that they have variable domains that function to bind anti-
gens. Within these variable domains are hypervariable regions, also 
called complementarity determining regions (CDRs), which define 
complementarity of the antigen receptors to antigens, in terms of  
geometric shape and spatial distribution of electric charges and/or 
hydrophobic patches. Variations of amino acid sequences in these 
hypervariable regions are the basis for the spectrum of antigen-binding 
specificities within an adaptive immune repertoire.

Generation of diversity of antigen receptors
A newly generated B cell expresses BCRs and a newly generated T cell 
expresses TCRs of a unique, randomly generated specificity. These 
immune repertoires develop in a unique process of somatic chromo-
somal recombination of gene segments in the antigen receptor loci of 
DNA. This permanent change to DNA, more specifically referred to 
as V(D)J recombination, occurs only in lymphocytes.1,2 Most genes are 
composed of protein-coding DNA regions (exons) intermingled with 
non-coding regions (introns). During transcription, introns and exons 
are copied into pre-messenger RNA. This process is followed by removal 
of introns and splicing of exons, to form mature mRNA that can be 
translated into protein. Splicing of many pre-mRNAs may occur 
through several alternative pathways, selectively preserving alternative 
fragments of the coding sequence. Alternative splicing is an important 
mechanism of generating various protein products from a single gene. 
However, genetic considerations that go beyond the scope of this 
chapter prompt that alternative splicing cannot be an effective way of 
generating the tremendous variety of antigen receptor specificities. 
Instead, the variable regions of antibodies and TCR chains are encoded 
in DNA by multiple different variable (V), diversity (D), and joining (J) 
gene segments. During somatic recombination of DNA, select V, D, 
and J segments are brought together (Fig. 15.2). Depending on the gene 
(Ig heavy chain, Ig light chain, TCRα, TCRβ, TCRγ, TCRδ), the 
number of V segments can vary from dozens to hundreds, D segments 
from none to a few, and J segments from a few to dozens.3,4 The 

Clonal selection and expansion of lymphocytes
The adaptive immune system can respond to previously unencoun-
tered antigens. A pre-programmed system such as the innate immune 
system, by definition, cannot be instructed for dealing with the 
unknown. The adaptive immune system uses the only successful strat-
egy in the face of the unknown—diversification with subsequent selec-
tion of useful elements. The broader a system is diversified, the likelier 
the possibility that at least one of the diverse elements will, by random 
chance, be adaptive in a new, changed, environment. Such an adaptive 
element, no matter how small initially, can be expanded to ensure 
adaptation of the whole system to the new environment.

Each individual lymphocyte is functionally defined by its antigen-
specific receptor, either B-cell receptor (BCR) or T-cell receptor (TCR). 
On its cell surface, each lymphocyte expresses multiple (tens to hun-
dreds of thousands) copies (molecules) of antigen-binding receptor of 
only one specificity. Lymphocytes differ from each other: Slight varia-
tions in the structure of antigen receptors among individual lympho-
cytes lead to a tremendous variability of antigen-binding specificities. 
It has been estimated that about 1011 diverse BCRs can be generated 
in the bone marrow and 1018 diverse TCRs can be produced in the 
thymus, with about 107 each BCR and TCR specificities present in a 
human at any given time. Each of the receptors is stochastically gener-
ated and has a binding specificity for a random, unpredictable antigen. 
As a result of having such a broad repertoire of lymphocytes, chances 
are that no matter what new antigen is encountered by the organism, 
at least (or likely more than) one lymphocyte will happen to be respon-
sive to that antigen. In a simplified scenario, binding of an antigen 
molecule to an antigen receptor stimulates proliferation of the lympho-
cyte that expresses the receptor. When a lymphocyte proliferates, its 
offspring inherits the antigen-receptor specificity, thus forming an 
expanding clone (i.e., multiple copies of a lymphocyte with exactly the 
same specificity). The proliferating lymphocytes also undergo func-
tional activation and eliminate the antigen in the effector phase of the 
immune response. Thus antigens select their own killers, lymphocytes 
that are the “fittest” for dealing with these specific antigens, from a 
vast variety of the preexisting randomly generated repertoire of lym-
phocytes. Such clonal selection of lymphocyte repertoires by antigens— 
a kind of “cellular Darwinism”—is the basis of functioning of the 
adaptive immune system.

Antigen receptors of lymphocytes
Immunoglobulins can be either membrane bound (acting as the BCRs) 
or soluble effector molecules (Fig. 15.1). The Y-shaped Ig molecule 
consists of four chains: two identical heavy chains and two identical 
light chains (see Fig. 15.1). There are nine heavy chain isotypes (α1, 
α2, δ, ε, γ1-4, and µ) that determine both immunoglobulin class/sub-
class (IgA1, IgA2, IgD, IgE, IgG1-4, and IgM, respectively) and the 
effector mechanisms that a particular antibody can elicit. Two light-
chain isotypes (κ and λ) can associate with any heavy chain. The light 
chains are folded into a variable and a constant domain, whereas the 
heavy chains are folded into a variable domain in addition to three (α, 

SCHEMATIC STRUCTURE OF IMMUNOGLOBULINS,
B-CELL RECEPTORS, AND T-CELL RECEPTORS
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Fig. 15.1 A model of IgG is shown on the left, a model of surface 
IgM B-cell receptor is shown in the middle, and a model of T-cell 
receptor α/β is shown on the right. Constant (C) and variable (V) 
domains are indicated, as well as heavy (H) and light (L) chains of 
immunoglobulins.
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by bone marrow stromal cells,7,8 as well as several key transcription 
factors.9,10 Pro-B cells begin rearrangement of the Ig heavy-chain (H) 
genes and express the pro-BCR. DJ rearrangements begin first and V 
to DJ rearrangements follow. Productively rearranged µ chains are 
expressed on the cell surface with a surrogate light chain and Igα and 
Igβ. This pre-BCR induces cell division and the generation of non-
dividing small pre-B cells. It also suppresses further Ig heavy-chain (H) 
gene recombination (allelic exclusion) by decreasing RAG expression 
and appears to make further VH genes less accessible to the recombina-
tion machinery. The subsequent rearrangement of the light chain leads 
to expression of the mature BCR, in which the surrogate light chain 
in the pre-BCR11 is replaced by a mature κ or λ chain. Expression of 
the BCR leads to suppression of further light-chain recombination; 
however, allelic exclusion at the light chain locus is “leaky” and about 
10% of B cells express two separate light chains. At this stage the 
lymphocyte becomes an immature B cell expressing surface IgM (BCR), 
and it is at this stage that induction of immune tolerance occurs. 
Because the mechanism of generating BCR specificity is intrinsically 
stochastic, the likelihood is high that many (up to 60%12) of the newly 
generated BCRs will, by a random chance, be reactive against own-body 
molecules. If the BCR on an immature B cell reacts with own-body 
molecules (self-antigens), then it should be removed, to avoid develop-
ment of a self-reactive, autoimmune, clone of B cells. Such clonal 
deletion occurs by apoptosis, but not instantly. First, autoreactive 
immature B cells become anergic (not able to proliferate in response 
to stimulation). Then, a unique process called receptor editing occurs, 
in which Ig rearrangements continue even after assembly of a func-
tional BCR.12,13 This mechanism, in contrast to anergy or deletion, 
spares many autoreactive B cells by replacing their receptor with a new 
one, possibly one that is not self-reactive. However, if the new receptor 
is also self-reactive, such self-reactive B cell becomes apoptotically 
deleted. Recent data indicate that censoring of potentially autoreactive 
B cells may take place even before the BCR is fully matured, at the 
level of pre-BCR,14 or in the mature naïve B cell, to maintain peripheral 
tolerance.15 The process of receptor editing may be either impaired or 
accelerated in patients with rheumatic autoimmune diseases. Such 
impairments contribute to pathogenesis of autoimmune disorders by 
promoting the uncontrolled emergence and/or persistence of autoreac-
tive B-cell clones.16,17

Immature B cells that emigrate from the bone marrow are known 
as transitional B cells. The transitional cell pool is homeostatically 
controlled to maintain mature B cell numbers. Mature naïve B cells 
express membrane-bound monomeric IgM (as opposed to soluble IgM 
pentamer) and IgD with identical variable domains. This is accom-
plished by alternative RNA splicing. These IgM and IgD co-expressing 
B cells will survive between 3 and 8 weeks if they successfully enter 
primary follicles in secondary lymphoid tissues. This is where they will 
encounter specific antigen. If that happens, the B cell will interact with 

SOMATIC RECOMBINATION OF ANTIGEN RECEPTOR GENES
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Fig. 15.2 This diagrammatic representation shows features common to BCR 
and TCR genes. Gene recombination randomly joins one of each variable (V), 
diversity (D), joining (J) gene segments together to form a variable domain-
encoding V-D-J region. Following transcription of this region, as well as the 
constant (C) gene segments into pre-mRNA, the final mRNA transcript is 
formed by RNA splicing.

B-CELL DEVELOPMENT IN THE BONE MARROW
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Fig. 15.3 Hematopoietic stem cells (HSCs) differentiate 
into non-self-renewing hematopoietic multipotential 
progenitors (MPPs), then lymphoid-primed 
multipotential progenitors (LMPPs), and then into 
common lymphoid progenitors (CLP). Expression of 
various markers is shown for each differentiation stage. 
Immature B cells, which are generated from fraction D 
cells, exit the bone marrow and reach the spleen, where 
they mature into peripheral mature B cells and plasma 
cells. Factors that regulate B cell development at the 
indicated stages are shown at the bottom. CD20 is a 
target for therapeutic monoclonal antibodies 
(rituximab), which deplete B cells in patients with 
autoimmune, including rheumatic, diseases. This 
cell-surface molecule is expressed on B cells during the 
indicated stages of development, as well as on 
activated and memory B cells, but it is lost during 
terminal plasma cell differentiation. (Adapted by 
permission from Macmillan Publishers Ltd: Nagasawa T. 
Microenvironmental niches in the bone marrow required 
for B-cell development. Nat Rev Immunol 2006;6:107-116, 
copyright 2006.)

random V(D)J recombination leads to combinatorial diversity of antigen 
receptors. This process is subject to a complex regulation5,6 by numer-
ous factors including TdT, RAG1, RAG2, Ku70, Ku80, XRCC4, DNA 
ligase 4, DNA-PKcs, Artemis, and other factors that continue to be 
vigorously investigated. In addition to combinatorial diversity, even 
more variability is added by junctional diversity resulting from impre-
cise joining of the V, D, and J segments (i.e., insertions and deletions 
that occur during V(D)J gene segment recombination). The mecha-
nisms described earlier take place during lymphocyte maturation. In 
addition, mature naïve B cells, but not T cells, undergo receptor editing, 
somatic hypermutagenesis, and isotype switching processes that are 
briefly discussed in the section devoted to B cells.

B CELLS AND HUMORAL IMMUNITY
B-cell development
Maturation of B cells in the bone marrow (Fig. 15.3) occurs under 
control of cell-surface molecules and soluble growth factors produced 
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enhanced expression of CD86. Dysregulated expression of these mol-
ecules on B cells has been associated with autoimmune and rheumatic 
diseases.

T CELLS AND CELL-MEDIATED IMMUNITY
Recognition of peptide and lipid  
antigens by T cells
Unlike immunoglobulins, TCRs cannot bind antigens directly. Instead, 
antigens for TCRs have to be processed and presented to T cells by a 
specialized class of molecules called human leukocyte antigen (HLA) 
proteins that are encoded in the major histocompatibility complex 
(MHC) of genes (Fig. 15.4a). In other words, T cells recognize antigens 
presented in the context of MHC molecules.26 The terms HLA and 
MHC are often used interchangeably to denote the same genomic 
region and corresponding protein products in humans. There are two 
classes of these cell-surface heterodimeric glycoproteins: class I (e.g., 
HLA-A, -B, and -C) and class II (e.g., HLA-DP, -DQ, and -DR). The 
class I proteins consist of a three-domain α chain non-covalently com-
plexed with β2-microglobulin. They are expressed on the surface of 
most nucleated cells and bind the CD8 molecule expressed on T cells. 
The class II molecules consist of an α and a β chain. Each of these two 
class II chains has a two-domain structure. Class II molecules are 
constitutively expressed on so-called professional antigen-presenting 
cells, such as dendritic cells, macrophages, and B cells, but can be 
induced on other cell types. They bind a T-cell coreceptor, CD4. All 
the HLA molecules therefore have a four-domain structure with a 
peptide-binding site formed between the two domains most distal from 
the cell surface (α1 and α2 for class I and α1 and β1 for class II mol-
ecules). The peptide-binding groove, lying between two α helices and 
floored by a β-pleated sheet, shows degenerate binding specificity. Class 
I molecules bind peptides limited to about 8 to 10 amino acids in 
length because of the pockets that anchor the peptide at the ends of 
the binding site. Class II molecules, which are free of this constraint, 
bind peptides of between 13 and 25 amino acids long.

In each individual, each class of MHC is represented by multiple 
different genes (HLA-A, -B and -C; HLA-DP, -DQ, and -DR), and each 
gene is highly polymorphic (represented by dozens to hundreds of 
genetic variants in a population). MHC haplotypes (sets of genes inher-
ited from each parent) are co-dominantly (equally) expressed. As a 
result of the polygenic and polymorphic nature of the MHC genes,  
each individual in an outbred population expresses a unique set of 
MHC proteins. This genetic diversity of the MHC loci defines each 
individual’s unique spectrum of peptides that can be presented to the 
TCRs.

In contrast to presentation of peptides by MHC molecules, lipid and 
glycolipid antigens are presented by CD1 molecules. These transmem-
brane proteins expressed on APCs are homologous to MHC class I 
molecules and non-covalently paired with β2-microglobulin.27 Five 
CD1 molecules have been identified in humans (CD1a-CD1e). They 
present self or foreign lipid antigens such as microbial lipids derived 
from the cell walls of mycobacteria to αβ and γδ T cells (CD1a, CD1b, 
CD1c) or to natural killer T (NKT) cells (CD1d).

Processing of antigens for presentation to T cells
The purpose of the MHC class I pathway is to survey for possible 
intracellular problems such as viral or bacterial infections or malignant 
transformation and report such problems to CD8+ T cells. In contrast, 
the purpose of the MHC class II pathway is to survey the overall extra-
cellular environment and to present it to the central regulating and 
integrating immune cell type, CD4+ T cells. Respectively, the mecha-
nisms of these antigen processing pathways differ substantially (Fig. 
15.4b and c).

In class I pathway, a significant proportion of newly synthesized 
intracellular proteins is degraded by proteasomes, which are multi-
subunit protein complexes with a number of different proteolytic activi-
ties. It is likely that rapid synthesis of viral proteins in the host cells’ 
ribosomes occurs with numerous errors, leading to accumulation of 
defective ribosomal products (DRiPs). Such proteins are the major sup-
plier of peptides for the class I pathway.28 Peptides generated by 

Th cells and become activated. Some B cells will proliferate and dif-
ferentiate directly into Ig-secreting plasma cells, whereas others will 
enter into nearby primary follicles. These primary follicles become 
secondary follicles with germinal centers where large proliferating B 
cells (centroblasts) undergo somatic hypermutation and class switching 
before becoming non-proliferating centrocytes. Affinity maturation is 
a phenomenon unique to B cells, in which affinity of antibodies to 
antigens increases over time. It is mechanistically achieved through 
somatic hypermutation, where additional sequence variation is intro-
duced into the recombined V(D)J sequence. Activated B cells that have 
survived the affinity maturation process will home to other secondary 
lymphoid tissues or bone marrow and differentiate into plasma cells 
secreting IgG, IgA, or IgE high-affinity antibodies; others will become 
quiescent, long-lived memory B cells. The Ig class switching, or isotype 
switching, upon B-cell stimulation involves recombination of so-called 
switch regions of DNA that are located upstream of each constant 
heavy-chain gene segment. This process moves the rearranged VDJ 
segment closer to the intended constant heavy-chain gene segment, by 
excising the intervening sequence.18,19 An enzyme activation-induced 
deaminase (AID) is critical for both somatic hypermutation and isotype 
switching.20,21

The survival of peripheral B cells is critically dependent on B-cell 
activation factor of the TNF family (BAFF), also called BLyS, and a 
proliferation-inducing ligand (APRIL). Elevated levels of BAFF and 
APRIL have been associated with autoimmunity. Inhibitors of BAFF 
and/or APRIL are promising agents for treating rheumatic diseases.

B-cell activation and functions
Both the BCR and soluble Ig can bind both linear and conformational 
(three-dimensional) epitopes on a wide variety of molecules, including 
protein, polysaccharide, and lipid antigens. They recognize such anti-
gens directly, without the need for antigens to be presented to them. 
Certain antigens (thymus-independent Ag) can activate B cells without 
the need for helper T cells, but many require T-cell help and are 
thymus dependent.

Upon BCR ligation with antigen, numerous intracellular signaling 
molecules become activated, such as kinases of the Src family, Syk, 
and Btk; also, Ca++ mobilization and Ras activation, as well as phos-
phorylation of Igα and Igβ chains, takes place. Activation of a down-
stream signaling cascade ensues (see Chapter 13), with final activation 
of a series of transcription factors, resulting in dramatic changes in the 
pattern of gene expression, and in overall B-cell activation.22,23 Engage-
ment of the BCR by an antigen is by itself not sufficient to activate a 
B cell. Instead, the BCR relies on co-stimulatory receptors to bring 
about B-cell activation.24,25 The co-stimulatory receptors CD19 and 
CD21 form a non-covalent complex that is co-ligated with the BCR to 
promote B-cell activation. Upon phosphorylation, CD19 recruits PI-3K, 
Src family kinases, and Vav to facilitate activation of the MAPK path-
ways and Ca++ mobilization. Negatively regulating co-receptors such as 
CD22, CD72, and FcRγIIB1 inhibit B-cell proliferation and Ca++ mobi-
lization. Thus the activation state of B cells is determined by the 
integration of stimulatory and inhibitory signaling events. This signal-
ing system is very finely tuned, and disturbances in the signaling/co-
signaling may lead to autoimmune activation of B cells that start 
producing antibodies against own tissue, particularly in rheumatic 
diseases.

The principal function of B cells is to differentiate into plasma cells 
and secrete antibodies. When secreted as soluble molecules, antibodies 
perform various protective effector functions following their binding  
to pathogens, such as direct neutralization, activation of the comple-
ment system or of antibody-dependent cellular cytotoxicity (ADCC), 
or opsonization of pathogens for phagocytosis. These are innate 
immune mechanisms that are discussed in detail in Chapter 16 of this 
book. In addition, B cells can serve, along with dendritic cells and 
macrophages, as antigen-presenting cells (APCs) for T lymphocytes 
(see later). In their capacity as APCs, B cells express cell-surface mol-
ecules B7.1 (CD80) and B7.2 (CD86) that bind to CD28 or cytotoxic 
T-lymphocyte antigen (CTLA)-4 (CD152) expressed on T lymphocytes 
and provide either activating (CD28) or inhibitory (CTLA-4) co-stim-
ulatory signals (see T-cell activation later). Resting B cells express low 
levels of CD86. Their activation leads to expression of CD80 and 
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macropinocytosis, endocytosis, and receptor-mediated endocytosis are 
delivered to an endosomal compartment that contains class II MHC. 
Peptides are generated from these proteins by proteases that are active 
in this acidic environment. MHC class II heterodimers, stabilized by 
their association with the invariant chain (Ii), are targeted to this 
endocytic compartment through a signal in the cytoplasmic tail of the 
invariant chain. Once there, the Ii is sequentially digested, leaving only 
a fragment (class II-associated Ii peptide [CLIP]) in the peptide binding 
site. HLA-DM and HLA-DO (also encoded in the MHC class II region) 
then catalyze the exchange of CLIP for antigenic peptides, after which 

proteasomes are transported by TAP (transporter associated with 
antigen processing) across the membrane of the endoplasmic reticulum 
(ER), whereas class I MHC molecules translated by ribosomes at the 
ER membrane are chaperoned by calnexin until they associate with 
β2-microglobulin. Additional chaperones, including calreticulin and 
tapasin, facilitate peptide loading. The completed MHC-peptide 
complex is transported through the endoplasmic reticulum and the 
Golgi apparatus to the cell surface.

Class II MHC molecules present antigens internalized by pro-
fessional APCs. Protein antigens taken up by phagocytosis, 

ANTIGEN PROCESSING AND PRESENTATION BY MHC MOLECULES
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Fig. 15.4 Presentation of antigen peptides by MHC 
molecules (a), as well as class I (b) and class II (c) antigen 
processing pathways, are shown. In the class I pathway, 
proteins with errors are tagged with ubiquitin for 
degradation and degraded by proteasomes into 
peptides, which are delivered into endoplasmic 
reticulum, loaded into nascent MHC class I molecules, 
and transported via the Golgi complex to the cell 
surface. In the class II pathway, the internalized 
pathogens activate toll-like receptors (TLRs) leading to 
maturation of phagosomes, formation of 
phagolysosomes, loading of MHC class II molecules with 
peptide fragments of the bacteria or viruses that are 
formed by lysosomal proteases, and transport in 
endolysosomal tubules to the cell surface. 
Autophagosomes also fuse with lysosomes and serve as 
an additional source of peptides, including endogenous 
peptides, for MHC class II presentation. β2m denotes 
β2-microglobulin. (b and c, Adapted by permission from 
Macmillan Publishers Ltd: Vyas JM, Van der Veen AG, 
Ploegh HL, et al. The known unknowns of antigen 
processing and presentation. Nat Rev Immunol 
2008;8:607-618, copyright 2008.)
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recombination in the second TCR β locus on the allelic chromosome, 
and stimulates recombination in the TCR α locus. Failure to success-
fully undergo any of these steps causes apoptotic death of the maturing 
T cell. After acquiring the CD4 and CD8 co-receptors (double-positive 
cells), the thymocytes undergo the selection process. Positive selection 
allows the small percentage of the thymocyte population capable of 
recognizing MHC-peptide complexes to mature further, leaving the 
remainder to die by apoptosis. Similar to newly emerging in the bone 
marrow B cells, many of the TCRs generated through the stochastic 
mechanisms in the emerging thymic T cells are autoreactive. Negative 
selection deletes T cells that bind self-peptide-MHC complexes so 
strongly as to be potentially autoimmune. During the final stage of 
development, CD4+CD8+ T cells suppress the expression of either 
their CD4 or CD8 co-receptors to give rise to single positive, CD8+, 
or CD4+ mature thymocytes, respectively. T cells that express MHC 
class I–restricted TCRs become CD8+ and lymphocytes that express 
MHC class II–restricted TCRs become positive for the CD4 co-receptor 
alone. Therefore along with acting as an environment for T-cell devel-
opment, the thymus also acts as the principal site of deletion of auto-
reactive T cell and, as such, shapes the immune repertoire. However, 
the central thymic elimination of autoreactive T cells is not perfect. 
Some of such cells leak into the periphery, normally becoming subject 
to complex regulation by peripheral tolerance mechanisms.

T-cell activation
In order to be successfully activated, T cells require two signals.34 The 
first is recognition of antigen by the TCR. On its own, this event can 
trigger anergy, a non-responsive state in which T cells are resistant to 
subsequent activation. T-cell activation requires a second signal deliv-
ered by co-stimulatory molecules expressed on the surface of T cells. 
The most potent co-stimulatory signals are delivered when CD28, 
CD154, or both are ligated on the surface of T cells. Blockade of co-
stimulatory signals by monoclonal antibodies or recombinant receptor 

the antigen-loaded MHC class II molecules are transferred to the cell 
surface.

Recent studies emphasized the role of a process called autophagy in 
modulating MHC class I and class II presentation of cytoplasmic and 
nuclear antigens.26,29 Autophagy is only one of numerous mechanisms 
of a peculiar process called cross-presentation, in which MHC class I 
molecules present extracellular proteins to CD8+ T cells.30,31

In the CD1 pathway, foreign lipid antigens are uptaken through 
internalization of clathrin-dependent apolipoprotein E-lipid complexes 
bound to the low-density lipoprotein (LDL) receptor; phagocytosis of 
particulate material or whole pathogens; C-type lectins, which can bind 
mannose residues on glycolipids; and by internalization through scav-
enger receptors, which can bind modified forms of LDL and apoptotic 
cells. Loading of self lipids onto CD1 occurs through a poorly charac-
terized mechanism that involves microsomal triglyceride transfer 
protein.27

T-cell development
T-cell development occurs in the thymus (Fig. 15.5), controlled by 
complex regulatory mechanisms.32,33 The most immature thymic T 
cell, the early T-lineage progenitor, develops from a bone marrow–
derived hematopoietic cell precursor. These progenitors lack the cell-
surface proteins CD4 and CD8 (double-negative cells). They are also 
negative for the IL-2Rβ chain, CD25, but positive for the adhesion 
molecule CD44. As the progenitors undergo differentiation, they 
acquire CD25, lose CD44, and complete somatic rearrangement of the 
gene loci encoding the TCR β, γ, and δ chains. If both TCR γ and δ 
chains undergo productive rearrangement, then the T cell expresses 
this heterodimer and becomes committed to the γδ lineage. If, however, 
the β chain undergoes production rearrangement first, then the TCR 
β chain is expressed on the cell surface along with an invariant chain 
called pre-Tα, forming the pre-TCR complex. Expression of the 
pre-TCR stimulates proliferation of these T cells, suppresses VDJ 
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Fig. 15.5 Thymic lobes are organized into discrete cortical and 
medullary areas, each of which is characterized by the presence 
of particular stromal cell types, as well as thymocyte precursors 
at defined maturational stages. Thymocyte differentiation can 
be followed phenotypically by the expression of cell-surface 
markers, including CD4, CD8, CD44, CD25, CD69, and CD62L, as 
well as the status of the T-cell receptor (TCR). Interactions 
between thymocytes and thymic stromal cells drive T-cell 
maturation, resulting in the generation of self-tolerant CD4+ 
helper and CD8+ cytotoxic T cells, which emigrate from the 
thymus to establish the peripheral T-cell pool. (Adapted by 
permission from Macmillan Publishers Ltd: Anderson G, Jenkinson 
EJ. Lymphostromal interactions in thymic development and 
function. Nat Rev Immunol 2001;1:31-40, copyright 2001.)
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and IL-13 and promote the humoral immune response necessary to 
clear parasitic infections, as well as isotype switching to IgG1 and IgE. 
Maturation of Th1 cells is controlled by IL-4 and transcription factor 
GATA3.41 Th1 and Th2 cell responses are functionally opposite. For 
example, Th2 cytokines promote humoral immunity but suppress Th1 
and macrophage function. The cytokine IL-12, which promotes uncom-
mitted helper T cells (Th0) to differentiate into Th1 effector cells, 
inhibits Th2 commitment. IL-4 acts in the reverse manner. Th17 cells 
have recently emerged as non-pathogenic regulators of immunity, as 
well as critical contributors of autoimmunity and inflammation. They 
produce IL-17A, IL-17F, IL-21, and IL-22 and induce the recruitment 
of neutrophils and macrophages to tissues.42,43 Maturation of Th17 is 
controlled by IL-23; requires IL-1, IL-6, and transforming growth factor 
(TGF)-β44; and is directed by retinoid-related orphan receptor γt 
(RORγt).45

Regulatory T cells
Following activation of the immune response and elimination of patho-
gen, there is a need to downregulate, or suppress, the activity of lym-
phocytes. The concept of “suppressor T cells” is old but has undergone 
a period of neglect, followed by explosive renewed interest during the 
past decade. The preferred term for these cells now is regulatory T cells 
(Treg). Tregs comprise a subset of peripheral blood CD4+ T cells that 
express CD25 (a subunit of the IL-2 receptor) and a transcription factor 
FOXP3.46 They suppress the activity of effector T cells (CD4+CD25−) 
and inhibit autoimmune processes, ensuring immune tolerance to own 
tissues.47 The selective removal of CD4+CD25+ T cells from experi-
mental mice results in the development of T cell–mediated autoim-
mune thyroiditis, gastritis, and diabetes. Tregs regulate effector cells 
through contact-dependent mechanisms and/or the production of IL-10 
and TGF-β.48 In addition to “natural” thymus-derived Tregs, there are 
“adaptive” Tregs that can be induced through various modalities in the 
periphery in vivo, as well as in cell culture, from conventional CD4+ 
cells. There are numerous subsets of regulatory T cells already described, 
and more subsets are likely to be found in the future.49

AUTOIMMUNITY AND TOLERANCE
The advantage of having adaptive immunity is the ability to fend off 
new, unpredictable pathogens. The prerequisite for such functioning 
of the adaptive immune system is formation of stochastic repertoires 
of B- and T-cell specificities, as discussed earlier. However, because 
newly generated antigen specificities of lymphocytes are random, the 
numerous emerging lymphocytes are able to react with the own body’s 
molecules as if they were foreign pathogens. In other words, the first 
target for the adaptive immune system should be own tissues—the 
concept of so-called “horror autotoxicus.” In most cases, this central 
problem is successfully avoided through a series of regulatory mech-
anisms that are collectively called tolerance. If these mechanisms do 
not function properly, autoimmunity ensues—a process that is so 
common in rheumatic diseases. Mechanisms that prevent B cell– or T 
cell–mediated autoimmune damage are complex but can be separated 
into central and peripheral mechanisms. Central tolerance is achieved 
by deleting high-avidity autoreactive B cells in the bone marrow and 
autoreactive T cells in the thymus during their maturation, as dis-
cussed earlier. The mechanisms that control central tolerance are being 
vigorously investigated, with notable achievements in delineating the 
role of autoimmune regulator (AIRE) in thymic central tolerance.50

Peripheral tolerance is even more complex and diverse. Its mecha-
nisms can be grouped into apoptotic deletion of lymphocytes that are 
repeatedly stimulated by persistent antigens; anergy of lymphocytes 
(without deletion) through lack of co-stimulation, inhibitory signals 
(such as CTLA-4), or regulatory action of Tregs; immune indifference, 
or ignorance, due to low avidity of the antigen receptors, low lympho-
cyte precursor frequency, or low concentration of the antigen; and 
homeostatic interactions, including immune deviation (switching of 
cytokine profiles leading to suppression), interclonal competition of 
lymphocytes for antigen, and idiotypic network interactions (antibodies 
developing against other own antibodies). In autoimmune, including 
rheumatic, diseases, immune tolerance is broken through diverse 
mechanisms. Such mechanisms may include molecular or cellular 
defects weakening central and peripheral tolerance; molecular mimicry 

antagonists confers potent immunosuppression and allows the accep-
tance of tissue allografts. Simultaneous blockade of both the CD28 and 
CD154 pathways is significantly more immunosuppressive than block-
ade of a single co-stimulatory pathway. The ligand for CD154 is CD40, 
a protein expressed on the surface of activated B cells, dendritic cells, 
and macrophages. The ligands for CD28 (CD80, CD86) are expressed 
on the surface of APCs such as dendritic cells, monocytes, and B cells. 
Their expression is induced when APCs are activated in the course of 
microbial infection. This property heightens the immune response in 
the setting of perceived danger (i.e., microbial infection). CD80 and 
CD86 have overlapping immunostimulatory roles; mice lacking either 
protein are only partially deficient in generating an immune response 
to foreign antigen.

Following TCR cross-linking, a series of complex intracellular sig-
naling events takes place (see Chapter 13). The early events following 
TCR cross-linking include activation of Src-family kinases Fyn and the 
CD4/CD8-associated Lck, as well as recruitment of a Syk family 
kinase, ZAP-70. Activated ZAP-70 phosphorylates LAT, allowing for 
activation of a set of adapter molecules such as PLC-γ1, Grb2, and 
GADS. Numerous downstream molecules then become activated, 
leading to cytoskeletal rearrangements; formation of the immune 
synapse; activation of transcription factors such as ATF-2, NF-AT, 
NF-κB, and AP-1; changes in gene expression and expression of numer-
ous cell-surface and secreted proteins; and cell cycle entry.

In unstimulated T cells, TCRs and co-receptors are distributed 
homogeneously over the T-cell surface. At the synapse between T cells 
and APCs, however, a large number of receptor-ligand pairs, adhesion 
molecules, and signaling complexes come together in an organized 
manner to promote cellular activation.35,36 This immunologic synapse 
is organized so that the TCR, MHC-peptide complexes, and protein 
kinase C (PKC)-θ are enriched in a central circle, surrounded by inte-
grins and the adhesion molecule ICAM-1.

The activation signals triggered by TCR ligation are balanced by 
inhibitory signals that dampen T-cell activation. For example, TCR 
ligation without CD28 co-stimulation induces induction of an anergic 
T-cell state rather than stimulation. Moreover, the inhibitory receptor 
CTLA-4 competes for the same ligands as CD28 (B7 expressed on 
APCs) and antagonizes TCR signaling via recruitment of PP2A or 
SHP-2 phosphatase.37,38 The integration of activation and inhibitory 
signals determines the state of T-cell activation.

T-cell function
Functionally and phenotypically, T lymphocytes are likely the most 
diverse known population of cells in the human body. A vast amount 
of data indicates that disturbances in the specific subsets of T cells are 
directly involved in pathophysiologic mechanisms of autoimmunity 
and rheumatic diseases.

Cytotoxic T cells
The main function of CD8+ cytotoxic T cells (Tc) is to induce elimina-
tion of “altered-self” cells such as infected or mutated cells. They can 
also secrete cytokines and participate in regulation (or dysregulation) 
of immune responses, including in rheumatic diseases. The cytotoxic 
function is carried out by releasing cytotoxins from lytic granules 
secreted at the site of target cell contact. These cytotoxins include a 
family of serine proteases, granzyme A, B, and H, that are capable of 
inducing caspase-dependent and caspase-independent cell death.39 The 
role of another secreted cytotoxin, perforin, is to form pores in the 
target cell membrane and deliver granzymes into the target cell 
cytosol.40 Cytotoxic T cells can also trigger cell death through the Fas-
FasL pathway. When stimulated through their TCRs, CD8+ T cells 
transiently upregulate FasL. Subsequent contact with target cells 
expressing Fas induces apoptotic cell death.

Helper T cells
There are likely numerous CD4+ helper T-cell (Th) types, but the most 
characterized, based on the cytokines that they produce, are Th1, Th2, 
and Th17. Th1 cells secrete interferon (IFN)-γ, interleukin (IL)-2, and 
tumor necrosis factor (TNF)-α and control protection against infection 
with intracellular microbes. Maturation of Th1 cells is controlled by 
IL-12 and transcription factor T-bet.41 Th2 cells produce IL-4, IL-5, 
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is an intrinsic risk of autoimmunity built into the adaptive immune 
system as a payback for generating virtually unlimited repertoires  
of immune specificities. The potential of the adaptive immune system 
to induce autoimmunity is usually controlled by a combination of 
deletional and regulatory tolerance mechanisms. Regulatory T cells 
play a central role in maintaining immune tolerance. Failure of  
tolerance leads to autoimmunity, in which the immune system attacks 
its own tissues. Autoimmunity commonly occurs in and contributes 
to mechanisms of rheumatic diseases. By its nature, the adaptive 
immune system potentially represents the most specific target for 
therapy in autoimmune diseases. As our understanding of immune 
function at the cellular and molecular levels increases, we may soon 
be in a position to modulate the immune response for the benefit of 
patients with autoimmune rheumatic disease. Although this chapter 
has outlined basic principles of adaptive immunity in a telegraphic 
style, leading to inevitable simplifications, the author hopes that there 
has been enough structure to encourage interest in further independent 
study of the complexity of immune system processes by practicing 
rheumatologists.

(confusion of the adaptive immune system regarding non-self versus 
self-antigens); exposure of normally sequestered antigens from immu-
nologically privileged sites; peculiarities of antigen presentation by 
particular MHC haplotypes; female sex hormones; and various envi-
ronmental influences. Once the immune tolerance is broken, autoreac-
tive antibodies, T lymphocytes, and circulating immune complexes 
deliver damage to the tissues. The damage may be tissue- or organ-
specific, or systemic, depending on specifics of a particular disease. In 
all cases, however, the main cause of autoimmunity is a dysregulation 
of the adaptive immune system.

CONCLUSION
The adaptive immune system consists of T and B lymphocytes. They 
produce a large repertoire of immunoglobulins and T-cell receptors 
using somatic gene recombination. Clonal selection preserves those 
cells whose products prove useful in fighting off pathogens. Specialized 
T-helper cells such as Th1, Th2, or Th17 produce characteristic cyto-
kines that polarize immune responses into several distinct types. There 
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potential targets for innate immunity and are often referred to as 
pathogen-associated molecular patterns (PAMPs), a term that is some-
what misleading because these structures are expressed both in non-
pathogenic as well as pathogenic microorganisms. Importantly, PAMPs 
are typically not detected in the host and can thus be regarded as non-
self. Innate immunity senses the infection by recognizing PAMPs with 
PRRs.

PAMPs are required for the survival of microorganisms and, there-
fore, are highly conserved over the course of evolution. Typical exam-
ples of PAMPs are constituents of bacterial cell walls. In general, 
proteins do not function as PAMPs because they are far too diverse for 
recognition through a limited repertoire of PRRs. For example, in 
viruses, the structures of many proteins change very rapidly as the virus 
struggles to escape from immunosurveillance. Thus, for the recogni-
tion of viral protein structures, a large repertoire of antigen receptors 
in the adaptive immune system is inevitable.

PRRs can be functionally divided into three categories: signaling, 
internalizing, and soluble PRRs (Fig. 16.1).

Signaling PRRs
These PRRs are expressed on the cell surface, in the endosome, or in 
the cytosol, respectively, where they recognize their various ligands. 
On recognition, these PRRs can stimulate signaling pathways leading 
to activation of nuclear factor-kappaB (NF-κB) or mitogen-activated 
protein kinases (MAPKs). This then leads to expression of a variety  
of immune response genes, including inflammatory cytokines or co-
stimulatory molecules such as CD40 and CD86.

Toll-like receptors
The Toll-like receptor (TLR) family is a typical signaling PRR.2,3 TLRs 
are expressed on the plasma membrane or in the endosome and play 
major roles in activating antigen-presenting cells (APCs). TLRs are type 
I transmembrane proteins. Their extracellular domain includes a repet-
itive structure rich in leucine residues, called leucine-rich repeat (LRR), 
that is involved in the recognition of a variety of TLR ligands. The 
intracellular region contains a common structure in TLR and interleu-
kin (IL)-1R family members called Toll/IL-1R homologous (TIR) 
domain that is essential for signal transduction through TLRs.

TLRs can recognize a variety of components derived mainly from 
bacteria and viruses. TLR ligands can be categorized as lipid, protein, 
and nucleic acid components (Fig. 16.2). Phylogenetically related TLRs 
can recognize similar types of ligands. All TLR ligands are potent 
immune adjuvants that can trigger a vigorous immune response. 
Therefore, TLRs are also referred to as adjuvant receptors. The most 
popular and widely investigated TLR ligand is lipopolysaccharide (LPS).4 
LPS is found in outer cell walls of gram-negative bacteria and recognized 
by TLR4. LPS is first bound to a soluble factor, LPS-binding protein 
(LBP), in the serum and transferred to target cells such as macrophages. 
Macrophages express a phosphatidylinositol-anchored cell surface mol-
ecule, CD14, which can capture and retain LPS. LPS then activates 
TLR4. A small secreted molecule, MD-2, is associated with TLR4 and 
critically involved in forming an LPS-recognizing complex.5

Other lipid-containing components from cell walls of a variety of 
microorganisms are recognized by TLR2 and related TLRs, such as 
TLR1 or TLR6. Heterodimerization is critical for TLR2-mediated rec-
ognition. For example, TLR2 can recognize mycoplasmal macrophage-
activating lipopeptide 2 (MALP-2) when associated with TLR6. 
Meanwhile, a TLR2-TLR1 heterodimer is involved in recognizing bacte-
rial lipopeptides (BLP). MALP-2 and BLP carry a diacylated and triacyl-
ated cysteine residue at their amino terminus, respectively, and this 
subtle difference is discriminated by TLR2-containing heterodimers.

Principles of innate immunity
Tsuneyasu Kaisho and Shizuo Akira

 Innate immunity detects and responds to a variety of 
microorganism-derived molecular components, which are not 
expressed in the host.

 Receptor systems for microbial recognition are functionally 
categorized into three classes: signaling, internalizing, and soluble 
receptors.

 Signaling receptors, such as Toll-like receptors, trigger signaling 
pathways for activating immune response genes.

 Internalizing receptors incorporate microorganisms and degrade or 
process them for presentation to T cells.

 Soluble receptors opsonize microorganisms and make them 
competent for internalization. They can also activate protease 
cascades.

 Innate immunity functions as a barrier to microbial invasion and 
further induces inflammation, triggers adaptive immune responses, 
and provokes antiviral immunity.

 Innate immune receptors should be considered as therapeutic 
targets in infection, allergy, and autoimmunity.

INTRODUCTION
Host defense consists of two types of immunity: innate and adaptive 
(Table 16.1). Adaptive immunity is found only in jawed vertebrates 
and is mediated by B and T lymphocytes. These cells possess the RAG 
genes that mediate a somatic recombination system, thereby creating 
a large repertoire of antigen receptors. Antigen receptors with a certain 
specificity are clonally expressed but, owing to allelic exclusion, each 
lymphocyte bears only one antigen receptor. Thus, groups of lympho-
cytes are highly heterogeneous in terms of antigen specificity. During 
the immune response, receptors with high affinity for an invading 
antigen are clonally selected and lymphocytes bearing such receptors 
later stay on as memory cells.

Although highly beneficial for the host, to establish adaptive immu-
nity and to mount an adaptive immune response takes time. Especially 
early in the course of an infection, an immediate response is required 
for efficient host defense. This immediate response is mediated by 
innate immunity. Innate immunity is an evolutionarily ancient system 
that is found in all multicellular organisms, including plants and 
insects. In mammals, innate immunity depends on macrophages or 
dendritic cells, which do not possess rearranged receptors. Insects can 
develop resistance to infection, indicating that innate immunity is 
sufficient to effectively eradicate pathogens. In contrast to adaptive 
immunity, innate immunity is mediated by a group of germline-
encoded receptors with a fairly limited repertoire of antigen receptors. 
In what follows, these receptors are referred to as pattern recognition 
receptors (PRRs). PRRs can recognize various molecular structures 
derived from microorganisms.1 Different from rearranged antigen 
receptors in the adaptive immune system, any given PRR is expressed 
on a variety of innate immune cells and each cell possesses a combina-
tion of several PRRs. Therefore, innate immune cells are simultane-
ously or sequentially activated through a variety of PRRs. Here we 
outline the innate immune system as a sensor system for infection and 
an activator of host defense.

MICROBIAL RECOGNITION BY INNATE IMMUNITY
Certain groups of microorganisms carry common metabolic pathways, 
resulting in similar molecular structures. These structures are 
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antiviral activity. This activity is dependent on TLR7. Drugs such as 
imidazoquinoline represent nucleic acid-like structures, suggesting the 
possibility that TLR7 is involved in the recognition of viral RNA. 
Indeed, single-stranded RNA (ssRNA) was found to be a ligand for 
TLR7 and its close relative, TLR8. This interaction is critical for 
sensing RNA virus infection. RNA virus infection also induces the 
production of double-stranded RNA (dsRNA) in infected cells, and 
these dsRNAs can act as immune adjuvants and are recognized by 
TLR3.

Importantly, TLR2 and TLR4 are mainly expressed on the plasma 
membrane, whereas nucleic acid-recognizing TLRs are expressed in the 
endosome. In the endosome, nucleic acids are released from virus or 
virally infected cells and encounter respective TLRs. Thus, lipid and 
nucleic acid TLR ligands are recognized in distinct cellular 
compartments.

Cytosolic signaling PRRs
Signaling PRRs also exist in the cytosol. Retinoic acid–inducible gene 
I (RIG-I)–like receptors (RLRs) are critical cytosolic signaling PRRs for 
virus-derived nucleic acids and recognize them when virus directly 
infects the cells. RLRs include RIG-I and melanoma-differentiation–
associated gene 5 (MDA5).9,10 RIG-I and MDA5 carry tandem caspase 
recruitment domains (CARDs) and an RNA helicase domain at the 
amino and carboxy termini, respectively, and the RNA helicase domain 
is involved in recognizing the ligands. Both RIG-I and MDA5 can rec-
ognize virally derived RNA, but they play differential roles in viral 
infection.10 RIG-I is essential for recognizing various ssRNA viruses, 
including paramyxoviruses, influenzavirus A, and Japanese encephali-
tis virus, whereas MDA5 is critical for sensing other RNA viruses such 
as picornaviruses. RIG-I can recognize 5′-triphosphate ssRNA, which 
is a typical structure found in viral, non-self RNA. Meanwhile, host-
derived self-RNA has a cap structure to mask 5′-triphosphate RNA. 
Thus, RIG-I can distinguish viral RNA from self-RNA.

LGP2 also carries an RNA helicase domain, but not a CARD, and 
is therefore considered to be a negative regulator for RNA virus–induced 
responses. However, LGP2 can function as a positive regulator because 
LGP2-deficient mice have shown impaired responses against certain 
RNA viruses. Double-stranded DNA (dsDNA), which can function as 
a potent immune adjuvant, is also recognized by cytosolic sensors such 
as DNA-dependent activator of interferon regulatory factor (DAI, also 

TLR5 is involved in recognizing a protein, flagellin, a component of 
the bacterial flagella that is used for propulsion in a liquid medium. 
Flagellin can elicit mucosal immune responses by acting on epithelial 
cells or macrophages. Although flagellin is a protein, its amino acid 
structure is highly conserved, which suggests it is a target for innate 
immune recognition.

Nucleic acids are equally important PAMPs recognized by TLRs. 
Bacterial DNA was long known as a strong immune adjuvant.6-8 This 
adjuvant activity depends on an unmethylated CpG motif. The CpG 
motif is more abundant in bacterial DNA than in mammalian DNA. 
Furthermore, mammalian CpG DNA is often methylated. Therefore, 
unmethylated CpG DNA can be regarded as non-self and is recognized 
by TLR9. Viral DNA is also rich in the CpG motif, and DNA virus 
infection does indeed trigger TLR9 signaling.

Several small synthetic molecules, including imidazoquinoline 
derivatives and several anticancer drugs, were long known for their 

TABLE 16.1 INNATE AND ADAPTIVE IMMUNITY

Innate immunity Adaptive immunity

Evolution Ancient Jawed vertebrates or higher

Cells Macrophages T and B lymphocytes

Dendritic cells

(Antigen-presenting cells)

Receptors Encoded in germline Rearrangement

Limited repertoire Large repertoire

Receptor Nonclonal Clonal expression

Memory No Yes

Ligands Molecular structures conserved 
in a group of microorganisms 
(LPS, CpG DNA)

Fine structures (peptides) 

Responses Immediate Slow

LPS, lipopolysaccharide.

Pathogens

TLR

Cytosolic
PRR

Gene expression
ex. cytokines

Degradation MHC

Opsonization

Protease
cascade

Ag presentation 
to T cells

Signaling PRR

Internalizing
PRR

Soluble PRR

THREE CATEGORIES OF PRRs

Fig. 16.1 Three categories of PRRs. Signaling PRRs trigger signal 
transduction pathways upon recognition. Internalizing PRRs directly 
incorporate microbes into the cell. Soluble PRRs attach to the microbes 
and support the function of internalizing PRRs. Soluble PRRs also 
activate protease cascades. TLR, Toll-like receptor; Ag, antigen; MHC, 
major histocompatibility complex.
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Lectin
Lectins generically represent carbohydrate-recognizing proteins, and 
some lectins function as internalizing PRRs. The mannose receptor is 
a type I transmembrane protein that can bind terminal mannose and 
fucose residues of glycoproteins or glycolipids, which are found on 
microbial cell walls. Macrophage scavenger receptor, SR-A, is a type II 
transmembrane protein. Although originally defined by its ability to 
bind and mediate endocytosis of oxidized or acetylated low-density 
lipoprotein (LDL), it can also bind a variety of microorganisms. Mac-
rophage receptor with collagenous structure (MARCO) is structurally 
and functionally similar to SR-A and can bind to gram-positive and 
gram-negative bacteria.

Dectin-1 is a C-type lectin and is involved in recognizing β-1,3-
linked or β-1,6-linked glucans found in fungal or other microbial cell 
walls. Dectin-1 carries an immunoreceptor tyrosine-based activation 
(ITAM) motif in the intracytoplasmic region and also functions as a 
signaling PRR. Dectin-1 is co-localized with TLR2 in the phagosome 
and activates macrophages in synergy with TLR2. Macrophage-induc-
ible C-type lectin (Mincle) also carries an ITAM motif and can induce 
macrophage activation by sensing α-mannose from a pathogenic 
fungus, Malassezia. Notably, Mincle is also involved in detecting 
damaged cells through the interaction with a nuclear ribonucleopro-
tein. Another ITAM-motif–carrying C-type lectin, CLEC9A, also 
known as DNGR-1, is critically involved in sensing necrosis and pro-
voking immune responses through crosspriming (see later).

Soluble PRRs
Soluble PRRs are produced by macrophages or hepatocytes and bind to 
the cell wall of microorganisms, thus designating them as targets for 
phagocytosis (see Fig. 16.1). This coating process is termed opsoniza-
tion, and the coating substances are called opsonins. The serum levels 
of certain soluble PRRs, such as C-reactive protein (CRP) or serum 
amyloid P component (SAP), increase in response to inflammatory 
cytokines; therefore, these PRRs are also referred to as acute-phase 

known as Z-DNA–binding protein 1). However, as yet unidentified 
molecule(s) should also be involved in detecting dsDNA, because DAI-
deficient mice can still respond to dsDNA.

Nucleotide-binding oligomerization domain (NOD)-like receptors 
(NLRs) also belong to cytosolic signaling PRRs (Fig. 16.3).11 NLRs 
consist of more than 20 members in humans or mice. They carry a 
CARD, a pyrin domain, or a baculoviral inhibitor of apoptosis repeat 
(BIR) domain as a protein interaction domain at the amino terminal, 
which is followed by a NACHT nucleotide-binding domain (NBD) and 
an LRR domain. Nod1 and Nod2 are representative NLR members and 
involved in recognizing bacterial peptidoglycan-derived molecules.12 
Neuronal apoptosis inhibitory protein 5 (NAIP5) and IL-1β-converting 
enzyme protease-activating factor (IPAF) can sense flagellin derived 
from intracellular bacteria such as Salmonella or Legionella. Notably, 
NACHT, LRR, and pyrin domain–containing protein 3 (NALP3) are 
required for responses against a variety of immune adjuvants, bacterial 
products such as RNA or toxin, host-derived nucleic acid metabolites 
such as adenosine 5′-triphosphate (ATP) or uric acids, environmental 
substances such as silica crystals or asbestos, and a widely used chemi-
cal immune adjuvant, alum. A pyrin domain–carrying protein, absent 
in melanoma 2 (AIM2), is related to NLRs because it carries a pyrin 
domain. AIM2 is involved in detecting dsDNA by a hematopoietic 
interferon-inducible nuclear protein (HIN) domain.

Internalizing PRRs
These PRRs are expressed on the surface of neutrophils, macrophages, 
or dendritic cells. They bind to and internalize PAMPs or microorgan-
isms, which are subsequently transported to lysosomal compartments 
(see Fig. 16.1). This process is termed phagocytosis, and the group of 
PRRs involved can thus also be referred to as phagocytic PRRs.13 After 
phagocytosis, organism-derived proteins are degraded or processed for 
presentation to T cells. Internalizing PRRs mainly function to incor-
porate the organisms or their components, but some internalizing 
PRRs can also transduce the activation signals.

TLR1
TLR6

TLR10

TLR2

TLR4

TLR5

TLR3

TLR7

TLR9

TLR8

dsRNA

Imidazoquinolines
ssRNA

CpG DNA

Mycoplasma
lipopeptide

Peptidoglycan
Bacterial lipopeptide

Flagellin

Nucleic acid ligand

Lipid ligand Protein ligand

N

NH2

N

N

PHYLOGENETIC TREE OF HUMAN TLRs

CpG

LPS
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molecules, C3a and C5a can act as a chemoattractant for neutrophils 
and facilitate inflammation.

PHYLOGENETIC COMPARISON OF THE 
RECOGNITION SYSTEM
TLRs have been named because their molecular structure is similar to 
that of Drosophila Toll.17,18 Toll is a type I transmembrane protein 
carrying a LRR repeat and a TIR domain. Toll-deficient flies display 
increased susceptibility to fungal infection, indicating that Toll is 
essential for antifungal immunity in insects. Furthermore, both Toll 
and TLRs can activate signaling pathways leading to the release of 
antimicrobial substances.

However, the Drosophila Toll system is distinct from the mam-
malian TLR system (Fig. 16.5). Toll does not directly recognize fungi-
derived products. The pathogens are recognized by certain, not yet 
identified, soluble factors. On fungal infection, protease cascades are 
activated to induce cleavage of a secreted protein, Spaetzle. Processed 
Spaetzle then binds to Toll. Thus, Toll recognizes a host-derived 
product.

Toll is also involved in immunity against gram-positive bacteria.19 
A soluble molecule, peptidoglycan recognition protein (PGRP)-SA, rec-
ognizes peptidoglycans from bacteria, leading to activation of protease 
cascades that also cleave Spaetzle. PGRP-SA–deficient flies are suscep-
tible to gram-positive bacteria infection but retain immune responses 
against fungi, whereas Toll-deficient flies succumb to infection with 
both organisms, indicating that the discrimination of fungi and bacte-
ria happens upstream of Toll. Thus, flies detect pathogens in the 

proteins.14 Soluble PRRs are linked to the complement system and can 
activate protein cascades that are capable of eradicating pathogenic 
microbes.

Complement system
The complement system consists of more than 35 soluble or mem-
brane proteins (see also Chapter 20).15 Microbial infection activates 
three distinct pathways for complement activation (Fig. 16.4). The 
classical pathway is triggered by a complement, C1q, that can detect 
IgG or IgM antibodies bound to microbes or microbe-related structures. 
In this situation, antibodies behave as soluble PRRs. CRP and  
SAA, which belong to a pentraxin family, bind to bacterial phospho-
lipids such as phosphorylcholine and can also activate the classical 
pathway without antibodies. The alternative pathway is triggered 
by direct recognition of microbial surface structures by C3. This 
pathway is independent of immunoglobulins and C1q. C3 can recog-
nize almost all kinds of microbes and can be regarded as a soluble  
PRR. Finally, a collectin family member, mannose-binding lectin 
(MBL), is involved in the lectin pathway.16 This pathway is triggered 
by MBL bound to carbohydrates on microbial glycoproteins and 
glycolipids.

All pathways activate a common pathway that involves cleavage of 
C3 into C3a and C3b (see Fig. 16.4). C3b attaches to the microbial 
surface and functions as opsonin. Opsonized microbes are then elimi-
nated by phagocytosis. In addition, C3b also activates a common 
complement cascade leading to the cleavage of C5 into C5a and C5b. 
C5b further leads to the formation of the membrane attack complex 
(MAC). Subsequently, MAC induces direct killing of microbes. The 
complement system also facilitates host immune reactions. As small 
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inflammation is a “double-edged sword,” because excessive amounts 
of cytokines can be lethal for the host, as is the case in endotoxin 
shock.

Activation of adaptive immunity on infection
Locally activated antigen-presenting cells maturate to express a distinct 
set of chemokine receptors. Then they are transported to the lymph 
nodes, where they interact with and activate T cells (see Fig. 16.6). 
Thus, an innate immune response subsequently leads to the activation 
and establishment of adaptive immunity. Clonal T-cell expansion 
requires not only T-cell receptor (TCR)-mediated but also co-stimula-
tory molecule–mediated signaling (Fig. 16.7). Internalizing PRRs facili-
tate antigen presentation, and signaling PRRs such as TLRs can 
enhance expression of co-stimulatory molecules, including CD80 and 
CD86. Thus, PRRs directly contribute to the activation of adaptive 
immunity.

A CD4+ T cell differentiates into type 1 helper T (Th1), type 17 
helper T (Th17), or type 2 helper T (Th2) cells.20 Th1 cells produce 
interferon (IFN)-γ and mediate antiviral or antibacterial immunity. 
Th17 cells produce IL-17 and are involved not only in antibacterial 
immunity but also in various inflammatory conditions such as autoim-
mune disorders. Th2 cells secrete IL-4 or IL-13 and are involved in 
immunity against helminths, but excessive activation of these cells 
may cause allergic reaction. APCs are critically involved in regulating 
Th cell differentiation. This activity depends on tissue origin, cell 
subsets, or maturation stage of the APCs. But the nature of the activat-
ing stimuli of the APCs is most important. Most TLR ligands can 
activate APCs to produce Th1- or Th17-inducing cytokines such as 
IL-12, IL-18, IL-6, or IL-23. Although Th2-inducing PRRs are not well 
characterized yet, certain helminths or their products can enhance the 
ability of APCs to support Th2 cell differentiation.

Antiviral responses
Innate immunity responds to viral infection by producing type I IFNs.21 
Type I IFNs consist of more than 10 IFNs-α and a single IFN-β. IFN-α 
and IFN-β are produced by different types of cells and regulated by 
differential combinations of transcription factors and signaling mole-
cules. However, all type I IFNs utilize IFN-α/βR, composed of IFNAR-1 

hemolymph, not on the plasma membrane. In mammals, the comple-
ment system, rather than the TLR system, is similar to Toll when 
considering recognition in the fluid and activation of protease 
cascades.

CRITICAL FUNCTIONS OF INNATE IMMUNITY
Barriers against invasion
Epithelial cells in the intestine or respiratory tract function as a barrier 
against microbial invasion. Epithelial cells create a physical barrier by 
connecting with their neighbors through tight junctions. In addition, 
heavily glycosylated proteins, mucins, produced by epithelial cells, 
prevent the attachment of microorganisms. Furthermore, epithelial 
cells can produce peptidic components, termed defensins, which are 
capable of directly killing a variety of pathogens. They can also secrete 
a variety of cytokines and chemokines and recruit leukocytes. TLR 
signaling is very important in stimulating epithelial cells. Notably, 
TLR5 is expressed on the basolateral but not on apical surfaces of 
epithelia. This expression pattern ensures that invading, but not intra-
luminal commensal, microbes can stimulate TLR5 signaling. Further-
more, intraepithelial T lymphocytes, which can recognize glycolipids 
from microbes, are also embedded in the epithelia.

Induction of inflammation
Innate immunity detects microbial infection and induces inflamma-
tory reactions in local peripheral tissues such as the skin (Fig. 16.6). 
TLRs expressed on macrophages or dendritic cells (DCs) play major 
roles in this process. TLR signaling can induce robust production of 
inflammatory cytokines including interleukin (IL)-6 and tumor necro-
sis factor alpha (TNF-α), chemokines, or adhesion molecules, thereby 
recruiting or activating various inflammatory cells at the sites of infec-
tion. Recruited and activated macrophages or neutrophils then ingest, 
through internalizing PRRs, and subsequently kill invading pathogens 
by producing nitric oxide (NO), reactive oxygen species (ROS), or 
defensins. NLR signaling can induce generation of proinflammatory 
cytokines such as IL-1β and IL-18 through the activation of inflamma-
some (see later) and contributes to inflammatory reactions. Inflam-
mation is a critical local response to resolve infection. However, 
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Fig. 16.6 Induction of inflammation and homing of activated dendritic cells (DCs) into the lymph nodes.
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CD8+ T cells. This system ensures that virally infected cells, which do 
not always possess the ability to present antigen by themselves, can be 
selected as targets for cytotoxicity. Crosspriming is also believed to be 
involved in cancer surveillance, because most cancer cells also show 
poor ability of antigen presentation. Overall, crosspriming plays an 
important role in host defense. TLR3 is abundantly expressed in a DC 
subset with high ability to phagocytose dying cells and critically 
involved in promoting crosspriming.24

MOLECULAR MECHANISM OF PRR SIGNALING
TLR signaling requires the intracytoplasmic TIR region.25 This region 
associates with cytoplasmic adapters that also possess the TIR region. 
This association is critically involved in stimulating various pathways 
leading to activation of NF-κB or interferon regulatory factors (IRFs). 
There are five TIR domain–containing adapters, and four of them—
MyD88, TIR domain-containing adapter protein (TIRAP)/MyD88-
adapter-like (MAL), TIR domain-containing adapter protein inducing 
IFN-β (TRIF), and TRIF-related adapter molecule (TRAM)—are 
involved in TLR signaling and also shape the pleiotropic function of 
TLRs (Figs. 16.9 and 16.10). MyD88, characterized first among the 
TLR adapters, associates with all TLRs except TLR3. MyD88 is essen-
tial for TLR-induced cytokine production. TIRAP cooperates with 
MyD88 downstream of TLR2 and TLR4. MyD88 is critical for all 
TLR7/9-induced effects, including type I IFN induction (see Fig. 16.10), 
whereas TRIF, but not MyD88, is essential for TLR3- or TLR4-induced 
type I IFN production (see Fig. 16.9). TRAM is required for TLR4 to 
associate with TRIF. TLR3 can directly associate with TRIF and does 
not require TRAM for its signaling. These adapters differentially stim-
ulate signaling cascades that involve IL-1R–associated kinases (IRAKs) 
or an adapter molecule, tumor necrosis factor receptor-associated factor 
6 (TRAF6), and induce the activation of various transcription factors. 
Activation and nuclear translocation of NF-κB, IRF-3, and IRF-7 can 
cause gene expression of proinflammatory cytokines and type I IFNs 
(see Figs. 16.9 and 16.10).

IκB kinase (IKK) family members play critical roles in linking TLR 
signaling and activation of transcription factors (see Figs. 16-9 and 
16-10). NF-κB activation depends on IKKβ. IRF-3 activation is induced 

and IFNAR2, as a common receptor. The signaling can induce expres-
sion of a number of antiviral molecules including 2′-5′-oligoadenylate 
synthases (OAS) or IFNs themselves. It can also upregulate expression 
of the major histocompatibility complex (MHC) and induce dendritic 
cell maturation. These effects contribute to antiviral immune responses.

Type I IFNs are produced in a TLR-dependent and TLR-indepen-
dent manner. TLR-independent induction depends mainly on cytoplas-
mic sensors, RLRs. RLRs are potent type I IFN-inducing sensors and 
are macrophages or conventional dendritic cells, but not plasmacytoid 
dendritic cells (PDCs) (see later). Among TLRs, TLR7 and TLR9 can 
induce both IFN-α and IFN-β. The other TLRs, except TLR3 and 
TLR4, fail to induce type I IFNs. TLR3 and TLR4 can induce only 
IFN-β but not IFN-α. TLR4-induced IFN-β plays a critical role in shock 
induction or bacterial infection, but, as a principle, in viral infection 
TLRs that recognize nucleic acids are more critical than TLR4 in type 
I IFN production.

PDCs are a distinct DC subset of conventional DC and also known 
as IFN-α–producing cells.22 PDCs look like plasma cells and exhibit 
poor antigen-presenting activity owing to low expression levels of MHC 
class II and co-stimulatory molecules. PDCs are closely related to a 
lymphoid lineage, because they express certain lymphocyte-specific 
genes and carry partially rearranged immunoglobulin genes. PDCs 
express TLR7 and TLR9 exclusively among TLRs and secrete vigorous 
amounts of type I IFN, especially IFN-α, in a TLR7/9-dependent 
manner.

Crosspriming is important in antiviral immunity.23 Crosspriming is 
defined as exogenous antigen presentation through MHC class I to 
induce T-cell activation (Fig. 16.8). Virally infected cells are ingested 
by antigen-presenting cells. Antigens are processed and transported to 
MHC class II–containing lysosomes, where antigens associate with 
MHC class II. The complex becomes competent for presentation to 
CD4+ T cells. As an alternative to antigen presentation through MHC 
class II, antigens can be transported from the endosome to the cytosol. 
It remains unknown if this transport is actively regulated or depends 
just on a leak from the endosome. In the cytosol, antigens are processed 
by proteasomes and then incorporated into the endoplasmic reticulum 
in a transporter associated with antigen processing (TAP)–dependent 
manner. Then, antigens bind to MHC class I and are presented to 
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structural difference between pathogen and host nucleic acid TLR 
ligands is not very prominent. For example, unmethylated CpG motifs 
are still found in mammals although their frequency is very low. Fur-
thermore, ssRNAs irrelevant to viruses also behave as TLR7 agonists. 
Host cells are phagocytosed after they die, and nucleic acids from 
ingested cells are then released to endosomes or phagosomes. Thus, 
hosts potentially expose themselves to the risk of an autoimmune 
response. However, this risk is contained by several factors. First, these 
nucleic acids are unstable and easily degraded. Second, TLR7 expres-
sion is very low in cells with high phagocytic activity. Third, TLR7/9 
expression and released nucleic acids are localized in different cell 
compartments (Fig. 16.11). Furthermore, the host possesses some 
DNA sequences that can inhibit TLR9 signaling.28 In fact, such 
sequences can be found in the telomere. Thus, several fail-safe mecha-
nisms prevent an autoimmune reaction. Still, it remains unclear how 
the host tolerates adjuvant effects of self nucleic acids.

The break of this tolerance seems to contribute to the pathogenesis 
of autoimmune diseases, such as systemic lupus erythematosus (SLE).22 
In SLE, anti–nucleic acid antibodies are produced and immune com-
plexes containing nucleic acids are retained as a stabilized form in  
the serum, thus creating efficient TLR agonists for PDC stimulation. 
The immune complexes can activate PDCs to produce IFN-α by co-
engaging TLR and FcR. Notably, serum IFN-α levels are often increased 
in SLE patients and correlate with the severity of the disease. It is also 
reported that cancer treatment with IFN-α causes SLE-like manifesta-
tions. The number of activated PDCs is increased in skin lesions in 
SLE. It can thus be assumed that prolonged activation of PDCs is 
involved in elevated production of IFN-α, leading to clinical manifesta-
tions. This hypothesis also explains the observed deterioration of SLE 
after viral infection.

by a heterodimer of IKKε/ι and TBK1. TLR7/9 signaling mechanism in 
PDC is peculiar in that the MyD88-mediated pathway leads to IRF-7 
activation via IKKα and IRAK1.

RLRs do not utilize adapters with the TIR region but require a 
CARD-like domain carrying adapter, IFN-β promoter stimulator 1 
(IPS-1, also known as CARD adapter inducing IFN-β [Cardif], mito-
chondrial anti-viral signaling [MAVS], or virus-induced signaling 
adapter [VISA]) (see Fig. 16.10). IPS-1 can induce production of proin-
flammatory cytokines and type I IFNs through the activation of NF-κB 
and IRF3/7 via IKKβ and IKKε/ι-TBK1, respectively. The TLR3/4-medi-
ated pathway also converges this cascade by activating IKKβ and IKKε/ι-
TBK1 complex via TRIF, but not via IPS-1. DAI signaling can also 
result in activation of this cascade in a TRIF/IPS-1–independent 
manner.

Inflammasome is a molecular platform that is activated mainly by 
NLRs (see Fig. 16.3).26,27 Inflammasome is activated in several ways, 
depending on NLRs or NLR-related molecules such as NALP3, NAIP5, 
NLRP1, or AIM2. Each inflammasome requires apoptosis-associated 
speck-like protein containing a caspase activation and recruitment 
domain (ASC) or IPAF as a CARD-containing molecule. ASC and IPAF 
are critically involved in recruiting caspase-1, which can convert pro-
IL-1β and pro-IL-18 to biologic active cytokines, IL-1β and IL-18, 
respectively.

PRR AND DISEASES
TLR and autoimmunity
Protein or lipid TLR ligands are absent in the host; they are principally 
non-self components. However, compared with these substances, the 
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Uric acid crystals (monosodium urate [MSU]) are precipitated in the 
joints and lead to NALP3 activation. Pneumoconiosis is a pulmonary 
inflammatory disease evoked by long-term inhalation of particulate 
dust such as asbestos or silica, which can activate NALP3 inflamma-
some. Furthermore, autosomal dominant mutations in NALP3 are 
associated with a group of autoinflammatory disorders that include 
familial cold autoinflammatory syndrome, Muckle-Wells syndrome, 
and neonatal-onset multisystemic inflammatory disease. Clinical 
symptoms of these diseases are featured by recurring episodes of fever, 
rash, and arthropathy. Notably, these manifestations are ameliorated 
by treatment with an IL-1R antagonist.

CONCLUSION
Innate immunity is critical for detecting, and coping with, infection. 
The innate immune system efficiently utilizes a combination of signal-
ing, internalizing, and soluble PRRs to establish host defense. In 
mammals, innate immunity represents an ancient, yet highly sophis-
ticated system that is indispensable for the host’s survival. Intense 
research over the past few years has led to the clarification of the basic 
molecular mechanism of innate immunity, and several clinical applica-
tions that target innate immune receptors are now in development. For 
example, clinical studies with CpG DNA as a powerful adjuvant in 
allergy or cancer treatments and to boost general immunity are under-
way. Furthermore, there are indications that various autoimmune 
manifestations can be improved by manipulating innate immunity. 

In addition to antinuclear antibodies, endogenous proteins can also 
manifest the autoimmune potential of host-derived nucleic acids. On 
massive cell necrosis, nuclear proteins such as high-mobility group box 
1 (HMGB1) are released. Those proteins bind nucleic acids and facili-
tate TLR9-induced immunostimulatory effects. LL37 is a cationic 
protein and can form a complex with DNA. This complex formation 
facilitates the incorporation of DNA by PDCs and its retention in the 
early endosome, thereby activating the PDCs to produce IFN-α via 
TLR9. Production of antimicrobial peptide, LL37, is elevated in the 
skin lesions from persons with psoriasis.29 Thus, in addition to anti–
nucleic acid antibodies, endogenous molecules are also involved in 
bypassing the fail-safe mechanisms that would normally block the 
immunopathologic potential of TLR7/9 signaling (see Fig. 16.11).

Rheumatoid factor (RF) is an immunoglobulin that can bind to 
certain types of IgG and that is often found in the sera of patients with 
an autoimmune disorder. Immune complexes containing nucleic acids 
can activate RF-positive B cells by dual engagement of a B-cell receptor 
and TLR9.30 Such activated B cells then differentiate into plasma cells 
and produce RF. RF is incorporated also into immune complexes and 
transferred to dendritic cells. Thus, TLR signaling is critically involved 
in autoimmunity in both PDC and B cells.

NLR and inflammation
Excessive activation of inflammasome can provoke various inflamma-
tory conditions. Gout is an arthritis accompanied by hyperuricemia. 
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Further understanding of how innate immune cells function may 
potentially lead to the development of new treatment strategies in a 
variety of disease conditions.
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PROTEOLYTIC PATHWAYS OF CONNECTIVE 
TISSUE BREAKDOWN
Extracellular matrix proteins are broken down by different proteolytic 
pathways. The five main classes of proteinases4 are classified according 
to the chemical group that participates in the hydrolysis of peptide 
bonds. Cysteine and aspartic proteinases are predominantly active at 
acidic pH and act intracellularly; threonine proteinases, the protea-
some being the most characterized, also act intracellularly at near-
neutral pH; and the serine and metalloproteinases, active at neutral 
pH, mostly act extracellularly. Examples of these enzymes and the 
matrix proteins they cleave are shown in Figure 17.1. Other enzymes, 
such as elastase, are released when neutrophils are stimulated. Some 
enzymes, such as furin, may not participate in the proteolysis of matrix 
proteins but activate proenzymes that then degrade the matrix. Mem-
brane-bound proteinases are associated with cytokine processing, 
receptor shedding, and the removal of proteins that are responsible for 
cell-cell or cell-matrix interactions.

The complete repertoire of human proteases (defined as the degra-
dome)5 comprises approximately 569 proteinases, and all classes of 
proteinase have roles in the turnover of connective tissues. One  
proteinase pathway may act in concert with or precede another,  
and the pathway that predominates will vary with different resorptive 
situations. The turnover of the extracellular matrix often involves 
complex interactions between different cell types. The osteoid layer in 
bone is removed by osteoblast metalloproteinases before the attach-
ment of osteoclasts, which secrete predominantly cysteine proteinases 
such as cathepsin K. These degrade bone matrix after the removal of 
mineral. An intricate series of interactions occur in the rheumatoid 
joint between T cells, macrophages, synovial fibroblasts, and chondro-
cytes. In septic arthritis, neutrophils release both serine and metallo-
proteinases, which exceed the local concentration of inhibitors, 
resulting in a rapid removal of the cartilage matrix from the joint 
cavity, in contrast to many other arthropathies. In osteoarthritis (OA), 
inflammation is typically less marked but nevertheless is thought to 
contribute to pathology.6 It is likely, however, that other mechanisms 
also contribute to joint tissue destruction, especially in OA, including 
abnormal mechanical loads and mechanotransduction, age-related 
changes to cartilage matrix such as advanced glycation end products 
and new gene expression, and factors such as the activation of Toll-like 
receptors.

EXTRACELLULAR PROTEOLYSIS— 
NEUTRAL PROTEINASES
Matrix metalloproteinases
The matrix metalloproteinase (MMP) family, when activated and 
acting collectively, can degrade all the components of the extracellular 
matrix. MMPs are zinc-dependent endopeptidases, and all contain 
common domains (Fig. 17.2a).7 All are produced as latent (inactive) 
proenzymes, and proteolytic loss of the propeptide leads to activation. 
The membrane-type MMPs (MT-MMPs) and stromelysin-3 (MMP-11) 
have a short peptide insert between the propeptide and the N-terminal 
domain, a sequence recognized by furin, a serine proteinase located in 
the Golgi apparatus; these MMPs are therefore secreted as active 
enzymes. Zinc is present at the catalytic center within the N-terminal 
catalytic domain, which is joined to the C-terminal hemopexin domain 
by a flexible linking peptide. The hemopexin domain helps to confer 
substrate specificity, this being especially noteworthy for the collage-
nases. Two MMPs (collagenase-2/MMP-8 and gelatinase B/MMP-9) are 
found stored within the specific granules of the neutrophil, whereas 
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 Cartilage is made up of collagens, proteoglycans, and 
glycoproteins. Bone consists of a mineralized collagen matrix. Both 
tissues can be degraded by active proteinases.

 Different classes of proteinases play a part in connective tissue 
turnover, but the proteinase that predominates varies with 
different tissues and resorptive situation.

 Matrix metalloproteinases (MMPs) are potent enzymes that 
degrade connective tissue and are inhibited by tissue inhibitors of 
metalloproteinases (TIMPs); the balance between active MMPs and 
TIMPs determines the extent of degradation. ADAM (a disintegrin 
and metalloprotease) and ADAMTS (a disintegrin and 
metalloproteinase with thrombospondin motifs) proteinases are 
also upregulated in the diseased joint, and cysteine proteinases 
initiate the breakdown of collagen in bone.

 Various cytokines and growth factors, alone or in combination, 
inhibit matrix synthesis and stimulate proteinase production and 
matrix destruction.

 Some growth factors increase the synthesis of matrix and 
proteinase inhibitors. Growth factor combinations can be used in 
conjunction with artificial matrices to promote the repair of 
cartilage defects in large joints.

INTRODUCTION
Cartilage and the underlying subchondral bone are destroyed in severe 
cases of arthritis, and this limits normal joint function. Cartilage con-
tains different types of collagen, which are composed of rod-shaped 
molecules that aggregate in staggered arrays to form cross-linked fibers 
giving connective tissues strength and rigidity.1 Entrapped within these 
collagen fibers are the proteoglycans,2 predominantly aggrecan, which 
consists of three globular domains interspersed with heavily glycosyl-
ated and sulfated polypeptide. In the presence of hyaluronic acid, these 
form highly charged aggregates, attract water into the tissue, and allow 
cartilage to resist compression. Chondrocytes in normal adult cartilage 
maintain a steady state in which the extent of matrix synthesis equals 
that of degradation. Any change in this steady state will affect the 
functional integrity of the cartilage. During growth and development, 
synthesis of matrix components exceeds degradation, whereas in 
pathology there is an increase in the rate of degradation that is often 
associated with a reduction in matrix synthesis.

The primary cause of cartilage and bone destruction in the arthri-
tides is elevated levels of active proteinases, secreted from a variety of 
cells, which degrade collagen and aggrecan. The sources of these  
proteinases will depend on the type of disease. In osteoarthritis the 
proteinases produced by chondrocytes play a major role. In contrast, 
in a highly inflamed rheumatoid joint the chondrocytes, synovial cells, 
and inflammatory cells all contribute to the proteolytic loss of tissue 
matrix.

Joint tissues are capable of repair: although aggrecan can be readily 
resynthesized, the replacement of collagen, after its destruction, is 
more difficult.3 A variety of growth factors and cytokines present in the 
joint are able to upregulate matrix synthesis, and these factors have 
been studied to determine if cartilage and bone defects can be repaired 
in vivo.
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most others are produced by different connective tissue cells after 
stimulation with a variety of mediators.

MMPs are divided into four main groups called the stromelysins, 
collagenases, gelatinases, and MT-MMPs.8 The stromelysins have 
broad substrate specificities (see Fig. 17.1), and the natural substrates 
of these enzymes are probably proteoglycans, fibronectin, and laminin.9 
Stromelysin-1 (MMP-3) is not normally widely expressed but can be 
readily induced by growth factors and cytokines such as interleukin 
(IL)-1 and tumor necrosis factor (TNF)-α. The three stromelysins have 
a similar substrate specificity, but their expression patterns are often 
quite distinct.

There are three mammalian collagenases: collagenase-1 (MMP-1), 
collagenase-2 (MMP-8), and collagenase-3 (MMP-13). The full-length 
structure of porcine collagenase was solved by x-ray crystallography  
and is shown in Figure 17.2b.10 These enzymes, once activated, cleave 
fibrillar collagens at a single site, producing three-fourths– and one-
fourth–sized fragments. The enzymes differ in their specificity for 
different collagens: collagenase-3 has a much broader substrate speci-
ficity than the other collagenases. Both collagenase-1 and collagenase-3 
are synthesized by macrophages, fibroblasts, and chondrocytes when 
these cells are stimulated with inflammatory mediators. Collagenase-2 
is predominantly released from neutrophils on stimulation of the cell, 
but this MMP can also be produced by chondrocytes, and all three 
collagenases are present in diseased cartilage (Fig. 17.3). Collagenase-3 
is often controlled in a different way from collagenase-1; retinoic  
acid, which downregulates collagenase-1, is known to upregulate  
collagenase-3 in some cell types.

The two gelatinases cleave denatured collagens, type IV and V col-
lagen, and elastin. Expression of gelatinase A (MMP-2) is the most 
widespread of all the MMPs; gelatinase B (MMP-9) is expressed  
in a wide variety of transformed and tumor-derived cells. Both MMP-2 
and MT1-MMP (MMP-14) have also been shown to have collageno-
lytic activity, and the cell-surface location of MT1-MMP ideally situ-
ates it for the pericellular proteolysis that is often evident in OA 
cartilage.

There is an increase in levels of different MMPs in rheumatoid 
synovial fluid, in conditioned culture media from rheumatoid synovial 
tissues and cells, in synovial tissue at the cartilage-pannus junction 
from rheumatoid joints, in osteoarthritic cartilage, and in animal 
models of arthritis.11,12 These proteinases are implicated in the 
pathologic destruction of joint tissue and are involved in the normal 
turnover of connective tissue matrix that occurs during growth  
and development. In OA, the rates of both matrix synthesis and break-
down are increased, which leads to the formation of excess matrix in 
some regions (osteophytes) with focal lesions (loss of matrix) in other 
areas.

The MMPs, therefore, need careful control9; this occurs at a number 
of critical steps (Fig. 17.4), including synthesis and secretion, activation 
of the proenzymes, and inhibition of the active enzymes.

Synthesis and secretion
IL-1, TNF-α, and IL-17 stimulate numerous cell types to produce 
proinflammatory and degradative molecules. The synthesis and secre-
tion of collagenase-1, stromelysin-1, and other MMPs are stimulated 
by such mediators.10 Within arthritic joints there are large numbers of 
different cell types that produce specific cytokines and growth factors 
that often differ in their action on individual cell types (see Fig. 17.4b). 
It is also likely that multiple cytokines will be present within such an 
inflammatory milieu, making it difficult to predict the outcome of 
blocking the action of an individual cytokine to prevent tissue destruc-
tion. TNF-α blockade in some patients with rheumatoid arthritis (RA) 
successfully reduces inflammation and joint destruction, whereas some 
studies suggest that blocking other cytokines such as IL-1, IL-6, IL-17, 
or oncostatin M (OSM) may confer similar benefit, especially in 
patients unresponsive to a given biologic agent. Cytokines and growth 
factors mediate their effects on cells by binding to specific cell-surface 
receptors. A “signal” is transduced to the nucleus via specific intracel-
lular signal transduction pathways that culminate in the activation or 
repression of target genes. Signaling in inflammation is complex, and 
multiple signaling cascades are often activated by a given cytokine in 
different cell types. A further level of complexity is added in that inter-
actions, or “cross talk,” between different signaling pathways can occur 
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proteinases

a

b

PROTEINASES THAT DEGRADE CONNECTIVE TISSUE MATRIX

Aspartate
proteinases

Cysteine
proteinases

Intracellular

Metallo-
proteinases
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Low pH Neutral pH

Proteinase Class Inhibitors Substrates

Stromelysins
MMP-3, -10, -11

Metallo TIMPs, �2-m Broad spectrum of activity, e.g.
proteoglycan, fibronectin, laminin, 
some gelatins and collagens, 
link protein, vitronectin, etc.

Gelatinases
MMP-2, -9

Metallo TIMPs, �2-m Denatured collagens, collagens
IV, V, VII, X, elastin, fibronectin,
vitronectin

Cathepsin B Cysteine Cystatins, �2-m Proteoglycan, link protein, 
procollagen II, collagen II

Cathepsin K Cysteine Cystatins, �2-m Collagen I, II, elastin, bradykinin, 
proteoglycan

Cathepsin L Cysteine Cystatins, �2-m Proteoglycan, elastin, link protein, 
collagen II

Cathepsin S Cysteine Cystatins, �2-m Proteoglycan, link protein, 
procollagen II, collagen II

Cathepsin H Cysteine Cystatins, �2-m Proteoglycan

Cathepsin D Aspartate �2-m Proteoglycan, gelatin

Furin Serine Activates, pro-forms of some
MMPs, ADAMs, ADAMTSs, 
growth factors, hormones and 
receptors

Plasmin Serine �1
-Pl, �1

-AC, �2-m,
�2-antiplasmin

Activates MMPs

Plasminogen
activator
(tissue)

Serine Protease nexin 1,
PAI-1, �2-m

Activates plasminogen

Plasminogen
activator
(urokinase)

Serine Protease nexin 1,
PAI-1, �2-m

Activates plasminogen

Proteasome Threonine Lactacystin Ubiquitinated proteins

MMP = Matrix metalloproteinase; TIMP = tissue inhibitors of metalloproteinase;
�2-m = �2-macroglobulin; �1-PI = �1-antiproteinase inhibitor;  
�1-AC = �1- antichymotrypsin; PAI-1 = plasminogen activator inhibitor-1.

Collagenases
MMP-1, -8, -13

Metallo TIMPs, �2-m Fibrillar collagen I, II, III, VII, X
gelatins

Fig. 17.1 Proteinases that degrade connective tissue matrix. (a) The five main 
classes of proteinases are named according to the chemical group involved in 
catalysis. The aspartic and cysteine proteinases act at low pH and are thought 
to act within the lysosomal system, where they degrade protein intracellularly; 
these enzymes can also be released into small acidified pockets near the cell 
membrane to degrade extracellularly. The major threonine proteinase, the 
proteasome, degrades proteins in the cytoplasm and is an important regulator 
of many intracellular processes, including proinflammatory signaling pathways. 
Secreted serine and metalloproteinases act extracellularly at neutral pH. Some 
enzymes are membrane bound, ensuring that they act locally to the cell. Some 
serine proteinases also act intracellularly within the Golgi apparatus, activating 
proenzymes before their secretion. (b) Examples of each enzyme are listed 
with proteinase class, inhibitors, and major matrix proteins degraded.
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bonds, and activation is likely to be achieved in a tightly controlled 
environment close to the cell surface. Active stromelysin-1 activates 
procollagenases and other MMPs. Recent data implicate MT1-MMP, 
which is itself activated by the serine proteinase furin, as an important 
initiator of MMP activation cascades. Plasmin and possibly other 
serine proteinases activate some members of the MMP family, and in 
vitro studies have demonstrated that inhibitors of both furin and 
plasmin can stop cartilage destruction.15

to mediate the gene expression of degradative molecules.9 Signaling is 
currently considered an attractive therapeutic target and is therefore 
the subject of considerable research.13,14

Activation of proenzymes
Activation of latent pro-MMPs is an important and understudied 
control point in connective tissue breakdown. The propeptide is 
removed proteolytically; this allows the enzyme to hydrolyze peptide 

a THE DOMAIN STRUCTURE OF THE MATRIX METALLOPROTEINASES (MMPs)

Function

Additional
domains

Function

MMP

Maintains MMP
in inactive form

Zn2+ is involved in
cleavage of matrix protein

Linking
peptide

Binds to substrate
other proteins

Propeptide

QPRC92GVP H218ELGHSLGLSH

Zn2+

C278 C466

Gelatin-binding
domains

MMP-2, –9

Sequence recognized
by furin

MMP-11, MT–MMPs

Collagen-like
homology

MMP–9

Transmembrane
domain and

cytoplasmic tail

MT–MMPs

RXKR

Catalytic domain Hinge C-terminal domain

PIG SYNOVIAL COLLAGENASE-1

b

Fig. 17.2 The domain structure of the matrix metalloproteinases (MMPs). (a) All 
MMPs contain a similar domain structure with a zinc-binding domain (yellow), 
and most contain the C-terminal domain (blue). All are secreted with a 
propeptide (purple) that maintains the latency of the MMP by a conserved 
cysteine binding to the active site zinc. Other groups of MMPs build on this core 
structure. The gelatinases have additional domains inserted (green). The 
MT-MMPs have a transmembrane domain (pink) that locates the MMP at the cell 
surface. The MT-MMPs and stromelysin-3 have a sequence of basic amino acids 
inserted between the pro and catalytic domains that are specifically recognized 
by furin, a serine proteinase that activates these enzymes intracellularly. Varying 
the domains ensures that individual MMPs can bind to the matrix components 
that they cleave. (b) The structure of porcine synovial collagenase-1 is shown. 
The N-terminal domain (top) contains the active site zinc (purple), a further zinc 
ion, and three calcium ions (orange). A synthetic inhibitor is shown (yellow) 
binding to the active site zinc. This is linked by the hinge region to the 
C-terminal domain (bottom), which is responsible for substrate binding. This is 
shown as a four-bladed β-propeller with a central calcium ion.
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usually membrane-anchored proteinases with diverse functions con-
ferred by the addition of different protein domains. The disintegrin 
domain can bind to integrins and prevent cell-cell interactions; cyste-
ine-rich, epithelial growth factor (EGF)–like, transmembrane, and cyto-
plasmic tail domains are also found. Some members are associated 
with the cleavage and release of cell-surface proteins. For example, 
ADAM-17 is known for its ability to release TNF-α from the cell 
surface. Other ADAMs have also been described in cartilage, including 
ADAM-10, ADAM-12, and ADAM-15.

ADAMTS family members are distinguished from the ADAMs in 
that they lack these latter three domains but have additional throm-
bospondin-1–like domains (which can number up to 13), predomi-
nantly at the C-terminus, which are thought to mediate interactions 
with the extracellular matrix.17 Some ADAMTS proteinases can, under 
certain circumstances, be produced as alternatively spliced forms, 
which differ primarily in the number of their thrombospondin repeats 
and which may give rise to differences in their substrate specificities 
and localization within the extracellular matrix. Several members of 
this family are recognized as aggrecanases,17 and some of these enzymes, 
most notably ADAMTS4 and ADAMTS5,18 are thought to be respon-
sible for the cleavage of cartilage proteoglycan (Fig. 17.5). Recent 
studies suggest that an enzyme is present on the surface of chondro-
cytes that also cleaves aggrecan and is distinct from ADAMTS4 or 
ADAMTS5; however, it remains unclear whether it is an ADAMTS 
family member that is attached tightly via thrombospondin domains 
or whether a separate enzyme is present. Interestingly, many of the 
ADAM and ADAMTS family members are inhibited by TIMP-3, 
which in in vitro studies effectively blocks aggrecan release from 
cartilage.

Serine proteinases
There are almost as many serine proteinases (31%) in the human 
degradome as there are metalloproteinases (34%),5 making this pro-
teinase class an increasingly interesting one in terms of joint destruc-
tion. Indeed, both direct and indirect roles for serine proteinases have 
been described, including the regulation of cell signaling and modulat-
ing the biologic activity of growth factors; these are events that can 
significantly alter an inflammatory response.15 The complement serine 
proteinase C1s can degrade insulin-like growth factor–binding protein-5 
(IGFBP-5) to release active IGF-1, a growth factor integral to controlling 
cartilage damage. Complement activation components are elevated in 
the synovial fluid, synovium, and cartilage of arthritis patients, and 
targeted deletion/inhibition reduces disease severity in murine arthritis 
models. Therapeutics that target complement components are now 
being developed for the treatment of RA.19 As well as a pro-MMP acti-
vator, plasmin can active TGF-β, release IGF-1 from IGFBPs, and 
activate the complement cascade. The serine proteinases neutrophil 
elastase and cathepsin G are stored in azurophil granules and released 
after neutrophil exposure to inflammatory stimuli. In mice deficient of 
both neutrophil elastase and cathepsin G, experimental arthritis is less 
severe with reduced inflammatory cell infiltration, suggesting that 
these neutrophil serine proteinases are important in promoting the 
inflammatory process by establishing chemotactic gradients that recruit 
immune cells and enhance inflammation. Modulation of the biologic 
activity of chemokines is another important role,15 and it is now appar-
ent that serine proteinases are also involved in initiating cell signaling 
via the proteolytic activation of protease-activated receptors.20

INTRACELLULAR PATHWAYS— 
ACID PROTEINASES
Cathepsin D (an aspartic proteinase) and cathepsin B (cysteine protein-
ase) are raised in OA cartilage, and raised levels of cathepsins B, H, 
and L (cysteine proteinases) are reported in antigen-induced rat arthri-
tis models and within the rheumatoid joint.21 Incubation of resorbing 
cartilage with specific cathepsin B inhibitors blocked the release of 
proteoglycan fragments, suggesting the involvement of an intracellular 
route for cartilage proteoglycan breakdown. Cathepsin K can also cleave 
collagen, albeit at a different site to the MMPs, and the presence of 
chondroitin sulfate increases the activity and stability of this enzyme. 

Inhibition of active enzymes
All active MMPs are inhibited by tissue inhibitors of metallopro-
teinases (TIMPs),16 which are highly stable proteins that bind tightly 
to active MMPs in a 1 : 1 ratio. These TIMPs play an important role 
in controlling connective tissue breakdown by blocking activated 
MMPs (see Fig. 17.3). If TIMP levels exceed those of active enzymes, 
then connective tissue turnover is prevented. TIMP-3 is bound by the 
extracellular matrix after secretion and also inhibits members of the 
ADAM and ADAMTS families (see later). TIMP-4 is predominantly 
localized in heart tissue but can be produced by joint tissues. TIMP-1 
and TIMP-3 are upregulated by growth factors such as transforming 
growth factor (TGF)-β, insulin-like growth factor (IGF)-1, and OSM; 
these agents also upregulate matrix synthesis. The mechanisms that 
control the extracellular activity of the MMPs are illustrated in Figure 
17.4.

ADAM and ADAMTS proteinase families
Two additional families of proteinases, both closely related to MMPs, 
are also implicated in cartilage biology, particularly in relation to pro-
teoglycan turnover. ADAMs (A Disintegrin And Metalloproteinase) are 

Neutrophil

Chondrocyte

T cells, fibroblasts, macrophages

Cell–cell

Cartilage destructionCartilage

MMP–1,–8,–13

TIMP 1–4
Inhibition

TIMP 2–4
Inhibition

MMP–14

MMP=matrix metalloproteinase; TIMP=tissue inhibitors of metalloproteinase

COLLAGENASES AND JOINT DESTRUCTION

Synovial fluid

MMP: TIMP
complexes

MMP–8
MMP–9
Elastase

Pannus

Fig. 17.3 Collagenases and joint destruction. Cell-cell interactions between T 
cells, fibroblasts, and macrophages within the pannus tissue give rise to a 
mixture of cytokines and growth factors that act on these cells and on the 
chondrocytes to increase procollagenase-1 (MMP-1), procollagenase-2 
(MMP-8), procollagenase-3 (MMP-13), or MT1-MMP (MMP-14). After activation, 
if local levels exceed the available TIMPs, collagen destruction ensues. MMP-14 
can initiate activation cascades that activate the procollagenases. Within the 
joint cavity, neutrophils can also release collagenase-2 (MMP-8), gelatinase B 
(MMP-9), or elastase at, or close to, the cartilage surface where degradation 
will occur unless α2-macroglobulin binds and inactivates the enzyme.
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plays a key role in the degradation of bone collagen, and its expression 
correlates with bone resorption. It is also produced by synovial fibro-
blasts and is thought to contribute to synovium-initiated bone destruc-
tion in the rheumatoid joint.27 Bone resorption is impaired in situations 
in which cathepsin K is deficient, evidence that has made cathepsin K 
a drug target for the treatment of osteoporosis in which bone resorption 
is excessive.

There is clear evidence for a central role for receptor activator of the 
nuclear factor-kappa B ligand (RANKL) in the bone destruction seen 
in RA. This member of the TNF ligand family of cytokines is abun-
dantly produced by T cells and synovial fibroblasts in RA synovial 
membrane, and it stimulates the formation of multinucleate osteo-
clasts. It is upregulated by a variety of cytokines, including IL-1,  
TNF-α, IL-11, OSM, parathyroid hormone–related peptide (PTHrP), 
macrophage colony-stimulating factor (M-CSF), and IL-17. It binds to 
a specific receptor, RANK, on the surface of osteoclast precursors. 
Increased levels of RANK and RANKL, as well as multinucleate cells, 
are evident in arthritis models associated with bone erosions. The 
potent activity of IL-17 in osteoclastogenesis is mediated by the upregu-
lation of RANKL, and its action is antagonized by the decoy receptor 
osteoprotegerin (OPG). This molecule is effective in blocking bone 
resorption,25 and, in rat adjuvant arthritis and the arthritis of TNFtg 
mice,28 it protects against the development of bone and cartilage 
destruction.

MODEL SYSTEMS OF CARTILAGE BREAKDOWN
A large number of animal models are used to study the mechanisms 
of joint destruction. Initiation of cartilage breakdown can be induced 
with IL-1, TNF-α, IL-17, retinoic acid, or other proinflammatory cyto-
kine combinations in model systems.29 Specific proteoglycan fragments 
are released first from resorbing cartilage (see Fig. 17.5). TIMP-3 blocks 
this proteoglycan release, supporting a role for ADAMTS enzymes, 
particularly ADAMTS5, and possibly other chondrocyte membrane 
metalloproteinases. Cysteine proteinase inhibitors can also block 

A correlation of cathepsin K–generated collagen fragments with increas-
ing age in OA cartilage has been reported.22 Cathepsin K is now a drug 
target for the treatment of osteoporosis in which bone resorption is 
excessive (see later). The relative contribution of intracellular and 
extracellular pathways to collagen breakdown is controversial. Studies 
have identified collagen-containing vacuoles within connective tissue 
fibroblasts.23 These vacuoles contain either recently synthesized col-
lagen (targeted for intracellular degradation prior to secretion) or col-
lagen phagocytosed from the extracellular space. This occurs when cells 
form contacts with the collagen fibril and segregate it by cellular pro-
cesses. Partial digestion of the fibril occurs by membrane-bound MMPs 
and possibly gelatinases followed by intracellular digestion within the 
lysosomal system by cathepsin B or L.24 Tissues with a high matrix 
turnover (e.g., periodontal ligament) or that have been stimulated to 
resorb have increased numbers of collagen-containing vacuoles, sug-
gesting that these are linked to resorption. Some workers suggest that 
the intracellular pathway predominates in normal turnover, whereas 
the extracellular route is prevalent only under pathologic conditions.24 
A close apposition of intracellular and extracellular pathways will be 
found in many situations when there is connective tissue turnover  
(Fig. 17.6).

OSTEOCLASTIC BONE RESORPTION
Bone is also destroyed in RA,25 and both the MMPs and cysteine pro-
teinases are involved.26 Osteoblasts respond to parathyroid hormone 
and other agents that induce bone resorption, such as IL-1 and TNF-α, 
by increasing the secretion of MMPs to remove the osteoid layer on 
the bone surface. Osteoclast precursors then adhere to the exposed 
bone surface, differentiate, and form a low pH microenvironment 
beneath their lower surface. This removes mineral, and lysosomal 
proteinases then resorb the exposed matrix (Fig. 17.7). Cathepsins B 
and L cleave collagen types II, IX, and XI and destroy cross-linked col-
lagen matrix at low pH. Osteoclasts produce cathepsin K, which cleaves 
type I collagen at the N-terminal end of the triple helix. This enzyme 
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Fig. 17.4 Control of MMP activity. (a) The MMPs are 
controlled by mechanisms that include upregulation 
by combinations of cytokines and growth factors, 
activation of the secreted enzymes, and inhibition 
by TIMPs. (b) Other factors often alter the cellular 
response to these stimuli, and different cells can 
respond to growth factors and cytokines in a 
number of ways.
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the collagen fibrils such as COMP, decorin, and type IX collagen. It is 
not known whether this disassembly of the matrix occurs in a defined 
sequence, but it is evident that a matrix as complex as articular carti-
lage requires numerous proteolytic activities to effect complete tissue 
destruction. Although IL-1 and TNF-α are sometimes able to initiate 
cartilage collagen resorption alone, when these cytokines are combined 
with OSM a rapid and reproducible release of collagen is found in 

proteoglycan release from cartilage, indicating that they could be 
involved in upstream activation pathways.23

The loss of collagen from cartilage is viewed as the final phase of 
tissue destruction and is essentially irreversible because attempts at 
repair do not lead to restoration of normal cartilage. Before the loss of 
collagen, many of the minor components of the extracellular matrix 
are first degraded, including molecules that are closely associated with 
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Fig. 17.5 Aggrecanases and cartilage aggrecan 
turnover. (a) Structure of aggrecan. The major 
proteoglycan in human cartilage is aggrecan, a 
protein with three globular domains: G1 to G3. 
Between G2 and G3 there is a linear region of 
polypeptide to which charged sugars are attached 
that attract water, causing aggrecan to swell. (b) 
Proteinases that cleave the interglobular domain. 
Both aggrecanases and MMPs can cleave aggrecan 
at specific amino acid sequences between the G1 
and G2 domains. Cleavage in this region by 
aggrecanases is thought to be key to the pathologic 
loss of aggrecan from cartilage. (c) Cleavage of 
aggrecan by aggrecanases and MMPs. Aggrecanases 
are metalloproteinases that belong to the ADAMTS 
family. These are either associated with the 
chondrocyte membrane or released into the 
extracellular space where aggrecan is cleaved 
between the G1 and G2 domains as well as at 
several sites close to the G3 domain. A specific 
neoepitope is released and is found in diseased 
synovial fluids. The G1 domain, which is bound to 
hyaluronic acid, can be subsequently cleaved by 
MMPs, leaving a specific MMP neoepitope that can 
be detected in arthritic cartilage in late-stage 
disease. TIMP-3 inhibits aggrecan release.
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does not.30 Adenoviral delivery of proinflammatory cytokines intra-
articularly can also lead to RA-like tissue destruction with concomitant 
synovial hyperplasia.31 These models emphasize the role that synovial 
fibroblasts play in destroying both bone and cartilage in RA, and 
methods have also been developed in which synovium and cartilage 
are co-cultured in vitro. The interplay between cartilage, bone, and 
synovium and the different points at which joint destruction can be 
blocked are illustrated in Figure 17.8. A role for inflammation and 
factors such as IL-1 in OA progression is now increasingly recognized. 

bovine and porcine cartilage. Synthetic MMP inhibitors and TIMP-1 
are able to prevent this release,29 strongly implicating the collagenolytic 
MMPs in this process; chondrocytes are known to synthesize collage-
nase-1, -2 and -3.

Murine models of RA include one for collagen-induced arthritis, 
which has been used for many years. The implantation of RA synovial 
fibroblasts with normal articular cartilage under the renal capsule of 
SCID mice leads to maintenance of the aggressive phenotype of the 
synovial fibroblasts that invade the cartilage, whereas OA synovium 

THE CONTROL OF COLLAGEN SYNTHESIS AND DEGRADATION
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Fig. 17.6 The control of collagen synthesis and degradation. Increased synthesis of collagen or proteinase inhibitors, often linked to reduced production of 
proteinases, is found after treatment with a variety of growth factors, which include TGF-β, interferon-γ, IGF-1, IL-4, and IL-13. IL-1 and TNF-α increase the 
production of proteinases and can reduce collagen synthesis. Other agents, such as oncostatin M (OSM), IL-17, basic fibroblast growth factor (bFGF), and platelet-
derived growth factor (PDGF), can further influence these processes.

THE CONTROL OF BONE REMODELING
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Fig. 17.7 The control of bone remodeling. 
Hematopoietic stem cells are induced to 
differentiate into osteoclast precursors by systemic 
hormones such as parathyroid hormone (PTH) as 
well as vitamin D3, and various cytokines and 
growth factors have stimulatory or inhibitory effects 
on this differentiation. These precursors mature into 
osteoclasts that first remove the mineral component 
of bone via acidification of an extracellular zone on 
the bone surface and then mediate the breakdown 
of protein components through the production of 
MMPs and cathepsin K (catK); calcitonin inhibits 
osteoclast function. Osteoblasts are derived from 
reconstituting bone marrow cells that differentiate 
under certain stimuli into osteoblast precursors that 
then further differentiate into mature osteoblasts. 
These cells model and repair bone by producing 
new mineralized bone matrix. Pathways that 
promote differentiation are in blue; pathways that 
inhibit this are in red.
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MMP KO mice are embryonically viable, but the MMP-9 KO exhibits 
an abnormal pattern of skeletal development, the MMP-20 KO shows 
severe abnormalities in tooth development, and the MMP-14 KO dis-
plays severe defects in skeletal development and dies within 3 to 16 
weeks of age.

MMP-9 KO mice show developmental abnormalities that involve 
growth plate and endochondral ossification. Hypertrophic chondro-
cytes develop normally, but apoptosis, vascularization, and ossification 
are delayed. MMP-9 appears to be important in the invasive activity 
of osteoclasts at resorption sites, and mice deficient in MMP-9 exhibit 
a delay in osteoclast recruitment, although osteoclastic resorption of 
mineralized matrix still occurs.

MT1-MMP KO causes severe defects in both endochondral and 
intramembranous bone formations and gives rise to severe connective 
tissue defects and the development of arthritis. Bone marrow stromal 
cells from MT1-MMP KO mice show decreased bone formation, sug-
gesting that MT1-MMP may influence the differentiation and activity 
of osteoblasts. MT1-MMP KO mice also have increased numbers of 
osteoclasts, suggesting that MT1-MMP may influence the differentia-
tion and recruitment of these cells.

In the development of antibody-induced arthritis (AbIA), an animal 
model of RA, MMP-2 KO mice show significantly exacerbated arthritis 
compared with wild-type mice. AbIA could be recovered in the MMP-2 
KO mice by injection of wild-type fibroblasts. This suggests a suppres-
sive role for MMP-2 in the progression of AbIA even though MMP-2 
is overproduced in the arthritic joint of AbIA in wild-type mice. In 
contrast to MMP-2 KO mice, MMP-9 KO mice show reduced levels of 
AbIA, indicating that MMP-9 enhances arthritis in this model. The 
double KO mice showed no significant difference from the wild-type 
mice, probably reflecting the effects of both exacerbated arthritis by 
MMP-2 deficiency and reduced arthritis by MMP-9 deficiency. In AbIA 
cartilage, erosion was mild even in severely arthritic mice; therefore, 
the roles of MMP-2 and MMP-9 in cartilage erosion could not be 
determined. Somewhat counterintuitively, however, in a surgical model 
of OA (DMM), MMP-9 disruption resulted in more severe OA.

Disruption of the MMP-3 gene has been investigated in several 
models of arthritis: antigen-induced arthritis (AIA), collagen-induced 
arthritis (CIA), and the induction of OA by both a collagenase-induced 
instability model of OA36 and surgical transection of the medial col-
lateral ligament and partial medial meniscectomy. All studies show no 
significant differences in either inflammation or proteoglycan depletion 
between the MMP-3 KO mice and controls. The major MMP cleavage 
site in aggrecan generates the C-terminal neoepitope VDIPEN. In the 
AIA model and in collagenase-induced instability models, VDIPEN 
staining was eliminated or significantly reduced in MMP-3 KO mice, 
but in CIA and meniscectomized mice, VDIPEN staining was the same 
as in wild-type mice. MMP-mediated aggrecan cleavage has been 
further assessed via a knock-in (KI) mouse in which the wild-type 
cleavage site was altered so as to be impervious to MMP activity. These 
mice have no developmental problems, implying that MMP-mediated 
aggrecanolysis is not important in growth plate remodeling. In addi-
tion, a lack of growth plate phenotype in KOs for ADAMTS-1, -4 or 
-5 as well as a KI engineered to resist aggrecanase-mediated aggre-
canolysis (the amino-terminal ARGSV neoepitope) supports non- 
proteolytic mechanisms of aggrecan remodeling in the growth plate.37 
The ADAMTS-4 and ADAMTS-5 KO mice have revealed that 
ADAMTS-5, at least in mice, plays a major part in tissue turnover in 
models of OA and inflammatory arthritis.18,38

The COL2-3/4C neoepitope (generated by collagenases) was used to 
detect collagen cleavage, and this was eliminated in the AIA model in 
MMP-3 KO mice compared with wild-type controls but was unchanged 
in the meniscectomized model. In the AIA model, MMP-3 appears to 
have an important role in the mechanisms leading to cleavage of type 
II collagen. In contrast, the meniscectomized MMP-3 KO mice exhib-
ited accelerated formation of OA lesions compared with that in wild-
type mice. These results could suggest that MMP-3 plays an important 
role in homeostasis in healthy cartilage, balancing anabolism and 
catabolism of the cartilage matrix, or, alternatively, that the MMP-3 
gene is compensated by another similar gene such as MMP-10.

Mice deficient in either TIMP-1 or TIMP-2 exhibit no major phe-
notype, whereas TIMP-3 KO mice develop a mild but transient OA 
with increased proteoglycan loss and increased generation of the 

Although spontaneous OA animal models are available, surgical insta-
bility models are most common in laboratory animals, including dog, 
guinea pig, rabbit, rat, mouse, sheep, and goat.32 The advantages of 
surgical models over spontaneous models include a significantly faster 
onset of disease with a decrease in both variability and the dependence 
of genetic background.33 The two most common models are via either 
anterior cruciate ligament transection (ACLT) or destabilization of the 
medial meniscus (DMM), with DMM the suggested model of choice 
in the mouse.33 These models in the mouse have allowed the use of 
transgenic knockout or knock-in animals to provide an insight into the 
mechanisms that regulate OA pathology.6,34 Despite these develop-
ments, no single model fully replicates human disease, and it is unclear 
how well any of these resemble the idiopathic OA in the older human 
population.6,32

METALLOPROTEINASE TRANSGENIC MICE  
IN MODELS OF DISEASE
Targeted gene disruption or knockout (KO) experiments in mice have 
allowed the investigation of the contribution of individual MMPs to 
many physiologic and pathologic processes, including arthritis.35 All 
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Fig. 17.8 Therapeutic intervention points for preventing connective tissue 
destruction and cellular mechanisms involved in tissue damage. The 
destructive cycle of events can be broken in a number of ways, including (a) 
(1) blocking entry of harmful cells; (2) removal of harmful cells from the joint; 
(b and c) (3) blocking or mimicking cytokine or growth factor action; (4) 
blocking intracellular signaling pathways involved in the production of 
proteinases; (5) preventing activation of proteinases; and (6) direct inhibition 
of destructive proteinases degrading bone or cartilage. (c) Within the joint, 
mixtures of cytokines stimulate chondrocytes to release and activate enzymes 
that damage the cartilage matrix. Within the synovium, fibroblasts, 
macrophages, and T cells interact to produce tissue damage to bone and 
cartilage. Released cytokines also activate osteoclasts, leading to the 
destruction of bone.
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depend on the differentiation state of the cell. Various types of cells in 
tissues may respond differently to particular cytokines and growth 
factors. Other local conditions will affect these responses, such as 
mechanical loading, oxygen tension, and the presence of other factors 
(see Fig. 17.4b).

TGF-β and IGF-1 have profound effects on the synthesis of matrix 
components by chondrocytes.42 TGF-β can downregulate the produc-
tion of several matrix-degrading proteinases and upregulate proteinase 
inhibitors such as TIMP-1 or plasminogen activator inhibitor, suggest-
ing that it may prevent cartilage destruction by both stimulating syn-
thesis and blocking degradative pathways. TGF-β is locally synthesized 
by chondrocytes, affects protein synthesis, and potentiates the stimula-
tion of DNA synthesis achieved with other growth factors, rather than 
initiating this itself. IGF-1 mimics many of the actions of TGF-β and 
has a significant effect on matrix synthesis but does not have the same 
mitogenic properties or affect protein synthesis to the same extent. 
Within cartilage, TGF-β and IGF-1 are stored in considerable quanti-
ties bound to different matrix components. More recently, connective 
tissue growth factors and members of the BMP family have been shown 
to have anabolic effects on cartilage and bone. The source of growth 
factors will vary. They can be produced by cells outside the cartilage 
and diffuse in, or they can be produced locally by the chondrocytes. 
The control mechanisms are complex, and growth factors also exist in 
a latent form; other proteins, such as IGF-binding proteins, may be 
present that sequester the factors and prevent them from binding to 
cellular receptors. The activity of some MMPs can cause the release of 
growth factors as matrix is degraded. This provides positive feedback 
mechanisms that redress the balance between degradation and synthe-
sis of matrix components.

Growth factors are recognized as protective to cartilage, stimulating 
matrix synthesis and blocking the effects of the proinflammatory cyto-
kines. Other factors also protect joint tissues. Interferon-γ inhibits 
cytokine-stimulated bone resorption and IL-1– or TNF-α–stimulated 
collagenase production by chondrocytes, as well as reducing IL-1– 
stimulated prostaglandin release from cartilage. IL-4, IL-13, and IL-10 
have all been shown to oppose the effects of these proinflammatory 
cytokines by blocking MMP secretion or activation and/or increasing 
inhibitor production and matrix synthesis. Platelet-derived growth 
factor (PDGF) and basic fibroblast growth factor (bFGF) can also affect 
cartilage homeostasis by inducing cells to migrate, differentiate, or 
proliferate. bFGF also stimulates the production of plasminogen activa-
tor inhibitors and TIMP-1 in fibroblasts and endothelial cells. All these 
growth factors are likely to stimulate cartilage repair, and many do  
not act alone but rather act synergistically to promote new matrix 
synthesis.

MODELS OF MATRIX REPAIR
Considerable progress has been made in cartilage repair. Defects found 
in diseased or damaged cartilage can be repaired in model systems after 
the delivery of agents that will stimulate chondrocytes to synthesize 
new matrix.43 Different approaches have been used, including the 
following:

● The isolation of autologous chondrocytes or stem cells, which are 
grown and differentiated in culture and then implanted into 
defects at high density

● Grafting of cartilage into large defects
● Filling of defects with various natural or synthetic polymers
● The addition of growth factors to encourage the migration into 

the defect and subsequent synthesis of matrix components

Defects in cartilage have been filled with biodegradable matrices that 
contain low concentrations of a chemotactic or mitogenic factor with 
a high concentration of TGF-β that is slowly released. Many growth 
factors have been shown to be effective, including bFGF, PDGF, epi-
dermal growth factor, growth hormone, TGF-β, and IGF-1. A cartilage-
like matrix is produced within defects after 6 weeks. Successful 
induction of cartilage is now achieved in experimental models and 
could be adapted for clinical use to allow intervention in the disease 
process. A key issue here is the “quality” of the cartilage matrix gener-
ated, and there is an emphasis on ensuring an appropriate ratio of types 
I and II collagen, where type II should predominate. The potential use 

VDIPEN neoepitope. As TIMP-3 KO mice age, there is evidence of 
increased cartilage catabolism; a lack of TIMP-3 will lead to an altered 
metalloproteinase/TIMP balance, and the higher levels of TNF-α could 
also be due to a lack of inhibition of the metalloproteinase TNF-α–
converting enzyme (TACE).39

Studies in KO mice are therefore a powerful approach for defining 
protein function, and the application of these KO experiments in 
mouse models of diseases has shown that MMPs serve specific roles 
in a variety of pathologic processes. These data need to be interpreted 
carefully because there are significant differences in MMP expression 
(e.g., MMP-1), gene redundancy, and the distribution of load across 
joints between mice and humans. However, novel targets for therapeu-
tic intervention can be investigated by using these models.

THERAPEUTIC INHIBITION OF PROTEINASES
The future prospects for the prevention of connective tissue breakdown 
in the arthritides using synthetic proteinase inhibitors are uncertain. 
Compounds that inhibit MMPs are the most studied,9 with the aim of 
treatment to shift the balance away from matrix degradation to prevent 
the loss of connective tissue matrix without leading to excess synthesis. 
Initial problems with the oral availability of MMP inhibitors have been 
overcome. Despite favorable results in the treatment of some cancers, 
trials of compounds that inhibit the collagenases in RA patients have 
not been successful. It may be that the compounds used were unsuit-
able or that collagenases are not the best target. It is not known if 
sufficient penetration of cartilage by these compounds was achieved or 
if their specificity was altered during absorption.

The antibiotic doxycycline and derivatives with no antibiotic activ-
ity weakly inhibit MMPs, and these compounds have been licensed for 
the treatment of periodontal disease. They are also effective in animal 
models of arthritis and have therefore been proposed as a treatment to 
prevent cartilage damage. In a randomized placebo-controlled trial of 
overweight women with unilateral radiographic knee OA, women ran-
domized to doxycycline, 100 mg twice daily, had a 33% reduction in 
the mean amount of joint space narrowing over 30 months.40 However, 
no clinically important differences were noted in symptoms between 
groups during the study.

It is possible that specific inhibitors of MMPs could be used suc-
cessfully in the future to halt the progressive and chronic destruction 
of connective tissue seen in the arthritides. It may be necessary to 
combine different proteinase inhibitors, either in sequence or with 
other agents that target different but specific steps in the pathogenesis, 
before the chronic cycle of joint destruction found in these diseases can 
be broken (see Fig. 17.8).

Recent interest has begun to focus on compounds that target events 
before the induction of these destructive genes. Some compounds that 
block specific signal transduction pathways have been shown to prevent 
cartilage destruction in vitro. However, more information on the 
complex interactions that can occur between the different signaling 
pathways that are activated by the various proinflammatory mediators 
associated with the arthritides will be required before major advances 
can be made in this area.9

REPAIR OF CONNECTIVE TISSUE MATRIX
Within arthritic tissues there are areas of cartilage in which new matrix 
synthesis occurs as well as net loss of the extracellular matrix. Growth 
factors play major roles in regulating normal matrix synthesis and in 
the processes that protect cartilage in disease. Polypeptide growth 
factors have direct effects on chondrocytes, and factors such as TGF-β 
and bone morphogenic proteins (BMPs) are known to be involved in 
matrix deposition in OA (e.g., osteophyte generation).41 However, 
TGF-β is also known to induce MMP-13 expression under some cir-
cumstances, and a lack of TGF-β responsiveness with increasing age 
may also be an important caveat for effective tissue repair in disease. 
Other factors, such as hormones, corticosteroids, prostaglandins, pep-
tides, or retinoids, may also influence cellular responses to these 
growth factors.

Cartilage metabolism may be altered by effects on cellular prolifera-
tion, migration, or differentiation and the control of individual genes 
(see Fig. 17.4b). The effect of any particular growth factor will also 
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led to novel surface scaffolds for implants that provide specific biofunc-
tionality to better encourage biointegration of implants.45

These techniques remain limited because they rely on surgical inter-
vention, which may only be practical in large joints. However, when 
traumatic injury has resulted in damage to cartilage or when large 
joints have a discrete and well-defined injury, this procedure may 
benefit patients by increasing the chances of cartilage repair.

of mesenchymal stem cells (non-hematopoietic progenitor cells found 
in various adult tissues) for tissue engineering to generate replacement 
tissues to repair joint damage in arthritis is an attractive area of 
research,44 but it will still be some time before such stem cell therapies 
are utilized clinically. However, the successful integration of such 
matrices with host tissue is often problematic, although advances in 
regenerative medicine, especially in the area of nanotechnology, have 
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AUTOLOGOUS CHONDROCYTE IMPLANTATION
An established procedure for the treatment of symptomatic chondral 
or osteochondral defects of the knee joint guided by the principles of 
tissue engineering is the first generation of autologous chondrocyte 
implantation (ACI), originally developed by Brittberg and coworkers 2 
decades ago.6 ACI requires two surgical interventions. First, a cartilage 
biopsy is taken arthroscopically from a small, non–load-bearing area. 
After enzymatic isolation and chondrocyte expansion in culture in 
vitro, a second surgical procedure is performed involving knee joint 
exposure via an arthrotomy, débridement of the cartilage defect, and 
suturing of a periosteal patch/collagen membrane over the defect to 
obtain a cavity in which the culture-expanded chondrocytes can be 
injected and secured by sealing with fibrin glue. The long-term results 
of this technique exhibit predominantly good to very good clinical 
results in more than 70% of the patients7 and reveal superior results 
when compared with a sole débridement or osteochondral cylinder 
transplantation (OCT).8

However, in spite of these encouraging results, ACI exhibits several 
disadvantages that have to be addressed. The use of periosteum can 
result in transplant hypertrophy, calcification, and delamination,9 and 
the cell suspension has the potential to leak, thus compromising the 
development of sufficient neo-tissue at the defect site. Given these 
shortcomings, recent experimental and clinical research has been 
directed toward the development of matrix-associated procedures of 
ACI (MACI), whereby biocompatible scaffolds are used as a vehicle for 
secure delivery of primary chondrocytes to the defect site. Today, clini-
cal experience and promising clinical outcome data using type I col-
lagen membranes or hydrogels, a co-polymer of PGA/PLA, Polyglactin/
Vicryl, and polydioxanone, and hyaluronic acid has been reported.10 
For example, the utilization of a type I collagen hydrogel, which mini-
mizes potential chondrocyte dedifferentiation, as seen in monolayer, 
by providing a 3D environment subsequent to enzymatic cell isolation, 
results in a homogeneous cell distribution and promotes cartilage-
specific cell differentiation and ECM deposition within the scaffold.11

In contrast to the surgical treatment of focal articular cartilage 
lesions, which can result from acute injury or osteochondrosis disse-
cans, reparative or regenerative approaches for the treatment of OA or 
RA must take into consideration that cartilage damage arises from an 
underlying disease process. It is noteworthy that acute cartilage injury 
and osteochondrosis dissecans often take place in an otherwise healthy 
joint. The patient may be young and thus a localized treatment may 
be sufficient to repair the focal defect. On the other hand, in OA and 
RA, the patient is likely to be older and thus requires the treatment of 
at least one compartment or the entire articulating surface. Also, 
inflammatory conditions in the joint are likely to result in degradation 
of any engineered cartilage. Consequently, unless the underlying 
disease is treated effectively and technologies are available to restore 
whole compartments, any cell-based treatment in OA and RA is 
unlikely to be of long-term benefit.

MESENCHYMAL STEM CELLS
The advantage of adult MSCs, potentially overcoming the shortcom-
ings of chondrocytes, is that they can easily be obtained from a  
bone marrow aspirate or other mesodermally derived tissues, possess 
high expansion capacity, and are able to differentiate into a number of 
mesenchymal lineages.12 In particular, MSCs have been shown to 
undergo efficient chondrogenic differentiation in vitro and in vivo.4,13 
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INTRODUCTION
Tissue engineering and cell-based therapies are rapidly growing disci-
plines that constitute the principal technologies in the relatively new 
field of regenerative medicine. These technologies directed toward self-
regeneration involve the use of biologically active molecules or bioma-
terials, application of differentiated or undifferentiated cells, functional 
tissue engineering, organ transplantation, process technologies, as well 
as the development of regulatory standards (Fig. 18.1). For the repair 
of focal articular cartilage defects in the young adult, autologous chon-
drocyte implantation (ACI) has become an established technique. In 
contrast, the repair of cartilage lesions arising from rheumatic diseases 
such as osteoarthritis (OA) or rheumatoid arthritis (RA) represents one 
of the greatest challenges in orthopedic surgery. The fundamental cause 
of this challenge is the inflammatory environment that drives the 
competing anabolic and catabolic processes toward extensive joint and 
cell-transplant degradation. As a result of intensive research in the past 
2 decades, adult mesenchymal stem cells (MSCs) have emerged as a 
promising candidate cell type for the treatment of rheumatic diseases, 
owing to their well-characterized ability to differentiate along the chon-
drogenic pathway and their recently demonstrated anti-inflammatory 
as well as immune suppressive properties through trophic mediators.

TISSUE ENGINEERING
Tissue engineering is an interdisciplinary research approach that aims 
for replacement of injured or degenerated human tissues to restore 
their form, structure, and function, by combining principles and 
methods of engineering sciences, cell and molecular biology, and clini-
cal medicine.1,2 From its beginning in the early 1990s, “tissue engineer-
ing” has developed into its own scientific and clinical discipline that 
complements the field of “regenerative medicine,” with potential appli-
cation for almost every tissue of the human body. The central dogma 
of tissue engineering states that a target-tissue specific template for 
replacing injured or degenerated tissue relies on three principal com-
ponents: cells, cell carriers (scaffolds), and external stimuli (e.g., growth 
factors or mechanobiologic stimuli) (Fig. 18.2).

In the context of tissue engineering, the basic function of the scaf-
fold is to provide a temporary structure for the seeded cells to adhere 
and subsequently to synthesize new native extracellular matrix (ECM) 
in a shape and form guided by the scaffold. The main criteria for scaf-
fold design include controlled biodegradability, suitable mechanical 
strength, and appropriate surface chemistry, as well as the ability to 
regulate cellular activities, such as proliferation, cell-cell and cell-
matrix interactions, and directed differentiation.3,4 Scaffolds can be 
manufactured from native or synthetic polymers, with native materi-
als, such as collagen, fibrin, or hyaluronan, exhibiting optimal biocom-
patibility and biodegradability, whereas synthetic polymers, such as 
polyglycolic acid (PGA), polylactic acid (PLA), their copolymer 
poly(lactic-co-glycolic acid) (PLGA), and poly-ε-caprolactone (PCL), 
have higher primary stability and are more accessible for macro-/micro-
structure formation. A key requirement for a tissue engineering scaffold 
is an optimal porosity to facilitate nutrition, proliferation, and migra-
tion of cells and to ensure cell colonization of the entire carrier. 
Although primary, tissue-specific cells (i.e., chondrocytes) are inher-
ently the most suitable cell source for cartilage tissue engineering, they 
have limitations in practice because of the shortage of supply, loss of 
phenotype during expansion culture, and potential donor-site morbid-
ity after harvest.5

18
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Intra-articular injection of mesenchymal  
stem cells
Intra-articular injection of MSCs into the joint space is, at least con-
ceptually, the simplest approach for their application in rheumatic 
diseases (Fig. 18.3a). After delivery, MSCs should be distributed 
throughout the joint space to interact with all available receptive cells 
and surfaces. Because the synovium lines all the internal surfaces of 
the joint space, except for cartilage and meniscus, and is highly cellular, 
it is likely to be a primary tissue for interaction with MSCs.

Only few studies on the direct intra-articular injection of MSCs 
using animal models of OA have been performed so far. One study 
describes the delivery of autologous MSCs via a dilute solution of 
sodium hyaluronan (HA) in knee joints using a goat OA model, induced 
by a total medial meniscectomy and resection of the anterior cruciate 
ligament.16 In cell-treated joints there was evidence of marked regen-
eration of the medial meniscus and implanted cells were detected in 
the newly formed tissue. Articular cartilage degeneration, osteophytic 
remodeling, and subchondral sclerosis also were reduced. There was 
no evidence of repair of the ligament in any of the joints. Whether the 
changes observed in the MSC-treated joints result from repair tissue 
formation by the transplanted cells or the interaction of MSCs with 
host synovial fibroblasts at the site of injury remains unclear.

In another study, a freshly created partial thickness cartilage defect 
in the knee joint of the mini pig was treated with a direct intra-articular 
injection of MSC suspended in sodium hyaluronan.17 The results dem-
onstrated that the cell-treated group showed improved cartilage healing 
compared with the control group without cells. The authors postulated 
that sodium hyaluronan might facilitate the migration and adherence 
of MSCs or MSC-like cells, probably derived from the synovium, to 
the defect. This may possibly explain the fact that groups treated with 
sodium hyaluronan alone demonstrated some form of partial healing 
at 6 weeks. However, this repair tissue was of inferior quality, possibly 
due to insufficient MSCs localized to the site of injury, and this was 
shown to further deteriorate by 12 weeks.

Matrix-guided application of mesenchymal  
stem cells
A more controlled method of cell application to restore the eroded 
cartilage surface is via a scaffold (see Fig. 18.3a). Seeding MSCs onto 
or into a scaffold, such as a biodegradable template, for proliferation 
and matrix production offers the advantage of providing an accessible, 
easy-to-manipulate, self-renewing source of otherwise spatially limited 
progenitor cells.

Activated self-regeneration Somatic cell therapy Tissue engineering Gene therapy

Process technology
• cell culture
• bioreactors
• operation monitoring
• logistics

Regulatory affairs
• FDA/EMEA
• preclinical trials
• clinical trials

Regnerative medicine

Transplantation medicine

SYNOPSIS OF REGENERATIVE MEDICINE

Bioactive
molecules

BiomaterialsCells
• differentiated

Cells
• undifferentiated

Cells
• un-/differentiated

Biomaterials

Bioactive stimuli
• growth factors
• mechanical

Fig. 18.1 Principal technologies of regenerative medicine aim for the reconstruction of damaged or diseased human tissue 
and organ function.

Cells
• Differentiated, progenitor/stem cells
• Autologous, allogenic
• Genetically modified

Biomaterials
• Natural, synthetic polymers
• Sponges, meshes, nanofibers,
hydrogels etc.

Bioactive stimuli
• Factors: TGFs, BMPs, IGFs, VEGF, etc.
• Mechanical: compression, tension, 
hydrostatic pressure, perfusion etc.

THE CLASSICAL TISSUE ENGINEERING TRIAD
AND THEIR FUNCTIONAL COMPONENTS

Fig. 18.2 The classical tissue engineering triad and its functional components.

MSCs are commonly isolated from tissue-derived cell mixture by virtue 
of their avid adherence to cell culture plastic substrate and/or density-
gradient fractionation and are therefore intrinsically a heterogeneous 
cell population. Although no definitive MSC marker(s) has been identi-
fied, an immunophenotype positive for STRO-1, CD73, CD146, and 
CD106 and negative for CD11b, CD45, CD34, CD31, and CD117 
has been shown to most reliably characterize the MSC population.4,13 
For the purpose of cartilage regeneration, extensive analyses of micro-
environments that promote chondrogenesis in MSCs in vitro have been 
performed. Conditioning the culture medium with growth factors such 
as fibroblast growth factor-2 (FGF-2) or transforming growth factor-β 
(TGF-β) during monolayer expansion enhances positive selection for 
chondroprogenitor cells.14 The development of effective methods to 
maintain an articular cartilage phenotype without hypertrophy, ossifi-
cation, or fibrinogenesis and a delivery system to localize the cells 
within a lesion without compromising their chondrogenic differentia-
tion or the integrity of the repair tissue are additional requirements for 
the use of MSCs in articular cartilage regeneration.15
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cell seeding is often limited to mostly the superficial regions of the 
scaffold material, seeding in hydrogels permits even distribution of 
MSCs, thus promoting homogeneous ECM production.11

The first clinical results for the transplantation of MSCs seeded 
with collagen type I hydrogels for the repair of isolated full-thickness 
cartilage defects were reported by Wakatani and associates.23 Two 
patients with a patella defect were treated with collagen gel MSC-
constructs, which were covered with a periosteal flap, and fibrocarti-
laginous defect filling was found after 1 year, as well as a significantly 
improved patient outcome in the respective follow-ups after 1, 4, and 
5 years. In another case report from the same group,24 a full-thickness 
cartilage defect in the weight-bearing area of the medial femoral condyle 
was treated. Histologically, the defect was filled with a hyaline-like type 
of cartilage tissue, which stained positively with safranin O. One year 
after surgery, the clinical symptoms had improved significantly.

It is noteworthy that these pilot studies have been performed on 
isolated or focal articular cartilage defects in an otherwise healthy joint. 
A very different microenvironment exists as a result of loss of joint 
homeostasis in OA and thus will influence MSC engraftment and 
tissue differentiation. The potential role and success of matrix-based 

Synthetic scaffolds
Synthetic scaffolds offer the advantage of manipulability in design, 
such as fiber diameter, pore size, degradation time, and reproducibility 
in production. Many commonly studied synthetic scaffolds in cartilage 
repair are fabricated using α-hydroxy polyesters, including PGA, PLA, 
the copolymer PLGA, and PCL.18-20 The topography and material prop-
erties of these scaffolds play an important role in their ability to support 
MSC differentiation; for example, nanofibrous scaffold of biodegradable 
polymers demonstrates enhanced support of MSC proliferative and 
multilineage differentiative activities.19,21

Natural scaffolds
On the other hand, native biomaterials, including collagen type I, 
hyaluronic acid, chitosan, and alginate3,22 offer the advantage of pre-
senting a more natural microenvironment. These matrices are biode-
gradable, can be metabolized by the cells via the action of endogenous 
collagenases, elicit very limited, if any, inflammatory reaction, and 
offer a 3D surrounding with material properties similar to those in 
hyaline cartilage. In particular, collagen gels may be formed to adapt 
to any desired defect shape. Compared with meshes or fleeces, where 

Cells
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Matrix
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DELIVERY OF CELLS TO DISEASED CARTILAGE IN PATIENTS WITH ARTHRITIC DISEASES

a b

Fig. 18.3 Delivery of cells to diseased cartilage in patients with arthritic diseases. (a) Cell-based therapy for cartilage tissue 
engineering. Cells in suspension can be injected directly into the joint cavity, where they encounter all intra-articular tissues and 
might function via trophic mediators and exhibit chondroprotective or regenerative effects. Otherwise, cells (i.e., MSCs/
chondrocytes) can be implanted in a matrix-guided manner into the cartilage defect after ex-vivo conditioning with biochemical 
and/or biomechanical stimulation. (b) Gene therapy approach for cartilage tissue engineering. Vectors can be directly injected in 
an intra-articular mode for in-vivo gene delivery, or primary cells are used as vehicles for ex-vivo gene delivery. In the latter, 
successfully transduced cells can be applied to the joint cavity either by intra-articular injection as a suspension or seeded within 
a matrix that can be implanted into a cartilage defect. Depending on which delivery approach is chosen, ubiquitous or local 
transgene expression is induced by the ex-vivo genetically modified cells or by resident cells that are transduced via intra-
articular vector application.
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of vector depends on the target application. Non-viral gene transfer is 
known as transfection and may be as simple as delivery of naked, 
plasmid DNA or via polymers or delivery by applying biophysical 
methods, such as electroporation. In general terms, non-viral vectors 
are less expensive, safer, and simpler than viral vectors but are consid-
erably less efficient. Some of the specific advantages and disadvantages 
of each available vector system are listed in Table 18.2 and have been 
reviewed extensively elsewhere.36 Of note in this context is the occur-
rence of insertional mutagenesis during human gene therapy trials that 
has impeded the further use of oncoretroviruses in nonlethal and non-
mendelian diseases.37

Regardless of the vector, genes may be transferred to their targets 
by in-vivo or ex-vivo strategies, the principles of which are illustrated 
in Figure 18.3. In general, ex-vivo approaches are more invasive, expen-
sive, and technically tedious. However, they permit control and expan-
sion of the transduced cells, as well as exhaustive safety testing before 
reimplantation. In-vivo gene transfer entails direct administration of 
the vector to the body either locally or systemically. It is technically 
simpler and less expensive but raises safety concerns, because of the 
direct application of infectious or transfecting agents. The merits of all 
these strategies in rheumatic diseases depend on a number of variables, 
including the anatomy and physiology of the target organ(s), the extent 

cell transplantation in an RA diseased joint is still unclear, as is the 
impact of the influence of this procedure on disease development and 
progression.22 Generally, cartilage lesions in OA and RA are large, 
unconfined, and often opposed (“kissing lesion”) and affect more than 
one location. In the knee joint, kissing lesions are regularly seen and 
are frequently accompanied by a varus or valgus deformity or patella 
maltracking. Because of the direct contact of the opposed matrix-cell 
transplants, there is high probability that they will be rapidly worn 
down as a result of joint articulation. Thus it is important to point out 
that current biologic and technologic developments are as yet inade-
quate to indicate sufficient retention of cell-loaded scaffolds in OA or 
RA lesions.

Immune suppressive effects of mesenchymal 
stem cells
While the exact mechanisms that guide homing of the implanted or 
mobilized cells are not known, it is clear that MSCs themselves secrete 
a broad spectrum of bioactive molecules that have immunoregula-
tory25,26 and/or regenerative activities.27 The secreted bioactive factors 
have been shown to inhibit tissue scarring, suppress apoptosis, stimu-
late angiogenesis, and enhance mitosis of tissue-intrinsic stem or pro-
genitor cells. This complex, multifaceted activity caused by the secretory 
activity of MSCs has been referred to as “trophic activity,” distinct from 
the capacity of MSCs to differentiate.28

MSCs are potent modulators of immune response, exhibiting anti-
proliferative capacities. They inhibit the proliferation of T lymphocytes 
induced by allogens, mitogens, or anti-CD3 and anti-CD28 antibodies. 
T-cell proliferation is inhibited through cell cycle arrest in the G0/G1 
phase.29 They also modulate the function of the major immune cell 
populations including CD8+ cytotoxic T lymphocyte, B lymphocytes, 
and NK cells.30 The immunosuppressive activity of MSCs is induced 
by a combination of inflammatory cytokines including interferon-γ 
(IFN-γ), tumor necrosis factor-α (TNF-α), and interleukin (IL)-1α or 
IL-1β.31 In addition, MSCs have significant effects on dendritic cell 
function by altering generation and maturation of dendritic cells and 
skewing their function toward a regulatory phenotype.32 Two other key 
mechanisms are based on the expression of the inducible nitric oxide 
(NO) synthase and the indoleamine 2,3-dioxygenase (IDO) enzymes.33 
Another important mediator of immunosuppression secreted by MSCs 
is HLA-G. HLA-G is a non-classic HLA class I molecule, shown to 
suppress proliferation of CD4+ T cell, induce apoptosis of CD8+ T 
cells, and inhibit natural killer (NK) cells.34 In addition to T cells, B 
cells also play a major role in the pathogenesis of RA. MSCs can 
modulate B-cell responses depending on the ratio of both cell types. 
Indeed, at low ratio, MSCs inhibit the proliferation and activation of 
B cells, similar to their effect on T cells.35

GENE TRANSFER STRATEGIES
Recent advances in cellular, molecular and developmental biology have 
led to the identification of various gene products that might serve as 
therapeutic agents for treating rheumatic disorders, some of which are 
listed in Table 18.1. However, harnessing such factors for clinical use 
is frequently hindered by their short half-lives, which make them dif-
ficult to administer and maintain at functional concentrations for 
therapeutic effects. Furthermore, certain factors, such as transcription 
factors, signal transduction molecules, or regulatory RNAs function 
intracellularly; because cells cannot normally import these molecules, 
they cannot be readily delivered in soluble form. Gene transfer offers 
an effective approach to deliver such molecules.

Because exogenous DNA is not spontaneously taken up and 
expressed by cells in an efficient manner, genes have to be transferred 
to cells with the aid of vehicles or vectors. These can be assigned to 
two broad categories: those that are derived from viruses and those that 
are not. Viral gene delivery is known as transduction, and virus vectors 
being used in human clinical trials include retrovirus, adenovirus, 
adeno-associated virus (AAV), and herpes simplex virus. The key fea-
tures of any viral vector include its host range, ability to infect non-
dividing cells, ease and cost of production, immunogenicity, whether 
it integrates into the host genomic DNA, titer, and safety. Overall, it 
can be stated that no good universal vector exists; instead, the choice 

TABLE 18.1 GENE PRODUCTS FOR CARTILAGE RESTORATION 
AND PROTECTION IN RHEUMATIC DISEASES

Therapeutic target Gene product (examples)

Chondrogenic 
induction

Growth factors (e.g., TGF-βs, BMPs, Wnts)
Signal transduction molecules (e.g., Smads)
Transcription factors (e.g., SOXs, brachyury)

Osteogenic 
inhibition

Osteogenic inhibitors (e.g., noggin, chordin)
Inhibitors of chondrocyte terminal differentiation (e.g., 

PTHrP, IHH, SHH, DHH)
Signal transduction molecules (e.g., Smad 6, 7, mLAP-1)

Apoptosis inhibition Caspase inhibitors (e.g., Bcl-2, Bcl-XL)
FasL blockers (e.g., anti-FasL)
NO-induced apoptosis inducers (e.g., Akt, PI-3-kinase)
TNF-α, TRAIL-inhibitors (e.g., NF-κB)

Senescence 
inhibition

Inhibitors of telomere erosion (e.g., hTERT)
Free radical antagonists (e.g., NO-antagonists, SOD)

Cartilage matrix 
synthesis

Growth factors (e.g., TGF-βs, BMPs, IGF-1)
ECM component (e.g., collagen type II)
Enzymes for GAG synthesis (e.g., GlcAT-1)

Inflammation 
protection

Cytokine antagonists (e.g., IL-1ra, sIL-1R, sTNFR, 
anti-TNF-Abs)

Proteinase inhibitors (e.g., TIMP1, TIMP2)
Anti-inflammatory cytokines (e.g., IL-4, IL-10, IL-11, IL-13)
Enzymes inhibiting IL-1 (e.g., GFAT)

TABLE 18.2 VECTOR SYSTEMS FOR GENE DELIVERY 
APPLICATIONS FOR ARTHRITIC DISEASES

Vector Comment

Non-viral Overall weak efficiency, transient, many inflammatory

Adenovirus High efficiency, transient, inflammatory

Adeno-associated virus Moderate efficiency, safe, clinical trial for RA

Herpes simplex virus High efficiency, cytotoxic, transient

Retrovirus Long-term expression, clinical trial for RA, safety 
concern

Lentivirus High efficiency, safety concerns

Spumavirus Moderate efficiency, no known disease in humans, 
not yet used in joints
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intra-articular injection of a recombinant AAV2 vector into 15 indi-
viduals carrying a cDNA encoding a fusion protein comprising two 
TNF soluble receptors (sTNF-R) combined on an immunoglobulin 
molecule is now closed and was converted to a first phase II clinical 
trial using the same vector.47 This was temporarily halted by the U.S. 
Food and Drug Administration (FDA) owing to the death of one indi-
vidual enrolled in the study from a severe histoplasmosis infection.37 
However, the FDA determined that the vector was not to blame and 
allowed the trial to continue.47 The only clinical trial of gene therapy 
in RA using non-viral gene delivery employs the genetic synovectomy 
approach using DNA encoding the herpes simplex thymidine kinase 
gene, with one individual treated.49 This trial is now closed. Two other 
phase I trials in Korea and the United States involved the use of ex-vivo 
delivery of TGF-β1 via retrovirus vectors, and 16 individuals have been 
enrolled without adverse events thus far.37 It remains to be seen how 
the clinical results of a genetic synovectomy compare with those of 
conventional synovectomy.

Osteoarthritis
Because IL-1 is also an important mediator for cartilage breakdown in 
OA, its inhibitors have been considered likewise useful targets for gene 
interventions. Several animal studies confirmed the promise of IL-1ra 
gene delivery in treating OA.50 Ex-vivo delivery of IL-1ra cDNA via 
retrovirus vectors and direct delivery of IL-1ra via plasmid DNA to 
osteoarthritic knee joints of dogs51 and rabbits,44 respectively, were 
shown to slow cartilage loss. Remarkably, in a similar study in horses 
exploring the effects of adenoviral-mediated gene delivery of IL-1Ra in 
experimental OA, reduced lameness of the horses receiving gene 
therapy was observed.52 Of note is that the localized pathology in OA 
makes it better suited for local, intra-articular delivery of gene transfer 
vectors compared with RA, where a systemic condition is typically 
present. However, in late stages of human OA, it is highly likely that 
arresting the progress of the disease with an anti-inflammatory and 
chondroprotective gene, such as IL-1ra, is insufficient. In addition, it 
may be necessary to repair damaged cartilage, possibly using the gene 
therapy approaches to restore full joint function, which has been exten-
sively reviewed elsewhere.5,53

of cartilage damage, the pathophysiology of the underlying disease, and 
the specific features of the gene product, target cell, and vector, among 
others.

Rheumatoid arthritis
The application of gene transfer to joints was pioneered by Evans and 
coworkers as a means to treat arthritic disorders.38,39 For the treatment 
of RA, biologic therapies that suppress the activities of proinflamma-
tory cytokines such as TNF-α or IL-1β have shown efficacy. However, 
such therapies are expensive and require repeated administration; only 
fewer than half of patients achieve a robust therapeutic response, and 
the issue of side effects remains of concern. Gene therapy offers an 
alternative approach for the targeted, sustained, and efficient delivery 
of anti-inflammatory biologic agents.40 Experimental approaches of this 
technology have focused on evaluation of methods for gene delivery 
and identification of appropriate anti-arthritic genes. Although sys-
temic gene delivery was initially considered as an option, most atten-
tion has been focused on local, intra-articular administration using 
ex-vivo and in-vivo modes of gene delivery (see Fig. 18.3). Genes encod-
ing certain anti-inflammatory cytokines such as IL-4, IL-10, and IL-13, 
antagonists of IL-1 and TNF, or anti-angiogenic proteins have shown 
efficacy in several animal models of RA (see Table 18.1).40-46

Collectively, these studies have established a convincing proof of 
principle that has led to the development of human gene therapy pro-
tocols for RA, seven of which have entered the clinic.47 The first clinical 
protocol selected an IL-1 blocker, the IL-1 receptor antagonist (IL-1ra), 
as the transgene,39 which was delivered in ex-vivo fashion, using a 
retrovirus, to the metacarpophalangeal joints of nine individuals with 
severe RA. This phase I trial was successfully completed without inci-
dent, and the procedure was well tolerated by all nine patients 
included.38 Although this phase I study was not designed to determine 
efficacy, intra-articular gene delivery and transgene expression was 
detected in all joints treated.38,39 Another phase I protocol almost 
similar to the just mentioned one that included one patient has been 
completed in Düsseldorf, Germany,48 with results very similar to those 
from the trial in Pittsburgh. A phase I protocol involving the direct, 
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by arthritis because it reflects damage triggered by chronic inflamma-
tion. Visualization of bone erosions by imaging techniques is important 
not only for the diagnosis of RA but also for defining the severity of 
disease and response to antirheumatic therapy.7 Osteoclasts are bone-
specialized macrophages and are the only cell type capable of removing 
calcium from bone and, consequently, degrading bone matrix. This 
bone-resorbing function is an essential component of the bone  
remodeling process that allows not only normal bone development  
and skeletal growth but also bone maintenance and repair throughout 
life. Osteoclasts are also required for the bone erosions observed in 
rheumatic joints. Indeed, osteoclasts are part of the inflamed  
synovial tissue of human RA and psoriatic arthritis as well as of all 
major experimental models of arthritis. Gravallese and Goldring first  
described in great detail the presence and characteristics of osteoclasts 
in inflamed joints in the late 1990s, showing that mature osteoclasts 
are localized at the site of bone erosion in RA joints.8,9 Later, the 
essential function of osteoclasts in triggering inflammatory bone ero-
sions has been shown by blocking essential molecules for osteoclasto-
genesis or by using mice deficient in osteoclasts.10,11 In all these models 
no bone erosions occurred despite a clear synovial inflammation, when 
osteoclasts were either effectively blocked or genetically depleted. 
These findings clearly placed the osteoclasts as the effector cells of bone 
erosions and structural damage downstream from the inflammation in 
the affected joints.

MOLECULAR AND CELLULAR MECHANISMS OF 
INFLAMMATORY BONE EROSION
What are the mechanisms leading to osteoclast formation at a site 
where they are usually not present, that is, the joints? Two key mecha-
nisms are essential to form osteoclasts in joints: (1) the accumulation 
of cells, which serve as osteoclast precursors in the joint, and (2) the 
stimulation of their differentiation into the osteoclast lineage. Osteo-
clast precursors are mononuclear cells belonging to the monocyte/
macrophage lineage.12 Early monocytic precursor cells have the poten-
tial to differentiate into macrophages, dendritic cells, osteoclasts, and 
other more organ-specific cell lineage types such as Kupffer cells in  
the liver or microglia in the brain. It is not fully clear whether some 
monocytes already committed to the osteoclast lineage are entering  
an inflamed joint or whether monocytes “decide” locally within the 
inflamed synovium on receiving the appropriate signals to switch 
toward the osteoclast lineage. Nonetheless, experimental evidence sup-
ports that the peripheral monocytic pool changes during inflammation. 
For instance, the fraction of CD11b-positive cells that serve as osteo-
clast precursors increases, suggesting that an increased number of cells 
entering the joint can differentiate into osteoclasts.13 Moreover, cyto-
kines such as tumor necrosis factor-α (TNF-α) induce the expression 
on the surface of monocytes of receptors important for osteoclast dif-
ferentiation. One of them, OSCAR, is an important co-stimulation 
molecule for osteoclasts.14 Much less is, in fact, known about surface 
receptors on monocytes, which can negatively regulate their differentia-
tion into osteoclasts. In fact, one such molecule is CD80/CD86,  
which effectively blocks osteoclast formation when bound to CTLA4, 
a negative regulator of T-cell co-stimulation by monocytes.15,16 This 
could link regulatory T cells that are highly expressing CTLA4 on their 
surface to bone homeostasis, because these cells can suppress osteo-
clast formation independently of the receptor activator of NF-κB ligand 
(RANKL).

The second mechanism is that monocytic osteoclast precursors  
that have already entered the inflamed joints find there the ideal  
environment to further differentiate into osteoclasts because of the 
presence of the monocyte colony-stimulating factor (M-CSF/CSF-1) 

Osteoimmunology
Georg Schett and Jean-Pierre David

INTRODUCTION
Two major aspects determine the clinical picture of rheumatic dis-
eases: The first one is that inflammation is a central component of 
many, especially the most severe, forms of rheumatic diseases. Some 
rheumatic diseases, such as rheumatoid arthritis (RA), systemic lupus 
erythematosus, or Sjögren’s syndrome, are considered as classic sys-
temic autoimmune diseases based on the observation of autoantibody 
formation and the accumulation of cells of the adaptive immune 
system at sites of inflammation. Chronic immune activation is 
regarded as a central triggering factor for inflammatory rheumatic 
diseases. The second key aspect is that the consequences of the 
immune disturbances affect the musculoskeletal tissue, which is the 
common target of this disease group. Indeed, musculoskeletal tissue 
experiences progressive local and systemic damages, which are the 
basis for functional impairment and a high disease burden. Thus, the 
combination of chronic immune activation and musculoskeletal tissue 
damage is the hallmark of rheumatic diseases. A detailed understand-
ing of the pathophysiologic processes of rheumatic diseases thus 
requires understanding the mutual interactions between the immune 
system and musculoskeletal tissue. These interactions are the basis 
for osteoimmunology.

CURRENT CONCEPTS OF OSTEOIMMUNOLOGY
Osteoimmunology is the field of research focusing on the crosstalk 
between the immune and the musculoskeletal system.1 This field is 
particularly relevant for the understanding of rheumatic diseases, 
which are characterized by profound alterations of bone architecture as 
a consequence of the immune activation. The term osteoimmunology 
is a rather novel one: it was created after landmark observations in the 
late 1990s that demonstrated T lymphocytes triggering bone loss by 
inducing the differentiation of bone-resorbing cells, termed osteo-
clasts.2-4 These concepts put two, at first sight fundamentally different, 
organ systems—the immune system and the skeleton—in much closer 
relation to each other as one would ever expect.

Current concepts of osteoimmunology that are of relevance for 
rheumatology involve (1) the regulation of bone degradation by the 
immune system, (2) the interaction between inflammation and bone 
formation, and (3) the role of bone and bone marrow as a niche for 
immune cells, particularly plasma cells. The first concept, immune-
mediated regulation of bone loss, has been studied intensively during 
recent years and has become a well-developed concept that is instru-
mental in understanding the different forms of bone loss in the course 
of rheumatic diseases. In contrast, the second concept, the interactions 
between inflammation and bone formation, is still much less developed 
but is important to define the mechanisms of repair of structural 
damage in the joint and the mechanisms driving the general bone loss 
as well as to explain the pathophysiology of bony ankylosis. Similarly, 
the third concept, the bone marrow niche, is still incompletely under-
stood but is particularly relevant to understanding the deregulation of 
immune cell trafficking during inflammatory diseases (i.e., the triggers 
for the recruitment of immune cells from the bone marrow into the 
inflammatory sites) and to explain the formation of a stable microen-
vironment, which allows longevity and antibody production by long-
lived plasma cells.

OSTEOCLASTS AS TRIGGERS OF ARTHRITIC 
BONE EROSIONS
Erosion of periarticular bone is a central feature of RA and psoriatic 
arthritis.5,6 Bone erosion mirrors a destructive process in joints affected 
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in RA. Indeed, TNF-blocking agents virtually arrest radiographic 
damage in RA and are considered excellent agents for achieving struc-
tural protection of joints.24-29 Although there are yet no data from 
randomized controlled trials, which define the structure-sparing effect 
of the IL-6 antagonist tocilizumab in addition to its well-established 
anti-inflammatory effect,30,31 one can anticipate such an effect based 
on the observation that IL-6 drives RANKL expression and thus sup-
ports osteoclastogenesis.32

PERIARTICULAR AND SYSTEMIC BONE LOSS IN 
RHEUMATIC DISEASE
Periarticular bone loss has been long known as a radiographic sign of 
RA and has been explained by paracrine effects of the inflammatory 
tissue on periarticular bone. Still, periarticular bone loss (also termed 
periarticular osteoporosis) has been poorly defined so far. Apparently, 
periarticular bone loss is based on a substantial decrease in bone  
trabeculae along the metaphyses of bones close to inflamed joints, 
suggesting that the bone marrow cavity along inflamed joints is also 
part of the disease process of arthritis. This is supported by data from 
magnetic resonance imaging (MRI) studies in patients with RA, which 
have unraveled a high frequency of signal alterations in the juxta-
articular bone marrow in addition to synovitis outside the cortical  
bone barrier.33,34 These lesions are water-rich lesions, which have a 
low fat content, which suggests that bone marrow fat is locally replaced 
by a water-rich tissue. Histologic examination of bone marrow lesions 
has been carried out in joints of patients with advanced-stage RA 
undergoing joint replacement surgery. They have revealed that the 
bone marrow lesions visualized in the MRI contain (water-rich) vas-
cularized inflammatory infiltrates, which replace bone marrow fat and 
harbor aggregates of B cells and T cells. Importantly, very similar, if 
not identical, MRI changes are found early in the disease process of 
RA and have shown a link to subsequent bone erosions in the same 
joints.35 Bone marrow lesions are often linked to a cortical penetration 
of inflammatory tissue either by means of bone erosions or by small 
cortical bone channels, which connect the synovium with the juxta-
articular bone marrow. Moreover, bone marrow lesions are associated 
with an endosteal bone response as they coincide with accumulation 
of osteoblasts and deposition of bone matrix in the endosteum.36 
These novel data have enhanced our view of arthritis as a disease that 
is not solely confined to the synovial membrane but also to bone 
marrow.

It is long known that inflammatory diseases including RA and  
ankylosing spondylitis (AS) lead to osteoporosis and increased fracture 
risk. Data obtained during recent years have supported these concepts 
and have shed a more detailed light on osteoporosis and fracture risk 
in RA patients. Osteopenia and osteoporosis are frequently observed 
in patients with RA and even observed in rather high frequency  
before any disease-modifying antirheumatic drug (DMARD) or gluco-
corticoid therapy is started. Roughly 25% of patients with RA show an 
osteopenic bone mineral density at the spine or the hip before onset 
of therapy in early RA and 10% have osteoporosis, suggesting these 
symptoms to be an intrinsic component of the diseases.37 Thus, RA 
patients are at high risk to develop complications from systemic  
bone loss because of the increased prevalence of low bone mass at the 
onset of disease. The reason for this appears to be based on  
the coincidence of standard risk factors for osteoporosis with the onset 
of RA such as higher age and female sex. Another explanation is the 
possibility that low-grade inflammation often long precedes the onset 
of clinical symptoms of RA. Indeed, even a small elevation of C- 
reactive protein as a sign of low-grade inflammation in the normal 
healthy population dramatically increases fracture risk, as independent 
population-based studies have shown.38 Fracture risk is indeed higher 
in RA patients and has been confirmed by a recent meta-analysis of 
nine prospective population-based cohorts, which showed that fracture 
risk doubles with the diagnosis of RA independent of whether gluco-
corticoids are used.39 Similarly, a large case-control study based on 
the British General Practice Research Database has shown that  
RA doubles the risk of hip and vertebral facture, which clearly supports 
the concept that inflammation is an independent risk factor for 
osteoporosis.40

and of RANKL, which are both essential stimulating signals for osteoc-
lastogenesis and are also involved in activation of mature osteoclasts 
(Fig. 19.1). M-CSF, which binds to CSF-1R encoded by the protoon-
cogene C-FMS promotes both proliferation and survival of the osteo-
clast precursors. RANKL binds a surface receptor on the precursor cells 
named RANK that induces signaling via NF-κB and the AP-1 tran-
scription factor family, both essential for osteoclast differentiation.2,3 
In the joint, this process requires an intensive crosstalk with other 
cells, particularly with fibroblast-like synoviocytes and activated T 
cells. Among T cells, both Th1 and Th17 subsets are of importance 
in this process. Indeed, both cell types inducibly express RANKL.3,17 
This essential osteoclastogenic cytokine is expressed in the synovium 
of patients with RA, suggesting that it actively contributes to forma-
tion of osteoclasts in the synovium.18,19 A high level of RANKL expres-
sion in the synovium is apparently not balanced by expression of 
regulatory molecules such as osteoprotegerin (OPG), a decoy receptor 
of RANKL, which blocks osteoclast formation,20 suggesting this imbal-
ance to be of importance in yielding a negative net effect on local  
bone mass in the case of arthritis. This concept is supported not only 
by data obtained in animal models of arthritis showing effective  
protection from structural damage when blocking RANKL with  
OPG, despite a clear synovial inflammation, but also by a recent  
clinical study showing that an antibody against RANKL (denosumab) 
protects against the progression of bony structural damage in patients 
with RA.21

Apart from RANKL, the osteoclastogenic properties of the inflamed 
synovial membrane are further enhanced by expression of M-CSF, 
which is essential for osteoclast formation as well.22 Moreover, proin-
flammatory cytokines such as TNF-α and interleukin (IL)-1, IL-6, and 
IL-17 are all potent inducers of RANKL expression and thus enhance 
osteoclast differentiation as well. Some of these cytokines additionally 
exert direct effects on osteoclast precursors; and particularly TNF-α 
engages TNF-receptor type I on the surface of osteoclast precursors, 
which increases their differentiation into osteoclasts.23 This link 
between proinflammatory cytokines and osteoclast formation is most 
likely the explanation why cytokine-targeted therapy, particularly 
blockade of TNF-α, is highly effective to retard the structural damage 

OSTEOCLAST FORMATION IN THE JOINT

Osteoclast
precursors

(monocytes)

TNF-α, IL-6
IL-1, IL-17

TN1 and TH17

Treg

Fibroblasts

Preosteoclast
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RANKL
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Fig. 19.1  Osteoclast formation in the joint. Monocytic cells in the synovium 
serve as osteoclast precursors. On exposure to M-CSF and RANKL synthesized 
by T cells and synovial fibroblasts, they fuse to polykaryons, termed pre-
osteoclasts, which then undergo further differentiation into mature osteoclasts, 
acquiring specific features such as the ruffled membrane. Inflammatory 
cytokines such as TNF-α, IL-1, IL-6, and IL-17 increase the expression of RANKL 
and thus support osteoclastogenesis in the joint while inhibiting systemic 
bone formation by the osteoblasts. In contrast, Treg blocks osteoclast 
formation via CTLA4.
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act synergistically on bone formation. Moreover, there is crosstalk to 
the RANKL-OPG system as well, because Wnt proteins induce the 
expression of OPG, which shuts down bone resorption.46 It thus 
appears that the balance between bone-forming factors such as as Wnt 
and BMP proteins and bone-resorbing factors such as RANKL and TNF 
is crucial for how a joint remodels during arthritis.

BONE MARROW AS A NICHE FOR  
B-CELL DIFFERENTIATION AND  
AUTOANTIBODY FORMATION
The mechanisms that explain the influence of the immune system on 
bone homeostasis have so far dominated osteoimmunology research; 
however, there are also other areas in which bone-immune interactions 
play an important role. Bone is a hematopoietic organ that provides 
the microenvironment, also called niches, for the maintenance and 
mobilization of the hematopoietic stem cells (HSCs); it is the site of 
early B-cell differentiation and of the homing of the long-lived plasma 
cells. Although the identity of niches and interaction of blood cells is 
still poorly understood, a subset of the bone-forming cells, or osteo-
blasts, has been shown to establish the HSC niche and the activity of 
the bone-resorbing cells or osteoclasts is needed for HSC mobilization. 
These appear to be important in early B-cell differentiation as well as 
survival of long-lived B cells and plasma cells.47 Both the earliest pre-
cursors (pre-pro-B cells) and the end-stage B cells (plasma cells) require 
CXC chemokine ligand (CXCL)-12 to home to the bone marrow (Fig. 
19.2). CXCL12-expressing cells are a small population of bone marrow 
stromal cells, scattered throughout bone marrow, that are distinct from 
the cells expressing IL-7 adjoining more mature pro-B cells.48 These 
cells not only allow homing of memory B cells and plasma cells to the 
bone marrow but also provide survival signals, which allow longevity 
of these cells and prevent apoptosis. Thus long-lived memory B cells 
and plasma cells are dependent not only on affinity maturation but 

OSTEOIMMUNOLOGIC ASPECTS OF BONE 
FORMATION IN RHEUMATIC DISEASE
To gain a balanced view on the interaction between the immune 
system and bone it is important to better define how immune activa-
tion controls bone formation. Given the observation that inflammatory 
arthritis shows profound changes in joint architecture, covering the 
whole spectrum from an almost purely erosive disease like RA, to a 
mixed pattern with erosions and bone formation side by side, to a 
prominent bone-forming pattern as observed in AS, the regulation of 
bone formation becomes an interesting aspect of rheumatic diseases. 
In RA, there is little sign of repair of bone erosions, which is astonish-
ing considering that bone formation is usually coupled to bone resorp-
tion and that an increased rate of bone resorption should thus increase 
bone formation. This, however, is by no means the case in RA, which 
is virtually a purely erosive disease. Recent data suggest that bone 
formation is actively suppressed by inflammation. Interestingly, TNF-α 
is a very potent suppressor of bone formation by enhancing the expres-
sion of DKK1, a protein that negatively regulates the Wnt signal trans-
duction pathway.41 Wnt signals are key triggers for bone formation by 
enhancing the differentiation of the bone-forming cells, osteoblasts 
from their mesenchymal cell precursors. Wnt proteins are also involved 
in the regulation of osteoclastogenesis because they enhance the 
expression of OPG that blocks osteoclast formation.42 Thus, influenc-
ing the balance of Wnt proteins and their inhibitors is a very potent 
strategy to disturb bone homeostasis: a low level of Wnt activity yields 
low bone formation and high bone resorption, whereas a high level of 
Wnt activity increases bone formation and simultaneously blocks bone 
resorption. In RA, the former scenarios appear to be relevant because 
bone resorption is increased and bone formation is decreased. Inhibi-
tors of Wnt, like DKK1, are expressed in the synovial tissue of RA 
patients, suggesting a suppressive effect on bone formation. This 
concept is further supported by the paucity of fully differentiated osteo-
blasts within arthritic bone erosions, which indicates that there is 
indeed no major bone formation going on in these lesions.

Pure degradation of bone during arthritis is the exception rather 
than the rule in joint disease. Psoriatic arthritis, AS, but also osteoar-
thritis and metabolic arthropathies such as hemochromatosis arthrop-
athy are partly or even predominantly characterized by bony spurs 
along joints and intervertebral spaces. These lesions are based on new 
bone formation. We have recently perceived that osteophyte formation 
cannot be easily compared with erosive structural damage observed in 
RA and those therapies blocking bone erosions such as TNF-α blockade 
do not influence the formation of osteophytes.43 Areas that are prone 
to osteophyte formation are (1) periarticular sites of the periosteum in 
vicinity of the articular cartilage, (2) edges of vertebral bodies, and (3) 
the insertion sites of tendons. These sites are particularly rich in fibro-
cartilage, which is considered a tissue from which osteophyte forma-
tion emerges given the interplay of certain triggering factors.44 Triggers 
are certainly mechanical factors because osteophytes often emerge at 
the entheses along the insertion sites of the tendons. Usually, osteo-
phytes are based on endochondral ossification, which first leads to 
differentiation of hypertrophic chondrocytes from mesenchymal cells 
and abundant deposition of extracellular matrix, before rebuilding into 
bone occurs, which requires invasion and resorption of the mineralized 
cartilage by osteoclasts and then differentiation of osteoblasts that 
depose the bone. Molecular signals involved in osteophyte formation 
have recently been defined: transforming growth factor (TGF)-β as well 
as bone morphogenic proteins (BMPs) along with active BMP signaling 
through SMAD3 proteins facilitate human osteophyte formation.45 
Moreover, noggin, an inhibitor of BMPs, effectively blocks osteophyte 
formation, suggesting that this protein family plays a key role in the 
formation of bony spurs by facilitating osteoblast differentiation.45 
Another essential protein family involved in osteophyte formation is 
the Wnt protein family. These proteins bind to surface receptors such 
as LRP5/6 and frizzled proteins on the surface of mesenchymal cells, 
leading to signaling through β-catenin, which translocates to the 
nucleus and activated genes involved in bone formation. Nuclear trans-
location of β-catenin is observed at sites of bony spurs, suggesting its 
activation by Wnt proteins. There appears to be tight crosstalk between 
the Wnt proteins and BMP proteins because these two protein families 

BONE MARROW NICHE

Pre-Pro-B cells

Pro-B cells

BoneBone

Plasma cells

Pro-B cells
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CXCL12

Osteoclast

HSC

Osteoblast

Fig. 19.2  Bone marrow niche. The maintenance and renewal of hematopoietic 
stem cells (HSCs) depends on a subset of osteoblasts forming the HSCs’ niche. 
HSCs are mobilized by the activity of the osteoclasts and differentiate. 
Pre-pro-B cells share a common niche with plasma cells based on the 
expression of CXCL12 by bone marrow stromal cells. On further differentiation 
into pro-B cells, cells switch to a different niche, which is based on bone 
marrow stromal cells that express IL-7. Further differentiation of B cells into 
pre-B cells makes them independent from bone marrow niches before  
leaving bone marrow to secondary lymphatic organs. Plasma cells reentering 
the bone marrow share the CXCL12-triggered bone marrow niche with 
pre-pro-B cells.
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of the reasons for the preferential targeting of the bone by inflammatory 
arthritis is the disturbance of the natural interaction of bone and 
immune systems. This idea gives credence to the old concept of bone 
remodeling as a controlled inflammatory response despite a clear syno-
vial inflammation.49 With the help of osteoimmunology, we are now 
starting to understand the molecular interactions between immune 
activation and the skeletal system, which links inflammatory diseases 
with bone loss. Knowledge of these pathways will allow the tailoring 
of drug therapies to target skeletal damage more specifically and thus 
more effectively. In addition, further insights in the role bone and bone 
marrow play in shaping immune responses, particularly in maintaining 
plasma cells in the bone marrow niche, will open a new perspective in 
autoimmune diseases.

also on an acquired ability to survive. Successful competition for sur-
vival niches thus appears to be a key factor explaining the longevity of 
these cells. Plasma cells apparently traffic into these survival niches in 
the bone marrow by CXCL12-induced chemotaxis, where they produce 
antibodies and persist. If bone marrow homing of plasma cells is dis-
turbed, which is seen in murine lupus models where plasma cells are 
unresponsive to CXCL12, a marked accumulation of plasma cells in 
the spleen is observed.47 Also, circulating B cells might only become 
memory B cells if they find appropriate survival conditions outside 
re-stimulating secondary lymphoid organs.

CONCLUSION
Osteoimmunology has considerably refined our insights into the patho-
genesis of rheumatic diseases, particularly arthritis. It appears that one 
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To help understand these multiple roles of complement, first the 
complement system is reviewed, focusing on its normal biologic roles 
in addition to its effector functions and the mechanisms that regulate 
its activities. Then the specific roles that complement effector func-
tions and deficiencies have been proposed to play in SLE and other 
rheumatic and autoimmune diseases are discussed.

ACTIVATION PATHWAYS OF COMPLEMENT
Overview
The complement system is activated by any of three pathways: classi-
cal, alternative, and lectin (Fig. 20.1). The classical pathway is initiated 
by IgM- or IgG-containing immune complexes, C-reactive protein 
(CRP), β-amyloid fibrils, serum amyloid P, or tissue damage products 
such as mitochondrial membrane proteins that directly bind C1q 
(Table 20.4). The general order of complement-fixing potential of 
human antibodies is IgM > IgG3 > IgG1 > IgG2 >> IgG4. IgA can 
activate the alternative pathway, whereas IgE is not an effective com-
plement activating isotype except under unusual circumstances. 
Certain autoantibodies designated “C4 nephritic factors” that stabilize 
C4 convertases (activating enzymes) also promote classical pathway 
activation.

The alternative pathway does not require a specific initiator but 
rather undergoes a process of “tickover” that results in activation.14 
Although not required, certain substances such as repeating polysac-
charides, endotoxin, IgA-containing immune complexes, C3 nephritic 
factor (C3Nef) autoantibody, and some immunoglobulin light chains 
serve to promote alternative pathway activation. This pathway also 
serves as an “amplification loop” when C3b that is deposited by any 
pathway serves to bind factor B and initiate further cleavage events 
through the alternative pathway, with an end result of greatly increased 
levels of C3 and C5 activation. Notably, the alternative pathway ampli-
fication loop, long thought to be a relatively minor contributor to tissue 
inflammation, has over the past several years been shown to be an 
essential mechanism for the full elaboration of complement-dependent 
injury in vivo.15

The lectin pathway is initiated by mannose-binding lectin (MBL) or 
by ficolins, which are carbohydrate-binding proteins from a family 
designated the collectins that are involved in the clearance of foreign 
organisms such as bacteria and viruses.16-18 The lectin pathway is initi-
ated when MBL binds to repeating carbohydrate moieties found pri-
marily on the surface of microbial and viral pathogens or by ficolin 
recognition of specific structural motifs found on pathogens. In addi-
tion, the lectin pathway is activated by the protein cytokeratin, which 
is exposed on ischemic endothelial cells, and by agalactosyl (G0) car-
bohydrates on IgG in patients with RA.

However the complement system is initiated, convergence on the 
centrally important C3 protein occurs when multiple-component C3 
convertases (activating enzymes) are formed and C3 is cleaved. The 
presence of a thioester bond in C3 as well as C4 allows the covalent 
attachment of these two proteins in the C3b and C4b forms through 
ester or amide linkages to other molecules during the process of activa-
tion.19 This irreversibly “marks” the attached targets as immunologi-
cally different and allows the subsequent cleavage of C4b and C3b to 
forms iC4b/C4d and iC3b/C3dg/C3d and binding of the complex to 
specific C3/C4 receptors that interact with most of these fragments.2 
The activation of C3 is followed by the formation of a C5 convertase, 

The complement system in systemic 
lupus erythematosus
V. Michael Holers

 The complement system has multiple functions, both protective 
and injurious.

 Complement classical pathway deficiencies promote development 
of systemic lupus erythematosus (SLE).

 SLE is characterized by complement effector function–dependent 
injury to multiple target organs.

INTRODUCTION
The complement system plays a central role in the pathophysiology of 
most rheumatic diseases. Because of the potentially dual roles of com-
plement in the pathogenesis of systemic lupus erythematosus (SLE), 
being both protective and injurious depending on the exact clinical 
situation, the study of this particular disease has been quite instructive 
for investigators over the years as the biologic roles of the complement 
system have been elucidated. Thus, it is appropriate to review the 
complement system primarily in the context of this disease. However, 
it is important to point out that many other autoimmune and rheu-
matic diseases also exhibit evidence of complement-mediated effects, 
and several are reviewed here as examples.

Complement is a phylogenetically ancient system consisting of 
soluble activation pathway proteins found in the blood and tissues 
(Table 20.1), both soluble and membrane-bound receptors (Table 
20.2), and regulatory proteins (Table 20.3). The major biologic roles of 
the complement system include recognition and clearance of foreign 
pathogens and non-self antigens by promoting humoral and cellular 
immune responses as well as phagocytosis; clearance of self antigens 
derived from apoptotic processes in a non-inflammatory manner; 
immune complex transport; enhancement of tissue regeneration after 
injury; shaping of the natural antibody repertoire; and the promotion 
of an autoinflammatory response to injured self tissue.1-9 The comple-
ment system should primarily be considered as a central component 
of the protective innate immune system but with substantial effects 
on the evolution and functional capacities of adaptive immunity.1

A key concept is that when misdirected, the complement system 
plays a central role in the tissue damage and pathophysiology of rheu-
matic diseases, including SLE. In the most common clinical settings 
in patients with SLE or other inflammatory autoimmune diseases such 
as rheumatoid arthritis (RA), the powerful effector mechanisms of 
complement that should be focused on foreign pathogens and antigens 
appear to be instead re-directed to self and cause tissue damage. 
However, additional insights into other important roles for this system 
have been provided by the careful study of complete and partial defi-
ciency states of complement activation and regulatory proteins. For 
example, complete deficiencies of early complement pathway compo-
nents are strongly associated with the development of SLE and SLE-like 
syndromes, likely owing to inefficient clearance of apoptotic self 
tissues.5 In addition, the presence of dysfunctional regulatory proteins 
due to genetic polymorphisms or mutations is associated with systemic 
vascular injury syndromes such as atypical hemolytic-uremic syn-
drome,10,11 hemolytic syndromes such as paroxysmal nocturnal hemo-
globinuria,12 and chronic inflammatory diseases such as macular 
degeneration.13
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TABLE 20.1 COMPLEMENT ACTIVATION PATHWAY PROTEINS

Component
Approximate serum 
concentration (µg/mL)

Approximate 
molecular weight

Classical pathway

C1q 70 410,000

C1r 34 170,000

C1s 31 85,000

C4 600 206,000

C2 25 117,000

Alternative pathway

Factor D 1 24,000

C3 1,300 195,000

Factor B 200 95,000

Lectin pathway

MBL 150 (very wide range) 600,000

MASP-1 6.0 83,000

MASP-2 0.5 76,000

MASP-3 95,000

Membrane attack complex

C5 80 180,000

C6 60 128,000

C7 55 120,000

C8 65 150,000

C9 60 79,000

TABLE 20.2 COMPLEMENT RECEPTORS

Receptors
Approximate 
molecular weight Major activities

Complement receptor 
1 (CR1, CD35)

190,000-250,000 Immune complex 
transport (E)

Phagocytosis (PMN, Mac)
Immune adherence (E)
Cofactor and decay 

acceleration

Complement receptor 
2 (CR2, CD21)

145,000 B cell co-activator
EBV receptor
CD23 receptor

Complement receptor 
3 (CD11b/CD18)

170,000 (α chain)* Leukocyte adherence
Phagocytosis of 

iC3b-bound particles

Complement receptor 
4 (CD11c/CD18)

150,000 (α chain)* Leukocyte adherence

C5a receptor (CD88) 50,000 Cell activation
Chemotaxis

C5L2 receptor 50,000 Modulates C5a function

C3a receptor 75,000 Cell activation

E, erythrocyte; PMN, polymorphonuclear neutrophil; Mac, macrophage.
*Common 95,000 β-chain.

TABLE 20.3 COMPLEMENT REGULATORY PROTEINS

Soluble control proteins
Approximate serum 
concentration (µg/mL)

Approximate 
molecular weight Major functions

Positive regulation

Properdin 25 220,000 Stabilizes alternative pathway

C3/C5 convertases

Negative regulation

C1-INH 200 105,000 Inhibits C1r/C1s, MASPs

C4-bp 250 550,000 Decay-acceleration classical pathway, cofactor activity C4b

Factor H 500 150,000 Decay-acceleration alternative pathway, cofactor activity C3b

Factor I 34 90,000 Cleavage of C3b/C4b

Anaphylatoxin inactivator 35 280,000 Generates C3a/C5a desArg (carboxypeptidase H)

S protein (vitronectin) 500 80,000 Blocks MAC formation

SP-40,40 (clusterin) 60 80,000 Blocks MAC formation

Membrane regulatory proteins

Decay-accelerating factor (CD55) 70,000 Decay-acceleration classical and alternative pathways

Membrane cofactor protein (CD46) 45,000-70,000 Cofactor activity classical and alternative pathways

CD59 20,000 Blocks C8-C9 and C9

CRIT 30,000 Blocks C2

resulting in C5 cleavage and activation. The pore-like membrane 
attack complex (MAC) is then assembled by the serial addition of C6 
to C9. Importantly, the soluble anaphylatoxins C3a and C5a,20 which 
manifest remarkable proinflammatory properties, are also generated 
during this process.

Sequential events during complement activation
Classical pathway activation steps are shown in Figure 20.2.21 Regard-
less of whether antibodies or other molecules bind and activate C1, 
the same series of events is believed to take place. C1 is a trimolecular 
complex that consists of three unique protein subunits (C1q, C1r, and 
C1s) in the stoichiometry of 1C1q:2C1r:2C1s. When C1q binds a 
target, the first event is autocatalysis and self-activation of C1r, which 
is then followed by the cleavage of C1s by activated C1r. C1s is then 
able to cleave nearby C4 into C4a and C4b, the latter which can cova-
lently attach to the target by ester or amide linkages. This property is 
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THE COMPLEMENT SYSTEM

Pathway: Classical pathway Lectin pathway Alternative pathway

Sequence: C1q, C1s, C1r

C4, C2 P, B,D

C3b
iC3b
C3dg

C4b

Apoptotic cell
clearance

Immune complex solubilization
and clearance
Augmentation
of antibody responses

MASP-1, MASP-2, MASP-3

C3

MAC

C5, C6, C7, C8
poly-C9

Cell lysis
membrane damage

inflammatory mediators

C3 (H2O)

C3a

?

• Smooth muscle
 contraction
• Increased vascular
 permeability
• Leukocyte activation
• Leukocyte chemotaxis
• Leucocyte adhesion

C5a

Anaphylatoxins

Fig. 20.1 Overview of complement initiation and 
effector pathways. The complement system can be 
initiated through the classical, lectin, or alternative 
pathways, resulting in the formation of 
C3-convertases that cleave and activate this 
protein. The subsequent activation of C5 and 
further components of the complement cascade 
result in formation of the membrane attack 
complex (MAC). All three initiator pathways can 
result in C3a and C5a generation. Several examples 
of effector functions of complement are also 
shown.

TABLE 20.4 COMPLEMENT PATHWAY ACTIVATORS

Classical pathway Alternative pathway Lectin pathway

Immune complexes 
(IgM, IgG)

“Tickover” Repeating 
simple sugars

C-reactive protein 
(CRP)

Amplification pathway G0 carbohydrate 
glycoforms

Apoptotic bodies Endotoxin Cytokeratin-1

β-Amyloid fibrils IgA immune complexes

Serum amyloid P (SAP) Polysaccharides

Mitochondrial products C3 nephritic factor

C4 nephritic factor

due to an internal thioester bond that becomes highly unstable during 
the cleavage of C4 and allows the covalent attachment to nearby mol-
ecules. Because of this dual type of bond formation, the nature of the 
target surface can modify to some extent the particular site, amount, 
and type (C4A vs. C4B allotype) of C4b binding and, thus, subsequent 
complement activation. Approximately 5% of C4 becomes attached to 
the target, and the rest is inactivated in the surrounding fluid phase 
by reactivity of the thioester site with H2O. C1s then cleaves C2 into 
C2a and C2b, the former of which associates non-covalently with C4b. 
As part of this C4b2a complex, now designated a C3 convertase, C2a 
exhibits proteolytic activity for C3, resulting in cleavage into C3a and 
C3b. C3 also exhibits a thioester bond and can covalently attach to 
nearby molecules, including C4b. The association of C4b2a with C3b 
allows the creation of a C4b2a3b C5 convertase, capable of cleaving 
C5 into C5b and C5a.

In a similar fashion, the lectin pathway is activated by a series of 
proteolytic cleavage events (see Fig. 20.2).16-18 In this process, MBL and 
ficolins are structurally similar to C1q, and the proteases MASP-1 and 
MASP-2 are similar to C1r and C1s, whereas MASP-3, an alternatively 
spliced variant of the MASP-1/3 gene, exhibits different activation 
requirements. After binding of MBL or ficolins to targets, the MASPs 
are activated. In this situation, it is not certain yet what are all of the 
relevant activation steps and protease targets of the MASPs; however, 

data exist suggesting that C4 can be cleaved by MASP-2 and C3 can 
be directly cleaved by MASP-1. Recently, the function of MASP-1 and 
MASP-3 has been expanded by the suggestion that they are required 
for the conversion of inactive pro-factor D to active factor D. Regardless 
of the details, C3 and subsequently C5 are cleaved, both releasing their 
chemotactic fragments C3a and C5a and resulting in the generation 
of the MAC.

In contrast to the specific protein/protein or protein/carbohydrate 
interactions that characterize the initiation mechanisms of the classi-
cal and lectin pathways, the alternative pathway can be activated on 
the surface of any target that manifests neutral or positive charge 
characteristics and does not contain complement inhibitors. Alterna-
tive pathway activation also occurs in the fluid phase in the absence 
of efficient inhibition. The alternative pathway is capable of this auto-
activation because of a process termed tickover of C3 (Fig. 20.3). 
Tickover occurs spontaneously at a rate of about 1% of total C3 per 
hour, and this process results in the generation of a conformationally 
altered C3, designated C3(H2O), that can now bind factor B.

Once factor B associates with C3(H2O), factor B itself changes con-
formation and can then be cleaved by the constitutively active serum 
protease factor D, generating Ba and Bb. Factor D is a member of the 
serine protease family that, once converted to an active enzyme state 
by MASP-1 and/or MASP-3, demonstrates an exquisite specificity for 
conformationally altered factor B and does not efficiently cleave other 
targets. Once split into two fragments by factor D, Ba diffuses away 
and Bb remains associated with the complex and can then, through its 
own serine protease domain, cleave additional C3 molecules, generat-
ing a form designated C3b. As part of this cleavage process, C3b can 
be covalently attached to targets when its thioester bond is broken. 
Once C3b is generated, it associates with the complex, creating a 
C3bBbC3b C5 convertase that can now cleave C5 into C5b and C5a. 
This overall series of successive proteolytic steps is enhanced by the 
serum protein properdin, which stabilizes protein/protein interactions 
during the process. The alternative pathway can also be initiated as an 
“amplification loop” when fixed C3b that is generated by the classical, 
lectin, or alternative pathways activation binds factor B, again resulting 
in conformational changes in factor B that allow factor D to cleave it 
to Ba and Bb similarly to the tickover process.

In addition to the tickover and amplification loop mechanisms, the 
alternative pathway can be activated when certain antibodies block 
endogenous regulatory mechanisms or when expression of comple-
ment regulatory proteins that control the alternative pathway is 
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THE CLASSICAL PATHWAY

Immune complex Sugars
Classical pathway

C3 convertase
C4b2a

Classical pathway
C3 convertase

C5 activation or
amplification loop

C4

C4b*

C4

C4b

C2

C4bC4b

C4b

C4a

C4a

C4a

C2b

C1q MBL

2a

C2 C2a

C2b

C1r

C2

C3b

C3 C3a

C1r* MASP-2 MASP-1

C1s C1s*

THE LECTIN PATHWAY

Ficolin Ficolin

MASP-3

Fig. 20.2 Classical and lectin pathway activation. Sequential activation events that lead to C3 and subsequently C5 activation by the classical and lectin 
pathways are shown. Exact capabilities of lectin pathway to directly activate C3 as shown are uncertain but possible through MASP-1.

THE C3 'TICK-OVER' PATHWAY

C3

C3
(H2O)

C3
(H2O)

C3
(H2O)

B

B

Bb

C3a

Factor DBa
C3 (H2O) Bb
fluid-phase

alternative pathway
C3 convertase

Mg2+

H2O

C3bC3

ALTERNATIVE PATHWAY AMPLIFICATION LOOP

C3

C3b

C3a

Factor D

C3b

C3b

B

C3b

Bb
Ba

B

Mg2+

Fig. 20.3 Alternative complement pathway 
activation events. C3 tickover and amplification 
loop mechanisms are illustrated. Both depend on 
the ability of factor B to bind forms of C3, either 
C3(H2O) or C3b. The amplification loop can utilize 
C3b derived from any of the three pathways to 
increase the downstream generation of effector 
molecules.

decreased.22,23 Also, alternative pathway activation is sensitive to 
changes in pH or ionic strength and conditions such as a low pH can 
accelerate activation through this pathway. Finally, nucleophilic com-
pounds, such as ammonia, can interact with C3 and promote the 
development of a C3(H2O)-like molecule and increase the rate of spon-
taneous activation of the alternative pathway.

Cleavage of C5 results in the release of C5a, a potent chemotactic 
and cell-activating molecule, and the noncovalent association of C5b 

with C3b. This site initiates the assembly of the membrane attack 
complex (MAC), also designated the terminal complement complex 
(TCC).24 The MAC proteins C6-C9 exhibit structural similarities and 
are built of small subunits of other protein families. In the assembly 
process, activated C5b is capable of binding C6 and results in a complex 
that binds C7. The C5b67 complex then associates with the cell mem-
brane. The interaction of C8 with this complex results in the deeper 
incorporation into the lipid bilayer but incomplete disruption of the 
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immune complex–bound C3. Deficiency of the family of β2-integrins 
is associated with loss of adhesive and phagocytic capacity, with severe 
impairment of host defenses.

Additional types of complement receptors are also important in 
rheumatic diseases. For example, C5a is a 74-amino acid fragment of 
C5 that is released during activation and is classified as an anaphyla-
toxin, and its receptor (C5aR, CD88) is a member of the rhodopsin 
family.20 C5a demonstrates potent proinflammatory activities, includ-
ing leukocyte chemotaxis, aggregation of neutrophils and platelets, 
release of mast cell mediators, and the generation of leukotrienes, 
cytokines, and reactive oxygen metabolites. C5L2 is a structurally 
similar molecule whose biologic role appears to be to modulate C5a 
functional effects, although it is uncertain as to the exact role that this 
molecule plays in promoting or limiting complement effects.28 C3a is 
a structurally analogous proinflammatory protein derived from C3 that 
binds the C3a receptor (C3aR) and also plays important roles in dis-
eases such as asthma.29 Each of these receptors is widely distributed, 
being expressed on neutrophils, monocytes/macrophages, mast cells, 
hepatocytes, bronchial and alveolar epithelial cells, vascular endothe-
lium, and astrocytes in addition to other cells.

MECHANISMS OF COMPLEMENT CONTROL
Because of the potent activities manifest by complement, it is a tightly 
regulated system with inhibitors that act at many steps of the pathway.30 
Figure 20.5 illustrates the specific points at which 11 inhibitors act on 
the complement pathway. These proteins utilize many molecular 
mechanisms to block complement activation, including acting as a 
protease inhibitor, a competitive inhibitor of multiple-component 
enzymes, and/or cofactor for proteolytic cleavage or as protease itself. 
Because of the presence of these many inhibitors in sites at which 
activators can be found or deposited, the state of the complement 

COMPLEMENT RECEPTORS

CR1

C4b

CR2

CR3 CR4

C3aR C5aR/C5L2

C3b C3d
EBV Ca

Ca
a b a b

CaC3b

Ca

Ca

Ca

Fig. 20.4 Complement receptors. CR1 and CR2 are structurally similar 
molecules composed of the repeating short consensus repeats (SCR). CR3 and 
CR4 are structurally distinct from CR1 and CR2 and are members of the 
β2-integrin family of cell surface adhesion molecules. CR3 and CR4, along with 
LFA-1, share a common β-chain. The C3aR, C5aR, and C5L2 are members of the 
rhodopsin family, which is characterized by the presence of seven membrane-
spanning segments and a functional linkage to G proteins during cell 
activation processes.

cell membrane. To this complex, C9 will bind initially as a monomer 
and then polymerize. This final process forms the basis for the cell-
damaging transmembrane pore.

One interesting difference between the early activation pathway and 
the later (MAC) components of complement is the absence of proteo-
lytic activity of the later components (after C5). In this regard, C6 
through C9 can assemble because each protein can undergo conforma-
tional changes that expose new reactive sites. One of the most striking 
examples is the conformational exposure on C9, a plasma protein, of 
a hydrophobic lipid interactive face on the α-helices that form the 
transmembrane pore. In this regard, C9 shares many features with 
other pore-forming proteins, such as the cytotoxic granule protein 
perforin.

Local and systemic synthesis of soluble 
complement components
The liver has traditionally been thought of as being the site of comple-
ment component synthesis; however, although this is true of 80% to 
90% of the total of most soluble components, many other cell types 
have been shown to synthesize complement, and there is an emerging 
understanding that locally produced complement factors are especially 
important in organ-specific injury. Other cell types that synthesize 
complement activation and regulatory proteins include monocyte/ 
macrophage, fibroblast, renal mesangial, epithelial, endothelial, and 
lymphoid, including both T and B cells. Notably, factor D is primarily 
produced by adipocytes. Both hepatic and tissue specific production is 
upregulated by the proinflammatory cytokines IL-1, tumor necrosis 
factor, interleukin (IL)-6, and interferon-γ. Conversely, expression can 
be decreased by cytokines such as IL-4, platelet-derived growth factor 
(PDGF) and epidermal growth factor (EGF).

Because of the cytokine-dependent control, complement synthesis 
typically increases in local sites of inflammation. For example, in the 
kidney of patients with immune complex glomerulonephritis, C3 syn-
thesis is increased locally whereas C4 is constitutively expressed in 
tubules in normal persons and patients with disease. Activated mac-
rophages, also driven by the cytokines discussed earlier, increase 
expression of complement components in tissue sites. Importantly, 
studies using transplantation of wild type or gene-targeted cells or 
organs into the converse recipients have demonstrated a key role for 
local production of complement in immune responses to foreign anti-
gens25 as well as transplanted organ rejection.26

COMPLEMENT RECEPTORS
Receptors for many components of complement have been identified 
(Fig. 20.4), typically demonstrating high affinity for proteolytic cleavage 
fragments of specific proteins generated during the activation process 
(e.g., C3b or C5a) (see Table 20.2). Four distinct receptors, each with 
preferential binding for different fragments of C3, have been defined.2,27 
CR1 is widely distributed, being found on erythrocytes, polymorpho-
nuclear neutrophils, mononuclear phagocytes, B cells, some T cells, 
and mesangial phagocytes. CR1 binds C4b and C3b, the initial degra-
dation products of C4 and C3 that are covalently bound to targets, and 
is also reported to be a receptor for C1q and MBL. CR1 exhibits several 
important functions. For example, it is clearly important on erythro-
cytes in binding and processing immune complexes and it acts as a 
phagocytic receptor on neutrophils and macrophages.

CR2 binds C3dg, a degradation product of iC3b, in addition to iC3b 
itself, and is expressed on B cells, epithelial cells, follicular dendritic 
cells, thymocytes, and a subset of peripheral T cells. CR2 is also the 
receptor for the Epstein-Barr virus (EBV) in addition to the immuno-
regulatory molecule CD23 that is involved in the production of IgE. 
CR2 is important in B-cell activation as well as normal trapping of 
immune complexes in lymphoid tissues.

CR3 and CR4 are members of a group of receptors known as β2-
integrins and are composed of two chains: an α-chain of variable size 
and a common β-chain. Both CR3 and CR4, which bind the C3 deg-
radation product iC3b, are found on fixed tissue macrophages, mono-
nuclear phagocytes, polymorphonuclear neutrophils, and follicular 
dendritic cells. CR3 and CR4 are probably important in immune 
complex destruction after erythrocyte CR1-mediated processing of the 
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characterized are a protein designated SP-40,40 (or clusterin) and S 
protein (vitronectin). S protein is a multifunctional protein identified 
by co-purification with C5b-9 from activated human serum. Later 
studies determined that S protein is identical to vitronectin (serum-
spreading factor) and is a widely distributed protein in the intercellular 
matrix functionally related to fibronectin, laminin, von Willebrand 
factor, thrombospondin, and collagen. S protein is postulated to act by 
incorporation into the C5b-7 complex, thus converting the latter to a 
hydrophilic, non–membrane-binding, and thus inactive, complex. 
Under these conditions, although C8 and C9 can still bind to the 
complex, C9 cannot polymerize. SP-40,40 (clusterin) is a disulfide-
linked heterodimer that is derived by proteolytic cleavage of a single-
chain precursor. It is found free in normal serum and in complement 
activated serum associated with soluble C5b-9 complexes. SP-40,40 
(clusterin) has the same type of complement regulatory activity previ-
ously described for S protein.

On the cell membrane, other proteins serve similar functions to 
block complement activation. These proteins include decay-accelerat-
ing factor [DAF] (CD55), membrane cofactor protein [MCP] (CD46), 
and CD59. DAF is an approximately 70-kDa glycoprotein with a sub-
stantial content of O-linked sugars. It acts by binding C3b or C4b on 
the cell membrane and markedly increasing the spontaneous decay of 
both the classical pathway C4b2a and alternative pathway C3bBb 
complexes.30 DAF is a widely distributed protein that has a glycophos-
phatidylinositol (GPI) anchor. It has also been shown to have cell-cell 
adhesion properties by serving as a counter-receptor for CD97. MCP 
is a widely distributed surface membrane human C3 binding protein 
that acts as a required cofactor for the cleavage of C3 or C4 into their 
hemolytically inactive forms, iC3b and iC4b.30 MCP, therefore, plays 
a similar biologic role as DAF—protection of cells from inadvertent 
complement deposition. However, the specific enzymatic activity is 
different and results in an inactive form of the C3 protein. The expres-
sion of MCP is widespread, with the notable exception of erythrocytes; 
and soluble forms have been found in many biologic tissues.

CD59 is a widely distributed, highly disulfide-linked protein with a 
GPI anchor and a significant sequence similarity to the Ly-6 mouse 
antigens.35 It is found on erythrocytes, monocytes, granulocytes, plate-
lets, endothelial cells, and many cells of the nervous and reproductive 
tissues. CD59 manifests both complement-related and apparently 
complement-unrelated activities. With regard to complement regula-
tion, CD59 is able to bind C8 in the C5b-8 complex and to block the 
effective incorporation of C9. In addition, CD59 is capable of binding 
C9 already in the MAC and of blocking the subsequent polymerization 
of C9 and full formation of the transmembrane pore. CD59 is also an 
adhesion molecule and serves as one counter-receptor for CD2.

Another type of cell membrane protein inhibitor is exemplified by 
complement C2 receptor inhibitor trispanning (CRIT).36 This protein 
binds to C2 and blocks C2 cleavage and thus effectively dampens clas-
sical pathway C3 convertase formation. Recent reports suggest that 
CRIT may also be able to block alternative pathway activation.

Once released, the potent anaphylatoxins C5a and C3a undergo a 
rapid loss of activity in serum primarily caused by C-terminal cleavage 
of Arg to make the desArg form.37 Serum carboxypeptidase-N performs 

pathway at any one point can be considered to reflect the relative 
balance of these two opposing forces.

With regard to these mechanisms, the classical and lectin pathways 
are both blocked at the protease step by C1 inhibitor,31 which is a 
member of the serine proteinase inhibitor (serpin) family and serves as 
an irreversible trap for C1r/C1s and MASP-1/MASP-2. C1-INH also 
inactivates the proteases kallikrein, factor XIa, factor XIIa, and plasmin 
of the contact and clotting systems. The major complement-related 
role of C1-INH is to inactivate C1r and C1s and thus restrict their 
effects to the specific site of C1 binding and activation.

At the C3/C5 activation steps, several proteins serve to either accel-
erate the normal decay of C3 and C5 convertases or as cofactors for 
serum factor I–mediated cleavage. Factor I (C3b inactivator, C3bINA) 
cleaves C3b and C4b at specific sites and acts on these proteins when 
they are either free in the fluid phase or target bound. Factor I plays 
the very important role of cleaving both C3b and C4b in a highly regu-
lated fashion into specific forms of the molecules that can no longer 
act as part of a C3 or C5 convertase.

In the fluid phase, two major proteins serve to block complement 
activity at the C3/C5 activation steps. One is factor H, which serves 
to accelerate the normally slow spontaneous decay of Bb from C3b in 
the alternative pathway, thus disabling both the C3 and C5 conver-
tases, as well as to exhibit cofactor activity for factor I–mediated cleav-
age of C3b into the hemolytically inactive form iC3b. Factor H is a 
150-kDa serum protein with a structure consisting of 20 repeating 
units designated short consensus repeats (SCR), or complement control 
protein repeats (CCP), a structural feature that defines its gene family.32 
Factor H appears to bind to target cells and tissues primarily through 
initial contact by SCRs 19-20 with tissue that expresses polyanions 
and fixed C3b/C3d, followed by the elaboration of protective comple-
ment alternative pathway C3 convertase inhibitory function on the 
tissue itself.

Notably, the alternative pathway is also unique in that it is posi-
tively affected by a multimeric positive regulatory protein that is des-
ignated properdin.33 Properdin is a polymeric protein that can bind to 
both C3b and factor B in the C3 convertase and keeps these proteins 
together and active with regard to additional C3 cleavage. Recent 
studies have also suggested that properdin can recognize certain target 
tissues and initiate alternative pathway activation.

With regard to the classical pathway, C4b-binding protein (C4-bp) 
is a fluid phase protein with parallel activities as factor H but directed 
toward C4b and the classical pathway rather than C3b and the alterna-
tive pathway.34 C4-bp is also a member of the regulator of complement 
activation (RCA) protein family that inactivates C4b by serving as an 
obligate cofactor for factor I–mediated cleavage and also accelerates the 
spontaneous decay of C2a from C4b. Therefore, C4-bp has both of the 
functional characteristics of factor H, cofactor activity, and decay accel-
eration but instead exerts its activities on C4 rather than C3. Of inter-
est, C4-bp can also be utilized by several bacterial species that 
specifically bind this protein to their surfaces and block complement-
mediated killing.

Additional soluble proteins that inhibit the assembly or membrane 
insertion of the MAC (C5b-9) have also been identified. The two best 

COMPLEMENT INHIBITORS

MACC5
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Carboxypeptidase N
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Fig. 20.5 Naturally occurring inhibitors of the 
complement pathway. Shown at the sites of action 
on the complement pathway are the many 
well-characterized complement inhibitors of this 
pathway (also included in Table 20.4). Activation 
pathways are shown in broken lines and sites of 
regulation in solid lines. Some inhibitors act at 
multiple points on the pathway, and some 
activation steps have as many as five proteins that 
regulate it (e.g., the C3 convertase activation step).
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COMPLEMENT AND SYSTEMIC  
LUPUS ERYTHEMATOSUS
Deficiency of classical pathway activation 
proteins, a genetic predisposition to the 
development of SLE
Both inherited and acquired abnormalities in complement classical 
pathway components have been described in SLE.5,42 Several different 
molecular mechanisms can lead to homozygous complement compo-
nent deficiency, and homozygous deficiencies in the early components 
of the complement cascade (C1q, C1r/C1s, C4, and C2) are often 
associated with SLE. Although it is possible to speculate that such a 
complement deficiency might lead to the decreased generation of pro-
inflammatory fragments after antibody-mediated activation and be 
beneficial, the opposite is clearly true. In particular, patients with 
complete C1q deficiency demonstrate the most similarity to other 
patients with SLE in that they often develop severe glomerulonephritis 
and typical autoantibodies.5

Although total homozygous deficiency in any individual component 
is rare, heterozygous deficiency in C4 is much more common, and 
patients with SLE show in some studies an increased prevalence of null 
alleles for C4A. C2-deficient patients have a lupus-like disease with 
prominent cutaneous manifestations. Homozygous C3 deficiency is 
extremely rare, with most affected patients suffering from recurrent 
infections and some having hematuria and/or proteinuria. Interest-
ingly, the presence of a low-producing or dysfunctional MBP allele that 
cannot efficiently activate complement is also associated with a small 
increased risk for SLE.43 In many of these complement deficiencies 
there is also a predilection for increased rates of infection. Interestingly, 
individuals with deficiencies of late components (MAC) less frequently 
have autoimmune features but rather present with recurrent neisserial 
infections.44

These observations that a deficiency in the early components of the 
classical pathway of complement activation promote the development 
of SLE have led to two major hypotheses regarding the pathogenic 
mechanisms. The first is that this leads to a marked decrease in the 
ability to opsonize, transport, and/or solubilize immune complexes.45 
This dysfunction may predispose to the development of SLE by allow-
ing a cycle to develop in which immune complexes deposit in tissue, 
inducing inflammation and, over long periods of time, tissue destruc-
tion. An alternate hypothesis suggests that autoimmunity is promoted 
because the inability to clear apoptotic bodies containing nuclear com-
ponents leads to a break in self-tolerance to these antigens and the 
development of SLE.5

Autoantibodies in patients with SLE have also been found to cause 
acquired deficiencies, such as C3(Nef), an autoantibody that stabilizes 
the alternative pathway C3 convertase and results in C3 consumption. 
In addition, some autoantibodies may be associated with dysfunction 
of components in the absence of a clearly decreased level. For example, 
patients with SLE have a strikingly increased incidence of antibodies 
to the component C1q.46 These autoantibodies are highly associated 
with the presence of glomerulonephritis and likely act by potentiating 
the local effects of C1q fixation to immune complexes.47 Whether these 
antibodies promote the further loss of self tolerance by interfering with 
C1q in a manner that mimics C1q deficiency is also possible.

Lupus nephritis
The complement system is integrally involved in the pathogenesis of 
tissue injury in SLE, and complement components appear to mediate 
tissue damage initiated by autoantibodies.48 Evidence for this includes 
the presence of complement activation fragments in the glomerulus, 
tubules, interstitium, and urine in many forms of lupus glomerulone-
phritis. In the context of the discussion regarding the role of classical 
pathway deficiencies as a predisposition to SLE, it is important to note 
that the great majority of patients with SLE have an intact complement 
system and even those with classical pathway deficiencies have an 
intact alternative, and likely lectin, pathway. Direct support for a role 
of complement in lupus nephritis was first provided by the findings 
that an inhibitory anti-C5 mAb blocks the development of glomerulo-
nephritis in the (NZB × NZW)F1 model of SLE.49 Subsequently, a key 

this cleavage, which results in C3a and C5a derivatives with two to 
three orders of magnitude less cell-stimulating activity.

Each of these inhibitors has an important role in homeostasis of 
the complement system. This is best demonstrated by the observation 
that almost every homozygous deficiency, and many heterozygous 
deficiencies, in humans are accompanied by evidence of uncontrolled 
complement activation and target organ damage.

BIOLOGIC ROLES OF COMPLEMENT
Complement demonstrates many roles in the immune response. A 
major role of complement is to identify and mark foreign organisms 
and antigens as “non-self” using recognition by MBP, C1q, and cova-
lently bound C4b/C3b that is catalyzed by antibody interaction or 
through lectin and alternative pathway mechanisms. These fragments 
then play a major role in the clearance of these antigens by binding 
their cellular receptors. In addition, complement potentiates the B-cell 
immune response to antigens by providing a co-stimulatory signal for 
B-cell activation, high-affinity antibody generation, and the establish-
ment of memory. Cleavage fragments like C5a and C3a recruit inflam-
matory cells such as neutrophils into a tissue site and also provide an 
activation signal that increases expression of other proinflammatory 
molecules or the activation of receptors such as CR3 and FcR. C5a also 
binds receptors on hepatocytes and increases the expression of acute-
phase proteins, thus potentiating the effects of proinflammatory 
cytokines.

Additional effects of complement are found on nucleated cells when 
they are bound by the MAC. These biologic effects include calcium 
flux, vesiculation, and the generation of proinflammatory and fibrosis-
promoting mediators such as reactive oxygen metabolites, basic fibro-
blast growth factor (bFGF), and PDGF in addition to cytokines such as 
IL-1. In the glomerulus, genes such as collagen type IV are activated, 
and in the central nervous system changes in neuronal cell growth can 
be detected. Complement also plays a major role in the tissue injury 
that follows ischemia/reperfusion injury, an area not typically consid-
ered to be immune related.9

An additional very important process that goes awry in patients with 
SLE in which complement plays a major role is the proper handling 
and disposal of immune complexes in the circulation.38 To prevent 
disease mediated by immune complex deposition, complement-related 
protective mechanisms have evolved to effectively eliminate immune 
complexes from both the circulation and from tissues. The degradation 
product of the third component of complement, C3b, becomes cova-
lently bound to the immune complex after complement activation and 
provides the ligand necessary for recognition of the complement- 
opsonized immune complex by CR1 on erythrocytes. This facilitates 
binding of immune complexes by erythrocytes and their subsequent 
transfer to phagocytes in the reticuloendothelial system. Complement 
activation by immune complexes also leads to their “solubilization,” 
that is, the transformation of larger, preformed complexes into smaller 
ones and prevention of insoluble complex formation.

More recently, several novel activities have been identified in the 
complement system that have extended its reach into additional 
systems. One example has been the finding that, after partial hepatec-
tomy or liver injury, complement activation fragments C3a and C5a 
demonstrate the capacity to promote regeneration.7 These data suggest 
that complement can help not only to initiate inflammation in response 
to injured tissues but also to promote replacement of that tissue by 
healthy tissue. Another example of a novel complement effect has been 
the demonstration that C4-bp protein can activate human B cells by 
serving as a ligand for the CD40 surface protein.39 C4-bp also exhibits 
the ability to bind to apoptotic cell membranes and restrict further 
complement activation through C4.40

Complement receptors demonstrate additional non-complement 
ligands, perhaps the best demonstrations being EBV binding to CR2 
and measles virus binding to MCP. In addition, though, CR2 also 
interacts with interferon-α and a wide array of complement receptors 
and regulatory proteins serve as docking mechanisms whereby patho-
gens bind to and gain entrance to the intracellular compartment 
through C3-dependent or C3-independent mechanisms in such a 
manner that they can then infect the cells expressing these comple-
ment proteins.41



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

180

lung disease, and an interesting syndrome of transient pulmonary 
dysfunction associated with increased C3a levels has been described in 
hospitalized patients with SLE. C3a has many of the same activating 
effects on neutrophils as C5a.

Role of complement in hemolytic  
anemia and thrombocytopenia
Complement plays an important role in both intravascular and, along 
with Fc receptors, extravascular hemolytic anemia in patients with 
SLE.57 In addition, complement has important effects on platelet 
function in vivo,58 especially because complement activation fragments 
can directly activate platelets. This likely plays a critically important 
role in clinical situations characterized by microvascular thrombosis 
and neutrophilic vasculitis. Platelets also express many complement 
regulatory proteins, including DAF, MCP, CD59, and factor H. There 
are likely many regulatory proteins because the MAC has dramatic 
effects on platelet function, such as adhesion, increased Ca2+ flux, 
increased thromboxane synthesis, granule release, and activation of 
kinases.

Pregnancy, its complications and complement
Analysis of the role of complement in pregnancy and SLE is compli-
cated by a number of issues. First, because the normal fetus is a partial 
allograft with “foreign” paternal antigens, many immunosuppressive 
mechanisms are utilized to block the immune response and maintain 
fetal viability. With regard to complement, the expression of membrane 
and fluid phase complement inhibitors is increased in the placenta, 
particularly at sites exposed to the maternal circulation This is presum-
ably a mechanism to block the damaging effects of maternal alloanti-
bodies, which commonly develop during pregnancy.59 Indeed, even 
normal pregnancies are associated with the deposition of complement 
at the maternal/fetal junction. Second, a normal pregnancy is associ-
ated with the gradual increase in serum levels of complement compo-
nents C3, C4, and the levels of total hemolytic complement (THC), 
all of which are routinely followed in patients with SLE.60 And third, 
preeclampsia, which is often a critical differential diagnosis in the 
acutely ill pregnant patient who may have active SLE with nephritis, 
is also associated with substantial complement activation.

Because of the varied presentations of patients with SLE and preg-
nancy, especially in the acute setting that requires one to differentiate 
a flare presenting with nephritis from preeclampsia alone, substantial 
efforts have been made to develop better laboratory diagnostic strate-
gies. In particular, the levels of complement split products such as Bb, 
Ba, and SC5b-9 (soluble MAC) have been examined and found to be 
elevated in pregnant lupus patients with a flare.60 Increased levels of 
Bb and Ba were highly sensitive and predictive of a lupus flare in 
patients.

In addition to complications with pregnancy due to inflammation, 
patients with SLE are particularly susceptible to the development of 
antiphospholipid syndrome (APS), an autoimmune disease character-
ized by recurrent fetal loss, vascular thrombosis, and thrombocytopenia 
in the presence of antiphospholipid antibodies. Although the patho-
genesis of this syndrome had been attributed to the ability of these 
antibodies to directly modify clotting-related activities or cell activa-
tion, using a murine model of APS in which pregnant mice are injected 
with human antiphospholipid antibodies containing IgG it was found 
that inhibition of the complement cascade in vivo at the point of 
complement factor B, C3, or C5 activation, or blockade of C5a, resulted 
in the absence of fetal loss and growth retardation as well as diminished 
activation of macrophage tissue factor generation.61

Central nervous system disease and complement
Many studies have emphasized the concepts that most if not all com-
plement activation and regulatory proteins are actively synthesized and 
secreted by central nervous system (CNS) microglial cells and astro-
cytes.62 CR1, CR3, and C5aR are also found. Production rates of 
complement components are increased in vitro by proinflammatory 
cytokines and viral infection. Complement is directly activated by 

role for the alternative pathway was suggested by the finding that fB−/− 
and fD−/− MRL/lpr mice are protected from renal disease.50

Although many of the studies have focused on the role of comple-
ment in glomerular diseases, substantial evidence exists suggesting 
additional roles in the pathogenesis of tubulointerstitial inflammation 
and chronic proteinuric diseases.51 In particular, emerging evidence 
strongly suggests that complement activation pathway components 
that enter the urinary space when the basement membrane is disrupted 
are capable of being activated on the tubular epithelium that has a 
relative lack of complement regulatory proteins.

Vasculitis and immune complex  
abnormalities in SLE
In SLE there are reduced levels of CR1 on erythrocytes.52 The low levels 
of CR1 on erythrocytes are thought to be an acquired consequence of 
disease rather than a cause of disease. That is because normal eryth-
rocytes with high levels of CR1 “acquire” lower levels of CR1 expres-
sion with time after transfusion into SLE patients and because CR1 
with its bound immune complexes is most probably stripped from 
erythrocytes as the immune complexes are taken up by phagocytes in 
the liver. Therefore, the combined presence of genetically determined 
deficiencies in the complement system, amplified by further acquired 
deficiencies, leads to a condition of continued complex formation and 
deposition.

For example, patients with SLE display altered clearance kinetics of 
tetanus toxoid (TT)/anti-TT, model immune complex that is used to 
assess complement- and CR1-mediated clearance. This soluble 
immune complex disappears from the circulation of patients with SLE 
initially more rapidly than in normal persons, and this difference is 
thought to reflect rapid deposition in peripheral tissues due to ineffi-
cient complement-mediated immune complex removal by the RES. 
Although abnormal receptor-mediated clearance contributes to immune 
complex deposition and is correlated with disease activity, many other 
factors also influence immune complex handling. These factors include 
the size of the complex, local blood conditions, preexisting tissue 
inflammation, and the opportunity for charge/charge interactions.

Complement in cutaneous disease of SLE
In general, complement plays an important proinflammatory role in 
antibody-mediated cutaneous diseases in a similar fashion as other 
tissue sites.53 In addition, in patients with SLE the lupus band test 
commonly demonstrates the deposition of C3 along with immuno-
globulin at the dermal/epidermal junction.54 In lesional skin, comple-
ment is often found; in particular, the presence of the MAC may be 
relatively more specific for SLE.55

Atherosclerosis and complement
The complement system is activated during the ischemic and necrotic 
phases of acute myocardial ischemia, and many studies have supported 
its role in promoting tissue damage. In addition to being activated 
during tissue damage caused by infarction, purified recombinant C5a 
has been found to cause myocardial dysfunction. Therefore, the poten-
tial exists for myocardial effects of complement during systemic activa-
tion. In addition, complement has also been strongly implicated in the 
pathophysiology of atherosclerosis, especially in the inflammatory 
component of the disease.56 Because of this, it is tempting to speculate 
that the accelerated atherosclerosis in some patients with SLE may be 
secondary to or worsened by chronic complement activation.

Pulmonary disease and complement
The lung is particularly sensitive to complement activation occurring 
either locally or systemically during episodes of sepsis or ischemia/
necrosis after vascular occlusion. This is particularly so because neu-
trophils that have been activated by C5a can agglutinate, adhere to 
endothelium, and lodge in the capillaries of lung, resulting in at least 
transient pulmonary dysfunction. Complement deposition is also 
found in the lungs of patients with SLE who have chronic interstitial 
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been detected by decreased levels of C3 and factor B as well as increased 
levels of C3 activation fragments while C4 levels are unaffected. In 
addition, C3 but not C4 is also deposited in the glomeruli and arteri-
oles of patients with atypical HUS. The mutations of factor H associ-
ated with atypical HUS reduce the ability of the protein to bind 
polyanion-rich surfaces (e.g., the glomerular basement membrane), 
perhaps allowing uncontrolled alternative pathway activation after 
insults from certain infections or drugs.67

MEASUREMENT OF COMPLEMENT  
IN A CLINICAL SETTING
There are many methods to measure complement functional activity 
and the levels of individual components and activation fragments.68,69 
Most patients are still initially studied using measurements of C3 and 
C4 levels in addition to the total hemolytic complement (THC) assay. 
Although a discussion of these is outside the scope of this chapter, 
there are some points that are important to the management of patients 
with SLE. First, patients with active disease generally manifest one of 
two patterns (Table 20.5) reflecting activation of the classical or alter-
native pathway, or both. Second, decreased levels of these components 
generally correlate with the clinical disease activity. And third, although 
many new assays measuring split products are available that are more 
sensitive and specific in predicting the presence of clinically active 
disease, no consensus exists yet that it is useful to prospectively follow 
patients using complement measurements. On the other hand, recent 
improvements in complement measures such as the finding of decreased 
CR1 and increased C4d on erythrocytes may provide more sensitive 
and specific markers than previous assays.70

CONCLUSION
Complement as an effector pathway plays a major role in the target 
organ damage that accompanies SLE. In addition, the classical pathway 
is necessary to prevent the development of SLE; and, indeed, C1q 
deficiency represents the most highly penetrant genetic cause of SLE. 
There remains many questions regarding the complement system. 
Among these are the relative importance of each activation pathway 
in individual diseases, the causal relationships between complement 
activation and tissue damage in many diseases, what is the relative 
contribution of locally produced versus systemically derived factors in 
target organ damage, and how this system can both play a role in the 
initial damage of some organs as well as promote their regeneration. 
Finally, what is the most appropriate place in the pathway to block 
complement as a therapeutic strategy in each clinical situation needs 
to be clarified. Nevertheless, despite these many questions that remain, 
it is clear that this system plays a key role in SLE and the further study 
of it in this disease will undoubtedly lead to additional insights.

myelin in the absence of antibody. Complement activation products 
have significant biologic effects, including the opening of transmem-
brane pores in myelin by the MAC and increasing eicosanoid produc-
tion by C5a, C3a, and the MAC.

Not surprisingly, therefore, patients with SLE and active CNS 
disease demonstrate increased levels of complement components in 
the cerebrospinal fluid in association with other abnormalities such as 
oligoclonal bands. However, the increase in complement components 
is not specific for SLE, because C3/C4 levels are increased in other 
inflammatory disorders such as aseptic meningitis and soluble MAC 
levels are increased in patients with Guillain-Barré syndrome and 
multiple sclerosis among others. In addition to not being specific, these 
complement-related alterations are not sensitive enough to be routinely 
useful in clinical decisions in patients with SLE. Because of the known 
damaging effects of complement on neural tissues, however, it is likely 
that complement plays a role in some forms of lupus CNS disease; and 
inhibition of complement activation in these patients should have a 
clinically beneficial effect.

EXAMPLES OF OTHER RHEUMATIC AND 
INFLAMMATORY DISEASES IN WHICH 
COMPLEMENT PLAYS A ROLE
Rheumatoid arthritis
The involvement of complement in RA was initially suggested by the 
observation that the complement activity of joint fluid from patients 
is significantly lower than in joint fluid from control non-inflammatory 
subjects and that significant increases in soluble complement activa-
tion fragments in joint fluid as well as enhanced local production of 
complement proteins in synovial tissue are found.63 As is typical of 
many diseases, despite evidence of local complement consumption, 
systemic complement levels are normal or elevated as an apparent 
acute-phase response.

Evidence of a primary role for complement in inflammatory arthritis 
came from studies of anti-C5 monoclonal antibody in the collagen-
induced arthritis model64 and both the K/BxN-derived anti–glucose-6-
phosphate isomerase (GPI) serum transfer model of RA65 and the 
anti–type II collagen antibody–induced arthritis model.66

Atypical hemolytic-uremic syndrome
The hemolytic-uremic syndrome (HUS) is a thrombotic microangiopa-
thy usually associated with diarrheal illness caused by Shiga toxin–
producing bacteria. However, non–Shiga toxin–associated HUS, or 
atypical HUS, has been associated with mutations of the fluid phase 
alternative pathway inhibitor factor H and the membrane-bound inhib-
itor MCP (CD46) as well as factor I or the presence of autoantibodies 
to factor H.67 Alternative pathway activation during the disease has 

TABLE 20.5 COMPLEMENT ACTIVATION PROFILES IN INFORMATIVE CLINICAL SITUATIONS

Activated pathway

Profile

ExampleTHC C4 C3 Factor B

Classical ↓ ↓ ↓ ↓ SLE, serum sickness, RA with vasculitis, essential mixed 
cryoglobulinemia, systemic vasculitis, hepatitis B antigenemia

Alternative ↓ N ↓ ↓ Gram-negative bacteremia, pancreatitis, poststreptococcal 
glomerulonephritis, factor I or factor H deficiency, C3(Nef )

Classical and alternative ↓ ↓ ↓ ↓ SLE, type I membranoproliferative glomerulonephritis

Fluid-phase classical ↓ ↓ N N Hereditary angioedema (HAE)

Acute-phase reaction ↑ ↑ ↑ ↑ Acute and chronic infections, inflammatory disorders, pregnancy

Sample mishandling ↓ N N N

Adapted from Whaley K. Measurement of complement activation in clinical practice. Comp Inflamm 1989;6:96-103.
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drives undesirable and potentially destructive inflammation. In other, 
so-called  autoinflammatory  syndromes  (e.g.,  familial  Mediterranean 
fever  and  tumor  necrosis  factor  receptor  (TNF)–associated  periodic 
fever syndrome), the inflammatory cells themselves may have defects 
that lead to undesirable inflammation.2 In many cases, we still do not 
fully understand what causes pure inflammatory diseases.

Nonetheless,  our  understanding  of  inflammatory  processes  has 
increased  remarkably over  the past  several decades;  these gains have 
led to the first targeted therapies for inflammatory diseases, including 
agents that block the cytokines TNF-α, interleukin (IL)-1β, and IL-6. 
The more that we learn about the processes of inflammation, the more 
likely we will be able to develop effective therapies for rheumatic and 
other inflammatory diseases.

In  this  chapter  we  summarize  the  major  cellular  participants  in 
inflammation  and  provide  an  overview  of  the  mediators  that  drive 
inflammatory responses.

THE CELLS OF INFLAMMATION
Acute versus chronic inflammation
Inflammatory responses can be either acute or chronic. The acute, or 
early, phase of inflammation is characterized by microvascular changes 
and neutrophilic infiltration, whereas cells from the monocytic lineage 
predominate in the chronic inflammatory response. These distinctions 
are somewhat arbitrary, however, with many exceptions. For example, 
monocytic lineage cells may dominate from the beginning of an inflam-
matory response (as in tuberculosis), whereas neutrophils may persist 
in  some  forms  of  chronic  inflammation  (as  in  polyarteritis  nodosa). 
Resident tissue macrophages from the monocytic line may also provide 
the early sentinel signals that initiate acute inflammation, as appears 
to be the case in gout and pseudogout.3

Endothelial cell activation
Many  of  the  leukocytes  that  participate  in  inflammation  circulate 
within the bloodstream. To localize to extravascular tissue, these cells 
must exit the vasculature (diapedesis) and migrate to the appropriate 
extravascular  space  (chemotaxis). These processes  require  a  complex 
sequence  of  events,  beginning  with  the  (micro)  vascular  response  to 
injury. Arterioles vasodilate and endothelial cells contract, exposing the 
basement  membrane;  blood  flow  slows  and  plasma  extravasates.4  In 
turn,  leukocytes  concentrate  and  gain  increased  contact  with  the 
endothelium.5

In response to bacteria or other affront, resident tissue immune cells 
(macrophages, dendritic cells, and fibroblasts) generate mediators such 
as IL-1β and TNF-α. These cytokines (Gk. “cell movers”) induce local 
vascular endothelial cells to express surface molecules that contact and 
bind leukocytes, permitting their egress from the vasculature.6 Differ-
ent  groups  of  adhesion  molecules  sequentially  mediate  leukocyte 
rolling, tight adhesion, and passage through the vascular wall, or dia-
pedesis  (Fig.  21.1).  The  first  step,  leukocyte  rolling,  occurs  via  the 
interactions of the adhesion molecules E-selectin on endothelial cells 
and L-selectin on leukocytes, with mucin-like sialylated glycoproteins 
on leukocytes and endothelial cells, respectively.6 Selectins are expressed 
constitutively on both leukocytes and endothelium, and their interac-
tions  are  strong but  short-lived, with  the  result  that  a  percentage  of 
leukocytes are transiently adherent, or marginated, to the endothelium 
at all times, moving along with a tumbleweed-like progression. At sites 
of inflammation, after exposure to stimuli such as IL-1β and TNF-α, 
the  expression  of  E-selectin  on  endothelial  cells  increases  markedly, 
leading to an increase in the percentage of leukocytes that marginate 

Inflammation
Aryeh M. Abeles, Michael H. Pillinger, and Steven B. Abramson

  Inflammation is the primary process by which the body attacks and 
destroys microbial invaders, heals wounds, and damages its own 
tissues.

  The acute, or early, phase of inflammation is characterized by 
microvascular changes and activation of granulocytic cells 
(neutrophils, mast cells, eosinophils). Cells from the monocytic 
lineage predominate in the mature or chronic inflammatory 
response.

  Activation of platelets and endothelial cells are essential elements 
of the inflammatory response in tissues.

  Among the most important plasma-derived mediators of 
inflammation are the products of complement activation, which 
provoke vasodilation, chemotaxis of granulocytes, and the 
secretion of mediators from inflammatory cells.

  Multiple inflammatory mediators released from activated cells 
provoke tissue injury. These include histamine and serotonin, 
prostaglandins and leukotrienes, superoxide anion, and nitric 
oxide.

  The inflammatory response involves a complex interaction 
between the nervous system and inflammatory cells.

INTRODUCTION
Inflammatory  processes  are  necessary  for  survival  and  play  roles  in 
both  maintaining  organism  homeostasis  and  warding  off  infection. 
Best recognized as a localized response to injury from any number of 
insults (e.g., microbial pathogens, trauma, neoplasia, toxins),  inflam-
mation is also important in tissue remodeling during development, as 
well as in the clearance of debris during cellular tissue turnover.

For two millennia, inflammation has been clinically recognized by 
the  cardinal  signs  of  calor  (heat),  rubor  (redness),  dolor  (pain),  and 
tumor  (swelling).  A  fifth  sign,  functio  laesa  (loss  of  function),  was 
proposed by the 19th century German pathologist Virchow and high-
lights the potential for inflammation to impair an organism function-
ally.  At  the  cellular  level,  inflammation  involves  a  series  of  events, 
beginning with vasodilation and increased permeability of the micro-
circulation,  that ultimately  lead  to  transmigration of  leukocytes,  the 
foot soldiers of  inflammation,  into the  injured tissue.1  Inflammation 
at once involves the interplay of multiple cell types, of the innate and 
adaptive immune responses, of the immunologic and nervous systems, 
and of the coagulation and fibrinolytic cascades. These responses are 
regulated,  in a complex and  integrated manner, by  the simultaneous 
effects  of  a  wide  range  of  molecular  mediators.  These  inflammatory 
mediators are highly diverse but can be  loosely grouped  into  the  fol-
lowing categories: (1) growth factors and cytokines, (2) arachidonic acid 
derivatives/lipid mediators, (3) the complement system, (4) proteases, 
(5) neuropeptides, and (6) free radicals/reactive oxygen species.

In  health,  inflammation  is  a  self-limited  response  to  a  specific 
injury; once the injury is repaired, the inflammatory focus clears and 
homeostasis  is  restored.  On  occasion,  however,  the  inflammatory 
response  is  triggered  inappropriately,  is  excessive  for  the  problem  at 
hand, or  fails  to  resolve after  the acute  trigger  is  removed. Excessive 
inflammation may result, for example, in response to a persistent host 
antigen  being  mistaken  as  foreign  (as  in  rheumatic  fever  or  post-
streptococcal glomerulonephritis) or  from a decreased ability  to clear 
immune system stimulants such as immune complexes (as in systemic 
lupus erythematosus [SLE]); in these cases, an autoimmune response 
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Neutrophils
Polymorphonuclear  neutrophils  (PMNs)  are  the  body’s  first-line 
defense  against  most  foreign  invaders  and  constitute  the  major  cell 
type in most acute inflammatory diseases, as well as in some chronic 
inflammatory  diseases.5  The  importance  of  neutrophils  in  bacterial 
defense  is  demonstrated  by  patients  who  have  hereditary  defects  in 
neutrophil function and are prone to repeated and often life-threaten-
ing  infections.  Neutrophils  are  the  most  prevalent  leukocyte  in  the 
bloodstream,  accounting  for  more  than  50%  of  all  circulating  white 
blood cells; in acute inflammatory conditions such as bacterial infec-
tion,  the  percentage  of  neutrophils  in  the  bloodstream  increases  to 
80% or more. Unlike most other leukocytes, however, neutrophils are 
normally not present  in significant numbers  in extravascular  spaces. 
Neutrophils  are  also  remarkable  for  their  short  half-life,  which  is 
approximately 7 hours  inside  the bloodstream and  slightly  longer  in 
extravascular spaces.

Neutrophil granules contain an impressive arsenal of microbicidal 
weaponry that is unleashed upon cell activation (Figs. 21.3 and 21.4). 
As  identified  by  routine  staining,  neutrophil  granules  consist  of  two 
classes:  primary  (or  azurophilic)  granules  develop  first,  followed  by 
secondary (or specific) granules. Azurophilic granules are functionally 
similar to lysosomes of other cells. Like other lysosomes, azurophilic 
granules contain a variety of proteases, in this case including elastase, 
matrix metalloproteinase (MMP)-3, MMP-8, and MMP-9, cathepsins, 
and lysozyme (Table 21.1).5 In addition, azurophilic granules contain 
myeloperoxidase  (MPO), a key enzyme  for both microbicidal activity 
and for mediating tissue injury in inflammatory disease. In response 
to  phagocytosis  of  a  bacterium  or  extracellular  material,  azurophilic 

and  roll.  The  next  step,  leukocyte  tight  adhesion,  results  from  the 
interaction of leukocyte adhesion molecules known as integrins (e.g., 
CD11a/CD18 or LFA-1, CD11b/CD18 or CR3, α4β1, or VLA-4) with 
counterligands  on  endothelial  cells  (e.g.,  the  cellular  adhesion  mole-
cules [CAMs] ICAM-1 and VCAM-1).7 This process requires de novo 
expression  of  CAMs  on  endothelium  and  activation  of  preexisting 
integrins on leukocytes, both in response to inflammatory mediators. 
Specific  integrin/ligand  pairing,  in  turn,  establishes  specific  cell-cell 
adhesion  events  that  contribute  to  the  distribution  and  homing  of 
leukocytes; common integrin/ligand pairs  include CD11a/CD18 with 
ICAM-1  (lymphocytes-endothelium),  CD11b/CD18  with  ICAM-1 
(neutrophils-endothelium),  and  VLA-4  with  VCAM-1  (monocytes-
endothelium). Finally, transmigration of leukocytes through the endo-
thelium  and  basement  membrane  is  driven  by  chemokines  such  as 
monocyte chemoattractant protein (MCP)-1, C5a, and IL-8.1

Granulocytes
Neutrophils, eosinophils, and basophils comprise a group of leukocytes 
known  as  granulocytes,  so  named  for  the  presence  of  highly  visible 
granules—actually highly developed vacuolar structures—in their cyto-
plasm  (Fig.  21.2).  Mast  cells  are  similarly  equipped  with  specialized 
granules, although they are classified separately. The contents of  the 
granules  vary  with  cell  type  and  can  be  distinguished  under  routine 
staining  (hematoxylin and eosin)  for  light microscopy. Granulocytes, 
also called polymorphonuclear leukocytes because of their multilobed 
nuclei, form a part of the innate immune system and are crucial to the 
acute inflammatory response.

Rolling

Basement membrane

Basement membrane

L-selectin

L-selectin
(shed)

E-selectin

Cytokines
(IL-1, TNF-α)

Chemoattraction

Chemoattractants
(MCP-1, fMLP, C5a, LTB4, IL-8)

Sialyl-Lewisx

Sialyl-Lewisx

Sialyl-Lewisx

ICAM-1

Upregulation of ICAM-1

Diapedesis

Tight adhesion

β2-integrins
(active)

Activation of
β2-integrins

LEUKOCYTE MIGRATION FROM THE VASCULATURE

Macrophages

Endothelial
Cells

Fig. 21.1  Leukocyte migration from the vasculature. Leukocytes exit the vasculature through a sequence of interactions with the vascular endothelium. The first 
step, rolling, guarantees leukocyte-endothelial contact through transient interactions between selectins and sialylated glycoproteins (sialyl-Lewisx) on cognate 
cells. Leukocyte tight adhesion results from the interaction of leukocyte adhesion molecules known as integrins with counter-ligands on endothelial cells, such as 
ICAM-1. In contrast to selectin/glycoprotein interactions, integrin/ICAM interactions are activation and expression dependent. Once tightly adherent to the 
endothelium, leukocytes transmigrate through the vasculature and into the tissues. Activation of leukocytes, and their transmigration through the endothelium 
and basement membrane, is mediated by chemoattractants such as MCP-1, C5a, fMLP, LTB4, and IL-8.
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a b

c d

Fig. 21.2  Leukocyte micrographs (light microscopy, H&E staining). (a) A neutrophil, or polymorphonuclear leukocyte. Note that the cytoplasm stains bluish 
and appears granular secondary to the staining properties of the azurophilic granules. Neutrophils typically have nuclei with three to five lobes; four lobes are 
seen here. (b) An immature neutrophil, known as a band cell because of the distinctive nuclear shape. Such cells are frequently released prematurely from the 
bone marrow during acute inflammatory events. (c) An eosinophil, with pink (eosinophilic) granules and a nucleus with two lobes. Eosinophils have multiple 
lobes, but typically fewer than are seen in neutrophils. (d) A monocyte. Note the lack of obvious cytoplasmic granules, the unilobular nucleus, and the 
monomorphic nucleus and irregular shape. (Figure produced with the kind permission of Harold Ballard, MD.)

granules  fuse  with  the  phagosome  to  direct  their  contents  at  the 
ingested  target.  In  addition,  a  membrane-bound  NADPH  oxidase  is 
assembled and activated, resulting in rapid oxygen consumption (the 
“respiratory burst”) and the generation of highly reactive oxygen species 
(ROS)  within  the  phagolysosome.  Simultaneous  discharge  of  MPO 
from  the  azurophilic  granule  into  the  phagolysosome  catalyzes  the 
reaction  of  ROS  and  chloride  to  form  hypochlorous  acid  (HOCl,  or 
chlorine bleach). HOCl and its derivatives are potent oxidizing agents 
that  can,  among  other  things,  disrupt  bacterial  electron-transport 

chains and disturb DNA synthesis.8 Azurophilic granules thus provide 
potent  mechanisms  though  which  microorganisms  are  destroyed; 
when  inappropriately  released  into  the  extracellular  environment; 
however,  the  content  of  these  granules  can  cause  significant  tissue 
damage.

Whereas  specific  granules  also  contain  lysozyme,  their  contents 
generally  differ  from  primary  granules.  Specific  granule  proteases 
include  collagenase  (MMP-1)  and  plasminogen  activator;  they  also 
contain proteins with poorly defined functions, such as lactoferrin and 
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Because neutrophils have such destructive capacity,  their  localiza-
tion and activation must be carefully regulated. Chemoattractants for 
neutrophils  include  leukotriene  B4  (LTB4),  platelet-activating  factor 
(PAF), IL-8, and the complement split product C5a. At low concentra-
tions, and when distributed  in a gradient,  these molecules  lead neu-
trophils  to migrate  toward  regions  of  higher  concentrations. At high 
concentrations, however (i.e., at the bacterial source of the gradient), 
these same molecules cause neutrophils to cease migration and become 
activated.  Receptors  for  soluble  ligands  other  than  chemoattractants 
have also been identified on neutrophils, including receptors for growth 
factors, colony-stimulating factors, and cytokines (see Fig. 21.4); these 
ligands may modulate neutrophil function. For example, pretreatment 
of neutrophils with either  insulin or granulocyte-macrophage colony-
stimulating  factor  (GM-CSF)  results  in  amplification  of  subsequent 
neutrophil responses to chemoattractants.5

β2-microglobulin.5 In contrast to azurophilic granules, specific granules 
possess an extensive array of membrane-associated proteins, including 
cytochromes,  signaling  molecules,  and  receptors;  these  constitute  a 
reservoir of proteins destined for topologically external surfaces of both 
phagocytic vacuoles and the plasma membrane.5

In addition to primary and secondary granules, more recent studies 
have  identified  two  other  types  of  neutrophil  granules.  Gelatinase 
granules,  similar  to  specific  granules  in  size,  are  notable  for  their  
high  concentrations of  gelatinase,  a  latent  enzyme with  the  capacity 
for  tissue  destruction.  Secretory  vesicles  are  smaller  than  the  
other  granules  and  do  not  appear  to  contain  proteolytic  enzymes.9 
In  contrast  to  other  granules,  which  typically  fuse  with  phagoly-
sosomes, secretory granules  fuse with the cell membrane and appear 
to  serve  as  a  reservoir  of  membrane  and  membrane-associated 
proteins.

a

b

c

d

Fig. 21.3  Electron micrographs of neutrophils at rest and after stimulation with fMLP. These electron micrographs highlight the active process of neutrophil 
disgorgement. When activated, the neutrophil cell surface ruffles as granules and lysosomes merge with the cell surface to release their contents into the 
extracellular environment. (a and b) Scanning electron micrographs of a resting neutrophil and activated neutrophil, respectively. (c and d) Transmission 
electron micrographs of the same. Note the numerous empty spaces within the activated neutrophil’s cytoplasm; these are indicative of emptied-out granules 
and resultant expanded surface membrane. (Figures produced with the kind permission of Gerald Weissmann, MD.)
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NEUTROPHIL ACTIVATION
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Fig. 21.4  Neutrophil activation. Various signals stimulate neutrophil activation 
via ligation of cell-surface receptors. On activation, neutrophils both 
degranulate and produce a number of inflammatory mediators. See text for 
details.

TABLE 21.1 PRODUCTS OF NEUTROPHILS, MACROPHAGES, AND EOSINOPHILS

Cell Granule contents Cytokines produced Other inflammatory mediators

Neutrophil Primary (azurophilic) granules:
Elastase, MMP-3, -8, -9, cathepsins, defensins, bactericidal/permeability 

increasing protein, proteinase 3, lysozyme, myeloperoxidase
Secondary (specific) granules:
Collagenase, plasminogen activator, lysozyme, lactoferrin, β2-microglobulin
Gelatinase granules:
Gelatinase

IL-1, IL-6, IL-8, TNF-α, and 
GM-CSF

Reactive oxygen species (ROS), PAF, 
PGE2, LTB4

Macrophage Lysozyme (aside from many others mentioned in the text) IL-1β, TNF-α, IL-6, IL-8, IL-12, 
MCP-1, MCP-2, RANTES, 
PDGF, TGF-β, IFN-γ

Complement components, ROS, iNOS, 
PGE2, TxA2, PGI2, LTB4, LTC4, PAF, 
MMP-1, tissue factor, plasmin inhibitor

Eosinophil Specific granules:
Charcot-Leyden crystal protein, major basic protein, eosinophil peroxidase, 

eosinophil cationic protein, eosinophil-derived neurotoxin, secretory PLA2

Small granules:
Arylsulfatase B

IL-4, IL-5, IL-8, IL-10, IL-12, 
GM-CSF, TNF-α, TGF-β, 
PDGF, VEGF, MCP-1

LTB4, LTC4, PAF, PGE2, ROS, collagenase

Once  localized to  its  target  tissue and activated,  the neutrophil  is 
intrinsically  inefficient at phagocytosing unmodified targets. Optimal 
neutrophil phagocytosis depends on opsonization, the modification of 
a target via its adornment with immunoglobulin, complement compo-
nents,  or  both. Neutrophils  express  complement  receptor  (CR)1  and 
CR3  (the  integrin  CD11b/CD18),  which  promote  phagocytosis  by 
binding complement C3b and iC3b, respectively.5 In addition, neutro-
phils express two families of receptors for the Fc portion of complexed 
or  aggregated  IgG:  low-affinity  FcγRIIa  and  high-affinity  FcγRIIIb. 
During  some  infections,  or  after  in-vitro  stimulation with  interferon 
or  granulocyte  colony-stimulating  factor  (G-CSF),  neutrophils  also 
express the high-affinity receptor FcγRI, which binds monomeric IgG5 
(for an overview of leukocyte receptors, see Table 21.2).

Recently,  a  completely novel neutrophil  function has been  identi-
fied. In some instances, neutrophils confronted with bacterial invasion 
may choose to die, and in so doing release neutrophil extracellular nets 
(NETs) composed of de-condensed chromatin associated with antimi-
crobial proteins. These NETs have the capacity to trap and kill bacteria, 

serving both as a physical containment structure to prevent bacterial 
spread and an antibacterial delivery system. How neutrophils “decide” 
whether  to  use  their  more  classical  defense  systems,  or  to  die  and 
produce NETs, remains an area of intense study.10

Eosinophils, basophils, and mast cells
Other  granulocytes  important  in  inflammatory  responses  include 
eosinophils and basophils. Like neutrophils, these cells also release a 
variety of lipid and peptide mediators (see Table 21.1). In contrast to 
neutrophils, these cells are much less common in the bloodstream but 
are found in greater numbers in extravascular tissue. Eosinophils typi-
cally do not phagocytose their targets but are thought to liberate their 
contents alongside them. Eosinophils are thought to be important in 
combating parasitic infection and are also involved in the inflammatory 
response generated by allergic or immediate hypersensitivity reactions; 
the latter role is shared by mast cells and basophils. Abnormal eosino-
phil activity is implicated in several inflammatory diseases, including 
asthma,  eosinophilic  pneumonia,  Churg-Strauss  vasculitis,  and  the 
idiopathic hypereosinophilic  syndrome.11 Basophils also play  roles  in 
allergic reactions.

Mast  cells  are most  commonly  localized  to  perivascular  locations 
within  tissues. Their  granular  contents  are  similar  to  those of  baso-
phils, and,  like basophils, mast cells may play a role  in allergic reac-
tions.  Recent  data  from  animal  models  suggest  that  mast  cells  may 
also be important in the pathogenesis of rheumatoid arthritis (RA).

Macrophages
Macrophages  play  multiple  roles  in  inflammation  and  immunity, 
serving  both  as  antigen-presenting  cells  (APCs)  that  drive  adaptive 
immune responses and as primary inflammatory cells in chronic dis-
eases such as atherosclerosis and RA. Tissue macrophages derive from 
circulating  monocytes  and  differentiate  and  become  activated  on 
exiting the vasculature. Although the process of monocyte adhesion to, 
and diapedesis  through, blood vessels  is  similar  in many  respects  to 
that of neutrophils,  the monocyte  responds  to a different  set of  che-
motactic factors, including the chemokines RANTES, MCP-1, macro-
phage inflammatory protein (MIP)-1α and -1β, and the growth factors 
transforming growth factor (TGF)-β and platelet-derived growth factor 
(PDGF)  (see Table 21.1).12 Once  in  tissues, macrophages can  live  for 
up to several months.

As  actors  in  the  innate  immune  system, macrophages  are  stimu-
lated to phagocytose non-encapsulated bacteria via recognition of evo-
lutionarily conserved motifs on bacterial surfaces. To do so, macrophages 
express  surface  receptors  for  pathogen-associated  molecular  patterns 
(PAMPS). These  include Toll-like receptors,  formyl peptide receptors, 
and scavenger receptors, many of which are also found on neutrophils 
(see Table 21.2).13 After phagocytosis, macrophages destroy microbes 
through mechanisms similar  to  those  that neutrophils employ:  lyso-
somal  enzymes,  reactive  oxygen  and  nitrogen  intermediates,  toxic 



SE
C

TI
O

N
 1

 ●
 T

H
E 

SC
IE

N
TI

FI
C 

BA
SI

S 
O

F 
RH

EU
M

AT
IC

 D
IS

EA
SE

188

Platelets
Platelets are small, anucleate,  circulating cellular  fragments  that pri-
marily function to maintain hemostasis. In response to vascular injury, 
platelets adhere to the subendothelial matrix of the vascular wall and 
become activated, rapidly inducing platelet aggregation and thrombus 
formation. The rapid and potent nature of these thrombotic events is 
largely due to platelet degranulation, whereby platelets disgorge a host 
of preformed factors from α-granules and dense granules into the sur-
rounding  microvasculature.  In  addition  to  containing  procoagulant 
factors such as von Willebrand factor, fibrinogen, and factor V, platelet 
granules also contain inflammatory mediators, including chemokines 
(e.g., RANTES, MCP-3, MIP-1α, and platelet factor 4), growth factors 
(e.g.,  PDGF  and  TGF-β),  histamine,  and  serotonin.18  Further  under-
scoring the link between inflammation and coagulation, platelets are 
themselves activated on exposure to inflammatory mediators such as 
PAF.

Activated platelets not only release preformed inflammatory media-
tors but also participate in inflammatory processes via plasma mem-
brane activity. Signaling molecules upregulated on the activated platelet 
include  P-selectin,  which  adheres  to  and  activates  neutrophils,  and 
CD40L, which  induces  inflammatory phenotypes  in many cell  lines, 
including  the  endothelium.19  On  activation,  platelets  also  rapidly 
produce  eicosanoids,  such  as  TXA2  from  membrane-derived  arachi-
donic acid, and other lipid membrane-derived inflammatory products, 
such  as  PAF.  Platelets  both  participate  in  cell-cell  interactions  and 
release microparticles that contribute to leukocyte-leukocyte and leu-
kocyte–endothelial  cell  interactions;  these  interactions  play  a  role  in 
inflammation as well.

Other links between coagulation  
and inflammation
Inflammation  leads  to  activation  of  coagulation  through  additional 
means. Tissue  factor, which  stimulates  thrombin  formation,  is over-
produced by macrophages  in  inflammatory conditions such as sepsis 
and atherosclerosis; blocking tissue factor with a monoclonal antibody 
abrogates  coagulation  activity  in  experimental  endotoxemia.20 
Systemic  inflammation  also  inhibits  the  function  of  the  natural  
anticoagulant pathways of antithrombin and protein C. Additionally, 
systemic  inflammation  inhibits  fibrinolysis  via  generation  of  
plasminogen  activator  inhibitor  type  I  (PAI-I).  Inhibition  of  fibri-
nolysis  is  permissive  for  microvascular  thromboses;  PAI-I  inhibition 
prevents both endotoxin-induced microthromboses and experimental 
coronary  thrombosis.  Conversely,  studies  by  Salmon  and  associates 
have  implicated  complement  activation  (see  later)  as  a  key  player  
in  the  evolution  of  the  antiphospholipid  syndrome.21,22  In  short, 
inflammation  and  coagulation  are  intricately  related  processes  that 

radicals, and chloramines. As in the case of neutrophils, macrophage 
phagocytosis and killing of pathogens is greatly enhanced by pathogen 
opsonization. Macrophages have  surface  receptors  for multiple opso-
nins,  including  the mannose  receptor  (that directly  recognizes glyco-
proteins  on microbial  surfaces), CR1, CR3, CR4,  FcγRI,  FcγRII,  and 
FcγRIII  (see  Table  21.2).14,15  Although  the  majority  of  macrophage 
products primarily function to augment inflammation and repel exter-
nal threats, macrophages, like neutrophils, have the capacity to damage 
host tissue via release of their digestive and degradative contents.

Macrophages  differ  from  neutrophils  in  their  capacity  to  serve  as 
“professional”  APCs.  After  phagocytosis,  APCs  degrade  foreign  anti-
gens in protease-containing endosomes; vesicles containing major his-
tocompatibility complex (MHC) class II molecules then fuse with the 
endosomes,  allowing  membrane-bound  MHC  class  II  complexes  to 
become  loaded  with  antigenic  peptide  fragments;  the  MHC  class  II/
peptide  complexes  are  then  delivered  to  the  cell  surface,  where  they 
present antigen to T cells to stimulate the highly specific responses of 
adaptive immunity.16

One of the earliest steps in most inflammatory responses is activa-
tion of resident tissue macrophages, whose subsequent production of 
cytokines  alters  vasomotor  tone  and  endothelial  adhesiveness,  as 
described earlier. Through  ligation of various  surface  receptors, mac-
rophages may be activated by interferon (IFN)-γ, complement compo-
nents,  immune  complexes,  lipopolysaccharide  (LPS),  and  cytokines 
such as IL-1β, TNF-α, and IL-6.13 Once activated, macrophages secrete 
a dazzling variety of proinflammatory products (see Table 21.1), includ-
ing proteases (e.g., lysozyme, elastase, and collagenase), inflammatory 
cytokines (IL-1β, TNF-α, IL-6, IL-12, and others), chemokines (includ-
ing IL-8, MCP-1, MCP-2, RANTES, and others), and several comple-
ment  cascade  proteins  (C1,  C2,  C3,  and  C4).12  Indeed,  a  vigorous 
acute-phase response, driven by cytokine production and characterized 
by high serum levels of acute-phase reactants (as well as a rapid eryth-
rocyte sedimentation rate), is typical of diseases characterized by exten-
sive macrophage  involvement. Activated macrophages also produce a 
number of eicosanoids (e.g., PGE2, thromboxane A2 (TXA2), prostacy-
clin, LTB4, and PAF) that may contribute to the propagation of inflam-
mation.17  In  addition,  activated  macrophages  produce  procoagulant 
factors such as tissue factor and plasmin inhibitor, linking the inflam-
matory and clotting responses. Indeed, local intravascular coagulation 
in response to infection is thought to play a role in limiting the spread 
of  infection; when unchecked, coagulation in the presence of  inflam-
mation leads to disseminated intravascular coagulation, a potentially 
life-threatening condition.

Lymphocytes
For a discussion of lymphocytes, please refer to Chapter 15.

TABLE 21.2 LEUKOCYTE RECEPTORS, LIGANDS, AND THEIR FUNCTIONS

Receptor type Examples Examples of ligands Functions

FcγR FcγRI, FcγRIIa, FcγRIIIb Immunoglobulins Recognize and bind Fc portions of immunoglobulins

Toll-like receptors TLR-1 to TLR-11 Pathogen-associated molecular 
patterns (PAMPS; e.g., LPS)

Recognize pathogens and activate immune responses

Formyl peptide receptors Formyl peptide receptor I Bacterial N-formyl-methionyl 
peptides

Mediate chemotaxis and activation of neutrophils and 
monocyte-macrophages

Scavenger receptors Scavenger receptor A Numerous targets on bacteria, 
apoptotic cell structures

Stimulate phagocytosis of bacteria and apoptotic cells, 
adhesion

Mannose receptor Mannose receptor C type I Mannose (on pathogens) Mediates the endocytosis of glycoproteins by phagocytes

Complement receptors CR1, CR2, CR3, CR4 Complement components Aid in opsonization and phagocytosis

C5aR C5a Activates inflammatory cells

Integrins Mac-1 (CD11b/CD18),  ICAM-1 Bind to cell-adhesion molecules and extracellular matrix, 
resulting in strong adhesionLFA-1 (CD11a/CD18)

Chemokine receptors (CR, 
CCR, CXCR, CXXXCR classes)

CCR: CCR1 CCR3, CCR5 CC: MCP-1, RANTES, MIP-1a Recognize chemoattractants, mobilize and activate 
leukocytesCXCR: CXCR1, CXCR2 CXC: IL-8
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Mannose-binding lectin pathway
The mannose-binding lectin (MBL) pathway evolved before the classi-
cal pathway, which appears to have arisen by subsequent duplication 
and modification of MBL pathway genes.  In contrast  to  the classical 
pathway, the MBL pathway does not require immunoglobulins but is 
activated by bacterial surface mannose residues. Because these residues 
are not accessible on vertebrate cells, the MBL pathway distinguishes 
“self”  from  “other”  on  the  basis  of  a  generic  pattern,  rather  than  a 
specific  antigen;  as  such,  it  represents  a  bridge  between  innate  and 
acquired immunity. When a C1q-like component of the MBL complex 
engages mannose on a pathogen, it activates the mannose-associated 
serine proteases MASP-1 and MASP-2 (akin to C1r and C1s); thereaf-
ter,  the MBL complex  functions  identically  to  activated C1,  cleaving 
C4 and C2 to form C3 convertase.25

Alternative pathway
The alternative pathway is unique in that its activation is not initiated 
by binding  to a pathogen;  instead,  the alternative pathway  is  always 
undergoing activation, via the spontaneous hydrolysis of C3 in plasma. 
C3(H2O) binds the alternative pathway component factor B, which is 
then converted by the associated factor D into Ba and Bb. The C3(H2O)-
Bb  complex  that  results  is  an  alternate  C3  convertase  and  converts 
fluid-phase C3 into C3a and C3b, the latter of which is quickly inac-
tivated by hydrolysis unless  it deposits on a cell  surface. Once cova-
lently bound  to a  cell  surface  (or  indeed, any surface), however, C3b 
binds factor B; factor D cleaves factor B, resulting in the formation of 
the C3 convertase, C3bBb, which is functionally equivalent to the C3 
convertase (C4b2b) of the classic and lectin pathways.26 Because this 
primitive  pathway  fails  to  distinguish  self  from  other,  its  specificity 
resides  not  in  any  intrinsic  property  of  foreign  particles  but  in  the 
ability  of  host  cells  (but  not  bacteria)  to  defend  themselves  against 
indiscriminate  complement  activation  (see  Complement  regulation, 
later).

C3a and C5a anaphylatoxins
The  release  of  the  soluble  fragments  C3a  and  C5a,  also  known  as 
anaphylatoxins,  accelerates  the  inflammatory  response  in  multiple 
ways:  anaphylatoxins  engage  receptors  on  mast  cells  and  basophils, 
triggering  release of  vasoactive mediators  such as histamine and  the 
cysteinyl leukotrienes LTC4 and LTD4. C5a and C3a induce vasodila-
tion  and  increased  capillary permeability; upregulate  adhesion mole-
cule expression on leukocytes and endothelial cells; and cause smooth 
muscle contraction. C5a in particular is also a powerful chemoattrac-
tant for, and activator of, neutrophils and can stimulate both neutro-
phil degranulation and the respiratory burst.27

Complement regulation
When  C3bBb  binds  to  host  cells,  the  host  complement-regulatory 
proteins  CR1  and  DAF  rapidly  bind  C3b  and  displace  Bb.  CR1  and 
DAF, in combination with the membrane cofactor of proteolysis, also 
catalyze the cleavage of C3b by the plasma protease factor I to produce 
inactive C3b. Bacterial surfaces lack these proteins and instead permit 
binding of properdin, which stabilizes rather than degrades the alterna-
tive C3 convertase.

Other proteins have also evolved to inhibit complement activation 
(Table 21.3). These include fluid-phase proteins, such as C1 inhibitor 
and  the  C3  and  C5  convertase  inhibitors,  C4-binding  protein  and 
factor H, as well as membrane-bound proteins such as the C3 and C5 
convertase inhibitors, and CD59, a glycolipid that prevents insertion 
of the MAC into plasma membranes.28

Complement in disease
Complement  deficiencies  cause  not  only  susceptibility  to  bacterial 
infection but also susceptibility to autoimmune disease. Patients with 
specific complement deficiencies are especially prone to SLE; approxi-
mately 90% of C1q-null, 75% of C4-null,  and up  to 30% of C2-null 
individuals develop lupus. Why complement deficiency predisposes to 
autoimmune disease  is not entirely clear but may  result  from  ineffi-
cient clearance of apoptotic cells and immune complexes, resulting in 
either  inappropriate exposure to self-antigens or  in immune complex 
deposition.29 Deficiencies of later complement components may have 
other effects. For example, deficiencies in C5 result in susceptibility to 

exhibit  crosstalk  at  numerous  levels,  and  the  role  of  coagulation  
needs  to  be  considered  when  treating  systemic  inflammatory 
illnesses.

INFLAMMATORY MEDIATORS
A myriad of  soluble mediators  coordinate  the  inflammatory process. 
These  mediators  derive  from  a  number  of  sources,  including  the 
inflammatory  cells  described  earlier,  plasma  proteins,  and  resident 
tissue cells such as nerves and endothelium. Some of the more impor-
tant molecular components are described here.

The complement cascade
Complement was initially discovered by Bordet in 1899 as a heat-labile 
component of fresh plasma that “complemented” the ability of specific 
antibodies  to  lyse  red  blood  cells  and bacteria. More  than 30  serum 
proteins and cell  surface  receptors are now collectively  recognized as 
the complement system. A primary function of the complement system 
is to coat and opsonize cell membranes and soluble antigens for rec-
ognition and digestion by phagocytic cells. Other components, gener-
ated  during  complement  activation,  independently  generate  an 
inflammatory response. These so-called anaphylatoxins (C3a, C5a) can 
rapidly induce vasodilation, as well as leukocyte activation and chemo-
taxis (see later). A third function of the system is to act as an indepen-
dent  effector  of  innate  immunity,  by  directly  lysing  unencapsulated, 
gram-negative bacteria.

Three distinct complement cascades—the classical, alternative, and 
mannose-binding lectin pathways—differ in their mechanisms of target 
recognition  and  initial  activation  but  converge  at  the  C5  convertase 
(Fig. 21.5). Many of  the complement plasma proteins are zymogens, 
which are proteases that become active on undergoing proteolytic cleav-
age; thus, these proteins generally circulate in a dormant state. Once 
active, many of these molecules participate in cleavage or activation of 
subsequent components. Thus, each successive enzymatic step results 
in rapid and dramatic amplification. In response to this potential for 
explosive  activation,  a  number  of  complement  regulatory  molecules 
exist  to dampen  the  cascades. Given  the  importance of  complement 
activation to rheumatic disease, a more detailed understanding of the 
three complement cascades is important for both researchers and prac-
ticing rheumatologists.

Classical pathway
Although  it  was  the  first  of  the  three  complement  pathways  to  be 
discovered,  the  classical  pathway was actually  the  last  to  evolve  and 
largely depends on a preceding humoral immune response for its activ-
ity. Activation of the classical pathway occurs when the C1q compo-
nent of  the multimeric  complement 1 complex  (C1) binds  to  the Fc 
tails of multiple IgG or IgM antibodies complexed to antigen. When at 
least two of the six globular heads of C1q have bound, the remaining 
components of the C1 complex (two molecules each of C1r and C1s) 
undergo  a  conformational  change,  unleashing  autocatalytic  enzyme 
activity in C1r. Active C1r then cleaves the zymogen C1s to its active 
form. C1s in turn cleaves soluble C4, then C2, to C4a and C4b and 
C2a and C2b, respectively.23 When cleaved, complement components 
are tagged with the  letter “a”  for  the smaller  fragment and the  letter 
“b”  for  the  larger  and  enzymatically  active  fragment.  Complement 
molecules in the classical pathway are numbered in the order in which 
they were discovered, which in most cases corresponds with their place 
in the complement sequence. The exception is C4, which was discov-
ered after C3 but acts upstream of C2. C4b and C2b combine to form 
C4b2b (the C3 convertase of the classical pathway), which cleaves C3 
to  C3a  and  C3b.  C3b  combines  with  C4b2b  to  form  C4b2b3b  (C5 
convertase), which in turn cleaves C5 to C5b and C5a.24 Subsequent 
assembly of the C5b,C6,C7,C8,C9 membrane attack complex (MAC) 
can  form a pore  in the cell membrane of some pathogens, and most 
host cells, leading to their death. C3 performs double duty: while some 
portion of C3b joins with C4b2b to form the C5 convertase, the major-
ity of C3b serves as opsonin; minutes after activation of the comple-
ment cascade, millions of C3b molecules can be covalently attached to 
a  single  bacterium’s  surface,  facilitating  its  phagocytosis  by  macro-
phages and neutrophils.
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OVERVIEW OF COMPLEMENT CASCADE

Fig. 21.5  Overview of complement cascade. Three distinct complement cascades—the classic, alternative, and lectin pathways—differ in their mechanisms of 
target recognition and initial activation but converge at the C3 convertase. Activation of the classic pathway occurs when the C1q component of C1 (which 
consists of C1q, two molecules of C1r, and two molecules of C1s) binds to multiple Fc portions of IgG or IgM antibodies complexed to antigen. Binding of C1q 
activates C1r, which in turn cleaves C1s to its active form. C1s then cleaves soluble C4 and C2 to C4a and C4b and C2a and C2b, respectively. C4b and C2b combine 
to form C4b2b (the C3 convertase of the classic pathway), that cleaves C3 to C3a and C3b. C3b combines with C4b2b to form C4b2b3b (C5 convertase), which then 
cleaves C5 to C5b and C5a. Subsequent assembly of the C5b, C6, C7, C8, C9 membrane attack complex (MAC) occurs. The mannose-binding lectin pathway is a 
primitive version of the classic cascade. When the mannose-binding lectin (MBL) component of the MBL complex (analogous in form and function to the C1 
complex) binds mannose on a pathogen, it activates the mannose-associated serine proteases MASP-1 and MASP-2 (akin to C1r and C1s); thereafter, the MBL 
complex functions as does activated C1, cleaving C4 and C2 to form C3 convertase. The alternative pathway is initiated by the spontaneous hydrolysis of fluid-
phase C3. C3(H2O) binds the alternative pathway component factor B, which is then converted by the associated factor D into Ba and Bb. The C3(H2O)-Bb complex 
that results is an alternate C3 convertase and converts fluid-phase C3 into C3a and C3b, the latter of which is quickly inactivated by hydrolysis unless it deposits 
upon a cell surface. If bound to a cell surface, however, C3b can bind factor B; factor D then cleaves factor B, resulting in the formation of the C3 convertase, 
C3bBb, which is equivalent to the C3 convertase (C4b2b) of the classic and lectin pathways. (Adapted from Walport MJ. Advances in immunology: complement (first of 
two parts). N Engl J Med 2001;344:1058-1061.)
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PGH2 is converted into stable prostanoids by a variety of specific ter-
minal  synthases,  which  are  expressed  with  some  tissue  specificity; 
differentiated cells tend to produce only one PG type in abundance.

COX-1 and COX-2, encoded on separate chromosomes, are struc-
turally and sequentially similar and perform the same enzymatic func-
tion  but  are  differentially  expressed.  COX-1  is  generally  expressed 
constitutively and is found abundantly in many tissues and cell types, 
including  renal  collecting  tubules,  gastric  epithelial  cells,  endothelial 
cells, macrophages, and platelets. COX-1 products typically play roles 
in organism homeostasis and generally are required for basic physio-
logic  processes  (e.g.,  protection  of  the  gastric  mucosa).  In  contrast, 
COX-2 is inducible and expressed primarily in cells involved in inflam-
mation (macrophages, fibroblasts, and endothelial cells) in response to 
stimuli  such  as  IL-1β,  TNF-α,  PDGF,  and  EGF.31  COX-2  products 
generally contribute to the inflammatory processes that initially drive 
COX-2 expression. Moreover, COX-2 expression  is  elevated  in many 
pathologic conditions, including inflammatory arthritis and some neo-
plasms,  such  as  prostate  and  colon  cancer.  On  this  basis,  selective 
COX-2 inhibitors were developed in the 1990s and were shown to have 
less  gastrointestinal  toxicity  than  non-selective  COX  inhibitors. 
However, COX-2  inhibition also appears  to  convey an  increased  risk 
of  myocardial  infarction,  possibly  by  disturbing  the  balance  between 
COX-1  and  COX-2  products  in  the  vasculature  (see  Chapter  50  
for  further  discussion  of  the  pharmacology  of  selective  COX-2 
inhibitors).

The  bioactive  prostanoids  generated  from  PGH2  include  PGD2, 
PGE2,  PGF2,  PGI2  (prostacyclin),  and  TXA2  (thromboxane),  each  of 
which  is  produced  by  the  action  of  one  or  more  specific  isomerases 
(terminal synthases). In contrast, PGJ2 is derived nonenzymatically via 
dehydration of PGD2. PGs are short-lived and therefore generally act 
in an autocrine or paracrine manner. The activities of PG are generally 
mediated  through specific G protein–coupled,  seven-transmembrane-
domain receptors, which have been classified into five types, according 
to  their  responsiveness  to  selective agonists  and antagonists. DP, EP, 
FP,  IP,  and  TP  receptors  are  preferentially  engaged  by  PGD2,  PGE2, 
PGF2, PGI2, and TXA2, respectively.32

Prostaglandin E2

PGE2  is  the  most  common  prostanoid  and  the  one  most  critical  to 
inflammation. PGE2 mediates  fever,  induces smooth muscle contrac-
tion, spurs T-cell migration, and, along with PGI2, produces the vaso-
dilation  and  vascular  hyperpermeability  of  early  inflammation.33 
Production of PGE2 has been reported in serum and synovial fluids of 
patients  with  RA  and  osteoarthritis  and  likely  contributes  to  joint 
damage  by  promoting  osteoclastic  bone  resorption  and  inhibition  of 

Neisseria  infections,  testifying  to  the  importance of  the MAC  in  the 
response to these organisms.

Complement activation almost inevitably results in some degree of 
tissue  destruction;  this  is  seen  in  rheumatic  diseases  such  as  SLE, 
rheumatoid  arthritis,  vasculitis,  and  antiphospholipid  antibody  syn-
drome.30 Complement participates in tissue damage in multiple ways; 
in reperfusion injury, for instance, excessive MAC deposits in tissues 
after ischemia. The renascent interest in complement in inflammatory 
disease  has  led  to  the  development  of  pharmacologic  complement 
inhibitors that are currently in trials, including humanized monoclonal 
C5 antibody and a solubilized CR1 molecule.

A number of  inflammatory conditions also  result  from hereditary 
or  acquired  deficiencies  of  complement  regulatory  proteins.  For 
example, deficiencies of the C1q inhibitor protein lead to undue com-
plement activity under metabolic stress and the development of inter-
mittent and potentially life-threatening angioedema.

Lipid mediators of inflammation
Given the ubiquity of membrane lipids, it is not surprising that nature 
has evolved strategies  to utilize  them for  roles  in addition  to  that of 
membrane structure. Among the most  important roles of membrane 
lipids is their ability to serve as substrates for the generation of hydro-
phobic proinflammatory and anti-inflammatory mediators.

Arachidonic acid derivatives
Many bioactive lipid mediators are produced through the oxidation of 
arachidonic acid (AA), including prostaglandins (PGs) and leukotrienes 
(LTs),  as  well  as  the  recently  recognized  anti-inflammatory  lipoxins 
(Fig. 21.6). AA is a polyunsaturated fatty acid normally covalently asso-
ciated with cell membrane phospholipids; the enzyme phospholipase A2 
(PLA2) catalyzes its release (phospholipase C2, which liberates diacylg-
lycerol [DAG] from membrane triglycerides, can also indirectly produce 
AA via the action of  lipase on DAG).  In any given cell,  the products 
formed from AA will be determined by factors such as cytokine milieu, 
specific expression of AA-modifying enzymes, and tissue type.

Cyclooxygenase products
Prostaglandins (PGs), so named because they were originally identified 
in sheep seminal fluid (i.e.,  from the prostate gland), result  from the 
action  of  cyclooxygenases  (COX-1  or  COX-2)  on  AA.  COX  enzymes 
are heterobifunctional: they first incorporate oxygen into C-11 of AA, 
forming the five-carbon ring common to all prostaglandins, and pro-
ducing the unstable PGG2. A second reaction reduces PGG2 to generate 
PGH2  (hence  the  alternate designation of COXs as PGH synthases). 

TABLE 21.3 COMPLEMENT REGULATORY PROTEINS

Protein Complement regulatory function Comments

C1 inhibitor (C1 INH)* Membrane-bound serine protease inhibitor that inactivates the C1 complex by 
binding to C1r and C1s

Deficiency associated with hereditary 
and acquired angioedema, SLE

C4-bindng protein (C4BP) Plasma protein that displaces C2b and binds to C4b; cofactor for cleavage of 
C4b by factor I

CD35 (complement receptor 1)* Membrane-bound glycoprotein that displaces Bb and binds C3b, or displaces 
C2b and binds C4b; promotes C3b and C4b inactivation by factor I

CD55 (decay-accelerating factor [DAF])* Membrane-bound protein that regulates the formation of C3 convertase by 
displacing Bb from C3b and C2b from C4b

Deficiency associated with paroxysmal 
nocturnal hemoglobinuria

CD59 (protectin)* Prevents the formation of the membrane attack complex (MAC) on host cells Deficiency causes paroxysmal 
nocturnal hemoglobinuria

CD46 (membrane cofactor protein, MCP)* Membrane-bound protein that binds C3b and C4b and promotes their 
inactivation by factor I

Factor H Plasma protein cofactor for factor I; displaces Bb and binds C3b in plasma and 
on host cell surfaces

Deficiency leads to recurrent pyogenic 
infections, hemolytic uremic syndrome

Factor I Plasma protease that inactivates C3b and C4b; requires CR1, factor H, CD46, or 
C4BP as cofactor

Deficiency results in recurrent bacterial 
infections

*Present on host, but not microbial, cell surfaces.
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and asthma; on antigenic stimulation, it is released in large amounts 
by  mast  cells.  In  the  CNS,  PGD2  regulates  sleep.  PGF2,  a  powerful 
uterine constrictor, is not known to participate in inflammatory events.

PGJ2, the most recently discovered prostanoid, exerts a number of 
anti-inflammatory effects. Unlike conventional PGs, which signal via 
G protein–coupled cell surface receptors, PGJ2  is actively  transported 
into  cells,  where  it  acts  on  the  intranuclear  peroxisome  proliferator 
activating  receptor  (PPAR)-γ.  Activated  PPAR-γ  inhibits  activation  of 
nuclear factor-κB (NF-κB), an important driver of the transcription of 
proinflammatory  genes.  In  some  cell  types,  PGJ2  may  also  directly 
inhibit NF-κB.  In vitro,  the addition of PGJ2  to human macrophages 
inhibits  the  production  of  IL-1β,  TNF-α,  IL-6,  IL-12,  and  inducible 
nitric  oxide  synthase  (iNOS).  In  an  animal  model  of  inflammatory 
arthritis,  intraperitoneal  administration  of  PGJ2  suppressed  pannus 
formation and inflammatory infiltration.32

Thromboxane A2

Thromboxane A2 (TXA2) is formed directly from PGH2 via the terminal 
enzyme,  thromboxane synthase. Unlike prostaglandins,  it contains a 
six-member carbon ring. TXA2 is a powerful platelet activator, a potent 
vasoconstrictor, and a smooth muscle contractant. Platelet TXA2 pro-
duction  is  COX-1  dependent  and  unaffected  by  COX-2  inhibitors, 
suggesting that the prothrombotic effects of selective COX-2 inhibitors 
may  be  a  consequence  of  TXA2  production  unopposed  by  PGI2.38 
Although TXA2 is conventionally thought of as a product of platelets, 
thromboxane  synthase  can  be  upregulated  together  with  COX-2  in 

proteoglycan synthesis. Not all of PGE2’s effects are proinflammatory, 
however.  PGE2  inhibits  T-lymphocyte  activation  and  proliferation, 
downregulates antibody production, and has variable effects on secre-
tion of MMPs.

PGE2 is generated from PGH2 by at least three different isoforms of 
PGE  synthase  (PGES),  cytoplasmic  PGES  (cPGES),  and  microsomal 
PGES  (mPGES-1  and  -2).  Like COX-1, with which  it  is  functionally 
coupled, cPGES is constitutively and ubiquitously expressed, whereas 
mPGES-1 is dramatically upregulated by proinflammatory stimuli and 
is  functionally  coupled  with  COX-2  (mPGES-2,  the  most  recently 
discovered PGE terminal synthase, has a less clearly defined role and 
is  linked  to  both COX  isoforms).34  In  experimental  systems, COX-2 
and mPGES increase in tandem and have been found to co-localize to 
the  same  subcellular  fraction.  In  human  rheumatoid  synovial  fibro-
blasts, mPGES-1 expression is induced by both IL-1β and TNF-α and 
inhibited by dexamethasone.35,36 mPGES-1-null mice are  resistant  to 
both  adjuvant  arthritis  and  collagen-induced  arthritis.37  mPGES-1  is 
therefore an attractive potential therapeutic target.

Other prostaglandins
Whereas PGE2 is the predominant eicosanoid produced at inflamma-
tory sites, activated cells produce a spectrum of additional prostaglan-
dins  with  distinctive  biologic  activities.  Prostacyclin  (PGI2)  induces 
vasodilation and inhibits platelet aggregation, qualities that have been 
exploited in the treatment of pulmonary hypertension. PGD2 can also 
produce  vasodilation and  likely plays  a  role  in  allergic  inflammation 
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ARACHIDONIC ACID DERIVATIVES THAT MEDIATE INFLAMMATION

Fig. 21.6  Arachidonic acid derivatives that mediate inflammation. Arachidonic acid (AA) is liberated from cell membrane phospholipids via phospholipase A2 
(PLA2) activity. Three distinct classes of products—prostanoids, leukotrienes, and lipoxins—may be subsequently generated by the action of distinct enzyme 
systems. Prostanoid formation: cyclooxygenase (COX)-1 and -2 convert AA sequentially into PGG2 and PGH2. Specific terminal synthases generate all other 
prostanoid products from PGH2, with the exception of PGJ2, which forms from PGD2 through a dehydration reaction. Leukotriene formation: 5-lipoxygenase (5-LO) in 
concert with 5-lipoxygenase–activating protein (FLAP) act on AA to generate 5-hydroxyeicosapentaenoic acid (5-HPETE), and, subsequently, leukotriene A4 (LTA4). 
LTB4 is formed from LTA4 via LTA4 hydrolase. In contrast, LTC4 synthase converts LTA4 into LTC4. Subsequently, transpeptidase and dipeptidase convert LTC4 into LTD4, 
and LTD4 into LTE4, respectively. Lipoxin formation: Lipoxins (LX) form through cell-cell interactions during inflammation; two of the several pathways leading to 
lipoxin formation are shown here. Cells such as airway epithelium produce and release AA-derived 15-S-HETE. 15-S-HETE then diffuses into leukocytes, where it is 
first converted into 5,6-epoxytetraene by 5-LO, and then into LXA4 or LXB4 by the action of epoxide hydrolase. Alternatively, when adherent platelets interact with 
activated leukocytes in the vascular lumen, LTA4 released from leukocytes diffuses into platelets, where it is converted to LXA4 and LXB4 by 12-LO. In contrast to 
prostanoids and leukotrienes, lipoxins appear to have largely anti-inflammatory effects. Not shown are the aspirin-triggered lipoxins, which form when acted upon 
by aspirin-acetylated COX-2.
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In vivo,  lipoxins  and  their  analogs  inhibit  several  animal  models  of 
inflammatory disease, including experimental colitis, asthma, and peri-
tonitis.50 Their actual role in controlling human inflammation is less 
well  established,  including  the  extent  to  which  aspirin’s  effects  are 
mediated via ATL production.

The  resolvins and docosatrienes are  recently discovered, non–AA-
derived lipid molecules that are potent endogenous anti-inflammatory 
mediators. Originally  isolated in mice during the resolution phase of 
inflammatory disease models, these lipid products are generated from 
the  essential  omega-3  polyunsaturated  fatty  acids  eicosapentaenoic 
acid  (EPA)  and  docosahexaenoic  acid  (DHA).  Like  the  lipoxins,  they 
are produced during  the  later phases of  inflammation and hasten  its 
resolution.51  Resolvin  E1,  the  best-studied  molecule  of  the  resolvin 
series, significantly inhibits leukocyte infiltration in murine models of 
inflammation and protects against the development of sulfonic acid–
induced colitis.52,53 In a mouse model of ischemic brain injury, doco-
satrienes  inhibited  leukocyte  infiltration  into  the  brain  and  were 
neuroprotective.54

Vasoactive amines
Low-molecular-weight amines that are important inflammatory media-
tors include histamine and serotonin.

Histamine
Histamine is the decarboxylation product of the amino acid histidine 
and is stored in mast cell and basophil granules. It is released during 
mast cell activation by various stimuli, most particularly by crosslink-
ing of Fc receptors on the cell surface in response to IgE binding, and 
promotes immediate hypersensitivity reactions. The biologic effects of 
histamine are mediated through its interactions with specific receptors. 
Histamine produces vasodilatation and enhanced permeability of post-
capillary venules in addition to bronchoconstriction and the enhanced 
flow of bronchial mucus.

Serotonin
Serotonin is stored in the dense body granules of platelets. It is a vaso-
constrictor  but  also  enhances  microvascular  permeability.  Serotonin 
also promotes fibrosis by enhancing the synthesis of collagen by fibro-
blasts and may therefore play a role  in the retroperitoneal fibrosis  in 
response  to  periaortitis.  Serotonin  also  plays  an  important  role  as  a 
neurotransmitter.

Proteases
Proteases  include  cysteine  proteases,  aspartic  proteases,  as  well  as 
matrix  metalloproteinases  and  related  enzymes  (ADAMs  and 
ADAMTSs). The proteases are reviewed in detail in Chapter 17.

Reactive oxygen species and nitric oxide
Reactive oxygen species (ROS) and nitric oxide (NO) are small mole-
cules  that  contain  unpaired  electrons  that  are  highly  reactive  with 
cellular components. It is well established that ROS and reactive nitro-
gen  species  function  in  part  as  specific  intracellular  signaling  mole-
cules. In inflammatory diseases, however, these unstable intermediates 
may  be  overproduced  and  released  by  activated  immune  cells;  the 
subsequent non-specific oxidative reactions that take place between the 
radicals and biologic targets lead to cell death and tissue damage.

Reactive oxygen species
Inappropriate activation of macrophages and polymorphonuclear neu-
trophil leukocytes during acute and chronic inflammation can lead to 
release  of  ROS  into  the  extracellular  milieu,  resulting  in  oxidative 
stress and damage of extracellular and cellular components, including 
nucleic acids, lipids, carbohydrates, proteins, and matrix components. 
ROS are constantly generated in low concentrations in all aerobic cells, 
which protect themselves from oxidative damage through the presence 
of antioxidant enzymes, such as catalases, peroxidases, and superoxide 
dismutases. When ROS are produced at extremely high levels by acti-
vated neutrophils and macrophages (via the oxidative burst; see earlier 
sections on neutrophils and macrophages), however, this machinery is 

other cell types in response to cytokines, and thromboxane production 
has been  implicated  in both asthma and the pathogenesis of murine 
lupus nephritis.39-41

Leukotrienes
Leukotrienes (LTs) are created when 5-lipoxygenase (5-LO), in concert 
with the AA-binding protein 5-LO–activating protein (FLAP), oxygen-
ates  AA  at  C-5  to  generate  5-hydroperoxyeicosatetraenoic  acid 
(5-HPETE), which  in  turn  is  converted  to LTA4  (see Fig.  21.6).  LTA4 
can then be converted to either LTB4 or, through an alternative pathway, 
to LTC4. LTC4 is subsequently modified to form LTD4,  itself  the pre-
cursor  for  LTE4.  LTC4,  LTD4,  and  LTE4  are  also  known  as  cysteinyl 
LTs (Cys LTs).

LTB4  is  the  most  important  LT  in  acute  inflammatory  responses; 
it both activates leukocytes and prolongs their survival and promotes 
leukocyte  trafficking. LTB4  is a powerful  chemoattractant  for neutro-
phils  and  macrophages  and  stimulates  leukocyte  tight  adhesion  to 
vascular endothelium by upregulating leukocyte integrin expression.42 
LTB4  is  found  in  high  levels  in  the  synovial  fluid  and  sera  of  RA 
patients,  and  LTB4  antagonism  inhibits  inflammatory  arthritis  in 
several  animal  models.  In  a  phase  2  clinical  trial,  however,  an  LTB4 
receptor antagonist was not efficacious for RA.43

Cysteinyl (Cys) LTs are produced by eosinophils, basophils, macro-
phages, and mast cells (and to a lesser extent, T cells and endothelial 
cells)  and  have  significant  biologic  effects.  They  induce  vasodilation 
and  increased  microvascular  permeability;  increase  bronchoconstric-
tion, wheezing, and mucus secretion; and decrease mucociliary clear-
ance.44  The  leukotriene  receptor  antagonists  montelukast  and 
zafirlukast  specifically  block  Cys  LTs  from  attaching  to  the  CysLT1 
receptor and are currently available for treating asthma.

Platelet-activating factor
PAF, like AA, is generated from the plasma membrane. PLA2, acting on 
phosphatidylcholine at  the cell membrane,  releases both AA and the 
precursor  of  PAF,  lyso-PAF.  PAF  is  synthesized  by  activated  neutro-
phils,  eosinophils, monocytes, platelets,  endothelial  cells, mast cells, 
and fibroblasts.  It  acts  in a paracrine and autocrine manner via  a G 
protein–coupled  receptor  on  eosinophils,  neutrophils,  macrophages, 
platelets, endothelial cells, and lymphocytes. In addition to activating 
platelets, PAF is a chemoattractant and cell activator for neutrophils, 
macrophages,  and  eosinophils.  It  also  induces  bronchoconstriction, 
increased  vascular  permeability,  and  vasodilation.45  PAF  has  been 
implicated  in  inflammatory  arthritis  and  sepsis,  and  PAF  receptor 
antagonist  (PAF-RA)  BN50730  reduces  both  carrageenan-induced 
arthritis  in  rabbits  and  collagen-induced  arthritis  in  mice.46,47  In  a 
recent randomized controlled trial, however, BN50730 did not reduce 
RA disease activity.48 PAF-RAs also ameliorate animal models of sepsis 
but have not been successful in phase 3 trials for gram-negative sepsis.

Anti-inflammatory lipids
Accumulating  evidence  suggests  that  the  resolution of  inflammation 
depends  on  an  organism’s  ability  to  produce  several  novel  series  of 
anti-inflammatory  mediators.  Among  this  group  of  mediators  are 
recently  discovered  AA-derived  lipids  known  as  lipoxins  (LXs)  and 
aspirin-triggered  epi-lipoxins  (ATLs).  LXs  are  formed  during  cell-cell 
interactions  that  occur  during  inflammation  (see  Fig.  21.6).  When 
adherent  platelets  interact  with  activated  leukocytes  in  the  vascular 
lumen, LTA4 released from the leukocytes diffuses into platelets, where 
it is converted to LXA4 and LXB4 by 12-LO. LXs can also form when 
cells  (e.g.,  monocytes  or  airway  epithelium)  release  the  15-LO- 
dependent AA derivative 15S-HETE, which is then converted to lipoxy-
genase  by  neutrophils.49  This  requirement  for  the  presence  of  two 
different inflammatory cells for LX formation may be a mechanism for 
delaying LX production until inflammation has already taken hold, con-
sistent with a role for LX in the resolution phase of inflammation. ATLs, 
or 15-epi-lipoxins, are similar to other LXs in structure and function 
and are generated as a consequence of COX-2 modification by aspirin.

LXs and their analogs exert a plethora of anti-inflammatory effects, 
including inhibition of (1) IL-1β, TNF-α, and IL-8 expression; (2) neu-
trophil  chemotaxis  and  interaction  with  endothelial  and  epithelial 
cells; (3) monocyte activation; and (4) inflammatory cell proliferation. 
LXs  also  promote  macrophage  clearance  of  apoptotic  leukocytes.49 
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production of NO by endothelial cell NOS may serve a protective, or 
anti-inflammatory, function by preventing the adhesion and release of 
oxidants by activated neutrophils in the microvasculature.62

NO, a gaseous free radical, is labile ( t 1
2  < 15 seconds) and in the 

presence of oxygen is rapidly metabolized to nitrate and nitrite.63 Given 
the short half-life of authentic NO gas, the biologic activity of NO in 
specific  tissues will be determined by  its  reactivity with  target mole-
cules. For example, binding of NO to the heme group of soluble guanyl-
ate cyclase activates this enzyme, raising  intracellular  levels of cyclic 
guanosine  monophosphate  (cGMP).64  This  action  of  NO  promotes 
smooth muscle relaxation; it is the mechanism by which NO-donating 
drugs such as nitroglycerin and drugs that  inhibit  the degradation of 
cGMP,  such  as  sildenafil,  promote  vasodilation.  Another  important 
reaction of NO is with free thiols to form S-nitrosothiol compounds.65 
S-nitrosothiol  derivatives,  formed both  extracellularly  and  intracellu-
larly,  are  significantly  more  stable  (e.g.,  t 1

2   >  2  hours)  and  retain 
NO-like vasodilating properties but are  less cytotoxic.65 The reaction 
of NO with superoxide anion yields peroxynitrite, a highly  toxic  free 
radical,  which  nitrosylates  proteins,  leading  to  the  accumulation  of 
injurious intracellular oxidants and DNA damage (see Fig. 21.7).66

NO  and  its  derivatives  play  complex  roles  in  immunoregulation. 
Low  levels  of  NO  promote  lymphocyte  activation  and  proliferation, 
whereas high concentrations suppress APC activity and T-cell prolif-
eration.67,68 There is evidence that NO exerts different effects on dis-
crete subpopulations of T cells, inhibiting secretion of IL-2 by murine 
Th1 cells while increasing the secretion of IL-4 in Th2 cells. At high 
concentrations, NO promotes apoptosis in macrophages, CD4+/CD8+ 
thymocytes, and chondrocytes.69,70 At  lower concentrations (<1 mM), 
NO inhibits apoptosis of hepatocytes, B lymphocytes, and eosinophils 
via the inhibition of caspases.71

Although  excessive  NO  production  is  generally  associated  with 
tissue injury, it is important to note that NO constitutively produced 
by endothelium is believed to play a protective role in the microvascu-
lature.65,72 This protection is afforded by the capacity of NO to inhibit 
platelet and neutrophil adhesion to endothelial monolayers, as well as 
to inhibit leukocyte superoxide anion production.62,72

Role of nitric oxide in rheumatic diseases
NO  has  been  implicated  in  the  pathogenesis  of  MRL/lpr  model  of 
murine  lupus.73  Splenic  and  renal  tissues  from  these  mice  have 
increased  expression  of  iNOS  mRNA  and  increased  amounts  of  
material  immunoreactive  for  iNOS.73  The  administration  of  NG-
monomethyl-l-arginine  (l-NMMA),  a  NOS  inhibitor,  prevents  the 
development of glomerulonephritis and reduces the intensity of inflam-
matory arthritis in this model.73 In human SLE, serum nitrite is ele-
vated during active disease and levels correlate with both SLE Disease 
Activity  Index  (SLEDAI)  scores  and  titers  of  antibodies  to  double-
stranded DNA.74,75

The importance of NO is well documented in the development of 
experimental  arthritis.  Adjuvant-induced  arthritis  (AIA)  can  be 

overwhelmed and tissue damage can occur. The major ROS formed by 
cells are, in descending order of stability, superoxide, hydrogen perox-
ide, and the hydroxyl radical (Fig. 21.7). Of these, by far the least stable 
species  is the hydroxyl radical.  It  is produced in the presence of  iron 
via the Fenton reaction, has a half-life of less than 10−6 second, and is 
likely  responsible  for  much  of  the  havoc  wreaked  by  oxidative 
intermediates.55

As noted earlier, phagocytes generate ROS in large amounts, in the 
form of superoxide, from the NADPH oxidase complex. Until recently, 
it  was  thought  that  NADPH  oxidases  exist  only  in  phagocytic  cells 
(where  they  are  now  termed  PHOX,  for  phagocytic  oxidase),  but,  in 
fact, they are ubiquitous; in other cells, NADPH oxidases are termed 
NOXs (for non-phagocytic oxidases), and six variants have been discov-
ered.56 Over the past decade, studies have shown that ROS produced 
by NOX influence a number of cellular events, including cell prolifera-
tion and apoptosis.56 They also participate  in post-receptor  signaling 
pathways  (e.g.,  PDGF  and  angiotensin).  The  proinflammatory  tran-
scription factors, activator protein (AP)-1 and NF-κB, were among the 
first intracellular complexes discovered to be substrates for ROS signal-
ing.57 These two transcription factors spur the production of  literally 
dozens  of  proinflammatory  mediators,  including  collagenase,  IL-1β, 
and TNF-α. In line with this discovery, ROS have been demonstrated 
to  cause  upregulation  of  adhesion  molecules  on  endothelium  and 
increase both cytokine and chemokine production by leukocytes.

ROS  participate  in  RA  pathology,  and  their  mark  is  seen  in  the 
rheumatoid joint in synovial fluid and tissue, where oxidative products 
are elevated and antioxidant levels are reduced.58 Synovial T cells from 
RA patients show signs of severe oxidative stress, which renders them 
hyporesponsive.  Previously,  this  oxidative  stress  had  been  ascribed 
solely to exposure from extracellular ROS generated by synovial phago-
cytes.  In  actuality,  synovial  T  cells  themselves  produce  intracellular 
ROS, which may contribute to  the overall oxidant stress.59 Although 
antioxidants have been shown to ameliorate collagen-induced arthritis 
in rodents, antioxidant trials for human RA have thus far failed to show 
benefit.

Nitric oxide
Nitric oxide (NO) is synthesized via the oxidation of arginine by one 
of three distinct nitric oxide synthase (NOS) isoforms (see Fig. 21.7). 
The neuronal (nNOS) and the endothelial (eNOS) isoforms are consti-
tutively  expressed,  with  activity  regulated  by  intracellular  calcium 
levels and the calcium-binding protein calmodulin. The third isoform 
(iNOS) is induced by stimuli that include LPS, IL-1β, TNF-α and IFN-
α; its activation leads to a sustained generation of NO.60 The produc-
tion of NO plays a vital role in the regulation of physiologic processes, 
host defense, inflammation, and immunity.61 Proinflammatory effects 
include vasodilation, edema, cytotoxicity, and  the mediation of cyto-
kine-dependent  processes  that  can  lead  to  tissue  destruction.  NO-
dependent tissue injury has been implicated in a variety of rheumatic 
diseases,  including  SLE,  RA,  and  osteoarthritis.  Conversely,  the 

GENERATION OF REACTIVE OXYGEN AND NITROGEN SPECIES

HOCI
Hypochlorous Acid

OH-

Hydroxyl radical
Nitrosylated

proteins

ONOO-
Peroxynitrite

NO
Nitric Oxide

H2O2
Hydrogen peroxide

O2
Superoxide

-

O2
Molecular oxygenArginine

NADPH OxidaseiNOS

Superoxide Dismutase

Myeloperoxidase

Fe2+
Cl-

Fe3+

Fig. 21.7  Generation of reactive oxygen and 
nitrogen species. As shown on the right side of the 
figure, molecular oxygen is converted to superoxide 
(O2

−) by the action of the NADPH oxidase complex. 
Superoxide dismutase subsequently converts 
superoxide to hydrogen peroxide (H2O2). In the 
presence of molecular iron, H2O2 is spontaneously 
converted to hydroxyl radical (OH−), an extremely 
unstable and reactive oxygen product. Alternatively, 
reaction of H2O2 with molecular chloride is catalyzed 
by myeloperoxidase in phagolysosomes of 
macrophages and neutrophils; the product, 
hypochlorous acid (HOCl), is an extremely potent 
antibacterial agent. As shown on the left side of the 
figure, inducible nitric oxide synthase (iNOS) 
liberates nitric oxide (NO) from the side chain of 
arginine. Interaction of nitric oxide and superoxide 
results in the formation of highly reactive 
peroxynitrites, which can modify, and potentially 
alter, the function of a wide range of proteins.
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cytokine  release  in  the periphery,  for  instance,  can  induce  the hypo-
thalamic-pituitary-adrenal axis to release glucocorticoids.

Both clinical and experimental evidence support that the peripheral 
nervous system  (PNS) modulates  inflammatory arthritis. As early as 
1965  it  was  observed  that  peripheral  nerve  transection  attenuated 
distal  inflammation  in  rats  with  adjuvant  arthritis.91  Carrageenan-
induced joint inflammation is also inhibited by joint denervation (Fig. 
21.8). Clinically, hemiparetic patients who later develop RA are largely 
spared from disease on the paralyzed side. That rheumatoid arthritis 
is  characteristically  symmetric  (indicating  cross-spinal  reflexes)  and 
predominantly  distal  (where  dense  sensory  innervation  occurs)  also 
suggests CNS involvement.

Joint innervation
Joints are heavily innervated with sensory nerve branches that termi-
nate in the joint capsule, synovium, entheses, subchondral bone, and 
periosteum (in contrast, cartilage  is aneural). Normal synovial  tissue 
is  richly  innervated with both sensory and sympathetic nerves. Type 
C sensory nerve fibers containing neuropeptides such as substance P 
or CGRP are present in the synovial lining and sublining tissue and in 
the vascularized peripheral parts of the joint menisci, whereas sympa-
thetic  fibers  are  located  only  around  blood  vessels.92  Mast  cells  and 
afferent  nerve  terminals  are  frequently  observed  in  all  parts  of  the 
normal synovium; densities of mast cells appear to be greatest at the 
nerve terminals and perivascularly.

Autonomic influences on inflammation
The autonomic nervous system (ANS) is hard-wired into the immune 
system;  parasympathetic  branches  from  the  vagal  nerve  and  sympa-
thetic nerve fibers synapse upon the major organs of immunity, includ-
ing  the  spleen,  lymph  nodes,  thymus,  bone  marrow,  and  the  gut’s 
mucosa-associated lymphoid tissue. Thus, there exists a dense, estab-
lished network  that  provides direct  lines  of  communication between 
the immune and autonomic nervous systems, which permits rapid and 
robust responses, in response to stimuli, in both directions.

The parasympathetic nervous system:  
an anti-inflammatory pathway
As noted earlier, activation of leukocytes by foreign or noxious stimuli 
results in release of mediators. In turn, these mediators activate para-
sympathetic  sensory nerve fibers  that  ascend  in  the  vagus nerve. By 

suppressed  by  the  NOS  inhibitor  l-NMMA.76  Elevations  of  NO  and 
amelioration of disease by non-selective NOS inhibitors have also been 
demonstrated in collagen-induced arthritis and streptococcal cell wall 
arthritis.76-78  Inhibition  of  NO  production  also  attenuates  animal 
models of osteoarthritis.79,80 In human arthritis,  increased concentra-
tions  of  nitrites  have  been  demonstrated  within  the  joint  fluids  of 
patients  with  osteoarthritis  and  RA.81,82  iNOS  expression  has  been 
demonstrated  in both RA and OA synoviocytes and chondrocytes by 
in-situ hybridization and  immunohistochemistry.83 St. Clair and col-
leagues reported increased expression of blood mononuclear cell iNOS 
in RA patients.84 In these studies, the degree of peripheral mononuclear 
cell nitrite production ex vivo correlated with disease activity, leading 
the authors to suggest that increased iNOS expression and NO genera-
tion may be important in the pathogenesis of RA. Subsequently, this 
group  demonstrated  that  increased  PBMC  expression  of  iNOS  and 
iNOS enzyme activity were reduced after treatment with the anti-TNF 
monoclonal antibody infliximab. Changes in NOS activity after treat-
ment  correlated  significantly  with  changes  in  the  number  of  tender 
joints.

In  osteoarthritis,  NO  is  spontaneously  produced  by  chondrocytes 
and  has  been  implicated  in  the  progressive  cartilage  deterioration.85 
Deleterious effects NO exerts on cartilage metabolism include (1) inhi-
bition of collagen and proteoglycan synthesis86; (2) activation of metal-
loproteinases87; (3) increased susceptibility to injury by other oxidants 
(e.g., H2O2); and (4) apoptosis.88,89

THE NERVOUS SYSTEM IN INFLAMMATION
The  immune  and  nervous  systems  are  in  constant  communication, 
and the inflammatory response involves a complex bidirectional inter-
action between  the  two. The nervous  system  registers  inflammation 
in  the  periphery  via  sensory  nerves  and  directs  the  immune  system 
through a variety of messengers, ranging from autonomic neurotrans-
mitters  (e.g., acetylcholine) to peripherally synthesized neuropeptides 
such as substance P (SP); nervous system signals can be either proin-
flammatory or anti-inflammatory. The CNS also controls  inflamma-
tory  responses  through  release  of  neuroendocrine  hormones  such  as 
melanocyte-stimulating  hormone  (MSH)  and  corticotropin-releasing 
factor (CRF), which dampen inflammation. Animals that have under-
gone hypophysectomy or adrenalectomy are sensitized to endotoxemia, 
and  rats  deficient  in  CRF  are  susceptible  to  streptococcal  antigen-
induced arthritis.90 Conversely, the immune system regulates the CNS 
through the release of cytokines, growth factors, and other mediators; 

Sham Denervation Denervation

Fig. 21.8  Joint denervation prevents arthritis. Sensory denervation of the rat knee joint prevents development of arthritis. (a) A normal rat knee 24 hours 
post-carrageenan injection. Note the intense inflammation. (b) A denervated rat knee 24 hours post-carrageenan injection. (Reproduced with permission from 
the BMJ Publishing Group.)
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glucocorticoids, potent endogenous anti-inflammatory immunomodu-
lators.  Melanocyte-stimulating  hormone  (MSH),  which  derives  from 
the same precursor (POMC) as ACTH, is also secreted by the pituitary 
gland  and  can  suppress  inflammation.102  Systemic  administration  of 
MSH improves inflammatory arthritis, experimental colitis, and exper-
imental allergic encephalomyelitis.103 Recent studies of crystal-induced 
arthritis suggests that the anti-inflammatory effects of MSH are medi-
ated through engagement of a specific receptor, MSH-R3, and that not 
only  MSH  but  also  ACTH  can  engage  this  receptor,  indicating  that 
ACTH has a direct anti-inflammatory effect  in addition to its ability 
to  drive  cortisol  synthesis.104  Selective  MSH-R3  antagonists  reduce 
inflammation  in  animal  models,  suggesting  a  possible  future  anti-
inflammatory strategy.

Peripheral nervous system
Peripheral  sensory  nerves  (Aδ  and  C  fibers)  not  only  transmit  pain 
signaling in response to noxious stimuli such as bradykinin, histamine, 
and  serotonin  but  also  secrete  inflammatory  mediators  from  their 
nerve  endings.  These  mediators,  known  as  neuropeptides,  induce  a 
number of critical early inflammatory events, including arteriolar vaso-
dilation,  increased microvascular permeability, and  leukocyte recruit-
ment (Table 21.4). In recognition of this neuropeptide role, the edema, 
warmth, and redness seen in early inflammatory lesions are sometimes 
collectively  referred  to as neurogenic  inflammation. While neuropep-
tides are neurotransmitters generally thought of as mediating neuron-
to-neuron communication, they also can act on (and be produced by) 
cells outside the nervous system, such as macrophages, dendritic cells, 
and lymphocytes.

Neuropeptides
Substance P
Substance P, also known as neurokinin, was first discovered and puri-
fied in powder form (hence, its full name, substance powder) in 1931. 
It is widely distributed throughout the peripheral and central nervous 
systems, where it largely functions as a transmitter of pain signaling. 
Part of the tachykinin family of peptides, which also includes neuro-
peptide Y  and neurokinins A and B,  substance P  is  formed  from an 
alternate splice of the preprotachykinin I gene.105 Unmyelinated C-type 
nerve fibers release substance P in response to noxious stimuli, produc-
ing a variety of proinflammatory effects by acting on target cells through 
binding and activation of the NK-1 receptor (NK-1R). Substance P liga-
tion of NK-1R on postcapillary  endothelium  increases microvascular 
permeability and causes edema; it also induces vasodilation in arteri-
oles.106  Substance P  also  acts  as  a  chemoattractant  and  activator  for 
macrophages, lymphocytes, neutrophils, and eosinophils, stimulating 
the production of  cytokines  and AA derivatives,  and  stimulating  the 
oxidative burst in neutrophils and macrophages. Mast cells also possess 
NK-1R and degranulate  in  response  to  substance P,  leading  to hista-
mine and serotonin release. Lymphocytes proliferate and differentiate 
when stimulated with substance P, and some leukocytes (e.g., lympho-
cytes,  macrophages,  and  eosinophils)  are  themselves  capable  of  sub-
stance P expression.107

Substantial evidence supports a role for substance P in inflamma-
tory  arthritis.  In  animal  models,  more  severely  affected  joints  have 
higher levels of substance P than joints with milder disease.107 Elevated 
substance P  levels  are  also  found  in  the Achilles  tendon  enthesis  in 
rats with adjuvant arthritis.108 Exogenous substance P directly infused 
into joints exacerbates experimental arthritis, whereas neural depletion 
of  substance  P  via  pretreatment  with  capsaicin  ameliorates  joint 
inflammation.109-111  Exogenous  substance  P  also  mediates  vascular 
changes  in non-arthritic  joints and stimulates  synovial angiogenesis. 
In a mouse model of adjuvant-induced arthritis, NK-1R knockout mice 
experienced less joint swelling and plasma extravasation than control 
littermates.112

Increased  levels  of  substance P  are  found  in  a number  of  human 
inflammatory diseases, including RA, inflammatory bowel disease, and 
asthma.106  In vitro, RA synovial fibroblasts  (RASF)  respond  to nano-
molar  concentrations  of  substance  P  by  releasing  PGE2  and  MMP-1 
and  proliferating.113  At  these  same  concentrations,  substance  P  also 
stimulates  production  of  IL-1,  TNF-α,  and  IL-6  in  peripheral  whole 
blood  from  RA  patients.  Increased  levels  of  both  substance  P  and 

impinging on the nucleus tract solitarius, these afferent signals trigger 
efferent parasympathetic responses, resulting in the release of acetyl-
choline,  which  has  potent  local  anti-inflammatory  effects  on  both 
macrophages and endothelium.93

In vitro,  acetylcholine  inhibits  macrophage  production  of  TNF-α, 
IL-1β,  and  IL-18,  while  permitting  the  synthesis  of  the  largely  anti-
inflammatory cytokine IL-10.90 Acetylcholine also inhibits the release 
of  a  recently  recognized  inflammatory mediator, high-mobility  group 
box-1 (HMGB-1), by macrophages exposed to TNF-α.94 Acetylcholine 
anti-inflammatory effects appear to occur via engagement of α-7 nico-
tinic receptors. Endothelial cells have α-7 nicotinic acetylcholine recep-
tors,  and  both  acetylcholine  and  the  nicotinic  acetylcholine  receptor 
agonist  CAP55  block  TNF-α–stimulated  endothelial  cell  activation 
(and  subsequent  leukocyte  recruitment).95  This  intimate  connection 
between  the nervous  and  immune  systems  can  therefore  profoundly 
modulate the inflammatory response. The selective cholinergic agonist 
nicotine  improves  survival  in  experimental  sepsis94,96  and  has  been 
associated with  improvement of ulcerative colitis. Stimulation of  the 
vagal nerve suppresses carrageenan-induced arthritis and endotoxemic 
shock. These findings may lead to newer and safer cholinergic agonists 
that may be used to treat inflammatory disease.

Sympathetic nervous system
Sympathetic nerve fibers release norepinephrine, which acts on target 
cells,  including  most  immune  cell  types,  by  engaging  α1-,  α2-,  and 
β-adrenoreceptors. The effects of the sympathetic nervous system on 
immunity  and  inflammation  are  mixed  and  vary  with  the  cell  and 
clinical context. For instance, norepinephrine effects on macrophages 
depend on which receptors are being expressed and engaged. Ligation 
of  macrophage  β-adrenoreceptors  inhibits  TNF-α  secretion,  whereas 
α2-receptor  engagement  induces  TNF-α  release,  and  binding  of  the 
α1-receptor stimulates complement production.97 In addition to inhib-
iting macrophage function, activated β-adrenergic receptors also inhibit 
neutrophil  and  NK  cell  function.  β-Adrenoreceptor  ligation  can  also 
cause a Th2 shift (alteration of acquired immune response), largely by 
increasing  IL-10  production.97  Furthermore,  norepinephrine  is  often 
released  en  sync  with  corticotropin  release,  and  glucocorticoids  are 
potentiated  in  the  presence  of  norepinephrine.  On  the  other  hand, 
stimulation of β-adrenoreceptors also drives  IL-8 secretion by mono-
cytes and localized, neurogenic inflammation is promoted by the acti-
vation  of  β-adrenoreceptors.97  In  contrast  to  the  mixed  effect  of 
β-adrenoreceptors on macrophages, the function of α-adrenergic recep-
tors on immune cells is largely proinflammatory.

Consistent  with  these  somewhat  confusing  in-vitro  observations, 
animal studies have shown that disrupting sympathetic nervous system 
signaling can either worsen or improve inflammatory disease, depend-
ing on context. Sympathectomy ameliorates early, but exacerbates late, 
inflammation  in  collagen-induced  arthritis.  In  contrast,  β-adrenergic 
agonists improve late-stage experimental arthritis. The distinct proin-
flammatory and anti-inflammatory effects of norepinephrine may,  in 
part,  relate  to  dose,  because  much  higher  concentrations  of  norepi-
nephrine  are  required  to  activate  the  β-adrenergic  receptor;  a  low-
density  of  sympathetic  fibers  may  therefore  dictate  a  primarily 
α-adrenergic response in the arthritic joint. In this context, it is inter-
esting to note that animals with collagen-induced arthritis demonstrate 
sympathetic neuron loss  in the  joint.98 Similarly, RA patients have a 
relative paucity of sympathetic nerve fibers in the synovium.99 More-
over, RA CD8+ T cells have fewer β-adrenoreceptors, suggesting they 
may  be  resistant  to  inhibition  by  norepinephrine.100  In  contrast, 
patients with juvenile idiopathic arthritis have immune cells that over-
express  α1-adrenergic  receptors.  One  very  small  randomized  clinical 
trial  in the 1980s used guanethidine to achieve regional sympathetic 
blockade  in  a  group  of  24  RA  patients.101  This  study  showed  that 
patients  receiving  active  treatment  had  improved  grip  strength  and 
decreased pain by the end of the study, which lasted 14 days.

Neuroendocrine mechanisms
The hypothalamus continuously receives data about the body’s envi-
ronment and, in response to stress signals such as IL-1β, releases CRF. 
CRF  activates  the  pituitary  to  secrete  adrenocorticotropic  hormone 
(ACTH), in turn stimulating the adrenal glands to produce and secrete 
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substance  P,  neuropeptide  Y  exerts  both  proinflammatory  and  anti-
inflammatory  effects.  Neuropeptide  Y  inhibits  IFN-γ  and  stimulates 
IL-4 production in rat lymphocytes,119 suggesting that it may favor Th2 
responses, and therefore modify Th1-predominant diseases such as RA 
and multiple sclerosis. Neuropeptide Y ameliorates disease severity in 
experimental allergic encephalomyelitis (the animal model for multiple 
sclerosis) but has not yet been tested in models of inflammatory arthri-
tis.120  The  spinal  fluid  of  patients  with  multiple  sclerosis  shows 
depressed  levels of neuropeptide Y, and the synovium of RA patients 
has  a  paucity  of neuropeptide Y–containing nerve fibers, which may 
help maintain the Th1 response.

Vasoactive intestinal peptide
Vasoactive  intestinal peptide  (VIP)  is a neuropeptide synthesized and 
released by  immune  cells  (mast  cells,  lymphocytes, neutrophils,  and 
monocytes)  as  well  as  nerve  endings  that  synapse  on  central  and 
peripheral  lymphoid  organs.  VIP  receptors,  of  which  there  are  three 
types, are G protein–coupled receptors found on lymphocytes, mono-
cytes, and macrophages. VIP is a potent anti-inflammatory peptide that 
inhibits chemotaxis and activation of macrophages and T cells. Con-
sequently, it inhibits production of TNF-α, IFN-γ, IL-6, and IL-12. It 
also  stimulates  the  production  of  the  anti-inflammatory  cytokines 
IL-10 and IL-Ra.121 VIP may additionally shift T cells to a Th2 pheno-
type, as it increases IL-4 production and may promote T regulatory cell 
production.121 VIP has been shown to be therapeutic in several inflam-
matory  models,  including  sulfonic  acid–induced  colitis,  sepsis,  and 
collagen-induced arthritis.121,122

NK-1R are found in synovial fluid of the RA joint, and RASF overex-
presses NK-1R mRNA. NK-1R antagonists have not yet been studied 
in the treatment of RA.106

Calcitonin gene–related protein
CGRP, an alternative splice product of calcitonin,  is a widely distrib-
uted neuropeptide that is primarily released from small sensory nerves 
in the periphery. It acts on the complex of the G protein–coupled cal-
citonin  receptor–like  receptor  (CL)  that must be  linked  to a  receptor 
activity-modifying  protein  (RAMP)  for  functionality.  CL  is  expressed 
by smooth muscle, endothelial cells, macrophages, and lymphocytes. 
CGRP  is  co-localized  and  co-released  with  substance  P  in  afferent 
nerves and is a potent arterial and venous vasodilator, particularly in 
the microvasculature.114 In the mouse air-pouch model, a CGRP antag-
onist inhibits neutrophil accumulation,115 probably via indirect mecha-
nisms. CGRP  is overexpressed at  the nerve endings of  animals with 
adjuvant arthritis and in sensory neurons in rats with collagen-induced 
arthritis.107,116 Synovial tissue from osteoarthritic  joints also contains 
nerve  endings  with  high  concentrations  of  both  substance  P  and 
CGRP,117 consistent with a role in inflammation. However, CGRP may 
be a mixed proinflammatory/anti-inflammatory agent, because CGRP 
inhibits T-cell and pre-B-cell differentiation, macrophage antigen pre-
sentation,  IL-1  production,114  and  RASF  activity  in vitro.118  At  this 
time, it is unclear what overall role CGRP plays in arthritis.

Neuropeptide Y
Neuropeptide  Y  is  a  tachykinin  released  from  sympathetic  nerve 
endings,  alone  or  in  combination  with  catecholamines.  Unlike  

TABLE 21.4 INFLAMMATORY EFFECTS OF SELECT NEUROPEPTIDES

Neuropeptide Where produced (outside the CNS) Effects on inflammation Evidence for involvement in arthritis

Substance P 
(neurokinin)

C-type nerve fibers
Lymphocytes
Macrophages
Eosinophils

Arteriole vasodilation
Increased microvascular permeability
Chemoattracts and activates macrophages, 

polymorphonuclear neutrophils, 
lymphocytes, and eosinophils

Mast cell degranulation

Elevated SP in synovial fluid of RA joints
RA synovial fibroblasts (RASF) overexpress SP 

receptor (NK-1R)
Stimulates RASF to proliferate and secrete 

inflammatory products

Calcitonin-gene–
related 
peptide (CGRP)

C-type nerve fibers Potent arteriole and venous vasodilator CGRP overexpressed in entheses of animals with 
adjuvant arthritis

Elevated CGRP levels in synovial tissue from OA joints

Neuropeptide Y Sympathetic nerve fibers May favor Th2 response: Inhibits IFN-γ and 
stimulates IL-4 production in lymphocytes

RA synovium has paucity of NPY-containing nerve 
fibers

Vasoactive 
intestinal 
peptide

Peripheral nerves
Mast cells
Lymphocytes
Polymorphonuclear neutrophils
Macrophages

Anti-inflammatory peptide
Inhibits chemotaxis and activation of 

macrophages and T cells
Stimulates production of IL-4, IL-10, and IL-1ra

Therapeutic in collagen-induced arthritis
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Types of pain
When a noxious stimulus is applied to normal tissue, acute physiologic 
nociceptive pain is elicited. This pain protects tissue from being further 
damaged, because usually withdrawal reflexes are elicited. Pathophysi-
ologic nociceptive pain occurs when the tissue is inflamed or injured. 
This pain may appear as spontaneous pain (pain in the absence of  
any intentional stimulation) and/or as hyperalgesia and/or allodynia. 
Hyperalgesia is a higher pain intensity felt with noxious heat stimula-
tion (thermal hyperalgesia) or noxious mechanical stimulation 
(mechanical hyperalgesia). Allodynia is the occurrence of pain that is 
elicited by stimuli that are normally below the pain threshold. Some 
authors include the lowering of the threshold in the term hyperalgesia 
in non-neuropathic pain.2,3

Whereas nociceptive pain is elicited by noxious stimulation of 
sensory endings of nociceptors in the tissue, neuropathic pain results 
from injury or disease of neurons in the peripheral or the central 
nervous system. This pain does not primarily signal tissue damage and 
is often considered abnormal. It often has a burning or electrical char-
acter and can be persistent or occur in short episodes (e.g., trigeminal 
neuralgia). It may be combined with hyperalgesia and allodynia. In the 
allodynic state, even touching the skin with a soft brush can cause 
intense pain. Numerous pathologic processes can cause neuropathic 
pain (e.g., axotomy, nerve or plexus damage, metabolic diseases such 
as diabetes mellitus, or herpes zoster). Damage to central pain process-
ing neurons (e.g., in the thalamus) can cause central pain.2,3

Chronic pain
Originally pain was called “chronic” when it lasted longer than 6 
months.4 More recently, chronic pain is often defined by its character. 
Chronic pain may result from a chronic disease and may then actually 
result from persistent nociceptive processes. However, in many chronic 
pain states the causal relationship between nociception and pain is not 
tight and the pain does not strictly reflect tissue damage. Psychological 
and social factors significantly influence the pain (e.g., in many cases 
of low back pain).5 Chronic pain may be accompanied by neuroendo-
crine dysregulation, fatigue, dysphoria, and impaired physical and even 
mental performance.6

THE PERIPHERAL BASIS OF PAIN
Structure and dual function of nociceptors
Nociceptors are primary afferent neurons with thinly myelinated Aδ 
or unmyelinated C fiber axons in peripheral nerves. Their cell bodies 
are located in the dorsal root ganglia. Their peripheral branches form 
sensory endings in the innervated tissue that are called “free nerve 
endings” because they are not equipped with corpuscular end organs. 
Their central branches terminate in the gray matter of the dorsal horn 
in the spinal cord or in the brain stem, and they activate synaptically 
secondary dorsal horn neurons (see Fig. 22.1).7

Many nociceptors have a dual function. They encode noxious 
stimuli and transmit this information to the spinal cord (sensory func-
tion), and, in addition, they have an efferent function in the innervated 
tissue. They transport neuropeptides from the cell body to the periph-
ery and release these mediators in the tissue on stimulation. Substance 
P, calcitonin gene-related peptide (CGRP), and some others are best 
known. After release, these neuropeptides induce vasodilatation, 
plasma extravasation, and other effects (e.g., attraction of macrophages 
or degranulation of mast cells). Such an inflammatory response is 
called neurogenic inflammation, and it is thought that neurogenic 
components contribute significantly to many inflammatory diseases.8

Scientific basis of pain
Hans-Georg Schaible

 Nociception is the encoding and processing of noxious stimuli in 
the nervous system; the subjective sensation pain is evoked by 
nociception and influenced by psychological and social factors.

 Clinically relevant pain is classified as nociceptive, when tissue is 
inflamed or damaged, or as neuropathic, when nerve fibers or 
nerve cells are affected.

 Peripheral nociceptors are slowly conducting, thinly myelinated or 
unmyelinated nerve fibers that respond to tissue-damaging 
mechanical, thermal, and chemical stimuli.

 The central nociceptive system consists of neurons in the spinal 
cord, the brain stem, the thalamus, and several cortical areas that 
process noxious stimuli; the conscious pain sensation with its 
sensory-discriminative and affective components is generated at 
the thalamocortical level.

 During inflammation, peripheral nociceptors are sensitized to 
mechanical and/or thermal stimuli by inflammatory mediators 
(peripheral sensitization).

 Damaged nerve fibers may show action potentials that are evoked 
at the site of lesion and in the neuronal cell bodies (ectopic 
discharges).

 Peripheral sensitization and ectopic discharges may induce a state 
of hyperexcitability in the central nociceptive system (central 
sensitization) that increases the gain of central nociceptive 
processing.

 Nerve fibers originating in the brain stem can enhance or inhibit 
the spinal nociceptive processing (descending facilitation or 
inhibition).

NOCICEPTION AND PAIN
According to the definition of the International Association for the 
Study of Pain (IASP), pain is an unpleasant sensory and emotional 
experience that is evoked by actual or potential noxious (i.e., tissue 
damaging) stimuli or by tissue injury, or is described in such terms. 
Normally, pain is the subjective result of nociception. Nociception is 
the encoding and processing of noxious stimuli in the nervous system. 
It can be objectively measured with various techniques (e.g., with elec-
trophysiologic recordings). By contrast, pain as a subjective experience 
can be only verbally described by humans and it cannot be measured 
objectively. However, animals (as well as humans) show reflex responses 
to acute noxious stimuli and these reactions allow an assessment of 
the relationship between nociception and pain.1 Under normal condi-
tions the relationship between nociception and pain is relatively precise 
and predictable; that is, a stimulus that is noxious will usually evoke 
a subjective pain response. However, under clinically relevant condi-
tions, the relationship between nociception and pain may not be strict, 
particularly when the pain is chronic (see later).

Neurons in the peripheral and central nociceptive system that 
encode noxious stimuli form the nociceptive system. A simplified 
scheme of the nociceptive system is shown in Figure 22.1. The periph-
eral nociceptive system innervates the skin, deep tissue, and most 
visceral organs, and the peripheral nociceptive fibers encode noxious 
stimuli applied to the tissue. The central nociceptive system consists 
of sensory neurons in the spinal cord, spinal reflex pathways, and 
ascending tracts that activate the brain stem and supraspinal structures 
in the thalamus and cortex. Corticothalamic networks produce the 
conscious pain response.1,2
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Notably, not all nociceptors in skin, deep somatic tissue, and viscera 
are polymodal. An important group of nociceptors is relatively mecha-
noinsensitive and, in the skin, heat insensitive. Because these nocicep-
tors do not respond to noxious stimuli applied to normal tissue, they 
were called initially mechanoinsensitive or silent nociceptors.3,9 These 
nociceptors are “recruited” during inflammation (see later).

Sensitization of nociceptors during inflammation
Nociceptors often show a sensitization on repetitive or strong noxious 
stimulation of the tissue. In the course of inflammation the excitation 
threshold of polymodal nociceptors drops such that even light, nor-
mally innocuous stimuli activate the fibers. In addition, initially mech-
anoinsensitive (silent) nociceptors are sensitized and become excitable 
by innocuous and noxious stimuli.3,9 The sensitization of nociceptors 
(“peripheral sensitization”) causes an enhanced input into the spinal 
cord and induces a so-called central sensitization (Fig. 22.3). Both 
peripheral and central sensitization cause a primary hyperalgesia and 
allodynia at the site of inflammation, that is, normally non-painful 
stimuli hurt at this site and noxious stimuli evoke stronger responses 
than in the non-sensitized state. In addition, central sensitization 
causes a secondary hyperalgesia, that is, enhanced pain sensitivity in 
healthy tissue surrounding the site of inflammation (see later).

Molecular mechanisms of stimulus transduction 
and peripheral sensitization
In the past years substantial progress has been made toward the under-
standing of sensory transduction in nociceptors. Mechanical, thermal, 
and chemical stimuli activate specific ion channels or receptors in the 
sensory endings (see Fig. 22-2).

Mechanoreception is thought to result from an opening of cation 
channels leading to a depolarization of the ending because certain ion 
channels are sensitive to stretch, membrane deformation, and osmotic 
swelling. However, it is still unclear which molecules are specifically 
involved in the transduction of noxious mechanical stimuli.10,11

Thermal noxious stimuli are thought to be transduced by transient 
receptor protein (TRP) molecules. The first receptor that has been 
cloned is the TRPV1 receptor, previously also called vanilloid receptor 
(VR)-1. This ion channel is expressed in about 40% of the primary 
afferent fibers. It is opened by the binding of capsaicin, the compound 
in pepper that causes burning pain. When this ion channel opens, 

Sensory function of nociceptors
Most nociceptors are polymodal, responding to noxious mechanical 
stimuli (painful pressure, squeezing or cutting the tissue), noxious 
thermal stimuli (heat or cold), and chemical stimuli. Noxious stimuli 
evoke a sensor potential in the sensory ending (transduction), and 
when the amplitude of this depolarization is sufficiently high, action 
potentials are triggered and conducted by the axon to the dorsal horn 
of the spinal cord or the brain stem (Fig. 22.2).7

In joints, nociceptors innervate mainly the fibrous capsule, liga-
ments, adipose tissue, and the menisci, and the synovial layer shows 
some fibers. The cartilage is normally not innervated. A typical joint 
nociceptor is activated by strong (painful) pressure to the joint (e.g., 
hitting the joint) and by noxious movements (i.e., by painful rotation 
against the resistance of the tissue). It is usually not activated by move-
ments and positions in the working range.9 Nociceptors in the muscle 
are located near vessels in the muscle belly and in the tendon. A typical 
muscle nociceptor responds to noxious (painful) compression of the 
muscle, and it may be activated by muscle contraction under ischemic 
conditions. Usually it does not respond to innocuous pressure and to 
contractions of the muscle.9 When nociceptive fibers in the muscle 
nerve are stimulated electrically, cramp-like sensations are evoked. 
Some nociceptive muscle afferents are also activated by noxious 
thermal stimuli. However, heat responses have been much better 
studied in cutaneous nociceptors because the skin is more likely 
exposed to heat than deep tissue. In cutaneous nociceptors, heat 
responses are encoded in the range of about 42°C to more than 50°C. 
Cutaneous nociceptors also encode noxious mechanical stimuli.7 In 
the viscera, principles of nociception differ to some extent from those 
in skin and deep somatic tissue. Nociception is less represented by 
specific nociceptors than in skin and deep somatic tissue.7

SKETCH OF THE ENLARGED SENSORY ENDING
OF A NOCICEPTOR IN THE TISSUE

Classic
inflammatory

mediators

TRP receptor
for thermal

transduction

Ion channel for
mechanical
transduction

Voltage-gated
Na+ channel

(TTX-resistant)

Cytokines Neurotrophins

Neuropeptides

Adrenergic
mediators

Second messenger systems

s.p. a.p.

Fig. 22.2 Sketch of the enlarged sensory ending of a nociceptor in the tissue. 
It shows ion channels for transduction of thermal and mechanical stimuli and 
metabotropic receptors for chemical mediators. TRP, transient receptor protein; 
s.p., sensory potential; a.p., action potential. Classic mediators are bradykinin, 
prostaglandin E2, and others.

SCHEME OF THE NOCICEPTIVE SYSTEM WITH NOCICEPTIVE FREE
NERVE ENDINGS  IN THE PERIPHERAL TISSUE, AFFERENT NERVE FIBERS

AND THEIR SYNAPSES IN THE DORSAL HORN OF THE SPINAL CORD,
AND ASCENDING TRACTS

Cortical areas
SI, SII in

somatosensory
cortex

Medial thalamus

Lateral thalamus

Sympathetic
axon

Motor axon

Medial Spinothalamic tract
Lateral

C fiber

Peripheral tissue
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Anterior cingulate
cortex (ACC)
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Fig. 22.1 Scheme of the nociceptive system with nociceptive free nerve 
endings in the peripheral tissue, afferent nerve fibers, and their synapses in the 
dorsal horn of the spinal cord. From there the medial and lateral spinothalamic 
tracts ascend to the medial and lateral thalamus, and interneurons project into 
motor and sympathetic reflex pathways. Note: other ascending pathways such 
as the spinoreticular tract and dorsal column pathways are not displayed.
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messenger activates protein kinase A, and this pathway influences ion 
channels in the membrane, leading to an enhanced excitability of the 
neuron with lowered threshold and increased action potential frequency 
elicited during suprathreshold stimulation.2 More recently, proinflam-
matory cytokines such as tumor necrosis factor-α and interleukin-6 
were shown to exert excitatory and/or sensitizing effects on nerve cells. 
Other compounds inhibit neurons (e.g., somatostatin, opioids).2 Pos-
sibly the threshold of a neuron results at least partially from the balance 
between excitatory and inhibitory mediators in the tissue.

Other functions include stimulation of the production of mediators 
in sensory neurons. For example, nerve growth factor, which is a sur-
vival factor during the development of the nervous system, is produced 
during inflammation of the tissue, and it increases the synthesis of 
substance P and CGRP in the primary afferents through activation of 
TrkA receptors. Nerve growth factor may also act on mast cells and 
thereby activate and sensitize sensory endings by mast cell degranula-
tion.11 Indeed, many compounds have acute actions on cell excitability 
as well as more tonic regulatory functions. The expression of mediator 
substances, ion channels, and receptors is not totally stable but under-
goes changes under pathophysiologic conditons.10 It is conceivable that 
changes in the expression of ion channels and receptors may contribute 
to the maintenance of chronic pain.

Although mechanosensitive and thermosensitive ion channels are 
important in the process of sensory transduction (see earlier), voltage-
gated ion channels in the sensory endings are important for the genera-
tion and conduction of action potentials in nerve fibers on depolarization. 
In the focus of interest are voltage-gated Na+ channels (see Fig. 22-2).12 
Although most voltage-gated Na+ channels are blocked by tetrodotoxin 
(TTX), many small dorsal root ganglion cells (most of which are noci-
ceptors) express TTX-resistant Na+ channels in addition to TTX-
sensitive Na+ channels. Both TTX-sensitive and TTX-resistant Na+ 
channels contribute to the Na+ influx during the action potential. Cur-
rently, the TTX-sensitive Na+ channel subtype Nav1.7 and the TTX-
resistant Na+ channel subtypes Nav1.8 and Nav1.9 are considered most 
important for nociception. The TTX-resistant Na+ currents are influ-
enced by some inflammatory mediators. For example, prostaglandin E2 
enhances TTX-resistant Na+ currents, and this is thought to contrib-
ute to the sensitizing effect of this mediator.

Peripheral mechanisms of neuropathic pain
In some patients pain may also be caused by neuropathic mechanisms 
(see earlier), for example when an intervertebral disc causes compres-
sion of dorsal roots. Although in healthy sensory nerve fibers action 
potentials are generated in the sensory endings on stimulation of the 
receptive field, impaired nerve fibers often show pathologic ectopic 
discharges. These action potentials are generated at the site of nerve 
injury or in the cell body of impaired fibers in dorsal root ganglia. The 
discharge patterns vary from rhythmic firing to intermittent bursts.3 
Neuropathic pain may also be generated by intact nerve fibers in the 
vicinity of injured nerve fibers that are affected by the process of 

cations, in particular calcium ions, flow into the cell and depolarize it. 
This ion channel is considered to be one of the transducers of noxious 
heat because it is also opened by heat at more than 43°C. The sensitiv-
ity of TRPV1 receptors is increased (i.e., the threshold is lowered) by 
numerous inflammatory mediators such as bradykinin and nerve 
growth factor, suggesting that this molecule is one “final pathway” in 
heat nociception and thermal hyperalgesia. Indeed, TRPV1 knockout 
mice do not show thermal hyperalgesia during inflammation.10,11

Other members of the TRP family may be transducers of tempera-
ture stimuli in nociceptors and thermal receptors. The TRPV2 receptor 
is thought to be a transducer for extreme heat (threshold > 52°C) that 
is also present in nociceptors. The TRPA1 receptor is activated by 
noxious cold. This molecule is often co-expressed with the TRPV1 
receptors in nociceptors and may be the basis for cold pain. In contrast, 
TRPV3 and/or TRPV4 may be transduction molecules for innocuous 
warmth in warm receptors, and TRPM8 may transduce cold stimuli 
in innocuous cold receptors.10

The chemosensitivity of nociceptors allows inflammatory and 
trophic mediators to act on these neurons. The field of chemosensitiv-
ity is extremely complicated owing to the large numbers of receptors 
that have been identified in primary afferent neurons.10,11 Receptors 
that are involved in the activation and sensitization of neurons are 
either ionotropic (the mediator opens an ion channel) or metabotropic 
(the mediator activates a second messenger cascade that influences ion 
channels and other cell functions). Many receptors are coupled to G 
proteins, which signal via the production of the second messengers 
cyclic adenosine monophosphate, cyclic guanosine monophosphate, 
diacylglycerol, and phospholipase C. Other receptor subgroups include 
receptors bearing intrinsic protein tyrosine kinase domains and recep-
tors that associate with cytosolic tyrosine kinases and protein serine/
threonine kinases.10 Figure 22.2 displays receptors for classes of media-
tors, and Box 22.1 shows which particular mediator receptors are 
expressed in subgroups of sensory neurons.10,11

Functions of mediators are severalfold. Some of them activate 
neurons directly (e.g., the application of bradykinin evokes action 
potentials by itself) and/or they sensitize neurons for mechanical, 
thermal, and chemical stimuli (e.g., bradykinin and prostaglandins 
increase the excitability of neurons so that mechanical stimuli evoke 
more action potentials than under control conditions). For example, 
prostaglandin E2 activates G protein–coupled receptors that cause an 
increase of cellular cyclic adenosine monophosphate. This second 

FLOWCHART OF THE GENERATION OF PAIN
IN DIFFERENT PAIN STATES

Sensory-discriminative and
affective pain response

Thalamocortical systems

Spinal cord hyperexcitability

Brain stem
hyperexcitability

+ –

Peripheral
sensitization

Pathologic ectopic
activity

Trauma
inflammation Nerve damage

Fig. 22.3 Flowchart of the generation of pain in different pain states. Central 
sensitization can result both from peripheral sensitization and from pathologic 
discharges in the afferent nerve fiber. The brain stem provides a feedback to 
the spinal cord that is either inhibitory or facilitatory.

BOX 22.1 RECEPTORS IN SUBGROUPS OF SENSORY NEURONS

Ionotropic receptors for
 ATP, H+ (acid-sensitive ion channels [ASICs]), glutamate (AMPA, kainate, 

NMDA receptors), acetylcholine (nicotinic receptors), serotonin (5-HT3)

Metabotropic receptors for
 Acetylcholine, epinephrine, serotonin, dopamine, glutamate, γ-aminobenzoic 

acid, adenosine triphosphate
 Prostanoids (prostaglandins E2 and I2), bradykinin, histamine, adenosine, 

endothelin
 Neuropeptides (e.g., substance P, calcitonin gene-related peptide, somatosta-

tin, opioids)
 Proteases (protease-activated receptors: PAR1 and PAR2)
 Neurotrophins (tyrosine kinase receptors)
 Glial cell line–derived neurotrophic factor (GDNF)
 Inflammatory cytokines (non–tyrosine kinase receptors)

Data from references 10 and 11.
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The second component of the pain sensation is the affective aspect; 
that is, the noxious stimulus is felt as unpleasant and causes aversive 
reactions. This component is produced in the medial thalamocortical 
system, which consists of relay nuclei in the central and medial thala-
mus and the anterior cingulate cortex, the insula, and the prefrontal 
cortex.13 These brain structures are part of the limbic system, and the 
insula may be an interface of the somatosensory and the limbic system. 
Even when destruction of the somatosensory cortex impairs stimulus 
localization, pain affect is not altered. It should be noted that limbic 
regions are not only involved in pain processing. In particular, the 
anterior cingulate cortex is activated during different emotions, includ-
ing sadness and happiness, and parts of the anterior cingulate cortex 
are also involved in the generation of autonomic responses (they have 
projections to regions that command autonomic output systems). 
Other cingulate regions are involved in response selection (they have 
projections to the spinal cord and the motor cortices) and in the ori-
entation of the body toward innocuous and noxious somatosensory 
stimuli. A role in the process of memory formation/access is also 
discussed.14

Central sensitization
Pathologic nociceptive input often causes central sensitization, which 
is an increase of excitability of nociceptive neurons in the central 
nervous system (see Fig. 22.3). The process of central sensitization 
amplifies the synaptic processing of nociceptive inputs and thus facili-
tates the pain response. Central sensitization has been mainly studied 
in the spinal cord. The focus here is on spinal sensitization, that is, 
the development and maintenance of hyperexcitability in nociceptive 
spinal cord neurons. Spinal sensitization leads to increased responses 
of the neurons to input from the injured or inflamed region as well as 
to input from regions adjacent to and even remote from the injured/
inflamed region, although these areas are in a healthy condition. Often, 
the total area from which the neuron is activated is enlarged. Another 
consequence of spinal sensitization is that in the spinal segments with 
input from the injured regions a higher proportion of neurons respond 
to stimulation of peripheral tissue.7,9 Central sensitization is thought 
to contribute to secondary hyperalgesia, that is, hyperalgesia in healthy 
tissue surrounding the inflamed area.

In many cases, central sensitization persists as long as the nocicep-
tive input persists and it disappears when the peripheral input is 
reduced. In other cases, however, central sensitization may outlast the 
peripheral nociceptive process. Possibly nociceptive inputs have trig-
gered a so-called long-term potentiation, a persistent increase of syn-
aptic efficacy.15 Such a process could account for pain states that persist 
even when the peripheral nociceptive process has disappeared.

It is thought that inflammation-evoked sensitization results mainly 
from an increase of excitatory mechanisms. The intraspinal release of 
excitatory transmitters and neuropeptides such as substance P and 
CGRP from sensitized primary afferents is increased (a presynaptic 
component of spinal sensitization), and excitatory postsynaptic mecha-
nisms are facilitated (see later). In the case of neuropathic pain, it is 
being discussed whether an important mechanism of spinal sensitiza-
tion is the loss of segmental inhibition. This is normally provided by 
γ-aminobutyric acid (GABA)-ergic interneurons.16,17

Spinal sensitization is influenced by neuronal systems descending 
from the brain stem (see Fig. 22.3). Experimental evidence suggests 
that descending inhibition of neurons with input from inflamed areas 
is increased, at least in the acute stage of inflammation, keeping spinal 
sensitization under control. However, secondary hyperalgesia (hyperal-
gesia outside the inflamed area) may be due to descending facilitation 
of spinal cord activity. In the case of neuropathic pain, mainly descend-
ing facilitation has been observed. Both possibilities are indicated in 
the flowchart in Figure 22.3. In all, spinal/supraspinal/spinal loops are 
quite important in the generation of pathologic pain.18

Transmitters in the Spinal Cord and Molecular 
Mechanisms of Spinal Sensitization
Different transmitters and mediators are involved in the induction and 
maintenance of central sensitization.19 Glutamate is the main trans-
mitter in nociceptors. It activates ionotropic N-methyl-d-aspartate 
(NMDA) and non-NMDA receptors and metabotropic glutamate 

wallerian degeneration.2,3 Pathologic discharges may also cause a state 
of central sensitization (see Fig. 22.3).

Different mechanisms are thought to produce ectopic discharges. 
First, they may be facilitated by changes in the expression of ion chan-
nels. After nerve injury, the expression of TTX-sensitive Na+ channels 
is increased and the expression of TTX-insensitive Na+ channels is 
decreased. These changes are thought to alter the membrane properties 
of the neuron such that rapid firing rates (bursting ectopic discharges) 
are favored.2 Changes in the expression of K+ channels of the neurons 
have also been shown.2 Second, injured axons of primary afferent 
neurons may be excited by inflammatory mediators (e.g., by bradyki-
nin, nitrous oxide, and cytokines).11 The source of these inflammatory 
mediators may be white blood cells and Schwann cells around the 
damaged nerve fibers. Third, injured nerve fibers may be affected by 
the sympathetic nervous system. The sympathetic nervous system 
does not activate primary afferents in normal tissue. Injured nerve 
fibers, however, may become sensitive to adrenergic mediators because 
adrenergic receptors are upregulated at the sensory nerve fiber ending. 
A direct connection between afferent and efferent fibers (so-called 
ephapses) is considered. Furthermore, sympathetic nerve fibers may 
sprout in the dorsal root ganglion after nerve injury.2,3 Currently, the 
best treatment for peripheral neuropathic pain is the application of 
drugs that reduce excitability of neurons (e.g., carbamazepine or 
gabapentin).

THE CENTRAL BASIS OF PAIN
Nociceptive spinal cord neurons
Nociceptors activate synaptically nociceptive dorsal horn neurons (see 
Fig. 22-1). The latter are either tract neurons that ascend to supraspinal 
sites or local interneurons that are part of segmental motor or vegeta-
tive reflex pathways. As pointed out, a noxious stimulus to normal 
tissue causes a withdrawal reflex that removes the threatened part of 
the body from the damaging source. Under inflammatory conditions 
the inflamed tissue is kept in a position that activates nociceptors as 
little as possible. Long axons of spinal nociceptive neurons ascend in 
the spinothalamic and the spinoreticular tract. Interestingly, nocicep-
tive information from the viscera seems to be conducted to supraspinal 
sites mainly in the dorsal column pathway.7

Typically, nociceptive spinal cord neurons receive convergent inputs 
from numerous primary afferent fibers. Whereas part of the dorsal horn 
neurons are only activated from the skin, others are only activated from 
deep tissue (i.e., muscles, tendons, and joints). A large proportion of 
dorsal horn neurons receives input from both skin and deep tissue, and 
others are excited by cutaneous, deep tissue, and visceral stimulation. 
The enormous convergence of afferent fibers onto spinal cord neurons 
has functional consequences. In many cases the pain is badly localized 
(in particular in the deep somatic tissue) and may be even projected to 
the skin. In particular, noxious stimulation of the viscera leads to a 
projection of pain into skin and deep tissue that are supplied by noci-
ceptors of the same segment.7,9

The spinal cord is under the influence of descending tracts that 
reduce or facilitate the spinal nociceptive processing. Descending influ-
ences are formed by pathways that originate from brain stem nuclei 
(in particular the periaqueductal gray matter and nucleus raphe magnus) 
and descend in the dorsolateral funiculus of the spinal cord.1,7

Generation of the conscious pain response in  
the thalamocortical system
The conscious pain response is produced by the thalamocortical system 
(see Fig. 22-1). Electrophysiologic data and brain imaging in humans 
have provided insights into which parts of the brain are activated on 
noxious stimulation. As pointed out earlier, pain is an unpleasant 
sensory and emotional experience and these different components of 
the pain response are produced by different networks. The analysis of 
the noxious stimulus for its location, duration, and intensity is the 
sensory-discriminative aspect of pain. This is produced in the lateral 
thalamocortical system, which consists of relay nuclei in the lateral 
thalamus and the areas SI and SII in the postcentral gyrus. In these 
regions innocuous and noxious stimuli are discriminated.13
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neurotrophins, and interleukin-1β.11 Thus, inflammation or nerve 
injury in the periphery causes a complex scenario of neuronal events 
in the spinal cord that ultimately determines central sensitization. 
Importantly, however, inhibitory transmitters and receptors, such as 
opioids and opioid receptors, are able to reduce spinal sensitization, by 
reduction of transmitter release and of the depolarization of postsyn-
aptic neurons.

CONCLUSION
Pain is an important component of suffering from disease, and, there-
fore, pain treatment is an absolute necessity in clinical medicine. Pain 
research has revealed multiple mechanisms in the peripheral and 
central nervous systems that contribute to the generation and mainte-
nance of pain, and there is a continuous challenge to identify new key 
targets for new therapies.24 In a wider sense, pain has also been con-
sidered an important element of the so-called illness response. It has 
been suggested that not only are many symptoms of diseases the result 
of local disease processes but also that the nervous system contributes 
to the expression of symptoms by responding to challenges such as 
inflammation, infection, and injury in a coordinated fashion. In fact, 
there is plenty of evidence for autonomic/endocrine/immune interac-
tions that are related to acute and chronic pain.25 In this respect, pain 
therapy may not only just attack a clinical symptom but also modify 
the further course of disease.

receptors in spinal cord neurons.20 During noxious stimulation both 
non-NMDA and NMDA receptors are activated. It has been particularly 
shown that administration of antagonists to the NMDA receptor pre-
vents central sensitization and reduces established hyperexcitability.9,20 
The use of NMDA antagonists in non-operative pain treatment is ham-
pered by side effects such as psychosis because NMDA receptors are 
expressed throughout the brain.

Neuropeptides and spinal prostaglandins are also involved in the 
process of central sensitization. Many neurons in the spinal cord 
express receptors for substance P and CGRP.7,19 During peripheral 
inflammation the spinal release of substance P and CGRP from noci-
ceptors is increased and these neuropeptides further the generation of 
spinal cord hyperexcitability, probably by a facilitation of glutamatergic 
synaptic transmission.7,9

During inflammation in the periphery, prostaglandin E2 is released 
in the spinal cord. Topical application of prostaglandin E2 to the spinal 
cord causes nociceptive reactions in awake animals.21 Electrophysio-
logic recordings showed that topical application of prostaglandin E2 to 
the spinal cord causes a central sensitization similar to peripheral 
inflammation and that application of the prostaglandin synthesis 
inhibitor indomethacin to the spinal cord before induction of inflam-
mation attenuates the development of spinal hyperexcitability.22

Recently it has been revealed that glial cells in the spinal cord  
contribute significantly to the generation of pain states.11,23 On stimu-
lation, neuroglia secrete a number of mediators such as nitrous oxide, 
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by encoding an amino acid change affecting the structure and/or func-
tion of the protein. Alternatively, a phenotypic association with an SNP 
allele could result if the allele is in linkage disequilibrium with (i.e., 
segregates with) an allele of a second SNP or other genetic variation 
that confers such an effect. Thus, a single SNP may by itself provide 
a sufficient basis for uncovering a genotype/phenotype association.

SNPs have also become increasingly useful as genetic markers for 
use in mapping and genome-wide association studies. In such cases, 
the SNP is not being utilized on an individual basis but rather as one 
of a set of SNPs distributed across the genome, such that alleles of 
particular SNPs within the set that associate with a phenotype of inter-
est serve to identify the region and/or regions of the genome in which 
the gene or genes responsible for the phenotype lie. Within what gene, 
if any, an SNP is located is not of direct importance when it is used 
for this purpose but rather the extent to which the SNP set adequately 
covers the genome. In general, the smaller the average distance between 
SNP markers across the set, the greater the likelihood that at least one 
marker will be in sufficient linkage disequilibrium with each contribut-
ing allele for the tract to be mapped. An important caveat to this rule 
is that varying degrees of linkage disequilibrium exist across the 
genome, which results in “blocks” of sequence and, with them, SNPs 
that segregate together. Such strings of contiguous SNP genotypes are 
referred to as haplotypes, and a large-scale effort has been completed 
that establishes a human genome “Hapmap” identifying the location 
and sizes of these blocks of sequence, potentially easing the perfor-
mance of association studies by reducing the number of markers that 
need to be genotyped in order to cover the genome.9-11 Still, SNP density 
remains a critical factor in determining the success of such mapping 
projects; and as the density of known SNPs across different populations 
continues to increase, so does researchers’ ability to interrogate the 
genetic components of pharmacogenetic (and other) phenotypes.

Experimental approaches and considerations 
regarding study design and data interpretation
Drug response presents unique challenges as a phenotype (see later) 
and often limits the experimental approaches an investigator may 
apply to elucidating its genetic basis, but many of the design consider-
ations critical for the success of genetic association studies in general 
apply to pharmacogenetic studies as well. Briefly, in both cases one 
must address issues such as the heritability of the phenotype (i.e., 
fraction of the response phenotype due to genetic rather than non-
genetic factors), the size and make-up of the sample population, the 
choice of markers, the accuracy of genotyping methods used, the accu-
racy of phenotypic classifications, and the statistical methods applied 
for data analysis.12,13 These and other factors impact the statistical 
power achieved in the analysis,13 which is central to the success of any 
genetic association study.

The most common approach to testing for an SNP association with 
a drug response phenotype is through clinic-based association studies, 
in which one asks whether the allele frequency of an SNP of interest 
is significantly different in a group of patients exhibiting a particular 
response phenotype relative to a control group that does not or, con-
versely, whether those patients with a particular genotype for an SNP/
SNPs have a significantly different incidence of a response phenotype 
relative to those without it. Such studies are most commonly per-
formed retrospectively, such that chart records of patients given a drug 
are used to categorize them for a response phenotype, after which allele 
frequency data for SNPs of interest are determined and appropriate 
statistical analyses are performed to identify associations. This 
approach, while pragmatic with regard to time and expense, has a 
number of weaknesses based in part on the fact that because the 

Pharmacogenomics in rheumatology
Jeffrey D. Greenberg and Bruce N. Cronstein

 Pharmacogenomics is the application of genomics to the 
optimization of drug design and selection and course of therapy 
based on individual patients’ genetic profiles, whereas 
pharmacogenetics refers specifically to the elucidation of the roles 
of individual genetic variations in determining drug response.

 Single nucleotide polymorphisms (SNPs) are single nucleotide 
variations in the DNA sequence occurring in at least 1% of the 
population and present in the human genome at a density of one 
per thousand base-pairs or greater. SNPs may be tested individually 
for direct association with a phenotype or used as part of a set of 
markers to identify genomic regions associated with a phenotype 
and are thus a powerful tool in the field of pharmacogenetics.

 Association studies are population-based studies that test for 
statistically significant relationships between particular genotypes 
and phenotypes. Association studies have been widely utilized in 
efforts to identify putative genetic risk factors for poor or toxic 
response to commonly administered therapies for rheumatologic 
diseases.

 The impact of pharmacogenetics on clinical medicine is likely to be 
substantially enhanced in the near future by the convergence of 
the availability of larger, better characterized patient populations, 
continued improvements in the speed and cost-effectiveness of 
high-throughput genotyping technologies, optimization of marker 
selection for more complete and efficient coverage of the genome, 
and an improved understanding of both target disease etiologies 
and the mechanisms of action of drugs.

PHARMACOGENOMICS
Much attention has recently been given to the role of genetic back-
ground in determining patient response to drug therapy. The rapidly 
growing field of pharmacogenomics focuses on the application of 
genomics to the optimization of drug design and selection and course 
of therapy based on individual patients’ genetic profiles. Pharmacoge-
netics, a branch of pharmacogenomics, refers specifically to the elucida-
tion of the roles of individual genetic variations in determining drug 
response. Although the long-term impact of these fields on clinical 
medicine is uncertain,1-4 the principle of particular allelic variants 
affecting the incidence of poor efficacy and/or adverse response to drug 
therapy has been established for decades.5-8 In this chapter we provide 
a brief introduction to pharmacogenetics with a focus on practical 
considerations for the researcher in the design and interpretation of 
pharmacogenetic studies as well as review the current literature on 
pharmacogenetics research relevant to rheumatology.

In recent years, the availability of detailed sequence data in the wake 
of the Human Genome Project and the rapid evolution of high-
throughput genotyping systems have provided tools that substantially 
enhance the capabilities of researchers in performing genomics research. 
Of particular utility toward identifying genetic markers for directing 
therapy has been a rapidly increasing number of single nucleotide 
polymorphisms (SNPs) identified throughout the genome at a reported 
frequency of roughly one per every thousand base-pairs of DNA or 
higher. Such information is of value for biomedical research on a 
number of levels. First, the identification of an SNP within a gene of 
known relevance to a phenotype of interest provides the basis for asking 
whether an allele of that SNP is associated with the phenotype. This 
could occur directly, such as through the alteration of a gene’s regula-
tory properties (e.g., promoter region, splice site, mRNA stability) or 
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23.1). Van Rossum and colleagues have demonstrated that carriers of 
the glucocorticoid receptor 22/23 EK allele are more resistant to gluco-
corticoids as measured by dexamethasone suppression tests,24,25 
whereas variant alleles of an intronic polymorphism26 and N363S27 
were associated with hypersensitivity. In addition, Stevens and associ-
ates identified an association between a 3-marker haplotype of hGR, 
which includes the aforementioned intronic polymorphism, and hyper-
sensitivity to glucocorticoids.28 Interestingly, an allele of exon 9b has 
been found to confer increased hGRb mRNA stability in vitro and was 
associated with rheumatoid arthritis,29 although the effect of this poly-
morphism on glucocorticoid sensitivity remains uncertain.

Associations of glucocorticoid response with genes other than GR 
are less well established. Tantisira and coworkers reported that asthma 
patients who carried SNP alleles of the corticotrophin-releasing 
hormone receptor 1 (CRHR1) gene showed significantly improved lung 
function after 8 weeks of inhaled glucocorticoid therapy.30 In a separate 
study, asthmatic children carrying a variant allele of transcription 
factor T-bet (T-box expressed in T cells), which has been associated 
with asthma pathogenesis, were reported to show increased improve-
ment in airway responsiveness after inhaled glucocorticoid therapy 
relative to non-carriers over a 4-year test period.31 In addition, two 
studies have investigated the potential role of polymorphisms in the 
vitamin D receptor gene (VDR), which is involved in intestinal calcium 
absorption, with glucocorticoid-induced decrease in bone mineral 
density (BMD) levels.32,33 In both cases, however, no significant asso-
ciations were found.

Non-steroidal anti-inflammatory drugs (NSAIDs)
A growing number of studies have examined the pharmacogenetic 
properties of members of the NSAID family. Genetic factors influenc-
ing response to aspirin, in particular, have been investigated by several 
groups. Perhaps most pertinent to its rheumatologic use is a single 
report by Halushka and associates identifying an association of cyclo-
oxygenase (COX1) haplotype A842G/C50T with increased inhibition 
of prostaglandin H2 (PgH2) formation relative to homozygotes for the 
common allele.34 The majority of aspirin pharmacogenetic studies, 
however, have focused on its antiplatelet properties.34-36 Macchi and 
coworkers found that the phospholipase A (PLA) allele of platelet gly-
coprotein IIIa receptor was more common among patients resistant to 
than those sensitive to the antiplatelet action of aspirin.37 Conversely, 
Undas and colleagues reported that the percentage of patients in whom 
average thrombin levels were decreased after aspirin treatment was 
higher among those not carrying the PLA2 allele than in those who 
were,38 whereas in another study an association was reported of resis-
tance to the reversal of arachidonic acid–induced platelet aggregation 
by aspirin in carriers of the PLA2 allele relative to those of the PLA1 
allele.39 Interestingly, Michaelson and colleagues found that PLA1/

objectives of the study were not known at the time of drug treatment, 
the amount and nature of information available on the patient chart 
are often lacking.

This issue may be partially resolved through the use of prospective 
studies, in which a cohort of patients is followed through a course of 
drug treatment with the particular goal of identifying pharmacogenetic 
associations, thus allowing for all pertinent information to be appro-
priately recorded. However, this approach is still vulnerable to flaws 
that can prevent associations from being identified or, conversely, allow 
false associations to be observed. For example, in many cases investiga-
tors choose to use a “candidate gene” strategy, in which only those 
genes for which they believe an allelic change would be likely to confer 
a response phenotype are included in the analysis. Although this 
approach has yielded useful data, it is inherently limited by the extent 
to which the complete set of genes involved in conferring the response 
phenotype is known and all relevant variants have been identified. This 
issue can be resolved to some degree by taking a whole genome 
approach, wherein allele frequencies of SNPs distributed throughout 
the genome are determined with the goal of identifying regions of the 
genome and, ultimately, particular loci associated with a phenotype in 
a blinded manner. This option, while clearly favorable with regard to 
objectivity, may not be available to individual laboratories that lack 
access to the high-throughput genotyping technology required to 
perform such a large number of genotype calls. Furthermore, a number 
of issues regarding the design, execution, and interpretation of such 
screens remain to be resolved.14

The design of association studies may also be flawed by the failure 
to consider all confounding factors—both genetic and non-genetic—
that might influence response and therefore be critical parameters for 
which the patient populations should be stratified. Examples of such 
non-genetic factors might include additional drugs being administered, 
patient age, gender, alcohol/drug consumption, diet, and other such 
variables. The reliability of such data is often limited by the accuracy 
of patients’ self-assessment, and thus these factors remain a potential 
source for variation even when appropriately considered.

Irrespective of the degree to which all potential confounding vari-
ables are known, the success of the study could still be limited by 
individual patients’ failure to adhere to a prescribed course of treat-
ment. And unlike disease phenotypes, for which specific, objective 
assessment measures typically exist, drug response phenotypes are 
often far more qualitative, increasing the potential for inconsistency 
across clinics and/or individual physicians’ standards. This issue is 
relevant to an additional weakness present in many pharmacogenetic 
studies, which is that certain drug response phenotypes—particularly 
adverse events—may occur with extremely low frequency, severely 
restricting the available sample sizes from individual clinics and thus 
the statistical power that may be reached. A potential solution may be 
to utilize data from multiple patient populations in a single analysis,15 
but this option is limited in its utility by the extent to which patient 
phenotyping standards are consistent across source clinics.

Thus, while the general principle involved in running clinic-based 
pharmacogenetic association studies is fairly straightforward, numer-
ous potential sources of experimental error necessitate caution in inter-
preting the results. A substantial number of the associations identified 
to date have failed to be replicated, and much focus has been placed 
on addressing this issue.16-18 For this reason, it is generally accepted 
that the confirmation of findings in at least one additional study popu-
lation is necessary to validate the results. Ideally, pharmacogenetic 
studies are designed as substudies of randomized controlled trials. 
However, such studies rarely occur in rheumatology trials to date.

PHARMACOGENETICS IN RHEUMATOLOGY
Despite the limitations discussed earlier, pharmacogenetic research 
has long since begun to impact the field of rheumatology.19-23 In the 
following section we review the current literature regarding the phar-
macogenetic properties of drugs utilized for rheumatologic disease.

Glucocorticoids
Several studies have been carried out to assess the impact of glucocor-
ticoid receptor (GR) gene variants on glucocorticoid response (Table 

TABLE 23.1 REPORTED GENOTYPIC ASSOCIATIONS WITH 
RESPONSE TO GLUCOCORTICOIDS

Gene Allele Phenotype Reference

Glucocorticoid 
receptor

22/23 EK Resistance Van Rossum24

N363S Hypersensitivity Huizenga27

Intron 2 (ex2 + 646bp) 
− G (*GAT haplotype 
inclusive of intron 2 
SNP allele)

Hypersensitivity Van Rossum25

Stevens28

CRHR1 GAT haplotype Improved lung 
function after 
therapy

Tantisira 
et al30

rs242941

rs1876828

T-bet 
transcription 
factor

rs2240017 G Increased airway 
responsiveness 
after inhaled 
glucocorticoid 
therapy

Tantisira 
et al31
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majority of which were related to hepatotoxicity.50 Similarly, Urano 
and associates found an increased rate of hepatotoxicity in patients 
carrying the 677T allele.51 In contrast, Berkun and colleagues reported 
an association between the MTHFR 1298CC allele and a reduced 
likelihood of MTX-related side effects, while there was no association 
between the 677 genotype and toxicity52 (Fig. 23.1). More recently, 
Hughes and associates observed an association of the 1298AA genotype 
with increased risk of toxicity among whites.53 However, Wessels and 
colleagues examined the 1298A/C SNP and reported the 1298C allele 
was associated with toxicity in a cohort of 205 patients with rheuma-
toid arthritis.54 Furthermore, Kumagai and colleagues found no associa-
tion between either the 1298 or the 677 genotype and the likelihood 
of toxicity.55 Interestingly, in the latter two studies a substantial portion 
of patients received folate supplementation and the majority of toxici-
ties reported were non-hepatic, whereas in those patient cohorts for 
which associations were reported, few if any patients received folate 
supplementation and the majority of toxicities were hepatic. These 
observations could be consistent with the findings of Van Ede and 
associates, who reported that folate supplementation reduces the inci-
dence of hepatic but not non-hepatic MTX-related adverse events5,56 
and may indicate that the pharmacogenetics of MTX-induced hepatic 
toxicity differ from that of other forms of toxicity. However, further 
studies will be required to identify and establish the roles of confound-
ing factors influencing the response to MTX.

Associations with MTX efficacy have also been reported. Urano and 
associates found that among patients with rheumatoid arthritis receiv-
ing MTX therapy, those with the MTHFR 1298C allele and those with 
the 766C-1298C haplotype received lower doses than those without.51 
Kumagai and coworkers reported associations of homozygosity for two 
alleles of thymidylate synthase (TYMS) with higher MTX dosage and 
incidence of greater than or equal to 50% improvement in serum 
C-reactive protein level, respectively.56 Dervieux and colleagues reported 
an association of increased “pharmacogenetic index” (a scored value 
based on genotypes for common alleles of RFC-1 (reduced folate carrier 
1), ATIC (AICAR transformylase), and TYMS with the number of 
tender and swollen joints after MTX treatment in patients. Conversely, 
Van Ede and coworkers found no association of MTHFR 677 genotype 
with change in disease activity score (DAS) among MTX-treated 
patients with rheumatoid arthritis and neither Berkun and coworkers52 
nor Kumagai and colleagues56 found associations between either 
MTHFR 677 or 1298 genotype and efficacy. Wessels and associates 
reported the 1298AA genotype was associated with improved efficacy 
of methotrexate.54 Furthermore, a multi-gene pharmacogenetic model 
was developed by Wessels and coworkers, including genes of MTX 
metabolism and purine and pyrimidine synthesis.57

In the cases of both MTX efficacy and toxicity there has been an 
apparent lack of consistency in the identification of associations across 
studies, particularly with regard to MTHFR genotype (Table 23-3). To 
address these inconsistencies that may relate to cohort size and 

PLA2 platelets showed greater sensitivity to aspirin than those of either 
homozygous genotype, whereas a similar association was reported by 
Andrioli and associates.40 Although these data are together inconsis-
tent and their implications for aspirin’s anti-inflammatory efficacy are 
unclear, attention to future studies may be warranted.

The majority of pharmacogenetic data on other NSAIDs consist of 
associations of variants of the drug metabolism gene CYP2C8 and 
CYP2C9 (CYP-cytochrome P) with alterations in the pharmacokinetic 
profiles of those NSAIDs that are substrates (Table 23.2). Influence of 
the CYP2C8 and CYP2C9 genotype on the clearance/metabolism of 
ibuprofen,41 flurbiprofen,42 celecoxib,43 naproxen,44 and diclofenac45 
have all been reported, although contradictory data for diclofenac46,47 
and celecoxib46 have arisen as well. Interestingly, Aithal and associates 
found no association between the CYP2C9 genotype and diclofenac-
induced hepatotoxicity48 but did report an association for this pheno-
type with alleles of cytokines interleukin-4 and interleukin-10.49

Disease-modifying antirheumatic  
drugs (DMARDs)
Methotrexate
Numerous studies have focused on the pharmacogenetics of low- 
dose methotrexate (MTX) in rheumatoid arthritis, particularly with 
regard to common single nucleotide polymorphisms in genes involved 
with folate metabolism. The data, however, have been somewhat 
inconsistent.

With regard to MTX-associated toxicity, Van Ede and coworkers 
reported that the CT and TT genotypes of the methylenetetrahydrofo-
late reductase (MTHFR) 677 locus were associated with an increased 
risk of discontinuing MTX treatment due to adverse events, the 

TABLE 23.2 REPORTED ASSOCIATIONS OF CYP2C8 AND CYP2C9 GENOTYPE 
WITH RESPONSE TO NSAIDS

Drug Allele Phenotype Reference

Ibuprofen CYP2C8*3 Low clearance rate Garcia-Martin 
et al41

CYP2C9*3

Flurbiprofen CYP2C9*3 Low clearance rate Lee et al42

Naproxen CYP2C9*3, 
CYP2C9*5

Decreased 
desmethylnaproxen 
formation

Tracy et al44

Celecoxib CYP2C9*3 Low clearance rate Kirchheiner et al46

Diclofenac CYP2C9*3 Diclofenac/4´-OH ratio Dorado et al45
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SINGLE NUCLEOTIDE POLYMORPHISMS IDENTIFIED IN THE HUMAN MTHFR GENE

11560k
Genotyped SNPs

Entrez genes

rs 1801131
1298 A/C
Glu/Ala

rs 1801133
677 C/T
Ala/Val

NM_005957

MTHFR

11565k 11570k 11575k

Fig. 23.1 Single nucleotide polymorphisms identified in the human MTHFR gene. The locations are indicative of C677T, which encodes an alanine to valine change, 
resulting in a thermolabile enzyme with reduced activity, and A1298C, which encodes a glutamine to alanine change and reduction in enzyme activity. (From the 
International HapMap Consortium. The International HapMap Project. Nature 2003;426:789-796.)
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Sulfasalazine
It has long been established that the pharmacokinetic properties, effi-
cacy, and toxicity conferred by sulfasalazine therapy were influenced 
by acetylator phenotype,69-75 and, more recently, the relationships of 
alleles of the N-acetyltransferase 2 (NAT2) gene with these phenotypes 
have been increasingly understood.76-82 Kumagai and associates reported 
that the NAT2 genotype was associated with both the pharmacokinet-
ics (sulfapyridine/N-acetylsulfapyridine) and efficacy of sulfasalazine 
treatment in a cohort of patients with rheumatoid arthritis.77 Tanaka 
and colleagues found within a group of patients with rheumatoid 
arthritis that slow acetylators who lacked the NAT2*4 allele experi-
enced adverse effects from therapy more often than fast acetylators who 
had at least one NAT2*4 haplotype.80 Kita and coworkers showed that 
differences between NAT2 genotype groups in pharmacokinetic pro-
files of sulfasalazine were enhanced after multiple dosing relative to 
single dosing.82 Yokogawa and coworkers were able to predict NAT2 
genotype among five variants based on observed sulfapyridine metabo-
lism profiles 4 days after onset of sulfasalazine administration.76 Inter-
estingly, Gunnarsson and associates reported that the NAT2 slow 
acetylator genotype is associated with propensity for induction of sul-
fasalazine-induced systemic lupus erythematosus.83

Cyclosporine
Bonhomme-Faivre and colleagues reported an association of the mul-
tidrug resistance protein 1 (MDR1) transporter C3435T polymorphism 
with concentration/dose ratio of cyclosporine 3 days after administra-
tion in 44 liver transplant patients.84 In addition, a small study by Min 
and colleagues showed that mean area under the curve/unit dose 
(AUC/D) and apparent oral clearance (CL/F) were significantly associ-
ated with CYP3A4*1B genotype,85 whereas in another, similar study, 
AUC and CL/F after cyclosporine administration were associated with 
CYP3A5*3C genotype.86 However, Anglicheau and colleagues found 
no association of CYP3A5 genotype and cyclosporine pharmacokinetic 
parameters, although they did find a weak but significant association 
with the MDR-1 C1236T genotype.87 The implications of these asso-
ciations for cyclosporine pharmacokinetics and efficacy in rheumatoid 
arthritis are worthy of further investigation.

Biologic DMARDs
The vast majority of pharmacogenetic studies of biologic agents have 
focused on tumor necrosis factor (TNF) antagonists for the treatment 
of rheumatoid arthritis. Early studies reported associations in relatively 
small cohorts. Martinez and associates reported associations of the 
TNF-α a11, b4, and D65273.3 alleles as well as the Bat2_2/D6S273_4 
haplotype with response to infliximab after 3 months of therapy in a 
cohort of 78 RA patients.88 Mugnier and associates found that among 
a group of 59 patients with rheumatoid arthritis treated with inflix-
imab, those with the TNF-α −308 G/G genotype showed better response 
than those with the A/A or A/G genotypes.89 In a cohort of Crohn’s 
disease patients, homozygosity for a haplotype in the TNF/lympho-
toxin A (LTA) region was associated with non-response to infliximab,90 
whereas in a similar study the TNFRI minor allele was associated with 
lower response to infliximab.91 In contrast, in a cohort of 226 Crohn’s 
disease patients the TNFα −308 genotype was not associated with 
response to infliximab92 and Masheretti and associates reported that 
two alleles of TNFRII were associated with lack of response in one (n 
= 90) but not another (n = 444) cohort of patients with Crohn’s 
disease.93 In a study based on a population of 123 RA patients, the 
combination of −308 TNF1/TNF1 and −1087 G/G was associated 
with response to etanercept, whereas a combination of interleukin-1ra 
A2 and transforming growth factor-β1 915C alleles was associated with 
non-response.94 More recently, larger patient population studies of 
TNF pharmacogenetics in patients with rheumatoid arthritis have 
been published. Criswell and colleagues reported that the combination 
of two HLA-DRB-1 shared-epitope alleles, as well as two extended 
haplotypes that included the HLA-DRB-1 shared-epitope alleles and 
six SNPs in the LTA-TNF region were associated with response to 
etanercept.95 The significance of any of these findings remains unclear 
in light of the common clinical observation that individuals who do 
not respond to one anti-TNF biologic agent may respond to a different 
one. The largest cohort of TNF antagonist pharmacogenetics was 

statistical power, Fisher and Cronstein conducted a meta-analysis of 
published studies on the MTHFR SNPs and risk of toxicity.58 In the 
meta-analysis, the C677T SNP was associated with an increased risk 
of toxicity (odds ratio [OR] 1.71; 95% confidence interval [CI] 1.32-
2.21). As discussed earlier, there are a number of factors that may 
contribute to variability, and in this instance relatively small patient 
populations and inconsistent phenotyping criteria may be at least  
partially responsible.

Gold
A number of investigators have reported evidence for HLA genotype 
influencing propensity toward adverse response to gold therapy. Singal 
and associates observed an association of HLA-DR3 genotype with 
gold-induced thrombocytopenia or proteinuria in a population of 520 
RA patients,59 whereas Clarkson and colleagues reported an association 
of complement C4 null allele but not HLA-DR3 or DR4 with renal or 
hematologic side effects to gold administration in a cohort of 81 RA 
patients.60 Potential genetic risk factors for poor efficacy have not yet 
been established, but future studies may be aided by continued improve-
ments in the understanding of gold mechanism of action.61

Azathioprine
There have been a number of studies on the pharmacogenetic proper-
ties of azathioprine, focusing primarily on the role of SNPs in the gene 
thiopurine methyltransferase (TPMT) in determining susceptibility to 
toxicity, and the literature in this area has been reviewed elsewhere.62-65 
Among those studies based on data from rheumatologic use, Black and 
associates reported that 5 of 6 individuals who incurred toxicity out of 
a cohort of 67 patients receiving azathioprine for rheumatologic disease 
were heterozygous for mutant TPMT alleles.65 In another study, among 
a group of patients with rheumatoid arthritis receiving azathioprine, 
those experiencing adverse effects showed a significantly decreased 
level of TPMT activity relative to those who did not and 7 of 8 patients 
with “intermediate” TPMT activity developed toxicity.66 In a recent 
study by Corominas and colleagues in which 40 patients with rheu-
matoid arthritis were treated with azathioprine, 3 of 6 who developed 
toxicity were TPMT3A carriers.67 Similarly, Ishioka and associates 
reported that in a cohort of 36 patients receiving azathioprine therapy, 
3 of 3 carriers for the mutant TPMT*3C allele discontinued treatment 
owing to leukopenia, relative to 4 of 33 non-carriers.68 Combined with 
evidence from the many studies in patients with non-rheumatic dis-
eases, these data strongly support the notion that the TPMT genotype 
is a useful predictor of azathioprine-associated toxicity.

TABLE 23.3 TESTS FOR ASSOCIATION OF MTHFR SNP ALLELES AND 
RESPONSE TO MTX

Polymorphism
Reported 
associations

Lack of 
associations Reference

C677T Increased risk of 
discontinuing MTX 
due to adverse 
events

Van Ede et al49

Increased rate of 
toxicity

Urano50

Efficacy or toxicity Kumagai et al52

Toxicity Berkun et al51

Efficacy Van Ede49

A1298C Reduced likelihood 
of MTX-related side 
effects

Berkun et al51

Lower dose Urano50

Efficacy or toxicity Kumagai52

Disease activity Berkun51

Toxicity Hughes53

MTX, methotrexate.
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Of additional interest in rheumatology is the potential use of phar-
macogenetic data as a tool in the elucidation of the etiology of the 
target disease. As discussed earlier, identifying the appropriate stratifi-
cation criteria to apply to the study population is a critical factor in an 
association study’s success. Measurement of, and adjustment for, 
potential confounders is a particular challenge in the case of a disease 
such as rheumatoid arthritis, in which the etiology is incompletely 
understood and thus the array of genetic and non-genetic factors likely 
to influence the course and severity of disease is not entirely defined. 
In such cases, it is conceivable that response to a drug may be dictated 
in part by particular disease subphenotypes98 or clinical presentations 
indicative of a state or, perhaps, subtype of the target disease in the 
individual patient. If, as a result, identifying a statistically significant 
association between a drug response phenotype and a genetic marker 
depends on the correct subset of patients being included in the study 
population, then the identification of the required patient stratification 
criteria combined with the elucidation of contributing alleles and 
knowledge of the mechanism of action of the drug could together serve 
to better characterize the target disease and distinguish any existing 
forms.

The value of pharmacogenetics research to the field of rheumatol-
ogy, while promising so far, is likely to continue to grow as the tools 
and knowledge available to investigators continue to evolve. Whereas 
the genotyping and analysis tools as well as patient cohort data required 
for large-scale, genome-wide studies capable of teasing out alleles with 
increasingly small effect sizes continue to improve, so will investiga-
tors’ understanding of the target diseases as well as the mechanisms 
of action of drug therapies and their toxicities. The convergence of 
these data is certain to enhance the power of pharmacogenetics research 
and thus the promise of rationally individualizing therapy using genet-
ics in the future of clinical medicine.
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reported by Maxwell and colleagues.96 They examined 8 SNPs in the 
region containing the TNF gene among 1050 patients with rheumatoid 
arthritis, including 455 patients prescribed etanercept and 450 patients 
prescribed infliximab. An association between the TNF −308 genotype 
and change in DAS-28 was observed, indirectly validating the TNF 
−308 finding of other investigators.

Finally, whole genome scans have recently become feasible and have 
identified a number of novel genes for whom variants are associated 
with susceptibility to autoimmune diseases. This approach represents 
an “unbiased” approach that is not subject to publication bias that 
typically reflects publication of positive findings but not failed studies. 
A pilot whole genome scan study of TNF antagonist pharmacogenetics 
was published by Liu and associates on 89 patients and identified by 
a number of candidate SNPs that require validation in independent 
cohorts.97

CONCLUSION
The work discussed in this chapter provides strong support for the 
notion that the pharmacogenetic properties of antirheumatic drugs are 
likely to play an important role in the future of rheumatology. Because 
the majority of this work consists of studies focusing on single-allele 
associations, these data may, in fact, represent only the beginning of 
what such studies will ultimately yield. As is the case in complex 
disease genetics, it is likely that the genetic components of drug 
response will in many cases be found to be conferred by multiple genes 
and, therefore, that response phenotypes will be found to depend on 
genotypes of multiple alleles rather than just one. Among the chal-
lenges for researchers is the difficulty in obtaining patient cohorts of 
sufficient size that the number of patients in each genotypic category 
provides adequate statistical power for analysis, as well as the fact that 
when multiple alleles are conferring a trait, the relative contributions 
of each are likely to be smaller and therefore more difficult to detect. 
Resolving these issues will require the implementation of large-scale, 
prospective association studies; and as the technologies available for 
cost-effective, high-throughput genotyping, the speed with which new 
SNPs may be identified, and the knowledge base on how to correctly 
stratify the study populations for all relevant confounding factors con-
tinue to improve, it is likely that the frequency and success of such 
studies will increase.
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(mainly adrenal and gonads), the efferent sympathetic and parasympa-
thetic nervous system, and the afferent sensory nervous system. Figure 
24.1 is a representation of the different endocrine and neuronal axes. 
The hypothalamic-pituitary-adrenal (HPA) axis influences many 
immunologic mechanisms (see later). It comprises the hypothalamic 
hormone corticotropin-releasing hormone (CRH), the pituitary adreno-
corticotropic hormone (ACTH), and adrenal steroids, including the 
major hormones cortisol, progesterone, dehydroepiandrosterone 
(DHEA), and androstenedione (ASD), as well as the thyroid axis. Pro-
gesterone, DHEA, and ASD are precursor hormones that can be con-
verted to downstream sex hormones. Importantly, sex steroid action 
can take place in the same cells where conversion takes place (intra-
crinology).6 In postmenopausal women, nearly 100% of sex steroids are 
synthesized in peripheral tissues from precursors of adrenal origin (in 
older men peripheral conversion depends on age and can be up to 80%). 
Thus, after the menopause and during aging, the HPA axis can take 
over various functions of the hypothalamic-pituitary-gonadal (HPG) 
axis (Fig. 24.2) and influence the immune/inflammatory reactivity. 
Peripheral conversion of hormones can be influenced by locally pro-
duced cytokines, hormones, and neurotransmitters.7

In addition to the HPA axis, the HPG axis particularly plays an 
important role in the reproductive years when gonadal hormones  
are produced in large amounts from ovaries and testes. The well- 
known undulation of symptoms of autoimmune diseases during the  
menstrual cycle demonstrates this important influence. In this situa-
tion, gonadally produced estrogens and androgens can bypass the con-
version steps via DHEAS, DHEA, and ASD (see Fig. 24.2, yellow box). 
Beyond steroid hormones, pituitary prolactin and pineal melatonin 
demonstrate immune-stimulating properties.8,9 Another important 
hormonal system is the somatotropic axis with growth hormone–
releasing hormone, growth hormone, and peripherally produced insu-
lin-like growth factor-1 (IGF-1), which has proven immunomodulating 
effects.

The central neuroendocrine system is activated upon peripheral 
inflammation in which the HPA axis is stimulated (stress response 
system) and the HPG axis and the somatotropic axis are blocked. The 
major immune stimulus for the HPA axis is circulating interleukin 
(IL)-6, interferon-γ, tumor necrosis factor (TNF), and local IL-6 and 
IL-1β that directly activate sensory afferents. In addition, the neuroen-
docrine system can be activated by psychological stress (which also 
includes pain transmitted via sensory afferents). It is important to 
mention that acute stimulation of neuroendocrine centers can lead to 
markedly different behavior of these axes when compared with chronic 
stimulation due to habituation phenomena. Chronic proinflammatory 
activation can lead to functional and subclinical insufficiency of the 
HPA axis.

The hypothalamic-pituitary-adrenal axis
Influence of HPA axis hormones on the development of  
the immune system
There are tight connections between the HPA and somatotropic axes 
and the thymus.10 For example, glucocorticoids were long known to 
inhibit thymocytes, and thymocytes possess all the enzymes to gener-
ate glucocorticoids in the thymic microenvironment.11 ACTH inhibits 
mitogenesis of immature and mature thymocytes,12 DHEA suppresses 

Effects of the neuroendocrine system 
on development and function of the 
immune system
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INTRODUCTION
A possible molecular connection between the neuroendocrine system 
and the immune system was originally predicted on the basis of clinical 
findings. Independent observations already made in the 19th century by 
Trousseau, Charcot, and Bannatyne indicating that pregnancy is favor-
able in rheumatoid arthritis (RA) were summarized in the Nobel Prize 
lecture of the rheumatologist Philip S. Hench, on December 11, 1950 
(http://nobelprize.org/medicine/laureates/1950/hench-lecture.pdf). Dr. 
Hench wrote1:

. . . after 1931, records of these cases [of cases with RA] were more 
carefully made and assembled . . . because of my growing belief that 
this phenomenon of relief [from arthritic disability] was analogous 
to, if not identical with, that which may occur during jaundice, and 
that the same agent might be responsible for the relief both during 
pregnancy and jaundice, although the mechanism . . . might be 
different.

For the first time, these observations linked immune/inflammatory 
diseases to hormones, and this was firmly established by the enormous 
treatment success obtained through the use of endogenous glucocorti-
coids at the beginning of the 1950s.2 In addition, the obvious female-
to-male preponderance in prevalence and incidence of autoimmune 
diseases spoke for the role of sex hormones such as 17β-estradiol, 
progesterone, and testosterone. This preponderance is particularly 
evident in the reproductive years, when sex hormones are highest in 
women and men. Furthermore, the induction of ovulation by gonado-
tropins, gonadotropin-releasing hormone analogs, or clomiphene can 
result in flares, embryonic losses, or fetal deaths in patients with sys-
temic lupus erythematosus (SLE) or antiphospholipid antibody syn-
drome.3 Again, this indicates that generally an increase of female sex 
hormones can worsen an autoimmune disease. In sharp contrast seems 
to be the finding that some women develop an autoimmune disease 
such as RA after the menopause when serum sex hormone levels dra-
matically fall. This is not an unsolvable paradox compared with the 
just-mentioned role of sex hormones, as will be shown, because sex 
hormones have very different effects on different types of immune cells; 
in addition, their peripheral metabolism plays an important role.

The clear connection between stressful life events on the one hand 
and exacerbations of autoimmune diseases on the other demonstrate 
a role of steroidal hormones or neurotransmitters in these diseases (i.e., 
cortisol and norepinephrine).4 Similarly, the phenomenon that in dif-
ferent diseases hemiplegia spares the paretic side from inflammatory 
signs and symptoms supports an important propagating role of the 
nervous system.5 Moreover, the circadian undulation of symptoms in 
autoimmune diseases links the rhythms of the central nervous and 
neuroendocrine systems to immunologically mediated phenomena. 
These clinical findings opened up totally new avenues for understand-
ing the impact of the neuroendocrine system on development and 
function of the immune system.

THE NEUROENDOCRINE SYSTEM
The neuroendocrine system comprises the central nervous system 
(CNS), pituitary and pineal hormones, hormones of peripheral glands 
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findings play relevant roles in immunophysiology of rodents, their 
impact has never been demonstrated in humans with or without an 
autoimmune disease.

The influence of HPA axis hormones on the immune system 
function: in vivo and in vitro studies
Although CRH, as a major hormone of the hypothalamus, has a strong 
anti-inflammatory role in the general regulation of the HPA axis, CRH 
produced locally exerts many proinflammatory effects.20 Indeed, the 
use of a CRH receptor type 1 antagonist ameliorated adjuvant arthri-
tis.21 Typically, stimulation of either CRH receptor type 1 or type 2 
triggers activation of adenylyl cyclase and increases cyclic adenosine 
monophosphate (cAMP) levels mediated by Gs-adenylyl cyclase signal-
ing.22 However, in certain cells, CRH is unable to activate this anti-
inflammatory pathway, and one may observe phosphoinositol 
hydrolysis, protein kinase C (PKC) activation, stimulation of the p42/
p44 and p38 mitogen-activated protein kinases (MAPKs), as well as 
release of other important proinflammatory signaling molecules, such 
as Ca2+ and nitric oxide synthase.22 Similarly, local ACTH exerts some 
stimulatory activities on cytotoxic T cells,12 and T lymphocytes, B 
lymphocytes, and macrophages possess melanocortin receptors.23 
ACTH can bind to all melanocortin receptors type 1 to 5, and signaling 

proliferation of thymocytes,13 and DHEA induces thymocyte apoptosis 
by upregulation of Fas and Fas-L.14 Inversely, thymic factors such as 
thymulin or cytokines influence the hypothalamic-pituitary axis (e.g., 
GH secretion), which led to the concept of a reciprocal feedback loop 
between the hypothalamic-pituitary axis and the thymus.10 In addition, 
GH and prolactin also were shown to be important connectors of the 
pituitary gland and the thymus.10 These interconnections between the 
hypothalamic-pituitary axis and the thymus most probably play an 
important role in the aging process when the integration of this network 
is disrupted and the thymus undergoes involution.15 Because the 
thymus is the primary T-lymphopoietic organ during ontogenesis, its 
age-related involution with morphologic alterations is, in part, respon-
sible for the decline in antigen-specific T-lymphocyte immune func-
tions. Presently, it is unclear whether the neuroendocrine connection 
between the hypothalamic-pituitary axis and the thymus is altered in 
human chronic inflammatory autoimmune disease.

Progesterone inhibits differentiation of bone marrow–derived den-
dritic cells, and it also influences maturation of dendritic cells.16,17 In 
addition, progesterone might influence B-lymphocyte development 
because progesterone receptors have been demonstrated in premature 
B cells.18 The inhibiting role of glucocorticoids on B-lymphocyte devel-
opment has been demonstrated in the mouse.19 Although most of these 
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Fig. 24.1 Neuroendocrine pathways relevant in rheumatic diseases. 
Neuroendocrine pathways link the central nervous system with the 
periphery by way of hormones and nerve fibers (neurotransmitters). 
Some important cells are demonstrated to indicate some targets in 
inflamed tissue and lymphoid organs. Autonomic efferents 
comprise sympathetic and parasympathetic nerves with the main 
sympathetic neurotransmitters norepinephrine (plus neuropeptide 
Y, adenosine triphosphate, and endogenous opioids) and with the 
main parasympathetic neurotransmitter acetylcholine. The sensory 
nervous system bears vesicles with substance P, galanin, and 
calcitonin gene–related peptide. ACTH, adrenocorticotropic 
hormone; ASD, androstenedione; CRH, corticotropin-releasing 
hormone; DHEA, dehydroepiandrosterone; FSH, follicle-stimulating 
hormone; GH, growth hormone; GHRH, growth hormone–releasing 
hormone; GnRH, gonadotropin-releasing hormone; IGF-1, insulin-
like growth factor-1; LH, luteinizing hormone; POMC, 
proopiomelanocortin-derived proteins (other than ACTH); RAAS, 
renin-angiotensin-aldosterone system; T3, triiodothyronine; T4, 
thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyroid-
stimulating hormone (or thyrotropin).
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Glucocorticoids and progesterone shift the T-cell immune response to 
a T-helper type 2 (Th2) immune phenotype.27 This phenomenon is 
most probably an important factor during pregnancy to save the semial-
logenic embryo from the maternal immune system.28 In addition, this 
cytokine shift is also an important factor for pregnancy-related amelio-
ration of diseases such as RA and multiple sclerosis (mainly Th1-
mediated diseases) but also a stimulating factor in SLE (Th2-mediated 
disease).

Finally, adrenal androgens were found to have several anti- 
inflammatory effects by inhibiting cytokines such as IL-2, IL-6, TNF, 
interferon-γ, and others.29 These anti-inflammatory effects are attrib-
uted to the biologically active DHEA but not its biologically inactive 
precursor DHEA sulfate (DHEAS). In the circulation, DHEAS is the 

via type 4 and 5 leads to proinflammatory events via phosphoinositol 
hydrolysis, PKC activation, and stimulation of the JAK/STAT 
pathway.24 This is opposite to the effect of melanocortin receptor type 
1, which triggers activation of adenylyl cyclase and increases cAMP 
levels.24 Thus, similar to CRH, expression of receptor subtypes and 
important co-molecules is decisive in modulating the immune response.

In contrast, glucocorticoids possess anti-inflammatory effects in 
vitro on almost all immune cells studied. This is particularly true if 
concentrations of cortisol or corticosterone are above 10−7 mol/L, and 
if, in vivo, this elevation lasts for a longer period of time (days to 
weeks). In contrast, if, in vivo, glucocorticoids rise for only a short 
period of time (hours), they might exert overall immunostimulatory 
effects by inducing redistribution and migration of immune cells.25,26 

STEROIDOGENESIS IN THE ADRENAL GLAND AND STEROID
CONVERSION IN PERIPHERAL CELLS
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Fig. 24.2 Steroidogenesis in the adrenal gland and steroid 
conversion in peripheral cells. In the upper part (blue box), 
steroidogenesis (in adrenal gland) under healthy conditions is 
demonstrated. In the bottom part (yellow), the conversion of steroid 
hormones in peripheral cells such as the macrophage or fibroblast is 
depicted. The violet (and green) color in the yellow box indicates a 
proinflammatory (anti-inflammatory) influence. DHEAS is converted 
to downstream androgens and estrogens. The proinflammatory TNF 
interferes with several hormonal conversion steps (a line with a bar at 
the end indicates inhibition, whereas an arrow indicates stimulation). 
Numbers: 1 = P450scc, P450 side chain cleavage enzyme; 2 = 3β-HSD, 
3β-hydroxysteroid dehydrogenase; 3 = P450c21, 21-hydroxylase; 4 = 
P450c11, 11α-hydroxylase; 5 = DHEA sulfotransferase; 6a and 6b = 
P450c17, an enzyme with two activities (17α-hydroxylase and 
17/20-lyase); 7 = DHEAS sulfate; 8 = aromatase complex. ASD, 
androstenedione; DHEA, dehydroepiandrosterone; DHEAS, DHEA 
sulfate; TNF, tumor necrosis factor.
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relation to circulating and stimulating cytokines.38,39 Habituation phe-
nomena accompanied by cytokine-induced blockade of hormone syn-
thesis lead to their inadequate levels in chronic inflammatory diseases. 
In addition, concentrations of adrenal androgens are largely decreased 
owing to reorganization of adrenal steroidogenesis, leading to a prepon-
derance of cortisol relative to other adrenal hormones (stress response). 
This is most probably due to inhibition of adrenal 17,20-lyase activity 
of P450c17 (see enzyme 6b in Fig. 24.2). Importantly, the preponder-
ance of cortisol relative to adrenal androgens is a feature of nearly all 
chronic inflammatory diseases, because the loss of cortisol is life 
threatening and must be avoided.

In addition to alterations of HPA axis organ function, conversion 
and degradation of secreted hormones in peripheral tissue is largely 
altered. For example, glucocorticoids are increasingly degraded in 
inflamed tissue (i.e., synovial tissue in RA) due to an upregulation of 
the 11β-hydroxysteroid dehydrogenase type 2 activity and an inade-
quate reactivation of degraded hormones via 11β-hydroxysteroid dehy-
drogenase type 1.40 In cells of inflamed tissue, activation of the 
biologically inactive DHEAS to the biologically active DHEA is inhib-
ited by TNF41 (see Fig. 24.2, yellow box), and TNF activates the 
aromatase complex leading to the formation from androgens of proin-
flammatory estrogens, such as 16-hydroxylated estrogens (see Fig. 
24.2, yellow box).42 All these peripheral phenomena lead to a more 
proinflammatory environment in inflamed tissue and might explain 
otherwise unexpected immune/inflammatory reactions and therapeutic 
results.

pool for DHEA, which is converted from DHEAS in peripheral cells. 
It was thought that biologically active DHEA had opposite effects 
compared with cortisol by inhibiting Th2 immune reactions. This 
DHEA effect stimulated several clinical trials in patients with SLE 
(characterized by low serum DHEA levels), which demonstrated an 
overall beneficial effect in this Th2-mediated disease.30,31 A similar 
positive role of DHEA was not demonstrated in the T-helper type 
1/17–driven RA (Th17), which most probably depends on conversion 
of DHEA to proinflammatory 7β-hydroxy-DHEA (see Fig. 24.2, yellow 
box).32 It is still not absolutely clear how DHEA exerts its effects, but 
we can summarize that a major part is mediated by conversion to other 
hormones and a smaller part by ligation of DHEA to high-affinity 
membrane-binding sites.33 The importance of all these hormones in 
influencing T regulatory cells or Th17 cells is a matter of further 
investigations.

HPA axis hormones and pathophysiology of chronic  
inflammatory diseases
The lack of HPA axis hormones worsens inflammatory diseases both 
in animal models and in patients.34,35 Every acute inflammatory event 
(e.g., simulated by injection of IL-636) increases circulating levels of 
HPA axis hormones, but in patients with chronic inflammatory dis-
eases, hormone levels are not increased although IL-6 levels are con-
tinuously elevated (Fig. 24.3a).37 Importantly, the function of the HPA 
axis is abnormal and deficient in patients with chronic inflammatory 
diseases, and levels of HPA axis hormones are inadequately low in 
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Fig. 24.3 (a) Inadequate secretion of cortisol in relation 
to inflammation. In the right panel, one can see that 
subcutaneous (SC) injection of IL-6 leads to a large increase of 
serum cortisol in healthy individuals (HS).36 Looking at the left 
panel, one recognizes that injection of IL-6 leads to very 
similar serum levels of IL-6 in HS as compared with patients 
with rheumatoid arthritis (RA).37 However, serum cortisol 
levels are not increased in patients with RA as compared with 
HS, as demonstrated in the right panel.37 (b) Influence of 
estrogens on important proinflammatory and anti-
inflammatory pathways in different cell types. On the y-axis 
the concentration of 17β-estradiol is given. Depending on the 
concentration of 17β-estradiol, factors in orange boxes are 
stimulated and factors in blue boxes are inhibited by 
estrogens. DC, dendritic cell; IFN-γ, interferon-γ; IL, interleukin; 
TGF-β, transforming growth factor-β; TNF, tumor necrosis 
factor.
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important proinflammatory pathways such as TNF, IL-1β, IL-6, and 
MCP-1; inducible nitric oxide synthase expression; production of 
matrix metalloproteinases (MMPs); and activity of natural killer cells. 
In contrast, 17β-estradiol at the same concentration stimulates anti-
inflammatory pathways such as IL-4, IL-10, TGF-β, tissue inhibitors 
of MMP (TIMP), and osteoprotegerin. At lower concentrations, 
17β-estradiol stimulates TNF, IFN-γ, IL-1β, and activity of natural 
killer cells. This dichotomy of 17β-estradiol at high versus low concen-
trations is not observed for B cells, because antibody production is still 
stimulated throughout the full concentration range (see Fig. 24.3b). 
Consequences of these 17β-estradiol effects for chronic inflammation 
are summarized in the next section.

HPG axis hormones and pathophysiology of chronic  
inflammatory diseases
B cells, T cells, and antigen-presenting cells (macrophages, dendritic 
cells, and B cells) are needed for the initiation of autoimmune diseases. 
One might separate two clinically important phases of an autoimmune 
disease: an asymptomatic phase and a symptomatic phase (after disease 
development). Disease development means involvement of a target 
organ/target tissue leading to the classic clinical signs of visible and 
functionally relevant inflammation.

Recent important work in the field of RA has delineated that auto-
immune phenomena are present more than 10 years before disease 
development.51,52 In the asymptomatic phase, T cells, B cells, and 
antigen-presenting cells play an important hidden role because clonal 
expansion of autoreactive T cells and B cells happens without overt 
disease symptoms. Because the influence of estrogens on these cell 
types is different from other cell types, estrogens can have quite oppo-
site roles depending on involved cells. If B cells play a center role by 
antigen presentation, autoantibody production, and/or bystander cyto-
kine secretion, estrogens will speed up the outbreak of the disease in 
the early reproductive years. Because men never experience these high 
estrogen or progesterone levels and counteract these hormones by 
testosterone, the apparent gender dimorphism of autoimmune disease 
during the reproductive period of women can be explained. If tissue-
destructive T cells and B cells play an equally important role, the onset 
of disease in a woman will be delayed because 17β-estradiol may inhibit 
T-cell autoimmunity but always stimulates B-cell autoimmunity. In 
such a situation, the onset of the disease might be shifted to the late 
reproductive phase or postmenopausal period. If tissue-destructive T 
cells play the most important role (no role of B cells), the onset of the 
disease should be expected in the postmenopausal phase when 
17β-estradiol but also progesterone declines. Thus, ovariectomy in 
animal models and the menopause in women are stimulatory for auto-
immune arthritis and other autoimmune diseases of late onset.

The location of tissue inflammation in an autoimmune disease is 
defined by the major autoantigen (or autoantigens). Once a disease has 
entered the highly inflammatory symptomatic phase, many other cell 
types are involved, depending on the major location of the autoimmune 
disease (e.g., in the brain, in the joint, in the kidney). For example, in 
the joint, macrophages, fibroblasts, osteoclasts, osteoblasts, adipocytes, 
endothelial cells, and many more cells are gradually involved in the 
inflammatory process. Depending on the predominant cell types 
involved, 17β-estradiol and also progesterone might have quite differ-
ent effects on these bystander inflammatory activities of participating 
cells.43

All cells (including B cells, T cells, and antigen-presenting cells) 
might have very different capacities to take up and to metabolize estro-
gens.42 Metabolism of estrogens depends on transport into cells, desul-
fation of sulfated estrogens, sulfatation of non-sulfated estrogens, 
androgen aromatization, and estrogen conversion to downstream 
hydroxylated or methylated estrogens (see Fig. 24.2, yellow box). In 
addition, upregulation or downregulation of estrogen receptors α and 
β (in cells or on the cell surface) and co-activators and co-repressors 
might well depend on involved cells and microenvironmental condi-
tions, such as accompanying hypoxia and the surrounding cytokine 
milieu. In addition, it has nicely been demonstrated in one animal 
model that 17β-estradiol accelerates immune-complex–mediated glo-
merulonephritis but ameliorates focal sialadenitis, renal vasculitis, and 
periarticular inflammation.53 This indicates that quite different patho-
logic processes might even be present in the same individual so that 

The hypothalamic-pituitary-gonadal axis
Influence of HPG axis hormones on the development of the immune 
system: the animal studies
In animal studies at high concentrations, 17β-estradiol leads to a 
suppression of B-lymphocyte lineage precursors. In addition, IL-7– 
responsive B-lineage precursors were greatly expanded in genetically 
hypogonadal female mice. Estrogen replacement in these mice resulted 
in a dose-dependent reduction in B-cell precursors.43 Similarly, preg-
nancy in mice led to a clear decline in B-cell precursors in the bone 
marrow, which was blocked by an estrogen receptor antagonist, and an 
increase was observed in hypogonadal mice. At pregnancy levels, 
17β-estradiol induced a downregulation of B lymphopoietic cells in the 
bone marrow of young ovariectomized mice, which is mediated through 
both estrogen receptors.43

In addition to effects of estrogens on B cells, estrogens have a strong 
influence on the development and maintenance of thymic function 
and, thus, on generation of naive CD4+ and CD8+ T cells. Estrogen 
receptor α–deficient mice have smaller thymuses than their wild-type 
littermates; and 17β-estradiol–induced thymus atrophy was reduced in 
these mice.43 In one study the CD4+/CD8+ phenotype was not 
changed in estrogen receptor α–deficient mice,43 but a higher frequency 
of CD4+CD8+ thymocytes was found in another study.43 In estrogen 
receptor–intact animals, 17β-estradiol (pregnancy levels) induced pro-
found thymus involution in normal and adrenalectomized mice.43 
However, 17β-estradiol did not induce lymphocytopenia in the periph-
eral organs but stimulated extrathymic T-cell numbers in the liver and 
other organs.43 Treatment with 17β-estradiol (pregnancy levels) for 4 
weeks decreased thymus cellularity and the percentage of CD4+ cells 
in the spleen, which was not observed in double estrogen receptor–
deficient mice.43 Whether this 17β-estradiol–induced thymic involu-
tion is beneficial or harmful in human chronic inflammation remains 
to be established because autoaggressive but also autotolerant T cells 
might be eliminated.

Finally, 17β-estradiol has been shown to promote the differentia-
tion of dendritic cells from bone marrow precursors in vitro, and this 
effect is mediated via estrogen receptor α.44 Raloxifene and tamoxifen, 
two selective estrogen receptor modulators, inhibited the differentia-
tion of estrogen-dependent dendritic cells from bone marrow precur-
sors ex vivo in competition experiments with physiologic levels of 
17β-estradiol.45

In conclusion, these experiments in animals and with cells of 
rodents demonstrate that 17β-estradiol has inhibitory effects on pre-
cursors of B cells and T cells. Similar inhibitory effects were demon-
strated for testosterone concerning the thymus.13 It is presently unclear 
how these sex hormones influence development of immune cell precur-
sors in patients with autoimmune diseases. This can be an important 
line of research because sex hormones might bias the immune response 
toward an autoimmune response already many years before outbreak 
of the development of the disease.46

Androgens and estrogens influence the function of immune system: 
the human studies
Generally, androgens, in physiologic concentrations, suppress the 
immune responses.47 Recent studies have shown that both physiologic 
(10−8 M) and pharmacologic (or high physiologic) (10−6 M) concentra-
tions of testosterone inhibit IL-1 secretion by peripheral blood mono-
nuclear cells (PBMC) obtained from RA patients.48 In addition, 
physiologic concentrations of testosterone inhibit IL-1 synthesis in 
primary cultured human synovial macrophages.49 In other studies, 
dihydrotestosterone has been found to repress the expression and  
activity of the human IL-6 gene promoter in human fibroblasts, thus 
supporting the concept of anti-inflammatory or immunosuppressive 
effects of androgens. Testosterone treatment does not appear to  
directly affect isolated B or T cells. However, in a follow-up study of 
SLE patients, testosterone suppressed both anti–double-stranded DNA 
IgG and total IgG production of PBMC.50 Thus, testosterone exerts 
similar immunosuppressive effects as compared with DHEA men-
tioned earlier.

Figure 24.3b summarizes the most important effects of high and 
low concentrations of estrogens on different types of cells involved in 
chronic inflammation. At pregnancy levels, 17β-estradiol inhibits 
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therefore, a situation in which an investigator in a clinical trial did not 
pay attention to the time point of examination and recorded improve-
ment that reflected the diurnal variation as much as a sustained  
treatment effect. Circadian rhythms are a basis for variations of the 
immune-inflammatory response.

Both IL-6 and TNF display a circadian rhythm (Fig. 24.4a), with 
maximum levels in the early morning hours.54 In healthy persons, the 
peak value of IL-6 is found at about 6 am; in patients with RA, the 
peak value of IL-6 appears at 7 am. In healthy persons IL-6 serum levels 
are 2 to 4 pg/mL, whereas in RA patients these levels are 20 to 40 pg/
mL. Thus, the amplitude of the curve of cytokine production is higher 
and the curve is broadened in RA as compared with controls.55 In 
healthy persons serum levels of IL-6 usually decrease by 9 am, whereas 
in RA patients these levels can remain elevated until 11 am. The 
increased amplitude and the broadened curve in the morning hours are 
important for the morning symptoms. In view of these observations 
the key question is what is driving the circadian oscillation of serum 
levels of cytokines?

The cycle of the HPA axis has a maximum in the early morning 
hours at 8 am and a nadir at midnight (see Fig. 24.4a). Detailed analy-
ses of the circadian curves of cytokines and cortisol have revealed a lag 
time between the cortisol rise in comparison to the increase of cytokine 
levels of 60 to 120 minutes.56 From this study and a recent analysis of 

estrogens have beneficial effects on one aspect of the disease but  
a deleterious influence on other mechanisms. This depends most  
probably on the involved cell types, concentrations, and peripheral 
metabolism.7

Studies in the past decade also demonstrated that the small change 
of estrogen or progesterone levels during therapy with oral contracep-
tives or hormone replacement therapy has variable effect to increase 
the risk or to inhibit an ongoing autoimmune disease (clear effects on 
overt disease).43 One understands that estrogens can even stimulate 
several immune mechanisms at postmenopausal levels owing to their 
bimodal role (see Fig. 24.3b).

Circadian rhythms and the immune system
The term circadian rhythm refers to the 24-hour cycles in the physi-
ologic processes of the living organism. Although circadian rhythms 
are a fundamental feature of the biology of animals, they were usually 
not considered as important determinants of disease. In considering 
symptoms of RA, it is remarkable that the improvement of morning 
stiffness induced by prednisolone after 6 months is similar in magni-
tude to the improvement of morning stiffness during a single day (from 
morning to evening). Under both conditions—the clinical trial and the 
course of one day—an improvement of 40% to 50% can occur. Imagine, 
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Fig. 24.4 Circadian rhythms in chronic inflammatory 
disease. (a) Circadian rhythm of cortisol and interleukin-6 
(IL-6) in healthy individuals and patients with rheumatoid 
arthritis (RA). The data are given in percent of the 24-hour 
mean. The concentration ranges of serum cortisol and 
serum IL-6 are given in the yellow box below the main 
graphs. Despite the markedly increased serum levels of 
IL-6 in patients with RA compared with healthy persons, 
the circadian rhythm of cortisol is similar in both groups 
(in amplitude and period). This phenomenon is called 
“inadequate secretion of cortisol in relation to 
inflammation.” (b) The role of administration of 
immunosuppressants during the increasing and falling 
flank of secretion of a proinflammatory mediator such as 
TNF. This information is derived from a perfusion study of 
the rat spleen, which demonstrates a very similar time 
course of TNF increase and decrease.60 The turning-on 
phase of a proinflammatory response is more vulnerable 
to immunosuppressants such as glucocorticoids than the 
turning-off phase. Administration of immunosuppressants 
during the turning-on phase has a stronger capacity to 
inhibit proinflammatory sequelae and related clinical 
symptoms.60
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proinflammatory sequelae better when given at an early time point at 
2 am rather than in the morning after awakening.

These observations are very important in understanding anti-
inflammatory counter-regulation of immune responses. It has been 
demonstrated that glucocorticoids induce the transcription of the IκBa 
gene, which results in an increased rate of IκBa protein synthesis and 
inhibition of proinflammatory NF-κB effects. Other studies have shown 
that glucocorticoids can interfere with the transcriptional activation 
potential of DNA-bound NF-κB complexes, leading to anti-inflamma-
tory effects. These effects appear very early in the turning-on phase of 
a proinflammatory response (early night). The turning-on phase of a 
proinflammatory reaction is much more vulnerable to immunosup-
pressants as compared with the turning-off phase (early morning). 
Therefore, the regulation of an important proinflammatory factor such 
as TNF increase must occur very early because otherwise an over-
whelming secretion of this harmful cytokine would occur (see Fig. 
24-4b).

In view of the circadian rhythms and the impact of the timing of 
immunosuppressive administration on efficacy, it would be of great 
interest to explore timed-release forms of cytokine neutralizers (on the 
basis of small molecules) or hormonal antagonists of melatonin, for 
example, as therapeutic modalities.60 Reformulating old drugs in new 
drug delivery forms could possibly lead to optimized drug release pat-
terns with improved immunosuppressant activities.

CONCLUSION
Clinical observations indicated a strong influence of the neuroendo-
crine system on the immune function in chronic inflammatory dis-
eases. It is obvious that these neuroendocrine pathways influence the 
development of the immune system by interfering with the thymus  
in that almost all hormones of the HPA and HPG axes support the 
gradual involution of the thymus. Similarly, hormones of these two 
axes also hinder B-cell lymphopoiesis, which was particularly demon-
strated for 17β-estradiol. On the other hand, CRH, ACTH, and 
17β-estradiol exert some immunostimulatory effects, whereas gluco-
corticoids and androgens generally suppress immune responses.

The action of the different hormones is influenced by (1) the 
immune stimulus (foreign antigens or autoantigens) and subsequent 
antigen-specific immune responses, (2) the cell types involved during 
different phases of the disease, (3) the target organ with its specific 
microenvironment, (4) timing of hormone increase in relation to the 
disease course (and the reproductive status of a woman), (5) the con-
centration of hormones, (6) the variability in expression of hormone 
receptors depending on the microenvironment and the cell type, and 
(7) intracellular and extracellular peripheral metabolism of hormones 
leading to important biologically active metabolites with quite different 
anti-inflammatory and proinflammatory function. Circadian rhythm 
of disease-related symptoms with a peak in the early morning hours 
confirms that the neuroendocrine system has a strong influence on 
these chronic immune/inflammatory diseases. The influence is trans-
ferred by the circadian undulation of the activity of hormonal and 
neuronal neuroendocrine pathways linking the brain to immune cell 
activation.61 New therapeutic strategies are based on circadian/circan-
nual rhythms and generally on understanding the complex neuroendo-
crine/immune system in more detail.62

several independent investigations,54 it appears that morning cytokine 
levels can drive the increase of cortisol. The cortisol rhythm in healthy 
subjects does not differ from that of patients with RA when disease 
activity is relatively low to moderate. This similarity pertains to the 
period, the amplitude, and the time point of the minimum and peak 
of the cycle (see Fig. 24.4a).

Although levels of cytokines 10 times higher than normal should 
drive a stronger cortisol response (see Fig. 24-4a), it is notable that the 
serum levels of cortisol are similar in healthy controls and patients 
with RA.56  This phenomenon was discussed earlier and was called 
“inadequate secretion of cortisol in relation to inflammation.” The 
reasons for this inadequacy relate in part to an inhibition (or exhaus-
tion) of the HPA axis by chronically elevated cytokines. In other words, 
secreted cortisol is unable to dampen the proinflammatory response. 
As such, cytokine levels stay high.

At present, it is thought that the cortisol nadir at midnight and the 
parallel increase of the proinflammatory hormone melatonin (and pos-
sibly prolactin) drive the increase of early nightly morning TNF and 
IL-6.55 Subsequently, these two cytokines drive cortisol, and the later 
cortisol increase finally dampens the cytokine surge, and so forth. 
Because the circadian rhythm is generated in higher brain centers of 
the endocrine and nervous systems (in the hypothalamus), the circa-
dian rhythms of cytokines mirror the activity of neuroendocrine centers 
in the brain. This provides a strong indication that neuroendocrine 
pathways influence disease-related pathophysiology and might suggest 
new options for therapeutic intervention.

Interestingly, the circadian activity of the neuroendocrine system 
seems to serve the different types of immune responses. During the 
day, the innate immune system is activated as delineated by increased 
numbers of circulating monocytes and granulocytes. These immune 
cells play the dominant role of the first-line defense. On take-up of 
antigens during the day (e.g., bacteria, viruses), macrophages and den-
dritic cells move to secondary lymphoid organs where the adaptive 
immune response is initiated and maintained during the night (night 
immune check-up). Dendritic cells present antigenic material to T and 
B cells during the night, which start to expand in a clonal manner. 
Because this is a vastly energy-consuming process, it happens in the 
night to fully allocate energy to the immune system and not to muscles 
and viscera.57

Finally, circannual variations of the vitamin D endocrine system 
are now also recognized as an important immune modulatory factor 
involved in autoimmune rheumatic diseases.58

These immunomodulatory and anti-inflammatory activities might 
be particularly efficient in RA patients and support a therapeutic role 
of 1,25-dihydroxy vitamin D3 in such a disease.58 In addition, vitamin 
D may play an important role in the maintenance of B-cell homeostasis 
and the correction of vitamin D deficiency may be useful in the treat-
ment of B cell–mediated autoimmune rheumatic disorders such as SLE.

Translational studies: night-time therapy
One would think that a therapeutic increase of circulating glucocorti-
coids should alleviate symptoms in patients with RA. Recent data from 
a double-blind, placebo-controlled randomized study in patients with 
RA demonstrated a marked effect on morning stiffness and serum IL-6 
levels when glucocorticoids were given at 2 am.59 The question appears 
why immunosuppressive treatment with glucocorticoids can inhibit 
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LEVELS OF EVIDENCE
During the past decade the accessibility of medical literature has tre-
mendously improved. It is safe to say that the majority of practicing 
rheumatologists nowadays can almost immediately get access to 
(abstracts of) almost every medical study that has been reported in the 
literature. In addition, meta-analysis and systematic literature review, 
in which the available literature is weighed and judged in a systematic 
manner and data are pooled, have become an art of science. In an 
attempt to bring some order to the quality of epidemiologic research, 
and consequently to prioritize types of research with respect to meth-
odologic rigor, several scales have been developed. One of the more 
comprehensive scales (with most differentiation) is the Oxford Center 
for Evidence-Based Medicine Scale, which applies levels of evidence to 
five different study scenarios (therapy, prognosis, diagnosis, differential 
diagnosis, and economic analysis).6 In general, such scales rate system-
atic reviews and appropriately conducted meta-analyses higher than 
individual RCTs, followed by observational studies, followed by case 
series, with expert opinion at the lowest level. Although level of evi-
dence scales can be very helpful in prioritizing (the quality of) studies, 
a note of caution is given. Often, a study is inappropriately rated. An 
unplanned subgroup observation in the context of an RCT, for example, 
should not be rated level 1, because the result is not obtained in an 
unbiased manner (see later), whereas a methodologically weak RCT 
also does not deserve a rate of 1. Sometimes, “low-grade evidence” is 
the only kind of evidence that can be obtained, for example, if the 
disease under study is very rare or if an RCT is considered unethical. 
Those who have been involved in the development of guidelines realize 
that a lot of what physicians do on an everyday basis is based on “expert 
opinion” and not substantiated by any study at all.

Instead of relying entirely on levels of evidence, readers of the 
medical literature should rather rate the studies themselves and try to 
get some insight in what the aim of the study is, how the study has 
been performed, and what should be the impact of the results with 
regard to their own patients.

RCTs OR OBSERVATIONAL STUDIES?
A typical RCT investigates whether a new drug, strategy, or interven-
tion is efficacious and safe in comparison with an equivalent treatment 
or placebo. The trial involves patient selection and randomization 
before the treatment begins and, thereafter, a predetermined follow- 
up time to establish whether the primary endpoint (the measure of  
the treatment effect) has been met. The most characteristic feature, 
and the major advantage of the RCT, is randomization. Technically, 
this process divides patients according to all known and unknown 
prognostically important factors across treatment groups and thereby 
creates a situation of similarity with respect to likely prognosis,  
at baseline. Or, in other words, treatment groups are similar for  
everything except allocated treatment. Prognostic similarity at baseline 
is important for attributing an observed effect to a particular treatment 
rather than to an imbalance in an unrelated, but prognostically  
important, factor.

RCTs also have important drawbacks. These trials might lack exter-
nal validity, or generalizability. Inclusion criteria and exclusion criteria 
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INTRODUCTION
In medicine there is a strong belief that randomized controlled trials 
(RCTs) are superior to observational studies. Randomization does 
provide indisputable strengths, but data show that RCTs and observa-
tional studies often arrive at the same conclusion. Furthermore, there 
are theoretical and practical problems that preclude the acceptance of 
RCTs as the only source of useful information: (1) RCTs often address 
research questions that do not serve the main interest of clinicians; (2) 
many research questions cannot be solved by RCTs; and (3) an RCT 
has methodologic requirements that should be met to favor its benefits 
optimally. Large observational studies are often considered second rate; 
however, observational cohort studies are sometimes the only source 
of data available and can often supply useful information to comple-
ment RCTs.

Although fundamental theory underlying the RCT—and the  
primary analysis of a RCT—is relatively simple, practical trial conduct 
faces a lot of potential pitfalls that may eventually result in the  
violation of prognostic similarity and introduce bias. Examples are 
inadvertent unblinding of a study drug (e.g., if the study treatment is 
very effective while the placebo is not), unbalanced non-random  
discontinuation (e.g., if the study drug is responsible for adverse  
drug reactions that cause selective dropout), or simply poor trial 
conduct or overt misconduct (e.g., if patients do not show up for visits, 
assessors do not measure outcomes with scrutiny, or, at worst, non-
existing or virtual patients with faked response patterns are reported). 
It is the investigators’ responsibility to optimize trial conduct and  
data collection, to perform a correct analysis of the data, and to trans-
parently describe the process and results of the trial in the medical 
literature: this is “good clinical practice.” The consumers of these 
reports, peer-reviewers, scientists, rheumatologists, workers in phar-
maceutical industry, regulatory authorities, and others have their  
own responsibility. They have the obligation to interpret the data care-
fully, weighing their integrity and importance, unprejudiced with 
respect to the investigators’ interpretations, and to translate trial infor-
mation into useful, clinically applicable information. This process  
has gained attention as “critical appraisal,” and the literature provides 
superb guidance as to how to critically appraise the report of an RCT.1,2 
Medical journals have agreed on guidelines with respect to trial report 
(e.g., CONSORT guidelines3), thus tremendously improving critical 
appraisal. Good clinical practice and critical appraisal are applicable  
to observational research without prejudice, although the focus may  
be slightly different. Recently, for example, the checklist for STrength-
ening in Reporting of OBservational Studies in Epidemiology (STROBE) 
was published in an attempt to improve the quality of reports in  
this field.4,5

In this chapter the focus primarily is on those methodologic ele-
ments that in my opinion are most important in critically appraising 
the results of clinical trials and observational studies with respect to 
application in clinical practice. Because some of these elements specifi-
cally pertain to RCTs, others primarily refer to observational studies, 
whereas there is also a generic category pertaining to both types of 
research, there will be three categories of critical appraisal: one primar-
ily referring to RCTs, one referring to observational studies, and one 
referring to both.
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Efficacy versus effectiveness
It is obligatory to be informed about the underlying aim of the trial, 
which is not necessarily the same as the primary study objective. Drug 
registration trials under the auspices of the pharmaceutical industry 
serve a different purpose than investigator-initiated trials with treat-
ment strategies. The former are often referred to as explanatory or 
efficacy trials and are characterized by a high level of internal validity, 
whereas the latter—pragmatic trials or effectiveness trials—more 
closely resemble clinical practice, often find their basis in questions 
emerging from clinical practice, and, as a consequence, have a higher 
level of external validity.7

The results of explanatory trials are often very robust and confirm 
the efficacy of the tested drug beyond statistical doubt but may fall 
short in terms of clinical significance. Examples are numerous and 
include any trial that presents results of a “new drug” tested against 
placebo or an active comparator.

Effectiveness trials often have a more understandable trial result 
that is more easily applicable in individual patients, but results may 
be biased, for example, by imperfections in blinding and changes in 
kind and intensity of treatment during the trial. An interesting type of 
trial that belongs to this group is the benchmark trial in RA. The 
essential characteristic of the benchmark trial is that treatment (kind 
and/or intensity) is not kept constant during the course of the trial but 
is dependent on the clinical response of the individual patient (whether 
the benchmark is met or not). Such a trial mimics everyday clinical 
practice very well but is in conflict with fundamental theory underlying 
RCTs, namely, that patient groups in a trial are prognostically similar 
during the trial. The methodologic robustness of the trial is to some 
extent jeopardized by increased clinical face validity. Readers should 
have knowledge of these elements because they are relevant for the 
interpretation of the results and the decision about their usefulness for 
application in individual patients.

Superiority trials and non-inferiority trials
Textbooks in clinical trial design teach that the underlying null hypoth-
esis should be carefully formulated during the design phase of the trial. 
The formulation of the null hypothesis, which is in theory the hypoth-
esis that is challenged by experimentation (the trial), tells immediately 
whether the basic design of the RCT aims at proving superior efficacy 
of a new treatment (the superiority design) or at proving that a new 
drug treatment is as effective as a comparator drug, for ethical reasons 
often the current standard of therapy (the non-inferiority design). The 
RCTs we have seen during the past decade in rheumatology most often 
had a superiority design, with the null hypothesis that the new treat-
ment was as efficacious as placebo or a comparator treatment. The 
design of the trial and the sample size are dependent on a minimally 
important difference, which is determined upfront by the investigators 
and serves as the basis for sample size calculations. In rheumatology, 
many consecutive RCTs have resulted in a number of treatments that 
have proven efficacy against placebo or against the standard of care 
therapy.

An affluence of effective treatments such as in RA has its other side 
of the coin. First, there is increasing sympathy for the ethical argument 
that progress in the treatment of rheumatic diseases should have its 
consequences for the standard of care in this disease. The immediate 
implication with regard to trial design is that conventional RCTs with 
placebo as therapy in the control group will be considered unethical. 
The more effective the therapy in the control group is, the more dif-
ficult it is to surpass the effect in the control group with a new treat-
ment: the classic superiority trial will be increasingly unfeasible.

Second, although we have that affluence of effective drugs such  
as in RA, there is a knowledge gap with respect to drug efficacy in 
mutual comparison. Using previous argumentation, these pregnant 
clinical questions cannot be solved with classic trial designs. Therefore 
we will probably see an increasing number of non-inferiority trials  
in rheumatology in the near future.8 Such trials have as a null hypoth-
esis that the new drug is inferior to the effective treatment in the 
control arm and embark on the determination of an appropriate non-
inferiority margin. More than the choice of a minimally important 
difference in superiority trials, the choice of a non-inferiority margin 

ensure that the trial population is a particular selection of the entire 
population with a certain disease. An RCT includes patients that are 
“prone to change,” that might have a high level of adherence to the 
protocol so as to ensure retention, or that have a low probability of 
adverse reactions from co-morbidity and/or co-medication. Conse-
quently, such a trial population comprises highly motivated, often 
educated individuals who have a high level of disease activity but who 
are otherwise healthy. This scenario usually does not appropriately 
reflect the normal clinical situation.

Another disadvantage of RCTs is their often relatively short follow-
up time. There are several trivial explanations, but probably the most 
important argument is that true prognostic similarity only exists at 
baseline and gets increasingly lost over time. Take, for example, co-
medication or other coincident interventions. A short follow-up period 
is methodologically advantageous (see internal validity, later) but may 
in rheumatology reflect only a small period of the entire duration that 
a patient is under observation for a chronic disease in real practice. As 
a consequence, RCTs often use surrogate endpoints rather than end-
points that truly reflect the clinical outcome of the disease. An appro-
priate example in this respect is the use of bone mineral density as a 
surrogate outcome measure for fractures in osteoporosis trials. It largely 
depends on the study question whether an RCT will provide the most 
appropriate answer. RCTs do provide a reliable impression of short-
term efficacy and safety of drugs in a selection of patients. They do 
not, however, provide information about an individual patient’s prog-
nosis, long-term results on relevant outcomes, and data about rare 
events. It is here that observational studies, with many patients and 
long follow-up, might prove their value.

CRITICAL APPRAISAL I: ISSUES  
PERTAINING TO RCTs
Internal validity and external validity
A trial is a rather artificial construct that usually serves one main 
purpose: to investigate whether a particular treatment is efficacious. In 
general, elements of trial design, such as the selection of patients, the 
sample size, the choice of the comparative intervention, and the dura-
tion of the trial, are chosen in such a manner that the trial can opti-
mally demonstrate a treatment effect, that is, a difference in efficacy 
between the new treatment and the control intervention. The meth-
odologic rigor of a trial, which is dependent on these elements of trial 
design, is referred to as internal validity.

Understandably, trials often do not resemble clinical practice. Rheu-
matoid arthritis (RA) trials, for example, often include patients with a 
high level of disease activity, which may form only a minority in clini-
cal practice. The extent to which clinical trial results can be extrapo-
lated to the common clinical practice is referred to as external validity. 
External validity is much more diffuse than internal validity. It depends 
on how the consumer of the data interprets the results, how these 
results are presented, how convincingly the investigators have argued 
their message, and how credible they are in the eyes of the beholder. 
It depends on whether the reader thinks the data of the trial are appli-
cable to an individual patient in the reader’s own practice. Undoubt-
edly, external validity will be judged as unsatisfactory if internal validity 
falls short. The opposite is not necessarily true. A trial with high inter-
nal validity can easily have insufficient external validity. An increas-
ingly common example in RA is the RCT with 1000 patients with high 
disease activity that tests a new treatment against the “currently best 
available disease modifying treatment for RA” and finds a small, sta-
tistically significant difference in favor of the new treatment that is not 
very clinically relevant. Such a new treatment will probably be approved 
by drug registration authorities if it is considered safe, because it has 
proven superiority in a well-conducted trial with high internal validity. 
Needless to say, this effective treatment with doubtful advantage over 
existing treatments should not be broadly applied in common clinical 
practice without further consideration (external validation). Readers of 
trial reports should weigh the balance between internal and external 
validity, which of both prevails, where one falls short in favor of the 
other, and which elements are important in translating the trial result 
into clinical practice.
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have had a clinical response. However, considering these dropouts as 
not having changed in a clinical trial with radiographic progression as 
the outcome measure is all but conservative, because it looks as if the 
dropouts do not have progression, and a trial arm with a high propor-
tion of premature discontinuations may be spuriously benefited.

In summary, ITT together with appropriate handling of data, 
including appropriate imputation, works conservatively in that it tends 
to reduce a treatment contrast.

Conservatism, however, is not necessarily a guarantee for a more 
truthful trial result. In the non-inferiority trial, ITT may spuriously 
lead to a conclusion of non-inferiority, whereas in truth unbalanced 
withdrawal, poor trial conduct, or unintended co-interventions may be 
responsible for the absence of a difference between treatment groups. 
An example may clarify this (Table 25.1). Suppose that two analgesic 
drugs (A and B) are compared with respect to their ability to relieve 
pain in an RCT and that drug A is in truth more effective than drug 
B (which of course you do not know in reality). The primary outcome 
measure is the number of patients with 40% decrease in pain on a 
visual analog scale. Suppose also that patients take additional acet-
aminophen if they experience too much pain (“rescue analgesia”). 
Expectedly, the proportion of patients taking additional medication is 
lower in group A (the better treatment) as compared with group B (10 
patients vs. 30 patients). Also expectedly, only 2 of these 10 patients 
in group A needing additional drug experienced a response (the severe 
cases), whereas 20 of the 30 patients needing additional drug (the 
milder cases) in group B experienced a response (attributable to co-
medication). Table 25.1 shows how different types of analysis (ITT vs. 
per-protocol) work with regard to response percentages and treatment 
effect. Keep in mind that in reality drug A is more efficacious than drug 
B. The unbalanced use of co-medication resulted in (only) 5% more 
responses in group A versus group B if analyzed by ITT. This is a small 
difference, probably not compatible with a conclusion of superiority of 
drug A in a trial with a superiority design but easily compatible with 
a conclusion of non-inferiority of drug B in a trial with a non-inferiority 
design. The picture changes, however, if you repeat the analysis on a 
per-protocol basis. Now, the treatment effect is almost 20% more 
responders in group A versus group B, probably compatible with the 
superiority of drug A in a trial with a superiority design and incompat-
ible with the non-inferiority of drug B in a trial with a non-inferiority 
design: ITT analysis is conservative with respect to concluding supe-
riority of a drug in a superiority design (even if in reality superiority 
exists). Per-protocol analysis is conservative with respect to concluding 
non-inferiority in a non-inferiority design.

The analysis of non-inferiority trials is not yet a closed book, but 
experts are in favor of simultaneously presenting ITT and per-protocol 
analyses, so that the reader can judge for himself or herself. It is always 
wise to be careful with interpretation if both analyses differ importantly 
(such as in this example).

in a non-inferiority trial is a highly subjective decision that includes 
elements of efficacy, safety, and costs and can make or break the inter-
pretability of such a trial. It is crucial that readers know about elements 
of the null hypothesis, such as choices and considerations relating to 
the design type of the trial (superiority vs. non-inferiority) and relating 
to levels of minimally important difference and non-inferiority margin.

Statistical power
Every RCT should technically be able to reject the null hypothesis if 
the alternative hypothesis reflects the truth: it should have sufficient 
statistical power. One could justifiably argue that trials with insuffi-
cient power should not have been executed. It is unethical to expose 
patients to potentially harmful drugs if the trial is not able to demon-
strate superiority or non-inferiority of that drug, it fills medical litera-
ture with data that are inconclusive, with the risk of misinterpretation 
and inappropriate application for patient care, and it is extremely cost 
ineffective to execute trials that do not meet their goals. So, it seems 
obvious that the reader of a trial report ascertains that statistical power 
was appropriate. Many do not realize that statistical power is more 
than sample size alone. Although the latter is of most importance, 
statistical power is, among other factors, dependent on the outcome 
measure (the responsiveness and discriminatory capacity) and the 
expected effect size (the anticipated difference between the new treat-
ment and the control treatment). The wording justifying the sample 
size of the trial gives to some extent resolution about the power con-
siderations. In sample size calculations, patient numbers are calculated 
for a given primary outcome measure with an assumption for its vari-
ability, for given values of beta (1-statistical power) and for a predefined 
effect size. Sometimes, the anticipated effect size is based on realistic 
assumptions stemming from previous studies, but all too often an 
effect is chosen that has no scientific precedent (“20% between-group 
difference”). Some investigators want 80% statistical power, others 
choose 90% power as preference, and all too often the reader is left 
with the impression that convenience outweighs theoretical arguments 
about power: “the calculation should fit.” Rather than only describing 
the sample size calculation per se (which is often done inappropriately), 
the trial report should include argumentation for the chosen assump-
tions, such as the level of the minimal clinically important difference, 
the non-inferiority margin, the level of beta, the historic precedents, 
and so on, and the reader should try to interpret this cautiously.

Intention-to-treat analysis
Every investigator, every trial designer, and every clinician knows about 
the dogmatic character of the intention-to-treat (ITT) principle under-
lying the main analysis of a clinical trial. Although occasionally a paper 
mentions a surrogate of ITT (e.g., “modified ITT analysis”), the defini-
tion of ITT is crystal clear. It means that every patient in the trial is 
considered to belong to the group that he or she was originally allocated 
to by randomization, regardless of what has happened with this patient 
during the trial. The justification for this somewhat dogmatic principle 
is that the ITT analysis is the most conservative analysis because it 
preserves at least the prognostic similarity that was created at baseline 
by randomization. All other types of analyses, including “modified 
ITT,” are second rate because they allow retrograde patient selection 
at baseline. The typical completers analysis, for example, only includes 
those patients who have done well on the allocated study treatment 
and ignores the patients who have discontinued, and may differ from 
the completing patients in terms of prognosis (prognostic dissimilar-
ity). In fact, the completers of an RCT form a selected group of patients 
and should be considered as an observational cohort rather than a trial 
group (see later).

ITT is not a certificate for an appropriate trial analysis. The trial 
report should spell out how patients who do not provide actually mea-
sured trial data are handled (see Missing data, later). It should mention 
how data generated by patients who discontinued trial medication but 
showed up at visits are handled. And last, but not least, there is no 
generic means of data manipulation in this regard. For example, con-
sidering every dropout as not having changed (improved) in a clinical 
trial with RA patients and the ACR20 as the primary outcome measure 
is probably conservative, because a proportion of these patients will 

TABLE 25.1 EXAMPLE OF INTENTION-TO-TREAT ANALYSIS

Treatment 
A (N = 100)

Treatment 
B (N = 100)

Number of patients who discontinued the trial 15 15

Number of patients who completed the trial 85 85

 With clinical response 25 20

Number of patients taking rescue medication 10 30

 With clinical response 2 20

Response percentages based on:

 ITT analysis 25% 
(25/100)

20% 
(20/100)

 Completers analysis 29% 
(25/85)

24% 
(20/85)

 Per protocol analysis 31% 
(23/75)

9% (5/55)
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treatment B, it seems completely ineffective in patients with high 
disease activity, whereas treatment B is still effective in this subgroup: 
interaction. Very often, the absence of efficacy in the subgroup of 
patients with high disease activity is found and reported while the other 
subgroup is ignored, so that it is not clear whether a presumed effect 
is truly attributable to a specific subgroup. This type of subgroup analy-
sis only makes sense if the interaction is demonstrated and confirmed 
statistically. The issue of how to statistically test interaction is beyond 
the scope of this chapter.

In summary, subgroup analysis can be informative but there are 
certain rules of play, among which the most important probably is to 
interpret subgroup analyses cautiously and with reservation.

CRITICAL APPRAISAL II: ISSUES PERTAINING TO 
OBSERVATIONAL STUDIES
Types of cohorts
Usually, observational research involves the prospective follow-up of a 
group of individuals (cohort) with regard to a particular outcome. That 
outcome can be an event (e.g., death, clinical remission) but can also 
be a disease activity state over time (e.g., time-averaged disease activity 
state, mean swollen joint count). The types of cohorts that can be 
encountered in literature can grossly be divided into two: healthy 
cohorts and clinical cohorts. It is relevant for the reader of an article 
to realize what type of cohort is studied.

Healthy cohorts
Healthy cohorts are large cohorts of individuals that are healthy with 
respect to the outcome of interest (although possibly not in other 
aspects). Often study subjects belong to some group of easily traceable 
individuals (e.g., nurses or physicians). The outcome of interest is 
usually simple and unequivocal (e.g,. mortality), cohorts are large, and 
follow-up is typically long. The research question of interest might refer 
to an intervention but also to a potential risk factor or an exposure. 
Famous examples of healthy cohort studies are the Baltimore Longitu-
dinal Study of Aging, the Framingham study, the Johns Hopkins Pre-
cursors Study, and the Nurses Health Cohort. Very often, and 
understandably, these large cohorts are used to address multiple differ-
ent study questions and are, sometimes, therefore, referred to as “mul-
tipurpose cohorts.”

Clinical cohorts
Clinical cohorts include patients with one or more features in common 
who are followed for a definite or indefinite time with respect to one 
or more primary outcomes. There are several types of clinical cohorts. 
Inception cohorts include and follow all patients in whom a particular 

Subgroup analyses
The issue of subgroup analysis in clinical trials is controversial. The 
proponents of subgroup analysis point to its hypothesis-generating 
potential. The opponents argue that subgroup analysis is irresponsible 
data-mining by looking for statistically significant differences by split-
ting up the trial population into smaller subgroups. Both parties are 
right to some extent. Subgroup analysis can sometimes help to disen-
tangle incomprehensible trial results and can raise attention to new, 
previously unacknowledged phenomena. But inappropriate subgroup 
analysis can also provide spurious results, either by coincidence (mul-
tiple testing effects) or by unintended patient selection mechanisms. 
An example of the latter is as follows: the investigators of an RCT 
compare radiographic progression in a subgroup of patients with an 
early clinical response and a subgroup of patients without an early 
response and find that progression is significantly lower in the first 
subgroup. This result, however, may easily be confounded by less 
severe disease at baseline in the favorable subgroup.

It is relevant to some extent to divide subgroup analysis into pre-
planned and post-hoc subgroup analysis. The former refers to the 
design phase of the trial and includes analyses in subgroups that are 
of potential relevance, such as the treatment effect tested in men and 
women separately or in rheumatoid factor positive and negative 
patients. Importantly, and in contrast to post-hoc subgroup analysis, 
the decision to perform and report such an analysis cannot be driven 
by knowing the data. In practice, however, it is often difficult to find 
out whether a preplanned subgroup analysis is truly preplanned or not. 
Methodologically, preplanned subgroup analysis is only superior to 
post-hoc analysis if subgroups of interest were created by stratified 
randomization, which means randomization within the subgroups. It 
is hoped that stratified randomization creates prognostic similarity 
within the strata (a trial within a trial), and—if performed appropri-
ately—provides sufficient statistical power to detect a meaningful dif-
ference within the subgroup.

Usually, subgroup analysis is not performed in subgroups created 
by stratified randomization. If subgroup analysis is performed, and the 
question of interest is whether a particular treatment performs differ-
ently in subgroup X as compared with subgroup Y, it is important to 
realize that the analytical translation of this question refers to testing 
statistical interaction.

Figure 25.1 shows an example of such an interaction. In the first 
panel, treatment A is less effective than treatment B, both in the sub-
group of patients with high disease activity and in the subgroup of 
patients with low disease activity. The treatment effect is similar in 
both subgroups: no interaction.

In the second panel, however, the treatment effect is dependent on 
the subgroup of disease activity. Although treatment A seems effective 
in patients with low disease activity, though less effective than 
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AN EXAMPLE OF INTERACTION

Fig. 25.1 An example of interaction. Results of a 
subgroup analysis of an imaginary clinical trial 
comparing two treatments (dashed line with 
squares: treatment A, solid line with triangles: 
treatment B) in a subgroup with high baseline 
disease activity and a subgroup with low baseline 
disease activity. See text for clarification.
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associated with outcome. Right-censorship bias can be quantified and 
adjusted for in the analysis to some extent.

Confounding by indication
Confounding by indication refers to the question of which patient 
begins treatment with which drug. Suppose, in a clinical practice 
setting, that patients at high risk of gastrointestinal events are initially 
given COX-2 inhibitors, whereas those at lower risk are given conven-
tional non-steroidal anti-inflammatory drugs (NSAIDs). A higher event 
rate is found in patients with COX-2 inhibitors as compared with 
patients treated with NSAIDs; however, the rate in these high-risk 
patients might still be lower than it would have been if they had been 
treated using conventional NSAIDs.

Confounding by indication can occur before, but also after, the 
composition of the cohort; it refers to situations in which the severity 
of the disease determines the choice of treatment, and it is important 
if treatment and disease severity are both related to outcome. There 
are techniques that quantify the severity of disease so that it is possible 
to adjust for confounding by indication.

CRITICAL APPRAISAL III: ISSUES PERTAINING TO 
RCTs AND OBSERVATIONAL STUDIES
Generalizability
As argued earlier, the type of patients included in a study is of pivotal 
importance with respect to the interpretation of the trial results. In 
efficacy trials, statistical power—the probability that the trial confirms 
the superiority of a new treatment if this superiority truly exists—is of 
eminent importance. Discriminatory ability and sensitivity to change 
of outcome measures are determinants of statistical power. The 
outcome measures propagated for clinical trials in RA, such as Ameri-
can College of Rheumatology (ACR)9 and European League Against 
Rheumatism (EULAR)10 response criteria, perform best—and have 
been validated—in patient groups with high levels of disease activity, 
which is why most efficacy trials include these patients. In the spec-
trum of patients with RA, however, these patients do not constitute a 
majority, which may have implications for the interpretation of trial 
results. It is possible, if not likely, that many RA patients with less 
active disease do not necessarily need the “new treatment” that tested 
most effectively in the efficacy trial but can do very well with the com-
parator drug.

Another discrepancy between observational studies (clinical prac-
tice) and RCT is the paucity of clinically relevant co-morbid conditions 
in RCTs as compared with clinical practice, because patients with 
relevant co-morbidities are usually excluded. Similar reasoning can be 
followed regarding compliance or, in general, any reason that increases 
the probability of premature discontinuation and/or non-response.

It is very important when appraising a report of a clinical trial to 
realize that the patients in the trial do not necessarily resemble the 
individual patient in clinical practice and that such discrepancies may 
have consequences for the translation of trial results. Study reports 
should include all necessary information about disease activity, sever-
ity, and prognosis (which they often do) but also information about 
relevant co-morbidity and co-medication (which they often exclude) to 
allow the reader an appropriate interpretation of generalizability.

Missing data
Ideally, RCTs and observational studies should provide complete data. 
Practically, studies without missing data do not exist. Patients miss 
planned visits for whatever reason and do that more frequently than 
any investigator would consider acceptable. Or patients withdraw 
consent, lose motivation, and drop out. Or patients report adverse 
events to the investigator, who decides to discontinue the patient from 
the study. Or the investigator and the patient are disappointed with 
regard to a drug effect and decide to stop. Or a patient moves and gets 
lost to follow-up. All these examples create missing data. Although the 
examples given here will be very familiar to every reader (and will be 
considered inherent to clinical practice), methodology, statistical analy-
sis, and interpretation of study results do not very well comply with 
the problem of missing data. It is crucial to realize the issue of missing 

disease is diagnosed (disease duration at baseline = 0). Prevalence 
cohorts include and follow patients with a particular disease at a certain 
point in time (disease duration at baseline > 0). Patient registries 
include and follow patients with a particular disease and a particular 
feature (e.g., patients with RA who start a particular treatment). The 
distinction between cohorts and registries is subtle and often, but not 
always, relates to the time of follow-up. A cohort has usually a previ-
ously defined (limited) follow-up (although often this follow-up dura-
tion is adjusted over time); a registry has, in principle, an undefined 
(unlimited) follow-up duration.

A special form of observational prevalence cohort that is frequently 
seen in rheumatology is the follow-up cohort of an RCT, the purpose 
of which is often to investigate whether a particular effect seen in an 
RCT can be maintained over a longer period of time. Occasionally, 
trial arms of the original RCT are preserved during the follow-up 
period, but often they are not. Importantly, results from follow-up 
studies of RCTs should not be interpreted as if they have the same 
scientific rigor as the RCT itself. The prognostic similarity created by 
randomization only exists at baseline but is increasingly lost over time, 
particularly when trial blinding is unveiled and patients are asked to 
continue in a follow-up study. The type of longitudinal bias that might 
arise is discussed in the next section. One specific limitation of such 
cohorts with regard to generalizability is that the patients in the cohort 
stem from a clinical trial and reflect a population with relatively severe 
disease, high disease activity at baseline, and so on. One should keep 
in mind that the relatively mild cases are by definition not included in 
the cohort, which has implications for the interpretability of prognostic 
variables derived from such cohorts.

Selection bias
Looking at the characteristics of observational studies as outlined 
earlier, it is obvious that they are a better reflection of common clinical 
practice than RCTs are, perhaps with the exception of follow-up studies 
of RCTs. That is also their major advantage. But cohorts and registries 
are not unselected populations. A number of selection mechanisms 
might influence the interpretation of results, and three well-known 
examples will be discussed.

Left-censorship bias
Left-censorship bias can occur if patients with particular characteristics 
are inadvertently excluded from the observational cohort because they 
are simply not available. Suppose you want to investigate the relation-
ship between cyclooxygenase-2 (COX-2) inhibitors and cardiovascular 
morbidity in a database of 10,000 patients, including all prevalent 
patients with osteoarthritis. The study does not include patients who 
were at such a high risk of cardiovascular death that the outcome 
(death) has already occurred before entry into the study. As a conse-
quence, the observed mortality rate in this cohort might be an under-
estimate of the truth, especially if COX-2 inhibitors are particularly 
dangerous in high-risk patients.

In general, left-censorship bias occurs at the formation of the  
cohort, or before the cohort is formed, it refers to selection based on 
differences in disease severity, and it is important only if severity is 
related to the outcome of interest. By definition, its influence is difficult 
to quantify and it is impossible to adjust for left-censorship bias in the 
analysis.

Right-censorship bias
Right-censorship bias is also known as “selective dropout” or “attri-
tion.” Suppose, in an RCT using a COX-2 inhibitor that patients at 
higher risk of adverse gastrointestinal events had a higher dropout rate 
than those at low risk. This would lead to a spuriously low rate of 
adverse gastrointestinal events in those patients who remain in any 
open follow-up. A kind of right-censorship bias that most readers will 
be familiar with is bias by trial completion, or “completers” bias, which 
is often seen in follow-up studies of RCTs. Only those patients who 
perceive that their treatment is effective, and/or tolerate it best, remain 
in the study, which provides favorable study results for that drug.

Right-censorship bias occurs after the composition of the cohort, 
during follow-up, refers to selection based on differences in disease 
severity or disease activity, and is important if severity or activity is 
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plot shows every individual change score per trial arm that is ordered 
from the lowest through the highest observed value and is plotted 
against its cumulative probability. By superposing the plots of the trial 
arms in one graph, it is clear at first glance how the groups have per-
formed with respect to radiographic progression.

Tabulation of data is important for several reasons: (1) to underscore 
the author’s conclusions and make them transparent to critical 
appraisal; (2) to make additional inferences for data interpretation 
(examples are calculations for number-needed-to-treat (NNT) and 
effect sizes for researchers interested in the performance of outcome 
measures), and (3) as a source for the meta-analyst. It is critical that 
the authors of a trial report realize that their data may be used for 
several scientific purposes, and they should provide sufficient informa-
tion. It is difficult to give exact guidelines, because prerequisites are 
different for different outcome measures, but a few examples may help. 
When the ACR response is used as an outcome measure, it is crucial 
to report not only proportions but also crude numbers (nominator as 
well as denominator). When continuous outcome measures (e.g., 
swollen joint count, disease activity state) are reported, data about 
status as well as change should be provided as means and appropriate 
standard deviations (rather than standard errors of the mean), as well 
as the actual number of patients who were used in the analysis. When 
distributions of continuous outcome measures are overtly skewed (e.g., 
radiographic progression scores), the investigators should not only 
present means and standard deviations but also medians and key per-
centiles (e.g., 25th, 75th). With regard to reporting on radiographic 
progression, there is consensus that—in the interest of the meta-ana-
lyst—also logarithmically transformed progression scores are reported 
in the tables.12

The statistical test
The main goal of the statistical analysis in the report of a trial or an 
observational study is to challenge the null hypothesis or, in other 
words, to find probabilistic support for a difference observed between 
treatments (trial) or for a (predictive) association (observational study). 
A second aim of statistical testing is to find out about the robustness 
of a demonstrated effect.

In flagrant contrast to what is often done, in reality the statistical 
analysis should only take a modest place in the report of a study. 
However, many authors cannot resist the attractiveness of “P < .0001” 
and build their article around the statistical test result rather than  
the opposite. Unfortunately, many of these authors are unable to 
reproduce the correct interpretation of P < .0001 and counter critical 
questions about the relevance of the effect with “It is highly statistically 
significant, though, isn’t it?” implying that the effect is clinically 
important.

The P value is a probability, namely, the probability that, assuming 
that the null hypothesis is correct, this null hypothesis is nevertheless 
rejected. This sentence is only comprehensible if one realizes that the 
clinical trial one is looking at is only one (random) example of many, 
let us say 1000 imaginary similar trials. Who accepts this will also 
accept that all 1000 imaginary trials will have 1000 different results. 
The majority only slightly differ, but a few will have more deviant 
results, simply by coincidence, and a very few will even have extremely 
deviant results in either direction, whereas in truth the difference 
should be zero! In theory, such differences could be of such a magni-
tude that they lead to rejecting the null hypothesis. We talk about 
erroneous rejection of the null hypothesis, or type I error. The P value 
is the probability of type I error. P < .0001 means that there is very, 
very small chance of type I error. You could say that the result is very 
robust, and such a P value adds to the credibility of the trial (internal 
validity). It does not say that the difference that was found is a relevant 
difference or that an effect is meaningful. Current efficacy trials are 
often so powerful in statistically underscoring small differences that 
very good P values can be obtained with treatment effects that are 
negligible when considered in the context of patient care. So, statisti-
cally significant does not imply clinically relevant. The opposite is also 
true: not statistically significant does not mean not relevant or in other 
words: “The absence of evidence is not the same as the evidence of 
absence (of a meaningful effect),” a statement referring to type II error 
(see later).

data before the study starts and to consider scenarios of how to handle 
missing data. There is not one acceptable generic solution, but by far 
the worst solution is to entirely withdraw the patient from the analysis. 
Usually, discontinuation is a non-random process, which means that 
the reason why patients withdraw is somehow associated with disease 
severity and therefore with the probability of achieving an outcome or 
a treatment response (confounding). Ignoring these patients means 
that, in a trial, treatment groups cannot be considered prognostically 
similar anymore, which is probably the most important violation of 
trial methodology you can commit, and, in observational studies, that 
your results may be biased by selection.

Data imputation is the only alternative. Imputation means that an 
imaginary value is attributed to missing assessments, so that the 
patient with missing data remains in the analysis, but the question 
obviously is what to impute. Non-responder imputation is a popular 
and conservative means of data imputation in clinical trials with a 
response measure (e.g., ACR20) as primary outcome variable. It simply 
attributes non-response to every patient that discontinues from the 
trial, irrespective of the reason for discontinuation. Last-observation-
carried forward (LOCF) and baseline-observation-carried forward 
(BOCF) are popular means of imputing continuous data, in which the 
last value or the baseline value that was actually measured, respec-
tively, are imputed as a substitute for subsequent missing assessments. 
Worst-case scenarios impute the worst group value or the value repre-
senting the 95th percentile. Imputation of group means or group 
medians is also used. Linear interpolation can be useful if in-between 
data points are missed, and linear extrapolation is used if the expected 
time course follows an approximately linear trend. Finally, sophisti-
cated computer algorithms (e.g., Bayesian, Markov chain, Monte Carlo 
multiple imputation procedure) exist that use multiple imputation 
techniques. A discussion of such techniques is beyond the scope of this 
chapter.

As argued, there is not a single acceptable means of imputation. 
Non-responder imputation usually works well if a predefined response 
is the outcome of interest, and LOCF seems a reasonably conservative 
approach for imputation of missing continuous data in a setting in 
which treatment should improve a preexistent state (e.g., disease activ-
ity, physical function). Linear extrapolation is frequently used to 
impute missing radiographic data, because the natural course of radio-
graphic damage is compatible with worsening, and LOCF would result 
in a spurious inhibition of progression. In theory, trial results (i.e., the 
treatment contrast) should not be dependent on what means of data 
imputation for missing data is used. The only transparent way of con-
firming the robustness of the study result is to perform and show 
sensitivity analyses for missing data. This means that you perform 
different means of imputation and check the consequences with regard 
to the outcome of interest.

Data interpretation
Probably the most important means of communicating study results 
is by graphs. A well-designed graph provides far more information than 
a table with comprehensive descriptive data, such as means, standard 
deviations, and so on. An appropriate graphic representation of treat-
ment results can give you a good idea about the relative efficacy of a 
new treatment in comparison with a control drug at first glance. Every 
reader of RA clinical trial articles will be familiar with the informative 
bar graph representation of ACR20/50/70 responses per group. More 
cumbersome is the graphic representation of radiographic progression. 
The most frequently used Sharp–van der Heijde progression score 
usually has a skewed distribution, meaning that the data are not nor-
mally distributed. Very often, a dataset of radiographic progression 
scores includes a high number of zero scores and a relatively low 
number of positive scores, with a minority of extreme progression 
scores at the right side of the spectrum. This feature means that the 
usual parametric descriptive statistics such as means and standard 
deviations do not appropriately reflect what has actually happened in 
the group. Medians and percentiles (25%, 75%) do a better job in that 
respect, but median progression in modern clinical trials in RA is often 
zero in the intervention as well as the control group, whereas progres-
sion is statistically significantly different. Recently, probability plots 
have been proposed to fill in this gap of communication.11 A probability 
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95% confidence intervals around the mean improvements in disease 
activity state. Note that the 95% CIs of scenarios A and C lie entirely 
right from zero. Both treatment effects are statistically significant (P < 
.05): The null hypothesis of “no difference” is rejected. Note that the 
95% CI in scenario B crosses zero. The treatment effect is not statisti-
cally significant (P > .05); the null hypothesis is not rejected. Note also 
that notwithstanding a smaller treatment effect in scenario C as com-
pared with B, the treatment effect in C is statistically significant, as 
represented by a narrower 95% CI. We say that the trial result is more 
precise. It is the combination of statistical information and informa-
tion about the preciseness of the treatment effect that make 95% CIs 
such attractive tools in clinical trials. To improve information exchange 
and interpretation of trial results, it is almost mandatory to present 
95% CIs around the mean treatment effects and not only P values. As 
with many generic rules, occasionally, the balance dips to the other 
side: it is not particularly useful and often confusing to present 95% 
CIs of variables not related to treatment effects (or related to hypothesis 
testing). An example is the presentation of 95% CIs around the mean 
disease activity score 28 (DAS28) at baseline.

CONCLUSION
In this chapter, a wide array of points to consider in the critical 
appraisal of RCTs and observational studies have been addressed. 
Emphasis is placed on issues referring to external validity or generaliz-
ability, because that is what most rheumatologists need to know. As 
mentioned in the introduction, the choice of the addressed issues is 
subjective and is by no means intended to cover everything that is 
important in appraising study data.

It is hoped that the points that are raised will increase the awareness 
of the importance of the interplay between the clinical investigator 
responsible for the study report and the consumer of the data, often 
the clinician, who has to decide about the application of study results 
in the area of clinical medicine, that which affects the individual 
patient. Only an appropriate communication in this area will ulti-
mately improve patient care.

The second aim of statistical analysis is to find out about how 
robust the trial results are. Actually you are interested in the implica-
tions with respect to the size of the treatment effect. Usually, a 95% 
confidence interval (CI) is used to describe the bandwidth for the esti-
mate of the treatment effect. Elaborating on the discussion about P 
value, the 95% CI is best understandable by imagining that a particular 
trial is done 1000 times. In 95% of the times the trial result (the esti-
mate of the treatment effect) will lie between the limits of the 95% CI, 
but in 5% of the times the treatment effect will take a more extreme 
value. The relation between P value and 95% CI is further clarified in 
Figure 25.2. Suppose a clinical trial in RA patients with two treatment 
arms (A vs. B) and (improvement in) disease activity state as the 
outcome measure. Three possible treatment effects are plotted in a 
diagram that a reader of meta-analysis may be familiar with. The zero 
treatment effect reflects the level of equivalence. All three scenarios 
represent a trial result in which treatment B is better than treatment 
A (more improvement in disease activity state with B as compared with 
A). The P values are presented per scenario. The arrows represent the 

A P = .01

P = .1

P = .04

B

C

Treatment A better Treatment B better0

TREATMENT EFFECTS

Fig. 25.2 Treatment effects and 95% confidence intervals of three potential 
scenarios (A, B, and C) for an imaginary clinical trial comparing treatment A 
and treatment B. See text for clarification.
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inherent in these requirements could be framed in the form of 
questions6,26:

1. Does the anticipated societal and scientific value of the research 
justify the resources required to conduct the research?

2. Does the research employ valid scientific methodology and is it 
practically feasible?

3. Is the selection of subjects fair and equitable?
4. What potential harms and risks are imposed on the research 

subjects? Are the risks minimized? Are the potential societal 
benefits in proportion to the risks imposed on the participants?

5. Has the study undergone independent review?
6. Is informed consent sought from the research subjects?
7. Are there safeguards to ensure the respect for research subjects 

during their participation in the research?

These requirements and the questions derived from them are pre-
mised on ethical values that include those of the Belmont Report but 
also other defining statements concerning research ethics. Introduced 
are such considerations as exploitation, public accountability, and con-
flict of interest.

In the setting of drug trials, the traditional stages (phase 1 to 4) of 
scientific development present phase-specific ethical challenges.3,5 
Although all of the aforementioned ethical constructs apply at each 
level of drug development, there is some fluidity concerning which 
constructs are dominant as a drug (device) works it way through the 
approval cycle. Phase 1 trials represent the phase of drug or device 
development in which therapeutic intervention is first being introduced 
for testing in human subjects. Such trials are characterized by a small 
number of subjects who are often, but not always, healthy volunteers. 
As such, safety and toxicity in contrast to efficacy are the primary 
objectives. Given these characteristics, the ethical concepts of informed 
consent, risk-benefit, and scientific validity are particularly relevant. 
Because they receive no benefit and may experience significant adverse 
consequences, subjects participating in phase 1 clinical trials are dedi-
cating themselves to the “greater good.”

Phase 2 clinical trials differ from phase 1 studies in that they include 
more subjects who suffer from the disease for which the treatment is 
intended and may include efficacy as an active endpoint. The ethical 
considerations are similar to those of the phase 1 investigation. Phase 
3 trials involve not only larger numbers of patients but also an ever-
widening range of participants, bringing the ethical construct of fair 
subject selection to the forefront. Clinical trials at this stage of develop-
ment focus on efficacy and safety. With both phase 3 and 4 clinical 
investigations, the latter conducted after the drug has been approved, 
respect for enrolled subjects becomes a primary consideration raising 
concerns such as voluntary withdrawal from participation, privacy 
protection, and informing subjects of new risks and benefits, as well 
as the results of the research. Further, an ethical concern of particular 
relevance to the phase 4 clinical trial is the postmarketing investigation 
conducted by the pharmaceutical industry. Although a subject of some 
criticism, these are considered justified because they may provide 
important data on serious but low-prevalence adverse advents associ-
ated with the approved therapy.

RANDOMIZED CLINICAL TRIALS
Randomized clinical trials (RCTs) remain the “gold standard” meth-
odology for the demonstration of efficacy and safety in the development 
of new therapies. This format is defined by a number of design char-
acteristics including randomization, blinding, and the comparison of 
two (or more) interventions, used in order to demonstrate therapeutic 

Ethics in clinical trials*

C. Ronald MacKenzie and Stephen A. Paget

The objective of clinical research is the acquisition of generalizable 
knowledge in order to increase understanding of human biology or to 
improve health. Although the participation of human subjects is 
required to achieve these ends, the attainment of the goals of clinical 
research does not ensure benefits to those who participate. Indeed, it 
is self-evident that the research subject may be placed at some risk for 
the good of others, a reality at the core of the ethical dilemmas in 
human subject research. It is therefore incumbent on those who for-
mulate, conduct, and report such research that their work adhere to 
the highest of ethical standards. This chapter reviews the ethical dilem-
mas arising in the research setting and presents principles that should 
guide this activity.

GENERAL ETHICAL PRINCIPLES
Extensive literature and experience serve to inform the philosophical 
and practical paradigms that guide current human subject research.1-7 
Theorists interested in this area have looked to the field of moral phi-
losophy and ethical theory to derive principles that provide a founda-
tion for ethical judgments concerning research involving human 
subjects.8 Rooted in the Nazi experimentation revealed in Nuremberg, 
these efforts have been bolstered by a number of seminal documents 
beginning with the Nuremberg Code (1949),9 the Declaration of Hel-
sinki (2000),10 the Belmont Report (1979),11 the International Ethical 
Guidelines for Biomedical Research Involving Human Subjects,12 and 
most recently Guidelines for Good Clinical Practice for Trials on Phar-
maceutical Products of the World Health Organization.13 Malfeasance 
and ethical lapses typified by the Tuskegee study have also provided a 
potent stimulus for change.1,2,14 Thus ethically designed and conducted 
research now rests on principles articulated in these foundational docu-
ments. The Belmont Report, a particularly influential statement in the 
current era, added the notions of respect for persons, beneficence, and 
justice to the enduring principle of informed consent established in 
Nuremberg more than 30 years before. Indeed, these core ethical 
tenants provide the foundational elements guiding the current regula-
tion of human subject research, whether that be of the Department of 
Health and Human Services, the Food and Drug Administration, or 
locally at the level of the Institutional Review Board.

WHAT IS ETHICAL RESEARCH?
The multifaceted nature and broad scope of ethical controversy con-
cerning the conduct of human subject research cannot simply be articu-
lated by an examination of these principles. For instance, the 
reconsideration of the ban on the use of women15 and children,16 
the unresolved debate about the appropriate role of placebos,17-20 and 
the problems arising from the globalization of clinical research21-25 cite 
just a few of the current ethical challenges that impel discourse beyond 
an analysis of general principles.

A systematic framework for understanding the ethics of human 
subject research has been developed by Emanuel and colleagues.26 
Derived from an examination of the relevant literature and incorporat-
ing the concepts espoused in the aforementioned declarations and 
codes, seven requirements are presented to ensure that research sub-
jects are treated with respect and are not exploited in doing so. Table 
26-1 summarizes the seven requirements, their rationale, and the 
ethical value justifying their inclusion. The ethical considerations 

*Adapted from MacKenzie CR, Paget SA: Ethics in clinical trials. In: Hochberg 
M, Silman AJ, Smolen JS, et al, eds. Rheumatoid arthritis. Mosby/Elsevier, 
Philadelphia, PA, 2009, 413-418.
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condition, the use of placebos does not raise ethical concern. However, 
their use becomes increasingly more problematic when new therapies 
are being compared with established treatment, circumstances in which 
currently accepted therapy could be employed as the comparator. The 
authors of the Declaration of Helsinki may have recognized this issue 
when they stated that the “benefits, risk, burdens, and effectiveness of a 
new method should be tested against those of the best current . . . 
methods.”10 The U.S. Food and Drug Administration (FDA), however, 
has generally been supportive of the use of placebos as studies designed 
in this fashion produce more “purified” knowledge.17 Thus the role 
of placebos in clinical research continues to provoke active ethical 
debate.17-20 An approach toward a reconciliation of these conflicting 
positions has been to suggest that the burden of proof lies with those 
who propose depriving patients of standard care.17 In addition, a “middle 
ground” has been advocated by Emanuel and Miller.20 In their analysis 
these polarized views—the placebo orthodoxy, which promotes the use 
of placebos on the basis of methodologic considerations, is contrasted to 
the active-control orthodoxy, in which placebos are viewed as sacrificing 
the rights and welfare of patients in the name of scientific rigor—can be 
reconciled if specific ethical and methodologic criteria are met. Thus in 
situations in which life-saving therapy is available, placebo-controlled 
studies are prima facie unethical. In contrast, for conditions that are not 
thought to be serious, and the risk associated with the use of placebos 
seems minimal, a placebo comparator can be ethically employed. 
Placebo use becomes most problematic in those conditions in which 
effective treatments do exist, and some potential for harm may arise  
as a consequence of using a placebo. In these circumstances, compelling 
methodologic advantages must exist in order to justify the use of a 
placebo control. This would include the study of conditions in which 
there is a high placebo response rate; a waxing and waning course or 
frequent spontaneous remissions; those for which existing therapies  
are only partly effective or have very serious side effects; or the low fre-
quency of the condition means that an equivalency trial would have to 
be so large as to compromise enrollment and completion of the trial.20 
Many of these disease characteristics are germane to chronic rheumatic 
diseases, including rheumatoid arthritis.

Other methodologic features of the RCT raise ethical concerns. For 
instance, there is the defining element of the RCT, the randomization. 
Randomization is usually performed in a blinded manner, either single 
(subject does not know what treatment/intervention he or she is receiv-
ing), or double-blind (neither subjects nor investigators know which 
treatment/intervention is being employed). Random assignment and 
blinding are employed to minimize bias and to enhance the internal 
validity of the study. Although compatible with the goals of the RCT 
(to enhance unbiased knowledge), such procedures are not necessarily 
compatible with the patient’s best interests and desires, nor do they 
respect the subject’s autonomy.5 Two ethical concerns arise from this 
procedure: (1) preferences and information concerning what interven-
tion the subject is receiving are necessary for autonomous decision-
making and (2) information pertaining to which intervention the 
subject is receiving may be important in the assessment of adverse 
events or medical emergency. Informed consent addresses concern 
number one, while providing the appropriate safeguards concerning 
adverse events requires specification in the research protocol of the con-
ditions, thresholds, and consequences of breaking the code (unblinding 
the study). A related problem with ethical implications is the sharing of 
preliminary information. As evidence accumulates in a clinical trial, 
the understanding of the risks and benefits of the study therapy may 
change, potentially altering equipoise. Study monitors and independent 
data safety monitoring boards (DSMBs) are therefore employed to make 
decisions regarding the early termination of a clinical investigation, 
thus taking the decision out of the hands of the investigator. Arising in 
the context of international research, a more recent problem with 
important ethical dimensions concerns the investigator’s (and spon-
sor’s) obligation to study subjects to ensure ongoing access to the inves-
tigational therapy upon completion of the clinical trial.5,33

Another recent phenomenon of relevance to clinical trials is the 
advent of the role of contract research organizations (CROs) in drug 
development.36,37 CROs are commercial organizations that, as indepen-
dent contractors, offer clients (usually drug companies) a wide range  
of pharmaceutical research services. These may include some or all of 
the following: protocol design, clinical trial (phases 1 through 6) 

equivalence or superiority of one treatment over another. Despite the 
advantages, this research design presents a unique spectrum of ethical 
challenges to the investigator.3,26 These include such considerations as 
the treatment versus research dichotomy,27-31 equipoise (no convincing 
evidence that one intervention is superior to another),6,29 choice of 
control (the use of placebo is one aspect of this issue),3,5,17-20 randomiza-
tion (which does not allow for autonomous preferences in treatment),3 
blinding,3 and the sharing of preliminary information. Each ethical 
challenge disserves more discussion.

Levine defines practice as activities “designed solely to enhance the 
well-being of an individual patient,” whereas the intent of research is 
to contribute to a base of knowledge that can be generalized to all those 
who suffer from the disease under investigation.31 In the setting of 
clinical research, this distinction can be easily blurred, especially when 
existing treatments for the disease under study are unsatisfactory or 
when the proposed treatment under study is highly innovative. Because 
practice and research commonly coexist—most often with new cancer 
therapies but also in the care and treatment of patients with rheuma-
toid arthritis with biologic agents—it is virtually instinctive that physi-
cians might wish to employ such therapy despite the lack of formal 
validation. In so doing, the line that demarcates research from treat-
ment may be breached.

Of all the principles that unite codes of medical ethics, the physi-
cian’s duty to the individual patient remains a central doctrine. Dating 
back to Hippocrates, this notion is deeply embedded in how medicine 
expresses its professionalism. The physician’s duty is communicated 
primarily through the clinical transaction, a patient-centered exercise 
that relies on physician-based characteristics that could be considered 
virtuous.32-35 Against this backdrop, there is the contrasting duty of the 
researcher—the promotion of human welfare through the rigorous 
application of the scientific methods in the conduct of research. 
Tension between these roles and conflicting points of view is especially 
evident when one considers the RCT. An important and problematic 
feature of this trial design arises from the process of randomization 
itself, a practice in which treatment is apportioned by chance rather 
than the physician recommendation of clinical practice. Although 
there are scientific, ethical, and practical advantages to the random 
assignment of treatment, it can be argued that a patient’s needs and 
values become subverted and sacrificed for the greater good of others. 
An approach to resolving this dilemma is the concept of clinical equi-
poise, first articulated by Freedman.32 The construct of equipoise 
requires a researcher to have no justifiable reason for preferring one 
treatment arm of the study over another. Clinical equipoise expands 
this concept, examining it from a broader perspective, taking the focus 
off the researcher and placing it on the greater community of physi-
cians. Instead of the requirement that the treatments being compared 
exist in exact balance (circumstances in which the researcher would 
have no preference), clinical equipoise is based on an honest disagree-
ment among knowledgeable professionals; as long as a genuine dispute 
exists concerning the superiority of one treatment over another, an 
RCT can be considered permissible.

Another problematic aspect of clinical trials concerns control  
treatments, particularly the use of placebos. In the setting of new thera-
pies, or where current treatment is ineffective or unsatisfactory for a 

TABLE 26.1 ETHICAL REQUIREMENTS FOR ETHICAL RESEARCH

Requirement Ethical values

1. Social or scientific value Scarce resources, non-exploitation

2. Scientific validity Scarce resources, non-exploitation

3. Fair subject selection Justice

4. Favorable risk-benefit ratio Non-maleficence, beneficence, and 
non-exploitation

5. Independent review Public accountability, minimizing influence of 
potential conflicts of interest

6. Informed consent Respect for autonomy

7. Respect for potential and 
enrolled subjects

Respect for autonomy and welfare
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multiple disease-modifying drugs (DMARDs), administered early in 
the onset of disease. Further therapy of such important rheumatic 
diseases as systemic lupus erythematosus, myositis, and the vasculiti-
des employ an array of other medications that also suppress the 
patient’s immune system. Cyclophosphamide, mycophenolate mofetil, 
and corticosteroids are just a few of the well-known examples of such 
therapies. Newer approaches to the suppression of the inflammatory 
response have focused on a variety of potential molecular targets 
including cytokines, B and T cells, osteoclasts, and additional immu-
nologic factors, all of which have dual importance in the perpetuation 
of the disease state and maintaining health.48 Thus the modulation of 
immune responses with such biopharmaceuticals as the monoclonal 
antibodies (mAbs) has become an important therapeutic strategy in the 
autoimmune diseases. Because many of these new therapies have 
potentially significant toxicities, patient safety and the ethical consid-
erations arising in the context of clinical trial participation will remain 
at the forefront of the effort to find more effective treatment for this 
disease. In order to discuss some of the important ethical consider-
ations arising in this research setting, two recent clinical trials involv-
ing agents relevant to rheumatologic practice are illustrative. The 
clinical details of these cases are summarized in Boxes 26.1 and 26.2.

management, centralized laboratory services for processing of clinical 
trial samples, data analysis, and assistance with the approval status of 
a drug through the FDA. In effect they offer an important “outsourcing” 
function to the pharmaceutical industry, which provides for cost 
savings while bypassing the academic medical center, the traditional 
(and possibly safer) site for the conduct of clinical trials. CRO-industry 
revenues have grown dramatically since their inception in the early 
1990s.36,37 However, along with their development, ethical questions 
have also arisen. Problems such as the preferential enrollment of the 
economically disadvantaged (through pretrial monetary inducements), 
“backloading” payment approaches in which the largest payments are 
made to study subjects at the end of the trial (inhibiting patients who 
may wish to terminate their participation), disquiet pertaining to the 
comprehension of non–primary-English-speaking subjects (raising con-
cerns regarding informed consent), inadequate monitoring of adverse 
events, and concerns about the depth, diversity, and medical knowl-
edge of the workforce that make up the CRO have all been mentioned. 
Further, whether this model, premised mainly on the desire to reduce 
costs, compromises ethical oversight remains open to question. Lastly, 
uncertainty exists with respect to the role and scope of the regulatory 
mechanisms that oversee the activity of the CROs—that is, do CROs 
answer to the federal agencies responsible for monitoring clinical trials 
(a mandated requirement for academic medical centers) or to the drug 
company for whom they are clients? Little data exist on the degree to 
which clinical trials in the rheumatic diseases may have been affected 
by the phenomenon of the CRO. However, reliance on this model 
remains strong and this practice is likely to grow.

CONFLICT OF INTEREST
The term conflict of interest encompasses a spectrum of behaviors and 
actions involving personal gain, usually but not limited to financial 
benefit.38-40 Arising over the past 2 decades from the complex relation-
ships that have developed among industry,40,41 investigators,40,41 and 
the academic institutions where they are employed,42 such conflicts 
raise a variety of ethical challenges. The fact that financial and other 
inducements might influence, and at times overpower, professional 
judgment comes as no surprise given the pressures accompanying 
modern life, yet the circumstances and determinants of such behavior 
are not fully understood. Barnes and Florencio42 cite a number of con-
siderations including conflict of interest increasing with the value of 
the secondary interest, as professional judgment becomes more special-
ized and less amenable to supervision, as the decision-making process 
becomes less transparent, and when there is a long-standing relation-
ship between the participants. It is well documented that financial and 
other incentives influence physicians in the clinical environment.43-45 
Although their influence in other arenas of academic medicine may be 
less appreciated, such influences are pervasive and affect virtually every 
corner of the academic medical enterprise: physician-industry interac-
tions, investigator-industry relationships, and the academic center 
itself. Journal publication and continuing medical education are like-
wise not immune.46,47

Efforts to control or manage these conflicts have taken center stage 
at academic institutions. Initially, simple disclosure was considered 
sufficient. Whether the context was clinical research, a lecture, or grand 
rounds, physicians were expected to disclose outside financial interests. 
More recently, however, institutions have established committees to 
develop policy, review reported conflicts, and on occasion require the 
divestment of equities, the termination of consulting relationships, and 
the imposition of methods of monitoring. Medical journals have also 
followed suit requiring disclosure and implementing other methods 
such as the rejection of medical reviews by those believed to have 
conflicts.39 Despite these safeguards, breaches are often seen support-
ing the need to be ever vigilant.

OBSERVATIONS FROM CLINICAL TRIALS
Due to their systemic nature, treatment paradigms for many of the 
connective tissue diseases require aggressive and increasingly sophisti-
cated therapy that targets the inflammatory response and may produce 
significant perturbations in the immunologic status of the patient. In 
the case of rheumatoid arthritis, treatment paradigms have employed 

BOX 26.1 CLINICAL CASE

The patient was a 36-year-old Caucasian female enrolled in an open-label 
phase 1/2 clinical trial (safety/efficacy study) of a genetically engineered 
adenovirus encoded with a TNF receptor construct under development by a 
biotech company as an intra-articular injection for RA. The patient had 
developed RA 15 years before her enrollment, had previously been treated 
with etanercept (2002-2004), and at the time of her recruitment to the study 
had been managed with adalimumab, methotrexate, and prednisone. She 
previously had surgery on her toe but not her knee, although she had been 
treated with multiple (10) knee injections of corticosteroids. Randomized to 
the highest-dose group, she received her first dosage of the study drug on 
Feb. 26, 2007 without incident. Her second intra-articular injection was 
administered on July 2, 2007 and on the same evening the patient developed 
fever and diarrhea. Due to the persistence of the fever, Levaquin was 
prescribed (July 5, 2007), but within 48 hours she remained febrile (104° F) 
and was experiencing nausea and vomiting. By July 9, 2007 her knee had 
become tender, she was tachycardic, and she had a white blood cell count of 
29,000/mm3 (predominantly lymphocytes) and exhibited mild liver function 
abnormalities. Her fever persisted despite aggressive antibiotic therapy, and 
subsequently (July 16, 2007) her liver function was further deteriorating. She 
remained febrile and the Hgb was noted to be dropping to a low of 4.6. 
Hypotension and respiratory distress ensued and she was transferred to 
another center.

By July 19, additional laboratory and radiologic testing revealed a 
coagulopathy, retroperitoneal hemorrhage, and further deterioration in the 
liver function. At this time the question of liver transplantation was raised but 
dismissed. Serologies for HSV-1 were negative, as were nasopharyngeal 
cultures. On July 19 a liver biopsy was performed and revealed small areas of 
acute necrosis and inflammatory lesions, and it was positive for Histoplasma. 
Her deterioration continued and she expired on July 24, 2007. An autopsy 
revealed disseminated Histoplasma capsulatum involving all organs without 
granuloma (a feature typical for histoplasmosis in the immunocompromised), 
a large retroperitoneal hematoma, and a minimal swelling of the knees.

BOX 26.2 CLINICAL CASE

Six healthy young male volunteers were enrolled in a phase 1 study of the 
safety of TGN1412, a superagonist anti-CD28 monoclonal antibody that 
directly stimulates T cells. Within 90 minutes of receiving a single intravenous 
dose of the drug, all six volunteers developed a severe systemic inflammatory 
response secondary to the rapid induction of proinflammatory cytokines. 
Patients reported headache and myalgia and developed nausea, diarrhea, 
vasodilatation, and hypotension. Over the ensuing 24 hours, all patients 
became critically ill with diffuse pulmonary infiltrates, renal failure, and 
disseminated intravascular coagulation. All patients were admitted to the 
intensive care unit, where they received aggressive supportive therapy 
including dialysis, high-dose intravenous corticosteroids, and an anti-
interleukin-2 receptor antagonist antibody. Prolonged shock and respiratory 
distress syndrome developed in two patients, who required intensive support 
for 8 and 16 days. All patients ultimately survived.
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IRB. Could the IRB process have been influenced by circumstances in 
which the investigators were being paid directly by the company seeking 
approval for the drug?

In this study a third issue relating to coercion has also been raised. 
The research subject was approached directly by her rheumatologist 
concerning her willingness to participate in this investigation. In the 
trial presented, the study sponsor had agreed in principle to the use of 
a neutral party in the recruitment of patients, although this procedure 
was not employed.57 This practice has the potential for placing undue 
influence on the patient to agree to enroll in the study. In order to 
reduce this form of influence, the NIH recommends that physicians 
should not recruit their own patients into clinical trials they are con-
ducting. In circumstances where this cannot be avoided, it has been 
suggested that an impartial third party explain the study and obtain 
informed consent.58 This practice is particularly relevant to studies 
involving novel therapies that are deemed risky, in circumstances when 
the individual’s condition is not life-threatening, and is especially of 
interest in studies in which the investigator has a financial interest (as 
was the case in the rheumatoid arthritis [RA] trial discussed in Box 
26.1).

A final concern has to do with the assumption of risk. As in the 
case of the earlier and now well-documented study involving gene 
therapy with fatal consequences,59,60 the RA study subject had a mild, 
or at least well-controlled, disease with standard therapy. Thus the 
degree of assumed risk may have been out of proportion to the potential 
benefit, provoking concern in general as to which subsets of diseases 
should even be considered for innovative therapies that employ emerg-
ing technologies.57

Turning to the second example (Box 26.2), the investigation was a 
phase 1 study of the safety of a novel immunomodulatory therapy 
using healthy volunteers. In this research setting (phase 1 trial), the 
ethical accountability of the investigator to the (healthy) study partici-
pant is especially high, a responsibility magnified by the difficulty in 
quantifying risks. Indeed, one of the major impediments to drug devel-
opment in this arena (mAbs) is the risk of adverse immune-mediated 
reactions in humans that include immunosuppression, autoimmunity, 
and, in the case presented, cytokine storm, a topic extensively reviewed 
recently.53 Dosing for such “first-in-human” clinical trials is based on 
preclinical safety studies, primarily in nonhuman primates combined 
with ex vivo studies. Dose selection nonetheless remains challenging 
because of differences between the primate and human systems, species 
selection, scientific considerations pertaining to the receptor model 
employed, calculations based on what is known as the minimal antici-
pated biological effect level (MABEL), and a number of additional 
considerations relevant to mAbs and their pharmacology and immu-
nology.53 The TGN1412 experience, coupled with a growing science 
pertaining to safer dosage predictions in mAbs therapy, should have 
addressed this important safety consideration. Although these prob-
lems will require scientifically based solutions, the problems imposed 
by this currently inexact science compound the ethical challenges.

An important practical matter arising in this study was the decision 
to administer the drug to all six participants virtually simultaneously. 
Clearly, had the administration of the drug been performed in a sequen-
tial fashion, thus allowing for observation of each patient individually, 
fewer of the six study participants would have been subjected to the 
life-threatening adverse effects of the study drug. This methodologic 
caution has obvious ethical implications concerning the safety of the 
study participants and appears to have been recognized in the recently 
published EMEA guidelines concerning first-in-human clinical trials.61

As a consequence of these experiences, both protocols have under-
gone intense scrutiny from the lay press49,50 and the scientific com-
munity,51,52 an assessment that has included an examination by the 
National Institutes of Health (NIH) Recombinant DNA Advisory 
Committee and the European Medicine Agency (EMEA).53 Numerous 
questions have arisen: Was the science underlying the proposed therapy 
flawed? What factors or conditions associated with the clinical trial 
contributed to this outcome? Was the patient adequately informed 
about the risks of participation? Was the patient sufficiently protected 
against these risks?

An ethical analysis of these events begins with the informed consent. 
Under the current guidelines for research participation in the United 
States, all research subjects must be informed of the risks and benefits 
of their participation in a research study, a requirement fulfilled by the 
process of informed consent.54 It is this process that demonstrates 
respect for the research subject as a person and recognition of his or 
her autonomy. Three primary elements support this requirement: 
information, comprehension, and voluntariness. Once these elements 
are achieved, the subject’s authorization is sought.11,54 Information 
provided to the research subject should be adequate to explain the 
rationale for and the procedures involved in the study and should meet 
a reasonable volunteer standard. In order to do so, the investigator 
may need to consider factors such as the subject’s age, educational 
level, and other barriers to communication such as language.  
Informed consent continues throughout the subject’s participation in 
the research.

Indications have suggested that there may have been problems with 
respect to the informed consent process in the case described in Box 
26.1. For instance, it has been reported that the subject participated in 
the clinical trial because of a perceived benefit, primarily the alleviation 
of knee pain.49,50 This problem, often referred to as the therapeutic 
misconception, is not uncommon.28,29 It refers to a mistaken belief held 
by the research subject that participation will directly benefit him or 
her and certainly produce no harm. Thus it is possible that this patient 
believed she was receiving state-of-the-art, even novel therapy, to which 
others would not have access. Such beliefs are strong inducements to 
participation and must be adequately tempered by the primary inves-
tigator through a thoughtful, considered process of informed consent. 
Statements such as “you cannot expect to benefit directly from your 
participation in this study,” so often found in consent forms, cannot 
be regarded as sufficient to mitigate the problem of therapeutic 
misconception.

Another important consideration relates to the prestudy risk assess-
ment of the developers of the drug and the primary investigators. 
Although this subject’s death is not believed to have been a direct 
consequence of the adenovirus vector employed to deliver the anti-TNF 
medication, the patient’s immunosuppression, a consequence of the 
totality of her therapy, as well as the risk of infection with histoplas-
mosis in a patient living in an endemic region for this condition, may 
not have been sufficiently appreciated by the investigators.55,56

Concerns pertaining to the ethical oversight of this investigation are 
compounded by the circumstances of its approval. Ethical review was 
conducted by an independent Institutional Review Board (IRB), one not 
affiliated with an academic medical center. Two issues are raised in 
this context. First is the quality of scientific review given the complexi-
ties of therapy in this disease setting. Was there sufficient rheumato-
logic, immunologic, and infectious disease expertise on the IRB to 
adequately assess the potential for adverse outcomes with this new 
therapy? The second concern pertains to the for-profit nature of this 
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difficulty, including socks and shoes, which is a complex activity that 
utilizes both upper and lower limbs and (2) ability to ascend and 
descend stairs without difficulty, which is sensitive to detecting abnor-
mality in the lower limbs. The following screening questions will 
establish quickly the presence or absence of major musculoskeletal 
problems.

● Do you suffer from any pain or stiffness in your arms or legs, 
neck, or back?

● Do you have any swelling of your joints?
● Do you have any difficulty with washing and dressing?
● Do you have any difficulty with going up or down stairs or steps?

Musculoskeletal conditions are often associated with systemic fea-
tures, and general inquiry should be made about the person’s health.

Screening examination
Any significant abnormalities in the spine, arms, or legs should be 
identified by inspection at rest and during certain movements, with 
brief palpation and stress tests of selected joints. Normality is looked 
for in appearance, posture, and resting position of the joints and in 
smooth movement through the expected normal range. When any joint 
is affected by a musculoskeletal condition, there is usually one move-
ment that is nearly always affected and it is these movements that are 
assessed in this screen. For such a screen to be part of the routine 
examination of all patients, it has to be quick, simple, and easy to 
annotate. This screen was developed to meet these criteria.1 The gait, 
arms, legs, and spine (G, A, L, S) should be assessed.

● Gait. Observe the patient walking forward for a few feet, turning, 
and walking back again. Abnormalities of the different phases 
should be recognized: heel-strike, stance phase, toe-off, and  
swing phase (Fig. 27.1). Look for abnormalities of movement 
of the arms, pelvis, hips, knees, ankles, and feet during these 
phases.

● Inspection of standing patient. View the patient from the back, 
side, and front, looking for any abnormalities, in particular of 
posture and symmetry. Examine for tenderness by applying pres-
sure in the midpoint of each supraspinatus muscle and rolling an 
overlying skinfold.

● Spine. Ask the patient to flex the neck laterally to each side. Place 
several fingers on the lumbar spinous processes and ask the 
patient to bend forward and attempt to touch the toes while 
standing with the legs fully extended, observing and feeling for 
normal movement.

● Arms. Ask the patient to place both hands behind the head with 
elbows right back. This is a sensitive test of many components 
of the shoulder apparatus. Straighten the arms down the side of 
the body and then inspect with the patient’s elbows bent to 90 
degrees with palms down and fingers straight. Turn hands over 
and make a tight fist with each hand. Place, in turn, the tip of 
each finger on to the tip of the thumb. Squeeze the metacarpals 
from the second to the fifth.

● Legs. With the patient reclining on an examination table, flex 
each hip and knee in turn while holding and feeling the knee. 
Then passively rotate the hip internally. With the patient’s leg 
extended and resting on the couch, examine for tenderness or 
swelling of the knee by pressing down on the patella while cupping 
it proximally. Squeeze all the metatarsals and finally inspect the 
soles of the feet for callosities.

Any abnormalities identified should be documented to be more fully 
assessed.

History and physical examination
Anthony D. Woolf

 History taking is the most important skill in rheumatology.
 The physical examination is pivotal in confirming the cause and 

effect of musculoskeletal problems.
 Assessment of the musculoskeletal system should form part of any 

general medical examination.
 The consultation involves a patient-centered phase for his or her 

story, a physician-centered phase to clarify the story by 
interrogation and examination, and an interactive phase during 
which the patient and physician discuss their concerns, findings, 
conclusions, and plans.

 The consultation must meet the expectations of the patient.
 Musculoskeletal conditions cause a broad range of problems, 

which need to be assessed by a multidisciplinary team to develop 
an appropriate plan of management.

INTRODUCTION
Musculoskeletal complaints are among the most common symptoms, 
and their cause and effect need to be established. The physician to 
whom the patient presents needs to characterize the problem and its 
impact, establish the cause, develop a management plan, assess 
response to treatment, and be able to recognize the lack of expected 
response. If the physician is not able to identify the cause, he or she 
must at least be able to describe the abnormality and recognize whether 
it is important and whether it requires a more skilled assessment. 
Musculoskeletal conditions are also frequent co-morbidities that need 
to be identified and treated. Many common musculoskeletal problems 
are effectively managed by a primary care physician but other less 
common or more serious problems will require specialist management, 
often within the context of a multidisciplinary team. Different compe-
tencies are needed for these different levels of care. All physicians 
should be able to recognize an abnormality of the musculoskeletal 
system and whether it is important by being able to perform a screening 
assessment in combination with basic knowledge of musculoskeletal 
conditions. More expert management will require a greater competency 
in clinical assessment and more detailed knowledge of the possible 
causes; such an assessment will be made by a specialist physician 
(rheumatologist).

In this chapter we provide information on a basic screening assess-
ment of the musculoskeletal system that is appropriate as part of a 
general examination to identify if there is any abnormality. A more 
detailed evaluation of a person presenting with a musculoskeletal 
problem is also presented.

SCREENING ASSESSMENT
Musculoskeletal conditions should always be sought as part of any 
general history and examination by a routine screen. Once an abnor-
mality has been identified, a more detailed assessment is necessary. 
This screen takes only a few minutes. It has been validated in a general 
medical setting and within undergraduate training.1

Screening history
The common symptoms of any musculoskeletal condition are pain, 
stiffness, and limitation of function. Joint disease is often associated 
with swelling. Sensitive functional tests are (1) ability to dress without 
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Any consultation should close with a full discussion of the findings 
and conclusions so that the person understands the cause, the treat-
ment, and its likely benefits and risks; what he or she can do; and the 
likely outcome. This needs to include the patient’s needs and expecta-
tions. Because many musculoskeletal conditions are chronic or recur-
rent, the patient will need more a detailed explanation to enable active 
participation in the care. Other health care professionals, written mate-
rial, the Internet, and patient support groups can give further support.

History
First one should clarify what has brought the patient to the consulta-
tion and what his or her expectations are. The nature of the condition 
and its impact is discerned. Other potentially relevant factors are 
explored, such as medical history, risk factors related to lifestyle or 
occupation, and factors that may influence impact such as the patient’s 
expectations and socioeconomic environment (Box 27.1).

What are the symptoms?
Symptoms specifically related to musculoskeletal conditions are most 
often pain and stiffness, frequently accompanied by loss of function 
and mobility, which can limit activities and restrict participation, but 
there may be non-specific symptoms as well. Red flags for potentially 
serious conditions must be recognized (Box 27.2).

Analysis of these symptoms helps the physician to differentiate a 
musculoskeletal complaint into:

● Inflammatory musculoskeletal disease
● Mechanical joint problem
● Periarticular/soft tissue problem
● Bone disorder
● Non-rheumatic disease causing musculoskeletal symptoms
● A disorder of unknown cause

Pain
Pain should be characterized to identify its cause and effect. Nocicep-
tive pain results from a stimulus or lesion in peripheral tissues that 
causes a painful impulse to be transmitted by an intact nervous system, 
whereas neuropathic pain arises as a direct consequence of a lesion or 
disease affecting the nervous system. These need distinguishing; dif-
ferent causes of nociceptive pain have their own characteristics. Pain 
may also be referred from another site.

ASSESSING A MUSCULOSKELETAL PROBLEM
General principles
The aim of the consultation is to fully characterize the problem the 
person is complaining of and to make a clinical diagnosis (or at least 
offer a differential diagnosis) if possible. This requires not just good 
clinical skills but also knowledge of functional anatomy, the features 
of common musculoskeletal conditions, their differential diagnosis, 
risk factors and complications, and their likely prognosis. Musculo-
skeletal conditions are common and can coexist. It should not be 
assumed that each symptom relates to a single diagnosis.

The impact of the musculoskeletal problem must be identified in 
terms of symptoms such as pain, physical disability, depression, and 
fatigue, as well as the effect on activities of daily living and how it 
impacts on the person’s ability to participate in what he or she wants 
and needs to do. In addition, interpersonal relationships with family, 
caregivers, and friends may be affected and there is often fear of the 
future.

The patient’s concerns must also be identified if the consultation 
is to fulfill the expectations of the patient as well as those of the  
physician (Table 27.1). It is important to show empathy and gain the 
confidence of the person to establish a relationship of trust and  
understanding. If the condition is chronic there is a dependency on  
the physician for ongoing health issues and future quality of life.

The consultation to assess a  
musculoskeletal problem
The process of the consultation can be divided into several phases: 
listening and observing, inquiring, performing an examination, order-
ing investigations, and making a conclusion. History taking is by far 
the most important part of the evaluative process, complemented by 
the examination to confirm the nature of the musculoskeletal problem. 
One should listen throughout the consultation to understand the 
patient’s concerns and expectations. Observe the patient’s overall 
appearance, movements, and manner. In the majority of cases it is 
necessary to make a full assessment of the whole person, particularly 
because an apparently simple local problem may be the manifestation 
of a more generalized condition or the symptoms may be referred from 
a distant site. Investigations when dealing with a musculoskeletal 
problem are usually necessary only to confirm clinical suspicions 
regarding diagnosis and to help gauge disease activity, prognosis, and 
choice of treatment. They should follow logically from the findings of 
the consultation and be performed only if the results will influence 
decision-making. Further consultations will be more focused on moni-
toring response to treatment, with appropriate adjustment. There are 
many standardized assessments for musculoskeletal conditions to 
measure impact2 and monitor response to treatment,3 which are con-
sidered within the relevant disease area elsewhere in this book.

MAIN PHASES OF THE GAIT CYCLE

Heel strike Stance Toe off Swing

Fig. 27.1 Main phases of the gait cycle. The phases relate to the shaded leg.

TABLE 27.1 WHAT IS THE EXPECTATION OF THE CONSULTATION?

Patient expectation Clinician expectation

 What is wrong?
 What will happen? Will I get better? 

Will I become worse and unable to 
do what I want and need to do?

 What can you do about it? Can it be 
cured or just relieved?

 What can I do about it? Will a diet 
or complementary therapies help? 
Should I exercise?

 Am I getting better?
 Am I receiving the best treatment, 

because I am not improving?

 Is there an abnormality?
 What is the abnormality?
 What is the cause?
 What effect is it having?
 Are there any predisposing or risk 

factors?
 Are there any complications?
 What treatment is indicated?
 What has been the response to 

previous treatment?
 Is there a response to current 

treatment?
 What is the prognosis?

BOX 27.1 CHARACTERIZATION OF A MUSCULOSKELETAL PROBLEM
 What are the symptoms?
 Site and distribution of symptoms
 Chronology
 Associated symptoms
 Preceding illnesses or injuries and other relevant clues
 Response to health interventions
 What is its impact on activities, participation and quality of life?

G ✓

A (appearance) M (movement)
A ✓ X
L ✓ ✓

S ✓ X
Restricted movement left shoulder
Restricted movement cervical spine with crepitus
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diffuse and described as superficial burning, stinging, or prickling pain; 
as deep aching pain; or as paroxysmal, electric shock-like pains. It is 
often evoked by a specific activity such as skin stimulation, pressure 
over affected nerves, and changes in temperature or emotion and asso-
ciated with paresthesia in the dermatome. It may include allodynia 
(pain due to a stimulus that does not normally provoke pain), hyper-
algesia (an increased response to a stimulus that is normally less 
painful), and hyperesthesia (an increased response to a stimulus that 
is normally less painful). Bone pain is typically present at rest and at 
night. These types of pain give clues but are not diagnostic.

The evolution of pain should be established in conjunction with the 
development of any other symptoms—how the patient has arrived at 
the present situation.

What precipitates, worsens, or improves pain?
Periarticular problems are often induced by a specific type of repetitive 
activity. Spinal stenosis can be suspected from the history of activity-
related buttock and leg pain that improves rapidly with rest only to 
recur after further activity, and walking downhill (which extends the 
spine) causes more pain than walking uphill or cycling. The response 
to exercise in contrast to rest is a typical feature of sacroiliitis or spon-
dylitis. Rest usually improves pain due to osteoarthritis but has little 
effect on inflammatory pain. The response to anti-inflammatory anal-
gesics compared with simple analgesics can help distinguish an inflam-
matory cause of symptoms, such as ankylosing spondylitis, from 
mechanical back pain; the response of polymyalgia rheumatica to glu-
cocorticosteroids is also characteristic.

What is its effect on the person?
Pain is a subjective sensation that cannot be felt by others. It can be 
measured using a visual analog scale, but the degree to which it dis-
rupts the person’s life in terms of activities and participation gives a 
more meaningful indication of severity. Pain often disturbs sleep, 
which magnifies its impact.

Stiffness
People often describe a generalized “stiffness” after prolonged rest or 
the day after an unusual level of exercise, which is more common as 
people age. More specifically, people often describe stiffness related to 
symptomatic joints. An inflammatory joint disorder is generally associ-
ated with severe and prolonged morning and evening joint stiffness, 
whereas osteoarthritis is associated with short-lived but severe stiffness 
after inactivity. Morning stiffness of the girdle muscles is characteristic 
of polymyalgia rheumatica, which can be so severe that it is virtually 
impossible to roll out of bed, although a few hours after getting up the 
patient may be virtually asymptomatic. The duration of morning stiff-
ness can indicate the activity of rheumatoid arthritis or polymyalgia 
rheumatica.

Stiffness of movement of the fingers can relate to tenosynovitis 
(sometimes with triggering), joint disease, or tightening of the soft 
tissues, such as in systemic sclerosis or with Dupuytren’s contracture. 

TABLE 27.2 COMMON PATTERNS OF REFERRED PAIN

Source of pain Pattern of referral

Cervical spine Occiput, shoulders

Shoulder Lateral aspect of arm

Lateral epicondyle Mid forearm

Carpal tunnel Radial fingers, occasionally forearm or arm

Lumbar spine Sacroiliac joints, buttocks, posterior thigh, lower leg, foot

Hip joint Groin, medial thigh, medial knee, greater trochanter, 
buttock above gluteal fold

Trochanteric bursa Lateral thigh, buttock

TABLE 27.3 PATTERNS OF PAIN

Type Pain pattern Cause

Bone pain Pain at rest and at night Tumor, Paget’s, fracture

Mechanical 
joint pain

Pain related to joint use only Unstable joint

Osteoarthritic 
joint pain

Pain on joint use, stiffness after 
inactivity, pain at end of day after 
use

Osteoarthritis

Inflammatory 
joint pain

Pain and stiffness in the joints in 
the morning, at rest, and with use

Inflammatory
Infective

Neuropathic Diffuse pain and paresthesia in 
dermatome, worsened by specific 
activity

Root or peripheral 
nerve compression

Referred Pain unaffected by local movement

BOX 27.2 SYMPTOMS OF A MUSCULOSKELETAL PROBLEM

Specific symptoms
 Pain
 Stiffness
 Swelling
 Deformity
 Weakness
 Instability
 Loss of function

General symptoms
 Fatigue and malaise
 Emotional lability—fear, anxiety, depression
 Sleep disturbance
 Symptoms of systemic diseases

Red flags
 Weight loss
 Fever
 Temple headache/pain with scalp tenderness/visual disturbance
 Loss of sensation
 Loss of motor function
 Difficulties with urination or defecation

Other possible symptoms
 Color changes or coldness of digits or limbs
 Altered sensation

What is the site and distribution?
Ask the patient to demonstrate where the pain is felt and where it is 
most severe. Is the pain generalized or localized? How easily can it be 
localized? Articular and periarticular pain often radiates widely and 
presents far from its origin. Such referred pain is felt in the dermatome 
relating to the myotomal or sclerotomal origin of the affected structure 
(Table 27.2). Pain from bone and periosteum radiates little and is 
localized more reliably. Widespread pain can be due to fibromyalgia or 
polymyalgia rheumatica, whereas pain in several joints suggests an 
arthropathy. Myeloma or metastatic malignancy must be considered 
with multiple sites of pain that are not just related to joints. Examina-
tion of the patient is necessary to clarify the anatomic site of origin of 
pain.

What are its characteristics and pattern?
The features of the pain, the time and mode of onset, and the diurnal 
pattern provide diagnostic clues. Severity is subjective and is not diag-
nostic alone, although its perceived severity indicates the likely impact 
that it is having. Certain musculoskeletal conditions are characterized 
by specific patterns of pain (Table 27.3). For example, gout usually 
begins in the middle of the night with a pricking sensation in the great 
toe, which quickly builds up into an intolerable persistent burning 
pain, whereas osteoarthritis is characterized by use-related pain and 
inactivity stiffness of the affected joints. Mechanical pain is generally 
related to use. Inflammatory joint pain is present at rest and with use 
and is usually worse at either end of the day. Neuropathic pain is 
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What is the pattern and chronology of symptoms?
The distribution and chronologic pattern of each symptom need to be 
established. How did the patient arrive at the present situation? When 
and how did it start—was the onset sudden or gradual, spontaneous, 
or after some specific event such as trauma or an infection? What was 
the subsequent course with respect to time and pattern of distribution 
of symptoms? If articular, is it peripheral small joints, large joints, or 
axial? Has it followed an additive, intermittent, or flitting course? Is it 
symmetric or asymmetric? What associated symptoms or signs have 
developed, and when? Do the symptoms fit some recognized pattern? 
It is important, however, to avoid forcing the symptoms into a pat-
tern—musculoskeletal conditions are common, and different condi-
tions can co-exist.

The pattern is important in identifying the possible cause. For 
example, a traumatic condition obviously relates to a specific event 
whereas a degenerative pathology usually presents in a slow, insidious 
fashion. Crystal-related inflammation is particularly rapid in onset and 
severe but self-limiting, whereas untreated sepsis causes a steadily 
worsening situation over a few days. Many of the idiopathic inflam-
matory or immune-mediated rheumatic diseases have a variable course 
with spontaneous remissions and exacerbations, whereas others, such 
as reactive arthritis, follow a more predictable course with the sequen-
tial development of mucocutaneous and joint inflammation over a 
period of a few weeks after the initiating event, which gradually sub-
sides over a period of months. Other specific patterns include that of 
palindromic rheumatism, which, as the word implies, involves epi-
sodes of arthritis affecting one or two joints that come and go sponta-
neously over a few days.

Associated symptoms, preceding factors, and other clues
Musculoskeletal conditions often have systemic features, and systemic 
disorders often have musculoskeletal symptoms. It is therefore  
important to ask about the patient’s general health and inquire of  
the presence of systemic symptoms, such as fever, night sweats, or 
weight loss and other “red flags” (see Box 27.2), which may indicate 
the presence of a serious systemic disorder such as a malignancy,  
infection, or active inflammatory disease (Table 27.4). Questions 
should be directed by knowledge of conditions under consideration.  
For example, one should inquire about a recent diarrheal illness,  
urethritis, or psoriasis and mucocutaneous problems in the seronega-
tive spondyloarthritides; dry eyes and mouth in sicca syndrome;  
and a variety of systemic features in the connective tissue disorders, 
including rashes, mouth ulcers, Raynaud’s phenomenon, neuropsy-
chiatric disturbances, and many others. Was there any preceding 
trauma or repetitive or unusual use? The previous medical history  
may include past events that give clues to the present problem, such 
as a previous attack of unexplained epilepsy in someone with SLE,  
fetal loss or thrombosis in antiphospholipid syndrome, or a story  
of a swollen ankle in childhood in a young man with back pain who 
has now developed ankylosing spondylitis. In other cases, relevant 
previous medical events may relate to the associations between disor-
ders, such as bronchiectasis preceding rheumatoid arthritis or hyper-
mobility in childhood and past joint trauma as risk factors for 
osteoarthritis.

The family history can help toward the differential diagnosis in 
some situations, although almost everyone has a relative with arthritis 
and familial associations are seldom predictive. A family history also 
gives personal experience of the potential impact of a rheumatic condi-
tion and affects the person’s anxieties about his or her own diagnosis 
and prognosis. Useful clues include a recent flu-like illness in the 
family or other close contacts, which raises the possibility of a viral 
arthritis; nodal arthritis affecting the mother when deciding if small 
joint polyarthralgia of the hands is early rheumatoid arthritis or nodal 
osteoarthritis; a family history of ankylosing spondylitis, iritis, or pso-
riasis in a young man presenting with back pain; or a family history 
of gout.

There are recognized risk factors for the development and outcome 
of musculoskeletal conditions. These include obesity, lack of physical 
activity, poor diet, smoking, and excess alcohol intake, as well as activi-
ties that expose people to sprains and strains, such as sports or occupa-
tion. There are recognized “yellow flags” for chronicity of back pain, 
such as job dissatisfaction, unavailability of light work, depression, and 

“Stiffness” can also be used to describe a reduced or limited range of 
movement or by the patient to describe the difficulty in movement 
associated with muscle disease such as inflammatory myositis, Parkin-
son’s disease, and motor neuron disease. A careful examination is 
necessary to be certain as to the correct attribution of this symptom.

“Locking” describes the sudden inability to perform a particular 
movement and suggests a specific mechanical event in which some 
internal derangement actually causes the joint to lock in one position 
until a trick movement or help is used to free it up. This is a classic 
symptom of a loose body or torn meniscus of the knee joint, but it also 
occurs in the finger with triggering due to stenosing tenosynovitis.

Swelling and deformity
Swelling may be of the soft tissues, the joint, or bone. Did it follow an 
injury? Did it appear rapidly or slowly? Is it painful? Does it come and 
go, or is it gradually enlarging? Any swelling needs careful examination 
to establish its nature and cause. Joint swelling is a sign of disease, 
and examination is necessary to confirm whether it is related to the 
joint or a periarticular structure and to establish if it is due to an effu-
sion, synovial proliferation, or bony growth. Imaging may be required. 
Recognition of any deformity requires familiarity with the musculo-
skeletal system to separate normal variation from abnormal findings.

Weakness and instability
Weakness can be an important clue to a muscle disorder such as 
inflammatory myositis or a neuropathy. The pattern of muscle weak-
ness, whether generalized or in a central or peripheral distribution, 
should be established. Regional weakness is more likely to have a 
specific cause. However, “weakness” may be used by a patient to 
describe different things, such as general fatigue, difficulty with move-
ment because of joint disease or pain, the feeling of insecurity that is 
associated with many forms of joint disease, or the regional weakness 
of a joint or limb caused by the local muscle wasting that can accom-
pany joint damage. A sensation of “giving way” and general instability 
of the lower limbs can result from weak quadriceps muscles. A joint 
may be unstable and suddenly give way because of muscle weakness, 
or this may relate to the ligaments being ruptured or lax in hypermobil-
ity. Examination is needed to characterize what is being described.

Loss of movement or function
Musculoskeletal conditions often cause difficulty in performing various 
activities, and this may be the presenting complaint. It is uncommon 
for these limitations to arise in the absence of a complaint of pain and/
or stiffness, but the painless loss of movement suggests a tendon 
rupture or a neurologic cause. Inquiry should establish if any particular 
movements and functions are restricted and whether this relates to 
pain and stiffness or if it is a primary problem.

Fatigue and malaise
Fatigue is a manifestation of most generalized rheumatic disorders, 
including rheumatoid arthritis, systemic lupus erythematosus (SLE), 
and, most notably, fibromyalgia. Fatigue is sometimes functional and 
related to depression. Fatigue may also be the consequence of poor 
sleep, often related to pain. It may be severely disabling and is very 
distressing to the person. The fatigue of rheumatoid arthritis or SLE is 
a good indicator of the systemic disease activity. The time at which 
fatigue becomes a problem is sometimes used, along with the duration 
of morning stiffness, as one of the indicators of disease activity.

People with inflammatory arthritis are often able to function well 
for several hours but then suffer overwhelming fatigue. The fatigue of 
fibromyalgia is usually associated with lack of concentration and poor-
quality sleep. Polymyalgia rheumatica is often associated with a feeling 
of sudden aging, with rapid rejuvenation with a moderate dose of 
corticosteroids.

Emotional lability
Fear and anxiety are common accompaniments of a musculoskeletal 
problem, influenced by factors such as the knowledge of possible diag-
nosis, expectations of prognosis, future aspirations, and fear of losing 
independence. Emotional lability, depression, and other psychiatric 
disturbances can also be the direct result of a rheumatic disease, such 
as SLE. Sleep disturbance secondary to pain can also affect mood.
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TABLE 27.4 ASSOCIATED SYMPTOMS, SIGNS, AND CONDITIONS

Symptom Possible diagnosis

Neurologic Headaches SLE, temporal arteritis

Numbness or paresthesia Neuropathy—compression

Weakness Myositis, neuropathy

Stroke Antiphospholipid syndrome

Epilepsy SLE

Mouth Dry mouth Sjögren’s syndrome

Mouth ulcers Reactive arthritis, Behçet’s disease, inflammatory bowel disease

Eyes Dry eyes Sjögren’s syndrome

Red eyes Spondyloarthropathy

Visual loss Temporal arteritis

Skin Rashes

 Psoriasis Psoriatic arthritis

 Livedo reticularis SLE

 Erythema nodosum Acute sarcoid or erythema nodosum arthropathy

 Telangiectasia Systemic sclerosis

 Other Viral

Photosensitivity Connective tissue disease

Ulcers Behçet’s disease, vasculitis

Raynaud’s phenomenon Connective tissue disease

Nodules Osteoarthritis, rheumatoid arthritis, gout, hyperlipidemia, SLE, rheumatic fever, polyarteritis 
nodosa, multicentric histiocytosis

Alopecia SLE

Respiratory Pleuritis Connective tissue disease

Breathlessness Pulmonary involvement with inflammatory disease, e.g., systemic sclerosis, rheumatoid arthritis

Gastrointestinal Indigestion, history of peptic ulcer Nonsteroidal gastritis or ulceration

Diarrheal illness Reactive arthritis, inflammatory bowel disease

Genitourinary Renal stones Gout

Dysuria Reactive arthritis, Behçet’s disease, acute gonococcal arthritis

Genital ulcers Reactive arthritis, Behçet’s disease, acute gonococcal arthritis

Vaginal discharge Reactive arthritis, Behçet’s disease, acute gonococcal arthritis

Trauma Fracture

Ligament rupture

Non-specific symptoms Malaise Inflammatory disease, malignancy

Fever SLE, septic arthritis

Weight loss Inflammatory disease, malignancy

Fatigue Inflammatory disease

Anorexia Inflammatory disease, malignancy

Aging Polymyalgia rheumatica

Hematologic Thrombosis/thromboembolism Antiphospholipid syndrome

Anemia Inflammatory disease

Obstetric history Fetal loss—early and late Antiphospholipid syndrome

Intrauterine growth retardation Antiphospholipid syndrome

Pre-eclampsia Antiphospholipid syndrome

SLE, systemic lupus erythematosus.

low educational level. All this information may need to be considered 
when fully evaluating someone’s musculoskeletal condition.

Previous health interventions and symptom response
Previous and present management should be reviewed. What has  
the patient been told: what knowledge and understanding does he  

or she have? What interventions have been tried—prescription  
and over-the-counter pharmacologic treatments, physiotherapy,  
supplements, or complementary therapies? What was the response  
to them? Did the patient benefit or sustain any adverse effects?  
What is the patient’s attitude to and likely compliance with any 
treatment?
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tenderness or pain on movement or is it referred? How painful is it to 
touch or move, and is this consistent with the history? The examina-
tion may focus around the symptomatic structures, but it is usually 
most informative to do this as part of a general examination of the 
musculoskeletal system and of the whole patient.

Aims of examination
The aim of the examination of the musculoskeletal system is to answer 
four questions.

1. Is it normal?
2. What is the abnormality?
3. What is the pattern of distribution?
4. What other features of clinical importance are there? These, in 

combination with the history, should establish the differential 
diagnosis.

Is it normal?
The expected appearance and ranges of movement of the musculo-
skeletal system need to be recognized. Abnormalities observed may be 
abnormal resting position, swelling, deformity, muscle wasting, or 
abnormal movement. There may be warmth, crepitus, or tenderness 
on palpation, instability, or weakness.

What is the abnormality?
The nature of the abnormality needs to be established. What structure 
is involved? What are the characteristics of the abnormality? Is there 
evidence of inflammation, damage, deformity, and/or biomechanical 
abnormalities? These are not mutually exclusive; a combination of 
them may be found.

Inflammation
An inflamed joint is characterized by pain, tenderness, warmth, 
redness, and swelling. Pain is often apparent by observing movement, 
and tenderness is elicited by gentle palpation. Warmth is mainly 
detectable in medium-sized and large joints, for example, the knee, 
ankle, and wrist joints (Fig. 27.3). Redness is uncommon but is seen 
in gout, especially around the big toe (Fig. 27.4), and in sepsis. Swelling 
of an inflamed joint is characterized by its articular origin, is fluctuant 
because of synovial proliferation or effusion, and is tender, whereas 
there may be bony swelling along the joint line in osteoarthritis. There 
are a number of specific techniques for detection of synovitis and effu-
sion at different joints (Fig. 27.5). One must identify the inflamed 
structure. Inflammation of periarticular structures such as a bursa or 
enthesis must be carefully distinguished from inflammation of the 
joint. Inflammation of muscle is characterized by tenderness.

The response to treatment can be of great relevance to understand-
ing the nature of the problem, such as the response to anti-inflamma-
tory therapy of many inflammatory disorders such as ankylosing 
spondylitis or the rapid and almost miraculous response to corticoste-
roids that is typical of polymyalgia rheumatica. Drugs themselves may 
also be the cause of the problem, as in drug-induced lupus and thiazide 
diuretics in gout.

What is its impact?
The impact of the musculoskeletal condition must be assessed in rela-
tion to the patient’s needs and aspirations. The framework of the 
World Health Organization (WHO) International Classification of 
Functioning, Disability, and Health (ICF)4 (Fig. 27.2) provides a useful 
way to look at the effect of any health condition on the functioning of 
an individual in terms of loss of function, limitation of activities, and 
restriction of participation within the personal and environmental 
context of the person’s life.

Explore what the patient needs to do and would like to do in every-
day activities, in relation to personal care, the home environment, the 
work whether paid or unpaid, and personal, social, and leisure activi-
ties. What is difficult, requires assistance, or has become impossible 
to do? Many people work around these challenges and still achieve a 
modified goal, but it is not meeting their needs or aspirations. Muscu-
loskeletal problems often affect mobility and dexterity. Pain disturbs 
sleep. Talk a patient through a typical day and also remember to ask 
about any problems in participating in work or leisure activities as well 
as personal activities such as toileting or sexual activity. Find out the 
patient’s frustrations and concerns.

Learn if and how the patient has gotten around limitations. Estab-
lish the amount of physical and emotional support the patient has from 
family, friends, other caregivers, or social services. Does this meet the 
patient’s needs? How has the condition affected the patient’s economic 
situation?

The effect on health-related quality of life can be formally assessed 
using various validated generic and disease-specific questionnaires such 
as the Health Assessment Questionnaire (HAQ).2

Social history and occupation
Knowing the patient’s social history is important in assessing the 
condition and its impact and in planning management. The personal 
and environmental context plays an important role in the impact. 
Occupation is also important, because it may have a causal role or an 
effect on the symptoms or, alternatively, the symptoms may have an 
effect on occupation. Understanding the person’s occupation can also 
give a clearer idea of his or her needs.

Examination
A careful examination is necessary to confirm clinical suspicions 
gained from the history. It also complements a screening assessment, 
characterizing any abnormality of the musculoskeletal system that has 
been identified. Examination of the musculoskeletal system is princi-
pally an exercise in applied anatomy. Is the pain originating from the 
bone, muscle, joint, or periarticular structures? Is the joint pain inflam-
matory or mechanical in origin? Is the origin of pain local with 

WORLD HEALTH ORGANIZATION ICF MODEL OF DISABILITY

Health condition
(disorder or disease)

Activity ParticipationBody functions
and structures

Environmental
factors

Personal
factors

Fig. 27.2 WHO ICF model of disability. (Adapted from World Health 
Organization. International classification of functioning and health. Geneva: WHO, 
2001.)

Fig. 27.3 Testing for warmth, using the back of the hand.

Fig. 27.4 Redness as seen in gout. This is a valuable indicator of the intensity 
of underlying joint inflammation.
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a b

c d

Fig. 27.5 Testing for swelling. (a) The bulge sign in the knee. The back of the 
hand gently pushes the fluid from one side of the knee to the other, filling out 
the “dimples” on either side of the patella. This is most helpful in detecting 
small knee effusions. (b) The patellar tap. One hand is used to cup the patella 
and compress the suprapatellar pouch, and the fingers of the other hand press 
down on the patella to feel for cross-fluctuation. (c and d) Swelling/fluctuation 
of the small joints of the hand. Detect cross-fluctuation at the joint line with 
the index fingers and thumbs, with the examiner’s fingers squeezing and 
feeling each side of the joint (as illustrated) or one index finger/thumb 
squeezing and feeling from side to side and the other from the palmar to the 
dorsal aspect (“interlocking C”).

Damage
Joint damage is recognized by the presence of deformity, crepitus, 
movement in an abnormal plane, and loss of joint range of movement 
not due to pain and in the absence of features of current inflammation. 
Crepitus is an audible and palpable sensation resulting from the move-
ment of one roughened surface on another. In osteoarthritis, the crepi-
tus has a fine quality. This should be distinguished from the coarser, 
clicking sensation encountered in normal joints.

Deformity
Joint deformity usually refers to malalignment or subluxation of two 
articulating bones in relation to one another and is identified by abnor-
mal posture, often more apparent on weight-bearing or with certain 
movements, such as developmental scoliosis of the spine. There may 
be movement in an abnormal plane of a severely damaged joint from 
rheumatoid arthritis or osteoarthritis. For example, the elbow is a 
simple hinge joint; hence its normal range is flexion/extension only 
and any other movement, such as elbow abduction, is abnormal and 
likely to indicate gross joint disruption. There may be bone deformity 
in Paget’s disease.

Biomechanical abnormalities
For every joint there is a normal posture and a spectrum of normal 
range of joint motion, which varies with age, gender, genetics, and 
ethnic origin. Outside this range, there may be hypermobility or hypo-
mobility. Biomechanical abnormalities can result in symptoms, such 

as scoliosis and back pain; joint hypermobility syndrome is associated 
with joint pain; and foot pain is often caused by abnormal biomechan-
ics. The joint range is reduced by joint inflammation (the bulk of 
inflamed synovium and the effusion) or by irreversible damage to the 
joint structures (articular cartilage and subchondral bone). Movement 
is first lost from the extremes of the range. Complete loss of movement 
is described as ankylosis.

What is the pattern of distribution?
The distribution of involvement of the musculoskeletal structures is 
important in the diagnosis of musculoskeletal conditions, because 
certain patterns are characteristic (Table 27.5 and Chapter 28). Several 
different problems may affect an individual; the apparent pattern may 
be a false clue to the diagnosis. Examination is needed to confirm the 
pattern of distribution and to establish whether the various problems 
relate to a single diagnosis or to several coincident problems, such as 
the co-existence of nodal osteoarthritis and rheumatoid arthritis.

What other features of diagnostic importance are there?
There may be systemic features (see Table 27.4) of diagnostic impor-
tance or of value in assessing severity. Many of them are easily visible 
skin signs such as psoriasis, nail fold capillary abnormalities, or telan-
giectasia, whereas others, such as a pulmonary fibrosis or neuropathy 
will need to be identified by careful general examination.

Method of examination
One should look at the whole person, including posture and move-
ment. Then each region is examined, comparing one side with the 
other. It is usually necessary to examine the full musculoskeletal 
system to correctly assess the problem, but most emphasis is placed 
on the likely origins of the symptoms, remembering that pain is fre-
quently referred and that any examination must consider all possible 
causes. Explain to the patient what you are about to do and ask him 
or her to tell you if he or she thinks any part of the examination is 
likely to be painful.

The key elements of the examination to identify the clinical signs 
of musculoskeletal conditions (Table 27.6) are to look, feel, move, and 
stress (Table 27.7). These are usually performed in an integrated way. 
Special tests may be necessary to identify specific problems.

TABLE 27.6 CLINICAL SIGNS OF MUSCULOSKELETAL CONDITIONS

 Attitude
 Deformity
 Swelling
 Skin changes
 Muscle wasting
 Tenderness
 Movement restricted
 Crepitus
 Warmth
 Muscle weakness
 Instability
 Function limited

TABLE 27.5 CHARACTERISTIC PATTERNS OF INVOLVEMENT OF THE MUSCULOSKELETAL SYSTEM

Diagnosis Symmetry No. of joints involved* Large or small Distribution Upper or lower limbs

Rheumatoid arthritis Symmetric Polyarthritis Large/small Peripheral Upper/lower

Ankylosing spondylitis Asymmetric Oligoarthritis Large Central and peripheral Lower

Psoriatic arthritis Asymmetric Oligo/polyarthritis Large/small Peripheral Upper/lower

Reactive arthritis Asymmetric Oligo/polyarthritis Large/dactylitis Peripheral Lower

Gout Asymmetric Mono/oligoarthritis Large/small Peripheral Lower/upper

*Oligoarthritis ≤ 5 joints affected; polyarthritis > 5 joints affected.
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TABLE 27.7 SYSTEM FOR EXAMINATION OF THE MUSCULOSKELETAL SYSTEM

Look At rest for:
Swelling
Deformity
Wasting
Attitude
Skin

During movement

Feel for: Tenderness
Swelling
Movement—crepitus
Temperature

Move Active
Passive
Resistance
Listen

Stress Stability

Tests

Mallet finger

Boutonnière deformity

Heberden's node

HAND DEFORMITY

Radial
deviation

at wrist

Ulnar
deviation at

metacarpophalangeal
joints

Radioulnar subluxation

Volar subluxation at wrist

Bouchard's node

Swan neck deformity

Fig. 27.6 Common deformities of the hand.

Look
Attitude and spontaneous movement
Observe the person when sitting and undertaking various functional 
movements during the consultation for any abnormalities associated 
with musculoskeletal conditions. An inflamed joint is most comfort-
able when the periarticular structures are at greatest laxity and the 
intracapsular pressure is least. Pain is most severe when intracapsular 
pressure is greatest. An indication of the severity of pain is given by 
the protection with which the person treats the affected region. Is ease 
of movement in keeping with the severity of pain described?

Swelling and deformities

Look for swelling, but palpation is necessary to characterize whether 
it is due to synovial thickening, joint effusion, or bony enlargement or 
a combination of these features. Look for any deformities of the joints, 
bones, or spine. There are a number of terms in common use to 
describe deformities.

● Kyphosis: a forward curvature of the thoracic spine
● Scoliosis: a lateral curvature of the spine

● Dislocation: articulating surfaces are displaced so that they are no 
longer in contact with one another

● Subluxation: partial dislocation
● Fixed flexion: loss of extension, so that the joint is permanently 

flexed
● Valgus: a lower limb deformity whereby the distal part is directed 

away from the midline (e.g., hallux valgus)
● Varus: a lower limb deformity whereby the distal part is directed 

toward the midline (e.g., genu varum).

Examination is necessary to determine if these deformities are correct-
able. Commonly encountered specific deformities of the hand are 
shown in Figure 27.6.

Skin
Look at the skin, both overlying the affected region and generally. 
Redness overlying the joint indicates marked inflammation, such as 
with infection or crystal arthropathy. Other skin changes include 

TABLE 27.8 ASSOCIATED SKIN LESIONS

Region Type of skin lesions Associated conditions

Torso/
limbs

Livedo reticularis SLE, antiphospholipid syndrome, 
vasculitis

Erythema ab igne Sign of external heat applied to relieve 
pain

Erythema migrans Lyme arthritis

Palpable purpura Leukocytoclastic vasculitis

Psoriasis Psoriatic arthritis

Erythema nodosum Acute sarcoid

Nodules Heberden’s, rheumatoid arthritis, gout, 
hyperlipidemia, SLE, rheumatic fever, 
polyarteritis nodosa, multicentric 
histiocytosis, sarcoidosis

Ulcers Vasculitis, Behçet’s disease, Crohn’s 
disease?

Calcinosis cutis Limited cutaneous systemic sclerosis

Face and 
mouth

Butterfly rash SLE

Psoriasis Psoriatic arthritis

Heliotrope discoloration Dermatomyositis

Oral ulcers SLE, reactive arthritis, Behçet’s disease

Telangiectasia Limited cutaneous systemic sclerosis

Nails Clubbing Hypertrophic pulmonary 
osteoarthropathy

Pitting Psoriatic arthritis

Onycholysis Psoriatic arthritis

Splinter hemorrhages Small vessel vasculitis, endocarditis

Hands Raynaud’s phenomenon SLE, scleroderma, mixed connective 
tissue disease

Nail fold capillary 
abnormalities

Scleroderma, dermatomyositis

Palmar erythema Active rheumatoid arthritis, SLE

Gottron’s papules Dermatomyositis

Telangiectasia Limited cutaneous systemic sclerosis

Sclerodactyly Limited cutaneous systemic sclerosis

Vasculitic lesions Rheumatoid arthritis, connective tissue 
diseases

Feet Keratoderma 
blennorrhagica

Reactive arthritis

SLE, systemic lupus erythematosus.
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psoriasis, ulceration, livedo reticularis, and nodules such as tophi, 
erythema nodosum, and rheumatoid nodules (Table 27.8). Look care-
fully at the hands and nails because many abnormalities can be seen, 
such as Raynaud’s phenomenon, nail fold capillary changes, telangiec-
tasia, sclerodactyly, clubbing, pitting, or onycholysis.

Wasting
Look for loss of muscle bulk. Arthropathy can cause widespread wasting 
around the joint. More localized wasting suggests a tendon, muscle, or 
peripheral nerve lesion. Swelling of a joint can give a false impression 
of loss of muscle.

Feel
Warmth
First feel gently for warmth, which is best elicited by using the back of 
the fingers and comparing the finding to a normal structure (see Fig. 
27.3). Warmth is a cardinal sign of inflammation but may be detected 
only over large joints.

Tenderness
The presence and localization of tenderness are important in identify-
ing the cause of the problem (Table 27.9). Examine carefully to estab-
lish if it is the joint line or periarticular. Is it muscular, either 
generalized, such as in myositis, or localized, such as the characteristic 
tender spots of fibromyalgia? Is it the temporal artery or temporoman-
dibular joint? Is there no tenderness despite pain? Feel for tenderness 
by gradually increasing pressure while watching the person for any 
reaction and releasing as soon as the presence of tenderness is estab-
lished. Only use pressure until blanching of the nail of the examining 
fingers. Percuss the vertebrae to detect localized tenderness.

Swelling

Characterize any swelling to determine its precise location and ana-
tomic associations, if it is tender, and whether it is fluid, soft tissue, 
or bone. Different types of swelling have typical characteristics. Swell-
ing of a joint is confined by the capsule and is most apparent at any 
weaknesses in this; for example, an effusion of the knee may be associ-
ated with a popliteal cyst. Fluid and soft tissue are ballotable; this is 
the principle of the patellar tap and the interlocking-C examination of 
the interphalangeal joints (see Fig. 27.5).

Movement
Feeling the joint and periarticular structures while moving gives further 
information about pain and tenderness, as well as detecting crepitus 
from the joint or tendon sheaths.

Move
There are three methods of assessing joint movement—active, passive, 
and against resistance.

● To examine joints, a combination of active and passive is 
recommended.

● To detect lesions in tendons or at tendino-osseous junctions, the 
against-resistance method is principally of use.

● To measure muscle power, the against-resistance method is the 
principal technique.

First establish the active range, and, if reduced, then see if it is 
greater with passive movement, but be cautious because this may be 
painful. Familiarity with the normal ranges and planes of movement 
of the joints is needed. If the problem is unilateral, compare the affected 
with the unaffected side. Formal measurement of range of motion is 
of limited value. Involvement of the joint, in particular synovitis, 
usually restricts all movements. Restriction of movement in one plane 
is characteristic of periarticular lesions, tenosynovitis, or internal 
derangement of the joint. Pain in all directions of movement is associ-
ated with synovitis. Pain in just one plane of movement indicates a 
localized articular or periarticular problem. Pain throughout the range 
of movement is more characteristic of mechanical problems such as 
osteoarthritis.

Resisted active movement is valuable in identifying problems that 
relate to the muscle tendon or enthesis. This should be performed with 
the joint in a neutral position. The reproduction of pain indicates that 
it is originating from the muscle, tendon, or tendon insertion relating 
to that movement. Passively stretching the tendon or ligament may 
also reproduce the pain.

Listening during joint movement may detect fine crepitus due to 
cartilage damage, cracking associated with hypermobility, or clonking 
due to a loose body or irregular surfaces such as severe damage. Audible 
tendon friction rubs may be heard in patients with systemic 
sclerosis.

Stress
Joint stability should be assessed by stressing a joint. This can be 
abnormal because of generalized hypermobility, ligament rupture sub-
sequent to trauma or inflammation, capsular inflammation, or loss of 
articular cartilage and bony changes due to osteoarthritis or rheuma-
toid arthritis.

Special tests
There are various special tests for specific diagnoses that are not within 
the scope of this overview but are considered elsewhere (see Chapters 
68 through 80 as appropriate).

General examination
A full general examination forms an important part of the assessment 
of a person with a musculoskeletal problem. More frequent problems 
relate to the skin and nails, neurologic system, and eyes (see Tables 
27.4 and 27.8).

Regional examination of the musculoskeletal system
A systematic approach to examination should be taken, but be sure to 
address any questions raised by the history or screening examination. 
The sequence can vary, but in general it is easiest to look at the patient 
as a whole and during walking and standing to observe gait and posture. 
Then work from the head downward, first with the patient standing 
to examine the upper limbs, spine, and pelvis and then supine to 
complete the examination of the pelvis and spine and to examine the 
lower limbs, comparing one side with the other for each limb (Boxes 
27.3 through 27.6, Figs. 27.7 through 27.77).

TABLE 27.9 POSSIBLE CAUSES OF TENDERNESS

Site Possible cause

Muscular: localized Myofascial lesion

Muscular: 
generalized

Fibromyalgia
Myositis

Joint line: 
generalized

Arthropathy or capsular disease

Joint line: localized Abnormality of intracapsular structure, e.g., medial knee 
joint line tenderness with a meniscal tear

Periarticular Bursitis, enthesiopathy, sarcoid

Bone Bone pathology: osteoporotic fracture or invasive lesion

Vertebral Bone pathology: osteoporotic fracture or invasive lesion

BOX 27.3 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL SYSTEM

Gait
 Observe the patient walking forward for a few feet, turning, and walking 

back again.

Posture
 Observe the patient from the back, side, and front, looking for any 

abnormalities, in particular of posture and symmetry.
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BOX 27.4 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL SYSTEM

Head, spine, and pelvis
Cervical spine
Look Look for hyperextension due to a thoracic kyphosis or loss of 

normal lordosis.
Feel Percuss the vertebrae for tenderness.

Palpate the paraspinal muscles for spasm or tenderness.
Move Actively turn head to right, left, flexion, extension, rotation to left 

and right, and lateral flexion to left and right with examiner 
gently guiding the head to ensure maximum range is reached.

Tests Problems related to the cervical spine are often associated with 
neurologic symptoms and signs that should be elicited.

Fig. 27.7 Posture and alignment of 
the head and neck.

Fig. 27.8 Extension.

Fig. 27.9 Flexion. Fig. 27.10 Right rotation.

Fig. 27.11 Left rotation. Fig. 27.12 Right lateral flexion.

Temporomandibular joints
Feel Palpate over the joint line for tenderness, crepitus or clicking. The 

joint can be palpated anterior to the tragus or from within the 
external auditory meatus. Feel for crepitus or clicking on 
movement.

Move Open mouth wide. Deviate lower jaw side to side.

Fig. 27.13 Left lateral flexion.

Fig. 27.14 Mouth opening. Fig. 27.15 Mouth opening.

Fig. 27.16 Side-to-side movement 
of jaw.

Fig. 27.17 Side-to-side movement 
of jaw.

Dorsal spine
Look Look for any kyphosis or scoliosis. Look for any asymmetry of 

scapulae.
Feel Percuss the vertebrae for tenderness.

Palpate the paraspinal muscles for spasm or tenderness.
Move Fix the pelvis by sitting and rotate the upper body to right and 

left with examiner gently guiding the shoulders to ensure 
maximum range is reached.

Fig. 27.18 Right 
rotation.

Fig. 27.19 Left rotation.

Lumbar spine
Look Look for a normal lordosis or any scoliosis. Look for any asymmetry 

of pelvic brim or the crease of the buttocks.
Feel Percuss the vertebrae for tenderness.

Palpate the paraspinal muscles for spasm or tenderness.
Move While standing in an erect posture, bend forward as if trying to 

touch the toes, bend backward to arch the back, and bend from 
side to side. The person may be able to place the hands flat on 
the ground if hypermobile.



CH
A

PTER 27 
● H

istory and physical exam
ination

245

Flexion can be more formally assessed by the Schober test with 
measurement of the extension of a line drawn when upright 
between 10 cm above and 5 cm below the level of the posterior 
iliac spines identified by the dimples of Venus.

Stress Tests for tension of the lumbar roots should be performed when 
patient is lying down.

Femoral nerve stretch test: With the person lying prone, hold the 
ankle and passively flex the knee as far as it will go. The test is 
positive if pain is felt in the isolateral anterior thigh.

Sciatic nerve stretch test: With the person lying supine, gently raise 
the straight leg to the maximum angle achievable without 
significant pain and then dorsiflex the ankle. An increase in pain 
indicates sciatic nerve root tension.

Tests The lumbar spine houses the lumbar spinal nerve roots and 
neurologic symptoms and signs should be elicited.

BOX 27.4 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL 
SYSTEM—cont’d

Pelvis and sacroiliac joints
Look Look for asymmetry of the pelvic brim and of the lower part of 

buttock.
Feel Palpate for tenderness in the buttocks.

Palpate the sacroiliac joints for tenderness.
Stress Stress the sacroiliac joints for tenderness. There are various methods 

to compress or distract the joint to elicit tenderness such as 
pushing on both iliac wings when the person is lying supine.

Fig. 27.20 Lumbar 
flexion.

Fig. 27.21 Lumbar 
extension.

Fig. 27.22 Left lateral 
flexion.

Fig. 27.23 Right lateral 
flexion.

Fig. 27.24 Test for cruralgia. Fig. 27.25 Test for sciatica.

Fig. 27.26 Test for sciatica.

BOX 27.5 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL SYSTEM

Upper extremity
Shoulder
Look Look for any asymmetry of scapulae, posture, or muscle wasting.
Feel Palpate over the midpoint of each trapezius and the supraspinatus 

to identify tender spots.
Palpate over the acromioclavicular joint line, glenohumeral joint 

line, and bicipital groove.
Move Actively elevate arms into air.

Actively place hands behind head.
Actively place hands behind back.
Steady scapula and with the elbow at 90 degrees rotate internally 

and externally; then passively abduct, flex, and internally and 
externally rotate the shoulder.

Tests There are several methods to establish if there is impingement.

Fig. 27.27 Abduction 
and external rotation.

Fig. 27.28 Adduction, 
extension and internal 
rotation.

Continued



SE
C

TI
O

N
 2

 ●
 C

LI
N

IC
A

L 
BA

SI
S 

O
F 

RH
EU

M
AT

IC
 D

IS
EA

SE

246
Fig. 27.40 Wrist flexion. Fig. 27.41 Wrist extension.

Elbow
Look Look for any swelling or deformity. Joint swelling is first apparent in 

the para-olecranon groove. The olecranon is a common site for 
bursitis and rheumatoid nodules.

Feel Palpate over the para-olecranon groove for synovial swelling or 
tenderness. Palpate over the medial and lateral epicondyles for 
tenderness.

Assess the laxity of the skin if considering hypermobility.
Move Passively extend and flex the elbow and look for hyperextension.

Fig. 27.29 External 
rotation.

Fig. 27.30 Internal 
rotation.

Fig. 27.31 Flexion. Fig. 27.32 Elevation.

Fig. 27.33 Extension. Fig. 27.34 Abduction.

Fig. 27.35 Adduction.

Fig. 27.36 Palpate over the medial 
and lateral epicondyles for 
tenderness.

Fig. 27.37 Elbow flexion.

Fig. 27.38 Elbow extension. Fig. 27.39 Assess for elbow 
hyperextensibility.

BOX 27.5 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL 
SYSTEM—cont’d

Wrist
Look Look for any swelling or deformity.

Swelling over the dorsum is of the joint or extensor tendon 
sheath. With active extension of the fingers, swelling of the 
extensor tendon sheath moves—the tuck sign.

Look for squaring of the palm base because of swelling of the 
carpometacarpal joint seen in osteoarthritis. Typical deformities 
in established rheumatoid arthritis are volar subluxation and 
radial deviation at the wrist with dorsal subluxation of the ulnar 
styloid.

Feel Palpate over the joint line for tenderness or synovial swelling.
Move Passively flex and extend the wrist.

Assess for hypermobility by passively moving the thumb toward 
the volar aspect of the forearm with the wrist in full flexion.

Use resisted flexion, extension, or pronation if assessing 
epicondylitis at the elbow.

Stress Assess stability of the inferior radioulnar joint by demonstrating 
movement with pressing down on the radial head—the piano 
key sign.
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BOX 27.5 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL 
SYSTEM—cont’d

Fig. 27.42 Wrist ulnar movement. Fig. 27.43 Wrist radial movement.

Fig. 27.44 Resisted active wrist 
extension to test for lateral 
epicondylitis.

Fig. 27.45 Resisted active wrist 
flexion to test for medial 
epicondylitis.

Fig. 27.46 Assess supination. Fig. 27.47 Assess pronation.

Hand
Look Look for any swelling or deformity. Is the swelling specific to joints or 

tendons or is it diffuse?
Look for any associated clues. Much can be learned from the hand. 

Look for wasting of the small muscles; inspect the skin, nails, and 
nail beds.

Typical deformities in established rheumatoid arthritis are ulnar 
deviation of the fingers at the metacarpophalangeal joints, 
hyperextension at the proximal interphalangeal joint with flexion 
at the distal interphalangeal (swan-neck deformity) joint or flexion 
at the proximal interphalangeal joint with hyperextension at the 
distal interphalangeal joint (boutonniere deformity). A Z-deformity 
of the thumb can be seen in systemic lupus erythematosus.

Feel Palpate over each joint line for tenderness or bony or synovial 
swelling. Squeezing across all the knuckles together can be used 
as a composite assessment for tenderness of the 
metacarpophalangeal joints.

Palpate the tendon sheaths during movement to detect crepitus or 
tendon nodules. Feel the quality of the skin for induration, 
thickening, or laxity.

Move Actively make a tight fist with palmar aspect uppermost to see if all 
fingers fully flex and estimate strength of grip by observing the 
blanching of the palmar surface of the hand on release of the fist.

Actively make a firm pinch grip between the thumb and the fingers 
individually.

Passively extend the fifth finger to assess for hypermobility.

Fig. 27.48 Actively make a fist. Fig. 27.49 Release grip and observe 
palm for blanching.

Fig. 27.50 Palpate the 
metacarpophalangeal joints.

Fig. 27.51 Palpate the proximal 
interphalangeal joints.

Fig. 27.52 Squeeze across the 
metacarpophalangeal joints.

Fig. 27.53 Palpate the tendon 
sheaths.

Fig. 27.54 Assess grip strength. Fig. 27.55 Assess pinch grip.

Fig. 27.56 Assess for hypermobility 
of the thumb and wrist.

Fig. 27.57 Assess hyperextensibility 
of fifth finger.
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Fig. 27.58 Assess leg length by 
relative position of medial malleoli 
with straightened pelvis.

Fig. 27.59 Hip flexion—active.

Fig. 27.60 Hip flexion—passive, 
looking for contralateral movement.

Fig. 27.61 Internal rotation.

Fig. 27.62 External rotation. Fig. 27.63 Abduction.

BOX 27.6 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL SYSTEM

Lower extremity
Observing the gait is an important part of assessing the lower limbs. 
Examination should be done with the person lying on a bench. Measure leg 
length if a pelvic tilt when standing suggests shortening or if there is a 
discrepancy in position of medial malleoli with straightened pelvis. Pain in the 
hindquarter is often called “hip pain” but can have many origins that need 
elucidating by examination.
Hip
Look Observation of the person walking will have given some information 

about the hips. There may be wasting of the buttock or thigh 
muscles from disuse.

Feel Palpation should be used to clarify the origin of any symptoms. The 
“hip” is used to describe symptoms anywhere in the hindquarter.

Tenderness is usually related to tendinitis or bursitis.
Move With the person supine, actively and then passively flex the hip as far 

as possible with the knee in flexion looking for contralateral 
movement.

With the hip passively flexed to 90 degrees, rotate it internally and 
externally by holding the foot, supporting the thigh, and moving 
the lower leg inward and outward, careful to not inflict pain. 
Internal rotation is often affected first in disorders of the hip joint.

With the person lying supine with the leg fully extended, hold the 
contralateral anterior superior iliac spine to prevent movement of 
the pelvis and passively abduct and adduct the leg.

With the person lying prone or on the side, passively extend the 
straightened leg.

Fig. 27.64 Adduction.

Knee
Look Observation of the person walking will have given some information 

about the knees. There may be wasting of the thigh muscles from 
disuse. There may be instability. Look for any swelling and its 
exact site because it may relate to the joint or periarticular 
structures. Look for any deformity. Typical deformities are fixed 
flexion, valgus, or varus.

Feel Palpate for tenderness or swelling and establish the affected 
structures. Palpate the joint line for tenderness. Assess for articular 
swelling and effusion by the bulge sign or patella tap (see Fig. 
27.5). Palpate for a popliteal cyst.

Move With the person supine, passively flex the knee as far as possible 
with the hip in flexion. If the hip is also abnormal, hang the leg 
over the side of the bench to examine flexion of the knee without 
hip flexion.

With the person lying supine, fully extend the leg in an attempt to 
touch the back of the knee onto the bench. Assess passively if the 
knee will hyperextend.

Stress Anterior and posterior stability should be tested to assess the 
cruciate ligaments.

Medial and lateral stability should be tested to assess the collateral 
ligaments and for loss of joint space.

Fig. 27.65 Knee flexion. Fig. 27.66 Knee extension.

Fig. 27.67 Stress the cruciate 
ligaments.

Fig. 27.68 Stress the collateral 
ligaments.

Foot and ankle
Look Observe the feet when standing and during walking. Look for a 

normal longitudinal arch and during the gait cycle look for 
normal heel strike and take off from the forefoot. Look for any 
callosities beneath the metatarsal heads and for any swelling 
and redness of the toes.

Swelling of the metatarsophalangeal joints can separate the toes 
and daylight becomes visible between them. Look for any 
deformities.
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Fig. 27.71 Ankle extension. Fig. 27.72 Inversion and supination.

Fig. 27.73 Eversion and pronation. Fig. 27.74 Subtalar inversion.

Deformities include pes planus (flattening of the longitudinal arch), 
pronation of the foot, valgus deformity of the hindfoot (eversion 
of the subtalar joint, pes cavus (high longitudinal arch), talipes 
equinovarus, hallux valgus, subluxation of the 
metatarsophalangeal joints, and “claw,” “hammer,” and “mallet” 
deformities of the toes.

Feel Symptoms may relate to the joint; the periarticular bone; the 
tendons, their sheaths and insertions; or bursae. Palpate for 
tenderness or swelling and establish the affected structures. 
Squeeze across the metatarsus, and if there is tenderness, 
examine the metatarsophalangeal joints individually.

Move Actively flex and extend the ankle.
Actively invert and supinate and then evert and pronate the foot.
Passively deviate the heel medially (inversion) and laterally 

(eversion) by grasping the heel between the examiner’s thumb 
and index finger of one hand and moving it while anchoring the 
lower leg with the other hand.

Passively rotate the forefoot on the hindfoot by grasping the 
forefoot between the examiner’s thumb and fingers while 
anchoring the heel with the other hand to assess the midtarsal 
joint.

See if the patient is able to stand on the toes, which requires an 
intact posterior tibialis tendon.

BOX 27.6 REGIONAL EXAMINATION OF THE MUSCULOSKELETAL 
SYSTEM—cont’d

Fig. 27.69 Metatarsal squeeze. Fig. 27.70 Ankle flexion.

Fig. 27.75 Subtalar eversion. Fig. 27.76 Midtarsal rotation.

Fig. 27.77 Assessing the first 
metatarsophalangeal joint.

Gait

The gait demonstrates the integrated function of the lower limbs and 
will reveal abnormalities of the musculoskeletal system (see Fig. 27.1). 
Further assessment of the lower limbs will be necessary to identify the 
specific cause of any abnormality of gait.

Certain abnormal patterns of gait are well recognized. Pain in one 
limb causes the avoidance of weight bearing by that limb and shorten-
ing of that phase of the gait cycle. The cycle is asymmetric, with shorter 
steps on the painful limb, and is described as an antalgic gait. Weak-
ness of the hip adductors results in dipping of the pelvis to the other 
side when weight bearing on the affected limb. During the gait cycle 
the person leans the upper body over the weak hip to compensate for 
this to keep his or her balance. This Trendelenburg gait is apparent as 
side-to-side movement of the shoulders when walking. Such move-
ment of the shoulders is also seen if there is an inequality of leg length, 
leading to tilting of the pelvis during the gait cycle. An alternative gait 
with leg-length inequality is to flex the knee of the longer leg to clear 
the ground during the swing phase, with consequent dipping of the 
person up and down. A dropfoot results in a high-stepping gait to avoid 
tripping on the toes during the swing phase.

Posture
The normal symmetry of the body helps identify abnormalities of 
posture. Observe the whole person standing undressed in underwear 
and look for equality of height of landmarks—the shoulder tips, the 
scapulae, the pelvic brim, the crease of the buttocks. Inspect the spine 
carefully for its normal curves and identify any scoliosis. Look at the 
feet during normal posture.

Documentation
The history and examination need to be documented. The history 
should form a clear story that another clinician can read, assess, and 
interpret. The examination is documented most easily on a homuncu-
lus. A standardized approach is recommended to denote deformities, 
restricted movement, joint swelling, and joint tenderness (Fig. 27.78).

There are various disease-specific standardized assessments that 
can be used to evaluate conditions such as rheumatoid arthritis, anky-
losing spondylitis, or SLE. These are considered elsewhere in this text.

CONCLUDING THE CONSULTATION
Interpretation
The aim of the consultation is to identify the cause of the person’s 
problems, assess impact and response to any treatment, plan 
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Fig. 27.78 Annotating the examination findings. A homunculus can be used to 
annotate the abnormal findings made during examination.

ANNOTATING THE EXAMINATION FINDINGS management, and fully discuss this and the expected outcome with the 
patient.

Making a diagnosis requires the integration of the history and find-
ings on examination with knowledge of the possible causes and results 
of appropriate investigations. Pattern recognition plays a key role (see 
Chapter 28). Knowing what is likely at different stages of life in differ-
ent individuals and looking for clues throughout the consultation is 
important. Because musculoskeletal conditions are common, it must 
be remembered that multiple pathologic processes are possible.

Communicating the findings
The most important part of the consultation, especially for the patient, 
is the communication of the findings and conclusions. Ensure that the 
person feels that all his or her problems have been listened to, ques-
tions answered, and expectations met as far as is possible. It is some-
times difficult to explain all of a person’s symptoms with precise 
tissue-based causes, and this can cause concern and loss of confidence 
in the physician. Concepts of mechanical back pain and fibromyalgia 
can be difficult for the person to grasp. This part of the consultation 
needs the most time but is usually the most hurried part. A specialist 
nurse can supplement the information that the person wants, and 
there is a lot of material available about musculoskeletal conditions 
from support organizations, such as the Arthritis Foundation or Arthri-
tis Care and through the Internet.
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of greater benefit. Moreover, the diagnostic value of pattern recognition 
will be considered without taking into account other characteristics of 
the patient (e.g., gender, age, family history) or the presence or absence 
of extra-articular features of disease normally contributing to diagnostic 
certainty.

MODE OF ONSET AND DURATION  
OF SYMPTOMS
Some arthropathies typically present as an acute onset of pain with the 
peak intensity reached within hours or a few days, whereas in others 
maximum severity is reached gradually (over several weeks or months). 
Variations may occur, and the same disorder may have a sudden onset 
in some patients and be gradual in others. Rheumatoid arthritis (RA), 
for instance, may present as an acute polyarthritis (especially in the 
elderly) and psoriatic arthritis as an acute monoarthritis resembling 
gout, whereas in most cases both disorders begin insidiously. Examples 
of disorders with an acute onset also include bacterial arthritis, rheu-
matic fever, reactive arthritis, sarcoidosis, palindromic rheumatism, 
and crystal-induced arthritis (the best example being nocturnal attacks 
of gout). An arthritogenic virus (e.g., rubella virus and hepatitis B virus) 
may also cause acute synovitis. An insidious pattern is common in 
early-onset pauciarticular juvenile idiopathic arthritis (EOPA-JIA), as 
well as in the polyarticular-onset type and in osteoarthritis (OA), hyper-
trophic osteoarthropathy, mycobacterial and fungal arthritis, and most 
cases of neuropathic arthropathy (Charcot’s joints).

Arthritic disorders lasting less than 4 to 6 weeks are considered to 
be self-limiting in practical terms, whereas those lasting longer are 
considered to be chronic. In self-limiting arthritic disorders the dura-
tion of symptoms and signs may be a valuable discriminating feature. 
Early episodes of monoarticular gout tend to subside spontaneously 
after 7 to 10 days and resolution is complete; acute or subacute attacks 
of pseudogout (calcium pyrophosphate dihydrate crystal deposition 
disease [CPPD]) may last from 2 to 3 days to 3 to 4 weeks; most 
articular or periarticular episodes of palindromic rheumatism disappear 
within hours to several days with no articular sequelae. Parvovirus-
associated arthritis is usually of acute onset and self-limited, resolving 
in 1 to 3 weeks. A steady inflammation in an individual joint for more 
than a few days or a week in children is highly unlikely to be due to 
rheumatic fever.

THE NUMBER OF AFFECTED JOINTS
The clinical pattern may be monoarticular, oligoarticular, or polyar-
ticular, reflecting involvement restricted to a single, a few, and several 
joints, respectively.

Although almost any individual arthropathy may begin as monoar-
thritis, the initial pattern of some disorders is characteristically mono-
articular regardless of the subsequent course. In particular, patients 
with an acute painful synovitis of a single joint and varying degrees of 
overlying redness represent a challenging subset in clinical rheumatol-
ogy.2,3 Although redness may occur in any acute monoarthritis regard-
less of the cause, its presence usually evokes a restricted list of possible 
diagnoses (Table 28.2). The most common are crystal-induced syno-
vitis (including acute calcific periarthritis ),4 bacterial infectious arthri-
tis (Fig. 28.1), traumatic conditions, psoriatic arthritis, and palindromic 
rheumatism (in which the joint may reach a dark, bluish redness).

Owing to the frequency of the underlying disease, it should be 
remembered that the uncommon occurrence of a red-hot joint in the 
context of RA may be due to superimposed infectious synovitis and 
not to the disease process itself.5 Nonetheless, a syndrome of acute 

Pattern recognition in arthritis
Osvaldo Hübscher

 Pattern recognition is the key to diagnosis of the rheumatic 
disorders: the central questions that need to be asked are:
– Is there a musculoskeletal problem or a disease of another 

system?
– Is the condition articular or periarticular?
– Is the condition mechanical (arthrosis) or inflammatory?
– Does it affect appendicular or axial structures or both?

 These questions can be answered from a synthesis of data from the 
history and physical examination, in particular:
– From the history: the mode of onset, the sequence of 

development of different features, and the duration and pattern 
of the symptoms

– From the physical examination: the number, distribution, and 
pattern of the affected joints or periarticular structures and the 
nature of any systemic involvement

INTRODUCTION
The history and physical examination are the two most important 
components of the diagnostic process for patients complaining of mus-
culoskeletal pain, stiffness, or other symptoms.1 Clinical judgment in 
interpreting the findings elicited from the history and physical exami-
nation should allow the physician to answer several key questions:

● Do the symptoms originate in the musculoskeletal system or do 
they reflect diseases primarily affecting other systems (e.g., neu-
rologic disorders, vascular disease, Pancoast’s syndrome)?

● Is it an articular or non-articular process? A substantial number 
of patients will have localized mechanical problems or non-spe-
cific soft tissue conditions. Muscular syndromes or pain originat-
ing in periarticular foci can often mimic an articular origin 
(sometimes affecting more than one site). Examples are unilateral 
or bilateral anserine bursitis, resembling an intra-articular  
knee joint disorder, and extensor tendinitis of the thumb (de 
Quervain’s tenosynovitis), mimicking wrist involvement. Primary 
bone conditions (e.g., Paget’s disease, osteoid osteoma, osteoma-
lacia) as well as infiltrative (e.g., lymphomas) and lytic (e.g., 
metastatic disease, osteitis fibrosa cystica) lesions may also 
provoke pain referred to a joint. Osteonecrosis or infection and 
stress fractures may also generate confusion.

● Does the patient have arthralgias or arthritis? Arthralgia refers to 
pain localized to a joint, whereas arthritis refers to the objective 
evidence of an inflammatory change of the joint. Arthritis is a 
much more specific sign of an articular disorder.

● Is there evidence of other organ involvement (e.g., systemic con-
nective tissue disorders), or does it appear to be a disorder 
restricted to the musculoskeletal system (e.g., osteoarthritis)?

● Is the articular problem inflammatory, mechanical, degenerative, 
or something else?

● Does the disease affect axial or appendicular structures or both?

Once the physician has established that the disorder originates in 
the joints, several other aspects of the history and physical examination 
should be considered to delineate a diagnostic pattern of arthropathy 
(Table 28.1). The attributes of joint involvement that are considered 
in this section focus on those dominating the clinical picture during 
the early phases of rheumatologic disorders, when treatment could be 
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metacarpophalangeal (MCP) joints of the hands characterizes a 
common subgroup of patients with psoriatic arthritis.

The third articular pattern is the one in which polyarticular involve-
ment dominates the clinical picture. A wide variety of inflammatory 
and non-inflammatory disorders, both common and uncommon, may 
present as polyarthritis (Table 28.4).9

sterile arthritis mimicking articular infection may occur in RA patients 
and respond to anti-inflammatory therapy.6 Although systemic lupus 
erythematosus (SLE) may cause a number of articular problems, the 
occurrence of monoarthritis suggests infection or osteonecrosis.

Chronic monoarthritis is often the presenting manifestation of a 
variety of joint disorders (Table 28.3); histologic elucidation may be 
necessary to make the correct diagnosis. In a substantial number of 
patients the cause remains undetermined.7

Involvement of two to four separate joints is referred to as oligoar-
thritis. In general, rheumatologic disorders manifesting as monoarthri-
tis may also be oligoarticular. Despite this overlap, there are examples 
in which involvement of two or three joints (rather than one) may 
significantly narrow the diagnostic spectrum. As an example, lower 
limb oligoarthritis (especially of the knees and ankles) in an asymmet-
ric fashion is reminiscent of the HLA-B27–associated seronegative 
spondyloarthopathies.8 An asymmetric oligoarthritis affecting scattered 
distal interphalangeal (DIP), proximal interphalangeal (PIP), and 

TABLE 28.1 MAJOR DIAGNOSTIC FEATURES OF JOINT DISORDERS

Mode of onset Acute

Insidious

Duration of symptoms Self-limiting

Chronic

Number of affected joints Monoarthritis

Oligoarthritis (two to four joints)

Polyarthritis

Distribution of joint involvement Symmetric

Asymmetric

Localization of affected joints Axial

Appendicular

Both

Sequence of involvement Additive

Migratory

Intermittent

Local pattern of involvement  
(in individual joints)

TABLE 28.2 THE RED-HOT JOINT

Type Subtypes/examples (if applicable)

Infectious Bacterial

Neisserial (may be preceded by transient
polyarticular disease)

Mycobacterial

Virus

Lyme disease

Crystal induced Gout

CPPD (pseudogout type)

Hydroxyapatite (acute calcific periarthritis)

Traumatic/fracture

Palindromic rheumatism

Psoriatic arthritis

Reactive arthritis

Bacterial endocarditis

Sarcoidosis

Fig. 28.1 The red-hot joint. Septic arthritis of the ring finger 
metacarpophalangeal joint showing swelling and intense redness of the skin.

TABLE 28.3 SELECTED CAUSES OF CHRONIC MONOARTHRITIS

Type Subtypes/examples (if applicable)

Infectious arthritis Mycobacterial, fungal, bacterial, viral, Lyme disease

Inflammatory 
arthritis

Crystal induced

Monoarticular RA

EOPA-JIA

Seronegative spondyloarthropathies (ankylosing 
spondylitis, reactive arthritis, colitic arthritis, 
undifferentiated spondyloarthropathy)

Psoriatic arthropathy

Foreign body synovitis (e.g., plant thorn synovitis)

Sarcoidosis

Non-inflammatory 
arthritis

Osteoarthritis

Internal derangement

Osteonecrosis

Synovial osteochondromatosis

Reflex sympathetic dystrophy

Hemarthrosis (e.g., coagulopathy, anticoagulants)

Neuropathic (Charcot’s joint)

Stress fracture

Transient regional osteoporosis

Juvenile osteochondroses

Tumors Pigmented villonodular synovitis

Lipoma arborescens

Synovial metastasis from solid tumors

Synovial sarcoma

Undiagnosed
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In the presence of peripheral arthritis, one of the most helpful clues 
in the differential diagnosis is to determine the presence of concomi-
tant axial involvement. Whereas some rheumatologic conditions rarely 
affect the axial segments (e.g., gout, SLE, systemic vasculitis), a com-
bined pattern is often seen in others (Table 28.5). Osteoarthritis of the 
facet joints of the spine often coexists with appendicular involvement. 
Diffuse idiopathic skeletal hyperostosis (DISH) affects mainly dorsal 
and lumbar spinal segments and may be accompanied by OA in atypi-
cal upper limb joints (elbow, shoulder, MCP).11 Patients with ankylos-
ing spondylitis, psoriatic arthritis, reactive arthritis (after both enteric 
and sexually transmitted infection), and arthritis accompanying inflam-
matory bowel disease may also exhibit varying degrees of combined 
axial and peripheral involvement. Polyarticular and systemic-onset 
juvenile idiopathic arthritis (JIA) as well as adult-onset Still’s disease 
commonly affect the apophyseal joints of the cervical spine in addition 
to peripheral joints. The SAPHO syndrome (synovitis, acne, pustulo-
sis, hyperostosis, and osteitis) is a further example among the much 
less frequent arthritides.12 Acute involvement of a sternoclavicular joint 
(one of the less frequently involved joints) suggests septic arthritis in 
intravenous drug users.

IS IT A SYMMETRIC OR AN  
ASYMMETRIC ARTHRITIS?
This distinction is very helpful in the differential diagnosis of oligoar-
ticular and polyarticular conditions, with RA being the classic example 
of symmetric arthritis (Fig. 28.2), meaning simultaneous inflammatory 
signs in pairs of peripheral joints (e.g., both knees, both wrists). Sym-
metry is not necessarily strict in the hands; the same MCP or PIP joint 
may not be equally affected in both extremities of RA patients. Erosive 
inflammatory OA, pachydermodactyly, parvovirus arthritis, and many 
cases of SLE may resemble RA, whereas reactive arthritis, psoriatic 
arthritis, and polyarticular gout usually present as asymmetric involve-
ment of appendicular joints. Both symmetric and asymmetric serone-
gative oligoarthritis/polyarthritis have been seldom described in 
association with neoplasia.10

This feature of the articular pattern has obvious limitations; every 
patient with a symmetric disorder may have an initial asymmetric 
phase. Table 28.4 lists a number of conditions classified according to 
the most characteristic pattern.

LOCALIZATION OF AFFECTED JOINTS
Axial involvement
Axial structures include, apart from the spine, centrally located joints 
such as the sacroiliac, sternoclavicular, and manubriosternal joints and 
the rest of the chest wall and sometimes shoulders and hips.

TABLE 28.4 DISTRIBUTION OF SELECTED OLIGOARTHRITIS 
AND POLYARTHRITIS

Symmetric Asymmetric

Inflammatory

RA; JIA (systemic and polyarticular 
types)

Ankylosing spondylitis

Reactive arthritis

Adult-onset Still’s disease Psoriatic arthritis (oligoarticular type)

Systemic lupus erythematosus Enteropathic arthritis

Mixed connective tissue disease Undifferentiated spondyloarthropathy

Polymyalgia rheumatica JIA (pauciarticular types)

Rheumatic fever (adult onset) Palindromic rheumatism

Jaccoud’s arthritis

Degenerative/crystal induced

Osteoarthritis (primary generalized, 
erosive and nodal types)

Gout (especially oligoarthritis)

CPPD (pseudogout type)

CPPD (pseudo-RA type)

“Milwaukee shoulder”

Hemochromatosis arthropathy

Infectious

Viral arthritis Bacterial arthritis

Bacterial endocarditis

Lyme disease (late phase)

Miscellaneous

Hypertrophic osteoarthropathy Cancer-associated arthritis

Amyloid arthropathy Pancreatic disease–associated arthritis

Myxedematous arthropathy

Sarcoid arthritis (acute type)

Cancer-associated arthritis

Most asymmetric arthritides may be, or are characteristically, initially monoarticular

Fig. 28.2 Symmetric interphalangeal synovitis in a woman with seropositive 
RA.

TABLE 28.5 CHRONIC ARTHROPATHIES WITH PERIPHERAL 
AND AXIAL INVOLVEMENT

Type Subtypes/examples (if applicable)

Inflammatory

Spondyloarthropathies Ankylosing spondylitis

Reactive arthritis

Psoriatic arthropathy (a subset of patients)

Enteropathic arthritis

Undifferentiated

Juvenile idiopathic arthritis Systemic and polyarticular onset

Adult-onset Still’s disease

SAPHO syndrome

Non-inflammatory

Osteoarthritis

Diffuse idiopathic skeletal 
hyperostosis

Acromegaly

Ochronosis

Spondyloepiphyseal dysplasia
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and other crystalline disorders17 as well as OA, psoriatic arthritis, 
and a wide variety of conditions, may mimic the podagra of gout.18 
The occurrence of “pseudopodagra” is one of the best examples 
of how the specific site of the index joint, although helpful, can 
only suggest the diagnosis.

● Pain and swelling of knees and ankles (often asymmetric) may be 
seen in the seronegative spondyloarthropathies, including reactive 
arthritis after infection with Chlamydia and enteric organisms.19 
In both of the latter conditions, involvement of the toes is also 
frequent and the clinical appearance of dactylitis (“sausage” toe) 
is most typical.

● Juxta-articular pain and tenderness (symptoms of inflammatory 
enthesopathies) may dominate the clinical picture in some 
patients with seronegative spondyloarthropathies. An enthesopa-
thy is a pathologic process at the sites of tendinous, ligamentous, 
or articular capsule attachment to bone and can be inflammatory, 
degenerative, crystalline, or metabolic.20 Achilles tendon and 
plantar fascia insertions into the calcaneum (heel pain) are prin-
cipally involved. The costosternal areas, iliac crests, ischial tuber-
osities, greater trochanters, and manubriosternal joint may also 
be affected. The finding of an enthesopathic digit or dactylitis 
strongly suggests psoriatic arthritis or reactive arthritis (Fig. 28.5).

● Intermittent synovitis of the knee is a relevant feature of late 
Lyme disease and seldom becomes chronic. The knee and/or 

Involvement of the cervical spine structures is frequent in RA 
patients, whereas the dorsal and lumbar segments are spared. Persis-
tent pain in these areas should lead to other diagnoses (e.g., osteopo-
rotic insufficiency fractures of the spine, sacrum, or iliac bones).13

Peripheral involvement
Although a large number of related and unrelated rheumatologic dis-
eases may eventually affect any individual joint, tendon sheath, or 
bursa, the general pattern of joint involvement may be of predomi-
nance in the lower or upper limbs. Moreover, some specific joints are 
closely associated with an individual disease or group of diseases. 
Understandably, these topographic characteristics refer to the early 
phases when diagnostic clues are much needed. Most arthritides may 
later expand to other articular segments, rendering the clinical scenario 
less clear.

Common examples in clinical rheumatology include the 
following.

Upper limbs
● Bilateral and symmetric involvement of small and large joints is 

typical of RA. The MCP and PIP joints of the fingers and wrists 
are commonly affected. Distal joints are less frequently involved. 
Patients with SLE or other systemic rheumatologic diseases may 
occasionally present with a “rheumatoid” pattern of disease. The 
small joints of the upper extremities are by far the most com-
monly affected in parvovirus-associated arthritis.

● Exclusive inflammatory DIP joint involvement of the fingers is a 
relatively infrequent, although important, clue to the diagnosis of 
a subset of patients with psoriatic arthritis. Nodal OA (Heberden’s 
nodes) is the most frequently encountered disorder affecting this 
segment (Fig. 28-3).

● Bilateral bony enlargement of the second and third MCP joints 
with restricted motion is characteristic of hemochromatosis 
arthropathy.14

● Severe proximal pain (neck and shoulders) with minimal objective 
findings in an appropriate setting is highly indicative of polymy-
algia rheumatica, although the onset of RA in the elderly may be 
difficult to differentiate from this entity.15

● Bilateral shoulder disease with striking joint enlargement (shoul-
der pad sign) is very typical of amyloid arthropathy.16

Lower limbs
● Podagra: the metatarsophalangeal joint of the big toe is typically 

affected in acute gouty attacks (Fig. 28.4). Less frequently, CPPD 

a

b

Fig. 28.3 Rheumatic disorders affecting the DIP joints. (a) Psoriatic arthropathy of two DIP joints and the interphalangeal joint of the thumb, together with nail 
dystrophy. (b) Osteoarthritis is the most common disorder affecting this segment (Heberden’s nodes).

Fig. 28.4 Acute gout. The first MTP joint is involved at some time in 
approximately 75% of patients. Desquamation of the skin often occurs.
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ankle are also the most commonly involved joints in early 
EOPA-JIA.

SEQUENCE OF JOINT INVOLVEMENT
Clinical involvement of joints may follow three major patterns: addi-
tive, migratory, and intermittent. An additive pattern refers to the 
involvement of more joints while the previous joints remain symptom-
atic. Polyarticular OA, reactive arthritis, and RA are typical examples 
of this progressive sequence.

A migratory pattern means that the process ceases or abates in one 
joint while simultaneously, or immediately after, starting in a previ-
ously normal joint. Whipple’s disease and neisserial arthritis may 
present as a migratory arthritis and tenosynovitis, whereas the fleeting 
arthritis of rheumatic fever in children is a classic example.

In the intermittent rheumatologic disorders there is complete remis-
sion of symptoms and signs until the next recurrence in the same or 
other joints. No evidence of active disease or residual signs can be 
detected during intervals. Crystal-induced arthritis, familial Mediter-
ranean fever, Muckle-Wells syndrome, the arthritis seen in Whipple’s 
disease, and palindromic rheumatism usually follow this pattern for 
years with asymptomatic periods that vary in length. Patients with SLE 
often show complete resolution of synovitis (commonly polyarthritis) 
and follow a discontinuous pattern of arthropathy. Adult-onset Still’s 
disease may also run a polycyclic clinical course.21

LOCAL PATTERN OF JOINT DISEASE
Some local signs may be of great diagnostic help. In the same manner 
as the presence of redness often suggests a particular group of diagnoses 
(see earlier), the occurrence of skin desquamation when inflammation 
declines is suggestive of acute gouty monoarthritis. Additional findings 
that may be of diagnostic value include the following:

● Enlargement of a given individual joint may be symmetric or 
asymmetric. This physical sign is more obvious in the finger 
joints. Fusiform swelling of PIP joints in RA is the best example 
of symmetric involvement, as opposed to Heberden’s nodes, 
erosive OA, chronic sarcoidosis, and tophaceous gout, which 
often produce asymmetric enlargement of the affected joint.

● The local signs of inflammation may extend beyond the anatomic 
limits of the joint. This feature may be a major diagnostic con-
tribution, as illustrated by the presence of dactylitis, a character-
istic sign of an enthesopathic process (see earlier). A diffusely 
painful swollen hand or foot may indicate reflex sympathetic 
dystrophy syndrome in that extremity (Fig. 28.6). Bilateral sym-
metric puffy swelling of hands and fingers (and sometimes the 
feet) may be seen in the early phases of systemic sclerosis and 
mixed connective tissue disease (Fig. 28.7). In a totally different 
clinical context, diffuse swelling of both hands with pitting is a 

a
b

Fig. 28.5 Sausage fingers and toes. (a) Psoriatic 
arthropathy/dactylitis at the third finger. (b) Reactive 
arthritis/dactylitis more evident at the second and third 
toes. Note nail dystrophy.

Fig. 28.6 Reflex sympathetic dystrophy syndrome. There is diffuse edematous 
swelling of the entire right hand.

Fig. 28.7 Swollen hands in mixed connective tissue disease. The presence of 
symmetric puffy hands is a common early finding. Similar changes are often 
seen in the early stages of scleroderma.
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THE CLINICAL VALUE OF PATTERNS  
OF ARTHROPATHY
Evidence of some distinct articular patterns focuses the spectrum of 
diagnostic options and reduces unnecessary diagnostic testing.25 These 
patterns are not diagnostic per se, and they must always be viewed only 
as a rough guide for various reasons.

First, unrelated arthropathies may share one or more clinical pat-
terns. As an example, EOPA-JIA, tuberculous arthritis, and foreign 
body arthritis (e.g., plant thorn synovitis)26 may all present as a chronic 
monoarthritis of the knee (Fig. 28.10). Both gout and pseudogout can 
mimic septic arthritis in the setting of febrile acute monoarthritis or 
polyarthritis.27

Second, some major arthritides have more than one mode of onset. 
It should be remembered, for example, that chronic or intermittent 
monoarthritis and oligoarthritis (with no involvement of the small 
joints of the hands) may occasionally dominate the early course of RA 
before a symmetric polyarthritis evolves. The same presentation may 

Fig. 28.8 Remitting seronegative symmetric synovitis with pitting edema. 
Note massive acute painful edema of both hands in an 80-year-old man.

Fig. 28.9 Flexion contractures of all fingers in carcinoma-associated fasciitis. A 
50-year-old woman developed painful swelling and contractures of both 
hands secondary to marked hardening and thickening of the palmar fascia. 
Palmar erythema is also present. Investigations revealed ovarian carcinoma, 
the most commonly associated neoplasm in these patients.

Fig. 28.10 EOPA-JIA in a young girl with monoarthritis. This patient had 
associated asymptomatic iridocyclitis. In some cases a synovial biopsy is 
mandatory to exclude other disorders.

Fig. 28.11 Gouty attack superimposed on a Heberden node. The clinical 
combination may be found in elderly patients treated with diuretics, as seen in 
the distal interphalangeal joint of the right index finger in this 78-year-old 
woman. Note mild desquamation of the overlying skin.

conspicuous feature of the syndrome of “remitting seronegative 
symmetric synovitis with pitting edema” (RS3-PE syndrome) (Fig. 
28.8).22

● Symmetric enlargement of hands and feet associated with variable 
degrees of pain is seen from time to time by rheumatologists.23 
Digital clubbing and local signs of inflammation may or may not 
be prominent. Hypertrophic osteoarthropathy, pachydermoperi-
ostosis, acromegaly, and the rare thyroid acropachy should be 
considered when encountering these cases.

● Flexion contractures of the fingers (plus other segments in 
some cases) due to structural changes in soft tissues lead to a 
number of clinical diagnoses apart from systemic sclerosis  
and eosinophilic cutaneous fibroses. β2-Microglobulin amyloido-
sis, nephrogenic systemic fibrosis (both entities in patients in 
hemodialysis), diabetic cheiroarthropathy, and the syndrome of 
cancer-associated palmar fasciitis are among the diagnostic 
options (Fig. 28.9).24 The syndrome of camptodactyly, arthropa-
thy, coxa vara, and pericarditis also includes this type of 
deformity.



CH
A

PTER 28 
● Pattern recognition in arthritis

257

The combination of features just analyzed can often contribute to 
the accurate diagnosis of an arthropathy. A deeper knowledge of each 
of the individual disorders is necessary to enhance the specificity of the 
diagnostic process. However, this may require the addition of labora-
tory studies, joint fluid examination, imaging techniques, and other 
tests to refine the analysis. The more varied the articular patterns pos-
sible in a given arthropathy, the more necessary complementary studies 
become. Systemic vasculitis, SLE, bacterial endocarditis, human immu-
nodeficiency virus infection, solid tumors and leukemia, Behçet’s syn-
drome, sarcoidosis, relapsing polychondritis, and pancreatic-associated 
arthritis are examples of disorders in which several patterns of arthrop-
athy have been described and which may require a panoply of in-
vestigations in addition to the physical findings. However, a careful 
history and physical examination remains the cornerstone of a  
diagnostic evaluation for all patients who present with rheumatologic 
complaints.

also precede the appearance of typical inflammatory low back pain in 
patients with ankylosing spondylitis. Moreover, CPPD has many clini-
cal patterns, with pseudogout and pseudo-osteoarthritis being the most 
frequent.28

Third, the articular pattern may change with time in the course of 
a single disorder. In these cases the correct diagnosis is facilitated when 
the patient is seen during the “typical” phase of the disease and may 
be hampered during the “atypical” phases. Early gout, for instance, is 
an acute, intermittent, monoarticular arthropathy. As the disease pro-
gresses, however, the patient may present with a chronic additive, rela-
tively symmetric, polyarticular disease leading to confusion with RA 
on physical examination.29 Finally, a single clinical pattern of joint 
disease may correspond to more than one diagnosis. Chronic gout 
superimposed on Heberden’s nodes30 and the coexistence of crystals 
and infection in cases of subacute monoarthritis31 are examples of this 
clinical situation (Fig. 28.11).
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The concepts of false-negative and false-positive are the converse, 
respectively, of sensitivity and specificity but are useful in clinical 
decision-making. For example, inflammatory rheumatologic diseases, 
for which patients are often “screened” with laboratory tests, are seen 
in about 1% of the population, perhaps 2% if gout is included.2 However, 
even a 1% false-positive rate of serologic tests for systemic lupus erythe-
matosus (SLE) or Lyme disease, for example, will result in many people 
being “labeled” as having SLE or Lyme disease without any clinical 
evidence of disease. False-positive results of antinuclear antibodies 
(ANA) testing constitute one frequent reason for rheumatology consul-
tations. The prevalence of SLE in the general population is around 1 in 
2000, whereas 1 in 20 have a positive ANA. Thus, given the frequency 
of non-specific musculoskeletal symptoms in the general population 
only a minority (1 in 15) of such patients, even if they are ANA posi-
tive, will have SLE (Table 29.2).3 The problem of false-positive interpre-
tations of laboratory data in rheumatic diseases extends beyond 
serologic tests. For example, gout is often misdiagnosed on the basis of 
an elevated serum uric acid level rather than on the finding of urate 
crystals in synovial fluid. Most people with an elevated uric acid level 
do not have gout and do not need to be treated for hyperuricemia.

False-negative problems are more unusual but may have serious 
consequences. Patients with RA who have a negative RF test and/or 
normal erythrocyte sedimentation rate (ESR) may suffer joint destruc-
tion while treatment is deferred on the basis of “normal” laboratory 
values. As will be discussed, up to 40% of RA patients may have a 
normal ESR at presentation. Similarly, patients with vasculitis and 
other life-threatening rheumatic diseases may develop irreversible end-
organ renal failure or stroke, or even die, while undergoing extensive 
laboratory evaluation.

Finally there is always the risk of measurement error in any test, 
and this applies to all laboratory tests in rheumatic diseases. Whenever 
clinical signs and symptoms do not match the laboratory test results, 
before accepting the latter as providing “the truth,” the tests should be 
considered possibly in error and should be repeated.

LABORATORY TESTS IN RHEUMATIC DISEASES
Hematology and acute-phase response
The most common use of blood cell counts is for monitoring side 
effects of the various immunosuppressive medications used for the 
treatment of rheumatic conditions. American College of Rheumatology 
(ACR) guidelines have been developed for monitoring hematologic side 
effects of various drugs; however, there is no consensus, and some 
guidelines (e.g., those for methotrexate) have been expanded to include 
medications during the administration of which the guidelines for 
adverse effect monitoring may be unduly strict.4

White blood cells
Increased concentrations of neutrophils are typically seen in bacterial 
infections (e.g., infectious arthritis, septicemia, pneumonia) but also 
in active phases of RA and Still’s disease. It is also quite rare for a 
patient to have an active primary systemic vasculitis and not to have 
neutrophilia. By contrast, neutropenia is a characteristic of Felty’s 
syndrome but the presence of neutropenia should always raise suspi-
cion of a drug-related bone marrow suppression and/or drug-induced 
removal of neutrophils by the spleen. Lymphocytosis is present during 
several viral infections, whereas lymphopenia is commonly seen in 
active phases of SLE and Sjögren’s syndrome.

Role of laboratory tests in 
rheumatic disorders
Yusuf Yazici

 Laboratory tests in rheumatic diseases are used for diagnosis, 
prognosis, and monitoring of treatment efficacy and safety.

 Even though many tests are commonly ordered by 
rheumatologists, the diagnosis of most rheumatic conditions is 
mainly clinical, and the same is true for disease monitoring.

 Virtually all the tests discussed in this chapter will have abnormal 
results in a certain percentage of the healthy population and 
among people with diseases other than those for which the test 
has been ordered.

 A positive test alone is rarely sufficient to make a diagnosis.

INTRODUCTION
In this chapter the focus is on commonly used laboratory tests that are 
relevant to major disorders seen by rheumatologists rather than an “all 
inclusive” list of possible tests.

Every test has to be evaluated in the setting it was ordered, keeping 
in mind the bayesian principles, where the pretest odds of the diagnosis 
in question are an important factor in determining the importance of 
the results of the test. Furthermore, as will be discussed below, most 
of the laboratory tests ordered by rheumatologists are for monitoring 
adverse events related to medication use. This use of laboratory tests 
is standard in many clinical guidelines; however, hard evidence behind 
this from longitudinally followed cohorts is often lacking.

Because laboratory tests are commonly part of the classification/
diagnostic criteria, it is important to understand some key conceptual 
issues before using results of these tests in making diagnostic and 
treatment decisions.

Sensitivity is the percentage of true positives correctly identified. For 
example, if 80% of patients with rheumatoid arthritis (RA) have a posi-
tive test for rheumatoid factor (RF), the sensitivity of RF for RA is 80%.

Specificity, on the other hand, is the percentage of true negatives 
correctly identified. For example, if 80% of patients without RA do not 
have RF, then the specificity of RF for RA is 80%.

The likelihood ratio (LR) incorporates both the sensitivity and speci-
ficity of the test and provides a direct estimate of how much a test 
result will change the odds of having a disease. The likelihood ratio for 
a positive result (LR+) provides the odds of the disease increase when 
a test is positive. The likelihood ratio for a negative result (LR−) pro-
vides the odds of the disease decrease when a test is negative. The 
pretest odds is the likelihood that the patient would have a specific 
disease before testing and is usually related to the prevalence of the 
disease. The likelihood ratio can be combined with information about 
the prevalence of the disease, characteristics of the patient pool, and 
information about this particular patient to determine the post-test 
odds of disease.

The more frequent a condition, or a laboratory test, is positive in 
the healthy population, the more likely there will be a diagnosis. The 
Bayes theorem is simply a mathematical way of expressing this. Clini-
cians only seldom appreciate the importance of disease frequency (the 
pretest probability in bayesian terms) in making a diagnosis.1 Knowing 
the prevalence of a certain blood test positivity in the healthy popula-
tion is required to be able to correctly interpret the results of any 
rheumatologic screening tests (Table 29.1).

29
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a suspected hereditary cause, von Willebrand’s antigen and factor activ-
ity studies are obtained.

Hemoglobin
Anemia in the rheumatic diseases most commonly reflects decreased 
production of red blood cells in the bone marrow due to continued 
inflammation, characteristically seen as decreased iron deposits in the 
bone marrow. Anemia of chronic disease commonly is manifested by 
normocytic normochromic indices; however, microcytic hypochromic 
indices also can be associated with anemia of chronic disease. Hypo-
chromic microcytic anemia is commonly seen with iron deficiency and 
other causes such as thalassemia and lead poisoning. Macrocytic 
anemia, commonly caused by vitamin B12 deficiency, folate deficiency, 
liver disease, and hypothyroidism, is not common in rheumatologic 
conditions. However, hemolytic anemia is common, especially in SLE 
and other immune-complex mediated conditions. NSAIDs can lead to 
chronic and acute blood loss due to their effects on the gastrointestinal 
mucosa and be a common reason for anemia. Concurrent use with 
corticosteroids increases the risk of this type of blood loss.

Acute-phase reactants
The acute-phase response occurs in a wide variety of inflammatory 
conditions, including various infections, trauma, malignancies, inflam-
matory rheumatic disorders, and certain immune reactions to drugs.5

The acute-phase proteins are mainly produced by hepatocytes on 
stimulation by cytokines (e.g., interleukin-6 [IL-6], IL-1, and tumor 
necrosis factor [TNF]). The most important acute-phase proteins that 
increase during inflammation (positive reactants) are C-reactive protein 
(CRP), fibrinogen, α1-antitrypsin, haptoglobin, ceruloplasmin, serum 
amyloid protein A, and several complement components, especially 
complement C3. The increased plasma level of fibrinogen gives rise  
to an increased erythrocyte sedimentation rate (ESR) by causing 

Eosinophilia, commonly seen in some infectious diseases, can be 
useful for the diagnosis of Churg-Strauss syndrome and help distin-
guish it from other eosinophilic disorders (e.g., parasitic infections, 
drug reactions, acute and chronic eosinophilic pneumonia, allergic 
bronchopulmonary aspergillosis, idiopathic hypereosinophilic syn-
drome). Peripheral blood eosinophilia also can be a marker of disease 
activity.

Platelets
Thrombocytosis can accompany active phases of RA, Still’s disease, 
and infections. Thrombocytopenia may be a feature of SLE or represent 
a hematologic disease, but again this result should raise suspicion of 
a drug-induced reaction. In patients with thrombocytopenia, the 
peripheral smear may suggest the cause. If the smear shows abnormali-
ties other than thrombocytopenia, such as nucleated red blood cells or 
abnormal or immature white blood cells, bone marrow aspiration is 
indicated. Bone marrow aspiration reveals the number and appearance 
of megakaryocytes and is the definitive test for many disorders causing 
marrow failure. However, normal number and appearance of mega-
karyocytes does not always indicate normal platelet production. For 
example, in patients with immune thrombocytopenic purpura, platelet 
production is frequently decreased, or not appropriately increased, 
despite the normal appearance of megakaryocytes. If the bone marrow 
is normal but the spleen is enlarged, increased splenic sequestration is 
the likely cause of thrombocytopenia; if the bone marrow is normal 
and the spleen is not enlarged, excess platelet destruction is the likely 
cause. Some patients may have platelet dysfunction; a drug cause is 
suspected if symptoms began only after patients started taking a poten-
tially causative drug. Some medications such as NSAIDs can interfere 
with platelet function and lead to bleeding complications.

A hereditary cause is suspected if there is a lifelong history of easy 
bruising and bleeding after tooth extractions or surgery. In the case of 

TABLE 29.1 LABORATORY TESTS USED IN INFLAMMATORY RHEUMATIC DISEASES: LIKELIHOOD OF DISEASE IN A PATIENTS WITH A POSITIVE TEST

Blood test Suspected disease
Patients with 
positive test

Prevalence of positive 
test in normal persons

Disease 
prevalence

Likelihood of disease 
if test is positive

Likelihood of disease if test 
positive and joint pain present

Rheumatoid factor RA 80/100 2/100 1/100 1/2 1/1.5

ANA SLE 99/100 1/100 1/2000 1/20 1/5

HLA-B27 Ankylosing spondylitis 90/100 6/100 1/300 1/18 1/4.8 (1/3 for back pain)

Elevated uric acid Gout 80/100 5/100 1/200 1/10 1.3

Adapted from Pincus T. A pragmatic approach to cost-effective use of laboratory tests and imaging procedures in patients with musculoskeletal symptoms. Prim Care 1993;20:795-814.

TABLE 29.2 DIAGNOSIS OF RHEUMATIC DISEASES

Diagnosis History & physical examination Blood tests Radiographs Synovial fluid

RA Symmetric polyarthritis
Morning stiffness

RF+ in ∼80%
Elevated ESR in 50-60%

Demineralization
Erosions
Joint space narrowing

Inflammation
WBC > 10,000/mm3

SLE Multisystem disease ANA+ in >99%
DNA antibodies in 60-75%

Generally nondestructive Mild inflammation

Ankylosing 
spondylitis

Back pain
Axial involvement

HLA-B27 in ∼90% Sacroiliitis
Vertebral squaring

Inflammation
WBC 5,000-20,000/mm3

Gout Recurrent attacks Uric acid elevated in 75-90% Erosions, cysts Negatively birefringent crystals

OA Pain ± swelling ± limited motion Nonspecific abnormalities Joint space narrowing
Osteophytes

Non-inflammatory
WBC <10,000/mm3

Scleroderma Skin tightness on dorsum of hand
Facial skin tightening

ANA+ in > 90% with Hep-2 cells ±Pulmonary fibrosis
±Esophageal dysmotility
±Calcinosis

Non specific

Polymyositis Muscle weakness ± pain CPK elevated in 80%
ANA+ in 33%

Not helpful Non specific

Adapted from Pincus T. Laboratory tests in rheumatic disease. In Klippel JH, Dieppe PA, eds. Rheumatology, 2nd ed. London: Mosby International, 1997:10.1-10.8.
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laboratories tend to test only for IgM RF but RF can belong to all major 
immunoglobulin classes (IgG, IgA, IgM) and in some cases IgD and 
IgE as well. All these classes of RF are produced locally in the rheuma-
toid synovial membrane, at which site IgG RF predominates. In periph-
eral circulation, however, the main immunoglobulin classes of RF that 
can be easily detected are IgA and IgM RFs.

Today enzyme-linked immunosorbent assay (ELISA) or nephelo-
metric assays have become the most common methods for quantifying 
RF. IgM RF is produced in many chronic inflammatory conditions 
(long-standing infections, e.g., bacterial endocarditis, hepatitis B and 
C, tuberculosis and chronic bronchitis, but also in fibrosing alveolitis, 
silicosis, primary biliary cirrhosis, and chronic autoimmune hepatitis) 
and thus is not specific for a particular rheumatic disease such as RA. 
It can also be seen in 5% to 6% among the elderly in the normal popu-
lation. Considering RA is seen in 0.5% to 1% of the population, there 
are at least as many individuals who have RF who do not have RA as 
have the disease.

The main indications for RF tests in diagnostics are suspicion of 
RA and Sjögren’s syndrome but they commonly appear also in mixed 
connective tissue disease (MCTD), SLE, cryoglobulinemia, and the 
polyarticular-onset form of juvenile inflammatory arthritis (JIA). It is 
thus apparent that the specificity of RF for RA is poor in differentiating 
some other rheumatologic conditions from RA. However, with higher 
titer of RF the specificity increases and it becomes a more useful labora-
tory tool. Higher titers are also associated with more aggressive and 
erosive disease. Yet up to 20% to 30% of RA patients may be negative 
for RF and yet have the full clinical picture with the potential poor 
prognosis when not treated. RF may appear up to several years before 
the onset of clinical RA. It is rare for RF titers to change with treat-
ment, except possibly with anti–B-cell therapies such as rituximab, and 
it is usually used as a single time test, at diagnosis to determine prog-
nosis and to help with diagnosis in early and borderline disease.

Antibodies to citrullinated proteins
In 1964, antibodies directed to keratohyaline granules of human buccal 
mucosa cells were described as a specific marker for RA. They were 
termed anti-perinuclear factor (APF). Several years later antibodies 
reacting with upper mucosal cells of the esophagus, so-called anti-
keratin antibodies (AKA), were found at a similar prevalence and these 
were found to be as specific for RA as were APF. In the late 1990s 
anti-Sa antibodies were described in Canada and anti-citrullinated 
peptide antibodies (ACPAs) in Holland and France. All these antibodies 
(APF, AKA, anti-Sa, ACPA) have now been shown to target citrulli-
nated parts of proteins such as trichohyalin and filaggrin in buccal 
mucosa, keratin in esophagus, vimentin in macrophages, and fibrin in 
the RA joint.

Citrullination is the result of deimination of arginine residues  
in these proteins by activation of Ca2+-dependent peptidyl-arginine-
deiminase enzymes during inflammation-induced apoptosis (pro-
grammed cell death) of cells. Leakage of these active enzymes into cells 
or onto synovial structures causes citrullination of proteins in many 
types of synovial inflammation. However, only RA patients react to 
such modified proteins by producing significant amounts of ACPAs. 
This is likely to depend on the specific presentation of citrullinated 
peptides to T cells by shared epitope motifs on HLA-DR molecules.

ACPAs can be detected by ELISA and immunoblotting methods 
using citrullinated proteins or peptides. Because autoantibodies recog-
nize their cognate antigens by their three-dimensional (conformational) 
structure, the use of a cyclic citrullinated peptide (called CCP-2) has 
become the most widely used surrogate antigen for detection of anti-
citrulline antibodies, thus designated ACPAs. The sensitivity of the 
ACPA test is around 50% at the onset of RA and can rise up to 85% 
later in the course of the disease. Several studies have shown the pres-
ence of ACPAs up to a decade before the onset of clinical disease.8 
When found in patients with early undifferentiated arthritis, a positive 
ACPA test predicts later development of classic erosive RA. It is espe-
cially prevalent in RF-positive patients but can be found in around 25% 
of RF-negative RA patients as well.

The ACPA test is helpful in discriminating between RA and SLE 
with erosive arthritis and also between RA-associated and hepatitis 
C–associated polyarthritis. Yet in the setting of a positive RF, a positive 

aggregation of red blood cells. In patients with polycythemia, too many 
red blood cells lower the ESR. An extreme elevation of the white blood 
cell count as observed in chronic lymphocytic leukemia has also been 
reported to lower the ESR. Hypofibrinogenemia, hypergammaglobu-
linemia associated with dysproteinemia, and hyperviscosity may each 
cause a marked decrease in the ESR. Currently, the most widely used 
laboratory monitors of inflammation are ESR and CRP. Serial measure-
ments of these may be valuable for monitoring the level of inflamma-
tion in patients with disorders such as RA and giant cell arteritis/
polymyalgia rheumatica. In each of these conditions some patients can 
show signs of clinical disease activity but have normal CRP and ESR 
values or show no signs and symptoms of clinical activity and yet have 
elevated values. In such instances the clinical picture should be the 
determining factor in decision-making regarding treatment. It is essen-
tial to note that ESR is an indirect measure of acute phase protein 
concentrations. Although CRP concentrations may increase and 
decrease very rapidly, ESR values change slowly on control of inflam-
mation. Also, ESR values increase with age in the normal population 
whereas CRP concentrations tend not to. Finally both have been 
reported to be higher among obese patients.

Although the presence and pattern of an acute-phase response has 
been proposed as being of diagnostic value, some reports suggest no 
differences in ESR or CRP levels between patients with RA, SLE, and 
osteoarthritis.6 Both elevated ESR and CRP were seen in similar per-
centages of patients with each diagnosis, as were combinations of 
normal ESR with elevated CRP, elevated CRP with normal ESR, or 
normal levels of both ESR and CRP. In addition, up to 40% of RA 
patients at presentation may have normal ESR and/or CRP levels yet 
need treatment as much as those who present with elevated values.7 
Again the most important variables in determining course of action 
are the clinical signs and symptoms.

ESR and CRP may prove useful in individual patients when it has 
been demonstrated that their inflammation markers increase with 
active disease and then return to normal after treatment. This would 
make it more like to follow a similar trend the next time disease activ-
ity is increased.

SEROLOGY
Autoantibodies
Autoantibodies are frequently used in the diagnosis of rheumatic condi-
tions and sometimes for monitoring of disease activity (Table 29.3). 
Some of these are more specific for one disease whereas others can be 
found in several diseases. Both of these categories of autoantibodies 
may be valuable tools for clinical workup. Research into autoantibodies 
has yielded considerable information about the pathogenesis of various 
rheumatic conditions, but serologic testing for autoantibodies in clini-
cal practice remains generally more an adjunct to diagnosis and man-
agement rather than a precise clinical guide.

Rheumatoid factor
Rheumatoid factor (RF) is the traditional name for autoantibodies 
directed to the Fcγ chains of IgG molecules. In clinical practice, 

TABLE 29.3 COMMON AUTOANTIBODIES AND ASSOCIATED 
RHEUMATIC DISEASES

Disease Associated autoantibodies

Rheumatoid arthritis RF, ACPA

Systemic lupus erythematosus ANA, dsDNA, anti-Ro, anti-La

Sjögren’s syndrome Anti-Ro, anti-La

Antiphospholipid syndrome Anti-cardiolipin, lupus anticoagulant

ANCA-associated granulomatous 
vasculitis

c-ANCA

Microscopic polyangiitis p-ANCA
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High titer increases the likelihood that the presence of antibodies is 
related to a disease. In such cases further workup with testing for anti-
dsDNA, anti-Ro (SS-A), anti-La (SS-B), and anti-ribonucleoprotein 
(RNP) may be indicated. In patients in whom a diagnosis cannot be 
made based on clinical symptoms, watchful waiting is recommended.

ANAs also produce a wide range of staining patterns; however, these 
have found to have low specificity and sensitivity for different autoim-
mune conditions (Figs. 29.1 to 29.3). Antibodies to specific nuclear 
antigens are usually more useful.

DNA antibodies
These can be against single- or double-stranded DNA; and of the two, 
double-stranded DNA (dsDNA) antibody has more applications in 
rheumatic conditions. ssDNA is seen in many conditions and does not 
correlate with disease activity.

Anti-dsDNA is very specific (95%) but not as sensitive (70%) for 
SLE, making it useful in the diagnosis of SLE when positive. It also 
might have a pathogenic role in SLE nephritis and is commonly associ-
ated with disease activity in lupus nephritis. The usual picture in active 
SLE nephritis is increased anti-dsDNA along with decreased C3 and 
C4, all tending to normalize with control of active kidney disease.

Anti-Sm and anti-RNP antibodies
These antibodies are most commonly detected using solid-phase 
immunoassays. Anti-Sm antibodies are found almost exclusively in 
SLE patients, in 10% to 40% of patients, so the majority of SLE patients 
do not have them. When the test is negative it is not helpful in ruling 
out SLE, but their presence is very strong evidence of possible SLE.

ACPA test adds little,9 especially once a decision to treat has been 
made, which should be the course of action in any patient suspected 
of having RA (Table 29.4). Some data suggest, in very early disease, 
that ACPA-positive patients may respond better to methotrexate and 
this might also prevent some of these patients from developing the full 
spectrum of RA, compared with patients who are ACPA negative and 
were treated with methotrexate. This has been shown in a small cohort 
and needs further confirmation.10 A recent association between ACPA 
positivity, HLA-DR alleles, and smoking has been suggested11; however, 
this has not been confirmed by others.12

Antinuclear antibodies
ANAs are seen in many rheumatologic conditions as well as in many 
healthy people (Table 29.5). They are usually detected by immunofluo-
rescent (IF) techniques (FANA), utilizing monolayers of HEp-2 cells. 
Specific ANAs are detected by solid-phase immunoassays, such as 
ELISA. FANA is reported as titers (i.e., 1 : 40, 1 : 80). This has been 
found to be useful in symptomatic patients as a screening tool. In the 
absence of clinical findings there is no need to test for any of the ANAs.

ANAs can be found in SLE, Sjögren’s syndrome, MCTD, sclero-
derma, undifferentiated connective tissue disease, and similar diseases. 
However, finding antibodies by itself does not signify disease, because 
many healthy people (especially family members of patients with con-
nective tissue diseases, elderly, women, patients using drugs such as 
sulfasalazine, isoniazid, etc.) have positive antibodies and never develop 
SLE or other connective tissue diseases (Table 29.6).

TABLE 29.4 RF AND ACPA TABLE OF SENSITIVITY COMPARISONS

RA (n = 102) Non-RA (n = 98) Sensitivity (%) Specificity (%) PPV (%) LR+

RF > 20 U/mL 56 11 55 89 84 5.0

RF ≥ 50 U/mL 46 4 45 96 92 11.3

ACPA (+) 42 2 41 98 96 20.5

RF < 50 U/mL + ACPA (+) 14 2 25 98 88 12.5

PPV, positive predictive value; LR, likelihood ratio.

TABLE 29.5 FREQUENCY OF ANTINUCLEAR ANTIBODIES IN 
AUTOIMMUNE AND NON-RHEUMATIC DISEASES

Sensitivity (%)

Autoimmune disease

Systemic lupus erythematosus 95-100

Scleroderma 60-80

Mixed connective tissue disease 100

Polymyositis/dermatomyositis 60

Rheumatoid arthritis 50

Rheumatoid vasculitis 30-50

Sjögren’s syndrome 40-70

Drug-induced lupus 90

Discoid lupus 15

Pauciarticular juvenile chronic arthritis 70

Non-rheumatic diseases

Hashimoto’s thyroiditis 45

Graves’ disease 50

Autoimmune hepatitis 50

Primary pulmonary hypertension 40

TABLE 29.6 ANTINUCLEAR ANTIBODY DISEASE ASSOCIATIONS

DsDNA Sm RNP Ro La

Systemic lupus erythematosus

Sensitivity 70% 25-30 45 40 15

Specificity 95% Mod 99 87-94

RA

Sensitivity 1% 1% 47 Low Low

Specificity

Scleroderma

Sensitivity <1% <1% 20

Specificity

Polymyositis/dermatomyositis

Sensitivity <1% <1% Low

Specificity

Sjögren’s syndrome

Sensitivity 1-5% 1-5% 5-60 8-70 14-60

Specificity 87 94

Adapted from Nell VP, Machold KP, Stamm TA, et al. Autoantibody profiling as early diagnostic and prognostic tool for rheumatoid arthritis. Ann Rheum Dis 2005;64:1731-1736.
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in about 20% of systemic sclerosis patients and may increase the risk 
for pulmonary fibrosis in these patients.

Diagnostic utility of antinuclear antibodies
Some ANAs are included as criteria for diagnosis of disease (e.g., SLE, 
MCTD, and Sjögren’s syndrome). A prominently expressed ANA, as 
indicated by strong fluorescent staining or a high titer, can antedate 
the establishment of a clinical diagnosis by many years13 and may serve 
as a tool for selecting an appropriate diagnostic workup and planning 
a follow-up strategy. Yet, as with RF, ANA can be positive in around 
10% of the healthy population, and, given the prevalence of SLE in the 
population, a person with a positive ANA test is many more times 
likely not to have SLE or a connective tissue disease. As is discussed 
elsewhere in this text, the diagnosis of SLE, for example, can be made 
on clinical grounds alone. Most SLE patients have a high positive ANA 
result, but most positive ANA test results are not indicative of SLE.

Antiphospholipid antibodies
Antiphospholipid antibodies (APAs) bind to certain serum proteins 
complexed to phospholipid molecules.14 The assays most widely used 
to show APAs are the anticardiolipin assay (ELISA format) and the 
lupus anticoagulant functional test (LAC, also called lupus inhibitor). 
Presence of functionally procoagulant APAs can be screened for by 
finding an abnormally prolonged activated partial thromboplastin time.

APAs were originally detected by false-positive tests for syphilis 
using the Wassermann reaction. Subsequently, positive reactivity in 
the anticardiolipin ELISA assay and in the lupus anticoagulant test was 
shown to depend on binding of autoantibodies to a serum cofactor, 
which in the case of the anticardiolipin ELISA is β2-glycoprotein I and 
in the lupus anticoagulant assay may be either β2-glycoprotein I or 
prothrombin.

Lupus anticoagulant (LAC) is an inappropriate name for the proco-
agulant autoantibodies because they appear not only in SLE but also 
in other autoimmune diseases and in the so-called primary antiphos-
pholipid syndrome. These are patients experiencing venous or arterial 
thrombotic events, recurrent fetal loss, and thrombocytopenia in the 
absence of clinical features of another chronic inflammatory rheumatic 
disorder. The name is misleading because LACs are not anticoagulants 
but procoagulants. They block the assembly of the prothrombinase 
complex, giving rise to prolonged coagulation assays in vitro (e.g., pro-
longed activated partial thromboplastin time, dilute Russell viper 
venom time, or kaolin clotting time). This abnormality cannot be cor-
rected by mixing the patient plasma 1 : 1 with normal plasma, while 
this procedure corrects clotting properties in patients with coagulation 
factor deficiencies.

Anti-RNP antibodies are found in 40% to 60% of SLE patients but 
are not specific to SLE: however, they can be useful in diagnosing mixed 
connective tissue disease (MCTD).

Anti-Ro (SS-A) and anti-La (SS-B) antibodies
Anti-Ro and anti-La antibodies are frequently seen in SLE and Sjögren’s 
syndrome patients. They have been particularly associated with sub-
acute cutaneous lupus and photosensitivity. Anti-Ro and anti-La anti-
bodies have also been associated with neonatal lupus and congenital 
heart block. Yet they can be seen in mothers with no evidence of con-
nective tissue disease and there are infants who develop congenital 
heart block with no detectable antibodies. They do have a role in 
screening patients planning to get pregnant for possible closer follow-
up during pregnancy, but the diagnosis of congenital heart block is  
still established by electrocardiogram, ultrasonography, and physical 
examination.

Anti-centromere and anti–Scl-70 antibodies
Anti-centromere antibodies are virtually exclusively noted in patients 
with limited cutaneous scleroderma, the CREST variant. As such they 
are also associated with pulmonary hypertension. Anti–Scl-70 is found 

Fig. 29.1 ANA homogeneous staining.

Fig. 29.2 ANA speckled staining.

Fig. 29.3 ANA centromere staining.
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taking care of pregnant patients with SLE with and without antiphos-
pholipid syndrome.

Inherited complement deficiencies are very rare. Interestingly, some 
complement-deficient patients show signs of lupus-like illness.

To show normal values of the CH50 assay all components from C1 
to C9 need to be present and be functionally intact. The CH50 assay 
is a good screening tool for detecting deficiencies in the classic pathway. 
To give optimal information, specimen collection needs to be done 
appropriately, owing to the lability of several complement components. 
Assays should thus be done as soon as possible on the day of serum 
or plasma collection or samples should be immediately frozen at −70°C 
until the test can be done.

BIOCHEMISTRY
Liver function tests
Liver function tests are ordered frequently to monitor side effects of 
medication. Aspartate aminotransferase (AST), formerly called serum 
glutamic oxaloacetic transaminase (SGOT), and alanine aminotrans-
ferase (ALT), formerly known as serum glutamic pyruvic transaminase 
(SGPT), are included in guidelines developed initially for monitoring 
methotrexate-related adverse events but have been used for monitoring 
any and all immunosuppressive medications.17 Albumin levels can also 
be measured when chronic liver disease or damage to the liver from 
medications is suspected. There is evidence to suggest that liver func-
tion test abnormalities seen with methotrexate in RA may not be as 
high as previously suggested, with very few patients discontinuing 
methotrexate treatment owing to liver function test abnormalities over 
10 to 15 years of use.18,19

Alkaline phosphatase
Alkaline phosphatase is made mostly in the liver and in bone, with 
some made in the intestines and kidneys. It also is made by the pla-
centa of a pregnant woman. Conditions that lead to rapid bone growth 
(during puberty), bone disease (osteomalacia or Paget’s disease), hyper-
parathyroidism, or damaged liver cells can lead to increases in alkaline 
phosphatase levels. Values of 1.5 to 3.0 times the upper limit of normal 
(ULN) are consistent with hepatocellular (viral infection, drug toxicity, 
alcohol) etiology, whereas values greater than 3.0 times the ULN are 
usually associated with biliary involvement. Bone involvement can be 
found at any value.

Uric acid
Uric acid measurement is commonly included in the workup of patients 
with arthritis and may be elevated in 90% of patients with gout. Yet 
healthy people can have elevated levels also, and the definite diagnosis 

Anticardiolipin (aCL) antibodies are detected by ELISA using car-
diolipin-coated microtiter plates that are then flooded by dilute bovine 
serum to secure binding of bovine proteins to the phospholipid. The 
most important phospholipid binding protein attaching to the cardio-
lipin is β2-glycoprotein I, which acts as a cofactor in the test. Autoan-
tibodies to β2-glycoprotein I and to the cardiolipin/β2-glycoprotein I 
complex give rise to positive results of importance for diagnosing a 
procoagulant state, whereas antibodies directed to the cardiolipin itself 
show no such relationship. Antibodies to the naked cardiolipin appear 
transiently in several infections and permanently in syphilis. The 
antibodies may belong to all three major immunoglobulin classes, but 
IgG aCL antibodies are those most closely related to procoagulant 
activity and thus presence of LAC activity. To be able to discriminate 
between diagnostically important aCL antibodies, it is now common 
to search for specific anti–β2-glycoprotein I antibodies using ELISA 
plates coated with purified β2-glycoprotein I protein. Presence of anti–
β2-glycoprotein I antibodies correlates better with a positive LAC test 
and with manifestations of antiphospholipid syndrome.

Antinuclear cytoplasmic antibodies
ANCAs represent a subgroup of neutrophil-specific autoantibodies. It 
is commonly directed to the azurophil granule proteins myeloperoxi-
dase (MPO) and proteinase 3 (PR3). ANCAs are characteristic of 
patients suffering from necrotizing vasculitides such as Wegener’s 
granulomatosis (WG), microscopic polyangiitis, and Churg-Strauss 
syndrome. ANCAs directed to PR3 usually give rise to a coarse granular 
fluorescence pattern on neutrophils and monocytes using ethanol-fixed 
leukocytes, therefore called cytoplasmic ANCA (c-ANCA) (Fig. 29.4). 
MPO-ANCA mostly give rise to a perinuclear ANCA (p-ANCA) stain-
ing pattern on neutrophils and monocytes (Fig. 29.5).

The usefulness of ANCAs in monitoring disease activity in WG has 
been controversial.15,16 They are useful in diagnosing ANCA-associated 
vasculitides but may not be that helpful in individual patients in pre-
dicting remission or relapse and are not currently recommended to be 
used for these reasons.

Complement
The most frequent clinical parameters used for judging complement 
activation are the protein levels of C3 and C4, although these values 
are of limited use because they represent increased production during 
inflammation (acting as positive acute-phase reactants) but sometimes 
also consumption by immune complexes. Total hemolytic comple-
ment (CH50) is a functional assay used to measure the intactness and 
consumption of the entire classic pathway. Decreased complement 
levels are useful in the setting of SLE nephritis where low levels are 
associated with persistent nephritis and normalization is associated 
with better outcomes. Hypocomplementemia is also a feature of pre-
eclampsia/eclampsia, which is an important point to remember when 

Fig. 29.4 c-ANCA staining. Fig. 29.5 p-ANCA staining.
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diseases that disrupt calcium regulation can cause inappropriate acute 
or chronic elevations or decreases in calcium and lead to symptoms of 
hypercalcemia or hypocalcemia. Renal insufficiency or failure, symp-
toms of hypercalcemia (e.g., fatigue, weakness, loss of appetite, nausea, 
vomiting, constipation, abdominal pain, urinary frequency, and 
increased thirst) or hypocalcemia (e.g., muscle cramps, or tingling in 
fingers), gastrointestinal disease leading to poor absorption, thyroid 
disease, malignancies, and poor nutrition may be reasons for monitor-
ing calcium levels. Monitoring may also be needed during vitamin D 
supplementation.

In the past 25 years, more than 50 metabolites of vitamin D have 
been described. To date, only a few of these have been quantified in 
blood, but this has widened our understanding of the pathologic role 
that altered vitamin D metabolism plays in the development of dis-
eases of calcium homeostasis. Currently, awareness is growing of the 
prevalence of vitamin D insufficiency in the general population in 
association with an increased risk of several diseases. However, for 
many researchers, it is not clear which vitamin D metabolites should 
be quantified and what the information gained from such an analysis 
tells us. Two metabolites, namely, 25-hydroxyvitamin D [25(OH)D] 
and 1,25-dihydroxyvitamin D [1,25(OH)2D], have received the great-
est attention. Of these, the need for measuring serum 1,25(OH)2D is 
limited, and this metabolite should therefore not be considered as part 
of the standard vitamin D testing regimen. On the other hand, serum 
25(OH)D provides the single best assessment of vitamin D status, and 
thus should be the only vitamin D assay typically performed.20

CONCLUSION
Laboratory tests are useful tools to help monitor adverse events related 
to medications and diagnosis of some rheumatic conditions. They are 
secondary to clinical signs and symptoms and should not replace or 
detract from a good history and physical examination. Most rheumatic 
conditions can be diagnosed clinically and do not require a laboratory 
test. As always, any test that will not change the diagnosis, prognosis, 
or treatment of a rheumatic condition probably should not be done.

of gout depends on demonstration of uric acid crystals in synovial fluid 
(Fig. 29.6). Uric acid is useful in monitoring allopurinol response; and 
once the levels have come down to normal, further increase in allopu-
rinol dose may not be necessary to control disease activity.

Calcium and vitamin D
Calcium and vitamin D levels are part of the workup of osteoporosis 
and high or low bone turnover states and may be considered in patients 
at risk for these conditions and for monitoring treatment. Calcium 
absorption, use, and excretion are regulated and stabilized by a feed-
back loop involving parathyroid hormone vitamin D. Conditions and 

Fig. 29.6 Uric acid crystals in synovial fluid.
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autoantibodies), SF microscopy is very simple and inexpensive and 
gives useful and important clinical data across the whole spectrum of 
inflammatory and non-inflammatory joint diseases.

SF microscopy gives diagnostic information with different levels of 
precision, varying from a single precise diagnosis at one end of the 
spectrum to simply distinguishing between inflammatory and non-
inflammatory arthropathies at the other. This should not be seen as 
detracting from the value of the test because the clinical question may 
be answered by knowing if the cause of joint swelling is inflammatory 
or not (e.g., Does my rheumatoid arthritis [RA] patient with long-
standing disease who now presents with a red, hot joint have a rheu-
matoid flare or osteoarthritis [OA]?). In expert hands, SF microscopy 
viewed “blind” (i.e., without any knowledge of any patient data) will 
give a precise diagnosis (e.g., a specific crystal arthritis, RA, OA, torn 
meniscus, septic arthritis) in about 40% of cases. In a further 20% it 
allows relevant and clinically significant differential diagnoses to be 
made (e.g., 45% of cases of seronegative spondyloarthropathies have a 
specific SF cytology that enables them to be distinguished with cer-
tainty from other forms of inflammatory arthropathy, including rheu-
matoid disease, even at initial presentation6; and in all but 2% to 3% 
of the remainder SF microscopy can distinguish inflammatory from 
non-inflammatory arthropathies). If these limitations of SF microscopy 
are properly considered and applied, the false-positive rate is very low 
(typically < 5%) and the false-negative rate almost zero.

At the same time it has to be acknowledged that access to labora-
tories specializing in SF analysis is, at best, patchy and many rheuma-
tologists and pathologists have to undertake SF analysis without expert 
support. Therefore, the information in the next section of this chapter, 
which is based on the authors’ experiences of training young clinicians, 
technical staff, and nurses, will assist those clinicians who find them-
selves needing to set up and use a small laboratory for analyzing SF 
specimens using microscopy to obtain reliable diagnoses.

THE BASIC APPROACH TO SYNOVIAL  
FLUID MICROSCOPY
There are four elements to SF analysis, each requiring different types 
and complexity of equipment. The following approach will yield the 
maximal information for relatively little outlay and minimal time 
input on behalf of the staff undertaking the work. The equipment 
required is relatively simple: a microscope with polarizers and an inter-
ference plate, a hemocytometer chamber, and a cytocentrifuge.

It is important to recognize that SF should be examined unfixed, 
and as such it should be treated with the same level of care as all other 
fresh body fluids. For health and safety reasons the samples should be 
handled in a biological safety cabinet and, because fresh samples dete-
riorate rapidly even if kept refrigerated, examined within 24 hours of 
aspiration. Because SF from inflamed joints has a tendency to clot, it 
should also be anticoagulated. The best anticoagulant is lithium 
heparin.

The four elements of SF analysis are (1) visual inspection, (2)  
nucleated cell count, (3) “wet preparation,” and (4) cytocentrifuge 
preparation.

Visual inspection
Synovial fluid should be examined for color and clarity.

Color
Normally, SF is pale yellow. In hemarthroses it will be red or orange, 
and in inflammatory arthropathies it is cream or white. In septic 
arthritis it may be colored by bacterial chromogens.

Synovial fluid analysis
Anthony J. Freemont and John Denton

 Normal synovial fluid (SF) is a hypocellular, avascular connective 
tissue.

 In disease, the SF increases in volume and can be aspirated.
 Changes in SF composition reflect the pathogenesis of the 

arthropathy.
 SF microscopy is a simple, inexpensive, and accurate test that 

yields information of diagnostic and prognostic significance.
 Biomarkers of disease processes are becoming increasingly studied 

in SF and may bring about a revolution in understanding and 
recognizing joint disease.

INTRODUCTION
Normal synovial fluid
Synovial fluid (SF) is a transudate of plasma supplemented with high-
molecular-weight, saccharide-rich molecules, notably hyaluronans, 
produced by fibroblast-derived type B synoviocytes. The fluid is kept 
free of debris by macrophage-derived type A synoviocytes, which also 
synthesize bioactive molecules such as cytokines. Formation of SF is 
balanced by its removal via synovial lymphatics.

An incomplete cell layer with no underlying basement membrane 
covers the surface of synovium. This distinguishes it from the lining 
of most body cavities, where epithelium or mesothelium, supported by 
an intact basement membrane, regulates fluid flux between the lumen 
and the underlying tissue. Because cartilage also lacks a regulatory cell 
covering, there is a relatively homogeneous chemical environment 
within the joint. Because of this unusual arrangement, it is perhaps 
better, in terms of pathologic mechanisms, to think of SF as a tissue 
rather than a true body fluid. In the normal joint, the SF contains few 
cells (<200/mm3), mainly chondrocytes and synoviocytes, together 
with migratory defense cells (usually lymphocytes). The nature and 
regulation of the chemical composition of SF are poorly understood 
and complex.

Synovial fluid in diseased joints
Variation in the volume and composition of SF reflects pathologic 
processes within the joint. Because of the anatomic relationships of 
the tissues in the joint, events such as inflammation and enzyme-
mediated degradation within the synovium and cartilage are reflected 
in changes in the cellular and chemical composition of SF. Both the 
cell and chemical changes have been studied to obtain a better under-
standing of disease processes and to identify aspects of diagnostic and 
prognostic utility.1

Synovial fluid microscopy
Synovial fluid microscopy has been carried out as a diagnostic test for 
many years.2 Histologic and cytologic analysis of human tissues and 
body fluids is usually the exclusive realm of the pathologist. This is 
not the case with SF microanalysis, because it is possible to perform 
the test without recourse to complex technology; and, indeed, some of 
the most expert exponents of SF analysis are also highly respected 
clinicians.3-5

Detailed microscopic analysis of SF can yield significant informa-
tion about the nature of joint diseases and their prognosis.1 By com-
parison with other investigations (e.g., MRI, C-reactive protein, 
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gently squeezed flat beneath a coverslip and viewed unstained with a 
conventional microscope. For optimal results the condenser diaphragm 
is closed to produce diffused light in which the unstained cells and 
particles are clearly seen. This preparation is examined for one cell 
type, the ragocyte, several different classes of crystals, and other non-
cellular particulate material.

Classes of crystalline material
Several classes of crystalline material are found in the joints,1 and their 
detection is not as straightforward as is sometimes believed (Fig. 30.1).9 
Monosodium urate monohydrate (“urate”) crystals are needle shaped, 
5 to 30 µm long, and highly birefringent. They can be distinguished 
from other crystals by their properties in polarized light with an inter-
ference plate in the system. (For ease, it is useful to have to hand a 
microscope preparation made by smearing the contents of a superficial 
tophus onto a slide, because this known sample of urate crystals can 
then be used to standardize the optics of the microscope). When viewed 
between crossed polarizers with an interposed interference plate, the 
background of the microscope image is pink and the urate crystals 
appear either yellow or blue, depending on the direction of their long 
axes. Other crystals, notably calcium pyrophosphate (“pyrophosphate”) 
crystals, are also yellow and blue, but the yellow crystals are orientated 
with their axes in the same direction as the blue-appearing urate crys-
tals and vice versa. Urate crystals, especially when intraleukocytic, are 
diagnostic of gout.

Clarity
Normal SF is clear but with increasing numbers of particles (e.g., crys-
tals) and/or cells it becomes cloudy.

Nucleated cell count
For simplicity and speed the nucleated cell count is best performed 
manually using a hemocytometer chamber, although it is possible to 
use automated counters7 and even “dip sticks.”8 For convenience, 
the nucleated cell count of SF is expressed as cells/mm3 (directly 
equivalent to cells/µL). Normal SF contains fewer than 200 cells/mm3. 
In inflammatory joint disease the cell count is greater than 1000  
cells/mm3, and in non-inflammatory arthropathies it is lower. Cell 
counts in excess of 50,000 cells/mm3 are virtually restricted to four 
conditions: acute rheumatoid “flares” (including breakdown of disease 
control by anti–tumor necrosis factor), and septic, acute crystal, and 
reactive arthritis.

“Wet preparation”
Synovial fluid aspirates often contain visible particles. These are usually 
fibrin clots of fragments of cartilage. In making the “wet preparation,” 
the specimen should be agitated and a small aliquot containing as 
many particles as possible placed on a microscope slide. It can then be 

a b

c d

Fig. 30.1 A montage of common crystals. (a) “Urate” crystals viewed in polarized light with an interposed quarter-wave plate. (b) Pyrophosphate crystals viewed 
in the same system. Note that the crystals appear duller and that the apparent color of the crystal is the opposite of the urate crystals when related to the long 
axis of the crystal. (c) A lipid droplet (edge arrowed) containing a “beach ball” of needle-like crystals. (d) Hydroxyapatite crystals stained with alizarin red.
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Ragocytes
Ragocytes are cells of various lineages characterized by the presence of 
large cytoplasmic, refractile granules (Fig. 30.3). Ragocytes were first 
described in RA (hence the name),13 in which they have been shown 
to contain immune complexes. They are not restricted to RA, being a 
feature of all inflammatory arthropathies, so their diagnostic value is 
somewhat limited. However, with the exception of RA, septic arthritis, 
gout, and pseudogout, ragocytes rarely account for more than 50% of 
all nucleated cells. If a crystal arthropathy is excluded, ragocyte counts 
above 70% are very strongly suggestive of RA14 and, if above 95%, of 
septic arthritis (necessitating very careful examination for organisms 
by microscopy and culture).

Cytocentrifuge preparation
Synovial fluid cytoanalysis can be adequately conducted only on mono-
layers made using a cytocentrifuge. Optimal preparations are made by 
diluting the fluid to 400 cells/mm3 with isotonic saline and staining 
with Jenner-Giemsa stain. The one exception is when septic arthritis 
is suspected, when the greatest likelihood of identifying organisms is 
afforded by diluting the fluid to 1200 cells/mm3 and staining with 
Gram stain.

Many different cell types are found within SF, reflecting the differing 
pathogenetic mechanisms of the various joint diseases. Although epi-
tope-defined subclasses of inflammatory cells are being characterized 
by immunocytochemistry and found to have disease-specific distribu-
tions,15 this has yet to be fully exploited diagnostically. This is, in part 
due to problems in performing immunocytochemistry on cytocentri-
fuge preparations. Therefore, cell recognition in SF preparations is 
based largely on morphologic criteria.

Generally, in inflammatory arthropathies, polymorphs dominate 
the cytologic picture. Septic arthritis is the only disorder in which both 
ragocytes and neutrophils account for more than 90% of nucleated 
cells.

In non-inflammatory arthropathies, lymphocytes, macrophages, 
and synoviocytes are the most commonly encountered cells.

In a patient with RA, an SF in which over 80% of the nucleated 
cells are small lymphocytes, is indicative of less destructive and  
more slowly progressive disease. If lymphocytes account for more  
than 70% of nucleated cells and LE cells are present in the fluid, a 
diagnosis of systemic lupus erythematosus has to be seriously 
considered.

Macrophages are the predominant cell (>80% of nucleated cells) in 
viral arthritis, “Milwaukee shoulder,” and prosthetic-debris–induced 

Fig. 30.2 Cartilage seen in a wet preparation shows chondrocyte clusters 
typical of osteoarthritis.

Pyrophosphate crystals accumulate within joints with advancing 
age. In acute pseudogout, the crystals are associated with a high nucle-
ated cell count. The presence of calcium pyrophosphate crystals in 
association with otherwise typical features of OA characterizes hyper-
trophic OA.10

Hydroxyapatite within SF indicates damage to calcified cartilage or 
underlying subarticular bone. Loss of cartilage sufficient to expose 
these structures is seen most commonly in OA11 and RA. The crystals 
are too small and amorphous to be seen with the light microscope, but 
staining with alizarin red produces a birefringent red product that is 
easily visualized. A specific arthropathy, “Milwaukee shoulder” (and 
its equivalent in other joints), is associated with larger apatite 
microspheroids.12

Lipids enter SF from the blood in inflammatory joint disease and 
hemarthroses, and by damage to synovial fat in trauma. They are 
usually present either as droplets with a Maltese cross pattern (liquid 
spherical crystals) or as needle-shaped crystals within a droplet of 
neutral fat. After intra-articular injection of depot corticosteroids, lipid 
crystalloids remain within the joint for up to 10 weeks and may 
mislead the unwary if their true nature is not recognized.

Other crystals are found within SF but are too numerous and rare 
to describe here. For a further description see the work by Freemont 
and Denton.1

Non-crystalline particles
Synovial joints are lined by cartilage and synovium and may be crossed 
by ligaments and bands of fibrocartilage. In disease, small fragments 
of these structures may appear within the SF. Most common are frag-
ments of articular cartilage or, particularly in the knee, internal liga-
ment and meniscal fibrocartilage.1

Articular cartilage has a silken sheen in polarized light. In OA, the 
most common disorder in which cartilage is found free in the joint, 
fragments typically show the crimping of fibrillation in polarized light. 
The typical clusters of chondrocytes can be seen in diffused transmitted 
light (Fig. 30.2).

With the advent of prosthetic surgery, and particularly as the 
number of aging prostheses increases, wear of implanted material leads 
to the presence of foreign material within the joint. Many modern 
plastics used in prostheses (e.g., high-density polyethylene), methyl-
methacrylate cement, and composites such as Dacron and carbon fiber 
mimic crystals if they fragment and can cause diagnostic problems. 
Metal debris from metal-based prostheses, particularly aluminium/
titanium/vanadium alloys and chrome steel, appear as tiny black par-
ticles. Although difficult to recognize, these may be important harbin-
gers of imminent prosthetic failure.

Occasionally, peculiar extraneous material such as plant fibers or 
other foreign bodies introduced accidentally are found within SF and 
need to be distinguished from diagnostically important particles.

Fig. 30.3 Ragocyte (blue arrow) from a patient with rheumatoid arthritis, 
showing the typical granules. An adjacent cell does not contain ragocyte 
granules (green arrow). This photograph was taken using a conventional 
microscope with the condenser iris almost fully closed (pseudophase). The 
preparation is unstained.
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role to play, because of the speed of turnaround of the test, which in 
specialist laboratories such as ours is typically less than 2 hours from 
receipt, and its ability to screen out disorders that mimic bacterial 
infection. Not all bacterial infections lead to septic arthritis, which is 
defined as the formation of pus within the joint. In septic arthritis 
careful microscopic examination of SF allows microorganisms to be 
identified in approximately 85% of instances of septic arthritis using 
the Gram stain (most infective arthritis is caused by gram-positive 
cocci19). The greatest problems in diagnosing septic arthritis are caused 

arthropathy. The presence of macrophages that have phagocytosed 
apoptotic polymorphs (cytophagocytic mononuclear cells) (Fig. 30.4) is 
diagnostic of the seronegative spondyloarthropathies.16

In RA, extensive apoptosis occurs in the absence of the formation 
of cytophagocytic mononuclear cells, a feature of such universal occur-
rence that it can be used diagnostically.

Mast cells, although found in most arthropathies, are seen most 
commonly in the seronegative spondyloarthropathies and in traumatic 
arthritis.16

THE PLACE OF SYNOVIAL FLUID  
MICROSCOPY IN DIAGNOSIS
Synovial biopsy is the investigation of choice in diseases with specific 
synovial appearances,17 such as granulomatous inflammation or pig-
mented villonodular synovitis. However, even experienced histopa-
thologists can find difficulty sometimes in distinguishing inflammatory 
from non-inflammatory arthropathies, and there are very few features 
in a synovial biopsy that will allow a specific diagnosis to be made from 
within one of these two groups.18

On this background SF microscopy is of greatest value for:

● Differentiating between inflammatory and non-inflammatory 
arthropathies

● Identifying specific inflammatory and non-inflammatory arthrop-
athies even before the full clinical syndrome develops

● The diagnosis of unexplained monoarthritis and oligoarthritis
● The rapid diagnosis of joint disease, in particular in suspected 

cases of septic arthritis in which prognosis is inversely related to 
the delay in diagnosis

Figures 30.5 to 30.7 present simple algorithms showing how the 
information obtained using the examinations outlined previously can 
be used to derive diagnoses.

THE DIAGNOSIS OF INTRA- 
ARTICULAR INFECTION
Infection in joints is a common cause of joint effusion, a major clinical 
concern, and very difficult to diagnose. As such it warrants specific 
discussion.

Bacterial arthritis
Of all forms of infective arthritis, bacterial infective arthritis is the 
most common diagnostic problem. SF microscopy has an important 

Fig. 30.4 Cytophagocytic mononuclear cell (blue arrow) in which an apoptotic 
polymorph has been phagocytosed by a macrophage. An apoptotic 
polymorph is adjacent to it (green arrow).

1) Is prosthetic debris present?

Prosthesis wear

Non-inflammatory arthropathy

1) Frankly hemorrhagic/xanthochromic
2) Fragments of meniscus or ligament
3) Lipid droplets

              Traumatic arthropathy

1) Are urate crystals present?

“Quiescent” gout

1) OA cartilage
2) Apatite
3) Pyrophosphate

            OA

Cell count <500 cells

THE LOW CELL COUNT FLUID

Fig. 30.5 The low cell count fluid.

1) Are crystals present?

Acute crystal arthropathy

1) Are monocytes >80%?

Viral arthritis

1) Do monocytes or lymphocytes
exceed polymorphs?

Seronegative type of
primary inflammatory arthropathy

1) Do ragocytes exceed 70%?
2) Are >50% of polymorphs apoptotic?
3) Is apatite present?
4) Are any other specific cells present?

               Rheumatoid disease

1) Are organisms present?
2) Are ragocytes >90% AND are
                polys >90%?

             Infective arthritis

1) Are mast cells or CPM present?

Seronegative spondyloarthropathy

Primary inflammatory arthropathy

1) Are lymphocytes >70% AND
are LE cells present?

SLE

1) Do lymphocytes exceed 70%?

Mycobacterial infection,
SLE, good prognosis RA

Lymphocytic arthritis

INTERPRETING THE SF MICROSCOPY OF THE INFLAMED JOINT

Cell count >1000 and <30,000
Ask - could cell count be due to hemorrhage?

Fig. 30.6 Interpreting the SF microscopy of the inflamed joint.
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Future techniques
New techniques such as proteomics or polymerase chain reaction 
employing organism-specific primers or amplifying widely expressed 
bacterial nucleic acid sequences (e.g., 16S ribosomal component) may 
expand the diagnostic armamentarium in the future.23

CHEMICAL CHANGES IN THE SYNOVIAL  
FLUID IN DISEASE
Biochemical changes in the SF in disease may reflect abnormalities in 
the blood or result from the production of an excess of normal, or the 
presence of abnormal, products in the synovium, cartilage, or the fluid 
itself. In general, products of normal or abnormal joint metabolism will 
be in dynamic equilibrium with the serum and dependent on a complex 
set of variables, such as the hydrostatic and osmotic gradients across 
the joint, so that isolated single estimations of a product are not easy 
to interpret. This is compounded by a lack of availability of normal SF 
for comparison with disease samples.

Thirty years ago when biochemical analysis of SF was first studied 
in earnest, small molecules (e.g., glucose), ions, and pH were the focus 
of research but, for the reasons given previously, never gained favor 
diagnostically.

Since then there have been phases of interest in measuring drug 
levels and antibodies, which again proved of limited value diagnosti-
cally. However, recently there has been a burgeoning interest in the 
discovery and analysis of novel biomarkers (molecules indicative of 
specific pathologic processes) that may help to pinpoint specific disease 
processes within a joint. To date, the range of biomarkers that have 
been investigated is based on studies of specific molecules predicted to 
be important from the current understanding of molecular drivers of 
disease processes. Some of the most investigated groups of biomarkers 
are listed in Table 30.124-30 The references in the table will guide the 
reader to more information. However, many of these findings lack 
consistency and/or specificity, particularly as markers of the presence 
or activity of disease in individuals or specific joints.

There can be little doubt that the advent of widely available pro-
teomics31-33 (or metabolomics34) coupled with robust bioinformatics 
will see a huge increase in the number of biomarkers and peptide/
protein “fingerprinting” of disease processes. There is already some 
evidence of the success of this type of approach when applied to SF, 
but the opportunities that these technologies open up could herald  
a revolution in identification of disease processes and subtypes, a 
reclassification of joint disease, and advances in diagnosis and 
prognostication.

by the relative paucity of organisms in most cases, recognition of gram-
negative organisms, and identifying gram-positive cocci rendered gram-
negative by incomplete antibiotic therapy. In these settings nothing 
can compensate for patience and experience. Microbiologic culture is 
also important,20 but there is little benefit in sending all SF specimens 
for culture; and in this respect SF microscopy can be used as a rapid 
test to identify organisms and also to exclude other causes of an acutely 
severely inflamed single joint, such as a crystal arthropathy or reactive 
arthritis. Even in the absence of identifiable organisms, SF microscopy 
can be very useful in identifying those patients with a high probability 
of having infection, using criteria such as the proportion of ragocytes, 
the cell count, and the proportion of polymorphs.21 Thus, we carefully 
assess all cases in which the ragocyte count is greater than 90%, total 
nucleated cell count is greater than 20,000 cells/mm3, or polymorphs 
make up more than 90% of nucleated cells using Gram-stained cyto-
centrifuge preparations and recommend that samples are sent for 
culture.

The reliance on quantitative cytology to make diagnoses of bacterial 
infective arthritis in the absence of identification of organisms has been 
taken further in joints with prostheses after researchers at the Mayo 
Clinic showed that a nucleated cell count of more than 1700/mm3 had 
a sensitivity of 94% and a specificity of 88% for diagnosing prosthetic 
joint infection in the knee and a differential count showed more than 
65% neutrophils had a sensitivity of 97% and a specificity of 98%.22

Other increasingly common bacterial joint pathogens (e.g., Neisse-
ria, Salmonella, Mycobacterium [including atypical forms]) are not 
typically associated with septic arthritis, and they can be identified in 
the SF by both culture and direct microscopic examination of appro-
priately stained cytologic preparations.

Non-bacterial infections
Fungal infections are diagnosed by the same approaches suggested 
earlier for bacteria. In contrast, viral infections are more difficult to 
diagnose, although an interest in the arthritides associated with HIV 
infection has shown the diagnostic importance of some features such 
as coexistence of a septic arthritis and a seronegative spondyloarthropa-
thy in the same joint that are seen in no other disorder.

1) Are ragocytes >70%?

Rheumatoid disease

1) Are bacteria present?
2) Are ragocytes >90% AND
    are neutrophils >90%?

           Septic arthritis

1) Are crystals present?

Acute crystal arthritis

1) Are CPM, mast cells or both
present?

Reactive arthritis

Primary inflammatory arthropathy

THE SYNOVIAL FLUID WITH A VERY HIGH CELL COUNT

Cell count >30,000

Fig. 30.7 Synovial fluid with a very high cell count.

TABLE 30.1 WELL-INVESTIGATED GROUPS OF SYNOVIAL FLUID BIOMARKERS

Biomarker Reference

Type II collagen related epitopes 24

Matrix metalloproteinases (and TIMPS) 25

Calprotectin (leukocyte protein) 25

Cytokines 26

Complement 27

Aggrecan and aggrecan fragments 28, 29, 30

Keratan sulfate 28

Hyaluronan 28

Cartilage oligomeric matrix protein 30
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extremely low, aseptic measures to prevent this complication are neces-
sary. After determining the aspiration or injection site, the skin over 
this area should be disinfected. This can be done using iodine solution 
or an alcohol-based disinfectant. It is important to allow the disinfec-
tant fluid to dry. The use of gloves is generally advisable to protect 
oneself from possibly infected body fluids, but routine use of sterile 
gloves is unnecessary. However, when it is necessary to palpate the 
joint after disinfecting the area, the clinician should also disinfect his 
or her hands or use sterile gloves. When a relatively small joint is to 
be punctured, use of a local anesthetic—such as a 1% or 2% lidocaine 
solution without epinephrine—to anesthetize the skin, subcutaneous 
tissue, and joint capsule can minimize discomfort during the proce-
dure. When rapid insertion of the needle into a joint is possible, the 
use of a local anesthetic is not necessary or can be mixed with the 
corticosteroid or other agent to be injected. The use of local anesthetics 
can also yield diagnostic information about the exact localization and 
nature of the pain. A 21-gauge needle can be used for most aspirations, 
and a 19-gauge needle can be chosen when large and viscous effusions 
are aspirated. Smaller (23-gauge) needles can be used for small joints, 
such as metacarpophalangeal or interphalangeal joints. If the needle is 
inserted into the joint correctly but no fluid can be aspirated, this could 
be the result of clogging of the needle because of fibrin or so-called “rice 
bodies.” Irrigation of the joint with isotonic saline or some lidocaine 
can sometimes result in fluid that contains enough crystals or bacteria 
to establish the diagnosis. If a therapeutic agent is to be injected after 
the aspiration has been completed, the syringe can be removed and 
replaced by the syringe with the medication. After ensuring that the 
needle is still in the joint cavity, the medication can be injected.

Complications of arthrocentesis are extremely rare and include idio-
pathic infection and bleeding.

BIOPSIES
In the diagnostic workup of patients with rheumatologic disease, his-
tologic samples can be of great additional value. Especially when sys-
temic disease is suspected, combining the clinical symptoms with the 
characteristic features of the affected tissue gathered with minimally 
invasive techniques can lead to the correct diagnosis.

Skin and subcutaneous tissue
Technique
Although many skin lesions may suggest a direct diagnosis combining 
the clinical information with the aspect and specific location of the 
lesion, histologic evaluation of skin abnormalities can help to differen-
tiate between different syndromes. Skin biopsies are best taken from a 
recently developed lesion and should contain normal-appearing skin 
alongside the edge of the lesion.1 Using a disposable punch biopsy tool 
of 3 to 6 mm in diameter, diagnosis of dermal and subdermal abnor-
malities can be determined. After anesthetizing the skin around the 
biopsy site with 1% to 2% lidocaine, a small cylinder of tissue is 
removed with a twisting movement of the punch. After achieving 
hemostasis, the wound can be closed primarily or left to heal by sec-
ondary intention. Both procedures will lead to small scar formation. 
Complications of the procedure are rare and include bleeding, espe-
cially when anticoagulants or non-steroidal anti-inflammatory drugs 
are used, and infection.

If vasculitis or panniculitis is suspected, excision biopsies using 
scalpel and forceps are more reliable in revealing the diagnosis  
because a larger amount of tissue that contains panniculus can be 
examined, leading to a greater chance of finding abnormalities.1 A 
larger amount of tissue also allows for additional studies, using, for 

Minimally invasive procedures
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 Various small invasive procedures, ranging from arthrocentesis to 
synovial biopsy, can be used in daily rheumatology practice to 
determine the diagnosis or to monitor the response to treatment.

 Analysis of joint fluid can distinguish between an inflammatory and 
non-inflammatory cause of arthritis and is especially helpful in the 
case of monoarthritis, when septic arthritis or crystal-induced 
arthritis is suspected.

 In the diagnostic workup of patients with rheumatologic disease, 
especially when systemic disease is suspected, histologic samples 
can be of great additional value.

 Abdominal fat pad fine-needle aspiration is a relatively non-
invasive, simple, and safe technique with an excellent specificity 
and positive predictive value in establishing amyloidosis.

 When inflammatory myositis syndromes, such as polymyositis (PM), 
dermatomyositis (DM), and inclusion body myositis (IBM), need to 
be distinguished from other myopathic syndromes, a histologic 
sample of the involved muscle(s) often leads to the definite 
diagnosis.

 Minor salivary gland biopsy of sublabial glands is a simple 
technique that can be performed in an outpatient setting when 
histologic confirmation of suspected Sjögren’s syndrome, 
sarcoidosis, and other infiltrative processes is necessary.

 Synovial tissue biopsy samples can be taken safely on an 
outpatient basis using blind needle or arthroscopic techniques. 
Analysis of synovial tissue can be used for diagnostic reasons in 
selected cases, to study the pathogenetic processes in various 
types of arthritis, and to evaluate the response to (experimental) 
treatment in a research setting.

INTRODUCTION
Several small invasive procedures can be used in daily rheumatology 
practice to determine the diagnosis or monitor the response to treat-
ment. These techniques include arthrocentesis and biopsies of skin, 
muscle and fascia, salivary gland, abdominal fat pad, and synovium. 
In this chapter we review and describe the processes to be followed for 
each of these techniques and discuss the indications and potential 
complications of the procedures.

ARTHROCENTESIS
Since its introduction in 1951 by Hollander, the aspiration of fluid 
from a joint cavity is performed on a routine basis by rheumatologists 
for both diagnostic and treatment reasons. Analysis of joint fluid can 
distinguish between an inflammatory and non-inflammatory cause of 
arthritis and is especially helpful in the case of monoarthritis, when 
septic arthritis or crystal-induced arthritis is suspected. In addition, 
arthrocentesis can be used therapeutically when fluid accumulation in 
a joint causes painful distention of the joint capsule. Intra-articular 
therapy with corticosteroids or other preparations can be of adjunctive 
value in the treatment of several types of arthritis.

Usually, physical landmarks and a thumbnail, ballpoint pen, or 
marker can be used to carefully determine and indicate the site of 
puncture. In some cases, such as the hip and sacroiliac joint, or when 
the synovial fluid is loculated, imaging techniques are necessary to 
ensure the right position of the needle in the joint cavity. Although the 
risk of contaminating the joint through the arthrocentesis itself is 

31



SE
C

TI
O

N
 2

 ●
 C

LI
N

IC
A

L 
BA

SI
S 

O
F 

RH
EU

M
AT

IC
 D

IS
EA

SE

274

tissue, which potentially can be substituted by the application of paraf-
fin tissue-based immunohistochemistry. This latter technique can be 
used as an adjunct in the assessment of select inflammatory skin dis-
eases, including vasculopathic conditions and collagen vascular 
disease.5

In discoid lupus, the immune deposits of mainly IgG and IgM are 
found in various patterns along the dermoepidermal junction in about 
60% to 94% of the biopsies of lesional skin.6 Prior treatment, sun 
exposure, and duration of the lesion may influence the frequency of 
positive immunofluorescence. Therefore, the most appropriate biopsy 
site is an older, untreated lesion that has not been exposed to the sun.

Skin lesions in systemic lupus erythematosus (SLE) may show 
immune deposits in various sites. SLE may show the so-called lupus 
band: Granular deposits of immunoglobulins and complement proteins 
are found at the dermal-epidermal junction.7 Other deposition sites 
include superficial dermal blood vessel walls, cytoid bodies in the papil-
lary dermis, and nuclei of the epidermal keratinocytes.8

In scleroderma, mononuclear infiltrates, mainly consisting of T 
cells located around the blood vessels, and increased collagen, synthe-
sized by activated fibroblasts leading to tissue fibrosis, can be seen in 
early lesions.9 These findings can be found in localized processes, such 
as morphea.

instance, immunohistochemistry, immunofluorescence, and electron 
microscopy. For cosmetic reasons, the line of incision should follow 
the natural lines of the skin.

Skin biopsy in specific rheumatologic disorders
In psoriasis, the epidermis is characterized by thickening of the viable 
cell layers (acanthosis), marked hyperkeratosis (thickening of the corni-
fied layer), loss of the granular layer, and parakeratosis (nuclei in the 
stratum corneum). In addition, the contorted dermal blood vessels are 
increased in number and size, reaching up to the epidermis. Further-
more, leukocyte infiltration is found in the dermis and epidermis, 
where some leukocytes form Munro microabscesses underneath the 
stratum corneum (Fig. 31.1a and b). Immunostaining with anti-CD3 
antibodies (a T-lymphocyte marker) has shown that these infiltrates 
comprise many T cells.2

In lupus erythematosus (LE), lesions can be diverse and a biopsy 
can help to distinguish between different lesions. Discoid skin lesions 
show characteristic features: follicular plugs, atrophy, scale, telangiec-
tases, and erythema (“paste” features) (Fig. 31.2a and b).

Direct immunofluorescence (DIF) techniques can be helpful in 
various subsets of LE and vasculitis because the site, morphology, and 
frequency of deposition vary among these subsets.3,4 DIF requires fresh 

a b

Fig. 31.1 (a) Psoriasis. The epidermis shows regular elongation of the epidermal rete ridges. The cornified layer shows confluent parakeratosis. There is a 
superficial perivascular lymphocytic infiltrate. (b) Psoriasis detail. Exocytosis of neutrophils.

a b

Fig. 31.2 (a) Chronic discoid lupus erythematosus (CDLE). The epidermis shows hyperkeratosis, follicular plugging, atrophy, and basal layer vacuolization. 
A dense perivascular lymphoid infiltrate is present. (b) CDLE detail.
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a b

Fig. 31.3 (a and b) Leukocytoclastic vasculitis. Vascular damage with perivascular neutrophilic infiltrate, nuclear debris, and extravasation of erythrocytes is 
seen.

Fig. 31.4 IgA deposition in Henoch-Schönlein disease. Immunofluorescence 
examination reveals IgA deposits in small vessels.

Fig. 31.5 Amyloidosis. Congo red stain observed under polarized light shows 
greenish birefringence of Congo red–stained amyloid fibrils.

Various types of vasculitis (leukocytoclastic, eosinophilic, Henoch-
Schönlein, polyarteritis nodosa) can be distinguished by histologic 
analysis of the skin or the subcutaneous lesion in which representative 
vessels are caught. The tissue sample should be of adequate size. When 
taken from an active lesion, the chance of a false-negative result will 
be less than when taken from normal skin (Fig. 31.3a and b). Addi-
tional immunofluorescent techniques will classically show immuno-
globulin (Ig) A depositions in Henoch-Schönlein purpura (Fig. 31.4), 
but this can also be seen in other IgA-associated forms of vasculitis 
such as lymphocytic vasculopathy.10

Rheumatoid nodules show palisading fibroblasts surrounding a 
central area of necrosis. These fibroblasts are in turn surrounded by 
chronic inflammatory cells, mainly lymphocytes. Various proinflam-
matory cytokines, components of the complement system, and rheu-
matoid factor can be found in these granulomas.11,12

Abdominal fat pad fine-needle aspiration
Abdominal fat pad fine-needle aspiration is a relatively non-invasive, 
simple, and safe technique in establishing amyloidosis.13,14 This tech-
nique, described by Westermark and Stenkvist, has an excellent speci-
ficity and positive predictive value. Using an 18- to 23-gauge needle, 

aspiration is performed two to five times on different locations from 
the xiphoid process to the symphysis. The aspirated material is gently 
distributed on a glass slide and allowed to dry.15 When stained with 
Congo red, a specific apple-green birefringence caused by binding to 
the amyloid can be seen under polarized light. The amyloid deposits 
are distributed mainly perivascularly, ranging from massive to subtle 
(Fig. 31.5). Fluorescent microscopy can improve the detection of 
amyloid in fat pad smears.16 Sensitivity and specificity of the fine-
needle aspiration technique range from 55% to 75% and up to 92% to 
100%, respectively.14,17 No complications of this technique have been 
reported.

Variants of this technique include Tru-Cut needle biopsy or excision 
biopsy. Other possible biopsy sites to confirm amyloidosis are the rectal 
mucosa, labial salivary gland, and compromised organs (kidney, liver, 
and endomyocardium). The latter sites should be reserved for patients 
in whom the aforementioned techniques failed to establish the 
diagnosis.

Biopsy of the temporal artery
The gold standard for diagnosis of giant cell arteritis is a biopsy of the 
temporal artery. This should be performed as soon as the diagnosis is 
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diseases, and granulomatous myositis in sarcoidosis can be 
identified.27

Site selection is crucial when taking a muscle biopsy. A muscle 
biopsy should be taken from an involved muscle identified by physical 
examination, but not a fully atrophic or severely weakened one. Also, 
care should be taken not to obtain samples from a muscle that was 
injected or has recently been evaluated by electromyography (EMG) 
because of the chance of focal traumatic myositis. Taking a muscle 
sample from the side contralateral to the one found to be abnormal on 
EMG may increase the yield of finding diagnostic abnormalities. The 
quadriceps or deltoid muscles are involved in most myopathies and are 
the easiest to access.

Furthermore, the use of magnetic resonance imaging (MRI) in iden-
tifying affected areas that show an increased T2 signal may also help 
to reduce sampling error. The value of fat-suppressive (STIR) image 
signal intensity was studied in 40 patients with idiopathic inflamma-
tory myopathies and correlated significantly with clinical activity and 
the presence of inflammation on muscle biopsy.28 In this study, signal 
intensity scores were found to be more sensitive in detecting clinical 
disease activity than the presence of pathologic changes on muscle 
biopsy (89% vs. 66%).

Open biopsy has several advantages because a larger tissue sample 
can be obtained under direct vision. This reduces the chance of sam-
pling error and allows for multiple diagnostic tests.29 In spite of these 
advantages, 25% to 30% of patients with myositis still have negative 
biopsy results.30 For suspected inherited metabolic myopathies, when 
multiple quantitative assays need to be performed, open biopsy is 
recommended.31

After local anesthestic has been administered, a longitudinal inci-
sion is made and the subcutaneous tissue is dissected. Under direct 
vision, a muscle sample of approximately 2 × 1 × 1 cm is taken, 
stabilized in a clamp, and kept moist until it is processed. Although 
the procedure is well tolerated and safe, there are some limitations: It 
requires the assistance of a surgeon and local or regional anesthetics; 
it can only be done on superficial muscles; it is not suitable for serial 
biopsy assessment; and it leads to scar formation. Alternatively, various 
percutaneous needle muscle biopsy techniques that have been devel-
oped are more cost effective, are more convenient for daily practice, 
and yield adequate tissue samples for histology, histochemistry, and 
electron microscopy.29 Some procedures require a skin incision, such 
as when a disposable Tru-Cut biopsy needle, the suction-assisted reus-
able device with a side-cutting window and inner cutting cylinder 
(University College Hospital instrument) (Fig. 31.7), or a sharp-jawed 
surgical instrument (called a conchotome) is used.32

Using the suction-assisted and spring-loaded needles (Bard Biopty-
Cut instrument), originally described by Coté,33 more samples can be 
taken from the same or more than one muscle, which may improve 

suspected, but without delaying treatment. After shaving the patient’s 
hair over the appointed biopsy area and applying standard aseptic 
measures and local anesthetics, an incision is made directly over the 
artery in a cautious way. Skin hooks are used to spread the edges of 
the incision and the subcutaneous fat, if present. When the fascia of 
the temporal area is encountered, this is gently opened with the tips 
of the scissors and carefully widened to find the artery. This is dissected 
free and isolated over a length of 3 to 5 cm. After cutting or tying off 
small branches and main proximal and distal parts with sutures, the 
artery can be transected. The ligated ends can be electrocoagulated. 
The wound is closed with cutaneous sutures after hemostasis is 
obtained. A bandage can be applied after the procedure. Complications 
of temporal artery biopsy are rare.

The suggested sample size is 2.5 to 5 cm because the inflammation 
is discontinuous, causing skip lesions (reported in about 10% of cases).18 
Biopsy of the contralateral side is suggested if the first biopsy is nega-
tive. The sensitivity of a positive biopsy was reported to be not signifi-
cantly decreased after 2 weeks of steroid therapy,19 and several case 
reports suggested the persistence of histologic abnormalities even after 
months of treatment.20

A meta-analysis of the sensitivity and specificity of clinical signs 
and symptoms showed various clinical features, such as jaw claudica-
tion, diplopia, and erythrocyte sedimentation rate (ESR), predicting 
high or low probability of a positive temporal artery biopsy.21 Several 
other variables influence the reported incidence of 3% to 10% false-
negative results: the length and number of biopsies taken, the presence 
of skip lesions, pathologic sectioning techniques, and the duration of 
treatment before biopsy.22 Using a Bayesian analysis, the sensitivity of 
a single temporal artery biopsy was calculated to be 89.1% (95% con-
fidence interval, 81.8% to 91.7%).23 The use of imaging techniques, 
such as B-flow ultrasound, may perhaps be of help in defining the artery 
segment to be biopsied to decrease sampling error.24

Mononuclear infiltrates penetrating all layers of the arterial wall, 
causing panarteritis, with activated T cells and macrophages arranged 
in granulomas can be seen.25 In 50% of cases multinucleated giant cells 
are found grouped along the fragmented internal elastic lumina (Fig. 
31.6a and b). Temporal artery biopsy is a safe procedure with a low 
complication rate. Complications include postoperative hematoma, 
wound infection or dehiscence, and facial nerve damage.26

Muscle/fascia
When inflammatory myositis syndromes, such as polymyositis (PM), 
dermatomyositis (DM), and inclusion body myositis (IBM), need to be 
distinguished from other myopathic syndromes, a histologic sample of 
the involved muscle(s) often leads to the definite diagnosis. Further-
more, atypical inflammatory myopathies such as pyomyositis, parasitic 

a b

Fig. 31.6 (a) Arteritis temporalis. Low magnification shows partial destruction of the wall by an inflammatory infiltrate containing multinucleated giant cells 
leading to fragmentation of the internal elastic lamina and extreme narrowing of the lumen (H&E staining). (b) Arteritis temporalis (detail, EvG staining).
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antibodies to proteins, both paraffin-embedded and (sequential)  
cryosections can be used for immunohistochemical analysis of the 
inflammatory infiltrates.38 In most metabolic myopathies, immunohis-
tochemistry is not advantageous.

Salivary gland
The main indication for salivary gland biopsy is histologic confir-
mation of suspected Sjögren’s syndrome, sarcoidosis, and other infiltra-
tive processes, such as amyloidosis and hemochromatosis. Various 
techniques have been described, each with its advantages and 
disadvantages.

Minor salivary gland biopsy of sublabial glands is one of the most 
widely used procedures. It is a simple technique that can be performed 
in an outpatient setting. The patient is seated or lying with the upper 
half of the body upright. The lower lip is everted, and the mucosa is 
inspected. The biopsy site should contain normal-appearing mucosa 
and enlarged labial glands (1- to 2-mm firm nodules), as determined 
by palpation. The area is infiltrated with local anesthetics (e.g., lido-
caine 2%, with or without epinephrine/adrenaline) and a small super-
ficial incision of 0.1 to 1 cm is made (Fig. 31.8a and b). The salivary 
glands (preferably 5 to 10) are bluntly dissected by grasping the glands 
carefully at the base with a forceps and applying gentle upward trac-
tion.39 Light pressure can help to bulge the gland from the incision 
wound.40 Care should be taken not to damage the sensory nerves, 
which can be easily distinguished during the procedure. The incision 
can be closed with dissolvable sutures, but several physicians leave the 
incision open, allowing it to heal spontaneously. Possible complica-
tions include bleeding due to an incision that is too deep; damaging 
the sensory nerve, leading to permanent hypoesthesia of the lower lip; 
and burning of the mouth after the procedure owing to drinking hot 
beverages while still anesthetized.

sensitivity.30,31,33,34 Additional advantages include the ability to perform 
this method at the patient’s bedside, the fact that no skin incision is 
required, and the possibility of taking serial biopsies to evaluate treat-
ment. Complications from this technique, such as small hematomas, 
are rare.

Although some controversy exists about the diagnostic value of 
specific histopathologic features found in muscle biopsies from inflam-
matory syndromes,35-37 the combination of clinical information and 
histologic aspects may result in different therapeutic options and pre-
diction of prognosis.

In inflammatory myopathies, myofiber degeneration, regeneration, 
and an inflammatory infiltrate consisting of mononuclear cells are 
usually found. In PM, invasion of cytotoxic T cells into non-necrotic 
myofibers can be seen. Typical histologic changes in DM consist of 
perimysial perivascular inflammation with B and T cells, capillary 
involvement, and atrophy of the fibers due to ischemia. In IBM, chronic 
myopathic features, endomysial lymphocytic inflammation, and 
rimmed vacuoles are present. Filamentous inclusions may be seen in 
ultrastructural studies. Immunohistochemistry can be of help in  
determining the diagnosis. With the increasing availability of various 

Movement of trocar Direction of suction

Skin

Subcutaneous fat and fascia
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Cutting trocar
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Muscle specimen

PERCUTANEOUS MUSCLE BIOPSY

Fig. 31.7 Percutaneous muscle biopsy using suction-assisted instrument.

a

b

Fig. 31.8 (a) Lip biopsy: incision of the lower lip. (b) Biopsy specimen.
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the histologic scores remains low. To increase the diagnostic accuracy 
of this test, multilevel sectioning (three different levels, at least 200 µm 
apart) and use of a cumulative focus score have been recommended.42,43 
Furthermore, the use of immunohistochemical techniques quantifying 
the IgA- and IgG-containing plasma cells in the biopsy sample results 
in a higher sensitivity and specificity of the test.44

Biopsy procedures on other salivary glands, such as the parotid gland, 
have also been described. Parotid biopsy is safe and accurate in the diag-
nosis of adult and pediatric Sjögren’s syndrome.45,46 Comparison of 

The glands are fixed in formalin, embedded in paraffin, and stained 
with hematoxylin and eosin (H&E). For evaluation of the diagnosis of 
Sjögren’s syndrome, the inflammatory infiltrate is scored and graded 
according to the method of Greenspan and Daniels,41 which is based 
on the number of inflammatory cells (foci) within the biopsy section. 
These foci are usually found perivascularly or periductally, adjacent to 
the acini of the glands. Classically, a single tissue section is taken to 
evaluate the infiltrate, but despite standardization of the methodology 
of sampling, processing, and examining the biopsies, reproducibility of 

a

CLOSED BIOPSY OF KNEE SYNOVIUM

Tendon of quadriceps
femoris

Suprapatellar
pouch

Synovial
membrane

b c

d

Fig. 31.9 (a) Parker-Pearson needle. (b) Procedure of blind needle biopsy of the knee. (c) Schematic drawing of blind needle biopsy procedure of the knee. (d) 
Synovial tissue specimen.
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parotid and minor salivary gland biopsy shows little added value of the 
former, especially if other diagnoses such as lymphoma or sarcoidosis 
are suspected.47,48

Synovium
Because the synovial tissue is easily accessible, biopsy samples can be 
taken safely using blind needle or arthroscopic techniques. Subsequent 
analysis of synovial tissue can be used for diagnostic reasons in selected 
cases49-52 to study the pathogenetic processes in various types of arthri-
tis and evaluate the response to (experimental) treatment in a research 
setting.53,54

Blind or closed needle biopsy has been successfully performed with 
the Parker-Pearson needle, which is a simplified 14-gauge biopsy needle 
that does not require a skin incision (Fig. 31.9a).55 This technique is 
safe, tolerated well, technically easy, and inexpensive. After employing 
standard aseptic technique and anesthetizing skin, subcutaneous 
tissue, and joint capsule with 1% or 2% lidocaine (see also earlier dis-
cussion on arthrocentesis), the trocar is inserted into the joint and the 
biopsy needle is introduced into the trocar (Fig. 31.9b and c). Applying 
suction to a Luer-Lok syringe attached to the biopsy needle helps in 
obtaining the specimen (Fig. 31.9d). When the angle of the needle is 
altered, multiple biopsies can be obtained. Taking six or more biopsy 
samples from multiple locations reduces the chance of sampling error 
and leads to a variability of less than 10%.56 In the case of minimal or 
no clinical evidence of inflammation or effusion, the use of 10 to 
20 mL of isotonic saline to fill the joint cavity before introducing the 
trocar may be helpful. Most investigators use this technique to biopsy 
the knee joint, but biopsy of other joints such as the ankle, wrist, 
elbow, and shoulder has also been described. Smaller joints can be 
approached with a modified short needle.57 In most cases this tech-
nique yields adequate tissue samples, with signs of inflammation gen-
erally similar to samples taken under direct vision using an arthroscopic 
technique.58 It can fail, however, when joints are not swollen. In a 
series of more than 800 samples, no complications (such as infection 
or hemarthrosis) were seen.51 Several modifications to this technique 
have been described, such as use of the Tru-Cut needle for a variety of 
soft tissue biopsies. This is an inexpensive, disposable item that can 
retrieve synovial tissue through an action similar to that described 
earlier.

Arthroscopic biopsy
Because there are limitations to the use of blind needle biopsies (e.g., 
restriction to larger joints, potential sampling error due to the blind 
character of the procedure, and the difficulty of obtaining adequate 
tissue when the joint is not clinically inflamed), it may be advantageous 
to obtain synovial tissue using a small-bore arthroscope (Fig. 31.10). 

Knee arthroscopy can be performed when a small-bore arthroscope or 
needle arthroscope, ranging from 4.5 to 2.7 mm, is introduced into an 
infrapatellar skin portal, which is created after disinfecting and anes-
thetizing the skin, subcutis, and knee joint (Fig. 31.11a). For the grasp-
ing forceps, a suprapatellar second skin portal is installed. This 
technique allows macroscopic examination of the synovial tissue and 
biopsy of different sites in the joint under direct vision. It can also be 
applied when biopsy samples of an ankle joint are taken, using a medial 

Fig. 31.10 Needle arthroscope.

a

b

c

Fig. 31.11 (a) Needle arthroscopy of the knee. (b) Needle arthroscopy of the 
wrist. (c) Needle arthroscopy of the MCP1 joint.
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and lateral malleolar portal. A small-bore arthroscope of 1.9 mm can 
be used for a smaller joint, such as the metacarpophalangeal joint  
or the wrist through radial and ulnar skin portals (Fig. 31.11c and 
31.11b). Inflammatory markers are generally comparable between 
biopsy samples taken from a knee and a smaller joint such as the 
wrist.59

This technique, performed in an outpatient setting under local or 
regional anesthesia, is done by an increasing number of rheumatolo-
gists and is well tolerated by patients. Minimal pain and discomfort 
during the procedure and minor complications such as vasovagal reac-
tions and temporary swelling of the joint are reported by 35% to 36% 
and 5% to 10% of the patients, respectively.60 The total complication 
rate mentioned in a recent survey was 15.1/1000 arthroscopies, which 
is comparable to the rates mentioned in the orthopedic literature.61 
These complications consisted of joint infection (0.1%), deep vein 
thrombosis (0.2%), and hemarthrosis (0.9%). A correlation of wound 
infection and total complication rate with the amount of irrigation fluid 
was found, possibly a reflection of the duration of the procedure.

ARTHROSCOPIC JOINT LAVAGE
Joint lavage can be considered for different conditions, such as persis-
tent arthritis after needle aspiration, osteoarthritis, and septic arthritis. 
The therapeutic effect of joint lavage is attributed to the removal of 
proinflammatory cells and their destructive enzymes, as well as carti-
lage degradation products. Although various uncontrolled, retrospec-
tive studies have reported a beneficial therapeutic effect of joint lavage 
for osteoarthritis of the knee joint, a randomized, placebo-controlled 
trial did not show superiority of this procedure compared with placebo.62 
Moreover, joint lavage alone or combined with infiltration of cortico-
steroids is similarly effective for the symptomatic management of 
osteoarthritis of the knee; the effects persisted for 3 to 12 months.63,64 

For inflammatory arthritis, such as rheumatoid arthritis, the efficacy 
of joint lavage is still somewhat controversial. Retrospective analysis 
of the therapeutic effect of needle aspiration and joint lavage in 50 
patients revealed that arthroscopic lavage had a superior effect.65 This 
seems to be dependent on the volume of physiologic fluid used during 
the procedure, with 5 to 10 liters giving the best results.66,67 Further-
more, the effects of joint lavage are more beneficial in patients with 
milder disease.

ULTRASOUND-GUIDED SYNOVIAL BIOPSY
Another method increasingly used to obtain synovial biopsies is the 
recently developed office-based, mini-invasive, ultrasound-guided tech-
nique.68 This technique uses ultrasound guidance as an aid to acquire 
synovial tissue percutaneously by means of a portal and a rigid forceps 
technique.69 This approach combines the advantages of being mini-
mally invasive and being able to sample inflamed synovial tissue under 
indirect visual inspection. When a multifrequency linear transducer is 
applied, effusion and synovitis can be identified. The sensitivity of this 
technique can be enhanced by applying power Doppler techniques.70 
Under standard sterile conditions and after infiltrating the skin and 
subcutaneous tissue with local anaesthetics, a 14-gauge needle can be 
inserted into the designated area under ultrasound guidance. After 
creating a portal by means of a flexible wire followed by a percutaneous 
sheath, synovial samples can be acquired using a rigid forceps (Fig. 
31.12).68,69
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Fig. 31.12 Examples of intra-articular pathology seen at needle arthroscopy. (a) Deposits of monosodium urate crystals (tophi) on the inflamed synovium in a 
patient with gout. (b) Deposits of calcium pyrophosphate dehydrate crystals on inflamed synovium in a patient with chondrocalcinosis. 
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(c) Villous synovitis in a patient with rheumatoid arthritis plus forceps. (d) Villous synovitis with vascular and avascular villi in a patient with 
rheumatoid arthritis. (e) Overgrowth of cartilage by synovial tissue at the cartilage-pannus junction in a patient with rheumatoid arthritis/invading synovium 
at the cartilage-pannus junction. (f ) Villous synovitis with tortuous vascular pattern. 

Fig. 31.12, cont’d 

Continued
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Fig. 31.12, cont’d (g) Normal cartilage. (h) Cartilage erosion in a patient with osteoarthritis without synovitis.
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MAJOR SYSTEMIC CONNECTIVE  
TISSUE DISORDERS
Systemic lupus erythematosus
Key dermatologic signs: photosensitivity; malar dermatitis; discoid 
rash; other forms of specific cutaneous lupus erythematosus, localized 
or generalized, involving the epidermis, dermis, or subcutaneous fat of 
the skin; oral ulcerations.

Dermatologic changes involving the skin, mucous membranes, and 
hair are a common manifestation of systemic lupus erythematosus 
(SLE). Experts estimate that 85% of patients with SLE develop such 
changes during the course of their disease. The classification of the 
cutaneous LE (CLE) lesions, however, is complex because similar types 
of skin involvement can occur both in SLE and in patients with non-
systemic forms of LE. A widely accepted classification divides LE- 
specific skin disease into three major clinical subtypes according to 
their disease activity: acute CLE (ACLE), subacute CLE (SCLE), and 
chronic cutaneous LE (CCLE) (Box 32.2).1 These subtypes are further 
specified according to the extent of their skin involvement (local versus 
generalized) and the localization of the inflammatory infiltrate in the 
skin (e.g., LE panniculitis indicating LE-specific infiltration of the 
adipose tissue). It is important to note that in patients with SLE (as in 
patients with CLE only), different forms of LE-specific skin lesions can 
be present simultaneously (e.g., a butterfly rash as a manifestation of 
localized ACLE plus chilblain LE as a variant of CCLE).

The hallmark skin lesion of ACLE in patients with SLE is malar 
dermatitis, which is a reddish maculopapular eruption in a character-
istic butterfly distribution of the face (Fig. 32.1). In most cases patients 
recall induction or exacerbation of the rash by exposure to ultraviolet 
light (UV), indicating photosensitivity as an important diagnostic clue 
and pathogenetic component. Lesions tend to be transient, lasting from 
several hours to weeks, and heal without scarring. Occasionally, poi-
kiloderma can result from dyspigmentation. When generalized, ACLE 
can involve the trunk with accentuation of the UV-exposed areas (Fig. 
32.2) but may be localized elsewhere, including the hands, where 
knuckles are typically spared (Fig. 32.3). A recently recognized life-
threatening variant is toxic-epidermal necrolysis (TEN)-like ACLE. 
This may be regarded as a fulminant form of generalized ACLE in 
which a massive epidermal injury occurs, possibly due to severe altera-
tions of the dermoepidermal junction and subsequent apoptosis. 
Another variant is Rowell syndrome, which was originally described as 
an erythema multiforme–like eruption in patients with disseminated 
lupus erythematosus (DLE) and positive anti-Ro/La antibodies. 
However, subsequent reports and our own observations suggest that 
similar skin lesions can also develop in patients with SLE and SCLE, 
as well as in the presence or absence of anti-Ro/La antibodies. Oral 
lesions are a common mucocutaneous manifestation in patients with 
SLE and are part of the American College of Rheumatology (ACR) 
criteria. Typically they consist of painful aphthoid lesions and ulcer-
ations, especially on the lips and buccal and palatal mucosa (Fig. 32.4), 
but may be localized elsewhere in the oral cavity. Some palatal lesions 
may be asymptomatic.

Patients with clinical features of SCLE usually have circulating 
anti-Ro and anti-La antibodies and the HLA-B8 and -DR3 haplotype. 
Two variants have been identified: an annular variant consisting of 
slightly raised erythemas with central clearing, and a papulosquamous 
variant consisting of psoriasis-like or eczematous-like lesions, both 
typically located on UV-exposed skin, including the lateral aspects  
of the face, the “V” of the neck (often with sparing of the area under  
the chin), the upper ventral and dorsal part of the trunk (Fig. 32.5), 
and the dorsolateral aspects of the forearms. SCLE lesions never lead 

Skin in rheumatic disease
Markus Böhm and Thomas A. Luger

 The skin is frequently involved in a variety of rheumatic diseases.
 Skin manifestations can be hallmark features in rheumatic diseases, 

especially in lupus erythematosus, dermatomyositis, and systemic 
sclerosis.

 Skin changes occurring in rheumatic diseases are said to be 
specific when characterized by a distinct clinical and 
dermatohistopathologic picture.

 Non-specific skin manifestations include a diversity of cutaneous 
changes that also occur in non-related disorders.

 Skin involvement may indicate a different course and prognosis of 
a rheumatic disease.

INTRODUCTION
Skin changes occur in a variety of systemic rheumatic diseases and are 
of particular relevance for the dermatologist, as well as the rheumatolo-
gist, for several reasons. First, the skin can be the initial site of mani-
festation in rheumatic disease, thus providing the clinician with 
important clues to diagnosis and differential diagnosis. Second, in a 
number of rheumatic diseases skin involvement may serve as an indi-
cator for systemic disease activity. Third, skin manifestation in rheu-
matic diseases can be associated with a high degree of morbidity and 
severe impact on quality of life. Finally, awareness and elucidation of 
the underlying nature of skin manifestations will shed light on the 
pathogenesis of many rheumatic disorders.

The skin changes as seen in systemic rheumatic diseases are said 
to be specific when they display highly characteristic and sometimes 
even pathognomonic features along with a typical histopathology 
encountered only in a distinct rheumatic disease. On the other hand, 
cutaneous manifestations can be non-specific and occur in a diversity 
of rheumatic and non-rheumatic systemic diseases. It is also well 
established that some skin diseases have an increased incidence in 
patients with selected systemic rheumatic diseases. These dermatoses 
are best referred to as associated skin diseases. In most cases, however, 
only a combination of specific and non-specific skin changes, occasion-
ally in the presence of an associated skin disorder, will help to establish 
the final diagnosis of a rheumatic disease. We have therefore designated 
these skin changes as “key dermatologic signs” at the beginning of each 
section.

In this chapter we highlight the skin manifestations of the major 
systemic connective tissue disorders: systemic lupus erythematosus, 
dermatomyositis, systemic sclerosis, and Sjögren syndrome (SjS), fol-
lowed by a heterogeneous group of other systemic rheumatic diseases 
(rheumatoid arthritis, systemic onset juvenile rheumatoid arthritis, 
and relapsing polychondritis). It is beyond the scope of this chapter to 
describe all rheumatic diseases with skin manifestations. Emphasis is 
on the key dermatologic signs of the previously mentioned diseases 
rather than on rare variants. To assist understanding, the most 
common dermatologic terms are explained in Box 32.1. Because of 
space limitations, it is impossible to discuss in depth the pathogenesis 
of the presented rheumatic diseases or to describe the clinical pictures 
of the differential diagnoses. It is therefore apparent that the experi-
enced dermatologist can not only make a meaningful contribution to 
the correct diagnosis of systemic rheumatic diseases but also deliver 
the newest and most effective therapy for the treatment of patients 
with cutaneous involvement of these diseases.

32



SE
C

TI
O

N
 2

 ●
 C

LI
N

IC
A

L 
BA

SI
S 

O
F 

RH
EU

M
AT

IC
 D

IS
EA

SE

286

BOX 32.1 FREQUENTLY USED DERMATOLOGIC TERMS

Macule—a flat localized discoloration of the skin. When the discoloration is red, 
it is called erythema.

Papule/nodule/plaque—a raised, localized, solid skin lesion. When the raised 
lesion has spread horizontally, it is referred to as a plaque.

Vesicle/bulla—a localized, raised lesion of the skin filled with exudate, either 
serous or hemorrhagic fluid. When more than 0.5 cm in diameter, the vesicle 
is called a bulla.

Pustule—a vesicle filled with pus.
Urtica/wheal—a transient raised skin lesion due to dermal edema. The center 

of the lesion is pale and the borders are erythematous.
Erosion—a superficial tangential defect of the epidermis.
Ulcer—a substantial defect of the epidermis and deeper layers of the skin 

(dermis, subcutaneous), inevitably leading to scar formation.
Purpura/petechia—localized intradermal hemorrhage. When less than 3 mm 

in diameter, it is called petechia.
Poikiloderma—a combination of hyperpigmentation, hypopigmentation, tel-

angiectasia, and skin atrophy.
Sclerosis—induration of the skin.
Squama—localized area of abnormal shedding of the corneal layer of the 

epidermis.
Köbner/pathergy phenomenon—induction of skin lesions by a non-specific 

trauma such as scratching or venipuncture.

BOX 32.2 CLASSIFICATION OF LUPUS ERYTHEMATOSUS–SPECIFIC 
SKIN LESIONS
A. Acute cutaneous lupus erythematosus (ACLE)

1. Localized ACLE
2. Generalized ACLE
3. Toxic epidermal necrolysis-like ACLE

B. Subacute cutaneous lupus erythematosus (SCLE)
1. Annular
2. Papulosquamous

C. Chronic cutaneous lupus erythematosus (CCLE)
1. Discoid lupus erythematosus (DLE)

a. localized
b. generalized

2. Hypertrophic/verrucous lupus erythematosus
3. Lupus erythematosus tumidus
4. Lupus panniculitis/profundus
5. Chilblain lupus erythematosus
6. DLE–lichen planus overlap

Modified from Sontheimer RD. Skin manifestations of systemic autoimmune connective tissue 
disease: diagnostics and therapeutics. Best Pract Res Clin Rheumatol 2004;18:429-462.

Fig. 32.1 Malar (butterfly) rash in young woman with systemic lupus 
erythematosus.

Fig. 32.2 Generalized acute cutaneous lupus erythematosus. Note 
accentuation of the lesions in the ultraviolet light-exposed area.

Fig. 32.3 Generalized acute cutaneous lupus erythematosus. Note typical 
distribution with sparing of the knuckles.

Fig. 32.4 Oral aphthoid lesions and ulcerations of the palatal mucosa in a 
patient with systemic lupus erythematosus.
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Fig. 32.5 Subacute lupus erythematosus (annular subtype). Note characteristic 
distribution in the ultraviolet light-exposed area.

to scarring but hypopigmentation or depigmentation is common, 
resulting in vitiligo-like leukoderma. A substantial proportion of 
patients with SCLE exhibit mild systemic symptoms, especially arthral-
gias and musculoskeletal complaints. Data from several studies further 
indicate that the percentage of patients with SCLE fulfilling four or 
more ACR criteria for SLE ranges from 30% to 62%.

The prototypical skin lesion of the classic form of CCLE, also 
known as discoid CLE, is an erythematous discoid plaque that becomes 
hyperkeratotic and eventually leads to atrophy and scarring (Fig. 32.6). 
Dyspigmentation, including hypopigmentation and hyperpigmenta-
tion, is common. Discoid lesions have a predilection for the face, ears, 
and neck but may be widespread, without a clear-cut relation to UV 
exposure. Disfigurement can be a serious problem, especially in patients 
with facial involvement. Mucosal membranes including the lips, 
mucosal surfaces of the mouth, nasal membranes, conjunctivae, and 
genital mucosa may also be involved with characteristic discoid lesions 
resembling leukoplakia. Although DLE is primarily considered a form 
of cutaneous LE without systemic involvement, patients with SLE may 
have classic DLE lesions. Long-term follow-up of patients with DLE is 
also necessary because 5% to 10% will develop SLE in the course of 
their disease, on the basis of retrospective analysis from a number of 
studies.

As outlined in Box 32.2, several other subtypes of CCLE can occur 
in patients with SLE and non-systemic LE. In hypertrophic/verrucous 
CCLE, epidermal hyperkeratosis is prominent, resulting in lesions with 
a thick scaling. LE tumidus describes the presence of photosensitive 
erythematous, sometimes urticarial plaques and nodules without epi-
dermal hyperkeratosis or follicular plugging. Lesions are usually located 
on the face, upper trunk, and extremities. The majority of patients 
with LE tumidus do not have antinuclear antibodies, and diagnosis 
relies mainly on the clinical and histomorphologic picture. Only rarely 
will patients with LE tumidus develop SLE.2 LE panniculitis is an 
intense inflammation of the adipose tissue of the skin resulting in 
indurated plaques and lipotrophy. Lesions are commonly seen on the 
face, proximal parts of the extremities, upper trunk, and buttocks and 
can be disfiguring. When the overlying dermis and epidermis are 
involved in LE panniculitis, this is called LE profundus. As shown by 
a retrospective study of 40 patients with this CCLE variant, few patients 
(10%) fulfill the ACR criteria for SLE.3 An often unrecognized variant 
of CCLE is chilblain LE, which denotes pernio-like skin lesions (i.e., 
red to violaceous plaques located on the distal parts of the extremities—
fingertips, toes, and occasionally other parts of the body), which are 
typically induced and aggravated by cold exposure (Fig. 32.7). These 
patients should be carefully monitored because up to 24% of them will 
develop SLE.4

The exact pathogenesis of the various LE-specific skin manifesta-
tions is complex and incompletely understood. Several lines of evidence 
suggest that autoantibodies detected in patients with LE play an impor-
tant role in the development of the LE-specific skin lesions. 

Fig. 32.6 Classic discoid lupus erythematosus of the face. Note central scarring 
and erythematous hyperkeratotic borders.

Fig. 32.7 Chilblain lupus erythematosus of the toes.

Accordingly, it is well known that pregnant women with circulating 
anti-Ro antibodies may deliver babies with SCLE-like lesions (neonatal 
LE) that are indistinguishable from the skin lesions seen in adults.5 
Data from in vitro studies further demonstrate that UVB irradiation of 
human keratinocytes is capable of translocating autoantigens such as 
Ro to the plasma membrane and to apoptotic blebs, possibly promoting 
an immune response and the occurrence of cutaneous LE lesions by 
sun exposure.6 Another pathogenetic factor closely related to the occur-
rence of LE skin lesions is complement C1q. Complete deficiency of 
C1q is a major risk factor for the development of SLE, and most indi-
viduals with homozygous congenital deficiency of C1q develop early-
onset SLE with cutaneous LE lesions.7 Accordingly, deficiency of C1q 
may result in altered clearance of autoantigens and immune complexes 
associated with UVB-exposed or cytokine-stimulated epidermal kera-
tinocytes. There is also recent evidence for a role of tumor necrosis 
factor-α (TNF-α) in the pathogenesis of LE. Accordingly, the use of 
anti–TNF-α strategies for the treatment of rheumatoid arthritis in 
several instances has led to the occurrence of autoantibodies, lupus-like 
syndrome, and in rare cases even to the development of LE or 
dermatomyositis.8,9

Histopathologic examination is a cornerstone in the correct diagno-
sis of the skin lesions encountered in patients with LE. However, it 
should be noted that proper classification of the CLE lesions relies 
substantially on the overall clinical picture and laboratory analysis 
because, especially in acute forms of cutaneous involvement, LE- 
specific histologic changes can be subtle. ACLE lesions show vacuolar 
degeneration of the dermoepidermal junction, dead keratinocytes 
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(“Civatte bodies”) and a sparse lymphohistiocytic infiltrate of the upper 
dermis. Dermal blood vessels are dilated with extravasation of eryth-
rocytes. In SCLE, these findings are often associated with epidermal 
atrophy. The lymphohistiocytic infiltrate is located in the upper dermis 
with an interface and perivascular pattern. In classic DLE lesions, there 
is additional epidermal hyperkeratosis and thickening of the dermoepi-
dermal and follicular basement membranes. The lymphohistiocytic 
infiltrate is often prominent, involving hair follicles, which may also 
show hyperkeratotic plugging. Mucin may be deposited in the dermis. 
Deeper forms of CCLE are characterized by a lymphohistiocytic infil-
trate situated in the lower dermis, often with mucin deposits (LE 
tumidus), whereas in lupus panniculitis, the infiltrate is located pri-
marily in the subcutaneous fat tissue.

The differential diagnosis of ACLE lesions includes erythema solare 
(sunburn), photoallergic and phototoxic drug eruptions, dermatomyo-
sitis, atopic eczema, seborrheic dermatitis, contact eczema, and rosacea. 
SCLE lesions have to be distinguished from photoallergic and photo-
toxic drug eruptions, as well as other forms of annular erythemas 
(erythema annulare centrifugum, erythema gyratum repens, granu-
loma annulare, eczema, psoriasis, and tinea).

In addition to the previously described LE-specific skin lesions, there 
is a plethora of non-specific skin signs and associated skin diseases 
that can be present in patients with SLE. These skin signs include 
harmless vascular changes such as nailfold abnormalities (large and 
tortuous capillaries together with areas of avascularity) but also more 
serious complications such as vasculitis (leukocytoclastic vasculitis, 
urticarial vasculitis, nodular vasculitis) and other forms of vasculopa-
thy (atrophie blanche, livedo reticularis, Degos disease-like lesions, 
ulcerations, and thromboses), the latter developing especially in 
patients with antiphospholipid syndrome. Non-scarring alopecia 
(“lupus hair”) may be seen in patients with SLE, whereas scarring 
alopecia typically occurs in patients with DLE involving the scalp. 
Raynaud phenomenon, calcinosis cutis, scleroderma-like changes, and 
rheumatoid nodules may indicate the presence of an overlap 
syndrome.

Dermatomyositis
Key dermatologic signs: heliotrope rash, Gottron papules, Gottron 
sign, poikiloderma atrophicans vasculare, periungual telangiectasia, 
dystrophic cuticles, calcinosis cutis.

Involvement of the skin is essential to the diagnosis of dermato-
myositis (DM) because characteristic cutaneous lesions belong to the 
diagnostic criteria of DM, according to Bohan and Peter.10 Importantly, 
skin manifestations precede the clinical symptoms of muscle weak-
ness, electromyopathic abnormalities, or increased levels of creatine 
phosphokinase in 30% of patients with DM, and in 10% to 20% of all 
patients with DM, specific skin changes may occur for longer than 6 
months without systemic involvement. This group of patients has been 
referred to as DM sine myositis (or amyopathic DM). Although a variety 
of skin manifestations occur in DM, none of the skin signs allow dis-
crimination between idiopathic DM and the paraneoplastic form.

One highly specific skin sign that can be regarded as the cutaneous 
hallmark feature of DM is the heliotrope rash (Fig. 32.8). This is an 
often pruritic, sometimes burning, violaceous, confluent erythema 
resembling the color of the heliotrope, a red/purple-colored flower 
tracking the course of the sun. The heliotrope rash of DM has a char-
acteristic distribution, involving especially the periorbital area. Other 
sites of predilection are the malar area of the face, the posterior neck 
and shoulders (referred to as the “shawl sign”), and the scalp. DM often 
also affects the extensor surfaces of the extremities, knuckles and 
dorsal aspects of the interphalangeal joints, and periungual area of the 
fingers in a symmetric fashion (Fig. 32.9). The characteristic violaceous 
color and the periorbital distribution of the heliotrope rash distinguish 
DM from the butterfly rash (malar rash) in patients with ACLE. It is 
also important to recognize that the skin lesions of DM when affecting 
the fingers tend to be located over the joints and not on the interpha-
langeal areas, as in patients with generalized ACLE (compare Figs. 32.3 
and 32.9).

Depending on the intensity of inflammation, the violaceous macules 
of DM may evolve into plaques, often covered with a fine silvery scale, 
especially on the knees and elbows. When such lesions occur over the 

Fig. 32.8 Heliotrope rash of the face in a man with dermatomyositis.

Fig. 32.9 Gottron papules of dermatomyositis on the fingers. Note 
accentuation over the knuckles.

knuckles, in interphalangeal joints, and in the periungual area, they 
are known as Gottron papules (see Fig. 32.9). Violaceous macules 
developing over the knuckles and the elbows and/or knees have been 
referred to as the Gottron sign (Fig. 32.10). Intensely inflamed skin 
lesions of DM may develop into erosions, subepidermal blisters, and 
ulcers (Fig. 32.11), the latter having to be distinguished from hemor-
rhagic necrotizing vasculitis, a non-specific sign of DM. Furthermore, 
the term poikiloderma atrophicans vasculare has been coined to 
describe patients with DM and a combination of violaceous erythema, 
hyperpigmentation, hypopigmentation, telangiectasia, and atrophy.

In addition to these specific skin signs, many patients with DM 
show prominent nailfold telangiectasias (Fig. 32.12) and dystrophic 
(“ragged”) cuticles. Moreover, gingival telangiectases have recently been 
identified as a sign of juvenile DM. Other less frequently encountered 
cutaneous manifestations of DM include panniculitis leading to lipot-
rophy, papular and pustular lesions, and centripetal flagellate ery-
thema. The term mechanic’s hand (Fig. 32.13) has been applied to the 
occurrence of chronic eczematous skin lesions located on the fingers 
of patients with myositis.11 A high proportion of patients with mechan-
ic’s hands turned out to have the so-called antisynthetase syndrome 
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Fig. 32.10 Violaceous plaques on the knees in a patient with dermatomyositis 
(Gottron sign).

Fig. 32.11 Skin ulcerations in a young female with paraneoplastic 
dermatomyositis.

Fig. 32.12 Enlarged nailfold capillaries in a patient with dermatomyositis.

Fig. 32.13 Mechanic’s hands in a woman with dermatomyositis-scleroderma 
overlap syndrome.

(an overlap syndrome consisting of antisynthetase antibodies, erosive 
polyarthritis, interstitial lung disease, fever, Raynaud phenomenon, 
and inflammatory myositis). Another subset has anti-PM-SCL anti-
bodies, indicating a polymyositis-scleroderma overlap syndrome. 
However, recent observations have questioned the specific association 
of the previously mentioned antibodies with mechanic’s hands, sug-
gesting that these skin manifestations may also occur in related sys-
temic connective tissue disorders.

Calcinosis cutis can be an extremely painful and devastating skin 
manifestation of DM. It occurs most often at sites of friction and 
trauma such as on the elbows, trochanters, knees, and fingers and 
presents as hard, irregular nodules that eventually drain chalky mate-
rial to the skin surface. It is more prevalent in juvenile DM than in 
the adult form. Of note, calcinosis is also a key feature of the Calcino-
sis, Raynaud phenomenon, Esophageal hypomotility, Sclerodactyly, 
Telangiectasia (CREST) syndrome and can be a manifestation of 
overlap syndromes.

The pathogenesis of DM is poorly understood. The intense B-cell 
infiltrate together with CD4+ T cells in the muscle perivascular areas 
strongly suggests an abnormal immune response. Antinuclear antibod-
ies are frequently found in DM, and approximately 20% of the patients 
have anti–Mi-2 antibodies. In addition, the occurrence of several anti-
synthetase autoantibodies has been described. These are highly specific 
for DM and polymyositis but do not occur in other connective tissue 
diseases. However, the precise role of these antibodies in eliciting the 
characteristic skin manifestations of DM is unknown.

Histopathologic examination of a heliotrope erythema typically 
reveals an interface dermatitis with a sparse lymphocytic infiltrate, 

epidermal atrophy, vacuolar alteration of the basal keratinocytes, base-
ment membrane degeneration, and interstitial mucin deposition. More 
inflamed lesions (i.e., Gottron papules) also show lichenoid infiltrate 
and acanthosis of the epidermis. Immunohistologic studies have dem-
onstrated that the infiltrate in skin and muscle lesions of patients with 
DM consists mainly of CD8+ lymphocytes, supporting the concept of 
a lymphocyte-mediated disease in the pathogenesis of DM.

The differential diagnosis of DM includes SLE, psoriasis, atopic 
dermatitis, photoallergic and phototoxic drug eruption, contact derma-
titis, cutaneous T cell lymphoma, systemic sclerosis, and trichinosis.

Systemic sclerosis
Key dermatologic signs: Raynaud phenomenon, symmetric cutaneous 
sclerosis, finger swelling, sclerodactyly, digital pits and ulcers, dilated/
atrophic nailfold capillaries, calcinosis cutis, hyperpigmentation.

The term sclerosis describes hardening or induration due to exces-
sive deposition of interstitial collagen leading to tissue fibrosis. By 
definition, systemic sclerosis (SSC) is a multisystem disorder involving 
the skin and internal organs. However, it should be noted that sclerosis 
of the skin (“scleroderma”) is a common reaction pattern of several 
fibrotic skin disorders, some of which are benign and only localized to 
the skin, whereas others are systemic conditions. Thus, in the context 
of the clinical pattern, internal organ abnormalities, and laboratory 
tests, the diagnosis of systemic sclerosis should always exclude these 
differential diagnoses (see later).

There is striking heterogeneity within the clinical spectrum of cuta-
neous thickening in patients with SSC, and subtypes with distinct 
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clinical and prognostic features have been delineated. In patients with 
diffuse SSC, skin thickening involves the trunk and proximal portions 
of the extremities, whereas in patients with limited SSC, the skin 
induration is confined to the face and distal portions of the extremities. 
However, in many cases overlaps do exist between these two widely 
accepted clinical forms of SSC. A distinct form of limited SSC with 
induration of the fingers (“sclerodactyly”) is the CREST syndrome. 
These patients typically have detectable anticentromere antibodies and 
show a generally favorable prognosis compared with patients with 
diffuse SSC. Finally, an unusual variant called scleroderma sine sclero-
derma, in which affected patients have evidence of SSC due to SSC-
related antibodies and internal organ involvement but no skin 
involvement, has been described. The prognosis of these patients is 
similar to those with limited SSC.

Often years before the onset of skin induration, patients with SSC 
experience Raynaud phenomenon (Fig. 32.14). Although a non-specific 
sign that is present in other connective tissue diseases and closely 
related overlap syndromes, Raynaud phenomenon is present in 90% to 
99% of patients with diffuse or limited SSC. When cutaneous involve-
ment proceeds, there is often an edematous phase of the affected sites, 
especially on the fingers (“puffy fingers”). Similar changes may also be 
seen on the forearms, legs, feet, face, and trunk. This is followed by 
gradual thickening of the skin, in which the initial inflammation is 
replaced by interstitial fibrosis due to abnormal collagen metabolism 
(indurative phase), leading to sclerodactyly and dermatopathic contrac-
tures (Fig. 32.15). Impaired acral blood flow in sclerodactyly may lead 
to digital pits and ulcers (Fig. 32.16). A recent study further revealed 
that patients with SSC and digital ulcers developed internal organ 
involvement 2 to 3 years earlier than those without digital ulcers.12

Fig. 32.14 Raynaud’s phenomenon.

Fig. 32.15 Sclerodactyly in a patient with systemic sclerosis.

Fig. 32.16 Digital pits of the fingertips.

Among the other common cutaneous key signs of SSC are telangi-
ectasias, which also form a diagnostic cornerstone in patients with 
CREST syndrome. The telangiectasias seen in patients with SSC are 
often located on the face, including the lips, but may also be detected 
on the neck, volar aspects of the fingers, and palms and tend to be 
matted (Fig. 32.17). Dilated nailfold capillaries, often alternating with 
areas of capillary loss, can be easily detected using a dermatoscope. 
Calcinosis is another key feature of the CREST syndrome and tends 
to be located on the extremities, especially at the fingertips and over 
joints (Fig. 32.18).

A relatively unappreciated skin sign of SSC is skin hyperpigmenta-
tion. This mostly occurs as a diffuse brownish discoloration resembling 
a suntan and is usually accentuated in areas of friction and pressure 
(Fig. 32.19). Variants of skin discoloration in patients with diffuse SSC 
do occur and include “salt and pepper,” which describes a combination 
of hyperpigmentation and hypopigmentation often found on the upper 
trunk (see Fig. 32.19).

The pathogenesis of SSC is incompletely understood. Many inves-
tigators believe that endothelial cell damage is crucial in initiating an 
inflammatory response, which subsequently leads to the fibrotic stage 
of the disease.13 Repetitive vascular injury (as clinically exemplified by 
Raynaud phenomenon in patients with SSC) may lead to tissue hypoxia, 
which triggers the induction of several proinflammatory cytokines, 
including transforming growth factor-β1 (TGF-β1).14 TGF-β1 plays a 
central role in collagen metabolism because it is a key profibrotic cyto-
kine that upregulates collagen synthesis in dermal fibroblasts at the 
transcriptional and non-transcriptional levels and also leads to induc-
tion of other mediators of fibrosis, especially connective tissue growth 
factor.15 Recent ex vivo studies on dermal fibroblasts established from 

Fig. 32.17 Telangiectatic mats in a patient with systemic sclerosis.
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Fig. 32.18 Calcinosis cutis. Fig. 32.19 Diffuse hyperpigmentation of the skin in a patient with systemic 
sclerosis. Note also depigmentation in the submammary region.

patients with SSC, as well as in situ studies on lesional skin of SSC 
patients, have indicated alterations in regular TGF-β1 function and/or 
TGF-β1–induced signaling of the so-called smad signal molecules.16,17 
Other cytokines such as endothelin-1 and hepatocyte growth factors 
appear to be involved in the development of diffuse hyperpigmentation 
as well as vascular alterations in patients with SSC. Recent observa-
tions have also drawn attention to the role of several autoantibodies 
in the pathogenesis of SSC. For example, it was recently shown that 
antifibroblast antibodies, which are detectable in 46% of affected 
patients, are internalized into dermal fibroblasts and induce a proad-
hesive and proinflammatory cellular phenotype.18,19 Moreover, the 
presence of autoantibodies against platelet-derived growth factor recep-
tor was detected in SSC patients. They induced tyrosine phosphoryla-
tion, reactive oxidative stress, and collagen type I gene expression.20 
Other scientists, however, could not find such antibodies in patients 
with SSC.21 Histopathologic examination of sclerotic skin from patients 
with SSC demonstrates excessive collagen deposits within the dermis 
and subcutaneous tissue, often entrapping the adnexal structures, as 
the predominant finding. In earlier inflammatory phases (edematous 
phase), a dense lymphocytic infiltrate may be seen at the interface of 
the deep dermis and adipose tissue.

The differential diagnosis of SSC includes scleromyxedema; eosino-
philic fasciitis (Shulman syndrome); scleredema adultorum and dia-
beticorum; diabetic thick skin; sclerosing chronic graft-versus-host 
disease; sclerosing forms of porphyria; Polyneuropathy, Organomegaly, 
Endocrinopathy, M component, and Skin changes (POEMS) syndrome; 
nephrogenic fibrosing dermopathy; eosinophilia myalgia syndrome; 
toxic oil syndrome; carcinoid syndrome; pansclerotic localized sclero-
derma (morphea); exposure to bleomycin; aromatic chlorinated hydro-
carbons or vinyl chloride; phenylketonuria; various progeria syndromes; 
and reflex sympathetic dystrophy.

Sjögren syndrome (Mikulicz disease,  
sicca syndrome)
Key dermatologic signs: xerostomia, xerosis cutis, angular stomatitis 
(perlèche), various forms of cutaneous vasculitis, annular erythema.

Mucocutaneous symptoms are usually the first clinical presentation 
of Sjögren syndrome (SjS), a systemic autoimmune disorder primarily 
affecting the secretory glands. Although a non-specific sign, dryness 
(xerosis) of the mucous membranes in context with the other diagnos-
tic criteria is a key component for establishing the diagnosis of this 
multisystem disease. Xerosis can involve not only the mouth (xerosto-
mia) and the eyes, leading to keratoconjunctivitis sicca, but also the 
vagina. Regarding the mouth, patients typically complain of dryness, 
soreness, and burning sensations. Vaginal xerosis can likewise result 
in dryness, burning, and dyspareunia, but patients frequently do not 
report these unless asked about them specifically. Owing to diminished 
salivary production, angular stomatitis (perlèche) of the mouth with 
Candida infection is common. Although dental and gingival problems 

are said to be more frequent in patients with SjS, a recent study did 
not indicate an increased risk for caries and gingivitis, probably because 
of increased awareness and dental care of the affected patients.22

The pathogenesis of the mucocutaneous changes in patients with 
SjS is incompletely understood. It is well known that patients have 
positive anti-SSA (Ro) (30% to 95%) and anti-SSB (La) (15% to 60%) 
antibodies, but their precise role in the pathogenesis of the disease 
remains unknown. A genetic disposition is suggested by the increased 
prevalence of HLA-B8, -DR3, -DQ2, and -DRw52a haplotypes, some 
of which also occur in other systemic connective tissue disorders.23 As 
demonstrated by the histopathologic picture of specimens from minor 
salivary glands, the interaction between lymphocytes and salivary gland 
epithelia appears to be central in the pathogenesis of SjS. Recent 
studies focused on the underlying mechanism of “epithelitis,” which 
could be due to aberrant expression of molecules crucial for lymphocyte 
recruitment and activation, thereby leading to increased apoptosis of 
salivary gland epithelia in patients with SjS.24 For example, increased 
levels of several co-stimulatory molecules including CD40, CD40 
ligand (CD154), and B7 have also been noted in salivary gland biopsies 
of affected patients. The infiltrating lymphocytes showed elevated 
levels of the apoptotic regulators bcl-2 and bcl-x, which may favor 
increased survival of the cells and eventually development of marginal 
B cell lymphoma in the salivary glands.25 As in other connective tissue 
diseases, there is accumulating evidence that various neuroendocrine 
alterations (e.g., a blunted hypothalamic-pituitary-adrenal (HPA) axis, 
lack of estrogens, or an enrichment of the exocrine glands with distinct 
neuromediators) exist in patients with SjS.26

In addition to the aforementioned key signs in the mucous mem-
branes, several bona fide skin manifestations are frequently observed 
in patients with SjS. All of them are again non-specific. Xerosis cutis 
is found in 50% of patients, but the underlying pathomechanism 
remains obscure. It may lead to generalized pruritus. In the authors’ 
experience, various forms of non-cutaneous vasculitis, most likely due 
to an immune complex mechanism, are frequently encountered in 
patients with SjS. They include palpable and non-palpable purpura on 
the legs and buttocks (Fig. 32.20). This form of cutaneous vasculitis is 
characteristically induced or aggravated by physical exertion. Other 
forms of cutaneous vasculitis include lymphocytic vasculitis and urti-
carial vasculitis (either hypocomplementemic or, less commonly, nor-
mocomplementemic). By definition, urticarial lesions of urticarial 
vasculitis last longer than 48 hours (in contrast to common urticaria) 
and often have a purpuric component. Patients frequently complain of 
burning and painful sensations. Lesions often heal with hyperpigmen-
tation. Histologically, the lesions of lymphocytic vasculitis display a 
mononuclear cell infiltration with disruption of the architecture of the 
small blood vessels, whereas those of leukocytoclastic vasculitis, 
including urticarial lesions, show the expected well-described changes.

An unusual skin manifestation of SjS was originally described in 
Japanese children and has been coined annular erythema of SjS. It 
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Fig. 32.20 Palpable and non-palpable purpura in patient with Sjögren’s 
syndrome.

appears to be highly associated with the presence of anti-Ro antibodies. 
Clinically and histologically, these lesions may be indistinguishable 
from annular SCLE. Recent observations indicate that identical lesions 
can also occur in white individuals.

Regarding other cutaneous manifestations, it is important to note 
that SjS can be not only primary but also secondary and therefore 
associated with a number of other diseases including LE, DM, SSC, 
rheumatoid arthritis, primary biliary cirrhosis, fibromyalgia, and 
others. The specific skin signs of these associated disorders must 
therefore be distinguished from the bona fide skin manifestations of 
SjS.

OTHER SYSTEMIC RHEUMATIC DISEASES
Rheumatoid arthritis
Key dermatologic signs: rheumatoid nodules, accelerated rheumatoid 
nodulosis, rheumatoid neutrophilic dermatosis, rheumatoid vasculitis, 
pyoderma gangrenosum, and granulomatous dermatitis.

The characteristic clinical features of rheumatoid arthritis (RA) are 
frequently associated with skin manifestations, which may not only 
serve as helpful diagnostic clues but also indicate the severity of the 
disease. Rheumatoid nodules, accelerated rheumatoid nodulosis, rheu-
matoid neutrophilic dermatosis, and rheumatoid vasculitis are regarded 
as RA-specific skin manifestations.

Classic rheumatoid nodules are present in about 25% of patients 
with RA and are more frequent in the white male population.27 Most 
patients with rheumatoid nodules are rheumatoid factor (RF) positive. 
In seronegative RA, nodular lesions mostly turned out to be granuloma 
annulare or other palisading granulomas. Genetic predisposition seems 
to play a role because patients with the HLA-DR4 haplotype and those 
with heterozygosity for HLA-DRB1 alleles are at high risk for nodular 
disease, as well as severe RA prognosis.28 Rheumatoid nodules measur-
ing from a few millimeters up to several centimeters generally develop 
as subcutaneous, firm, and painless lesions. Usually they occur on 
periarticular locations over extensor surfaces (Fig. 32.21), but they may 
appear in any location including lung, heart, and muscle.

The pathogenesis of rheumatoid nodules is not well defined. They 
may be caused by minor trauma of small vessels that results in immune 
complex aggregation and focal vasculitis. Furthermore, proinflamma-
tory cytokines such as interleukin (IL)-1 have been implicated in 
nodule development. Recent evidence indicates that a given cytokine 
environment triggers the formation of nodules consisting of Th1 gran-
ulomas.29 Complications that sometimes may occur include infection, 
ulceration, gangrene, bursitis, and synovial rupture.

The differential diagnosis of rheumatoid nodules includes chronic 
gouty tophi, rheumatic fever nodules, subcutaneous nodules found in 
SLE, nodular or keloidal scleroderma, and nodules seen in necrobiosis 
lipoidica and granuloma annulare. In addition, tumoral calcinosis, 
fibromas, xanthomas, subcutaneous sarcoidosis, metastatic tumors, 

Fig. 32.21 Classic rheumatoid nodules in a patient with rheumatoid arthritis.

amyloidosis, ganglion cysts, foreign body granulomas, basal cell carci-
nomas, epidermoid cysts, and synovial cysts should be considered.

The characteristic symptomatic complex of arthritis, leukopenia, 
and splenomegaly, which develops in 1% of RA patients, is known as 
Felty syndrome. Rheumatoid nodules (76%), hyperpigmentation, and 
therapy-resistant leg ulcers (22%) may also occur.30 However, cutane-
ous hyperpigmentation and leg ulceration may be multifactorial and 
often related to underlying chronic venous insufficiency. Importantly, 
Felty syndrome is associated with an increased risk of cutaneous and 
systemic infections that may be difficult to treat and be the cause of 
sepsis. Differential diagnosis includes SLE, drug-induced leukopenia, 
viral infection, amyloidosis, leukemia, lymphoma, subacute bacterial 
endocarditis, aplastic anemia, splenic abscess, hemolytic anemia, 
tuberculosis, and SjS. In addition, cutaneous ulcerations and hyper-
pigmentation may also be caused by systemic treatment with 
methotrexate.

Accelerated rheumatoid nodulosis was initially reported in patients 
receiving methotrexate (MTX) therapy for RA or juvenile rheumatoid 
arthritis.31 It is characterized by the development of painful nodules 
mainly on the hands of RA patients being treated with MTX; it has 
not been found to be associated with other immunosuppressive drugs 
such as azathioprine. RA patients treated with hydroxychloroquine, 
D-penicillamine, colchicine, and sulfasalazine were found to be pro-
tected against the development of MTX-induced accelerated rheuma-
toid nodulosis. Interestingly, the occurrence of similar nodules has 
been observed during MTX therapy of a patient with psoriatic arthritis. 
Recently, accelerated rheumatoid nodulosis also has been described in 
patients receiving etanercept.32

Rheumatoid vasculitis is a late complication of rheumatoid arthritis 
that may involve the skin as well as other organs and may affect vessels 
of any size. Accordingly, rheumatoid vasculitis can result in a variety 
of cutaneous skin signs (Box 32.3). It occurs in seropositive and mainly 
male RA patients with long-standing disease.33 Small vessel disease 

BOX 32.3 SKIN MANIFESTATIONS OF RHEUMATOID VASCULITIS
Petechiae or purpura
Digital infarcts
Nailfold telangiectasias and infarctions
Gangrene
Non-specific maculopapular or nodular erythema
Hemorrhagic blisters
Livedo reticularis
Erythema elevatum et diutinum
Atrophie blanche
Allergic venulitis
Necrotizing granulomatous vasculitis
Urticaria vasculitis
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clinically represents palpable and non-palpable purpura, localized pete-
chiae, splinter hemorrhages, nailfold infarctions (Bywaters lesions), 
and peripheral neuropathy. In medium-sized vessel disease, cutaneous 
findings include nodules, ulcerations, livedo reticularis, and digital 
infarcts. The pathogenesis of rheumatoid vasculitis may be attributed 
to IgG-RF complex-mediated vasculitis.34 Recently, it has been sug-
gested that Th1 lymphocytes and TNF-α also play a role.35 The course 
of rheumatoid vasculitis is associated with high morbidity and mortal-
ity and therefore requires early and intensive immunosuppressive 
therapy. The biopsy of cutaneous lesions, preferentially nodules, and 
immunohistochemical examination are often helpful in establishing 
the diagnosis. Because the incidence of peripheral neuropathy is fre-
quently observed in cases where vasculitis cannot be identified, nerve 
conduction studies and sural nerve or muscle biopsies can be per-
formed. Differential diagnosis of rheumatoid vasculitis includes poly-
arteritis nodosa, pyoderma gangrenosum, SLE, ANCA-associated 
granulomatous vasculitis, and erythema elevatum et diutinum.

In addition to the previously mentioned specific skin manifestations 
of RA, large numbers of non-specific skin signs and associated derma-
toses have been described (Box 32.4). Pyoderma gangrenosum (PG) is 
frequently associated with both seronegative and seropositive RA. Clin-
ically it begins as a tender erythematous or violaceous papule, which 
rapidly expands into a purulent necrotic ulcer with ragged edematous 
edges (Fig. 32.22). Usually PG occurs as a single painful lesion on the 
lower extremities. Köbner and pathergy phenomena are characteristic. 
The presence of chronic relapsing lesions in unusual sites such as the 
face, upper extremities, or abdomen may indicate another underlying 
disease such as inflammatory bowel disease or hematologic disorders. 
The idea that PG is a true skin manifestation of RA has been chal-
lenged because it also occurs in other systemic disorders, has no rela-
tion in its clinical manifestation with the course of RA, and involves 
no histology specific for RA.36 Histologic examination of early lesions 
demonstrates a neutrophilic infiltrate and small abscesses.

Differential diagnosis for PG includes venous or arterial ulcers, 
vasculitis, drug reactions, antiphospholipid syndrome, halogenoder-
mas, factitial diseases, deep fungal infections, mycobacterial infections, 
gummatous syphilis, viral infections, amebiasis, arthropod bites, and 
tumors.

Rheumatoid neutrophilic dermatosis is a rare cutaneous sign in 
patients with severe and seropositive RA.37 Clinically it presents as 
asymptomatic erythematous urticarial papules and plaques, which may 
persist and sometimes ulcerate. They are usually distributed on the 

BOX 32.4 NON-SPECIFIC SKIN MANIFESTATIONS AND ASSOCIATED SKIN 
DISORDERS IN RHEUMATOID ARTHRITIS
Pyoderma gangrenosum
Rheumatoid neutrophilic dermatosis
Palisaded neutrophilic and granulomatous dermatitis
Interstitial granulomatous dermatitis
Atrophic and fragile skin
Pale and transparent skin
Palmar erythema
Livide (Raynaud-like) fingertips
Onychorrhexis and clubbing of the nails
Onycholysis
Periungual erythema
Yellow nail syndrome
Splinter hemorrhages and nailfold thromboses
Pressure ulcers
Hyperpigmentation
Transient macular erythema
Erythromelalgia
Non-inflammatory purpura
Erythema multiforme
Urticaria
Erythema nodosum
Vitiligo
Alopecia areata
Non-melanoma skin cancer
Intralymphatic histiocytosis of the skin

Fig. 32.22 Pyoderma gangrenosum. Note undermined hemorrhagic borders.

forearms and hands. Rheumatoid neutrophilic dermatosis resembles 
Sweet syndrome.

Palisaded neutrophilic and granulomatous dermatitis, originally 
described by Winkelmann, represents a condition of unknown cause 
with a variety of clinical pictures in the context of systemic rheumatic 
diseases. Skin manifestations usually appear symmetrically on the 
extensor surfaces of the elbows and fingers and present as skin-colored, 
erythematous, or violaceous papules, nodules, and plaques, sometimes 
with central umbilication and crusts or perforation.38

Another clinical presentation often observed on the trunk of patients 
with RA consists of erythematous to violaceous indurated linear cords 
(“rope sign”) (Fig. 32.23). This condition is also known as interstitial 
granulomatous dermatitis with arthritis.39 Lesions may perforate with 
extrusion of the necrobiotic collagen. The pathologic features consist 
of palisading histiocytes around basophilic collagen in the dermis and 
superficial subcutis. Sometimes orderly palisading may not be detected. 
The dermal interstitial and perivascular mixed infiltrate (in which 
neutrophils predominate), leukocytoclasis, histiocytes, lymphocytes, 
and sometimes eosinophils are present. This condition may be associ-
ated not only with RA but also with other autoimmune disorders or 
neoplastic diseases.

Fig. 32.23 Rope sign in a patient with interstitial granulomatous dermatitis.
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The differential diagnosis of granulomatous dermatitis of RA 
includes mainly granuloma annulare, necrobiosis lipoidica, granuloma-
tous slack skin, and interstitial granulomatous drug reactions.

Systemic onset juvenile rheumatoid arthritis 
(juvenile rheumatoid arthritis, juvenile chronic 
arthritis, Still disease)
Key dermatologic signs: macular or maculopapular exanthema, rheu-
matoid nodule-like lesions.

The diagnosis of systemic onset juvenile rheumatoid arthritis 
(SOJRA) can be challenging. Because skin manifestations can precede 
arthralgias by years, their early recognition can be crucial in establish-
ing the diagnosis. SOJRA has two clinical presentations: an acute 
febrile systemic variant and an oligoarticular variant with low-grade 
persistent fevers. In the acute-onset variant, in which high episodic 
fevers above 38.9° C are characteristic, 90% of patients develop a non-
pruritic transient exanthema that recurs with fevers.40 It consists of 
discrete macular or maculopapular lesions, often located on the trunk 
(Fig. 32.24). The color of the lesions is pink to red, and Köbnerization 
is common. The histopathologic findings of the rash are non-specific 
and consist of a discrete perivascular mixed infiltrate with edema of 
the upper dermis. Another skin sign in patients with SOJRA is rheu-
matoid nodule-like lesions with a predilection for the extensor surfaces 
of the extremities.41 The lesions can be both clinically and histologi-
cally indistinguishable from those of patients with RA.

The pathogenesis of SOJRA is fragmentary. It was shown that blood 
mononuclear cells from patients with SOJRA constitutively and after 
stimulation with various antigens in vitro induce a higher secretion of 
IL-4 and IL-10 with a characteristic deficiency of IL-2 and interferon-γ, 
suggesting a Th1/Th2 imbalance.42 Elevated levels of IL-6 and TNF-α 
and the beneficial effects of the novel anti–TNF-α and anti–IL-6 recep-
tor therapies on SOJRA disease activity indicate that both cytokines 
are important players in the pathogenesis of the disease.43,44 In addi-
tion, various circulating autoantibodies have been detected in patients 
with SOJRA, but it is unclear whether these observations are of patho-
genetic relevance or represent an epiphenomenon.

The differential diagnosis of the typical exanthema of SOJRA in 
combination with fever and arthralgias includes rheumatic fever, famil-
ial Mediterranean fever, hyper-IgD syndrome, tumor necrosis factor 
receptor–associated periodic syndrome (TRAPS), familial Hibernian 
fever, autosomal dominant periodic fever with amyloidosis, and benign 
autosomal dominant familial periodic fever.

Relapsing polychondritis (atrophic polychondritis, 
systemic chondromalacia, polychondropathia)
Key dermatologic signs: erythema, swelling, and pain of the cartilagi-
nous portion of the ear with sparing of the earlobe; auricular and nasal 
deformity.

Relapsing polychondritis (RP) is a chronic inflammatory mul-
tisystem disorder that can lead to significant morbidity owing to 
destruction of the cartilaginous tissue in many organs. In a significant 
number of RP cases, cutaneous involvement is the first clinical 
presentation.

The hallmark cutaneous features of RP are erythema, swelling, and 
pain of the cartilaginous part of the ear that typically spares the earlobe 
(Fig. 32.25). The vast majority of patients with RP suffer from auricular 
involvement during the course of their disease. Persistent inflamma-
tion will lead to destruction of the auricular cartilage, resulting in so-
called “cauliflower ears.” Involvement of the nasal cartilage occurs in 
70% of affected patients, eventually leading to a saddle nose defor-
mity.45 Glomerulonephritis may accompany RP.

An autoimmune process is implicated in the pathogenesis of RP in 
light of the presence of circulating autoantibodies recognizing native 
type II collagen.46 The association with the HLA-DR447 haplotype also 
suggests an immunologic mechanism responsible for the destruction 
of cartilaginous tissue. Histopathologic examination of inflamed carti-
lage shows basophilic staining, loss of the normal lacunar structures, 
and a neutrophilic infiltrate. At later stages lymphocytes and plasma 
cells are more prominent and the cartilage is replaced by granulation 
tissue and fibrosis.

Several non-specific skin signs have been reported to occur in 36% 
of affected RP patients.48 However, a significant proportion may be 
related to associated diseases (myelodysplastic syndrome, Behçet 

Fig. 32.24 Exanthema of a child with Still’s disease.

Fig. 32.25 Inflamed helix and anthelix in a patient with relapsing 
polychondritis. Note sparing of the earlobe.
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disease, and other systemic disorders) and/or adverse effects of con-
comitant systemic treatment. These skin manifestations include 
various forms of vasculitis, including palpable purpura; livedo reticu-
laris and erythema elevatum et diutinum; non-inflammatory vascu-
lopathies such as livedo reticularis; panniculitis; and aphthosis (oral or 
complex).

The differential diagnosis of RP includes primarily traumatic and 
infectious forms of chondritis and ANCA-associated granulomatous 
vasculitis, which may also lead to cartilage destruction, especially of 
the nose. The combination of features of RP and Behçet disease has 
led to the designation Mouth And Genital ulceration with Inflamed 
Cartilage (MAGIC) syndrome.49
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Anterior synechiae may be so extensive as to block the drainage angle 
of the eye, causing an increase in intraocular pressure and secondary 
glaucoma. Typically AAU affects one eye at a time, although rarely 
both eyes may be affected simultaneously. Although only one eye is 
affected at a time, both eyes may suffer attacks, in which case the 
uveitis is termed recurrent, unilateral alternating AAU.1,2

Acute anterior uveitis is most commonly associated with the sero-
negative spondyloarthropathies.1,3 The annual incidence of AAU is 8.2 
new cases per 100,000 population.4 Approximately one half of these 
patients will possess the HLA-B27 gene, and 60% will have a diagnosis 
of seronegative spondyloarthropathy.3 The seronegative spondyloar-
thropathies include ankylosing spondylitis (AS), reactive arthritis 
(including Reiter syndrome), arthritis with inflammatory bowel disease 
(IBD), and psoriatic arthritis.1,3,5 Acute anterior uveitis occurs in 25% 
to 40% of patients with AS.6-8 Conversely, studies of patients with AAU 
have reported that AS is present in 18% to 34%.1,9 Acute anterior 
uveitis is said to occur in 5% to 20% of patients with Reiter syndrome 
at the initial attack and in up to 50% of Reiter patients with long-term 
follow-up.6,8,10 Of patients with arthritis related to IBD, those patients 
with ankylosing spondylitis associated with IBD appear to be at great-
est risk for developing AAU. Spondylitis occurs in 20% of patients with 
Crohn disease and in 10% to 15% of patients with ulcerative colitis.11,12 
Approximately 50% to 70% of patients with spondylitis and IBD are 
HLA-B27 positive.12 Of the HLA-B27–positive patients with IBD, 50% 
will develop AAU.5,11,12 Recent investigations indicate that a genetic 
marker, on another chromosome, may be responsible for the AAU that 
occurs in ankylosing spondylitis.13 Among patients with psoriatic 
arthritis, AAU occurs in approximately 7% to 10%.8,14,15 Although 
unilateral, alternating AAU is the most typical type of uveitis associ-
ated with the seronegative spondyloarthropathies; chronic and bilateral 
uveitis also occurs occasionally and may be seen more frequently in 
women with IBD or with psoriatic arthritis.8,16,17

Chronic anterior uveitis (CAU) is less frequent than AAU and may 
be seen with several disorders, most often with sarcoidosis. The rheu-
matic disease most commonly associated with CAU is JRA, also known 
as juvenile idiopathic arthritis.18 Approximately 12% to 17% of children 
with JRA have uveitis.19,20 A population-based study performed in 
Finland reported the mean annual incidence and prevalence rates for 
JRA-associated uveitis as 0.2 and 2.4 cases per 100,000 population, 
respectively.21 Although recurrent AAU is seen with HLA-B27–associ-
ated subgroups of JRA, CAU is more commonly associated with JRA 
and is seen with antinuclear antibody (ANA)–positive oligoarticular 
disease, in which frequencies have been reported to range from 20% to 
56%.22-27 Although CAU typically has been reported in patients with 
antinuclear antibody (ANA)–positive oligoarticular disease, one study 
suggested a similar frequency among those with ANA-positive polyar-
ticular disease, suggesting that the presence of ANA and not the type 
of arthritis was the marker for CAU.27 Although traditionally it has 
been said that cases of JRA-related CAU occur more frequently in girls, 
one retrospective study of 90 children with JRA found no gender dif-
ference in the risk of developing CAU.19 The CAU tends to be insidious 
and minimally symptomatic (the “white eye” uveitis; Fig. 33.3); there-
fore it is recommended that patients with ANA-positive oligoarticular 
JRA be evaluated every 3 months in an effort to detect the uveitis 
early.28 Two thirds of patients have bilateral disease, and in patients 
with unilateral disease, the majority will develop uveitis in the fellow 
eye within 1 year of presentation.1 The chronic uveitis typically requires 
chronic therapy. Although initial therapy typically is with topical cor-
ticosteroids, some children will require systemic treatment such as 
methotrexate to control the disease.29,30

Sight-threatening ocular complications may develop in patients 
with CAU, with band keratopathy and cataracts each occurring in up 

The eye in rheumatic disease
Jennifer E. Thorne and Douglas A. Jabs

 Ocular inflammation is common in rheumatic disease and often 
varies with the rheumatic disease in question.

 The most common ocular manifestations of rheumatic disease are 
uveitis, scleritis, and keratoconjunctivitis sicca.

 In select rheumatic diseases (i.e., Wegener’s granulomatosis or 
Beçhet’s disease), the eye disease may be severe enough to dictate 
therapy for the systemic disease.

INTRODUCTION
The rheumatic diseases are a heterogeneous collection of immune-
mediated, multisystem disorders. Ocular involvement is common and 
often varies with the rheumatic disease in question.1 The major mani-
festations of ocular involvement in rheumatic disease include uveitis, 
scleritis, retinal vascular disease, neuro-ophthalmic lesions, orbital 
disease, keratitis, and Sjögren syndrome.1 This chapter deals with each 
of these disease entities separately. The eyes can also be affected by 
several drugs used in the therapy of inflammatory rheumatic diseases, 
such as corticosteroids or antimalarial agents; these abnormalities are 
discussed in the appropriate chapters.

UVEITIS
Uveitis denotes inflammation inside the eye, which can be classified 
by the anatomic site where the inflammation primarily occurs.2 Uveitis 
detected primarily in the anterior chamber is termed anterior uveitis 
(Fig. 33.1). Inflammation primarily involving the vitreous is termed 
intermediate uveitis, and uveitis located in the retina or choroid is 
posterior uveitis. Uveitis that involves all three compartments but does 
not have a primary focus of inflammation is termed panuveitis.2 The 
onset of uveitis may be sudden or insidious, and the duration of the 
attack may be limited (≤3 months’ duration) or persistent (>3 months’ 
duration). The course of uveitis is described as acute, recurrent, or 
chronic. Acute uveitis has a sudden onset with a limited duration, as 
in acute anterior uveitis seen with the seronegative spondyloarthropa-
thies. Recurrent uveitis describes a course of multiple attacks of sudden 
onset and limited duration alternating with periods of remission, when 
the uveitis is inactive and the patient is not on therapy for the disease. 
Chronic uveitis typically has an insidious onset and a persistent dura-
tion, such as chronic anterior uveitis associated with juvenile rheuma-
toid arthritis (JRA), also termed juvenile idiopathic arthritis (JIA).1,2

Acute anterior uveitis (AAU) is also known as iritis or iridocyclitis. 
Typically, the patient presents with a red, painful, and photophobic 
eye. Slit-lamp examination reveals cells in the anterior chamber. These 
cells may deposit on the posterior corneal endothelium, called keratic 
precipitates. The cellular inflammation in the anterior chamber may 
be so severe as to produce a hypopyon or a layering of inflammatory 
cells within the anterior chamber. Protein exudation into the anterior 
chamber, known as flare, also may be seen and may be so marked that 
a fibrin clot forms in the anterior chamber. A complication of anterior 
uveitis is the formation of adhesions between the posterior iris and the 
lens surface (posterior synechiae). Posterior synechiae frequently persist 
after the inflammation has settled (Fig. 33.2). Acute anterior uveitis 
also may lead to the development of peripheral anterior synechiae, scar 
tissue that forms between the peripheral iris and the posterior cornea. 
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reported hypopyon uveitis in up to 88% of patients, more recent studies 
have shown a decreased frequency of hypopyon to as low as 9%.1,39,40 
This reported decrease probably represents earlier diagnosis and more 
aggressive therapy. Uveitis associated with Behçet disease is typically 
bilateral. In one series, 81% of patients had bilateral uveitis after 1 
year, and 93% of patients had bilateral disease by 2 years.39-41

Bilateral CAU also may occur in essential mixed cryoglobuline-
mia,42 hypocomplementemic urticarial vasculitis syndrome (HUVS),43 
and familial juvenile systemic granulomatosis (FJSG).44-46 Essential 
mixed cryoglobulinemia, or type II cryoglobulinemia, is a small vessel 
vasculitis, which may result in palpable purpura, arthralgias or arthri-
tis, lymphadenopathy, hepatosplenomegaly, peripheral neuropathy, 
and hypocomplementemia.47 Renal disease also may be seen in up to 
60% of patients with essential mixed cryoglobulinemia.47 Most cases 
of essential mixed cryoglobulinemia are associated with hepatitis C 
virus (HCV) infection, with an estimated 85% to 95% of patients 
having circulating antibodies to HCV.48,49 Diagnosis is made by the 
presence of a cutaneous small vessel vasculitis confirmed by biopsy and 
the presence of serum cryoglobulins in a patient with typical clinical 
features.

An uncommon systemic small-vessel vasculitis, HUVS is character-
ized by recurrent urticarial lesions associated with a cutaneous vascu-
litis, constitutional symptoms, arthralgias or arthritis, angioedema, 
and glomerulonephritis.50 The joint and kidney disease may be indis-
tinguishable from that found in systemic lupus erythematosus (SLE), 
and, in fact, low titers of antinuclear antibody (ANA) are often found 
in patients with HUVS.50 Diagnosis of HUVS is suggested in a patient 
with recurrent urticaria accompanied by a leukocytoclastic vasculitis, 
constitutional symptoms, arthralgias, and hypocomplementemia. A 
continuous granular deposition of immunoreactants along the base-
ment membrane zone seen on skin biopsy using direct immunofluo-
rescence technique helps to confirm the diagnosis.51 Ocular findings in 
HUVS have been reported and include conjunctivitis, episcleritis, ante-
rior uveitis, and diffuse anterior scleritis.50-52

Familial juvenile systemic granulomatosis (MIM 186580), also 
known as Jabs syndrome or Blau syndrome, is an uncommon autoso-
mal dominant genetic disease characterized by granulomatous polysy-
novitis, skin rash, vascular disease, and uveitis.44-46 The syndrome is 
caused by mutations in the NOD2 (CARD15) gene, which is involved 
in apoptosis. The uveitis associated with FJSG may be a bilateral 
CAU44,45 or a chronic panuveitis with multifocal choroiditis.46 Patients 
with FJSG and CAU often are misdiagnosed as having JRA or pediatric 
sarcoidosis. Patients may require aggressive medical therapy to control 
the uveitis, including immunosuppressive drugs.46 Ocular complica-
tions such as cataract and macular edema are common.46

to one third of patients.1,19,26,29-31 Secondary glaucoma occurs in 10% to 
20% of patients with JRA-associated uveitis and is a poor prognostic 
finding.23,24,26,31-33 Posterior synechiae are common.29,30,34 Other compli-
cations include macular edema in 8% to 10% of cases and phthisis in 
4% to 10%. Although blindness developed in 40% of patients reported 
in early series, more recent series have reported a better prognosis, with 
blindness occurring in about 10%.19,20,23,26,29-31,33-35 The improved prog-
nosis appears to be due to earlier detection, better treatment, and better 
surgical management of the complications.34,36-38 Nevertheless, about 
25% of patients with JRA-associated CAU will suffer some degree of 
visual impairment.

Uveitis is a primary manifestation of Behçet disease.39 The uveitis 
in Behçet disease may be anterior (56% to 79% of cases depending on 
series), intermediate (18% to 66% of cases), posterior (3% to 29% of 
cases), or panuveitis with retinal vasculitis (29% to 41% of cases).1,39 
The presence of retinal vasculitis confers a poor prognosis for vision 
and is described further later (see “Retinal Vascular Disease”). Anterior 
uveitis with or without hypopyon is the most common ocular finding 
in Behçet disease. Although studies from the 1960s and early 1970s 

ARTHRITIS AND THE EYE
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Fig. 33.1 Arthritis and the eye. The structural elements of the eye that may be 
primarily involved in rheumatic disease processes are shown.

Fig. 33.2 Wide-beam slit-lamp view of “old” posterior synechiae (adhesions 
between iris and lens) causing pupil distortion.

Fig. 33.3 Chronic uveitis in oligoarticular juvenile rheumatoid arthritis: “white 
eye” uveitis.
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separate category, in which there is an insidious but destructive scleral 
process, and is seen in patients with long-standing rheumatoid arthritis 
(RA). Any of the previously mentioned types of scleritis may be seen 
in association with RA, although diffuse anterior scleritis is most 
common.54

Approximately 10% of patients with scleritis will have an associated 
infection, such as syphilis, Lyme disease, or herpes zoster ophthal-
micus.55 Patients with scleritis appear to have a higher frequency of 
rheumatic disease.57 Forty percent of patients with scleritis will have a 
rheumatic disease, the most frequent of which is RA.55 Scleritis affects 
an estimated 1% to 6% of patients with RA and 14% of patients with 
rheumatoid vasculitis.55,58-60 Although estimates of the frequency of 
scleritis in patients with RA have been as high as 6%, large series have 
shown that approximately 1% of patients with RA have scleritis.54,60 
Patients with RA and scleritis tend to have a longer and more severe 
disease and a higher prevalence of extra-articular disease.56,58,60 One 
study of patients with necrotizing scleritis or necrotizing keratitis and 
RA suggested an increased mortality among these patients.58

The second most frequent systemic disorder associated with scleri-
tis is the systemic vasculitides (most commonly antinuclear cytoplas-
mic antibody (ANCA)-associated granulomatous vasculitis); other 
associated diseases include SLE, IBD, and relapsing polychondritis.54-56 
Any type of vasculitis may be present with scleritis, but one half of 
vasculitis-associated scleritis is due to ANCA-associated granuloma-
tous vasculitis.55 Furthermore, in one half of patients with vasculitis 
and scleritis, the scleritis will be the presenting feature of the disease.55 
Scleritis is common in ANCA-associated granulomatous vasculitis, 
occurring in 16% to 38% of patients, and is either the first or second 
most frequent ocular feature, depending on the series.39,61-64 The scle-
ritis can be of any type, particularly diffuse anterior or necrotizing 
scleritis. Marginal corneal ulcers often are seen in association with the 
scleritis (necrotizing sclerokeratitis) and occasionally without scleritis 
(see “Corneal Disease”).58,63 Posterior scleritis also has been reported.1

All types of scleritis have been associated with IBD, including nec-
rotizing scleritis and posterior scleritis.65-68 The scleral inflammation 
may parallel the activity of the underlying bowel disease.66,68 Scleral 
involvement is the most common ocular manifestation of relapsing 
polychondritis and occurs in approximately 35% to 41% of patients.69-71 
Most often, diffuse anterior scleritis is the type present, but recurrent 
episcleritis, necrotizing scleritis, or posterior scleritis also can be seen. 
An association between scleritis and ankylosing spondylitis and other 
seronegative spondyloarthropathies has been reported.55

Management
Treatment for episcleritis can be observation only or a short course of 
topical corticosteroids because the disease usually is self-limiting. 

Management
Anterior uveitis usually responds to topically applied corticosteroids, 
which reduce the inflammatory response, and mydriatics, which 
prevent the sequelae of the disease such as posterior synechiae. For the 
initial flare of uveitis, corticosteroid drops may be required on an hourly 
basis while awake. Topical corticosteroids have good penetration into 
the anterior chamber and are therefore useful in treating anterior 
uveitis. However, because they have limited penetration to the back of 
the eye, topical corticosteroids are inadequate for intermediate or pos-
terior uveitis. Periocular corticosteroid injections may provide high 
concentrations of corticosteroids to the eye and are useful in treating 
intermediate uveitis and cystoid macular edema, a common vision-
threatening complication from uveitis. For patients who do not tolerate 
periocular corticosteroid injections, or if more sustained control of the 
uveitis is needed, oral corticosteroid therapy is used. Severe acute epi-
sodic uveitis occasionally may need treatment with a short course of 
oral prednisone in addition to intensive topical corticosteroids, as in 
the case of severe AAU. In patients with chronic posterior uveitis, 
panuveitis, or anterior uveitis unresponsive to topical corticosteroids, 
high-dose prednisone (e.g., 1 mg/kg/day) is administered until the 
inflammation is suppressed, followed by tapering to a lower dose. In 
many cases, long-term (low-dose) prednisone is needed to suppress the 
inflammation. If systemic corticosteroids are insufficient to control 
more severe forms of uveitis, immunosuppressive drug therapy may be 
required.1,39,53

SCLERAL DISEASE
Scleral disease may be classified as episcleritis or scleritis. Episcleritis 
presents with discomfort rather than pain, more superficial ocular 
inflammation, and less frequent ocular complications, and typically 
has a less frequent association with systemic disease.54 The clinical 
presentation depends on whether only the episclera is involved or 
whether there is deeper tissue involvement. Episcleritis may be nodular 
or simple and is usually a self-limiting condition, which often resolves 
without treatment. Resolution of the inflammation may be expedited 
by the use of topical corticosteroids. In severe or recurrent cases, non-
steroidal anti-inflammatory agents (NSAIDs) have also been used. 
Slit-lamp examination is required to differentiate this condition from 
other causes of “red eye,” such as conjunctivitis and iritis.39,54-56

Scleritis often is characterized by pain, presents with deeper inflam-
mation and edema in the sclera, often has ocular complications, and 
is associated with an infectious or systemic disease in approximately 
50% of cases.54-56 Unlike episcleritis, which is typically self-limiting 
and spontaneously remitting, scleritis typically requires therapy. Scle-
ritis may be classified as diffuse anterior, nodular anterior (Fig. 33.4), 
posterior, or necrotizing (Fig. 33.5). Scleromalacia perforans is a 

Fig. 33.4 Diffuse and nodular scleritis involving predominantly the upper 
temporal quadrant of the globe.

Fig. 33.5 Necrotizing scleritis in severe rheumatoid arthritis.
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data are available on cyclophosphamide in the treatment of ocular 
Behçet disease, but some clinicians have found it as effective as chlo-
rambucil and easier to use.53 Cyclosporine and azathioprine have also 
been reported to be effective in the treatment of ocular Behçet disease, 
and their efficacy has been shown in randomized clinical trials.53,82-85 
However, nearly 25% of patients treated with azathioprine either had 
no benefit in terms of the frequency and severity of ocular attacks or 
required additional therapy, and only 50% of patients treated with 
cyclosporine had a good response.53,82,84,85 Uncontrolled case series of 
patients with ocular Behçet disease treated with infliximab (Remicade) 
have suggested that it may be effective, although the required dose 
appears to be 5 mg/kg/month or higher.86

Microvascular vaso-occlusive disease also can affect the retinal vas-
culature. In SLE the retinal capillaries are involved, primarily resulting 
in cotton-wool spots or microinfarcts of the nerve fiber layer of the 
retina.87 The prevalence of retinopathy varies widely depending on the 
patient population studied, from 3% of ambulatory outpatients to 28% 
of hospitalized patients with SLE having retinal vascular findings.88-90 
These findings occur in the absence of intraocular inflammation. More 
extensive retinal and vaso-occlusive disease can occur with active SLE 
or as a result of the antiphospholipid antibody syndrome (Fig. 33.7).91-96 

Scleritis typically requires systemic therapy and may require treatment 
directed at controlling the underlying systemic disease, as in vasculi-
tis.54-56,58,64 NSAIDs, particularly flurbiprofen and indomethacin, are 
effective in the initial management of anterior scleritis in approxi-
mately one third of patients.54 If NSAID therapy fails to control the 
anterior scleritis or if there is posterior or necrotizing scleritis, oral 
prednisone therapy starting at 1 mg/kg/day (60 to 80 mg daily) is 
needed.53,54,72 For cases in which oral prednisone does not control the 
scleritis, or when it cannot be tapered to an acceptably low daily dose, 
a steroid-sparing immunosuppressive agent may be required.53,54 
Approximately one third of patients with scleritis require immunosup-
pressive drug therapy; historically, cyclophosphamide has been the 
drug used most often.54,60,72 However, antimetabolites such as myco-
phenolate mofetil (Cellcept) also may be effective.73 Necrotizing scleri-
tis and scleritis with an underlying systemic vasculitis nearly always 
require immunosuppressive drug therapy.54-56,58,63

RETINAL VASCULAR DISEASE
Ophthalmologists often use the term “retinal vasculitis” to encompass 
most retinal vascular inflammatory diseases whether or not there is 
true vasculitis present. For the purposes of this chapter, retinal vascu-
litis is defined as inflammation of the retinal vessels accompanied  
by intraocular inflammation and retinal vessel occlusion. Although 
most ophthalmologists do not distinguish among the different types  
of retinal vascular disease, we distinguish retinal vasculitis from  
the occlusive vasculopathies such as the antiphospholipid antibody 
syndrome associated with SLE (where there is no intraocular 
inflammation).

Retinal vasculitis may involve retinal arteries, capillaries, or veins, 
and it may cause significant visual loss.74,75 Retinal vasculitis can be 
seen in the systemic vasculitides, but it is an uncommon complication 
except for Behçet disease. In Behçet disease, inflammation may involve 
both veins and arteries with arterial occlusion and retinal necrosis (Fig. 
33.6). Occasionally, secondary neovascularization and retinal detach-
ment develop.40,41,75,76 The end-stage of the disease is a blind, painful 
eye with secondary glaucoma, rubeosis, and retinal detachment. The 
natural history of ocular Behçet disease without treatment is poor. The 
majority of patients will lose all or part of their vision within 5 years, 
with 74% of eyes in one series having vision worse than 20/200.76 For 
eyes that deteriorated to no light perception, vision declined to this 
level over a period of 3.6 years.40,76

Corticosteroid therapy appears to delay the progression of the 
disease but does not alter the ultimate outcome, and therefore immu-
nosuppressive drug therapy is used in the treatment of retinal vasculitis 
complicating Behçet disease.39,53 Initially, chlorambucil was used, typi-
cally at a dose of 0.1 to 0.2 mg/kg/day.53,77-84 Uncontrolled case series 
of chlorambucil therapy for Behçet disease have shown long-term, 
drug-free remissions after 2 years of treatment.53,77,78 Fewer published 

a b

Fig. 33.6 Fundus photographs from a patient with Behçet disease demonstrating retinal vasculitis. Panel (a) shows early macular lesion, and (b) shows 
progressive disease 1 month later. (From Thorne JE, Jabs DA. Rheumatic diseases. In: Ryan SJ, ed. The retina, 4th ed. London: Elsevier, 2006:1383-1408.)

Fig. 33.7 Acute, severe, retinal vaso-occlusive disease affecting the upper 
temporal retinal vessels. A large number of hemorrhages and white choroidal 
and retinal infiltrates are present.
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The optic nerve head may be swollen or appear normal initially, 
depending on whether the optic neuritis is anterior or retrobulbar. 
Visual symptoms result from optic nerve demyelination. Unlike isch-
emic optic neuropathy, up to 95% of patients with optic neuritis have 
a visual acuity of 20/40 or better 1 year after the event.39 Optic neuritis 
most typically is associated with multiple sclerosis and responds to 
pulse intravenous corticosteroids with more rapid improvement of 
vision. Optic neuritis may also occur in SLE; such patients typically 
have a steroid-responsive, but also steroid-dependent, process.1,108

ORBITAL DISEASE
Orbital disease in rheumatic disease may include primary inflamma-
tion of the orbital tissue (e.g., orbital pseudotumor or orbital inflam-
matory syndrome), inflammation of the extraocular muscles (e.g., 
orbital myositis), or contiguous spread of inflammation from the 
sinuses, which most typically occurs in ANCA-associated granuloma-
tous vasculitis.109-111 The most common presenting sign of orbital 
disease is proptosis or an anterior displacement of the eye caused by a 
space-occupying lesion or inflammatory process. Associated symptoms 
and signs include pain, blurred vision, diplopia (double vision) as a 
result of restriction of eye movements, eyelid swelling, and displace-
ment of the globe.110 In ANCA-associated granulomatous vasculitis, 
orbital involvement is common, ranging from 15% to 50% of patients, 
and in some series is the most common form of ophthalmic involve-
ment.109,111,112 Orbital disease may be an extension of the granuloma-
tous inflammation from the sinus into the orbit. This inflammation 
can lead to a compartment syndrome within the orbit, proptosis, 
orbital apex syndrome, compressive optic neuropathy and subsequent 
irreversible vision loss. Orbital pseudotumor, separate from the sinus 
inflammation, also may be seen.110,112

Systemic corticosteroids or immunosuppressive drug therapy aimed 
at controlling the underlying disease can decrease proptosis, improve 
mobility, and reduce associated symptoms, as well as improve visual 
acuity. Rarely, orbital decompression may be necessary if the inflam-
matory process has caused proptosis severe enough to compromise the 
optic nerve (orbital apex syndrome).

CORNEAL DISEASE
Corneal manifestations of rheumatologic disease include forms of kera-
titis (inflammation in the cornea) and dry eye disease or keratocon-
junctivitis sicca (described in a separate section later). Keratitis is 
classified as interstitial keratitis (IK) or peripheral ulcerative keratitis 
(PUK). The diagnosis of IK includes diffuse stromal keratitis, sclerosing 
keratitis, and deep keratitis. PUK also is known as marginal keratitis, 
marginal corneal ulceration, or limbal guttering. Limbal vasculitis may 

This more severe retinal vaso-occlusive disease occurs in less than 1% 
of patients with SLE, appears to be associated with central nervous 
system lupus,94 and includes central retinal artery occlusion, central 
retinal vein occlusion, branch artery occlusion, and a diffuse retinal 
vaso-occlusive disease (Fig. 33.8).97 With severe retinal vascular disease, 
the prognosis for vision is poor, and retinal neovascularization com-
monly develops. Even less common than retinopathy is lupus cho-
roidopathy (Fig. 33.9).91,96,98,99 The clinical changes seen in patients 
with lupus choroidopathy involve serous elevations of the retina, most 
often of the neurosensory retina; serous elevations of the retinal 
pigment epithelium and combined elevations may also be seen. These 
clinical findings are associated with a systemic vascular disease, either 
hypertension from lupus nephritis or systemic vasculitis.99 Treatment 
of the underlying disease with systemic corticosteroids, immunosup-
pressive agents if needed, and control of the hypertension can lead to 
resolution of the serous retinal detachments.99

Central retinal artery occlusions can be seen in patients with giant 
cell arteritis (GCA), although ischemic optic neuropathy is a more 
classic finding (see later).39,73,75,100

Arteriovenous anastomoses result from shunting of blood from 
artery to vein without an intervening capillary bed. These are seen 
commonly in the midperiphery of the retina in patients with Takayasu 
arteritis.1,37,101-103 The arteriovenous anastomoses can shunt blood away 
from the peripheral retina, which occasionally leads to areas of retinal 
non-perfusion with subsequent neovascularization of the retina and 
vitreous hemorrhage.1,101-103

OPTIC NERVE DISEASE
Optic nerve disease associated with rheumatic diseases includes isch-
emic optic neuropathy and optic neuritis.39 The characteristic features 
of ischemic optic neuropathy are painless sudden loss of vision, 
decreased color vision, and an altitudinal visual field defect. A relative 
afferent pupillary defect is present in the affected eye. The optic nerve 
head may be swollen (as found in anterior ischemic optic neuropathy) 
or may appear normal initially (as in retrobulbar optic neuropathy). 
The visual acuity and visual field loss usually are permanent, and the 
optic nerve head becomes atrophic and pale (e.g., optic nerve pallor) 
over time. In some cases of ischemic optic neuropathy, however, partial 
recovery of visual acuity was seen after large doses of pulse intravenous 
corticosteroids (e.g., 1 g per day of methylprednisolone for 3 days).104,105 
Although ischemic optic neuropathy may occur with any type of vas-
culitis, as well as in SLE,106 it is seen most commonly in GCA.107

Optic neuritis is characterized by acute or subacute visual loss asso-
ciated with retrobulbar pain, especially with pain on movement of the 
affected eye. Examination of the eye reveals decreased vision, a relative 
afferent pupillary defect, decreased color vision, and visual field loss. 

Fig. 33.8 Fundus photograph demonstrating diffuse vaso-occlusive disease in 
a patient with systemic lupus erythematosus. (From Jabs DA, Fine SL, Hochberg 
MC, et al. Severe retinal vaso-occlusive disease in systemic lupus erythematosus. 
Arch Ophthalmol 1986;104:558-563.)

Fig. 33.9 Fundus photograph of a patient with choroidopathy and systemic 
lupus erythematosus. (From Jabs DA, Hanneken AM, Schachat AP, Fine SL. 
Choroidopathy in systemic lupus erythematosus. Arch Ophthalmol 
1988;106:230-234.)
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KERATOCONJUNCTIVITIS SICCA
A common ocular complication of rheumatologic disease is keratocon-
junctivitis sicca (KCS), or dry eye syndrome. Symptoms of KCS include 
dryness, ocular irritation, foreign body sensation, photophobia, and 
rarely pain. Sometimes patients complain of excessive tearing, which 
may merely describe a sensation or may be real due to tear spillover. 
Clinically the eyes may appear minimally affected with loss of surface 
luster, mild conjunctival redness, and perhaps some accumulation of 
mucus at the medial canthus (Fig. 33.12). Conjunctival and corneal 
punctate erosions occur secondary to the failure of aqueous tear secre-
tion and chronic damage to the oil-secreting glands of the palpebral 
conjunctiva, which induces more rapid evaporation of tears from the 
ocular surface. In severe cases discrete corneal filaments may develop 
(filamentary keratitis), which represent tags of exfoliated epithelium 
still attached at one end and intermixed with surface mucin. Patients 
with KCS are more vulnerable to bouts of recurrent infectious conjunc-
tivitis, perhaps as a result of reduced antibacterial tear lysozyme and 
lactoferrin. Thus, patients are more likely to develop corneal ulcer and 
perforation.

The diagnosis of KCS is made by an abnormal Schirmer test dem-
onstrating decreased tear production (typically < 5 mm of wetting at 
5 minutes in an anesthetized eye) and by demonstrating damage to the 
ocular surface using rose Bengal staining. The presence of KCS in 
association with evidence of salivary gland dysfunction, such as a posi-
tive minor salivary gland biopsy or abnormal salivary flow study, as 
well as the presence of a defined connective tissue disease such as 

also be seen as a rare manifestation and is not discussed further here. 
Keratitis may occur on its own or in association with scleritis, in which 
case it is termed sclerokeratitis. Although PUK and sclerokeratitis often 
are associated with rheumatic disease, infectious causes such as herpes 
simplex and syphilis also need to be considered.

Interstitial keratitis is characterized by a non-suppurative inflam-
mation, usually with vascularization of the corneal stroma. It is usually 
caused by an immunologic response to an infectious agent (e.g., syphi-
lis) but occasionally occurs in systemic disease, with the most common 
etiology being Cogan syndrome.113 It also may occur as a common 
corneal complication of scleritis.54,55,71 Pericorneal or limbal inflamma-
tion is accompanied by peripheral corneal vessels, which advance 
across the central cornea preceded by superficial stromal opacities. In 
nodular scleritis the corneal involvement may be restricted to one 
segment, but in diffuse scleritis the entire cornea may be involved, 
producing a dense corneal leukoma. The symptoms of IK include pain, 
tearing, photophobia, and conjunctival injection. The IK associated 
with Cogan syndrome typically responds to topical corticosteroid 
therapy.

Clinically, PUK typically presents with pain, although not always. 
Peripheral corneal infiltrates may develop. There is epithelial break-
down of the cornea followed by corneal ulceration and stromal thin-
ning, which may progress circumferentially and then centrally (Fig. 
33.10).114-116 If left untreated, the lesion progresses and leads to corneal 
perforation and loss of vision. A bacterial corneal infection must be 
excluded first, particularly in patients with compromised corneal epi-
thelia (e.g., keratoconjunctivitis sicca secondary to Sjögren syndrome). 
PUK typically occurs in RA and often involves the lower half of the 
cornea in a furrowing of the corneal periphery (Fig. 33.11). The devel-
opment of PUK in patients with RA has been linked to immunologi-
cally mediated small-vessel vasculitis of the pericorneal vessels and is 
associated with advanced RA, elevated rheumatoid factor titers, and an 
increased risk of mortality.58 PUK also has been reported to occur in 
other connective tissue disorders such as ANCA-associated granulo-
matous vasculitis, relapsing polychondritis, SLE, and progressive sys-
temic sclerosis.39

Treatment of PUK is aimed at the underlying disease. Local therapy 
such as the use of cyanoacrylate adhesive glue and corneal or scleral 
patch grafts often is needed to prevent perforation and to maintain the 
tectonic support of the globe.115,117-119 However, these measures eventu-
ally will fail if the underlying inflammation is not controlled. Very 
small central corneal perforations (<1.5 mm in diameter) may be 
sealed with a tissue adhesive such as cyanoacrylate glue. Larger perfora-
tions usually require emergency keratoplasty if any useful vision is to 
be salvaged. Topical corticosteroids usually are ineffective in the treat-
ment of PUK and may accelerate corneal thinning and increase the 
risk of corneal perforation.115,116

Fig. 33.10 Active corneal ulceration with corneal infiltrates at the “leading 
edge” of an ulcer and associated conjunctival injection.

Fig. 33.11 Marginal ulceration of cornea.

Fig. 33.12 Keratoconjunctivitis sicca.
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The treatment of KCS includes tear replacement therapy with arti-
ficial tears, punctal occlusion, effective treatment of secondary lid 
disease such as blepharitis, and the use of topical cyclosporine eye 
drops. Topical cyclosporine appears to benefit patients with severe dry 
eye due to Sjögren syndrome by improving tear film break-up times 
and decreasing rose Bengal staining of the corneal surface.123,124 It has 
been suggested that the mode of action for topical cyclosporine may be 
decreased inflammation of the lacrimal gland leading to improved 
lacrimal gland function and an increase in tear production.123

rheumatoid arthritis, SLE, or scleroderma, constitutes Sjögren syn-
drome (Chapter 134).120 Secondary Sjögren syndrome is diagnosed 
when a defined connective tissue disease is present, and primary 
Sjögren syndrome when no definable connective tissue disease is 
present. Sjögren syndrome affects approximately 11% to 13% of patients 
with RA and approximately 20% of patients with SLE.1 The cause of 
the dry eyes and dry mouth in patients with Sjögren syndrome is a 
chronic lymphocytic and mononuclear inflammatory infiltrate of the 
lacrimal and salivary glands resulting in glandular destruction and 
dysfunction.120-122 Immunohistologic studies have suggested that most 
cells in this infiltrate are CD4+ T cells, with lesser numbers of CD8+ 
T cells and B cells.121,122
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tions. Esophageal spasm may produce retrosternal visceral discomfort 
that can be difficult to differentiate from myocardial ischemia and 
which may be relieved with nitroglycerin. Important historical clues 
suggestive of esophageal spasm include an association with eating or 
drinking (especially hot or cold beverages) rather than with physical 
exertion. Typical anginal discomfort may also occur, especially with 
exertion, in patients with severe pulmonary hypertension.

Dyspnea may result from widely varied pathophysiologic processes, 
including myocardial dysfunction, valvular heart disease, pericardial 
disease, pulmonary parenchymal disease, venous thromboembolism, 
and pleural effusion. Cardiac causes of dyspnea are more likely in the 
patient who describes orthopnea, the sensation of breathlessness while 
supine.

Palpitations, the subjective awareness of one’s heart beat, are 
common and range in significance from a manifestation of occasional 
benign ectopy to the sentinels of significant underlying structural heart 
disease. When palpitations are associated with dizziness, syncope, 
dyspnea, or chest pain, further directed cardiac evaluation is appropri-
ate. Single, rare palpitations without associated symptoms are more 
likely to be benign in origin.

A directed cardiovascular examination should include palpation of 
all peripheral pulses. Blood pressure should be recorded in both arms 
and in the legs if there is asymmetry or discordance of the pulses. A 
regularly irregular pulse may reflect atrioventricular block, whereas an 
irregularly irregular pulse usually reflects atrial fibrillation, which often 
accompanies significant valvular heart disease, myocardial disease, or 
pericardial disease. Auscultation of the carotid and subclavian arteries, 
as well as the abdominal aorta, should be performed with special atten-
tion to the presence of bruits. Asymmetric blood pressures or pulses 
or vascular bruits over large vessels are important potential signs of a 
large-vessel vasculitis such as Takayasu. The sternum and the point 
of maximal impulse should be palpated with the palm to assess for a 
right ventricular heave associated with pulmonary hypertension or 
evidence of left ventricular enlargement. The degree of jugular venous 
distention and the jugular waveform should be inspected in each 
patient. Elevation of the jugular venous waveform confirms high right 
heart pressure; this may result from left ventricular dysfunction of any 
cause or may reflect pulmonary hypertension or significant pericardial 
disease. Further cardiac auscultation may provide important clues such 
as a third heart sound in patients with myocardial dysfunction. The 
presence of any diastolic murmur is pathologic and may reflect aortic 
regurgitation due to aortitis or pulmonic insufficiency due to severe 
pulmonary hypertension. Any systolic murmur of grade III intensity 
or greater deserves further investigation to exclude significant mitral 
regurgitation, tricuspid regurgitation (due to pulmonary hypertension), 
or aortic stenosis. The presence of an enlarged liver with systolic expan-
sion is characteristic of pulmonary hypertension, either primary or 
secondary. The presence of ascites on physical examination should 
alert the clinician to the possibility of constrictive pericarditis, espe-
cially in the patient with longstanding rheumatoid arthritis. The lower 
extremities should be inspected for edema, which may accompany left 
ventricular dysfunction, pulmonary hypertension, or pericardial 
disease. Lower extremity edema without concomitant jugular venous 
distention or a cardiac gallop on examination is more likely to be 
related to venous or lymphatic disease or hypoalbuminemia. Unilateral 
lower extremity edema suggests the possibilities of deep venous throm-
bosis or rupture of a popliteal cyst.

Laboratory testing
The electrocardiogram (ECG) is an inexpensive and widely available 
tool that can provide insight regarding cardiac involvement in patients 
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THE HEART IN RHEUMATIC DISEASE
The heart is frequently involved in the most common rheumatic ill-
nesses, as a result of direct inflammatory disease, secondary proath-
erosclerotic effects of inflammation, or medications directed at 
treatment of the systemic disease. The resulting cardiac complications 
range in spectrum from subclinical involvement to overt myocardial 
infarction or stroke and contribute significantly to morbidity and mor-
tality in patients with rheumatic disease. Recognition of cardiac 
involvement in rheumatic disease is crucial to therapeutic decision-
making in obtaining the best outcomes in these patients.

GENERAL APPROACH TO THE PATIENT
History and physical
Chest discomfort, dyspnea, dizziness, palpitations, and edema are the 
most common presenting symptoms referable to cardiovascular disease. 
A directed history with regard to these cardinal symptoms may provide 
important clues to etiology. Chest pain related to ischemic coronary 
artery disease is most classically a vague, visceral discomfort, located 
retrosternally, beginning slowly during exertion and increasing in cre-
scendo fashion. Relief is obtained with rest or nitroglycerin. The overall 
duration of the discomfort is generally longer than 5 minutes and less 
than 30. Myocardial infarction should be considered when typical 
ischemic discomfort is present for longer than 30 minutes. The dis-
comfort of myocardial ischemia must be distinguished from pericardial 
or pleuritic pain or esophageal spasm. Pericardial pain is generally 
described as sharp, tends to be worse when supine, and may be lessened 
by sitting upright and leaning forward. The discomfort may be present 
at rest and may endure for hours or days. Auscultation may disclose 
the characteristic leathery friction rub, present in systole and diastole, 
although this finding can be highly positional and evanescent. Sharp 
localized discomfort present during deep inspiration or cough is more 
typical of pleural involvement. Physical examination may disclose 
moderate or large effusions characterized by dullness to percussion 
associated with diminished breath sounds. Small effusions may avoid 
physical detection. Pericardial and pleuritic pain does not respond to 
nitroglycerin and relief is more likely with anti-inflammatory medica-

34
 There are several causes of chest pain in patients with systemic 

rheumatic disease; several are benign but others may indicate 
significant cardiovascular disease.

 Cardiovascular involvement has been most commonly associated 
with rheumatoid arthritis and systemic lupus erythematosus (SLE), 
though it has been described in a wide variety of systemic 
rheumatic diseases.

 There is an increased incidence of coronary artery disease in 
patients with systemic lupus erythematosus and rheumatoid 
arthritis, independent of traditional atherosclerotic risk factors.

 Anticardiolipin antibody syndromes can present difficult diagnostic 
and therapeutic challenges and may occur independently of SLE or 
other systemic rheumatic diseases.

 Heart and great vessel disease may present in an indolent fashion 
and must be suspected in patients with unexplained cardiovascular 
symptoms and rheumatoid arthritis, giant cell arteritis, or 
sarcoidosis.
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with rheumatic disease. One should be obtained as part of the evalu-
ation of any patient with chest pain, dyspnea, palpitations, or findings 
on examination that suggest cardiac disease such as pulmonary rales, 
jugular venous distention, a significant murmur, a gallop, or peripheral 
edema. The ECG can provide information regarding prior infarction, 
repolarization abnormalities that may indicate ischemia or pericarditis, 
and important information about atrioventricular conduction and 
arrhythmias.

Palpitations are best evaluated using either an ambulatory (Holter) 
monitor or longer-term event monitor. Holter monitors, which are 
typically worn for 24 to 48 hours, are useful for documenting the 
mechanism of palpitations when they occur on a nearly daily basis. 
When palpitations occur less frequently or in an unpredictable fashion, 
event monitors may be used for up to 30 days, thereby increasing the 
chance of accurate determination of cardiac rhythm during symptoms. 
An implantable loop recorder may be inserted subcutaneously, if 
needed, in order to determine cardiac rhythm during infrequent but 
clinically worrisome events that have not been electrocardiographically 
documented by Holter or event recorder. Loop recorders may remain 
in place for up to a year and are “interrogated” with a transcutaneous 
wand for data retrieval.

When cardiac disease is suspected, posteroanterior and lateral chest 
radiograms can yield important information regarding cardiac chamber 
size. Left atrial dilatation, left ventricular hypertrophy, left ventricular 
dilatation, and right heart enlargement can all be deduced on the basis 
of the cardiac silhouette. Additionally, a “water-flask” silhouette may 
suggest pericardial effusion, and pericardial calcification may disclose 
constrictive disease. Inspection of the pulmonary arteries may suggest 
the presence of pulmonary hypertension, and pleural effusions may be 
documented, especially on the lateral film.

Transthoracic echocardiography yields robust information regarding 
ventricular cavity size, mass, systolic function, and diastolic filling. 
Additionally, valvular structure and function can be assessed, along 
with quantitative analysis of stenotic and regurgitant lesions. Pulmo-
nary artery systolic pressure can be accurately assessed from Doppler 
measurements of a tricuspid regurgitant jet. Echocardiography is useful 
in the evaluation of pericardial effusions and can yield important infor-
mation regarding its hemodynamic significance when present. Directed 
Doppler echocardiographic techniques including tissue Doppler can 
also be useful in evaluating patients for suspected pericardial constric-
tion and differentiating this from restrictive cardiomyopathy. Current 
guidelines from the American College of Cardiology Foundation and 
the American Society of Echo state that a transthoracic echocardio-
graphic evaluation is appropriate in patients with:

● Dyspnea, dizziness, syncope, or cerebrovascular events
● Significant atrial or ventricular dysrhythmias (not single PACs/

PVCs)
● Known or suspected pulmonary hypertension
● Any diastolic, late-systolic, or holosystolic murmur
● Suspected pericardial disease, including constriction or pericardial 

tamponade
● Heart failure or suspected infiltrative cardiomyopathy (such as 

amyloid)

Transesophageal echocardiograms often provide increased clarity 
and definition of cardiac structures and the aorta and have shown 
increased sensitivity for the detection of infective and non-infective 
endocarditis and cardiac thrombus. They may also be useful for more 
accurate quantification of regurgitant valvular lesions, especially with 
respect to mitral regurgitation. However, transesophageal echocardiog-
raphy is not routinely warranted as an initial form of testing, with a 
few exceptions:

● Evaluation of suspected acute aortic pathology, including aortic 
dissection, penetrating atheroma, or intramural hematoma

● To diagnose and manage endocarditis in a patient with a moder-
ate or high pretest probability

● Evaluation of a patient with atrial fibrillation/flutter to assist 
clinical decision-making with regard to anticoagulation and 
cardioversion

Computed tomography (CT) can be useful for imaging the pericar-
dium in cases of suspected constriction, both to document pericardial 

thickening and calcification. Multidetector CT can also be useful for 
the detection and quantitative measurement of coronary calcium, 
which has been employed for coronary risk assessment. With the use 
of intravenous contrast, CT coronary angiography can provide a non-
invasive means of visualized coronary stenosis. There is continued 
debate with regards to the appropriate use of these tools, and future 
study should help us to better understand who should undergo these 
types of tests versus stress testing or conventional angiography.

Cardiac catheterization should be reserved for patients with unsta-
ble coronary syndromes or in whom there is a non-invasive test indi-
cating a high probability of significant coronary disease. Right and left 
heart catheterization can also be useful, in tandem with echocardiog-
raphy, in establishing a diagnosis of pericardial constriction and in 
differentiating this from restrictive cardiomyopathy.

CARDIAC ILLNESS AND MEDICATIONS USED  
FOR RHEUMATIC DISEASE
Several pharmacologic therapies used in rheumatologic disease have 
been reported to adversely influence cardiovascular outcomes either in 
the setting of experimental clinical trials or during postmarketing sur-
veillance. Several mechanisms could be operative in determining this 
adverse influence, including a direct mechanistic effect of the drugs 
used or an important interaction with concomitant medications. In 
patients with preexisting cardiovascular risk markers, subclinical 
disease, or overt disease, the adverse consequences of these agents may 
be further compounded.

Cyclooxygenase-2 (COX-2) inhibitors were initially considered 
better tolerated than more traditional nonsteroidal anti-inflammatory 
agents (NSAIDs), but evidence of accelerated risk of major cardiovas-
cular events, including acute myocardial infarction and sudden death, 
surfaced postmarketing. The Vioxx GI Outcomes Research (VIGOR) 
study investigated rofecoxib versus naproxen on gastrointestinal toler-
ability in patients with rheumatoid arthritis.1 This trial was halted 
early due to a higher rate of cardiovascular adverse events seen with 
rofecoxib. An increased risk for cardiovascular death, myocardial 
infarction, or stroke of nearly twofold was seen with rofecoxib com-
pared with placebo in the colonic polyp prevention Adenomatous Polyp 
Prevention on Vioxx (APPROVe) trial, leading to the removal of this 
agent from the market.2 Celecoxib, a coxib with relatively low COX-2 
selectivity, was also used in colon polyp prevention trials that revealed 
a significantly higher risk of cardiovascular death, myocardial infarc-
tion, stroke, or heart failure combined endpoint, depending on the 
dosing strategy assigned. When celecoxib was prescribed at a dose of 
400 mg once a day, the level of cardiovascular risk was less pro-
nounced, suggesting a dose-response relationship.3 An imbalance 
between thromboxane and prostacyclin leading to a prothrombotic 
state has been proposed as the mechanism for the increase in cardio-
vascular risk. The data with NSAIDs are not entirely sanguine. NSAIDs 
have been associated with myocardial infarction in large retrospective 
studies or case-controlled studies and may be attributable to a variable 
degree of platelet COX-1 inhibition allowing for reversible platelet 
inhibition during the dosing interval.4 Both NSAIDs and coxibs are 
associated with new-onset hypertension, as well as attenuated control 
of blood pressure management. This interaction is worsened by the 
presence of renal disease and the use of antihypertensives such as 
angiotensin-converting enzyme (ACE) inhibitors, which act on the 
renin-angiotensin-aldosterone cascade.5 Administration of coxibs or 
NSAIDs to heart failure patients has been linked with clinical deterio-
ration and increased risk of heart failure–related hospitalization.

The introduction of anti–tumor necrosis factor (TNF)-α agents has 
culminated in clinical improvement in many rheumatologic illnesses. 
Although proinflammatory cytokines such as TNF-α and interleukin 
(IL)-6 are recognized as important components in the development and 
progression of atherosclerosis and heart failure, these agents have not 
shown clinical benefits with regard to cardiovascular disease. The use 
of TNF-α antagonist in patients with heart failure has not led to 
improved clinical status and, in one study, was linked to a dose-related 
increase in death and hospitalization for heart failure.6 Reports of new-
onset heart failure linked to TNF-α antagonist agents prescribed to 
patients for rheumatoid arthritis in the Food and Drug Administration 
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MedWatch program have emerged.7 In more than half of the observed 
cases, congestive heart failure (CHF) has developed without associated 
hypertension, diabetes, or myocardial infarction and may not be age 
related. The use of TNF-α antagonists in patients with existent heart 
failure is discouraged and clinical monitoring for signs or symptoms of 
new heart failure is prudent.

RHEUMATOID ARTHRITIS
Rheumatoid arthritis (RA) is the most common chronic inflammatory 
polyarthritis and is estimated to affect approximately 1% of the adult 
population. Survival among patients with rheumatoid arthritis is sig-
nificantly worse than in the general population, and this disparity has 
remained constant in recent decades. This excess mortality is primarily 
due to ischemic cardiovascular disease8 and is not attributable solely 
to traditional risk factors.9 Chronic systemic inflammatory responses 
in rheumatoid arthritis are similar to those occurring in atherosclerotic 
plaque, suggesting that such systemic inflammation contributes to 
accelerated cardiac risk. T-cell activation occurs in both processes, 
including an expanded population of CD4+CD28− T cells,9 which can 
directly injure endothelium.10 Repair of injured endothelium, in part, 
is accomplished by circulating endothelial progenitor cells (EPC)—
however, such repair may be impaired in rheumatoid arthritis due to 
reduced numbers of circulating EPCs.11 Macrophage activation is also 
characteristic of both rheumatoid arthritis and atherosclerotic plaque, 
with elaboration of the proinflammatory cytokines TNF-α and IL-6. 
Endothelial dysfunction is apparent early in the natural history of 
rheumatoid arthritis,12 and the use of antagonists to proinflammatory 
cytokines has been associated with improvement in vascular function 
in patients with RA.13 RA is also associated with increased expression 
of adhesion molecules such as VCAM-1 and ICAM-1, which are 
important in endothelial adhesion of monocytes, the precursors of 
tissue macrophages, which form an integral part of the atherosclerotic 
plaque.

Although patients with RA are at increased risk of atherosclerotic 
coronary events, they may not behave in similar fashion to matched 
cohorts without RA with respect to clinical manifestations. Specifi-
cally, patients with RA are less likely to present with typical angina 
and are more likely to suffer silent infarction or sudden cardiac death 
as the initial presentation of ischemic heart disease. It is not clear 
whether ischemic disease is perceived differently in patients with RA, 
if pain is masked by the chronic use of other analgesics, or if physician 
response to complaints of discomfort from patients with RA is respon-
sible for this apparent discrepancy.

It is critical for health care providers to recognize the increased 
ischemic cardiovascular risk inherent in patients with RA. Efforts to 
minimize the risk of ischemic events should include the use of 
HMG-CoA reductase inhibitors (statins) whenever levels of low- 
density lipoprotein (LDL) are elevated despite reasonable dietary mea-
sures. Because statins have anti-inflammatory effects, as well as lipid- 
lowering effects, it seems reasonable to conclude that high-dose statin 
use in patients with RA may lead to long-term reduction in cardiac 
risk. To date, no study to specifically address the optimal LDL level or 
dose of statin in patients with RA has been completed to address this 
issue. The best data to date regarding statin use in RA come from the 
Trial of Atorvastatin in Rheumatoid Arthritis (TARA), in which 
patients were randomized in double-blind fashion to receive either 
atorvastatin 40 mg daily, or placebo, for 6 months.14 The TARA trial 
was not designed to test the hypothesis that atorvastatin would reduce 
major cardiovascular events, but it did yield important data regarding 
safety and rheumatologic disease activity. Interestingly, despite rela-
tively high-dose statin use, no elevation of transaminases was noted, 
even in patients concomitantly using methotrexate. Additionally, no 
patients demonstrated new elevation of creatine kinase while on  
statin therapy. C-reactive protein (CRP) levels fell by an average 50% 
in the statin treatment group in comparison with placebo, and eryth-
rocyte sedimentation rates (ESRs) and levels of IL-6 were significantly 
reduced. Additionally, subjects receiving atorvastatin showed signi-
ficant improvement in a disease activity score (DAS28) compared with 
placebo. The combination of ezetimibe/simvastatin has recently shown 
similar improvement in disease activity score and markers of inflam-
mation with one other added benefit: measured improvement in aortic 

stiffness and endothelial function.15 Whether long-term statin therapy 
should be routinely used as an adjunct anti-inflammatory and whether 
such use will lead to reduction in cardiovascular mortality is yet to be 
determined.

In addition to consideration of statin use, current clinical guidelines 
have suggested limitation of glucocorticoid use to the minimal effective 
dose, following two case-control studies that have suggested it may 
increase cardiovascular risks in patients with RA.16,17 These same 
guidelines have suggested that routine use of aspirin is not indicated 
in patients with RA for primary prevention. In patients for whom 
secondary prevention with aspirin is indicated, it should be recognized 
that concomitant use of NSAIDs may decrease the antiplatelet effects 
of aspirin. Interestingly, methotrexate may have cardioprotective effects 
as compared with other forms of therapy for RA. A retrospective cohort 
study of veterans with either RA or psoriasis suggested that low to 
moderate doses of methotrexate bore lower itinerant cardiovascular 
risk than other disease-modifying antirheumatic drugs,18 and similar 
findings were noted in a prospective observational study.19

Recent data yield hope that progress is being made with regard to 
cardiovascular risk in patients with RA.20 Death rates and time trends 
in mortality caused by acute myocardial infarction with respect to suc-
cessive incidence in a large cohort of patients followed for 17 years 
were examined. During the period of observation, the use of methotrex-
ate increased substantially while glucocorticoid use remained stable. 
The risk of acute infarction declined in successive incidence years, with 
the risk for incident years after 1990 being equal to the general popula-
tion. A similar but smaller analysis suggests that glucocorticoid use 
results in higher cardiovascular event rates only in patients who are 
rheumatoid factor positive—raising the possibility that within this 
specific cohort, glucocorticoid-sparing regimens may be preferable in 
reducing ischemic risk.21 The use of statins and aspirin within this 
cohort have not been examined.

Pericarditis is reportedly common in RA, with estimates (derived 
from either autopsy or echocardiogram) of involvement of up to 50% 
of patients. However, these estimates were all derived in the late 1960s 
and early 1970s, when disease-modifying regimens including metho-
trexate and anti-TNF-α were not available. Despite this high frequency 
of disease, few patients present with acute symptoms typical of peri-
carditis and a more indolent effusive inflammation is more common. 
Given that acute symptomatic pericarditis is less common, there are 
no comparative treatment trials and the mainstay of therapy for acute 
disease without hemodynamic compromise remains glucocorticoid 
and/or NSAID therapy. Colchicine is safe and effective in the treatment 
of recurrent idiopathic pericarditis. Although it has not been studied 
extensively in RA, case reports have promoted its benefit for relief of 
recurrent pericarditis/tamponade and the safety profile of the drug 
makes it attractive. Pericardiocentesis is not routinely indicated without 
evidence of hemodynamic compromise, unless clinical suspicion of an 
infectious pathogen is high, and should generally be reserved as part 
of the acute treatment of tamponade. The characteristics of pericardial 
fluid in RA may be quite variable; leukocyte counts vary considerably, 
although almost always with neutrophil predominance. The glucose 
level may be low (as in pleural effusions) but is not invariably so. The 
presence of rheumatoid factor in the fluid does not confirm the process 
as being related to RA. Neither does a high level of cytokines such as 
IL-6, which may be found in a rheumatic process. Chronic, indolent, 
or recurrent pericarditis may progress to mixed effusive-constrictive or 
frankly constrictive pericardial disease and must be differentiated from 
amyloid-related restrictive cardiomyopathy. Echocardiographically 
derived tissue Doppler velocities, as well as invasive hemodynamic 
studies, may be useful in conjunction with imaging of the pericardium 
by CT or magnetic resonance imaging (MRI) to help establish the 
correct diagnosis. Systemic corticosteroids and, more recently, the use 
of an antagonist to TNF-α22 have met with modest success in the 
treatment of hemodynamically significant effusive-constrictive disease, 
and in patients without severe compromise such treatment may be 
warranted before committing them to surgical pericardiectomy. Patients 
with pure constriction, particularly those with calcific constriction, are 
likely to obtain relief only through pericardiectomy.

Clinical congestive heart failure is twice as common in patients with 
RA compared with matched populations without the disease.23 
However, definition of this increased incidence of clinical CHF has 
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been established using Framingham Heart Study criteria, which do not 
effectively discriminate between systolic and diastolic dysfunction. 
Some echocardiographic studies have demonstrated that RA is associ-
ated with increased left ventricular mass but not with reduced ejection 
fraction, whereas others have suggested that definite systolic dysfunc-
tion (left ventricular ejection fraction < 40%) is much more likely in 
patients with RA than the general population. Regardless of systolic 
function, mortality among RA patients with a clinical diagnosis of CHF 
is significantly higher than in a matched general population, with 
cumulative 1-year mortality for RA in excess of 30%.24 The mechanism 
involved in the cardiomyopathy of RA is not well understood, appears 
to be independent of coronary artery disease, and may be directly 
related to the systemic inflammatory state. Observation of patients free 
of heart failure at the index of RA diagnosis has demonstrated a sig-
nificant elevation of ESR during the 6-month interval preceding a 
clinical diagnosis of CHF.25

Secondary (AA) amyloidosis deserves separate consideration as a 
form of cardiomyopathy. Cardiac amyloidosis has long been considered 
a rare extra-articular manifestation of RA. However, a recent re-evalu-
ation of autopsy specimens from RA patients demonstrated a remark-
ably high incidence of 30%, with cardiac amyloid being as frequent as 
renal.26 Within this series, an antemortem diagnosis of amyloidosis 
was made in only 37% of patients with histologically proven disease. 
In part, this demonstrates a difference between pathologically present 
versus clinically relevant amyloid. Whether earlier detection and treat-
ment would alter cardiac outcomes is unclear, although some studies 
of RA patients with novel AA amyloid polymorphisms suggest that this 
holds true27 and that aggressive therapy with cyclophosphamide and 
prednisolone or etanercept may improve outcomes.28 Cardiac amyloi-
dosis appears to be more frequent in male patients with long-lasting 
RA of increased disease activity and may contribute to atrioventricular 
conduction block, as well as CHF.

VASCULITIS
Takayasu arteritis
Takayasu arteritis (TA) principally affects the aorta and its major 
branches in young, predominantly Oriental women. Once thought to 
be related to infectious etiologies, including tuberculosis, studies 
among identical twins have suggested a genetic predisposition, and 
there appears to be a significant association of TA with the antigens 
Bw52 and DR12,29 as well as particular HLA haplotypes.30 The disease 
is uncommon, the onset is insidious, and a high degree of suspicion 
should be maintained in young women with hypertension, asymmetric 
upper arm blood pressures, and vascular bruits. Diagnosis is estab-
lished in young patients (<40 years) by the combined presence of 
subclavian stenosis and constitutional signs and symptoms. Although 
subclavian stenosis is the most common arterial manifestation, TA 
may also involve the ostia of the coronary arteries or the proximal 
portions of the renal arteries, resulting in cardiac ischemia and reno-
vascular hypertension, respectively. The descending thoracic aorta may 
be narrowed in a “rat-tail” fashion and, uncommonly, ascending aortic 
aneurysms may form, resulting in aortic valvular incompetence caused 
by annuloaortic dilatation. The latter appears to be more common 
among Japanese patients and is an important risk factor for mortality 
within that population.31 Pathologically, inflammation begins within 
the vasa vasorum, followed by T-cell infiltration of the media and/or 
adventitia. Subsequent inflammatory changes closely resemble a typical 
atherosclerotic cascade, and a “burnt-out” inflammatory lesion may be 
indistinguishable from usual atherosclerosis.

Medical treatment with corticosteroids remains the mainstay of 
therapy during the acute inflammatory period of the disease, but long-
term use of steroids may adversely affect atherosclerotic transforma-
tion. Tapering of steroids every 2 weeks to the minimal dose effective 
in suppressing inflammation as evidenced by serum markers such as 
ESR or CRP has been recommended. Non-steroidal immunosuppres-
sive agents have been recommended as adjuncts for patients resistant 
to steroid withdrawal or cessation.32 Aspirin use during the acute 
inflammatory phase has been recommended to prevent thrombosis 
superimposed on the arteritis. During the chronic occlusive stage of 
TA, percutaneous techniques have become the treatment of choice for 

dilatation and/or stenting of coronary ostial lesions, renovascular 
lesions, and subclavian lesions.33 Although restenosis is always a 
concern, the high degree of initial procedural success, coupled with low 
procedural morbidity, have made these interventions attractive in com-
parison with surgery. Surgical repair has long been the mainstay of 
treatment for aortic complications such as “pseudo-coarctation” and 
aneurysm and remains the only current choice for repair of annuloaor-
tic ectasia with valvular incompetence. Recently, percutaneous balloon 
dilatation has been reported,34 with mixed initial success, for treatment 
of aortic pseudo-coarctation and percutaneous stent-grafts have been 
deployed for descending aortic aneurysm.35 Although these techniques 
hold promise, long-term outcome data, as compared with surgery, have 
not yet accrued.

Kawasaki disease
Kawasaki disease (KD) is an acute febrile illness that affects predomi-
nantly boys, aged 6 months to 4 years, with involvement of the skin, 
mucosa, lymph nodes, and coronary arteries. Although the precise 
etiology of KD is not known, most data suggest genetic predisposition 
coupled with a suspected infectious trigger. In response to this unknown 
stimulus, mononuclear cells and platelets interact with vascular endo-
thelial cells. Expression of adhesion molecules and chemo-attractants 
promote further inflammatory cell interaction with the endothelium, 
increased vascular permeability, and infiltration into the media.36 
Increased expression of cytokines and production of matrix metallo-
proteinases and elastase contribute to destruction of the arterial wall 
and coronary aneurysm formation.37,38

The diagnosis of KD, or the “mucocutaneous lymph node syn-
drome,” should be considered in the setting of fever, conjunctivitis, 
cervical lymphadenopathy, erythema, edema or desquamation of the 
palms and soles, and mucosal changes such as a “strawberry tongue” 
or fissured lips. Standard therapy for the acute phase of the illness is 
a single infusion of high-dose γ-globulin.39 Corticosteroids do not 
appear to improve coronary outcomes or influence the duration of 
clinical illness. Coronary artery aneurysms form in approximately 5% 
of treated children and 20% to 30% of untreated children. Coronary 
artery aneurysms can often be identified in pediatric patients through 
echocardiography, and those with a diameter of greater than 6 mm  
are more likely to be associated with clinically significant sequelae. 
Coronary artery lesions may evolve in a number of different manners 
during the late phase of KD (>2 years from index), including regres-
sion, localized stenosis, occlusion of the aneurysm, extension, and, 
rarely, rupture.40 Catheter-based intervention has been recommended 
as first-line treatment for late ischemic disease and high-grade proxi-
mal stenosis of the left anterior descending coronary artery, regardless 
of demonstrable ischemia.41 Aspirin, clopidogrel, dipyridamole, and 
warfarin have all been used in patients with coronary aneurysms  
as a means to prevent thrombotic occlusion, although there is no 
compelling comparative literature. Aspirin has been the most com-
monly used agent, although there is an increased risk of Reye syn-
drome, given the population and duration of therapy. Covered stents 
have also been employed for prevention of thrombotic coronary artery 
occlusion associated with large aneurysms, though experience is 
limited.42

Vasculitis of small and medium-sized vessels
Although there is debate regarding the nosology of vasculitis of small  
and medium-sized vessels, there can be significant cardiac involvement 
in patients with polyarteritis nodosa (as distinguished from micro-
scopic polyangiitis) and the Churg-Strauss syndrome. The medium-
sized vasculitis classically defined as polyarteritis nodosa is associated 
with clinical symptoms related to myocardial dysfunction, pericarditis, 
or coronary arteritis in 10% to 30% of patients. Of these, clinical con-
gestive heart failure is the most common and may be due to coronary 
arteritis, compounded with hypertension and renal insufficiency. In 
autopsy studies, coronary arteritis has been reported to occur in up to 
50% of patients. However, angina pectoris and clinically apparent 
myocardial infarctions are uncommon.

The Churg-Strauss syndrome is characterized by eosinophilic gran-
ulomatous infiltrates and a small vessel vasculitis of unknown cause. 



CH
A

PTER 34 
● The heart in rheum

atic disease

309

Cardiac involvement was noted in 60% of patients in the original series 
described by Churg and Strauss, and mortality is due to cardiovascular 
causes in a high percentage of patients. Cardiomyopathy may result 
from either small vessel vasculitis or eosinophilic granulomatous myo-
carditis and may be dilated or restrictive.43 As with other hypereosino-
philic cardiomyopathies, large ventricular thrombi may develop in 
association with the myocarditis.

Treatment of both Churg-Strauss and polyarteritis nodosa is similar, 
with pulsed high-dose intravenous steroids. In patients who are criti-
cally ill, a second immunosuppressive agent should be added. Warfarin 
should be initiated in patients with ventricular thrombus formation.

SYSTEMIC LUPUS ERYTHEMATOSUS
Systemic lupus erythematosus (SLE) can affect all cardiac structures in 
the inflammatory process, including pericardium, myocardium, valvu-
lar structures, the conduction system, and the coronary arteries. Peri-
cardial involvement is by far the most common clinically. Clinical 
pericarditis, manifest by chest pain, fever, and signs such as muffled 
heart sounds, pericardial friction rub, or electrocardiographic changes, 
is most common either during the index presentation of SLE, or during 
a clinical “flare” of disease activity. Subclinical involvement is much 
more common, as noted from echocardiographic and autopsy studies. 
The pericardial fluid associated with SLE is not diagnostically unique 
in any fashion, and pericardiocentesis will not establish the diagnosis, 
though it may exclude other important causes. Pericardiocentesis is 
not routinely warranted and should be reserved for cases in which there 
is a high suspicion of a malignant or infectious etiology, or for relief of 
hemodynamic compromise. Associated pleural effusions are common, 
and diagnostic needle drainage of such may prove safer. Pericardial 
effusions caused by SLE rarely progress to tamponade or constriction, 
though both can occur, particularly if there is associated renal failure. 
Treatment with NSAIDs or corticosteroids is usually effective in mild 
cases, whereas high-dose pulsed steroids may be necessary in more 
severe cases such as those associated with tamponade. Chronic recur-
rent pericarditis may require the addition of non-steroidal immuno-
modulating drugs such as methotrexate, azathioprine, or mycophenolate 
mofetil.44,45

Myocardial involvement in SLE may be manifest by overt dysfunc-
tion, with a cardiac gallop, fever, dyspnea, and jugular distention, or it 
may be disclosed in asymptomatic patients by echocardiography. 
Patients with SLE are at increased risk for development of ischemic 
heart disease, and this must be excluded as a potential cause of myo-
cardial dysfunction. Regional electrical abnormalities, by ECG, or 
regional contractile abnormalities, by echo, are more likely in the 
setting of coronary artery disease. Uncommonly, patients may present 
with acute myocarditis, manifested by symptomatic heart failure, ele-
vation of cardiac biomarkers (such as cardiac troponin and B-natri-
uretic peptide), and imaging evidence of ventricular dysfunction. SLE 
patients with circulating anti-Ro (SSA) or anticardiolipin antibodies 
and those with prior skeletal myositis may be at increased risk for 
myocarditis (experts disagree).45-48 Although endomyocardial biopsy in 
such cases may demonstrate mononuclear cell infiltrates, fibrosis, and 
myocyte necrosis, these changes are not diagnostic of SLE myocarditis. 
Immune complex and complement deposition in perivascular tissue 
can be demonstrated in SLE,49 and these changes may be more char-
acteristic of lupus than of other etiologies. Myocarditis as the only 
manifestation of SLE would be quite rare; in such patients thorough 
investigation for another etiologic explanation is warranted. In patients 
with known or suspected SLE and new myocardial dysfunction, myo-
carditis should be suspected, and, in the absence of an alternative 
explanation, treatment with pulsed intravenous steroids should be 
considered. Azathioprine, cyclophosphamide, and intravenous IgG 
may be useful adjuncts in severe cases50 and unremitting cases may 
respond to plasmapheresis or immunoadsorption of autoantibodies.51 
There are little data regarding long-term outcomes of patients success-
fully treated for lupus myocarditis.

Arrhythmias may complicate severe myocarditis in patients with 
SLE, as in myocarditis of any cause, and atrial dysrhythmias may 
complicate severe cases of valvulopathy with significant mitral regur-
gitation. Isolated involvement of the conduction system is extraordi-
narily rare in adults as a consequence of SLE, whereas the neonatal 

lupus syndrome, though something of a misnomer, deserves attention 
with regard to congenital complete heart block. There is a small but 
well-established risk of congenital complete heart block developing 
during the second trimester in fetuses of women who express auto-
antibodies specifically directed at ribonucleoproteins 48-kDa SSB/La, 
52-kDa SSA/Ro, or 60 kDa-SSA/Ro.52 These women may have SLE or 
Sjögren syndrome, or they may be asymptomatic, and despite similar 
serum concentration of autoantibody, they do not suffer conduction 
abnormalities themselves. The fetal heart seems to be uniquely vulner-
able in this regard, though given the low overall incidence of occurrence 
even in mothers with such autoantibodies, there is likely an element 
of fetal genetic predisposition as well. The cascade of events leading to 
complete heart block appears to involve fetal cardiocyte apoptosis, 
translocation of Ro and La antigens, binding of maternal autoantibod-
ies, and subsequent fibrosis related to scavenging macrophages. Fetal 
mortality has been estimated at 15% to 30%, and two thirds of live 
births will require permanent pacing.53 The recurrence of congenital 
complete heart block in future pregnancies of women at risk is low, 
and this has confounded efforts to evaluate the efficacy of immunosup-
pressive therapy. Although fetal echocardiography conceivably can 
demonstrate mechanical delay in atrioventricular transport (the equiv-
alent of a first-degree atrioventricular block on ECG), there has been 
no study to date demonstrating that recognition of an early stage of 
heart block leads to an effective treatment algorithm.

More than 80 years ago, Emanuel Libman and Benjamin Sacks 
described the now eponymous verrucous lesions commonly found 
along the valvular closure line in patients with SLE. Libman-Sacks 
vegetations (LS) are non-bacterial thrombotic valvular lesions that 
affect up to 10% of patients with SLE, most frequently involving the 
mitral valve. The pathogenesis is related to subendothelial immune-
complex and complement deposition, increased endothelial cell expres-
sion of integrins, localized neovascularization, thrombosis, and 
fibrosis.54 Their incidence is related to the duration of lupus, disease 
activity, and the presence of anticardiolipin or antiphospholipid anti-
bodies,55 in part due to upregulation and expression of adhesion mol-
ecules, as well as decreased production of proteins C and S. Although 
the mitral valve is most frequently involved, any of the cardiac valves 
may be targeted and lesions may also be found on endocardial surfaces 
and chordae tendineae. Although uncommon, significant mitral insuf-
ficiency and aortic stenosis have been reported as complications. More 
common complications include thrombotic events and bacterial super-
infection. Over the course of their illness, patients with SLE have  
a greater than 15% risk of stroke or transient ischemic attack.  
Valvular thickening or vegetation is two to four times more commonly 
found by transthoracic echo in SLE patients with cerebrovascular 
events when compared with SLE controls. The risk of cerebrovascular 
embolization in LS may be further increased by the presence of 
antiphospholipid antibodies.56 The role of antiplatelet or antithrom-
botic therapy for primary prevention of embolic events in patients in 
whom LS is identified has not been defined. During active valvulitis, 
immunosuppressive therapy directed at the systemic illness is recom-
mended, although data supporting outcome differences with such a 
strategy are limited. In patients who have incurred stroke or transient 
ischemia, anticoagulation with warfarin to a relatively high interna-
tional normalized ratio (3-4) has been recommended. Valve repair and 
replacement with a biologic prosthesis have been disappointing, and 
when valve surgery is indicated a mechanical prosthesis should be 
strongly considered.

In addition to the risk of valvulitis, patients with the antiphospho-
lipid antibody syndrome are at risk of venous and arterial thrombotic 
events, related to antibody-induced endothelial dysfunction, increased 
platelet aggregation, activation of both intrinsic and extrinsic coagula-
tion pathways, and decreased fibrinolysis. Venous thromboembolic 
disease is by far the most common complication, but other thrombotic 
complications may include spontaneous atrial echo “contrast” (consid-
ered to be a precursor to thrombosis), adherent or free-floating intra-
cardiac thrombus, or microvascular or epicardial coronary thrombosis. 
A recent prospective randomized placebo-controlled trial demonstrated 
that asymptomatic patients with persistent antiphospholipid anti-
bodies do not benefit from low-dose aspirin as a means of primary 
prevention of thrombotic complications.57 Treatment of significant 
valvular or intracardiac thrombotic complications remains high-dose 
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anticoagulation with heparin followed by chronic warfarin.58 In patients 
who require cardiovascular surgery, there is a high risk of thrombotic 
perioperative events despite aggressive antiplatelet and antithrombotic 
therapy.59

Patients with SLE are at increased risk of atherosclerotic coronary 
and cerebrovascular disease. Although SLE patients have a high preva-
lence of hypertension, hyperlipidemia, and smoking, the atheroscle-
rotic risks remain significantly elevated in statistical analysis after 
controlling for these traditional risk factors. A prospective, cross- 
sectional study using electron beam tomography has demonstrated a 
threefold increased frequency of coronary calcifications and more severe 
coronary calcification in patients with SLE as compared with matched 
controls.60 A similarly designed study demonstrated a twofold higher 
ultrasound prevalence of carotid plaque.61 In large population studies, 
women with SLE have a fourfold to eightfold increased risk of myocar-
dial infarction compared with matched controls.62 Patients with SLE 
should have aggressive management of traditional risk factors, includ-
ing the use of a statin if dyslipidemia is present during a period of 
stable disease.

POLYMYOSITIS AND DERMATOMYOSITIS
Cardiac complications of polymyositis/dermatomyositis (PM) include 
myocardial involvement and conduction system abnormalities. When 
subclinical involvement is evaluated, including non-invasive studies 
and autopsy series, the incidence of cardiac complications related to 
PM has been estimated to be as high as 75%. The true incidence of 
clinically overt involvement with PM is uncertain, but cardiac death 
has been documented to occur in 10% to 20% of patients. Congestive 
heart failure occurs in 3% to 45% of patients with PM, and disorders 
of cardiac conduction occur in approximately one third of patients.63-65 
As with many rheumatologic illnesses, the incidence of fatal myocar-
dial infarction appears to be substantially elevated within this group of 
patients.

Cardiac involvement in PM appears to be pathologically similar to 
the inflammation of skeletal muscle characteristic of the disease, with 
mononuclear infiltrates localized to the endomysium and perivascular 
areas, cellular dropout, and fibrosis. Lymphocytic infiltration and fibro-
sis of the conduction tissues can also be demonstrated pathologically. 
Coronary vasculitis with intimal proliferation and medial sclerosis, as 
well as small vessel disease with luminal encroachment due to smooth 
muscle proliferation, have been documented.

Congestive heart failure is the most common clinical cardiac com-
plication of PM, which may result from either systolic or diastolic 
dysfunction. Diastolic dysfunction may be severe and restrictive left 
ventricular physiology can result. Echocardiography can help define 
systolic and diastolic function and can demonstrate if systolic dysfunc-
tion is global or segmental. When segmental systolic dysfunction is 
present, atherosclerotic coronary artery disease should be included in 
the differential diagnosis. The onset of heart failure has most com-
monly been linked to active skeletal muscle involvement, but it may 
occur any time, including periods of stable disease activity or clinical 
remission.

Conduction block, when present, usually involves either prolonga-
tion of the PR interval, right bundle branch block, left anterior fascicu-
lar block, or combinations of these three. Permanent pacemakers are 
rarely necessary, but PM patients with unexplained syncope and ECG 
evidence of conduction disease should undergo further cardiac electro-
physiologic evaluation. Vasospastic angina and pericarditis have been 
reported to rarely complicate polymyositis/dermatomyositis.

Corticosteroids have been used most commonly for treatment of 
clinically significant cardiac complications of PM, but with mixed 
results. Despite corticosteroid therapy, studies have demonstrated pro-
gression of conduction disturbances and autopsy data have suggested 
that myocarditis may occur independent of steroid use. Regardless, in 
patients with new signs and symptoms of active myocarditis, cortico-
steroids should be considered. In patients with systolic dysfunction, 
the use of ACE inhibitors or angiotensin receptor blocking agents 
should also be considered because they have demonstrated mortality 
benefit in general populations with systolic heart failure. Trials specific 
to heart failure in patients with PM have not been undertaken.

SARCOIDOSIS
Sarcoidosis is a systemic, infiltrative disease characterized histologi-
cally by the presence of non-caseating granulomas. The disease is 
characterized by a female preponderance and is most common in the 
Scandinavian countries, with an incidence there approaching 
60/100,000.66 The etiology of sarcoidosis and the risk factors for its 
development are poorly understood. Various environmental and infec-
tion triggers, genetics, and cytokine responses appear to be involved in 
the disease pathophysiology.67 Histologically, CD4+ T cells interact 
with antigen-presenting cells (APCs) to initiate the formation of granu-
lomas, the pathologic hallmark of sarcoid.68 Multiple organs may be 
involved, including the lung, skin, eyes, and heart. Cardiac sarcoidosis 
(CS) is the most common myocardial infiltrative disease encountered 
in clinical practice.69

The overall incidence of CS is difficult to estimate. The diagnostic 
gold standard, endomyocardial biopsy, is not routinely performed in 
clinical practice. More commonly, a variety of non-invasive imaging 
studies are employed, with varying diagnostic accuracies. A widely cited 
postmortem study of 84 consecutive patients with sarcoidosis identi-
fied myocardial granulomas in 23 subjects (27%) but only 15 (17%) 
had an antecedent history of heart failure, arrhythmias, or electrocar-
diographic abnormalities to suggest cardiovascular involvement.70 
Although the true prevalence of CS in patients with sarcoid remains 
uncertain, it is clear that cardiac symptoms underestimate the total 
disease burden. Although mortality from sarcoidosis is primarily driven 
by pulmonary disease progression, cardiovascular complications, 
including heart failure and arrhythmias, are important clinical entities 
to identify because they may present suddenly and catastrophically in 
previously healthy individuals.71

The clinical presentation of CS is variable and unpredictable. Con-
stitutional symptoms, including weight loss, malaise, and myalgias, 
are nonspecific and frequently present. Additional symptoms, includ-
ing palpitations, dyspnea, or dizziness, may be related to the extent 
and location of myocardial involvement. Patients may present with 
CHF resulting from granulomatous involvement of the myocardium 
or from progression of valvular heart disease.72 Valvular disease may 
reflect direct granulomatous involvement or may follow alterations in 
left ventricular geometry.

Pulmonary hypertension is increasingly recognized as a complica-
tion of sarcoidosis. Similar to CS, the reported prevalence is highly 
variable depending on clinical definitions and methods of diagnostic 
testing.73,74 The pathophysiology is complex and may involve granulo-
matous involvement of the pulmonary vasculature, occlusion of pul-
monary veins, or reaction to progressive fibrosis and interstitial lung 
disease. This complex etiology makes classification of sarcoid-related 
pulmonary hypertension challenging, and ongoing debate exists regard-
ing nosology and treatment. A subset of patients with pulmonary 
hypertension in the absence of interstitial lung disease may respond 
favorably to pulmonary arterial vasodilator therapy, but data are lacking 
in the other groups. Untreated, pulmonary hypertension creates right 
ventricular pressure overload, resulting in dilatation, dysfunction, and 
eventual cor pulmonale.

All patients with a diagnosis of sarcoidosis should be screened for 
cardiac disease with a careful history and physical examination, as well 
as diagnostic testing including a transthoracic echocardiogram (TTE) 
and an ECG. Abnormalities in these screening tests may prompt addi-
tional diagnostic testing. Although neither sensitive nor specific, the 
ECG is a readily available, noninvasive, and inexpensive test that 
should be performed in all patients with sarcoidosis. Electrical abnor-
malities are common in CS and can affect all areas of the conduction 
system, including the bundle branches, atrioventricular node, or sinus 
node. Atrial arrhythmias may result from granulomatous involvement, 
atrial dilation, or valvular heart disease. Granulomatous involvement 
and fibrosis of myocardial tissue create the substrate for ventricular 
arrhythmias, including ventricular tachycardia and fibrillation, which 
may result in sudden cardiac death. Ambulatory ECG monitoring in 
patients with suspicious symptoms and normal electrocardiograms 
may help identify high-risk arrhythmias including non-sustained ven-
tricular tachycardia and high-degree atrioventricular block.

The echocardiogram is an essential component in the diagnostic 
evaluation of CS, providing a non-invasive means of evaluation of the 
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pericardium, left ventricular function, right heart function, and pulmo-
nary artery pressures. Ventricular aneurysms may occur and are dif-
ferentiated from those related to ischemic disease by their non-coronary 
artery distribution. Pericardial effusions are not uncommon, and cases 
of pericardial constriction and tamponade have been reported.75

The presence of non-caseating granuloma in an endomyocardial 
biopsy (EMB) sample supports a diagnosis of CS. However, this proce-
dure is no longer routinely performed in clinical practice. When per-
formed, an EMB is obtained from the right side of the heart, typically 
directed toward the interventricular septum. However, CS typically 
infiltrates the basal septum and free wall of the left ventricle, and 
sampling error reduces the negative predictive value of normal tissue 
obtained by this technique. Furthermore, EMB in a dilated heart carries 
an increased risk of perforation and tamponade. EMB should still be 
considered in patients with unexplained cardiomyopathy who fail to 
respond to a reasonable course of medical therapy and in whom CS is 
suspected because a positive biopsy would prompt specific therapy with 
corticosteroids.76

Characteristic myocardial perfusion abnormalities, using either 
technetium 99m (99mTc) or thallium 201 (201Tl), have been described 
in CS, both with intermediate sensitivity and specificity. Abnormal 
perfusion may reflect granuloma formation or fibrosis when present in 
a distribution that does not reflect coronary anatomy. Interestingly, 
perfusion defects related to CS may improve following vasodilator 
testing (“reverse redistribution”), further delineating this from coronary 
artery disease.77 Positron emission tomography (PET) imaging with 
18F-fluorodeoxyglucose (18F-FDG) has superior sensitivity and specific-
ity when compared with SPECT and provides both structural and 
metabolic information.78 Typically, increased metabolic activity is 
noted in relation to granuloma coupled with impaired perfusion in 
fibrotic regions. Importantly, fibrotic myocardium may not improve 
with therapy. Cardiac MRI has diagnostic properties comparable with 
PET but has the advantage of superior tissue characterization without 
the use of ionizing radiation. Gadolinium enhancement can identify 
areas of inflammation, myocardial nodules, aneurysms, and 
fibrosis.79

In patients with preserved systolic function, 5-year survival ranges 
between 60% and 90%. Predictors of increased risk include advanced 
New York Heart Association (NYHA) functional class, reduced left 
ventricular ejection fraction (LVEF), and sustained ventricular tachy-
cardia (VT).80 In patients with non-sustained VT or atrioventricular 
block on ambulatory ECG monitoring, or unexplained syncope, an 
invasive electrophysiology study may identify the need for pacemaker 
or defibrillator implantation. Recently published guidelines suggest 
that an implantable defibrillator should be considered in CS patients 
with either an unexplained ECG abnormality or abnormal ventricular 
wall thickness or function.81

The cornerstone of treatment for CS is corticosteroid therapy, which 
suppresses inflammation and granuloma formulation.82 Small studies 
and case reports suggest both clinical and structural improvement fol-
lowing treatment with steroids. In a small group of patients with 
atrioventricular block, corticosteroid therapy resulted in preservation 
of LVEF and increased freedom from VT.83 Dosing, treatment duration, 
and criteria for therapy initiation remain unclear. In patients with LV 
dysfunction, standard heart failure therapy consisting of ACE inhibi-
tion, beta blockade, and diuretics as needed should be continued.

Orthotopic heart transplantation is an option for patients with 
advanced cardiomyopathy. Careful attention to the extent of pulmo-
nary involvement and pulmonary hypertension is necessary in deter-
mining transplant suitability. Sarcoidosis may recur in the allograft and 
is typically responsive to corticosteroids. Patients who undergo trans-
plantation for cardiac sarcoidosis share outcomes comparable with the 
transplant population at large.84

PROGRESSIVE SYSTEMIC SCLEROSIS
“Scleroderma” suggests hardening and thickening of the skin. When 
these findings occur with visceral organ involvement, the terms “diffuse 
cutaneous systemic sclerosis”(dcSSc) and “limited cutaneous systemic 
sclerosis” (lcSSc) are used. LcSSC is associated more frequently with 
distal cutaneous involvement and with the CREST syndrome, which 
has several vascular manifestations including pulmonary arterial 

hypertension and Raynaud phenomenon. Cardiovascular involvement 
confers a poor prognosis in patients with SSc, with a 5-year mortality 
rate approaching 75%.85 The etiology of cardiovascular involvement is 
multifactorial, resulting from inflammation, microvascular dysfunc-
tion, and fibrosis related to collagen overproduction by altered fibro-
blasts. Cardiovascular involvement is seen in both sclerosis subtypes, 
with a greater incidence of cardiovascular symptoms in dcSSc.

SSc can affect the pericardium, myocardium, and conduction system 
but is not associated with premature development of coronary artery 
disease. A spectrum of pericardial diseases has been described, includ-
ing acute and chronic pericarditis, tamponade, and pericardial constric-
tion. Necropsy studies estimate the prevalence of pericardial 
involvement in SSc to be approximately 78%.86 However, only a small 
fraction of patients are symptomatic. Pericardial effusions are often 
exudative, without the complement activation seen in RA or SLE.  
The presence of a pericardial effusion has been correlated with the 
development of renal failure. However, pericardial histopathology in 
such cases is not characteristic of uremia, suggesting primary SSc 
involvement.

Postmortem studies have identified myocardial fibrosis in 80% of 
patients with SSc.87 MRI with gadolinium enhancement is highly sen-
sitive for detecting myocardial fibrosis and identifies cardiovascular 
involvement in 66% of patients, with similar incidence in both dcSSc 
and lcSSc.88 Myocardial SPECT is less sensitive for detecting fibrosis, 
but exercise-induced perfusion defects identified by 201Tl SPECT are 
predictive of symptomatic cardiovascular disease and death.89 The eti-
ology of myocardial fibrosis is unclear; it is hypothesized that coronary 
vasospasm (“myocardial Raynaud phenomenon”) may precipitate con-
traction band necrosis and fibrosis.90 The clinical significance of such 
fibrosis remains undefined. Systolic dysfunction is rare, occurring in 
less than 2% of patients, but echocardiography has demonstrated more 
common occurrence of myocardial hypertrophy and diastolic dysfunc-
tion.91 The biomarker N-terminal brain natriuretic peptide (NT-pro 
BNP) appears to be sensitive in identifying patients with cardiovascular 
involvement, including systolic dysfunction, right ventricular dysfunc-
tion, and pulmonary hypertension.92

Pulmonary hypertension or interstitial lung disease may occur  
and accounts for most mortality in patients with SSc.93 The incidence 
of pulmonary arterial hypertension (PAH) in SSc ranges between 10% 
and 20%. Annual screening for pulmonary hypertension is recom-
mended with both pulmonary function testing and echocardiography 
because pulmonary artery pressures tend to rise over time.94 Abnormal 
carbon monoxide diffusion capacity (DLCO) often predicts the develop-
ment of pulmonary hypertension.92 Echocardiography provides a non-
invasive assessment of right ventricular size, function, and systolic 
pressure. The arterial pathology in SSc-associated PAH is similar to 
that seen in idiopathic PAH (IPAH), and vasodilator therapy appears 
to be effective. However, even with vasodilator therapy, outcomes in 
patients with SSc are worse than IPAH, and this subset constitutes  
a high-risk group.95 The prognosis is especially poor in patients with 
pulmonary hypertension and concomitant interstitial lung disease, 
with a fivefold increase in mortality.96 Although right ventricular (RV) 
dysfunction is common in SSc, the severity of dysfunction does not  
fully correlate with pulmonary artery pressures, suggesting that distur-
bances of myocardial circulation and RV fibrosis may be contributory.97 
Advanced cases of pulmonary hypertension may require lung 
transplantation.

Multiple electrocardiographic abnormalities have been described in 
SSc and occur in similar frequency between lcSSc and dcSSc. A large 
series of 436 patients with SSc identified ECG abnormalities in 25% 
of patients, the most common of which were left anterior fascicular 
block, PR interval prolongation, and intraventricular con duction 
defects.98 Myocardial fibrosis affects multiple areas of the conduction 
system, and cases of high-degree heart block have been reported.99 
Patients with involvement of both skeletal and cardiac muscle appear 
to be at increased risk of fatal complications from arrhythmias and 
may constitute a higher-risk group.100 Treatment guidelines for pace-
maker implantation are identical to those for the general population.

No specific recommendations exist for the management of sclero-
derma heart disease. ACE inhibitors lower blood pressure and have 
beneficial effects on the renal system, particularly in scleroderma renal 
crisis, and may yield secondary cardiovascular benefits. Calcium 
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channel blockers appear to have beneficial effects on myocardial perfu-
sion and might limit progression of overall disease status.101

SPONDYLOARTHROPATHIES
The spondyloarthropathies are a heterogeneous group of inflammatory 
disorders of unclear etiology and include ankylosing spondylitis, reac-
tive arthritis, and arthritis associated with psoriasis or inflammatory 
bowel disease. Observational data suggest that 2% to 10% of patients 
with spondyloarthropathies will develop cardiovascular disease. Despite 
a shared immunologic mechanism, the spectrum of cardiovascular 
disease differs significantly between the disorders.102

Ankylosing spondylitis is associated with a sclerosing inflammatory 
process and deposition of scar tissue typically affecting the mitral and 
aortic valves.103,104 Echocardiography identifies valvular thickening and 
regurgitation in 40% and 50% of patients, respectively.103 Aortic root 
involvement is frequently encountered, with dilation in up to 80% of 
patients103 and the occasional development of sinus of Valsalva aneu-
rysms.105 Although dilation may be asymptomatic, careful monitoring 
of aortic diameter and valvular regurgitation is necessary. Clinical 
predictors of cardiovascular involvement include age older than 45 
years and disease duration in excess of 15 years.103 Importantly, the 
rate of cardiovascular disease progression is often unpredictable and 
unrelated to the severity of extracardiac disease.103

Minor cardiac arrhythmias, including premature ventricular con-
tractions, are common in patients with spondyloarthropathies, although 

their clinical significance is unclear.106 Conduction abnormalities, 
including varying degrees of atrioventricular block, and bundle branch 
block are well described and are related to fibrosis with extension into 
the conduction system. Coronary artery disease and systolic dysfunc-
tion are not frequently encountered, although diastolic dysfunction has 
been described in asymptomatic patients, even in the absence of val-
vular heart disease.107

Extracutaneous involvement in psoriasis is common. Coronary 
artery disease is the most common cause of death within this popula-
tion108 and may be correlated with the severity of cutaneous disease.109 
Obesity and hypertension occur with twice the frequency of the general 
population.110,111 Atherogenic dyslipidemia, including high LDL and 
low high-density lipoprotein cholesterol, is frequently encountered, 
along with insulin resistance and the metabolic syndrome.112 These 
traditional cardiovascular risk factors, coupled with the highly  
inflammatory nature of psoriasis, contribute to the risk of accelerated 
atherosclerosis. Patients with moderate or advanced psoriasis may 
benefit from cardiovascular screening and aggressive risk factor 
modification.108

Reactive arthritis, formerly termed Reiter syndrome, refers to an 
arthritis that develops following an infection. Aortitis and valvular 
heart disease have been described, though much less commonly than 
in other connective tissue diseases.113 A small echocardiographic study 
detected no significant structural heart disease in a group of 18 patients 
with reactive arthritis.114 Conduction abnormalities, including atrio-
ventricular block, have been described.
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Pathologic features in interstitial lung disease
An understanding of the histopathologic classification in ILD is impor-
tant because different histologic subtypes portend a different prognosis. 
The two most common types of ILD associated with rheumatic dis-
eases are non-specific interstitial pneumonia (NSIP) and usual inter-
stitial pneumonia (UIP), followed by lymphocytic interstitial pneumonia 
(LIP), cryptogenic organizing pneumonia (COP), and less frequently 
diffuse alveolar damage (DAD).

UIP is associated with a patchy heterogeneous process with fibrotic 
areas interposed with normal or near normal lung. The distribution 
is predominately subpleural and associated with honeycombing on 
chest computed tomography (CT) (Figs. 35-1 and 35-3). Pathology 
specimens are notable for characteristic fibroblastic foci (Fig. 35-2). 
Although UIP is the classic pathologic lesion observed in IPF patients, 
it can also be seen in RA, SSc, and other rheumatic syndromes; the 
presence of UIP in RA portends a worse prognosis than other histo-
pathologic patterns.3 NSIP is characterized by a more uniform, homo-
geneous pattern, with variable degrees of inflammation (cellular NSIP) 
or fibrosis (fibrotic NSIP) and a noted paucity of fibroblastic foci on 
pathology (Fig. 35-4). Typically, ground-glass opacities are noted and 
are often associated with a reticular pattern and traction bronchiecta-
sis but a lack of honeycombing on chest CT scan (Fig. 35-5). NSIP is 
the histopathologic lung pattern seen more frequently in patients 
affected with rheumatic diseases and appears to have a better overall 
prognosis than UIP.4 COP or cryptogenic organizing pneumonia, for-
merly known as bronchiolitis obliterans organizing pneumonia (BOOP), 
is an inflammatory disease that predominately involves the distal 
airways (acini and respiratory bronchioles) and is characterized by its 
responsiveness to steroids. Histologically it is characterized by alveolar 
and duct granulation tissue. It can be seen in association with many 
rheumatic diseases including SLE, RA, and PM/DM. It has also been 
associated with the use of numerous medications including gold and 
sulfasalazine.5

LIP is characterized by extensive lymphocytic infiltration associated 
with peribronchial lymphoid follicles; it is most often seen in SS and 
RA and may be a feature of ILD in undifferentiated forms of autoim-
mune disease as well.

DAD is notable for the development of hyaline membranes. It can 
develop in a variety of rheumatic syndromes including SLE and DM/ 
PM. DAD can occur de novo or in patients with preexisting lung 
disease; the presence of DAD is usually associated with severe respira-
tory failure and overall poor prognosis.

It is important to note that it is more difficult to predict progression 
in ILD associated with rheumatic syndromes compared with the more 
predictable steady decline associated with idiopathic pulmonary 
fibrosis.

EVALUATION OF PATIENTS WITH LUNG 
INVOLVEMENT IN THE RHEUMATIC DISEASES
Radiographic studies
Chest roentgenography is not particularly sensitive in detecting mild 
forms of ILD; however, it may be useful to exclude other conditions 
such as congestive heart failure, pleural disease, and pneumonia. Chest 
CT scan with high-resolution images (HRCT) is the test of choice in 
detecting ILD, and findings on CT may predate the onset of clinical 
symptoms.6,7 The most common finding in ILD is the presence of 
ground-glass opacities, which are characteristic of inflammatory disease 
and most often associated with NSIP. Another important finding is the 
presence of honeycombing (cystic spaces within clearly definable walls), 

The lung in rheumatic disease
Paul F. Dellaripa and Ivan O. Rosas

 All components of the respiratory system can be involved in the 
lung manifestations of rheumatologic disease.

 Lung disease may precede overt musculoskeletal features by 
several years.

 The pathologic pattern is variable: Different patterns may coexist.
 Pneumonitis due to drugs or opportunistic infection due to 

immunosuppression can complicate diagnosis of lung 
manifestations of rheumatologic disease.

 Each rheumatologic disease has lung patterns of abnormality that 
are more “typical” for that disease.

 High-resolution computed tomography with or without 
bronchoalveolar lavage can be helpful in differentiation of lung 
manifestations: Surgical biopsy may be required where there is 
residual doubt.

 Treatment approaches depend on the dominant pattern of disease.
 Outcome tends to be better than in the idiopathic interstitial 

pneumonias that share common pathologic patterns.
 Rarely, more explosive diffuse lung disease mimicking acute 

respiratory distress syndrome can occur: The outcome of this 
manifestation is often poor.

INTRODUCTION
Pulmonary manifestations of rheumatic diseases are among the most 
significant challenges for the practicing rheumatologist. Specifically, 
interstitial lung disease (ILD) is one of the most worrisome and chal-
lenging complications due to the progressive nature of the disease and 
variable response to therapy and prognosis. Importantly, recent evi-
dence suggests that early disease detection may affect response to 
treatment, especially in cases where inflammatory lung disease is 
present. Rheumatologists will encounter these patients most fre-
quently; hence it is incumbent on them to maintain vigilance for the 
diverse clinical presentations and gamut of lung complications associ-
ated with the rheumatic diseases. This chapter highlights major areas 
of lung involvement in specific rheumatic diseases including airway, 
pleural, vascular and ILD, the latter of which is the main focus of this 
chapter given its importance in rheumatologic practice.

Interstitial lung disease or parenchymal  
lung disease
ILD represents a significant challenge in the management of patients 
with rheumatic diseases. Prognosis is variable and strongly depends  
on the histopathologic pattern noted, some studies suggest that ILD  
associated with rheumatic diseases has a better prognosis than idio-
pathic pulmonary fibrosis (IPF), whereas other studies suggest that 
prognosis is similar.1-3 In order of frequency, ILD in rheumatic disease 
occurs most commonly in scleroderma (SSc), followed by polymyositis/
dermatomyositis (PM/DM), rheumatoid arthritis (RA), and less fre-
quently in Sjögren syndrome (SS) and systemic lupus erythematosus 
(SLE). ILD may precede the development of a specific rheumatic syn-
drome or present as part of a poorly defined or undifferentiated rheu-
matic syndrome that the rheumatologist may be asked to evaluate in 
the setting of active ILD.
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which is pathognomonic for UIP and is found typically in a subpleural 
distribution. There is reasonable correlation of the radiographic appear-
ance on chest CT with histopathologic changes in UIP and NSIP.8 
When performing a chest CT scan, it is important to perform images 
in the prone position to negate the potential effects of gravity, which 
can give the false impression of ILD changes at the bases. Emerging 
technologies using CT-PET and MRI are being investigated. They may 
help to better define and distinguish areas of inflammation and fibrosis 
when compared with standard chest CT scans.

Pulmonary function testing
ILD is characterized by the presence of restriction on spirometry and 
plethysmography (reduced forced vital capacity [FVC], increased ratio 
of forced expiratory volume in 1 second [FEV1] to FVC, a low total lung 
capacity, and low carbon monoxide diffusion capacity [DLCO]).9 The 
6-minute walk test is a useful and simple test that can detect early 

Fig. 35.1 Computed tomography showing the pattern associated with usual 
interstitial pneumonia. Note the peripheral coarse honeycomb pattern that is 
the hallmark of usual interstitial pneumonia.

*

Fig. 35.2 40× view shows characteristic features of usual interstitial 
pneumonia (UIP) with the presence of normal lung (indicated by asterisk) next 
to fibrotic lung, illustrating the temporal heterogeneity of UIP. Fibroblastic foci, 
commonly seen in UIP, are noted by the arrows.

Fig. 35.3 High-resolution computed tomography scan of the chest shows 
fibrotic changes in a subpleural distribution with honeycombing consistent 
with usual interstitial pneumonia.

Fig. 35.4 40× power view shows homogeneous inflammation and fibrosis of 
the interstitium of the lung, characteristic of non-specific interstitial 
pneumonia or NSIP. (Courtesy Lynette Sholl, M.D., Brigham and Women’s 
Hospital.)

Fig. 35.5 High-resolution computed tomography scan of the chest shows 
bilateral ground-glass opacities without honeycombing in a patient with 
dermatomyositis, consistent with non-specific interstitial pneumonia.
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progression of lung function in response to control of reflux, it may be 
beneficial to minimize the risk of reflux by using high-dose proton 
pump inhibitors or consider antireflux surgery in patients with evident 
ILD.

Pulmonary hypertension occurs most frequently in patients with 
limited SSc, especially of long-standing disease duration, affecting 
about 10% of patients with limited SSc.29 In some patients, severe 
pulmonary hypertension and ILD can occur concomitantly, represent-
ing among the most challenging prognostic and therapeutic scenarios. 
Early recognition is important given the now numerous therapeutic 
options available to treat pulmonary hypertension, which may enhance 
survival and quality of life including phosphodiesterase inhibitors, 
endothelin antagonists, and prostacyclin inhibition either alone or in 
combination.30

In summary, the initial pulmonary assessment of all patients with 
scleroderma involves baseline pulmonary function testing, HRCT, and 
echocardiography. Assessment using an algorithm combining findings 
on PFTs and HRCT can aid in prognostication and decisions regarding 
treatment.31 If significant ILD is present with predominantly inflam-
matory disease that appears to be progressive, then a trial of cytotoxic 
or other immune-modulating therapy either with or without steroids 
may be considered, though data supporting their benefit is limited on 
the basis of clinical trials in scleroderma. An approach that affects both 
ongoing inflammation and fibrosis together may ultimately offer a 
more effective therapeutic option. Finally, there are several ongoing 
trials assessing the use of stem cell transplant in patients with aggres-
sive disease and patients with rapidly progressive disease may be con-
sidered for lung transplant in selected centers.32

Rheumatoid arthritis
Pulmonary disease is relatively common in RA. Although morbidity is 
more readily apparent in the articular system, increased mortality, 
observed in the first decade, can mostly be attributed to extra-articular 
organ involvement, in particular of the cardiopulmonary system.3,33,34 
Extra-articular manifestations occur in 40.6% of patients affected with 
RA, and in this subset 12.8% are considered severe and potentially 
disabling. A history of ever-smoking is a strong predictor of extra-
articular organ involvement and may help explain why the cardiopul-
monary system may be responsible for the decreased survival observed 
in a subset of RA patients.35

The lung parenchyma, vasculature, airways, and pleura can be 
involved in RA; however, the most significant pulmonary complication 
is rheumatoid arthritis–associated interstitial lung disease (RA-ILD).36 
The histopathologic patterns associated with RA-ILD are diverse, but 
the two most common patterns are UIP and NSIP. Most interstitial 
pneumonias associated with collagen vascular disease have a slower 
rate of progression and better prognosis than patients with idiopathic 
interstitial pneumonias (i.e., IPF) independent of histopathology clas-
sification3,37,38; however, RA-ILD associated with UIP has a worse 
prognosis than that observed with NSIP. Interestingly, UIP histology 
in lung biopsies of patients with RA-ILD may be more frequent in 
smokers than non-smokers, further supporting the notion that ciga-
rette smoke exposure is an environmental risk factor for the develop-
ment of articular and extra-articular disease and may negatively affect 
outcomes in RA patients.39,40 There is disparate evidence regarding the 
significance of anti-CCP antibodies and citrullination in ILD associ-
ated with RA.41,42

Clinical evidence suggests that the onset of RA-ILD occurs in a 
bimodal distribution with a majority of patients developing ILD a 
decade after the onset of articular manifestations and a minority of 
subjects who develop clinically apparent disease shortly after the devel-
opment of articular disease.43 Remarkably, NSIP is the predominant 
histology found in lung biopsies of the former phenotype while UIP is 
frequently observed in the latter, which may suggest that early develop-
ment of RA-ILD is an indicator of poor prognosis. In a small subset of 
patients lung involvement is the first disease manifestation of RA. 
These patients will usually present with a syndrome consistent with 
idiopathic interstitial pneumonia and NSIP on lung biopsy, with sub-
sequent development of articular symptoms and seropositivity. In 
general this atypical presentation has a similar clinical course, response 
to treatment, and prognosis of other RA-ILD patients.44,45 These diverse 

interstitial or pulmonary vascular disease when oxygen saturation 
drops below 95%; however, the use of the 6-minute walk test in clinical 
practice for this purpose has yet to be validated.10

Bronchoalveolar lavage
The main role of bronchoscopy, bronchoalveolar lavage (BAL), and 
transbronchial biopsy in interstitial lung disease is mainly to determine 
if there is concomitant infection. In rare instances an alternative diag-
nosis is established. It can explain part or all of the underlying lung 
dysfunction. Assessment of cell differentials and specific cell type pre-
dominance, such as a predominance of neutrophils, does not serve as 
an independent predictor of disease progression or response to treat-
ment as noted in the Scleroderma Lung Study.11,12

Lung biopsy
In many cases, where the disease pattern on HRCT clearly favors one 
diagnosis and the clinical features are straightforward, lung biopsy may 
not be necessary or advised. However, when the clinical presentation 
is atypical or poorly differentiated or where other diagnoses such as 
COP or infection are being entertained, a lung biopsy may offer impor-
tant information that can influence treatment decisions.

Systemic sclerosis
Pulmonary disease is the leading cause of mortality and morbidity in 
SSc. Although ILD is the most common pulmonary manifestation, 
other complications such as aspiration pneumonia and pulmonary 
hypertension can occur separately or concomitantly with ILD.

ILD is the most common pulmonary complication in SSc. The 
prevalence of disease varies from 25% to 90% depending on the subtype 
and definition of scleroderma, although clinically significant ILD in 
scleroderma occurs in about 40% to 50% of patients with diffuse 
disease and in about 30% of patients with limited disease.13,14 Most of 
the morbidity and progression of ILD in diffuse SSc occurs in the first 
4 to 5 years, and severe ILD can occur in patients with limited disease 
and also in patients without cutaneous involvement of scleroderma, 
known as sine scleroderma.15,16 The predominant pathologic pattern 
seen is fibrotic NSIP followed by UIP, and rarely COP and DAD may 
be seen.3,17 The pathogenesis of the development of fibrosis is not well 
understood, but both transforming growth factor beta (TGF-β) and 
platelet-derived growth factor amplification likely play an important 
role in disease progression.18-20

At this time there are no clearly identified treatments that are benefi-
cial in ILD associated with scleroderma. After multiple small trials and 
a retrospective analysis suggested a potential benefit of cyclophospha-
mide in ILD and scleroderma, two prospective clinical trials using cyclo-
phosphamide have failed to show clinically significant benefit in terms 
of survival or clinically significant improvement in pulmonary function 
based on HRCT or pulmonary function tests (PFTs). In the Scleroderma 
Lung Study oral cyclophosphamide was used for a duration of 1 year, 
and a small improvement in FVC was noted after 1 year, although this 
benefit was not maintained by the end of year 2.21,22 In another prospec-
tive trial, a trend toward improvement in FVC was noted in a study 
using intravenous cyclophosphamide 600 mg/m2 monthly for 6 months 
with prednisone 20 mg on alternate days followed by azathioprine for an 
additional 6 months.23 In a systematic review of multiple studies using 
cyclophosphamide in SSc ILD measuring mean changes in FVC and 
DLCO as an outcome, no significant improvement was noted in pulmo-
nary function or quality of life.24,25 On balance, despite numerous efforts 
to assess the potential benefit of cyclophosphamide in ILD in sclero-
derma, it appears that the potential benefits are modest and those ben-
efits must be weighed against significant toxicity associated with 
treatment. Novel approaches for the treatment of ILD associated with 
scleroderma include tyrosine kinase inhibition, pirfenidone, mycophe-
nolate mofetil, and endothelin antagonists.26,27

Aspiration related to esophageal dysmotility is commonly seen in 
SSc and may play a role in either the pathogenesis or exacerbation of 
ILD in SSc. In one study, SSc patients with ILD had higher levels of 
esophageal acid exposure and reflux episodes compared with those with 
normal HRCT.28 Although no prospective trials have measured 
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revealed patterns predominantly suggestive of UIP or NSIP; however, 
a review of histopathologic abnormalities in a subset of 22 individuals 
who underwent open lung biopsy demonstrated a preponderance of 
UIP and DAD. Furthermore, these subjects had worse survival than 
that previously reported in myositis-associated ILD. In light of the 
accelerated disease progression associated with a high incidence of 
DAD on biopsy, these findings suggest that a subset of anti-synthetase 
syndrome patients may develop acute clinical exacerbations, as has 
been previously reported in IPF patients.66,67 Similarly, COP, which is 
common in DM/PM, tends to have a worse outcome when associated 
with clinical or CT features suggestive of fibrosing alveolitis.39 These 
patients are likely to fail anti-inflammatory and immunosuppressive 
therapy due to rapidly progressive disease and therefore if otherwise 
eligible should be referred early for a lung transplant evaluation.

Systemic lupus erythematosus
Pleuritic and chest wall symptoms are common in SLE and usually not 
of serious consequence, but more serious lung problems such as pneu-
monitis, pulmonary hemorrhage, and pulmonary hypertension may 
occur and can present significant clinical challenges. As such, they are 
the focus of this discussion.

Chest wall, costochondral pain, and pleurisy are common in SLE, are 
often part of the initial presenting symptoms, and clinically may be dif-
ficult to distinguish between musculoskeletal or pleuritic pain. Pleurisy 
occurs in up to 50% of patients with SLE but only a small percentage  
will actually develop effusions, which are typically exudative with mod-
estly low glucose concentration and complement levels.68 The testing 
of antinuclear antibodies in pleural fluid is generally not indicated and 
usually reflects what is detected in the serum. Treatment is only for 
symptomatic patients and includes non-steroidal anti-inflammatory 
drugs (NSAIDs) in mild cases and corticosteroids in more severe cases.

Acute pneumonitis is a rare, poorly understood but feared complica-
tion of SLE. It is characterized by fever, cough, dyspnea, and progressive 
hypoxemia. Sometimes, hemoptysis may be noted and chest roenteno-
grams show diffuse infiltrates and pleural effusions. Chest CT scan 
may show ground-glass opacities and consolidation. Biopsy of speci-
mens may show DAD with or without alveolar hemorrhage and capil-
laritis. The mortality associated with this syndrome is high, reported 
as 50% in one study of 12 patients.69 Such patients who present with 
this syndrome should be treated aggressively with high-dose steroids 
and consideration for additional immunosuppressive agents such as 
cyclophosphamide, though no controlled trials exist to guide therapy. 
A more chronic interstitial lung disease may rarely develop in SLE, 
which may or may not occur following an acute pulmonary process, 
and as in scleroderma, lung biopsy specimens may show UIP, NSIP, 
and rarely LIP. Treatment considerations are similar as noted earlier 
with ILD related to scleroderma.

Diffuse alveolar hemorrhage can occur in SLE in up to 4% of 
patients.70 It typically occurs in a patient with known SLE who presents 
with dyspnea, cough, and often hemoptysis, though some patients will 
present with anemia and bilateral infiltrates without hemoptysis. In 
patients with known SLE, one must consider underlying infection, 
pulmonary embolism, and capillaritis. Biopsy may reveal bland hemor-
rhage, immune complex deposition, or capillaritis. Distinguishing  
this syndrome from acute pneumonitis can be difficult and is a source 
of considerable controversy. Mortality can be high and treatment 
involves the use of steroids, cyclophosphamide, and in some cases 
plasmapheresis.71,72

Acute reversible hypoxemia can occur in patients with SLE who 
present with unexplained hypoxemia and normal chest roentenograms. 
It is postulated that elevated levels of C3a and upregulation of adhesion 
molecules result in pulmonary leukoaggregation and a leuko-occlusive 
vasculopathy. Treatment with corticosteroids and aspirin can be effec-
tive.73,74 Shrinking lung syndrome has been noted in SLE and is char-
acterized by dyspnea, pleuritic pain, and progressive decrease in lung 
volume. The pathology of this disorder is the subject of controversy, 
thought by some to be due to a myositis or myopathy of the diaphragm, 
whereas others have thought it is due to a primary loss of lung compli-
ance. The syndrome should be thought of in those patients with SLE 
with dyspnea, clear chest roentgenograms, and elevated diaphragms. 
PFTs may show an abnormal diffusion capacity that corrects for alveo-
lar volume, and esophageal manometry may be useful to identify an 

clinical phenotypes suggest that genetic and environmental (i.e., 
smoking) determinants are potential disease modifiers that influence 
outcomes; future clinical studies that focus on molecular phenotyping 
(genetics, gene expression, and proteomics) of patients affected with 
RA-ILD could help us better understand the clinical heterogeneity 
observed in RA-ILD.

Preclinical ILD is relatively common in RA, and studies in which 
open lung biopsies or chest CT scans were performed demonstrate lung 
involvement in greater than 40% of the study population.46-48 In one 
study, 33% of RA patients without dyspnea or cough had interstitial 
lung disease identified by chest CT scans; preclinical ILD like RA-ILD 
was associated with a history of ever-smoking. Importantly, disease 
progression was observed in 57% of those patients after mean length 
of follow-up of 1.5 years,43 suggesting that clinically significant pulmo-
nary fibrosis is likely to develop in a subset of patients affected with 
preclinical RA-ILD. These findings are consistent with a prospective 
study of 29 patients with RA, which showed that 34% of patients fol-
lowed for 24 months had progressive interstitial lung disease49; further 
studies are required to determine the natural history of preclinical 
interstitial lung disease and what patients will go on to develop clini-
cally significant pulmonary fibrosis.

Bronchiectasis or bronchiolectasis is observed in up to 30% of 
patients with RA studied with chest CT scans, though sputum produc-
tion and disease progression is less severe than that observed in idio-
pathic bronchiectasis.50-52 Similarly, obliterative bronchiolitis (OB) is 
more common in RA when compared with other rheumatologic dis-
eases. Although the prevalence of OB is low, the prognosis is poor due 
to the lack of effective treatments. A genetic predisposition appears 
likely, and an association between obliterative bronchiolitis and the 
use of penicillamine has been postulated.

Pulmonary nodules are usually an incidental chest CT finding or, 
less frequently, in an open lung biopsy.50,53 Nodule cavitation may 
result in hemoptysis or pneumothorax, through the rupture of subpleu-
ral nodules. Caplan syndrome consists of nodules associated with coal 
miners’ pneumoconiosis. Pleural disease is common in RA, and pleu-
ritic pain occurs at some time in at least 20% of patients. Pleural 
disease is found in 50% of autopsies. However, clinical evidence of 
pleural disease is found in less than 5% of patients, usually in males, 
and is often asymptomatic.

Dermatomyositis/Polymyositis
The idiopathic inflammatory myopathies are a group of disorders pre-
dominantly characterized by immune-mediated destruction and dys-
function of muscle54; however, the disease frequently involves the skin, 
joints, and cardiopulmonary system.55 The most common variant of 
connective tissue disease–associated ILD is the anti-synthetase syn-
drome in which antibodies directed against Jo-1 (histidyl-tRNA syn-
thetase) and other amino-acyl tRNA synthetases such as PL-12 are 
associated with a clinical syndrome characterized by myositis, fever, 
Raynaud phenomenon, “mechanic’s hands,” arthritis, and interstitial 
lung disease.56,57 As observed in other connective tissue diseases, lung 
involvement precedes other systemic disease in approximately 16% of 
patients.58

Although estimates of the overall incidence of ILD associated with 
inflammatory myopathy range from 5% to 45%,59 lung involvement is 
clearly more prevalent among patients possessing anti-synthetase anti-
bodies. In the anti-synthetase syndrome most reports consist of small 
case series in which the prevalence of ILD is as high as 80% to 95% 
depending on the clinical, functional, and radiographic criteria used to 
define ILD.60 Pathologic case series have shown that ILD associated 
with the anti-synthetase syndrome encompasses a variety of histo-
pathologic subtypes, including NSIP, COP, UIP, and DAD.61-63 As 
expected, response to therapy and overall prognosis largely reflects the 
underlying lung histology. The predominance of NSIP in the majority 
of myositis-associated ILD case series may explain increased survival 
rates when compared with more common idiopathic interstitial pneu-
monias like IPF.56,64

Despite these data, recent evidence suggests that there is a subset 
of anti-Jo-1 antibody–positive individuals who present with a rapidly 
progressive form of ILD that is reminiscent of the acute disease exac-
erbations observed in IPF patients.65 In a study of 90 patients treated 
in a tertiary referral center, 86% met criteria for ILD. Chest CT scans 
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The use of tumor necrosis factor (TNF) modulating agents in 
patients with RA associated with ILD is a matter of significant contro-
versy. A number of case reports have noted progression of underlying 
ILD in patients given TNF inhibitors (mostly infliximab), and there 
have also been reports that ILD has either remained stable or actually 
improved on TNF inhibitors.87,88 RA patients may also have a higher 
risk of bronchiectasis and in more severe cases are at higher risk for 
infectious complication. Therefore in the RA patient with significant 
ILD or bronchiectasis complication, caution should be exercised in the 
use of TNF inhibitors.

The lung and vasculitic syndromes
Diffuse alveolar hemorrhage (DAH) as a result of capillaritis is an 
important feature of various vasculitic syndromes including antineu-
trophil cytoplasmic antibody (ANCA)–associated granulomatous vas-
culitis, microscopic polyangiitis, Goodpasture syndrome, SLE, and 
rarely in RA, cryoglobulinemia, and the antiphospholipid antibody 
syndrome.89 Capillaritis may manifest clinically with hemoptysis, 
though there may be no clinical evidence of bleeding even on bronchos-
copy. Capillaritis should be suspected in patients with respiratory 
symptoms, falling hematocrit, and radiographic abnormalities includ-
ing diffuse lung infiltrates, ground-glass opacities, and elevated diffu-
sion capacity as the main clues to active bleeding in the lung. In cases 
of ANCA-associated vasculitis and anti-GBM disease, these findings 
are often accompanied by active glomerulonephritis, the so-called pul-
monary renal syndrome. Lung biopsy may be helpful to distinguish 
pauci-immune disease associated with ANCA versus immune complex– 
and complement-mediated diseases seen in SLE or anti-GBM disease 
seen in Goodpasture syndrome, though tissue is often more accessible 
from the kidney or other sources with less morbidity. Fibrosis and 
airflow obstruction as a result of chronic inflammation have been noted 
in ANCA-associated lung disease.90,91 Treatment involves high-dose 
corticosteroids, cyclophosphamide, rituxan, or other immunomodulat-
ing agent and consideration in severe cases for plasmapheresis, espe-
cially in Goodpasture syndrome, though its utility in ANCA-associated 
pulmonary hemorrhage syndromes is uncertain.

TREATMENT OF INTERSTITIAL LUNG DISEASE 
ASSOCIATED WITH THE RHEUMATIC DISEASES
Outside of scleroderma, there are no prospective, randomized trials for 
the treatment of ILD in the rheumatic diseases. Therapeutic choices in 
ILD and the rheumatic disease have therefore been extrapolated from 
the scleroderma experience, which may not be appropriate given the 
varied histopathologic patterns and natural history seen in the lung of 
the different rheumatic diseases. In patients with active clinical symp-
toms and evidence of ground-glass opacities on CT scan and/or cellular 
NSIP on lung biopsy, a trial of anti-inflammatory therapy with high-
dose steroids and a second agent such as cyclophosphamide, mycophe-
nolate mofetil, azathioprine, or a calcineurin inhibitor such as tacrolimus 
or cyclosporine are reasonable options. In patients with predominantly 
fibrotic ILD, no clear therapeutic regimen can be recommended, though 
agents such as N-acetyl cysteine, mycophenolate mofetil, pirfenidone, 
or other emerging agents that have antifibrotic effects may prove benefi-
cial. New and emerging T and B cell–based therapies (e.g., used in RA) 
may have a beneficial effect on coexisting lung disease.92-95 In all such 
patients who are treated, prophylaxis for Pneumocystis jiroveci pneu-
monia should be considered and immunization against influenza and 
pneumococcal pneumonia is strongly recommended.

In summary, great challenges still exist in our understanding of the 
natural history and treatment of ILD and other pulmonary manifesta-
tions in the rheumatic diseases. A close interaction between rheuma-
tologist and pulmonologist can be particularly helpful in those patients 
with pulmonary disease who have either overt or subtle findings that 
may suggest a rheumatic syndrome. Expertise in capillary microscopy, 
eliciting subtle clues on clinical examination and interpretation of 
sophisticated immunologic testing are of great importance in establish-
ing the appropriate diagnosis and tailoring treatment. Working in close 
collaboration with pulmonologists, radiologists, and pathologists, rheu-
matologists have much to offer to this most challenging group of 
patients.

abnormality in lung compliance. Corticosteroids, theophylline, and 
other immunosuppressive therapy may be beneficial, though generally 
the disorder is self-limiting.75

Pulmonary hypertension occurs in a small but significant portion 
of patients with SLE. Mild to moderate disease may occur in up to 40% 
of patients. Pulmonary function testing may show restriction, reduced 
DLCO, desaturation with exercise, and evidence of right ventricular 
hypertrophy by echocardiography, though right heart catheterization  
is required to confirm the diagnosis.76 In addition, recurrent thrombo-
emboli can result in pulmonary hypertension, especially in those with 
the antiphospholipid antibody (APLA) syndrome. In those patients 
with APLA and pulmonary hypertension, assessment with ventilation-
perfusion scanning or CT with pulmonary artery protocol should be 
performed. Treatment in pulmonary hypertension is similar to that 
described for scleroderma.77,78 In some cases pulmonary hypertension 
in SLE may be due to pulmonary vasculitis as opposed to a plexogenic 
vasculopathy, and cyclophosphamide and rituxan may be useful thera-
peutic interventions.79,80

Sjögren syndrome
SS may have a variety of pulmonary manifestations, including bron-
chial and airway narrowing, interstitial lung disease, and lymphopro-
liferative disease including in rare cases lymphoma.

Patients with SS frequently complain of a dry cough, with evidence 
of hyperactive airways secondary to inflammatory infiltration of bron-
chial submucosa.81 Interstitial lung disease includes NSIP, UIP, COP, 
and LIP with NSIP noted most frequently.82 LIP, though rare in general, 
can be seen in SS in addition to other rheumatic diseases and findings 
on CT include ground-glass opacities, centrilobular nodules, subpleural 
nodules, and patchy areas of consolidation. On histopathology, T and 
B lymphocytic infiltrates are notable and rarely can progress to end-
stage interstitial fibrosis. In certain cases, the distribution of lympho-
cytic infiltration is more localized to the bronchial tree, known as 
follicular bronchiolitis.

Nodular lymphoid hyperplasia (pseudolymphoma) may also occur 
in SS and is characterized by pulmonary nodules or infiltrates contain-
ing reactive lymphoid cells. The presence of such lesions on CT may 
be difficult to distinguish from B-cell lymphoma of the extranodal 
marginal zone B-cell type (MZCL) of MALT type or more aggressive 
forms of non-Hodgkin lymphoma and thus biopsy may be required.83 
Treatment options for ILD associated with SS include corticosteroids 
and additional agents such as cyclophosphamide, azathioprine, myco-
phenolate mofetil, and emerging agents using B-cell deletion.

Drug-induced lung injury
A host of medications used in rheumatologic practice have been impli-
cated in lung injury, most notably methotrexate (MTX). MTX lung 
toxicity usually presents within the first 1 to 2 years of initiation of 
the drug, and clinical presentations can range from a cough to fulmi-
nant presentations with fever, progressive dyspnea, and life-threatening 
respiratory failure. X-ray and CT findings may show diffuse or focal 
infiltrates and pathologic findings include prominent lymphocytic infil-
tration, acute interstitial pneumonia, and sometimes COP. Although 
a chronic fibrotic lung reaction to MTX has been implicated, there is 
no clear evidence to support this concept and many cases labeled as 
chronic MTX fibrotic disease probably represent progression of under-
lying ILD in patients with RA. Risk factors for MTX lung disease 
include older age, diabetes hypoalbuminemia, and perhaps previous 
lung disease, though it is unclear if preexisting lung disease is a risk 
factor for the development of MTX-induced lung toxicity.84 In patients 
with minimal underlying lung disease it is reasonable to consider using 
MTX, though with careful observation and monitoring.

Leflunomide may have an incidence of pneumonitis in up to 1% of 
patients and this occurrence may be more common in patients previ-
ously treated with methotrexate.85,86 Other agents used in rheumato-
logic practice that may result in pulmonary toxicity include azathioprine, 
sulfasalazine, minocycline, NSAIDs, D-penicillamine, gold, and cyclo-
phosphamide. In all cases of suspected drug-induced lung toxicity, 
treatment involves cessation of therapy in mild cases, consideration of 
underlying infection using bronchoscopy, BAL if needed, and use of 
corticosteroids in more severe cases.
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smokers. The onset of bloody diarrhea after a patient has  
quit smoking is consistent with the diagnosis of UC until proven  
otherwise. The extent of colonic involvement determines the UC 
patient phenotype. UC phenotype is typically broken down into three 
groups: inflammation limited to the rectum (ulcerative proctitis), 
inflammation limited to the left colon (left-sided colitis), and inflam-
mation proximal to the splenic flexure (extensive or pancolitis). The 
amount of colonic involvement is important because patients with 
pancolitis are more likely to be treated with steroids, become hospital-
ized for UC, undergo colectomy, and develop colorectal cancer.2,3 
Patients with UC have disease limited to the colon only; endoscopic 
examination reveals inflammation beginning at the anal verge and 
extending proximally in a continuous fashion. The inflammatory 
process in UC tends to be more superficial compared with Crohn 
disease. Decreased anatomic markings, friability, and erosions are 
endoscopic hallmarks of the disease (Fig. 36.1). Patients with severe 
disease can have large or confluent ulcerations, making differentiation 
from CD difficult. Small bowel involvement does not occur except in 
patients with pancolitis who have “backwash ileitis” (inflammation in 
the distal 5 cm of terminal ileum). Skip lesions should not be seen; 
however, once patients undergo medical therapy, especially with oral 
or topical agents, the inflammation can appear patchy. Biopsies typi-
cally reveal both acute and chronic inflammation; active colitis is 
defined by the presence of neutrophils in the crypts (cryptitis and crypt 
abscess), whereas chronicity is established by expansion of the basal 
surface with plasma cells and lymphocytes, with distortion of the 
architecture (Fig. 36.2).

Crohn disease can affect any location in the gastrointestinal tract 
from the mouth to the anus. The terminal ileum is the most commonly 
affected site. CD is distinguished from UC by the presence of small 
bowel involvement, development of strictures and/or fistulas, endo-
scopic appearance, and histopathologic findings (Table 36.1). Symp-
toms of CD are heterogeneous and depend on the patient’s phenotype.4 
Patients with inflammatory CD usually present with nonbloody diar-
rhea and crampy lower abdominal pain. Systemic symptoms may or 
may not be present. Patients with obstructing CD usually present with 
intermittent abdominal pain, bloating, borborygmi, and obstipation. 
The symptoms are usually exacerbated by eating. Nausea and emesis 
can be seen as the strictures become more severe. The diarrhea associ-
ated with obstructive CD usually occurs after an episode of pain and is 
associated with relief of symptoms (postobstructive diarrhea). Patients 
with penetrating CD present with fistulas from a segment of bowel to 
adjacent organs or to another loop of intestine. Sinus tracts or severe 
transmural inflammation can result in intra-abdominal abscess forma-
tion. Twenty to forty percent of patients develop perianal fistulas with 
or without abscess.5 This complication results in perianal pain and 
drainage from the fistula sites. Fistulas associated with abscess are often 
associated with severe pain and systemic symptoms. The endoscopic 
appearance in patients with CD is usually easily distinguishable from 
UC. Small bowel imaging can demonstrate ulcerations, stricture, or 
fistula in the small bowel. Rectal involvement is less common and 
patients typically have “skip lesions” with areas of normal intervening 
mucosa. The ulcerations seen in CD are typically large, deep, and can be 
serpiginous. The earliest lesions in CD are aphthous ulcers similar to 
those seen in the oral mucosa (Fig. 36.3). On histopathology, an acute 
and chronic inflammatory process is seen as in patients with UC; 
however, surgical specimens can reveal transmural inflammation and 
transmural lymphoid aggregates. Mucosal biopsies reveal pathogno-
monic noncaseating granulomas in 30% to 50% of patients (Fig. 36.4).6

Gastrointestinal tract and  
rheumatic disease
Talia Landau and Raymond Cross

 Abdominal symptoms in a patient with arthritis may reflect several 
different etiologies.

 Inflammatory bowel diseases, particularly Crohn disease and 
ulcerative colitis, are often complicated by the development of 
peripheral or axial arthritis.

 Most systemic rheumatic diseases can be associated with 
intermittent inflammation involving the gastrointestinal tract.

 A number of antirheumatic drugs can produce gastrointestinal 
symptoms; gastropathy induced by non-steroidal anti-
inflammatory drugs is by far the most common such adverse event.

 Tumor necrosis factor-α blockade produces a rapid significant 
clinical effect both on the intestinal symptoms of Crohn disease 
(CD) and on the manifestations of peripheral and axial arthritis of 
inflammatory bowel disease–associated spondyloarthropathy.

INTRODUCTION
Gastrointestinal illnesses have long been recognized to be associated 
with extraintestinal manifestations of disease. It is not known why 
extraintestinal complications of disease occur; however, because many 
of these complications occur in patients with active gastrointestinal 
inflammation, it has been postulated that increased intestinal perme-
ability resulting from the underlying inflammatory process allows 
luminal antigens to be presented to the systemic immune system. 
Alternatively, because many inflammatory gastrointestinal illnesses 
cause a systemic inflammatory response, it is possible that the joint 
and other sites are “innocent” bystanders in the inflammatory process. 
Recent evidence has linked adhesion molecules, vascular adhesion 
protein-1, and T cells bearing B7 integrin to joint synovial fluid,1 pro-
viding a direct link between intestinal and joint inflammation. Gastro-
intestinal diseases that have been linked to inflammatory arthritis 
include but are not limited to inflammatory bowel disease, composed 
of ulcerative colitis and Crohn disease, celiac disease, bacterial enteri-
tis, Whipple’s disease, vasculitides, Behçet’s syndrome, and micro-
scopic colitis. This chapter briefly reviews the gastrointestinal diseases 
associated with inflammatory arthritis and describes the joint findings 
associated with each disease.

INFLAMMATORY BOWEL DISEASE: CROHN 
DISEASE AND ULCERATIVE COLITIS
Inflammatory bowel diseases (IBD), composed of ulcerative colitis and 
Crohn disease, are chronic inflammatory conditions of the intestines 
typically affecting young adults. The etiology of IBD is unknown. 
However, a combination of a genetic predisposition, dysregulated 
immune system, and environmental antigens are thought to play a role 
in development of IBD. Crohn disease (CD) and ulcerative colitis (UC) 
are usually easily distinguished from each other by clinical symptoms, 
endoscopic findings, and histologic findings. However, in approxi-
mately 15% of cases, differentiation between CD and UC is difficult. 
These patients are classified as having IBD type undetermined or 
indeterminate colitis. The extraintestinal manifestations, treatment 
options, and prognoses differ by disease.

Ulcerative colitis usually presents with bloody diarrhea. UC is seen 
more often in never smokers and former smokers, as opposed to active 
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Fig. 36.1 Endoscopic findings in a patient with ulcerative colitis. The entire 
visualized mucosa is affected in a continuous fashion with loss of the normal 
vascular markings and light reflex. The mucosa is erythematous, friable, and 
ulcerated.

Fig. 36.2 Section of colon showing classic features of active chronic disease 
including marked architectural distortion (crypt branching, crypt atrophy, crypt 
dropout), as well as expansion of lamina propria by lymphoplasmacytic 
infiltrate and focal crypt abscesses (original magnification: 40×). (Photo courtesy 
Harris Yfantis, M.D.)

TABLE 36.1 CROHN DISEASE AND ULCERATIVE COLITIS

Symptoms Gastrointestinal involvement Endoscopic findings Pathology

Crohn disease Abdominal pain, non-bloody 
diarrhea, perianal and internal 
fistulas, active smokers

Can involve intestine from 
mouth to anus

Skip lesions, serpiginous or deep 
ulcerations, strictures, fistulas, small 
bowel involvement

Transmural inflammation, 
non-caseating 
granulomas, skip lesions

Ulcerative colitis Bloody diarrhea, tenesmus, 
never or former smokers

Colon only Superficial erosions or smaller 
ulcerations, continuous involvement 
from rectum to proximal colon

Continuous histologic 
inflammation from 
rectum to proximal colon

Fig. 36.3 Endoscopic findings from the ileum in a patient with Crohn disease. 
Deep linear and serpiginous ulcers with intervening edematous mucosa are 
present (“cobblestoning”).

Fig. 36.4 Section of colon showing multiple epithelioid granulomas with 
surrounding chronic inflammation (original magnification: 40×). (Photo 
courtesy Harris Yfantis, M.D.)
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arthritis. IBD-related peripheral arthritis is diagnosed clinically because 
radiology is often normal and shows no signs of joint erosion or defor-
mity. Pauciarticular arthritis in IBD is more common than polyarticu-
lar arthritis. Men and women are affected equally. Pauciarticular 
arthritis tends to be acute and self-limited, commonly affecting large 
joints such as the knees, wrists, and ankles. Its presentation coincides 
with active disease and often emerges on relapses of IBD. The duration 
of arthritis can last for up to 10 weeks, with a mean of 5 weeks; 
however, 10% to 20% of patients with pauciarticular arthritis will 
develop persistent joint symptoms.15 Pauciarticular arthritis is associ-
ated with an increased risk of other EIMs such as erythema nodosum 
and uveitis (see Table 36.1).

Polyarticular arthritis commonly affects the small joints in the 
hand, particularly the metacarpophalangeal (MCP) joints.13 Its presen-
tation is independent from the activity of the disease.16 In fact, poly-
articular arthritis can occur before the diagnosis of IBD. The 
presentation can be insidious with symptoms lasting for years, with a 
mean of 3 years. Polyarticular arthritis is associated with uveitis (see 
Table 36.1).

AXIAL ARTHRITIS ASSOCIATED WITH 
INFLAMMATORY BOWEL DISEASE
The axial arthritides are composed of sacroiliitis and ankylosing spon-
dylitis. Sacroiliitis occurs in 4% to 32% of patients with IBD, although 
it is often asymptomatic and detected radiographically.17 The varying 
incidences can be explained by whether the diagnosis is made on the 
basis of clinical symptoms, by plain radiograph, or by cross-sectional 
imaging with computed tomography (CT) scan (Fig. 36.5). Patients 
typically present with stiffness and/or pain in the buttocks that is worse 
in the morning or after rest. The symptoms typically improve with 
exercise. Initial plain radiographs will show unilateral or bilateral iliac 
erosion, followed by fusion of the sacroiliac joint from chronic inflam-
mation. Sacroiliitis occurs more commonly in patients with CD than 
in patients with UC.18 Patients with CD-related sacroiliitis are more 
likely to develop peripheral arthritis.19

IBD-associated ankylosing spondylitis (AS) manifests identically to 
idiopathic ankylosing spondylitis and is estimated to occur in 4% to 
10% of IBD patients,20,21 although it has been theorized that this 
number would be larger if all patients suffering from ankylosing 

EXTRAINTESTINAL MANIFESTATIONS OF 
INTESTINAL BOWEL DISEASE
In addition to the effects that IBD has on the gastrointestinal tract, 
extraintestinal manifestations (EIMs) associated with CD and UC are 
common, occurring in 20% to 30% of patients.7 Although joint mani-
festations are the most common EIMs, the oral cavity, eyes, skin, bone, 
kidneys, and biliary tract can also be involved. The incidence of EIMs 
differs between CD and UC, and the presentation of extraintestinal 
symptoms varies with regard to onset, site, and activity of the bowel 
disease. With regard to extent of the disease, widespread bowel involve-
ment is associated with greater odds of developing EIMs than more 
limited bowel disease. For example, patients with extensive UC experi-
ence EIMs, 22% of the time, whereas patients with left-sided colitis 
and proctitis have EIMs 12% and 5% of the time, respectively.9 Like-
wise, patients with ileocolonic CD have EIMs 37% of the time com-
pared with 25% of the time in patients with isolated ileal disease.10 
Some EIMs, such as large joint monoarticular arthritis tend to occur 
when the bowel disease is active, whereas other EIMs, such as small 
joint symmetric arthritis occur prior to diagnosis of IBD or when the 
disease is quiescent. There are some trends in gender differences and 
age of presentation seen with certain EIMs. For example, women are 
more likely to have erythema nodosum and ocular manifestations 
whereas men are more likely to have primary sclerosing cholangitis 
and ankylosing spondylitis.11 A description of the most common EIMs 
in patients with IBD is provided in Table 36.2.11,12,13 We discuss the 
joint manifestations in detail and have divided these disorders into 
peripheral and axial arthritis.

PERIPHERAL ARTHRITIS ASSOCIATED WITH 
INFLAMMATORY BOWEL DISEASE
Peripheral arthritis, both polyarticular and pauciarticular, is estimated 
to occur in 10% to 20% of patients with IBD, with a higher prevalence 
of peripheral arthritis in CD compared with UC.14,15 Recent studies 
have suggested several etiologies of IBD-associated peripheral arthritis. 
HLA-DR103 and HLA-B*27 have been associated with pauciarticular 
arthritis, and HLA-B44 has been associated with polyarticular arthri-
tis.8 Further, increased gut permeability to bacterial antigens may result 
in the induction of articular symptoms, primarily pauciarticular 

TABLE 36.2 EXTRAINTESTINAL MANIFESTATIONS OF DISEASE IN PATIENTS WITH INFLAMMATORY BOWEL DISEASE

EIM Description Epidemiology Presentation Treatment

Erythema 
nodosum

Painful, tender, raised, red nodules, often 
found on the anterior lower legs

1%-9% UC
6%-15% CD
5 : 1 female-to-male

90% are associated with active bowel disease Resolve with treatment of 
active bowel disease

Pyoderma 
gangrenosum

Ulcers on lower limbs, trunk, and adjacent 
to surgical stomas

0.5%-2% IBD Not associated with active bowel disease Immunosuppressive therapy; 
occasionally have 
spontaneous resolution

Aphthous ulcers Oral ulcerations in buccal mucosa 20%-30% CD Associated with active bowel disease
Associated with ocular and articular symptoms

Resolve with treatment of 
active bowel disease12

Uveitis Eye pain, redness, loss of visual acuity, 
floaters

3 : 1 
female-to-male13

Anterior uveitis: 30% associated with 
erythema nodosum

Posterior uveitis: 90% associated with arthritis; 
particularly ankylosing spondylitis13

Topical corticosteroids; 
systemic immune 
suppressants for severe 
cases

Episcleritis Eye redness, irritation, and watering 3 : 1 female-to-male
5%-8% IBD

Associated with active bowel disease Resolve with treatment of 
active bowel disease or 
topical corticosteroid 
therapy

Primary 
sclerosing 
cholangitis

Recurrent biliary sepsis, abdominal pain, 
pruritus, complications of portal 
hypertension and end-stage liver disease

Male 
preponderance

7% UC11

Not associated with active bowel symptoms; 
associated with colorectal cancer

Supportive therapy, manage 
complications of disease

CD, Crohn disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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Fig. 36.5 Frontal radiograph of the lumbar spine shows fine bridging bone 
(syndesmophytes) across the intervertebral disc space (short black arrows), as 
well as ossification of the posterior interspinous ligaments (long black arrow). 
This results in a bamboo spine that predisposes to spinal fractures (white 
arrow). The sacroiliac joints are fused. (Photo courtesy Jade Wong, M.D.)

Fig. 36.6 Frontal view obtained during mesenteric arteriography in a patient 
with polyarteritis nodosa who presented with a gastrointestinal bleed from a 
gastroduodenal artery aneurysm that was embolized. There are 
microaneurysms in the branches of the superior mesenteric artery (large 
arrows) and areas of saccular vessel dilatation (small arrows). (Photo courtesy 
Jade Wong, M.D.)

TABLE 36.3 ORGANISMS ASSOCIATED WITH REACTIVE ARTHRITIS

Campylobacter jejuni Clostridium difficile

Yersinia enterocolitica Chlamydia trachomatis

Yersinia pseudotuberculosis Salmonella typhimurium

Shigella flexneri Salmonella enteritidis

Shigella dysenteriae

spondylitis were assessed for IBD.22 Males and females are equally 
affected. IBD-related ankylosing spondylitis has a strong genetic sus-
ceptibility, with a strong correlation to the HLA-B*27 antigen. Symp-
toms of AS may include thoracic or lumbar pain, alternating buttock 
pain or chest pain, and morning stiffness of the spine and thorax. The 
spinal vertebrae of the lumbar, thoracic, and cervical regions may fuse, 
forming a “bamboo spine” that limits mobility, causes changes in 
posture, and a loss of flexibility.23,24 The spine can easily fracture in 
response to minor trauma (Fig. 36.6). Radiographically, formation of 
characteristic syndesmophytes between the vertebral bodies will be 
seen, as the annulus fibrosus gradually ossifies.21 Axial arthritic symp-
toms manifest several years before active IBD is detected, and they are 
considered independent in their disease course from the underlying 
bowel disease.14,25

Arthralgias without frank arthritis occur in 14% of CD patients 
compared with 5% of UC patients.15 Arthralgias can affect any joint. 
Their presentation coincides with active disease and emerges on 
relapses of IBD. The only exception is in the case of arthralgias associ-
ated with steroid withdrawal (pseudorheumatism or steroid withdrawal 
syndrome). In this clinical situation, joint pain coincides with steroid 
withdrawal requiring escalation of the corticosteroids.

We have described extraintestinal joint manifestations in relation 
to inflammatory bowel disease; now the discussion focuses on non- 
IBD enteropathies and their associated EIM, including articular 
symptoms.

BACTERIAL ENTERITIS
Bacterial enteritis refers to infection and inflammation of the intes-
tines, caused by infection with a variety of bacterial pathogens includ-
ing Campylobacter jejuni, Clostridium difficile, Yersinia enterocolitica, 
Yersinia pseudotuberculosis, Shigella, and Salmonella. A list of all 
organisms associated with reactive arthritis is shown in Table 36.3. 
Symptoms related to bacterial enteritides usually present acutely and 
include nonbloody or bloody diarrhea, abdominal cramping, and sys-
temic symptoms. Patient history is important in the determination of 

the causative bacteria. Benefits of empiric antibiotic treatment are 
questionable in healthy adults; further antibacterial treatment can 
precipitate hemolytic uremic syndrome in patients with enterohemor-
rhagic Escherichia coli.

Approximately a quarter to a third of patients with bacterial enteritis 
will develop reactive arthritis,26 usually within a few days to a few 
weeks following infection.27 In the majority of patients, the arthritis 
involves multiple joints, is migratory, and involves large joints. The 
arthritis tends to be asymmetric and usually affects the lower extremi-
ties more than the upper extremities. In addition, patients can develop 
an enthesitis or sacroiliitis. The arthritis is usually self-limiting, lasting 
a week to several months28; however, a chronic, relapsing arthritis 
occurs in a minority of patients.29 The presence of HLA-B27 is associ-
ated with an increased likelihood of developing reactive arthritis, an 
increase in its severity, and likelihood of chronicity.26 Treatment of the 
underlying bacterial enteritis with antibiotic therapy has not proven to 
hasten resolution of the joint symptoms.30

CELIAC DISEASE
Celiac disease is a chronic inflammatory condition of the proximal 
small intestine resulting from exposure to gluten in a genetically pre-
disposed host. Celiac disease occurs primarily in Caucasians of North-
ern European descent, with a prevalence in North America of 1 in every 
133 people affected, with a higher prevalence among first degree 



CH
A

PTER 36 
● G

astrointestinal tract and rheum
atic disease 

325

involvement, either sacroiliitis or spondylitis.40 Large joints are more 
commonly affected over small joints. The arthritis is migratory and 
the same joint is not always affected. Joint destruction does not occur. 
Joint involvement tends to occur several years before development of 
other clinical signs of the disease, and the duration of involvement is 
transient—spanning from hours to days. Treatment of Whipple disease 
with antibiotics will also result in resolution of joint symptoms.

POLYARTERITIS NODOSA
Polyarteritis nodosa (PAN) is a necrotizing vasculitis that affects small 
and, predominantly, medium-sized arteries. The typical age at presen-
tation ranges from 40 to 60 years. There is no known etiology for this 
vasculitis, although numerous infectious agents have been implicated 
in the pathogenesis; for example, PAN develops within the first 6 
months of an HBV infection as a result of immune-complex forma-
tion.41 PAN causes transmural inflammation of blood vessels, leading 
to fibrinoid necrosis and formation of cutaneous nodules along super-
ficial arteries. PAN can manifest systemically, with multi-organ 
involvement, including the gastrointestinal tract, kidneys, joints, brain, 
and heart. Patients often present with systemic constitutional symp-
toms such as fever, fatigue, weight loss, arthralgias, and myalgias. 
Gastrointestinal symptoms usually affect the small intestine, mani-
festing in approximately 50% of patients with PAN.42 The symptoms 
are highly variable from postprandial periumbilical pain to nausea and 
vomiting secondary to bowel infarction and perforation. PAN is treated 
with systemic steroids and immunosuppressive drugs.

Joint disease can also result from PAN, with more extensive joint 
involvement the longer PAN is present. It is estimated that 50% of 
patients with PAN present with arthralgias/arthritis, with large joints 
preferentially affected.43 Males tend to present with articular symptoms 
almost twice as frequently as women. The systemic manifestations of 
polyarteritis nodosa, including joint symptoms, often resolve with 
treatment of PAN.

HENOCH-SCHÖNLEIN PURPURA
Henoch-Schönlein purpura (HSP) is an immunoglobulin A–mediated 
small vessel necrotizing vasculitis that is also characterized by fibrinoid 
destruction of blood vessels. HSP is the most common vasculitis of 
childhood, seen predominantly in children from the age of 3 to 10 years 
following a streptococcal upper respiratory tract infection. However, 
the disease may occasionally manifest in adults. Males are twice as 
likely to be affected as females. Like polyarteritis nodosa, the etiology 
of this vasculitis has yet to be discovered. HSP will often present with 
a tetrad of symptoms, including palpable purpura around the buttocks 
and lower extremities, arthritis or arthralgias, abdominal pain, and 
renal disease, most commonly hematuria with or without proteinuria. 
Any of the four major symptom complexes can be the initial presenting 
symptom. Additionally, the classic tetrad of symptoms is not seen in 
each case. Diagnosis is usually based on clinical symptoms, but if there 
is any doubt, a skin biopsy can be used to confirm the diagnosis. 
Because HSP is self-limiting in 50% of patients, some argue that sup-
portive care is the only indicated therapy, whereas others contend that 
medical treatment with corticosteroids and immunosuppressants 
improves renal outcomes in patients with HSP.46,47

Joint symptoms are the second most common manifestation of 
HSP, occurring in approximately 70% of patients,48 with a higher fre-
quency in adult-onset HSP.49 In 25% of patients, the arthritis precedes 
the purpura by approximately 1 week.50 The symptoms are transient 
and non-deforming and vary from mild arthralgias to debilitating 
arthritis; however, inflammatory arthritis is more commonly seen than 
arthralgias alone. Larger joints are more commonly affected such as 
the ankles, knees, and wrists. Retrospective studies have shown that 
HSP-associated arthritis is effectively relieved with corticosteroids.47

BEHÇET’S SYNDROME
Behçet syndrome is a rare, chronic, multisystem vasculitis involving 
both the arterial and venous circulations, with a particular predilection 
for blood vessels in the oral and genital mucosa. Behçet syndrome is 
most frequently seen in the Middle East, Far East, and Mediterranean, 
in patients 25 to 35 years of age. There is no known cause for this 

relatives of people with Celiac disease.31 However, the prevalence may 
even be underestimated because a significant proportion of patients are 
either undiagnosed or asymptomatic. The disease is associated with 
HLA class II alleles DQA1*0501 and DQB1*0201.32 Ingestion of 
gluten leads to an inappropriate T cell–mediated inflammatory 
response, causing damage to the small intestine and eventual destruc-
tion of the intestinal villi. Destruction of the villi results in a malab-
sorption syndrome. Symptoms of celiac disease include chronic 
nonbloody diarrhea, weight loss, abdominal bloating and distention, 
and overall failure to thrive.33 In adults, the presentation can be more 
protean. The most common clinical presentation in adults is iron 
deficiency anemia.34 Celiac disease is diagnosed by biopsy of the small 
intestine, which reveals increased lymphocytes, crypt hyperplasia, and 
varying degrees of villous atrophy (Fig. 36.7). The treatment for celiac 
disease is a gluten-free diet, which almost always leads to resolution 
of symptoms. Celiac disease is associated with a variety of extraintes-
tinal manifestations, including aphthous ulcers, dermatitis herpetifor-
mis, and development of reactive arthritides.35

Celiac disease–associated arthritis can be peripheral, axial, or both36 
and commonly affects the lumbar spine, hips, and knees.37 The joint 
symptoms often precede the diagnosis of celiac disease. Treatment 
with a gluten-free diet not only improves the intestinal symptoms and 
anemia but has been shown to decrease the duration of joint symptoms 
resulting in resolution of the arthritis within 6 months.34

WHIPPLE’S DISEASE
Whipple disease is a rare, chronic systemic infection caused by  
the actinomycete Tropheryma whippelii. Approximately 12 new 
cases are diagnosed annually around the world,38 occurring predomi-
nantly in Caucasian males between 40 and 60 years of age.39 T. whip-
pelii is thought to cause chronic infection by evading the immune 
system; there may be a correlation between Whipple disease and  
the host’s defective ability to clear the bacteria.39 Patients with 
Whipple disease typically present with diarrhea secondary to fat mal-
absorption (steatorrhea), weight loss, fever of unknown origin, and 
arthritis. Neurologic symptoms are present in a minority of cases. 
Whipple disease is diagnosed by biopsy of the small intestine revealing 
lymphatic dilation, with periodic acid–Schiff (PAS)-positive macro-
phages and gram-positive, acid-fast–negative bacilli in the lamina 
propria. Whipple disease is successfully treated with long-term use of 
antibiotics such as trimethoprim-sulfamethoxazole.

Arthritis is estimated to occur in 65% to 90% of cases of Whipple 
disease, with approximately 25% of patients presenting with axial 

Fig. 36.7 Duodenal mucosa with marked villous blunting and crypt 
elongation. There is intraepithelial lymphocytosis, and the lamina propria is 
expanded by increased numbers of lymphocytes and plasma cells (original 
magnification: 4×). (Photo courtesy William Twaddell, M.D.)
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associated autoimmune condition, most commonly thyroid disorders, 
celiac disease, diabetes mellitus, or rheumatoid arthritis.56 Microscopic 
colitis is differentiated on the basis of colonic mucosal biopsies from 
the colon and rectum; the endoscopies in both CC and LC are normal. 
CC manifests as excess subepithelial collagen deposition, with chronic 
mononuclear inflammation in the lamina propria, whereas LC causes 
increased intraepithelial lymphocytes with a normal collagen layer. 
Microscopic colitis is treated with antidiarrheals, bismuth subsalicy-
late, 5-aminosalicylates, budesonide, or corticosteroids with varying 
successes.

Articular symptoms will rarely accompany collagenous colitis, 
occurring in up to 7% of patients.57 The arthritis is transient, nonero-
sive, and oligoarticular. Peripheral joints are most commonly affected, 
including the MCP, interphalangeal, and wrist joints. The arthritis will 
resolve with treatment of the collagenous colitis.58

CONCLUSION
Extraintestinal involvement, particularly of the joints, is relatively 
common in patients with gastrointestinal disease. The etiology for 
joint involvement is not known but may relate to increased antigen 
presentation to the immune system secondary to increased gut perme-
ability or action of systemic cytokines on the joint. The list of gastro-
intestinal illnesses that affect the joints is extensive. The presentation 
of arthritis is highly variable and may affect the peripheral versus axial 
joints and one, few, or many joints. It may or may not correspond to 
the underlying gastrointestinal symptoms. Most of the arthritides do 
not result in progressive joint destruction; improvement in the joint 
symptoms often coincides with treatment of the underlying disorder. 
The prognosis for many of these forms of arthritis is excellent. Inter-
nists, gastroenterologists, and rheumatologists need to be aware of the 
relationship between joint symptoms and gastrointestinal disease to 
improve accuracy of diagnosis and improve clinical outcomes.

syndrome, but hypotheses range from autoimmune etiologies, immune 
circulating complexes, and chemical agents.51 Behçet syndrome is char-
acterized by recurring and remitting symptoms that include aphthous 
ulcers, genital ulcers, and uveitis, as well as associated skin, joint, 
gastrointestinal, and neurologic manifestations. Surgical resection of 
an aneurysm resulting from Behçet-mediated destruction is indicated 
in 10% of patients. Currently, there is not a specific diagnostic test for 
Behçet syndrome; diagnosis is based on clinical findings and recurrence 
of the disease over time. Treatments are customized to each patient’s 
clinical symptoms and may include glucocorticoids, colchicine,  
5-aminosalicylates, thalidomide, azathioprine, and infliximab.51

Joint manifestations occur in approximately 57% to 75% of Behçet 
syndrome patients and are the presenting symptoms in 11% to 18% of 
cases.53,54 Large joints such as the knees and ankles are most commonly 
affected. Polyarthritis, involving large and small joints, occurs in 17% 
of the cases, while mono- or oligoarthritis occur in 11% and 16% of 
the cases, respectively. The arthritis is self-limiting after a few weeks 
and does not cause permanent damage.

MICROSCOPIC COLITIS
Microscopic colitis, comprising collagenous colitis (CC) and lympho-
cytic colitis (LC), is characterized by chronic, watery diarrhea. CC 
primarily affects middle-aged women at around 65 years of age; women 
are almost five times more likely to be affected than men.55 Similarly, 
LC affects middle-aged women, but the female-to-male ratio is less, 2 
to 3 : 1. The cause of microscopic colitis is unknown and is thought to 
be multifactorial, occurring in individuals who are susceptible to 
certain noxious luminal agents that result in microscopic mucosal 
inflammation. Clinically, CC and LC are indistinguishable from each 
other, causing chronic, non-bloody, watery diarrhea that may be associ-
ated with diffuse abdominal pain and significant weight loss. Approxi-
mately 40% of the patients with microscopic colitis have another 
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The predominant cause of nephrotic syndrome in children is 
minimal change disease. In adults, the most frequent causes include 
diabetic nephropathy, focal segmental glomerulosclerosis (FSGS), and 
immunoglobulin A (IgA) nephropathy.4 It is also common in patients 
with lupus nephritis and amyloidosis.5,6

Signs and symptoms of hematuria
Hematuria is usually asymptomatic and not visible to the naked  
eye (i.e., microscopic). Therefore, it often goes unnoticed until urinaly-
sis is performed. Macroscopic or “gross” hematuria is suspected  
when the urine is red, brown, or tea colored. As with microscopic 
hematuria, macroscopic hematuria tends to be asymptomatic and 
rarely presents as obstructive symptoms. Both are seen in rheumato-
logic disorders as a feature of a renal vasculitis or acute glomerulone-
phritis. More frequently, hematuria is due to nephrolithiasis, urinary 
tract infection (UTI), trauma, polycystic kidney disease, genitourinary 
cancer, or benign prostatic hypertrophy (Table 37.2). Because the 
most common presentation of transitional cell cancer is hematuria,  
its presence in an adult obligates the assessment for an underlying 
carcinoma.

Signs and symptoms of renal hypertension
Hypertension is a common consequence of kidney disease, including 
the glomerular damage seen with autoimmune disorders. Renovascular 
disease accounts for 10% to 45% of acute, severe, or refractory hyper-
tension,7 although less than 1% of mild hypertension.8 Severe hyper-
tension may present clinically as visual disturbances, headaches, or 
angina pectoris. Both left ventricular hypertrophy and microalbumin-
uria are clinically silent and therefore require appropriate diagnostic 
testing. Aggressive control of blood pressure is of paramount impor-
tance in all individuals with hypertension, but particularly so in those 
with underlying kidney disease. Treatment with an effective antihyper-
tensive regimen that includes either an angiotensin-converting enzyme 
(ACE) inhibitor or an angiotensin receptor blocker may prevent the 
progression of kidney failure.9

Signs and symptoms of renal failure
Renal failure is arbitrarily divided into acute, subacute, and chronic, 
based on the time course. Acute renal failure (ARF) suggests an  
elevation in serum creatinine concentration that develops over days  
to weeks, whereas chronic kidney disease (CKD) extends over months 
to years. With CKD, the symptoms of uremia tend to occur insidiously. 
These symptoms include easy fatigability, daytime somnolence,  
night-time sleep disturbances, nausea, anorexia, diffuse pruritus, easy 
bruising, mucosal bleeding, and dysgeusia. Because these symptoms 
tend to be nonspecific, they are frequently attributed to other disorders, 
such as depression or hypothyroidism. They may not be attributed  
to kidney failure until some estimate of kidney function is obtained 
(see later). Fluid retention and a reduction in urine volume are not 
frequent features of CKD until an advanced stage of CKD is reached. 
In contrast, ARF is frequently associated with oliguria, which is defined 
as less than 500 mL of urine per day. This is the volume of maximally 
concentrated urine required to completely excrete the normal  
dietary acid load. As with CKD, the symptoms of ARF tend to be rela-
tively nonspecific and depend on the underlying disease process. The 
constellation of worsening or new-onset hypertension and hematuria 
in the setting of ARF suggests an acute glomerulonephritis and/or 
vasculitis. Other potential symptoms include fever, arthralgias, or 
hemoptysis.

The kidney and rheumatic disease
Daniel J. Salzberg and Matthew R. Weir

 Rheumatic diseases often involve the kidneys.
 Kidney disease is frequently asymptomatic; thus routine testing is 

imperative.
 Many drugs used in rheumatology are potentially nephrotoxic.
 Patients with kidney disease experience distinctive joint and soft 

tissue complications.

SIGNS AND SYMPTOMS OF KIDNEY DISEASE
The kidneys are involved in many homeostatic functions, including 
the maintenance of acid-base balance, electrolyte concentrations, and 
osmolarity; excretion of toxins and metabolic wastes; and the elabora-
tion of certain hormones, including erythropoietin, 1,25-dihydroxycal-
ciferol, and renin. As one would expect, diseases of the nephron 
manifest through dysregulation of these systems. Unlike rheumato-
logic diseases, the signs and symptoms of kidney disease tend not to 
present as obvious physical findings until late in the course of disease 
but are usually discovered through laboratory assessment. Table 37.1 
is a list of the renal syndromes that occur in persons with rheumatic 
diseases.

The functional unit of the kidney is the nephron, which consists of 
a glomerulus followed by a long network of tubules. The glomerulus 
has a somewhat unusual anatomy in that its capillary bed is sand-
wiched between two arteries. This explains why glomerulonephritis is 
a frequent manifestation of systemic vasculitides such as systemic 
lupus erythematosus (SLE), Henoch-Schönlein purpura, Churg-Strauss 
syndrome, microscopic polyangiitis, ANCA-associated granulomatous 
vasculitis, and cryoglobulinemic vasculitis.

Signs and symptoms of proteinuria
Proteinuria usually reflects an increase in the permeability of the glo-
merular barrier to normally non-filtered molecules, such as albumin. 
When proteinuria is severe, it usually manifests as diffuse peripheral 
edema. However, if the proteinuria is of a lesser degree it may not 
manifest with any symptoms or signs and is often only detected on 
urinalysis.

Massive proteinuria is typical in the nephrotic syndrome. This 
syndrome is characterized by (1) nephrotic-range proteinuria, defined  
as greater than or equal to 3.5 g/day/1.73 m2, (2) hypoalbuminemia, 
(3) hypercholesterolemia, (4) edema, and (5) lipiduria. Nephrotic-range 
proteinuria is almost always due to a glomerular pathologic process, 
because tubulointerstitial kidney disease will result in a more modest 
degree of protein spillage.

With the nephrotic syndrome the edema tends to be generalized, 
unlike the edema seen with congestive heart failure, which is depen-
dent, or cirrhosis, which is primarily restricted to the abdomen. Despite 
massive proteinuria, some patients do not develop edema. Pleural effu-
sions, when present, tend to be painless, unlike serositis.

Nephrotic syndrome is associated with a hypercoagulable state,1 
which may manifest clinically as stroke, deep venous thrombosis, or 
renal vein thrombosis.2 In patients with nephrotic syndrome, one must 
maintain a high index of suspicion for renal vein thrombosis, because 
it infrequently presents as the classic triad of flank pain, overt hema-
turia, and worsening kidney function. Patients with SLE with nephrotic 
syndrome who have had previous episodes of thrombophlebitis are 
particularly at risk for renal vein thrombosis.3
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Recognition of kidney involvement
As kidney disease tends to be asymptomatic, one is particularly depen-
dent on laboratory tests in detecting kidney involvement in systemic 
disease. By integration of laboratory and clinical findings, one can clas-
sify the kidney involvement into one of the renal syndromes listed in 
Table 37.1. Each of these syndromes has many different causes. Diag-
nosis and full evaluation of the underlying disease process often 
requires further investigation, which may include assessment of sero-
logic findings and complement studies, renal imaging, and histologic 
assessment of the kidney via biopsy.

TESTING FOR KIDNEY DISEASE
Proteinuria
Normal proteinuria
Ordinarily, a normal healthy adult excretes 84 ± 24 mg of protein per 
day,10 which represents less than 0.002% of the total protein filtered. 
This remarkable conservation results from the charge and size barrier 
of the glomerular filtering apparatus.11 The proteins that are normally 
able to cross this barrier are the low-molecular-weight (LMW) proteins, 
defined as less than 40,000 daltons, which are reabsorbed by the proxi-
mal renal tubules.12 Therefore, the small amount of protein that 
appears in normal urine consists of albumin, immunoglobulins, prod-
ucts of hormone metabolism, and Tamm-Horsfall proteins.13

Glomerular proteinuria
Glomerular proteinuria results from loss of the charge and size selectiv-
ity of the glomerular filter. The abnormal glomerular barrier results in 
an increased filtered load of albumin and high-molecular-weight pro-
teins. As more proteins enter the filtrate, the capacity for tubular 
protein reabsorption is exceeded, resulting in significant proteinuria. 
Glomerular proteinuria can certainly exceed 10 g/day, although in 
adults just 3.5 g/day can be enough to deplete the serum albumin to 
the point where its oncotic force is no longer sufficient to prevent 
peripheral edema. Whether or not edema is present depends on other 
factors, such as nutritional status. For example, young women with 

lupus nephritis may have nephrotic-range proteinuria but with ade-
quate protein intake and hepatic synthetic function they are able to 
maintain their serum albumin levels and thus avoid edema.

With glomerular proteinuria there is also excessive filtration of 
lipids, which overwhelms tubular reabsorption. The damaging effect of 
increased lipid uptake into proximal tubular cells is responsible for 
some of the tubulointerstitial pathology seen in the nephrotic syn-
drome.14 Lipid-lowering agents may improve renal and cardiovascular 
prognosis in these patients.15

The degree of proteinuria, together with the degree of tubulointer-
stitial damage, is the most powerful predictor of the progression of 
CKD, regardless of the underlying disease process. Therefore, every 
effort must be made to minimize or extinguish proteinuria.16 ACE 
inhibitors and/or angiotensin receptor blockers should be considered 
first-line agents in the treatment of all cases of proteinuria.17

Tubular proteinuria
Tubular proteinuria occurs in the setting in which glomerular protein 
sieving is normal but there is impaired tubular reabsorption of nor-
mally filtered LMW proteins. As opposed to glomerular diseases, the 
range of proteinuria is much less, usually in the range of 1 to 2 g/day. 
Tubular proteinuria can be associated with tubulointerstitial disease, 
resulting from uric acid nephropathy, Sjögren’s syndrome, essential 
hypertension, and drugs, such as aminoglycoside antibiotics.

Measurement of proteinuria
In clinical practice, urinary protein is most often detected on urinalysis, 
which employs a colorimetric method.18 Urine dipsticks have a pad 
impregnated with tetrabromophenol blue that, when bound to pro-
teins, changes color from yellow to green to green-blue. The intensity 
of the color change correlates with the degree of proteinuria, which is 
reported as 0 to 4+. This is a semiquantitative result, because the 
measurement is dependent on how concentrated the urine specimen 
is. For example, dilute urine with 3+ protein is likely to have more 
absolute protein, compared with concentrated urine with the same 3+ 
protein. To address this issue, newer dipsticks have an additional pad 
that detects urinary creatinine, which helps control for the degree of 

TABLE 37.1 RENAL SYNDROMES IN PATIENTS WITH RHEUMATIC DISEASES*

Renal syndrome Clinical features Laboratory features Course

Asymptomatic urinary abnormalities or 
“subacute”

None Proteinuria and/or microscopic hematuria Persistent; may evolve to nephrotic

Nephrotic syndrome Edema ± ascites, effusions Proteinuria > 3.5 g/day, low serum albumin 
and elevated cholesterol levels

Persistent, or remitting and relapsing

Acute nephritic syndrome Reduced urine output, ± 
discolored urine, ± fluid retention

Elevated plasma creatinine value, microscopic 
hematuria, red cell casts

Post-streptococcal form resolves; 
acute episodes in lupus may recur

Rapidly progressive glomerulonephritis Progressive oliguria, discolored 
urine, systemic symptoms

Rapidly rising plasma creatinine level, falling 
GFR, hematuria, red cell casts

Progresses to renal failure in weeks 
or months

Persistent “subacute” glomerulonephritis 
(mixed nephrotic/nephritic)

± Edema, ± discolored urine,  
± hypertension

Proteinuria, ± low serum albumin, microscopic 
hematuria

Persistent; may progress to renal 
failure (in years)

Renal vasculitis ± Discolored urine, ± visible 
hematuria, ± hypertension

Elevated plasma creatinine value, proteinuria, 
hematuria, ± red cell casts

Variable with treatment; may mimic 
RPGN

Tubulointerstitial nephritis ± Discolored urine Elevated plasma creatinine value, sterile pyuria 
(white blood cells), microscopic hematuria

Acute (resolves in months) or chronic 
(persistent)

Chronic renal failure (mild to moderate) Few or none, ± hypertension Elevated plasma creatinine value, reduced 
GFR, ± urinary abnormalities

Persistent; renal failure usually 
worsens

Chronic renal failure (severe) Subclinical to severe uremic 
symptoms, ± hypertension

Plasma creatinine > 6 mg/dL, GFR < 10 mL/
min, ± urinary abnormalities

Imminent need for dialysis or renal 
transplant

GFR, glomerular filtration rate (measured by creatinine clearance or other methods); RPGN, rapidly progressive glomerulonephritis.
*Some of the principal syndromes of renal involvement are shown. For each syndrome, typical clinical signs and symptoms are listed, together with the distinguishing findings on routine laboratory 
screening. Some degree of proteinuria is present in the vast majority of cases in all these syndromes and is mentioned in the table only where it is a constant and defining feature of the syndrome. The 
typical course of evolution of each syndrome over time is also shown because it helps characterize the syndromes and is integral to the definition of some of them (e.g., RPGN). This information cannot be 
used as a basis for prognosis in individual cases, which varies widely. The laboratory features listed here are only those obtainable from tests used routinely for renal surveillance (blood chemistry, 
urinalysis, and urine microscopy), plus the results of 24-hour urine chemistry (timed protein quantitation and creatinine clearance to estimate GFR). The latter should be obtained at initial evaluation of 
patients at risk of renal involvement, whenever new elevations of proteinuria or plasma creatinine are detected, or periodically in nephrotic and renal failure patients. Laboratory studies beyond those 
listed are appropriate for full diagnosis in all cases and may include additional chemical and serologic tests, imaging studies, and histologic evaluation of renal biopsy material.
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is more sensitive to albumin proteins than other types of proteins, such 
as Bence Jones proteins. Therefore, false-negative results may occur 
despite the presence of significant proteinuria, for example, in multiple 
myeloma or Waldenström’s macroglobulinemia, in which the majority 
of protein being spilled is not albumin but a monoclonal protein (M 
protein).

Another method used to detect urinary proteins is the turbidimetric 
method. Use of a weak acid, such as sulfosalicylic acid (SSA), when 
mixed with urine, will denature proteins, resulting in a turbid solution. 
Like the dipstick test, this method is semiquantitative. Unlike the 
dipstick test, the SSA method is equally sensitive to non-albumin and 
albumin proteins.13

After protein spillage has been detected, the absolute amount of 
protein excreted should be measured, because this will help distinguish 
between glomerular and tubulointerstitial disease. Quantification is 
accomplished either by a timed (usually 24-hour) urine collection or 
by analysis of a spot urine sample. The 24-hour urine has been the 
gold standard method for quantification but is being replaced by the 
protein-to-creatinine ratio on a “spot” urine sample. The spot protein-
to-creatinine method is less cumbersome for the patient and is less 
prone to collection errors. A protein-to-creatinine ratio of 0.2 correlates 
with a protein excretion rate of approximately 200 mg/day, a ratio of 
2 with 2000 mg/day, and a ratio of 3.5 with 3500 mg/day (i.e., nephrotic-
range proteinuria).21

The detection of microalbuminuria has become extremely impor-
tant with the appreciation of its clinical correlation with cardiovascular 
and kidney disease. It is defined as an elevated urine albumin excretion 
rate (UAER), as measured by a specific assay that uses antibodies tar-
geted against albumin. The normal range of UAER is less than 20 mg/
min on an overnight timed urine collection or 30 mg/day on a 24-hour 
collection. The abnormal microalbuminuria range is 20 to 200 mg/min 
(30-300 mg/day). Values above 300 mg/day suggest “overt” proteinuria. 
First studied in diabetic patients, microalbuminuria has now been 
found to be a harbinger of renal involvement in many other diseases 
(see later). Microalbuminuria is present in the majority of patients with 
SLE, even in those with apparently normal urine and kidney function22; 
biopsy may reveal histologic changes, and some of these patients sub-
sequently develop overt nephritis.

Urine protein electrophoresis and immunofixation
The primary use of the UPEP is to assess for the presence of monoclo-
nal gammopathies, as seen with clonal proliferation of plasma cells. If 
an M protein is identified on UPEP, then immunofixation should be 
used for further identification of the abnormal protein.

Hematuria
Hematuria, unlike proteinuria, may arise from anywhere in the  
urinary tract23 (see Table 37.2). For example, even strenuous exercise 
can lead to the appearance of blood in the urine.24 The first step 
in assessing hematuria is to confirm its presence, that is, to rule  
out transient hematuria from physiologic stressors such as a UTI  
or exercise. Common causes of hematuria in children include  
acute infection and glomerular diseases. In adults, cystitis, urethritis, 
and prostatitis account for approximately 25% of hematuria, with 
nephrolithiasis accounting for another 20%. Hematuria in adults, 
unlike children, must be regarded as a sign of a tumor of the  
genitourinary tract until proven otherwise. Therefore, positive  
identification of the source of hematuria is important.25 However, in 
young adults with hematuria unaccompanied by proteinuria, who are 
otherwise well, the likelihood of finding a significant lesion is very 
small.26

Hematuria can be divided into upper tract bleeding (i.e., glomerular 
or tubulointerstitial) and lower tract bleeding (i.e., extrarenal). Diag-
nostic clues such as red blood cell (RBC) casts, significant proteinuria, 
or abnormal kidney function suggest upper tract bleeding.27 In patients 
with rheumatic diseases, microscopic hematuria will often be accom-
panied by proteinuria, suggesting upper tract bleeding. Patients who 
are taking anticoagulants may also present with hematuria. In these 
cases, cystoscopic imaging of the genitourinary tract is necessary to 
assess for culprit lesions.28

concentration. Additionally, it allows for the determination of the 
protein-to-creatinine ratio, which correlates extremely well with timed 
urine quantification of proteinuria (see later).19

Urine dipsticks can detect albumin at a minimum concentration of 
15 to 30 mg/dL.20 It is important to note, however, that this method 

TABLE 37.2 CAUSES OF HEMATURIA

 Glomerulonephritis and other glomerular diseases
 IgA nephropathy
 Membranoproliferative (= mesangiocapillary) glomerulonephritis
 Mesangial proliferative glomerulonephritis
 Lupus glomerulonephritis
 Glomerulonephritis with other rheumatic diseases:

– Rheumatoid arthritis
– Polymyositis/dermatomyositis, etc.

 Crescentic glomerulonephritis
 Glomerulonephritis with renal vasculitis:

– ANCA-associated granulomatous vasculitis
– Microscopic polyangiitis, etc.

 Alport’s syndrome
 Thin basement membrane nephropathy
 Fabry’s disease
 Renal vascular diseases
 Renal vasculitis (polyarteritis nodosa, etc.)
 Renal thromboembolism or infarction
 Hypertension
 Familial telangiectasia
 Arteriovenous malformations
 Renal vein thrombosis
 Renal vein occlusion
 Interstitial and medullary diseases
 Tubulointerstitial nephritis
 Polycystic kidney diseases
 Papillary necrosis from:

– Analgesic nephropathy
– Sickle cell disease
– Diabetes mellitus

 Medullary sponge kidney
 Disorders of coagulation
 Anticoagulants
 Bleeding disorders (hemophilia, etc.)
 Renal and urinary tract tumors
 Wilms’ tumor
 Renal cell carcinoma
 Transitional cell carcinoma
 Prostatic carcinoma
 Urethral carcinoma
 Infections
 Acute pyelonephritis
 Acute cystitis
 Prostatitis
 Urethritis
 Renal tuberculosis
 Schistosomiasis
 Bacterial endocarditis
 Stones and crystals
 Stones anywhere in the urinary tracts
 Urate crystalluria
 Calcium oxalate crystalluria
 Hypercalciuria
 Miscellaneous
 Trauma
 Release of obstruction
 Loin pain hematuria syndrome
 Endometriosis
 Chemical cystitis (e.g., with cyclophosphamide)
 Meatal ulcers
 Urethral caruncle
 Foreign body
 Factitious (added blood)
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Red blood cells
Red cell morphology offers a clue as to the site of origin of the hema-
turia.29 Hematuria will typically have less than 1% dysmorphic eryth-
rocytes.30 However, hematuria of glomerular origin usually contains a 
high proportion of abnormally shaped RBCs with vesicle-shaped pro-
trusions (acanthocytes) and considerable anisocytosis.31 Acanthocytes 
are best appreciated by use of phase-contrast microscopy (Fig. 37.1).

Other urine microscopy findings
Pyuria, that is, the presence of white blood cells (WBC), suggests an 
infection within the genitourinary tract and mandates a urine culture. 
Sterile pyuria has classically suggested renal tuberculosis but also can 
be seen with tubulointerstitial nephritis, for example, from allergic 
interstitial drug reactions, Sjögren’s syndrome, and lupus interstitial 
nephritis. Hansel’s stain of the urine is the recommended test to detect 
eosinophils in the urine. However, as an indicator of acute interstitial 
nephritis, eosinophiluria has limited sensitivity.32

Urinary casts are formed in the renal tubules from aggregation of 
proteins, primarily Tamm-Horsfall proteins. Not all casts are patho-
logic; for example, hyaline casts can be seen in normal urinary sedi-
ment. When intact cells or cellular debris become trapped within the 
protein matrix, various “cylindricals” result: “muddy brown” granular 
casts with or without renal tubule epithelial casts are associated with 
acute tubular necrosis; WBC casts are classically associated with pyelo-
nephritis or interstitial nephritis; and RBC casts are pathognomonic 
of intraparenchymal bleeding, such as from glomerulonephritis or 

Testing for blood in the urine
In clinical practice, microscopic hematuria, like protein, is detected by 
a colorimetric method. The dipstick has a pad impregnated with two 
reagents, diisopropyl-benzene dihydro-peroxide and tetramethylbenzi-
dine. Detection of blood is based on the Fenton reaction. The iron 
moiety of hemoglobin, which has peroxidase-like activity, reacts with 
diisopropyl-benzene, generating hydroxyl radicals. These oxidize tetra-
methylbenzidine, the colorimetric indicator. The intensity of the color 
change correlates with the degree of oxidation, ranging from orange 
(negative) to green to blue. The sensitivity of this test for hemoglobin 
is as low as 0.015 to 0.062 mg/dL but may be reduced in the setting 
of high specific gravity. Because the Fenton reaction is equally sensitive 
to unbound hemoglobin and myoglobin, when compared with intact 
RBC, both hemolysis and rhabdomyolysis will result in a positive urine 
dipstick for blood. Urine microscopy helps to distinguish among these 
possibilities.

Urine microscopy
Urine microscopy is best done on fresh urine, because casts and cellular 
components tend to degenerate after 1 hour. A urine sample is centri-
fuged at 2000 rpm for 5 minutes; the supernatant is discarded and, 
after re-suspending the sediment with a fixed volume, is decanted onto 
a glass slide. After application of a coverslip, the wet-mount unstained 
sediment is examined at 100 and 400 µm. Use of a phase-contrast 
and polarizing microscope may improve determination of RBC 
morphology.

a

bc

Fig. 37.1 Microscopy of urine. (a) Acanthocytes are seen through the microscope, which indicate a renal (probably glomerular) 
origin for the hematuria (phase contrast, original magnification ×640). (b) Acanthocytes seen by scanning electron microscope: 
details of the “knobs” and protrusions can be seen. (c) A tubular cast containing red cells, which usually indicates a glomerular 
origin for concomitant hematuria27 and, in general, an active proliferative/infiltrative glomerular disease (phase contrast, original 
magnification ×400). (a and c, courtesy of Dr. G.B. Fogazzi; b, reproduced with permission of Blackwell Science from Fassett RG, Owen JE, 
Fairley J, et al. Urinary red-cell morphology during exercise. BMJ 1982;285:1455-1457.)
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vasculitis. Broad and waxy casts, which are both acellular, strongly 
suggest CKD.

With nephrotic-range proteinuria, one may see lipid droplets.33 If 
seen within renal tubule epithelial cells, they are called oval fat bodies. 
These fat bodies, when viewed under polarized light, have a character-
istic “Maltese cross” appearance.

Kidney function testing
Kidney function is a term usually applied to the principal function of 
the kidneys, the elimination of nitrogenous wastes by the glomerulus, 
that is, the glomerular filtration rate (GFR). The GFR is generally 
considered to be the best index of overall kidney function, because 
impairment in GFR correlates with severity of structural abnormalities 
observed on histologic examination of kidney tissue. The normal GFR 
is 100 to 140 mL/min in men and 85 to 115 mL/min in women. The 
GFR is not an all-inclusive index of function because many kidney 
diseases exist that do not alter GFR. Other tests that assess renal 
tubular function are infrequently assessed,23 but a few that are relevant 
to the rheumatic diseases are discussed here.

Plasma creatinine measurement
The plasma creatinine concentration (PCR) is a simple and useful cor-
relate of GFR. Creatinine is derived from both the non-enzymatic 
degradation of creatine in skeletal muscle and from dietary protein 
intake. It is released into the circulation at a relatively constant rate. 
Because creatinine is primarily cleared by glomerular filtration, its 
clearance will be equal to PCR × GFR. In steady state, creatinine pro-
duction must equal elimination. Therefore, PCR × GFR is equal to a 
constant. Hence, PCR is inversely proportional to GFR. Plasma creati-
nine is an inexpensive and widely used test of kidney function; when 
it is repeated serially in an individual it may give significant insight 
into changes in kidney function.

Normal ranges of creatinine are between 0.6 and 1.0 mg/dL 
(53-88 mmol/L) and 0.8 to 1.3 mg/dL (70-114 mmol/L) for women and 
men, respectively.34 Recent data on normal non-hypertensive, non-
diabetic adults show a mean plasma creatinine of 0.93 mg/dL and 
1.13 mg/dL in women and men, respectively.35

Despite its appeal, there are significant problems with using PCR as 
a sole marker of GFR. Specifically, in the lower range, small increases 
in PCR reflect major reductions in GFR (Fig. 37.2). Thus, in some cases, 
up to one half of renal function can be lost before the PCR exceeds the 
upper limits of normal. Also, when GFR changes abruptly, output no 
longer equals input and it may take several days before the system 
achieves a new steady state. Because 10% to 20% of creatinine is 
excreted by tubular secretion, there are cases in which elevations of PCR 
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Fig. 37.2 The relationship of plasma creatinine to 
glomerular filtration rate (GFR). As GFR decreases, 
plasma creatinine rises, but in a hyperbolic fashion, 
so that plasma creatinine levels only become 
abnormal (normal range shaded) after a 
considerable loss of renal function. One way of 
compensating for this hidden information is to use 
the reciprocal of the plasma creatinine, which is 
approximately linear.

are unrelated to changes in GFR. Drugs that block tubular secretion, 
such as trimethoprim and cimetidine, are associated with such eleva-
tions in PCR despite not affecting glomerular function.36 Other drugs 
such as cefoxitin and flucytosine may cause false elevations in mea-
sured creatinine by interfering with the laboratory chemical assays for 
creatinine. Finally, in some disease states, there is hyperexcretion of 
creatinine by the proximal tubule, as is the case with sickle cell disease.

Another concern about the use of PCR as the sole marker of kidney 
function is that, although GFR decreases markedly with age, the 
plasma creatinine barely rises (Fig. 37.3). This is due to a decrease in 
creatinine production as muscle mass decreases with age.37 Thus the 
average PCR at 100 years of age is close to that at age 25, despite a 
reduction in GFR by greater than two thirds (see Fig. 37.3). This 
problem holds for other states in which muscle mass is lost, such as 
with anorexia nervosa, amputations, and chronic illnesses. Therefore, 
the National Kidney Foundation Kidney Disease Outcome Quality 
Initiative (K/DOQI) recommends that PCR alone should not be used to 
assess GFR.38

Equations of GFR
Cockcroft-Gault formula
Formulas that take into account the PCR and other variables, such as 
age, gender, and body size are better predictors of GFR. The best-vali-
dated and most reproducible formula for GFR is that of Cockcroft and 
Gault.39 The Cockcroft-Gault formula takes into account plasma cre-
atinine, age, weight, and gender:

GFR mL min
140 Age in years Weight in kg 0.85 if femal

( )
=

−( ) × ( ) × ee
72 P in mg dLCR

( )[ ]
×[ ]( )

or

GFR mL min
140 Age in years Weight in kg 0.85 if f

( )
=

× −( ) × ( ) ×1 2. eemale
P in mmol LCR

( )[ ]
( )

MDRD equation
Using data from the Modification of Diet in Renal Disease (MDRD) 
study, a formula to predict GFR was developed using a multiple regres-
sion model. Like the Cockcroft-Gault formula, the MDRD equation 
takes into account variables other than PCR but does not require 
weight40:
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GFR mL min  m P Age
 if fem

CR1 73 186
0 742

2 1 154 0 203.
.

. .( ) = × ( ) × ( ) ×− −

aale  if African-American( ) × ( )1 210.

Because the MDRD equation is most accurate in the setting of some 
degree of renal insufficiency, the National Kidney Disease Education 
Program recommends only reporting numerical values when the cal-
culation results in a predicted GFR of less than 60. If using the MDRD 
equation, for values above 60 mL/min/1.73 m2, one should report the 
result as merely, “above 60 mL/min/1.73 m2.” A study comparing the 
Cockcroft-Gault formula and the MDRD equation to radionuclide-
labeled chromium ethylenediaminetetraacetic acid (51Cr-EDTA) deter-
mination of GFR in 2095 non-black individuals demonstrated good 
global agreement. It appeared that the Cockcroft-Gault formula over-
estimated GFR by 1.94 mL/min/1.73 m2, whereas the MDRD equation 
underestimated it by 0.99 mL/min/1.73 m2.41 Given these results, it 
seems reasonable to preferentially use the MDRD equation.

Stages of chronic kidney disease
Given the improved determination of GFR by use of formulas like the 
MDRD equation, the National Kidney Foundation has established 
stages of CKD, listed in Table 37.3.42

Creatinine clearance
The creatinine clearance (CCR) has been the gold standard for estimat-
ing GFR34 but has largely been replaced by formulas that estimate GFR 
because they avoid collection errors and are less cumbersome for the 
patient. Additionally, the validity of the CCR appears to be questionable 
in patients with lupus nephritis (see earlier).43

The CCR measurement depends on an accurately timed urine col-
lection and a PCR that is representative of the average creatinine over 
the collection period. The method assumes that creatinine is freely 
filtered by the glomerulus (true) and is neither secreted (false, tubular 
secretion) nor reabsorbed (true) from the ultrafiltrate. If this were the 
case, then the amount of creatinine in the glomerular filtrate (PCR × 
GFR) would equal the amount in the final urine (UCR × V, where UCR 
is the urine creatinine concentration and V is the urine flow rate).

Thus:

P GFR U VCR CR× = ×
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Fig. 37.3 The “hidden” reduction in renal function 
with age. Although the normal creatinine clearance 
decreases dramatically with age to a mean of only 
40 mL/min in the very elderly, the plasma 
creatinine value remains constant up to 100 years 
of age because of a concomitant reduction in 
excretion (and, by inference, production) of 
creatinine due to reduction in muscle mass. (Data 
from Kampmann J, Siersbaek-Nielsen K, Kristensen M, 
Hansen JM. Rapid evaluation of creatinine clearance. 
Acta Med Scand 1974;196:517-520.)

Rearranging the formula for GFR:

GFR in mL min U P V in mL minCR CR( ) = ×( )( )

or

GFR in mL min U P V in mL hrCR CR( ) = ×( )( )24 1440

Fortuitously, the error introduced by tubular secretion of creatinine is 
largely offset by the overestimate of PCR caused by other chromogens 
in the blood. However, as GFR declines, tubular secretion of creatinine 
increases, resulting in overestimates of GFR. Normal values of CCR are 
95 ± 20 mL/min in women and 120 ± 25 mL/min in men.

TABLE 37.3 CHRONIC KIDNEY DISEASE: A CLINICAL ACTION PLAN

Stage Description
GFR (mL/
min/1.73 m2) Action*

At increased risk ≥90 (with 
CKD risk 
factors)

Screening CKD risk reduction

1 Kidney damage 
with normal or 
↑ GFR

≥90 Diagnosis and treatment, 
treatment of co-morbid 
conditions, slowing progression, 
CVD risk reduction

2 Kidney damage 
with mild or ↓ 
GFR

60-89 Estimating progression

3 Moderate ↓ GFR 30-59 Evaluation and treating 
complications

4 Severe ↓ GFR 15-29 Preparation for kidney 
replacement therapy

5 Kidney failure <15 (or 
dialysis)

Replacement (if uremia present)

GFR, glomerular filtration rate; CKD, chronic kidney disease; CVD, cardiovascular disease
Stages 1 through 5 identify patients who have chronic kidney disease; the first row designates 
individuals who are at increased risk for developing chronic kidney disease. Chronic kidney  
disease is defined as either kidney damage or GFR < 60 mL/min/1.73 m2 for ≥ 3 months. Kidney 
damage is defined as pathologic abnormalities or markers of damage, including abnormalities  
of blood or urine tests or imaging studies.
*Includes actions from preceding stages.
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function. It allows determination of kidney size, degree of echogenicity, 
anatomic abnormalities, and obstruction. Normal kidneys are between 
11 and 12 cm in length. The findings of bilateral small kidneys, defined 
as less than 8.5 cm, and increased echogenicity, suggest significant 
chronicity of the kidney disease. Increased echogenicity with normal 
or large kidneys suggest a more acute process. Large kidneys are seen 
in diseases that lead to deposition of material in the kidney, such as 
multiple myeloma, HIV infection, or amyloid. Ultrasonography may 
also delineate nephrolithiasis or nephrocalcinosis, although the gold 
standard remains helical computed tomography (CT).50 Papillary 
necrosis, as seen in association with non-steroidal anti-inflammatory 
drugs (NSAIDs), may also be picked up on ultrasonography, although 
intravenous pyelogram is the gold standard. Additionally, signs of 
obstructive uropathy, such as pelvocaliectasis and hydronephrosis, are 
easily seen on an ultrasound examination.

Assessment of renal vasculature
To assess for renal vasculitis, the best imaging studies include angio-
gram, magnetic resonance angiography (MRA), and CT. The advantage 
of MRA is that it avoids the radiocontrast load and therefore the risk 
of contrast-associated nephropathy. For the assessment of the renal 
vasculature in patients with rheumatic diseases, duplex Doppler ultra-
sonography is better at detecting stenoses of the major branches of the 
renal arteries51 than at demonstrating vasculitis or aneurysms. Renal 
vein thrombosis may be diagnosed by Doppler ultrasonography, but 
the sensitivity and specificity are suboptimal; spiral CT and MRA are 
better but the gold standard remains selective venography.

Kidney biopsy
Indications
The percutaneous kidney biopsy is an essential tool for determining 
the diagnosis, prognosis, and treatment options for patients with 
kidney disease.52 The introduction of spring-loaded biopsy systems and 
the use of real-time ultrasound guidance have made obtaining kidney 
tissue increasingly safe and effective.53 However, indications for per-
forming a percutaneous biopsy still vary among nephrologists.54 One 
of the strongest indications to perform a kidney biopsy is in the setting 
of rapidly progressive glomerulonephritis (RPGN). The syndrome is 
defined clinically as a rapid decline in kidney function associated with 
an active urinary sediment, typically with RBC casts. Delays in diag-
nosis and subsequent initiation of treatment of RPGN may result in 
irreversible loss of kidney function. Common rheumatologic causes of 
RPGN include lupus, antineutrophil cytoplasmic antibody (ANCA)-
related vasculitis (including ANCA-associated granulomatous vasculi-
tis), and Henoch-Schönlein purpura. Other indications for obtaining a 
biopsy in patients with rheumatic disease include unexplained renal 
failure, acute nephritic syndrome, persistent proteinuria, persistent 
hematuria, and nephrotic syndrome. Nephrologists also use kidney 
biopsy to help diagnose unspecified systemic diseases, as typified by 
seronegative lupus.55 This term is used to describe patients with an 
active sediment and renal histology typical of lupus but at the time of 
presentation no other clinical or serologic evidence of SLE. Patients 
with lupus may need more than one kidney biopsy in the course of 
their illness. Of note, the World Health Organization’s classification 
of lupus nephritis has recently been modified (see SLE section, later).

Contraindications and precautions
A percutaneous kidney biopsy is generally contraindicated with an 
uncorrectable bleeding disorder, severe hypertension, horseshoe- 
shaped kidney, severe obesity, hydronephrosis, or bilaterally small, 
echogenic kidneys.51 Previously, a single kidney was regarded as an 
absolute contraindication to percutaneous biopsy, but with improve-
ments in technique it is now considered to confer only a relative 
contraindication.56

Because each kidney receives approximately one fifth of the cardiac 
output, it is not surprising that bleeding is the major risk of a kidney 
biopsy. Additionally, azotemia is associated with a functional defect in 
platelet adhesiveness. Therefore, every effort should be made to mini-
mize the risk of hemorrhage. Drugs that affect hemostasis should be 
stopped before planned kidney biopsy: 10 days for aspirin, 5 days for 
warfarin, and at least 5 half-lives or 7 days for NSAIDs to allow normal 

Like the 24-hour urine protein test, the measurement of CCR is 
subject to technical errors in collection. The creatinine index is an 
“internal control” that helps identify incomplete urine collections. Men 
tend to excrete 20 to 25 mg of creatinine per kilogram of body weight 
per day, regardless of kidney function. Women tend to excrete slightly 
less creatinine, between 15 and 20 mg/kg/day, owing to a lower percent-
age of muscle mass per body weight. Therefore, if the creatinine index 
is below these ranges, one should suspect an incomplete collection and 
discount the results of the CCR.

Isotope measurement of GFR
The GFR can be measured by injection of iohexol, 51Cr-EDTA,44 or 
131I-iothalamate.45 Inulin clearance, the gold standard for measuring 
GFR, is an impractical method for clinical medicine.

Tests for renal tubular dysfunction
The renal tubular disorders most likely to be encountered in rheumatic 
disease patients are renal tubular acidosis (RTA) and either hypokale-
mia or hyperkalemia. These are seen in several autoimmune diseases, 
including the interstitial nephritis of SLE and Sjögren’s syndrome. 
About 10% of patients with SLE develop these problems, although 
subclinical defects in the handling of potassium, sodium, or hydrogen 
ions can be demonstrated in up to 60% of cases.46 RTA manifests as 
a hyperchloremic, non-gap acidosis with a low plasma bicarbonate 
concentration. With a distal, type 1 RTA there is reduced ammonium 
ion secretion into the urine. This is determined by measurement of 
the urine net charge (also called urinary anion gap):

U U UNa K Cl+( ) −

In the setting of a metabolic acidosis and an appropriate renal response, 
the urine net charge should be negative (usually ranging between −20 
to −50 mEq/L), which represents increased excretion of ammonium 
(NH4

+). However, in type 1 RTA the urine net charge is positive, sug-
gesting an inability to effectively secrete ammonium or hydrogen ions. 
The RTA seen in lupus is usually due to proton secretion defects in 
distal tubules.46

Persistent hyperkalemia is invariably associated with renal tubular 
dysfunction, resulting in impaired urinary potassium excretion. This 
occurs with advanced kidney failure, with any cause of hypoaldosteron-
ism, or with marked volume depletion. Assessment of renal potassium 
handling will help determine the cause of the hyperkalemia. Measure-
ment of the urinary sodium and chloride concentrations will give some 
insight as to the effective intravascular volume. Calculation of the 
transtubular potassium gradient (TTKG)47 allows for a semiquantita-
tive assessment of the activity of the secretory process of potassium. 
The TTKG is calculated as follows:

TTKG Urine Plasma Urine PlasmaK K Osmolality Osmolality= ( ) ( )

In the setting of hyperkalemia, a TTKG below 7 confirms a renal  
cause.48

Hypocomplementemia and kidney disease
The identification of hypocomplementemia is sometimes used to help 
narrow the differential of kidney diseases. The list of glomerulonephri-
tis associated with hypocomplementemia includes lupus nephritis, 
membranoproliferative glomerulonephritis, mixed cryoglobulinemia, 
postinfectious glomerulonephritis, membranous nephropathy due to 
hepatitis B infection, and serum sickness.49 Complement levels tend 
to be normal in Goodpasture’s syndrome, ANCA-associated granulo-
matous vasculitis, microscopic polyangiitis, and Henoch-Schönlein 
purpura.49

Renal imaging
Kidney ultrasonography
Ultrasonography is the most commonly used technique to image the 
kidneys because it is non-invasive and does not depend on kidney 
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involved, and the term diffuse is used when more than 50% of all 
glomeruli are involved. The term segmental is applied to a lesion that 
involves a portion of one particular glomerulus, and the term global is 
applied to a lesion that involves the whole glomerulus. For example, if 
a total of 20 glomeruli are examined under LM, and only 5 of them 
have pathologic changes, this would be referred to as a focal lesion. If 
these 5 glomeruli have only partial involvement, then the process is 
further defined as segmental (Table 37.4).

Glomerular pathology is divided into primary or idiopathic lesions 
and secondary lesions. There are five histologic patterns of primary 
glomerular lesions:

1. Minimal change disease: as its name implies, minimal change 
disease has minimal to no pathologic changes on LM or IF. On 
EM, there is diffuse effacement of the visceral epithelial cell 
(podocyte) foot processes. Minimal change disease presents as 
nephrotic syndrome with massive edema and is the most 
common cause of nephrotic syndrome in young children. In 
rheumatology practice, it may be seen as a complication of 
NSAID use (see later).

2. Focal segmental glomerulosclerosis (FSGS): as its name implies, 
FSGS initially affects only a portion of each glomerulus and  
tends to involve some but not all the glomeruli. On LM, there 
are lesions in some glomeruli (focal) with areas of glomerulo-
sclerosis in only parts of the glomerular tufts (segmental).  
On IF, there may be deposition of IgM and C3 in the areas of 
sclerosis. EM demonstrates diffuse fusion or effacement of podo-
cyte foot processes. FSGS can present as either a nephritic or 
nephrotic syndrome or as progressive decline in GFR. Secondary 
causes of FSGS include HIV infection, reflux nephropathy, and 
obesity.

3. Membranous glomerulonephritis: On LM, the characteristic 
finding of membranous glomerulonephritis is thickening of the 
capillary walls due to subepithelial deposits (seen as spikes on 
Jones silver stain). On IF, one can see granular deposits of IgG 
and C3 along the glomerular capillary walls. On EM, there are 
electron-dense deposits along the capillary wall with associated 
foot-process effacement. Membranous glomerulonephritis tends 
to present as massive proteinuria (nephrotic syndrome) and 
edema and not with nephritic syndrome. Secondary causes of 
membranous glomerulonephritis include SLE (class V nephritis), 
mixed connective tissue disease, gold therapy, solid tumors, and 
hepatitis B infection.

4. Mesangial proliferative glomerulonephritis: On LM, there is no 
or little involvement of the capillary lumina but the mesangium 
is expanded with increased cellularity and matrix. The findings 
on EM mirror that seen on LM, with electron-dense deposits 
within the mesangium. Immunofluorescence may demonstrate 
mesangial deposition of IgA, IgM, or IgG, with or without C3. 
When the predominant finding on IF is IgA deposits, the lesion 
is referred to as IgA nephropathy or Berger’s disease. The clinical 
presentation of a mesangial proliferative glomerulonephritis is 
variable, because it spans the spectrum from isolated hematuria 
through RPGN and from no proteinuria through nephrotic syn-
drome. Important secondary causes include lupus nephritis, 
Henoch-Schönlein purpura (systemic Berger’s disease), rheuma-
toid arthritis, and ankylosing spondylitis.

5. Membranoproliferative glomerulonephritis (MPGN): This lesion 
has also been called mesangiocapillary glomerulonephritis and is 
divided into type 1, type 2 (dense deposit disease), and type 3 

platelet function. The platelet count, prothrombin time (PT), and 
activated partial thromboplastin time (aPTT) must be checked and, if 
abnormal, corrected before biopsy. Although historically a bleeding 
time has been used to assess the risk of bleeding, it is not a reliable 
screening test and should not be used for this purpose.57 Another factor 
that can contribute to lack of obtaining hemostasis is uncontrolled 
hypertension. Therefore, antihypertensive medications should not be 
withheld on the morning of biopsy and supplemental therapy may be 
needed.

Procedure
The preferred method of obtaining kidney tissue for histologic evalua-
tion is by use of an ultrasound-guided percutaneous biopsy system. 
Laparoscopic, CT-guided, open surgical, or transvenous transjugular 
biopsies are alternative methods occasionally employed in class 3 
obesity, with uncorrectable bleeding diatheses, or when a subject has 
a solitary kidney.

Two or three cores of kidney tissue, measuring approximately 
15 mm in length and 15 or 18 gauge in diameter, are obtained and 
sent for light microscopy (LM), immunofluorescence (IF) microscopy, 
and electron microscopy (EM). Light microscopy is done using various 
stains, which routinely include hematoxylin and eosin (H&E), periodic 
acid–Schiff (PAS), and trichrome Masson. Additional “special stains” 
include the Jones silver stain, used to evaluate for tram tracking, and 
the Congo red stain, used to detect amyloid. Immunohistochemical 
techniques are used to demonstrate the presence of immunoglobulins, 
complement fractions, and allied proteins, mainly in the glomerulus 
but also within the tubules and renal vasculature.

Patterns seen on immunofluorescence microscopy
There are three patterns of IF staining: linear, granular, and pauci-
immune. The primary cause of a linear pattern is when there are 
antibodies directed against the glomerular basement membrane (GBM), 
as is the case with anti-GBM disease. When associated with pulmonary 
hemorrhage, this constellation of findings is known as Goodpasture’s 
syndrome. On IF, there is linear deposition of IgG all along the base-
ment membrane. In contrast to a linear deposition, diseases where 
there is immune complex formation and deposition will have a granu-
lar, “lumpy-bumpy” appearance. This occurs with SLE and postinfec-
tious glomerulonephritis. The term pauci-immune implies that there 
are no or minimal immunoglobulins present and is seen with ANCA-
associated granulomatous vasculitis, microscopic polyangiitis, and 
other ANCA-related vasculitides.58

Transmission EM allows significant enhanced resolution compared 
with LM and can delineate the precise location and size of electron 
dense deposits. Deposits can be divided into (1) subepithelial, in which 
accumulation of material occurs on the external aspect of the glomeru-
lar basement membrane, between the basement membrane and the 
visceral epithelial cell, (2) subendothelial, in which accumulation 
occurs between the basement membrane and the fenestrated endothe-
lial cell, and (3) transmembranous or intramembranous, in which the 
deposits are within the glomerular basement membrane. Electron 
microscopy can also reveal other ultrastructural features of diagnostic 
importance, such as tubuloreticular structures, so-called virus-like par-
ticles, in the glomerular endothelial cells in SLE nephritis.59

Interpretation
The renal cortical parenchyma contains three different domains: the 
glomeruli, the tubules and interstitium, and the vasculature. Small and 
medium-sized vessel vasculitis can be distinguished from changes due 
to atherosclerosis, hypertension, diabetes mellitus, or systemic sclero-
sis. Tubulointerstitial changes can range from acute inflammation 
with edema to chronic fibrosis with scarring or may include granuloma 
formation, as seen with renal sarcoidosis.

Terminology
When describing glomerular changes, it is important to understand a 
somewhat confusing nomenclature. Specific terms have been assigned 
to describe the pattern of involvement in one glomerulus (segmental 
or global), and other terms have been assigned to describe the propor-
tion of glomeruli involved with a pathologic process (focal or diffuse). 
The term focal is applied when less than 50% of all glomeruli are 

TABLE 37.4 NEPHROPATHOLOGY MORPHOLOGIC TERMINOLOGY

All glomeruli

Focal (<50%) Diffuse (≥50%)

One glomerulus Segmental 
(<50%)

Focal-segmental Diffuse-
segmental

Global (≥50%) Focal-global Diffuse-global
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Mixed connective tissue disease
Although originally described as a syndrome without renal involve-
ment,71 mixed connective tissue disease (MCTD) is now recognized 
as having kidney involvement in 25% to 50% of cases.72 The most 
common lesion is membranous glomerulonephritis,72 presenting simi-
larly to that seen in SLE. Individuals with more systemic manifesta-
tions from MCTD appear to be at higher risk for kidney involvement 
than those without. Patients with MCTD may also develop hyperten-
sive crises similar to those seen with “scleroderma kidney.”73

Rheumatoid arthritis
The existence of a glomerulopathy associated with untreated rheuma-
toid arthritis is now generally accepted,74 in addition to renal disease 
secondary to medications used to treat the underlying disorder. The 
most common kidney lesion is mesangial proliferative glomerulone-
phritis, but other renal lesions include membranous glomerulonephri-
tis, focal proliferative glomerulonephritis, and secondary amyloidosis.74 
Rheumatoid arthritis may also present as an RPGN with either  
crescentic75 or necrotizing glomerulonephritis,76 or as a pauci-immune 
glomerulonephritis.77 Nephrotic syndrome in patients with rheumatoid 
arthritis most often reflects either membranous glomerulonephritis 
from gold or penicillamine toxicity78 or more often the development of 
systemic amyloidosis with glomerular involvement74 (see later).

Sjögren’s syndrome
Sjögren’s syndrome typically does not result in glomerular pathology 
but more frequently produces an interstitial nephritis and defects in 
tubular function. The findings of an interstitial nephritis in association 
with eye findings should raise the specter of tubulointerstitial nephritis 
associated with uveitis syndrome. This tubular pathology associated 
with Sjögren’s syndrome can manifest clinically as a reduction in GFR, 
a distal RTA, or hypokalemia or as mild nephrogenic diabetes insipi-
dus.79 MPGN and membranous glomerulonephritis have been diag-
nosed in patients with Sjögren’s syndrome.80

Relapsing polychondritis
Kidney disease is a variable feature of relapsing polychondritis and may 
present as proteinuria, hematuria, or a decline in kidney function. 
Lesions associated with relapsing polychondritis may be associated 
with coexisting disease such as SLE. Renal pathology has included 
mesangial proliferative glomerulonephritis, crescentic necrotizing glo-
merulonephritis, and tubulointerstitial nephritis.81 Treatments of both 
the primary condition and the renal disease are controversial, and the 
role of immunosuppressive therapy is unclear.

Behçet’s disease
Kidney involvement in Behçet’s disease appears to be less frequent than 
with other types of vasculitis. However, there is an association with 
focal or diffuse proliferative and membranous glomerulonephritis.82 
Amyloidosis is a more common renal complication of Behçet’s disease 
and may present as the nephrotic syndrome. Intrarenal microaneu-
rysms have also been described in association with Behçet’s disease. 
In a retrospective review of urinalyses in patients with Behçet’s disease, 
urinary abnormalities (proteinuria and/or hematuria) were present in 
about 10% of patients but less than 1% developed serious kidney 
lesions.83

Classic polyarteritis nodosa
The kidneys are the most commonly involved organs with polyarteritis 
nodosa, leading to hypertension and a variable decline in GFR. There 
may be patchy cortical infarctions, and renal artery aneurysms may 
rupture. Glomerulonephritis is not a feature of polyarteritis nodosa, 
because it tends not to be a small vessel disease.

ANCA-associated vasculitides
ANCA-associated granulomatous vasculitis, microscopic polyangiitis, 
and idiopathic pauci-immune glomerulonephritis likely represent the 

based on microscopy findings. They can all present as an RPGN, 
as macroscopic hematuria, less commonly as nephrotic syn-
drome, or as isolated proteinuria and/or microscopic hematuria. 
Typical LM findings include capillary wall thickening due to the 
presence of deposits, which frequently take the form of a dupli-
cated or split basement membrane (double contours or “tram 
tracking”). On IF, deposits located along the capillary wall and 
mesangium vary in amount, distribution, and appearance. They 
may be granular, short linear, or a combination of the two and 
typically include C3 and may include IgG, IgA or IgM. On EM, 
there are often electron-dense deposits within the mesangium 
and subendothelium. In some cases, there are also subepithelial 
deposits. Secondary causes of MPGN include lupus (class III and 
IV), and a rare form associated with hypocomplementemic 
partial lipodystrophy.60

Another significant abnormal finding is the presence of cells, fibrin, 
and/or collagen in the urinary space of the glomeruli. When this process 
involves more than 50% of the circumference of the glomerular tuft, 
it is termed a crescent (fibrous, fibrocellular, or cellular crescent, 
depending on the predominant finding). The presence of crescents is 
a marker of severe kidney injury and usually is the pathologic equiva-
lent of the clinical syndrome of RPGN. Crescentic glomerulonephritis 
may be associated with other forms of primary glomerulonephritis, 
such as MPGN or IgA nephropathy, or secondary glomerulonephritis, 
such as SLE and ANCA-associated granulomatous vasculitis.

RHEUMATOLOGIC DISEASES AFFECTING  
THE KIDNEYS
Details of the pathogenesis, pathology, clinical features, diagnosis, and 
management of the renal manifestations of rheumatic diseases are 
given in specific chapters throughout this book. This section lists the 
principal renal entities for the purpose of correlating and summarizing 
their key features (Table 37.5).

Systemic lupus erythematosus
Renal involvement is common in SLE, with approximately one third 
of patients initially presenting to a nephrologist rather than a rheuma-
tologist.61 The incidence of lupus nephritis likely exceeds 90%, because 
some kidney involvement may be silent.62,63 Subgroups of patients with 
SLE at increased risk for development of nephritis include men younger 
than 33 years of age at the time of diagnosis of SLE and non-European 
Americans.64 The presence of anticardiolipin antibody activity corre-
lates with a worse kidney prognosis.65

The principal different renal lesions are summarized in Table 37.5. 
Of note, the World Health Organization’s classification of lupus 
nephritis has recently been modified66 (Table 37.6). The primary 
advantage of the revised classification system is that it provides a 
clearer description of the lupus nephritis classes.

Treatment and prognosis are different for each type of nephritis.5,67 
Additionally, transitions between the different classes of glomerulone-
phritis occur frequently but do not occur in a stepwise fashion. Most 
renal abnormalities emerge soon after diagnosis.15 As an example, in 
one study of 1000 patients seen in rheumatologic practice, kidney 
involvement was initially present in 16% and increased to 50% during 
follow-up.68 However, if a subject does not have overt nephropathy, 
urinalysis and determination of GFR (see earlier) should be performed 
routinely. Acute nephritis exacerbations require immediate evaluation 
and usually require a kidney biopsy. Unfortunately, renal vasculitis and 
thrombotic microangiopathy are rarely demonstrable on biopsy.69 
Renal vein thrombosis in patients with lupus nephritis may similarly 
be clinically inapparent.3

About 10% of patients with lupus nephritis develop an overt distal 
RTA and hyperkalemia, although subclinical defects are present in a 
large number of individuals.46 The hyperkalemia may be exacerbated 
by use of potassium-sparing diuretics or agents that interfere with the 
renin-angiotensin system blockade, such as ACE inhibitors and angio-
tensin receptor blockers. Strategies to decrease hyperkalemia include 
limiting dietary potassium intake; use of fludrocortisone; and use of 
loop diuretics.70
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TABLE 37.5 PRINCIPAL TYPES OF RENAL PATHOLOGY IN THE RHEUMATIC DISEASES

Glomerular diseases Renal vascular diseases Tubulointerstitial diseases

Systemic lupus 
erythematosus

Mesangial glomerulonephritis (WHO class II)
Focal proliferative glomerulonephritis (WHO class III)
Diffuse proliferative glomerulonephritis (WHO class IV), incl. 

membranoproliferative glomerulonephritis (= mesangiocapillary 
glomerulonephritis), and crescentic and necrotizing 
glomerulonephritis (WHO class V)

Vasculitis of the kidney
Thrombotic microangiopathy 

(with thrombotic 
thrombocytopenic purpura or 
anticardiolipin syndrome)

“Lupus vasculopathy“ (see text)
Renal vein thrombosis

Lupus tubulointerstitial 
nephritis

Drug-induced (NSAIDs, 
cyclosporine, etc.)

Membranous 
glomerulonephritis

Mixed connective tissue 
disease

Membranous glomerulonephritis
Mesangial glomerulonephritis

“Scleroderma kidney” (see later)

Rheumatoid arthritis Focal proliferative glomerulonephritis
Crescentic necrotizing glomerulonephritis (with vasculitis)
Membranous glomerulonephritis (gold, penicillamine)
Renal amyloidosis (see later)

Vasculitis (rheumatoid) of the 
kidney

Other drug-induced (NSAIDs, 
methotrexate, cyclosporin, etc.)

Analgesic nephropathy 
(NSAIDs)

Sjögren’s syndrome Membranoproliferative glomerulonephritis (= mesangiocapillary 
glomerulonephritis) (with cryoglobulinemia)

Lymphocytic 
tubulointerstitial 
nephritis (with 
hypokalemic renal 
tubular acidosis)

Relapsing 
polychondritis

Mild mesangial glomerulonephritis; focal sclerosing glomerulonephritis Tubulointerstitial nephritis

Behçet’s disease Crescentic glomerulonephritis, or milder proliferative glomerulonephritis
Renal amyloidosis (see later)

Renal artery aneurysms and 
intrarenal microaneurysms

Polyarteritis nodosa 
(classic)

Ischemic sclerosis of glomeruli Arteritis and aneurysms of 
medium-sized vessels

Microscopic polyarteritis 
(polyangiitis)

Focal necrotizing and crescentic glomerulonephritis (pauci-immune) Vasculitis of small vessels 
(arterioles, capillaries, and 
venules)

ANCA-associated 
granulomatous 
vasculitis

Focal necrotizing and crescentic glomerulonephritis (pauci-immune) Vasculitis of small vessels 
(arterioles, capillaries, and 
venules)

Granulomas, lymphocytic 
infiltrates 
(periglomerular)

Churg-Strauss 
syndrome

Focal glomerulonephritis
Focal necrotizing and crescentic glomerulonephritis

Vasculitis Granulomas, eosinophil 
infiltrates

Essential mixed 
cryoglobulinemia

Cryoglobulinemic glomerulonephritis
Membranoproliferative glomerulonephritis

Small vessel vasculitis Tubulointerstitial nephritis 
(= mesangiocapillary 
glomerulonephritis)

Henoch-Schönlein 
purpura

Diffuse proliferative glomerulonephritis with mesangial IgA deposits

Ankylosing spondylitis Focal proliferative glomerulonephritis with mesangial IgA deposits (= 
mesangial IgA nephropathy)

Renal amyloidosis (see later)

Reactive arthritis Focal proliferative glomerulonephritis with mesangial IgA deposits (= 
mesangial IgA nephropathy)

Progressive systemic 
sclerosis 
(“scleroderma”)

Ischemic glomeruli Concentric layered thickening of 
arterial walls, with narrowed 
lumens

Amyloidosis Mesangial expansion due to accumulation of amyloid fibrils Peritubular amyloid 
deposits

Gout (chronic urate 
nephropathy)

Chronic interstitial 
inflammation and 
fibrosis

spectrum of disease presentation of the ANCA-associated vasculitides. 
Classic ANCA-associated granulomatous vasculitis involves the upper 
and lower respiratory tracts and the kidney.84 When the vasculitis has 
a more limited systemic involvement but still affects the kidney, it is 
termed microscopic polyangiitis. When only the kidneys are affected 
by the vasculitis, the condition is termed an idiopathic pauci-immune 
glomerulonephritis. The view that these three entities represent a 
spectrum of presentations of a unified disease is supported by several 
facts:

1. A positive test for ANCA is typically present in all three 
conditions.

2. The glomerular pathology is indistinguishable.
3. Patients diagnosed with idiopathic pauci-immune glomerulone-

phritis or microscopic polyangiitis may later develop typical pul-
monary lesions consistent with ANCA-associated granulomatous 
vasculitis.

4. Patients with “limited” ANCA-associated granulomatous vascu-
litis, in which clinical findings are isolated to the pulmonary 
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Henoch-Schönlein purpura
Henoch-Schönlein purpura is a small vessel vasculitis characterized by 
tissue deposition of IgA-containing immune complexes.90 It more fre-
quently affects children than adults and has a classic tetrad of rash 
(palpable petechiae or purpura), arthralgias, abdominal pain, and 
kidney disease. The clinical severity of kidney disease varies from mild 
proteinuria and hematuria to the development of nephrotic syndrome 
or RPGN. The most common glomerular lesion seen with Henoch-
Schönlein purpura is mesangial proliferative glomerulonephritis, with 
the characteristic finding of moderate to intense diffuse deposits of IgA 
in the mesangium. Less commonly, it can present as a crescentic glo-
merulonephritis. Henoch-Schönlein purpura nephritis is an important 
cause of end-stage kidney (renal) disease (ESRD) in children.91 In a 
retrospective, single-center study examining kidney sequelae in adult 
patients with Henoch-Schönlein purpura and biopsy-proved cutaneous 
vasculitis, patients with hematuria at disease onset or renal involve-
ment during the course of the disease more commonly developed renal 
sequelae.92

The “seronegative spondyloarthropathies” 
(ankylosing spondylitis, reactive arthritis)
The spondyloarthropathies, ankylosing spondylitis and reactive  
arthritis, are infrequently associated with IgA nephropathy.93 Clini-
cally, this can manifest as microscopic hematuria with or without 
progressive decline in GFR. Ankylosing spondylitis may also be  
complicated by the development of secondary amyloidosis.94 These 
patients tend to present with nephrotic syndrome, which can progress 
to ESRD.

Progressive systemic sclerosis (scleroderma)
Scleroderma causes progressive mucoid thickening of the walls and 
narrowing of the vascular lumen of arteries, which results in severe 
hypertension and ischemic kidney disease. Diminished kidney blood 
flow is an early manifestation of scleroderma and appears before the 
development of hypertension, urinary abnormalities, or renal failure. 
“Scleroderma renal crisis” is characterized by acute renal failure associ-
ated with marked hypertension in the setting of relatively bland urinary 
sediment. There appears to be a significant association between ante-
cedent high-dose corticosteroid therapy and the development of sclero-
derma renal crisis.95 Kidney biopsy demonstrates arterial changes that 
resemble thrombotic microangiopathy with edematous arteriolar 
intimal thickening and fibrinoid necrosis. Another classic finding seen 
on histology is the “onionskin” concentric hypertrophy seen in the 
interlobular arteries. Because the hypertension is primarily due to 
ischemic activation of the renin-angiotensin system, ACE inhibitors 

system, may later develop systemic manifestations, including 
kidney involvement.

The renal lesion with these conditions typically presents as an 
RPGN. Renal vessels other than glomerular capillaries can also be 
involved by the necrotizing vasculitis.

Allergic granulomatosis and angiitis, better known as Churg-Strauss 
syndrome, is typified by allergic rhinitis, asthma, eosinophilia, and a 
small vessel vasculitis. As in ANCA-associated granulomatous vascu-
litis and microscopic polyangiitis, patients tend to be ANCA positive. 
Although the most common organ involved is the lung, kidney involve-
ment occurs more frequently than previously thought, with a preva-
lence as high as 84%.85 Unlike ANCA-associated granulomatous 
vasculitis, renal failure is rare. The predominant glomerular pathology 
is FSGN and may be associated with necrotizing features and cres-
cents.85 Granulomas and eosinophilic infiltrates in the kidney are 
infrequent.

Essential mixed cryoglobulinemia
Essential mixed cryoglobulinemia (formerly known as Meltzer’s syn-
drome) is often an epiphenomena of a chronic viral infection, such as 
with hepatitis C or HIV infection.86,87 Cryoglobulins are immunoglobu-
lins that precipitate in the cold and lead to deposition of antigen-
antibody complexes in small and medium-sized arteries. This leads to 
hypocomplementemia, palpable purpura, arthralgias, hepatospleno-
megaly, and peripheral neuropathy. Kidney involvement occurs in 
upward of 60% of cases of mixed cryoglobulinemia.88 Histologic exami-
nation of the kidney reveals an MPGN with some unique features.89 
On LM, one may see intraluminal thrombi, which are composed of 
cryoglobulins. Also, on LM, there tends to be diffuse IgM deposits in 
the glomerular capillary loops. On EM, the majority of deposits are 
found in the subendothelial zone. These deposits bulge into the capil-
lary lumen and likely lead to the formation of the characteristic thrombi 
seen on LM. The majority of cryoglobulin deposits have a characteristic 
substructure, containing curved annular-tubular structures that 
measure approximately 30 nm in diameter and appear like a “finger-
print” (Fig. 37.4).

Kidney involvement can manifest as asymptomatic hematuria and 
proteinuria but can progress to nephrotic-range proteinuria or deterio-
ration of kidney function.

TABLE 37.6 WORLD HEALTH ORGANIZATION CLASSIFICATION 
OF LUPUS NEPHRITIS

Class Description

Class I Mesangial immune deposits without 
mesangial hypercellularity

Class II Mesangial immune deposits with 
mesangial hypercellularity

Class III
Subdivisions for active and 
sclerotic lesions

Focal glomerulonephritis (involving < 50% 
of total number of glomeruli)

Class IV Diffuse glomerulonephritis (involving 
≥50% of total number of glomeruli)

Class IV-S
Subdivisions for active and 
sclerotic lesions

Segmental involvement

Class IV-G
Subdivisions for active and 
sclerotic lesions

Global involvement

Class V Membranous

Class VI Advanced sclerosing lesions

Data from Weening JJ, D’Agati VD, Schwartz MM, et al. The classification of glomerulonephritis in 
systemic lupus erythematosus revisited. Kidney Int 2004;65:521-530.

Fig. 37.4 Electron micrograph of subject with cryoglobulinemia 
demonstrating electron dense deposits of tubular fibrils in a “fingerprint” 
appearance (arrows).
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Gout
In the majority of cases, monosodium urate crystal deposition disease, 
better known as gout, results from diminished kidney tubular secretion 
of uric acid. In addition to intrinsic abnormalities, a number of phar-
macologic agents can alter tubular function, resulting in hyperurice-
mia, such as cyclosporine, diuretics, and low-dose salicylates. Chronic 
hyperuricemia may involve the kidney in two distinct forms: chronic 
urate nephropathy and uric acid nephrolithiasis.

Prior to effective anti-hyperuricemic treatment, the prevalence of 
uric acid nephrolithiasis in patients with gout was about 20%.108 The 
stones tend to be radiologically nonopaque and may be passed as gravel 
or stone. Clinically, gout presents as classic renal colic with paroxysms 
of waxing and waning severe pain in the flank or groin, typically with 
hematuria.

Chronic urate nephropathy is secondary to urate deposition in the 
renal interstitium, which results in a chronic inflammatory reaction 
and varying degrees of fibrosis (tubulointerstitial disease). Clinically, 
this can manifest as mild proteinuria, concentrating deficits, and 
potentially CKD.109

As opposed to chronic urate nephropathy, which occurs in patients 
with gout, acute uric acid nephropathy tends to occur in patients with 
bulky cancers who undergo tumor lysis syndrome. It is characterized 
by oliguric ARF due to precipitation of uric acid crystals within the 
tubules.110 Classic measures used to prevent tumor lysis syndrome 
have included the use of allopurinol, alkalinization of the urine, and 
aggressive volume expansion. Newer medications, such as uricase  
(Rasburicase), catalyzes uric acid into allantoin,111 which is more 
readily excreted by the kidney and thereby may decrease the incidence 
of tumor lysis syndrome.

The presence of gout in concert with CKD warrants consideration 
of these potential underlying disorders:

● Familial juvenile hyperuricemia
● Chronic lead intoxication
● Deficiency of hypoxanthine-guanine phosphoribosyltransferase 

(HPRT)

Familial juvenile hyperuricemia is an autosomal dominant disorder 
localized to chromosome 16112 and is characterized by severe underex-
cretion of filtered urate and renal failure. The renal failure is from 
tubulointerstitial disease, but this does not appear to be due to urate 
deposition. Early treatment with allopurinol may improve the kidney 
prognosis.113

Chronic lead intoxication leads to tubulointerstitial damage with 
resulting impairment of tubular function. This can present clinically 
as saturnine gout due to decreased urate secretion,114 renal glucosuria, 
or aminoaciduria. Continued lead exposure produces progressive 
tubular atrophy and fibrosis, hypertension, and decline in kidney func-
tion. Therefore, occult chronic lead exposure should be suspected when 
the constellation of hypertension, gout, and CKD is uncovered.
HPRT deficiency is an X-linked disorder. Deficiencies of HPRT lead to 
an inability to recycle hypoxanthine and guanine and result in over-
production of uric acid. Clinically, its most severe form is known as 
Lesch-Nyhan syndrome, which is characterized by mental retardation, 
choreoathetosis, and self-mutilating behavior with signs of gouty 
arthritis and uric acid stone disease. Less severe forms of HPRT defi-
ciency may present as early-onset gout and sometimes have a positive 
family history.

Renal lesions with other rheumatic diseases
Individuals who contract acute rheumatic fever rarely develop post-
streptococcal glomerulonephritis (PSGN), because the nephritogenic 
and rheumatogenic strains of β-hemolytic streptococci are different. 
However, cases of mesangial proliferative glomerulonephritis have 
been described.115

Patients with polymyositis and dermatomyositis sometimes get a 
persistent mesangial proliferative glomerulonephritis, manifested clini-
cally as non–nephrotic-range proteinuria associated with microscopic 
hematuria.

A variety of renal abnormalities have been described in patients with 
psoriatic arthritis that include secondary amyloid and membranous 
glomerulonephritis.116

are the mainstays of treatment.96 Ten to 15 percent of patients with 
scleroderma will develop the renal crisis, but a much larger percentage 
will have some kidney involvement.97

Nephrogenic systemic fibrosis
Nephrogenic systemic fibrosis is a relatively newly described disorder 
that can mimic systemic sclerosis or scleromyxedema.98 It is only seen 
in individuals with significant kidney failure and is characterized by 
thickening and hardening of the skin and marked expansion and fibro-
sis of the dermis. Originally called nephrogenic fibrosing dermopathy, 
the name was changed because pathologic findings are not limited to 
the skin.99 Although the cause of nephrogenic systemic fibrosis remains 
unclear, there appears to be a high association with the use of gado-
linium, which is used in magnetic resonance imaging (MRI) and MR 
angiography. It is hypothesized that individuals with marked azotemia 
cannot eliminate the free gadolinium, which is highly toxic, resulting 
in tissue damage.100 Clinically, nephrogenic systemic fibrosis is char-
acterized by skin involvement with or without systemic involvement. 
The skin manifestations tend to be symmetric, initially affecting bilat-
eral extremities (ankles, lower legs, feet, and hands) with fibrotic indu-
rated plaques or nodules.99,101 There may be sclerodactyly.102 However, 
livedo reticularis is not a feature, unlike in autoimmune sclerosing 
conditions. The systemic involvement of nephrogenic systemic fibrosis 
includes muscle induration and joint contractures103 and fibrosis of 
lungs,102 myocardium, pericardium, pleura, and dura mater. Patients 
with systemic manifestations may have elevated erythrocyte sedimen-
tation rate and C-reactive protein values.104 Diagnosis of nephrogenic 
systemic fibrosis is established by histopathologic examination of a 
punch or incisional biopsy of affected skin, in the correct clinical 
setting. There are no specific laboratory tests for this disorder. The 
differential diagnosis includes systemic sclerosis, calciphylaxis, sclero-
myxedema, and eosinophilic fasciitis. Unfortunately, the course of 
nephrogenic systemic fibrosis appears to be progressive and unremit-
ting,104 except in individuals who have recovered kidney function. 
There is no proven therapy, and current strategies are directed at pre-
vention. Given the link between this disorder and gadolinium, the U.S. 
Food and Drug Administration (FDA) has made the following recom-
mendations in patients with CKD stage 5105: (1) Gadolinium-contain-
ing contrast agents should be used only if clearly necessary; (2) 
gadolinium should be avoided in patients with a diagnosis or clinical 
suspicion of nephrogenic systemic fibrosis; and (3) prompt initiation 
of hemodialysis after gadolinium exposure hastens its elimination and 
may be prudent. The FDA defines individuals at risk as those with 
acute or chronic kidney disease (estimated GFR < 30 mL/min) or 
patients with acute kidney injury of any severity due to the hepatorenal 
syndrome.105 The risk of nephrogenic systemic fibrosis after gadolin-
ium administration in patients with earlier stages of CKD (i.e., stages 
2 and 3) has not been defined.

Amyloidosis
Secondary amyloidosis, due to deposition of amyloid A (AA), tends to 
occur in concert with inflammatory rheumatologic conditions,6,95 
including rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing 
spondylitis, psoriatic arthritis, and familial Mediterranean fever. 
However, it is almost unknown in SLE, in which only a handful  
of cases have been reported. This probably arises from the fact that  
in lupus there is no increase in serum AA proteins during inflam-
matory episodes, which are increased in the other conditions just 
listed.106 In familial Mediterranean fever there is evidence that colchi-
cine therapy may prevent the appearance of proteinuria and renal 
damage.107

Clinically, renal amyloidosis presents as nephrotic syndrome and 
progressive renal failure. On imaging, the kidneys tend to be larger 
than expected owing to amyloid deposition (see section on kidney 
imaging). On LM, there is deposition of amyloid fibrils within the 
mesangial regions, which demonstrate dichroic birefringence under 
polarized light in tissue stained with Congo red. Amyloid can also 
infiltrate the tubulointerstitial compartment, leading to renal tubular 
defects. On EM, amyloid deposits are non-branching, randomly ori-
ented, twisted fibrils that measure 8 to 12 nm in diameter.
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to frank oliguric ARF.132 Typically, the azotemia is reversible once the 
NSAID is discontinued. Unfortunately, the functional azotemia may 
progress to acute tubular necrosis, which may take weeks to resolve, 
or, on rare occasions, can result in permanent kidney failure.133 The 
risk of ARF due to NSAIDs is dose dependent and is most often mani-
fest within the first few weeks.134

The major risk for developing functional azotemia with NSAID use 
is preexisting kidney disease or when used in combination with other 
nephrotoxic agents. Additionally, NSAIDs are relatively contraindi-
cated in settings of preexisting renal hypoperfusion that occur with 
effective intravascular volume depletion, either absolute or relative, 
such as nephrotic syndrome, congestive heart failure, cirrhosis, and 
protein-wasting enteropathies. Finally, because of progressive CKD 
with aging, one should use NSAIDs judiciously in the elderly. Renal 
function should be monitored closely in high-risk patients treated with 
NSAIDs.

Hyperkalemia
Under normal conditions, PGI2 stimulates renin-angiotensin-aldoste-
rone secretion. Inhibition of PGI2 may result in severe hyperkalemia, 
especially in patients with underlying CKD.

Peripheral edema
Inhibition of PGE2 results in increased sodium reabsorption, which 
manifests as edema.135 Edema typically occurs within the first week of 
therapy and is associated with a 1- to 2-kg weight gain.136

Interstitial nephritis and nephrotic syndrome
Less frequent than their functional effects, NSAIDs can produce overt 
histologic lesions of the kidneys, specifically allergic interstitial  
nephritis, minimal change disease,137 and probably membranous 
nephropathy.138

Allergic interstitial nephritis
Allergic interstitial nephritis occurs as an idiosyncratic reaction to 
NSAIDs and was commonly associated with fenoprofen use. Clinically, 
patients present with ARF associated with mild proteinuria, usually 
less than 1 g/day.139 Rash, eosinophilia, and other systemic features are 
usually absent.133

Nephrotic syndrome
NSAID-induced minimal change disease typically presents as anasarca 
and nephrotic-range proteinuria associated with a tubulointerstitial 
nephritis.140 Membranous nephritis also presents as massive protein-
uria.138 A kidney biopsy is needed to distinguish between these two 
histologic lesions because both present as nephrotic syndrome.

Analgesic nephropathy and papillary necrosis
Analgesic nephropathy is characterized by renal papillary necrosis and 
chronic interstitial nephritis caused by prolonged and excessive con-
sumption of combination analgesics,141 typically containing phenace-
tin. Analgesic nephropathy is characterized by patchy interstitial 
ischemia and fibrosis in the renal medulla.

Chronic use of NSAIDs is generally safe.133 However, daily NSAID use 
for more than one year may be associated with an increased risk of 
CKD, perhaps due to papillary necrosis.142

In settings of ARF, NSAID therapy should be discontinued imme-
diately. Hemodynamically mediated alterations typically improve rela-
tively quickly, but NSAID-related glomerulopathy and CKD may 
persist after discontinuation of the offending agent.

Calcineurin inhibitors: cyclosporine  
and tacrolimus
Acute renal failure
Cyclosporine, which is approved as a treatment for rheumatoid arthri-
tis, is associated with both acute and chronic renal toxicity.143 The 
other major calcineurin inhibitor, tacrolimus (FK506), has the same 
nephrotoxicity potential as cyclosporine.144 Both agents cause a dose-
dependent renal afferent artery vasoconstriction with subsequent acute 
decreases in GFR.145,146

The common renal manifestations of sarcoidosis include hypercalce-
mia-associated nephrolithiasis and interstitial nephritis with granuloma 
formation.117,118 Infrequently, sarcoidosis can present as an obstructive 
uropathy secondary to retroperitoneal lymph node involvement.119

The tubulointerstitial nephritis and uveitis syndrome is relatively 
uncommon and presents as eye pain associated with renal failure in 
young women.120 The differential diagnosis for interstitial nephritis 
associated with ocular findings should also include a number of rheu-
matologic disorders: sarcoidosis, ANCA-associated granulomatous vas-
culitis, SLE, Sjögren’s syndrome, and Behçet’s disease.

RENAL COMPLICATIONS OF DRUGS USED  
IN RHEUMATOLOGY
Rheumatologists are well aware of the potential nephrotoxicity of the 
medications they prescribe. In addition, many over-the-counter (OTC) 
non-prescription drugs have significant potential for adversely affecting 
kidney function. It is estimated that on any given day, one in five adults 
uses an analgesic medication.121 The use of such drugs is even more 
prevalent among patients with rheumatologic disorders, and many use 
them without informing their doctor. Therefore, periodic assessment 
of kidney function is warranted.

Acetaminophen (paracetamol)
Acetaminophen (paracetamol) is believed to have no significant neph-
rotoxicity, unlike its parent compound, phenacetin.122 Phenacetin was 
removed from the market because of its link to analgesic nephropathy. 
Acetaminophen overdoses that are associated with acute hepatic failure 
are often accompanied by ARF.123 Additionally, occasional cases of ARF 
are described without obvious hepatic failure124 or with dosages of 
acetaminophen that do not appear to be excessive.

Non-steroidal anti-inflammatory drugs
NSAIDs are frequently taken as OTC pain relievers in addition to being 
prescribed, typically at higher doses than OTC doses. Traditional 
NSAIDs inhibit both isoforms of the cyclooxygenase (COX) enzyme 
(COX-1 and COX-2), thereby impairing the production of prostaglan-
dins (PGE2), prostacyclin (PGI2), and thromboxanes. The cyclooxygen-
ase inhibitors were developed specifically in an attempt to decrease the 
gastrointestinal side effects of NSAIDs. By focusing on inhibition of 
COX-2 to maintain anti-inflammatory efficiency but avoiding inhibi-
tion of COX-1, there was also the consideration that these drugs might 
be more sparing of the kidneys. However, clinical models have dem-
onstrated that COX-2 is likely the key sodium-regulating enzyme 
within the salt handling parts of the kidney.125 Consequently, inhibi-
tion of COX-2 tends to produce a consistent reduction in the natri-
uretic effects of endogenous prostaglandins. A meta-analysis examining 
19 randomized trials using COX-2 inhibitors demonstrated that they 
increased systolic blood pressure when compared with placebo (3.85 
vs. 1.06 mm Hg, respectively) and traditional NSAIDs (2.83 vs. 
1.34 mm Hg, respectively).126 Additionally, cyclooxygenase inhibitors 
induce reversible reductions in GFR similar to that seen with tradi-
tional NSAIDs.127-130 As with nonselective NSAIDs, these effects are 
rarely of clinical significance unless they occur in a patient with com-
promised kidney function. Rare anatomic inflammatory responses 
have also been reported with cyclooxygenase inhibitors, which can lead 
to a significant worsening of kidney function. Based on these data, one 
can assume that all NSAIDs, whether traditional or COX-2 specific, 
have a dose-dependent effect on blood pressure, which is likely to be 
more relevant during the circumstances of a high salt intake. Both 
cyclooxygenase isoforms are present in the kidney.

Functional effects
Reduction in GFR
The most common renal side effect of NSAIDs is a functional  
reduction in GFR. In the setting of volume depletion, the renin- 
angiotensin-aldosterone and sympathetic nervous systems are acti-
vated, resulting in neurohumorally mediated systemic vasoconstriction. 
Prostaglandin E2 modifies this vasoconstriction in the kidneys and 
thereby preserves renal perfusion.131 NSAIDs inhibit the protective 
prostaglandin-mediated renal vasodilatory effect,131 compromising 
GFR. Clinically, this manifests as a clinical spectrum of mild azotemia 
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As a result, patients dialyzed with high-flux membranes develop  
evidence of amyloid much less frequently than those using low-flux 
membranes.162,163

Calcium, phosphorus, and parathyroid hormone derangements
As GFR declines, the filtered load of phosphate decreases, leading to a 
positive phosphate balance. This can be seen in as early as stage 2 CKD 
(see Table 37.3). Phosphate retention increases as GFR declines. Pro-
longed hyperphosphatemia can lead to soft tissue and vascular calcifi-
cations, related to an increase in the calcium-phosphate product.164,165 
An elevated calcium-phosphorus product is associated with increased 
morbidity and mortality.166

In addition to hyperphosphatemia, patients with CKD often suffer 
from hypocalcemia. The etiology of the hypocalcemia is multifactorial 
and is related to decreased production of 1,25-dihydroxyvitamin D as 
well as to diffuse deposition of calcium (see later) due to increased 
calcium-phosphate product. The combination of hypocalcemia, reduced 
1,25-dihydroxyvitamin D synthesis, and hyperphosphatemia results  
in parathyroid gland proliferation with subsequent secondary 
hyperparathyroidism.167,168

Strategies aimed at reducing hyperphosphatemia may ameliorate 
the development of secondary hyperparathyroidism. To this effect, 
current K/DOQI guidelines recommend with stages 3 and 4 CKD that 
the serum phosphorus concentration should be maintained between 
2.7 and 4.6 mg/dL, primarily through dietary phosphorus restriction 
between 800 to 1000 mg/day.38 However, dietary phosphorus restric-
tions are often not sufficient and oral phosphate binders are needed. 
In the past, aluminum-based phosphate binders were commonly used, 
but this led to significant toxicity, including aluminum bone disease. 
Now, the most commonly used phosphate binders are calcium-based 
phosphate binders (calcium acetate and calcium carbonate) and phos-
phate-binding resin (sevelamer).

Oxalate deposition
Urinary excretion of oxalate is markedly impaired once the GFR is 
reduced below 20 mL/min (stage 4 CKD).169 Secondary oxalosis, due 
to CKD, shares many features with primary genetic from of hyperox-
aluria, with increased vascular and osteoarticular calcification due to 
deposition of the poorly soluble calcium-oxalate complex. Avoiding 
carrots, spinach, cocoa, peanut butter, nuts, chocolate, megadose 
vitamin C, and tea will reduce dietary oxalate.170 Use of oral phosphate 
binders also will bind to oxalate and decrease its serum level.

Clinical features of β2-microglobulin amyloid
Carpal tunnel syndrome in dialyzed patients
A frequent feature of β2-microglobulin deposition in patients with CKD 
and ESRD is carpal tunnel syndrome.163 After 9 years on hemodialysis, 
more than 30% of patients appear to be affected.171 The symptoms are 
indistinguishable from carpal tunnel symptoms from other causes, and 
the intensity tends to be quite severe. Only transient relief is gained 
from local injections or by use of splints; surgical decompression 
appears to be the only effective treatment. Transient carpal tunnel 
syndrome sometimes occurs after creation of an upper extremity arte-
riovenous anastomosis dialysis access, owing to altered venous and 
lymphatic return.

Spondyloarthropathy due to β2-microglobulin amyloid
A destructive cervical spondyloarthropathy develops in patients with 
ESRD. The findings correlate strongly with the presence of β2-
microglobulin deposits,172 which can be demonstrated in the interver-
tebral discs and paravertebral ligaments and sometimes within the 
vertebral bodies and around the odontoid process. Ten to 20 percent 
of dialysis patients have β2-microglobulin deposits in the cervical spine; 
thoracic and lumbar spinal involvement is also described.172 Neck pain 
is the first feature, but radiculopathy is also seen. MRI demonstrates 
narrowed disc spaces and other typical findings that differentiate β2-
microglobulin amyloid deposits from osteomyelitis.

Bone cysts and fractures due to β2-microglobulin amyloid
Bone lesions that arise from β2-microglobulin deposition are typically 
cystic and occur at the ends of long bones, to include the humerus, 

Hypertension
In addition to hemodynamically mediated ARF, both calcineurin inhib-
itors can induce hypertension through a variety of mechanisms: acting 
as powerful vasoconstrictors of preglomerular vasculature, inducing 
sodium retention and volume expansion,147 activating the sympathetic 
nervous system,148 stimulating vasoconstrictor prostaglandin produc-
tion,149 upregulating intrarenal renin biosynthesis,150 stimulating 
endothelin,151 activating cytosol calcium after binding calmodulin,152 
and enhancing vascular responsiveness to vasopressin and 
angiotensin.153,154

Chronic kidney disease
The long-term nephrotoxicity of calcineurin inhibitors appears to be 
both time and dose dependent, results from interstitial fibrosis, and 
tends to be irreversible. Although studied primarily in transplant recipi-
ents, this chronic nephrotoxicity is also well documented in non-
transplant cases, including patients with rheumatoid arthritis.144

Hemolytic-uremic syndrome
Although an infrequent complication, both calcineurin inhibitors have 
been implicated as causing hemolytic-uremic syndrome or a microan-
giopathic syndrome.

Hyperuricemia
Cyclosporine causes hyperuricemia and may lead to gout in both indi-
viduals with and without an organ transplant.155,156 Afferent artery 
constriction from cyclosporine results in increased proximal tubular 
uric acid absorption and hyperuremia.157 Calcium channel blockers 
such as amlodipine significantly reduce the hyperuricemia associated 
with cyclosporine usage.157 Additionally, use of traditional drugs such 
as uricosuric agents or allopurinol may be beneficial.

RHEUMATOLOGIC COMPLICATIONS OF  
KIDNEY DISEASE
As a rule, most disorders of the soft tissues, joints, and bones that  
are referable to kidney disease occur in the setting of a diminished 
GFR, that is, with chronic kidney disease or in the post–kidney trans-
plant setting. The cause of most can be traced to the biochemical 
imbalances classically associated with kidney failure. These include 
disturbances in calcium and phosphorus homeostasis due to altera-
tions in the vitamin D and parathyroid hormone (PTH) axes and the 
retention of uremic toxins, such as β2-microglobulin. An exception to 
this rule is the syndrome of hereditary hypophosphatemic rickets, in 
which GFR is normal but there is excessive renal tubular wasting of 
phosphorus.

Rheumatologic complications in patients with ESRD are very 
common, with more than 70% of patients having joint pain.158 Addi-
tionally, there is a temporal relationship between the length of kidney 
disease and the prevalence of rheumatologic conditions.

Etiologic factors specific to kidney failure
β2-microglobulin amyloidosis
β2-microglobulin is an 11.8-kDa protein that is a component of the 
major histocompatibility complex (MHC) type 1 antigen. It is normally 
filtered by the glomerulus and reabsorbed and catabolized by renal 
tubular cells. In ESRD, production exceeds excretion, which can result 
in a 60-fold increase in plasma β2-microglobulin concentration. The 
β2-microglobulin protein then appears to be modified by 3-deoxyglu-
cose to form a glycosylated protein, which resists further catabolism 
and is found in amyloid deposits.159

β2-microglobulin has a high affinity for collagen, which may explain 
its predilection for deposition in bones, joints, and synovium.160 An 
autopsy study demonstrated a direct correlation of amyloid deposition 
with the number of years on dialysis (21%, 33%, 50%, 90%, and 100% 
with dialysis durations of less than 2, 2 to 4, 4 to 7, 7 to 13, and more 
than 13 years, respectively).161

Clearance of plasma β2-microglobulin in patients on hemodialysis 
has increased with the use of dialysis membranes that have increased 
hydraulic conductivity (i.e., more porous than older, cellulosic mem-
branes). Additionally, these membranes tend to be more biocompatible 
and may lead to less stimulation of β2-microglobulin production. 
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Clinical features of renal bone disease
Renal osteodystrophy
Renal osteodystrophy is a term used to describe the skeletal complica-
tions of ESRD due to a complex amalgam of various pathologic pro-
cesses. The four principal types are osteitis fibrosa (formally known as 
osteitis fibrosa cystica), osteomalacia, adynamic bone disease, and 
mixed disease. Mixed osteodystrophy is an amalgam of osteitis fibrosa 
and osteomalacia (see later).

The classic histologic form of renal osteodystrophy is osteitis fibrosa, 
a lesion directly attributable to the secondary hyperparathyroidism 
seen with CKD. The hallmark lesion is peritrabecular fibrosis in the 
setting of accelerated bone resorption and formation. Clinically, this 
can present as bone tenderness and proximal muscle weakness.177 
Radiographic findings include subperiosteal bone resorption, best 
observed in the middle phalanges, and osteosclerosis.

Osteomalacia, as opposed to osteitis fibrosa, is characterized by a 
reduced rate of bone turnover associated with increased osteoid volume 
and defective mineralization. Because osteomalacia is associated with 
aluminum intoxication, it incidence is decreasing.180 Clinically, osteo-
malacia tends to present as more severe bony pain than that with 
osteitis fibrosa and is also associated with pathologic fractures.181 In 
addition to bone symptoms, aluminum toxicity may manifest as 
microcytic anemia resistant to iron therapy182 and as acute or chronic 
(encephalopathy) neurotoxicity.183 Osteomalacia tends to have minimal 
radiographic findings but may be associated with pseudofractures, 
which are radiolucent bands that run perpendicular to the long axis of 
bones.181

Adynamic bone disease, also known as aplastic bone disease, is now 
the most common type of renal osteodystrophy.184 The pathogenesis 
of this condition is poorly understood, but a key factor appears to be 
excessive suppression of PTH. Bone turnover is markedly decreased, 
but unlike osteomalacia there is no increase in osteoid formation. 
Clinically, adynamic bone disease may be asymptomatic185 or manifest 
as hypercalcemia or increased risk for hip fractures.186,187

Management is based on the type of renal osteodystrophy. Although 
tests of PTH and serum aluminum levels may be suggestive of the 
underlying pathologic process, the diagnostic gold standard is dual-
labeled bone biopsy. General management should include normaliza-
tion of serum phosphorus levels; correction of acidemia; avoidance of 
prolonged use of aluminum-containing phosphate binders, including 
sucralfate; and control of hyperparathyroidism with judicious use of 
vitamin D analogs. Despite effective therapy, intractable hyperparathy-
roidism may require parathyroidectomy.

“Brown tumors”
Severe hyperparathyroidism may lead to the development of osteoclas-
tomas, also known as “brown tumors.” They typically occur at the 
medial end of the clavicle but can occur anywhere in the calvaria, long 
bones, sternum, or spine.188

Calcification of soft tissues and vessels
Soft tissue calcification
Ectopic deposition of calcium, also known as metastatic calcification, 
is common in patients with CKD and ESRD. The crucial factors 
include secondary hyperparathyroidism and a high calcium-phosphate 
product. Calcification may occur in a variety of soft tissues, to include 
skin, where it manifests as diffuse pruritus; around joints; within the 
lungs, where calcium is found in the alveolar capillary basement mem-
brane; and in the heart. Of major concern is when calcifications occur 
within blood vessels. In patients with CKD, the presence and extent 
of arterial calcifications are independently predictive of subsequent 
cardiovascular disease (CVD).189 Coronary artery calcification is much 
more common in patients on hemodialysis when compared with age- 
and gender-matched controls,190 with CVD accounting for approxi-
mately half of the deaths.191

Calciphylaxis
Calciphylaxis is a poorly understood syndrome characterized by isch-
emic necrosis of skin and muscle associated with extensive vascular 
calcifications.192 Its presentation may be similar to that seen with 

femur, tibia, and carpals. The cysts contain amyloid and tend to 
enlarge with time, predisposing to pathologic fractures. They may be 
confused with “brown tumors” of secondary hyperparathyroidism.

Other joint and soft tissue manifestations of  
β2-microglobulin amyloid
Shoulder pain afflicts a significant percentage of patients on long-term 
maintenance hemodialysis. Periarticular deposits of β2-microglobulin 
may lead to adhesions to the joint capsule, with joint tenderness and 
loss of mobility. Similarly, adhesions due to β2-microglobulin deposi-
tion in the flexor tendons of the hand can cause contractures and 
thickening. Joint effusions are common with periarticular deposition 
of β2-microglobulin, especially in the shoulders and knees. On aspira-
tion, these effusive arthropathies tend to be non-inflammatory. Under 
polarizing microscopy, fibrils of β2-microglobulin may be seen in the 
joint fluid. Examination of the joint aspirate may therefore help dis-
tinguish shoulder pain due to β2-microglobulin from calcium hydroxy-
apatite crystal arthropathy (see later).

Crystal arthropathies
Gout
With CKD, gout is paradoxically uncommon, in part because the frac-
tional excretion of urate rises steadily as GFR falls.173 Nevertheless, 
hyperuricemia is the rule in advanced CKD, suggesting that the uremic 
milieu suppresses the acute inflammatory response to urate crystals.174 
The acute gout attack in patients with CKD should be treated with 
either intra-articular or systemic corticosteroids, depending on the 
number of joints involved. Colchicine is relatively contraindicated in 
patients with the later stages of CKD. Additionally, the use of NSAIDs 
may precipitate either hemodynamically mediated or tubulointerstitial 
ARF and should therefore be avoided in patients with CKD.

The long-term management of chronic gout with allopurinol 
requires dose adjustment for the diminished GFR in patients with 
CKD.175 Allopurinol hypersensitivity syndrome also appears to be more 
likely in patients with CKD.176 The uricosuric agents sulfinpyrazone 
and probenecid are ineffective when the GFR is less than 30 mL/min, 
but benzbromarone may still be effective.177

Calcium pyrophosphate dihydrate (CPPD) deposition disease
In patients with CKD, calcium pyrophosphate dihydrate (CPPD)  
deposition disease is more common than gout. Chondrocalcinosis, 
defined as articular cartilage calcification, is often present and may be 
associated with the second hyperparathyroidism of renal failure. Pseu-
dogout, characterized by self-limited acute arthritis attacks, primarily 
involves the knee joint and other joints of the extremities.178 As with 
gout, treatment of the acute arthritis is best accomplished with intra-
articular injections; NSAIDs are relatively contraindicated. Manage-
ment of chronic pseudogout is not well established but should include 
strategies to improve associated secondary hyperparathyroidism  
(see later).

Hydroxyapatite arthropathy
Acute episodes of joint pain, particularly in the shoulders, can punctu-
ate the more chronic course of periarthropathy due to calcium hydroxy-
apatite deposits. Seen in patients with ESRD, this strongly correlates 
with prolonged hyperphosphatemia and an elevated calcium-phospho-
rus product. Crystals are usually absent on synovial fluid examination. 
Periarticular deposits may become large complex masses, called tumoral 
calcinosis.

The aims of therapy are threefold: (1) reduction of acute inflamma-
tion with intra-articular injections and cautious use of anti-inflamma-
tory drugs, (2) joint rest, and (3) reduction in calcium-phosphorus 
product by increasing phosphate binders and stopping vitamin D 
analog administration.

Oxalate arthropathy
Arthritis associated with articular and periarticular deposits of calcium 
oxalate occurs secondary to CKD.179,180 Oxalate crystals are deposited 
in renal parenchyma, skin, bone, and blood vessels and in and around 
joints. There they cause chondrocalcinosis, synovial calcification, and 
chronic or acute arthropathy.
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The differential diagnosis of generalized muscle weakness in a 
patient on dialysis is extensive and includes life-threatening processes 
such as severe hyperkalemia, severe hypophosphatemia, and bactere-
mia. More chronic or progressive weakness, if not neuropathic in 
origin, suggests a possible myopathy202 that may be due to vitamin D 
deficiency, possible aluminum toxicity (see earlier), progressive mal-
nourishment, or hyperparathyroidism.

Lupus tends to become more quiescent with the development of 
ESRD, although symptoms may continue.203 Additionally, patients 
with rheumatoid arthritis may continue to have arthritis while on 
hemodialysis. Individuals on dialysis who have previously received 
extended courses of corticosteroids for lupus or similar rheumatic 
conditions are at particular risk for hip osteonecrosis.

Arthropathies in renal transplant patients
Gout
Gout is just one of several arthropathies that are prevalent in kidney 
transplant recipients.204 The incidence of gout is increased in individu-
als who have received a kidney transplant treated with cyclosporine.205 
It appears that use of cyclosporine results in renal vasoconstriction and 
subsequent decreased capacity to excrete uric acid.206 The addition of 
diuretic therapy can lead to intravascular volume contraction and 
further increases in serum uric acid concentrations. Although tacroli-
mus has similar immunosuppressive effects as cyclosporine, the inci-
dence of gout appears to be less in patients treated with tacrolimus.

Osteopenia after transplantation
Before kidney transplantation, patients with CKD often have low bone 
mineral density owing to renal osteodystrophy. After renal transplanta-
tion there is a rapid decline in bone mineral density.207 This rapid 
decline is due primarily to the use of glucocorticoids205 and persistent 
hyperparathyroidism. Clinically, there is an increased incidence of 
fractures within the first 6 months after transplantation.208 There is 
some evidence that bone loss may be prevented by the use of cortico-
steroid-free or ultra-low-dose corticosteroid regimens.209 Additionally, 
use of calcium, vitamin D, and bisphosphonates should be considered 
in all recipients of kidney transplants.

warfarin-induced skin necrosis.193 It is associated with hyperparathy-
roidism and CKD, either dialysis or non-dialysis dependent. The inci-
dence appears to be increasing194 associated with the increased use of 
vitamin D analogs. The diagnosis of calciphylaxis is one of exclusion 
and is suggested by the characteristic ischemic skin lesions in associa-
tion with biopsy demonstrating arterial calcification and occlusion 
without vasculitic changes. The ischemia may first manifest as livedo 
reticularis in the legs or arm. Often there are nodular areas of painful 
subcutaneous fat necrosis. Extension of this process leads to necrosis 
of large areas of skin and subcutaneous tissue. Lesions may be promi-
nent on the abdominal wall, thighs, and buttocks.195 The primary cause 
of mortality from calciphylaxis syndrome is from severe secondary 
infections. Treatment is directed toward both the ischemic wounds as 
well as the underlying cause. Wound care should include appropriate 
débridement, antibiotic therapy, and pain management. In addition, 
therapy should be directed at correction of calcium and phosphorus 
concentrations and discontinuation of vitamin D analogs. The role for 
urgent parathyroidectomy is poorly defined.196

Other arthropathies in dialysis patients
Typical erosive osteoarthritis, mainly of the interphalangeal joints, is 
common in individuals on dialysis. The clinical and radiologic presen-
tations are indistinguishable from those of individuals without CKD. 
As in the general population, there is a female predominance and an 
increased incidence with age. However, erosive osteoarthritis appears 
to be more common in patients with ESRD.197 This increased incidence 
may be related to a higher incidence of hyperparathyroidism and/or 
iron overload.198

Because uremia leads to a bleeding diathesis, patients may bleed 
into a large joint, resulting in hemarthrosis. An additional risk of bleed-
ing is incurred from the use of anticoagulation during hemodialysis. 
In some patients, bleeding appears to be associated with β2-microglobulin 
deposition of periarticular structures. The incidence of osteonecrosis 
appears to be increased in patients with ESRD199 as well as after kidney 
transplant.200

Tendonitis is common in patients on hemodialysis; hyperparathy-
roidism appears to be the predisposing factor. Tendon rupture is 
common, principally of the quadriceps tendon but also of the patellar, 
Achilles, triceps, or finger extensor tendons.201

KEY REFERENCES
1. Crew RJ, Radhakrishnan J, Appel G. Complications of 

the nephrotic syndrome and their treatment. Clin 
Nephrol 2004;62:245-259.

4. Haas M, Meehan SM, Karrison TG, Spargo BH. Changing 
etiologies of unexplained adult nephrotic syndrome: a 
comparison of renal biopsy findings from 1976-1979 
and 1995-1997. Am J Kidney Dis 1997;30:621-631.

8. Safian RD, Textor SC. Renal-artery stenosis. N Engl J 
Med 2001;344:431-442.

16. D’Amico G, Bazzi C. Pathophysiology of proteinuria. 
Kidney Int 2003;63:809-825.

31. Kohler H, Wandel E, Brunck B. Acanthocyturia—a 
characteristic marker for glomerular bleeding. Kidney 
Int 1991;40:115-120.

42. Levey AS, Coresh J, Balk E, National Kidney Foundation, 
et al. National Kidney Foundation practice guidelines 
for chronic kidney disease: evaluation, classification, 
and stratification. Ann Intern Med 2003;139:137-147.

49. Hebert LA, Cosio FG, Neff JC. Diagnostic significance of 
hypocomplementemia. Kidney Int 1991;39:811-821.

58. Jennette JC, Falk RJ. The pathology of vasculitis 
involving the kidney. Am J Kidney Dis 1994;24:130-141.

66. Weening JJ, D’Agati VD, Schwartz MM, et al. The 
classification of glomerulonephritis in systemic lupus 
erythematosus revisited. Kidney Int 2004;65:521-530.

67. Najafi CC, Korbet SM, Lewis EJ, et al. Significance of 
histologic patterns of glomerular injury upon 
long-term prognosis in severe lupus 
glomerulonephritis. Kidney Int 2001;59:2156-2163.

68. Cervera R, Khamashta MA, Font J, et al. Systemic lupus 
erythematosus: clinical and immunologic patterns of 
disease expression in a cohort of 1,000 patients. The 
European Working Party on Systemic Lupus 
Erythematosus. Medicine (Baltimore) 1993;72:113-124.

69. Descombes E, Droz D, Drouet L, et al. Renal vascular 
lesions in lupus nephritis. Medicine (Baltimore) 
1997;76:355-368.

74. Helin HJ, Korpela MM, Mustonen JT, Pasternack AI. 
Renal biopsy findings and clinicopathologic 
correlations in rheumatoid arthritis. Arthritis Rheum 
1995;38:242-247.

77. Qarni MU, Kohan DE. Pauci-immune necrotizing 
glomerulonephritis complicating rheumatoid arthritis. 
Clin Nephrol 2000;54:54-58.

79. Bossini N, Savoldi S, Franceschini F, et al. Clinical and 
morphological features of kidney involvement in 
primary Sjögren’s syndrome. Nephrol Dial Transplant 
2001;16:2328-2336.

82. Akpolat T, Akkoyunlu M, Akpolat I, et al. Renal Behçet’s 
disease: a cumulative analysis. Semin Arthritis Rheum 
2002;31:317-337.

84. Hoffman GS, Kerr GS, Leavitt RY, et al. Wegener 
granulomatosis: an analysis of 158 patients. Ann Intern 
Med 1992;116:488-498.

93. Garcia-Porrua C, Gonzalez-Louzao C, Llorca J, 
Gonzalez-Gay MA. Predictive factors for renal sequelae 
in adults with Henoch-Schönlein purpura. J Rheumatol 
2001;28:1019-1024.

94. Lance NJ, Curran JJ. Amyloidosis in a case of 
ankylosing spondylitis with a review of the literature. J 
Rheumatol 1991;18:100-103.

95. Steen VD, Medsger TA Jr. Case-control study of 
corticosteroids and other drugs that either precipitate 
or protect from the development of scleroderma renal 
crisis. Arthritis Rheum 1998;41:1613-1619.

97. Traub YM, Shapiro AP, Rodnan GP, et al. Hypertension 
and renal failure (scleroderma renal crisis) in 
progressive systemic sclerosis: review of a 25-year 
experience with 68 cases. Medicine (Baltimore) 
1983;62:335-352.

100. Deo A, Fogel M, Cowper SE. Nephrogenic systemic 
fibrosis: A population study examining the relationship 
of disease development to gadolinium exposure. Clin J 
Am Soc Nephrol 2007; 2:264.

104. Mendoza FA, Artlett CM, Sandorfi N, et al. Description 
of 12 cases of nephrogenic fibrosing dermopathy and 
review of the literature. Semin Arthritis Rheum 
2006;35:238.

109. Johnson RJ, Kivlighn SD, Kim YG, et al. Reappraisal of 
the pathogenesis and consequences of hyperuricemia 
in hypertension, cardiovascular disease, and renal 
disease. Am J Kidney Dis 1999;33:225-234.

110. Arrambide K, Toto RD. Tumor lysis syndrome. Semin 
Nephrol 1993;13:273-280.

116. Alenius GM, Stegmayr BG, Dahlqvist SR. Renal 
abnormalities in a population of patients with psoriatic 
arthritis. Scand J Rheumatol 2001;30:271-274.

118. Muther RS, McCarron DA, Bennett WM. Renal 
manifestations of sarcoidosis. Arch Intern Med 
1981;141:643-645.

122. Henrich WL, Agodoa LE, Barrett B, et al. Analgesics and 
the kidney: summary and recommendations to the 
Scientific Advisory Board of the National Kidney 
Foundation from an Ad Hoc Committee of the National 
Kidney Foundation. Am J Kidney Dis 1996;27:162-165.

123. Blakely P, McDonald BR. Acute renal failure due to 
acetaminophen ingestion: a case report and review of 
the literature. J Am Soc Nephrol 1995;6:48-53.

125. Catella-Lawson F, Reilly MP, Kapoor SC, et al. 
Cyclooxygenase inhibitors and the antiplatelet effects 
of aspirin. N Engl J Med 2001;345:1809-1817.

133. Bennett WM, Henrich WL, Stoff JS. The renal effects  
of nonsteroidal anti-inflammatory drugs: summary  
and recommendations. Am J Kidney Dis 1996;28: 
S56-S62.

136. Harris RC Jr. Cyclooxygenase-2 inhibition and renal 
physiology. Am J Cardiol 2002;89:10D-17D.

138. Radford MG Jr, Holley KE, Grande JP, et al. Reversible 
membranous nephropathy associated with the use of 
nonsteroidal anti-inflammatory drugs. JAMA 
1996;276:466-469.



CH
A

PTER 37 
● The kidney and rheum

atic disease

345

139. Neilson EG. Pathogenesis and therapy of interstitial 
nephritis. Kidney Int 1989;35:1257-1270.

143. de Mattos AM, Olyaei AJ, Bennett WM. Nephrotoxicity 
of immunosuppressive drugs: long-term consequences 
and challenges for the future. Am J Kidney Dis 
2000;35:333-346.

151. Kon V, Sugiura M, Inagami T, et al. Role of endothelin in 
cyclosporine-induced glomerular dysfunction. Kidney 
Int 1990;37:1487-1491.

152. Kopp JB, Klotman PE. Cellular and molecular 
mechanisms of cyclosporin nephrotoxicity. J Am Soc 
Nephrol 1990;1:162-179.

156. Clive DM. Renal transplant-associated hyperuricemia 
and gout. J Am Soc Nephrol 2000;11:974-979.

159. Miyata T, Inagi R, Iida Y, et al. Involvement of beta 
2-microglobulin modified with advanced glycation end 

products in the pathogenesis of hemodialysis-
associated amyloidosis: induction of human monocyte 
chemotaxis and macrophage secretion of tumor 
necrosis factor-alpha and interleukin-1. J Clin Invest 
1994;93:521-528.

162. Jadoul M, Garbar C, Noel H, et al. Histological 
prevalence of beta 2-microglobulin amyloidosis in 
hemodialysis: a prospective post-mortem study. 
Kidney Int 1997;51:1928-1932.

165. Mazhar AR, Johnson RJ, Gillen D, et al. Risk factors and 
mortality associated with calciphylaxis in end-stage 
renal disease. Kidney Int 2001;60:324-332.

177. Perez-Ruiz F, Calabozo M, Fernandez-Lopez MJ, et al. 
Treatment of chronic gout in patients with renal 
function impairment. J Clin Rheumatol 1999;5:49-55.

184. K/DOQI clinical practice guidelines for bone 
metabolism and disease in chronic kidney disease. Am 
J Kidney Dis 2003;42:S1-S201.

187. Sherrard DJ, Hercz G, Pei Y, et al. The spectrum of bone 
disease in end-stage renal failure—an evolving 
disorder. Kidney Int 1993;43:436-442.

194. Fine A, Zacharias J. Calciphylaxis is usually non-
ulcerating: risk factors, outcome and therapy. Kidney 
Int 2002;61:2210-2217.

196. Roe SM, Graham LD, Brock WB, Barker DE. 
Calciphylaxis: early recognition and management. Am 
Surg 1994;60:81-86.

198. Duncan IJ, Hurst NP, Disney A, et al. Is chronic renal 
failure a risk factor for the development of erosive 
osteoarthritis? Ann Rheum Dis 1989;48:183-187.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 38 
● Conventional radiography and com

puted tom
ography

EVA
LU

ATIO
N

: IM
A

G
IN

G
 TECH

N
IQ

U
ES

 
Conventional radiography and com

puted tom
ography

SECTION 3 EVALUATION: IMAGING TECHNIQUES

349

The  inability  to  evaluate  the  very  early  stages  of  inflammatory 
disease (early erosions, articular cartilage abnormalities, and synovitis) 
is due to the  insensitivity of radiographs to both the trabecular bone 
loss and the intramedullary component of early bone erosions as well 
as its lack of soft tissue detail. Magnetic resonance imaging (MRI) and 
ultrasonography  have  both  been  reported  to  be  more  sensitive  than 
conventional radiography with respect to these early changes, particu-
larly articular cartilage abnormalities and early erosions.3 Radiographs 
have been  found to be more suitable  for detecting cortical bone  loss, 
which  is  a  later  phenomenon.  As  a  result,  radiographs  have  proven 
useful as the mainstay for confirming established disease and for fol-
lowing the known disease process, with MRI being more sensitive in 
predicting non-progressors of disease in clinical trials and in detecting 
those predisposed to disease (early soft tissue changes).4

Projection views
The projectional nature of radiography can lead to superimposition of 
overlapping structures. In rheumatoid arthritis this can obscure en face 
erosions.  It  is  for  this  reason  that  articular  disorders  and  disorders 
affecting the axial skeleton should be evaluated in at least two orthogo-
nal planes (sometimes three, depending on the specific joint or anatomy) 
to  increase  the diagnostic sensitivity and  fully evaluate  the extent of 
the disease process. The majority of patients therefore are imaged with 
two orthogonal views: a routine anteroposterior (AP) or posteroanterior 
(PA)  view  and  an  accompanying  90-degree  lateral  view  (Fig.  38.3). 
Specialized views and techniques have also been developed that have 
been invaluable in allowing assessment of specific disease processes for 
certain joints. Such specialized views include the Norgaard view for the 
hand and wrist (see Fig. 38.3) and the modified AP Ferguson view for 
the SI joints (Fig. 38.4). Suggested routine radiographic techniques as 
well  as  some of  the more  specialized  techniques  and projections  are 
listed in Box 38.1.5

Hand and wrist
Although the PA view of the hand and wrist is the best conventional 
view for assessment of malalignment, joint space narrowing, soft tissue 
abnormalities,  and  mineralization,  it  is  limited  with  regard  to  the 
assessment of erosive changes. The Norgaard view (sometimes referred 
to as  the “ball  catcher’s” view)  (see Fig. 38.3)  is an AP oblique view 
of  the  hand  and  wrist  that  profiles  both  the  radial  aspect  of  the  
base of the proximal phalanges in the hand and the triquetral pisiform 
joint, two areas where the earliest erosive changes of any inflammatory 
arthropathy  occur.  Because  the  fingers  are  not  rigidly  positioned  by  
the radiographer in this view, the reducible subluxations of inflamma-
tory arthropathies and systemic lupus arthropathy may also be easily 
seen.

Sacroiliac joints
The modified AP Ferguson view (see Fig. 38.4) allows the best visual-
ization  of  the  anteroinferior  most  portion  of  the  SI  joints.  This  is 
important histologically because the lower half to two thirds of the SI 
joint  is a true synovial  joint and is  the area most  frequently affected 
by rheumatologic disorders. To obtain the Ferguson view, the patient 
is placed supine with knees and hips flexed. The x-ray tube is centered 
at L5/S1 and angled 25 to 30 degrees toward the head to best profile 
the SI joint. It is essentially a centrally coned-down modification of a 
pelvic  outlet  view  directed  perpendicular  to  the  sacral  inclination  to 
allow en face visualization of the entire sacrum.

Conventional radiography and 
computed tomography
Stacy E. Smith

 Conventional radiography has a major role in, and remains the 
mainstay of, initial evaluation and follow-up of rheumatologic 
disease.

 Although the majority of joints may be adequately assessed using 
orthogonal radiographic plain film views, specialized views may be 
required for some joints (e.g., Norgaard views for the hand and a 
modified AP Ferguson view for the sacrum).

 Multidetector CT (MDCT) provides excellent contrast and 
delineation of cortical and trabecular bone and is established as a 
superb diagnostic tool for visualization of subtle cortical or 
intraosseous lesions not visible on standard radiography due to 
projectional superimposition.

 CT-guided facet, joint, or bursal injections or aspirations are often 
utilized in the diagnosis and treatment of rheumatologic disease.

 CT angiography is useful for diagnosis and evaluation of the large 
vessel vasculitides, particularly giant cell arteritis and Takayasu 
arteritis, with some studies stating utility in monitoring treatment 
response.

CONVENTIONAL RADIOGRAPHY
Conventional  radiography  is  the  most  common  and  least  expensive 
modality for imaging and evaluating patients with rheumatologic dis-
orders.  In  particular,  it  is  the  mainstay  of  initial  evaluation  of  the 
hands, wrists, feet, and sacroiliac (SI) joints.

Uses
The radiographic assessment of bones and joints  includes evaluation 
of  all  the  following  criteria:  presence/absence  of  bone  loss  or  bone 
production, joint space narrowing (an indirect sign of articular cartilage 
thinning) or widening, presence/absence of calcification—chondrocal-
cinosis,  ankylosis,  subluxation, dislocation,  changes  in bone mineral 
density, and, finally, gross soft tissue abnormalities  (Fig. 38.1). Inter-
pretation of the radiographs requires a sound knowledge of radiographic 
anatomy, the patient’s clinical presentation, symptoms, and laboratory 
information, as well as disease pathology to provide the most correct 
diagnosis  and/or  differential  diagnosis.  The  comparison  of  bilateral 
joints can further enhance the detection of subtle abnormalities, allow-
ing for assessment of bilateral involvement and symmetry (Fig. 38.2). 
Serial radiographs can be utilized for staging, monitoring, and assessing 
treatment efficacy. Validated scoring methods of radiologic damage in 
joints have been developed by several authors and used extensively in 
clinical  trials, particularly with respect  to osteoarthritis and rheuma-
toid arthritis (see Chapter 43).1,2

Limitations of conventional radiography do exist, however, includ-
ing a wide variation in image quality, an inability to evaluate the very 
early stages of inflammatory disease in bone and soft tissue (i.e., syno-
vitis),  and  the  projectional  superimposition  of  structures  due  to  the 
two-dimensional (2D) representation of three-dimensional (3D) struc-
tures in a single plane. Wide variations in image quality (differences in 
film  projection  and  penetration)  make  it  vital  to  have  proper  film 
exposure and accurate positioning of serial radiographs to obtain accu-
rate results and to provide a true comparison with prior studies.
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Fig. 38.1 Radiographic assessment criteria. (a) AP view of the 
metacarpophalangeal (MCP) joints in a disease/trauma-free patient depicts 
normal joint spaces, soft tissues, and cortical/intramedullary integrity. (b) AP 
view of the MCP joints with narrowing and subluxation of the joints, 
periarticular osteopenia, and subtle marginal cortical erosions in a patient with 
rheumatoid arthritis. Lupus can present as similar subluxation but without 
cortical erosion. (c) AP view of an MCP joint with soft tissue swelling, cortical 
erosions, and destruction of both sides of the joint in a patient with chronic 
joint infection. (d) AP view of the MCP joints with osteopenia and multiple soft 
tissue calcifications about the joints in a pediatric patient with rheumatoid 
factor–positive mixed connective tissue disease.

Fig. 38.2 Rheumatoid arthritis. Bilateral PA hand radiographs demonstrate 
multiple erosions involving predominantly the proximal interphalangeal and 
metacarpophalangeal joints. Assessment of bilateral involvement and 
symmetry is helpful in narrowing the differential diagnosis.

BOX 38.1 STANDARD AND SPECIALIZED RADIOGRAPHIC PROJECTIONS
Adequate radiographic evaluation requires at least two orthogonal 
projections.

Standard radiographs
Finger:
 PA projection
 Lateral projection
Hand:
 PA projection
 Oblique projection (45-degree semi-pronated or semi-supinated)
 Lateral projection

Magnification views are more sensitive for evaluating erosive disease, if 
available.
Wrist:
 PA projection (arm abducted 90 degrees from trunk and forearm flexed at 

90 degrees to the arm)
 Oblique projections
 AP oblique view (Norgaard or “ball catcher’s” view)
 Lateral projection

Foot:
 AP, oblique, and lateral views
Shoulder:
 AP views (in true external and internal rotation)
Knee:
 AP (standing semiflexed position to allow accurate evaluation of cartilage 

loss)
 Flexed lateral (non-standing to allow patellofemoral evaluation) ± sunrise 

or Merchant patellar view and ± tunnel views
Hip:
 AP (best for femoral neck evaluation)
 Frog-leg lateral projection (best for femoral head evaluation and 

investigation of avascular necrosis)
SI joints:
 Modified AP Ferguson view
Spine:
 AP and lateral views

Survey radiographs*
Hands:
 PA projection
 Semi-pronated oblique view
Wrists:
 PA projection
 Lateral projection
 Obliques (semi-pronated and semi-supinated)
Shoulders:
 AP 40-degree posterior oblique view
Feet:
 Medial oblique view
Ankles:
 Lateral view to include heel
Knees:
 AP projection
 Lateral projection
Pelvis:
 AP projection
Cervical spine:
 Lateral with neck flexion

*The survey requires modification depending on specific diagnosis and clinical questions (i.e., 
suspected ankylosing spondylitis) or emphasis on axial skeleton including SI joints (i.e., 
suspected CPPD), symphysis pubis, PA wrist, and AP knees.
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Fig. 38.3 Standard orthogonal views and specialized radiographic views. AP (a) and lateral (b) views of a normal hand depict 3D anatomic structures in 2D 
projection correcting for possible overlap of structures if imaged in only one plane. (c) Norgaard view (ball catcher’s view) of bilateral normal hands and wrists 
allows better visualization of the pisotriquetral joint, first and second carpometacarpal joints, and lateral cortical margins of the second to fifth proximal 
phalangeal bases. Early erosive changes are best seen at these locations.

Knees
Another modification of radiographic technique involves the imaging 
assessment of the knees. AP or PA semiflexed views of the knees are 
best performed  in  the  standing  (weight-bearing position)  rather  than 
supine position so as to best assess for cartilage loss. Medial and lateral 
femoral tibial joints may appear symmetric and normal in a supinely 
positioned patient, whereas with the standing images true early joint 

space  loss can be assessed.  Joint space width of  less  than 4 mm has 
been reported to be consistent with cartilage loss.

Choice of joints
In  patients  with  suspected  polyarticular  disorders,  some  authors 
suggest that survey radiographs of the hand and forefoot will typically 
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to accelerate the electrons and also controls voltage, current, and expo-
sure time contributing to x-ray output) creates an x-ray beam of well-
defined intensity for penetrability and spatial distribution (Fig. 38.5). 
Projection  imaging  (acquisition  of  a  2D  image  of  the  patient’s  3D 
anatomy,  i.e.,  radiography)  compresses  anatomic  structures,  concen-
trating the entire thickness of the patient into one single image known 
as the radiograph. Modern radiography systems still predominantly use 
the film-screen combinations, which consist of a cassette, one or two 
intensifying screens (decreases the radiation dose to the patient but can 
cause loss of spatial resolution), and a sheet of film (single or double 
photosensitive emulsion) (Fig. 38.6). Double-screen, double-emulsion 
film-screen systems are most commonly used for routine clinical radi-
ography,  whereas  high-efficiency  single-screen,  single-emulsion  film-
screen  combinations  or  single-emulsion  film  without  screens  is 
preferred  for high-quality, high-resolution radiography, particularly  in 
assessing therapeutic response to treatment of disease (see Fig. 38.6).

Magnification radiography
The  quality  of  the  radiographic  image  is  important  for  accurate  and 
detailed assessment of  subtle  skeletal  abnormalities. High-resolution 

provide the highest yield with the least amount of radiation exposure. 
Survey radiographs may be obtained for initial evaluation and at various 
intervals during subsequent examinations. Anatomic regions included 
in the survey depend on the specific disorder suspected clinically,  its 
distribution, and laboratory findings and as a result must reveal enough 
information  to delineate  the  type and extent of  the disorder without 
representing an overuse of the patient’s, technician’s, and physician’s 
time  or  of  radiation  and  expense.  Sartorius  and  Resnick  suggest  a 
minimum detailed high-yield  radiographic  survey  for  such  investiga-
tions (see Box 38.1).6 Modifications to the survey are expected depend-
ing on the clinical and laboratory scenario, and follow-up radiographs 
are not as extensive as the initial survey because they are tailored to 
the regions of specific interest.

Techniques and physics
X-rays  are  produced  when  highly  energetic  electrons  interact  with 
matter and convert their kinetic energy into electromagnetic radiation. 
The combination of an x-ray tube, x-ray tube housing (for shielding), 
x-ray field, and a generator (the energy source that supplies the voltage 

a

b

c

d

Fig. 38.4 Ferguson view of the sacrum and SI joint evaluation. (a) Better visualization of the anteroinferior SI joints is noted on the specialized Ferguson view 
in comparison to (b) the standard AP view of the sacrum in a normal patient. (c) Ferguson view in patient with ankylosing spondylitis shows apparent 
complete fusion of bilateral SI joints. (d) Coronal multiplanar reconstructed CT image of the SI joints in the same patient better depicts near-complete fusion of 
the SI joints.
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Electrons Copper anode

X-RAY TUBE

Vacuum tube Tungsten target

Tungsten filament cathode

Power generator
(high voltage)

Fig. 38.5 X-ray tube. The tube consists of a cathode tube filament producing 
electrons, a tungsten target in a copper anode, and a vacuum tube.

magnification  radiography  and  fine  detail  radiographs  have  been  
developed to maximize diagnostic information. These are particularly 
useful  in the hands, fingers, and feet. Magnification radiography  is a 
highly  specialized,  not  commonly  available,  radiographic  technique 
that  results  in  higher  resolution  (sharpness),  better  contrast,  and  
lower  quantum  noise  than  conventional  radiographs.7  Image  mag-
nification up  to 10  times  that seen on conventional  radiographs can 
be  obtained.  It  is  more  sensitive  than  conventional  radiographs  in 
detecting erosions, patterns of bone resorption, early bone proliferation, 
chondrocalcinosis  (i.e.,  crystal  deposition  disease  [CPPD]),  and  the 
presence  of  soft  tissue  swelling  and  is  useful  when  conventional  
radiographs  are  negative  or  equivocal.  Fine  detail  radiography  is  
more  sensitive  for  the  subtle  early  subperiosteal  resorption,  cortical 
striation,  or  tunneling  seen  in  hyperparathyroidism.6  It  may  also  be 
helpful  in  monitoring  the  course  of  this  disease  and  its  response  to 
therapy.

Two forms of magnification radiography have been used:

1.  Optical magnification of fine grain films. The exposure, obtained 
with conventional radiographic equipment and fine grain indus-
trial films, is viewed with optical enlargement. Although increased 
radiation dose is noted with this technique, it has been utilized 
in both metabolic and arthritic disorder investigations by Genant8 
and others, with good reproducibility.

2.  Direct radiographic magnification for skeletal radiography.  A 
small  focal  spot  (100-150 µm)  is  utilized  in  this  technique, 
which  has  received  less  attention  than  optical  magnification, 
with only few reports in the literature.9,10 Because of its fourfold 
increase in skin dose (exposure per surface area), the utilization 
of  rare  earth  screen-film  system  and  single-emulsion,  single-
screen systems as well  as a decreased field of view can signifi-
cantly  counteract  and  reduce  the  total-body  irradiation  of  this 
technique.

Digital radiography
Digital  radiography has  been  growing  in popularity  over  the past  10 
years,  particularly  with  the  current  trend  for  many  departments  to 
become “filmless.” This technique is more expensive because it requires 
high luminance and high-resolution monitors to view the digital image, 
has large datasets that require large amounts of space on digital storage 
media, and depends on a high network bandwidth for picture archiving 
and communication systems (PACS).

The four main systems currently available for acquisition of digital 
radiographs are

X-ray source

Light
distribution
at emulsion

Thin screen

INFLUENCE OF SCREEN THICKNESS

X-ray source

Thick
screen

Emulsion

Emulsion

Film base

a b

FILM–SCREEN COMBINATION

Emulsion

Screen-film housing

Screen-film housing

Emulsion

Film base

Screen

Screen

c

Fig. 38.6 Influence of screen thickness and film-screen combinations. The 
thicker screen (a) absorbs more incident x-rays. However, the resultant light 
spreads out over a wider area than with a thinner screen (b), resulting in a loss 
of spatial resolution. (c) Dual-emulsion and dual-screen system seen in cross 
section.

1.  Computed radiography (CR), which uses photostimulable phos-
phor  detector  (PSP)  systems  in  which  images  are  stored  and 
viewed on PACS yet can be printed directly via a laser printer

2.  Charged coupled devices (CCDs) utilized in fluoroscopy
3.  Direct detection flat panel systems
4.  Indirect detection flat panel systems

Direct detection systems utilize a photoconductor material (usually 
selenium) applied on top of a thin film transistor (TFT) array, whereas 
the indirect systems utilize an x-ray intensifying screen that converts 
x-rays to light, which is then detected by the flat panel detector. The 
principal advantage of direct over indirect detection flat panel systems 
is a decrease in blurring, with direct detection systems having a higher 
spatial resolution than either CR or indirect systems, a reduced radia-
tion  dose  than  conventional  plain  film  radiography,  and  improved 
tolerance for overexposure or underexposure (too bright or too dark) of 
images because of a wider dynamic range (Fig. 38.7). Anatomic detail, 
contrast, and spatial resolution of these digital  techniques have been 
found to be sufficient for the evaluation of arthritis.11

Computerized x-ray image analysis methods  
(computer-aided analysis)
Computer-aided analysis or computer-aided detection (CAD) of radio-
graphic data was developed to fulfill the need for quantitative surrogate 
outcome measures in clinical research. Large numbers of radiographic 
images could be digitally imaged and stored for evaluation and training 
by the computer software system. These methods were initially utilized 
in  mammographic  and  chest  imaging  over  the  past  2  decades.  The 

Text continued on p. 358
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a b

Fig. 38.7 Comparison of 100-speed conventional film-screen combination (a-d) and direct detection flat panel system using selenium detectors (e-h). The 
voltage is 50 kV in every case. The exposure has been progressively cut from 4.0 mAs (a, e) through 2.8 mAs (b, f ) and 2.0 mAs (c, g) to 0.56 mAs (d). Note that 
the conventional film-screen combination provides no diagnostic information on bone and articular structures with 50 kV, 0.56 mAs exposure. However, the 
direct detection flat panel system (h) provides images of diagnostic quality because of its greater dynamic range.
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Fig. 38.7, cont’d
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Comparison of 100-speed conventional film-screen combination (a-d) and direct detection flat panel system using selenium detectors (e-h). 
The voltage is 50 kV in every case. The exposure has been progressively cut from 4.0 mAs (a, e) through 2.8 mAs (b, f ) and 2.0 mAs (c, g) to 0.56 mAs (d). Note 
that the conventional film-screen combination provides no diagnostic information on bone and articular structures with 50 kV, 0.56 mAs exposure. However, 
the direct detection flat panel system (h) provides images of diagnostic quality because of its greater dynamic range.

e f

Fig. 38.7, cont’d
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Fig. 38.7, cont’d
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documented under fluoroscopy after injection of the radiocarpal joint 
as visualized leakage of contrast agent into the distal radial ulnar joint 
(Fig. 38.9). Osteochondral bodies can be seen as filling defects within 
the  joints  on  arthrography  of  the  shoulder,  helping  in  diagnosis  of 
osteochondromatosis.

Therapeutic injections include corticosteroid or analgesic injections 
of  the  joints, most commonly  the shoulder, SI  joints, or hips. Other 
substances that have been injected under fluoroscopy include cartilage 
“stimulating”  or  “replacement”  substances  for  patients  with  little  or 
no cartilage  remaining  in  the knees or hips.  Injection of  the  joint of 
interest under fluoroscopic guidance may be utilized before MRI or CT 
for cartilage, joint space, ligament, and soft tissue integrity assessment 
in arthritic patients.

COMPUTED TOMOGRAPHY
The first head CT scanner was invented by Godfrey Hounsfield (United 
Kingdom) and Allan Cormack (United States) and introduced in 1972. 
CT  was  the  first  advanced  imaging  modality  to  be  utilized  in  the 
imaging  of  arthritis  long  before  the  advent  of  MRI.  CT  has  evolved 
tremendously  from  its  initial  first-generation  scanner.  The  former 
incorporated  a  rotate/translate  system  and  a  pencil  x-ray  beam  that 
essentially allowed for the acquisition of 360 radiographs acquired at 
1-degree  intervals  around  a  patient  or  extremity.  Second,  third,  and 
fourth-generation developments  led  to  the advent of helical or  spiral 
scanners in 1992. These were followed by the multidetector array CT 
(MDCT) scanners of today.

All modern CT scanners incorporate a fan beam geometry in which 
the x-rays at a given projection angle diverge, having the appearance of 
a  fan.  In  third-  and  fourth-generation  scanners,  a  single  axial  image 
included a large number of transmission measurements (acquisitions), 
each  taken  at  a  specific  axial  portion  of  the  body  while  the  gantry 
stopped, then the CT scanner table would advance in a craniocaudad 
direction  and  the  same  process  would  repeat.  This  was  followed  by 
tomographic  reconstruction  (filtered backprojection most  commonly) 
to create the final CT image.

Helical  or  spiral  CT  scanners  incorporate  a  slip  ring  technology 
whereby the gantry continuously rotates, with the x-ray source moving 
in a helical rather than a circular motion around the patient, acquiring 
data while the table is moving. This creates shorter scan times.

MDCT
MDCT, also referred to as multislice, multidetector row, or multisec-
tion CT, is the latest, most widely used version that is now a true 3D 

computer  algorithm  was  developed  to  be  able  to  find  nodules  and 
lesions  and  classify  them  as  benign  or  malignant.  Their  utility  in 
arthritis research is increasing.12 Most of the work in developing com-
puterized  digital  radiograph–based  techniques  in  rheumatology  has 
been focused on the evaluation of osteoarthritis of the knee, with more 
recent studies involving the hip and hand, with the latter focusing on 
analyses  of  the  metacarpophalangeal  and  proximal  interphalangeal 
joints in rheumatoid arthritis (RA).13,14

The general goal of such systems is to quantify arthritis progression 
by measuring the radiographic minimum joint space width by way of 
a computer software algorithm that can delineate the opposing margins 
of a  joint on a digital  radiographic  image  (Fig. 38.8). Although com-
puterized  techniques  are  objective  and  fast,  they  are  prone  to  the 
occasional error, and, as a result, a quality assurance step is necessary 
that allows for correction. Overall, however, these systems are repro-
ducible, providing a more objective measurement with improved inter- 
and intra-reader reproducibility and are more efficient and cost effective 
than manual scoring systems.12

Interventional techniques
There is an increasing use of interventional conventional radiography 
in  rheumatology,  of  which  fluoroscopically  guided  injection  of  joints 
for  diagnosis  or  for  therapeutic  intervention  is  the  most  important. 
Although advanced imaging (MRI or CT) is more commonly used for 
assessment  of  synovial  thickening,  ligament  degeneration/tear,  or 
osteochondral bodies, fluoroscopically guided arthrography can be used 
in those patients who are claustrophobic or who are not candidates for 
MRI. Indeed, this latter technique can be useful, for example, in dem-
onstrating some reliable indicators of synovial inflammation, such as 
corrugated  irregularity  of  injected  intra-articular  contrast  material 
within  the  wrist  or  glenohumeral  joint,  enlargement  of  the  joint,  
as  well  as  opacification  of  lymphatic  vessels.15  Degeneration  of  the 
triangular  fibrocartilage  complex  (TFCC)  with  eventual  tear  can  be 

a

b

c

Fig. 38.8 Computerized x-ray image analysis for joint space narrowing. (a) 
Computer-delineated femoral condyle shown as the white line overlaid on the 
knee radiograph. (b) The computer-determined joints along the bright band 
corresponding to the base of the tibial plateau. (c) Computerized 
determination of minimum joint space width. The points on the tibial plateau 
have been connected. The shortest distance between the femoral condyle and 
the tibial plateau is automatically detected.

a b

Fig. 38.9 Fluoroscopy. (a) AP view of a wrist arthrogram performed under 
fluoroscopy demonstrates prior injection of the midcarpal joint without 
abnormal extravasation with needle now repositioned within the 
radioscaphoid joint. (b) Contrast medium injection within the proximal 
radiocarpal joint shows abnormal flow of the agent into the distal radioulnar 
joint consistent with triangular fibrocartilage tear.
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c

Fig. 38.10 MDCT: 2D and 3D applications. (a) Axial MDCT image of the pelvis, just one of many thin slices in the original study database in this patient. Coronal 
(b) and sagittal (c) multiplanar reconstruction (MPR) CT images of the spine and pelvis created from the original scanned data. 

imaging  modality.  Gains  over  transaxial  cross-sectional  technique 
include  reduced  scan  time,  section  collimation,  and  increased  scan 
length  with  high  spatial  resolution.  Multislice  CT  allows  extended 
anatomic  coverage  with  thinner  slices  (0.5-mm  slice  width).  This 
makes  it  possible  to  acquire  isovolumetric  data  (arbitrary  imaging 
planes). Thus, techniques such as multiplanar reconstructions (MPR) 

and  3D  rendering  (volume  rendering  [VR],  shaded  surface  display 
[SSD], and maximum intensity projections [MIPs]) become an integral 
part of the examination (Fig. 38.10).16 In practical terms, the multide-
tector  scanners  obviate  the  need  for  scanning  patients  in  multiple 
positions to achieve true 2D sagittal, coronal, axial, or oblique images. 
Multiplanar reformatted images can be reconstructed in any plane from 

Continued
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(d-f ) 3D MDCT rendering of the spine and pelvis in the same patient utilizing volume rendering (VR) 
technique in AP, right anterior oblique, and left anterior oblique projections. Volume-rendered 3D CT image of the pelvis (coronal) (g) and spine (sagittal) (h) 
using bone windows. 

d e

Fig. 38.10, cont’d MDCT: 2D and 3D applications.
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Fig. 38.10, cont’d
Continued
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(i, j) Maximum intensity projection images of the pelvis and 
hips in coronal and sagittal projections respectively, clearly delineating the 
joint space and cortical integrity of the hips.

j

Fig. 38.10, cont’d

the original dataset acquired during the initial scan. This provides not 
only sagittal and coronal images but also oblique coronal or even 3D 
images for further evaluation of the study to provide a diagnosis.

Beginning with 4-, 6-, 8-, and 10-detector array scanners, 16-, 40-, 
and  now  64-detector  array  scanners  are  becoming  the  mainstay  of 
radiology departments. Higher detector arrays result in less possibility 
of  movement  artifact,  which  is  not  only  of  benefit  in  children,  ill 
patients, and claustrophobics but also especially important in imaging 
of small joints so as not to lose data or critical information during the 
study.

One of the problems with MDCT is that image noise is increased 
with sectional collimation reduction  (thin slices),  requiring either an 
increase  in  the  radiation  dose  or  thickening  of  image  sections  to 
decrease  the  noise.  This  feature  is  diminishing  with  higher  detector 
array scanners. Also, thinner slice widths are more commonly utilized 
in the extremities, which do not contain radiosensitive tissue, making 
radiation dose less of an issue in these cases.15

Applications in rheumatology
Bone
MDCT  provides  excellent  contrast  and  delineation  of  cortical  and 
trabecular  bone  evaluation  and  is  established  as  a  superb  diagnostic 
tool for the visualization of subtle cortical or intraosseous lesions not 
visible  on  radiographs  due  to  projectional  superimposition  (see  Fig. 
38.10). Whereas MRI and ultrasonography in experienced hands have 
been found to be superior to CT with regard to erosion detection, one 

study found the scoring of erosions in the rheumatoid hand was higher 
on MDCT than MRI at  the metacarpal bases owing  to  its  ability  to 
clearly delineate cortical bony margins and areas of sclerosis.17 MDCT 
provides  validation  of  the  bone  damage  or  destruction  suspected  on 
MRI  or  ultrasonography  and  may  be  useful  in  treatment  follow-up 
because sclerosis may be indicative of reparative changes.18

CT is less expensive than MRI and it has a shorter scanning time, 
which may benefit some patients, although the radiation dose is higher 
for  CT  than  MRI.  Because  of  its  ability  to  assess  both  cortical  and 
trabecular bone, CT can be used to assess for osteopenia or osteopo-
rosis. This can be subjectively assessed on a CT study performed for 
other purposes. Quantitative CT (QCT) of the spine is one such objec-
tive method for volumetric evaluation of bone mineral density, but it 
is generally reserved for research purposes. Bone mineral density evalu-
ation and its methods are discussed  in detail elsewhere  (see Chapter 
42).

Peripheral and axial joints
Joints  that  are  difficult  to  visualize  with  usual  imaging  techniques 
(apophyseal,  costovertebral,  sternoclavicular,  and  temporomandibular 
joints) may be better evaluated with MDCT and the use of reformatted 
images, MIPs, or MPR images for visualization and evaluation of liga-
ments  and  bone,  spinal  cord  compression,  erosions  of  the  odontoid 
process, subluxation, and presence of calcification (Fig. 38.11). The 3D 
analysis of standard joints such as the glenohumeral or hip joint with 
suspected osteoarthritis, RA, CPPD, or ischemic necrosis can be useful 
in assessment of subtle bone or  joint changes as well as in detecting 



CH
A

PTER 38 
● Conventional radiography and com

puted tom
ography

363

a b

Fig. 38.11 Rheumatoid arthritis of the odontoid. (a) Lateral radiograph of the cervical spine depicts narrowing of the preodontoid space, osteopenia, and 
midcervical disc space narrowing. MDCT sagittal (b, c) and axial soft tissue and bone window (d, e) CT images of the odontoid better demonstrate the soft 
tissue pannus about the odontoid with external erosions of the odontoid. Erosions are also noted within the right facet joint on the axial bone window image.

any periarticular soft tissue masses or synovial cysts. The use of MDCT 
after intra-articular injection of a contrast agent has proved to be useful 
in these latter situations because even articular cartilage abnormalities 
can be visualized secondary to increased spatial resolution and increased 
delineation of bone versus cartilage (Fig. 38.12).19

The CT findings of sacroiliitis are similar to those seen on conven-
tional radiographs, including erosions, sclerosis, and eventual ankylo-
sis if the disease progresses. Several studies indicate that CT is more 
sensitive  than  radiographs  in  identifying  sacroiliitis,  leading  to  an 
earlier  diagnosis  of  sacroiliitis  and  earlier  implementation  of  treat-
ment.20  CT  is  also  useful  in  septic  arthritis  because  irregular  bone 
destruction and intra-articular or periarticular fluid are well seen, par-
ticularly after intravenous administration of a contrast agent in which 
the  infected  fluid  collection  demonstrates  a  characteristic  peripheral 
rim enhancement pattern.19

CT-guided facet, joint, or bursal injections are often utilized in the 
diagnosis  and  treatment  of  rheumatologic  disease.  CT  fluoroscopy 
combines the careful delineation of anatomy with the real-time cine-
radiography  of  fluoroscopy,  allowing  finer  visualization  of  placement 
and  orientation  of  the  procedural  needle  for  appropriate  injection  or 
aspiration as required.

Soft tissues and vessels
Whereas CT is usually used for the evaluation of bone, the soft tissue 
system can also be evaluated, although typically MRI may be a more 
appropriate modality for these tissues. One of the more common soft 
tissue indications for CT in rheumatology is the evaluation of the large 
vessel  vasculitides using CT angiography.21 These disorders,  particu-
larly giant cell arteritis or Takayasu arteritis, can be visualized, detected, 
analyzed, and, according to some studies, even monitored, using CT 
angiography, because it can evaluate both the vessel wall and the lumen 
and may  show vessel wall  alterations  even when  the  lumen appears 
unaffected on standard angiography.22 CT has a role in diagnosing both 
early and advanced Takayasu arteritis. In early Takayasu arteritis, CT 
may show arterial wall thickening with mural enhancement and low-
attenuation  ring  on  delayed  images,  whereas  in  advanced  Takayasu 
arteritis,  CT  shows  the  typical  late-stage  complications,  including 
vessel stenosis, occlusion, and aneurysm.23 Aortic wall enhancement 
was  shown  to  resolve  after  immunosuppressive  therapy  in  7  of  13 
Takayasu  patients  in  one  study.24  CT  angiography,  however,  cannot 
visualize relatively small vessels and therefore is limited to deep large 
vessel evaluation.25

Continued
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Fig. 38.11, cont’d
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a b

Fig. 38.12 CT arthrography of the shoulder. (a) AP fluoroscopic image of the right shoulder showing needle placement in the mid-distal third of the 
glenohumeral joint. (b) Subsequent injection of contrast material into the glenohumeral joint is seen flowing along the curvilinear contour. 

Continued
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(c) Axial MDCT scan acquired through the right shoulder joint after intra-articular injection of dilute radiographic contrast agent 
demonstrates the articular cartilage of the humeral head as a low-density structure (arrowheads) clearly outlined by the high-contrast material. The posterior 
labrum is well visualized (arrow). (d) A more distal slice demonstrates the anterior and posterior portion of the glenoid labrum (arrows).

c d

Fig. 38.12, cont’d
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The spins aligned with the external B0 field precess at a known 
angular frequency w, given by the Larmor equation where w = γ • B0. 
An external radiofrequency (RF) field is applied at the resonant fre-
quency that causes the spins to tip into the transverse plane perpen-
dicular to the main B0 field. After the spins have been tipped, they 
begin to relax back toward the z-axis aligned with the B0 field. This 
relaxation results in the emission of the MRI signal and is character-
ized by two exponential decay constants, T1 and T2. These relaxation 
rates depend on the tissue properties of the sample, and it is these 
differences in intrinsic T1 and T2 relaxation times that are often 
exploited to generate MRI contrast. Free induction decay, the process 
of the relaxation of the spins in the transverse plane, is illustrated in 
Fig. 39.2.

T2 relaxation
The process of free induction decay is characterized by the exponential 
time constant T2. The B1 RF pulse tips the longitudinally oriented 
spins into the transverse plane. The angle of the tip away from the 
z-axis is known as the flip angle. When tipped into the transverse plane, 
the spins are coherent and aligned in one direction. Over a period of 
time, the spins lose phase coherence in the transverse plane and the 
net magnetization in the x-y plane becomes zero. This is referred to as 
spin-spin relaxation, and the exponential time constant that governs 
this loss of phase coherence is the T2 relaxation time. The elapsed 
time between the peak signal and 37% of the peak signal is the T2 
decay constant (Fig. 39.3). From a practical perspective, different 
tissues in the musculoskeletal system have different T2 relaxation 
times, which greatly impacts their appearance on MR images. T2* 
relaxation is another important component that contributes to the 
generation of image contrast. It is defined as the observed time con-
stant for the free induction decay as a result of the loss of phase coher-
ence. T2* decay, which is present on gradient-echo MR images, is 
shorter than T2 decay.

T1 relaxation
Loss of transverse magnetization or T2 decay occurs relatively quickly, 
whereas the recovery of the longitudinal magnetization to equilibrium 
takes longer. This occurs along the z-axis and is referred to as T1 
relaxation. As this occurs, individual spins must release their energy 
to the local tissue by way of a process that is called spin-lattice relax-
ation. The T1 relaxation time constant is the time needed to recover 
63% of the longitudinal magnetization after a 90-degree B1 pulse tips 
the spins into the x-y plane. Just as different tissues have different T2 
relaxation times, they have different T1 relaxation times that impact 
their appearance on MR images. Measured T2 and T1 relaxation times 
for common tissues in the musculoskeletal system are available.2

MRI contrast
In most MRI experiments, image contrast is determined by a combina-
tion of intrinsic proton density of the tissues and the T1, T2, and T2* 
relaxation times. The operator of the scanner can influence the appear-
ance of the images by changing the timing of the signal acquisition 
after excitation (known as echo time [TE]) or the time between the 
excitations (known as repetition time [TR]). Images are typically 
acquired using different parameters that take advantage of the different 
relaxation types. For example, images with a relatively short TE and 
TR emphasize differences in T1 relaxation times and are therefore 
referred to as T1-weighted images. Along the same lines, images with 
a long TR and long TE emphasize differences in T2 relaxation times 

Magnetic resonance imaging
Lauren Shapiro and Garry Gold

 Magnetic resonance imaging (MRI), with its versatility and high 
sensitivity, allows for a comprehensive assessment of the anatomy 
and pathology of the musculoskeletal system.

 Three dimensional (3D) imaging sequences have been developed 
and can be used to obtain isotropic resolution allowing for imaging 
reformation in oblique planes.

 Measurement of cartilage thickness and mapping using 3D 
imaging and subsequent segmentation can be used to track the 
progress of osteoarthritis.

 T2 relaxation time measurements can be useful in characterizing 
the state of fibrocartilage tissues such as the menisci and ligaments 
by detecting changes in the cartilage matrix.

 Tirho imaging is another physiologic MR imaging technique that 
can help visualize some of the earliest biomarkers of osteoarthritis 
through changes in macromolecular content such as proteoglycan 
depletion.

 Sodium imaging, another physiologic MR imaging technique, is 
sensitive to fairly small changes in proteoglycan depletion and 
provides a strong method with which to study, diagnose, and treat 
early stage osteoarthritis.

INTRODUCTION
Magnetic resonance imaging (MRI) is an extremely versatile and highly 
sensitive imaging modality that is used to evaluate soft tissue and bone 
in pathology of the musculoskeletal system.1 The wide range of con-
trast mechanisms available for MRI and the continuing development 
of new software and hardware have resulted in improvements in resolu-
tion and sensitivity. Unlike radiography and computed tomography 
(CT), MRI does not use ionizing radiation and, therefore, involves no 
significant patient risk when used within the U.S. Food and Drug 
Administration guidelines. The drawbacks to MRI include high costs 
of equipment and scanning, long imaging times, and potential for 
motion and other artifacts that may decrease image quality. Despite 
these limitations, the overall soft tissue contrast and flexibility have 
helped to establish MRI as the modality of choice for assessment of 
the musculoskeletal system.

OVERVIEW OF BASIC PRINCIPLES
The fundamental basis of MRI and the property that makes it possible 
is known as the MR phenomenon. Atoms that possess a net nuclear 
spin as a result of having an odd number of protons and/or neutrons 
exhibit this property. Although a number of different nuclei exhibit the 
nuclear magnetic resonance phenomena and are candidates for MRI, 
because of its natural abundance, almost all clinical MRI is done with 
protium (1H).

MRI requires the application of a strong external magnetic field (B0) 
within which protons behave like bar magnets with magnetic moments 
or “spins.” The magnetic moment of a single proton is not detectable, 
but the additive effects of many protons are able to be measured (Fig. 
39.1). In the absence of the external magnetic field, proton magnetic 
moments are oriented randomly and present a net zero moment when 
summed together. With an applied B0 field, however, the spins align 
either parallel (with the magnetic field) or anti-parallel (against the 
magnetic field). Because a slightly greater number of protons align with 
the field than against the field, a small net magnetization results in 
the direction of B0.
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used method is to divide the standard deviation of background noise 
from a certain region of interest into the mean signal from another 
region of interest from the same image. SNR is dependent on numer-
ous different variables, including but not limited to field of view, type 
of coil used, slice thickness, and magnetic field.

CONVENTIONAL MRI METHODS
MRI has emerged as the leading modality for imaging soft tissue struc-
tures around joints.3,4 One of the major advantages of MRI is the 
ability, as stated earlier, to manipulate contrast to highlight different 
tissue types. The common contrast mechanisms used in MRI include 
two-dimensional (2D) multi-slice T1-weighted, proton-density–
weighted, and T2-weighted imaging, all of which can be derived with 
or without fat suppression. Developments in imaging hardware and 
software have increased considerably in recent years, including 
improved gradients and RF coils, fast or turbo spin-echo imaging, and 
techniques such as water-only excitation, thus providing significant 
advancements in the field of MRI.

Although the tissue relaxation times and imaging parameters are 
the major determinants of contrast between different types of soft 
tissue within the joint, lipid suppression increases contrast between 
non-lipid and lipid-containing tissues and affects how the MR scanner 
sets the overall dynamic range of the image. The most common type 
of lipid suppression is fat saturation, in which fat spins are excited and 
then dephased before imaging. Another type of lipid suppression that 
can selectively excite water-only spins is known as spectral-spatial 
excitation.5 Finally, in areas of magnetic field inhomogeneity, a tech-
nique called inversion recovery provides a way to suppress lipids that 
comes at the expense of signal-to-noise and contrast-to-noise ratios.

The type of contrast used in musculoskeletal imaging is critical for 
the visibility of a pathologic process and the SNR of the tissues. 
Although T2-weighted imaging creates contrast between short T2 
tissues and synovial fluid, it does so at the expense of the MRI signal. 
The high signal from fluid is useful to highlight defects such as fissur-
ing or tears, but variation in internal short T2 signal is poorly depicted. 

and are therefore termed T2-weighted images. Images with a long TR 
and short TE are proton-density weighted because contrast in these 
images is generated as a result of differences in tissue proton density 
rather than differences in T1 or T2.

IMAGE QUALITY
An essential aspect of MRI deals with the ability to evaluate and 
compare images obtained from different techniques. A variety of strate-
gies are available with which to assess image quality; however, the 
three most valuable means for comparison include contrast sensitivity, 
spatial resolution, and signal-to-noise ratio (SNR). Contrast sensitivity 
is one of the primary reasons as to why MRI is so useful. As a result 
of MRI’s versatility, contrast sensitivity can be altered to the parame-
ters necessary for viewing the desired anatomy or pathologic process 
by changing the T1, T2, flow velocity properties, and spin densities. 
Spatial resolution is known as the ability of an imaging system to 
distinguish between two objects as they decrease in size and move 
closer together. Spatial resolution is dependent on matrix size, field of 
view, and slice thickness. SNR is used to measure the amount of the 
desired signal to the amount of background noise (or “random” signal). 
There are several technologically advanced and more robust, precise 
methods of calculating SNR, but the general idea and most commonly 

ALIGNMENT OF PROTONS

Without applied external magnetic field

Anti-parallel

Parallel

∆ Energy Bo3o

With applied external magnetic field

a

b

Fig. 39.1 Diagram of the alignment of protons (a) without the applied B0 field, 
and (b) after the applied B0 field. Slightly more protons align parallel with the 
B0 field than anti-parallel, resulting in a net magnetization.

FREE INDUCTION DECAY

Maximum Mxy Decreasing Mxy Mxy = 0

Fig. 39.2 Diagram of free induction decay in MRI. Immediately after excitation, 
the magnetization in the xy plane (Mxy) is a coherent vector, resulting in the 
maximum magnetization. As the decay proceeds, the spins lose coherence and 
eventually are ordered in random directions, giving a net Mxy of zero.

EXPONENTIAL T2 DECAY

Timet = T2t = 0

M xy

100%

37%

Time

M xy

T2 decay

T2* decay
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b

Fig. 39.3 Diagram of exponential spin-spin (T2) decay. (a) After one 
exponential time constant T2, the magnetization in the xy plane (M xy) has 
decayed to 37%. (b) Gradient-echo methods demonstrate T2* decay, which is 
faster than T2 decay. Spin-echo methods in MRI refocus the T2* decay, 
resulting in T2 decay.
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2D FSE methods are the primary clinical sequences used for internal 
derangements of joints. These methods are used for detection of bone 
marrow edema,9 effusions, synovium,3 and ligament and meniscal 
tears.4 Several scoring systems for osteoarthritis have been developed 
based on this acquisition method, including the Whole-organ Osteo-
arthritis Scoring (WORMS), Boston-Leeds Osteoarthritis Knee Scoring 
(BLOKS), and Knee Osteoarthritis Scoring System (KOSS).10,11

3D gradient-echo techniques
3D MRI sequences are extremely valuable because they produce images 
with isotropic voxels that do not contain slice gaps. Because of these 
characteristics the images can be reformatted into various, oblique 
planes, thereby improving the visualization of the anatomy while 
shortening the examination time. Traditional 3D gradient-recalled-
echo (3D-GRE) methods have the potential to acquire data with iso-
tropic voxel sizes but suffer from a lack of contrast, especially when 
compared with 2D spin-echo approaches. High accuracy for cartilage 
lesions has been shown with 3D-SPGR imaging1,12,13; however, there 
are two main disadvantages to this approach: (1) lack of reliable con-
trast between tissue and fluid that outlines defects and (2) long imaging 
times that may require up to 8 minutes. Because of the lack of reliable 
fluid sensitivity, 3D-GRE methods are less useful for diagnosis of liga-
ment or meniscal tears than spin-echo techniques. Despite the previ-
ously mentioned limitations, 3D-SPGR is considered the standard for 
morphologic imaging of cartilage.6

The SPGR and GRE techniques can be combined with water- 
fat separation methods such as iterative decomposition of water  
and fat with echo asymmetry and least squares estimation (IDEAL)  
to produce excellent-quality water and fat images with high resolution 
(up to 0.3 × 0.3 × 1.0 mm). The SPGR method suppresses signal  
from joint fluid, whereas the GRE method accentuates it (Fig. 39.5). 
Compared with balanced steady-state free precession (see later),  
these methods are less SNR efficient but also less sensitive to magnetic 
field inhomogeneity. Therefore, an ideal 3D cartilage imaging sequence 
that provides an optimal combination of resolution, SNR efficiency, 
and minimal artifacts has yet to be established. As such, a number  
of newer techniques have been established to improve cartilage  
imaging.

Also, T2-weighted scans are often 2D, leaving small gaps between 
slices that may contain small areas of tissue damage.

Another technique, called three-dimensional spoiled gradient-
recalled-echo imaging with fat suppression (3D-SPGR), destroys or 
spoils the transverse magnetization between successive TRs. This 
method produces high cartilage signal but low signal from adjacent 
joint fluid. Currently, this technique is the standard for quantitative 
morphologic imaging of cartilage.6 This technique is useful for cartilage 
volume and thickness measurements but does not adequately highlight 
surface defects with fluid and does not allow thorough evaluation of 
other joint structures such as ligaments or menisci.

MRI of joints requires close attention to imaging spatial resolution. 
For example, to see early morphologic degenerative changes in carti-
lage, imaging with resolution on the order of 0.2 to 0.4 mm is required.7 
The ultimate resolution achievable is governed by the SNR possible 
within a given imaging time and system. Use of high field strength and 
dedicated phased-array or surface coils usually results in the best pos-
sible resolution in vivo. Eventually, a high-resolution imaging tech-
nique that provides morphologic and physiologic information together 
would be ideal in the evaluation of joints. Given current techniques, 
it is likely that a combination of a high-resolution morphologic imaging 
sequence with a sequence for evaluation of tissue physiology will be 
the most useful.

2D fast spin-echo imaging
Currently, imaging of the musculoskeletal system with MRI is often 
limited to 2D multi-slice acquisitions acquired in multiple planes. This 
is commonly done with turbo or fast spin-echo (FSE) methods. These 
methods provide excellent SNR and contrast between tissues of inter-
est, but the voxels produced are anisotropic and have slice gaps, result-
ing in the inability to reformat the images into multiple, oblique 
planes. For example, a typical sagittal image may have 0.3 to 0.6 mm 
in-plane resolution but a slice thickness of 2 to 5 mm. FSE techniques 
show excellent results in detection of cartilage lesions (Fig. 39.4).8 
These methods provide excellent depiction of structures in the imaging 
plane, but evaluation of oblique or small structures across multiple 
slices can be challenging. For these reasons, 3D acquisitions with thin 
slices are more appealing.

a b

Fig. 39.4 Two-dimensional fast spin-echo MR images from a patient with cartilage damage. (a) Sagittal proton-density image showing medial compartment 
cartilage loss (arrow). (b) Sagittal T2-weighted image with fat suppression showing the same medial compartment damage (arrow). 

Continued
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a b

Fig. 39.5 Three-dimensional gradient-echo images of a healthy volunteer. (a) Sagittal spoiled gradient-recalled-echo (SPGR) showing bright cartilage but 
intermediate to dark fluid (arrow). (b) Sagittal gradient-recalled-echo (GRE) showing bright cartilage and brighter fluid (arrow).

c d

Fig. 39.4, cont’d (c) Coronal T1-weighted image showing medial compartment damage (arrow). Fluid is dark on this image. (d) Coronal T2-weighted image 
with fat suppression showing medial compartment damage (arrow).

ADVANCED MRI TECHNIQUES
Dual-echo steady-state imaging
Dual-echo steady-state (DESS) imaging has proven useful for evalua-
tion of cartilage morphology, for both volumetric and degradation 
assessment, due to its ability to maximize contrast between cartilage 

and synovial fluid.13a,b,c This technique acquires two or more gradient 
echoes separated by a refocusing pulse and then combines both echoes 
into the image. This results in an image with higher T2* weighting, 
which has bright signal from both cartilage and synovial fluid. This is 
currently the imaging method of choice for cartilage evaluation in the 
Osteoarthritis Initiative.12
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Many methods have been proposed to provide fat suppression with 
bSSFP imaging. If the TR is sufficiently short and the magnetic field 
is homogeneous, conventional fat suppression or water excitation 
pulses can be used.16 Linear combinations of bSSFP17 and fluctuating 
equilibrium MRI (FEMR)18 use the frequency difference between fat 
and water and do multiple acquisitions to separate fat and water. 
Intermittent fat suppression uses transient fat saturation pulses to 
suppress lipid signal.19 IDEAL uses multiple acquisitions to separate 
fat and water but does not depend on the fat-water frequency difference 
to constrain the TR.20 Rapid separation of water and fat can be achieved 
with phase detection.21

Several studies have demonstrated the utility of bSSFP imaging  
for articular cartilage and other musculoskeletal tissues.22 Because 
of the bright synovial fluid and 3D nature of the acquisition, bSSFP  
is also useful for internal derangements, including ligaments and 
menisci, making it more generally useful than SPGR. A variant of 
bSSFP imaging known as vastly interpolated projection reconstruction 
imaging (VIPR) has been shown to be useful in imaging the cartilage, 
ligaments, and menisci in a rapid manner with isotropic resolution 
(Fig. 39.6).23

3D fast spin-echo imaging
2D FSE is a powerful clinical tool but, as stated previously, this  
method suffers from anisotropic voxels, slice gaps, and partial  
volume effects. 3D acquisitions with FSE were applied in brain  
imaging several years ago.24 3D FSE, with flip angle modulation to 
reduce blurring and parallel imaging to reduce imaging time, has made 
isotropic imaging with spin-echo contrast a clinical reality.24,25 Prelimi-
nary studies demonstrating the effectiveness of using 3D FSE with 
isotropic resolution in the knee24 and ankle26 have been published. 
Images from this method show isotropic resolution with the ability to 
obtain high-quality multiplanar reformatted images (Fig. 39.7). A 
recent study involving more than 100 patients with arthroscopic cor-
relation revealed that 3D FSE was equal to a combination of multiple 
planes of 2D FSE in the diagnosis of ligament, menisci, and cartilage 
defects.

Driven equilibrium Fourier transform imaging
Driven equilibrium Fourier transform (DEFT) imaging has been used 
in the past as a method of signal enhancement in spectroscopy.1 The 
sequence uses a 90-degree pulse to return magnetization to the z-axis, 
increasing signal from tissues with long T1 relaxation times such as 
synovial fluid. Unlike conventional T1- or T2-weighted MRI, the con-
trast in DEFT is dependent on the ratio of the T1/T2 of a given tissue. 
For musculoskeletal imaging, DEFT produces contrast by enhancing 
the signal from synovial fluid, rather than attenuating the signal from 
cartilage as in T2-weighted sequences. This results in bright synovial 
fluid at short TR. At short TR, DEFT shows much greater cartilage-
to-fluid contrast than SPGR, proton-density FSE, or T2-weighted FSE.14 
DEFT imaging has been combined with a 3D echoplanar readout to 
make it an efficient 3D cartilage imaging technique. Unlike T2-weighted 
FSE, cartilage signal is preserved owing to the short TE. A high- 
resolution 3D dataset of the entire knee using 512 × 192 matrix, 
14 cm field-of-view, and 3-mm slices can be acquired in about 6 
minutes. Initial studies of cartilage morphology have been done using 
DEFT imaging,13 but this technique has not been conclusively proven 
to be superior to 2D approaches. A sequence similar to DEFT that has 
been used in musculoskeletal imaging is FSE with driven equilibrium 
pulses, referred to as a DRIVE sequence.1,14

Balanced steady-state free precession imaging
Balanced steady-state free precession (bSSFP) MRI is an efficient, high 
signal method for obtaining 3D MR images.1 Depending on the manu-
facturer of the MRI scanner, this method is also called True-FISP 
(Siemens), FIESTA (General Electric), or balanced FFE imaging (Phil-
lips).15 With recent advances in MR gradient hardware, it is now pos-
sible to use bSSFP without suffering from the banding or off-resonance 
artifacts that were previously a problem with this method. However, 
banding artifacts due to off-resonance are still an issue as TR increases, 
or at 3.0 T. Hence, TR is usually kept below 10 ms with these tech-
niques, which limits overall image resolution. Multiple acquisition 
bSSFP can be used to achieve higher resolution at the cost of additional 
scan time.1

a b

Fig. 39.6 Vastly interpolated projection reconstruction (VIPR) balanced steady-state free precession (bSSFP) images of the knee at 3.0 T in a healthy volunteer. 
This technique produces isotropic 0.4-mm  resolution across the knee, allowing reformatted images in any imaging plane. Scan time was only 5 minutes. (a) 
Coronal image, 2-mm section thickness. (b) Sagittal reformatted image, 2-mm section thickness. 

Continued
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c

a b

Fig. 39.7 Three-dimensional fast spin-echo imaging using flip-angle modulation and parallel imaging. This acquisition was done at 3.0 T with an imaging time 
of 5 minutes and an isotropic 0.6-mm resolution. (a) Coronal image, 2-mm section thickness. (b) Sagittal reformatted image, 2-mm section thickness.

Fig. 39.8 Sagittal image of a healthy volunteer at 7.0 T using a 3D spoiled 
gradient-echo (SPGR) method. Resolution was 0.3 × 0.3 × 1.0 mm. (Courtesy of 
R. Regatte, New York University.)

Fig. 39.6, cont’d (c) Axial reformatted image, 2-mm section thickness. 
(Courtesy of W. Block, University of Wisconsin, Madison.)

High-field MRI
Several centers currently have 7.0-T human MRI systems available for 
research purposes. Although these systems suffer from problems of RF 
penetration and high power deposition, they have a considerable SNR 
advantage over lower field systems.27 These systems are able to get to 
a higher resolution in a shorter period of time and may be useful  
for showing tissue ultrastructure. Fig. 39.8 shows a representative 
dataset at 7.0 T from a healthy volunteer using a SPGR acquisition. 
This example shows it is possible to acquire high-resolution (0.3 × 0.4 

× 1.5 mm) morphologic data in as little as 3 minutes with excellent 
SNR.

Cartilage thickness and volume mapping
Measurement of cartilage thickness and volume can be useful in track-
ing the progress of osteoarthritis. Multicenter studies such as the 
Osteoarthritis Initiative use high-resolution 3D imaging of cartilage 
followed by manual or semi-automated segmentation of the images, 
demonstrating that changes in cartilage thickness in high-risk 
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Fig. 39.9 Three-dimensional volume rendering of cartilage from segmented 
high-resolution MRI. Segmentation allows quantitative measurements of 
thickness and volume.

a b Post Gd

Fig. 39.10 Coronal MR images from a patient with 
rheumatoid arthritis. (a) T1-weighted image shows bone 
erosions as areas of signal loss in the marrow fat. (b) 
Contrast-enhanced image of the wrist shows brightly 
enhancing synovium and pannus.

populations can be visualized in as little as 1 year.28 Fig. 39.9 shows a 
3D reconstruction of knee cartilage from MRI data.

MR Imaging to demonstrate physiologic activity
Contrast-enhanced imaging
Intravenous contrast agents in MRI often contain gadolinium coupled 
to a large molecule to prevent toxicity. These agents reduce the T1 
relaxation time of tissue that is vascular, and areas of enhancement 
show up as bright on T1-weighted images. These images are often 
acquired with fat suppression to improve the dynamic range and con-
spicuity of the enhancing tissues. This technique is especially useful 
in the area of inflammatory arthritis because synovium and pannus  
are quite vascular and show considerable contrast enhancement (Fig. 

39.10). This method can be used to track synovitis in osteoarthritis as 
well as the activity of drugs for inflammatory arthropathies.29

T2 relaxation time mapping
The T2 relaxation time is a function of both the water content and 
collagen ultrastructure of the tissue. Measurement of the spatial dis-
tribution of the T2 relaxation time may reveal areas of increased or 
decreased water content, correlating with tissue damage. To measure 
the T2 relaxation time with a high degree of accuracy, attention must 
be taken with the MR technique. Typically, a multi-echo spin-echo 
technique is used and signal levels are fitted to one or more decaying 
exponentials, depending on whether it is believed that there is more 
than one distribution of T2 within the sample.30 However, for TEs used 
in conventional MRI, a single exponential fit is adequate. An image of 
the T2 relaxation time is then generated with either a color or a gray-
scale map representing the relaxation time, as shown in Fig. 39.11.

Several investigators have measured the spatial distribution of T2 
relaxation times within articular cartilage. Aging appears to be associ-
ated with an increase in T2 relaxation times in the transitional zone.31 
Relaxation time measurements have also been shown to be anisotropic 
with respect to orientation in the main magnetic field.32 Focal increases 
in T2 relaxation times within cartilage have been associated with 
matrix damage, particularly loss of collagen integrity. Studies on T2 
relaxation times documenting the effects of age,31 gender,33 and activ-
ity34 have also been published. T2 relaxation time measurements may 
also be useful in characterizing the state of fibrocartilage tissues such 
as the menisci and ligaments.35

T1rho mapping
A promising technique for evaluating cartilage and other tissues is 
T1rho imaging, which involves the relaxation of spins under the influ-
ence of an RF field.36 This technique may be sensitive to early proteo-
glycan depletion.36,37 In typical T1rho imaging, magnetization is tipped 
into the transverse plane and “spin locked” by a constant RF field. 
Recent advances in T1rho imaging have led to rapid cartesian acquisi-
tion strategies for 3.0 T.38,39 An example of a T1rho map from the tibia 
of a healthy volunteer is shown in Fig. 39.11. This method has also 
been shown to be useful in detection of early meniscal pathology.40

Delayed contrast-enhanced imaging
One of the most common MRI contrast agents, Magnevist or 
Gd-DTPA2− (Berlex, Richmond, CA), has a negative charge. After 
intravenous injection of Gd-DTPA2−, it penetrates into cartilage and 
concentrates where the cartilage glycosaminoglycan (GAG) content  
is relatively low. Subsequent T1 imaging (which is reflective  
of Gd-DTPA2− concentration) therefore yields an image depicting 
GAG distribution. This technique is referred to as delayed gadolinium 
enhanced MRI of cartilage (dGEMRIC), with the “delay” referring to 
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Physiologic methods such as dGEMRIC and T2 mapping can  
be time consuming and difficult to perform on a routine basis. 
dGEMRIC is often performed using a variable flip angle 3D-SPGR 
approach, as shown in Fig. 39.12.43,44 SSFP methods also show promise 
in improving the speed and SNR of T1 and T2 relaxation time 
measurements.45

Sodium MRI
Because sodium-23 (23Na) consists of an odd number of protons and/
or neutrons it possesses a net nuclear spin and, like 1H, can exhibit 
the MR phenomenon. 23Na MRI has been shown to be useful in mus-
culoskeletal imaging owing to the natural abundance of sodium in 
articular cartilage. As a result of the opposing charges associated with 
sodium and GAG, 23Na MRI can be used to estimate the GAG content 
in cartilage. Despite being both accurate and non-invasive, 23Na MRI 
requires high-field MRI systems (3.0 or 7.0 T). The concentration of 
23Na in normal human cartilage is about 320 µM, with T2 relaxation 
times between 2 and 10 ms.46 The combination of lower resonant 
frequency, lower concentration, and shorter T2 relaxation times than 
1H make in vivo imaging of 23Na challenging. A limitation of 23Na MRI 
is that it requires the use of special transmit and receive coils, along 

the time needed for the Gd-DTPA2− to penetrate the cartilage tissue.41 
A T1 map of the cartilage allows assessment of GAG content, with 
lower values corresponding to areas of GAG depletion.

A number of clinical cross-sectional studies on specified populations 
have provided interesting observations. For example, a recent study 
reported that individuals who exercise on a regular basis have higher 
dGEMRIC indices (denoting higher GAG) than individuals who are 
sedentary. In a relatively large study of patients with hip dysplasia, 
measures of the severity of dysplasia (the radiographically determined 
lateral center edge angle) and of pain both correlated with the dGEMRIC 
index but not with the standard radiologic parameter of joint space 
narrowing. In another study, lesions in patients with osteoarthritis 
were more apparent with the dGEMRIC technique relative to standard 
MRI scans.42 A recent study relevant to osteoarthritis showed that 
dGEMRIC correlated with Kellgren/Lawrence radiographic grading of 
osteoarthritis.43 Combining dGEMRIC methods with T2 mapping 
requires careful attention to technique.43 It is important to note that, 
as a free ion, Gd-DTPA2- can be toxic; however, FDA approved 
Gd-DTPA2- contrast agents are chelated, which greatly reduces their 
toxicity. Those patients with renal insufficiency or dysfunction should 
avoid imaging with this contrast agent.43a

100 ms

0 ms

100 ms

0 ms

T2 Map T1rho Map

Fig. 39.11 Measurements of tissue physiology with MRI. T2 map (left) and T1rho map (right) of the tibia cartilage in a healthy 
volunteer. The color scale shows relative relaxation time values between 0 and 100 ms. Changes in T2 relaxation time are 
correlated with collagen matrix status; changes in T1rho are correlated with proteoglycan content.

3000 ms

0 ms

T1 MapSPGR 30 deg

Fig. 39.12 Delayed gadolinium-enhanced MRI of cartilage (dGEMRIC) in a healthy volunteer. The left image is a spoiled 
gradient-echo image used to map the T1 relaxation times. The right image is a T1 relaxation time map with a gray scale from 
0 to 3000 ms.
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The choice of a particular MRI protocol for imaging joints depends 
greatly on patient factors. For many patients with internal derange-
ment, imaging with standard FSE and/or 3D-SPGR sequences may 
suffice. For patients being considered for surgical or pharmacologic 
therapy, however, a more detailed evaluation may be required. For 
example, fast morphologic imaging along with evaluation of cartilage 
physiology may allow for non-invasive evaluation of cartilage implants 
at different points in time.

Current musculoskeletal MRI protocols include multiple planes of 
2D-FSE and 3D-GRE images. The new morphologic methods pre-
sented here such as VIPR, 3D-FSE, and bSSFP achieve isotropic resolu-
tion for an entire joint in a single acquisition. The isotropic data can 
then be reformatted into standard or oblique planes as needed, using 
slice averaging to improve SNR. Combining these methods with fat/
water separation methods such as IDEAL provides water, fat, and 
combined images, which has a variety of different advantages. Overall, 
it has become apparent that isotropic imaging using reformatted images 
has the ability to significantly decrease imaging time while still provid-
ing several advantages.

Additional studies are required to validate these isotropic methods 
for their sensitivity to common joint disorders such as meniscal tears. 
Isotropic acquisitions could improve patient throughput or allow 
detailed studies of tissue physiology when used in combination with 
methods such as T2 mapping, T1rho mapping, or sodium MRI. The 
integration of fast, high-resolution morphologic imaging methods with 
newer physiologic techniques has the potential to expand the sensitiv-
ity of MRI to early cartilage degeneration. Ideally, the combination of 
these techniques will lead to an MRI examination for cartilage that is 
brief and well tolerated but contains important morphologic and physi-
ologic data.

with the fact that relatively long imaging times are needed to achieve 
adequate SNR.

23Na MRI has recently shown some promising results in the imaging 
of articular cartilage as a result of its ability to depict regions of pro-
teoglycan depletion.46 The 23Na atoms are associated with the high 
fixed-charge density present in proteoglycan sulfate and carboxylate 
groups. Some spatial variation in 23Na concentration is present within 
normal cartilage.46 Because of the short T2 relaxation times of sodium, 
imaging is often done with a non-cartesian trajectory.47 Fig. 39.13 
shows proton and sodium images from the knee of a patient with a 
prior ligament injury. These were acquired at 3.0 T with a 3D cones 
technique.48 High sodium concentration is seen throughout most of 
the cartilage, but an area of lower sodium signal is seen in the trochlea. 
In cartilage samples, sodium imaging has also been shown to be sensi-
tive to small changes in proteoglycan concentration.49 This method 
shows promise to be sensitive to early decreases in proteoglycan con-
centration in osteoarthritis and can be even more sensitive to early 
changes through the use of triple-quantum-filtered imaging.50

CONCLUSION
MRI provides a powerful tool for the imaging and understanding of 
musculoskeletal tissue. Improvements have been made in morphologic 
imaging of joints, in terms of contrast, resolution, and acquisition 
time. This allows for the development of detailed tissue maps and the 
ability to quantify both thickness and volume. Much progress has been 
made in the imaging of joint physiology. Important areas include the 
detection of changes in proteoglycan content and collagen ultrastruc-
ture in cartilage and other tissues.

a

3.0T 3D SPGR  1H

b

3.0T Fused 1H/23Na

Fig. 39.13 Proton and sodium MR images from a patient 
3 years after anterior cruciate ligament injury. The proton 
image (left) shows intact articular cartilage. The sodium 
concentration measured at 3.0 T is overlaid on the 
proton image as a heat scale (right). An area of 
decreased sodium is seen in the trochlea cartilage, which 
may represent an area of proteoglycan depletion.
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skull. In 1958 Dussik demonstrated for the first time that ultrasound 
could be used to differentiate between different articular tissues.5

The first clinically relevant ultrasound study pertaining to muscu-
loskeletal disease was published by McDonald and Leopold in 1972.6 
They  described  the  use  of  a  2.25 MHz  contact  B-mode  (gray-scale) 
scanner  in  three patients  to successfully differentiate between a  rup-
tured Baker cyst and thrombophlebitis as potential causes of a painful 
swollen  calf.  In  1978  Cooperberg  and  colleagues7  published  the  first 
major paper on rheumatoid arthritis (RA), which described the poten-
tial use of ultrasound for the evaluation of knee synovitis.

Despite a steady increase in the number of publications since that 
time,  the widespread use of ultrasound did not  significantly  escalate 
until the late 1980s.8-10 These developments arose from the production 
of more powerful computers, a change from analog to digital processing 
systems and the availability of higher frequency (7.5 to 20 MHz) and 
smaller transducers that were better adapted for superficial structures 
like tendons and the small joints.

BASIC PRINCIPLES OF ULTRASOUND
What is ultrasound?
Ultrasound waves are a type of “supersonic” or high-frequency sound 
wave, which is inaudible to the human ear. By definition, they travel 
at greater than 20,000 cycles/second (20,000 Hz or 20 kHz), although 
diagnostic equipment uses a much higher  frequency range. For com-
parison,  the  note  of  the  lowest  pitch  on  a  piano  has  a  frequency  of 
about 30 Hz while the highest is 4000 Hz. In musculoskeletal imaging, 
higher frequencies are preferred and range from 5 to 18 MHz (5 to 18 
million Hz).

Properties of an ultrasound wave
Sound  is  a  longitudinal,  mechanical  wave  that  abides  by  the  same 
physical properties as any other wave, particularly in that it requires a 
medium  or  material  to  travel  through.  An  exception  to  this  is  the 
electromagnetic waves, which can travel through a vacuum. An ultra-
sound wave may be likened to an impulse traveling along a spring (Fig. 
40.1). As one coil moves forward, it collides with the next and the next 
and so on until the end of the spring is reached. The movement of the 
wave  along  the  spring  is  not  linear.  At  any  time  point,  some  of  the 
coils  are  close  together  (compression)  while  others  are  farther  apart 
(rarefaction). The closer the coils are together, the more efficiently and 
more  rapidly  the  sound  waves  travel  through  the  spring.  Therefore 
denser  materials  such  as  solids,  in  which  the  molecules  are  closer 
together, transmit sound more efficiently than liquids or gases.

The  wavelength  is  the  length  of  a  cycle  in  space.  In  diagnostic 
imaging, this corresponds to 0.1 to 1.0 mm in tissue. The frequency 
of the wave is the number of complete cycles the wave goes through 
in 1 second.11 This  is measured  in hertz  (Hz). However,  the amount 
of  energy  a  wave  has  depends  on  its  amplitude  and  not  the 
frequency.

Ultrasound waves travel through different media at different speeds; 
for example, sound travels through bone and water faster than it does 
through air. The relative “propagation” speeds of sound through differ-
ent  tissues  are  listed  in  Table  40.1.  They  remain  constant  whatever 
the amplitude of the sound wave.

The average propagation speed in soft  tissues  (excluding  lung and 
bone) is taken as 1540 m/sec. The speed of sound through any material 
depends on the density and compressibility of the material. The denser 
and more  compressible  the material,  the  slower  the wave will  travel 
through it. Each tissue therefore has its own acoustic properties, known 
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 Ultrasound is increasingly used in rheumatology.
 It is available in the clinic, allowing rapid decision making.
 It has the ability to scan multiple joints in short periods of time.
 It can visualize many different tissues (e.g., synovium, tendons, 

bone, and blood vessels).
 It allows morphologic and functional tissue assessments.

Musculoskeletal  ultrasound  (MUS)  is  now  a  routine  technique  for 
investigating patients with rheumatic diseases and has become a com-
pulsory part of rheumatology training in some European countries. It 
has  a  wide  spectrum  of  potential  uses  from  disease  diagnosis  and 
monitoring to guiding interventional procedures. Recent developments 
in technology, including use of Doppler, continue to redefine its role.

Ultrasound  is  ideal  for  a  clinical  setting  in  that  it  can be directly 
performed by the rheumatologist as an extension to standard clinical 
assessment.1 In addition, it can simultaneously image soft tissues and 
bone; produce multiplanar, “real-time” dynamic images; and, because 
it lacks ionizing radiation, it allows repeated examinations to be per-
formed  safely  at  multiple  anatomic  sites.  Compared  with  magnetic 
resonance imaging (MRI), it is inexpensive, better tolerated by patients, 
and more readily available.

This chapter discusses the development of MUS and the fundamen-
tals of the technology and describes the current and potential clinical 
uses of the technique.

ULTRASOUND MILESTONES
One of the earliest observations pertaining to ultrasound is attributed 
to  an  Italian  priest  and  biologist  named  Lazzaro  Spallanzani  (1729-
1799). He found that bats were able to avoid thin wires stretched across 
a dark room. Subsequent experiments including blinding the bats and 
putting wax in their ears made him conclude that bats “see with their 
ears.” He did not, however, consider that the bats were using sound to 
achieve this.

Doppler  is a  technique  for making non-invasive measurements of 
blood flow, the principles of which were first noted by Austrian physi-
cist Christian Doppler in 1842. He described the effect of motion on 
a wave (sound or light) when he observed a change in the frequency of 
a wave as  a  result  of movement of  either  its  source or  receiver. The 
rise  in  pitch  of  an  emergency  vehicle  as  it  approaches  is  a  familiar 
example.

The  first  major  technologic  breakthrough  leading  to  the  develop-
ment of modern ultrasound probes was in 1880, five years before the 
discovery of x-rays. This was when the Curie brothers discovered the 
phenomenon  of  piezoelectricity2—the  property  exhibited  by  certain 
materials of generating electrical potentials when mechanically stressed. 
Conversely, they generate mechanical strains when electrically stressed. 
One of the first practical uses of ultrasound occurred in the unsuccess-
ful attempt to  locate  the Titanic, which sank  in 1912.  In 1916 Lan-
gevin developed a method of underwater communication, which later 
led  to  the discovery of SONAR—sound navigation and ranging. The 
development  of  sophisticated  sonar  equipment  during  World  War  II 
helped spur the growth and development of medical ultrasound.3,4

Unlike x-rays, which were  in  clinical use  soon after  its discovery, 
ultrasound has been relatively slow to develop in medicine. The first 
practical imaging unit was developed in Austria in 1957 by Dussik. He 
attempted to locate brain tumors and the cerebral ventricles, but the 
method  proved  impractical  because  of  attenuation  of  sound  by  the 
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There are two main types of Doppler ultrasound: color flow Doppler 
(CFD) and power Doppler (PDS). Both produce a similar color spectral 
map superimposed onto the gray-scale image (the colors being related 
to the difference in frequency between the transmitted sound wave and 
that reflected from the moving interface [the Doppler frequency shift]), 
but  they  actually  encode  different  information.  CFD  represents  an 
estimate of  the mean Doppler  frequency shift and  relates  to velocity 
and direction of  red blood cells, whereas PDS denotes  the amplitude 
of  the  Doppler  signal,  which  is  determined  by  the  volume  of  blood 
present. In this way CFD is better suited for evaluating high-velocity 
flow  in  large vessels  (e.g.,  carotids), whereas PDS  is better  suited  for 
assessing low-velocity flow in small vessels (e.g., synovium).

A number of particular advantages for using PDS in musculoskeletal 
assessment exist. It provides increased sensitivity to low-volume, low-
velocity blood flow at the microvascular level, so it is particularly useful 
for  measuring  and  detecting  changes  in  joints  and  soft  tissue  as  a 
consequence of inflammation. PDS also increases the specificity of an 
ultrasound assessment as  it aids differentiation among  tissue debris, 
blood clot, fibrin, and a complex effusion, which can mimic  features 
of synovial proliferation. In addition, when compared with CFD, the 
PDS signal is independent of the transducer angle, there is no aliasing 
(an  image  artifact  reflecting  inadequate  signal  sampling),  and  back-
ground noise  is  reduced. PDS also provides superior depiction of  the 
continuity  and  boundaries  of  blood  flow  and  improved  definition  of 
vessel characteristics such as tortuosity that are suboptimally imaged 
with conventional CFD.

Artifacts
Artifacts are  echoes  that do not  correspond  to a  real  target  in either 
distance or direction. Several different types of artifact (both gray-scale 
and color) need to be considered when interpreting images (Table 40.3).

as acoustic impedance (Z) where Z = density × speed of sound (Table 
40.2).

Sound  is  reflected  back  to  the  transducer  at  interfaces  between 
tissues of different acoustic impedances, as demonstrated in Fig. 40.2. 
The time delay between the initiation of the pulse and return of the 
echo  is proportional  to  the distance  the beam has  traveled. The dis-
tance can be calculated from the velocity of sound in tissues. Reflection 
of sound is greatest when there is a large difference between the acous-
tic impedances of two structures (e.g., air and skin). This is the reason 
why acoustic gel is applied to the skin to minimize this difference.

As the sound wave passes through the tissues, it gradually dimin-
ishes in intensity, a process known as attenuation. The major loss of 
energy results from absorption (and subsequent conversion to heat) and 
to  a  lesser  extent  reflection,  refraction,  diffraction,  and  scattering. 
Adjustments to the controls are sometimes made, therefore, to increase 
the reception power of the transducer for those signals that return later 
from the deeper tissues. Knowledge of such properties helps to explain 
and overcome some of the artifacts encountered and therefore prevent 
misinterpretation of the images.

Gray-scale and Doppler ultrasound imaging
Most ultrasound images are presented in “black and white” or “gray-
scale” where the brightness of the white dot corresponds to the inten-
sity of reflected wave. This is known as B-mode or brightness-modulated 
ultrasound. Doppler imaging, which is being used increasingly in rheu-
matology, is superimposed on the B-mode image.

Compression Compression

Direction of wave

Rarefaction

Wavelength Wavelength

REPRESENTATION OF A WAVE MOVING ALONG A SPRING

Fig. 40.1 Representation of a wave moving along a spring. Sound is a 
longitudinal, mechanical wave that is propagated through tissue by a series of 
compressions and rarefactions, like movement through a spring. One 
wavelength is the distance between two adjacent compressions or 
rarefactions. Frequency (expressed in hertz or Hz) is the number of 
wavelengths that pass through a given point in tissue in 1 second.

Skin

Bone

Muscle

Tendon

Joint capsule

Transducer

ULTRASOUND INTERFACES IN 
MUSCULOSKELETAL TISSUES

Fig. 40.2 Ultrasound interfaces in musculoskeletal tissues. This diagram 
demonstrates the different acoustic interfaces a sound wave encounters when 
passing through musculoskeletal tissues. Reflections occur where two adjacent 
tissues have different acoustic impedances.

TABLE 40.1 PROPAGATION SPEEDS OF SOUND THROUGH 
DIFFERENT BIOLOGIC MATERIALS

Biologic material Speed (m/s)

Air 330

Fat 1450

Water 1480

Soft tissue 1540

Blood 1570

Muscle 1585

Bone 4080

Adapted from Bushong SC, Archer BR. Diagnostic ultrasound: physics, biology and 
instrumentation. St Louis: Mosby Year Book, 1991:1-4.

TABLE 40.2 ACOUSTIC IMPEDANCE VALUES (Z) FOR 
DIFFERENT BIOLOGIC MATERIALS

Material Z (kg/m2/sec or Rayls)

Air 0.0004

Fat 1.38

Soft tissue (average) 1.63

Blood 1.61

Bone 7.80

Adapted from Bushong SC. Diagnostic ultrasound. New York: McGraw-Hill, 1999:18.
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TABLE 40.3 COMMON TYPES OF ARTIFACT SEEN IN MUS IMAGING

Anisotropy Occurs when transducer or object is not 
perpendicular

Refractile shadowing Occurs when ultrasound beam hits structure of 
different acoustic impedance at oblique angle

Acoustic enhancement Occurs when there is overcompensation of returning 
signal in cases of “enhanced through transmission” 
(e.g., fluid collection)

Acoustic shadowing Occurs distal to highly reflective surface

Reverberation Occurs when ultrasound beam hits two highly 
reflective surfaces

Beam width artifact Occurs when object is narrower than ultrasound 
beam

a

b

Fig. 40.3 Demonstration of anisotropy. Flexor tendon of finger appears white 
when the ultrasound beam is perpendicular (a) and dark when the transducer 
is moved 30 degrees (b).

Artifacts of gray-scale imaging
1. Anisotropy
This is the most common artifact observed in musculoskeletal scan-
ning. It occurs when the region of interest is not perpendicular to the 
transducer, due to either the angle of transducer or the angle of object. 
It is corrected by adjusting the angle of either the transducer in relation 
to the object or the object in relation to the transducer. It is most com-
monly associated with bone and  tendon  imaging  (Fig. 40.3)  and can 
erroneously indicate bone erosion or tendon pathology. Therefore par-
ticular care needs to be taken when scanning these tissues. This is one 
reason why scanning in multiple planes (e.g., longitudinal and trans-
verse planes) is essential.

2. Refractile shadowing
This is reflection away from the transducer when the ultrasound beam 
hits a structure with different acoustic impedance, at an oblique angle. 
This most commonly occurs when scanning tendons, when the edge 
of the tendon and tendon sheath may look erroneously hypoechoic.

3. Acoustic enhancement
The  intensity  of  the  echoes  returning  to  the  transducer  normally 
decreases  exponentially  with  increasing  depth  in  the  tissues  being 
examined. This discrepancy is usually automatically corrected because 
otherwise  there  is  a  rapid  decline  in  image  integrity.  In  the  case  of 
tissues  with  enhanced  through  transmission  of  sound  waves  (e.g., 
where there is a fluid collection), there is overcompensation with distal 
enhancement.

4. Acoustic shadowing
This occurs distal to a highly reflective surface where there is a failure 
of  echo  return.  This  often  occurs  with  areas  of  calcification  in  soft 
tissues (Fig. 40.4).

5. Reverberation
This occurs when an ultrasound beam encounters two highly reflective 
interfaces. Most of  the sound waves are  reflected back  from the first 
surface to the transducer, but some pass through and are reflected from 
the second. These waves may pass back to the transducer but may also 
be reflected back by the first surface and so on. Because there is a time 
delay for these reflections to reach the probe, they successively appear 
deeper.  Each  line  on  the  screen  also  appears  less  bright.  The  classic 
reverberation artifact is known as the “comet tail.” It is due to repeated 
reflections between the anterior and posterior portions of an object that 
is  strongly  reflective  such  as  glass  or  metal  (as  with  a  needle).  The 
thickness of bands equals thickness of object.

PT

PAT

*
*
*

Fig. 40.4 Acoustic shadowing. This is a longitudinal image through the 
proximal patella tendon (PT) in a patient with jumper’s knee. There is 
involvement of the deep portion of the tendon; a focal area of dense 
calcification (arrows) within casts a distal acoustic shadow (asterisks).
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one transducer covers a range of frequencies with the chosen frequency 
being selected automatically by the machine.

Choosing an ultrasound machine
There are many factors to consider when choosing a machine including 
cost, Doppler sensitivity, and portability. The cost of a good ultrasound 
machine has decreased considerably in recent years, although the cost 
does broadly represent the quality. Portable machines may be acquired 
for as  little as $16,000, although those with high specifications may 
be as high as $165,000. Factors that increase the cost of the machine 
include additional software packages such as extended field of view or 
three-dimensional capabilities. For most routine clinical work these are 
not  essential.  Operating  costs  are  generally  low,  but  hidden  costs 
include  annual  service  agreements  (typically  10%  of  the  cost  of  the 
machine), which are important because they include updated software, 
replacement of worn or  broken parts,  and  general  technical  support. 
Doppler capability is now considered an essential aspect of ultrasound 
imaging, so even though a good gray-scale image remains important, 
a sensitive Doppler is also crucial. Finally, unlike MRI, ultrasound can 
be performed anywhere  and does not  require  a  special  environment, 
other than a darkened, preferably air-conditioned room. Therefore por-
table machines are becoming increasingly attractive because they have 
the versatility to be moved from one clinical area to another and can 
be locked away for safety. In general, portable machines have suffered 
from a reduction in image quality when compared with the stand-alone 
machines, but this difference is now much less when compared with 
the past.

MUS is widely used in rheumatology imaging in Europe and Aus-
tralasia. Utilization of ultrasound in the United States and Canada is 
limited,  with  MRI  being  the  predominant  modality  employed.  The 
technology  underpinning  MUS  continues  to  develop  with  improve-
ments in the spatial and temporal resolution of ultrasound images. In 
addition, the clinician’s acceptance of ultrasound images has benefited 
tools allowing extended field of view or panoramic imaging (Fig. 40.6). 
However,  the  user  must  have  a  full  understanding  of  its  advantages 
and limitations to make appropriate use of it and other modalities.

ADVANTAGES OF ULTRASOUND
Clinical correlation
Ultrasound  allows  close  clinical  correlation  between  patient’s  symp-
toms and ultrasound findings. In general, it is best at investigating focal 

6. Beam width artifact
This  occurs when  the object  is narrower  than  the ultrasound beam. 
Echoes  from surrounding  tissues can fill  in missing gaps  (e.g., distal 
acoustic  shadows  in  the  case  of  small  calcifications).  In  computed 
tomgraphy (CT) or MRI, this is known as volume averaging.

Artifacts of Doppler imaging
Several important artifacts are seen when applying Doppler to studies. 
Care  must  be  taken  when  interpreting  images;  this  requires  a  good 
understanding of how the machine works and meticulous technique. 
Common artifacts are mentioned as follows, but the reader is directed 
to a recent review by Torp-Pedersen and Terslev12 for details.

1. Random noise
This occurs when the color gain is set too high. Random color signals 
occur on the screen but do not reappear in the same location as true 
flow does. The random noise is used to set the Doppler gain. A correct 
setting is at or just below the level that generates a little random noise.

2. Motion
Doppler depends on the movement of the target tissue (i.e., normally 
blood cells). It follows therefore that if the patient or transducer moves, 
then there will be a corresponding Doppler signal. Motion artifacts are 
minimized when the patient  is comfortably positioned with  the area 
under  investigation resting. It  is also mandatory that the examiner’s 
scanning arm is resting comfortably.

3. Mirror
Any highly reflective smooth surface may act as an acoustic mirror. In 
rheumatology, the mirror is usually the bone surface. Doppler flow is 
just as prone to mirroring as the gray-scale image. The mirror artifact 
is easily seen as such when the true image, as well as the mirror and 
mirror image, are all in the image.

4. Aliasing
This  arises  when  the  Doppler  shift  is  higher  than  half  of  the  pulse 
repetition  frequency  (PRF).  It  only  occurs  with  CFD  and  not  power 
Doppler ultrasound (PDUS) and is much more important when scan-
ning larger vessels. Aliased signals are displayed with the wrong direc-
tions  (red  instead of  blue  and  vice  versa)  and with  incorrect  relative 
velocity (the hue of the color). If present, this would lead to decreased 
sensitivity to slow flow.

5. Blooming
The blooming artifact describes the phenomenon in which the color in 
a vessel expands beyond the vessel wall edge, making the vessels  look 
larger than they really are. It is gain dependent, and lowering the Doppler 
gain  will  decrease  the  blooming  artifact.  However,  by  lowering  the  
gain, the weakest Doppler signals will be lost and important flow infor-
mation may be lost. It is recommended that the Doppler gain be set by 
looking at random noise and not by looking at blooming artifacts.

ULTRASOUND TECHNOLOGY
An ultrasound machine consists of a computer processing unit and a 
transducer (Fig. 40.5). The computer generates the electrical impulses, 
which are sent to the transducer, and converts the returning impulses 
into images, as discussed earlier.

Arguably the most important part of the machine is the transducer 
or scan head, which  is  the  transmitter-receiver section.13 The nature 
of  the  transducer materials and  their  internal arrangement  influence 
the sensitivity and physical properties of the ultrasound system. The 
transducer is composed of multiple elements arranged one after another 
in a  row. The most  common of  these piezoelectric materials used  is 
the ceramic lead zirconate titanate (PZT). Work is currently under way 
to develop lead-free crystals, which may be potentially less harmful to 
the environment. Linear (flat) or convex (curved) arrangements of these 
elements create different fields of view. In general, flat or linear trans-
ducers  are  preferred  because  they maximize  the  collection  of  signals 
reflected back from the tissue. High-frequency transducers increase the 
near-field  resolution  but  at  the  cost  of  tissue  penetration.  Most 
machines in use today have broadband transducers, which means that 

Fig. 40.5 Ultrasound equipment. Ultrasound equipment consists of a 
computer processing unit and monitor. This is a more expensive, relatively 
large machine, although machines are becoming increasingly smaller and even 
laptop sized. Ultrasound rooms should be spacious and preferably air 
conditioned (to prevent overheating of equipment). Adjustable couches and 
chairs allow for more comfortable examinations.
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or from imaging findings (MRI or ultrasound demonstration of inflam-
matory change). Injections can either be diagnostic or therapeutic.

LIMITATIONS OF ULTRASOUND
Acoustic access
Ultrasound needs  an  acoustic window  for  the  sound waves  to  reach 
the  region of  interest.  It  is  therefore unable  to  fully  see  inside  some 
joints and as a result may not be able to appreciate the full extent of 
an abnormality or may miss some structures altogether. Structures that 
ultrasound finds difficult to see include the full surface of the menisci 
or cruciate  ligaments  in  the knee. This can have  important  implica-
tions, especially  for  sport and  related  injuries  in which problems are 
frequently complex. Here ultrasound may find an abnormality but may 
miss the underlying cause. For example, it might demonstrate a lateral 
ligament injury in the ankle but would miss the more important intra-
articular  osteochondral  injury.  This  needs  to  be  constantly  borne  in 
mind; hence ultrasound is frequently used in combination with MRI. 
Ultrasound is also unable to visualize bone below the cortical surface, 
so radiography/CT and MRI are the preferred choices.

Inflammation
Ultrasound  can  demonstrate  soft  tissue  inflammatory  change  but  is 
accepted as being less sensitive than MRI. This can be an advantage 
in muscles where the degree of edema interferes with staging the degree 
of  architectural  disruption  present  in  tissues  but  is  a  limitation  in 
subtle early muscle disease and other soft tissue inflammation such as 
synovitis and enthesitis. Power Doppler allows visualization of revas-
cularization and is  likely to be as sensitive as MRI in demonstrating 
new vessels; however,  the vessels  take  time  to develop and are more 
often seen  in chronic conditions. MRI  is more sensitive  to  increases 
in  the  extracellular  fluid  volume  in  tissues,  as  well  as  being  able  to 
demonstrate neovascularity, which probably accounts  for  its  superior 
sensitivity.

Reliability
Ultrasound  has  often  been  perceived  as  an  operator-dependent  tool. 
This  is  true  because  much  of  the  information  depends  on  how  the 
operator  acquired  and  subsequently  interpreted  the  image.  These 
issues,  in  the  context  of  inflammatory  arthritis,  have  recently  been 
addressed by the Outcome Measures in Rheumatoid Arthritis Clinical 
Trials  (OMERACT)  Ultrasound  Task  Force.14  Exercises  conducted 
by  the  group  have  demonstrated  that  by  standardizing  definitions  
and scoring systems, reliability can dramatically improve.15 Currently 
an  OMERACT  Atlas  is  in  preparation  for  the  scoring  of  synovitis  
in RA.

Clinician acceptance
The  images  from  ultrasound  are  less  readily  interpreted  after  the 
imaging event. Clinicians find  it  easier  to  look at  tomographic mag-
netic resonance and CT images with an ensuing instinctive preference 
for MRI.  It  is hard to persuade clinicians of  the value of ultrasound, 
but this can be overcome by scanning with the clinician in the exami-
nation room to improve understanding of the modality.

CLINICAL APPLICATIONS OF ULTRASOUND  
IN RHEUMATOLOGY
In the early years, ultrasound was used to investigate mainly orthope-
dic-related  disorders  such  as  rotator  cuff  tears  and  tendon  ruptures. 
This  still  remains  an  important  use,  but  with  the  development  of 
smaller,  higher-frequency  transducers  and  acknowledgment  of  the 
importance  of  inflammatory  arthritis,  recent  attention  has  been 
directed toward the investigation of inflammatory rheumatic diseases 
and their sequelae, including the detection of synovitis, bone erosions, 
tenosynovitis,  enthesitis,  and  cartilage  pathology.  In  addition,  ultra-
sound  has  been  used  to  detect  a  number  of  other  inflammatory 

symptoms; if the patient can point with one finger at the site of symp-
toms, ultrasound is more likely to be of value. However, if the patient 
rubs a large area such as over a knee, then ultrasound is  likely to be 
less specific.

Spatial resolution and tissue visualization
The  spatial  resolution  of  ultrasound  varies  directly  with  probe  fre-
quency—the  higher  the  frequency,  the  greater  the  spatial  resolution. 
Most  musculoskeletal  structures  requiring  imaging  in  rheumatology 
are fairly superficial and thus can be imaged with high-frequency, high-
resolution  probes.  In  comparison  with  conventional  magnetic  reso-
nance sequences, the typical in-plane resolution is much greater with 
high-frequency ultrasound imaging.

As  a  result  of  its  high  spatial  resolution,  the  degree  of  anatomic 
detail demonstrated by ultrasound is a strength. For example, visualiza-
tion of most peripheral nerves and tendons is also good. By contrast, 
the internal architecture of the tendon, particularly early tendonopathic 
change, is difficult to appreciate with MRI. Ultrasound is particularly 
good  at  demonstrating  calcification  in  tissues,  which  is  of  value  in 
diagnosing the nature of small bone fragments in sports injury and in 
the early diagnosis of myositis ossificans and calcific tendonitis.

Edema in muscle tears on MRI can obscure the degree of architec-
tural disruption, making accurate grading difficult. Ultrasound’s insen-
sitivity to muscle edema can be an advantage in staging grade 2 and 3 
tears but clearly means that it misses less important grade 1 tears.

Dynamic examination
The  dynamic  nature  of  ultrasound  means  tissues  can  be  assessed 
moving  in  real  time.  Movement-related  symptoms,  especially  those 
related  to  tendon disease, are best assessed with ultrasound. Tissues 
can  be  stressed,  allowing  assessment  of  the  true  extent  of  muscle 
damage in either the acute or healing phase. In tendon injury, move-
ment  allows  improved  differentiation  between  partial  and  complete 
tears. It shows the degree of tendon separation in differing positions, 
which can be of value  in deciding between conservative and surgical 
management of Achilles tears.

Ability to scan multiple joints
A  significant  advantage  of  ultrasound  relates  to  its  ability  to  image 
many joints in a short period of time. This is particularly relevant for 
the  investigation  of  patients  with  polyarticular  inflammatory  joint 
diseases  like  rheumatoid  arthritis  (RA).  It  may  take  an  experienced 
operator 30 minutes to scan most joints for synovitis including hands 
and feet, whereas it may take 30 minutes to scan one joint group (e.g., 
wrist and metacarpophalangeal joint of one hand only with MRI).

Intervention
Ultrasound allows exceptionally accurate needle-tip placement to a site 
determined either clinically (clinician request to inject a particular site) 

7 cm

C

Fig. 40.6 Panoramic longitudinal view through the Achilles tendon. The arrows 
indicate a fusiform swelling which is 7 cm proximal to the insertion into the 
calcaneum (C). This is classic for a degenerated tendon. The panoramic view 
allows a large portion of the tendon to be visualized simultaneously.
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PDS signal correlated with radiologic damage at 54 weeks. In addition 
to clinical trials, the ability of ultrasound to detect subclinical disease 
has been shown to be potentially helpful in reclassifying oligoarthritis 
into polyarticular disease, suggesting that these may need more aggres-
sive therapy.30 More recently, Naredo and colleagues31 reported that a 
time-integrated assessment of PDUS parameters demonstrated a highly 
significant correlation with radiographic progression (r = 0.59 to 0.66, 
P  <  0.001)  when  compared  with  clinical  and  laboratory  parameters 
(r  <  0.5).  Two  interesting  papers  by  Brown  and  colleagues32,33  have 
shown that subclinical synovitis is common in RA patients in clinical 
remission and that this synovitis (especially that with power Doppler) 
is more likely to erode joints. This raises important implications as to 
what should be used as our treatment endpoints.

Bone erosion
The  first  major  report  describing  the  ability  of  ultrasound  to  detect 
bone erosions in RA was by de Flaviis and colleagues.34 In this study, 
20 patients with early RA underwent ultrasound using a 5- to 7.5-MHz 
linear or curvilinear transducer and radiography of the wrist and hands. 
The  authors  reported  radiographic  bone  erosions  being  visible  in  11 
patients,  with  6  of  these  also  having  ultrasound  erosions.  The  next 
reports, also of  the hand and wrist, occurred some time later. Grassi 
and  colleagues35  and Lund  and  colleagues36  described  the ultrasound 
findings  of  20  and  29  patients,  respectively,  with  long-standing  RA. 
The former study highlighted the ability of ultrasound to detect bone 
erosions and noted that 18 of 20 patients with radiographic erosions 
also had erosions on ultrasound.

Alasaarela and colleagues37 published one of the first studies com-
paring  ultrasound  with  imaging  modalities  other  than  radiography 
alone. They compared ultrasound with conventional radiography, CT, 
and MRI for the detection of humeral head erosions in patients with 
long-standing RA. They found MRI, CT, and ultrasound were all more 
sensitive  than  conventional  radiography,  with  MRI  and  ultrasound 
superior to CT in detecting small erosions. Backhaus and colleagues38 
compared  conventional  radiography,  scintigraphy,  ultrasound,  and 
contrast-enhanced MRI for the detection of bone erosions in 60 patients 
with inflammatory arthritis including 36 with RA. However, this study 
did  not  show  an  overall  superiority  of  ultrasound  in  those  patients 
already found to have radiographic erosions. There was a small advan-
tage in those patients with no radiographic erosions.

Since then, several other papers have confirmed the greater sensitiv-
ity of ultrasound over radiography in both hands and feet.39-41 Wakefield 
and colleagues,42 in a study of 100 RA patients, found that 80% of the 
ultrasound lesions not seen on radiographs could be identified as bony 
abnormalities such as cysts, but because of their en-face position they 

pathologies  involving  blood  vessels,  peripheral  nerves,  muscle,  skin, 
and other organs such as the salivary and parotid glands.

Joint-related structures
Synovial fluid and hypertrophy
The ability to detect fluid or synovial tissue within a joint is an essen-
tial  requirement  of  the  clinician. Clinical  examination may  be  inac-
curate,  particularly  when  there  are  low  levels  of  disease  activity  or 
examination is hampered by the deep location of the joint or surround-
ing adipose tissue or fluid. Several reports demonstrating the superior-
ity of ultrasound over clinical examination for both fluid and synovial 
hypertrophy  in  both  small  and  large  joints  have  been  published.16-18 
Until recently there has been no clear consensus on ultrasound defini-
tions of synovitis, synovial effusion, or hypertrophy.19

These proposed definitions of synovitis are purely qualitative, and 
as  yet  there  is  no  published  agreement  on  quantitative  definitions: 
however,  the  OMERACT/European  League  Against  Rheumatism 
(EULAR) Ultrasound Task Force will soon submit a proposal for this. 
One difficulty has been the limited data on normal individuals,20 and 
it  is unclear how to define  the upper end of normal.  It  is also  likely 
that as  technology continues to  improve,  these definitions may need 
to be modified with image resolution improvement. Synovitis defined 
by ultrasound tends to refer to synovial proliferation and/or effusion—
usually they coexist (Fig. 40.7).

Doppler ultrasound, by its ability to detect blood flow, offers inter-
esting  pathophysiologic  insights  into  the  joint.  Several  studies  have 
now shown good correlation between Doppler flow with histologic21-23 
and  dynamic  gadolinium-enhanced  MRI24,25  appearance,  as  well  as 
with  serologic  markers.  It  is  well  recognized,  however,  that  not  all 
symptomatic,  swollen  joints  with  marked  gray-scale  ultrasound 
changes exhibit Doppler signal and also that there may be significant 
variations between machines. Color Doppler and power Doppler have 
both been used to detect blood flow. Power Doppler has traditionally 
been more popular because it is more sensitive at lower flow levels (Fig. 
40.8). Recently, however, particularly with more expensive machines, 
there is less of a difference in sensitivity between modalities.

Recent reports have shown that both gray-scale and power Doppler 
ultrasound  of  synovial  tissue  are  sensitive  to  change  following  both 
corticosteroids26 and anti–tumor necrosis factor (anti-TNF) agents,27,28 
suggesting  that  they may be used  for  disease monitoring  in patients 
with  RA.  Limited  data  exist,  however,  comparing  their  use  to  MRI, 
although some reports suggest that power Doppler may be more sensi-
tive. The predictive capacity of ultrasound has been suggested by Taylor 
and  colleagues,29  who  demonstrated  that  a  change  in  gray-scale  and 
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Fig. 40.7 Ultrasound-detected synovitis. (a) This is a longitudinal image through a metatarsophalangeal joint of a patient with rheumatoid arthritis. The 
asterisks mark a mixed hypoechogenic area representing the distended joint space. The area was partially compressible and displaceable consistent with 
synovial hypertrophy. (b) This is a longitudinal section through the lateral recess of the suprapatellar pouch of a patient with rheumatoid arthritis. There is a 
combination of synovitis (arrows) and fluid (asterisks). LFC, lateral femoral condyle; P, patella.
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early RA group. The reason behind this could be the inclusion of car-
pometacarpal  and  carpal  joints  in  the  protocol  because  they  are  less 
accessible to ultrasound. Recently Reynolds and colleagues29 found no 
correlation between ultrasound-detected  joint synovitis with the pro-
gression of the number of ultrasound-detected bone erosions.

Tendon disease
A limited number of studies have highlighted the value of ultrasound 
for  the  detection  of  tendon  disease  in  RA45-47  and,  indeed,  some 
have described  it  as  the  gold  standard  imaging method  for  assessing 
tendon  involvement  in  rheumatic  diseases.47  The  most  common 
earliest  finding  appears  to  be  tenosynovitis,  while  later  the  tendon 
becomes thicker and loses its normal fibrillar characteristics. Increased 
Doppler signal may be seen in the tendon sheath. Small hypoechogenic 
foci representing tears can sometimes be seen and may be exaggerated 
by a dynamic examination. In early RA, one of the commonest tendons 
to  be  involved  is  the  flexor  carpi  ulnaris  tendon  of  the  wrist.  An  
early paper by de Flaviis demonstrated flexor or extensor tenosynovitis 
in  18  of  20  (90%)  patients  with  early  RA.34  Grassi  and  colleagues 
noted  9  of  20  (45%)  patients  to  have  flexor  tenosynovitis  of  
the fingers and noted two complete extensor  tendon ruptures  in two 
patients with  long-standing disease.45 By  contrast, more  recent  com-
parisons  of  ultrasound  with  gadolinium-enhanced  MRI  in  the  hand  
have  shown  the  former  to  be  less  sensitive.  In  a  study  of  patients  
with inflammatory arthritis,32 MRI was found to detect tendon sheath 
widening in 34% of flexor tendons and 10% of extensor tendons com-
pared with 21% and 5%, respectively, using ultrasound. In a study of 
50  early,  untreated  RA  patients,  Wakefield  and  colleagues48  made 
similar observations. They also observed that the flexor tendons of the 
second and third fingers were the most commonly affected. Currently, 

could not be labeled as erosions because no cortical breaks were dem-
onstrated.  Recently,  a  working  group  of  OMERACT  has  defined  an 
ultrasound bone erosion as an intra-articular discontinuity of the bone 
surface that is visible in two perpendicular planes (Fig. 40.9).19 Ultra-
sound and MRI lesions were comparable where ultrasound had a good 
access to the tissue under investigation.

One problem of ultrasound is that the transducer may not be able 
to  be  adequately  angulated  in order  to  visualize  the whole bone  and 
may miss erosions as a consequence. This is probably why a study by 
Hoving  and  colleagues43  failed  to  show  a  benefit  of  ultrasound  over 
radiography  in  the  wrist—the  ultrasound  beam  was  unable  to  get 
between the small carpal bones. In the author’s unit, as a consequence, 
ultrasound has not replaced x-ray but is performed in those in whom 
the radiographs are normal.

There  are  limited  reports  following  bone  erosions  prospectively,44 
which may reflect the difficulty of scoring. Two scoring methods have 
been  proposed.  The  first  is  to  count  individual  erosions,  while  the 
second is to report global scores of the percentage of bone surface area 
affected with erosions. Both methods have limitations for use in clini-
cal practice and  research. This  is especially  true of  studies  including 
more  damaged  joints;  here  it  might  be  considered  less  sensitive  at 
detecting change. Backhaus and colleagues and later, Scheel,44 using a 
subset of the same cohort, showed an increase in the number of joints 
(wrist, metacarpophalangeal, and proximal interphalangeal joints) with 
erosions  after  2  and  7  years,  respectively.  Lopez-Ben  and  colleagues 
recently found a doubling of erosions after a mean of 6 months when 
the second and fifth metacarpophalangeal and fifth metatarsophalan-
geal  joints  were  assessed.40  Hoving  and  colleagues,  however,  showed 
ultrasound  to  be  inferior  to  radiographs  at  detecting  changes  in  the 
number of bone erosions after 6 months43 despite it being a relatively 
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Fig. 40.8 (a) Patient with puffy fingers and arthralgia. (b) Technique of performing an ultrasound examination on an MCPJ. The dorsal, longitudinal plane is 
shown. (c) Marked grayscale synovitis is demonstrated (white arrows), in longitudinal view. There is also marked Doppler signals within the synovium.
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no  validated  scoring  system  exists  for  scoring  tenosynovitis  with 
ultrasound.

Enthesitis
Enthesitis is the hallmark of the spondyloarthropathies (SpA) but may 
also be secondary to mechanical stress. The current diagnosis of SpA 
is based in part on the clinical ability to detect enthesitis by palpation. 
Several  studies  have  recently  demonstrated  the  greater  sensitivity  of 
ultrasound over clinical examination.49,50

The preliminary OMERACT ultrasound definition of enthesopathy 
is an abnormally hypoechoic and/or thickened tendon or  ligament at 
its bony attachment seen in two perpendicular planes that may exhibit 
Doppler signal and/or bony changes including enthesophytes, erosions, 
or  irregularity  (Fig. 40.10).19 This definition of enthesitis  is based on 
gray-scale  images,  which  include  soft  tissue  and  bone  findings.  Soft 
tissue abnormalities, often considered a sign of disease activity, include 
tendon/ligament thickening, loss of fibrillar pattern, hypoechogenicity, 
loss  of  edge  definition,  intrasubstance  calcifications,  and  associated 
bursitis.  It  is  not  yet  proven  how  well  fibrocartilage  is  visualized  on 
ultrasound.  Bone  findings  that  represent  structural  damage  include 
erosions and enthesophytes.

As  with  synovitis,  Doppler  ultrasound  is  being  increasingly  used 
and some reports suggest that if abnormalities are detected at the bony 
insertion, then this adds greater specificity to the diagnosis of SpA.50 
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Fig. 40.9 Ultrasound-detected erosion. (a) Longitudinal section through the 
lateral aspect of the fifth metatarsophalangeal joint of a patient with 
rheumatoid arthritis demonstrating a large bone erosion (white arrows). MC, 
metacarpal; P, phalangeal. (b) Transverse section through the same joint 
demonstrating the same erosion (white arrows). MC, metacarpal.
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Fig. 40.10 Achilles enthesitis. (a) Acutely painful posterior heel on right in a 
young man with a 6-week history of diarrhea and weight loss secondary to 
underlying Crohn disease. (b) Longitudinal ultrasound section through the 
Achilles tendon. There is bony irregularity (straight arrows) of the calcaneum, 
hypoechogenicity, and loss of fibrillar pattern of the tendon at the bony 
insertion (curved arrows) and increased power Doppler signal seen in the 
region of the retrocalcaneal bursa (asterisk).

Enthesitis on power Doppler has also been shown to improve 3 months 
after  infliximab.51 Cortical bone erosion and bone spurs may also be 
clearly seen on ultrasound (often when the radiograph is normal), the 
positions of which probably relate to the underlying biomechanics of 
the joint. McGonagle and colleagues52 recently demonstrated that bone 
erosions occur proximally on  the  calcaneum, whereas  enthesophytes 
are more distal. Bone spurs are not specific to the SpAs, and small bone 
erosions may be seen in normal, especially athletic, individuals.

Sacroiliitis
Preliminary data suggest that ultrasound may be useful in the diagnosis 
of sacroiliitis.53,54 The relative deep nature and angulation of the joint 
means that clear visualization with ultrasound is not always possible 
and Doppler may be difficult to elicit. Recently studies have suggested 
relatively good accuracy can be achieved using bubble contrast agents.55 
Ultrasound may also be used to direct needles into the joint space to 
deliver local therapies, biopsy tissue, or aspirate fluid collections.56 In 
the author’s opinion, MRI is the preferred method for diagnosing sac-
roiliitis because it is not only tomographic but able to identify pathol-
ogy below the surface of the bone (i.e., bone marrow edema, which may 
predate the synovitis). Ultrasound, however, may have a place in insti-
tutions where there is poor access to MRI.
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with CT and MRI), but the subclavian, iliofemoral, superior and infe-
rior mesenteric, and celiac arteries less well, partly due to the overlying 
air-filled structures (lungs and bowel). Ultrasound can show morpho-
logic changes of the vessel wall (thickening or increased brightness) and 
plaques, as well as decreases in flow and vessel elasticity. The role of 
ultrasound  has  been  explored  in  a  number  of  vasculitides,64  most 
notably  temporal arteritis. Here  the presence of  the “macaroni” halo 
phenomenon  is  said  to  be  helpful  in  the  diagnosis,  and  a  recently 
published meta-analysis suggested a sensitivity of 69% and specificity 
of 82% for ultrasound when compared with biopsy (Fig. 40.12).65 The 
technique of ultrasound requires standardization and as yet, although 
being helpful, should probably not replace biopsy.

Parotid and salivary glands
Several  reports  have  demonstrated  specific  parenchymal  and  duct 
changes on gray-scale in patients with Sjögren disease.66-69 There have 
also been reports of a possible role of Doppler.70,71

The technique may have the future potential to be incorporated into 
diagnostic criteria. Ultrasound has occasionally been useful in identify-
ing  parotid  abscesses,  usually  in  the  severely  immunocompromised 
patients with RA.

Peripheral nerve pathology
The use of ultrasound for detecting peripheral nerve pathology was first 
proposed by Fornage in 1988.72 Its routine use is not widespread, but 
it is an area that is steadily expanding as image resolution improves. 
High-quality machines can detect almost any mid-size or larger nerves 
as long as they are accessible to the transducer. Ultrasound can follow 
the  course  of  the  nerve,  often  through  a  tortuous  route.  The  most 
commonly studied nerve  is  the median nerve  in  the  investigation of 
carpal  tunnel  syndrome.  Various  criteria  have  been  proposed  (e.g., 
bowing of the flexor retinaculum, proximal swelling of the nerve as it 
enters the carpal tunnel, distal flattening). The cross-sectional area of 
the nerve appears to be the most consistent association, and a cross-
sectional area of 1 cm2 has a specificity of 82%, with this figure rising 
with  increased  area  over  this.73  Our  preference  is  to  use  a  cutoff  of 
about  1.5 cm2.  Occasionally  ultrasound  can  detect  causes  of  nerve 
compression  such  as  synovitis,  tenosynovitis,  ganglia,  tumor,  or 
osteophyte.

Dactylitis and bursitis
Dactylitis of the fingers and toes is a common feature of the spondy-
loarthropathies.  The  most  usual  findings  on  ultrasound  are  flexor 
tenosynovitis  and  subcutaneous  edema57  with  synovitis  occurring  in 
some  but  not  all  joints  (Fig.  40.11).58,59  Bursitis  is  also  a  common 
finding in SpA, particularly in the retrocalcaneal bursa. The lining is 
synovial based (except the posterior portion), so the ultrasound appear-
ance is of fluid and/or synovial hypertrophy. Doppler signal may also 
be elicited. Elsewhere, bursae are commonly seen in the shoulder, over 
the  olecranon  and  patella,  and  in  the  feet.  It  should  be  noted  that 
normal  bursae  often  contain  a  small  amount  of  fluid,  which  can  be 
visualized  on  ultrasound.60  Some  bursae  are  adventitial  rather  than 
synovial based and occur at sites of mechanical pressure such as in the 
submetatarsal region of the feet.

Cartilage
Ultrasound  has  been  used  to  visualize  both  hyaline  (articular)  and 
fibrocartilage. Hyaline cartilage appears anechoic or hypoechoic relative 
to surrounding subdermal fat. Fibrocartilage such as the menisci of the 
knee or labrum of the shoulder is more hyperechoic than hyaline car-
tilage. Ultrasound of cartilage is able to show thinning, osteochondral 
defects,  and,  in  the  case  of  fibrocartilage,  cysts  and  tears.  However, 
ultrasound is limited by its need for an acoustic window. Therefore full 
visualization of articular cartilage is not possible; here MRI or arthros-
copy is the investigation of choice.

One  promising  role  of  ultrasound  is  in  the  detection  of  crystal 
deposits,  especially  those  not  seen  by  radiography.61  The  pattern  of 
crystal  deposition  within  the  cartilage  may  be  helpful.  Very  high- 
frequency transducers suggest that in gout, the hyperechoic crystal may 
lie on the superficial or articular surface of the cartilage and in chon-
drocalcinosis, the crystals lie within the deeper layers of the cartilage. 
This may be either diffuse or  focal.62 Recently, diagnostic criteria  for 
CPPD have been proposed using ultrasound.63

Non–joint-related structures
Vasculitis
Ultrasound  is  able  to  visualize  the  relatively  superficial  temporal, 
carotid,  axillary,  brachial,  and  femoral  arteries  very  well  (compared 
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Fig. 40.11 Ultrasound findings in dactylitis. (a) Dactylitis of the third finger of a patient with psoriatic arthritis. (b) Corresponding transverse 
ultrasound image through the volar aspect of the finger. It demonstrates hypoechogenic thickening of the flexor tendon sheath (asterisks), with 
increased Doppler signal. In addition there is thickening of the surrounding soft tissue (arrows) with increased vascularity. (a, Courtesy Dr. Sandy 
Fraser, University of Leeds.)
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Soft tissue disorders of the shoulder  
and other areas
The most frequent rheumatologic use of ultrasound is in the differen-
tial diagnosis of painful shoulder and other soft tissue disorders. This 
aspect is discussed in detail later.

Rotator cuff disease
Traditionally,  the  most  common  indication  for  shoulder  ultrasono-
graphy is to evaluate the rotator cuff. In the hands of a good operator, 
sensitivities and specificities may be as high as 90% to 95%,74 although 
they  are  better  for  full-thickness  than  partial-thickness  tears  
(Fig. 40.13).75 Several studies have shown a good correlation between 
both  MRI76  and  arthroscopy,75  and  in  many  centers  ultrasound 
has replaced these as a first-line diagnostic tool. However, ultrasound 
has  limitations  when  viewing  the  shoulder,  including  an  inability  
to  visualize  the  labrum-ligamentous  complex  to  diagnose  internal 
derangement.77

Calcific tendonitis
Ultrasound can be helpful for identifying and localizing calcific deposits 
in the rotator cuff. These deposits actually consist of calcium apatite 
crystals and vary somewhat in ultrasound appearance. Often an abnor-
mality  is  seen  on  the  radiograph,  but  ultrasound  is  used  for  more 
accurate  localization.  The  most  common  site  is  the  supraspinatus 
tendon followed by the subscapularis tendon, though deposits can be 
localized in the bursa. Calcifications are usually well defined and cast 
a  clear  distal  shadow.  Early,  less-established  lesions  may  cast  only  a 
faint  shadow or  sometimes none  at  all. The  source of  pain  in  these 
patients is multifactorial involving local inflammation from the crys-
tals,  secondary  impingement,  or  frozen  shoulder.  Ultrasound  gives 
information  as  to  whether  the  lesion  is  acute  or  chronic,  is  causing 
thickening of the tendon or is associated with bursa which may result 
in  secondary  impingement.  This  is  valuable  information  when  con-
structing patient treatment plans.

Subacromial-subdeltoid bursitis
The  SA-SD  bursa  covers  a  large  area  of  the  shoulder.  The  normal  
bursal  membrane  is  not  visualized;  the  bursal  complex  appears  as  a 
hypoechoic line surrounded by a superficial and deep layer of peribursal 
fat. Typical fluid collections appear in the most dependent areas of the 
bursa  and  more  commonly  along  the  edge  of  the  greater  tuberosity, 
producing  a  typical  teardrop  appearance.  Bursitis  may  be  present  as  
a  result  of mechanical  or  inflammatory  conditions. Recently,  reports 
have  highlighted  the  high  prevalence  of  bursitis  in  polymyalgia 
rheumatica.78

a b

Fig. 40.12 Ultrasound-detected temporal arteritis. This patient presented with a headache consistent with temporal arteritis. These longitudinal and transverse 
images demonstrate a thickened temporal artery with reduced blood flow. The “halo” sign is demonstrated on transverse section. A temporal artery biopsy 
confirmed the diagnosis.

SST

H

*

Fig. 40.13 Longitudinal section through the supraspinatus tendon (SST) of a 
patient with shoulder pain. There is loss of normal convexity of the superficial 
portion of the tendon (arrows) and an underlying hypoechogenic region 
(asterisk) consistent with a full-thickness tear extending down to the  
humerus (H).

Bicipital tendon pathology
The distal long head of biceps is easily visualized by ultrasound until 
it passes through the rotator cuff to become intra-articular within the 
glenohumeral joint; the tendon passes between the subscapularis and 
supraspinatus tendons through what is termed the rotator cuff interval. 
Ultrasound may be used to determine if the tendon is intact, subluxes 
with movement, or is surrounded by fluid/synovial hypertrophy. Fluid 
around  the  tendon  may  be  present  and  is  indicative  of  either  local 
irritation of the tendon sheath or glenohumeral effusion. Full-thickness 
rotator cuff tears allow communication of fluid between the joint and 
subacromial bursa; when there is fluid in both the tendon sheath and 
bursa,  full-thickness  cuff  tears  are  present  in  95%  of  cases.77  A  pre-
sumptive  clinical  diagnosis  of  bicipital  tendonitis  often  has  normal 
ultrasound findings, suggesting that the former is subject to error.

Other soft tissue syndromes
Trochanteric  bursitis  is  better  described  as  a  pain  syndrome because 
there  are  many  potential  underlying  causes.  Ultrasound  rarely  



CH
A

PTER 40 
● M

usculoskeletal ultrasound

387

demonstrates a true fluid-distended bursa. Occasionally bone irregular-
ity or soft tissue calcifications are observed around the greater trochan-
ter,  but  these  are  often  seen  in  normal  controls.  The  main  role  of 
ultrasound  in trochanteric bursitis  is  to exclude other causes of pain 
and to guide diagnostic and therapeutic trochanteric injections. Ultra-
sound can sometimes demonstrate a friction bursa as the iliotibial band 
courses  over  the  greater  trochanter.  Gluteal  muscle  tears  that  have 
been identified on MRI as common79 in this syndrome may occasion-
ally  be  visualized  on  ultrasound.  Ultrasound  has  also  been  used  to 
identify pes anserine bursitis, although one study showed that scans 
are often normal in symptomatic patients.80 Lateral81 and medial epi-
condylitis82 of the elbow may both be visualized by ultrasound. Find-
ings  include  tendon  thickening,  intratendinous  calcifications, 
enthesophytes or erosions, and focal intrasubstance areas of hypoecho-
genicity. Increased Doppler activity may increase the diagnostic speci-
ficity of lateral epicondylitis, may serve as a predictive marker, or may 
be used as a marker of therapy response.83

Interventional procedures
Ultrasound  can  be  used  to  accurately  aspirate  fluid  collections  and 
introduce needles  for diagnostic or  therapeutic  injections or biopsy.84 
Diagnostic  injections are those performed into or around a structure 
where local anesthetic is instilled to determine whether the patient’s 
symptoms  arise  from  that  area.  Two  published  studies  showed 
extremely poor accuracy of joint injections without imaging guidance, 
reporting an accuracy of 42% to 51% for large joint injection85 and only 
29% for subacromial bursal injections.86 Ultrasound allows the opera-
tor  to  dynamically  image  the  needle  placement  (direct  approach), 
although  it  may  be  used  to  simply  mark  the  point  of  injection  and 
provide an estimation of required angle of needle insertion and distance 
to target (indirect approach).

Insertion technique
The needle placement technique is similar in all applications regardless 
of  the  type of needle being positioned or whether  the  intention  is  to 
aspirate,  inject,  or  biopsy.  Aseptic  techniques  must  be  adhered  to  
at all times, especially when injecting synovial joints or tendon sheaths; 
this  may  or  may  not  require  the  use  of  a  sterile  transducer  cover. 
Needle  visualization  in musculoskeletal ultrasound  is  generally  good 
due  to  the  reflective  nature  of  the  needle  surface  and  the  generally 
superficial position of the target. Needle placements into deeper struc-
tures such as the greater trochanteric bursa or the hip joints are more 
difficult,  but  even  in  these  cases  the  use  of  probe  guides  is  rarely 
necessary.

Joint aspiration
Ultrasound-guided  joint  aspirations  are  frequently  performed  to 
confirm  or  exclude  the  presence  of  infection  or  crystal  disease  (Fig. 
40.14). The majority of joints can be aspirated under direct visualiza-
tion of the needle. The hip is the most common joint requiring ultra-
sound-guided  aspiration  for  the  suspicion  of  infection  in  adults.  On 
occasion this can be difficult in the adult because lower-frequency (3- to 
5-MHz) transducers are required to achieve the beam penetration nec-
essary  to  visualize  the  hip.  This  transducer  inherently  has  a  lower 
spatial  resolution  that,  combined  with  an  oblique  needle  approach, 
makes  visualization  of  the  needle  more  difficult.  From  a  diagnostic 
viewpoint  this also makes differentiation between complex fluid and 
synovial or capsular thickening problematic, with aspiration often the 
only diagnostic option.

An  18-  or  20-gauge  needle  should  be  inserted  under  ultrasound 
guidance. If no effusion can be aspirated, then there are two possible 
maneuvers.  First,  a  small  amount  of  sterile  saline  (2-3 mL)  may  be 
injected into the joint with reaspiration of the fluid for microbacterio-
logic assessment. If there is difficulty with reaspirating this fluid from 
the joint, then asking the patient to take the weight of the leg on the 
affected side increases the intra-articular pressure in the joint, allowing 
easier  reaspiration.  This  maneuver  can  also  be  of  value  during  the 
initial  aspiration  because  effusions  often  pool  posteriorly,  with  the 
increased intra-articular pressure redistributing any joint fluid present. 
Samples can then be sent for routine microbacteriologic analysis either 
in dry sample pots or in blood culture medium.

a
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Fig. 40.14 Inflammation of first metatarsophalangeal joint, presumed to be 
gout. (a) This patient had acute swelling of the big toe with pain, erythema, 
and swelling. The diagnosis of gout was suspected but the serum urate was 
within normal limits. (b, c) This longitudinal image through the toe 
demonstrated a hypoechogenic collection in the joint that was compressible 
and displaceable and consistent with an effusion. A needle was subsequently 
introduced into the joint under ultrasound guidance and withdrew a small 
amount of fluid. Analysis confirmed the presence of urate crystals. MT, 
metatarsal head; P, phalanx; asterisk denotes needle.
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rheumatologists and radiologists.97 However, as time has passed, it is 
the author’s view that this tension has begun to subside as each party 
has started to understand that its scanning practices are different and 
largely  not  conflicting.  Many  radiologists  do  not  want  (or  have  the 
resources)  to  scan  multiple  joints,  while  rheumatologists  are  largely 
conservative and tend to not scan beyond their level, and refer on where 
appropriate.  This  has  probably  also  led  to  more  efficient  service  in 
radiology because the rheumatologists only tend to refer on the most 
important cases. At a European level, the European Society of Skeletal 
Radiologists (ESSR) is now forging strong links with EULAR, which is 
likely to lead to collaborations in teaching and research.

The importance of MUS training for rheumatologists was recently 
recognized at a European level by EULAR, and training guidelines were 
established for running EULAR courses.31 Similar guidelines will soon 
emerge from the Pan-American Congress of Rheumatology (PANLAR) 
and  the  Asian  Pacific  League  of  Associations  for  Rheumatology 
(APLAR). Short MUS courses are now available in most countries, but 
some countries are currently not in a position to run intermediate or 
advanced courses, which is why international courses like the EULAR 
courses remain valuable. New methods of delivering teaching or assess-
ing  uploaded  images  have  begun  to  appear  through  some  e-learning 
programs.  One  of  the  main  barriers  to  learning  is  a  current  lack  of 
qualified people to supervise and mentor others. This should change 
over time as the technique becomes more established; however, there 
also needs  to  be  a  cultural  change  in  institutions where  trainers  are 
given  time  and  resources  to  be  allowed  to  train  others.  Currently, 
competency  is  assessed  by  ongoing  observation  by  a  mentor  with  a 
logbook/portfolio review of cases. There is currently no internationally 
recognized competency examination in rheumatology.

Joint injections
In  addition  to  introducing  a needle  to  aspirate fluid,  ultrasound  can 
guide therapies. Diagnostic injections are those that target a particular 
site with  long-acting  local anesthetic such as bupivacaine hydrochlo-
ride (Marcaine). Combined with either re-examination or a symptom 
log postinjection, these can give valuable information as to the source 
of  pain.  Therapeutic  injections  contain  both  steroid  and  local  anes-
thetic.  Intuitively, a more accurate needle placement should  increase 
the  success  of  these  injections  but  there  still  remains  a  paucity  of 
studies  demonstrating  this  potential  benefit,  particularly  over  a  sus-
tained period. The most common injection given is into the subacro-
mial-subdeltoid space, but ultrasound may be used to inject any joint. 
In particular,  it has been used to  inject  the plantar  fascia,87 glenohu-
meral  joint,88 wrist,89 and sacroiliac  joints.90 Ultrasound may also be 
chosen to guide therapies that may be irritant if introduced outside the 
joint (e.g., hyaluronic acid).91

Needle biopsy
As  with  aspiration  and  injections,  ultrasound  can  visualize  needle 
placement in real time. It is increasingly being considered as an alter-
native to arthroscopy as a source of synovial biopsy.92 In rheumatology, 
it  has  also  been  used  to  biopsy  bone  erosions93  and  early  entheseal 
lesions94 and to guide nerve biopsies.95

Training and education
The wider availability of high-quality, affordable ultrasound machines 
and  the  potential  to  have  an  immediate  positive  impact  in  patient 
management96 has meant that rheumatologists are now performing or 
wanting to perform ultrasound examinations as part of  their  routine 
clinical practice. This has created controversy and some unease between 
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as planar imaging. 99mTc-methylene diphosphonate (MDP) and 99mTc-
hydroxymethylene diphosphonate (HMDP) are the most commonly 
used radionuclides for bone scintigraphy. Diphosphonates are either 
taken up by bone or rapidly cleared through the kidneys. Approximately 
50% of the dose is distributed in the skeleton within 3 hours after 
intravenous injection, the remainder being excreted in the urine.4 In a 
normally hydrated subject, less than 5% of the dose remains in the 
blood 3 hours after injection.4

Single-photon emission computed tomography
The disadvantage of planar images obtained with scintigraphy can be 
overcome by single-photon emission computed tomography (SPECT), 
which acquires volumetric data by rotating the gamma camera around 
the patient or by using multidetector systems. It offers images in three 
planes and has better spatial resolution. The main current clinical 
applications focus on evaluation of the skull and spine. The advent of 
gamma cameras with tomographic capabilities combined with a CT 
scanner (SPECT-CT) in 1998 introduced the concept of blended 
imaging devices, providing complementary information, that is, a 
fusion image with functional (SPECT) anatomic (CT) correlation. This 
technique will probably improve the clinical usefulness of bone scin-
tigraphy, but rigorous extensive data are still lacking.

Uses
Because the uptake of 99mTc-diphosphonates in bone is dependent on 
the osteoblastic activity as well as on the regional blood flow, bone 
scintigraphy is highly sensitive for many disorders causing increased 
bone turnover (Table 41.1; Fig. 41.1). It lacks, however, specificity and 
distinguishing for example metastatic disease from osteoarthritis 
requires the use of other imaging modalities.

It is particularly useful where the arthritis is difficult to detect clini-
cally, such as sacroiliitis. Sacroiliitis may be detected on the basis of 
an increased uptake of 99mTc-diphosphonates in the sacroiliac joints. 
A high uptake in the these joints is, however, also found in normal 
individuals,5 and the ratio of the peak sacroiliac joint to the peak 
sacrum count is usually used, although normal values of this ratio can 
vary significantly depending on age and gender. Even so, the specificity 
is low and other imaging modalities such as MRI are of better value 
for diagnosis of sacroiliitis in spondyloarthropathies.6 Increased uptake 
of 99mTc-diphosphonates in arthritis, whether septic or not, is linked 
to increased blood flow, expanded blood pool volume, and vascular 
permeability; and the hyperemia involves not only the synovial mem-
brane but also the juxta-articular bones.7 This technique can therefore 
not discriminate accurately between actively inflamed joints and 
chronically damaged joints8 and does not allow correct evaluation of 
inflammatory arthritis.

Use of other tracers
Given the limitation of 99mTc, other radiotracers have been investigated 
for the evaluation of arthritis: gallium (67Ga) citrate, indium-111 chlo-
ride (111InCl3), 99mTc-hexamethylpropylene amine oxime (HMPAO)-
labeled leukocytes, 99mTc-liposomes, 99mTc-polyclonal human 
immunoglobulin G (IgG) monoclonal antibodies to granulocytes, and 
99mTc-labeled anti-CD4 monoclonal antibodies.7 Indium and gallium 
possess a high affinity for iron-binding proteins and probably bind to 
transferrin receptors abundant in the inflamed synovium, explaining 
their affinity for the inflammatory site compartment.9 A combination 

Bone scintigraphy and positron 
emission tomography
Clio Ribbens and Gauthier Namur

 Bone scintigraphy with technetium-labeled diphosphonates is a 
nuclear medicine technique widely used for the investigation of 
bone and joint diseases. It is highly sensitive for depicting foci of 
increased bone turnover and increased blood flow, but uptake is 
non-specific and the combination with other imaging modalities is 
necessary for differential diagnosis.

 Positron emission tomography (PET) is a technique using 
molecules labeled with isotopes that emit positrons from their 
nucleus, the most widely used being 2-deoxy-2-[18F]fluoro-D-
deoxyglucose (18F-FDG). 18F-FDG accumulates in foci of increased 
glucose consumption, such as inflammatory lesions, allowing for a 
direct identification of increased metabolic activity.

 Recent PET devices are combined with computed tomography 
(PET/CT), allowing for a precise localization and even frequently a 
morphologic description of the lesions with increased metabolic 
activity.

 The clinical applications of 18F-FDG-PET include the detection of 
inflammation in various rheumatic diseases such as vasculitis, 
arthritis, lupus, or sarcoidosis, as well as the workup of fever of 
unknown origin.

INTRODUCTION
Imaging in rheumatology has greatly evolved these past 2 decades, 
resulting in major advances in the clinical management of patients. 
Concurrently to the improvement of radiographic techniques with 
ultrasonography, computed tomography (CT), and magnetic resonance 
imaging (MRI) being added to conventional radiography, nuclear medi-
cine techniques have made progress not only in the research area but 
also in the clinical world. They play a role for both diagnosis and fol-
low-up of inflammatory diseases.1,2 The most common nuclear medi-
cine technique used in rheumatology is bone scintigraphy, but more 
recent methods such as positron emission tomography (PET) have 
emerged, providing information regarding the metabolic status of 
tissues in addition to the morphologic information provided by the 
other imaging modalities.

BONE SCINTIGRAPHY
Principles
The high affinity of diphosphonates for bone led to their use as an 
imaging modality with technetium-99m (99mTc) labeling for bone scin-
tigraphy in the early 1970s. The energy of the photon emitted by the 
99mTc nuclide (140 keV) is well adapted to the physical properties of 
the current gamma cameras. On decay, radionuclides emit a gamma 
ray at their characteristic energies in different directions. Some of these 
rays interact with the gamma camera, whereas others may scatter, lose 
direction, or never interact with the camera.3 Gamma cameras acquire 
data in a single plane. The resultant images are therefore a two-
dimensional representation of a three-dimensional subject, referred to 
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relatively short-lived positron-emitting isotopes are created in a cyclo-
tron, a device used to accelerate charged particles, and include 15O 
(half-life of 2 minutes), 13N (10 minutes), 11C (20 minutes), and 18F 
(110 minutes). The most commonly used radiolabeled molecule, 
referred to as a probe or tracer, is 2-deoxy-2-[18F]fluoro-d-deoxyglucose 
(FDG) in which one of the hydrogens has been replaced by the 18F 
radioisotope. 18F-FDG is an analog of glucose and after intravenous 
injection it is taken up by cells according to their level of glucose 
metabolism. 18F-FDG is transported through the cell membrane via 
glucose transporters into the cytosol and is phosphorylated by the 
enzyme hexokinase into 18F-FDG-6-phosphate. In contrast to glucose, 
18F-FDG-6-phosphate cannot proceed further in the glycolytic pathway 
and 18F-FDG-6-phospate is not further dephosphorylated and accumu-
lates in the cell, proportionally to the cell glucose consumption. 18F 
decays by emitting a positron from its nucleus. This positron eventu-
ally collides with a nearby electron, resulting in an annihilation event 
where two 511-keV photons in the form of gamma rays are emitted 
approximately 180 degrees apart.3 These photons are detected by the 
PET “camera,” a ring array of detectors (composed of scintillation 
crystals and photomultiplier tubes) around the patient. Detection of a 
single annihilation event results in the activation of detectors opposing 
one another, which is recorded as a “coincident event.” Mathematical 
analysis of the coincident events yields the location of cell populations 
or tissues that have accumulated 18F-FDG (Fig. 41.2). The spatial reso-
lution of the most recent clinical PET scanners is 4 to 6 mm.

Uses
The development of PET was closely linked to that of 18F-FDG in the 
1970s. First used in cardiology and neurology, the clinical application 
of PET was extended to oncology in view of the increased glucose 
metabolism in tumoral cells. The use of 18F-FDG-PET for evaluating 
infection and inflammation arose from false-positive findings encoun-
tered in patients undergoing evaluation for malignancy as well as from 
the demonstration of an increased glucose metabolism in many inflam-
matory cell types and of the 18F-FDG uptake by inflammatory tissues. 
Animal studies showed that 18F-FDG uptake by tumors is due not 
only to the tumor cells themselves but also to the inflammatory cells 
(macrophages, neutrophils, fibroblasts, endothelial cells) appearing in 

of gallium scintigraphy and 99mTc-diphosphonate scintigraphy could be 
helpful because an association of a positive gallium scan with a nega-
tive 99mTc-MDP scan has been suggested to be characteristic of (although 
not 100% specific for) infection of an orthopedic prosthesis, whereas a 
negative gallium scan associated with a positive 99mTc-MDP scan can 
be seen in synovial giant cell foreign-body reaction in total-knee arthro-
plasties.10 However, gallium scans necessitate a 24-hour delay before 
imaging, entailing two patient visits; imply a relatively high radiation 
exposure; and exhibit a limited image quality. Scintigraphy with labeled 
leukocytes has raised concerns due to hazards associated with  
blood withdrawal, labeling and reinjecting cells under non-physiologic 
conditions, and performing delayed imaging up to 24 hours after the 
administration of the cells. Bone scintigraphy with 99mTc-labeled 
diphosphonates therefore remains the standard nuclear medicine 
approach for assessing joint involvement in a whole-body approach.

POSITRON EMISSION TOMOGRAPHY
Background
In contrast to scintigraphy or SPECT in which molecules are “tagged” 
with radioisotopes emitting gamma rays, PET utilizes molecules 
labeled with isotopes that emit positrons from their nucleus. These 

TABLE 41.1 DISORDERS EXHIBITING INCREASED UPTAKE 
ON BONE SCINTIGRAPHY

 Bone tumors: primary (benign/malignant), secondary
 Bone or joint infection
 Traumatic bone or joint injuries
 Metabolic bone diseases (e.g., Paget’s disease, hyperparathyroidism, 

osteomalacia)
 Arthritis: inflammatory or degenerative
 Avascular necrosis
 Orthopedic joint prosthesis
 Reflex sympathetic dystrophy
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Fig. 41.1 Right lateral, anterior, and posterior whole-body bone scintiscans in 
a patient with Paget’s disease show involvement of the distal parts of both 
femurs, distal part of the left humerus, and right tibial diaphysis.

Coincidence
processing unit
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HO
HO

OH

OH

O

F
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Image reconstruction
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Fig. 41.2 Principles of PET. 2-Deoxy-2-[18F]fluoro-d-deoxyglucose (18F-FDG) is a 
labeled glucose analog in which the hydrogen in the 2-position is replaced by 
the 18F radioisotope, a positron emitter. A positron is the antiparticle of an 
electron, with opposite charge. 18F-FDG accumulates in cells proportionally to 
their glucose consumption. 18F-FDG decays by emitting a positron from its 
nucleus. After traveling a short distance into the patient’s body, this positron 
encounters an electron, resulting in an annihilation process. This process 
involves the emission of two photons of 511 keV in diametrically opposite 
directions. These photons are registered by the PET “camera” as soon as they 
arrive at the detector ring. After the registration, the data are forwarded to a 
processing unit that decides if two registered events are selected as a so-called 
coincidence event. All coincidences are forwarded to the image processing 
unit where the final image data are produced via mathematical image 
reconstruction procedures.
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18F-FDG-PET has been used in recent years in the evaluation of giant 
cell arteritis and Takayasu’s arteritis19-21 and could become a first-line 
investigation technique for shorter and more successful diagnostic 
workup in the near future.21 18F-FDG vascular uptake is not specific 
for vasculitis because it can also be found in atherosclerotic plaques. 
The two conditions can however be differentiated by taking into 
account the vascular distribution of the 18F-FDG uptake pattern and 
the intensity of 18F-FDG accumulation. A grading system has been 
developed by Meller and associates22 and is based on the comparison 
of 18F-FDG uptake by vessels and by the liver: grade I, vascular uptake 
present but lower than liver uptake; grade II, similar to liver uptake; 
and grade III, uptake higher than liver uptake. In this manner, grade 
I thoracic aorta uptake can be attributed to atherosclerosis and grade 
II or III uptake in thoracic aorta or in any other segments to active 
large vessel inflammation. Asymptomatic extracranial vessels can be 
affected in giant cell arteritis (Fig. 41.3).20,23 The common uptake 
pattern in great vessels in this disease is linear and continuous and 
predominantly of grade II, with thoracic vessels being the most fre-
quently affected, followed by abdominal vessels. 18F-FDG-PET has been 
shown to identify significantly more affected regions than MRI. The 
whole-body evaluation procedure of 18F-FDG-PET could therefore be of 
use for vascular screening and for identification of aortic uptake in 
these patients known to develop more frequently aortic aneurysms. 
18F-FDG-PET can evaluate the response to treatment (Fig. 41.4). 
However, it has not been shown to be useful for the prediction of 
relapses of giant cell arteritis.20 Furthermore, pathophysiologic insights 
could be investigated because subclinical vasculitis has been high-
lighted by 18F-FDG-PET in patients with polymyalgia rheumatica (Fig. 
41.5), closely related to giant cell arteritis.

In Takayasu’s arteritis, the uptake pattern of 18F-FDG is linear and 
continuous in the early phase (Fig. 41.6) but can become patchy in the 
late phase. In this disease, the metabolic imaging with PET has been 
shown to be able to identify more vascular injured foci than does the 
morphologic imaging with MRI. The latter, however, may give infor-
mation about changes in the wall structure or luminal blood flow. The 
hybrid PET/CT or PET/MRI could therefore be of particular interest in 
large-vessel vasculitis. The combination of PET and CT has already 
shown to be of value in Takayasu’s disease.24 The CT can increase the 

association with growth or necrosis of the tumor.11,12 This glucose 
utilization by inflammatory cells is made possible by their increased 
expression of glucose transporters when they are activated.13,14 18F-FDG-
PET is therefore a fully tomographic technique, offering 3D visualiza-
tion of the glucose metabolism. Compared with scintigraphy, it offers 
several advantages for the assessment of patients with inflammation. 
First, the 18F-FDG uptake is directly related to the activity of metaboli-
cally active inflammatory cells whereas bone scintigraphy detects the 
indirect hyperemia. Second, the spatial resolution and count rates  
of 18F-FDG-PET are much improved when compared with planar 
scintigraphy.15 Finally, the uptake phase of 18F-FDG is shorter than 
with 99mTc-MDP, allowing a whole-body examination to be completed 
within 90 minutes while more than 4 hours (uptake + acquisition) is 
needed for a bone scintiscan. Furthermore, 18F-FDG has a 110-minute 
half-life, permitting its use in centers distant from a cyclotron, and 
delivers a dose to the patient that is acceptable when compared with 
99mTc-MDP.

PET/CT
The advent of the combination of PET with CT in 2000 has allowed 
for a precise anatomic location (revealed by CT) of the increased meta-
bolic activity (provided by PET). The optimal methodology for perform-
ing and interpreting the PET/CT studies remains to be defined. To 
fully contribute to the diagnostic information, the CT scan should be 
acquired with the appropriate parameters in terms of beam collimation 
(which is related to the slice thickness) and dose, possibly with intra-
venous contrast agents. Whether such a full diagnostic CT is really 
needed in addition to the low-dose CT remains an unanswered ques-
tion and probably depends on the exam justification. Still, there are no 
procedure guidelines for PET imaging of inflammation, in contrast to 
established procedure guidelines for tumor imaging with 18F-FDG-PET 
specifying duration of fasting, activity of 18F-FDG to be injected, and 
delay for image acquisition.16,17

Finally, PET/MRI may become the blended modality choice of the 
future,18 allowing for an even more precise soft-tissue anatomic loca-
tion of the increased metabolic activity with lower radiation than PET/
CT, which could be of particular relevance in pediatric patients. The 
development of targeted MRI contrast agents based on certain tissue 
metabolic properties leading to enhanced tissue contrast could further 
improve our knowledge of functional tissue properties and anatomic 
consequences of pathologic processes and hence of the etiology and 
outcome of diseases.18

Applications of 18F-FDG-PET in 
inflammatory diseases
PET can be used in the detection of inflammation in various rheumatic 
disorders, with articular or extra-articular involvement, such as vascu-
litis, lupus, sarcoidosis, myositis, or arthritis, and can also be of help 
for the workup of fever of unknown origin.1,2

Large-vessel vasculitis
The diagnosis of the large-vessel vasculitides, giant cell arteritis and 
Takayasu’s arteritis, relies on a spectrum of clinical, biologic, angio-
graphic, and histopathologic features. It can be troublesome in some 
patients, and American College of Rheumatology criteria combining 
these various features have therefore been established. However, they 
do not bear a specificity or sensitivity of 100% and were originally 
designed for classification purposes and not for the diagnosis of indi-
vidual patients. Histopathologic features cannot be obtained for 
Takayasu’s disease and can be missed in giant cell arteritis in which 
biopsies should be performed bilaterally and in an extended manner. 
Imaging modalities are available but can have limitations. Doppler 
ultrasonography can be useful if vasculitis is suggested and is particu-
larly helpful in the evaluation of temporal artery inflammation but is 
of limited use at the large thoracic vessels. Angiography and gadolin-
ium-enhanced MRI can show luminal narrowing and mural thickening 
of the aorta and its branches in Takayasu’s disease, but these abnor-
malities can also be found in early arteriosclerosis or connective tissue 
diseases, whereas false-negative angiograms can be found in early vas-
culitis. Because glucose metabolism is increased in active vasculitis, 

a b

Fig. 41.3 18F-FDG-PET images of a patient with giant cell arteritis. (a) The arrow 
in the coronal image points to an intense hypermetabolism of the abdominal 
aortic wall. (b) The arrowheads in the maximal intensity projection image 
indicate hypermetabolism of subclavian, axillary, and carotid arteries.
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neuroimaging techniques such as magnetic resonance spectroscopy, 
magnetization transfer imaging, SPECT, or PET have therefore been 
evaluated.25 PET can detect subtle brain changes in lupus patients. In 
a study of 22 lupus patients with severe or mild CNS symptoms, brain 
hypometabolism was detected by PET in all patients, most often affect-
ing the parieto-occipital regions, whereas only half of the patients 
displayed abnormal MRI images.26 The change of brain metabolism on 
follow-up PET scans correlated with the clinical outcome of cerebral 
symptoms.26

Lymph node involvement can also be detected by PET in SLE,27 as 
it can in amyloidosis secondary to SLE or to Sjögren’s syndrome28 or 
in rheumatoid arthritis29; and differential diagnosis with lymphoma 
needs to be made. PET can also assess the distribution of activated 
lymphocytes and thus provide insight in pathophysiologic immune 
mechanisms of disease. Increased 18F-FDG uptake has been found in 
lymph nodes in both active and inactive SLE patients, suggesting an 
enhanced metabolic and probably immunologic activity in lymphoid 
organs in SLE, even when clinically quiescent.30 Furthermore, an 
increased 18F-FDG uptake was observed in the thymus of some SLE 
patients, even adults, but only in active SLE, suggesting a role of 
thymus in SLE disease activity.30

Sarcoidosis
The classical workup of patients with suspected sarcoidosis includes 
chest CT, which can demonstrate bilateral hilar and mediastinal 
lymphadenopathy with or without lung parenchymal infiltrates or 
interstitial disease. However, the precise distribution of sarcoid disease 
cannot be obtained by a single CT examination. 67Ga scintigraphy has 
been widely used for the diagnosis of sarcoidosis, with the typical 
“lambda sign” attributable to mediastinal and hilar lymphadenopathy, 
as well as for the management of the disease with detection of clinically 
silent sites and monitoring of therapeutic response.2 PET can also 
provide a whole-body evaluation and detect unsuspected sites of 
involvement. It can detect sarcoid lesions undetected by 67Ga scintig-
raphy,31 in particular in the abdomen. Both thoracic and extrathoracic 
sarcoid granulomas are detected with great sensitivity by PET/CT, 
except for skin lesions, which can be identified visually.32 Response to 
treatment can also be evaluated with PET.2,32 18F-FDG-PET/CT is 
therefore a valuable tool for the management of sarcoidosis, allowing 
for a complete morphofunctional cartography of active inflammatory 
sites and for the follow-up of treatment efficacy, especially in atypical, 
complex, and multisystemic forms of the disease (Fig. 41.7).32

Arthritis
The main application of 18F-FDG-PET in arthritis concerns rheuma-
toid arthritis (RA). The first reports on the imaging of 18F-FDG uptake 
in RA patients concerned incidental findings in rheumatoid patients 
undergoing PET for cancer screening or follow-up, with uptake in joints 
alone33 or also in lung by rheumatoid nodules.34 The first specific 
studies on rheumatoid joints go back to 1995 by Palmer and 

a b

Fig. 41.4 Coronal 18F-FDG-PET images of a patient with vasculitis before (a) 
and after (b) treatment with corticosteroids. Note the disappearance of the 
aortic wall hypermetabolism on the post-therapeutic scan.

Fig. 41.5 18F-FDG-PET/CT fusion images of a patient referred for fever of 
unknown origin. Bilateral shoulder and hip hypermetabolism is highlighted, 
consistent with a diagnosis of polymyalgia rheumatica. Note the 
hypermetabolism of the subclavian arteries (arrows).

Fig. 41.6 18F-FDG-PET coronal image showing an intense hypermetabolism of 
the aortic arch and both subclavian arteries in a patient with Takayasu’s 
arteritis.

sensitivity of the PET modality in diseased vessels with weak 18F-FDG 
uptake and can also help to localize accurately a mediastinal 18F-FDG 
uptake coming from pulmonary arteries. On the other hand, FDG 
accumulation can be found in arteries without vascular wall thickening 
on CT (i.e., areas of inflammation that have not yet progressed to 
vascular thickening).24 In summary, 18F-FDG-PET is highly effective in 
evaluating in a single procedure the activity and extent of large-vessel 
vasculitis and may become a first-line imaging modality technique in 
patients suspected to present with such vasculitis.

Systemic lupus erythematosus
18F-FDG-PET is used in systemic lupus erythematosus (SLE) mainly 
to demonstrate central nervous system (CNS) involvement. Although 
MRI is the current gold standard for evaluating neuropsychiatric SLE, 
there are still problems with regard to sensitivity and specificity.25 The 
most common white matter hyperintensities can also be associated 
with hypertension and increase with age in the general population. 
Periventricular lesions associated with the antiphospholipid syndrome 
can be impossible to differentiate from multiple sclerosis. Other 
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increase the localization of metabolic activity and will be of great inter-
est in small joints such as hands, allowing one to determine whether 
foci of increased activity are due to synovitis, inflammation of tendon 
sheaths (Fig. 41.9), or increased muscular intake (Fig. 41.10b). Another 
potential future point of interest for 18F-FDG-PET could be an eventual 
prognostic value of SUV. In oncology, pretherapeutic SUV values have 
been shown to predict response to treatment and overall survival.40,41 
The advent of effective but expensive biologic therapies in rheumatol-
ogy has prompted the interest in methodologies able to detect change 
to treatment with great sensitivity. The usefulness of PET in the 
assessment of the therapeutic response has been shown with low-dose 

associates,35 who showed that PET could be used to quantify joint 
inflammation, with 18F-FDG uptake in rheumatoid wrists being cor-
related to gadolinium uptake evaluated by MRI. Similarly, rheumatoid 
knees with FDG uptake (Fig. 41.8) (i.e., PET-positive RA knees) exhibit 
higher ultrasound-measured synovial thickness and higher gadolin-
ium-enhancement MRI parameters than PET-negative knees.36 Signifi-
cant correlations are found between the standardized uptake values 
(SUVs), which are correlated to 18F-FDG tissue concentrations, and 
MRI parameters, synovial thickness measured by ultrasonography, and 
serum levels of C-reactive protein and matrix metalloproteinase-3, a 
synovial-derived parameter reflecting joint inflammation.36 These data 
clearly relate to animal studies showing that joint 18F-FDG accumula-
tion increases with the progression of arthritis and is correlated with 
the pannus rather than with the inflammatory cells around the joint, 
the main cell type responsible for FDG uptake being fibroblasts, and a 
dramatic increase in FDG uptake being induced by proinflammatory 
cytokines in fibroblasts and macrophages.37 The main interest of 
18F-FDG-PET in RA resides, however, in the fact that it allows a whole-
body evaluation of inflammation. Beckers and associates38 studied RA 
synovitis in 21 patients with active RA, evaluating knees as well as 
ankles and metatarsophalangeal joints or wrists, and metacarpopha-
langeal and proximal interphalangeal joints. A “metabolic” rheumatoid 
disease activity was evaluated by the cumulative SUV (i.e., the sum of 
SUVs in PET-positive joints). This cumulative SUV was significantly 
correlated to clinical parameters (numbers of swollen and tender 
joints), biologic parameters (erythrocyte sedimentation rate and C-reac-
tive protein levels), composite indices of disease activity (the 28-point 
Disease Activity Score [DAS28] and Simplified Disease Activity Index 
[SDAI]), and ultrasound parameters (cumulative synovial thickness, 
number of Doppler-positive joints). Goerres and associates39 also used 
18F-FDG-PET for global evaluation of RA, attempting to develop a 
simple score without using SUVs, by adding the scores graded from 0 
to 4 for each of the 28 joints included in the DAS28. The precise method 
for the global evaluation of RA disease activity has not yet been stan-
dardized. The use of devices combining PET and CT will further 

a b

Fig. 41.7 18F-FDG-PET of a patient referred for fever of unknown origin, 
associated with dyspnea and headache. (a) The coronal slice shows multiple 
intense hypermetabolic mediastinal and right hilar lymphadenopathies, as well 
as a right pulmonary lesion (arrow). Transbronchial biopsies highlighted 
non-necrotizing granulomas. (b) The sagittal slice shows an unusual increased 
spinal cord uptake (arrows). The cerebrospinal fluid analysis highlighted a 
lymphocytic meningitis. The final diagnosis was pulmonary-mediastinal and 
neuro-sarcoidosis.

b

a

Fig. 41.8 (a) 18F-FDG-PET, CT, and fused PET/CT transverse sections of a normal 
knee. The CT helps to identify foci of relative hyperactivity seen on PET images 
posterior to the internal condyle and intercondylar notch (black arrows) as 
physiologic muscle uptake. (b) 18F-FDG-PET, CT, and fused PET/CT transverse 
sections of a RA patient. The PET (left) and fusion (right) images show a vast 
hypermetabolic “ring-like” lesion surrounding the condyles, consistent with a 
synovitis. Note the thickening of the synovium recognizable on the CT image 
(white arrow).

a b

Fig. 41.9 (a) 18F-FDG-PET/CT coronal slice of the distal part of the right upper 
extremity in a RA patient. (b) The PET (left) and fusion (right) images are 
strongly suggestive of inflammation of the ulnar bursa, in continuity with the 
flexor sheath of the fifth digit.
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Fever of unknown origin
Many non-infectious inflammatory disorders taken care of by rheuma-
tologists, such as arthritis or vasculitis (giant cell arteritis, ANCA-
associated granulomatous vasculitis, polyarteritis nodosa), can give rise 
to fever of unknown origin (see Figs. 41-5 and 41-7). Although 18F-FDG-
PET alone is sometimes unable to reliably distinguish between aseptic 
inflammatory disease and infectious disease or malignancy, it can 
localize active lesions and in conjunction with other imaging modali-
ties identify the tissue or organ to be sampled to establish a 
diagnosis.2

PRACTICAL ISSUES
As a rule, when ionizing radiations are being used in human studies, 
dosimetry has to be carefully taken into account. The effective dose 
resulting from a bone scan with 99mTc-labeled diphosphonates is 
0.0057 mSv/MBq. The administered dose is typically 740 MBq, which 
gives an effective dose of approximately 4 mSv.49 PET studies are 
within the same range (i.e., 5 mSv for 250 MBq of 18F-FDG). The 
radiation associated with the CT part of the PET/CT study highly 
depends on the acquisition protocol. Low-dose studies such as those 
performed in our institution and shown in Figures 41.5 and 41.8 to 
41.11 result in an additional dose of 4.5 mSv.50 Overall, the radiation 
burden may be considered as minimal and the theoretical risks are 
largely counterbalanced by the clinical benefits.

The cost of nuclear medicine techniques is linked to the high cost 
of the sophisticated machines themselves as well as to that of the 
isotopes used. The technetium-labeled isotopes used for scintigraphy 
are inexpensive, but their production is subject to recurrent shortage. 
The isotopes used for PET are generated by a cyclotron, which needs 
to be within a few hours reach of the user for practical purposes. Their 
cost can be highly variable but tend to decrease thanks to greater 
availability.

prednisone and methotrexate,42 intra-articular injections,43 and, 
recently, anti–tumor necrosis factor (TNF). In RA patients treated with 
anti-TNF, changes in 18F-FDG uptake in knees were significantly cor-
related with changes in MRI parameters as well as with biologic param-
eters (C-reactive protein and matrix metalloproteinase-3 levels) after 4 
weeks of treatment.36 Global 18F-FDG-PET joint score was decreased 
after three infusions of infliximab in clinical responders but not in 
clinical non-responders.39 Figure 41.10 illustrates the response to ritux-
imab. Whether PET will be able to identify patients at need for biologic 
therapies or to detect an early response to these treatments remains to 
be shown.

18F-FDG-PET can visualize joint inflammation in other inflamma-
tory arthritides such as psoriatic arthritis44 and ankylosing spondyli-
tis.45 18F-FDG accumulation can also be found in various joints due to 
a local inflammatory reaction, even in degenerative disorders. Wandler 
and coworkers evaluated shoulder uptake in 24 patients undergoing 
oncologic assessment.46 Three recognizable patterns of FDG uptake 
were identified in 12 of the 14 patients with clinical findings consistent 
with a shoulder pathology: (1) a circumferential/diffuse uptake in 10 
patients (7 of whom had a clinical diagnosis of osteoarthritis and one 
bursitis) (Fig. 41.11); (2) asymmetric localized uptake at the greater 
tuberosity in 4 patients (2 had known rotator cuff injuries and one 
frozen shoulder); and (3) a pattern of focal glenoid uptake in 4 patients 
(2 with frozen shoulder, one with osteoarthritis). Three patients had 
more than one pattern. The circumferential/diffuse uptake in 7 of the 
8 patients with clinical osteoarthritis of the shoulder was hypothesized 
to be related to a chronic, non-specific synovitis. The maximum SUV 
was significantly correlated to age, but there was no significant differ-
ence in maximum SUVs between patients with or without clinical 
symptoms.46 18F-FDG uptake in osteoarthritic joints has also been 
found in hands47 and knees,48 localizing in the latter in the intercon-
dylar notch along the posterior cruciate ligament, around osteophytes, 
or in the subchondral bone.48 The cost/benefit ratio of PET for these 
diseases remains to be proven.

b

a

Fig. 41.10 18F-FDG-PET, CT, and fused PET/CT coronal slices of the distal upper extremities in a RA patient. (a) 
Inflammatory involvement of several proximal interphalangeal joints of both hands and multiple joints of both 
wrists. (b) Response to rituximab treatment. After 16 weeks, there is a complete metabolic response in the 
wrists and a partial response in the interphalangeal joints. Zones of relative hyperactivity in the left hand 
(arrow) correspond to physiologic muscle uptake.



CH
A

PTER 41 
● Bone scintigraphy and positron em

ission tom
ography

397

REFERENCES

a b c

Fig. 41.11 18F-FDG-PET (a), CT (b) and fused PET/CT (c) of a patient referred for oncologic reasons. Uptake in 
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diately obvious. The need for periodic replacement of the costly DPA 
isotope because of source decay was eliminated. The greater photon 
flux produced by the x-ray tube and smaller focal spot resulted in better 
beam collimation. This produced less overlap among scan lines, better 
image resolution, shorter scan times, and superior precision.

In order to produce the two beam energies necessary for separating 
bone from soft tissue, DXA manufacturers have used rare earth filters 
or a pulsed power source. Technologic advances since the clinical 
introduction of DXA in 1988 have resulted in even faster scan times 
and dramatic improvements in image resolution. Scan times have 
progressively shortened, such that typical scan times for a PA lumbar 
spine study or proximal femur study are less than 60 seconds. Initially 
viewed as a quantitative technique only, the current imaging capabili-
ties of modern DXA devices have resulted in FDA approval for struc-
tural diagnosis in the spine and detection of abdominal aortic 
calcification. The bone mineral density (BMD) can be quantified in 
virtually every region of the skeleton, as well as the skeleton as a whole. 
Body composition analysis can also be accomplished with DXA and is 
considered by some to have replaced the previous gold standard of 
underwater weighing for this purpose. The primary applications of 
DXA, however, remain the diagnosis of osteoporosis and the prediction 
of fracture risk.

DIAGNOSIS OF OSTEOPOROSIS
World Health Organization criteria
Conceptual definitions of osteoporosis have been present in the medical 
literature for decades. Such definitions largely reflected the recognition 
that both a decrease in mass and architectural deterioration combined 
to cause skeletal fragility, the outcome of which was fracture. The 
practical result of such definitions, however, was that osteoporosis was 
not diagnosed until the patient had clinical proof of skeletal fragility, 
which was a low trauma fracture. In the late 1980s and early 1990s, 
a bone density that was two or more standard deviations (SDs) below 
the young-adult mean bone density had become the de facto working 
definition of osteoporosis. However, in 1994, the World Health Orga-
nization (WHO)4 issued guidelines for the diagnosis of osteoporosis, 
also based on the number of SDs below the young-adult mean bone 
density. These guidelines are shown in Table 42.1. The arbitrary 
threshold of 2.5 SDs or more below the young-adult mean was selected 
because it created a prevalence of osteoporosis that was similar to previ-
ously observed lifetime risks for fracture. A normal bone density was 
a bone density that was not more than 1 SD below the young adult 
mean. The WHO also created a diagnostic category between these two 
cutoffs of normal and osteoporosis, which they termed osteopenia. 
Finally, a fourth category termed severe or established osteoporosis was 
created to include those individuals who satisfied the above bone 
density criterion for osteoporosis and had also suffered a fracture. In 
creating these four categories with finite cut points, the WHO main-
tained the recognized gradient of risk for fracture with declining bone 
density and the additional effect of prevalent fracture on fracture risk. 
Bone densitometry T scores of less than or equal to −1, greater 
than −1 to less than −2.5, and greater than or equal to −2.5 reflect 
the WHO diagnostic categories of normal, osteopenia, and osteoporo-
sis, respectively.

Limitations of WHO criteria
Although the WHO criteria were to be used to determine the preva-
lence of osteoporosis in populations, they could also be applied to 
individuals. In 1994 the WHO cautioned that variations in the skeletal 

DXA and measurement of bone
Sydney Bonnick

 Clinical guidelines are based on dual-energy x-ray absorptiometry 
(DXA) measurements of the posterior-anterior lumbar spine and 
proximal femur, reducing other skeletal sites and techniques to a 
lesser role.

 The World Health Organization (WHO) criteria remain the standard 
for diagnosing osteoporosis on the basis of bone mineral density 
(BMD).

 The WHO 10-year absolute fracture risk prediction algorithm, FRAX, 
has refined fracture risk prediction.

 Understanding precision and the least significant change is critical 
to the interpretation of serial bone density measurements.

 New imaging applications for lateral spine DXA have extended the 
utility of DXA beyond the measurement of BMD.

Dual-energy x-ray absorptiometry (DXA) was approved by the Food and 
Drug Administration (FDA) for clinical use in 1988. Because of its 
versatility and relative ease of use, DXA has become the dominant 
technology used to quantify bone density in clinical practice. Other 
technologies such as radiographic absorptiometry, radiogrammetry, 
quantitative ultrasound (QUS), quantitative computed tomography 
(QCT), and finite element analysis, each of which is used to evaluate 
slightly different attributes or parameters of bone, have seen their 
utility diminish in the face of societal guidelines reliant on measures 
derived with DXA. Additionally, although virtually any skeletal site 
can be assessed with DXA, such guidelines tend to focus on DXA 
measures of the posterior-anterior (PA) lumbar spine and proximal 
femur, diminishing the utility of non-PA lumbar spine and proximal 
femur sites.

HISTORY OF BONE DENSITOMETRY
Bone densitometry can be traced to the field of dentistry in the late 
1890s,1 but the modern era began with the publication by Cameron 
and Sorenson2 in 1963 describing the methodology for single photon 
absorptiometric (SPA) measurements of bone mass in vivo. Bone 
mineral content (BMC) was based on the difference in the beam inten-
sity of a monochromatic or single-energy beam before and after passage 
through a skeletal region of interest. The magnitude of the attenuation 
of the photon energy was compared with attenuation standards derived 
from dried, defatted, ashed human bone of known weight in order to 
calculate the BMC in the path of the beam. This technique required 
uniform soft tissue thickness surrounding the skeletal region of inter-
est. To achieve this, it was necessary to surround the region to be 
studied with water or another soft tissue–equivalent material. Although 
effective, this limited the application of SPA to the distal appendicular 
skeleton.

Dual photon absorptiometry (DPA), DXA’s immediate predecessor, 
overcame SPA’s restriction to the distal appendicular skeleton by using 
an isotope or isotopes that generated photon energy at two distinct 
energy peaks, one of which was preferentially absorbed by bone. In this 
manner, any contribution to beam attenuation by soft tissue in the 
region of interest could be mathematically subtracted.3 This subse-
quently made it possible to quantify the BMC in skeletal regions sur-
rounded by large or irregular soft tissue masses such as the lumbar 
spine and proximal femur.

DXA uses the same principles as DPA, except that the photon 
energy is generated with an x-ray tube rather than a radioactive isotope 
or isotopes. The advantages of DXA compared with DPA were imme-
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TABLE 42.1 1994 WHO CRITERIA FOR THE DIAGNOSIS OF OSTEOPOROSIS 
BASED ON THE MEASUREMENT OF BONE DENSITY AND T SCORE  

EQUIVALENT CUT POINTS

Diagnostic 
category

Standard deviations below 
the young-adult mean T score

Normal ≤1 SD Equal to or better 
than −1

Osteopenia (low 
bone mass)

Between 1 and 2.5 SD Between −1 and 
−2.5

Osteoporosis ≥2.5 SD Equal to or poorer 
than −2.5

Severe (established) 
osteoporosis

≥2.5 SD + a fragility 
fracture

Equal to or poorer 
than −2.5 + a 
fragility fracture

site measured, the technique used, and the reference database employed 
would all influence individual diagnosis. This was because the WHO 
criteria were derived from SPA, DPA, and DXA bone density studies 
of the spine, proximal femur, and radius in Caucasian women. There 
was also substantial variation in diagnostic category when the WHO 
criteria were applied to data from the same skeletal site such as the 
proximal femur but from different DXA manufacturers. However, the 
substitution of the now-accepted Caucasian standard proximal femur 
reference database, the National Health and Nutrition Examination 
Study (NHANES) III database, largely eliminated the differences in 
diagnostic category assignment.5 Differences in diagnostic category 
assignments based on measurements of PA lumbar spine BMD among 
manufacturers are minimal compared with pre-NHANES III assess-
ments of BMD at the proximal femur.

Controversy on the applicability of the WHO criteria to men and 
non-Caucasian women remains, given that the original thresholds 
were chosen on the basis of reconciling fracture risk and prevalence 
established in Caucasian women. Similarly, the application of WHO 
criteria to bone density studies of the spine, proximal femur, and radius 
with other techniques or made at other skeletal sites with any tech-
nique remains controversial. In such cases, a given T score may only 
reflect the variability of bone density in the population rather than 
some level of fracture risk. In 1999 Faulkner and colleagues5 compared 
the T-score regression on age for women for heel QUS, QCT of the 
spine and DXA of the proximal femur, PA and lateral lumbar spine 
and forearm on the basis of the reference database provided by the 
manufacturer of the specific device. The expected T score for an average 
60-year-old woman ranged from −0.7 at the heel by QUS to −2.5 by 
QCT at the spine. This same dilemma has been demonstrated in men.6

These findings have led various organizations to recommend 
restricting the use of the WHO criteria to specific skeletal sites mea-
sured with DXA. The International Society for Clinical Densitometry 
(ISCD)7 recommended that the WHO criteria be applied only to mea-
surements at the PA lumbar spine, total hip, or femoral neck, using 
the lowest of the three. The WHO8 itself suggested that the criteria be 
applied only to measurements made at the proximal femur, emphasiz-
ing the femoral neck region of interest, whereas the International 
Osteoporosis Foundation (IOF)9 has stated a preference for the total 
hip region of interest.

Several authors have attempted to define T-score cut points on the 
basis of non-spine, non–proximal femur measurements of bone density 
that would identify individuals with osteopenia or osteoporosis of the 
PA lumbar spine and/or proximal femur.10 The data that emerged 
confirmed that the use of the WHO criteria at sites other than the 
spine or proximal femur and with techniques other than DXA can be 
inappropriate and misleading. This does not reflect a lack of accuracy 
or precision of such measurements but reflects the effects of attempting 
to apply criteria developed by wholly different means. As a conse-
quence, such alternative techniques have seen their clinical utility 
diminish.

ISCD currently recommends the use of the WHO criteria in men 
older than age 50 with a gender-specific reference database. However, 

the IOF recommends the use of a Caucasian female reference database 
in conjunction with the WHO criteria for the diagnosis of osteoporosis 
in men.9 This recommendation stems largely from the recognition that 
the difference in fracture rates between women and men is primarily 
due to non–bone density factors, not from differences in bone density. 
At a given level of bone density, the risk for fracture imparted by that 
level of bone density appears to be the same in both women and men. 
Therefore, if the purpose of diagnosing osteoporosis based on some 
level of bone density is to imply a certain level of fracture  
risk imparted by that bone density, the use of the Caucasian female 
reference database in men would be appropriate.11 This concept 
is gaining acceptance, although it is not the current standard in the 
United States.

PREDICTION OF FRACTURE RISK
The prediction of fracture risk with DXA bone density measurements 
is a separate entity from the diagnosis of osteoporosis. The range  
of bone densities is too wide within the WHO diagnostic categories  
to use a category to accurately characterize fracture risk for an 
individual.

The ability to predict fracture risk with a single bone density mea-
surement was considered controversial until 1993 when two sentinel 
studies clearly demonstrated a statistically significant increase in frac-
ture risk per SD decline in BMD, for different types of fracture and 
measurement sites.12,13 The statistical measure called relative risk (RR) 
was appropriately used in these studies, but the ability to apply such 
relative risk data to individuals in clinical practice is severely limited. 
The actual RR per SD decline from any given study is really only 
applicable to that study population. Without knowing the baseline risk 
to which they are being compared, interpretation of an individual’s RR 
based on his or her reported T or Z score is impossible.

FRAX: WHO 10-year absolute fracture risk 
prediction algorithm
Sufficient data now exist to assess absolute risk precluding the need to 
use RR for decision making. There is still controversy on the time 
frame (e.g., 1, 5, or 10 years) predicted and whether that risk should 
be a global fracture risk or a site-specific (e.g., hip) fracture risk. 
However, in 2008 the WHO introduced FRAX, which is a 10-year 
absolute fracture risk prediction algorithm for the prediction of any 
major osteoporotic fracture (including hip, wrist, clinical spine, and 
humerus) and for hip fracture.14

FRAX is unique in that it not only provides a fracture risk prediction 
in the form of absolute risk but also combines validated clinical risk 
factors with BMD to better predict an individual’s fracture risk. The 
risk factors were chosen on the basis of reviews of the medical literature 
to establish the magnitude of the relationship between the risk factor 
and fracture risk.15-21 Ultimately, the data used to create FRAX came 
from 9 different study cohorts around the world and were validated in 
11 other cohorts in similar geographic locations.22 To be included as a 
risk factor in the FRAX algorithm, a therapeutic intervention must be 
able to reduce its impact or it must not adversely affect the fracture 
risk reduction efficacy of such interventions. The specific risk factors 
that were ultimately chosen came to be known as the WHO 8: age, 
body mass index (BMI), prior fracture, parental hip fracture, current 
smoking, glucocorticoid use, rheumatoid arthritis, and excessive 
alcohol consumption.

Although FRAX may be incorporated into bone density software in 
the future, at present it is an Internet-based application, available at 
http://www.shef.ac.uk/FRAX/. FRAX algorithms are available for differ-
ent countries and, in some cases, for different ethnicities within a 
country. The FRAX data entry algorithm page from the Web site for 
U.S. Caucasians is shown in Fig. 42.1. After entering either the 
patient’s age or date of birth and gender, height and weight must be 
entered in the appropriate units. Weight and height conversion utilities 
are available if the original measurement units were not kilograms and 
centimeters. The presence or absence of seven of the eight clinical risk 
factors is then indicated by clicking on the yes or no radio button. The 
algorithm is designed to provide an absolute fracture risk assess-
ment in the absence of a measurement of BMD; however, the risk 

http://www.shef.ac.uk/FRAX/
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Fig. 42.1 FRAX, a 10-year absolute fracture risk prediction 
algorithm developed by the World Health Organization, 
incorporating clinical risk factors for fracture and femoral 
neck BMD. Reproduced with the kind permission of the 
World Health Organization Collaborating Centre for 
Metabolic Bone Diseases, University of Sheffield, United 
Kingdom. These data are for the patient whose bone 
density studies are seen in Fig. 42.6a and b.

assessment is improved by inputting the femoral neck BMD. After 
clicking on “calculate,” the 10-year absolute fracture risks are presented 
for hip fracture and for any major osteoporotic fracture.

FRAX will accept a value for ages 50 to 90. The BMI is automati-
cally calculated from the data entered for height and weight. The risk 
factors have been reduced to dichotomous variables, requiring a “yes” 
or “no” response. The risk factor of “prior fracture” refers to a low 
trauma fracture occurring as an adult. The subjectivity of this assess-
ment is unavoidable. Captured in this assessment are prior morpho-
metric spine, clinical spine, non-spine, and hip fractures. The number, 
location, and type of the preexisting fracture(s) are not captured. If 
multiple fractures have occurred, the algorithm may underestimate the 
10-year fracture probability. When the risk factors are reduced to 
dichotomous variables, the inability to convey the effects of a “dose-
response” are inevitable. This limitation also applies to the risks of 
smoking, use of glucocorticoids, and alcohol consumption. Rheuma-
toid arthritis is considered separately from other causes of secondary 
osteoporosis because rheumatoid arthritis imparts a fracture risk that 
is independent of the BMD.17 Other secondary causes of osteoporosis 
only contribute to the calculation of fracture risk if no BMD data are 
entered.

There are several caveats to the current clinical implementation of 
FRAX. The T score that is actually used to calculate the 10-year  
fracture risks is derived from the 1998 NHANES III proximal femur 
database for Caucasian women. This created an obvious dilemma  
in using data generated from bone density studies performed in men 
in which T scores are based on a male reference database, and it  
also posed a dilemma for data from bone density studies performed  
in Caucasian women in the United States. This is because bone  
densitometers in the United States use the 1997 and not the 1998 
NHANES III proximal femur reference database. To address this issue, 
the FRAX patch, initially developed by the Oregon Osteoporosis Center, 
converts the measured BMD at the femoral neck, regardless of the type 
of DXA device used to measure it or the gender or ethnicity of the 
patient in whom it was measured, into a 1998 NHANES III Caucasian 
female T score. Therefore, in using FRAX, the manufacturer of the 
DXA device must be selected from the drop-down box and the femoral 
neck BMD must be entered. The recalculated T score, based on the 
1998 NHANES III Caucasian female database, then appears to the 
right of the BMD.

The FRAX algorithm is not intended for use in patients who  
are already receiving therapy. In such cases, fracture risk would  
almost certainly be overestimated. FRAX should never substitute  
for clinical judgment in assessing fracture risk. It also in no way  
indicates the necessity for treatment. Separate guidelines23 that 
incorporate FRAX have been developed to help clinicians identify indi-
viduals who would benefit from pharmacologic interventions to reduce 
fracture risk.

MONITORING CHANGES IN BONE DENSITY
Changes in bone density can be quantified with any of the currently 
available techniques. However, measured changes cannot be properly 
interpreted and, therefore, any clinical significance attached, without 
applying the concepts of precision and the least significant change 
(LSC). Changes also need to be measured at a clinically relevant skel-
etal site, with relevance determined by the condition, disease, or drug 
that may cause the change in bone density.

Precision is an attribute of every quantitative serial measurement 
and is not unique to densitometry. In densitometry, precision refers to 
the ability to reproduce a quantitative measurement when the mea-
surements have been performed under identical conditions in the 
setting of no real biologic change. In 1994 the International Organiza-
tion of Standardization (ISO)24 defined two subcategories of precision: 
repeatability and reproducibility.

● Repeatability refers to the closeness of agreement between test 
results when the tests were performed by the same technologist, 
on the same equipment, at the same location within a short 
period of time on the same subjects.

● Reproducibility refers to the closeness of agreement between test 
results when the tests were performed on the same subject using 
the same method but by different technologists, using different 
equipment at different locations.

As commonly used in densitometry, precision is synonymous with 
the ISO subcategory of repeatability.

Even if an individual underwent several bone density studies within 
minutes of each other and each test was performed in an identical 
fashion by the same technologist, the results of each test would not be 
the same. There is intrinsic variability in the measurement, although 
the variability is expected to be small, but this small, intrinsic vari-
ability must be quantified before concluding that a real biologic change 
has occurred. This can be done by performing a short-term precision 
study.

To perform a short-term precision study, individuals undergo 
repeated bone density testing within a short period of time. The 
number of individuals and the number of bone density studies per 
individual are ultimately based on narrowing the resulting confidence 
interval for the calculated precision value as much as is reasonably 
possible. In general and for practical purposes, the number of individu-
als and number of studies per individual are chosen to achieve 30 
degrees of freedom (d.f.). Although one individual undergoing 31 
studies would fulfill this criterion, such an approach is not appropriate 
because of the radiation associated with the larger number of studies, 
as well as the likelihood of learned positioning by the individual. An 
intermediate number of individuals is often chosen, such as 15 indi-
viduals studied three times each or 10 individuals studied four times 
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The interpretation of the LSC is straightforward. If the LSC has 
been equaled or exceeded, then a statistically significant change in the 
BMD is said to have occurred, at whatever level of statistical confidence 
the LSC was calculated. When the LSC is calculated using a two-sided 
approach, as recommended by ISCD, then an increase or a decrease in 
BMD that equals or exceeds the LSC would be considered a significant 
increase or decrease. It is possible to calculate an LSC using a one-sided 
approach and at levels of statistical confidence other than 95%, but 
this is not current clinical practice. If the LSC is not known, serial 
measurements of bone density cannot be interpreted because it is 
simply not possible to know if the variability in the measurement has 
been sufficiently exceeded to determine if a real change has occurred 
in the patient.

The inherent precision of DXA is superb. Few, if any, quantitative 
tests are used in clinical medicine with superior precision. Neverthe-
less, the precision at every skeletal region of interest that might be used 
to monitor bone density must be established at every densitometry 
facility. The same study population can be used for every skeletal site, 
but precision must not be assumed to be the same at every skeletal 
site. Precision tends to be the best at the total hip and proximal forearm 
sites. The lumbar spine, trochanteric region, and femoral neck follow, 
generally in that order.

The better the precision, the smaller will be the LSC. In general, 
that means less time is required between measurements to detect  
a statistically significant change in bone density. However, the  
anticipated rate of change in the bone density at a particular site, 
whether it is due to a disease process or therapeutic intervention,  
profoundly affects the time required to see a significant change. For 
example, even though precision is superb at the proximal forearm,  
the rate of change at that site from commonly used bone active agents 
is much too slow for that site to have any clinical utility in monitoring 
the effects of those agents on bone. In contrast, although the precision 
of the lumbar spine or trochanteric region is generally not as good  
as at the proximal forearm, the rate of change at those highly trabecular 
sites is greater, resulting in a much shorter and clinically reasonable 
interval needed to detect a statistically significant change in bone 
density.

In 2000 a concept called regression to the mean was suggested as 
invalidating serial measurements of bone density.28 Unfortunately, 
there was a failure to appreciate that regression to the mean was a 
group statistical phenomenon only, which could be created by an errant 
analysis design. It is not a biologic phenomenon, however, and has no 
application whatsoever to the monitoring of bone density in individuals 
in clinical practice.

FAN-ARRAY SPINE IMAGING WITH DXA
Although bone densitometry began as a quantitative measurement 
technique, improvements in image resolution with fan-array DXA have 
resulted in clinically useful imaging applications. With fan-array DXA 
spine imaging, the spine can be imaged from T4 to L5 in seconds to 
minutes, depending on the scan mode, but always at a fraction of the 
radiation exposure of conventional spine radiographs. Fan-array DXA 
imaging also largely avoids the problem created by parallax in plain 
radiography of the spine. Because the movement of the scan arm allows 
the DXA beam to be passed parallel to the vertebral endplates through-
out the entire length of the spine, the vertebral dimensions are not 
distorted by the angle of the beam. If the patient has severe scoliosis, 
however, some parallax effect may be unavoidable. Lateral spine 
imaging with DXA is used for two relatively new applications: ver-
tebral fracture assessment (VFA) and abdominal aortic calcification 
assessment.

Vertebral fracture assessment
When the spine is imaged with DXA from T4 to L5, T4 to T6 may be 
poorly visualized, but this is not a major problem because the majority 
of osteoporotic fractures occur below these levels. Of considerable 
importance is the finding that a significant percentage of women with 
non-osteoporotic bone densities may have vertebral fractures. In a 
study from Schousboe and colleagues29 using WHO criteria, in which 
342 women age 60 and older underwent lateral spine imaging with 

TABLE 42.2 NUMBER OF PATIENTS AND STUDIES PER PATIENT TO ACHIEVE 30 
D.F. FOR A SHORT-TERM PRECISION STUDY*

No. patients No. studies per patient

1 31

5 7

10 4

15 3

30 2

*Note that in the precision study in the case presentation in the text, the combination of 10 
patients and 4 studies per patient was used.
D.F., degrees of freedom.
Reproduced from Bonnick SL. Bone densitometry in clinical practice, 2nd ed. Totowa NJ: 
Humana Press, 2004, with permission of the publisher.

each. Various combinations of numbers of patients and number of 
studies per patient to achieve 30 d.f. are shown in Table 42.2.25 A 
short-term precision study with 30 d.f. results in upper and lower error 
limits for the 95% confidence interval of the calculated precision of 
1.34 and 0.80, respectively.26 An additional 20 d.f. would be required 
to reduce the upper error limit to 1.24, whereas a total of 200 d.f. would 
be required for an upper error limit of 1.11. The studies are completed 
on each individual on the same day or within a few weeks, such that 
the time period is too short to expect a real biologic change in bone 
density. The individuals participating in the precision study should 
also be representative of the patient population in whom the resulting 
precision value will be applied.

Using data generated during the short-term precision study, the 
root-mean-square (RMS) precision, rather than the arithmetic mean 
precision, is calculated because the latter results in an underestimation 
of the true Gaussian error. To illustrate the calculation of the RMS 
precision, assume that 15 individuals have been studied three times 
each. First, the SD for each set of three measurements is found. Then 
the RMS-SD or precision is calculated, using the following equation:

 SD
SD

m
RMS

i

m

=
( )

=
∑ 2

1  (1)

in which m is the number of patients in the precision study, or in this 
case, 15. The RMS-SD has the units of the measurement, which for 
DXA is g/cm2. The precision value can now be used to calculate the 
LSC, defined as the value that must be equaled or exceeded before a 
real biologic change can be said to have occurred.

The magnitude of the LSC is determined not only by the precision 
but by the level of statistical confidence that is required and the number 
of measurements made at baseline and at follow-up. The formula for 
calculating the LSC is shown in equation 2:

 LSC Z
n n

= ′( ) +Pr
1 1

1 2

 (2)

in which Z′ (pronounced “z-prime”) is chosen from a z-distribution 
table found in many statistical texts on the basis of the desired level 
of statistical confidence, Pr is the precision expressed as the RMS-SD, 
n1 is the number of measurements performed at baseline, and n2 is the 
number of measurements performed at follow-up. ISCD27 recommends 
that the LSC be calculated at 95% confidence, using a two-sided 
approach. The Z′ value for such a calculation is 1.96. Because common 
clinical practice is to perform one measurement at baseline and one 
again at follow-up, the value under the square root sign becomes 2. 
The formula for calculation of the LSC at 95% confidence with one 
measurement at baseline and one at follow-up then becomes:

 LSC = ( ) = ( )1 96 1 414 2 77. Pr . . Pr  (3)

The LSC will also have the same units as the units for precision.
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DXA, 27% with osteopenia and 42% with osteoporosis had vertebral 
deformities consistent with a diagnosis of fracture. Other studies have 
documented that the majority of morphometric vertebral fractures are 
undiagnosed. This seems to be true even in patients who have had 
radiographs in which the spine was visualized.30,31 An assessment for 
previously undiagnosed vertebral fracture is imperative for accurate 
diagnosis, fracture risk prediction, and therapeutic assessment. VFA 
imaging with DXA is a convenient modality with which to accomplish 
this.

In 2007 ISCD published extensive guidelines on patient selection 
for VFA.32 The guidelines assume that plain films of the spine have 
not previously been done and that knowledge of a vertebral fracture 
would change patient management. These guidelines are summarized 
in Box 42.1. Of note is the recommendation for VFA in patients on 
chronic glucocorticoid therapy. The “Genant” visual semiquantitative 
(SQ) method was the preferred method for the assessment of vertebral 
fracture. In the Genant SQ method the vertebrae are characterized as 
normal or deformed on the basis of their appearance rather than their 
measured dimensions.33 There are three deformation grades: SQ grade 
1 (mild), SQ grade 2 (moderate), and SQ grade 3 (severe). Deformed 
vertebrae are also described on the basis of the shape of the deformation 
as wedged (anterior fracture), biconcave (middle fracture), or crushed 
(posterior fracture). Although physical measurements are not made 
with this technique, a grade 1 deformity roughly corresponds to a 20% 
to 25% reduction in the anterior, middle, or posterior height of the 
vertebra and a 10% to 20% reduction in vertebral area. A grade 2 defor-
mity is the result of a 25% to 40% reduction in any of the three heights 
and a reduction in vertebral area of 20% to 40%. A grade 3 deformity 
occurs when there is a 40% reduction in any of the three heights and 
a 40% reduction in vertebral area. The Genant SQ method has been 
used traditionally with plain radiography. Some DXA VFA software 
now provides an automated SQ assessment of deformed vertebrae. In 
Fig. 42.2 a previously undiagnosed SQ2 wedge deformity is seen at 
T12. This patient’s bone densities at the PA lumbar spine and proxi-
mal femur were osteopenic on the basis of WHO criteria. However, the 
finding of a vertebral fracture indicated a much higher risk for future 
fracture than indicated by the BMD and the finding of a vertebral 
fracture met NOF criteria23 for pharmacologic intervention. The VFA 
study in Fig. 42.3 is from a 66-year-old man. No vertebral deformities 
are seen in this study. Because of the superb image resolution, small 
anterior osteophytes are seen at T8. The Genant SQ assessment is 
illustrated on the lower right of the image.

BOX 42.1 2007 ISCD GUIDELINES FOR PATIENT SELECTION FOR 
VERTEBRAL FRACTURAL ASSESSMENT
 Postmenopausal women with low bone mass (osteopenia) by bone mineral 

density (BMD) criteria, PLUS any one of the following: age ≥70 years, historical 
height loss >4 cm (1.6 inches), or prospective height loss >2 cm (0.8 inches), 
self-reported vertebral fracture (not previously documented)

 Two or more of the following: age 60 to 69 years, self-reported prior non-
vertebral fracture, historical height loss of 2 to 4 cm, or chronic systemic 
diseases associated with increased risk of vertebral fractures (e.g., moderate 
to severe COPD or COAD, seropositive rheumatoid arthritis, Crohn disease)

 Men with low bone mass (osteopenia) by BMD criteria, PLUS any one of the 
following: age ≥80 years, historical height loss >6 cm (2.4 inches), prospective 
height loss >3 cm (1.2 inches), self-reported vertebral fracture (not previously 
documented)

 Two or more of the following: age 70 to 79 years, self-reported prior non-
vertebral fracture, historical height loss of 3 to 6 cm, on pharmacologic 
androgen deprivation therapy or following orchiectomy, chronic systemic 
diseases associated with increased risk of vertebral fractures (e.g., moderate 
to severe COPD or COAD, seropositive rheumatoid arthritis, Crohn disease)

 Women or men on chronic glucocorticoid therapy (equivalent to 5 mg or 
more of prednisone daily for 3 months or longer)

 Postmenopausal women or men with osteoporosis by BMD criteria, if docu-
mentation of one or more vertebral fractures will alter clinical management

ISCD, International Society for Clinical Densitometry.
Reproduced with permission from the International Society for Clinical Densitometry.

Fig. 42.2 Lateral spine dual-energy x-ray absorptiometry (DXA) imaging for 
vertebral fracture assessment. This study was performed on a Hologic Dephi 
DXA device in a matter of seconds. An SQ2 wedge deformity is seen at T12. 
(Case courtesy Hologic, Inc., Bedford, Mass.)

For Vertebral Deformity Evaluation Only

Abdominal aortic calcification assessment
An extension of the imaging capabilities of the lateral spine with fan-
array DXA is the ability to visualize calcification in the abdominal 
aorta. Although several studies have suggested a relationship between 
aortic calcification and low bone density, a more important prognostic 
attribute of aortic calcification is its relationship to the risk of myocar-
dial infarction (MI) and stroke. A significant increase in the hazard 
ratio for MI and in the RR for stroke with increasing aortic calcification 
was found in the Rotterdam study, a prospective population-based 
cohort study of almost 8000 men and women age 55 and older.34,35 
The risk for congestive heart failure or coronary heart disease was also 
shown to be significantly related to the degree of aortic calcification in 
the Framingham Heart Study.36,37 Using the 24-point grading system 
for abdominal aortic calcification (AAC) seen on radiographs developed 
by Kauppila and colleagues,38 an AAC-24 score greater than or equal 
to 5 was associated with a significant increase in the risk for congestive 
heart failure or coronary artery disease.37,38

Although the AAC-24 point scoring system can be used with DXA 
VFA images (Figs. 42.4 and 42.5), Schousboe and colleagues39 proposed 
an eight-point grading system to improve the ease of use. In this 
approach, a point score is awarded on the basis of the number of ver-
tebrae from L1 to L4 spanned by the total length of aortic calcification 
in the anterior and posterior aortic walls separately. A possible score 
for each wall can range from 0 to 4, such that a maximum worst-case 
total score is 8. The AAC-8 scoring system is shown in Table 42.3.

The potential identification of aortic calcification is not a major 
factor in deciding to perform lateral spine imaging with DXA. No 
medical organization currently recommends the performance of DXA 
lateral spine imaging for the sole purpose of aortic calcification assess-
ment. Nevertheless, the opportunity to assess this important risk 
factor for heart disease and stroke presents itself every time VFA is 
performed. It is an opportunity that should not be missed. In 2006 
Hologic, Inc. received 510(k) clearance from the FDA for aortic 
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Fig. 42.3 Lateral spine dual-energy x-ray absorptiometry 
(DXA) imaging for vertebral fracture assessment in a 
66-year-old man. This study was performed on a GE Lunar 
Prodigy DXA device. No deformities are seen. The AAC-8 
score is 0. Small osteophytes are visible anteriorly at the 
T8-T9 level. The Genant semiquantitative grading system is 
seen in the lower right portion of the image.

Fig. 42.4 (a) Lateral spine dual-energy x-ray 
absorptiometry image performed for vertebral fracture 
assessment in which abdominal aortic calcification is 
seen. In (b), the aortic calcification has been highlighted. 
The AAC-8 score was 3. (Case provided courtesy Hologic, 
Inc., Bedford, Mass.)

a b

TABLE 42.3 AAC-8 SCORING SYSTEM*

Abdominal aortic calcification length relative to  
lumbar vertebral height Score

None 0

1 vertebra 1

>1 but ≤2 vertebrae 2

>2 but ≤3 vertebrae 3

>3 vertebrae 4

*A point score is awarded for the anterior abdominal aortic wall and the posterior abdominal 
aortic wall on the basis of the number of vertebrae spanned by the length of the aortic 
calcification. The worst possible score for both walls combined is 8.

calcification assessment on lateral spine imaging for its fan-array DXA 
devices.

APPLICATION OF BONE DENSITOMETRY  
IN CLINICAL PRACTICE
Influence of manufacturer
Although the appearance of screen images and computer printouts 
from the various manufacturers of DXA equipment may differ, the 
information that is provided is actually quite similar. Layouts from any 
one manufacturer may change with updates to the software, but the 
content generally does not.

Figs. 42.6, 42.7, and 42.8 are screen images of PA lumbar spine and 
proximal femur bone density studies from GE Lunar, Norland, and 
Hologic DXA devices. The three studies are not of the same patient. 
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Fig. 42.5 (a) Lateral spine dual-energy x-ray 
absorptiometry image performed for vertebral fracture 
assessment in which abdominal aortic calcification is 
seen. In (b), the aortic calcification has been highlighted. 
The AAC-8 score was 6. (Case provided courtesy Hologic, 
Inc., Bedford, Mass.)

a b

Nevertheless, a careful review of the images will reveal that, although 
the initial appearance is quite different among the three devices, the 
nature of the information provided is the same.

Fig. 42.6a and b are based on a PA lumbar spine and left proximal 
femur study performed on a GE Lunar DXA device. On the left, the 
image of the studied region can be seen. On the lower right are the 
bone density results and standard score comparisons for various regions 
of interest. On the upper right is the age-regression graph. Above the 
graph is the notation that indicates from which region of interest the 
data that have been plotted on the graph came. The graph, although 
colorful, does not actually provide any additional information beyond 
the numbers seen on the lower right. On the bottom portion of the 
screen, relevant biographic data are seen. The patient’s name would 
also normally be seen here.

On the Norland PA lumbar spine and left proximal femur DXA 
studies seen in Fig. 42.7a and b, the layout is similar but not identical. 
An obvious difference is that the image of the spine and proximal femur 
are in color, although this image can be changed to a gray-scale image 
if the user desires. The age-regression graph is seen in the upper right 
of the image and the numeric data are seen across the bottom of the 
image.

Fig. 42.8a and b are PA lumbar spine and left proximal femur 
studies obtained on a Hologic DXA device. The age-regression graph 
is not seen on this particular screen image, but it is provided on the 
computer printout. Patient biographic data are clearly seen on the 
upper right and once again, the numeric data are seen on the lower 
right.

On the GE Lunar spine study in Fig. 42.6a, a BMD value is given 
for each of the four lumbar vertebrae and for every possible combina-
tion of contiguous lumbar vertebrae. This is not the case on the 
Norland DXA spine study seen in Fig. 42.7a. Note that on the Hologic 
PA spine study in Fig. 42.8a, the L1-L4 BMD is referred to as the 
“Total,” rather than L1-L4 as it is on the GE Lunar and Norland 
studies. In the proximal femur studies shown here, all of the manu-
facturers provide results for the total hip, femoral neck, and trochan-
teric regions of interest. On the GE Lunar and Norland proximal femur 
studies, values are provided for Ward’s area. This is not seen on the 
Hologic study. This difference is of little consequence because Ward’s 
area, although of historical interest, has little, if any, clinical utility.

The age-regression graphs seen on these images are simply plots of 
the BMD from the selected region of interest versus the patient’s age. 
The center regression line indicates the expected BMD for age. This 
center regression line has an upper and lower boundary that, in the 
case of the GE Lunar graph, is ±1 SD and, in the case of the Norland 
graph, is ±2 SD. The physician can therefore immediately tell visually 
how the patient compares with age- and gender-matched peers. This 
can also be ascertained from the numeric data. In the case of the 
Norland graph, the background color scheme of green, yellow, and red 
also corresponds to the WHO T-score diagnostic category cut points. 
Fracture risk characterizations are made within these different-colored 
zones. Note, however, that these colored zones span the entire age 
range shown on the graph and thus they must be interpreted with 
extreme caution.

All of the manufacturers provide standard score comparisons for the 
BMDs from the various regions of interest. Percentile comparisons are 
provided as well. The standard score comparisons indicate the number 
of SDs above or below the average value that the patient’s value lies. 
The T score is a comparison with the average for a young adult and 
the Z score is a comparison with the average for the patient’s age-
matched peers. The T score is, of course, used with the WHO diag-
nostic criteria. A Z score poorer than −2 strongly suggests the need to 
evaluate a patient for secondary causes of bone loss. However, a Z score 
of −2 or better does not negate this possibility such that an evaluation 
for secondary causes of bone loss should always be considered in an 
individual with low bone density. Thus the Z score also has limited 
clinical utility in an adult.

The image of the skeleton should be reviewed on the computer or 
computer printout to ascertain proper patient positioning, labeling of 
the regions of interest, and identification of any potential artifacts or 
structural changes that would affect the accuracy of the bone density 
measurement. It may be necessary to review the image on the com-
puter itself rather than the printout because the resolution of the  
image will be superior. Bone density images are not FDA approved  
for structural diagnosis, but the near-radiographic quality of these 
images makes such a structural review possible. Once the image has 
been reviewed and the physician is satisfied with the technical quality 
of the study, only then should the all-important numeric data be 
addressed.
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Fig. 42.6 (a) Postero-anterior lumbar spine study 
performed on a GE Lunar Prodigy DXA device in a 
69-year-old woman. The bone mineral density (BMD) and 
standard scores are given for each vertebra, as well as 
every possible combination of contiguous vertebrae. The 
L1-L4 BMD is plotted on the age-regression graph. (b) A 
left proximal femur study performed on a GE Lunar 
Prodigy on the same patient.

a

b

On the PA lumbar spine study, the L2-L4 or L1-L4 BMD value is 
preferred to BMD values from a single vertebra or from only two con-
tiguous vertebrae for reasons of accuracy and precision. All three major 
manufacturers of DXA equipment provide the L1-L4 BMD, although 
as noted earlier, in the case of Hologic, this is called the “total.” At the 
proximal femur, Ward’s area is the least accurate of all the proximal 
femur measures because of its small size. Because of the localization 
routines used in these devices, Ward’s area should be expected to have 
the lowest BMD. Ward’s area is also placed slightly differently from 
manufacturer to manufacturer. This is true for the femoral neck as 
well. The most similar region of interest among the manufacturers in 
the proximal femur is the total femur region of interest. Even so, the 
actual measured BMDs at a given skeletal site should never be directly 
compared among the manufacturers because of the differences in 
machine calibration. At the proximal femur, a rough comparison of 
total hip T scores can be attempted only if the T scores are derived 
from the NHANES III database.

CASE STUDY
The following case study illustrates the application and interpretation 
of DXA studies of the PA lumbar spine and proximal femur in a 
69-year-old woman. This patient was referred for her initial evaluation 
at the age of 69 after a wrist fracture, which she suffered in a fall on a 
wet surface. Her baseline studies are the GE Lunar studies previously 
seen in Fig. 42.6a and b. A review of the spine image indicated good 
positioning and no degenerative changes, artifacts, or vertebral defor-
mities that would affect the accuracy of the study. The vertebral label-
ing also appeared to be correct. A review of the left proximal femur 
study also indicated good positioning and no artifacts that would affect 
the accuracy of the study. The L1-L4 BMD was 0.920 g/cm2 with a T 
score of −2.2 and a Z score of −0.4. At the total hip, the BMD was 
0.767 g/cm2 with a T score of −1.9 and a Z score of −0.4. At the 
femoral neck, the BMD was 0.761 g/cm2 with a T score of −2.0 and 
a Z score of −0.3. In this case, the lowest T score is −2.2 at L1-L4. 
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Fig. 42.7 (a) Postero-anterior lumbar spine study 
performed on a Norland DXA device. (b) A left proximal 
femur study on the same patient. Note the density-
modulated color images of the skeleton. The chosen 
region of interest is plotted on the age-regression graph. 
The boundaries of the graph are twice as wide as seen on 
the GE Lunar studies. (Case provided courtesy Cooper-
Surgical Norland, Trumbull, Conn.)

a

b

Applying the WHO criteria for diagnosis and ISCD guidelines for diag-
nostic site selection, this patient has osteopenia based on the L1-L4 T 
score. Her FRAX 10-year absolute fracture risk for hip fracture was 
3.5% and for any major osteoporotic fracture, 23%, as shown in Fig. 
42.1.

This patient meets the guideline from the U.S. National Osteopo-
rosis Foundation (NOF) for treatment of postmenopausal women based 
on the combination of osteopenia and a FRAX 10-year absolute hip 
fracture risk of greater than or equal to 3% or a 10-year major osteo-
porotic fracture risk of greater than or equal to 20%.23 Treatment was 
subsequently begun in this patient with an antiresorptive agent.

To assess therapeutic efficacy, the patient underwent bone density 
testing after 2 years of therapy. Her follow-up bone density studies are 
shown in Fig. 42.9a and b. The L1-L4 BMD is now 0.971 g/cm2, the 
total hip BMD is 0.796 g/cm2, and the femoral neck BMD is 0.797 g/
cm2. The BMDs in the three regions appear to have increased. Before 
the physician can conclude that this has indeed happened, several 
things must be considered.

First, what machine was used for the baseline and follow-up studies? 
If machines from different manufacturers were used, the BMDs cannot 
be compared. If different machines from the same manufacturer were 
used, a comparison can be made but the LSC cannot be calculated 
directly and must be assumed to be greater than it otherwise would be. 
Ideally, exactly the same machine was used. Second, was there ade-
quate quality control of the machine or machines during the time 
period in question? Has there been adequate quality control monitoring 
(at least as often as recommended by the manufacturer with results 
tracking to detect drifts and shifts in machine values)? Third, were 
there any software changes in the interim that could potentially affect 
the values? Finally, were comparable regions of interest identified on 
the two sets of scans? The images from both sets of studies should be 
compared to determine similar region of interest identification and 
labeling. Once all of these preliminary issues have been resolved, the 
final issue to undertake is to determine if the measured change equals 
or exceeds the LSC, which requires that the precision of testing at a 
given skeletal site is known.
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Fig. 42.8 (a) Postero-anterior lumbar spine study 
performed on a Hologic DXA device. Note that the L1-L4 
BMD is called the total BMD. BMD values and standard 
scores are provided for each vertebra as well. (b) A left 
proximal femur study on the same patient. (Case provided 
courtesy Hologic, Inc., Bedford, Mass.)

a

b

In this particular case, a short-term precision study had previously 
been performed at the bone densitometry facility. The study was per-
formed in 10 postmenopausal women from 50 to 70 years of age. Each 
of the women underwent four DXA studies of the PA lumbar spine 
and left proximal femur. The precision at L1-L4, the total hip, and 
femoral neck was calculated as the RMS-SD in g/cm2. The resulting 
precision values were 0.012 g/cm2 at L1-L4, 0.006 g/cm2 at the total 
hip, and 0.011 g/cm2 at the femoral neck. On the basis of equation 3, 
the resulting LSCs were 0.033 g/cm2 at L1-L4, 0.017 g/cm2 at the total 
hip, and 0.031 g/cm2 at the femoral neck. The observed changes at 
L1-L4, total hip, and femoral neck all exceed the LSC for that region 
of interest. Thus there was a statistically significant increase in BMD 
at all three regions of interest and, on the basis of the intermediate 
endpoint of BMD, the antiresorptive therapy was deemed efficacious. 
No change in BMD would also suggest therapeutic efficacy. If, however, 
a decline in BMD had been observed that equaled or exceeded the LSC, 
the physician would have concluded that a statistically significant loss 
in BMD had occurred, a circumstance which should prompt a re-
evaluation of the patient.

LIMITATIONS OF DXA BONE DENSITY TESTING
The limitations of DXA bone density testing do not generally detract 
from the extraordinary clinical utility of the technology. DXA is a two-
dimensional measurement. As a consequence, measurements of bone 
density are mixed measurements of trabecular and cortical bone, unlike 
three-dimensional QCT, in which the trabecular and cortical densities 
can be separated. DXA is an x-ray based technology and therefore 
exposure to ionizing radiation is unavoidable. However, radiation expo-
sure is extremely low and, from a practical clinical perspective, virtually 
negligible. The accuracy and precision of bone density measurements 
can unquestionably be affected by degenerative skeletal changes, which 
are common in the spine after age 60. Less reliance must be placed on 
PA lumbar spine BMD in men and women of this age, and greater 
reliance placed on proximal femoral measurements. Surgical hardware 
or prior fracture will also render a measurement invalid.

Perhaps the greatest limitation of DXA, which also applies to mea-
surements of bone density by any technique, is that the measurement 
of bone density, although predictive of fracture risk, does not capture 
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Fig. 42.9 (a) Postero-anterior lumbar spine study 
performed on a GE Lunar Prodigy on the same patient 
seen in Fig. 42.6a. (b) A left proximal femur study 
performed on a GE Lunar Prodigy on the same patient 
seen in Fig. 42.6b. These studies were performed 2 years 
later than the studies seen in Fig. 42.6.

a

b

every determinant of fracture risk and conversely does not capture 
every aspect of the therapeutic efficacy of bone active agents in reducing 
that risk.13,14 Absolute fracture risk prediction algorithms like FRAX go 
beyond the recognized limitations of the measurement of BMD to 
refine fracture risk prediction. Because no agent reduces risk to 0, the 
presence or absence of a fracture on therapy cannot be used as a 
measure of efficacy. BMD is considered an intermediate or surrogate 
endpoint in assessing therapeutic efficacy of a bone active agent in 
reducing fracture risk. There is a statistically significant relationship 
between increases in BMD on therapy versus placebo and decreases in 
fracture risk.40-42 It is only the magnitude of this relationship that 
remains controversial.43

INDICATIONS FOR BONE DENSITY TESTING
Several organizations have published guidelines or positions on patient 
selection for bone density testing. There are more similarities among 

the guidelines from various organizations than there are differences, 
with some of the differences resulting from an organization’s focus  
on a particular patient population. In general, most guidelines reflect 
the positions taken by the NOF, which issued its first guidelines  
for physicians on the use of bone densitometry in 1988 with the  
most recent guidelines issued in 2010.23 Guidelines have been pro-
duced by other organizations such as ISCD, the American Association 
of Clinical Endocrinologists (AACE), the North American Menopause 
Society (NAMS), and the American College of Rheumatology  
(ACR).44-47 Guidelines from AACE45 and NAMS46 are provided in the 
context of the prevention and treatment of postmenopausal osteopo-
rosis and are therefore understandably focused on postmenopausal 
women only, whereas guidelines from the NOF,23 ISCD,44 and ACR47 
address bone density testing in general in both men and women. In all 
of the guidelines, however, bone density testing is recommended in 
women age 65 and older, regardless of other risk factors. In guidelines 
from the NOF, ACR, and ISCD bone density testing is recommended 
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in men age 70 and older. A comparison of the guidelines is shown in 
Table 42.4.

Various organizations have also provided guidelines regarding the 
frequency of testing when monitoring changes in bone density. No 
organization recommends the use of an appendicular skeletal site for 
this purpose. Instead, bone density measurements at the lumbar spine 
or proximal femur are preferred. As noted earlier, this recommendation 
is based on both the precision of testing at a site, as well as the antici-
pated rate of change in the BMD at that site from either a therapeutic 
intervention or disease process. In most cases, the bone density is fol-
lowed to determine therapeutic efficacy with the notable exception of 
monitoring changes in bone density to detect glucocorticoid-induced 
bone loss.

In 2001 the Ad Hoc Committee on Glucocorticoid-Induced Osteo-
porosis of the ACR recommended that patients initiating glucocorti-
coid therapy with a planned duration of longer than 6 months undergo 
baseline bone density testing followed by serial measurements at 
6-month intervals.48 If the patient was receiving therapy to prevent 
glucocorticoid-induced bone loss, annual follow-up measurements 
were recommended. ISCD,44 although noting that 1 year after 

TABLE 42.4 COMPARISON OF CURRENT GUIDELINES FROM MAJOR MEDICAL ORGANIZATIONS FOR USE OF BONE DENSITY TESTING IN CLINICAL PRACTICE

Women ≥age 65

Postmenopausal 
women ≤age 64 and 
at least 1 risk factor

Postmenopausal 
women with 
fractures

Men ≥ age 
70

Technique 
for diagnosis Site for diagnosis

NOF 2010 √ √ √ √ DXA PA lumbar spine, total hip or femoral neck

AACE 2003 √ √ √* — DXA/QCT Spine, proximal femur

NAMS 2010 √ √ √ — DXA PA lumbar spine, total hip or femoral neck, 
whichever is lowest

ISCD 2007 √ √ √ √ DXA PA lumbar spine, total hip or femoral neck, 
whichever is lowest

*Consideration was limited to low-trauma fractures.
AACE, American Association of Clinical Endocrinologists; ISCD, International Society for Clinical Densitometry; NAMS, North American Menopause Society; NOF, National Osteoporosis Foundation; 
— indicates no comment.

initiation or change in therapy was an appropriate monitoring interval, 
also stated that in conditions associated with rapid bone loss such as 
glucocorticoid therapy, more frequent testing was appropriate. Both 
AACE and NAMS, focusing on postmenopausal osteoporosis, provided 
different recommendations on the basis of treatment or bone density 
status of the woman. NAMS recommended a monitoring interval of 3 
to 5 years in untreated women and a monitoring interval of 2 years in 
women receiving treatment.46 AACE recommended a 3- to 5-year mon-
itoring interval in women with a normal BMD (based on WHO crite-
ria).45 For women in an osteoporosis prevention program, however, 
AACE recommended a follow-up measurement every 1 to 2 years until 
stability was demonstrated, followed by a 2- to 3-year monitoring 
interval. In women being treated for osteoporosis, yearly measurements 
were recommended for a minimum of 2 years and until stability was 
demonstrated. Thereafter, a monitoring interval of 2 years was recom-
mended. The guiding principle behind all of these recommendations 
is reflected in the ISCD guidelines44 in which it is noted that “follow-up 
BMD testing should be done when the expected change in BMD equals 
or exceeds the LSC.”
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Different phases of disease
In principle, the same imaging techniques can be used in early and 
advanced disease. Progression of structural damage on radiographs is 
most prominent in patients who have structural damage already. On 
theoretical grounds, it might be especially useful to apply MRI in the 
early phases of the disease before structural damage can be visualized 
on radiographs.

Readers
Because precision of reading is important it is advised to have two 
readers score all images independently. The average data of the two 
readers will be used for the primary analysis. Ideally, these are the same 
two readers scoring all images, but if this is not possible three or four 
readers can score the images so that there is a set of two scores for 
each film. Preferably, the readers score a similar number of images and 
all possible reader combinations are made. Which reader should read 
which image should already be decided before the start of the reading. 
Increasing the number of readers to three or more for all images would 
improve the precision further but at the cost of feasibility (including 
time and costs). For pivotal clinical trials the optimum number of 
readers is two; however, for observational studies or early-phase devel-
opment scores one reader could be sufficient. It is also important to 
use experienced, well-trained readers because the consequent reduction 
in random error increases the power of a study in comparison to the 
use of untrained readers.

Statistical aspects of reader agreement
An important aspect is the assessment of the agreement of the readers. 
Traditionally this is done by a correlation coefficient. The intraclass 
correlation coefficient (ICC) is the preferred measure and can be defined 
as the proportion of all the variance explained by differences between 
subjects, that is, suggesting a small contribution from observer varia-
tion. The Pearson and Spearman correlation coefficients should be 
avoided because these latter two give only a measure of association, 
not agreement. Nevertheless, the ICC also clearly has limitations 
because it is largely influenced by the dataset: a dataset with great 
variation in the data gives higher ICCs when compared with a dataset 
with minor variation, although this is not a reflection of better agree-
ment between the readers. This is especially an issue when comparing 
the agreement of progression scores, which are typically small. Conse-
quently, the presented ICC might suggest poor agreement while this 
is actually caused by the lack of variation in the data. Additional analy-
ses to check agreement between readers is the use of Bland and Altman 
plots (where the difference between the two readers is plotted against 
their mean), which assess real agreement in the units of the measure-
ment scale.1 An example is presented in Figure 43.1. Calculating the 
95% limits of agreement provides a value that is also referred to as the 
smallest detectable difference (SDD). This is the value that can be used 
as a cutoff to determine if a change beyond measurement error is 
present. The SDD reflects the situation to test if a change in patient 
A is different from a change in patient B. Mostly, we are interested in 

Use of imaging as an outcome 
measure in rheumatoid arthritis, 
psoriatic arthritis, and ankylosing 
spondylitis in clinical trials
Désirée Van Der Heijde

INTRODUCTION
Imaging is an important way to assess efficacy of treatment in clinical 
trials. Depending on the imaging technique it can be used to assess 
inflammation and/or structural damage. The focus of this chapter will 
be predominantly on structural damage. It is especially this aspect that 
makes imaging an important outcome measure in clinical trials. To 
prove that a drug has disease modification capabilities there needs to 
be a reduction in signs and symptoms (of inflammation), preservation 
of physical function, and inhibition of structural damage progression. 
There are some general concepts about using imaging as an outcome 
measure that will be discussed first. Because assessment of structural 
damage on radiographs is well established in rheumatoid arthritis, this 
will be frequently used to illustrate the concepts. This will then be 
followed by a discussion of specific issues by disease for rheumatoid 
arthritis (RA), psoriatic arthritis (PsA), and ankylosing spondylitis (AS) 
and by imaging method (conventional radiography, magnetic resonance 
imaging, and ultrasonography).

GENERAL ASPECTS FOR CLINICAL TRIALS
With respect to clinical trials there are general aspects that apply to all 
imaging methods and scoring in general as well as handling of the data. 
These are summarized as points to consider and include:

● Different phases of drug development
● Different phases of disease
● Readers
● Statistical aspects of reader agreement
● Grouping of films—read sessions
● Blinding time sequence
● Statistical handling of missing data
● Statistical analyses
● Minimum duration of trial
● Placebo versus active comparator
● Presentation of data
● Repair

Different phases of drug development
The choice of the imaging method depends on what feature will be 
assessed (inflammation vs. damage), duration of the follow-up, and 
experience with various imaging techniques in the centers including 
patients. In early phases of development the most important question 
is the proof of concept. This might apply to imaging of inflammation 
and structural damage. For the first, only MRI and ultrasonography are 
applicable; for damage, radiographs also can do the job. MRI is more 
widely standardized and applied than ultrasonography in clinical drug 
development. Damage information on bone (edema and erosions) in 
RA can be obtained from MRI, whereas radiographs provide insight on 
the effect on bone (erosions) and indirectly on cartilage (joint space 
narrowing [JSN]). In later phases of drug development, the data will be 
used for filing to the drug agencies. At the moment radiographs are 
used for this purpose. Acceptance of MRI needs to be discussed upfront.

43
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In clinical trials, scoring with blinded time sequence is preferred 
because this avoids bias, although it may lead to errors such as non-
existing repair of erosions. Moreover, most statistical tests require that 
scoring errors are equally likely to occur in both directions (over and 
underscoring), which is with blinded reading the case. This is also a 
prerequisite for the proposed assessment of possible repair in a trial 
arm. Finally, both the regulatory agency in the United States and in 
Europe requires blinding order of the images.

Presentation of data
For each trial, information on mean and median (with appropriate 
assessment of variation) should be presented, because both give addi-
tive information. Moreover, the graphic representation of all individual 
patient data in a so-called cumulative probability (or frequency) plot 
shows you all information in a comprehensive way.3 In a probability 
plot, the scores per group (usually the change scores over a defined 
period) are ordered from the lowest to the highest scores (Fig. 43.2). 
This provides an opportunity to appreciate the full range, the median, 
and the corresponding value for every percentile you might be inter-
ested in. The plot can also be used to determine the percentage of 
patients showing progression above a certain limit. Preferred cutoffs 
can be applied. This methodology is much more powerful than simply 
representing patients above 0.5 (if the average of two readers is being 
used) or 0 (if one reader is used) or above the SDC. Moreover, the 
coherence of the data can be appreciated, and it illustrates the preva-
lence and influence of outliers well.

Statistical handling of missing data
Missing data is a significant issue in clinical trials, especially with 
long-term follow-up. This pertains to clinical as well as imaging data. 
However, how to deal with missing imaging data is fundamentally 
more challenging. Theoretically, clinical data on follow-up have three 
options: no change, improvement, or worsening. Structural damage, 
however, is largely irreversible; consequently there are in fact only two 
options: no change or worsening. Moreover, in most trials there is a 
preferential dropout in the comparator arm of the trial (either placebo 
or the frequently less effective standard treatment). In case of ineffi-
cacy, this is usually based on clinical data: a high level of disease activ-
ity. By applying the Last Observation Carried Forward (LOCF) technique 
this high level of disease activity is captured in the analysis of the 
clinical efficacy data. Also the imputation of a non-responder status in 
the clinical analysis provides the correct information that this patient 
did not respond well to treatment. However, applying the LOCF to 
imaging data underestimates the real progression because it might be 
expected that it is more likely that these patients show worsening as 

the question if a change in patient A is a real change, in other words 
if there is a change beyond measurement error in this particular patient. 
For this purpose the smallest detectable change (SDC) should be used.2 
This can be derived from the SDD by dividing by √2. The disadvantage 
of both the SDD and SDC is that these are frequently relatively high 
numbers and they underestimate real progression, because progression 
detected by clinicians judged as clinically relevant (e.g., sufficient to 
change treatment) is usually below the SDD/SDC. So the best value of 
the SDD and SDC is the information to judge the level of agreement 
of reader pairs, but if used as a cutoff to determine progression it most 
likely underestimates the number of patients with progression.

Grouping of films—read sessions
Typically, all the images from different time points that will be ana-
lyzed together are scored in the same read session and are offered 
simultaneously to the reader. For example, a one-year trial with images 
at weeks 0, 24, and 52 are offered at the same time to the reader. 
Although most scoring methods provide absolute scores, the option to 
compare images of various time points is an important aspect of 
scoring; also by doing so differences in imaging technique (e.g., over/
underexposure; rotation) can be taken into account. Moreover, the 
change scores are the most important for the analysis of the treatment 
effect. A consequence of this is that if for the trial in the example the 
week 104 film comes available, this requires a rescoring of the earlier 
time points. A rule is that all the data that will be used in one analysis/
comparison need to be included in the same read. It is of major impor-
tance to define upfront which time periods need to be compared to 
select the correct images for follow-up read sessions. Especially in the 
current trial environment with minor progression in many patients, 
the optimal read circumstances are of major importance.

Blinding time sequence
The advantage of images is that they can easily be blinded for patient 
identity and treatment group and rescored at later points in time (e.g., 
when new images become available). An important aspect is the blind-
ing of the time sequence. The sets of images per patient can be offered 
to the reader with information on which image belongs to baseline and 
to which follow-up dates. However, in most trials the dates of the 
images are also blinded. Scoring with chronologic order can be feasible, 
for example, in observational cohorts in which new annual follow-up 
images become available. If scoring in blinded time order, each new 
radiograph would mean a new scoring of all the images. In the case of 
scoring with known time sequence, scoring of the new images is per-
formed with the baseline and two previous images presented at the 
same time with the scores of the previous scoring session provided.
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BLAND AND ALTMAN PLOT SHOWING DATA SCORES BY TWO READERS

Fig. 43.1 Bland and Altman plot showing data 
scores by two readers. This can be applied to 
status scores and to change scores. On the x-axis 
the mean score of the two readers is depicted 
and plotted against the difference between the 
scores of reader 1 and reader 2 on the y-axis. If 
there is no variation, all data will be on the line  
x = 0 (this indicates that the difference between 
the readers is 0 for all values). If the mean 
difference is not equal to 0, one of the readers is 
scoring systematically higher than the other 
reader. It is important to check if the variation 
between the readers is equal over the entire 
range of the scores. The limits of agreement do 
include 95% of the data, and this is a value for 
the random variation (the gray zone in the 
figure). This forms the basis for the calculation of 
the SDD and SDC.
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radiographic progression is typically not normally distributed, non-
parametric testing should be applied. The primary endpoint is the 
change in progression (extrapolated if necessary) based on the average 
score of two readers. This can be done by an analysis of covariance 
(ANCOVA) using the ranks of change with factors at baseline that are 
expected to influence the structural progression. Baseline structural 
damage score is such a factor. Mixed effect modeling is another way 
of analyzing the data because it allows longitudinal interpretations 
(development in time) of the data because it uses all time points instead 
of only one predefined endpoint. Under certain conditions, mixed effect 
models provide more statistical power. Both ANCOVA and mixed 
effect models can be fit to raw scores as well as after logarithmic 
transformation.

To confirm the robustness of the data, an LOCF analysis can be 
confirmed, although it should be realized that statistical significance 
might be lost.

Minimum duration of trial
For RA, the minimum follow-up for an agent to be able to demonstrate 
an effect on structural damage is set at 1 year by the U.S. Food and 
Drug Administration (FDA) and 2 years by the European Medicines 
Evaluation Agency (EMEA). However, it has been demonstrated that 
the effects can already be demonstrated after 6 months and even after 
3 to 4 months. At the moment structural damage, as assessed on 
radiographs, is considered the gold standard. The challenge with the 
early escape design is the length of duration of the control arm. It is 
being accepted more and more that if the difference obtained during 
the period with a control arm is sustained over the follow-up period, 
this is sufficient to fulfill the required longer follow-up period. In prac-
tice this means that a significant difference at week 24 (with or without 
extrapolated data) with a maintenance of the difference between the 
originally randomized trial arms over the next half year is sufficient for 

compared with no change. Responder data for imaging are not fre-
quently used, certainly not as a primary endpoint, because this greatly 
decreases the power of a trial. The most widely used “best approach” 
is the linear extrapolation of the progression. To be able to apply this 
technique at least one follow-up film needs to be available. Although 
progression in individual patients is not always linear, it is on a group 
level and suffices for the analyses of structural damage data. With the 
use of early escape trial designs, the control group has frequently only 
a short follow-up before they are switched to open label of the treat-
ment under investigation. With the primary endpoint for imaging at 
24 or 52 weeks, and an early escape between 12 and 16 weeks, linear 
extrapolation is an important aspect in the analyses of the data. In 
trials with treatment that suppress structural progression effectively, 
the progression in the control arms determines the power of the study. 
This progression can only be picked up in the first 12 to 16 weeks until 
early escape for those patients who opt for early escape, which might 
be a very high number as shown in recent trials. It has been convinc-
ingly shown that radiographs are sufficiently sensitive to pick up 
changes over 12 to 16 weeks. It should be stressed that it is crucial to 
obtain follow-up radiographs in all patients regardless of premature 
discontinuation and to limit data imputation as much as possible.

Missing data on individual joints have to be handled within the 
same joint group. For example, if data on metacarpophalangeal (MCP) 
joints are missing, these data will be substituted by data from the 
remaining MCP joints. The imputation is based on progression scores. 
Most frequently, missing of up to 20% to 30% of the joints of a par-
ticular joint group is accepted before the entire time point is set as 
missing.

Statistical analyses
For the primary analysis, the average of two readers is used. The scores 
of the single readers can be applied as sensitivity analyses. Because 

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

-2.0

-4.0

P90 = 3.6

P10 = -0.4

20 30 40 50 60 70 80 90 100

76% <2.0

Cumulative frequency

Change in 
total score

0

CUMULATIVE FREQUENCY PLOT SHOWING THE CHANGE IN TOTAL SCORE OF THE SHARP METHOD
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Fig. 43.2 Cumulative frequency plot showing the change in total score of the Sharp method on the y-axis and the scores of all 
individual patients depicted as diamonds. These are ordered from the lowest to the highest score and are presented on the x-axis as 
cumulative frequency. If you want to read the 10th percentile, you draw a line starting at 10% cumulative frequency and connect at 
the crossing with the figure with the y-axis. The corresponding score on the y-axis (−0.4) can be read. Similarly, the 90th percentile 
corresponds to a change in score of 3.6, and the median is a change of 0. You can also start with a certain change in score (e.g., +2.0) 
and read the corresponding percentage on the x-axis: 76% of the patients show a change in score of 2.0 or less. The magenta lines 
indicate scores belonging to percentiles; the orange line indicates the percentage of patients belonging to a certain score.
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and large cohort studies, feasibility is of major importance, while in 
clinical trials sensitivity to change is driving the selection of a method.

The methods that are used most frequently in recent research and 
clinical practice are described here. For a historical overview of all 
published scoring methods we refer to the literature.5 Below, first the 
methods applying a global score and mainly based on the Larsen 
method are presented. This is followed by the presentation of the more 
detailed scoring methods. An overview of the various characteristics of 
the scoring methods, such as the joints and the features included, the 
range per joint, and the total score is summarized in Table 43.1.6,7

Because erosions and JSN are reflections of different disease pro-
cesses, it is advantageous to score these features independently, which 
is done in the detailed scoring methods. This opens the possibility to 
assess a differential effect of specific treatment on bone versus 
cartilage.

Global assessment per joint
Larsen score
The Larsen score applies a grade from 0 to 5 to individual joints.8 This 
is the only method that can be applied to both large and small joints, 
and a reference atlas with the grades for the various joints is available. 
The scoring is a combination of mainly erosions and JSN resulting in 
a global grade. The original Larsen scoring method includes soft tissue 
swelling and juxta-articular osteoporosis in grade 1. Only from grade 
2 onward are there definite structural abnormalities such as erosions. 
Grade 5 represents mutilating abnormality. Several modifications of 
the scoring system by the authors have been published, with the most 
important modification being that for use in longitudinal studies. Most 
studies include only the joints of the hands, wrists, and feet. The 
information in Table 43.1 is based on the original method applied to 
hands, wrists, and feet. Originally, the wrist is evaluated as a single 
joint. In total, 32 joints are scored, and this leads to a scoring range 
for hands and feet from 0 to 160. The modification published by Larsen 
and associates in 1995 has modified both the sites to be evaluated as 
well as the grading. Most striking is the deletion of soft tissue swelling 
and osteoporosis for grade 1.9 Now erosions less than 1 mm and slight 
JSN are graded as 1. The number of areas in both hands and feet has 
been changed. The interphalangeal (IP) and MCP joints of the thumb 
are no longer included, nor are the IP and MTP joints of the big toe. 
In this modification the wrist is scored in quadrants. Therefore, the 
number of joints assessed remains 32.

Scott modification of Larsen’s method
The modification by Scott and coworkers is frequently used when the 
“Larsen” method is applied.10 These researchers redefined the grading 
and applied it to the same 32 joints as in the original Larsen method. 
Moreover, the wrist is scored as a single joint but is weighted by a 
factor of 5 to obtain the total score. This brings the range for hands 
and feet from 0 to 200.

Ratingen score
In this modification of the Larsen score, the grading is entirely based 
on the surface area of the joints destructed by erosions.11 This is graded 
from 0 to 5 (grade 1, < 20%; grade 2, 21%-40%; up to grade 5, > 80% 
destroyed). In total, 38 joints of the hands are scored, resulting in a 
range of 0 to 190.

Detailed scoring methods
Sharp’s method
This is the first published method describing a detailed scoring system 
for erosions and JSN separately for joints in the hands and wrists. The 
Sharp method that is used at present is in fact the modification 
described in 1985.12 This reduced the number of joints scored from 
originally 27 for both erosions and JSN to 17 areas for erosions and 18 
for JSN per hand.

Moreover, the method was developed and validated for scoring  
the joints of the hands, but nowadays the same methodology is also 
applied to the joints of the feet. Erosions are scored from 0 to 5 per 
joint and are counted when discrete, and surface erosions are scored 
according to the surface area involved. JSN is scored on a 0-4 scale, 
representing focal narrowing (score 1), joint space loss of less than 50% 
(score 2), joint space loss of more than 50% (score 3), and complete 

the FDA and over the next 18 months for the EMEA. However, this 
needs to be discussed with the agencies for each trial specifically.

Placebo versus active comparator
True placebo arms with a sufficient long follow-up to assess structural 
damage are no longer accepted for ethical reasons. The closest to this 
assessment is the partial responder trial design in which patients who 
have still active disease are randomized to continue with the same 
treatment with placebo added or with the treatment under investiga-
tion added. Also in this situation, only short periods of follow-up are 
accepted to be ethical and patients have a possibility to opt for early 
escape at a fixed time of follow-up, usually between 12 and 16 weeks. 
Until now this was sufficient to pick up change in the control arm. 
There is, however, a trend that patients with less active and less severe 
disease are included in trials. Consequently, the progression in the 
control arm is smaller, which results in larger trials to maintain the 
same power. Alternative trial designs that are expected to come in 
practice in the near future are non-inferiority design trials. Here it is 
critical to set a realistic non-inferiority boundary to decide when the 
new treatment is non-inferior to the known, effective treatment.

Repair
Although most emphasis is on detection of progression of structural 
damage, over the past decades it became apparent that repair of damage 
is also possible. This could be observed in individual joints and patients 
but also in studies specifically designed to test the concept of repair, 
as well as on the group level in clinical trials. By definition, there is 
proof of repair on a group level if the mean change over time including 
the 95% confidence interval is below zero, indicating that there is a 
statistically significant improvement for the group. Determining defi-
nite repair in an individual joint or patient is more difficult. Based on 
data obtained in a trial, there is circumstantial evidence that repair is 
a real phenomenon because it is almost exclusively observed in joints 
without swelling, can be reproduced in independent read sessions, and 
is predominantly prevalent in patients treated with tumor necrosis 
factor blockers.

RHEUMATOID ARTHRITIS
Conventional radiography
Films of hands and feet
Structural damage, especially erosions, is frequently present in the 
joints of both hands and feet. Moreover, these are the sites that struc-
tural damage can easily be detected because of the size of the joints. 
Very importantly, these are the sites that show the first erosions, and 
this is even more frequent in the feet than in the hands. The wrist is 
the predilection joint for early JSN. Therefore, it is recommended to 
always take films of hands and feet. By doing so a large number of 
joints are available for evaluation. It is not necessary to take films of 
the large joints routinely for the assessment of the course of disease 
because it has been proven that damage in the joints of the small joints 
is representative of the damage in the large joints. Important in this 
respect is that patients with normal radiographs of hands and feet do 
not have structural damage in any of the large joints.4

For scoring it is sufficient to take films of the hands in the postero-
anterior view and the feet in the anteroposterior view. It is of utmost 
importance to standardize the positioning and technical aspects to 
ensure comparable images at follow-up. Additional views for the hands 
such as the Nørgaard or Brewerton (ballcatcher’s) views are not recom-
mended because it is hard to standardize and get comparable images 
over time.

Scoring methods
Information from radiographs only can be used as an outcome in clini-
cal trials if this is quantified. Several scoring methods that will be 
discussed later in this chapter are available for this purpose. The selec-
tion of the most appropriate scoring method is largely dependent on 
the setting in which it will be applied. For example, in clinical practice 
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in 1985, leaving 16 sites for erosions and 15 for JSN per hand.14 The 
scoring of erosions in the hands remained the same, with a range of 0 
to 5 per joint. However, for the scoring of erosions in the feet the 
scoring range was expanded to 10 per joint, with a maximum of 5 for 
the metatarsal and phalangeal sites of the joint. Another major differ-
ence is that subluxation and luxation (malalignment) are integrated in 
the grading of JSN. JSN is scored on a 0 to 4 scale, with the same 
grading as described for the Sharp method, but in this modification a 
score of 3 can also be applied in case of subluxation of a joint, with a 
score of 4 in case of complete luxation. These features are mostly 
scored in MCPs and MTPs. The scoring range for the total score is 0 
to 448. An example of scoring the MCP joints is presented in Figure 
43.3.

Figure 43.4 shows a comparison of the sites in the hands included 
in Sharp’s method, van der Heijde’s modification of Sharp’s method, 
and Genant’s modification of Sharp’s method. The major differences 
are in the sites in the wrist, both for erosions and for JSN. Table 43.2 
shows the weighting of the erosions and JSN scores in the three scoring 
methods. The Genant scores apply a normalization, and thereafter the 
weight for erosions and JSN are equal. The van der Heijde modification 
has the largest weight on erosions, whereas for the Sharp method this 
is in between.

joint space loss or ankylosis (score 4). Subluxation or luxation is not 
included in the score. The erosion score and the JSN score can be used 
separately but is usually summed to get the total score (range for hands: 
0 to 314).

Genant’s modification of Sharp’s method
A modification of the Sharp method is described by Genant, which 
extended the scale for progression from a 6-point scale to an 8-point 
scale with 0.5 increments from 0 to 3+ for erosions and from a 5-point 
scale to a 9-point scale with 0.5 increments from 0 to 4 for JSN.13 This 
score is applied in 14 joints of each hand and wrist for erosions and 
in 13 joints for JSN. This results in a total score range from 0 to 202 
for the hands. Frequently, this is normalized to a 200-point scale. If 
the feet are scored, this is applied to the 5 metatarsophalangeal (MTP) 
joints and the IP joint of the first toe. The maximum of the score of 
hands and feet is 292, frequently normalized to 290.

van der Heijde’s modification of Sharp’s method
The main modification by van der Heijde was the addition of 6 joints 
per foot (5 MTP joints and the IP joint of the first toe) to the scoring 
system. Moreover, 2 sites for erosions and 2 sites for JSN were deleted 
from the scoring areas as compared with Sharp’s method as described 

TABLE 43.1 COMPARISON OF RADIOGRAPHIC SCORING METHODS FOR RHEUMATOID ARTHRITIS

Larsen 
method

Scott modification  
of Larsen method

Ratingen 
method

Sharp 
method

Genant modification 
of Sharp method

van der Heijde modification 
of Sharp method

Simple Erosion 
Narrowing Score (SENS)

Films

Hands X X X X X X X

Feet X X – – X X X

Large joints X* – – – – – –

Joints included

PIP/IP X X X X X X X

MCP X X X X X X X

Wrist X X X X X X X

MTP X X – – X X X

IP1 X X – – X X X

Features scored

Erosions – – X X X X X

JSN – – – X X X X

Malalignment – – – – – X X

Global X X – – – – –

No. of joints per hand/foot scored for

Erosions – – 19 17 14 22 22

JSN – – – 18 13 21 21

Malalignment – – – – – † †

Global 16 16 – – – – –

Range per joint

Erosions – – 0-5 0-5 0-3.5‡ 0-5/0-10§ 0-1

JSN – – – 0-4 0-4‡ 0-4 0-1

Malalignment – – – – – † †

Global 0-5 0-5 – – – –

Total 0-160 0-200 0-190 0-314 0-292 0-448 0-86

JSN, joint space narrowing.
*Large joints are assessed separately; remaining information in this table based on hands and feet.
†Combined with the JSN score
‡Scored per 0.5.
§Erosions for hands 0-5, for feet 0-10.
Reproduced with permission from van der Heijde D. Quantification of radiological damage in inflammatory arthritis: rheumatoid arthritis, psoriatic arthritis and ankylosing spondylitis. Best Pract Res Clin 
Rheumatol 2004;18:847-860.
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Fig. 43.3 Scores according the van der Heijde’s modification of Sharp’s method 
of the metacarpophalangeal and interproximal phalangeal joints of the left 
hand. The arrows indicate the location of an erosion; the number indicates the 
score of the erosion. The sum of the erosions per joint is depicted as “E.” The 
score for the joint space narrowing per joint is presented as “N.” The 
interproximal joint is not scored for joint space narrowing.

COMPARISON OF THE SITES IN THE HANDS INCLUDED IN THE SHARP’S METHOD, THE VAN DER HEIJDE’S 
MODIFICATION OF SHARP’S METHOD, AND GENANT’S MODIFICATION OF SHARP’S METHOD

Fig. 43.4 Comparison of the sites in 
the hands included in the Sharp’s 
method, van der Heijde’s modification 
of Sharp’s method, and Genant’s 
modification of Sharp’s method.

TABLE 43.2 COMPARISON OF THE WEIGHT OF EROSIONS AND JOINT SPACE NARROWING (JSN) IN THE SHARP, 
VAN DER HEIJDE’S MODIFICATION OF SHARP’S METHOD, AND GENANT’S MODIFICATION OF SHARP’S METHOD

Hands erosions Hands JSN Hands total score Hands and feet erosions Hands and feet JSN Hands and feet total score

Sharp’s method 170 144 314 230 192 422

van der Heijde’s modification 160 120 280 280 168 448

Genant’s modification 98→100* 104→100 200 140→145 152→145 290

*The scores indicated by → are normalized into the indicated number.

Simple Erosion Narrowing Score (SENS)
This method is based on the joints included in the van der Heijde 
modification of Sharp’s method for hands and feet. Instead of scoring 
the joints for erosions and JSN, this is a simple counting of the number 
of eroded joints and the number of narrowed joints.15 A score of 1 is 

applied if a site is eroded and also per narrowed site. In total, 15  
joints per hand are scored for erosions and 16 for JSN and 6 joints per 
foot for both erosions and JSN, leading to a scoring range from 0 to 
86.

MRI and ultrasonography
Conventional radiography, although the most widely used imaging 
method to assess structural damage in RA, has limitations. It does not 
visualize the earliest stages of bone erosion. In contrast, MRI and 
ultrasonography allow direct visualization of early destructive joint 
changes in RA. For ultrasonography there are no widely accepted 
scoring methods available for use in clinical trials, although validation 
of several methods is underway. For MRI, the RAMRIS (RA MRI 
scoring system) is the validated scoring method of choice. It is a semi-
quantitative assessment of synovitis, bone erosions, and bone edema 
in hands and wrists.16 A minimum set of MRI sequences (Table 43.3) 
as well as consensus MRI definition of important joint pathologic 
processes (Table 43.4) were also suggested. There is an atlas available 
with reference images for scoring. The main features of the RAMRIS 
are presented in Table 43.5.

MRI sum-scores
Sum-scores of synovitis, erosion, and edema, respectively, can be cal-
culated by summation of individual joint scores, as a total sum or 
separately in the evaluated wrist and second to fifth MCP joints. For 
synovitis, the possible range of sum scores of unilateral second to fifth 
MCP joints, wrist joint, and both are 0-12, 0-9, and 0-21, respectively. 
Corresponding values for bone erosion are 0-80, 0-150, and 0-230, 
whereas for bone edema they are 0-24, 0-45, and 0-69.
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ratio of nearly 2 : 1. Erosive changes and bone proliferation in the feet 
usually involve the IP and MTP joints: the IP joint of the first toe is 
most often affected. Radiographs of the hand are most important in 
the follow-up of patients, but the addition of films of the feet makes 
the picture more complete.

Scoring methods
Development and validation of scoring methods for PsA are less well 
worked out than for RA. All the presently used methods find their basis 
in scoring methods for RA. There are two global scoring methods and 
two detailed scoring methods, which are summarized in Table 43.6, 
and will be described below.

Global assessment per joint
Modified Steinbrocker score
This method has been developed at the PsA clinic at the University of 
Toronto.17,18 Each joint is scored on a 0 to 4 scale: 0 = normal, 1 = 
juxta-articular osteopenia or soft tissue swelling, 2 = erosion, 3 = 
erosion and JSN, and 4 = total joint destruction, either lysis or anky-
losis. This score is applied in 14 joints in each hand and 6 joints in 
each foot. The range of the score is from 0 to 160.

Psoriatic Arthritis Ratingen Score (PARS)
This method includes 40 joints of the hands and feet.18,19 All joints are 
scored separately for destruction and proliferation. The destruction 
score is based on the amount of joint surface destruction on a 0–5 scale: 
0 = normal, 1 = one or more definite erosions with an interruption of 
the cortical plate of more than 1 mm but destruction of less than 10% 
of the total joint surface, 2 = destruction of 11% to 25%, 3 = destruc-
tion of 26% to 50%, 4 = destruction of 51% to 75%, and 5 = destruction 
of more than 75% of joint surface. The proliferation score considers 
any kind of bony proliferation typical for PsA on a 0-4 scale: 0 = 
normal, 1 = bony proliferation measured from the original bone surface 
of 1 to 2 mm or, if the margins of the proliferation cannot be distin-
guished from the original bone surface, clearly identifiable bone growth 
not exceeding 25% of the original diameter of the bone, 2 = bony 
proliferation of 2 to 3 mm or bone growth between 25-50%, 3 = bony 
proliferation more than 3 mm or bone growth more than 50%, and 4 
= bony ankylosis. The destruction score with a range from 0 to 200 
and the proliferation score with a range from 0 to 160 are summed to 
give the total score (range: 0–360).

Detailed scoring methods
PsA scoring method based on Sharp scoring method for RA
The erosion scale used in RA has a range of 5 per joint. Scores are 
applied as 0 = no erosion, 1 = one discrete erosion or involvement of 

TABLE 43.3 MINIMUM SET OF BASIC MRI SEQUENCES

 Imaging in two planes* with T1-weighted images before and after 
intravenous administration of gadolinium†

 A T2-weighted fat-saturated sequence or, if this is not available, a short tau 
inversion recovery (STIR) sequence.

*Imaging in two planes can be acquired by obtaining a 2D sequence in two planes or a 3D 
sequence with isometrical voxels in one plane allowing reconstruction in other planes.
†Intravenous injection of gadolinium is probably not essential if destructive changes alone (bone 
erosions) are considered important.
Reproduced with permission from Østergaard M, Peterfy C, Conaghan P, et al. OMERACT 
Rheumatoid Arthritis Magnetic Resonance Imaging Studies: Core set of MRI acquisitions, joint 
pathology definitions, and the OMERACT RA-MRI scoring system. J Rheumatol 
2003:6:1385-1386.

TABLE 43.4 DEFINITIONS OF IMPORTANT RHEUMATOID ARTHRITIS 
JOINT PATHOLOGIC PROCESSES ON MRI

Synovitis: An area in the synovial compartment that shows above-normal 
post-gadolinium enhancement of a thickness greater than the width of the 
normal synovium.

 Enhancement (signal intensity increase) is judged by comparison of 
T1-weighted images obtained before and after intravenous administration 
of gadolinium.

MRI bone erosion: A sharply marginated bone lesion, with correct juxta-articular 
localization and typical signal characteristics, which is visible in two planes with 
a cortical break seen in at least one plane.

 On T1-weighted images there is loss of normal low signal intensity of 
cortical bone and loss of normal high signal intensity of trabecular bone. 
Quick post-gadolinium enhancement suggests the presence of active, 
hypervascularized pannus tissue in the erosion.

 Other focal bone lesions, including metastases, must obviously be 
considered but are generally distinguishable with associated imaging and 
clinical findings.

MRI bone edema: A lesion within the trabecular bone, with ill-defined margins 
and signal characteristics consistent with increased water content.

 This may occur alone or surrounding an erosion or other bone 
abnormalities.

 There is high signal intensity on T2-weighted fat-saturated and STIR 
images and low signal intensity on T1-weighted images.

Reproduced with permission from Østergaard M, Peterfy C, Conaghan P, et al. OMERACT 
Rheumatoid Arthritis Magnetic Resonance Imaging Studies: Core set of MRI acquisitions, joint 
pathology definitions, and the OMERACT RA-MRI scoring system. J Rheumatol 
2003:6:1385-1386.

TABLE 43.5 RAMRIS SCORING SYSTEM

 Bone erosions: Each bone (wrists: carpal bones, distal radius, distal ulna, 
metacarpal bases; MCP joints: metacarpal heads, phalangeal bases) is scored 
separately. The scale is 0-10, based on the proportion of eroded bone 
compared with the “assessed bone volume,” judged on all available images: 0 
= no erosion; 1 = 1-10% of bone eroded, 2 = 11-20% etc. For long bones, the 
“assessed bone volume” is from the articular surface (or its best estimated 
position if absent) to a depth of 1 cm, whereas in carpal bones it is the whole 
bone.

 Bone edema: Each bone is scored separately (as for erosions). The scale is 0-3 
based on the proportion of bone with edema, as follows: 0 = no edema; 1 = 
1-33% of bone edematous; 2 = 34-66%; 3 = 67-100%.

 Synovitis: Synovitis is assessed in three wrist regions: (1) the distal radioulnar 
joint; (2) the radiocarpal joint; (3) the intercarpal and carpometacarpal 
phalangeal joints) and in each MCP joint. The first carpometacarpal 
phalangeal joint and the first MCP joint are not scored. The scale is 0-3. Score 
0 is normal, whereas 1-3 (mild, moderate, severe) is by thirds of the presumed 
maximum volume of enhancing tissue in the synovial compartment.

Reproduced with permission from Østergaard M, Peterfy C, Conaghan P, et al. OMERACT 
Rheumatoid Arthritis Magnetic Resonance Imaging Studies: Core set of MRI acquisitions, joint 
pathology definitions, and the OMERACT RA-MRI scoring system. J Rheumatol 
2003:6:1385-1386.

PSORIATIC ARTHRITIS
Conventional radiography
Typical lesions and site of lesions
Although there are similarities with RA there are also major differences 
in the type and site of lesions as well as the joints involved. Whereas 
RA is characterized by mainly osteodestructive lesions, in PsA there 
are both osteodestructive and osteoproliferative manifestations that 
may even co-exist not only in the same patient but even in the same 
joint. Characteristic radiographic features of PsA include joint erosions, 
JSN, and bony proliferation, including periarticular and shaft periosti-
tis, osteolysis, ankylosis, spur formation, and spondylitis. Abnormali-
ties are seen in the phalangeal tufts and at the sites of attachments of 
tendons and ligaments of the bone. Although erosive changes in early 
PsA are marginal as in RA, they become irregular and ill defined with 
disease progression because of periosteal bone formation adjacent to 
the erosions. In severe cases, erosive changes may progress to develop-
ment of “pencil-in-cup” deformity or gross osteolysis. These features 
are typical of arthritis mutilans.

Joint involvement in PsA is often asymmetric and may be oligoar-
ticular. Asymmetric erosions may be visible radiographically in the 
carpus and in the MCP and proximal (PIP) and distal IP (DIP) joints 
of the hands, but the DIP joints are often the first to be affected. The 
hands tend to be involved much more frequently than the feet, with a 
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feature. The JSN score is applied to 20 joints in each hand and 5 joints 
in each foot, leading to a range of 160 for hands and 40 for feet.

Sharp-van der Heijde modified scoring method for PsA
A similar scoring system as used in RA is applied to PsA.18 The same 
joints are scored for erosions and JSN, with the addition of the eight 
DIPs for erosions and the eight DIPs and two IPs of the thumb for 
JSN. Again, the maximum score for erosions is 5 in the joints of the 
hands and 10 in the joints of the feet. Scores for erosions are applied 
as follows: 0 = no erosions, 1 = discrete erosion, 2 = large erosion 
not passing the middle line, and 3 = large erosion passing the middle 
line; a combination of the above scores may lead to the maximum of 
5 per entire joint in the hands and 5 at each site of the joint (for the 
entire joint a maximum of 10) in the feet. The so-called JSN score is 
based on the following features: 0 = normal, 1 = asymmetric or 
minimal narrowing up to a maximum of 25%, 2 = definite narrowing 
with loss of up to 50% of the normal space, 3 = definite narrowing 
with loss of 50 to 99% of the normal space or subluxation, and 4 = 
absence of a joint space, presumptive evidence of ankylosis or complete 

less than 21% of the joint area by erosion, 2 = two discrete erosions 
or involvement of 21% to 40% of the joint, 3 = three discrete 
erosions or involvement of 41% to 60% of the joint, 4 = four discrete 
erosions or involvement of 61% to 80% of the joint, and 5 = extensive 
destruction involving more than 80%.18,20 The erosion scale was 
expanded with the scores of 6 and 7 to accommodate more extensive 
bone destruction seen in many cases of PsA, such as gross osteolysis 
or a “pencil-in-cup” lesion. However, the scores of 6 and 7 are not 
added to get the total erosion score but these features are kept sepa-
rately. The erosion score is applied in 21 joints in each hand and in 6 
joints in each foot, resulting in a range of 0 to 210 for hands and 60 
for feet. The scoring of JSN is on a scale of 0 to 4 as is used for RA. 
The JSN scores are 0 = normal joint, 1 = asymmetric and or minimal 
narrowing, 2 = definite narrowing with loss of up to 50% of the normal 
space, 3 = definite narrowing with loss of 51% to 99% of the normal 
space, and 4 = absence of a joint space, presumptive evidence of anky-
losis. A score of 5 is added in case of widening, which is automatically 
scored when gross osteolysis is present. Again the score for widening 
is not included in the total narrowing score but analyzed as a separate 

TABLE 43.6 COMPARISON OF RADIOGRAPHIC SCORING METHODS FOR PSORIATIC ARTHRITIS

Modified Steinbrocker’s method Ratingen’s method Sharp’s method van der Heijde’s modification of Sharp method

Films

Hands X X X X

Feet – X X X

Large joints – – – –

Joints included

DIP X X X X

PIP/IP X X X X

MCP X X X X

Wrist X X X X

MTP – X X X

IP1 – X X X

Features scored

Erosions – X X X

JSN – – X X

Malalignment – – – X

Proliferation – X – –

Global X – – –

No. of joints per hand/foot scored for

Erosions – 40 27 26

JSN – – 25 26

Malaignment – – – *

Proliferation 20 40 – –

Global – – –

Range

Per joint for erosions – 0-5 0-5 0-5/0-10†

Per joint JSN – – 0-4 0-4

Per joint malalignment – – – *

Per joint proliferation – 0-4 – –

Per joint global 0-4 – – –

Total 0-160 0-360 0-470 0-528

JSN, joint space narrowing.
*Combined with the JSN score.
†Erosions for hands 0-5, for feet 0-10.
Reproduced with permission from van der Heijde D. Quantification of radiological damage in inflammatory arthritis: rheumatoid arthritis, psoriatic arthritis and ankylosing spondylitis. Best Pract Res Clin 
Rheumatol 2004;18:847-860.
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luxation. Gross osteolysis and “pencil-in-cup” lesions are scored sepa-
rately. In the final summary score, joints with one of these abnormali-
ties get the maximum score assigned for both erosions and for JSN. 
The total range for erosions is 200 for the hands and 120 for the feet; 
the total range for JSN is 160 for the hands and 48 for the feet. Total 
erosion score is 360, total JSN score is 168, and total score is 528.

MRI and ultrasonography
Both MRI and ultrasonography have not been widely applied in PsA, 
although similar advantages as described for RA and AS can be expected. 
No generally accepted or validated methods for assessment of PsA 
activity or damage exist. Recently an OMERACT PsA scoring system 
(PsAMRIS) has been developed for use in PsA hands, including discus-
sions on appropriate MRI sequences and consensus definitions of 
important pathologic processes. The scoring system needs further 
testing and validation in longitudinal studies.

ANKYLOSING SPONDYLITIS
Conventional radiography
Scoring methods
Three methods have specifically been designed for the assessment of 
structural damage in AS. An overview of the various characteristics of 
the scoring methods is summarized in Table 43.7. All methods are 
suitable to assess damage in the spine. In addition, scoring methods 
for the sacroiliac joints exist, as well as one specific method for assess-
ment of the hips in AS.

Global assessment of the spine
Bath Ankylosing Spondylitis Radiological Index (BASRI)
The BASRI-spine has three components: the lumbar, the cervical spine, 
and the sacroiliac joints.21 To assess the lumbar spine, a lateral and 
anteroposterior view are used. The score for the lumbar spine, from 
the lower border of T12 to the upper border of S1, is a composite score 
of both views, taking all the affected levels into account in the score. 
The cervical spine was defined as extending from the lower border of 
C1 to the upper border of C7. A global score ranging from 0 to 4 
(normal, suspicious, mild, moderate, and severe) is applied to both the 
lumbar and cervical component. The grades are summarized in Table 
43.8. Squaring, sclerosis, erosions, syndesmophytes, and fusion are the 
features that are included. Syndesmophytes and fusion are the most 
important parts driving the scoring method. The sacroiliac joints are 
scored according to the four grades of the modified New York criteria. 
The BASRI-spine is the sum of the mean score of the right and left 
sacroiliac joint (in one decimal) plus the score of the lumbar spine plus 
the score of the cervical spine. The range for the BASRI-spine is 2 to 
12 (because patients with AS have sacroiliitis by definition, the 
minimum is 2). A similar grading system has been developed for the 
hips: BASRI-hip. The sum of the BASRI-spine and BASRI-hip is called 
the BASRI-total, with a range from 2 to 16.

Detailed assessment of the spine
Stoke Ankylosing Spondylitis Spine Score (SASSS)
The SASSS is a detailed scoring system for the anterior and posterior 
site of the lumbar spine and includes the lower border of the 12th 
thoracic vertebra, all five lumbar vertebrae, and the upper border of the 
sacrum on a lateral view.22 All four corners of each vertebra are exam-
ined and scored 1 if one or more of the following features is present: 
erosion, sclerosis, or squaring; scored 2 for a syndesmophyte; and 
scored 3 for total bony bridging, giving a maximum possible score of 
72.

Modified Stoke Ankylosing Spondylitis Spine Score
This method is a modification of the SASSS, and scores the anterior 
site of the lumbar and cervical spine at a lateral view.23 The anterior 
site of the same vertebrae of the lumbar spine as described for the 
SASSS is scored, and the anterior site of the cervical spine from the 
lower border of the second cervical vertebra up to the upper border of 
the first thoracic vertebra is scored. The scoring of features is identical 
to that for the SASSS. The range is also 0 to 72. The modified SASSS 

TABLE 43.7 COMPARISON OF RADIOGRAPHIC SCORING 
METHODS FOR ANKYLOSING SPONDYLITIS

BASRI SASSS Modified SASSS

Films

Anteroposterior pelvis X – –

Lateral cervical spine X – X

Lateral lumbar spine X X X

Anteroposterior lumbar spine X – –

Joints/vertebrae included

Sacroiliac X – –

Hip X – –

Cervical spine X – X

Lumbar spine X X X

Features scored

Erosions – X* X*

Squaring – X* X*

Sclerosis – X* X*

Syndesmophyte – X X

Global X – –

No. of sites per film scored for:

Erosions – 6*† 12*‡

Squaring – 6* 12*

Sclerosis – 6* 12*

Syndesmophyte – 6 12

Global 3-4§ – –

Range

Per vertebra for erosions – 0-1 0-1

Per vertebra squaring – 0-1 0-1

Per vertebra for sclerosis – 0-1 0-1

Per vertebra syndesmophyte – 2-3 2-3

Per joint/vertebra global 0-4 – –

Total 2-12/16|| 0-72 0-72

BASRI, Bath Ankylosing Spondylitis Radiological Index; SASSS, Stoke Ankylosing Spondylitis 
Spine Score.
*The maximum score per corner is 1, either erosion or sclerosis or squaring can be scored.
†Four corners of six vertebrae are scored.
‡The two anterior corners of 12 vertebrae are scored.
§Without the hips three sites (cervical, lumbar spine, and sacroiliac joints) are scored; including 
the hips, four sites are scored.
||Without the hips the range is up to 12; including the hips the range is up to 16.
Reproduced with permission from van der Heijde D. Quantification of radiological damage in 
inflammatory arthritis: rheumatoid arthritis, psoriatic arthritis and ankylosing spondylitis. Best 
Pract Res Clin Rheumatol 2004;18:847-860.

TABLE 43.8 BASRI GRADING FOR THE SPINE 
OF ANKYLOSING SPONDYLITIS PATIENTS*

Score Grade Description

0 Normal No change

1 Suspicious No definitive change

2 Mild Any number of erosions, squaring, or sclerosis with or 
without syndesmophytes ≤ 2 vertebrae

3 Moderate Syndesmophytes on ≥ 3 vertebrae, with or without 
fusion involving 2 vertebrae

4 Severe Fusing involving ≥ 3 vertebrae

*The scores are applied to the lateral cervical spine and to the lateral and anteroposterior 
lumbar spine combined. The scores for the sacroiliac joints are added to obtain the BASRI-total 
(range 2-12).
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arthritis of the apophyseal joints, the costovertebral and costotrans-
verse joints. Findings indicating active disease in the sacroiliac joints 
(sacroiliitis) include juxta-articular bone marrow edema, capsulitis, 
enhancement of the joint space after contrast medium administration, 
whereas visible chronic changes include bone erosions, sclerosis, peri-
articular fatty tissue accumulation, transarticular bone bridges, and 
ankylosis. Enthesitis is also common and may affect the interspinal 
and supraspinal ligaments of the vertebral spine and the interosseous 
ligaments in the retroarticular space of the sacroiliac joints.

The majority of MRI studies of the sacroiliac joint have used only 
one imaging plane (semi-coronal, i.e., parallel with the axis of the sacral 
bone). To be maximally sensitive for changes in the ligamentous 
portion of the sacroiliac joints, imaging in two perpendicular planes is 
required. This is particularly important when MRI is used for diagnos-
tic purposes while probably less so when used as an outcome measure 
in trials. Similarly, the majority of MRI studies of the AS spine involves 
only sagittal images, which are not optimal for visualizing changes in 
the apophyseal and costovertebral joints. The importance of such 
changes remains to be determined.

There is general agreement that adequate MRI of the spine in AS, 
as of the sacroiliac joint, must at least include a T1-weighted sequence 
without fat saturation and a short tau inversion recovery (STIR) 
sequence in one plane. To which extent further sequences, including 
postcontrast sequences and/or more planes, are needed is debated and 
depends on the goal of the examination.

Ultrasonography is not used as an outcome in clinical trials in  
AS.

Scoring methods
Several scoring systems for assessment of disease activity in the sacro-
iliac joints and in the spine have been proposed. These have been tested 
against each other by the OMERACT-ASAS MRI in AS group. These 
will be described next, followed by a description of the few available 
systems for assessment of chronic damage.

Activity—spine
Three different scoring systems have been developed and validated:  
The Ankylosing Spondylitis spine Magnetic Resonance Imaging– 
activity (ASspiMRI-a) score, grading activity from 0 to 6 per vertebral 
unit in 23 units26; the Berlin modification of the ASspiMRI-a score, 
grading activity 0 to 3 per vertebral unit in the same 23 units27; and 
the Spondyloarthritis Research Consortium of Canada (SPARCC) 
scoring system, scoring only the 6 vertebral units considered by the 
reader as the most abnormal, with additional points for “depth” and 
high “intensity” of the lesion (Table 43.9).28 In an OMERACT-ASAS 
multi-reader exercise, the feasibility, reliability, sensitivity to change, 
and discriminatory capacity of all three scoring systems in patients 
with AS were demonstrated. The SPARCC method had the highest 
sensitivity to change, as judged by Guyatt’s effect size, and the highest 
reliability as judged by the inter-reader intraclass correlation coefficient 
(ICC), but not if judged by the smallest detectable change.29 All of the 
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Fig. 43.5 Scores according to the modified Stoke Ankylosing Spondylitis Spine 
Score of the cervical spine. The numbers are related to each corner at the 
anterior site of each vertebral body starting at the lower border of cervical 2 to 
the upper border of thoracic 1. The vertebral body of cervical 7 is indicated by 
C7.

TABLE 43.9 MRI SCORING METHODS FOR ASSESSMENT OF THE SPINE IN ANKYLOSING SPONDYLITIS

Activity Damage

SPARCC28 ASspiMRI-a26 Berlin27 ASspiMRI-c35

Images Sag STIR Sag post-Gd T1W FS + sag STIR Sag post-Gd T1W FS + sag STIR Sag T1W

Area 6 most affected DVUs All 23 DVUs All 23 DVUs All 23 DVUs

Features Bone marrow edema Bone marrow edema/
enhancement and bone erosion

Bone marrow edema/
enhancement

Sclerosis, squaring, syndesmophytes, 
and bridging/fusion

Grades 0-1 per DVU quadrant + 1 
for depth ≥ 1 cm and 1 for 
high intensity of lesion

0-6 per DVU 0-3 per DVU 0-6 per DVU

Total score range 0-108 0-138 0-69 0-138

SPARCC, Spondyloarthritis Research Consortium of Canada; ASspiMRI-a, Ankylosing Spondylitis spine Magnetic Resonance Imaging–activity; ASspiMRI-c, Ankylosing Spondylitis spine Magnetic Resonance 
Imaging–chronicity. DVU, discovertebral unit defined as the region between two virtual lines through the middle of each vertebra and includes the intervertebral disc and the adjacent vertebral end plates; 
FS, fat saturated; Gd, intravenous injection of gadolinium-containing contrast agent; sag, sagittal; STIR, short tau inversion recovery; T1W, T1 weighted.

has been selected as the preferred method to assess structural damage 
in the spine by ASAS and OMERACT based on favorable reprodu-
cibility and sensitivity to change in comparison to the BASRI and 
SASSS.24,25 An example of scoring the cervical spine is presented in 
Figure 43.5.

MRI and ultrasonography
MRI is a very important imaging modality in AS, through its ability to 
visualize inflammatory changes in bone and soft tissues. It is the most 
sensitive imaging modality for imaging spine and sacroiliac joint 
changes. AS may also involve peripheral arthritis and enthesitis, which 
can also be visualized by MRI. Typical AS lesions of the spine, which 
can be visualized by MRI, are spondylitis, spondylodiscitis, and  
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Damage—spine and sacroiliac joints
The only method proposed for scoring the AS spine is the Ankylosing 
Spondylitis spine Magnetic Resonance Imaging–chronicity (ASspiMRI-
c) score, grading chronic changes (sclerosis, squaring, syndesmophytes, 
and fusion) from 0 to 6 per vertebral unit in 23 units (see Table 43.9).35

Two scoring methods to assess chronic changes in the sacroiliac 
joints are described but not widely used. The first scores bone erosions 
and sclerosis at four osseous positions per joint (the iliac and sacral 
sides of the cartilaginous and ligamentous portions of the joints, 
respectively), as well as joint space width.31,32 The second method 
scores each sacroiliac joint from 0 to 4 based on a global assessment 
of erosion, sclerosis, joint space width, and bone bridging/ankylosis  
(see Table 43.10). The validation of the methods for damage assess-
ment is limited, and their value is not yet clarified.

methods perform well, and none of them was selected as a preferred 
method.30

Activity—sacroiliac joints
Three main scoring approaches have been proposed, based on either 
global scores per quadrant or individual scores in consecutive semi-
coronal images through the joint (Table 43.10). The presence and 
extent of bone marrow edema in the cartilaginous portion of the joint 
is the primary MRI feature that is scored, although one method also 
scores inflammation in the joint space and the ligamentous portion of 
the joint.31-33 In an OMERACT-ASAS multi-reader exercise, agreement 
between readers and sensitivity to change were compared and found 
somewhat better for the most detailed scoring method (the 
SPARCC-method).34

TABLE 43.10 MRI SCORING METHODS FOR ASSESSMENT OF THE SACROILIAC JOINTS IN ANKYLOSING SPONDYLITIS

Activity Damage

SPARCC31 Puhakka–activity33 Hermann–activity32 Puhakka–damage33 Hermann–damage32

Images Semicoronal STIR Pre- and post Gd 
semicoronal and semiaxial 
T1W FS; semicoronal STIR

Semicoronal pre-  
and post-Gd T1W FS, 
and STIR

Pre-Gd semicoronal 
and semiaxial T1W 
and T1W FS

Semicoronal pre- and 
post-Gd T1W and T1W 
FS

Area SI joints, 6 consecutive 
semicoronal slices

SI joints, in 2 planes SI joints, in 
semicoronal plane

SI joints, in 2 
planes

SI joints, in 
semicoronal plane

Features Bone marrow edema Bone marrow edema, bone 
marrow enhancement, 
joint space enhancement

Bone marrow edema, 
bone marrow 
enhancement

Erosion, sclerosis, 
joint space width

Erosion, sclerosis, joint 
space width, bone 
bridging/ankylosis

Grades In each slice: 0-1 per 
quadrant + 1 for 
depth ≥ 1 cm and 1 
for high intensity

Marrow edema 0-3 per 
quadrant; marrow 
enhancement: 0-3 per 
quadrant; joint space 
enhancement: 0-3 per joint

Global: 0-3 per 
quadrant

Erosion: 0-3 per 
quadrant, sclerosis: 
0-3 per quadrant; 
joint space: 0-3 per 
joint

Global: 0-4 per joint

Total score range 0-108 0-60 0-24 0-60 0-8

SPARCC, Spondyloarthritis Research Consortium of Canada; FS, fat saturated; Gd, intravenous injection of gadolinium-containing contrast agent; sag, sagittal; SI, sacroiliac; STIR, short tau inversion 
recovery; T1W, T1 weighted.
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Research on provider-patient communication  
in arthritis
Research on provider-patient communication has focused on the attri-
butes of the participants as well as the processes and outcomes of 
discussions. Patient concerns extend beyond managing symptoms and 
medications to social, emotional, and psychological effects of their 
disease, yet physicians are frequently unaware of the psychosocial and 
work issues impacting arthritis patients and may fail to address these 
issues during the visit.16 Failure to elicit these issues increases the 
likelihood the patient will raise concerns late in the visit.8,16

Patient expectations of how and what should be discussed during 
the clinical encounter along with their expectations of treatments influ-
ence health outcomes, adherence to therapies, and satisfaction with 
the clinic visit.14,17,18 Unfortunately, provider and patient expectations 
of the medical visit differ. Rao and associates14 surveyed rheumatology 
patients, noting 58 patients (33%) reported unmet expectations. Nearly 
half reported unmet expectations with regard to general information 
and 31% for new medications. Patient expectations of the efficacy of 
treatments also influence outcomes. In one study, patients’ preopera-
tive expectations of function and pain relief for spinal surgery influ-
enced their pain and function up to 6 months after surgery.18 A review 
of patient-physician communication studies, including studies in rheu-
matic disease, supports these findings.17

Clinical discussions inform patients of the purposes of treatments 
as well as how and when to take medications or engage in exercise. 
Unfortunately, patients often misunderstand the purpose of treat-
ments. A study of first visits to an arthritis clinic found that 15% of 
patients failed to understand the purpose of their prescriptions. These 
patients were less likely to adhere to prescriptions after 4 months than 
patients who understood the purpose of the medication.19 Patients may 
not understand or may forget how to take medication properly. Infor-
mation regarding the purpose of medications, how to take medications 
properly, and whether a latency period exists before the drugs take 
effect is necessary to understanding and adhering to therapy. Unfortu-
nately, most patients forget about 50% of the medical instructions in 
a very short time.20 To enhance understanding of medical advice and 
adherence, information should be provided using simple, non-threat-
ening language and clear written instructions.

Patients and providers disagree with respect to the value of nutri-
tional supplements, need for referrals, and use of drugs and surgical 
therapy.21 Studies of patient preferences for medications have helped 
elucidate issues related to patient adherence to drug therapies.15 Percep-
tions about the need for medications and fear of overuse of medications 
influences adherence more than medical demographic factors (e.g., age, 
disease activity).15 Patients’ beliefs also impact how they interpret 
information, their perceptions of how they are treated during visits, 
their recall of information, and what they do with clinical advice.6 Data 
also indicate providers’ beliefs, and attitudes toward treatments also 
influence the content of discussions and likelihood of receiving a 
prescription.22

Patients’ desire for participation in decision-making is not  
routinely recognized and may vary based on the circumstances.12,23 
Communicating information about risks in understandable terms  
(e.g., frequencies vs. probabilities),24 clarifying patients’ beliefs and 
attitudes toward treatments and preferences for participation in deci-
sion-making, and allowing patients to actively negotiate treatment 
alternatives impacts satisfaction and outcomes of care.8,16 Even patients 
who would rather be passive during clinical discussions are 

Arthritis patient education and team 
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DEFINITION OF PATIENT EDUCATION AND 
MODES OF DELIVERY
Patient education is an integral component of disease management, 
especially in individuals who suffer from chronic illness. In the broad-
est sense, patient education is a purposeful learning experience that 
may include any combination of teaching, counseling, and behavioral 
techniques in order to influence patients’ knowledge and health behav-
iors.1 Patient education often includes the provision of information, 
instruction in self-management skills, behavioral motivation strate-
gies, and techniques to enhance or develop social support for health 
behaviors. Patient education activities are essential for collaborative 
patient care. Patients have a right to receive information about their 
medical conditions and the spectrum of treatment options available to 
them2 and to actively engage in decision-making about their care.3 
Patients who understand their condition and are knowledgeable about 
how and when to use their medications are more adherent to treat-
ments and in the short term demonstrate improved health 
outcomes.4

Effective patient education programs are based on psychobe-
havioral theories and incorporate techniques designed to actively 
engage patients in their care and to enhance their problem-solving 
skills.5 Patient education can be provided by one or more individuals 
involved in the patient’s care and may occur in many settings, begin-
ning with the clinical encounter and expanding to public-based 
mediums such as television and print campaigns, Internet, and per-
sonal electronic devices. The focus of this chapter is on the role of 
patient education in various settings, the evidence for the effective-
ness of patient education, and the use of team approaches to 
management.

Patient education during the clinical visit
Patient education begins the instant the provider and patient engage 
in dialogue. The tone, words, and pattern of talk influence the manner 
in which information is conveyed and received.6 In general, the pro-
vider and patient enter the visit anticipating a successful encounter. 
The goals of the encounter are to establish a rapport, to formulate and 
receive a diagnosis/prognosis, to understand the impact of the condi-
tion on the patient’s life, to discuss and understand treatment options 
and preferences for treatments, and to develop a plan of care that is 
acceptable to both the provider and patient. One technique used to 
enhance adherence to the plan of care is to engage in a discussion 
regarding the resources available to the patient (e.g., community exer-
cise, self-management programs) and to identify barriers to adherence 
to develop contingency plans to address these barriers.7

Good communication between patients and providers has many 
benefits. Good communication leads to a more accurate diagnosis and 
prognosis,8 improves adherence to treatments,9 increases satisfaction 
with care,10,11 and improves health outcomes.8,10 Although physicians 
are not always comfortable providing counseling, research demon-
strates that good communication skills can be learned.12 Simple strate-
gies such as sharing your assessment of the patient’s understanding  
of the information provided, exploring patients’ expectations of care, 
actively listening to patients’ concerns, and clarifying patient  
preferences are essential for successful communication and patient 
education.12-15 These conversations can help illuminate patients’ deci-
sion-making processes and facilitate greater understanding of factors 
impacting adherence and treatment choices.
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Conducting a needs assessment is the first step in developing arthri-
tis patient education.25 A needs assessment is the process of defining 
the knowledge, skills, resources, motivation, and barriers to effective 
management that influence patients’ response to their condition. The 
needs assessment in turn is influenced by the demographic and envi-
ronmental factors of the participants.4,28 Patients with a chronic condi-
tion such as arthritis seek attributions for their disease and develop 
construct models of illness to explain symptoms.7 They describe and 
conceptualize their disease and symptoms in terms of their lives, their 
understanding of how their bodies work, social networks, and the mass 
media.

Patient education and self-management programs seek to engage 
participants as active learners. Skills are taught through practice, mod-
eling, group problem-solving, and interactive discussions with other 
patients. Peer leaders may be selected to role model behaviors. Small 
group programs usually consist of 6 to 10 members to allow enough 
time for individual needs, as well as group processes. Groups compris-
ing patients with similar conditions and needs allow discussion and 
cross-fertilization of ideas and skills to occur.7

The program length, learning objectives and goals, selection of 
leaders, and use of reinforcement sessions need to be considered. Short-
term programs can increase knowledge and skills. Longer programs, 
although better able to transfer knowledge and skills, may discourage 
attendance.7 Outcomes of patient education programs tend to be short 
lived and may require periodic reinforcements to maintain skills and 
behaviors. A mix of caregiver-based individual counseling and small 
group education will generally be optimal.7

CONTENT OF ARTHRITIS  
EDUCATION PROGRAMS
There are three major components of patient education programs: 
knowledge transfer, behavioral change/skill development, and psycho-
social counseling (Table 44.1). Helping patients understand their diag-
nosis and prognosis and to critically appraise new information and seek 
resources is a goal of patient education. However, patient education 
alone does not result in cognitive or behavioral changes.23 Therefore, 
most programs emphasize the development of self-management skills 
to promote and adapt behaviors based on patient symptoms and disease 
activity. Self-management skills include the use of splints and adapta-
tion of exercise in the presence of hot swollen joints in persons with 

more satisfied with their providers when they participate more fully in 
negotiations about disease management.23 In a recent cross-sectional 
study of 420 arthritis patients who were taking disease modifying 
antirheumatic drugs (DMARDs) or a biologic agent, Lim and col-
leagues5 reported that only 64% of patients were satisfied with their 
level of participation in the decision-making process, although a sub-
stantial number (25%) said that information from different sources was 
conflicting.

DESIGNING PATIENT EDUCATION PROGRAMS
Patient education is well grounded in behavior change theory, derived 
from a range of disciplines, including psychology and the principles of 
adult learning. Theory-based approaches, including cognitive behav-
ioral and self-management programs, hold the most promise for suc-
cessful arthritis education.20,25 Social learning theory26 provides a 
framework for arthritis education (Fig. 44.1). This theory posits that 
health-enhancing behaviors result from the interplay between physio-
logic, social, and physical factors as well as an individual’s cognitions 
about his or her disease.26 This approach integrates program compo-
nents often applied in isolation, such as cognitive behavior change 
strategies and a self-management framework.25 A key cognitive dimen-
sion is self-efficacy, an individual’s situation-specific confidence in 
performing a task. Perceptions of the possible consequences of carrying 
out the behavior are also key to adoption of health behaviors.26 Increases 
in self-efficacy frequently lead to increases in appropriate health behav-
iors and health outcomes.27 A range of factors across environments 
(see shaded area of Fig. 44-1) may contribute to the adoption of effec-
tive self-management behaviors that may lead to improved health 
outcomes.

IMPROVING COMMUNICATIONS IN PATIENT EDUCATION PRACTICE

Health
outcomes

Support people
Social environment

Self-management
behaviors

Social
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Current
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Fig. 44.1 Arthritis patient education: a social learning framework.

TABLE 44.1 SETTINGS FOR ARTHRITIS PATIENT EDUCATION

Setting Type of patient education

Medical care Patient education delivered by physicians as part of the 
medical consultation

Inpatient 
surgical 
education

Preoperative or perioperative education for patients with 
arthritis undergoing joint surgery (may be individual or small 
group)

Ancillary to 
medical care

Patient education delivered by a team approach, involving 
allied health professionals, often including physical therapists, 
occupational therapists, and nurses; this occurs in practice 
settings, outpatient clinics, and hospital settings.

Structured 
small group 
education

Patient education delivered by trained patient educators as 
well as other clinician and health professionals, usually 
through multiple-session, multidisciplinary education; this can 
occur in the outpatient or community setting.

Other forms 
of individual 
education

Broader program reaching a wider target audience, 
comprising other forms of arthritis education, such as books, 
pamphlets and other resources, written self-instructional 
material, audiovisual material, computer-assisted learning, and 
Internet resources

Community 
resources

Dissemination, public education, and mass media campaigns 
and activities and support-group development; activities 
carried out by national arthritis foundations and societies
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Use of Internet for patient education
Delivering of patient education and self-management advice through 
the Internet has received less formal evaluation. Generational accep-
tance of technology and multimedia approaches to patient education 
exist and can be explored to better understand cost effective and effica-
cious delivery modes. In a recent study38 assessing the acceptability of 
an Internet-based self-management program for adolescents with juve-
nile idiopathic arthritis, 36 children of various ages, disease severity, 
and subtypes were recruited from four pediatric centers and partici-
pated in structured focus groups. These adolescents reported that a 
Web-based intervention was a promising avenue to improve accessibil-
ity and availability of self-management techniques, such as gaining 
control over their disease, developing social supports, and learning to 
communicate with their providers. However, in a study of 71 older 
adults with arthritis, Tak and Hong39 reported 39% of older adults used 
the Internet to obtain arthritis information and only 28% had a home 
computer.

An important consideration when referring patients to Internet sites 
for information is the quality of the material provided. Ansani and col-
leagues40 evaluated the quality of arthritis information on the Internet 
using a standardized rubric. They reported that the quality of informa-
tion varied widely and that the best sources of information were located 
on Websites with URLs having suffixes of .gov and .edu. Kim and asso-
ciates41 examined the impact of Web-based arthritis information on 
arthritis patients’ knowledge and medical practice. First, they reviewed 
and scored Websites based on authorship, type of publication, contents, 
and financial interests. Next, 257 Korean arthritis patients and rheu-
matologists were surveyed about the use of the information from these 
sites. Twenty-eight percent of patients surveyed reported they searched 
for arthritis information on the Internet. Significant correlates of  
Web-based information use were younger age, being employed, and 
having a higher income and higher education. Ratings of the  
accuracy of Web-based arthritis information did not differ between 
physicians and patients. However, only 16.1% of physicians believed 

arthritis. These skills are learned through observation, performance 
and practice of the behaviors, and consequences of the behavior,25,26 for 
example when patients who exercise regularly report improved func-
tion and decreased pain and stiffness.

Psychosocial counseling seeks to help patients to cope with their 
arthritis and to feel more confident about their ability to maintain an 
active social and functional lifestyle. The recruitment and training of 
lay leaders with arthritis to conduct patient education programs has 
shown positive short-term psychological effects for participants and 
leaders.29 Although efforts to enhance social support do not consis-
tently improve outcomes, family members and significant others may 
have a role in facilitating understanding and recall of information as 
well as emotional support and reinforcement of behaviors.7

Special considerations: health literacy
Written materials are frequently used to educate patients about their 
disease. Unfortunately, low literacy is common in the United States. 
The 2003 National Adult Literacy Survey (NALS) indicates that roughly 
75 million adults demonstrated basic or below-basic skills in health 
literacy.30 Health literacy encompasses a person’s ability to read, com-
prehend, and use information to receive adequate care. Functional 
literacy, a component of health literacy, refers to the ability to find 
information or numbers in a lengthy text, integrate multiple pieces of 
information, or find two or more numbers in a chart and perform a 
calculation.23,31 In a study of literacy among patients with rheumatoid 
arthritis it was found that 1 in 6 patients were illiterate and struggled 
to understand patient education materials and prescription labels. 
These patients had significantly more hospital visits.32 A second study 
designed to assess reading levels of 80 patients with rheumatoid arthri-
tis33 reported that 10% of the patients had difficulties reading patient 
materials and 31% scored at or below the 9th grade reading level. These 
results are consistent with research indicating poor health, poor under-
standing of treatment, greater use of health services, and low adherence 
to treatment regimens among patients with limited literacy.34

Most patient education materials are written at the level of the 11th 
grade or higher,34 whereas the average reading level of the general public 
is below the 8th grade. The following strategies are recommended to 
enhance patient education and improve adherence to treatments7:

● Speak using simple language, avoid medical jargon, and repeat 
instructions.

● Provide easy-to-read materials in plain English (5th to 8th grade 
reading level) with illustrations.30

● Include significant others or family members in discussion (with 
consent of the patient).

● Motivate and enhance patient self-efficacy through discussing the 
pros and cons of treatment from the patient’s perspective.

● Demonstrate problem-solving strategies to address potential bar-
riers to adherence and help develop contingency plans for dealing 
with treatment failure.

Cultural considerations
Social, cultural, and environmental factors as well as past health care 
experiences influence the manner in which care is provided and per-
ceived.7 A study of arthritis beliefs and self-care among an urban 
American Indian population35 revealed that verbal communication 
about pain was subtle and under-reported. These findings suggest 
providers need to be cognizant about information sharing regarding 
pain and disability in this population. Zhang and associates36 examined 
illness management strategies among Chinese immigrants living with 
arthritis and found management strategies fluctuate between Western 
and traditional Chinese medicine. Western medicine was believed to 
be less effective than traditional medicine for chronic conditions such 
as arthritis. Data indicate patient education programs may be more 
effective when cultural factors are included in the design to address 
specific populations37 and when materials are assessed for readability.34 
Designing culturally relevant educational materials is especially impor-
tant in groups with low literacy, because interpretation of illustrations 
and behavioral modeling may be particularly sensitive to cultural 
context among persons who cannot read accompanying text that could 
clarify the meaning of illustrations.7 For tips on designing easy-to-read 
materials, see Table 44.2.

TABLE 44.2 CONTENT AREAS OF STRUCTURED ARTHRITIS PATIENT EDUCATION

Content area Examples of specific content

Knowledge Anatomy, disease process, inflammation
Symptoms and signs for improvement or deterioration 

in disease; understanding of disease monitoring
Pharmacologic therapy: use, effects, side effects; 

alternative therapy
Understanding of benefits of surgical intervention
Use of heat and cold, joint protection, podiatry
Understanding of nutrition, diet and hazardous diets; 

weight control
Understanding of where to find community resources, 

helping agencies, potential assistance from 
government agencies

Skills and behaviors Role of exercise, rest, joint protection skills, TENS, 
acupuncture

Specific goal setting; daily routines established
Making domestic tasks easier; domestic environmental 

modifications
Self-monitoring or adherence; when to take additional 

medication
Pain management; use of hot/cold; relaxation, other 

pain management behaviors
Work and occupational simplification (where possible)

Problem solving 
(linked to 
self-management 
skills)

Psychosocial and communication dimension
Communicating with health care providers; learning 

assertiveness and when to ask questions
Reducing anxiety, increasing confidence (efficacy) for 

specific tasks, reducing feelings of helplessness and 
fear

Learning to cope with chronic illness and depression
Eliciting support from spouse/family members; learning 

to cope with disease management in the domestic 
context
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populations, for patients with specific arthritis diagnoses, and that 
includes a comprehensive set of outcomes to capture factors addressed 
in behavioral interventions.

MULTIDISCIPLINARY TEAM APPROACHES TO 
MANAGEMENT AND ROLES OF PROVIDERS
Arthritis team care improves health care delivery and outcomes.45 The 
multidisciplinary team care concept began more than 50 years ago 
when new pharmacologic approaches were not yet introduced. The 
philosophy behind team care is to rely on the knowledge and expertise 
of each health professional to maximally address the patient’s needs. 
Scandinavian countries such as Sweden and Finland were the first to 
initiate the team care approach. Multidisciplinary team care may be 
provided during hospital admission by the inpatient team or on an 
outpatient basis in regular or day care facilities.10

The notion of team care varies across the globe. Team care is defined 
here as care involving the patient, a health care provider plus at least 
one other health care provider or family member and that incorporates 
a team approach to information sharing, decision-making, and goal 
setting. The composition of the team may include a primary care physi-
cian, rheumatologist, nurse practitioner, physical therapist, occupa-
tional therapist, social worker, psychologist, podiatrist, vocational 
rehabilitator, patient’s family, and the patient. Although team compo-
sition varies, the central member of the team is the patient and/or 
patient’s family. For the team to be effective, team members need to 
understand and respect each other’s role (Table 44.3) and be cognizant 

their patients understood the content, and physicians’ attitudes toward 
Web-based information were also less positive than those of patients.

Evidence for effectiveness of arthritis  
education programs
Patient education programs range from the provision of information to 
the use of cognitive behavioral strategies, exercise, and psychosocial 
support. The variability in content, target populations and disease 
conditions, duration, and frequency complicate systemic evaluation of 
programs. Systematic reviews include a mix of study designs, defini-
tions of patient education, and health outcomes or included heteroge-
neous patient populations with respect to disease.7 Patients with 
osteoarthritis or rheumatoid arthritis are most often included in patient 
education trials. Comparisons of patient education programs by diag-
nosis indicate differences in the outcomes that are not consistent 
across studies.7,28 Notably, patient education programs with behavior-
ally based interventions appear to be more effective than instructional 
programs alone.4

In a systematic review4 of randomized controlled trials of arthritis 
patient education in which patient education was defined as an inter-
vention that includes formal structured instruction on arthritis and 
ways to manage the disease, such as psychobehavioral strategies, exer-
cise, biofeedback, or psychosocial support, 31 randomized controlled 
trials were included. The results indicated modest improvements in 
functional disability, joint counts, global assessment, psychological 
status, and depression in the short term (up to 2 months) but no dif-
ference at follow-up (3 to 14 months). Improvements in functional 
disability translated into a 10% improvement on the Health Assess-
ment Questionnaire. This review is unique because separate analyses 
were performed based on the type of intervention. Data indicated 
behavioral interventions showed the greatest improvements compared 
with no intervention. The overall quality rating of the trials was not 
very high, leaving the findings open to the potential for selection bias.4 
These results are similar to the systematic review of self-management 
in chronic illness by Warsi and colleagues,27 who evaluated the out-
comes of 71 trials and found small to moderate effects. Mulligan and 
coworkers42 believed the randomized controlled trial may not be the 
best design for examining self-management programs. Few studies 
have examined the impact of patient education programs on health 
care use and cost-effective arthritis education.43

The research indicates that structured patient education programs 
based on commonly accepted principles of education and psychology 
and applied consistently by trained personnel produce small improve-
ments in knowledge, behavior, physiologic measures, and health out-
comes beyond the effects of medications and incidental education to 
which patients have already been exposed.4,7,42 Effects tend to be stron-
gest when programs include behavioral strategies. Well-designed 
patient education programs can be effective and should be an integral 
part of arthritis management. A randomized controlled study examin-
ing the outcomes of a small group arthritis patient self-management 
versus tailored-print education found slightly better results for the 
tailored-print program in the first year and attenuated over time.44 This 
study suggests the benefit of well-designed, tailored education print 
materials in increasing patient education and allows for greater dis-
semination of information.

Limitations of research and conclusions
Most evaluations of patient education programs include programs with 
mixed interventions (information only, information plus behavioral 
strategies), consist of patients with differing diagnoses, and are often 
based on small samples.19 There is no core set of outcomes for patient 
education trials, and as such variability exists in the outcomes assessed. 
These outcomes also may not measure changes occurring with the 
intervention. Literacy assessments of patient education materials are 
not consistently performed or are infrequently considered in program 
implementation. These concerns warrant further investigation in sub-
sequent evaluation designs but do not negate the role and importance 
of arthritis education.7 Further research is needed to assess the impact 
and cost-effectiveness of arthritis patient education on specific 

TABLE 44.3 STRATEGIES TO DESIGN EFFECTIVE PATIENT EDUCATION 
MATERIALS NEEDS ASSESSMENT

Consider interviewing patients
 How do you describe your illness?
 What do you wish you had known?
 What strategies are most useful in helping you learn?
 What skills do you use to manage your disease?
 What is the best format for delivery (brochure, Internet)?
Elicit information to create messages that are culturally relevant
Do not mix formats in the layout
Write for your reader
 Use plain language/simple short sentences.
 Use simplest tense.
 Use “must” to convey requirements.
 Avoid abbreviations.
 Avoid calling the same thing by different names (e.g., medicine, drug, 

therapy)
 Do use contractions (e.g., don’t vs. do not).
Focus on key information
Use a question and answer format
 Helps readers to scan the document and find the information they want
 May see a question that they didn’t consider but needed to know the answer
Use “you” and other pronouns
 Personalizes message
Use the active voice
Use the appropriate tone
 Don’t talk down to your audience.
 Write in positive not negative terms.
 Avoid ALL CAPS—appears as if you are yelling at the person (especially true 

for Web formats)
Provide information about when medication/therapy will take effect
Keep subjects and objects close to their verbs
Place conditional words after the main thought
 “Take 3 aspirin if you have pain more than 5 hours and are not taking another 

NSAID” and NOT “if you have pain more than 5 hours and are not taking 
another NSAID, take 3 aspirin.”

Complex information may be better presented in tables

Adapted from Rudd RE. How to create and assess print materials. Harvard School of Public Health: 
Health Literacy Website. 2002. Available at: http://www.hsph.harvard.edu/healthliteracy/materials.
html. Accessed May 20, 2005.

http://www.hsph.harvard.edu/healthliteracy/materials.html
http://www.hsph.harvard.edu/healthliteracy/materials.html
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arthritis initiative.7 The Arthritis Prevention, Control, and Cure Act 
is legislation currently being reintroduced in the U.S. Senate to provide 
public access to arthritis patient education.

THE FUTURE OF ARTHRITIS PATIENT EDUCATION
In the coming years we will experience an expansion in the application 
and dissemination of technology-based arthritis patient education. 
New devices are currently being implemented to dispense patient edu-
cation and provide educational reinforcement opportunities by relaying 
information through personal digital assistants, home cable boxes, or 
cell phones. These systems convey an auditory signal or text signal to 
engage the patient and seek to empower patients to take a more active 
role in their care. Newer technologies are also expanding to allow pro-
viders to remotely monitor patients while improving communication 
and maintaining a high level of personalized care.

We will continue to expand our development, adaptation, and evalu-
ation of patient education programs for specific populations such as 
minorities, those with limited literacy,34 and individuals with rare 
forms of arthritis. With increasing health care constraints and work-
force issues in rheumatology, we will need to explore innovative models 
of patient care delivery and patient education and assess their cost-
effectiveness and health benefits. As we expand patient education and 
its delivery mechanisms we will continue to define outcomes that 
reflect the learning process and can capture the psychosocial dimen-
sions and skill developments anticipated with education.

of the information they have imparted to prevent communication 
breakdown, prevent overlap and omission of services, and maximize 
patient care. In theory, team care allows different professionals to 
motivate and reinforce learning, providing care across a range of patient 
care settings. Team functioning is important and is becoming a stron-
ger emphasis in health professional education and training.46

Although team care is prevalent in Europe, this is not the case in 
North America, partly owing to budgetary constraints, shortage of 
health care professionals, and reimbursement issues. Consequently, 
innovative team care models, such as the clinical nurse-specialist 
model47 and the primary therapist model,48 have emerged. In the 
primary therapist model and the nurse-specialist model extensions of 
clinical practice are promoted.46,47 These models have been developed 
directly in response to limited access to rheumatology providers.  
Study results suggest that patients referred to receive treatment from 
a primary therapist might receive better outcomes than those who were 
referred to receive traditional therapy.48 Studies of the use of health 
care professionals in extended clinical roles are promising and warrant 
further investigation.

Telemedicine is an emerging model of care to service rural and 
remote communities. Findings from the literature review suggest that 
rheumatology telemedicine is a viable model to promote access to care 
for all persons with arthritis. More research into the benefits, costs, 
and delivery of these programs is warranted.

PUBLIC HEALTH APPROACHES TO ARTHRITIS 
PATIENT EDUCATION
The increasing recognition of the role of health education and health 
promotion as primary prevention is evident by the growing emphasis 
on public health approaches to arthritis management from the Centers 
for Disease Control and Prevention and the National Arthritis Founda-
tion. Public health approaches provide population-based programs, 
enabling access to all individuals to reduce social inequalities and 
promote health. These approaches include health care professional and 
physician training (Table 44.4), community education programs, envi-
ronmental modifications, health policies, and the use of mass media 
to provide low-intensity but widely disseminated messages about 
arthritis.7

The Americans with Disabilities Act (ADA) is designed to reduce 
disability and discrimination, allowing individuals to remain active 
contributors to society. The policies arising from the ADA call for 
environmental modifications such as ergonomic assessments and the 
use of functional aids or assistive devices and handicap-accessible 
sidewalks and buses to maximize functional independence. However, 
in a study of individuals with arthritis, only 7% to 10% of patients used 
the ADA even though 47% experienced an ADA-resolvable barrier to 
community activity and 63% needed a job accommodation or had 
experienced health discrimination.49

A main objective of a public health approach to arthritis is to reach 
all population segments, including socially disadvantaged groups, those 
who speak minority languages, and those who cannot access specialist 
medical care. To provide education to patients with all types of arthri-
tis, we need to develop programs and materials for the less common 
but serious varieties of rheumatic disease. Health care providers and 
patients must advocate for policies and programs that reach the major-
ity of individuals with arthritis in a cost-efficient and cost-effective 
manner. In the United States, the nation’s health objectives, as stated 
in Healthy People 201050 now includes a section devoted to arthritis 
and the Centers for Disease Control and Prevention have a dedicated 

TABLE 44.4 INTERDISCIPLINARY ROLES: TEAM APPROACHES TO 
ARTHRITIS EDUCATION

Professional Role in patient education (examples)

Nurse/
pharmacist

Has primary care role in explaining and demonstrating 
medication use, action, interactions, side effects and 
medication administration devices

Rheumatologist 
and/or family 
physician

Explains the disease, its physiology, natural history, and 
range of therapies available; the need for disease 
monitoring; the place of intra-articular injection, surgery, etc. 
In some countries this is the role of community general 
practitioners, especially for uncomplicated and prevalent 
conditions (e.g., osteoarthritis, osteoporosis) and providing 
adjunctive care for complicated or multisystem disease

Physical 
therapist

Uses static and dynamic exercises, mobility, prevention of 
contracture or weakness, acupuncture, TENS, modification of 
physical activity during active phases of disease; pain 
management strategies

Nutritionist Explains role of diet; “alternative” diets and their potential 
risks; weight control strategies

Occupational 
therapist

Provides training in relearning routine activities of daily 
living, recreation, and leisure pursuits; use of technical 
devices; joint support and when to rest and partially to 
immobilize joints

Social workers Helps with “patients’ rights” to treatment, arranging time off 
work, support from caregivers in the family and community 
and government, and sometimes provision of individual or 
family counseling

Counselor or 
psychologist

Provides anxiety and/or depression counseling and aids in 
dealing with denial or with disease crises, coping with 
sexuality, and pain management
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There is evidence that RA causes significant muscle loss, reduced 
physical activity, and a trend toward increased fat mass.3 Loss of lean 
mass and higher fat mass are each associated with greater disability,4 
and low body mass index (BMI) in patients with RA is associated with 
threefold higher mortality.5 Rheumatoid cachexia is found in 25% to 
50% of patients with RA; in our experience, all patients with RA 
develop some degree of muscle loss, although it may only be detectable 
by specialized methods (see later).6

In addition to a disruption in macronutrient status (i.e., protein, 
carbohydrate, and fat stores), chronic inflammation often leads to 
abnormal micronutrient status as well. Both RA and SLE are associated 
with abnormalities of vitamin B6 status, homocysteine metabolism, 
and, to a lesser extent, folate metabolism.7-9 In addition, chronic 
inflammation leads to increased production of free radical species and 
oxidative stress, with attendant decreases in antioxidant vitamins such 
as vitamins C and E.10-12

Overnutrition in rheumatic diseases
In contrast to the situation with most of the chronic systemic inflam-
matory diseases, the major nutritional problem in osteoarthritis and 
gout is weight gain and obesity. In gout, even a moderate degree of 
weight gain is a substantial risk factor for development of gouty arthri-
tis.13 With osteoarthritis, the load factor at the knee (three to six times 
body weight) and the hip (two to three times body weight) makes 
weight gain a disproportionate burden on these joints, increasing the 
stress on the cartilage and promoting degenerative changes.14 From a 
public health perspective, the obesity epidemic in both developed and 
developing countries suggests that OA will follow diabetes and heart 
disease as a consequence of weight gain (Fig. 45.1).

The interplay of diet and exercise
It is important to think of nutritional status as the present result of a 
lifelong series of balances, reflecting intake and output of protein, 
energy, and micronutrients on a daily, weekly, monthly, and long-term 
basis. These balances are controlled by environmental, genetic, and 
hormonal influences (Fig. 45.2). Dietary intake reflects the input side 
of these balances, but physical activity, environmental stress such as 
heat or cold, and inflammation-driven changes in the internal hor-
monal milieu account for much of the output side. Thus, any consid-
eration of a patient’s nutritional and physiologic status should include 
an evaluation of his or her level of habitual physical activity, aerobic 
power, and muscle strength.

BASICS OF NUTRITIONAL ASSESSMENT FOR 
PATIENTS WITH RHEUMATIC DISEASES
The basic principles of nutritional assessment can be applied to patients 
with rheumatic diseases, although with some caveats (described later). 
A complete discussion of nutritional assessment techniques is beyond 
the scope of this chapter, and more information on the topic can be 
found elsewhere.15 Briefly, standard methods for performing a nutri-
tional evaluation include anthropometric, biochemical, clinical, and 
dietary assessments (summarized in Table 45.1).

Anthropometric and body  
composition techniques
Anthropometric measurements may be used to assess either growth, 
primarily in the case of children and adolescents, or body composition. 
The cellular components of standard man are illustrated in Figure 
45.3a. Body cell mass, consisting primarily of muscle, and to a lesser 
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 Systemic inflammatory diseases cause major disruptions in 
nutritional status, at both the macronutrient (protein, fat, 
carbohydrate) and micronutrient (vitamins, minerals, trace 
elements) levels.

 Rheumatoid cachexia is a very common complication of 
rheumatoid arthritis, although it is seldom recognized or treated. A 
combination of diet and resistance exercise is effective at reversing 
the muscle wasting of rheumatoid cachexia.

 Dietary requirements for vitamin B6, protein, calcium, and vitamin 
D are increased with systemic rheumatic diseases and with 
corticosteroid therapy.

 Dietary components may provide anti-inflammatory and 
antioxidant benefits as adjuvants to pharmacotherapy of rheumatic 
diseases, although most claims of benefit remain to be proven.

 Obesity is both a cause and a complication of osteoarthritis and, to 
a lesser extent, gout. Weight reduction can help both diseases, and 
strengthening exercise can ameliorate joint pain in osteoarthritis.

RELEVANCE OF NUTRITION TO  
RHEUMATIC DISEASES
In any chronic disease, the interplay between the disease and the host 
is the major determinant of disease impact. Although clinicians usually 
focus on the severity of the pathologic insult, wise physicians have long 
been aware that the physiologic and psychological makeup of the 
patient has a large effect on both survival and quality of life. Rheuma-
toid arthritis (RA), by virtue of its systemic, body-wide inflammation, 
has been the paradigm for understanding how chronic inflammation 
alters host metabolism and physiology. Host resistance to illness is 
probably controlled by both genetic and environmental factors: as one 
of the key environmental exposures, nutritional status is thus an 
important determinant of how well the patient can withstand the 
ravages of RA and other chronic rheumatic diseases. Conversely, over-
nutrition and obesity are the major causes of osteoarthritis (OA) of the 
knees and hips. Moreover, some nutrients offer the promise of directly 
affecting the disease process by offering variable amounts of anti-
inflammatory activity. Although not working on the same magnitude 
as anti-inflammatory drugs, dietary anti-inflammatory and antioxidant 
nutrients are of great interest for patients trying to gain control over 
their disease. Because these nutrients may support or counteract the 
effectiveness of medications, a solid understanding of drug-nutrient 
interactions can be important to both practice and research in the 
rheumatic diseases.

Undernutrition and rheumatic diseases
Weight loss and muscle wasting are common features of untreated RA, 
originally described by James Paget in the 19th century as rheumatoid 
cachexia.1 Occasionally, a patient with RA will present with weight 
loss and adenopathy and be diagnosed initially with lymphoma; only 
after lymph node biopsy fails to identify a malignancy does a rheumatic 
disease enter the differential diagnosis. Vasculitis, especially medium-
vessel vasculitides such as polyarteritis nodosa and ANCA-associated 
granulomatous vasculitis, is often associated with weight loss. Simi-
larly, both adult and juvenile forms of Still’s disease often present as 
weight loss. Systemic lupus erythematosus (SLE), scleroderma, and 
reactive arthritis are less commonly associated with weight loss.

Evidence from cancer, heart failure, and HIV infection strongly 
points to weight loss as an independent predictor of poor outcome.2 
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term, can result in a marked loss of mass to the organism as a whole. 
This is important because in all clinical situations in which it has been 
investigated (e.g., starvation, critical illness, cancer, HIV infection), a 
loss of greater than 40% of baseline body cell mass is associated with 
death.2 Furthermore, even a more modest loss of body cell mass, 
although not fatal, is known to compromise muscle strength, balance, 
function, mobility, and immune function, with the net result being a 
loss of independence, increased risk of clinical depression, and reduced 
quality of life for the patient.

Anthropometric assessment of body composition essentially involves 
measuring one of two major compartments in the body: body fat or 
fat-free mass. There are a variety of specific indices available for assess-
ment, and selection of a particular method depends on the purpose of 
the assessment (e.g., nutritional screening, surveillance, or evaluation 
of an intervention). Regardless of the particular method chosen, it is 
important to remember that any method using prediction equations or 
a reference population is not necessarily going to be readily applicable 
to patients with rheumatic disease, because these standards were devel-
oped on healthy, lean subjects, and both sensitivity and specificity may 
be reduced when these methods are applied to other populations.

Obesity trends* among U.S. adults
BRFSS, 1990, 1998, 2007

(*BMI ≥30, or about 30 lbs. overweight for 5’4” person)

1990 1998

2007

No data
<10%
10%–14%
15%–19%

20%–24%
25%–29%
≥30%

INCREASING PREVALENCE OF OBESITY IN THE UNITED STATES

Fig. 45.1 Increasing prevalence of obesity in the United States. (From BRFSS, Behavioral Risk Factor Surveillance System. 
Available at http://www.cdc.gov/brfss/)

Immunological mediators

Daily metabolism

Life-cycle related mediators

Anabolism

Catabolism

IL-6

IL-1 TNF

Growth
hormone

Sex hormones Cortisol

ProlactinInsulin
Glucagon

Thyroid
hormone Catecholamines

METABOLIC BALANCE

Fig. 45.2 The metabolic balance of the body is determined by a variety of 
regulators operating on vastly different time scales: daily, yearly, and over 
decades. TNF, tumor necrosis factor; IL, interleukin.

TABLE 45.1 NUTRITIONAL ASSESSMENT SUMMARY

Parameter Examples

Anthropometric Height, weight (current, usual, ideal), knee height, body 
mass index, waist/hip ratio, arm circumference, triceps 
skinfold

Biochemical Serum albumin, hemoglobin, hematocrit, transferrin, plasma 
pyridoxal-5´-phosphate, folic acid, and 25 OH-vitamin D

Clinical Co-morbidities, medications, mobility, disease severity, 
ability to perform activities of daily living by Health 
Assessment Questionnaire

Dietary Total energy and protein intake, micronutrient intake by 
24-hr recall or food records, dietary supplement use

extent visceral mass and immune cell mass, comprises the largest cel-
lular component of the human body. Body cell mass is also the site of 
95% of all metabolic activity. Fat mass and extracellular water make 
up the next largest compartments, with the remaining mass coming 
from bone and connective tissue (cartilage, fibrous tissues, and skeletal 
tissues). These structural proteins are not readily exchangeable with 
other pools of protein in the body, so changes that may occur in body 
cell mass during disease, for example, cannot be counteracted by mobi-
lization of extracellular connective tissue.

Intracellular proteins turn over constantly in the body, such that 
the rates of protein synthesis and protein breakdown determine whether 
net anabolism or catabolism will occur. Even a small decrease in syn-
thesis or a small increase in degradation, if sustained over the long 

http://www.cdc.gov/brfss/
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Simple and low-cost methods for performing anthropometric assess-
ment of body composition include the use of skinfold measurements 
(to estimate total body fat from subcutaneous fat), height, weight, 
waist-hip circumference ratio (for subcutaneous and intra-abdominal 
adipose tissue), and arm circumference (to estimate total body muscle 
and fat-free mass). In general, a combination of several skinfold mea-
surements provides a more valid assessment of body fat than a single 
skinfold measurement, but none of these measures is sensitive enough 
to detect small changes in body fat or fat-free mass after short-term 
nutritional support or deprivation.15 Other, more accurate methods for 
measuring body composition are available primarily for research pur-
poses; these include total-body potassium using potassium-40, total-
body water using isotope dilution, underwater weighing, and dual-energy 
x-ray absorptiometry, for example. Even with these methods, however, 
basic assumptions about the model may be invalid in patients with 
chronic disease and precision and accuracy may be reduced.

Biochemical assessment
Patients with RA often have lower concentrations of serum albumin 
and other markers of visceral protein status as a result of systemic 

P < .002

P < .003

P < .0001
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Fig. 45.3 (a) Cellular components of standard man. (b) Altered body 
composition in patients with rheumatoid arthritis (RA) compared with age, sex, 
weight, and race-matched healthy controls. BMC, bone mineral content; ECW, 
extracellular water; BCM, body cell mass. (a, Adapted from Protection ICoR. 
Report of the Task Group on Reference Man, No. 23. Oxford, UK: Pergamon Press, 
1975; b, based on data from Roubenoff R, et al. Rheumatoid cachexia: depletion of 
lean body mass in rheumatoid arthritis; possible association with tumor necrosis 
factor. J Rheumatol 1992;19:1505-1510.)

inflammation. In addition, anemia of chronic disease is often associ-
ated with disordered iron metabolism, leading to low hemoglobin and 
hematocrit values. Vitamin B6 status (determined by plasma pyridoxal-
5´-phosphate) has also been shown to be abnormal in patients with 
RA and is associated with tumor necrosis factor-α (TNF-α) production 
by peripheral blood mononuclear cells.16

Clinical assessment
Clinical assessment consists of a medical history and physical exami-
nation of the patient. Disability can be measured using the disability 
scales of the Health Assessment Questionnaire (HAQ).17 Self-reported 
pain scores can be determined using the HAQ visual analog pain scale. 
Balance and gait can be evaluated using the Tinetti Balance and Gait 
Evaluation,18 and habitual gait speed can be assessed during a 4-meter 
walk. If a patient is limited by his or her disease in terms of activities 
of daily living, then physical activity will be reduced and overall nutri-
tional status may be compromised.

Dietary assessment
Dietary assessment of patients’ nutritional status is important, particu-
larly if patients are following an alternative diet (see later for dietary 
therapies). A variety of methods are available, and the choice of which 
method to use depends on the goal of determining the intake. Repeated 
24-hour recalls or replicated weighed or estimated food records can be 
used to determine actual or usual nutrient intakes of an individual.15 
A thorough dietary assessment also includes an evaluation of factors 
that may affect dietary intake, such as appetite, taste/smell changes, 
food allergies or intolerances, dental problems, dysphagia, or 
odynophagia.

RHEUMATOID CACHEXIA
Rheumatoid cachexia, meaning “bad condition” (literally translated 
from Greek), was not recognized as a common problem among patients 
with RA until relatively recently. It refers to the loss of body cell mass, 
predominantly skeletal muscle, that occurs in RA (see Fig. 45.3b). Loss 
of body weight does not always occur; in fact, loss of body cell mass  
is often accompanied by increased fat mass and stable body weight.  
In patients with RA, these changes predispose to a condition termed 
rheumatoid cachectic obesity, which, although seemingly contradic-
tory, appears to be a common metabolic consequence of RA, affecting 
up to two thirds of all patients.6,19,20 The average loss of body cell mass 
among patients with RA is between 13% and 15%,19,20 which is approxi-
mately one third of the maximum survivable loss of body cell mass. 
Thus, rheumatoid cachexia should be viewed as an important contribu-
tor to increased morbidity and premature mortality in RA. Of note, 
features that often accompany loss of body cell mass in other disease 
states are noticeably absent in rheumatoid cachexia; these features may 
include renal or hepatic impairment, malabsorption, or high cortico-
steroid use.

A number of factors are likely involved in the pathogenesis of rheu-
matoid cachexia, including sarcoactive (“muscle active”) cytokines, 
energy expenditure, protein metabolism, physical activity levels, and 
hormones.

Cytokines
The inflammatory cytokines TNF-α and interleukin (IL)-1β are cen-
trally involved in the pathogenesis of RA, but in addition these cyto-
kines exert a powerful influence on whole-body protein and energy 
metabolism. Other sarcoactive cytokines include IL-6, interferon  
(IFN)-α, tumor growth factor-β1, and MyoD. We have shown that 
subjects with RA have higher rates of whole-body protein breakdown 
compared with young and elderly healthy subjects and, furthermore, 
that protein breakdown rates are directly associated with TNF-α pro-
duction by peripheral blood mononuclear cells.21 More recent research 
has suggested that skeletal muscle protein loss is dependent on the 
signaling activities of both TNF-α and IFN-α and that nuclear factor-
kappa B (NF-κB) activity is needed for these cytokines to induce muscle 
damage.22
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because there is evidence of deranged homocysteine metabolism in 
patients with low vitamin B6 indices.9 An elevated level of homocyste-
ine is an important risk factor for atherosclerotic heart disease and 
stroke, which can be an important cause of complications in both RA 
and systemic lupus, as well as in the general population.8

Over the past decade, evidence has accumulated for the potential 
role of vitamin D in a variety of non-classic functions, including modu-
lation of immune response.31 Vitamin D deficiency has been linked 
to the occurrence of a variety of autoimmune diseases, but recent 
studies have not supported an association between either vitamin D 
intake32 or vitamin D concentrations33 and risk of RA or RA-related 
autoimmunity.

Vitamin E is the major fat-soluble antioxidant vitamin and acts with 
its water-soluble counterparts, vitamin C, and beta-carotene, to protect 
against free radical–mediated damage to cell membranes, DNA, and 
proteins. Although some observational studies have suggested that 
vitamin E may reduce the risk of developing RA due to its antioxidant 
properties, a recent, large, randomized controlled trial of women con-
suming 600 IU of vitamin E every other day found no association 
between vitamin E and risk of developing RA.34

There are also important drug/nutrient interactions that affect 
vitamin status in patients with rheumatic diseases. For example, cor-
ticosteroids antagonize vitamin D effects in the gut and kidney, exac-
erbating their direct calcium-wasting effects and promoting 
osteoporosis.35 Methotrexate and sulfasalazine antagonize folic acid 
function in cells.9 Oral contraceptives can interfere with vitamin B6 
and folic acid absorption. Coumadin, of course, works by antagonizing 
vitamin K and is used in patients with antiphospholipid syndrome and 
SLE. Grapefruit juice can increase the absorption of many drugs, 
including nifedipine, sirolimus, tacrolimus, and cyclosporine, leading 
to unexpected toxicity if taken intermittently.36

Minerals
Not surprisingly, calcium is the most important dietary mineral for 
patients with inflammatory diseases. The combination of systemic 
inflammation, with activation of cytokines such as TNF-α, IL-1β, and 
receptor activator of NF-κB ligand (RANKL), reduced physical activity 
due to joint pain, and corticosteroid therapy conspires to cause negative 
calcium balance and osteoporosis, especially in postmenopausal 
women. Women taking corticosteroids should take at least 1200 mg/
day of calcium using diet and supplements, and 1500 mg may be 
preferable.

Energy expenditure
Total daily energy expenditure is determined by the following 
equation:

TEE REE EEPA TEF= + + ,

where TEE is total energy expenditure, REE is resting energy expendi-
ture, EEPA is energy expenditure of physical activity, and TEF is the 
thermic effect of food. In patients with RA, REE is elevated19,20 but 
EEPA is reduced, such that TEE is also lower compared with healthy 
control subjects.23 The implication of this is that patients need to be 
cautioned to maintain a diet that is adequate, but not excessive, in 
terms of protein and calories in an attempt to maintain muscle but 
prevent fat gain.

Protein metabolism
Adults with RA have increased whole-body protein breakdown rates 
(measured by 13C-leucine infusion), which are directly associated with 
TNF-α production by peripheral blood mononuclear cells.21 This 
finding is consistent with the reduced body cell mass that is found in 
subjects with RA.

Physical activity
Patients with RA often have reduced physical activity as a result of 
joint pain and stiffness, metabolic changes leading to loss of muscle 
mass and strength, and simple disuse, perhaps related to general cau-
tiousness with regard to physical activity.

Hormones
Although the role of the growth hormone (GH)/insulin-like growth 
factor-1 (IGF-1) axis in altering muscle mass and strength during 
healthy aging is not fully understood, GH is known to decline with 
aging and has been suggested to play a role in the pathogenesis of 
sarcopenia (age-related muscle loss).24 However, persistent GH defi-
ciency does not appear to be the cause of rheumatoid cachexia.24 Like 
GH, insulin is a potent anabolic hormone, and insulin resistance has 
been shown to occur in inflammatory arthritis.25,26 It is possible that 
the metabolic milieu created by a state of insulin resistance may permit 
cytokine-driven muscle loss, although this remains speculative.27 Of 
note, although the etiology of insulin resistance in RA is unclear, 
TNF-α has been shown to interfere with insulin receptor signaling and 
may be a contributing factor.28 However, although anti-TNF therapy 
improves insulin resistance in RA it does not seem to reverse rheuma-
toid cachexia.29,30

MICRONUTRIENT ABNORMALITIES IN THE 
RHEUMATIC DISEASES
Our understanding of the impact of chronic inflammation on vitamin, 
mineral, and trace element nutrition is largely based on studies of RA 
and, to a lesser extent, SLE. There has been little systematic study of 
the nutritional status of most of the other rheumatic diseases. However, 
to the extent that systemic inflammation is common to a large group 
of rheumatic disorders, it is likely that the lessons of RA can be applied 
with reasonable success.

Vitamins
Inflammation increases metabolic rate, and thus the consumption of 
vitamin B6 and vitamin C.7,12 In addition, the excess production of free 
radicals in RA coincides with declines in antioxidant vitamins C and 
E.11 It is tempting to conclude that these vitamins are consumed in an 
attempt to prevent oxidative damage to tissues, but this is unproven.

Vitamin B6 appears to have the greatest sensitivity to inflammation, 
because it is markedly reduced in both animal models of arthritis and 
in humans with RA; the reduction correlates with disease severity and 
levels of acute-phase reactants (Fig. 45.4), and treatment with oral 
vitamin B6 can reverse this drop, although it does not influence RA 
disease activity. Decreased vitamin B6 appears to represent a true 
nutritional deficiency and not simply another acute-phase marker, 

RELATIONSHIP OF VITAMIN B6 TO INFLAMMATION
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Fig. 45.4 Correlation between plasma vitamin B6 and C-reactive protein 
(r = −.39, P =.02). (From Chiang E-PI, Bagley P, Selhub J, et al. Abnormal vitamin 
B6 status is associated with severity of symptoms in patients with rheumatoid 
arthritis. Am J Med 2003;114:283-287, with permission.)
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marker of overall physiologic status. A serum albumin level less than 
3.0 mg/dL (30 g/L) is never normal and suggests ongoing stress with 
redirection of visceral protein synthesis toward immunoglobulins and 
away from homeostatic protein repletion.

Evaluation of micronutrient status can be done easily by selectively 
measuring two or three water-soluble vitamins (red blood cell folic acid, 
plasma vitamin B6 [as pyridoxal phosphate], and plasma vitamin B12) 
and one fat-soluble vitamin (25-hydroxyvitamin D3), all of which are 
clinically available assays. These only need to be checked once every 
few years if patients are clinically stable. Patients at risk of osteoporosis— 
postmenopausal women, patients on long-term glucocorticoid therapy, 
smokers, and women with BMI less than 21 kg/m2—should have their 
bone density measured by dual x-ray absorptiometry.

It is also important to ascertain what dietary supplements patients 
are taking and whether they are restricting their diet in any meaningful 
way. This information is rarely volunteered but is easy to elicit. On 
the other hand, failure to recognize that a patient is taking St. John’s 
wort or other “nutritional” supplements may lead to untoward drug 
interactions that are otherwise very puzzling.

When to refer a patient for  
nutritional consultation
The most common reason for referring a patient to a nutritional pro-
fessional—dietitian or physician—is for prescribing weight loss. This 
is certainly appropriate for patients with knee or hip OA and a BMI 
greater than 30 kg/m2. Patients with OA and a BMI greater than 40 kg/
m2 (or >35 kg/m2 with complications such as diabetes or metabolic 
syndrome) are candidates for bariatric surgery if they cannot lose 
weight by dieting alone. No clinical trials have compared the efficacy 
of weight reduction surgery with joint replacement surgery for patients 
with moderate to severe OA, but it is a reasonable hypothesis that 
weight loss may improve OA symptoms in some patients. New medi-
cations for weight loss are in development and are likely to become 
part of routine clinical care in the next decade. Medications should be 
used as part of a comprehensive treatment program that includes 
behavioral therapy, diet, and exercise.

Conversely, unintentional weight loss or persistent low weight (BMI 
< 18.5 kg/m2) should also promote a referral. Nutritional evaluation in 
this setting can help by documenting whether typical daily dietary 
energy intake explains the weight loss. If not, then malabsorption or 
catabolic illness should be considered. A dietitian can estimate average 
dietary caloric and nutrient intakes, compare these to expected expen-
ditures, and prescribe a diet appropriate to the patient’s goals. The 
rheumatologist can facilitate this through encouragement and demon-
strating that this is an important facet of the patient’s management.

NUTRITIONAL TREATMENT IN THE  
RHEUMATIC DISEASES
Rheumatoid cachexia
Although the specific mechanism(s) by which rheumatoid cachexia 
develops have not been fully described, what is clear is that the func-
tional consequences of this condition are to increase morbidity and 
mortality in patients with RA. Accordingly, efforts to slow and/or 
reverse the loss of body cell mass that occurs in RA must be made if 
functional status is going to be improved. There are essentially three 
possible interventions: exercise, diet, and pharmacology.

Exercise
Strength training should be considered an important aspect of the non-
pharmacologic treatment of RA and should be routinely prescribed. 
Studies have found that high-intensity strength training is feasible and 
safe in patients with well-controlled disease and that there can be 
significant improvements in strength, pain, and fatigue without exac-
erbation of disease activity or joint symptoms.45

Diet
Dietary intake appears to be adequate in terms of energy and protein 
intake among most patients with RA3,21; this, in combination with a 
reduced TEE, provides evidence that clinicians should not routinely 
recommend increased dietary energy intake to patients with RA. 

Iron is also a concern in rheumatic diseases, especially in RA. Iron 
deficiency is the most common micronutrient deficiency in women, 
occurring in up to 11% of menstruating women.37 Chronic inflamma-
tion interferes with normal iron handling by bone marrow erythro-
blasts, leading to anemia of chronic disease. However, because RA and 
other inflammatory arthritides often occur in premenopausal women, 
iron deficiency may also be present. Distinguishing the two is very 
difficult unless a bone marrow biopsy is performed; more recently, the 
transferrin receptor has been used to help distinguish the two, although 
this test has a specificity of about 90% and it may not be universally 
available.38

Trace Elements
Trace and ultra-trace elements are present in the normal human diet 
in milligram and microgram concentrations, respectively.39 The major 
trace elements affected by inflammation are zinc, copper, and sele-
nium. These are all acute-phase reactants, and it is difficult to establish 
whether true deficiency of any of them occurs commonly in rheumatic 
diseases. All three can be toxic if taken in large doses, and excessive 
administration of supplements containing them should be discouraged. 
Copper and zinc behave reciprocally, so that excessive intake of one 
can lead to deficiency of the other. Selenium, an important part of the 
body’s antioxidant defenses, is next to arsenic on the periodic table of 
elements and is dangerous in high doses.40

OBESITY AND RHEUMATIC DISEASE
Obesity is the major risk factor for OA of the knees and hips,41 and there 
is evidence that this association is stronger with body fat than with total 
weight.42 Weight loss seems to improve OA symptoms in patients with 
mild to moderate OA at least.42-44 On the other hand, several studies 
have demonstrated that exercise training can improve the symptoms of 
knee OA, and there is a beneficial interaction with weight loss in this 
regard.14,43 Although hip OA has not been as rigorously examined, it is 
likely that it also benefits from weight reduction.

Weight gain during young adulthood is also a risk factor for gout,13 
primarily in men. It is not known whether weight loss can reduce 
serum uric acid levels substantially, but some patients may benefit 
from this advice for a variety of reasons related to the gouty diathesis, 
such as hyperlipidemia, insulin resistance, and hypertension that often 
occurs with gout.

NUTRITION IN THE ROUTINE CARE OF THE 
RHEUMATIC DISEASE PATIENT
Although a comprehensive nutrition screening and evaluation is 
beyond the requirements of routine rheumatology care, a focused and 
systematic approach to nutritional assessment can be of great benefit 
to both patient and doctor in understanding the physiologic status of 
the patient and treating it properly. This should be neither time con-
suming nor avoided: if a major nutritional deficiency is found, referral 
to a registered dietitian is appropriate and should be done in a positive 
and professional manner. Patients care deeply about their diet and 
nutritional health, and physicians who dismiss or avoid this topic may 
jeopardize needlessly the doctor-patient relationship.

Simple habits that offer big returns
The first and most important point is to weigh the patient at every 
visit and record the weight; recording height once a year is also an 
excellent idea. This facilitates identification of nutritional risk: loss of 
more than 10% of body weight in a year or 5% in 6 months without 
intentional dieting is a red flag indicating a catabolic disease. This may 
be a rheumatic disease, a complication such as infection, or an  
unrelated malignancy. With the height, calculating the BMI in kilo-
grams of weight/height per meters squared is simple and patients  
can be identified as underweight (BMI < 18.5 kg/m2), overweight 
(BMI > 25 kg/m2), or obese (BMI > 30 kg/m2). Amazingly, such simple 
analyses are often forgotten in the haste to focus on the joints.

Another simple test is the serum albumin concentration. Although 
not directly a marker of malnutrition, because it is heavily influenced 
by cytokine levels, the serum albumin concentration is an excellent 
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arthritis must be considered unproven remedies; this is charitable—
many are quack nostrums designed to separate patients from their 
money. A few have been investigated rigorously, and we will describe 
these. A discussion of glucosamine and chondroitin sulfate, which are 
dietary components used as pharmaceutical treatment of OA, is found 
in Chapter 47.

Diet therapy of inflammatory arthritis
Dietary modifications that have been proposed as therapy for patients 
with RA include fasting, vegetarianism, and various forms of nutrient 
supplementation.52 A recent systematic review on this topic concluded 
that the benefits of various diets, including vegetarian, vegan, Mediter-
ranean, elemental, or elimination diets, remain unclear and that some 
dietary manipulations may even be harmful.44

Although there are no specific diet therapies that have been shown 
to successfully treat RA, a considerable amount of research has inves-
tigated the possible therapeutic benefits in terms of symptomatic relief. 
Some patients may benefit from supplementation of specific nutrients, 
particularly if dietary intake is not varied enough to provide adequate 
amounts of micronutrients.

Antioxidant nutrients
Most studies involving vitamin or mineral supplementation in inflam-
matory arthritis have focused on the antioxidant nutrients, including 
vitamin C, vitamin E, beta carotene, and selenium. Vitamin D has also 
generated considerable interest recently. In general, randomized con-
trolled trials have been of relatively short duration and have led to 
conflicting results, so there continues to be a lack of concrete evidence 
to support nutrient supplementation at a particular dose.53 Further-
more, providing individual nutrients in the form of supplements does 
not necessarily offer the same overall health benefit as when nutrients 
are consumed from whole foods. It is possible that the combination of 
nutrients that are present in whole foods, or even some unidentified 
components of a food, are responsible for any observed beneficial 
effects. Patients with RA should be encouraged to increase their intake 
of foods high in antioxidant nutrients, such as vitamin E–rich edible 
vegetable oils (sunflower, safflower, canola, olive) and unprocessed 
cereal grain, and of fresh fruits and vegetables rich in vitamin C and 
beta carotene. Foods high in trans fats, high fructose corn syrup, or 
other calorie-dense ingredients, should be limited.

Dietary fatty acids
Omega-3 fatty acids, derived primarily from marine sources (fish and 
shellfish) may affect the immunologic and inflammatory responses of 
RA as a result of altered cellular eicosanoid production. Specifically, 
the fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) act as competitive substrates with arachidonic acid (AA), 
thereby inhibiting the oxidation of AA by cyclooxygenase and lipoxy-
genase enzymes. Arachidonic acid is the predominant fatty acid found 
in the typical Western diet, and the net result of a substrate shift from 
AA to EPA (or DHA) is a change in the regulation of various homeo-
static functions mediated by the eicosanoids, including inflammation 
and cytokine synthesis. Randomized clinical trials of fish oil in RA 
have shown that EPA supplementation at doses ranging from 3 to 6 g/
day may lead to improvement in the number of tender joints and 
morning stiffness.54 Additional benefit may be achieved by combining 
a diet low in AA with fish oil supplements.44,55 Symptomatic relief may 
be delayed by several months after starting fish oil supplementation, 
and relief may occur in a dose-related manner; non-steroidal anti-
inflammatory drug sparing has also been reported with the use of fish 
oil supplements.56

CONCLUSION
Nutrition is a crucial determinant of the health of all people; ignoring 
it in chronic disease removes an important tool from the rheumatolo-
gist’s “belt.” With a few minor efforts, nutritional evaluation and 
therapy can be part of routine rheumatologic care, with important 
benefits to patient and caregiver. The impetus for paying attention to 
nutrition comes from our patients; as clinicians, we can empower 
patients with correct information and scientifically based treatments 
that can have far-ranging physiologic benefits.

Further studies are needed to determine optimal protein intakes for 
overcoming the catabolic process in RA, particularly when patients 
participate in an ongoing exercise program. As a general rule, we rec-
ommend 1.2 to 1.5 g/kg protein per day, which is 50% to 85% above 
the Dietary Reference Intake and comparable to the U.S. average intake 
of 1.2 g/kg/day. There is no evidence that higher protein intakes are 
useful, and they may cause harm by increasing the metabolic load on 
the kidneys and liver.

Micronutrient deficiencies
Most vitamin deficiencies in patients with arthritis and connective 
tissue diseases are adequately treated with daily multivitamin prepara-
tions that provide the Recommended Dietary Allowance (RDA) of 
vitamins and minerals. There is no convincing evidence that larger 
doses than the RDA are required for patients with rheumatic diseases 
as long as they eat a healthy and varied diet with adequate fresh fruits, 
vegetables, and appropriate amounts of high-quality protein. In other 
words, the U.S. Government’s diet pyramid (http://www.mypyramid.
gov/) is a reasonable starting point for keeping patients nutritionally 
healthy.

Treating nutritional deficiencies in patients with 
inflammatory disease
There are legitimate debates about the value of additional nutrients 
that could help support the host faced with chronic inflammation in 
the setting of RA and other inflammatory diseases. Most rheumatolo-
gists treat patients taking methotrexate with daily folic acid or weekly 
folinic acid to minimize the side effects of the drug. Fortification of the 
U.S. food supply with folate in the mid 1990s substantially improved 
the population’s folate status and coincided with an increase in metho-
trexate dosing in our clinic.46 At the same time, we have shown that 
supplementing the diet with 50 mg/day of vitamin B6 normalizes low 
vitamin B6 levels in patients with RA.47 However, there is no anti-
inflammatory or clinical benefit of this supplementation.

Patients with diseases that increase sedentary behavior should be 
counseled to avoid high saturated fats and excessive cholesterol in their 
diets. In addition, they should meet the age-specific recommendations 
for calcium and iron intake. Patients taking prednisone should take at 
least 1200 mg/day of calcium as supplements or food, and 1500 mg 
would be better for young women. Adequate dietary phosphate, such 
as that found in milk products, enhances the bioavailability of dietary 
calcium. Excess phosphates, such as those in carbonated sodas, do not 
have this benefit. Adequate vitamin D is also essential, and it is likely 
that 800 IU/day is more appropriate than 400 IU/day.48 Physicians 
must do their part by measuring bone density at 2-year intervals in 
patients taking corticosteroids who are at risk of osteoporosis and 
prescribing antiresorptive agents as necessary. Prevention of fractures 
in these patients is a crucial way to preserve their quality of life.

Obesity should be treated as a separate health issue in patients with 
arthritis and treated aggressively. Arthritis reduces the interest in exer-
cise and teaches people to stay sedentary, thus facilitating further 
weight gain and more joint pain. Patients with RA who achieve good 
disease control are subject to weight gain and the combination of low 
lean body mass and rising fat mass—“sarcopenic obesity”—which gives 
them the worst of both worlds in terms of risk factors for frailty and 
loss of independence.49 Diet and exercise programs have been devel-
oped and tested that are safe for home use in patients with arthritis, 
including our own.50 The cost is minimal and we have found the results 
quite satisfactory.

NUTRITION AS AN ANTI- 
INFLAMMATORY TREATMENT
The field of nutritional treatment of rheumatic diseases is one that is 
of intense interest to patients and often of profound ignorance among 
physicians. The published literature in this area is contradictory, often 
confused by poor methodology and sometimes difficult to find. One 
important resource is the Arthritis Foundation51; another is the National 
Institutes of Health’s Office of Dietary Supplements (http://dietary-
supplements.info.nih.gov). Most dietary supplements for treating 

http://www.mypyramid.gov/
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able to do. Thus, a 75-year-old woman with moderate to severe knee 
osteoarthritis who lives in the community may have different “needs 
to be able to do” than a comparable woman living in a nursing home, 
although their “wants to be able to do” may be very similar. The 
optimal level of function for these two women may be very different: 
one may have to complete physically demanding tasks related to home 
care such as vacuuming or making beds, meal preparation, and drive 
or use public transportation to interact within the community, whereas 
the other may need to have the physical capacity to perform basic self-
care tasks. To determine the optimal level of function, the rehabilita-
tion therapist must work with the patient to identify the types of 
activities that the patient needs or wants to perform as well as the 
environmental or social context in which the activities will be enacted.

Once the patient’s optimal level of function has been targeted, the 
next step is to identify barriers that prevent the patient from achieving 
this optimal level. Both the rehabilitation therapist and patient work 
together using a thorough examination process to identify these barri-
ers. Patient-reported measures of pain and function as well as perfor-
mance-based measures of function should be used to identify the types 
of functional tasks that are problematic and to quantify the severity of 
these problems. Physical examination procedures are used to identify 
the presence of physical impairments (e.g., muscle weakness, loss of 
joint motion and joint stiffness, joint instability, balance and coordina-
tion deficits) that may be associated with the functional problems. An 
assessment of the patient’s living or work environments may be under-
taken to identify environmental or social support factors that could be 
either potential barriers or potential assets in obtaining optimal func-
tion. Assessment of biobehavioral characteristics (e.g., anxiety, fear, 
depression, self-efficacy) may be helpful to determine if any of these 
factors are influencing physical activity or responsiveness to rehabilita-
tion interventions.

After specific barriers have been identified through the examination 
process, the rehabilitation therapist and patient design and implement 
a rehabilitation intervention program that addresses the specific barri-
ers to optimal function. Rehabilitation interventions can be classified 
as either remedial or adaptive processes. Remedial rehabilitation works 
to restore or establish capacity or ability. It focuses on improving 
impairments in muscular strength and endurance, joint motion, car-
diorespiratory fitness, balance and coordination, and cognitive function 
(depression, anxiety, fear, self-efficacy) and may also refer to retraining 
in lost skill sets, such as self-care, dexterity, or work skills. Adaptive 
rehabilitation works to compensate for lost or absent capacity or ability. 
It focuses on providing alternative or supplementary methods to 
perform a task or activity to optimize the performance. Adaptive reha-
bilitation includes the following methods:

● Providing equipment that substitutes for lost capacities
● Teaching new methods of performing tasks that incorporate exist-

ing capacities
● Altering the environment to facilitate performance
● Changing the requirements of the task

Most rehabilitation therapists use a combination of remedial and adap-
tive rehabilitation methods to obtain optimal function.

We hope at this point that the reader understands that the rehabili-
tation process is multifactorial, that a variety of factors and issues must 
be addressed to achieve the goal of obtaining optimal function and 
participation in life for the individual patient with arthritis. Thus, it 
is logical that the rehabilitation process would require a multidisci-
plinary approach to achieve these goals. The following discussion is 

Principles of rehabilitation:  
physical and occupational therapy
G. Kelley Fitzgerald and Nancy Baker

 Rehabilitation is the process of enabling persons with impairments, 
activity limitations, or disabilities which cause suboptimal 
participation in various life situations (self-care, work, recreation 
and leisure, or community life) to regain or obtain the capacities 
necessary to participate at an optimal level. Rehabilitation, 
therefore, requires determining the optimal level of function, 
identifying the barriers that prevent the individual from obtaining 
that level of function, and providing interventions which facilitate 
the attainment of that optimal level.

 Rehabilitation interventions can be classified as either remedial or 
adaptive processes.
– Remedial rehabilitation works to restore or establish capacity or 

ability. It focuses on improving impairments in muscular strength 
and endurance, joint motion, cardiorespiratory fitness, balance 
and coordination, cognitive function (depression, anxiety, fear, 
self-efficacy), and may also refer to retraining in lost skill sets, 
such as self-care, dexterity, and/or work skills.

– Adaptive rehabilitation works to compensate for lost or absent 
capacity or ability. It focuses on providing alternative or 
supplementary methods to perform a task or activity to optimize 
the performance. Adaptive rehabilitation includes use of 
equipment that substitutes for lost capacities, teaching new 
methods of performing tasks which incorporate existing 
capacities, altering the environment to facilitate performance, 
and/or changing the requirements of the task.

 Most rehabilitation therapists use a combination of remedial and 
adaptive rehabilitation methods to obtain optimal function.

 Because rehabilitation is a multi-factorial process it will often 
require a multi-disciplinary team approach to optimize the 
restoration of function for people with rheumatologic  
disorders.

DEFINITION OF REHABILITATION
The United Nations defines rehabilitation as “a goal-orientated, time-
limited process aimed at enabling an impaired person to reach an 
optimum mental, physical, and/or social level.”1 Rehabilitation is the 
process of enabling persons with impairments, activity limitations, or 
disabilities that cause suboptimal participation in various life situa-
tions (self-care, work, recreation and leisure, or community life) to 
regain or obtain the capacities necessary to participate at an optimal 
level. Rehabilitation, therefore, requires determining the optimal level 
of function, identifying the barriers that prevent the individual from 
obtaining that level of function, and providing interventions that facili-
tate the attainment of that optimal level.

PATIENT-CENTERED APPROACH  
TO REHABILITATION
Rehabilitation therapists should use a patient-centered approach to 
determine the optimal level of function in a patient with arthritis 
because each person’s optimal level of function depends on what that 
person needs to be able to do as well as what the person wants to be 
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were used than when high-frequency TENS was used. Repeated use of 
TENS was more effective than a single treatment, and TENS was more 
effective than placebo when it was used for a duration of 4 weeks or 
more.11 Use of TENS for less than 4 weeks was no more effective than 
placebo.11 Use of TENS has been advocated as a stand-alone treatment 
for pain in published treatment guidelines for arthritis.2,3,12 TENS has 
not been found to be effective for treatment of low back pain.6

In summary, although there is a place for the use of thermal agents 
and TENS for pain control in people with arthritis, their use should 
be limited to selective cases rather than global applications across all 
people with arthritis. When considering rising costs of health care, 
many patients may be better served by instructing them in the home 
use of hot packs, warm baths, paraffin, or TENS for pain control, rather 
than having them make frequent visits to therapy to receive these 
treatments. An alternative to the use of physical agents for pain control 
is the use of exercise and physical activity. A number of different types 
of exercise activities including aerobics and strengthening exercises 
may have a systemic effect on modulating pain. Studies have shown a 
reduction in pain thresholds to different types of pain stimuli at areas 
remote from the exercised limb segments, suggesting a centralized, 
systemic response.13,14 Splinting has also been shown to reduce pain. 
We will address the use of various exercise applications for improving 
pain and function in subsequent sections of this chapter.

Range of motion
Loss of joint motion is a common impairment associated with arthri-
tis. Limitations in joint motion or joint stiffness can increase the dif-
ficulty of performing activities of daily living, resulting in greater 
disability. It is also conceivable that with reduced joint motion, there 
is less available joint surface area for distributing compression and 
shear loads across the joint surface. This could result in a more con-
centrated loading in smaller areas of the joint surface, leading to 
increased joint stress and potentially accelerating the progression of 
arthritis. Therefore, addressing limitations in joint motion is an impor-
tant element of rehabilitation for people with arthritis. Published 
guidelines for the treatment of hip and knee OA recommend the use 
of treatments designed to maintain or improve joint mobility.2 Such 
interventions may include stretching exercise (sometimes referred to 
as flexibility exercise), joint mobilization, muscle-strengthening exer-
cise, and splinting to improve pain, function, and joint motion.2,15,16 In 
this section, we will discuss stretching exercise and joint mobilization 
interventions designed to improve joint motion. Strengthening exercise 
and splinting are discussed in subsequent sections of this chapter.

Stretching exercises are designed to increase the length of soft  
tissue structures, such as the joint capsule and musculotendinous 
units, that may be limiting joint motion. Stretching exercise involves 
moving the joint to the end of the available range of motion and then 
applying some manual overpressure to increase the passive tension in 
the target soft tissue structures. The stretch position should induce 
enough passive tension in the target structure to elicit a “slight stretch 
discomfort” but not to the extent that joint or soft tissue pain is elic-
ited. This position is then held for a period of time. Although few 
studies have specifically studied stretching exercise dosage in people 
with arthritis, there are studies that have examined dosage in elderly 
subjects.

In a small randomized trial of 19 female subjects between the ages 
of 65 to 89 years with limited ankle dorsiflexion motion, subjects who 
received an 8-week calf-stretching program, consisting of 10 repetitions 
of a 15-second hold at the end of the available range of ankle dorsiflex-
ion, had improved ankle dorsiflexion, higher agility test scores, and 
faster walking speeds compared with control subjects.17 Hamstring 
stretching for a duration of 60 seconds, five times per week in subjects 
who were 65 years and older with limited hamstring length, yielded 
the best improvements in knee extension motion with longer lasting 
effects, compared with stretches performed at 15 and 30 seconds of 
duration.18 Although the most effective dosage for stretching may vary 
from muscle to muscle, it appears from these studies that improve-
ments in muscle length and joint motion may be obtained from  
moderate-intensity stretching exercise. Patients who can hold a posi-
tion for longer durations may not need to do as many repetitions. 
Likewise, if they cannot tolerate holding the stretch position for longer 

presented mainly from the perspective of two of these disciplines: 
physical therapy and occupational therapy. However, it should be rec-
ognized that depending on the specific problems and needs of the 
individual patient, services of other health care professionals, such as 
clinical psychologists, vocational rehabilitation counselors, rehabilita-
tion engineers, or recreational therapists should be employed to provide 
the most comprehensive care for each patient.

Although it would make things easier if we were to have a clear line 
of distinction between the roles and responsibilities of the physical and 
occupational therapies, in reality, this is not the case. In fact, there are 
many areas in the rehabilitation process in which the roles and respon-
sibilities of physical and occupational therapies overlap. For example, 
both disciplines use methods to address a variety of impairments 
related to functional deficits. Both disciplines also employ methods of 
functional retraining, education in joint protection techniques, and the 
use of assistive devices in their treatment programs. Because of the 
significant overlap in roles and responsibilities between these two dis-
ciplines, we will not differentiate between them in this chapter in the 
presentation of methods and issues related to the rehabilitation of 
people with arthritis.

REMEDIAL REHABILITATION APPROACHES
Pain control
Pain is a major cause of disability in people with arthritis. Physical 
agents, including thermal agents and electrical stimulation, have been 
included in recommendations for the treatment of pain in people with 
arthritis.2,3 Thermal agents include hot or cold packs, paraffin, short-
wave diathermy (SWD), ultrasound (US), and low-level laser modali-
ties. The evidence supporting the use of these interventions for pain 
control is not particularly strong at present and seems to support selec-
tive rather than global use of these modalities. Low-level laser therapy 
has been shown to provide some relief of pain and stiffness in the feet, 
knees, and hands of patients with rheumatoid arthritis (RA) and also 
of knee pain in patients with knee osteoarthritis (OA).3,4 Ultrasound 
used in water at 0.5 W/cm2 has shown to demonstrate some small 
benefits in relief of hand pain in patients with RA but was not effective 
for relieving knee pain in patients with knee OA or in patients with 
back pain.3,5,6 Paraffin applied to the hand in combination with an 
exercise program seems helpful in reducing pain and stiffness and 
improving range of motion in patients with RA and in those with 
scleroderma, but the use of paraffin alone does not seem to be 
beneficial.7,8

A recent randomized clinical trial compared the combined use of 
exercise with either hot packs, hot packs and US, hot packs and SWD, 
or hot packs and transcutaneous electrical nerve stimulation (TENS) 
to exercise alone in women with knee OA.9 The researchers reported 
greater improvements in pain relief when exercise was combined with 
the thermal agent interventions. There were, however, no clinically 
meaningful differences in pain relief between any of the thermal agent 
groups, suggesting that a hot pack alone with exercise may be adequate 
in achieving the beneficial effects. A recent, non-randomized pilot 
study was conducted to examine changes in synovial pouch thickness 
and pain between the use of coiled SWD, SWD combined with a non-
steroidal anti-inflammatory drug, and a control group in patients with 
knee OA.10 There were significant reductions in synovial pouch thick-
ness and pain in both intervention groups compared with the control 
group; however, the treatment effects were not different between 
groups, suggesting that SWD alone was adequate in obtaining the 
effects. Further study is needed to determine the effectiveness of SWD 
in relieving pain in patients with arthritis.

TENS, the process of providing an electrical stimulus through the 
skin using surface electrodes for the purpose of reducing pain, has been 
shown to be effective in the treatment of pain. There are many different 
applications of TENS that combine various stimulus parameters (pulse 
frequency, pulse duration, pulse amplitude) and various treatment 
durations. Low-frequency, high-amplitude TENS (sometimes referred 
to as acupuncture-like TENS) was shown to be effective for relieving 
hand and wrist pain in patients with RA, whereas higher-frequency 
TENS was not.3 In patients with knee OA, greater pain relief was 
observed when high-intensity burst modes and acupuncture-like TENS 
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subjects in the isokinetic group terminated the study earlier, presum-
ably owing to increased pain symptoms.24

Both isotonic and isokinetic exercise involve moving the joint 
against resistance through a range of motion. These types of exercise 
may expose the joint to greater shearing forces compared with isomet-
ric exercise. We have found in our experience that when patients with 
arthritis have difficulty performing resisted motions, isometric exer-
cises seem to be a more tolerable alternative. The reason for this may 
be that because there is no joint motion during the muscle contraction, 
there is less shearing applied to the joint, which may make the exercise 
more tolerable.

Strengthening exercises can be designed to use concentric or eccen-
tric contractions. During concentric contractions the limb is acceler-
ated against an external resistance (e.g., gravity, weights), resulting in 
an overall shortening of muscle length during the movement. During 
eccentric contractions the limb is decelerated against an external resis-
tance, resulting in an overall lengthening of the muscle.

Functional activities involve combinations of isometric, isotonic, 
concentric, and eccentric muscle contractions. Therefore, a well-
rounded strengthening program should include activities that involve 
each of these types of muscle contractions. Recently, some investiga-
tors have explored the use of functional task-specific strengthening in 
elderly subjects.26,27 In this type of training, the therapist and the 
patient identify which functional tasks are most problematic. The 
therapist then breaks the task up into segments that can be used as 
strengthening exercises. In this manner, patients train their weak 
muscles exactly as they will need to use them to perform tasks. As the 
patient gets stronger, the therapist adjusts how the patient performs 
the task-specific exercise, demanding more effort from the target 
muscles as they get stronger. There is some evidence to suggest that 
this approach may be more effective in improving overall function than 
standard exercise approaches.26,27

No matter what type of exercise is used in the strengthening 
program, adequate training dosage is an important consideration to 
obtain beneficial effects. The approach must provide enough loading 
to the muscle to induce a strength-training effect without exacerbating 
pain and inflammation of the joints. Recent studies indicate that using 
a graded progression of exercise resistance and adjusting training 
volume to match the level of resistance allows people with either fibro-
myalgia or rheumatoid arthritis to train intensely enough to obtain 
improvements in pain, strength, muscle hypertrophy, and performance-
based and self-reported measures of function without exacerbating 
symptoms at their joints.28-30 The amount or resistance used in these 
studies was based on a percentage of a one-repetition-maximum 
(1-RM), which is the maximum load a person can lift for a given exer-
cise in one repetition. For the first few weeks, subjects exercise at 40% 
to 60% of 1-RM and perform 15 to 20 repetitions (lower loads, more 
repetitions.) In the next few weeks, the load was increased to 60% to 
70% of 1-RM and the repetitions reduced to 8 to 12 repetitions. In the 
final few weeks of the program, the load was progressed to 70% to 80% 
of 1-RM and the repetitions were reduced to 5 to 10 repetitions. Sub-
jects were gradually exposed to higher loads over the course of training; 
and as the load increased, the number of repetitions were reduced to 
keep the overall intensity of exercise tolerable. A new 1-RM was re-
established every few weeks, so that as subjects became stronger, the 
exercise load could be increased accordingly.

In many forms of arthritis, such as RA, the hands are particularly 
affected, with significant decreases in strength and range of motion 
secondary to the development of deformities. Therapy often focuses on 
remediating hand function by providing a home program of hand-
specific resistive exercises, such as Thera-Putty, and full-range passive 
or active range of motion exercises. Although it is common practice to 
provide these exercises, the evidence to support this practice is minimal 
and conflicting.31 There are no guidelines as to which exercises are 
most effective or to the frequency and duration of the exercises.32 
Wessel31 comments that although much further research needs to be 
completed to determine the effectiveness of hand-specific exercises, 
clinicians should continue to recommend these programs.

Aerobic capacity
Aerobic exercises are typically moderate-intensity exercises, involving 
larger muscle groups, that are performed over extended periods of time 

periods, benefits may still be obtained by performing more repetitions 
at shorter durations. Adding a modest weight (0.45 to 1.35 kg) to assist 
in hold ing the stretch position during exercise also seems to enhance 
the effects of a stretching exercise on improving joint motion in elderly 
subjects.19

Joint mobilization techniques are frequently used to improve joint 
motion, by improving accessory joint motions (i.e., sliding or distrac-
tions between joint surfaces) that accompany normal joint motion. For 
example, during knee flexion, the tibia slides posteriorly on the femur 
during the flexion motion of the joint. If this posterior sliding is 
limited, there will be limited knee flexion motion. The therapist per-
forms joint mobilization techniques designed to restore the normal 
posterior slide, which, in turn, improves the knee flexion motion. Joint 
mobilization techniques vary, depending on the joint motions being 
targeted and the accessory motions that accompany the targeted 
motions. Higher-intensity mobilizations (oscillations of the accessory 
motions near the end of the available range) are used to improve  
joint motion, but lower-intensity mobilizations (oscillations of the 
accessory motions in the middle of the available range) can be used to 
induce relaxation and perhaps pain modulation.

There have been only a few studies examining the effects of joint 
mobilization in patients with arthritis. In a randomized clinical trial 
in patients with knee OA, the combined use of joint mobilization with 
a supervised stretching and strengthening exercise program for all 
impaired lower extremity joints and the spine resulted in greater 
improvements in self-reported and performance-based measures of 
function than when only a home exercise program without joint mobi-
lization was employed.20 Changes in knee motion were not reported in 
this study. Similarly, in a randomized trial in patients with hip OA, 
subjects receiving a distraction joint manipulation technique combined 
with lower extremity stretching and strengthening had greater improve-
ments in pain, self-reported hip function, hip range of motion, and 
walking speed than subjects randomized to exercise without hip 
manipulation.21 In these studies, groups receiving exercise only did not 
appear to receive equivalent exercise programs to the groups receiving 
the joint mobilization/manipulation techniques. Therefore, the exact 
contribution of these techniques to the outcomes is not clear. At any 
rate, the combined use of the joint mobilization techniques with other 
exercises appeared helpful. Furthermore, it should be noted that the 
interventions were designed to address limitations in joint mobility of 
all joints in the lower extremity and not just in the knee or hip. This 
underscores the need to examine and address all existing impaired joint 
motions to maximize the effects of rehabilitation.

Muscle strength
Muscle strengthening is recognized as an important element of reha-
bilitation for people with arthritis.2,15,22,23 Muscle weakness is frequently 
associated with greater disability in patients with arthritis and, in some 
cases, such as knee osteoarthritis, there is debate as to whether muscle 
weakness may be a precursor to arthritis. In addition, muscles can play 
a significant role in absorbing and dissipating loads across joints, which 
may help to reduce pain and prevent damage to the joint structures. 
Muscle-strengthening programs have resulted in reduced pain, 
increased muscle force output, and improvements in performance-
based and self-reported function measures for some people with various 
forms of arthritis.2,15,22,23

There are several alternative types of strengthening exercises. Iso-
metric exercises involve contracting the muscle against a resistance 
without allowing joint motion to occur. These types of exercises are 
usually performed at multiple angles throughout the joint range of 
motion. Isotonic exercise involves moving a constant amount of resis-
tance through the joint range of motion. Weight-lifting exercises are a 
type of isotonic exercise. In some clinic settings, computerized dyna-
mometers are available to allow for isokinetic exercise, in which 
resisted muscle contractions can be performed through a range of 
motion at constant velocity. There have been few studies performed 
comparing the effectiveness of isometric, isotonic, and isokinetic exer-
cise. Recent studies indicate that all three types can improve pain, 
walking speed, muscle strength, and self-reported disability.24,25 In one 
study, isotonic exercise resulted in the best results for pain control and 
isokinetic exercise resulted in the best results for walking speed.24 More 
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to be associated with poorer physical function scores in people with 
arthritis.49 Strategies have been developed to help patients with low 
back pain overcome their fear of physical activity during rehabilitation, 
and these strategies might be helpful for people with arthritis who also 
have higher degrees of pain-related fear.

An approach that has been found to improve the outcome of reha-
bilitation for people with low back pain who have pain-related fear is 
known as “Graded in-vivo Exposure” (GivE).50 In this approach, the 
therapist and patient identify the types of physical activities or tasks 
that invoke a fear response and then rank the tasks with respect to the 
amount of fear. At the beginning of therapy, patients are educated in 
the concept of fear-avoidance behaviors and how these can limit an 
individual’s ability to function. During therapy, the therapist models 
task-specific modifications and proper body mechanics for the fear-
inducing tasks or activities. The patient then practices these modifica-
tions and body mechanic techniques under the supervision of the 
therapist. The gradual and systematic exposure to the fear-inducing 
activities is intended to disconfirm the patient’s pain- and fear-related 
expectations associated with the physical activity.

Although the GivE approach has not been formally evaluated in 
people with arthritis, it would seem that this type of approach could 
be helpful for those patients with arthritis who fear performing certain 
physical tasks or activities. This type of approach should also fit with 
the task-specific strengthening principles described earlier. At any rate, 
clinicians should assess whether their patients with arthritis are expe-
riencing pain or activity-related fears and pursue approaches that will 
help diminish the fear so that functional capacity can be optimized.

ADAPTIVE REHABILITATION APPROACHES
Because many arthritic conditions are progressive in nature, teaching 
compensatory skills to promote independent, safe, and comfortable 
functioning is a key rehabilitation technique. Many people with arthri-
tis experience limitations in their ability to perform activities of daily 
living (ADLs) owing to limitations in range of motion, strength, and 
endurance. ADLs refer to a very large category of tasks and activities: 
those that involve taking care of oneself and one’s immediate environ-
ment. They are often broken down into basic ADLs (BADLs), which 
are tasks related to self-maintenance, such as functional mobility 
(including transfers), personal hygiene/grooming, bathing, bowel/
bladder management/hygiene, dressing, eating, and sexual activity, and 
instrumental ADLs (IADLs), which are tasks that involve interacting 
with the immediate environment, such as care of others, communica-
tion device use, community mobility, financial management, meal 
preparation, home care, emergency response, and shopping.51 There 
are strong associations between ADL ability and impairments in 
strength, range of motion, and endurance, which suggests that reme-
diating these impairments can improve ADL performance.52-54 However, 
research also suggests that a person’s level of impairment does not 
always predict ADL performance54-56 because other factors, such as the 
environment or pain-related fear, can facilitate or prevent function. 
Providing compensatory techniques is one method to improve ADL 
ability and is the most responsive to changes in abilities as the disease 
progresses.

Assistive devices
One method to remediate ADLs is to provide assistive devices. Assis-
tive device is a broad term defined according to the Technology-Related 
Assistance for Individuals with Disabilities Act of 1988 as “any item, 
piece of equipment, or product system, whether acquired commercially 
off the shelf, modified or customized, that is used to increase, main-
tain, or improve functional capabilities of individuals with disabilities.” 
Table 46.1 provides some of the more common assistive devices and 
their uses during BADL activities.57 Although the prescription of assis-
tive devices is common in therapy, there is limited high-quality evi-
dence to support their use.58 Available research suggests that assistive 
devices can improve performance in people with arthritis59 and have 
been associated with improved psychological well-being.60 Unfortu-
nately, compliance with assistive device use may be limited; estima-
tions suggest that 36% of bathing equipment, 26% of dressing devices, 
and 19% of mobility devices are not used.61 Compliance depends on a 

(30-60 minutes or longer) to improve cardiovascular function. Exam-
ples of aerobic exercise include walking, cycling, and pool exercises. 
For the activity to be considered aerobic, the intensity of the exercise 
should typically range between 50% to 70% of the individual’s heart 
rate reserve (heart rate reserve = 220 − age − resting heart rate × (% 
intensity) + resting heart rate). For example, for 60-year-old individuals 
with a resting heart rate of 80 who want to exercise at 60% of their 
heart rate reserve, the calculated target heart rate would be (220 − 60 
− 80 × .60) + 80 = 128 beats per minute.

Aerobic exercise has been recommended as part of the management 
for patients with a variety of rheumatologic disorders in a number of 
published treatment guidelines.2,12,15,33,34 Aerobic exercise programs 
have been shown to reduce pain,2,34 improve function and quality of 
life,2,15,34 improve aerobic capacity and endurance,35-37 and improve 
mental health.36-38

Walking programs have generally been studied for effectiveness. The 
type of walking program found to be beneficial typically involves a 
10-minute warm-up of muscular stretching and slow walking, followed 
by 30 to 40 minutes of walking at 50% to 70% of the individual’s heart 
rate reserve, then followed by a 10-minute cool down period.39 Cycling 
is another form of aerobic exercise that can be beneficial. Mangione 
and associates reported that stationary cycling for 25 minutes, three 
times a week, at either 40% or 70% of the heart rate reserve resulted 
in reduced pain, improved aerobic capacity, and improved performance 
on functional tests in subjects with knee OA.35 Cycling should be 
considered for subjects with arthritis who may have difficulty with a 
walking program due to joint pain.

Aquatic exercise programs are an alternative for people with rheu-
matologic conditions because the buoyancy of the water helps to reduce 
loading on joints, making it easier for patients with arthritis or fibro-
myalgia to exercise. These programs can include a combination of limb 
movements against water resistance and walking or jogging in the pool. 
Similar to studies of other aerobic exercises, those studies of aquatic 
programs that maintain an aerobic dose (60% to 75% of heart rate 
reserve) have reported improvements in variables such as pain, muscle 
strength, aerobic capacity, self-report and performance-based measures 
of function, day-time fatigue, anxiety, and depression.36-38

Balance and agility
In recent years, more attention has been given to the importance of 
balance in patients with arthritis. Studies have indicated that people 
with knee OA have deficits in measures of balance compared with 
age- and gender-matched controls and that these balance deficits may 
be associated with limitations in function40,41 and functional decline.42 
In some cases, balance may be altered, even in the absence of muscular 
strength deficits.43 Therefore, rehabilitation programs may need to 
incorporate interventions specifically designed to challenge balance 
abilities for people with arthritis.

A variety of activities can be used in balance training for people with 
arthritis. Some authors have described techniques that use a combina-
tion of balance board and roller board activities.44,45 Single-leg standing 
and tandem standing activities, as well as agility training techniques 
that focus on quick stops and starts, sudden changes in direction, and 
cross-over stepping have also been combined with balance board activi-
ties to challenge balance.44-46 Tai chi activities are also being used more 
frequently for aging people and people with arthritis.47 Although 
strengthening exercise can result in improved balance and function,45,48 
there is some evidence that balance and agility training techniques, 
when combined with strengthening exercises, can result in greater 
short-term improvements in function measures compared with 
strengthening alone.45 Tai chi programs have also resulted in improve-
ments in balance measures in people with knee OA, but it is not clear 
at this time whether they are any more effective than other forms of 
exercise.47

Pain-related fear
The patient’s perception that physical activity or exercise may harm 
his or her joints is sometimes referred to as “pain-related fear.” Pain-
related fear may be a barrier to optimal patient participation in an 
exercise or physical activity program. Pain-related fear has been shown 
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increasing range of motion, increasing hand strength, and improving 
function.66 Although the evidence to support hand splints is somewhat 
equivocal, and more high-quality studies are needed to support or 
refute their use, Egan and associates suggested that because splints are 
relatively inexpensive and not harmful, current clinical practice should 
be to prescribe splints for patients on a case-by-case basis to see if they 
help.63

Lower extremity orthoses, such as knee braces and shoe inserts, can 
also be used as adjunct interventions to reduce pain, relieve joint stress, 
or improve joint stability for people with arthritis. Knee orthoses have 
specially designed axes and straps to reduce compartmental loading of 
the knee. The most common type is a valgus brace, in which a valgus 
force is applied to the knee through the brace to unload the medial 
compartment.67 These types of braces can also be modified to apply a 
varus load to the knee for patients with lateral compartment involve-
ment. The evidence for effectiveness of these braces is limited, but it 
appears they can help some individuals.68,69 Biomechanical studies 
have shown that these braces can reduce joint compartmental 
loading,67,70 and a recent study suggested that the bracing may improve 
joint stability.71 Currently, there are no specific guidelines that identify 
who will respond to this type of bracing. There is likely a cutoff point 
with regard to the degree of joint deformity beyond which the brace 
may no longer be effective, but this cutoff point has not yet been estab-
lished. The willingness of a patient to wear the brace can also be a 
limiting factor, because some patients find the brace to be cumber-
some. However, newer, lighter-weight designs may help address this 
problem. Valgus bracing may also be a reasonable option for those 
patients who are not good candidates for surgical realignment 
procedures.

Like knee braces, shoe inserts may also be used to reduce lower 
extremity pain or joint stress. In some cases they are used as cushion-
ing to help dissipate some of the loading transmitted through the lower 
extremity, relieving some joint stress and discomfort. Recently, the use 
of laterally wedged inserts has become popular for people with medial 
compartment knee arthritis. The lateral wedge insert is believed to 
reduce medial compartment loading indirectly by enhancing foot and 
ankle pronation, which, in turn, should result in an increased valgus 
load at the knee. There have been some biomechanical studies to 
indicate that these inserts can reduce varus moments at the knee.72,73 
The use of a “subtalar” strap, combined with the lateral wedge seems 
to have a moderately better effect on reducing the knee adduction 
moment compared with a lateral wedge alone, in people with moder-
ately severe, but not severe radiographic knee OA.74 The strapping may 
help by preventing excessive pronation at the foot and ankle, which 
might otherwise dissipate the effects of the insert on the knee.

The evidence for the effectiveness of the lateral wedge inserts is 
mixed. Baker and colleagues75 did not find an overall difference between 
groups using a lateral wedge insert compared to a neutral insert for 
people with medial knee OA, although there did appear to be a sub-
group of patients in this study with less severe OA and lower BMI who 
had improvements in pain75; a subtalar strap was not used with the 
lateral wedge in this study. In contrast, Toda and Segal have observed 
significant improvements in pain and function when using a lateral 
wedge insert combined with subtalar strapping.72 Regardless of whether 
a subtalar strap is used or not, it appears that this intervention is most 
effective in patients with mild to moderate arthritis and may not be 
very effective in those with severe knee OA.

Self-management instruction
One common trend in arthritis management is education in self-
management techniques.76 These programs provide people with 
arthritis with education about aspects of their disease, such as pain 
management, fitness/exercise, and healthy eating and are often com-
bined with training in effective coping, such as goal setting, action 
plans, and problem solving.76,77 The programs can vary tremendously 
in content and can include disease information, methods of pain man-
agement, exercise, training in ADLs, social skills training, and relax-
ation techniques.76 Although the quality of the research varies, studies 
have generally found that education programs have a small effect on 
pain and a moderate effect on function in the short term,64 the carry-
over of these positive outcomes is less apparent.64,77-80 Self-management 

variety of factors, such as age, diagnosis, disease severity, and the per-
ception of the utility and attractiveness of the assistive device.62 The 
environment in which the device will be used affects compliance: for 
example, durable medical equipment, such as toilet seats, may be 
discarded if they do not fit the toilet, if the user cannot access the 
bathroom due to narrow doorways, or if they do not fit the person.61 
One way to increase compliance is to ensure that assistive devices are 
prescribed by an experienced person and that patients are properly 
trained in their use.61

Orthotic devices and splints
One type of assistive device that can be either remedial or compensa-
tory is the hand orthotic device, or splint. Hand splints can be used 
for a variety of reasons—to provide support, align joints, immobilize 
joints, reduce pain, prevent or correct deformity, assist a weak muscle, 
or position the hand for functional activities63—and are particularly 
used for patients with RA and carpometacarpal joint OA. Hand splints 
can be custom made by an occupational therapist or be purchased 
prefabricated.

Although hand splints are frequently provided for patients with 
arthritis, there have been few high-quality studies done on their effec-
tiveness. Systematic reviews of the effectiveness of splints for RA 
reported that the evidence was unclear as to whether splints signifi-
cantly improved work performance,63,64 although some reviews have 
suggested that they have a positive effect on pain.64 A systematic review 
on the effectiveness of opponens-type splints (a splint that immobilizes 
the thumb) in the treatment of carpometacarpal joint OA reported that 
these splints were effective in both reducing pain and increasing func-
tion.65 One study that examined the effectiveness of splinting on 
increasing range of motion of the proximal interphalangeal joints of 
individuals with RA reported that both static splints (i.e., splints that 
have no moving parts) and dynamic splints (i.e., splints that apply a 
graded/increasing force on a contracted joint) were effective in 

TABLE 46.1 COMMONLY PRESCRIBED ASSISTIVE DEVICES FOR BASIC 
ACTIVITIES OF DAILY LIVING (BADLS)

Functional mobility Walker, cane, wheeled mobility (i.e., wheelchair, 
scooter), orthotic device for hip/knee/ankle

Transfers Stand assist device, transfer (sliding) boards, pivot 
discs, transfer poles, push-up bars, grab bars, bed rails, 
trapeze, lift chairs, seat assists, raised seating (e.g., 
raised toilet seat, hospital bed, chair)

Grooming/hygiene Long, easy grip, and/or angled handled tools (e.g., 
toothbrush, brush, razor, deodorant holder, toenail 
clippers, tweezers); electric toothbrush; aerosol can 
adapter; pump toothpaste dispenser; floss sticks; 
hands-free hair dryer holder; suction cup fingernail 
cutters/brush/file; toilet paper holder; toilet transfer 
assists

Bathing Tub seat, bath transfer assists, non-slip bath mat, 
hand-held shower; long-handled sponge, soap 
dispensers, shower caddy

Dressing Dressing stick, long-handled shoe horn; sock aid; 
elastic laces, Velcro closures, button hook, zipper pull, 
adapted bra

Eating Long, easy grip, swivel, and/or angled handled tools 
(e.g., spoon, fork); rocker knife; two-handled cups; 
Dycem/non-slip materials; high-sided or scoop plate; 
ring pull can opener; bottle opener; packaging 
opener; kettle/jug tipper

Other devices Reacher, medication manager, pill bottle opener, 
phone holder/headset, large-button phone, portable 
stool, pen/pencil cushions, doorknob turners, lamp 
switch enlargers, easy grip/high leverage key holders, 
adapted scissors
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Chronic fatigue is reported by patients with arthritis to significantly 
affect many aspects of their life, including BADLs, work and leisure, 
family relationships, and emotional responses to situations. Fatigue is 
reported to limit social contact, and many workers cut back their work 
due to fatigue.86,87 Although fatigue is often identified to be as limiting 
as pain for many people with arthritis, they seldom discuss it with 
others. The importance of measuring fatigue as an outcome measure 
was only recently identified during OMERACT 6 in 2002,88 and, there-
fore, there has been only limited research to assess effective methods 
of reducing fatigue in people with arthritis.

Interventions to remediate fatigue can generally be divided into two 
types: aerobic exercise and behavioral interventions. Aerobic exercise 
has been shown to be an effective method of reducing fatigue, and 
research suggests that low-intensity aerobics (e.g., brisk walking) per-
formed at least three times weekly for 15 to 30 minutes can reduce 
feelings of chronic fatigue.85,89 Behavioral programs, which provide 
education in self-management techniques, have been shown to be 
effective for reducing fatigue.85 One fatigue self-management program 
is energy conservation. Energy conservation provides persons with 
arthritis-specific strategies to address issues related to fatigue, such as 
valuing rest, budgeting and banking energy, taking planned rest periods, 
breaking down fatiguing tasks into smaller components, using good 
body mechanics, using energy efficient appliances, and learning to 
communicate personal needs to others.90

Work adaptations
Work is a valued activity, both for individuals and society. Arthritis is 
the third leading cause of work disability: 8.2 million working aged 
U.S. adults (about 1 in 20) report work limitations due to arthritis.91 
Work disability refers to limitations in ability to work due to impaired 
health and is manifested as premature work cessation (prior to  
normal age of retirement) and, among employed persons, as reduced 
productivity.

People with RA have identified several job accommodation strate-
gies that reduce work disability. One common accommodation was to 
make the job more flexible, including controlling work hours, taking 
rest breaks, or delegating tasks. However, Chorus and colleagues 
reported that job modifications that resulted in loss of productivity, 
such as working fewer hours or delegating, were associated with a 
greater risk of eventual work disability.92 Modifications developed with 
the assistance of a health care provider, such as work-specific self-
management programs and ergonomic assessments to modify the work 
environment or work task methods to better fit the needs of the worker 
with arthritis have been reported to be effective ways to adapt the  
job.93-98 Workers who report having received work interventions by 
health care professionals were less likely to report work disability.95,96

One method to obtain work modifications is the Americans with 
Disability Act (ADA), Title I. The ADA was enacted in 1990 to prevent 
discrimination against workers with disabilities in the workplace. An 
important aspect of the ADA was to ensure that employers provide 
workers with any requested “reasonable accommodation,” a modifica-
tion or adjustment to a job or work environment that enables a quali-
fied person with a disability to perform essential job tasks. Reasonable 
accommodations can include physical changes to the environment 
(e.g., raising or lowering work heights), adaptive equipment (e.g., 
special chairs, power-assisted lifting devices), or changes to the work 
organization (e.g., telecommuting, altered hours, changes in non-
essential job function). The U.S. Department of Labor’s Office of Dis-
ability Employment Policy (ODEP) has created the Job Accommodation 
Network (JAN) (http://www.jan.wvu.edu/) to provide employers, people 
with disabilities, and other interested parties with information on the 
ADA and reasonable accommodations. Although the ADA is available 
for people with arthritis, few use it to remain employed. A recent study 
reported that whereas 63% of workers with arthritis needed a job 
accommodation, only 10% had used the ADA. Factors that affected the 
use of the ADA included not knowing that the ADA was available, the 
perception that they had a disability that could be addressed through 
the ADA, lack of skill in requesting reasonable accommodations, and 
no interaction with a health care professional who suggested using the 
ADA.99

TABLE 46.2 PRINCIPLES OF JOINT PROTECTION TECHNIQUES

Joint protection techniques Example

Respect pain. Immediately stop activity if increased pain is 
experienced.

Maintain muscle strength 
and range of motion.

Maintain a regular hand exercise program 
consisting of resistive exercises and full range of 
motion stretches.

Ensure correct patterns of 
movement.

Avoid using compensatory motions to 
substitute for painful joints because this will 
increase deformity and decrease available range 
of motion (ex: externally rotating shoulder to 
supinated palm).

Use each joint in its most 
stable anatomic and/or 
functional position.

Position the joint so the muscles, not the 
ligaments, provide stability during the activity 
(ex: gripping with the whole hand rather than 
pinching with the finger/thumb).

Avoid positions of 
deformity.

Avoid tasks in which the external load 
encourages the joints to move into the position 
of deformity (ex: holding up a book by the 
edges to read pulls the metacarpophalangeal 
joints into ulnar deviation).

Use the strongest joints 
available for the job.

Use the largest joint possible to do the job (ex: 
Carry bags over the shoulder rather than in the 
fingers).

Reduce forces. Use the lightest possible object for any task (ex: 
replace glass or ceramic mugs with plastic 
mugs).

Avoid staying in one 
position for long periods of 
time.

Change positions and take breaks frequently 
(ex: taking a standing break after 20 minutes of 
sitting).

Avoid starting an activity 
that cannot be stopped 
immediately if proves to be 
beyond a person’s ability.

Plan activities so as to take breaks before 
becoming fatigued. Know the task and 
environment so that appropriate breaks can be 
taken (ex: shop in a mall where there are 
numerous benches so sitting breaks can be 
taken when needed).

Balance rest and activity. Take planned rest breaks; alternate heavier and 
lighter tasks; plan to complete longer activities 
in shorter segments.

From Yasuda YL. Rheumatoid arthritis, osteoarthritis, and fibromyalgia. In: Radomsky MV, 
Trombly Latham CA, eds. Occupational therapy for physical dysfunction, 6th ed. Philadelphia: 
Lippincott Williams & Wilkins, 2008:1214-1243.

programs have been shown to be effective using a variety of session 
numbers,76 group versus individual,81 as well as delivery systems such 
as a mail delivery program82 or the Internet.83 One common educa-
tional program is joint protection. Joint protection techniques are pri-
marily taught to those with RA, although patients with OA have also 
been trained in joint protection.84 Joint protection programs focus on 
teaching techniques thought to reduce the stresses on joints weakened 
by the disease, thereby reducing the tendency for deformities such as 
subluxation and ulnar drift (Table 46.2). There are several high-quality 
systematic reviews that specifically support the effectiveness of joint 
protection techniques for improving function.64

Fatigue
Chronic fatigue is a very common, yet frequently undertreated symp-
tom of many types of arthritis. Chronic fatigue in arthritis has been 
described as different from the normal tiredness experienced by healthy 
people. Chronic fatigue is characterized as a profound lack of energy 
that is not linked to specific overexertion but occurs almost randomly.85 

http://www.jan.wvu.edu/
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Vocational rehabilitation is another method to prevent work dis-
ability. Vocational rehabilitation is a coordinated, multidisciplinary 
program that addresses work retention, preventing work loss, or return-
to-work programs. Vocational rehabilitation assists people to reenter 
employment in the same or different jobs after a period of sick or dis-
ability leave. The actual interventions vary according to the needs of 
each patient and are developed on a case-by-case basis. The effective-
ness of vocational rehabilitation for people with arthritis has been 
assessed with conflicting results. A systematic review on six uncon-
trolled studies on vocational rehabilitation for people with arthritis 
reported some evidence of short-term improvement in employment.100 
More recent controlled studies were equivocal: Allaire and associates 
reported that vocational rehabilitation had a positive effect on job 
loss,101 whereas de Buck and colleagues reported no difference when 
compared with usual outpatient care.102 Most states have departments 
of vocational rehabilitation. Workers who receive federal disability 
benefits may be able to obtain these services at no cost; others pay on 
a sliding scale depending on need.

Unfortunately, work disability is rarely addressed in arthritis. A 
recent qualitative study examining issues experienced by workers with 
arthritis suggested that work is rarely discussed with physicians or 
health care practitioners.95 Studies on workers with arthritis find that 
they frequently implement coping strategies such as changing jobs, 
reducing hours, or reconfiguring their workstation95,98 but rarely have 
interventions by health care practitioners. Those in these studies that 
report having had work interventions by health care professionals were 
more likely to report less work disability.95,96

Although ergonomics assessment, work self-management, and 
potentially vocational rehabilitation may be effective strategies to 
reduce work disability, most workers with arthritis do not obtain these 
interventions. They may not know that ergonomic assessments exist, 
they may not know who to request or pay for an ergonomic assessment, 
and they may fear disclosing their condition to an employer.95 An 
unwillingness to disclose their arthritis condition to an employer and 
coworkers is fairly common among workers with RA. Many workers 
with RA report that they fear adverse consequences, such as work loss, 
discrimination in job promotions, being less valued as a worker, stig-
matization, and dealing with negative coworker reactions if they do 
disclose their arthritis.95 In addition to the barriers to obtaining ergo-
nomic assessment and intervention through work, many workers with 
RA do not discuss their problems at work with their rheumatologists 
who are gatekeepers for these interventions.98

CONCLUSION
The purpose of rehabilitation is to assist patients with arthritis in 
restoring and maintaining an optimal level of function. The patient is 
the main stakeholder in this endeavor and therefore sets the bar in 
determining the optimal level of function. Rehabilitation therapists 
identify the barriers that may limit the ability of people with arthritis 
to achieve optimal function and then provide interventions to over-
come these barriers. Because the barriers are often multifactorial, a 
successful rehabilitation process will require a multidisciplinary effort, 
involving not only physical and occupational therapists but also clinical 
psychologists, vocational rehabilitation counselors, rehabilitation engi-
neers, and recreational therapists.

In this chapter we discussed both remedial and adaptive rehabilita-
tion approaches (Table 46.3). Many patients with arthritis will need a 
combination of both approaches. Remedial rehabilitation is directed at 
restoring or establishing physical capacity and ability, focusing on 
addressing impairments associated with arthritis. We discussed inter-
vention approaches and the degree of evidence supporting interventions 
to improve pain, joint motion, muscular strength, aerobic capacity, and 
balance and agility for people with arthritis. The role of pain-induced 
fear and strategies to overcome fear during rehabilitation was also 
discussed.

Adaptive rehabilitation is directed at finding ways to compensate 
for lost or absent physical capacity or ability and focuses on developing 
alternative or supplementary methods to assist patients in improving 
their task performance. The use and available evidence for using  
assistive devices, orthotics, and splinting techniques were discussed.  

TABLE 46.3 SUMMARY OF REHABILITATION TECHNIQUES

Intervention Application Comments

Remedial approaches

Physical agents
Thermal agents (e.g., 

heat, cold, 
ultrasound)

Electrical stimulation 
(e.g., TENS)

Pain control Most appropriately 
applied on a 
case-by-case basis

Stretching/range of 
motion

Improve joint motion
Improve function

Joint mobilization Improve joint motion
Pain control
Improve function

Lower-intensity joint 
mobilization may be 
effective in pain 
control.

Strengthening exercises
Isometric
Isotonic
Isokinetic
“Task specific”

Increased muscle force 
output

Pain control (when 
combined with 
physical agents)

Improve balance
Improve function

Patients need a 
combination of 
strengthening (e.g., 
isometric, concentric) 
to best improve 
functional ability.

Aerobic exercise Improve aerobic 
capacity and 
endurance

Pain control
Reduce fatigue
Improve function
Improve mental health

Walking or cycling 
programs have been 
shown to be effective 
methods to improve 
aerobic fitness.

Balance training Improve balance and 
agility

Improve function

Tai chi programs are 
potentially effective 
methods to improve 
balance.

Adaptive approaches

Assistive devices Compensate for 
impairments

Improve function
Improve mental health

Compliance can be an 
issue if the devices are 
improperly prescribed 
or provided without 
training in their use.

Splinting Pain control
Improve joint motion
Provide support
Immobilize joint
Correct deformity
Assist with weak 

muscle
Improve function

Splints should be 
considered on a 
case-by-case basis.

Educational programs
Self-management
Joint protection
Vocational 

rehabilitation

Pain control
Improve function
Reduce fatigue

We also identified the effectiveness of educating patients in self- 
management procedures such as joint protection techniques, coping 
strategies for dealing with chronic pain, managing fatigue, and promot-
ing self-efficacy. Because many people with arthritis are still of working 
age, the importance of ergonomic assessments and work task modifica-
tions for these patients was explored. We noted that this is an area of 
care that does not always receive adequate attention. Physicians and 
therapists may need to take a more pro-active role in making sure 
occupational needs are being assessed and addressed for their patients 
with arthritis.
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introduced to the West as early as 1683, when the first European text 
on acupuncture and arthritis was written; the first journal articles on 
acupuncture appeared in the 1820s.3 Over time, as these medical 
systems developed and the needs of the population continuously 
changed, the popularity of CAM ebbed and flowed accordingly.4

In recent years, CAM use has been on the rise. In the United States, 
a 2008 Centers for Disease Control and Prevention (CDC) National 
Health Interview Survey reported from 23,393 interviews that 38% of 
adults and 12% of children had used some form of CAM therapy during 
the past 12 months.1 Although there is no compelling evidence to 
suggest that the use of CAM among rheumatology patients has 
increased dramatically over the past 15 years,5 usage rates among this 
subpopulation are still higher than average. Studies have reported usage 
rates as high as 94%, but recent surveys report that, on average, 44% 
to 66% of rheumatology patients use CAM.6,7 However, the usage rate 
of fibromyalgia patients is particularly high, at 91%.8

Because of the chronic nature of rheumatic disease, as well as the 
palliative nature and adverse effects associated with conventional care 
for this condition, it is not surprising that so many rheumatology 
patients are using CAM. Eisenberg and colleagues9 found that 4 of 10 
CAM users do so to treat chronic disease. The 2002 CDC survey found 
that patients turned to CAM for various reasons:

1. Fifty-four percent believed CAM combined with conventional 
treatment would help.

2. Fifty percent utilized CAM because they thought it might be 
interesting to try.

3. Twenty-six percent used CAM because a conventional medical 
professional suggested they try it.

4. Twenty-eight percent of CAM users believed it would be more 
effective than conventional treatment.1

5. Thirteen percent believed conventional treatment was too 
expensive.

Another survey in the United States, however, found that dissatisfac-
tion with conventional medicine was no more prevalent among CAM 
users than among nonusers; rather, the study found that people were 
more likely to choose CAM if it was congruent with their own values, 
beliefs, and philosophical orientations toward health and life.10 Still, 
this study reported that chronic problems such as low back pain, 
chronic pain, anxiety, and generally poor health status were predictors 
of CAM use.

WIDELY USED COMPLEMENTARY  
AND ALTERNATIVE MEDICINE SYSTEMS  
AND THERAPIES
Surveys indicate that chiropractic, copper bracelets, magnets, herbs, 
topical treatments, electrical stimulators, nutriceuticals, homeopathy, 
massage, acupuncture, diet therapies, relaxation, and spiritual healing 
are all therapies used by rheumatology patients.5,7 This section aims 
to give a brief introduction to the philosophy and practice of a few 
main, commonly used modalities; in particular, therapies that are sup-
ported by evidence are discussed. Moreover, these examples have been 
chosen to illustrate the complexity of CAM systems as well as to 
introduce the reader to some of the main clinical, philosophical, and 
research issues that must be confronted if integration of these therapies 
into mainstream medical practice is to occur. Table 47.1 provides a 
glossary of CAM therapies. A recent report by the Arthritis Research 

Complementary and  
alternative medicine
Brian M. Berman, Elena Gournelos, George T. Lewith, and Brooke Seidelmann

 The majority of rheumatology patients use some form of 
complementary and alternative medicine (CAM).

 Acupuncture, herbal medicine, nutriceuticals, and homeopathy are 
among the most commonly used CAM treatments.

 The evidence for the efficacy of these therapies is limited.
 The majority of research on traditional Chinese medicine in the 

West has focused on acupuncture.
 Studies have shown acupuncture to be effective for specific types 

of pain reduction.
 Some herbal therapies may be as effective as analgesic and 

anti-inflammatory drugs for rheumatic and musculoskeletal 
conditions.

 Nutriceuticals, in particular glucosamine and chondroitin, have 
variable results in the treatment of osteoarthritis and in preventing 
long-term joint damage.

 Homeopathy has not been definitively proven to work for 
rheumatologic conditions.

 Moderate evidence exists for the effectiveness of mind-body 
therapies as adjuncts in the treatment of rheumatoid arthritis and 
osteoarthritis.

 Physicians should consider that CAM can be integrated into the 
conventional management of rheumatologic conditions in a 
thoughtful, professional, and cooperative manner.

INTRODUCTION
Complementary, alternative, and integrative medicine are blanket 
terms that comprise a large variety of health treatments clustered 
together because they exist outside the parameters of conventional 
treatment (i.e., neither taught widely in medical schools nor generally 
available in hospitals1). They include whole systems of medicine as 
well as individual treatment options. The terms complementary, alter-
native, and integrative refer not to the particular modalities used but 
to the manner in which health care is obtained; in other words, people 
can obtain health care from a non-conventional practitioner in con-
junction with conventional care (complementary), instead of conven-
tional care (alternative), or from a provider or group of providers who 
have blended conventional and non-conventional care in their practice 
(integrative). Moreover, the status of any therapeutic practice is in 
constant flux; many therapies once considered complementary or alter-
native may gain acceptance and be slowly incorporated into main-
stream practice, whereas others may prove ineffective or dangerous.

Although it is commonly known that the traditional medical 
systems of Asia have been practiced for thousands of years, the history 
of complementary and alternative medicine (CAM) in the West, 
although well documented,2 is not always discussed. CAM use in the 
West is not a recent phenomenon; rather, many of the alternative 
systems of medicine being used today (e.g., herbalism, chiropractic, 
naturopathy, and homeopathy) have evolved alongside allopathic medi-
cine. Although the medicinal use of Western herbs predates history, 
herbalism as it is practiced today was first developed in the late 18th 
century. Homeopathy was developed during the same time period, 
whereas chiropractic, osteopathy, and naturopathy followed in the late 
19th century. In addition, Asian systems of medicine were formally 
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TABLE 47.1 GLOSSARY OF COMMON COMPLEMENTARY AND ALTERNATIVE MEDICINE THERAPIES

Description

Alternative medical systems Complete systems of diagnosis and practice that are based on a unique theoretical framework and are developed independently of 
biomedicine

Traditional  
Chinese medicine

Originating in China over 2000 years ago, this system uses acupuncture, herbs, massage, and meditative exercise (qi gong) to restore 
balance within the body and with nature. It is based on the eight principles of yin, yang, hot, cold, external, internal, deficiency, and 
excess.

Ayurveda In this traditional medical system of India, herbs, massage, yoga, and therapeutic elimination are used to restore balance within the 
body and with nature. It is based on balancing the three doshas: vata, pitta, and kapha.

Homeopathy A system of medicine developed in Germany in the late 1700s, homeopathy is based on the law of similars, in which compounds that 
cause a set of symptoms in large doses can purportedly cure the same symptoms when given in minute doses.

Naturopathy A system of medicine founded on the healing power of nature, naturopathy uses a combination of therapies from the sciences of 
clinical nutrition, herbal medicine, homeopathy, physical medicine, exercise therapy, counseling, stress management, acupuncture, 
natural childbirth, and hydrotherapy.

Mind-body interventions Therapies that employ techniques designed to facilitate the mind’s capacity to affect bodily function and symptoms.

Meditation Intentional self-regulation of attention or a systematic mental focus is used on particular aspects of inner or outer experience. Most 
meditation practices were developed within a religious/spiritual context and held as their ultimate goal some type of spiritual growth, 
personal transformation, and/or transcendental experience. However, it has been argued that, as a health care intervention, meditation 
can be effective regardless of an individual’s cultural or religious background.

Relaxation techniques Techniques are specifically designed to elicit a psychophysiologic state of hypoarousal. They may be aimed at reducing sympathetic 
nervous system activity and blood pressure, easing muscle tension, slowing metabolic processes, or altering brain wave activity.

Guided imagery Mental images are used to promote relaxation and wellness or to facilitate healing of a particular ailment (e.g., cancer, psychological 
trauma). The images can involve any of the senses and may be self-directed or guided by a practitioner.

Hypnosis This describes a state of attentive and focused concentration in which people can be relatively unaware of, but not entirely unconscious 
of, their surroundings. Hypnotized individuals become absorbed in the images presented by the hypnotherapist and tend not to 
register experiences as a part of their conscious awareness.

Biofeedback Mechanical devices that amplify physiologic signals (e.g., blood pressure, muscle activity) are used to teach methods of regulating these 
physiologic processes through intention.

Biologically based therapies Natural and biologically based practices, interventions, and products

Herbalism Plants are used to treat disease and promote health.

Orthomolecular therapies Molecules normally found in the body (e.g., hormones, vitamins, and nutrients) are used to treat disease and promote health.

Diet therapies Specialized dietary regimens (e.g., Gerson therapy, Kelley regimen, macrobiotic diet, Ornish diet, Pritikin diet) are advised for the 
treatment or prevention of a specific disease (e.g., cancer, cardiovascular disease) or for the promotion of general health.

Biologic therapies Substances (e.g., shark cartilage) or molecules (e.g. SAM-e, glucosamine) that are naturally occurring in animal physiology are used to 
treat specific diseases.

Body-based therapies Manipulation or movement of the body for healing purposes

Chiropractic Manipulation of bones and joints based on the relationship between structure (e.g., the spine) and function (i.e., central nervous 
system) to restore balance to the body

Massage Manipulation of body tissues to promote wellness and reduce pain and stress

Rolfing Manipulation and stretching of the fascias to reestablish a healthy alignment of bone and muscle

Reflexology Application of manual pressure to specific areas of the foot that theoretically correspond to different organs or systems of the body

Postural re-education The use of movement and touch to help patients relearn healthy posture. The therapies seek to release habitual, harmful ways of 
holding the body by focusing on awareness through movement.

Energy therapies Therapeutic practices that focus on energy fields originating either within the body (biofields) or from external sources 
(electromagnetic fields)

Magnets Magnets are placed on the body to ease pain.

Pulsed electrical field Injured body parts are placed in an induced electrical field to facilitate healing.

Reiki In this technique of Japanese origin a practitioner channels energy through his/her body and into a patient’s body to promote healing.

Therapeutic touch Often referred to as “laying on of hands” even though actual touch is not required, this therapy uses the healing energy of the therapist 
to identify and repair imbalances in a patient’s biofield.

External qi gong This is a subset of Chinese medical qi gong practice in which a master healer uses the energy of his/her own biofield to bring another 
person’s energy into balance.

Complementary and alternative medicine therapies have been organized into five major groups by the National Center for Complementary and Alternative Medicine: alternative medical systems, 
mind-body interventions, biologically based interventions, manual therapies, and energy therapies.
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significantly from the Western biomedical model. Learning TCM 
without stepping out of a Western framework is like trying to edit a 
Chinese text with English grammar rules.

Treatment
The TCM system encompasses many different treatment modalities, 
each used to shift the vital energy of the body. Many of these tech-
niques stimulate specific points on the body to alter the flow of qi; 
usually, these points are located on meridians (specific channels that 
carry qi through the body; Fig. 47.2). Acupuncture, the most well 
known, involves the insertion of thin, stainless steel needles into these 
points (Fig. 47.3). Similarly, moxibustion (the burning of a specific 
variety of the herb Artemisia vulgaris), cupping (the use of suction), 
and acupressure (manual stimulation) all stimulate acupuncture 
points. Internal remedies are a vital component of TCM; a materia 
medica of over 10,000 herb and animal compounds has been devel-
oped. These herbal remedies are always given in combination and are 
chosen to complement and balance each other. Additionally, TCM 
incorporates a unique system of massage called tui na and uses medita-
tive exercises such as qi gong.

The TCM approach to rheumatic disease is very different from that 
of conventional modern medicine. First, the concept of rheumatic 
disease as it is understood in the West does not exist in TCM. Rather, 
the majority of rheumatic disorders fall into the general classifications 
of painful obstructions (bi syndrome). Within this general diagnosis, 
the particular energetic characteristics that a patient expresses (e.g., 
hot, cold, yin deficiency, blood stagnation, wind, damp) will determine 
diagnosis and treatment. Thus, TCM treatment of rheumatic disor-
ders, as with many CAM disciplines, is individualized; patients with 
the same conventional diagnosis may receive different TCM diagnoses 
and treatments.

Evidence
Although herbal combinations and other treatments are used in con-
junction with acupuncture in clinical practice, the vast majority of 
research on TCM in the West focuses on acupuncture. A large body of 
evidence exists for the underlying physiologic mechanisms of acupunc-
ture in the treatment of pain.12 Most basic research in acupuncture 
focuses on mechanisms for acupuncture analgesia; these include 
neural, humoral, and bioelectric components.13 Numerous studies 
show that various levels of the nervous system are involved in acu-
puncture analgesia from the afferent pathways to the thalamus.14,15 
Moreover, the endorphin system is implicated in acupuncture physiol-
ogy as endorphin levels in cerebrospinal fluid rise after acupuncture.16 
Different needling frequencies have been found to release different 
substances: for example, 2 to 4 Hz releases β-endorphins and met-
enkephalins, whereas 100 to 200 Hz releases serotonin and dynor-
phins.13 The serotonergic and cholinergic systems have also been 
implicated in acupuncture analgesia, which may account for the partial 
naloxone inhibition.17 In addition, recent work with positron emission 
tomography by the Southampton group in conjunction with University 
College, London, suggests that there may be specific neural substrates 
for acupuncture over and above the endorphin-rich placebo expectation 
matrix that has previously been identified as being associated with 
acupuncture and pain. Defining the underlying mechanisms and sub-
strates through which real acupuncture may operate will provide 
important insights into not only acupuncture but also the mechanisms 
of the placebo effect in chronic pain.18

However, evidence for the efficacy of acupuncture in the treatment 
of rheumatic and musculoskeletal disorders is mixed. Different sys-
tematic reviews of the clinical effects of acupuncture analyzed many 
of the same, rather poor-quality, randomized controlled trials and, 
although agreeing about the paucity of research in this field, have come 
to different conclusions with respect to its clinical effectiveness.18-22

Ezzo and associates23 reviewed seven trials of acupuncture for OA 
and found limited evidence that acupuncture is more effective than 
waiting lists or usual treatment, strong evidence that acupuncture is 
more effective than sham for pain, and inconclusive evidence for func-
tion. However, another study by Ernst and coworkers19 reviewed 11 
OA randomized controlled trials; in 7 trials positive results were 
reported but were of poor quality. A review of the randomized con-
trolled trials of acupuncture for fibromyalgia21 (n = 7) found positive 

Campaign (U.K.) systematically reviewed a wide range of nutritional 
and herbal products and their likely clinical effects in osteoarthritis 
(OA), rheumatoid arthritis (RA), and fibromyalgia1; it is primarily tar-
geted at patients but provides an important source of unbiased and 
rigorous information about these approaches.

Traditional Chinese medicine and acupuncture
Philosophy and history
Traditional Chinese medicine (TCM) is the product of thousands of 
years of philosophical, political, spiritual, and scientific evolution. 
Although its exact origin remains controversial, it is generally accepted 
that the first true Chinese medical texts emerged around 200 bc.11 
Today, TCM is an intricate medical system based on ancient  
philosophies, symptom-based clinical practice, a complicated individu-
alized diagnostic system, and a variety of treatment modalities, includ-
ing various types of acupuncture, massage (tui na), and herbal 
medicines.

Like many CAM systems, TCM is based on a belief in the existence 
of a life force or vital energy that runs through the body and affects its 
functioning. This energy takes the form of the vital substances: qi, 
blood, essence, and body fluids. People are healthy when their energy 
is unobstructed, balanced, and harmonious; it is the practitioner’s aim 
to restore this energetic state through the manipulation of the vital 
essences. Imbalances are diagnosed into syndrome patterns according 
to a number of complex yet subtle theories that provide the basis for 
treatment. Central to this is the theory of yin and yang (Fig. 47.1). The 
terms and concepts within TCM have no Western equivalents; at best, 
they are roughly translated and are therefore easily misinterpreted. For 
example, concepts such as blood or kidney may seem familiar but their 
meaning in the context of TCM encompasses more and differs 

YIN–YANG THEORY

Fig. 47.1 Yin-yang theory. The concept of yin and yang is of utmost 
importance in traditional Chinese medicine, as well as in other styles of 
oriental medicine and acupuncture. Yin and yang are two dynamic parts of a 
whole; they are opposing, interchangeable forces that contain and define each 
other. They are always in flux and both are always present: one cannot exist 
without the other. Yin is characteristically cool, heavy, dark, moist, condensing, 
descending, and still; yang is bright, expansive, creative, hot, light, ascending, 
and active. Yin is associated with the earth, whereas yang is associated with 
the sun and the heavens. All people contain a balance of yin and yang; when 
this balance is disrupted, health may be affected. For example, yin deficiency/
yang excess may manifest as hot, dry inflammation with restlessness, whereas 
yin excess/yang deficiency could manifest as heavy, dull pain that is 
exacerbated by cold and accompanied by general listlessness. Yin-yang theory 
is the basis for more detailed diagnostic theories such as the “eight principles” 
and zhang-fu organ differentiation. According to ancient Chinese philosophy, 
yin-yang theory is an elegant model for all of nature and the universe.
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but limited evidence that acupuncture affects pain, stiffness, and global 
improvement ratings. Furlan and colleagues22 reviewed 35 randomized, 
controlled trials of acupuncture in the treatment of chronic and acute 
low back pain. The data provided no evidence regarding the effective-
ness of acupuncture for acute low back pain; however, for chronic low 
back pain acupuncture was more effective in pain relief and functional 
improvement than no treatment or sham treatment immediately after 
treatment and in the short term only. In another systematic review 
and meta-analysis, Manheimer and associates24 reviewed 33 random-
ized, controlled trials and found that for patients with acute low back 
pain, acupuncture proved to be ineffective. However, for patients with 
chronic low back pain acupuncture was significantly more effective 
than sham treatment or no treatment but, although the results were 
significant, further research is still necessary to assess the effect of 
acupuncture on acute low back pain and the long-term effects on 
chronic low back pain. A review of acupuncture for chronic pain (n = 
51) found limited evidence that acupuncture is more effective than no 
treatment and inconclusive evidence that it is more effective than 
placebo, sham acupuncture, or standard care.20 Cummings has reviewed 
some of the recent large German studies and showed that acupuncture 
is both cost-effective and considerably more therapeutically effective 
than standard conventional care for chronic back pain, OA knee, 
migraine, tension headache, and neck pain.2

There are very few randomized controlled trials investigating acu-
puncture for RA; preliminary evidence is positive and suggests that 
more research is warranted.25

MERIDIAN THEORY

Anterior view
of meridians

Posterior view
of meridians

Lateral view
of meridians

Meridians of the head
(lateral view)

Lung – 11 points
Large intestine – 20 points
Stomach – 45 points
Spleen – 21 points
Heart – 9 points
Small intestine – 19 points
Bladder – 67 points
Kidney – 27 points
Pericardium – 9 points
Triple burner – 23 points
Gallbladder –44 points
Liver – 14 points
Governing vessel – 28 points
Conception vessel – 24 points

Meridians

Fig. 47.2 Meridian theory. Qi is believed to run through the body in channels called meridians; although most meridians are associated with a major organ of the 
body (e.g., kidney, spleen), they each govern a much broader range of emotional/physiologic functions. Although they flow inside the tissue and organs of the 
body, the meridians are accessible from the surface in some areas; thus, the qi can be manipulated by needling acupuncture points on the meridians. However,  
qi flow is not restricted to specific channels; there are numerous acupuncture points that are not located on meridians.

Fig. 47.3 Acupuncture. Acupuncture is one tool a traditional Chinese medical 
doctor uses to shift a person’s vital energy. It involves the insertion of thin, 
solid, stainless-steel needles into specific points on the body. There are 
numerous styles of acupuncture, including Japanese, Korean, five-element, 
and six energetic levels. Acupuncture points can also be stimulated manually 
without the use of needles; this approach may be better suited for children or 
the elderly.
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Treatment
Herbs are usually prescribed in combination and treatment is individu-
alized. A herbalist approaches the body as a whole system and formu-
lates treatments that address underlying physiologic problems as well 
as acute symptoms. Treatments are usually given orally but may be 
prescribed as external salves. The bulk of a herbal formula is composed 
of alternatives: antirheumatics and anti-inflammatories such as sarsa-
parilla, black cohosh, celery, meadowsweet, nettle, turmeric, boswellia, 
wild yam, devil’s claw, and ginger (Fig. 47.4; Table 47.3). Often, blends 
will contain diuretics, immune stimulants, circulatory stimulants, and 
digestive tonics as well; only a small portion of the blend addresses 
symptoms through analgesic action.35 Nutritional approaches are fre-
quently combined with herbs; ideally, herbs are woven into the daily 
diet as spices and foods.

Evidence
To date, systematic and meta-analytic reviews of the literature in 
rheumatology indicate that a number of herbs may be effective treat-
ments for rheumatic and musculoskeletal conditions.36-39 Randomized 
controlled trials have shown that devil’s claw (Harpagophytum pro-
cumbens) and bromelain (a pineapple extract) may significantly reduce 
pain associated with OA40 and low back pain41; two randomized con-
trolled trials indicate that willow bark extract improves WOMAC pain 
scores in OA patients.38,42 Six randomized controlled trials of the herbal 
mixture Phytodolor (golden rod, aspen leaf/bark, and ash bark) showed 
significantly decreased pain,38 increased function, and decreased rescue 
medication for mixed rheumatic disorders, including OA; there was no 
significant difference between Phytodolor and piroxicam.38 Random-
ized controlled trials investigated topical capsaicin (cayenne) for the 
treatment of OA43,44; collectively, meta-analysis of these data indicates 
that capsaicin is an effective therapy for pain, tenderness, and range of 
motion.39,45

There are also a handful of single studies, but although they were 
of adequate quality, one study is insufficient to draw conclusions about 
the efficacy of any intervention. For instance, one small study (n = 27) 
showed that topical application of nettle leaf reduced pain and disabil-
ity46 and another herbal combination, Reumalex, significantly reduced 
pain in arthritic patients but was not significantly efficacious in OA 
patients alone.47 A systematic review by Little and colleagues48 com-
pared herbal interventions using herbs rich in γ-linolenic acid (GLA) 
to treat RA. The sources of GLA were borage oil, evening primrose oil, 
and blackcurrant seed oil. Compared with the placebo oils (olive oil, 
sunflower oil, cottonseed oil, liquid paraffin, and soybean oil) the oils 
containing GLA significantly improved joint tenderness, swelling, stiff-
ness, and functionality. However, to date, single studies of ginger49 and 
the herbal combinations Eazmov50 and Gitadyl51 have not produced 
evidence of efficacy.

Because of the paucity of quality trials, many herbs traditionally 
used by professional herbalists have not been adequately investigated 
(if at all). Further research is clearly needed.

Nutriceuticals
The term nutriceuticals is a general classification that refers to the 
wide array of biologically based products available to health practitio-
ners and consumers; they include vitamins, minerals, neurotransmit-
ters, hormones, animal products such as shark cartilage and glandulars, 
and other naturally occurring substances such as glucosamine and 
S-adenosyl-methionine (SAM-e). The sheer number of these products 
can be overwhelming to both practitioners and consumers; to date, the 
efficacy and safety of most of these therapies have not been thoroughly 
investigated. However, there are a few nutriceuticals for which a sub-
stantial evidence base is beginning to emerge in the treatment of 
rheumatic and musculoskeletal diseases, most notably, glucosamine 
and chondroitin, SAM-e, and essential fatty acids.

Glucosamine and chondroitin
Numerous narrative and meta-analytic reviews suggest that glucos-
amine, either combined with chondroitin or alone, is effective in reduc-
ing pain and improving physical function in treatment for OA.52-54 
Towheed and coworkers54 reviewed 16 randomized double-blind studies 
and found glucosamine to be significantly more effective than placebo 

The differing conclusions from these systematic reviews may in part 
be caused by the standard rating scales used (e.g., Jadad scale), which 
strongly favor placebo-controlled trials. Acupuncture has no true 
placebo, so many valid randomized controlled trials may be given low 
methodologic scores.26 Important methodologic improvements must 
guide further research. First, most acupuncture trials use formulaic 
acupuncture treatments that are applied to all patients; however, 
because acupuncture treatments are highly individualized in clinical 
practice, this study design tests acupuncture outside its therapeutic 
context.27 Regardless of whether investigators choose a standardized, 
individualized, or hybrid design, an appropriate number of treatments 
must be administered; positive results are significantly correlated with 
trials that include six or more treatments.20 Also, appropriate acupunc-
ture points must be chosen: because there is no standard protocol for 
any given condition, the knowledge and skill of the investigators are 
of the utmost importance. Furthermore, appropriate controls must be 
used. Because placebo-controlled trials are difficult, numerous sham 
procedures have been developed; however, there is no single design that 
will control for all non-specific effects.27

With these questions in mind, in 2004 the University of Maryland 
conducted a large randomized, controlled trial (n = 570) of acupuncture 
for OA of the knee.28 The participants were divided into three groups 
receiving different therapies. The experimental group received true 
acupuncture, whereas the two control groups received either sham 
acupuncture or educational treatment. After 26 weeks the true acu-
puncture group experienced greater pain relief than the sham or edu-
cational groups in the WOMAC function score, WOMAC pain score, 
and the patient global assessment. Overall, the study showed signifi-
cant data that acupuncture provides improvement in pain relief and 
function as a complementary therapy for OA of the knee when com-
pared with sham and educational control groups. This conclusion has 
now largely been supported with the publication of two positive sys-
tematic reviews.3,4

In the late 1990s, the evidence for the use of acupuncture in chronic 
mechanical neck pain was limited.29 A recent study by the CAM 
Research Unit in Southampton demonstrated that acupuncture for 
chronic mechanical neck pain has a similar specific effect size to that 
reported by Berman and associates.28,30 Perhaps the most interesting 
thing about both these large studies is the large and sustained non-
specific effect produced by acupuncture, a particularly relevant observa-
tion when its safety is also taken into account.31,32

Herbalism
Philosophy and history
Although herbs are the most popular and ancient CAM modality,9 
herbalism is one of the least understood systems of medicine. For 
example, herbs are commonly used in isolation by patients with expec-
tations that they will treat a particular disease or symptom; however, 
herbs are very rarely used in isolation by professional herbalists. Also, 
when a herb is shown to be effective for a specific condition, the herb 
tends to be narrowly categorized and its other therapeutic properties 
are ignored. Traditionally, herbs are used in multiple organ systems 
and are applicable to many different conditions. Furthermore, herbal 
treatment protocols are highly individualized and indications for herbs 
may be very specific. Sometimes, herbs are used in an overtly danger-
ous manner. The majority of herb users self-medicate without inform-
ing their doctors,9 and inappropriate selection or combinations of herbs 
can cause adverse events that may mimic, magnify, or oppose the 
effects of pharmaceuticals33 (Table 47.2). Moreover, serious adverse 
effects are often the result of intentional and inappropriate marketing 
of potent herbs, as in the case of ephedra (ma huang) for weight loss 
and energy. Traditionally used to treat asthma in China, ephedra is a 
powerful sympathetic nervous system stimulant that has caused car-
diovascular and CNS events, such as hypertension and stroke.34

The practice of traditional herbalism (TCM or ayurveda) is plant 
centered and requires the use of whole plant material because it is 
found naturally. On an energetic level, the whole plant is believed to 
contain a unique life force that is essential for treatment; on the bio-
chemical level, the whole plant is needed to ensure that all the possible 
complex and unidentified, synergistic compounds within the plant are 
included with the known active constituents.
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TABLE 47.2 REPORTED POTENTIAL HERB-DRUG INTERACTIONS RELEVANT TO RHEUMATOLOGY PRACTICE

Herb Pharmaceutical Effect Mechanism/comment

Asian herbal mixtures:

Sho-saiko-to Prednisone Decreased AUC Contains Glycyrrhiza glabra, Bupleurum falcatum, Pinellia 
ternate, Scutellaria abaicalensis, Zizyphus vulgaris, Panax 
ginseng, Zingiber officialis

Saiboku-to Increased AUC Same as above, with addition of Poria cocos, Magnolia 
officinalis, and Perillae frutescens

Betel nut (Areca catechu) Prednisone, albuterol 
(salbutamol)

Inadequate control of asthma Arecoline challenge caused dose-related 
bronchoconstriction

Cayenne (Capsicum spp.) ACE inhibitors Cough Capsaicin depletes substance P

Theophylline Increased absorption and bioavailability

Devil’s claw (Harpagophytum 
procumbens)

Warfarin Purpura

Dan shen (Salvia miltlorrhiza) Warfarin Increased INR, prolonged PT/PTT Decreased elimination of warfarin in rats

Aspirin Spontaneous hyphema Inhibition of platelet adhesion factor

Warfarin Intracerebral hemorrhage

Paracetamol and 
ergotamine/caffeine

Bilateral subdural hematoma May be due to gingko alone

Thiazide diuretic Hypertension Gingko alone is not associated with hypertension.

GLA-rich herbs (evening 
primrose, blackcurrant, borage)

Drugs that lower 
seizure threshold

Increased side effects Decreased seizure threshold

Licorice (Glycyrrhiza glabra) Prednisone Glycyrrhizin decreases plasma clearance, 
increases AUC, increases plasma 
concentrations of prednisolone

Glycyrrhizin and its metabolite, glycyrrhetinic acid, are 
inhibitors of 5α,5β-reductase and 11β-dehydrogenase 
(converts endogenous cortisol to cortisone

Hydrocortisone Glycyrrhetinic acid potentiates cutaneous 
vasoconstrictor response

MAOIs Increased side effects Glycyrrhizin is an MAOI

Oral contraceptives Hypertension, edema, hypokalemia Oral contraceptives may increase sensitivity to glycyrrhizin

Nettles (Urtica dioica) NSAIDs Increased therapeutic effect Potentiation of anti-inflammatory activity

Panax ginseng Warfarin Decreased INR

Phenelzine Headache and tremor, mania

Corticosteroids Increased side effects Similar side effects

Estrogen replacement Postmenopausal bleeding or mastalgia

Papaya (Carica papaya) Warfarin Increased INR

St. John’s wort (Hypericum 
perforatum)

Paroxetine Lethargy/incontinence

Trazodone Mild serotonin syndrome Can occur with St. John’s wort alone

Sertraline Mild serotonin syndrome

Nefazodone Mild serotonin syndrome

Theophylline Decreased theophylline concentrations

Digoxin Decreased AUC, decreased peak and 
trough concentrations

Most studies indicate that St. John’s wort inhibits 
cytochrome P450 isoenzymes.

Phenprocoumon Decreased AUC

Cyclosporin Decreased concentrations in serum

Oral contraceptives Breakthrough bleeding

Tamarid (Tamarindus indica) Aspirin Increased bioavailability of aspirin

Yohimbe (Pausinystalla yohimbe) Tricyclic 
antidepressants

Hypertension Yohimbe alone is associated with hypertension; 
combination with tricyclics lowers active yohimbe dose.

ACE, angiotensin converting enzyme; AUC, area under the curve; INR, international normalized ratio; GLA, γ-linolenic acid; MAOI, monoamine oxidase inhibitor; NSAID, non-steroidal anti-inflammatory 
drug; PT, dilute prothrombin time; PTT, partial thromboplastin time. It is impossible to summarize all drug-herb interactions. Clinical data are sparse, uncontrolled, and often unreliable; most data are in 
the form of case reports, and issues of dosage, temporal relations, contamination, and concomitant drug-herb use are often unreported. Moreover, the majority of the herb-drug interactions described in 
the literature are theoretical in nature and have not been shown to occur in clinical practice; thus, only clinically reported interactions are summarized here. In addition, the effects may depend on mode of 
ingestion; for example, effects may be stronger if an extract is used (e.g., standardized allicin) as compared with incorporation of herbs into the diet (e.g., garlic cloves in food).
Data from Fugh-Berman A. Herb-drug interactions. Lancet 2000;355:134-138; Deal CL, Schnitzer TJ, Lipstein E, et al. Treatment of arthritis with topical capsaicin: a double-blind trial. Clin Ther 1991;13:383-
395; and Hardy M. Herb-drug interactions: an evidence-based table. Alter Med Alert 2000;June:64-69.
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has not yet been determined, a dose of 500 mg three times daily is 
generally used.

A randomized controlled trial (n = 212) published since the above 
reviews55 has shown that patients taking 1500 mg of oral glucosamine 
sulfate daily over 3 years experienced no significant joint space loss 
and minimum joint space narrowing compared with patients on 
placebo. However, in that study the reliability of the radiographic find-
ings is in question owing to the radiographic method used for determin-
ing joint space narrowing. A National Institutes of Health (NIH)-funded, 

(effect size [ES] = 1.4) and more effective than or equal to non-steroidal 
anti-inflammatory drugs (NSAIDs) with minimal adverse effects 
(approximately 6%). McAlindon and associates53 reviewed randomized 
trials of both glucosamine and chondroitin and found moderate to large 
effect sizes (0.44 and 0.78, respectively); modest yet positive effective 
sizes (0.3 and 0.4, respectively) were found when methodologically 
weak studies were excluded and results were recalculated for outcomes 
at 4 weeks. A narrative review of six trials by Delafuente52 also supports 
the use of glucosamine for OA of the knee; although optimal dosage 

a

b

c

Fig. 47.4 Examples of herbs used in rheumatologic conditions. (a) Sarsaparilla (Smilax rotundifolia): the root is used medicinally. (b) 
Turmeric (Curcuma longa): the root is used medicinally. (c) Cayenne (Capsicum annuum): the fruit is used medicinally. (Courtesy of M. 
Moore, Southwest School of Botanical Medicine.)

TABLE 47.3 MECHANISMS OF PHYTO ANTI-INFLAMMATORY DRUGS

Herb Cyclooxygenase Lipoxygenase Cytokine release Antioxidant

Devil’s claw Inhibition Inhibition Inhibition ?

Stinging nettle Inhibition Inhibition Inhibition ?

Willow bark Inhibition Inhibition ? Yes

Blackcurrant seed Inhibition Inhibition ? ?

Blackcurrant leaf Inhibition Inhibition ? Yes

Evening primrose seed Inhibition Inhibition ? ?

Borage seed Inhibition Inhibition ? ?

Goldenrod leaf, aspen leaf/bark, and ash bark Inhibition Inhibition ? Yes

Known anti-inflammatory mechanisms of medical plants have been summarized by Chrubasik & Roufogalis.35
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diluted. Homeopathy was developed by Samuel Hahnemann, a German 
physician, some 200 years ago. The first principle of homeopathy is 
that of similars: this states that patients who present with particular 
signs and symptoms can be cured if they are given a homeopathic 
medication that produces the same signs and symptoms in a healthy 
individual. In other words, homeopathy is designed around the concept 
of matching the patient’s symptoms with a drug picture produced by 
a homeopathic remedy and the idea of “like cures like” is derived from 
this concept. The second principle, and probably the most confusing 
to orthodox physicians, is that serial dilutions of a medication, often 
until the medication has no molecules of the original product, will 
result in the medication still retaining its homeopathic effects even 
though it is diluted beyond the Avogadro number. Homeopathy there-
fore confronts conventional science at its core and many believe that 
homeopathy can have no more than a placebo effect. In spite of the 
continuing debate concerning the effects of ultramolecular doses of 
medicine, evidence is beginning to emerge that homeopathy may be  
of value in fibromyalgia. There are now four positive clinical trials of 
individualized homeopathy, all of which suggest that it may have 
something to offer this intractable condition.5-8 However, our reason 
for including homeopathy in this chapter is not to provide conclusive 
evidence that it “works” in arthritic conditions but to illustrate some 
of the problems that face us within CAM research.79

Evidence
Jonas and associates80 undertook a systematic review of the quality of 
homeopathic clinical trials. The study contained 59 studies of various 
homeopathic treatments, ranging from stroke, postoperative comp-
lications, arthritis, and fibromyalgia to influenza. The studies in  
rheumatology indicate an odds ratio that, overall, significantly favors 
homeopathy but would suggest, as indeed does the whole of Jonas and 
associates’ systematic review, that there is currently inadequate evi-
dence to make specific claims about homeopathy in any particular 
condition but overall evidence that homeopathy is more than a simple 
placebo effect.

Of particular interest in the context of these studies is that of Fisher 
and coworkers, published in the British Medical Journal in 1989.81 In 
this study, patients with a defined diagnosis (fibromyalgia) were entered 
with a dual allocation process. Patients were entered if they fulfilled 
the diagnostic criteria for fibromyalgia but a second inclusion criterion 
involved them in only being entered into the double-blind, randomized, 
controlled trial if they also fulfilled the specific requirements for the 
prescription of a particular homeopathic remedy, Rhus tox. Fisher’s 
study indicated that individualized treatment need not be a bar to entry 
and therefore evaluates a particular homeopathic remedy against 
placebo in a well-defined, conventional complaint. In a second, more 
recent study, Bell and colleagues82 performed a double-blind, random-
ized trial of homeopathy in the treatment of fibromyalgia. Fifty-three 
patients were randomized to receive either oral, daily liquid homeo-
pathic remedies or an indistinguishable placebo. After 3 months the 
participants who received homeopathic treatments showed signifi-
cantly greater improvements in tender point count and tender point 
pain, quality of life, global health, and less depression than those who 
received the placebo.

Homeopathy therefore provides us with excellent examples of both 
individualized treatment and innovative study methodology as far as 
CAM is concerned. If homeopathy is effective and can be proved to be 
so, this must represent an interesting and complex challenge to modern 
pharmacology.

Mind-body interventions
Mind-body therapies (MBTs) do not constitute a system of medicine 
in and of themselves. Rather, it is a general classification that encom-
passes a wide spectrum of interventions from many different medical 
paradigms; in both traditional and modern practice, MBTs are often 
used as adjunctive or preventative therapies. They include more con-
ventional Western therapies such as psychotherapy, cognitive-behav-
ioral therapy, and hypnosis as well as techniques native to Asian 
medical systems and cultures such as yoga, qi gong, and meditation. 
In addition, MBTs include techniques such as relaxation response, 
guided imagery, and biofeedback as well as more controversial 

multicenter, double-blind trial studied glucosamine, chondroitin 
sulfate, the combination, or placebo in 1583 patients with knee OA 
for 6 months.56 The primary outcome measurement was 20% reduc-
tion in knee pain. Neither solo therapy nor the combination was 
superior to placebo in reduction in pain.

Glucosamine and chondroitin have been suggested to be chondro-
protective agents.56 Both are constituents of connective tissue and are 
capable of increasing proteoglycan synthesis in articular cartilage.57 
Moreover, despite controversy in this area, both substances appear to 
be absorbed intact in the digestive tract.58 In contrast to NSAIDs, no 
serious or fatal side effects have been reported for glucosamine and 
chondroitin.53

S-adenosyl-methionine
Originally used to treat depression,59,60 the effects of SAM-e on joint 
pain were discovered serendipitously when they were observed as side 
effects in clinical trials. Produced from l-methionine and adenosine 
triphosphate, SAM-e is a methyl donor involved in a wide variety of 
metabolic processes throughout the body.60 Although the mechanism 
of action is not completely understood, SAM-e has been shown to have 
anti-inflammatory and analgesic effects without gastrointestinal 
damage in animal models61; in vitro, SAM-e has exhibited chondropro-
tective effects via the stimulation of chondrocytes and the subsequent 
increase in new cartilage production.62

A recent meta-analysis of 13 trials investigating SAM-e in the treat-
ment of OA63 indicated that SAM-e is comparable to ibuprofen (ES = 
0.16) and superior to placebo (ES = 0.36); however, demonstrated 
efficacy was not related to dosage or length of intervention. SAM-e has 
no known side effects,59 but the long-term effects are unknown.

Essential fatty acids
Essential fatty acids, including omega-6 fatty acids (linolenic acid [LA]) 
and γ-linolenic acid [GLA]) and omega-3 fatty acids (α-linolenic acid 
[ALA], eicosapentaenoic acid [EPA], and docosahexaenoic acid [DHA]) 
are the first components of a physiologic cascade that results in pros-
taglandin, leukotriene, and thromboxane production.64 Specifically, the 
presence of omega-3 fatty acids can antagonize the cellular biosynthesis 
of prostaglandins E2 and LTB4, interleukin-1β, and tumor necrosis 
factor65; these lipids play an important role in the pathophysiology of 
RA.66 Moreover, omega-3 fatty acids may inhibit the platelet-activating 
factor synthesis pathway, the cyclooxygenase pathway, and the 5-lipox-
ygenase pathway.67

Omega-3 fatty acids have been shown in numerous reviews to 
improve RA symptoms.65,68,69 Studies have consistently shown that 
omega-3 supplementation reduces the number of tender joints and 
morning stiffness; effects are modest but clear.65,68,70 In addition, mul-
tiple studies indicate that omega-3 supplementation can reduce depen-
dence on NSAIDs and antirheumatic drugs71-74; however, additional 
studies are needed before definitive conclusions can be made.65 No 
significant toxicities have been associated with their use.75

Omega-3 fatty acids are found in fish oils (EPA, DHA), leafy green 
vegetables (ALA), and plant oils such as flaxseed, rapeseed, and walnuts 
(ALA); while all forms are important, EPA and DHA are more easily 
utilized by the body.76 To date, most studies have investigated the 
effects of fish oils; these show that a minimum daily dosage of 3 g of 
EPA and DHA is required for clinical efficacy; benefits become apparent 
after a minimum of 12 weeks.65 Although no serious toxicity has been 
reported, potential adverse effects associated with EPA and DHA have 
been increases in low-density lipoprotein levels and bleeding times and 
a worsening glycemic index in diabetics.77 However, by monitoring the 
dosage clinicians may easily prevent such safety concerns.

In addition, there is evidence for the efficacy of certain omega-6  
fatty acids64; these, however, are generally administered in the form of 
herbal extracts of evening primrose, borage, or blackcurrant74,78 (see 
earlier).

Homeopathy
Homeopathy is probably one of the most widespread, and certainly one 
of the most controversial, treatments within CAM. It involves the 
prescription of often very dilute, indeed in some cases ultramolecular, 
doses of usually herbal products that have been shaken and serially 
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60% to 80% decrease in joint tenderness in RA over NSAID treatment 
alone. The Arthritis Self-Management Program (ASMP) may be par-
ticularly effective for arthritis (especially OA).86,87

In addition, a meta-analysis of similar MBTs for RA found small but 
significant effect sizes for pain (ES = 0.22), disability (ES = 0.36), and 
depression (ES = 0.17).88 Moreover, a meta-analysis of behavioral thera-
pies for chronic low back pain89 found that there was strong evidence 
that MBTs have a moderately positive effect on pain (ES = 0.62) and a 
small positive effect on both functional status (ES = 0.35) and behav-
ioral outcomes (ES = 0.40) as compared with inactive controls; there 
was moderate evidence, however, that MBTs do not improve outcomes 
as adjunct treatments for low back pain. The one exception to this is a 
recent trial of the Alexander technique for low back pain that showed 
this to be a very effective (and cost-effective) intervention. The Alexan-
der technique involves one-on-one lessons with a trained teacher who 
provides a combination of a “hands on” approach, exercises, and MBT 
that relates to an individual’s posture and movement.9,10

The current evidence for efficacy of MBT for fibromyalgia is equivo-
cal: a review of 13 randomized controlled trials found limited evidence 
that MBTs are more effective than waiting list, usual care, and placebo 
for some outcomes; inconclusive evidence for MBTs when compared 
with education/attention controls; and limited evidence that moderate/
high-intensity exercise is more effective than MBTs.90

The current evidence indicates that MBTs are particularly suited to 
improving quality of life by decreasing pain, disability, and depression88 
and improving mood, coping, and social function.91 However, MBT 
research is still in its early stages and issues such as the relative efficacy 
of different MBTs for specific medical conditions, as well as synergistic 
effects of multiple MBTs, have not been adequately examined. More-
over, although some studies have suggested that MBTs may be cost-
effective,92-94 no definitive data currently exist and conclusions are 
premature.87

therapies such as art, music, and dance therapies; prayer; and distant 
healing.

Although these techniques are all based on their own underlying 
philosophies and vary widely in their complexity, they are linked 
together by a fundamental concept. They not only assume that the 
mind and body are inextricably linked but they are also based on the 
idea that the mind can be trained to improve the functioning of  
the body. Common characteristics of MBT include self-regulation of 
attention, focused concentration, and development of self-awareness 
and mental equanimity.83 Sometimes, as in the cases of yoga and qi 
gong, this process is facilitated by physical movements specifically 
developed for this purpose. In other therapies, the mind-body connec-
tion is developed through external cues. For example, biofeedback uses 
a mechanical device that amplifies physiologic indicators (e.g., blood 
pressure) to help patients become “tuned in” to the functioning of their 
body; when the mind has been “trained” to consciously regulate these 
physiologic indicators, the device is no longer needed because patients 
are able to independently alter their physiologic state. Other more 
traditional MBTs (e.g., meditation and prayer) were developed as a part 
of religious or spiritual practice. Some controversial therapies, such as 
distant healing, may even be able to establish a mind-body connection 
between people who are not in immediate contact.84

Evidence
Moderate evidence suggests that MBTs are effective adjuncts in the 
treatment of RA and OA. A meta-analytic comparison (n = 47) of 
psychoeducational interventions (i.e., biofeedback, relaxation, coping 
skills, information, behavioral instruction, social support) and NSAID 
treatment found that psychoeducational components provided addi-
tional benefits over NSAID treatment alone.85 Although the effect sizes 
for MBT were not large, they provided an additional 20% to 30% relief 
of pain in OA and RA, 40% increase in functional ability in RA, and 

TABLE 47.4 LICENSING AND TRAINING OF MAJOR COMPLEMENTARY AND ALTERNATIVE MEDICINE THERAPIES IN THE UNITED STATES

Therapy Licensure (as of 2006) Appropriate training Professional organizations

Acupuncture All states except Alabama, Delaware, Kansas, 
Kentucky, Michigan, Mississippi, Nevada, 
Oklahoma, South Dakota, and Wyoming

Minimum 3-year master’s or doctorate 
degree, variable postgraduate 
training for medical providers

Board exams

American Association of Oriental Medicine
American Academy of Medical Acupuncture
National Acupuncture Foundation
Accreditation Commission for Acupuncture and 

Oriental Medicine
National Certification Commission for 

Acupuncture and Oriental Medicine

Chiropractic All 50 states 3- to 4-year doctorate program at an 
accredited university

Board exams

American Chiropractic Organization
Foundation for Chiropractic Education and 

Research

Massage therapy Alabama, Arkansas, Connecticut, Delaware, District 
of Columbia, Florida, Hawaii, Iowa, Louisiana, 
Maine, Maryland, Mississippi, Missouri, Nebraska, 
Nevada, New Hampshire, New Jersey, New 
Mexico, New York, North Carolina, Ohio, Oregon, 
Rhode Island, South Carolina, Tennessee, Texas, 
Utah, Virginia, Washington, West Virginia, and 
Wisconsin

Minimum of 500 hours, usually from an 
accredited program

Board exams

American Massage Therapy Association
Commission on Massage Training
Accreditation National Certification

Board for Therapeutic Massage and Bodywork

Herbalism None; often practiced under another health care 
license

Apprenticeship program or 3-year 
degree

American Herbalist’s Guild
American Botanical Council
Herb Research Foundation

Naturopathy Arkansas, Arizona, Connecticut, Hawaii, Maine, 
Montana, New Hampshire, Oregon, Utah, 
Vermont, and Washington

4-year accredited doctorate program
Board exams

American Association of Naturopathic Physicians
North American Board of Naturopathic Examiners

Homeopathy Arizona, Connecticut, and Nevada; often practiced 
under another health care license

Naturopathic program, postgraduate 
training for medical providers, 
homeopathic universities abroad

National Center for Homeopathy
American Board of Homeotherapeutics
Homeopathic Academy of Naturopathic 

Physicians
Council for Homeopathic Certification

Licensing laws vary widely from state to state in terms of eligibility, examination, scope of practice, and autonomy; moreover, many states have introduced statutes that have yet to take effect. Training is 
highly variable; the minimum training required for professional competency is listed here. Contact the appropriate professional organization for information on qualified practitioners in your area.
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treatment after 3 or 4 acupuncture sessions, or would it be more 
reasonable to assess the treatment after 8 or 10 sessions?

5. Is the therapist a professional?
6. Is the environment in which treatment is provided safe and 

appropriate?
7. Does the therapist have professional indemnity?
8. Do therapists have a code of ethics, are the data they hold 

legally protected, and will they treat the information given to 
them in a confidential manner?

9. Do therapists have an organization that employs a process of 
self-regulation and will it remove members from their lists if 
they are not behaving ethically?

10. Are therapists aware of, and do they have a process of reporting, 
adverse reactions to the treatments they provide?

11. Is CAM treatment appropriate?
12. Has a clear diagnosis of the problem been made? If such a 

diagnosis cannot be made, have other common problems been 
excluded? Is the patient missing out on an appropriate conven-
tional medical treatment?

13. If the patient has a chronic condition that is relatively stable, 
then it may be reasonable to try a CAM approach, either to 
help symptoms or minimize the use of potentially damaging 
long-term conventional medications.

14. You may know a competent complementary therapist to whom 
you regularly refer; are you sure that the therapist is a safe, 
professional, and competent person?

15. You may wish to refer a patient to another doctor practicing 
some form of CAM; this kind of referral should be treated in 
exactly the same manner as referral to any other properly medi-
cally qualified specialist.

In general, we have so little information about whether complemen-
tary medicine works that it is usually impossible to make an evidence-
based decision. In our view, it is reasonable to embark on CAM 
treatment as long as it is safe and provided in the context of proper 
professional practice associated with clear clinical guidelines.

REFERRAL AND PROFESSIONAL PRACTICE
Above all, physicians need to initiate an open dialogue with their 
patients about CAM therapies; more than 70% of patients who use 
CAM do not inform their physician that they are doing so.95 When 
discussing CAM use with patients, it is important to remain neutral, 
because negative attitudes or labels such as “unorthodox” may discour-
age the patient from discussing CAM use.95 Moreover, issues of safety 
and efficacy (of both conventional and CAM options) should always be 
reviewed and patient preferences and expectations should be discussed 
and documented. From here, patients and physicians can make respon-
sible decisions about treatment options and monitor progress together 
with the CAM provider. Table 47.4 provides information about the 
licensing and professional training of CAM practitioners in the United 
States.

It is impossible to provide specific guidelines for the training and 
practice of CAM on a worldwide basis. As a consequence, we have 
provided some general questions that should be asked by physicians 
thinking of referring patients to CAM or patients thinking of seeking 
CAM treatment.

How do I know the therapist is competent?
1. Do you think that the practitioner is technically competent? 

This usually means, is he or she a member of an appropriate 
organization and has adequate training?

2. Might the therapist advise the patient to change his or her 
conventional medical treatment without seeking the advice of 
the patient’s doctor?

3. Can the proposed treatment be provided safely? If you are dis-
cussing referral to a herbalist, are you sure the herbalist is aware 
of the potential cross reactions between herbal medicine and 
conventional medications?

4. Will the complementary practitioner set guidelines at the first 
appointment for how the practitioner thinks the treatment 
should progress? Should the patient expect a response to 
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MEASUREMENT OF PAIN
Pain is a personal experience: it is not amenable to direct clinical 
measurement and therefore must be inferred from subjective pain 
reports. There are various aspects of pain to measure and many ways 
to perform this measurement. Pain intensity is most commonly mea-
sured via rating scales, many of which are considered to be reliable, 
valid, and appropriate to clinical practice.7 Some may, however, be best 
suited to individuals suffering from constant daily pain.8 There are also 
composite pain scales that are well validated, including that in the 
Arthritis Impact Measure Scale (AIMS).9 As well as measures of inten-
sity there are instruments that assess the impact of pain (e.g., Multi-
dimensional Pain Inventory10 and the different ways in which people 
respond to pain.

The experience and qualities of pain have been captured in the 
McGill questionnaire.11 This instrument has shown similarities and 
differences between individuals with different rheumatic conditions. 
Those with RA and fibromyalgia both use the description “aching and 
exhausting” to describe their pain. They differ in that RA patients use 
the words “stiff” and “moving” most frequently, whereas fibromyalgia 
patients use the words “nagging” and “hurting.”12 Pain quality is also 
dependent on the activity that individuals are engaged in as pain at 
rest tends to be described differently to pain in movement.13

PSYCHOLOGICAL FACTORS AND PAIN
It is understandable that chronic pain that persists for months and 
years will influence all aspects of a person’s functioning. A review by 
Keefe and colleagues14 suggests that more severe pain is associated with 
catastrophizing, pain-related fear, helplessness, and avoidant coping. 
In contrast, lower levels of pain are linked to higher levels of self- 
efficacy, a greater perception of control, active coping, readiness to 
change, and acceptance. Catastrophizing is defined as the tendency to 
focus on pain and negatively evaluate one’s ability to deal and control 
it. Positive relationships have been found between catastrophizing and 
severity of pain, tenderness, pain-related disability, and potentially 
inflammatory disease activity.15 Similarly, feelings of helplessness have 
been positively related to levels of pain16,17 and may explain why some 
patients view pain as inevitable and discontinue treatment as a result 
of failed coping attempts.

Coping is the cognitive, behavioral, and emotional strategies people 
use on a day-to-day basis to help them manage the consequences of 
their disease and has been found to mediate the relationship between 
pain and physical disability in RA.18 A person’s belief in their ability 
to control their pain, known as self-efficacy, has been linked to improved 
adjustment and lower levels of pain.19,20 There is growing evidence that 
increasing levels of self-efficacy through psychosocial interventions is 
related to improved outcomes.21,22

Emotions and pain
A number of factors increase the likelihood that in rheumatology 
clinics a significant proportion of patients may present with depres-
sion. Firstly the prevalence of rheumatic diseases is higher in 
women, as are levels of depression.23 There is also a vast amount of 
literature demonstrating that the presence of pain is not only associ-
ated with depression24 but appears to predict future depression in 
people with RA.25

Non-pharmacologic  
pain management
Hayley James and Stanton P. Newman

INTRODUCTION
The traditional biomedical model suggests that pain is a direct result 
of a confirmed organic dysfunction. Treatments are, therefore, aimed 
at alleviating or curing this damage and/or by blocking these impulses. 
It is, however, now widely accepted that associations between physical 
impairment and pain report and disability are modest at best. Purely 
physiologic explanations for pain symptoms have been unable to 
explain the reports of pain in the absence of physical damage and why 
identical conditions lead to large differences in pain severity, intensity, 
or quality. In response to the shortcomings of the physiologic model, 
the gate control theory of pain was proposed.1,2 This incorporates both 
psychological and physiologic factors, and it offers a biologic basis for 
the role of psychological factors in pain. The biopsychosocial model is 
often seen as an extension of the gate control theory and recognizes 
the role of biology and psychology but also the social determinants of 
pain regardless of its source or whether it is associated with psychopa-
thology. It proposes that environmental factors such as the responses 
of significant others, cognitive factors such as beliefs about pain, and 
coping behaviors all influence the experience of pain.

PREVALENCE OF PAIN IN  
RHEUMATOLOGIC CONDITIONS
Pain is ranked by rheumatoid arthritis (RA) patients as the most 
important symptom.3 In over 11,000 participants with a rheumatic 
condition, over 60% reported severe pain and irritation. Of these, 
45% said the pain limited daily activities, with 37% reporting that the 
ability to lead a normal life was affected and 22% who said they were 
always in pain. When the different types of rheumatic disorders were 
compared, the proportions were highest for those with RA, with half 
reporting that they were always in pain.4 The impact of pain goes 
beyond the sensation; it is associated with frequent use of medica-
tion, health services,5 and time off work.6 Besides the sensation of 
pain, its widespread influence results in a significant impact on 
quality of life.

48
 Pain is determined by a combination of biological, psychological, 

and social factors.
 Sixty percent of rheumatology patients report severe pain and 

irritation.
 Non-pharmacologic interventions include cognitive behavioral 

therapy, relaxation therapy, biofeedback, patient education, 
self-management, and social support interventions.

 These types of interventions aim to change behavior, cognitions, 
and emotions by targeting the psychosocial processes that are 
implicated in the perceptions and response to pain.

 There is good evidence that these interventions can be effective in 
changing pain, particularly in relation to the cognitions 
surrounding pain; this, however, is predominantly in the short 
term.

 More research is needed to identify who may benefit from 
non-pharmacologic interventions.
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Feelings of anxiety, in particular fear of completing tasks that may 
exacerbate pain, can lead to avoiding activities and situations that 
involve movement. Studies suggest that fear of movement and re-injury 
better predict functional limitations than biologic factors and even pain 
severity and duration.26

PSYCHOSOCIAL INTERVENTIONS FOR PAIN
Non-pharmacologic interventions to address pain aim to change 
behavior, cognitions, and emotions by targeting the psychosocial pro-
cesses that are implicated in the perceptions and response to pain. 
These interventions are often offered after traditional biomedical ther-
apies have failed and increasingly alongside traditional pain interven-
tions. A number of general reviews have been undertaken that reveal 
that psychosocial interventions for people with rheumatologic condi-
tions in general significantly reduce pain and increase pain self- 
efficacy after treatment in comparison to control conditions, although 
the overall effect size is often small.8,27 Psychosocial interventions 
include a variety of techniques, often related to each other and pre-
sented in combination. Therefore, a description of the main types and 
their underlying principles is presented prior to an examination of 
evidence.

Cognitive behavioral therapy
The most widely applied and dominant intervention, cognitive behav-
ioral therapy (CBT), acknowledges that cognitive and affective factors 
influence behavior and aims to alter maladaptive cognitive and behav-
ioral responses to pain. The aim is to assist patients to understand 
that they can manage their pain effectively and then provide them with 
the skills to do so. There are five primary assumptions that underlie 
all CBT interventions (Box 48.1).28

The four essential components of CBT are education, skills acquisi-
tion, cognitive behavioral rehearsal, and generalization plus mainte-
nance. Education aims to provide a credible rationale for the intervention 
by engaging the patients and encouraging them to believe that they are 
able to learn the skills necessary to cope better with their pain. Skills 
acquisition allows patients to learn these new behaviors and cognitions 
and practice them in the real world. Patients are encouraged to formu-
late a problem, define an achievable goal, and identify strategies to 
achieve that goal and are rewarded for successful completion. To 
ensure generalization and maintenance after the completion of the 
sessions patients are encouraged to anticipate and plan for future 
events concerning their pain, recognizing that setbacks will occur and 
that they now have the techniques that will allow them to overcome 
these problems.

Relaxation therapy
Relaxation is a widely used component of many psychosocial inter-
ventions to address pain and aims to reduce the psychophysiologic 
arousal frequently associated with pain. It involves steady and deep 
breathing and passively ignoring everyday thoughts and is encouraged 

BOX 48.1 THE ASSUMPTIONS OF COGNITIVE BEHAVIORAL THERAPY
1. An individual’s behavior is influenced by his or her belief about the 

expectations and consequences of the behavior.
2. An individual’s thoughts may alter his or her behavior by interacting with 

emotions and physiologic responses, and, in turn, these thoughts may also 
be influenced by emotional and physiologic responses.

3. The interactions between an individual’s behavior and environmental 
reactions are reciprocal.

4. Interventions should address the emotional, cognitive, and behavioral 
dimensions of the problem.

5. Individuals must become active participants in learning adaptive methods 
of responding to their problems.

as a distraction technique to cope when pain is particularly bad.  
The various forms of relaxation therapy include progressive muscle 
relaxation (PMR), meditation, autogenic training, and guided  
imagery.

Biofeedback
Biofeedback is based on the principle that people learn to perform a 
particular response by making appropriate behavioral adjustments 
when they receive feedback about the consequences of that response. 
Non-invasive electronic biofeedback devices measure the small  
changes in physiologic functions, mostly via the skin surface. These 
recordings are presented as a signal to allow patients to consciously 
monitor their physiologic response. Through this feedback patients 
learn to regulate the physiologic indicators of their bodily states. The 
aim is to remove the biofeedback device when patients are able to  
regulate their physiologic state in the absence of visual or auditory 
feedback.

Patient education
Patient education refers to a set of planned educational activities 
designed to reduce pain and its consequences. Pain education activi-
ties include topics such as information about the condition, encour-
agement of feasible activities that promote quality of life, the pacing 
of activities, coping advice, and information about sources of 
support. The underlying assumption is that patients who are better 
informed about their condition, treatment options, and prognosis 
will be better able to manage their disease and therefore achieve 
better health.

Self-management
Self-management is in part a combination of CBT and patient educa-
tion, incorporating the idea of patient empowerment. According to 
Barlow and colleagues,29 “self management refers to the individual’s 
ability to manage the symptoms, treatment, physical and psychosocial 
consequences and life style changes inherent in living with a chronic 
condition.” There are a range of possible components to a self- 
management intervention, education being one of these. Other widely 
adopted techniques include self-monitoring, skills training, challenging 
unhelpful behaviors, managing emotions, enhancing communication 
skills, social support, promoting readiness to change, enhancing self-
efficacy, problem solving, and goal setting. Fundamental to self- 
management is skills training to assist patients in managing their 
condition. Information is seen as a necessary but not sufficient factor 
in behavior change, encouraging adaptation, reducing the consequences 
of pain.

Self-management interventions can help patients understand how 
their thoughts influence their behavior and mood and allow people to 
explore different ways of viewing situations. There are many different 
psychological theories that have been used to develop self-management 
interventions (Table 48.1).30-34 These models all identify the factors 
that need to be modified to produce a desired change in behavior. By 
encouraging the routine use of self-management techniques for a par-
ticular aspect of a person’s disease, such as pain, the hope is they will 
go on to translate these techniques into other aspects of their condi-
tion. Despite the evidence base for these theories, a number of inter-
vention studies that claim to use self-management techniques are not 
explicitly based on any theory.

Social support interventions
Social isolation has been found to impact upon health; therefore, alter-
ing levels of social support have been targeted. The premise is that 
having others around providing support can encourage appropriate 
behaviors,35 provide emotional support and information, and offer 
alternative ways of dealing with the condition. This can be achieved 
by creating new social networks relevant to the needs of the patient, 
such as self-help or support groups. An alternative is to focus on those 
people already in the patient’s life and develop their skills to provide 
additional and appropriate support.
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rheumatic conditions, and concluded that the evidence for its effective-
ness was weak.37

Key to understanding the impact of CBT is to establish for whom 
the intervention works and what techniques are related to success. 
Keefe and Van Horn38 attribute the variability in the success of CBT 
intervention to differences in psychological variables such as self- 
efficacy, pain coping strategies, and feelings of control over pain, as 
previously discussed. Similarly, when looking at the mediating and 
moderating factors that predict therapeutic change in CBT, pre- to 
post-test treatment changes in pain beliefs, catastrophizing, and self-
efficacy for managing pain were found to mediate the effects of CBT.39 
Importantly, but often taken for granted, other studies have demon-
strated that those who adhere to a CBT program are more likely to 
show gains.40

Although some studies fail to find differences in self-reported pain, 
changes in other associated pain measures have been affected. When 
comparing CBT to an education intervention and standard care for 
patients with RA, Parker and coworkers40 found no significant differ-
ence on self-reported pain but significant changes in pain-related 
coping strategies, such as control over pain at 6 months and 12 months 
post intervention. In addition, when occupational therapy and a stan-
dard care control group are compared with CBT, Kraaimaat and associ-
ates41 found that CBT resulted in significant changes in the pain coping 
behavior of distraction by pleasant activities for people with RA after 
treatment but in no other pain-related measures.

The long-term effectiveness of CBT has been extensively debated. 
When CBT is compared with standard care,42 patient education,43 and 
symptom monitoring interventions,44 CBT was found to significantly 
improve various aspects of pain; however, these significant  
changes were not maintained in the long term. Similarly, Greco and 
colleagues45 compared biofeedback-assisted CBT including relaxation 
to a symptom-monitoring support intervention and usual care for 
people with lupus. CBT resulted in statistically significant reductions 
in pain frequency, severity, and the impact of pain on the patient’s 
family, social activities, and work. However, these improvements were 
not maintained at the 9-month follow-up.

Conversely, Keefe and coworkers22 found CBT skills training 
resulted in higher levels of pain self-efficacy at 6 and 12 months com-
pared with education and spousal support for osteoarthritis patients 
with knee pain. However, no significant changes were found in self-
reported pain or pain behavior. More recently, Redondo and colleagues46 
compared CBT including relaxation with physical exercise for fibromy-
algia patients and found that CBT showed significant improvements 
in the ability to cope with chronic pain at 12 months that were sign-
ificantly greater than exercise. There were, however, no significant 
differences between the groups on any other variables, including self-
reported pain or pain management.

These studies suggest that CBT interventions show some evidence 
of a small effect on pain. However, they result in greater improvements 
in the cognitive and behavioral aspects of pain, such as pain behavior 
and pain self-efficacy rather than on self-reported measures of pain 
intensity. These benefits tend to be found immediately after interven-
tions, but there are mixed findings regarding whether they are main-
tained at long-term follow-up. Overall, the need to examine individual 
differences to identify in whom these interventions are effective and 
determining which variables influence outcome is vital.

Relaxation training
A number of systematic reviews have been published looking at the 
efficacy of specific relaxation techniques on chronic pain. Carroll and 
Seers47 looked at nine randomized controlled trials that reported the 
use of only a relaxation strategy as an active treatment when compared 
with at least one other active or control treatment in a variety of condi-
tions. The most common form of relaxation was progressive muscle 
relaxation (PMR) with audiotapes and regular home practice. Little 
evidence was found to support the effectiveness of relaxation in the 
relief of all forms of chronic pain. The two studies on rheumatology 
patients produced contradictory results. One with RA patients found 
a significant benefit on at least one pain outcome in favor of relax-
ation,48 whereas hydrogalvanic baths were found to be more beneficial 
than relaxation therapy for fibromyalgia patients.49

TABLE 48.1 MODELS OF BEHAVIOR CHANGE

Self-Regulation or 
Common Sense 
Model30

 Describes how a patient will come to understand 
his or her illness and how to develop the coping 
strategies necessary to manage their disease

 Relies on an individual’s ability to monitor his or 
her own actions and reflect on them and their 
associated consequences

Social Cognition  
Model based on  
social cognition 
theory31,32

 Implies that changing illness perceptions may lead 
to changes in relevant self-management behaviors

 Suggests that behavior is directly influenced by 
goals and self-efficacy expectations and indirectly 
by self-efficacy, outcome expectations, and 
sociostructural factors. A majority of the empirical 
applications of this theory focus on self-efficacy.

Theory of Planned 
Behavior33

 Suggests that behavior is determined by the 
strength of a person’s intention to perform that 
behavior and the amount of actual control that 
person has over performing it

Stages of Change or 
Transtheoretical 
Model34

 Assumes that behavior change involves 
movement through a sequence of discrete stages

 Different factors influence the different stage 
transitions and therefore interventions should be 
matched to the stage the person is currently at

EVIDENCE BASE
When putting together the evidence base for these interventions a 
number of issues need to be acknowledged. Description of the interven-
tions are often not detailed enough to be entirely clear of the content. 
The labeling of interventions can also be confusing; for instance, an 
intervention could be called CBT and another one, patient education 
or self-management when, in fact, they involve similar components. 
In addition, interventions may have similar content but may differ 
significantly in duration and the way in which they were delivered. 
These problems are common in attempting to integrate findings from 
complex interventions and make it difficult not only to group interven-
tions by type and compare them but also to draw distinct conclusions 
about what makes them effective and efficacious. An additional impor-
tant caveat is that some interventions are not primarily aimed to 
address pain, but it is measured as one of many secondary outcomes.

Unlike pharmacology, non-pharmacologic interventions are deliv-
ered over a discrete period and are assessed at various time points post 
intervention. The duration of follow-up to determine efficacy has  
characteristically been immediately after or relatively soon after the 
intervention has ceased. The determination of enduring effects of  
non-pharmacologic interventions has infrequently been performed. For 
example, in the review by Dixon and associates,8 only 10% assessed 
the impact of the intervention beyond the immediate post-treatment 
period. The way in which pain is measured rather than the interven-
tion per se can result in different final conclusions. Finally, a number 
of studies have compared an intervention to “standard care.” Any 
conclusion about an intervention’s effectiveness requires an apprecia-
tion of “standard care,” which differs vastly and cannot be considered 
a constant.

CBT
In a recent review of psychological interventions for pain management 
in arthritis, 80% were labeled as CBT8 and of these only two indicated 
significant effects. In practice, interventions in the rheumatic diseases 
have used CBT in a variety of ways and in combination with a range 
of other techniques. General reviews have offered contradictory results 
regarding CBT and pain. A narrative review by Bradley and associates36 
concluded that CBT is a well-established treatment for RA pain and is 
probably efficacious for patients with knee osteoarthritis. However, the 
authors of a recent Cochrane review, who had a more restrictive selec-
tion criteria for studies, examined the effectiveness of psychological 
therapies for non-malignant chronic pain, including a number of 
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In a more recent systematic review, Kwekkeboom and Gretarsdot-
tir50 included studies in which relaxation training has been used in 
combination with other interventions, such as guided imagery or CBT. 
They conclude, when looking across conditions, that a majority of 
studies found a significant effect for relaxation on pain. However, they 
report that PMR, autogenic training, jaw relaxation, and systematic 
relaxation were effective, whereas rhythmic breathing and other relax-
ation interventions were not. Despite significant reductions in pain 
being reported from baseline to follow-up for PMR, when compared 
with exercise therapy51 and hypnosis52 no significant effects on pain 
were found.

These interventions reveal a somewhat mixed picture in terms of 
the efficacy of relaxation training for pain management. Those studies 
that utilize relaxation techniques in combination with other psycho-
logical interventions appear to be more successful than those that use 
relaxation alone, suggesting that it may be other components of the 
programs that result in the significant changes in pain.

Biofeedback
The available literature on biofeedback for chronic pain in general is 
so extensive that a comprehensive discussion of studies is beyond the 
scope of this chapter. Biofeedback has been evaluated for use in a 
number of rheumatic conditions, but a systematic review or meta-
analysis is yet to be undertaken.

Many studies of biofeedback in rheumatic diseases have concen-
trated on fibromyalgia. Of the studies using a control group for com-
parison, Ferraccioli and colleagues53 found that electromyographic 
(EMG) biofeedback resulted in improvements in the number of tender 
points, pain intensity, and morning stiffness that were maintained at 
6 months for 56% of patients. Babu and associates54 found that pain 
scores as determined by a visual analog scale (VAS) had significantly 
decreased after an EMG biofeedback intervention compared with a 
sham biofeedback group.

Some studies have combined biofeedback with other interventions. 
Buckelew and coworkers55 compared a combination biofeedback and 
relaxation training program for fibromyalgia patients with exercise, a 
combination biofeedback and exercise group, and a control group. Self-
reported pain scores were found to improve significantly in all three 
intervention groups; some long-term improvements were seen in the 
combined exercise and biofeedback group, but they were also seen in 
the other intervention groups at 3 months, and 1 and 2 years. As 
mentioned earlier, auditory EMG biofeedback combined with CBT, in 
contrast to self-monitoring support and usual care, revealed greater 
short-term changes in pain severity and frequency and the impact of 
pain but these were not maintained long term.45

These studies suggest that biofeedback interventions alone when 
not combined with other interventions are more successful and do have 
some immediate and long-term effects on pain, both in terms of self-
reported pain levels and pain behavior. However, very few studies have 
actually compared true biofeedback with so-called sham biofeedback to 
establish the true efficacy of this type of intervention and most studies 
have focused on fibromyalgia patients and not those with other rheu-
matic conditions.

Self-management and education interventions
Self-management interventions have received much attention over the 
past decade. These interventions do not tend to focus on pain per se 
but frequently assess pain as an outcome in studies of arthritis. The 
most well-established self-management intervention is the Arthritis 
Self-Management Program (ASMP). This 6-week program is open to 
all people with rheumatic conditions and involves peer-led sessions. 
The sessions include information about arthritis, an overview of self-
management principles, exercise, cognitive symptom management, 
dealing with depression, nutrition, communication with family and 
health professionals, and contracting. Weekly goal setting is encour-
aged as a means of practicing the skills taught in class and as a way 
of increasing self-efficacy. There have been numerous studies looking 
at the efficacy of this training program in various populations. The 
large U.K. evaluation of this intervention in a mixed group of individu-
als with chronic conditions showed disappointing results,56 and the 

effectiveness of the ASMP has not been replicated in the primary care 
setting.57

A number of systematic reviews have been undertaken to summa-
rize the effectiveness of both patient education and self-management 
interventions. In a meta-analysis of the effect of the ASMP on pain, 
17 studies were identified from 1964 to 1998 and the findings suggest 
a small effect.58 In addition, Chodosh and colleagues59 in a meta-
analysis of chronic disease self-management programs for older adults 
found a statistically significant difference between intervention and 
control groups for osteoarthritis pain. However, the effect size equates 
to an improvement of only 2 mm on a 100-mm VAS; whether this is 
clinically significant is debatable.

Hirano and associates60 reviewed 45 arthritis patient education 
studies, many of which included biofeedback, exercise, and social 
support interventions, and found that 12 of 14 that measured pain 
reported a positive change in pain, with 50% of studies showing sta-
tistically significant positive effects. Importantly, in a meta-analysis 
conducted by Superio-Cabuslay and colleagues,61 the estimated effects 
of patient education interventions in osteoarthritis and RA were on 
average 20% to 30% as great as the effects of non-steroidal anti-
inflammatory drug treatment for pain relief. In addition, education 
interventions that attempt to modify behavior have been found to be 
more efficacious than those that provide information alone for pain 
relief.

In a systematic review of RA patient education, Riemsma and asso-
ciates62 found a 4% reduction in self-reported pain using a VAS. 
However, the long-term effects of these patient education programs 
particularly for patients with RA have been questioned.63 Seven of the 
11 studies identified measured pain, but 3 found no significant differ-
ence in pain scores for the intervention group and 1 did no analysis 
comparing groups over time. The other 3 found significant reductions 
in pain, knowledge of pain relief, pain self-efficacy, pain behavior, and 
pain intensity, but these changes did not persist over time. Riemsma 
and colleagues’ Cochrane review64 of patient education for adults with 
RA identified 50 studies from 1966 to 2002 and found only a trend 
toward significance for the effects of patient education at first follow-up 
on pain scores and no significant effects at final follow-up. Sensitivity 
analysis, however, found that there was much variation in the way in 
which pain was assessed and the time frame in which patients were 
asked to comment varied significantly (i.e., over the past day, week, 
month). When looking at the studies utilizing a VAS scale to measure 
pain there was a significant effect for the intervention at first follow-up 
but no effect when using validated measures such as the AIMS. No 
long-term effects were found when using different types of measures, 
nor were there any significant differences when looking at information, 
counseling, and behavioral treatments separately.

In summary, these reviews have produced somewhat mixed results. 
The short-term effects of these interventions seem to be fairly well 
established even though many are not specifically directed to pain. 
There is, however, little evidence to suggest that these benefits remain 
long term. These mixed results are probably due to the inclusion of 
heterogeneous interventions, different pain assessment methods, and 
different groups of participants. It should also be noted that in a major-
ity of cases these interventions are provided in addition to standard 
care; therefore, the effects are always supplementary to the benefits of 
standard practice. The consideration of booster sessions has received 
little attention in the literature and may be an approach to reinforce 
the early gains seen in some studies.

CONCLUSION
Overall there is evidence that psychologically based interventions can 
be effective in changing pain, particularly in relation to pain cogni-
tions. The findings tend to be clearer for the short term, but the evi-
dence is less persuasive that these results persist in the longer  
term. To maintain improvements after the interventions, special 
attention needs to be paid to the generalization and maintenance of 
what has been learned and to the integration of these techniques into 
everyday life.

There is a distinct lack of research when looking at which indivi-
duals benefit from different types of interventions and by which 
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mechanisms these interventions work. In chronic rheumatic pain, 
attention needs to be devoted to the crucial beliefs and coping strategies 
that have the capacity to explain the effect on pain of psychological 
interventions. An effective approach may be to identify the important 
psychological factors so that future interventions can be tailored.

A common critique of these studies is the distinct lack of detail in 
terms of the way in which the interventions are developed and imple-
mented, the theory behind which the interventions are based, and the 
use of multimodal components that thus make it extremely difficult 
to make firm conclusions regarding effective components.
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However, concerns have been raised about a progressive step-wise 
increase  in  strength  of  medications  that  is  acceptable  for  gradually 
progressive pain but not for pain that is severe to begin with.3 Step 2 
is too restrictive because some patients with pain of 6-8/10 will only 
get  paracetamol  and/or  an  NSAID  to  start  with.  In  terminal  cancer 
pain, strong opioids were more effective than step 1 and step 2 medica-
tions.  Therefore,  it  is  not  advisable  to  prescribe  short-acting  “weak 
opioids” in step 2 rather than a low dose of strong opioids that are long 
acting to facilitate activity. “Weak opioids” have not been proven to be 
superior  to  NSAIDs  in  clinical  trials  of  moderate  cancer  pain.  The 
strength of opioid prescribed should be selected according to the current 
severity of pain. Based on studies that suggested the efficacy of weak 
opioids is limited in cancer pain, the International Association for the 
Study of Pain (IASP) recommended non-opioids for mild pain, low-dose 
strong opioids for moderate pain, and immediate use of strong opioids 
for severe pain. Adjuvant medications and neurolytic procedures should 
be used as needed at any time.

New guidelines for opioid therapy in chronic non-cancer pain from 
the American Pain Society and American Academy of Pain Medicine 
were based on expert opinion, review of the literature up to November 
2007, and external peer review. A multistage Delphi process resulted 
in recommendations for chronic opioid therapy that are presented in 
this  chapter.  It  should  be  acknowledged  that  the  expert  panel  made 
strong recommendations but none of the supporting evidence was high 
quality  (see  http://www.ampainsoc.org/pub/opioid.htm,  accessed  June 
15, 2009).4

Physician knowledge deficit is probably the most important reason 
for  undertreatment  of  pain.  Physicians  may  not  be  able  to  prescribe 
opioids  skillfully  enough  because  of  inadequate  training  and  experi-
ence.  Providers  are  often  unsure  about  which  opioid  preparations  to 
select and how to titrate the dose to an acceptable balance of adequate 
analgesia  and  tolerable/manageable  side  effects. They may not know 
how  to anticipate and manage opioid  side  effects  successfully. Resis-
tance to prescribing chronic opioids also relates to both patient’s and 
provider’s  unrealistic  fears  about  the  risk  of  opioid  addiction  from 
treating  musculoskeletal  pain  compared  with  cancer  pain.5  Over  the 
past 20 years provider concerns about prescribing opioids has changed 
little  despite  the  accumulating  evidence  that  long-term  opioids  are 
effective, side effects are manageable, and  few problems of  tolerance, 
dependence,  abuse,  or  addiction  develop.  Opioids  are  safe,  without 
major organ toxicity, and side effects are manageable when anticipated 
and treated expectantly.6-9

HISTORY OF OPIOID TREATMENT OF  
CHRONIC JOINT PAIN
Opioids in the form of opium have been used for thousands of years. 
Pharmacologic manufacture began in the 19th century after the mor-
phine  alkaloid  was  identified.  Opioids  diverted  from  medical  use  by 
forgery, theft, and fraud support the illicit drug trade. Federal and state 
regulation of opioid medications  for  the past 100 years has  failed  to 
prevent abuse. Legal controls attempting to limit drug abuse resulted 
in the undertreatment of pain because opioids were so tightly restricted 
by the end of the 19th century.10 Medical attitudes against prescribing 
opioids for chronic pain were also shaped by clinical studies from addic-
tion treatment centers because addicts attributed their opioid addiction 
to  being prescribed opioids  for  pain. By  the  end of  the 20th  century 
opioids were  fully accepted as  treatment  for acute pain,  cancer pain, 
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 Musculoskeletal pain reduces the quality of life and increases 
health care utilization. Many patients with rheumatic diseases have 
acute and chronic pain that is not effectively treated.

 Opioids are an important component of a pain control program 
and are safe without major organ toxicity. Side effects are generally 
manageable.

 Opioids have short- and long-term pharmacologic activity and 
combining them may lead to more effective pain control.

 Dose titration is an important component of a pain control 
program.

 Opioids vary in half-life, potency, side effect profile, and cost.

INTRODUCTION
Moderate  to  severe  persistent  musculoskeletal  pain  represents  an 
important unmet medical need because  it  reduces  the quality  of  life 
and increases health care costs. The two most common causes of dis-
ability in the United States continue to be arthritis or rheumatism and 
back or spine problems. The pain survey of 46,394 individuals in 15 
European countries and Israel revealed nearly 1 in 5 had chronic pain 
of greater than 5 of 10 on the numerical rating scale (NRS).1 In-depth 
interviews of 4839 individuals in the survey indicated two thirds had 
moderate pain (5-7 on NRS), one third had severe pain (8-10 on NRS); 
48%  reported  impaired  social  activities;  and  61%  reported  impaired 
work  ability.  Non-prescription  analgesics  were  used  by  almost  half, 
55% used non-steroidal anti-inflammatory drugs (NSAIDs), 43% used 
paracetamol,  and  13%  used  weak  opioids.  Two  thirds  were  taking 
prescription analgesics: 44% NSAIDs, 23% weak opioids  (range from 
5% to 50% in different countries), 18% paracetamol, and 1% to 16% 
cyclooxygenase (COX)-2 inhibitors; and only 5% reported taking strong 
opioids. The pain was caused by rheumatoid arthritis and osteoarthritis 
in 42% of the respondents. Non-cancer pain was much more common 
than  cancer  pain  because  only  1%  reported  their  pain  was  due  to 
cancer. Seventy-seven percent were being treated by a family practitio-
ner or internist, 27% by an orthopedist, 9% by a rheumatologist, and 
10% by a neurologist or neurosurgeon. Overall, 40% were not satisfied 
with their pain control and 38% were less than satisfied with the doctor 
who  was  treating  their  pain.  Forty  percent  said  they  believed  their 
doctor would  rather  treat  their  illness  than  their  pain,  20% believed 
their doctor did not see their pain as a problem, and 30% believed their 
doctor did not know how to control their pain.1

Much has been learned from experience treating cancer pain, espe-
cially  the  World  Health  Organization  (WHO)  treatment  “ladder”  for 
cancer pain that has been adapted for current guidelines for non-cancer 
pain. The WHO 3-step pain ladder recommends the order of drugs to 
be prescribed according to pain intensity2:

Step 1. Non-opioids: aspirin and paracetamol with or without adju-
vant medications.

Step 2. If pain is persisting or increasing (i.e., non-opioids insuffi-
cient)  or  for  mild  to  moderate  pain:  use  mild  opioids  such  as 
codeine with or without a non-opioid analgesic.

Step 3.  If pain  is persisting or  increasing: use strong opioids such 
as morphine, oxycodone, or  fentanyl,  increasing  the dose until 
the patient is free of pain.
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nociceptive and neurogenic pain mechanisms. For example,  interver-
tebral disc disease may have both mechanical nociceptive pain in the 
posterior  elements  of  the  spine  and neuropathic  radicular  pain  from 
nerve rootlet compression. Psychogenic factors in chronic pain are very 
complex. Patients with pain due to underlying chronic musculoskeletal 
disorders often develop anxiety and depression that may be difficult to 
detect. Patients with depression may present with pain symptoms that 
are medically unexplained. Pure psychogenic  causes  for  chronic pain 
are  rare  but  very  difficult  to  detect  and  manage.  Pain  that  is  out  of 
proportion to underlying disease or without identifiable tissue pathol-
ogy is referred to as a pain syndrome (previously termed a pain disorder) 
that  has  DSM-IV TR  diagnostic  criteria17  for  somatoform  disorders, 
malingering, factitious disorder, substance abuse disorder, or personal-
ity  disorders.  It  is  important  to  recognize  a  pain  disorder  in  which 
psychological factors are significant in the pain onset and severity and 
distinguish it from conditions of nociceptive and neuropathic pain with 
associated depression or anxiety.

EVIDENCE SUPPORTING THE USE OF OPIOIDS 
FOR PERSISTENT OSTEOARTICULAR PAIN
Prior  to  the  mid  1990s  many  rheumatologists  advised  against  long-
term use of opioids, claiming the risk of addiction was greater than the 
chance of benefit for patients with arthritis pain. Recent contrary opin-
ions,  based  on  evidence,  concluded  that  “patients  with  chronic  pain 
can achieve satisfactory analgesia with a stable dose of opioids that has 
minimal risk of addiction.”6-9 Sustained efficacy of opioids for persis-
tent  osteoarticular  pain  has  been  debated  for  decades.  A  systematic 
review of 11 placebo-controlled oral opioid trials conducted for 4 days 
to 8 weeks with 1145 total patients who had painful nociceptive and/
or neuropathic conditions revealed that mean pain relief with opioids 
was  at  least  30%  for  both  nociceptive  and  neuropathic  pain.  A  few 
patients may have developed tolerance as opioid doses increased over 
time; however, no addictive behaviors were reported.14

There are few studies of opioid use for longer than 8 to 12 weeks. 
We performed  studies  that used patient  interviews,  analysis  of  com-
puterized pharmacy records to measure drug dose changes over time, 
and a  standardized  review of medical  records  to examine changes  in 
the clinical condition and occurrences of drug abuse/addiction behav-
iors.7,9 In rheumatology clinics and orthopedic spine clinics 442 of 874 
patients were prescribed opioids during a 3-year period. There was a 
significant decrease in pain from 8.2 to 3.6 (on the 0-10 NRS) in rheu-
matology clinic patients and from 8.3 to 4.5 in orthopedic spine clinic 
patients. Figure 49.1 illustrates the important observation that opioids 
were just as effective in those treated with long-term opioids as in those 

and end-of-life pain but not as accepted for non-malignant osteoarticu-
lar pain or pain after cancer  remission. At  the beginning of  the 21st 
century, provider bias against opioid treatment of non-malignant pain 
instilled  during  medical  school  and  residency  training  continues  to 
limit provider knowledge, experience, and skill  for appropriate opioid 
prescribing.11,12  Providers  are  uncertain  about  opioid  selection  and 
methods of titration to an acceptable balance of pain relief and toler-
able/manageable side effects. They have an unwarranted fear about the 
true risks of tolerance, dependence, abuse, and addiction.13 The WHO 
is committed to promote maximal pain relief to every patient in pain 
by the legitimate use of opioids through the Access to Controlled Medi-
cations Program and is currently revising the “analgesic ladder” accord-
ing to new pharmacology, cost restrictions, adjuvant medications, and 
criticisms of its rigidity as described earlier.

Despite  published  evidence,7-9,14  and  clinical  guidelines  from  key 
organizations  advocating  appropriate  opioid  treatment  of  chronic 
pain,2-5  many  providers  remain  reluctant  to  prescribe  long-term 
opioids.11 Attitudes may be changing as clinical research demonstrates 
the efficacy and safety of  long-term opioid use. Studies of opioid use 
in  patients  with  persistent  pain  due  to  medical  disorders  published 
during the past 2 decades suggested there was a very low rate of abuse 
and addiction in these patients.6-9,12 In the majority of patients, require-
ment  for  increased opioid dose  indicates unrelieved pain  rather  than 
opioid tolerance or abuse. Unfortunately, recent reports of abuse and 
diversion  of  opioids  have  once  again  produced  political  pressures  to 
limit access to these medications and rekindled provider fears of dis-
ciplinary sanctions.15

MECHANISMS INVOLVED IN ARTICULAR PAIN
A high-intensity noxious stimulus  from tissue  injury produces acute 
pain that is proportional to the severity of tissue injury and subsides 
as the tissue heals. Acute pain provokes an autonomic nervous system 
response of tachycardia, increased blood pressure, anxiety, and stereo-
typical behaviors of withdrawal, splinting, rubbing, and or grimacing. 
Persistent pain due  to  a  chronic underlying  condition does not have 
autonomic overactivity but rather causes physical dysfunction, anxiety, 
depression,  and  personality  changes.  Disorders  such  as  rheumatoid 
arthritis,  osteoarthritis,  degenerative  disc  disease,  osteoporotic  frac-
tures,  chronic  gout,  and  spondyloarthritis  cause  persistent  pain  that 
has intermittent acute exacerbations due to: movement (incident pain), 
pressure (hyperalgesia or tenderness to palpation), and light touch or 
temperature  changes  (allodynia).  Persistent  neurogenic  pain  arises 
from  damaged  primary  afferent  neurons  and  from  central  nervous 
system (CNS) pathology in the spinal cord, brain stem, thalamus, or 
cortex.16 Painful musculoskeletal disorders often have both pathogenic 

EFFICIACY OF OPIOIDS IN PATIENTS FROM RHEUMATOLOGY CLINIC
AND ORTHOPEDICS SPINE CLINIC

Pain severity
on NRS 0–10

10

9

8

7

6

5

4

3

2

1

0

Rheumatology
STO

Rheumatology
LTO

Ortho spine
STO

Ortho spine
LTO

Mean postMean pre

Fig. 49.1 Efficacy of opioids in patients from 
rheumatology clinic and orthopedics spine clinic. 
Change in pain severity with opioid treatment. STO, 
short-term opioid therapy less than 3 months; LTO, 
long-term opioid therapy more than 3 months; 
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in which 0 is no pain and 10 is worst imaginable 
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binding to opioids and has its own ligand, a small peptide similar to 
dynorphin A.

The opioid  receptor coupled  to G-proteins  transduces  the binding 
signal  to  the  cell.  The  receptors  inhibit  adenylate  cyclase,  which 
decreases cyclic adenosine monophosphate (AMP) and increases influx 
of potassium currents and inactivation of voltage-gated calcium chan-
nels. Activation of potassium channels and inhibition of calcium chan-
nels  hyperpolarizes  (inhibits  excitation  of)  neurons  and  inhibits  the 
release  of  neurotransmitters  acetylcholine,  substance  P,  calcitonin 
gene–related peptide (CGRP), norepinephrine, glutamate, γ-aminobutyric 
acid (GABA), and glycine.21,24

The MOP receptor has multiple mRNA splice variants (MOP recep-
tor  subtypes),  multiple  polymorphisms,  and  variability  of  receptor 
density in different tissues. Variability in receptor density together with 
constitutive and genetic variability in cytochrome P450 enzymes pro-
duces high variability in individual responses to the opioids. Codeine, 
a  prodrug,  is  converted  to  morphine  by  CYP2D6.  Patients  who  are 
deficient in this enzyme or who are taking inhibitors of CYP2D6 would 
not  get  analgesia  from  oral  codeine.  The  pharmacology  of  various 
opioid receptor subtypes is not yet fully clarified. The different opioid 
receptor  types do not evoke different cellular  responses, but different 
behaviors are produced because of different anatomic distributions of 
the receptor types. Compounds that activate MOP and DOP receptors 
produce analgesia and rewarding feelings. Those that activate the KOP 
receptor  produced  analgesia,  dysphoria,  and  hallucinations.  Most 
opioids  used  in  clinical  practice  bind  the  MOP  receptor  selectively. 
Some drug actions are not mediated only by opioid receptors.25 Metha-
done and tramadol inhibit serotonin and norepinephrine reuptake and 
are antagonists of the N-methyl-d-aspartate (NMDA) amino acid excit-
atory pathway.25 The intrinsic efficacy of an opioid refers to the degree 
to which maximal efficacy is produced without full receptor occupancy, 
that is, the reserve of spare receptors. High-efficacy opioid ligands, such 
as fentanyl, have many spare receptors, and low-efficacy opioid ligands, 
such as morphine, have few spare receptors. The proportion of spare 
receptors might be involved in the development of tolerance; however, 
experimental data are conflicting.

Opioid tolerance
Increased opioid dose requirement to sustain pain relief is called toler-
ance, a form of tachyphylaxis. Current concepts of opioid tolerance are 
controversial and include processes of receptor “desensitization” and/
or  trafficking.  Experience  over  the  past  30  years  with  the  long-term 
effects of opioids in patients with cancer pain demonstrated that toler-
ance  develops  for  both  analgesic  effects  and  adverse  side  effects.26,27 
Tolerance  to  respiratory depression occurs  rapidly, whereas  the  anal-
gesic effects last for a long time in most patients unless the underlying 
disease progresses. Tolerance to most side effects except constipation 
occurs over 2 to 3 weeks. In reality, analgesic tolerance is a rare cause 
of  opioid  therapy  failure.  Switching  from  one  opioid  to  another  can 
improve analgesia and/or decrease adverse effects because there is an 
incomplete  cross-tolerance  among different  opioid preparations. Cal-
culation  of  equianalgesic  doses  is  difficult  because  cross-tolerance 
cannot be predicted in the individual patient.

Opioid dependence
Opioid  dependence  is  the  expected  result  of  prolonged  exposure  to 
opioids  and  refers  to  the  abstinence  syndrome  of  opioid  withdrawal 
symptoms that occurs after abrupt withdrawal of opioids or administra-
tion of an opioid antagonist. There is an abrupt increase in cyclic AMP 
on withdrawal of an opioid that activates protein kinase A and causes 
neurotransmitter release at many synapses, thereby inducing hyperex-
citability  at  CNS  sites  such  as  the  periaqueductal  gray  areas.21  The 
opioid abstinence syndrome is characterized by chills alternating with 
hot  flashes,  hypertension,  tachycardia,  lacrimation,  rhinorrhea, 
yawning, coughing, sneezing, mydriasis, diaphoresis and piloerection, 
salivation,  anxiety,  irritability,  twitching,  myoclonus,  nausea,  vomit-
ing, abdominal cramps and diarrhea, and insomnia. The dose and/or 
duration of opioid administration needed to produce dependence have 
not been established for patients being treated with moderate to severe 
pain.  The  time  course  of  withdrawal  symptoms  is  related  to  the 

treated with  short-term opioids,  suggesting  that  clinically  significant 
tolerance did not develop in these patients. The average daily dose of 
opioid  increased  by  more  than  60 mg  codeine  equivalents  per  day 
during  the 3-year  study period  in 25% of  those prescribed  long-term 
opioids  (32/137  rheumatology  clinic  patients  and  17/58  orthopedic 
spine  clinic  patients).  The  increased  opioid  dose  was  attributable  to 
progression or complications of the underlying painful condition or a 
new painful condition such as compression fracture, herpes zoster, or 
trauma.  Unexplained  increases  in  average  opioid  dose  occurred  in  4 
rheumatology clinic patients and in 3 orthopedic spine clinic patients, 
representing only 3.6% “problem patients” on long-term opioids who 
may have developed tolerance and/or abuse behaviors. The rheumatol-
ogy  clinic  patients  were  monitored  prospectively  for  5  more  years  
after  the  interviews.8  Opioid  efficacy  was  sustained,  and  no  opioid 
tolerance was seen in these patients. These studies support the concept 
that opioids are effective  long  term,  tolerance was not  inevitable, no 
serious  organ  toxicity  occurred,  side  effects  were  manageable,  and  
the  incidence  of  substance  abuse  was  not  greater  than  the  general 
population.

Neuropathic  pain  is  often  a  component  of  persistent  pain  due  to 
rheumatologic  disorders.  Contrary  to  previous  opinions  that  opioids 
were ineffective for neuropathic pain, opioids can reduce neuropathic 
pain.18 Many challenging questions about chronic opioid treatment of 
musculoskeletal disorders remain to be studied. Treatment of chronic 
pain  in  the  elderly  is  difficult  because  of  altered  drug  metabolism, 
polypharmacy  issues,  complex drug-drug  interaction,  and potentially 
enhanced  adverse  side  effects  in  those  with  co-morbid  conditions, 
especially dementia. Expression of pain and response to treatment by 
patients  with  dementia  may  need  to  be  interpreted  by  a  caregiver.19 
Published  studies  to  date  do  not  provide  conclusive  evidence  about 
mechanisms  responsible  for  failed  opioid  analgesia,  opioid-induced 
immune modulation, the true risk and clinical impact of opioid toler-
ance  and dependence, magnitude of  change  in  functional  status  and 
activity  that  occurs  with  adequate  pain  relief,  and  what  is  the  best 
practice for managing opioid treatment of pain in the patient with an 
addiction disorder.

OPIOID PHARMACOLOGY: MECHANISM OF 
ACTION AND PHARMAKOKINETICS
Opioids are categorized as endogenous or exogenous. The endogenous 
opioids  are  endomorphins  and  endorphins  (bind  MOP  receptors), 
enkephalins and deltorphins  (bind DOP receptors), dynorphins  (bind 
KOP  receptors),  and  the  recently  described  nociceptin  (binds  NOP 
receptors).  Opioid  receptors  are  a  superfamily  (rhodopsin)  of  seven 
transmembrane-spanning G protein–coupled membrane receptors that 
are synthesized in the dorsal root ganglion cell bodies.20 The terminol-
ogy of the receptors has recently undergone revision.21 The classes of 
opioid  receptors  mu,  delta,  kappa,  and  opioid  receptor-like  (aka, 
orphanin FQ or nociceptin) are identified as MOP receptor, DOP recep-
tor, KOP  receptor,  and NOP  receptor. Opioid  receptors  are  expressed 
within sensory neurons—on dorsal root ganglion cell bodies, peripheral 
terminals of primary afferent neurons,  in the spinal cord, and in the 
brain.  Evidence  is  conflicting  about  opioid  receptors  on  sympathetic 
terminals.  The  number  of  nerve  terminals  is  increased  in  sites  of 
inflamed tissues (“sprouting”), and opioid receptors in the nerve termi-
nals of sensory articular nerves are upregulated during inflammation.22

Endogenous opioids are released from monocyte/macrophages and 
lymphocytes stimulated by corticotropin-releasing factor or interleukin 
(IL)-1.  Opioid  receptors  have  also  been  found  on  immunocytes  
and can modulate cell proliferation, chemotaxis, superoxide and cyto-
kine production, and mast cell degranulation. The clinical  impact of 
these immunomodulatory effects is not clear and has not been corre-
lated  with  pain  transmission.  Activation  of  MOP  receptor  produces 
analgesia,  meiosis,  respiratory  depression,  reduced  gastrointestinal 
motility, and feelings of well-being. The DOP receptor has high affinity 
for  endogenous  enkephalins;  however,  effects  of  activation  with  
exogenous  opioids  in  humans  are  not  clear.23  The  KOP  receptor 
has high affinity for the endogenous dynorphin A; its activation pro-
duces  analgesia,  dysphoria,  and  psychotomimetic  effects  (disorienta-
tion and/or depersonalized feelings). The NOP receptor20 has low-affinity 
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Methadone  does  not  have  active  metabolites  and  does  not  undergo 
significant renal excretion.

Variation  in  the  cytochrome  P450  system  influences  response  to 
many  drugs  (Table  49.2).  The  CYP2D6  and  CYP3A4  enzymes  are 
responsible for opioid biotransformation to active metabolite and meta-
bolic clearance. Ethnic variability exists  in the P450 enzyme system. 
CYP2D6 is absent in 6% of whites (poor metabolizers) and is inhibited 
by other drugs such as selective serotonin reuptake inhibitors (SSRIs), 
antiepileptic  agents,  and  antihistamines.30  CYP2D6  catalyzes  O-
dealkylation  of  codeine,  hydrocodone,  oxycodone,  and  tramadol. 
CYP3A4 catalyzes N-demethylation of morphine, codeine, oxycodone, 
and tramadol. Morphine, hydromorphone, and codeine are glucuroni-
dated on free hydroxy groups.31 For example, codeine is biotransformed 
to morphine, the active metabolite, by CYP2D6. Absence of the enzyme 
or  interference  by  other  drugs  would  inhibit  analgesic  response  to 
codeine. Conversely, gene duplication for CYP2D6 results in enhanced 
activity  and  increased  effects  of  codeine  (ultra-rapid  metabolizer 

half-life  of  the  opioid.  With  short-acting  opioids  withdrawal  begins 
within 12 to 24 hours of the last dose and peaks at 48 to 72 hours. A 
secondary phase of abstinence syndrome occurs thereafter with insom-
nia, irritability, and muscle aches for 2 to 6 months. With long-acting 
opioids such as methadone, withdrawal symptoms may not begin for 
several days, are less florid but may last for several weeks or a month. 
Withdrawal symptoms usually can be avoided by a slow taper of opi-
oids—first  cut  the daily dose  in half  for  several  days  then  reduce by 
25%  every  few  days  until  down  to  a  morphine  equivalent  dose  of 
30 mg/day, at which time the opioid may be discontinued. Autonomic 
withdrawal symptoms may be lessened by using a transdermal cloni-
dine  patch,  0.1  to  0.2 mg/day.  Opioid  withdrawal  syndrome  is  not 
fatal,  unlike  alcohol  withdrawal  syndrome.  A  patient  should  not  be 
labeled as an opioid abuser or addict because he or she has developed 
tolerance or dependence.

Opioid abuse and addiction
Opioid  tolerance  and  dependence  are  not  indicative  of  addiction. 
Opioid addiction is a psychological and behavioral syndrome character-
ized  by  self-destructive  behavior,  drug  craving,  compulsive  use,  the 
need  to  use  the  drug  for  psychic  effects  rather  than  pain  relief,  and 
continued use of opioids in spite of harm.17,28 Abuse behaviors include 
theft,  diversion  for  sale  of  drugs,  hoarding  of  drugs,  obtaining  drugs 
from multiple physicians, and unsanctioned use of higher doses than 
prescribed.  The  addict  exhibits  drug-seeking  behavior  and  becomes 
focused on using and procuring the drug. “Red flags” for abuse behavior 
are listed in Table 49.1.29 The fear of producing iatrogenic addiction is 
an important reason for the undertreatment of pain. In reality, the risk 
of addiction in patients being treated for pain is very low.7-10 An inter-
esting phenomenon, “pseudoaddiction,” is an iatrogenic condition pro-
duced  by  inadequate  treatment  of  persistent  pain.  Inadequate  pain 
relief drives the patient to display “abuse behaviors” as he or she seeks 
more medication for adequate pain treatment. Their behaviors resem-
ble the addict’s but they resolve when the pain is treated adequately.

PHARMACOKINETICS AND OPIOID METABOLISM
Opioid  drugs  are  metabolized  primarily  by  three  systems:  oxidation, 
reduction,  and  glucuronidation.  Active  metabolites  of  morphine, 
codeine, oxycodone, and hydromorphone can accumulate with chronic 
administration, dehydration, and dose escalation and with renal failure, 
producing  enhanced  analgesia  and/or  increased  adverse  side  effects. 

TABLE 49.1 “RED FLAGS” FOR ABUSE BEHAVIOR AND OPIOID ADDICTION

Potential abuse/addiction behaviors*

1. Patient displays an overwhelming focus on opioid issues during clinic visits 
that occupy a significant proportion of the clinic visit and impedes progress 
with other pain issues or medical problems.

2. Patient has a pattern of early refills (three or more) or escalating drug use in 
the absence of acute change or progression of his or her medical condition.

3. The patient generates multiple telephone calls or unscheduled visits to 
request more opioids, early refills, or problems associated with the opioid 
prescription that often creates a disturbance of the clinic staff.

4. There is a pattern of prescription problems with reports of medications lost, 
spilled, or stolen.

5. The patient has supplemental sources of opioids from multiple providers, 
emergency departments, or illegal sources.

Additional “red flag” abuse behavior

1. Selling prescribed opioid drugs
2. Prescription forgery
3. Stealing another patient’s drugs
4. Injecting oral medication
5. Concurrent use of illicit drug
6. Appears intoxicated or oversedated
7. Insists on obtaining a specific opioid medication

*Adapted from Chabal criteria for opioid abuse.

TABLE 49.2 CYTOCHROME P450 ENZYMES AND IMPORTANT 
DRUG INTERACTIONS

Interactions Examples

Low CYP2D6 activity 
in 6% of whites, 
3% of blacks, and 
1% of Asians

“Poor metabolizers”—see increased sensitivity to 
methadone effects.

CYP2D6 inhibitors—
increase 
methadone levels; 
increase analgesia 
and toxicity

Antidepressants: fluoxetine, paroxetine, fluvoxamine, 
sertraline, bupropion, amitriptyline

Miscellaneous: haloperidol, amiodarone, cimetidine, 
quinidine, quinine, hydroxychloroquine, ritonavir, 
efavirenz, ciprofloxacin, ketoconazole, fluconazole, 
ethanol

Methadone itself can inhibit CYP2D6.

CYP2D6 inducers—
reduce methadone 
levels, reduce 
analgesia, and may 
precipitate opioid 
withdrawal

Isoniazid and rifampin
Gene duplication for CYP2D6 produces “ultra rapid” 

metabolizers and reduced methadone effects.

CYP3A3/4 
inhibitors—may 
increase 
methadone levels; 
may also increase 
effects of fentanyl, 
hydrocodone, and 
oxycodone

Antidepressants: fluoxetine, fluvoxamine, amitriptyline, 
sertraline, nefazadone, paroxetine

Ciprofloxacin, clarithromycin, erythromycin and toxicity
Azoles: itraconazole, fluconazole, ketoconazole, 

metronidazole
Antivirals: ritonavir, indonavir
Miscellaneous: grapefruit, cimetidine, diltiazem, 

omeprazole, quinidine, quinine, tacrolimus, valproic 
acid, ethinyl estradiol

CYP3A3/4 inducers—
reduce methadone 
levels, reduce 
analgesia, and may 
precipitate opioid 
withdrawal

Isoniazid and rifampin
Anticonvulsants (phenobarbital, phenytoin, primidone, 

carbamazepine)
Antidepressants (risperidone and St. John’s wort)
Antivirals (nevirapine, amprenavir, abacavir, nelfinavir, 

efavirenz, ritonavir)
Miscellaneous: clotrimazole, dexamethasone

Spironolactone: reduces methadone levels

Cocaine: increases elimination, reduces methadone 
effects

Benzodiazepines, alcohol: additive effects of increased 
sedation with methadone and other opioids

Opioid antagonists: pentazocine (Talwin) and tramadol: 
precipitate opioid withdrawal symptoms while 
taking buprenorphine and butorphanol, methadone, 
and other mu agonists

Modified from VA/DOD. VA/DOD clinical practice guideline for the management of opioid 
therapy for chronic pain. Office of Quality and Performance Clinical Practice Guidelines 2005. 
Available at http://www.oqp.med.va.gov/cpg/cpg.htm Volume, 0-111 DOI: http://www.oqp.med.
va.gov/cpg/cpg.htm.

http://www.oqp.med.va.gov/cpg/cpg.htm
http://www.oqp.med.va.gov/cpg/cpg.htm
http://www.oqp.med.va.gov/cpg/cpg.htm
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in  opioid-naive  individuals  and  are  not  recommended  for  selecting 
conversion doses in patients already taking opioids because of incom-
plete  cross  tolerance  among  the  different  opioids  (Table  49.3).  Mor-
phine does not appear to have a “ceiling” effect. As the dose is increased, 
the analgesic effects  increase on a  logarithmic scale and adverse side 
effects  increase on a linear scale up to the point of unconsciousness. 
The  side  effect  profiles  of  opioid  preparations  are  similar;  however, 
individual patient responses are variable. Opioid rotation/switching can 
enhance analgesia and reduce side effects because of incomplete cross-
tolerance among different opioids.32 One fourth to one half the calcu-
lated equianalgesic conversion dose should be selected for switching to 
a different opioid preparation followed by cautious upward titration of 
the dose. Conservative ratios of milligrams of morphine to milligrams 
of an alternate opioid are 4 to 6 : 1 of hydromorphone; 2 : 1 for oxyco-
done,  90  to  100 mg  to  25 µg/hr  for  the  fentanyl  patch,  and  4 : 1  for 
methadone  if  less  than  100 mg  morphine  per  day,  8 : 1  if  100  to 

phenotype)  in  2.6%  of  whites.30  Hydrocodone  is  metabolized  by 
CYP2D6, but analgesic effects are not affected by CYP2D6 inhibitors. 
Methadone  both  inhibits  CYP2D6  and  is  metabolized  by  it  so  that 
blood  levels  gradually  increase  with  prolonged  use.  Morphine  gluc-
uronidation  produces  morphine-3-glucuronide  (inactive  metabolite) 
and morphine-6-glucuronide (an active mu agonist), which are excreted 
by the kidney so accumulate in renal insufficiency.30

OPIOID DOSING AND ROTATION
Individual  variability  in  analgesic  responsiveness  to  the  different 
opioids is considerable, and no individual opioid preparation is more 
efficacious  than  another.  Published  opioid  equianalgesic  dose  charts 
compare  starting doses  for opioid preparations  that produce approxi-
mately the same amount of analgesia in opioid-naive patients.13 Equi-
analgesic starting doses are typically determined by single-dose studies 

TABLE 49.3 GUIDELINES FOR OPIOID DOSE SELECTION, CONSERVATIVE INITIAL STARTING DOSES FOR OPIOID-NAIVE INDIVIDUALS, 
AND CONVERSION RATIOS FOR OPIOID ROTATION IN PATIENTS ON CHRONIC OPIOIDS

Opioid naive Morphine SR Codeine Oxycodone Hydrocodone Hydromorphone Methadone Fentanyl Oxymorphone

Initial dose and 
range in 
opioid-naive 
patient (starting 
dose range for 
repeated dosing)*

15 mg 
(15-30 mg 
q 8-12h)

30 mg 
(15-60 mg 
q 4-6h)

5 mg (5-15 mg 
q 4-6h)

5 mg (5-10 mg 
q 4-6h)

2 mg (2-4 mg  
q 4-6h)

2.5 mg q 6-12h NA 5 mg q 4-6h

Opioid tolerant 
converting from:

Morphine 
PO Codeine Oxycodone Hydrocodone Hydromorphone Methadone Fentanyl Oxymorphone

Morphine IM 10 mg 
(the gold standard 
for opioid 
comparisons)

20-30 mg 60-90 mg† 5 mg 5-10 mg q 4-6h 2 mg 2.5 mg 25-µg 
patch/72 hr

5 mg (the gold 
standard for 
opioid 
comparisons)

Morphine SR 30 mg 
PO q 8-12h, 
60-90 mg/24h

30-90 mg  
q 4h

3-45 mg/24 hr 
Oxycodone, 

approx 50% 
of morphine 
dose

30-45 mg/24 hr 12-18 mg/24 hr 24-hr dose 
morphine

30-90 mg 4:1 
conversion

90-300 mg 8:1 
conversion

>300 mg 12:1

25 mcg 
patch/72 hr

5 mg q 12h ER

Codeine 30-60 mg  
q 4h

15-30 mg  
q 3-4h

5-7.5 mg q 4h 5-10 mg q 4h 12 mg/24 hr 2.5 mg q 8-12h 12.5-µg 
patch/72 hr

2.5-5 mg q 4-6h
IR

Oxycodone 5 mg  
q 3-4h

10 mg 30-60 mg  
q 3-4h

5-10 mg q 4h 12 mg/24 hr 2.5 mg q 8-12h 25-µg 
patch/72 hr

5 mg q 4-6h
IR

Hydrocodone 10 mg 
q 3-4h

15 mg 30-60 mg  
q 3-4h

5 mg q 3-4h 12 mg/24 hr 12.5-µg 
patch/72 hr

2.5-5 mg q 4-6h
IR

Hydromorphone 
2 mg q 4h

10 mg 5 mg 5-10 mg q 4h 2.5 mg q 8-12h 25-µg 
patch/72 hr

5 mg q 4-6h
IR

Methadone 5 mg  
q 8h

20 mg SR  
q 8h

10 mg q 3-4h 4 mg q 4-6h 25-µg 
patch/72 hr

5 mg q 12h
ER

Fentanyl 25 µg/hr 
patch

90 mg 
morphine 
per 24-hr 

(1 µg to 4 mg 
morphine)

5 mg q 8-12h 5 mg q12 h
ER

Oxymorphone ER 
5 mg q 12h

15 mg SR  
q 12h

5 mg q 8-12h 10 mg q 4-6h 12 mg/24 hr 5 mg q 8-12 h 25-µg 
patch/72 hr

Note: Recommended starting doses are low and should be titrated upward slowly to minimize adverse effects. Limitations of equianalgesic tables exist because they are based on single-dose studies in 
opioid-naive individuals. Convert opioid 1 to morphine equivalents and calculate dose of opioid 2 according to conversion ratio then reduce the calculated dose for opioid 2 by 1

3  to 1
2  to ensure safety of 

the 24-hr total daily dose. Rescue dose is 10-20% of daily opioid dose given every 3 to 4 hours as needed. Titration upward for unrelieved pain should be by 25% to 30% of the current 24-hr dose, adjusted 
by daily amount of rescue medications needed over a several-week period.
Equivalent or equianalgesic doses for the different opioid preparations vary in different publications.
*Conservative low equianalgesic starting doses for opioid-naive individuals adapted from published recommendations.28,33

†Doses above 1.5 mg/kg not recommended because of increase in side effects.33

‡Daily dose above 180 mg has not been validated for treatment of chronic pain.

Data from references 13, 23, 28, 33, 35, 58, and 59.
ER, extended release; IR, immediate release.
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300 mg morphine per day, and 12 : 1 if more than 300 mg morphine 
per day.

Conservative  recommendations  (see  Table  49.3)  for  initial  opioid 
doses to start a titration in opioid-naive individuals and cautious con-
version  doses  to  an  alternate  opioid  preparation  in  those  already  on 
opioids  have  been  adapted  from  published  studies.4,13,33  The  initial 
opioid dose and the calculated conversions dose for a different opioid 
should be  titrated upward slowly  to avoid  intolerable adverse effects. 
Sequential  trials  of  different  opioids  may  be  required  to  determine 
which preparation has the most favorable balance of analgesia and side 
effects  in  the  individual  patient.34  Mechanisms  underlying  the  vari-
ability in responsiveness to opioids are unknown. Elderly patients (>70 
years)  have  reduced  metabolism  and  prolonged  elimination  time  for 
opioids so that starting doses should be reduced by 25% to 50%.

The first opioid  should be  titrated upward  to  limiting  side  effects 
before rotating to an alternate opioid. Dosing for stable persistent pain 
should be on a scheduled basis with rescue doses only as needed  for 
breakthrough pain  (10% to 15% of  scheduled daily dose). Dosing  for 
intermittent or incident pain should be on an as-needed basis. Toler-
ance to opioid analgesia and opioid side effects seems to be related to 
genetic factors, duration of opioid treatment, and dose of the current 
opioid.  Dehydration  and  renal  insufficiency  cause  accumulation  of 
active metabolites that contribute to variability in opioid responses and 
toxicity.35 If pain relief is not adequate without intolerable side effects, 
opioid preparation should be switched or rotated to take advantage of 
incomplete cross-tolerance (see Table 49.3). Receptor diversity due to 
splice variants may reduce the amount of cross-tolerance between the 
current and new opioid preparation. A conservative recommendation 
to ensure safety is to reduce the equianalgesic conversion dose calcu-
lated for the new opioid by 25% to 50% and slowly titrate upward the 
dose of the new opioid to achieve adequate analgesia without intoler-
able side effects.35

Weaker  opioids  such  as  codeine  or  hydrocodone  formulated  with 
aspirin, acetaminophen, or non-steroidal anti-inflammatory agents are 
often selected first because they are schedule III drugs and the prescrip-
tion can be written with five refills (plain codeine sulfate prescriptions 
must be  rewritten monthly). Opioids with acetaminophen should be 
limited  to a maximum daily dose of  less  than 4 g of acetaminophen 
because of potential hepatotoxicity (see later). It is important to remem-
ber that codeine and hydrocodone must be metabolized to their active 
metabolite, morphine, to exert an analgesic effect. Methadone has no 
active metabolites,  and  its metabolism and elimination are  indepen-
dent of renal function.35

OPIOID PREPARATIONS
Opium  is  an extract of  the poppy plant  that  contains  two classes of 
alkaloids:  phenanthrenes  and benzyl-isoquinolones. The  term opioid 
refers  to natural,  semi-synthetic derivatives, and synthetic chemicals 
that have opium-like effects.23,25 A phenanthrene such as thebaine  is 
toxic and not an analgesic but can be transformed into analgesic drugs. 
Most  opioid  analgesics  are  MOP  receptor  agonists.21  The  pure  mu 
agonist  opioids  are morphine, hydromorphone, methadone,  and  fen-
tanyl and have no ceiling effect. Doses above 180 mg of morphine per 
day have not been validated in clinical trials with chronic pain patients. 
Benzomorphan opioids (pentazocine) should not be used long term in 
those  with  persistent  pain  because  they  bind  the  KOP  receptor  to 
produce psychotomimetic effects and dysphoria with minimal analge-
sia.  The  DOP  receptor  agonists  are  antinociceptive,  antidepressant, 
and proconvulsive in animal models.21 Methadone is also an NMDA 
receptor antagonist and is a selective norepinephrine reuptake inhibitor 
(SNRI), thus providing multimodal analgesia.

Opioid selection and dosing should be based on the temporal char-
acteristics and severity of pain. Patients with constant persistent pain 
of moderate  intensity  (4  to 6 on a 0-10 pain scale) often do well on 
around-the  clock dosing with  codeine,  dihydrocodeine, hydrocodone, 
sustained-release oxycodone, or low-dose morphine. Hydromorphone, 
higher dose morphine, methadone, and transdermal fentanyl are typi-
cally  used  for  severe  pain  (7  to  10  on  the  0-10  pain  scale).  Patients 
with  intermittent  severe  pain  and  “breakthrough” pain  require  addi-
tional  rapid-onset/short-acting  preparations  on  an  as  needed  (PRN) 
schedule. Patients with waxing and waning pain intensity do well with 

an “as needed” dosing schedule.  In general, oral  short-acting opioids 
(morphine,  oxycodone,  hydrocodone,  hydromorphone)  have  a  slower 
onset  of  effect  (20  to  60  minutes)  because  they  are  hydrophilic  and 
have both slow absorption and slow crossing of the blood-brain barrier. 
Long-acting  morphine  and  oxycodone  (e.g.,  Oxycontin)  and  fentanyl 
patches are long acting because the sustained-release formulation pro-
duces prolonged absorption. Methadone is  long acting because it has 
an  intrinsically  long  elimination  half-life.  Lipophilic  opioids  such  as 
transdermal  and  transmucosal  fentanyl  rapidly  cross  the blood-brain 
barrier and have a more rapid onset of action in 5 to 10 minutes. Liver 
disease and renal disease may prolong elimination half-life and increase 
cumulative drug effects to cause symptoms of overdose and an increase 
in adverse side effects.

Meperidine  should  not  be  used  for  long-term  opioid  treatment 
because  the meperidine metabolite, normeperidine,  is a CNS excito-
toxin that produces anxiety, myoclonus, tremulousness, and seizures, 
especially  in patients with  renal  insufficiency.23 Accumulation of  the 
propoxyphene  metabolite  norpropoxyphene  may  cause  cardiac  toxic-
ity.23 Patients who are hypovolemic may be more susceptible to hypo-
tensive  effects  of  morphine.23  Do  not  use  controlled-release  or 
long-acting opioids for upward titration. Begin titration with a short-
acting preparation to determine total daily dose of opioid needed. Then 
switch  to  a  long-acting  preparation  at  50%  or  less  of  the  calculated 
equianalgesic converting dose  followed by a  slow upward  titration  to 
adequate pain relief. Starting and converting doses should be reduced 
to 25% to 33% of the calculated dose in those older than age 65 and 
with impaired liver or renal function. “Rescue doses” for breakthrough 
pain are provided at 10% to 15% of the total daily dose as a short-acting 
preparation. The daily scheduled dose is gradually adjusted by adding 
the average rescue dose per day until the total daily dose that produces 
adequate pain relief is reached.

Morphine
Morphine  is  one  of  20  alkaloids  isolated  from  opium  200  years  ago 
and is still the gold standard against which all analgesics are judged.23 
Morphine is a naturally occurring opioid alkaloid (phenanthrene) that 
is hydrophilic and does not cross  the blood-brain barrier well.  It has 
poor oral bioavailability of 20% to 30% and is metabolized in the liver 
by  microsomal  mixed-function  oxygenases  using  the  P450  system. 
Three metabolites are morphine-6-glucuronide (M6G), a potent anal-
gesic;  morphine-3-glucuronide  (M3G),  which  is  not  analgesic  but  is 
neuroexcitotoxic  and  can  actually  cause  hyperalgesia  and  allodynia; 
and normorphine, which is also analgesic. Morphine metabolites are 
excreted in urine and bile. M6G is a more potent analgesic than mor-
phine and accumulates to a higher serum concentration with chronic 
administration. Elimination half-life is normally 2 to 4 hours. However, 
the metabolism of morphine is reduced in liver failure, resulting in a 
prolonged half-life that can be almost double that in normal individuals 
so that the dosing interval should be increased to avoid excessive blood 
levels. Morphine, M6G, and M3G clearance is reduced in renal failure 
so these metabolites accumulate causing increasing toxicity, especially 
neurotoxicity  (i.e.,  reduce  morphine  dose  or  avoid  morphine).  Mor-
phine  induces  histamine  release  causing  itching  and  vasodilatation 
with  hypotension  in  hypovolemic  patients  and  problems  in  patients 
with asthma and atopy. In general, duration of analgesia increases with 
aging and plasma levels were 15% higher in those older than 65 years. 
Long-acting morphine preparations are MS-Contin, morphine SR, Ora-
morph SR (q 8-12h), Kadian, and Avinza (24-hour dosing interval). The 
onset of action is within 30 minutes, and elimination half-life is 2 to 
4 hours.  Steady-state  levels  are  achieved  in  approximately 24 hours. 
Long-acting preparations may have to be given more often than every 
12  hours.  Sustained-release  tablets  must  not  be  split,  crushed,  or 
chewed.  Intramuscular  injection of 10 mg of morphine  is  equivalent 
to 60 mg of oral morphine in single-dose studies of postoperative pain 
but  equivalent  to  30 mg  of  oral  morphine  for  repeated  dosing.  For 
chronic musculoskeletal pain, the daily dose of oral morphine is usually 
up to 180 mg/day, but rarely up to 300 mg/day is required. The poten-
tial for incomplete cross-tolerance between opioids, especially at high 
doses, suggests two approaches for switching to a new opioid prepara-
tion. First, switch to one third to one half the equianalgesic dose and 
use a short-acting preparation for rescue doses for breakthrough pain 
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Oxycodone
Oxycodone is a semi-synthetic derivative of thebaine (a phenanthrene 
opioid alkaloid) that has been in clinical use since 1917.38 Randomized 
controlled  trials  of  oxycodone  for  musculoskeletal  pain39-42  and  two 
trials for neuropathic pain43,44 demonstrated significant pain reduction 
in osteoarthritis and neuropathic pain. Adverse events were common 
and caused drug discontinuation in 10% to 36% of patients. Oxycodone 
is 6 to 9.5 times as potent as codeine (5 mg oxycodone = 30 to 50 mg 
codeine) and 1.5 to 2 times as potent as morphine (5 mg oxycodone = 
10 mg  morphine).  Oxycodone  metabolism  is  catalyzed  by  the  liver 
enzyme  CYP2D6  for  O-demethylation  to  oxymorphone  (an  active 
metabolite with 10-fold greater analgesic potency) and by N-demethyl-
ation to noroxycodone then noroxymorphone. Low levels of CYP2D6 
and inhibitors of CYP2D6 may reduce levels of oxymorphone, but the 
clinical impact on analgesia is not known.

Oxycodone  is  a  schedule  II  medication  (prescriptions  must  be 
rewritten monthly). Short-acting oxycodone is available as plain oxy-
codone  and  compounded  with  acetaminophen  (Percocet,  Roxicet,  or 
Tylox) or aspirin (Percodan). Controlled-release oxycodone (OxyContin 
and  generic  oxycodone-CR)  has  an  initial  brief  rapid  absorption  fol-
lowed by prolonged absorption. Chewing or breaking the tablets results 
in  rapid  release  and  potential  for  opioid  overdose.  Oxycodone  and 
metabolites  are  excreted  free  or  in  glucuronidated  form. Elimination 
half-life  is  approximately 3.2 hours  for  immediate-release oxycodone 
and  4.5  hours  for  controlled-release  oxycodone  so  that  steady-state 
levels are achieved in 24 to 36 hours.

Dosing  interval ranges  from 8 hours  (in up to a third of patients) 
to 12 hours (in two thirds of patients). In clinical trials two thirds of 
patients had effective pain control on 40 mg or less per day. Titration 
of oxycodone dose to adequate analgesia can be made by increasing the 
daily dose by 25% to 50% every 1 to 2 days (time to reach steady state) 
or by reducing dose interval from every 12 hours to every 8 hours. The 
oxycodone dose should be a third to a half  lower in those older than 
age 65 years because they have a 15% higher serum concentration. In 
kidney failure (creatinine clearance < 60 mL/min), oxycodone-CR has 
50% higher plasma concentration because the half-life is longer.38 The 
plasma  level  was  40%  to  50%  higher,  and  the  half-life  was  2  hours 
longer  in  patients  with  mild  to  moderate  hepatic  impairment.  In 
patients with cirrhosis, the half-life was 13.9 hours before liver trans-
plantation and 3.4 hours after transplantation.38 Interestingly, women 
had  25%  higher  plasma  concentration  than  men  when  adjusted  for 
body weight. The oxycodone dose should be  reduced  in  those  taking 
sedatives, hypnotics, tranquilizers, and alcohol. Interaction with SSRIs 
can cause increased serotonin levels and the serotonin syndrome with 
visual hallucinations and tremors.38

Acetaminophen warning
In 2009, the U.S. Food and Drug Administration (FDA) issued a ruling 
that required revised labeling to include warnings about potential safety 
risks with acetaminophen. This new  labeling  requirement applies  to 
acetaminophen and to any medication that contains acetaminophen. 
Manufacturers must ensure that the active ingredients of these drugs 
are prominently displayed on the  labels of both packages and bottles 
and must warn about the risk of severe liver damage and unintentional 
overdose. New labeling instructs patients to consult with their physi-
cian prior to using acetaminophen if they are taking warfarin and warns 
against  the  combined  use  of  acetaminophen  and  alcohol.  This  new 
labeling requirement is effective as of April 28, 2010. Patients must be 
warned not to consume alcohol while taking these medications to avoid 
unintentional liver toxicity and to be aware of other over-the-counter 
medications  that  might  contain  acetaminophen.  They  should  be 
advised to limit their total daily acetaminophen dose to below 4000 mg/
day.

Methadone
Methadone  is  a  synthetic  opioid  that  has  been  used  for  the  past  40 
years  primarily  as  a  maintenance  treatment  for  heroin  addiction 
because it can control cravings, prevent withdrawal symptoms, is long 
acting,  and  is  legal.  Recently  it  has  been  used  to  treat  cancer  and 

as needed until the dose needed is established. Alternatively, one can 
reduce the current opioid dose to one half and add half the calculated 
equianalgesic  dose  of  the  new  opioid  for  several  days  and  monitor 
analgesic  level  before  completing  the  switch  (a  taper/titrate 
conversion).

Codeine
Codeine,  the  methyl  ether  of  morphine,  was  isolated  in  1832  as  an 
impurity  in morphine extracted  from opium.36  It  is widely used as a 
safe antitussive and analgesic for mild to moderate pain because it has 
little  respiratory  suppression  effects  and  minimal  tolerance,  depen-
dence, or abuse and addiction problems. Up to 10% of the codeine dose 
is  demethylated  to  morphine  by  CYP2D6  and  CYP3A3/4  enzymes; 
therefore, individuals with low levels of P450 enzyme activity may have 
no analgesic effects from codeine. Codeine analgesic effects as well as 
side effects can be  reduced by  inhibitors of  these enzymes  (see Table 
49.2). The elimination half-life  ranges  from 2.5  to 3 hours. Codeine 
doses should be decreased by 25% to 50% with renal insufficiency and 
failure.  It has been  shown  to be  effective  for osteoarthritis pain  in a 
randomized placebo-controlled 4-week trial of a controlled-release for-
mulation (dihydrocodeine) in a dose range of 100 to 400 mg/day (mean 
dose, 320 mg/24 hr). The  frequency of  side effects  in  this  study was 
82%  for  codeine  and  58%  for  placebo,  leading  to  discontinuation  in 
nearly 40% of those treated with codeine.6 Individual doses of codeine 
above 60 mg prolong but do not increase analgesia and tend to produce 
more side effects. Plain codeine is a schedule II drug, and prescriptions 
must  be  rewritten  each  month.  Codeine  compounded  with  a  non-
opioid analgesic (acetaminophen with codeine) is a schedule III medi-
cation  and  prescriptions  may  have  five  refills.  A  controlled-release 
formulation  available  outside  the  United  States,  dihydrocodeine 
(Codeine Contin), was significantly more effective for osteoarthritis hip 
or knee pain than placebo.6

Hydrocodone
Hydrocodone  is  a  semi-synthetic  derivative  of  morphine  that  is  a 
schedule  III  medication  and  only  available  compounded  with  acet-
aminophen  (Vicodin,  Lortab,  Lorcet,  Maxidone,  Norco,  and  Zydone) 
and with ibuprofen (Vicoprofen). Hydrocodone, 10 mg, is equianalgesic 
to 60 mg codeine. Hydrocodone has a complex metabolism involving 
two  P450  enzymes,  CYP2D6  and  CYP3A4,  that  produce  several 
hydroxymetabolites, including hydromorphone, which is an active mu 
receptor  agonist.  It has  a half-life of 3.8  to 4.5 hours  and  should be 
used with caution in the elderly and those with renal or hepatic dys-
function. Low CYP2D6 activity may decrease conversion to the active 
metabolite, but the clinical effects on analgesia are unknown.

Hydromorphone
Hydromorphone (Dilaudid, Hydromorph Contin) is more potent than 
morphine (2 mg of hydromorphone is approximately equianalgesic to 
10 mg morphine). It is a semi-synthetic hydrogenated ketone of mor-
phine developed  in  the 1920s and  is  a  schedule  II drug.  Immediate-
release 2- and 4-mg tablets have an onset of action within 30 minutes 
and duration of action about 4 hours (half-life of 2 to 3 hours). A slow-
release preparation has a duration of action of 12 to 24 hours. It does 
not have a 6-glucuronide metabolite; however, a 3-glucuronide is not 
analgesic but is neuroexcitotoxic30 and can cause increased pain, allo-
dynia, myoclonus, and seizures. The usual starting dose is 2 to 4 mg 
every 4 to 8 hours. High-dose hydromorphone may be associated with 
severe nausea and delirium. The hydromorphone/3-glucuronide plasma 
level  is 30-fold greater than the parent drug with chronic dosing and 
up to 100-fold higher with renal failure. If there is associated myoclo-
nus  and/or  confusion  the  patient  should  be  rotated  to  a  different 
opioid.37 It has partial lipid solubility with delayed penetration of the 
blood-brain  barrier.  It  is  faster  acting  than  morphine  (more  lipid 
soluble) and not as fast acting as fentanyl (less lipid solubility). There 
are  no  randomized  controlled  trials  of  hydromorphone  for  musculo-
skeletal  pain.  The  morphine  to  hydromorphone  conversion  ratio  is 
about 5 : 1. Caution should be used in prescribing hydromorphone to 
the elderly and those with hepatic and renal dysfunction.
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with  small  doses  and/or  doses  adjusted  according  to  current  opioid 
dose. The onset of analgesia is within 30 to 60 minutes, and duration 
of analgesia may be 4 to 8 hours when starting this drug. Drug tissue 
accumulation with repetitive dosing increases the duration of analgesic 
action up to 12 hours and reduces dosing to one to three times a day. 
Elimination half-life ranges from 4.2 to 130 hours and may result in 
drug accumulation and toxicity. The long duration of action at steady 
state  reduces  instances  of  breakthrough  pain  and  end-of-dose  absti-
nence  symptoms.47  Abstinence  withdrawal  symptoms  are  protracted 
after methadone discontinuation.

Methadone dosing must be cautiously individualized. The metha-
done dose used to treat heroin addiction is 20 to 60 mg administered 
once  every 24 hours.  It would  be  toxic  for  an  individual who  is not 
tolerant  to opioids.46 Conversion to methadone to  treat chronic pain 
requires  conversion  dose  ratios  that  vary  with  the  daily  morphine 
equivalent  dose  (see  Table  49.5).49  It  is  important  to  remember  that 
equianalgesic  dose  charts  are  usually  based  on  single-dose  analgesic 
studies and are only approximate comparisons that tend to underesti-
mate the potency of methadone and grossly overestimate the steady-
state  dose  level  of  methadone  that  will  be  required  for  adequate 
analgesia.4,51

The first  step  is  to calculate  the morphine equivalent dose of  the 
current opioid. The morphine equivalent dose  is 3.7  times  the daily 
hydromorphone  dose  and  2  times  the  Oxycontin  daily  dose.  The 
second step  is  to convert  the daily dose of morphine equivalent  into 
the starting methadone dose:

●  Less  than  200 mg  morphine  equivalent  per  day:  use  10%  for 
conversion methadone dose

●  200 to 500 mg morphine equivalent per day: use 7% for conver-
sion methadone dose

The third step is to select a dosing strategy for the methadone titra-
tion that is based on current analgesic regimen (see Table 49.5). Con-
servative calculations of the conversion dose for methadone are based 
on the morphine equivalent dose per day.

Strategy 1—The “start low, go slow” strategy
This strategy  is recommended for opioid-naive patients to avoid side 
effects during upward titration to effective analgesia. Start the titration 
with 2.5 to 5 mg methadone every 8 to 12 hours plus a short-acting 
opioid for breakthrough pain. Slowly increase the methadone dose by 
2.5 mg at 2- to 4-weekly intervals based on the clinical response (i.e., 
analgesia and adverse effects).

Strategy 2—The “stop and start” strategy
This strategy is recommended for those taking codeine and hydroco-
done (weak opioids) or those on less than 200 mg morphine equivalent 
per  day  of  other  opioids.  Calculate  10%  of  the  morphine  equivalent 
dose per day for the starting methadone dose per day in two to three 
divided doses per day. Use a short-acting opioid only for breakthrough 
pain and increase the methadone dose by 2.5 mg every 8 hours every 
2  to 4 weeks. Do not  increase  the methadone dose more often  than 
every 2 weeks.

Strategy 3—The “taper titrate” strategy
This strategy is recommended for patients on more than 200 to 500 mg 
of morphine equivalent per day.

Calculate 7% of the morphine equivalent dose for the target conver-
sion methadone dose per day divided into three every 8 hourly doses 
per day. Start with 50% of  the  calculated  target methadone dose per 
day  (divided  into  three every 8 hourly doses)  and  reduce  the current 
opioid by 50%. Slowly upward titrate the methadone dose by increasing 
the daily dose by 2.5 to 5.0 mg per day every 2 to 4 weeks and taper 
the current opioid by half each time the methadone is increased.

If  the  patient  develops  sedation  or  respiratory  suppression during 
methadone titration, hold the next dose of methadone, decrease sub-
sequent  doses,  and  make  increments  less  frequently.  Short-acting 
opioids  (codeine,  hydrocodone,  or  oxycodone)  for  breakthrough  pain 
will  avoid  excessive  methadone  accumulation.  Methadone  dose  
reduction  will  be  required  as  methadone  accumulates  over  several 
weeks.  The  maintenance  dose  of  methadone  will  be  less  than  the 
equianalgesic chart starting dose,4 and disproportionately smaller doses 

non-cancer persistent pain.32,45 A systematic literature review reported 
that 59% of methadone-treated patients had “meaningful effects,” that 
is,  more  than  30%  reduction  of  pain  and/or  statistically  significant 
improvement with tolerable or manageable side effects supporting the 
use of methadone  for  chronic pain.45 Methadone  is very  inexpensive 
and has a  relatively  low street value.  It has no active metabolites,  is 
not  eliminated  by  the  kidney,  and  has  minimal  neuroexcitotoxicity. 
Methadone  is  comparable  to  morphine  for  analgesia  and  side  effect 
profile  and  has  less  severe  withdrawal  symptoms.21  It  can  mitigate 
opioid  tolerance  because  of  incomplete  cross-tolerance  with  other 
opioids and its multiple-receptor activity.45

Methadone  produces  analgesia  through  opioid  and  non-opioid 
mechanisms.26 The l-isomer is a MOP and DOP receptor agonist. The 
DOP activity may account for methadone’s ability to counteract opioid 
tolerance and dependence.32 Both isomers are moderate-affinity NMDA 
receptor blockers in the brain and spinal cord and may attenuate opioid 
tolerance. NMDA is an excitatory neurotransmitter responsible for the 
pain amplification of “wind up.” The NMDA receptor blocker action 
also  decreases  neuropathic  pain.  Additionally,  the  l-isomer  inhibits 
serotonin and norepinephrine neuronal reuptake.23,46,47

The pharmacokinetics of methadone are very complex. Methadone 
is well absorbed with up to 85% bioavailability.48 It is highly lipophilic, 
and the onset of action begins in 1 to 2 hours with peak plasma level 
by 4 hours.48 Duration of analgesia is 4 to 8 hours after each dose. The 
usual dosing for pain is two to three times per day, but some patients 
may require a dose every 4 to 6 hours initially. The dosing interval can 
be  lengthened  after  repeated  administration.  Methadone  has  a  long 
elimination half-life  that carries with  it  the risk of delayed overdose. 
Methadone metabolism occurs  in  the gut, kidney, and  liver by P450 
enzymes, CYP3A4 (the main methadone demethylator), CYP2D6, and 
possibly CYP2B6; however, no active metabolites are produced.32 Slow 
elimination results in a long and variable half-life with daily adminis-
tration  (range:  12  to  over  100  hours  with  an  average  of  about  24 
hours).27  Four  to  five  half-lives  are  required  to  reach  steady  state. 
During this period of slow drug accumulation there is an increased risk 
for delayed toxicity. Methadone administration is also complicated by 
important drug interactions. Buprenorphine, pentazocine, naltrexone, 
naloxone, and tramadol are contraindicated in patients taking metha-
done because they may precipitate withdrawal symptoms.45

Agents that induce CYP3A4 enzyme activity increase the metabo-
lism of methadone and thereby reduce blood levels so that analgesia is 
less and withdrawal symptoms may occur (see Table 49.2). Agents that 
inhibit CYP3A4 and inhibit CYP2D6 reduce the metabolism of metha-
done and may  increase methadone  levels and cause  increased opioid 
effects. Spironolactone may increase methadone clearance. Benzodiaz-
epines,  tramadol,  and alcohol  increase adverse effects of methadone. 
There is minimal elimination of methadone by the kidney and gut so 
that methadone clearance is minimally affected by age and renal insuf-
ficiency; however, in end-stage renal failure the dose should be reduced 
by 50%.46 Hemodialysis and peritoneal dialysis  remove  less  than 1% 
of the daily dose of methadone and are not useful to manage overdoses. 
Clearance  is  normal  in  patients  with  stable  alcoholic  liver  disease; 
however, CYP enzymes may be induced during active hepatitis C infec-
tion so  that much higher doses of methadone may be  required. Side 
effects are similar to those of other opioids (Table 49.4). Nausea, vom-
iting,  constipation,  and  drowsiness  may  be  less  with  methadone; 
however,  dry  mouth,  myoclonus,  sweating,  and  confusion  do  still 
occur.11,49 Some patients may develop QTc prolongation by more than 
60 ms, increasing the risk of developing arrhythmias such as torsades 
des  pointes.  Prolongation  of  the  QTc  is  usually  dose  related  above 
30 mg/day,  and  arrhythmias  occur  with  doses  above  70  to  100 mg 
methadone per day.

There are several methadone prescribing strategies:”start low, go 
slow,” “stop and go,” and “taper titrate.”

Methadone titration can be difficult because of the long and unpre-
dictable half-life that can also be affected by the important drug interac-
tions just described23,32,45,49,50 and in Table 49.2. Additional details on 
methadone dosing recommendations for treatment of chronic pain are 
available  at  www.atforum.com,  www.vapbm.org,  or  vaww.pbm.med.
va.gov.11  Recommendations  in  Table  49.5  were  modified  for  a  more 
conservative approach to methadone prescribing based on our experi-
ence and recent reports.47,49,50,52 Titration of methadone should begin 

http://www.atforum.com
http://www.vapbm.org
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TABLE 49.4 ADVERSE SIDE EFFECTS OF OPIOIDS

Side effects 50% overall 
incidence Opioid effect and impact Recommendations

Constipation (40% to 70% 
incidence)

Reduces secretions and peristalsis in small and large intestine
Increases tone in pyloric sphincter, ileocecal valve, anal sphincter
Does not decrease over time

Prophylactic treatment with laxatives that are gut stimulants, 
not stool softeners

Docusate, senna (2-6 tabs bid), bisacodyl
Lactulose PO and enemas
Oral naloxone 0.8 mg bid

Nausea and vomiting (15% 
to 30% incidence)

Binds receptors in brain stem, stimulates chemoreceptor trigger  
zone plus slows gastrointestinal motility

Ondansetron, prochlorperazine, thiethylperazine, or haloperidol
Hydroxyzine, transdermal scopolamine
Metoclopramide if caused by reduced motility
Corticosteroids (dexamethasone) may help
Rotate to alternative opioid

Sedation/somnolence (20% 
to 60%)

In early treatment decreases rapidly but may be persistent
If appears later in treatment may indicate accumulation

Methylphenidate (5-10 mg), pemoline dextroamphetamine 
(2.5-10 mg), caffeine (65-200 mg/d)

Increase dose interval

Dizziness (14%) Unclear mechanism Meclizine or scopolamine

Cognitive impairment Distinguish from slowed cognition due to sedation Reduce dose or increase dosing interval

Delirium with confusion, 
agitation, hallucinations

Dysphoria or euphoria

Uncertain mechanisms Haloperidol for delirium, benzodiazepine for agitation, opioid 
rotation

Headache Unclear mechanism Lower dose, rotate opioid

Skin effects; pruritus and 
urticaria, flushing, rashes, 
and sweating (2% to 10%)

Histamine release from mast cells also causes vasodilatation, 
sweating

Antihistamines, paroxetine
Opioid rotation

Myoclonus (increases with 
higher doses)

Neuroexcitotoxic side effect (is dose related) Diazepam, clonazepam, midazolam, baclofen, valproic acid, and 
dantrolene

Opioid rotation if dose reduction not possible

Dry mouth Autonomic effects

Respiratory depression Depression of mu2 receptor mediated brain stem respiratory centers
Depresses response to CO2 and respiratory rate, cough suppression
Increases obstructive sleep apnea, respiratory arrest

Naloxone 0.4 mg/10 mL saline: infuse 5 mL q 2 min until 
respiratory depression reversed

Urinary retention and 
hesitancy

Increases the tone of urinary tract smooth muscle
Can cause ureteral spasm, sphincter spasm, bladder spasm with 

urinary urgency, and difficulty passing urine
Inhibits voiding reflex so decreased tone in bladder detrusor muscle 

can cause urinary retention

Opioid rotation catheterization

Circulatory depression 
(lightheadedness)

Vagal stimulation causes bradycardia
Reduced sympathetic output resulting in vasodilation and 

venodilation can cause hypotension especially if patient is 
hypovolemic or septic

Give intravenous fluids

Antitussive effects Depression of cough center in the medulla

Meiosis Parasympathetic stimulation at the Edinger-Westphal nucleus of  
the oculomotor nerve

No symptoms

Hormonal effects: 
hypothalamic-pituitary-
adrenal axis

Loss of libido, impotence, aggression, amenorrhea, galactorrhea Due to reduced cortisol, increased prolactin, and decreased 
luteinizing hormone, follicle-stimulating hormone, 
testosterone, and estrogen

Immune effects Evidence of immune modulation in humans is limited (pain itself  
can modulate the immune system).

Decreases function of T cells, B cells, NK cells, and macrophages

Opioid-like receptors on immune cells
More pronounced effects in immunosuppressed HIV-infected 

persons

Overdose with opioids Respiratory depression, somnolence to coma, skeletal muscle 
flaccidity, cold and clammy skin, constricted pupils, bradycardia, 
hypotension, death

Control airway and provide ventilatory assist
Give naloxone 0.4 to 2 mg IV to maintain alertness and 

respiratory function (can use continuous infusion); can 
precipitate abstinence syndrome. If no response after 10 mg 
it is probably not opioid overdose.

Data from references 13, 28, and 58.

of  methadone  are  needed  with  higher  morphine  equivalent  doses. 
Dosing intervals may be increased to every 12 hours when the analgesic 
dose  is  stable  (producing  adequate  pain  relief  and  manageable  side 
effects). Patients should be monitored every 1 to 2 weeks during titra-
tion  and  monthly  thereafter.  Significant  toxicity  may  occur  if  dose 
increments are made too frequently, dose conversion ratio is too high, 

or dose  intervals  too close. Educate patients about  the slow onset of 
analgesia as the medication accumulates, about side effects to antici-
pate,  the  dangerous  drug  interactions  with  methadone,  and  about 
withdrawal symptoms if they stop the medication abruptly. The con-
servative dose calculation proposed may result in an initial undertreat-
ment  of  pain.  Rescue  medication  for  breakthrough  pain  should  be 



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

476

TABLE 49.7 COST COMPARISONS OF SHORT-ACTING OPIOIDS (VA, JULY 2009)

Opioid
Cost per 
#100

Cost per month for 
2 tabs qid (#240)

Codeine 30 mg with acetaminophen $4.70 $11.28

Hydrocodone 5 mg with acetaminophen $2.49 $5.98

Oxycodone 5 mg $5.90 $14.16

Oxycodone 5 mg with acetaminophen $3.60 $8.74

Morphine sulfate 15 mg $3.40 $8.16

Hydromorphone 2 mg $6.29 $15.10

Oxymorphone 5 mg $143.60 $344.64

VA, U.S. Department of Veteran’s Affairs.

TABLE 49.5 DOSING STRATEGIES FOR CONVERSION TO METHADONE

Current opioid dose Oral daily dose example Methadone conversion ratio and dosing strategy depends on current opioid daily

Patient on no opioid NA ’Start Low, Go Slow’ gradual titration in the clinic
Start methadone at 2.5 mg q8h then increase by 2.5 mg q8h every 2 to 4 weeks

Morphine equivalent 
dose < 200 mg/day

150 mg/day ’Stop and Start’
Calculate 10% of 150 mg = conversion dose of 15 mg methadone/day
Start methadone at half this conversion dose with 2.5 mg q 8h and increase by 2.5 mg q8h every 2 to 4 weeks

Morphine equivalent 
dose = 200-500 mg/
day

500 mg/day ’Taper Titrate’
Calculate 7% of 500 mg = conversion dose of 35 mg methadone/day, start with about 1

3  of this dose = 5 mg q8h.
Decrease current opioid to 2

3  of daily opioid dose.
Increase methadone by thirds and taper current opioid by thirds every 2 to 4 weeks.

Data from references 13 and 50.

provided  at  10%  to  15%  of  the  daily  methadone  dose  with  a  short-
acting opioid such as oxycodone, hydrocodone, or codeine.34

A strong case can be made to use methadone for chronic musculo-
skeletal pain and chronic neuropathic pain because it has a comparable 
efficacy and side effect profile to morphine. Methadone has no active 
metabolites,  so  it  can  be used  in  renal  insufficiency  (reduce  dose  by 
50%  in  patients  in  end-stage  renal  failure  or  on  dialysis)  and  stable 
chronic liver disease (with mild to moderate dysfunction). Methadone 
is the least expensive opioid (Tables 49.6 and 49.7).

Transdermal fentanyl
Fentanyl (Duragesic, generic) is a short-acting, highly lipophilic opioid 
derivative  of  meperidine.52  It  was  significantly  more  effective  than 

TABLE 49.6 COST COMPARISONS OF LONG-ACTING OPIOIDS

Drug (manufacturer) Dose
VA cost per dose 
in July 2009 Monthly cost 

Transdermal fentanyl 
(Janssen 
Duragesic)

25 µg/hr* $2.06 each patch $20.60/mo q 3 days

50 mg/hr $3.84 $38.40

75 mg/hr $5.72 $57.20

100 mg/hr $7.66$5 $76.60

Generic transdermal 
fentanyl patch 
(Mylan) 

( 1
2  the cost of 
Duragesic)

25 µg/h* $1.25 each patch $12.50

50 µg/h $2.29 $22.90

75 µg/h $3.51 $35.10

100 µg/h $7.23 $72.30

Oxycodone 
controlled release 
(Purdue Pharma)

10 mg $92.00 per #100 
tablets

 $55.20/mo (bid 
dosing) 

$105.60/mo

40 mg* $176.00/100 
tablets

$105.60

Morphine SA 
(generic 
Mallinckrodt)

20 mg $312.00 $187.20/mo

15 mg $7.34 per #100 
tablets

$ 4.40/mo (bid 
dosing)

30 mg* $11.27 $6.76

60 mg $23.20 $13.92

Methadone 
(Mallinckrodt)

2.5 mg* 
( 1

2  tab)
$1.49/mo (tid 

dosing)

5 mg* $1.98 (bid dosing)

10 mg $5.00/100 $3.00 (bid dosing)

*Approximate equianalgesic doses per American Pain Society.
VA, U.S. Department of Veteran’s Affairs.

placebo  for  osteoarthritis  pain,  but  only  50%  completed  the  6-week 
study.52  It  is  100  times  as  potent  as  morphine  and  has  no  active 
metabolites. A transdermal patch produces 72 hours of systemic drug 
delivery through the skin. Transdermal fentanyl should not be started 
in opioid-naive patients because of possible respiratory depression and 
should not be used for initial opioid titration. Patients must be warned 
not to chew or swallow the patch and not to place a hot pack on the 
patch or wear it during magnetic resonance imaging (MRI). Pain relief 
does  not  begin  for  6  to  8  hours  after  applying  the  patch.  Fentanyl 
patches should be reserved for those patients who cannot swallow or 
are unable to tolerate morphine SR and methadone. The elimination 
half-life after removing the patch is at least 17 hours because of drug 
sequestration in adipose tissue. Metabolites are excreted in the urine.

Initial dose calculation for switching from another opioid should be 
based on the calculated 24-hour morphine equivalent dose. Approxi-
mate equianalgesic conversion doses are 25 mcg/hr, 72-hour patch for 
90 mg of oral morphine per 24 hours; for 45 mg of oxycodone per 24 
hours;  and  for  12 mg  of  hydromorphone  per  24  hours  (see  Table 
49.3).  Drug  conversion  ratios  and  recommended  doses  for  transder-
mal  fentanyl published by  the manufacturer are conservative so  that 
upward dose titration will likely be needed. Fentanyl dose should not 
be  increased  in  less  than 6 days. Dose  increases  should be based on 
the  amount  of  rescue  medication  (supplemental  short-acting  opioid) 
required per 24 hours. A 90-mg/24 hr oral morphine equivalent dose 
of  rescue  medication  warrants  a  25-µg/hr  increase  in  the  fentanyl 
patch dose. A recent drug warning from the manufacturer warns con-
comitant  use  of  CYP3A4  inhibitors  (ritonavir,  ketoconazole,  diltia-
zem,  itraconazole,  troleandomycin,  clarithromycin,  nelfinavir,  and 
nefazadone)  may  result  in  high  plasma  fentanyl  concentrations  and 
increased  adverse  drug  effects,  especially  potentially  fatal  respiratory 
depression.  It  is  important  to  remember  that  17  or  more  hours  are 
required  for  the  blood  level  to  decrease  by  50%  after  the  patch  is 
removed.  Concomitant  use  with  other  opioids,  sedatives,  hypnotics, 
tranquilizers  (e.g.,  benzodiazepines),  general  anesthetics,  phenothi-
azines,  skeletal  muscle  relaxants,  and  alcohol  may  cause  respiratory 
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10-fold less potent in binding mu receptors than codeine and is similar 
to other weak opioids but is more expensive. Tramadol should not be 
used long term because safer, more effective, and less expensive medi-
cations are available. Side effects  include headache, constipation and 
nausea, dizziness, sedation, and CNS stimulation with spasticity, agi-
tation,  anxiety,  euphoria, hallucinations,  and  seizures.  Seizures have 
been reported especially in those using tricyclic antidepressants (TCAs), 
cyclobenzaprine, promethazine, SSRIs, monoamine oxidase inhibitors, 
and  neuroleptics.  The  risk  of  tramadol-induced  seizures  may  be 
increased  in  those  with  epilepsy,  brain  injury,  metabolic  disorders, 
alcohol withdrawal, or CNS infection.

The recommended doses are 25 to 100 mg every to 6 hours not to 
exceed  400 mg/day.13  Dose  interval  and  maximum  dose  should  be 
reduced to less than 200 mg every 12 hours when creatinine clearance 
is less than 30 mL/min. Daily dose should not exceed 300 mg/day in 
those older than age 75 or 50 mg every 12 hours in those with hepatic 
dysfunction. The manufacturer’s information sheet recommends tra-
madol not be used with hepatic  impairment. Drug  interactions with 
tramadol are significant. Tramadol is subject to both metabolic induc-
tion and inhibition so that analgesia may be reduced by low CYP2D6 
activity  (inherent  or  drug-induced  reduction  of  conversion  to  active 
metabolite)  as well  as  by  induction of CYP2D6  (e.g.,  carbamazepine 
increases metabolism), which reduces analgesic efficacy and the half-
life up to 50% (see Table 49.2). Tramadol may produce a serotonin-like 
syndrome if administered with an SSRI (citalopram, sertraline, fluox-
etine, fluvoxamine, or paroxetine).  In a  tramadol overdose, naloxone 
may increase the risk of seizure and it is minimally removed by hemo-
dialysis.  Opioid-like  withdrawal  symptoms  may  occur  after  abrupt 
discontinuation.

Propoxyphene napsylate (100 mg [Darvon-N] and with acetamino-
phen [Darvocet-N]) and propoxyphene hydrochloride (65 mg [Darvon] 
and with aspirin and caffeine [Darvon Compound 65]) are weak opioid 
agonists with a chemical structure similar to methadone. This drug is 
regarded as a dangerous pain killer because  toxicity develops at only 
slightly above the recommended daily dose, and it was withdrawn from 
the market in Great Britain in 2007, where it is viewed as a poor pain 
killer with a narrow therapeutic window and toxicity in overdose that 
is unacceptable. It is not scheduled as a controlled substance but can 
produce  opioid-like  dependence  with  withdrawal  symptoms  after 
abrupt discontinuation. It  is only one half to two thirds as potent as 
codeine. The half-life is highly variable and ranges from 6 to 12 hours.23 
N-demethylation produces norpropoxyphene, which has a long half-life 
of 30 to 36 hours so that accumulation and toxicity occur with repeated 
dosing (CNS and respiratory depression, seizures, delusions, hallucina-
tions,  confusion,  cardiotoxicity, prolonged conduction  time, and pul-
monary  edema).  Deliberate  and  accidental  overdose  alone  or  in 
combination  with  tranquilizers,  antidepressants,  and  alcohol  has  a 
high risk of serious toxicity and death.  Ingestion of 6 to 20 capsules 
with alcohol can produce serious toxicity/death. Naloxone can antago-
nize  the  respiratory depression and cause  seizures and cardiotoxicity 
and arrhythmias.13,23 Propoxyphene should not be prescribed for long-
term use and should not be used in those with renal and hepatic insuf-
ficiency. Propoxyphene is inappropriate for use in those older than age 
65 years because the metabolism is reduced and the half-life prolonged. 
Propoxyphene may also  interfere with  the metabolism of antidepres-
sants, anticonvulsants (especially carbamazepine), and Coumadin. The 
FDA  recently  required  stricter  labeling  of  drugs  containing  propoxy-
phene after an expert advisory panel recommended the drug be with-
drawn.  The  FDA  concluded  that  propoxyphene  is  useful  enough  to 
remain on  the market  but  required  a  “boxed warning”  regarding  the 
risk of death at higher than prescribed doses. Propoxyphene overdose 
frequently produces death within the first hour. This  is thought pos-
sibly due to prolonged QT interval causing fatal arrhythmia.

CLINICAL APPROACH TO LONG-TERM  
OPIOID PRESCRIBING
Making  the  decision  to  prescribe  long-term  opioid  therapy  must  be 
preceded by a thorough investigation of the medical, psychological, and 
socioeconomic complexities of the persistent pain problem. The arrival 
of a patient on opioids prescribed by another provider is never sufficient 

depression, hypotension, profound sedation, or coma. Increased body 
temperature may increase transdermal diffusion, and MRI procedures 
can heat the patches.

Buprenorphine
Buprenorphine  is  a  semi-synthetic,  highly  lipophilic  opioid  that  is 
derived from the morphine alkaloid thebaine.23  It  is a partial agonist 
with very high affinity at  the MOP and is an antagonist at  the KOP. 
It  is 30  to 40  times more potent  than morphine, but because of  the 
antagonist  activity  the analgesic  effects plateau at higher doses.  It  is 
used for narcotic addiction therapy because of its antagonist properties. 
Because  of  its  high  affinity  for  MOP,  buprenorphine  may  block  the 
effect of other opioids. It is dosed once daily for treatment of addiction 
disorders  but  three  or  four  times  daily  for  analgesia.  Individuals  on 
daily  buprenorphine  for  addiction  treatment  who  need  analgesia  for 
acute or chronic pain may increase the dose frequency to four times a 
day, with a maximal daily dose of 32 mg. At higher doses, buprenor-
phine behaves more  like an antagonist.  If  this  is not  effective, other 
high-affinity opioids such as fentanyl or hydromorphone can be used. 
Buprenorphine is contraindicated for pain treatment in opioid-depen-
dent patients because it may precipitate severe withdrawal symptoms. 
Oral buprenorphine is extensively (80%-90%) metabolized in the liver 
by first-pass metabolism; therefore, oral bioavailability is poor. Sublin-
gual absorption has better (55%-70%) bioavailability, with peak plasma 
concentrations at 90 minutes and a half-life of 4 to 5 hours. A trans-
dermal formulation with similar bioavailability is available in Europe. 
Interestingly,  opioid-induced  hyperalgesia,  which  can  be  seen  after 
exposure to higher doses of pure mu agonist opioids, does not appear 
with buprenorphine. Buprenorphine has anti-hyperalgesic effects that 
may  be  due  to  its  antagonist  effect  on  the  KOP  receptor  that  are 
thought  to  promote  the  hyperalgesic  pain  state  and  antinociceptive 
tolerance. The combination drug buprenorphine plus naloxone  (Sub-
oxone) is FDA approved for use only in the treatment of opioid depen-
dence. This indication is strictly adhered to by the manufacturer and 
its  federal  co-sponsor  (Center  for  Substance  Abuse  Treatment).  The 
off-label use of this drug for pain management is not supported. The 
risk of precipitation of severe opioid withdrawal with improper use is 
not  insignificant.  Ten  hours  of  training  toward  supplemental  Drug 
Enforcement  Agency  licensure  is  required  to  prescribe  it  safely  and 
effectively (Scott McNairy, director of Addiction Psychiatry, University 
of Minnesota, personal communication).53

Oxymorphone
Oxymorphone is a new semi-synthetic opioid agonist available in both 
immediate-release (IR) and extended-release (ER) as a schedule II con-
trolled substance and is very expensive.54 Oxymorphone is only about 
10%  bioavailable  when  taken  orally.  This  is  increased  by  hepatic  or 
renal  dysfunction.  Food  increases  the  concentration  of  oral  oxymor-
phone by 38% to 50%; therefore, it must be given at least 1 hour before 
or 2 hours after meals. If the ER formulation is taken with 20% alcohol 
the concentration may be increased by as much as 260%. There is a 
black box warning  for patients  taking oxymorphone ER against  con-
suming  alcohol.  Oxymorphone  is  not  metabolized  by  and  does  not 
inhibit  or  induce  the  CYP450  enzymes.  It  is  10  times  more  potent 
than morphine when given by injection. A 10-mg tablet, if crushed and 
injected,  will  deliver  a  potentially  lethal  dose  equivalent  to  100 mg 
morphine. The starting dose in opioid-naive patients is recommended 
at 5, 10, or 20 mg every 4 to 6 hours. The ER formulation is recom-
mended  at  5 mg  every  12  hours.  Caution  should  be  exercised  in 
patients with moderate to severe renal disease or mild hepatic impair-
ment. It should not be given to patients with moderate to severe liver 
disease.

Other mu agonist analgesics
Several common mild mu agonist analgesics are used for mild persis-
tent pain but are generally not recommended for persistent moderate 
to severe pain. Tramadol (Ultram or Ultracet compounded with acet-
aminophen)  is  an  unscheduled  analgesic  with  weak  MOP  receptor 
affinity and inhibition of norepinephrine and serotonin reuptake. It is 
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The  final step  before  prescribing  opioids  is  to  establish  at  the 
outset  that  you  expect  it  is  unlikely  the  pain  will  be  eliminated  
completely but some improvement can be anticipated. It is important 
to  discuss  realistic  treatment  outcome  goals  for  pain  relief  and  the 
specific  functional  improvements.  Determine  whether  your  assess-
ment does or does not match the patient’s goals before starting opioid 
treatment. Discuss the patient’s responsibility in working to improve 
function and to abide by the clinic’s rules. For patients determined to 
be at high risk for abuse or addiction, explain the need for more careful 
monitoring  and  more  frequent  urine  toxicology  screens.  It  may  be 
useful  to  use  a  pain  diary  or  a  patient  pain  treatment  satisfaction 
questionnaire to monitor the patient’s progress over time. Set a clear 
expectation  of  regular  assessment  of  whether  goals  are  being  met, 
agreement to follow the clinic rules for opioid prescribing (see later for 
details), and willingness to discontinue opioid therapy if goals are not 
met.

Prescribing opioids
Opioid treatment of persistent osteoarticular pain must be individual-
ized  because  this  pain  is  often  due  to  a  variable  combination  of 
mechanical mechanisms, inflammatory mechanisms, and neuropathic 
injury mechanisms. Pain that persists despite specific therapy for the 
underlying  mechanical  or  inflammatory  disorders  or  inadequate 
response  to  non-opioid  analgesics  warrants  treatment  with  opioids. 
Most patients with chronic musculoskeletal pain have become physi-
cally  deconditioned  and  will  need  a  directed  rehabilitation  program 
when pain has been decreased enough to permit an increase in physical 
activity. Analgesic selection,  route, dosage, and scheduling should be 
individualized. It is the obligation of providers and patients to search 
for the best cost/benefit ratio for treatment of patients in pain. Tables 
49.6 and 49.7 present cost data  for medications  in  the U.S. Depart-
ment  of  Veterans  Affairs  (VA)  system.  Despite  marketing  efforts  to 
influence  physician  prescribing  practices  for  analgesics,  there  are  no 
data to prove superior efficacy or side effect profile for any individual 
opioid  preparation.  Patient  response  should  direct  medication  selec-
tions. If pain is present for most of the day, the drug should be sched-
uled  regularly  rather  than  on  an  as-needed  basis.  The  majority  of 
patients with defined musculoskeletal disease will have pain incident 
to movement and should be taught how to schedule analgesic doses to 
permit as high a  level of physical  activity as possible. Rational poly-
pharmacy with adjuvant therapies helps to reduce pain severity, mini-
mize  opioid  side  effects,  and  treat  psychosocial  consequences  of 
persistent pain such as anxiety and depression and is well established 
in the field of pain management. Non-opioid analgesics are only useful 
for mild to moderate pain (2 to 4 on the 0-10 scale) regardless of the 
underlying joint disease. Opioids are warranted for moderate to severe 
pain or  in those with  less severe pain who have contraindications to 
the non-opioid analgesics. Treating patients who have chronic muscu-
loskeletal  pain  and  an  active  addiction  disorder  is  very  difficult  and 
should be done in collaboration with ongoing addiction treatment and/
or  12-step  programs.  Opioid  treatment  in  patients  with  dementia  is 
challenging  and  requires  input  from  the  primary  caregiver  to  assess 
response to treatment.

Opioid titration trial
A weak opioid  such as  codeine or hydrocodone with acetaminophen 
should  be  tried  first  (see  Table  49.3).  Opioids  do  not  have  a  ceiling 
effect  for  analgesia  but,  if  compounded  with  acetaminophen,  care 
should be taken to keep the daily dose of acetaminophen to less than 
4 g. Side effects are less if dose titration is slow and adjuvant medica-
tions can be used to diminish nausea, prevent constipation with a gut 
stimulant,  or  reduce  sedation  (see Table 49.4). When  starting  a new 
opioid medication patients should be advised to take the first dose at 
home to determine whether sedation, dizziness, or confusion occurs. 
Caution patients about taking an opioid with other sedating medica-
tions or  after drinking alcohol. Explain  to  the patient  that more  fre-
quent monitoring may be necessary if there is a history of substance 
abuse.  The  comprehensive  evaluation,  decision-making  process  for 
recommendation of opioid treatment, conduct of the informed consent 
process,  explanation  of  the  rules  of  opioid  prescribing,  and  the 

justification to conclude opioids are appropriate for that patient. The 
initial  opioid  titration  phase  must  demonstrate  effectiveness  in  the 
individual patient before deciding to prescribe long-term opioids.

Standardized assessment of the patient
Six steps of a standardized assessment are needed to arrive at the clini-
cal decision that opioids are appropriate for this patient.

The first step is a comprehensive standard medical history to include 
medical and psychiatric disorders and to identify important co-morbid-
ities. The comprehensive pain history should be taken with a standard-
ized format to avoid missing important information and to minimize 
patient  leading  the  interview. Avoid  the mistake of  recommending a 
prior  failed treatment. Detailed  family history, current social history, 
education  and  vocational  history,  functional  status,  current  medica-
tions, and current legal or disability issues are essential for the assess-
ment. Define the cardinal features of the pain at its onset, progression 
since  onset,  and  current  condition.  Determine  whether  the  pain  is 
spontaneous  and  persistent  at  rest  or  intermittent  and  produced  by 
movement (incident pain), pressure, touch, and change in temperature. 
Ask  the  patient  to  describe  the  character  of  the  pain  (i.e.,  burning, 
lancinating, sharp, dull, aching), and the radiation pattern. Determine 
what factors worsen the pain and what tends to relieve the pain. Ask 
the patient to quantitate the pain severity on a 0 to 10 scale, with 0 
being no pain and 10 the worst possible pain.

Inquire about early family dynamics and any history of abuse, alco-
holism, and psychiatric disorders in the immediate family and spouse. 
Inquire about interpersonal problems to reveal indicators suggestive of 
additional psychopathology.

The second step is a thorough physical examination that includes 
a  meticulous  detailed  neurologic  and  musculoskeletal  examination. 
The physical  examination process  serves  to  identify  objective  abnor-
malities that reasonably explain the patient’s pain and to define func-
tional status.

The third step is to make a deliberate effort to identify psychiatric 
co-morbidities early in the decision-making process. It is very impor-
tant to identify personality disorders because their history may not be 
accurate,  and  these  patients  have  problems  with  impulsivity  and 
impaired  judgment  as  well  as  substance  abuse.  Expression  of  rage 
toward  family  members,  employers,  insurance  adjustors,  and  every 
physician  is  seen as  a  “red flag”  for  a personality disorder diagnosis. 
Detection of malingering and deception in patients with chronic pain 
is crucial because correct assessment and treatment depends on accu-
rate patient self-report. Refusal to permit access to old medical records, 
history of multiple hospitalizations, and compensation claims are also 
“red flags” for deception.

Assessment for risk of opioid abuse and addiction should be clearly 
documented.57  Several  assessment  instruments  are  recommended 
because they are easy to score and have been validated in populations 
with  medical  illnesses.  The  Screener  and  Opioid  Assessment  for 
Patients with Pain (SOAPP) is a validated self-administered screening 
tool  to  predict  future  medication  misuse  (available  for  download  at 
www.painedu.org).  The  D.I.R.E.  score  can  be  used  to  select  patients 
for  chronic  opioid  therapy  based  on  clinician  rating  of  factors  that 
predict efficacy of and compliance with long-term opioid treatment.55

The fourth step is to formulate a working diagnostic impression of 
the predominant or most  likely underlying pathogenic mechanism(s) 
causing the pain:

●  Active  or  progressive  structural  disease  of  the  musculoskeletal 
system (i.e., nociceptive)

●  A  disorder  of  the  nervous  system  (i.e.,  neurogenic  or 
neuropathic)

●  A  psychiatric  disorder  producing  or  accentuating  complaints  of 
pain (i.e., somatization disorder) or

●  Some combination of these mechanisms

The fifth step is to ask the patient what he or she expects from your 
evaluation and recommendations. The patient may be seeking a second 
opinion to validate another physician’s evaluation and treatment rec-
ommendations,  may  be  seeking  a  different  diagnosis  and  treatment 
plan, may be applying for disability and need a medical statement, or 
may be looking for a physician willing to prescribe opioids.

http://www.painedu.org
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to instructions. A defined opioid prescription renewal policy, a patient–
provider agreement, and a clinical protocol for a nurse-managed opioid 
renewal clinic can prevent many problems and reduce the stress and 
effort when problems do emerge (see later).57

Opioid rotation
There is incomplete cross-tolerance among the various opioid prepara-
tions so that switching to a different opioid can increase efficacy and/
or reduce intolerable opioid side effects. There are problems with pub-
lished “equianalgesic” charts and “conversion ratio charts” for patients 
on  chronic  opioids  because  they  are  usually  based  on  single-dose 
studies in opioid-naive subjects. They should not be used for switching 
opioids  in  patients  on  long-term  opioid  therapy  or  in  patients  with 
renal and hepatic insufficiency.4 Incomplete cross-tolerance of the first 
opioid  can  lead  to  greater  opioid  potency  than  anticipated  with  the 
second opioid. Large inter-individual variability in responses to opioids 
also makes the outcome of opioid rotation more unpredictable.58 Table 
49.3  is  based  on  multiple  published  recommendations  for  cautious 
initial dosing in an opioid-naive patient and for patients on long-term 
opioids.  Conversion  ratio  charts  for  switching  from  first  opioid  to 
second opioid that are provided by drug manufacturers have conserva-
tive low estimates for the dose of a new opioid to avoid these problems 
with  incomplete  cross-tolerance.  The  calculated  dose  of  the  second 
opioid  should  be  reduced  initially  by  30%  to  50%  to  accommodate 
variability  in  response  and  possible  incomplete  cross-tolerance.51  Do 
not  use  conversion  drug  ratios  to  switch  in  the  opposite  direction 
because a  reverse  calculation may  result  in an overestimation of  the 
“equivalent” dose and excessive toxicity can occur.35 Rescue doses of a 
short-acting opioid should be provided during the conversion period at 
10%  to 20% of  the daily  dose of  the  long-acting opioid  every 3  to 4 
hours.59

Both analgesia and side effects increase with increasing opioid dose 
and produce confusion, agitation, myoclonus, dry mouth, nausea and 
constipation,  itching,  and  sedation.  When  opioid  titration/escalation 
fails,  reconsider whether opioids are appropriate  treatment  for a par-
ticular patient’s pain. Gradually wean off the opioids and reassess after 
a “detoxification” period of 2 to 3 months. Some patients will actually 
have  a  reduction  of  pain  and  overcome  the  fear  of  living  without 
opioids. In those who still have pain, restart a different opioid formula-
tion  at  a  lower  dose  with  slow  upward  titration.  Apparent  failed  
opioid  titration may represent aberrant drug-seeking behavior due  to 
inadequate  analgesia  (“pseudoaddiction”),  a  manifestation  of  non- 
compliance such as drug diversion to others, or a true addiction disor-
der with compulsive uncontrolled use.14 It should be remembered that 
the rate of addiction in the general population is no different than the 
rate of addiction in chronic pain patients: 3.8% to 18%.7-9

Managing breakthrough pain
Breakthrough  pain  refers  to  sudden  increases  in  pain  severity  with 
certain  movements,  activities,  or  postures,  spontaneous  idiopathic 
acute flares of pain  severity,  and  return of pain with decrease  in  the 
serum drug concentration before the next medication dose (end-of-dose 
failures). Breakthrough pain can be managed preemptively by prescrib-
ing  a  rescue  dose  of  opioid  before  activities  known  to  increase  pain 
severity, such as a physical therapy session. End-of-dose failure can be 
eliminated  by  reducing  the  intervals  between  doses  of  a  long-acting 
preparation and/or scheduled addition of a rescue dose of the opioid.

Opioid hyperalgesia
Some patients develop generalized hyperesthesia or an increased sen-
sitivity  to  pain.  This  paradoxical  opioid-induced  increased  pain  is 
termed opioid-induced hyperalgesia  (OIH).60,61  It  appears  that not all 
opioids induce this syndrome. The phenanthrene opioid morphine has 
produced OIH in both animals and humans, but piperidine derivatives 
such as fentanyl or sufentanil have not. Similar diffuse pain and hyper-
algesia is also a component of opioid withdrawal syndrome. There are 
case reports of other opioids producing OIH in humans, but the distinc-
tion between OIH and withdrawal or other causes of hyperalgesia was 
not  always  clear.  There  are  several  proposed  mechanisms  of  OIH, 

expectations set with patient preferred goals must be thoroughly docu-
mented in the medical record.

Published charts on usual starting dose for moderate to severe pain 
are  not  all  the  same.  Table  49.3  presents  our  more  cautious  recom-
mendations  for  starting  doses  in  opioid-naive  patients  especially  if 
older  than age 65 and  for  those with  liver dysfunction,  renal  insuffi-
ciency, or cognitive impairment. Most opioid trials for non-malignant 
pain used moderate opioid doses (up to 180 mg morphine equivalents 
per day). The initial opioid dose should be titrated upward every 2 to 
4 weeks depending on pain relief and adverse side effects. There is large 
variability in individual responses to opioids. Increases in dose above 
180 mg  morphine  equivalents  per  day  should  be  done  with  caution 
because  there  are  no  long-term  high-dose  trials  of  opioids  for  non-
malignant pain that examined efficacy and adverse events. In general, 
it will require a 3- to 4-month titration period to determine the dose 
needed to reduce pain severity to approximately 4 on the 0 to 10 scale 
without intolerable side effects. It is recommended that the physician 
who  initiates  the opioid  trial be  responsible  for an  informed consent 
discussion  regarding  the  risk of  side  effects  and addiction,  the  clinic 
rules  for participating  in the opioid renewal clinics,  realistic expecta-
tions of attaining adequate pain relief  to a  level of 4 of 10  (not  total 
elimination of all pain), and expectation of participation in rehabilita-
tion activities to increase function. The patient is informed the opioids 
will  be  continued  after  the  titration period  if  opioids  are  effective  in 
reducing pain severity and if function has improved.

Decision to prescribe long-term opioid therapy
At  the  end  of  the  12-  to  16-week  opioid  titration  trial  a  decision  
should be made with the patient whether the opioid reduced the pain 
sufficiently,  whether  side  effects  were  manageable,  and  whether  the 
patient  is ready to begin a program to  increase  function or  is able to 
perform some activity he or she was unable to do before the opioids. 
Most  patients  will  have  a  good  response  to  opioids  and  maintain  a 
stable dose for long periods of time. If pain relief was only “minimally 
improved,” further dose titration upward or trial of a stronger/different 
opioid  should  be  recommended.  Increased  function  should  be  an  
objective outcome of the treatment plan. It is usually more convenient 
for  the  patient  to  take  a  long-acting  opioid  preparation  (sustained-
release  morphine,  sustained-release  oxycodone,  methadone,  or  fen-
tanyl  patches)  with  planned  short-acting  opioids  for  breakthrough  
pain.  It  is  not  advisable  to  prescribe  two  long-acting  preparations 
simultaneously.

When the decision for long-term opioid treatment has been made, 
the “rules” for long-term opioids must be clearly explained in a patient–
provider agreement that may or may not be signed by the patient and 
physician  (Fig.  49.2).  The  patient  must  agree  to  keep  all  scheduled 
appointments, have random urine toxicology screens, seek opioid pre-
scriptions  only  from  a  single  provider,  and  agree  not  to  go  to  the 
emergency department or come in to clinic unscheduled  for an early 
prescription refill. With rare exceptions there should be no excuses for 
early refills or “lost” medications (emphasize it is the patient’s respon-
sibility  to  secure his or her medications). When  the opioid dose has 
been selected, a trained nurse can take over the monthly monitoring 
for efficacy, side effects, signs of abuse or drug diversion, and the timely 
refilling of prescriptions (Fig. 49.3). It is important to get all physicians 
in the clinic to agree to write only prescriptions prepared by the nurse 
managing opioid monitoring and prescription refills in the clinic. The 
medical record should detail the opioid prescribed, dose, and adminis-
tration  schedule  with  number  of  pills  to  be  dispensed  per  month. 
Opioid refills should be made by the initial prescribing physician or a 
designated nurse if an opioid refill system is established. The patient 
is given the responsibility of calling in to request medication refills in 
a timely manner. The nurse is the key link for assessment of pain relief 
and medication side effects, general status, monitoring for new prob-
lems, and indicators warning of possible abuse. Increase in opioid dose 
should not  be made without  re-examining  the patient. Management 
becomes  more  complicated  and  time  consuming  with  those  few 
patients who do not have a good response. Having a documented clear 
opioid policy with the patient–provider agreement will avoid acquiesc-
ing to unexpected demands for more opioids when treatment goals are 
not  met  or  if  the  patient  is  not  taking  medications  according  
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in the setting of stable opioid dose are probably not due to the opioid 
but rather a complication of the underlying disorder or a new co-morbid 
condition (e.g., dehydration, hypercalcemia, hypoxemia, sepsis, bowel 
obstruction) or adverse reaction from a concomitant medication such 
as  benzodiazepines,  TCAs,  corticosteroids,  or  NSAIDs.1  Side  effects 
will  occur  in  most  patients  treated  with  opioids  (see  Table  49.4). 
Approximately 50% of 5546 patients in 34 trials had at least one side 
effect and 20% of those with an opioid adverse effect discontinued the 
medication.62 There is no strong evidence that one opioid preparation 
has fewer adverse effects than another, excluding meperidine.58 Nausea 
(21%), constipation (15%), dizziness (14%), sedation (14%), and vomit-
ing (10%) were the most common side effects identified in this system-
atic literature review.62 There is a striking, unexplained inter-individual 
variability in the occurrence and tolerability of opioid side effects. Aging 
and  co-morbid  renal  and hepatic  dysfunction,  drug  interactions  that 
alter absorption, metabolism, and clearance may enhance  toxicity  in 
some  patients.  Side  effects  during  initial  opioid  initiation  and  dose 
escalation will abate spontaneously except for constipation.58 Driving 
and ability to operate machinery are not impaired with stable, moder-
ate opioid doses; however, cognitive function may be impaired for up 
to a week after opioid doses are increased.

including  (1)  inhibition  of  the  central  glutaminergic  system  which 
increases the amount of glutamate available to activate the excitatory 
NMDA receptors; (2) increased spinal dynorphin in response to MOP 
agonists activates KOP receptors, leading to release of spinal excitatory 
neuropeptides  such  as  calcitonin  gene-related  peptide;  and  (3)  direct 
facilitation of  spinal nocioceptive processing by  the action of opioids 
on  the on and off  cells of  the  rostral ventromedial medulla  (RVM)—
descending  facilitation.  NMDA  antagonists  such  as  ketamine  can 
reverse OIH. Methadone is a pure MOP agonist but occurs in a racemic 
mixture in which the d-isomer is an NMDA receptor antagonist. These 
properties  of  methadone  may  make  it  a  good  choice  for  treating  or 
avoiding OIH. KOP receptors are also thought to play a role in OIH. 
KOP  receptor  agonists  consistently  produce  hyperalgesia.  Buprenor-
phine, a partial opioid agonist with antagonist properties, is also a KOP 
receptor  antagonist  and  has  been  shown  to  be  effective  in  treating 
experimentally induced hyperalgesia.

Managing opioid side effects
Success of opioid treatment depends on successful management of side 
effects, which is a major clinical challenge. Adverse effects that appear 

Patient–Provider Agreement for Long-term Opioid Therapy between:

Patient Name

Chronic Opioid Therapy for Intractable Pain will be Prescribed under the following Conditions:

1.   If (drug prescribed) is effective for adequate pain control with tolerable side effects

2.   If Scheduled appointments are kept: if appointment is failed the prescription will not be renewed

3.   If the Patient agrees to obtain pain medications only from Dr: And NOT to go to the ER or Urgent Care for more
meds

4.   If the patient agrees NOT to request “early” or “partial” prescription refills from the MVAMC Pharmacy

5.   If the patient agrees NOT to come to the Rheumatology clinic without an appointment to request more Pain Medications

6.   There will be no acceptable excuses for “lost medications”

7.   If the Patient agrees to be responsible for taking medications as directed. If the Pain medication supply is used up before the end of the prescription
period, the patient has the option of admission for opioid withdrawal under supervision or will “tough it out” at home. NO additional pain medications will be
prescribed.

8.   Pain Severity and function will be re-evaluated after _______ months of an Opioid Trial to determine whether continued use of chronic
opioids is justified by clinical improvement

9.   I understand that urine samples will be randomly tested for drugs

PATIENT AND PHYSICIAN ARE TO SIGN BELOW:

PATIENT SIGNATURE:             PHYSICIAN SIGNATURE:

DATE              NAME

              SSN

and Dr. At the Minneapolis VAMC

MEDICINE SERVICE   RHEUMATOLOGY CLINIC

Fig. 49.2 Patient provider agreement for long-term opioid treatment.
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or suggest diversion of the prescribed medication. The dilemma in the 
clinical setting is differentiating the patient with chronic pain who is 
misusing opioids from the drug addict whose use of opioids is unrelated 
to  chronic  pain,  that  is,  differentiating  pain  relief–seeking  behavior 
from abusive drug-seeking behavior. Repeated requests for early refills 
indicate the patient’s pain severity has increased or the patient has lost 
control of taking the prescription as directed or is diverting his or her 
pills. The term drug-seeking behavior  is a pejorative term suggesting 
an abuse behavior; however,  it may  (and usually does)  indicate  inad-
equate pain relief, driving the patient’s attempt to get more medication 
and is referred to as “pseudoaddiction.” The provider’s first response 
should  be  to  discuss  the  situation  face  to  face  with  the  patient  and 
examine  the  patient  to  determine  what  has  changed.  If  there  is  no 
explanation for increased pain severity and no progression of the under-
lying  problem/disorder  and  the  patient has not  followed prescription 
directions, limit further prescriptions to a 1- or 2-week supply of medi-
cations  until  he  or  she  can  control  taking  medications  according  to 
directions. Remind  the patient of his or her  responsibility  for  taking 
medications  as  prescribed.  Review  and  have  the  patient  sign  the 
patient–provider agreement that details the patient’s rights and respon-
sibilities. At times it may be necessary to shorten prescriptions to only 
a  3-day  supply  until  compliance  is  regained  (see  Fig.  49.2).  If  these 
behavior modification techniques are not successful, the patient should 
have  an  addiction  evaluation  and  possibly  co-management  with  a 
mental health provider. There are certain aberrant behaviors that raise 
the  question  about  abuse  or  addiction  behaviors  (see  Table  49.1). 

The key to managing opioid side effects is to recognize the symp-
toms  as  such.  The  first  response  to  opioid  toxicity  should  be  to  
reduce the dose and give  it more  frequently or as a sustained-release 
preparation.58  Adverse  effects  can  also  be  managed  with  symptom-
specific  treatment  (see  Table  49.4).  If  symptoms  persist,  rotate  to  a 
different opioid preparation that may be better tolerated, as described 
earlier.

Trouble-shooting problems with  
long-term opioid therapy
Problems do arise managing patients  long term with opioids  for per-
sistent  osteoarticular  pain.  Providers  who  prescribe  opioids  must 
monitor for patient behaviors that suggest opioid misuse and/or diver-
sion and document the absence of evidence of misuse or diversion in 
the  medical  record  (see  Fig.  49.3).  The  most  common  problem  is 
patient  report  of  loss  of  analgesia.  This  complaint  has  a  differential 
diagnosis  that  includes  (1)  progression  of  underlying  disease  with 
increased  peripheral  nociception  or  a  new  problem  with  increased 
inflammation,  tumor,  neuropathic  process,  osteoporotic  fracture;  (2) 
development of anxiety or depression; (3) cognitive change altering pain 
perception or reporting such as dementia or delirium; (4) opioid toler-
ance (rare); or (5) development of abuse, addiction problem, or criminal 
intent.

Some patient behaviors are those of misuse and diversion, and other 
behaviors are “red flags” for loss of control with excessive opioid intake 

3D Narcotic Telephone Renewal Clinic

Renewal For   Last Filled on:           #pills dispensed     DATE STARTED

How many pills are you using per day?             LEAST  MOST

Are you using any other pain medications?  NO  YES  If yes, what?  ?OTC from another MD?

Does the medication help?      A LOT    SOME     A LITTLE        NOT AT ALL

Rate your pain from 0 to 10 BEFORE you take the pain medication ________ and AFTER taking it ______

Have you had any side effects from the pain medication, such as: FEEL SLEEPY OR SEDATED  CONFUSION
DIZZINESS  CONSTIPATION  NAUSEA  OTHER:

How do you feel your pain control is?         Residual pain        Amount of time with no pain

How many days per week do you take the pain medications?:                       How many pills per day do you take on those days?

Do you feel the pain medication has lost its effectiveness?  NO    YES       If yes, have you increased the dose? NO YES
COMMENTS:

Do you receive pain medication from doctors not at the MVAMC  NO  YES   If yes, what medication by whom:
Reason it was prescribed?

Have you become addicted to the opioid?  NO     YES      If yes, describe:

Are you afraid of becoming addicted?  NO   YES        If yes, comment:

Do you have a history of addiction to alcohol or other drugs? NO   YES      If yes, describe

PRESCRIPTION WRITTEN FOR          #PILLS/MO                 RENEWED     MD
SCHEDULED NARCOTIC TELEPHONE RENEWAL CLINIC ON (DATE) _____________

DATE    NAME:        SSN

MEDICINE SERVICE  3D RHEUMATOLOGY CLINIC

Fig. 49.3 Questionnaire for nurse-managed narcotic renewal clinic program.
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polypharmacy  in  the  treatment  of  chronic  pain  of  diverse  origin.65 
Antidepressant  drugs  have  long  been  used  for  chronic  pain.  TCAs  
and  antiepileptic  drugs  are  useful  adjuncts  to  analgesic  therapy  in 
patients  with  low  back  pain,  radiculopathy,  postherpetic  neuralgia,  
and  neuropathic  pain  even  in  the  absence  of  depression.66  There  is 
strong  evidence  that  TCAs  decrease  neuropathic  pain  and  weaker  
evidence  that  anticonvulsants,  antiarrhythmics,  and  topical  agents  
are  effective.67  Antidepressants  inhibit  reuptake  of  biogenic  amines 
serotonin and norepinephrine, modulate sodium channels, and inhibit 
excitatory  neurotransmitters.  The  tertiary  amines  block  uptake  of  
both  norepinephrine  and  serotonin  (amitriptyline,  imipramine,  clo-
mipramine,  and  doxepin);  the  secondary  amines  block  only  norepi-
nephrine uptake (nortriptyline and desipramine) and have less sedation 
and anticholinergic side effects. TCAs have adverse effects of sedation, 
weight  gain,  orthostatic  hypotension,  and  anticholinergic  symptoms  
of  dry  mouth,  urinary  retention,  constipation,  and  delirium,  which  
are  worse  in  the  elderly.  TCAs  must  be  used  with  caution  in  those 
with  heart  disease  (especially  conduction  disturbances),  glaucoma,  
and prostatism. Venlafaxine  (an SNRI) was effective  in diabetic neu-
ropathy pain, had fewer side effects than TCAs, and had few anticho-
linergic  effects.  The  SSRIs  are  generally  not  very  effective  analgesics 
but are better tolerated than the TCAs. Fluoxetine was not an effective 
analgesic,  and  paroxetine  and  citalopram  had  only  modest  effects.68 
TCAs are often effective at low doses, and analgesic effects occur in a 
week.

Opioids were previously considered ineffective for neuropathic pain; 
however, recent studies have demonstrated that controlled-release oxy-
codone, 20 to 99 mg/day,43,69 morphine, methadone,65 and tramadol68 
were effective for neuropathic pain.

Antiepileptic drugs that inhibit sodium channel activation can mod-
ulate peripheral  sensitization by decreasing action potential propaga-
tion,  membrane  depolarization,  and  neurotransmitter  release.68 
First-generation antiepileptic drugs, carbamazepine (Tegretol) and phe-
nytoin  (Dilantin),  are  not  used  very  often  because  of  adverse  effects 
and  because  safer  drugs  are  available.  Carbamazepine  is  structurally 
similar  to  the  TCAs  and  can  enhance  sodium  channel  inactivation, 
reduce  excitatory  neurotransmitter  release,  and  modulate  L-type 
calcium channels.  It has been shown to be effective  in diabetic neu-
ropathy and postherpetic neuralgia pain.70 Phenytoin has had variable 
efficacy in neuropathic pain.

The second-generation antiepileptic drugs include gabapentin (Neu-
rontin),  tiagabine  (Gabitril),  topiramate  (Topamax),  levetiramate 
(Keppra), oxacarbazepine (Trileptal), and lamotrigine and act via mul-
tiple mechanisms and have shown promise in clinical trials of painful 
neuropathy. Gabapentin, titrated up to 3200 mg/day, produced signifi-
cant pain relief but dose titration was limited by sedating side effects 
and dizziness. Doses must be reduced in renal failure. Oxcarbazepine 
acts on sodium channels and N-type calcium channels and may modu-
late  both  peripheral  and  central  sensitization.  It  is  less  toxic  than 
carbamazepine. Lamotrigine acts on sodium channels, inhibits release 
of excitatory neurotransmitters, and modulates N-type calcium chan-
nels. It has had variable efficacy for peripheral neuropathic pain, and 
common side effects include rash. In one trial, in 44% of patients with 
central  post-stroke  pain  the  pain  decreased  with  200 mg/day  of 
lamotrigine.70 Topiramate has multiple mechanisms of action, inhibits 
voltage-gated sodium and calcium channels, has GABAergic and glu-
taminergic effects, and has shown modest effects in diabetic neuropa-
thy.  Modulators  of  central  sensitization  such  as  gabapentin67,70  and 
pregabalin,  GABA  analogs,  may  act  on  calcium  channels  within  the 
spinal  cord,  modulate  GABA  release,  inhibit  sodium  channels,  and 
alter monoamine neurotransmitter release. Zonisamide, a sodium and 
T-type calcium channel blocker, increases GABA release but had mar-
ginal benefit and a high occurrence of adverse events.70 However, some 
patients  who  had  failed  multiple  prior  medications  did  obtain  pain 
relief. Mexiletine  is  a  sodium channel blocker  structurally  similar  to 
lidocaine. It improved night-time pain and sleep in patients with dia-
betic  neuropathy  but  had  minimal  daytime  benefit,  and  its  use  is 
limited by side effects of tremors, confusion, agitation, and nausea and 
vomiting.

Blocking NMDA channels to decrease central sensitization has been 
limited by drug side effects.71 Intravenous and subcutaneous ketamine 
at  subanesthetic  doses  was  an  effective  analgesic  but  caused  severe 

Patients with three or more abuse criteria were highly likely to progress 
to drug treatment program, psychiatric treatment, or legal problems or 
fail to return to the clinic within a year. These behaviors should prompt 
urine toxicology screen.

The  goals  of  urine  drug  testing  in  the  setting  of  chronic  opioid 
analgesic therapy are to ensure that the patient is taking the medica-
tions that have been prescribed and not taking illegal drugs.

A negative urine toxicology screen could indicate the patient is not 
taking the opioid prescribed (suggests hoarding or selling medication). 
A positive urine toxicology screen will have to be followed by a confir-
matory  test  that  identifies  the  specific  drug.  Urine  screens  may  not 
identify  oxycodone  unless  specifically  requested.  On-site  dipstick 
testing  can produce  false-positive  and  false-negative  results  and may 
not differentiate between different opioids and may not be able to detect 
low  levels  of  drug.  Decisions  about  non-compliance  or  drug  abuse 
should await confirmatory urine testing that accurately identifies indi-
vidual  opioids  and  is  sensitive  enough  to  detect  low  levels  of  illegal 
street drugs.63

Measurement of  analgesic  blood  levels 1  to 2 hours  after  a usual 
dose together with clinical assessment of pain level, alertness, ambula-
tion, blood pressure, pulse rate, and pupil reaction identify opioid toler-
ance or detect malabsorption or rapid metabolism indicating the need 
for a higher dose or alternate route of administration to reach analgesic 
blood  levels.  In addition, confusing urine test results can be clarified 
by blood testing.64

The opioid provider must have an exit strategy for patients who do 
not benefit from opioid treatment or display unacceptable behavior. It 
is not  appropriate  or  ethical  to  abruptly  discontinue opioid prescrip-
tions without  formulating an alternative  treatment plan and making 
referral to an appropriate provider or treatment program. If the decision 
to discontinue chronic opioids is made, patients must be warned about 
opioid withdrawal symptoms if medication is stopped abruptly. Opioid 
withdrawal  is  a  “flu-like”  syndrome  with  rhinorrhea,  lacrimation, 
coughing, sneezing, coryza, hypertension, tachycardia, chills, sweating, 
piloerection,  yawning,  aching  muscles,  abdominal  cramps  and  diar-
rhea,  restlessness,  and  irritability  that  lasts 3  to 7 days  (longer  after 
methadone). These symptoms can be avoided by reducing opioid dose 
by 10% to 15% every 2 to 3 days over a 2- to 3-week period. Clonidine 
0.2 to 0.4 mg may reduce withdrawal symptoms.

Legal aspects of chronic opioid prescribing
Physicians have an ethical obligation to relieve suffering and to promote 
the dignity and autonomy of their patients. Drugs should be adminis-
tered in whatever dose is necessary to relieve suffering even if doing so 
causes  foreseeable  side  effects  if  the  patient  has  been  so  advised.  A 
written patient–provider agreement (see Fig. 49.2) detailing the condi-
tions required for ongoing opioid prescribing should be discussed with 
the patient. An informed consent process regarding the risk of inducing 
side effects and addiction with a realistic estimate of how much pain 
relief is expected should be done before starting opioids. The medical 
record must document the diagnosis and assessment of risk for abuse 
and  addiction  and  delineate  these  decision-making  steps  and  the 
process of informed consent. Progress toward treatment goals, adverse 
effects,  and  absence  of  abuse  behaviors  must  be  documented.  The 
treatment plan should be reviewed periodically. Those with a signifi-
cant history of drug abuse may have an increased risk for opioid abuse 
and benefit from consultation and/or ongoing co-management with an 
addiction  specialist.  Actively  addicted  patients  with  chronic  pain 
present a major therapeutic challenge because they pose a significant 
risk  to  themselves  and  the  provider  who  may  lack  the  expertise  to 
manage  their  mental  illness  and  opioid  treatment.  The  detection  of 
illicit drug use should trigger assessment for possible substance abuse 
disorder, and, if refused, the patient should not continue to be treated 
with a controlled substance.

Adjunctive medications for chronic pain
Evidence is emerging that neurogenic mechanisms often are involved 
in  the  pain  of  osteoarticular  disorders,  suggesting  that  medications 
typically used for neuropathic pain may provide added benefit. Advances 
in  the  treatment  of  neuropathic  pain  are  being  applied  to  rational 
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When to refer a patient to a pain specialist or a 
multidisciplinary pain program
Patients with  a  chronic  pain disorder have persistent  pain when  the 
presumptive cause of the pain has been eliminated. This chronic pain 
disorder consists of the physical, psychological, and social degeneration 
of the patient with chronic pain. Patients who have prominent psycho-
logical and socioeconomic/occupational features in their chronic pain 
experience are better cared for by a multidisciplinary pain team rather 
than a single office-based provider. The  individual clinician does not 
possess the multiple skills and specialized knowledge to fully assess all 
the dimensions of the pain experience in patients with the chronic pain 
disorder. Physicians who are unaware of the psychosocial dimensions 
of chronic psychophysiologic pain syndromes will usually fail to iden-
tify such patients and become frustrated and suspicious of the lack of 
response  to  “standard”  treatments.  Therefore,  these  patients  need 
physical,  psychological,  and  social  rehabilitation  in  concert  with 
medical management. Such a biopsychosocial model of  chronic pain 
syndrome  requires  a multidisciplinary pain management program  in 
which pain reduction has lower priority to pain acceptance and restora-
tion of  function.  In  specialty pain  treatment programs,  behavior not 
focused on pain  is  rewarded and pain-focused behavior  is  ignored  to 
redirect the patient’s efforts away from seeking pain relief to changing 
behavior and reducing disability. The program includes intensive exer-
cise  therapy, management of depression and anxiety,  supportive psy-
chotherapy, and patient education. The primary criteria  for selection 
of  a  patient  for  a  multidisciplinary  pain  program  are  the  definitive 
diagnosis of non-reversible pain (no planned surgery) and readiness to 
change  (i.e.,  patient  is  motivated  toward  rehabilitation  goals).  The 
patient must not have active substance abuse, suicidal ideation, cogni-
tive impairment, and personality or thought disorder that would inter-
fere with the group milieu, learning, or communication. Chronic pain 
programs vary in quality and should be carefully evaluated before refer-
ring  patients.  A  pain  specialty  center  should  have  multidisciplinary 
groups of medical specialists for intensive medical, neurologic, psycho-
logical,  and physical  therapy, not  simply personnel  to perform nerve 
blocks.

dysphoria, sedation, and dissociative episodes. Dextromethorphan, an 
over-the-counter  cough  suppressant  is  a  low-affinity NMDA channel 
blocker. The antitussive dose of 120 mg/day is not sufficient for neu-
ropathic analgesia.  In a National  Institutes of Health clinical  trial of 
up to 960 mg/day, 7 of 13 patients with diabetic neuropathy reported 
moderate or greater  relief; however,  it was  ineffective  in postherpetic 
neuralgia.71 Side effects were substantial, including sedation, dizziness, 
and ataxia.

Lidocaine patches may give  local pain relief. Topical capsaicin, an 
alkaloid in hot chili peppers that binds to the vanilloid receptor on C 
and Aδ  fibers,  depletes  substance P  from  sensory nerve  endings  and 
may actually cause degeneration of nerve endings. It effectively reduced 
pain of diabetic neuropathy when used over 8 weeks.

Muscle relaxants
Muscle relaxants are reviewed herein to emphasize they should not be 
used for long-term persistent pain. Drugs such as carisoprodol (Soma) 
and cyclobenzaprine (Flexeril) are useful adjuncts to opioid therapy of 
acute pain but are not indicated for the treatment of chronic muscu-
loskeletal  pain.  As  a  group  the  “muscle  relaxants”  may  have  some 
effects  secondary  to  sedating  side  effects  and  are  categorized  as  “Do 
Not Use” because of minimal effectiveness and potentially dangerous 
side effects. Carisoprodol  is metabolized to meprobamate, which has 
abuse  potential.  Chlorzoxazone  (Parafon  Forte  DSC)  is  approved  for 
acute painful musculoskeletal conditions but does not relieve muscle 
spasm. It may cause serious liver toxicity and has an additive sedating 
effect  if  taken with alcohol. Cyclobenzaprine’s structure  is similar  to 
amitriptyline and is approved for acute pain and muscle spasm. There 
is  a  risk  of  seizure  if  administered  with  tramadol.  Methocarbamol 
(Robaxin) is approved for relief of acute painful conditions, but it does 
not  relax  tense  muscles.  Side  effects  include  sedation,  dizziness, 
nausea, vomiting, abdominal distress, and lightheadedness. Orthenad-
rine  (Norflex)  has  anticholinergic  effects  that  may  cause  confusion, 
delirium, disorientation, dry mouth, urinary retention, and constipa-
tion. It is approved to treat acute painful conditions but does not relax 
tense muscles.
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These include inhibition of the expression of adhesion molecules  
and reduced production of superoxide radicals and proinflammatory 
cytokines. However, none of these COX-independent effects has been 
characterized in vitro or ex vivo at therapeutic concentrations achieved 
in humans after oral dosing of conventional doses of NSAIDs.1

The ability of acetaminophen to inhibit COX-1 and COX-2 is 
importantly conditioned by the peroxide tone of the environment.4 
This may explain, at least in part, the clinical observation that, while 
sharing the analgesic and antipyretic effects of NSAIDs, acetamino-
phen has relatively poor anti-inflammatory activity at conventional 
doses. High concentrations of leukocyte-derived peroxides accumulate 
at sites of inflammation and may impair the ability of acetaminophen 
to inhibit COX-2.4 However, circulating plasma levels of the drug after 
the administration of 1000 mg inhibit systemically COX-2 activity to 
a comparable degree as traditional NSAIDs and coxibs.5

COX-ISOZYME SELECTIVITY
PG G/H-synthase is found in two isoforms that are products of two 
different genes (see Fig. 50.1): PGHS-1 or COX-1, which is expressed 
constitutively in all cells but is inducible under appropriate conditions, 
and PGHS-2 or COX-2, which is inducible in response to inflamma-
tory, mitogenic or hemodynamic stimuli but is also constitutively 
expressed in some tissues, for example, certain areas of the human 
kidney and brain.2,3 Splice variants of COX-1 that retain some enzy-
matic activity have been described, one of which has been called “COX-
3.” The pathophysiologic significance of the latter is largely unknown.

The COX-isozyme selectivity of a particular drug is critically depen-
dent on its concentration.3 One can describe the selectivity profile of 
different COX-2 inhibitors by plotting the drug concentrations required 
to inhibit the activity of human platelet COX-1 against those required 
to inhibit human monocyte COX-2 by 50% (IC50) in whole-blood 
assays (Fig. 50.2). This type of analysis establishes two important facts:

1. COX-2 selectivity is a continuous variable that does not justify 
a dichotomous definition of selective and non-selective 
inhibitors.

2. There is substantial overlap in COX-2 selectivity between some 
coxib (e.g., celecoxib) and some traditional NSAIDs (e.g., nime-
sulide and diclofenac).3

Because there is substantial variability between patients in plasma 
concentrations of the COX-2 inhibitor after oral administration of a 
standard therapeutic dose as well as in the extent of inhibition of each 
COX-isoform corresponding to any given concentration of the inhibitor, 
one can pragmatically characterize three levels of COX-2 selectivity in 
terms of the probability of sparing COX-1 at therapeutic plasma levels: 
low (e.g., acetaminophen), intermediate (e.g., celecoxib, nimesulide, and 
diclofenac), and high (e.g., rofecoxib, etoricoxib, and lumiracoxib).

PHARMACOKINETICS AND DRUG INTERACTIONS
The vast majority of NSAIDs are organic acids that are well absorbed 
orally, highly bound (i.e., 95%-99%) to plasma proteins, metabolized by 
the liver, and excreted by either glomerular filtration or tubular secre-
tion.1 Lumiracoxib (which is structurally related to diclofenac) is the 
only coxib sharing these acidic properties of traditional NSAIDs. Most 
NSAIDs are rapidly and completely absorbed from the gastrointestinal 
tract, with peak plasma concentrations occurring within 1 to 4 hours. 
Food tends to delay absorption without affecting peak plasma levels.1

Non-steroidal anti- 
inflammatory drugs
Carlo Patrono

 Non-steroidal anti-inflammatory drugs (NSAIDs) continue to 
provide “background” anti-inflammatory therapy for rheumatic 
diseases.

 Variability in response to NSAIDs is seen both in terms of anti-
inflammatory activity and adverse events.

 Newer NSAIDs with selective inhibition of cyclooxygenase (COX)-2 
(inducible) enzyme are associated with a lower incidence of 
gastrointestinal adverse events.

 The vast majority of COX-2 inhibitors, regardless of selectivity, are 
associated with increased risk of myocardial infarction.

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) constitute a chemi-
cally heterogeneous group of compounds that provide symptomatic 
relief of pain and inflammation associated with a variety of human 
disorders, including the rheumatic diseases. Their shared therapeutic 
actions (i.e., analgesic, anti-inflammatory, and antipyretic) are usually 
accompanied by mechanism-based adverse effects that can, at least in 
part, be attenuated as a function of individual pharmacokinetic and/or 
pharmacodynamic properties.1 The main chemical classes of NSAIDs 
are detailed in Table 50.1.

MECHANISM OF ACTION
The best characterized mechanism of action of NSAIDs is inhibition 
of the cyclooxygenase (COX) activity of prostaglandin (PG) H synthase 
1 and 2 (PGHS-1 and -2, also referred to as COX-1 and COX-2) (Fig. 
50.1). Given the role that prostanoids, such as PGE2, PGI2, and throm-
boxane (TX)A2, play in the local modulation of many important cellular 
functions, this mechanism of action is probably sufficient to explain 
the clinical effects of NSAIDs.

The administration of PGE2 and PGI2 causes erythema, an increase 
in local blood flow, and, in concert with other inflammatory mediators 
(e.g., bradykinin), hyperalgesia and enhanced vascular permeability.1 
Moreover, PGE2 interacting with its EP3 receptor can produce fever. 
Thus, prostanoids reproduce the main signs and symptoms of the 
inflammatory response. Because of the redundancy of mediators of this 
response, it is not surprising that NSAIDs only exert a moderate anti-
inflammatory effect, are effective only against pain of low-to-moderate 
intensity, and reduce fever but do not interfere with the physiologic 
control of body temperature.1

The production of prostanoids involved in these responses appears 
to be triggered by the immediate availability of constitutively expressed 
COX-1 and to be amplified and sustained by the local induction of 
COX-2 in response to inflammatory and mitogenic stimuli.2 Although 
the analgesic, anti-inflammatory, and antipyretic actions of traditional 
NSAIDs are largely reproduced by coxibs (a class of selective inhibitors 
of COX-2), this finding does not exclude a potential role for COX-1 in 
mediating, at least in some individuals, the PG-dependent contribution 
to pain and inflammation.3

Although the clinical effects of NSAIDs can be adequately explained 
in terms of inhibition of prostanoid synthesis and action, at high con-
centrations these drugs can also produce COX-independent effects. 
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the capacity of NSAIDs to modify the metabolism (e.g., warfarin), 
protein binding (e.g., sulfonylurea hypoglycemic drugs), or renal excre-
tion (e.g., lithium) of other drugs, often resulting in supratherapeutic 
plasma levels of the latter; the dosage of such agents may require 
adjustment to prevent toxicity.1

A pharmacodynamic interaction may occur between most NSAIDs 
and several classes of antihypertensive drugs. Reduced production of 
vasodilator PGI2 in the renal cortex and of natriuretic PGE2 in the 
medulla, as a consequence of COX-2 inhibition, results in vasocon-
striction and sodium and water retention that, in turn, tend to elevate 
blood pressure, regardless of the mechanism of action of antihyperten-
sive drugs.1 This pharmacodynamic interaction has been described 
with most traditional NSAIDs (including acetaminophen)6 and coxibs3 
but not with low-dose aspirin.7

The pharmacokinetic interaction between NSAIDs and warfarin 
that may result in supratherapeutic plasma concentrations of the latter, 
because of its displacement from plasma protein binding and reduced 
metabolism, is further complicated by the fact that NSAIDs may tran-
siently inhibit platelet function in some patients, thus amplifying the 
impairment of primary hemostasis induced by warfarin.

Some NSAIDs favoring COX-1 versus COX-2 inhibition, such as 
ibuprofen and naproxen (see Fig. 50.2), may interfere with the anti-
platelet effect of low-dose aspirin by competing with acetylsalicylic acid 
for a common docking site (arginine-120) within the COX-1 channel.8 
Prior occupancy of Arg-120 by an NSAID will prevent aspirin from 

NSAIDs tend to accumulate at sites of inflammation, potentially 
confounding the relationship between plasma concentrations and dura-
tion of the anti-inflammatory/analgesic effects. Some pharmacokinetic 
features of representative NSAIDs are listed in Table 50.1. Several 
traditional NSAIDs (e.g., ibuprofen and diclofenac) are characterized 
by very short half-lives (1-2 hours) that would hardly justify thrice- or 
twice-daily regimens of administration. To prolong duration of action, 
some of these older NSAIDs (e.g., diclofenac) have been developed with 
formulations and doses that achieve high-grade and sustained inhibi-
tion of COX-2 in the systemic circulation. Although this may improve 
clinical efficacy, it may also influence COX-2–dependent untoward 
effects, such as cardiovascular toxicity (see later). Some NSAIDs, such 
as sulindac and nabumetone, are administered as inactive prodrugs 
that are converted by the large intestine and/or the liver into active 
metabolites that are largely responsible for COX inhibition. Some of 
these redox reactions are reversible. Enterohepatic recycling of indo-
methacin and sulindac can occur and contribute to sustained plasma 
concentrations of the NSAID.1

The pharmacokinetics of most NSAIDs can be affected to some 
extent by liver disease, renal disease, or old age. NSAIDs should either 
be avoided or used with caution under these circumstances and daily 
dose adjusted accordingly.1

NSAIDs can modify the pharmacokinetics or pharmacodynamics of 
other drugs given concurrently, resulting in clinically important drug 
interactions (Table 50.2). Pharmacokinetic interactions are related to 

TABLE 50.1 MAIN CHEMICAL CLASSES AND REPRESENTATIVE NSAIDs, WITH SELECTED PHARMACOKINETIC AND PHARMACODYNAMIC PROPERTIES

Chemical class and representative drugs Time to peak plasma concentration (hr) Half-life (hr) Dosing regimen COX-isozyme selectivity

Salicylates

Aspirin 0.5-1 0.3 q 4-6 hr COX-1=COX-2

Diflunisal 2-3 12 q 8-12 hr NA

Para-aminophenol

Acetaminophen 0.5-1 2 q 4 hr COX-2>COX-1

Acetic acid

Indomethacin 1.5 2.5 q 12 hr COX-1>COX-2

Sulindac 8 (active metabolite) 13 (active metabolite) q 12 hr NA

Etodolac 1 7 q 6-8 hr COX-2>COX-1

Anthranilic acid

Mefenamic acid 2-4 3-4 q 6 hr NA

Sulfonanilides

Nimesulide 1-3 2-5 q 12 hr COX-2>>COX-1

Heteroaryl acetic acid

Diclofenac 2-3 1-2 q 8-12 hr COX-2>>COX-1

Ketorolac 0.5-1 5 q 4-6 hr NA

Arylpropionic acid

Ibuprofen 1-2 2 q 6-8 hr COX-1>COX-2

Naproxen 2 14 q 12 hr COX-1>COX-2

Ketoprofen 1-2 2 q 6-8 hr NA

Enolic acid

Piroxicam 3-5 45-50 qd COX-1>COX-2

Meloxicam 5-10 15-20 qd COX-2>COX-1

Alkanones

Nabumetone 4-5 24 q 12-24 hr COX-1=COX-2

Coxib

Celecoxib 2-3 11 q 12-24 hr COX-2>>COX-1

Etoricoxib 2-3 15-22 qd COX-2>>>COX-1
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of COX-2 inhibition; the half-life and dosing interval of the inhibitor 
determining the duration of COX-2 inhibition; and the patient’s sub-
strate, inasmuch as the importance of COX-2 dependent prostanoids 
is likely to vary in different clinical settings.3

NSAIDs are particularly effective when inflammation has caused 
sensitization of pain receptors to normally painless mechanical or 
chemical stimuli. Pain that accompanies inflammation and tissue 
injury probably results from local stimulation of pain fibers and 
enhanced pain sensitivity (hyperalgesia), in part as a consequence of 
increased excitability of central neurons in the spinal cord.1

The choice among different NSAIDs for the treatment of osteoar-
thritis and rheumatoid arthritis remains largely empirical, based on 
efficacy, but may be rationally guided by safety considerations (see 
later). Substantial differences in clinical response have been noted 
among individuals treated with the same NSAID and within an indi-
vidual treated with different NSAIDs. This may be related to the quite 
substantial interindividual variability in the pharmacokinetic/pharma-
codynamic relationship, as noted earlier.

If the patient does not achieve therapeutic benefit from a 2-week 
trial with one particular NSAID, another should be tried. There is no 
scientific rationale for combination therapy with more than one 
NSAID, and the risk of adverse effects is at least additive.

ADVERSE EFFECTS
Shared adverse effects of NSAID therapy are listed in Table 50.3. The 
list includes minor symptomatic disturbances as well as serious and 
life-threatening complications. The latter represent a growing safety 
concern, particularly in elderly patients, because age is associated with 
an increased probability of developing serious adverse reactions to 
NSAIDs.11 When assessing clinically relevant outcomes of NSAID 
therapy, one should consider the variable incidence rate of these out-
comes in the general population (Table 50.4). No placebo-controlled 
trials of adequate size and duration have been performed with tradi-
tional NSAIDs to evaluate reliably the excess of these serious outcomes 
attributable to NSAID therapy. Thus, we have to rely almost entirely 
on the results of observational studies that give a quantitative assess-
ment of the risk of important outcomes (see Table 50.4). If the associa-
tions found in epidemiologic studies were causal, then approximately 
300 upper gastrointestinal bleeding or perforation events, a similar 

Phospholipids - Arachidonic Acid 

Specific Prostanoid Receptors (TP, EPs, IP)

Phospholipases (cPLA2/sPLA2)
activated by physical, hormonal,
inflammatory, mitogenic stimuli 

Arachidonic Acid

PGH2

PGI2 PGE2

TX
synthase

cPGE
synthase

PGI
synthase

COX-1

TXA2

Arachidonic Acid
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PGI2PGE2

TX
synthase

mPGE
synthase

PGI
synthase
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TXA2

MECHANISM OF FORMATION AND ACTION OF PROSTANOIDS

Fig. 50.1 Mechanism of formation and action of prostanoids. Arachidonic 
acid, a 20-carbon fatty acid containing four double bonds, is liberated from  
the sn2 position in membrane phospholipids by phospholipases, which are 
activated by diverse stimuli. Arachidonic acid is converted by cytosolic 
prostaglandin (PG) G/H synthases, which have both cyclooxygenase (COX) and 
hydroperoxidase activity, to the unstable intermediate PGH2. The synthases are 
colloquially termed cyclooxygenases and exist in two forms: COX-1 and COX-2. 
PGH2 is converted by tissue-specific isomerases to multiple prostanoids. These 
bioactive lipids activate specific cell membrane receptors of the superfamily of 
G protein–coupled receptors.

COX-2 SELECTIVITY AS A CONTINUOUS VARIABLE
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Meloxicam
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Fig. 50.2 COX-2 selectivity as a continuous variable. Concentrations of various 
COX-2 inhibitors to inhibit the activity of platelet COX-1 and monocyte COX-2 
by 50% (IC50) are plotted on the abscissa and ordinate scales, respectively. The 
solid line describes equipotent inhibition of both COX-1 and COX-2. Symbols 
to the left of this line denote greater inhibition of COX-1 than COX-2. Symbols 
to the right of this line indicate progressively greater inhibition of COX-2 than 
COX-1, that is, increasing degrees of COX-2 selectivity. 6-MNA denotes 
6-methoxy-2-naphthylacetic acid, the active metabolite of nabumetone. (Data 
from references 3 and 27.)

acetylating a serine residue (Ser-529) just below the COX catalytic site 
of the enzyme, which forms the basis of the unique mechanism of 
action of aspirin, resulting in permanent inactivation of platelet COX-
1.7 Drugs favoring COX-2 versus COX-1 inhibition, such as acet-
aminophen and diclofenac, do not interfere with the pharmacodynamic 
effect of low-dose aspirin, similar to celecoxib and rofecoxib (Fig. 50.3).8 
Based on current analysis of available data, the U.S. Food and Drug 
Administration (FDA) has issued a statement informing patients and 
health care professionals that ibuprofen can interfere with the anti-
platelet effect of low-dose aspirin (81 mg/day), potentially rendering 
aspirin less effective when used for cardioprotection and stroke preven-
tion (http://www.fda.gov/cder/drug/infopage/ibuprofen/default.htm).

Low-dose aspirin can cause upper gastrointestinal bleeding.7 In two 
large outcome trials, subgroup analyses suggested that aspirin may 
attenuate the gastrointestinal safety of coxibs as compared with tradi-
tional NSAIDs.9,10

CLINICAL EFFICACY
NSAIDs are most widely used as analgesic and anti-inflammatory 
agents in the management of osteoarthritis, rheumatoid arthritis, and 
ankylosing spondylitis. The clinical efficacy of these drugs is related to 
symptomatic relief of pain and inflammation associated with these 
musculoskeletal disorders. However, NSAIDs are not disease-modify-
ing agents and do not arrest the progression of tissue injury.1

The results of phase 3 efficacy studies in osteoarthritis, rheumatoid 
arthritis, and various models of acute pain have established that the 
analgesic and anti-inflammatory effects of coxibs are indistinguishable 
from those of several NSAID comparators (often, diclofenac, ibuprofen, 
or naproxen), consistently with similar COX-2 inhibition at compa-
rable doses.3

Potential variables contributing to different COX-2–dependent 
effects include the daily dose of the inhibitor determining the extent 

http://www.fda.gov/cder/drug/infopage/ibuprofen/default.htm
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TABLE 50.2 INTERACTIONS BETWEEN NSAIDs AND OTHER DRUGS

Drug affected NSAID implicated Effect Approach to management

Oral anticoagulants Phenylbutazone
Oxyphenbutazone
Azapropazone

Inhibition of metabolism of S-warfarin, increasing anticoagulant effect Avoid NSAIDs if possible.
Use careful monitoring when use is 

unavoidable.

Lithium Probably all NSAIDs Inhibition of renal excretion of lithium, increasing lithium serum 
concentrations, and risk of toxicity

Use sulindac or aspirin if NSAID unavoidable.
Careful monitoring of lithium concentration 

and appropriate dose reduction

Oral hypoglycemic 
agents

Phenylbutazone
Oxyphenbutazone
Azapropazone

Inhibition of metabolism of sulfonylurea drugs, prolonging half-life and 
increasing risk of hypoglycemia

Avoid this group of NSAIDs if possible; if not, 
monitor blood glucose level closely.

Phenytoin Phenylbutazone
Oxyphenbutazone

Inhibition of metabolism of phenytoin, increasing plasma concentration, 
and risk of toxicity

Avoid this group of NSAIDs if possible; if not, 
intensify therapeutic drug monitoring.

Other NSAIDs Displacement of phenytoin from plasma protein, reducing total 
concentrations for the same unbound (active) concentration

Avoid aspirin; closely monitor plasma 
concentration if other NSAID is used.

Methotrexate Probably all NSAIDs Reduced clearance of methotrexate (mechanism unclear) increasing 
plasma concentration and risk of severe toxicity

This is only relevant to high-dose 
methotrexate used in cancer chemotherapy.

Sodium valproate Aspirin Inhibition of valproate metabolism, increasing plasma concentration Avoid aspirin; closely monitor plasma 
concentration if other NSAID is used.

Digoxin All NSAIDs Potential reduction in renal function (particularly in very young and very 
old) reducing digoxin clearance and increasing plasma concentration

Avoid NSAIDs if possible; if not, perform 
frequent checks of digoxin plasma 
concentration and plasma creatinine level.

Aminoglycosides All NSAIDs Reduction in renal function in susceptible individuals, reducing 
aminoglycoside clearance and increasing plasma concentration

Close plasma concentration monitoring and 
dose adjustment

Antihypertensive 
agents: 
β-blockers, 
diuretics

ACE inhibitors, 
vasodilators

Indomethacin
Other NSAIDs

Reduction in hypotensive effect, probably related to inhibition of renal 
prostaglandin synthesis (producing salt and water retention) and 
vascular prostaglandin synthesis (producing increased 
vasoconstriction)

Avoid all NSAIDs in patients with cardiac 
failure; monitor clinical signs of fluid 
retention.

Diuretics Indomethacin
Other NSAIDs

Reduction in natriuretic and diuretic effects; may exacerbate congestive 
cardiac failure

Avoid NSAIDs in patients with cardiac failure; 
monitor clinical signs of fluid retention.

Anticoagulants All NSAIDs Gastrointestinal tract mucosal damage, together with inhibition of 
platelet aggregation, increasing risk of gastrointestinal bleeding in 
patients on anticoagulants

Avoid all NSAIDs if possible.

Low-dose aspirin Ibuprofen and 
naproxen

Prevention of irreversible inactivation of platelet COX-1 Use NSAIDs with some degree of COX-2 
selectivity

ACE, angiotensin-converting enzyme.

MEAN INHIBITION OF PLATELET COX-1 ACTIVITY AND PLATELET AGGREGATION
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Aspirin 81 mg qd/lbuprofen 400 mg tidAspirin 81 mg qd/Rofecoxib 25 mg qd

Fig. 50.3 Mean inhibition of platelet COX-1 activity 
(left panel) and platelet aggregation (right panel) in 
healthy subjects taking enteric-coated aspirin 
(81 mg) 2 hours before either ibuprofen (400 mg 
tid) or rofecoxib (25 mg qd) on day 6 of daily 
dosing. (Adapted from Catella-Lawson F, Reilly MP, 
Kapoor SC, et al. Cyclooxygenase inhibitors and the 
antiplatelet effects of aspirin. N Engl J Med 
2001;345:1809-1817.)
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omeprazole, or a prostaglandin analog, such as misoprostol, has been 
shown to reduce the risk of NSAID-induced endoscopic ulcers.1

Upper gastrointestinal complications (hemorrhages, perforations, 
and obstructions) occur in 1% to 2% of NSAID-treated patients. The 
mortality rate associated with hospitalization due to major gastroin-
testinal events is 5% to 6% in recent studies.12 Mortality rates associ-
ated with upper or lower gastrointestinal complications due to NSAIDs 
are similar.12 The major risk factors for upper gastrointestinal bleeding 
are represented by age and a prior history of gastrointestinal disorders 
(Fig. 50.4).11 Male gender, cigarette smoking, and heavy alcohol intake 
increase this risk by less than twofold, as do oral glucocorticoids. Oral 
anticoagulants, thienopyridines, and low-dose aspirin increase the risk 
of NSAID-induced bleeding complications by twofold to threefold.11 
The excess of these complications due to traditional NSAIDs has been 
estimated to range between 3 and 30 events per 1000 patients treated 
per year,11 depending on the absence or presence of risk factors.

Because of the low event rate of ulcer complications, very large 
sample sizes or prolonged drug exposure is needed to detect differences 
between drugs. Four large (8000-35,000 patients) randomized trials of 
6 to 18 months’ treatment have compared the gastrointestinal safety 
of coxibs with traditional NSAIDs: CLASS9 (celecoxib vs. ibuprofen and 
diclofenac), VIGOR13 (rofecoxib vs. naproxen), TARGET10 (lumira-
coxib vs. ibuprofen and naproxen), and MEDAL14 (etoricoxib vs. diclof-
enac). The main characteristics of the 69,000 patients enrolled in these 
studies are detailed in Table 50.5. The rate of ulcer complications 

TABLE 50.3 SHARED SIDE-EFFECTS OF NSAIDs

System Manifestations

Gastrointestinal Abdominal pain
Nausea
Anorexia
Erosions/ulcers in small and large bowel
Anemia
Gastrointestinal hemorrhage and perforation
Diarrhea

Renal Salt and water retention
Edema, worsening of renal function in renal/cardiac 

and cirrhotic patients
Acute renal failure
Hyperkalemia

Central nervous system Headache
Vertigo
Dizziness
Confusion
Depression
Lowering of seizure threshold

Blood platelets Inhibited platelet activation
Propensity for bruising
Increased risk of hemorrhage

Uterus Prolongation of gestation
Inhibition of labor

Hypersensitivity Vasomotor rhinitis
Angioneurotic edema
Asthma
Flushing
Hypotension
Shock

Cardiovascular Closure of ductus arteriosus
Precipitation or worsening of heart failure
Myocardial infarction
Hemorrhagic stroke

Liver Transient rise in enzymes
Cholestasis
Acute liver injury

Skin Photosensitivity
Erythema multiforme
Urticaria
Toxic epidermal necrolysis

TABLE 50.4 INCIDENCE RATES OF MAJOR EVENTS POSSIBLY CAUSED BY 
TRADITIONAL NSAIDs, AS ASSESSED IN OBSERVATIONAL STUDIES IN THE 

GENERAL POPULATION

Event

Incidence rate 
per 1000 
patient-years Increased risk

Hospitalizations 
per 100,000 
NSAID users

Heart failure 2-4 2-fold 300

Myocardial infarction 1-4 2-fold 300

Upper gastrointestinal 
bleeding

0.6-1.7 4-fold 300

Acute renal failure 0.02-0.08 2-4-fold 4-8

Acute liver injury 0.02-0.04 2-fold 5

number of hospitalizations for congestive heart failure and nonfatal 
myocardial infarction, five acute liver injuries, and four to eight hos-
pitalizations for acute renal failure per 100,000 persons per year would 
be attributable to NSAID therapy.11

Gastrointestinal
The most common symptoms associated with NSAID therapy are 
gastrointestinal, including nausea, abdominal pain, and diarrhea. 
These symptoms do not necessarily reflect NSAID-induced mucosal 
lesions or ulcers, because they commonly occur in placebo-treated 
patients. Gastroduodenal ulcers, as assessed by endoscopy, are detect-
able in 30% to 50% of NSAID-treated patients and develop in a dose- 
and time-dependent fashion. However, less than 10% of NSAID-treated 
patients have symptomatic ulcers, thus emphasizing the poor correla-
tion between upper gastrointestinal symptoms and lesions. Gastroduo-
denal ulcers may be single or multiple and can be accompanied by 
gradual blood loss, leading to anemia, or by life-threatening bleeding. 
The risk of NSAID-induced ulceration is increased in patients infected 
with Helicobacter pylori, heavy alcohol drinkers, or those taking con-
comitant low-dose aspirin, clopidogrel, warfarin, or glucocorticoids.1

Coxibs have been shown to be associated with a lower incidence of 
endoscopic gastroduodenal ulcers than equally effective doses of tradi-
tional NSAIDs.3 Prophylaxis with a proton pump inhibitor, such as 

ESTIMATED RATES OF UPPER GASTROINTESTINAL
COMPLICATIONS (UGIC) IN WOMEN

Age

Rate of
UGIC

per 1000
person-yrs

0
<60 60–69 70–79

Control NSAIDs History
None
UGI pain
Uncomplicated ulcer
Complicated ulcer

≥ 80

60

40

20

80

Fig. 50.4 Estimated rates of upper gastrointestinal complications (UGIC) in 
women, according to age and the presence or absence of a history of such 
complications and regular use of traditional NSAIDS. The solid lines connecting 
each pair of blue and red symbols depict the excess risk of complications 
related to NSAID therapy. (Data from Hernandez-Díaz S, García Rodríguez LA. 
Epidemiologic assessment of the safety of conventional nonsteroidal anti-
inflammatory drugs. Am J Med 2001;110[Suppl]:20S-27S and from unpublished 
results of S. Hernández-Díaz and L.A. García Rodríguez.)
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Cardiovascular
Persistent (throughout the dosing interval and beyond) and virtually 
complete (i.e., greater than 97%) inhibition of platelet COX-1 by any 
commercially available dose of aspirin is associated with a 20% to 30% 
reduction in major vascular events (non-fatal myocardial infarction, 
non-fatal stroke, or vascular death), as demonstrated by over 50 pla-
cebo-controlled randomized trials in approximately 100,000 subjects 
at high cardiovascular risk.7 Traditional NSAIDs have long been 
thought to pose no cardiovascular hazard or to be somewhat cardio-
protective, in the absence of any randomized study supporting this 
widely held assumption. Because of their reversible mechanism of 
action in inhibiting platelet COX-1 and their short half-lives (see  
Table 50.1), most traditional NSAIDs inhibit TXA2-dependent platelet 
activation only transiently and incompletely in the vast majority of 
users (Fig. 50.5). A notable exception is provided by naproxen, which 
has been shown to inhibit TXA2 biosynthesis in vivo to the same extent 
as low-dose aspirin, when administered regularly at 500 mg twice 
daily,15 consistent with its relative COX-1 selectivity and longer half-
life than other commonly used NSAIDs.

Three placebo-controlled trials have now revealed a twofold to three-
fold increased risk of vascular events in approximately 6000 patients 
treated short term (10 days) with valdecoxib16 or long term (up to 3 
years) with celecoxib17 or rofecoxib,18 both with and without con-
comitant aspirin treatment. These findings are consistent with a  
mechanism-based cardiovascular hazard for the class.19 In fact, coxibs 

associated with traditional NSAIDs in these trials ranged between 5 
and 15 per 1000. As can be appreciated in Figure 50.4, these values 
are consistent with the rates of upper gastrointestinal complications 
predicted by an analysis of epidemiologic data for a comparable low-risk 
population (i.e., women aged 60 with largely negative prior gastroin-
testinal history).11 Both in VIGOR and TARGET, a highly selective 
COX-2 inhibitor was associated with a statistically significant 50% to 
66% relative risk reduction in ulcer complications as compared with 
naproxen or ibuprofen.10,13

When contrasting the options of using a highly selective COX-2 
inhibitor or a traditional NSAID plus a proton pump inhibitor, the 
following points should be borne in mind:

1. In contrast to coxibs, proton pump inhibitors have not been 
demonstrated to reduce the risk of NSAID-induced ulcer com-
plications in adequately sized randomized trials.

2. Whereas coxibs have been shown to reduce the risk of both upper 
and lower gastrointestinal events, proton pump inhibitors would 
not be expected to protect against the latter.

Finally, it should be emphasized that any COX-2 inhibitor may 
eventually inhibit COX-1 in some patients (because of interindividual 
variability in pharmacokinetics and/or pharmacodynamics) and that 
there may be untoward COX-2–dependent effects (e.g., interference 
with ulcer healing) that are shared by all COX-2 inhibitors regardless 
of selectivity.

TABLE 50.5 BASELINE CHARACTERISTICS OF OA/RA PATIENTS AND RATES OF ULCER COMPLICATIONS ASSOCIATED WITH 6- to 12-MONTH TREATMENT 
WITH NSAIDs IN COXIB GASTROINTESTINAL OUTCOME TRIALS

Trial Mean age (yr) Women (%) Prior gastrointestinal history (%) Aspirin use (%) NSAID UGIC rates per 1000 patient-years

CLASS 60 69 9.6 20 15

VIGOR 58 80 7.8 0 14

TARGET 63 76 0 24 9.1

MEDAL 63 74 7 35 4.7

UGIC, upper gastrointestinal complications.

REVERSIBLE VERSUS IRREVERSIBLE INHIBITION OF PLATELET COX-1
 ACTIVITY BY ASPIRIN AND A TRADITIONAL NSAID
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Fig. 50.5 Reversible vs. irreversible inhibition of 
platelet COX-1 activity by aspirin and a traditional 
NSAID, respectively. The average time course of 
inhibition of serum TXB2, an ex-vivo index of platelet 
COX-1 activity, is depicted over 24 hours after the 
administration of low-dose aspirin once daily and a 
traditional NSAID with short half-life given every 8 
hours. The inset depicts the interindividual 
variability in the relationship between NSAID 
plasma levels plotted on the abscissa log scale and 
the corresponding level of inhibition of platelet 
COX-1 plotted on the ordinate. Only 2 of 44 
individual blood samples achieved greater than 
95% inhibition of platelet COX-1 activity.
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among patients with preexisting heart disease. The risk appears to be 
dose dependent and somewhat higher during the first month of 
therapy.11,28

Renal
Both traditional NSAIDs and coxibs have been associated with renal 
and renovascular adverse events, consistently with the important role 
of constitutively expressed COX-2 in sustaining the physiologic pro-
duction of vasodilator and natriuretic prostanoids in the human 
kidney.1,3

COX-2 inhibitors have little effect on renal function or blood pres-
sure control in healthy subjects. However, in patients with chronic 
glomerular disease, hepatic cirrhosis, congestive heart failure, hypovo-
lemia, and other states of activation of the sympathoadrenal or  
renin-angiotensin systems, maintenance of renal blood flow and  
glomerular filtration rate is critically dependent on renal prostaglandin 
synthesis.1,3

Some studies evaluating the risk of chronic renal conditions (e.g., 
analgesic nephropathy) associated with traditional NSAIDs, including 
aspirin and acetaminophen, have found that NSAID users have a 
twofold increase in the risk of these conditions. The risk increases with 
age and is related to dose and duration of NSAID intake.11,29

The incidence rate of hospitalization for acute renal failure among 
non-users is approximately 2 per 100,000 persons per year. Current 
users of NSAIDs are estimated to experience a twofold to fourfold 
increase in the risk of hospitalization for acute renal failure. The risk 
is dose dependent and is considerably higher during the first month of 
therapy.11,29

Other risk factors for acute renal failure are male gender, increasing 
age, cardiovascular co-morbidity, renal diseases, concomitant use of 
other nephrotoxic drugs, and recent hospitalization for disorders other 
than renal disease.11,29

Respiratory
Asthma is most common with salicylates but may be precipitated or 
exacerbated by NSAIDs. Symptoms may be mild or severe, and fatal 
attacks of bronchospasm have been precipitated by a single dose of 
NSAID. If aspirin-sensitive asthmatic patients require an NSAID, then 
a low dose should be administered in a controlled environment 
equipped with facilities to reverse bronchospasm. Pulmonary alveolitis 
has also been reported with NSAID therapy and, although rare, should 
be considered when an illness suggestive of pulmonary infection but 
failing to respond to antibiotic therapy develops in a patient on an 

depress atheroprotective PGI2 formation in vivo without concomitant 
inhibition of platelet activation.20 A meta-analysis of tabular data from 
138 randomized trials of five different coxibs in approximately 145,000 
patients has revealed that, in placebo comparisons, allocation to a coxib 
was associated with a 42% increased incidence of vascular events with 
no statistically significant heterogeneity among the different coxibs.21 
This excess risk of vascular events was derived primarily from a twofold 
increased risk of myocardial infarction. Overall, there was no signifi-
cant difference in the incidence of vascular events between a coxib and 
any traditional NSAID, but there was evidence of a significant hetero-
geneity between naproxen and the other traditional NSAIDs (largely 
represented by ibuprofen and diclofenac).21 The apparent lack of a 
significant difference in the rate of vascular events between patients 
treated with any coxib and those treated with non-naproxen NSAIDs, 
as reported in this meta-analysis, is confirmed by the cardiovascular 
findings of the MEDAL program.22 In this prespecified pooled analysis 
of data from three trials in 34,701 patients with osteoarthritis or rheu-
matoid arthritis, treated on average for 18 months, the hazard ratio for 
thrombotic cardiovascular events was 0.95 (95% confidence interval, 
0.81-1.11) for etoricoxib compared with diclofenac. The results of an 
updated meta-analysis of coxib trials23 that includes the MEDAL22 and 
ADAPT24 studies confirm the statistical heterogeneity between coxib 
versus naproxen and coxib versus non-naproxen NSAID comparisons 
(Fig. 50.6).

Given the non-linear relationship between inhibition of platelet 
COX-1 activity and inhibition of platelet activation in vivo,25 it is 
perhaps not surprising that the cardiovascular safety profiles of coxibs 
and some non-naproxen NSAIDs appear similar, because they both fail 
to inhibit platelet activation adequately irrespective of their COX-2 
selectivity. Whether the variable level and duration of COX-1 inhibi-
tion by different NSAIDs modulate the cardiovascular consequences of 
COX-2 inhibition is presently unknown, given the limited utilization 
of NSAIDs other than ibuprofen, diclofenac, and naproxen in coxib 
trials.

Thus, coxibs and some traditional NSAIDs moderately increase the 
risk of vascular events, particularly myocardial infarction, but there 
remains considerable uncertainty about the magnitude of this hazard 
for particular drug regimens and patient subgroups. Although early 
appearance,26 dose dependence,27 and slow dissipation26 of risk appear 
as important features of COX-2-related cardiotoxicity, additional data 
are required to properly assess the relative contribution of these factors.23

Use of NSAIDs can lead to the development of congestive heart 
failure in susceptible individuals.28 Based on epidemiologic studies,11,28 
current users of NSAIDs are estimated to have a twofold increase in 
risk of hospitalization for congestive heart failure. The effect is greater 

Coxib vs.

   (i) Naproxen

Ibuprofen

Diclofenac

Other non-naproxen

    (ii) Any non-naproxen

    Any NSAID  

No. of
trials

43

24

28

7

53

94

Coxib
Events/person-years Rate ratio

Coxib  :  NSAID

Coxib better                                 NSAID better

202/17706
(1.1%/y)

46/5844

305/34496

8/166

359/40506
(0.9%/y)

561/58212
(1.0%/y)

NSAID

104/12310
(0.8%/y)

47/5160

290/29721

4/274

341/35155
(1.0%/y)

445/47465
(0.9%/y)

1.40 (1.11–1.78)
P = .005

0.92 (0.79–1.07)
P = .3

1.04 (0.91–1.18)
P = .6

COMPARISON OF EFFECTS OF COXIBS VERSUS TRADITIONAL
NSAIDs ON SERIOUS VASCULAR EVENTS

1.00.50.250.1 2.5 5.0 10

Heterogeneity between (i) and (ii): χ  = 9.0; P= .003 2
1

Between non-naproxen NSAIDs: χ  = 2.4; P = .32
2

Fig. 50.6 Comparison of effects of coxibs versus traditional 
NSAIDs on serious vascular events. Event numbers and 
person-years of exposure, with corresponding mean annual 
event rates in parenthesis, are presented for patients 
allocated to coxib and NSAID. Event rate ratios, with 95% 
confidence intervals, are indicated by a diamond; rate ratios 
for individual non-naproxen NSAIDs, with 99% confidence 
intervals, are indicated by a square and horizontal line. 
Diamonds to the right of the solid line indicate hazard with 
coxib compared with NSAID, but this is conventionally 
significant only if the diamond does not overlap the solid 
line. (Adapted from Patrono C, Baigent C. Low-dose aspirin, 
coxibs, and other NSAIDs: a clinical mosaic emerges. Mol Interv 
2009;9:31-39.).
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of benefits and risks to obtain their cooperation in achieving the fol-
lowing goals:

● Minimizing the level and duration of drug exposure
● Avoiding concomitant over-the-counter analgesic medications
● Complying with prescribed dietary, physical, and pharmacologic 

means to manage modifiable cardiovascular risk factors (i.e., ciga-
rette smoking and higher than optimal blood pressure, choles-
terol, and body weight)

In light of the heterogeneous regulatory and marketing environment 
in the United States versus Europe (Table 50.6), uniform treatment 
recommendations are difficult to make. Although some preferred treat-
ment options have been suggested31-34 according to the level of cardio-
vascular and gastrointestinal risk, these are largely based on expert 
opinion. Efforts should be made through a multidisciplinary consensus 
conference to provide evidence-based treatment guidelines on NSAID 
therapy.

NSAID. Limited data suggest that coxibs can be used safely in asthmat-
ics. Non-acetylated salicylates are often used in this situation.

Liver
Both traditional NSAIDs and coxibs are among the most common 
agents associated with drug-induced liver injury, ranging from asymp-
tomatic elevations in aminotransferase levels to serious liver injury 
with acute hepatic failure. Observational studies have reported nime-
sulide, sulindac, and diclofenac to be associated with the highest risk 
of liver injury, and the only risk factor consistently identified in these 
analyses is the concomitant use of other hepatotoxic drugs.11,30 In the 
MEDAL program,22 diclofenac caused elevations of aminotransferase 
levels more frequently than etoricoxib, generally during the first 4 to 
6 months of therapy, although clinical liver events requiring hospital-
ization were relatively rare.

Nimesulide has been withdrawn in Finland and Spain, because of 
hepatotoxicity, while it continues to be the most prescribed NSAID in 
Italy and Portugal.

RATIONAL SELECTION OF NON-STEROIDAL 
ANTI-INFLAMMATORY DRUG THERAPY
Patients with rheumatic disease show quite substantial interindividual 
variability in their response to NSAIDs. The therapeutic challenge in 
each case is to find the right NSAID and appropriate dosing regimen 
to provide an acceptable level of pain relief while minimizing the risk 
of serious adverse events.

Because gastrointestinal and cardiovascular adverse events contrib-
ute the largest share of NSAID-induced toxicity, careful consideration 
should be given to the assessment of risk factors for these complica-
tions in the individual patient.

Because of the nature of serious complications that could be caused 
or prevented by one particular NSAID versus another, patients’ values 
and preferences should be considered in the choice of NSAID therapy. 
Moreover, patients should be adequately informed about the balance 

TABLE 50.6 ELEMENTS OF A HETEROGENEOUS AND EVOLVING SCENARIO 
CONCERNING NSAID THERAPY IN USA AND EUROPE

Variable USA Europe

Marketing 
scenario

Celecoxib is the only 
marketed coxib.

Some COX-2 selective NSAIDs 
(e.g., nimesulide) are not 
marketed.

Celecoxib and etoricoxib are 
marketed in most countries.

Nimesulide is marketed in some 
countries, but has been with- 
drawn in others.

Regulatory 
scenario

Etoricoxib and lumiracoxib 
have not been approved.

Celecoxib is not 
contraindicated in patients 
at high cardiovascular risk.

Cardiovascular warning on 
celecoxib and all traditional 
NSAIDs, except aspirin.

Celecoxib and etoricoxib are 
contraindicated in patients at 
high cardiovascular risk.

No such contraindication in the 
label of traditional NSAIDs
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committee defined low dose as up to 7.5 mg/day, medium dose as 
greater than 7.5 but less than or equal to 30 mg/day, high dose as 
greater than 30 but less than or equal to 100 mg/day, and very high 
dose as greater than 100 mg/day prednisolone equivalent.2 Dosing 
designations were considered based on the percent binding of the glu-
cocorticoid receptors and the risk of perceived adverse effects. These 
dosing conventions will be used in this discussion.

Bioequivalence and bioavailability
The different preparations of glucocorticoids have the same rate of 
gastrointestinal absorption. Most commercially available prednisone 
tablets are bioequivalent, independent of tablet strength5; and the 
systemic bioavailability of prednisone and prednisolone are similar. 
Glucocorticoid bioavailability does not appear to be affected by 
pregnancy.

Metabolism and drug interactions
In contrast to endogenous cortisol, which is 80% bound, synthetic 
glucocorticoids bind poorly to cortisol-binding globulin (CBG, trans-
cortin). Prednisolone has about 60%, prednisone has about 5%, and 
methylprednisolone, dexamethasone, betamethasone, and triamcino-
lone have less than 1% of the affinity of cortisol for CBG. Half-life 
ranges from about 1 hour for prednisone to more than 4 hours for 
dexamethasone. Prednisone is rapidly metabolized in the liver by 
CYP3A4 (a cytochrome P450 isoform) to prednisolone; the elimination 
of prednisone is approximately 13 times faster than prednisolone.6 
Hyperthyroidism and nephrotic syndrome increase clearance whereas 
aging and liver disease impair clearance. Prednisolone is preferred to 
prednisone in patients with significant hepatic dysfunction.

Enhancement of the rate of metabolism of some glucocorticoids has 
been noted with concurrent administration of phenobarbital, pheny-
toin, and rifampin (rifampicin). Concurrent use of aspirin and gluco-
corticoids concurrently decreases salicylate levels by causing an 
increased rate of salicylate metabolism.

Clearance and dose timing
The elimination half-life of prednisolone is approximately 3 hours.7 
Total prednisolone clearance increases by 75% as the intravenous dose 
increased from 5 to 40 mg.8 Clearances also vary with the time of day. 
Both prednisolone and methylprednisolone clearance is up to 25% 
lower in the morning than in the evening.9 This property, in combina-
tion with the disruption of the usual cortisol diurnal rhythm with 
exogenous glucocorticoids, results in variations in efficacy when gluco-
corticoids are administered at different times during the day.10 Admin-
istration of short-acting glucocorticoids very early in the morning, in 
contrast to later in the day, better complements the normal diurnal 
variation in endogenous hormones and further blocks pro-inflamma-
tory cytokine production such as IL-611 and inflammatory symptoms.12 
For example, a low-dose prednisone compound with a delayed-release 
mechanism (drug released 4 hours after ingestion) when taken in the 
evening reduced rheumatoid arthritis morning stiffness more than 
placebo at 12 weeks.13 Timing of administration of the glucocorticoid 
dose also influences toxicity. For example, daily “split-dose” therapy is 
more immunosuppressive and should be used for shorter duration 
owing to its more profound disruption of the normal hypothalamic-
pituitary-adrenal (HPA) axis function.

Systemic glucocorticoids 
in rheumatology
Kenneth G. Saag

 Glucocorticoids act via a number of pathways including inhibition 
of transcription factors NF-κb and AP-1.

 Glucocorticoids decrease synthesis of proinflammatory cytokines 
and proinflammatory enzymes, T-cell function, and Fc receptor 
expression.

 Short-term use of low-dose glucocorticoids in rheumatoid arthritis 
decreases clinical disease activity. These agents also have a 
beneficial effect on radiographic activity.

 Adverse events are common with these drugs, and many of the 
side effects are dose dependent. Careful titration of dose and 
strategies to minimize toxicity is essential when using 
glucocorticoids.

INTRODUCTION
Discovered more than 50 years ago, synthetic cortisone was first shown 
to be remarkably effective in relieving the inflammation associated 
with rheumatoid arthritis (RA).1 This pioneering work by Hench, 
Kendall, and colleagues subsequently resulted in their award of a Nobel 
Prize in Medicine. Despite the advent of many disease-specific thera-
pies, the use of synthetic glucocorticoids in rheumatology remains a 
common, albeit controversial, therapy for many inflammatory 
disorders.

NOMENCLATURE AND PHARMACOLOGY
Preparations and structure
The term corticosteroid is often used synonymously with glucocorti-
coid, although glucocorticoid is the preferred designation when using 
exogenous agents therapeutically because corticosteroids encompass 
both glucocorticoid and mineralocorticoid hormones.2 A variety of 
synthetic glucocorticoid preparations are commercially available and 
have variable chemical structure (Fig. 51.1), potency, and half-life 
(Table 51.1). The 11β- and 17α-hydroxyl groups are important for 
glucocorticoid activity; and prednisone, a synthetic analog of cortisone, 
is also hydroxylated before becoming biologically active. The additional 
double bond in ring A of the resultant prednisolone enhances gluco-
corticoid activity without increasing mineralocorticoid activity, an 
effect that is increased by 6α-methylation (to produce methylpredniso-
lone) or 9α-fluorination (triamcinolone) or both (dexamethasone). In 
rheumatology, the most commonly used oral glucocorticoids are pred-
nisone and prednisolone whereas methylprednisolone is the predomi-
nant preparation used parenterally.

Dosing
Thresholds for low, medium, and high doses are not well defined. Some 
rheumatologists consider 10 mg/day of prednisone equivalent as the 
upper threshold of “low dose”; others use 7.5 mg/day,3 which is actu-
ally somewhat above the daily endogenous production of cortisol 
(hydrocortisone) by the adrenal glands, which averages 5.7 mg/m2/day.4 
A European Union League Against Rheumatism (EULAR) standing 
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Glucocorticoids act on the cell through genomic and non-genomic 
ways in several ways (Fig. 51.2).18

● Heat-shock protein chaperones the glucocorticoid-glucocorticoid 
receptor complex to the nucleus where it binds reversibly and 
exerts potent effects on transcription via binding to positive and 
negative glucocorticoid response elements in promoter or suppres-
sor sites of target genes.

● The glucocorticoid/glucocorticoid receptor complex inhibits tran-
scription factors such as nuclear factor—κB (NF-κB) and activator 
protein-1 (AP-1). Most anti-inflammatory effects are believed to 
occur as a result of inhibited gene transcription via these effects 
on NF-κB (transrepression), whereas the adverse effects of gluco-
corticoids, such as metabolic side effects, are mediated in large 
part via activation of transcription of certain genes (transactiva-
tion) (Fig. 51.3).

● Glucocorticoid signaling occurs through membrane-associated 
receptors and second messengers (non-genomic pathways). At 
high glucocorticoid doses (>100 mg/day prednisolone equivalent), 
glucocorticoid receptors become saturated, and these non-genomic 
effects emerge. These are mediated by incorporation of glucocor-
ticoid molecules into cell membranes.16

MECHANISMS OF GLUCOCORTICOID ACTION
Glucocorticoids act as anti-inflammatory mediators via a number of 
pathways that continue to be further elucidated.14-19 Oral glucocorti-
coids at doses less than 30 mg/day of prednisone equivalent circulate 
in the plasma and diffuse through the plasma membrane where they 
bind to the cytosolic glucocorticoid receptor, a 95-kDa phosphorylated 
protein. Diversity in the function of the glucocorticoid receptor is 
influenced by variations in genetic transcription mediated by alternate 
splice sites. The relative levels of either the α or β receptor influence 
the sensitivity or resistance of cells to glucocorticoids. Glucocorticoid 
resistance is reported in patients with severe RA and has been associ-
ated with higher levels of glucocorticoid receptor β, activation of mito-
gen-activated protein kinases (MAPKs) that inhibit glucocorticoid 
signaling, or antibodies to lipocortin-1.20-23 Persons with glucocorticoid 
receptor polymorphisms have higher sensitivity to exogenously admin-
istered glucocorticoids.24 Persons with relative glucocorticoid resistance 
may have diminished in-vitro response of their peripheral blood mono-
nuclear cells to glucocorticoid stimulation.25 Imbalances in the two 
isoforms of 11β-hydroxysteroid dehydrogenase may play a central role 
in glucocorticoid resistance.26
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Fig. 51.1 Structure of some natural and synthetic 
glucocorticoids.

TABLE 51.1 SOME COMMONLY USED GLUCOCORTICOIDS

Glucocorticoid Equivalent oral dose (mg) Plasma half-life (mg) Relative anti-inflammatory effect Relative mineralocorticoid effect

Cortisol 20 90 1 1

Prednisolone 5 200 4 0.8

Methylprednisolone 4 200 5 0.5

Triamcinolone 4 200 5 0

Dexamethasone 0.75 300 25 0
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neutral endopeptidases explains other observed effects.30 Glucocorti-
coids, even in very low concentrations, inhibit the synthesis of a variety 
of proinflammatory enzymes, including the macrophage products col-
lagenase, elastase, and plasminogen activator.31 Glucocorticoids have 
a direct effect on lymphocytes by decreasing T-cell function and circu-
lating number. They further inhibit Fc receptor expression (reducing 
clearance of antibody coated blood cells), increase the number of cir-
culating neutrophils, and affect leukocyte adhesion to endothelial 
cells.32

Drug development efforts are attempting to exploit an improved 
knowledge of molecular biology of glucocorticoids. Considerable effort 
has been directed to developing selective glucocorticoid receptor ago-
nists (SEGRAs) that differentially affect levels of some of these trans-
activation and transrepression.33,34 In preliminary experiments 

The relative contributions of these three mechanisms are not yet 
fully understood, but in combination they result in the decreased syn-
thesis of proinflammatory cytokines such as interleukin (IL)-1, IL-2, 
IL-2 receptor, interferon (IFN)-α, IL-6, and tumor necrosis factor (TNF) 
α.14,15,27 Glucocorticoids increase the rate of synthesis of lipocortin 
(annexin I), which inhibits phospholipase A2. Phospholipase A2 con-
verts membrane-bound phospholipids into arachidonic acid with the 
subsequent intracellular production of prostaglandins, leukotrienes, 
and oxygen radicals.28 Glucocorticoids also induce MAPK phosphatase 
1 (which inactivates all proteins of the MAPK family including Jun 
N-terminal kinase), and glucocorticoids repress transcription of cyclo-
oxygenase 2 (COX-2).29 Independent of change in gene expression, 
glucocorticoids exert rapid effects via activation of endothelial nitric 
oxide as well as activation of β-adrenoreceptors, endonucleases, and 

Glucocorticoid

Genomic mechanisms Nongenomic mechanisms

mGCR

III
mGCR - mediated
nongenomic m.

IV
nonspecific

nongenomic m.

Plasma
membrane

Cystol

Nucleus

cGCR

cGCR

HSP

HSP

HSP

HSP

Src

Src

I
cGCR - mediated

genomic m.

II
cGCR - mediated
nongenomic m.

Antiinflammatory,
immunmodulatory

and other (including
unwanted adverse)

effects

1From Buttgereit et al. (2004) Arthritis & Rheumatism 50 (1):3408 - 3417

MECHANISMS OF THE CELLULAR ACTIONS OF GLUCOCORTICOIDS

Fig. 51.2 Mechanisms of the cellular actions of glucocorticoids. As lipophilic substances, glucocorticoids pass very easily 
through the cell membrane into the cell, where they bind to ubiquitously expressed cytosolic glucocorticoid receptors 
(cGCRs). This is followed either by the classic cGCR-mediated genomic effects (I) or by cGCR-mediated non-genomic effects 
(II). Moreover, the glucocorticoid is very likely to interact with cell membranes either specifically via membrane bound 
glucocorticoid receptors (mGCR) (III) or via non-specific interactions with cell membranes (IV). HSP, heat-shock protein; m, 
mechanism. (From Buttgereit F, Straub RH, Wehling M, Burmester GR. Glucocorticoids in the treatment of rheumatic diseases: an 
update on the mechanisms of action. Arthritis Rheum 2004;50:3408-3417.)
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EFFICACY
Efficacy in rheumatoid arthritis
Short- to moderate-term glucocorticoid studies reveal improved disease 
activity and functional status when compared with control therapy.39,40 
Long-term anti-inflammatory benefits of glucocorticoids on disease 
activity are not as well supported by the literature. Anti-inflammatory 
benefits of glucocorticoids appear to decline after the first year41-43 and 
are often not seen even beyond 5 months.44,45 In contrast to earlier 
reports, two randomized controlled trials showed that at 2 years either 

compounds appear to exhibit similar anti-inflammatory effects as tra-
ditional glucocorticoids but may have fewer adverse effects, such as 
blood glucose elevation or skin thinning.35,36 Liposomal glucocorticoids 
are being developed with the aim of providing more prolonged concen-
trations of glucocorticoids at the site of inflammation and lower plasma 
levels. Part of their mechanism of action may be via insertion of higher 
concentrations of glucocorticoids into cell membranes.37 Lastly, early 
phase attempts have been made to link nitric oxide to prednisolone in 
an effort to increase anti-inflammatory effects but with lower toxicity 
to bone.38

GENOMIC EFFECTS OF GLUCOCORTICOIDS INCLUDE TRANSACTIVATION AND TRANSREPRESSION
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Fig. 51.3 Genomic effects of glucocorticoids include transactivation and transrepression. Binding of the glucocorticoid-cGCR 
complex to GREs leads to expression of anti-inflammatory and regulatory proteins such as IL-10 or IκB (transactivation). A suppressed 
synthesis of proinflammatory proteins (transrepression) is caused by competition for nuclear co-activators or direct or indirect 
interaction with transcription factors. AP1, activator protein 1; cGCR, cytosolic glucocorticoid receptor; COX-2, cyclooxygenase 2; GRE, 
glucocorticoid response element; IκB, inhibitor of NFκB; IFN-γ, interferon γ; IL, interleukin; NF-AT, nuclear factor of activated T cells; 
NFκB, nuclear factor κB; STAT5, signal transducer and activator of transcription 5; TF, transcription factor; TNF, tumor necrosis factor; 
VEGF, vascular endothelial growth factor. (From Stahn C, Buttgereit F. Genomic and nongenomic effects of glucocorticoids. Nat Clin Pract 
Rheumatol 2008;4:525-533.)
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glucocorticoids do not inhibit the generation of platelet-derived throm-
boxane; and in certain forms of vasculitis, patients can develop progres-
sive ischemia despite glucocorticoids.52

For life- or organ-threatening complications, intravenous pulse 
therapy is used at doses of 250 to 1000 mg/day of methylprednisolone 
for a typical period of 3 days. The intent of pulse therapy is to rapidly 
and aggressively suppress severe systemic inflammation while mini-
mizing exposure to prolonged very-high-dose therapy. Rapidly progres-
sive glomerulonephritis and pulmonary and central nervous system 
vasculitis are among the disorders in which very-high-dose pulse 
therapy has been advocated.53,54 Compared with prednisolone, methyl-
prednisolone has more than threefold more non-genomic effects at 
equivalent doses, contributing to its preference over prednisone in this 
setting.55

Efficacy in polymyalgia rheumatica  
and large-vessel vasculitis
Glucocorticoids are the mainstay for therapy in polymyalgia rheu-
matica, giant cell (temporal) arteritis, and Takayasu’s arteritis.56,57 
Because of the older age of most persons with polymyalgia rheumatica 
and giant cell arteritis, glucocorticoids need to be used cautiously and 
monitored more closely in this population. Although a variety of other 
immunosuppressive agents have been tested as possible glucocorticoid-
sparing agents, there are little compelling data that these agents are 
effective alternatives to glucocorticoid in these disorders. A typical 
prednisone starting dose in giant cell arteritis is 60 mg/day whereas 15 
to 20 mg/day is usually adequate for polymyalgia rheumatica. Although 
efforts to taper glucocorticoids are initiated early in the disease course, 
it can require more than 6 months to reach a low dose in persons with 
giant cell arteritis.58 It is not uncommon for persons with giant cell 
arteritis to require in excess of 2 years of glucocorticoid therapy. Glu-
cocorticoid-tapering regimens for polymyalgia rheumatica are not well 
standardized, and symptoms often wax and wane over many years 
remaining partially responsive to low-dose prednisone therapy. Guid-
ance from a meta-analysis suggests that once a prednisone dose of 

5.0 or 7.5 mg of prednisolone resulted in variable levels of improve-
ment in joint indices, functional status, and remission criteria com-
pared with patients taking placebo.46,47

Beyond disease activity, joint damage as assessed by radiographic 
criteria (bony erosions and joint space narrowing) is a critical efficacy 
outcome. Although it is known that methotrexate, the anti-TNF 
agents, and newer biologic response modifiers are disease-modifying 
antirheumatic drugs (DMARDs) in RA, there is now consensus that 
glucocorticoids function similarly. A synopsis of many of the RA 
studies evaluating the effects of glucocorticoids on radiographic pro-
gression is summarized in Table 51.2. Many of these investigations 
allowed concomitant use of DMARDs, making it difficult to discern 
the independent effects of glucocorticoids. Although many of the earlier 
investigations failed to demonstrate a benefit of low-dose glucocorti-
coids on radiographic progression, an increasing number of placebo-
controlled randomized or open-label clinical trials have now 
demonstrated that low dose glucocorticoids prevent radiographic joint 
destruction in RA. Although the vast majority of glucocorticoid use 
internationally in RA is via lower-dose oral therapy,3,48 a few RA studies 
have examined other routes of administration such as pulsed-dose and 
intramuscular depot approaches.49,50

Efficacy in systemic connective  
tissue disorders and vasculitis
Medium- to high-dose glucocorticoids are the therapeutic mainstay in 
rheumatology for managing serious inflammatory disorders with life- 
or organ-threatening manifestations. Glucocorticoids have been used 
for serious extra-articular manifestation of RA, including interstitial 
lung disease, bronchiolitis obliterans with organizing pneumonia, peri-
carditis, scleritis, and vasculitis.51

For these serious sequelae of RA and in other major inflammatory 
disorders such as systemic lupus erythematosus, inflammatory myopa-
thy, and systemic vasculitis, glucocorticoids are typically started at dose 
range of 1 mg/kg/day of prednisone equivalent. Although highly effec-
tive in causing remission or improving control of these disorders, 

TABLE 51.2 STUDIES OF ORAL GLUCOCORTICOIDS AND RADIOGRAPHIC PROGRESSION IN RHEUMATOID ARTHRITIS

Study (year) Experimental group Control group
Study type (no. 
of subjects)

Effect on radiologic 
progression Comments

MRC133 1955 Cortisone (69 mg/day) ASA CT (100) No difference Trend toward protective effect

MRC134 1959 Prednisolone (Initial 20 mg, 12 mg/
day by yr 1, 10 mg/day by yr 2)

ASA CT (77) Reduction after 2 yr, 
less after 3 yr

Control patients offered prednisolone in 
year 3

Bernsten135 1961 Various glucocorticoids, dose not 
reported

IM gold, 
analgesics

Retrospective 
(388)

Deterioration in all 
groups

Many patients had already failed other Rx

Harris136 1983 Prednisone (5 mg/day) & DMARD PBO & DMARD DB RCT (34) No significant 
difference

Trend toward reduction

Million137 1984 Prednisolone (10.3 mg/day) & DMARD No prednisolone RCT (103) Significant reduction 10-year study

Kirwan41 1995 Prednisolone (7.5 mg/day) & DMARD PBO & DMARD DB RCT (106) Significant reduction

Boers44 1997 Prednisolone (60 mg/day with taper) 
& MTX, SSZ

PBO & SSZ DB RCT (102) Significant reduction

Hansen45 1999 Prednisolone (6 mg/day) & DMARD DMARD RCT (102) No significant 
difference

Trend toward reduction

Van Everdingen89 
2002

Prednisolone (10 mg/day) & SSZ as 
rescue

PBO & SSZ as 
rescue

DB RCT (81) Significant reduction Only study since the MRC to not allow 
background DMARDs. SSA allowed after 6 
months

Capell88 2004 Prednisolone (7 mg/day) & SSZ PBO & SSZ DB RCT (167) No significant 
difference

Discordance in radiographic interpretations 
between readers

Wassenberg47 
2005

Prednisolone (5 mg/day) & either AU 
or MTX

PBO & either AU 
or MTX

DB RCT (166) Significant reduction Relatively new-onset RA. One of the lowest 
doses to show radiographic protection

Svensson46 2005 Prednisolone (7.5 mg/day) & DMARD No prednisone 
& DMARD

Open RT (225) Significant reduction Early RA

MRC, Medical Research Council; R, randomized; CT, controlled trial; DB, double blind; IM, intramuscular; ASA, high-dose aspirin; MTX, methotrexate; SSZ, sulfasalazine; AU, auranofin; DMARD, disease-
modifying antirheumatic drug; PBO, placebo; NA, not assessed; NS, not significant.
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estimated from observational studies that as many as 40% of glucocor-
ticoid users will develop bone loss leading to fracture.66 Although 
glucocorticoids diminish sex hormone production and decrease circu-
lating levels of receptor of activator of NF-κB (RANK) ligand, all of 
which lead to enhanced osteoclast-mediated bone resorption, a direct 
glucocorticoid-induced defect in bone formation is believed to be  
the predominant pathway of importance.67,68 Glucocorticoid-induced 
osteoporosis initially affects trabecular bone. However, with chronic 
glucocorticoid use, cortical bone at sites such as the femoral neck is 
also affected.66 Comparison of studies examining bone effects of gluco-
corticoids is made difficult by the differential timing of glucocorticoid 
initiation, variable dosing regimens, use of different bone mass  
measurement techniques, and disparities between the sites of 
measurement.

Observational studies of RA and other glucocorticoid-requiring dis-
eases show a mean first-year loss of bone ranging from 1.5% to 20% 
at the dose range less than or equal to 10 mg/day of prednisone.33 With 
continued use, bone loss remains greater than normal and is estimated 
at 1.5% to 3.0% per year, dependent on dose, in subsequent years. 
Although a decline in bone mineral density is strongly correlated with 
fracture risk and bone mineral density is considered the best overall 
predictor, the rate of bone turnover, bone quality, and other factors also 
play important roles.69 At very low doses, some data suggest that glu-
cocorticoids prevent bone loss in RA because of their inhibitory effects 
on proinflammatory cytokines that modulate osteoclast activity as well 
as their beneficial effects on functional status, which promotes more 
weight-bearing activities.70,71 Several studies including a meta-analysis 
have failed to demonstrate an association of low-dose glucocorticoid 
use with low axial bone mineral density, even in the setting of an 
increased fracture rate.71-74 The presence of biochemical changes in 
bone remodeling with very low dose oral75 or even intra-articular use76 
argues against a “safe” glucocorticoid dose from the standpoint of 
bone.77

Thus, the confounding effects in trying to identify an association 
between glucocorticoid treatment and osteoporosis in RA relate to two 
principal issues: the heightened risk of osteoporosis caused by the RA 
disease process itself78-80 and a higher rate of osteoporosis in postmeno-
pausal women, the demographic group with the highest prevalence  
of RA.81

Given the inconsistencies in bone mineral density studies and the 
knowledge that fractures in glucocorticoid-treated patients occur at a 
higher bone mineral density and are dependent on other factors,82,83 it 
is necessary to examine long-term studies that evaluate actual fracture 
incidence. In a large cohort of RA patients,84 34% of more than 300 
women on a mean dose of prednisone of 8.6 mg/day had a self-reported 
fracture within 5 years of follow-up. Two case-control studies of hip 
fractures in patients both with and without RA showed a twofold 
increased risk even after adjusting for the presence of RA.78,85 Cohort 
studies identify fractures as one of the most commonly documented 
complications of supraphysiologic glucocorticoid use.61,62,86 Hip and 
other non-vertebral fractures occur with glucocorticoids in both a dose- 
and time-dependent fashion.77,87 Randomized controlled trials in the 
most common glucocorticoid-requiring illness, RA, have not confirmed 
an increased rate of fracture.41,46,47,88,89 However, none of these trials 
has been large or long enough to fully clarify the magnitude of the 
fracture risk, some have not systematically assessed fractures outcomes 
in all patients, and in at least one88 patients were allowed to use bone 
protective medications.

Considerable advancement has occurred in the development of anti-
osteoporotic therapies, and numerous clinical trials have specifically 
tested anti-osteoporosis therapies for patients newly initiating and 
chronically using glucocorticoids. All RA patients with or at risk of 
GIOP should receive initial therapy with adequate calcium and vitamin 
D,90,91 with strong evidence-based consideration given to the addition 
of a bisphosphonate.92-96 Teriparitide, which may directly inhibit glu-
cocorticoid-mediated deleterious effects on bone formation, is another 
treatment option for glucocorticoid users at high risk for fracture.97 
Internationally, a variety of specialty societies have promulgated rec-
ommendations on appropriate testing and treatment to prevent 
GIOP.98-102

Osteonecrosis of bone is a significant problem in patients receiving 
high-dose glucocorticoid doses, particularly for treatment of systemic 

10 mg/day is reached, tapering by 1 mg/month or less results in fewer 
relapses.59

ADVERSE EFFECTS
Despite the considerable benefits of glucocorticoids in controlling 
serious inflammation and improving functional status in a plethora of 
disorders, serious adverse effects dampen enthusiasm, particularly for 
long-term use. Most studies of glucocorticoid toxicity tend to be retro-
spective and observational. The ability to differentiate bad outcomes 
attributable to glucocorticoids from those occurring owing to the under-
lying diseases or other comorbidities confounds potential associations. 
A strong physician selection bias for glucocorticoid use exists because 
physicians are inclined to treat patients with more severe disease with 
glucocorticoids (i.e., confounding by indication). The use of glucocor-
ticoids at variable points in the disease course, limited data defining 
the “threshold” dose for particular adverse events,60 and toxicity reports 
in a heterogeneous group of glucocorticoid-treated diseases all further 
hinder interpretation of these data.

Several large retrospective reviews indicate that long-term, relatively 
low-dose glucocorticoid use is a significant independent predictor of 
numerous potentially serious adverse events.52,61-63 Lending further 
credibility to causality, a glucocorticoid-adverse event association was 
both dose and time dependent (Fig. 51.4). Both cumulative and mean 
glucocorticoid dose are independently associated with adverse events.

Less serious adverse effects (e.g., skin thinning, cushingoid appear-
ance) are often of great concern to patients, whereas more debilitating 
toxicities, such as vertebral fractures and cataracts, may be initially 
unrecognized or asymptomatic.64 Compared with other anti-rheumatic 
agents, glucocorticoids have a low incidence of short-term symptomatic 
toxicity and patients uncommonly discontinue therapy for these 
reasons. What follows is an overview of the most common adverse 
effects that have been associated with glucocorticoids. Recent interna-
tional recommendations provide guidance on how to most safely use 
glucocorticoids.65

Bone and muscle
Glucocorticoid-induced osteoporosis (GIOP) is the most potentially 
devastating complication of protracted glucocorticoid therapy, and it is 
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ADVERSE EVENT (AE)
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Fig. 51.4 Probability of remaining free from adverse events (adverse events) 
over time while on low-dose (<5 mg), intermediate dose (5-10 mg), or 
high-dose (>10-15 mg) prednisone compared with a control group. (Adapted 
with permission from Saag KG, Koehnke R, Caldwell JR, et al. Low dose long-term 
corticosteroid therapy in rheumatoid arthritis: an analysis of serious adverse 
events. Am J Med 1994;96:115-123.)
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hump” is very troubling to patients but is uncommon at doses below 
the physiologic glucocorticoid replacement range. Moon facies develop 
in slightly more than 10% of patients receiving even short-term low-
dose therapy. Alternate-day therapy decreases the incidence of cushing-
oid appearance. Steroid acne and, to a lesser extent, hirsutism and stria 
are other undesirable dermatologic side effects that can occur even at 
lower doses. Glucocorticoids also impair wound healing by inhibiting 
the synthesis of matrix metalloproteinases and collagen.118 Weight gain 
and fat redistribution occur at moderate to high doses, in particular. 
The effects of hyperinsulinemia on leptin, increased adipocyte conver-
sion of cortisone to cortisol, and increased appetite all contribute to 
weight gain and fat redistribution.

Gastrointestinal effects
Although glucocorticoids are considerably less toxic to the upper gas-
trointestinal tract than non-steroidal anti-inflammatory drugs 
(NSAIDs), glucocorticoids slightly increase the risk of adverse gastro-
intestinal events such as gastritis, ulcers, and gastrointestinal bleeding. 
The increased risk of glucocorticoids on gastrointestinal events is very 
small, with estimated relative risks varying from 1.1 (not significant) 
to 1.5 (marginally significant).119,120 In addition to reports of upper 
gastrointestinal morbidity there are case reports of intestinal rupture, 
diverticular perforation, and pancreatitis believed to be caused by glu-
cocorticoids. Glucocorticoids are frequently used concurrently with 
NSAIDs in rheumatology, and the combination synergistically results 
in a higher risk of gastrointestinal adverse events. Glucocorticoids 
cause a nearly twofold increased risk of gastrointestinal adverse events 
among NSAID users121; and the combined use of NSAIDs and gluco-
corticoids results in more than a fourfold increased risk of gastrointes-
tinal adverse events when compared with nonusers.120

Infectious diseases
Moderate- to very high-dose glucocorticoid therapy leads to an  
increased risk of serious infections. However, no studies have ade-
quately explored the risk of infection in patients treated with low-dose 
glucocorticoids. The risk of infection appears to be lessened by initiat-
ing alternate-day therapy. The association of glucocorticoids with infec-
tious adverse events becomes an even greater concern if glucocorticoids 
are used in combination with biologic anti-rheumatic agents.122 At 
higher dose exposure, glucocorticoids appear to be a risk factor for 
tuberculosis.123

Metabolic and endocrine effects
Glucocorticoid users with diabetes mellitus will commonly have higher 
blood glucose levels while taking glucocorticoids. Moreover, in patients 
with early diabetes or glucose intolerance, new-onset hyperglycemia or, 
rarely, a nonketotic hyperosmolar state can develop de novo. Ketosis 
in glucocorticoid-associated diabetes is very rare, because the gluconeo-
genic and glycogenic effects of glucocorticoids offer protection against 
this complication. It is uncommon for frank diabetes to develop as a 
result of glucocorticoid therapy.

A significant concern of chronic glucocorticoid use is hypothalamic-
pituitary-adrenal (HPA) insufficiency. HPA insufficiency is both dose 
and duration specific. High-dose therapy results in protracted suppres-
sion of adrenocorticotropic hormone (ACTH) release and adrenal hypo-
responsiveness in as little as 5 days. More typically, adrenal suppression 
can be detected in 6 weeks at 10 mg/day or 15 mg/day in 4 weeks.60 
Spontaneous recovery of the HPA axis is normal in patients on less 
than or equal to 5 mg of prednisone; however, even subphysiologic 
doses (<7.5 mg/day) given for long-term periods may lead to HPA 
blunting.124 HPA suppression is worsened if glucocorticoids are given 
twice daily.

Neuropsychiatric effects
Patients on even low-dose glucocorticoid therapy report a slight increase 
in their overall sense of well-being, which appears to be independent 
of improvement in disease activity. Symptoms of akathisia, insomnia, 
and depression are also occasionally observed in patients taking  

lupus erythematosus. Osteonecrosis is more strongly associated with 
peak dose of glucocorticoid rather than cumulative dose,103 perhaps 
owing to osteocyte and osteoblast apoptosis.68 The presence of antiphos-
pholipid antibodies contributes to osteonecrosis independent of gluco-
corticoid use. Osteonecrosis is seldom seen when the prednisone dose 
is maintained at less than 20 mg/day.104

Similar to osteonecrosis, the occurrence of myopathy in patients 
receiving glucocorticoids is very rare at a low dose. In patients with 
inflammatory myopathy it is often difficult to disentangle ongoing 
muscle inflammation from glucocorticoid myopathy. Gradual muscle 
improvement with dose reduction is often a diagnostic clue because 
electromyography and muscle biopsy findings are often insufficiently 
specific to differentiate these two entities. Based on small studies,  
fluorinated glucocorticoid preparations, such as triamcinolone, are 
more strongly associated with myopathy than prednisone.105 Myopathy 
has been reported to occur at a dose as low as 8 mg/day of triamcino-
lone after only 3 months of treatment. In general, myopathy attribut-
able to prednisone requires a higher dose and longer duration of 
treatment.

Cardiovascular effects
Glucocorticoids at medium to high dose promote fluid retention based 
in some106 but not all studies.107,108 This can be problematic for patients 
with underlying heart or kidney disease, although susceptibility is 
modified by both glucocorticoid dose and dietary factors. Patients with 
essential hypertension require closer surveillance of blood pressure and 
may need modification of their antihypertensive regimens while on 
glucocorticoid therapy. In some studies glucocorticoids at even low or 
moderate dose have been associated with hypertension, but this  
may be a reflection of channeling bias due to RA disease severity.109 
Glucocorticoids can cause sodium retention and can potentiate vaso-
pressive response to catecholamines and angiotensin II. In patients 
receiving less than 10 mg/day, age and elevated pre-treatment blood 
pressure likely better explains significant hypertension than the use of 
glucocorticoids.110

Although several observational studies suggest that glucocorticoids 
at doses of greater than 10 mg/day adversely affect serum lipid profiles, 
a national sample from the United States was unable to confirm  
this association.111 Moderate- to low-dose glucocorticoids (20 mg 
tapered to 5 mg over 3 months) had no significant adverse effect on 
lipoprotein levels if other risk factors were controlled.112 Some studies 
even have suggested that glucocorticoids reverse an unfavorable lipid 
profile.113

Another difficult-to-study potential toxicity of low-dose glucocorti-
coids is the development of premature atherosclerotic vascular disease. 
Increasing attention to the importance of accelerated atherosclerotic 
disease in RA and other inflammatory conditions has raised interesting 
questions about the role of chronic inflammation on the vascular 
endothelium.114 Although atherosclerotic vascular disease is known to 
be accelerated in patients with Cushing’s disease and at least one study 
shows increased carotid plaque and decreased arterial compressibility 
in RA patients on glucocorticoids,115 there are insufficient data to 
confirm an independent risk in patients on low-dose glucocorticoids, 
in particular. In contrast, there is also evidence that glucocorticoids 
may trend toward a protective vascular effect in persons with polymy-
algia rheumatica.116 On the other hand, high-dose glucocorticoid 
therapy has been associated with a greater than 2.5-fold increased  
risk of cardiovascular events, even after adjustment for known 
covariates.117

Cardiac arrhythmias have been described during pulsed-dose gluco-
corticoid therapy. This rare occurrence, reported mostly in patients 
with renal disease, predicates a pre-infusion check of serum electrolytes 
and strong consideration for cardiac monitoring during infusion. Slower 
infusion rates (administration over 1 to 2 hours) may attenuate this 
concern.

Dermatologic effects and appearance
Even at the low dose, skin thinning and ecchymoses represent one of 
the most common glucocorticoid adverse events. A cushingoid appear-
ance that manifests as moon facies, truncal obesity, and “buffalo 
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Perioperative and stress-dose considerations
Chronic glucocorticoid users preparing for major surgeries or undergo-
ing considerable physiologic stress associated with severe illness should 
receive prophylactic stress-dose glucocorticoids commonly in conjunc-
tion with a mineralocorticoid. Hydrocortisone at a dose of 100 mg 
three times per day is empirically recommended, but for patients on 
low-dose glucocorticoids or undergoing less significant physiologic 
insult, half this dose is often sufficient. Identifying which patients 
require stress-dose glucocorticoids requires consideration of both dose 
and duration of glucocorticoids. Guidelines for low dose use were dis-
cussed earlier. Any person who has received more than 20 mg/day of 
prednisone equivalent for more than 3 weeks or who has developed 
clinical Cushing’s syndrome should undergo prophylaxis. If clinically 
feasible, the need for stress-dose glucocorticoids can be determined by 
testing for the responsiveness of the HPA axis with a low-dose syn-
thetic ACTH (cosyntropin) stimulation test.

Glucocorticoids in children
Growth retardation can occur in children receiving glucocorticoids 
because these agents inhibit linear bone growth and delay epiphyseal 
closure. Regular daily administration of more than 7.5 mg of predniso-
lone is associated with inhibition of linear growth. The mechanism of 
action is unknown, although suppression of growth hormone secretion 
and other metabolic effects can contribute. Alternate-day administra-
tion of the same total dose reduces this effect131 and is preferred, if 
clinically practical.

Glucocorticoid withdrawal regimens  
and alternate-day therapy
There is little science to guide the necessary but challenging process 
of glucocorticoid dose reduction. For conditions such as RA, a very 
subtle dose reduction is most effective in promoting eventual glucocor-
ticoid discontinuation. In systemic lupus erythematosus and other 
diseases in which immune complexes play a significant role in patho-
genic consequences, alternate-day therapy is a consideration once 
disease control is achieved. Alternate-day therapy serves to minimize 
HPA axis suppression and, in turn, certain adverse effects, and it 
affords a reduction in cumulative glucocorticoid dose. However, in RA, 
alternate-day therapy is often not well tolerated owing to an increase 
in joint symptoms in days off therapy.

Steroid withdrawal syndrome is not clearly associated with HPA 
insufficiency but presents as extreme weakness and arthralgias. Glu-
cocorticoid tapering from 20 mg/day by increments of 2.5 mg/day every 
2 weeks resulted in rebound deterioration in over half of RA patients.42 
While accommodating convenience and individual patient disease 
response, a relatively stable decrement of 10% to 20% of glucocorticoid 
dose every 1 to 2 weeks is recommended until the dose reaches 10 mg, 
and than tapering should proceed more slowly for long-term users. 
Indeed, difficulty withdrawing patients from glucocorticoids is some-
times cited as a compelling reason for not initiating them.132 Many 
rheumatologists report significant difficulties in tapering glucocorti-
coids for most RA patients, and abrupt withdrawal can result in dra-
matic flares in disease activity. Thus, it is recommended that patients 
on long-term low-dose glucocorticoid therapy for inflammatory arthri-
tis or polymyalgia rheumatica lower their dose in increments as small 
as 1 mg/month (sometimes facilitated by cutting the dose on alternate 
days) to maximize their prospects for successful withdrawal. However, 
further research on appropriate tapering regimens is greatly needed.

low-dose therapy. Memory impairment, particularly in older patients, 
can occur even at low doses. Daily split-dose therapy, in particular, 
tends to be troublesome because the evening dose promotes sleep dis-
turbances. True glucocorticoid psychosis is distinctly uncommon at 
doses less than 20 mg/day of prednisone.

Ophthalmologic effects
Posterior subcapsular cataracts are a well-described complication of 
prolonged glucocorticoid use. There is no minimal safe dose with 
respect to this complication, and reports exist of cataract formation 
even with inhaled glucocorticoid preparations.125 However, cataracts 
rarely occur in patients taking less than 10 mg/day for less than 1 
year.126,127 Nearly a third of RA patients taking a mean dose of 8 mg/
day for an average of 7 years developed cataracts.61 Cortical cataracts 
also have also been associated with glucocorticoid use.128

In addition to cataracts, glucocorticoid-treated patients can develop 
increased intraocular pressure, which can lead to visual disturbances. 
The development of frank glaucoma, particularly with low-dose 
therapy, is rare and tends to appear in patients who are otherwise 
genetically predisposed.

Use in pregnancy
Glucocorticoids are often used in pregnant patients to control peripar-
tum inflammatory disease activity. Although safer than many other 
antirheumatic agents during pregnancy, glucocorticoid use can cause 
fetal growth retardation and low birth weight of offspring. It is difficult, 
however, to fully discern whether these adverse fetal outcomes are due 
to the glucocorticoids or the underlying chronic inflammatory disorder. 
Prednisone or prednisolone is preferred over other glucocorticoids if the 
aim is to treat a pregnant mother because the placenta will convert 
active prednisolone back to prednisone and thereby limit fetal expo-
sure. The American Academy of Pediatrics considers prednisone and 
its active metabolite prednisolone to be compatible with breast-feeding. 
Even at doses above 1 mg/kg/day, the amount of glucocorticoid secreted 
into the breast milk is less than 10% of a nursing infant’s endogenous 
cortisol production.

PRACTICAL RECOMMENDATIONS
Evidence-based treatment guidelines
In an era of internationally rising health care costs and highly effica-
cious but very expensive biologic disease-modifying agents, glucocorti-
coids provide an apparent inexpensive approach to management of 
inflammatory and autoimmune disorders. While the cost per pill of 
oral glucocorticoid is low, other costs such as those associated with 
adverse effects must also be considered.129

Once the decision is made to initiate glucocorticoids, every effort 
should be made to use these agents as safely and effectively as possible. 
Increasing data have shown that more aggressive use of glucocorticoids 
earlier rather than later in the course of RA might be best. However, 
practitioners skeptical of the disease-modifying benefits of glucocorti-
coid therapy or excessively concerned about glucocorticoid adverse 
effects should strive to achieve the lowest effective dose. Despite this 
evidence and an international call to action to prevent GIOP among 
even chronic glucocorticoid users, fewer than half of all chronic  
glucocorticoid users are receiving adequate bone prophylaxis or 
evaluation.130
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In synovium, gold therapy reduces the number of monocytes and  
macrophages and decreases production of proinflammatory  
cytokines, interleukin (IL)-1α, IL-1β, IL-6, and tumor necrosis factor 
(TNF)-α, produced by T cells, macrophages, monocytes, or dendritic 
cells.8,9

Efficacy
Compared with placebo, parenteral gold reduces the number of inflamed 
joint and laboratory measures of inflammation. Observational studies 
and short-term trials suggest that gold slows radiologic progression.10 
In one comparative study with methotrexate (MTX), 15 mg/wk, par-
enteral gold appeared to be as effective.11

Gold treatment, however, has a higher dropout rate owing to side 
effects than other DMARDs, including MTX.12

Toxicity
Side effects of gold affect many different organ systems and  
frequently result in discontinuation of therapy.13 The most common 
complications are dermatitis (rash, pruritus) and stomatitis. These can 
mostly be managed by temporarily stopping the drug and continuing 
at a lower dose.14 Proteinuria occurred in clinical trials in 3% to 4% of 
patients. Mild proteinuria may resolve spontaneously even with  
continuation of the drug or after decreasing the dose, but nephrotic 
syndrome has been described and it is recommended to stop treatment 
when severe proteinuria occurs.15 Approximately 5% of patients 
treated with aurothiomalate experience nitritoid reactions: transient 
symptoms of flushing, sweating, dizziness, nausea, hypotension, and 
malaise that occur within minutes of drug administration.16 Patients 
who use angiotensin-converting enzyme inhibitors appear especially to 
be at risk and should receive gold therapy while in the recumbent 
position.

Aplastic anemia is the most serious, but rare, complication of gold 
treatment. Between 1965 and 1971 the British Committee on Safety 
of Medicines reported on nine fatal episodes of aplastic anemia in 
patients treated with injectable gold. Thrombocytopenia is the most 
frequent blood dyscrasia associated with gold therapy, with the inci-
dence ranging from 0% to 5%. It tends to occur in the first 6 months 
of treatment and is usually due to immune-mediated destruction with 
an active bone marrow.17

Other rare complications that have been described are enterocolitis, 
hepatotoxicity, pancreatitis, peripheral neuropathy, cranial nerve 
palsies, and a Guillain-Barré–like syndrome. Chrysiasis is a slate-gray 
skin pigmentation of the sun-exposed skin after long-term parenteral 
gold therapy. There is limited published information on the safety of 
gold in pregnancy, but gold may be a treatment option in women plan-
ning pregnancy.18

Dosage
An initial dose of 10 mg is usually given to test for possible hyper-
sensitivity. Thereafter, 50 mg/wk is given until the disease activity  
is sufficiently reduced. A clinical effect can be delayed by many  
weeks. Once a good clinical response is achieved, the dose may  
be reduced, by increasing the interval between the injections up to  
once per 6 weeks. Regular blood tests to detect thrombocytopenia  
and leukopenia and urinalysis to check for proteinuria are 
recommended.

Parenteral gold, antimalarials,  
and sulfasalazine
Floris A. van Gaalen and Cornelia F. Allaart

 Sulfasalazine, hydroxychloroquine and gold are disease-modifying 
antirheumatic drugs (DMARDs) that can still have a useful role in 
the management of inflammatory joint disease.

 There are limited data on efficacy of sulfasalazine, 
hydroxychloroquine and gold in terms of achieving low  
disease activity or remission and suppression of joint damage 
progression.

 Hydroxychloroquine has been shown to have an additive effect 
when used in conjunction with methotrexate and sulfasalazine.

 Gold requires careful monitoring; serious side-effects can occur in 
patients on established treatment.

 Interactions with drugs used for co-morbid conditions are 
important with this group of DMARDs.

INTRODUCTION
Gold, antimalarials, and sulfasalazine are what are called disease-
modifying antirheumatic drugs (DMARDs), a category of otherwise 
unrelated drugs used to suppress inflammation and possibly progres-
sion of radiologic damage in patients with rheumatoid arthritis (RA). 
Unlike the newer biologic antirheumatic drugs, and unlike corticoste-
roids, DMARDs have a slow onset of action, making the patient wait 
at least 4 weeks before an effect on signs and symptoms can be noticed. 
Despite often evident symptom reduction, in many patients the 
response is insufficient, or there may be side effects that prevent con-
tinuation of treatment. Rapid achievement of clinical remission or at 
least low disease activity is the most important determinant of optimal 
daily functioning and quality of life and of prevention or progression 
of joint damage.1-4 In severe RA, because of a delayed action, an insuf-
ficient suppression of disease activity, the uncertain effect on preven-
tion of joint damage progression, and the risk of adverse events, gold, 
antimalarials, and sulfasalazine are not the first choice of treatment. 
If therapies with more favorable profiles have failed, or if other thera-
pies cannot be used, these “golden oldies,” alone or in combination 
with other drugs, may still be tried.

PARENTERAL GOLD
Introduced by Jacques Forestier in the 1920s, parenteral gold therapy 
was shown to have beneficial effects in later placebo-controlled trials 
in the second half of the 20th century. Sodium and disodium aurothio-
malate, with a 50% gold by weight, are still in use today.

Pharmacology
After intramuscular injection, gold is rapidly absorbed into the circula-
tion, where most of it is bound to albumin.5 The peak serum concen-
tration is reached within 2 to 4 hours after injection.6 Gold is slowly 
eliminated from the body mostly via the kidney and the remainder in 
the feces. It can be found in tissues up to 20 years after the last dose.7

Mode of action
Various cellular and enzymatic effects are ascribed to gold, but it is  
not clear which mechanisms are responsible for the therapeutic effects. 
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SSZ that is absorbed intact is highly protein bound and excreted 
unchanged in the urine with an elimination half-life of 5 hours.36 Both 
SP and intact SSZ are found in synovial fluid at concentrations related 
to but slightly lower than that of plasma.37

Mode of action
The mode of action of SSZ is unclear. Intact SSZ, SP, and 5-ASA are 
all biologically active but SP seems the most relevant component in 
RA treatment.

Efficacy
Several placebo-controlled trials of 24 to 48 weeks’ duration have 
shown a benefit of 2 g/day of SSZ on the inflammatory activity of 
patients with RA.38 A meta-analysis suggests that SSZ is also effective 
in decreasing the progression of radiologic damage on cartilage and 
bone.10 Direct comparisons between different DMARDs as initial treat-
ment are rare and show that, in achieving short-term clinical improve-
ment, SSZ does not appear to be less effective than low to medium 
doses of MTX.39,40 However, current recommendations favor MTX over 
SSZ because of a more favorable long-term clinical and radiologic effi-
cacy and toxicity profile.41,42

Initial combination therapy of SSZ with MTX does not appear to 
be more effective as initial treatment than therapy with either mono-
therapy. In the BeSt study, a comparison study of four treatment 
strategies, SSZ was tested as the second option after failure on MTX 
monotherapy, either add-on or as a single DMARD.4 The percentage 
of patients who achieved prolonged low disease activity (DAS44 ≤ 2.4) 
on SSZ after failure on MTX monotherapy was the same with or 
without MTX and disappointing (only 20%).43

A combination of SSZ with MTX and a tapered high dose of pred-
nisone was proven very effective in patients with recent-onset RA.4,44 
The initial and follow-up data suggest that prednisone is the most 
important component in establishing an early reduction in disease 
activity and suppression of damage progression.44,45 Similar results 
came from the FIN-RACo study,3 in which recent-onset patients were 
treated with SSZ, 1 g/day, MTX, 7.5 mg/wk, and HCQ, 300 mg/day 
plus prednisolone, 5 mg/day, or SSZ, 2 g/day, with or without 
prednisolone.

Toxicity
The most common adverse effects of SSZ are minor gastrointestinal, 
central nervous system, and cutaneous side effects. The withdrawal 
rate because of side effects is approximately 25%.46 Symptoms 
include anorexia, headache, vomiting, diarrhea, gastric distress, and 
nausea. Pruritic rash occurs in about 5% of patients. Leukopenia  
occurs in less than 3% of patients and is usually mild and transient, 
but serious agranulocytosis has been observed, usually in the first 6 
weeks of treatment.47 Less frequently reported problems include a 
decrease in immunoglobulins, megaloblastic anemia, hepatotoxicity 
(usually mild), eosinophilic pneumonia, and anaphylactic reactions.48,49 
Temporary oligospermia may occur in men taking SSZ. SSZ is gener-
ally thought to be safe during pregnancy. As such, it may be an alterna-
tive to MTX in women who want to become pregnant during treatment. 
It should be used cautiously in women who are breast-feeding, because 
SP concentrations in breast milk are 40% to 50% of those in maternal 
serum.50

Dosage
The standard dose of SSZ is 2 g/day, but the dose may be increased to 
3 g/day. Nausea is usually transient during the first few days of treat-
ment or when the dosage is increased and can be prevented by using 
a protocol of gradually increasing the dosage (e.g., start with 0.5 g/day 
and increase to 2 g/day over a period of 3 weeks). Patients who start 
SSZ should be instructed to consult a physician if they have a fever 
with or without sore throat, because this could be a manifestation of 
underlying agranulocytosis. Routine laboratory tests are recommended 
once a month in the initial phase and once every 3 months during 
chronic use.

ANTIMALARIALS
In the early 1950s, several case series reported substantial efficacy of 
various antimalarials in the treatment of RA but the first clinical trials 
with antimalarials showed disappointing results. Two antimalarials, 
chloroquine (CQ) and hydroxychloroquine (HCQ), are in clinical use 
in RA. HCQ comprises the vast majority of prescriptions for RA. The 
fact that these compounds are 4-aminoquinoline derivates is far less 
important than the fact that almost everybody uses HCQ.

Pharmacology
After oral absorption (~70% both for HCQ and CQ),19 the drugs 
are rapidly cleared from plasma and distributed in tissues, including 
muscle, liver, spleen, kidney, lung, and hematopoietic cells. Steady-
state concentrations are not achieved for at least 3 months.20 
Higher loading dosages are associated with more rapid beneficial  
clinical effects, but also with more frequent adverse gastrointestinal 
side effects. Excretion of HCQ and CQ is mostly by renal clearance  
of the drugs or of their hepatic compounds and for a small part via 
feces. The elimination half-life is approximately 40 days.21 Small 
amounts of CQ were found in plasma and red blood cells and urine 
several years after the last dose. Hydroxychloroquine may lead to 
increased plasma digoxin levels22 and can increase the bioavailability 
of β-blockers.23

Mode of action
Antimalarials have a wide variety of action, but the precise mode of 
action in RA is not known. Perhaps because antimalarials are weak 
bases they interfere with functions that depend on an acidic pH, such 
as antigen presentation.24 Non-lysosomotropic mechanisms play a role 
in the reported inhibition of release of IL-1β, IL-6, and TNF from 
lipopolysaccharide-stimulated monocytes by CQ.25

Efficacy
Antimalarials have limited efficacy when used alone.26 A combination 
with MTX or with MTX and sulfasalazine appears to be more effective 
than MTX alone,27-29 but a combination with just sulfasalazine prob-
ably is not useful.30

Toxicity
Antimalarials are considered to be among the safest of drugs used for 
RA.13 The most common side effects are related to the gastrointestinal 
tract (nausea, anorexia, muscle-related abdominal cramps in 7.1%), the 
skin (3.5%, especially a pruritic rash), and the eyes (7.4%), mainly due 
to corneal deposits in patients using CQ, which are usually reversible 
on discontinuation and do not affect vision.31 Retinopathy, which can 
lead to blindness, appears to be extremely rare, especially in the first 
5 years of therapy.32 Screening guidelines tailored to different ages and 
risk groups have been published.33 An uncommon but important side 
effect is neuromyotoxicity with proximal lower extremity weakness, 
normal creatine phosphokinase, and abnormal muscle and nerve 
biopsy results.34 Therapy with HCQ is thought to be safe during preg-
nancy and lactation.35

SULFASALAZINE
In 1938 the Swedish professor Nanna Svartz synthesized what is now 
called sulfasalazine (SSZ). SSZ was truly introduced as a drug for 
arthritis in the late 1970s when McConkey and colleagues reported 
beneficial effects of SSZ in RA with fewer side effects compared with 
the then-standard drugs gold and penicillamine.

Pharmacology
After ingestion, most of SSZ is split in the large intestine by bacterial 
enzymes into sulfapyridine (SP), which is then absorbed, and 5-ami-
nosalicylic acid (5-ASA), which is nearly all excreted via the feces. The 
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is excreted  in  the urine, although a small portion  is also excreted  in 
the bile.7 Renal  clearance  is  likely due  to a  combination of filtration 
and secretion in the proximal tubule with subsequent reabsorption in 
the  distal  tubule.  Renal  insufficiency  can  therefore  lead  to  toxicity 
caused by impaired clearance of MTX. The drug is generally not cleared 
in  dialysis  and  therefore  dialysis  is  an  absolute  contraindication  to 
MTX use. Excretion of MTX is inhibited by weak organic acids such 
as aspirin, non-steroidal anti-inflammatory drugs, piperacillin, penicil-
lin  G,  probenecid,  and  perhaps  cephalosporins.  This  interaction  is 
generally only clinically relevant with higher-dose MTX.2 Sulfonamides 
may also decrease renal tubular secretion and therefore increase levels 
of MTX. In addition, trimethoprim/sulfamethoxazole (Bactrim) inter-
feres with folic acid metabolism and therefore may increase the risk of 
bone marrow suppression with concomitant MTX.

Folates and antifolates enter cells via two separate mechanisms. The 
reduced  folate  carrier  (RFC)  is  a  bidirectional  anion  exchanger  that 
demonstrates a higher affinity for MTX than for folic acid. MTX may 
also bind to folate receptors (FR-α and FR-β) and then be transported 
inside the cell by endocytosis, but this mechanism has higher affinity 
for folic acid than MTX and is therefore thought to be less important 
for the action of the drug.8 Sulfasalazine is a non-competitive inhibitor 
of the RFC that has been shown to decrease MTX effects in cultured 
cells.9 In fact, no increased efficacy was found when the combination 
of MTX and sulfasalazine was compared with monotherapy with either 
agent,10 although triple therapy with MTX, sulfasalazine, and hydroxy-
chloroquine was more efficacious than dual therapy with hydroxychlo-
roquine  and  sulfasalazine  (see  “Efficacy  in  Rheumatoid  Arthritis” 
later).11

Inside cells, one to four glutamyl residues are added to MTX. These 
polyglutamated forms are not readily transported across the cell mem-
brane and therefore can accumulate intracellularly. This modification 
is  particularly  important  because  the  polyglutamated  forms  demon-
strate  significantly  increased  affinity  for  certain  folate-dependent 
enzymes, including thymidylate synthase (TS), 5-aminoimidazole car-
boxamide ribonucleotide transformylase (AICAR transformylase), and 
glycinamide  ribonucleotide  transformylase  (GAR  transformylase).12 
MTX in  its  ingested  form is  therefore essentially a prodrug, with  its 
polyglutamated form being the active compound.

The dose required for efficacy is variable among individuals, but the 
concentration of polyglutamated MTX within red blood cells has been 
correlated with disease activity.13-15 The median half-life of accumula-
tion  for polyglutamated MTX within red blood cells was determined 
to range from 1.9 to 45.2 weeks, suggesting that significant time may 
be required to reach a steady state after a dose change.16

Mechanism of action
MTX is an analog of folic acid (Fig. 53.1) and therefore can interfere 
with its ability to serve as a co-factor for a variety of enzymes that are 
essential for purine and pyrimidine synthesis and cell replication. One 
of the first mechanisms proposed for MTX, therefore, was inhibition 
of proliferation of cells responsible for synovial inflammation, such as 
lymphocytes. MTX and its polyglutamate derivatives bind to dihydro-
folate  reductase  (DHFR)  with  high  affinity  and  inhibit  its  action, 
thereby depriving the cell of tetrahydrofolate (Fig. 53.2).17 MTX and its 
derivatives also antagonize thymidylate synthase (TS), a critical enzyme 
in the de novo production of dTMP from dUMP.18 In addition, MTX 
has been shown to block amidophosphoribosyltransferase, the first step 
of de novo purine synthesis.19 In support of MTX’s action on nucleotide 
synthesis,  the drug was able to block activation-induced cell division 
of human peripheral blood lymphocytes (PBLs)  in vitro, and this was 
reversible  if  thymidine  was  added  to  cultures.20  In  addition,  in vitro 
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  Methotrexate, a structural analog of folic acid, can be administered 
orally or parenterally to treat a variety of rheumatic diseases.

  Although the exact mechanism responsible for the therapeutic 
action of methotrexate is unknown, suppression of  
inflammation mediated by increases in adenosine, may play  
a central role.

  The effectiveness of methotrexate in treating rheumatoid arthritis 
was established by randomized controlled trials.

  Careful monitoring of methotrexate therapy is required, although 
most adverse events are mild and do not require discontinuation of 
the drug.

  Serious liver disease and idiosyncratic pulmonary hypersensitivity 
are rare potential adverse effects.

  Methotrexate is a known teratogen and effective contraception 
should be considered in women with the potential for  
pregnancy.

INTRODUCTION
Methotrexate (MTX), first used to treat malignant disease more than 
50 years ago, has since become the cornerstone of therapy of rheuma-
toid arthritis (RA), being administered to at least 500,000 patients with 
RA worldwide.2 Low-dose MTX has been shown to be highly efficacious 
and, when monitored appropriately, has an excellent safety profile. For 
these reasons, it has become the most commonly prescribed disease-
modifying anti-rheumatic drug (DMARD) in the treatment of RA.2

PHARMACOLOGY
MTX is structurally similar to folic acid, differing only by the substitu-
tion  of  an  amine  for  a  hydroxyl  group  in  the  pteridine  ring  and  the 
addition  of  a  methyl  group  on  the  10(th)  nitrogen  of  para-amino- 
benzoic acid.

The bioavailability of MTX is  relatively high but can vary among 
individuals. The bioavailability of intramuscular versus subcutaneous 
injection is equivalent.3 At 7.5 mg/week, oral and parenteral absorption 
is the same, but at doses of 15 mg/week or more, oral absorption may 
decrease  by  as  much  as  30%  compared  with  parenteral  dosing.2  For 
example, at doses of 25 mg or more each week, the bioavailability of 
oral MTX ranged from 0.21 to 0.96 when compared with subcutaneous 
administration.4  A  prospective,  randomized,  controlled  trial  showed 
that subcutaneous administration was significantly more effective than 
oral delivery at  a dose of 15 mg each week, with 24-week American 
College  of  Rheumatology  (ACR)-20  percentages  of  78%  versus  70%, 
respectively,  and  no  difference  in  tolerability.5  Oral  absorption  is 
limited because MTX is absorbed  from the gastrointestinal  tract pri-
marily from a saturable active transport system. Although oral absorp-
tion is not affected by food intake, it can be reduced in the setting of 
intestinal  pathology.  After  absorption,  10%  of  MTX  is  converted  to 
7-hydroxymethotrexate  in  the  liver.  Approximately  50%  of  MTX  is 
albumin-bound,  whereas  90%  to  95%  of  7-hydroxymethotrexate  is 
albumin-bound.6 The half-life of MTX in the serum ranges from 6 to 
8 hours after administration, and MTX is undetectable in the serum 
by 24 hours.7 The majority of both MTX and 7-hydroxymethotrexate 
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Patients  taking  low-dose MTX for psoriasis excrete  increased amino-
imidazole  carboxamide  in  their  urine,32  but  caffeine  intake  does  not 
influence  the  dose  of  MTX  required  to  treat  psoriasis  or  psoriatic 
arthritis.33 Although initial studies in RA showed diminished effects of 
MTX in patients with high caffeine intake,34 a larger prospective trial 
did not show any association between caffeine  intake and MTX effi-
cacy.35 Further support for the effect of MTX on adenosine was illus-
trated  when  patients  with  inflammatory  arthritis  treated  with  MTX 
15 mg/week  showed enhancement  in dipyridamole-induced vasodila-
tion, an effect dependent on extracellular adenosine levels.36

Regardless of the specific molecular mechanism whereby low-dose 
MTX interferes with cellular metabolism, it is clear that it produces a 
myriad of dampening effects on the immune system and inflammation, 
some examples of which are summarized in Table 53.1.

Efficacy in rheumatoid arthritis
The efficacy of aminopterin, the parent compound of MTX, in RA was 
first reported in 1951 when five of six patients treated with the drug 

activation of PBLs from RA patients 24 hours after a weekly intramus-
cular MTX injection resulted  in apoptosis  that could be  inhibited by 
folic and folinic acid.21 However, the fact that folic acid supplementa-
tion generally does not reverse the anti-inflammatory effects of MTX 
has encouraged the exploration of other potential mechanisms.22,23

In  addition  to  being  a  critical  co-factor  in  pyrimidine  synthesis, 
tetrahydrofolate  is  responsible  for  donating  a  methyl  group  for  the 
conversion of homocysteine to methionine (see Fig 53.2). Methionine 
is  then  converted  to  S-adenosylmethionine, which donates  a methyl 
group to the synthesis of the polyamines spermine and spermidine.17 
This is of interest because these polyamines are scavengers of reactive 
oxygen  species  that  can  be  toxic  to  lymphocytes.24  Thus  MTX,  by 
decreasing  levels  of  tetrahydrofolate,  is  hypothesized  to  indirectly 
increase reactive oxygen species, which will  lead to apoptosis of acti-
vated lymphocytes.24 A related mechanism derives from the fact that 
MTX increases homocysteine levels and therefore S-adenosylhomocys-
teine,  which  can  inhibit  the  methylation  of  the  Ras  G-protein.  In 
cultured cell lines, MTX treatment leads to Ras mis-localization to the 
cytosol.25  These  proposed  mechanisms  for  MTX  function  led  to  the 
trial  of  3-deazaadenosine,  an  inhibitor  of  S-adenosylhomocysteine 
hydrolase,  in  the  treatment  of  RA.  Unfortunately,  the  drug  did  not 
diminish RA disease activity.17

An  alternative  mechanism  for  the  anti-inflammatory  actions  of 
MTX  has  recently  gained  favor.  MTX-polyglutamates  bind  5-amino-
imidazole-4-carboxamide  ribonucleotide  (AICAR)  transformylase, 
which leads to increased levels of AICAR, an inhibitor of AMP deami-
nase, and AICA riboside, an inhibitor of adenosine deaminase (see Fig. 
53.2).17  This  inhibition  would  be  expected  to  increase  the  levels  of 
intracellular AMP and adenosine and to increase levels of extracellular 
adenosine that will bind to cell surface receptors (as reviewed in refer-
ence 26).17 Adenosine A2A receptors are expressed on T cells, NK cells, 
monocytes,  macrophages,  and  neutrophils  and  receptor  ligation  has 
been  shown  to  dampen  inflammation  by  a  variety  of  mechanisms, 
including suppression of T-cell activation and cell-mediated cytotoxic-
ity, inhibition of neutrophil oxidative burst, and suppression of NF-κB 
and its downstream effects.27

Major  support  for  the  adenosine  hypothesis  comes  from  animal 
models  of  inflammation.  Mice  treated  with  MTX  demonstrated 
decreased leukocyte accumulation in carrageenan-inflamed air pouches 
but with increased adenosine in the inflamed tissue.28,29 This effect was 
abrogated in mice deficient in adenosine receptors A2A or A3,29 as well 
as in mice lacking ecto-5’-nucleotidase, an enzyme responsible for the 
extracellular conversion of adenine to adenosine.30  In a rat adjuvant-
induced arthritis model, the beneficial effect of MTX could be reversed 
by  treatment with  the non-selective adenosine antagonists  theophyl-
line or caffeine, but not by selective antagonists of adenosine receptors 
A1, A2A, or A2B.31 The in vivo data in humans has been less definitive. 
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Fig. 53.1  Chemical structures of folic acid and methotrexate. (From Battistone 
MJ, Williams HJ. DMARDs 3: methotrexate. In: Hochberg M, Silman AJ, Smolen JS, 
et al, eds. Rheumatology. Philadelphia: Elsevier, 2008:449-460.)152

TABLE 53.1 EFFECTS OF METHOTREXATE TREATMENT

Cytokines

T cells Decreased IL-4, IL-6, IL-13, TNF-α, IFN-γ, 
GM-CSF (as reviewed24)

Whole peripheral blood 
mononuclear cells

Increased IL-4 and IL-10 and decrease in IL-2 
and IFN-γ153,154

Reduction in 34 genes regulated by NFκB155

Co-culture of synovial 
fibroblasts and T cells

Decreased IL-15, IL-6, IL-8, CD69, CD25, IFN-γ, 
and IL-1724

Monocytes Increased in IL-1Ra and decrease of IL-1β156

Decreased zymosan-stimulated IL-1 activity157

Sera Reduction of IL-6, sIL-2R, TNFR p55158,159

Fc Receptors

Monocytes Decreased FcγRI and FcγRIIA on monocytes160

Adhesion molecules

T cells Decreased ICAM-1, CLA161

Synovium Reduced ICAM-1, VCAM-1162

Bone formation

Co-culture of PBMCs and 
fibroblast-like synoviocytes

Decreased RANKL, increased OPG163

Osteoblasts Decreased stimulated IL-6 production (as 
reviewed 24)

Angiogenesis

Human umbilical vein 
endothelial cells

Inhibition of endothelial cell proliferation164

Degradative enzymes

Sera Decreased MMP-3165

Synovium Decreased collagenase RNA expression166

Decreased MMP-1–to–TIMP-1 ratio162

Neutrophil function

Synovial fluid Decrease in neutrophil chemotaxis167

Inhibition of leukotriene B4 synthesis168,169

Lymphocyte function

B cells Decrease in IgM-RF and IgA-RF170

T cells Decreased survival of primary mouse T cells20

Prostaglandins

Synovium Decrease in IL-1β stimulated production of 
prostaglandin E2

171

GM-CSF, granulocyte-macrophage colony-stimulating factor.
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METHOTREXATE INCREASES EXTRACELLULAR ADENOSINE CONCENTRATIONS
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a

Fig. 53.2  (a) Methotrexate inhibits cellular synthesis of purines, pyrimidines, and methionine. AICAR, 5-aminoimidazole-4-
carboxamide ribonucleotide; AICAR T’ASE, AICAR transformylase; DHFR, dihydrofolate reductase; FPGS, folyl polyglutamate 
synthase; MTHFR, methylene tetrahydrofolate reductase; MTX, methotrexate; MTXGlu, methotrexate polyglutamate; RFC1, 
reduced folate carrier 1; THF, tetrahydrofolate; TS, thymidylate synthase. (b) Methotrexate increases extracellular adenosine 
concentrations. ADA, adenosine deaminase; AICAside, aminoimidazole carboxamidoribonucleoside; AK, adenosine kinase; 
AMPDA, AMP deaminase; DHFGlu, dihydrofolate polyglutamate; FAICAR, formyl AICAR; MTX, methotrexate; MTXGlu, 
methotrexate polyglutamate; NTPDase, nucleoside triphosphate dephosphorylase; Ecto-5’NT, ecto-5’-nucleotidase; NT1, 
nucleoside transporter 1; RFC1, reduced folate carrier 1. (Adapted from Cronstein BN. Low-dose methotrexate: a mainstay in the 
treatment of rheumatoid arthritis. Pharmacol Rev 2005;57:163-172.)
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doxycycline and MTX was also  found  to be superior at achieving an 
ACR50  response  than  treatment  with  MTX  alone.67  The  efficacy  of 
combination  therapy  with  leflunomide  was  also  demonstrated  in  an 
open-label study that showed improvement in patients on MTX when 
leflunomide was added.68 A subsequent randomized placebo-controlled 
trial of MTX versus MTX plus leflunomide showed increased efficacy 
for  the  combination, with 46.2% versus 19.5% of  patients  achieving 
an ACR20.69

The efficacy of MTX in RA has made it the DMARD to which all 
new  treatments  are  compared.  Inhibitors  of  tumor  necrosis  factor 
(TNF)-α have been evaluated against and in combination with MTX. 
In  a  12-month,  randomized,  double-blinded,  placebo-controlled  trial 
comparing MTX (7.5 mg escalating to 20 mg weekly) with etanercept 
(10 mg or 25 mg subcutaneously  twice weekly)  in 652 patients with 
early RA, MTX was less effective than etanercept 25 mg twice weekly 
at achieving ACR20, ACR50, and ACR70 responses during the first 4 
months but equivalent clinically to etanercept thereafter. For example, 
at  12  months,  72%  of  the  patients  in  the  group  assigned  to  receive  
25 mg of etanercept twice weekly had an ACR20 response, as compared 
with 65% of those in the MTX group, but this difference was not sta-
tistically significant (P = 0.16). In addition, the higher dose of etaner-
cept  demonstrated  decreased  radiographic  progression  at  6  months 
compared with MTX, with the mean total Sharp score  increasing by 
0.57  in  the  etanercept  25-mg  group  versus 1.06  in  the MTX group. 
The difference in Sharp score at 12 months, however, was not signifi-
cantly different between MTX and etanercept, with scores of 1.59 and 
1.00,  respectively.70  The  2-year  follow-up  to  this  study  using  a  last-
observation,  carried-forward  analysis  documented  more  patients 
achieving ACR20 response at 24 months in the higher-dose etanercept 
group  (72%)  than  in  the  MTX  group  (59%)  but  no  difference  in  the 
ACR50 and ACR70 response rates. The higher-dose etanercept group 
also  showed  less  radiographic  progression  at  24 months, with mean 
changes from baseline in the Sharp scores of 1.3 and 3.2 units in the 
25-mg etanercept and MTX groups, respectively.71

In order to evaluate the combination of MTX with anti-TNF therapy, 
two 24-week double-blind placebo-controlled trials comparing MTX to 
MTX plus etanercept or MTX plus adalimumab, respectively, showed 
significant improvement in disease activity measures when anti-TNF 
therapy was added.72,73 Similarly, the addition of infliximab to MTX in 
randomized placebo-controlled trials demonstrated significant improve-
ment  in  disease  activity  measures74  and  radiographic  progression.75 
Subsequent studies were undertaken in order to directly compare MTX, 
anti-TNF-α  therapy, and the combination of the two in treatment of 
RA. In a randomized, double-blind, placebo-controlled trial comparing 
etanercept,  MTX,  and  the  combination  (TEMPO),  the  combination 
was more efficacious with respect to measures of disease activity than 
either therapy alone, as evidenced by ACR20 response rates at week 52 
of  85%  for  the  combination  versus  75%  and  76%  for  the  MTX  and 
etanercept groups, respectively, and disease activity score (DAS) remis-
sion  (<1.6)  in 35% for  the combination versus 13% and 16% for  the 
MTX  and  etanercept  monotherapy  groups,  respectively.  In  addition, 
the combination was better at retardation of joint damage, as assessed 
by  Sharp  score,  than  monotherapy  with  either  drug,  with  scores  of 
−0.54, 2.8, and 0.52 for the combination, MTX and etanercept, respec-
tively.76 These results were sustained after 2 years.77 A study in patients 
with early  (3  to 24 months) moderate-to-severe RA  (Comet) demon-
strated DAS28 remission (<2.6) at 52 weeks in 50% versus 28% when 
the  combination  of  MTX  and  etanercept  was  compared  with  MTX 
therapy. Radiographic non-progression defined as 0.5 or less on the van 
der Heijde-modified total Sharp score at 52 weeks was achieved in 80% 
of  the combination  treatment group versus 59%  in  the MTX mono-
therapy  group.78  Similar  results  were  found  for  the  combination  of 
adalimumab  and  MTX  when  compared  with  either  drug  alone 
(PREMIER).79 The combination of infliximab and MTX was also found 
to  be  more  efficacious  than  treatment  with  MTX  plus  placebo 
(ASPIRE).80 These studies have been useful not only in demonstrating 
the efficacy of anti-TNF-α therapy and MTX in combination but also 
in providing excellent data on the efficacy of MTX therapy as a single 
agent, with ACR20 percentages ranging from 54 to 73 (Table 53.2).

Efficacy of MTX in combination with two newer therapies for RA, 
anti-CD20  antibody  (rituximab)  and  CTLA4-Ig  (abatacept),  has  also 
been  demonstrated.  Patients  with  an  incomplete  response  to  MTX 

at 1 to 2 mg per day demonstrated decreased joint pain, swelling, and 
stiffness.37 Subsequent open-label studies of weekly MTX with doses 
ranging from 7.5 to 25 mg revealed clinical improvement in a majority 
of treated patients.38-46 These studies were followed by short-term ran-
domized  controlled  trials  demonstrating  significant  improvement  in 
disease activity measures when MTX was compared with placebo.47-50 
The efficacy of MTX was further substantiated by the demonstration 
of  a  clear  linear  dose-response  relationship  (placebo  vs.  5 mg/m2  vs. 
10 mg/m2).51  In  addition,  in  a  24-week  double-blind  crossover  trial 
comparing MTX to placebo, patients who initially received MTX but 
were then crossed over to placebo after 12 weeks showed a significant 
flare  in  disease  activity.48  Discontinuation  of  MTX  after  at  least  36 
months  of  treatment  also  resulted  in  disease  flare  in  a  double-blind 
study of 10 patients.52

MTX has also been shown to be effective when compared with other 
disease-modifying  antirheumatic  drugs  (DMARDs).  A  double-blind 
randomized trial comparing MTX with azathioprine in RA patients in 
whom  parenteral  gold  and/or  D-penicillamine  treatment  had  been 
unsuccessful  revealed  significantly  more  improvement  in  the  pain 
score  and  disease  activity  score  in  the  MTX  group  at  24  weeks.  In 
addition,  the  number  of  withdrawals  due  to  side  effects  was  signifi-
cantly higher in the azathioprine group.53 Because initial trials of MTX 
evaluated  its  efficacy  in  patients  who  had  already  failed  gold  salts  
or  D-penicillamine,  randomized  controlled  trials  of MTX  in patients 
not previously treated with DMARDs were initiated. Two small, ran-
domized, controlled trials found weekly MTX to be equally efficacious 
to  gold  sodium  thiomalate  in  DMARD-naïve  patients.54,55  Subse-
quently, a trial of 281 RA patients randomized to MTX or auranofin 
showed a significantly greater response and fewer adverse events in the 
patients who received MTX.56 A post hoc analysis of this study showed 
the ACR 20  response  rate with MTX (maximum dose 15 mg/wk)  to 
be approximately 68% and the ACR20 response with auranofin to be 
approximately 30%.57 More recently, MTX was shown to be superior 
to  leflunomide with  respect  to disease activity measures after 1 year 
and radiographic progression after 2 years in a randomized double-blind 
trial  involving 999 patients with active RA.58  It  is  important  to note 
that in most of these early comparison studies the maximum dose of 
MTX was 15 mg/wk.

MTX slows radiographic progression of RA. In a double-blind ran-
domized trial comparing treatment with MTX to azathioprine, patients 
treated with MTX showed fewer new erosions and a less pronounced 
change in the joint score as assessed by plain radiographs of the hands 
and feet at 24 and 48 weeks.53 An open extension follow-up to 4 years 
showed, in an intention-to-treat analysis, that the beneficial effect of 
MTX  on  radiographic  progression  compared  with  azathioprine  was 
sustained after 2 years of  follow-up. Although the difference was not 
sustained at 4 years, this may have been due to the greater number of 
patients  switching  from  azathioprine  to  MTX  than  vice  versa.59  A 
double-blind  randomized  trial  comparing  MTX  to  auranofin  showed 
significant worsening of the erosion score on radiographs of the hands 
and feet in the patients treated with auranofin.60 Similarly, a random-
ized clinical trial comparing MTX, auranofin, and the combination of 
the two showed statistically significant worsening of erosions and joint 
space narrowing on hand radiographs at 48 weeks in the auranofin only 
group.61

The efficacy of MTX in combination with other DMARDs has been 
evaluated. The combination of azathioprine62 or auranofin63 with MTX 
was not shown to be superior to treatment with either of these agents 
alone.  However,  some  combination  therapies  have  been  shown  to 
increase  the  effectiveness  of  MTX.  In  patients  with  a  suboptimal 
response to MTX, the addition of weekly intramuscular gold64 or cyclo-
sporine65  resulted  in  increased  efficacy.  In  addition,  DMARD-naïve 
patients  treated  with  the  combination  of  MTX,  intra-articular  beta-
methasone,  and  cyclosporine were more  likely  to  achieve an ACR20 
than  those  treated  with  MTX  and  intra-articular  betamethasone 
alone.66  Although  no  significant  difference  was  found  comparing 
patients  treated  with  a  combination  of  MTX  and  sulfasalazine  to 
patients on monotherapy with these agents,10 a study of triple therapy 
with MTX, hydroxychloroquine, and sulfasalazine showed that patients 
treated with the combination of all three were more likely to sustain 
clinical improvement than those treated with either MTX alone or dual 
therapy  with  hydroxychloroquine  and  sulfasalazine.11  Therapy  with 
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the erythrocyte sedimentation rate and C-reactive protein (CRP). The 
decrement in CRP is rapid, with the minimum value being noted on 
day 3 after once-weekly dosing.88,89

Treatment with MTX was  associated with  reduced mortality  in  a 
retrospective study of 1240 patients with RA, but only after adjustment 
for confounding by indication.90 MTX was prescribed to 588 patients, 
and these patients were more likely to have higher disease activity. The 
unadjusted mortality hazard ratio of MTX compared with no MTX use 
was 0.8 with 95% confidence intervals of 0.6 to 1.0. However, when a 
weighted Cox proportional hazards model was used to adjust for poten-
tial confounders,  including measures of disease activity,  the adjusted 
mortality hazard  ratio was 0.4  (0.2  to 0.8). Forty-four percent of  the 
191  deaths  were  due  to  cardiovascular  causes.  The  hazard  ratio  for 
cardiovascular mortality was 0.3 (0.2 to 0.7) versus 0.6 (0.2 to 1.2) for 
non-cardiovascular death.

In addition to systemic treatment with MTX, localized intra-artic-
ular administration has been evaluated. Although studies on a small 
number of patients  initially demonstrated improvement of persistent 
knee synovitis after treatment with intra-articular MTX,91,92 a subse-
quent  study  showed  inferiority  in  comparison  with  intra-articular  
triamcinolone.93  In  addition,  no  advantage  of  adding  intra-articular 
MTX  to  intra-articular  hydrocortisone  or  triamcinolone  could  be 
demonstrated.94,95

Adverse effects
Although MTX has clearly shown substantial benefit in the treatment 
of RA, an understanding of the potential adverse effects is critical for 
safe long-term maintenance of therapy. The most common reactions 
associated with low-dose, weekly MTX are anorexia, nausea, vomiting, 
and diarrhea, reported in 10% of patients studied in early short-term 
controlled trials and small long-term, open-label studies. Most of these 
reactions occurred  shortly  after  the drug was  administered  and were 
mild, although in 2.5% of patients led to discontinuation. In this same 
group of patients, stomatitis occurred in 6% and alopecia in 1%.96

Hematologic abnormalities were found in 3% of the patients in this 
study and  included  leukopenia  (most common), anemia, and throm-
bocytopenia.96  A  review  of  the  literature  was  conducted  to  identify 
published cases of pancytopenia in response to low-dose MTX for RA. 
Seventy patients with pancytopenia were identified from 1980 to 1995 
and 12 of these patients died. Toxicity data from long-term prospective 
studies showed an incidence of pancytopenia of 1.4%.97 In a study of 
481 patients followed for an average of 58 months of MTX therapy, 2 
patients had thrombocytopenia and 13 patients had leukopenia, with 
2 of 2 of the thrombocytopenic patients and 3 of 13 of the leukopenic 
patients discontinuing the drug. Hypoalbuminemia correlated indepen-
dently  with  an  increased  percentage  of  abnormal  platelet  counts.98 
Other  risk  factors  for  MTX  hematologic  toxicity  include  drug  over-
doses, incorrect dosing such as daily dosing, renal insufficiency, dialy-
sis, and concomitant drugs such as trimethoprim/sulfa.

In this same population, 74 patients were noted to have an elevated 
aspartate aminotransferase (AST), and this resulted in permanent dis-
continuation of MTX in 17. Independent predictors of a significantly 
higher percentage of abnormal AST values were lack of folate supple-
mentation and untreated hyperlipidemia.98 In order to determine the 
risk of serious liver disease in patients with RA taking MTX, members 
of  the  American  College  of  Rheumatology  were  surveyed  to  identify 
cases of cirrhosis and liver failure. A case-control study was then con-
ducted by reviewing medical  records  to determine prognostic  factors. 
Twenty-four cases of cirrhosis and liver failure were identified, giving 
a  5-year  cumulative  incidence  of  approximately  1  per  1000  treated 
patients. Six of  the 24 patients died,  including 4 who died  from  the 
initial liver disease. Late age at first use of MTX and duration of therapy 
with MTX were independent predictors of serious liver disease.99 The 
frequency of liver disease is less in RA than in psoriasis. Some reasons 
for the higher rates in psoriasis could include higher alcohol consump-
tion, higher mean body index with fatty liver disease, and higher doses 
of MTX.

Although  the  possible  hepatic  toxicity  of  MTX  is  well  known,  a 
potentially serious complication of MTX treatment in patients infected 
with  hepatitis  B  and  C  virus  is  less  appreciated.  The  usual  picture  
is  the  development  of  fulminant  hepatitis  with  MTX  withdrawal.  

showed  significant  improvement  at  24  weeks  when  rituximab  was 
added  to  their  regimen,  with  ACR20  scores  of  54%  versus  28%  and 
change  in  DAS28  scores  of  −2.05  versus  −0.67  for  two  1000-mg 
infusions  of  rituximab  plus  MTX  versus  MTX  alone,  respectively 
(Dancer).81 In a study of rituximab in patients with active disease on 
MTX  who  had  failed  anti-TNF  therapy  (Reflex),  the  combination  of 
rituximab and MTX again  showed enhanced  efficacy  compared with 
MTX alone, as measured by the ACR20, ACR50, ACR70, and DAS28 
scores  at  24  weeks;  however,  no  significant  difference  in  the  total 
Genant-modified Sharp radiographic scores was demonstrated.82  It  is 
interesting to note that MTX as monotherapy was less efficacious in 
these studies, as measured by the ACR and DAS28 scores, in compari-
son  with  the  anti-TNF  trials,  in  spite  of  therapeutic  doses  of  MTX 
(mean doses of ≈15 mg each week). When the combination of abata-
cept  and  MTX  was  compared  with  MTX  monotherapy,  the  ACR20 
was 67.9% versus 39.7%, respectively, at 24 weeks, and 73.1% versus 
39.7%,  respectively,  at  1  year.  In  addition,  the  mean  change  from 
baseline total Genant-modified Sharp scores at 1 year was 1.21 versus 
2.32  in  the  combination  therapy  versus  MTX  monotherapy  groups, 
respectively.83

Although  many  of  the  studies  documenting  the  efficacy  of  MTX 
were  of  relatively  short  duration,  long-term  prospective  studies  have 
demonstrated  sustained  effects  on  disease  activity  and  radiographic 
progression. Weinblatt and colleagues84 prospectively followed a cohort 
of 26 RA patients and reported on their status after 36, 84, and 132 
months of MTX therapy. For the 10 patients who completed the study 
to 132 months, significant improvement compared with baseline (P < 
0.001) was noted in the number of painful joints, swollen joints, and 
physician  and  patient  global  assessments.  There  was  50%  improve-
ment  in  the  joint  pain  index  and  joint  swelling  index  in more  than 
65% of the patients. There was no significant difference, however,  in 
the  improvement  in  clinical  variables  between  12  and  132  months. 
From the original cohort, withdrawal caused by MTX toxicity occurred 
in three patients, including two for pneumonitis and one for alopecia. 
Only one withdrawal occurred because of lack of efficacy.84 In a study 
by  Kremer  and  colleagues,85  an  original  cohort  of  29  patients  was 
reported on after 29, 53, and 90 months of MTX therapy. For the 18 
patients  who  were  still  being  followed  at  90  months,  a  significant 
improvement from baseline was maintained in all clinical parameters 
except the number of tender joints. In addition, a significant improve-
ment compared with 53 months of treatment was found for the number 
of tender joints, grip strength, and functional class. In spite of contin-
ued MTX therapy, 9 of the 17 patients in whom sequential radiographs 
were  obtained  showed  radiographic  progression.  From  the  original 
cohort, four patients withdrew due to MTX toxicity, including two for 
MTX pneumonitis and two for nausea. Two patients withdrew because 
of  decreased  efficacy.85  An  additional  report  after  13.3  years  on  5 
patients  from  this  cohort  still  on  MTX  continued  to  show  clinical 
benefit compared with baseline.86 A larger multicenter prospective trial 
including 123 patients who were followed for 5 years showed signifi-
cant improvement compared with baseline in all clinical disease vari-
ables, functional status, and erythrocyte sedimentation rate. Sixty-four 
percent of patients completed  this  study and were still  taking MTX. 
Seven percent of patients withdrew because of lack of efficacy and 7% 
because of adverse events.87

In  addition  to demonstrating  clinical  efficacy, many  clinical  trials 
have shown that MTX decreases markers of inflammation, including 

TABLE 53.2 METHOTREXATE EFFICACY AS MONOTHERAPY 
IN STUDIES OF ANTI-TNF EFFICACY

TEMPO* PREMIER† ASPIRE‡

ACR20 (%) 75 63 54

ACR50 (%) 43 46 32

ACR70 (%) 19 28 21

DAS (%) 13 21 15

*Study comparing methotrexate, etanercept, and the combination of both drugs.76

†Study comparing methotrexate, adalimumab, and the combination of both drugs.79

‡Study comparing methotrexate to methotrexate plus infliximab.80
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Reactivation  of  immune  system  by  discontinuation  of  the  MTX  is 
postulated as the cause.100

MTX can also cause lung injury, which is generally acute interstitial 
pneumonitis. A retrospective combined cohort review and abstraction 
from  the  literature  identified  29  cases  from  1981  to  1993  who  had 
probable  or  definite  MTX  lung  injury.  Predominant  clinical  features 
included shortness of breath  in 93.1%, cough  in 82.8%, and  fever  in 
69.0%. Five of  these patients died,  and  four of  six patients  retreated 
with MTX developed recurrent lung toxicity.101 A case-control study of 
patients treated with MTX with and without  lung  injury was under-
taken to identify risk factors for lung toxicity. The strongest predictors 
of  lung  injury were older age, diabetes,  rheumatoid pleuropulmonary 
involvement, previous use of DMARDs, and hypoalbuminemia.102

Other potential adverse effects of MTX include an increased risk of 
Epstein-Barr virus–associated  lymphomas103  that may regress on dis-
continuation  of  MTX,104  accelerated  nodulosis,105  and  non-specific 
central nervous system effects such as dizziness, headache, mood alter-
ation, or memory impairment106 (Table 53.3).

The  clear  risk of MTX  therapy during pregnancy deserves  special 
mention. MTX is a known teratogen and can be used to induce abor-
tion. An unfortunate case in which a fetus was exposed during the first 
trimester  to  low-dose  weekly  MTX  resulted  in  multiple  congenital 
abnormalities consistent with the “aminopterin syndrome.”107

Folic acid supplementation
To prevent adverse effects of MTX, folic acid or folinic acid (leucovorin) 
is  given  concomitantly.  Folinic  acid  is  the  reduced  active  form  of  
folic  acid.  Support  for  this  practice  comes  from  a  prospective  trial  
in which 92 RA patients were given  folinic acid or placebo 24 hours 
after  the  MTX  dose  (up  to  30 mg  each  week).  The  patients  treated  
with  folinic acid  reported  fewer adverse effects but had no difference 
in disease activity  compared with placebo,22  in  contrast  to an earlier 
placebo-controlled trial on 27 patients in which clinical and laboratory 
indices of disease worsened only in the patients treated with leucovo-
rin.108  Folic  acid  has  also  been  shown  in  a  randomized  placebo-
controlled  trial  to  decrease  the  toxicity  without  influencing  efficacy  
of MTX, given as 5 mg or 27.5 mg each week.23  In a  larger study of 
434 patients randomly assigned to receive placebo, folic acid 1 mg/day 
or  folinic  acid  2.5 mg/week  in  addition  to  MTX  (dose  escalation  to 
25 mg/week),  both  regimens  reduced  the  incidence  of  elevated  liver 
enzyme  levels and decreased toxicity-related discontinuation but had 
no  effect  on  other  adverse  effects,  including  gastrointestinal  and 
mucosal  side  effects.  The  mean  dosages  of  MTX  at  the  end  of  the 
48-week  study  were  higher  in  the  folic  acid  and  folinic  acid  groups, 
suggesting that a higher dose of MTX might be necessary for the same 
clinical effect.109

TABLE 53.3 ADVERSE EFFECTS OF METHOTREXATE IN 
RHEUMATOID ARTHRITIS

Adverse effect Estimated incidence in 
rheumatoid arthritis

Gastrointestinal:
Anorexia, nausea, vomiting, diarrhea 10%96

Hematologic:
Leukopenia, anemia, thrombocytopenia 3%96,98

Hepatic:
Elevated transaminases
Cirrhosis/liver failure

15%98

0.1% 5-yr cumulative incidence99

Pulmonary:
Acute interstitial pneumonitis 3.3%172

Epstein-Barr virus–associated lymphomas Unknown

Accelerated nodulosis Unknown

Central nervous system:
Dizziness, headache, mood alteration, 

memory impairment
25%106

Pharmacogenomics
Although  MTX  is  generally  well  tolerated,  some  patients  experience 
adverse  effects  and occasionally  these  are  serious.  In  addition, while 
MTX is efficacious for many patients, some patients do not respond. 
Therefore, ideally we would like to treat only those patients who will 
safely tolerate MTX and for whom it will have some benefit. Because 
the critical players in the function and metabolism of MTX are known, 
it has been possible to study polymorphisms in some of these proteins 
to determine if they influence the drug’s effects.

The  best-studied  protein  polymorphisms  are  in  methylene  
tetrahydrofolate  reductase  (MTHFR).  MTHFR  is  a  critical  enzyme 
associated with the regeneration of 5-methyl-tetrahydrofolate from 5,10- 
methylene-tetrahydrofolate.  5-Methyl-tetrahydrofolate  contributes  a 
methyl  group  to  homocysteine  for  regeneration  of  methionine,  and 
deficiency  can  lead  to  hyperhomocysteinemia  and  methionine  defi-
ciency.  A  mutation  exists  in  the  population  (C677T),  such  that  the 
CC  genotype  provides  normal  function,  whereas  the  CT  and  TT 
provide 40% and 70% decrement  in enzyme function, respectively.110 
In RA patients, the CT and TT genotypes have been associated with 
increased toxicity and MTX discontinuation.111-113  In addition, the C 
allele  at A1298C was  shown  to be associated with  receiving a  lower 
dose  of  MTX112  and  toxicity.114,115  MTHFR  677TT,  as  well  as  serine 
hydroxymethyltransferase  (SHMT1)  1420CC,  AICAR  transformylase 
347GG,  and  thymidylate  synthase  (TSER)  VNTR  *2/*2,  have  been 
associated with adverse effects.116

Polymorphisms  in  several  other  enzymes  affected  by  or  affecting 
MTX activity have also been analyzed. Dervieux and colleagues13 found 
that homozygous variant genotypes in the reduced folate carrier (RFC-
1),  AICAR  transformylase  (ATIC),  and  thymidylate  synthase  were 
associated  with  decreased  disease  activity  on  MTX.  In  addition,  an 
association of an intron polymorphism in ATIC and decreased disease 
activity on MTX was found by Lee and colleagues.117 MTHFR 1298AA 
and 677CC, AMPD1 34C, ITPA 94C, and ATIC 347C have been asso-
ciated with  clinical  improvement.115,118 The TT genotype at 3435  in 
ABCB1  (ATP-binding  cassette  protein  B1),  one  of  the  transporters 
responsible for MTX efflux from cells, was found to be enriched in poor 
responders to MTX.119 Finally, a haplotype of GGH (gamma-glutamyl 
hydrolase),  an  enzyme  that  removes polyglutamates  from MTX, has 
been  associated  with  improved  DAS  scores  at  3  months.120  These 
studies suggest that in the near future we may be able to screen patients 
to  determine  risk  and  benefit  of  MTX  before  initiating  therapy. 
However, the small number of patients examined thus far and the lack 
of large prospectively controlled studies limits our current use of genetic 
screening for MTX efficacy and safety.

Methotrexate use in rheumatoid  
arthritis: recommendations
The American College of Rheumatology issued a consensus statement 
in 1994 providing guidelines for monitoring liver toxicity (Box 53.1).121 
Before starting MTX, the guidelines recommend obtaining liver blood 
tests  and  hepatitis  B  and  C  serologies  in  addition  to  other  standard 
tests,  including  the  complete  blood  count  and  serum  creatinine. 
Although  the  1994  statement  recommends  that  the  AST,  alanine 
aminotransferase, and albumin levels should be monitored at intervals 
of  every  4  to  8  weeks,  a  recent  consensus  statement  recommends 
monitoring every 8  to 12 weeks after 3 months and every 12 weeks 
after 6 months of therapy.122 Routine surveillance liver biopsies are not 
recommended  for  RA  patients  receiving  traditional  doses  of  MTX. 
However, a biopsy should be performed if a patient develops persistent 
abnormalities on liver blood tests, defined as elevations in the AST of 
5 of 9 determinations within a 12-month interval (6 of 12 if tests are 
performed monthly) or a decrease in serum albumin below the normal 
range.121

MTX is usually started at a dose of 7.5 to 10 mg weekly, and the 
dose  is  escalated  every  4  to  8  weeks  until  disease  activity  is  under 
control. The therapeutic dose is generally between 15 and 25 mg per 
week.  Generally  it  takes  4  to  6  weeks  after  the  therapeutic  dose  is 
reached for a clinical effect to be noted. We generally start at 7.5 mg 
per week and then 4 weeks later,  if  there has been no adverse event, 
the dose  is  increased  to 15 mg and  then 4 weeks  later  to 20 mg per 
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25.6%  of  patients.  The  current  guidelines  for  monitoring  MTX  in 
psoriasis  therefore  include recommendations  for a pretreatment  liver 
biopsy in patients with risk factors for liver disease (previous or current 
excessive alcohol, persistent abnormal liver chemistry studies, history 
of  liver  disease,  family  history  of  inheritable  liver  disease,  diabetes 
mellitus, obesity, or history of exposure to hepatotoxins) and a moni-
toring  liver  biopsy  for  all  patients  after  each  cumulative  1-  to  1.5-g 
dosage.124  Some authors have  suggested a  relaxation of  these  recom-
mendations, recommending a liver biopsy after a 4-g cumulative dose 
in patients with no known risk factors receiving long-term, oral, low-
dose, once-weekly MTX.125

Juvenile rheumatoid arthritis
MTX efficacy was demonstrated in a study including various forms of 
juvenile  polyarthritis126  and  subsequently  in  extended  oligoarticular 
and systemic juvenile idiopathic arthritis.127 Among non-responders to 
the standard dosage of MTX (8 to 12.5 mg/m2/week), 62.5% of those 
who received a subcutaneous or intramuscular dose of 15 mg/m2/week 
achieved an ACR Pediatric 30 response rate. However, no significant 
additional improvement was observed at a dose of 30 mg/m2/week.128 
The safety of MTX in juvenile arthritis has also been investigated. A 
retrospective  review  of  adverse  events  in  patients  with  polyarticular 
juvenile RA treated with weekly MTX demonstrated transient liver test 
abnormalities in 9 of 62. However, none of the 12 patients that under-
went liver biopsies for assessment of occult liver disease after cumula-
tive doses of 815 to 2980 mg showed fibrosis or cirrhosis. Two patients 
required hospitalization  for bacterial  infections. There were no cases 
of MTX-induced pneumonitis and there was no reduction in pulmo-
nary function in 26 patients who were tested serially.129

Ankylosing spondylitis
One double-blind, randomized, placebo-controlled trial of MTX 7.5 mg 
weekly  in  patients  with  active  ankylosing  spondylitis  (AS)  showed  a 
higher response rate at 24 weeks in the MTX group on the basis of a 
composite index of improvement in five of the following scales: severity 
of morning stiffness, physical well-being,  the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI), the Bath Ankylosing Spondy-
litis Functional Index (BASFI), the Health Assessment Questionnaire 
for Spondyloarthropathies (HAQ-S), and physician and patient global 
assessment of  the disease activity.130  In contrast, a double-blind, pla-
cebo-controlled study using disease activity  (BASDAI) and metrology 
(BASMI) as primary outcomes found no significant difference between 
AS patients who received MTX 10 mg weekly versus placebo, even in 
the subgroup of patients with peripheral arthritis.131 In a comparison 
of MTX 7.5 mg weekly plus naproxen versus naproxen alone, only the 
“global evaluation of the physician” was significantly improved in the 
MTX group, in contrast to all other objective and subjective measure-
ments, leading the authors to conclude that the combination of MTX 
and  naproxen  did  not  provide  any  advantage  over  treatment  with 
naproxen alone.132

Felty syndrome
Case  reports133-135  and  one  small  retrospective  study136  have  demon-
strated reversal of neutropenia with MTX treatment in patients with 
Felty syndrome.

ANCA-associated vasculitis
An  unblended,  prospective,  randomized,  controlled  trial  in  patients 
with  newly  diagnosed  antineutrophil  cytoplasmic  antibody  (ANCA)-
associated vasculitis without critical organ manifestations showed that 
MTX plus prednisolone was not inferior to oral cyclophosphamide plus 
prednisolone for induction of remission. However, in the MTX group, 
the  remission  was  delayed  and  these  patients  experienced  more 
relapses.  The  MTX  regimen  was  also  less  effective  for  induction  of 
remission  in patients with extensive disease and pulmonary  involve-
ment.137  With  respect  to  maintenance  therapy,  in  patients  who  had 
achieved a remission with intravenous cyclophosphamide and cortico-
steroids,  MTX  and  azathioprine  provided  similar  rates  of  adverse 
events and relapse.138 Although azathioprine has been shown to have 
similar safety and efficacy to oral cyclophosphamide for maintenance 
of  remission  in  non-life-threatening  Wegener  granulomatosis  and 
microscopic polyangiitis,139 MTX has not been directly compared with 

week. After  another 4 weeks,  if  there  is no  clinical  effect, we would 
add another DMARD. It is important to maximize the MTX dose in 
order  to achieve the maximum efficacy with this drug.  If  there  is an 
impressive clinical response the MTX dose may be decreased, but most 
patients require persistent therapy to control the arthritis. Discontinu-
ation  of  MTX  is  generally  associated  with  a  flare  of  arthritis  4  to  6 
weeks  after  stopping  the  drug.  The  maximum  dose  of  oral  MTX  is 
generally  considered  to be 20  to 25 mg/week. MTX can be delivered 
subcutaneously in patients with gastrointestinal intolerance or in non-
responders with a predicted higher bioavailability than the oral dose. 
Folic acid 1 mg each day is recommended in all patients who are on 
MTX.  If  adverse  effects  occur,  the  folic  acid  should  be  increased  to 
2 mg per day. Outside the United States the folic acid dose is usually 
5 mg 5 to 6 days per week. If side effects continue despite folic acid, 
leucovorin starting at 5 mg/week should be used. The dose of leucovo-
rin can be escalated to block side effects and should be given 8 to 24 
hours after the MTX. If administered within 8 hours of the MTX, it 
might block the efficacy of MTX.

Patients should be aware of  the adverse event profile of  this drug. 
Generally  the drug should be held during  infections. We also hold  it 
the week of surgery and the first postoperative week. Laboratory moni-
toring should be done on a regular basis, and we continue to monitor 
the liver function tests, creatinine, and complete blood count every 4 
to 8 weeks, which is more conservative than the most recent recom-
mendations.122 Patients should receive routine vaccinations including 
influenza vaccine but should not receive live vaccines while on MTX. 
We also  recommend  restricting  alcohol use. Women of  child-bearing 
potential must use birth control while on the drug.

Methotrexate in other rheumatic diseases
Psoriatic arthritis
Although  MTX  is  commonly  used  as  a  first-line  agent  for  psoriatic 
arthritis, the data supporting its efficacy in this disease are minimal, 
including  two  underpowered,  double-blind,  placebo-controlled  trials 
and  several  retrospective  and  observational  studies.123  Of  note,  in 
studies of liver biopsies among patients with psoriasis receiving MTX, 
significant  fibrosis  occurred  in  2%  to  33.3%  and  cirrhosis  in  0%  to 

BOX 53.1 RECOMMENDATIONS FOR MONITORING FOR HEPATIC 
SAFETY IN RHEUMATOID ARTHRITIS (RA) PATIENTS RECEIVING 
METHOTREXATE (MTX)121

A.  Baseline
1.  Tests for all patients

a.  Liver blood tests (aspartate aminotransferase [AST], alanine 
aminotransferase [ALT], alkaline phosphatase, albumin, bilirubin), 
hepatitis B and C serology studies

b.  Other standard tests, including complete blood cell count and serum 
creatinine

2.  Pretreatment liver biopsy (Menghini suction-type needle) only for 
patients with:
a.  Prior excessive alcohol consumption
b.  Persistently abnormal baseline AST values
c.  Chronic hepatitis B or C infection

B.  Monitor AST, ALT, albumin at 4- to 8-week intervals
C.  Perform liver biopsy if:

1.  Five of 9 determinations of AST within a given 12-month interval (6 of 
12 if tests are performed monthly) are abnormal (defined as an 
elevation above the upper limit of normal)

2.  There is a decrease in serum albumin below the normal range (in the 
setting of well-controlled RA)

D.  If results of liver biopsy are:
1.  Roenigk grade I, II, IIIA, resume MTX and monitor as in B, C1, and C2 

above
2.  Roenigk grade IIIB or IV, discontinue MTX

E.  Discontinue MTX in patients with persistent liver test abnormalities, as 
defined in C1 and C2 above, who refuse liver biopsy

From Kremer JM, Alarcon GS, Lightfoot RW Jr, et al. Methotrexate for rheumatoid arthritis. 
Suggested guidelines for monitoring liver toxicity. American College of Rheumatology. 
Arthritis Rheum 1994;37:316-328.
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oral cyclophosphamide for maintenance therapy in a randomized con-
trolled trial.

Polymyalgia rheumatic/giant cell arteritis
Randomized controlled trials of adjunctive MTX in giant cell arteritis 
(GCA)  have  yielded  discrepant  results.140,141  However,  an  individual 
patient data meta-analysis concluded that the addition of MTX lowers 
the risk of relapse and reduces exposure to corticosteroids in GCA.142 
Similarly,  the  randomized  double-blind  placebo-controlled  trials  of 
adjunctive MTX in patients with polymyalgia rheumatic have yielded 
different results. In the study by van der Veen and colleagues,143 there 
was no difference in time to remission, duration of remission, number 
of relapses, or cumulative prednisone dose. In contrast, Caporali and 
colleagues144 found that adjunctive MTX was associated with a shorter 
duration of prednisone treatment.

Inflammatory myopathy
Although there are no randomized, placebo-controlled trials of adjunc-
tive MTX in the treatment of inflammatory myopathies, observational 
studies and retrospective reviews have supported its use in corticoste-
roid-resistant  disease.  For  example,  in  a  retrospective  review  of  22 
patients with polymyositis or dermatomyositis who had failed cortico-
steroid therapy alone, 17 of these patients normalized muscle enzyme 
levels  and  demonstrated  improved  strength  when  intravenous  MTX 
was added to their regimen.145 Similarly, in a review that included 55 
patients  with  idiopathic  inflammatory  myopathy  (dermatomyositis, 
polymyositis,  and  inclusion  body  myositis)  who  received  MTX  after 
failing to respond to prednisone, 31 responded, with 9 showing a com-
plete response. These authors also showed that patients receiving MTX 
were more likely to respond completely than those receiving a second 
trial  of  prednisone.146 Of note,  in  a  retrospective  review of  dermato-
myositis cases treated with 7.5 to 14.2 mg of adjunctive MTX weekly, 
4 of 10 patients underwent  liver biopsies with  two patients showing 

mild hepatic fibrosis.147 Although using MTX as a first-line therapy in 
adult  myositis  has  not  been  carefully  studied,  a  retrospective  cohort 
study  of  childhood  dermatomyositis  showed  that  using  adjunctive 
MTX as a first-line therapy halved the cumulative exposure to corti-
costeroids  with  similar  improvement  in  strength  and  physical 
function.148

Systemic lupus erythematosus
Only two randomized, double-blind, placebo-controlled trials of MTX 
in lupus have been performed. The first demonstrated in patients with 
mild disease activity  that MTX 15  to 20 mg weekly was effective  in 
controlling  cutaneous  and  articular  manifestations  and  facilitating  a 
decrease  in  the prednisone dose.149 A double-blind,  randomized, pla-
cebo-controlled  trial  in  patients  with  moderately  active  lupus  subse-
quently  showed  that  weekly  MTX  was  associated  with  a  lower 
prednisone  dose  and  a  slightly  decreased  Systemic  Lupus  Activity 
Measure (SLAM).150

In  an  exploratory  study,  five  patients  with  chronic  calcium  pyro-
phosphate  deposition  disease  treated  with  MTX  (5  to  10 mg/week) 
reported a significant decrease in pain, tender and swollen joint counts, 
and the frequency of attacks.151

CONCLUSIONS
MTX is currently considered a first-line agent in the treatment of RA 
and the “anchor drug” for combination therapy with other DMARDs. 
It has become the standard of care and the most widely used drug in 
the treatment of RA. When used appropriately, it has excellent efficacy 
and tolerability in the treatment of the signs and symptoms of RA and 
is the DMARD to which all new therapies should be compared. The 
effectiveness of MTX in other rheumatic diseases still requires further 
study,  but  existing  results  suggest  that  MTX  is  a  useful  tool  in  the 
treatment of a variety of systemic rheumatic diseases.
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Leflunomide
Edward Keystone and Boulos Haraoui

  Leflunomide inhibits pyrimidine synthesis, resulting in blockade of 
T-cell proliferation.

  Leflunomide is used in patients with moderate to severe active 
rheumatoid arthritis with early or late disease.

  Monotherapy with leflunomide has been shown to be equally as 
effective as methotrexate and sulfasalazine in improving symptoms 
and signs of rheumatoid arthritis.

  Leflunomide as monotherapy results in substantial inhibition of 
joint damage, as assessed radiologically.

  Leflunomide provides additional benefit in patients partially 
responsive to methotrexate.

  The most common side effects of leflunomide are gastrointestinal 
symptoms and hepatotoxicity.

  Combination of leflunomide with methotrexate results in a 
significant increase in liver enzyme abnormalities.

  Leflunomide is teratogenic in animals and is therefore 
contraindicated in women who may become pregnant.

CHEMICAL STRUCTURE AND MODE OF ACTION
Leflunomide, N-(4-trifluoromethylphenyl)-5-methylisoxazole-4-carbox-
amide (C12H9F3N2O2), is an isoxazole derivative with immunomodula-
tory and disease-modifying properties in rheumatoid arthritis (RA). It 
is a prodrug that is rapidly converted in the submucosal wall of the 
intestinal tract and after first passage in the liver into its active metabo-
lite A77 1726, a manolonitrilamide.

A77 1726 inhibits dihydroorotate dehydrogenase (DHODH), a 
mitochondrial enzyme that is critical for the de novo synthesis of 
pyrimidines (Fig. 54.1).1 It is thought that this property effectively 
blocks the proliferation of human lymphocytes, which are highly 
dependent on this pathway for nucleotide synthesis.2 This leads to an 
arrest in the G1/S phase of the cell cycle. The concentration of A77 
1726 needed to block T-cell proliferation after mitogen stimulation 
varies greatly between species and can be reversed in vitro by the exog-
enous addition of uridine in a dose-dependent fashion.3,4 Pyrimidines 
are also needed by proliferating cells to form the lipids and macromol-
ecules essential to several cell functions such as cell-cell contact, dia-
pedesis, and intracellular signaling (Fig. 54.2).

Furthermore, DHODH may be involved in other cellular mecha-
nisms such as B-cell proliferation and immunoglobulin synthesis.5,6

In several in-vitro stimulated and unstimulated cell lines, A77 1726 
was demonstrated to inhibit two important transcriptional factors criti-
cal to the function of cells of the immune system and inflammation7,8: 
tyrosine kinase activity and nuclear factor (NF)-κB activation and gene 
expression. A77 1726 was also shown to suppress more efficiently than 
dexamethasone, interleukin (IL)-1β expression, and matrix metallopro-
teinase (MMP)-1 production.9 On the other hand, it did not have any 
effect on IL-4 production or IL-2 receptor expression.10 After 1 year of 
treatment of RA patients with leflunomide there was a reduction in 
the levels of IFN-γ but not of IL-6, suggesting a preferential effect on 
T cells.11,12

Leflunomide has also been shown to inhibit chemotaxis of periph-
eral blood neutrophils in RA patients.12 Studies of synovial tissues in 
RA patients receiving leflunomide revealed a reduction in synovial 
macrophages as well as intracellular adhesion molecule (ICAM)-1 and 
vascular cell adhesion molecule (VCAM)-1 expression.13 A decreased 

ratio of MMP-1 to tissue inhibitor of metalloproteinases (TIMP)-1 was 
also demonstrated.

In vitro, the active metabolite A77 1726 was shown to directly 
inhibit both the generation and the activity of osteoclasts.14 This activ-
ity seems to be independent of its inhibition of uridine synthesis or 
the blockade of NF-κB.

HUMAN CLINICAL PHARMACOKINETICS
Absorption and bioavailability
After oral absorption, leflunomide is rapidly metabolized to A77 1726 
within the gut wall, plasma, and the liver. The active metabolite is 
very highly bound to plasma protein (>99%) and, correspondingly, has 
a low apparent volume of distribution. At a dose of 20 mg/day, steady 
state is reached in 7 weeks and the average plasma concentration of 
A77 1726 is approximately 35 mg/mL. Trough plasma concentrations 
are linearly related to the maintenance dose of leflunomide, indicating 
linear pharmacokinetics.

A77 1726 undergoes enterohepatic circulation and biliary recycling, 
which contributes to its long elimination half-life of approximately 2 
weeks. Therefore, to obtain a rapid steady state, a loading dose followed 
by a lower maintenance dose has been used.

Metabolism and elimination
Almost half of the administered dose is excreted as unmetabolized A77 
1726 in the feces. Glucuronide conjugates and oxanilic acid derivatives 
are the principal metabolites recovered in the urine. A77 1726 is still 
detectable in the urine 36 days after administration of a single dose. 
A77 1726 readily binds to orally administered activated charcoal and 
even more so to cholestyramine, thus enhancing its elimination; these 
characteristics are used in clinical situations whenever toxicity is 
present or rapid reduction of blood levels is required.

Drug interactions
In a clinical trial with RA patients, the pharmacokinetics of A77 1726 
and methotrexate were not altered by concomitant coadministration.15 
The maximum concentration of A77 1726 after the loading and main-
tenance doses remained within the range seen in patients treated with 
leflunomide alone.

In vitro, A77 1726 is an inhibitor of the isoenzyme 2C9 of cyto-
chrome P450 (CYP2C9), through which warfarin, tolbutamide, phe-
nytoin, and several non-steroidal anti-inflammatory drugs are 
metabolized. However, in human in-vivo situations the free unbound 
drug is below the half maximal inhibitory concentration (IC50) for 
this enzyme and no clinically significant drug interactions have been 
reported.

Based on recent pharmacokinetics studies in a pediatric population, 
the recommended daily dose of leflunomide is 20 mg for subjects 
weighing more than 40 kg, 15 mg for those between 20 and 40 kg, and 
10 mg in patients weighing less than 20 kg.16

EFFICACY
Monotherapy
Evidence from four multicenter double-blind randomized controlled 
trials shows that leflunomide monotherapy is effective in the treatment 
of RA, significantly superior to placebo, and similar in efficacy to sul-
fasalazine as well as moderate-dose methotrexate.

54



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

520

of life and work productivity was seen during treatment with lefluno-
mide compared with placebo (Fig. 54.4). Leflunomide resulted in sig-
nificantly more improvement in a number of the disability and quality 
of life measures.19 It is notable that leflunomide exhibited a more rapid 
onset of action than methotrexate, as evidenced by the higher propor-
tion of patients achieving an ACR20 response after 4 weeks of therapy. 
Leflunomide and methotrexate inhibited disease progression in approx-
imately half the patients as measured by radiographic analysis (Fig. 
54.5). Both leflunomide and methotrexate resulted in statistically sig-
nificantly less radiographic progression compared with placebo at 12 
months.20

Longer-term efficacy was evaluated in a 12-month extension study 
in which completers at 52 weeks were given the option of continuing 
therapy for an additional year.21 Both leflunomide and methotrexate 
showed consistent improvement in signs and symptoms in the year 2 
cohort with significantly more leflunomide- than methotrexate-treated 
patients achieving a clinically relevant (ACR20) response. Improve-
ment in measures of function and health-related quality of life were 
maintained over the second year and were significantly better than the 
improvement with methotrexate. The withdrawal rate in both groups 
in the year 2 cohort was low (<5%).

Leflunomide was also compared with methotrexate in a head-to-
head study involving 999 patients with earlier disease (3.7 years in 
duration).22 In this study, leflunomide was evaluated in a dose of 
20 mg/day after three 100-mg loading doses, whereas the methotrexate 
dose was 10 to 15 mg/wk. At 52 weeks, patients were given the option 
of continuing double-blind therapy for an additional 52 weeks. At the 
end of the first year more methotrexate-treated patients met ACR20 
criteria (64.3%) than leflunomide-treated patients (50.5%) (Fig. 54.6). 
Improvement in signs and symptoms was also greater in the metho-
trexate-treated group after 1 year of therapy. As in the previous study, 
leflunomide elicited a more rapid response to therapy. Whether the 
higher methotrexate response rate in this study was a result of not 
including a folate supplement is unclear. In the subset of patients who 
elected to continue therapy for a second year, the ACR20 response rates 
were comparable with both drugs after 2 years of therapy. Disease 
modification as measured radiographically at 52 weeks was similar 
with both drugs but was more effective with methotrexate compared 
with leflunomide after 2 years of therapy.

Leflunomide was also compared with sulfasalazine in a 6-month 
placebo-controlled study of 358 patients with a disease duration of 7 
years.23 At 6 months, the ACR20 response was comparable for the 
groups treated with leflunomide (55%) and sulfasalazine (56%) and 
superior to the placebo group (29%) (Fig. 54.7). Improvement in 
tender and swollen joints was similar with both drugs. Leflunomide 

RESPONSE RATES AFTER 12 MONTHS OF THERAPY
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Fig. 54.3  Response rates after 12 months of therapy. Percentage of patients 
treated with leflunomide, methotrexate, or placebo who met the American 
College of Rheumatology’s (ACR) response criteria for improvement of 20%, 
50%, 70%, or more at 12 months. (Data from Strand V, Cohen S, Schiff M, et al. 
Treatment of active rheumatoid with leflunomide compared with placebo and 
methotrexate. Arch Intern Med 1999;159:2542-2550.)

ACTION OF LEFLUNOMIDE

ATP + glutamine
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Fig. 54.1  Leflunomide blocks dihydroorotate dehydrogenase (DHODH), a key 
enzyme in the de novo synthesis of uridine. ATP, adenosine triphosphate; CPSII, 
carbamoyl phosphate synthetase II.

CELLULAR PROCESSES AFFECTED BY LEFLUNOMIDE
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Fig. 54.2  Cellular processes affected by leflunomide. Effect of leflunomide on 
cellular processes through inhibition of de novo pyrimidine biosynthesis. CDP, 
cytosine diphosphate; CTP, cytosine triphosphate; DHODH, dihydroorotate 
dehydrogenase; UTP, uridine triphosphate.

In the initial 6-month placebo-controlled dose-ranging study of  
402 patients (with a disease duration of 8.3 years), leflunomide was 
evaluated in doses of 5, 10, and 25 mg preceded by a single loading 
dose. In this study the two highest doses proved to be most efficacious, 
with American College of Rheumatology (ACR) 20% (ACR20) response 
rates of 52% and 60%, respectively.17 Swollen joint counts improved 
by approximately 40%.

In a subsequent 12-month study of leflunomide in 482 patients 
(with disease duration of 7 years), leflunomide was evaluated at a dose 
of 20 mg/day (after 100-mg loading doses on days 1-3) in comparison 
with methotrexate (mean dose, 13.5 mg/wk) and placebo.18 Using the 
less stringent ACR20 last observation carried forward analysis, lefluno-
mide demonstrated a response rate of 52% compared with 46% for 
methotrexate. Both agents exhibited higher responses than the placebo 
group (26%) (Fig. 54-3). Clinically meaningful and statistically signifi-
cant improvement in measures of function and health-related quality 
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Combination therapy
Because methotrexate is thought to act primarily on the purine path-
ways of cellular metabolism whereas leflunomide inhibits pyrimidine 
pathways, the combination of leflunomide and methotrexate has the 
potential for synergy in inhibiting the proliferation of cells involved in 
the immune inflammatory response.

The safety and efficacy pharmacokinetics of combination therapy 
with leflunomide and methotrexate were initially evaluated in an open-
label 52-week study of 30 patients who exhibited active disease despite 
17 mg/wk of methotrexate.15 After a loading dose of 100 mg/day for 2 
days, leflunomide was given in a dose of 10 mg/day for 3 months and 
then increased as required to 20 mg in patients with persistently active 
disease.

demonstrated a more rapid onset of action, particularly evident after 1 
month of therapy. At 6 months, both drugs inhibited radiographic 
progression to a similar extent. Patients completing the initial 6-month 
phase were given the option of continuing in a double-blind fashion in 
12- and 24-month extension studies, with the placebo group switching 
to sulfasalazine. Leflunomide- and sulfasalazine-treated patients dem-
onstrated a sustained response out to 12 months, with the leflunomide 
cohort demonstrating a significantly greater ACR20 response rate com-
pared with sulfasalazine at 24 months. Little disease progression as 
determined radiographically was observed at 1 year and 2 years in the 
cohort of leflunomide and sulfasalazine patients remaining on therapy 
(Fig. 54.8). Taken together, the data demonstrated consistent reduction 
of radiographic progression in three separate studies of leflunomide, 
comparable at 12 months to both methotrexate and sulfasalazine.

FUNCTIONAL ABILITY AFTER 12 MONTHS OF THERAPY

Leflunomide Placebo Methotrexate

*P <.05 vs. placebo
+P <.05 vs. methotrexate

Dressing Arising Eating Walking Hygiene Reaching Gripping ADL Disability index

0.25

–0.25

0.00

–0.50

–0.75

–1.00

Im
pr

ov
em

en
t

*
*+ *+

*+

*+ * * *+ *+

Fig. 54.4  Functional ability after 12 months of therapy. Individual subcategories of the Health Assessment Questionnaire score after 12 months of therapy with 
leflunomide, methotrexate, or placebo. (Data from Strand V, Tugwel P, Bombardier C, et al. Function and health-related quality of life: results from a randomized 
controlled trial of leflunomide versus methotrexate or placebo in patients with active rheumatoid arthritis. Arthritis Rheum 1999;42:1870-1878.)

RADIOGRAPHIC PROGRESSION AFTER 12 MONTHS OF THERAPY
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Fig. 54.5  Radiographic progression after 12 months of therapy. Mean changes 
from baseline in total Sharp scores and erosion and joint-space narrowing 
subscores for the intent-to-treat population. (Data from Strand V, Tugwel P, 
Bombardier C, et al. Function and health-related quality of life: results from a 
randomized controlled trial of leflunomide versus methotrexate or placebo in 
patients with active rheumatoid arthritis. Arthritis Rheum 1999;42:1870-1878.)

ACR 20% RESPONSE RATES AFTER 12 AND 24 MONTHS OF THERAPY

%
Responders

Leflunomide  n1 = 495  n2 = 286

Methotrexate  n1 = 489  n2 = 314

*P <.0001 vs. Leflunomide
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Fig. 54.6  Percentage of patients who met ACR20 response criteria after 12 
and 24 months of therapy with leflunomide or methotrexate. (Data from Emery 
P, Breedveld FC, Lemmel EM, et al, and the Multinational Leflunomide Study Group. 
A comparison of the efficacy and safety of leflunomide and methotrexate for the 
treatment of rheumatoid arthritis. Rheumatology 2000:39:655-665.)
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liver enzyme monitoring. A 6-month open-label extension was carried 
out in which patients continued treatment with the combination of 
leflunomide and methotrexate, whereas patients previously on metho-
trexate alone now received leflunomide (in combination with metho-
trexate) in a dose of 10 mg/day without a loading dose, with subsequent 
dose adjustment based on the patient’s response.25 The combination 
of leflunomide and methotrexate continued to provide significant ther-
apeutic benefit, whereas patients switching from placebo to lefluno-
mide obtained the same magnitude of response after 6 months despite 
the lack of a loading dose of leflunomide (Fig. 54.9). These data suggest 
that, in patients with an inadequate response to methotrexate, lefluno-
mide is effective without the use of a loading dose. A recent randomized 
controlled trial supported the concept that the combination of sul-
fasalazine with leflunomide was ineffective by demonstrating no sig-
nificant difference in the Disease Activity Score (DAS) response when 
sulfasalazine was added on to leflunomide or used alone in leflunomide 
inadequate responders.26 A trend to a higher response was seen and 

There was no significant pharmacokinetic interaction between leflu-
nomide and methotrexate. The combination was generally well toler-
ated; however, liver enzyme elevations were seen in the majority of 
patients (63%). Efficacy measures revealed a good response, with 53% 
of patients achieving ACR20 criteria. Liver biopsies in three patients 
with elevated liver enzymes revealed mild (not clinically significant) 
hepatic fibrosis in two patients and a normal biopsy in one patient.

The combination of leflunomide and methotrexate was subse-
quently evaluated in a 24-week double-blind, placebo-controlled study 
of 263 patients with RA who exhibited an inadequate response to 
methotrexate.24 Leflunomide was given in a dose of 10 mg (after 2 × 
100-mg loading doses) for 2 months, after which the dose could be 
increased to 20 mg/day. The results showed that leflunomide provided 
additional benefit in 51.5% of patients partially responding to metho-
trexate alone. Elevated liver function test results were observed in 28% 
of patients receiving combination therapy. These data suggest that the 
leflunomide-methotrexate combination can be used with appropriate 

ACR RESPONSE RATES AFTER 6 MONTHS OF THERAPY
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Fig. 54.7  Percentage of patients who met ACR20, ACR50, and ACR70 response 
criteria after 6 months of therapy with leflunomide, sulfasalazine, or placebo. 
(Data from Smolen JS, Kalden JR, Scott DL, et al. Efficacy and safety of leflunomide 
compared with placebo and sulfasalazine in active rheumatoid arthritis: a 
double-blind randomized multicentre trial. Lancet 1999;353:259-266.)

RADIOGRAPHIC PROGRESSION AFTER 6, 12 AND
24 MONTHS OF THERAPY
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Fig. 54.8  Radiographic progression after 6, 12, and 24 months of therapy. 
Mean change in Larsen score for patients treated for 6, 12, and 24 months with 
leflunomide, sulfasalazine, or placebo. (Data from Scott DL, Smolen JS, Kalden JR, 
et al. Treatment of active rheumatoid arthritis with leflunomide: two-year 
follow-up of a double-blind, placebo-controlled trial versus sulfasalazine. Ann 
Rheum Dis 2001;60:913-923.)
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Fig. 54.9  ACR response rates at week 24 and 48 in 
patients receiving double-blind leflunomide and 
methotrexate from weeks 0 to 48 versus patients 
receiving placebo and methotrexate from weeks 0 
to 24 followed by open-label leflunomide and 
methotrexate from weeks 24 to 48. (Data from 
Kremer J, Genovese M, Cannon G, et al. Combination 
of leflunomide and methotrexate (MTX) therapy for 
patients with active rheumatoid arthritis failing MTX 
monotherapy: open-label extension of a randomized, 
double-blind placebo controlled trial. J Rheumatol 
2004;31:1521-1531.)
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the 20-mg group received a 100-mg loading dose on days 1 to 3. The 
results demonstrated superiority of the 20-mg dose.

Leflunomide has also been examined in daily practice in large obser-
vational databases.37 Analysis of one cohort of 285 patients in terms 
of the percentage of patients discontinuing treatment over time com-
pared with other conventional DMARDs including methotrexate and 
sulfasalazine demonstrated higher discontinuation rates for toxicity 
but similar discontinuation for efficacy.

Leflunomide has been evaluated in a large multicenter inter-
national study of psoriatic arthritis.38 In a 24-week controlled study of 
188 patients with psoriatic arthritis, a modified ACR20 result was 
achieved in 36% of patients at 24 weeks compared with 20% in 
placebo.38 Fifty-nine percent of the leflunomide-treated patients as 
compared with 30% of the placebo-treated patients achieved a psoriatic 
arthritis response (PsARC). The effect on psoriasis was also mild, with 
17% of patients on leflunomide and 7% of those on placebo achieving 
a significant clearing of skin disease (the PASI-75). Leflunomide has 
also been compared with methotrexate in a 16-week study in 94 
patients with polyarticular juvenile rheumatoid arthritis. There was a 
more positive response as defined by the ACR Pedi30 response criteria 
in patients receiving methotrexate than in those who had received 
leflunomide (89% vs. 68%).39 Encouraging results have been observed 
with leflunomide therapy in ANCA-associated granulomatous vasculi-
tis, dermatomyositis, scleroderma, and sarcoidosis.29 It was found to 
be ineffective in a pilot study of primary Sjögren’s syndrome and a 
randomized controlled trial of ankylosing spondylitis.

SAFETY AND TOLERABILITY
In clinical trials involving a total of 1339 patients treated with lefluno-
mide monotherapy, the frequency of side effects and the safety profile 
are in general similar to those of moderate-dose methotrexate and 
sulfasalazine (Table 54.1). However, the side effects tend to persist 
longer with leflunomide, even with dose reduction or discontinuation 
of therapy, because of the long half-life of the drug. The most common 
reported side effects are gastrointestinal symptoms such as diarrhea, 
dyspepsia, nausea, vomiting, and abdominal pain. Diarrhea is generally 
mild to moderate and usually occurs within the first 3 months. In 
approximately 30% of patients, diarrhea resolved within 1 week, but 
in about 35% the symptoms persisted for more than 1 month. Nausea 
and vomiting are usually transient. Significant weight loss has also 
been reported in 7% of 70 patients beginning leflunomide therapy.40 A 
large retrospective chart study of 108 patients with inflammatory 
arthritis treated at U.K. centers with a combination of leflunomide and 
methotrexate was carried out to evaluate tolerability of the combina-
tion.41 At a median of 24.5 months, 51% of patients remained on the 
combination. The most common reasons for discontinuation were 
nausea, vomiting, diarrhea, as well as abnormal liver function test 
results.

Nervous system effects of leflunomide include headache, dizziness, 
and paresthesia. The central nervous system side effects are usually 
mild to moderate and are uncommonly a cause for stopping the  
drug. Case reports of peripheral neuropathy submitted to the U.S.  
Food and Drug Administration (FDA) in association with leflunomide 
were reviewed.42 Of 80 reported patients, symptoms began after a 
mean of 6 months of treatment. Electrodiagnosis was consistent with 
distal axonal, sensory, or sensorimotor polyneuropathy in most 
patients. Patients withdrawing from leflunomide within 30 days were  
more likely to have improvement. In a recent study to monitor the 
potential clinical neurotoxicity in 113 leflunomide-treated patients, 
eight incident cases of peripheral neuropathy and two cases of worsen-
ing of preexisting neuropathy were diagnosed by nerve conduction 
(incidence, 9.8%).42 Compared with patients not receiving leflunomide, 
patients receiving leflunomide were older (mean age, 69), more often 
diabetic (30%), and more often treated with potentially neurotoxic 
drugs (20%). At least one risk factor was found in 50% of patients with 
neuropathy (56% positive predictive value; 96% negative predictive 
value). The results suggest careful monitoring of the patient’s neuro-
logic status during leflunomide treatment. Patients have been reported 
to stabilize symptomatically and electrophysiologically on cessation of 
the drug.

the ACR70 of the combination was superior to monotherapy. A sub-
sequent analysis of 968 patients with RA demonstrated that adding 
leflunomide or sulfasalazine to methotrexate versus switching to 
monotherapy did not result in significantly different retention rates for 
leflunomide or sulfasalazine. In a recent study in a large observational 
database of 1214 RA patients the clinical outcomes of two potential 
strategies were evaluated in patients discontinuing DMARDs for inef-
fectiveness: switching to another DMARD or step-up combination 
therapy, with methotrexate or sulfasalazine or leflunomide was evalu-
ated. Retention rates for leflunomide and sulfasalazine were similar for 
adding or switching.27

The increasing use of biologic agents in RA coupled with the concept 
of combination therapy has resulted in an increased use of a combina-
tion of leflunomide and biologic agents.28,29 Combination of lefluno-
mide with infliximab has been evaluated in eight retrospective and 
open-label prospective studies.29 Approximately 460 patients have been 
evaluated in these studies with efficacy comparable to that of open-
label studies of an infliximab/methotrexate combination. No new 
safety signals have been seen. In one prospective study of 162 RA 
patients, 57 patients took infliximab combined with leflunomide while 
105 patients used other DMARDs.30 No difference in drug survival, 
disease activity, or adverse events was observed. In the safety trial of 
adalimumab plus standard DMARD therapy a higher rate of adverse 
events was reported in patients receiving leflunomide and adalimumab. 
Taken together, preliminary results of the leflunomide/biologic agent 
combination studies suggest that the combination is efficacious and 
relatively safe. Whether efficacy is comparable to combinations of 
methotrexate and other biologic agents remains to be addressed.

Long-term efficacy
A 5-year open-label uncontrolled extension study demonstrated that 
the early efficacy of leflunomide based on ACR response rates and HAQ 
scores seen at 1 year was maintained for up to 5 years.31 The long-term 
safety profile was similar to previous studies. The sustainability of 
improvement in physical function and health-related quality of life 
(HRQOL) was examined in the three phase-3 randomized controlled 
trials comparing leflunomide, sulfasalazine, and methotrexate. Over 24 
months, improvements in physical function were shown to be sus-
tained and reflected improvements in mental as well as physical 
domains of HRQOL.32

Recently, the effectiveness of leflunomide was compared with inf-
liximab and etanercept using survival on drug as an evaluation tool. 
Patients in a standardized clinical protocol were evaluated over 12 
months. Patients not responding to DMARDs, including methotrex-
ate, were treated with etanercept (n = 184), infliximab (n = 223), or 
leflunomide (n = 114). Survival on drug as a percentage of the number 
followed revealed rates of 82%, 55%, and 32% at 12 months for etan-
ercept, infliximab, and leflunomide, respectively. However, differences 
in patient selection and drug efficacy may influence the comparison 
between the tumor necrosis factor blockers and leflunomide.33 Similar 
data regarding sustainability of leflunomide were obtained in a prospec-
tive case series study in 136 patients initiating therapy with the drug. 
After a median follow-up of 317 days, 56% of patients receiving leflu-
nomide withdrew, mainly because of adverse drug reactions (29%) or 
lack of efficacy (13%).34

The effect of long-term (>2 years) leflunomide treatment on radio-
graphic progression was evaluated in 128 of the original 824 patients 
involved in one of three phase-3 trials. Patients for whom paired evalu-
able radiographs at baseline and study endpoint were available were 
included. Mean leflunomide treatment was 4.3 years to final radio-
graph. After leflunomide treatment the predicted yearly progression 
rate improved in 72% of patients and deteriorated in 16%. In 33% of 
patients who had erosions at baseline no progression occurred with 
leflunomide.35

Dosing studies
The efficacy and safety profiles of 10-mg versus 20-mg dose of lefluno-
mide were evaluated in a 24-week multinational randomized double-
blind parallel group study of 402 RA patients.36 Patients receiving 
10 mg of leflunomide received one 100-mg loading dose on day 3 while 
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TABLE 54.1 ADVERSE EVENTS IN CLINICAL TRIALS OF LEFLUNOMIDE

Adverse event
All RA  
studies (%) Placebo-controlled trials (%) MN 301 and US 301

Active-controlled trials (%)
MN 302*

LEF
N = 1339 

LEF
N = 315

PBO
N = 210

SSZ
N = 133

MTX
N = 182

LEF
N = 501

MTX
N = 498

Body as a whole

Allergic reaction — 5 2 0 6 — 2

Worsening RA 8 5 11 20 4 17 19

Asthenia 3 6 4 5 6 3 3

Flu syndrome — 4 2 0 7 — 0

Infection 4 — 0 0 0 — 0

Injury, accident 5 7 5 3 11 6 7

Pain — 4 2 2 5 — <1

Abdominal pain 6 5 4 4 8 6 4

Back pain 5 6 3 4 9 8 7

Cardiovascular

Hypertension 10 9 4 4 3 10 4

Chest pain — 4 2 2 4 — 2

Gastrointestinal

Anorexia 3 3 2 5 2 3 3

Diarrhea 17 27 12 10 20 22 10

Dyspepsia 5 10 10 9 13 6 7

Gastroenteritis 3 — 1 0 6 3 3

Abnormal LFTs 5 10 2 4 10 6 17

Nausea 9 13 11 19 18 13 18

GI/abdominal pain 5 6 4 7 8 8 8

Mouth ulcer 3 5 4 3 10 3 6

Vomiting 3 5 4 4 3 3 3

Hematic and lymphatic

Leukopenia (<200 g/L) 3 — 0 2 1 4 3

Metabolic and nutritional

Hypokalemia — 3 1 1 1 — <1

Weight decrease 4 — 1 2 0 — 2

Musculoskeletal system

Leg cramps — 4 2 2 6 — 0

Joint disorder 4 — 2 2 2 8 6

Synovitis — — 1 0 2 4 2

Tenosynovitis 3 — 0 1 2 5 1

Nervous system

Dizziness 4 5 3 6 5 7 6

Headache 7 13 11 12 21 10 8

Paresthesia — 3 1 1 2 4 3

Respiratory system

Bronchitis 7 5 2 4 7 8 7

Increased cough 3 4 5 3 6 5 7

Respiratory infection 15 21 21 20 32 27 25

Pharyngitis 3 — 1 2 1 3 3

Pneumonia — 3 0 0 1 — 2

Rhinitis — 5 2 4 3 — 2

Sinusitis — 5 5 0 10 — 1

Skin and appendages

Alopecia 10 9 1 6 6 17 10
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was observed in 62%. Forty-one percent of patients died.43 Most 
patients initially present with acute pneumonitis, but a number of 
patients present with slowly progressive ILD. In one report the mean 
duration of leflunomide treatment was 14.5 months before the onset 
of ILD. In another report, pneumonitis occurred 12 to 20 weeks after 
the addition of leflunomide to methotrexate. A significant mortality 
rate, as high as 30%, has been associated with this pulmonary compli-
cation. Histologic findings include a mosaic pattern of acute and orga-
nizing diffuse alveolar damage. Treatment has been shown to be 
effective with early withdrawal of leflunomide, high-dose corticoste-
roids, and cholestyramine in some patients.46 A recent population-
based epidemiology study using a claims database of 62,734 RA 
patients demonstrated that the increased risk of ILD was associated 
with leflunomide in patients with a history of methotrexate use or 
preexisting ILD with a relative risk of 2.6 (95% CI, 1.2-5.6).47 The risk 
of ILD was not elevated (RR 1.2; 95% CI, 0.4-3.1) with no previous 
methotrexate or history of ILD. The results were thought to be a con-
sequence of channeling high-risk patients to leflunomide. Recently 
post-marketing surveillance for leflunomide was reported in 5043  
consecutive Japanese patients. Sixty-one patients were reported to have 
lung injury with one third dying of it. Risk factors included preexisting 
ILD, loading dose, smoking history, and low body weight (40 kg or 
less).

Rare cases of pancytopenia have been observed in post-marketing 
experience, primarily in patients with known risk factors for blood 
dyscrasias; many cases were confounded by concomitant medications. 
Significantly, leflunomide was not associated with an increased risk of 
lymphoproliferative disorders, with a frequency of 0.2% in around 2077 
patient-years of exposure. The frequency was in line with the expected 
rate of lymphoproliferative disorders in RA of 0.2%. No increase in the 
incidence of malignancies has been demonstrated, with a reported rate 
of 1.3% compared with 1.2% for placebo.

Laboratory tests
The incidence of elevated liver enzymes—alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST)—with leflunomide is 
similar to that observed with moderate-dose methotrexate therapy in 
patients receiving folate supplementation. ALT elevations less than 
three times normal levels are usually reversed without discontinuation 
of leflunomide and may decrease with continued therapy or with dose 
reduction. Elevations greater than three times normal also reverse with 
dose reduction or discontinuation. Persistently elevated liver function 
test results should not be tolerated and should prompt drug with-
drawal. Cholestyramine should be administered in patients with per-
sistent elevation above three times normal despite withdrawal. A 
cholestyramine wash-out of 4 g three times daily for 5 days is generally 
adequate. Liver function abnormalities are generally asymptomatic  
and are not associated with decreased serum albumin or prolonged 

Hypertension is the most common cardiovascular effect of lefluno-
mide. Data from clinical trials suggest that aggravation of hypertension 
is more likely to be a problem with leflunomide than new-onset 
hypertension.

Clinical trials did not show a higher incidence of infection in 
patients receiving leflunomide than in patients receiving the placebo. 
As a consequence of the potential for immunomodulation, leflunomide 
is not recommended for patients with some immunodeficiency, sub-
stantial impairment of bone marrow function, or serious infections 
(i.e., requiring intravenous antibiotics or hospitalization). If infection 
occurs in patients receiving combination therapy with another immu-
nosuppressant such as methotrexate or corticosteroids, early and vigor-
ous treatment should be considered. Leflunomide should be discontinued 
in the event of a serious infection and a wash-out procedure should be 
initiated. No cases of disseminated fungal or viral disease or opportu-
nistic infections have been reported during clinical trials with lefluno-
mide. Patients with a reactive purified protein derivative skin test or a 
history of Mycobacterium tuberculosis exposure or who come from an 
area where tuberculosis is endemic should be carefully monitored for 
reactivation of the disease. A recent retrospective study of 201 patients 
revealed an increased risk of postoperative wound-healing complica-
tions of elective orthopedic surgery in patients receiving leflunomide 
therapy (40.6%) compared with patients receiving methotrexate (13.6%) 
(P = .01).43 Although it was recommended to interrupt leflunomide 
treatment preoperatively in this group of patients, the long half-life of 
leflunomide makes it impractical.

Leflunomide exhibited a higher rate of skin reactions than placebo 
in clinical trials, with an overall incidence of rash of 9.9%, as well as 
pruritus and a maculopapular rash. Most rashes occurred between the 
second and fifth months and resulted in discontinuation of therapy in 
1.3% of patients. Rare cases of Stevens-Johnson syndrome and toxic 
epidermal necrolysis have been reported. In all cases, patients were 
receiving other co-medication known to be associated with these skin 
lesions. Several cases of severe cutaneous reactions associated with 
fever and generalized weakness occurring 4 to 6 weeks after onset of 
leflunomide have been reported recently.44 Any suspicion of either of 
these conditions necessitates discontinuation of leflunomide and ini-
tiation of a cholestyramine wash-out procedure; this involves admin-
istration of 24 g/day for 11 days. Under these circumstances, re-exposure 
to leflunomide is contraindicated. Alopecia was observed with low 
frequency and was reversible on discontinuing the drug. A small  
percentage of patients (<1.0%) withdrew on the basis of alopecia. 
Mouth ulcers occurred with the same frequency as with placebo in the 
trials.

Interstitial lung disease (ILD) has been reported in patients receiving 
leflunomide.45 Baseline pulmonary disease and/or abnormal chest 
radiograph or computed tomographic scans were observed in 69% of 
29 patients before initiating leflunomide. Prior methotrexate therapy 
was reported in 42% of patients. Concurrent use of corticosteroids  

Adverse event
All RA  
studies (%) Placebo-controlled trials (%) MN 301 and US 301

Active-controlled trials (%)
MN 302*

LEF
N = 1339 

LEF
N = 315

PBO
N = 210

SSZ
N = 133

MTX
N = 182

LEF
N = 501

MTX
N = 498

Eczema — — 1 1 1 3 2

Pruritus 4 5 2 3 2 6 2

Rash 10 12 7 11 9 11 10

Dry skin — 3 2 2 0 3 1

Urogenital system

Urinary tract infection 5 5 7 4 2 5 6

*Study MN 302, an active controlled study, treated a total of 999 subjects using 1 : 1 randomization to either leflunomide, 20 mg/day after a loading dose of 100 mg/day for 3 days, or methotrexate, 
10 mg/wk or escalation to 15 mg/wk.
The table lists the percentage of patients with adverse events occurring in more than 3% in any leflunomide-treated group. Treatment duration was 52 weeks.
GI, gastrointestinal; LEF, leflunomide; LFTs, liver function tests; MTX, methotrexate; PBO, placebo; SSZ, sulfasalazine.

TABLE 54.1 ADVERSE EVENTS IN CLINICAL TRIALS OF LEFLUNOMIDE—cont’d
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PRESCRIBING TIPS
Leflunomide is indicated in patients with moderate to severe active 
RA, in both early and late disease. Because of its long half-life, lefluno-
mide therapy has been initiated with a loading dose of one 100-mg 
tablet per day for 3 days. However, because of toxicity concerns, many 
rheumatologists have stopped using the loading dose. Generally, a daily 
maintenance dose of 10 to 20 mg/day is used. If dosing at 20 mg/day 
is not well tolerated clinically, the dose may be decreased to 10 mg/
day. In patients in whom the risk of toxicity is greater (i.e., those who 
are taking leflunomide in combination with methotrexate or those who 
are elderly) the maintenance dose may be initiated at 10 mg/day for 2 
months with a dose escalation to 20 mg if there is an inadequate 
response. As noted earlier, for patients not requiring a rapid response 
to therapy, consideration should be given to initiating therapy without 
a loading dose.

Before initiation of the drug a complete blood cell count, including 
a differential white blood count and platelets, and liver function tests, 
including an AST and ALT, must be performed. According to the 
product monograph, a complete blood cell count and liver blood tests 
should also be performed every 2 weeks for the first 6 months and then 
every 8 weeks thereafter. More frequent early monitoring might be 
done if used in combination with methotrexate.

Patients experiencing a serious side effect of leflunomide should 
undergo a wash-out with cholestyramine (8 g three times daily) or 
activated charcoal (50 g four times daily) for 11 days. The metabolite 
of leflunomide, A77 1726, is not removed with peritoneal dialysis, 
although with hemodialysis A77 1726 is cleared somewhat more 
rapidly and with a shorter half-life. These data suggest that dialysis is 
not an effective wash-out procedure.

Leflunomide is contraindicated in patients with impaired liver  
function, severe renal impairment, severe hypoproteinemia (e.g., in 
nephrotic syndrome, serious infections, known immunodeficiency, 
bone marrow dysfunction, anemia, leukopenia, neutropenia, thrombo-
cytopenia) due to causes other than RA, or known hypersensitivity to 
the drug. Leflunomide should be used with caution in combination 
with methotrexate. It is contraindicated in serious infection, and 
patients should be advised to seek medical advice if they note poten-
tially worsening fatigue, bruising, sore throat, increased susceptibility 
to infection, and skin or mucous membrane lesions.

Leflunomide is teratogenic in animals and therefore should be used 
with caution in women of child-bearing age. It should not be used in 
women who are, or may become, pregnant or those who are breastfeed-
ing. Women should wait for 2 years after stopping leflunomide to 
ensure clearance of the metabolite and have their plasma A77 1726 
level checked to ensure that it is below 0.02 mg/L, which the manu-
facturer deems to present minimal teratogenic risk. In women wishing 
to become pregnant before the 2-year wash-out, accelerated removal 
using cholestyramine (8 g three times daily for 11 days) or activated 
charcoal should be carried out, shortening the clearance time to 3 
months. After the wash-out, plasma levels of the active metabolite 
must be evaluated and be less than 0.02 mg/L (0.02 mg/mL). This 
plasma level must be verified by a second test at least 14 days after the 
first plasma level (<0.02 mg/L) is achieved. Women should be advised 
to be sure they are not pregnant before starting leflunomide and, while 
receiving the drug, use reliable contraception. Although no data exist, 
it is suggested by the manufacturer that men wishing to father a child 
should discontinue leflunomide and undergo an accelerated removal 
procedure.

prothrombin time. Because the active metabolite is cleared by the liver 
and biliary system, leflunomide is contraindicated in patients with 
impaired liver function. Leflunomide should be monitored on a regular 
basis.

Hepatotoxicity has been increased in studies of combination  
therapy with leflunomide and methotrexate. In the larger study by 
Kremer and colleagues,24 nearly 30% of patients exhibited an increase 
in AST or ALT at any time during the 6-month study but only 1.5% 
and 3.8% demonstrated a threefold elevation of AST and ALT, respec-
tively. The substantial proportion of patients exhibiting liver function 
abnormalities with the leflunomide-methotrexate combination sug-
gests careful monitoring of liver function with the combination.  
The data concerning serious liver toxicity reported to date with  
the combination (see earlier) have emphasized this requirement.  
A post-marketing report from the European Agency for the Evaluation 
of Medicinal Products detailed the experiences in leflunomide-treated 
RA patients with a total drug exposure of 104,000 patient-years.  
The report described 296 cases of hepatic abnormality, including 129 
cases of serious liver disease. The 296 case reports included 232 
patients with liver function abnormalities, 2 with cirrhosis, 15 with 
liver failure, and a total of 15 deaths. Most of the liver abnormalities 
occurred within the first 6 months without predilection for age or 
gender. Most of the patients with serious hepatotoxicity were taking 
another potentially hepatotoxic drug (i.e., concomitant non-steroidal 
anti-inflammatory drugs and/or methotrexate) and had one or several 
co-morbidities (including alcohol abuse, hepatitis A, B, and C, inter-
stitial lung disease, renal insufficiency, autoimmune liver disease, and 
pancreatitis).

After an extensive review of available clinical trials and several 
medical databases and post-marketing surveillance, the FDA Advisory 
Committee concluded that serious hepatotoxicity such as hepatocel-
lular jaundice and acute liver failure is rare.48 Post-marketing surveil-
lance spontaneous reporting by the FDA revealed that hepatic failure 
occurred with an incidence of 14 per 100,000 patient-years, similar to 
that observed with other DMARDs.49 A large claims database studies 
demonstrated comparable results.

Treatment-related anemia was not observed with leflunomide. 
Some patients experienced transient reductions in white blood cell 
count without sustained leukopenia, as well as transient thrombocy-
topenia. In patients with recent or concurrent treatment with immu-
nosuppressive drugs or with bone marrow toxicity potential or 
hematological abnormalities, frequent hematologic monitoring should 
be performed. No clinically significant effect of leflunomide on plasma 
electrolytes, total protein, creatinine, bilirubin, alkaline phosphatase, 
glucose, cholesterol, or triglycerides has been noted. A reduction in 
serum uric acid was observed in 30% of treated patients with an average 
reduction of 60 mm/L during therapy, not associated with reduced 
calcium phosphate or bicarbonate limbs. Uricosuria was related to 
inhibition of uric acid reabsorption. Renal function as determined by 
serum creatinine and urea levels was unaffected. However, given that 
leflunomide is partially eliminated by the kidney, it should be used 
with caution in patients with mild renal insufficiency. Leflunomide is 
contraindicated in patients with moderately severe renal impairment. 
Several case reports have addressed a potential interaction between 
leflunomide and warfarin. Such an interaction was at least partially 
responsible for an increase in a patient with a previously stable inter-
national normalized ratio. Clinicians should increase their frequency 
of monitoring of the international normalized ratio and adjust the 
warfarin dosage accordingly.
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CYC suppresses primary cellular and humoral immune responses, 
especially if administered immediately after an antigen challenge, but 
it can also inhibit an established humoral or immune response. It 
effectively suppresses many cell-mediated immune responses such as 
the delayed hypersensitivity skin test and graft-versus-host reactivity, 
and it is anti-inflammatory.3

IL-2 inhibitors (cyclosporine,  
sirolimus, tacrolimus)
All calcineurin inhibitors
Cyclosporine complexes with cyclophilin (a cytoplasmic protein), 
which then binds calcineurin, an intracellular phosphatase. Tacroli-
mus complexes with a different binding protein (FKBP-12) but also 
interacts with calcineurin. This in turn regulates gene transcription 
coding for IL-2 and other cytokines.3,5 Thus cyclosporine and tacroli-
mus inhibit IL-2 and IL-1 receptor production and inhibit macrophage–
T-cell interactions and T-cell responsiveness. Further recent data 
demonstrate that cyclosporine inhibits IL-17 production by Th17 
cells.6 Additionally, cyclosporine is antiangiogenic in rheumatoid syno-
vial fibroblasts via inhibition of AP-1–mediated vascular endothelial 
growth factor (VEGF) expression,6 demonstrating a possible mecha-
nism to reduce synovial proliferation.

Cyclosporine and tacrolimus block the amplification of cellular 
immune responses and the generation of T-cell effectors and other 
functions dependent on IL-2. They inhibit the B-cell production of 
antibody to T-cell–dependent antigens, gamma-interferon (IFN) pro-
duction, and natural killer cell (NK) activity. Growth of bone marrow–
derived myeloid, erythroid, or B-lymphocyte cell line responses to 
T-cell–independent antigens are not affected. Although cyclosporine 
and tacrolimus are strong inhibitors of delayed hypersensitivity, they 
do not impair macrophage responses to lymphokines.3

Sirolimus also inhibits IL-2 function but does so by blocking mam-
malian target of rapamycin (TOR), thereby blocking B- and T-cell acti-
vation and many of the same downstream events as outlined for 
cyclosporine and tacrolimus, including both calcium-dependent and 
calcium-independent pathways such as IL-2, IL-3, IL-5, IL-6, and IL-15.7

Mycophenolate mofetil
Mycophenolate mofetil breaks down rapidly to mycophenolic acid 
(MPA), the active form of this drug. MPA inhibits inosine monophos-
phate dehydrogenase. Cyclin-dependent kinase activity is inhibited and 
cyclin-dependent kinase inhibitor P27 elimination is blocked. This 
inhibits T-cell lymphocyte proliferation and downstream effects, such 
as intercellular adhesion to endothelial cells. In vitro, the expression 
of E-selectin, P-selectin, and intercellular adhesion molecule (I CAM)-1 
on endothelial cells is markedly reduced. The complementary T-cell 
ligands LFA, VLA-4, and P-selection glycoprotein ligand 1 are function-
ally impaired, thus reducing T-cell adhesion to and penetration through 
the endothelium and reducing lymphocyte recruitment to sites of 
inflammation.8

Enteric-coated mycophenolate sodium (EC-MPA) was designed as 
an alternative to mycophenolate mofetil (MMF). EC-MPA releases a 

Immunosuppressives (chlorambucil, 
cyclosporine, cyclophosphamide 
[Cytoxan], azathioprine [Imuran], 
mofetil, tacrolimus)
Daniel E. Furst, Eresha Markalanda, and Philip J. Clements

 There is some evidence that cyclophosphamide (CYC) and 
cyclosporine inhibit bony damage resulting from rheumatoid 
arthritis (RA).

 CYC and cyclosporine are associated with the most serious toxicity 
of the disease-modifying antirheumatic drugs (DMARDs).

 Combination DMARD therapy may be effective in aggressive RA.

INTRODUCTION
This chapter reviews the use of disease-modifying antirheumatic drugs 
(DMARDs) that are not covered in other chapters, namely azathio-
prine, chlorambucil, cyclophosphamide (CYC), cyclosporine, tacroli-
mus, mycophenolate mofetil, and combination therapy.

Because the mechanisms of action of these drugs demonstrate some 
similarities (as well as differences), their mechanisms of action are 
addressed together (Table 55.1). Likewise, the pertinent pharmacoki-
netics of these medications are discussed in a single section. There-
after, the evidence that these drugs are effective, their toxicities, and 
tips on their use are addressed, each separately. The suggestions regard-
ing therapeutic use represent generally accepted approaches but are 
often not fully tested.

MECHANISMS OF ACTION
Azathioprine
Azathioprine (AZA) interferes with adenine and guanine ribonucleotide 
via suppression of inosinic acid synthesis. Its main active metabolite 
is 6-thioguanine. This, in turn, is a metabolic product of azathioprine’s 
principal metabolic product, 6-mercaptopurine (6-MP).1 In rheumatoid 
arthritis (RA), azathioprine reduces the numbers of circulating B and 
T lymphocytes (particularly suppressor, or CD8+, cells), mixed lym-
phocyte reactivity, immunoglobulin (Ig) M and IgG synthesis, and 
interleukin (IL)-2 secretion.

Chlorambucil
Chlorambucil’s mechanism of action is similar to that of cyclophos-
phamide: it cross-links DNA and proteins, thereby preventing cell 
replication.2 Chlorambucil itself is not cytotoxic but is rapidly and 
almost completely metabolized to phenylacetic acid mustard, its prin-
cipal and most active metabolite.

Cyclophosphamide
Active metabolites of CYC (principally phosphoramide mustard) cross-
link DNA so that it cannot replicate. CYC is cytotoxic to both resting 
and dividing lymphocytes.3 In RA patients cyclophosphamide (intrave-
nous [IV] or oral) suppresses helper cell functions, decreases the 
number of activated T cells by 30% to 40% (which correlates with 
clinical improvement), and dramatically decreases B cells for months.4

55



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

530

TABLE 55.1 MECHANISMS OF ACTION

Drug Active agent(s) Mechanism

Azathioprine 6-thioguanylic acid, 
6-methyl-
mercaptopurine 
ribonucleosides

Interfere with adenine and 
guanine ribonucleotides

Chlorambucil Phenylacetic acid 
mustard (metabolite)

Cross-links DNA

Cyclophosphamide Phosphoramide 
mustard (metabolite)

Cross-links DNA

Cyclosporine and 
other IL-2 
inhibitors

Parent compound and 
up to 15 metabolites

Suppresses IL-2 synthesis and 
release

Suppresses T-cell response 
and interaction

Mycophenolate 
mofetil

Mycophenolic acid Interferes with inosine 
monophosphate

Dehydrogenase inhibits T-cell 
and endothelial function

TABLE 55.2 PHARMACOKINETICS OF DMARDs

Bioavailability
Clearance 
(mL/min/kg)

Serum elimination 
half-life (hr)

Unbound 
fraction Routes of elimination

Site of 
metabolism

Azathioprine 0.8 (6-MP) 21-200 (AZA)
114 (6-MP)

1.7 (AZA)
1.2-1.5 (6-MP)

0.30
0.80 (6-MP)

Renal (20%-45%) Liver renal

Chlorambucil 0.7 20 1.3-1.7
1.9-2.6 (mustard)

0.01 Renal (20%-70%) ?

Cyclophosphamide 0.97 1.2 2-8
8.7 (mustard)

0.87
0.45 (mustard)

Renal (cyclophosphamide 
50% metabolites 8%-35%)

Liver

Cyclosporine 0.2-0.5 2-32 10-30 0.10 Renal (6%)
Bile (94%)

Liver

Mycophenolic 
mofetil

94 1.0 11.6 3 GI Liver, GI

Sirolimus 14 3.17 variable 62 8 GI Liver, GI

Tacrolimus 17-23 0.7-1.4 11-34 1 GI Liver, GI

DMARDs, disease-modifying antirheumatic drugs; GI, gastrointestinal.

different formulation of MPA. MPA dissolves slowly after reaching the 
small intestine, thus delaying the release of MPA. EC-MPA 720 mg 
twice daily is therapeutically equivalent to MMF 1000 mg twice daily 
in renal transplant patients and apparently decreases the side effects 
relative to the non-EC compound.

PHARMACOKINETICS
Table 55.2 summarizes the most pertinent pharmacokinetics of these 
drugs. Additional comments regarding the pharmacokinetics of each 
drug are outlined as follows.

Azathioprine
Azathioprine is chemically cleaved to 6-mercaptopurine (6-MP), which 
is catalyzed to the inactive metabolite, 6-methylmercaptopurine 
(6-MMP), or is methylated to the active metabolites, 6-thioguanine 
nucleotides (6-TGNs) and 6 methyl mercaptopurine ribonucleotides 
(6-MMPRs). The methylation of 6-MP to active 6-TGNs and 6-MMPRs 
is catalyzed by thiopurine methyltransferase (TPMT), an enzyme that 
exhibits a threefold difference in 6-TGN alleles and helps explain the 
large interindividual variations seen in efficacy and toxicity when using 
azathioprine.

Eighty-nine percent of subjects have normal to high levels of TPMT 
activity, 11% have intermediate activity, and 0.3% have low or absent 

TPMT activity.9-11 Subjects with low or absent TPMT levels are at high 
risk of myelosuppression,11,12 whereas patients with normal or high 
levels have a lower frequency of toxicity.10,11 Patients with intermediate 
levels of TPMT activity have a relative risk of 3.1 for development of 
severe side effects (predominantly gastrointestinal) compared with 
patients with high levels of TPMT activity.10,11 Because secondary 
intracellular metabolites are the source of azathioprine activity, mea-
suring plasma levels of azathioprine is not useful.13 Despite some 
inherent problems regarding measuring erythrocyte TPMT levels, this 
method may provide a useful guide to how patients are likely to handle 
azathioprine and thus may help to guide dosing of the drug (both initial 
and escalation).10,14

Thiopurine has a narrow therapeutic index. Increased serum con-
centration can cause life-threatening toxicity. Thiopurine has exhibited 
a genetic polymorphism15 across ethnic groups with 1 out of 300 Cau-
casians being markedly deficient in TPMT. Heterozygous or homozy-
gous deficiency leads to marked and toxic myelosuppression.16

In chronic inflammatory disease, patients with TPMT activity 
below 11.9 nmol/mL RBC × h experienced more side effects (rash, 
cholestasis, and bone marrow toxicity).17

An approximate doubling of the 6-TGN level 1 to 3 weeks after 
infliximab therapy in Crohn disease has been observed, but its clinical 
significance is unclear.18

Chlorambucil
The oral bioavailability of chlorambucil is adequate (0.70). It is rapidly 
and almost completely metabolized at unknown sites to phenylacetic 
acid mustard and several other poorly characterized metabolites.19 Each 
dose of chlorambucil is almost completely metabolized and excreted 
within 24 hours.15 Renal excretion of drug and metabolites is the main 
disposition pathway.

Cyclophosphamide
CYC itself is not cytotoxic, but it is enzymatically converted by hepatic 
microsomal enzymes (cytochrome p 450) to multiple metabolites, of 
which phosphoramide mustard is probably the most active cytotoxic 
agent.2,20 CYC and its metabolites are excreted largely by the kidney. 
The drug is extensively metabolized before excretion, with less than 
25% of the administered dose appearing in the urine unchanged. Of 
the urinary metabolites, about 50% consists of carboxyphosphamide 
and about 15% is 4-ketophosphamide.20 Acrolein, a metabolite excreted 
in the urine, is thought to be responsible for urologic toxicity. The 
concurrent use of 2-mercaptoethane sulfonate (Mesna) may detoxify 
acrolein, reducing bladder toxicity.21 Only small amounts of radioactive 
label appear in stool, expired air, spinal fluid, sweat, breast milk, saliva, 
and synovial fluid.2,22
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11 to 16 hours.34,35 Although 90% is renally excreted, there is an 
enterohepatic recirculation that can supply a safety valve if renal insuf-
ficiency supervenes.35

The concentration of MPA correlates with serum bilirubin, creati-
nine, and albumin concentrations, thus being affected by both renal 
and liver disease.34 Areas under the curve of MPA, rather than a single 
level, correlate best with efficacy and toxicity, and a limited sample 
model over 6 hours is sufficiently accurate to predict the total area 
under the curve.36 Although monitoring MPA concentrations in trans-
plantation therapy is recommended, monitoring MPA concentrations 
in rheumatologic disease is not common practice.

Besides the degree of renal and hepatic disease (mentioned earlier), 
other factors such as bowel decontamination and enterohepatic recir-
culation (contributing to a mean of 29% to MPA bioavailability) affect 
MPA concentrations.37 Tacrolimus and cyclosporine increase MPA 
concentrations, possibly by augmenting the bioavailability of mycophe-
nolate by inhibiting MPA glucuronidation.38 In vitro, diflunisal and 
mefenamic acid and its congeners significantly inhibit MPA glucuroni-
dation as well.39 Although these interactions again speak to the need 
for monitoring MPA concentrations in transplant patients, monitoring 
of MPA levels in rheumatology practice still needs to be evaluated.

EFFICACY, TOXICITY, AND THERAPEUTIC USES
Azathioprine
Efficacy
Azathioprine 1.25 to 3.0 mg/kg/day is more effective than placebo in 
RA.1,2 There appears to be a dose-response relationship in RA, compar-
ing placebo, azathioprine 1.0 mg/kg/day, and azathioprine 2.5 mg/kg/
day (although the data are not completely consistent).1 A meta-analysis 
of three trials that included 81 RA patients who were treated with 
azathioprine reported that azathioprine was more effective than placebo 
(odds ratio of 1.45 to 10.50), although adverse reactions were also 
statistically more frequent in the azathioprine group.40

In controlled trials comparing azathioprine with other DMARDs, 
results are too inconsistent to reach any conclusion regarding clinically 
significant differences comparing the efficacy of azathioprine versus 
cyclosporine, CYC, and chloroquine. However, azathioprine was not 
as effective as MTX in the treatment of RA.41,42

A small placebo-controlled trial in reactive arthritis (eight patients 
in a crossover trial) showed positive results over 4 to 6 months.43 A 
16-patient controlled trial comparing azathioprine plus prednisone to 
prednisone alone in polymyositis/dermatomyositis showed only the 
superiority of azathioprine after 3 years of follow-up; at 3 months no 
differences between the two regimens were discernible.1 A placebo-
controlled, 2-year study of 73 patients with Behçet syndrome (37 of 
whom received azathioprine) concluded that azathioprine was effective 
in controlling the progression of Behçet syndrome, especially in its 
most serious manifestation, eye disease.44 A meta-analysis of azathio-
prine in renal systemic lupus eruthematosus (SLE) reported that aza-
thioprine plus steroids decreased renal SLE all-cause mortality (relative 
risk of 0.60; 95% confidence interval (CI), 0.36 to 0.99) but did not 
alter renal outcomes, nor was it associated with increased infections 
compared with steroids.45 An open 2-year study in 75 SLE patients 
demonstrated that AZA was equivalent to cyclosporine in preventing 
lupus nephritis flares.46

Anecdotal case series suggest possible azathioprine efficacy in 
scleroderma lung disease and pediatric renal lupus.47,48 In small studies 
of antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis49 
and scleroderma,50 AZA was used after cyclophosphamide induction 
and demonstrated that AZA was well tolerated and tended to maintain 
disease control, although deteriorations and relapses did occur.

Toxicity
The most common adverse events seen with azathioprine are gastro-
intestinal intolerance, including nausea and diarrhea. Other toxicities 
include rash, pancreatitis, cholestatic hepatitis, and stomatitis (Table 
55.4). More viral infections in RA patients using azathioprine have 
been observed by some investigators.2 A 50-fold increase in relative risk 
of malignant disease has been documented in azathioprine-treated 
renal transplant patients (particularly non-Hodgkin lymphoma).1 In 

Because dialysis removes 72% of CYC, the drug should be admin-
istered after dialysis20 and the dose should be reduced when adminis-
tered to patients with renal failure. Allopurinol and cimetidine (but not 
ranitidine) inhibit hepatic microsomal enzymes, resulting in increased 
CYC alkylating metabolite levels.20

When undergoing total body irradiation (TBI), patients on CYC 
showed23 lower postirradiation peak serum levels. This needs to be 
confirmed in further controlled studies before recommending an 
increase in the dose in TBI patients.

Cyclosporine
Absorption of the usual cyclosporine formulation is erratic and incom-
plete.24-26 A cyclosporine microemulsion is associated with a significant 
increase in the rate, extent, and consistency of absorption.26-28 On a 
milligram-for-milligram basis, this has resulted in a 20% to 30% 
increase in exposure to cyclosporine.27,28 Tacrolimus, too, has low and 
variable bioavailability.29 Both cyclosporine and tacrolimus are strong 
substrates for CYP3A4, so drugs that induce CYP3A4 (e.g., rifampin, 
phenobarbital, phenytoin) decrease these drug levels, whereas drugs 
that inhibit CYP3A4 (ketoconazole, diltiazem) increase these drug 
levels (Table 55.3). Grapefruit juice also increases drug levels (by 62% 
in one study) because of its effect on inhibiting CYP3A4 activity.30 
Cyclosporine and tacrolimus are largely distributed outside the blood 
volume (body fat, liver, pancreas, lungs, kidneys, adrenal glands, 
spleen, and lymph nodes have higher concentrations than serum). 
They are highly bound to plasma proteins, erythrocytes, and lipopro-
teins.24,25 About 11% of a cyclosporine dose is found in infant cord 
blood.31 Cyclosporine is metabolized in the liver by the cytochrome 
P450 mixed function oxidase to at least 15 known metabolites, some 
of which have immunosuppressive properties.24,25,29 CYP3A (hepatic 
metabolizing enzyme) activity correlates with cyclosporine dosing 
requirement after renal transplant (r = 0.55).32 At steady state, colonic 
tissue cyclosporine concentrations are 50 to 250 times blood levels, 
indicating significant tissue concentration of cyclosporine. Elimination 
of cyclosporine and tacrolimus are primarily via the biliary system, 
with only small amounts appearing in the urine.24,25,29

Administration of cyclosporine with other nephrotoxic agents such 
as amino glycosides and nonsteroidal anti-inflammatory drugs 
(NSAIDs) may increase cyclosporine’s or tacrolimus’s nephrotoxic 
potential.24,25 Cyclosporine may potentiate methotrexate (MTX) by 
inhibiting metabolism of MTX to less active forms.33

Mycophenolate mofetil
MMF is rapidly changed to MPA, the active moiety. MPA is 93% bio-
available with a clearance of 11 liters/hr and an elimination half-life of 

TABLE 55.3 DRUG INTERACTIONS WITH CYCLOSPORINE, 
RAPAMYCIN, AND TACROLIMUS

Drugs that increase IL-2 inhibitor 
concentrations (inhibit CYP3A4)

Drugs that decrease IL-2 inhibitor 
concentrations (induce CYP3A4)

Antiacids: metoclopramide, cisapride Anticonvulsants: phenytoin, 
carbamazepine, phenobarbital

Antifungals (azoles): ketoconazole, 
itraconazole

Antituberculosis: rifampin

Antituberculosis: isoniazid Antibiotic: nafcillin, 
aminoglutethimide

Calcium-channel blockers: diltiazem 
(cyclosporine, rapamycin only), 
nicardipine, verapamil

Miscellaneous: St. John’s wort

Antibiotics: ciprofloxacin, clarithromycin, 
erythromycin, doxycycline, protease 
inhibitors

Miscellaneous: grapefruit juice, 
quinidine, diclofenac
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TABLE 55.4 TOXICITY OF DMARDs

AZA (%) CHL (%) CYC (%) CSA (%)

Shared

Dose-related marrow 
suppression

4-27 14-50 6-32 2-6

Leukopenia/
thrombocytopenia

0-5 8-37 0-4 ≤2

Susceptibility to infection

Overall 0-9 18-27 0-22 0-6

Herpes zoster 0-6 4-27 5-30 0-3

Gastrointestinal 
intolerance

Nausea, vomiting 9-23 4 19-45 4-40

Diarrhea ≤1 — 3-18 2-18

Rash 1-6 0-18 0-2 0-2

Not shared

Hair

Alopecia — 2 7-80 —

Hypertrichosis — — — 7-49

Stomatitis 0-5 — — 0-8

Gum hyperplasia — — — 4-12

Hepatic

Abnormal liver function 0-5 — — 0-8

Fibrosis/cirrhosis — — — —

Azoospermia/oligospermia — ≤100 60-100 —

Amenorrhea — 2-8 0-53 —

Cystitis — — 4-45 —

Teratogenesis ± — — ±

Neoplasia — — — —

Decreased GFR — — — 50-87

Hypertension — — — 33

Neurotoxicity — — — 10-40

Pneumonitis — — — —

DMARDs, disease-modifying antirheumatic drugs; GFR, glomerular filtration rate.

TABLE 55.5 EFFICACY OF DMARDs IN RHEUMATOID ARTHRITIS

Drug Placebo AZA CYC DPA Gold HCQ/CQ*

Azathioprine (AZA) AZA > placebo — AZA = CYC AZA = DPA AZA = gold AZA = CQ

Chlorambucil (CHL) CHL > placebo — — — — —

Cyclophosphamide (CYC) CTX > placebo CYC = AZA — — CYC = gold —

Cyclosporine (CSA) CSA > placebo — — CSA = DPA — —

Tacrolimus TAC > plac — — — — —

*Hydroxychloroquine (HCQ) or chloroquine (CQ)—controlled trials only.
DMARDs, disease-modifying antirheumatic drugs.

RA, the azathioprine-related risk of lymphoma (and non-Hodgkin lym-
phoma) is confounded by an increased relative risk secondary to RA 
per se.1 Overall, there is probably a small added risk of developing 
some malignancy when using AZA in RA of 1.3 and a relative risk of 
between 2.2 and 8.7 for developing a lymphoproliferative disorder.1,2 
This increased risk was not found, however, among 626 patients with 

inflammatory bowel disease using azathioprine for 27 months.51 
Reversible lymphoma associated with Epstein-Barr virus has also been 
observed after azathioprine therapy.52 Bone marrow toxicity has been 
associated with intermediate or reduced (especially low or absent) levels 
of TPMT in RA patients (see Pharmacokinetics earlier).9-12

In different chronic inflammatory diseases, the patients have suf-
fered with minor and severe adverse effects such as serum sickness, 
rash, cholestatic jaundice, and bone marrow suppression.

Therapeutic use
Before using azathioprine, a discussion of risks and treatment goals 
should be conducted and a good history and physical examination  
and laboratory testing should be conducted. TPMT levels should be 
tested to help determine sensitivity to azathioprine toxicity before  
the drug is started. TPMT activity is useful to determine the likelihood 
of bone marrow toxicity.53 However, TPMT levels are higher in 
new RBCs, so the levels should not be determined shortly after bone 
marrow depression or with the post-transplant response of increased 
erythropoiesis.

An alternative to testing TPMT levels for predicting azathioprine 
sensitivity is to institute a daily dose of 25- to 50-mg doses for the first 
week followed by a complete blood count. Thereafter, doses are 
increased regularly by 0.5 mg/kg/day every month, aiming for 2 to 
3 mg/kg/day. The dose may then be adjusted to the minimum effective 
dose.

Monitoring includes hemoglobin, white blood cells (WBCs), and 
platelet counts every 2 weeks while dosing regimens are being changed 
and every 4 to 6 weeks during stable regimens. Liver function tests can 
be performed every 6 to 8 weeks. Monitoring for lymphoproliferative 
disease and other malignancy is appropriate but undefined, as is moni-
toring for pregnancy.

Most pertinent pharmacokinetics are outlined in Table 55.3, but 
the pharmacokinetics of AZA in breast milk bears mentioning. Peak 
breast milk concentrations of azathioprine are about 10% of blood54 
levels with small total amounts of azathioprine actually being absorbed 
(0.008 mg/kg infant weight/24 hr). The data suggest that mothers 
receiving azathioprine can breastfeed55 (Table 55.5).

Chlorambucil
Efficacy
Only one double-blind, placebo-controlled study of chlorambucil (CHL) 
has been reported in RA (25 patients received chlorambucil and 23 
received placebo over 3 months).2,56 Multiple clinical and serologic 
parameters improved significantly in the chlorambucil-treated group 
compared with the placebo-treated group. In uncontrolled series, the 
overall response rate in RA was about 70%.2,57

A controlled trial of chlorambucil versus cyclosporine was reported 
in 40 patients with Behçet disease. Chlorambucil was more effective 
for extraocular disease (skin, arthritis), whereas cyclosporine was more 
effective for ocular Behçet disease.58

Although chlorambucil has been used in SLE, polyarteritis  
nodosa, ANCA-associated granulomatous vasculitis, multiple scle-
rosis, sarcoidosis, scleroderma, dermatomyositis, and amyloidosis,  
no controlled studies have substantiated its effectiveness in these 
disorders.56,59
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results, the place of cyclophosphamide as the drug of choice for SLE 
nephritis has been questioned. The ultimate place of cyclophospha-
mide in this situation will require further research.

High-dose IV CYC (50 mg/kg for 4 days, 200 mg/kg overall) was 
compared with IV cyclophosphamide 750 mg/mo for 12 months in a 
randomized clinical trial of renal and central nervous system (CNS) 
SLE.65 For the first 12 months the high-dose CYC group fared signifi-
cantly better than the monthly lower-dose CYC group, although these 
differences disappeared by 30 months.65

An interesting registry study examined the effect of CYC66 on pul-
monary catastrophic antiphospholipid syndrome (p-CAPS) versus SLE-
CAPS. CYC in p-CAPS was associated with increased mortality, while 
cyclophosphamide improved survival in SLE-CAPS.These data need to 
be repeated prospectively because selection bias may have skewed the 
results.

The treatment of the systemic vasculitides (ANCA-associated gran-
ulomatous vasculitis, microscopic polyarteritis [MPA], and crescentic 
glomerulonephritis) has been divided into phases of “remission induc-
tion” and “maintenance therapy.”67 The induction phase has usually 
included cyclophosphamide, azathioprine, or MTX.68-71 The rate of 
relapse was lower and the event-free survival was greater (P < 0.05) in 
patients receiving 12 monthly pulses of IV cyclophosphamide versus 
6 monthly pulses.68 Remission induced by cyclophosphamide could be 
successfully maintained by therapy with azathioprine over 18 months. 
Remission could be induced equally by cyclophosphamide and MTX, 
but the rate of relapse by 18 months was significantly higher when 
using methotrexate for maintenance70 rather than continued 
cyclophosphamide.

IV CYC 65 (up to 900 mg/m2) without maintenance has real but 
limited usefulness in ANCA-associated granulomatous vasculitis 
because 52% of patients relapse despite good initial response.72

A 1-year placebo-controlled trial of oral CYC for SSc interstitial lung 
disease showed a modest effect on FVC and more robust effects on 
activities of daily living, quality of life, and skin thickening.73 A study 
in a small group of patients given 6 monthly IV CYC, followed by 6 
months of oral azathioprine, generally supported these results.50

Toxicity
Cyclophosphamide’s significant toxicity is the major factor limiting its 
clinical use in the rheumatic diseases. Major toxicities include carci-
nogenicity (especially bladder cancer), propensity to cause infertility, 
frequent cumulative bone marrow toxicity, and hemorrhagic cystitis. 
Kinlen’s experience with 643 RA patients suggests a relative risk of 
12.8 for all cancers combined, a relative risk of 10.9 for non-Hodgkin 
lymphoma, and a 10-fold increase in bladder cancer.74

Irreversible azoospermia was regularly produced in adult males 
receiving a total dose of more than 18 g of cyclophosphamide. In men, 
plasma testosterone levels tend to remain normal, as does the histo-
logic appearance of Leydig and Sertoli cells, suggesting sparing of hor-
monal function. The risk of infertility, azoospermia, and amenorrhea 
with CYC increases with increasing duration of therapy, doses, and 
increasing age in women. In postpubertal females, both gametogenesis 
and hormonal function are altered adversely and menopause occurs.

A study of 17 women demonstrated amenorrhea in all the patients 
on cyclosphosphamide. In those given luteinizing hormone releasing 
agent, menstruation returned and ovarian function reversed when 
cyclophosphamide was stopped. When not given the agonist, ovarian 
function did not return.75 Somers and coworkers also reported that 
ovarian function could be protected by a depot leuprolide acetate injec-
tion in SLE patients given cyclosphosphamide.76

The urologic adverse effects of CYC are thought to be related to its 
urinary metabolite, acrolein. Hemorrhagic cystitis has been reported in 
about one third of subjects receiving oral CYC daily and there was a 
significant but much lower incidence of bladder fibrosis and bladder 
carcinoma.77 In a cohort study of 119 RA patients, nine developed 
bladder cancer during an average 13.1 years of follow-up, although 
three bladder cancers occurred after 14, 16, and 17 years.78 Cystitis 
and bladder carcinoma are markedly reduced when CYC is used on an 
intermittent IV basis. Bladder toxicity can also be reduced by the con-
comitant administration of 2-mercatopurine sulfate (Mesna).79 Because 
Mesna is administered intravenously, it is useful primarily when cyclo-
phosphamide is used intravenously.

Toxicity
The most common toxicities with chlorambucil use are dose-related 
bone marrow suppression (usually granulocytopenia or thrombocyto-
penia) and infertility (see Table 55.4). Cumulative bone marrow toxic-
ity occurs regularly with chlorambucil and often requires drug 
discontinuation. In one study only 1 of the 28 subjects was able to 
continue the drug for longer than 21 months.57

The risk of infertility, azoospermia, and amenorrhea rises by increas-
ing the duration and doses. Spermatogenesis has returned 15 to 17 
years after discontinuation of chlorambucil.2 Irreversible azoospermia 
was regularly produced in adult males who received more than 400 mg 
chlorambucil, although hormonal function was maintained.60 In post-
pubertal females, both gametogenesis and hormonal function are 
altered adversely and menopause occurs. Although the frequency of 
infertility in males is quite high, it is lower in females.

In subjects receiving chlorambucil, the risk of neoplasia is increased, 
particularly of the skin and hematologic systems.2,61 An acute leukemia 
incidence of 0.93% was reported in a group of 1711 RA patients treated 
with chlorambucil for 1 to 13 years.61

Therapeutic use
As a general rule, there is little indication for the use of this drug in 
the modern era of managing patients with RA. When used, chloram-
bucil can be instituted orally in doses between 0.1 and 0.2 mg/kg/
day.28,31 Once response or toxicity has occurred (often within 3 to 4 
months of instituting therapy), the drug can be continued at a  
lower dose that maintains the white blood cell count (WBC) between 
3000 and 4000/mm1 (usually a dose between 3 and 4 mg daily). 
Because oral contraceptives and inhibitors of gonadotropin-releasing 
hormone protect ovarian function from cytotoxic damage in animal 
models, consideration might be given with the use of one or the other 
agent in female subjects interested in preserving fertility. Their use in 
humans remains purely exploratory.

Regular monitoring includes hemoglobin, WBC, and platelet counts 
every 1 to 2 weeks while dosing regimens are being changed and every 
2 to 4 weeks during stable regimens. Pregnancy should be avoided.

Cyclophosphamide
Efficacy
In five placebo-controlled trials in RA, oral CYC was consistently better 
than placebo when used in doses of more than 1.5 mg/kg/day, both 
clinically and in terms of erythrocyte sedimentation rate (ESR) and 
rheumatoid factor.21 It has not been consistently effective in doses less 
than 1.0 mg/kg/day. CYC reached its peak effectiveness after approxi-
mately 16 weeks. In small studies, CYC retarded bone destruction.21

When compared with other DMARDs, CYC is equal to azathioprine 
and is equal, or superior to, intramuscular gold for both clinical and 
radiologic endpoints.21 Due to toxicity issues and better newer agents, 
cyclophosphamide is principally used now only for the extra-articular 
manifestations of RA (i.e., vasculitis or interstitial lung disease).

For 2 decades, cyclophosphamide (oral and IV) has been the treat-
ment of first choice for diffuse proliferative SLE nephritis, rapidly 
progressive pauci-immune crescentic glomerulonephritis, and severe 
and progressive organ involvement of the systemic vasculitides (ANCA-
associated granulomatous vasculitis, microscopic polyarteritis, Behçet 
syndrome).

The management of these conditions has recently taken on a pecu-
liarly oncologic flavor. Terms such as “induction” and “maintenance” 
(continuation with less aggressive/toxic medications such as azathio-
prine or MTX) are now commonly used when referring to therapy with 
CYC, both in the clinic and in the conduct of therapeutic research 
trials. Until recently, for example, the treatment of choice for lupus 
nephritis (particularly World Health Organization [WHO] class III 
focal proliferative nephritis [(FPGN] and class IV diffuse proliferative 
nephritis [DPGN]) was cyclophosphamide, using 14 IV infusions of 
0.5 to 0.75 g/m2) over 30 months.62,63 In that protocol, the induction 
phase included the first 6 monthly cyclophosphamide infusions, fol-
lowed by a maintenance phase that included 8 quarterly cyclophospha-
mide infusions.64 Since the publication of six randomized trials 
comparing MMF and cyclophosphamide, which resulted in conflicting 
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cyclosporine after failing MTX fared better than those randomized to 
MTX plus placebo.86 Two blinded trials found that cyclosporine was 
superior to conventional therapy (colchicine or prednisone/chlorambu-
cil) in the management of Behçet disease, particularly for its ocular 
complications.5,85 Cyclosporine has been successfully used in open 
trials and anecdotal series in dermatomyositis, ANCA-associated gran-
ulomatous vasculitis, and systemic sclerosis. In psoriasis, cyclosporine 
appeared to be as effective as mycophenolate mofetil.87,88 Cyclosporine 
seems to be effective in clearing cutaneous lesions in psoriasis5,85 and 
as a possible choice for psoriatic arthritis.89,90

Toxicity
When cyclosporine is used to treat rheumatic disease, side effects are 
generally mild and reversible at low doses.5,24 Dose-related decreases in 
GFR often occur with corresponding increases in serum creatinine (the 
principal adverse effect). In patients using more than 5 mg/kg/day, 
cyclosporine renal biopsies sometimes showed focal interstitial fibrosis, 
tubular atrophy, and/or arteriolar lesions. However, these did not occur 
if the dose of cyclosporine remained 5 mg/kg/day or less and if serum 
creatinine did not rise more than 50% above baseline.91 In Tugwell and 
colleagues’ study (average dose 3.8 mg/kg/day), serum creatinine rose 
over the first 4 months but then stabilized; after discontinuation of 
cyclosporine, serum creatinine returned to within 15% of baseline in 
all except two patients.85

In a secondary analysis of registry data, cyclosporine was associated 
with osteoporosis, although well-controlled trials will be necessary to 
prove these early data.92 In a large randomized study, an increase in 
insulin-like growth factor (somatomedin C) and insulin-requiring dia-
betes93 was seen in RA patients during long-term cyclosporine therapy.94 
This, too, will need more studies.

Elevation of blood pressure is another common side effect of cyclo-
sporine therapy. New-onset hypertension has been reported in about 
one third of rheumatoid and psoriatic arthritis patients. Although 
antihypertensive therapy may be required, potassium-sparing diuretics 
should be avoided because cyclosporine may cause hyperkalemia. 
Because diltiazem (but not isradipine or nifedipine) may increase cyclo-
sporine levels by decreasing its metabolism, changes in cyclosporine 
dosage may be required when using diltiazem.

Significant hepatotoxicity manifested as elevated hepatic enzymes 
and bilirubin may be seen, but usually only with higher cyclosporine 
doses. In RA patients treated for up to 12 months, creatinine increased 
greater than 30% at some point in 48%, hypertrichosis occurred in 
35%, paresthesias were seen in 29%, gum hyperplasia was demon-
strated in 14%, and gastrointestinal complaints (mostly nausea) 
occurred in 47% of patients.95 Lymphomas have been observed with this 
drug, including reversible Epstein-Barr virus–associated lymphomas.

Therapeutic use
Consensus guidelines for the use of cyclosporine (for both conven-
tional and microemulsion formulations) in RA have been published 
and should be reviewed by any practitioner using cyclosporine.96 Cyclo-
sporine therapy may be instituted after a discussion of the risks (par-
ticularly nephrotoxicity and hypertension) and treatment goals, 
following a good history, physical examination, and laboratory testing. 
Cyclosporine use should be avoided in patients with preexisting renal 
disease (creatinine clearance <60 mL/min).

Both conventional and microemulsion formulations may be insti-
tuted at 2.5 mg/kg/day in two divided doses every 12 hours. The dose 
may be cautiously increased by 0.5 to 0.75/kg/day every 4 to 8 weeks 
until a maximum dose of 5 mg/kg/day for the conventional formulation 
(or 4 mg/kg/day for the microemulsion) is reached, unless this is pre-
vented by a rise in serum creatinine of 30% or greater. Dosage reduc-
tions of 0.5 to 0.75 mg/kg/day are warranted if serum creatinine 
increases above baseline by 30% or if uncontrolled hypertension appears 
(systolic >140 mm Hg and/or diastolic >90 mm Hg). Hypertension 
can usually be managed with calcium-channel blockers (especially isra-
dipine or nifedipine) and β-blockers and with reduction of the cyclo-
sporine dose.

Mycophenolic acid delays cyclosporine absorption, showing a poten-
tially important drug-drug interaction. Thus the institution of cyclo-
sporine therapy may require dose adjustment of mycophenolic acid 
when mycophenolic acid and cyclosporine are to be used together.

Other side effects include infections, gastrointestinal side effects, 
and even death.

Therapeutic use
Because CYC has significant toxicity, its use in RA should be limited 
to patients with extra-articular manifestations suggestive of polyarter-
itis-like disease and those who have failed all other DMARDs, includ-
ing biologics, but still have severe active RA. In these cases, oral CYC 
doses of 2 mg/kg/day might be considered. An IV regimen of CYC has 
been suggested for management of rheumatoid vasculitis. In this 
regimen, 500 to 1000 mg of CYC and 500 to 1000 mg of methylpred-
nisolone are given intravenously on days 1, 8, 29, and 58. Patients 
were continued on oral DMARDs. In either case, once the disease is 
under control, switching to a less toxic drug over a longer period should 
be considered.

Whenever using CYC, the IV form is preferred in managing SLE-
associated diffuse proliferative glomerulonephritis. It is usually started 
at 0.50 to 0.75 g/m2 when glomerular filtration rate (GFR) is greater 
than one third of predicted normal. When renal function is less than 
one third of normal, the starting dose is 0.5 g/m.2 CYC can be admin-
istered in 150 mL of a 5% glucose solution over 30 to 60 minutes.
There are no established regimens for giving 2-mercaptopurine sulfate 
(Mesna) with IV CYC to reduce bladder toxicity. The general rule, 
however, has been that its dose should be equivalent to the CYC dose 
and that it should be given in two to three divided doses over several 
hours. The IV and oral doses of CYC are equally bioavailable and the 
drug can be given either way.

Diuresis should be ensured by increased IV and oral fluids and pos-
sibly diuretics. Nausea and vomiting are common and may require 
antiemetic therapy (prophylactically and as needed). IV pulse methyl-
prednisolone (10 to 100 mg) or dexamethasone (10 mg) may also be 
given. This may help decrease nausea and is also part of the treatment 
for glomerulonephritis.

IV pulse cyclophosphamide (with or without IV methylpredniso-
lone) may be given once every 1 to 3 months thereafter for up to 2 to 
5 years’ total therapy. This drug is also given as “induction” therapy 
for 6 months followed by “maintenance” therapy with either azathio-
prine or mycophenolate mofetil.

CYC given orally is usually the preferred method for managing 
polyarteritis and ANCA-associated granulomatous vasculitis.56 The 
dose should be instituted at 2 mg/kg/day (75 to 125 mg/day) and 
altered to maintain the WBC between 3000 and 3500/mm.

Laboratory evaluation for toxicity is important with CYC. Complete 
blood count, platelet count/estimate, and urinalysis with microscopic 
examination should be obtained every 7 to 14 days initially and can 
be reduced to every 2 to 4 weeks once the disease and dose have been 
stabilized for 2 to 3 months.

Avoidance of pregnancy is strongly recommended. Consideration 
might be given to using oral contraceptives or gonadotropin-releasing 
hormone inhibitors if the patient is interested in preserving fertility, 
although the use of these medications in this context is still 
exploratory.80,81

Cyclosporine
Efficacy
Placebo-controlled trials, including one trial in which a medium dose 
was compared with a low dose of cyclosporine (CSA), have been per-
formed and show that cyclosporine is efficacious in RA.82-84 In these 
studies, nearly 400 subjects with RA received cyclosporine in initial 
doses of 1 to 10 mg/kg/day. The studies continued for 4 to 6 months, 
at which time the final cyclosporine dose ranged from 3.8 to 7.4 mg/
kg/day. Cyclosporine improved clinical symptoms and signs; however, 
no significant improvement was noted in laboratory parameters such 
as ESR or rheumatoid factor titers. Nephrotoxicity has been the major 
limiting factor preventing the use of higher doses. On the basis of these 
studies and a meta-analysis,84 patients treated with 2.5 to 4.0 mg/kg/
day of cyclosporine should show a substantial response within the first 
month.

Double-blind controlled trials showed cyclosporine (up to 5 mg/kg) 
was as effective as D-penicillamine, chloroquine, or azathioprine in 
RA.5,85 In other studies, patients who were randomized to MTX plus 
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this drug one of the first choices in treating RA. The addition of tacro-
limus (1 to 3 mg/day) to low-dose MTX (up to 7.5 mg/day) was effec-
tive in a small retrospective publication.110 Tacrolimus has also been 
used after other DMARDs with some success.111

No trials have compared tacrolimus directly with MTX or other 
DMARDs.

Other topical forms of tacrolimus (0.03% and 0.1% ointments) have 
been used in moderate to severe atopic dermatitis and have been useful 
for the skin lesions of SLE or dermatomyositis.112

Toxicity
The toxicity in the double-blind trials108,109 and the open-label, long-
term safety experience113 were similar: drop-out for tacrolimus-related 
toxicity was 16.2% over 1 year. In the open-label experience, the most 
common adverse events among 896 patients with RA were diarrhea 
(14.6%), nausea (10.3% ), tremor (9.0%) , headache (8.75%), abdominal 
pain (7.9%), dyspepsia (7.6%), increased creatinine (6.8%), and hyper-
tension (5.4%). Overall, 20.3% had a greater than or equal to 30% 
increase in serum creatinine from baseline, although only 3.2% with-
drew from the study for that reason. Serious adverse events occurred 
in 2.7% of the patients, with the most common serious adverse events 
being pneumonia (0.6%), hyperglycemia (0.3%), gastroenteritis (0.2%), 
pancreatitis (0.2%), and diabetes mellitus (0.2%). CNS symptoms such 
as agitation, anxiety, confusion, and somnolence have been reported 
in the transplant literature at a rate of 3% to 15%, but only rarely in 
RA. Hypertriglyceridemia, partially related to inhibition of lipoprotein 
lipase, occurs in 3% to 15% of patients. Instances of cancer have been 
reported in the transplant literature.

The Food and Drug Administration (FDA) has issued an advisory 
with respect to the use of tacrolimus and pimecrolimus (another topi-
cally applied calcineurin inhibitor) (FDA advisory concerning tacroli-
mus—March 11, 2005). The FDA stated that the risk of skin cancer 
and lymphoma is increased when these drugs are used to treat eczema. 
The risk was believed to be related to the dose and duration of expo-
sure. The FDA also stated that “this risk is uncertain,” particularly 
with respect to the drugs’ use for atopic dermatitis. No statements were 
issued regarding their use in SLE.

The concomitant or staggered uses of tacrolimus or cyclosporine in 
patients using sirolimus results in a 40% to 80% increase in the area 
under the curve for sirolimus.114,115 No kinetic interactions between 
tacrolimus and MMF exist.

COMBINATION DISEASE-MODIFYING 
ANTIRHEUMATIC DRUG THERAPY
DMARDs can be combined rationally on the basis of complementary 
mechanisms of action, non-overlapping pharmacokinetics, and non-
overlapping toxicities.116

Two general designs have been published for the use of combination 
DMARD therapy. One is a “complete design” in which each drug is 
examined individually and tested versus the combination: This design 
most clearly defines additive and synergistic effects. An example would 
be a trial comparing MTX, sulfasalazine, or their combination. Unfor-
tunately, the results of “complete-design,” double-blind trials of 
DMARDs have been disappointing and no combination of synthetic 
DMARDs has been shown to be better than at least one of the single 
drugs alone in these studies (Table 55.6). In the previous design 
ACR20 response criteria were met by 59% of the patients using sul-
fasalazine (SSZ), 59% of those using MTX, and 65% of those using the 
combination (results were not statistically different).117 However, bio-
logics (anti-TNF therapy) and MTX combinations have proven to be 
better statistically than either anti-TNF therapy or MTX alone (see 
Chapter 49).118,119

Another design might be called “additive design” studies. In these 
studies, partial responders to one of the DMARDs (most often MTX) 
are entered into a double-blind trial using patients in whom the first 
DMARD is already partially effective and well tolerated. For example, 
this design would take partial responders to MTX and add cyclosporine 
or placebo. These trials are more likely to be positive as one is adding 
an effective DMARD or placebo to the management of a patient who 
has already partially responded to another DMARD.

Mycophenolate mofetil
Efficacy
Data using MMF to treat RA are limited, but in one study (abstract 
only) there was no difference between 2 g and 4 g MMF daily for the 
treatment of RA.97 The American College of Rheumatology (ACR)-20 
response rate was 29% for 2 g and 4 g MMF daily and 47% for 5 g 
daily. Double-blind studies using MMF in lupus proliferative and 
membranous glomerulonephritis have shown this drug to be effective 
for these patients. Response was noted in 92% using MMF plus pred-
nisone compared with 90% of patients treated with cyclophosphamide 
plus prednisolone, while the toxicity of MMF was less than that of 
cyclophosphamide.98,99 In addition, case series point to the possibility 
that MMF may be useful in ANCA-positive vasculitides, including 
microscopic polyangiitis and ANCA-associated granulomatous 
vasculitis.98,99

Although controversial, a meta-analysis of five studies stated that 
MMF is preferred over CYC in SLE nephritis.100 Bullous pemphigoid101 
may also respond to MMF.

Toxicity
Comparisons with azathioprine in the renal transplantation literature 
show that azathioprine and MMF have similar gastrointestinal, hema-
topoietic, and hepatic toxicity profiles, with possibly a somewhat 
decreased incidence of fungal infections among patients treated with 
MMF.102 Diarrhea is the most common side effect observed. Nausea, 
leukopenia, anemia, thrombocytopenia, thinning of scalp hair, pancre-
atitis, and bacterial and viral infections have also been seen. Regular 
monitoring for hepatic and hematologic toxicity is required. Careful 
observation for infections (particularly for latent viral infections such 
as progressive multifocal leukoencephalopathy and BK virus nephropa-
thy) is appropriate. MMF is contraindicated in pregnancy (pregnancy 
category D).103

Therapeutic use
MMF is a relatively new drug. It has been introduced as an immuno-
suppressive drug, but it also has effects on non-immune cells (e.g., 
vascular smooth muscle cells, fibrocytes). It has therapeutic value in 
SLE-associated kidney disease.104 Systolic and diastolic blood pressure 
does not seem to be increased when using MMF.105 Long-term con-
trolled clinical trials are necessary to define the role of MMF in the 
management of lupus nephritis.

The drug can be instituted at a dose of 0.5 g twice daily for 1 week. 
The dose can then be increased to 1.0 g twice daily for 1 week and 
then to 1.5 g twice daily, if one wishes. MMF can be taken before or 
with food.

In renal transplant patients, a dose of 720 mg of enteric-coated 
mycophenolic acid has been therapeutically demonstrated to be equiva-
lent to a 1000-mg dose of MMF. Enteric-coated mycophenolic acid is 
safe and effective in maintenance and de novo therapy in renal trans-
plant patients. To date, MMF therapeutic drug monitoring is highly 
variable106 and not yet considered useful. In renal transplantation the 
data suggest that both enteric-coated mycophenolic acid and mycophe-
nolate mofetil result in equivalent mycophenolate exposure.107

Tacrolimus
Efficacy
There have been only limited well-controlled trials of tacrolimus in 
RA.108,109 In these trials, the patients were those who had insufficient 
response to other DMARDs. A dose-response trial in 268 patients 
showed a small response rate compared with placebo over 24 weeks.108 
Compared with a 15.5% ACR20 response rate in the placebo group, 
only the 3-mg and 5-mg daily treatment groups separated statistically 
from placebo (34.4% and 50% ACR20 responses, respectively). 
However, the 5-mg group had more creatinine elevations (discontinu-
ation in 10.9%). This degree of toxicity effectively ruled out the higher 
dose in future trials. A second trial, in 464 patients, compared 2 mg 
and 3 mg daily dosing versus placebo over 6 months.109 Compared with 
a 10.2% placebo response, the 2-mg and 3-mg daily tacrolimus groups 
demonstrated an 18.8% and 26.8% response, respectively (P ≤ 0.01 for 
both versus placebo). While real, these response rates would not make 
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TABLE 55.6 DOUBLE-BLIND, RANDOMIZED CLINICAL TRIALS OF DMARD COMBINATION THERAPY

Authors Parallel Outcome Rationale RA Type

Haagsma et al MTX vs. SSZ =MTX + SSZ ± Early

Dougador et al MTX vs. SSZ <MTX + SSZ + HCQ ± Early

O’Dell et al MTX vs. SSZ + HCQ <MTX + SSZ + HCQ + Later

Wilkens et al MTX ≥ AZA ≤MTX + AZA ± Later

Ferraz et al MTX <MTX + chloroquine + Later

Calguneri et al MTX to SSZ to HCQ vs. MTX + SSZ to MTX + HCQ <MTX + SSZ + HCQ + Later

Williams et al MTX ≥ auranofin ≤MTX + auranofin − Later

Tranavsky et al MTX + HCQ =HCQ + Later

Gerards et al MTX + CSA >CSA + Early

Marchesoni et al MTX <MTX + CSA + Early

Faarvang et al SSZ vs. HCQ =SSZ + HCQ + Late

Scott et al HCQ + gold ≥Gold + Late

Gibson et al HCQ vs. D-pen =HCQ + D-pen + Late

Miranda et al CSA <CSA + chloroquine Early

Step-up or add-on design

Tugwell et al MTX <TX + CSA ± Late

Kremer et al MTX <MTX + leflunomide − Late

Vanden Borne et al HCQ <HCQ + CSA + Early

Porter et al HCQ + gold >Gold + Late

Bendix et al CSA + gold >Gold − Late

Yasuda et al Gold + bucillamine >Gold − Late

Step-down (all with corticosteroids)

Van der Veen et al MTX + MP/P >MTX + Late

Gough et al SSZ + MP >SSZ + Early

Ciconelli et al SSZ + MP >SSZ + Late

Boers et al SSZ + MTZ + P >SSZ ± Early

Wong et al Gold + MP >Gold + Late

Corkill et al Gold + MP >Gold + Late

Van Gestel et al Gold + P >Gold + Late

AZA, azathioprine; CSA, cyclosporine; D-pen, D-penicillamine; DMARD, disease-modifying antirheumatic drug; HCQ, hydroxychloroquine; MP, methylprednisolone; MTX, methotrexate; P, prednisone; RA, 
rheumatoid arthritis; SSZ, sulfasalazine.
Modified from Choy EH, Smith C, Dore CJ, Scott DL. A meta-analysis of the efficacy and toxicity of combining disease-modifying anti-rheumatic drugs in rheumatoid arthritis based on patient withdrawal. 
Rheumatology 2005;44:1414-1421.

Although somewhat biased toward a positive response, this approach 
is frequently used in actual practice. For example, the addition of 
cyclosporine to background MTX in one study resulted in an additional 
29% ACR20 response when cyclosporine was added to MTX compared 
with when placebo was added to MTX. The results of such “additive-
design,” double-blind trials of DMARDs are seen in the lower half of 
Table 55.6.

In one study the use of leflunomide (LEF) and MTX for the treat-
ment of 74 patients with active RA proved they were effective and well 
tolerated in the treatment of active RA. LEF and MTX treatment 
achieved ACR20 criteria at the 20th week of treatment. This combina-
tion may be a useful initial treatment to be considered for early active 
RA.

Information in Table 55.6 is generally clear, although a few addi-
tional general comments may be helpful to understand this table. 
There may be pharmacokinetic reasons for the added benefits. For 
example, when cyclosporine is used in combination with MTX, cyclo-
sporine elevates the MTX levels while lowering 7-OH MTX. This was 
the first combination DMARD therapy to show such an effect.120 There 
may be pharmacodynamic reasons for the interactions, or lack 
thereof.116 For example, sulfasalazine induces the multidrug resistance–
related drug efflux pump in a prolonged manner in certain T cells. In 

the presence of sulfasalazine, MTX, once taken into the cell, is rapidly 
pumped out of the cell by the induced efflux pump, decreasing the 
effect of the MTX. This results in relative resistance to MTX, so it is 
not surprising that the combination of sulfasalazine and MTX is not 
always better than monotherapy.120 In contrast, cyclosporine A and 
chloroquine inhibit the efflux pumps, thus possibly helping explain 
their efficacy in combination with MTX.121

In another realm the step-down combination using prednisolone, 
MTX, and sulfasalazine was the first combination therapy to clearly 
show cost effectiveness and cost utility compared with monotherapy.122 
Finally, the combinations of adalimumab, etanercept, or infliximab 
plus MTX show clear added benefit and are more fully examined in 
Chapter 49 (Table 55.7).

RECENT TRIALS OF COMBINATION THERAPY
Double-blind trial
In the placebo-controlled, randomized MASCOT study,123 patients 
were started on sulfasalazine and those who did not achieve Disease 
Activity Score (DAS) remission were offered MTX, sulfasalazine, or 
their combination. The combination group achieved better results in 
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groups improved both clinically and by laboratory parameters, but all 
combination groups improved significantly more than the monother-
apy group. Further, the triple combination was more effective than 
either monotherapy or the two-drug combinations. These data need 
confirmation because the groups were small and the trial was open.

The BEST study was of 508 early RA patients aiming for DAS remis-
sion less than 1.6 (this is one of several DAS remission criteria). Patients 
were randomized to one of four groups: (1) sequential, which sequen-
tially used MTX, sulfasalazine or leflunomide; (2) add on, which started 
with MTX, then sequentially added sulfasalazine, hydroxychloroquine 
and prednisone; (3) combination therapy which started with a combina-
tion of MTX, sulfasalazine, hydroxychlorozine and prednisone; or (4) 
MTX plus infliximab. Only the non-biologic groups are compared here. 
The combination of MTX/sulfasalazine/hydroxychloroquine/prednisone 
resulted in remission in approximately 25% of patients at 6 months, 
compared with about 15% in the monotherapy or sequential addition 
groups. Because switching was mandated if treatment was not success-
ful and all therapies eventually devolved to combination therapy with 
a biologic, the results at 6 months were used before too much switching 
occurred.126

In the randomized, open controlled study called the Tight Control 
of RA Study (TICORA), the patients were either treated “convention-
ally” or were treated aiming for tight control (DAS < 2.4).Treatment 
consisted of the following sequence: (1) sulfasalazine; (2) triple therapy 
with MTX, sulfasalazine, and hydroxychloroquine; (3) escalating doses 
of MTX and sulfasalazine; (4) the addition of prednisone; and (5) 
finally, switching to MTX and cyclosporine. At 18 months, ACR70 
responses were 67% for the tight control group and 18% among the 
conventionally treated group (P < 0.001).

Overall, the weight of these recent data lends support for the use of 
the following combinations:

1. MTX plus sulfasalazine (±prednisone)
2. MTX plus cyclosporine plus prednisone
3. MTX plus hydroxychloroquine
4. MTX plus sulfasalazine plus hydroxychloroquine

Recommendations for use and monitoring
The ACR Ad Hoc Committee on Clinical Guidelines has produced 
recommendations for use and monitoring of DMARDs.

The specific recommendations are complex and it is advisable to 
consult these recommendations. In brief, they suggest evaluating 
patients in terms of disease activity, duration, and prognosis. Less 
aggressive, milder disease may be treated with monotherapy, whereas 
disease that is of longer duration, is more active, and has a poor prog-
nosis needs combination DMARDs. Monitoring must take into 
account the specific toxicities associated with specific drugs, although 
most require appropriate blood and urine monitoring.128

ACR20/50/70 and EULAR Good responses than either monotherapy, 
but the monotherapy groups did not differ. This study contradicts a 
previous study of this combination and further analyses or studies may 
be necessary.

Open randomized trials of DMARD combinations
These designs yield usable results despite their unavoidable biases. 
Among 195 RA patients, sulfasalazine or MTX in sequence was com-
pared with their combination in a randomized trial, aiming for remis-
sion. Prednisone was allowed in both groups. At 2 years, 36 of 97 (37%) 
in the combination group were in remission, compared with 18 of 98 
(18%) in the single-therapy group (P = 0.003).124

A 2-year study examined the benefits of glucocorticoids and cyclo-
sporine125 added to MTX in early RA patients who were MTX-inade-
quate responders. Outcomes included new erosions, disability, and 
quality of life. The use of corticosteroids and cyclosporine on a MTX 
background reduced disability and improved quality of life compared 
with MTX alone. Radiographs, however, progressed equally in all 
groups. The authors felt that although the combination of MTX and 
prednisolone used in this trial reduced erosive damage, two DMARDs 
with prednisolone were needed to improve quality of life.

Another randomized trial compared single DMARDs versus one or 
more combination DMARDs. Patients in group I were treated with a 
single DMARD (MTX 7.5 to 15 mg/week or sulfasalazine 1 to 2 g/day 
or hydroxychloroquine 200 mg/day), group II used MTX and sulfasala-
zine or MTX and hydroxychloroquine, while group III used the triple 
combination of MTX, sulfasalazine, and hydroxychloroquine. All three 

TABLE 55.7 SUBANALYSES OF COMBINATION THERAPY 
(EXCLUDING TNF-α BLOCKING AGENTS)

Studies No. patients RR (95% CI) P value

Established 
rheumatoid arthritis

21 2728 0.4 (0.28-0.56) 0.00001

Early 9 1031 0.56 (0.35-0.91) 0.02

Combinations 
excluding 
corticosteroids as 
bridging therapy

29 4934 0.35 (0.27, 0.44) 0.00001

Excluding studies 
that are done poorly

30 4858 0.31 (0.25, 0.4) 0.00001

Modified from Choy EH, Smith C, Dore CJ, Scott DL. A meta-analysis of the efficacy and toxicity 
of combining disease-modifying anti-rheumatic drugs in rheumatoid arthritis based on patient 
withdrawal. Rheumatology 2005;44:1414-1421.
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comparable to chloroquine and hydroxychloroquine (Table 56.1).6-8 Its 
mode of anti-inflammatory actions in RA is not clearly understood, 
but modulation of neutrophil activity or inhibition of neutrophil 
inflammatory product formation or release has been suggested as the 
possible mode of action.1

Ujiie and associates recently published a case report of lupus ery-
thematosus profundus (LEP) successfully treated with dapsone with 
remission of pain, limitation of expansion of the indurated area, and 
rapid re-epithelialization of skin ulcers within 6 weeks.9 They also 
reviewed the literature investigating the use of dapsone in treating LEP, 
and in summary there were 10 different case reports including theirs 
of successful treatment of LEP with dapsone.9 The mode of action in 
cutaneous lupus erythematosus was investigated by Abe and coworkers 
where, in vitro, dapsone was found to significantly decrease levels of 
tumor necrosis factor (TNF)-α in the culture supernatant of activated 
mononuclear cells.10

Pharmacology
Dapsone is absorbed rapidly and nearly completely from the gastroin-
testinal tract. Peak concentrations of dapsone in plasma are reached 
within 2 to 8 hours after administration. The mean half-life of elimina-
tion is 20 to 30 hours. Twenty-four hours after oral ingestion of 
100 mg, plasma concentrations range from 0.4 to 1.2 µm/mL, and a 
dose of 100 mg/day produces steady-state plasma concentrations of free 
dapsone of 2 to 6 mmol/L. About 70% of the drug is bound to plasma 
protein. Dapsone is distributed throughout total body water and is 
present in all tissues. However, it tends to be retained in skin and 
muscle and especially in the liver and kidney: traces of the drug are 
present in these organs up to 3 weeks after therapy cessation.4

After absorption from the gastrointestinal tract, dapsone is trans-
ported through the portal circulation to the liver, where it is metabo-
lized by two distinct routes, N-acetylation and N-hydroxylation. 
Dapsone toxicity, in particular, methemoglobin formation, is puta-
tively initiated by N-oxidation, resulting in the formation of a hydrox-
ylamine metabolite by cytochrome P450.11 A single dose of disulfiram, 
a slowly reversing inhibitor of CYP2E1 in vivo, inhibited dapsone 
hydroxylamine formation clearance by 73% and inhibited methemo-
globin formation by 78% in a group of healthy volunteers. Dapsone-
induced methemoglobin formation in healthy volunteers was also 
diminished by 61% after the administration of cimetidine, a relatively 
non-selective cytochrome P450 inhibitor, and thus the treatment-lim-
iting toxicities of dapsone might be diminished by co-administration 
of a suitable inhibitor of hydroxylamine formation.12 The adverse 
effects of dapsone are listed in Table 56.2.

Effective clinical use of dapsone is limited because of dose-depen-
dent adverse hematologic reactions, even at the low daily dosages of 
100 mg. Patients with a genetic deficiency of certain enzymes (i.e., 
glucose-6-phosphate dehydrogenase or glutathione reductase) are more 
susceptible to the hematologic effects.13 The hemotoxicity of dapsone 
is not caused by the drug itself but by its hydroxylamine metabolites. 
Methemoglobinemia occurs to some extent in all patients receiving 
dapsone and becomes less pronounced as treatment is continued, 
owing to an adaptive increase in the activity of NADH-dependent 
reductase in the erythrocytes. Methemoglobin levels of less than 20% 
are not usually associated with symptoms. Dyspnea, nausea, and 
tachycardia usually occur at levels of 30% or higher, whereas lethargy, 
stupor, and deteriorating consciousness occur as methemoglobin levels 
approach 55%. Levels of 70% are usually fatal.14

Dapsone, penicillamine, thalidomide, 
bucillamine, and the tetracyclines
Mohamed M. Thabet and Tom W. J. Huizinga

 Dapsone is a sulfone with anti-infective and anti-inflammatory 
properties; it has efficacy in rheumatoid arthritis and its toxicity 
includes hematologic and dermatologic effects.

 d-Pencillamine is a disease-modifying therapy in RA but rarely used 
now; its toxicity includes autoimmune syndromes and hematologic 
toxicity.

 Thalidomide has immunomodulatory properties and is used in 
Behçet’s syndrome and cutaneous lupus erythematosus; its major 
toxicity is teratogenesis, and peripheral neuropathy and 
somnolence are common adverse events.

 The (doubtful) antirheumatic effects of minocycline relate to its 
anti-inflammatory and immunomodulatory properties rather than 
to its antimicrobial properties. Patients who request treatment with 
minocycline, however, still believe its antirheumatic effects are 
mediated by its antimicrobial activity. Minocycline can be used in 
patients who have failed other DMARDs and in whom an anti-
TNF-α compound is not an option or in patients with early RA in 
whom hydroxychloroquine is being considered.

INTRODUCTION
During the past decade it has become clear that reduction of disease 
activity is the goal in the proper treatment of rheumatoid arthritis (RA). 
To this end a large armamentarium of pharmacologic agents is avail-
able that is discussed in other chapters. There are, however, still 
patients who either cannot tolerate current drugs, do not respond  
to current drugs, or for whom current drugs are not available. In  
such cases a number of other agents have been used, such as dapsone, 
penicillamine, thalidomide, bucillamine, as well as the tetracycline 
antibiotics.

DAPSONE
Dapsone (4,4´-diaminodiphenylsulfone [DDS]), a synthetic sulfone 
with chemical similarities to sulfapyridine, has been used for a number 
of years to treat leprosy and dermatitis herpetiformis.1 Although 
dapsone was first synthesized in 1908 by Fromm and Wittmann,2 it 
was not established as an agent to treat leprosy until the late 1940s 
and early 1950s.3 Its anti-inflammatory and antimalarial properties 
were discovered soon after and are now well documented.4

In 1976 McConkey and colleagues5 studied the therapeutic effect of 
dapsone in RA in a non-randomized, unblinded open study, in which 
71 patients with consistently active RA were given dapsone, 50 mg 
daily, for 1 week, then 100 mg daily. There was a significant improve-
ment in subjective clinical state, and there were significant falls in 
serum C-reactive protein (CRP) and the erythrocyte sedimentation rate 
(ESR); the Rose-Waaler titer did not fall. The results were compared 
with those in another group of 78 patients who had gold therapy. 
Subjective clinical improvement was slower with gold, but from 6 
weeks the pattern of changes in clinical score, CRP, and ESR was 
similar for both drugs. The titers of rheumatoid factor fell during gold 
treatment. The results suggest dapsone is effective in RA; overall these 
data indicated a slightly less effectiveness than gold but associated with 
much more toxicity.5 From that time on, a number of prospective, 
randomized, double-blind trials have shown effectiveness of dapsone 
in the management of RA, with dapsone being superior to placebo and 
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skin eruptions usually resolve within 2 weeks of stopping dapsone, 
although patients in whom Stevens-Johnson syndrome or toxic epider-
mal necrolysis develops have increased morbidity and mortality. The 
use of dapsone in RA patients during pregnancy is contraindicated 
owing to a low risk of congenital malformations in patients receiving 
dapsone during pregnancy. In lactating mothers, it is recommended 
that if dapsone is required, breast-feeding should be discontinued 
because dapsone diffuses into breast milk and there are reports of 
hemolytic anemia induced by this drug transmitted through breast 
milk.

Monitoring guidelines
Dapsone is considered unsafe and should not be used in the following 
conditions: severe anemia, porphyria, deficiency of glucose-6- 
phosphate dehydrogenase, glutathione reductase or methemoglobin 
reductase, allergy to sulfonamides, or significant liver disease. It should 
not be paired with other hemolytics or dideoxyinosine. Before starting 
therapy, a complete blood cell count, reticulocyte count, glucose- 
6-phosphate dehydrogenase level, liver function studies, urinalysis,  
and renal function tests are recommended. During therapy, a complete 
blood cell count, reticulocyte count, platelet count, and leukocyte  
count with differential should be obtained weekly for the first  
month, then twice per month during the next 2 months and every 3 
months thereafter. Liver and renal functions should be tested every 3 
months. Methemoglobin levels are indicated in patients who become 
symptomatic for methemoglobinemia. As for other antirheumatic 
drugs, no data are available whether such monitoring policies are 
cost-effective.

Increasing patient tolerance
A number of attempts have been made to increase the tolerance  
of patients to dapsone, including the co-administration with dapsone 
of vitamins E and C either alone or in combination.16 These antioxi-
dant studies demonstrated little impact on the methemoglobinemia 
caused by the drug. An alternative approach is the use of metabolic 
inhibitors of cytochrome P450, to attenuate the methemoglobin. 
Cimetidine is probably the most practical inhibitor for use in humans. 
Studies showed that co-administration of cimetidine (3 × 400 mg/day) 
and a single dose of dapsone in human volunteers resulted in a signifi-
cant reduction in methemoglobin formation, as well as a fall in hydrox-
ylamine excretion as its N-glucuronide.17 More potent and less toxic 
derivatives of dapsone have been synthesized and tested but have not 
been registered for clinical use. In the meantime, the use of a metabolic 
inhibitor such as cimetidine can be considered when methemoglobin 
formation prohibits effective dosage regimens.

PENICILLAMINE
Penicillamine has been used in the treatment of RA for more than 40 
years.18 Over this period of time, most texts considered penicillamine 
as an effective disease-modifying agent, improving many of the clinical 
and laboratory indices of disease activity. Given the availability of 
much more effective second-line agents, the place of penicillamine in 
the current therapeutic repertoire has become less clear.19

TABLE 56.2 SIDE EFFECTS OF DAPSONE

Side effects Frequency

Hematologic

Hemolytic anemia (dose-related) Very common

Methemoglobinemia (dose-related) Very common, but 
usually asymptomatic

Leukopenia <5%

Agranulocytosis <1%

Dermatologic

Exfoliative dermatitis, toxic erythema, erythema 
multiforme, toxic epidermal necrolysis, morbilliform 
and scarlatiniform eruptions, urticaria, erythema 
nodosum, phototoxicity

10%

Neurologic

Peripheral neuropathy (motor) Rare

Psychosis Rare

Gastrointestinal

Toxic hepatitis Rare

Cholestatic jaundice Rare

Renal

Nephrotic syndrome Rare

Renal papillary necrosis Rare

Miscellaneous

Nausea, vomiting, abdominal pain, headache, 
vertigo, nervousness, insomnia, fatigue, weakness, 
tinnitus, blurred vision (dose related)

20%

Hypoalbuminemia without proteinuria Rare

Dapsone hypersensitivity syndrome Rare

TABLE 56.1 DOUBLE-BLIND RANDOMIZED STUDIES OF DAPSONE IN RHEUMATOID ARTHRITIS

Study Duration (wk) No. of patients* Comparison groups Conclusions

Swinson et al (1981)6 14 41 Dapsone (100 mg/day); placebo Dapsone significantly superior to placebo

Fowler et al (1984)7 12 60 Dapsone (100 mg/day)
Chloroquine (250 mg/day)

Equal improvement with both drugs

Haar et al (1993)8 24 80 Dapsone (100 mg/day)
HCQ (250 mg/day)
Dapsone (100 mg/day) + HCQ (250 mg/day)

Similar improvement in all three groups, but dapsone 
groups had significant ESR and CRP reductions over the 
HCQ group.

HCQ, hydroxychloroquine; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
*Number in all groups on entry.

Agranulocytosis is a rare hematologic adverse effect of dapsone, 
which occurs in less than 1% of cases.1 Unlike methemoglobinemia, 
this severe adverse effect is due to an unpredictable idiosyncratic reac-
tion. For unknown reasons, the risk of agranulocytosis in patients with 
dermatitis herpetiformis is more than 25-fold compared with other 
patients. Factors such as drug dosage, immune status, degree of mal-
nutrition, and ethnic origin have been suggested to be determinants of 
the risk of developing agranulocytosis.15

Another very rare serious idiosyncratic adverse effect is the dapsone 
hypersensitivity syndrome. The unpredictability and potential severity 
of this reaction make it a major concern in clinical practice. It  
usually appears 4 or more weeks after initiation of therapy. Symptoms 
include a mononucleosis-like rash with fever and lymphadenopathy. 
Involvement of other organs varies and includes liver disease (hepato-
megaly, icterus, hepatitis, and hepatic encephalopathy), eosinophilia, 
and other disorders. The course of the disease is variable, but it may 
last 4 weeks or more, and fatalities have been reported. Exanthematous 
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Initially it was thought that penicillamine acted by dissociating the 
bonds binding the macromolecules of IgM that made up rheumatoid 
factor.23 This theory can be discounted because the concentration of 
penicillamine required is not achieved in vivo using conventional doses 
and there is no correlation with reduction in rheumatoid factor and 
clinical efficacy.24 The reduction in globulins is probably due to penicil-
lamine having an inhibitory action on T-helper cell–mediated B-cell 
expansion and activation rather than a direct action on B cells.25 In the 
presence of copper, penicillamine undergoes oxidation of its thiol group 
to form H2O2; this molecule has a direct inhibitory effect on T-helper 
cell function and possibly also natural killer T cells.26 Penicillamine 
may also act at the site of inflammation by impairing fibroblast prolif-
eration and, thus, pannus formation. Again this occurs due to H2O2 
production in the presence of copper. Studies have also shown that 
penicillamine may scavenge some of the free radicals released by acti-
vated neutrophils and inhibit the granular enzyme myeloperoxidase, 
thus reducing local tissue damage.27

Benefits
Versus placebo
It was found that moderate-dose (500-1000 mg/day) and high-dose 
(≥1000 mg/day) penicillamine versus placebo significantly reduced the 
number of swollen joints and ESR and improved the global physician 
score at 4 to 6 months.28 There have been a number of placebo-
controlled studies, which in the aggregate document the efficacy of 
penicillamine in the treatment of RA; these are summarized in Table 
56-3.29-32

Versus other disease-modifying antirheumatic drugs (DMARDs)

In 1992, a systematic review compared the effectiveness of penicilla-
mine versus other DMARDs. No consistent differences in effectiveness 
between penicillamine and other drugs were identified, although some 
trials found penicillamine to be superior to antimalarial agents.33 
Another 5-year open randomized controlled study done in 1998 that 
compared the effect of penicillamine to other DMARDs in 541 patients 
showed that patients on penicillamine had the smallest amount of 
improvement in CRP, ESR, Ritchie index, pain scores, and combined 
grip strength, but the differences were small.34 Table 56.4 summarizes 

Pharmacology
Structurally penicillamine is an amino acid with a thiol side chain (Fig. 
56.1). It can exist as two enantiomers: d and l. However only the d 
type is clinically useful owing to excessive toxicity of the l type. Oral 
absorption is good in fasting subjects with a bioavailability of 40% to 
70%20; however, availability is severely reduced if penicillamine is 
taken in conjunction with iron preparations, antacids, or food.21

Within the body, penicillamine is rapidly oxidized to form various 
disulfides. The most important of these are with the proteins cysteine, 
homocysteine, and penicillamine itself. The serum half-life of a single 
dose of penicillamine is 2 to 4 hours. In patients on long-term therapy, 
the half-life rises to 4 to 6 days, although traces of penicillamine can 
be detected in the serum weeks after cessation of therapy, presumably 
owing to mobilization of a tissue-bound pool. Clearance of the disul-
fides is mainly in the urine, although a substantial proportion is 
excreted in the feces.22

Mode of action
The method by which penicillamine acts as a disease-modifying agent 
in the treatment of RA is unclear. The thiol group on penicillamine 
and the oxidative reactions involved in the metabolism of penicilla-
mine appear to be central to all the proposed modes of action. In-vitro 
studies have shown a potential immunomodulatory effect as well as 
direct actions at sites of inflammation.19

*SH NH2

(CH3)2  C CHOOH

STRUCTURE OF PENICILLAMINE

Fig. 56.1 Structure of penicillamine (*denotes thiol side chain).

TABLE 56.3 PENICILLAMINE PLACEBO-CONTROLLED STUDIES

Multicenter trial group29 Dixon et al30 Shiokawa et al31 Williams et al32

Year 1973 1975 1977 1983

No. of patients 105 121 179 225

Maximum dose (mg) 1500 600/1200 600 125/500

Duration of study (weeks) 52 24 24 30

Withdrawal rate (%) 42 29/45 34 20/29

Randomized and double blind Yes Yes Yes Yes

Comment at 12 weeks High dose with high 
dropout rate

No difference in efficacy 
between high and low doses

Response rate: 44% at 12 
weeks and 65% at 24 weeks

Lower dose no better 
than placebo

TABLE 56.4 PENICILLAMINE COMPARATIVE STUDIES

Author Year Drugs No. of patients Double blind and randomized Comment

Hochberg et al35 1986 d-Pen/Auranofin 88 Yes Penicillamine more effective and toxic

Gibson et al36 1976 d-Pen/Myocrisin 87 Not blinded No difference

Thomas et al37 1984 d-Pen/Myocrisin 50 Yes No difference

Bunch et al38 1984 d-Pen/HCQ/combination 54 Yes Penicillamine more effective

Capell et al39 1990 d-Pen/sulfasalazine 200 Yes No difference

Paulus et al40 1984 d-Pen/azathioprine 206 Yes No difference

Berry et al41 1976 d-Pen/azathioprine 65 Single blind No difference

d-Pen, d-penicillamine; HCQ, hydroxychloroquine.
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dose every 4 weeks by 125 mg, aiming for a target daily dose of 500 mg. 
Patients are advised that it can take 3 to 6 months before the full 
benefit may be apparent. If there is inadequate clinical response at 18 
to 24 weeks, the dose can be increased up to 750 mg and maintained 
at this for a further 12 weeks. Again, if the response is inadequate, but 
the patient is tolerating the drug well, further increments up to 1 g can 
be made before treatment is abandoned. It has been recommended that 
initially the hemoglobin value, white blood cell count, platelet count, 
and urinalysis should be monitored every 2 weeks until a stable dose 
is achieved; thereafter monitoring can be reduced to every 4 weeks. No 
cost-effectiveness studies for such monitor guidelines have been per-
formed; thus no definitive guidelines can be made.

THALIDOMIDE
Thalidomide was first introduced in West Germany in 1956 and in 
the rest of Europe, Australia, Canada, and South Africa in 1957. For-
tuitously, the U.S. Food and Drug Administration delayed its release 
pending clarification of concerns regarding the results of neurotoxico-
logic studies in animals. It was initially marketed as a sedative, with 
its rapid speed of onset, lack of hangover effect, and apparent safety 
after overdose making it an attractive alternative to barbiturates. In 
addition, it was a powerful antiemetic and was widely taken by preg-
nant women for the treatment of morning sickness. However, soon 
after its release, there followed a rapid rise in reported cases of a previ-
ously rare birth defect, phocomelia (congenital limb foreshortening). In 
1961, after reports linking this to in-utero thalidomide exposure, the 
drug was withdrawn, leaving a legacy of between 6000 and 10,000 
affected children.46 However, a few years later, the serendipitous dis-
covery of thalidomide’s anti-inflammatory potential ensured it was 
never entirely forgotten. In the course of treating a patient with mania 
and leprosy, in 1964, Dr. Jacob Sheskin,47 administered some old sup-
plies of thalidomide for its sedative effect. This resulted in the dramatic 
and virtually complete resolution of the patient’s cutaneous symptoms 
and was the first indication of the drug’s potential.47 However, it was 
not until the discovery of thalidomide’s anti–TNF-α activity in 1991 
that interest really intensified.48 Since then, a significant body of work 
has now been published to elucidate the mode of action and potential 
uses of this unique drug.49

Pharmacology
Thalidomide, a derivative of glutamic acid, is administered clinically 
as a 1 : 1 racemic mixture of its s and r isomers. It is well absorbed 
after oral administration with maximal plasma levels of 1 to 4 mg/mL 
reached within 2 to 4 hours. There is some evidence to suggest that 
individual isomers have different biologic properties with the s-isomer 
responsible for the immunomodulatory effects while the r-isomer 
accounts for the sedative effects.50,51 In animal studies, both isomers 
caused fetal malformations when administered to the New Zealand 
rabbit (a species known to be sensitive to its teratogenic effects), 
whereas in rodents (a less sensitive species), malformations were only 
observed in those who received the s-isomer.52 However, in humans, 
the rapid chiral interconversion that occurs between the two isomers 
in vivo limits any potential benefit from administering a specific 
isomer.53 Thalidomide is eliminated by pH-dependent spontaneous 
hydrolysis to multiple chemically inactive metabolites and has a half-
life of approximately 5 hours. Because there is virtually no excretion 
via the liver or renal pathways the risk of drug interactions is low.37 
Thalidomide has been shown to be present in the semen after oral 
dosing.54 The structure of thalidomide is shown in Figure 56.2.49

Immunologic properties
Thalidomide’s immunomodulatory properties are complex and incom-
pletely understood. Multiple mechanisms of action have been reported, 
with the best recognized being its ability to inhibit the production of 
TNF-α.49 Another potentially important property of thalidomide is its 
antiangiogenic effects. In-vitro studies have shown thalidomide to be 
capable of inhibiting angiogenesis induced by vascular endothelial-
derived growth factor and basic fibroblast growth factor.55,56 A subse-
quent study has also shown this effect to be independent of TNF-α 

comparative studies, comparing d-penicillamine to other 
DMARDs.35-41

Use in combination therapy
Taggart and colleagues42 studied 29 patients over 5 months and found 
that there was a slightly better response rate with sulfasalazine/d-
penicillamine compared with sulfasalazine alone at the expense of 
greater toxicity. A different approach to the use of combination therapy 
is to add a second agent to patients tolerating but not responding to 
therapeutic doses of penicillamine.43 Combination therapy with intra-
muscular gold had been more promising despite the obvious concerns 
regarding its similar toxicity profile. Bitter44 reported the results of two 
trials looking at combination therapy in patients who had responded 
inadequately to gold or penicillamine alone after 1 to 2 years of treat-
ment. It was found that 75% of patients staying on combination 
therapy improved significantly compared with 7% of those who stayed 
on monotherapy. The minor effect sizes reported in these trials are 
reflected by common practice in which no combination therapy that 
includes penicillamine has become part of mainstream rheumatologic 
practice. Despite the modest effect on group level in individual cases, 
d-penicillamine can be considered as a therapeutic option.19

Side effects
Adverse effects of penicillamine are common and sometimes serious. 
Reactions include mucocutaneous reactions, altered taste, gastrointes-
tinal reactions, proteinuria, hematologic effects, myositis, and other 
autoimmune diseases, such as drug-induced lupus, systemic lupus ery-
thematosus, and myasthenia gravis. The most frequent adverse effects 
responsible for d-penicillamine discontinuation were hematologic, 
mucocutaneous, impaired/loss of taste, renal, and gastrointestinal.28 
Another rare side effect of penicillamine is mammary hyperplasia; 
identification of the problem and immediate cessation of penicillamine 
in such cases is mandatory.45 The most important side effects are 
detailed in Table 56.5.

Drug interactions
The most common drug interactions with penicillamine are due to its 
chelating properties. In particular, iron preparations and antacids con-
taining either magnesium or aluminum can reduce the absorption of 
penicillamine by as much as 66%. If these medications are necessary, 
then they should be taken 12 hours before or after penicillamine.20

Dosage
Because side effects are more common at higher doses, it is customary 
to start with a dose of penicillamine of 125 mg daily and increase the 

TABLE 56.5 SIDE EFFECTS OF PENICILLAMINE

System Occurrence rate (%) Side effects

Mucocutaneous 10-20 Mouth ulcers, urticarial rashes, 
pruritus, lichen planus, and 
pemphigus

Gastrointestinal 10-20 Dysgeusia and nausea, rarely 
abnormal liver function

Renal 10-15 Proteinuria, glomerulonephritis, and 
Goodpasture’s syndrome

Hematologic 5-10 Thrombocytopenia, leukopenia, and 
aplastic anemia

Autoimmune Uncommon Myasthenia gravis, polymyositis, 
pemphigus, systemic lupus 
erythematosus, and Goodpasture’s 
syndrome

Lungs Rare Bronchiolitis obliterans

Pregnancy Rare Fetal connective tissue 
abnormalities
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thalidomide. However, no convincing large case series or randomized 
controlled trials have yet been published, and currently there is not 
enough reliable evidence to report efficacy.49

Adverse effects
Many adverse effects of thalidomide have been reported (Table 56.8). 
The most relevant adverse effects are teratogenicity and peripheral 
neuropathy.

Teratogenicity
Phocomelia is the best-known congenital abnormality associated with 
thalidomide, but duodenal stenosis, esophageal fistulas, neural tube 
abnormalities, microphthalmia, deformities of the ears, and midline 
hemangiomas have also been reported.71

suppression.57 The immunologic effects of thalidomide in in-vitro 
studies are summarized in Table 56.6.49

Derivatives
Over the past few years the re-emergence of thalidomide has awakened 
interest in developing structural analogs that possess its immuno-
modulatory properties without the associated side effects. Several such 
compounds have recently been developed that are up to 50,000-fold 
more potent than thalidomide at inhibiting TNF-α on a molar basis.58 
They are broadly split into two main groups, dependent on their bio-
logic effects. The first class, immunomodulatory drugs, strongly inhibit 
TNF-α along with interleukin (IL)-1β, IL-6, and IL-12 while augment-
ing IL-10 production. These compounds are also potent co-stimulators 
of T cells when activated through the T-cell receptor, increase T-cell 
proliferation, and do not inhibit phosphodiesterase-4. The second 
class, selective cytokine inhibitory drugs, again potently inhibit TNF-α, 
although much more selectively, having considerably less effect on 
other inflammatory cytokines. They have little effect on T-cell activa-
tion, causing only a slight inhibition in T-cell proliferation. These 
compounds do markedly inhibit phosphodiesterase-4, although it is 
currently unclear how much this contributes to their biologic effects.59 
Importantly, preliminary results from animal studies have shown at 
least some of these compounds to be clinically effective and non-toxic 
and non-mutagenic.60,61 Several are now undergoing phase 1 and phase 
2 clinical trials of which no reports are yet available.

Clinical applications
Currently, thalidomide has a wide scale of therapeutic potential. The 
conditions for which thalidomide has shown a therapeutic potential 
are summarized in Table 56.7. From this list of conditions only the 
rheumatologic disorders are discussed here.

Results from animal studies indicate that thalidomide and its deriv-
atives are effective in inhibiting the development of arthritis in specific 
mouse models.62 In 1989 a study showed that 12 of 17 patients with 
refractory RA responded to treatment with thalidomide.63 Results from 
more recent clinical studies have shown little or no benefit.64,65 Huiz-
inga and associates in 1996,64 performed an open study in RA patients 
to assess toxicity, the effect on TNF production, and the antiarthritic 
effects of thalidomide and pentoxifylline. In this study, 12 patients 
with active RA were treated with 1200 mg of pentoxifylline and 100 mg 
of thalidomide a day for 12 weeks. In addition, TNF production was 
assessed by ex-vivo whole blood cultures stimulated with endotoxin. 
Adverse events such as xerostomia, drowsiness, and constipation 
occurred in almost all patients, which led to discontinuation in 3 
patients. The drugs halved the TNF production capacity during treat-
ment, whereas production capacity of IL-6, IL-10, and IL-12 was not 
affected. Of the 9 patients who completed the study, 5 fulfilled the 
American College of Rheumatology 20% (ACR20) response criteria 
after 12 weeks of treatment. Thus, although pentoxifylline/thalidomide 
reduced the production capacity of TNF, the benefit/side effects ratio 
was poor owing to multiple adverse effects, whereas clinical observation 
suggests limited efficacy.

There have been several small case series of patients with refractory 
sarcoidosis,66,67 scleroderma,68 cutaneous lupus,67,69 systemic lupus ery-
thematosus,67 and systemic-onset juvenile RA70 who responded to 

STRUCTURE OF  THALIDOMIDE
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Fig. 56.2 Structure of thalidomide.

TABLE 56.6 IMMUNOLOGIC EFFECTS OF THALIDOMIDE

 Switch cytokine production from Th1 to Th2 profile
 Inhibit TNF-α synthesis
 Inhibit IL-6 synthesis
 Inhibit IL-12 synthesis
 Inhibit IFN-γ synthesis
 Augment IL-4 production
 Augment IL-10 production
 Act as a T-cell co-stimulant
 Augment IFN-γ synthesis
 Augment IL-2 synthesis
 Augment IL-10 synthesis
 Reduce expression of intracellular adhesion molecule-1
 Reduce expression of vascular cell adhesion molecule-1
 Reduce synthesis of basic fibroblast growth factor
 Reduce synthesis of vascular endothelial-derived growth factor

TABLE 56.7 CONDITIONS FOR WHICH THALIDOMIDE HAS BEEN SUGGESTED 
TO HAVE THERAPEUTIC POTENTIAL

Gastrointestinal Behçet’s disease
Recurrent aphthous oral ulceration
HIV-associated oral and esophageal ulceration
Crohn’s disease

Rheumatologic Rheumatoid arthritis
Systemic lupus erythematosus
Discoid lupus erythematosis
Sjögren’s syndrome
Sarcoidosis

Dermatologic Leprosy
Actinic prurigo
Prurigo nodularis
Uremic pruritus
Pyoderma gangrenosum

Hematologic 
malignancy

Multiple myeloma
Myelodysplasia
Acute myeloid leukemia/chronic myeloid leukemia

Solid tumors Malignant glioma
Kaposi’s sarcoma
Prostatic carcinoma
Colorectal carcinoma
Renal cell carcinoma

Cachexia and 
weight loss

HIV-associated wasting
Cancer cachexia
Tuberculosis-associated wasting

Miscellaneous Graft-versus-host disease
Intractable insomnia
Neuropathic pain
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Side effects
Proteinuria is reported to be the most frequent adverse effect of  
bucillamine.88 In patients with bucillamine-induced proteinuria, 
membranous nephropathy is the most common disorder. Immediate 
withdrawal of bucillamine results in prompt and complete resolution 
of the proteinuria without deterioration of renal function. It is  
recommended that urinary protein excretion should be monitored 
during treatment with bucillamine.89 Other rare side effects include 
skin disorders including rash, vesicles, eruption, swollen lips,88,90 
and yellow nails91 and, less frequently, gastrointestinal disorders, 
respiratory disorder, renal dysfunction, and bone marrow 
suppression.88

ANTIBIOTICS
The interest in antibiotic therapy for RA, particularly tetracyclines, 
dates back to 1960s92 when RA was hypothesized to be possibly caused 
by infection with Mycoplasma or similar organisms.93 During the 
1970s and 1980s, Brown and his colleagues continued to use antibiot-
ics (not only tetracyclines) for the treatment of RA, but the data gath-
ered by Brown and colleagues were never published in a peer-reviewed 
publication.94 This fact, plus a negative study published by Skinner and 
associates95 in the early 1970s, contributed to the skepticism about the 
benefits of this treatment modality. The Skinner paper was, however, 
underpowered to be able to detect differences between the two treat-
ment groups (30 patients total, with only 27 patients finishing the 
treatment protocol), and the dose of tetracycline used was relatively 
small (250 mg/day).96

Interest in the use of tetracyclines for the treatment of RA  
resurfaced in the 1980s. This interest came about not only because  
the possible microbial etiology of RA had not vanished (the  
discovery of Borrelia burgdorferi as the organism responsible for Lyme 
disease and arthritis heightened this possibility) but also because  
tetracyclines were discovered to have non-antimicrobial properties 
(anti-inflammatory, immunomodulatory, and chondroprotective).96 
Moreover, synthetic tetracyclines, devoid of antimicrobial activity, 
were found to have antirheumatic properties in experimental animal 
models of arthritis.97,98

Properties of tetracyclines and their derivatives
Anti-inflammatory properties
Tetracycline derivatives have been shown to inhibit phospholipase A2 
and consequently to affect the production of lipooxygenase and cyclo-
oxygenase derivatives, both in vivo and in vitro.99-101 Other proinflam-
matory mediators, including nitric oxide (NO) and oxygen radicals, 
have been shown in in-vitro studies either to be released less efficiently 
or to be scavenged in the presence of tetracycline derivatives by down-
regulating NO synthetase, an important mediator of collagen degrada-
tion.102 Minocycline, but not other tetracyclines, has been shown to 
reduce NO production by inhibition of the NO synthetase at the level 
of mRNA expression and protein synthesis in a dose-dependent 
manner100,103 and also to upregulate IL-10, a potent inhibitory cytokine 
in the synovial tissue.104

The anti-inflammatory properties of minocycline have also been 
evident in clinical double-blind studies, with a significant decrease in 
ESR and CRP and an increase in hemoglobin levels.104,105

Peripheral neuropathy
Peripheral neuropathy associated with thalidomide typically includes 
symmetric, painful paresthesias of the hands and feet, often accompa-
nied by sensory loss in the lower limbs. A recent review of 42 patients 
found that neurologic symptoms did not correlate with either the dura-
tion of treatment or the daily dose and confirmed that women and 
older persons are at greater risk.72 Published estimates of the incidence 
of peripheral neuropathy range from 1% to 70%.73 Symptoms and signs 
of peripheral neuropathy have been reported to resolve slowly or to be 
irreversible.74 To reduce the risk of neuropathy, patients should be 
educated about its earliest symptoms, such as pricking or paresthesias 
of the lower limbs, and instructed to contact the physician immediately 
if they occur. Examinations for signs of neuropathy should be per-
formed monthly for the first 3 months after starting treatment and 
periodically thereafter. The exact place of measurement of sensory 
nerve action potentials is unclear. Once signs of neuropathy are sus-
pected and there is clinical need to continue thalidomide, electrophysi-
ologic testing should be performed frequently if the amplitude decreases 
by more than 30%; a decrease of 50% warrants stopping therapy. Tha-
lidomide therapy may be restarted cautiously once symptoms of 
peripheral neuropathy symptoms resolve.75

BUCILLAMINE
Bucillamine [N-(2-mercapto-2-methylpropionyl)-l-cysteine] is a 
DMARD. Oral bucillamine is only approved in Asia for treatment of 
RA. The beneficial effects of bucillamine in the treatment of RA have 
been well appreciated in several clinical trials, and its effect sizes were 
found comparable to those of methotrexate.76-79 Bucillamine is a thiol 
compound that differs from d-penicillamine by the presence of two 
free sulfhydryl groups (Fig. 56.3). As a result, a considerable fraction 
of bucillamine can form an intramolecular disulfide that appears to 
have unique immunosuppressive activities. Thus, bucillamine exerts 
immunosuppressive effects that are similar to those of d-penicilla-
mine, as well as unique inhibitory effects that depend on the capacity 
of bucillamine to form an intramolecular disulfide.80 Moreover, at 
pharmacologically attainable concentrations, bucillamine directly sup-
presses B-cell IgM production but not T-cell interferon-γ production, 
whereas d-penicillamine inhibits the latter but not the former, suggest-
ing that, as a result of the formation of the internal disulfide, bucil-
lamine and d-penicillamine have different targets of immunosuppressive 
action in vivo.81 The hallmarks of the pathologic changes in the RA 
synovium include hyperplasia of synovial lining cells and follicle-like 
aggregation of lymphocytes and plasma cells.82 A number of studies 
have indicated that angiogenesis as well as activation of endothelial 
cells to express adhesion molecules play a crucial role in recruiting 
inflammatory cells and immunocompetent cells into the synovium.83-85 
Of note, bucillamine has been shown to inhibit the production of 
vascular endothelial growth factor, a potent inducer of angiogenesis, by 
cultured rheumatoid synovial cells86 and bovine retinal microcapillary 
endothelial cells.87

TABLE 56.8 ADVERSE EFFECTS OF THALIDOMIDE

Teratogenicity One 50-mg dose can produce severe defects

Peripheral neuropathy Predominantly sensory
Axonal degeneration
Occasionally permanent

Somnolence Virtually universal
Administer at bedtime to reduce effect
Tolerance develops

Constipation Laxatives commonly needed
Occasionally severe

Macular rash Self-limiting on stopping treatment
More common in HIV-positive patients

Neutropenia Rare
More common in HIV-positive patients

COOHOCH3

CH3 SH

SH
NH

STRUCTURE OF BUCILLAMINE

Fig. 56.3 Structure of bucillamine.
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tetracyclines; additional contraceptive measures should be recom-
mended in patients taking both compounds (this is particularly impor-
tant in view of the possible negative effects of tetracyclines on fetal 
development).126

Tetracyclines for the treatment of  
rheumatoid arthritis
Efficacy data
Minocycline randomized controlled trials
To date, there have been four large double-blind, randomized, clinical 
trials using minocycline in RA.123,127-130 Three of these trials were con-
ducted in the United States and one in Europe (Tables 56.9 and 56.10). 
In addition, there are now some smaller non-randomized studies relat-
ing experience with the use of minocycline in different parts of the 
world (China, Japan, Israel).131-133

The first published trial came from The Netherlands; this was a 
6-month, multicenter study involving 80 patients with long-standing 
RA (disease duration > 10 years), who had already failed more than 
one DMARD and who were randomized to receive either minocycline 
(200 mg/day) or placebo in addition to their background medication, 
which could include a DMARD.127 The second published study came 
from the MIRA Group; sponsored by the National Institute of Arthri-
tis, Musculoskeletal and Skin (NIAMS) Diseases, this was a 1-year 
study and included 219 patients with established, yet not very severe, 
RA who had failed one or more DMARDs.123 Patients were not con-
tinued on a DMARD during the actual trial.

The other two studies have been conducted by the RAIN (RA Inves-
tigational Network) group.128,130 In both studies, patients were DMARD 
naive, seropositive for IgM rheumatoid factor (RF) and had disease of 
less than 1 year in duration. In the first study from this group, 46 RA 
patients were randomized to receive either minocycline or placebo for 
a total of 6 months.128 In the second study, 60 RA patients were 
enrolled; the control group received an active compound (hydroxychlo-
roquine).130 Another important feature of these studies is the fact that 
in addition to the initial trial data, O’Dell and colleagues have been 
able to gather longitudinal data on their patients.129,130,134

With the exception of the second study from the RAIN group,129,130,134 
the other three studies were planned prior to the formulation of the ACR 
definition of clinical improvement (ACR20, ACR50, etc.); therefore, 
they do not include the same outcome parameters. Nevertheless, the 

Immunomodulatory properties
Sera from patients receiving tetracyclines impair leukotaxis and phago-
cytosis; and in animal models, tetracyclines can arrest lymphocyte 
proliferation, induce lymphocyte apoptosis (Fas/fas ligand medi-
ated),106-109 and inhibit calcium influx during T-cell activation.110 Tet-
racyclines impair the proliferation and activation of human lymphocytes 
and synovial tissue cells, resulting in the abrogation of the local produc-
tion of proinflammatory cytokines in a comparable manner to chloro-
quine.111,112 Furthermore, the combination of minocycline and 
chloroquine results in an additive anti-inflammatory effect, supporting 
their possible concomitant use in the clinical setting.112

Chondroprotective properties
Tetracyclines can reduce matrix metalloproteinases (MMPs) or colla-
genase enzyme activity, resulting in decreasing cartilage breakdown by 
several different mechanisms; it is important to note that not all tet-
racyclines produce their chondroprotective effect by the same mecha-
nism. Doxycycline and minocycline directly inhibit the enzymatic 
activity of MMPs, although the concentrations required are higher than 
the concentrations achievable in vivo; thus, this effect is not adequate 
to explain the chondroprotective effects of these tetracycline deriva-
tives.113 Doxycycline downregulates the production of MMPs at the 
levels of mRNA expression and protein systhesis114 and upregulates 
tissue inhibitors of MMPs (TIMPs) with the consequent decreased 
activity of the different mammalian MMPs.115 Doxycycline also regu-
lates the balance of chondrocyte autocrine production by decreasing 
the proinflammatory cytokines (IL-1, IL-6, and TNF-α) and increasing 
an anti-inflammatory cytokine (tumor growth factor [TGF]-β), which 
results in decreased production of MMPs.94,100,114 Tetracyclines inhibit 
MMPs and collagenase activities both in vitro and in vivo,115-122 leading 
investigators to study these agents in osteoarthritis.115

In summary, the antirheumatic effects of tetracyclines and their 
derivatives could result from the inhibition of MMPs and of different 
proinflammatory mediators. Whether their action could also result 
from their antimicrobial activity has not been satisfactorily demon-
strated. Patients with RA who are seeking treatment with minocycline 
or other tetracycline derivatives do so with the absolute conviction that 
RA is an infectious process and that they need these drugs for their 
antimicrobial properties. Such patients are, unfortunately, not open to 
the idea that such treatment may fail; they therefore continue to 
request antibiotics, beyond what a reasonable therapeutic trial (e.g., 6-9 
months) would suggest.123 We have had the opportunity to witness 
what appear to be “antibiotic-sensitive” RA patients; these are patients 
with RA who are prescribed an antibiotic for either a urinary tract or 
a respiratory infection and who experience significant improvement of 
their articular manifestations. Subsequently, these patients continue 
to request antibiotics and, in fact, in some patients the drugs seem to 
remain efficacious. There is no published literature supporting this 
experience.

Pharmacology and drug interactions
Tetracyclines are readily absorbed from the gastrointestinal tract; they 
circulate bound to plasma proteins. They are concentrated in the liver 
in the bile and excreted in both the urine and feces in their active form. 
Minocycline and doxycycline (the tetracyclines used in RA and osteo-
arthritis [OA] studies) have a serum half-life of 11 to 22 hours in 
individuals with normal renal function. In subjects with impaired renal 
or hepatic function, the half-life has been shown to vary from 11 to 69 
hours. The absorption is not affected by most food, but it is impaired 
by antacids containing aluminum, calcium, or magnesium and by iron 
preparations; food containing calcium (dairy products) can, therefore, 
affect their absorption.124 A similar effect is seen with quinolones. 
Tetracyclines form a stable calcium complex in any bone-forming 
tissue; since they cross the placenta, they may negatively affect the 
development of the fetal skeleton.125 They may also produce permanent 
yellow/gray/brown tooth discoloration and should not be administered 
to children or pregnant women.125

Tetracyclines have been shown to depress plasma prothrombin 
activity. Patients taking anticoagulants may, therefore, require a decre-
ment in the dose of warfarin. For reasons that are unclear, oral con-
traceptives have been shown to be less effective in patients treated with 

TABLE 56.9 BASELINE DEMOGRAPHIC AND CLINICAL FEATURES OF RA 
PATIENTS IN MINOCYCLINE TRIALS

Variables

Kloppenburg 
et al127

n = 80
MIRA123

n = 219

O’Dell 
et al128

n = 46

O’Dell 
et al130

n = 60

Age (yr) 56 54 45 60

Gender, women (%) 68 78 72 73

Ethnicity:

 White (%) 100* 66 100* 100*

 Non-white (%) 0 34 0 0

Disease duration (yr) 13.0 8.6 0.4 0.5

Previous DMARD† use (%) 69 46 0 0

Corticosteroid use (%) 11 31 0 100‡

Rheumatoid factor 
positivity (%)

89 56 100 100

ESR (mm/hr) 50 34 32 32

Functional assessment, 
0-3, mean

1.7 0.9 ND§ ND§

*Probably.
†Disease-modifying antirheumatic drug.
‡Require at study initiation.
§Not done.
ESR, erythrocyte sedimentation rate.
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TABLE 56.10 OUTCOME DATA FOR MINOCYCLINE IN RA CLINICAL TRIALS

Outcome Kloppenburg et al127 MIRA123 O’Dell et al128 O’Dell et al130

Trial design Placebo controlled Placebo controlled Placebo controlled Active comparator 
(hydroxychloroquine)

Primary* 25% or greater improvement 
in Ritchie index and 
swollen joints

50% or greater improvement in joint 
tenderness and swelling

50% or greater improvement 
in Paulus criteria†

ACR50 response
The steroid dosage

Secondary, favored 
minocycline

Yes ESR, CRP, IgM-RF, hemoglobin, 
hematocrit, platelets

Grip strength, ESR, IgM-RF, platelets Patient and physician globals Patient global, WBC, 
hemoglobin

No Pain at rest and motion, 
fatigue, morning stiffness, 
grip strength, functional 
assessment

Patient and physician globals, morning 
stiffness, functional assessment

Tender and swollen joint 
counts

Tender and swollen joint 
counts, ESR, physician global, 
pain, functional assessment

Indirect None More protocol violations: ↑ dose 
corticosteroids, initiation of DMARDs, IACS 
injections, changes in NSAIDs in placebo-
treated than minocycline-treated patients

At 1 and 4 years, more 
minocycline patients still 
on and/or not receiving 
other DMARDS

Significant reduction in 
prednisone dose among 
minocycline-treated patients

Not ascertained Patient and physician globals CRP IgM-RF, CRP, functional 
assessment

*Favored minocycline in all the studies.
†50% or greater improvement in three of the following: joint tenderness, joint swelling, morning stiffness, and ESR.
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IgM-RF, IgM rheumatoid factor; DMARD, disease-modifying antirheumatic drug; IACS, intra-articular corticosteroids.

overall results are consistent within the four studies and favor the use 
of minocycline in the treatment of RA; in particular, the second study 
from O’Dell and colleagues demonstrated a better response to minocy-
cline than to hydroxychloroquine. Genetic studies were performed only 
in the MIRA study; white subjects having the shared epitope were more 
likely to respond to minocycline treatment than those not having it.135

Doxycycline randomized controlled trials
To date, there have been four double-blind, randomized, clinical trials 
using doxycycline in RA. The first published study was a 16-week trial 
in which a 3-week course of intravenous (IV) doxycycline (200 mg/day) 
was followed by 200 mg IV weekly, compared with either oral azithro-
mycin or placebo in RA patients with active and erosive disease. 
DMARDs were not allowed in this trial. The primary endpoints were 
a decrease in the tender joint count, in ESR, and in urine pyridinolines 
(products of collagen degradation) at day 28 as compared with the 
baseline values. This trial was, however, stopped prematurely owing to 
both lack of efficacy and infusion-related events, although none of 
them was serious.136

The second trial was a pilot study of a 12-week course of doxycycline 
(300 mg given intravenously over 2 hours for 14 days) or placebo in 
23 RA patients with active disease (10 received doxycycline and 13 
received placebo).137 Stable doses of DMARDs were allowed in this 
study. Only one patient in the doxycycline group and none in the 
placebo group achieved response criteria. Difficulties with patient 
recruitment and intravenous access as well as lack of efficacy prompted 
the termination of this trial. The authors concluded that given the very 
small proportion of responders, it is unlikely that the potential efficacy 
of intravenous administration of doxycycline in the treatment of  
RA would outweigh the risk and inconvenience of intravenous 
administration.137

The third trial was a 36-week, crossover trial in which oral doxycy-
cline 50 mg twice a day (or placebo) was used in 66 RA patients with 
active disease.138 Stable doses of DMARDs were permitted in this trial. 
Doxycycline failed to reduce either disease activity or joint destruction 
in this trial.138

The data from these three trials have failed to demonstrate the effi-
cacy of doxycycline in RA patients with active and erosive disease.136-138 
Although the efficacy of doxycycline cannot be ruled out because of the 
small number of patients or relatively short follow-up time in these 
trials, the difficulties with patient recruitment and with the intrave-
nous administration of doxycycline make it unlikely that further 
studies of doxycycline for treatment of RA will be undertaken.

The fourth trial in contrast to the first three studies was conducted 
in early seropositive RA patients who were DMARD naive. Sixty-six 
patients were randomized to three groups: (1) oral methotrexate alone; 
(2) oral doxycycline, 20 mg twice daily with oral methotrexate; and (3) 
oral doxycycline, 100 mg twice daily with oral methotrexate. The 
patients were followed for 2 years. Initial therapy with methotrexate 
plus doxycycline was superior (based on an ACR50 response) to treat-
ment with methotrexate alone. The therapeutic responses to low-dose 
and high-dose doxycycline were similar, suggesting that the antimetal-
loproteinase effects were more important than the antibacterial 
effects.139

Minocycline and doxycycline meta-analysis
A meta-analysis of the treatment of RA with antibiotics has been con-
ducted recently.140 Although the authors referred to 10 randomized 
controlled trials (1 tetracycline study, 6 minocycline studies, and 3 
doxycycline studies), 2 studies were counted twice (using different 
outcomes). Thus, the analyses included 535 patients from 9 different 
trials95,123,127,128,130,136,141-143; only 3 trials were considered to be of high 
quality by the authors.127,136,141 In addition, because not all outcomes 
had been ascertained in all 9 trials, not all patients were included in 
all the analyses.

A small but clinically meaningful reduction in disease activity as 
measured by tender and swollen joint counts was found in the active 
treatment group as compared with the placebo group. In contrast, there 
was a marked reduction in ESR in the active treatment group. It should 
be noted that the treatment effect was more evident in the subgroup 
of patients with early seropositive disease (disease duration < 1 year); 
furthermore, minocycline was found to be more effective than doxycy-
cline in reducing disease activity.140 There was no difference in terms 
of radiologic progression (erosions and joint space narrowing) between 
both treatment groups, which could be due to the true lack of efficacy 
or the result of patient selection (milder disease activity). Moreover, 
the radiographic outcome was not the primary endpoint and thus these 
studies could have been underpowered to detect an effect. These data 
are depicted in Tables 56.11 and 56.12.

In summary, this meta-analysis modestly favored the use of mino-
cycline and doxycycline over the control treatment groups.

Long-term data
The long-term efficacy data have been systematically assessed only in 
the studies of O’Dell and colleagues.129,134 Four years later, more 
patients randomized to minocycline in the first study were still 
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TABLE 56.11 META-ANALYSIS OF TENDER JOINT COUNT, SWOLLEN JOINT COUNT, AND EROSIONS IN PATIENTS WITH RA RANDOMIZED TO RECEIVE A 
TETRACYCLINE DERIVATIVE OR A CONTROL TREATMENT

TABLE 56.13 TOXICITY DATA FOR MINOCYCLINE IN RA CLINICAL TRIALS

Manifestation (%) Kloppenburg et al127 MIRA123 O’Dell128* O’Dell130

Minocycline
n = 40

Placebo
n = 40

Minocycline
n = 109

Placebo
n = 110

Minocycline
n = 20

Placebo
n = 18

Minocycline
n = 30

HCQ
n = 30

Gastrointestinal 58 15 24 0 0 0 0 3

Dizziness 40 15 19 0 0 0 3 0

Cutaneous

 Rash 0 3 5 0 0 0 3 3

 Hyperpigmentation 0 0 0 0 0 0 3 0

Pneumonitis 3 0 0 0 0 0 0 0

Others (infection) 0 8 0 0 0 0 0 0

*After 4 years of follow-up four patients (20%) had developed integument changes.141

receiving this compound and/or were in remission as compared with 
the ones randomized to placebo.134 Efficacy was still observed in the 
second study 2 years later.129

Toxicity data
In terms of toxicity, the data are also quite different. In the MIRA study 
there were some adverse reactions but they were comparable in fre-
quency and severity in the placebo and minocycline-treated patients.123 
In contrast, in the study from The Netherlands some patients in the 
minocycline group experienced vestibular manifestations, which led to 
falls and even some fractures.127 Rare manifestations that have been 
described associated with the use of minocycline, particularly in the 
younger patient, include a lupus-like syndrome or “autoimmune”  
hepatitis, nephritis, pneumonitis, and/or central nervous system 
involvement.144-154

The studies from O’Dell’s group demonstrated an impressive toler-
ability to minocycline; in fact, only 3 patients (9%) withdrew from 
these studies, either because of integument changes (fingernail discol-
oration and an erythematous rash) or dizziness.128,130 Of interest, after 

4 years of follow-up from the first study, pigmentary changes were 
observed in 4 patients (20%); 1 patient chose to continue treatment 
with minocycline (Table 56.13).134

In the meta-analysis, 381 patients were included; there were no 
statistical differences in the risk of adverse events between both treat-
ment groups.140

Minocycline use is well documented to cause cutaneous hyperpig-
mentation, although not frequently observed in initial clinical trials in 
RA.123,127,128,130 There are four classic types of minocycline-induced 
hyperpigmentation:

● Type I is a blue-black macular pigmentation confined to previous 
scars or inflammatory tissue on the face.

● Type II includes blue-black, brown, or slate gray macules seen on 
healthy skin, mainly of the shins, forearms, or legs.

● Type III is described as symmetric muddy-brown pigmentation of 
sun-exposed skin.155

● Type IV was recently described as blue-gray discoloration within 
scar tissue on the back.156

TABLE 56.12 META-ANALYSIS OF ERYTHROCYTE SEDIMENTATION RATE IN PATIENTS WITH RA RANDOMIZED TO RECEIVE A TETRACYCLINE DERIVATIVE 
OR A CONTROL TREATMENT
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This trial included 431 obese women with unilateral knee OA con-
firmed by conventional standing views of knee radiographs (Kellgren’s 
grade II-III in the OA knee and 0-I in the other).157,158 The primary 
outcome was changes in the joint space width of the medial tibiofemo-
ral compartment. Adherence and subject retention to dosing regimen 
were remarkably high, at 92% and 71%, respectively.157 Patients in the 
doxycycline group experienced 33% less joint space narrowing in the 
OA knee (0.30 ± 0.60 mm versus 0.45 ± 0.70 mm, adjusted P = .017) 
but not in the contralateral knee, as compared with the placebo group. 
There were no differences in terms of pain score (Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) and 50-foot 
walk pain), WOMAC function, and median scores of patient’s and 
physician’s global assessment of disease activity between doxycycline 
and placebo groups. Nonetheless, the frequency with which subjects 
reported 20% or more increase in knee pain (WOMAC pain score) in 
the following visits was reduced in the doxycycline group as compared 
with those in the placebo group (23.8 ± 22.7 vs. 30.2 ± 21.1, P = 
.004). However, this effect was not observed in the contralateral knee. 
Overall, doxycycline treatment did not fulfill the proposed Outcome 
Measures in Rheumatology Clinical Trials (OMERACT) OA responder 
criteria159; however, these criteria have been developed in patients with 
advanced OA and whether they can be used in patients with milder 
disease has not been determined.

Toxicity data
In terms of adverse events, photosensitivity, non-specific gastrointes-
tinal manifestations, and candidal vaginitis were reported more fre-
quently in the doxycycline group than in the placebo group, but only 
a few patients discontinued the study prematurely because of these 
untoward events. Of interest, patients in the doxycycline group reported 
fewer urinary tract infections and a trend toward fewer upper respira-
tory tract infections.158

CONCLUSION
The data reviewed clearly demonstrate the adequate benefit/toxicity 
ratio of oral minocycline in the treatment of RA. Supporting additional 
evidence has come from smaller open studies conducted in different 
parts of the world, including China, Japan, and Israel.131-133 In contrast, 
the benefit of intravenous doxycycline (or azithromycin), a regimen 
comparable to the one prescribed by Brown’s followers, has not  
been proven. However, high-dose oral doxycycline in combination  
with methotrexate might be beneficial in patients with early RA.139 
Finally, the benefits of intra-articular minocycline have not been 
demonstrated.160

Minocycline may be a reasonable treatment alternative in RA under 
the following circumstances:

● As an adjunctive treatment in patients who are not responding 
to standard therapy and are unable to afford or tolerate other 
DMARDs or in whom anti–TNF-α agents are not an option 
because of increased risk of infections, such as in patients with 
bronchiectasis

● For the treatment of patients with early RA whose disease course 
is believed to be not too aggressive and in whom hydroxychloro-
quine may have been considered.

The benefit of using doxycycline for the treatment of knee OA has 
now been demonstrated in terms of slowing the radiographic progres-
sion and perhaps diminishing pain, and it thus may be a reasonable 
treatment option for patients with mild-to-moderate knee OA.

Figure 56.4 shows an example of these pigmentary changes in a patient 
with RA treated with minocycline for more than 5 years.

Dose-related toxicities associated with the use of tetracycline deriva-
tives include vestibular dysfunction (dizziness, tinnitus, vertigo), gas-
trointestinal upset, integument pigmentation, pancreatitis, and 
hepatitis, whereas systemic lupus erythematosus, headaches, benign 
intracranial hypertension, and Stevens-Johnson syndrome are more 
likely to be idiosyncratic.

Monitoring
Complete blood cell counts and chemistry profile should be monitored 
every 3 months while treatment is continued.

Tetracyclines for the treatment of osteoarthritis
Efficacy data
In-vivo studies have shown that oral doxycycline administration 
decreases the progression of OA in animal models. A NIAMS-spon-
sored, multicentric, double-blind study comparing oral doxycycline 
(100 mg twice a day) and placebo for 30 months has been conducted. 

a

b

Fig. 56.4 Pigmentary changes in a patient with RA treated with minocycline 
for more than 5 years. (a) Pigmentation observed around a bunionectomy scar 
and on the shins after 4 years of treatment (02/2004). (b) Pigmentation over 
the bunionectomy scar has worsened. Pigmentation around the pinna’s 
superior crux and concha and oral mucosa is evident after 5 years of treatment 
(02/2005). (Courtesy of Dr. Graciela S. Alarcón.)
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the arthritogenic T cells. Clearly, such specific therapy will be less toxic 
than a general anti–T-cell therapy. However, it is more difficult to 
achieve especially in established disease because the arthritogenic 
peptide and disease-specific T cells in RA remain unknown. Therapies 
against T cells can be broadly divided into those that deplete T cells 
or those that modulate their function.

T-cell depletion
Early T-cell depletion therapies included thoracic duct drainage, total 
lymphoid irradiation, and lymphocytopheresis. These have been aban-
doned because of side effects and impracticability for clinical use, 
although some studies suggested efficacy.

Based on these successes, a number of depleting anti–T-cell mono-
clonal antibodies (mAbs) targeting different T-cell subsets were tested 
in RA. The first anti–T-cell mAb used in a clinical trial was anti-CD7. 
Both murine and chimeric antibodies were used, but they were inef-
fective2 because they targeted a subset of T cells now thought to be 
unimportant in RA.3

CD5+ is an immunoconjugate of the murine anti-CD5 mAb and 
the plant toxin ricin, which deletes CD5+ T and B cells. Although the 
results from open studies were promising, the placebo-controlled trial 
was negative.4 This lack of effect may have resulted both from 
an unexpectedly high placebo response rate and from the use of a  
lower dose than was used in the open study so as to avoid profound 
lymphopenia.

IL-2-DAB is another immunotoxin in which IL-2 is joined to a 
diphtheria toxin A chain. Because high-affinity IL-2 receptors are only 
found on activated T cells, IL-2-DAB was thought to be potentially a 
more specific agent. Placebo-controlled trials5 showed that it was supe-
rior to placebo, but the percentage of patients who responded was only 
18% compared with 0% in the placebo group. Furthermore, in the 
treatment group, the withdrawal rate was high (12 of 45 patients) and 
half the patients showed an abnormal rise in liver transaminase levels 
after treatment.

Campath-1H (anti-CDw52) is a complement-fixing humanized 
mAb used in RA.6 Clinical improvement was observed after intrave-
nous therapy with Campath-1H.7 One of the major side effects associ-
ated with Campath-1H was a cytokine release syndrome, which 
developed in all patients on the first day of treatment. It was character-
ized by high fever, rigors, chills, diarrhea, and, most seriously, signifi-
cant hypotension. Campath-1H led to profound and protracted 
peripheral blood lymphopenia lasting many months. However, disease 
improvement did not correlate with peripheral blood lymphopenia. 
Indeed, disease often relapsed long before the lymphocyte count 
returned to normal. When synovia from treated patients were exam-
ined, a large number of lymphocytes still persisted8; possible explana-
tions for these findings are that either synovial lymphocytes are more 
resistant to lysis or that the antibody did not adequately penetrate into 
the joint.

As a result of the murine work, the chimeric anti-CD4 mAb 
cM-T412 (Centocor) was tested in a number of clinical trials in RA. 
Neither single nor repeated weekly treatments with cM-T412 produced 
any clinical improvement. However, there was a dose-related periph-
eral blood CD4 lymphopenia lasting between 1 and 12 weeks. Although 
an open study of cM-T412 produced promising results,9 a placebo-
controlled trial of the agent in early RA did not show any significant 
benefit.10 However, the dose of cM-T412 used in this study was 
less than the previous study because of concerns about CD4 
lymphopenia.

Immunotherapies: T cell  
and complement
Ernest H. S. Choy

 Immunotherapeutic agents, unlike previous drugs for rheumatoid 
arthritis, have been developed rationally by targeting processes 
important in disease pathogenesis.

 Immunotherapy usually involves the use of biologic agents such as 
monoclonal antibodies, soluble receptors, or peptides, although 
immunoactive drugs are increasingly being developed.

 Anti–T-cell therapy shows a limited short-term effect but may have 
the potential to effect a more fundamental alteration in the disease 
process.

 Preliminary evidence in animal models suggests anti-complement 
therapies may be effective in RA but large randomized controlled 
trials are required to confirm these findings.

A BRIEF OVERVIEW OF PATHOGENESIS
Rheumatoid arthritis (RA) is a chronic immune-mediated inflamma-
tory disease primarily affecting joints. The disease-modifying effects of 
drugs in current use were discovered empirically; potential benefits for 
the joint are often indivisible from unwanted effects on a host of other 
systems. The concept behind immunotherapy is that treatments based 
on a clear understanding of disease pathogenesis will be more effica-
cious, more specific, and, it is hoped, less toxic.

Although the cause of RA remains unknown, a considerable amount 
is now known about the pathologic processes involved in the disease. 
Because this has been addressed in detail elsewhere in this book, only 
a brief summary is given here. RA may be initiated by an unknown 
antigenic peptide derived either from an exogenous antigen (e.g., an 
infectious agent) or an autoantigen. The putative arthritogenic peptide 
is presented by the RA-associated MHC class II antigens, such as HLA-
DRB1*0404 or HLA-DRB1*0401, to arthritogenic CD4+ T cells. 
These become activated, release interleukin (IL)-2, and induce clonal 
expansion of other CD4+ T cells. Their production of various other 
cytokines and growth factors activates other cell types, including B 
cells, monocyte/macrophages, and synoviocytes, and enhances leuko-
cyte recruitment into the joint. These processes together generate the 
immune-inflammatory cascade of synovitis. Binding of T-cell receptor 
to antigenic peptide in the HLA-DR groove is insufficient for full T-cell 
activation. A second signal provided by co-stimulatory molecules such 
as CD28 on T cells binding to CD80 and CD86 on antigen-presenting 
cells is necessary. In the absence of co-stimulatory signal, T cells will 
not only fail to activate but also become refractory to activation. Some 
researchers have suggested that, in the late stages of RA, synovitis and 
joint destruction are due to a monocyte-synoviocyte–driven process 
independent of T-cell mechanisms. However, the beneficial effect of 
the anti–T-cell drugs, cyclosporine, tacrolimus,1 and, recently, the bio-
logic agent abatacept, which inhibits T-cell activation by blocking co-
stimulatory signals, even in long-standing disease, argues strongly in 
favor of a continuing role for T cells. In this chapter the focus is on 
therapies against T cells, except abatacept (see Chapter 58), and on the 
complement cascade.

THERAPIES AGAINST T CELLS
The “holy grail” for those interested in T cells as therapeutic targets 
in RA is to develop a treatment that affects, primarily or exclusively, 
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including 1 patient with biopsy-confirmed cutaneous vasculitis. Thus, 
4162W94 demonstrated significant clinical efficacy in this study. 
However, because of unacceptable CD4 lymphopenia and rash, the 
original hypothesis of prolonged CD4 “blockade” to give lasting clinical 
benefit could not be tested.

Humax-CD4/HM6G (Genmab) is a fully human anti-CD4 IgG1 
monoclonal antibody. A single dose of Humax-CD4 of 0.005, 0.05, 
0.15, 0.5, or 1.0 mg/kg was given by subcutaneous injection to cohorts 
of 5 patients, with 4 patients randomized to active treatment and 1 
patient to placebo.21 Between days 1 and 7 CD4+ lymphocyte counts 
transiently decreased after treatment but recovered by day 7. Improve-
ments in the disease during the follow-up period were reported in the 
highest dose groups. For most patients the maximal improvement 
occurred 28 days after treatment. A phase 2 randomized placebo-
controlled trial has been completed, but the result has not been 
reported.

The results of a placebo-controlled trial using the humanized non-
depleting anti-CD4 mAb OKT4-cdr4a (Johnson & Johnson) have not 
been published in full, but a preliminary communication suggested 
that it might be efficacious.22

Development of IDEC-CE9.1/SB-210396 and 4162W94 has been 
stopped because of lymphocyte depletion and side effects. Although 
short-term clinical trials suggest non-depleting anti-CD4 mAbs sup-
press inflammation, long-term studies are necessary to assess whether 
they could achieve the “holy grail” of immunotherapy, the induction 
of prolonged disease remission without the need for ongoing long-term 
treatment.

T-cell vaccination
In animal models, it is fairly easy to identify the arthritogenic clones 
that induce disease because they can be transferred from one animal 
to another. This has led to the development of the technique of T-cell 
vaccination,23 analogous to bacterial vaccination, in which animals are 
immunized with pathogenic T cells, attenuated by chemicals or radia-
tion such that they no longer induce disease. The animals develop an 
anti-vaccine immune response that also inhibits the non-attenuated 
but otherwise immunologically identical pathogenic T cells responsible 
for the disease. T-cell vaccination in animal models is able both to 
prevent and to treat established disease. Attempts have been made to 
apply this technique to humans, using synovial T cells that are postu-
lated to contain a higher proportion of pathogenic T cells than those 
in the blood. A recent open-label clinical study recruited 15 patients 
in whom autologous synovial T cells were used as vaccines.24 A total 
of six subcutaneous injections were administered over 12 months. Ten 
of 15 patients (67%) achieved an ACR50 improvement at 12 months. 
This was associated with an increase in CD4+ Tregs and CD8+ cyto-
toxic T cells specific for the vaccine. Although the clinical benefit of 
this treatment was promising, its clinical efficacy will require confirma-
tion by randomized control trials.

T-cell receptor vaccination
An alternative approach to the identification of pathogenic T cells 
examined whether T cells with particular T-cell receptor Vα or Vβ 
chains were expanded in lesional sites, such as the synovium, com-
pared with blood. It was proposed that such expansions would be 
pathogenetically relevant; it was further suggested, by analogy with 
experiments in animals, that vaccination with unique peptides, derived 
from the sequence of the T-cell receptors found on the surface of the 
pathogenic T cells, would inhibit disease.23 Sadly, T-cell populations 
expressing many different Vα and Vβ chains were reported as expanded 
by various groups of investigators. However, one group looked at Vβ 
usage by recently activated T cells, defined as T cells expressing the 
IL-2 receptor; they believed these recently activated cells were more 
relevant to disease pathogenesis. On the basis of results showing an 
increase of Vβ17+ usage by IL-2 receptor positive (IL-2R+) T cells in 
the synovium, these investigators embarked on a clinical trial of a 
Vβ17-derived peptide in RA.25 This was an uncontrolled open dose-
finding study, so evidence of clinical and biologic efficacy must be 
treated cautiously. However, the investigators noted that patients’ joint 
scores decreased at all follow-up visits as did the frequency of Vβ17+ 
IL-2R+ T cells in the blood. Indeed, approximately 40% of patients 

As a result of these problems, anti-CD7, CD5+, IL-2-DAB, 
Campath-1H, and cM-T412 have been abandoned as treatments for 
RA. One possible explanation for these negative results is the effect of 
lymphocyte depletion on CD4+ regulatory T cells (Treg) whose phe-
notype type and function have only been discovered over the past 
decade. Sakaguchi and colleagues have shown that CD4+ Treg cells 
express high level of CD2511 and the transcription factor Foxp3.12 They 
express α-β T-cell receptors and, similar to other T cells, can only be 
activated by antigenic peptide bound by class II MHC molecules. In 
addition, they also express CTLA-4, which binds to CD80 and CD86 
molecules on antigen-presenting cells. Indeed, enhancing Treg cell 
number or function has been used as a therapeutic strategy to develop 
treatments with sustained efficacy in many autoimmune diseases as 
well as to prevent transplant rejection. The conflicting results of T-cell 
depletion may be the result of removal of Treg cells. Hence, T-cell 
depletion has largely been abandoned for the treatment of RA in favor 
of immunomodulation.

Semi-specific T-cell immunomodulation
Non-depleting anti-CD4 monoclonal antibodies
The rationale for using non-depleting anti-CD4 mAb in RA was devel-
oped initially in animal models in which such treatments induced 
“immunologic tolerance.”13 In streptococcal cell wall arthritis, a single 
course of a non-depleting anti-CD4 mAb, given at the time of disease 
induction, prevented the development of arthritis. Moreover, the 
treated animals acquired a resistance to further attempts at disease 
induction. This phenomenon is known as immunologic tolerance. In 
non-obese diabetic mice, an animal model of type I diabetes, anti-
CD4 mAb can induce tolerance even in established disease.14 Interest-
ingly, CD4 lymphocyte depletion was not necessary to produce 
tolerance.15 On the contrary, established anti-CD4 mAb–mediated tol-
erance could be broken by lymphocyte depletion, suggesting tolerance 
is an active lymphocyte-mediated process16 probably mediated through 
CD4+ Treg cells. If anti-CD4 mAbs could induce tolerance in estab-
lished human autoimmune diseases, such as RA, it is hypothesized 
that this could result in “re-programming” of the immune response 
and, hence, long-term disease improvement.17 Four non-depleting anti-
CD4 mAbs have been tested in RA.

IDEC-CE9.1/SB-210396 (Smith Kline and Beecham) is a primatized 
non-depleting anti-CD4 mAb. It is known as a primatized mAb because 
it was raised initially in macaques. In a randomized placebo-controlled 
trial,18 patients with refractory RA were treated with either placebo or 
three different doses (40, 80, and 140 mg) of IDEC-CE9.1/SB-210396 
twice weekly for 4 weeks. In the two high-dose groups, there were 
statistically significant clinical improvements, although some patients 
in the 140-mg group developed leukocytoclastic vasculitis that neces-
sitated termination of treatment.

4162W94 (Glaxo Wellcome) is a humanized non-depleting anti-
CD4 mAb. In an open-labeled dose-escalating study, 24 RA patients 
in four cohorts were treated with five daily doses of 10 mg, 30 mg, 
100 mg, or 300 mg of mAb, respectively. Clinical improvement with 
reduction in erythrocyte sedimentation rate and C-reactive protein was 
seen in patients treated with either 100- or 300-mg doses.19 A subse-
quent placebo-controlled trial was done in 48 patients with RA who 
were dosed with one (cohort 1), two (cohort 2), or three (cohort 3) cycles 
of 5 × 300 mg 4162W94 or placebo (12 and 4 patients, respectively, 
per cohort) at monthly intervals.20 Sixteen patients were dosed in each 
of the first two cohorts; however, the dose was reduced in cohort 3 
after 5 patients received greater than or equal to two dose cycles owing 
to accumulating evidence of a high frequency of rash. These patients 
were analyzed according to the number of cycles received. A further 8 
patients received 5 × 100 mg for one to three cycles before stopping 
the study for administrative reasons. An American College of Rheu-
matology 20% response (ACR20) was observed in 4/13 (P = .119 vs. 
placebo) and 7/13 (P = .015 vs. placebo) in cohorts 1 and 2, respectively. 
None of the 5 × 100-mg/day or placebo patients achieved ACR20. Four 
patients were still responding at the end of the 3-month follow-up 
period. CD4 lymphocyte suppression (<0.2 ×109/L on ≥two succes-
sive occasions) occurred in 11/34 patients who received 4162W94 
versus none on placebo. Rash occurred in 21/34 mAb-treated patients, 



CH
A

PTER 57 
● Im

m
unotherapies: T cell and com

plem
ent 

553

or any other antigen present in the diseased tissue, hence the induction 
of bystander tolerance. In contrast, higher doses of oral antigen, perhaps 
because they are partially absorbed systemically, directly induce unre-
sponsiveness (anergy) of pathogenic T cells. Such clonal anergy is 
antigen specific and thus of less use in treating human disease due to 
ignorance of all the relevant pathogenic antigens.

In animal models of arthritis, oral administration of type II collagen 
before or after disease onset has been shown to be effective at prevent-
ing or ameliorating collagen-induced arthritis. Bystander suppression 
has also been demonstrated because adjuvant arthritis, induced by 
mycobacterial proteins, can be suppressed by feeding with type II 
collagen.

Native type II collagen has been used to induce mucosal tolerance 
in RA. The initial study31 showed a clinical improvement in patients 
treated with chicken-derived type II collagen compared with placebo. 
Disappointingly, a study from a different group, using bovine type II 
collagen,32 failed to demonstrate any significant effect. Both studies 
were underpowered and the former had serious trial design faults. The 
results of a large placebo-controlled trial of 274 RA patients treated 
with oral chicken type II collagen have been published recently.33 In 
this study, patients were treated with placebo or 20, 100, 500, or 
2500 µg/day of chicken type II collagen for 24 weeks. Three response 
criteria were used: Paulus, ACR, and greater than or equal to 30% 
reduction in both tender and swollen joint counts. Statistically signifi-
cant improvement was detected only in the 20-µg/day group when 
compared with placebo (39% vs. 19%) using Paulus criteria.

Hitherto, the collagen in these studies has been administered in 
orange juice. However, this liquid formulation is unlikely to deliver a 
precise dose. A recent double-blind, randomized, placebo-controlled 
trial in RA examined the therapeutic effect of bovine type II collagen 
tablets with a lactose base that may deliver a more consistent dose of 
collagen.34 Fifty-five patients with established disease for more than 2 
years who had failed at least one disease-modifying antirheumatic drug 
were studied. They were randomly assigned to receive placebo, 0.05 mg, 
0.5 mg, or 5.0 mg daily of bovine type II collagen for 3 months. There 
was no significant difference in disease activity score between the 
placebo, 0.05-mg, and 5.0-mg groups. However, in the 0.5-mg group, 
disease activity scores were reduced by approximately 15% from week 
8 to 24, which was statistically significant when compared with the 
placebo-treated group.

Current evidence suggests that oral tolerance may be efficacious, 
although the clinical effect is small and the therapeutic window is 
narrow. New strategies to enhance the immunomodulatory effect of 
mucosal tolerance, such as nasal tolerance or conjugation with cholera 
toxin,35 may lead to more effective treatment.

CD28 superagonists
Enhancing CD4+ Treg cell number or function has been suggested as 
a therapeutic strategy to develop treatments with sustained efficacy in 
many autoimmune diseases.

One strategy based on research conducted in animal models is to 
target a special region of the co-stimulatory molecule CD28. CD28 
“superagonists” target a specific epitope on the CD28 molecule that 
can activate T cells without a requirement for signal 1. In animal 
models, CD28 superagonists expand Treg cells with beneficial results.36 
Unfortunately, when the CD28 superagonist TGN1412 was adminis-
tered to normal healthy individuals it caused multiple-organ failure due 
to a cytokine storm.37

As a result of this catastrophic episode, this strategy of using CD28 
superantigen to induce tolerance has been abandoned.

Summary of anti-T cell therapy in RA
Current evidence suggests that T cells are pathogenic in RA and have 
an important role in sustaining synovitis even in established disease. 
Inhibiting T-cell activity may suppress inflammation and improve 
disease. In animal models of RA, immunomodulation of T cells can 
indeed produce prolonged disease remission. This has yet to be dem-
onstrated in human disease. Most of our current attempts are relatively 
non-specific. Increased understanding of T-cell activation in RA may 
lead to more specific therapy in the future.

developed a T-cell response to the vaccinated peptide. No toxicity was 
observed. Subsequently, these investigators have used a combination 
of three T-cell receptor peptides (Vβ3, Vβ14, Vβ17) in incomplete 
Freund’s adjuvant as a vaccine (IR501, Immune Response Corp) in a 
placebo-controlled trial of 99 RA patients.26 The vaccine (90 µg or 
300 µg) or placebo was administered as intramuscular injections at 
weeks 0, 4, 8, and 20. In the 90-µg group there was a statistically 
significant improvement when compared with placebo, although only 
a third of the patients showed a response to the vaccine. A subsequent 
randomized placebo-controlled trial assessed the effect of IR501 and 
IR703 in 340 RA patients.27 IR703 consists of three, 40-amino acid 
peptides, which encompass the IR501 peptides. Patients were random-
ized into five groups and received IR501 (30 µg, 90 µg), IR703 (30 µg, 
90 µg), or placebo. Four intramuscular injections were given at weeks 
0, 4, 8, and 20. Thirty-four percent of the patients in the IR501 30-µg 
group showed a statistically significant ACR20 improvement compared 
with 18% in the placebo group. The IR501 90-µg and IR703 90-µg 
groups also showed improvement, but these did not reach statistical  
significance. Patients not receiving concomitant corticosteroids and 
those with disease for less than 3 years showed greater clinical 
improvement.27

MHC and MHC-peptide vaccines
Because RA is linked with the HLA-DRB1*0404 and DRB1*0401 in 
Northern Europeans and North Americans, vaccination using the dis-
ease-associated MHC or MHC-peptide may be efficacious. In RA, three 
doses (1.3 mg, 4 mg, and 13 mg) of HLA-DRB1*0404/B1*0401-peptide 
(Anergen) were administered to 52 RA patients who were heterozygous 
for the shared epitope as an adjunct to methotrexate.28 Treatment was 
well tolerated, and no significant immunosuppression was seen. 
However, only 33% and 31% of the patients developed antibody 
response to the vaccine.

A further study investigated the use of HLA-DRB1*0404/B1*0401 
conjugated with the putative cartilage-derived RA autoantigen HC-gp39 
as a vaccine. AG4263 is HLA-DRB1*0404/CDP263 (13mer peptide 
from HC gp-39). It was given to 31 HLA-DRB1*0404-positive RA 
patients in a randomized placebo-controlled trial as an adjunct to 
methotrexate.29 Seven intravenous doses of either placebo or 0.5 to 
150 mg/kg of AG4263 were infused over 6 weeks. Eighty-nine percent 
of all AG4263-treated patients compared with 57% of placebo patients 
achieved Paulus 20 improvement criteria at any time point. Response 
was greatest among patients receiving the highest doses of CDP263, 
with 85.7%, 28.6%, and 0% in the 150-µg, 60-µg, and placebo groups 
responding, respectively, at day 28. Interestingly, T-cell response to 
tetanus toxoid and tuberculin purified protein derivative was unaffected 
by treatment.

Oral tolerance
Oral tolerance was initially defined as the capacity to decrease immu-
nologic reactivity to an antigen by administering that same antigen via 
the gut. However, more detailed study has shown that, in certain 
systems, oral antigens may induce tolerance not only to themselves 
but also to other antigens from the same tissue. This phenomenon, 
known as “bystander suppression,” is critical to therapy for human 
diseases because the pathogenic antigen is usually unknown. Also 
crucially for treating humans, tolerance can be induced where an 
immune reaction is ongoing. One interesting recent development is 
that highly effective tolerance can also be induced by inhalation of a 
very low dose of antigen, so-called nasal tolerance.

Immunologic tolerance can potentially involve three main pro-
cesses: deletion of specific T-cell clones, clonal anergy, and active sup-
pression.30 Both the two latter mechanisms have been shown to operate 
in different oral tolerance systems. A currently popular model suggests 
that exposure to low-dose oral antigen, for example, type II collagen, 
induces antigen-specific regulatory (Th2) T cells in the gut lymphoid 
tissue to produce immunosuppressive cytokines. These cells then 
migrate from the gut to the target organ. In the case of T cells specific 
for type II collagen this would be the joint. There they would encounter 
their cognate antigen, again leading to the local release of immunosup-
pressive cytokines, which would suppress any ongoing immune process 
in the target tissue whether triggered by the original cognate antigen 



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

554

The success of complement inhibition in the experimental models 
of RA suggests a novel therapeutic approach to the treatment of human 
inflammatory arthritis.

Anti-complement therapy in RA
Jain and colleagues examined the effect of eculizumab, a humanized 
anti-C5 antibody (h5G1.1, Alexion Pharmaceuticals) in RA.48 h5G1.1 
is a high-affinity humanized monoclonal antibody to C5 that inhibits 
the cleavage of C5 to the proinflammatory products C5a and C5b-9. 
Forty RA patients with active disease were given a single intravenous 
injection of 0.1, 0.3, 0.75, 2.0, 4.0, and 8.0 mg/kg of h5G1.1 or 
placebo.48 In the 8.0-mg/kg group, inhibition of C5 lasted 10 days. 
Mean C-reactive protein was significantly reduced at day 7 compared 
with baseline and returned to baseline by day 14. Tender and swollen 
joint counts and patient disease assessment and pain scores also 
improved on day 7, but the differences were not statistically significant. 
Subsequently, a large 6-month double-blind, randomized, placebo-
controlled trial recruited 368 RA patients treated with methotrexate  
or leflunomide. Monthly administration of eculizumab after an  
induction period was associated with a modest ACR20 score of 34% 
versus placebo (22%) at 6 months that was statistically significant (P 
= .04).49

A double-blind, placebo-controlled trial of PMX53 was conducted 
in RA.50 Twenty-one patients were randomized 2 : 1 to treatment with 
PMX53 or placebo for 28 days. However, PMX53 did not improve 
disease or reduce synovial inflammation despite the serum levels of 
PMX53 that were adequate to block C5aR-mediated cell activation in 
vitro, suggesting that C5aR blockade does not result in reduced syno-
vial inflammation in RA patients.

Summary of anti-complement therapy in RA
Although animal studies suggest complement inhibition may have 
efficacy, clinical trials in RA have not produced convincing results. 
Further studies are needed to determine the ideal complement targets 
and the best tools to inhibit them.

CONCLUSION
Immunotherapies against T cells undoubtedly improve symptoms and 
signs in RA, but current treatments have limited efficacy especially in 
the medium and long term. Better understanding of T-cell immunology 
and immunomodulation in RA could lead to more effective treatment 
in the future. Preliminary scientific evidence suggests that treatments 
with complement may be efficacious in RA but so far the results of 
early clinical trials have been negative. Further research is needed to 
identify the optimum complement targets in RA.

THERAPIES AGAINST COMPLEMENT
Complement in RA
Complement activation has been implicated in the pathogenesis of 
many chronic inflammatory and autoimmune diseases. Immune com-
plexes are thought to be responsible for complement activation in RA. 
There are large amounts of immunoglobulin aggregates in the rheu-
matoid joints; consequently, activation of complement could be dem-
onstrated in the rheumatoid synovium and articular cartilage, especially 
those with vasculitis.38,39 In support of these possibilities, studies have 
shown the entire complement cascade is activated in the rheumatoid 
synovial joint40; levels of C4 and C2 are reduced in the joints of patients 
with active RA40; early components of the complement system are 
made by rheumatoid lining cells41; C3 and C2 are present throughout 
the synovial vessels, interstitium, and lining layers41; and the level of 
C3a in the synovial fluid correlates with disease activity.42 Terminal 
complement activation is known to lead to leukocyte activation, cyto-
kine release, protease production, and adhesion molecule upregula-
tion,43 all of which occur in RA synovitis.

Anti-complement therapy in animal  
models of RA
In antigen-induced arthritis, intra-articular injection of membrane-
targeting complement regulatory protein, derived from human comple-
ment receptor 1 (CR-1), APT070, led to a dose-dependent reduction 
in the severity of arthritis with minimal evidence of erosive disease in 
the active treatment group.44 In collagen-induced arthritis, injection of 
fibroblasts engineered to express CR1 using retrovirus-mediated gene 
transfer inhibited arthritis development, reduced anti–type II collagen 
antibody levels, and inhibited T-cell response to type II collagen.45 
Similar results were obtained when naked DNA containing tsCR1 and 
tsCR1-Ig genes was injected intramuscularly into the immunized 
animals.45

The effect of two different variable fragments, anti-C5 single-chain 
Fv (scFv) was evaluated in antigen-induced arthritis.46 One anti-C5 scFv 
(TS-A 12/22) inhibits both release of C5a and assembly of the terminal 
complement complex. The other, TS-A 8, is a selective blocker of the 
terminal complement complex. Both were equally effective in reducing 
disease severity, suggesting that this complex is mainly responsible for 
disease.

Orally active C5a receptor antagonist, the cyclic peptide PMX53, 
reduces the severity of pathology in methylated bovine serum albumin–
induced arthritis.47 Animals treated with PMX53 had significantly 
greater reductions in knee swelling with reduced synovitis as assessed 
by immunohistology.
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cells 48 to 72 hours after onset of stimulation, based on in-vitro data.13 
Activated T cells upregulate the cell surface expression of CTLA4. This 
ligates CD80 or CD86 with greater avidity than CD28 and exerts  
its inhibitory effects at two stages.14 First, CTLA4 interrupts CD28-
mediated co-stimulation, thereby attenuating CD28-induced IL-2 gene 
transcription and production, which is essential for T-cell proliferation 
and clonal expansion.14,15 Second, CTLA4 directly inhibits the expres-
sion of key components of cell cycle machinery, such as cyclin D3 and 
cyclin-dependent kinases cdk4 and cdk6.15 These antigen-specific effec-
tor T cells, in turn, generate proinflammatory cytokines, including 
TNF-α and interferon-γ (IFN-γ).16 CTLA4 binds to CD80 and CD86 
with 2500-fold and 570-fold greater affinity, respectively, than does 
CD28 (Fig. 58.3).14 The greater affinity of CTLA4 for the ligand results 
in competition with CD28 for binding sites and may, in part, regulate 
the magnitude of the immune response. Engagement of CTLA4 results 
in downmodulation of the immune response and can prevent CD28-
dependent T-cell activation.17,18

Abatacept was designed as a therapeutic molecule developed to 
modulate the T-cell co-stimulatory signal that is mediated by the 
CD28-CD80/86 pathway. It consists of the extracellular binding 
domain of CTLA4 fused to the heavy chain constant region of human 
Ig1 (Fig. 58.4). As well as preventing this positive co-stimulation, the 
intracellular domain of endogenous CTLA4 provides a negative co-
stimulatory signal, suppressing further T-cell activation, thus prevent-
ing the formation of subsequent components of the inflammatory 
cascade (Fig. 58.5).17 The binding of abatacept to CD80/86 may provide 
an inhibitory signal to the APC itself, further dampening the immune 
response.19 A second-generation CTLA4Ig, belatacept, also known as 
LEA29Y, is a modified version of abatacept that carries two amino acid 
mutations, which increases its avidity for CD86, thereby resulting in 
a 10-fold increase in potency.20 Belatacept is being evaluated as an 
alternative immunosuppressant in patients with renal transplantation. 
Selective inhibition of T-cell co-stimulation by CTLA4-Ig early in the 
immune cascade could downmodulate T-cell effector functions and 
inflammatory cytokine production and impact a variety of downstream 
cell types, including autoantibodies producing B cells, APCs, macro-
phages, and osteoclasts. The specificity of this mechanism of action 
allows other immune pathways to remain largely intact. Therefore, 
utilizing such intrinsic properties of our immune system to curtail and 
perhaps reverse the pathogenic derangement is a rational strategy  
for RA.21

Molecules other than CD28 that can deliver activating or co- 
activating signals to T cells include CD2, CD11a/ CD18, lymphocyte 
function-associated antigen-1 (LFA-1), CD6, and CD60.22 These mol-
ecules are expressed on the great majority of T cells found in RA 
synovial fluid and tissue. With the exception of CD60, which is present 
on a minority of peripheral blood T cells in both normal individuals 
and patients with RA,23,24 all of these structures are also expressed on 
most circulating T cells. A role for these structures (and other struc-
tures) in T-cell activation is suggested by mitogenic effects of mono-
clonal antibodies against such molecules.23-26 Except for CD60, whose 
ligand is unknown, each of these molecules has well-characterized 
ligands that are expressed by various APCs, including cells in RA 
synovial tissue.27 Another molecule of significant importance in the 
interaction of T cells with APCs is the CD40 ligand (CD154), which 
appears on the cell surface early in the course of T-cell activation. This 
molecule binds to CD40, a cell membrane protein expressed by virtu-
ally all APCs, and activates a variety of functional programs in such 
cells, including expression of ligands for CD28. Both CD40 and its 
ligands are expressed by cells within RA synovium, and this molecular 
interaction may have an important role in the formation of germinal 
center–like structures in synovial tissue.28 Certain co-stimulatory 

T-cell co-stimulation
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INTRODUCTION
Rheumatoid arthritis (RA) is the most common inflammatory arthritis, 
affecting 0.5% to 1% of the general population worldwide.1 The man-
agement of patients with RA is based on an emerging understanding 
of the biology and natural history of the disease.2 Abatacept is the first 
in a new class of biologic agents in development called co-stimulation 
modulators. It is a recombinant receptor-IgG Fc fusion protein consist-
ing of the extracellular domain of human cytotoxic T-cell–associated 
antigen-4 (CTLA4 fusion protein) linked to the hinge, CH2, and CH3 
domains of human IgG1. Abatacept (CTLA4-Ig) became the first co-
stimulatory blocker to be approved by the U.S. Food and Drug Admin-
istration (FDA) in December 2005 for the treatment of patients with 
RA who have had an inadequate response to other drugs. Subsequently, 
the European Commission licensed it for use in the United Kingdom 
in May 2007. At this time, abatacept is positioned in our armamen-
tarium as a useful alternative for individuals with RA who have failed 
to respond to methotrexate and/or the tumor necrosis factor (TNF)-
blocking biologic agents. A discussion is provided here of its role in the 
immunologic interaction between T cells and antigen-presenting cells 
(APCs) and of clinical trials looking at effectiveness and safety of abata-
cept in the treatment of RA.

T-CELL CO-STIMULATION
Activated T cells have a central role in the orchestration of the immune 
pathways that contribute to the inflammation and joint destruction 
characteristic of RA.3,4 Differentiation of naïve CD4+ T lymphocytes 
into effector cells for cell-mediated immunity (CMI) requires antigen 
recognition and co-stimulation. When T cells become activated, they 
differentiate, migrate, and penetrate into inflamed tissues, proliferate, 
produce cytokines, initiate T-cell effector functions, and regulate down-
stream immune responses. In patients with RA, the activated T cells 
subsequently stimulate a variety of other cell types and induce cellular 
activities that propagate immunopathogenic disease mechanisms, 
including the release of proinflammatory cytokines, activation of the 
autoantibody-producing B cells, macrophage activation, release of the 
matrix metalloproteinases, and activation of osteoclasts that facilitate 
bone loss.5-8

Like the induction and propagation of other cellular pathways, spe-
cific signaling mechanisms are required for activation of T cells.3 
However, in contrast to many of these pathways that require a single 
ligand receptor-mediated signal, T-cell activation has been found to 
require multiple signaling mechanisms (Figs. 58.1 and 58.2). The first 
of these signals is presentation of a major histocompatibility peptide-
antigen complex by an APC to an antigen-specific receptor on the T 
cells. So-called co-stimulatory signals, of which there are several, 
consist of an interaction between a cell-surface ligand on the APC and 
a cognate cell-surface receptor molecule on the T cell.8,9 The absence 
of co-stimulatory signaling in the presence of the major histocompat-
ibility complex (MHC)-antigen presentation induces a state of T-cell 
anergy, in which the T cells remain in a functionally inactivated or 
hyporesponsive state.10

Best known of these co-stimulation pathways is an interaction 
between CD28 on T cells and CD80 and CD86, also known as B7-1 
and B7-2, which are expressed only on professional APCs. CD28 is 
constitutively expressed on the naive T-cell surface. CD80/86 binds 
with CD28, providing a second signal for induction of endogenous 
interleukin (IL)-2 mRNA accumulation and IL-2 production, resulting 
in T-cell activation and proliferation (see Figs. 58-1 and 58-2).11,12 
Cytotoxic T-lymphocyte–associated antigen (CTLA4), an important 
endogenous downregulator of T-cell activation, is expressed on Th2 
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Fig. 58.2 Co-stimulation is required for full T-cell activation. There are several co-stimulatory pathways; signals 
through these pathways can either upregulate or downregulate T-cell activation. APC, antigen-presenting cell; CTLA, 
cytotoxic T-lymphocyte antigen; DC, dendritic cell; ICOS, inducible co-stimulator. (Reproduced with permission from 
Teng GG, Turkiewicz AM, Moreland LW. Abatacept: a co-stimulatory inhibitor for treatment of rheumatoid arthritis. Expert 
Opin Biol Ther 2005;5:1245-1254.)
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and downregulates CD28-mediated T-cell activation. APC, antigen-presenting 
cell; CTLA, cytotoxic T-lymphocyte antigen; TCR, T-cell receptor. (Reproduced 
with permission from Teng GG, Turkiewicz AM, Moreland LW. Abatacept: a 
co-stimulatory inhibitor for treatment of rheumatoid arthritis. Expert Opin Biol 
Ther 2005;5:1245-1254.)
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Fig. 58.4 Structure of abatacept. Abatacept consists of an extracellular domain of human CTLA4 fused to the 
heavy-chain constant region of human IgG1. CTLA, cytotoxic T-lymphocyte antigen. (Reproduced with 
permission from Teng GG, Turkiewicz AM, Moreland LW. Abatacept: a co-stimulatory inhibitor for treatment of 
rheumatoid arthritis. Expert Opin Biol Ther 2005;5:1245-1254.)
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inhibits T-cell co-stimulation. APC, antigen-presenting cell; MHC, major 
histocompatibility complex; TCR, T-cell receptor. (Reproduced with permission 
from Teng GG, Turkiewicz AM, Moreland LW. Abatacept: a co-stimulatory inhibitor 
for treatment of rheumatoid arthritis. Expert Opin Biol Ther 2005;5:1245-1254.)
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Phase 2 trials
Two phase-2 trials using abatacept have been performed in RA 
patients. A phase 2b 12-month randomized, double-blind, placebo-
controlled study was done using abatacept in 339 patients who had 
remained active despite methotrexate therapy.33 One hundred five 
patients received 2 mg/kg, 115 patients received 10 mg/kg, and 119 
patients received placebo for 6 months, in addition to standard doses 
of concomitant methotrexate therapy. At 6 months, patients treated 
with 10 mg/kg were more likely to have an ACR20 than were patients 
who received placebo (60% vs. 35%, P < .001). Significantly higher 
rates of ACR50 and ACR70 were seen in both abatacept groups com-
pared with placebo (Table 58.1). Those who received 10 mg/kg had 
clinically meaningful and statistically significant improvements in all 
eight subscales of the Medical Outcomes 36-Item Short-Form (SF-36) 
General Health Survey.33 Inflammatory markers of disease were found 
to be significantly lower in patients on the drug.34 Patients in this 
phase 2b study continued on blinded therapy for an additional 6 
months. After 12 months, a significantly higher percentage of patients 
on 10 mg/kg met ACR20 (62.6% vs. 36.1%, P < .001). A greater per-
centage treated with 10 mg/kg also achieved ACR50 (41.7% vs. 20.2%) 
and ACR70 responses (20.9% vs. 7.6%).35 After 12 months of treat-
ment, serum levels of IL-6, soluble IL-2 receptor, C-reactive protein, 
soluble E-selectin, and soluble intercellular adhesion molecule-1 were 
significantly lower in patients on the higher dose, compared with 
placebo.34,36

A second phase 2 study using abatacept in patients with active RA 
on stable doses of etanercept was performed; 121 patients receiving 
etanercept were randomized to receive 2 mg/kg abatacept (a low dose 
that was minimally clinically effective) or placebo.37,38 At 6 and 12 
months, ACR20 response was not significantly different at 48.2% vs. 
30.6% (P = .072).23,24 The primary goal of this trial was to explore the 
potential combination of two biologic agents that had different mecha-
nisms of action. Thus, the low dose was used initially to assess any 
potential adverse effects of the combination. At 1 year, 80 patients 
entered an open-label extension and all received abatacept at 10 mg/
kg; there was no significant difference in ACR20 after an additional 
year, but there was a higher risk of adverse events in the combination 
group.37,38

Phase 3 trials
Two phase 3 trials were conducted to study abatacept in order to fulfill 
Food and Drug Administration regulatory requirements. Abatacept in 
Inadequate Responders to Methotrexate (AIM) was a phase 3 trial, a 
1-year, multicenter, randomized, double-blind, placebo-controlled 
study.39 Of 652 patients who were all receiving stable doses of metho-
trexate, 433 patients were assigned to receive 10 mg/kg and 219 
patients were assigned to placebo. Using a modified intention-to-treat 
analysis, the abatacept group was found to have significant differences 
in ACR20 (67.9% vs. 39.7%), ACR50 (39.9% vs. 16.8%), and ACR70 
(19.8% vs. 6.5%) responses as compared with placebo.39 At 1 year, the 
progression of structural damage was around 50% lower in the treat-
ment group, using the Genant-modified Sharp score, with the patients 
receiving abatacept progressing by a median score of 0.25 and those 
receiving placebo progressing by 0.53.39 In findings similar to the phase 

ligands may be more abundant in inflamed joints than in other com-
partments. Thrombospondin-1 can co-stimulate T cells by crosslinking 
a distinct receptor on APCs (CD47) with a different receptor on T cells 
(CD36).29 Vascular cell adhesion molecule-1 (VCAM-1, CD106) may 
promote activation and survival of both B and T cells in RA synovium 
and may also mediate leukocyte-endothelial adhesion.30

PHARMACODYNAMICS AND 
PHARMACOKINETICS
In humans, abatacept demonstrates linear pharmacokinetics within its 
dose range with low interpatient variability.31 Clearance of abatacept 
is unaffected by sex and age, and the pharmacokinetics have been 
demonstrated to be dose proportional and linear.31 A serum half-life of 
14.7 days suggests an adequacy of monthly dosing regimen, and the 
constant rate of elimination is indicative of low anti-abatacept antibody 
formation. The optimal dose for abatacept in clinical trials for the 
treatment of RA was determined to be 10 mg/kg.32,33 Abatacept is 
administered by a 30-minute intravenous infusion every 4 weeks after 
an initial series of loading doses on days 1, 15, and 30. With this dosing 
schedule, the mean trough serum concentration of approximately 
30 µg/mL is 7- to 10-fold higher than concentration required for in-vitro 
suppression of T-cell proliferation.34 In an in-vitro assay, abatacept 
dose-dependently suppressed T-cell proliferation and reduced release 
of IL-2, TNF-α, and IFN-γ in a time-dependent manner.34

CLINICAL TRIALS OF ABATACEPT
Phase 1 trials
Abatacept was first studied in human subjects with psoriasis.31 In a 
26-week open-label dose escalation study involving 43 patients who 
received four infusions of abatacept at doses ranging from 0.5 mg/kg 
to 50 mg/kg, 46% of patients achieved a 50% or greater sustained 
improvement (physician global assessment) in clinical disease activity, 
with progressively greater effects observed at the highest-dosing 
cohorts.31 Improvements were associated with quantitative reductions 
in epidermal hyperplasia, which correlated with quantitative reduction 
in T cells infiltrating active psoriasis lesions.31

The first study in RA patients was a small, double-blind, dose-
finding, multicenter, placebo-controlled trial with abatacept and belata-
cept (LEA29Y) in patients who had failed at least one disease-modifying 
antirheumatic drug (DMARD) or etanercept. Two hundred fourteen 
RA patients were given four infusions of the drug at different doses: 
0.5, 2.0, and 10 mg/kg.32 American College of Rheumatology (ACR)-20 
responses at day 85 increased in a dose-dependent manner; with 0.5, 
2.0, and 10 mg/kg, responses were 23%, 44%, and 53% for abatacept 
and 34%, 45%, and 61% for belatacept, respectively, versus 31% in 
placebo.32 There were no notable renal, hepatic, or hematologic events 
noted during the trial. The most common peri-infusional events for 
the drug (vs. placebo) were nausea/vomiting in abatacept-treated 
patients (7% vs. 3%) and headache in belatacept-treated patients (8% 
vs. 3%). Neither medication induced the formation of measurable anti-
drug antibodies.32

TABLE 58.1 PATIENTS ACHIEVING RESPONSES AT 24 WEEKS IN AIM AND ATTAIN STUDIES

Study Drug regimen ACR20 ACR50 ACR70

Phase 2b33 Abatacept 10 mg/kg plus methotrexate
Methotrexate plus placebo

60
35

37
12

17
2

Phase 3 AIM39 Abatacept 10 mg/kg plus methotrexate
Methotrexate plus placebo

67.9
39.7

39.9
16.8

19.8
6.5

Phase 3 ATTAIN41 Abatacept 10 mg/kg plus methotrexate
Methotrexate plus placebo

50.4
19.5

20.3
3.8

10.2
1.5

ACR, American College of Rheumatology; AIM, Abatacept in Inadequate Responders to Methotrexate; ATTAIN, Abatacept Trial in Treatment of Anti-TNF Inadequate Responders.
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the abatacept group was similar to the placebo group in terms of  
incidence of adverse events (AEs) (90% vs. 87%), serious adverse  
events (SAEs) (13% vs. 12%), and severe or very severe AEs (16%  
vs. 15%).37 Discontinuations of the drug were similar in both groups 
(5% vs. 4%). Regardless of the treatment arm, patients receiving back-
ground non-biologic therapy had similar rates of AEs and SAEs. 
However, in the biologic group, those who received abatacept had more 
AEs (95.1% vs. 89.1%) and more SAEs (22.3% vs. 12.5%) as compared 
with those receiving a placebo.37 Less than 4% of patients in each group 
had a severe or very severe infection, but life-threatening infections, 
those resulting in hospitalization or death, were more likely to be seen 
in the abatacept group (2.9% vs. 1.9%). Interestingly, the abatacept-
treated patients with background biologic therapy had more serious 
infections than the placebo group (5.8% vs. 1.6%), whereas the abata-
cept-treated group on non-biologic therapy showed a similar trend 
(2.6% vs. 1.7%).37

The ASSURE trial findings mirrored those of a smaller randomized, 
placebo-controlled, double-blind pilot study. This phase 2b trial inves-
tigated the efficacy and safety of the addition of abatacept infusions at 
2 mg/kg over 1 year in patients who had inadequate response on etan-
ercept. The biologic combination had limited clinical benefit over etan-
ercept and placebo infusions but was associated with an increase in 
the proportion of patients experiencing SAEs (16.5% vs. 2.8%) and 
serious infections (3.5% vs. 0%).37,38

In the pivotal phase 2 and phase 3 clinical trials, the overall safety 
profile of abatacept was similar to that of placebo. The most commonly 
reported AEs in 10% or more of patients on abatacept included head-
aches, upper respiratory tract infections, nasopharyngitis, and nausea.45 
No clinically significant antibody response to abatacept was detected 
in active treatment groups.32,37,39 In placebo-controlled trials, infection 
occurred more often in abatacept-treated patients. Infection was the 
adverse event frequently requiring clinical intervention. Serious infec-
tion occurred in 1.9% of placebo-treated patients and 3% of abatacept-
treated patients, with pneumonia being the most serious infection.45 
Notably, the risk of serious infections rose to 4.4% (vs. 1.5% in con-
trols), when combined with TNF-α blockers, and their combined use 
is not recommended.46 Abatacept should be used with caution in 
patients with chronic obstructive airway disease, because adverse respi-
ratory events occurred more frequently in these patients.37 Patients 
should not receive a live vaccine during treatment or within 3 months 
of stopping abatacept.45 There are no adequate and well-controlled 
studies in pregnant women, and it should be used in pregnancy only 
if absolutely indicated.45

With respect to tuberculosis risk and activation of latent tuberculo-
sis, it has been shown that abatacept does not exacerbate chronic 
Mycobacterium tuberculosis infection in mice. Chronic M. tuberculo-
sis infection was established in C57BL/6 mice.47 Four months after 
infection, mice were treated for up to 16 weeks with abatacept, anti-
murine TNF, or vehicle. Abatacept and vehicle both maintained control 
of M. tuberculosis infection, with 100% survival after 16 weeks of 
treatment. In contrast, 100% mortality was seen in the anti-TNF 
antibody-treated group by week 9 along with increased pathology, 
consistent with exacerbation of M. tuberculosis infection.47 In clinical 
practice, patients should be screened for latent tuberculosis with a 
tuberculin test before initiating abatacept. Patients testing positive 
should be treated with standard medical practice before initiating 
abatacept.45

In the ATTEST trial, when compared with infliximab, at the end 
of the first 6 months, the frequency of serious adverse events was 5.1%, 
11.5%, and 11.8% for abatacept, infliximab, and placebo, respectively. 
In the same order, the frequency of acute infusion-related adverse 
events was 5.1%, 18.2%, and 10%. Over the 1-year period, infections 
reported as serious adverse events were more frequent with infliximab 
(8.5%) than with abatacept (1.9%). These included two cases of tuber-
culosis, both in infliximab-treated patients.44

To assess the effects of abatacept on malignancies, an abatacept 
clinical development program (CDP) was established for comparison 
with similar RA patients and the general population. Patients identified 
from five data sources—the population-based British Columbia  
RA Cohort, the Norfolk Arthritis Register, the National Data Bank  
for Rheumatic Diseases, the Sweden Early RA Register, and the General 
Practice Research Database—comprised a total of 4134 RA patients 

2b study, abatacept plus methotrexate induced disease activity score 
(DAS28) remission (<2.6) in 14.8% of patients at 6 months and in 
23.8% at 12 months, compared with 2.8% and 1.9% of patients receiv-
ing methotrexate plus placebo at the corresponding time points (P < 
.001). Physical function significantly improved in 63.7% of the abata-
cept plus methotrexate group, versus 39.3% of the placebo plus metho-
trexate group (P < .001).39 Patients completing the double-blind phase 
of the AIM study over 12 months were eligible to enter a long-term 
extension phase in which all participants received methotrexate plus 
abatacept at a fixed dose approximating 10 mg/kg every 4 weeks.40 
Clinically meaningful reductions in disease activity were maintained 
through 2 years, accompanied by an improved sense of subjective well-
being assessed by patient-reported outcomes. Abatacept was considered 
safe and efficacious in the open-label extension.

The Abatacept Trial in Treatment of Anti-TNF inadequate respond-
ers (ATTAIN) compared abatacept with placebo in patients whose 
disease was refractory to either etanercept or infliximab. All patients 
at baseline were on at least one DMARD (but no TNF blocker).41 After 
6 months, the proportion of patients with an ACR20, ACR50, or 
ACR70 response was higher in the abatacept group (see Table 58.1). 
Patients taking abatacept also had an improvement in physical func-
tion on Health Assessment Questionnaire (HAQ) scores.41 Rates of 
remission (DAS28 < 2.6) were significantly higher in the abatacept 
group as compared with the placebo group (10% vs. 0.8%, P < .001).41 
All patients who completed the 6-month double-blind phase of the 
ATTAIN study were eligible to enter a 1-year, long-term extension 
phase during which all patients received a once-monthly fixed dose of 
abatacept in addition to at least one conventional DMARD.42 Of a total 
of 258 patients randomized to abatacept, 223 completed 6 months of 
treatment and 218 entered the extension. Of these, 168 completed 18 
months’ treatment. The rate of serious adverse effects was similar in 
the two groups. No unique safety observations were reported during 
the open-label extension. Improvements in signs and symptoms of RA, 
physical function, and health-related quality of life observed after 6 
months were maintained throughout the 2 years in patients with dif-
ficult-to-treat disease.43

COMPARISON WITH INFLIXIMAB
A trial comparing abatacept with infliximab was performed in  
RA patients who had an inadequate response to methotrexate.44 
The patients had a mean baseline DAS28 of 6.8. They were rando-
mized to receive abatacept at a dose of 10 mg/kg every 4 weeks  
(156 patients), infliximab 3 mg/kg every 8 weeks (165 patients),  
or placebo every 4 weeks (110 patients).44 Patients randomized to 
placebo were switched to abatacept after 6 months but were not 
included in the 1-year analyses. With respect to efficacy through  
6 months, ACR response rates, changes in DAS28, HAQ, and  
SF-36 were similar after treatment with either abatacept or  
infliximab.44 However, as noted in other studies, abatacept was 
observed to have increasing efficacy beyond 6 months in contrast to 
the infliximab group; in the latter, measures apparently reached a 
plateau or diminished over time. The mean change from baseline in 
DAS28 for abatacept was –2.3 at 6 months and –2.9 at 1 year; for 
infliximab, it was –2.3 at both 6 and 12 months.44 A weakness of this 
study is the fixed dose of infliximab used. In clinical practice, many 
RA patients require higher doses of infliximab to achieve maximal 
clinical response.

SAFETY OF ABATACEPT
Overall, abatacept is considered to have an acceptable safety and  
tolerability profile. It can be safely combined with other DMARDS  
but not with TNF or IL-1 blockers. The Abatacept Study of Safety  
in Use with Other RA Therapies (ASSURE) trial was a 1-year, multi-
center, randomized, double-blind, placebo-controlled trial designed  
to assess the safety of abatacept at 10 mg/kg compared with placebo 
in 1441 patients with active RA concurrently on one or more tradi-
tional non-biologic and/or biologic DMARD(s) for a minimum of  
3 months before entry, with a stable dose over 28 days.37 Of the 
1441 patients, 1231 completed 1 year. Results were presented accord-
ing to the DMARD group: biologic versus non-biologic agent. Overall, 
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concomitantly with TNF antagonists. Not only is the combination 
associated with an increased risk of serious infections, but also it does 
not add significant clinical benefit. Based on the clinical data, we know 
that abatacept represents a new addition to the therapeutic options for 
treatment of RA patients who have not responded adequately to metho-
trexate and TNF blocking agents. The data so far emphasize the rela-
tively slow time to peak clinical response with abatacept in comparison 
with TNF blockade, with increasing efficacy beyond short-term bene-
fits. It will be important to see whether these early safety data are 
maintained over the long term. The comparative effects of abatacept, 
rituximab, and TNF blockade on structural damage are still unknown. 
For RA patients with an inadequate response to a DMARD and TNF 
inhibitor, abatacept offers an excellent alternative agent. Abatacept is 
being evaluated in other conditions such as lupus nephritis and various 
vasculitides. It remains to be seen if there is a potential role for abata-
cept in other autoimmune diseases. Long-term safety data, compara-
tive cost-effectiveness analyses, and the route of administration may 
help determine the relative positioning of the biologic agents in the 
future.

treated with abatacept in 7 trials and 41,529 DMARD-treated  
RA patients.48 In the abatacept-treated patients, of the 51 malignancies 
(excluding non-melanoma skin cancer [NMSC]), the 7 cases of breast 
cancer, 2 cases of colorectal cancer, 13 cases of lung cancer, and 5  
cases of lymphoma observed were not greater than the range of expected 
cases from the five RA cohorts. The age and sex-adjusted standardized 
incidence ratios comparing RA patients to the general population  
were consistent with those reported in the literature. The age and  
sex-adjusted incidence ratios of total malignancy (excluding NMSC), 
breast, colorectal, and lung cancers and lymphoma in the abatacept 
clinical development program were consistent with those in a  
comparable RA population. These data suggest no new safety  
signals with respect to malignancies, which will continue to be 
monitored.48

CONCLUSION
Abatacept may be used as monotherapy or concomitantly with 
DMARDs other than TNF antagonists. It is not recommended for use 
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Aside from clinical considerations, the use of rituximab has inevi-
tably led to greater interest in the roles and effects of B cells in RA 
pathogenesis. It is of course widely understood that RA is the result of 
multiple pathologic processes, arising from abnormalities of the 
immune system and dysregulation of inflammatory responses. The use 
of an agent with such a specific target has allowed for closer investiga-
tion of the levels at which B cells are involved in the pathogenesis of 
RA. Furthermore, although rituximab only appears to have one biologic 
effect—to lead to the destruction of B cells—it is only relatively recently 
that data have emerged as to the variability of this biologic effect 
between patients. This in turn has led to further investigation of 
methods of enhancing the effect of rituximab, both during its initial 
use and with repeated cycles of therapy.

Rituximab is distinctive in that it has been shown to have thera-
peutic effects across a wide range of autoimmune rheumatic disorders. 
As yet, this has not been consistently demonstrated by other biologic 
agents. In some regards, the unmet need for therapy in diseases such 
as systemic lupus erythematosus and antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis could be argued to be even greater 
than that in RA. Although the experience of some clinicians and 
patients with rituximab has been encouraging, the availability of a 
targeted biologic therapy—and in particular, the expense associated 
with such therapies—has led to the challenges of designing and under-
taking robust clinical studies in these disease areas.

B CELLS IN RHEUMATOID ARTHRITIS
B lymphocytes are generated in bone marrow with specific antigen 
reactivity and released into the circulation as transitional cells, ulti-
mately becoming mature naïve B cells. They become activated on 
meeting their cognate antigen and then participate in germinal center 
reactions. These involve interaction of B and T cells arising from B-cell 
presentation of the antigen, along with other co-stimulatory molecules. 
This process leads to a number of effector mechanisms. Memory B 
cells are generated, as well as short-lived and long-lived plasma cells 
that secrete antibody.8 Memory B cells contribute to immune memory 
by requiring a lower threshold for reactivation on re-encountering their 
cognate antigen and thereafter rapidly differentiating into plasma cells. 
Short-lived plasma cells provide an immediate antibody response, and 
in the case of IgM, plasma cells may arise without T-cell help. Long-
lived plasma cells persist for many years after migrating to the bone 
marrow and hence contribute to immune memory and maintenance 
of normal immunoglobulin levels. Lastly, T-cell activation following 
interaction with B cells may activate other effector mechanisms besides 
B and plasma cells, such as release of inflammatory cytokines. It is not 
known whether the B or T cell is primarily responsible for loss of self-
tolerance in RA, but during germinal center reactions antibodies are 
modified by affinity maturation and epitope spreading. This may 
provide the opportunity for autoreactive antibodies to arise.

In RA the autoantibodies rheumatoid factors (RFs) and anticyclic 
citrullinated protein antibodies (CCPs) are produced. RFs may be 
pathogenic by self-associating and self-generating immune complexes,9 
which then cause inflammation in sites where their receptor FcγRIIIa 
is expressed (the synovium, serosal surfaces, and sites of rheumatoid 
nodule formation). In addition, RF-producing B cells, which could arise 
by chance during germinal center reactions, have been shown to be 
capable of eliciting help from non-autoreactive T cells, thereby bypass-
ing T cell self-tolerance and proliferating. Anti-citrullinated protein 
antibody (ACPA) is highly specific to RA and its target is expressed  
in the synovium. Both of these antibodies may be expressed years 
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INTRODUCTION
The treatment of rheumatic diseases has advanced significantly in the 
past decade with the advent of targeted therapies. Such targets have 
included specific lymphocyte subsets, often T cell related, cell-surface 
receptors, adhesion molecules, and a variety of cytokines. These targets 
were often identified on the basis of theoretical work and as such in 
vivo have yielded variable clinical results. Most successful of all in 
rheumatoid arthritis (RA) have been anti–tumor necrosis factor (TNF) 
agents. Experience of the safety and efficacy of these agents is now 
widespread. However, such experience has also shown that there are 
significant numbers of patients who either do not respond to such 
agents or lose their response or develop toxicity, which prevents con-
tinuation of therapy.

B cells were originally regarded as playing key roles in pathogenesis 
in RA,1 but research interest in this area was eventually surpassed by 
that into T cells and anticytokine therapies.2 However, the develop-
ment of agents targeting B cells in hematologic malignancies—in par-
ticular the anti-CD20 agent rituximab—allowed a practical method by 
which investigation of B cells’ potentially key roles in RA could be 
taken forward.3 After an initial case report of improvement of RA in a 
patient treated with combination rituximab and other chemotherapeu-
tic agents,4 the promising results in a small case series of patients5 led 
to the conduct of key multicenter, randomized, controlled trials.

The issues of debate at the outset of B-cell depletion therapy are 
still extant, to varying degrees. To a certain extent these remain driven 
by the dosing strategies of the agents. As with previous therapies for 
RA, the use of rituximab was associated in significant proportions of 
patients with clinical responses—and even a period of remission in 
some—but it soon became clear that in most patients the disease would 
eventually relapse. Furthermore, the anxieties of using a cell-depleting 
therapy were perhaps alleviated by the discovery that B-cell depletion 
was temporary, although this very phenomenon might be implicated 
in the equally temporary nature of the effect of one “cycle” of therapy 
in most patients.

Use of rituximab therefore established a different therapeutic para-
digm than for other RA therapies, one initially clearly drawn from 
experience of treating malignancy. This was an agent that would not 
be used on a regularly repeated basis but rather would be used to induce 
a response and then would be used again to regain response once 
relapse had occurred. The immediate clinical question of importance 
has been focused on the efficacy and safety of repeated cycles of therapy. 
Beyond that, however, this question leads to issues regarding the best 
dosing intervals for such an agent and the challenges of maintaining 
stable disease control and possibly predicting relapse.

The marked effect on structural progression of RA observed with 
anti-TNF agents over conventional disease-modifying antirheumatic 
drug (DMARD) therapy6 has raised the bar for the expected benefits of 
novel therapies in RA. Therefore, although initial clinical trials with 
rituximab concentrated on clinical outcomes, effect on radiographic 
progression was also included in some studies as secondary outcome 
measures and more recently has been the primary study outcome.

The fact that rituximab is the first approved biologic agent to act 
by a completely different mechanism to those currently in widespread 
use has led to a specific question as to where it should be positioned 
in the biologic hierarchy. This has been part of a general debate as to 
the comparative merits of different biologic modes of action, as well as 
a practical discussion of when it may be appropriate to switch patients 
from one therapy to another and in what order.7 Ultimately, the pres-
ence of different agents are driving the search to identify distinct groups 
of patients who will respond to different therapies.
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before clinical features of RA develop,10 also supporting the primacy of 
the B cell in disease initiation.

TARGETING CD20
Recent advances in understanding the central role of B cells in RA 
pathogenesis have been accompanied by novel therapeutic approaches. 
The most widely used has been that of selective B-cell depletion using 
antibodies directed against anti-CD20. Rituximab, which was already 
available for use in non-Hodgkin lymphoma, was the first of these 
agents to be used in RA.

CD20 is a 33- to 37-kDa, non-glycosylated phosphoprotein expressed 
on the surface of mature naïve B cells that have exited the bone marrow 
to enter blood; it is neither expressed on stem cells nor on plasma cells 
that have returned to the bone marrow (Fig. 59.1). This selective 
expression on mature B cells but not on precursors such as stem cells 
or on antibody-secreting plasma cells makes it an attractive target, 
particularly from the point of view of theoretical safety concerns. 
Depletion via CD20 would be expected to permit B-cell regeneration 
and prevent reduction of immunoglobulin levels, at least with initial 
therapy. Furthermore, on binding antibody, CD20 was not thought to 
be shed from the cell surface or detectable in the serum and is not 
internalized.11 However, evidence from hematology patients has shown 
that targeted epitope expression may decline after infusion of mono-
clonal antibodies. It has been demonstrated in vitro that rituximab/
CD20 complexes may be removed from B cells by THP-1 monocytes. 
This is a reaction mediated by FcγR.12

The biology of CD20 and the mechanisms by which it may be 
targeted are not completely understood. CD20 appears to have no 
natural ligand and CD20 knockout mice display an almost normal 
phenotype.13,14 Various anti-CD20 monoclonal antibodies have been 
used in experimental settings and have induced a range of different 
calcium flux responses, supporting the theory that CD20 may be 
involved in the generation and regulation of calcium transport triggered 
by other receptors.15

Rituximab is a high-affinity chimeric monoclonal antibody specific 
to CD20, consisting of fusion of light and heavy chain variable regions 
of a murine antihuman monoclonal anti-CD20 antibody with human 
immunoglobulin κ light chain and γ1 heavy chain constant regions.16 
This was originally developed for the treatment of refractory CD20+ 
B cell non-Hodgkin lymphoma, in which it has shown substantial 
evidence of efficacy and has now been used in more than 700,000 
patients.17 Its mechanism of B-cell depletion in vivo is not fully under-
stood, but there is evidence for antibody-dependent, cell-mediated cyto-
toxicity by effector cells, complement-dependent cytotoxicity, and 

EXPRESSION OF SURFACE MARKERS AND BLyS/APRIL RECEPTORS DURING B-CELL DEVELOPMENT
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Fig. 59.1  Expression of surface markers and BLyS/APRIL receptors during B-cell development.

MECHANISMS OF B-CELL KILLING BY RITUXIMAB
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Fig. 59.2  Mechanisms of B-cell killing by rituximab.

apoptosis (Fig. 59.2).18 From a clinical perspective, rituximab has been 
used to successfully target CD20 in a variety of hematologic malignan-
cies19 and rheumatic autoimmune diseases.20

Rituximab is formulated for intravenous administration. It should 
be diluted to a concentration of 1 to 4 mg/mL in either 0.9% sodium 
chloride or 5% dextrose. If a prepared infusion is not used immediately, 
the solution is stable at 2° C to 8° C for 24 hours and for a further 24 
hours at room temperature. Clinical pharmacokinetic data are avail-
able for two consecutive doses of 500 mg and two doses of 1000 mg 
given on days 1 and 15. Mean terminal elimination half-life ranged 
from 16 to 16.5 days (after the second infusion) for the former dose 
and 18 to 21 days for the latter. There was no difference in pharma-
cokinetics between the first and second cycles of treatment. Due to 
risk of infusion-related reactions (discussed in more detail later), it is 
recommended that rituximab should be administered in clinical envi-
ronments where full resuscitation facilities are available. Prophylaxis 
with paracetamol (1 g) and diphenhydramine HCl (25 to 50 mg, or 
equivalent dose of similar agent) should be given 30 to 60 minutes 
before infusion of rituximab.21
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Repeat treatment: efficacy
Patients from the original large randomized studies were followed up 
in open-label extension studies.25 Patients who were deemed to be 
responders (by predefined criteria) were eligible for retreatment with a 
further cycle of two infusions of 1000 mg rituximab with preceding 
methylprednisolone if they subsequently had deterioration in disease 
activity (Fig. 59.3). It is worth noting that the thresholds in studies 
determining both response and relapse are higher than would generally 
be seen in clinical practice, as reflected in the EULAR consensus state-
ment, which defines response as a minimum improvement in DAS28 
of 1.2.26 Due to the potentially slow onset of action of rituximab, 
response should not be determined earlier than 16 weeks after treat-
ment. A subsequent increase in DAS28 of greater than 0.6 is regarded 
as a clinically relevant deterioration, warranting retreatment. This is 
only recommended after 6 months have passed since the previous 
course.

Data are available from these open-label extension studies for up to 
four courses of therapy27 and further courses are reported in case series 
and reports.28 The median treatment interval between first, second, 
and third courses in patients with previous anti-TNF exposure remained 
stable at approximately 30 weeks (Fig. 59.4). Clinical responses were 
also sustained. ACR and DAS responses were similar after first and 
second courses and the proportions of patients achieving ACR70, 
DAS28 low disease activity (DAS28 < 3.2), and DAS28 remission 
(DAS28 < 2.6) increased after the second course. The change in 
DAS28 after each course from baseline was consistent, implying  
cumulative progressive reduction in disease activity with repeated 
treatment.

The most commonly used paradigm of rituximab therapy therefore 
is one of repeated therapy if a patient deteriorates after initially improv-
ing. Inherent in this is a degree of instability, with potential clinical 
implications such as more short-term steroid use, and this may also 
be potentially detrimental to long-term outcomes; there is evidence to 
suggest that the less that patients’ disease activity rises before retreat-
ment, the better the outcome.29 Predictors of relapse are currently being 
studied; B-cell measurement by conventional sensitivity flow cytome-
try has not been especially informative; the vast majority of patients 

Efficacy of rituximab in rheumatoid arthritis: 
pivotal clinical trial data
Most clinical data leading to the licensing of rituximab for use in RA 
are drawn from three double-blind, randomized, placebo-controlled 
studies that have subsequently entered extension phases and preceding 
smaller studies. It should be noted that in these “placebo”-controlled 
studies, there was never any arm that received no treatment but rather 
all investigative agents were compared with treatment with methotrex-
ate alone, the latter representing the control arm. Rituximab was given 
as two infusions, 2 weeks apart. Primary outcomes were at 6 months, 
with clinical outcomes measured by American College of Rheumatol-
ogy (ACR) improvement criteria and Disease Activity Score 28 joint 
assessment (DAS28) in order to determine the European League 
Against Rheumatism (EULAR) response.

The first of these was a phase 2a study with four arms comparing 
placebo, rituximab monotherapy, rituximab with cyclophosphamide, 
and rituximab with methotrexate.22 The DANCER study aimed to 
compare two different doses of rituximab (two infusions of 500 mg vs. 
two infusions of 1000 mg), as well varying concomitant steroid regi-
mens.23 The phase 3 REFLEX trial compared the latter dose of ritux-
imab with placebo and included only patients who had had inadequate 
response or toxicity following anti-TNF therapy.24 These studies are 
considered in more detail later.

Clinical features and responses of patients 
entered into pivotal trials of rituximab
As would be expected for a novel biologic agent, patients entered into 
these studies often had relatively severe disease. Patients in the phase 
2a study had active disease despite treatment with methotrexate; 
patients had also failed between one and five DMARDs other than 
methotrexate. In the DANCER study, the mean duration of disease 
was 9.3 to 11.1 years and the mean number of previous DMARDs 
other than methotrexate was 2.2 to 2.5. Overall, 29% of patients had 
received prior biologic agents. For the REFLEX study, comprising 
patients who had all previously received anti-TNF therapy, median 
disease duration was approximately 12 years; swollen joint count was 
23; and DAS28 was 6.9. More than 90% of patients had previously 
taken either one or two anti-TNF agents and 9% had received three 
anti-TNF agents. Ninety-one percent of patients had demonstrated an 
inadequate response to anti-TNF therapy because of lack of efficacy.

The eventual licensed dose of two infusions of rituximab of 1000 mg 
each (given 14 days apart) preceded by 100 mg methylprednisolone with 
concomitant ongoing methotrexate therapy demonstrated significant 
benefit over placebo in all these studies (the effect of other doses and 
regimens is discussed later). In the phase 2a study, in terms of ACR20 
response, all groups treated with rituximab had a significantly higher 
proportion of responders (65% to 76% vs. 38%, P = 0.025). With regard 
to EULAR response criteria, patients receiving rituximab had a signifi-
cantly higher proportion of responders compared with those receiving 
methotrexate alone (83% to 85% vs. 50%, P = 0.004). In the DANCER 
study, the proportion of patients achieving ACR20 response was signifi-
cantly higher in patients receiving rituximab than placebo (54.1% ritux-
imab vs. 27.9% placebo, P < 0.001). ACR50 and ACR70 responses were 
consistent with those observed for ACR20. In the REFLEX study, at 24 
weeks, there was a significant difference between the two arms in the 
proportion of patients reaching the primary endpoint of ACR20 
response: 51% versus 18% for the rituximab and placebo arms, respec-
tively (P < 0.0001). With regard to ACR50 and ACR70 responses, these 
were also significantly increased in rituximab-treated patients (27% vs. 
5% and 12% vs. 1% for ACR50 and 70, respectively). Similarly, when 
moderate to good EULAR responses were considered, the proportion of 
responders was significantly higher in those who had received rituximab 
(65% vs. 22%, P < 0.0001). At week 24, 12% of patients receiving 
rituximab had withdrawn due to lack of efficacy in comparison with 
40% of those receiving placebo. There were also significant improve-
ments in patient-based outcomes such as pain and fatigue.

On the basis of these results, rituximab was licensed by the Food 
and Drug Administration and European Medicines Agency (EMEA) for 
the treatment of severe active RA in patients with an inadequate 
response to anti-TNF therapy.

ACR AND EULAR RESPONSE RATES IN PATIENTS
WITH PRIOR TNF INHIBITOR EXPOSURE
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Fig. 59.3  American College of Rheumatology (ACR) and European League 
Against Rheumatism (EULAR) response rates in patients with prior tumor 
necrosis factor inhibitor exposure who received at least two cycles of rituximab 
in long-term extensions of phase 2 DANCER and REFLEX studies (n = 155). 
(From Keystone E, Fleischmann R, Emery P, et al. Safety and efficacy of additional 
courses of rituximab in patients with active rheumatoid arthritis: an open-label 
extension analysis. Arthritis Rheum 2007;56:3896-3908.) Note that in order to 
qualify for retreatment, patients had to have demonstrated a 20% 
improvement in tender and swollen joint counts during the previous cycle 
(even if not showing improvement in the other criteria needed to attain an 
ACR20 response) and have eight tender and swollen joints at the time of 
retreatment.
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therapy. A small number of patients (<1%) experienced a serious infu-
sion reaction (anaphylaxis and bronchospasm).

Use of intravenous steroid before infusion of rituximab reduced 
infusion reactions from 37% to 29% in patients receiving a first infu-
sion of 1000 mg rituximab.23 Repeated courses of therapy are associ-
ated with fewer infusion reactions.27 Infusion reactions can be managed 
with additional paracetamol, antihistamines, and, if required, broncho-
dilators and steroids.

Infections
Rituximab should be delayed until active infections have resolved. 
Most infections after rituximab that have been reported in RA patients 
were minor and were largely upper respiratory or urinary tract infec-
tions. There was a slight increase in serious infections (5.2 vs. 3.7/100 
patient-years) over placebo in REFLEX. No data suggest an increased 
risk of opportunistic infections, including tuberculosis. A small number 
of patients with previous tuberculosis or positive Mantoux test have 
been treated without reactivation of disease. It has been observed that 
there is a cumulative reduction in immunoglobulin levels with repeated 
cycles of therapy. After a third course of rituximab, 23.5% of patients 
have lower than normal level of IgM (Fig. 59.5).27 However, there 
appears to be no change in the rate of incidence of infections in these 
patients before and after IgM fell below the normal limit. After cycles 
3 and 4, approximately 5% of patients have low levels of IgG at any 
time. The incidence of infections is increased in patients within the 
lowest quartile of IgG levels versus those in the highest quartile.36 
However, no statistically significant difference in serious infections 
(i.e., those requiring hospitalization and/or intravenous antibiotics) 
between these two groups has been observed.

There is an increase in infection rates after anti-TNF is adminis-
tered in the relatively small numbers of patients who have received 
rituximab previously, although this has not reached statistical 
significance.37

Vaccination responses and immunization following rituximab
A randomized, controlled study (SIERRA) was undertaken to compare 
immunization responses between patients treated with combination 
rituximab and methotrexate and those receiving methotrexate alone.38 
All patients had similar effective responses to recall antigen (tetanus) 
and the ability to mount a cutaneous delayed-type hypersensitivity 
response to Candida albicans was similarly preserved but responsive-
ness to pneumococcal vaccine (a polysaccharide antigen response) and 
a neoantigen (keyhole limpet hemocyanin) was diminished among 

have B-cell return at some point before or with relapse, but a more 
specific temporal relationship has not been established.30 It has been 
suggested that the specific subsets of B cells at the time of repopulation 
may be important, with those patients who repopulate with a predomi-
nantly naïve phenotype displaying longer responses.31

In order to address the issue of unstable clinical disease control, 
studies have been designed with fixed retreatment intervals and there 
have been attempts to compare fixed versus on-demand retreatment. 
Results from these studies are considered later.

Safety
No new safety signals have emerged from the use of rituximab in RA 
when compared with the extensive data available from hematology and 
oncology practice.32 Pertinent issues regarding rheumatologic practice 
are addressed later.

Screening before therapy
It is recommended that potential patients be screened with history for 
chronic or concomitant co-morbidity—focusing on cardiovascular and 
pulmonary disease, as well as infections—and a full physical examina-
tion. A chest radiograph may not be required in all cases. No increased 
risk of tuberculosis has been observed in lymphoma patients treated 
with rituximab,32 so routine screening for this is not recommended. 
Screening for hepatitis B is recommended because of cases of reactiva-
tion of infection with fulminant hepatitis.33 From the oncology litera-
ture, patients with hepatitis B have been successfully treated with 
antiviral prophylaxis (with lamivudine)34 and patients with hepatitis C 
have been treated without any prophylaxis. Close monitoring for reac-
tivation of hepatitis B is recommended in patients with evidence of 
previous infection.

Infusion reactions
Infusion reactions are the most frequent adverse events observed with 
rituximab therapy. These include pruritus, urticaria, pyrexia, throat 
irritation, hypotension, and hypertension and are usually mild to mod-
erate in severity. In rituximab-treated patients it has been suggested 
that these reactions are due to cytokine release following B-cell lysis.35 
Such symptoms affect up to 30% of patients, but it should be noted 
that the incidence following the second infusion is much lower.23 This 
could be because B-cell numbers are already significantly reduced by 
the first infusion. The lower rate of infusion reactions in RA patients 
compared with non-Hodgkin lymphoma patients may also be related 
to this because the latter group often has a heavier B-cell load before 

MEAN TIME TO RETREATMENT IN PATIENTS
THAT RECEIVED UP TO 3 CYCLES OF RITUXIMAB
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Fig. 59.4  Mean time to retreatment in patients that received up to 3 cycles of 
rituximab in long-term extensions of phase 2 DANCER and REFLEX studies 
according to prior TNF exposure. Error bars represent 95% confidence intervals. 
(From Keystone E, Fleischmann R, Emery P, et al. Safety and efficacy of additional 
courses of rituximab in patients with active rheumatoid arthritis: an open-label 
extension analysis. Arthritis Rheum 2007;56:3896-3908.)

MEAN RATE OF SERIOUS INFECTION PER 100 PATIENT-YEARS
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Fig. 59.5  Mean rate of serious infection per 100 patient-years in patients who 
received up to four cycles of rituximab in long-term extensions of phase 2 
DANCER and REFLEX studies according to prior TNF exposure. Error bars 
represent 95% confidence intervals. (From Keystone E, Fleischmann R, Emery P, 
et al. Safety and efficacy of additional courses of rituximab in patients with active 
rheumatoid arthritis: an open-label extension analysis. Arthritis Rheum 
2007;56:3896-3908.)
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affects clinical outcome following rituximab is potentially of key impor-
tance. The phase 2a study included only patients who were positive 
for rheumatoid factor; in DANCER, 380 patients were RF positive and 
85 were RF negative; in REFLEX both RF positive (81%) and negative 
patients were also included. The last of these found that baseline RF 
status had no significant effect on ACR response, although fewer RF-
negative patients achieved ACR20 (41%) than RF-positive patients 
(54%). When patients who were negative for both RF and anti-CCP 
antibody were considered, the EULAR response rate dropped to 44% 
(compared with 75% in seropositive patients).46 In the DANCER study, 
there was a high placebo response rate (52% achieved ACR20), which 
was greater than the response rate for rituximab (48%) in seronegative 
patients.

What is the role of concomitant  
corticosteroids and DMARDs?
The DANCER study also investigated the role of concomitant steroid 
therapy, both intravenous (100 mg methylprednisolone prior to each 
infusion on days 1 and 15) and oral (prednisolone, 60 mg on days 2 
to 7 and 30 mg on days 8 to 14). These were compared with placebo. 
Use of intravenous steroid as premedication appeared to reduce acute 
infusion-related reactions and is therefore recommended. However, use 
of oral corticosteroids appeared unnecessary in terms of improving 
long-term outcomes and had no effect on infusion reactions after the 
second infusion. Steroids did improve the initial clinical response at 4 
weeks after therapy; subsequently, the clinical improvement (ACR20 
response) continued before reaching a plateau at 12 weeks. The EULAR 
consensus statement regarding rituximab26 recommends advising 
patients that they may experience an immediate but transient benefit 
after therapy followed by slower response, which may take up to 12 
weeks to become apparent.

The role of concomitant DMARDs has also been investigated. 
Although patients who received rituximab monotherapy (i.e., without 
concomitant methotrexate) in the phase 2a study had significant 
improvement over placebo for ACR20 at 24 weeks post therapy, this 
benefit was lost by 48 weeks. In contrast, patients who received ritux-
imab in combination with methotrexate were the only ones to demon-
strate significant benefits at all ACR response thresholds and at both 
24 and 48 weeks. However, by week 48, responses were declining; with 
the refinement of retreatment strategies (discussed further later), it 
may be that with lower thresholds for retreatment than in the original 
studies, the apparent prolongation of response with combination 
therapy may no longer be relevant. The duration of B-cell depletion 
after rituximab appears unrelated to the use of concomitant methotrex-
ate.30 In fact, data provided by highly sensitive flow cytometry to 
measure very low levels of B cells after rituximab (discussed in more 
detail later) indicate that initial B-cell depletion is greater in patients 
who are on concomitant methotrexate. In a study of more than 100 
patients, patients who had received concomitant methotrexate had 
almost twice the rate of complete B-cell depletion than those receiving 
rituximab monotherapy (proportion of patients with complete B-cell 
depletion, rituximab and methotrexate vs. rituximab monotherapy, 
47.7% vs. 25.1%, P = 0.05).47 Use of concomitant DMARDs other than 
methotrexate—in particular, leflunomide—has been reported to be safe 
and effective in small numbers of patients. Prolonged responses have 
been reported with leflunomide in particular.48

Effect of dose of rituximab
The DANCER study compared two doses of rituximab (2 × 500 mg 
vs. 2 × 1000 mg). ACR20 (55.3%, lower-dose rituximab and 54.1%, 
higher-dose rituximab) and ACR50 (33% lower dose and 34% higher 
dose) responses were similar for both doses, but ACR70 responses were 
slightly higher in the higher-dose group (20% vs. 13%), although this 
did not reach significance. The ACR70 response rose during the course 
of the study with higher-dose rituximab, suggesting that there may be 
a time-related cumulative effect of this dose. With regard to EULAR 
responses, rituximab treatment significantly improved responses when 
compared with placebo (P < 0.001). There was no statistically signifi-
cant difference between different doses of rituximab with respect to 
EULAR response, although a higher proportion of patients treated with 

rituximab-treated patients. It is recommended that vaccination be 
completed 4 weeks before rituximab therapy.

Progressive multifocal leukoencephalopathy
Four cases of progressive multifocal leukoencephalopathy (PML) have 
been reported in patients receiving rituximab for autoimmune dis-
eases.39 One patient had RA, two had systemic lupus erythematosus 
(SLE), and one had vasculitis. All patients had previously received 
extensive immunosuppression, in some cases with cytotoxic drugs. 
The patient with RA had features of overlap with connective tissue 
disease and had also been treated with chemotherapy for oropharyngeal 
carcinoma after receiving rituximab. This is the only reported case of 
PML in RA patients treated with rituximab. It is recommended that 
PML be considered in the differential diagnosis of any patient treated 
with rituximab who presents with change in neurologic status.40

PRACTICAL CLINICAL CONSIDERATIONS  
IN USING RITUXIMAB
Which patient groups benefit from  
use of rituximab?
Position in biologic hierarchy
As would be expected for a novel biologic agent, patients entered into 
these studies often had relatively severe disease. Patients in the phase 
2a study had active disease despite treatment with methotrexate and 
between one and five other DMARDs. The DANCER study included 
patients who had active disease despite DMARDs and some who had  
already received anti-TNF agents, and the patient population in  
the REFLEX study was exclusively composed of those who had  
“failed” anti-TNF therapy. Patients treated with an anti-TNF agent 
may either demonstrate complete lack of response (primary non-
response) or initial response that is subsequently lost (secondary non-
response). It is not clear which is the most appropriate therapeutic 
strategy to follow subsequently in such patients. Some evidence sug-
gests that switching to an alternative anti-TNF agent is beneficial in 
some patients41 but may not be in all cases. In the REFLEX study, 
better outcomes were obtained in those patients who had only received 
one anti-TNF agent prior to rituximab in comparison with those who 
had received two or three. However, this may simply reflect less severe 
baseline disease activity and shorter disease duration in the former 
group. One observational cohort study42 has suggested that there is 
greater reduction in DAS28 in patients with an inadequate response 
to anti-TNF therapy who then received rituximab rather than an  
alternative anti-TNF agent. However, other groups have shown equi-
valent responses to rituximab and a second anti-TNF agent in patients 
who are switching from their first anti-TNF agent.43 Formal, ran-
domized, controlled studies that might be stratified according to the 
pattern of non-response to anti-TNF are required before the place of 
rituximab in the hierarchy of biologic therapies can be more precisely 
identified.

Since initial studies were performed for licensing purposes, ritux-
imab has also been used in populations with earlier disease. The 
SERENE study entirely comprised patients who were all inadequate 
responders to methotrexate but had not been exposed to anti-TNF 
therapy.44 Two doses of rituximab—500 mg × 2 and 1000 mg × 
2—were compared with methotrexate alone. Both treatment arms had 
significantly better clinical outcomes at week 24 (ACR 20, 1000 mg × 
2 vs. 500 mg × 2 vs. placebo, 50.6% vs. 54.5% vs. 23.3%). The IMAGE 
study enrolled patients who were methotrexate naïve, with median 
disease duration of 11 months.45 The same dosing regimen as the 
SERENE study was employed, but imaging outcomes were defined as 
the primary outcome measure (discussed later). Clinical outcomes 
consistent with an early RA population treated with biologic therapy 
were seen—ACR20 responses at 6 months for 1000 mg × 2 vs. 500 mg 
× 2 vs. placebo were 80% vs. 76.7% vs. 64.3, significantly in favor of 
rituximab-treated arms.

Effect of antibody status on clinical efficacy
Because autoantibody production by B cells is pivotal to their role in 
RA pathogenesis, the question of whether patients’ autoantibody status 
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mechanism of action. For the former, conventional sensitivity flow 
cytometry (with a typical lower limit of detection of 0.1 × 109 cells/L) 
suggests that all patients deplete peripheral B cells completely and 
hence this offers no correlation with response. However, more sensitive 
assays (with a lower limit of detection 100 times lower, at 0.0001 × 
109/L) have revealed considerable variation in peripheral depletion. 
Many patients have incomplete depletion, with particular variability in 
the rate of depletion. Most persistent B cells are preplasma cells, whose 
rate of depletion or persistence in the circulation is thought to correlate 
with B-cell activity in other tissues. Some patients have completely 
undetectable B cells after the first infusion of rituximab—almost all of 
these patients subsequently respond clinically—while poorer initial 
depletion has correlated with shorter duration of clinical response.50 
This may inform strategies designed to enhance B-cell depletion. With 
regard to repletion, it has been suggested that patients who display a 
predominantly naïve B-cell phenotype at repletion tend to have longer 
responses. How far these peripheral changes at depletion and repletion 
reflect B cells in compartments elsewhere in the body is also unclear. 
B cells exist in greater numbers in compartments such as spleen, bone 
marrow, lymph nodes, and synovium than in peripheral blood. It is 
not yet known whether B cells in a certain location need to be depleted 
to achieve optimal clinical response or whether a pathogenic subset of 
B cells can be identified and targeted.

From a clinical perspective, the need to observe clinical deterioration 
before administering repeat courses of therapy may be an approach that 
can be improved. Another approach might entail fixed-interval retreat-
ment, in order to maintain stable responses. However, the safety aspects 
of this would need to be closely studied, particularly as this might lead 
to overtreatment of some patients. Ultimately combination therapy 
with other targeted biologic agents might be used to enhance the effect 
of rituximab. The use of biomarkers to inform clinical strategies might 
eventually allow stable responses to be achieved using individually 
tailored therapy to provide patients with the smallest required dose.

Rituximab: effect on synovium
The importance of B cells in the site of inflammation (i.e., the RA 
synovium) is not fully understood. B cells are usually present in the 
RA synovium and in some patients organize with T and follicular 
dendritic cells into germinal center–like structures surrounded by 
plasma cells—a process sometimes known as ectopic lymphoid neo-
genesis. However, because the development of autoantibodies is known 
to precede the onset of synovitis sometimes by years, it seems that the 
autoimmune process begins distant from the joint such as in other 
lymphoid tissues or bone marrow. Highly sensitive flow cytometry 
indicates that circulating preplasma cells in the absence of circulating 
naïve and memory B cells is predictive of clinical response. These find-
ings suggest that depletion of other tissues may be a determinant of 
clinical response to rituximab and led to several studies examining 
synovial biopsy before and after rituximab therapy.

These studies varied in methodology and findings but several identi-
fied differences in number or depletion of B-lineage cells between clini-
cal responders and non-responders. These included higher CD79a+ B 
cells at baseline,51 reduced depletion of CD19+ B cells at 6 months,52 
and persistence of CD138+ plasma cells at 16 weeks.53 One study 
included biopsy at both 4 and 16 weeks after rituximab and demon-
strated that there is a specific depletion of B cells that preceded the 
more generalized reduction in synovial cellularity that accompanies 
clinical response.53

Rituximab: use in connective tissue diseases
Rituximab has also been increasingly widely used in the treatment of 
connective tissue diseases. Because many of these conditions are 
regarded as autoantibody driven, B-cell depletion could theoretically be 
considered a rational approach. This theory has to some extent been 
supported by clinical data, although rituximab is not licensed for use 
in any of these conditions. Randomized studies have been conducted 
in SLE and primary Sjögren syndrome (pSS), but the majority of the 
data is drawn from open-label series in these conditions, as well as 
vasculitis (ANCA-associated granulomatous vasculitis and other vas-
culitides) and myositis.

the higher dose of rituximab achieved a “good” EULAR response 
(27.9%, 13.8%, and 4.1% for higher-dose, lower-dose, and placebo, 
respectively). No significant differences in safety and tolerability were 
identified between the two doses. The REFLEX study used only one 
dosing regimen of rituximab (2 × 1000 mg), so this became the 
licensed dose in this population.

Two further multicenter trials (MIRROR and IMAGE)45,49 have 
studied different dose regimens. In the former, three regimens were 
compared—a “standard” regimen (rituximab 1000 mg × 2, repeated at 
6 months), a reduced-dose regimen (2 × 500 mg, repeated at 6 months), 
and an escalating dose regimen (rituximab 1000 mg × 2, with 500 mg 
× 2 at 6 months). ACR20, 50, and 70 clinical responses at 48 weeks 
were equivalent for all three arms, but overall EULAR response rates 
were significantly higher for the “standard” regimen, 89% versus 71% 
versus 72% (“standard” vs. “reduced” vs. “escalating” regimens, P < 
0.03). The IMAGE study enrolled a cohort of patients with earlier 
disease who had not been treated with methotrexate. Patients were 
randomized to placebo with methotrexate, rituximab 2 × 500 mg with 
methotrexate, or rituximab 2 × 1000 mg with methotrexate. Retreat-
ment was given with the same dose after 6 months to all patients with 
DAS28 greater than 2.6 and later to patients in remission at 6 months 
when the DAS28 increased above 2.6. Clinical outcomes were signifi-
cantly better for patients receiving either dose of rituximab than those 
on methotrexate alone; ACR outcomes were numerically higher for 
those on the higher-dose rituximab, but this difference did not reach 
statistical significance. The primary outcome of this study was on 
radiographic progression (discussed later).

Imaging outcomes after rituximab
Data on radiographic progression following rituximab are available 
from the REFLEX and IMAGE studies. The patient populations in 
these studies were quite different. The former enrolled patients with 
relatively long disease duration (approximately 12 years) and who had 
already had an inadequate response to anti-TNF therapy. In the latter, 
patients had much shorter disease duration (mean disease duration, 
0.9 month) and had not yet received methotrexate. In the REFLEX 
study, described in detail earlier, patients were already on methotrexate 
and then randomized to either rituximab (1000 mg × 2) or placebo. 
Retreatment with the same dose was given when patients flared after 
initial response; patients randomized to placebo could be given rescue 
treatment with rituximab but for the purposes of analysis, such patients 
were still considered part of the “placebo” group. Radiographs of hands 
and feet were obtained at baseline, week 24, and week 56 and scored 
using the Genant-modified Sharp method. Patients who received ritux-
imab had significantly less radiographic disease progression than those 
who received placebo. The mean change from baseline in the total 
Genant-modified Sharp score at week 56 was significantly lower for 
patients treated with rituximab (1.00 vs. 2.31, rituximab vs. placebo, 
P = 0.005); changes in erosion scores (0.59 vs. 1.32, rituximab vs. 
placebo, P = 0.011) and joint space narrowing (0.41 vs. 0.99, P < 0.001) 
were significantly in favor of rituximab. Those patients treated with 
rituximab whose clinical outcomes were no better than those receiving 
placebo still had less radiographic progression.

The IMAGE study measured similar outcomes in 715 patients 
randomized equally to three arms as described earlier. At 52 weeks, 
patient who received higher-dose rituximab (i.e., 2 × 1000 mg, repeated 
at 6 months in patients not in remission and given to patients in 
remission at 6 months if and when DAS later worsened) had signifi-
cantly lower changes in mean Total Sharp Score (mTSS) (0.359 vs. 
1.079, P < 0.001) and more patients had no progression in mTSS when 
treated with that dose of rituximab (63.5 vs. 53.4, P < 0.05). Signifi-
cant differences were not observed between patients receiving metho-
trexate alone and those treated with the lower dose of rituximab.

Rituximab has demonstrated safety and efficacy in the treatment of 
various RA populations, including those with severe disease, which has 
proved refractory to all previously available therapies. However, as a rela-
tively new agent, it continues to be evaluated in wider groups of patients 
and a number of issues arise, which may inform future practice.

The most significant of these relates to predictors of response and 
relapse. These may revolve around greater understanding of B-cell 
depletion and repletion, as well the fundamentals of rituximab’s 
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patient populations enrolled—which tended to have failed fewer thera-
pies than those cases in open-label series and in the EXPLORER study 
were generally cases of arthritis and mucocutaneous disease—and the 
effect of high-dose therapy with steroids may have masked the clinical 
benefit of rituximab.

Sjögren syndrome
Sjögren syndrome can be regarded as a disorder of B-cell hyperactivity 
with autoantibody-driven disease and hypergammaglobulinemia. 
Open-label studies have indicated improvements in sicca symptoms 
and objective measures, as well as in histologic changes associated with 
MALT lymphoma.58 A pilot randomized, double-blind, placebo-
controlled trial of rituximab in pSS did show greater improvement in 
fatigue scores with rituximab over placebo.59 Larger randomized studies 
are currently being designed.

Vasculitis
Following open-label reports of efficacy of rituximab in ANCA- 
associated vasculitis, a randomized study has now been reported in 
abstract form (RAVE).60 This was designed as a non-inferiority study 
comparing rituximab (375 mg/m2 intravenous × 4) with cyclophospha-
mide (2 mg/kg/day by mouth) for 3 months followed by azathioprine. 
Intravenous and oral steroids were used in both groups. The primary 
outcome was remission, defined as BVAS score of 0 without any con-
comitant steroid therapy at 6 months. Patients had either ANCA-
associated granulomatous vasculitis or microscopic polyangiitis. The 
results demonstrated that rituximab was not inferior to cyclophospha-
mide/azathioprine and, in fact, more patients treated with rituximab 
were in remission (64% vs. 55%, P = 0.21). Significantly fewer patients 
treated with rituximab had one or more adverse events in comparison 
with those receiving cyclophosphamide/azathioprine.

SUMMARY
B-cell depletion therapy with rituximab has proven to be a promising 
area in terms of both clinical management and research into disease 

Systemic lupus erythematosus
Open-label series have reported efficacy of rituximab in a range of 
disease manifestations.54 These include lupus nephritis, arthritis, 
hematologic disease (immune thrombocytopenia [ITP] and autoim-
mune hemolytic anemia [AIHA]), cutaneous involvement, serositis, 
and cardiac, respiratory, and cerebral organ involvement. The largest 
series have reported data from approximately 30 patients each, by 
Looney and colleagues,55 Ng and colleagues,56 and Vital and col-
leagues.57 Most patients had received immunosuppression with 
DMARDs, including cyclophosphamide, before treatment with ritux-
imab. Various doses—usually either two infusions of 1 g rituximab or 
four infusions of 375 mg/m2—were used, as were a different combina-
tion of DMARDs and rituximab monotherapy. Clinical outcome mea-
sures including the British Isles Lupus Assessment Group’s Index 
(BILAG) and Systemic Lupus Erythematosus Disease Activity Index 
(SLEDAI) were endpoints in the majority of series. There has also been 
some evidence of histologic improvement in renal biopsies after ritux-
imab for lupus nephritis.66 The results of the larger case series are 
summarized in Table 59.1.

Two randomized, controlled trials have been carried out with ritux-
imab in SLE: EXPLORER and LUNAR. The former enrolled patients 
with disease manifestations of SLE other than cerebral and renal 
disease, while the latter enrolled patients with grade III or IV lupus 
nephritis (with or without grade V changes). The study results have 
been reported in abstract form. In EXPLORER, patients were random-
ized to either rituximab or continuing previous immunosuppressive 
agents with a reducing course of oral steroid (starting dose 1 mg/kg). 
Improvement in BILAG was used as primary outcome measure. No 
significant difference was observed between either arm at 6 months. 
Patients in LUNAR were randomized either to rituximab with myco-
phenolate or mycophenolate alone (high-dose steroids were used in 
both arms). No significant difference in primary outcome (achievement 
of “complete renal response,” defined as specific percentage improve-
ment in proteinuria and normalization of serum creatinine) was 
observed between the two groups. Full assessment of these studies has 
yet to be undertaken, but comments have been raised regarding the 

TABLE 59.1 CASE SERIES OF RITUXIMAB IN SYSTEMIC LUPUS ERYTHEMATOSUS

Authors n Disease manifestations Outcome

Ng et al, 2007 56 32 Systemic, renal, hematologic, arthritis, cutaneous, 
cerebral, cardiac, respiratory, serositis, vasculitis

28/30 responded. 1 lost to follow-up, 1 failed to deplete. 12 had 
sustained response (no relapse 12-60 mo). 10 relapsed but responded 
to re-treatment.

Vital et al, 200857 27 Systemic, renal, hematologic, arthritis, cutaneous, 
cerebral, cardiac, respiratory, serositis, vasculitis

23/27 complete response, 4 partial/non-response. Significant 
reduction in global BILAG, autoantibodies, and inflammatory markers.

Leandro et al, 200561 24 Systemic, renal, hematologic, arthritis, cutaneous, 
cerebral, cardiac, respiratory, serositis, vasculitis

23/24 response. Significant reduction in global BILAG, autoantibodies, 
and inflammatory markers.

Looney et al, 200455 18 Arthritis, rash, renal, hematologic, serositis Dose-ranging study—all 11 patients with adequate depletion 
responded. 3 serious adverse events considered unrelated to 
rituximab.

Tanaka et al, 200762 15 Systemic, renal, hematologic, arthritis, cutaneous, 
cerebral, cardiac, respiratory, serositis, vasculitis

Variable doses and combinations. 9 responses, 5 non-responses, 1 
without follow-up.

Gomard-Mennesson  
et al, 200663

26 Primary indication AIHA 25/26 responded. Recurrence rate 3 per 100 patient-years. Other 
manifestations also improved.

Leandro et al, 200264 6 Systemic, mucocutaneous, renal, hematologic, 
serositis, cerebral

5/5 patients with follow-up responded. 10 infections, none serious.

Ng et al, 200665 7 Repeat cycles of treatment Good efficacy and safety maintained with each cycle.

Gunnarsson et al, 
200766

7 Proliferative glomerulonephritis Renal study with repeat biopsies. All patients improved clinically, 3 
were in complete remission. All biopsies improved.

Tokunaga et al, 200767 10 Neuropsychiatric All 10 patients improved, response ≥12 mo in 5.

Gillis et al, 200768 6 Systemic, renal, hematologic, arthritis, cutaneous, 
cerebral, cardiac, respiratory, serositis, vasculitis

5/6 responded.

Chehab et al, 200769 9 Renal, neurologic, hematologic, cutaneous, 
systemic

6 had good responses. 1 had serious adverse event considered 
unrelated to rituximab.

BILAG, British Isles Lupus Assessment Group’s Index.
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and this may shed light on targeting the therapy by predicting  
responders and subsequent flare. It may also allow for different  
dosing strategies to be used in different patients, including initial 
non-responders.

In connective tissue diseases, the open-label data show that many 
patients with severe, resistant disease have had good outcomes follow-
ing therapy. Rituximab may also be a better alternative in terms of 
toxicity than cyclophosphamide, although careful surveillance for 
infection, especially PML, will be required. In SLE, further work is 
required in designing robust clinical trials with appropriate patient 
populations and outcome measures to demonstrate similar results.

pathogenesis. In RA, the clinical benefits have been important for the 
significant numbers of patients who have active progressive disease 
despite conventional and biologic DMARDs; evidence is now accruing 
of its benefit in earlier disease populations. Data regarding structural 
benefit are also increasing. Questions remain regarding the most appro-
priate dose and the frequency of repeat treatments. The safety profile 
has been reassuring, with the treatment being suitable for some patients 
who may have contraindications to anti-TNF for safety reasons. Immu-
noglobulin levels—particularly IgG after several cycles—must be moni-
tored carefully. The current research agenda is focusing on the 
mechanisms and effects of B-cell depletion in different compartments, 
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also the co-receptor of other cytokines that belong to the IL-1 superfam-
ily, such as IL-1F6, IL-1F8, IL-1F9, and IL-1F11 (IL-33). IL-1RI, IL-1RII, 
and IL-1RAcP belong to the immunoglobulin (Ig) gene superfamily 
with their extracellular segment containing three Ig-like domains. 
IL-1RI and IL-1RAcP, but not IL-1RII, have cytoplasmic domains that 
are related to the Toll-like receptor (TLR) superfamily, the Toll-like/
IL-1R (TIR) domains. The most striking structural difference between 
IL-1RI and IL-1RII is the short cytoplasmic domain of IL-1RII (29 
amino acids), whereas IL-1RI possesses a cytoplasmic tail of 213 resi-
dues.5 IL-1 binding to IL-1RI leads to the recruitment of IL-1RAcP. 
The formation of the trimeric IL-1/IL-1RI/IL-1RAcP complex leads to 
the recruitment of a number of intracellular adaptor molecules, includ-
ing MyD88, IRAK, and TRAF6, to activate signal transduction path-
ways such as NF-κB, AP-1, JNK, and p38 MAP kinase. IL-1RII has a 
short intracytoplasmic domain and is unable to transduce any intracel-
lular signal and, thus, functions as a decoy receptor.6 IL-1RII can be 
cleaved from the cell surface. Both membrane-bound and soluble 
IL-1RII can bind to IL-1β and exert inhibitory functions (see Fig. 60.1).

IL-1 receptor antagonist is structurally closely related to the other 
IL-1 ligands but has undergone mutations, rendering it incapable of 
interacting with IL-1RAcP. IL-1Ra binds avidly to IL-1RI but fails to 
activate cells, functioning as a specific competitive inhibitor of IL-1 
(Fig. 60.2). Because the binding of only a few IL-1 molecules is suffi-
cient to activate cells, a large excess of IL-1Ra is necessary (100-  
to 1000-fold) to block the effect of IL-1. Several different isoforms of 
IL-1Ra are produced from the same gene through the use of different 
first exons, messenger RNA splicing, and alternative translation. 
Secreted IL-1Ra (sIL-1Ra) has a leader sequence and is glycosylated and 
released through the classical secretory pathway largely from the same 
cells that release IL-1β. Three other IL-1Ra isoforms lack a leader 
sequence and remain intracellular. The function of these intracellular 
isoforms remains unclear.7

IL-1 plays a critical role in inflammation
In healthy human subjects, IL-1β, contrary to other cytokines, is barely 
detectable in the bloodstream, suggesting that its circulating levels are 
below 10 pg/mL. Such low levels have to be maintained because of the 
tremendous potency of IL-1β to induce inflammatory responses.8 
Indeed, intravenous injections of IL-1β in human subjects at doses as 
low as 1 ng/kg were associated with chills and fever, with increase in 
febrile response magnitude as a function of IL-1β doses. A prominent 
neutrophilia was noted within several hours, to be followed by a more 
sustained thrombocytosis. Administration of 100 ng/kg IL-1β or higher 
resulted in a severe drop of the systolic blood pressure in almost all 
the subjects.9-11 These dramatic effects of IL-1β illustrate why its pro-
duction is tightly controlled at several levels. These include the regula-
tion of gene transcription, mRNA turnover (presence of AU-rich 
elements), translation, and secretion.

There is some evidence to indicate that IL-1 controls immune 
responses and exerts proinflammatory activities (Fig. 60.3) through:

● Stimulation of T cells
● Expression of adhesion molecules on endothelial cells
● Cytokine and chemokine expression (IL-6, IL-8, etc.)
● Acute-phase protein production
● Production of inflammatory mediators (prostaglandins, nitric 

oxide, platelet-activating factor)
● Matrix metalloproteinase production
● Release of RANK ligand and osteoclast activation

Several experimental studies indicate that IL-1 is involved in the 
development of arthritis. Gene knockout animals deficient in IL-1β or 

Cytokine neutralizers: IL-1 inhibitors
Cem Gabay

 IL-1α and IL-1β (also termed IL-1) are prototypical proinflammatory 
cytokines that activate effector cells by binding to IL-1 receptors.

 IL-1 is a very potent cytokine, the activities of which are tightly 
regulated by natural inhibitors such as IL-1 receptor antagonist 
(IL-1Ra), type 2 IL-1R, and soluble receptors. The balance between 
IL-1 and its natural inhibitor, IL-1Ra, has been shown to play a 
major role in the regulation of inflammatory responses.

 The production of mature and bioactive IL-1β is regulated by two 
signals: signal 1 induces the production of pro-IL-1β, a non-active 
31-kDa propeptide. Activation of the inflammasome, a cytosolic 
complex of proteins, leads to the activation of caspase-1, causing 
pro-IL-1β processing into mature 17-kDa IL-1β and its release 
outside the cells.

 Exogenous microbial components and endogenous agents 
(monosodium urate and calcium dihydrate pyrophosphate crystals) 
can activate the NALP3 inflammasome. In addition, some 
mutations of NALP3 lead to spontaneous inflammasome and 
caspase-1 activation and overproduction of IL-1β, causing recurrent 
episodes of fever with inflammatory systemic manifestations.

 Strategies aiming to block IL-1 bioactivity were shown to be 
modestly effective in the treatment of rheumatoid arthritis. In 
contrast, IL-1 inhibitors have been reported to be markedly 
effective in the management of systemic-onset juvenile idiopathic 
arthritis, adult-onset Still’s disease, crystal-induced arthritis, and 
periodic fever syndromes associated with NALP3 mutations and 
overproduction of IL-1β.

INTERLEUKIN (IL)-1 FAMILY
Ligands and receptors
The IL-1 family includes three ligands: IL-1α, IL-1β, and IL-1 receptor 
antagonist (IL-1Ra).1 The amino acid identities between these human 
proteins are IL-1α and IL-1β, 22%; IL-1α and IL-1Ra, 18%; and IL-1β 
and IL-1Ra, 26%. Moreover, human IL-1α is approximately 55% identi-
cal to the murine and rat forms of this molecule, with IL-1β being 
approximately 78% identical and IL-1Ra approximately 76% identical. 
The genes for IL-1α, IL-1β, and IL-1Ra are located close to each other 
in the human chromosome 2q14 region.2,3 IL-1α and IL-1β exert 
agonist activities and play critical roles in inflammatory responses. 
IL-1α and IL-1β are the products of two different genes and are syn-
thesized by multiple cells, including monocytes, macrophages, neutro-
phils, and epithelial cells. IL-1α and IL-1β are produced as 31-kDa 
propeptides, lack leader sequences, and are not secreted from cells by 
the usual mechanism from the Golgi apparatus. Pro-IL-1α can be 
cleaved by calpain protease, and pro-IL-1β is processed by caspase-1 
(also termed IL-1β–converting enzyme [ICE])4 to generate 17-kDa 
mature peptides. Both pro-IL-1α and mature IL-1α are biologically 
active, whereas pro-IL-1β is biologically inactive and must be converted 
into mature IL-1β to acquire the ability to bind to receptors and activate 
cells. The majority of IL-1α remains cell associated either bound to the 
plasma membrane or inside the cell. The amino-terminal region of 
pro-IL-1α possesses a nuclear localization sequence, which allows its 
translocation to the nucleus where pro-IL-1α exerts different effects on 
cell growth, tumor transformation, apoptosis, pro-collagen-I, and cyto-
kine production.

The IL-1 receptor family includes three receptors: type 1 IL-1 recep-
tor (IL-1RI), type 2 IL-1 receptor (IL-1RII), and IL-1 receptor accessory 
protein (IL-1RAcP) (Fig. 60.1). The IL-1 receptor accessory protein is 
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IL-1RI are protected from the occurrence of collagen-induced arthritis, 
and the administration of blocking anti-IL-1β antibodies or recombi-
nant IL-1Ra attenuated the severity of several experimental models of 
arthritis.12

The importance of IL-1Ra as an endogenous modulator of inflam-
matory responses has been demonstrated by the use of gene knockout 
mice. IL-1Ra–deficient mice bred into the BALB/c background present 
a spontaneous form of polyarthritis and exhibit elevated levels of auto-
antibodies such as rheumatoid factors, antibodies to double-stranded 
DNA, and collagen type II.13 The mRNAs for proinflammatory cyto-
kines such as IL-1β, IL-6, and tumor necrosis factor-α (TNF-α) are 
elevated in the joints of these arthritic mice, indicating an important 
regulatory role for IL-1Ra in the cytokine network. Subsequent studies 
indicated that TNF-α, IL-23, and IL-17 are required for the develop-
ment of arthritis. In addition, arthritis does not develop in germ-free 
conditions and TLR4-deficient mice have an attenuated form of arthri-
tis indicating the dependence of the microbial flora. TLR4 enhanced 
the disease by activating Th17 cells and increasing IL-17 production.14 
These results suggest that uncontrolled IL-1 activities in response to 
microbial products may induce the spontaneous development of arthri-
tis through an imbalance in the cytokine network and alterations in 
T-cell function. Accordingly, the contribution of innate immune cells 
is particularly important to the equilibrium between IL-1 and IL-1Ra 
and the subsequent immune responses. Conditional knockout mice in 
which myeloid cells including macrophages and dendritic cells are 
selectively deficient in IL-1Ra exhibit an earlier onset and more severe 
form of collagen-induced arthritis with increased Th1 and Th17 
responses.15 The recent description of children with genetic deficiency 

POTENTIAL STRATEGIES TO BLOCK THE EFFECT OF IL-1

IL-1

Anti-IL-1β IL-1 trap
sIL-1RAcP
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Nucleus
Gene transcription

IL-1RI IL-1RAcP
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IL-1RII IL-1RAcP

IL-1 IL-1

IL-1Ra

sIL-1RII

Anti-IL-1RI
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Pro-IL-1β
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Fig. 60.2 Potential strategies to block the effect of IL-1. The maturation and 
release of IL-1β can be inhibited by caspase-1 inhibitors. Extracellular free IL-1 
can be blocked by specific antibodies (e.g., anti-IL-1β), fusion molecules 
containing binding motifs of IL-1 receptors (IL-1 trap), and soluble receptors 
(sIL-1RII, sIL-1RAcP). Binding to cell surface receptors can be inhibited by IL-1Ra 
and antibodies directed against IL-1RI (anti–IL-1RI). Postreceptor signaling 
inhibitors targeting p38 MAPK and NF-κB pathways can block the biologic 
effect of IL-1 and of other cytokines. *refers to caspase-1 inhibitors. (Redrawn 
with permission from Jacques C, Gosset M, Berenbaum F, Gabay C. The role of IL-1 
and IL-1Ra in joint inflammation and cartilage degradation. Vitam Horm 
2006;74:371-403.)

SYSTEMATIC MANIFESTATIONS OF IL-1β
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Fig. 60.3 Systemic manifestations of IL-1β. Active IL-1β is secreted by many 
cell types, including monocytes and macrophages (center). IL-1β enters in the 
circulation and binds to IL-1R on hypothalamic vascular network, resulting in 
the synthesis of COX-2, which causes a rise in prostaglandin E2 levels, thus 
activating the thermoregulatory center for fever production. In the periphery, 
IL-1β activates endothelial cells, resulting in increased expression of adhesion 
molecules, chemokines, and IL-6 production. IL-6 stimulates the production of 
acute-phase proteins by the hepatocytes. IL-1β also acts on bone marrow to 
increase the mobilization of granulocyte progenitors and mature neutrophils, 
resulting in neutrophilia. IL-1β–induced IL-6 increases platelet production, 
resulting in thrombocytosis. IL-6 also stimulates hepcidin production by 
hepatocytes, resulting in increased iron storage in macrophages and 
decreased intestinal iron absorption. IL-1β also causes decreased 
erythropoietin response, thus causing anemia. (Redrawn from Dinarello CA. 
Blocking IL-1 in systemic inflammation. J Exp Med 2005;201:1355-1359, copyright 
Rockefeller Experimental University Press.)

THE FAMILY OF IL-1 RECEPTORS
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Fig. 60.1 The family of IL-1 receptors (membrane-bound and soluble forms) 
and their role in IL-1 signal transduction regulation. Interleukin-1 signals into 
the cell on binding to IL-1 receptor type I (IL-1RI), which subsequently recruits 
IL-1 receptor accessory protein (IL-1RAcP). IL-1 signaling is regulated by 
different combinations between membrane-bound and soluble IL1 receptor 
type II (IL-1RII) and soluble forms of IL-1RI and sIL-1RAcP. IL-1RII lacks a long 
cytoplasmic domain and does not exert any signaling activity on IL-1 binding 
(decoy receptor). Proteolytic cleavage of the extracellular domain of IL-1RII 
plays an additional role in the control of IL-1 activities by preventing the 
interaction between IL-1 and cell surface receptors. Additionally, sIL-1RAcP 
competes with membrane-bound IL-1RAcP for interacting with IL-1RI and 
therefore neutralizes the effect of IL-1. (Redrawn with permission from Jacques C, 
Gosset M, Berenbaum F, Gabay C. The role of IL-1 and IL-1Ra in joint inflammation 
and cartilage degradation. Vitam Horm 2006;74:371-403.)
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activation of caspase-1 from a pro-molecule. Studies in NALP3/cryo-
pyrin-deficient mice indicate a requirement for NALP3/cryopyrin in 
TLR- and ATP-induced assembly of the inflammasome.17,18 Thus, 
stimulation through both TLRs and NLRs as well as an intact NALP3/
cryopyrin inflammasome are all required for processing and release of 
IL-1β (as well as IL-18) from monocytes.19 Interestingly, the activation 
of the NALP3/cryopyrin inflammasome has proven particularly impor-
tant for many diseases characterized by an overproduction of IL-1β, 
such as some periodic fever syndromes and crystal-induced arthritis.20-23

THERAPEUTIC INHIBITORS OF IL-1 IN 
RHEUMATIC DISEASES
Figure 60.2 depicts the different strategies that have been developed to 
inhibit the biologic effects of IL-1. The subsequent paragraphs describe 
the effect of IL-1 antagonists in the different rheumatic diseases (Table 
60-1).

Rheumatoid arthritis
Anakinra (Kineret)
A 24-week randomized double-blind, placebo-controlled multicenter 
trial including 472 patients with rheumatoid arthritis (RA), as well as 
the 24-week extension of this study, demonstrated that anakinra, at a 
daily dose of 150 mg, was more efficacious than placebo according to 
the American College of Rheumatology (ACR) response criteria.24,25 In 
addition, a significantly greater retardation of radiologic joint damage 
was observed at 48 weeks in comparison with 24 weeks in patients 
treated with IL-1Ra alone.26 In two further trials in RA, anakinra was 

in IL-1Ra exhibiting early and severe systemic autoinflammatory clini-
cal manifestations and a rapid favorable response after the administra-
tion of recombinant IL-1Ra further supports the fundamental role of 
this cytokine in the regulation of inflammatory responses.16

The regulation of IL-1β maturation by 
the inflammasome
The mechanisms leading to the processing and release of mature IL-1β 
have great relevance to many acute and chronic inflammatory diseases. 
It is currently hypothesized that two signals are required for IL-1β 
release from normal human monocytes. Toll-like receptors and NOD-
like receptors (NLRs), two major recognition systems of the innate 
immune system, are involved in signal 1 and signal 2, respectively. 
First, Pro-IL-1β synthesis is stimulated on binding of bacterial or 
endogenous components to TLR; that is, lipopolysaccharide, a typical 
gram-negative bacteria component, is a common stimulus for signal 1 
through binding to TLR4. The second signal is NLR-induced IL-1β 
processing and release through a caspase-1–dependent mechanism 
involving the cell surface nucleotide receptor P2X7. ATP binding to 
P2X7 receptor induces potassium efflux from the cell. The mechanism 
whereby loss of potassium from the cell leads to activation of caspase-1 
is not completely known, but it requires NALP3/cryopyrin, an NLR 
family member, and the adaptor protein ASC (apoptosis-associated 
speck-like protein CARD domain).17,18 The inflammasome is a cas-
pase-activating complex in the cytosol containing caspase-1 and 
caspase-5, an adaptor protein ASC, and the sensor protein of the NLR 
family. The interaction of microbial molecules or of endogenous factors 
such as monosodium urate crystals to the inflammasome leads to the 

TABLE 60.1 IL-1 INHIBITORS IN THE TREATMENT OF RHEUMATIC DISEASES

Disease Biologic agent Type of study Primary outcome Results

RA Anakinra RCT ACR20 response criteria Significant improvement24,25

RA Anakinra RCT Genant and Larsen scores Limits structural damage26

RA Anakinra + MTX RCT ACR20 response criteria Significant improvement27,28

RCT HAQ-DI Significant improvement29

RA Anakinra + etanercept vs. etanercept RCT ACR50 response criteria No difference but increased frequency of SIE34

RA Rilonacept + MTX RCT ACR20 response criteria Non-significant effect†

RA Canakinumab + MTX RCT ACR20 response criteria Non-significant effect46

RA AMG 108 + MTX RCT ACR20 response criteria Significant improvement47

RA Pralnacasan + DMARDs RCT ACR20 response criteria Non-significant effect48

AS Anakinra Case series Multiple outcomes Improvement49

AS Anakinra Case series ASAS response criteria ASAS20 in 5/20 patients50

PsA Anakinra Case series Multiple outcomes Improvement of arthritis but no effect on skin psoriasis51

SLE Anakinra Case series Multiple outcomes Improvement in two thirds of patients52

SLE Anakinra Case series Multiple outcomes Some improvement53

Knee OA Anakinra vs. placebo RCT WOMAC questionnaire No improvement54

Gout Anakinra Case series Multiple outcomes Improvements in all57

Gout Rilonacept Placebo-controlled* Pain visual analog score Improvement60

Gout Rilonacept RCT Prophylaxis of gout flares Significant preventive effect†

Pseudogout Anakinra Case reports Multiple outcomes Improvement and prevention58,59

SOJIA Anakinra Case series Multiple outcomes Remission in some cases61,62

AOSD Anakinra Case series Multiple outcomes Improvement64

FCAS, MWS Anakinra Case series Multiple outcomes Improvement65,66

FCAS Rilonacept Case series Multiple outcomes Improvement67

FCAS and MWS Rilonacept RCT Composite score Significant improvement68

AOSD, adult-onset Still’s disease; AS, ankylosing spondylitis; FCAS, familial cold autoinflammatory syndrome; HAQ-DI, Health Assessment Questionnaire-Disability Index; MWS, Muckle-Wells syndrome; OA, 
osteoarthritis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; RCT, randomized placebo-controlled clinical trial; SOJIA, systemic-onset juvenile idiopathic arthritis.
*Non-randomized, single-blind study.
†Unpublished study.
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that neutralizes the bioactivity of human IL-1β, was recently examined 
in a 6-week randomized, placebo-controlled, dose-escalating, clinical 
trial including 32 RA patients with incomplete response to methotrex-
ate. In comparison with methotrexate alone, a higher number of 
patients achieved an ACR20 response with the combination of metho-
trexate and the highest dose of ACZ885 (10 mg/kg), although the 
difference was not statistically significant.46

Neutralizing antibodies against IL-1RI have the theoretical advan-
tage to block the bioactivity of both IL-1α and IL-1β. The safety and 
efficacy of AMG-108, a fully human anti-IL-1RI monoclonal antibody 
was examined in 813 RA patients who had an inadequate response to 
methotrexate in a 24-week randomized, double-blind, placebo- 
controlled, parallel-dosing clinical trial. AMG-108 was administered 
subcutaneously monthly at doses of 50, 125, or 250 mg in combination 
with methotrexate. After 24 weeks, 40.4% and 20.2% of patients 
receiving the highest dose of AMG-108 achieved ACR20 and ACR50 
responses as compared with 29.1% and 8.4% in those treated with 
methotrexate alone (P = .022 and P < .001, respectively). No difference 
was detected between the different groups regarding the ACR70 
response. There were no notable differences in either the frequency or 
type of adverse events.47

Inhibition of IL-1β production
Caspase-1 cleaves pro-IL-1β (and pro-IL-18) to generate mature active 
cytokines, and is therefore a potential target in the treatment of arthri-
tis. Consistent with this hypothesis, the administration of a caspase-1 
inhibitor blocked the progression of collagen-induced arthritis in mice. 
The efficacy and safety of pralnacasan, a synthetic orally administered 
caspase-1 inhibitor, was examined in a 12-week phase 2 placebo- 
controlled multicenter study in RA patients receiving concurrent 
DMARDs. ACR20 response rate was not significantly higher in patients 
treated with pralnacasan than in the placebo group.48 This disappoint-
ing result can be partly explained by the fact that other enzymes are 
also able to cleave pro-IL-1β. In addition, caspase-1 does not influence 
the biologic effects of IL-1α.

Taken together, the results of clinical trials using anakinra as well 
as other IL-1 inhibitors showed only modest effects in the treatment 
of RA patients. Despite the absence of controlled trials, these results 
as well as those of clinical practice suggest that the effects of IL-1 
blockade on disease activity are weaker than those obtained with anti-
TNF agents. These findings indicate that, although some patients 
showed a clear benefit of this therapeutic strategy, IL-1 may not be an 
important target in the treatment of RA.

Ankylosing spondylitis
Anakinra treatment was moderately successful in a subset of patients 
with ankylosing spondylitis (AS). In a 3-month open-label study, 9 
patients received daily subcutaneous injections of anakinra. The results 
showed significant improvement in the Bath AS functional index 
(BASFI), Bath AS disease activity index (BASDAI), AS Quality of Life, 
and biologic markers of inflammation (C-reactive protein [CRP] and 
erythrocyte sedimentation rate). Sixty-one percent of enthesitis and 
osteitis lesions improved, as assessed by magnetic resonance imaging 
(MRI).49 In another open-label clinical trial, 100 mg of anakinra was 
administered daily by subcutaneous injections to 20 AS patients refrac-
tory to non-steroidal anti-inflammatory drugs. After 24 weeks, ASAS20, 
ASAS40, and ASAS70 responses were achieved by 5, 4, and 2 patients, 
respectively. There was no change in serum levels of CRP or MRI 
scores.50

Psoriatic arthritis
An open-label, proof-of-concept, single-center study of 12 patients with 
psoriatic arthritis demonstrated significant clinical benefits. After 12 
weeks, 50% met the psoriatic arthritis response criteria. In this study, 
anakinra had no effect on the cutaneous manifestations of 
psoriasis.51

Systemic lupus erythematosus
Anakinra led to interesting results in a few patients with lupus 
arthritis.52,53

administrated in combination with methotrexate in patients with 
active RA despite treatment by methotrexate for 6 consecutive months. 
The combination of methotrexate with anakinra (1 mg/kg and 2 mg/
kg) resulted in a significantly higher rate of ACR responses (ACR20 to 
ACR70) than in those treated with methotrexate alone.27,28 Anakinra 
also improved the functional status of responding RA patients and led 
to greater improvements in patient-reported than physician-reported 
outcomes.29,30

Safety data of larger population indicate that anakinra in combina-
tion with methotrexate as well as other disease-modifying antirheu-
matic drugs (DMARDs) is safe with a rate of serious infections slightly 
higher in the anakinra than in the placebo group (2.1% vs. 0.4%). The 
safety profile of anakinra was high even in patients with multiple co-
morbid conditions.31-33

In preclinical studies, it was demonstrated that the administration 
of IL-1Ra in combination with PEGylated soluble TNF receptor type I 
was superior to either therapy alone. In a randomized clinical trial the 
combination of anakinra and etanercept versus etanercept alone in RA 
patients did not show any advantage of the combination treatment 
regimen. Moreover, the incidence of serious infections was significantly 
higher in patients receiving the combination, indicating that blockade 
of two cytokines involved in innate immune responses may result in 
increased susceptibility to infections.34 The use of anakinra in patients 
who had a previous incomplete response to TNF-α inhibitors did not 
show any advantage in a recent study.35

Soluble IL-1 receptors
The administration of soluble IL-1RI resulted in significant attenua-
tion of joint inflammation and tissue damage in an experimental 
model of arthritis.36 In contrast, treatment with soluble IL-1RI admin-
istered either by intra-articular or subcutaneous injection was  
devoid of significant effect in patients with RA.37 The administration 
of soluble IL-1RI may have inhibited the binding of IL-1Ra to cell 
surface IL-1 receptors, thus further enhancing the inflammatory  
effects of IL-1 on target cells. Soluble IL-1RII binds to IL-1β with 
higher affinity than IL-1Ra and could thus constitute a promising IL-1 
inhibitor. The administration of soluble IL-1RII in experimental 
models resulted in a marked inhibition of joint swelling and joint 
damage and exerted a chondroprotective effect in vitro.38-40 Despite 
these interesting effects, clinical trials with soluble IL-1RII have been 
abandoned. A soluble form of the IL-1 receptor accessory protein (sIL-
1RAcP) is also present in the circulation of healthy individuals. sIL-
1RAcP increases the binding affinity of IL-1α or IL-1β to soluble 
IL-1RII by 100-fold, while leaving unaltered the low binding affinity of 
IL-1Ra.41 Local production of sIL-1RAcP by injection of transduced 
fibroblasts into knee joints led to a marked reduction in inflammation 
and in cartilage and bone destruction.42 Systemic delivery of either 
IL-1Ra or sIL-1RAcP using adenoviral vectors prevented the develop-
ment of collagen-induced arthritis in mice; in contrast to IL-1Ra, IL-
1RAcP ameliorated the arthritis without affecting T-cell immunity.43 
Currently, no data are available on the use of sIL-1RAcP in patients 
with RA.

IL-1 trap (rilonacept [Arcalyst]) is a fusion protein containing some 
of the extracellular binding motifs of IL-1RI and IL-1RAcP coupled to 
the Fc fraction of the human immunoglobulin IgG1. IL-1 trap binds 
IL-1β with a much stronger affinity than IL-1Ra and, thus, should not 
affect the anti-inflammatory effect of endogenous IL-1Ra. IL-1 trap has 
a prolonged circulating half-life ranging from 128 to 214 hours that 
permits once-weekly subcutaneous dosing. Administration of a murine 
form of IL-1 trap almost completely blocked the development of mouse 
collagen-induced arthritis.44 In a phase I randomized, dose escalating, 
double-blind, placebo-controlled trial, an average ACR20 was achieved 
by 74% of patients receiving the highest dose of IL-1 trap as compared 
with 36% of placebo-treated patients.45 A multicenter, randomized, 
double-blind, placebo-controlled phase II clinical trial including 200 
RA patients failed to show a significant effect even in patients receiving 
the highest dose of IL-1 trap (100 mg weekly), but these results have 
not been published so far.

Monoclonal antibodies
The safety and efficacy of ACZ885 (canakinumab [Ilaris]), an intrave-
nously or subcutaneously infused, fully human monoclonal antibody 
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was not impaired in SOJIA. Surprisingly, the release of IL-1β produc-
tion in response to exogenous ATP was decreased without any relation 
with treatment response.62 Anakinra may also be useful in the treat-
ment of macrophage activation syndrome, a severe complication occur-
ring in some cases of SOJIA.63 Anakinra has been reported to be 
effective in adult Still’s disease, with responses that could be even 
better than in SOJIA.64

Canakinumab has also been examined in patients with SOJIA. Cur-
rently in phase 3 clinical development, canakinumab was recently 
granted European Union and U.S. orphan drug status for this condition 
as well as for cryopyrin-associated periodic syndromes (see later). Early 
clinical trials have shown that administration of canakinumab every 2 
weeks is safe and effective, offering thus a considerable advantage over 
anakinra.

IL-1 inhibition in periodic fever syndromes
The term cryopyrinopathies or cryopyrin-associated periodic syndromes 
(CAPS) was coined for a group of inherited disorders, including neona-
tal-onset multisystem inflammatory disease (NOMID) (also known as 
chronic infantile neurologic, cutaneous, articular syndrome [CINCA]), 
Muckle-Wells syndrome (MWS), and familial cold autoinflammatory 
syndrome (FCAS), characterized by recurrent episodes of fever and 
inflammatory responses in multiple organs such as the joints, skin, 
eyes, ears, and central nervous system. All these diseases have been 
associated with mutations of the CIAS1 or NLRP3 gene, encoding for 
cryopyrin or NALP3, leading to the spontaneous assembly of the 
inflammasome with increased caspase-1 activation and IL-1β secre-
tion. The administration of anakinra to patients with MWS and FCAS 
resulted in the cessation of symptoms within hours of the first injec-
tion, with a concomitant decrease in serum amyloid A, an acute-phase 
protein, that reached normal levels after 3 days of treatment.65,66 Sig-
nificant improvement in NOMID/CINCA with anakinra has also been 
reported. Taken together, these marked beneficial effects of anakinra 
and the identification of the mandatory role of the inflammasome 
complex in IL-1β secretion opened the way for clinical trials aiming at 
blocking IL-1β activity in autoinflammatory diseases belonging to the 
family of CAPS. Rilonacept has also been tested with success in these 
diseases. In an initial open-label clinical trial including 5 patients with 
FCAS, rilonacept was administered subcutaneously at a loading dose 
of 300 mg, followed by weekly injections. The clinical symptoms sub-
sided within hours after the initial injection of rilonacept. In the exten-
sion study, dosage escalation to 160 mg to 320 mg resulted in better 
control of rash and arthralgia as well as to lower levels of acute-phase 
proteins. Of note, 3 patients with hearing loss demonstrated no further 
hearing deterioration during the following 2 years.67 These favorable 
results were confirmed by two consecutive randomized, placebo-con-
trolled phase 3 clinical trials including 47 adults with CAPS. The 
treatment was well tolerated besides injection site reactions and upper 
respiratory tract infections.68 These results led to the approval of rilona-
cept by the U.S. Food and Drug Administration for the treatment of 
FCAS and MWS in adults or children age 12 years or older. Early 
reports suggest that canakinumab is also efficacious in the treatment 
of patients with CAPS.

Several other disorders featuring periodic fever, joint symptoms, and 
systemic manifestations are also classified as “autoinflammatory dis-
eases.” These conditions include familial Mediterranean fever (FMF), 
TNF receptor–associated periodic syndrome (TRAPS), hyperimmuno-
globulinemia D with periodic fever syndrome, and Blau syndrome. 
With the exception of hyperimmunoglobulinemia D with periodic fever 
syndrome and TRAPS, these diseases are linked with mutations in 
proteins participating in the inflammasome complex.69 The spectacular 
effect of anakinra treatment in MWS inspired several clinical trials in 
other autoinflammatory syndromes. Symptom regression after anakinra 
treatment was observed in pyogenic arthritis, pyoderma gangrenosum 
acne (PAPA) syndrome, and FMF patients who did not respond to 
colchicine.70 Interestingly, anakinra had also a beneficial effect in 
TRAPS, an inherited disease due to a mutation modifying the control 
of TNF signaling but not IL-1 regulation.71 In addition to systemic 
autoinflammatory diseases associated with mutations in proteins 
related to inflammasome, anakinra also displays efficacy in Schnitzler’s 
syndrome.72

Osteoarthritis
In patients with osteoarthritis, a good effect was observed in an open-
label trial when anakinra was administered as a single intra-articular 
injection. However, the results of a subsequent randomized, double-
blind, placebo-controlled study failed to show positive effects of a single 
intra-articular injection of 50 mg or 150 mg anakinra in knee OA at 
the 12-week evaluation.54 This result is not unexpected considering the 
short half-life of IL-1Ra. Of note, there was a positive trend (P = .051) 
regarding the Western Ontario McMaster Universities Osteoarthritis 
Index (WOMAC) pain score at day 4 in the 150-mg anakinra group as 
compared with placebo. These findings suggest that continuous treat-
ment with anakinra or another IL-1 antagonist may have beneficial 
effects on pain. In addition, further studies should investigate the 
rationale of IL-1 targeting in the prevention of cartilage damage.

Crystal-induced arthritis
Monosodium urate (MSU) and calcium pyrophosphate dihydrate 
(CPPD) crystals are the agents responsible for gout and pseudogout, 
respectively. Both MSU and CPPD crystals are able to stimulate the 
production of IL-1β by monocytes and macrophages through mecha-
nisms similar to those induced by microbial components. MSU crystals 
bind to TLRs and activate the synthesis of pro-IL-1β. In addition, MSU 
and CPPD crystals can stimulate the NALP3 inflammasome leading 
to an increased IL-1β production.23 The results of experimental studies 
indicate that monocytes and macrophages are the cellular sources of 
IL-1β and that endothelial and stromal cells respond to IL-1β.55 The 
hypothesis was proposed that IL-1β induction of adhesion molecules 
and chemokines is critical for the migration of polymorphonuclear 
neutrophils, resulting in the occurrence of acute arthritis.56

A first open-label clinical trial including 10 patients with gout 
refractory to classical therapy showed that administration of a 3-day 
course of anakinra (100 mg/day) led to a rapid resolution of inflamma-
tory signs within 2 days without any adverse event.57 More recently, 
anakinra was shown to be efficacious in the treatment of an acute 
episode of severe pseudogout refractory to non-steroidal anti-inflam-
matory drugs and glucocorticoids.58 Chronic administration of 
anakinra, 100 mg, to a patient with frequent pseudogout episodes and 
end-stage renal failure prevented the occurrence of acute attacks for 
more than 8 months of observation.59

Other IL-1 antagonists have been examined in the treatment of 
gout. The use of rilonacept (IL-1 trap) in a clinical trial on acute gout 
has provided interesting preliminary results.60 In addition, a recent 
12-week, multicenter, randomized, double-blind, placebo-controlled, 
clinical trial examined the efficacy and safety of rilonacept in the pro-
phylaxis of gout flares during urate-lowering therapy. The results 
showed that patients receiving an initial dose of 320 mg rilonacept 
followed by weekly doses of 160 mg rilonacept in combination with 
allopurinol experienced significantly fewer gout attacks than those 
treated with allopurinol and placebo (unpublished data). The effect of 
canakinumab (anti-IL-1β) in gout is currently under investigation in 
clinical trials.

Systemic-onset juvenile idiopathic arthritis and 
adult Still’s disease
Recently, some elegant studies suggested that IL-1β is involved in the 
pathophysiology of systemic-onset juvenile idiopathic arthritis (SOJIA). 
Incubation of peripheral blood mononuclear cells of healthy donors in 
the serum of patients with SOJIA induced an increased production of 
IL-1β. Treatment with anakinra was reported to be dramatically suc-
cessful in 9 patients with SOJIA. These patients had failed treatment 
with numerous other agents, including corticosteroids, methotrexate, 
and TNF-α inhibitors.61 A recent observational study indicates that 
patients with SOJIA can be divided as good responders, partial respond-
ers, or non-responders. Of note, only 40% of patients had a dramatic 
and persistent response leading to the reduction or discontinuation of 
co-medications, including corticosteroids. Higher neutrophil count and 
lower number of active joints was associated with a good response to 
anakinra. In vitro the production of IL-1β or IL-18 by monocytes from 
SOJIA patients in response to various stimuli was not increased and 
was independent of treatment efficacy. Likewise, IL-1Ra production 
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Clinical studies have shown that TNF blockade in RA, psoriatic 
arthritis (PsA), and ankylosing spondylitis (AS) consistently improves 
disease activity and quality of life, and it lessens radiographic progres-
sion of peripheral joint damage. Three biologic agents that inhibit TNF 
have been approved for RA and prescribed to more than a million 
patients worldwide: the soluble dimeric p75 TNF-receptor IgG1-Fc 
fusion construct (etanercept), a chimeric anti-TNF-α IgG1 monoclonal 
antibody (mAb) (infliximab), and a human IgG1 anti-TNF-α mAb 
(adalimumab).4-6 On the basis of the success of these agents, other 
biologics targeting TNF are being developed for clinical use. For 
example, certolizumab pegol was approved by the U.S. Food and Drug 
Administration for use in Crohn disease in 2008 and both this agent 
and golimumab are in advanced stages of clinical development for use 
in a number of potential indications. Numerous advances in RA thera-
peutics alone have been realized with the development of this class of 
therapy. Box 61.1 lists the several benefits seen with TNF blockade, 
including wide approval in many inflammatory disorders, higher remis-
sion rates, protection against structural/radiographic deterioration, and 
possibly a reduced rate of cardiovascular events in RA patients.7,8

MECHANISM OF ACTION
TNF and TNF receptors are members of a family of molecules (includ-
ing Fas-ligand/Fas, CD40 ligand/CD40) possessing crucial regulatory 
functions that include cellular activation and apoptosis. TNF is an 
attractive therapeutic target owing to its abundant expression in the 
rheumatoid joint and plethora of proinflammatory effects that include 
regulation of other proinflammatory mediators.

TNF-α is made intracellularly and the 26-kDa precursor transmem-
brane form is cleaved off by a specific metalloproteinase, TNF-α con-
verting enzyme (TACE) to produce soluble biologically active TNF. 
This molecule aggregates as a homotrimer in its active form. TNF-α 
and the closely related TNF-β (also known as lymphotoxin-α) equally 
bind the p55 (CD120a) or p75 (CD120b) receptors (also known as 
TNF-RI and TNF-RII, respectively) present on many cell types. The 
TNF receptor has an extracellular domain that can also be cleaved and 
released as a soluble TNF receptor (sTNF-R) and functions as a natu-
rally occurring inhibitor.

The TNF receptors differ in their binding abilities and signaling 
properties; these differences also reflect the differences in their primary 
functions.9 The presence of both receptors on nearly all cell types 
(except erythrocytes) underscores the wide-ranging biologic effects of 
TNF. Whereas TNF-RI (p55) is constitutively expressed on all cell 
types, TNF-RII (p75) is induced and expressed in larger amounts on 
hematopoietic and endothelial cells. Although binding of TNF to its 
receptor initiates a cascade of biologically profound events, both cell-
bound and circulating TNF-α may also be bound to soluble TNF recep-
tors serving as natural, counterregulatory TNF antagonists. The 
extracellular domain of cell-bound TNF receptors may be cleaved off 
(especially in an inflammatory milieu) to circulate in soluble form, 
where they bind TNF and will ultimately be excreted by the kidney. 
The binding of TNF-RI and TNF-RII to TNF-α appears to be similar, 
with the main difference lying in the dissociation kinetics. Thus 
although the binding of the p55 TNF-RI is static and almost irrevers-
ible (due to slow off-rate), the binding of the p75 TNF-RII is more 
dynamic owing to a more rapid off-rate. It appears that the physiologic 
activities of soluble TNF are largely mediated through the TNF-RI 
receptor, whereas TNF-RII is involved in ligand passing. The binding 
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 Tumor necrosis factor (TNF) has multiple proinflammatory effects 
and plays a key role in rheumatoid arthritis.

 Inhibition of TNF with monoclonal antibodies or the p75 soluble 
receptor leads to a rapid and significant improvement in 
rheumatoid arthritis activity. Clinical effect is observed within 
weeks of starting therapy, with ACR 20 responses observed in 50% 
to 70% of patients. Improvement in quality of life, functional status, 
and structural progression is observed with these therapies.

 Anti-TNF therapy appears more effective in combination with 
methotrexate than as a monotherapy.

 Anti-TNF therapy also significantly benefits those with juvenile 
arthritis, psoriatic arthritis, psoriasis, and ankylosing spondylitis.

 Serious adverse events are rare but include serious infection, 
tuberculosis, demyelinating syndromes, increased risk of certain 
malignancies, and drug-induced lupus.

INTRODUCTION
The introduction of biologic agents targeting tumor necrosis factor 
(TNF) has significantly modified the treatment paradigm for numerous 
inflammatory disorders and unequivocally validated TNF as a molecu-
lar target for therapy. The clinical success and impact of TNF inhibi-
tors has fostered the development of other biologic and small molecule 
modulators of proinflammatory cytokines. Monoclonal antibodies or 
Fv antibody fragments have specificity for TNF-α. In contrast, the 
fusion protein etanercept acts as a competitive inhibitor of TNF-α and 
can also bind lymphotoxin (TNF-β). TNF inhibition appears to be safe, 
well tolerated, and capable of ameliorating a variety of inflammatory 
disorders, although the range of disease phenotypes responding appears 
to differ with the two biologic approaches to TNF inhibition currently 
available such that doses of etanercept effective in rheumatoid and 
other forms of inflammatory arthritis are not effective in granuloma-
tous diseases such as inflammatory bowel disease, in distinction to the 
antibodies, which are. As such, therapeutic TNF inhibition has 
expanded our understanding of the pathogenesis of these diseases, the 
role of TNF in health and inflammation, and the proper use of paren-
terally administered biologic agents.

Although TNF plays an important regulatory role in host defense, 
the amplified and dysregulated production of this cytokine mediates 
the inflammatory response that characterizes disorders such as rheu-
matoid arthritis (RA), ankylosing spondylitis, Crohn disease, psoriatic 
arthritis, psoriasis, and other inflammatory disorders. Numerous 
studies have documented the excess production of local and systemic 
TNF and a reciprocal rise in TNF receptors (TNF-Rs) in these disor-
ders. Byproducts of TNF-mediated proinflammatory events are also 
evident. Excessive levels of other proinflammatory cytokines, increased 
nitric oxide, collagenase, prostaglandins, increased adhesion molecule 
expression, and evidence of spontaneous erosive synovitis are all found 
in both human inflammatory diseases and transgenic mice overex-
pressing TNF.1-3 TNF is therefore an attractive molecular target for 
therapy. Definitive verification of a primary role for TNF in these 
disorders comes from clinical trials demonstrating the impressive ame-
lioration of disease with TNF blockade.
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Although IL-1 concentrations are often below the limit of detection in 
the peripheral blood of rheumatoid arthritis patients, where it is detect-
able, downregulation has been reported in a proportion of patients.12 
Similarly, in a small study of repeat synovial biopsies obtained before 
and 2 weeks after a single infusion of 10 mg per kg of infliximab, 
computerized image analysis of sections stained for cytokine-producing 
cells demonstrated a reduction in synovial IL-1α and IL-1β in a sub-
group.13 It is clear that the benefits of anti-TNF therapy are not medi-
ated by upregulation of endogenous proinflammatory cytokine 
inhibitors because circulat ing IL-1ra and soluble TNF receptor levels 
fall after infliximab infusion.11

It is thought that a major mechanism of action of TNF inhibitors 
is likely to be mediated by modulation of inflammatory cell traffic. A 
dose-dependent rise in peripheral blood lymphocyte counts is observed 
following infliximab infusion, with a maximum rise within 24 hours 
of treatment.14 This is mediated by modulation of both arms of the 
inflammatory cell recruitment cascade. Thus there is reduced histo-
logic expression of synovial cytokine–induced vascular adhesion mol-
ecules, such as E-selectin and VCAM-1, following anti-TNF treatment15 
and a significant dose-dependent reduction in soluble serum E-selectin 
and ICAM-1 concentrations,14 as well as significantly diminished 
immunohistologic expression of the chemokines IL-8 and MCP-1, with 
a trend to reduction in a number of other chemokines.16

Further indirect evidence to suggest TNF blockade reduces inflam-
matory cell recruitment to the joint is based on the observation that 
infliximab therapy is associated with a reduction in numbers of syno-
vial tissue macrophages and lymphocytes.15,16 However, the definitive 
confirmation that TNF blockade reduces leukocyte traffic to inflamed 
joints was obtained in an open-label clinical trial demonstrating a 40% 
to 50% decrease in retention of autologous indium-111 labeled granu-
locytes in the hands, wrists, and knees 2 weeks after infliximab treat-
ment.16 There is a reduction in the marginating granulocyte pool after 
infliximab treatment, an observation that would normally be associ-
ated with a rise in peripheral blood granulocyte counts.17 However, in 

BOX 61.1 BENEFITS OF TUMOR NECROSIS FACTOR BLOCKADE
 Efficacy, safety, and approval for use in numerous inflammatory states: 

rheumatoid arthritis (RA), juvenile arthritis, psoriasis, psoriatic arthritis, 
ankylosing spondylitis, Crohn disease, and ulcerative colitis

 Increased odds of remission in both randomized controlled trials and 
clinical practice (in both early and established RA)

 Significant disease modification as assessed by radiographic studies
 Dramatic normalization of acute phase reactants
 Reduced levels of serum rheumatoid factor and cyclic citrullinated peptide 

antibodies
 Decreased frequency of cardiovascular events in RA patients

of TNF-α to its receptor can initiate several signaling pathways, includ-
ing the activation of transcription factors (e.g., nuclear factor-κB [NF-
κB]), protein kinases (e.g., c-Jun N-terminal kinase [JNK], p38 MAP 
kinase), and proteases (e.g., caspases) that markedly impact immune 
and inflammatory responses.

TNF-α primarily mediates inflammation by promoting cellular acti-
vation and trafficking of leukocytes to inflammatory sites. The biologic 
properties affected by TNF are listed in Box 61.2. TNF-α is produced 
primarily by monocytes and macrophages but may also be produced by 
other cell types (e.g., B cells, T cells, mast cells, fibroblasts). TNF-α 
may further contribute to the pathogenesis of RA by induction of pro-
inflammatory cytokines such as interleukin (IL)-1 and IL-6, enhance-
ment of leukocyte migration by increasing endothelial layer permeability 
and expression of adhesion molecules by endothelial cells and leuko-
cytes, activation of neutrophils and eosinophils, induction of the syn-
thesis of acute-phase reactants, and the induction of tissue-degrading 
enzymes (matrix metalloproteinase enzymes) produced by synoviocytes 
and/or chondrocytes.

Although all biologic TNF inhibitors share many biologic, clinical, 
and adverse effects, there are differences among them beyond their 
pharmacokinetics. The monoclonal antibodies infliximab, adalim-
umab, golimumab, and certolizumab are specific for TNF-α; etanercept 
binds both TNF-α and LT-α. Infliximab, adalimumab, and golimumab 
are IgG1 antibodies and etanercept contains an IgG1 portion; certoli-
zumab is a PEGylated Fv fragment lacking an Fc portion. In addition 
to sharing the ability to inhibit TNF, all five agents bind to TNF with 
high affinity, and all three are virtually the same in their ability to 
neutralize soluble and transmembrane TNF. The induction of cell lysis 
in a cell line overexpressing TNF-α has been demonstrated by in vitro 
studies with infliximab and adalimumab (Fig. 61.1).

The first formal proof that TNF-α regulates other proinflammatory 
cytokines in vivo was the observation that there is a rapid reduction 
in serum IL-6 concentrations, closely followed by falling serum C- 
reactive protein (CRP), following administration of infliximab.10,11 

BOX 61.2 BIOLOGIC EFFECTS OF TNF-α
 Adhesion molecule expression (E selectin, ICAM-1)
 Synthesis of other proinflammatory cytokines (IL-1, IL-6, GM-CSF)
 Synthesis of chemokines (e.g., RANTES, IL-8, MIP-1)
 Activation of numerous cell types (T cells, B cells, macrophages)
 Inhibition of regulatory T cells
 Matrix metalloproteinase induction
 Upregulation of RANK ligand expression
 Induction of apoptosis
 Antiviral and antitumor effects of TNF

GM-CSF, granulocyte-macrophage colony stimulating factor; ICAM-1, intercellular adhesion 
molecule-1; IL, interleukin; MIP, macrophage inhibitory protein.

Fig. 61.1 Simplified diagram of the molecular structures of 
five biologic TNF inhibitors. Infliximab is a mouse/human 
chimeric monoclonal anti-TNF antibody of IgG1 isotype. 
Adalimumab and golimumab are fully human IgG1 
monoclonal anti-TNF antibodies. Etanercept is a fusion 
protein of the p75 (TNFR2) and the Fc portion of IgG1. 
Certolizumab is a PEGylated Fab’ fragment of a humanized 
IgG1 monoclonal anti-TNF antibody.

SIMPLIFIED DIAGRAM OF THE MOLECULAR STRUCTURES OF 5 BIOLOGIC TNF INHIBITORS
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syndromes, a history of demyelinating disorders (MS, optic neuritis), 
untreated active or latent tuberculosis, congestive heart failure, and 
pregnancy. The use of a TNF inhibitor in these situations is currently 
experimental in terms of risks and benefits, and the clinician should 
carefully consider the anticipated hazards versus potential benefits 
before proceeding.

The optimal candidate for TNF inhibition has not been defined. To 
date, there are no studies demonstrating a clinical phenotype or sero-
logic, genomic and proteomic profile to ensure the appropriateness and 
safety of such an expensive intervention. Thus current use of these 
agents in RA, psoriatic arthritis, and ankylosing spondylitis varies 
widely. Guidance regarding use may be gleaned from several resources. 
A 2005 survey of 1023 practicing rheumatologists disclosed the top 
five indications for TNF inhibitor use in RA to be (1) failure of metho-
trexate, (2) failure of multiple DMARDs, (3) physician assessment of 
active disease, (4) radiographic erosions, and (5) functional disability.28 
Hence most rheumatologists currently assess the level of clinical RA 
activity, response to prior DMARD therapy, and radiographic findings 
when considering TNF inhibitor therapy in RA.

Wolfe and colleagues29 proposed the elimination of synovitis and 
disease activity as the goal for RA treatment paradigms and proposed 
a revision of current RA treatment paradigms on the basis of the 

TABLE 61.1 U.S. FOOD AND DRUG ADMINISTRATION–APPROVED 
INDICATIONS FOR TNF-α INHIBITORS

Indication Etanercept Infliximab Adalimumab

Rheumatoid arthritis (RA) Yes1 Yes1R Yes1

Early RA Yes Yes Yes

Polyarticular juvenile arthritis (JA) Yes2 — —

Psoriatic arthritis Yes3E Yes3 Yes3

Ankylosing spondylitis Yes4 Yes4 Yes4

Psoriasis Yes5 Yes —

Crohn disease — Yes6 Yes6

Ulcerative colitis — Yes7 —

1Indicated for reducing signs and symptoms, inhibiting the progression of structural damage, 
and improving physical function for patients with moderately to severely active rheumatoid 
arthritis. It can be initiated alone or in combination with methotrexate.
1RInfliximab is approved for use in combination with methotrexate only.
2Indicated for reducing signs and symptoms of moderately to severely active polyarticular course 
juvenile rheumatoid arthritis patients who have had an inadequate response to one or more 
DMARDs.
3Indicated for reducing signs and symptoms of active arthritis in patients with psoriatic arthritis.
3EOnly etanercept is indicated to inhibit the progression of structural damage and improve 
physical function for patients with moderately to severely active psoriatic arthritis. It can be used 
in combination with methotrexate in patients who do not respond adequately to methotrexate 
alone.
4Indicated for reducing signs and symptoms in patients with active ankylosing spondylitis.
5Indicated for the treatment of adult patients (>18 years) with chronic moderate to severe 
plaque psoriasis who are candidates for systemic therapy or phototherapy.
6Indicated for reducing signs and symptoms and inducing or maintaining clinical remission in 
patients with moderately to severely active Crohn disease who have had an inadequate 
response to conventional therapy. Infliximab is also indicated for reducing the number of 
enterocutaneous and rectovaginal fistulas and maintaining fistula closure in fistulizing Crohn 
disease.
7Only infliximab is indicated for reducing signs and symptoms, achieving clinical remission and 
mucosal healing, and eliminating corticosteroid use in patients with moderately to severely 
active ulcerative colitis who have had an inadequate response to conventional therapy.

contrast to peripheral blood lymphocyte counts, numbers of peripheral 
blood granulocytes decrease after infliximab with maximal changes 
within 24 hours. The reason for this is that myeloid cell production is 
reduced secondary to downregulation of granulocyte macrophage 
colony stimulating factor (GM-CSF) as a consequence of TNF block-
ade. Because of the short circulating half-life of the granulocyte, of 
approximately 8 hours, a diminished rate of cell production dominates 
the peripheral blood picture.

One factor contributing to the rapid reduction in joint swelling 
observed by both patients and physicians after anti-TNF therapy is 
likely to be a reduction in tissue edema and capillary leak, mediated 
by vascular endothelial growth factor (VEGF), a cytokine implicated in 
new blood vessel formation and found to be elevated in the serum of 
rheumatoid arthritis patients.18 Serum concentrations of VEGF show 
a dose-dependent reduction following infliximab infusions, but without 
normalization. There is also reduction in synovial vascular density and 
in particular a reduction in angiogenesis, as assessed by diminished 
number of vessels expressing the αVβ3 integrin.19 Further evidence for 
a reduction in synovial vascularity following TNF blockade is the 
observation that the vascular signal on quantitative power Doppler 
imaging is significantly reduced following infliximab therapy.20,21

Relatively early in the history of clinical trials of TNF blockade, 
marked reduction in circulating concentrations of the precursors of the 
matrix metalloproteinase enzymes MMP-1 and MMP-3 were reported,22 
as well as a significant reduction in synovial tissue expression of matrix 
metalloproteinases.23 Similarly, serum levels of osteoprotegerin (OPG) 
and soluble receptor activator of nuclear factor κB ligands (sRANKL), 
both of which are elevated in rheumatoid compared with normal sera, 
are normalized following infliximab therapy without influencing the 
OPG : sRankL ratio.24 These observations predicted the disease-
modifying capability of anti-TNF inhibitors, which is now established.

One hypothesis for the failure of etanercept to give clinical benefits 
in trials of Crohn disease, in contrast to the marked benefits demon-
strated with monoclonal antibodies to TNF-α, is that the antibodies 
may cause an increase in apoptosis of lamina propria and peripheral T 
cells through caspase-dependent mechanisms.25 However, this topic 
remains controversial and the relevance of modulation of apoptosis as 
the mechanism of action of TNF inhibitors in rheumatoid arthritis is 
unclear. In one study, decreased synovial cellularity was reported as 
early as 48 hours after infliximab administration, but with no corre-
sponding evidence of apoptosis.26 In another study, however, apoptosis 
in synovial macrophages has been reported to be induced by both etan-
ercept and infliximab, with a corresponding increase in active caspase-3 
expression. No increase in lymphocyte apoptosis was observed, 
however.27 The relevance of these interesting observations to the mode 
of action of TNF inhibitors in rheumatoid arthritis is not clear.

Approved indications and practical use
Table 61.1 details the 2007 Food and Drug Administration (FDA)-
approved indications for the use of anti-TNF therapy. TNF blockers 
were initially approved in RA, juvenile arthritis, and psoriatic arthritis 
for patients with moderately to severely active disease who had failed 
an adequate trial of methotrexate (MTX) or other disease-modifying 
anti-rheumatic drugs (DMARDs). They were also indicated for the 
control of signs and symptoms and the prevention of functional or 
radiographic deterioration in RA and psoriatic arthritis. These recom-
mendations have recently been modified because large controlled trials 
in early RA patients now allow their use as the initial DMARD in RA 
and thus the provision to fail MTX (or other DMARD) was removed 
(see Table 61.1). Thus while MTX and TNF inhibitors appear to be 
equally effective in clinical trials, TNF inhibitor therapy has been 
established as yielding better radiographic outcomes (alone or in com-
bination with MTX). Despite the clinical and radiographic potency of 
TNF blockade, particularly with concomitant MTX therapy, the cir-
cumstances in which this combination should be initiated as a first-
line therapy have not been firmly established because a variety of other 
factors determine these choices.

Beyond the FDA-approved indications for the use of TNF inhibitors, 
there are no collectively agreed upon guidelines for their use in practice. 
There are, however, situations wherein TNF inhibitor use is not advis-
able (Box 61.3). These relative contraindications include lupus, overlap 

BOX 61.3 RELATIVE CONTRAINDICATIONS TO THE USE OF TUMOR 
NECROSIS FACTOR INHIBITORS
 Systemic lupus erythematosus, lupus overlap syndrome
 Multiple sclerosis, optic neuritis, demyelinating disorders
 Current, active, serious infections
 Recurrent or chronic infections
 Untreated latent or active mycobacterial infection
 Hepatitis B infection
 Congestive heart failure
 Pregnancy
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growing knowledge of the disease and the introduction of novel treat-
ment alternatives. In general, their consensus guidelines insist on (1) 
early and appropriately aggressive therapy, (2) use of the best available 
therapies from the outset, (3) treatment of all RA patients with either 
DMARDs or biologics, (4) treatments tailored to the presence of poor 
prognostic factors, (5) biologic use based on disease activity and 
response to DMARDs, and (6) warning against withholding cytokine 
therapies for only those with advanced or DMARD-resistant disease.

The British Society of Rheumatology (BSR) and the National Insti-
tute for Health and Clinical Excellence (NICE) have established guide-
lines for TNF inhibitor use that require (1) active RA (defined by a 
Disease Activity Score [DAS] >5.1 on two occasions, at least 1 month 
apart); (2) failure of at least two DMARDs; and (3) withdrawal of TNF 
inhibitory therapy if there is not a reduction in DAS greater than 1.2 
after 3 months of treatment. Patients receiving TNF inhibitors in the 
United Kingdom (U.K.) must meet these criteria and be enrolled in a 
registry that will allow for the periodic examination of both these 
guidelines and their clinical utility.30

Even with the introduction of several new and potent TNF inhibi-
tors, MTX remains the gold standard against which all new drugs  
are judged. Hence unless there is a contraindication to its use, MTX 
should be considered the front-line DMARD of choice in RA and 
should be carefully considered for use in all RA patients and those with 
persistent inflammatory polyarthritis. Although other oral DMARD 
compounds may subsequently be considered as a monotherapy replace-
ment, TNF inhibitors are among the most effective second-line thera-
pies available, especially in patients with active RA, not controlled by 
an adequate duration and dose of MTX. TNF inhibitors are an effective 
and expensive alternative to an inadequate trial of MTX or DMARD 
therapy. It is currently unclear whether TNF inhibitors are a more 
effective option than step-up combination DMARDs (e.g., MTX plus 
leflunomide), although limited data from the BeST trial suggest that 
MTX plus TNF inhibitor is superior to add-on or sequential combina-
tion DMARD regimens.31

The employment of TNF inhibitor therapy with or without con-
comitant MTX as an appropriate initial treatment choice is currently 
being debated. Such patients must manifest a weighty combination of 
risk factors that portends a severe outcome. These “high-risk” RA 
patients may be identified as those with active polysynovitis and radio-
graphic erosions or damage and either (1) be seropositive for RF and/
or cyclic citrullinated peptide (CCP) antibodies, (2) have functional 
impairment, or (3) have sustained elevations of the erythrocyte sedi-
mentation rate (ESR) or CRP. The identification of such high-risk 
patients mandates the combined use of MTX and TNF inhibition 
because studies have repeatedly shown the best clinical and radio-
graphic outcomes when this combination is used instead of TNF 
inhibitor or MTX alone.

Another compelling reason for the use of TNF inhibitors is the rapid 
onset of effect and enhanced well-being reported by patients receiving 
TNF blockade. The brisk mitigation of stiffness and malaise and sub-
sequent resumption of physical or pleasurable activities previously 
forfeited commonly follow TNF inhibitor initiation. Whether this rep-
resents a central nervous system or systemic effect of TNF inhibition 
is unknown. However, Andersson and colleagues32 have shown inflix-
imab to decrease cerebrospinal fluid (CSF) prostaglandin levels, while 
having no effect on CSF TNF, interferon-g, IL-10, or nitric oxide.

The popularity of these agents is evident from their growth world-
wide. Practice surveys suggest that nearly one in five RA patients has 
received a TNF inhibitor. Conversely, most RA, AS, PsA, and psoriasis 
patients have yet to receive these agents. Several factors have limited 
their widespread use, including patient or physician reluctance, high 
cost, limited or variable coverage by third-party insurance carriers, and 
toxicity concerns. Although clinicians reluctant to use these agents 
frequently point to limited long-term safety data, it should be noted 
that these agents have been employed in more than 1 million patients 
worldwide with greater than a decade of clinical trial and postmarketing 
experience. Hence safety concerns have been reduced since their intro-
duction by time, expanded use, and ongoing safety reports from regula-
tory agencies, registries, and databases. Nonetheless, barriers to their 
use exist and include physician reluctance or lack of experience, need 
for time-consuming attempts to obtain prior authorization, require-
ments for one or more DMARD failures, unacceptably high co- 

payments for some, and patient aversion to new drugs or parenteral 
drug administration.28

PHARMACOECONOMIC CONSIDERATIONS
Although the addition of TNF inhibitors has significantly impacted the 
lives of hundreds of thousands of patients worldwide, their addition to 
the arsenal of standard antirheumatic therapy has dramatically aug-
mented the cost of care in RA for those requiring such therapies. It is 
prudent to note that the cost of having a chronic inflammatory disease 
(e.g., RA, psoriatic arthritis, ankylosing spondylitis) is often overlooked 
in these deliberations. For example, in reaching their conclusions about 
the cost-effectiveness of biologic anti-TNFs in the United Kingdom, 
NICE does not take into account the broader societal implications of 
the underlying condition such as loss of employment, loss of productiv-
ity for those in work, the need for state benefits, the cost of careers, 
and other indirect costs. The relatively higher acquisition cost of novel 
biologic agents has brought pharmacoeconomic considerations to the 
forefront in rheumatology. Beginning with RA and now expanding into 
other conditions, there is a growing body of data confirming the sub-
stantial cost implications of autoimmune rheumatic diseases. For the 
TNF inhibitors, the notable clinical efficacy observed needs to be fac-
tored into a comprehensive assessment of their value. Results from a 
number of studies have begun to make a compelling case that these 
agents may have an incremental cost-effectiveness within the range of 
currently accepted medical interventions. Given the current health care 
environment, pharmacoeconomic considerations are likely to remain 
a central factor affecting the use of novel therapies in rheumatology 
and in other disciplines.

ADALIMUMAB (HUMIRA)
Adalimumab became commercially available in December 2002. At 
the time of FDA approval, over 2468 RA patients in 17 different clinical 
trials had received this drug.

Pharmacology
Adalimumab is a fully human IgG1 anti-TNF-α monoclonal antibody. 
This recombinant human monoclonal antibody is produced by phage 
display and has a terminal half-life of 10 to 20 days (mean 14 days), 
thereby permitting every-other-week dosing. After a single 40-mg  
subcutaneous dose, the maximum serum concentration is achieved 
within 131 (±56) hours. The antibody binds circulating and cell-bound 
TNF-α and blocks its interaction with p55 and p75 receptors but does 
not interact with lymphotoxin (TNF-β). The drug induces cell lysis of 
TNF-expressing cells (in the presence of complement). Although con-
comitant MTX use reduces the clearance of adalimumab by 29% to 
44%, it is unknown if adalimumab pharmacokinetics are altered in the 
setting of renal or hepatic impairment.

Indications and use
Adalimumab is indicated to reduce signs and symptoms, inhibit the 
radiographic damage or progression, and improve physical function in 
moderate to severe RA that is unresponsive to an adequate trial of  
one or more DMARDs. It is also indicated to reduce signs and symp-
toms of patients with psoriatic arthritis, ankylosing spondylitis, and 
Crohn disease. Adalimumab may be used as monotherapy or in  
combination with methotrexate and the usual recommended dose is 
40 mg administered subcutaneously every other week (EOW). Higher 
doses (e.g., 80 mg EOW) were used during drug development but  
were not shown to be more effective in short-term trials. A minority 
of patients may require dose escalation (e.g., 40 mg weekly); however, 
observational studies in RA patients showed that few patients (<5%) 
will need to escalate adalimumab dosing.33 In the PREMIER early RA 
trial, dose escalation was permitted for those not achieving an ACR20 
response. Patients receiving adalimumab alone were more likely to 
escalate to weekly dosing compared with those on combined adalim-
umab and methotrexate (25% vs. 11%, respectively).34 However, these 
patients seldom improved their efficacy parameters with dose 
escalation.
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TABLE 61.2 SUMMARY OF PIVOTAL ADALIMUMAB CLINICAL TRIALS IN RHEUMATOID ARTHRITIS (RA)*

Trial Van De Putte35 ARMADA26 DE01937 PREMIER34

Trial intervention Adalimumab† monotherapy MTX/adalimumab† combination MTX/adalimumab† combination Early RA MTX/adalimumab† combination

Trial duration 26 wk 24 wk 52 wk 24 mo

No. enrolled 544 271 619 799

Disease duration 12 yr 11-13 yr 11 yr 0.7 yr

ACR20 46% 67% 59% 73%

ACR50 22% 55% 42% 62%

ACR70 12% 27% 23% 46%

Rx effect 27% 53% 35% NA

DAS remission ND ND ND 49%

Change HAQ −0.4 0.6 −0.7 −1.3

Mean TSS Δ ND ND +0.1 +1.9

No Δ in TSS ND ND 62% 61%

Withdrawal ND ND 22% 24%

ISR % ND 15% 26%

URI ND ND 19% ND

SIE rate ND ND 0.06/patient-year 0.03/patient-year

*Multicenter, randomized, controlled trials.
†Reporting rates for 40-mg adalimumab every-other-week group.
ACR, American College of Rheumatology; DAS, Disease Activity Score; HAQ, health assessment questionnaire; ISR, injection site reaction; MTX, methotrexate; ND, no data; SIE, serious infections event;  
TSS, total Sharp score; URI, upper respiratory infection.

Adalimumab in rheumatoid arthritis pivotal trials
Early studies showed that a single dose of adalimumab produced sig-
nificant and rapid clinical improvement, reduced acute-phase reac-
tants, increased circulating lymphocyte counts, and significantly 
reduced systemic IL-6 and IL-1ra levels for at least 2 weeks. In con-
trolled dose-ranging monotherapy studies, American College of Rheu-
matology (ACR)-20 response rates ranged from 46% to 73% (Table 
61.2). In a large placebo-controlled monotherapy trial of 544 RA 
patients, a dose-dependent rise in ACR response rates was seen, with 
46% of those receiving 40 mg EOW achieving an ACR20 response.35

The ARMADA trial examined the efficacy of adalimumab in 271 
RA patients with an inadequate response to methotrexate.36 In this 
6-month, multicenter, randomized controlled trial, patients remained 
on stable doses (mean of 16 to 17 mg/week) of MTX and received 
placebo or 20 mg, 40 mg, or 80 mg adalimumab every 2 weeks. These 
patients with active and uncontrolled RA had mean disease duration 
of 11 to 13 years and received an average of three prior DMARDs. 
ACR20 response rates were 14%, 48%, 66%, and 66% for those taking 
placebo, 20 mg, 40 mg, or 80 mg, respectively. Similarly, the ACR70 
responses were 3%, 11%, 24%, and 19% for those taking placebo, 
20 mg, 40 mg, or 80 mg, respectively. Injection site reactions occurred 
in 15% of patients and no increase in unusual or serious adverse events 
was noted.

Another pivotal trial (DE019) examined the efficacy and radio-
graphic outcomes in a 619-patient, 52-week trial where adalimumab 
or placebo was given to methotrexate partial responders.37 Patients 
remained on MTX and were given either placebo or adalimumab 20 mg 
or 40 mg every other week. With a mean age of 56 years and disease 
duration of 11 years, these patients had failed an average of 1.9 
DMARDs at entry. Although 77% of adalimumab 40-mg patients 
completed the 12-month trial, only 70% of placebo patients did the 
same. ACR20 response rates after 52 weeks were 24%, 55%, and 59% 
in the placebo, adalimumab 20-mg, and 40-mg groups, respectively. 
Responses were sustained in the 457 patients who went on to receive 
open-label adalimumab for a second year. Radiographic deterioration, 
as measured by modified Sharp scores, was significantly worse in the 
placebo group (+2.7 Sharp units) compared with the 20-mg/wk (+0.7 
Sharp units) or 40-mg EOW (+0.1 Sharp units) groups.

The role of adalimumab in the treatment of early RA was first 
examined in a subanalysis of the DE019 study, wherein 27 patients 
with early disease (mean of 1.2 years) were compared with 180 patients 
with long-standing (mean of 12.5 years) RA and showed a trend toward 
better ACR20 (70% vs. 62%) and ACR70 responses (41% vs. 18%) and 
Health Assessment Questionnaire (HAQ) improvement (0.79 vs. 0.57) 
in early versus late RA patients, respectively.38 The PREMIER trial 
further established the efficacy of adalimumab in early RA (see Table 
61.2). In this 2-year, early RA (<3 years’ duration) trial, 799 DMARD-
naïve patients were randomized to receive either adalimumab, metho-
trexate (MTX), or the combination of MTX and adalimumab.34 
Although this study demonstrated adalimumab and MTX to be equi-
potent with regard to clinical outcomes (ACR20/50/70 responses, DAS 
remission), the combined use of MTX and adalimumab was signifi-
cantly better. ACR70 responses (47% vs. 27%) and 6 months’ sus-
tained, major clinical response rates (49% vs. 25%) were twofold higher 
when combined MTX/adalimumab was compared with adalimumab 
alone. Primary outcome measures included a 62% ACR50 response 
rate and a minimal change (+1.3 Sharp unit) in total Sharp score (TSS) 
for those on MTX plus adalimumab for 12 months (Fig. 61.2).

ETANERCEPT (ENBREL)
Etanercept was commercially approved for use in RA in late 1999.

Pharmacology
Etanercept is a dimeric fusion construct that links two p75 (type II) 
TNF receptors to the Fc portion of IgG, containing domains CH2 and 
CH3 and the hinge region. Etanercept is produced by recombinant 
DNA technology in Chinese hamster ovary cells and has a molecular 
weight of 150 kDa. It is capable of binding two circulating or cell-
bound TNF-α molecules and will inhibit the binding of TNF-α and 
TNF-β (lymphotoxin) to TNF receptors. In contrast to the monoclonal 
antibodies, etanercept does not induce cell lysis or apoptosis of TNF-
expressing cells. The half-life of etanercept in adult RA patients is 102 
hours (±30 hours) with a range of 4.1 to 12.5 days. Pharmacokinetics 
in children are assumed to be similar, although drug clearance  
may be reduced in children between the ages of 4 and 8 years. 
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Pharmacokinetics has not been well studied in children younger than 
4 years old. Serum concentration profiles at steady state were compa-
rable among patients with RA treated with 50 mg once weekly or 
25 mg twice weekly. The route of clearance from the circulation is 
unclear, although it is thought to be mediated through Fc binding by 
the reticuloendothelial system. Methotrexate has no effect on the phar-
macokinetics of etanercept.

Indications and use
Etanercept is indicated in patients with established or early RA to 
reduce signs and symptoms, inhibit structural damage, and improve 
physical function in those with moderate to severe disease. Etanercept 
may be used alone or in conjunction with methotrexate. In adult RA 

patients, etanercept is given by self-administered subcutaneous injec-
tion at 50 mg once a week (or 25 mg twice weekly). In a controlled 
clinical trial, higher doses (50 mg twice weekly) were not associated 
with increased efficacy but were associated with more adverse events.39

Etanercept is also approved for use in patients with active, moder-
ate-to-severe polyarticular juvenile arthritis, PsA, and AS (see Table 
61.1). It is approved for moderate to severe plaque psoriasis at a higher 
dose of 50 mg twice weekly for 3 months followed by a maintenance 
dose of 50 mg once weekly.

Etanercept in rheumatoid arthritis pivotal trials
The efficacy of etanercept has been established in four pivotal clinical 
trials of 1637 RA patients (Table 61.3). Collectively these trials consist-
ently demonstrate impressive clinical outcomes, with ACR20 responses 
ranging from 59% to 75% and ACR70 response rates of 15% to 40% 
after 6 to 12 months of therapy.

A 6-month randomized controlled study compared placebo and 
etanercept (10 mg or 25 mg) subcutaneously twice weekly.40 This was 
the first of several studies revealing the inferior efficacy of the 10-mg 
dose. Nonetheless, 59% ACR20 and 15% ACR70 response rates were 
seen in patients taking etanercept 25 mg twice weekly. When etaner-
cept was given to RA patients with an insufficient response to metho-
trexate therapy, patients receiving etanercept and methotrexate 
achieved a 71% ACR20 response compared with 27% placebo/MTX 
response.41 Many of these patients were enrolled in a long-term, open-
label observational study and exhibited static ACR20, ACR50, and 
ACR70 response rates over 3 years. Importantly, sustained efficacy 
allowed for a 68% to 85% decrease or discontinuation of methotrexate 
or prednisone and 39% to 59% of patients were able to discontinue 
methotrexate and prednisone use after 3 years.42

Etanercept was the first biologic therapy tested head to head against 
methotrexate in an early RA (ERA) trial. In the ERA study, 632 active, 
early-RA patients (mean disease duration 11 months) were enrolled in 
a 12-month trial of etanercept versus methotrexate.43 Patients were 
randomized to receive MTX 20 mg/week or etanercept (10 or 25 mg 
twice weekly). After 12 months, both methotrexate and 25-mg etaner-
cept–treated groups fared equally well with ACR20 response rates of 
65% and 72%, respectively. The only significant group difference was 
the more rapid onset of effect in those treated with etanercept in the 
first 4 months. Both drugs were well tolerated but etanercept-treated 
patients had fewer adverse events and nonrespiratory infections and 
more injection site reactions compared with methotrexate patients. 
Serious infectious events were infrequent in both groups (<3%). In the 
second year, a trend toward greater ACR20 response rates was seen in 
the etanercept group (72%) compared with the MTX group (59%).44

The ERA trial showed that radiographic progression was diminished 
by both agents when assessed after 6, 12, and 24 months of therapy 
(Fig. 61.3). In the first year, modified Sharp scores showed little change 
in MTX (1.3 units) and etanercept (0.8 units) groups, yet both were 
significantly better than their projected rates of x-ray deterioration 
(estimated to be ≈9 Sharp units per year). In the second year of the 
trial, significant differences were seen, with etanercept patients increas-
ing only 1.3 Sharp units (no progression in 63%) and MTX patients 
increasing 3.2 Sharp units (no progression in 51%). The ERA trial was 
pivotal in demonstrating the potency of both MTX and etanercept in 
patients with early, aggressive RA. The additional radiographic advan-
tage of TNF inhibition over methotrexate in early disease was largely 
seen in those with erosions at entry to the study.

The TEMPO trial reported the comparative efficacy of methotrex-
ate, etanercept, and the combination of etanercept plus methotrexate 
in 682 patients with active RA and a mean disease duration of 7 
years.45 At both 12 and 24 months the combination of etanercept and 
MTX was significantly more effective than either monotherapy MTX 
or etanercept alone (see Table 61.3). At 24 months the combination 
group demonstrated impressive ACR20 (86%) and ACR70 (49%) 
responders and DAS remissions (38%). These results may have been 
enriched by the inclusion of prior MTX responders, although compari-
son of MTX-naïve and previously treated MTX patients failed to show 
significant differences in outcomes. The mean total Sharp score was 
decreased by 0.56 units in patients receiving combination etanercept 
plus methotrexate and 78% had no radiographic worsening. By  

Fig. 61.2 PREMIER: adalimumab in early rheumatoid arthritis. (From Breedveld 
FC, Weisman MH, Kavanaugh AF, et al. The PREMIER study: a multicenter, 
randomized, double-blind clinical trial of combination therapy with adalimumab 
plus methotrexate versus methotrexate alone or adalimumab alone in patients 
with early, aggressive rheumatoid arthritis who had not had previous 
methotrexate treatment. Arthritis Rheum 2006;54:26-37.)

PREMIER: ADALIMUMAB IN EARLY RA
CLINICAL AND RADIOGRAPHIC RESPONSES AT 2 YEARS
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non-progression compared with 28% and 59%, respectively taking 
methotrexate alone. This study further confirms that for a majority of 
patients with early, severe RA, clinical remission and radiographic 
non-progression are achievable goals within 1 year of combined treat-
ment with etanercept plus methotrexate.46

INFLIXIMAB (REMICADE)
Remicade was first approved for use in moderate to severe Crohn 
disease in 1998 and was shortly thereafter marketed for use in RA.

Pharmacology
Infliximab is a chimeric anti-TNF monoclonal antibody that combines 
human IgG1κ (constant region) to a murine Fv (variable) region. The 

TABLE 61.3 SUMMARY OF PIVOTAL ETANERCEPT CLINICAL TRIALS IN RA*

Trial Moreland40 Weinblatt41 ERA43 TEMPO45 COMET46

Description Monotherapy MTX/etanercept 
combination

Early RA (monotherapy) MTX/etanercept 
combination

Early RA
MTX/etanercept combination

Trial duration 6 mo 6 mo 12 mo <24 mo Reported to 12 mo 24 mo study

No. enrolled 234 89 632 682 542

Disease duration 12 yr 13 yr 0.99 yr 7 yr 0.75 yr

ACR20† 59% 71% 72% 86% 86%

ACR50† 40% 39% 49% 71% 71%

ACR70† 15% 15% 25% 49% 48%

Rx effect 48% 44% NA NA NA

DAS remission ND ND ND 38% 50%

Change HAQ −0.6 −0.6 −0.7 −1.1 −1.0

Mean TSS Δ ND ND Etanercept −1.3 −0.56 0.27

No Δ in TSS ND ND 72% No Δ Erosion score 78% 75%

Withdrawal rate (etanercept) 28% 3% 7% 29% 19%

ISR % 49% 42% 37% 11% ND

URI 33% 22% 35% ND ND

SIE rate ND ND <3% 6% 12%

*Multicenter, randomized, controlled trials (results shown for patients receiving etanercept 25 mg biweekly).
†At study end.
ACR20, placebo ACR20; ERA, early RA trial (Bathon); HAQ, health assessment questionnaire; ISR, injection site reactions; MTX, methotrexate; NA, not applicable; ND, no data; RA, rheumatoid arthritis; Rx 
effect, active drug; SIE, serious infectious event; TSS, total Sharp score; URI, upper respiratory infection.

comparison, total Sharp scores were increased in those taking etaner-
cept (+0.5 units) or methotrexate (+2.8 units) and 60% to 68% showed 
no radiographic progression while on MTX or etanercept, respectively. 
This study underscores the potential additive clinical and radiographic 
protection afforded by the combination of MTX and TNF therapy, 
especially in patients with aggressive disease.

With growing experience of anti-TNF use and greater expectations 
for efficacy, the primary outcome measures for clinical trials have 
become more ambitious. The COMET trial46 compared the effects of 
a combination of etanercept and methotrexate with MTX alone in 542 
MTX-naïve patients with early RA (≥3 months and ≤2 years). The co-
primary endpoints were DAS28 remission (<2.6) at week 52 and 
radiographic non-progression measured by modified Sharp scores  
from baseline to week 52. Half of the patients who took combined 
treatment achieved clinical remission and 80% achieved radiographic 

Fig. 61.3 ERA: etanercept in early RA. (From 
Genovese MC, Bathon JM, Martin RW, et al. Etanercept 
versus methotrexate in patients with early rheumatoid 
arthritis: two year radiographic and clinical outcomes. 
Arthritis Rheum 2002;46:1443-1450.)
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antibody is produced in a murine myeloma cell line transfected  
with cloned DNA coding for cA2 and subsequently purified. Infliximab 
has been shown to bind with high affinity to both soluble and mem-
brane-bound TNF and is capable of neutralizing TNF in vitro and in 
vivo. This antibody can mediate cytotoxicity of TNF-expressing 
cells in vitro and is capable of inducing cell lysis of TNF-expressing 
cells via antibody-dependent cellular cytotoxicity (ADCC) in vitro. 
Infliximab binds TNF-α but not lymphotoxin (TNF-β). The median 
terminal half-life in RA and Crohn patients is 8 to 9.5 days (mean 210 
hours) using doses of 3 to 10 mg/kg. Infliximab exhibits a linear dose-
related pharmacokinetic profile at doses ranging from 3 to 20 mg/kg. 
Pharmacokinetic studies in the elderly and patients with renal or 
hepatic dysfunction have not been done. Infliximab serum concentra-
tions tended to be slightly higher when used along with MTX (7.5 mg 
once a week). The development of human antichimeric antibodies 
(HACA) has been shown to increase clearance and reduce serum levels 
of infliximab.

Indications and dosing
In established and early RA, infliximab (with methotrexate) is indicated 
to reduce signs and symptoms, inhibit the radiographic progression, 
and improve physical function in patients with moderately to severely 
active RA. Concurrent use of methotrexate (7.5 mg/week) with inflix-
imab has been shown to limit the immunogenic response to the con-
struct (e.g., HACA formation). This is particularly relevant at lower 
doses (e.g., infliximab 3 mg/kg), where immunogenicity is more likely 
than at higher doses (e.g., 10 mg/kg). Infliximab monotherapy (without 
MTX) is customary in Crohn disease, ankylosing spondylitis, and 
psoriasis, where higher doses are usually employed. Nevertheless, one 
RA registry claims that 14% of more than 1400 RA patients have 
received infliximab monotherapy (without MTX or other DMARDs)47 
without untoward effects.

In RA, the recommended dose is 3 mg/kg given initially at weeks 
0, 2, and 6 and thereafter every 8 weeks. Infliximab is given as an 
intravenous infusion over 2 hours. Escalation of dose (up to 10 mg/kg) 
or frequency (every 4 to 6 weeks) may be necessary in some, but higher 
doses may be associated with a higher frequency of serious infections 
(see later). Some patients will require changes in dosing or dose inter-
vals to maintain clinical efficacy. The loss of efficacy and “dose creep” 
phenomenon are most common after the first year of therapy and may 
be due to physician/patient efforts to reduce the use of other adjunctive 
therapies (e.g., MTX, NSAIDs, prednisone). Although 26% of patients 
receiving 3 mg/kg have undetectable infliximab levels at 8 weeks, 
shorter intervals (i.e., 4 weeks) and higher doses (i.e., 10 mg/kg) were 
less likely to have undetectable levels.48,49 This study suggested that 
shorter dosing intervals would yield higher trough levels than would 
higher doses at the same intervals. For patients demonstrating a loss 
of efficacy, the clinician should first optimize the dose of MTX  
(+ prednisone) and then, if necessary, decrease dosing intervals (e.g., 
every 4 to 6 weeks) or employ higher doses (up to 10 mg/kg).

Infliximab is also indicated for active adult and pediatric Crohn 
disease (including fistulizing disease), ulcerative colitis, ankylosing 
spondylitis, psoriatic arthritis, or psoriasis at a starting dose of 5 mg/
kg. The initial dosing regimen is similar to RA (see earlier) and can be 
given every 8 weeks (or every 6 weeks in ankylosing spondylitis) 
thereafter.

Clinical efficacy of infliximab  
in rheumatoid arthritis
The efficacy and safety of infliximab in RA were initially established 
in monotherapy trials, after a DMARD washout. An 8-week open-label 
trial50 demonstrated equivalent efficacy when infliximab was given as 
(1) two infusions of 10 mg/kg 2 weeks apart or (2) four monthly infu-
sions of 5 mg/kg. Clinical benefits were noted after week 3 and were 
maximal by week 6 with normalization of CRP levels in nearly 90% of 
patients. Following the last infusion, clinical responses lasted a median 
of 14 weeks (range of 8 to 25 weeks). Another placebo-controlled, 
monotherapy trial with a single infusion of 1 mg/kg or 10 mg/kg dem-
onstrated significant improvement by week 4, with Paulus 20% 
responses in 44% and 79%, respectively.51 Eight responders went on to 

TABLE 61.4 SUMMARY OF PIVOTAL INFLIXIMAB CLINICAL TRIALS IN RA*

Trial ATTRACT53 ASPIRE55

Description MTX*/infliximab 
combination

Early RA, MTX/
infliximab combination

Trial duration 54 wk 52 wk

No. enrolled 428 1049

Duration 8.4 yr 0.8 yr

Dose (every 8 wks) 3 mg/kg 10 mg/kg 3 mg/kg 6 mg/kg

ACR20% 42    59 62    66

ACR50% 21    39 46    50

ACR70% 10    25 33    37

Rx effect % 25    42 NA    NA

DAS remission % ND 21    31

Change HAQ −0.4 −0.8   −0.9

Mean TSS Δ 1.3    0.2 0.4    0.5

No Δ in TSS (%) 54 58    59

Withdrawal % 21 18    20

Infusion reactions 25%
(2.3% withdrew)

21%   15%
(0.5% serious)

URI 34% 25%   28%

SIE 6% 5.6%   5.0%

ANA/DNA positive 61%   10 40%   24%

HACA 8% 14.5%  6.7%

*Results at week 54 presented for 3 mg and 10 mg administered every 8 weeks IV; mean MTX 
dose, 16 mg/wk.
DAS, Disease Activity Score; HACA, Human Anti-Chimeric Antibody; HAQ, health assessment 
questionnaire; SIE, serious infectious event; TSS, total Sharp score; URI, upper respiratory 
infection.

receive repeated infusions when clinical relapse became evident. In this 
group treated with infliximab alone, a trend toward shorter response 
intervals showed some correlation with the presence of HACA.

Maini and colleagues52 reported on the safety and immunogenicity 
of infliximab (1, 3, or 10 mg/kg) when given with or without MTX for 
26 weeks. A Paulus 20% response was seen in 60% of patients receiving 
3 or 10 mg/kg. Additive responses were seen when MTX (7.5 to 15 mg/
week) was added to the regimen. After 26 weeks, HACA responses were 
seen in 53%, 21%, and 7% of those receiving 1 mg/kg, 3 mg/kg, and 
10 mg/kg, respectively. The concurrent use of low-dose MTX further 
decreased HACA to 15%, 7%, and 0%, respectively. These early mono-
therapy trials with infliximab were important in establishing optimal 
dosing, the magnitude of efficacy, the importance of concomitant 
MTX, and the pharmacokinetics of infliximab use.

Larger multicenter trials further established the efficacy and safety 
of chronic infliximab with background MTX in patients with RA (Table 
61.4). The ATTRACT trial was a 428-patient randomized, placebo-
controlled trial of infliximab (3 mg/kg or 10 mg/kg) given every 4 or 8 
weeks in active RA patients with a prior inadequate response to weekly 
methotrexate.53 The addition of infliximab (3 or 10 mg/kg) to back-
ground MTX showed significantly higher ACR20 responses (50% to 
58%) compared with methotrexate alone (20%) at 30 weeks. After 54 
weeks ACR20 responses were 42% to 59% in the 3 mg and 10 mg/kg 
groups.53 Radiographic damage was progressive in the MTX/placebo 
group, increasing by a mean of 7 Sharp units at 1 year. By contrast, all 
the infliximab-treated groups (3 or 10 mg/kg) showed little change (1.3 
and 0.2 units) after 12 months. In long-term extension studies, 22% 
of placebo patients showed no evidence of radiographic progression and 
43% to 47% of the 3 mg/kg group and 64% of the 10 mg/kg group 
showed no evidence of radiographic change over 2 years. Further analy-
sis of the ATTRACT study patients without erosions at entry revealed 
infliximab plus MTX to be superior to MTX alone in halting further 
radiographic progression.54



CH
A

PTER 61 
● Tum

or necrosis factor blocking therapies

585

Fig. 61.4 ASPIRE: infliximab in early RA. (From St Clair EW, Van Der Heijde DM, Smolen JS, et al. Active-Controlled Study of Patients Receiving Infliximab for the 
Treatment of Rheumatoid Arthritis of Early Onset Study Group. Combination of infliximab and methotrexate therapy for early rheumatoid arthritis: a randomized, 
controlled trial. Arthritis Rheum 2004;50:3432-3443.)
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RADIOGRAPHIC OUTCOMES IN ASPIRE TRIAL

The ASPIRE trial examined the effects of MTX and infliximab in 
patients with early RA.55 This 12-month, 1049-patient trial enrolled 
patients with a mean disease duration of 7 months. All patients 
received weekly MTX (20 mg/week) and also received placebo or inf-
liximab (3 mg/kg or 6 mg/kg). Although MTX/placebo-treated patients 
exhibited good ACR20 (54%) and ACR70 (21%) responses and DAS 
remissions (15%), patients treated with MTX/infliximab showed sig-
nificantly higher ACR20 (62% to 66%) and ACR70 (33% to 37%) 
responses and DAS remissions (21% to 33%) at 54 weeks (Fig. 61.4). 
Radiographic progression was primarily observed in patients treated 
only with methotrexate alone in the ASPIRE trial (see Fig. 61.4). 
Although 45% of the MTX/placebo patients showed no progression, 
those on infliximab demonstrated greater protection (58% to 59%) from 
progression in x-ray scores.

Two recent trials have suggested that the early use of infliximab in 
patients with new-onset RA may allow for its subsequent discontinu-
ation with maintenance of efficacy on MTX alone.31,56 A pilot study of 
12 months of MTX and infliximab therapy in 20 high-risk early RA 
patients resulted in clinical and magnetic resonance imaging (MRI) 
benefits that were sustained for a year after infliximab was with-
drawn.56 The BeST trial was a large multicenter trial that compared 
four treatment strategies for DMARD and biologic use in patients with 
early RA.31 DMARD switch or add-on monotherapy was compared 
with a COBRA-like combination DMARD regimen and combined 
MTX/infliximab. The protocol called for the cessation of infliximab if 
remission was achieved after 9 months of therapy. Observation of this 
cohort revealed that after 4 years, more than half of infliximab/MTX-
treated patients discontinued infliximab while maintaining a DAS less 
than 2.4 and 18% of patients stopped both MTX and infliximab (drug-
free remission) without recurrence or radiographic progression.57 A post 
hoc analysis of patients in the four strategy limbs suggests that using 
MTX plus infliximab as initial treatment for recent-onset RA patients 

is more effective than reserving MTX plus infliximab for patients who 
failed on traditional DMARDs, with more HAQ improvement over 
time, more infliximab discontinuation, and less progression of joint 
damage.58 Initial combination therapy led to significantly faster 
improvement in all patient-reported measures.59 Although high rates 
of substantial improvement on infliximab are to be expected in early 
RA, the observation that drug-free or MTX-maintained remission may 
be maintained without ongoing TNF inhibition is an exciting develop-
ment that will require further study and confirmation.

EXPANDED INDICATIONS
Neutralization of TNF-α has proven to be a highly effective inter-
vention for a variety of inflammatory disorders. TNF-α inhibitors have 
been successfully studied and approved for use in juvenile arthritis, 
moderate-to-severe RA, early RA, psoriatic arthritis, psoriasis, ankylos-
ing spondylitis, Crohn disease, pediatric Crohn disease, and ulcerative 
colitis (see relevant chapters). With clinical success in these disorders 
comes the anticipation that such therapies may be equally beneficial 
in other inflammatory diseases. Although exploratory clinical trial 
results in some disorders thought to be TNF mediated (e.g., multiple 
sclerosis, congestive heart failure, sarcoidosis, ANCA-associated granu-
lomatous vasculitis) have been disappointing, others have been encour-
aging while fulfilling a large unmet clinical need. This is particularly 
true in PsA, spondyloarthritis (SpA), and AS (Box 61.4, Table 61.5) 
where traditional DMARDs have been proven ineffective or potentially 
toxic.

Ankylosing spondylitis
TNF inhibitors reproducibly induce substantial improvements in the 
signs and symptoms of AS and are significantly superior to placebo 
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BOX 61.4 INTERNATIONAL ASAS CONSENSUS STATEMENT FOR THE USE 
OF TNF INHIBITORS IN ANKYLOSING SPONDYLITIS (AS)
 Patients should meet modified New York criteria for AS.
 Active disease of greater than 4 weeks. Disease activity is defined as 

BASDAI greater than 40 (0 to 100).
 Failure of standard therapy

– NSAID failure required for axial, peripheral arthritis, and enthesitis
– Defined as trial of two or more NSAIDs for 3 months or longer at 

maximal recommended or tolerated anti-inflammatory dose unless 
contraindicated

– Peripheral arthritis: no response to adequate trial of NSAIDs and 
sulfasalazine for 4 months or longer at standard dose or maximally 
tolerated dose unless contraindicated or not tolerated

– Enthesitis: no response to adequate trial of two or more local steroid 
injections unless contraindicated

 Follow usual precautions and contraindications for biologic use.
 Assess response using BASDAI and the ASAS core set (physician global).
 Response defined as:

– Improvement in BASDAI (50% relative change or absolute change of 
20 mm on a 100-mm scale)

 Discontinuation of TNF inhibitor if no response to 6 to 12 weeks of therapy

ASAS, Ankylosing Spondylitis Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease 
Activity Index; NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor.
From Braun J, Davis J, Dougados M, et al. First update of the international ASAS consensus 
statement for the use of anti-TNF agents with ankylosing spondylitis. Ann Rheum Dis 
2006;65:316-320.

TABLE 61.5 USE OF TUMOR NECROSIS FACTOR (TNF) 
INHIBITION IN ORPHAN DISORDERS

TNF Inhibitor Use: Unapproved Indications and Orphan Use

Large prospective randomized controlled trials or meta-analysis

Benefits shown Ineffective/equivocal findings

Anterior uveitis Etanercept in ANCA-associated 
granulomatous vasculitis 

Sjögren syndrome

Limited reports of clinical benefits* Uncertain/equivocal benefits 
reported†

Reactive/undifferentiated arthritis Autoimmune inner ear disease

Pustular psoriasis Sarcoidosis: pulmonary, ocular, resistant

Acrodermatitis continua of 
Hallopeau

Chronic obstructive pulmonary disease

Psoriatic 
onychopachydermoperiostitis

Asthma

Pyoderma gangrenosum Aphthous stomatitis

Pemphigus Sneddon-Wilkinson disease

SAPHO syndrome Eosinophilic fasciitis

Hepatitis C virus infection Panniculitis

Constrictive pericarditis Eosinophilic fasciitis

Multicentric reticulohistiocytosis Necrobiosis lipoidica diabeticorum

Recurrent ovarian cancer Hidradenitis suppurativa

Graft-versus-host disease Idiopathic pulmonary fibrosis

Polyarteritis nodosa Inclusion body myositis

Takayasu arteritis Dermatomyositis

Behçet disease (ocular > skin) Polymyositis

Adult-onset Still disease Scleroderma

Systemic juvenile idiopathic arthritis Recalcitrant hand pompholyx

TNF receptor-associated periodic Myelodysplastic syndrome (TRAPS)

Hyper-IgD syndrome Sciatica

PAPA syndrome Discogenic spinal pain

Orbital myositis Infertility

Amyloidosis Endometriosis

ANCA-associated granulomatous 
vasculitis

Pulmonary tuberculosis

Systemic lupus erythematosus

*Limited benefit results: implies >1 positive, anecdotal, or uncontrolled report of benefit.
†Uncertain/equivocal benefit: implies single, limited and uncontrolled report of benefit or several 
negative or several conflicting reports.

treatment in many trials.60 The extent of clinical response, as measured 
by ASAS 20 and BASDAI 50 outcomes, appears comparable among all 
three agents. Moreover, a substantial minority of patients achieve a 
high-level response, defined as “partial remission.” In addition, all TNF 
inhibitors have been shown to improve spinal mobility measures, with 
the greatest changes noted in the cervical spine (occiput to wall mea-
surement) and the least noted in the lumbar spine (Schober test).

Nonetheless, all AS patients appear to flare on discontinuation of 
therapy, with the mean time to flare ranging from 6 weeks with etan-
ercept to 17.5 weeks with infliximab. This suggests that continuous 
therapy with TNF inhibitors will likely be necessary to maintain clini-
cal benefit in patients with AS. TNF inhibitors have also been shown 
to improve the quality of life among treated AS patients. There are also 
data suggesting that therapy may improve extra-articular inflammatory 
involvement in AS. In a systematic review that included data from 
randomized controlled trials and open-label experience, it was observed 
that flares of anterior uveitis occurred less frequently under TNF inhib-
itor therapy (6.8/100 patient-years) compared with placebo (15.6/100 
patient-years).61

Several MRI studies of AS patients treated with TNF inhibitors have 
shown attenuation of spinal inflammation.60 Although suppression of 
inflammation was maintained for up to 2 years, it was not completely 
eliminated in most. The extent to which changes shown by MRI will 
correlate with and predict attenuation of subsequent radiographic 
structural damage remains to be elucidated. Data presented from a 
recent study examining x-ray progression in etanercept-treated patients 
(compared with historical controls) over 2 years did not reveal inhibi-
tion of radiographic progression.62 However, a variety of methodologic 
considerations may have influenced these results. TNF inhibitor use 
in AS can follow guidelines that have been developed by an interna-
tional group of rheumatologists (see Box 61.4).

Psoriatic arthritis
TNF inhibitor therapy has proven effective in controlling both the skin 
and joint disease. There has been a progression of TNF inhibitor use 
in PsA, starting with early open-label trials and followed by large ran-
domized, placebo-controlled trials of patients with established joint 
and skin disease, to recent trials of psoriatic spondylitis and psoriasis 
subsets. All three TNF inhibitors reproducibly induce substantial 
improvements (as measured by ACR20/50/70 responses) in the signs 

and symptoms of peripheral arthritis in PsA. Interestingly, placebo 
responses among PsA patients in general seem lower than those in 
comparable studies of RA. TNF inhibitor therapy in PsA has also 
improved functional status, quality of life, dactylitis, and enthesitis.60 
Treatment with TNF inhibitors has also been shown to diminish the 
progression of radiographic peripheral joint damage in PsA patients to 
the same degree as that seen in RA.60

Although improvement in cutaneous disease was seen in most TNF 
inhibitor PsA trials, such patients often had less baseline cutaneous 
involvement (as measured by the Psoriasis Activity Severity Index 
[PASI]) compared with the psoriasis trials. Although cutaneous disease 
and peripheral arthritis improved with all TNF inhibitors, the extent 
of improvement in the skin disease appears to be greater with the 
monoclonal antibodies (infliximab and adalimumab) than with the 
soluble receptor construct (etanercept). Whether this difference relates 
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to dosing, different mechanisms of action, or other factors remains to 
be defined.

Other orphan disorders
The use of TNF inhibitors has rapidly spread to a growing list of 
uncommonly encountered inflammatory disorders (see Table 61.5).63,64 
Reports of their utility in these “orphan” disorders are limited to 
investigator-initiated, single-center, open-label, and uncontrolled trials 
with few treated patients. Many of these reports have only been pre-
sented in abstract form, without appearing in peer-reviewed publica-
tions. Moreover, assessment of outcomes suffers from the lack of 
standardized and validated measures. Table 61.5 lists those conditions 
where TNF blockade has been attempted, has succeeded, or has failed.

Granulomatous disease
Inhibition of TNF has been proposed as a potential means of control-
ling granulomatous inflammation. TNF has been shown to be crucial 
in the containment of tuberculosis and other latent opportunistic infec-
tions (e.g., fungal). TNF-α plays a pivotal role in granuloma formation 
and stabilization, by promoting the differentiation of epithelioid mac-
rophages to form granulomas capable of sequestering infected cells. 
Therapeutic inhibition of TNF in animal models has consistently led 
to breakdown of granulomas with lethal spread of opportunistic organ-
isms. Similar events have been observed in patients treated with TNF 
blockade. For these reasons, anti-TNF therapy was expected to be effec-
tive in diseases characterized by granulomatous inflammation. 
Although early uncontrolled reports have shown some therapeutic 
success in these disorders, subsequent research has undermined these 
as potential indications.

ANCA-associated granulomatous vasculitis
Uncontrolled exploratory trials have shown that the addition of inflix-
imab or etanercept lowers Birmingham Vasculitis Activity Scores 
(BVAS) or induces remission.65 Nonetheless, reports of efficacy in anti-
neutrophil cytoplasmic antibody (ANCA)-associated granulomatous 
vasculitis were questioned when a large (n = 180 patients), 9-month 
trial of etanercept versus placebo in patients with active ANCA-asso-
ciated granulomatous vasculitis failed to show any benefit of adding 
etanercept to background therapy.66 This trial failed to show a change 
in response rates or vasculitis flares, and etanercept was associated 
with an increased number of malignancies compared with placebo 
treatment. Although many subjects on both arms of the study had 
received prior cyclophosphamide treatment, the increase in solid tumor 
malignancies was limited to the etanercept group.67

Giant cell arteritis
Anecdotal case reports have suggested benefit when TNF inhibition is 
used in GCA.63,64,68 However, an interim analysis of a controlled trial 
failed to show any benefit in 44 corticosteroid-treated patients who 
received either infliximab (5 mg/kg) or placebo. Relapse rates and 
steroid reduction were the same in both groups after 54 weeks of 
observation.69

Polymyalgia rheumatica
Open-label reports have suggested that infliximab may be effective in 
polymyalgia rheumatica (PMR). However, a 22-week, placebo- 
controlled trial of 51 consecutive PMR patients from seven centers in 
Italy failed to show any benefit of infliximab over placebo.70

Sarcoidosis
A number of anecdotal reports suggested the efficacy of infliximab, 
etanercept, and adalimumab in sarcoidosis.63,64,71-74 Most responders 
were treated with infliximab and had extrapulmonary manifestations 
(skin [lupus pernio], ocular [uveitis], joint or bone) of sarcoidosis. A 
small placebo-controlled trial in ocular sarcoid failed to show any 
benefit of infliximab over placebo controls.74 Although few reports of 
improved pulmonary sarcoid exist, a 30-patient, prospective, open-
label trial of etanercept in stage II was negative.75 Recently a large 
placebo-controlled trial showed modest but significant improvement in 
chronic pulmonary sarcoidosis patients treated with infliximab.76

Pyoderma gangrenosum
Numerous reports have demonstrated rapid resolution of pyoderma 
gangrenosum lesions using single or multiple doses of infliximab 5 mg/
kg (given at weeks 0, 2, and 6). Continued therapy and occasional dose 
escalation were necessary to maintain control or remission in some of 
these patients.

Takayasu arteritis
There are limited reports of favorable outcomes when TNF blockade 
was used in patients with this large vessel vasculitis.63,64 Four open-
label, uncontrolled reports claimed efficacy in patients who were active 
despite treatment with corticosteroids and methotrexate. All uniformly 
claimed amelioration of disease and a corticosteroid-sparing effect. 
Limited numbers and potential positive reporting bias should temper 
enthusiasm until better controlled trials are done.

Inflammatory eye disease/uveitis
Inflammatory ocular outcomes have often been seen in clinical trials 
in patients with juvenile arthritis (JRA) or spondyloarthritis, wherein 
joint indices have responded well but variable ocular benefits were seen. 
A recent meta-analysis of AS trials using TNF inhibitors studied the 
pretreatment prevalence and post-treatment flares of anterior uveitis.61 
The frequency of uveitis flares in placebo patients was 15.6/100 patient-
years and 6.8/100 patient-years for those receiving etanercept or inflix-
imab. Nonetheless, these trials showed several instances of new-onset 
anterior uveitis while receiving etanercept or infliximab. Uncontrolled 
reports have claimed TNF inhibition to also be effective in the manage-
ment of non-infectious, refractory posterior uveitis.77,78

Behçet syndrome
Anecdotal reports of TNF inhibitor use in Behçet disease have sug-
gested therapeutic benefits in difficult cases.63,79,80 Although most of 
these reports used infliximab therapy, all three agents have been suc-
cessfully used in uncontrolled reports. In a 40-patient, placebo- 
controlled, 4-week trial, etanercept has been shown to lessen the 
frequency of mucocutaneous manifestations in Behçet patients.81

Sjögren syndrome
A double-blind, randomized, placebo-controlled trial of infliximab 
failed to show any improvement in dryness, joint pain, fatigue, salivary 
flow rate, Schirmer test, or CRP levels.82 Similar negative results were 
seen in a placebo-controlled study of etanercept in Sjögren patients.83 
Collectively, these data suggest that TNF inhibition is not an effective 
treatment for Sjögren syndrome.

Chronic lung disease
Although there have been uncontrolled reports of TNF blockade in 
interstitial pneumonitis patients, a placebo-controlled study showed a 
lack of efficacy in chronic obstructive pulmonary disease (COPD)
patients treated with infliximab.84 What is disturbing is the report that 
infliximab treatment of COPD patients was associated with an 
increased number of lung and head/neck cancers in this population of 
patients in spite of lack of therapeutic benefit.6 There is still hope that 
TNF blockade may be beneficial in patients with refractory asthma; 
however, these trials have yet to be published. Somewhat disturbing 
are rare reports of new-onset asthmatic flares, pulmonary infiltrates, 
granulomas, and fibrosing alveolitis after receiving etanercept, inflix-
imab, or adalimumab. Whether the latter related to the particular TNF 
inhibitor or the underlying inflammatory disorder is unknown. Larger, 
controlled trials are necessary to establish the efficacy of TNF inhibi-
tion in these chronic inflammatory pulmonary disorders.

Hepatitis B and C
Elevated TNF levels have been demonstrated in patients with hepatitis 
C. Hence a pathogenic role for TNF in HCV infection has been sug-
gested but not clarified. Open-label, retrospective, and prospective 
studies have not demonstrated worsening of hepatic enzymes or viral 
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load titers with TNF inhibition.85,86 The potential adjuvant effect of 
etanercept therapy, combined with interferon and ribavirin, was studied 
in 50 non-arthritic, chronic HCV patients.87 This 6-month, double-
blind, placebo-controlled trial showed lower viral loads, normal hepatic 
enzymes, and fewer adverse events when etanercept was combined 
with this antiviral regimen. These data suggest TNF inhibition may 
be cautiously used in HCV-infected patients with markedly limited 
treatment alternatives.

A recent rise in reports of HBV reactivation following TNF inhibi-
tion has led some to suggest that TNF blockade patients should be 
screened for HBV infection prior to use.86 Reports of worsening, reac-
tivation, and occasional fatalities have provided strong caution for the 
use of these agents in patients with HBV infection; however, this is 
tempered by few reports of improvement on TNF inhibitors. Moreover, 
several HBV patients have successfully received TNF inhibitors while 
receiving lamivudine prophylaxis. It appears prudent to test for HBV 
infection before TNF initiation, especially in those at risk.

BASELESS USE OF TUMOR NECROSIS  
FACTOR INHIBITORS
The popularity of TNF blockade has often led to its application in a 
variety of conditions presumed to have an underlying inflammatory or 
immune-mediated pathogenesis. Table 61.5 lists many conditions 
where the benefits of TNF inhibition are uncertain and unproven. We 
believe there is no current objective evidence to support the use of these 
agents in patients with autoimmune hearing loss, infertility, or non-
inflammatory spinal disorders. Two small, uncontrolled clinical trials 
have shown that patients with autoimmune hearing loss or immune-
mediated cochleovestibular disorders have no discernible benefit from 
treatment with etanercept.88,89 The clinical use of TNF inhibitors in 
patients with refractory infertility is unfortunate, anecdotal, and cur-
rently without scientific merit.

Several anecdotal reports suggest that discogenic spinal pain and 
pain from spinal metastases or sciatica may be mitigated with TNF 
blockade.90 The prevalence and complexity of these spinal conditions 
mandate that well-designed, controlled trials be performed before one 
can consider the use of a TNF inhibitor.

P55 TNF inhibitors
Three different p55-directed TNF inhibitors (lenercept, onercept, peg-
sunercept) have been developed for clinical use, but none is currently 
approved or actively under investigation for inflammatory indications. 
Onercept is a recombinant, monomeric soluble TNF-RI (p55). Despite 
favorable early safety studies in normal volunteers and RA patients, 
future development was halted. Lenercept is a recombinant fusion 
protein with two p55 soluble TNF receptors fused to the Fc portion of 
IgG1. It was originally developed for use in RA and sepsis, but its 
development was halted when clinical trials did not meet their stated 
objective of superiority of lenercept over methotrexate due to the devel-
opment of non-neutralizing antibodies. In a 12-week trial of 247 RA 
patients, ACR20 response rates were similar between lenercept (53%), 
methotrexate (50%), and combined lenercept and methotrexate (64%).91 
Pegsunercept is a recombinant monomeric p55 soluble TNF receptor 
with polyethylene glycol (PEG) linked to enhance its half-life. Several 
placebo-controlled trials in RA patients showed an encouraging dose-
dependent ACR20 response rate.28,92 Reasons underlying the deferment 
of development of these p55 inhibitors are unclear but may relate to 
clinical trial results, toxicity concerns, or pharmacokinetic issues.

TNF inhibitors in early rheumatoid arthritis
Numerous studies have confirmed the efficacy and safety of TNF inhi-
bition in patients with new-onset RA. On the basis of the results of 
the ERA,43 ASPIRE,55 and PREMIER34 trials, etanercept, infliximab, 
and adalimumab have been FDA approved for use (as the initial 
DMARD) in patients with new-onset RA. Although entry into these 
early RA trials was limited to disease duration of less than 3 years, 
patients had a mean duration of disease of 6 to 12 months. Hence 
several large, randomized, controlled trials in early RA (ERA, ASPIRE, 

PREMIER, BeST) have taught us that (1) ACR20 responses with TNF 
inhibitors are equivalent to, or in some cases better than, methotrexate; 
(2) the best responses (DAS remission, ACR70) are achieved when 
TNF inhibitors are combined with MTX; (3) TNF inhibitors are supe-
rior to MTX in halting radiographic progression (especially when com-
bined with MTX); and (4) the safety of TNF inhibition in early RA 
appears to be equal to, or better than, that seen with established or 
severe RA. Nonetheless, it is generally accepted that patients with 
new-onset RA should receive MTX as their primary DMARD. TNF 
inhibition should be employed early when MTX cannot be used  
and/or when the patient is at high risk for severe RA and when more 
aggressive therapies are indicated.

TNF inhibitors in children
The use of TNF inhibition in children with juvenile arthritis has been 
limited by few studies. The safety and efficacy of adalimumab or inf-
liximab in children have not been established in clinical trials. Cur-
rently, only etanercept is approved for use in patients with active, 
polyarticular juvenile arthritis after an inadequate response to MTX or 
other DMARD therapy. The safety and efficacy of etanercept have been 
studied in 69 patients with polyarticular juvenile arthritis unresponsive 
to MTX.93 Patients (4 to 17 years of age) received 0.4 mg/kg twice 
weekly for 90 days and showed a 74% response rate. After 90 days, 
responders were randomized to receive placebo or etanercept for 4 
months and flare rates were assessed. The time to flare was much 
shorter for placebo patients (28 days) than for those on etanercept 
(>116 days). Etanercept has not been studied in children with psoria-
sis, psoriatic arthritis, or ankylosing spondylitis.

Although a small pilot study of infliximab in pediatric (11 to 17 
years) Crohn disease has shown no pharmacokinetic differences 
between children and adults,5 the safety and efficacy of infliximab and 
adalimumab in children with juvenile arthritis, psoriasis, Crohn 
disease, or ulcerative colitis have not yet been established. There is, 
however, limited experience with infliximab in juvenile arthritis to 
suggest it may be helpful in treating the articular, and possibly the 
systemic, manifestations in systemic-onset juvenile arthritis.94

TNF inhibitors in the elderly
There have been few studies that specifically address the use of TNF 
blockade in an elderly population. Drug development pharmacokinetic 
studies of all three agents failed to show any influence of age or gender. 
During infliximab clinical trials in RA, 181 geriatric (>65 years) 
patients demonstrated efficacy and safety similar to younger patients; 
however, both infliximab and control patients exhibited more serious 
adverse events than did younger patients. Etanercept has been studied 
in older patients with RA and psoriatic arthritis patients in clinical 
trials demonstrating no difference in efficacy or safety between elderly 
and younger patients.95

Because advancing age appears to be a risk for serious infection, 
TNF inhibitors should be used with caution in a geriatric patient, 
especially if co-morbidities, debility, and a past history of serious infec-
tion exist.

OTHER BIOLOGIC TUMOR NECROSIS FACTOR 
BLOCKERS UNDER INVESTIGATION
A variety of other strategies are being tested with the ultimate goal of 
inhibiting the function of TNF. Some of these are macromolecules, 
including the PEGylated human anti-TNF-α mAb Fab fragment 
CDP870 (certolizumab pegol) and golimumab. PEG has been shown 
to increase the half-life of compounds to which it is bound.

In phase 2 studies, subcutaneous injections of increasing doses of 
certolizumab pegol were well tolerated in active RA with rapid improve-
ment in ACR responses.96 The efficacy and safety of certolizumab 
pegol in active rheumatoid arthritis have now been assessed in three 
phase 3, multicenter, randomized, double-blind, placebo-controlled 
clinical trials. The RAPID 197 and RAPID 298 studies evaluated the 
efficacy and safety of lyophilized and liquid formulations, respectively, 
of subcutaneous certolizumab pegol versus placebo, plus methotrexate 
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(MTX), in patients with active RA. Patients randomized to receive 
active drug were given a dose of 400 mg at weeks 0, 2, and 4 followed 
by 200 mg or 400 mg plus MTX, or placebo plus MTX, every 2 weeks 
for 24 weeks. Among the 982 patients enrolled to RAPID 1, at week 
24, ACR20 response rates using non-responder imputation for the 
certolizumab pegol 200-mg and 400-mg groups were 58.8% and 60.8%, 
respectively, as compared with 13.6% for the placebo group. Differ-
ences in ACR20 response rates versus placebo were significant at week 
1 and were sustained to week 52 (P < 0.001). The trial also showed 
that the drug improved physical function as early as week 1 and slowed 
mean radiographic progression from baseline by week 52; certolizumab 
pegol 200 mg (0.4 Sharp units) or 400 mg (0.2 Sharp units) as com-
pared with that in placebo-treated patients (2.8 Sharp units) (P < 
0.001). Neither RAPID 1 nor RAPID 2 showed any advantage of 
400 mg over 200 mg certolizumab pegol over 52 weeks, after induction 
with 400 mg.

FAST4WARD was a 24-week, randomized, double-blind, placebo-
controlled study evaluating certolizumab as monotherapy in 220 
patients who had previously failed one or more DMARDs.99 They were 
randomized to receive subcutaneous certolizumab 400 mg (n = 111) or 
placebo (n = 109) every 4 weeks. The primary endpoint of ACR20 
response at week 24 was 45.5% for the certolizumab group and 9.3% 
for the placebo group (p < 0.001). Differences for certolizumab pegol 
versus placebo in the ACR20 response were statistically significant as 
early as week 1 through to week 24 (P < 0.001). Significant improve-
ments in ACR50, ACR components, DAS28(ESR)-3, and all patient-
reported outcomes were also observed early with certolizumab pegol 
and were sustained throughout the study.

Golimumab is a fully human anti-TNF monoclonal antibody cur-
rently in a comprehensive phase 3 development program of studies for 
the treatment of RA, Crohn disease, psoriatic arthritis, and ankylosing 
spondylitis. It can be administered intravenously or subcutaneously. 
Findings from two multicenter, randomized, double-blind, placebo-
controlled phase 3 RA studies have been reported in three important 
populations—MTX-naïve patients (GO-BEFORE), patients with active 
RA despite ongoing treatment with MTX (GO-FORWARD), and prior 
anti-TNF refractory patients (GO-AFTER). These studies showed that 
patients receiving every 4-week subcutaneous injections of golimumab 
50 mg and 100 mg and weekly methotrexate (MTX) experienced sig-
nificant improvements in the signs and symptoms, as well as in physi-
cal function and disease activity, with some patients achieving 
remission as measured by DAS28.

The GO-BEFORE study investigated the efficacy and safety of goli-
mumab delivered once every 4 weeks by subcutaneous injection at a 
dose of either 100 mg alone, 50 mg, or 100 mg or in combination with 
MTX versus MTX alone in MTX-naïve patients with active RA. When 
three patients did not receive the study drug but were included in the 
analysis as non-responders, the primary endpoint, ACR50 by intent-
to-treat (ITT) analysis, was not achieved. However, when the three 
patients who did not receive golimumab were excluded, a modified ITT 
analysis showed that the proportion of patients achieving ACR50 was 
statistically higher in the 4 weekly 50-mg golimumab plus MTX than 
in those receiving MTX alone.100 In the GO-FORWARD study, in 
subjects with active RA despite MTX, both the 50-mg and 100-mg 
doses of golimumab were studied in patients whose disease was active 
despite ongoing treatment with MTX.101 At week 14, 55% of patients 
receiving golimumab 50 mg plus MTX and 56% receiving golimumab 
100 mg plus MTX achieved at least 20% improvement in signs and 
symptoms of RA (ACR20), compared with 33% of patients receiving 
placebo and MTX (P < 0.01 and P < 0.001, respectively). Improve-
ments were seen as early as first clinical assessment, which was 4 
weeks after the first golimumab injection, and generally continued to 
improve over time. At 24 weeks, 68% of patients in the golimumab 
50-mg dosing group and 72% of patients receiving golimumab 100 mg 
experienced clinically relevant improvement in physical function 
(improvement in HAQ score of at least 0.25 from baseline), compared 
with 39% of patients receiving placebo plus MTX (P < 0.0001). GO-
AFTER is the first large, phase 3, randomized, double-blind, placebo-
controlled trial to test the efficacy of anti-TNF switching in patients 
failing on a first anti-TNF agent.102 It included 461 patients with active 
RA of 8.65 years’ mean duration. All patients had previously received 
at least one anti-TNF agent, with 25% (n = 115) having been treated 

with two therapies and 9% (n = 43) with three. Discontinuation of 
previous anti-TNF therapy was due to lack of efficacy (58%), intoler-
ance (17%), and other reasons (40%). Patients were randomized to one 
of three treatment groups: subcutaneous placebo, golimumab 50 mg, 
or golimumab 100 mg every 4 weeks. At baseline, 66% of patients were 
receiving methotrexate; 5% and 7% of patients were receiving sulfasala-
zine and hydroxychloroquine, respectively. Patients continued to 
receive stable doses of methotrexate, sulfasalazine, and/or hydroxychlo-
roquine if receiving them at baseline. Among patients who discontin-
ued previous anti-TNF because of lack of efficacy, 35.7% and 42.7% of 
patients in the golimumab 50-mg and 100-mg groups, respectively, had 
ACR20 responses at week 14 compared with 17.7% in the placebo 
group.

SAFETY OF ANTI-TUMOR NECROSIS  
FACTOR THERAPY
Advances in treatment afforded by TNF blockade have been tempered 
by safety concerns, many of which have been disclosed by controlled 
clinical trials with large numbers of patients treated with etanercept 
(3094 patients), infliximab (3263 patients), and adalimumab (2468 
patients). These clinical trials established the most common adverse 
events among thousands of patients enrolled for having low or no  
co-morbidities, with limitations on age, disease status, and background 
therapies. A real-world spectrum of TNF inhibitor-related safety con-
cerns depends on a variety of pharmacovigilance efforts (e.g., open-label 
extension trials, phase 4 trials, postmarketing surveillance, passive 
physician and patient reports, disease databases and registries) per-
formed in less select populations, with co-morbidities and variable drug 
dosing and background medications. In the postmarketing era, the 
safety of TNF inhibitors has accumulated with more than 8 years of 
experience and over 1.2 million patients treated worldwide. Although 
pharmacovigilance data may be limited by event underreporting, unver-
ified diagnoses, duplicate reports, confounding co-morbidities or medi-
cations, and uncertain temporal associations or causality, they offer 
our most comprehensive view of TNF inhibitor safety.103

Ongoing reviews of comprehensive safety data have important 
implications with regard to how, when, and in whom such therapies 
may be used. The duration and dose of TNF inhibitor use should  
be considered when choosing such therapy for a chronic, active,  
and difficult-to-control inflammatory disorder. New and developing 
indications require the re-establishment of long-term safety in these 
new indications. The greater the experience with long-term drug use, 
the more certain the safety profile of that agent in that indication. 
Lastly, the realization that TNF blockade may impact immunosurveil-
lance or host resistance to infection mandates the need for ongoing, 
population-based safety research and guidance regarding proper patient 
selection.

Safety is best ensured by awareness of safety issues and avoidance 
of unnecessary risk. Box 61.3 details the relative contraindications to 
the use of TNF inhibitors. Moreover, the use of these agents in unap-
proved, rare, or orphan conditions may be associated with unexpected 
or unsatisfactory outcomes. Although many safety issues (e.g., tuber-
culosis, opportunistic infection, lupus) might have been predicted on 
the basis of preclinical studies, the development of unanticipated 
adverse events in newly exposed patient populations (e.g., demyelinat-
ing disease, heart failure, cytopenia) should temper inappropriate and 
widespread use of TNF inhibitors.

One indication of both efficacy and safety is the durability of an 
agent (e.g., how long a patient remains on such therapy). In random-
ized, placebo-controlled clinical trials, patients receiving TNF inhibitor 
consistently demonstrated higher study completion rates and lower 
dropout rates compared with placebo or matched controls.4-6 Real-
world observational studies have shown that the durability of the TNF 
inhibitors compares favorably with MTX, such that 65% to 80% of RA 
patients are still taking their TNF inhibitors 1 year after drug initia-
tion.42,104 Dropouts for safety account for approximately 30% to 50% 
of those who discontinue TNF inhibitor therapy. Several studies con-
sistently show the dropout rate of these agents to be nearly 10% to 
15% per year in the first 2 years and roughly 10% per annum 
thereafter.
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Infusion reactions
Reactions to these parenterally administered agents are among the 
most common of side effects. Clinical trials have shown that 20% of 
infliximab-treated patients have experienced an infusion reaction. 
However, less than 1% of infliximab-treated patients develop serious 
infusion-related reactions, and only 2.5% of reactions are the cause of 
drug cessation. Most infliximab infusion reactions occur during infu-
sion or within 2 hours postinfusion. Common complaints include 
headache (20%), nausea (15%), urticaria, pruritus, rash, flushing, fever, 
chills, tachycardia, or dyspnea. In many, infusion reactions are the 
result of a rapid infusion rate (i.e., <2 hours). These reactions are 
usually transient, are rarely severe, and can typically be controlled by 
slowing the rate of infusion or treating with acetaminophen, non-
sedating antihistamines, or short-acting corticosteroids. Premedication 
with the aforementioned agents is not routinely required but may be 
necessary in those who exhibit infusion reactions.

Rarely, severe or anaphylactic reactions occur wherein findings of 
chest tightness, bronchospasm, hypotension, diaphoresis, anaphylaxis, 
or “feeling of impending doom” may occur. In these individuals, inf-
liximab therapy should be halted, and supportive or emergent care 
administered until the patient is stabilized. For these reasons inflix-
imab infusions should only be delivered with appropriately trained 
medical personnel in attendance with ready access to parenteral corti-
costeroids, diphenhydramine, and epinephrine.

Infusion reactions are twofold to threefold more likely if HACA are 
present. The immunogenicity of infliximab can be mitigated by con-
comitant MTX use or higher doses. Experience with intermittent treat-
ment of Crohn disease has shown reactions to be more likely when 
infliximab therapy is intermittent and suspended for more than 2 
years. In these patients, 25% developed delayed (3 to 12 days postinfu-
sion) reactions with symptoms of myalgia, arthralgia, fever, chills, rash, 
urticaria, edema, dysphagia, and sore throat.5

Injection site reactions
During the RA adalimumab and etanercept clinical trials, cutaneous 
injection site reactions (ISRs) were seen in 20% and 37% of patients. 
However, these are less frequent in practice and rarely require drug 
discontinuation. ISRs are usually mild or moderate and resolve within 
7 days, and they are most common during the first 4 to 8 weeks of 
use. Patients may describe dysesthesia, bruising, erythema, pruritus, 
or urticaria at administration sites. Lastly, ISRs are not correlated with 
drug dose, frequency of administration, or the presence of neutralizing 
antibodies. Interestingly, in the TEMPO (etanercept) trial, fewer ISRs 
were observed in the MTX plus TNF inhibitor group when compared 
with the TNF inhibitor alone.45

Other cutaneous reactions
Rarely, other cutaneous reactions have been ascribed to these TNF 
inhibitors, including lupus-like rashes (see Autoimmune responses 
later), hypersensitivity vasculitis, palpable purpura, urticaria, folliculi-
tis, new-onset psoriasis, pernio, granuloma annulare, interstitial granu-
lomatous dermatitis, lichenoid eruptions, bullous lesions, erythema 
multiforme, chilblains, opportunistic skin infections, and cutaneous 
T-cell lymphoma (Box 61.5).105-107

Infectious risk
In otherwise healthy individuals, TNF plays an important role in 
defense against infections, especially intracellular organisms. In the 
context of infection, TNF enhances endothelial cell activation at the 
site of involvement, promotes inflammatory cell recruitment, and has 
a procoagulant role in limiting the spread of infection. It also increases 
the ability of activated macrophages to phagocytose and kill mycobac-
teria. Concerns that modulation of physiologic or excess TNF levels 
by specific inhibitors might promote infectious complications were 
heightened on the basis of animal studies demonstrating the fatal 
effects of TNF inhibition in models of sepsis or endotoxic shock and 
the protective role of TNF with respect to opportunistic infections such 

BOX 61.5 CUTANEOUS DISORDERS AND TUMOR NECROSIS FACTOR (TNF) 
INHIBITOR THERAPY

Anecdotal improvements with TNF

TNF inhibitor-induced 
cutaneous inhibitor  
therapy disorders

Pustular psoriasis Lupus-like rashes
Acrodermatitis continua of Hallopeau Hypersensitivity vasculitis, 

palpable
Psoriatic onychopachydermoperiostitis Purpura
Pyoderma gangrenosum Urticaria, angioedema
Pemphigus Folliculitis
SAPHO syndrome Interstitial granulomatous 

dermatitis
Graft-versus-host disease Eosinophilic cellulitis
PAPA syndrome Alopecia areata
Sarcoidosis Pernio
Aphthous stomatitis New-onset psoriasis
Sneddon-Wilkinson disease Bullous lesions
Eosinophilic fasciitis Granuloma annulare
Panniculitis Lichenoid eruptions
Necrobiosis lipoidica diabeticorum Erythema multiforme
Hidradenitis suppurativa Chilblain
Scleroderma Scleredema

Subcutaneous fat atrophy
Opportunistic skin infections
Cutaneous T-cell lymphoma
Oral epithelial dysplasia

as Mycobacterium tuberculosis, Candida, Histoplasma, Leishmania, 
and malaria.108 Several early trials of TNF inhibition in sepsis, under-
taken in an attempt to treat shock, failed to show any consistent 
benefit or hazard to TNF neutralization.109,110 Whereas sepsis was not 
pursued as an indication for TNF blockade, inflammatory disorders 
were subsequently studied.

RA patients have approximately twice the mortality rate of the 
general population, and serious infection (leading to hospital admis-
sion, intravenous antibiotics, or death) is a major contributing factor. 
When considering whether anti-TNF biologics raise infection risks, the 
higher background infection rates in RA need to be considered. Simi-
larly, the influence of concomitantly administered drugs must also be 
taken into account. For example, Wolfe and colleagues111 reviewed the 
national databank for rheumatic diseases in the United States follow-
ing over 16,000 patients for 3.5 years. They observed the risk of hos-
pitalized pneumonia to be 1.7 times higher in patients receiving 
corticosteroids. Prednisolone at doses of only 5 mg/day or less gave a 
hazard ratio of 1.4 (95% confidence interval (CI): 1.1 to 1.6).111

Data on the magnitude of infection risk on anti-TNF drugs come 
either from clinical trials or observational studies. Controlled trials 
have produced conflicting messages with respect to the risk of serious 
infectious complications. Some studies have suggested increased 
serious infection rates, and others have found no difference from 
controls.

In the etanercept, infliximab, and adalimumab clinical trials, 
common, non-serious infections (e.g., upper respiratory tract infec-
tions [URI], bronchitis, sinusitis, pharyngitis, urinary tract infections) 
were seen in 20% to 37% of patients. During these trials, anti- 
TNF therapy was not suspended or stopped for these non-serious 
infections and all responded well to either observation or symptomatic 
therapy.

Serious infectious events (e.g., pneumonia, cellulitis, joint infec-
tions) or death from infection were infrequently reported in clinical 
trials before FDA approval and, overall, were not observed at a rate 
greater than that seen in placebo-treated controls. In the randomized 
placebo-controlled trials of all three TNF target agents (n = 6303 
patients followed for 6 to 12 months), the rate of serious infectious 
events ranged from three to four events per 100 patient-years of therapy 
compared with two events per 100 patient-years in placebo-treated 
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suggesting that risk of infectious complications is highest during the 
initial period of exposure to an anti-TNF, tending to decline after 6 
months of therapy.115 In patients enrolled onto the German biologics 
register (RABBIT; etanercept n = 512, infliximab n = 346, DMARD 
control n = 601), the reported relative risk of serious infections was 2.2 
(95% CI: 0.9 to 5.4) for etanercept (64/1000 patient-years) and 2.1 (0.8 
to 5.5) for infliximab (62/1000 patient-years) compared with patients 
on DMARDs only (23/1000 patient-years).118 Despite the lower confi-
dence intervals overlapping with 1.0, these findings suggest a trend to 
increased risk of serious infection. This was independent of RA severity 
or duration, rheumatoid factor seropositivity, concomitant steroid use, 
diabetes, or lung disease.

A retrospective U.S. study by Curtis and colleagues119 studied 3894 
person-years of anti-TNF therapy and 4846 person-years of methotrex-
ate over a median of 17 months. They demonstrated an adjusted risk 
of hospitalization caused by bacterial infection, which was 1.9-fold 
higher in the anti-TNF patients (4.2-fold higher in the first 6 months). 
The Spanish registry showed a 1.6-fold increase in rate of serious infec-
tion of 2868 patient-years on anti-TNF drugs compared with 2433 
patient-years of controls.120 Bernatsky and colleagues121 carried out a 
case-control cohort study of 23,733 RA patients, suggesting a twofold 
increase in risk of all infections in patients on TNF blockers (infliximab 
and etanercept). However, because of the limited number of patients 
on anti-TNF (n = 261), the confidence interval was wide. In a retrospec-
tive study of 709 RA patients, Salliot and colleagues122 found the 
incidence of serious infections before anti-TNF was 3.4 per 100 patient-
years, and 10.5 afterwards.

The British Society for Rheumatology Biologics Register (BSRBR) 
reported findings on a national prospective observational study of 7664 
anti-TNF and 1354 DMARD-treated RA patients. No increase in 
serious infections in total was observed in anti-TNF–treated patients 
compared with conventional DMARD-treated patients.123 The inci-
dence of serious infections in the anti-TNF group was 53.2 per 1000 
person-years versus 41.2 in the control group. However, serious skin 
and soft tissue infections were more frequent in anti-TNF–treated 
patients (incidence risk ratio of 4.2). A total of 19 serious bacterial 
intracellular infections occurred, all in patients in the anti-TNF-treated 
cohort. Moreover, after extended analysis, Dixon and colleagues114 have 
found an increased adjusted incidence rate of serious infection (ratio 
4.6; 95% CI: 1.8 to 11.9) over the first 90 days after starting on anti-
TNF drugs compared with DMARD therapy.

Klareskog and colleagues124 followed 686 patients for 52 weeks and 
found no difference in the prevalence of serious infections in those 
receiving methotrexate and etanercept in combination versus either 
drug alone (about 4% for all groups). In a large cohort of 16,788 patients 
followed up over 3.5 years, Wolfe and colleagues111 found no increase 
in the pneumonia risk for anti-TNF treatment. Schneeweiss and col-
leagues125 performed a retrospective study of patients older than 65 
years of age, with 1900 patients on methotrexate compared with 469 
on anti-TNF drugs, followed up for 0.2 to 1.3 years. No increase was 
reported in infection rate in the anti-TNF group.

In conclusion, despite apparently contradictory findings with respect 
to the risk of infectious complications of anti-TNF therapy arising from 
observational studies and registry data, a more detailed analysis of 
available data suggests a more or less coherent pattern of an increased 
risk shortly after treatment starts.115

Current prescribing guidelines caution against the use of TNF 
inhibitors in patients with active serious infections or in those with 
chronic or recurrent infections and that patients should be monitored 
for signs and symptoms of infection while receiving TNF inhibitors. 
Although these therapies may be indicated as inflammation and disease 
severity increase, there may be a point at which TNF blockade provides 
no benefit and may instead increase the risk of infection.3 Moreover, 
the infectious risk may be heightened in the presence of well-known 
risk factors, such as advanced age, debility, extreme inflammatory 
activity, corticosteroid use (especially higher doses), co-morbidities, 
skin breakdown, and planned major surgery (e.g., joint replacement). 
Increasing data suggest that higher-dose TNF blockade may also 
increase the risk of infection.52,117 Serious bacterial infections may 
therefore be averted by proper patient selection, proper dosing, or TNF 
inhibitor avoidance if numerous infectious risk factors are present. 

TABLE 61.6 FREQUENCY OF SERIOUS ADVERSE EVENTS WITH TUMOR 
NECROSIS FACTOR INHIBITORS

Infliximab* Etanercept Adalimumab

Pneumonia 1.7%* <1%* 0.92%†

Tuberculosis 0.4%* 0.03%‡ 0.23%†

Cytopenia§ 0.9-1.4%† ND 0.08/100 pt-yr†

Lymphoma 0.31%‡ 0.26%‡ 0.41%‡

Demyelinating disorders ND ND 0.08%†

Drug-induced lupus 0.2%4 0.05%†

Congestive heart failure 0.2%‡ 0.06%‡ 0.1%‡

Transaminitis (<3-fold) 34%† ND ND

Hepatic failure 0.006† ND ND

*Package insert data from pivotal randomized clinical trial results.4-6

†2004 Postmarketing data reported (data provided by manufacturer).
‡Data from 2003 FDA Arthritis Advisory Committee review of TNF safety.97,101

§Cytopenia includes leukopenia, neutropenia, thrombocytopenia.4 De Bant and colleagues 
estimate the frequency to be 0.19%.99

patients.4-6 Although many trials have shown no increase in serious 
infections (compared with placebo or active controls), several trials 
have shown higher rates of serious infections. For example, serious 
infections in the ATTRACT and ASPIRE trials were seen in 5.4% of 
infliximab/MTX patients and 3.4% of patients on MTX alone.52,55 
Pneumonia was seen in 1.7% of infliximab patents and 0.3% of placebo 
patients (Table 61.6). Similarly, the DE019 trial found more serious 
infections among the adalimumab/MTX group (3.8%) compared with 
MTX/placebo group (0.5%).36 Lastly, the PREMIER trial revealed dif-
ferent serious infection rates (1.6, 0.7, and 2.9 events per 100 patient-
years) in patients treated with MTX, adalimumab, or the combination 
of MTX/adalimumab, respectively.34 Postmarketing studies have also 
shown mixed results with either equal and increased infection rates 
seen between TNF inhibitors and DMARD controls.112-114 Reported 
serious infections include pneumonia, cellulitis, septic arthritis, pros-
thetic joint infections, postsurgical or wound infection, diverticulitis, 
pyelonephritis, abscess, and sepsis.

A recent meta-analysis was performed because analysis of sparse 
event data from individual trials is typically too brief or not powered 
to detect these differences between active and placebo groups. This 
analysis revealed a pooled odds ratio of 2.0 for serious infections in 
patients taking anti-TNF antibodies compared with the control 
groups,113 thus confirming some of the studies referred to earlier.

As in the case of controlled trials, observational studies have pro-
duced conflicting messages with respect to the risk of serious infectious 
complications, some studies suggesting increased serious infection 
rates, and others no difference from comparator groups. These appar-
ent discrepancies may depend on many factors including the variation 
in background rate of infection in different populations and locations, 
the duration of exposure to TNF inhibition114,115 in addition to con-
founders with respect to concomitant therapy, and differences in 
disease severity between anti-TNF treated and comparator cohorts. 
Another factor may relate to the biology of TNF inhibition. Evidence 
suggests that normalization of immune disequilibrium in RA may 
restore physiologic immune responses. For example, infliximab treat-
ment in RA results in significant increases in circulating T regulatory 
cells and reversal of their anergic phenotype.116 Thus it is possible that 
patients with well-controlled inflammation become less susceptible to 
infection than those with partially controlled inflammation or oversup-
pression of TNF.117

At first sight, a review of infectious risk data emerging from obser-
vational studies and the various national registries suggests a variable 
level of risk. But when the incidence rate ratios are plotted against the 
duration of follow-up, a clear and consistent pattern emerges, 
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Lastly, the combination of anakinra and a TNF inhibitor should be 
avoided as both open-label and controlled trials showed no clinical 
benefit but yielded an increased risk of serious infections (7%) and 
neutropenia (2%).126 Similarly, the biologic co-stimulation blocker 
abatacept (CTLA4-Ig) should not be combined with TNF inhibitor 
therapy because this combination also yielded higher rates of serious 
infections (5.8% vs. 1.9%) in a randomized clinical trial.127

Guidelines for the prevention and management of infections, espe-
cially serious infection, are currently lacking. Patients experiencing 
mild to moderate URI, bronchitis, or sinusitis can be symptomatically 
managed or closely observed without drug cessation. However, patients 
demonstrating high fevers or other suspicious symptomatology may 
benefit from drug suspension and further evaluation. TNF inhibitors 
should be stopped when patients have a serious infection, hospitaliz-
able infection, or opportunistic infection and should not be restarted 
until adequate control has been achieved. Patients undergoing elective 
major surgery (e.g., joint replacement surgery) may also benefit from 
suspending the TNF inhibitor for at least one dosing cycle (e.g., etan-
ercept 7 days, adalimumab 14 days, infliximab 6 to 8 weeks) before 
surgery, provided such cessation does not induce a major inflammatory 
flare. Although one study showed that RA patients receiving TNF 
inhibitors had a fivefold increased risk in postoperative serious infec-
tions following joint arthroplasty,128 further research is necessary into 
how to best manage these patients.

Tuberculosis
TNF antagonist therapy can interfere with the host’s ability to protect 
itself from mycobacterial infection. TNF plays an important role in the 
formation and maintenance of granulomas. Tuberculosis (TB) and 
other opportunistic infections have been associated with all three cur-
rently marketed TNF blocking agents (see Table 61.6). Hence thera-
peutic inhibition of TNF augments the risk of reactivation of latent 
mycobacterial (or fungal) infection. Interestingly, 30% to 50% of such 
patients present with extrapulmonary, miliary, or disseminated and 
non-pulmonary presentations of TB.3 Although the risk of TB is 
increased by TNF inhibition, even greater rates are seen in populations 
from geographic regions where TB is endemic.129 Although current 
product labeling calls for TB screening with adalimumab and inflix-
imab initiation (but not etanercept), TB infections have occurred with 
all three agents.

Although no cases of TB emerged in the etanercept clinical trials, 
postmarketing analyses demonstrated 38 confirmed cases of etaner-
cept-associated TB worldwide in the first 150,000 patients treated 
through December 2002.3 For infliximab, 441 cases of infliximab-
related TB were reported among 492,874 treated patients worldwide, 
whereas there were only six infliximab-related TB cases reported in the 
clinical trials.130 Ninety-seven percent of the infliximab-related cases 
occurred within 7 months, with a median time to onset of 12 weeks. 
The incidence of TB in clinical trials with adalimumab was higher in 
early clinical trials when the dose of adalimumab was higher and no 
screening procedures were used or enforced. The incidence of TB 
dropped 85% when adalimumab dose was reduced and screening mea-
sures for latent TB infection (purified protein derivative [PPD], chest 
x-ray) were required before therapy.129,130 To date, a greater number of 
cases have been seen among patients receiving infliximab than the 
other TNF inhibitors, but this may in part relate to greater worldwide 
use (especially endemic regions), older patient population (influenced 
by Medicare reimbursement), different screening procedures between 
the United States and Europe, slower off-rate (sustained TNF binding), 
induction of apoptosis or cell lysis, and the need for dose escalation 
over time (“dose creep”) in a minority of patients. Because TB and 
opportunistic infections have been reported with all three TNF inhibi-
tors, this should be considered a class-related risk.

The increased risk and extrapulmonary presentations of TB with 
TNF blockade mandate screening, close follow-up, and ongoing clinical 
suspicion. The risk of developing TB with TNF antagonists is signifi-
cantly reduced with screening and appropriate monitoring. Two differ-
ent data sets have shown the preventive value of screening prior to 
drug initiation. In the adalimumab clinical trials, a TB infection rate 
of 1.3 per 100 patient-years was decreased to less than 0.11 per 100 
patient-years with mandated screening (PPD in North America and 

chest radiographs in Europe).6,130 Carmona and colleagues129 have also 
shown a nearly 80% reduction in active TB cases once screening and 
treatment of latent TB became an official recommendation in Spain.

Current guidelines from the Centers for Disease Control and Pre-
vention (CDC) and the American Thoracic Society recommend PPD 
skin testing before TNF antagonist therapy. The tuberculin skin test 
(PPD) must be read within 48 to 72 hours by a health care professional 
and is considered positive if induration is greater than 5 mm. Patients 
previously vaccinated with bacille Calmette-Guérin (BCG) should also 
be screened with a tuberculin skin test. The use of controls is not 
recommended because up to one third of RA patients may be anergic. 
Chest radiographs are not routinely performed but should be done in 
those with a positive tuberculin skin test, recent or past exposure to 
TB, signs or symptoms of TB, or travel to high-risk endemic areas.131 
If the PPD test is positive and the patient is without signs, symptoms, 
or chest radiographic evidence of active infection, treatment for latent 
TB should commence before or with anti-TNF therapy. CDC guide-
lines suggest that 9 months of isoniazid (INH) therapy are optimal, 
although 6 months of INH or other alternative regimens also have 
proven efficacy.

The PPD test is of limited benefit in immunosuppressed individuals 
who often fail to mount a delayed-type hypersensitivity reaction. In 
such patients, newer interferon-gamma–releasing assays may be a 
more robust method for diagnosing tuberculosis and assessment of 
latent TB. M. tuberculosis expresses the antigens Early Secretory Anti-
genic Target-6 (ESAT-6) and Culture Filtrate Protein-10 (CFP-10). 
These antigens are used in the ELISpot to stimulate peripheral blood 
mononuclear cells (PBMCs). In patients with active or latent tubercu-
losis, the PBMCs have been exposed to ESAT-6 and CFP-10 and on 
restimulation with these antigens produce interferon-gamma (IFN-g). 
The numbers of PBMCs producing IFN-g are quantified. ESAT-6 and 
CFP-10 are not present in the Mycobacterium bovis BCG vaccine and 
certain mycobacterial strains including M. fortuitum. The ELISpot is 
therefore not confounded by prior BCG vaccination or exposure to 
environmental mycobacteria. However, it should be noted that a nega-
tive ELISpot does not exclude non-tuberculous mycobacteria species, 
usually considered benign contaminants, that are nonetheless increas-
ingly recognized to be associated with pulmonary disease in immuno-
compromised hosts.

Patients taking TNF inhibitors should be considered at risk for 
opportunistic infection. Those exhibiting signs and symptoms of active 
mycobacterial or opportunistic infections merit evaluation, suspension 
of anti-TNF therapy, and appropriate therapy. TNF therapy should be 
avoided until the infection is controlled. Common sites of extrapulmo-
nary infection include the joint, bone, vertebra, bladder, meninges, 
peritoneum, and lymph nodes.

Other opportunistic infections have also been reported. Atypical 
mycobacterial infections were reported, including reports of Mycobac-
terium avium intracellulare, Mycobacterium kansasii, and Mycobacte-
rium marinarum. Fungal and opportunistic pathogens have been 
observed with all three TNF inhibitors, including histoplasmosis, 
pneumocystis, aspergillosis, coccidioidomycosis, sporotrichosis, nocar-
dia, listeriosis, and cytomegalovirus. Because no reliable skin or sero-
logic testing exists to screen for these infections, clinicians must closely 
monitor patients for symptoms or signs of opportunistic infections, 
especially in endemic regions (e.g., Europe, South America, Ohio River 
Valley, San Joaquin Valley). It should be noted that chronic prednisone 
therapy may also predispose to such infections. Lastly, although there 
are reports of herpes zoster in patients receiving TNF inhibitors, it is 
unknown if this is related to the TNF inhibitor, underlying diagnosis, 
or background therapies.

Neoplasia and lymphoma
Numerous population-based studies have generally shown that RA 
patients have an increased risk of lymphoma but are not at risk for 
other malignancies (e.g., solid tumors) and may in fact be at a lower 
risk of adenocarcinoma of the colon, presumably from the use of non-
steroidal anti-inflammatory drugs or cyclooxgenase-2 inhibitors. An 
overall twofold to threefold increase in lymphoma (primarily non-
Hodgkin) has been shown in RA population studies. The lymphoma 
risk appears to increase with age and increasing inflammatory disease 
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activity. In a 2003 FDA analysis of this issue, six lymphomas were 
found among 6303 RA patients treated with TNF inhibitors in con-
trolled clinical trials, but none were observed in placebo-treated 
patients. A total of 23 lymphomas was observed (9 etanercept, 4 inf-
liximab, 10 adalimumab) during drug development, with an increased 
standardized incidence ratio (SIR, relative risk) of 3.47, 6.35, and 5.42, 
respectively. However, the 95% confidence intervals for these SIRs were 
particularly wide and overlapping, thus not permitting any separation 
of lymphoma risk due to drug or active RA alone.

Thus lymphoma rates in RA patients taking TNF inhibitors are 
elevated, but it is not yet known if this merely reflects an excess risk 
above that incurred by active disease alone. Data from safety registries 
suggest that it is disease activity rather than TNF inhibition that 
accounts for the observed increase in lymphoma rates associated with 
TNF blockade.132,133 However, there are also reports indicating an 
increased lymphoma risk related to anti-TNF treatment.134 The lag 
time from TNF blocker exposure to the onset of lymphoma varied, but 
most occurred after 6 to 24 months of TNF therapy. Hodgkin lym-
phoma occurred in 15%, with the remaining being non-Hodgkin lym-
phomas usually of the diffuse, large, B-cell class. Follicular, mantle, 
MALT, and T-cell lymphomas were uncommonly observed.6,35 These 
issues merit continued scrutiny in long-term population-based surveil-
lance registries of RA patients on biologic and non-biologic DMARD 
therapy to provide a clearer understanding of the risk for lymphoma. 
There have been rare and fatal reports of hepatosplenic T-cell lym-
phoma in pediatric Crohn disease patients receiving infliximab.6 These 
events have not been observed with adalimumab or etanercept. At 
present, any risk of lymphoma is considered sufficiently limited such 
that it does not exert a major influence in the decision to initiate or 
continue anti-TNF treatment in patients with RA and high disease 
activity or rapidly progressive joint damage.

Rates of solid tumors were not increased when TNF-associated 
malignancies were compared with population expectations at an FDA 
meeting in 2003.135 Similarly, in registry studies, no overall increase 
in risk has been reported in RA patients whether or not exposed to 
TNF inhibitors.136 However, a recent meta-analysis of patients on TNF 
inhibitors (limited to the monoclonal antibodies) showed more malig-
nancies (0.8%) compared with the placebo-matched population (0.2%), 
with a pooled odds ratio (OR) of 3.3 compared with placebo-treated 
patients. The risks appear to be dose dependent, with those on high-
dose therapy (defined as ≥6 mg/kg infliximab every 8 weeks or ≥40 mg 
adalimumab every other week) having the greatest risk (OR: 4.3; 95% 
CI: 1.6 to 11.8), with no important increased risk below these doses.113 
The lower than expected rate of neoplasia in the placebo group has 
been questioned and may relate to the inaccuracies of a shorter dura-
tion of placebo and TNF inhibitor exposure. Nonetheless, there have 
been other studies demonstrating a higher rate of solid tumors. A 
9-month, 180-patient trial of etanercept in ANCA-associated granulo-
matous vasculitis revealed six solid tumors in the etanercept group and 
none among the placebo controls.66 Although all six of these patients 
had received cyclophosphamide, it appears that the addition of cyclo-
phosphamide to etanercept may increase the risk of malignancy. Addi-
tionally, a trial of infliximab in patients with severe COPD demonstrated 
an excess of solid tumors among patients receiving the TNF inhibitor.6 
Thus these analyses suggest the rates of solid tumors may be increased 
in certain at-risk populations and that more research is necessary on 
this issue.

Antibiologic antibody responses
Antibodies against these agents, which are large foreign proteins, are 
inevitable. Although the clinical relevance of such antibodies is pres-
ently unclear, it is nonetheless possible that they may lead to immune 
complex formation, hypersensitivity reactions, or even impaired drug 
efficacy. Approximately 3% of the etanercept-treated patients developed 
antibodies to etanercept.5 In one study, antibodies to infliximab devel-
oped in 53%, 21%, and 7% of patients receiving 1, 3, or 10 mg per 
kilogram of drug, respectively.52 RA trials of infliximab with or without 
concomitant methotrexate treatment revealed that immunogenicity 
was decreased by concomitant MTX, due perhaps in part to the increase 
in the half-life of infliximab associated with MTX use.6 A multicenter 
trial of infliximab therapy in Crohn disease revealed that the induction 

of these anti-infliximab antibodies might have contributed to hyper-
sensitivity reaction in some patients who had been treated with this 
drug. Although antibodies to adalimumab develop in about 12% of 
patients, the rate is reduced to 1% with concurrent methotrexate treat-
ment.130 Routine testing for antibodies to these anti-TNF constructs is 
not currently recommended because the assays have not been standard-
ized and the results would be of questionable clinical value.

Autoimmune responses
Although nearly 40% of RA patients have serum antinuclear antibodies 
(ANA), the prevalence of ANA positivity increases with the use of anti-
TNF agents. The mechanism(s) underlying autoantibody induction are 
uncertain but may relate to a compensatory increase in IL-10 or 
interferon-α, both of which are inhibited by TNF.135 Both can increase 
B-cell activity and are increased in patients treated with anti-TNF 
therapy. Antibodies to double-stranded DNA (ds-DNA) have also been 
reported to develop in about 5% to 10% of RA patients treated with all 
anti-TNF therapies.4-6 However, few (0.2% to 0.4%) develop symptoms 
consistent with drug-induced lupus.135,137,138 Findings of ANA or 
dsDNA seropositivity are poorly predictive of subsequent toxicity and 
thus pretreatment or routine monitoring of autoantibodies is not 
recommended.

The occurrence of drug-induced lupus has been ascribed to all three 
TNF inhibitors. Such patients need not meet criteria for lupus but 
must manifest a lupus-specific feature with evidence of ANA or dsDNA 
positivity and resolution with drug cessation. During drug develop-
ment, there were few reports of TNF inhibitor-related rashes (discoid 
lupus, subacute cutaneous lupus, hypersensitivity vasculitis), serositis, 
cytopenias, and polyarthritis. Review of the literature reveals more 
than 100 cases of drug-induced lupus.135 Several points about drug-
induced lupus related to the TNF inhibitors are worth summarizing:

● Common skin findings include malar rash, palpable purpura, or 
a “sun-burnt” rash.

● The new onset of an acute large and small joint polyarthritis in 
a previously stable RA patient treated with a TNF inhibitor may 
be an indication of drug-induced lupus.

● Fever, serositis, and cytopenias are common.
● ANA or dsDNA positivity is required to consider the diagnosis.
● Diagnostic confirmation rests with resolution of symptoms upon 

drug cessation.

Demyelinating syndromes
Multiple sclerosis (MS), optic neuritis, and other forms of demyelinat-
ing neurologic dysfunction have been described when using etanercept, 
infliximab, and adalimumab. This includes reports of new-onset optic 
neuritis, de novo MS, recurrence or flare of MS, encephalitis, myelitis, 
Guillain-Barré syndrome,139 chronic inflammatory demyelinating poly-
neuropathy, neuropathy, transverse myelitis, seizures, and leukoen-
cephalopathy. Nearly all of these cases improved or resolved with 
discontinuation of TNF inhibitor therapy. It is unclear if these rare 
events exceed those seen in the general or rheumatoid populations, and 
the epidemiology of demyelinating disorders in RA is also unknown. 
TNF antagonists may exacerbate existing demyelinating disease.4-6 A 
randomized study of the p55 receptor lenercept in MS reported more 
flares in the patients receiving lenercept as compared with placebo.140 
It is recommended that clinicians should exercise caution when con-
sidering a TNF antagonist for a patient with a preexisting or recent-
onset optic neuritis, MS, or other demyelination disorder. There are 
no reports of progressive multifocal leukoencephalopathy in patients 
receiving TNF inhibitors, as has been reported with other biologics 
such as natalizumab and rituximab.

Congestive heart failure
TNF has been implicated in the pathogenesis of heart failure and 
cardiac cachexia. TNF levels are found to be consistently elevated in 
patients with congestive heart failure (CHF), and TNF has been shown 
to have negative inotropic effects on the myocardium and cause 
myocyte dysfunction. Lastly, RA patients are known to have increased 
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risk of CHF, presumably reflecting the effects of systemic TNF and 
inflammation on the heart.3,130

For these reasons it was anticipated that TNF inhibition would 
improve cardiac outcomes in patients with CHF. However, clinical 
trials with high-dose infliximab (10 mg/kg) in patients with CHF were 
discontinued early because of increase in death and worsening of CHF 
in patients with New York Heart Association (NYHA) class III-IV 
CHF.141,142 Two large etanercept trials in CHF were also terminated 
due to lack of efficacy and the observation that a high dose (25 mg, 
three times weekly) was associated with worse cardiac outcomes.102 
The etiopathogenesis of these hazardous outcomes is unknown. 
Despite the negative reported outcomes in CHF patients,143 TNF 
antagonists in RA clinical trials were not associated with an increase 
in new-onset CHF and they might actually reduce risk.142 Nevertheless, 
increased caution is recommended when using anti-TNF agents in 
patients with CHF, especially with NYHA class III and IV disease.

Cytopenias
Rare reports of pancytopenia and aplastic anemia have been described 
with etanercept, infliximab, and adalimumab, and a minority of these 
resulted in death. Cytopenias developed in the first few weeks (median, 
4 weeks) after initiating TNF inhibitors. Reasons for this sporadic 
association are unclear but may be attributed to co-morbidities or other 
myelosuppressive drugs in use. Periodic monitoring (every 3 to 6 
months) of blood cell counts should be considered. Patients with fea-
tures of blood dyscrasias (fever, pallor, bleeding, sore throat) should be 
evaluated for this complication.

Hepatotoxicity
Elevations in aminotransferases and reports of hepatic failure have 
been reported with anti-TNF usage (see Table 61.6). A 2003 FDA 
review of TNF safety revealed an unexpected 134 spontaneous reports 
of TNF inhibitor-related liver failure.102 When 50 cases were reviewed, 
confounding diagnoses or hepatotoxin exposure was seen in 43 cases 
(e.g., sepsis, TB, isoniazid use, alcohol, viral hepatitis, GVHD, hepa-
totoxic drugs). However, in seven cases (14%) no other cause could be 
identified, suggesting that TNF inhibitor use may have led to hepatic 
failure. In the clinical trials with infliximab and adalimumab, sporadic 
twofold to threefold elevations in liver function tests may have been 
attributed to the TNF inhibitor. Clinicians should be aware of these 
rare events and monitor hepatic enzymes every 3 to 6 months. None-
theless, there are rare reports of hepatic failure with infliximab.11 
Reactivation of chronic HBV infection has been reported following 
TNF inhibitor use. Hence patients at risk should be tested for HBV 
before drug initiation.

Pregnancy and lactation
There are no controlled trials of TNF inhibitors in pregnant women 
and there is a dearth of information on the use of TNF inhibitors in 
women who are or may become pregnant. Infliximab, adalimumab, 
and etanercept are a category B pregnancy risk because there are no 
controlled studies in pregnant women. We surveyed more than 1200 
U.S. and Canadian rheumatologists and identified 463 pregnancies 
conceived while taking a TNF inhibitor.28,144 Moreover, nearly 30% (n 
= 142) of these continued to take the drug throughout the pregnancy. 
Outcomes were quite favorable, with nearly 85% reporting full-term 
live births and few premature births, miscarriages, or therapeutic/elec-
tive abortions. There were two reported fetal malformations, a mero-
melia and VATER syndrome, but no neonatal deaths. Although this 
malformation rate (3%) approximates that expected in the normal 
population, there are insufficient data to advise continuation or start-
ing of anti-TNF therapy if a patient becomes pregnant. The BSRBR 
described 22 pregnancies in patients with rheumatic diseases and 
exposed to anti-TNF at conception (16 etanercept, three infliximab, 
three adalimumab). They resulted in 6 first-trimester miscarriages 
(three in patients also receiving methotrexate and one receiving leflu-
nomide at conception), 3 elective terminations, and 13 live births. One 
patient treated with adalimumab reported recurrent cystitis during 
pregnancy.145 The TREAT Registry reported pregnancies in 66 Crohn 
disease patients, 36 of whom were exposed to infliximab. No fetal 

malformations occurred, and the rates of miscarriage (P = 0.53) and 
neonatal complications (P = 0.78) did not differ between infliximab-
treated and untreated patients.146

It is not known if TNF-blocking agents are secreted in human milk, 
and the safety of these agents during lactation has not been established. 
Although it appears that the risk to the fetus and mother is negligible, 
further research is necessary.

Unusual toxicities reported
One of the more unusual toxicities associated with TNF inhibitors is 
accidental injuries (e.g., falls, fractures) (Box 61.6). Several studies have 
shown higher rates of accidental injury in the TNF inhibitor-treated 
cohort.4-6 Improved well-being and resumption of physically aggressive 
activities appear to account for this unexpected occurrence. Also sur-
prising are occasional reports of weight gain with TNF inhibition. It is 
not clear if this is related to increased leptin levels or resolution of the 
anorectic effects of TNF.147 Numerous cutaneous adverse events have 
been reported with TNF blockade (see Box 61.5). In a study of new-
onset psoriasis reported as an adverse event from among 9826 anti-
TNF–treated and 2880 DMARD-treated patients with severe RA from 
BSRBR, 25 incident cases of psoriasis were reported in patients receiv-
ing anti-TNF therapy and none in the comparison cohort between 
January 2001 and July 2007. Furthermore, patients treated with adali-
mumab had a significantly higher rate of incident psoriasis compared 
with patients treated with etanercept and infliximab.148 Box 61.6 also 
lists other unusual events reported with TNF inhibitor therapy includ-
ing fibrosing alveolitis, adult respiratory distress syndrome, granulo-
matous lung disease, colonic perforations, vesicocolic fistula, 
paresthesia, neuropathy, seizures, foot drop, azoospermia, and glo-
merulonephritis (with and without lupus).149-158

Monitoring
Before initiating anti-TNF therapy, the clinician must weigh the poten-
tial clinical benefits of TNF-α inhibition against potential adverse 

BOX 61.6 ADVERSE EVENTS ASSOCIATED WITH USE OF TUMOR 
NECROSIS FACTOR INHIBITORS
Common
 Injection site reactions
 Infusion reactions
 Upper respiratory tract infections

Uncommon
 Serious infectious events
 Mycobacterial infection
 Fungal infections
 Opportunistic infections
 Viral infection (herpes zoster, hepatitis B virus)
 Lymphoma and malignancy
 Autoimmunity, autoantibodies, and lupus-like disease
 Heart failure
 Cytopenias
 Demyelinating disorders
 Hepatotoxicity

Rare/uncertain relationship
 Accidental injury
 Weight gain
 Pulmonary fibrosis
 Asthma
 Adult respiratory distress syndrome
 Granulomatous lung disease
 Colonic perforations
 Vesicocolic fistula
 Paresthesia
 Neuropathy
 Seizures
 Foot drop
 Asthenozoospermia
 Glomerulonephritis
 Proliferative lupus nephritis
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effects. Although specific laboratory monitoring is not mandated by 
current package labeling, physicians are strongly advised to obtain 
complete blood count and liver function tests every 3 months (for the 
first 6 to 12 months) in patients treated with anti-TNF agents.159 
Although autoimmune disorders (e.g., drug-induced lupus, multiple 
sclerosis) have arisen in anti-TNF–treated patients, there is no value 
in employing pretreatment or periodic serologic testing because these 
have no predictive value. By contrast, patients exhibiting signs of auto-
immune disease should undergo serologic testing to help establish a 
diagnosis. If the patient has risk factors for hepatitis B, then testing 
before drug initiation is advised.

At each visit the patient should be carefully evaluated for the risk 
or presence of infection, malignancy, demyelinating disorders, cytope-
nia, or any other co-morbidities that may alter the patient’s risk-to-
benefit ratio. Physicians should suspend anti-TNF therapy and exercise 
caution when patients develop a serious infection. Tuberculin skin 
testing using PPD is recommended before starting treatment with all 
TNF inhibitors. If the PPD skin test is positive, chest radiography is 
recommended to establish latent versus active disease. Appropriate 

antituberculous treatment should be started if latent or active tuber-
culosis is discovered.

CONCLUSION
Although currently available TNF blockers have undoubtedly consti-
tuted a considerable advance in the management of RA, future chal-
lenges remain. For example, further research is necessary to identify 
the ideal patient to receive TNF inhibition or the patient in whom 
TNF inhibition should be avoided. Moreover, the identification of 
demographic, clinical, laboratory, or genetic factors that would predict 
clinical response or toxicity to these agents is highly desirable. If it 
turns out to be true that there is an increased incidence (albeit small) 
of malignancy in patients receiving these drugs, the risk factors for this 
increase need to be identified and the tradeoffs in the use of these 
agents should be clarified for each individual patient.

In all, anti-TNF therapy has given much hope and needed relief of 
pain with reduction in disability in our patients; the future employ-
ment of these agents is an evolving story.
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adjuvant-induced arthritis in mice and rats, with more than 90% 
disease reduction observed with the 15-mg/kg/day dosage. The 24-hour 
area under the curve of this dosage in rodents (1,680-6,216 ng/hr/mL) 
was within twofold of that observed with dosages of 15 mg twice daily 
in humans. Histologic evidence of inflammation was reduced in both 
models, with histologic parameters equivalent to those in naive mice 
at the 15-mg/kg/day dosage in the collagen-induced arthritis model.

Recently, the first randomized, double-blind, placebo-controlled 
trial of three dosage levels of CP-690,550 revealed American College 
of Radiology (ACR) 20% (ACR20) response rates at week 6 of 70%, 
81%, and 77% in the 5-mg, 15-mg, and 30-mg twice-daily groups, 
respectively, compared with 29% in the placebo group (P < .001).2 Side 
effects observed included headache and nausea. Furthermore, increases 
in mean low-density lipoprotein cholesterol and high-density lipopro-
tein cholesterol levels and increases in mean serum creatinine level 
were seen in all CP-690,550 treatment arms of the trial. The side 
effects were reversible with drug discontinuation. Subsequently a 
24-week double-blind, placebo-controlled study investigating doses of 
1 to 15 mg twice a day showed statistically significant efficacy (ACR20 
up to 66%) in patients receiving 3 mg or higher twice a day.3 In another 
study these observations were confirmed.4

CP-690,550 is about 20-fold more selective for JAK-3 than for 
JAK-2. JAK-2 is essential for signaling by many hematopoietic growth 
factors, with mutations in JAK-2 causing embryonic death in mice due 
to the absence of erythropoiesis. Significant inhibition of JAK-2 could, 
therefore, cause anemia, leukopenia, and thrombocytopenia. The 
observed hematologic adverse events, particularly the complex changes 
in hemoglobin level, may be due to a combination of competitive 
factors, including inhibition of disease activity as well as measure of 
JAK-2 inhibition. However, despite the potentially additive risks of 
infectious adverse events from neutropenia and immunosuppression, 
the incidence of infections typically associated with neutropenia was 
not increased relative to placebo, nor was the incidence of infection 
increased. These data suggest that CP-690,550 is efficacious in the 
treatment of RA.

Spleen tyrosine kinase (Syk) also belongs to the intracellular tyro-
sine kinase family. Syk is expressed in B cells and macrophages and 
binds to the immune receptors. In synovial fibroblasts Syk regulates 
the MAP kinase cascade, including IL-6 and metalloproteinase-3.5 Syk 
inhibition was able to suppress inflammation and destruction in a rat 
arthritis model.6 Treatment with tamatinib fosdium (R788), an oral 
Syk inhibitor, suggested significant improvement in RA patients.7

R788 also demonstrated clinical efficacy in a 3-month trial in RA 
patients treated with methotrexate. Patients received either 100 mg of 
R788 twice a day or placebo. Although a significant decrease in the 
acute-phase response was observed, there were no significant differ-
ences in the ACR responses between the groups.8 In a 6-month pla-
cebo-controlled study including 457 patients with active RA on 
methotrexate, two R788 doses (100 mg twice daily and 150 mg once 
daily) showed ACR20 responses of 57% and 66%, respectively, signifi-
cantly higher than the 35% observed with placebo. The most common 
adverse event was diarrhea. These data suggest that Syk inhibition may 
be another useful target in the treatment of RA.9

Tyrosine kinase inhibition
Ferdinand Breedveld

 Small molecules, usually orally administered, that inhibit the 
production or reduce the effects of TNF or IL-1 have not been 
found so far to be effective antirheumatic drugs.

 Nuclear factor-kB, involved in the production of 
proinflammatory cytokines, adhesion molecules and metallo-
proteinases, is an attractive target in the development of 
antirheumatic drugs.

 Inhibitors of p38MAP kinase can reduce the production of 
proinflammtory cytokines by synoviocytes and reduce the severity 
of animal models of arthritis. Clinical trials are in progress in 
rheumatoid arthritis.

 Inhibitors of matrix metalloproteinases, despite impressive efficacy 
in animal models of arthritis, have shown toxic side effects or low 
efficacy in preliminary clinical studies in rheumatoid arthritis.

Tyrosine kinases are divided into two groups. Cytoplasmic kinases 
transduce signals from a separate surface receptor while receptor tyro-
sine kinases have intrinsic tyrosine phosphorylation activity. The four 
Janus kinases (JAKs) are cytoplasmic tyrosine kinases that pair in 
several combinations to integrate signaling in various cytokines and 
growth factors. JAK-3 is critical for signal transduction from the 
common γ-chain of the receptors for interleukin (IL)-2, IL-4, IL-7, 
IL-15, and IL-21 on the plasma membrane to the nuclei of immune 
cells.1 These interleukins are integral to lymphocyte activation, func-
tion, and proliferation. JAK-3 is predominantly expressed in cells of 
the immune system.2 Expression has been reported in other cell types 
on rare occasions; however, the functional significance of this is not 
fully understood at present. JAK-3 knockout mice have defects in T 
lymphocytes, B lymphocytes, and natural killer (NK) cells, with no 
other defects reported; and mutations in JAK-3 have been identified as 
a cause of autosomal-recessive severe combined immunodeficiency 
disorder. Therefore, agents that selectively inhibit JAK-3 have the 
potential to mediate potent immune modulation, affecting T lympho-
cytes, B lymphocytes, macrophages, and NK cells, without significantly 
affecting other organ systems.

CP-690,550 is an oral JAK antagonist in development for the treat-
ment of rheumatoid arthritis (RA) and other autoimmune conditions, 
as well as for the prevention of renal allograft rejection. It is a potent, 
selective inhibitor of the JAK family of kinases with an approximately 
1000-fold selectivity over 82 other kinases tested in a selectivity panel 
compared with the potency of JAK-3. In cell-based assays, CP-690,500 
potently inhibited JAK- 1

3 - and JAK-1-dependent STAT activities with 
50% inhibition concentration (IC50) values in the 26- to 63-nM range, 
whereas IC50 values for JAK-2-mediated pathways ranged from 129 to 
501 nM.

The pharmacokinetic profile of CP-690,550 in RA patients is linear 
and is characterized by rapid absorption and rapid elimination, with a 
half-life of about 3 hours. CP-690,550 produced dose-dependent 
decreased clinical scores in collagen-induced arthritis and 
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unique signaling property that allows it to signal in either a cis or trans 
distribution on adjacent cells (Fig. 63.1).2 For example, IL-15 bound to 
IL-15α on the surface of antigen-presenting cells can be presented in 
trans to T cells, NK cells, and non-lymphoid cells expressing the 
IL-15Rβ/γ complex.1 IL-15Rα can mediate the trans-endosomal recy-
cling of IL-15, allowing IL-15 function to persist despite local depletion 
of IL-15.2 A soluble form of IL-15Rα has been identified, and there is 
evidence to suggest that the biologic activity of IL-15 is enhanced when 
bound to this soluble form of IL-15Rα. Thus, use of a soluble decoy 
IL-15Rα is an attractive strategy for IL-15 suppression.3 IL-15R signals 
through AKT, ras MAP kinase, and Jak pathways, activating transcrip-
tion of genes that are induced by phosphorylated STAT3 and STAT5 
(Table 63-1).1

IL-15 in rheumatic disease
The mRNA and protein levels of IL-15 are elevated in the synovium 
and serum of patients with rheumatoid arthritis and psoriatic arthri-
tis.1 IL-15 activates synovial neutrophils to produce IL-18 and pro-
motes synovial T-cell proliferation.4 IL-15 and IL-15Rα are expressed 
by psoriatic keratinocytes; this co-expression suggests a feedback loop 
could exist in psoriatic plaques.5 Patients with systemic lupus erythe-
matosus have increased serum levels of IL-15 and increased IL-15Rα 
expression on peripheral leukocytes.6

Clinical trials
A proof of concept study was performed in rheumatoid arthritis patients 
using a monoclonal neutralizing human IgG1 antibody that binds and 
neutralizes the activity of soluble and membrane-bound IL-15 by block-
ing the site required for interaction with the γ-chain. This phase 1/2 
study demonstrated that the monoclonal antibody was well tolerated, 
and improvements in disease activity were seen 8 weeks after a single 
dose, with an American College of Rheumatology 20% response 
(ACR20) in 63% of patients, ACR50 response in 38% of patients, and 
ACR70 response in 25% of patients receiving active drug. Placebo 
response was not reported. There were no striking infectious complica-
tions, but the limited duration of the study did not allow for extensive 
safety evaluation. There were no alterations observed in circulating 
levels of leukocyte subsets including NK cells and CD8+ memory T 
cells.7

IL-17
Description, receptor, function
To date, the IL-17 family has six identified members, designated A to 
F, of which IL-17A and IL-17F are the most studied. IL-17A and IL-17F 
are homodimeric cytokines, but human CD4+ T cells can also produce 
an IL-17A/F heterodimer that has inflammatory effects.8 IL-17A and 
IL-17F are produced by activated CD4+ and CD8+ T cells. IL-17B and 
IL-17D are expressed in resting CD4+ T cells and can induce the secre-
tion of IL-6, IL-8, and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) in fibroblasts, epithelial cells, and endothelial cells.9,10

The IL-17 family members bind to a distinct class of cytokine recep-
tors. IL-17RA is a subunit of a multimeric preformed receptor complex 
with IL-17RC. This complex undergoes a conformation change when 
bound.11 IL-17 receptor is expressed on monocytes, macrophages, 
chondrocytes, osteoblasts, and fibroblasts.12

Emerging therapeutic targets:  
IL-15, IL-17, IL-18, and IL-23
Alison M. Gizinski and David A. Fox

 IL-15, IL-17, IL-18 and IL-23 are all proinflammatory cytokines found 
in the synovial compartment in rheumatoid arthritis.

 IL-17 is produced primarily by T cells. IL-15, IL-18 and IL-23 are 
produced by antigen presenting cells and tissue cells.

 Unique features of the biology and regulation of each cytokine 
point to specific strategies for either neutralization or down 
regulation by therapeutic biologics.

 In autoimmune diseases, cytokines function within a complex 
matrix of stimulatory and feedback loops such that perturbation of 
one cytokine is likely to influence the production and function of 
many others.

POTENTIAL CYTOKINE TARGETS IN  
RHEUMATIC DISEASES
There are multiple potential strategies that can be employed to inhibit 
the biologic effects of cytokines in rheumatic diseases. These include 
monoclonal antibodies to cytokines or to their receptors, soluble recep-
tors, or receptor antagonists. Additionally, cytokines can be inhibited 
by targeting their processing, intracellular signaling pathways, or 
synthesis.

Intelligent design of inhibitors involves an understanding of their 
unique biologic activities, receptors, and signaling pathways while 
being mindful of potential complications that could result from their 
specific inhibition. Ideally, inhibitors of cytokines would be designed 
to alter the underlying immune dysfunction specific to a rheumatic 
disease while protecting the targeted tissues and allowing for preserva-
tion of a host’s immune defenses. As our understanding of the role of 
specific cytokines in rheumatic diseases evolves, more targets are being 
identified and potential new therapies are being tested for their safety 
and tolerability profiles.

IL-15
Description, receptor, function
Interleukin (IL)-15 is a 14- to 15-kDa four α-helix cytokine. IL-15 
exists in two isoforms, one that is anchored to the plasma membrane 
or alternatively processed and secreted from the cell and another that 
remains within the cytoplasm and nucleus.1 IL-15 is produced by 
monocytes, macrophages, dendritic cells, osteoclasts, fibroblasts, and 
epithelial cells. It enhances natural killer (NK) cell survival, prolifera-
tion, cytotoxicity, and cytokine production. IL-15 activates memory T 
cells, is a T-cell growth factor, and inhibits T-cell apoptosis.1 IL-15 
signals through a heterotrimeric receptor comprised of three subunits: 
IL-15Rα, IL-15Rβ (also known as IL-2/15Rβ), and the common γ-chain 
that is also a subunit of other cytokine receptors. The IL-15Rα subunit 
exclusively binds IL-15. IL-15Rβ can also bind to IL-2, and the common 
γ-chain can be bind several cytokines. IL-15 binds to the IL-15β/γ-chain 
complex with intermediate affinity and binds the heterotrimeric 
complex with higher affinity.1 The IL-15R complex is present on mono-
cytes, dendritic cells, NK cells, T cells, and fibroblasts.1 IL-15Rα has a 
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IL-17A and IL-17F have been found in the cutaneous plaques of 
patients with psoriasis.16 IL-17 can induce the production of IL-6 by 
human keratinocytes and may initiate a positive feedback loop, because 
IL-6 can enhance the differentiation of Th17 cells, resulting in ampli-
fication of IL-17 and IL-22 responses in the skin.12,17

IL-17 has been detected in the sera and tissues of patients with 
systemic lupus erythematosus and systemic sclerosis.18,19 IL-17 protein 
has been identified in synovial fluid of patients with reactive arthritis 
and is induced in T cells by bacteria-infected dendritic cells that 
produce IL-23.13 IL-17–producing Th17 cells have been found to be 
elevated in patients with seronegative spondylarthritides.20 IL-17–
producing T cells have been shown to be enriched in number in the 
peripheral blood of juvenile inflammatory arthritis patients compared 
with healthy controls.21

Clinical trials
A proof of concept trial is currently enrolling to test a monoclonal 
antibody to IL-17 in rheumatoid arthritis patients.22 A phase 1b/2a trial 
of an antibody directed against IL-17R is currently enrolling rheuma-
toid arthritis patients.23

IL-18
Description, receptor, function
IL-18 is a member of the IL-1 superfamily and was originally described 
as the interferon-γ (IFN-γ)-inducing factor. IL-18 is synthesized as a 
biologically inactive 24-kDa precursor that is cleaved by caspase-1 to 
the biologically active 18-kDa protein. It is expressed in monocytes, 
macrophages, dendritic cells, Kupffer cells, keratinocytes, osteoblasts, 
adrenal cortex cells, intestinal epithelial cells, microglial cells, and 
synovial fibroblasts.1 IL-18 binds a heterodimeric receptor consisting 
of IL-18Rα, to which IL-18 binds, and IL-18Rβ, which does not directly 
bind IL-18 but is recruited to form a heterotrimeric complex with IL-18 
and IL-18Rα and is responsible for transducing the signal. This het-
erotrimeric complex recruits MyD88 and IRAK. Autophosphorylation 
of IRAK enables its disassociation from the receptor to bind TRAF-6 
with further signaling through NF-κB.1 The ligand binding IL-18Rα 
receptor is expressed on naive T cells, mature T-helper-1 (Th1) lym-
phocytes, macrophages, neutrophils, B cells, basophils, mast cells, NK 
cells, chondrocytes, endothelial cells, smooth muscle cells, keratino-
cytes, and dendritic cells.1

IL-18 is closely regulated. Cleavage of the 24-kDa precursor  
by caspase-1 limits the generation of the active 18-kDa form. Control 
of IL-18 biologic activity is mediated through regulation of caspase-1 
activity, because inflammatory stimuli do not appear to impact  
IL-18 precursor production.24 Extracellular IL-18 is antagonized by 
IL-18BP, a unique soluble protein that binds to the active form of  
IL-18 with high affinity and prevents its interaction with cell  
surface receptors.25 IFN-γ appears to upregulate IL-18BP production, 

IL-17 is a proinflammatory cytokine that induces epithelial cells to 
produce IL-8, which is a chemoattractant for neutrophils, and IL-17 
also induces the production of IL-1β and tumor necrosis factor-α (TNF-
α) from monocytic cells.13 The production of antimicrobial peptides is 
induced by IL-17 in epithelial cells, suggesting a role for IL-17 in host 
defense.14

IL-17 in rheumatic disease
High levels of IL-17A have been found in the sera, synovial fluid, and 
synovial biopsy specimens of patients with rheumatoid arthritis.12 
Additionally, increased levels of IL-17 expression in the synovium were 
predictive of more severe joint damage in a prospective study of patients 
with rheumatoid arthritis.15 IL-17 contributes to cartilage and bone 
destruction in the joint. It inhibits chondrocyte metabolism, causes 
proteoglycan breakdown, and induces production of metalloproteinases 
associated with cartilage destruction.12 IL-17 can trigger osteoclasto-
genesis by upregulating RANKL on osteoblasts, allowing interaction 
with RANK on osteoclasts responsible for bone erosion.12 IL-17A can 
act synergistically with TNF-α and IL-1β to induce inflammatory medi-
ators in synoviocytes, osteoblasts, myoblasts, and chondrocytes.11 
IL-17RA and IL-17RC are overexpressed in rheumatoid arthritis.11 
Taken together, these findings make IL-17 and its receptor promising 
targets in treatment of rheumatoid arthritis.

TABLE 63.1 CYTOKINES, THEIR SOURCES, RECEPTORS, SIGNALING PATHWAYS, AND MAJOR FUNCTIONS

Cytokine Cellular source Receptor Signaling pathway Function

IL-15 Monocytes, macrophages, FLS, endothelial 
cells, DC, osteoclasts, fibroblasts, epithelial 
cells

IL-15Rα, IL-15Rβ, 
γ-chain

Ras MAPK, AKT, Jak1, Jak3, 
STAT3, STAT5

NK cell survival, proliferation, cytotoxicity, activate 
memory T cells, inhibits T-cell apoptosis, T-cell 
proliferation

IL-17A, IL-17F T cells, γδ T cells, NK T cells, neutrophils, 
eosinophils

IL-17RA/IL-17RC TRAF6, MAPK, TAK1, NF-κB IL-6, IL-8, and GM-CSF production by epithelial 
cells and fibroblasts, production of IL-1β and 
TNF-α from monocytes, MMPs synthesis

IL-18 Monocytes, macrophages, DC, FLS, osteoblasts, 
Kupffer cells, adrenal cortex cells, intestinal 
epithelial cells, microglial cells

IL-18Rα/Rβ MyD88, IRAK, TRAF6, NF-κB IFNγ production by Th1 cells, cytotoxic T cells, NK 
cells and macrophages, angiogenesis

IL-23 Macrophages, DC, T cells, B cells, endothelial 
cells

IL-12Rβ1/IL-23R Jak2, Tyk2, STAT3, STAT4, (? 
STAT1, STAT5)

Maintains Th17 cells, induces memory T cells to 
proliferate and produce IFNγ and IL-17

FLS, Fibroblast-like synoviocyte; DC, dendritic cell; MAPK, mitogen-activated protein kinase; Jak, Janus kinase; STAT, signal transducer and activator of transcription; NK, natural killer, γδ, gamma delta, 
TRAF, TNF receptor associated factor; TAK, TGF-β–activated kinase; NF-κB, nuclear factor-kappa B; MMPs, matrix metalloproteinases; MyD88, myeloid differentiation primary response gene 8; IRAK, IL-1 
receptor-associated kinase; Tyk, tyrosine kinase.
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Fig. 63.1 (a) Trans-presentation of IL-15 bound to the surface IL-15Rα of a 
macrophage to the IL-15Rβ/γ complex on a T cell. (b) Cis-presentation of IL-15 
bound to the IL-15Rαβ/γ complex on a T cell. mφ, macrophage; α, IL-15Rα; β, 
IL-15Rβ; γc, common gamma chain.
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IL-23
Description, receptor, function
IL-23 is a member of the IL-12 cytokine superfamily and is composed 
of two subunits, the p40 and p19 peptides. IL-23 is produced by  
dendritic cells and binds to a heterodimeric receptor composed of  
the IL-12Rβ1 (shared with IL-12R) and IL-23R (Fig. 63-2).41 T cells, 
NK cells, monocytes and dendritic cells express the IL-23 receptor.42 
IL-23 induces memory T cells to proliferate and produce IFN-γ. 
IL-23 mediates the development and proliferation of IL-17, producing 
CD4+ Th17 cells.42 IL-23 signals through the JAK-STAT pathway, 
leading to activation of JAK2, Tyk2, STAT1, STAT3, STAT4, and 
STAT5.1,41 The association of a STAT4 polymorphism marked by 
rs7574865 has been described in rheumatoid arthritis, systemic lupus 
erythematosus, Crohn’s disease, and ulcerative colitis.43 Additionally, 
a polymorphism in the IL23R gene has been linked to susceptibility to 
Crohn’s disease.44

IL-23 in rheumatic diseases
IL-23 has been identified in the sera and synovial fluid of rheumatoid 
arthritis patients, and expression of the p19 subunit is increased in the 
synovial fibroblasts of patients with rheumatoid arthritis.45

Monocytes and dendritic cells in psoriatic skin plaques express high 
levels of IL-23 p19 and p40 subunits.46 Elevated serum levels of the 
IL-23 p40 subunit were found to distinguish between patients with 
psoriatic arthritis and healthy individuals.47

Infections due to Salmonella and Mycobacterium have been 
described in individuals with homozygous mutations of either the 
IL12B gene, which encodes for the p40 subunit common to IL-12 and 
IL-23, or the IL12BR1 gene, which encodes a subunit of the IL-12 and 
IL-23 receptors.48 This suggests that IL-23 may play an important role 
in defense against pathogens and may have implications for safety 
issues in blockade of IL-23.

Clinical trials
An oral IL-12/23 inhibitor, STA-5326 mesylate, is being tested in 
patients with rheumatoid arthritis to determine safety, pharmacoki-
netic, and synovial tissue outcomes.49

A phase 2 trial of ustekinumab, a human monoclonal antibody that 
binds to the shared p40 subunit of IL-12 and IL-23, blocking their 
signaling, was performed in psoriatic arthritis. Study subjects received 

and thus IL-18 indirectly increases the production of its own 
inhibitor.24

IL-18 is further regulated by IL-1F7, a member of the IL-1 family of 
cytokines. IL-18Rα does not recruit IL-18Rβ and no signal is trans-
duced when bound by IL-1F7. In addition, IL-1F7 can enhance the 
activity of IL-18BP. IL-1F7, when bound to IL-18BP, can then bind to 
IL-18Rβ, preventing the β chain from forming a signaling complex with 
IL-18Rα.26

IL-18, in synergy with IL-12, promotes Th1 differentiation and  
the production of IFN-γ by Th1, cytotoxic T cells, NK cells, and 
macrophages. Maturation and acquisition of cytotoxic function by T 
and NK cells is accelerated by IL-18. IL-18 plays a vital role in the 
clearance of intracellular pathogens through induction of IFN-γ as well 
as the induction of cytotoxic T cells required for clearing viral 
infection.24

IL-18 in rheumatic disease
Levels of IL-18 are elevated in synovial tissue, synovial fluid, and 
sera of patients with rheumatoid arthritis. IL-18 found in the syno-
vial membrane of rheumatoid arthritis patients promotes the release 
of TNF-α, GM-CSF, and IFN-γ reduces chondrocyte proliferation 
and cartilage anabolism and enhances angiogenesis by up-regulation 
of vascular endothelial growth factor (VEGF) and vascular cellular 
adhesion molecule-1 (VCAM-1) production by synovial fibro-
blasts.27,28 IL-18 expression in the rheumatoid synovium was found 
to correlate with IL-1β expression, macrophage infiltration, and 
inflammation. Rheumatoid arthritis disease severity correlated with 
the bioactivity of IL-18; and after DMARD therapy there was 
decreased tissue expression of IL-18, serum IL-18, and C-reactive 
protein.29 IL-18BP levels are also elevated in rheumatoid arthritis, 
suggesting a possible altered balance between IL-18 and its inhibitor 
IL-18BP.29 Anti-TNF therapy has also been shown to reduce IL-18 
production.30 IL-18 and IL-23 together amplify IL-17 production, 
which, in rheumatoid arthritis, could promote cartilage destruction 
and osteoclastogenesis.31

IL-18 expression is elevated in the synovium and serum of  
patients with psoriatic arthritis.32,33 Keratinocytes in the skin are able 
to produce IL-18 in response to inflammatory stimuli, and increased 
levels of IL-18 are present in active and progressive psoriatic skin 
plaques.34,35

Serum and synovial fluid levels of IL-18 are elevated in patients with 
juvenile idiopathic arthritis and correlate with measures of disease 
including C-reactive protein, number of active joints, and radiographic 
score.36 Serum levels of IL-18 are elevated in adult-onset Still’s disease 
compared with patients with rheumatoid arthritis, systemic lupus ery-
thematosus, systemic sclerosis, polymyositis/dermatomyositis, 
Sjögren’s syndrome, or healthy individuals and correlate with serum 
ferritin values and disease severity.37

Targeting
Potential strategies for blocking the biologic effects of IL-18 include 
developing neutralizing antibodies or soluble receptors or blocking the 
processing or release of IL-18. Antibodies specific for IL-18 are in 
development.1 A fusion protein of IL-18BP coupled to the Fc fragment 
of human IgG1 has been developed. This fusion protein binds to IL-18, 
neutralizing its effects.24

Clinical trials
IL-18 was targeted in a phase 2 randomized, placebo-controlled trial in 
rheumatoid arthritis patients with an inhibitor of caspase-1, pralna-
casan, but the results were not promising and the trial was stopped 
owing to an animal toxicity study that observed liver abnormalities.38 
An antagonist of the P2X7 receptor, a receptor that may be involved in 
the release and maturation of IL-1 and IL-18, is being tested in a phase 
2a study in rheumatoid arthritis patients.39 A recombinant IL-18BP 
fusion protein has been tested in animal models of arthritis and phase 
1 trials have been completed in healthy volunteers, patients with stable 
plaque psoriasis, and patients with rheumatoid arthritis with a favor-
able safety profile.1,40
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Fig. 63.2 IL-23 is a member of the IL-12 cytokine superfamily and is composed 
of two subunits, the p40 and p19. IL-23 binds to a heterodimeric receptor 
composed of the IL-12Rβ (shared with IL-12R) and IL-23R. Ustekinumab is a 
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12 and 23. Jak2 = Janus kinase 2; Tyk = Tyrosine kinase 2; STAT4 = Signal 
Transducer and Activator of Transcription 4.
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ustekinumab, 90 mg or 63 mg, every week for 4 weeks, followed by 
placebo at weeks 12 and 16 (n = 76) or placebo weekly for 4 weeks, 
followed by ustekinumab, 63 mg, at weeks 12 and 16 (n = 70). The 
primary endpoint was ACR20 response at week 12, which was achieved 
by 42.1% of subjects in the treatment group and 14.3% of subjects in 
the placebo group (P < .001). Significantly more subjects in the treat-
ment group had ACR50 responses (25.0% vs. 7.1%, P = .004) and 
ACR70 responses (10.5% vs. 0%, P = .005). Adverse event rates were 
reported to be similar in both groups.50

CONCLUSION
IL-15, IL-17, IL-18, and IL-23 each have important proinflammatory 
roles in rheumatoid arthritis and other rheumatic diseases. Under-
standing of these cytokines and their regulation has advanced rapidly 
in recent years. Unique features of each cytokine have been revealed: 
trans-signaling for IL-15, six isoforms of IL-17, a binding protein for 
IL-18, and a shared subunit with IL-23 and IL-12. Notwithstanding 
some potential safety concerns, careful therapeutic trials of blocking 
strategies directed against each of these molecules are justified by avail-
able animal data, in-vitro studies, and measurements performed in 
patients with rheumatic diseases (Table 63.2).

TABLE 63.2 CYTOKINES, POTENTIAL INHIBITORS AND RHEUMATIC 
DISEASE TARGETS

Cytokine Method of inhibition Disease targets

IL-15 Monoclonal antibody to IL-15
Neutralizing IL-15Rα antibody
Jak/STAT inhibitor

Rheumatoid arthritis
Psoriatic arthritis
Systemic lupus erythematosus

IL-17A, 
IL-17F

Monoclonal antibody to IL-17
Monoclonal antibody to the 

IL-17R
IL-17R fusion protein

Rheumatoid arthritis
Psoriatic arthritis
Spondyloarthropathies

IL-18 Inhibition of caspase 1
Blocking secretion by P2X7 

receptor inhibition
Monoclonal antibody to IL-18
IL-18BP isoform

Rheumatoid arthritis
Juvenile idiopathic arthritis
Systemic lupus erythematosus
Adult-onset Still’s disease

IL-23 Monoclonal antibody to IL-23
Monoclonal antibody to p40 

subunit of IL-12 and IL-23
Jak/STAT inhibitor

Rheumatoid arthritis
Psoriatic arthritis
Spondyloarthropathies

Jak, Janus kinase; STAT, signal transducer and activator of transcription; P2X7, purinergic 
receptor P2X ligand-gated ion channel 7.
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cohort of inflammatory arthritis patients, in whom corticosteroids 
doubled the risk of serious infection.7 Despite these infectious risks 
and the advent of newer biologic therapies, corticosteroid use in RA 
remains common.8

IMMUNE DYSFUNCTION OF RA AND 
PREDISPOSITION TO INFECTION
The immunopathology of RA is complex, and the precise immune 
derangements that decrease the host’s response to infection are not 
clearly known. After time, RA patients can develop an overabundance 
of CD28 null T lymphocytes and a lack of CD28+ T lymphocytes, a 
process driven by overproduction of TNF-α.9 CD28 null T lympho-
cytes, in distinction to their CD28+ counterparts, have lost their 
capacity to stimulate B cells and instead can downregulate antigen-
presenting dendritic cells. Given CD28’s known co-stimulatory role in 
the activation and proliferation of T lymphocytes, this suggests that 
RA patients can develop diminished T-lymphocyte responses in the 
presence of antigen presentation. RA patients are known to have a 
reduced capacity to generate new T lymphocytes, and their T-lympho-
cyte repertoire becomes severely contracted over time.10 This T-lym-
phocyte senescence is similar to that seen in the normal aging host 
and could explain why elderly patients are more prone to infectious 
diseases in general.11 Other studies suggest a genetic predisposition 
toward infection among RA patients, with patients exhibiting certain 
polymorphisms in either Fc receptor, tumor necrosis factor, or 
lymphotoxin-α genes more likely to suffer respiratory and urinary tract 
infections.12 It is likely that a variety of RA-associated host factors 
predispose patients toward infection, including physical derangements 
(e.g., destruction of articular surfaces) that might also impair local 
immunity or provide a respite for circulating pathogens.

Anti-tumor necrosis factor-α (anti-TNF) 
therapy in RA
In the past 10 years, three anti-TNF compounds with remarkable clini-
cal efficacy have gained U.S. Food and Drug Administration (FDA) 
approval for use against RA in the United States: infliximab, etaner-
cept, and adalimumab.13 As a group, these drugs inhibit TNF-α, a 
proinflammatory cytokine involved in the pathogenesis of RA and other 
autoimmune diseases but also essential to the host’s innate immune 
system. TNF is expressed by activated macrophages, T lymphocytes, 
and other immune cells and plays a crucial role in the host response 
against a variety of infections, in particular Mycobacterium tuberculo-
sis and other intracellular pathogens.14 It is essential in the control and 
containment of intracellular pathogens by stimulating inflammatory 
cell recruitment to the area of infection and by stimulating the forma-
tion and maintenance of granulomas that contain infection. In murine 
models of tuberculosis (TB), mice deficient in either TNF or its p55 
signaling receptors fail to recruit inflammatory cells to the site of infec-
tion and fail to form functioning granulomas.15-17 Similarly, in mice 
already infected with M. tuberculosis, neutralization of TNF causes 
lysis of already formed granulomas, leading to mycobacterial spread 
and death.18,19 In addition, TNF directly activates macrophages to 
phagocytose and kill mycobacteria and a variety of other pathogens.20 
Mice deficient in the TNF/p55 signaling pathway are highly susceptible 
to Listeria, Histoplasma, and parasitic and even extracellular bacterial 
organisms such as Klebsiella pneumoniae and Streptococcus pneu-
moniae, both frequent causes of pneumonia in humans.21-24

Infections and biologic therapy in 
rheumatoid arthritis
Kevin L. Winthrop

INTRODUCTION
Rheumatoid arthritis (RA) patients are at increased risk for infectious 
disease–related morbidity and mortality. This risk is due in part to the 
underlying immune cell dysfunction associated with RA and the 
immunosuppressive therapies directed against it. In the past decade, a 
number of newly developed biologic therapies have delivered tremen-
dous clinical benefits to RA patients. With these therapies, however, 
come new challenges to patients and their physicians regarding the 
prevention and management of serious bacterial and opportunistic 
infections. These drugs include those that inhibit tumor necrosis 
factor-α (TNF-α), for which there exists a large amount of pre- and 
post-marketing data suggesting an elevated serious infection risk. For 
the more recently approved biologic drugs that target B and T lympho-
cytes, the risk of infection is less clear. In this chapter the infectious 
diseases typical of RA and biologic therapy are reviewed and the treat-
ing rheumatologist is provided with tools to prevent their associated 
infectious morbidity.

INCREASED INFECTIOUS RISK IN  
RHEUMATOID ARTHRITIS
Patients with RA have long been recognized to suffer a greater  
burden of serious infection. Case reports from the 20th century  
attest to increased numbers of bone and joint, pulmonary, and  
skin and soft tissue infections.1 Later studies documented that RA 
patients suffer earlier death than healthy counterparts, with some  
of this excess mortality attributable to infection.2,3 In one of the first 
large epidemiologic studies in the United States to address this  
issue, Wolfe and associates showed that RA patients were five times 
more likely to die of pneumonia than the general population.2 
This increased infectious risk was postulated to be due to corticosteroid 
use, surgery, as well as other traditional disease-modifying antirheu-
matic drugs (DMARDs) used against RA. In 2002 and before the 
widespread use of biologic therapy, Doran and colleagues conducted a 
cohort study among RA patients within Minnesota’s Mayo Clinic 
patient population. With over 600 RA patients and a similar number 
of matched non-RA controls, the investigators found culture and/or 
radiographic proven serious infections (i.e., those requiring hospitaliza-
tion) were significantly more common in RA patients and occurred at 
a rate of 9/100 patients per year, a rate nearly double their non-RA 
counterparts, even after controlling for the effects of important co-
morbidities and other infectious risks.4 Consistent with historical 
reports, they found that RA patients frequently suffered from serious 
pulmonary and skin infections (Table 64.1), and whereas bone and 
joint infections occurred much less frequently, they were most strongly 
associated with RA and occurred 10 to 15 times more frequently than 
in healthy controls.

Doran and colleagues went beyond documenting the increased 
infectious risk due to the RA disease state itself. They, and subse-
quently others, documented a significant 1.5- to 2.0-fold increase in 
risk with corticosteroid therapy, even at “low dose” (e.g., <15 mg/day).5 
In 2006, Wolfe and associates reviewed the national databank for 
rheumatic diseases in the United States and found a dose-response 
relationship with risk at doses less than or equal to 5 mg/day (hazard 
ratio [HR], 1.4; 95% confidence interval [CI], 1.1-1.6) increasing with 
higher doses of 10 to 15 mg/day (HR, 2.3; 95% CI, 1.6-3.2).6 Similar 
risks were more recently documented in prospective fashion in a U.K. 
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rate seen in unexposed patients.37 The U.K. registry examined rates of 
site-specific infections and found similar rates of serious infections 
overall in anti-TNF treated patients (5.3/100 patient-years), including 
a statistically significant fourfold increase in osteomyelitis (as com-
pared with RA patients not receiving anti-TNF drugs).38 With other 
site-specific infections, however, they did not find elevated risk associ-
ated with anti-TNF therapy. However, when the U.K. registry reana-
lyzed its data and restricted its definition of “time-at-risk” for patients 
using anti-TNF therapy to the first 90 days after initiation, they dem-
onstrated a fourfold increase in all types of serious infections with no 
significant differences in risk noted between the three anti-TNF 
agents.39 In the United States, Curtis and coworkers used administra-
tive claims data to evaluate outcomes in over 5000 RA patients and 
found the rates of serious infections in anti-TNF users were elevated 
twofold over non-biologic users and were highest (relative risk, 4.2) in 
the 6 months after initiation of anti-TNF therapy.40

Tuberculosis, endemic mycosis, and other 
intracellular pathogens
A number of opportunistic infections have been reported in patients 
taking anti-TNF therapy. Some of these reports came from clinical 
trials, but most were spontaneously reported in the post-approval 
period. These include severe and sometimes lethal infections with 
Histoplasma, Coccidioides, Listeria, Salmonella, Aspergillus, Nocardia, 
nontuberculous mycobacteria, and others.41 Perhaps the most fre-
quently reported opportunistic complication and one of the most 
serious public health concerns is the development of active TB in some 
patients receiving these drugs.42 Cases of TB were reported in clinical 
trials with infliximab,33 and soon after infliximab approval in the 
United States. Wolfe and associates documented an annual rate for TB 
of 52.5/100,000 among RA patients treated with infliximab versus 
6.2/100,000 in a non-biologic RA cohort several years earlier (the rate 
difference did not reach statistical significance).43 Population-based 
studies from Sweden subsequently reported a fourfold increase in TB 
among RA patients using anti-TNF drugs versus non-biologic exposed 
RA comparators. Of the 15 TB cases found in this study (conducted 
before adalimumab approval), 10 patients had exposure to infliximab 
and 5 had exposure to etanercept, and the overall crude rate of TB in 
those with anti-TNF therapy was 118/100,000, well above the back-
ground rate of 5/100,000 of Sweden.44 Spanish investigators reported 
rates near 1900/100,000, which were 10- to 20-fold higher among RA 
anti-TNF users as compared with biologic-naive RA patients. These 
rates have since decreased dramatically with institution of widespread 
screening for latent TB infection before anti-TNF use.45 Recent 

Currently used anti-TNF drugs and their 
differential properties
Infliximab and adalimumab are monoclonal antibodies, and etanercept 
is a soluble construct of the p75 receptor. Infliximab is delivered as an 
infusion dosed every 4 to 8 weeks. Adalimumab (given every 2 weeks) 
and etanercept (given weekly) are delivered by subcutaneous injec-
tion.13 All three agents bind TNF, but important differences exist 
between these drug types with regard to their modulation of TNF activ-
ity. Infliximab binds TNF with greater avidity than does etanercept, 
and it binds to it for longer.25 The half-life of infliximab is approxi-
mately 10.5 days, and its biologic effect can persist for up to 2 
months.26,27 Etanercept’s half-life is 3 days, and its effect on TNF is 
much shorter-lived.28 It binds TNF in a reversible manner, with disas-
sociation of nearly 50% after only 10 minutes.25 These differences, 
coupled with differences in dosing, suggest that infliximab usage results 
in a greater, more sustained inhibition of TNF activity. Pharmacoki-
netically, adalimumab behaves more similarly to infliximab.29 The 
monoclonal antibodies infliximab and adalimumab might also result 
in a greater downregulation of host interferon-γ responses, which has 
been shown in vitro with lymphocytes activated by TB antigens; 
interferon-γ is noted to be important in the immune response to myco-
bacterial and other infections.30 Additional studies modeling anti-TNF 
effects on murine TB granuloma suggest that the monoclonal antibod-
ies penetrate, and remain within, TB granulomas to a greater extent 
than etanercept.31 Mathematical models based on such differential 
penetration suggest this could result in an increased disassociation rate 
of TNF from etanercept, which hypothetically could allow for greater 
TNF signaling within the granuloma.32 These and potentially other 
factors could explain why the activation of latent TB infection and 
other granulomatous diseases are reported more frequently among 
those treated with the monoclonal antibodies.

Risk of serious infections in the anti-TNF setting
Infectious signals first emerged in infliximab randomized clinical trials 
(RCTs) in which an increased risk of pneumonia was noted, including 
cases of TB.33,34 Although etanercept RCTs did not necessarily show 
elevated infectious risk, like most RCTs, these studies were not well 
powered to detect small increases in adverse events. In at least one 
adalimumab RCT an elevated serious infection risk was suggested 
when adalimumab was combined with methotrexate as compared with 
adalimumab alone, and a high rate of TB was eventually reported in 
North American RCTs.35,36

With the epidemiologic luxury of national health care databases, 
and with the advent of biologic registries, European and other investiga-
tors have conducted observational studies encompassing large numbers 
of biologic-treated and naive RA patients. To date, most of the regis-
tries have reported similar and elevated rates of serious infections in 
patients using anti-TNF therapies (Table 64.2). German investigators 
found that the rate of serious infection in RA patients taking anti-TNF 
drugs was 6/100 patient-years and more than 2.5-fold higher than the 

TABLE 64.2 THE BIOLOGIC ERA: RATES AND RELATIVE RISKS OF SERIOUS 
INFECTIONS IN RA PATIENTS USING ANTI-TNF THERAPY FROM EUROPEAN AND 

NORTH AMERICAN OBSERVATIONAL COHORT STUDIES

Country

Incidence per 
100 patient-years
Anti-TNF treated

Incidence per 
100 patient-years
Non-biologic 
comparator

Adjusted RR* 
(95% CI)

Germany 6.4, ETN 2.3 2.2 (0.9-5.4) ETN

6.2, INF 2.1 (0.8-5.5) INF

United Kingdom 5.5 3.9 1.3 (0.9-1.8)‡

4.6 (1.8-11.9)†

United States 2.9§ 1.4§ 4.2 (2.0-8.8)§

1.9 (1.3-2.8)

Sweden 5.4 Not published 1.43 (1.2-1.7)¶

*Relative rate using non-biologic users as the referent.
†When restricted to the first 90 days of therapy, and adjusted for age, sex, disease duration and 
severity, extra-articular rheumatoid arthritis, baseline steroid use, diabetes, chronic obstructive 
pulmonary disease, pulmonary disease, and smoking history.
‡Adjusted relative rate when not restricted to the first 90 days of therapy.
§Analysis restricted to the first 6 months after initiation of anti-TNF therapy
¶Rate calculated at 1 year after starting treatment and adjusted for RA severity and 
co-morbidities associated with infections.

TABLE 64.1 THE PRE-BIOLOGIC ERA: FREQUENCY OF INFECTIONS AMONG RA 
PATIENTS AND HEALTHY CONTROLS FROM A MINNESOTA COHORT

Infection type

Incidence per  
100 patient-years
RA

Incidence per  
100 patient-years
Non-RA RR (95% CI)

Pneumonia 4.0 2.4 1.7 (1.5-1.9)

Skin 3.0 0.9 3.3 (2.7-4.1)

Sepsis 0.78 0.51 1.5 (1.1-2.1)

Septic joint 0.40 0.02 14.9 (6.1-73.7)

Intra-abdominal 0.22 0.08 2.8 (1.4-6.2)

Osteomyelitis 0.17 0.01 10.6 (3.4-126.8)

Adapted from Doran MF, Crowson CS, Pond GR, et al. Frequency of infection in patients with 
rheumatoid arthritis compared with controls: a population-based study. Arthritis Rheum 
2002;46:2287-2293.
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Prevention of tuberculosis before long-term 
immunosuppressive therapy
TNF antagonists should be used with caution in any person with risk 
factors for TB, and screening for latent TB should be undertaken before 
starting anti-TNF, prednisone, or other forms of long-term immuno-
suppressive therapy.42 Recommendations for TB screening have been 
issued by various public health authorities and professional societ-
ies.42,59,60 In general, these recommendations vary according to regional 
differences in background TB prevalence as well as bacille Calmette-
Guérin (BCG) vaccine usage, which can interfere with interpretation 
of the tuberculin skin test. Recently, interferon-γ release assays (IGRAs) 
have been developed in response to the latter concern: the Quanti-
FERON Gold In-Tube (Cellestis, Australia) and T-SPOT.TB (Oxford 
Immunotec, United Kingdom). These assays measure lymphocyte 
interferon-γ response to antigens highly specific to TB and absent from 
strains of BCG and subsequently offer a highly specific test for TB. In 
some areas, particularly those with high BCG penetrance, these assays 
have replaced the tuberculin skin test in initial screening.59 In addition, 
in the past 2 years, several studies have suggested that IGRAs offer 
similar or better sensitivity in detecting latent TB among RA and other 
immunosuppressed populations and that they might be less likely to 
give false-negative results in patients using prednisone.61 Other studies, 
however, reiterate that even IGRAs, like the tuberculin skin test, can 
yield false-negative results due to immunosuppression, including con-
current anti-TNF use, and negative results should be considered with 
suspicion in any patient with a history of TB exposure.62

Screening for and treatment of latent TB
Given the regional and national differences in background TB preva-
lence and BCG usage around the world, the negative and positive 
predictive values of tuberculin skin tests and IGRAs vary, and not 
surprisingly so does the screening guidance.42,59,60 Using one or both of 
these screening tests in combination with taking a close history for TB 
risk factors is recommended (Fig. 64.1); and for patients thought to 
have latent TB, treatment with isoniazid or other preferred therapies 
should be initiated before anti-TNF therapy.42 Such a screening strategy 
is supported by observational data from Spanish investigators who 
adopted such a protocol and subsequently saw an 85% reduction in TB 
cases associated with infliximab.45 A 4-month course of rifampin-based 
therapy could be considered an alternative in patients who cannot 
tolerate 9 months of isoniazid.63 Although isoniazid-related hepatotox-
icity is not common in the general population, a large proportion of 
anti-TNF candidates will be on methotrexate or other hepatotoxic 
drugs such that liver function testing should be performed at baseline 
and then monthly in all such patients.63

Presentation and treatment of TB in patients 
already using anti-TNF therapy
In patients using anti-TNF therapy, extrapulmonary and disseminated 
manifestations of TB are more common with chest radiographs normal 
in a large proportion of these cases.42 The diagnosis should be pursued 
in any such patient presenting with a prolonged febrile or respiratory 
illness with or without constitutional symptoms. For patients diag-
nosed with TB in this setting, most recommend discontinuing anti-
TNF or other biologic therapy and starting standard four-drug therapy 
for TB.42 There are case reports of immune reconstitution inflamma-
tory syndrome occurring in TB patients in whom anti-TNF therapy 
was stopped,64 although one recent study suggested this phenomenon 
is probably not frequent.46 Clinicians should delay resumption of anti-
TNF therapy until after the patient has completed TB therapy or, at 
the least, has demonstrated clinical improvement while adhering to an 
appropriate anti-TB regimen.42

Nontuberculous Mycobacterium, Histoplasma, 
and other intracellular infections
Non-tuberculous mycobacteria are a large and diverse group of envi-
ronmental organisms that cause serious pulmonary and extrapulmo-
nary infections. Patients with underlying structural lung disease from 
rheumatoid arthritis, chronic obstructive pulmonary disease, 

population-based studies from France affirm that the monoclonal anti-
bodies confer at least a several fold higher risk of TB than etanercept.45a 
In the United States, little population-level data exist on which to 
estimate the risk of TB associated with anti-TNF therapy. The risk is 
presumably less than in countries like Spain where the background 
prevalence of TB is higher.

For rates of intracellular infections in general, much less data exist. 
U.K. researchers found a strong and significant association of such 
infections with anti-TNF agents. During their study, they documented 
19 cases of intracellular infection (incidence of 2/1000 patient-years), 
and all occurred exclusively in anti-TNF users, including 10 cases of 
TB (rate varied between 50 and 150 per 100,000 person-years depend-
ing on the anti-TNF compound, with higher, but not statistically sig-
nificant rates seen with the monoclonal antibodies). Other intracellular 
infections captured in this study included nontuberculous mycobacte-
ria (n = 3), Salmonella (n = 3), and Listeria (n = 3).38 In the United 
States, a recent nationwide survey of infectious diseases consultants 
suggested that nontuberculous mycobacteria (most frequently M. 
avium) and histoplasmosis both occurred more frequently than TB in 
this setting, perhaps not surprising given the United States’ relatively 
low background TB prevalence.46 A registry of anti-TNF–treated RA 
patients in France followed patients for 1 year and documented 10 
cases of legionellosis (adalimumab, n = 6; etanercept, n = 2; infliximab, 
n = 2) with a rate estimated to be 16 to 21 times higher than the general 
French population.47 At the time of this writing, there is a great need 
for population-based studies to ascertain the risk of intracellular infec-
tions other than TB and their association with biologic therapy. Invari-
ably their risks will vary regionally according to environmental and 
population factors.

Prevention of serious bacterial infections in  
anti-TNF–treated patients
It is presumed that the serious bacterial infections common in this 
setting are caused by the same types of organisms seen in the general 
public, with many skin and soft tissue infections likely due to Staphy-
lococcus aureus and Streptococcus species and with most septic arthri-
tis in RA patients due to S. aureus.48 Colonization with S. aureus might 
predispose RA patients to subsequent staphylococcal infection. Some 
studies report rates of colonization as high as 50% for RA patients as 
compared with 30% for the general public,49,50 with one small study 
suggesting rates to be higher in patients concurrently receiving anti-
TNF therapy and methotrexate.51 The risk of colonization on subse-
quent infection has not been evaluated in RA, but an increased risk is 
plausible based on data from intensive care unit, presurgical, and 
hemodialysis settings.52 Of particular concern is the rise of methicillin-
resistant S. aureus (MRSA) within the general public. Emergency 
department–based surveillance from across the United States suggests 
that nearly 60% of presenting soft tissue infections are now caused by 
MRSA.53 Infection with MRSA should be high in the differential diag-
nosis for any RA patient presenting with signs of skin infection, par-
ticularly when accompanied by furuncles or abscess formation. Patients 
who suffer such recurrent infections could potentially be screened for 
S. aureus and decolonized with antibiotic therapy and chlorhexidine 
scrubs before anti-TNF therapy.54

A significant number of RA patients are also hospitalized each year 
with community-acquired pneumonia, where, similar to the case with 
soft tissue infections, organism-level data are lacking.4,6,37 It is likely 
the same organisms that cause pneumonia in general populations are 
frequent: Streptococcus pneumoniae, Haemophilus influenzae, S. 
aureus, and gram-negative bacilli are some of the most common 
causes.55 For S. pneumoniae, it is widely recommended that patients 
receive 23-valent pneumococcal vaccine before initiating anti-TNF and 
other long-term immunosuppressive therapies, primarily because it 
protects against invasive pneumococcal disease and not pneumonia.56 
Immunogenicity to this vaccine is poor and diminished by methotrex-
ate, and rituximab, so if possible, patients should be vaccinated while 
unexposed to methotrexate.57 A booster vaccination 3 to 5 years after 
the initial vaccine is not unreasonable. RA patients are known to have 
some reduction in their response to influenza vaccine, although this 
appears not related to methotrexate, prednisone, or anti-TNF therapy. 
Despite this, most achieve protective levels of antibodies and therefore 
should be immunized annually before the onset of influenza season.58
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been shown to reduce mortality in such settings,68 and a recent study 
of over 500 transplant patients living in a hyperendemic area failed to 
show any benefit for itraconazole prophylaxis.69

For patients currently prescribed anti-TNF medications who present 
with symptoms consistent with pulmonary or disseminated histoplas-
mosis, their anti-TNF therapy should be stopped and empirical therapy 
with intravenous amphotericin of hospitalized patients considered. 
Diagnosis of disseminated disease is facilitated by the use of a urinary 
antigen test, although this test is poorly sensitive in patients with 
pulmonary histoplasmosis. Similar to guidelines for other immunosup-
pressive settings, patients who have finished treatment for histoplas-
mosis and are considering starting immunosuppression with anti-TNF 
therapy should get a urinary antigen level before initiation and then 
every 2 to 3 months during the course of therapy, with an increase in 
urinary antigen levels triggering cessation of anti-TNF therapy and 
diagnostic investigation for active histoplasmosis.67

Coccidioides immitis and C. posadasii are dimorphic fungi endemic 
to the southwestern United States and Central and South America. A 
recent study from the highly endemic area of Arizona suggests that up 
to 29% of community-acquired pneumonia in that region may be due 
to coccidioidomycosis.70 Like histoplasmosis and TB, it can exist in a 
latent or subclinical infectious state after exposure and can later pro-
gress to disease, particularly during immunosuppression. In this 
setting, disease generally disseminates from the lung to involve other 
viscera, including skin, bone, lymph, and central nervous system and 
is associated with higher mortality rates, particularly in patients of 
Asian and African descent.71 Consideration could be given to screening 
patients in endemic areas with serology before initiation of TNF block-
ade, although many of the coccidioidomycosis cases reported in asso-
ciation with TNF blockade appear to be acute infection and not 
reactivation, making the utility of this approach unknown.72 Further-
more, HIV-infected individuals living in endemic areas are not rou-
tinely screened for coccidioidomycosis; and given the paucity of reported 
coccidioidomycosis cases in association with TNF blockade, it is 
unclear whether there exists a need for screening before initiation of 
such therapy. Similar to histoplasmosis, patients currently prescribed 
anti-TNF medications who are diagnosed with coccidioidomycosis 
should have their anti-TNF therapy stopped. After appropriate antifun-
gal treatment, it is unclear if it is safe to ever resume anti-TNF therapy 
because of the potential for reactivation, particularly in those with dis-
seminated forms of disease. Blastomyces dermatitidis is another dimor-
phic fungus endemic in the southeastern and south central states of 
the United States, along the Mississippi and Ohio Rivers. There have 
been reports of blastomycosis in patients taking anti-TNF46 but no 
published details of these cases. The recommendations for patients on 
immunosuppressive therapy who develop blastomycosis are similar to 
those described for histoplasmosis.73

Intracellular bacterial pathogens
Fatal cases of listeriosis have occurred in persons taking TNF-blocking 
agents.41,74 Listeria monocytogenes is an intracellular pathogen acquired 
via the ingestion of contaminated meats and dairy products. Accord-
ingly, patients under TNF blockade should be wary of undercooked 
meat, delicatessen meat, and unpasteurized milk products. Salmonella 
species are also known to cause serious infections in those receiving 
anti-TNF therapy.38,41 They are typically transmitted by contaminated 
raw or undercooked foods, including fresh produce, cheese made from 
raw milk, and even reptiles sold as pets. Patients should be advised to 
wash produce, cook meat thoroughly, and practice good hand hygiene 
in general.

RITUXIMAB AND ABATACEPT
In addition to the anti-TNF compounds, rheumatologists have recently 
gained access to two additional biologic therapies: rituximab and abata-
cept. Rituximab, approved for RA in 2006, is an anti-CD20 B-lympho-
cyte depletion agent; and abatacept, approved in late 2005, is a CTLA-4 
fusion protein that modulates T-lymphocyte activation and prolifera-
tion. Because of the more recent approval of these agents, less is known 
regarding their infectious risks and the clinical manifestations of 
serious infections in patients using these compounds. Clinical trials 

bronchiectasis, and other conditions are at higher risk.65 A small 
number of biologic therapy–associated cases have been reported in the 
literature, although a recent survey of practicing infectious disease 
physicians in the United States suggested these infections might be 
more common than TB in the anti-TNF setting.46 Pulmonary and dis-
seminated cases of M. avium, M. marinum, M. kansasii, M. abscessus, 
and others have been reported. It is unclear whether the risk of such 
infections is elevated by anti-TNF therapy, but it is clear that such 
cases are occurring and that they can cause severe morbidity and 
death.46,66 Screening for non-tuberculous mycobacterial disease before 
anti-TNF treatment is largely theoretical but could be considered in 
any patients with abnormalities on their baseline radiograph or in 
those with chronic cough. Such workup could include chest computed 
tomography and culture of respiratory specimens.66 Whether it is safe 
to pursue anti-TNF therapy in patients with active non-tuberculous 
mycobacterial infections, treated or untreated, is unknown.

Histoplasma capsulatum is a dimorphic fungus with a worldwide 
distribution, although it is most commonly found in tropical areas and 
in the Tennessee/Ohio/Mississippi river basins. Histoplasmosis appears 
to be the most common fungal infection associated with anti-TNF 
therapy in the United States.41,42 Similar to TB, Histoplasma is a pul-
monary pathogen that can cause primary disease within the lungs or 
disseminate to involve other organ systems. It can remain latent or 
slowly progressive for years and can progress to “active” disease during 
immunosuppression. Screening for such infection before TNF blockade 
is largely theoretical. Evidence of previous infection by serologic testing 
could be obtained before drug start; however, it is unclear how useful 
these tests are and whether positive results would indicate a need for 
prophylaxis or avoidance of TNF blockade. Currently, serologic testing 
for histoplasmosis is not routinely recommended in HIV-infected 
persons.67 Prophylaxis with itraconazole (200 mg daily) can be consid-
ered in severely immunosuppressed HIV patients (CD4 counts > 
150 cells/µL) who live in highly endemic areas, although this has not 

PROPOSED SCREENING ALGORITHM FOR LATENT TB INFECTION
PRIOR TO INITIATION OF ANTI-TNF THERAPY

Take careful history looking for risk factors associated with latent tuberculosis (TB).
Risk factors include extended living or birth in country where TB is prevalent,

prior TB case-contact, previous diagnosis of latent TB, homelessness,
intravenous drug use, incarceration, employment in settings with TB
patients, or chest radiographic findings consistent with previous TB.

Clinical judgment as to latent TB status.
If patient is suspected of having latent TB and active TB is ruled out,
then start isoniazid or other preferred therapy for latent TB.  Anti-TNF

therapy start should be deferred for several weeks to one month
to ensure patient is taking and tolerating latent TB therapy.

Diagnostic aids for latent TB:
Interferon-γ release

assay AND/OR tuberculin skin test.
If test results are discordant,

recommend consultation with
clinician expert in the diagnosis

of tuberculosis.

Baseline chest radiograph.
If abnormalities compatible with

active TB then respiratory specimens
should be obtained to rule out

active TB.  Consider further evaluation
for non-tuberculous mycobacterial

infection or other disease, if
bronchiectasis present or
patient has chronic cough.

Fig. 64.1 Proposed screening algorithm for latent TB before initiation of 
anti-TNF therapy. A careful history for the risk factors of TB is of upmost 
importance and helps to categorize the patient’s a priori probability of having 
been previously exposed to M. tuberculosis. Note that a screening strategy that 
employs both tuberculin skin testing and interferon-γ release assays could be 
considered in an effort to maximize sensitivity in the detection of latent TB in 
this setting.
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vaccination for influenza should take place yearly and pneumovax 
given to decrease the risk of invasive pneumococcal disease as appropri-
ate. If possible, vaccinations should be given before the use of rituximab 
as it is associated with reduced immunogenecity to both pneumococcal 
and influenza vaccines.83,84

ANAKINRA
Although used less frequently for RA, this recombinant interleukin 
(IL)-1 receptor antagonist has also been shown to significantly increase 
the risk of infection, particularly when combined with prednisone or 
anti-TNF therapy. Fleischmann and coworkers evaluated a 3-year 
open-label extension study with anakinra and documented the rate of 
serious infection to be 5.4/100 patient-years as compared with 1.65/100 
patient-years in unexposed patients during the placebo-controlled 
portion of the trial. This increased risk was substantially driven by 
baseline concurrent prednisone use, such that anakinra-treated patients 
without baseline corticosteroid usage had an elevated, but lower, risk 
of infection of 2.9/100 patient-years.85 In a 6-month RCT, Genovese 
and colleagues documented a significantly increased risk of serious 
infection in background methotrexate-treated patients receiving con-
current anakinra and etanercept (5.5%) compared with etanercept 
alone (0%), leading to clear warnings that such concurrent anti-TNF 
therapy should be avoided.86

CONCLUSION
Patients with RA are at higher risk for serious infections and death 
from infection than the general public. Anti-TNF agents and predni-
sone further raise this risk, particularly with regard to skin and soft 
tissue, bone, joint, lung, and opportunistic infections. Clinicians 
should remain vigilant for these infections in any RA patient undergo-
ing long-term immunosuppressive therapy of any kind. Some of these 
infections are preventable with screening (i.e., TB), vaccination, and 
patient education. As newer biologic-targeted therapies are developed, 
new infectious challenges will arise with established and emerging 
pathogens. Future post-marketing surveillance efforts will remain key 
to detecting these infectious signals early, so that physicians and 
patients can minimize the infectious risks of such therapy.

with rituximab among RA patients did not suggest a significantly 
increased risk of infection.75 There are case reports of both TB and 
non-tuberculous mycobacterial disease in patients on rituximab, 
although these patients also have been on methotrexate and predni-
sone, and to date there are no data to suggest a need to screen for these 
infections in patients using rituximab.46,76 Because most patients using 
rituximab will already have been screened for TB before anti-TNF 
therapy, this is likely not of practical significance.

In many areas of the world, chronic hepatitis B and C are prevalent. 
Although the anti-TNF compounds appear relatively safe in patients 
with hepatitis C, at least in the short term, this is less clear for hepatitis 
B. For rituximab, there are reports of patients who reactivated hepatitis 
B infections, and, similar to patients beginning anti-TNF therapy, all 
patients should be screened for viral hepatitis before using rituximab.13 
In addition, rare cases of progressive multifocal leukoencephalopathy, 
a disease generally seen in the HIV setting, have been reported in lupus 
and lymphoma patients using rituximab concurrent with other immu-
nosuppressive or cytotoxic agents. It is unclear if rituximab poses a risk 
for this infection in these or other disease settings such as RA.13

For abatacept, some clinical trials suggested a small increased risk 
of serious infection, particularly respiratory infections and exacerba-
tions in patients with chronic obstructive pulmonary disease.77,78 The 
risk of serious infections was significantly elevated when abatacept was 
combined with anti-TNF therapy.79,80 For TB and other opportunistic 
infections, there is no known increased risk documented to date, 
although patients were screened for latent TB in abatacept clinical 
trials and therefore should also be screened in clinical practice until 
further data are known. In animal studies, abatacept does not appear 
to negatively affect the immune system of mice who are exposed to 
tuberculosis.81 In humans, Schiff and associates recently conducted a 
randomized trial to compare the efficacy and safety of abatacept with 
infliximab. At 12 months of follow-up, patients using abatacept suf-
fered significantly fewer serious infections than infliximab-treated 
patients (1.9% vs. 8.5%), with a rate similar to that seen in the placebo 
group at 6-month follow-up (2.7%). No cases of opportunistic infec-
tions were seen in the abatacept-treated group, whereas five such cases 
were seen in the infliximab group, including two cases of TB in patients 
who had negative tuberculin skin test results at baseline and one case 
of Pneumocystic jiroveci pneumonia.82 As for other RA patients, 

KEY REFERENCES
2. Wolfe F, Mitchell DM, Sibley JT, et al. The mortality  

of rheumatoid arthritis. Arthritis Rheum 1994;37:481- 
494.

4. Doran MF, Crowson CS, Pond GR, et al. Frequency of 
infection in patients with rheumatoid arthritis compared 
with controls: a population-based study. Arthritis 
Rheum 2002;46:2287-2293.

5. Doran MF, Crowson CS, Pond GR, et al. Predictors of 
infection in rheumatoid arthritis. Arthritis Rheum 
2002;46:2294-2300.

6. Wolfe F, Caplan L, Michaeud K. Treatment for 
rheumatoid arthritis and the risk of hospitalization for 
pneumonia. Arthritis Rheum 2006;54:628-634.

14. Ehlers S. Tumor necrosis factor and its blockade in 
granulomatous infections: differential modes of action 
of infliximab and etanercept? Clin Infect Dis 
2005;41(Suppl 3):S199-S203.

15. Flynn JL, Goldstein MM, Chan J, et al. Tumor necrosis 
factor-alpha is required in the protective immune 
response against Mycobacterium tuberculosis in mice. 
Immunity 1995;2:561-572.

16. Algood HM, Lin PL, Flynn JL. Tumor necrosis factor and 
chemokine interactions in the formation and 
maintenance of granulomas in tuberculosis. Clin Infect 
Dis 2005;41(Suppl 3):S189-S193.

17. Roach RR, Bean AGD, Demangel C, et al. TNF regulates 
chemokine induction essential for cell recruitment, 
granuloma formation, and clearance of mycobacterial 
infection. J Immunol 2002;168:4620-4627.

22. Deepe GS Jr. Modulation of infection with Histoplasma 
capsulatum by inhibition of tumor necrosis factor-alpha 
activity. Clin Infect Dis 2005;41(Suppl 3):S204-S207.

23. O’Brien DP, Briles DE, Szalai AJ, et al. Tumor necrosis 
factor alpha receptor I is important for survival from 
Streptococcus pneumoniae infections. Infect Immun 
1999;67:595-601.

25. Scallon B, Cai A, Solowski N, et al. Binding and 
functional comparisons of two types of tumor necrosis 
factor antagonists. J Pharmacol Exp Ther 
2002;301:418-426.

26. Long R, Gardam MA. Tumor necrosis factor-α inhibitors 
and the reactivation of latent tuberculosis infection. Can 
Med Assoc J 2003;168:1153-1156.

30. Saliu OY, Crismale C, Schwander SK, Wallis RS. 
Tumor-necrosis-factor blockers: differential effects on 
mycobacterial immunity. J Antimicrob Chemother 
2007;60:994-998.

31. Plessner HL, Lin PL, Kohno T, et al. Neutralization of 
tumor necrosis factor (TNF) by antibody but not TNF 
receptor fusion molecule exacerbates chronic murine 
tuberculosis. J Infect Dis 2007;195:1643-1650.

32. Marino S, Sud D, Plessner H, et al. Differences in 
reactivation of tuberculosis induced from anti-TNF 
treatments are based on bioavailability in 
granulomatous tissue. PLoS Comput Biol 
2007;3:1909-1924.

33. St Clair EW, van der Heijde DM, Smolen JS, et al. 
Active-controlled study of patients receiving infliximab 
for the treatment of rheumatoid arthritis of early onset 
study group. Arthritis Rheum 2004;50:3432-3443.

34. Westhovens R, Yocum D, Han J, et al. The safety of 
infliximab, combined with background treatments, 
among patients with rheumatoid arthritis and various 
comorbidities: a large, randomized, placebo-controlled 
trial. Arthritis Rheum 2006;54:1075-1086.

35. Breedveld FC, Weisman MH, Kavanaugh AF, et al. The 
PREMIER study: A multicenter, randomized, double-blind 
clinical trial of combination therapy with adalimumab 
plus methotrexate versus methotrexate alone or 
adalimumab alone in patients with early, aggressive 
rheumatoid arthritis who had not had previous 
methotrexate treatment. Arthritis Rheum 2006;54:26-37.

36. Schiff MH, Burmester GR, Kent JM, et al. Safety analysis 
of adalimumab in global clinical trials and US 
postmarketing surveillance of patients with rheumatoid 
arthritis. Ann Rheum Dis 2006;65:889-894.

37. Listing J, Strangfeld A, Kary S, et al. Infections in patients 
with rheumatoid arthritis treated with biologic agents. 
Arthritis Rheum 2005;52:3403-3412.

38. Dixon WG, Watson K, Lunt M, et al. Rates of serious 
infection, including site-specific and bacterial 
intracellular infection, in rheumatoid arthritis  
patients receiving anti-tumor necrosis factor  
therapy: results from the British Society for 
Rheumatology Biologics Register. Arthritis Rheum 
2006;54:2368-2376.

39. Dixon WG, Symmons DP, Lunt M, et al. Serious infection 
following anti-tumor necrosis factor alpha therapy in 
patients with rheumatoid arthritis: lessons from 
interpreting data from observational studies. Arthritis 
Rheum 2007;56:2896-2904.

40. Curtis J, Patkar N, Xie A, et al. Risk of serious bacterial 
infections among rheumatoid arthritis patients exposed 
to tumor necrosis factor alpha antagonists. Arthritis 
Rheum 2007;56:1125-1133.

41. Wallis RS, Broder MS, Wong JY, et al. Granulomatous 
infectious diseases associated with tumor necrosis 
factor antagonists. Clin Infect Dis 2004;38:1261-1265; 
correction, Clin Infect Dis 2004;39:1254-1255.

42. Winthrop KL, Seigel JN, Jereb J, et al. Tuberculosis 
associated with therapy against tumor necrosis 
factor-alpha. Arthritis Rheum 2005;52:2968-2974.

44. Askling J, Fored CM, Brandt L, et al. Risk and case 
characteristics of tuberculosis in rheumatoid arthritis 
associated with tumor necrosis factor antagonists in 
Sweden. Arthritis Rheum 2005;52:1986-1992.

45. Carmona L, Gomez-Reino JJ, Rodriguez-Valverde V, et al. 
Effectiveness of recommendations to prevent 



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

610

reactivation of latent tuberculosis infection in patients 
treated with tumor necrosis factor antagonists. Arthritis 
Rheum 2005;52:1766-1772.

46. Winthrop KL, Yamashita S, Beekman SE, Polgreen PM. 
Mycobacterial and other serious infections in  
patients receiving anti-TNF and other newly  
approved biologic therapies; case-finding via the 
Emerging Infections Network. Clin Infect Dis 
2008;46:1738-1740.

47. Tubach F, Ravaud P, Salmon-Céron D, et al. Emergence 
of Legionella pneumophila pneumonia in patients 
receiving tumor necrosis factor-alpha antagonists. Clin 
Infect Dis 2006;43:e95-e100.

48. Dubost JJ, Soubrier M, De Champs C, et al. No changes 
in the distribution of organisms responsible for septic 
arthritis over a 20 year period. Ann Rheum Dis 
2002;61:267-269.

51. Bassetti S, Wasmer S, Hasler P, et al. Staphylococcus 
aureus in patients with rheumatoid arthritis under 
conventional and anti-tumor necrosis factor-alpha 
treatment. J Rheumatol 2005;32:2125-2129.

53. Moran GJ, Krishnadasan A, Gorwitz RJ, et al. Methicillin-
resistant S. aureus infections among patients in the 
emergency department. N Engl J Med 
2006;355:666-674.

54. Gorwitz RJ, Jernigan DB, Powers JH, et al. Strategies for 
clinical management of MRSA in the community: 
summary of an experts meeting convened by the 
Centers for Disease Control and Prevention, 2006 
(accessed electronically 3/12/09). http://www.cdc.gov/
ncidod/dhqp/pdf/ar/CAMRSA_ExpMtgStrategies.pdf.

55. Kollef MH, Shorr A, Tabak YP, et al. Epidemiology and 
outcomes of health-care-associated pneumonia: results 
from a large US database of culture-positive 
pneumonia. Chest 2005;128:3854-3862. Erratum in 
Chest 2006;129:831.

57. Kapetanovic MC, Saxne T, Sjoholm A, et al. Influence of 
methotrexate, TNF blockers and prednisolone on 
antibody responses to pneumococcal polysaccharide 
vaccine in patients with rheumatoid arthritis. 
Rheumatology (Oxford) 2006;45:106-111.

58. Fomin I, Caspi D, Levy V, et al. Vaccination against 
influenza in rheumatoid arthritis: the effect of disease 
modifying drugs, including TNFα blockers. Ann Rheum 
Diseases 2006;65:191-194.

59. Beglinger C, Dudler J, Mottet C, et al. Screening for 
tuberculosis infection before the initiation of an 
anti-TNF-alpha therapy. Swiss Med Wkly 
2007;137:620-622.

60. British Thoracic Society Standards for Care Committee. 
BTS recommendations for assessing risk and for 
managing Mycobacterium tuberculosis infection and 
disease in patients due to start anti-TNF-alpha 
treatment. Thorax 2005;60:800-805.

61. Winthrop KL, Daley CD. A novel assay for screening 
patients for latent tuberculosis infection prior to 
anti-tumor necrosis factor therapy. Nat Clin Prac Rheum 
2008;4:456-457.

62. Lalvani A, Millington KA. Screening for tuberculosis 
infection prior to initiation of anti-TNF therapy. 
Autoimmun Rev 2008;8:147-152.

63. American Thoracic Society. Targeted tuberculin testing 
and treatment of latent tuberculosis infection. Am J 
Respir Crit Care Med 2000;161:S221-S247.

65. Griffith DE, Aksamit T, Brown-Elliott BA, et al. An  
official ATS/IDSA statement: Diagnosis, treatment,  
and prevention of nontuberculous mycobacterial 
diseases. Am J Respir Crit Care Med 2007;175: 
367-416.

67. Wheat LJ, Freifeld AG, Kleiman MB, et al. Infectious 
Diseases Society of America. Clinical practice guidelines 
for the management of patients with histoplasmosis: 

2007 update by the Infectious Diseases Society of 
America. Clin Infect Dis 2007;45:807-825.

72. Bergstrom L, Yocum DE, Ampel NM, et al. Increased risk 
of coccidioidomycosis in patients treated with tumor 
necrosis factor alpha antagonists. Arthritis Rheum 
2004;50:1959-1966.

74. Slifman NR, Gershon SK, Lee JH, et al. Listeria 
monocytogenes infection as a complication of treatment 
with tumor necrosis factor-alpha–neutralizing agents. 
Arthritis Rheum 2003;48:319-324.

75. Salliot C, Gossec L, Dougados M. Rituximab, abatacept, 
and anakinra do not increase the risk of serious 
infections: a meta-analysis of published randomized 
clinical trials. Ann Rheum Dis 2007;66(Suppl II):436.

76. Lutt JR, Pisculli ML, Weinblatt M, et al. Severe 
nontuberculous mycobacterial infection in 2 patients 
receiving rituximab for refractory myositis. J Rheumatol 
2008;35:1683-1685.

77. Furst DE. The risk of infections with biologic therapies 
for rheumatoid arthritis. Semin Arthritis Rheum 2008; 
Dec 29. [Epub ahead of print].

80. Weinblatt M, Schiff M, Goldman A, et al. Selective 
co-stimulation modulation using abatacept in patients 
with active rheumatoid arthritis while receiving 
etanercept: a randomised clinical trial. Ann Rheum Dis 
2007;66:228-234.

82. Schiff M, Keiserman M, Codding C, et al. Efficacy and 
safety of abatacept or infliximab vs placebo in ATTEST:  
a phase II, multi-centre, randomized, double-blind, 
placebo-controlled study in patients with rheumatoid 
arthritis and an inadequate response to methotrexate. 
Ann Rheum Dis 2008:67:1096-1103.

85. Fleischmann RM, Tesser J, Schiff MH, et al. Safety of 
extended treatment with anakinra in patients with 
rheumatoid arthritis. Ann Rheum Dis 
2006;65:1006-1012.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 65 
● D

rugs and pregnancy
PRIN

CIPLES O
F M

A
N

A
G

EM
EN

T
 

D
rugs and pregnancy

SECTION 4 PRINCIPLES OF MANAGEMENT

611

PREGNANCY
In order for a pregnancy to be successful, the mother must tolerate the 
fetus, which is a hemi-allograft. There have been many hypotheses on 
what allows this tolerance to the fetus to occur, but almost all support 
the notion that some degree of immunosuppression is necessary. Theo-
ries of what happens to the immune system include variations in 
cytokine levels, alterations in levels of expressed adhesion molecules, 
and attenuation of natural killer cell activity.2 These changes in the 
immune system during pregnancy may modify disease activity of some 
rheumatologic conditions.

Rheumatic diseases and pregnancy
Rheumatic diseases are affected differently by pregnancy (Table 65.3). 
Conventional wisdom is that in patients with rheumatoid arthritis (RA), 
70% to 80% will go into remission when pregnant.3 However, more 
recent evidence suggests that the actual number of patients who improve 
during pregnancy may be closer to 50%.4 This improvement appears to 
be mediated by the degree of Human Leukocyte Antigen (HLA) disparity 
between the mother and the fetus.5 Thus the more genetically different 
the mother and fetus are, the more likely RA will remit. Why this occurs 
is unclear but may be related to some of the alterations in inflammatory 
cytokine levels that are observed during pregnancy. For example, tumor 
necrosis factor (TNF)-α and other cytokines are downregulated during 
pregnancy.6 We know that therapy aimed at blocking TNF-α is success-
ful in improving RA. Thus if circulating TNF-α is lowered by pregnancy, 
this can have a positive impact on disease activity in RA.7

In contrast, the data on systemic lupus erythematosus (SLE) are 
murkier. Some studies suggest that SLE is not impacted by pregnancy, 
whereas other studies suggest that SLE is exacerbated by pregnancy.8,9 
There is even more limited information regarding other rheumatologic 
disorders. Therefore the clinician may not be able to predict which 
patient with a rheumatic condition will flare during pregnancy.

One can adhere to several principles when approaching the patient 
with rheumatic disease who desires pregnancy (Table 65.4). First, the 
provider should aim for the patient to be in clinical remission or under 
good control at the time of conception. Specifically, in patients who 
have lupus nephritis or another rheumatologic disorder with renal 
involvement, the kidney disease should be in remission for at least 6 
months before conception. I apply this same paradigm to those patients 
with other rheumatologic disorders with significant organ involvement. 
One should try to minimize or discontinue medications, or maintain 
patients on a therapeutic regimen that can be continued during preg-
nancy. For example, in patients with RA that is under good control, I 
often discontinue their medications before conception because there is 
a high likelihood that these patients will go into remission during 
pregnancy. On the other hand, if the patient has very active RA, it may 
be advantageous to keep her on some of her medications that are con-
sidered compatible with pregnancy until a positive pregnancy test is 
confirmed. Finally, just because a patient carries a diagnosis of a rheu-
matic disease does not necessarily mean that she needs to be treated 
during pregnancy unless she has active clinical issues. The clinician 
should treat active disease symptoms and signs and not a clinical 
diagnosis. Thus there is no role for empiric immunosuppression in 
pregnant patients with a stable systemic rheumatologic disorder.

ASPIRIN, NON-STEROIDAL ANTI-INFLAMMATORY 
DRUGS, AND COX-2 INHIBITORS
Aspirin, the non-steroidal anti-inflammatory drugs (NSAIDs), and the 
cyclooxygenase-2 (COX-2) inhibitors are the cornerstones of treatment 

Drugs and pregnancy
Bonnie Lee Bermas

 Pregnancy induces immunologic changes that may differentially 
impact rheumatic disorders.

 If possible, patients with inflammatory arthritis and systemic 
rheumatic diseases should have their disease under good control 
prior to conception.

 Patients who have preexisting renal disease in the context of either 
systemic lupus erythematosus or another collagen vascular disease 
should be in remission for 6 months prior to conception.

 Clinicians should treat symptoms and signs of active disease and 
not necessarily a diagnosis or a laboratory test.

 Aspirin, nonsteroidal anti-inflammatory drugs, and cyclo-
oxygenase-2 inhibitors can be used after the time of implantation 
up until the last trimester.

 Glucocorticoids may be used during pregnancy for disease flares. 
There is a slight increased risk of cleft palate formation. Maternal 
risks include glucose intolerance, hypertension, and osteoporosis.

 Antimalarials, sulfasalazine, azathioprine, and cyclosporine may be 
used during pregnancy when appropriate.

 Gold, penicillamine, cyclophosphamide, methotrexate, leflunomide, 
and chlorambucil must be avoided during pregnancy and women 
should not conceive while on leflunomide or methotrexate.

 Data on anti–tumor necrosis factor (TNF) therapy use during 
pregnancy are limited. There have been case reports of congenital 
anomalies. Our current recommendations are to discontinue this 
medication at the time of conception.

 Clinicians should review the potential toxicities of medications 
prior to initiating therapy during pregnancy.

Rheumatologic disorders occur commonly in women of childbearing 
years. Thus some women, who are under treatment for their rheuma-
tologic condition, may desire pregnancy. A pregnancy’s impact on the 
mother’s disease activity, coupled with the potential toxicity to both 
mother and fetus of many antirheumatic medications, make disease 
management challenging. Data on a particular pharmacologic agent’s 
potential toxicity are often limited or incomplete. We commonly rely 
on animal studies that use super pharmacologic dosing to assess for 
drug teratogenicity and toxicity during pregnancy. Alternatively, we 
refer to case reports that profile a single pregnancy. Neither of these 
sources may adequately reflect the true risk of a particular therapy 
during pregnancy. The U.S. Food and Drug Administration (FDA) use-
in-pregnancy ratings are likewise based on limited information (Table 
65.1). In 1996 the American College of Rheumatology published its 
own guidelines for the use of antirheumatic drug therapy in pregnancy 
and lactation.1 However, since these guidelines were published, there 
has been more clinical experience with the use of some of these medi-
cations during pregnancy. This chapter discusses the treatment of the 
pregnant patient with a rheumatic disease. The safety of antirheumatic 
therapies during pregnancy and nursing is reviewed. Medications dis-
cussed include aspirin and the non-steroidal anti-inflammatory drugs, 
the glucocorticoids, the antimalarials, gold salts, penicillamine, the 
immunosuppressive agents, the antimetabolites, the cytotoxic agents, 
intravenous immune globulin (IVIG), and the biologics (Table 65.2). 
Treatment recommendations and approaches to patients are described 
wherever possible.
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Glucocorticoids can be used in pregnant patients who have failed 
NSAIDs or who require immunosuppression. Patients should be 
informed that there is a slight increased risk of cleft palate formation 
in children exposed to glucocorticoids in utero during the first trimes-
ter. Clinicians should use the lowest possible dose of glucocorticoids 
that will control clinical symptoms. In patients who have been treated 
with glucocorticoids during pregnancy and who have a prolonged labor 
or require a cesarean section, stress doses of steroids (50-100 mg 
hydrocortisone sodium succinate, intravenously every 8 hours) should 
be administered during labor and delivery.

Five percent of the glucocorticoid dose is secreted in breast milk. 
This is not a problem for patients who are taking less than 20 mg a 
day. In patients who are taking greater than 20 mg a day, the recom-
mendation is to pump and discard breast milk in the 4 hours following 
the steroid dose.23

ANTIMALARIALS
In rheumatology practices, the 4-aminoquinoloine antimalarial agents, 
hydroxychloroquine and chloroquine, are used for the treatment of mild 
inflammatory arthritis, SLE, and connective tissue disorders. In 
animals, use of these medications during pregnancy can cause chorio-
retinotoxicity.24 The FDA considers these medications to be a category 
C for use during pregnancy. This rating is predominantly based on a 
single case report in which a mother took 250 mg of chloroquine 
phosphate two times a day during four pregnancies. Three of the preg-
nancies resulted in congenital defects (pigment deposition in the retina, 
cochleovestibular paresis, and mental retardation) and one pregnancy 
ended in a spontaneous abortion.25 In lower doses, the antimalarials 
have been safely used in pregnancy for malarial prophylaxis.26 In higher 
doses, these medications have been given to pregnant patients with 
SLE with no increased reports of fetal malformations. Khamashta and 
colleagues27 reported on 33 women who safely took antimalarials during 
pregnancy and Parke and Rothfield28 reported on 16 lupus patients who 
took antimalarials during pregnancy with no adverse effects. A survey 
of North American rheumatologists revealed that 69% of these physi-
cians maintain patients on this medication during pregnancy.29 In a 
recent study, ophthalmic examinations were performed in 21 children 
whose mothers were taking either hydroxychloroquine or chloroquine 
during pregnancy (average dose 317 mg and 332 mg, respectively, each 
day). There were no ophthalmic abnormalities detected.30 Furthermore, 
there is some evidence that keeping patients with SLE on hydroxychlo-
roquine during pregnancy may improve outcome. Current evidence and 
practice suggest that antimalarials are compatible with pregnancy and 
may be used. One approach is to discontinue antimalarials in patients 
with an inflammatory arthritis such as RA because these patients are 
likely to go into remission during pregnancy. Nonetheless, the half-life 
of these medications is so long that this does not guarantee that expo-
sure is eliminated. In patients whose lupus or connective tissue disease 
is well controlled with antimalarials, one should consider continuing 
these medications during pregnancy.

The American College of Rheumatology believes that this medica-
tion is incompatible with breastfeeding despite the American Academy 
of Pediatrics’ opposing view that this medication can be used in nursing 
mothers.1,13 The higher doses used in treating rheumatologic disorders 
support the American College of Rheumatology’s recommendations 
that this medication should not be used in nursing mothers.

GOLD
Although gold salts were among the first effective treatments of RA 
and inflammatory arthritic conditions, their use has been curtailed by 
the advent of other disease-modifying agents. In animals, the gold salts 
cross the placenta and can cause congenital abnormalities including 
hydrocephaly and hydronephrosis.31 In humans the data are limited on 
pregnancies in which gold therapy was continued. There is one case 
report of congenital anomalies occurring in an infant in which the 
mother was treated with gold salts.32 Gold therapy should be stopped 
during pregnancy, although the long half-life of this medication means 
that there are usually significant body stores of this medication at the 
time of pregnancy. This medication is considered to be compatible with 
breastfeeding.

for the pain and joint inflammation in arthritic conditions. In animals, 
high doses of aspirin are found to be teratogenic.10 However, in humans, 
a series of 5128 pregnancies in which fetuses were exposed to high-dose 
aspirin did not show an increased rate of fetal malformation.11 Further-
more, low-dose aspirin is currently the standard of care for the treat-
ment of pregnant women with the antiphospholipid antibody syndrome 
and obstetric complications.12 The American Academy of Pediatrics 
concludes that aspirin is compatible with breastfeeding.13

In animals, high doses of some non-steroidals are teratogenic.14 In 
humans, non-steroidals do not cause fetal malformations but can cause 
premature closure of the ductus arteriosus when used during the third 
trimester.15 One can use these medications during the first two trimes-
ters but they need to be discontinued at the beginning of the third 
trimester. The American Academy of Pediatrics considers most non-
steroidals to be compatible with breastfeeding.13

Data on the use of the newer COX-2 inhibitors during pregnancy 
are limited. Thus far, there are no reports of fetal malformations after 
exposure in utero. In animal studies COX-2 inhibitors can interfere 
with implantation.16 Because non-steroidals have both COX-1 and 
COX-2 inhibitory effects, patients should discontinue both non- 
steroidals and COX-2 inhibitors at the beginning of a menstrual cycle 
in which they plan to conceive. No data are available on the safety of 
the COX-2 inhibitors in breastfeeding mothers.

Aspirin, NSAIDs, and COX-2 inhibitors can be used during the 
pregnancy. The NSAIDs and COX-2 inhibitors should be discontinued 
during the third trimester and during a conception cycle.

GLUCOCORTICOIDS
Glucocorticoids are used to treat many disorders. There is now sub-
stantial clinical experience using these medications during pregnancy. 
Prednisone and prednisolone are not readily metabolized by the pla-
centa and reach the fetus at eightfold lower concentrations than seen 
maternally. In contrast, betamethasone and dexamethasone, the fluo-
rinated glucocorticoids, reach the fetus at higher concentrations and 
can be used for treating fetal conditions such as lung immaturity.17 In 
animals, glucocorticoids have been shown to increase aggressive behav-
ior in the mother and increase the incidence of cleft palate formation 
in the fetus.18,19 In humans, there have been case reports of cleft palate 
occurring in infants exposed to glucocorticoids during pregnancy.20 
However, a large series of pregnant asthma patients who were treated 
with glucocorticoids (mean dose 8 mg a day) failed to show an increased 
incidence of fetal abnormalities in offspring of these women.21

In contrast, a meta-analysis of the use of glucocorticoids during 
pregnancy found a 3.4-fold increase in risk of cleft palate formation in 
offspring who are exposed to glucocorticoids during pregnancy. None-
theless, in the authors’ prospective analysis of 184 pregnancies in 
which there was an exposure to glucocorticoids, no fetal anomalies 
were noted.22

In addition to the risks outlined earlier, glucocorticoids can cause 
premature rupture of the membranes and small-for-gestational-age 
babies. Mothers are at increased risk for the development of gestational 
diabetes, hypertension, and osteoporosis.

TABLE 65.1 FOOD AND DRUG ADMINISTRATION USE-IN-PREGNANCY RATINGS

A Controlled studies show no risk. Adequate, well-controlled studies in 
pregnant women have failed to demonstrate risk to the fetus.

B No evidence of risk in humans. Either animal findings show risk but human 
findings do not, or, if no adequate human studies have been performed, 
animal findings are negative.

C Risk cannot be ruled out. Human studies are lacking and results of animal 
studies are either positive for fetal risk or lacking as well. However, 
potential benefits may justify the potential risk.

D Positive evidence of risk. Investigational or postmarketing data show risk to 
the fetus. Nevertheless, potential benefits may outweigh the potential risk.

X Contraindicated in pregnancy. Studies in animals or humans, or 
investigational or postmarketing reports, have shown fetal risk that clearly 
outweighs any possible benefit to the patient.
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TABLE 65.2 TOXICITIES OF ANTIRHEUMATIC THERAPIES IN ANIMALS AND HUMANS

Drug

Animals  Humans 

Embryotoxic Fetal Maternal Fetal Breastfeeding

Aspirin and NSAIDs No In high doses—teratogenic No Premature closure of the ductus 
arteriosus

Compatible

Glucocorticoids No Cleft palate
Aggressive behavior

PROM
Hypertension
Glucose intolerance
Osteoporosis
Osteonecrosis

SGA
Adrenal hypoplasia
Promotes lung maturity
Cleft palate*
Stillbirth*

Crosses into breast 
milk at low 
concentration, 
well tolerated

Antimalarials No Chorioretinotoxicity No Case reports of pigment deposition  
in the retina, cochleovestibular 
paresis, dorsal column disease,  
and mental retardation

Crosses into  
breast milk, 
contraindicated

Gold No No Compatible

Penicillamine No Cutis laxa, connective tissue 
abnormalities

Contraindicated

Sulfasalazine † Teratogenic in rats No Cleft palate
VSD
Coarctation of the aorta
Macrocephaly
Oligospermia

Crosses the 
placenta, 
contraindicated

Azathioprine Yes Skeletal abnormalities
Cleft palate
Decreased thymic development 

and hematopoiesis

† Diminished fertility in offspring* Contraindicated‡

6-Mercaptopurine Yes Cleft palate † SGA
Prematurity
Intrauterine growth retardation
Cleft palate

†

Cyclosporine A Yes Renal tubular cell damage Renal insufficiency Spontaneous abortions Contraindicated

Mycophenolate 
mofetil

† † † Case reports:
Shortened digits and hypoplastic nails
Auditory canal atresia
Cleft lip and palate
Micrognathia
Hypertelorism
Ocular coloboma

†

Methotrexate Yes Skeletal abnormalities
Cleft palate

† Embryotoxic
Skeletal abnormalities
Facial abnormalities

Contraindicated†

Cyclophosphamide Yes SGA
Skeletal abnormalities
Cleft palate
Exophthalmos
Decreased fertility

Decreased fertility in 
males and females

SGA
Limb abnormalities
Coronary artery agenesis
Tumors in offspring*

Contraindicated

Leflunomide Multiple congenital anomalies Contraindicated

Chlorambucil Yes SGA
Skeletal abnormalities
Renal agenesis

† SGA
Skeletal abnormalities
Renal agenesis

Contraindicated*

Intravenous 
immunoglobulin

† † † SGA
Autoantibodies

†

Etanercept
Adalimumab
Infliximab

† † † VACTERL anomalies? ‡

Rituximab † † † † †

Abatacept † † † † †

*Theoretical risk or case reports only.
†No information available.
‡Conflicting information.
PROM, premature rupture of the membranes; SGA, small-for-gestational age offspring; VSD, ventricular septal defect.
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Azathioprine and 6-mercaptopurine
The purine analogs, azathioprine and its major metabolite 6-mercap-
topurine have been used for treatment of SLE, RA, and spondylitic 
variants.

In rats treated with azathioprine during pregnancy, reduced fetal 
and placental size was observed. In rats that were injected with high 
doses of medication (20 mg/kg/day), trophoblastic damage was 
observed.42 In humans, azathioprine is metabolized in vivo to 6-
mercaptopurine. The metabolites of 6-mercaptopurine are thiouric 
acid, an inactive metabolite, and inorganic sulfate. In one study, radio-
active-labeled azathioprine was given to three pregnant women. Only 
thiouric acid, the inactive metabolite, was found in fetal blood in sig-
nificant concentration. Minute levels of 6-mercaptopurine were found.43 
The authors concluded that azathioprine was not effectively metabo-
lized to 6-mercaptopurine by the fetus and hence may explain the low 
teratogenicity of this medication.

There have been case reports of a child born with pancytopenia  
and combined immunodeficiency, as well as chromosomal abnorma-
lities and craniofacial malformations after exposure to azathioprine  
in utero.44,45 Larger case series have failed to substantiate an increased 
risk of congenital anomalies in offspring of women who are treated 
with azathioprine during pregnancy. In one series where 14 inflamma-
tory bowel disease patients were treated with azathioprine during 16 
pregnancies, the only adverse outcome was a case of hepatitis B virus 
infection in one woman.46 In seven lupus patients who were taking 
azathioprine during pregnancy, no adverse outcomes were seen in the 
offspring.47 In 142 transplant recipients who were given azathioprine 
during pregnancy, there were some anomalies seen including metatar-
sus adductus, kidney malformation, ventricular septal defect, patent 
ductus arteriosus, and a hearing deficit. But this was thought not to 
be above the background rate of congenital anomalies.48 In all of these 
studies, patients were receiving other medications such as glucocorti-
coids and cyclosporine, so attributing risk to any particular medication 
is difficult. In all studies small-for-gestational-age infants and prema-
ture rupture of the membranes, as well as intrauterine growth retarda-
tion, have been reported. Although the FDA considers this medication 
a class D, the literature suggests that azathioprine may be used in 
pregnant patients who require immunosuppression.

Six-mercaptopurine is teratogenic in animals inducing cleft palate 
formation, microcephaly, and dilatation of the cerebral ventricles.49,50 
In humans, there are few case series available for review. In one review 
of 79 pregnancies in which the offspring was exposed to 6-mercapto-
purine, there was one case of anomalies that included cleft palate, 
microphthalmia, hypoplasia of the thyroid and ovaries, corneal opacity, 
and cytomegaly.39 One series of 15 infants of inflammatory bowel 
disease patients who were exposed to this medication while in utero 
showed no malformations (D.H. Present, personal communication). 
Despite this reassuring report, the data do not support the use of this 
medication during pregnancy.

The washout period for this medication in male patients is a sig-
nificant issue. In one series of 13 male patients who had taken this 
medication in the 3 months preceding conception, there were two 
spontaneous abortions and two offspring born with skeletal congenital 
anomalies.51 Therefore this medication should be discontinued in men 
for 3 months before conception.

Both azathioprine and 6-mercaptopurine can cause immuno-
suppression in the newborn and should not be used in nursing  
mothers.

Cyclosporine
In rodents cyclosporine crosses the placenta in very low concentra-
tions.52 Pregnant rodents administered high doses (25 mg/kg/day) of 
cyclosporine have increased fetal mortality and renal abnormalities, 
although other studies have not shown any impact on organogene-
sis.53,54 In humans, there are differing opinions on whether or not 
cyclosporine A crosses the placenta in significant concentrations.55,56 
Regardless, there seems to be no increased risk of teratogenicity over 
background rates. In one study of 154 pregnancies in renal transplant 
patients in which the mothers were taking cyclosporine A, 22% of the 
children had complications including respiratory distress syndrome, 
kidney malformation, ventricular septal defect, and patent ductus 

PENCILLAMINE
Penicillamine is occasionally used in the treatment of progressive sys-
temic sclerosis. It is less commonly used in the treatment of inflam-
matory arthritic conditions such as RA. In mice, penicillamine can 
interfere with collagen biosynthesis and cause malformations.33 In 
humans, cases of cutis laxa and connective tissue disorders have been 
reported following exposure to this medication in utero.34 Given its 
potential for fetal toxicity and the many alternative therapies, penicil-
lamine should not be administered during pregnancy.

The American Academy of Pediatrics advises against giving this 
medication to lactating women.

SULFASALAZINE
Sulfasalazine was initially developed in the 1930s to treat RA. However, 
until the past decade, its biggest application has been in the treatment 
of inflammatory bowel disease. Thus most of the data regarding the 
use of this medication in pregnancy is found in the inflammatory bowel 
disease literature. Sulfasalazine crosses the placenta with its metabolite 
sulfapyridine. The latter can displace bilirubin from albumin, but this 
is not thought to be clinically relevant.35 Although there have been case 
reports of fetal malformations in humans, large case series have failed 
to show an increased risk of teratogenicity.36,37 Sulfasalazine inhibits 
the absorption of folic acid. Some clinicians recommend additional 
folic acid in pregnant women on this medication.38 This medication 
may be used during pregnancy and is a good option for women who 
have active inflammatory arthritis.

Sulfasalazine interferes with both spermatogenesis and sperm 
motility. Therefore we recommend discontinuing this medication for 
3 months before attempting conception.39,40 There has been one report 
of bloody diarrhea in a breastfed infant whose mother was ingesting 
sulfasalazine. Therefore the American Academy of Pediatrics warns 
against using this medication in nursing mothers.13,41

IMMUNOSUPPRESSIVE AGENTS
Immunosuppressive agents are used in the treatment of rheumatic 
diseases, transplant recipients, and other disorders. Fortunately we 
have a plethora of information on the use of these medications during 
pregnancy because of the well-published transplant registries. Azathio-
prine, cyclosporine, and mycophenolate mofetil are the major immu-
nosuppressive agents used in the treatment of rheumatic diseases. This 
section will also discuss 6-mercaptopurine because it is the major 
metabolite of azathioprine.

TABLE 65.3 RHEUMATIC DISEASES DURING PREGNANCY

Disease Activity during pregnancy

Rheumatoid arthritis Remits in 70%-80% of cases

Systemic lupus erythematosus Stable or worsens. Active renal 
disease is particularly problematic

Psoriatic arthritis Generally improves

Scleroderma Limited data

Dermatomyositis Limited data

TABLE 65.4 TREATMENT PRINCIPLES OF PATIENTS WITH RHEUMATIC 
DISEASES DURING PREGNANCY

1. Disease should be in remission or under good control at the time of 
conception.

2. Minimize medications or discontinue medications as appropriate.
3. Treat the disease symptoms, not the diagnosis (e.g., patient with systemic 

lupus erythematosus does not empirically need steroids during pregnancy 
unless the disease is active).
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humans, cyclophosphamide exposure during pregnancy can lead to 
problems with digit development and limb formation, iris develop-
ment, and coronary artery abnormalities.76,77 There have been case 
reports of individuals being treated for Wegener granulomatosis from 
the 17th week of gestation on and being treated for Hodgkin lymphoma 
in the third trimester with no adverse effects in the offspring.78,79 
Cyclophosphamide should be avoided during pregnancy except in life-
threatening situations when no alternative treatment is available. 
Patients who need to be treated with this medication during the first 
trimester and early second trimester of pregnancy should be counseled 
about the high risk of congenital anomalies in the fetus. Cyclophos-
phamide is transferred to breast milk and should not be used in nursing 
mothers.

Prolonged use of cyclophosphamide can also induce infertility in 
women. Risk factors for cyclophosphamide-induced infertility include 
age greater than 30, more than 15 pulses of therapy, and a cumulative 
dose of greater than 10 g.80 Concomitant use of leuprolide acetate 
(Lupron) or oral contraceptives may offset this effect.81

CHLORAMBUCIL
Chlorambucil is an alkylating agent that is occasionally used in the 
treatment of rheumatic disorders. In rats, this medication can cause 
skeletal and renal malformations in offspring exposed to this medica-
tion in utero.82,83 In humans, there have likewise been reports of renal 
agenesis in an infant exposed to chlorambucil during the first trimes-
ter.84 Given the many alternative medications available, this medica-
tion should be avoided during pregnancy and nursing.

INTRAVENOUS IMMUNE GLOBULIN
IVIG is used for the treatment of dermatomyositis and other rheumatic 
conditions. Data on the use of this medication during pregnancy are 
limited. In one case report of an individual with steroid-resistant idio-
pathic thrombocytopenic purpura, this medication was used with no 
adverse effects on the offspring.85 This medication has also been used 
to manage the obstetric complications of the anti phospholipid antibody 
syndrome without inducing congenital malformations.86

TUMOR NECROSIS FACTOR-α 
BLOCKADE AND INHIBITORS
Biologics that are directed against the tumor necrosis factor-α receptor 
or inhibit this cytokine are successful in treating RA.7 These medica-
tions are rated category B for use during pregnancy. Recently, there 
have been two reports to the FDA of potential congenital anomalies 
consistent with the VACTERL syndrome.87 Because the true number 
of exposed pregnancies is unknown, the significance of this finding has 
been questioned.88 Nonetheless, we are recommending that patients 
discontinue these medications during pregnancy (at least at the time 
of a confirmed pregnancy test) until further information is available.

LEFLUNOMIDE
Leflunomide is used to treat inflammatory arthritis, Behçet disease, 
and other disorders. This medication is extremely teratogenic (risk 
category is X) and is absolutely contraindicated in pregnancy. Because 
of its extremely long half-life, drug elimination with cholestyramine is 
recommended for women who desire pregnancy. The manufacturer 
recommends that cholestyramine, 8 g three times a day be given for 
11 days. Subsequently, drug levels should be obtained. Without chole-
styramine, it can take up to 2 years to eliminate this drug.

RITUXIMAB AND OTHER  
EXPERIMENTAL THERAPY
Data on the safety of rituximab, abatacept, and other depleting therapy 
during pregnancy are limited. Current recommendations would be to 
avoid these medications during pregnancy. How long after therapy with 
rituximab conception can be attempted is also unknown and the timing 
is left to the discretion of the practitioner.

arteriosus. This rate was not higher than those patients who were not 
taking cyclosporine.48 However, the babies were smaller and more often 
premature, and the mothers had an increased incidence of maternal 
diabetes and hypertension. Other transplant series and registries have 
confirmed these findings.57 In the U.S. National Transplantation Preg-
nancy Registry, 500 pregnancies have been reported. There is no 
increased risk of congenital anomalies, although the live birth rate is 
lower in those patients who have received cyclosporine. However, the 
sicker patients tend to be on cyclosporine, which may explain this 
observation.58 Finally, a recent meta-analysis concluded that cyclospo-
rine does not appear to be a major teratogen, although it may be associ-
ated with increased rates of prematurity.59 There is some concern that 
in utero exposure to cyclosporine may impair T, B, and natural killer-
cell development. Whether this will have long-term impact and whether 
immunization schedules in these infants should be modified are 
unclear.60 The literature suggests that cyclosporine may be used for 
immunosuppression during pregnancy. Cyclosporine A is not compat-
ible with nursing because of the risk of immunosuppression in the 
offspring.

Mycophenolate mofetil (CellCept)
Mycophenolate mofetil is a purine synthesis inhibitor that has been 
used to prevent organ rejection. More recently, it has been used in the 
treatment of lupus nephritis.61 In animals, this agent may cause pre-
mature meiotic maturation.62 In humans, there is one case report of 
this medication being used during pregnancy in a renal transplant 
patient. The baby was born prematurely and was noted to have hypo-
plastic nails and short fifth fingers. No other abnormalities were 
noted.63 This medication is considered a category C by the FDA. Due 
to the paucity of available information, this medication should be 
avoided during pregnancy and nursing.

Methotrexate
Methotrexate is a folate antagonist that has been used widely over the 
past 2 decades for the treatment of RA and other inflammatory condi-
tions. Current practice suggests that this medication should be the 
building block for the treatment of RA.64 In pregnant rodents, this 
agent causes skeletal abnormalities in the offspring and increased fetal 
resorption rate.65,66 In humans this medication is profoundly aborti-
genic and is now commonly used for the non-surgical treatment of 
ectopic pregnancies.67 It can also cause severe teratogenicity including 
craniofacial abnormalities and mental retardation.68 Most of the toxic-
ity appears to occur during the sixth through eighth week of gestation 
and at doses greater than 10 mg a week. There have been a few case 
reports of offspring in whom there was no teratogenicity when exposed 
to this medication before 6 weeks of gestation and at doses less than 
10 mg a week.69,70 However, the FDA considers this medication a 
category X. Furthermore, in a recent review of this topic, Lloyd and 
colleagues suggest that there is no safe window and that there is a 
10/42 chance of abnormality in a fetus exposed to methotrexate during 
the first trimester. They suggest that the washout period before concep-
tion in both men and women should be 6 months.71 Donnenfeld and 
associates suggest that the medication should be discontinued 12 
weeks before conception because of the high spontaneous abortion 
rate.72 Patients who are on this medication should use a reliable form 
of birth control. The American College of Rheumatology recommends 
that men discontinue this medication 3 months before attempting 
conception. They suggest that women wait at least one ovulatory cycle 
after stopping methotrexate before trying to get pregnant. This medica-
tion is not compatible with breastfeeding.

Cyclophosphamide
Cyclophosphamide is a cytotoxic agent that is the backbone of many 
cancer chemotherapy regimens. In lupus patients, this medication  
has greatly reduced the morbidity and mortality of renal disease.73 It 
is also used for the treatment of vasculitis and organ involvement in 
a variety of rheumatic diseases. In pregnant mice, cyclophosphamide 
causes chromosomal rearrangements and impairs blastocyst develop-
ment in embryos.74 This medication can also cause glomerular sclero-
sis in the kidneys of mice exposed to cyclophosphamide in utero.75 In 
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TABLE 65.5 TREATMENT RECOMMENDATIONS*

Symptoms/conditions Treatment options

Mild arthralgias, arthritis, 
pleuritis, skin rashes

NSAIDs (first two trimesters only)
Low-dose glucocorticoids (5-10 mg 

prednisone a day)

Inflammatory arthritis Consider sulfasalazine in addition to above

Systemic lupus erythematosus 
or connective tissue disease

Consider antimalarials

Moderate disease Glucocorticoids (higher doses), azathioprine, 
cyclosporine

Severe disease Pulse steroids, IVIG, azathioprine, 
cyclosporine

Life threatening Cyclophosphamide—only in life-threatening 
circumstances

*Methotrexate, 6-mercaptopurine, penicillamine, and chlorambucil should be avoided.

CONCLUSION
Treating the pregnant patient with an underlying rheumatologic  
disorder is a clinical challenge. The toxicities of the medications must 
be weighed against the patient’s need for disease control. Often there 
is no ideal therapy for a given situation. One approach (Table 65.5) 
is to treat mild symptoms with non-steroidals or low doses of gluco-
corticoids. In the third trimester, non-steroidals should be stopped. If 
inflammatory arthritis is the major complaint, sulfasalazine can be 
used. In patients with SLE and mixed connective tissue disease who 
are well controlled with antimalarials, the patients can remain on these 
medications during pregnancy. For moderate disease, higher doses of 
glucocorticoids, azathioprine, and cyclosporine can be used. For severe 
diseases, pulse steroid therapy, IVIG, azathioprine, and cyclosporine 
can be used. Cytotoxic agents should be avoided in all but life-threat-
ening situations. At this point, the data suggest that biologics ought 
to be discontinued during pregnancy. In all cases, the treating clinician 
and the patient should discuss the potential hazard to either the 
mother and/or the fetus of any therapy.
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position in a chair with armrests in upper extremity procedures. 
Anatomic landmarks need to be identified by palpation and the 
needle site marked in some way, such as with a thumbnail 
imprint in the skin. The skin must then be carefully cleaned 
with antiseptic agents. For local anesthesia, the skin and subcu-
taneous tissues can be infiltrated down to the level of the peri-
articular lesion or joint capsule using 1% or 2% lidocaine without 
epinephrine (adrenaline) and a small-bore needle. However, 
experienced physicians may use topical ethyl chloride or no 
anesthetic at all. With the proper technique, the needle passes 
freely through the extra-articular tissues and a “pop” may be felt 
as the needle enters the joint. The ease with which fluid can be 
withdrawn depends on the needle size used, viscosity of the 
fluid, and presence of any fibrin clots or “rice bodies” in the joint 
fluid. Free flow of fluid is often suddenly interrupted because of 
clogging of the needle end by the synovial membrane or debris. 
Rotating the needle, withdrawing it slightly, or even reinjecting 
a little of the fluid will often help unclog the needle. If cortico-
steroids or other substances are to be injected, this should be 
done through the same needle.

(b) US-guided aspiration or injection.4-6

Two methods of musculoskeletal needle placement guided by 
US are used.
● Skin marking or indirect method (Fig. 66.1a and b). With this 

method, US is used to select the potentially most successful 
puncture site over the target but not to guide the progression 
of the needle. After scanning the pathologic area, the target is 
imaged in two perpendicular planes. The midpoint of the 
transducer corresponds to the midpoint of the US image on 
the screen. When the target is imaged in the center of the 
screen in both longitudinal and transverse plane, the edges of 
the probe are drawn on the skin with a skin-marking indelible 
pen. The depth of the target is measured perpendicularly to 
the skin. Then, the probe is removed and a mark is drawn on 
the skin in the center of the previously drawn rectangle. After 
sterilization of the skin, the needle is inserted in the central 
skin mark and directed perpendicularly toward the known 
depth of the target.

● Needle guidance under direct ultrasonographic control (Fig. 
66.2a and 66.2b). Continuous monitoring of the needle pro-
gression under direct US visualization, although requiring 
more experience and hand-eye coordination, provides a more 
accurate control of the progression of the needle from the skin 
to the target during the procedure. The authors prefer this 
method.

At the end of any procedure, the needle should be swiftly withdrawn, 
and light pressure should be put on the needle site in the skin. The 
application of a simple adhesive plaster (tape) for a few hours is all that 
is usually required thereafter.

Aftercare
In most cases, it is sensible for patients to rest the affected joint for 
24 to 48 hours after a therapeutic injection, to minimize leakage of the 
therapeutic agent and improve the anti-inflammatory response.

Aspiration and injection of joints 
and periarticular tissues and 
intralesional therapy
Juan J. Canoso and Esperanza Naredo

 Synovial aspiration is a basic diagnostic tool in rheumatology.
 Major diagnostic errors can be made by simply assuming the 

nature of an effusion.
 Corticosteroid injections and infiltrations and 

viscosupplementation are basic treatment tools in rheumatology, 
orthopedics, physiatry, and general medicine. These procedures 
carry minimal risk to the patient when properly performed.

 Synoviorthesis, or medical synovectomy, may be achieved by the 
intra-articular injection of sclerosing agents or radioactive 
materials.

 Some of these procedures are within the realm of general 
medicine, whereas others involving joints and soft tissue sites 
difficult to approach, viscosupplementation, and synoviorthesis 
require specialized knowledge.

 Rheumatologists trained in musculoskeletal ultrasonography are 
able to perform, at low cost and minimal risk to the patients, 
procedures that in the past required expensive and even risky 
techniques.

INDICATIONS FOR ASPIRATING OR INJECTING 
MUSCULOSKELETAL TISSUES
Aspirating fluid for diagnostic or  
therapeutic purposes
In patients in whom sepsis, crystal synovitis, or bleeding is the sus-
pected cause of a joint, bursal, or tendon sheath lesion, aspiration and 
analysis of the fluid are essential for diagnosis.1,2 In addition, knowl-
edge of the nature of the synovial fluid, particularly the inflammatory 
cell content and the presence or absence of crystals, even when an 
effusion is not clinically detectable,3 will complement findings from 
the history and physical examination and help provide the basic frame-
work for diagnosis and treatment. In patients with tense joint effu-
sions, aspiration of synovial fluid provides prompt relief of pain and 
permits the patient to move or bear weight on the affected joint. 
Finally, in hemarthrosis or septic arthritis, the blood and pus within a 
synovial cavity may be damaging to the joint cartilage and synovial 
membrane, so evacuation of the fluid is necessary to avoid permanent 
joint damage. Large articular effusions should be drained as fully as 
possible to decrease pressure, improve synovial circulation, and prevent 
muscle atrophy. Synovial fluid analysis is discussed in Chapter 30.

Practical procedure and aftercare
Procedure
Aspiration or injection of joints or soft tissues is an outpatient proce-
dure that does not require specialized equipment (Table 66.1) unless 
performed under ultrasound (US) guidance. The procedure must be 
explained fully to the patient. Universal precautions must be followed 
during the procedure including the use of gloves.

(a) Blind aspiration or injection. The patient should be in a supine 
position in lower extremity procedures and in the sitting 

66
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TABLE 66.1 EQUIPMENT REQUIRED FOR JOINT AND SOFT TISSUE INJECTIONS

Procedure Details

Skin preparation Antiseptic solution (povidone-iodine), alcohol swabs, 4 × 4 
gauze pads

Local anesthetic 1% or 2% lidocaine without epinephrine

Needles 23-27 gauge for local anesthetic, 18 gauge for large to 
moderate-sized joints (knees, shoulders, ankles, etc.), 
23-27 gauge for small joints (wrists, metacarpophalangeal 
joints, etc.)

Syringes 3 mL or 5 mL for anesthetic-steroid injection and 
10-50 mL for joint aspiration (sterile steroid-prefilled 
syringes are preferable where available)

Miscellaneous Gloves; forceps for removing needles from syringe; 
specimen tubes/plates for cultures and fluid studies

All the required supplies should be assembled in advance. Importantly, the needle must be long 
enough to reach the intended place and have a caliber adequate to the nature of the fluid. 
Although standard needle lengths work well in thin patients, longer needles and even a spinal 
needle may be required in obese patients. On the other hand, a 1-mL syringe with a half-inch no. 
27 needle is particularly useful to infiltrate superficial structures such as the interphalangeal, 
metacarpophalangeal, and metatarsophalangeal joints; digital flexor tendon sheaths; the 
carpal tunnel; de Quervain tenovaginosis; and the elbow joint through the lateral approach. 
Purulent effusions require no. 18 or no. 16 needles. A failure to fully drain a septic joint indicates 
large debris or loculation and calls for tidal lavage, arthroscopy, or arthrotomy.

a

Fig. 66.1a Ultrasound-guided indirect method of injection of the right 
tibiotalar joint. An extended paperclip is displaced between the probe and the 
skin until its tip is imaged at the center of the target. The puncture point is 
marked in the patient’s skin with the clip.

b

Fig. 66.1b The needle is inserted perpendicular to the skin.

a

Fig. 66.2a Ultrasound-guided direct method of injection of the right hip joint. 
The needle is inserted adjacent to the transducer and directed to the anterior 
recess of the hip.

CONTRAINDICATIONS AND COMPLICATIONS
Contraindications
There are few absolute contraindications to joint or soft tissue aspira-
tions and injections; if infection is suspected, fluid should always be 
aspirated from a joint. In other indications, the procedures should 
probably be avoided if there is infection of the overlying skin or 

subcutaneous tissues or if bacteremia is suspected. The presence of a 
significant bleeding disorder or diathesis or a severe thrombocytopenia 
may also preclude joint aspiration. However, if it is deemed necessary 
for diagnosis or therapy, the procedure may be carried out after appro-
priate cover for the bleeding disorder. Warfarin anticoagulation with 
international normalization ratio values in the therapeutic range is not 
a contraindication to joint or soft tissue aspiration or injection.7 Aspira-
tion of a joint with a prosthesis in it is often best left to surgeons using 
full aseptic techniques.
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Complications of corticosteroid injections  
and infiltrations
● Local bleeding. In patients without a bleeding diathesis, pressing the 

puncture site with a sterile gauze for about a minute, or a longer 
time in those taking prophylactic aspirin, stops the bleeding. In 
procedures in the upper extremity, arm elevation prevents venous 
bleeding.

● Facial flushing. Occurs in perhaps 40% of cases. Transient and 
inconsequential, it may nevertheless worry unwarned patients.

● Postinjection flare. Corticosteroid crystal–induced synovitis occurs 
in about 5% of intra-articular injections. Pain appears several hours 
following the procedure and may last from a few hours to 1 day. 
Persisting pain and mounting swelling may indicate infection; these 
joints should be re-aspirated for Gram stain and aerobic and anaero-
bic cultures.

● Skin atrophy. This is a frequent complication, particularly in elderly 
individuals, of superficial infiltrations and olecranon bursa injec-
tions. The condition is characterized by cigarette-paper-like skin, 
recurrent ecchymosis, and chronic pressure pain.

● Fat atrophy. This complication may occur when repeated fatty tissue 
infiltrations are given such as in Morton neuroma and proximal 
plantar enthesopathy (fasciitis).

● Skin hypopigmentation. Superficial corticosteroid infiltrations such 
as in de Quervain tenosynovitis often cause a hypopigmented patch, 
which may be quite disfiguring in people with dark skin.

● Infection. The rate of a septic arthritis following corticosteroid injec-
tion is on the order of 4.6 to 4.8 cases per 100,000 procedures when 
the corticosteroid is aspirated from a vial and around 0.6 cases per 
100,000 procedures when prefilled syringes are used.10 Patients who 
have severe immunodeficiency problems, as well as those with 
implants, may be at greater risk. Postinjection septic bursitis may 
occur from exacerbation of a missed infection or may be caused by 
contamination of a sterile bursa through the needle track.

● Tendon rupture. A ruptured tendon following a corticosteroid 
injection may indicate abuse of the procedure, intratendinous  
injection, or coincidental rupture caused by the very condition that 
led to the injection. Conditions that lead to spontaneous tendon 
rupture include dorsal wrist tenosynovitis and posterior tibialis teno-
synovitis in rheumatoid arthritis (RA), degenerative changes in the 
supraspinatus or long biceps tendon, chronic corticosteroid use, 
overuse Achilles tendinopathy, fluoroquinolone-induced Achilles 
tendinopathy, uremia, hyperparathyroidism, and systemic lupus 
erythematosus.

● Corticosteroid arthropathy. Abuse of intra-articular injections may 
result in a Charcot-like arthropathy similar to the one described  
in calcium pyrophosphate crystal deposition disease (see Chapter 
186).

● Nerve damage. Knowledge of regional anatomy should largely avoid 
this complication. However, because anatomic variations are fre-
quent, the needle insertion should always be cautious.

● Osteonecrosis. This is a reported complication of abused articular or 
soft tissue corticosteroid infiltrations.

● Systemic complications. Corticosteroid injections cause pituitary 
inhibition that recovers in 1 to 2 weeks11 and in diabetics, transient 
hyperglycemia that lasts 2 to 3 days; anaphylactic shock, albeit 
exceedingly rare, may also occur.12

WRIST AND HAND
Finger and metacarpophalangeal joints

Indications. Active Bouchard nodes, RA,13 psoriatic arthritis. US 
guidance is not required.

Corticosteroid dose. 10 to 15 mg methylprednisone acetate (no. 25 
or no. 27 needle).

Approach. Dorsolateral with the digit in semiflexion (Fig. 66.3, 
online Figs. 66.4 and 66.5). Note: In this and other clinical 
pictures the skin had been sterilized with alcohol, and the  
needle seen in place was for local anesthesia before injecting  
the steroid. Multiple joints may be injected in the same  
session.

CORTICOSTEROID INJECTIONS
Corticosteroid injections are frequently used to achieve local anti-
inflammatory activity. The indications for their use include the pres-
ence of persistent inflammation at a single site. Synovial joints  
and other cavities should generally be injected with a long-acting  
crystalline form of corticosteroid such as triamcinolone hexacetonide 
or methylprednisolone acetate. These crystals persist longer in the  
fluid than mixtures of depot and soluble betamethasone,8 allowing 
continued local release into the targeted area. Only a relatively small 
proportion escapes into the general circulation, but, during the first  
24 hours after injection, patients may experience flushing or other 
evidence of a corticosteroid “pulse.” For periarticular injections, par-
ticularly subcutaneous bursae and de Quervain tenovaginosis, methyl-
prednisolone acetate should be used because the less soluble (and 
therefore more potent) triamcinolone hexacetonide is likely to induce 
skin atrophy.

Local anesthetic is sometimes mixed with corticosteroids for such 
injections. In the case of some periarticular lesions (e.g., rotator cuff 
lesions around the shoulder), this can have the advantage of confirming 
the correct placement of the injection because the local anesthetic 
should result in almost immediate relief of the pain if the injection is 
correctly placed.

Corticosteroid doses vary with the structure injected. For each of 
the following procedures, a dose range based on the use of methylpred-
nisolone acetate 40 mg/mL is shown. If the more potent triamcinolone 
hexacetonide 20 mg/mL is used, the lower figure of the range should 
be chosen. Intracavitary position of the needle can be ascertained by 
withdrawing some articular fluid or checking to see if the cavity dis-
tends as fluid is injected. In the soft tissues, correct positioning may 
be ascertained by elimination of pain by a preceding lidocaine infiltra-
tion. However, if available and in procedures in which needle misplace-
ment is common, ultrasound guidance gives best results.9 Rest of the 
injected site for 48 hours following the procedure is generally 
recommended.

b

fh

fn

Fig. 66.2b In the ultrasound image, the needle tip (arrowhead) is seen 
hyperechogenic inside the hip effusion. The needle (arrow) appears 
hyperechoic into the iliopsoas muscle. fn, femoral neck; fh, femoral head.
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Wrist
Indications. For diagnosis in acute arthritis. Most cases of acute 

wrist arthritis are due to calcium pyrophosphate dihydrate pseu-
dogout, gout, and septic arthritis. For injection in RA, other 
sterile synovitides, and OA such as is associated with chondro-
calcinosis and hemochromatosis. US guidance is preferred.

Corticosteroid dose. 30 to 40 mg methylprednisone acetate (no. 25 
or no. 27 needle). Aspiration should be attempted before injec-
tion. For aspiration alone, use a no. 20 or no. 18 needle.

Approach in blind injections. The radiocarpal joint is approached 
dorsally just distal to Lister tubercle (a bony prominence in the 
dorsal distal radius) or at the midcarpal joint 1 cm ulnar and 
5 mm distal to Lister tubercle (online Figs. 66.7 and 66.8). The 
wrist should be slightly palmar flexed to assist the procedure.

Precautions. There are no neurovascular structures of concern at 
this site.

Complications. None.

Trigger finger and trigger thumb
Indications. Only 30% of trigger fingers resolve spontaneously and 

injections are highly efficacious.16 A lesser success rate of injec-
tions is seen in diabetics. US guidance is not required.

Approach. Just distal to proximal palmar crease (index) (Fig. 66.9), 
between the proximal and distal creases in the long finger (online 
Fig. 66.10) and just distal to the distal crease in the ring and 
little fingers (online Fig. 66.11) with needle held at a 45-degree 
distal inclination; just proximal to digital crease and aiming to 
sesamoids of thumb (Fig. 66.12).

Corticosteroid dose. 15 to 20 mg methylprednisone acetate mixed 
with 1 to 2 mL lidocaine (no. 25 or no. 27 needle).

Precautions. Avoid intratendinous injection. Intrasheath injection 
is not a requirement for success.17 Up to three injections given 
3 weeks apart are allowed.

Complications. Focal palmar fat atrophy. Large published series 
comment on a lack of tendon rupture and iatrogenic infection.

Digital flexor tenosynovitis
Indications. RA, psoriatic arthritis, etc. In flexor tenosynovitis, 

injection must be intrasheath and therefore US guidance is pre-
ferred (Fig. 66.14, online Fig. 66.13).

Precautions. Do not overdistend joint(s). Fluid tends to back up; 
keep firm pressure with a sterile gauze for at least 2 minutes 
following the procedure.

Complications. Joint hyperlaxity, capsular calcification (frequent 
but inconsequential).

First carpometacarpal joint
Indications. Painful osteoarthritis (OA). The efficacy of steroid 

injection has been disputed.14 Viscosupplementation may 
be useful as an alternative to surgery.15 US guidance is not 
required.

Corticosteroid dose. 15 to 30 mg methylprednisone acetate (no. 25 
or no. 27 needle).

Approach. A common entry site is at the anatomic snuffbox while 
flexing the thumb across the palm, which optimally exposes the 
joint just proximal to the protruding base of the first metacarpal 
(Fig. 66.6).

Precautions. Avoid the radial artery as it traverses the anatomic 
snuffbox.

Complications. None.

Fig. 66.3 Injection of right fourth proximal interphalangeal joint in 
osteoarthritis.

Fig. 66.6 Injection of the left trapeziometacarpal joint in osteoarthritis.

Fig. 66.9 Injection of trigger finger, right index finger.
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Precautions. Paresthesias indicate median nerve engagement; repo-
sition needle. Reciprocal needle motion on gentle finger motion 
indicates tendon engagement; reposition needle. A wrist splint 
in neutral is a useful adjunct to the injection.

Complications. Pain, which may last 1 to 3 days; transient increase 
of paresthesias. The patient should be instructed to use an ice 
pack intermittently, 5 minutes on and 5 off, at the first hint of 
pain.

De Quervain tenovaginosis20-22

Indications. Steroid injection is the treatment of choice in this 
condition. US guidance is optional.

Corticosteroid dose. 15 to 20 mg methylprednisolone acetate (no. 
25 or no. 27 needle).

Approach. The needle is aimed toward the radial styloid, which 
underlies the sheath (Fig. 66-17). The needle is then pulled back 
by the millimeter and injection is attempted. Successful injections 
distend the sheaths of both abductor pollicis longus and extensor 
pollicis brevis. Separate injections may be required. Do not over-
distend. Up to three injections given 3 weeks apart are allowed.

Precautions. The corticosteroid must remain within the sheath. Do 
not infiltrate grossly thickened sheaths because mycobacterial 
infection may be present.

Complications. Skin hypopigmentation and skin atrophy.

Corticosteroid dose. 15 to 20 mg methylprednisone acetate mixed 
with 1 to 2 mL lidocaine (no. 25 or no. 27 needle).

Approach. If US is unavailable, inject as in trigger finger.
Precautions. Avoid intratendinous injection.
Complications. As in trigger finger; tendon rupture occasionally 

occurs.

Carpal tunnel syndrome18

Indications. Injection treatment is indicated in all etiologies of 
carpal tunnel syndrome except acute cases (hypoesthesia, severe 
pain, and tense bulging) due to synovitis, fracture, hemorrhage, 
infection, and carpal tunnel syndrome of late pregnancy. US 
guidance is optional in routine cases but is a must in unilateral 
cases to rule a mass lesion.19

Corticosteroid dose. 30 to 40 mg methylprednisolone acetate, 
straight or mixed with 2 to 3 mL lidocaine (no. 25 or no. 27 
needle).

Approach. About 10 mm proximal to the distal wrist crease and just 
medial to palmaris longus tendon (Fig. 66.15, online Fig. 66.16). 
If palmaris longus is absent (14% of people), replace by  
midline. The needle is inserted to a depth of 0.8 to 1 cm with a 
45-degree distal inclination and a 45-degree lateral inclination. 
The steroid is placed in the proximal extension of the ulnar 
bursa.

Fig. 66.12 Injection of right trigger thumb.

t
S

Fig. 66.14 Same patient as in online Fig. 66.13. After the injection the steroid 
suspension (S) is seen hyperechogenic within the tendon sheath and adjacent 
to the flexor tendon (t).

Fig. 66.15 Injection of right carpal tunnel syndrome.

Fig. 66.17 Injection of right de Quervain tenovaginosis.
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Lateral epicondylar syndrome or tennis elbow24

Indications. Failure of conservative treatment. To shorten symp-
tomatic period (with the caveat that long-term outcome may be 
worse in injected than uninjected patients). US guidance is not 
necessary.

Corticosteroid dose. 10 to 20 mg methylprednisone acetate (no. 25 
or no. 27 needle).

Approach. At the most tender point (Fig. 66.22). Pass the needle to 
periosteal contact and infiltrate with 1 mL lidocaine. Failure to 
eradicate pain on resisted wrist dorsiflexion indicates the wrong 
injection site; reposition needle and reinfiltrate with lidocaine. 
The corticosteroid should be infiltrated deeply at the enthesis 
and radially within the proximal tendon.

Precautions. Avoid injecting too superficially.
Complications. Transient increase in pain in 20% to 40% of patients. 

Repeated corticosteroid infiltrations may result in chronic pain.

Medial epicondylar syndrome or golfer’s elbow25

Indications. Medial epicondylar syndrome that has not resolved 
with conservative measures. Also used to shorten the symptom-
atic period. US guidance is not necessary.

Corticosteroid dose. As in lateral epicondylar syndrome.
Approach. Aim needle to distal portion of medial epicondyle where 

the wrist flexor muscles insert. Avoid injecting the posterior 
surface of the epicondyle to stay away from the ulnar nerve 
(online Fig. 66.23).

Complications. None.

SHOULDER REGION
Shoulder (glenohumeral joint)

Indications. Aspiration in acute arthritis; injection in RA, spondy-
loarthritis, the initial stages of frozen shoulder,26 viscosupplemen-
tation in OA. US guidance is necessary in the latter indication.

Corticosteroid dose. 40 to 80 mg methylprednisone acetate (no. 22 
needle). Aspiration should be attempted before injection. In the 
frozen shoulder, injection into the joint may be difficult on 
account of the capsular restriction. For aspiration alone, use a 
no. 20 or larger needle.

Approach for blind injections. Two entries are described: the poste-
rior approach, which is preferred by the authors, and the anterior 
approach.

● Posterior approach (Fig. 66.24, online Figs. 66.25 and 66.26). The 
patient should be sitting. The posterior margin of the acromion 
is palpated. The needle is then inserted posteroanteriorly 1 cm 

Wrist extensor tenosynovitis
Indications. Sustained tenosynovitis in RA and psoriatic arthritis. 

Failure of one injection is an indication for tenosynovectomy.
Corticosteroid dose. 15 to 20 mg methylprednisolone acetate.
Approach. A direct US-guided injection is preferred (online Figs. 

66.18 and 66.19).
Complications. The extensor digital tendons are prone to spontane-

ous rupture in RA. An intratendinous injection probably enhances 
this tendency. Whether to inject an extensor tendon sheath or 
proceed to tenosynovectomy should be discussed with a hand 
surgeon.

ELBOW REGION
Elbow

Indications. Aspiration in acute arthritis, injection in RA, and pso-
riatic arthritis.

Corticosteroid dose. 30 to 40 mg methylprednisone acetate (no. 22, 
no. 25, or no. 27 needle). Aspiration should be attempted before 
injection. For aspiration alone, use a no. 20 or no. 18 needle, 
depending on the suspected diagnosis. US guidance is optional.

Approach for blind injections. There are two commonly used entries; 
for both entries the elbow is held flexed at 90 degrees.

● Inferolateral approach. The midpoint cleft between the olecranon 
tip and the lateral epicondyle is palpated. The needle is then 
inserted perpendicularly, aiming at the center of the joint.

● Lateral approach. The radiocapitellar joint may be entered from 
the side just proximal to the radial head. The needle is passed 
perpendicular to the skin between the two bones (Fig. 66.20).

Precautions. There are no neurovascular structures in the vicinity.
Complications. None.

Olecranon bursa
Indications. For diagnosis of effusion and for treatment of refractory 

aseptic bursitis (traumatic or idiopathic).23 A negative bursal fluid 
culture is required prior to the steroid injection. US guidance is 
not necessary.

Corticosteroid dose. 20 mg methylprednisolone acetate (no. 20 or 
no. 22 needle). Empty the bursa before injection.

Approach. Lateral through normal skin, aiming at the center of the 
bursa (online Fig. 66.21).

Precautions. Taps at the tip of the bursa may create a chronic leak. 
Medial entries may damage the ulnar nerve.

Complications. The injection of 20 mg of methylprednisolone 
acetate has not caused complications.23

Fig. 66.20 Lateral (radiocapitellar) injection of the left elbow in rheumatoid 
arthritis. Fig. 66.22 Injection in right tennis elbow (lateral epicondylar syndrome).
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Bicipital tendinosis
Indications. This is a tenuous indication because most cases of 

bicipital tendinosis are caused by subacromial impingement. US 
guidance is highly desirable.

Corticosteroid dose. 15 to 20 mg methylprednisone acetate (no. 22, 
no. 25, or no. 27 needle).

Approach. The bicipital tendon should be palpated and a mark made 
on the skin. The needle is then directed somewhat superiorly, 
tangentially to the tendon (online Fig. 66.30).

Precautions. Inject under low pressure.
Complications. The relatively common postinjection rupture may 

reflect the underlying impingement as much as a direct effect of 
the corticosteroid on the tendon.

SPINE
Interspinous ligaments

Indications. Spondyloarthritis with supraspinous and interspinous 
ligament enthesitis. US guidance is not necessary.

Corticosteroid dose. 15 to 20 mg methylprednisone acetate (no. 25 
or no. 27 needle).

Approach. Posteroanterior at the midline between the vertebral 
spinous processes (Fig. 66.31); infiltrate ligament and its attach-
ments. Several levels may have to be treated.

Precautions. This is an intraligamentous infiltration and a fair 
amount of pressure is required to make the steroid flow. There 
is no need to infiltrate deeper than 1.5 cm.

Complications. None.

HIP REGION
Hip28

Indications. Diagnosis of septic arthritis including the differential 
diagnosis of septic arthritis versus aseptic loosening in a pros-
thetic hip; viscosupplementation. US guidance is required.

Corticosteroid dose. Although the procedure is generally performed 
for diagnosis, there are proponents of steroid injection or prefer-
ably viscosupplementation in advanced hip osteoarthritis. 40 to 
60 mg methylprednisone acetate mixed with 3 mL of 1% lido-
caine (no. 22 needle). Aspiration should be attempted before 
injection.

Approach. US guidance is required (see Fig. 66.2a and b).
Precautions. The danger of injuring the femoral neurovascular 

bundle is averted by using US.
Complications. None.

below and 1 cm medial to posterior corner of the acromion, 
aiming toward the coracoid process until bone is touched at the 
articular space.

● Anterior approach. Again, the patient should be sitting with the 
arm hanging at the side of the body, elbow flexed 90 degrees, and 
forearm in the sagittal plane. The needle is entered anteroposte-
riorly 1 cm distal and 1 cm lateral to the coracoid process. Once 
the bone is touched, the forearm is very gently and passively 
brought into internal rotation as the needle is pushed into the 
articular space.

Precautions. Use a chair with armrests; watch for fainting.
Complications. Vasovagal syndrome. Misplaced anterior injections 

may encounter neurovascular structures.

Acromioclavicular joint
Indications. Aspiration in acute arthritis, injection in OA, RA, and 

spondyloarthritis. US guidance is not required.
Corticosteroid dose. 10 to 20 mg methylprednisone acetate (no. 25 

or no. 27 needle). Aspiration should be attempted before injec-
tion. For aspiration alone use a no. 20 needle.

Approach. Aim the needle perpendicular to the skin into the articu-
lar cleft; aspirate or inject to distend joint (online Fig. 66.27).

Precautions. The procedure is difficult because the acromioclavicu-
lar joint is narrow and has a partial meniscus.

Complications. None.

Subacromial bursa9,27

Indications. Injection may be indicated in rotator cuff tendinopathy 
and some cases of calcific tendinitis. US guidance is highly desir-
able (online Figs. 66.28 and 66.29).

Corticosteroid dose. 30 to 40 mg methylprednisone acetate (no. 22 
or no. 25 needle).

Approach for blind injection. The needle is inserted laterally near the 
posterior angle of the acromion and aimed anteromedially, ensur-
ing that it passes under the anterior half of the acromion. Easy 
flow and bulging outlining the bursa indicate bursal injection.

Precautions. None.
Complications. None.
Note: Only about 50% of blind subacromial bursa injections fall on 

target.

Fig. 66.24 Posterior approach to the right shoulder in frozen shoulder.

Fig. 66.31 Injection in interspinous ligament enthesitis.



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

624

Precautions. Beware of superimposed septic arthritis in RA patients. 
Postpone the injection of an acutely inflamed joint until a nega-
tive synovial fluid culture result becomes available.

Complications. None.

Baker cyst
In very large cysts direct aspiration through a large-bore needle followed 
by instillation of a corticosteroid is appropriate. Although the content 
of some cysts is liquid, in others debris is abundant and may intermit-
tently occlude the needle. US guidance is highly desirable (Fig. 66.34).

Pes anserinus syndrome
Indications. The syndrome of pes anserinus.33,34 US guidance is not 

required.
Corticosteroid dose. 20 to 40 mg methylprednisone acetate mixed 

with 2 to 3 mL of lidocaine (no. 22 needle).
Approach. The injection site is best determined by following the 

medial tendinous border of the thigh (semitendinosus tendon), 
with the knee in semiflexion, to the tibia, where a mark is placed. 
The knee is then brought to extension and the needle is entered 
perpendicularly to tibial contact (Fig. 66.35). An area 3 cm in 
diameter is infiltrated adjacent to the periosteum.

Precautions. Paresthesias extending along the medial leg indicate 
engagement of the saphenous nerve; reposition needle.

Complications. None.

ANKLE AND FOOT
Ankle

Indications. As for the knee. US guidance is preferable (see Figs. 
66.1a and b).

Corticosteroid dose. 40 to 60 mg methylprednisone acetate (no. 22 
or no. 25 needle). Aspiration should be attempted before injec-
tion. For aspiration alone use a no. 20 needle.

Approach for blind injection. With the patient supine on the exami-
nation table, seek the cleft between tibia and talus by gently 
flexing and extending the foot. Insert the needle vertically medial 
to the anterior tibialis tendon (online Fig. 66.36).

Precautions. Avoid the dorsalis pedis artery.
Complications. None.

Iliopsoas bursa
Indications. Painful iliopsoas bursitis29 and bursal distention causing 

neurovascular compression.
Corticosteroid dose. 30 to 40 mg methylprednisone acetate mixed 

with 3 mL of 1% lidocaine (no. 22 needle). Aspiration should be 
attempted before injection.

Approach. US guidance, as in hip.
Precautions. As in hip.
Complications. None.

Trochanteric syndrome
Indications. Lateral hip pain with trochanteric tenderness.30 US 

guidance is not required.
Corticosteroid dose. 40 mg methylprednisolone acetate mixed with 

5 mL of 1% lidocaine (no. 22 1.5-inch needle; a longer needle 
may be required in obese patients).

Approach. With the patient lying on his or her opposite side, the 
greater trochanter is identified by distal to proximal palpation 
along the femur. The point of maximal tenderness is usually 
located at the posterior corner of the trochanter. The needle is 
inserted vertically to periosteal contact. The mixture of cortico-
steroid and lidocaine should then be infiltrated radially to cover 
the base of a cone 3 cm in diameter, half on bone and half in 
the proximal soft tissues (online Fig. 66.32).

Precautions. The needle should be of sufficient length to reach bone.
Complications. None.

KNEE REGION
Knee

Indications. For diagnosis in any joint effusion. For corticosteroid 
injection in RA, spondyloarthritis, OA, occasionally in crystal-
induced synovitis. For viscosupplementation, US guidance is not 
required.

Corticosteroid dose. 40 to 80 mg methylprednisone acetate (no. 22 
needle). The authors’ impression is that the larger dose is far 
more effective. Aspiration should be attempted before injection. 
For aspiration alone use a no. 20 or no. 18 needle depending on 
the clinical suspicion.

Approach. Lateral, aiming needle to the patellar undersurface mid-
distance between the upper and lower poles of the patella (Fig. 
66.33). A lateral approach, theoretically better because a thick 
medial intra-articular fat pad may result in a “dry tap” in some 
patients,31 may indeed be associated with frequent injection mis-
splacements.32 This has not been the experience of the authors.

Fig. 66.33 Knee injection, lateral approach, right knee osteoarthritis.

BC

Fig. 66.34 Ultrasound-guided injection of a Baker cyst. The needle (arrow) and 
the needle tip (arrowhead) are seen hyperechoic inside the Baker cyst (BC).
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Subtalar joint
Indications. As for the knee. US guidance is optional.
Corticosteroid dose: 20 to 30 mg methylprednisone acetate (no. 22 

needle). Aspiration should be attempted before injection. For 
aspiration alone use a no. 20 needle.

Approach. By gently inverting and everting the foot, find the soft 
cleft (sinus tarsi) anterior to the lateral malleolus. Insert the 
needle perpendicularly toward the tip of the medial malleolus. 
Aspiration of fluid proves an articular insertion. Inject under low 
pressure (online Fig. 66.37).

Precautions. This procedure should only be performed by health 
professionals with a thorough knowledge of anatomy.

Complications. None.

Metatarsophalangeal joints
Indications. Aspiration for the diagnosis of gout (usually the first 

metatarsophalangeal). Injection in hallux rigidus, RA, and the 
spondyloarthropathies. US guidance is optional.

Corticosteroid dose. 10 to 20 mg methylprednisolone acetate (no. 
22, no. 25, or no. 27 needle). Attempt aspiration before injection. 
For aspiration alone use a no. 22 needle.

Approach for blind injection. Dorsal, lateral, or medial to extensor 
tendon. Slight passive plantar flexion facilitates the procedure 
(Fig. 66-38, online Figs. 66.39 and 66.40).

Precautions. None.
Complications. None.

Retrocalcaneal bursa
Indications. Refractory Achilles tendon enthesis organ inflamma-

tion in spondyloarthritis; RA. Whenever possible this procedure 
should be performed under US guidance (Fig. 66.41a and b).

Corticosteroid dose. 15 to 20 mg methylprednisone acetate (no. 22, 
no. 25, or no. 27 needle or butterfly). Aspiration should be 
attempted before injection. Presence of fluid (usually a trace) 
proves intrabursal location.

Approach for blind injection. Posterior approach.35 Patient lies prone 
on examination table with foot outside mattress. Allow calf 
relaxation. A 13-mm no. 27 insulin needle may be best suited 
for this procedure. The needle is advanced vertical to the skin, 
transtendinously, aiming at the posterior superior calcaneal 
angle.

Precautions. Do not inject large volumes because high pressures 
produce back flow as the needle is removed. This procedure 
should only be performed by health professionals with a thor-
ough knowledge of anatomy.

Fig. 66.35 Injection in right pes anserinus syndrome. Fig. 66.38 Aspiration of left first metatarsophalangeal joint in gout.

a

Fig. 66.41a Ultrasound-guided direct injection of the retrocalcaneal bursa. The 
needle is inserted adjacent to the transducer and perpendicular to its long 
axis.

b

B

cal

Fig. 66.41b In the ultrasound image, the tip of the needle (arrow) is seen 
hyperechogenic inside the retrocalcaneal bursitis.
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Intermetatarsal bursae
Indications. Intermetatarsal bursitis in RA (two or more toes spread 

apart). US guidance is optional.
Corticosteroid dose. 20 to 30 mg methylprednisone acetate (no. 25 

or no. 27 needle).
Approach. Dorsal to plantar aiming the needle to the space in 

between metatarsal heads (online Figs. 66.44 and 66.45).
Precautions. Plantar fat atrophy is minimized by using an insulin 

needle.
Complications. None.

Morton neuroma38

Indications. Morton neuroma. US guidance is optional.
Corticosteroid dose. 20 to 30 mg methylprednisolone acetate mixed 

with 1 mL lidocaine (no. 22 or no. 25 needle).
Approach for blind procedure. Through web space in the plantar 

side (Fig. 66.46). The needle is advanced distal to proximal aimed 
at the neuroma (technique taught to one of the authors by Lilia 
Andrade-Ortega, M.D., Mexico City).

Precautions. Inject under low pressure. This procedure should be 
performed by health professionals with a thorough knowledge of 
anatomy.

Complications. None are expected; up to two reinjections 2 to 3 
weeks apart are allowed.

Ganglia
Indications. Local corticosteroids are highly effective in the treat-

ment of routine dorsal ganglia. Ganglia within the carpal tunnel, 
those that impinge on neurovascular structures, and those larger 
than 3 cm in diameter should be injected under US guidance39 
or treated surgically.

Corticosteroid dose. Depends on the lesion; usually 15 to 20 mg 
methylprednisone acetate (no. 20 or no. 18 needle; thinner 
needles may be clogged).

Approach. The needle is aimed to the center of the lesion, which is 
aspirated before injection. Ganglia contain a viscous, translucent 
fluid. Fluids with other characteristics indicate that the lesion is 
not a ganglion; they should therefore be cultured and inspected 
for crystals (online Fig. 66.47).

Precautions. In wrist and anatomic snuffbox ganglia, rule out radial 
artery aneurysm, which mimics a ganglion. These lesions are 
expansile with the pulse, as opposed to the focal pulsation caused 
by a normal adjacent radial artery.

Complications. None.

Complications. Tendon rupture is possible and more than one 
reinjection is discouraged.

Posterior tibialis tendon sheath
Indications. Posterior tibialis tenosynovitis in RA and spondyloar-

thritis; tarsal tunnel syndrome. US guidance is highly desirable 
(Fig. 66.42).

Corticosteroid dose. 20 to 30 mg methylprednisolone acetate (no. 
22 or no. 25 needle).

Approach for blind injection. Patient lies supine with the injected 
leg resting on the contralateral knee. Have patient invert the foot 
to identify the posterior tibialis tendon, which tents the skin. 
The needle is inserted tangentially, three finger breadths proxi-
mal to the tip of the medial malleolus. Inject under low pressure. 
Fluid may be seen and felt distending the sheath.

Precautions. Aspirate first to make sure that the posterior tibial 
artery has not been punctured. Plantar paresthesias indicate 
engagement of the posterior tibial nerve. This procedure should 
only be performed by health professionals with a thorough 
knowledge of anatomy.

Complications. The posterior tibialis tendon is prone to spontane-
ous rupture in RA. A misplaced (intratendinous) injection prob-
ably enhances this tendency.

Plantar fascia calcaneal enthesis36,37

Indications. Refractory plantar fasciitis in spondyloarthritis. US 
guidance is optional.

Corticosteroid dose. 20 to 30 mg methylprednisone acetate diluted 
with 2 mL of lidocaine (no. 22 needle).

Approach for blind procedure. Medial, needle parallel to the plantar 
skin 2 cm deep to plantar surface. Aim the needle into the 
medial plantar tubercle of the calcaneus. Resilience indicates a 
fascial location. Relocate the needle and inject deeply and super-
ficially to the fibrous fascia (online Fig. 66.43).

Precautions. This procedure should only be performed by health 
professionals with a thorough knowledge of anatomy.

Complications. Repeated infiltrations result in fat atrophy and pres-
sure plantar heel pain. Plantar fascia rupture may also occur. 
Discourage more than one reinjection (2 to 3 weeks after the 
initial injection).

tpt

TS

mm

Fig. 66.42 Ultrasound-guided direct injection of a tenosynovitis of the tibialis 
posterior tendon. The needle (arrowhead) is inserted within the distended 
tendon sheath (TS). mm, medial malleolus; tpt, tibialis posterior tendon. Fig. 66.46 Injection in Morton neuroma, right foot, third web space.
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avian protein allergy (egg products, feathers). Usual indications of 
viscosupplementation include (1) patients who cannot tolerate anti-
inflammatory medications and whose pain is unrelieved with analge-
sics and (2) patients with advanced osteoarthritis who refuse, or are 
not suitable candidates for, surgery. Medication and administration 
costs of viscosupplementation are considerable. However, a Canadian 
cost analysis has shown superiority of viscosupplementation over 
appropriate care without viscosupplementation.55

SYNOVIORTHESIS
Synoviorthesis, or medical synovectomy, may be achieved with the 
intra-articular injection of chemicals such as osmic acid, rifampicin, 
and rifamycin or radioactive colloids such as yttrium-90 (90Y), erbium-
169 (169Er), dysprosium-165(165Dy), and gold-198 (198Au), among others. 
The procedure may be used in RA, osteoarthritis, pigmented villonodu-
lar synovitis,56 and other chronic effusive conditions, as well as in 
hemophilia to terminate recurrent hemarthrosis.57 Chemical agents are 
believed to be less efficacious than radioactive colloids and among 
these, beta-emitting radioisotopes such as 90Y, 169Er, and 165Dy are 
preferred over gamma-emitting radioisotopes such as 198Au that cause 
total body irradiation. There are few randomized controlled trials of 
radioactive and chemical synoviorthesis.58Adverse effects of radioactive 
synoviorthesis are uncommon. A possible untoward local effect is a 
burn at the needle tract. This may be prevented by injecting a cortico-
steroid suspension while slowly removing the injecting needle. A 
greater concern has been a possible oncogenic effect of the radioactive 
colloid. However, although chromosomal damage has been found 
rather frequently in peripheral blood following these procedures, a 
30-year Finnish follow-up study of 90Y synoviorthesis in more than a 
thousand patients failed to show excess cancer deaths.59 Thus, radioac-
tive synoviorthesis, a low-risk, relatively low-cost outpatient procedure 
that disrupts minimally the patient’s activities is a plausible alternative 
to surgical synovectomy in carefully selected patients. In hemophilia, 
according to experts, failure of three consecutive radioactive synovior-
theses is an indication for open or arthroscopic synovectomy.
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Trigger points in the myofascial syndromes
Indications. Acute cases if pressure on a point or nodule consistently 

reproduces pain. US guidance is not required.
Corticosteroid dose. 3 to 5 mL of lidocaine or bupivacaine (no. 22 

needle). Twenty to 30 mg of methylprednisolone acetate may be 
mixed with the local anesthetic.

Approach. Aim at a tender point or the center of a nodule, which 
should be infiltrated radially throughout the indurated area.

Precautions. None.
Complications. None.

INTRALESIONAL CORTICOSTEROID TREATMENT
Intralesional corticosteroid treatment is sometimes used in discoid 
lupus,40 the medical treatment of rheumatoid nodules41 (online Fig. 
66.48), nodular fasciitis,42 occasionally in Sweet syndrome,43 granulo-
matous disease including Crohn disease affecting the oral cavity,44 
tracheal granulomas in Wegener granulomatosis,45 eosinophilic granu-
loma of the skin,46 and inflammatory eye conditions unresponsive to 
oral or parenteral agents.47

VISCOSUPPLEMENTATION
Viscosupplementation is the term that describes the use of intra-artic-
ular hyaluronates for the treatment of pain in osteoarthritic joints. Two 
types of agents are in use. One is hylan G-F 20, a high-molecular-
weight preparation (MW 6,000,000). The other type includes lower-
molecular-weight hyaluronan preparations in the range of MW 800,000 
to 2,000,000. Viscosupplementation is often effective in relieving pain 
in osteoarthritis.48,49 As compared with intra-articular corticosteroids, 
the beneficial effect of viscosupplementation has a delayed action but 
lasts longer.50 The relative merits of hylan G-F 20 and the lower MW 
compounds are still in dispute.51,52 Although the initial use of these 
agents was in the knee, other joints such as the trapeziometacarpal 
joint, the shoulder, the hip, and the ankle have all been treated with 
benefit. Three weekly intra-articular injections are customarily used. 
Viscosupplementation is associated with several risks. Postinjection 
pain, not necessarily associated with a significant effusion, has been 
common in the authors’ experience. Another complication is a pseudo 
septic effusion associated with pyrexia.53 These reactions require hos-
pital admission and intravenous antibiotics pending culture results.  
A granulomatous reaction has also been reported.54 A further risk 
of viscosupplementation is an allergic reaction in patients with  

KEY REFERENCES
1. Schumacher HR Jr, Reginato AJ. Atlas of synovial fluid 

analysis and crystal identification. Philadelphia: Lea & 
Febiger, 1991:1-257.

2. Courtney P, Doherty M. Joint aspiration and injection. 
Baillieres Best Pract Res Clin Rheumatol 
2005;19:345-369.

3. Pascual E, Doherty M. Aspiration of normal or 
asymptomatic pathological joints for diagnosis and 
research: indications, technique and success rate. Ann 
Rheum Dis 2009;68:3-7.

4. Koski JM. Ultrasound-guided injections in 
rheumatology. J Rheumatol 2000;27:2131-2138.

5. Grassi W, Farina A, Filippucci E, et al. Sonographically 
guided procedures in rheumatology. Semin Arthritis 
Rheum 2001;30:347-353.

6. Del Cura JL. Ultrasound-guided therapeutic procedures 
in the musculoskeletal system. Curr Probl Diagn Radiol 
2008;37:203-218.

7. Thumboo J, O’Duffy JD. A prospective study of the 
safety of joint and soft tissue aspirations and injections 
in patients taking warfarin sodium. Arthritis Rheum 
1998;41:736-739.

8. Rull M, Clayburne G, Sieck M, et al. Intra-articular 
corticosteroid preparations: different characteristics and 
their effect during inflammation induced by 
monosodium urate crystals in the rat subcutaneous air 
pouch. Rheumatology 2003;42:1093-1100.

9. Naredo E, Cabero F, Beneyto P, et al. A randomized 
comparative study of short term response to blind 

injection versus sonographic-guided injection of local 
corticosteroids in patients with painful shoulder. J 
Rheumatol 2004;31:308-314.

10. Seror P, Pluvinage P, d’Andre FL, et al. Frequency of 
sepsis after local corticosteroid injection (an inquiry on 
1,160,000 injections in rheumatological private practice 
in France). Rheumatology 1999;38:1272-1274.

11. Mader R, Lavi I, Luboshitzky R. Evaluation of the 
pituitary-adrenal axis function following single 
intraarticular injection of methylprednisolone. Arthritis 
Rheum 2005;52:924-928.

12. Mace S, Vadas P, Pruzanski W. Anaphylactic shock induced 
by intraarticular injection of methylprednisolone acetate. 
J Rheumatol 1997;24:1191-1194.

14. Meenagh GK, Patton J, Kynes C, Wright GD. A 
randomised controlled trial of intra-articular 
corticosteroid injection of the carpometacarpal joint of 
the thumb in osteoarthritis. Ann Rheum Dis 
2004;63:1260-1263.

15. Stahl S, Karsh-Zafrir I, Ratzon N, et al. Comparison of 
intraarticular injection of depot corticosteroid and 
hyaluronic acid for treatment of degenerative 
trapeziometacarpal joints. J Clin Rheumatol 
2005;11:299-302.

16. Peters-Veluthamaningal C, Winters JC, Groenier KH, et al. 
Corticosteroid injections effective for trigger finger in 
adults in general practice: a double-blinded randomised 
placebo controlled trial. Ann Rheum Dis 
2008;67:1262-1266.

17. Kazuki K, Egi T, Okada M, et al. Clinical outcome of 
extrasynovial steroid injection for trigger finger. Hand 
Surgery 2006;11:1-4.

18. Piazzini DB, Aprile I, Ferrara PE, et al. A systematic review 
of conservative treatment of carpal tunnel syndrome. 
Clin Rehab 2007;21:299-314.

19. Grassi W, Farina A, Filippucci E, et al. Intralesional 
therapy in carpal tunnel syndrome: a sonographic 
guided approach. Clin Exp Rheumatol 2002;20:73-76.

20. Sawaizumi T, Nanno M, Ito H. De Quervain’s disease: 
efficacy of intra-sheath triamcinolone injection. Int 
Orthop 2007;31:265-268.

22. Richie CA 3rd, Briner WW Jr. Corticosteroid injection for 
treatment of de Quervain’s tenosynovitis: a pooled 
quantitative literature evaluation. J Am Board Fam Pract 
2003;16:102-106.

23. Smith DL, McAfee JH, Lucas LM, et al. Treatment  
of nonspecific olecranon bursitis. A controlled,  
blinded prospective trial. Arch Intern Med 
1989;149:2527-2530.

24. Bisset L, Smidt N, Van der Windt DA, et al. Conservative 
treatments for tennis elbow: do subgroups of patients 
respond differently? Rheumatology 2007;46:1601-1605.

25. Stahl S, Kaufman T. The efficacy of an injection of 
steroids for medial epicondylitis. A prospective study of 
sixty elbows. J Bone Joint Surg 1997;79-A:1648-1652.

26. Carette S, Moffet H, Tardif J, et al. Intraarticular 
corticosteroids, supervised physiotherapy, or a 
combination of the two in the treatment of adhesive 



SE
C

TI
O

N
 4

 ●
 P

RI
N

CI
PL

ES
 O

F 
M

A
N

A
G

EM
EN

T

628

capsulitis of the shoulder: a placebo-controlled trial. 
Arthritis Rheum 2003;48:829-838.

27. Akgun K, Birtane M, Akarirmak U. Is local subacromial 
corticosteroid injection beneficial in subacromial 
impingement syndrome? Clin Rheumatol 
2004;23:496-500.

28. Robinson P, Keenan AM, Conaghan PG. Clinical 
effectiveness and dose response of image-guided 
intra-articular corticosteroid injection in hip 
osteoarthritis. Rheumatology 2007;46:285-291.

30. Shbeeb MI, O’Duffy JD, Michet CJ Jr, et al. Evaluation of 
glucocorticosteroid injection for the treatment of 
trochanteric bursitis. J Rheumatol 1996;23:2104-2106.

31. Roberts WN. Primer: pitfalls of aspiration and injection. 
Nat Clin Pract Rheumatol 2007;3:464-472.

33. Calvo-Alén, J, Rua-Figueroa I, Erausquin C. Treatment of 
anserine bursitis. Local corticosteroid injection vs. a 
NSAID. A prospective study. [Spanish] Rev Esp Reumatol 
1993;20:13-15.

34. Uson J, Aguado P, Bernad M, et al. Pes anserinus 
tendino-bursitis: what are we talking about? Scand J 
Rheumatol 2000;29:184-186.

35. Canoso JJ, Wohlgethan JR, Newberg AH, Goldsmith MR. 
Aspiration of the retrocalcaneal bursa. Ann Rheum Dis 
1984;43:308-312.

36. Crawford F. Plantar heel pain and fasciitis. Clin Evid 
2004;11:1589-1602.

37. Genc H, Saracoglu M, Nacir B, et al. Long-term 
ultrasonographic follow-up of plantar fasciitis patients 
treated with steroid injection. Joint Bone Spine 
2005;72:61-65.

38. Markovic M, Crichton K, Read JW, et al. Effectiveness of 
ultrasound-guided corticosteroid injection in the 

treatment of Morton neuroma. Foot Ankle Int 
2008;29:483-487.

39. Breidahl WH, Adler RS. Ultrasound-guided injection of 
ganglia with corticosteroids. Skeletal Radiol 
1996;25:615-638.

40. Ting WW, Sontheimer RD. Local therapy for  
cutaneous and systemic lupus erythematosus:  
practical and theoretical considerations. Lupus 
2001;10:171-184.

41. Baan H, Haagsma CJ, van de Laar MA. Corticosteroid 
injections reduce size of rheumatoid nodules. Clin 
Rheumatol 2006;25:21-23.

43. Cohen PR, Kurzrock R. Sweet’s syndrome: a review of 
current treatment options. Am J Clin Dermatol 
2002;3:117-131.

45. Solans-Laqué R, Bosch-Gil J, Canela M, et al. Clinical 
features and therapeutic management of subglottic 
stenosis in patients with ANCA-associated 
granulomatous vasculitis. Lupus 2008;17:832-836.

47. Ozkiris A, Erkilic K. Complications of intravitreal injection 
of triamcinolone acetonide. Can J Ophthalmol 
2005;40:63-68.

48. Bellamy N, Campbell J, Robinson V. 
Viscosupplementation for the treatment of 
osteoarthritis of the knee. Cochrane Database Syst Rev 
2005;(2):CD005321.

49. Aggarwal A, Sempowski IP. Hyaluronic acid injections 
for knee osteoarthritis. Systematic review of the 
literature. Can Fam Physician 2004;50:249-256.

50. Caborn D, Rush J, Lanzer W, et al. Synvisc 901 Study 
Group. A randomized, single-blind comparison of the 
efficacy and tolerability of hylan G-F 20 and 
triamcinolone hexacetonide in patients with 

osteoarthritis of the knee. J Rheumatol 2004;31: 
333-343.

51. Raman R, Dutta A, Day N, et al. Efficacy of hylan G-F 20 
and sodium hyaluronate in the treatment of 
osteoarthritis of the knee—a prospective randomized 
clinical trial. Knee 2008;15:318-324.

52. Juni P, Reichenbach S, Trelle S, et al. Efficacy and safety 
of intraarticular hylan or hyaluronic acids for 
osteoarthritis of the knee: a randomized controlled trial. 
Arthritis Rheum 2007;56:3610-3619.

55. Torrance GW, Raynauld JP, Walker V. Canadian Knee OA 
Study Group. A prospective, randomized, pragmatic, 
health outcomes trial evaluating the incorporation of 
hylan G-F 20 into the treatment paradigm for patients 
with knee osteoarthritis (Part 2 of 2): economic results. 
Osteoarthr Cartil 2002;10:518-527.

56. Ward WG Sr, Boles CA, Ball JD, et al. Diffuse pigmented 
villonodular synovitis: preliminary results with 
intralesional resection and p32 synoviorthesis. Clin 
Orthop Rel Res 2007;454:186-191.

57. Bossard D, Carrillon Y, Stieltjes N, et al. Management of 
haemophilic arthropathy. Haemophilia 2008;14(Suppl 
4):11-19.

58. Kahan A, Modder G, Menkes CJ, et al. (169)Erbium-
citrate synoviorthesis after failure of local corticosteroid 
injections to treat rheumatoid arthritis-affected finger 
joints. Clin Exp Rheumatol 2004;22:722-726.

59. Vuorela J, Sokka T, Pukkala E. Does yttrium 
radiosynovectomy increase the risk of cancer in patients 
with rheumatoid arthritis? Ann Rheum Dis 
2003;62:251-253.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 67 
● Perioperative care of the rheum

atic disease patient
PRIN

CIPLES O
F M

A
N

A
G

EM
EN

T
 

Perioperative care of the rheum
atic disease patient

SECTION 4 PRINCIPLES OF MANAGEMENT

629

Patient
●	 Have	I	seen	the	right	doctors	to	define	the	cause	of	my	pains	and	

disability,	its	extent,	and	severity	and	have	I	failed	all	the	thera-
pies	recommended?	Should	I	seek	a	second	opinion?

●	 Are	my	pain	and	functional	limitation	sufficient	to	warrant	think-
ing	about	and	undergoing	surgery?

●	 Does	 my	 overall	 medical	 status	 enable	 me	 to	 safely	 undergo	
surgery?	What	does	my	internist/rheumatologist	think	about	this	
important	question?	If	there	is	a	high	risk,	can	that	risk	be	ame-
liorated	in	a	timely	and	safe	manner?

●	 If	 I	 have	 systemic	 lupus	 erythematosus,	 rheumatoid	 arthritis,	
psoriatic	arthritis,	or	another	type	of	systemic	arthritis	or	autoim-
mune	disorder,	do	I	have	specific	needs	and	problems	that	must	
be	addressed	prior	to,	during,	and	after	surgery?	Do	these	prob-
lems	 increase	 the	 chance	 that	 I	will	have	 a	medical	 or	 surgical	
complication?	 If	 so,	 what	 can	 I	 do	 to	 avoid	 them?	 If	 I	 am	 on	
steroids,	what	type	of	steroid	preparation	is	needed	preoperatively	
and	postoperatively?	What	should	be	done	with	my	other	rheu-
matic	disease	medications?

●	 Does	my	surgeon	have	a	lot	of	experience	in	performing	this	exact	
surgery	(i.e.,	numbers	of	surgery	per	year)	and	what	are	his	or	her	
outcomes?	Do	I	trust	and	am	I	able	to	communicate	appropriately	
with	the	surgeon?	Can	I	speak	to	a	patient	on	whom	he	or	she	
has	recently	performed	surgery?	Is	the	hospital	a	good	one	with	
an	 exceptional	 track	 record	 and	 medical	 and	 rehabilitation	
support?

●	 Do	I	have	optimal	support	at	home	after	the	surgery	to	assure	the	
best	of	care,	safety,	and	comfort?

Surgeon
●	 Am	 I	 sure	 about	 the	 type	 and	 extent	 of	 the	 musculoskeletal	

problem	that	is	causing	the	patient’s	pain	and	disability?	Have	I	
ruled	out	referred	pain,	infection,	or	fracture?

●	 Has	 the	 patient	 received	 the	 proper	 conservative	 care	 for	 this	
problem?	If	not,	what	needs	to	be	done	before	considering	surgery?

●	 Is	 the	problem	of	 such	 severity	 that	 surgery	 is	 the	only	way	 to	
improve	 pain	 and	 function	 and	 get	 the	 patient	 back	 to	 the	 life	
that	he	or	she	desires?

●	 Are	the	patient’s	expectations	appropriate?
●	 Is	 this	 patient	 medically	 and	 psychologically	 prepared	 for	 this	

planned	surgery?	Is	he	or	she	at	an	increased	risk	 for	thrombo-
embolic	disease	and,	if	so,	what	is	the	optimal	type	of	prophylaxis	
that	is	necessary	and	fits	well	with	his	or	her	medical	status?

●	 Which	 consulting	 physicians	 are	 required	 on	 the	 preoperative	
team	to	assure	the	best	outcome?

●	 Is	 the	patient’s	vascular	status	normal	and,	 if	not,	what	can	be	
done	to	improve	it?

●	 What	 type	 of	 antibiotic	 prophylaxis	 is	 necessary?	 Does	 this	
patient	have	allergies	to	antibiotics	and,	if	so,	which	antibiotic	is	
appropriate?

●	 Does	the	patient	need	to	be	sent	to	a	rehabilitation	center	before	
discharge	home?	Is	the	home	setting	and	social	support	sufficient	
to	ensure	an	optimal	outcome?

Rheumatologist/internist
●	 Has	the	patient	had	a	proper	assessment	of	the	musculoskeletal	

problem	causing	their	pain	and	disability?
●	 Is	 the	 patient	 medically	 and	 psychologically	 prepared	 for	 the	

planned	surgery?	If	not,	what	do	I	need	to	do	to	assure	the	best	

Perioperative care of the rheumatic 
disease patient
C. Ronald MacKenzie and Stephen A. Paget

Patients	with	rheumatologic	disease	often	require	surgery	for	problems	
that	 arise	 in	 the	 course	of	 their	 condition.	Although	 such	 surgery	 is	
frequently	of	an	orthopedic	nature,	the	protean	clinical	manifestations	
of	 the	 chronic	 rheumatic	 diseases	 result	 in	 challenges	 that	 span	 the	
entire	breadth	of	surgical	expertise	and	practice.	Consequently,	rheu-
matologists	may	be	asked	to	evaluate	and	provide	care	for	their	patients	
in	the	perioperative	context.	As	such,	a	familiarity	with	the	extensive	
literature	pertaining	to	medical	care	in	the	surgical	setting	is	required.1-5

This	chapter	reviews	the	clinical	domain	and	literature	pertaining	
to	 perioperative	medicine.	Beginning	with	 a	 general	 consideration	of	
the	indications	for	orthopedic	surgery,	this	chapter	develops	a	stepwise	
approach	 to	 the	 preoperative	 medical	 evaluation,	 the	 assessment	 of	
surgical	 risk,	 and	 reviews	 the	 literature	 pertaining	 to	 perioperative	
evaluation	 and	 care	 emphasizing	 problems	 relevant	 to	 patients	 who	
suffer	from	chronic	rheumatic	conditions.

INDICATIONS FOR ORTHOPEDIC SURGERY
Elective surgery
The	ultimate	indications	for	elective	orthopedic	surgery	are	refractory	
pain	and	disability	due	to	a	well-defined	and	significant	pathologic	state	
that	is	intolerable	to	the	patient.	The	final	decision	to	go	ahead	with	
such	surgery	reflects	the	outcome	of	a	partnership	among	the	patient,	
orthopedist,	 and	 primary	 care	 physician.	 A	 rheumatologist	 is	 often	
consulted	as	well.	As	noted	later,	many	facts	must	be	incorporated	into	
the	final	equation	before	surgery	is	scheduled	and	performed,	and	each	
part	of	the	co-management	team	has	specific	questions	that	must	be	
asked	and	answered.	Ultimately	the	patient	and	his	or	her	physician	
must	agree	that	the	positive	effects	of	the	surgery	outweigh	the	poten-
tially	negative	consequences.	This	balance	is	often	complicated,	espe-
cially	in	older	patients	with	significant	co-morbidities.

Joint replacement surgery
The	 indication	 for	 such	 surgery,	 whether	 it	 involves	 the	 hip,	 knee,	
shoulder,	ankle,	or	other	joint,	is	severe	pain	and	functional	limitation	
that	cannot	be	ameliorated	by	conservative	treatment.

Spine surgery
This,	too,	is	commonly	performed	to	decrease	pain	and	improve	func-
tion,	 but	 the	 patient	 may	 also	 have	 a	 progressive	 or	 incapacitating	
neurologic	 problem	 that	 demands	 immediate	 treatment,	 such	 as	 a	
severe	radiculopathy	or	a	myelopathy.	For	example,	acute	foot	drop	is	
a	common	precipitant	of	lumbar	spine	surgery.

Decision-making	 in	 the	 preoperative	 context	 can	 be	 viewed	 from	
the	perspective	and	viewpoints	of	the	significant	decision-makers.

67
 Careful preoperative evaluation, patient selection, and 

postoperative care are essential; coordination between the surgeon 
and rheumatologist is necessary.

 Orthopedic surgery can relieve pain and improve function.
 Joint replacement including hip, knee, shoulder, elbow, and wrist 

has been successful.
 Arthroscopy, osteotomy, and fusion might be indicated and helpful 

in selected instances.
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possible	outcome?	Do	I	need	to	simplify	or	change	the	medication	
regimen	in	preparation	for	the	surgery?

●	 Which	 preoperative	 assessments	 should	 I	 do?	 Does	 the	 patient	
have	 an	 increased	 risk	 of	 a	 cardiovascular	 problem	 intraopera-
tively	 and	postoperatively	 such	 as	 experienced	 by	 patients	with	
diabetes,	 rheumatoid	 arthritis,	 and	 systemic	 lupus	 erythemato-
sus?	If	so,	does	the	patient	need	a	stress	test	or	echocardiography?	
Does	her	or	she	need	preoperative	β-blockers?

●	 If	the	patient	has	diabetes	or	is	on	steroids,	what	needs	to	be	done	
to	assure	the	best	outcome?

●	 What	type	of	thromboembolic	prophylaxis	is	both	necessary	and	
conforms	best	to	the	patient’s	medical	status?

●	 How	do	I	keep	in	touch	with	the	hospital	team	preoperatively	and	
postoperatively	 to	 assure	 the	 best	 continuity	 of	 care	 and	 com-
munication	about	problems	that	arose	in	the	hospital	and	medica-
tion	changes	that	were	made?

Anesthesiologist
●	 Have	I	spoken	to	or	communicated	with	the	patient’s	internist,	

rheumatologist,	 other	 pertinent	 consultants,	 and	 surgeon	 to	
assure	that	I	am	up	to	date	on	the	patient’s	medical	status	and	
potential	complications	of	this	surgical	procedure?

●	 Have	I	discussed	the	type	of	anesthesia	that	I	will	be	giving	with	
the	patient,	medical,	and	surgical	team	and	explained	why	I	chose	
it	in	this	specific	patient?

●	 Which	of	the	patient’s	current	medications	has	he	or	she	taken	
or	not	taken	on	the	day	before	or	the	day	of	surgery?

●	 If	the	patient	is	on	steroids	or	has	diabetes,	have	the	appropriate	
medications	or	monitoring	been	given/instituted	to	optimize	the	
patient’s	medical	status?

●	 If	the	patient	has	cardiac,	pulmonary,	neurologic,	or	other	medical	
problems,	what	specific	monitoring	is	necessary	perioperatively?

NON-ELECTIVE (EMERGENCY)  
ORTHOPAEDIC SURGERY
There	are	times	when	the	careful	and	thoughtful	deliberations	noted	
earlier	are	not	possible	because	of	the	life-threatening	and	compelling	
nature	of	the	clinical	problem	such	as	a	hip	fracture,	a	myelopathy,	or	
a	 septic	 patient	 with	 an	 infected	 native	 or	 prosthetic	 joint.	 In	 these	
settings,	when	time	is	usually	of	the	essence	and	the	patient’s	overall	
health	 is	 at	 risk,	 the	 medical	 and	 surgical	 team	 must	 stabilize	 the	
patient	as	much	as	possible	 to	optimize	 the	outcome,	but	 time	 is	of	
the	essence.

Preoperative evaluation
The	purposes	of	the	preoperative	medical	and	subsequent	perioperative	
management	are	as	follows:

●	 Identification	of	the	nature,	severity,	and	degree	of	control	of	all	
co-morbid	conditions	that	may	affect	perioperative	clinical	deci-
sion-making	and	medical	care;

●	 Optimization	of	the	treatment	of	all	active	medical	problems;
●	 Assessment	 of	 anesthesia	 and	 surgery-associated	 risk	 (both	 in	

magnitude	and	type);
●	 Anticipation	 and	 subsequent	 identification	 and	management	 of	

postoperative	complications,	the	risk	and	severity	of	which	might	
be	reduced	if	considered	preoperatively;

●	 Education	of	patients	 and	 families	 concerning	 the	perioperative	
experience;

●	 Motivation	of	 the	patient	 to	 commit	 to	preoperative	preventive	
practices	 (i.e.,	 smoking	cessation,	weight	 loss,	medication	com-
pliance,	 and	 adherence	 to	 care	 plans	 preoperatively	 and	
postoperatively).

As	 a	 consequence	 of	 medical	 advances,	 as	 well	 as	 financial	 and	
resource	constraints	and	their	impact	on	the	medical	system	at	large,	
there	has	been	a	substantial	trend	toward	the	performance	of	surgery	
in	 the	 ambulatory,	 outpatient	 setting.	 Indeed,	 the	 percentage	 of	 all	
surgical	 procedures	 performed	 on	 an	 outpatient	 basis	 in	 the	 United	
States	 rose	 from	 20%	 in	 1982	 to	 60%	 in	 1995,	 a	 trend	 particularly	
relevant	to	the	arthroscopic	techniques	of	orthopedic	surgery.6,7	Among	

a	number	of	benefits	of	these	developments	has	been	one	highly	posi-
tive	 consequence,	 the	 opportunity	 to	 move	 the	 preoperative	 medical	
evaluation	to	the	outpatient	arena	as	well,	often	weeks	before	the	surgi-
cal	 date.	 This	 change	 in	 practice	 allows	 time	 for	 discourse	 with	 the	
other	 physicians	 involved	 in	 the	 patient’s	 care,	 for	 supplementary	
consultation	and	investigation,	and	when	necessary	for	the	institution	
of	 therapy	 directed	 at	 optimizing	 the	 patient’s	 medical	 status	 before	
the	 contemplated	 surgery.	Practiced	 in	 this	manner,	 the	preoperative	
evaluation	 becomes	 a	 focal	 point	 of	 communication	 between	 all	
members	 of	 the	 medical	 team	 caring	 for	 the	 patient,	 enhancing	 the	
deliberative	 and	 collaborative	 nature	 of	 the	 consultative	 process	 and	
ultimately	the	patient’s	care.

Although	the	efficacy	of	preoperative	assessment	has	not	been	defin-
itively	established,8,9	 the	aging	and	increasing	complexity	of	modern-
day	 surgical	 patients	 justifies	 the	 enduring	 support	 for	 this	 clinical	
practice.	Published	observations	from	the	Australian	Incident	Monitor-
ing	 Study	 (AIMS)	 shed	 light	 on	 preoperative	 assessments.10	 In	 this	
study	11%	of	preoperative	assessments	were	considered	either	 inade-
quate	or	incorrect,	with	3.1%	of	all	adverse	postoperative	events	directly	
resulting	 from	 these	 flawed	 practices.	 Indeed,	 among	 those	 patients	
experiencing	 postoperative	 complications,	 the	 morbidity	 was	 consid-
ered	major.	Only	5%	of	such	events	were	considered	unpreventable.	In	
another	 study	 of	 anesthetic-related	 deaths,	 39%	 (53/135)	 of	 deaths	
involved	 suboptimal	 preoperative	 assessment	 and	 management.11	
Delays	in	surgery,	subsequent	complications,	and	unexpected	postop-
erative	 admissions	 to	 higher	 levels	 of	 care	 have	 been	 shown	 to	 be	
reduced	by	preoperative	evaluation.12	Further	anxiety,	pain,	 length	of	
stay,	and	patient	satisfaction	are	favorably	influenced	by	the	preopera-
tive	evaluation.	In	one	study	patients	rated	meeting	with	the	anesthe-
siologist	 preoperatively	 a	 higher	 priority	 than	 that	 of	 obtaining	
information	 on	 pain	 relief,	 methods	 of	 anesthesia,	 and	 discussion	
concerning	potential	complications	of	surgery.13

Although	 no	 consensus	 exists	 regarding	 what	 constitutes	 the	
optimal	preoperative	medical	evaluation,	a	growing	literature	pertain-
ing	 to	 perioperative	 medicine	 supports	 various	 core	 principles	 that	
underlie	effective	medical	consultation.	Depending	on	the	setting	and	
institutional	approach	to	perioperative	care,	the	preoperative	consulta-
tion	 may	 be	 conducted	 by	 an	 MD	 (internist,	 medical	 subspecialist,	
hospitalist,	or	anesthesiologist)	or	by	physician	extenders	(nurse	prac-
titioners,	physician	assistants)	under	supervision.	Although	the	manner	
in	which	consultation	takes	place	also	varies	as	a	result	of	how	and	in	
what	discipline	one	was	 trained,	 the	role	played	by	 the	medical	con-
sultant	may	also	be	changing	when	compared	with	historical	practices.	
Because	the	complexity	of	medicine,	especially	the	growth	in	pharma-
cology,	 the	 challenges	 of	 the	 elderly	 with	 their	 co-morbidities	 and	
restricted	 physiologic	 reserve,	 and	 productivity	 and	 reimbursement	
pressures	 that	 keep	 surgeons	 in	 the	 operating	 room	 (as	 opposed	 to	
rounding	on	the	floors),	surgeons	are	desirous	of	a	more	involved	con-
sultant.14	This	may	take	the	form	of	a	more	active	participation	in	the	
patient’s	 care	 (ordering	 rather	 than	 recommending	 medications),	
adopting	a	co-management	strategy	for	the	patient’s	postoperative	care,	
or	in	some	instances	assuming	full	responsibility	for	the	patient	after	
completion	of	the	surgery.	No	matter	which	of	the	paradigms	is	agreed	
on,	 communication	 between	 the	 referring	 and	 consulting	 physicians	
remains	essential	to	the	provision	of	optimal	care.	Evolving	from	earlier	
guidelines	(Ten	Commandments	for	Effective	Consultation),15	a	recent	
revision	stressed	 such	considerations	as	 (1)	determine	 the	customer;	
(2)	establish	the	urgency;	(3)	gather	your	own	information;	(4)	be	brief,	
specific,	but	 talk	 to	 the	referring	physician;	 (5)	establish	contingency	
plans;	(6)	establish	one’s	turf	and	don’t	stray;	(7)	teach	with	tact;	and	
(8)	follow	up.12

HISTORY AND PHYSICAL EXAMINATION
The	 needs	 of	 the	 patient	 in	 the	 perioperative	 context	 depend	 on		
a	 number	 of	 considerations,	 notably	 age,	 functional	 capacity,	 co-	
morbidity,	 and	 the	 type	 of	 anesthesia	 and	 surgery	 to	 be	 performed.		
A	complete	history	and	physical	 examination	constitute	 the	bedrock	
preoperative	 evaluation	 providing	 the	 clinical	 context	 on	 which	
informed	decisions	concerning	the	value	of	additional	ancillary	testing	
can	 be	 premised.	 The	 focus	 and	 content	 of	 the	 preoperative	 history		
do	 differ	 from	 general	 medical	 practice,	 however.	 The	 reason	 the	
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patient	 is	having	the	surgery	should	be	ascertained	because	the	risks	
vary	with	the	magnitude	and	urgency	of	the	procedure.	Patients	should	
be	asked	about	their	prior	experience	with	surgery	and	anesthesia,	and	
the	presence,	severity,	and	stability	of	all	co-morbid	conditions	should	
be	 established.	 All	 prescription	 and	 over-the-counter	 medications,	
including	the	use	of	herbs	and	supplements,	should	be	recorded	with	
their	dosages	and	dosing	schedules.	The	use	of	tobacco,	alcohol,	and	
other	drugs	should	also	be	documented,	as	should	the	patient’s	allergic	
history.

The	physical	examination	is	more	than	a	supplement,	confirming	
and	often	amplifying	 information	obtained	from	the	medical	history.	
In	the	preoperative	context,	not	only	should	the	examination	be	thor-
ough,	it	should	also	focus	on	patient	characteristics	that	might	adversely	
affect	the	patient’s	postoperative	course.	In	addition	to	the	vital	signs,	
body	 mass	 index	 (BMI)	 should	 be	 calculated	 (weight/height)	 because	
this	parameter	is	associated	with	the	development	of	various	chronic	
diseases.	 Obesity	 is	 a	 risk	 factor	 for	 surgery.	 Careful	 auscultation	 of	
the	heart	is	important	because	the	presence	of	third	and	fourth	heart	
sounds	may	indicate	congestive	heart	failure	and,	depending	on	their	
nature	 and	 severity,	 valvular	 heart	 disease	 may	 compromise	 cardiac	
function	at	times	of	physiologic	stress	such	as	surgery.	Obesity,	 large	
neck	circumference,	and	hypertension	predict	obstructive	sleep	apnea,	
an	 important	 but	 underappreciated	 problem	 in	 the	 postoperative	
setting.

LABORATORY STUDIES
The	 benefit	 of	 preoperative	 laboratory	 testing	 has	 been	 examined	 in	
many	studies,	and	its	benefit	(or	lack	thereof)	continues	to	be	widely	
debated.	Should	such	testing	be	procedure	or	disease	driven	or	is	the	
practice	 of	 screening	 laboratory	 panels	 justified	 in	 the	 preoperative	
setting?	Regarding	testing	when	there	are	no	clinical	indications,	less	
than	1%	has	been	shown	to	provide	useful	information16;	indeed,	there	
is	 evidence	 to	 suggest	 that	 overall,	 such	 testing	 may	 actually	 be	
harmful.17	Not	surprisingly,	preoperative	diagnostic	tests	ordered	as	a	
consequence	of	a	finding	uncovered	on	history	and	physical	examina-
tion	are	more	likely	to	be	abnormal18;	of	particular	importance	is	the	
previously	 abnormal	 result	 that	 is	 associated	 with	 new	 or	 persistent	
abnormalities.19

Recent	practice	in	perioperative	medicine	has	resulted	in	a	marked	
diminution	in	the	ordering	of	ancillary	testing	before	surgery.	Encom-
passing	an	array	of	preoperative	investigations,	an	extensive	literature	
has	failed	to	demonstrate	that	such	testing	improves	surgical	outcome.20	
The	 establishment	 of	 guidelines,	 the	 effect	 of	 which	 was	 to	 reduce	
preoperative	testing,	has	been	shown	to	not	result	in	untoward	periop-
erative	events	or	test	ordering.21	In	studies	involving	healthy	patients	
who	 underwent	 minor	 procedures,	 routine	 preoperative	 laboratory	
testing	appears	unnecessary.22-24	Nonetheless,	depending	on	the	patient	
and	the	nature	and	magnitude	of	the	surgery	to	be	performed,	a	number	
of	 investigations	 may	 be	 considered	 appropriate	 and	 are	 commonly	
performed	on	patients	before	major	surgical	procedures	(Table	67.1).

Assessment of operative risk
A	primary	purpose	of	the	preoperative	medical	evaluation	is	the	iden-
tification	 of	 patients	 who	 are	 at	 higher	 risk	 for	 postoperative	 com-
plications.	 Although	 the	 standard	 history	 and	 physical	 examination	
remain	the	principal	screening	method	for	the	detection	of	conditions	
likely	to	affect	surgical	outcome,	rating	systems	have	been	developed	
to	 identify	 patients	 who	 are	 most	 likely	 to	 develop	 postoperative	
complications.

The	best	known	and	most	widely	used	is	the	American	Society	of	
Anesthesiologists	 (ASA)	 Physical	 Status	 Scale,	 which	 has	 a	 high		
correlation	 with	 the	 patient’s	 postoperative	 course.	 The	 ASA	 scale	
consists	of	five	levels	of	risk	(associated	surgical	mortality	in	parenthe-
ses)	based	on	the	presence	of	a	systemic	disturbance:	I,	absent	(0.2%);	
II,	 mild	 (0.5%);	 III,	 severe/non-incapacitating	 (1.9%);	 IV,	 incapacitat-
ing/threat	to	life	(4.9%);	and	V,	moribund/survival	less	than	24	hours	
without	surgery	(NA);	the	subdesignation	E	denotes	emergency	surgery,	
which	doubles	the	risk.25	Having	been	first	proposed	in	1941,26	a	revi-
sion	 of	 the	 scale	 became	 the	 ASA	 Physical	 Status	 Scale.27	 Although	
criticized	for	the	vagueness	of	 its	criteria,	 it	has	proven	an	extraordi-
narily	durable	and	useful	assessment	tool.	Nonetheless,	the	search	for	
more	robust	prediction	methodologies	has	continued	and	considerable	
success	 has	 been	 achieved	 in	 the	 assessment	 of	 cardiac	 risk	
specifically.

The	landmark	work	of	Goldman	on	the	cardiac	risk	assessment	of	
patients	 undergoing	 noncardiac	 surgery	 can	 now	 be	 seen	 as	 having	

TABLE 67.1 RECOMMENDATIONS FOR LABORATORY TESTING BEFORE ELECTIVE SURGERY

Test
Incidence of abnormalities 
that influence management LR+ LR− Indications

Hemoglobin 0.1% 3.3 0.90 Anticipated major blood loss or symptoms of anemia

While blood cell count 0.0% 0.0 1.00 Symptoms suggest infection, myeloproliferative disorder, or myelotoxic 
medications

Platelet count 0.0% 0.0 1.00 History of bleeding diathesis, myeloproliferative disorder, or myelotoxic 
medications

Prothrombin time 0.0% 0.0 1.01 History of bleeding diathesis, chronic liver disease, malnutrition, recent or 
long-term antibiotic use

Partial thromboplastin time 0.1% 1.7 0.86 History of bleeding diathesis

Electrolytes 1.8% 4.3 0.80 Known renal insufficiency, congestive heart failure, medications that affect 
electrolytes

Renal function 2.6% 3.3 0.81 Age >50 yr, hypertension, cardiac disease, major surgery, medications that may 
affect renal function

Glucose 0.5% 1.6 0.85 Obesity or known diabetes

Liver function tests 0.1% No indication. Consider albumin measurement for major surgery or chronic illness

Urinalysis 1.4% 1.7 0.97 No indication

Electrocardiogram 2.6% 1.6 0.96 Men >40 yr, women >50 yr, known CAD, diabetes, or hypertension

Chest radiograph 3.0% 2.5 0.72 Age >50 yr, known cardiac or pulmonary disease, symptom or examination 
suggests cardiac or pulmonary disease

CAD, coronary artery disease.
From Smetana GW, MacPherson DS. The case against routine preoperative laboratory testing. Med Clin N Am 2003;87:7-40.
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ushered	in	the	field	of	perioperative	medicine.28	The	Goldman	Cardiac	
Risk	Index	has	undergone	extensive	study	and	subsequent	revision.29-31	
The	Revised	Cardiac	Risk	Index	is	the	most	widely	employed	scoring	
system	 today	 (Table	67.2).	One	point	 is	 assigned	 for	 each	of	 the	 six	
independent	 risk	 factors	 for	 major	 cardiac	 complications	 in	 patients	
undergoing	 emergency	 surgery.	 The	 incidence	 of	 such	 complications	
in	patients	with	zero,	one,	two,	or	three	risk	factors	was	0.4%,	0.9%,	
7%,	and	11%	in	a	validation	cohort.31

The	 search	continues,	however,	 to	develop	more	 global	 indicators	
of	risk.	Holt	and	Silverman	have	proposed	a	resilience	score	for	organ	
systems	compromised	by	an	underlying	disease	process.32	An	overall	
resilience	score	for	a	given	organ	system	is	derived	by	adding	the	stan-
dard	ASA	score	to	a	surgical	complexity	score	(rated	1	to	5).	A	maximal	
score	would	therefore	be	10	and	the	higher	the	score,	the	more	likely	
that	a	given	organ	system	will	suffer	injury	or	fail	 in	the	setting	of	a	
surgical	stress.	The	individual	scores	for	each	organ	system	assigned	a	
score	of	greater	than	3	can	be	added	and	reflect	the	impact	of	multi-
system	disease.	Although	of	interest,	more	work	needs	to	be	done	using	
this	 approach	 in	 order	 to	 determine	 its	 utility	 in	 diverse	 surgical	
populations.

Recent	 epidemiologic	 studies	 by	 Memtsoudis	 and	 colleagues33-34	
provide	 an	 interesting	 context	 from	 which	 to	 examine	 trends	 in	 the	
performance	 and	 outcomes	 of	 orthopedic	 surgery	 and	 provide	 useful	
information	relevant	 to	perioperative	 risk	assessment.	 In	an	ongoing	
series	 of	 studies,	 observations	 concerning	 the	 outcome	 of	 specific	
orthopedic	 procedures	 are	 drawn	 from	 two	 large	 national	 datasets.	
These	include	the	National	Hospital	Discharge	survey	(NHDS),	which	
is	composed	of	medical	information	collected	annually	since	1965	by	
the	National	Center	for	Health	Statistics	(a	database	of	inpatient	uti-
lization)	and	the	National	Inpatient	Sample	(NIS),	the	largest	annual	
all-payer	database	in	the	United	States.	The	power	of	these	studies	is	
derived	from	the	enormous	size	of	the	database,	which	in	the	case	of	
one	study	involved	nearly	7	million	patient	discharges.36

Thus	 far	 this	 work	 has	 focused	 on	 lower	 extremity	 arthroplasty,	
specifically	 the	 outcomes,	 complications,	 and	 mortality	 after	 total		
knee	 replacement	 (unilateral,	 bilateral,	 revision).	 The	 preoperative	
characteristics,	specifically	co-morbidities	of	 these	patients,	 the	post-
operative	 outcomes,	 and	 data	 pertaining	 to	 discharge	 considerations	
are	well	described	 in	 these	 studies.	Several	broad	 themes	 relevant	 to	
perioperative	 care	 can	be	derived	 from	 the	 analysis.	 First,	 the	use	of	
total	joint	arthroplasty	has	increased	over	time	and	trends	in	the	preva-
lence	of	co-morbidities	confirm	an	increase	in	the	frequency	of	hyper-
tension,	 diabetes	 mellitus,	 hypercholesterolemia,	 obesity,	 pulmonary	
disease,	and	coronary	artery	disease	over	time.33,35	Overall	complication	
rates	have	decreased	 in	spite	of	a	decreasing	 length	of	stay	except	 in	
the	case	of	bilateral	procedures.	Indeed,	among	the	population	undergo-
ing	 bilateral	 total	 joint	 arthroplasty,	 procedure-related	 complication	
rates	 were	 higher	 as	 compared	 with	 unilateral	 procedures	 despite	 a	

younger	average	age	and	lower	co-morbidity	burden.34	Mortality	after	
total	joint	arthroplasty	of	the	hip	and	knee	was	most	strongly	correlated	
with	postoperative	pulmonary	embolism	and	stroke.34	Preoperative	risk	
factors	for	in-hospital	mortality	were	revision	total	joint	arthroplasty,	
advanced	age	(>85	years),	and	the	presence	of	specific	co-morbidities,	
predominately	dementia,	renal,	and	cerebrovascular	disease.	There	was	
a	steady	decrease	in	the	risk	of	death	over	the	time	period	of	the	study	
(1990-2004).

ANESTHESIA IN PATIENTS WITH  
RHEUMATIC DISEASE
A	variety	of	issues,	including	airway	considerations,	the	site	and	antici-
pated	 duration	 of	 surgery,	 existing	 co-morbidity,	 and	 the	 patient’s	
emotional	state,	are	important	determinants	of	the	type	of	anesthesia	
to	 be	 used,	 whether	 invasive	 monitoring	 will	 be	 necessary,	 and	 the	
length	of	time	the	patient	will	spend	in	the	recovery	room	after	surgery.

Type of anesthesia
General	 and	 regional	 anesthesia	 is	 commonly	 used	 in	 the	 surgical	
treatment	of	patients	with	rheumatic	disease.	General	anesthesia	with	
endotracheal	 intubation	 may	 present	 a	 particular	 danger	 in	 patients	
with	rheumatoid	arthritis	or	ankylosing	spondylitis	(see	Section	V).	In	
patients	 with	 cervical	 spine	 instability	 or	 a	 rigid	 airway,	 fiberoptic	
intubation	may	be	required.	Regional	anesthesia	may	take	the	form	of	
local	 anesthesia	 for	 minor	 procedures,	 peripheral	 nerve	 block	 for	
surgery	of	the	upper	and	lower	extremity,	and	epidural/spinal	anesthe-
sia	for	arthroplasty	in	the	lower	extremity.

Although	the	debate	concerning	the	relative	superiority	of	regional	
versus	 general	 anesthesia	 remains	 unresolved,	 many	 surgical	 proce-
dures,	particularly	orthopedic	surgery,	are	well	suited	for	regional	anes-
thetic	 techniques.35	 Evidence	 does	 exist,	 however,	 suggesting	 that	
regional	 anesthesia	 does	 reduce	 the	 incidence	 of	 major	 perioperative	
complications.	 These	 include	 a	 reduction	 in	 the	 following:	 blood	
loss,36,37	deep	venous	thrombosis	and	pulmonary	embolism,	postopera-
tive	 respiratory	 events,	 and	 death.38,39	 Further,	 postoperative	 pain	
management,	a	 significant	problem	 for	patients	with	a	painful	 rheu-
matic	 disease,	 may	 be	 best	 managed	 with	 regional	 anesthetic	
approaches.40	 Peripheral	 nerve	 blocks	 using	 longer-acting	 anesthetics	
and	 infusion	 methodologies	 are	 another	 consideration	 because	 they	
provide	both	excellent	intraoperative	anesthesia	and	postoperative	pain	
relief.41,42

Monitoring techniques
Patients	undergoing	major	surgical	procedures	should	have	continuous	
electrocardiographic	 and	 pulse	 oximeter	 monitoring	 intraoperatively.	
At	the	discretion	of	the	anesthesiologist,	arterial	and	Swan-Ganz	cath-
eter	monitoring	may	be	helpful	in	selected	patients.	Such	monitoring	
is	 often	 employed	 in	 patients	 undergoing	 bilateral	 joint	 replacement	
surgery	and	in	those	with	a	history	of	prior	cardiac	disease.

Postoperative analgesia
A	number	of	options	exist	for	the	control	of	postoperative	pain,	includ-
ing	 the	 traditional	 intravenous	 or	 intramuscular	 routes	 (systemic)	
versus	 the	 administration	 of	 epidural	 analgesia.	 Patient-controlled	
analgesia	via	an	epidural	route	of	administration	is	an	effective	method	
of	 pain	 control	 postoperatively	 and	 often	 facilitates	 postoperative		
physical	 therapy,	 which	 is	 important	 in	 the	 restoration	 of	 range	 of	
motion	in	patients	undergoing	orthopedic	surgery.	This	technique	also	
reduces	the	systemic	absorption	of	analgesics,	thereby	minimizing	the	
problem	 of	 narcotic-induced	 respiratory	 depression.	 Parenterally	
administered	nonsteroidal	anti-inflammatory	agents	are	a	useful	alter-
native	to	traditional	analgesia	after	surgery	and	can	be	used	to	reduce	
narcotic	 requirements	 after	 major	 surgery.	 These	 drugs	 should	 not		
be	given	to	patients	with	the	common	contraindications	to	nonsteroi-
dal	 anti-inflammatory	 agents	 such	 as	 peptic	 ulcer	 disease,	 renal		
disease,	 and	 ischemic	 heart	 disease	 with	 the	 concomitant	 use	 of	
anticoagulants.

TABLE 67.2 REVISED CARDIAC RISK INDEX

High-risk surgery Intraperitoneal, intrathoracic, suprainguinal 
vascular

History of ischemic heart 
disease

Myocardial infarction, positive stress test, 
angina, nitrate therapy, pathologic Q waves

History of congestive heart 
failure

Congestive heart failure, pulmonary edema, 
paroxysmal nocturnal dyspnea, rales or S3 
gallop, vascular redistribution on chest 
radiograph

History of cerebrovascular 
disease

TIA or stroke

Preoperative treatment with 
insulin

Preoperative serum 
creatinine >2.0 mg/dL

From Lee HT, Marcantonio ER, Mangione CM, et al. Derivation and prospective validation of a 
simple index for prediction of cardiac risk of major noncardiac surgery. Circ 1999;100:1043-1049.
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PERIOPERATIVE MANAGEMENT OF CO-MORBID 
MEDICAL CONDITIONS
In	the	following	section	the	important	co-morbidities	encountered	in	
the	perioperative	setting	are	reviewed,	emphasizing	possible	problems	
relevant	to	the	rheumatic	disease	patient.

Ischemic heart disease
The	 contribution	 of	 cardiovascular	 disease	 to	 the	 risk	 of	 noncardiac	
surgery	 cannot	 be	 overstated.	 From	epidemiologic	 evidence	 it	 is	 pre-
dicted	that	the	number	of	persons	older	than	65	years	in	the	United	
States	will	increase	by	25%	to	35%	over	the	next	30	years,43	coinciding	
with	 the	 demographic	 group	 on	 which	 the	 majority	 of	 surgery	 is		
performed.44	 On	 this	 basis	 it	 has	 been	 estimated	 that	 the	 annual	
number	of	noncardiac	surgical	procedures	performed	in	this	age	group	
could	 increase	 from	 6	 to	 12	 million	 per	 year	 during	 this	 time		
period.	 Because	 many	 of	 these	 are	 major	 surgical	 procedures	 (intra-
abdominal,	 thoracic,	 vascular,	 and	 orthopedic),	 it	 can	 be	 anticipated	
that	postoperative	cardiovascular	morbidity	and	mortality	will	remain	
a	primary	focus	of	those	interested	in	the	practice	of	medicine	in	the	
perioperative	 setting.	 Fortunately,	 cardiovascular	 disease	 is	 the	 most	
investigated	 and	 well	 documented	 arena	 of	 perioperative	 medicine.	
Practical	guidelines	intended	to	guide	physicians	involved	in	the	assess-
ment	and	care	of	patients	with	cardiac	disease	are	widely	 recognized	
and	are	updated	 regularly	as	evidence	accrues.45	As	discussed	earlier,	
prediction	rules	predicated	on	readily	available	clinical	data	have	been	
extensively	 studied	 and	validated	 and	disseminated	 to	 the	practicing	
community.

With	 respect	 to	 the	 identification	 of	 the	 presence	 of	 preexisting	
cardiac	disease,	the	predictive	value	of	the	routine	clinical	assessment,	
the	 history	 and	 physical	 examination,	 electrocardiogram,	 and	 chest	
radiograph,	 supplemented	 by	 other	 non-invasive	 methodologies,	 are	
well	 established.	Also	 important	 is	 the	 definition	of	 disease	 severity 
and stability	 and	 prior treatment	 because	 these	 factors	 working	 in	
concert	with	other	clinical	characteristics	such	as	age,	functional	capac-
ity,	co-morbidity,	and	type	of	surgery	to	be	performed	ultimately	define	
postoperative	risk.	A	series	of	factors	may	predict	postoperative	myo-
cardial	infarction,	congestive	heart	failure,	and	death	after	orthopedic	
surgery	(Table	67.3).

The	American	College	of	Cardiology	(ACC)/American	Heart	Asso-
ciation	(AHA)	Guidelines	for	the	Perioperative	Cardiovascular	Evalua-
tion	 for	 Noncardiac	 Surgery43	 is	 the	 most	 extensive	 and	 current	
discussion	of	the	approach	to	the	preoperative	cardiac	evaluation.	This	
document	provides	algorithms	with	respect	 to	every	 level	of	decision	
making	in	this	clinical	setting	including	the	indications	for	preopera-
tive	 exercise stress testing and coronary angiography.	 Multiple	
modalities	 for	the	noninvasive	cardiac	evaluation	are	available,	some	
of	which	assess	cardiac	function	under	resting	conditions	while	others	
“stress”	the	patient	either	with	exercise	or	passively	using	pharmaco-
logic	induction	of	physiologic	stress.	In	patients	who	by	history	report	
high	exercise	tolerance	in	the	routine	course	of	their	lives,	little	useful	
information	 is	 likely	 to	 be	 gained	 from	 such	 testing.	 In	 others	 (e.g.,	
chronically	 ill	 rheumatic	 disease	 patients),	 the	 evaluation	 of	 cardiac	
function	preoperatively	may	be	useful	because	the	illness	may	limit	the	
natural	physical	“stress.”	Such	decisions	should	be	made	on	an	indi-
vidual	basis,	tempered	by	literature	concerning	the	utility	of	the	avail-
able	testing	modalities.

On	the	basis	of	the	belief	that	impairment	in	left	ventricular	func-
tion	 would	 predict	 postoperative	 cardiac	 complications,	 multiple	
studies	have	examined	this	correlation.	The	conclusion	reached	from	
these	 investigations,	 however,	 is	 that	 the	 incidence	 of	 postoperative	
complications	occurred	in	patients	with	a	left	ventricular	ejection	frac-
ture	(LVEF)	of	less	than	35%.	While	linking	such	cardiac	phenomena	
as	 ischemia,	 congestive	 heart	 failure,	 and	 death	 to	 impaired	 cardiac	
function,	a	resting	echocardiogram	has	never	been	demonstrated	to	be	
a	reliable	predictor	of	postoperative	ischemic	events.46,47	Other	nonin-
vasive	methods	for	the	detection	of	coronary	artery	disease	that	employ	
exercise	to	improve	sensitivity	and	specificity	are	widely	available	and	
have	spawned	an	extensive	 literature.	Exercise	stress	testing,	with	or	
without	 nuclear	 imaging	 or	 echocardiography,	 is	 extensively	 used	 in	
the	 assessment	 and	 detection	 of	 coronary	 artery	 disease	 in	 general	
practice.	Whether	the	method	employs	formal	exercise	(e.g.,	treadmill	
or	 bicycle)	 or	pharmacologic	 (dipyridamole,	 adenosine)	means	 for	 its	
stress	simulation,	the	goal	of	such	testing	is	the	provocation	of	myo-
cardial	 ischemia	by	 increasing	myocardial	oxygen	demand	relative	to	
supply.	In	these	studies	fixed	defects,	which	do	not	change	after	exer-
cise-induced	 redistribution	 of	 blood	 flow,	 represent	 myocardial	 scar	
from	prior	 infarction	and	have	 less	predictive	value	 for	postoperative	
ischemic	events.	In	patients	with	reversible	abnormalities,	cardiac	risk	
increases	with	 increasing	size	and	number	of	 reperfusion	abnormali-
ties.44	The	superiority	of	one	test	over	another	has	not	been	established.	
A	 meta-analysis	 of	 68	 studies	 involving	 10,278	 patients	 undergoing	
noncardiac	surgery	compared	the	predictive	value	of	stress	echocardiog-
raphy	versus	thallium	imaging.48	 In	this	study	the	stress	echocardio-
gram	had	superior	predictive	capability	for	postoperative	cardiac	events.	
Nonetheless,	 more	 than	 one	 third	 of	 the	 complications	 occurred	 in	
patients	with	negative	tests.	Currently	it	remains	unclear	whether	one	
approach	 to	 stress	 testing	 is	 definitively	 superior	 to	 another.	 Indeed,	
they	may	all	be	reasonably	good	for	preoperative	risk	assessment	and	
which	is	chosen	may	be	related	more	to	the	patient’s	physical	capacity	
to	participate	in	the	stress	induction	and	the	local	availability	of	such	
testing.	 The	 former	 is	 particularly	 true	 in	 the	 disabled	 rheumatic	
disease	or	orthopedic	patient.	Further,	 the	 important	question	 is	not	
which	test	should	be	performed,	but	rather	which	patients	will	benefit	
from	such	assessments?

Strategies	to	reduce	cardiac	risk	in	noncardiac	surgery	may	involve	
medical	therapy	or	invasive	cardiac	interventions	performed	preopera-
tively,	alterations	in	anesthetic	technique,	and	aggressive	management	
of	 adverse	 hemodynamic	 developments	 intraoperatively	 and	 postop-
eratively.	 For	 the	 internist-rheumatologist	 who	 evaluates	 the	 patient	
preoperatively,	the	relevant	approaches	include	medical	management,	
specifically	 the	 use	 of	 β-blockers,	 antiplatelet	 agents,	 and	 statin	
therapy.	 The	 widespread	 use	 of	 cardiac	 stents	 has	 become	 an		
important	management	problem	in	the	preoperative	setting.	On	occa-
sion,	 coronary	 revascularization	 prior	 to	 the	 noncardiac	 surgery	 is	
considered.

Recognition	of	the	protective	role	of	β-blockade	in	the	perioperative	
setting	has	been	considered	the	most	significant	advance	in	periopera-
tive	medical	care.	β-Blockers	protect	the	heart	by	improving	myocardial	
oxygen	balance	by	slowing	heart	 rate	and	 reducing	contractility.	The	
slowing	of	the	heart	rate	has	additional	benefits	through	an	improve-
ment	of	diastolic	filling	while	decreasing	myocardial	oxygen	consump-
tion.	 Although	 widely	 employed	 in	 the	 treatment	 of	 coronary	 artery	
disease	 for	 decades,	 it	 was	 not	 until	 1996	 that	 a	 potential	 role	 for		
this	 class	 of	 medication	 in	 the	 prevention	 of	 postoperative	 cardiac	

TABLE 67.3 SERIES OF FACTORS THAT MAY PREDICT POSTOPERATIVE MYOCARDIAL INFARCTION, 
CONGESTIVE HEART FAILURE, AND DEATH AFTER ORTHOPEDIC SURGERY

Major predictors of increased perioperative 
cardiac risk include:

Intermediate predictors of increased perioperative 
cardiac risk include: Minor predictors of increased perioperative risk include:

 recent myocardial infarction (<30 days)
 unstable or severe angina
 poorly compensated congestive heart failure
 significant arrhythmias
 severe valvular disease

 mild angina
 prior myocardial infarction by history or 

pathologic Q waves
 compensated or prior congestive heart failure
 diabetes mellitus

 advanced age
 abnormal electrocardiogram
 rhythm other than sinus
 low functional capacity
 prior stroke
 poorly controlled hypertension
 prior cardiac revascularization, currently asymptomatic
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complications	 was	 shown.	 In	 the	 first	 study	 examining	 the	 role	 of	
perioperative	β-blockade,	by	Mangano	and	colleagues,49	patients	with	
known	coronary	artery	disease	or	a	significant	risk	factor	profile	were	
randomized	to	receive	atenolol	or	placebo	starting	7	days	before	surgery	
and	continuing	 for	1	month	after	 surgery.	A	 significant	 reduction	 in	
cardiac	events	was	noted	postoperatively,	a	benefit	that	remained	sig-
nificant	 for	 a	 2-year	 period.50,47	 Subsequent	 work	 from	 the	 Dutch51	
appeared	to	have	confirmed	the	benefit	of	 the	preoperative	and	post-
operative	 administration	 of	 β-blockers	 in	 the	 noncardiac	 surgical	
setting.	The	practice	was	subsequently	widely	promulgated.	However,	
another	large-scale	randomized	controlled	trial	has	thrown	this	practice	
into	 question.52	 This	 study,	 involving	 8351	 patients	 at	 190	 centers	
across	the	globe,	confirmed	the	findings	of	numerous	previous	clinical	
trials,	 that	 prophylactic	 β-blockade	 significantly	 decreased	 the	 inci-
dence	of	postoperative	myocardial	infarction.	However,	this	benefit	was	
negated	by	the	higher	incidence	of	death	(3.1%	vs.	2.3%),	stroke	(1.0%	
vs.	0.5%),	clinically	significant	hypotension	 (15%	vs.	9.7%),	and	bra-
dycardia	(6.6%	vs.	2.4%),	raising	concern	about	the	overall	net	safety	
of	 this	practice.	This,	 the	major	current	controversy	 in	perioperative	
medicine,	 is	under	active	debate.	The	most	prudent	approach	 to	 the	
use	 of	 perioperative	 β-blockers	 is	 to	 employ	 them	 only	 in	 selected	
circumstances:	 for	high-risk	patients	not	 already	on	β-blockers,	 start	
therapy	early	(days	to	weeks	before	surgery),	aim	for	a	lower	heart	rate	
(60	 beats	 per	 minute),	 and	 continue	 therapy	 for	 at	 least	 1	 week	
postoperatively.53

Chronic	 aspirin	 (acetylsalicylic	 acid,	 ASA)	 therapy	 for	 both	 the	
primary	 and	 secondary	 prevention	 of	 atherosclerotic	 cardiovascular	
disease	 is	 highly	 prevalent;	 indeed,	 the	 use	 of	 such	 therapy	 in	 the	
rheumatic	 diseases	 is	 also	 significant.	 As	 such,	 the	 use	 of	 ASA	 and	
other	antiplatelet	agents	in	the	perioperative	setting	is	commonplace.	
Due	 to	 its	 perceived	 bleeding	 risk,	 such	 agents	 were,	 until	 recently,	
usually	discontinued	5	days	before	surgery	when	possible.	Nonetheless,	
as	the	protective	role	of	such	therapy	has	been	better	appreciated,	the	
practice	of	discontinuing	ASA	before	surgery	has	been	called	into	ques-
tion.	A	meta-analysis	evaluating	this	issue	has	demonstrated	that	ASA	
withdrawal	preceded	up	to	10%	of	all	acute	cardiovascular	events,	and	
that	while	aspirin-related	bleeding	complications	increased,	the	bleeds	
tended	 to	 be	 mild	 and	 of	 little	 significance	 (except	 in	 intracranial	
surgery	and	transurethral	resection	of	the	prostate).54	Other	antiplatelet	
drugs	 (thienopyridines,	 clopidogrel,	 ticlopidine)	 are	 also	 in	 common	
usage,	 though	 guidelines	 for	 application	 in	 the	 perioperative	 setting	
have	not	been	established.	Owing	to	their	longer	half-life,	the	general	
practice	is	to	discontinue	these	agents	at	least	10	days	before	the	surgi-
cal	procedure.

A	 related	problem	of	 increasing	prevalence	 is	 the	management	of	
antiplatelet	therapy	in	noncardiac	surgery	in	patients	with	intracoro-
nary	stents.	Reports	of	stent	thrombosis	in	the	perioperative	period	in	
patients	who	have	had	such	therapy	discontinued	preoperatively	have	
raised	concern	about	the	attendant	risks.55-57	Such	thrombosis	is	associ-
ated	with	high	rates	of	myocardial	infarction	(up	to	50%).	Two	major	
classes	of	stents	are	currently	employed,	bare	metal	(BMS)	and	drug-
eluting	stents	(DES).	The	latter	contain	drugs	that	prevent	endotheli-
alization	 of	 the	 stent	 and	 hence	 restenosis.	 Because	 the	 use	 of	
antiplatelet	 agents	 (usually	 dual	 antiplatelet	 therapy)	 significantly	
reduces	the	incidence	of	stent	thrombosis,	the	protective	influence	of	
such	 medication	 is	 important.	 Further,	 the	 risk	 of	 stent	 thrombosis	
varies	with	 the	 type	of	 stent	 employed,	with	 the	BMS	 resulting	 in	a	
lower	risk	in	the	setting	of	the	discontinuation	of	antiplatelet	therapy.	
The	heightened	risk	of	thrombosis	after	DESs	is	believed	to	persist	for	
up	to	a	year.	According	to	a	recent	advisory	statement,	for	patients	who	
require	surgery	and	have	had	a	DES	placed	in	the	preceding	12-month	
period,	 ASA	 alone	 should	 be	 maintained	 with	 the	 other	 antiplatelet	
agents	being	stopped	7	to	10	days	before	surgery.58

Last	 there	are	 the	statins,	medications	known	to	have	both	 lipid-
lowering	and	anti-inflammatory	activity,	the	latter	of	which	stabilizes	
coronary	plaque,	 improves	endothelial	 function,	and	 inhibits	platelet	
aggregation.	 As	 a	 consequence	 of	 these	 theoretical	 benefits	 and	 a	
number	 of	 clinical	 trials	 suggesting	 a	 cardioprotective	 effect	 in	 the	
perioperative	 setting,59-61	 it	 is	 recommended	 that	 statin	 therapy	 be	
continued	in	the	perioperative	period	despite	the	well-known	potential	
complications	of	such	therapy	(hepatotoxicity,	myositis,	rhabdomyoly-
sis)	that	need	to	be	kept	in	mind.

Although	fewer	patients	with	rheumatoid	arthritis	and	spondyloar-
thropathies	 are	 undergoing	 orthopedic	 surgery	 due	 to	 the	 early	 and	
effective	 treatment	 strategies	 employed	 today,	 some	 will	 still	 require	
surgical	intervention	and	their	particular	cardiovascular	risks	need	to	
be	appreciated.	Rheumatoid	arthritis	results	in	premature	development	
of	atherosclerosis,	myocardial	infarction,	and	arterial	stiffening.	Con-
gestive	 heart	 failure	 is	 likewise	 independently	 related	 to	 rheumatoid	
arthritis,	 possibly	 because	 of	 impaired	 LV	 diastolic	 filling.	 Though	
effective	control	of	disease	activity	may	be	beneficial	 in	ameliorating	
vascular	and	myocardial	disease,	those	patients	with	severe	disease	are	
the	most	likely	to	have	subclinical	coronary	disease.	Like	rheumatoid	
arthritis,	 systemic	 lupus	 erythematosus	 (SLE)	 results	 in	 premature	
development	 of	 atherosclerosis,	 myocardial	 infarction,	 and	 arterial	
stiffening.	 Left	 ventricular	 hypertrophy	 develops	 in	 SLE	 unrelated	 to	
traditional	 stimuli	 to	hypertrophy	and	may	be	due	 to	 inflammation-
related	 arterial	 stiffening.62	 All	 COX-2	 selective	 and	 traditional	 non-
steroidal	 anti-inflammatory	 drugs	 increase	 the	 risk	 for	 ischemic		
heart	 disease	 and	 should	 be	 factored	 into	 the	 perioperative	 risk	
assessment.

OTHER CARDIOVASCULAR DISEASES
Hypertension
The	prevalence	of	hypertension	in	the	perioperative	setting	is	20%.	Its	
association	with	coronary	artery	disease	secures	it	as	a	risk	factor	for	
adverse	outcome	after	surgery.	Indeed,	it	has	been	shown	to	be	one	of	
five	independent	predictors	of	postoperative	myocardial	ischemia	and	
one	of	three	predictors	of	postoperative	mortality.63	Despite	these	asso-
ciations,	clinical	experience	suggests	 that	 the	magnitude	of	 risk	con-
ferred	 by	 blood	 pressure	 elevations	 alone	 appears	 small	 and	 current	
practice	supports	that	surgery	should	not	be	postponed	in	patients	with	
mild	 to	 moderate	 elevations	 in	 blood	 pressure.	 One	 large	 study	 of	
patients	 with	 chronically	 elevated	 blood	 pressure	 demonstrated	 no	
significantly	different	 outcome	based	on	whether	 or	not	 surgery	was	
cancelled	 for	 patients	 with	 diastolic	 blood	 pressures	 in	 the	 110–	 to	
130–mm	Hg	range.64	Patients	with	greater	elevations	in	blood	pressure	
or	 those	with	major	 end	organ	 (cardiac,	neurologic,	 renal)	 complica-
tions	of	the	disorder	should	probably	be	cancelled	until	their	pressure	
is	under	better	control.

Valvular heart disease
Dysfunction	of	 the	cardiac	valves	 is	a	 common	manifestation	of	 the	
connective	tissue	diseases.65	Beginning	with	the	classic	descriptions	of	
the	Libman-Sacks	vegetations	of	SLE,	regurgitation	of	the	mitral	valve	
has	 also	 been	 well	 described	 in	 rheumatoid	 arthritis.66	 Aortic	 valve	
disease,	 particularly	 aortic	 insufficiency,	 has	 been	 well	 described	 in		
the	HLA-B27–associated	spondyloarthropathies.67	In	these	conditions	
the	 aortic	 regurgitation	 has	 been	 shown	 to	 result	 from	 aortitis	 and	
subsequent	dilatation	of	the	aorta.68	In	addition	to	these	associations,	
there	is	the	high	prevalence	of	aortic	and	aortic	valve	involvement	in	
the	systemic	vasculitides	including	granulomatous	disorders,	systemic	
vasculitis,	giant	cell	arteritis,	and	Takayasu	arteritis.63	In	these	condi-
tions,	 the	 inflammatory	 involvement	 of	 the	 great	 vessels	 results	 in	
aneurysmal	dilatation	of	 the	aorta,	aortic	 root	dilatation	and	 insuffi-
ciency,	and	ultimately	in	some	instances	aortic	dissection.	Along	with	
perioperative	prothrombotic	issues,	antiphospholipid	antibodies	in	SLE	
are	associated	with	mitral	valve	nodules	and	significant	mitral	regur-
gitation,	possibly	due	to	valvular	endothelial	cell	activation.69

Surgical	risks	in	patients	with	valvular	heart	disease	depend	on	the	
valve	affected,	as	well	as	the	nature	and	severity	of	the	valvular	lesion.	
The	 lesion	 conferring	 the	highest	perioperative	 risk	 is	hemodynami-
cally	 significant	 aortic	 stenosis,	 fortunately	 a	 relatively	 uncommon	
valvular	 lesion	 in	 the	 connective	 tissue	 diseases	 (although	 relatively	
prevalent	 in	 an	 aging	 surgical	 population).	 Mitral	 valve	 disease	 and	
aortic	 insufficiency,	 if	not	severe,	are	usually	well	tolerated,	although	
any	valvular	disease	associated	with	significant	left	ventricular	dysfunc-
tion	(New	York	Heart	Association	(NYHA)	Class	3	or	4)	increases	the	
risk	of	surgery.	Therefore,	patients	with	a	significant	cardiac	murmur,	
accompanied	 by	 signs	 or	 symptoms	 of	 left	 ventricular	 dysfunction,	
should	 undergo	 an	 echocardiographic	 assessment	 preoperatively,		
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particularly	 if	 a	 major	 procedure	 is	 planned.	 Invasive	 hemodynamic	
monitoring	perioperatively	may	be	indicated	in	patients	at	higher	risk.

Conduction abnormalities and arrhythmias
Although	cardiac	conduction	system	disease	and	arrhythmias	are	fre-
quently	a	marker	for	underlying	cardiac	or	pulmonary	disease,	meta-
bolic	abnormalities,	or	drug	toxicity,	they	are	more	frequently	seen	in	
patients	with	the	connective	tissue	diseases.	This	is	especially	true	in	
scleroderma	where	myocardial	fibrosis	 is	believed	to	compromise	the	
cardiac	conduction	system	leading	to	heart	block	and	a	wide	range	of	
electrocardiographic	abnormalities	and	arrhythmias.62	Therefore	when	
patients	with	this	and	other	connective	tissue	diseases	present	preop-
eratively	 with	 apparent	 conduction	 problems,	 the	 clinician	 should	
search	for	such	conditions	and	institute	corrective	action,	if	possible,	
before	surgery.

A	 problem	 that	 arises	 with	 some	 frequency	 is	 the patient with 
chronic atrial fibrillation on long-term anticoagulation.	Because	the	
risk	of	embolic	stroke	in	such	patients	who	are	not	anticoagulated	is	
low,	 it	 is	 safe	 to	 temporarily	 discontinue	 warfarin	 (Coumadin)	 for	 a	
sufficient	period	of	 time	preoperatively	 to	allow	 for	normalization	of	
the	 prothrombin	 time	 and	 international	normalized	 rate	 (INR).	 Five	
days	before	surgery	is	generally	sufficient	and	reinstitution	on	the	night	
of	surgery	is	safe	and	appropriate.

Pulmonary disease
Although	 the	 prevention	 and	 management	 of	 cardiac	 complications	
after	surgery	have	received	the	most	attention	in	the	medical	literature,	
postoperative	 pulmonary	 complications	 are	 frequent	 and	 important	
adverse	events	in	the	postoperative	period.70-73	One	large	study	(1055	
patients)	has	reported	a	2.7%	incidence	of	pulmonary	complications	in	
patients	thought	to	be	at	low	to	moderate	risk;	patients	developing	such	
problems	had	a	significantly	longer	length	of	stay	(27.9	vs.	4.5	days).74	
Indeed,	such	problems	as	atelectasis,	pneumonia,	aspiration	pneumo-
nia,	 respiratory	 failure,	 and	 the	 exacerbation	 of	 chronic	 obstructive	
pulmonary	disease	(COPD)	may	have	more	severe	consequences	than	
cardiac	disease	and	have	been	shown	to	be	more	predictive	of	long-term	
mortality.75,76	 Smokers	 have	 a	 1.4-	 to	 4.3-fold	 risk	 of	 postoperative	
pulmonary	complications.77	Chronic	obstructive	pulmonary	disease	is	
the	 most	 important	 patient-related	 factor	 predicting	 postoperative	
complications.	Such	patients	have	a	6%	to	28%	risk	 for	 the	develop-
ment	of	pulmonary	complications	after	surgery.68	Asthmatics	are	also	
at	 increased	risk	if	 their	disease	 is	not	well	controlled	preoperatively.	
The	 implications	 of	 chronic	 pulmonary	 disease	 in	 the	 perioperative	
setting	is	further	underscored	by	the	increased	prevalence	of	cardiovas-
cular	disease	in	these	patients.

Chronic	 pulmonary	 disease	 can	 be	 divided	 into	 three	 categories:	
asthma,	obstructive	lung	disease,	and	restrictive	lung	disease.	Chronic	
obstructive	lung	disease	(chronic	bronchitis,	emphysema)	and	asthma	
are	the	two	most	prevalent	 forms	of	chronic	pulmonary	disease	and,	
as	such,	are	the	pulmonary	problems	seen	most	frequently	in	the	pre-
operative	setting.	Characterized	by	a	reduced	forced	expiratory	volume	
in	1	second	(FEV1)	coupled	with	a	normal	to	increased	lung	capacity,	
these	conditions	are	important	predictors	of	postoperative	pulmonary	
complications,	 which	 may	 be	 pulmonary	 or	 non-pulmonary.	 Minor	
pulmonary	 complications	 (atelectasis,	 bronchitis)	 are	 increased	 in	
patients	who	smoke,	have	a	chronic	cough,	or	have	abnormal	spirom-
etry.	The	risk	of	severe	postoperative	pulmonary	complications	(pneu-
monia,	respiratory	failure)	is	increased	mainly	in	those	patients	with	
marked	impairment	in	lung	function	(FEV1	<	1.5	liters).

Restrictive	lung	disease,	although	generally	less	common,	deserves	
special	mention	owing	to	 its	prevalence	 in	the	connective	tissue	dis-
eases.	Defined	by	a	symmetric	decrease	in	FEV1	and	forced	vital	capa-
city	 (FVC),	 with	 a	 reduction	 in	 the	 total	 lung	 capacity	 (TLC),	 such	
restrictive	 patterns	 of	 lung	 spirometry	 are	 characteristic	 of	 the	 func-
tional	 abnormality	 seen	 in	 such	 conditions	 as	 rheumatoid	 arthritis,	
polymyositis/dermatomyositis,	and	SLE.78

Risk	factors	for	the	development	of	postoperative	pulmonary	com-
plications	 are	 divided	 into	 two	 categories:	 patient	 and	 procedure	
related.72,79	Patient-related	 risk	 factors	 include	such	characteristics	as	
age,	 existing	 chronic	 obstructive	 lung	disease	 (COPD),	 cigarette	use,	

congestive	 heart	 failure	 (CHF),	 co-morbidities,	 functional	 capacity,	
obesity,	sleep	apnea,	and	cognitive	impairment.	In	contrast,	procedure-
related	risk	factors	include	surgical	site	(increased	complication	rate	in	
procedures	near	the	diaphragm),	duration	of	surgery,	anesthetic	tech-
nique,	and	emergency	surgery.	Although	attempts	to	develop	an	overall	
pulmonary	predictive	risk	index	similar	to	the	Goldman	Cardiac	Risk	
index	 (or	 its	 variants)	have	 thus	 far	 been	unsuccessful,	 two	 separate	
pulmonary	risk	indices	have	been	published,	one	for	the	prediction	of	
postoperative	pneumonia80	and	another	for	respiratory	failure	occurring	
after	surgery.81

Two	other	pulmonary-related	conditions	are	increasingly	recognized	
for	their	contribution	to	postoperative	complications,	sleep	apnea	and	
chronic	 pulmonary	 arterial	 hypertension.	 Sleep	 apnea	 syndrome	 is	
defined	as	greater	than	five	apneic	events	(airflow	stops	for	>10	seconds	
despite	 continued	 respiratory	 effort)	 or	 more	 than	 15	 hypopneic		
events	per	hour	(airflow	lessens	>50%	for	>10	seconds)	during	a	7-hour	
sleep	study.	Although	 three	 types	are	 recognized—obstructive	 (OSA),	
central,	and	mixed—it	 is	usually	 the	obstructive	 form	that	comes	 to	
light	 in	 the	postoperative	period.82	Typically,	morbidly	obese	patients	
with	no	documented	history	of	the	condition	are	observed	in	the	recov-
ery	room	to	experience	upper	airway	obstruction,	suggesting	the	pres-
ence	 of	 the	 condition.	Other	 physical	 characteristics	 associated	with	
OSA	include	a	neck	circumference	of	17	inches,	craniofacial	abnormal-
ities	 affecting	 the	 airway,	 anatomic	 nasal	 obstruction,	 and	 tonsils	
touching	in	the	midline.	A	preoperative	interview	is	an	efficient	means	
of	screening	patients.	The	Berlin	questionnaire,	composed	of	10	ques-
tions	that	pertain	to	risk	 factors	 for	sleep	apnea	 (snoring,	wake	time	
sleepiness/fatigue,	hypertension),	has	 been	 shown	 to	 be	predictive	 of	
the	condition.83	These	patients	present	a	number	of	management	diffi-
culties,	beginning	with	an	often	challenging	airway	and	intubation	and	
after	 surgery	 with	 such	 problems	 as	 hypoxemia,	 hypertension,	 atrial	
fibrillation,	and	heart	 failure.	Pulmonary	arterial	hypertension	 (PAH)	
also	may	arise	as	a	consequence	of	long-standing,	untreated	OSA.

An	 increasingly	 recognized	 challenge	 in	 the	 perioperative	 setting,	
PAH	is	also	seen	in	association	with	connective	tissue	diseases,	most	
often	arising	as	a	consequence	of	the	pulmonary	disease	accompanying	
these	conditions.	Its	association	with	such	conditions	as	scleroderma	
and	mixed	connective	tissue	disease	is	well	known	to	the	rheumatolo-
gist.	In	the	surgical	setting	PAH	is	an	especially	treacherous	problem,	
challenging	 the	 medical	 and	 anesthesiologic	 management,	 and	 it	 is	
associated	with	substantial	mortality.84	A	pathophysiologic	state	char-
acterized	 by	 elevated	 right	 heart	 afterload,	 decreased	 venous	 return,	
reduced	cardiac	output,	and	deficient	oxygen	saturation,85	PAH	is	cat-
egorized	 according	 to	 its	 underlying	 etiology:	 Primary	 pulmonary	
hypertension,	 or	 PAH,	 arises	 as	 a	 consequence	 of	 left	 heart	 disease,	
hypoxic	pulmonary	disorders	(for	instance,	OSA),	or	chronic	thrombo-
embolic	phenomenon.86	The	sustained	elevations	in	pulmonary	vascu-
lar	resistance	and	pulmonary	arterial	pressure,	coupled	with	impaired	
vascular	 reactivity,	may	result	 in	significant	systemic	hypotension	 in	
the	setting	of	anesthesia.	The	negative	inotropic	effects	of	some	anes-
thetic	agents	may	exacerbate	this	tendency	and	precipitate	right	heart	
failure.	The	adverse	consequences	arising	on	the	left	side	of	the	circula-
tion	 (systemic	 hypotension)	 are	 further	 exacerbated	 by	 concomitant	
right-sided	 responses,	 where	 the	 pulmonary	 vessels	 constrict	 in	
response	to	the	resultant	hypoxia	promoting	the	development	of	hyper-
carbia,	 acidosis,	 hypothermia,	 and	 the	 release	 of	 catecholamines.	 If	
allowed	to	progress	too	far,	this	cascade	of	events	may	result	in	further	
hemodynamic	deterioration	and	frank	circulatory	collapse.81	Although	
new	and	effective	vasodilator	medications	such	as	endothelin	receptor	
antagonists	and	prostaglandins	can	significantly	decrease	the	pulmo-
nary	 artery	 pressures,87	 PAH	 no	 matter	 its	 underlying	 etiology	 is	 a	
potent	 risk	 factor	 for	 adverse	 outcomes	 after	 surgery.	 It	 demands	 a	
knowledgeable	 and	 collaborative	 group	 of	 physicians	 to	 make	 the	
correct	cost-benefit	decision	with	the	patient.

The	general	risk	of	perioperative	lung	dysfunction	depends,	in	large	
part,	 on	 the	 type	 of	 surgery	 performed.	 Patients	 with	 severe	 lung	
impairment	can	tolerate	minor	procedures,	even	under	general	anes-
thesia.	The	risk	of	pneumonia	following	major	peripheral	limb	surgery	
(such	as	hip	or	knee	surgery)	is	low,	even	in	the	patients	with	chronic	
lung	disease.	This	is	in	marked	contrast	to	intra-abdominal	or	intra-
thoracic	surgery,	which	is	associated	with	a	high	risk	of	atelectasis	or	
pneumonia	 in	 patients,	 particularly	 in	 patients	 with	 severe	 COPD.	
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Regional	anesthesia	for	surgery	on	the	extremities	circumvents	many	
of	these	problems.	However,	interscalene	block	may	transiently	para-
lyze	the	 ipsilateral	diaphragm	and	reduce	the	FVC	by	30%	to	40%.14	
Therefore	patients	with	COPD	undergoing	shoulder	surgery,	in	which	
interscalene	 block	 is	 frequently	 employed,	 should	 have	 pulmonary	
function	 studies	 performed	 preoperatively.	 In	 patients	 with	 severely	
impaired	pulmonary	function	(FEV1	<	1	liter),	interscalene	block	should	
be	 avoided	 altogether.	 Patients	 with	 COPD	 fare	 well	 with	 this	 anes-
thesia,	especially	in	the	sitting	position.

Patients	who	have	been	using	bronchodilators	on	a	chronic	basis	
before	surgery	should	be	given	their	standard	dosage	the	night	before	
surgery;	bronchodilator	therapy	should	be	administered	postoperatively	
either	systemically	or	by	nebulizer.	Incentive	spirometry	10	times	daily	
and	early	mobilization	are	helpful	 in	 the	prevention	of	postoperative	
atelectasis.

Endocrine problems
Diabetes mellitus
Diabetes	 is	 the	 most	 important	 endocrine	 disorder	 encountered	 in	
surgical	patients	and	in	the	postoperative	setting	should	be	regarded	as	
placing	the	patient	at	higher	risk	for	such	complications	as	myocardial	
infarction,	stroke,	infection,	and	death.88	Further,	diabetics	with	auto-
nomic	 insufficiency	 (manifested	by	postural	hypotension,	 impotence,	
nocturnal	diarrhea)	may	be	at	risk	for	sudden	cardiopulmonary	arrest	
postoperatively.89	 The	 importance	 of	 this	 chronic	 disease	 is	 under-
scored	by	its	inclusion	as	one	of	the	risk	factors	comprising	the	Revised	
Cardiac	 Risk	 Index.	 Given	 the	 high	 prevalence	 of	 coronary	 artery	
disease	in	diabetics,	cardiovascular	risk	assessment	is	a	focal	point	of	
the	preoperative	evaluation	of	these	patients	and	should	be	approached	
as	outlined	in	the	section	dealing	with	patients	with	established	cardiac	
disease	or	those	deemed	at	risk	due	to	their	clinical	profile.	Otherwise,	
the	 principal	 perioperative	 consideration	 is	 the	 management	 of	 the	
underlying	metabolic	disease	(i.e.,	glycemic	control).

The	achievement	and	maintenance	of	good	glycemic	control	in	the	
surgical	setting	is	often	challenging.	Owing	to	a	complex	interplay	of	
factors,	the	stimulatory	effects	of	anesthesia	and	surgery	enhance	the	
production	of	counter-regulatory	hormones	such	as	glucagon,	epineph-
rine,	cortisol,	and	corticotrophin	while	decreasing	the	endogenous	pro-
duction	 of	 insulin.	 These	 responses,	 coupled	 with	 an	 increase	 in	
lipolysis	and	ketogenesis	and	the	often	poor	caloric	intake	after	surgery,	
result	in	significant	derangements	of	overall	glycemic	control,	the	net	
tendency	 of	 which	 is	 to	 drive	 the	 blood	 sugars	 higher.	 Although	 the	
value	 of	 tight	 glucose	 control	 in	 the	 surgical	 setting	 has	 not	 been	
definitively	established,	an	important	clinical	trial	on	this	problem	has	
been	 reported.	 In	 this	 study,	 Van	 den	 Berghe	 and	 colleagues	 have	
shown	that,	in	critically	ill	surgical	patients,	tight	glucose	control	may	
reduce	postoperative	mortality	by	one	third.90	Nonetheless,	a	recently	
published	meta-analysis	concerning	tight	glucose	control	 in	the	criti-
cally	ill	patient	failed	to	show	benefit	(reduced	mortality,	new	dialysis),	
while	 such	 treatment	 increased	 the	 risk	 of	 hypoglycemia.91	 Thus	
although	 some	 controversy	 persists	 about	 the	 advantages	 of	 good	
control	 in	 the	 perioperative	 setting,	 three	 primary	 observations	 lend	
support	 to	 this	practice.	First,	many	diabetics	are	at	high	risk	 in	 the	
surgical	setting	and	efforts	to	reduce	these	risks	are	justified.	Second,	
it	 is	a	common	clinical	problem—an	estimated	25%	of	diabetics	will	
require	surgery	in	the	course	of	their	lifetime.	Third,	in	the	periopera-
tive	setting	good	glycemic	control	may	reduce	the	rate	of	wound	infec-
tion,	 vascular	 complications,	 and	 death.	 Nonetheless,	 clinical	 trials	
report	that	40%	to	80%	of	blood	sugar	determinations	fall	outside	the	
target	range,92-94	so	achieving	good	control	is	hard	to	do.95

The	 clinical	 considerations	 important	 to	 perioperative	 decision-
making	in	the	diabetic	are	protean.96	Added	to	the	routine	assessments	
employed	in	the	non-diabetic	are	such	considerations	as	the	long-term	
(end-organ)	complications	of	this	disorder	(micro-	and	macrovascular,	
neuropathic)	 with	 particular	 attention	 to	 cardiovascular	 and	 renal	
disease.	 Although	 the	 importance	 of	 optimal	 preoperative	 glycemic	
control	has	not	been	clarified,	it	is	important	to	characterize	the	type	
of	 diabetes	 (types	 1	 and	 2),	 determine	 the	 specifics	 of	 the	 patient’s	
treatment	 (medications,	 timing	 of	 and	 adherence	 to	 therapy),	 and	
determine	 the	 degree	 of	 glycemic	 control.	 The	 occurrence	 and	 fre-
quency	of	hypoglycemia	should	also	be	ascertained.	A	clear	understand-

ing	of	the	nature	and	magnitude	of	the	type	of	surgery	to	be	performed	
is	also	important.

In	general	the	goal	of	therapy	is	the	maintenance	of	the	glucose	level	
between	150	and	200	mg/dL	during	surgery	in	order	to	protect	against	
hypoglycemia.	 Numerous	 regimens	 have	 been	 recommended	 for	 the	
management	 of	 the	 diabetic	 in	 the	 perioperative	 setting91	 and	 the	
approach	employed	is	influenced	significantly	by	the	type	and	severity	
of	 the	 patient’s	 diabetes.	 Regardless	 of	 the	 severity	 of	 the	 disease,	
however,	 management	 should	 be	 proactive	 as	 opposed	 to	 reactive.	
Whenever	possible,	diabetics	should	be	scheduled	as	one	of	the	early	
cases	of	the	day	in	order	to	avoid	prolonged	periods	of	fast	on	the	day	
of	surgery.	For	patients	treated	with	oral	agents,	these	medications	are	
usually	given	on	the	day	before	surgery	and	then	held	postoperatively	
until	the	patient	is	tolerating	oral	intake	postoperatively.	For	insulin-
dependent	 patients,	 the	 patient’s	 usual	 insulin	 regimen	 should	 be	
continued.	 Type	 1	 diabetics	 should	 take	 a	 fractional	 amount	 (1/3	 to	
1/2	their	usual	dosage)	of	their	long-acting	insulin	on	the	morning	of	
surgery.	Type	2	diabetics	should	take	none	to	one	third	of	their	dosage,	
whereas	 those	 patients	 managed	 with	 an	 insulin	 pump	 should	 con-
tinue	at	their	basal	rate	of	insulin	infusion.

During	 the	 immediate	 postoperative	 period,	 blood	 sugars	 may	 be	
unstable	and	difficult	to	control.	As	such,	divided	doses	of	intermediate-
acting	(twice	daily)	or	short-acting	insulin	(usually	four	to	six	daily)	can	
be	 supplemented	by	 the	 subcutaneous	administration	according	 to	 a	
predetermined	 algorithm.	 Such	 an	 approach	 is	 maintained	 until	 the	
patient’s	oral	intake	is	fully	re-established.	A	different	regimen	is	indi-
cated	for	patients	taking	oral hypoglycemic agents:	these	medications	
can	be	taken	the	day	before	surgery	and	resumed	when	the	patient	is	
eating.	Continuous	insulin	infusions	are	occasionally	employed	postop-
eratively	in	the	patient	with	severe,	brittle	disease.

Chronic corticosteroid therapy
Because	many	rheumatic	disease	patients	take	corticosteroids,	prophy-
laxis	 against	 adrenal	 insufficiency	 and	 management	 of	 the	 patient’s	

BOX 67.1 PREOPERATIVE ASSESSMENT OF THE SURGICAL CANDIDATE 
WITH DIABETES MELLITUS
Operative risk assessment

Routine risk factors
Cardiac
Pulmonary
Renal
Hematologic

Diabetes-related risk factors
Macrovascular complications
Microvascular complications
Neuropathic complications

Diabetes therapeutic regimen
Reestablish correct diagnostic classification of diabetes
Pharmacologic regimen

Medication type
Dosage
Timing

Meal plan
Carbohydrate content
Timing of meals

Activity level
Hypoglycemia

Frequency
Awareness
Severity

Anticipated surgery
Type of surgical procedure
Inpatient or outpatient
Type of anesthesia
Start time
Duration of procedure

From Jacober SJ, Sowers JR. An update on perioperative management of diabetes. Arch Int 
Med 1999;159:2405-2411.
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corticosteroid	therapy	in	the	perioperative	setting	are	critically	impor-
tant.	Five	to	7.5	mg	daily	of	prednisone	approximates	the	normal	daily	
adrenal	output	of	cortisol	(30	mg).	Patients	believed	to	be	at	increased	
risk	for	adrenal	insufficiency	include	those	currently	taking	more	than	
20	mg	prednisone	daily	for	longer	than	3	weeks,	those	who	have	taken	
such	doses	for	more	than	2	weeks	in	the	preceding	year,	and	those	who	
are	 receiving	 replacement	 corticosteroid	 therapy	 for	 known	 adrenal	
insufficiency.	 Although	 surgery	 may	 produce	 sufficient	 “stress”	 to	
provoke	 adrenal	 insufficiency,	 surgeries	 vary	 in	 the	 amount	of	 stress	
they	produce	and	the	circulating	cortisol	concentration	usually	normal-
izes	within	24	to	48	hours	in	most	patients	after	surgery.97	Thus	the	
amount	of	supplementation	should	depend	on	the	anticipated	degree	
of	stress	(a	function	of	the	duration	and	severity	of	the	surgical	proce-
dure)	 and	 the	 chronic	daily	 steroid	dose.	Table	67.4	provides	 recom-
mendations	for	perioperative	glucocorticoid	coverage	according	to	the	
magnitude	of	the	surgery	to	be	performed.

Gastrointestinal disease
Gastrointestinal	problems,	both	exacerbations	of	chronic	conditions	or	
problems	arising	de novo,	may	complicate	the	postoperative	period	and	
produce	 significant	 morbidity.	 Among	 the	 most	 common	 of	 these	 is	
the	 development	 of	 postoperative	 nausea	 and	 vomiting	 (PONV),	 a	
problem	 that	 arises	 in	 20%	 to	 30%	 of	 patients	 after	 surgery.98	 An	
outcome	rated	by	patients	to	be	among	the	10	most	undesirable	con-
sequences	of	surgery,99	PONV	is	believed	to	be	multifactorial	in	etiol-
ogy	with	an	array	of	patient,	surgical,	and	anesthetic	factors	contributing	
to	the	development	of	this	problem.100	Patient	factors	most	often	cited	
as	 risk	 factors	 include	 female	 sex,	need	 for	 opioids	 for	 postoperative	
pain,	 and	a	history	of	motion	 sickness	or	PONV	with	prior	 surgery.	
The	 presence	 of	 none,	 one,	 two,	 three,	 or	 four	 such	 risk	 factors	 is	
associated	with	an	incidence	of	10%,	21%,	39%,	61%,	or	79%,	respec-
tively.101	 Such	 difficulties	 often	 herald	 the	 onset	 of	 more	 significant	
problems,	specifically	that	of	postoperative	abdominal	ileus.

The	impairment	of	gastrointestinal	(GI)	motility	after	surgery	is	a	
relatively	common	postoperative	complication,	albeit	not	one	restricted	
to	patients	with	chronic	gastroenterologic	problems.	Characterized	by	
constipation,	the	accumulation	of	gas	and	fluids	in	the	bowel	with	the	
development	 of	 abdominal	 distention,	 and	 intolerance	 to	 enteral	
feeding,	postoperative	ileus	is	generally	a	self-limited	condition	lasting	
3	to	5	days.102	Perturbations	in	GI	motility	after	surgery	arise	from	a	
number	of	adverse	influences	arising	in	the	postoperative	period.	Some	
of	 these	 are	 external	 such	 as	 narcotic	 analgesia	 and	 anesthesia,	 the	
fasting	 state,	 and	 the	 reintroduction	 of	 oral	 feeding.	 Others	 can	 be	
considered	internal	or	physiologic	responses	to	surgery.	Such	influences	
include	surgery-related	increases	in	sympathetic	nervous	system	tone,	
the	 hypothalamic	 release	 of	 corticotrophin-releasing	 factor,	 and	 the	
release	of	nitric	oxide,	 all	 of	which	have	a	negative	 influence	on	 the	
motility	of	 the	GI	 tract.	As	 a	preventive	maneuver,	 careful	 consider-
ation	should	be	given	to	the	optimal	timing	for	the	resumption	of	oral	
intake	of	both	liquids	and	solids,	and	potent narcotic therapy should 

be weaned down as quickly as possible,	particularly	in	patients	with	
chronic	 GI	 complaints	 and	 conditions.	 Early	 mobilization	 is	 also	
believed	to	be	an	effective	preventive	strategy.97	A	number	of	pharma-
cologic	approaches	are	also	commonly	required	in	order	to	resolve	such	
problems.	 These	 include	 the	 use	 of	 agents	 acting	 on	 the	 autonomic	
nervous	 system	 (bethanechol,	 carbachol,	 methacholine)	 and	 more	
recently	 the	 role	 of	 cholinesterase	 inhibitors	 such	 as	 neostigmine.103	
The	latter	is	generally	reserved	for	severe	cases	of	adynamic	ileus	with	
massive	dilatation	of	the	colon	in	the	absence	of	mechanical	obstruc-
tion	 (Ogilvie	 syndrome),	 a	 highly	 threatening	 complication	 with	 an	
attendant	mortality	of	50%.104,105	For	motility	problems	that	are	more	
directly	a	consequence	of	postoperative	narcotic	therapy,	the	µ-opioid-
receptor	 antagonist	 methylnaltrexone	 (Relistor)	 has	 recently	 been	
approved	and	may	be	useful	 in	the	postoperative	setting.106	A	simple	
and	novel	preventive	approach	is	the	use	of	chewing	gum	as	a	stimulant	
of	GI	motility	in	the	postoperative	setting.107

Other	GI	conditions	may	also	present	in	the	postoperative	period.	
Intestinal	volvulus	is	usually	seen	in	patients	with	a	history	of	abdomi-
nal	surgery,	chronic	diverticular	disease	that	may	flare	in	the	postopera-
tive	 setting,	 and	 even	 colon	 cancer,	 which	 may	 declare	 itself	 at	 this	
time.	Indeed,	all	three	may	mimic	and	present	as	abdominal	ileus.	A	
fourth	and	important	consideration	is	the	development	of	Clostridium 
difficile–induced	 colitis.108	 Owing	 to	 an	 increasing	 prevalence	 of	 this	
organism	in	the	population	and	the	subsequent	colonization	of	hospi-
tals	(a	direct	consequence	of	the	widespread	use	of	antibiotics),	severe	
infectious	colitis	has	been	increasingly	seen	in	the	postoperative	period,	
a	setting	in	which	patients	are	potentially	debilitated	and	highly	vulner-
able.	 C. difficile–induced	 colitis	 may	 be	 asymptomatic,	 present	 with	
diarrhea	alone	(without	colitis),	or	as	acute	pseudomembranous	colitis	
progressing	 to	 life-threatening	 toxic	 megacolon.	 Treatment	 requires	
aggressive	fluid	support	and	the	institution	of	oral	antibiotic	therapy,	
either	metronidazole	(250	mg	qid)	or	vancomycin	(125	mg	qid).	More	
resistant	cases	have	been	recently	described109	and	new	antibiotics	are	
available	for	those	patients	unresponsive	to	the	previously	mentioned	
medical	therapy.	Rarely,	in	the	most	severe	of	cases,	surgery	including	
total	colectomy	may	be	required.	As	simple	a	prevention	measure	as	
handwashing	can	significantly	decrease	 the	 transfer	of	 this	organism	
from	patient	to	patient.

Peptic	ulcer	disease,	a	reasonably	common	problem	in	the	orthope-
dic/rheumatic	disease	population	due	to	the	high	usage	of	non-steroidal	
anti-inflammatory	agents	and	steroids,	may	become	active	after	surgery;	
it	 is	particularly	problematic	 in	patients	who	 require	anticoagulation	
prophylaxis	such	as	those	who	have	undergone	total	joint	arthroplasty.	
Therefore,	patients with a history of peptic ulcer disease, GI bleed-
ing, or active dyspepsia should receive a prophylactic proton pump 
inhibitor or H2 blocker throughout the postoperative period.	In	the	
presence	of	a	strong	clinical	suspicion	that	an	active	peptic	process	is	
ongoing,	 the	 surgery	 should	 be	 canceled,	 a	 work-up	 performed,	 and	
treatment	instituted	before	proceeding.	In	patients	at	risk	for	the	devel-
opment	 of	 GI	 bleeding	 after	 surgery,	 serial	 stool	 guaiacs	 are	 a	 good	
surveillance	approach.

TABLE 67.4 RECOMMENDATIONS FOR PERIOPERATIVE GLUCOCORTICOID COVERAGE

Surgical stress
Target hydrocortisone 
equivalent

Preoperative 
steroid dose

Intraoperative 
steroid dose

Postoperative 
steroid dose*

Postoperative 
steroid dose day 1*

Postoperative 
steroid dose day 2*

Minor (e.g., inguinal 
herniorrhaphy)

25 mg/day for 1 day Usual daily dose 
of steroid

None† None† Usual daily dose†

Moderate (e.g., colon 
resection, total joint 
replacement, lower extremity 
revascularization)

50-75 mg/day for 1-2 
days

Usual daily dose 
of steroid

50 mg 
hydrocortisone

20 mg 
hydrocortisone 
every 8 hr

20 mg 
hydrocortisone 
every 8 hr

Major (e.g., 
pancreatoduodenectomy, 
esophagectomy)

100-150 mg/day for 
2-3 days

Usual daily dose 
of steroid

50 mg 
hydrocortisone

50 mg 
hydrocortisone 
every 8 hr

50 mg 
hydrocortisone 
every 8 hr

50 mg 
hydrocortisone 
every 8 hr

*If postoperative complications occur, continued glucocorticoid administration will be necessary commensurate with the level of stress. From Salem M, Tainsh RE, Bromberg J, et al. Perioperative 
glucocorticoid coverage. A reassessment 42 years after emergence of a problem. Ann Surg 1994;219:416-425.
†If the postoperative course is uncomplicated, patients can resume their usual steroid dose on postoperative day 1.
From Sweitzer BJ. Preoperative assessment and management. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins, 2008, p 409.
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Genitourinary conditions
As	a	consequence	of	bed	rest,	the	use	of	narcotics	and	epidural	anesthe-
sia,	and	the	presence	of	prostate	disease,	urinary	catheters	are	frequently	
placed	in	patients	after	major	surgery.	In	general,	such	catheters should 
be removed as early as possible and a surveillance urine culture per-
formed to rule out the development of a urinary tract infection.	If	
urinary	catheters	are	removed	within	48	hours	of	surgery	and	urinary	
retention	is	avoided,	the	risk	of	urinary	tract	infection	is	small.

Prostatic	 hypertrophy	 leading	 to	 urinary	 outflow	 obstruction	 is	 a	
common	 problem	 in	 men	 after	 surgery.	 In	 patients	 with	 significant	
chronic	 symptomatology,	 urologic	 consultation	 should	 be	 obtained	
before	 surgery	 and	 therapy	 (including	 transurethral	 resection	 of	 the	
prostate)	performed,	if	deemed	necessary.	In	patients	with	a	propensity	
to	urinary	retention	and	those	with	enlarged	prostate	glands	who	report	
obstructive	 symptomatology,	 therapy	 with	 agents	 such	 as	 terazosin	
(Hytrin)	and	tamsulosin	(Flomax)	could	be	instituted	before	or	at	the	
time	of	surgery.	In	patients	with	a	history	of	nephrolithiasis,	dehydra-
tion	should	be	rigorously	avoided	to	help	prevent	development	of	acute	
renal	colic.

Prevention of postoperative infection
The	risk	of	infection	in	a	prosthetic	joint	is	of	great	concern	in	patients	
undergoing	 total	 joint	arthroplasty.	Efforts	 to	prevent	and	detect	any	
infectious	processes	preoperatively	 and	postoperatively	 are	of	utmost	
importance.	The	skin	and	urinary	 tract	are	 sites	of	 specific	 concern,	
and	infection	can	be	ruled	out	by	a	careful	physical	examination	and	
routine	preoperative	urine	culture.	In	addition,	formal	dental	consulta-
tion	 may	 be	 appropriate	 in	 patients	 with	 poor	 oral	 hygiene	 and	
dentition.

Prophylactic antibiotic therapy for total joint arthroplasty 
patients	 should	begin	 less	 than	2	hours	before	surgery	and	continue	
for	24	hours.	The	recommended	protocol	at	Hospital	for	Special	Surgery	
involves	cefazolin	(Ancef)	1	g	every	8	hours	(total	of	three	doses)	or,	in	
penicillin-allergic	patients,	vancomycin	1	g	every	12	hours	(total	of	two	
doses).

Neurologic problems
Postoperative delirium
Delirium,	an	acute	confusional	state	most	often	seen	in	the	setting	of	
systemic	illness,	may	arise	in	the	postoperative	period,	particularly	in	
the	elderly.110	Characterized	by	an	alteration	in	the	level	of	conscious-
ness,	a	diminished	ability	to	maintain	and	focus	attention,	often	with	
hallucinations,	delusions,	and	agitation,	it	may	have	a	diurnal	variation	
(onset	of	and	more	severe	at	night)	and	an	unpredictable	duration.111	
Patients	 are	 at	 increased	 risk	 for	 the	 development	 of	 delirium	 after	
surgery	due	 to	a	confluence	of	 factors	arising	 in	 this	 clinical	 setting.	
These	risk	factors	include	acute	infections,	drug	(psychoactive,	analge-
sia,	anesthetic)	and	alcohol	toxicity	or	withdrawal,	dehydration,	fluid/
electrolyte/metabolic	disturbances,	 and	states	of	 low	perfusion	 (heart	
failure	 and	 shock).	 The	 incidence	 of	 this	 problem	 is	 high	 in	 some	
postoperative	settings.	For	example,	 in	patients	undergoing	emergent	
surgical	 repair	 of	 a	 fractured	 hip,	 37%	 of	 the	 nondemented	 patients	
have	 been	 reported	 to	 develop	 postoperative	 delirium.112	The	 signifi-
cance	 of	 this	 finding	 is	 underscored	 by	 the	 observation	 that	 among	
those	 who	 experienced	 delirium	 after	 surgery,	 69%	 developed	 frank	
dementia	over	 a	 subsequent	5-year	period	of	 follow-up	 (as	 compared	
with	a	20%	incidence	in	those	without	postoperative	delirium).	Further,	
Monk	and	colleagues	have	recently	reported	that	patients	with	postop-
erative	 cognitive	 dysfunction	 at	 discharge	 were	 more	 likely	 to	 die	
within	the	first	year	after	surgery.113

Although	acute	delirium	is	usually	a	transient	phenomenon,	clini-
cians	should	focus	on	the	detection	and	treatment	of	correctable	causes	
that	may	present	 in	 this	 fashion,	particularly	 in	 the	geriatric	patient	
population.	 Such	 causes	 include	 metabolic	 disturbances	 (hyponatre-
mia,	 hypoxemia);	medications	 (which	might	 be	 discontinued);	 infec-
tion;	and	various	acute	conditions	(e.g.,	respiratory	failure,	myocardial	
infarction,	 cardiac	 arrhythmias,	 congestive	 heart	 failure,	 pulmonary	
embolism	and	fat	embolism	syndrome).	Likewise,	elderly	patients	and	
patients	with	underlying	neurologic	dysfunction	(e.g.,	alcoholism,	Par-

kinsonism)	 are	 at	 increased	 risk	 for	 postoperative	 delirium.	 Formal	
neurologic	consultation	and	workup	is	occasionally	necessary	though	
generally	unrevealing.	Specific	alcohol	withdrawal	protocols	should	be	
developed	and	employed	because	the	overall	mortality	is	higher	in	these	
patients.	A	significant	reduction	in	the	incidence	of	postoperative	delir-
ium	through	proactive	geriatric	consultation	has	also	been	reported.114

Peripheral nerve injuries
Peripheral	nerve	injuries	arise	more	often	after	upper	and	lower	extrem-
ity	surgery	because	they	are	generally	a	result	of	excessive	traction	on	
the	nerve.	Alternatively,	they	arise	as	a	consequence	of	nerve	compres-
sion	 resulting	 from	 prolonged	 positioning	 of	 the	 extremity	 during	
surgery	 or	 as	 a	 result	 of	 a	 cast.	 Early	 detection	 and	 intervention	 are	
critical	to	the	ultimate	outcome	in	these	circumstances.	Patients	with	
antecedent	neurologic	disease	like	neuropathies	in	diabetics	or	spinal	
stenosis	are	at	increased	risk	of	nerve	injury.

Emotional/psychiatric problems
Patients	who	live	with	the	consequences	of	chronic	rheumatic	diseases	
or	disabling	orthopedic	conditions	may	suffer	emotional	difficulties	due	
to	 chronic	 pain,	 disability,	 impaired	 social	 interactions	 and	 personal	
relationships,	and	constrained	career	opportunities.	Because	surgery	is	
a	significant	life	stress,	such	individuals	may	require	additional	emo-
tional	 support	 perioperatively.	 Further,	 some	 patients	 may	 be	 taking	
or	require	antidepressant	or	antianxiolytic	medication.	In	the	relatively	
rare	patient	who	is	being	treated	with	monoamine	oxidase	inhibitors,	
it	is	recommended	that	the	medication	be	discontinued	10	to	14	days	
before	surgery	and	the	anesthesiologist	alerted	to	the	situation.	Patients	
on	these	agents	are	at	risk	of	marked	circulatory	instability	with	general	
anesthesia	and	certain	narcotics,	especially	meperidine.

Management of specific clinical problems
Specific	clinical	problems	 that	may	be	encountered	and	benefit	 from	
perioperative	management	are	discussed	here	roughly	in	order	of	how	
often	they	are	encountered.

Venous thromboembolism
Prevention	 of	 venous	 thromboembolic	 phenomenon	 after	 orthopedic	
surgery	is	the	most	thoroughly	studied	of	potential	postoperative	com-
plications.115-117	Pulmonary	embolism,	perhaps	the	most	dreaded	com-
plication	 of	 orthopedic	 surgery,	 remains	 an	 important	 cause	 of	
postoperative	mortality.118	Although	most	of	the	prodigious	literature	
on	this	problem	in	the	orthopedic	surgery	literature	has	concentrated	
on	 lower	 extremity	 arthroplasty,	 a	 recent	 study	 suggests	 that	 these	
treatment	 paradigms	 should	 also	 be	 considered	 after	 total	 shoulder	
arthroplasty,	 in	 which	 the	 risk	 of	 thromboembolism	 may	 be	 higher	
than	generally	appreciated.119

Every	surgery	sets	up	some	degree	of	a	prothrombotic	state	and	thus	
it	 is	 not	 whether	 prophylaxis	 is	 considered,	 but	 which one.	 In	 the	
setting	of	orthopedic	surgery,	a	complicated	balance	exists	between	a	
possible	life-threatening	pulmonary	embolus	and	potential	bleeding	of	
such	a	degree	as	to	compromise	the	surgical	outcome.	Numerous	pro-
tocols	have	documented	efficiency	in	minimizing	this	risk.	Prevention	
begins	at	 the	 time	of	 the	procedure.	Expeditious	 surgery	 reduces	 the	
risk	of	deep	venous	thrombosis	following	operations	such	as	total	hip	
replacement.	The	type	of	anesthesia	employed	is	also	important;	epi-
dural	anesthesia	reduces	the	risk	of	proximal	deep	venous	thrombosis	
following	total	hip	replacement	by	twofold	to	threefold	and	also	reduces	
the	overall	 risk	of	deep	venous	 thrombosis	by	at	 least	20%.120	Other	
intraoperative	interventions,	such	as	hypotensive	anesthesia	and	intra-
operative	heparin	administration,	further	reduce	thrombogenesis.121

Mechanical	methods	of	reducing	the	risk	of	thromboembolism	also	
have	proven	efficacy	and	 include	pneumatic	 compression	boots,	 foot	
pumps,	 compression	 stockings,	 foot	 flexion/extension	 exercises,	 and	
early	ambulation.	These	maneuvers	are	safe	and	effective	and	do	not	
increase	the	risk	of	bleeding.122	However,	the	mainstay	of	treatment	is	
some	 form	 of	 anticoagulation.	 Prophylactic	 anticoagulation	 is	 begun	
immediately	 following	 surgery.	 Regimens	 include	 aspirin,	 Coumadin	
with	a	target	INR	of	2.0	to	2.5,	low-molecular-weight	(LMW)	heparin,	
and	even	newer	medications	on	the	horizon.123-125	Aspirin	is	also	effec-
tive	when	combined	with	other	modalities	and	continues	to	have	 its	
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proponents,	particularly	in	low-risk	patients.	A	multimodal	approach,	
relying	 on	 a	 combination	 of	 intraoperative	 modalities,	 postoperative	
mechanical	devices,	early	ambulation,	and	low-intensity	postoperative	
anticoagulation,	is	preferred	for	the	majority	of	patients	by	most	experts	
and	clinicians.126,127

Fat embolism syndrome
The	embolization	of	fat	in	the	circulation	is	a	well-described	complica-
tion	 of	 skeletal	 trauma	 and	 surgery,	 as	 well	 as	 procedures	 involving	
instrumentation	of	the	femoral	medullary	canal.128	Although	the	embo-
lization	of	fat	occurs	in	almost	all	patients	who	sustain	hip	or	femoral	
fractures,	 the	 development	 of	 frank	 fat	 embolism	 syndrome	 (FES)	
occurs	in	relatively	few.	One	to	3%	of	patients	undergoing	joint	replace-
ment	surgery	(particularly	simultaneous	bilateral	procedures	in	which	
it	is	presumably	a	“dose”	effect)	and	5%	to	10%	of	patients	who	have	
sustained	multiple	long	bone	fractures129	develop	FES.

The	signs	and	symptoms	of	FES	involve	the	respiratory,	neurologic,	
hematologic,	and	cutaneous	systems.	Time of onset is variable;	hemo-
dynamic	 instability	may	develop	almost immediately	 (presaged	by	a	
rise	in	pulmonary	artery	pressure	when	the	prosthesis	is	cemented)	or 
more insidiously over the first 2 to 3 postoperative days.	In	the	latter	
group,	it	is	often	unclear	what	is	happening	early	on	because	patients	
gradually	become	moderately	to	severely	hypoxemic	after	surgery,	may	
be	hypotensive,	and,	in	the	case	of	the	elderly,	often	become	confused.	
Hematologic	 abnormalities	 such	 as	 transient	 thrombocytopenia	 are	
commonly	seen.	Respiratory	signs	are	the	most	common	manifestation	
of	FES.	The	majority	of	patients	develop	mild	to	moderate	hypoxemia,	
some	 radiographic	 changes	 (mainly	 bilateral	 alveolar	 infiltrates),	 and	
only	a	minority	will	develop	a	life-threatening	adult	respiratory	distress	
syndrome	 (ARDS)	 and	 require	 aggressive	 supportive	 measures	 and	
intubation.	Neurologic	manifestations	range	from	mild	drowsiness	to	
an	acute	confusional	state	to	severe	obtundation	and	coma,	all	conse-
quences	of	the	associated	hypoxemia	and	the	direct	effect	of	the	embo-
lization	of	fat	on	the	brain.130	The	skin	eruption,	which	is	rare	in	the	
total	 joint	 arthroplasty	 patient,	 takes	 the	 form	 of	 a	 petechial	 rash	
involving	 the	 conjunctiva	 and	 oral	 mucosa	 and	 distributed	 over	 the	
folds	 of	 the	 neck	 and	 axillae.	 Retinal	 edema	 and	 hemorrhage	 are	
common.

The	pathophysiology	of	FES	remains	unclear,	although	it	is	thought	
to	 involve	 mechanical	 and/or	 biochemical	 factors.	 The	 mechanical	
theory	states	that	in	circumstances	in	which	intramedullary	pressure	
exceeds	 venous	 pressure,	 fat	 globules	 will	 be	 embolized,	 ultimately	
logging	 in	 the	 pulmonary	 capillary	 bed.	 As	 a	 consequence	 of	 these	
events,	pulmonary	hypertension	develops,	opening	the	foramen	ovale	
and	allowing	for	the	passage	of	the	fat	globules	into	the	arterial	circula-
tion.	 These	 globules	 then	 lodge	 in	 the	 cerebral,	 retinal,	 and	 dermal	
capillaries,	 producing	 their	 end-organ	 effects.	 Alternatively,	 the	 bio-
chemical	 theory	 states	 that	 the	 embolized	 fat	 globules	 initiate	 an	
inflammatory	 response	 producing	 the	 adverse	 clinical	 phenomenon	
associated	with	this	condition.	These	theories	are	not	mutually	exclu-
sive.	 Indeed,	 these	 pathophysiologic	 mechanisms	 may	 be	 acting	 in	
concert.109,131	 Further	 interesting	 observations	 concerning	 age-related	
factors	and	specifically	marrow	fat	also	have	pathophysiologic	implica-
tions.	Owing	to	differences	in	the	lipid	composition	of	the	adult	bone	
marrow	(olein),	FES	is	less	common	in	children	whose	primary	mar-
row-derived	 lipids	 of	 palmitin	 and	 stearin	 are	 less	 likely	 to	 produce	
emboli.132

Although	 patients	 suspected	 to	 have	 developed	 FES	 need	 to	 be	
closely	monitored,	in	most	instances	such	embolic	events	are	generally	
clinically	benign.	Treatment	is	supportive	and	includes	the	administra-
tion	of	increased	concentrations	of	inspired	oxygen	(possibly	via	ven-
tilator),	the	prevention	of	pulmonary	hypertension	by	fluid	restriction	
and	 the	 use	 of	 diuretics	 and	 venodilators,	 and	 the	 control	 of	 pain.	
Corticosteroid therapy has not been demonstrated to be of benefit 
and is not recommended.	 In	 the	majority	of	patients,	 the	condition	
resolves	within	3	to	7	days,	although	in	severe	cases	the	mortality	rate	
has	 remained	 in	 the	 5%	 to	 15%	 range	 even	 with	 modern	 aggressive	
therapy.133

Antiphospholipid syndrome
Antiphospholipid	syndrome	(APS)	is	a	condition	consisting	of	vascular	
thrombosis	 (and/or	 pregnancy-related	 morbidity)	 arising	 as	 a	 conse-

quence	of	the	presence	of	antiphospholipid	antibodies	(aPL),	most	often	
the	lupus	anticoagulant	or	anticardiolipin	antibodies.134	This	syndrome	
may	exist	in	a	primary	form,	unassociated	with	an	underlying	connec-
tive	 tissue	 disease.	 It	 is	 considered	 secondary	 when	 it	 arises	 in	 the	
setting	of	such	conditions	as	systemic	lupus	erythematosus.	As	a	con-
sequence	 of	 their	 general	 hypercoagulability,	 patients	 with	 APS	 who	
require	surgery	are	at	increased	risk	of	postoperative	thrombosis.	Their	
need	for	long-term	anticoagulation	results	in	challenges	in	periopera-
tive	 management,	 specifically	 managing	 the	 often	 delicate	 balance	
between	 the	 patient’s	 propensity	 to	 thrombosis	 against	 the	 risk	 of	
postoperative	bleeding	due	to	the	need	for	anticoagulation.

Although	fraught	with	potential	risk,	surgery	may	be	necessary	in	
patients	 with	 APS	 and	 recommendations	 have	 been	 published	 from	
which	to	guide	medical	management.135	First,	the	important,	adjunc-
tive	role	of	physical	methods	in	the	prevention	of	venous	thrombosis	
should	 not	 be	 forgotten.	 Therefore	 such	 methods	 as	 intermittent	
venous	 compression	 should	 be	 aggressively	 employed	 preoperatively	
and	postoperatively.	Second,	 the	perioperative	period	without	antico-
agulation	should	be	kept	to	a	minimum.	Thus	for	patients	on	chronic	
Coumadin	 therapy,	 the	 medication	 should	 be	 stopped	 3	 to	 4	 days	
before	surgery	to	allow	for	normalization	of	the	INR,	while	concomi-
tant	therapy	with	LMW	heparin	instituted	at	therapeutic	dosages	(1	mg	
per	kg,	every	12	hours)	and	continued	until	the	night	before	surgery,	
when	it	should	be	stopped.	For	many	surgical	procedures,	particularly	
orthopedic	surgery,	Coumadin	can	be	restarted	the	night	of	the	surgical	
procedure.	If	there	is	no	contraindication,	LMW	heparin	in	prophylac-
tic	 dosages	 (30	mg,	 every	 12	hours)	 can	 be	 restarted	 simultaneously	
with	 Coumadin	 and	 maintained	 until	 a	 therapeutic	 INR	 has	 been	
achieved.	It	should	be	remembered	that	conventional	dosages	of	these	
agents	 may	 result	 in	 “undercoagulation”	 of	 patients	 with	 APS	 and	
larger	dosages,	if	feasible,	may	be	considered	necessary	postoperatively,	
irrespective	of	the	bleeding	risk	such	therapy	confers.

Given	the	frequent	use	of	epidural	and	spinal	anesthesia	in	patients	
undergoing	orthopedic	surgery,	 the	risk	of	epidural	and	spinal	hema-
toma	as	a	complication	of	such	anesthesia	should	be	noted.	The	avoid-
ance	 of	 this	 serious	 complication	 is,	 in	 part,	 the	 rationale	 for	 the	
omitting	of	the	heparin	dose	the	night	before	surgery.	In	addition,	at	
our	institution	heparin	is	not	restarted	until	at	least	4	hours	after	the	
removal	of	the	epidural/spinal	needle.

Hip fracture
Hundreds	 of	 thousands	 of	 patients	 are	 admitted	 to	 hospital	 in	 the	
United	States	 annually	 for	 treatment	 of	 a	 fractured	hip,	 resulting	 in	
major	 costs	 to	 society,	 patients,	 and	 their	 families.136-138	 Within	 the	
first	year	of	fracture,	20%	of	elderly	hip	fracture	patients	die,	compared	
with	9%	of	 age-matched,	non-fracture	patients.	Further,	 one	 sixth	of	
patients	 who	 survive	 1	 year	 after	 fracture	 are	 confined	 to	 long-term	
care	 facilities,	 while	 another	 one	 third	 continue	 to	 require	 assistive	
devices	or	the	help	of	others	to	manage	their	daily	activities.	Therefore	
after	a	fracture	of	the	hip,	most	patients	experience	permanent	impair-
ment	in	functional	capacity	and	the	rates	of	permanent	institutional-
ization	are	high.	Risk	factors	thought	to	increase	the	need	for	nursing	
home	 placement	 include	 living	 alone	 before	 the	 fracture,	 having	 no	
children,	and	female	gender.

The	 majority	 of	 hip	 fractures	 occur	 in	 frail,	 elderly	 women	 with	
osteoporosis	 who	 have	 sustained	 a	 fall.	 Indeed,	 falls	 are	 the	 most	
common	 antecedent	 event	 in	 these	 circumstances,	 and	 fractures	 are	
the	most	common	serious	fall-related	injury.	Risk	factors	for	hip	frac-
ture	 include	 increasing	 age,	 poor	 general	health,	maternal	history	 of	
hip	 fracture,	 a	history	 of	 thyroid	disease,	 poor	depth	perception,	 the	
use	 of	 psychoactive	 medication,	 sedentary	 lifestyle,	 and	 major	 life	
events.139

Femoral	neck	and	intertrochanteric	fractures	occur	at	approximately	
equal	 frequencies	and,	 in	order	 to	 restore	patient	mobility	and	 func-
tional	 status,	 most	 will	 require	 surgical	 intervention.124	 Although	 a	
matter	 of	 ongoing	 debate,	 more	 severe	 (i.e.,	 displaced)	 intracapsular	
femoral	neck	fractures	are	often	treated	with	joint	replacement	because	
they	may	 result	 in	 a	 serious	 compromise	 to	 the	blood	 supply	of	 the	
femoral	 head	 leading	 to	 osteonecrosis,	 collapse	 of	 the	 femoral	 head,	
and	secondary	osteoarthritis.140-143	Internal	fixation	is	the	usual	surgical	
approach	 to	 displaced	 femoral	 neck	 fractures.	 However,	 in	 the	 frail,	
elderly	patient	with	lower	anticipated	functional	requirements	and	life	
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expectancy,	such	fractures	may	be	treated	with	total	joint	arthroplasty	
as	well.

The	preoperative	medical	assessment	and	care	of	the	patient	with	
a	 fractured	hip	 is	challenging.	Owing	to	the	patient’s	age,	 frailty	and	
functional	 compromise,	 existing	 co-morbidities,	 and	 the	 poorer	
outcome	 when	 surgery	 is	 delayed,144,145	 the	 opportunity	 to	 optimally	
evaluate	and	prepare	such	patients	before	 surgery	 is	 constrained	and	
by	 necessity	 relies	 more	 on	 general	 principles	 of	 perioperative	 care.	
Published	 evidence	 suggests	 that	 preoperative	 cardiac	 stress	 testing	
results	 in	 very	 low	 rates	 of	 formal	 cardiac	 intervention	 and	 is	 not	
helpful	 in	 this	setting.146	Given	the	perioperative	care	demands	such	
patients	impose,	clinical	pathways124,147	and	other	integrated	co-man-
agement	(medical-surgical)	approaches	have	been	reported	both	for	hip	
fracture148	 and	 total	 joint	 arthroplasty.149	 The	 experience	 with	 such	
approaches	has	been	variable,	although	improvement	in	outcomes	have	
been	observed	with	such	strategies	in	terms	of	length	of	stay,	postop-
erative	complications	and	mortality,	late	readmission	to	hospital,	and	
with	 respect	 to	 functional	 recovery.	 One	 study	 employing	 proactive	
geriatric	consultation	reports	a	significant	 reduction	 in	 the	 incidence	
of	postoperative	delirium.116

Difficult neck
Some	patients	with	rheumatoid	arthritis,	generally	those	with	advanced	
and	aggressive	disease,	may	manifest	significant	cervical	spine	involve-
ment	 with	 instability	 arising	 from	 atlantoaxial	 or	 subaxial	 sublux-
ation.	 This	complication	presents	both	important	risks	to	the	patient	
undergoing	 surgery	 and	 significant	 challenges	 for	 the	 anesthesiolo-
gist,	 particularly	 if	 endotracheal	 intubation	 is	 required.	 These		
patients	 have	 an	 increased	 risk	 for	 cord	 compression	 during	 intuba-
tion	 or	 from	 uncontrolled	 neck	 movement	 during	 positioning	 for	
surgery.

Cervical spine instability should be ruled out before surgery with 
flexion/extension films in those patients with neck pain or crepitus 
on range-of-motion testing, radicular symptoms, and arm or leg 
weakness.	Affected	patients	 should	wear	 a	 soft	 cervical	 collar	 to	 the	
operating	room,	both	for	neck	immobilization	and	as	a	warning	to	all	
involved	not	to	overmanipulate	the	neck.	When	possible,	epidural	or	
spinal	anesthesia	should	be	employed.

Additional	 problems	 arising	 from	 the	 rheumatoid	 disease	 process	
include	involvement	of	the	temporomandibular	joint,	which	may	limit	
jaw	opening,	and	arthritis	of	 the	cricoarytenoid	 joints.	Because	these	
problems	 may	 also	 influence	 the	 choice	 of	 airway	 management,	 the	
anesthesiologist	should	be	informed	preoperatively	about	these	mani-
festations	of	the	disease	process	as	well.

The	converse	situation	arises	in	patients	with	ankylosing	spondyli-
tis,	in	whom	their	rigid	cervical	spine	may	also	present	technical	chal-
lenges	 for	 the	 anesthesiologist	 during	 intubation.	 In	 this	 setting	 a	
fiberoptic	method	is	often	employed	in	this	clinical	context.

Immunosuppressive/anti-inflammatory therapy
The	potential	contribution	of	corticosteroids	and	other	disease-modi-
fying	antirheumatic	drugs	(DMARDS)	to	the	genesis	of	postoperative	
infection	 and	 wound	 dehiscence	 have	 been	 long	 recognized	 by		
clinicians,	 although	 a	 consensus	 regarding	 how	 to	 manage	 these		

medications	in	the	perioperative	setting	has	proven	elusive.150,151	The	
primary	 challenge	 in	 this	 context	 is	 to	 achieve	 an	 optimal	 balance	
between	 the	 maintenance	 of	 control	 of	 the	 underlying	 disease	 while	
minimizing	 the	 risk	 of	 postoperative	 wound	 infection	 and/or	 wound	
breakdown.152-154	Animal	 studies	 on	wound	healing155-158	 and	 clinical	
investigation	 concerning	 postoperative	 infection159-161	 have	 produced	
conflicting	data.	Nonetheless,	a	number	of	studies	and	opinion	papers	
have	 recently	been	published	and	 two	 international	 groups	have	 for-
mulated	 recommendations	 on	 the	 basis	 of	 their	 accrued	 experience.	
These	include	the	guidelines	of	the	Club	Rhumatismes	et	Inflamma-
tions	 (CRI)	 in	 France162,163	 and	 the	 recommendations	 of	 the	 British	
Society	 for	Rheumatology	 (BSR).164	Both	 groups	 recommend	 the	dis-
continuation	of	anti–tumor	necrosis	factor	agents	for	short	periods	of	
time	before	surgery,	generally	in	the	range	of	2	to	4	weeks.	The	French	
favor	the	longer	4-week	interval	for	infliximab	and	adalimumab	due	to	
the	longer	half-lives	of	these	agents.	There	is	virtually	no	information	
concerning	postoperative	infection	and	wound	healing	with	the	newer	
agents	 such	 as	 anakinra,	 rituximab,	 and	 abatacept.117	 Recommenda-
tions	similar	to	those	of	the	other	biologics	will	therefore	have	to	suffice	
until	more	data	can	be	gathered.	Further,	patient-related	considerations	
should	also	be	taken	into	account	and	influence	decision-making.	For	
example,	 in	 patients	 undergoing	 minor	 surgical	 procedures	 with	 an	
associated	low	risk	of	infection,	the	continuation	of	treatment	through	
the	perioperative	period	might	be	reasonable.	However,	even	in	these	
surgical	settings,	other	patient-specific	characteristics	such	as	diabetes	
or	chronic	corticosteroid	use	would	argue	for	an	adherence	to	the	previ-
ously	mentioned	guidelines.

Integument
As	a	result	of	chronic	therapy	(i.e.,	corticosteroids,	immunosuppressive	
agents)	or	as	a	manifestation	(i.e.,	decubitus	ulceration)	of	the	debilitat-
ing	consequences	of	underlying	rheumatic	disease	or	orthopedic	condi-
tion,	skin	 integrity	may	be	compromised	before	and	after	procedures	
in	patients	undergoing	orthopedic	surgery.	In	addition,	delayed	wound	
healing	and	a	propensity	to	infection	may	result	from	these	influences.	
The	early	 institution	of	preventive	measures	 to	 combat	 the	develop-
ment	of	decubitus	ulcers	(particularly	of	the	heels	and	buttock	region)	
is	vital	to	an	uncomplicated	postoperative	course.

Eye
Patients	taking	chronic	optic	medication	should	have	their	eye	drops	
instilled	 before	 surgery,	 especially	 if	 a	 prolonged	 procedure	 is	 antici-
pated.	The	one	exception	to	this	recommendation	involves	the	use	of	
phosphodiesterase	 inhibitors	 in	 the	 treatment	 of	 glaucoma.	 These	
agents	may	prolong	the	action	of	the	neuromuscular	blocker	succinyl-
choline.	 This	 is	 particularly	 pertinent	 in	 patients	 with	 Sjögren	 syn-
drome	who	require	artificial	tears	to	prevent	perioperative	conjunctival	
injury.

Patients	in	the	prone	position	are	at	risk	for	ocular	injury	secondary	
to	 external	 pressure.	 Patients	 with	 underlying	 vasculitis	 of	 the	 optic	
vessels	are	at	particular	 risk	of	 ischemic	 injury	 to	 the	eye.	Thus	 the	
anesthesiologist	must	take	particular	care	to	position	the	patient	care-
fully,	avoiding	excessive	pressure	on	the	eye,	and	provide	appropriate	
eye	protection.
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reflected by the colloquial use of the words “pain in the neck” to 
describe a particularly disagreeable circumstance or individual. A com-
prehensive review of the burden of neck pain revealed a 12-month 
prevalence of any pain of between 30% and 50% and a prevalence of 
activity-limiting pain of 1.75% to 11.5%.3 The high prevalence of neck 
pain persists into old age, with centenarians still experiencing a 
1-month prevalence of 23% in women and 19% in men.4

Acute neck pain and stiffness is a common problem. Prevalence data 
indicate a frequency of 18% in a randomly sampled population.5 Aus-
tralian data indicate that 18% of people wake with some neck pain or 
stiffness and 4% experience neck pain for all of the day.6 The determi-
nants of chronic, mechanical neck pain are still incompletely studied. 
There is no doubt that trauma, particularly whiplash injury, is an 
important contributor to the burden of chronic neck pain. A clear 
relationship has been demonstrated between the nature of occupation 
and neck pain, with manual workers having higher frequencies of neck 
pain than those with sedentary jobs.7 More recent studies have shown 
that the chance of being symptom free years after an initial episode of 
neck pain is less in manual workers than sedentary workers.8 Other 
positive associations with neck pain include self-reported heavy work-
load, level of education9 (probably a confounding factor with heavy 
workload), and depression.10 A longitudinal study of adolescents has 
demonstrated that dynamic loading sports of the upper limbs during 
adolescence were associated with a risk reduction of 40% in the devel-
opment of neck and shoulder pain 7 years later, but psychosomatic 
symptoms were associated with up to 10% increase in risk. Increased 
flexibility in adolescent males has been shown to be protective of later 
neck symptoms in males, whereas in females good endurance strength 
confers similar benefits.11 One of the strongest predictors of future neck 
and shoulder pain was frequent symptoms of neck and shoulder pain 
during adolescence.12 Neck pain also has substantial genetic compo-
nents, with a twin study suggesting heritability of 35% to 58%.13

NATURAL HISTORY
Neck pain is divided arbitrarily into acute pain, lasting less than 3 
months, and chronic pain, lasting more than 3 months. For a given 
episode of acute neck pain, approximately 40% of patients will either 
recover fully or have mild symptoms. Moderate or severe symptoms 
will persist in a further 30%.14 For patients presenting to a general 
practitioner with neck pain for less than 6 weeks, after 12 months over 
three fourths will be fully recovered or much improved.15

In the setting of whiplash, 56% of patients with neck pain will 
recover in 3 months and 80% within 12 months.16 The main physical 
risk factor for chronic neck pain after whiplash is the severity of the 
initial symptoms.17 A recent best evidence synthesis highlights the role 
of psychological factors such as passive coping style, depressed mood, 
and fear of movement in slowing recovery.18

Chronic neck pain is weakly predicted by the presence of concomi-
tant low back pain, older age, previous episodes of neck pain, and stable 
symptoms for the 2 weeks before assessment.19

CLINICAL FEATURES
Neck pain may be classified as being referred from distant (non-cervical 
structures), as arising through involvement of cervical structures by 
neoplastic, inflammatory, or infectious disease, or as being mechanical 
or musculoskeletal in origin. Diseases that may refer pain to the neck 
are outlined in Table 68.1. Fortunately, these conditions are usually 
readily recognized through their other clinical characteristics, such as 
exertion-induced pain in angina, but the need for a complete history, 
including features other than those symptoms referable to the neck, is 

Neck pain
Les Barnsley

 Neck pain is a common regional pain syndrome usually arising 
from undefined mechanical or musculoskeletal disturbance.

 It occurs acutely with marked hypomobility. Chronic symptoms are 
poorly understood.

 Neck pain may rarely be a feature of a serious underlying malignant, 
infective, or inflammatory disorder and can occur in association with 
neurologic involvement (myelopathy and radiculopathy).

 No examination or imaging findings are known that reliably 
identify the source of pain, although it may be investigated with 
techniques targeting the pain.

INTRODUCTION
The neck provides a link of great flexibility between the sensory plat-
form of the head and the trunk. Simultaneously it provides vital con-
duits for neural and vascular tissue between the brain and the rest of 
the body. These conflicting priorities are achieved through the struc-
ture of the cervical spine, which combines strength with an extraordi-
nary range of movement. The strength is achieved through a bony tube 
made up of the individual vertebrae. The range of movement is achieved 
through a complex articular system involving ligamentous interverte-
bral discs and paired posterior zygapophyseal joints in the lower neck 
and loosely constrained synovial joints at the upper levels. The discs 
fissure posteriorly as part of the normal aging process,1 permitting 
rotatory movements through an oblique axis.2 The posterior zygapo-
physeal joints have no bony constraint and facilitate a broad range of 
movement through having flat surfaces that glide in concert to permit 
flexion and extension and in opposite directions to produce rotation. 
This complex is the subject of almost constant activity, with the neck 
being reported to move over 600 times per hour or once every 6 
seconds.1

Pain perceived in the region of the neck arises as a result of noxious 
stimulation of any of the structures innervated by the cervical spinal 
nerves. These encompass local sources of pain among the intrinsic 
structures of the cervical spine and distant sources that refer pain to 
the neck by virtue of being supplied by nerves that arise in the neck 
but leave the cervical region and enter the head or thoracic region. The 
majority of neck pain is acute and self-limiting and can be attributed 
to unspecified mechanical problems; but a small percentage of neck 
pain becomes chronic, and it is this pain that is the focus of this 
chapter. Most instances of chronic neck pain will prove to be muscu-
loskeletal in origin and are usually recognizable as such, but it is 
incumbent on the physician to exclude other serious and potentially 
treatable pathologic processes. Fortunately, the history and physical 
examination typically permit ready differentiation of musculoskeletal 
causes from other causes of neck pain. Once non-mechanical condi-
tions have been excluded, the second responsibility is to provide a 
diagnosis as to the structure and pathology producing the neck pain. 
Only with a sound anatomic diagnosis can therapy be targeted and 
rational.

Frequently discussed in association with neck pain, but really a 
separate problem, is the question of cervical nerve root or cervical cord 
compression. These problems warrant assessment on their own merits, 
independent of any associated neck pain, and are considered later.

EPIDEMIOLOGY
Although less common than low back pain, neck pain represents a 
common human experience: its universality and unpleasantness is 
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TABLE 68.1 NON-MUSCULOSKELETAL SOURCES OF NECK PAIN

Structure Condition

Pharynx Pharyngitis

Larynx Laryngitis
Carcinoma

Trachea Tracheitis

Thyroid Thyroiditis

Lymph nodes Lymphadenitis

Carotid arteries Carotidynia
Dissection
Inflammation

Aorta Aneurysm
Dissection

Heart Angina
Infarction

Pericardium Pericarditis

Diaphragm Inflammation by blood, infection

TABLE 68.2 MUSCULOSKELETAL STRUCTURES AND PATHOLOGIC PROCESSES

Muscles Joints Discs Bone Dura Ligament Other

Infectious Septic 
arthritis

Discitis Osteomyelitis Abscess
Meningitis

Epidural 
abscess

Neoplastic Primary Neurofibroma Spinal cord 
tumor

Secondary Meningioma

Inflammatory Polymyositis/dermatomyositis, 
polymyalgia rheumatica

Rheumatoid 
arthritis

Discitis?
Ankylosing 

spondylitis

Metabolic Paget’s disease
Osteoporosis
Osteomalacia

highlighted. A cross tabulation of those conditions that can affect the 
components of the cervical spine is shown in Table 68.2. The clinical 
history should cover those characteristics of the pain listed in Box 68.1. 
Each category reveals features that enable serious and distinctive condi-
tions to be identified or, at least, strongly suspected.

Onset of pain
The setting in which the complaint of pain starts is most helpful in 
raising the suspicion of a diagnosis of non-mechanical neck pain. The 
patient’s age and a past history of malignancy, particularly of the lung, 
breast, prostate, thyroid, or kidney, should raise the possibility of meta-
static bone disease. Previous surgery, immunosuppression, and past 
infections increase the risk of hematogenous osteomyelitis or septic 
arthritis. Inflammatory conditions such as ankylosing spondylitis, 
rheumatoid arthritis, and polymyalgia rheumatica are suggested by 
involvement of areas other than the cervical spine, a history of pain 
and stiffness on first rising and after immobility (“gelling”), and sys-
temic features such as weight loss or sweats.

Musculoskeletal pain typically arises after trauma or unaccustomed 
activity.20 Whiplash injuries in motor vehicle accidents are probably 
the most common cause of traumatic neck pain (see later), although 
sports injuries and industrial accidents lead to similar symptoms. 
Intrinsic disease processes, such as osteoarthritis, may be responsible 
for the development of pain.

Details of any trauma should be documented when possible so that 
the direction and magnitude of the forces applied to the neck can be 
estimated. Flexion imparts compressive forces to the vertebral bodies 

BOX 68.1 FEATURES OF PAIN TO BE ELICITED FROM THE 
CLINICAL HISTORY
 Mode and time of onset
 Site of pain
 Quality of pain
 Radiation of pain
 Frequency and duration of episodes of pain
 Pattern of episodes
 If periodic, mode of onset and time of onset
 Aggravating factors
 Relieving factors
 Associated features

and discs and distractive forces on posterior spinal elements such as 
the zygapophyseal joint capsules and posterior neck muscles. Con-
versely, extension injuries compress posterior cervical structures such 
as the articular pillars and zygapophyseal joints while distracting ante-
rior components such as the anterior annulus fibrosus of the disc, the 
vertebral endplates, and anterior longitudinal ligament.21

Quality of pain
The pain of mechanical, musculoskeletal derangement is typically dull, 
deep, and aching. Exacerbations are usually short-lived, with sharp 
pains superimposed on the chronic symptoms. Pain that does not 
follow this pattern, for instance, pain that is shooting or electrical, 
should raise suspicion that neural structures are involved. Deep, unre-
mitting pain with no periods of relief is a sinister sign implying ongoing 
distention, deformation, or invasion of pain-sensitive structures that 
may occur in malignancy.

Frequency and duration of episodes of pain
Mechanical or non-inflammatory musculoskeletal pain is typically 
experienced in episodes that are related to movement and exertion. 
The pain is made worse by particular postures or exercises and is 
characteristically improved by rest and immobility. Pain that does not 
follow this pattern, that is not altered by movement, and that worsens 
spontaneously suggests a more sinister underlying cause.

Site and radiation of pain
Musculoskeletal cervical pain is typically perceived over the posterior 
aspect of the neck and rarely radiates past the anterior border of the 
sternomastoid muscle. Pain in the anterior part of the neck usually 
indicates disease of one of the anterior structures (see Table 68.1). 
Intrinsic neck pain can radiate into the head and down onto the shoul-
ders. Headache is particularly common in those patients with upper 
cervical pathology, particularly at C3 and above. Pain from structures 
at these levels is often perceived in the distribution of the first division 
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of the trigeminal nerve or the back of the head and neck and is most 
likely mediated through the trigeminocervical nucleus in the upper 
spinal cord.22 Pain from lower cervical levels can be referred to the 
shoulder girdle, arm, interscapular region, and chest wall.23 It has been 
observed that the more severe the pain, the larger the area of referral.

Significance of site and radiation of neck pain
There are no means by which a single structure such as the dura, cervi-
cal zygapophyseal joints, or intervertebral discs can be singled out as 
the source of pain on the basis of clinical history and examination. 
However, studies of normal individuals have demonstrated the pat-
terns of pain referral stemming from the noxious stimulation of cervi-
cal structures. Probing the anterior part of the cervical discs in awake 
patients produced pain in the posterior neck, several segments below 
the level stimulated (Fig. 68.1a).24 Classic studies by Feinstein revealed 
that injections of hypertonic saline into deep cervical muscles produced 
distinct patterns of pain, again over the posterior neck (see Fig. 68.1b).25 
Dwyer and associates distended the capsules of the cervical zygapophy-
seal joints (C2-3 to C6-7) of normal volunteers.26 Each joint had a 
reproducible and characteristic pattern of pain referral (see Fig. 68.1c). 
The sclerotome of C6-7 involved the posterior lower neck extending 
well across the scapula, so that pain arising from this joint could be 
mistakenly considered to be arising from the shoulder. Stimulation of 
C5-6 resulted in pain over the crook of the neck but above the spine 
of the scapula, and C4-5 and C3-4 referred pain to the mid neck  
with biases to the lower and upper neck, respectively. Pain from C2-3 
was located in the suboccipital region, extending up onto the occipital 
part of the skull and down to the upper half of the neck. Similar  
methodology was used by Dreyfuss and colleagues to investigate refer-
ral patterns of pain from the atlantoaxial joint (AAJ) and atlanto-
occipital joint (AOJ).27 Injecting these joints in normal volunteers 
produced pain in the suboccipital region (see Fig. 68.1d). There is 
extensive overlap between different structures, so that “disc pain” may 
occur in an identical distribution to zygapophyseal joint pain or deep 
muscle pain. Moreover, adjacent structures have extensive overlap in 
the area to which they refer pain. In particular, the upper cervical zyg-
apophyseal joints and the AAJ and AOJ all refer pain to the suboccipital 
region.

The clinical consequence of this information is that it is impossible 
to determine the site of origin of neck pain on the basis of the site of 
pain alone. At best, the approximate level of involvement may be 
determined, but in practice this may be up to two or even three seg-
ments out and may reflect pain from a number of different structures. 
To complicate the issue further, a single source of pain may produce 
pain over a wide area through enhanced receptive fields of spinal 
neurons, so that pain may appear diffuse and unfocused. It is incum-
bent on the physician to carefully assess the “core” of such pain in 
considering where to start further investigation. Pain maps and dia-
grams of the affected body part that are completed by the patient may 
be useful in this regard.

Other musculoskeletal structures referring pain to the neck
Two structures have been shown to refer pain proximally to the neck, 
potentially drawing attention away from the true source of pain. In 
similar experiments on normal volunteers, injection of hypertonic 
saline solution into the acromioclavicular joint28 and sternoclavicular 
joints29 frequently produced pain in the neck, sometimes with little 
local discomfort over the target joint.

Associated features
Infections are typically accompanied by fevers and malaise as well as 
specific features reflecting the tissues involved. Pain arising from malig-
nant disease may be accompanied by paraneoplastic conditions such 
as peripheral neuropathy, hypercalcemia, or features of metastatic 
disease elsewhere. Symptoms that may accompany primary neck pain 
are dizziness and visual disturbances, which may be unaccompanied 
by abnormalities on conventional, neurologic examination. The exact 
pathophysiologic basis for these symptoms has not been elucidated, 
but a variety of hypotheses and increasing volumes of experimental 
data suggest an organic basis.21 These symptoms should not be inter-
preted as indicating a neurotic basis for the neck pain.

Fig. 68.1 Patterns of pain elicited by noxious stimulation of different parts of 
the cervical spine. The red represents the site stimulated to produce the pain 
pattern represented by the shaded area. (a) Intervertebral discs: probing of the 
discs in the midline anteriorly and lateral to the midline anteriorly (modified 
from Cloward24). (b) Deep musculoligamentous tissue: site of pain consistently 
produced by the injection of 6% saline into the interspinous region, just to the 
right of the midline, at cervical levels from C1 to C8 (modified from Feinstein et 
al25). (c) Zygapophyseal joints: sites of pain consistently produced by distention 
of the cervical zygapophyseal joints from C2-3 to C6-7 through intra-articular 
injections of contrast medium (modified from Dwyer et al26). (d) Upper cervical 
synovial joints: sites of pain consistently produced by distention of the 
atlanto-occipital (AOJ) and atlantoaxial (AAJ) joints through intra-articular 
injections of contrast medium (modified from Dreyfuss et al27).

PATTERNS OF PAIN ELICITED BY NOXIOUS STIMULATION OF DIFFERENT
PARTS OF THE CERVICAL SPINE

Midline disc
stimulation

C3–4

C4–5
C5–6

C6–7

C3–4

C4–5
C5–6
C6–7

Anterolateral
disc stimulation

C3

C5

C4

C6 C7

C3–4
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Neurologic abnormalities
Neurologic symptoms such as paresthesia and subjective weakness 
may occur in neck pain patients. Their significance depends on whether 
they are accompanied by definite neurologic signs. Weakness in the 
absence of neurologic signs may seem to suggest a non-organic basis 
for the complaints, but a variety of experimental studies have shown 
that pain has an inhibitory effect on motor neuron pools, resulting in 
a greater demand for effort and a consequent, subjective sensation of 
weakness.30 Paresthesia suggestive of nerve root irritation may arise, 
however, as a result of functional thoracic outlet syndrome caused by 
spasm of the scalene muscle.31 Alterations in sensation have been 
described in patients with chronic pain states, through complex inter-
actions between nociceptive and other sensory pathways leading to 
reports of altered sensation that do not correspond to classical derma-
tomal or peripheral nerve distributions.

Hard neurologic signs are an uncommon finding in patients whose 
primary complaint is of neck pain, but if neurologic impairment is 
detected, the thrust of investigation should be to determine the site 
and nature of the lesion. Coexistent neck pain and neurologic deficit 
may be due to intrinsic disease of the cord, dura, or nerve roots by 
neoplasia or infection (see Table 68.2) or by compression of neural 
tissue by bone or discs that are themselves intrinsic sources of pain. 
The clinical assessment should establish whether the spinal cord, 
nerve roots, or both are affected. The unexplained onset of, or presence 
of, impaired sphincter function, lower limb weakness, and a sensory 
level are indicative of cord compression and demand urgent assessment 
by magnetic resonance imaging (MRI) or myelography (with or without 
computed tomography [CT]). These imaging modalities should deter-
mine whether a reversible cause of cord compression is present and 
allow the planning of any decompressive procedures.

Signs suggestive of a nerve root disorder, such as loss of a reflex or 
reflexes, dermatomal sensory loss, or myotomal motor weakness (Fig. 
68.2) should be investigated with cross-sectional imaging, specifically 
MRI where available or with CT, to demonstrate the site and nature 
of the lesion and whether the problem is intrinsic or extrinsic compres-
sion. Nerve conduction studies and electromyography may help char-
acterise equivocal or unexplained neurological symptoms or signs. 
These investigations are not justified in the absence of neurologic 
signs, where neck pain alone is the clinical problem.

Cervical nerve root compression
Pain arising from overt compression or disease of the nerve root typi-
cally follows the appropriate dermatome and is therefore felt in the 

Fig. 68.2 Cervical root lesions. Sensory and motor 
distribution of the cervical roots.

CERVICAL ROOT LESIONS

Dermatome distribution
Anterior                             Posterior

Root Muscle weakness/
movement affected

Tendon reflex
decreased

C5 Shoulder abduction
Elbow flexion

Biceps jerk

C6 Wrist extension/
pronation

Supinator jerk

C7 Elbow/finger
extension

Triceps jerk

C8 Wrist/finger
extension

Finger jerk

T1 Finger abduction
Thumb adduction/
opposition

C3

C4

T2

C5

T1

C6

C8

C7

arm and not the neck. This pain will typically be radicular in quality, 
that is, pain that is perceived in a narrow band on the skin of the arm 
and that has electrical, radiating, or shooting properties. However, 
more somatic (i.e., deep, diffuse aching) pain in proximal structures 
can be produced by nerve root compression.32 At the same time, pain 
that is perceived in the forearm or hand is unlikely to be somatic 
referred pain and is more likely to be radicular in origin. Pain may be 
accompanied by neurologic symptoms such as numbness, paresthesia, 
altered sensation, and motor weakness. Pain may be perceived across 
the top of the shoulder from C4 and in the the face and head from 
lesions affecting C2 and C3. However, these are uncommon levels to 
be affected, so much so that isolated lesions at these levels should 
prompt a syste matic search for sinister, space-occupying pathologic 
process. The overwhelming majority of cervical root lesions occur at 
C6 to C8, and all tend to produce symptoms referable to the forearm 
and hand and have distinctive clinical features (see Fig. 68.2). Because 
of the extensive overlap of dermatomes in the arm and the complex 
central representation of the upper limb, the pain referred to the arm 
through root irritation may be far more diffuse than the traditional 
diagrams of dermatomes would suggest. Unlike the lumbar spine, disc 
prolapse itself is not the predominant cause of cervical nerve root irrita-
tion. This is because the nerve root in the lower cervical spine lies in 
the lower part of the foramen, at or below the level of the disc.33 More 
typically, this part of the foramen is compromised by osteophytic 
involvement from the adjacent uncinate process or through hypertro-
phic changes in the adjacent zygapophyseal joint.1 Discogenic neural 
encroachment in the cervical spine is typically due to discrete frag-
ments of the disc that herniate into the foramen to cause neural 
compromise.

CLINICAL EXAMINATION
The principal role of the clinical examination in the setting of neck 
pain is to exclude other conditions that may be present and contribut-
ing to the pain, such as infection, malignancy, or inflammatory 
arthropathy, or to exclude neurologic involvement. Once the diagnosis 
is that of isolated or mechanical neck pain, the diagnostic utility of a 
clinical examination of the neck is extremely limited.

General examination
The general examination is performed to exclude non-mechanical 
causes of neck pain. This should be particularly focused on any 
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system(s) where abnormalities have been suggested by history. In addi-
tion, examination of temperature, skin, joints, lymph nodes, abdomen, 
and breasts should be performed. The yield from such assessment in 
the setting of neck pain is not known and is probably low, but the 
serious consequences of missing a potentially treatable systemic illness, 
malignancy, or infection make the performance of such an examina-
tion most important.

Neurologic examination
The aims of a neurologic examination in the presence of neck pain are 
to exclude cervical nerve root lesions or spinal cord lesions. The former 
requires a detailed examination of the arms. The muscles should be 
examined for wasting and fasciculation indicative of lower motor 
neuron lesions. Tone and power should then be assessed, before testing 
the biceps (C5-6), triceps (C6-7), supinator (C5-6), and finger (C8) 
jerks. Sensation to light touch and pain (pinprick) should then be 
checked for any dermatomal sensory loss. The lower limbs should be 
similarly examined, with the principal aim being the exclusion of any 
upper motor neuron signs (spasticity, clonus, positive Babinski sign, 
hyperreflexia, and weakness) indicative of cord compression due to the 
painful lesion in the neck.

Local examination
The neck examination again requires that non-mechanical causes such 
as local infection, bruising, lymphadenitis, and so on, are excluded. 
This is readily accomplished with routine inspection and palpation. 
The other cervical structures, such as the larynx, thyroid, lymph nodes, 
and carotid arteries, should be carefully palpated for evidence of swell-
ing or tenderness. However, in the absence of suggestive history, the 
yield from such examination is likely to be small. The neck should be 
examined for tenderness. This is best achieved by exerting pressure 
first on a control area such as the occipital protuberance. This pressure 
should then be applied along the spinous processes and then the articu-
lar pillars as well as the trapezii. This provides some standardization 
of the stimulus and permits some grading of response. Unfortunately, 
the localization of tenderness contributes little in the way of diagnostic 
information. There has been no demonstrated correlation between 
tenderness in a particular area and a specific anatomic diagnosis. At 
most, examination for tenderness permits the approximate level of any 
causative pathologic process to be estimated. Tenderness is also a 
subjective finding, so that it is subject to reporting biases from patients 
keen to either exaggerate or diminish their problems.

Neck movement
Examination of the neck traditionally incorporates the documentation 
of active and passive ranges of movement. However, basic research 
casts grave doubts on the diagnostic utility and reliability of such 
assessments. Detailed cineradiographic techniques employed by Van 
Mameren and associates to assess flexion and extension have revealed 
that even normal individuals display marked variation in the pattern 
and amplitude of both segmental and total ranges of neck movement.34 
Such variability in controlled laboratory situations is likely to translate 
to a much larger error in clinical situations with the added variability 
of many observers and different measurement environments. There-
fore, only gross abnormalities of range of motion, such as reproducible 
asymmetry of movement, are likely to be assessed reliably. Further-
more, the clinical utility of neck movement assessment is open to 
serious question. Biomechanical studies have shown that 50% of cervi-
cal rotation takes place at the atlantoaxial joints.35 The remaining 
rotation occurs in approximately equal proportions below C2, so that 
each segment contributes less than 7 degrees of movement. Therefore, 
even complete fusion of a segment below C1-2 may be clinically unde-
tectable and will most likely fall within measurement error. At the 
same time, it is conceivable that a painful lesion of the neck may 
produce marked loss of movement, in excess of 50% of range, owing 
to reflex inhibition of muscle pain, fear of pain being produced, or local 
muscle spasm due to pain. This is readily appreciated in patients with 
acute hypomobility, whose site of pain (typically in the lower neck) 
would be inconsistent with AAJ pain but whose range of movement is 
markedly reduced. Despite these observations, some have advocated 

that reduction of range of movement in the neck of greater than 50% 
is a “non-organic” sign, suggestive of abnormal illness behavior36; this 
is a potentially dangerous assumption. An even more fundamental 
issue is the diagnostic significance of any observed motion restriction. 
No correlations have been established between motion abnormalities 
and any specific anatomic diagnoses. Therefore, the measurement of 
ranges of motion in the neck provides no reliable or discriminatory 
diagnostic information. At best, restriction of movement in the neck 
indicates that there is one or more of disturbance of the neuromuscular 
control of the neck, a painful lesion aggravated by movement, or a 
mechanical restriction anywhere in the complex articular arrange-
ments between two or more vertebrae.

Test for nerve root entrapment
The most specific test for nerve root entrapment is the compression, 
or Spurling’s, test. The patient’s neck is moved passively into extension 
and rotated to the symptomatic side. Axial pressure is then applied to 
the neck by the examiner. This series of movements has been shown 
to narrow the intervertebral foramina. If the patient’s radicular symp-
toms are reproduced, then the test is positive.37 This test has good 
inter-rater reliability and is highly specific but relatively insensitive. 
The combination of a positive compression test and abnormal neuro-
logic signs in the arm is strongly predictive of nerve root compression 
on CT myelography.

INVESTIGATIONS
Radiography
Plain radiographs of the cervical spine are ordered almost universally 
for patients presenting with neck pain. This may be appropriate when 
there is a history suggestive of severe trauma likely to produce fracture 
or severe subluxation or when major instability is suspected. The most 
useful views in these circumstances are lateral flexion and extension 
views, open-mouth views, and, to a lesser extent, the anteroposterior 
view. To assess for subluxation, lines linking the anterior vertebral 
bodies, posterior vertebral bodies, and posterior border of the interver-
tebral canal in a lateral projection are constructed. These should 
describe a smooth arc (Fig. 68.3). The presence of a “step” in this arc 
is a sign of subluxation, either through retrolisthesis or spondylolisthe-
sis. Gross abnormalities of motion may be detected through comparing 
flexion and extension views, and instability is demonstrated by com-
paring the construction lines just described on flexion and extension 

Fig. 68.3 Plain lateral radiograph of a normal cervical spine. Lines joining the 
anterior part of the vertebral body (a), the posterior aspect of the vertebral 
body (b), and the anterior border of the laminae (c) should describe a smooth 
arc.

c b a
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views. Of particular note is the issue of atlantoaxial instability. This 
occurs almost exclusively in rheumatoid arthritis but can occur in the 
presence of other destructive lesions affecting the odontoid peg or 
transverse or alar ligament complex. This is assessed by comparing the 
gap between the anterior part of the odontoid peg and the posterior 
margin of the anterior arch of the atlas as seen on lateral flexion and 
extension views. This should normally be less than 5 mm.

Alert patients with acute neck pain and a history of trauma should 
be evaluated according to the Canadian C-Spine rule, which uses a 
combination of historical and clinical features to determine those 
patients requiring radiographs.38 They can be summarized that the 
patients meeting all the following criteria do not need radiographs:

● Minor trauma
● Age younger than 65 years
● No peripheral paresthesias
● Sitting in the emergency department
● Ambulant at any time after the trauma
● No immediate neck pain
● No midline tenderness
● Active neck rotation greater than 45 degrees

Plain radiographs may also be useful in excluding primary bone 
disorders such as Paget’s disease, significant sclerotic malignant infil-
tration of bone, and destructive lesions such as osteomyelitis. However, 
standard views of the cervical spine are complex pictures with many 
structures being superimposed on all views, in contrast to a radiograph 
of a long bone. This means that radiographs tend to be insensitive in 
the detection of small abnormalities, such as purely lytic lesions 
without significant cortical bone destruction. When such lesions are 
suspected but not detected on plain films, further imaging with CT, 
MRI, or nuclear medicine techniques is desirable.

For those patients with mechanical pain, the value of plain radio-
graphs is much more limited. It has been repeatedly demonstrated that 
the presence of degenerative or spondylitic changes in the spine does 
not correlate with symptoms of neck pain. Friedenburg and Miller 
studied the plain radiographs of 92 pairs of age- and sex-matched 
patients with and without neck pain.39 The incidence of degenerative 
changes rose with age, was most common at the C5-6 level, both at 
the intervertebral disc and the zygapophyseal joints, but bore no rela-
tionship to the presence of neck pain.

Computed tomography
The principal value of CT in the assessment of cervical lesions is the 
visualization of the bony conduits through which neural tissue must 
pass. This ability can be enhanced by the introduction of radiopaque 
contrast medium into the thecal sac (CT myelography), which permits 
direct visualization of the nerve roots and sheaths and the spinal cord 
itself. CT is of less value in assessing soft tissues. The selection of 
these investigations would therefore be dictated by the clinical suspi-
cion of a neurologic abnormality, either cervical myelopathy, cord 
compression, or cervical nerve root compression. For neck pain alone, 
without neurologic symptoms or signs and without clinical or plain 
radiographic evidence of non-mechanical disorder, the role of CT 
remains to be determined.

Magnetic resonance imaging
Similar comments pertain to the use of MRI, which is highly specific 
and sensitive for disc herniations when compared with surgical find-
ings and has results comparable to CT myelography (Fig. 68.4).40 MRI 
is particularly helpful in visualizing neural and soft tissue structures 
and intra-cord pathologic processes in the cervical region (e.g., demy-
elination, intra-axial tumors, and spinal cord infarction) and enables 
accurate appraisal of developmental defects such as the Arnold-Chiari 
malformation. However, for the assessment of neck pain of mechanical 
origin, MRI, like CT, has not been validated. It has been shown that 
nearly one fifth of all asymptomatic patients had abnormalities on MR 
images, with 60% of older patients having abnormalities of their inter-
vertebral discs.41 Surface coil MR images of isolated cervical spines have 
revealed that, even with optimal imaging parameters, the soft tissue 
components of the zygapophyseal joints are seen poorly, if at all.42 MRI 

Fig. 68.4 Disc herniation on MRI. Axial (a) and sagittal (b) MR images of a 
47-year-old man with neck pain and decreased left biceps jerk with numbness 
over his thumb after a motor vehicle accident. The scans demonstrate a 
significant left posterolateral disc protrusion at C5-6, which significantly 
compromises the exiting C6 nerve root.

a b

should be reserved for those patients in whom there is a clinical sus-
picion of intraspinal pathology, neural compromise, or other neurologic 
disorder.

Scintigraphy
Bone scintigraphy using technetium-labeled methylenediphosphonate 
(99mTc-MDP) is highly sensitive for the detection of bony pathology 
with the notable exception of those lesions that have a purely lytic 
pathology, particularly multiple myeloma (Fig. 68.5). However, for the 
tumors that most commonly metastasize to bone—lung, breast, pros-
tate, thyroid, and kidney—the technique is the investigation of choice 
for the early detection of metastases. Bone scintigraphy may also be 
useful in the detection of infection, showing avid uptake in the affected 
region. Using an early, angiographic assessment during the injection 
of the radiopharmaceutical and a blood pool image a short time later, 
increased vascularity can be assessed that can help differentiate infec-
tion or inflammation from degenerative change. Areas of increased 
radiopharmaceutical uptake in the cervical spine must be assessed with 
knowledge of the usual pattern of uptake. Notable in the cervical spine 

Fig. 68.5 Detection of myeloma. CT scan of a 63-year-old man with known 
multiple myeloma who developed neck pain. Plain radiographs and bone scan 
failed to demonstrate the osteolytic lesions affecting the odontoid peg.
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is the normal, physiologic increase in uptake over the C2 spinous 
process compared with lower cervical vertebrae.

Bone scintiscans have an important role in the assessment of 
patients where tumor or infection are suspected, but plain radiographs 
are normal or equivocal. In this setting their superior sensitivity to 
early disturbances in osteoblastic activity may reveal important patho-
logic processes well before plain radiographic changes emerge. A diffi-
cult area is differentiating increased uptake from degenerative changes 
in the neck from other, more sinister, pathologic processes. This may 
require further imaging of the region of interest with co-registered CT 
scanning, separate CT, or MRI where significant doubt exists. However, 
in the cervical spine, degenerative changes typically affect the interver-
tebral joints so that increased uptake in these regions should arouse 
less suspicion than uptake localized to, for example, the vertebral body.

Blood tests
Blood tests have no role in the assessment of pain that is mechanical 
on the basis of history and clinical examination. When other problems 
such as tumor or infection are suspected they may provide supportive 
evidence. The most useful investigations would be a complete blood 
cell count (CBC) and determination of erythrocyte sedimentation rate 
(ESR) and/or C-reactive protein value and serum alkaline phosphatase 
level. Infection and tumor are typically associated with an elevated 
ESR, infection with an elevated white blood cell count, and Paget’s 
disease with an increased alkaline phosphatase level.

Myelography
Myelography is the introduction of radiographic contrast medium into 
the cerebrospinal fluid in the subarachnoid space with images then 
being collected as the contrast agent spreads or is guided to the area of 
interest. The primary value of myelography is not the elucidation of a 
source of neck pain but the demonstration of the outline of the sub-
arachnoid space, in particular the spinal cord and nerve root sheaths. 
This is of value in revealing intrusions on the cervical spinal canal and 
intervertebral foramina and compression of the cord or nerve roots by 
discs and disc fragments, infection, or tumors. However, all of these 
lesions would need to be suspected on the basis of neurologic symp-
toms and signs and would rarely, if ever, present as neck pain alone. 
MRI is largely replacing myelography in the investigation of patients 
with suspected spinal neurologic disturbance.

Investigations targeting pain
In the absence of reliable morphologic correlates of mechanical neck 
pain on imaging, it is necessary to target the pain itself to identify the 
painful structure. This can be accomplished either by stimulating a 
potentially painful structure and determining whether pain is produced 
or by anesthetizing a structure and determining whether pain is 
relieved, thereby implicating that structure as a source of pain.

Zygapophyseal joint blocks
The techniques for the diagnosis of cervical zygapophyseal joint pain 
rely on the simple principle that if a given joint is a source of pain, 
anesthetizing that joint will relieve the pain. Cervical zygapophyseal 
joints can be anesthetized by injecting local anesthetic into the joint 
or, alternatively, the nerves that convey pain from the joint can be 
anesthetized.

Intra-articular joint blocks
Intra-articular blocks of the cervical zygapophyseal joints are performed 
under fluoroscopic control. The procedure has been described using 
either a posterior or a lateral approach. In either case, a narrow-gauge 
spinal needle is directed toward the center of the target joint. Once the 
needle is believed to have pierced the joint capsule, a minimal volume 
of contrast medium must be injected to confirm intra-articular place-
ment (Fig. 68.6). Thereafter, 0.7 to 1.0 mL of local anesthetic can be 
injected to anesthetize the joint.

The total injected volume should not exceed the joint capacity 
(generally accepted to be less than 1.0 mL) because distention beyond 
this volume may cause capsular rupture or extra-articular leakage, 

Fig. 68.6 Arthrogram of the C2-3 zygapophyseal joint. A needle has been 
placed into the center of the joint, and injected contrast medium has filled the 
loose anterior and posterior recesses.

including epidural spread. The direction of spread, after extra-articular 
leakage, is typically posteriorly. Extra-articular spread may compromise 
the specificity of an intra-articular block by anesthetizing structures 
other than the target joint. The disposition of the injected contrast 
medium should be noted. Any significant spread to the epidural space 
or spinal nerve would result in numbness or other neurologic signs. A 
post-procedural, neurologic examination should be performed to detect 
these effects.

Medial branch blocks
Cervical medial branch blocks are a more expedient way to anesthetize 
a cervical zygapophyseal joint. They are easier to perform, are less 
painful to the patient, and appear to provide the same diagnostic infor-
mation.43 They are performed under fluoroscopic control using either 
a posterior or a lateral approach. These blocks take advantage of the 
anatomy of the nerve supply to the cervical zygapophyseal joints.

Innervation of the cervical zygapophyseal joints
The cervical zygapophyseal joints are innervated by articular branches 
derived from the medial branches of the cervical dorsal rami. The 
C4-C8 dorsal rami arise from their respective spinal nerves just outside 
the intervertebral foramina and pass dorsally over the roots of the 
transverse processes. The medial branches of the typical cervical dorsal 
rami course posteriorly, hugging the waists of their ipsi-segmental 
articular pillars. They are covered by the tendinous slips of origin of 
the semispinalis capitis (Fig. 68.7). Articular branches arise as the 
nerve approaches the posterior aspect of the articular pillar. An ascend-
ing branch innervates the zygapophyseal joint above, and a descending 
branch innervates the joint below (see Fig. 68.7). Consequently, each 
typical cervical zygapophyseal joint receives a dual innervation, from 
the medial branch above and from the medial branch below its loca-
tion. Beyond the zygapophyseal joints the medial branches of the cervi-
cal dorsal rami supply the semispinalis and multifidus muscles.

The medial branches of the C3 dorsal ramus comprise a deep medial 
branch that passes around the waist of the C3 articular pillar and 
participates in the innervation of the C3-4 zygapophyseal joint. The 
superficial medial branch of C3 is larger and is known as the third 
occipital nerve. It winds around the lateral aspect and then the poste-
rior aspect of the C2-3 zygapophyseal joint. As it does so, it furnishes 
articular branches to the C2-3 zygapophyseal joint.44 Articular branches 
may also arise from a communicating loop that crosses the back of the 
joint between the third occipital nerve and the C2 dorsal ramus. 
Beyond the C2-3 zygapophyseal joint, the third occipital nerve fur-
nishes muscle branches to the semispinalis capitis and becomes 
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The value of blocks as a diagnostic tool hangs on the correct inter-
pretation of the patient’s responses. This involves both the patient’s 
reporting and the physician’s interpretation of that report, which are 
necessarily subjective. Formal appraisal of the value of single blocks 
finds them wanting in accuracy, with a false-positive rate between 27% 
and 45%.46,47 To circumvent this, two blocks should be used, admin-
istered on different occasions, using anesthetics with different dura-
tions of action, in random order under double-blind conditions. The 
veracity of the patient’s response is then adjudicated through their 
report of the duration of pain relief afforded by the anesthetic given. 
Because the medial branches below the third occipital nerve do not 
have reliable cutaneous representation, the only way that a patient can 
tell which anesthetic was used is through the duration of pain relief. 
It is therefore axiomatic that only a patient with pain can correctly 
identify the longer acting local anesthetic. This approach has been 
formally tested and found to be a valid means of identifying cervical 
zygapophyseal joint pain.48

A further refinement to this process is the addition of a third, 
placebo injection using normal saline as the injectant. Using a criterion 
standard of failure to respond to a double-blind administered placebo 
and any positive response to the local anesthetics reveals that simply 
using the two anesthetics results in high specificity but poor sensitiv-
ity.49 Whichever approach is adopted depends on the aim of the inves-
tigation. Where aggressive neurolytic therapy is being considered, the 
extra accuracy afforded by triple, saline-controlled blocks may be war-
ranted. Other situations, in which less invasive therapy is being con-
sidered, may require only double blocks.

In summary, medial branch blocks are a useful tool for the diagnosis 
of cervical zygapophyseal joint pain. They are valid techniques that, 
when correctly and thoughtfully applied, provide a syndromic, ana-
tomic diagnosis in many patients with otherwise undiagnosable neck 
pain. Studies using these techniques attest to a prevalence of cervical 
zygapophyseal joint pain of 54% in patients with chronic neck pain 
(whiplash) after motor vehicle accidents50 and between 36% and 55% 
in less selected patients.51,52

Other anesthetic blocks
Anesthetic blocks of other structures, such as the greater occipital 
nerve and ventral rami of the spinal nerves, can occasionally be useful 
in confirming or eliminating structures in their territories as causes of 
pain; however, in contrast to zygapophyseal joint blocks these proce-
dures do not have documented reliability and specificity and do not 
currently have a place in the routine assessment of the neck pain 
patient.

Provocation discography
The only regularly used provocative test in the neck is provocation 
cervical discography, in which a disc is punctured by a needle and 
distended by injecting contrast media. A positive discogram occurs 
when the procedure reproduces the patient’s usual pain and implicates 
that disc as the source of pain.53 The response can occasionally be 
confirmed by injecting local anesthetic to try to abolish the pain.54 In 
practice the procedure itself can be quite painful and it is often difficult 
for patients to judge whether it is their usual pain that is being 
reproduced.

The reliability of discography has been called into question by the 
observation that, in a significant proportion of patients, pain repro-
duced by discography can be completely eliminated by subsequent 
zygapophyseal joint blocks at that level.55 Because zygapophyseal joint 
blocks do not have any effect on pain perception from the disc, these 
observations must indicate that discograms are liable to false-positive 
interpretations, wrongly incriminating the disc as a cause of pain when 
the true problem resides in the zygapophyseal joint. Furthermore, if 
zygapophyseal joint pain can be reproduced by stressing the disc at  
that segment, other structures with the same segmental nerve supply 
or mechanical relationships to the disc may be being falsely incrimi-
nated by seemingly positive discograms. On the basis of current evi-
dence, discograms should only be considered as true positives if 
zygapophyseal joint blocks at that level are negative (i.e., no pain relief). 
The side effects of discography have been assessed in a audit study in 
a single practice that revealed the rate of discitis to be 0.16% per 
injection.56

Fig. 68.7 Cervical zygapophyseal joint innervation. A posterolateral view of 
the cervical spine illustrating the course of the medial branches of the cervical 
dorsal rami. All muscles except the origins of the semispinalis capitis at C4 and 
C5 have been removed. The medial branches of the cervical dorsal rami are 
seen to course across the waist of the articular pillars. At C4 and C5, they are 
shown covered by the tendinous origins of the semispinalis capitis. Articular 
branches arise from each medial branch, on the posterior aspect of the 
articular pillar, to innervate the zygapophyseal joints above and below. The 
medial branches are well away from the ventral rami of the spinal nerves and 
the vertebral artery.

CERVICAL ZYGAPOPHYSEAL JOINT INNERVATION
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cutaneous over the suboccipital region. The C3 dorsal ramus is the 
lowest cervical dorsal ramus that regularly has a cutaneous distribu-
tion. The dorsal rami of C4 and C5 may have cutaneous branches, 
whereas those from C6 to C8 rarely do.

The cervical medial branches below the third occipital nerve (i.e., 
C3-7) can be anesthetized by placing a small amount (0.5 mL) of local 
anesthetic onto the nerve as it passes across the waist of the articular 
pillar. This is accomplished by placing a needle under image intensifier 
guidance onto the centrode of the articular pillar, usually from a lateral 
approach (Fig. 68.8). It has been shown that injections so placed do 
not spread laterally, posteriorly, or inferiorly to affect any other diag-
nostically important structure.45 The third occipital nerve is anesthe-
tized by placing local anesthetic onto the nerve as it passes across the 
C2-3 joint, which it ultimately innervates. Because of the more variable 
course of this nerve, lying on the convex aspect of the joint rather than 
the concavity at the waist of the lower articular pillars, three injections 
are placed to bracket its less consistent course (Fig. 68.9).

To fully anesthetize a given zygapophyseal joint at typical cervical 
levels, both medial branches that supply it must be blocked. In the case 
of the C2-3 zygapophyseal joint, the third occipital nerve must be 
blocked. Adequate blockade of this nerve is indicated by the onset of 
numbness in its cutaneous territory.
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Fig. 68.8 Cervical medial branch block. (a) Radiograph illustrating a needle correctly placed for an injection onto the medial 
branch of the C5 dorsal ramus. The target point is the centrode of the articular pillar as seen on a true lateral view. (b) A schematic 
diagram of medial branch blocks of the C4 and C5 dorsal rami to anesthetize the C4-5 zygapophyseal joint. Needles inserted from 
a lateral approach are positioned for infiltration of the medial branches of the cervical dorsal rami of C4 and C5. Note that the 
needle tips are proximal to the origins of the ascending and descending articular branches.
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Fig. 68.9 Injecting the third occipital nerve. Lateral radiograph of the cervical 
spine with arrows indicating the target points for injections to anesthetize the 
third occipital nerve and thus the C2-3 zygapophyseal joint. The points lie 
along a line that vertically bisects the articular pillar of C3 seen on a lateral 
projection. The middle point lies over the joint line, the upper point over the 
subchondral plate of the C2 inferior articular surface, and the lower point over 
the subchondral plate of the superior articular surface of C3.

PATHOGENESIS
The exact cause of most mechanical neck pain remains elusive. Because 
it is not a life-threatening problem there is a paucity of pertinent 
pathologic data, and currently available imaging modalities provide 
morphologic information that does not necessarily correlate with pain. 
In the case of acute neck pain, it has been suggested that the pain and 
hypomobility may stem from entrapment of the intra-articular menisci 
of the cervical zygapophyseal joint in the large capsular recesses of 
these joints, with inflammation, pain, and stiffness ensuing before the 
meniscus is “reduced.”57 This may account for the rapid response of 
such acute hypomobility to mobilizing therapy. The source of more 
chronic neck pain remains arcane. The pathologic data concerning 
necks focuses on those problems that lead to neurologic compromise. 
The use of the techniques such as zygapophyseal joint blocks enables, 
at least, the anatomic source of pain to be impuned in a significant 
proportion of cases. In the case of the disc, annular tears extending 
into the innervated outer third of the disc may well be the source of 
pain,58 but why the normal age-related changes, including extensive 
posterolateral fissuring, fail to cause pain in a significant proportion of 
patients is not understood.59 A variety of lesions resulting from trauma 
to the neck could affect the cervical zygapophyseal joints (see later). 
Many of these could result in premature osteoarthritic change, which 
can be expected to be painful. Alternatively, intra-articular adhesions, 
capsulitis (analogous to frozen shoulder), or ongoing synovitis may be 
responsible for chronic zygapophyseal joint pain. A broader view of 
neck pain should also incorporate the possibility that some chronic 
neck pain is mediated within the spinal cord through “wind up” of 
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neuronal networks, principally in the posterior horn, There are views 
that chronic neck pain may be a multifactorial problem, representing 
a complex interplay between biologic, psychological, and social fac-
tors—the so-called biopsychosocial model. As discussed in Chapter 22, 
pain is recognized as a phenomenon arising from nociceptive excitation 
perceived in a psychological and social milieu. It is generally accepted 
that pain, particularly chronic pain, is frequently associated with 
impaired social functioning and psychological distress. It is therefore 
difficult to separate causative from incidental relationships. It has been 
noted that when chronic neck pain has been fully relieved, evidence of 
psychological distress disappears.60 This would suggest that the psy-
chological distress was a consequence rather than cause of the chronic 
pain. However, these patients were selected on the basis of proven 
zygapophyseal joint pain so may have had less contribution to their 
chronic pain from psychosocial factors.

TREATMENT
The treatment of neck pain due to infection, tumor, or inflammatory 
disease such as RA is necessarily the treatment of the underlying dis-
order and is not further considered in this chapter. The treatment of 
mechanical neck pain can be divided into those treatments that are 
not targeted at any particular structure, and are therefore nonspecific, 
and those that are targeted at a particular, painful structure within the 
neck. The aim of treatment is to relieve pain and thereby improve 
function.

Non-specific treatments
Analgesics
The most commonly used nonspecific treatments for neck pain are 
simple analgesics such as acetaminophen (paracetamol). These have 
an important role in acute neck pain and can also be used safely over 
long periods of time in more chronic problems where other treatment 
is ineffective. In patients with more severe pain, synthetic and non-
synthetic opioids, such as dextropropoxyphene or codeine, can be used, 
but the potential for abuse and dependency needs to be considered 
before they are prescribed. These concerns should not prevent the 
physician from treating severe, refractory and incapacitating pain 
appropriately. Sustained-release oxycodone taken for 4 weeks has been 
shown to be superior to placebo in patients with flare of chronic neck 
pain with a decrease in pain and improvement in quality of life scales.61 
Tricyclic antidepressants, in doses considerably less than those used 
in depression, can be used as co-analgesics. They are particularly useful 
when nocturnal sedation is desirable and when depression is present. 
Other newer agents such as gabapentin, pregabalin, and duloxetine 
have not yet been formally studied for neck pain.

Exercises
Neck exercises have two principal aims. The first is to restore a normal 
range of motion. The second is to strengthen the neck musculature. 
The rationale for the latter is strengthened by observations that women 
with chronic neck pain have lower cross-sectional area of the cervical 
multifidus muscles than people without neck pain.62 In women with 
chronic neck pain, high-intensity strength training has been demon-
strated to be superior to range-of-motion exercises and stretching in 
the control of pain.63 This suggestion is supported by observations from 
a study that compared exercise therapy to manipulative therapy. It 
concluded that for chronic neck pain, the use of strengthening exercise, 
whether in combination with spinal manipulation or in the form of a 
machine assisted program, appears to be more beneficial to patients 
with chronic neck pain than the use of spinal manipulation alone.64 
Expert panel recommendations derived from comprehensive literature 
reviews advocate a useful role for exercise-based therapy.65 A systematic 
review of exercise therapy for chronic mechanical neck disorders sought 
to garner the evidence for exercise therapy alone.66 This review, although 
limited to a relatively short publication period (1985-2001), found 
strong evidence supporting the effectiveness of strengthening and pro-
prioceptive training exercises for frequent (i.e., recurrent acute) and 
chronic neck disorders.

Physical therapy
Physical therapy incorporates a number of potentially therapeutic 
modalities such as heat, cold, interferential, laser, ultrasound, traction, 
and massage. The undoubted fact that patients report modest and 
temporary benefit from these approaches has provided a pragmatic 
basis for pursuing formal studies. Low-level laser therapy has been 
shown to have short-term benefit in a randomized controlled trial,67 
and a recent systematic review of acupuncture attests to a limited 
analgesic benefit over no treatment.68 The most recent systematic 
review of massage finds little data to support massage as an individual 
therapy and highlights the difficulties in standardizing interventions 
in the “hands on” therapies. These findings are reflected in the findings 
of the best evidence synthesis of the Bone and Joint Decade 2000-2010 
Task Force on Neck Pain and Its Associated Disorders that supports 
acupuncture and low-level laser therapy for patients with neck pain not 
related to trauma.69

Manual therapy/manipulation
A variety of “hands on” techniques have been described in the treat-
ment of neck pain. The best studied and most widely practiced are 
short-lever high-velocity “adjustments,” usually described as manipula-
tions and used principally by chiropractors. The other leading tech-
nique is known as mobilization and involves oscillatory movements 
both through the physiologic and accessory movements of spinal joints. 
The aim is to stretch tight joint capsules of symptomatic joints. The 
pathophysiologic basis for either of these approaches remains to be 
clearly demonstrated. Key issues of inter-rater and intra-rater reliability 
for the diagnosis of vertebral subluxation or tight joints have yet to be 
resolved. Studies to date have therefore grouped together all patients 
with neck pain and have also often included lumbar pain. These 
studies show small benefit, of uncertain clinical significance, for 
manual techniques over conventional physical therapy modalities and 
best medical care.70 The application of mobilization or manipulative 
techniques in acute pain may be expected to have a modest effect.71 A 
comprehensive meta-analysis of manual techniques for cervical pain 
and headache has concluded that mobilization was probably of benefit 
for acute neck pain and that manipulation is slightly better than mobi-
lization or physical therapy for chronic neck pain.72 A more recent 
review notes that manipulation and/or mobilization, when combined 
with exercises, may be useful in patients with chronic neck pain.73 
Attempts to quantify the risks of cervical manipulation have concluded 
on the basis of a number of assumptions that the risk of death or 
serious injury was in the order of less than 1 per 500,000 to 1 million 
manipulations..

Pillows and posture correction
There is a paucity of reliable data to show that either “posture correc-
tion” or the use of variously profiled pillows helps patients with chronic 
neck pain. However, these are benign interventions and in the absence 
of proven efficacious treatment their use may be justified. Although 
again lacking empirical clinical trial evidence, the modification of 
workplace environments and practices to decrease extreme movements 
of the neck and decrease the amount of time that a fixed cervical 
posture is maintained are sensible adjuncts to other therapy and have 
some basis in that extreme cervical postures have been shown to be 
associated with neck pain in normal individuals. Water-based pillows 
have been shown to decrease waking pain in patients with chronic neck 
pain.74

Specific treatments
Zygapophyseal joints
When a definitive diagnosis of cervical zygapophyseal joint pain has 
been made, therapy can be targeted at the specific joint. A randomized 
controlled trial of corticosteroid injected into painful cervical zygapo-
physeal joints after whiplash injury has shown no benefit over injec-
tions of local anesthetic, with neither group obtaining useful relief.75 It 
is not known whether patients whose pain arises spontaneously also 
fail to respond to intra-articular corticosteroids.

The other treatment modality proposed for cervical zygapophyseal 
joint pain is denervation of the joint through percutaneous 
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radiofrequency neurotomy of the medial branches of the cervical dorsal 
rami. A randomized controlled trial of this technique has demonstrated 
prolonged relief of zygapophyseal joint pain. The active treatment 
group had a median duration of pain relief of 263 days, compared with 
8 in the control group.76 Similar results have been reproduced by other 
groups77 and have been found in published audits of this author’s 
experience. The long-term effects of denervating a cervical zygapo-
physeal joint are not known, but clinical experience on limited numbers 
of patients has indicated no lasting adverse effects, with the procedure 
being safely repeated at such time as the pain recurs over periods up 
to 3 years. Surgical intervention for proven cervical zygapophyseal joint 
pain has not yet been described.

Discs
The treatment options for proven disc pain are limited. By virtue of 
their diffuse innervation, they cannot be denervated to control pain in 
a manner analogous to that for the cervical zygapophyseal joints. 
Moreover, the exact site of pain production within a painful disc cannot 
yet be determined so that sclerosing or excising particular disc compo-
nents is not currently a viable option. The current practice for the 
treatment of suspected or proven cervical disc pain is cervical disc exci-
sion, usually with fusion, carried out from an anterior approach. The 
rationale for this approach is simple—remove the part that hurts—but 
empirical efficacy studies on the effects of cervical spine surgery on 
neck pain are not available. The only studies available are open and 
non-randomized and constitute retrospective reviews of individual 
practitioners’ experiences.78,79 Randomized, controlled studies of this 
operation on patients with proven disc pain are needed. For the time 
being, physicians contemplating such invasive intervention should 
ensure that the diagnosis of cervical disc pain is sound and that the 
patient is made aware of the potential risks of such operations, as well 
as the uncertainty of response.

CERVICAL NERVE ROOT COMPRESSION
Natural history
Fundamental to any consideration of treatment of cervical nerve root 
irritation is a clear understanding of the natural history. This has been 
reviewed in detail.80 The majority of patients with cervical radicular 
pain will have resolution of their pain over a few weeks or months. 
Over prolonged periods of observation, less than 10% of patients have 
persisting moderate or severe disability.81

Treatment
There are very few interventions that have been shown, unequivocally, 
to be any better than others in the treatment of cervical nerve root 
pain. In particular, a three-armed, randomized study failed to show any 
long-term differences between a cervical collar physiotherapy or 
surgery.82 However, it would appear that any reasonable treatment is 
better than no intervention, with patients in the treated arms of trials 
reporting better satisfaction than those in placebo arms. Typical treat-
ments that can be expected to increase patients’ perceptions of improve-
ment include physiotherapy, traction, transcutaneous electrical nerve 
stimulation (TENS), analgesics, and isometric exercises. These types 
of interventions can be applied with the understanding that there is a 
generally favorable natural history and that there is no evidence for the 
superiority of any one intervention over any other. The choice therefore 
hinges on minimizing harm.

Corticosteroid injections
Corticosteroid injections into the epidural space, either through an 
interlaminar route or into the root sleeve, have been advocated for 
radicular pain. The rationale is to decrease inflammation around the 
nerve root. No randomized trials of transforaminal corticosteroid injec-
tions have been performed, and the generally favorable natural history 
makes the sensible interpretation of benefits noted in cohort studies 
nearly impossible. Any enthusiasm for the technique needs to be tem-
pered with the knowledge that serious, fatal and disabling outcomes 
have been reported from such injections, thought to be due to occlusion 
of radicular vessels supplying the spinal cord.83,84 The frequency of 

these events is not known, but in a series of over 500 injections no 
serious adverse events were reported.85 Notwithstanding this, the pro-
cedure is clearly accompanied by a material risk that anybody consider-
ing administering or receiving such treatment should consider. The 
key issue is how cervical transforaminal corticosteroid injections 
perform compared with surgical decompression in terms of efficacy and 
safety.

Surgery
Surgery has the potential to relieve the compression on the affected 
nerve root and should therefore be able to “cure” cervical radiculopathy 
and pain from cervical nerve root entrapment. However, this does not 
seem to always be the case. Marshaling the available empirical evidence 
suggests that, in the acute setting, surgery is likely to improve symp-
toms faster than conservative measures, without making any long-term 
difference when compared with conservative treatment. In the chronic 
arena, surgery is likely to improve symptoms in the majority of patients 
but is unlikely to effect a “cure.”80 In the absence of serious underlying 
cause of radiculopathy (e.g., tumor, infection), reasonable indications 
for surgery would include progressive neurologic deficit or refractory 
and disabling pain.

WHIPLASH
Whiplash injuries warrant particular mention in any discussion of neck 
pain. Whereas there is no doubt that whiplash injuries are a common 
cause of acute neck pain, there remains vigorous debate about the 
frequency with which they cause chronic pain.

Biomechanics
Biomechanical studies have demonstrated that the traditional view of 
hyperextension being the primary event in whiplash is incomplete and 
is a simplistic explanation for the behavior of the cervical spine in rear 
end vehicular accidents. In particular, it has been found that axial 
compression and unnatural, double curvatures of the cervical spine are 
important and potentially damaging components of the cervical spine’s 
response to inertial loading. Cadaver experiments have demonstrated 
that after rear end impact, the lower cervical spine is thrust upward 
and forward.86 The neck is, therefore, compressed from below. The 
lower cervical segments are extended while the upper segments are 
relatively flexed. As a result, the cervical spine assumes an S-shape 
during the first 50 to 75 ms. Thereafter, all segments are progressively 
extended until the head is thrown forward into extension. Similar 
observations were reported in experiments in which normal volunteers 
were studied using high-speed cineradiography during simulated colli-
sions of approximately 5 kph.87 The authors again emphasized the 
compression imparted to the cervical spine. A more detailed cineradio-
graphic study of normal volunteers described the motion of individual 
cervical segments during the extension phase of whiplash.88 After an 
8-kph impact that resulted in 4-g acceleration, the C6 vertebra was 
driven upward. As it moved, the C6 vertebra extended underneath the 
rest of the cervical spine, causing the higher segments to undergo a 
small initial flexion, of some 2 to 5 degrees in amplitude, before under-
going extension. The net result was that the cervical spine assumed 
an S-shape at about 100 ms, as lower segments began extension while 
higher segments were still undergoing initial flexion (Fig. 68.10). These 
movements took place around abnormal axes of rotation, with the 
pathologic axes being higher than normal. As a result, the anterior end 
of the vertebra separated from the vertebral body below and, posteriorly, 
the tip of the inferior articular process chiseled into the supporting 
superior articular process. Subsequently, the cervical spine underwent 
extension, as described in the classical model. These observations 
provide a biomechanical substrate for injuries to several structures in 
the spine, most notably the cervical zygapophyseal joints, which seem 
to be particularly susceptible to damage through uncontrolled rotation 
through abnormal axes.89

Pathology
Our understanding of the pathology of whiplash has languished behind 
that of other spheres of rheumatology, primarily because of the paucity 
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Fig. 68.10 Whiplash. The appearance of sequential radiographs of the cervical 
spine during the extension phase of whiplash. At 110 ms the C5 vertebra 
rotates about an abnormally high axis of rotation, causing the vertebral body 
to separate anteriorly from C6, and the inferior articular process of C5 to chisel 
into the superior articular process of C6. (Redrawn from Barnsley et al,21 based 
on Kaneoka et al88.)
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Fig. 68.11 The more common lesions affecting the cervical spine from 
whiplash injury. AF, tear of the annulus fibrosus of the intervertebral disc; AL, 
tear of the anterior longitudinal ligament; AP, articular pillar fracture; AS, 
fracture involving the articular surface; EP, endplate avulsion and/or fracture; 
IM, contusion of the intra-articular meniscus of the zygapophyseal joint; SC, 
fracture of the subchondral plate; VB, vertebral body fracture; ZC, rupture of 
tear of the zygapophyseal joint capsule; ZH, hemarthrosis of the 
zygapophyseal joint. (Adapted from Barnsley et al21.)
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of pathologic material and the generally benign nature of the condition. 
However, there are a number of pathologic entities whose existence 
has been determined through clinical, animal, cadaveric, and postmor-
tem studies.21 These are summarized in Figure 68.11. Notwithstanding 
the extent and variety of lesions possible after whiplash, plain radio-
graphs have been shown to be profoundly insensitive to the detection 
to all but the most severe bony injuries of the cervical spine. Twenty-
two cervical spines were harvested from patients who had died of head 
injuries.90 The specimens were then x-rayed under optimal conditions. 
Subsequent photographs of submillimeter slices revealed 245 injuries 
to various structures. Only four were detected on plain radiographs, 
even on second look.

Natural history
The natural history of whiplash is, for the most part, benign. Most 
patients recover within a few weeks of injury and have no residual 
symptoms. It has been argued that apparent differences in the rates of 
chronicity in whiplash in different countries are evidence that chronic 
whiplash is a socially programmed phenomena pivoting on the pres-
ence of a compensation system.91 However, a careful analysis of the 
data reveals that many of the studies proffered to support this view 
were compromised by small sample size, poor study design, and inap-
propriate end points such as insurance claims rather than clinical 
information.92,93 A series of follow-up studies of an inception cohort of 
patients assembled in the United Kingdom in the early 1980s has 
demonstrated that most patients destined to improve do so within a 
few months, with very little improvement after 2 years. The frequency 
of chronic symptoms classified as intrusive or severe at 15 years (pre-
sumably well after the settlement of any compensation claim) was in 
the order of 25%.94

Treatment
Treatment in the acute phase of whiplash is aimed at preventing chro-
nicity, minimizing symptoms, and improving function. A review of the 

conservative treatment of acute whiplash found that treatments such 
as cervical collars, rest, and passive physical modalities were generally 
inferior to programs involving activation, multimodal interventions 
emphasizing improved function, and simple reassurance and encour-
agement to resume normal activities.95 Subsequent studies have sup-
ported the principle of early activation and exercise, rather than rest, 
improving the long-term outcome,96,97 and this approach is endorsed 
by recent best evidence synthesis.69

There are very few controlled studies of the treatment of chronic 
neck pain after whiplash injury. The single most promising avenue has 
been that of percutaneous radiofrequency neurotomy for chronic cervi-
cal zygapophyseal joint pain (see earlier).76 This remains a palliative 
treatment but one that can be highly valuable for patients with con-
stant and debilitating pain. Otherwise, the rather unsatisfactory options 
for the management of any chronic neck pain, as discussed earlier, can 
be applied.

CONCLUSION
Neck pain is a common and usually self-limiting disorder, but it is 
important to exclude serious underlying illness and neurologic involve-
ment. Future progress in the field of chronic and refractory pain will 
depend on reliably identifying the source of pain, typically through 
invasive analgesic or provocation techniques, and testing potential 
treatments in methodologically sound studies in selected patients. 
Increasing sophistication of trials has enhanced the evidence base for 
some existing therapies, particularly activation in acute whiplash and 
exercise therapy in chronic neck pain.
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ated with acute back pain than depression.16 Depression is a frequent 
complication of patients who develop chronic low back pain, although 
psychological distress predisposes to both a new episode and chronicity. 
Although psychiatric co-morbidities complicate treatment and can 
affect pain perception, true psychogenic pain is rare. Cigarette smoking 
is associated with an increased risk of back pain, although the data are 
inconsistent.17 Although obesity is a minor factor in the causation of 
back pain, excessive weight assists perpetuation of episodes.18

CLINICAL EVALUATION
Introduction
Lumbar spine disorders can be categorized broadly as being mechanical, 
neuropathic, or medical in origin (Table 69.1). Up to 90% of patients 
with back pain have a mechanical or neuropathic reason for their 
pain.19 Mechanical implies that pain is secondary to overuse of a 
normal anatomic structure, to trauma, or to deformity of an anatomic 
structure. Examples include discogenic pain, lumbar radiculopathy, 
spinal stenosis, facet syndrome, sacroiliac joint syndrome, and mus-
culoskeletal sprain and strain. Neuropathic pain includes involvement 
of the peripheral or central nervous system either via direct compres-
sion of the spinal cord or spinal nerve roots, or via changes in the 
function of the neurologic system due to chronic pain. Given the dif-
ficulty in separating purely mechanical from purely neuropathic symp-
toms, many advocate the term low back pain. Patients with referred 
limb symptoms manifesting as weakness, pain, sensory disturbance, 
or reflex change caused by involvement of the spinal nerve are classified 
as having radicular pain. Defining a diagnosis is difficult because of the 
overlap of history, examination, and pain referral patterns of various 
pain generators and the high incidence of asymptomatic radiologic 
imaging findings.20-24 Frequently, however, no trauma or deformity can 
be identified with certainty in patients with low back pain. For the 
overwhelming majority of patients with pain that responds to time, 
medications, and physical therapy, no specific diagnosis needs to be 
sought. Diagnostic functional testing with interventional spinal injec-
tion procedures is helpful in delineating the pain generator in refractory 
cases but requires thoughtful consideration of technical adequacy, 
placebo effect, and psychological pain behavior. Systemic illness 
accounts for the other 10% of adults with back pain.25 More than 70 
non-mechanical illnesses may be associated with back pain.26 Careful 
clinical evaluation helps separate patients with low back pain from 
those with systemic illness.

The evaluation of a patient with low back pain thus requires an 
organized approach that should be tailored to the specific complaints 
of the patient. Understanding the mechanism of pain generation helps 
determine what types of therapeutic exercise, activity modifications, 
pharmacologic measures, spinal interventional procedures, and surgi-
cal options can be considered in the treatment algorithm.

History
Certain disorders occur more commonly in younger individuals, 
whereas others are associated with older patients. Familial predisposi-
tion does occur in certain medical illnesses associated with back pain. 
Of particular importance is the group of illnesses that cause spondylo-
arthropathy. A full occupational and social history is important for 
identifying those patients at risk of developing low back pain. The 
association of work and the onset of pain are important in regard to 
compensation. The patient’s opinion about the association of the pain 
and his or her work must be determined, as well as the expectation of 
work-related sickness payments for injury and return to work.27 Previ-

Lumbar spine disorders
Zacharia Isaac and Jeffrey N. Katz

EPIDEMIOLOGY
Occurrence
Low back pain is the most frequent disorder of mankind after the 
common cold.1,2 Between 65% and 80% of the world’s population 
develop back pain at some point during their lives. More than 60 
million adults in the United States report having back pain at some 
point in the past 3 months.3 The most prevalent impairments in people 
aged up to 65 years are musculoskeletal, with back and spine impair-
ments the most frequently reported subcategory at 51.7%.4 In the 
United States, mechanical low back pain is the fifth most common 
reason (2.8%) for physician office visits. Of these visits, non-specific 
low back pain was the most frequent diagnostic group at 56.8%.5 
Impairments of the back and spine are the chronic conditions that 
most frequently cause activity limitation among people aged 45 years 
or younger and they represent the third most common reason for 
impairment in people aged 45 to 64 years.6 More than 7 million adults 
in the United States report activity limitation due to low back pain.3

Impact
More than 50% of all patients with back pain improve after 1 week, 
and more than 90% are better at 8 weeks.7 The remaining 7% to 10% 
continue to experience symptoms for longer than 6 months. However, 
as many as 75% of individuals who improve are at risk of having a 
relapse of back pain in the next 12 months.8 The high costs associated 
with low back pain are related to these individuals with chronic pain. 
For example, in the United States the estimated cost of industrial 
claims for low back pain in 1995 was $8.8 billion despite a decrease 
in the number of claims.9 Frymoyer10 has estimated that the direct cost 
of back pain in the United States in 1990 was more than $27.6 billion.

Risk factors
Recent twin studies indicate that heredity plays a more important role 
than environmental factors in disc degeneration, explaining 74% of  
the variance in adult populations. Genetic influences have been con-
firmed by the identification of several genes associated with disc 
degeneration.11-13

Many of the environmental risk factors described for back pain 
involve occupational or psychological characteristics. Workers involved 
in heavy-duty labor who are older than 45 years of age have a 2.5 times 
greater risk of absence from work secondary to back pain than workers 
aged 24 years or younger.14 Those individuals with an initial episode 
of back pain lasting 3 months or more have a 50% higher risk for 
recurrence in the following year than those with an initial episode of 
only 1 day’s duration.15

A number of psychological conditions are associated with back pain. 
Neurosis, hysteria, and conversion reaction are more frequently associ-

69
 Mechanical low back pain is the most common presenting lumbar 

syndrome and is a general category of pain that in severe 
refractory cases requires methodical evaluation.

 One of the most important roles of the physician is to recognize 
non-mechanical causes.

 Investigation is indicated in patients with persistent or progressive 
pain and those in whom a non-mechanical cause is suspected.
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perimenstrual exacerbation, or a history of excess alcohol or non- 
steroidal anti-inflammatory drugs (NSAID) consumption. Patients 
may move around with a forward flexed posture to avoid tension on 
the abdominal muscles, trying to achieve a comfortable position.

Measurement of pain severity
The severity of pain may be measured by a number of means. Patients 
may fill in a diagram with the location, quality, and severity of pain 
(Fig. 69.1). On a 100-mm visual analog scale, where a horizontal line 
is marked with 0 as no pain and 100 as the worst imaginable pain, the 
patient is asked to draw an intersecting line to indicate the pain. The 
Wong-Baker Faces scale combined with a 0 to 10-point numeric rating 
scale is often easily understood by patients. Questions about functional 
impairment such as dressing, with attention to donning shoes and 
socks, toileting, driving, light cleaning, shopping, and work assess how 
patients function in daily activities.

Physical examination
General examination
When a medical or systemic cause of low back pain is suspected, a 
general physical examination should be completed in addition to the 
examination of the spine. Changes in various organ systems (e.g., skin, 
ocular, gastrointestinal) may be noted in patients with medical low 
back pain. The objective of the physical examination of the lumbosa-
cral spine is to demonstrate those static and dynamic abnormalities 

ous history of malignancy, arthritis, or metabolic bone disease may 
influence the differential diagnosis. A history of coronary artery or 
cerebrovascular disease raises concern for peripheral vascular disease 
in the lower extremity, which can mimic lumbar stenosis symptoms. 
History of diabetes mellitus is important in that diabetic neuropathic 
pain syndrome can mimic lumbar radiculopathies. Review of systems 
should target questions about disordered sleep, which can compound 
pain; skin lesions, which can be of importance in spondyloarthropathy; 
and weight loss or nocturnal pain, which can be seen with 
malignancy.

Site of pain
It is helpful to ask the patient whether symptoms are predominantly 
axial (defined as the lumbosacral junction) or in the extremity (thigh, 
calf, or foot). The buttock region is often difficult to categorize because 
this can be affected with both axial low back pain and radicular pain 
due to irritation of spinal nerve roots. Most back pain is limited to the 
lumbosacral area. Radiation of pain in the thighs or to the knees may 
be referred from elements of the spine, such as intervertebral disc, 
zygapophyseal joints, sacroiliac joint, muscle, or ligaments, by somatic 
referral, previously known as sclerotomal referral. Pain that radiates 
from the low back to below the knees is usually radicular in origin and 
suggests a pathologic process affecting spinal nerve roots. In these 
cases, extremity symptoms in the thigh, calf, or foot are typically 
greater than axial low back symptoms.

Aggravating and relieving factors
Elucidating factors that aggravate and alleviate pain is helpful in defin-
ing potential sources for the symptom. Typically, disorders such as 
discogenic axial low back pain worsen with activity, including pro-
longed sitting and standing and bending forward, and improve with 
recumbency initially. Patients with disc herniations typically experi-
ence back and leg symptoms with sitting, driving, and slouching. The 
symptoms are typically relieved with walking and shifting positions. 
Patients with spinal stenosis typically experience gluteal, thigh, and 
calf pain with standing, walking, and lumbar extension. Patients with 
degenerative causes to their complaints typically have a variable sever-
ity with some good days and some bad.

Some patients with medical disorders that affect the spine, such as 
osteoporotic compression fractures, traumatic fractures, pathologic 
fractures or acute infection, may find relief of their pain with recum-
bency and even complete immobility, though some find no association 
with body position. Patients with a spondyloarthropathy classically 
report increased pain and stiffness when they remain in bed for a few 
hours and relief with movement and exercise. Patients with tumors 
that involve the structures of the lumbar spine may often experience 
worsening pain with recumbency and nocturnal exacerbation of pain. 
Patients with viscerogenic pain may have symptoms that are worsened 
or exacerbated with meals or bowel movements, abdominal tenderness, 

TABLE 69.1 CATEGORIES OF LOW BACK PAIN

Category Source/pathologic entity Quality

Superficial somatic Skin, subcutaneous tissues 
(cellulitis)

Sharp, burning

Deep somatic Muscles, fascia, periosteum, 
ligaments, joints, vessels, 
dura (arthritis)

Sharp, dull ache, boring

Radicular Spinal nerves (herniated 
disc, spinal stenosis)

Radiating, shooting, 
tingling

Neurogenic Mixed motor sensory nerves 
(femoral neuropathy)

Burning

Visceral referred Abdominal viscera, pelvic 
viscera, aorta (autonomic 
sensory nerves)

Boring, colicky, tearing

Psychogenic Cerebral cortex (conversion 
reaction, malingering)

Variable

Mark the areas on your body where you feel the sensations described below,
using the appropriate symbol. Include all affected areas.

Numbness Burning Dull

Stabbing Pins and needles

TOPOGRAPHIC PAIN REPRESENTATION

Fig. 69.1 Topographic pain representation. Pain distribution diagram of a 
patient with radiculopathy secondary to a lumbar intervertebral disc 
herniation.
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measure muscle strength on the Medical Research Council six-point 
scale (0 to 5 muscle grade scores). Routinely tested muscle groups may 
include knee extension and flexion; hip abduction and adduction; foot 
eversion and inversion; and ankle dorsiflexion and plantarflexion. 
When testing muscle power, the intervening joints should be in neither 
full flexion nor extension and the examiner should be in a position of 
mechanical advantage. Broad variability exists as to how much strength 
is normal, and the examiner’s experience is required to determine 
expected strength for a patient. Examiner’s judgment is required to 
distinguish true weakness from pain inhibited, apprehension inhibited, 
of effort-dependent strength deficits. At a minimum, function of the 
three most commonly affected nerve roots should be tested (Table 
69.3). Additional muscle groups are often tested to exclude a broader 
neurologic problem.

The L5 myotome includes the ankle dorsiflexors, great toe exten-
sors, hip abductors, and ankle evertors. Dorsiflexion power of the foot 
is tested by asking the patient to dorsiflex the foot while the examiner 
applies steady downward pressure with the palm of the hand on the 
dorsal aspect of the foot while cupping the heel with the other hand. 
Resisted great toe extension tests the extensor hallucis longus and the 
L5 myotome. Asking the patient to heel walk provides a good screening 
test for the L5 nerve root. Severe weakness of the L5 myotome may be 
detected by the Trendelenburg test. The patient is asked to stand on 
one leg. Weakness of hip abduction is highlighted by the sagging of the 
pelvis on the side opposite the affected leg. Patients may also have a 
Trendelenburg sign with hip osteoarthritis or history of a neuromus-
cular disorder.

The S1 myotome includes the gastrocnemius and hip extensors. 
Gluteus maximus strength is tested by having the patient lie prone and 
extend the hip against resistance with the knee bent. Asymmetry of 
strength or presence of atrophy suggests an abnormality of S1. The 
gastrocnemius is not readily overcome with manual muscle testing 
even when weak and a more sensitive screen for S1 weakness is com-
pleting more than 10 single-leg calf raises on each side.

The L4 myotome includes the quadriceps and ankle dorsiflexors. 
The L3 myotome includes the quadriceps but not ankle dorsiflexors. 
Single-leg squatting is a good test to challenge the quadriceps muscle, 
which is often too strong to be overcome by the examiner’s upper limb 
musculature.

The L1 and L2 myotomes include the hip flexors, which are tested 
by asking the supine patient to lift the thigh off the examining table. 
Having the hip externally rotated minimizes the substitution of the 
rectus femoris of the quadriceps, which receives L2 through L4 
contributions.

Neurologic examination
Upper motor neuron and peripheral nerve abnormalities may also 
cause neurologic dysfunction. Patients with upper motor neuron dys-

that can help sort out the disease entities that may be responsible for 
low back pain.

Genital and rectal examinations should be performed in patients 
who have symptoms and signs suggestive of medical low back pain or 
cauda equina syndrome. These examinations are helpful in detecting 
patients with prostatic abnormalities, rectal cancer, or endometriosis. 
Low or absent rectal tone and absent voluntary anal contraction can 
be seen in patients with cauda equina syndrome. A number of ancillary 
physical examination tests may be used to confirm abnormalities dis-
covered during the routine examination (Table 69.2).

Spinal examination
The spine is viewed for curvatures and postural deformities. A list is 
present if the first thoracic vertebra is not centered over the sacrum. 
Hyperlordosis or a flattened lumbosacral curve may be identified, 
whereas marked kyphosis is noted best from the lateral position. The 
spinous processes and sacrum can be palpated and percussed or pres-
sure applied to determine if there is any osseous injury. The ischial 
tuberosity can be palpated to determine if proximal hamstring tender-
ness or bursitis is present. The paraspinal muscles can be palpated for 
any areas of spasm, taut bands, or trigger points. In the supine position, 
leg lengths should be measured to document discrepancies.

Lumbar range of motion
Spinal motion is important in terms of symmetry, rhythm, and range 
of motion. The patient is asked to flex, extend, and laterally bend the 
lumbosacral spine. Patients with localized mechanical disorders main-
tain the lordosis while bending from the hips when asked to flex 
forward. Patients with injuries in musculoskeletal structures at the 
L4/5 and L5/S1 interspaces will experience abnormal motion secondary 
to protective muscle contraction. Range of motion can be more pre-
cisely measured using an inclinometer.

Patients with spondyloarthropathy may have an abnormal Schober 
test. This is performed by having the patient stand erect and marking 
the distance between the midpoint of the posterior superior iliac spines 
(“dimples of Venus”) and 10 cm above that point. The patient is then 
asked to maximally forward flex while the more caudal spot is kept 
stationary, and the more cephalad point on the tape measure should 
normally demonstrate at least 5 cm of excursion. This abnormality can 
also be seen in lumbar degenerative disc disease.

After full flexion, it is helpful to observe how the patient regains the 
erect posture. Patients with back lesions return to the erect position 
using a fixed lordosis and rotating the pelvis with the help of knee and 
hip flexion. Classic teaching is that an increase in pain with forward 
flexion suggests an abnormality in the anterior elements of the spine, 
including discogenic disease. This is likely mediated by increases in 
intradiscal pressure with forward flexion. Pain that is increased by 
extension suggests disease in the posterior elements of the spinal 
column, including the zygapophyseal joints.

Manual muscle testing
Of the possible neurologic abnormalities, persistent muscle weakness 
is the most reliable indicator of nerve compression.28 It is useful to 

TABLE 69.2 ANCILLARY TESTS FOR EVALUATION OF LOW BACK PAIN

Test Tests for

Schober test Lumbosacral motion

Contralateral straight-leg-raising test Nerve root compression

Bow string sign Nerve root compression (L5, S1)

Straight-leg raise Nerve root compression (L5, S1)

Femoral stretch test or hip extension Nerve root compression (L2, L3, L4)

FABER test Sacroiliac joint dysfunction, hip range 
of motion

Hoover test Patient effort

Vertebral percussion Osseous pain/fracture

TABLE 69.3 LUMBAR ROOT LESIONS

Root Muscle weakness/movement affected Tendon reflex decreased

L2 Hip flexion/adduction

L3 Hip adduction Knee jerk

Knee extension

L4 Knee extension Knee jerk

Foot inversion/dorsiflexion

L5 Hip extension/abduction

Knee flexion

Foot/toe dorsiflexion

S1 Knee flexion Ankle jerk

Foot/toe plantarflexion

Foot eversion

Cutaneous, motor, and reflex functions of the lower extremity.
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Excessively brisk reflexes can be indicative of an upper motor neuron 
process such as cervical myelopathy.

Provocative maneuvers
The hip joints should be moved through their range of motion. Dif-
ferentiation of hip pain from sacroiliac joint pain may be determined 
by the Patrick or “FABER” (flexion, abduction, external rotation) test. 
A Patrick maneuver producing low back pain suggests sacroiliac joint 
pain but can be non-specific and seen with spondylolisthesis, spinal 
stenosis, facet syndrome, and acute discogenic pain due to annular tear. 
A Patrick maneuver producing groin or anterior thigh discomfort sug-
gests hip disease. The greater trochanter can be palpated to determine 
the presence of bursitis. Sustained lumbar extension precipitating thigh 
or calf discomfort suggests lumbar stenosis.

Root tension signs
The straight-leg-raising test detects irritation of the sciatic nerve (L5, 
S1). The passive raising of the leg by the foot with the knee extended 
stretches the sciatic nerve, its nerve roots, and dural attachments (Fig. 
69.4). When the dura is inflamed and stretched, the patient will experi-
ence pain along its anatomic course to the lower leg, ankle, and foot. 
Dural movement starts at 20 degrees of elevation. Pain of dural origin 
should not be felt below that degree of elevation. Pain is maximal 
between 20 and 70 degrees of elevation. Symptoms at greater degrees of 
elevation may be of nerve root origin but may also be related to mechan-
ical low back pain secondary to muscle strain or joint disease.30 Dorsi-

function develop muscle spasticity, hyperreflexia, and Babinski and 
Hoffman signs. The distinction among upper motor neuron, nerve 
root, and peripheral nerve lesions is essential for the differential diag-
nosis of back pain. Different disease processes preferentially affect 
upper motor (e.g., multiple sclerosis), nerve root (disc herniation), or 
peripheral nerve (diabetes).

Sensory examination
Sensory findings are less reliable because they are affected by the state 
of fatigue and emotional state of the patient. A given area of skin also 
receives innervation by two dermatomes, making sensory testing less 
specific for defining the affected nerve root. However, if a peripheral 
nerve is injured, a specific muscle may become paralyzed or specific 
skin areas become anesthetic (Figs. 69.2 and 69.3). The L5 dermatome 
involves the buttock, lateral thigh, lateral calf, dorsal foot, and great 
toe. The S1 dermatome involves the buttock, posterior thigh, posterior 
calf, and lateral foot. The L4 dermatome involves the anterior thigh, 
anterior knee, and pretibial region of the shin.

Deep tendon reflexes
Testing deep tendon reflexes, especially the patellar reflex (L4) and 
Achilles reflex (S1), can be useful. However, there is no reliable reflex 
to test for L5. Older individuals may lose reflex function, particularly 
at the Achilles (which is likely to be symmetrical), and previous epi-
sodes of nerve compression may have caused a loss of reflexes, which 
may not return even with recovery of motor and sensory function.29 
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CUTANEOUS INNERVATION OF LOWER EXTREMITIES:
ANTERIOR VIEW

Fig. 69.2 Cutaneous sensory innervation. Anterior view of lower extremities 
illustrating skin areas supplied by nerve roots (right) and peripheral nerves 
(left).
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Fig. 69.3 Cutaneous sensory innervation. Posterior view of lower extremities 
illustrating skin areas supplied by nerve roots (left) and peripheral nerves 
(right).
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● measurements of lordosis (by tape measure from the maximum 
kyphosis of the thoracic spine to that of the sacrum)

● flexion range (Schober test)
● determination of pain location on flexion and lateral bend
● straight-leg-raising test (pendulum goniometer measurement of 

the angle at which pain was first experienced and angle of 
maximum tolerance)

● determination of pain location in the thigh and legs
● sensory changes in the legs

Nerve root tension signs were reliable if the location of pain was 
described. Reproducibility of bone tenderness over the sacroiliac joints, 
spinous processes, and iliac crests was greater than that associated with 
soft tissue structures.

The diagnostic value of disturbed sensory and motor function was 
tested prospectively by Jensen in 52 patients with lumbar disc hernia-
tions confirmed at surgery.33 The positive predictive value of disturbed 
sensation in the L5 dermatome and weakness of foot dorsiflexion was 
76% for herniation from the L4/5 lumbar disc. The positive predictive 
value of altered sensation in the S1 dermatome was only 50%.

Non-organic physical signs
Patients with psychological pain behavior often have subjective com-
plaints that are much greater than their objective findings.34 Waddell 
has described five tests that identify individuals with “functional” or 
“exaggerated” symptoms (Table 69.4).35 A finding of three or more of 
the five signs is clinically significant. Isolated positive signs are ignored. 
Patients who feign weakness during manual muscle testing may resist 
pressure for a few seconds and then release the muscle suddenly or in 
a manner resulting in a “cogwheel” or “giveway” effect. The signifi-
cance of these findings is often overstated and generally does not 
indicate willful malingering. Symptoms of psychological pain behavior 
do not exclude concomitant nociceptive pain and tissue injury. Patients 
with psychological pain behavior warrant comprehensive treatment.

INVESTIGATIONS
Imaging
Plain radiographs
The Quebec Task Force on Spinal Disorders suggested that in patients 
without neurologic dysfunction, plain radiographs should not be done 
during the first week of an acute episode of back pain.36

Patients with back pain of a mechanical origin frequently have 
radiographs that are normal. In adults younger than the age of 50, the 
yield of unexpected important findings can be as low as 1 in 2500.18 
By contrast, many individuals with radiographic abnormalities may be 
entirely asymptomatic.37 Thus congenital abnormalities, including 
spina bifida, transitional vertebrae, Schmorl nodes and mild scoliosis, 
are only rarely causes of back pain.38 In normal persons older than 50, 

flexion of the foot will exacerbate the radicular pain, also known as 
Braggard maneuver. Pain may also be experienced in the leg below the 
knee when the contralateral normal leg is raised, known as the crossed 
straight-leg raise. The presence of contralateral pain suggests a large 
herniation causing traction on the opposite nerve root when the normal 
leg is raised. The crossed straight-leg-raising test is insensitive but highly 
specific.31 Patients with L5 or S1 radicular pain will classically experi-
ence pain down the leg below the knee to the ankle or foot. Patients with 
hamstring tightness will experience symmetrical posterior thigh or 
posterior knee discomfort but no pain radiation below the knee.

In the positive sitting root sign, where the knee is passively extended, 
familiar symptoms in the calf and foot are reproduced. This is analo-
gous to the supine straight-leg raise. Patients will also lean backward 
to minimize the traction on neural elements (tripod sign or flip sign). 
In lumbar radiculopathy, upper motor neuron signs such as a Babinski 
reflex (extension of the large toe and spreading of the other toes) should 
be absent because the spinal cord conus is situated at L1/2 level. If 
present, an upper motor neuron abnormality should be sought.

The neurologic examination is completed by testing for higher 
lumbar and sacral nerve root function. Dural irritation of nerve roots 
from L2 to L4 are tested by the femoral stretch test or reverse straight-
leg raise (Fig. 69.5). With the knee bent, the thigh is elevated from the 
examining table. The test is positive if pain is reproduced in the front 
of the thigh or the medial aspect of the leg.

Gait analysis
The patient’s gait should be analyzed for heel walking and toe walking 
to screen for L5 and S1 myotomal deficits, respectively. Antalgia may 
be indicative of sacral, hip, knee, or foot and ankle injuries but can 
also be seen in acute radicular pain and with pain behavior. A forward 
stooped posture can be seen in patients with spinal stenosis and in 
patients with ankylosing spondylitis. A mechanical gait can be seen as 
part of cervical or thoracic myelopathy.

Reproducibility of physical signs
McCombe and colleagues32 evaluated the reproducibility between three 
observers of 54 physical signs used for back pain evaluation. The signs 
that were adequately reproducible included the following:

0–30°

30–70°

70°+

SCIATIC STRETCH TEST

Radiation of pain in
positive test

Fig. 69.4 Sciatic stretch test. In the straight-leg-raising test, the leg is lifted 
with the knee extended. Sciatic roots are tightened over a herniated disc 
between 30 and 70 degrees. Dorsiflexion of the foot increases pain with nerve 
impingement.

Radiation of pain in
positive test

FEMORAL LEG STRETCH

Fig. 69.5 Femoral leg stretch. In the femoral stretch test, the knee is flexed and 
lifted superiorly. Sharp pain generated in the anterior thigh is considered to 
constitute a positive test.
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issued in the United States by the Agency for Health Care Policy and 
Research (AHCPR) for acute low back pain have recommended that 
criteria for obtaining plain films include older age, recent significant 
trauma, history of prolonged steroid use, prior cancer, recent infection, 
fever, intravenous drug abuse, unexplained weight loss, or pain with 
recumbency.48 In a review of these guidelines, Suarez-Almazor and 
colleagues48a reported that the recommendation for radiographs based 
on older age alone may result in excessive use of radiographs during 
the initial visit. The use of criteria of failure to respond to therapy and 
signs of systemic illness is more cost-effective.49 Patients with systemic 
illness and significant persistent symptoms often warrant imaging with 
magnetic resonance imaging (MRI) or computed tomography (CT) 
scan, and negative plain radiographs do not provide sufficient reassur-
ance of absence of malignancy.

Radionuclide bone scintigraphy
Technetium-99m diphosphonate scans are useful in screening for 
infection, tumors, inflammatory arthritis, and fractures.50,51 The sen-
sitivity of bone scan is generally equal to MRI (90% vs. 96%) but it is 
less specific, for example, in detecting vertebral osteomyelitis (78% vs. 
92%).49 Gallium and indium scans increase the specificity when used 
with a technetium scan but are less sensitive when used alone.52 Bone 
scintigraphy is better than MRI when evaluation of the whole skeleton 
is required,53 such as in patients with metastatic disease who may have 
unsuspected bone lesions in other parts of the skeleton (Fig. 69.7). 
Increased activity in appendicular joints, as well as in axial joints, is 
suggestive of polyarthritis, usually associated with a spondyloarthropa-
thy. The addition of bone single photon emission computed tomogra-
phy (SPECT) imaging can be useful for identifying facet pathology and 
predicting patients who respond to intra-articular facet injection.54

Computed tomography
CT is useful for evaluating abnormalities of the lumbosacral spine, 
where the spatial anatomy is complex.55 The CT scan is the best tech-
nique for assessing the bony architecture of the spinal column, includ-
ing the sacroiliac joints, before changes are noted on plain radiographs.56 
In addition, the structural relationships of soft tissues (ligaments, 
nerve roots, fat, intervertebral discs) can be evaluated as they relate to 
their bony environment. CT is an excellent technique for identifying 
mechanical disorders, including spinal stenosis, spondylosis, spondy-
lolysis, spondylolisthesis, trauma, and congenital anomalies (Fig. 
69.8).57-60 CT can visualize cortical bone destruction, calcified tumor 
matrix, and soft tissue extension of tumors affecting the spine and is 
superior to MRI in this regard (Fig. 69.9).61 CT can also be used in an 
outpatient setting for percutaneous needle biopsy guidance of bony 
lesions.62

The clinical significance of CT abnormalities must be evaluated in 
the setting of the patient’s clinical findings. In a study of 53 asymp-
tomatic patients with lumbar CT scans, abnormal findings were 
described in 34.5% of individuals.63 In patients younger than age 40, 
19.5% had a CT diagnosis of an intervertebral disc herniation. In 
patients older than 40, 50% had abnormal findings, including disc 
herniation, spinal stenosis, and apophyseal joint degeneration. In addi-
tion, there was agreement among the three neuroradiologists in only 
11% of the cases. The implication is that a patient with no historical 
or physical findings indicative of spinal pathology has a one in three 

the prevalence of radiographic change is high: 67% have evidence of 
intervertebral disc degeneration, of whom two thirds are asymptom-
atic. In addition, osteoarthritis of zygapophyseal joints noted on radio-
graphs is not strongly correlated with symptoms.39 Further, abnormalities 
confirmed at operation are not identified by plain radiographs. In one 
study, plain radiographs failed to identify two thirds of those who at 
surgery were found to have disc protrusion.40

Some radiologic abnormalities may not be clinically meaningful.41 
A review of 35 studies reported a wide range in the strength of associa-
tions between non-specific low back pain and radiographic abnormali-
ties on plain radiographs, including disc space narrowing, sclerosis, and 
osteophytes.42 The findings of spondylolysis, spondylolisthesis, and 
spina bifida were not associated with back pain. Plain radiographs do 
expose the patient to radiation and add a significant cost to the initial 
evaluation of patients.43

When lumbar radiographs are obtained, a single lateral film may be 
adequate (Fig. 69.6) and may offer the highest yield view to detect 
vertebral compression fractures. Padley and colleagues44 reviewed lum-
bosacral spine radiographs of 200 patients with back pain and no 
neurologic signs. Others have suggested that anteroposterior and lateral 
views are adequate for evaluation.45,46 The coned lateral view of the 
lumbosacral junction and oblique views do not identify therapeutically 
important lesions that cannot be seen on the other views.47 The antero-
posterior views and lateral views offer important information of scoli-
otic curvature and sagittal balance, which can often help specialists 
with interpreting biomechanics. Flexion and extension views can dem-
onstrate segmental instability, which can be a potential cause of unex-
plained back and radicular symptoms. The clinical practice guidelines 

TABLE 69.4 WADDELL TESTS FOR FUNCTIONAL LOW BACK PAIN

Tenderness to superficial touch

Simulation tests Axial loading

Spinal rotation in one plane

Distraction tests Inconsistent results on confirmatory testing

Regional disturbances Abnormalities not following neuroanatomic 
structures

Overreaction Disproportionate verbalization

Fig. 69.6 Spondyloepiphyseal dysplasia. Plain radiograph, lateral view, 
demonstrating elongation of vertebral bodies at multiple levels of the spine.

Fig. 69.7 Technetium bone scan. Increased tracer activity throughout the axial 
skeleton secondary to metastatic prostate cancer.



CH
A

PTER 69 
● Lum

bar spine disorders

665

except for claustrophobic individuals, who may require sedation. The 
entire length of the spinal cord and canal may be evaluated in multiple 
planes. MRI is able to define bony and soft tissue structures without 
intrathecal contrast. Patients who are not candidates for MRI evalua-
tion include those on life support systems and those who have a cardiac 
pacemaker or ferromagnetic clips in the abdomen or brain or on blood 
vessels.

MRI is an excellent technique to view the spinal cord. It identifies 
syringomyelia, atrophy, cord infarction, cord injury, multiple sclerosis, 
and intramedullary tumors (Fig. 69.10).71 The development of contrast 
media (gadopentetate dimeglumine) for MRI has improved the charac-
terization of spinal cord tumors.72,73 Contrast-enhanced MRI is able to 
identify spinal cord pial metastases not visible by other radiographic 
techniques.74 MRI delineates the extent of extradural tumor invasion 
of the spinal canal and compression or displacement of the spinal cord. 
It can identify the vertebral bodies in which bone marrow has been 
replaced with tumor (Fig. 69.11).75,76

MRI is an excellent technique for detecting infection of the spine, 
including discitis, osteomyelitis, epidural abscess, paraspinal abscess, 
and myelitis.77 It is more sensitive in the detection of vertebral osteo-
myelitis than plain radiographs or CT.78 Changes in the vertebral 
bodies and adjacent intervertebral disc spaces are visualized on 
T1-weighted images as areas of low signal intensity. On T2-weighted 
images, high signal intensity is seen crossing the involved bone and 
disc space.

MRI is also a useful technique for evaluating mechanical disorders 
of the lumbosacral spine. Disorders of the intervertebral disc are readily 
detected. Herniations can be identified in the sagittal plane and con-
firmed on the axial images.79 Early degenerative changes are revealed 
by the loss of water, indicated by the darkening of the disc on the 
T2-weighted image. MRI is also useful in the assessment of traumatic 
and non-traumatic fractures of vertebral bodies.80 MRI can identify 
degenerative vertebral endplate changes and categorize them as edema, 
fatty, or sclerotic. MRI can identify high-intensity zone lesions, repre-
senting annular tears and neovascularization.

chance of having an abnormal CT scan. Surgical intervention cannot 
be based on anatomic abnormalities without clinical symptoms and 
physical signs that correlate with radiographic findings. CT should be 
used as a confirmatory test and not solely as a diagnostic test.

Myelography
Myelography is an invasive procedure requiring the injection of con-
trast media through a spinal needle. All the complications associated 
with a lumbar puncture may occur with a myelogram (headache, hema-
toma, infection, back pain, and seizures).64 In combination with CT, 
myelography is helpful in detecting cord compression caused by frac-
ture and soft tissue impingement associated with tumors. Cerebrospi-
nal fluid may be removed for laboratory evaluation.65 CT enhanced 
with contrast (CT myelogram) improves the accuracy of postoperative 
assessment of epidural fibrosis versus recurrent disc.66 Arachnoiditis 
may also be evaluated by CT myelography. CT myelography is most 
helpful for these conditions when patients are unable to undergo MRI 
evaluation.67

Like the CT scan, the myelogram should be employed as a confir-
matory study. An abnormal iophendylate myelogram may be identified 
in 24% of individuals without back pain.68 The myelogram should be 
reserved for the preoperative situation to confirm the presence of a 
herniated disc, a congenitally anomalous nerve root, or a tumor. 
Myelography is not as accurate as CT or MRI for the diagnosis of 
herniated nucleus pulposus.69

Magnetic resonance imaging
MRI has become the imaging modality of choice to evaluate lumbar 
spine disorders.70 The procedure is well tolerated by most patients 

Fig. 69.8 Fracture. Computed tomography study of sacral spine demonstrating 
sacral fracture not visualized with plain radiographs.

Fig. 69.9 Osteoid osteoma. Computed tomographic study of thoracic spine 
demonstrating increased sclerosis associated with an osteoid osteoma.

Vertebral body
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equina
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Fig. 69.10 Epidural hematoma. Postoperative sagittal and axial magnetic 
resonance imaging studies showing an epidural hematoma compressing the 
cauda equina.
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study comparing MRI with contrast CT for the diagnosis of herniated 
disc confirmed at surgery, MRI had 90% accuracy, whereas CT had an 
accuracy rate of only 77%.87 MRI had greater sensitivity (88%) than 
myelography (75%) for the diagnosis of herniated discs.88 It is also 
accurate in the diagnosis of spinal stenosis: a 97% agreement between 
MRI and contrast CT was identified for 41 patients evaluated for spinal 
stenosis in the central canal, lateral recess, and foramina.89

In addition, MRI was able to identify disc degeneration in 74 of 123 
interspaces, whereas CT identified only 27. Currently, MRI is the 
technique of choice for investigation of spinal stenosis and disc degen-
eration. The major limitation of MRI is the cost.

Other imaging techniques
A number of other radiographic techniques are available for the evalu-
ation of the lumbosacral spine. They are used infrequently compared 
with the techniques already discussed.

Spinal angiography permits the identification of the arterial origins 
and the venous drainage of vascular lesions of the spinal cord and 
column.90 Arteriovenous malformations are characterized by arteriove-
nous communication without an intervening capillary network.

Abnormalities of disc integrity may be missed on plain radiographs 
and CT scans. Lumbar discography is a procedure associated with the 
injection of contrast material through a percutaneous needle into the 
nucleus pulposus suspected of causing back pain. The reproduction of 
the patient’s pain is considered a positive test (Fig. 69.12). The test is 
used for patients with a degenerative disc who may be considered for 
spinal fusion, disc replacement, or intradiscal therapy because of per-
sistent pain.91 Its clinical significance remains controversial.92

The prevalence and significance of discographic abnormalities con-
tinue to be investigated.23 MRI is equally sensitive in detecting disc 
degeneration by identifying high-intensity zones in an intervertebral 
disc (Fig. 69.13).93 However, MRI is unable to reproduce patient symp-
toms. The role of discography will be decided on its relevance to patient 
symptoms and the development of better, non-surgical therapies.

CLINICAL LABORATORY TESTS
The vast majority of individuals with low back pain do not require 
laboratory studies with their initial evaluation. However, patients who 
are elderly, who have constitutional symptoms, or who have failed 
conservative therapy may benefit from a laboratory evaluation. The 
most useful test in helping to differentiate medical from mechanical 
low back pain is measurement of the erythrocyte sedimentation rate 
(ESR), which can suggest the presence of systemic inflammation. In 
one study, an ESR greater than 25 mm/hr had a false-positive rate of 
only 6%.94 C-reactive protein (CRP) is increasingly used along with the 
ESR as a serum biomarker of inflammation.

Abnormalities in the complete blood count (hematocrit, leukocyte, 
or platelet count) may be indicative of an inflammatory disorder, 
including neoplasms. Alterations of calcium concentration and alka-
line phosphatase activity suggest diffuse bone disease. Elevated acid 

The addition of gadolinium contrast can help in the evaluation of 
spinal tumors, infection, and epidural fibrosis. Use of gadolinium con-
trast in patients with renal failure has been associated with a sclero-
derma-like disorder called nephrogenic systemic fibrosis (see Chapter 
166).81,82

Correlation between MRI and clinical findings
As with CT and myelography, the interpretation of MRI findings must 
take account of the clinical presentation. Boden and colleagues20 
reported on a total of 104 MRI scans of 67 asymptomatic and 37 
symptomatic individuals interpreted by three neuroradiologists for 
abnormalities. The radiologists read 19 of 67 (28%) of the asymptom-
atic people as having substantial abnormalities. Herniated discs (24%) 
and spinal stenosis (4%) were the most common findings. Older 
persons (aged 60 to 80 years) had the majority of the abnormal find-
ings. Jensen and colleagues83 completed an MRI study on 98 asymp-
tomatic individuals. Only 36% of these individuals (mean age 42.3 
years) had normal results. Some 52% had a disc bulge at one level, 27% 
had a protrusion, and 1% had an extrusion. An abnormality at two 
levels or more was noted in 38%.83 Other investigators have reported 
similar results in different asymptomatic populations.84,85

Comparison between MRI and other modalities
In the diagnosis of herniated discs and spinal stenosis, MRI has a 
sensitivity equal to or greater than that of CT or myelography.86 In a 

Fig. 69.11 Spinal cord tumor. Lumbar spine magnetic resonance imaging 
study of a multiple myeloma patient with abnormal bone marrow signal 
throughout the vertebral bodies, associated with remodeling and pathologic 
fractures.

Fig. 69.12 Postdiscography computed tomography scan. A scan 
demonstrating a painful grade 4 disruption of an anulus fibrosus.
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Nerve conduction tests
In contrast to EMG, nerve conduction tests become abnormal as soon 
as nerve damage occurs.97 Nerve conduction tests include evaluation 
of the conduction velocity and amplitude along a segment of a periph-
eral nerve. They are helpful in distinguishing peripheral entrapment 
and neuropathy from a radiculopathy. The limitations of electrodiag-
nostic studies must be considered when evaluating patients with low 
back pain without radicular features. An abnormal EMG is corrobora-
tive evidence of organic disease and helps the physician determine who 
is a potential candidate for surgical intervention. Electromyography 
changes may recede with resolution of the nerve impingement. 
However, patients undergoing operative decompression with relief of 
symptoms may have persistent EMG abnormalities 1 year after 
surgery.98 In patients without neurologic dysfunction, EMG and nerve 
conduction tests are normal.

NON-MECHANICAL CAUSES OF LUMBAR  
SPINE PAIN
Most patients with low back pain have a mechanical cause for their 
symptoms and do not require any diagnostic tests (Table 69.5). 
However, there are a number of serious and potentially life-threatening 
disorders that must be considered. These include cauda equina com-
pression, abdominal aneurysm, infection, and neoplasms of various 
types. The first two are local disorders, but the latter often have sys-
temic consequences. Clues to a potentially serious cause of back pain 
include the following:

● constitutional symptoms: fever and/or weight loss or increased 
pain on recumbency (e.g., sleeping in a chair) or nocturnally

● morning stiffness lasting hours
● acute, localized lumbosacral bone pain
● visceral pain associated with alterations in gastrointestinal or 

genitourinary function

Cauda equina compression
Patients with cauda equina compression have a symptom complex that 
may include low back pain, bilateral sciatica, saddle anesthesia, or 
bladder and bowel incontinence. The most common mechanical causes 
of cauda equina compression are large central herniations of interver-
tebral discs, whereas epidural abscesses or hematomas and tumor 
masses constitute the most frequent non-mechanical causes. Once the 
diagnosis is suspected, the patient should undergo a radiographic pro-
cedure to visualize the affected anatomic area of the lumbosacral spine. 
MRI is the most sensitive radiographic technique for detecting these 
lesions. Patients with cauda equina syndrome have the best opportu-
nity for return of neurologic function if the cause of the compression 
can be eliminated within 48 hours.99

Abdominal aortic aneurysm
A patient with “tearing” or “throbbing” back pain who has experienced 
acute dizziness may have an expanding abdominal aneurysm. Any 
change in the frequency, intensity, or location of the pain suggests 
expansion in the size of the aneurysm. Patients with an abdominal 
aneurysm are usually older individuals who have had a history of lower 
extremity claudication. If patients complain of syncope or are hypoten-
sive, they must be evaluated for an aneurysm on an emergency basis. 
Physical examination of the abdomen may reveal a pulsatile mass, 
abdominal bruits, and decreased pulsations in the lower extremities. 
Patients with expanding aneurysms may be evaluated with CT or 
ultrasonography, depending on the patient’s hemodynamic status. 
Patients with an expanding aneurysm require surgical correction of the 
aneurysmal defect.

Infections
Patients with fever and/or weight loss may have an infection (or tumor) 
as a cause of their pain. The clinical presentation of the patient with 
a spinal infection depends on the infecting organism (Table 69.6). 
Bacterial infections cause acute, toxic symptoms, whereas tuberculosis 

phosphatase activity may mirror the extent of metastases from pros-
tatic cancer. Urinalysis can identify the individual with renal abnor-
malities (nephrolithiasis). Detection of occult blood in the stool is a 
screening test for ulcers or gastrointestinal tumors.

ELECTRODIAGNOSTIC STUDIES
Electrodiagnostic studies are extensions of the neurologic examination 
and provide a means to identify nerve and muscle damage. These tests 
can confirm the clinical suspicion of nerve root compression, define 
the distribution and severity of involvement, and document or exclude 
other disorders of nerves or muscles that contribute to the patient’s 
symptoms and signs. This tool is most helpful in cases where a periph-
eral entrapment, plexitis, anterior horn cell disease, or myopathy may 
be present. It is in the diagnosis of these non-spine–related conditions 
where electrodiagnostic studies are most useful.

Electrodiagnostic tests can be helpful in identifying neurophysio-
logic abnormalities in a patient in whom clinical examination (pain 
radiation, sensory changes, muscular weakness) does not necessarily 
indicate nerve root dysfunction.95 Neurophysiologic tests can also doc-
ument normal function where radiographic techniques have revealed 
anatomic abnormalities.

Electromyography
Electromyography (EMG) is the test most commonly ordered to docu-
ment the presence of a radiculopathy.96 The needle EMG is the most 
sensitive tool for the diagnosis of electrophysiologically identifiable 
radiculopathy. Electromyography measures the action potentials of 
muscle fibers. As the nerve supplying a muscle becomes compressed, 
fibers to that muscle are lost and are eventually replaced with regener-
ated fibers. This process of denervation and reinnervation occurs over 
time. Electromyography may not be able to document abnormalities 
until 3 to 4 weeks after the initial insult.

Abnormalities associated with radiculopathy can include increased 
duration and amplitude of motor unit potentials, fibrillation potentials, 
and prolonged insertional activity, which occur in the affected myotome 
or myotomes. A negative EMG does not invalidate a patient’s pain and 
sensory complaints but does make complaints of weakness and motor 
deficit much less likely to be based on spinal nerve injury.

Fig. 69.13 Disc degeneration. Magnetic resonance imaging demonstrating a 
high-intensity zone lesion (arrow) in the L4/5 intervertebral disc.
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acquire a brucellosis infection.104 Tuberculous and fungal infections of 
the vertebral column occur most often in the elderly and other immu-
nocompromised individuals. The clinical presentation of a patient with 
tuberculous spondylitis is pain over the involved vertebrae, low-grade 
fever, and weight loss. The process is indolent and may be present for 
years before diagnosis (Fig. 69.15).105

Disc infection
Spondylodiscitis occurs in the setting of concurrent extraspinal infec-
tion106 and in adults is also associated with lumbar disc surgery.107 The 
ESR is almost universally elevated in the case of established disc space 
infections, often exceeding 100 mm/hr along with a leukocytosis.108 
Plain radiographs may be normal at the onset of infection but will 
demonstrate increasing destruction with prolonged duration of infec-
tion (Fig. 69.16). Radiographic evidence of established disc infection 
includes the following:

● symmetric destruction of adjacent endplate surfaces of two 
vertebrae

● loss of disc height
● reactive new bone formation
● sclerosis of bone endplates, with or without evidence of bone 

destruction or bone formation
● soft tissue abscesses
● kyphosis or subluxations after there has been significant bone 

destruction

and fungal infections are indolent. The pain in bacterial infections is 
persistent, present at rest, and exacerbated by motion. Pain radiating 
to the abdomen or both legs and the presence of abdominal discomfort 
may confuse the diagnosis. Paraplegia is more closely associated with 
lesions in the cervical or thoracic spine but can occur with lumbar 
infections. Physical findings include decreased range of motion, muscle 
spasm, and percussion tenderness over the involved bone. Plain radio-
graphs may reveal localized areas of osteopenia. If radiographs are 
normal, technetium bone scintigraphy or MRI can be used to investi-
gate the entire lumbosacral spine for the presence of local infection. 
MRI also detects soft tissue extension of lesions beyond the bony con-
fines of the vertebral column. CT should take place after MRI evalua-
tion to delineate the bony architecture of lesions not visualized 
adequately by MRI (Fig. 69.14).

The definitive diagnosis of infection is based on the recovery and 
identification of the causative organism from blood cultures or from 
aspirated material or biopsy of the lesion. Antibiotic therapy is ade-
quate to cure most spinal infections. Surgical intervention for drainage 
is necessary if neurologic dysfunction has occurred or appears immi-
nent secondary to the infection.

Vertebral osteomyelitis
Vertebral osteomyelitis follows hematogenous spread from an extraos-
seous source.100 Organisms may enter bone from nutrient arteries or 
from the venous plexus of Batson, a valveless system of veins that 
supplies the spinal column. Organisms that cause osteomyelitis include 
bacteria, mycobacteria, fungi, spirochetes, and parasites. The primary 
sources for spinal infections include the genitourinary tract, respiratory 
tract, and skin. The most frequently encountered organism causing 
infection in 60% of cases is Staphylococcus aureus.101 Gram-negative 
organisms are often grown from samples from the elderly and from 
parenteral drug abusers (Escherichia coli and Pseudomonas aerugi-
nosa,102 respectively). In patients who have undergone surgery or 
trauma to the spine, non-pathogenic organisms (diphtheroids, Staphy-
lococcus epidermidis) may be associated with an indolent infection of 
the vertebral column.103 Workers in the meat-processing industry may 

TABLE 69.5 COMMON DEGENERATIVE CAUSES OF LOW BACK PAIN

Muscle strain Spondylolisthesis Herniated disc Osteoarthritis Spinal stenosis

Age (yr) 20-60 20-40 20-60 Over 40 Over 50

Pain pattern

Initial location Back Back Leg > back Back > leg Leg > back

Onset Acute Insidious Acute Insidious Insidious

Standing + + − + +

Sitting − − + − −

Flexion + + − −

Extension − + − + +

Straight-leg raise − − + − −

Plain radiograph − + − + +

TABLE 69.6 INFECTIOUS DISORDERS AFFECTING THE LUMBOSACRAL SPINE*

Vertebral osteomyelitis Bacterial

Tuberculous

Fungal

Spirochetal

Parasitic

Discitis

Pyogenic sacroiliitis

*All of these may cause localized low back pain.

V

ST

Fig. 69.14 Vertebral osteomyelitis. Computed tomography scan, axial view, 
demonstrating destruction of vertebral body (V) with soft tissue extension (ST) 
into the paravertebral space.
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● older age
● cervical or thoracic infection
● staphylococcal infection as opposed to other organisms
● coexisting diabetes or rheumatoid arthritis

When surgical treatment is selected, controversy exists involving 
the use of bone grafts to achieve bony fusion. The experience of the 
spinal surgeon at the time of surgical débridement can help to deter-
mine the appropriate course of action.

Pyogenic sacroiliitis
Pyogenic sacroiliitis is an unusual form of septic arthritis.109 The 
disease is associated with acute symptoms, severe sacroiliac joint pain, 
and fever. Diagnosis of the causative organism may be obtained by 
blood cultures, fluoroscopic fine-needle aspiration, or open biopsy. 
Antibiotic therapy for 6 weeks is usually adequate to eradicate the 
infection without the need for surgical drainage.

Neoplasms
Tumors of the spinal column or spinal cord may cause pain at night 
or with recumbency. Both benign and malignant neoplasms cause these 
symptoms. Nocturnal pain may be caused by swelling of neoplastic 
tissues associated with inactivity in the supine position or by stretching 
the neural tissues over the neoplastic mass. A number of benign and 
malignant tumors are associated with involvement of the lumbosacral 
spine (Table 69.7). Benign lesions tend to cause local pain and involve 
the posterior elements of vertebrae. Malignant lesions cause more 
diffuse pain and systemic symptoms and involve the anterior elements 
of vertebrae.

Patients with malignancies have pain that is gradual in onset but 
persistent and increasing in intensity. Physical examination shows 
localized tenderness over the lesion along with neurologic dysfunction 
if neural elements are compressed. Radiographic evaluation is useful 
in detecting the location and characteristics of the neoplastic lesion.

Osteoid osteoma
Osteoid osteoma is a benign tumor of bone that affects the lumbar 
spine. The tumor is most frequently found in young adults aged 20 to 
30 years. Approximately 7% of osteoid osteomas occur in the spine, 
most frequently in the lumbar area.110 The pain associated with this 
lesion is intermittent and vague initially but with time becomes con-
stant and aching, with a boring quality. The pain is frequently worse 
at night and disturbs sleep. In the spine, osteoid osteomas are associ-
ated with non-structural scoliosis. The appearance of marked paraver-
tebral muscle spasm and the sudden onset of scoliosis in a young adult 
require an evaluation for the presence of this lesion. The lesion is on 
the concave side of the scoliosis. The symptoms of osteoid osteoma 

On CT, changes in disc space and vertebral endplates can be seen, 
as can soft tissue abscesses (Fig. 69.17). Diagnosis is confirmed by 
identifying the causative organism from blood cultures, aspirated disc 
material, or biopsy of infected adjacent bone. Six weeks of parenteral 
antibiotics and possibly additional oral antibiotic therapy usually pro-
vides adequate treatment for patients with radiologic evidence of disc 
space infection and a positive culture. The ESR provides a method of 
assessing the efficacy of therapy in these patients.

Surgical intervention, including drainage and débridement of spinal 
infections, is indicated in patients who develop paraparesis or paraple-
gia. The following factors appear to increase the risk of neurologic 
deficits:

Fig. 69.15 Lumbosacral spine involvement. Pott disease affecting the 
lumbosacral spine at L3, resulting in rotatory scoliosis and lateral calcification.

Fig. 69.16 Infection of the intervertebral disc space. Plain lateral radiograph of 
the lumbar spine showing narrowing of the L5/S1 disc space with new bone 
formation at the L5 endplate (arrow) and a soft tissue mass pushing the great 
vessels anteriorly. This finding of narrowing of the disc space and new bone 
formation with displacement of the great vessels strongly suggests the 
diagnosis of spinal infection with a soft tissue abscess.

Fig. 69.17 Spinal infection imaged by computed tomography of the lumbar 
spine. At the L5/S1 level lucent areas in both psoas muscles and destructive 
changes in the intervertebral disc space suggest the presence of spinal 
infection with bilateral abscesses.
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are ependymomas or gliomas. MRI, by its ability to define the exact 
location, size, and character of the lesions, has revolutionized the 
visualization of intraspinal lesions.73

Multiple myeloma
Multiple myeloma is the most common primary malignancy of bone 
in adults, accounting for 27% of biopsied bone tumors in one series.113 
Patients typically range in age from 50 to 70 years. Low back pain is 
the initial complaint in 35% of patients. The pain is aching and inter-
mittent at onset, aggravated by weight bearing and improved with bed 
rest. Some patients may have radicular symptoms that mimic those of 
sciatica and arthritis.114 Significant neurologic dysfunction, including 
paraplegia, occurs more commonly with solitary plasmacytoma than 
with multiple myeloma.115 Physical examination may demonstrate 
diffuse bone tenderness, fever, pallor, and purpura in the later stages 
of the illness. Signs of spinal cord compression are present if vertebral 
body collapse has progressed to a significant degree. Abnormal labora-
tory results may include anemia, leukocytosis, thrombocytopenia, 
elevated ESR, hypercalcemia, hyperuricemia, elevated creatinine, and 
a positive Coombs test. An increase in serum proteins is secondary to 
the presence of abnormal immunoglobulins in any of the five classes. 
Urinalysis may detect Bence Jones protein formed by the production 
of excess immunoglobulin light chains. Bone marrow aspirate or biopsy 
reveals an excess number of plasma cells of varied histologic grades.

Plain radiographs demonstrate osteolysis without reactive sclerosis 
and sparing of the posterior elements of the spine (Fig. 69.21).116 Soli-
tary plasmacytomas in the spine have variable radiographic appear-
ances. They may be expansile, with or without reactive bone. They 
may invade an intervertebral disc space and mimic discitis. Bone scin-
tigraphy does not detect myeloma because there is no reactive compo-
nent of osteoblasts to the myeloma cells. MRI and CT are better 
techniques for identifying the presence and extent of myeloma lesions 
in the bone and soft tissues. MRI is able to detect spinal bone marrow 
involvement in asymptomatic myeloma patients.117

The diagnosis of multiple myeloma is based on clinical data, along 
with the detection of abnormal plasma cells on biopsy. Myeloma is 
treated with the use of chemotherapeutic agents to control the growth 
of the malignant plasma cells. In patients with cord compression, 
decompression laminectomy is indicated, with or without local 
radiotherapy.

Skeletal metastases
Skeletal metastases are 25 times more common than primary tumors 
as the cause of neoplastic lesions in the spine. Autopsy results dem-

may be present for a considerable time before plain radiographic find-
ings become evident. The pain is often relieved by low doses of NSAIDs. 
Physical examination reveals local tenderness. Scoliosis is reversible 
early in the course of the lesion. With prolonged spasm, muscle atrophy 
may occur. Vertebral deformity may occur in young individuals who 
are growing. Hyperemia of the tumor may cause swelling and erythema 
of the skin if the lesion is superficial in location.

The radiographic finding of a lucent nidus with a diameter of 1.5 cm 
and a surrounding well-defined area of dense sclerotic bone is virtually 
pathognomonic of osteoid osteoma. The lesions are in the neural arch 
in 75% of affected vertebrae, articular facets in 18%, and vertebral 
bodies in 7% (Fig. 69.18). Bone scans or CT scans should be employed 
if an osteoma is suspected and not found on plain radiographs (Fig. 
69.19).111,112

The treatment for an osteoid osteoma is simple excision of the nidus 
and surrounding sclerotic bone. If the nidus is not entirely removed, 
recurrence of the lesion is possible and symptoms may persist. On 
occasion, osteoid osteomas may undergo spontaneous healing.

Other primary spinal tumors
Neoplastic lesions may also occur inside the central spinal canal. These 
intraspinal neoplasms may be extradural, between bone and the out-
ermost covering of the spinal cord (the dura); intradural-extramedul-
lary, between the dura and the spinal cord; and intramedullary, in the 
spinal cord proper. Extradural tumors are most commonly metastatic 
in origin. Intradural-extramedullary tumors are primarily meningio-
mas, neurofibromas, or lipomas (Fig. 69.20). Intramedullary tumors 

TABLE 69.7 NEOPLASTIC LESIONS OF THE LUMBOSACRAL SPINE*

Benign Malignant Spinal cord tumors

Osteoid osteoma Multiple myeloma Extradural metastases

Osteoblastoma Chondrosarcoma Intradural-extramedullary

Osteochondroma Chordoma  Neurofibroma

Giant cell tumor Lymphoma  Meningioma

Aneurysmal bone cyst Skeletal metastases Intramedullary

Hemangioma  Ependymoma

Eosinophilic granuloma  Astrocytoma

Sacroiliac lipoma

*All of these may cause localized low back pain.

Fig. 69.18 Osteoid osteoma. Plain radiograph of the thoracic spine 
demonstrating sclerosis affecting the right pedicle of T11.

Fig. 69.19 Osteoid osteoma. Bone scintigraphy (posterior view) demonstrating 
increased uptake in T11. There is no other area of increased uptake in the 
skeleton.
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the identity of the primary tumor, but some lesions are too undiffer-
entiated for identification.

Radiographic abnormalities depend on the character of the underly-
ing malignancy. Kidney and thyroid metastases are typically osteolytic, 
whereas colon lesions are osteoblastic. Mixed lytic and blastic lesions 
are noted with breast, lung, prostate, or bladder tumors (Fig. 69.22). 
Plain radiographs may not show any abnormalities until 30% to 50% 
of bone calcium is lost.119 Bone scans are positive in more than 85% 
of patients with metastases. MRI is able to show tumor in the spinal 
cord, extraosseous extension, and bone marrow replacement, whereas 
CT is more helpful for detecting cortical bone involvement and bone 
mineralization.120

Treatment of metastatic disease of the spine is directed toward pain 
palliation. A cure is rarely possible because few metastatic lesions are 

onstrate that 70% of patients with primary tumors develop metastases 
to the thoracolumbar spine.118 The common primary sources for skel-
etal metastases include tumors of the breast, prostate, lung, kidney, 
thyroid, colon, uterine cervix, and bladder. Lumbar pain is typically of 
gradual onset and increasing intensity and is provoked by motion, 
sneezing, or coughing. The pain is local at the onset but may become 
radicular in character. Neurologic abnormalities may occur abruptly 
over a 4- to 6-month period. Physical examination may demonstrate 
pain on palpation over the affected bone. Muscle spasm and limitation 
of motion are associated findings. Neurologic abnormalities are indica-
tive of nerve root or spinal cord impingement. Laboratory findings may 
include anemia, elevated ESR, abnormal urinalysis, increased alkaline 
phosphatase, and, in metastatic prostate cancer, increased prostatic 
acid phosphatase. Histologic features of biopsy specimens may suggest 

Fig. 69.20 Caudal neurofibroma. Transverse 
T1-weighted MRI following intravenous gadolinium 
shows an enhancing mass occluding the right 
neural foramen of L2. Note how local bone erosion 
has widened the neural foramen.

cba

Fig. 69.21 Multiple myeloma. A series of plain radiographs taken over a 3-month period. Progressive osteopenia and pathologic compression fractures are noted. 
(a) Initial evaluation. (b) At 12 weeks. (c) At 14 weeks. Diagnosis was made at 12 weeks after initial presentation.
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examination often shows localized tenderness, typically with sur-
rounding muscle spasm. Anemia or an increased ESR should raise the 
suspicion of an inflammatory process. Serum chemistry may detect 
abnormalities of calcium metabolism associated with vitamin D  
deficiency (osteomalacia) or elevated parathyroid hormone level  
(hyperparathyroidism). Elevations in alkaline phosphatase may  
suggest increased bone activity associated with neoplasms or Paget 
disease.

Plain radiographs may show osteopenia only when more than 30% 
to 50% of the bone calcium has been lost (Fig. 69.23). Areas of sclerosis 
related to healed fractures or Paget disease may be identified (Fig. 
69.24). Microfractures cause significant pain and may not be detected 
with plain films. Bone scintigraphy is useful in this context for detec-
tion of increased bone activity associated with fractures. CT scans may 
identify the location of a fracture or an area of bone that has been 
replaced by inflammatory tissue. A magnetic resonance scan can detect 
abnormalities of bone marrow that are associated with alterations in 
bone mineral density (Figs. 69.25 and 69.26).121

solitary. Radiotherapy is useful to control spinal pain. Decompressive 
laminectomy is recommended for patients who have recently developed 
neurologic dysfunction.

Rheumatologic causes
There are a number of rheumatologic causes of back pain that are 
discussed in detail elsewhere in this volume including polymyalgia 
rheumatica (Chapter 152), fibromyalgia (Chapter 77), and ankylosing 
spondylitis (Chapter 112).

Primary bone disorders
Acute localized bone pain is usually caused by a fracture or expansion 
of bone (Table 69.8). Bone pain may be the initial manifestation 
of disease or may occur in the setting of associated symptoms. A 
medical history, including the review of systems, may elicit responses 
that suggest the underlying cause of the patient’s back pain (kidney 
stones—hyperparathyroidism, chronic cough—sarcoidosis). Physical 

Fig. 69.22 Metastatic prostate cancer. Plain radiograph demonstrating 
osteoblastic lesions replacing lower lumbar vertebral bodies and most of the 
bony pelvis.

TABLE 69.8 ENDOCRINOLOGIC, HEMATOLOGIC, AND MISCELLANEOUS DISOR-
DERS AFFECTING THE LUMBOSACRAL SPINE*

Endocrinologic/metabolic Osteoporosis

Osteomalacia

Hyperparathyroidism

Hematologic Hemoglobinopathy

Myelofibrosis

Mastocytosis

Miscellaneous Paget disease

Subacute endocarditis

Sarcoidosis

Retroperitoneal fibrosis

*All of these may cause acute localized bone pain.

Fig. 69.23 Osteoporosis. Plain radiograph, lateral view, demonstrating diffuse 
osteopenia and multiple compression fractures.

Fig. 69.24 Paget disease. Plain radiograph demonstrating osteosclerotic 
alterations of bony trabeculae in L2 vertebral body. The body is slightly 
increased in size. This patient had elevation of serum alkaline phosphatase.
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source of the acute back pain can be misconstrued as a sprain or strain. 
A common consequence of herpes zoster is postherpetic neuralgia.123

Pain referred from other visceral organs
Disorders of the vascular, genitourinary, and gastrointestinal systems 
can cause stimulation of sensory nerves that results in the perception 
of pain both in the damaged area and in superficial tissues supplied by 
the same segments of the spinal cord (Table 69.9). Colicky pain occurs 
in peristaltic waves and is associated with a hollow viscus, such as the 
ureter, uterus, gallbladder, or colon. Throbbing pain is associated with 
vascular structures.

MECHANICAL CAUSES OF LOW BACK PAIN
Although the majority of patients with radicular symptoms improve 
with time, patients with axial low back pain make up the largest group 
of patients with chronic persistent pain.

Spondylolysis and spondylolisthesis
Spondylolysis is a break in the pars interarticularis. If the defect permits 
displacement of one vertebra on another, it is termed a spondylolisthe-
sis (Fig. 69.28). Evaluation of the lumbar spine with plain radiographs 
is indicated, with flexion and extension views if spinal instability is 
suspected. Spondylolysis, with or without spondylolisthesis, is a com-
monly identified structural abnormality; however, only 5% of patients 
with it become symptomatic. Most patients with symptomatic spon-
dylolisthesis complain of pain when their spine is placed in extension 
(increased displacement) as opposed to flexion (which tends to normal-
ize vertebral body position). Most patients have a good response to 
non-operative measures, including patient education, flexion exercises, 
and a flexion back support. The development of progressive interver-
tebral disc degeneration associated with vacuum phenomenon and 
vertebral osteophytes at the listhetic level in the third decade of life 
coincides with the development of increasing back pain. These indi-
viduals may benefit from spinal fusion.126

Intervertebral disc disorder
Mechanisms of pain
Degenerative disc disease can be associated with back pain by several 
mechanisms. The outer third of the lumbar disc anulus receives  

Therapy for patients with acute localized bone pain must be tailored 
to the specific disease process causing their illness. In the instance of 
severe bony compromise, stabilization of the spine may require bone 
graft and/or rod placement (Fig. 69.27). Vertebroplasty can be used to 
treat vertebral compression fractures that remain painful and disabling 
after 6 weeks.121 In this procedure, methylmethacrylate is injected 
through a cannula into the collapsed vertebral body. The cement sta-
bilizes the fracture and may result in rapid pain relief. In rare circum-
stances the cement will escape from the vertebral body. Kyphoplasty 
uses an inflatable bone tamp to reduce kyphotic fractures.122 These 
procedures may also be associated with rapid relief of spinal pain in 
individuals with acute and subacute osteoporotic compression frac-
tures. The efficacy of vertebroplasty is debated and a high quality 
randomized controlled trial is necessary.

Herpetic neuralgia
Herpes zoster, also known as shingles, results from reactivation of 
latent varicella zoster infection within the dorsal root ganglia. It is 
characterized by a painful, unilateral vesicular eruption, which usually 
occurs in a dermatomal distribution. The thoracic and lumbar derma-
tomes are the most commonly involved sites of herpes zoster. Approxi-
mately 75% of patients have prodromal pain in the dermatome, where 
the rash subsequently appears, leaving a time frame during which the 

Fig. 69.25 Plasmacytoma. Magnetic resonance imaging scan, sagittal view, 
demonstrating replacement of the vertebral body with a mass lesion 
extending into the spinal canal.

R L

Fig. 69.26 Plasmacytoma. Magnetic resonance imaging scan, axial view, 
revealing replacement of the vertebral body and pedicles with a 
homogeneous mass. The mass has extended into the spinal canal, 
compressing the cauda equina.

Fig. 69.27 Plasmacytoma. Postoperative plain radiograph, lateral view, 
demonstrating placement of rods to stabilize the spine and prevent neurologic 
damage.
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disease can also be an asymptomatic finding that needs to be taken 
into account in interpreting the imaging results.

Treatment
In patients with axial symptoms only, those who fail to respond to 
conservative management and who have no specific radiographic 
abnormalities may improve with a local injection of an anesthetic  
agent into the area of maximal tenderness. A fluoroscopically guided 
spinal epidural corticosteroid injection can be helpful in refractory 
patients and in patients who cannot tolerate their exercise regimen. 
There is currently no definitive proof of efficacy for trigger point injec-

innervation from the sinuvertebral nerve or recurrent nerve of 
Lushcka.127-129 Injury to the annular fibers, in the form of either an 
annular tear or a herniation of nucleus pulposus, can cause local 
inflammation and thus both chemical and mechanical sensitization of 
these annular fibers. Disc herniations can put tension on and sensitize 
the posterior longitudinal ligament and cause pain. Neural and vascu-
lar ingrowth into regions of the annular tear can create a chronic 
nociceptor. Because of noxious stimuli, the vertebral segment may 
attempt to splint itself, resulting in limited range of motion, regional 
areas of tenderness in the back, muscle spasm, taut bands, and trigger 
points. Spasms, taut bands, and trigger points can be painful in and of 
themselves but often stem from injury to the deeper spinal 
structures.

Clinical presentation
Symptoms are often first seen in the 20- to 50-year-old age group. They 
are typically worse with prolonged sitting, standing, and forward 
bending and are often relieved with walking and frequent positional 
shift. Symptoms can radiate to the limb without nerve compression 
via somatic referral. Herniated nucleus pulposus is associated with leg 
pain exacerbated with flexion of the lumbar spine or with prolonged 
sitting. Individuals may experience sensory and/or motor deficits. 
Bedrest does not accelerate recovery.130

Investigations
When pain persists, further diagnostic tests are indicated to document 
the anatomic abnormalities. Depending on the circumstances, the 
patient should undergo MRI or CT evaluation (Figs. 69.29 and 69.30). 
MRI can demonstrate disc desiccation, focal protrusions, high-inten-
sity zone lesions, and vertebral endplate changes. Degenerative disc 

TABLE 69.9 VISCEROGENIC PAIN REFERRED TO THE LUMBAR SPINE*

Vascular Expanding aortic aneurysm

Genitourinary Endometriosis

Tubal pregnancy

Kidney stone

Prostatitis

Gastrointestinal Pancreatitis

Peptic ulcers

Colon cancer

*All of these disorders can cause referred pain to the lower back.

Fig. 69.28 Grade II developmental spondylolisthesis. At the L5/S1 level.

Fig. 69.29 Herniated intervertebral lumbar disc. Sagittal magnetic resonance 
imaging demonstrates a herniated disc with caudal migration of the disc at 
the L4/5 interspace.

Fig. 69.30 Herniated intervertebral lumbar disc. Axial magnetic resonance 
imaging demonstrates a herniated disc (arrow) blocking the left neural 
foramen.
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(Fig. 69.32). The nerve root canals through which spinal nerves exit 
the spinal canal are bounded anteriorly by the posterior surface of discs 
and vertebral body, posteriorly by facet joints and pars interarticularis, 
and medially by the central vertebral canal.142 Stenosis develops when 
there is a relative narrowing of the dimensions of the lumbar spinal 
canal due to either congenital or acquired factors. Many cases of lumbar 
spinal stenosis syndrome are the result of both congenital and acquired 
narrowing of the lumbar spinal canal, thus limiting the utility of any 
rigid etiologic classification.143

Pathologic studies of the lumbar nerve root canal show that lumbar 
spondylosis is associated with reduction in the vertical dimension due 
to disc space narrowing, posterior bulging of the intervertebral discs, 
retropulsion of anulus fibrosus remnants, and the formation of scle-
rotic ridges around the vertebral endplates (see Fig. 69.32). Osteoar-
thritic facet joints project osteophytes anteriorly from the superior 
articular processes and there are often synovial effusions, hemarthro-
ses, and derangements of meniscal synovial folds. In extension and 
rotation there is significant encroachment on the nerve root complex 
(see Fig. 69.32).144 Flexion-extension myelography has shown consis-
tent anterior displacement of the entire lumbar dural sac on extension, 
caused by shortening and thickening of the ligamentum flavum.145 
Furthermore, the discs bulge posteriorly, particularly at the L3/4 and 
L4/5 levels, and with spinal extension there is also facet joint sublux-
ation anteriorly, further compromising the dimensions of the lumbar 
spinal canal.

The precise mechanisms that produce neurogenic claudication are 
poorly understood. The neuropathology of patients has shown chronic 
segmental compression of nerves at regular intervals corresponding to 
the site of myelographic obstruction, with confirmatory histologic fea-
tures of nerve fiber damage.146 Abnormalities of the pial vessels have 
been reported,147 and some patients have high cauda equina cerebro-
spinal fluid pressures.148 Any or all of these factors may play a role in 
the genesis of pseudoclaudication.

Clinical features
The most characteristic symptom is neurogenic claudication, defined 
as discomfort in the buttock, thigh, or leg on standing or walking that 
is relieved by rest and is not produced by peripheral vascular insuffi-
ciency. Such discomfort is generally described as pain but is occasion-
ally appreciated as numbness, weakness, or various combinations of 
these symptoms.146

tions or epidural steroid injections for the treatment of axial low back 
pain.

For patients with disc herniation, additional therapy in the form of 
fluoroscopically guided epidural corticosteroid injections may be given 
if pain persists and is functionally limiting.131 Long-acting corticoste-
roid is injected into the epidural space transforaminally, close to the 
location of nerve root compression. Approximately 66% to 84% of 
patients will have a benefit that is sustained even at 1-year follow-
up.132,133 The maximum benefit is typically noted after 4 weeks. Leg 
symptoms typically respond better than axial symptoms.

If injections are effective in alleviating the patient’s leg pain, the 
patient should be encouraged to increase physical activity, although 
limiting activities that increase intradiscal pressure, such as heavy 
lifting or sitting for long periods of time. Preliminary studies report 
that sequestrated intervertebral discs that are highlighted by the gado-
linium contrast material are more likely to resorb spontaneously than 
protruded discs that do not absorb contrast.134 If conservative measures 
have not been effective, the patient may consider surgical intervention. 
The choice of surgical procedure (laminectomy with discectomy versus 
microdiscectomy) is beyond the scope of this chapter. Some studies 
showed that discectomy produces better pain relief than non-surgical 
treatment over a 4-year period, but outcomes of operative and non-
operative therapy are similar at 10-year follow-up.135 The Spine Patient 
Outcomes Research Trial (SPORT) demonstrated that surgery may 
offer more rapid relief of radicular symptoms; however, long-term 
symptoms at 1 and 2 years appear to be comparable in surgically and 
nonsurgically treated groups. Of note, the intention-to-treat analyses 
in SPORT are not readily interpretable because of high rates of cross-
over from operative to non-operative and from non-operative to opera-
tive therapy. Thus the conclusions of the study are based on the more 
interpretable “as-treated” analyses, which afford less protection against 
bias.136,137 Needless to say, the success of any of these surgical proce-
dures is dependent on choosing the patient who requires surgery. 
Surgery for radicular symptoms is helpful in relieving leg pain, but it 
has not been shown to improve back pain.

Zygapophyseal (facet) joint syndrome
The zygapophyseal joint can also cause low back pain. Articular  
degeneration with zygapophyseal joint sclerosis may be associated  
with back pain.138 Patients with facet joint syndrome can often experi-
ence back and buttock pain that is worse with standing and walking 
or lumbar extension and alleviated with forward flexion. Diagnosis  
of symptomatic facet syndrome requires anesthetization of the joint 
via an intra-articular block or anesthetization of the joint’s innerva-
tion. At least two blocks are required to be confident the facet joint is 
mediating pain due to the high incidence of non-specific/placebo 
effect.139,140

Lumbar spinal stenosis
Spinal stenosis can be defined as narrowing of the spinal canal second-
ary to degenerative changes that occur in the spinal canal with time 
(Fig. 69.31). Other forms of spinal stenosis occur secondary to congeni-
tal abnormalities, traumatic, postsurgical, or metabolic disorders. 
Patients with spinal stenosis experience leg pain with standing or 
walking: the classic syndrome of neurogenic claudication.

Epidemiology
The prevalence of narrowing of the lumbar spinal canal increases with 
age. A midsagittal narrowing to less than 10 mm is abnormal.141 
Myelographic,68 CT,63 and MRI studies20 have all shown that 20% to 
25% of asymptomatic populations older than 40 years have marked 
narrowing of the lumbar spinal canal. These in vivo measurements 
support the conclusion drawn from postmortem morphometry studies 
that many cases of “morphologic” lumbar spinal stenosis have no 
recognizable clinical expression.

Etiology and pathogenesis
The lumbar spinal canal is bounded anteriorly by lumbar discs, verte-
bral bodies, and the posterior longitudinal ligament, laterally by the 
laminae and facet joints, and posteriorly by the ligamentum flavum 

R L

Fig. 69.31 Spinal stenosis. Magnetic resonance imaging, axial view, of the L3/4 
disc level demonstrating osteophytic overgrowth, disc degeneration, and 
ligamentous hypertrophy. The cauda equina is compressed in the central area 
of the canal.
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Contrast myelography can be helpful for surgical planning. Demon-
stration of obstruction to dye flow can be dependent on posture, with 
compression of the dural sac by the ligamentum flavum and disc being 
more severe in extension (Fig. 69.34). The combination of contrast 
myelography and CT directed at specific levels can demonstrate lateral 
recess and/or nerve root canal with greater definition than CT or 
myelography alone.

MRI is the non-invasive study of choice. However, asymptomatic 
changes of stenosis occur in 21% of asymptomatic subjects older than 
the age of 60.91 MRI and contrast CT are comparable in demonstrating 
spinal stenosis at any one segment.152 Few adequate studies have com-
pared these various imaging modalities.153 On balance, MRI and CT 
myelography are comparable in establishing the radiologic (in contrast 
to clinical) diagnosis of lumbar spinal stenosis.154

Electrodiagnostic studies can be confirmatory of the diagnosis of 
spinal stenosis. Of 37 patients with surgically proven lumbar spinal 
stenosis, 34 had an abnormality on electromyogram with evidence of 
one or more radiculopathies.146 These abnormalities can be difficult to 
interpret, with one study demonstrating that 11 of 36 patients with 
stenosis had electromyographic abnormalities at levels higher than 

Neurogenic claudication is generally relieved by lying down, sitting, 
leaning forward on a shopping cart, leaning on a church pew, or adopt-
ing a bent forward position while walking (simian stance). Symptoms 
and signs typically affect multiple dermatomes. Some 40% of cases 
have bilateral symptoms.146 Restriction of straight-leg raising (Lasègue 
sign) is present in only 10% of cases of lumbar spinal stenosis. Ankle 
jerks are absent in 40%, knee jerks are absent in 10%, and a small 
percentage have sensory loss or weakness.146,149 A condition identical 
to meralgia paresthetica can be produced by stenosis at the upper 
lumbar levels.150

Bowel and bladder sphincter disturbances can develop but are rela-
tively uncommon. Their presence constitutes an absolute indication 
for surgery to stabilize the deficit and allow some potential for recovery 
of bladder function.151 Rarely, intermittent priapism has been reported 
as a manifestation of lumbar spinal stenosis.152 Men have been 
described as unable to void in the standing position but able to do so 
while sitting, a cauda equina equivalent of pseudoclaudication.

Restriction of lumbar spinal motion is common in this condition 
because most cases have significant and often severe spondylotic 
changes. It has been estimated that 65% of patients who undergo 
lumbar spinal surgery for lumbar spinal stenosis have significant 
mechanical lumbar pain.146 This probably represents a substantial 
underestimate of the extent of lumbar pain in this context because the 
more mechanical lumbar pain a patient has, the less likely he or she 
is to be offered lumbar spinal surgery.

Investigations
The purpose of investigation is to confirm the diagnosis in patients 
with a clinically defined lumbar stenosis syndrome and, if necessary, 
to exclude other diseases. Imaging techniques and neurophysiologic 
investigations allow demonstration of the defined anatomy so that 
appropriate therapy can be planned. The imaging techniques are com-
plementary, and in most cases a combination of techniques is 
necessary.

Plain film changes are insensitive for the diagnosis of spinal steno-
sis. Arthritic changes that may be associated with stenosis include 
narrowing of disc spaces, zygapophyseal joint osteoarthritis, and  
degenerative spondylolisthesis, particularly at L4/5.146 Spondylolysis 
with spondylolisthesis frequently causes distortion of the nerve  
root exit foramen, which may lead to compromise of the exiting  
nerve in the foramen and the descending spinal nerve root in the  
lateral recess. If severe listhesis exists, it can compromise the central 
canal.

CT can demonstrate articular facet hypertrophy, enlargement of 
laminae, hyperplasia, and ossification of the ligamentum flavum and 
disc prolapse (Fig. 69.33). The technique allows definition of the 
osseous margins and shape of the lumbar spinal canal. A trefoil shape 
of the lumbar canal is typical of severe lumbar spinal stenosis.

Disc

Nerve root 
canal

Spinal canal

Facet joint

Ligamentum 
flavum

Disc with 
posterior bulge

Nerve root 
canal stenosis

Spinal canal dimensions 
mildly reduced

Hypertrophic
change

Ligamentum flavum
thickened

Disc with marked
posterior bulge

Spinal canal dimensions 
further reduced

Hypertrophic
change

Ligamentum flavum
thickened and bulging 
anteriorly

Normal lumbar spinal canal Lumbar spinal stenosis in neutral position Lumbar spinal stenosis in extension

THE LUMBAR SPINAL CANAL IN HEALTH AND DISEASE

Fig. 69.32 The lumbar spinal canal in health and disease. (Left) The normal spinal canal. (Center) The spinal canal in central spinal and nerve root canal stenosis in 
the neutral position. (Right) The effect of lumbar extension on the spinal canal.

Anterior

Fig. 69.33 Lumbar spine stenosis. Computed tomography showing thickened 
ligamentum flavum, facet joint hypertrophy, and posterior disc bulging. Note 
absence of epidural fat with trefoil deformity of lumbar spinal canal.
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rostral narrowing of the spinal canal will result in difficulty in walking 
and sphincter disturbance.160

Back pain with regional radiation
Anterior thigh pain
Back pain with anterior thigh pain has a number of possible sources. 
Pain in the anterior thigh may be related to hip disease, a hernia, 
kidney disorders, femoral neuropathy, lateral femoral cutaneous nerve 
entrapment (meralgia paresthetica), or retroperitoneal process. Hip 
arthritis causes pain that is primarily in the groin and exacerbated by 
hip motion, especially internal rotation. However, hip disease may 
present as lateral low back and anterior thigh pain. The patient’s pain 
should be recreated by putting tension on the hip joint. Plain films of 
the hips can document the presence of joint disease (Fig. 69.35). For 
patients in whom a diagnosis remains unclear because of degenerative 
changes in both the spine and hip, a diagnostic anesthetization of the 
hip with fluoroscopic guidance and preprocedural and postprocedural 
pain diagrams and visual analog scales can make the diagnosis.

Disorders of the femoral nerve may be associated with anterior thigh 
pain. The anterior femoral cutaneous nerve (L2, L3) supplies the ante-
rior thigh. Neuropathies, such as diabetic polyradiculopathy or plexop-
athy (diabetic amyotrophy) or a focal mononeuropathy involving the 
femoral nerve, can occur in diabetes. Any retroperitoneal process may 
refer pain to the anterior thigh. Retroperitoneal structures that may 
cause pain include the aorta, kidneys, tumor or infiltrative process. If 
a retroperitoneal process is suspected, CT evaluation is appropriate to 
determine the status of the aorta, kidney, and lymph nodes.

Posterior or lateral thigh pain
Posterior or lateral thigh discomfort can have a broad differential. These 
patients may have referred or radicular pain. Patients with referred pain 
have it on the basis of somatic (sclerotomal) referral because of injury 
to the bone, muscle, zygapophyseal joint, intervertebral disc, or sacro-
iliac joint. The muscles of the posterior thigh and buttocks have the 
same embryologic origin as those of the lumbar spine. An injury to 
these structures in the lumbar spine may be referred to the posterior 
thigh. Posterior thigh discomfort can also be commonly due to radicular 
pain involving the S1, and lateral thigh discomfort is commonly caused 
by the L5 nerve root. However, referral between these two spinal nerve 
roots can have significant overlap. A complementary therapeutic exer-
cise regimen is important to maximize outcome.

Other non-spinal causes of pain
Sacral fractures can entrap or irritate sacral nerve roots in the foramen 
and cause radicular pain referring to the buttock or thigh. Hip arthritis 
and vascular disease can also refer to the buttock and posterior thigh. 
Hamstring injuries and ischial bursitis are soft tissue disorders that 

those expected on the basis of myelography.155 Much of the usefulness 
of electromyography lies in excluding peripheral neuropathy and 
peripheral nerve entrapment syndromes.156 Cortical somatosensory-
evoked potentials provide a sensitive test of neurologic compromise 
and have been used in assessing the adequacy of neural decompression 
intraoperatively.157 The specificity of this test is uncertain and it is 
expensive; it is currently more of a research tool than a routine clinical 
procedure.

Differential diagnosis
A number of conditions must be distinguished from lumbar spinal 
stenosis syndrome (Box 69.1). Peripheral vascular disease can be diag-
nosed on the basis of history, examination, exercise, ankle brachial 
indexes, and vascular surgical consultation.158 The possibility of a 
herniated nucleus pulposus causing sciatica is associated with abrupt 
onset. Hip osteoarthritis can cause thigh discomfort exacerbated by 
standing and walking but often has significant pain with transitioning 
from sit to stand and has diminished range of motion and pain produc-
tion with examination. The possibility of two pain generators is 
common in this aging population. Trochanteric bursitis can cause 
regional thigh pain and can mimic radicular pain. Peripheral nerve 
entrapment may produce extremity pain. Electromyography with nerve 
conduction studies is usually required for diagnosis.156 Lumbar spinal 
stenosis may be associated with stenosis in the cervical and thoracic 
areas. Some cases of thoracic spinal stenosis produce a pure pseudo-
claudication syndrome.159 Furthermore, myelopathy due to more 

Fig. 69.34 Lumbar spine stenosis: myelogram in extension. Note increased 
block with marked posterior indentation due to the ligamentum flavum.

BOX 69.1 DIFFERENTIAL DIAGNOSIS OF LUMBAR SPINAL 
STENOSIS SYNDROME
Lumbar spondylosis without spinal stenosis
Herniated nucleus pulposus
Atherosclerotic occlusive peripheral vascular disease
Spinal tumors
Restless legs syndrome
Peripheral nerve entrapment
Cervical and thoracic spinal stenosis
Peripheral neuropathy
Anterior tibial compartment syndrome

Fig. 69.35 Hip arthritis. Plain radiograph of pelvis demonstrating severe 
osteoarthritis of both hips. The patient had presented with back and knee 
pain. Hip examination revealed no motion of the joint. Back pain was reduced 
with joint replacement.
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can refer symptoms to the posterior thigh, whereas trochanteric bursi-
tis and iliotibial band tightness can be associated with pain in the 
lateral thigh.

MANAGEMENT OF LUMBAR SPINE DISORDERS
No single form of therapy is effective for all forms of back pain. Patients 
with systemic causes must be treated with specific therapies effective 
for their underlying disease as discussed earlier. The following section 
provides guidelines for the management of non-specific back pain.

The recommendations of a panel of spine experts in relation to the 
general management of back pain remain useful, despite being pub-
lished more than a decade ago.48

● Bedrest for more than 2 days is not helpful and may debilitate 
the patient. During the acute phase, patients are encouraged to 
ambulate as tolerated.

● Relief of pain may be accomplished most safely with non-prescrip-
tion analgesics or non-steroidal medication. Spinal manipulation 
by an osteopathic physician or trained physical therapist is helpful 
during the first 4 weeks in patients without radiculopathy.

● Low-stress aerobic activities can be safely started in the first 2 
weeks of symptoms. Trunk muscle exercises should be delayed 
for at least 2 weeks.

● Patients should be encouraged to return to usual activities, both 
vocational and recreational, as soon as possible.

Frequently the ability of patients to cope with their symptoms can 
be helped by careful explanation of the cause of the symptoms. The 
key to conservative management lies in the patient’s acceptance of 
mild disability because most continue to be symptomatic in the longer 
term.

Conservative approaches
Components of a conservative management program for low back pain 
patients include patient education, controlled physical activity, bedrest, 
exercise, and drug therapy in the form of NSAIDs and muscle relax-
ants. Bedrest should be kept to a minimum or eliminated completely 
by encouraging the patient to avoid extremes of activity or inactivity. 
Scientific data support regular activity as being as effective as a short 
course of bedrest.161-163 The best outcome for low back pain is associ-
ated with resuming normal activity as opposed to extension exercises 
or bedrest.162

Physical modalities
Physical modalities may be used to diminish symptoms for short 
periods of time. These forms of therapy include ice massage, hot packs, 
diathermy, ultrasound, and transcutaneous electrical nerve stimulation 
(TENS). These therapies may be applied by the patients themselves or 
by a therapist.

Patients with acute low back pain may experience analgesia with 
ice massage or cold packs. Cold temperatures decrease swelling, pain, 
and muscle spasm during the acute phase of an injury. Cold reduces 
metabolic activity locally, decreases muscle spindle activity, and slows 
nerve conduction. Patients may experience at least 33% reduction in 
pain following ice massage.164

Heat also has utility in the treatment of low back pain patients. 
Heat should not be used in patients with back pain arising from acute 
trauma because it causes vasodilation and increased blood flow, which 
can increase damage to an area recently traumatized. However, heat 
increases the elastic properties of connective tissues and may be of 
particular utility in patients who complain of stiffness associated with 
their back pain. Heat also decreases γ-fiber activity, muscle spindle 
excitability, and resting muscle tension. Heat has been shown to be 
helpful for reducing pain in hospitalized patients with low back 
discomfort.165

Transcutaneous electrical nerve stimulation
TENS therapy is based on the gate control theory of pain, which 
suggests that counterstimulation of the sensory system will modify 
pain perception in the cerebral cortex. TENS preferentially stimulates 
low-threshold αA fibers. The stimulation of these fibers is thought to 

inhibit the nociceptive impulses of the small C unmyelinated and αD 
fibers. The effect of TENS on pain is not mediated through opiate 
receptors. The electrical stimulation is produced by an electrical pulse 
generator, which delivers current that can be varied in form, intensity, 
and frequency to superficial electrodes. The optimal placement of the 
electrodes is proximal to the painful area. The average time for the 
onset of analgesia is approximately 20 minutes. Therapy should be 
given for at least 30 minutes. The pain relief from TENS may be 
present only during stimulation or may last for a considerable period 
of time. TENS is not indicated for patients with acute low back pain.48 
TENS has been shown to be superior to massage and equivalent to 
cold therapy.164 However, a large, randomized, placebo-controlled study 
found no benefit of TENS for chronic low back pain.166 The role of 
TENS in the therapy of low back pain is in question and it should not 
be considered as sole therapy.

Exercise
Physical therapy, particularly in the form of therapeutic exercises, may 
be particularly helpful in controlling mechanical low back pain.167 A 
number of different exercise programs are available for patients with 
low back pain. These include flexion exercises, extension exercises, 
core stabilization, stretching regimens, and aerobic conditioning. As a 
generalization, patients with mechanical disorders of the discs prefer 
extension exercises, whereas those with stenosis prefer flexion exer-
cises. In most circumstances patients eventually take part in a combi-
nation of both forms of exercise.

Patients may feel worse before they feel better following an exercise 
program. In one study of patients with chronic low back pain,168 2 
months were required before a benefit was noted. The treating physi-
cian should find a physical therapist who is interested in taking care 
of back patients and communicate his or her concerns about patients 
to the therapist.

Exercises may also play a significant role in preventing back pain in 
asymptomatic individuals. In a comparison with educational strate-
gies, mechanical supports, and risk modification, exercises that 
strengthen back and abdominal muscles were the only intervention 
associated with decreased frequency and duration of low back  
pain.169

Oral drug therapy
The types of medication used for low back pain include analgesics, 
NSAIDs, muscle relaxants, and neuropathic pain medications. The 
potential toxicities must also be considered when choosing an agent 
for a patient.

Analgesics
Patients may benefit from acetaminophen. A slow-release form of the 
drug may allow for a more prolonged analgesic effect in back pain 
patients. The drug has a synergistic effect with NSAIDs and may be 
used in combination to increase analgesia without increasing 
toxicity.

Tramadol, a synthetic analgesic that binds opiate µ-receptors, is a 
useful agent that can be given independently or in combination with 
non-steroidal drugs for the relief of chronic low back pain. This agent 
is most helpful for individuals with back pain who are unable to toler-
ate NSAIDS and narcotic analgesics.

Narcotic analgesia should be reserved for patients with severe func-
tionally limiting pain and used along with NSAIDs, other adjuvant 
analgesics, and a bowel regimen. This form of therapy may be used in 
an outpatient setting along with controlled physical activity and modal-
ities. Stronger narcotic analgesia should be reserved for patients who 
are unable to perform activities of daily living because of persistent 
pain. The continuation of narcotic analgesics in the outpatient setting 
should be discouraged unless the patient is committed to maximizing 
physical function through increased activity.170

Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs have analgesic properties in low 
doses and anti-inflammatory properties at higher doses. The onset of 
action of the agents is important. In acute back pain, a rapid onset of 
action is important to control symptoms quickly. In chronic pain, the 
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onset of action is not as important as efficacy and safety over extended 
periods of time.

Naproxen, piroxicam, and diflunisal have been reported to be more 
effective than placebo in relieving low back pain.171,172 NSAIDs as a 
class of agents are effective in low back pain therapy.173 There are no 
specific selection criteria for the choice of a single agent. The drug is 
given for a period of 2 to 4 weeks as a therapeutic trial and is continued 
if it is efficacious and well tolerated. Cyclo-oxygenase (COX)-2-selec-
tive inhibitors are indicated for low back pain treatment in individuals 
with a history of peptic ulcer disease or gastrointestinal intolerance to 
dual COX-1/COX-2 inhibitors. They are associated with increased risk 
of cardiovascular thrombotic events and consequently they are being 
used less often, and their role in the management of acute and chronic 
back pain syndromes is being reassessed. Chronic use in the elderly is 
discouraged, and careful use of opiates may be safer.

Muscle relaxants
The use of muscle relaxants in low back pain remains controversial.174 
The muscle relaxants used for low back pain patients work centrally 
to affect the activity of muscle stretch reflexes. Drugs including cyclo-
benzaprine, carisoprodol, and chlorzoxazone have been shown to be 
more effective than placebo in treating patients with muscle spasm.175 
In appropriately selected patients with acute muscle spasm, the com-
bination of an NSAID and a muscle relaxant is more effective than the 
same NSAID alone.176 The combination of an NSAID and a muscle 
relaxant offers significant relief of pain compared with other combina-
tions of therapies, including those with narcotics.177 The major side 
effects of muscle relaxants are drowsiness, headache, dizziness, and dry 
mouth.

Neuropathic pain agents
Tricyclic antidepressants have been used for the treatment of chronic 
pain for patients with or without depression. A number of mechanisms 
have been suggested to explain the pain relief associated with the tri-
cyclics. Double-blind studies have documented the role of tricyclics for 
relieving chronic pain. Low doses in the range of 10 to 25 mg may be 
adequate to control symptoms.178 Rare patients may require up to 
150 mg per day. The drug does not work immediately and may need 
to be continued for a number of weeks before decreased symptoms are 
noted. Selective serotonin reuptake inhibitors (sertraline, fluoxetine) 
are not as effective as tricyclics for chronic pain relief.179 Mixed nor-
epinephrine and serotonin reuptake inhibitors (venlafaxine and dulox-
etine) seem to have a more effective role in the management of chronic 
pain.

The second major class of neuropathic pain agents includes anti-
epileptic medications, such as pregabalin, gabapentin, and carbamaze-
pine (Tegretol). Neuropathic pain medications have a potential role 
where pain is mediated via both peripheral and central mechanisms. 
Examples of peripheral nerve–mediated pain include spinal stenosis, 
herniated nucleus pulposus, and epidural fibrosis. Chronic axial low 
back pain, although believed to be in part mediated by central sensitiza-
tion and other chronic changes occurring in the brain and spinal cord, 
may also benefit from a trial of these agents. Strong evidence for the 
use of these agents is lacking, but judicious use can improve patient 
pain and quality of life and help restore sleep.

Injection therapy
Local or regional anesthesia given by injection is part of the therapeutic 
regimen for some patients with low back pain. By blocking peripheral 
pain input, the local area of pain can be eased, as well as areas of 
referred pain and increased muscle tension. Patients who describe 
localized areas of muscle or ligamentous tenderness are candidates for 
local anesthetic therapy. The area injected may be an area of local 
trauma or a myofascial trigger point.180 Trigger points are areas of the 
muscle that are painful at rest, prevent full lengthening of the muscle, 
weaken the muscle, refer pain in the muscle group on direct palpation, 
and cause a local contraction when palpated. Trigger points may be 
found in the paraspinous muscles, the quadratus lumborum, and the 
gluteal muscles. A study by Garvey and colleagues suggests that nee-
dling the area with or without medication may have a beneficial 
effect.181 Injections may be given on a weekly basis for 3 to 4 additional 

weeks. Controlled studies designed to evaluate the efficacy of this treat-
ment modality have yet to be carried out.

Epidural injections
Epidural corticosteroid injections are used for patients with radicular 
pain who do not respond to less invasive management. The efficacy of 
these injections for the therapy of herniated discs and spinal stenosis 
with radiculopathy has been questioned, though they have been found 
to be effective in some patients.182-186 The benefits include decreased 
pain and more rapid return of sensory function.131 Epidural steroids 
may be administered via the interlaminar, transforaminal, and caudal 
routes. Fluoroscopic guidance improves the likelihood of administra-
tion of medication to the intended target, decreases the risk of vascular 
penetration, and enhances safety. Whenever possible, injections should 
be offered that are most specific to the suspected predominant pain 
generator. Transforaminal epidural steroid injections place medication 
around the specifically involved nerve root and in experienced hands 
can offer effective treatment of radicular pain due to herniated disc.132,133

Facet joint injection
Facet syndrome can mimic radicular pain. The diagnosis of facet syn-
drome is based on diagnostic anesthetization of the joint or its innerva-
tion. Steroid injections can be performed to decrease pain.187 The 
injections are done under fluoroscopic control to document the appro-
priate placement of the needle. A facet joint receives innervation by 
the medial branches of the dorsal rami from the same level and the 
level above. Injections of steroid and anesthetic can also be offered 
intra-articularly at the suspect joint or joints. If facet syndrome is 
confirmed on the basis of time-dependent medial branch anesthetic 
block or a placebo-controlled intra-articular block, the medial branches 
can be denervated with radiofrequency ablation.188,189 The efficacy of 
facet injections and medial branch blocks has been questioned190 and 
presents an area for further study.

Calcitonin
Calcitonin dispensed by injections or nasal spray is useful in cases of 
lumbar spinal stenosis associated with Paget disease.191 Open studies 
have suggested that calcitonin may be effective in treating patients with 
neurogenic claudication without Paget disease. A subsequent double-
blind study yielded less impressive results,192 and further studies indi-
cate that such treatment is helpful but unlikely to be effective in severe 
neurogenic claudication with walking distances of less than 200 
meters.193

Complementary therapies
Complementary therapies are used for a variety of medical problems, 
including low back pain.194 Therapies promoted for the treatment of 
low back pain include spinal manipulation, massage, acupuncture, and 
magnets.

Spinal manipulation is recommended by the AHCPR guidelines. 
Osteopathic physicians and experienced physical therapists may offer 
manipulation as a therapy for low back pain. In a study of 215 patients 
who visited a physician and 242 who visited a chiropractor, overall 
satisfaction with care was three times greater with the chiropractors 
than with the physicians.195 Patient satisfaction with chiropractors is 
related to the chiropractor’s willingness to listen to a patient’s con-
cerns. On the other hand, chiropractic care is associated with the 
greatest number of visits per episode and the highest outpatient cost 
compared with other health care providers.196 We discuss both the 
greater satisfaction with chiropractic care and the higher cost and uti-
lization with patients and encourage them to make up their own minds 
about chiropractic care.

Therapeutic massage has benefit for individuals with chronic low 
back pain. This therapy given once a week over 10 weeks has demon-
strated benefit months after the last treatment. The efficacy of this 
form of treatment is limited to the availability of massage 
therapists.197

The use of magnets for individuals with chronic back pain was 
reported in a double-blind placebo-controlled trial. This study demon-
strated no significant difference between the study groups. Magnets did 
not decrease back pain in this trial.198
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Acupuncture is also commonly used for low back pain. A meta-
analysis reported that for the primary outcome of short-term relief of 
chronic pain, acupuncture is significantly more effective than sham 
treatment and no additional treatment. For patients with acute low 
back pain, data are sparse and inconclusive. Data are also insufficient 
for drawing conclusions about acupuncture’s short-term effectiveness 
compared with most other therapies.199 Another systematic review 
done according to the guidelines established by the criteria recom-
mended by the Cochrane Back Review Group concluded that the data 
do not allow firm conclusions regarding the effectiveness of acupunc-
ture for acute low back pain. For chronic low back pain, acupuncture 
is more effective for pain relief and functional improvement than no 
treatment or sham treatment immediately after treatment and in the 
short term only. Acupuncture is not more effective than other conven-
tional and “alternative” treatments. The data suggest that acupuncture 
and dry-needling may be useful adjuncts to other therapies for chronic 
low back pain. Because most of the studies were of lower methodologic 
quality, there is a clear need for higher-quality trials in this area.200

Surgical treatment
A thorough treatment of surgery is beyond the scope of this chapter. 
A small percentage of individuals with low back pain require surgical 
intervention to improve their condition. Indications for surgery vary 
according to the patient characteristics but include sphincter and 
sexual dysfunction due to compression of the conus medullaris or 
cauda equina; severe radicular symptoms, particularly if there are pro-
gressive neurologic motor deficits; and radicular symptoms failing to 
respond to conservative management. The operative procedure is deter-
mined by the characteristics of the lesions and the skill of the surgeon 
with the specific technique.

With spinal stenosis, the success of surgical approaches depends on 
adequate decompression of areas of absolute stenosis and good judg-
ment with respect to adequacy of decompression of areas of relative 
stenosis. Preoperative assessment and planning are essential. Before 
surgery there must be demonstration of compression of spinal nerve 
structures that correspond to the patient’s clinical symptoms and signs. 
Surgery should not be carried out for clinically asymptomatic spinal 
stenosis.

Most patients require multiple-level procedures and in one study 
72% of patients had three or more laminae removed. In the follow-up 
of those patients 4 years after surgery, 64% reported that surgery had 
yielded good to excellent results but 36% still had more than half of 
their preoperative disability.146 Similar results are reported for commu-
nity-based cohort studies and from pooled series.201,202

An analysis of laminectomy failure in 45 stenosis patients found 
that only half had the clinical picture of neurogenic claudication and 
only 10 had radiologic evidence of severe lumbar canal stenosis. The 

most common technical problem was inadequate neural decompres-
sion.203 Co-morbidities, including hip arthritis, osteoporosis, and car-
diovascular disease, are associated with persistent pain after surgical 
correction.204 Surgery is most effective when patients have a clinical 
picture dominated by manifestations of nerve compression.

Surgery for patients with radicular pain due to herniated disc pri-
marily involves decompression. Removal of the protruded, extruded, 
or sequestered disc material and inspection and release of the tethered 
nerve root are performed. Before closure, subcutaneous fat soaked in 
steroid is placed over the spinal nerve to minimize adherence of muscle 
to the exposed dura overlying the spinal nerve and scar formation. 
Indications for concomitant spinal fusion remain controversial. 
Patients with spondylolisthesis, degenerative scoliosis, history of prior 
surgery, segmental instability, or predominantly axial pain with con-
cordant discography are possible candidates for concomitant fusion.

Patients with lumbar spondylolisthesis with symptoms of low back 
pain with or without neurologic symptoms from irritation of the spinal 
nerve roots may benefit from surgical fusion. In contrast, among 
patients with axial low back pain with non-specific degenerative 
changes, spinal fusion should only be considered after exhaustive 
attempts at non-operative care and psychological counseling. In this 
small subpopulation, spinal fusion may be considered for patients with 
two or fewer adjacent degenerated discs demonstrated to be concordant 
for reproducing the patient’s symptoms on non-sedated lumbar discog-
raphy with at least one asymptomatic level. Even in this highly selected 
population, concerns about adjacent-level degeneration and subsequent 
return of pain can occur. Artificial discs hold some promise in terms 
of reducing adjacent-level degeneration; the efficacy has been reported 
to be comparable with fusion.205

The SPORT studies shed additional light on the role of surgery in 
patients with back pain. The SPORT investigators performed three 
parallel studies involving patients with herniated nucleus pulposus and 
sciatica; patients with lumbar spinal stenosis and neurogenic claudica-
tion; and patients with degenerative spondylolisthesis. Each trial was 
compromised by high rates of crossover from one randomized group to 
the other. Essentially, about half of SPORT subjects did not receive the 
intervention to which they were randomly assigned. Consequently, the 
investigators presented sophisticated as-treated analyses that take 
advantage of the unique SPORT data. These analyses consistently 
show that in the first 2 years of follow-up, outcomes are better follow-
ing surgery than following non-operative therapy. Longer follow-up will 
determine whether these differences persist.206,207

Unfortunately, in spite of adequate conservative and operative man-
agement, some patients are left with ongoing severe back pain and 
limitation. Multidisciplinary pain management and functional restora-
tion techniques should be considered for these patients and the man-
agement involves both physical and psychological assessment and 
treatment.208
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Glenohumeral ligaments
The joint capsule is thickened anteriorly to form separate components 
known as the glenohumeral ligaments, which act to strengthen the 
anterior and inferior capsule. The superior glenohumeral ligament runs 
from the anterosuperior aspect of the glenoid to the proximal edge of 
the lesser tuberosity of the humerus, with the middle glenohumeral 
ligament running just below this. The inferior glenohumeral ligament 
runs from the anteromedial aspect of the glenoid to the distal edge of 
the lesser tuberosity and proximal shaft of the humerus and has three 
components enabling it to sustain loading in multiple directions (Fig. 
70.1).1,2 It is important in the provision of anteroinferior stability to 
the joint, particularly with the arm in abduction and external rotation, 
and is the major restraint of external rotation in the neutral and 
abducted position.3 It has also been shown to provide some posterior 
stability, especially in flexion and internal rotation. The joint capsule 
functions like a hammock or cylinder, with many regions acting as a 
restraint to external rotation.

Anatomic variants in glenohumeral ligaments
Deficiencies in this ligament complex are important in the develop-
ment of instability. Several studies have described a number of ana-
tomic variations in the glenohumeral ligaments and capsulolabral 
attachments that need to be differentiated from truly pathologic condi-
tions.4 With the advent of magnetic resonance imaging (MRI) and 
arthroscopy, these variants have been demonstrated in the normal and 
symptomatic population (Fig. 70.2). An example is the variable devel-
opment of the middle glenohumeral ligament and anterosuperior 
labrum, with normal variants such as the Buford complex (absent 
anterior superior labrum and cord-like middle glenohumeral ligament) 
and sublabral hole (or window) often being mistakenly identified as a 
pathologic lesion, that is, Bankart’s defect (isolated tear in the anterior 
inferior glenoid labrum).5

Coracohumeral and coracoacromial ligaments
The coracohumeral ligament originates from the coracoid process with 
a variable insertion into the rotator interval or anterior rotator cuff, 
and in conjunction with the superior glenohumeral ligament it limits 
inferior translation and external rotation of the adducted shoulder. The 
coracoacromial ligament extends from the undersurface of the medial 
acromion to the superolateral border of the coracoid process, although 
several types have been described.6 It acts as a tension band supporting 
the acromion and coracoid and has an important role in transmitting 
force from the surrounding muscles. Along with the acromion, it acts 
as a roof over the subacromial space under which the rotator cuff 
tendons slide, with the subacromial bursa lying between. This structure 
has been implicated in the pathology of impingement of the shoulder. 
The transverse humeral ligament runs between the greater and lesser 
tuberosities, covering the long head of the biceps tendon (Fig. 70.3).

Stabilizers of the shoulder
The stabilizers of the shoulder can be divided into two groups: static 
and dynamic (i.e., passive and active restraints). The capsule, labrum, 
glenohumeral, and, to a lesser extent, coracohumeral ligaments can be 
thought of as static stabilizers of the glenohumeral joint. There are two 
sleeves of muscles about the shoulder: superficial and deep. The deep 
group comprises the rotator cuff muscles (supraspinatus, subscapularis, 
infraspinatus, and teres minor) and the tendon of the long head of 
biceps. This layer acts dynamically to stabilize the humeral head in 
the glenoid fossa during shoulder movement while simultaneously 
providing rotation (through subscapularis, teres minor, and infraspina-
tus) and abduction (through supraspinatus).

The shoulder
Seamus E. Dalton

 Shoulder motion involves four articulations: the glenohumeral, 
acromioclavicular, sternoclavicular, and scapulothoracic.

 The stability of the shoulder depends on static and dynamic 
restraints.

 Common shoulder disorders include rotator cuff tendinopathies, 
capsulitis (frozen shoulder), glenohumeral arthritis, and 
acromioclavicular syndromes.

 Most shoulder conditions can be diagnosed clinically by a careful 
history and physical examination.

 In tendinopathies there is pain on active and resisted motion but 
passive range of motion tends to be normal. Degenerative 
tendinopathies are common, age-related, and often asymptomatic.

 In capsulitis and glenohumeral arthritis, active and passive motions 
are painful, there is no pain on resisted motion, and passive motion 
is decreased.

FUNCTIONAL ANATOMY
The clavicle, scapula, and humerus make up the bony skeleton of the 
shoulder girdle. The relationship of these bones with the axial skeleton 
is maintained largely through muscular attachments and also through 
the articulation of the clavicle with the thoracic cage at the sternocla-
vicular joint. Shoulder movement occurs through many planes and is 
achieved through motion at four articulations: the glenohumeral, acro-
mioclavicular, sternoclavicular, and scapulothoracic. The scapula acts 
as a mobile platform on which glenohumeral motion can take place. 
The glenohumeral joint is a multiaxial joint that allows the greatest 
freedom of movement of any joint of the body, although this is at the 
expense of stability. Ligamentous support is important in maintaining 
the static stability of the joints of the shoulder and allowing synchro-
nous movements to take place. Some constraint is also afforded to the 
head of the humerus through the subacromial joint by the overlying 
acromion and coracoacromial ligament. Muscles act as prime movers 
at the shoulder as well as providing dynamic stability to the glenohu-
meral joint. The shoulder girdle also acts as a conduit for the brachial 
plexus and major vessels supplying the upper limb.

Glenohumeral joint
The glenohumeral joint is not a true ball-and-socket joint and allows 
a certain amount of translation, which is increased when there is laxity 
of the musculoligamentous support to the joint. Inherent bony stability 
is poor because of the shallow glenoid fossa and larger humeral head, 
although it is enhanced through a process of joint adhesion and nega-
tive intra-articular pressure. The glenoid labrum is a rim of fibrocarti-
lage at the periphery of the glenoid that effectively deepens the glenoid 
fossa and increases its diameter and contact with the humeral head, 
thereby affording some increased stability.

The joint capsule is thin and lax, especially inferiorly, which allows 
rotation and elevation but becomes taut at the extremes of motion  
with tensile load in one region of the capsule associated with laxity  
in the contralateral region. In conditions in which the capsule con-
tracts there is restriction of glenohumeral motion. Restriction in  
this capsule posteriorly results in increased superior and anterior  
translation with forward flexion, which can lead to subacromial 
impingement.
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Biceps tendon
(long head)
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Coracoacromial

ligament

THE GLENOID FOSSA: ITS ATTACHMENTS AND RELATIONSHIP
TO SCAPULAR STRUCTURES

Clavicle
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glenohumeral
ligament
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glenohumeral
ligament

Superior
glenohumeral
ligament

Coracoid

Articular capsule,
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Long head of triceps

Fig. 70.1 The glenoid fossa: its attachments and relationship to scapular 
structures.
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Fig. 70.3 Ligamentous and musculotendinous attachments about the 
shoulder joint.
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Fig. 70.2 MRI of the shoulder 
showing anatomic features of the 
glenohumeral joint.

Rotator cuff
The rotator cuff has also been shown to provide some passive restraint 
to glenohumeral joint translation, especially posteriorly.7 During the 
initiation of shoulder abduction or elevation, the larger, more powerful 
deltoid muscle, if unopposed, would pull the humeral head superiorly 

toward the acromion. The rotator cuff muscles and the biceps tendon 
act as humeral head depressors to prevent this translational movement 
superiorly. This is known as the “force-couple.” The subscapularis also 
acts to resist the tendency of the humeral head to sublux anteriorly in 
the upper ranges of abduction, although its role is less important than 
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Outer muscle sleeve
The outer sleeve of muscles comprises the deltoid, teres major, pecto-
ralis major, latissimus dorsi, and trapezius muscles. They act as prime 
movers of the humerus, although the trapezius acts through movement 
of the scapula and clavicle. The combination of these large muscles 
(which provide abduction, flexion, extension, adduction, and a degree 
of rotation) with the deep layer of rotator cuff muscles (which provide 
more rotation of the humeral head and act as a stabilizing force) allows 
the expansive movement of the arm in actions such as reaching behind 
one’s back or behind the head. However, in certain positions overactiv-
ity in these muscles, notably the deltoid and pectoralis major, may 
actually reduce glenohumeral stability.14

Deltoid
The deltoid muscle has three bellies—anterior, middle and posterior—
producing, respectively, flexion, abduction, and extension of the shoul-
der. All three muscles converge to an insertion on the deltoid tubercle 
on the lateral aspect of the humeral shaft. The rotator cuff muscles 
originate from the scapula and attach to the greater (supraspinatus, 
infraspinatus, and teres minor) and lesser (subscapularis) tuberosities 
of the humerus.

Nerve supply
Nerve supply to the glenohumeral joint is provided by those peripheral 
nerves supplying muscles acting on the joint: the axillary, suprascapu-
lar, subscapular, and musculocutaneous nerves. Innervation is via the 
fifth, sixth, and seventh cervical roots; and the brachial plexus passes 
anterior and inferior to the glenohumeral joint.

Other joints
Acromioclavicular joint
A fibrous disc separates the non-congruous surfaces of the distal  
end of the clavicle and the acromion and allows movement at this  
joint. During abduction and elevation the clavicle rotates through  
30 to 40 degrees, which largely occurs at the sternoclavicular joint.15 
There is a small amount of movement at the acromioclavicular  
joint, and compressive force is applied to the joint in full elevation and 
horizontal adduction, which is the basis of stress tests applied to this 
joint. The joint is stabilized posteriorly by the posterior transverse  
ligament and inferiorly by the inferior ligament; and the deltoid and 
trapezius muscles act to provide some anterior and superior stability 
through their fascial layer. Of particular importance are the conoid  
and trapezoid, or coracoclavicular, ligaments, which maintain the  
close relationship between the scapula and clavicle during shoulder 
movement.

Scapulothoracic joint
The scapula lies against the posterolateral aspect of the thoracic wall, 
rotating and sliding laterally in abduction, elevation, and flexion. It 
provides the origin for the rotator cuff muscles as well as the deltoid 
muscle, and the trapezius inserts along its superior aspect. The scapu-
lothoracic joint represents that articulation between the scapula and 
thoracic cage, and motion here is important for normal functioning of 
the shoulder.

Elevation and abduction of the arm involve synchronous motion at 
the glenohumeral and scapulothoracic joints. As elevation increases 
above 90 degrees, so does the proportion of scapulothoracic motion 
relative to glenohumeral motion. Scapulohumeral rhythm is represen-
tative of the ratio between movement at these two joints and is  
important in several shoulder disorders. Disturbance of the normal 
scapulohumeral rhythm affects the biomechanics of the shoulder joint 
and may result in secondary impingement or tendinitis of the shoulder. 
This is well demonstrated in elite swimmers or participants in over-
head sports, in whom muscle imbalances such as serratus anterior 
fatigue can give rise to tendinitis or impingement in this manner. 
Several muscles (levator scapulae, serratus anterior, trapezius, rhom-
boids) act to stabilize and control movement of the scapula, and the 
balance between scapula elevators, rotators, depressors, retractors, and 
protractors provides scapular control and determines scapulothoracic 
movement. Scapular control by these muscles is becoming better 

was previously thought and it has been found to be less effective at the 
extremes of motion.8,9 Dysfunction of the rotator cuff muscles, either 
through weakness or a tear, results in diminished stabilization of the 
humeral head. This leads to weakness of the arm in elevation as well 
as superior migration of the humeral head, increasing the likelihood 
of subacromial compression or impingement (Fig. 70.4).10 Therefore, 
the four tendons of the rotator cuff grip and the humeral head act as 
guy ropes to stabilize it during shoulder movement, resisting this 
sliding tendency within the joint.

Furthermore, there is a gap or thinning of the cuff, between the 
supraspinatus and subscapularis tendons, known as the “rotator inter-
val,” which is composed of the coracohumeral ligament, the superior 
glenohumeral ligament, and part of the joint capsule.11 The rotator 
interval is of variable size, has a role in the prevention of inferior 
translation of the humeral head, and may be implicated in some 
patients with anterior glenohumeral instability. Two functionally dif-
ferent parts of the rotator cuff have been identified, and it has been 
reported that the coracohumeral ligament is an important structure in 
the rotator interval that, in conjunction with the superior glenohu-
meral ligament, has a role in the control of external rotation as well 
as inferior translation in the adducted shoulder.3

Biceps tendon
The biceps tendon arises from the superior labrum or directly from the 
supraglenoid tubercle, although a number of variations in this attach-
ment have been reported. The long head of the biceps has been 
described as a humeral head depressor in full abduction and has  
also been shown to contribute to anterior stability of the shoulder.12 
It has been reported as a significant dynamic restraint in the  
abducted shoulder near end-range rotation. However, one study sug-
gests that its role as a stabilizer of the glenohumeral joint is either a 
passive one or dependent on tension associated with elbow and forearm 
activity.13

Rotator cuff
Subacromial

bursa
Greater

tuberosity Acromion

Inferior joint
capsule

IMPINGEMENT OF THE ROTATOR CUFF AND SUBACROMIAL BURSA

Fig. 70.4 Impingement of the rotator cuff and subacromial bursa. Mechanism 
of impingement of the rotator cuff and subacromial bursa between the 
humeral head and overlying coracoacromial arch.
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in the upper arm. Muscle wasting may be present in cases of cervical 
or brachial neuropathy (e.g., suprascapular nerve entrapment) but is 
also seen with chronic rotator cuff disease in the supraspinatus and 
infraspinatus muscle bellies. Scapulohumeral and scapulothoracic 
rhythm during elevation should be assessed and any asymmetry noted. 
Winging of the scapula, demonstrated by asking the patient to do a 
push-up against the wall, is indicative of serratus anterior weakness 
(as in long thoracic nerve palsy) but can also occur with muscular 
dysfunction. Excessive depression of the scapula (“dumping”) that is 
maintained through a range of abduction of the shoulder often indi-
cates weakness of the upper trapezius or overactivity in the pectorals 
and latissimus and can lead to pain and symptoms of brachialgia and 
thoracic outlet syndrome.

Palpation
Palpation should assess the presence of tenderness, swelling, and insta-
bility of the acromioclavicular, sternoclavicular, and glenohumeral 
joints. Tenderness over the tendon of the long head of biceps at the 
bicipital groove is common in bicipital tendinitis but may occur with 
subscapularis tendinopathy, and comparison with the opposite shoul-
der is necessary because this region is often sensitive to touch. There 
may be tenderness over the rotator cuff insertions to the greater and 
lesser tuberosities, but this is not always present in rotator cuff tendi-
nitis. Acute calcific tendinitis is exquisitely tender over the involved 
tendon. The lateral margin of the subacromial joint can be palpated 
for swelling and tenderness, and the glenohumeral joint itself may be 
tender in acute instability or capsulitis. An effusion of the glenohu-
meral joint should be differentiated from subacromial swelling, 
although communication between the two may exist when there is a 
full-thickness tear of the rotator cuff. Osteophytes may be palpable at 
the margins of these joints, as can crepitus, particularly with glenohu-
meral osteoarthrosis.

Instability of the acromioclavicular and sternoclavicular joints is 
readily demonstrable, but glenohumeral instability requires a more 
detailed examination combining assessment of laxity in anterior, pos-
terior, and inferior directions with stress and apprehension tests to 
determine the presence of symptomatic instability. This assessment 
must be carried out in the young adult presenting with shoulder pain, 
because underlying instability is a frequent cause of tendinitis around 
the shoulder. Muscles of the shoulder girdle and neck region should 
be palpated for trigger points and tender points, typically present with 
myofascial syndromes and fibromyalgia, respectively.

Range of movement
Active and passive ranges of motion of both shoulders should be 
assessed in the planes of abduction, forward flexion, and external rota-
tion, both with the arm by the side and at 90 degrees of abduction. 
Internal rotation is frequently assessed as a combined maneuver with 
extension in bringing the arm up behind the back. This is limited in 
many periarticular conditions, and a better assessment of true gleno-
humeral joint restriction can be done by measuring internal rotation 
with the arm by the side and the elbow extended. Internal rotation 
should also be assessed with the arm in abduction. Any limitation of 
movement should be noted as well as any discrepancy between active 
and passive motion. Glenohumeral joint pathology is unlikely in the 
presence of a normal range of passive motion.

Further assessment should include passive adduction of the flexed 
and internally rotated shoulder to look for tightness of the posterior 
capsule and external rotators, because this is often seen in a chronic 
pathologic process of the rotator cuff. Resisted shoulder movements 
are performed to assess involvement of muscles and tendons. The 
patient is asked to resist a specific movement so as to elicit an isolated, 
isometric contraction in the particular muscle group. The supraspina-
tus is tested with the arm abducted to 90 degrees, flexed to 30 degrees, 
and internally rotated (i.e., thumb downward). The examiner then 
resists abduction from this position. However, in symptomatic cases 
this is often very painful and resisted flexion (at 30 degrees of flexion) 
with the arm internally rotated is often a sensitive and less aggravating 
test of rotator cuff (particularly supraspinatus) function. Resisted  
internal rotation tests the subscapularis (best done with the hand 
behind the back or placed across the abdomen, known as the lift-off 
and belly press tests, respectively), and resisted external rotation tests 

understood as an important factor in glenohumeral instability and 
rotator cuff dysfunction. Muscle imbalance about the scapula also 
particularly can lead to fatigue and overactivity in the levator and upper 
trapezius muscles.

Sternoclavicular joint
Like the acromioclavicular joint, the sternoclavicular joint contains an 
intra-articular fibrous disc, which allows rotation of the clavicle during 
abduction and elevation. Strong ligaments stabilize this joint anteriorly 
and posteriorly.

Bursae
Significant variation exists in regard to the number and extent of  
bursae around the shoulder. The subacromial bursa lies between  
the rotator cuff (mainly supraspinatus tendon) and overlying acromion. 
This bursa does not consist of a distinct sac, and its synovial layers 
blend in with and are firmly attached to the acromion and rotator  
cuff. In subacromial impingement and rotator cuff tendinitis there  
is reactive inflammation of this bursa. The subscapularis bursa com-
municates with the synovial joint cavity between the superior and 
middle glenohumeral ligaments, and the synovial membrane of the 
joint invests the tendon of the long head of biceps. Other bursae 
include the subdeltoid, coracoid, infraserratus, and bursae at the inser-
tion of the tendon of trapezius and at the tendon insertions on the 
humerus.

HISTORY AND PHYSICAL EXAMINATION
History
Shoulder pain may be seen in association with several medical condi-
tions and may be referred from cervical, thoracic, or abdominal sources. 
Any history suggestive of such a secondary cause (e.g., diabetes or 
Raynaud’s phenomenon) may be crucial in diagnosis. Similarly, the 
mechanism of any precipitating injury is of value. A fall on an out-
stretched arm can give rise to instability in the younger patient or a 
rotator cuff tear in the elderly. A fall on the point of the shoulder may 
result in injury to the rotator cuff or acromioclavicular joint. Throwing 
injuries tend to stress the capsulolabral complex and ligament attach-
ments of the glenohumeral joint and can also give rise to rotator cuff 
or bicipital tendinitis.

A thorough history is essential, because the location and type of 
pain vary between conditions. Pain referred from the cervical spine is 
often maximal over the suprascapular region with associated paresthe-
sia or pain referred into the upper limb. Although acromioclavicular 
and sternoclavicular pain is usually localized to the involved joint, it 
often radiates proximally, even into the neck. Pain from rotator cuff 
pathology is usually felt at the outer aspect of the upper arm or deltoid 
region. Adhesive capsulitis tends to give rise to an intense aching deep 
in the shoulder, although features similar to rotator cuff disease are 
common in the early stages. Radiating pain into the arm may indicate 
a cervical pathologic process, thoracic outlet syndrome, compressive 
neuropathy, brachial neuritis, or a neuropathic pain syndrome. Night 
pain tends to be either sharp pain associated with movement, indica-
tive of rotator cuff tendinitis or an acromioclavicular pathologic process, 
or pain of a deep, constant aching nature more suggestive of capsulitis 
or a chronic tear of the rotator cuff.

Examination
Inspection
Inspection should be performed from anterior, posterior, and lateral 
aspects. The patient’s ability to undress should be observed, because 
difficulty may indicate functional limitations. Areas of erythema and 
bruising should be noted. Although uncommon, swelling of the shoul-
der joint may be seen anteriorly in the projection of the subscapularis 
bursa. Deformity of the shoulder girdle exists with acromioclavicular 
joint separation or fractures of the clavicle or humerus. It is important 
to look for positioning of the shoulder such as asymmetric elevation 
or overprotraction. Neck positioning should also be recorded. Rupture 
of the long head of biceps tendon is readily seen with anterior bulging 
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uncertain. O’Brien’s test has been described as a provocation test  
for SLAP lesions, but it also elicits pain in acromioclavicular joint 
disorders.

Pain at the acromioclavicular joint can be localized by performing 
various stress tests. In one, the arm is held with the elbow and shoulder 
extended and then passively adducted across behind the back (Fig. 
70.6). In another less-specific maneuver the arm is abducted to 90 
degrees and then adducted across the patient’s chest under the chin. 
In both tests pain is felt over an inflamed acromioclavicular joint at 
the limits of these movements. Assessment for a thoracic outlet syn-
drome is always difficult, and several maneuvers are described that may 
provoke the symptoms of neurovascular compression (see Chapter 78). 
A number of upper limb neural tension tests have also been described 
and are useful when assessing the etiology of diffuse or non-specific 
upper limb pain.

Joint hypermobility
The patient should be assessed for the presence of joint hypermobility. 
Laxity of the glenohumeral joint in anterior and posterior directions is 
determined by carrying out draw tests in which the humeral head is 
gripped firmly and moved backward and forward in the glenoid fossa. 
This is best performed with the patient lying supine and the abducted 
arm supported by the examiner’s hand (Fig. 70.7). Inferior laxity is 
assessed by applying distal retraction to the arm while palpating the 
gap between the humeral head and acromion. The presence of a dis-
tinct gap can be felt and even seen and is referred to as a positive sulcus 
sign, which is indicative of multidirectional laxity of the joint. Anterior 
apprehension and stress tests are carried out with the examiner slowly 
extending and externally rotating the abducted arm with the patient 
supine. A positive test occurs when the patient experiences pain or 
apprehension during this maneuver and is confirmed when these 
symptoms disappear as the examiner’s free hand applies a downward, 
(i.e., stabilizing) force to the anterior aspect of the upper humerus. This 
often allows further external rotation of the arm (Fig. 70.8). Symptoms 
return as this stabilizing force is slowly withdrawn. It is important to 
differentiate between a positive test eliciting pain alone, as opposed to 
apprehension, because this may simply indicate internal impingement 
as opposed to true instability. The posterior stress test is carried out 
by applying gentle axial pressure to the humerus with the arm in the 
forward flexed, internally rotated, and slightly adducted position, again 
in an attempt to reproduce pain and apprehension.

the infraspinatus and teres minor (although 22% to 33% of external 
rotation force can be attributed to the supraspinatus16). Resisted abduc-
tion should also be carried out with the arm by the side. Biceps function 
can also be tested by resisting shoulder flexion with the elbow extended 
(Speed’s test) or resisting supination with the elbow flexed to 90 degrees 
(Yergason’s test), although the sensitivity and specificity of these tests 
are questionable. Any assessment must include an examination of the 
cervical spine to assess range of motion and the presence of any referred 
upper limb pain (see Chapter 68).

Special movements
Specific examination techniques can be employed to further localize 
the source of pain in the shoulder region.17 Various tests for impinge-
ment have been described. In one the arm is flexed to 90 degrees, 
adducted, and then forcefully internally rotated and slightly elevated 
by the examiner, with the scapula stabilized by the examiner’s other 
hand (Fig. 70.5a). In another variation the arm is placed in the adducted, 
flexed, internally rotated position and the patient is asked to externally 
rotate the arm against resistance (see Fig. 70.5b). A further impinge-
ment test is carried out by passively forcing the arm into full forward 
flexion while the examiner stabilizes the top of the scapula with the 
other hand (see Fig. 70.5c). In all situations a positive test is recorded 
if pain is felt as the subacromial bursa and the rotator cuff are forced 
against the undersurface of the acromion, although it appears likely 
that these tests also provoke contact between anatomic structures 
associated with internal impingement.

A number of clinical tests for superior labral and biceps anchor 
pathologic processes (SLAP lesions) and for labral and biceps pathologic 
processes have been described, but their diagnostic validity remains 

a

b

c

Fig. 70.5 Impingement tests. (a) Forced passive internal rotation. (b) Resisted 
external rotation. (c) Forced passive full forward flexion.

Fig. 70.6 An adduction stress test of the acromioclavicular joint.
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DIFFERENTIAL DIAGNOSIS OF SHOULDER PAIN
Shoulder pain typically arises from disorders affecting the shoulder 
joint or from those affecting the periarticular structures. Pain can also 
be referred from other structures.

The glenohumeral joint may be affected as part of widespread joint 
disease or polyarthropathy such as rheumatoid arthritis or in isolation 
by conditions such as septic arthritis, neuropathic (Charcot’s) arthritis, 
osteonecrosis, and idiopathic destructive arthritis. In articular disor-
ders of the shoulder there may be swelling and invariably there is an 
effect on passive and active motion of the glenohumeral joint with 
pain, restriction of motion, and often crepitus.

Periarticular conditions affecting the shoulder can be loosely grouped 
into those with and without capsulitis. If there is no capsular involve-
ment, then passive joint motion is largely unaffected, whereas active 
movement may be limited by pain and/or weakness (e.g., rotator cuff 
disorders). With capsulitis there is multidirectional restriction of 
passive motion, and differentiation from articular conditions of the 
shoulder is made from clinical and radiologic findings.

Referred pain to the shoulder can occur with cervical disorders, 
Pancoast’s tumor of the lung, subphrenic pathology, entrapment neu-
ropathies, and brachial neuritis. In these conditions passive and often 
active movements of the shoulder are largely unaffected and there is 
usually little or no pain when testing rotator cuff function. However, 
cervicobrachial pain is often associated with painful restriction of 
passive and active shoulder motion and may be confused with adhesive 
capsulitis. Again, differentiation from disorders of the shoulder is pos-
sible with an adequate history and examination (Table 70-1).

ROTATOR CUFF DISORDERS
The spectrum of disorders affecting the rotator cuff ranges from the 
mild transient tendinitis that follows an episode of glenohumeral insta-
bility in the young patient to a complete tear in the degenerative rotator 
cuff of the older patient.

Etiology
The anatomic configuration of the shoulder joint is such that the cuff 
is subjected to stresses when the arm is in the elevated position. 
Impingement can occur as the supraspinatus tendon is compressed 

Fig. 70.7 The anterior draw test.

a

b

Fig. 70.8 A stress test for anterior glenohumeral instability. (a) The examiner 
slowly extends and externally rotates the abducted arm. (b) Containment sign: 
applying pressure anteriorly relieves the symptoms and allows further external 
rotation.

between the humeral head and the overlying anterior acromion, cora-
coacromial ligament, and even the inferior border of the acromiocla-
vicular joint.18 Impingement may be structural, owing to the presence 
of an acromial spur or degenerative acromioclavicular joint, but it may 
also be functional, owing to superior migration of the humeral head 
during abduction and elevation.9 Mechanical impingement by the cora-
coid process on the rotator cuff or rotator interval has also been recog-
nized as a clinical entity, although the diagnosis can only be confidently 
confirmed at the time of surgery.19 Underlying glenohumeral instability 
is a frequent cause of rotator cuff tendinitis, particularly in the younger 
patient, as is eccentric overload in the throwing athlete, where the 
rotator cuff muscles act as decelerators of the throwing arm.

Pathology
As the rotator cuff becomes inflamed, thinned, or torn, its function  
as a humeral head depressor is compromised and superior migration 
of the humeral head can occur through the unopposed action of  
the deltoid, giving rise to further impingement. In the degenerative  
cuff with a complete tear this can eventually result in a cuff arthro-
pathy with osteoarthritis at the subacromial and glenohumeral joints. 
The subacromial bursa lies between the rotator cuff tendons and  
the overlying coracoacromial arch and becomes inflamed with this 
impingement. This is a reactive process and is usually a secondary 
phenomenon, although primary subacromial bursitis can result from 
trauma.
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relaxation can be achieved. Point tenderness over the greater tuberosity 
and distal rotator cuff can occur but is not always present. The diag-
nosis is confirmed by reproducing pain when resisting movement of 
the affected tendon and with impingement testing. In the older patient, 
acromioclavicular joint arthritis is often present and there may be early 
joint stiffness. The probability that there is an underlying cuff tear 
increases with age.

Investigations
Plain radiographs may show evidence of rotator cuff degeneration, that 
is, cystic and sclerotic changes at the greater tuberosity insertion, and 
there may be calcification in the rotator cuff tendons in chronic cases. 
Ultrasonography and MRI can be used to identify changes of rotator 
cuff tendinitis and partial tears, but in the case of ultrasonography 
interpretation is fairly observer dependent. Dynamic ultrasonography 
can also demonstrate thickening of the subacromial bursa and 
impingement.

Differential diagnosis
Pain felt in the deltoid may suggest referred cervical pain, although this 
is more likely to present as suprascapular pain being felt into the arm. 
Pain on active arm movement and impingement testing will assist in 
differentiation, and preservation of passive range of movement will 
differentiate rotator cuff tendinitis from a capsulitis. In cases of tendi-
nitis due to underlying instability—and this must be suspected in 
patients younger than 25 years of age—examination should confirm 
symptomatic instability.

Management
The treatment of rotator cuff tendinitis is made difficult by continued 
participation in aggravating activities. Rest and activity modification 
are necessary to prevent the problem becoming chronic. Initial treat-
ment should be directed at reducing inflammation by means of non-
steroidal anti-inflammatory drugs (NSAIDs) if required. There is little 
evidence to support the use of modalities such as ultrasound or laser.29 
When there is failure to settle symptoms by these means, a subacro-
mial injection of corticosteroid can be used (see Chapter 66), taking 
care not to inject the rotator cuff directly. In a Cochrane review it was 
concluded that although such injections may be beneficial their effect 
may be small and not well maintained.30

As well as reducing pain, treatment should be directed at restoring 
range of motion and the normal biomechanics of shoulder movement, 
paying particular attention to scapulohumeral rhythm. This is espe-
cially important in cases in which such a disturbance in biomechanics 
has aggravated or even precipitated the problem. Proprioceptive taping 
can be used to assess the role of scapular dyskinesia in the genesis of 
dynamic subacromial impingement and is a useful tool in the early 
rehabilitation of shoulder dysfunction. Once the pain has lessened and 
normal shoulder movement patterns have been restored, a strengthen-
ing program should be instituted concentrating on rotator cuff exercises 
to restore its function as a humeral head stabilizer and depressor, 
thereby reducing the likelihood of further injury. A review of level 1 
and 2 studies in the literature has found that exercise is effective as a 
treatment for the reduction of pain in rotator cuff tendinitis and 
impingement syndromes and its effect may be augmented with manual 
therapy.31 The younger patient with instability needs a comprehensive 
rehabilitation program and rarely requires injection to the shoulder. 
The older patient with a degenerative rotator cuff and an associated 
pathologic process of the acromioclavicular joint may be resistant to 
conservative treatment.

Indications for surgery vary according to the age of the patient, stage 
of impingement or tendinitis, and the symptoms. The major indication 
for surgical intervention is pain; and, in the presence of an intact 
rotator cuff, failure to respond to a conservative program within 1 year 
is a reasonable indication for surgery. This involves subacromial 
decompression and may consist of an anterior acromioplasty and resec-
tion of the coracoacromial ligament, both of which can be performed 
arthroscopically. Any impingement due to an acromioclavicular joint 
pathologic process must also be addressed at operation. The results of 
subacromial decompression have generally been reported as good or 
excellent.32 However, there is a significant body of opinion that impinge-
ment usually results from a disturbance of normal glenohumeral 

Rotator cuff tendinitis
Pathology
Impingement has been shown to occur in forward flexion when the 
anterior margin of the acromion impinges on the supraspinatus tendon. 
Vascular studies have demonstrated that there is a constant area of 
avascularity or “critical zone” extending from a point approximately 
1 cm proximal to the point of insertion of the tendon into the greater 
tuberosity, and this compromise in microvascularity is seen with the 
arm in the adducted (neutral) position.20 However, Iannotti and associ-
ates detected substantial blood flow in this critical zone using laser 
Doppler imaging.21 It has long been supposed that this region of relative 
hypovascularity is compromised in elevation and abduction, thereby 
producing an inflammatory response and subsequent tendinitis. The 
pathology of this impingement syndrome was classified by Neer into 
three stages:

● Stage I: edema and hemorrhage of the tendon
● Stage II: fibrosis of the subacromial bursa and tendinitis of the 

rotator cuff
● Stage III: tendon degeneration, bony changes at the acromion and 

humeral head, and eventual tendon rupture

The bicipital tendon is frequently involved as part of this condition 
but is not usually the primary pathologic site. Neer’s initial proposal 
that rotator cuff tendinopathy resulted from subacromial impingement 
has been found to be an oversimplification of the pathogenesis of 
rotator cuff disease because there are clearly both extrinsic and intrinsic 
mechanisms involved.22

Histologic studies have shown that degenerative changes are more 
prominent on the articular surface of the rotator cuff insertions,23 and 
a number of radiologic studies have confirmed the relative incidence 
of bursal, articular surface, intrasubstance, and lamination tears of the 
rotator cuff.

There appears to be progressive tendon failure leading to cuff 
rupture, with the prevalence of cuff tears increasing with age in the 
asymptomatic population.24 Full-thickness tears have been reported in 
20% to 30%, and partial thickness tears have been found in an addi-
tional 20% to 30% of people aged over 60 years of age, with the preva-
lence of full-thickness tears rising to 50% in those older than age 70 
years. Possible etiologic factors include trauma, attrition, ischemia, and 
impingement. A number of studies have looked at biochemical changes 
within the tendon matrix that may predispose to tendon rupture.25-28

History
Presentation depends to a degree on the age of the patient and the likely 
etiology. Tendinitis resulting from eccentric overload or glenohumeral 
instability in the young adult usually presents acutely after an activity 
such as throwing. In the middle-aged individual, onset may be more 
gradual, reflecting the underlying chronic changes seen in the involved 
tendon. The patient may present with aching and discomfort in the 
shoulder, pain on movement, and a history of repetitive or strenuous 
upper limb activity. The elderly patient may present with no history 
of antecedent trauma or repetitive activity, and there is usually a 
gradual onset of increasing shoulder discomfort, night pain, pain with 
movement, and weakness if a degenerative tear is present. Except in 
the young patient with a history of explosive arm activity or trauma, 
onset tends to be gradual and aggravated by movements such as abduc-
tion and elevation or sustained overhead activity, which are commonly 
sports or occupation related. Patients frequently complain that they 
have difficulty reaching up behind their back when dressing. The pain 
at night usually occurs when rolling onto the affected side and is typi-
cally felt in the deltoid region rather than the point of the shoulder, 
although this can occur. Active movements may be restricted by pain 
and in the more severe or chronic cases a secondary capsulitis can 
develop, further restricting movement at the shoulder.

Examination
Findings on examination include a painful arc of abduction usually 
occurring between 70 and 120 degrees. When lowering from full abduc-
tion there is often a “catch” of pain, usually at mid range as impinge-
ment occurs, particularly when there is associated scapular dyskinesia. 
Passive motion tends to be full and pain free if adequate muscle 
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kinematics attributable to capsular tightness, glenohumeral instability, 
scapulohumeral dysfunction, or loss of rotator cuff function as a 
humeral head stabilizer. Also, in some cases preservation of the cora-
coacromial arch is considered important in maintaining humeral head 
stability. Therefore, an accurate clinical diagnosis and evidence of 
impingement at surgery are important in determining outcome after 
subacromial decompression.33 In some patients a capsular release or 
stabilization procedure may be more appropriate. In other words, sub-
acromial impingement is frequently the result rather than the cause of 
shoulder dysfunction.

Prevention
In the young patient or athlete, attention to proper preparation for 
exercise and correct technique is important. Many athletes develop 
muscular imbalances about the shoulder, through either tightness or 
weakness, and secondary impingement and tendinitis can result if 
these are not corrected. Serratus anterior fatigue results in loss of 
scapular stability and can lead to subacromial or internal impingement. 
In the older patient, avoidance of sustained above-shoulder activities 
or explosive lifting will help prevent this condition from worsening or 
perhaps even developing.

Rotator cuff tears
Pathology
The incidence of degenerative cuff tears increases with age, as does the 
size of the tear.34 Superior migration of the humeral head against the 
undersurface of the acromion occurs as the incompetent rotator cuff 
fails to stabilize and depress the humeral head and therefore counteract 
the pull of the deltoid. This leads to degenerative change both at the 
subacromial joint and secondarily at the glenohumeral joint, known as 
rotator cuff arthropathy. Neer estimated that 4% of cuff tears ulti-
mately progress to a cuff arthropathy,35 although the true figure is 
probably greater.

Clinical presentation and features
Rotator cuff tears may be acute or chronic and partial or full thickness. 
Partial-thickness tears may occur in any age group after trauma, but a 
full-thickness (or complete) tear is unusual in the patient younger than 
40 years of age. In the young adult a partial tear can result from a fall 
or explosive shoulder movement and presents very much as a rotator 
cuff tendinitis, although onset is acute. Also, full active range of motion 
may be preserved. The acute complete rupture after trauma should be 
readily diagnosed. The mechanism of injury is usually a fall onto the 
outstretched arm, a hyperabduction injury, or a fall onto the side of 
the shoulder. Bruising is often delayed and occurs in the upper arm, 
and there is usually an immediate loss of active abduction with weak-
ness of abduction and external rotation. There is a close association 
between dislocation of the shoulder in the patient older than 40 years 
of age and partial or complete tears of the rotator cuff. In one review 
of 40 patients the prevalence of full-thickness tears was 90%.36

Previous studies have recorded the incidence of chronic full- 
thickness tears found at autopsy,37 although more recent MRI studies 
have reported a greater prevalence in the asymptomatic population and 
many patients with a documented complete tear of the supraspinatus 
tendon have full active abduction, often in the absence of pain, even 
in the presence of abnormal glenohumeral kinematics and superior 
humeral head migration.38 There may be no history of trauma, and 
symptoms frequently become apparent with increased activity, although 
the clinical expression of rotator cuff tears is variable.39 The usual 
picture is one of pain on abduction and flexion with varying degrees of 
loss of active movement, depending on the size of the tear. The patient 
may complain of weakness of abduction, flexion, and internal or exter-
nal rotation, depending on the tendon involved.

Night pain is common and often severe. Examination reveals many 
of the features of rotator cuff tendinitis, but there is often an inability 
to maintain the arm in abduction when lowering from the elevated 
position, that is, a positive “drop-off” sign. Subacromial crepitus and 
pain on impingement testing are usually present. A common clinical 
finding is wasting of the infraspinatus and, to a lesser extent, supra-
spinatus muscle bellies, together with weakness of abduction, but more 
often weakness of external rotation reflects the size of the tear. 

Isometric measurement of rotation strength correlates well with the 
functional integrity of the rotator cuff, along with the patient’s function 
and quality of life.40 Rupture of the long head of the biceps tendon is 
frequently associated with a chronic rotator cuff pathologic process.

Investigations
Features of chronic rotator cuff degeneration can be seen on plain 
radiography with sclerosis and cystic changes at the greater tuberosity. 
Osteophyte formation may be present along the anterior inferior acro-
mion, with possible acromioclavicular joint osteoarthritis. With a com-
plete tear there may be superior migration of the humeral head and 
narrowing of the subacromial space (<6 mm indicates a tear). This 
finding, along with degenerative change, is seen in cuff arthropathy.

Full-thickness tears are readily demonstrated with single- or double-
contrast arthrography, and sensitivity approaches 90%. Partial tears 
can occasionally be seen (Fig. 70.9). However, estimation of the size 
of the defect using this technique is unreliable. Ultrasonography can 
identify and size tears, both full and, to a lesser extent, partial thickness 
(Fig. 70.10).41 MRI compares favorably with arthrography in the diag-
nosis of complete tears (Fig. 70.11). It is less consistent in the assess-
ment of partial and lamination tears42 (Fig. 70.12) but allows assessment 
of tear retraction, muscle atrophy, and fatty degeneration in the rotator 
cuff muscles, which is important in the selection of patients for surgery. 
Arthroscopy may be used to establish the diagnosis in the patient with 
shoulder pain who requires further assessment. It is particularly useful 

Fig. 70.9 Arthrogram of the shoulder showing leakage of dye into the 
supraspinatus tendon confirming a partial tear (arrow). This investigation is 
more accurate in the assessment of full-thickness tears of the rotator cuff.

Fig. 70.10 Ultrasound image of acute full-thickness rotator cuff tear.
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management, but if there is no substantial improvement within 3 
months then subacromial decompression and repair is advisable.43

Chronic complete tears should all be treated with an adequate con-
servative program in the first instance. Failure to achieve pain relief is 
a major indication for surgical intervention. Any operative procedure 
should be directed primarily at relief of impingement, débridement of 
the cuff tear, and usually repair of the defect.44 Surgery should also be 
considered when there is an associated rupture of the biceps tendon 
because these cases appear more likely to develop a cuff arthropathy.

The results of surgical repair of rotator cuff tears are usually good 
but depend on the age of the patient and on the size and age of the 
tear. Pain relief is usually achieved, but recovery of strength is less 
predictable and restoration of joint motion may depend on the amount 
of postoperative stiffness that develops. A major predictor of outcome 
after cuff repair is the degree of rotator cuff muscle atrophy and fatty 
infiltration present, which can be assessed preoperatively with com-
puted tomography or MRI.45 Therefore, a number of factors must be 
taken into account when deciding whether to proceed to surgery. These 
include the patient’s age and occupation, the size and type of tear 
(repair of lamination and complex tears can be difficult), and the pres-
ence of tendon retraction and muscle atrophy. Surgery should be 
delayed if there is an associated capsulitis, and a capsular release may 
be required beforehand. Full-thickness tears of the subscapularis are 
best repaired early, because delayed closure may not be possible once 
the torn tendon has retracted. In large or massive retracted tears a 
latissimus dorsi or pectoralis major muscle transfer may be required 
to close the defect and improve function, but other surgical options 
include simple débridement and decompression or partial repair leaving 
a residual defect.

OTHER PERIARTICULAR DISORDERS
Bicipital tendinitis
Pathology
The tendon of the long head of biceps may be involved at several sites: 
(1) its attachment to the superior glenoid labrum, which may be injured 
in a fall or throwing action (SLAP lesion46); (2) as it runs across the 
glenohumeral joint (intra-articular) where it is stabilized by a pulley 
system made up of the coracohumeral ligament, superior glenohumeral 
ligament, and fibers of the supraspinatus and subscapularis tendons; 
or (3) as it runs in the bicipital groove (extra-articular). The transverse 
humeral ligament stabilizes the tendon in the bicipital groove; and if 
this mechanism is disrupted, subluxation or dislocation of the tendon 
can result. This tends to occur as the arm is rotated in the abducted 
position. The tendon can become inflamed, thickened, and fibrotic in 
chronic cases; and it has been shown that bicipital groove anatomy 
correlates with biceps tendon disease.47 In the older patient there may 
be attenuation and thinning of the tendon and eventual rupture. This 
latter presentation is almost always indicative of underlying rotator cuff 
degeneration because the bicipital tendon appears to become stressed 
in its attempt to act as a humeral head depressor in cases of rotator 
cuff incompetence. Also, the presence of a complete rotator cuff tear 
exposes the intra-articular portion of the bicipital tendon to the overly-
ing acromion and further impingement.

Clinical presentation and features
Although frequently diagnosed, bicipital tendinitis is not often seen in 
isolation and usually occurs in association with rotator cuff tendinitis 
or impingement or with glenohumeral instability. Primary involve-
ment of the tendon is seen as an overuse injury in sports such as  
weight lifting in which there is a repetitive stress placed on the tendon 
or after prolonged and repetitive carrying (e.g., of small children). The 
bicipital tendon acts as a secondary stabilizer of the humeral head,  
and the translational movement seen with glenohumeral laxity can 
place increased stress on the tendon, leading to tendinitis. As with 
rotator cuff tendinitis, the young patient with bicipital tendinitis 
should be assessed for instability. With chronic impingement or  
rotator cuff degeneration the biceps tendon may become fibrotic and 
attenuated and eventually rupture. Acute ruptures are also seen in 
young power-lifters, and the diagnosis is made easily in the acute 
presentation.

in the assessment of instability while at the same time allowing visu-
alization of the rotator cuff, subacromial bursa, intra-articular bicipital 
tendon, and glenoid labrum. It also has a role in the estimation of the 
size of a cuff tear before more definitive surgery.

Management
Initially, partial rotator cuff tears should all be managed conservatively, 
as for rotator cuff tendinitis, although corticosteroid injection is not 
advisable within 4 to 6 weeks of an acute injury. Bursal and articular 
surface tears may be amenable to arthroscopic débridement, decom-
pression, and possibly repair, but intrasubstance and laminar tears are 
best treated non-operatively unless there is associated subacromial 
impingement. The surgical management of complete tears is some-
what controversial. Acute ruptures in the young or active patient 
should be managed surgically earlier rather than later. In the older or 
less active patient it is reasonable to have a trial of conservative 

Fig. 70.11 MR image shows a full-thickness tear of the distal supraspinatus 
tendon with early retraction of the articular side of the tendon.

Fig. 70.12 MR image shows a partial articular surface rotator cuff tear along 
with a laminar defect and small cyst in the distal supraspinatus tendon.
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tenodesis when there is chronic thickening of the tendon in the groove. 
Rupture of the tendon is normally treated conservatively except in the 
occasional young patient in whom upper arm strength is critical to a 
sport or profession. Usually, weakness after this injury is not signifi-
cant. Subluxation of the tendon is usually treated conservatively, 
although occasionally surgery is necessary and medial subluxation/
dislocation of the tendon out of the groove usually indicates the pres-
ence of a tear in the subscapularis tendon, which may not be apparent 
with ultrasonography.

Any conservative program must include range of motion exercises, 
stretches, and, once symptoms have settled, a graduated eccentric and 
concentric biceps and rotator cuff strengthening program.

Subacromial bursitis
The close relationship between the subacromial bursa and the rotator 
cuff, specifically the supraspinatus tendon, is such that the term sub-
acromial bursitis is frequently used when describing the pathology of 
impingement. In most cases, inflammation of the bursa arises as part 
of the impingement process and coexists with an underlying rotator 
cuff tendinitis. This bursitis is therefore a reactive phenomenon. In 
chronic cases the bursa becomes thickened and fibrotic and surgical 
excision or débridement may be necessary. Treatment of rotator cuff 
tendinitis is directed at reducing the inflammation in the subacromial 
space or bursa as well as reducing the impingement.

Acute traumatic bursitis in the form of hemorrhage and edema can 
occur as a result of a fall or a direct blow to the point of the shoulder. 
Pain on abduction is present, but differentiation from rotator cuff 
tendinitis is possible on the basis of increased tenderness and fluid  
at the subacromial space. A period of rest combined with simple  
measures, such as ice, usually allows resumption of normal activities, 
but occasionally persistent impingement develops, requiring further 
treatment.

Capsulitis
Capsulitis of the shoulder remains a condition both difficult to  
define and universally awkward to manage. Many labels have been 
given to the situation in which there is a painful restriction of shoulder 

Pain is usually felt over the anterior aspect of the shoulder, often 
radiating into the biceps muscle, with tenderness over the tendon as 
it runs in the bicipital groove. Pain is felt with overhead activities and 
often with shoulder extension and elbow flexion. Examination may 
reveal features of impingement, rotator cuff tendinitis, and instability, 
all of which are important in the etiology of bicipital tendinitis. Pain 
may be reproduced with resisted elbow flexion, supination, and shoul-
der flexion; and various provocation tests are described, although none 
appears to be consistently positive. Passive shoulder extension stretches 
the biceps and may be painful. Rupture of the tendon is characterized 
by deformity of the upper arm with bunching up of the lateral muscle 
belly of the biceps, best seen with resisted elbow flexion and 
supination.

Acute rupture of the transverse humeral ligament can result in 
subluxation or dislocation of the tendon. This can present as symp-
toms similar to bicipital tendinitis, but often a more specific complaint 
is made of “catching” and a clicking sensation at the shoulder. Clinical 
examination may demonstrate subluxation of the tendon, which is felt 
as the arm is passively moved through internal and external rotation 
while in the 90-degree abducted position. Medial dislocation of the 
tendon is usually associated with tears of the subscapularis tendon.

Investigations
Special radiographic views demonstrate the bicipital groove, allowing 
assessment of its depth and the presence of any hypertrophic spurring. 
Filling of the synovial extension around the tendon is seen on arthrog-
raphy and may be reduced in cases of chronic fibrosis. The tendon and 
any surrounding fluid can be seen well with ultrasonography (Fig. 
70.13), and this assists in the diagnosis of tears, both partial and com-
plete, as well as tendinitis. It can also be used to demonstrate sublux-
ation/dislocation of the tendon. MRI or arthroscopy allows visualization 
of the intra-articular portion of the tendon and its labral attachment 
(Fig. 70.14).

Management
It is necessary to establish whether the tendinitis is primary or second-
ary, because a failure to address any underlying rotator cuff pathology 
or instability will lead to a recurrence of symptoms. The principles of 
management are rest, physical modalities, and use of NSAIDs as 
required. Low-power laser therapy has been reported to have a benefi-
cial effect, although this has been disputed.48 Corticosteroid injection 
is helpful in chronic cases, but care should be taken not to inject the 
tendon itself. An intra-articular injection or injection to the bicipital 
groove may be given, but both are best done under ultrasound guidance. 
Because most cases of bicipital tendinitis are secondary, they usually 
settle as the primary condition is treated. The primary cases due to 
lifting or other activities respond to rest and simple anti-inflammatory 
measures. Surgery can be considered in chronic resistant cases; this 
may involve subacromial decompression in cases of impingement or 

Fig. 70.13 Ultrasound image of bicipital tendinitis. Transverse image shows 
large effusion in the long head of biceps tendon sheath.

Fig. 70.14 SLAP type 2: Non-arthrographic coronal proton density MR image 
demonstrating tear (arrow) at the base of the superior labrum, involving the 
biceps anchor.
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The shoulder moves from being simply painful to being painful and 
stiff and eventually to being less painful but profoundly stiff. This last 
stage appears to be self-limiting, and recovery is gradual and spontane-
ous. These phases have been termed painful, adhesive, and resolution. 
The duration of each stage in the overall condition varies considerably, 
but approximate durations are 3 to 8 months for the painful phase, 4 
to 6 months for the adhesive phase, and 1 to 3 years for the resolution 
phase. The extent of recovery is variable, with quoted figures of 33% 
to 61% of patients having a clinically detectable limitation of shoulder 
movement; and, although many remain asymptomatic, 7% to 15% of 
patients may have a persisting functional disability.51,57 The extent to 
which the duration of the painful and adhesive phases determines the 
degree of residual disability remains controversial. It does appear that 
capsulitis in a diabetic patient runs a more protracted course with 
marked stiffness and less complete recovery.

Painful phase
The painful phase is characterized by the insidious onset of symptoms, 
usually in the form of pain on shoulder movement and background 
ache in the shoulder region, often in the upper trapezius muscle. As 
the condition becomes established there is the development of increas-
ing pain at rest and at night, the latter becoming quite disturbing and 
frequently waking the patient in the absence of a history of precipitative 
movement. Muscle spasm may develop, further limiting shoulder 
movement, which becomes restricted with the increase in pain and 
stiffness at the shoulder. Toward the end of this phase stiffness becomes 
a major complaint.

Adhesive phase
Usually after several months the character of pain alters and becomes 
less severe. There is a reduction in pain at rest and at night, but dis-
comfort and a more severe pain at the limits of movement persist. 
Shoulder movement becomes more restricted during this phase, and 
this can lead to periscapular pain owing to the increase in scapulotho-
racic motion.

Resolution phase
The pain is less evident, and the dominant symptom is restriction of 
shoulder movement, which often appears less distressing for the patient 
now that the pain has eased. There is a slow and gradual improvement 
in range of motion, although this is frequently incomplete. The onset 
and rate of recovery are variable and unpredictable.

Clinical examination
The physical signs alter to a degree as the condition progresses, with 
pain, often severe, present in the earlier stages. Differentiation  
from rotator cuff tendinitis is possible on the basis of a global restric-
tion of passive movement rather than simply the loss of abduction and 
flexion that is seen with chronic rotator cuff conditions. A useful early 
clinical indicator of developing capsulitis is pain at the limit of passive 
external rotation of the shoulder with the arm by the side. In the 
painful phase there is painful restriction of active and passive motion 
(often mild in the earlier stages). There may be pain on impingement 
testing and resisted movement, although this is less common than in 
rotator cuff tendinitis. Associated findings are tenderness in the upper 
trapezius muscle and early scapular hitching in elevation. In some 
patients pain can be severe, necessitating opioid analgesia, and the 
clinician may feel the need to exclude other causes such as avascular 
necrosis or neoplastic disease. In the latter phases the important 
finding is significant restriction of glenohumeral movement with a 
compensatory increase in scapulothoracic motion during flexion and 
abduction. Pain may be present, but there is less discrepancy between 
active and passive ranges. Disuse atrophy of the rotator cuff and deltoid 
muscles may exist. Joint line tenderness may be present in the painful 
phase.

Investigations
Diagnosis is made largely on clinical grounds because there are few 
abnormalities found on investigation. Plain radiographs are not helpful 
in making the diagnosis except to exclude widespread osteoarthritic 
changes, calcific tendinitis, or neoplasm. In the younger patient pre-
senting with clinical features of adhesive capsulitis, avascular necrosis 

movement apparently of soft tissue origin. These include frozen shoul-
der, periarthritis or pericapsulitis of the shoulder, adhesive capsulitis, 
and adherent or obliterative bursitis. There has been an attempt to 
classify patients with a painful stiff shoulder according to the presence 
or absence of capsular joint restriction as seen at arthrography.49 
Perhaps incorrectly, the term frozen shoulder is applied to many condi-
tions in which restriction of movement is largely due to pain from an 
underlying condition, such as rotator cuff tendinitis, rather than to the 
classic global restriction of glenohumeral joint motion seen with a true 
adhesive capsulitis.

Primary capsulitis of the shoulder can be defined as a condition of 
unknown etiology in which there is a painful restriction of glenohu-
meral movement in all planes of motion, both active and passive, in 
the absence of joint degeneration sufficient to explain this restriction. 
A similar condition, known as secondary capsulitis, exists when the 
condition is associated with a clearly defined clinical disorder or pre-
cipitating event.

Pathology
The etiology of adhesive capsulitis is not known. There is some evi-
dence for its association with a number of conditions, including dia-
betes mellitus, thyroid disease, hyperlipidemia, pulmonary disorders 
such as tuberculosis or carcinoma, and cardiac disease or surgery, 
cerebrovascular accident, and, particularly, shoulder trauma. The evi-
dence for such associations, however, is generally unconvincing. 
Dupuytren’s disease is often seen in association with adhesive capsu-
litis, and it has been suggested that the two conditions may have 
similar biochemical and histologic characteristics.50 After traction or 
hyperabduction injuries to the shoulder, a mixed clinical picture of 
capsulitis and cervicobrachialgia may develop, further complicating 
diagnosis and treatment.

Capsulitis is more prevalent in diabetics (prevalence, 10%-20%), 
usually occurring at a younger age and often associated with prolonged 
duration of the diabetes, insulin dependence, the development of 
limited joint mobility syndrome, and widespread microvascular disease. 
Bilateral involvement is also more common in diabetes. The links 
between diabetes and capsulitis may revolve around microvascular 
disease, abnormalities of collagen repair, or predisposition to infec-
tion.51 An association between capsulitis and thyroid disease and pul-
monary conditions has been noted but provides little information 
regarding its pathogenesis. Histologic studies have failed to demon-
strate the presence of inflammatory cell infiltrates, granulomas, or 
vasculitis in the joint capsule or synovium. Also, there is nothing to 
implicate infection, crystal arthropathy, or trauma.

Histologic studies of the joint capsule early in the disease are dif-
ficult to perform, and the heterogeneity of patients loosely labeled as 
having capsulitis makes study of this condition problematic. Lundberg 
noted an increase in fibrous tissue, fibroblast numbers, and vascularity 
with no change in the synovial lining and no inflammatory cell infil-
trate.52 Bunker and Anthony have reported that fibroblasts and myofi-
broblasts lay down a dense type III collagen matrix in the shoulder 
joint capsule, leading to joint contracture.53 Cytokine, matrix metal-
loproteinase (MMP), and MMP inhibitor abnormalities have been 
reported, and it has been proposed that increased production of growth 
factors is the central precursor to capsular fibrosis.54 Several studies 
have looked at a variety of immunologic factors, and no immunologic 
disturbance has been demonstrated.55

Clinical presentation
Estimation of the prevalence of adhesive capsulitis is difficult owing to 
variation in populations studied and diagnostic criteria used, but it 
appears to be 2% to 3% in non-diabetics. Onset when younger than 
the age of 40 years is rare, with the mean age at onset being in the 
sixth decade. Women are affected more often than men. Involvement 
of the contralateral shoulder occurs in 6% to 17% of patients over the 
subsequent 5 years.56 It is commonly stated that recurrence in the same 
shoulder does not occur. There is a frequent history of minor shoulder 
strain or injury before the onset of symptoms, but whether this repre-
sents a true strain of the shoulder or simply the earliest awareness of 
pain is unclear.

The natural history of this condition has been assessed, and it 
appears that there are three phases in its development and progression. 
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this treatment to those patients who no longer have significant  
pain and advocate arthroscopic capsular release rather than manipula-
tion, given that it allows direct visualization of the joint capsule  
and therefore less risk of tendon rupture. For many patients, however, 
once the painful phase of their condition has subsided, the prospect  
of this painful procedure is not appealing. Improvement in range  
of movement after manipulation or capsulotomy is variable and is 
perhaps dependent on patient selection. Long-term recovery appears 
unchanged, although resolution may be accelerated immediately after 
manipulation.

ACROMIOCLAVICULAR SYNDROMES
Pain localized to the acromioclavicular joint is commonly seen as 
either an acute or a chronic condition. In the younger patient this joint 
is frequently subjected to trauma as a result of falls or contact sports, 
which may result in an acute injury and also predispose the joint to 
further problems, such as instability or secondary osteoarthritis. Non-
traumatic acromioclavicular joint pain is common and may be difficult 
to distinguish from other causes of shoulder pain. Infection of this joint 
is rare, but septic arthritis has been described.63

Trauma
Disruption of the acromioclavicular joint may be seen in association 
with fractures of the outer end of the clavicle and often leads to the 
development of secondary osteoarthritis. More common are injuries to 
the joint itself, which are graded according to the degree of disruption 
of the joint capsule and supporting ligaments.64 Grade I injury involves 
minor sprain to the joint capsule without ligament disruption. Grade 
II injury involves subluxation of the joint with downward displacement 
of the acromion relative to the distal end of the clavicle. There is 
stretching of the inferior acromioclavicular ligaments and stretching 
and possibly a partial tear, but not complete rupture, of the coracocla-
vicular ligaments. In a grade III injury, complete dislocation of the joint 
occurs through rupture of the coracoclavicular ligaments. Grade III 
injuries can be further classified (often as grades IV, V, and VI) accord-
ing to the extent (and direction) of disruption or perforation of the 
overlying deltotrapezius fascial or muscle layer by the displaced outer 
end of the clavicle.

Clinical features
The mechanism of injury usually involves a fall directly onto the point 
of the shoulder. Pain is localized to the top of the shoulder in the region 
of the involved joint, which is tender and often swollen to palpation. 
Abduction is often limited, both actively and passively, according to 
the degree of joint disruption. With a minor injury in which there is 
good preservation of movement, acromioclavicular joint stress tests can 
be carried out to localize symptoms. In complete dislocation of the 
joint a visible step deformity is seen and examination will determine 
whether this dislocation can be reduced. This is important in the dif-
ferentiation of grade III to VI injuries. The patient often describes a 
feeling of the shoulder having dropped, owing to the downward dis-
placement of the acromion.

Management
For the grade I or II injury, treatment is largely symptomatic, with 
analgesics and provision of a sling for days to weeks depending on the 
symptoms. Shoulder movements should be encouraged as pain settles 
and functional recovery is excellent.

Controversy exists over the management of grade III injuries. Pro-
vided perforation of the overlying muscle or fascial layer has not 
occurred, most patients settle with conservative treatment over a 
period of 6 to 10 weeks. Strapping of the joint has no effect on long-
term stability and is not indicated in these patients. Surgical stabiliza-
tion by means of internal fixation is associated with significant 
complication and failure rates, but several procedures involving recon-
struction of the coracoclavicular ligaments have been shown to be 
effective, although long-term results are not demonstrably better than 
for non-operative treatment. Surgical advances have lowered the com-
plication rate and thus the threshold for considering surgical repair or 
reconstruction of the acromioclavicular joint, particularly in manual 

should be suspected and must be excluded before considering intra-
articular corticosteroid injection.

Classic features at arthrography are limitation of joint volume with 
a loss of the normal dependent axillary fold or pouch and irregularity 
of the capsular insertion to the anatomic neck of the humerus. Between 
10% and 30% of patients who undergo arthrography have a demon-
strable complete tear of the rotator cuff.51,52 Other studies have sug-
gested that a significant number of patients with a clinical diagnosis 
of adhesive capsulitis have normal findings at arthrography.58 Arthros-
copy allows further evaluation of these patients, and different stages of 
synovitis and contracture have been described.49

Bone scintigraphy may demonstrate increased isotope uptake in the 
affected shoulder region, but this appears to have no predictive value 
in terms of outcome or response to treatment and is therefore of 
limited diagnostic value.58 An average reduction in bone mineral 
content of 50% in the affected humeral head has been demonstrated, 
although again this is of little diagnostic or therapeutic value. Ultraso-
nography has been used, and typical findings are a biceps sheath effu-
sion, restriction of movement, and subacromial impingement resulting 
from the capsular contracture; but these features are not diagnostic, 
and patients are often mistakenly treated for impingement tendinitis. 
Indeed, a failure to respond to treatment and the early loss of joint 
motion should alert the clinician to the possibility of a developing 
capsulitis.

Management
Many therapies have been tried in an attempt to modify the natural 
history of capsulitis, and clinical studies of the efficacy of various treat-
ment methods have been compromised by difficulties with patient 
selection, diagnostic criteria, and the variability in the natural resolu-
tion of the condition. The emphasis of treatment in the early stages 
should be on pain reduction and minimization of joint restriction. 
Analgesics and anti-inflammatory drugs provide limited relief of pain 
but do little to alter the course of the disorder. Physiotherapy utilizes 
physical modalities to modify pain and reduce protective muscle spasm 
while attempting to encourage range of motion exercises early on to 
maintain joint mobility. Shoulder immobilization should be discour-
aged if at all possible, although in the painful phase the patient tends 
to minimize shoulder movement.

Few treatments have been shown to consistently affect rate of recov-
ery or limit restriction of movement. Intra-articular corticosteroid 
injections are commonly used and have been shown to reduce pain and 
disability for 3 months or more, although no long-term benefit has 
been demonstrated.59 The addition of supervised physiotherapy appears 
to provide faster improvement in range of joint motion. Intra-articular 
injection is best done under ultrasound guidance or fluoroscopy, and 
failure to do so in previous studies may account for the variable 
response to corticosteroid injection in the past. It still remains a useful 
and often effective means of relieving pain and hastening recovery. Oral 
corticosteroids have also been shown to improve pain but not to affect 
the rate of recovery.60 Careful utilization of analgesic or anti-inflam-
matory drugs with physiotherapy may be of benefit, although this may 
be due to a reduction in the protective spasm seen in the untreated 
patient.

Hydrodistention of the joint capsule has been used as a treatment 
in various stages of this condition, usually in conjunction with corti-
costeroid injection, but it is still unclear whether it offers any addi-
tional benefit to corticosteroid injection alone. Manipulation under 
anesthetic has been used to restore joint motion but may involve 
rupture of the inferior capsule and possibly the subscapularis tendon 
at its insertion. Care should be taken when carrying out this procedure, 
especially in the elderly patient, to avoid humeral fracture, shoulder 
dislocation, or a significant rotator cuff rupture. Aggressive early reha-
bilitation in the immediate post-manipulation period is needed to 
maintain joint mobility, and patient cooperation and tolerance of this 
treatment are essential. Manipulation during the painful phase is not 
recommended because painful re-contraction of the capsule may occur; 
and this treatment method is usually reserved for the adhesive phase 
once the pain has eased.

Non-operative treatment is effective in the vast majority of  
cases, but arthroscopic capsulotomy can be used to treat recalcitrant 
cases of frozen shoulder.61,62 Some authors do not restrict the use of 
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Investigations
Osteoarthritis can be diagnosed on plain radiography. Traction or 
weight-bearing views can be taken to demonstrate joint instability.

Management
Initial management consists of local modalities and the use of analgesic 
or anti-inflammatory drugs. A suitable exercise program should be 
provided to restore normal scapulohumeral rhythm, glenohumeral 
range of motion, and deltoid and rotator cuff strength once symptoms 
have settled. Intra-articular corticosteroid injection usually provides 
good symptom relief but often needs to be repeated. Cases resistant to 
conservative treatment may require surgery, which usually consists of 
excision arthroplasty of the joint while ensuring that instability is 
minimized. Careful assessment of rotator cuff function is important 
and, in the presence of a significant tear, rotator cuff repair or an 
acromioplasty may be indicated. Excision arthroplasty may also be 
indicated in the younger patient with chronic symptoms, whether due 
to degenerative change, osteolysis, or instability.

CALCIFIC TENDINITIS
The prevalence of radiologically detectable calcification in the rotator 
cuff tendons is reported to be 2.7% to 7.5%, occurring in both symp-
tomatic and asymptomatic shoulders.67,68 It often involves the supra-
spinatus tendon and has been reported as being more common in 
women and sedentary individuals. Bosworth69 estimated that 35% to 
45% of individuals with calcification seen on radiography developed 
symptoms. Frequently bilateral, it usually occurs between the ages of 
40 and 60 years but can present as an acute condition in the younger 
patient. Patients may present with chronic symptoms of “catching” 
pain with movement due to impingement.

Acute calcific tendinitis has a quite different presentation, with 
acute severe pain limiting passive or active shoulder movement almost 
completely and with exquisite point tenderness and occasionally ery-
thema over the involved tendon. The onset of symptoms can be rapid 
with no history of injury or overuse, and this occurs during the resorp-
tive phase of calcification.

Patients can therefore be divided into two groups: (1) those patients 
with an acute onset of severe pain and limitation of movement, often 
in the absence of any previous shoulder symptoms, and (2) patients 
who have a more chronic catching pain associated with movement 
presenting as an impingement problem.

Pathophysiology
It has been argued by various authors that calcification occurs as part 
of a degenerative process involving the rotator cuff tendons, largely 
because it is rarely seen in people before the fourth decade. Also, com-
plete cuff tears have been found in 21% of patients with calcific tendi-
nitis.70 Histologic studies have confirmed that calcification follows as 
a result of tendon fibrosis and subsequent necrosis.

Uhthoff and colleagues68 have proposed a model for the pathogen-
esis of calcific tendinitis based on its clinical presentation as a self-
healing condition in which the calcific process is actively mediated by 
cells in a viable environment. They classify the disease in three stages: 
precalcific, calcific, and postcalcific. In the precalcific stage it is thought 
that there is fibrocartilaginous transformation in the avascular or “criti-
cal” zone of the supraspinatus tendon. In the calcific stage, calcium 
crystals are deposited in matrix vehicles to form large deposits (known 
as the formative phase). After a variable period of inactivity (resting 
period) there is spontaneous resorption of the calcium by means of 
peripheral vascularization and phagocytosis of the deposit (resorptive 
phase). After removal of the calcium the space is filled with granulation 
tissue (postcalcific stage). Occasionally, a deposit can rupture into the 
overlying subacromial bursa. There has been a reported association 
between this condition and HLA-A1.68

Investigations
A plain radiograph will identify and localize the calcific deposit to a 
particular tendon, usually the supraspinatus. In the formative phase of 

workers or people dependent on overhead function. However, surgery 
is usually reserved for severe grade III disruptions or when an indi-
vidual’s occupation may be compromised by persistent deformity or 
instability at that joint.

Late sequelae
Patients may present with persistent pain at the acromioclavicular 
joint. This represents low-grade joint inflammation and may be associ-
ated with an underlying instability, early development of secondary 
osteoarthritis, or osteolysis of the distal end of the clavicle. Persistent 
pain after joint injury may also result from damage to the intra- 
articular fibrocartilage sustained at the time of injury. Treatment is 
symptomatic, with anti-inflammatory medication or injection of intra-
articular corticosteroid for resistant cases. Delayed surgical stabiliza-
tion may be carried out in cases of gross instability, and tears of the 
fibrocartilage can be débrided arthroscopically. Long-term treatment is 
as for osteoarthritis of the joint.

Osteolysis of the clavicle
Osteolysis of the distal clavicle is a condition that may follow an acute 
injury or repetitive stress to the shoulder.65

Symptoms are usually similar to those of acromioclavicular inflam-
mation, with aching and pain at the limits of flexion and abduction. 
Radiographic changes typically show resorption of the distal clavicle, 
often with osteophyte formation, osteoporosis, or tapering (Fig. 70.15). 
Response to activity modification and conservative treatment is usually 
satisfactory, but excision of the distal clavicle may be necessary. There 
may even be reconstitution of the distal clavicle with rest.

Osteoarthritis
Acromioclavicular joint morphology appears to be associated with the 
development of osteoarthritis, although cadaveric studies have shown 
that degenerative changes occur in this joint with normal aging after 
age 40 years.66 A previous history of joint injury is common when 
osteoarthritis of this joint occurs in isolation, but the joint may also 
be involved as part of generalized osteoarthritis. Acromioclavicular 
osteoarthrosis is common and frequently asymptomatic.

Clinical features
Pain and tenderness are localized to the joint, which is often prominent 
because of osteophyte formation. Pain exists on full abduction or hori-
zontal adduction and can also be reproduced with adduction of the 
extended arm. Crepitus is frequently localized to the joint. It is impor-
tant to note that osteoarthritis of the joint is often seen in association 
with rotator cuff degeneration and that inferior osteophytes at the 
acromioclavicular joint may contribute to the development of a rotator 
cuff tear. Clinical features of both conditions frequently coexist, espe-
cially in the older patient.

Fig. 70.15 Radiographic changes of osteolysis of the clavicle.
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the scapula away from the chest wall. Soft tissue causes are more 
common, and frequently a diagnosis of scapulothoracic bursitis is 
made, although the exact pathologic process, if present, is difficult to 
define. Crepitus is frequently found in association with muscular com-
plaints and probably represents a frictional sound as the scapula glides 
across the underlying muscle layers. Treatment is probably best directed 
at relief of symptoms and postural exercises, although subscapular 
injections have been given with variable results and at considerable 
risk of pneumothorax. Arthroscopic débridement has also been 
described and usually involves bursectomy with or without resection 
of the superomedial border of the scapula.

GLENOHUMERAL INSTABILITY AND  
INTERNAL IMPINGEMENT
Glenohumeral instability is a major cause of symptoms and pathology 
around the shoulder joint. The more traditional orthopedic model of 
shoulder dislocation, whether acute or recurrent, has been expanded 
to encompass the more subtle but equally important subluxations  
and occult instabilities that can play an important role in the develop-
ment of shoulder pain, especially in a young active population.  
Glenohumeral instability can be classified according to the etiology, 
direction, type, and circumstance of the instability, although in reality 
this represents a spectrum of disorders ranging from traumatic unidi-
rectional dislocation with a Bankart lesion to the atraumatic multidi-
rectional instability resulting from bilateral glenohumeral laxity.72 
Symptomatic subluxation or instability often presents as a painful 
shoulder with all the signs and features of a rotator cuff or bicipital 
tendinitis, but a careful history and examination coupled with a high 
index of suspicion in the young adult should confirm the presence of 
instability. Patients with glenohumeral instability may also present 
with symptoms of a labral tear, such as painful clicking and catching. 
A ganglion cyst arising from the posterior glenoid labrum in patients 
with an underlying posterior instability may lead to compression of the 
suprascapular nerve at the spinoglenoid notch, causing such patients 
to occasionally present with significant weakness of external rotation 
(Fig. 70.17).

In the throwing athlete there are adaptive changes, with stretching 
of the anterior capsule and contraction of the posterior capsule giving 
an increased range of external rotation and reduced internal rotation 
that allows higher throwing velocities. There is also some evidence  
of adaptive change in the humerus and glenoid (increased retrover-
sion).73 As a result of such changes or in those athletes with occult 
instability where there is increased glenohumeral rotation, angulation, 
and anterior translation of the humeral head, the undersurface of  
the posterosuperior aspect of the rotator cuff impinges against the 
posterosuperior glenoid rim. This is known as “internal impinge-
ment.”74 A number of potential pathologic sites of pain exist, namely, 
the rotator cuff, capsule, labrum, glenoid, or greater tuberosity; and 
differentiation between internal impingement and symptoms of insta-
bility can be difficult.75,76 It is, however, important to distinguish 
between internal as opposed to external (subacromial) impingement 
because the etiology, treatment, and rehabilitation differ considerably 
in the two conditions.

Management of tendinitis in the young patient with instability 
should be directed at the resolution of symptoms, restoration of normal 
flexibility and scapular control, and correction of faulty technique in 
athletes and then a suitable strengthening program for the dynamic 
stabilizers of the shoulder joint, notably, the rotator cuff muscles. Also, 
correction of any muscle imbalance about the shoulder girdle is impor-
tant (i.e., weakness of serratus anterior). Arthroscopy allows closer 
evaluation of shoulder pathology and has an important role in the 
treatment of symptomatic instability, even to the extent of performing 
stabilization procedures to the biceps anchor or glenoid labrum as well 
as formal reconstruction.

PRINCIPLES OF REHABILITATION
Effective rehabilitation of shoulder disorders requires a good under-
standing of the functional anatomy and biomechanical properties of 
the shoulder girdle. Pathologic processes cannot be treated in isolation 

calcification the deposit is well defined and homogeneously dense. In 
the resorptive phase, usually presenting as the acute condition, the 
deposit is less well defined, is irregular, and has a fluffy, less dense 
appearance (Fig. 70.16). In patients in whom the deposit is in contact 
with bone there is cortical erosion, and some authors consider that 
there is a subset of patients with osteolytic lesions of the tuberosities 
in whom the disease runs a more protracted course.71 Degenerative 
rotator cuff disease and arthropathy may have radiologically detectable 
calcification, but this is usually associated with other features of these 
conditions and the areas of calcification are usually small, stippled, and 
close to the tendon insertion at the greater tuberosity.

Laboratory investigation usually does not reveal any abnormality of 
calcium or phosphate metabolism. There is no associated leukocytosis, 
raised erythrocyte sedimentation rate, or change in serum alkaline 
phosphatase activity.

Management
Asymptomatic patients require no specific treatment. In patients with 
chronic symptoms, conservative management should consist of mobil-
ity and strengthening exercises about the glenohumeral joint, physical 
modalities, and NSAIDs for symptom relief if required. An injection 
of a corticosteroid should only be given if there are clear-cut features 
of impingement and subacromial inflammation and should only be 
repeated with caution. Extracorporeal shock wave therapy has been 
reported as being effective in selected patients. In the acute stages 
treatment should include resting the arm in a sling, analgesics, anti-
inflammatory medication, and local application of ice. Injection of a 
corticosteroid should be avoided because this may inhibit the resorp-
tion of calcium; however, needling and aspiration of the deposit under 
ultrasound control may result in a subsequent reduction in pain. Injec-
tion of subacromial lidocaine should also be given for temporary relief 
of pain. Some authors, however, advocate corticosteroid injection in 
the acute phase.

Surgical intervention is indicated when conservative management 
of the chronic condition has failed and there are persistent features of 
impingement. The deposit can be removed arthroscopically or at an 
open procedure and may be followed by resection of the coracoacromial 
ligament and anterior acromioplasty, although there is some evidence 
that these additional procedures are unnecessary and in some cases 
associated with a poorer outcome.

SCAPULOTHORACIC BURSITIS
Scapulothoracic crepitus should by no means always be considered a 
pathologic symptom because it is frequently found in the normal popu-
lation. Rarely, it may represent changes in the bony structure of the 
deep surface of the scapula or underlying ribs, such as an osteochon-
droma of the scapula or a rib exostosis. These lesions tend to give rise 
to a more pronounced snapping sound and may result in deviation of 

Fig. 70.16 Calcific tendinitis: formative phase (large arrow) and resorptive 
phase (small arrow).
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suffice, especially in those conditions in which there has been a dis-
turbance of scapulothoracic and scapulohumeral rhythm. In a signifi-
cant number of patients with shoulder pain it is this scapular 
dysfunction that has precipitated or aggravated the underlying patho-
logic process.

because of the complex relationship between the cervicothoracic  
spine, thoracic cage, scapula, and glenohumeral joint. The clinician 
and physical therapist need to understand this relationship to design 
an exercise program to restore normal shoulder kinematics. A simple 
range of motion and strengthening exercise program will not  

C

C

Fig. 70.17 MRI showing a 
ganglion cyst (arrow) arising 
from a tear in the posterior 
glenoid labrum.
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Soft tissue components
Ligaments
Varus-valgus stability of the elbow is largely due to the collateral liga-
ments (Fig. 71.2).2 The medial (ulnar) collateral ligament has anterior, 
posterior, and inferior (oblique) parts. It forms a triangular band with 
its  apex  attached  around  the  medial  epicondyle  and  extending  in  a 
fan-shaped  fashion  to  insert  into  a  proximal  tubercle  on  the  medial 
coronoid margin (anteriorly) and the medial margin of olecranon (pos-
teriorly). The anterior portion is the most important elbow stabilizer. 
The  lateral  (radial)  collateral  ligament  is  attached  low on  the  lateral 
epicondyle and extends to the annular  ligament.  Its superficial fibers 
are  blended  with  those  of  the  attachment  of  supinator  and  extensor 
carpi radialis brevis.

The annular ligament is a strong band that encircles the radial head, 
holding it against the radial notch of the ulna. It attaches to the edge 
of the notch anteriorly and on a ridge at, or just behind, the edge pos-
teriorly. The proximal annular border  is  continuous with  the cubital 
capsule, except posteriorly where the capsule passes deep to it at the 
radial notch. The distal annular border attaches  loosely  to  the radial 
neck after passing over a synovial reflection. Posterior to the ligament 
are the anconeus and the interosseus recurrent artery. Where the liga-
ment internally is in contact with the radial head it is lined with a thin 
layer of cartilage, but distally it is covered by a reflected fold of synovium 
on the radial neck.

Mechanoreceptors have been found in the elbow ligaments, which 
suggests  they  may  provide  significant  sensory  function  to  the  elbow 
joint, as well as being its major mechanical restraints.3

Articular capsule
The articular capsule of the elbow joint is a thin structure. Anteriorly 
it  is broad, attaching proximally to the front of the humerus, medial 
epicondyle (above the coronoid), and radial fossa (in continuity on its 
sides with the collateral ligaments) and distally attaching to the edge 
of the ulna, coronoid process, and annular ligament. It receives fibers 
from the brachialis. Posteriorly it attaches to the humerus behind the 
capitellum, goes around the olecranon fossa (except inferiorly) and the 
back of the medial epicondyle, and extends to the superior and lateral 
margins of the olecranon. Laterally it is continuous with the superior 
radioulnar joint capsule deep to the annular ligament. The anconeus 
and triceps are related to it posteriorly.

Synovium
The  synovial  membrane  extends  from  the  articular  margins  of  the 
humerus,  lines  the  articular  components  of  the  joint,  and  descends 
below the border of the annular ligament. Sometimes there is irregular-
ity of the synovial lining of the joint in the coronoid process on flexion, 
usually occurring adjacent to the medial collateral ligament, but oth-
erwise  it  is  smooth.  There  are  four  fat  pads  between  synovium  and 
capsule: one  in  the  synovial  fold, which partly divides  the  joint  into 
humeroradial and humeroulnar parts, and the others in relation to the 
fossae of the lower end of the humerus.

Muscles
Muscles that are related to the elbow joint are the brachialis (in front), 
the triceps and anconeus (behind), the supinator and common extensor 
tendon of extensor digitorum communis and extensor digitorum brevis 
(laterally),  and  the  common  flexor  tendon  and  flexor  carpi  ulnaris 
(medially)  (Fig.  71.3).  Anterior  to  the  brachialis,  the  biceps  tendon 
passes on its way to insertion into the radial tuberosity. The common 
superficial flexor tendon is attached to the medial epicondyle and the 
common  superficial  extensor  tendon  to  the  lateral  epicondyle,  both 

The elbow
Michael Denis Chard

 The elbow is a complex hinge joint essential for the positioning 
and full use of the hand.

 Relevant anatomy includes the radiohumeral and ulnohumeral 
hinge, the connecting proximal radioulnar joint, the radial head, 
the medial and lateral epicondyles, the ulnar nerve groove, the 
muscles spanning the elbow, and the olecranon bursa.

 Soft tissue lesions such as lateral epicondylitis and olecranon 
bursitis are far more frequent than many common joint diseases.

 Diagnosis of elbow conditions is largely based on pain 
characteristics, location of swelling, presence of point tenderness, 
and the results of passive, active and resisted motion.

FUNCTIONAL ANATOMY
Bony components
The  elbow  is  considered  to  be  a  hinge  joint  but  is  more  accurately 
classified as a trochoginglymus joint because it is a hinged joint about 
a  trochlea  or  pulley.  This  allows  for  the  motions  of  pronation  and 
supination of the forearm. The combination of flexion and rotation at 
the  elbow enables  the hands  to be brought  into view and provides a 
steady but adjustable base for the hands to make best use of the highly 
mobile fingers and opposable thumb. It is a compound synovial joint 
because  it  is  composed  of  articulation  between  the  ulnar  notch  and 
trochlea  of  the  humerus  and  between  the  radial  head  and  humeral 
capitellum (Fig. 71.1). In continuity with these is the proximal radio-
ulnar joint.1

Humerus
At its distal end the humerus is expanded to form a modified condyle, 
widest  transversely, and consists of articular and non-articular parts. 
The capitellum on the lateral aspect is curved, forms less than half a 
sphere, and contributes anterior and inferior surfaces. A shallow groove 
separates the capitellum from the medial trochlea, which has anterior, 
inferior, and posterior surfaces. The medial flange is larger, and so the 
medial margin projects inferiorly, which results in the plane of the joint 
being tilted inferomedially. This is the main determinant of the angula-
tion  between  the  long  axis  of  the  radius  and  ulna  in  an  extended 
supinated  position. Medial  and  lateral  bony  projections  of  the  lower 
humerus form the epicondyles, which, along with olecranon and coro-
noid and radial fossae, make up the non-articular part of the condyle. 
The  fossae  accept  the  relevant  parts  of  the  ulna  and  radius  during 
extremes of extension and flexion movements. Above the larger medial 
and less prominent lateral epicondyle formed by the flaring of the distal 
humerus are the supracondylar ridges. The medial epicondyle provides 
a groove for the ulnar nerve as it crosses the elbow to enter the forearm.

Radius
At its proximal end the radius has a head, neck, and tuberosity. The 
head is discoid, with a proximal shallow cup for the humeral capitellum 
and an articular periphery  that  is deepest medially where  it contacts 
the ulnar  radial notch. Distal  to  this  is  the constriction of  the neck, 
which leads on medially to the bony prominence of the tuberosity. The 
large proximal ulna has large olecranon and coronoid processes, with 
a large trochlear and smaller radial notches to articulate with humerus 
and  radius.  The  deep  trochlear  notch  articulating  with  the  humeral 
trochlea  is a major contributor  in making the elbow joint one of  the 
most congruous and inherently stable. Together, the ulnohumeral and 
radiohumeral  joints provide approximately 50% of  the  joint stability, 
the rest being due to soft tissue constraint.
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Movement
Consideration  of  movement  at  the  elbow  functionally  includes  the 
cubital joint itself and the proximal radioulnar joint. The cubital hinge 
joint traverses an area of flexion of around 150 degrees. Pronation of 
75 to 80 degrees and supination of 85 to 90 degrees are achievable but 
require an intact distal radioulnar joint as well as the proximal one.5 
The combination leads to the large variety of movements possible at 
this articulation. Because of the shape of the trochlea, extension results 
in  valgus  positioning  of  the  forearm  to  the  arm of  10  to 15 degrees 
(more in women), the “carrying angle.” In flexion, a similar degree of 
varus positioning helps when bringing the hand in close proximity to 
the mouth. Flexion at  the elbow  is  carried out by  the brachialis and 
biceps,  the  latter also acting as a  supinator of  the  forearm. The bra-
chioradialis muscle assists their action. Extension is carried out by the 
triceps and aided by the anconeus.

Neurovascular relationships
The elbow joint receives articular arteries from numerous periarticular 
anastomoses that are supplied mainly by the brachial artery. Articular 
nerves are derived principally  from the radial and musculocutaneous 
nerves, but the median, ulnar, and sometimes the anterior interosseous 
nerves contribute. These nerves follow the supply of blood vessels and 
probably contain vasomotor fibers as well as pain and proprioception 
afferents. The neurovascular  structures of  the arm have an  intimate 
relationship with  the  joint  capsule. The brachial artery  traverses  the 
joint  anteriorly,  just  medial  to  the  biceps  tendon  in  the  antecubital 
space. The musculocutaneous nerve innervates the biceps and brachia-
lis  above  the  level  of  the  elbow  and  terminates  distally  to  form  the 
lateral cutaneous nerve of the forearm. The course of the median nerve 
takes it anterior to the joint capsule and medial to the biceps tendon 
and  brachial  artery.  The  radial  nerve  passes  anterior  to  the  lateral 
epicondyle,  descending  beneath  the  brachialis  and  brachioradialis 
muscles.  The  ulnar  nerve  traverses  the  elbow  in  the  ulnar  groove 
behind the medial epicondyle.

CLINICAL EVALUATION
History
The examination of the elbow must be preceded by a precise history 
to allow emphasis to be placed on particular areas. Complaints usually 
consist  of  pain,  loss  of  movement,  weakness,  clicking,  or  locking. 
There may be sharply localized pain, typical of an extra-articular patho-
logic  process,  deep  joint  pain,  or  the  poorly  localized  pain  of  ulnar 

exterior  to  the  joint  capsule. The anconeus attaches  to  the posterior 
aspect of  the  lateral  epicondyle. Above  the medial  epicondyle on  the 
supracondylar ridge is attached the humeral head of the pronator teres, 
while the lateral supracondylar ridge gives attachment to the extensor 
carpi radialis longus. The triceps passes posteriorly over the elbow joint 
to insert into the olecranon.

Bursae
The main bursa around the elbow is the superficial olecranon bursa, 
which separates the olecranon from the overlying skin. This forms in 
late  childhood.4 A  small  bicipitoradial  bursa  is  found  close  to where 
the biceps tendon inserts into the posterior aspect of the radial tuberos-
ity.  Superficial  epicondylar  and  radiohumeral  bursae  are  sometimes 
found.

THE BONES OF THE ELBOW

Lateral supracondylar
ridge

Humerus

Medial supracondylar
ridge

Coronoid fossa

Medial epicondyle

Trochlea

Trochlear notch

Radial notch

Ulna

Radial fossa

Lateral epicondyle

Capitellum

Head and neck
of radius

Radial tuberosity

Radius

Coronoid process

Fig. 71.1 The bones of the elbow. Expanded view of the elbow joint showing 
the bony features.

THE LIGAMENTS AROUND THE ELBOW

Radial collateral
ligament

Annular ligament

Fibrous capsule

Ulnar collateral
ligament

Fig. 71.2 The ligaments around the elbow. Anterior view of the elbow joint 
showing the ligaments and capsule.

Pronator teresExtensor carpi
radialis longus

Common
extensors origin

Biceps insertion

MUSCLE INSERTIONS AROUND THE ELBOW JOINT

Common flexors origin

Fig. 71.3 Muscle insertions around the elbow joint. Anterior view of the elbow 
joint showing the muscle insertions.
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patients may be unaware of  a  small fixed flexion deformity. Forcibly 
moving the joint beyond the pain-free range helps to identify the pre-
dominant  cause  of  the  restriction.  In  extension,  posterior  pain  indi-
cates a posterior impingement problem, whereas anterior pain indicates 
tightness of the anterior capsule. The reverse is true for loss of flexion. 
Early  in  arthritis,  flexion  and  extension  are  limited  but  rotational 
movements are often spared. Motion is best assessed with the elbow 
flexed to 90 degrees and held to the side of the body, with supination 
often greater than 85 degrees and a little less for pronation.

Pain  should  be  sought  on  resisted  active  movements,  particularly 
where there  is no major  intra-articular pathologic process. These are 
carried out with the elbow held at 90 degrees. Flexion and supination 
strength is normally greater than extension and pronation. Passive, but 
not  resisted,  movements  producing  pain  indicate  an  intra-articular 
pathologic process, whereas pain on resisted movement alone indicates 
a  musculotendinous  pathologic  process  associated  with  that  move-
ment.  To  complete  the  assessment  of  muscles  around  the  elbow, 
resisted flexion and extension of the wrist must be performed. Neuro-
logic examination must not be omitted, with particular attention paid 
to structures supplied by the C5, C6, and C7 nerve roots. Biceps jerk 
(C5), brachioradialis  reflex  (C6), and triceps  jerk  (C7) should also be 
assessed.

Differential diagnosis of elbow pain
Pain felt at the elbow may be due to either a local pathologic process 
or referred pain (Table 71.2). As indicated earlier, shoulder and cervical 
problems frequently produce pain referred to the elbow. In the case of 
cervical spine lesions the pain is often associated with frank neurologic 
symptoms. Although referred pain is usually part of more generalized 
arm pain symptoms, it may be localized. Examination of the neck and 
shoulder is therefore important in the assessment of elbow pain. Intra-
thoracic  pathologic  processes  can  give  rise  to  arm  pain  but  is  rarely 
localized to the elbow.

True elbow pain may be related to  joint disease but  is more com-
monly due to lesions of the soft periarticular tissues. These causes can 
usually  be  distinguished  by  history  and  appropriate  examination. 
Primary osteoarthritis  is not common; elbow involvement  frequently 
occurs  in  more  generalized  inflammatory  arthritis.  The  joint  can  be 
inflamed  in  gout  or  affected  by  septic  arthritis.  Traumatic  effusions 
occur, and the joint may be involved by a fracture of the bones, with 
minor  fractures  sometimes  being  missed  and  only  presenting  as  an 
effusion. A traumatic/overuse form of osteochondritis of the radial head 
can occur in some throwing sports, especially in the teenage child. The 
joint may be affected by loose bodies and synovial osteochondromato-
sis.  Traumatic  partial  subluxation  of  the  radial  head  through  the 
annular  ligament occurs  in  children,  especially  if  they have a hyper-
mobile tendency.

Investigations
Plain  anteroposterior  and  lateral  radiographs  are  useful  in  assessing 
joint pathologic processes. Further investigation by arthroscopy6 is very 
useful, but magnetic resonance imaging (MRI) is a better, non-invasive 
alternative. MRI may be  combined with  arthrography. MRI  and MR 
arthrography  are  better  than  computed  tomographic  arthrography 
except for assessment of the cartilage of the elbow when CT arthrog-
raphy is better.7 High-resolution ultrasonography is a less costly alter-
native, particularly useful for assessment of periarticular soft tissues.8 
This  is  especially  so with  the  development  of  color  (power) Doppler 

neuropathy with or without typical paresthesia extending to the hand. 
The  functional  interplay  between  elbow,  shoulder,  and  wrist  means 
that examination of all these joints may be necessary. Referred pain in 
the elbow, especially from the neck or shoulder, is usually diffuse.

Physical examination
Examination  must  include  comparison  of  right  and  left  arms  (Table 
71.1).

Inspection
Inspection is very important because much of the elbow joint is sub-
cutaneous and so alterations in soft tissue or bony anatomy are easily 
seen. Anteriorly viewing of the elbow in the extended, supinated posi-
tion allows assessment of the carrying angle. It is increased in certain 
congenital conditions, such as Turner syndrome, and may be altered 
by fractures around the elbow. Synovial proliferation and effusion are 
each  detected  as  a  fullness  in  the  region  of  the  lateral  infracondylar 
recess. The swelling may be obliterated by pressure in the case of effu-
sion.  A  hard  bony  swelling  is  detected  where  there  is  a  radial  head 
pathologic process, such as a previous fracture. Posteriorly, swelling of 
the subcutaneous olecranon bursa may be detected, and in rheumatoid 
arthritis nodules often occur extending distally along the border of the 
ulna.  Occasionally,  ulnar  neuritis  may  result  in  enlargement  of  the 
ulnar nerve, which is seen medially.

Palpation
Palpation  of  the  subcutaneous  lateral  and  medial  epicondyles  and 
olecranon tip is easily undertaken. Tenderness over the lateral epicon-
dyle  is  typical of  lateral epicondylitis. The radial head  is palpated by 
gentle pressure over the radiocapitellar joint and assessed during prona-
tion and supination movements. Loose bodies may be detected in the 
infracondylar  recess.  Medially  the  ulnar  nerve  may  be  palpated  to 
detect thickening, and assessment with the elbow in flexion and exten-
sion detects ulnar nerve subluxation. The nerve may displace anteriorly 
during  flexion,  sometimes  with  an  obvious  snap,  and  be  associated 
with ulnar nerve paresthesia. Posteriorly, the tip of the olecranon and 
the olecranon fossa above can be felt if the elbow is not in full exten-
sion.  Flexion  to  around  15  degrees  also  enables  assessment  of  the 
collateral  ligaments.  These  may  be  palpated.  Varus  stress  with  the 
humerus in full internal rotation and valgus stress in full external rota-
tion test for lateral and medial instability, respectively, but abnormality 
is often subtle and requires experience to detect.

Movement
Active and passive ranges of movement should be measured, including 
flexion,  extension,  and  rotation. Most  frequently,  a  reduced  range of 
movement  is due to pain. After  injury, elbow joint extension  is both 
the first movement to be lost and the last to recover. The normal range 
of flexion/extension, 0 to 150 degrees, is in excess of that needed for 
everyday  activity, which  is  of  the order  of 30  to 130 degrees; hence, 

TABLE 71.1 EXAMINATION OF THE ELBOW

Inspection Swelling—joint, bursa

Deformity

Carrying angle

Palpation Synovium

Joint line, epicondyles/soft tissues

Ulnar nerve

Movement Active

Passive

Resisted

Other Upper limb neurologic examination

Neck and shoulder

TABLE 71.2 DIFFERENTIAL DIAGNOSIS OF ELBOW PAIN

Local

Articular Arthritis, osteochondritis, loose bodies, subluxation

Periarticular Lateral and medial epicondylitis, olecranon bursitis, ligamentous 
lesions, entrapment neuropathy

Referred Cervical and shoulder disease
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main diagnostic challenge is to distinguish septic and non-septic bur-
sitis as the septic bursitis has the greatest potential for morbidity and 
must be diagnosed as soon as possible. A clinician must also be aware 
there is a potential for a rapid change in the cause of the bursitis, that 
is,  a  change  from non-septic  to  septic. This  should be  considered at 
each follow-up visit.

Questions regarding occupation, duration of symptoms, and possi-
ble trauma or skin injury are important aspects of the history. Informa-
tion on other causes of bursitis such as rheumatoid arthritis, gout, or 
uremia  should  be  sought.  Diabetes  or  conditions  associated  with 
immunosuppression can increase the risk of sepsis. During the physi-
cal examination the size and turgor of the bursa should be noted (and 
size change at follow-up visits). Warmth and erythema of the bursa or 
skin along with the presence of nodules or lymphadenopathy provide 
important  clues. An  effusion  in  the  adjacent  elbow  joint may occur, 
especially with inflammatory arthritis. Evidence of trauma, particularly 
with skin breakage, should be sought. General physical status should 
be assessed, particularly looking for fever. Key features in the differen-
tial diagnosis are provided in Table 71.3.

In traumatic or idiopathic olecranon bursitis, pain is usually local-
ized and typically does not occur on passive or resisted movement. It 
is usually provoked by leaning on the elbow or flexion with a constric-
tion  around  the  elbow  such  as  a  coat  sleeve.  Tenderness  should  be 
sought about the tip of the olecranon and will be present, sometimes 
with  palpable  thickening  of  the  bursal  wall,  even  in  the  absence  of 
significant  effusion;  the  area  is  generally  very  sensitive  to  pressure. 
Septic  olecranon  bursitis  occurs  less  frequently  but  should  not  be 
missed. Usually it occurs after an abrasion or may be associated with 
an initial cellulitis of the skin. Septic olecranon bursitis usually causes 
pain with elbow flexion and sometimes with resisted extension, but it 
is  different  from  acute  arthritis  because  gentle  passive  extension  is 
unimpaired.9

When  inflammation  or  infection  is  suggested,  percutaneous  diag-
nostic aspiration of the bursa is indicated. Aspiration of the bursa both 
reduces symptoms and allows assessment of the fluid. Along with gross 
visualization  of  blood  staining,  or  turbidity  of  the fluid, white  blood 
cell  count  and  differential  and  Gram  stain  with  culture  of  the  fluid 
should be undertaken to exclude infection. Polarized light microscopy 
should be performed to reveal any crystals. Elbow radiographs are rarely 
necessary  and  should  only  be  used  to  exclude  traumatic  fracture  or 
preexisting  joint  injury.  Ultrasonography  can  be  used  to  define  the 
characteristics  of  the  bursitis  and  may  assist  needle  placement  for 
aspiration  and  injection  in  some  cases.  MRI  gives  even  greater  soft 
tissue  definition  but  cannot  usually  be  reliably  used  to  distinguish 
septic from non-septic bursitis.

Management
Non-inflammatory, traumatic (or idiopathic) bursitis usually responds 
to  simple  conservative  therapy,  including  rest,  elbow  protection,  
and anti-inflammatory drug treatment. Padded elbow support may help 
to  prevent  further  trauma  and  skin  abrasion.  Percutaneous  needle 

imaging,  allowing  detection  of  abnormalities  of  blood  flow  and  new 
vessel  formation  (angiogenesis),  in  addition  to  standard  gray-scale 
ultrasonography. Ultrasonography is very dependent on operator skill, 
although precision of the latest equipment is enabling some clinicians 
to use it as an office investigation.

SOFT TISSUE ELBOW LESIONS
Apart from lateral epicondylitis (“tennis elbow”), medial epicondylitis 
(“golfer’s  elbow”),  and  olecranon  bursitis,  soft  tissue  lesions  at  the 
elbow are relatively rare.

Olecranon bursitis
Bursal inflammation around the elbow can occur and principally affects 
the olecranon bursa. Both epicondylar and radiohumeral bursitis have 
been  reported  but  are  rare,  producing  vague  symptoms  around  the 
elbow with swelling. They have in the past been suggested as causes 
of tennis elbow but rarely, if ever, have the same clinical features. The 
condition  is most commonly seen  in younger men as a consequence 
of recurrent elbow trauma either due to work (e.g., automobile mechan-
ics, miners) or related to leisure activities (throwing darts, gymnastics, 
gardening). There is often no obvious precipitating cause of olecranon 
bursitis. It rarely occurs in childhood for developmental reasons.4

Etiology
The olecranon bursa is a subcutaneous synovial pouch located on the 
extensor aspect of the elbow. It allows the skin to glide freely over the 
olecranon  process,  preventing  tissue  tears.  Because  of  its  superficial 
position over the olecranon, with little soft tissue padding, the olecra-
non bursa is vulnerable to trauma by friction or a blow and to infection 
through abrasions, puncture wounds, or cellulitis. Olecranon bursitis 
occurs  when  the  bursa  swells  because  of  trauma,  inflammation,  or 
infection (Fig. 71.4). Such swelling occurs easily and is readily visible. 
The swelling may be the result of fluid accumulation but may be due 
to synovial  tissue hypertrophy or fibrosis.  In addition to trauma, the 
bursa  may  also  be  involved  in  crystal  arthropathies  (gout  or,  rarely, 
calcium pyrophosphate arthritis) or in generalized inflammatory arthri-
tis,  especially  rheumatoid  arthritis.  Swelling  of  the  olecranon  bursa 
may  be  seen  in  association  with  rheumatoid  nodules  on  the  ulnar 
border of the forearm (Fig. 71.5). Rheumatoid nodules may form within 
the bursa, but intrabursal nodules may also form as a consequence of 
traumatic fibrosis or gouty tophi.

Clinical aspects
Olecranon bursitis can be classified clinically into three general catego-
ries (Table 71.3):

●  Traumatic (or idiopathic) non-inflammatory
●  Aseptic inflammatory
●  Septic inflammatory

Appropriate therapy depends on the bursitis category. Therefore, it 
is  important  for  the cause  to be defined as  soon as possible  through 
history,  examination,  and,  when  appropriate,  bursal  aspiration.  The 

Fig. 71.4 A case of olecranon bursitis in early rheumatoid arthritis.

Fig. 71.5 A case of olecranon bursitis in later rheumatoid arthritis; a 
rheumatoid nodule is also shown.
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occurs, then surgical removal of the bursa should be considered, either 
arthroscopically or by open resection. Persistent aseptic inflammatory 
bursitis may require open resection. Bursectomy may be required  for 
septic bursitis if the acute infection fails to resolve or if, after repeated 
infection, a fibrotic, chronically inflamed bursa is left.12

Lateral epicondylitis
Epidemiology
Used synonymously with the term tennis elbow, this condition is one 
of the most common lesions of the arm. The first description is attrib-
uted to Runge in 1873,13 but the name “tennis elbow” is derived from 
Morris’s  description  of  “lawn  tennis  arm”  in  The Lancet  in  1882.14 
One  to 3 percent of  the population are affected by  it,15 mostly  those 
aged between 40 and 60 years, the dominant arm being affected most 
frequently. Forty to 50 percent of tennis players suffer with it, mainly 
older players,16 but in clinical practice fewer than 5% of cases are due 
to the game.17 It is found most often in non-athletes, and the majority 
are not manual workers. Many patients  cannot describe any  specific 
precipitating factors.18 The onset of symptoms may be brought on by 
overuse, and hence lateral epicondylitis is more often seen in the active 
middle-aged  population  than  the  less  active  elderly  population.  In 
manual  workers,  relative  overuse  of  wrist  and  finger  extensors  may 
precipitate the condition, which most often affects the dominant arm. 
Sometimes there may be bilateral involvement, either due to increased 
stress  placed  on  the unaffected  arm or  resulting  from a  general  ten-
dency to soft tissue lesions that occurs in some individuals.17,18

Etiopathology
There have been more than 25 suggested causes of the condition,19 and 
this reflects the use of the diagnosis non-specifically for lateral elbow 
pain. Pathologic material for study is relatively rare because most cases 
do not come  to surgery. Reported operative findings  in  relatively  few 
chronic  cases  have  included  periostitis,13  infection,19  radiohumeral 
joint disease,20 radial nerve entrapment,21 and a lesion of the orbicular 
(annular) ligament.22 It is believed, however, that the majority of cases 
are due to a musculotendinous lesion of the common extensor tendon 
at  the attachment  to  the  lateral epicondyle or nearby, especially  that 
portion derived from the extensor carpi radialis brevis.17 The anatomic 

aspiration should be considered for patients having significant symp-
toms.  The  aspiration  itself  reduces  symptoms  and,  in  addition,  a 
compressive elastic bandage may be used to prevent recurrence of swell-
ing. If  infection has been satisfactorily excluded by culture, local cor-
ticosteroid injection may be performed, which is effective in speeding 
recovery.10  However,  this  can  lead  to  complications  (infection,  skin 
atrophy, chronic pain) and should only be used sparingly for traumatic 
bursitis.  In  inflammatory  olecranon  bursitis,  related  to  rheumatoid 
arthritis or crystalline arthropathy, intrabursal corticosteroid injection 
is useful. In such cases it should be preceded by aspiration and inves-
tigation to exclude infection. An injection of 20 mg of methylpredniso-
lone acetate usually leads to rapid recovery.

The finding of infection requires appropriate antibiotic therapy and 
re-aspiration of pus  as necessary. Staphylococcus aureus  is  the most 
frequently found organism, although a group A β-hemolytic streptococ-
cus  or  Streptococcus epidermidis  is  less  commonly  found.9,11  Rarely 
Hemophilus influenzae  and Pseudomonas  species may be  the  cause. 
In immunocompromised patients (malignancy, HIV-positive status, or 
systemic  corticosteroid  therapy),  special  cultures  for  mycobacteria, 
fungi, or anaerobic bacteria may be necessary.

Patients  who  fail  to  respond  to  outpatient  therapy  or  who  at  
the outset have more  severe  initial  infection need  to be hospitalized 
for  intravenous  antibiotic  therapy.  This  includes  patients  with  
high  fever,  chills,  prolonged  duration  of  symptoms,  and  cellulitis.  
Hospitalization also needs  to be considered  for  those with complica-
ting  medical  conditions  (diabetes,  uremia,  rheumatoid  arthritis)  and 
immunosuppression.

Repeated aspiration of the infected bursa is essential and may ini-
tially need to be carried out on a daily basis. This can be done percu-
taneously  or  if  necessary  with  the  placement  of  a  suction-irrigation 
system. Measuring the cell counts and repeated culture should be used 
to monitor the response to therapy. Patients requiring initial  intrave-
nous antibiotic therapy can be switched to oral medication as soon as 
signs and symptoms show consistent  improvement.  In general, anti-
biotic therapy should be continued for 10 to 14 days, although there 
is evidence that patients beginning treatment within a week of onset 
actually require only half this duration to sterilize the bursa.

Surgical  drainage  or  bursectomy  is  occasionally  required  in  the 
management  of  olecranon  bursitis.  If  repeated  traumatic  bursitis 

TABLE 71.3 DIFFERENTIAL DIAGNOSIS OF OLECRANON BURSITIS

Traumatic (idiopathic) 
non-inflammatory

Aseptic inflammatory

Septic inflammatoryRheumatoid arthritis Crystalline Uremia

Symptoms

Trauma +++ + + 0/+ +++

Tenderness + + ++ + +++

Skin breakage + 0 0 0 +++

Signs

Fever 0 0 0 0 ++

Warmth + + ++ + +++

Erythema + + ++ + +++

Cellulitis 0 0 + + +++

Lymphadenopathy 0 0/+ 0/+ 0 ++

Edema 0/+ 0/+ 0/+ 0 ++

Bursal fluid

Color C, S, H C, S S, H S S, H, P

White blood cells per mm3 50-10,000 (mean 1100) 1000-60,000 (mean 3000) 1000-20,000 (mean 2900) 1200 350,000-450,000 (mean 75,000)

Gram stain Negative Negative Negative Negative Positive (70%)

Crystals Negative Rare cholesterol Monosodium urate or 
pyrophosphate

Rare Negative

Culture Negative Negative Negative Negative Positive

Differential diagnosis: 0, usually absent; +, rare; ++, occasional; +++, common. Bursal fluid color: C, clear; H, hemorrhagic; P, purulent; S, serosanguineous.
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interosseous nerve21 can produce lateral elbow and upper forearm pain. 
It can be the cause of apparent lateral epicondylitis that is unresponsive 
to conservative treatment but is believed to be a rare cause of resistant 
cases.30 These entrapments have been found to be due to compressive 
lesions caused by abnormal fibrous bands in front of the radial head, 
a  sharp  tendinous origin of  extensor  carpi  radialis brevis,  or  a  radial 
recurrent  fan  of  vessels.  More  rarely,  a  lipoma  or  ganglion  has  been 
found to be the cause. Compression of the posterior interosseous nerve 
may  occur  where  it  passes  through  the  supinator  muscle  just  below 
the elbow joint. A well-defined arcade of Frohse is present in 30% of 
subjects31  and makes a  compression neuropathy more  likely. Diffuse 
pain,  symptoms distal  to  the  lateral  epicondyle,  and  the presence of 
muscle weakness may be useful distinguishing features.

Investigations
Investigations are not usually  required, but  radiographs of  the elbow 
may be helpful in excluding joint disease and may occasionally show 
lateral  soft  tissue  calcification.  Electromyography  may  be  helpful  in 
excluding a nerve entrapment. Quantitative assessment of severity and 
response  to  treatment  is  difficult,  but  grading  pain,  tenderness,  and 
pain  on  resisted  wrist  extension  can  be  helpful,  and  lifting  graded 
weights and grip strength measurement aid objectivity.32 A truly objec-
tive  measurement  is  that  of  infrared  thermography  of  the  affected 
elbow, which shows a discrete localized area of increased heat near the 
lateral epicondyle in 98% of affected elbows (Fig. 71.9). Analysis of the 
gradient  across  the  abnormal  area  reveals  a  correlation  with  clinical 
severity.  Lack  of  general  availability  of  this  technique  means  it  is 

location of the extensor carpi radialis brevis makes this undersurface 
vulnerable  to  contact  and  abrasion  against  the  lateral  edge  of  the 
capitulum with the elbow in motion.23

Macroscopic tears in the common extensor tendon are sometimes 
found at operation,17 but repeated high-dose local corticosteroid injec-
tions may have affected findings. Microfractures, cystic and fibrinoid 
degeneration  and  round  cell  infiltrations,  immature  fibrous  tissue, 
hyaline  degeneration  and  vascular  plus  fibroblastic  proliferation 
(“angiofibroblastic  tendinosis”;  Fig.  71.6),  sometimes  with  calcific 
debris, and attempts at repair have been described.16,17,24,25 Some cases 
show a chronic traction effect. The angiogenesis as part of the process 
is  consistent  with  vascular  changes  seen  on  color  (power)  Doppler 
imaging.8,26 Histologic evidence of inflammation has not been found. 
The  changes  seen  are  similar  to  those  seen  in  the  rotator  cuff  with 
advancing age, where tendon vascular factors are believed to be impor-
tant.27 There is some evidence that neurogenic changes of the enthesis 
may be part of the pathophysiology.28 The relationship of such findings 
to  the  acute  lesion  is  uncertain.  Ischemic  stress  may  be  important 
because the tenoperiosteal  junction  (enthesis) and nearby tendon are 
relatively  avascular,  because  the  blood  supply  is  a  watershed  of  that 
derived from muscle and bone and working muscle takes up the blood 
supply at the expense of tendon.

Age  is  an  important  factor,  because  lateral  epicondylitis  rarely 
occurs  before  the  age  of  30  years.  Adult  maturity  is  associated  with 
alterations  in  the  enthesis,  including  changes  in  collagen  content, 
reduction in cells and ground substance, and increase in lipids, which 
then  probably  predispose  it  to  injury.29  Other  possible  changes  that 
may be  important,  including those due to tendon elasticity, have yet 
to  be  elucidated.  Basic  science  biochemical  investigation  of  tendon 
turnover  in  relation  to  age  and  disease  may,  in  the  future,  lead  to 
further  insights  into  the  pathophysiology  and  possibly  novel 
therapies.

Clinical findings
Lateral  epicondylitis  usually  arises  slowly  and  apparently  spontane-
ously; a blow or acute traumatic strain is relatively rarely remembered. 
Pain is localized to the lateral epicondyle but may spread up and down 
the upper limb. Grip is impaired because of pain, and this may result 
in restricted daily activities. Tenderness over the epicondyle  is usual, 
although maximum tenderness is sometimes found at nearby sites.22 
The other cardinal sign is increase in pain on resisting wrist dorsiflex-
ion  with  the  elbow  in  extension  (Fig.  71.7).  Symptoms  may  also  be 
precipitated  by  extending  the  elbow  with  the  wrist  flexed  (Fig.  71.8) 
and by resisted middle finger extension. Resisted supination may also 
be painful. The range of movement of the elbow is usually normal, but 
a  few  degrees  of  extension  may  be  lost  in  some  severe  and  chronic 
cases.

Differential diagnosis
It  is  important  to  exclude  other  conditions  producing  elbow  pain, 
especially that referred from the cervical spine or shoulder, as well as 
arthritis of the elbow, although this is usually obvious.

A nerve entrapment around the elbow may produce diagnostic con-
fusion.  Radial  tunnel  syndrome  or  compression  of  the  posterior 

Fig. 71.6 Angiofibroblastic hyperplasia.

RESISTED WRIST EXTENSION TEST

Fig. 71.7 Resisted wrist extension test.

FORCED ELBOW EXTENSION TEST

Fig. 71.8 Forced elbow extension test.
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true failure of the corticosteroid or the rapid improvement in the pain 
leading  to  increased  activity  too  soon  is unknown.37,41 The  injection 
may be repeated after 2 to 4 weeks, in the event of failure to respond 
or  relapse, but  should not be  repeated more  than  twice because  it  is 
unlikely to be effective, increasing the risk of side effects (loss of sub-
cutaneous fat, with dimpling and depigmentation) and predisposition 
to  chronic pain.  Indeed,  there  is  evidence  to  suggest  that  those who 
experience relapse may have a worse long-term prognosis at 1 year than 
when just a wait-and-see modified activity approach is used.37,42

In recent years a number of other modalities of treatment have been 
advocated. Topical nitric oxide, using a glyceryl trinitrate patch, appears 
beneficial but has to be applied daily for up to 6 months.43 Sclerosant 
treatment using policodanol has been used and ultrasonography and 
color  (power)  Doppler  imaging  have  guided  injection,  but  there  is 
uncertainty about  the  long-term consequences  for  the  tendon  tissue; 
and  a  randomized  controlled  trial  did  not  show  greater  benefit  than 
lidocaine  plus  epinephrine.44  Autologous  blood  injection  using  ultra-
sound guidance has been claimed to be of benefit, but there have been 
no randomized controlled trials to date. Also there is uncertainty about 
the contributory effects of the dry needling of the tendon carried out 
before the blood injection. There also have been conflicting results of 
the use of botulinum toxin A injection into the origin of the extensor 
forearm  muscles.  The  idea  is  to  temporarily,  partially  paralyze  the 
muscles with the aim of interrupting repetitive microtrauma and allow 
recovery, albeit at the expense of some weakness. Preliminary study of 
the use  of  injections  of  the matrix metalloproteinase  inhibitor  apro-
tinin to treat tendinopathy shows that this agent has promise, but it 
has yet to be used for lateral epicondylitis.45

The problem with assessing the benefits of active conservative treat-
ment is that the natural history of lateral epicondylitis is for resolution 
in around 80% of cases after about 1 year. Therefore, the aim of treat-
ment is mainly to achieve recovery sooner. But there is concern that 
the  failure  of  some  treatments  or  relapse  after  improvement  may 
adversely affect outcome and be worse than a wait-and-see approach.42 
A low percentage of patients are resistant to conservative management, 
but to date it is not possible to reliably identify early on those patients 
who will not do well.

Role of surgery
Surgical intervention is considered for the 10% of patients whose dis-
order fails to respond to conservative treatments. The value of manipu-
lation  as  a  means  of  avoiding  surgery  is  controversial.  It  may  be 
effective  when  performed  under  general  anesthesia,  in  conjunction 
with  a  local  corticosteroid  injection,  but  surgery  is  more  effective.46 
There  is  no  evidence-based  consensus  on  the  best  surgical  manage-
ment.  Most  reported  experience  is  of  an  open  procedure,  with  there 
being  two  main  types.  One  involves  resection  or  débridement  of 
damaged  tissue  and  tendon  repair,  with  or  without  decortication  or 
drilling of the lateral epicondyle.17,24 The alternative is a simple “lateral 
release”  by  division  of  the  origin  of  the  common  extensor  tendon. 
Advocates of the removal of abnormal tendon and repair claim a more 
reliable  response  and  are  concerned  about  weakness  caused  by  the 
“lateral  release.”  Others  believe  that  the  “lateral  release”  gives  long-
term  results  of  90%  and  may  be  done  using  a  simple  percutaneous 
procedure  that  can be performed under  local  anesthesia.47  It may be 
done as ambulatory surgery or possibly even as an office procedure. A 
randomized  controlled  study  comparing  standard  open  débridement 
and repair surgery with percutaneous “lateral release” showed recovery 
and  return  to work were significantly quicker after  the simpler  tech-
nique.48  Arthroscopic  release,  although  more  technically  challenging 
and time consuming, has been shown in a comparative study to be as 
good  as  the  standard  open  technique  but  with  a  quicker  return  to 
work.49 Also, advocates of arthroscopy point to the fact that the joint 
can be examined at the same time and may reveal abnormalities con-
tributing  to  symptoms  and  allow  their  correction.  There  is  general 
agreement that extensive lateral release with resection of the proximal 
third  of  the  annular  ligament  is  best  avoided  because  of  the  risk  of 
subsequent elbow instability.

Most described treatments for lateral epicondylitis, conservative or 
operative, are not supported by robust scientific evidence.50 Until there 
is greater proof, clinicians have to be guided by the available evidence, 
a pragmatic, if subjective, viewpoint, and clinical experience.

mainly a research tool. MRI has been used to identify tissue abnormali-
ties before surgery in chronic cases.33 High-resolution ultrasonography, 
often with color (power) Doppler imaging, is increasingly used to assess 
the tissue lesion at an earlier stage and may be used to guide treatment 
including therapeutic injections and in the future may help to predict 
resistant cases that will require surgical intervention.8,26

Management
More than 40 treatment regimens  for  lateral epicondylitis have been 
described in the literature, ranging from extremes of “prolonged obser-
vation” to x-ray therapy. Reduced activity may result  in resolution of 
symptoms in some cases, especially early on and in conjunction with 
splinting  (Table  71.4).  The  efficacy  of  orthotic  devices  has  been  the 
subject  of  a  systematic  review,  and  no  definite  conclusion  could  be 
drawn  on  their  effectiveness.34  Oral  non-steroidal  anti-inflammatory 
drugs (NSAIDs) or NSAID gels are often used. They have some benefit 
but are only shown to be effective in the short term, especially in early 
cases. Long-term benefit is uncertain.35

Numerous physical modalities of treatment have been used to treat 
lateral epicondylitis, but the efficacy of most of them remains unproven. 
Lack  of  evidence  may  relate  to  quality  of  trials  rather  than  lack  of 
efficacy. An eccentric exercise program may be of greater benefit than 
standard stretching and strengthening.36 Studies of ultrasound therapy 
have given conflicting  results.37 Benefit has not been shown  for  low-
level laser light therapy but may relate to not using optimal doses and 
wavelengths.38 Extracorporeal shock wave therapy has been advocated 
for persistent cases, but with conflicting results, and  is not generally 
recommended.  However,  there  is  some  evidence  of  possible  benefit 
under well-defined, restrictive conditions.39 Acupuncture has also been 
used  in  treatment  but  only  been  shown,  so  far,  to  have  short-term 
benefit.40

Local  injections  of  corticosteroids  have  been  widely  used  and  are 
efficacious and cost effective, with around 90% of subjects responding. 
But the injection frequently causes transient increased pain. Although 
producing a rapid response of good benefit for 6 weeks, the improve-
ment may not last due to a significant relapse rate. Whether this is a 

Fig.71.9 Lateral epicondylitis. An infrared thermographic pattern in lateral 
epicondylitis showing a localized “hot spot.”

TABLE 71.4 MANAGEMENT OF LATERAL EPICONDYLITIS

Evidence grade

Early/mild Rest, splinting, NSAID A/B A (short-term)

Established Local corticosteroid injection A (short term)

Physical therapy A (weak)

Resistant Manipulation? B/C

Surgery—lateral release B/C
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necessary. Up  to 10% of  patients  fail  to  respond  to physical  therapy 
and injections.

Medial epicondylitis
Otherwise known as “golfer’s elbow,” this condition is around 15 times 
less  commonly  seen  than  lateral  epicondylitis.17  It  is  a  lesion of  the 
common  flexor  tendon  at  the  medial  epicondyle.  As  with  “tennis 
elbow,”  a  sporting  cause  is  relatively  rare.  The  condition  is  usually 
milder,  and  often  pain  and  tenderness  are  less  well  localized  to  the 
medial epicondyle, being felt a little distal to the flexor origin. Pain on 
resisted wrist flexion with the elbow in extension is the most reliable 
sign (Fig. 71.10), although rarely flexion of the fingers rather than of 
the wrist best elicits symptoms. The pathology and management are 
essentially the same as those for lateral epicondylitis.

Other disorders of the elbow
Biceps tendinitis  is characterized by local pain and tenderness in the 
region of  the bicipital  tuberosity of  the  radius, with pain on  resisted 
flexion  and  supination.  Pain  on  resisted  flexion  alone  indicates  the 
rarer  brachialis  muscle  lesion,  with  pain  and  tenderness  that  is  less 
well localized and is found behind the biceps tendon. Although uncom-
mon, such a tear is particularly prone to develop myositis ossificans, 
which  in  the  early  phases  produces  a  warm,  firm  mass  that  can  be 
mistaken  for  a  tumor.  Pain  on  resisted  supination  alone  is  said  to 
indicate a supinator lesion, but this very rarely, if ever, occurs and pain 
would be felt farther down the forearm. It is unusual to have a lesion 
at  the site of  triceps  insertion  into  the olecranon  (triceps  tendinitis), 
but  instead  these  occur  higher  in  the  arm  at  the  musculotendinous 
junction. Ligamentous lesions do not usually occur in isolation, most 
often being associated with traumatic joint synovitis or effusion if not 
frank  joint  derangement  or  fracture.  Medially,  a  ligamentous  lesion 
may  form at  least part of  the elbow injury caused by some throwing 
sports, such as the javelin event, and may, if an overuse injury, need 
to be distinguished from medial epicondylitis.

Prognosis
Lateral epicondylitis has been considered to be a self-limiting disorder 
with  patients  improving  with  or  without  treatment  within  1  year. 
However, in one study, 40% of patients had prolonged minor discom-
fort, which in some persisted for 5 years. Manual workers, especially 
mechanics,  builders,  and  domestic  workers  are  most  susceptible  to 
recurrence on resumption of the activity that induced the initial pain.18 
Early treatment may improve prognosis. Firm strapping of the forearm 
muscles  just distal  to  the elbow  joint, or  the use of one of  the com-
mercial elbow splints, may be helpful. Although emphasis is on rest, 
graded  exercise,  with  stretching,  may  be  prescribed,  especially  in  a 
patient wishing to return to a sport. In a few cases, persistence of lateral 
elbow  pain  despite  local  treatment  is  due  to  a  cervical  lesion  that  
was  not  originally  clinically  apparent,  and  re-examination  may  be 

RESISTED WRIST FLEXION TEST

Fig. 71.10 Resisted wrist flexion test.
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include ulnar drift, volar subluxation, and flexion deformities. A bou-
tonnière deformity is flexion of the PIP joint and hyperextension of the 
DIP joint (Fig. 72.6a). A swan-neck deformity describes hyperextension 
of the PIP joint and flexion of the DIP joint (see Fig. 72.6b). A Z-shaped 
deformity of the thumb (commonly seen in RA) involves flexion of the 
MCP joint and hyperextension of the IP joint (see Fig. 72.6c).4 Tele-
scoped shortening of the digits, produced by partial resorption of the 
phalanges with loss of the articulations secondary to psoriatic arthritis, 
RA (arthritis mutilans), or inflammatory arthritis conditions, may 
demonstrate concentric wrinkling of the skin (opera-glass hand).4

Differential diagnosis of joint swelling
It is important to try to distinguish between swelling related to the 
joint versus tenosynovial inflammation versus a localized mass. In 
tenosynovitis there is more passive than active range of motion. Arthri-
tis of a joint usually produces a diffuse circumferential swelling. Exten-
sor tenosynovitis usually demonstrates a longitudinal or oval dorsal 
swelling localized to the region of the tendon sheath at the wrist level. 
When the fingers are actively extended the distal margin of the swelling 
moves proximally and folds in, like a sheet being tucked under a mat-
tress (“tuck” sign).2,4 Tenosynovitis of the common flexor tendons will 
present as swelling on the volar aspect of the wrist just proximal to 
the carpal tunnel (volar “hot dog” sign).4 The wrist is also a relatively 
common site for benign masses; ganglions may mimic the just- 
mentioned inflammatory processes (Fig. 72.7).

General examination
Dryness or cracking of fingertips can indicate nerve injury. Normal 
capillary refill is less than 2 seconds. Allen’s test evaluates the vascular 
arches of the hand. Sensory function is evaluated in the fingertips by 
light touch and two-point discrimination using a paper clip or calipers. 
Normal two-point discrimination is less than 5 mm.9

Palpation can often localize a specific region with an underlying 
pathologic process. The wrist is best examined in slight flexion by 
palpating the dorsal surface of the wrist with the thumbs while sup-
porting the wrist with the fingers of both hands.2,3 This technique can 
gently identify and often distinguish an effusion, inflamed tenosy-
novium, or other dorsal wrist pathologic process. A similar technique 
is suited to the carpometacarpal (CMC) and MCP joints as well, where 
thick volar skin, subcutaneous tissue, and flexor tendons may make 
volar palpation less helpful. Dorsal fluctuance may indicate an effu-
sion: pressure from one hand on one side of the joint will produce a 
fluid wave that will be transmitted to the second hand placed on the 
opposite side of the joint.4

The PIP and DIP joints are palpated for nodules, tenderness, cap-
sular irregularities, or effusion using the thumbs and forefingers of both 
hands placed on opposite sides of the joint.3 Although synovitis and 
other inflammatory processes may be tender, dorsal knuckle pads 
demonstrate non-tender skin thickening localized to the dorsal surface 
of the PIP joints.4

Tendon nodules usually occur at the level of the metacarpal heads 
opposite the A1 pulleys. These can be palpated in the palm while the 
patient slowly flexes and extends the affected finger and may result in 
a “triggering” sensation.

Range of motion
Active motion should be assessed before passive manipulation. Lack 
of ability to flex or extend across a joint or malalignment with motion 
may indicate either underlying tendon disruption or displacement or 
joint subluxation/dislocation. As the digits are flexed, the fingertips 
should point toward the scaphoid. The distal nail tips should be aligned 
when the fingers are in a partially flexed position.

The wrist and hand
George S. M. Dyer, Brandon E. Earp, Philip E. Blazar, and Barry P. Simmons

 Pain or loss of function in the wrist and hand may originate in the 
bones and joints, periarticular soft tissues, or peripheral 
neurovascular structures or may be referred from the cervical spine, 
thoracic outlet, shoulder, or elbow.

 Precise diagnosis depends on a meticulous history, a thorough 
physical examination, and appropriately selected diagnostic 
studies.

INTRODUCTION
The hand is the main tactile sensory organ and is uniquely designed 
for fine motor activities. Any deviation from the normal architecture 
or limitation from a painful condition may lead to disability. Under-
standing this anatomy in detail will help in diagnosis and treatment 
(Figs. 72.1 to 72.4).1-7 The focus of this chapter is on the common 
localized disorders of the hand and wrist.

CLINICAL EVALUATION
History
The evaluation should begin with a complete history, including details 
about the start of symptoms; the location, nature, and duration of these 
symptoms; and factors that aggravate or alleviate them. Particularly 
important is any history of an inciting event, including trauma, to 
which the patient attributes the symptoms. Often chronic conditions 
have simply worsened over time, and the patient may relate a long-
standing history of repetitive or strenuous activity that now is painful 
or difficult to accomplish.

Physical examination
Inspection should include observing resting posture, swelling, defor-
mity, ecchymosis, atrophy, or skin and nail changes.2,5,6 An excellent 
understanding of the surface anatomy of the hand and wrist is very 
important for appropriate evaluation of injuries (Fig. 72.5).

Resting posture
A normal resting posture will have the metacarpophalangeal (MCP) 
joints flexed 45 to 70 degrees and each of the interphalangeal (IP) joints 
slightly flexed up to 10 degrees.8 Rheumatoid arthritis (RA) and other 
chronic inflammatory diseases can cause volar subluxation of the 
carpus, carpal collapse, and radial deviation of the carpus. Chronic 
arthritis of the distal radioulnar joint may result in instability with 
dorsal subluxation of the ulnar head that displays a “piano key” move-
ment on downward pressure.4

Swelling and deformity
The fingers and thumb may demonstrate swelling and deformity of the 
joints, clubbing, subcutaneous nodules, gouty tophi, Heberden’s (distal 
IP [DIP] joint) or Bouchard’s (proximal IP [PIP] joint) nodes, sclerodac-
tyly, telangiectasia, ischemic digital ulcers, pitting of the skin, nailfold 
abnormalities, periungual erythema, or psoriatic skin and nail lesions.4,5 
Swelling due to MCP synovitis may obliterate the normal concavity 
seen between the metacarpal heads. Digital flexor tenosynovitis pro-
duces a diffuse swelling (sausage finger) with tenderness over the volar 
aspect of the finger along the tendon sheath. MCP joint deformities 
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Wrist motion should be assessed for flexion, extension, pronation, 
supination, and radial and ulnar deviation. The normal range is 65 to 
80 degrees of flexion, 55 to 75 degrees of extension, 30 to 45 degrees 
of ulnar deviation, and 15 to 25 degrees of radial deviation.10 The 
intercarpal joints and radiocarpal joint allow for wrist flexion and 
extension. Pronation and supination of the hand and forearm occur at 
the proximal and distal radioulnar joints. Full composite digital flexion 
should allow the fingertips to touch the palm opposite the MCP joints 
at the level of the distal palmar crease (see Fig. 72.5). Motion at the 
thumb CMC joint is variable within the population. The sum of thumb 
CMC + thumb MCP + thumb IP motion is about 180 degrees in most 
healthy people, but the proportion of motion at each joint is distributed 
differently so some people have stiffer CMC joints but looser MCP and 
IP joints, or vice versa. Disease may change these proportions. Patients 
with arthritis of the thumb CMC joint may compensate for lost CMC 
motion by hyperextending the thumb MCP joint to preserve the span 
of the first web space to encompass large objects.

Strength testing should include resisted motion across each joint. 
Resisted DIP flexion will test the strength of the flexor digitorum pro-
fundus, and individual digit testing of resisted PIP flexion while main-
taining the other digits extended will evaluate flexor digitorum 
superficialis function. Isolated extension across the MCP, PIP, and DIP 
joints is important in patients with rheumatic disease to separate 
extrinsic and intrinsic extensor capabilities.

Joint stability of the MCP joint is evaluated by flexing to 90 degrees 
to place the radial and ulnar collateral ligaments on stretch and then 
attempting lateral motion while stabilizing the metacarpal joint. The 
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BONES AND JOINTS OF THE WRIST AND HAND

Fig. 72.1 Bones of the wrist and hand. (Used with permission from Fam AG. The 
wrist and hand. In: Hochberg M, Silman A, et al, eds. Rheumatology, 3rd ed. St. 
Louis: Mosby, 2003:641-650.)
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FLEXOR TENDON SHEATHS OF THE WRIST AND FINGERS 

Fig. 72.2 Flexor tendon sheaths of the wrist and fingers. (Used with permission 
from Fam AG. The wrist and hand. In: Hochberg M, Silman A, et al, eds. 
Rheumatology, 3rd ed. St. Louis: Mosby, 2003:641-650.)
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Fig. 72.3 Tendon insertions of the finger. (Used with permission from Fam AG. 
The wrist and hand. In: Hochberg M, Silman A, et al, eds. Rheumatology, 3rd ed. St. 
Louis: Mosby, 2003:641-650.)
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SPECIFIC DISORDERS OF THE WRIST AND HAND
Tenosynovitis
As the extrinsic tendons cross the wrist, they provide both power and 
dexterity to the hand. Each tendon passes through a tendon sheath, 
which is lined by an inner (visceral) synovial layer that adheres closely 
to the tendon and an outer (parietal) synovium that covers the inside 
of the fibrous tendon sheath.4 The visceral and parietal synovial sheaths 
are attached by the mesotendon, through which pass the vessels and 
nerves to the tendon. The mesotendon may be less substantial in some 
tendon sheaths, represented by only threads or vinculae.11 With aging, 
tendons become less elastic and less able to tolerate stresses without 
injury.4

Stenosing tenosynovitis is a usually idiopathic condition that results 
from inflammatory changes, with fibrosis and thickening of the tendon 

stability of the radial and ulnar collateral ligaments of the PIP and DIP 
joints can be assessed by applying lateral stresses with the joint at 0 
and 30 degrees of flexion.

Differential diagnosis of wrist and hand pain
Pain and functional disability in the wrist and hand may demonstrate 
common symptoms but actually relate to a wide range of underlying 
causes, including pathologic processes of the bones and joints of the 
wrist and hand, periarticular soft tissues, tendons, and peripheral neu-
rovascular structures, or may be referred from the more proximal 
structures of the cervical spine, thoracic outlet, shoulder, or elbow. 
Table 72.1 details many disorders of the wrist and hand based on the 
site of origin of symptoms and the primary location. Precise diagnosis 
rests on a thorough history and physical examination and a few ratio-
nally selected diagnostic studies.

Extensor digitorum
communis and 
extensor indicis proprius
(fourth compartment)

Extensor digiti minimi
(fifth compartment)

Extensor retinaculum

Extensor carpi ulnaris
tendon and sheath
(sixth compartment)

Extensor pollicis brevis

Extensor pollicis longus
(third compartment)

Abductor pollicis longus
and extensor pollicis

brevis (first compartment)

Extensor carpi radialis
longus and extensor

carpi radialis brevis
(second compartment)

Abductor pollicis longus

EXTENSOR TENDONS AND TENDON SHEATHS OF THE WRIST

Fig. 72.4 Extensor tendons and tendon sheaths of 
the wrist. (Used with permission from Fam AG. The 
wrist and hand. In: Hochberg M, Silman A, et al, eds. 
Rheumatology, 3rd ed. St. Louis: Mosby, 2003:641-650.)

a

Ulnar
styloid

EDQ

EIP

EPL

EPB

Radial styloid

Lister’s tubercle

Anatomic
snuffbox

Proximal
phalanx

Middle
phalanx

Distal
phalanx

EDC
Tendons

b Palmaris
longus

Thenar eminence

A1 pulley/
Base of proximal
phalanx

MP flexion crease

PIP flexion crease

DIP flexion crease

Distal
transverse
palmar
crease

Hypothenar
musculature

Hook of
hamate

Pisiform

FCU

FCR

Fig. 72.5 Surface anatomy of the dorsal (a) and volar 
(b) wrist and hand. EPB, extensor pollicis brevis; EPL, 
extensor pollicis longus; EIP, extensor indicis proprius; 
EDC, extensor digitorum communis; EDQ, extensor 
digiti quinti; FCR, flexor carpi radialis; FCU, flexor carpi 
ulnaris; DIP, distal interphalangeal; PIP, proximal 
interphalangeal; MP, metacarpophalangeal. (Used with 
permission from Earp BE, Waters PM. The wrist and hand. 
In: Frontera W, et al, eds. Clinical sports medicine—
medical and rehabilitation aspects. Philadelphia: Elsevier 
Saunders, 2006.)
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a

b

c

Fig. 72.6 Deformities of the fingers and thumb. (a) Boutonnière deformity. (b) 
Swan-neck deformity. (c) Z-shaped deformity of the thumb. (Used with 
permission from Fam AG. The wrist and hand. In: Hochberg M, Silman A, et al, eds. 
Rheumatology, 3rd ed. St. Louis: Mosby, 2003:641-650.)

Fig. 72.7 Dorsal wrist ganglion.

sheath, and “fibrillar creep” of the tendon, in which the fibers become 
edematous and bunched.11,12 The result is that tendon gliding is 
impaired and the patient may experience “catching,” “triggering,” or 
“locking” on either side of the retinacular ligament or pulley. Tenosy-
novitis is uncommonly related to a single traumatic event.

Patients with tenosynovitis most frequently describe symptoms of 
discomfort along the tendon, stiffness or lack of motion of the digit, 
and swelling. On examination, there will be tenderness along the 
affected tendon longitudinally and crepitus may be palpated, especially 
with motion. Provocative testing includes placing the tendon under 
tension, either by resisted muscular contraction or by passive stretch-
ing, which will result in an exacerbation of symptoms.

DeQuervain’s tenosynovitis, intersection syndrome, and trigger 
finger/thumb are all common conditions caused by “primary” tenosy-
novitis unrelated to an underlying medical condition.

Secondary causes of tenosynovitis are less common. These include 
RA, systemic lupus erythematosus, scleroderma, psoriatic arthritis, 
reactive arthritis, infection (bacterial, mycobacterial, fungal, and viral), 
microcrystalline disease (gout and calcium pyrophosphate and hydroxy-
apatite or calcific tenosynovitis), amyloid deposition, sarcoidosis, and 
pigmented villonodular tenosynovitis.4

De Quervain’s syndrome
De Quervain’s syndrome describes tenosynovitis of the first dorsal 
compartment tendons: the abductor pollicis longus (APL) and the 
extensor pollicis brevis (EPB) (see Fig. 72.4). It is most common in 
women between 30 and 50 years of age4,11,13,14 and may occur in asso-
ciation with rheumatoid, psoriatic, or other inflammatory arthritis 
conditions, localized trauma, and pregnancy or during the postpartum 
period.15,16 Repetitive activity that involves active thumb flexion while 
radially and ulnarly deviating the wrist may result in inflammation and 
subsequent thickening and stenosis of the tendon sheath as it passes 
over the radial styloid beneath the extensor retinaculum.17 This may 
lead to significant radial-sided wrist pain with focal swelling and ten-
derness and crepitus 1 to 2 cm proximal to the radial styloid over these 
tendons (Fig. 72.8).13 In Finklestein’s test the thumb is flexed into the 
palm and then the wrist is gently ulnarly deviated, reproducing the 
focal discomfort.18

Symptoms of de Quervain’s tenosynovitis may be similar to  
those of osteoarthritis of the first CMC joint or from intersection 
syndrome.

Treatment of patients with milder symptoms is usually with activ-
ity modification, rest, use of a long opponens splint with the IP joint 
free, and anti-inflammatory medication, if indicated.19 In patients with 
more severe or persistent pain, corticosteroid injection may be benefi-
cial, giving complete and lasting relief in about 70% of patients.20-22 If 
conservative management fails to alleviate symptoms, surgical release 
of the first dorsal compartment, with or without tenosynovectomy, 
may be appropriate.21 Multiple slips of the APL tendon and an inter-
posed septum between the APL and EPB may exist, and these should 
be identified and released if found, because there is significant vari-
ability in anatomy in this region, with up to 76% of patients having 
more than one slip of the APL tendon and 60% having a dividing 
septum in the compartment.23

Intersection syndrome
Intersection syndrome is a similar condition related to tenosynovitis 
at the “intersection” between the first and second dorsal extensor 
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respond well to splinting, rest, use of anti-inflammatory agents, and 
possibly an injection, depending on the severity and duration of symp-
toms. Surgical release can be performed in refractory cases, which 
entails release of the tendon sheaths of both compartments and excis-
ing the interposed bursal tissue.25

Trigger finger/thumb (stenosing  
digital tenosynovitis)
Trigger finger/thumb is one of the most common causes of pain and 
disability in the hand and can be found more frequently in patients 
with RA, diabetes mellitus, gout, and other disease entities that are 
associated with connective tissue disorders.26 The disorder is com-
monly limited to one digit but may be seen in multiple digits over time.

The pathologic condition is a tenosynovitis that leads to fibrosis 
with constriction of the first annular pulley (A1) that overlies the MCP 
joint.27-29 A tendon nodule may develop and can be felt as a palpable 
mass in the palm that moves with the tendon as the digit flexes and 
extends. The nodule and/or tendon sheath constriction interfere 
mechanically with normal tendon gliding. Intermittent locking of the 
digit in flexion may also develop, most frequently noted on awakening. 
Over time, not moving the joint can lead to flexion deformity.4

Early management may consist of modification of hand activities, 
heat therapy, gentle exercises, and anti-inflammatory medications as 
required.27,28 Extension splinting of the affected digit at night prevents 
the painful locking of the digit most often found in the morning.

Sometimes, trigger fingers or thumbs may resolve spontaneously. 
Treatment with corticosteroid injection is often curative, with success 
rates up to 85%.26,30-31 Insulin-dependent diabetes has been identified 
as a significant independent predictor for failure of relief from an injec-
tion alone.32 If this fails, surgical release of the A1 pulley is 
indicated.29,33

Ganglions of the wrist and hand
Ganglions are cystic masses arising from a nearby joint capsule, tendon, 
or tendon sheath. They are the most common soft tissue tumor in the 
hand, comprising 50% to 75% of all masses, and they commonly occur 
in women in their 20s and 30s.4 They are lined with synovial tissue 
and contain a clear, gelatinous fluid. They typically are thin-walled and 
may be unilocular or multilocular. Some may be quite large; others are 
occult, only seen on magnetic resonance imaging (see Fig. 72.7).

Ganglion cysts most commonly arise on the dorsal wrist (60%-70%) 
and can typically be traced by their stalk to the capsule overlying the 
scapholunate ligament.34 The second most common location is the 
volar radiocarpal joint (20%).4 Ganglions can also be found arising as 
cysts of tendon sheath in the region of the A1 pulley, as mucinous 
cysts typically related to DIP joint arthrosis, or along any of the exten-
sor and flexor tendons. Ganglions can also be discovered within the 

TABLE 72.1 DIFFERENTIAL DIAGNOSIS OF WRIST AND HAND PAIN

Articular

Arthritis of the wrist, MCP, PIP 
and/or DIP due to:

Trauma, hypermobility, sprain
RA (wrist, MCP, PIP joints)
Osteoarthritis (first CMC, PIP and DIP joints)
Other forms of arthritis: gout, psoriatic arthritis, 

infection
Joint neoplasm

Periarticular

Subcutaneous RA nodules, gouty tophi, painful subcutaneous 
calcific nodules in scleroderma, glomus 
tumor of nail bed

Palmar fascia Dupuytren’s contracture

Tendon sheath Wrist extensor tenosynovitis, including de 
Quervain’s tenosynovitis and extensor carpi 
radialis tenosynovitis

Wrist volar flexor tenosynovitis (including 
carpal tunnel syndrome)

Thumb flexor tenosynovitis (trigger or 
snapping thumb)

Finger flexor tenosynovitis (trigger finger)
Pigmented villonodular tenosynovitis (giant 

cell tumor of the tendon sheath)

Acute calcific periarthritis
Ganglion

Wrist, MCP, and rarely PIP and DIP

Osseous

Bone lesions Fractures, neoplasm, infection, osteonecrosis 
including Kienböck’s disease (lunate) and 
Preiser’s disease (scaphoid)

Neurologic

Nerve entrapment syndromes

Median nerve Carpal tunnel syndrome (at wrist)
Pronator teres syndrome (at pronator teres)
Anterior interosseous nerve syndrome

Ulnar nerve Cubital tunnel syndrome (at elbow)
Guyon’s canal (at wrist)

Posterior interosseous nerve 
syndrome

Radial nerve palsy (spiral groove syndrome)

Lower brachial plexus Thoracic outlet syndrome, Pancoast’s tumor

Cervical nerve roots Herniated cervical disc, tumors

Spinal cord lesion

Spinal tumors, syringomyelia

Vascular

Vasoplastic disorders with 
Raynaud’s phenomenon

Small- or large-vessel 
vasculitis

Scleroderma, occupational vibration syndrome, 
etc.

With digital ischemia, ischemic ulcers, e.g., 
systemic lupus erythematosus, RA, and 
Takayasu’s arthritis

Referred pain

Cervical spine disorders
Reflex sympathetic dystrophy 

syndrome (RSDS)

Shoulder-hand syndrome and causalgia

Cardiac Angina pectoris

Fig. 72.8 DeQuervain’s tenosynovitis of the wrist. (Used with permission from 
Fam AG. The wrist and hand. In: Hochberg M, Silman A, et al, eds. Rheumatology, 
3rd ed. St. Louis: Mosby, 2003:641-650.)

compartments. The APL and EPB cross over the second compartment 
tendons (extensor carpi radialis longus and brevis—ECRL and ECRB) 
at this point, located approximately 4 cm proximal to the wrist joint.24,25 
This syndrome, which results from frequent repetitive wrist move-
ments most commonly seen in athletes (rowers, canoeists, weight 
lifters),4 is associated with localized tenderness and swelling in that 
region and palpable or audible crepitus noted with wrist flexion and 
extension. Similar to de Quervain’s tenosynovitis, most patients 
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carpal tunnel syndrome. Tenosynovitis of the digital flexors may be 
noted especially in inflammatory arthropathies. Provocative testing 
includes eliciting Tinel’s sign (distally radiating altered sensibility with 
percussion of the median nerve just radial to the palmaris longus at 
the level of the volar wrist crease), Phalen’s test (reproduction of symp-
toms with the wrist held in gravity-assisted flexion with the elbows 
extended for 60 seconds), and Durkin’s test (reproduction of symptoms 
with continuous applied pressure over the carpal tunnel). Atrophy is a 
late finding associated with long-standing compression. Many patients 
respond to non-operative management with modification of activity, 
night-time splints, anti-inflammatory medications, and possibly corti-
costeroid injection. If this fails, nerve conduction testing should be 
undertaken to confirm the diagnosis. Surgical release of the carpal 
tunnel, with tenosynovectomy as indicated, may be indicated for 
symptom relief and to prevent further nerve damage. Surgery is the 
definitive treatment in older patients with chronic numbness, muscle 
weakness, and symptoms lasting for longer than 6 to 12 months. In 
patients with co-morbidities such as mucopolysaccharidoses, dyspla-
sias, endocrine disorders, inflammatory conditions, and connective 
tissue abnormalities, a surgical procedure is more commonly necessary 
for treatment.40

Dupuytren’s disease
Dupuytren’s disease or contracture is a usually painless hereditary 
condition in which the palmar fascia (aponeurosis) becomes markedly 
thickened. It may cause small lumps or nodules to form deep to the 
skin at the base of the digits or in the palm, and pitting of the skin 
may be noticed.41,42 The ring finger is most commonly affected, fol-
lowed by the small and long fingers. Bilateral disease is not uncommon. 
The myofibroblast is the cell type associated with this condition. Con-
traction of the myofibroblasts in the palmar fascia leads to the early 
nodular findings. The skin may become involved through local inva-
sion by fibroblastic cells, resulting in the aforementioned pitting (Fig. 
72.9). Despite being called “local invasion,” Dupuytren’s disease is 
non-cancerous. In some patients the disorder may never progress from 
the nodular stage and thus may not require further medical treatment. 
Most patients will gradually, over months to many years, develop 
increasing thickening with extension into the digits, leading to restric-
tion of motion and flexion contracture. The tendons and joints are not 
involved with the Dupuytren’s tissue.

Many patients will not notice or complain of the condition until 
bands or cords have formed that gradually contract, causing the affected 
digits to become flexed toward the palm. Most patients present to the 
physician when they are unable to flatten their hand against a tabletop 
or other smooth surface or when it becomes difficult to put the hand 
into a pocket or glove (see Fig. 72.9).

The cause of Dupuytren’s contracture is not well understood, and 
there is no definitive cure.41,42 It is seen most frequently in white 
patients of Northern European descent. Men are affected seven times 
more often than women, and it is rarely seen in patients younger than 
40.4 Patients frequently can identify another family member who has 
had similar findings, indicating an autosomal dominant condition with 
variable penetrance. It has also been associated with smoking, alcohol 
abuse, vascular conditions, epilepsy, and diabetes.41,42 Trauma has not 
been proven to be an associated cause.

Some patients are affected by Dupuytren’s diathesis, a more severe 
and aggressive condition that can affect other parts of the body, includ-
ing the soles of the feet, the popliteal fascia, knuckle pads, and the 
penis. These patients frequently develop symptoms at an earlier age 
than otherwise seen.

Treatment depends on how much contracture exists, how rapidly 
the contracture is progressing, and the functional disability the patient 
experiences. With mild disease, local heat, stretching exercises, and 
use of protective gloves may be helpful.4,41-43 Splinting does not appear 
to alter the progression of the disease. In patients with a painful nodule, 
intralesional corticosteroid injections may provide symptomatic aid.41-43 
Newer studies on localized injections of collagenase, to break down the 
abnormal collagen, and intralesional infiltrations of interferon-γ, a 
cytokine produced by T-helper lymphocytes that inhibits fibroblastic 
proliferation and collagen formation, appear promising but are not yet 
considered proven treatment.43,44 For patients with progressive 

carpal tunnel and Guyon’s canal, where they may cause symptoms  
of nerve compression.35 Intraosseous ganglions may be difficult to 
diagnose based on plain radiography and physical examination alone, 
and further imaging studies such as computed tomography or magnetic 
resonance imaging may be helpful.35

Ganglions typically present as painless, well-circumscribed swellings 
on the dorsum of the wrist. They may cause mild to moderate discomfort 
when doing activities such as push-ups or other motions that load the 
wrist in an extended position. Most patients present because of the 
appearance of the ganglion rather than its functional limitation. They 
may note that the mass has changed in size over time, becoming larger 
for a while and then regressing. The mass may be palpably firm or soft, 
depending on how tense the cyst is when examined. Patients with 
symptoms of ulnar or median nerve compression should be closely 
evaluated because a space-occupying mass such as a ganglion in Guyon’s 
canal or the carpal tunnel can elicit these symptoms.35,36

Radiographs of the affected region may demonstrate soft tissue 
swelling, but ultrasonography or MRI may be required to better delin-
eate the ganglion and trace its origin back to a joint capsule or tendon 
sheath.35

Histologically, the ganglion comprises compressed collagen fibers 
partially lined by fibroblast-like cells, simulating synovium.35 There is 
typically minimal inflammatory tissue. The stalk of the ganglion may 
take a quite circuitous path as it connects from the joint or tendon 
sheath to the main body of the cyst. The liquid inside a cyst is a clear, 
viscous, gelatinous-type fluid containing high levels of hyaluronic acid, 
glucosamine, albumin, and globulin.4

The etiology of ganglion cysts is poorly understood. There has been 
some association with trauma, although most patients cannot recall a 
specific traumatic event. It is thought that mild repetitive trauma may 
thin or tear the joint capsule or tendon sheath and allow for egress of 
fluid into a subcutaneous location. Arthrography has shown that intra-
articular fluid will enter the cyst, but cystograms typically show that 
the cystic fluid does not re-enter the joint, indicating that the stalk 
must include a type of one-way valve.37 The valvular mechanism may 
explain why aspiration or simple excision of the ganglion without 
removal of the stalk can result in a recurrence rate of 50%.38

Treatment of dorsal wrist ganglions begins with reassuring the 
patient that the condition does not require treatment unless it is 
causing the patient difficulties. Home remedies such as hitting the cyst 
with a large book are not recommended. Ganglion cysts may change 
size over time and can spontaneously disappear. Aspiration may lead 
to complete resolution but, as noted earlier, recurrence is quite 
common. Aspiration of cysts in some areas may be less indicated owing 
to the risk of damaging neurovascular structures. Surgery is indicated 
when symptomatic ganglions fail to respond to more conservative 
methods. After surgical excision, including eradication of the capsular 
stalk, recurrence is less than 5%.38 Wrist ganglions have also been 
treated successfully with arthroscopic elimination of the stalk from 
within the joint.39

Carpal tunnel syndrome
Carpal tunnel syndrome usually presents as burning/tingling sensa-
tions and/or numbness over the volar aspect of the radial three digits. 
Pain at night and difficulty sleeping are commonly noted.

Uncommon in the young, carpal tunnel syndrome is most often an 
idiopathic disease of aging. There is an increase in the pressure on the 
nerve as it passes through the relatively restrictive carpal tunnel along 
with nine flexor tendons. Any swelling in this area due to tenosynovi-
tis, fluid retention, trauma, or arthritis may decrease the space avail-
able for the nerve and can cause symptoms. Pregnancy, thyroid disease, 
rheumatoid and other inflammatory arthritis conditions, and diabetes 
are also associated with carpal tunnel syndrome.

On physical examination, patients may have decreased two-point 
discrimination in the median nerve distribution, and in later stages 
there may be weakness of the thenar musculature. Testing of the 
abductor pollicis brevis (APB) by resisted palmar abduction is impor-
tant. Many patients may not be able to exactly articulate or distinguish 
the regions of sensory deficit, and some will have objective decreased 
two-point discrimination in the ulnar two digits as well, possibly 
related to pressure increases in Guyon’s canal related to the underlying 
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aggressive bilateral disease, in those with a strong family history, and 
in patients with fibrotic lesions elsewhere in their bodies.4,44 Some-
times the disease has progressed to the point that the MCP or PIP joint 
capsules have become significantly contracted, and, in these cases, full 
digital extension may not be possible without extensive joint release 
and neurovascular risk.

deformity or static contracture greater than 30 degrees at the MCP and/
or PIP joints, or those with functional impairment, surgical treatment 
is indicated. This entails a limited or total palmar fasciectomy with or 
without skin grafting.45 Despite successful surgical excision, the risk 
of recurrence in the same digits or new formation of disease in other 
digits is significant. This risk is increased in younger patients with 

a b

Fig. 72.9 Dupuytren’s contracture of the ring finger. (a) Pitting of the skin and a longitudinal cord can be seen causing metacarpophalangeal (MCP) joint 
flexion. (b) Contracture/flexion deformity at the MCP joint keeps this patient from flattening his hand against a flat surface.
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Joint capsule
Contributing to the stability of the hip joint is the strong and dense 
fibrous capsule. It attaches around the periphery of the acetabulum just 
outside the labrum and inferiorly along the transverse acetabular liga-
ment, respectively. On the femur, the capsule inserts along the inter-
trochanteric line anteriorly and continues posteriorly just proximal to 
the intertrochanteric crest, resulting in more than 95% of the femoral 
neck being intracapsular. The capsule is reinforced by three prominent 
structures: the iliofemoral, the pubofemoral, and the ischiofemoral 
ligaments. The iliofemoral ligament, also referred to as the Y ligament 
of Bigelow, is the strongest and most important. It resembles the 
inverted letter “Y,” originating at the anterior inferior iliac spine, with 
its diverging fibers fanning out over the anterior hip joint to insert 
distally along the intertrochanteric line. This ligament prevents exces-
sive extension and helps maintain an erect posture because it is taut 
in extension and relaxed in flexion. The pubofemoral ligament strength-
ens the capsule inferiorly, whereas the ischiofemoral ligament rein-
forces the posterior capsule. These ligaments all coil and tighten in 
extension, making this the position of maximum stability for the hip 
joint.

Hip musculature
The hip joint and its surrounding musculature function to meet the 
requirements of efficient walking. To accomplish this, the hip girdle 
must maintain stability of the weight-bearing limb despite changes in 
limb and body position as it propels the body forward. The origins and 
insertions of the surrounding hip musculature are shown in Figures 
73.1 and 73.2. The primary hip flexors are the iliopsoas, rectus femoris, 
and sartorius. The gluteus maximus and the hamstring muscles (long 
head of biceps femoris, semimembranosus, and semitendinosus) are 
the primary hip extensors. Abduction of the hip joint is accomplished 
by the gluteus medius and gluteus minimus. The adductor group con-
sists of the adductor longus, adductor magnus, adductor brevis, gracilis, 
and pectineus. The short external rotators, which extend across the 
posterior aspect of the hip capsule, include the obturator internus and 
externus, the superior and inferior gemellus, the quadratus femoris, 
and the piriformis muscles. There are no primary internal rotators of 
the hip, but many muscles do so secondarily, such as the anterior fibers 
of the gluteus medius.

Bursae
Along with the many muscle groups surrounding the hip joint  
there are several prominent bursae to facilitate gliding of soft tissues 
over areas of potential friction. Because they are lined with synovial 
tissue, they may be affected by any of the inflammatory diseases  
that can affect the hip joint, such as rheumatoid arthritis and infecti-
ous or crystal-induced synovitis. Most commonly, however, bursitis  
and tendinitis around the hip are induced by trauma or repetitive 
microtrauma.

The trochanteric bursa lies between the gluteus maximus and the 
posterior lateral aspect of the greater trochanter, the iliopsoas bursa 
lies anteriorly between the hip capsule and the iliopsoas tendon, and 
the ischiogluteal lies posteriorly between the gluteus maximus and the 
ischial tuberosity.

Blood supply
Although the hip joint itself is well perfused, the tenuous vascular 
anatomy of the femoral head makes it highly susceptible to avascular 
necrosis resulting from dislocation, injury, or fracture to the femoral 

The hip
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 Hip pain is a common symptom with diverse causes, but most 
cases can be diagnosed based on a careful history, a thorough 
physical examination, and appropriate radiologic studies.

 Although radiographic findings often lag behind actual pathologic 
changes, most intra-articular hip disorders can be effectively 
diagnosed radiographically and standard hip and pelvis views 
should be routinely obtained.

 The role of MRI in the diagnosis of hip pathology is evolving and 
increasingly reliable.

 Hip pain in a young, active individual should raise a high index of 
suspicion for a labral pathologic process.

 The differential diagnosis of unexplained hip pain should include 
osteonecrosis, even in lieu of apparent risk factors.

 Hip dysplasia describes bony dysmorphisms affecting either 
component of the hip joint owing to developmental anomalies, 
leading to decreased coverage of the femoral head.

 The concept of femoroacetabular impingement describes the 
situation of mechanical conflict between a morphologically 
abnormal proximal femur and/or acetabular rim.

FUNCTIONAL ANATOMY
Bony structures
The hip joint is a ball-and-socket synovial joint in which the round 
head of the femur articulates with the cup-shaped acetabulum (Figs. 
73.1 and 73.2). Despite the resulting degree of stability, the hip joint 
possesses multiaxial mobility in the sagittal, transverse (rotational), 
and frontal planes, with the greatest freedom sagittally. The motion 
required for performing activities of daily living is flexion of at least 
120 degrees, abduction of 20 degrees, and rotation of 20 degrees, 
although sports activities often necessitate a greater range of motion.1

The acetabular cup is approximately 45 degrees abducted and 15 
degrees anteverted, encompassing the femoral head. This bony socket 
is augmented by the fibrocartilaginous labrum, which extends the 
femoral coverage circumferentially around the perimeter of the acetab-
ulum except at its base, where it continues as the transverse acetabular 
ligament. The articular cartilage surface of the acetabulum resembles 
a horseshoe, the central cavity of which is occupied by the pulvinar, a 
fat pad covered by synovium. The concave opening or acetabular fossa 
lies inferomedially and gives rise to the ligamentum teres, which 
inserts at the fovea capitis, a small divot in the medial femoral head. 
Although the fovea itself is devoid of cartilage, the remaining articulat-
ing two thirds of the femoral head possesses cartilage varying in thick-
ness from 3 mm in the posterosuperior segment to 1 mm peripherally, 
reflecting varying degrees of weight-bearing demand (Fig. 73.3).

The proximal femur comprises the head/neck and intertrochanteric 
segments. In most hips the center of the femoral head lies at the level 
of the tip of the greater trochanter, the bony prominence where the 
gluteal muscles insert laterally. The smaller lesser trochanter is situ-
ated medially and serves as an insertion point for the hip flexors (ilio-
psoas). The head/neck segment lies about 15 degrees anteverted in 
relationship to the shaft of the femur. The normal neck shaft angle is 
between 125 and 140 degrees. Coxa valga is the term referred to when 
this angle increases above this range, and coxa vara is used when the 
angle decreases below this range (Fig. 73.4).

73
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CLINICAL EVALUATION
Hip pain is a common symptom with diverse causes, but most cases 
can be diagnosed based on a careful history, a thorough physical exami-
nation, and appropriate radiologic studies.

History
Elucidating the characteristics of the pain—including location,  
severity, and frequency—is paramount. Onset, alleviating or aggravat-
ing factors, and radiation of the pain up or down the leg should also 
be noted.

Location of pain
In the general sense, “hip pain” is often considered to include locations 
from the lower back, pelvic girdle, and proximal thigh. A classification 
of hip pain, based on the tissues primarily involved in specific disor-
ders, is outlined in Table 73.1. Of these, osteoarthritis of the hip, 
trochanteric bursitis, and spinal disorders account for the vast majority 
of conditions seen in clinical practice. True intra-articular hip pathol-
ogy will most often cause groin pain with occasional radiation to the 
knee, with the pain being referred along the continuation of the obtura-
tor and femoral nerves via their respective sensory articular branches 
in the hip capsule. Radiation to the anterior, medial, or lateral thigh 
is quite common. The most common cause of lateral pain is usually 
related to trochanteric bursitis. Lumbar pathologic processes most 

MUSCLE AND CAPSULAR ATTACHMENTS
OF THE RIGHT PROXIMAL FEMUR

Fovea

Neck

Greater
trochanter

Posterior

6
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–
–
–
–
–
–
–
–
–
–

Gluteus medius
Obturator externus and internus
Quadratus femoris
Vastus lateralis
Gluteus maximus
Adductor magnus
Adductor brevis
Pectineus
Iliacus
Psoas major

Anterior

Piriformis
Gluteus minimus
Vastus lateralis
Vastus medialis
Psoas major

–
–
–
–
–

1
2
3
4
5

Epiphyseal lines
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Intertrochanteric line

Lesser trochanter

Head
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Fig. 73.1 Anterior and posterior aspects of the proximal right femur, showing 
the attachments of the muscles and hip capsule.
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MUSCULAR ATTACHMENTS OF THE LEFT PELVIS

Posterior

 Adductor magnus
 Gracilis
 Adductor brevis
 Adductor longus
 Pyramidalis
 Pectineus
 Rectus femoris
 Gluteus minimus
 Tensor fasciae latae

Anterior

1
2
3
4
5
6
7
8
9

–
–
–
–
–
–
–
–
–

Obliquus externus abdominis 
Gluteus medius
Gluteus maximus
Piriformis
Rectus femoris
Semimembranosus
Biceps femoris and semitendinosus
Quadratus femoris
Obturator internus

Obturator foramen Ischium12 11 10 9 8

Fig. 73.2 Muscular attachments of the left pelvis—lateral view.

Fig. 73.3 Thickness variations of acetabular and femoral head cartilages.

neck. The femoral head is supplied by the terminal ascending branches 
of the medial femoral circumflex artery, a branch of the profunda 
femoris artery.2,3 These small, delicate branches run along the posterior 
superior neck and perforate the femoral head near its base. In develop-
ing children, the metaphyseal and epiphyseal blood supplies are sepa-
rate until physeal closure.3
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Non-rheumatologic causes of hip pain
Somatic pain can be referred to the pelvic region from visceral patho-
logic processes, vascular ischemic conditions, and malignancies. 
Various intra-abdominal and retroperitoneal conditions can refer pain 
to the inguinal and anterior thigh region, and hernias can cause ante-
rior groin pain. Iliopsoas abscess or other inflammatory processes can 
refer pain to the hip region. Episodic pain of the lower abdomen and 
flank region along with a characteristic history raises suspicion of 
nephrolithiasis. Underlying gynecologic conditions should be ruled out 
in female patients with unexplained hip pain.

Assessing characteristics and impact
The severity of the pain is best assessed in terms of the patient’s ability 
to perform functional activities such as getting in and out of the car, 
climbing stairs, taking care of foot hygiene, or sitting comfortably in 
low chairs. The patient’s recreational and occupational functions 
should be discussed, and any alterations in these activities should be 
sought. Prior treatments to include forms of self-treatment, physical 
therapy, and medications along with responses to these modalities 
must also be explored.

The onset and character of pain is worth noting in efforts to distin-
guish pain at rest, indicating an underlying more advanced degenera-
tive process, from mechanical activity-related pain, suggesting soft 
tissue injury or early degenerative disease.

Further questioning to characterize the alleviating or aggravating 
factors can help differentiate certain disorders. Degenerative joint 
symptoms usually are exacerbated by activity and subside with rest. If 
the pain persists with rest, an infectious or inflammatory process 
should be suspected. Prolonged morning stiffness relieved by activity 
is typical of an inflammatory arthropathy. Pain aggravated by lying  
on the affected side is highly suggestive of trochanteric bursitis,  
whereas buttock pain aggravated by sitting suggests ischiogluteal  
bursitis. Posterior buttock pain with radiation can be associated  
with a lumbar pathologic process if symptoms arise with the spine in 
an upright or extended position, flexion or leaning forward alleviates 
the pain, and symptoms are not immediately resolved upon rest. A 
vascular cause should be suspected if the pain is aggravated with any 
muscular activity and relieved within minutes of rest. A careful history 
may reveal a previous catheterization or other trauma to the femoral 
vessels.

General inquiry
The history should also include questions about childhood hip disor-
ders (sepsis, developmental dysplasia, Perthes’ disease, slipped capital 
femoral epiphysis), previous problems/injuries regarding the hip, and 
previous treatment and/or surgery. A history of recent increase in activ-
ity should be questioned to rule out stress or overuse injuries. Signifi-
cant medical factors potentially relating to hip disorders should be 
sought. These include prior history of trauma, corticosteroid use, 
alcohol use, coagulopathies, immune-mediated or inflammatory disor-
ders, and prior malignancies. These can provide insight into conditions 

often refer pain to the posterior aspect of the hip area, and radicular 
symptoms usually radiate pain posteriorly along the buttock and below 
the knee. Posterior hip/buttock pain can also be referred from the sac-
roiliac joints. If associated with an insidious onset and severe morning 
stiffness that is relieved by activity, the diagnosis of sacroiliitis is 
usually considered. In those cases in which findings of the history and 
examination are inconclusive in distinguishing the source of pain, 
therapeutic corticosteroid injections into the lumbar epidural space or 
the sacroiliac joint can be helpful in differentiating lumbar disease, 
sacroiliitis, and hip pain.

ANGLES BETWEEN THE FEMORAL NECK AND SHAFT

170�

125�

100�

Coxa valga Normal Coxa vara

Fig. 73.4 Neck-shaft angle of the proximal femur.

TABLE 73.1 DIFFERENTIAL DIAGNOSIS OF HIP PAIN

Articular Periarticular

Inflammatory joint diseases
Rheumatoid arthritis
Spondyloarthropathies
Polymyalgia rheumatica

Degenerative joint disease
Primary osteoarthritis
Secondary osteoarthritis

Metabolic joint diseases
Gout
Pseudogout
Ochronosis
Hemochromatosis
Wilson’s disease
Acromegaly

Femoroacetabular impingement
Acetabular labral tear
Infections
Tumors

Benign
Pigmented villonodular sclerosis
Osteochondromatosis

Malignant
Synovial sarcoma
Synovial metastasis

Hemarthrosis
In children:

Toxic synovitis
Juvenile chronic arthritis

Bursitis
Trochanteric
Iliopsoas
Ischiogluteal

Tendinitis
Trochanteric
Adductor

Acute calcific periarthritis
Heterotopic ossification

Osseous

Bone lesions
Fractures
Neoplasms
Infection
Osteonecrosis of the femoral head
Paget’s disease
Metabolic bone disease
Stress fracture
Transient osteoporosis
In children:

Congenital dislocation of the hip
Acetabular dysplasia
Coxa vara
Slipped capital femoral epiphysis
Legg-Calvé-Perthes disease
Rickets

Neurologic

Entrapment neuropathies
Lateral femoral cutaneous nerve 

(meralgia paresthetica)
Lumbar nerve root compression
L2, L3, and L4

Referred pain

Thoracolumbar spine
Intra-abdominal structures
Retroperitoneal structures

Vascular

Atherosclerosis of aorta, iliac vessels



SE
C

TI
O

N
 5

 ●
 R

EG
IO

N
A

L 
A

N
D

 W
ID

ES
PR

EA
D

 P
A

IN

722

such as avascular necrosis, pathologic fracture, or the inflammatory 
arthritides. General medical factors, including concurrent illnesses, 
medications, allergies, previous surgery, family history, and social 
history will provide the physician with a complete and thorough 
history.

Physical examination
Apart from a detailed examination of the hip, a thorough physical 
examination requires a detailed assessment of the relevant neurologic, 
muscular, and vascular systems. Neurologic examination, in addition 
to manual muscle testing, should include assessment of normal sensa-
tion to light touch and palpation. Vital signs including temperature 
should be recorded because septic arthritis should be ruled out in 
patients presenting with hip pain and fever.

Gait examination
Inspection is the first tenet of a thorough physical examination and 
begins with watching the patient walk into the examination room. The 
physician should evaluate the patient’s gait and foot progression angle, 
how he or she rises from a chair, what type of posture is assumed, and 
how much disability is exhibited. Gait analysis is a complex science; 
nonetheless, a physician evaluating hip disorders should be able to 
assess and classify slight, moderate, and severe limps. There are two 
phases to the normal walking cycle: the weight-bearing stance phase, 
which begins with heel strike and ends with toe off, and the non–
weight-bearing swing phase between toe off and heel strike. During the 
stance phase, the hip joint loads three times the body weight and the 
length of time spent in single-leg stance by the patient will provide 
insight into what type of limp is present. The various gait patterns 
with hip pathology are described in Table 73.2.

With the patient still standing, it is easy to assess for abductor 
weakness with Trendelenburg’s test (Fig. 73.5). This is performed by 
having the patient stand on one leg. When the abductors are function-
ing well, they will contract on the stance limb and cause the contra-
lateral pelvis to rise. However, with gluteus medius/abductor weakness 
or any condition that interferes with gluteus medius action (e.g., that 
caused by dislocation of the hip, coxa vara, or arthritis), the contralat-
eral pelvis will not rise during one-legged stance and potentially will 
drop toward the stance side. The upper body will also shift over the 
stance limb to reduce muscular demand on the hip. This is described 
as a Trendelenburg sign, and most patients with this sign will exhibit 
a Trendelenburg gait (see Table 73.2).

TABLE 73.2 GAIT PATTERNS IN HIP PATHOLOGY

Trendelenburg gait 
(abductor lurch)

Unilateral deficient abductor muscle function
Individual compensates by leaning trunk over stance- 

phase limb
Compensatory pattern, reduces forces across the hip 

by bringing center of gravity close to hip center

Circumduction gait Weak hip flexor muscle function
Normal hip flexor function accelerates the limb 

forward, important as swing phase initiated
Individual compensates by circumducting the leg and 

pivoting body about the contralateral stance-phase 
limb

Antalgic gait Secondary to pain with weight bearing
Avoidance gait, shortens the stance phase of the 

affected limb
Individual reduces motion and time bearing weight 

on painful limb.

Waddling gait Bilateral abductor muscle weakness
Rolling gait, the hips are not stabilized
Individual shifts upper body laterally from side to 

side; these lateral shifts result from the hip bulging 
out laterally during stance phase with the opposite 
pelvis drooping secondary to abductor weakness.

Normal pelvis tilts
towards stance leg

Abnormal pelvis tilts away
from stance leg

THE TRENDELENBURG SIGN

Fig. 73.5 The Trendelenburg sign. In a negative test, the pelvis tilts toward the 
stance leg because of adequate abductor contraction. In a positive test, the 
pelvis tilts away from the stance leg due to abductor weakness.

Inspection
The patient should be standing up and adequately disrobed for a proper 
examination. Any atrophy or asymmetry and previous surgical scars 
are noted. Assessment for pelvic obliquity is done by placing a finger 
above both iliac crests and checking if they are level. Pelvic obliquity 
suggests a leg-length discrepancy or a contracture of the hip causing 
compensatory obliquity. The resting posture of the hip that causes the 
least pressure within the joint is the flexed, abducted, and externally 
rotated posture. Patients with acute synovitis or inflammatory effu-
sions may be resting in this position to help splint the pain.

Palpation
Palpation should begin in the standing position as well, because this 
makes it easier to access and feel all bony landmarks to include the 
iliac crest, the greater trochanter, ischial tuberosity, pubic symphysis, 
posterior superior iliac spine, and anterior superior iliac spine. Tender-
ness of some of these areas is suggestive of certain pathologic processes. 
Pain with palpation over the greater trochanter is very likely consistent 
with bursitis, and pain over the pubic symphysis can signal osteitis 
pubis or athletic pubalgia. The inguinal region should be examined as 
well for adenopathy, inguinal or femoral hernias, and the femoral artery 
pulse. Tenderness to palpation, pulsations, and/or a bruit may alert the 
clinician to a vascular cause arising from thrombosis or aneurysm 
formation of the iliac vessels and its branches.

Range of motion
The supine position is best to assess passive and active range of motion 
of the hip, both of which should be tested in all planes: flexion, exten-
sion, adduction, abduction, external rotation, and internal rotation. In 
the general population there is considerable variability in normal range 
of motion, so the examiner should always measure both sides for 
comparison,4 keeping in mind that the comparison side can also exhibit 
bilateral pathologic processes. Normal flexion should reach between 
100 and 135 degrees. Similarly, extension of the hip should reach from 
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The Stinchfield test
This test is performed from a supine position with the knee extended. 
The patient is asked to actively elevate the leg while gentle manual 
resistance is applied by the examiner. A positive response suggesting 
hip disease would be reproduction of pain in the groin, thigh, buttock, 
and occasionally the knee, a typical pattern related to the sensory 
innervation of the hip. Sometimes associated weakness is present.

The Thomas test
The Thomas test quantifies flexion contracture of the hip by stabilizing 
the pelvis and eliminating compensatory lumbar lordosis. With the 
patient lying supine, the thigh opposite the side to be tested is fully 
flexed on the abdomen to flatten the spine and stabilize the pelvis. This 
leg is then held in position, and the examined limb is allowed to extend 
to neutral. Failure of the hip under observation to lie flat on the exam-
ining table allows for easy measurement of the degree of fixed flexion 
(Fig. 73.7).

The Ober test
Ober’s test evaluates the presence of contracture of the iliotibial band. 
With the patient lying on the unaffected side, the lower knee and hip 
are flexed to eliminate lumbar lordosis and then the upper leg is 
extended and abducted and slowly released from abduction to neutral. 
Failure of the extremity to fall on the table when the supporting hand 
is withdrawn suggests the presence of contracture of the iliotibial band 
(Fig. 73.8).

The Ely test
This test assesses for contracture of the rectus femoris muscle. The 
maneuver is performed with the patient prone. The knee is passively 
flexed, and if contractures are present the hip will spontaneously flex. 
Normally, the thigh will remain flat against the examination table. 
Both sides should be tested to allow a comparison between a normal 
and tight rectus femoris.

Apprehension tests
These sets of dynamic maneuvers are provocative tests that evaluate 
for the presence of labral pathologic processes. With the patient lying 
supine on the examination table, the examiner moves the patient’s hip 
from a flexed, externally rotated and abducted position to an extended, 
internally rotated and adducted position. This set of motions tests for 
anterior labral disease, whereas reversing the maneuver will test for 
posterior disease. The presence of a labral disorder will usually produce 
a painful click or a searing sensation in the groin or deep anterolateral 
symptoms.6 This should be compared with the contralateral side, 

0 to between 15 and 30 degrees. Abduction and adduction testing is 
done with the patient supine, and stabilization of the pelvis must be 
performed to record accurate values. With testing, the patient’s pelvis 
should be level and balanced and there should be no pelvic motion. 
Normal hip abduction should achieve 40 degrees, and adduction should 
be 30 degrees from neutral. Rotational motions of the hip are best 
measured with the hip flexed but also can be done with the hip 
extended using the log-roll maneuver, which is less sensitive but more 
specific when assessing for an intra-articular pathologic process. From 
the neutral position, internal rotation normally reaches between 30 
and 40 degrees. External rotation is usually greater, reaching between 
40 and 60 degrees. The first motions typically diminished in patients 
with hip arthrosis are internal rotation and abduction. An increase in 
internal rotation greater than normal is usually indicative of rotational 
deformities about the proximal femur, such as seen with increased 
femoral anteversion and dysplasia.

Special tests
The Patrick test (FABER test)
Patrick’s test is helpful in detecting limited hip motion and distinguish-
ing hip pain from sacroiliac disease. The test is sometimes referred to 
by the acronym FABER, derived from the initial letters of the move-
ments that it evaluates (flexion, abduction, external rotation) (Fig. 
73.6).

With the patient lying supine, the knee and hip are flexed to 90 
degrees and the foot of the examined extremity is placed on top of the 
opposite knee (“figure-4 position”). The thigh is then slowly fully 
abducted and externally rotated toward the examining table. The pres-
ence of groin pain, spasm, or limitation of movement is suggestive of 
a hip pathologic process. Patrick’s test can also be used to stress the 
sacroiliac joints. To do so, one hand is placed on the abducted knee 
and the other on the opposite anterior superior iliac spine. Pain local-
ized to the back when sudden pressure is applied simultaneously on 
each of these points suggests sacroiliac disease.5

PATRICK’S TEST (FABER TEST)

Fig. 73.6 Patrick’s test (FABER test). The contralateral iliac crest is stabilized 
with downward pressure while lowering the ipsilateral flexed, abducted, and 
rotated leg. Groin pain suggests hip disease, whereas posterior pain suggests 
sacroiliac disease.

THE THOMAS TEST

1

2

Fig. 73.7 The Thomas test. A flexion deformity of the hip is masked by an 
increased lumbar lordosis (1). Flexion of the contralateral hip flattens the 
lordosis and reveals the flexion deformity of the hip (2).
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dislocation of the hip, acetabular dysplasia, Legg-Perthes disease, 
slipped capital femoral epiphysis, and congenital coxa vara. Leg-length 
discrepancy is associated with an increased incidence of trochanteric 
bursitis on the longer leg, which is typically held in adduction under a 
tilted pelvis. This results in decreased acetabular covering of the 
femoral head. The increased localized stress on the remaining weight-
bearing area of the femoral head may contribute to the development 
of osteoarthritis.8

RADIOGRAPHIC EVALUATION
Plain radiography
Most intra-articular hip disorders can be effectively diagnosed radio-
graphically. Thus, a complete evaluation of a patient with hip pain 
should include an anteroposterior view of the pelvis and either true 
cross-table or frog lateral views of the hip. Obtaining the pelvis view 
to include both the right and left hip makes a built-in comparison 
readily available (Fig. 73.10). The clinician should use these radio-
graphs to assess for fractures, leg-length discrepancy, extent of degen-
erative/inflammatory arthropathy, evidence of dysplasia or other 
deformities, and the occurrence of abnormal calcification/ossification 
as seen with calcific bursitis or sacroiliitis, respectively. Although plain 
radiographs cannot be used to diagnose fluid in the hip joint, labral 
disease, chondral defects, unmineralized loose bodies, or tendon disor-
ders, they may demonstrate clues to sources of referred pain, such as 
ureteral stones, lumbar disease, or severe calcific vascular disease.

Other imaging studies
Depending on what is learned from these initial radiographs, further 
imaging studies may be warranted. If the clinician is concerned about 
fluid in the hip joint, ultrasound evaluation is most efficient and cost 

because this set of motions may cause minor discomfort even in a 
healthy hip. The impingement test is a subset of apprehension maneu-
vers useful for assessing both femoroacetabular impingement (FAI) as 
well as hip dysplasia. With the hip in varying degrees of flexion (between 
45 and 120 degrees), the hip is maximally adducted and internally 
rotated. Contact between the femoral neck and acetabular rim causes 
a shearing force at the labrum or chondral surface, eliciting symptoms 
that generally worsen with higher degrees of flexion.6 Reversing this 
maneuver (hyperextension, external rotation, abduction in prone posi-
tion) tests for posterior FAI, acetabular retroversion, and cartilage 
damage or contrecoup lesions.

Leg-length measurement
Measurements of leg length are best performed with the patient lying 
supine with the legs fully extended and placed 15 to 20 cm apart. 
Measurements are made for both true and apparent leg-length inequal-
ity. True leg-length measurements are made between fixed bony land-
marks, from the anterior superior iliac spine to the middle of the lateral 
and medial malleolus. Apparent leg-length inequality is measured from 
a fixed point in the center of the body, usually the umbilicus, to the 
middle of the medial and lateral malleolus. Standing radiographs of  
the pelvis can be used to detect leg-length discrepancy as well. In the 
absence of contracture and pelvic obliquity, a difference in the height 
of the femoral heads indicates leg-length inequality.7 A difference in 
length between the two legs of 1 cm or less usually is not clinically 
significant. An apparent (or functional) leg-length discrepancy on 
inspection may result from a pelvic tilt due to a scoliosis or contrac-
tures of the hip (Fig. 73.9). In these situations, measurements from 
the umbilicus will show an apparent shortening of the leg on the side 
with the higher pelvis. However, when measured from the anterior 
superior iliac spine, the legs will have the same length.

True leg-length discrepancy can be due to various congenital or 
acquired disorders. The most common of these include congenital 

OBER'S TEST

Fig. 73.8 Ober’s test. In the presence of contraction of the iliotibial band, the 
uppermost hip remains abducted and does not drop back toward the table 
when the leg is released.
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ADDUCTION DEFORMITY OF THE RIGHT HIP CAUSING A
FUNCTIONAL SHORTENING OF THE AFFECTED LEG

Fig. 73.9 Adduction deformity of the right hip causing a functional shortening 
of the affected leg.
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as local thinning, cystic changes, delamination, or fragmentation of the 
cartilage in the weight-bearing areas of an early osteoarthritic joint. 
The suspicion of a chronic septic or crystal-induced synovitis would 
require joint aspiration for synovial fluid analysis. Limitation of hip 
movements in all directions in a diabetic patient suggests an adhesive 
capsulitis of the hip joint. The presence of systemic symptoms, such 
as fatigue, fever, weight loss, or worsening of pain at night suggests 
infection or malignancy.

SPECIFIC HIP DISORDERS
Hip disorders that occur as part of a generalized rheumatologic problem 
such as osteoarthritis, RA, and ankylosing spondylitis are discussed 
elsewhere in this volume. The focus here is on other conditions of the 
hip and hip region.

Hip dysplasia
Developmental dysplasia of the hip (DDH) describes bony dysmor-
phisms affecting either component of the hip joint owing to develop-
mental anomalies, leading to decreased coverage of the femoral head 
(see Fig. 73.10).10 Excessive vertical slope of the acetabulum with 
according valgus angulation of the femoral neck is generally considered 
a hallmark of classic dysplasia and can be associated with excessive 
anteversion or retroversion of the acetabulum. The femoral head is 
commonly aspherical and situated laterally in the acetabulum, com-
prising the labrum part of the weight-bearing surface of the acetabu-
lum.11 The vertical center edge (CE) angle of Wiberg can be determined 
from an anteroposterior radiograph to assess the amount of femoral 
head coverage. The CE angle is measured between a line connecting 
the lateral edge to the center of the femoral head and the vertical line 
extending from the center of the head. A normal CE angle is more than 
25 degrees, while it is less than 20 degrees in the dysplastic hip. Values 
between 20 and 25 degrees should be considered borderline dysplastic. 
Likewise, a vertical center anterior angle can be derived from a “false 
profile” lateral view to measure sagittal version and assess anterior 
coverage of the head.10 Labral tears are a common feature in hips with 
subtle or severe dysplasia.11 Thus, any patient with a known labral tear 
should be carefully evaluated for underlying hip dysplasia.

Femoroacetabular impingement
The concept of femoroacetabular impingement (FAI) describes the  
situation of mechanical conflict between a morphologically abnormal 
proximal femur and/or acetabular rim. The condition occurs when the 
proximal femur repeatedly comes into contact with the native acetabu-
lar rim during normal hip range of motion. Repetitive abutment, espe-
cially during terminal flexion and internal rotation, leads to cumulative 
damage to the labrum and, subsequently, delamination or ulceration 
of the articular cartilage overlying the adjacent acetabular rim and, 
occasionally, contrecoup lesions on the opposite, usually posterior, side 
of the acetabulum.12

As a distinct entity, FAI has been suggested to be a preosteoarthritic 
mechanism. Early diagnosis and surgical management are imperative to 
delay degenerative changes associated with these conditions. FAI is most 
prevalent in young, active patients. Physical examination should include 
evaluation of gait and foot progression angle, as well as leg-length mea-
surement, hip range of motion, and abductor strength. Imaging studies, 
including plain radiographs and magnetic resonance arthrography, aid 
in accurate diagnosis. Surgical treatment options include surgical hip 
dislocation, periacetabular osteotomy, and hip arthroscopy.12

Subtypes
Although two types of FAI, cam and pincer, are recognized and defined 
by their cause, a combination of both types is commonly seen: In cam-
type FAI, the primary site of malformation is the femur, whereas in 
pincer-type FAI it is the acetabular component that is dysmorphologic. 
The cam type is characterized by an increased radius of the neck/head 
junction with a loss of sphericity, either primarily due to lack of head 
offset or due to bony buildup secondary to pincer type FAI. Repetitive 
trauma to the labrum due to impingement by the neck segment in 
flexion and internal rotation results in damage to cartilage and 

effective in determining the amount of fluid and the possible need for 
joint aspiration. Bone scans can be useful for evaluation of bone metab-
olism and osseous pathologic processes, such as occult femoral neck 
fractures. However, magnetic resonance imaging (MRI) has been shown 
to be more cost effective when evaluating for occult femoral neck frac-
tures because of earlier detection.9 The role of MRI in the diagnosis of 
hip disease is evolving and increasingly reliable, with the development 
of specialized protocols and high-resolution scanners employing bigger 
magnets. Although cost is an issue, MRI is most valuable in assessing 
for the presence of avascular necrosis of the femoral head but can also 
be used for detecting fluid in the hip joint or extra-articular soft tissue 
abnormalities. The addition of gadolinium arthrography has increased 
sensitivity in detecting intra-articular disorders, such as articular car-
tilage delamination or fragmentation and labral changes, including 
hypertrophy, tears, and associated paralabral cyst formation. Although 
computed tomography (CT) does not visualize soft tissue pathologic 
processes as well as MRI, it is superior when imaging bony architec-
ture, alignment, and abnormalities. Three-dimensional rendered CT 
surface models especially are useful when assessing acetabular version, 
femoral alignment, and femoral head coverage.

Role of imaging in clinical practice
Although radiographic findings often lag behind actual pathologic 
changes and are unimpressive in early stages of disease, they will 
usually show characteristic changes over time and the diagnosis should 
pose little difficulty. For instance, it is easy to diagnose Paget’s disease 
(abnormal bone remodeling showing coarsened trabeculae, a blastic 
appearance, and remodeled cortices) involving the femur and hip joint. 
Similarly, primary hip osteoarthritis is readily diagnosed in the pres-
ence of subchondral sclerosis, marginal osteophytes, and superolateral 
joint space narrowing. The same applies to late stages of osteonecrosis 
when flattening of the femoral head has occurred or to chondrocalci-
nosis when calcific deposits are visible in the hyaline cartilage and/or 
acetabular labrum. Inflammatory arthritis may be suspected when 
subchondral erosions, osteopenia, and minimal joint space narrowing 
without osteophytes or sclerosis are present. In other more difficult 
cases, radiographs are abnormal but are not characteristic of a specific 
disorder. A pathologic process of bone may be suspected by localized 
or diffuse osteopenia or sclerosis of the femoral head, neck, or acetabu-
lum. Diagnosis and management are even less obvious when patients 
present with hip pain and normal radiographs. In those circumstances, 
further diagnostic modalities should be guided by a careful history and 
physical examination. A clinical suspicion of early osteonecrosis may 
require MRI for confirmation. An arthrogram may be helpful in docu-
menting chondromatosis, synovial tumors, and labrum tears as well 

Fig. 73.10 Anteroposterior view of the pelvis demonstrating right hip 
dysplasia (arrow) and the normal contralateral hip. This view allows for a 
built-in comparison.
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of motion, functional disability, and groin pain, sometimes referred to 
the anterior knee on weight bearing. The erythrocyte sedimentation 
rate (ESR) is occasionally raised, but this can be non-specific during 
pregnancy. Differentiating transient osteoporosis from avascular necro-
sis is important to prevent unnecessary surgery and to ensure appropri-
ate treatment.15 Most patients with avascular necrosis will have classic 
risk factors associated with this entity. The cause of transient osteo-
porosis is unknown, but vascular and neurologic disturbances have 
been proposed as possible pathogenic mechanisms.16 The diagnosis is 
usually one of exclusion of more common entities and remains depen-
dent on clinical recognition and radiographic evidence.

Imaging
Plain radiographs demonstrate pronounced osteopenia of the proximal 
femur with attenuation of the subchondral cortex without evidence of 
joint space narrowing or destruction. Isotope scans may be positive 
much earlier in revealing demineralization of the femoral head. MRI 
also demonstrates characteristic changes, including low signal on 
T1-weighted sequences in the proximal femur without localization to 
the femoral head (Fig. 73.13).17 Short tau inversion recovery sequences 
will show very high signal in the affected areas, and often a joint effu-
sion is present. Diffuse MRI signal changes throughout the proximal 
femur without focal changes isolated to the femoral head are suggestive 
of a transient process rather than a chronic process such as avascular 
necrosis.

ultimately labral-osseous separation, mostly in the anterosuperior 
region (Fig. 73.11). Conditions associated with development of cam-
type impingement include femoral neck retroversion and a history of 
slipped capital femoral epiphysis (SCFE) or Perthes’ disease.13 Pincer-
type FAI results from lack of acetabular clearance, leading to linear 
contact between the anterior acetabular rim and head/neck junction. 
The resulting relative overcoverage of the femoral head causes increased 
impaction and, ultimately, failure of the labrum and, with subsequent 
rim ossification, worsening overcoverage and abutment, which can lead 
to kissing lesions on the femoral neck. Associated conditions include 
coxa profunda, protrusion, acetabular retroversion, and a history of 
acetabular fracture.12 Demographically, cam impingement typically 
presents in young athletic males with labral tears, whereas pincer 
impingement is more common in middle-aged active women and 
usually has a more benign course.

Clinical features
Typically, patients will experience intermittent, progressive, activity-
related groin pain with occasional mechanical symptoms. Pain in the 
position of impingement (flexion, internal rotation, adduction), espe-
cially after prolonged sitting, is commonly present. Physical examina-
tion findings include decreased motion in internal rotation and 
adduction in flexion, generally with a positive impingement test.

Imaging
Radiographic evidence is usually subtle, but close scrutiny may reveal 
bony prominence of the femoral head/neck segment (Fig. 73.12) as well 
as flattening and reduced offset of the anterolateral neck (pistol grip 
deformity). Rim ossification/os acetabuli and herniation pits can also 
be assessed and allow conclusions as to the acetabular cartilage status 
at the impingement site.12 Suspicion of FAI in the presence of incon-
clusive screening radiographs should be followed up by special lateral 
views and/or three-dimensional tomography with surface rendering, 
which usually is accurate in diagnosing an underlying pathologic 
process.

Treatment
Non-arthroplasty surgical options include arthroscopy with débride-
ment of the affected soft tissues and/or surgical hip dislocation with 
osteoplasty of a femoral neck bump or hypertrophic acetabular lip to 
restore the clearance mechanism of the hip.

Transient osteoporosis
Transient osteoporosis of the hip is a rare condition that affects young 
and middle-aged men and women in the third trimester of pregnancy.14 
Patients will usually walk with a limp and complain of limited range 

Fig. 73.11 MRI arthrogram of the hip demonstrating slight effusion and 
superior labral tear (arrow).

Fig. 73.12 Lateral view of the left hip demonstrating bony buildup (arrow) 
with loss of sphericity at the femoral head/neck junction.

Fig. 73.13 Marked osteoporosis of the head of the left femur in a case of 
transient painful osteoporosis of the hip.
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Periarticular soft tissue problems
Several problems of the hip are related to the soft tissue structures 
around the joint and its surrounding muscles. Although relatively 
common, many of these problems are poorly defined, misdiagnosed, 
or both.24

Bursitis
Trochanteric bursitis
Trochanteric bursitis is the most common cause of pain about the hip 
region. Patients with trochanteric bursitis present with a deep, aching 
pain sometimes associated with a burning sensation on the lateral 
aspect of the hip and thigh that increases with activity and can be 
associated with a limp.25 Typically, the pain decreases at rest, although 
it is frequently worse at night, especially when the patient is lying on 
the affected side. Tenderness can be elicited on palpation of the area 
around the greater trochanter. The trochanteric bursa is usually not 
palpable unless it is distended or inflamed. Resisted abduction of the 
hip when the patient is lying on the opposite side may accentuate the 
discomfort. The hip range of motion is usually preserved, but in severe 
cases the discomfort can limit motion. Slight irregularities of the 
greater trochanter or peritrochanteric calcifications of the bursa are 
sometimes seen on plain radiographs. The course of trochanteric bur-
sitis is varied: an acute phase may last several days, followed by the 
gradual abatement of symptoms, although low-grade discomfort may 
persist for weeks or months.

Treatment includes rest as well as physical therapy for abductor and 
iliotibial band conditioning and stretching. NSAIDs can be used, but 
results are often mixed. Infiltration of a local anesthetic and of a long-
acting corticosteroid preparation has been shown to be helpful in 
confirming the diagnosis and bringing long-term relief.24,25 It is consid-
ered by many to be the most effective treatment modality. Various 
surgical procedures including bursectomy have been proposed for 
refractory cases, but these are rarely needed.

Iliopsoas bursitis
The iliopsoas bursa can communicate with the hip joint in approxi-
mately 15% of adults. Thus, iliopsoas bursitis can manifest in associa-
tion with a variety of hip disorders, including osteoarthritis, rheumatoid 
arthritis, synovial chondromatosis, pigmented villonodular synovitis, 
osteonecrosis, and septic arthritis.26 The direction and degree of 
bursal enlargement will dictate symptoms, and patients may present 
with a painful inguinal mass, groin pain, varicosities secondary to 
femoral vein compression, or paresthesias secondary to femoral  
nerve compression.27,28 CT has been proposed as the best diagnostic 
test to document iliopsoas bursitis (Fig. 73.15). Treatment with bur-
sography with the instillation of corticosteroids is an effective diagnos-
tic and therapeutic modality. Occasionally, symptoms persist after 

Course and treatment
Transient osteoporosis may present as severe symptoms, but spontane-
ous resolution in 2 to 9 months is usually the case with gradual disap-
pearance of radiographic osteopenia paralleling clinical improvement.

Patients should be prescribed limited weight bearing, range of 
motion exercises, progressive ambulation, and analgesics. In pregnant 
patients, radiographs and non-steroidal anti-inflammatory agents 
(NSAIDs) should also be avoided if possible. Anti-resorptive agents 
may shorten the disease course; calcitonin has shown promise in 
decreasing the duration of the disease and in one study demonstrated 
complete resolution of symptoms within 6 to 9 weeks.18 Surgery, 
involving core decompression of the hip, has also been shown to 
provide symptom relief and shorten the duration of the disease.19

Osteitis pubis
Osteitis pubis is considered the most common inflammatory disease 
of the pubic symphysis and typically is a self-limiting condition. 
Although its pathogenesis is unknown, many authors believe that 
periosteal trauma is the initiating event.20 The condition is seen more 
frequently in men, but with a greater number of women participating 
in athletics the incidence in females is rising. The typical symptom  
of osteitis pubis is pain in the groin/lower abdomen region, with  
major differential diagnoses including osteomyelitis and sports hernia. 
Patients may have difficulty ambulating, sometimes presenting with a 
characteristic “waddling gait.”20 The pain is exacerbated by athletic 
activity or even Valsalva maneuvers and is partially relieved by rest. 
On examination, there is marked tenderness over the symphysis pubis, 
rectus insertion, and adductor longus, with painful and decreased bilat-
eral hip abduction and pain on lateral compression of the pelvis. A 
history of recent (within 3 weeks) athletic injury, childbirth, or pelvis 
surgery should provide the clinician with a high index of suspicion.

A low-grade fever and elevated ESR are quite common. Plain radio-
graphic findings such as reactive sclerosis, osteolysis, and rarefaction 
lag behind clinical symptoms by about 4 weeks. Therefore, initial 
radiographs are usually normal. Bone scintigraphy is always positive 
with enhanced uptake of the pubic bone and is probably the single most 
useful test (Fig. 73.14). MRI demonstrates bone marrow lesions within 
the os pubis, joint surface irregularity, and, occasionally, inflammation 
within the rectus insertion or the adductor longus musculature.

Most cases are self-limiting and the prognosis for recovery is good, 
although it can be lengthy. Initial management should consist of rest, 
ice, compression, physical therapy, and a trial of NSAIDs. Physical 
therapy should involve strengthening the core musculature as well as 
improving hip range of motion. Systemic oral corticosteroids and cor-
ticosteroid injections have been used with variable success in patients 
with prolonged symptoms.21 Refractory cases of over 6 months’ dura-
tion may respond to surgical intervention when all conservative mea-
sures have been exhausted.22 For recalcitrant cases, further non-operative 
management could consist of intravenous pamidronate given over 3 to 
6 months. Clinical remission can be accomplished, and this has been 
shown to be a safe and effective treatment option.23

Fig. 73.14 Osteitis pubis. This bone scan demonstrates increased retention of 
isotope at the symphysis pubis, suggesting osteitis pubis. Fig. 73.15 CT scan of a patient with rheumatoid arthritis. The scan shows an 

enlarged fluid-filled iliopsoas bursa (arrow) communicating with the hip joint 
and displacing the neurovascular bundle (arrowhead). (Used with permission 
from Letourneau L, Dessureault M, Carette S. Rheumatoid iliopsoas bursitis 
presenting as unilateral femoral nerve palsy. J Rheumatol 1991;18:462-463.)
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Snapping hip syndrome (coxa saltans)
Snapping hip syndrome is an uncommon entity reported most fre-
quently in young individuals. It encompasses a collection of extra-
articular and intra-articular pathologic processes associated with an 
audible and sometimes palpable clicking or snapping sensation in the 
hip region30 and can be a diagnostic dilemma for the clinician. Extra-
articular causes include the iliopsoas tendon snapping over the iliopec-
tineal eminence or the lesser trochanter, the iliofemoral ligaments 
snapping over the femoral head, the long head of the biceps snapping 
over the ischial tuberosity, and, the most common, the iliotibial band 
snapping over the greater trochanter. These can be very difficult to 
distinguish from intra-articular pathologic processes such as labral 
tears or loose bodies that can cause a snapping or clicking sensation 
within the hip joint. On examination, the patient can usually repro-
duce the snapping sensation, which often can be felt by the examiner. 
Attempting to block the snapping sensation in the area of the greater 
or lesser trochanter may help corroborate the entity that is causing the 
snapping. MRI, CT, and ultrasonography have all been used to evaluate 
the cause of the snapping hip. Treatment is aimed at the cause of the 
snapping. Iliotibial band stretching exercises may help alleviate snap-
ping over the greater trochanter, iliopsoas bursography with corticoste-
roid may relieve snapping over the lesser trochanter, and hip arthroscopy 
will treat clicking sensations caused by labral tears or intra-articular 
loose bodies.30

non-operative measures such as physical therapy and NSAIDs. In these 
cases, surgical excision of the bursa is sometimes necessary.

Ischiogluteal bursitis
Ischiogluteal bursitis is most commonly seen in patients engaged in 
jobs that require long periods of sitting29 and is thus also known as 
“weaver’s bottom.” Patients complain of exquisite pain over the ischia, 
aggravated by sitting and lying. Local tenderness on palpation of the 
ischial tuberosity is always found. Using an 8- to 10-cm thick rubber 
cushion with holes to accommodate the ischial prominences may 
alleviate symptoms. Trunk and knee-to-chest stretching exercises 
while lying on the cushion should also be encouraged. A local injection 
of corticosteroid may be used in refractory cases, avoiding the sciatic 
nerve that passes just laterally to the bursa.

Adductor tendinitis
Adductor tendinitis tends to occur in patients engaged in sports activi-
ties involving straddling. The pain is typically located in the groin and 
inner aspect of the thigh and is increased by passive abduction of the 
thighs and active adduction against resistance. Tenderness may also 
be elicited by local palpation of the adductor muscles, especially near 
their insertion on the front of the pubis. The differential diagnosis 
includes hernias, genitourinary afflictions, osteitis pubis, and arthritis 
of the hip. Treatment consists of rest, ice, and NSAIDs during the 
acute phase, with ultrasound treatment and progressive stretching 
exercises added in the subacute phase. Local corticosteroid injections 
are reserved for patients resistant to these conservative modalities.
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to the tibiofemoral joint, which is in constant apposition through the 
knee’s full flexion and extension arc, the patella engages the trochlea 
when the knee is flexed more than 30 degrees. The patella enhances 
knee biomechanics during active extension by increasing the moment 
arm of the quadriceps, and it is therefore subject to magnified contact 
forces that can reach eight times body weight with high impact activi-
ties. Reflecting these high contact stresses, patellar articular cartilage 
is the thickest in the body, and it may reach 7 mm in thickness.2,3

SOFT TISSUE ANATOMY
Ligaments
Ligamentous structures statically stabilize and dynamically constrain 
knee motion. Through sensory innervations, connective tissue struc-
tures also provide proprioceptive feedback. There are four major liga-
mentous structures in the knee: the medial collateral ligament (MCL), 
the lateral collateral ligament (LCL), the ACL, and the PCL (Figs. 74.4 
and 74.5).4,5

The MCL is a broad ligament composed of a superficial layer arising 
from the medial epicondyle and fanning out over the medial side of 
the tibia where its posterior border blends with the capsule of the knee 
joint.6,7 The deep layer originates with the superficial layer, and it 
inserts into the medial meniscus just above the joint line, acting to 
stabilize the fibrocartilage. The deep layer blends with the superficial 
layer distally, and both insert into the tibia in an oblique manner 
approximately 10 cm below the joint line. Functionally, the MCL 
resists valgus stress across the knee and provides secondary rotational 
stability.

The LCL is smaller and shorter, arising from the lateral femoral 
condyle and inserting into the posterior aspect of the fibular head. 
Because of its relatively posterior position, the LCL is taut when the 
knee is in extension, and, in combination with the posterolateral 
capsule, it is the primary restraint to varus knee stresses.8

The two cruciate ligaments, the ACL and PCL, are intra-articular 
but extrasynovial. Together, they resist excessive anterior and poste-
rior translation of the tibia through the full range of knee flexion and 
extension by creating a four-bar linkage system.9,10 The ACL is com-
posed of two bundles, an anteromedial bundle that traverses the ante-
rior aspect of the femoral origin to the medial side of the tibial 
insertion and a posterolateral bundle that travels from the posterior 
femoral attachment to the lateral side of the tibial insertion. The 
bundles spiral around each other as they travel from femoral origin 
to tibial insertion, allowing for constant tension throughout knee 
movement. The anteromedial bundle is taut in knee flexion, and the 
posterolateral bundle is taut when the knee is extended.10,11 The ACL 
resists excessive anterior translation and internal rotation of the tibia 
relative to the femur.

The PCL originates from the lateral surface of the medial femoral 
condyle and inserts on the posterior tibia approximately 1 cm distal to 
the articular surface. The PCL is also composed of two distinct bundles, 
the anterolateral and posteromedial. The posteromedial bundle of the 
PCL is taut when the knee is extended and the anterolateral bundle is 
taut when the knee is flexed, resulting in functional stability through 
the complete arc of knee motion. The PCL primarily functions to 
prevent excessive posterior translation of the tibia.12,13

The posterolateral corner of the knee contains a collection of mus-
cular and ligamentous structures that prevent excessive external rota-
tion, varus angulation, and posterior translation of the tibia. These 
include the iliotibial (IT) band, biceps femoris tendon, LCL, popliteus, 
popliteofibular ligament, arcuate ligament, and posterolateral joint 
capsule (Fig. 74.6).14-16

The knee
Lewis L. Shi and John Wright

 The knee is a complex diarthrodial joint that forms a highly 
modified hinge between the distal femur and proximal tibia.

 Knee stability is provided by congruent osseous anatomy, four 
major ligaments, the anterior and posterior cruciate and medial 
and lateral collateral ligaments, the medial and lateral menisci, and 
the adjacent musculature that together provide static and dynamic 
stability to the joint.

 Several bursae are distributed around the knee where soft tissues 
move against bony prominences or in fascial planes. Inflammation, 
or bursitis, may occur in any of the bursae, and concomitant 
swelling may mimic knee effusion.

 Knee pain may arise from the joint itself or from periarticular 
tissues such as tendons and bursae, or it may be referred from 
distant sites such as the hip or femur.

 Accurate diagnosis of knee conditions can usually be made on the 
basis of the history and physical examination. Standard 
investigations include synovial fluid analysis, conventional 
radiography, magnetic resonance imaging, and arthroscopy.

SKELETAL ANATOMY
The knee is a complex diarthrodial joint that forms a highly modified 
hinge between the distal femur and proximal tibia. Articular surfaces 
comprising the knee joint include the medial and lateral femoral con-
dyles, the medial and lateral condyles of the tibial plateau, the trochlea 
of the distal femur, and the patella. These comprise three disparate 
articulations or compartments: the medial tibiofemoral, the lateral 
tibiofemoral, and the patellofemoral (Fig. 74.1). The femur and tibia 
are the largest long bones in the body, and they perform the principal 
structural, weight-bearing, and locomotive functions of the lower 
extremity.

Distal femur
The distal femur is bicondylar; the medial femoral condyle is larger in 
anteroposterior dimension, is less convex, and extends farther distally. 
The lateral femoral condyle is smaller and more spherical (Fig. 74.2). 
The domed intercondylar notch located between the medial and lateral 
condyles contains the femoral origins of the anterior cruciate ligament 
(ACL) and the posterior cruciate ligament (PCL).

Proximal tibial plateau
The proximal tibial plateau contains two condyles that articulate with 
the distal femur to form the medial and lateral tibiofemoral compart-
ments (Fig. 74.3). The medial condyle is concave and longer in the 
anteroposterior plane to accommodate the medial femoral condyle. 
The lateral condyle is smaller, mildly convex, and slightly more distally 
sloped from anterior to posterior. A bony intercondylar eminence 
including the tibial spines separates the condyles and is the distal 
insertion of the ACL.1

Patella
The patella, located within the quadriceps tendon, is the largest sesa-
moid bone in the body. The trochlea of the distal femur, an intercon-
dylar groove measuring approximately 140 degrees, articulates with the 
underside of the patella to form the patellofemoral joint. In contrast 
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Menisci
The menisci are crescentic discs of fibrocartilage interposed between 
the articular surfaces of the femur and tibia that deepen and stabilize 
the tibiofemoral articulations and distribute the weight-bearing load 
across a greater articular surface area. In cross section, the menisci are 
triangular with a thick periphery and thin, concave center. The central 
two thirds of the meniscus contain collagen bundles predominantly 
arrayed in a radial pattern to dissipate compressive forces across the 
knee joint while the outer third contains circumferential collagen fibers 
that absorb hoop stresses. Biomechanical studies suggest that the 
lateral meniscus transmits and dissipates approximately 70% of the 
compressive load in the lateral compartment while the medial menis-
cus and medial tibiofemoral articular cartilage share forces across the 
medial compartment equally (Fig. 74.7).17,18

The peripheral third of the menisci, the “red zone,” is vascularized 
through capsular attachments arising from the medial and lateral 
geniculate vessels and therefore has the potential to heal if it is injured. 
The central third of the menisci, the “white zone,” in contrast, is 
avascular and has minimal healing potential. The intermediate “red/
white zone” has limited healing potential.18

Quadriceps
tendon

Patella

ACL

PCL

Infra-patellar
fat pad

Patellar
tendon

Fig. 74.1 Sagittal section of the knee joint.

THE PATELLOFEMORAL JOINT

Third facet of patella

Medial facet of patella

Medial femoral
tubercle

Lateral femoral
condyle

Lateral facet
of trochlear

Lateral facet
of patella

Crest of
trochlear

groove

Medial femoral
condyle

Notch

Fig. 74.2 Diagram of the distal femur.

TIBIAL PLATEAU

Fibular head

Medial condyle
(concave)

Lateral condyle
 (convex)

Fig. 74.3 Diagram of the tibial plateau.

ACL

LCL

PCL

MCL

Fig. 74.4 Gross appearance of a right knee.

Lateral
meniscus

MCL

Medial meniscus

Fig. 74.5 Coronal MR image demonstrating MCL and menisci ligaments.
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half of the patella and the skin. Deeper, the infrapatellar bursa lies 
between the patellar tendon and tibial tubercle. On the medial side, 
the anserine bursa is superficial to the medial collateral ligament  
and separates it from the tendons of the pes anserinus (sartorius, 
gracilis, and semitendinosus). Accessory bursae may be present either 
medially or laterally in fascial layers separating ligaments, tendons, and 
bone.20 When distended, the gastrocnemius-semimembranosus bursa, 
which communicates with the knee joint in 50% of adults, causes a 
Baker cyst. Any of the knee bursae may become swollen and inflamed, 
and this appearance can mimic an effusion within the knee joint 
capsule.

An understanding of the location of knee bursae and careful palpa-
tion to assess the tissue depth of a fluid collection is essential before 
attempted aspiration around the knee. Needle penetration traversing a 
superficial cellulitis or infected bursitis into a sterile knee joint should 
be avoided, because it may result in iatrogenic septic knee arthritis 
requiring surgical irrigation and débridement and a prolonged course 
of intravenous antibiotics.

The medial meniscus is semi-circular, and its anterior and posterior 
horns are attached to the tibial intercondylar eminence. The periphery 
of the medial meniscus is closely attached to the medial capsule and 
deep MCL by the coronary ligaments. In contrast, the lateral meniscus 
is nearly circular, and it has looser peripheral attachments. A hiatus 
in the posterolateral capsule where the popliteus tendon enters the 
joint contains no attachment to the lateral meniscus.17,19 Posteriorly, 
the meniscofemoral ligaments of Humphrey and Wrisberg attach the 
posterior horn of the lateral meniscus to the lateral aspect of the medial 
femoral condyle.17 Greater motion of the lateral meniscus allowed by 
looser capsular and bony attachments enables the lateral meniscus to 
translate during physiologic knee roll-back and screw-home rotation.

Bursae
Several bursae are distributed around the knee where soft tissues  
move against bony prominences or in fascial planes. Anteriorly, the 
prepatellar bursa is located in the subcutaneous layer between the lower 

POSTEROLATERAL STRUCTURES OF THE KNEE

Lateral collateral ligament (2) in sup lamina

Popliteus tendon
(entering joint through hiatus)

Joint capsule (3)

Lateral meniscus

Iliotibial tract (1)

Patellar retinaculum (2)Anterior
cruciate

ligament

Arcuate ligament (3) in deep lamina

Lateral inferior geniculate a

Fabellofibular ligament (3)

Biceps tendon (1)
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Fig. 74.6 Posterolateral structures of the knee. The 
drawing shows the complexity of the layers and 
attachments controlling the posterior rotation of 
the tibial plateau. (Redrawn with permission from 
Seebacher JR, Ingilis AE, Marshal JL, et al. The structure 
of the posterolateral aspect of the knee. J Bone Joint 
Surg Am 1982;64:536-541.)

THE MENISCI
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Fig. 74.7 The menisci. The superior surface of the 
tibial plateau, demonstrating the anatomic position, 
size, and attachments of the menisci.
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spine to the center of the patella and another line drawn from the 
center of the patella to the tibial tubercle (Fig. 74.8).26 A normal knee 
Q angle measures approximately 13 degrees in men and 18 degrees in 
women, and an angle exceeding 20 degrees is abnormal. A high Q angle 
reflects a large unbalanced force vector tending to pull the patella 
laterally.26

HISTORY AND EXAMINATION
History
A detailed and anatomically precise history is essential to accurate 
diagnosis of knee pathology. The patient’s age is a key initial consid-
eration because most knee diagnoses characteristically occur in a spe-
cific age group. The onset or exacerbation of knee symptoms should 
be related if possible to specific traumatic events, sports, or activities, 
and pain should be localized when possible to the anterior, medial, 
lateral, or posterior aspect of the knee. A relevant history of knee swell-
ing or effusion should be sought, and “mechanical” symptoms includ-
ing knee catching, clicking, locking, or giving way should be elicited. 
Significant back pain symptoms may be relevant because radicular 
symptoms involving the L3 or L4 nerve roots may cause referred knee 
pain, weakness, or hypoesthesia. Hip pain may also be referred to the 
medial knee due to shared sensory innervation of both areas by the 
obturator nerve. A history of inflammatory arthritis or crystal deposi-
tion arthropathy is also important to investigate. A careful history will 
suggest a diagnosis that a targeted physical examination and subse-
quent imaging studies will confirm.

Examination
Observation and palpation
The knee examination begins with observation of the patient’s gait. 
Use of a cane (stick) and which hand is used to hold the cane should 
be noted, because this may reflect knee pain or subjective instability. 
Signs of varus or valgus thrust while walking or evidence of an antalgic 
gait, which refers to a cadence designed to minimize weight bearing on 
a painful knee, should also be noted.

With the patient positioned supine on the examination table, the 
whole lower limb is exposed, and a visual assessment of lower extrem-
ity alignment is made. Skin lacerations, ecchymoses, erythema, or 
previous surgical incisions should prompt further inquiry. Areas of 
muscle atrophy, especially of the vastus medialis obliquus, should also 
be noted. If quadriceps atrophy is suspected, thigh circumference mea-
sured four fingerbreadths above the proximal pole of the patella can be 
compared with the contralateral side.

The normal knee is aligned at approximately 7 degrees of valgus; 
and although variations in alignment may be constitutional, varus 
alignment or excessive valgus may reflect underlying knee pathology. 
The magnitude of varus deformity may be clinically assessed as the 

NORMAL KNEE MOVEMENT
Muscles and tendons
The quadriceps muscle group located in the anterior thigh consists of 
the rectus femoris, vastus medialis, vastus lateralis, and the vastus 
intermedius. Through their conjoined insertion into the superior pole 
of the patella through the quadriceps tendon, this muscle group serves 
as the principal extensors of the leg at the knee. Fibrous expansions 
from the vastus medialis and lateralis insert obliquely into the sides of 
the patella and form the medial and lateral patellar retinacula.21 The 
distal fibers of the vastus medialis, the vastus medialis obliquus (VMO), 
insert on the medial border of the patella and are a key active restraint 
to excessive lateral patella subluxation.

The hamstrings, the principal flexors of the knee, are usually clas-
sified by location into the medial hamstrings, the semimembranosus 
and semitendinosus, and the lateral hamstring, the biceps femoris. 
Accessory roles for the hamstrings include providing rotational stability 
and restraining anterior tibial translation relative to the femur when 
the knee is flexed.

The IT band is a thickening of the fascia lata on the lateral aspect 
of the thigh.22 Proximally, the IT band is in continuity with the tensor 
fascia lata muscle; distally, it inserts into the lateral femoral epicondyle 
and on Gerdy’s tubercle, a bony process on the lateral aspect of the 
tibial tubercle. The IT band helps to stabilize the lateral side of the 
knee, and it can act as an accessory extensor or flexor of the knee 
depending on the position of the knee in its arc of motion. With the 
knee fully extended, the IT band lies anterior to the axis of rotation of 
the knee, and it acts as a knee extensor; as the knee is flexed the IT 
band translates posteriorly behind the center of rotation of the knee 
and it acts as a flexor.23

The pes anserinus is the common tendinous insertion of the sarto-
rius, gracilis, and semitendinosus into the proximal medial tibia. 
Together, these strap muscles function as weak knee flexors and inter-
nal rotators.

Tibiofemoral motion
The biomechanical weight-bearing axis of the lower extremity follows 
a line extending from the center of the femoral head to the midpoint 
of the talus. Located at the approximate midpoint of the weight-bearing 
axis, the knee functions to transfer and dissipate loads among the 
femur, tibia, and patella.24 At the knee, the mechanical axis usually 
crosses slightly medial to the anatomic midline. Degenerative changes 
can alter the relative positions of the femur and tibia thereby shifting 
the weight-bearing axis medially or laterally.

The knee, in simplest terms, is a hinge joint enabling a flexion-
extension arc from 0 to 135 degrees or greater. Motion in the primary 
sagittal plane is closely coupled to secondary movements including 
“roll-back,” sliding, and rotation of the femur on the tibia. The asym-
metric morphology of the medial and lateral tibiofemoral osseous and 
ligamentous structures guides the complex kinematics of knee move-
ment. As the knee flexes, the lateral femoral condyle translates poste-
riorly by rolling or sliding twice as far as the medial condyle. The 
differential motion between the medial and lateral condyles results in 
tibial internal rotation with flexion and tibial external rotation with 
extension.23,25

Patellofemoral motion
The patella functions to augment the moment arm of the extensor 
mechanism. As the knee flexes past 30 degrees, the articular surface 
of the patella engages the trochlear groove of the distal femur. The 
stability of patellofemoral movement, called “tracking,” is a result of 
the congruent osseous anatomy of the patella and trochlea augmented 
by soft tissue constraints including the vastus lateralis and lateral reti-
naculum that pull the patella laterally and the vastus medialis  
obliquus and medial patellofemoral ligament that stabilize the patella 
medially.2,3

The Q angle is a measurement that reflects the balance of medial 
and lateral forces on the patella exerted by the extensor mechanism. 
The angle is subtended by a line drawn from the anterior superior iliac 

Quadriceps
imbalance

Knee valgus

Vastus medialis

Increased Q-angle

ABNORMAL Q-ANGLE WITH KNEE VALGUS

Fig. 74.8 Anatomic diagram of quadriceps musculature with onlay of Q angle.
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knee. If laxity is present or if this maneuver elicits pain, a tear of the 
MCL, medial capsule, posteromedial corner, and the PCL may be 
present.28 The test is repeated with the knee at 30 degrees of flexion; 
laxity suggests sprain or rupture of the MCL and the posteromedial 
capsule. Analogous testing using varus stress is used to identify injury 
to the LCL and possible combined injuries to posterolateral structures 
and PCL.29

Competence of the ACL may be tested using three distinct physical 
examination maneuvers:

1. The Lachman test has a high positive predictive value for detect-
ing ACL rupture.30 It is performed with the patient supine and 
the knee flexed approximately 20 degrees. The examiner stabi-
lizes the patient’s thigh with one hand and grasps the proximal 
tibia just below the joint line with the other hand. Anterior 
translation stress is then applied across the knee, and laxity is 
measured (Fig. 74.10).

2. The anterior drawer test is similar to the Lachman test, but it is 
performed with the knee flexed 90 degrees. The examiner grasps 
the proximal tibia with both hands and applies a firm anterior 
translation stress.

3. The pivot-shift test can be performed with the patient either 
supine or in a lateral decubitus position. With the patient supine 
and the knee extended, the examiner grasps and internally 
rotates the patient’s leg with one hand and applies a valgus stress 
across the knee with the other hand. The examiner then applies 
a moderate axial load to the knee and gradually flexes it. A posi-
tive test yields a palpable clunk in the knee at approximately 30 
degrees of flexion.

More apprehensive patients may be placed in a lateral decubitus 
position for the pivot-shift test. In this position, the patient’s knee is 
extended and the tibia is placed in an internally rotated position. The 
examiner then applies a valgus stress to the knee while flexing it, again 
producing a clunk at 30 degrees of flexion with a positive test.31

An important consideration while performing tests for ACL compe-
tence is that the hamstrings may act as an active restraint to anterior 
tibial translation when the knee is flexed. In the context of acute injury 
or an apprehensive patient, the hamstrings may be in spasm, leading 
to false-negative findings by physical examination. Provocative tests 
may therefore be of limited value in the context of acute trauma, and 
in many cases the tests may be deferred for later evaluation 1 to 2 
weeks after initial presentation. While performing the Lachman and 

distance between the knees with the ankle medial malleoli together, 
and the amount of valgus may be measured as the distance between 
the ankles with the knees held together.

The knee is next examined for evidence of swelling or effusion. It 
is frequently difficult to distinguish swelling within a bursa from fluid 
within the knee joint itself by observation alone. Fluid collections that 
are more superficial by palpation and limited to one quadrant around 
the knee, especially distal to the patella, are more suggestive of bursitis 
than joint effusion. The “patellar ballottement test,” in which the 
examiner presses the patella down onto an extended knee may be 
helpful to demonstrate moderate-sized joint effusions. Subtle joint 
effusions may be detected by milking fluid out of the suprapatellar 
pouch with one hand while gently squeezing the sulci on either side 
of the patellar tendon.

Palpation of the knee extensor mechanism is performed next, with 
the examiner identifying the patella, quadriceps tendon, patellar 
tendon, and tibial tubercle. A palpable defect in the quadriceps tendon, 
patella, or patellar tendon may represent a disruption in the extensor 
mechanism requiring surgery, so further evaluation of the finding is 
warranted. The initial step is to flex the patient’s knee 90 degrees over 
the side of the examination table and to ask the patient to actively 
extend the knee. Because the IT band functions as an accessory knee 
extensor with the knee in an extended position, a patient with a dis-
rupted extensor mechanism may be able to maintain knee extension 
from an initially extended position. Active knee extension from a flexed 
starting position must therefore be assessed. This examination may be 
facilitated by aspirating an existing knee effusion or hemarthrosis 
under sterile conditions and injecting the knee joint with local 
anesthetic.

Further palpation of the knee should include the femoral epicon-
dyles, collateral ligaments, hamstrings, pes anserinus, and IT band. 
Tenderness, swelling, or ecchymosis along these structures may indi-
cate traumatic injury or rupture. Posterior palpation should include the 
popliteal pulse and any masses. If a popliteal mass is pulsatile, auscul-
tation should be performed to assess for a bruit that would suggest a 
popliteal aneurysm. Palpation of the medial and lateral joint line may 
reveal areas of tenderness or masses suggestive of meniscal injury or 
meniscal cyst.

Range of motion
Active and passive knee range of motion should be assessed. The 
normal passive and active flexion-extension arc of the knee is from 0 
to 135 degrees, although considerable variation occurs.27 Up to 10 
degrees of hyperextension, or “recurvatum,” may be normal, especially 
in younger patients (Fig. 74.9). Among older patients with advanced 
osteoarthritis, a progressively worsening flexion contracture is common. 
Asymmetry between active and passive extension of the knee, termed 
extensor lag, suggests weakness or disruption of the extensor mecha-
nism and should prompt further evaluation.

The Q angle may be assessed with the patient supine and the knee 
flexed 15 degrees. One line is measured from the anterior superior iliac 
spine to the center of the patella, and another is drawn from the center 
of the patella to the tibial tubercle. These bony landmarks are subcu-
taneous and should be easily palpable. The angle subtended by these 
lines is measured and recorded.

Patellofemoral movement is assessed through the entire flexion-
extension arc. With one hand resting lightly on the patella, the knee 
is flexed and extended to ascertain patellofemoral crepitus. Patellar 
tracking refers to the ability of the patella to smoothly engage and 
stably articulate with the distal femoral trochlea. In patients with a 
high Q angle or other causes of lateral patellar subluxation, the patella 
may translate laterally during the terminal 30 degrees of knee exten-
sion causing a “J-sign.”

Ligamentous stability
The position and function of the principal ligamentous stabilizers of 
the knee make them accessible to provocative testing. Because there is 
considerable physiologic variation in overall soft tissue laxity, all exam-
inations should be performed on both legs and results should be com-
pared between affected and unaffected sides.

The MCL is tested with the patient supine. With the knee fully 
extended and the thigh stabilized, a valgus stress is placed across the 

Fig. 74.9 Physiologic recurvatum.
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supports the leg under the ankle. A positive test is present when the 
proximal tibia sags posteriorly under the level of the patella.

The complex of structures located in the knee posterolateral corner 
including the IT band, biceps femoris tendon, LCL, popliteus, popliteo-
fibular ligament, arcuate ligament, and posterolateral joint capsule may 
be disrupted alone or in combination with other ligamentous injuries. 
Specific tests have been devised to distinguish combined injuries from 
more common, isolated patterns. The tibial external rotation test or 
“dial test” is performed with the patient prone or supine. With the 
knees flexed 30 degrees, an external rotation stress is exerted. A differ-
ence of greater than 10 degrees of laxity is considered significant. The 
maneuver is repeated with the knees flexed to 90 degrees. Increased 
rotational laxity with the knees flexed 30 degrees but not at 90 degrees 
suggests an isolated posterolateral corner injury whereas laxity at 30 
degrees and 90 degrees indicates combined PCL and posterolateral 
corner disruption (Fig. 74.12).32

SPECIFIC DISORDERS OF THE KNEE
A key to accurate diagnosis of knee disorders is knowledge of charac-
teristic diagnoses relevant to each patient age group (Table 74.1). Here, 
we discuss the most common knee disorders and briefly summarize 
diagnostic pearls, characteristic radiographic findings, and therapeutic 
options.

Infancy and early childhood
Knee pain in an infant or young child is uncommon, but it is always 
significant. The limping child must be treated with a degree of urgency, 
and a cause for the symptoms must be confirmed because overlooked 
causes may lead to serious sequelae and permanent disability. Diagno-
sis of pediatric knee disorders may be hindered by a child’s inability to 
communicate an accurate history of trauma, the difficulty of perform-
ing a systematic physical examination on an uncooperative subject, the 
fact that physeal injuries to the growth plate are not visible on plain 
radiographs, and the possibility that the knee pain is actually referred 
from the hip.

Referred hip pain
Knee pain may be caused by disorders of the hip because of the 
common sensory innervation of both territories by branches of the 
obturator nerve. Children with hip abnormalities including fracture, 
dislocation, Legg-Calvé-Perthes disease, slipped capital femoral epiphy-
sis (SCFE), hip joint transient synovitis, or septic arthritis may there-
fore present primarily with medial-sided knee pain. Differentiating 

anterior drawer tests, the examiner’s hand on the proximal tibia is in 
a suitable position to assess hamstring tone when exerting anterior 
translation stress.

PCL laxity is assessed using the posterior drawer test. With the 
patient supine and the knee flexed to 90 degrees, the proximal tibia is 
grasped and a firm posterior translation force is applied. A positive 
posterior drawer test, indicating disruption of the PCL, is present when 
the anterior tibia displaces posteriorly until it is flush with the distal 
femoral condyle (Fig. 74.11). The posterior sag test also signals PCL 
injury. The patient is seated upright in a chair with hips and knees 
flexed to 90 degrees. The examiner then extends the patient’s knee and 

Fig. 74.10 Lachman test for anterior translation.

Fig. 74.11 Posterior drawer test for PCL tear.

Fig. 74.12 Dial test.
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present adjacent to tibial or femoral osteomyelitis, especially in infants 
where blood vessels cross the physis and enable local spread of infec-
tion. In other patients, a sterile sympathetic effusion may exist in the 
knee.

Discoid meniscus
In a child younger than 10 years of age, degenerative tears of the knee 
menisci are very uncommon. When a young child complains of 
mechanical knee symptoms including pain, effusion, catching, click-
ing, and locking, the cause may be discoid meniscus. A discoid menis-
cus results when usually the lateral meniscus does not differentiate 
into a semilunar shape and instead forms a thick wafer of fibrocarti-
laginous tissue. Discoid menisci are classified as stable or unstable 
depending on the presence or absence of the usual capsular and bony 
attachments of the meniscus. Where the discoid meniscus has pre-
served tibial attachments, symptomatic tears may be treated with 
arthroscopic débridement and saucerization. When the discoid menis-
cus is unstable due to incompetent attachments, stabilization and 
partial meniscectomy may be necessary (Fig. 74.13).34,35

among these diagnoses may be facilitated by a complete history and 
laboratory studies, including the erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) value.33 Plain radiography, hip ultraso-
nography, and magnetic resonance imaging (MRI) are frequently useful 
imaging studies.

Septic arthritis
Septic arthritis of the knee in children is usually the result of hema-
togenous spread, although a local penetrating wound should also raise 
concern. Examination of the infected joint reveals a warm, tense effu-
sion, sometimes with overlying erythema or induration. The knee is 
held in a slightly flexed position to maximize the intracapsular volume 
and thereby reduce pain generated by capsular stretch receptors. Passive 
flexion and extension is severely limited by pain.

Knee joint aspiration should be performed in every case where septic 
arthritis is suspected because missed diagnosis may lead to osteone-
crosis, growth arrest, and sepsis. If there is skin erythema over the 
proposed aspiration location, alternative sites should be considered to 
avoid any possibility of spreading cellulitis into deeper tissue. Synovial 
fluid obtained should be submitted to the laboratory for immediate cell 
count and differential, Gram stain, and culture. Where tests suggest 
infection, urgent arthroscopic irrigation and débridement should be 
performed to minimize chondrolysis and other damaging consequences 
of septic arthritis. Antibiotics should be started after adequate synovial 
fluid has been submitted for culture and sensitivity.

Osteomyelitis
Acute hematogenous osteomyelitis commonly affects the lower femoral 
and upper tibial metaphyses. The diagnosis should be suspected in a 
child with a temperature of more than 38° C (100.4° F) and pain over 
the distal femoral or proximal tibial metaphysis. The diagnosis is 
further supported by an elevated white blood cell count, ESR, and CRP 
value. Aspiration using a bone marrow biopsy needle may be helpful 
in obtaining a sample to be submitted for culture, speciation, and 
sensitivity analysis. Radiographic changes on plain radiographs includ-
ing sequestra or involucra may take weeks to appear, but MRI reveals 
changes typical of bone marrow infection including hypointense signal 
on T1-weighted images and increased signal on T2-weighted series. 
Occasionally, acute osteomyelitis is contained by host defenses, and it 
becomes a sterile cavity surrounded by a rim of scar called Brodie’s 
abscess. In other cases, prolonged intravenous antibiotics and even 
surgical débridement may be necessary. Septic knee arthritis may be 

TABLE 74.1 COMMON CAUSES OF KNEE PAIN IN DIFFERENT AGE GROUPS

Age group Intra-articular Periarticular Cause Referred

Childhood 
(2-10 yr)

Juvenile chronic arthritis Osteomyelitis Perthes disease

Osteochondritis dissecans Transient synovitis of the hip

Septic arthritis Septic hip arthritis

Torn discoid lateral meniscus Slipped capital femoral epiphysis

Adolescence 
(10-18 yr)

Osteochondritis dissecans Osgood-Schlatter disease Slipped capital femoral epiphysis

Torn meniscus Sinding-Larsen-Johansson 
syndrome

Anterior knee pain syndrome Osteomyelitis

Patellar malalignment Tumors

Early 
adulthood 
(18-30 yr)

Torn meniscus
Instability
Anterior knee pain syndrome
Inflammatory conditions

Overuse syndromes
Bursitis

Rare

Adulthood 
(30-50 yr)

Degenerate meniscal tears
Early degeneration after injury or meniscectomy
Inflammatory arthropathies

Bursitis
Tendinitis

Degenerative hip disease secondary 
to hip dysplasia or injury

Lumbar herniated disc

Older age 
(>50 yr)

Osteoarthritis
Inflammatory arthropathies

Bursitis
Tendinitis

Osteoarthritis of the hip
Lumber spondylosis, stenosis

Fig. 74.13 MR image of discoid meniscus showing degeneration in young 
adult.
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the skeletally immature knee is subject to adult-type forces and stresses. 
Through adolescence, bone stiffness increases and bone becomes less 
resilient to impact. Overuse injuries have become much more common 
in concert with earlier and more intense youth participation in orga-
nized, competitive sports.

Pediatric sports-related knee injuries
In recent years, the huge investments into promoting active lifestyles 
in children have significantly increased the number of sports-related 
knee injuries. Sports injuries have been reported to account for 41% of 
all musculoskeletal injuries in patients aged 5 to 21 years presenting 
to pediatric emergency departments.39 It is estimated that a fourth of 
all American children are injured per year.40

Pediatric knee injuries differ from the adult knee in that growth can 
be affected after injuries to the growth plates around the knee joint. 
The distal femoral physis represents the most active growth plate in 
the body, approximately 0.9 cm per year of growth, providing 70% of 
the longitudinal growth of the femur. Proximal tibial physis contributes 
approximately 0.6 cm per year, accounting for 55% of the longitudinal 
growth of the tibia. Injuries to these areas can result in leg-length 
discrepancies or angular deformities.

In general, children’s more flexible tissues are protective against 
sports-related injuries. Several intrinsic risk factors have been identi-
fied. Specific to anterior knee pain and patellar tracking problems is 
the influence of the Q angle, that is, the angle of lateral traction of the 
quadriceps muscle complex on the patella. Pronated hindfeet, limb-
length discrepancy, and a flat foot arch have also been advocated as 
risk factors. Hypermobility of the patella has a positive correlation with 
patellofemoral pain. Poor quadriceps and gastrocnemius muscle flexi-
bility impaired reflex response time, especially of vastus medialis 
obliquus and vastus lateralis muscles. Developmental knee problems 
such as genu valgum and genu varum have also been implicated in 
making children’s knees more prone to injury. Extrinsic risk factors 
influencing sports injuries include poor training techniques, improper 
use of equipment, and poor child supervision and coaching.

Osgood-Schlatter disease
Osgood-Schlatter disease is a juvenile traction apophysitis of the tibial 
tuberosity.41,42 It occurs most commonly in boys aged 10 to 14 years, 
and it results from excessive repetitive stresses on the skeletally imma-
ture tibial tubercle apophysis due to jumping activities. Patients clas-
sically present complaining of pain and tenderness over the tibial 
tuberosity that is exacerbated by jumping activities.41,42 Inspection of 
the knee reveals tender swelling over the tibial prominence (Fig. 74.14). 
Resisted knee extension may replicate symptoms. Early in the course 
of the condition, radiographs are usually normal. Later, osseous frag-
ments may become visible anterior to the tibial tubercle within the 
distal insertion of the patellar tendon on the lateral knee radiograph 

Malignancy and hematologic conditions
Malignancies can first present as arthritis caused by malignant cell 
infiltration of the structures surrounding the joint. Patients are typi-
cally ill and may have difficulty using the affected limb. One or many 
joints can be affected. Pathologic fractures associated with benign or 
malignant lesions may present as sudden disability and severe pain. A 
complete blood cell count, ESR, and radiographs are often the first step 
toward a diagnosis.

Hematologic conditions can cause limb pain around the knee. 
Hemophilia most commonly manifests as joint swelling secondary to 
hemorrhage. Knee hemarthrosis is most common, followed by elbow 
hemarthrosis. Acutely, the joint may become warm, distended, and 
tender. Chronically an effusion with thickening of the capsule may 
develop with loss of range of motion as a result of the erosion of the 
cartilage, resulting in chronic arthropathy.

Children with sickle cell anemia may experience knee pain in the 
context of vaso-occlusive sickle cell crises. Knee pain may be accom-
panied by warmth, erythema, swelling, and local tenderness. Pain is 
caused by bone marrow ischemia, which can lead to avascular necrosis 
of the distal femur or proximal tibia. Other frequently affected sites are 
the spine, shoulder, and elbow. In some cases ischemia can lead to 
avascular necrosis with an acute inflammatory infiltrate. Areas of 
inadequate perfusion are predisposed to infection, and hematogenous 
osteomyelitis or septic arthritis may develop. Although Salmonella 
infections are more common in this context than in normal hosts, 
Staphylococcus species are the predominant organisms.36

Inflammatory disease of the  
knee and Lyme disease
Inflammatory conditions include juvenile rheumatoid arthritis (JRA) 
and pediatric spondyloarthropathies. School-aged children and adoles-
cents are most affected by polyarticular-onset JRA and type 2 pauci-
articular arthritis.37 There is a wide spectrum of symptom severity in 
JRA, ranging from mild pain and swelling with minimal limitation in 
activity to deforming and incapacitating symptoms. Long-term medical 
treatment may be required depending on the type and severity of the 
arthritis. Early diagnosis and intervention are important to allow for 
normal growth and development.

Juvenile-onset spondyloarthropathies (JSPAs) often affect boys at 
approximately 10 years of age and occur at an estimated rate of 2 per 
100,000 in the United States. JSPAs include the gastrointestinal-asso-
ciated arthropathies, reactive arthritis, and psoriatic arthritis. JSPA 
may present as an isolated arthritis, enthesitis, tendonitis, or dactylitis 
or as a clinical syndrome called seronegative enthesopathy and arthrop-
athy. The majority of children with these syndromes will evolve into 
ankylosing spondylitis or another spondyloarthropathy over the subse-
quent decades. These children often will present with an asymmetric 
arthritis commonly involving the knee, midtarsal joint, and ankle. 
Spondyloarthropathy should be suspected if there is a history of 
enthesitis affecting the Achilles tendon or insertion site of the plantar 
fascia to the os calcis.

Lyme disease is transmitted by deer ticks (Ixodes dammini) that 
carry the spirochete Borrelia burgdorferi. The disease can have several 
manifestations. A common symptom is knee pain or inability to bear 
weight that may present acutely, similar to septic arthritis, but may 
also be less painful and more insidious in onset. As with JRA, multiple 
joints may be involved. Often there is a history of malaise, headache, 
fever, myalgia, and/or erythema migrans. There may be neurologic 
symptoms (including peripheral neuropathy and seventh cranial nerve 
palsy) and/or cardiac symptoms (myocarditis, atrioventricular block). 
The ESR is elevated in Lyme disease, as may be the white blood cell 
count. B. burgdorferi may be detected by enzyme-linked immunosor-
bent assay and Western blot analysis. Treatment generally is with 
amoxicillin or doxycycline. Intravenous ceftriaxone may be used when 
the response to oral agents is inadequate.38

Early adolescence
In young children, musculoskeletal tissues are generally more pliable 
and absorb much of the impact from external forces. In older children, Fig. 74.14 Osgood-Schlatter disease of right knee. Enlarged tibial tubercle.
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intercondylar notch—is especially good for identifying classic OCD 
lesions on the lateral aspect of the medial femoral condyle (Fig. 74.16). 
Computed tomography (CT) provides precise spatial rendering of the 
osseous extent of the lesion, but, like plain radiographs, it cannot show 
whether the overlying hyaline cartilage is intact. MRI, especially MR 
arthrography, provides slightly less osseous detail, but it can help dif-
ferentiate stable from unstable lesions by revealing the integrity of the 
overlying cartilage and the condition of the bone/lesion interface (Fig. 
74.17).45,46 Bone scintigraphy distinguishes active lesions from those 
that have already healed.

Treatment of OCD depends on the age of the patient and the sever-
ity of the lesion. There are four stages of OCD lesions, based on sever-
ity and arthroscopic appearance (Fig. 74.18):

Stage 1 lesions show softening and irregularity of the articular car-
tilage without fissuring.

Stage 2 lesions are non-displaced, but the articular cartilage is 
breached.

Stage 3 lesions are displaced but remain attached in situ by intact 
fibrocartilage.

Stage 4 lesions have a completely displaced osteochondral 
fragment.

Generally, younger, skeletally immature patients with non-displaced 
stage 1 or 2 lesions have a more favorable prognosis. Asymptomatic 
patients do not require treatment. Symptomatic patients may initially 
be treated with limitation of activities, protected weight-bearing, and 
physical therapy. Conservative treatment may be attempted for up to 
6 months before surgery is considered.

In older children or young adults with a stable OCD lesion, conser-
vative therapy may be attempted, although the prognosis for spontane-
ous healing is less favorable. Operative management is indicated when 
conservative measures have failed to result in healing or where the 
lesion becomes unstable and detaches. Stable lesions are treated with 
arthroscopic débridement and retrograde drilling to stimulate fibrocar-
tilage formation. Unstable lesions require removal of small loose bodies 
and fixation of larger unstable osteochondral fragments using Kirschner 
wires, cannulated screws, Herbert screws, or bioabsorbable devices 
implanted arthroscopically or after open arthrotomy.

A variety of surgical techniques have been developed to address the 
difficult problem of large cartilage defects in young patients.47 Proce-
dures such as microfracture and abrasion, where the bony bed of the 
defect is débrided and drilled, are designed to stimulate fibrocartilage 
production by provoking an inflammatory reaction by local marrow 
cells. The resulting fibrocartilage lacks the tensile properties of hyaline 
cartilage, and it degenerates over time.48 Osteochondral allograft or 
autograft transfer (OAT) procedures involve the harvesting of  
osteochondral plugs from non–weight-bearing joint surfaces and reim-
plantation of the plugs into an osteochondral defect in a weight-bearing 

(Fig. 74.15). Treatment of Osgood-Schlatter disease is generally non-
operative, and symptoms resolve as a rule after skeletal maturity. 
Patients are advised to avoid strenuous jumping activities, and a 
removable knee brace may ameliorate acute symptoms. Surgery is 
rarely necessary, but it may be indicated when osteochondral fragments 
cause persistent pain with kneeling or when a complete avulsion of the 
tibial tubercle develops.

Sinding-Larsen-Johansson syndrome
Sinding-Larsen-Johansson (SLJ) syndrome is another juvenile traction 
apophysitis involving the extensor mechanism but, unlike Osgood- 
Schlatter syndrome, it affects the distal pole of the patella.43 The 
pathognomonic findings in SLJ syndrome are pain and tenderness at 
the distal pole of the patella. As with Osgood-Schlatter disease, the 
mainstay of treatment is moderate activity limitation, and the condi-
tion generally improves spontaneously after skeletal maturity. Physical 
therapy consisting of quadriceps strengthening and closed-chain exer-
cises may be helpful.

Osteochondritis dissecans
Juvenile osteochondritis dissecans (OCD) is avascular necrosis of bone 
affecting the osteochondral junction of the epiphysis. Boys are affected 
three times more commonly than girls, with peak incidence occurring 
during the second decade of life. The knee joint is by far the most 
common anatomic site, although the dome of the talus and elbow may 
also be affected. Within the knee, the most common OCD location is 
the lateral border of the medial femoral condyle. Less common areas 
of involvement are the posterior aspect of the lateral femoral condyle, 
the trochlea and the patella.

The etiology of OCD is multifactorial, with hereditary factors, 
mechanical stress, and repetitive microtrauma contributing to the 
development of lesions. Patients present with a history of participation 
in athletics, presumably leading to recurrent trauma, or with a history 
of a single, direct trauma to the knee. Symptoms include knee pain 
and effusion; when an osteochondral fragment is unstable or loose, 
mechanical symptoms including locking or catching may be present. 
Examination of the knee reveals effusion and local tenderness over the 
OCD lesion. Wilson’s test may be positive. The test involves straight-
ening the internally rotated knee from a flexed position. Pain at 30 
degrees of flexion that is relieved by externally rotating the tibia is 
suggestive of an OCD lesion of the medial femoral condyle.44

Several imaging modalities are useful in delineating the size and 
severity of OCD lesions. Plain knee radiographs may delineate the 
OCD lesion or identify osteochondral free bodies. The tunnel view—
with the knee flexed 30 degrees and the x-ray beam aimed through the 

Fig. 74.15 Osgood-Schlatter disease. Loose ossicles in the patellar tendon.

Fig. 74.16 Notch radiograph showing MFC lesion. The radiograph shows an 
osteochondral defect in a 17-year old with a defect over the weight-bearing 
area of the lateral femoral condyle.
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Physeal injuries and fractures
Injuries of the pediatric knee most commonly result in physeal injuries 
because the ligaments are stronger than the growth plates. Mechani-
cally, the growth plate has only one third the strength of the surround-
ing ligaments. With fractures around the knee, the biggest concern is 
growth disturbance.

Distal femoral physeal fracture
In skeletally immature patients, the distal femoral physis is susceptible 
to fracture from direct trauma. Diagnosis may be based primarily on 
an accurate history and physical examination, because non-displaced 

area (Fig. 74.19). Although good results have been demonstrated using 
this technique, the area that can be grafted is limited by the availability 
of donor site cartilage and by donor site morbidity.49 Where allograft 
is used, a small risk of disease transmission is recognized.

A more recent development in cartilage repair surgery is autologous 
cartilage implantation (ACI). In this technique, a patient first under-
goes a diagnostic knee arthroscopy in which the size and location of 
the osteochondral defect is noted and a small, full-thickness sample of 
articular cartilage is harvested. From this sample, chondrocytes are 
isolated and cultured ex vivo. At least 6 weeks later, the patient returns 
to the operating room and cultured chondrocytes are implanted into 
the cartilage defect and sealed there using a periosteal patch, sutures, 
and fibrin glue. Early results from this procedure show encouraging 
clinical outcomes and histology that shows regrowth and integration 
of hyaline cartilage (Fig. 74.20).50

a b

Fig. 74.17 Radiograph (a) and MR image (b) of an OCD lesion.

Fig. 74.18 Arthroscopic view of a knee OCD lesion.

Fig. 74.19 OAT procedure. Note multiple osteochondral plugs.
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reveals hemarthrosis and reluctance to bear weight. Specific provoca-
tive tests including the Lachman, anterior drawer, and pivot shift test 
may be positive. Plain radiographs show the avulsed tibial spine and 
the degree of displacement (Fig. 74.22). For McKeever type 1 tibial 
spine nondisplaced fractures, closed treatment with a long-leg cast in 
extension is warranted. For type 2 fractures, where the avulsed frag-
ment is elevated but still attached by a posterior hinge, closed reduction 
by knee extension is attempted. If this is successful, closed treatment 
with a long-leg cast is possible. Irreducible fractures require open or 
arthroscopic reduction of the fragment and fixation using suture, wire, 
or a screw. Type 3 fractures, completely displaced, require surgical 
reduction and fixation.51 Isolated ACL rupture is much less common 
in children than fracture of the tibial spine. Even with anatomic reduc-
tion and complete healing of a tibial spine fracture, however, concomi-
tant severe sprains or partial tears of the ACL that do not heal 
spontaneously may lead to functional incompetence of the ACL. 
Patients with an isolated ACL rupture present with a palpable hemar-
throsis and a history consistent with a twisting fall or valgus or rota-
tional trauma to the knee. Surgical treatment of ACL tears in skeletally 
immature patients is controversial because techniques employed for 
replacing the damaged ligament in adults would damage the physis and 
cause growth disturbance. For this reason, extraphyseal methods of 
reconstruction have been developed for use in young children who 
require a stabilizing surgery to return to sports. When a child has no 
specific sports requirement and is not disabled by ACL laxity, surgery 
can be delayed until skeletal maturity, when a standard transphyseal 
technique can be used.52,53

Other proximal tibial fractures
Complete fracture of the proximal tibial physes is rare because of the 
stabilization of the collateral ligaments. There is an association with 
arterial injury and compartment syndromes. Malreduction or growth 
arrest may cause genu valgum and varus.

Proximal tibial tuberosity fracture is often an avulsion injury sus-
tained with a sudden quadriceps contraction associated with jumping. 
This injury may be intra-articular or extra-articular. Intra-articular 
injuries present with hemarthrosis and often require internal fixation. 
Extra-articular fractures that are minimally displaced may be treated 
with immobilization for 4 to 6 weeks.

Late teens/early adulthood
Between early skeletal maturity and adulthood, the most common knee 
diagnoses are anterior knee pain and traumatic knee injuries.

fractures through the cartilaginous physis are not visible on plain 
radiographs. A history of a direct trauma to the knee and tenderness 
and hemarthrosis on physical examination are consistent with physeal 
fracture. In select cases, stress radiographs may be obtained to demon-
strate instability across the physis, but in most cases a fracture is 
presumptively treated with a long-leg cast or hip spica cast for 6 weeks. 
Displaced fractures that cannot be reduced by closed means may 
require open reduction and internal fixation (Fig. 74.21). Growth arrest 
may result from physeal injury.

Tibial spine fracture and ACL rupture
Avulsion fractures of the anterior tibial spine are the pediatric equiva-
lent of ACL rupture. The mechanism of injury usually involves falling 
from a bike or twisting injuries during sports. Physical examination 

Fig. 74.20 Patellar autologous chondrocyte implantation.

Fig. 74.21 Radiograph showing a Salter-Harris II distal femoral physeal 
fracture.

Fig. 74.22 Radiograph showing tibial spine fracture.
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Plain knee radiographs in patients with patellofemoral maltracking 
may reveal lateral placement of the patella, patella alta, hypoplasia of 
the distal femoral trochlea, or incongruity of the patellofemoral osseous 
anatomy. Patella alta is recognized on the lateral view by comparing 
the length of the patella to the length of the patellar tendon. The 
average ratio is approximately 1:1 (Fig. 74.24).57 Skyline views of the 
patellofemoral joint, taken with the knee flexed at 30 degrees, may 
show the patella to be tilted laterally and translated toward the lateral 
femoral condyle (Fig. 74.25). Sclerosis may be seen in the subchondral 
bone of the lateral facet indicating arthrosis from stress concentrated 
across the articulation. CT and MRI are rarely necessary, but they may 

Anterior knee pain
Anterior knee pain can present a difficult diagnostic challenge due to 
the broad spectrum of possible causes, including patellofemoral mal-
tracking, chondromalacia patellae, and medial plica syndrome. To 
narrow the list of potential diagnoses, a careful history should elicit 
the precise anatomic location of the pain and what activities exacerbate 
or relieve knee pain.54

Patellofemoral maltracking, subluxation, and dislocation
Instability of the patellofemoral articulation results from imbalance 
between medial and lateral forces on the patella. This may be the result 
of static malalignment in patients with an abnormally high Q angle or 
dynamic imbalance from atrophy of the principal medial stabilizers of 
the knee—the medial patellofemoral ligament (MPFL) and the vastus 
medialis obliquus (VMO)—or contracture of lateral structures—the 
lateral retinaculum and the IT band.55,56 A high Q angle may be caused 
by genu valgum, a laterally positioned tibial tuberosity, persistent 
femoral anteversion, external tibial torsion, or excessive foot pronation. 
Patella alta, an abnormally proximal position of the patella relative to 
the femur, may exacerbate patellofemoral instability by shifting the 
point where the undersurface of the patella engages the distal femoral 
trochlea to a later point in the knee flexion arc.57

Patellofemoral instability may be characterized by habitual sublux-
ation (when the patella subluxes laterally during every cycle of knee 
flexion and extension) or recurrent subluxation (when the patella dis-
places in response to episodic stresses, especially during athletic activ-
ity) or by acute dislocation. In patients with habitual subluxation, tight 
lateral structures may prevent knee flexion if the patella is held in a 
reduced position. Acute patellofemoral dislocation may result from  
a direct blow to the medial aspect of the patella. Examination reveals 
a painful swollen knee with obvious lateral dislocation of the patella. 
If the patella has spontaneously reduced, the principal finding is ten-
derness over the torn medial retinaculum and associated knee swelling. 
Acute dislocation may be associated with an osteochondral fracture of 
the lateral femoral condyle.

Patients with chronic patellofemoral maltracking present with 
symptoms ranging from anterior knee pain, caused by excessive lateral 
stresses on the patellofemoral articular cartilage and stretching of the 
medial soft tissues, to recurrent episodes of knee “giving way,” owing 
to patella lateral subluxation or frank dislocation. Physical examination 
may demonstrate a positive “J sign” and tenderness over the medial 
border of the patella. Other specific tests include the apprehension test, 
where the knee is held in 20 degrees of flexion and the patella is manu-
ally subluxed laterally to reproduce symptoms of instability (Fig. 74.23) 
and the patella tilt test, where the knee is flexed to 20 degrees and the 
lateral margin of the patella is flipped upward. A positive patella tilt 
test, denoting a tight lateral retinaculum, is present when the patella 
cannot be tilted upward past horizontal.

a b

Fig. 74.23 (a and b) The patella apprehension test.

48mm

72mm

Fig. 74.24 Lateral knee radiograph with Insall-Salvati ratio measurement.
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Fig. 74.25 Skyline radiograph showing patellar lateral subluxation.

a

b

Fig. 74.26 Anteroposterior (a) and skyline (b) radiographs showing patellar dislocation.

add further spatial information regarding the osseous and ligamentous 
structures. Patellar subluxation should be distinguished from patellar 
dislocation (Fig. 74.26).

Treatment of patellofemoral maltracking varies according to the 
severity of symptoms. For acute dislocation or mild recurrent patellar 
subluxation, a brief period of knee immobilization with subsequent 
physical therapy for VMO strengthening and IT band stretching is 
indicated.58 Use of a patellar stabilizing brace may also be helpful. 
Recurrent dislocation may increase patients’ risk of chondral injury; 
and surgeries including repair and imbrication of the MPFL, VMO 
advancement, lateral retinacular release, quadriceps Z-lengthening, 
and tibial tubercle osteotomy have been described.

Chondromalacia patellae
Chondromalacia patellae is a descriptive term used to identify patho-
logic softening and fragmentation of the articular cartilage of the patella 
due to impact loading and excessive shear stresses. Severity of cartilage 
involvement is classified in four stages.

Stage 1 denotes softening and swelling of the articular cartilage.
Stage 2 involves deep fissures extending to the subchondral bone.
Stage 3 indicates fibrillation of the articular surface.
Stage 4 constitutes loss of articular cartilage with exposed subchon-

dral bone.

Clinical symptoms associated with these findings include retropatellar 
pain, especially with ascending or descending stairs or with prolonged 
sitting. Physical examination is significant for patellofemoral crepitus. 
When chondromalacia patellae is associated with patellofemoral 

malalignment, correction of the underlying abnormality ameliorates 
clinical symptoms. In idiopathic cases, physical therapy including iso-
metric quadriceps exercises and hamstring stretching is the mainstay 
of treatment. Arthroscopic débridement chondroplasty with removal of 
loose chondral fragments may be indicated in severe cases.

Medial plica syndrome
During embryonic development, the knee is divided into three synovial 
compartments, which break down in the fourth intrauterine month. 
Failure of complete breakdown results in synovial shelves or plicae. 
The medial plica lies above the medial femoral condyle, and it may 
cause irritation and abrasion to the adjacent medical femoral condyle 
articular cartilage when the knee is flexed. Repeated irritation of the 
plica leads to fibrosis, which can cause impingement of the plica on 
the medial femoral condyle or patella.

Clinical manifestations of medial plica syndrome may mimic medial 
meniscal tear, including snapping, catching, and medial joint line 
tenderness. A fibrotic, hypertrophic medial plica can sometimes be 
palpated just above the medial joint line. Treatment is generally non-
operative and includes anti-inflammatory medications and rest fol-
lowed by physical therapy. Rarely, a symptomatic plica may be resected 
arthroscopically.59

Traumatic ligamentous injuries
Ligamentous injuries are common in young athletes. A ligament sprain 
is an injury in which the fibers are stretched or torn. In a first-degree 
sprain there are torn fibers but unimpaired function. In a second-degree 
sprain more fibers are torn, with stretching of the ligament, causing 
abnormal joint laxity. A third-degree sprain involves a complete liga-
ment rupture, with marked instability.60 The degree of instability after 
ligament injury is assessed by specific provocative maneuvers and 
quantified using a three-point scale: 1+ laxity is up to 5 mm; 2+ is 5 
to 10 mm, and 3+ is 10 to 15 mm.

Anterior cruciate ligament injuries
ACL injuries are common among athletes in sports requiring cutting, 
twisting, or jumping. Injuries are significantly more common among 
women, with female athletes being eight times more likely to experi-
ence ACL injuries than male athletes.61,62 Potential risk factors include 
Q angle, femoral anteversion, genu valgum, external tibial torsion, 
femoral intercondylar notch shape and size, ACL thickness, hormonal 
influences, and training techniques. Specific mechanisms of injury 
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in significant functional knee instability unless other structures, espe-
cially the posterolateral corner, have also been damaged.68-70 Routine 
plain radiographs are usually normal, although a small avulsion frac-
ture of the tibial insertion of the PCL is sometimes visible on the lateral 
knee radiograph. MRI is the imaging gold standard for detecting PCL 
injury. Nonoperative treatment of isolated PCL injuries consists of 
short-term immobilization and protected weight bearing followed by 
quadriceps strengthening and range of motion exercises (Fig. 74.28).

Medial collateral ligament injuries
The MCL is usually injured as a result of a valgus force, often associ-
ated with external rotation of the tibia. As with most extracapsular 
ligamentous injuries, acute-phase findings include swelling and bruis-
ing over the course of the ligament with tenderness over the joint line 
or femoral insertion. Loss of full extension may be present in an incom-
plete tear due to pain as the ligament comes under tension in the last 
20 degrees of extension. Treatment of isolated MCL tears is conserva-
tive, consisting of a few weeks in a knee immobilizer followed by 
progressive physical therapy.71

Pellegrini-Stieda disease is an infrequent chronic sequela of MCL 
injury in which a patient presents with persistent pain over the MCL 
femoral insertion due to local calcification. The area is tender to palpa-
tion, and pain is elicited on stressing of the ligament. Radiographs 
reveal characteristic calcification at the ligament insertion (Fig. 74.29).72 
Treatment consists of rest and NSAIDs, since the condition is usually 
self-limiting. Occasionally, a targeted corticosteroid injection helps to 
ameliorate symptoms.

Lateral collateral ligament injuries
The LCL is the least common knee ligament to be injured in isolation; 
LCL rupture is usually associated with damage to the posterolateral 
ligament complex (lateral capsule, arcuate ligament, and popliteus 
tendon). The cruciate ligaments may also be damaged. The mechanism 
of injury is usually a varus stress on an extended knee. The ligament 
usually ruptures at its fibular insertion, or it may avulse off the fibular 
styloid. A peroneal nerve palsy may be associated with an LCL tear, so 
distal sensory and motor function should be assessed. LCL rupture 
leads to greater functional disability than MCL rupture, so conservative 
management should be attempted only for low-grade instability. Severe 
disruptions or combined posterolateral corner injuries should be 
repaired acutely in active young athletes.68

include direct valgus trauma to a flexed knee and knee hyperextension 
with concomitant tibial internal rotation.62 Meniscal tears accompany 
ACL injuries in up to 70% of cases.63 Rupture of the ACL, medial 
meniscus tear, and rupture of the MCL constitute a severe combined 
injury termed the O’Donoghue unhappy triad.

Patients with ACL rupture frequently describe a twisting, backward 
fall with a palpable “pop” followed by knee pain and swelling.64 Physical 
examination of the ACL is described earlier. Especially in the context 
of acute tear, hamstring spasm may complicate provocative testing 
including the Lachman, anterior drawer, and pivot shift tests. Radio-
graphs should be taken to look for avulsion injuries of the tibial spines 
and other associated fractures. A small avulsion fracture of the lateral 
tibial plateau called a Segond fracture (Fig. 74.27) strongly suggests 
ACL rupture, especially in the context of a consistent history and 
physical examination.65 MRI is a valuable tool for establishing ACL 
injury and screening for associated meniscal tears.

Many patients with an ACL-deficient knee are asymptomatic, espe-
cially if their lifestyle does not require abrupt cutting or jumping activi-
ties. Among cutting or jumping athletes, symptoms of an ACL-deficient 
knee are giving way, swelling, and pain. In general, symptoms are due 
to rotational instability rather than anteroposterior laxity. Mechanical 
symptoms of locking or catching may occur in conjunction with  
a coexisting meniscal tear. Even where initial trauma does not result 
in meniscal pathology, degenerative tears may result from ACL 
instability.64

Treatment of ACL tears parallels the activity demands and symp-
toms of the patient. For low demand, asymptomatic patients, no treat-
ment is necessary. Moderate demand athletes or young adults may 
respond well to physical therapy consisting of hamstring strengthening 
and fitting with a hinged knee brace. Surgical management involves 
replacement of the torn ligament with allograft or autograft anchored 
through bony tunnels in the femur and proximal tibia. Superior  
functional results are achieved when surgery is delayed until after the 
initial inflammatory reaction to trauma has subsided and knee range 
of motion is restored: this allows for immediate rehabilitation 
postoperatively.66,67

Posterior cruciate ligament injuries
PCL injuries are much less common than ACL tears, because the liga-
ment is biomechanically twice as strong as the ACL.68 Typical mecha-
nisms of injury include a fall onto a flexed knee with the foot in 
plantarflexion or a direct blow to the anterior tibia with the knee in 
flexion (dashboard injury). Physical examination reveals a positive 
posterior drawer sign and posterior sag test. Despite these positive 
provocative test findings, isolated rupture of the PCL does not result 

Fig. 74.27 Anteroposterior radiograph of Segond fracture. The figure 
demonstrates the flake of bone (arrow), showing the avulsion of the 
anterolateral capsule in the region of Gerdy’s tubercle, frequently associated 
with ACL rupture.

PCL tear

Fig. 74.28 MR image showing PCL rupture.
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lower pole of the patella, may help to localize the point of maximal 
tenderness. Standard radiographs are usually normal, and MRI or CT 
is not generally necessary to make the clinical diagnosis.

The first therapeutic option for patellar tendonitis is always non-
operative, with the majority of patients responding well to activity 
modification, hamstring and quadriceps stretching, and non-steroidal 
anti-inflammatory drugs. A variety of braces and straps that stabilize 
the patella and compress the tendon may be added to the physical 
therapy program. Occasionally, operative treatment to excise the 
involved portion of tendon is necessary.

Iliotibial band syndrome
Iliotibial band syndrome is another overuse syndrome associated with 
long distance running, leading to the eponym “runner’s knee.”74,75 
Distance runners with genu varum and planovalgus foot alignment are 
biomechanically predisposed to increased friction between the IT band 
and lateral femur, especially during the swing phase of gait when there 
is a physiologic varus moment. Increased contact stresses lead to 
inflammation of the IT band and its underlying bursa, resulting in 
lateral knee pain that worsens with activity. Physical examination 
reveals tenderness over the lateral epicondyle. Treatment of IT band 
syndrome is usually conservative, with activity restriction and IT band 
stretching being most important. For acute exacerbations, local injec-
tion of corticosteroid may provide lasting relief.

Popliteal cysts
Posterior knee pain is frequently caused by popliteal Baker cysts.76,77 
Cysts originate from a communication between the knee joint and the 
gastrocnemius-semimembranosus bursa, usually where the tendon of 
the medial head of gastrocnemius leaves the joint capsule.78,79 With 
increasing age, degeneration and loss of elasticity of the joint capsule 
coupled with elevated intracapsular pressure from persistent effusions 
due to degenerative osteoarthritis result in more frequent cyst 
formation.

Cysts enlarge due to a one-way valve phenomenon in which pres-
surized synovial fluid flows into the cyst with knee extension and is 
trapped in the cyst during knee flexion. As with other synovial cysts, 
Baker cysts may enlarge or regress gradually over time or they may 
rupture acutely. Cyst rupture is typically accompanied by a sensation 
of water running down the posterior calf.

Patients with Baker cysts complain of achy posterior knee pain, 
frequently with a palpable popliteal mass. Physical examination may 
reveal a palpable posterior knee mass in the context of a moderately 
sized knee effusion. If the mass is pulsatile and a bruit is heard over 
it, a popliteal artery aneurysm is possible and further evaluation with 
ultrasonography or MRI is indicated. Other rare posterior knee masses 
are nerve sheath tumors and sarcoma.

Treatment in adults is initially tailored to address the cause of the 
knee effusion.77 Knee aspiration and corticosteroid injection may be 
performed to reduce synovial fluid volume and to reduce fluid produc-
tion. Arthroscopic knee synovectomy with ablation of the communica-
tion between the cyst and the joint is reserved for painful cysts that 
have failed more conservative management.

Synovial chondromatosis
Synovial chondromatosis is a rare condition of unknown etiology in 
which multiple metaplastic foci of cartilage develop in joints, tendon 
sheaths, and bursae. It occurs as a result of metaplasia in the subsy-
novial connective tissue. The cartilaginous bodies may become pedun-
culated or loose within the joint. The knee is by far the most common 
joint affected by both intra-articular and extra-articular disease. 
Milgram classified the disease into three phases: early, with active 
intrasynovial disease but no loose bodies; transitional, with active 
intrasynovial disease and loose bodies; and late, with multiple loose 
bodies but no synovial disease (Fig. 74.30).80

The condition tends to occur in middle age but may present as early 
as the late teens.81 Knee pain and swelling are characteristic early 
symptoms, with mechanical locking developing when chondral lesions 
become pedunculated or loose bodies. Examination reveals a swollen 
knee with thickened synovium, crepitus on movement, and palpable 
loose bodies. In later stages of disease, knee range of motion may be 
decreased.

Adult
Bursitis
Bursitis refers to inflammation of a synovial-lined bursa. Causes of 
bursitis include direct trauma, recurrent minor injury, infection, or 
crystal deposition diseases. The prepatellar bursa is the most frequent 
site of knee bursitis. Specific causes linked to prepatellar bursitis 
include direct trauma to the anterior aspect of the knee or recurrent 
trauma from prolonged kneeling, especially among carpet layers, 
roofers, and floor cleaners, giving rise to the eponym “housemaid’s 
knee.” Symptoms including anterior knee erythema, swelling, and 
tenderness over the patella may be difficult to distinguish from septic 
or inflammatory arthritis, although the history may be suggestive and 
the effusion is more superficial in prepatellar bursitis. Knee range of 
motion may also be somewhat less painful in cases of prepatellar bur-
sitis than in knee septic arthritis.

Most cases of prepatellar bursitis are caused by trauma or gout 
rather than infection. Distinguishing between these causes is facili-
tated most directly by aspiration of the bursa fluid and subsequent 
analysis by Gram stain, culture, cell count, and microscopy for crystals. 
The examiner should exercise care when aspirating bursa fluid so as 
to not enter the knee capsule, because this risks seeding of bacteria 
from a septic bursitis to a sterile knee joint. Treatment of prepatellar 
bursitis depends on the underlying etiology. Traumatic bursitis may 
respond well to bursa aspiration and injection with corticosteroid, rest, 
and avoidance of kneeling. Crystal deposition bursitis is treated with 
systemic anti-inflammatory medications. Septic bursitis is treated with 
rest, serial aspirations, and parenteral, followed by oral, antibiotics. 
Surgical drainage may be indicated for loculated bursitis, and recurrent 
bursitis may require open bursectomy.

Patellar tendonitis
Patellar tendonitis is an overuse syndrome precipitated by repetitive 
running and jumping sports such as soccer, volleyball, and basketball. 
Also called “jumper’s knee,” patellar tendonitis results from cumula-
tive microtears of the deep fibers of the patellar tendon, especially near 
the insertion at the inferior pole of the patella.73 In older patients, the 
superior pole of the patella may be affected by analogous quadriceps 
tendonitis. Symptoms of patellar tendonitis including pain at the infe-
rior pole of the patella are exacerbated by bent knee activities such as 
squatting, climbing stairs, and jumping. Puddu’s test, performed with 
the knee in extension by pushing the patella distally and palpating the 

Fig. 74.29 Pellegrini-Stieda disease. Radiograph showing calcification of the 
insertion of the medial collateral ligament.
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Patients with an acute meniscal tear characteristically report a 
twisting injury that causes immediate, severe pain at the joint line. 
The knee may be locked in flexion or extension if a torn fragment of 
the meniscus is interposed between the articular surfaces. Physical 
examination classically demonstrates a knee effusion, joint line tender-
ness adjacent to the meniscal tear, pain with knee hyperflexion, or pain 
with knee hyperextension. A locked knee will exhibit a springy block 
to extension with pain on forced extension. Unlocking of the knee is 
accompanied by a characteristic clunk. A complete ligamentous exami-
nation should be performed on a patient with a suspected meniscus 
tear to assess for possible concomitant injuries.

McMurray’s test, a provocative test for meniscal injury, is performed 
with the patient supine. While the knee is slowly extended from a 
flexed position a valgus and external rotation force is applied across 
the knee to test the lateral compartment. The knee is then flexed, and 
the maneuver is repeated with varus and internal rotation force to  
test the medial knee compartment. A positive test elicits a palpable 
click during knee extension accompanied by reproduction of pain 
symptoms.85 Apley’s grinding test is performed with the patient prone 
and the knee flexed. The tibia is loaded axially while it is internally 
and externally rotated. Pain or a clicking sensation is said to be sug-
gestive of a meniscal tear.86

Plain radiographs of patients with a meniscal tear are generally 
normal unless there is an associated osseous injury. MRI is the study 
of choice to confirm a meniscal tear, with diagnostic accuracy greater 
than 90% (Fig. 74.32).87

Treatment of meniscal tears depends on a complex synthesis of 
factors, including the location, length, stability, and pattern of the tear 
and patient factors such as age, chronicity of the tear, concurrent inju-
ries, and general condition of the knee joint. Conservative management 
of meniscus tears is generally appropriate in older patients with low 
functional demand and with chronic, central meniscus tears in the 
context of significant degenerative joint disease. Short, radial tears less 
than 5 mm in length, stable longitudinal tears of the peripheral two 
thirds, and partial thickness tears in various patterns and locations 
may also be treated conservatively, because many will become asymp-
tomatic.88 A standard regimen includes activity modification, non-
steroidal anti-inflammatory drugs, and, in some cases, periodic 
intra-articular corticosteroid injection.

Meniscal tear is the most common surgical lesion in the knee. For 
young patients with symptomatic meniscal tears involving the central 

Radiographs in early synovial chondromatosis show multiple, stip-
pled cartilaginous bodies, which are visible in greater resolution using 
double-contrast arthrography. In later stages of the disease, calcified 
lesions are clearly visible on plain radiographs. Treatment of sympto-
matic synovial chondromatosis involves arthroscopic removal of symp-
tomatic loose bodies. In the first and second phases of disease, active 
synovium should be excised. Total synovectomy is impractical and 
unnecessary. Recurrence is uncommon, and it may be treated with 
repeat arthroscopic débridement.

Pigmented villonodular synovitis
Pigmented villonodular synovitis (PVNS) is an uncommon proliferative 
tumor of synovial tissue that most frequently affects the knee. The 
presenting complaint is typically episodic knee pain and swelling, 
although mechanical locking may occur if the proliferative synovium 
becomes trapped between the joint surfaces. A history of recurrent 
atraumatic knee hemarthrosis with no underlying coagulopathy may 
also suggest PVNS. Physical examination reveals a tender, swollen 
joint with limited range of motion. MRI is the mainstay for imaging 
of PVNS, with characteristic findings including synovial hypertrophy 
with T1 and T2 signal changes consistent with hemosiderin deposition 
(Fig. 74.31). Aspiration of brown synovial fluid in the absence of recent 
trauma is characteristic and may often be the first indication of the 
disease. On arthroscopy, thickened nodular synovium that is reddish 
brown is seen. Histologic examination shows a stroma of reticulum 
and collagen fibers with multinucleated giant cells, foam cells, and 
hemosiderin deposits.

Treatment of PVNS depends on the extent and intracapsular or 
extracapsular location of the disease. Limited, intracapsular nodular 
PVNS may successfully be treated with arthroscopic débridement, but 
extensive, extracapsular synovial proliferation may require open ante-
rior and posterior synovectomy and adjuvant radiation therapy to 
reduce the likelihood of recurrent disease.82,83

Meniscal injuries
Meniscal injuries are common in young adults, usually occurring as 
sports-related injuries and often in combination with ligamentous 
injury, particularly rupture of the ACL. Meniscal injuries are also 
associated with chronic ligamentous instability. Acute meniscal tears 
result from a twisting force applied to the weight-bearing knee, causing 
entrapment of the meniscus between the tibial and femoral condyles. 
Hemarthrosis developing within 1 hour after a meniscal tear may 
signal a concomitant ligamentous or osteochondral injury or it may 
indicate extension of the tear into the vascularized peripheral red zone. 
Delayed hemarthrosis, in contrast, usually signifies meniscal injury 
within the avascular red-white or white zones.

Among older patients, the meniscal fibrocartilage is less elastic and 
degenerative tears can occur without a specific traumatic event.84 
Degenerative tears are usually horizontal cleavage tears or radial tears.

Fig. 74.30 Synovial chondromatosis.

Fig. 74.31 MR image of a knee with PVNS showing bony erosion.
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specific test is to assess active knee extension from a flexed position. 
Patella alta may be apparent on physical examination or on the lateral 
knee radiograph where the patellar tendon is ruptured. A defect may 
also be palpable in the substance of the ruptured quadriceps or patellar 
tendon.

Fracture of the patella may also lead to disruption of the extensor 
mechanism. It can be distinguished from tendon rupture by tenderness 
localizing over the patella, palpation of a bony diastasis, and findings 
on lateral knee radiography.

Diagnosis of a patellar or quadriceps tendon injury can usually be 
established from a complete history, physical examination, and plain 
radiographs. Where further confirmation is necessary, or where ana-
tomic delineation of the injury is necessary for operative planning, MRI 
is the study of choice (Fig. 74.34).

Treatment of complete patella or quadriceps tendon rupture requires 
surgery.

KNEE PAIN SYNDROMES
Fibromyalgia syndrome is most common in midlife but may be seen 
at all ages. Its symptoms may overlap with chronic fatigue syndrome. 
Symptoms include polymyalgias, polyarthralgias, non-restorative sleep, 
difficulty concentrating, and fatigue. Examination shows typical tender 
points, absence of joint swelling, and neurologic findings. Patients with 
fibromyalgia generally do not respond to salicylate or other anti- 
inflammatory medications. Reassurance, medications (especially tricy-
clic antidepressants), moderate exercise, and proper sleep are the 
mainstays of therapy (see Chapter 77).

Complex regional pain syndromes (CRPS) involve persistent pain, 
allodynia (pain evoked by light touch), and autonomic dysfunction. 
The two types of CRPS are classified based on absence or presence of 
overt nerve injury, respectively: CRPS type 1, reflex sympathetic dys-
trophy (RSD), and type 2, causalgia. RSD usually follows a relatively 
minor trauma, such as knee sprain, often as part of sports injuries.90 
There is a heavy female-to-male predilection, and 80% of cases involve 
the lower extremity. Treatment of RSD patients involves a multidisci-
plinary approach. A physiotherapy program is important to desensitize 
patients and help them overcome fear of touch and movement. Psy-
chological management is necessary, with continued reassurance for 
the patient. Pharmacotherapy treatments include anti-inflammatory 
agents, antidepressants, gabapentin, and nerve blocks.

two thirds of the meniscus, the treatment is arthroscopic partial men-
iscectomy (Fig. 74.33). For peripheral tears within the red vascular zone 
of the meniscus, repair by arthroscopic or open techniques may be 
attempted. Where there is a co-existent ACL rupture, meniscus repair 
in conjunction with ACL reconstruction is associated with improved 
results.89

Extensor mechanism injuries
The most common knee tendinous injury among elderly patients is 
rupture of the patellar or quadriceps tendon. Common mechanisms 
include a forward fall, in which the quadriceps muscles contract force-
fully and eccentrically against a flexed knee. This force, acting on an 
already degenerate patellar or quadriceps tendon, leads to tendon 
rupture. Patients present with acute anterior knee pain and inability 
actively to extend the knee. As noted earlier, the IT band may act as 
an accessory knee extensor when the knee is fully extended, so the 
ability to straight-leg raise does not exclude tendon rupture. A more 

Fig. 74.32 MR image of medial meniscus tear.

Fig. 74.33 Arthroscopic partial medial meniscectomy.

Fig. 74.34 MR image showing patellar tendon rupture.
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without an effusion or with a large body habitus. The capsule of the 
knee is large and extends several centimeters above the superior pole 
of the patella. Absent a knee effusion, this large cavity contains only 
a few milliliters of synovial fluid.

With the patient lying supine, the upper and lateral borders of the 
patella are palpated. The patella is pushed medially to widen the inter-
val between the lateral patellar border and the lateral femoral condyle. 
The decision to use preliminary local anesthetic depends on patient 
factors and practitioner experience, but in general, 2 mL of 1% lido-
caine injected at the aspiration site into the subcutaneous tissue using 
a 22-gauge needle enables injection or aspiration of fluid from the knee 
with minimal discomfort. A large-bore needle is inserted just lateral to 
the patella through the skin, lateral retinaculum, joint capsule, and 
into the knee joint. Once the needle tip is inside the joint, fluid should 
inject freely with little resistance. Aspiration of even a large effusion 
may be hindered if it consists mostly of coagulated blood, a loculated 
fluid collection, or many loose bodies. The appropriate dose of cortico-
steroid, 40 mg of methylprednisolone, is usually mixed with 2 to 3 mL 
of 1% lidocaine before injection.

The most reliable technique for knee injection or aspiration is 
lateral to the patella, as described earlier, or medial to the patella, after 
pushing the patella laterally. The medial approach may be favored in 
patients with chronic lateral patellar subluxation, where the lateral 
patellofemoral articulation may be degenerative and narrowed. Efforts 
to enter the knee joint through areas mimicking the medial and lateral 
arthroscopy portals with the knee in 90 degrees of flexion are com-
monly thwarted by the infrapatellar fat pad that lies behind the patel-
lofemoral joint and fits snugly against the condylar surface. Injection 
of corticosteroid into the fat pad may also exacerbate knee pain.

THE RELATIONSHIP OF  
INJURY TO DEGENERATION
Any injury that alters the alignment, stability, or osseous congruence 
of the knee joint will accelerate the development of degenerative 
(osteo-) arthrosis. Intra-articular fractures alter the loading pressures 
across hyaline cartilage, so anatomic reduction of the joint surface is 
essential. Metaphyseal fractures that alter the weight-bearing axis of 
the lower extremity also unbalance the forces across the knee, leading 
to excessive selective loading of one knee compartment.

Surgery can also lead to altered knee joint biomechanics. It is well 
recognized that total meniscectomy increases the risk of degenerative 
change.91 Jackson found a 21% incidence of degeneration after total 
meniscectomy compared with a 5% incidence on the contralateral 
side.92 Partial meniscectomy also increases load transmission across 
articular cartilage and thereby accelerates degenerative changes. Because 
of this, surgeons retain as much of the meniscus as possible to leave 
a “balanced” stable rim.

The role of ligamentous injury in accelerating degenerate changes 
in the knee is also well established. Instability associated with ACL-
deficient knees increases the likelihood of meniscus tears and early 
degenerative joint disease. Despite this, there is little evidence to 
suggest that surgical ACL reconstruction restores the knee to a normal 
timeline of degenerative change.93 ACL stabilization therefore can 
reduce symptoms of instability, allow return to athletics, and reduce 
the risk of consequential meniscal tears, but early knee arthrosis still 
occurs. One explanation for these findings is that the traumatic event 
causing the ACL rupture also injured the knee articular cartilage or 
subchondral bone sufficiently to accelerate cartilage degeneration.

ASPIRATION AND INJECTION OF THE KNEE
Although the knee is a large superficial joint, access to the joint cavity 
for aspiration or injection may be difficult, especially in patients 
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resonance imaging (MRI). A flexor retinaculum, the “roof” of the tarsal 
tunnel, encases the posterior medial tendons and is anchored from the 
medial malleolus to the calcaneus. Perhaps the most structurally criti-
cal of the medial tendons, the posterior tibial tendon provides support 
for a neutral heel position, prevents arch collapse secondary to gravity 
(the main result being the adult acquired flatfoot), provides critical 
pushoff during ambulation, and controls inversion of the subtalar joint 
through its insertion on the navicular.

On the posterior aspect of the ankle, the gastrocnemius and soleus 
tendon complex (Achilles tendon) inserts into the posterior surface of 
the calcaneus (Fig. 75.4). There is no specific tenosynovial sheath 
encasing the tendon, but it is surrounded by a paratenon as well as 
superficial and deep bursae. The deep, retrocalcaneal bursa is found 
between the Achilles tendon insertion and the posterior calcaneus and 
serves to decrease friction between the tendon and bone. The superfi-
cial bursa is the adventitial bursa, which is located between the skin 
and the paratenon to provide protection. The gastrocnemius/soleus 
complex through the Achilles tendon provides powerful plantarflexion, 
resistance to gravity during standing, transition from a seated position 
to upright, forward propulsion of the legs during gait, stair climbing, 
and jumping.

The movements of the ankle include dorsiflexion and plantarflexion 
with the axis of movement generated approximately between the  
tips of the malleoli. Normal passive range of motion of the ankle is  
15 to 25 degrees of dorsiflexion and 40 to 50 degrees of plantarflexion 
(Fig. 75.5).

Foot
The foot can be divided into three separate units: hindfoot, midfoot, 
forefoot. The bones of the hindfoot include the talus and calcaneus 
(Fig. 75.6). The articulations of the hindfoot include the subtalar (talus 
and calcaneus), talonavicular, and the calcaneocuboid joints. The sub-
talar joint provides hindfoot inversion and eversion and is assisted by 
the remaining hindfoot articulations. The normal passive motion of 
the hindfoot is 5 to 15 degrees of inversion and 20 to 35 degrees of 
eversion (Fig. 75.7). The motion of the hindfoot is guided by the pero-
neal tendons, allowing eversion, and the posterior tibial tendon and 
tibialis anterior tendons, which contribute to inversion. The gastroc-
nemius/soleus complex also contributes to hindfoot inversion.

The midfoot bones consist of the navicular, cuboid, and three cunei-
forms and functionally include the tarsometatarsal (TMT) joints (see 
Fig. 75.6). The motion of the midfoot is small relative to the hindfoot 
and ankle. These joints permit plantarflexion/dorsiflexion and rotation. 
They serve to decrease stresses during gait or impact loading. Their 
ability to perform fine adjustments to uneven terrain and transition 
forces generated at the forefoot through the midfoot into the transverse 
tarsal joints (talonavicular and calcaneo-cuboid) are useful for balance 
and fluid ambulation.

The forefoot extends from distal to the TMT joints and includes 
the metatarsals and phalanges (see Fig. 75.6). Each metatarsophalan-
geal (MTP) joint has its own synovium-lined capsule supported by 
medial and lateral collateral and plantar ligaments. Forefoot motion 
includes dorsiflexion and plantarflexion as well as pronation and supi-
nation as directed by the hindfoot. The first MTP joint accommodates 
70 to 80 degrees of dorsiflexion and 40 to 50 degrees of plantarflexion. 
The interphalangeal (IP) joints in the toes are hinge joints that allow 
strictly plantarflexion and dorsiflexion. There is only one IP joint in 
the great toe, whereas there are typically two in each of the other toes 
(proximal IP joint and distal IP joints). These joints are curled or plan-
tarflexed by the FHL and flexor digitorum longus (FDL) muscles 
through their plantar-based tendons and straightened through the 

The ankle and foot
Pamela G. Allen and Lew C. Schon

 Pain in the ankle and foot may arise from the bones and joints, 
periarticular soft tissues (cutaneous and subcutaneous tissues, 
plantar fascia, tendon sheaths, and bursae), nerve roots, and 
peripheral nerves or vascular structures or be referred from the 
lumbar spine or knee joint.

 Static disorders, due to inappropriate footwear, foot deformities, 
and/or weak intrinsic muscles, account for the vast majority of 
painful foot conditions.

 Precise diagnosis of ankle and foot pain requires a careful history, a 
thorough examination, and a few rationally selected diagnostic 
studies.

FUNCTIONAL ANATOMY
The foot and ankle are our interface between our musculoskeletal 
system and the earth’s surface. The numerous structures that make 
up this distal appendage synergistically are well suited for a vast array 
of weight-bearing and non–weight-bearing functions that involve move-
ment, stability, and force transmission. These functions include loco-
motion, balance, climbing, elevating, dancing, jumping, ascending and 
descending, kneeling, squatting, kicking, applying focal impact, operat-
ing pedals, shock absorption, and flexibility on uneven surfaces.

Ankle
The ankle is a hinge joint composed of the distal end of the tibia and 
fibula and the talar dome (Fig. 75.1). The talus, a bone whose total 
surface area is 75% covered with cartilage, is stabilized by the distal 
extensions of the fibula and the medial tibia, known as the lateral and 
medial malleolus. The strength of the ankle joint is augmented by the 
deltoid ligament medially and three ligaments laterally: the posterior 
talofibular, calcaneofibular, and anterior talofibular ligaments, which 
are often injured in ankle sprains. The less commonly strained syn-
desmotic ligaments stabilize the fibula to the tibia, permitting a few 
degrees of rotation and a few millimeters of translation. Extensor 
tendons cross the anterior aspect of the ankle extending from the 
anterior compartment of the leg distally to their insertion on the foot 
(Fig. 75.2). They are covered in a tenosynovial sheath for part of their 
course. These tendons include the tibialis anterior, extensor hallucis, 
extensor digitorum longus, and peroneus tertius from medial to lateral. 
The tendons are stabilized by a superior and an inferior retinaculum. 
Their main function is to dorsiflex the ankle and toes.

The peroneus longus and brevis are located in the lateral compart-
ment of the lower leg, and their tendons travel posterior to the fibular 
and lateral malleolus (see Fig. 75.2). They are found in a single teno-
synovial sheath. They are also stabilized by the superior and inferior 
retinacula. Their primary role is as invertors of the foot and ankle. 
They also function as plantarflexors.

Located on the medial side of the ankle posterior to the medial 
malleolus are tendons as well as the neurovascular bundle extending 
from the posterior compartment of the leg (Fig. 75.3). Hugging the 
medial malleolus, the posterior tibial tendon is the most medial and 
anterior, followed in the posterior direction by the flexor digitorum 
longus, posterior tibial artery/veins, posterior tibial nerve, and flexor 
hallucis longus (FHL). The low-lying muscle of the FHL is closely 
apposed to the posterior tibia, and its tendon runs in a tight sheath 
directly behind the talus and between the posterior lateral and posterior 
medial tubercles. The relationship is so close that often subtalar or 
ankle synovitis will track along the FHL tendon sheath on magnetic 
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THE BONES OF THE ANKLE

Fibula

Tibia

Distal tibiofibular
joint

Medial malleolus

Ankle joint

Lateral malleolus

Talus

Calcaneus

Fig. 75.1 The bones of the ankle: posterior view.

TENDONS AND TENDON SHEATHS OF THE ANTERIOR (EXTENSOR) AND PERONEAL
COMPARTMENTS OF THE ANKLE

Achilles tendon

Peroneus longus

Peroneus brevis

Common peroneal
tendon sheath

Lateral subcutaneous
malleolar bursa

Superior peroneal
retinaculum

Retrocalcaneal
bursa

Retroachilleal bursa

Inferior peroneal
retinaculum

Calcaneus

Tibialis anterior tendon and sheath

Extensor hallucis longus tendon and sheath

Superior extensor retinaculum

Extensor digitorum longus and peroneus
tertius tendons and sheath

Inferior extensor retinaculum

Peroneus tertius tendon

Fig. 75.2 Tendons and tendon sheaths of the 
anterior (extensor) and lateral (peroneal) 
compartments of the ankle.

extensor hallucis longus (EHL) and extensor digitorum longus (EDL) 
through their dorsally based tendons. The toes help with propriocep-
tion, balance, rising up on the ball of the foot during gait, and assisting 
with ascending/descending stairs.

CLINICAL EVALUATION
Physical examination
The physical examination of the foot and ankle should begin with a 
thorough visual inspection in the sitting and standing position. When 
evaluating from the front, attention should be directed to any varus or 
valgus deformity about the ankle and foot as well as the location of 
any swelling. Angular deformities of the great toe (hallux valgus or 

hallux varus) and lesser toes (deviated toes and claw/hammer toes) are 
also noted (Fig. 75.8). The side views will reveal arch height abnormali-
ties known as pes planus (flat) or cavus (high arch) and flexion or 
extension deformities of the toe joints (Fig. 75.9). The posterior view 
allows one to evaluate hindfoot varus (inversion) and valgus (eversion), 
forefoot/midfoot abduction (“too many toes sign”—indicative of poste-
rior tibial tendon dysfunction) and adduction, and Achilles tendon 
pathology (e.g., an enlarged retrocalcaneal bursae or thickened Achilles 
tendon). As the patient is visualized from all sides, skin abnormalities 
such as subcutaneous nodules, callus formation, ulcers, vascular com-
promise, skin irritation from shoe pressure, tophi, and psoriatic changes 
should be noted.

A gait analysis should be performed first without shoes, walking for 
a distance in the hallway. There are two phases of the gait cycle (stance 
and swing), which are further subdivided into four segments (heel-
strike, foot flat, toe-off, and swing). The stance phase extends from 
heel strike to toe off and consists of 60% of the cycle, which is the 
weight-bearing portion. The swing phase is from toe-off to heel-strike 
and forms 40% of the gait cycle. Ambulating with a painful limb leads 
to an antalgic gait in which the stance phase is shortened for the 
affected limb. Foot placement on the ground during ambulation should 
be viewed for dynamic changes in the foot structure, such as medial 
arch collapse, as well as avoiding contact with certain areas of the foot 
with the hard surface to prevent discomfort. Evaluation of the patient’s 
shoes to assess the wear patterns can also be instructive. Watching the 
patient walk in the shoes further elucidates pathologic mechanics and 
may lead to useful solutions with modification of the shoes and or 
addition of foot and ankle braces. Palpation of the ankle joint is per-
formed in slight plantarflexion and should be directed just distal to the 
tibia and medial to the tibialis anterior tendon as well as just anterior 
to the fibula on the lateral aspect of the ankle (Fig. 75.10). Effusions 
and synovial thickening can be palpated at these sites. More superficial 
central palpation will permit encounter with the extensor tendons 
traversing the ankle joint. Palpation posterior to the lateral malleolus 
will reveal the peroneal tendons. The posterior compartment tendons 
are located behind the medial malleolus, specifically the posterior tibi-
alis tendon. Pain with deep palpation over the course of the tendon, 
especially if the tendon is tensioned by the patient activation of the 
muscle, is often seen with tenosynovitis and tendinopathy. Distin-
guishing between tendon tenderness and joint tenderness can be dif-
ficult. If there is no extension of the tenderness beyond the zone of the 
joint, it is more commonly synovitis. Also with synovitis the antero-
medial and anterolateral corners of the joints are both tender.
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Rheumatoid nodules are firm and somewhat mobile and are located 
over bony prominences, particularly the metatarsal heads or heels. 
They are often inflamed and boggy, deforming on compression like a 
soft rubber ball (Fig. 75.11). Plantar fibromas, which occur within the 
plantar fascia, are firm like a “superball,” relatively immobile, and 
rarely inflamed.

Palpation of the forefoot should be performed in a medial to lateral 
progression. The first metatarsal is palpated along the shaft of the bone 
medially or dorsally, which can be significant for a metatarsal stress 
fracture. The first MTP joint is identified and palpated dorsally as well 
as plantarly, with specific attention paid to the fibular and tibial sesa-
moids under the first metatarsal head. The lesser rays should undergo 
similar examination. Discomfort with dorsal and plantar palpation at 
the MTP joints and signs of fullness of the joints may represent syno-
vitis. When chronic, the fullness is often accompanied by deviations 
of the MTP joints or hammer toe deformities. The fat pad under the 
metatarsal heads should be assessed for thinning consistent with 
atrophy of chronic disease and/or corticosteroid use. The fat pad may 
undergo distal migration in conjunction with MTP deformities, which 
leaves the metatarsal head vulnerable to pressure calluses, bursal or 
nodule formation, or ulceration. The IP joints should also be palpated 
for signs of synovitis and for bony prominences related to deformity 
that may impact shoe wear.

Palpation of the hindfoot will identify the calcaneus with the  
insertion of the Achilles tendon on the posterior aspect. Tenderness 
along the posterior aspect of the bone may indicate insertional Achilles 
tendinopathy or bursitis, whereas tenderness more proximal may  
be tendinopathy at the area where the Achilles tendon has a dimin-
ished blood supply 2 to 6 cm above the dorsal aspect of the calcaneus 
(the watershed area). Palpation on the plantar aspect of the calcaneus 
at the medial tubercle will evaluate the origin of the plantar fascia. 
Tenderness at this site may indicate plantar fasciitis. The subtalar joint 
is not directly palpable, but tenderness in the sinus tarsi region located 
laterally below the tip of the fibula and slightly anterior may indicate 
intra-articular pathology. Pain with compression of the medial and 
lateral aspects of the calcaneus may be a sign of a calcaneal stress 
fracture.

Along the dorsal surface of the foot, the articulations of the midfoot 
as well as the extensor tendons traveling to their sites of insertion can 
be palpated. Medial palpation reveals the navicular, and tenderness at 
this location may indicate insertional tendinopathy of the posterior 
tibial tendon or a symptomatic accessory navicular (an extra bone at 
the medial pole of the navicular). Tenderness along the plantar surface 
of the midfoot may reveal pathology within the plantar ligaments sup-
porting the arch such as the spring ligament or within the plantar fascia 
(see Fig. 75.4). Nodules may also be present on the sole of the foot. 

TENDONS AND TENDON SHEATHS OF THE MEDIAL COMPARTMENT OF THE ANKLE

Achilles tendon

Tibialis posterior
tendon and sheath

Flexor digitorum
longus tendon
and sheath

Medial malleolus
and medial
subcutaneous
malleolar bursa

Retroachilleal bursa

Retrocalcaneal bursa

Flexor retinaculum

Flexor hallucis
longus tendon
and sheath

Superior extensor retinaculum

Tibialis anterior tendon and sheath

Inferior extensor retinaculumFig. 75.3 Tendons and tendon sheaths of the 
medial (flexor) compartment of the ankle.

BURSAE AROUND THE ANKLE

 Achilles tendon

Retrocalcaneal
bursa

Retroachilleal
bursa

 Subcalcaneal
bursa

Medial (and lateral) subcutaneous
malleolar or ‘last’ bursa

Plantar aponeurosis (fascia)
Fig. 75.4 Anatomy of the plantar fascia, Achilles 
tendon, and related bursae.
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ANKLE JOINT: NORMAL RANGE OF DORSIFLEXION
AND PLANTARFLEXION

15–25�
0�

40–50�

Dorsiflexion

Plantarflexion

Fig. 75.5 Ankle joint: normal range of motion in dorsiflexion and 
plantarflexion.

THE BONES OF THE FOOT

Phalanges

Metatarsal

Cuneiform

Cuboid

Calcaneus

Phalanges

Metatarsal

Cuneiforms

Navicular

Talus

Forefoot
Midfoot
Hindfoot
Metatarsophalangeal joints
Tarsometatarsal joints
Midtarsal joint

Fig. 75.6 The bones of the foot divided into hindfoot, midfoot, forefoot: 
superior view.

30� 0�

Inversion

Midline 

0� 20�

Eversion

Range of movement

Inversion 30� Eversion 10–20�

Midline 

SUBTALAR JOINT: EXAMINATION AND RANGE OF MOVEMENTS

Fig. 75.7 Subtalar joint: normal range of motion in inversion and eversion.

Radiographic evaluation
As part of the full evaluation for a foot or ankle complaint, weight-
bearing radiographs of the affected area should be obtained. For a  
foot complaint, anteroposterior, oblique, and lateral views should be 
taken. If an ankle complaint is identified, then anteroposterior, mortise, 
and lateral views should be taken. Computed tomography (CT) is 
utilized when there is a need to evaluate the extent of arthritis at a 
particular joint and also the success of an intra-articular fusion.  
MRI is chosen when evaluation of soft tissues is necessary, such as in 
infection, tumor, tendinopathy, bursitis, ligament damage, or cartilage 
injury.

Diagnostic injections
The anatomy of the foot and ankle comprises many structures in a 
confined space. At times, it is difficult to isolate which articulation is 
symptomatic or whether multiple joints are involved. To help sort out 
these difficult situations, diagnostic/therapeutic injections can be per-
formed in the clinic. A combination of anesthetic and corticosteroid 
can be injected into a specific joint when the articulation is easily 
identified to evaluate symptomatic relief. For more challenging articu-
lations, an arthrogram can be performed using an anesthetic, cortico-
steroid, and contrast agent with fluoroscopy to guide the injection. 
Ultrasonography can also be beneficial. These injections will assist in 
better identification of the locus of a specific pain emanating from one 
joint and help to guide treatment decisions.
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Fig. 75.8 Hallux valgus. Anteroposterior view of the forefoot reveals severe 
lateral deviation of the proximal phalanx on the first metatarsal head, known 
as hallux valgus. The lesser toes show variable amounts of deviation owing to 
weight-bearing force changes and weakening of the restraining structures.

Fig. 75.9 Planovalgus foot deformity. Anterior view reveals the hindfoot in 
valgus, collapse of the midfoot, and abduction of the forefoot.

PALPATION OF THE ANKLE JOINT

Fig. 75.10 Palpation of the ankle joint at the distal aspect of the tibia medial 
to the tibialis anterior tendon and lateral to the extensor tendons.

Fig. 75.11 Rheumatoid nodules. View of the plantar surface of the foot in a 
rheumatoid patient with rheumatoid nodules along the first MTP, fifth MTP, 
and under the second metatarsal head.

DIFFERENTIAL DIAGNOSIS
Evaluation of a foot and ankle complaint should be approached from 
an anatomic perspective. Pain in the foot and ankle can stem from 
bone and joint pathology, soft tissue structures, or referred pain from 
local (e.g., neuromas) or more proximal (e.g., radiculopathies) nerve 
disorders. Peripheral vascular disease may also produce foot and ankle 
pain due to ischemia or venous insufficiency. A classification of painful 

foot and ankle disorders based on anatomic location is outlined in 
Table 75.1.

Ankle pain
In a study of rheumatologic patients, a minority had significant ankle 
pain but a much larger number identified it as a problem in daily life.1 
The patient may complain of decreased range of motion impacting 
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TABLE 75.1 DIFFERENTIAL DIAGNOSIS OF ANKLE AND FOOT PAIN

Anterior ankle Anterior impingement
Ankle arthritis/synovitis
Osteochondral defect/lesion (cartilage injury)
Loose body within the joint
Talar avascular necrosis
Talar stress fracture
Tenosynovitis of the EHL, EDL
Tibialis anterior ligament injury (sprain)
Deep (central) or superficial (anterolateral) peroneal 

nerve injury
Saphenous (anteromedial) nerve injury

Posterior ankle Os trigonum (accessory ossicle involving the 
posterior lateral tubercle of talus)

Retrocalcaneal bursitis
Achilles tendinopathy
Flexor hallucis longus (FHL) tendinopathy or stenosis

Posterolateral ankle Peroneal tendinopathy
Subfibular impingement due to flatfoot and 

impingement
Fibular stress fracture
Sural nerve injury
Lateral ligament injury (sprain)

Posteromedial ankle Posterior tibial tendinopathy
FDL/FHL tendinopathy
Tibial stress fracture
Medial malleolar stress fracture
Tarsal tunnel syndrome
Tibial nerve injury
Deltoid ligament injury

Heel Achilles insertional tendinopathy
Plantar fasciitis
Calcaneal stress fracture

Hindfoot Subtalar, talonavicular, or calcaneocuboid arthritis/
synovitis

Posterior tibial tendon dysfunction/tendinopathy 
(medial) or peroneal tendon dysfunction (lateral)

Occult fracture of talus, calcaneus cuboid, or 
navicular

Accessory navicular

Midfoot Insertional tendinopathy (peroneal, posterior tibial, 
tibialis anterior)

Arthritis/synovitis (navicular-cuneiform, cuneiform-
metatarsal, cuboid-metatarsal)

Forefoot: first ray, 
first MTP joint, 
hallux

Arthritis/synovitis MTP (hallux rigidus) and 
interphalangeal (IP) joints

Hallux valgus
Hallux varus
Sesamoiditis

Forefoot: second to 
fifth rays, MTP 
joints, lesser toes

Arthritis/synovitis (MTP, proximal and distal IP joints)
Lesser toe deformities (hammer and claw toes)
Metatarsalgia
MTP instability
MTP dislocations
Morton’s neuroma (interdigital neuralgia)
Stress fracture of the metatarsals
Bunionette (fifth metatarsal phalangeal deviation)
Rheumatoid nodules
Bursitis
Ulcers
Infections

Fig. 75.12 Anterior tibial spur. Osteophyte formation due to arthritis leads to 
impingement with dorsiflexion of the ankle.

Fig. 75.13 Diffuse ankle arthritis. Lateral view of the ankle reveals significant 
joint space narrowing of the tibiotalar joint with osteophyte formation along 
the anterior and posterior joint lines.

activities of daily living. Discomfort about the ankle is best approached 
by creating a differential diagnosis based on the anatomic location of 
the pain. Anterior ankle pain is often related to an intra-articular 
problem (synovitis, arthritis, osteochondral defects/lesions, loose 
bodies), which can often be palpable due to the superficial nature of 
the joint at this location. Arthritic changes within the ankle often lead 

to osteophyte formation on the anterior lip of the distal tibia and on 
the dorsal talar neck (Fig. 75.12). When this occurs, dorsiflexion of the 
ankle leads to impingement of the protruding surfaces, causing tender-
ness, warmth, and edema at the anterior ankle. The patient complains 
about difficulty with inclines or stair climbing. Diffuse ankle arthritis 
will also present as decreased range of motion, particularly dorsiflexion 
and anterior ankle pain (Fig. 75.13). Intra-articular pain can also be 
confused with tenosynovitis of the extensor compartment, most com-
monly the tibialis anterior tendon. Physical examination would reveal 
bogginess along the course of a painful tendon.

An injury to the cartilage such as an osteochondral defect, which 
can also extend to the subchondral bone, may present as anterior ankle 
pain (Fig. 75.14). Although this is usually seen in the sports setting 
with younger patients, ankle sprains or repetitive overuse can lead to 
this disorder. Distal tibia and talar stress fractures and talar avascular 
necrosis are also sources of anterior ankle pain and are often associated 
with inflammatory arthritis owing to the periarticular osteopenia (Fig. 
75.15). Progressive inflammatory arthropathy can lead to deformities 
of the foot and ankle, which predisposes the tibia and fibula to stress 
fractures based on the direction of alignment.2
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intrasubstance degeneration has been known as tendinosis. Currently 
the term tendinopathy is preferred. Tendinopathy can occur at the 
insertion of the Achilles on the posterior calcaneus and proximal to 
the insertion in the watershed area. Partial or complete rupture of the 
tendon can occur at either site of tendinopathy. Plain films often reveal 
calcifications within the tendon and spur formation along the posterior 
calcaneus (Fig. 75.16). The two bursae can also become inflamed, 
causing pain and swelling along the posterior aspect of the ankle. Ret-
rocalcaneal (deep) bursitis is usually associated with Achilles tendi-
nopathy and can be further aggravated by a large posterosuperior 
calcaneal process known as Haglund’s deformity. The superficial bursa 
posterior to the tendon can be irritated by shoe wear. Os trigonum, or 
the accessory ossicle off the posterior talus (the posterior lateral tuber-
cle of the talus), can also cause symptoms at the posterior ankle. With 
a symptomatic os trigonum, forcing the foot into plantarflexion will 
elicit an impingement type pain as the ossicle pinches between the 
tibia and the calcaneus. The tenderness with this condition is usually 
located laterally and is deep to the peroneal tendons. The FHL tendon 
can also cause symptoms in this location separate from or associated 
with an os trigonum. Flexion and extension of the hallux will isolate 
the FHL tendon. Palpation of the posteromedial aspect of the ankle is 
typically positive. A lateral radiograph of the ankle will reveal the pres-
ence of this accessory ossicle or a large protruding posterior trigonal 
process. The coexistence of the FHL tendinopathy and trigonal impinge-
ment leads to both findings.

Lateral ankle pain
Pain along the lateral aspect of the ankle in front of the fibula often 
reflects intra-articular pathology if it is located at the joint line. More 
distally based discomfort along the anterior fibula may reflect a liga-
mentous injury to the anterior talofibular ligament, often injured with 
inversion (sprain) injuries. The patient may also complain of feeling 
that the ankle is unstable, especially on uneven ground. An anterior 
drawer maneuver performed by stabilizing the distal leg with one hand 

Fig. 75.14 Osteochondral defect of the talus. Coronal MR image shows 
decreased signal intensity at the medial shoulder of the talus representing an 
injury to the cartilage and underlying subchondral bone.

Fig. 75.15 Avascular necrosis of the talus. Lateral radiograph of the ankle 
shows collapse of the talus and arthritic disease at the tibiotalar and subtalar 
joints.

Fig. 75.16 Posterior calcaneal spur at the insertion of the Achilles tendon seen 
in chronic Achilles tendinopathy.

Pain at the posterior aspect of the ankle is most commonly due to 
Achilles tendon pathology. There are several causes associated with the 
Achilles tendon that can cause discomfort. The tendon itself does not 
have a synovial lining, unlike the other tendons in the foot and ankle, 
and therefore the pain here is typical for tendinopathy. In the literature, 
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THE ANKLE JOINT: ANTERIOR DRAW SIGN (TEAR OF THE ANTERIOR
TALOFIBULAR LIGAMENT)

Fig. 75.17 The ankle joint anterior drawer test to assess ligamentous injury 
(anterior talofibular ligament) contributing to ankle instability.

and translating the talus anteriorly by pulling forward on the heel held 
by the other hand will allow assessment of the integrity of the liga-
ments (Fig. 75.17). When the talus slides anteriorly out of the joint, a 
complete tear of the ligaments is established. Tenderness, boggy edema, 
and warmth located directly over the fibula may indicate a fibular stress 
fracture. The peroneal tendons are located posterior to the fibula and 
are subject to tenosynovitis and tendinopathy, which can cause signifi-
cant pain in this region. Instability of these tendons can also cause 
discomfort as they “snap” anteriorly out of the fibular groove. With 
chronicity, this can lead to degeneration and tearing. Weakness of the 
peroneal tendons with lack of full eversion motion is consistent with 
a rupture. Chronic rupture of the peroneals will lead to a varus defor-
mity of the hindfoot and ankle.

Anteromedial ankle pain in front of the malleolus is usually articu-
lar in origin. Tenderness here over the tibialis anterior is distinguished 
by being more superficial than the deeper joint. The tendon should 
bow out tautly as it passes to the medial cuneiform where it inserts. 
Thickening and focal warmth are evident in addition to the weakness 
of dorsiflexion. In advanced cases, the patient will exhibit a footdrop 
during gait. This slapping gait may occur from tendon attenuation, 
rupture, radiculopathy, or common peroneal nerve compression, so a 
more thorough evaluation is warranted. Discomfort directly over the 
medial malleolus is worrisome for a stress fracture, whereas pain pos-
terior to the malleolus can stem from multiple sources. Tenosynovitis 
and degeneration of the tendons posterior to the medial malleolus are 
important causes of pain at this location. The posterior tibial tendon 
(PTT) is located closest to the malleolus and is the largest of the medial 
tendons. The normal function of this tendon is to invert the hindfoot 
while also supporting the longitudinal arch. A painful flatfoot can come 
from chronic inflammation and overuse of this powerful tendon. This 
is known as posterior tibial tendon dysfunction (PTTD) or the adult 
acquired flatfoot deformity (see Fig. 75.9). The neurovascular bundle, 
residing between the posteromedial flexor tendons, can be entrapped 
and cause symptoms posterior to the malleolus. Tinel’s sign may be 
present with paresthesias produced by percussion over the tibial nerve 
along its course into the sole of the foot. This finding is consistent 
with the diagnosis of a tarsal tunnel syndrome that can be caused by 
anything that decreases the volume within the tunnel (ganglion, tumor, 
ankle synovitis, flexor tenosynovitis, tendinopathy). In a study of rheu-
matoid disease by McGuigan and associates, 13.3% of patients had 
evidence of tarsal tunnel syndrome on examination.3

Hindfoot pain
Hindfoot involvement is found in 58% to 72% of chronic rheumatoid 
patients, but the hindfoot is rarely abnormal in early disease. Hindfoot 
pain is associated with involvement of the subtalar and midtarsal 
joints.4,5 Inflammation of these joints leads to changes in the integrity 
of the bone and capsules, particularly the subtalar and talonavicular 
joints.5-8 As these joints and the calcaneocuboid joint become unstable, 
pronation forces at the subtalar joint ultimately result in ligamentous 
incompetence and the development of a pes planovalgus. The talar 
head shifts medial and plantarly, and the calcaneus rotates laterally, 
creating a valgus deformity with loss of the longitudinal arch. This 
deformity leads to significant pain in the hindfoot, PTT, midfoot, and 
forefoot. An Achilles tendon contracture may be observed in long-
standing deformity. The role of the PTT in the pathophysiology of 
acquired pes planovalgus deformity is controversial because the defor-
mity is similar to that seen in non-rheumatoid PTTD.9 A study by 
Keenan and coworkers compared quantitated electromyographic values 
in valgus deformity versus no deformity in rheumatoid patients and 
found that only patients with deformity had increased activity in the 
PTT. This increased activity represents the PTT working harder to 
maintain inversion and the longitudinal arch.5 PTTD likely occurs 
after tenosynovitis and overworking to save the normal foot structure 
that failed secondary to instability of the hindfoot. Our observation 
clinically is that there is hindfoot synovitis with or without subtle 
posterior tibial tendon attenuation, which leads to ligamentous failure 
involving the spring ligament, deltoid, talonavicular capsule, interos-
seous, and cervical (talocalcaneal) ligaments. These findings are con-
firmed at times by MRI and observed during surgery. More study on 
this issue is warranted.

Midfoot pain
Arthritic change at the TMT joints is often the main cause of pain in 
the midfoot (Fig. 75.18). The most common location within the 
midfoot is the first TMT joint, which causes pain on the medial 
column of the foot and along the first ray. The first TMT joint can 
also become unstable, like the hindfoot, leading to excessive load on 
the neighboring metatarsals and joints. The naviculocuneiform and 
first TMT joints contribute to the acquired pes planovalgus deformity 
by flattening of the longitudinal arch and abduction of the foot seen 
on a radiograph as midfoot sag. If there is primary failure of the TMT 
or the naviculocuneiform, the arch height drops, causing a pes planus 
without the valgus of the hindfoot.10 Interestingly, the lateral TMT 
joints are less symptomatic unless the medial joints begin to create a 
plantar medial prominence or rocker-bottom deformity. Occasionally 
the naviculocuneiform joints will collapse, and this is associated with 
lateral TMT instability, which manifests as a plantar lateral promi-
nence or lateral rocker-bottom deformity.11 Other causes for midfoot 
pain along the medial column include an accessory navicular, inser-
tional posterior tibial tendinopathy, and tibialis anterior tendinopathy. 
Dorsal and lateral midfoot pain is often related to extensor tenosyno-
vitis, and peroneal tendinopathy can occur at the insertion of the 
tendon on the fifth metatarsal.

Forefoot pain
Ninety percent of adults with chronic rheumatoid disease have forefoot 
pathology leading to pain and deformity.4 Evaluation of the hallux in 
patients with and without rheumatoid arthritis can reveal a bunion 
(the prominent medial eminence of the progressively exposed metatar-
sal head) or hallux valgus deformity. In patients with rheumatoid 
arthritis the incidence of hallux valgus has been quoted to be between 
60% and 90%, and the rate increases with the chronicity of the disease.1 
A painful rheumatoid hallux valgus may require more aggressive surgi-
cal reconstruction due to the loss of soft tissue integrity around the 
joint and its secondary effects on the lesser MTPs and toes. These 
structures will sublux, dislocate, or develop severe erosions as they are 
subjected to more load from the failure of the first MTP. A painful first 
MTP joint without the deformity can be due to degenerative arthritis 
called hallux rigidus (Fig. 75.19). The patient will have decreased 
range of motion that is painful at the extremes of dorsiflexion and 
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plantarflexion. Dorsally, there are large osteophytes that are visible and 
palpable. These painful prominences will cause the skin to be irritated 
as they rub against the inside of the toe box of the shoe. Other sources 
of pain around the hallux include a metatarsal stress fracture and 
osteonecrosis of the first metatarsal head. Sesamoiditis associated with 
plantar pain underneath the first MTP joint occurs in osteoarthritis, 
rheumatoid arthritis, and gouty arthritis.

Involvement of the lesser toes in rheumatologic disease is seen in 
more than 90% of patients with chronic disease. The basic pathophysi-
ology of forefoot pain and deformity in the setting of inflammatory 
arthritis begins with synovial inflammation leading to distention of  
the MTP capsules. As chronic distention occurs, the collateral liga-
ments and capsule integrity fail. The loss of structural support with 
continued ambulation leads to MTP dorsal subluxation with distal 
migration of the fat pad, leaving the metatarsal heads uncovered. 

a

b

Fig. 75.18 Midfoot arthritis. (a) Anteroposterior view of the midfoot reveals arthritic changes at the tarsometatarsal joints. (b) Lateral view of the 
foot shows joint space narrowing of the tarsometatarsal joints. Midfoot collapse is noted due to the degenerative changes.

Fig. 75.19 Hallux rigidus. Lateral view of the foot reveals advanced disease of 
the first MTP joint with narrowing of the joint space and dorsal osteophytes.

Continued ambulation leads to painful plantar keratotic lesions under 
the metatarsal heads and may result in ulcerations. The intrinsic and 
extrinsic muscle groups become unbalanced with the dorsal sublux-
ation, and a hammer toe (hyperextended MTP joint, hyperflexed proxi-
mal IP joint) and/or claw toe (adding a hyperflexed distal IP joint) (Fig. 
75.20) result. Usually lateral instability is noted with the lesser toes 
deviating and is greatly influenced by medial pressure from a hallux 
valgus deformity. Within the first 1 to 3 years of rheumatoid arthritis, 
65% of patients will have MTP synovitis.1 In chronic rheumatoid 
arthritis, two thirds of patients will experience subluxation or disloca-
tion of the lesser MTP joints.10 Patients will complain that they can 
no longer walk barefoot because of the prominent metatarsal heads 
with keratoses, yet wearing shoes is difficult because of the lesser MTP 
subluxation and resultant hammer toe, which exhibits signs of painful 
wear from the dorsum of the shoe. Gait becomes unstable owing to 
the loss of the normal tripod structure of the foot weight-bearing 
surface. It is important to pay attention to the hindfoot when evaluat-
ing the forefoot. Disease in the hindfoot, as discussed earlier, can lead 
to progressive changes in the forefoot due to redistribution of the 
weight-bearing forces.12 In this situation, the hindfoot will need to be 
addressed or correction of the forefoot will fail. In general with the 
advent of disease-modifying medications and earlier conservative treat-
ment (thicker less-flexible soled shoes with higher wider toe boxes) the 
incidence of the forefoot deformities from all the arthropathies has 
dramatically been reduced.

There are other causes of forefoot pain without concomitant defor-
mity. Metatarsalgia, or pain on the plantar surface of the foot under 
the metatarsal heads, can occur with long second metatarsal, hammer 
toes, Achilles tendon tightness causing forefoot load, and fat pad 
atrophy seen in inflammatory arthritis and with age. A shooting pain 
into the lesser toes associated with burning and numbness may be 
associated with Morton’s neuroma. Morton’s neuroma often results 
from entrapment of the digital nerve in the web space under the inter-
metatarsal ligament, which leads to perineural fibrosis and compres-
sion. It typically occurs in the third web space. An anesthetic injection 
can often be diagnostic if the symptoms improve after injection. Pain 
at the fifth MTP joint with an associated angular deformity is known 
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likely play a larger role than it has previously in the care of patients 
with inflammatory arthritis. The treating physician will need to evalu-
ate the functional demands of the patient and the anticipated severity 
of the disease. By approaching a treatment plan in this manner and 
involving a pedorthist early, the progression of foot and ankle deformity 
can be predicted and a plan can be created for prevention of further 
problems.1,6

When planning treatment of foot and ankle problems in patients 
with inflammatory arthritis, the increased rate of complications must 
be considered. The risk of complications increases with severity of the 
systemic disease, types of medications, and magnitude of deformities. 
Non-steroidal anti-inflammatory drugs, corticosteroids, and disease-
modifying anti-rheumatic drugs such as methotrexate and the biologic 
response modifiers have had an important impact on improving quality 
of life, but the side-effects can influence surgical decision-making and 
outcome. Increased rate of infection, wound complications, non-union, 
and implant failure are a few common complications related to the 
disease and medications. One study found that more than 12.5 mg of 
prednisone increased the risk of complication with ankle fusions used 
to treat end-stage arthritis.15

Ankle
Conservative management plays a significant role in the treatment of 
symptoms around the ankle. Shoe wear adjustments such as adding a 
rocker bottom to the sole of the shoe help decrease the motion required 
of the ankle for normal gait. Over-the-counter ankle braces may be 
useful in early disease with synovitis. As symptoms increase, custom 
bracing such as a plastic or composite (leather and plastic) ankle-foot 
orthosis (AFO) can provide stability to the ankle joint and minimize 
motion through the tibiotalar and subtalar joints. Prudent use of intra-
articular corticosteroids and anesthetic agents can be used to alleviate 
symptoms in painful joints but should be avoided in and around 
tendons because it can alter the biomechanical properties of the tendon, 

as a bunionette. Plantar and lateral skin irritation or hyperkeratosis 
may be present, as well as a palpable bursa. Dorsal metatarsal neck 
and shaft pain with edema is often indicative of a stress fracture. It 
can be associated with a recent increase in activity in patients with 
inflammatory arthritides and osteoporosis. Radiograph findings can be 
subtle (Fig. 75.21). Bone scintigraphy, CT, or MRI may be needed for 
further investigation.

Heel pain
There are several causes of heel pain, one of which was discussed previ-
ously in the ankle section—Achilles tendinopathy. Plantar fasciitis is 
a common cause of heel pain seen in both rheumatologic and non-
rheumatologic patients. It is caused by repetitive microtrauma to the 
plantar fascia at its origin on the medial calcaneal tuberosity and along 
its course through the arch. The patient will describe pain that is typi-
cally worse when first getting up in the morning and when attempting 
to ambulate after a period of rest. This pain can be associated with 
Achilles tightness (thus the often effective treatment with Achilles 
stretching and night splints). A calcaneal stress fracture can present as 
diffuse heel pain that is worsened with activity. On examination, the 
heel should be compressed medially and laterally at the same time to 
try to illicit pain; this is known as a positive “squeeze test.” The medial 
or lateral calcaneal wall tenderness found with stress fractures is 
uncommon in plantar fasciitis. Further radiologic workup with an 
MRI, CT, or bone scintigraphy is helpful to confirm the diagnosis.

TREATMENT
The goals of treatment should include pain relief, prevention of defor-
mity and loss of function, and correction of deformity. Grondal and 
colleagues evaluated the effects of new medications on the treatment 
of rheumatoid disease and found that patients complained of 3 affected 
joints versus 13 joints in the 1990s.13 It was believed that the total 
number of surgical procedures in the rheumatoid patient for foot and 
ankle correction is decreasing secondary to new medication regimens.14 
These studies emphasize the point that conservative management will 

Fig. 75.20 Lesser toe deformities. Dorsal view of the forefoot reveals 
hammertoe deformity of the lesser toes, most severe at the second and third 
toes.

Fig. 75.21 Metatarsal stress fracture. Anteroposterior radiograph of the foot 
reveals a hallux valgus deformity of the first MTP joint and second and third 
metatarsal stress fractures at different stages of healing.
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tendon. Treatment of tarsal tunnel syndrome after failed immobiliza-
tion may benefit from surgical decompression of the tibial nerve.

Hindfoot
Pain in the hindfoot and flexible mild valgus deformity of the heel can 
be treated non-operatively with shoe modification or bracing. A custom 
full-length orthotic can be created with a medial heel posting. As the 
valgus progresses but remains flexible, a University of California Bio-
mechanics Laboratory (UCBL) insert can help in maintaining the posi-
tion of the foot.16 A stirrup brace is designed to treat a collapsed foot 
from PTTD. The brace not only has medial and lateral vertical struts 
but also has a strap that runs from underneath the arch to the vertical 
upright to support the midfoot and an inflatable adjustable pneumatic 
chamber to further lift the arch. As deformity and pain progress, more 
aggressive bracing may be needed, such as a rigid custom AFO, to 
prevent any instability.

The goal of surgery in the hindfoot is to create a plantigrade foot 
with the heel in 5 degrees of valgus.2 Before the advancement of 
medical management in rheumatoid disease, arthrodesis was the main-
stay to correct hindfoot deformity. The approach to surgical treatment 
has become more focused on joint preservation, using osteotomies to 
correct the deformity around the joint rather than fusing the joint. 
Calcaneal osteotomy is an excellent example of a corrective osteotomy 
to bring the heel out of excessive valgus by sliding the bone cut and 
fixing it with screws in a stable position. An osteotomy through the 
medial cuneiform can help correct midfoot collapse and forefoot prona-
tion using a bone graft wedge. In addition, transferring the FDL tendon 
to the navicular can re-create the inversion force of the diseased PTT. 
Joint preservation works only if the joints are relatively disease free 
before surgery. When arthritic changes have occurred at the subtalar, 
talonavicular, or calcaneocuboid joints in the setting of a hindfoot 
deformity, a single, double, or triple arthrodesis should be considered 
(Fig. 75.23).16

Midfoot
The approach to midfoot symptoms is similar to what has been  
discussed previously. In an acute flare, immobilization, an anti- 
inflammatory, and limited weight bearing should be attempted first. 
In more chronic cases with arthritic changes in the midfoot, a rocker-
bottom shoe will provide relief by decreasing compressive forces across 
midfoot joints. Custom orthotics or over-the-counter bracing can also 
assist when the deformity is flexible.

Arthritis in the midfoot can cause symptomatic spurring that affects 
shoe wear. If there is minimal joint change, a cheilectomy (osteophyte 
excision) may be performed. For degenerative midfoot joints, surgical 
treatment of midfoot arthritis is arthrodesis of the affected joints  
(Fig. 75.24). Most commonly, the medial joints are involved (navicu-
locuneiform, first to third TMT joints) and disease in the lateral TMT 
joints often remains asymptomatic. Fusion of the lateral joints  
should be avoided because they are important in accommodating foot 
contact with the ground. In advanced deformities a rocker-bottom 
reconstruction is warranted with use of plantar plating and possible 
transpedal osteotomies.11

leading to tearing or rupture. Tendon pathology around the ankle 
should be treated with immobilization and an anti-inflammatory agent 
initially. As symptoms improve, athletic braces can be used to support 
the tendon as activity is increased. Physical therapy also plays a role 
in non-operative management by maintaining range of motion and 
maintaining strength.16 Extracorporeal shock wave treatment has been 
studied for tendinopathy and found to be helpful.17 Its role in specific 
rheumatologic diseases is still being assessed. The role of platelet-rich 
plasma injections from either peripheral blood or bone marrow aspira-
tion for diseased but not ruptured ligament or tendons is under study. 
Preliminary research indicates that the growth factors within the plate-
lets have beneficial effect on collagen production, fibroblast prolifera-
tion, and tenocyte function.

Surgical options after failure of conservative management in the 
ankle are based on the severity of the disease and the level of function 
of the patient. Chronic synovitis with minimal radiographic changes 
may be treated with arthroscopic synovectomy. Anterior osteophytes 
causing impingement with dorsiflexion can be resected to improve 
range of motion. As intra-articular pathology progresses, surgical 
options become more aggressive. Ankle fusion (arthrodesis) is the 
standard surgical treatment of refractory end-stage ankle arthritis (Fig. 
75.22).2 It is an effective method of treating the painful rheumatoid 
ankle but, as discussed previously, the morbidity rate is high. Another 
surgical option for end-stage arthritis gaining popularity is total-ankle 
arthroplasty (replacement). The advantage of arthroplasty over arthro-
desis is preservation of motion, but this method is limited by technical 
challenges, bone quality to prevent migration of the prosthesis, and the 
amount of bone resected, which can limit revision procedures if failure 
occurs.16

Tendon pathology can also be resistant to non-operative care. MRI 
should be performed to better evaluate tendon integrity. Isolated teno-
synovitis without degenerative changes can be treated with a tenosyno-
vectomy. As degeneration occurs, reconstruction with allograft or a 
tendon transfer can be performed with resection or débridement/repair 
of the diseased tendon, as with PTTD and peroneal tendon tears. After 
failed extended immobilization, Achilles tendinopathy may require 
débridement with resection of Haglund’s deformity of the calcaneus 
and possible FHL tendon transfer to augment the remaining Achilles 

Fig. 75.22 Ankle fusion. Fusion of the tibiotalar joint for severe arthritic disease.

Fig. 75.23 Triple arthrodesis. Fusion of the subtalar, talonavicular, and 
calcaneocuboid joints.
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Surgical reconstruction of the lesser toes is performed to realign the 
MTP joints, relocate the plantar fat pad, and improve footwear options. 
The more traditional surgery in the forefoot has been metatarsal  
head excision of the second through fifth metatarsals in a gentle 
cascade of decreasing length to address the MTP joint pathology.18 
Recently, shortening osteotomies of the lesser metatarsals (second, 
third, and sometimes fourth) called Weil osteotomies are gaining popu-
larity over resection of the metatarsal heads. Hammer toes and claw 
toes are best addressed by fusion of the proximal IP joint with tempo-
rary pinning of the lesser toes (see Fig. 75.25).18 Amputation of a single 
symptomatic hammer toe is another option for patients with signifi-
cant co-morbidities.

Heel
Plantar fasciitis is a frustrating problem for patients because of pain 
and prolonged recovery. Achilles stretches, plantar fascia massage, heel 
cups, an anti-inflammatory agent, and night splinting to hold the foot 
in a plantigrade position are all reasonable methods that can be com-
bined to treat this problem. The patient should be reassured that it 
can take several months for the symptoms to improve but that the 
condition can recur. A calcaneal stress fracture should be treated with 
immobilization and restricted weight bearing. One or two corticoste-
roid shots administered at the plantar fascia origin can be helpful. 
Extracorporeal shock wave treatment and/or platelet-rich plasma injec-
tions have been found by the authors to be helpful for resistant cases.

Forefoot
Footwear alterations are the mainstay in non-operative management 
of forefoot pathology. For metatarsalgia and painful keratoses, a meta-
tarsal pad can be placed proximal to the metatarsal heads or specific 
cutouts can be made in a custom orthotic under the affected area to 
provide relief. A Plastazote or viscoelastic insole may be helpful with 
fat pad atrophy but should be replaced every 3 months.2 In mild to 
moderate disease, a broad, soft-soled shoe should be sufficient. As the 
disease progresses, a custom extra-depth shoe may be necessary to 
prevent dorsal wear on the lesser toes and medial wear due to the 
hallux valgus deformity. Often, a combination of all these modifica-
tions is used as the disease progresses. Physical therapy is also of 
assistance early in the disease with heel cord stretching, MTP motion, 
and intrinsic muscle strengthening. Caution should be used with intra-
articular steroid injections because joint laxity can be worsened.

Fixed deformities and severe pain resistant to non-operative care 
require surgical intervention. In hallux deformity, the major conse-
quence is the shift of the weight-bearing force laterally to the lesser 
metatarsal heads. The goal of surgical treatment is to regain weight-
bearing function of the great toe. In mild disease with good soft tissue 
and flexible deformity, joint preservation with a corrective osteotomy 
of the first metatarsal can be performed to correct the valgus deformity. 
As the disease advances, arthrodesis of the first MTP joint is necessary 
to eliminate pain and prevent recurrence (Fig. 75.25). Arthroplasty of 
the first MTP joint using a metal or plastic implant is controversial. 
Some investigators have reported excellent results, whereas others have 
had significant complications such as pain, recurrence, metatarsalgia, 
synovitis, and osteolysis.18 Arthrodesis of the first MTP is the current 
treatment of choice.

Fig. 75.24 Midfoot fusion. Anteroposterior radiograph reveals tarsometatarsal 
joint fusions to correct arthritic pain and deformity.

Fig. 75.25 First metatarsophalangeal joint fusion and lesser toe correction. 
Anteroposterior radiograph reveals fusion of the first MTP joint, shortening 
osteotomies of the second through fourth toes, PIP fusion of the third toe, and 
resection arthroplasty of the fifth toe.
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the mandible. The temporalis muscle plays a major role in the limita-
tion of joint loading, and the lateral pterygoid muscle helps to stabilize 
each joint by controlling both the meniscus (upper head of the lateral 
pterygoid) and the condylar position (lower head of the lateral pterygoid 
muscle).

Mouth opening involves an initial hinge (rotation) in the lower jaw 
space to some 24 mm. On wider opening, the movement is a forward 
translation in the upper joint space as the condyle moves down the 
articular eminence to open 34 to 44 mm (Fig. 76.4). In normal active 
opening there is a combination of hinge and translation movements. 
Functional problems usually affect the translating movement as the 
meniscus is displaced anteriorly; internal derangement such as a closed 
lock with limited opening and a stretching of the bilaminar zone is 
shown in Figure 76.1.

The meniscus is composed of avascular fibrous tissue and cartilage. 
There is an anterior thick band and a thicker and larger posterior band, 
the narrowest area of the meniscus being between the condyle and the 
posterior surface of the articular eminence.

Anteriorly, the meniscus is attached to the condyle and the upper 
head of the lateral pterygoid muscle. Posteriorly, the meniscus does 
not normally articulate and is attached to the bilaminar zone. In the 
bilaminar zone posteriorly, the superior surface is mostly composed of 
elastic tissue with vessels and nerves, the inferior portion being carti-
laginous. The TMJ is innervated by the auriculotemporal nerve and 
also small components from the posterior deep temporal and masse-
teric nerves. The capsule, lateral ligament, and posterior fat pads are 
innervated. However, the central part of the meniscus and the synovium 
do not appear to be innervated, an important consideration when 
diagnosing pain related to the joint.

There is much controversy as to whether the joint is load bearing. 
It is mostly non–load bearing but appears to be load bearing in some 
instances. This may be important in parafunction and a cause of pain. 
The aim of conservative management of the joint is to reduce joint 
loading and keep the meniscus in the correct relationship to the 
condyle.

Physical examination
The findings on physical examination must be carefully recorded, 
because this is not only helpful in reaching a diagnosis and the formu-
lation of a treatment plan but also invaluable in the monitoring of 
treatment success.2 The physical examination of the joint and associ-
ated structures may reproduce the symptoms.

General examination
On examination, look for any visible swelling. Palpation of the joint 
may reveal tenderness overlying the joint. A finger is placed in both 
external auditory meatus and the patient is asked to open, close, and 
protrude the mandible (Fig. 76.5). Clicking or joint noises during these 
movements should be noted, along with any deviation of movement. 
Biting on a wooden spatula, either unilaterally or bilaterally, may stop 
the click or relieve the pain. Auscultation of the joint may confirm any 
clicking. The ear should be examined with an otoscope, if indicated.

Muscles
The following muscles should then be examined:

● The masseter can be palpated bilaterally, with the fingers over the 
angle of the mandible (Fig. 76.6). Tenderness may be detected at 
rest or when the jaw is clenched. In addition, a gloved finger may 
be placed inside the mouth to bimanually palpate the muscle at 
rest or under tension (Fig. 76.7). Differences may be detected 
between the two sides.

The temporomandibular joint
David M. Adlam

 The temporomandibular joint (TMJ) is a synovial joint with a 
meniscus and lined by connective tissue, not hyaline cartilage.

 TMJ pain is common, usually presenting as a functional and 
self-limiting disorder with pain in the masticatory muscles.

 The diagnosis of TMJ pain can usually be made from the history 
and physical examination. The specific and generalized joint 
diseases require plain radiographs, computed tomography, 
magnetic resonance imaging, and hematologic investigations.

CLASSIFICATION
The temporomandibular joint (TMJ) disorders are a group of condi-
tions often with overlapping signs, symptoms, and etiology. TMJ pain 
is a subgroup of craniofacial pain problems. There is no simple clas-
sification, but the major clinical subgroups are as follows1-5:

1. Myofascial pain disorder (MPD) is the most common disorder 
and was previously called temporomandibular pain dysfunction 
syndrome, facial arthromyalgia, and originally Costen’s syn-
drome. It also has some features of fibromyalgia (see Chapter 
77). The characteristics are pain in the masticatory muscles 
often with neck shoulder and back pain. Jaw dysfunction with 
limited movements, joint noises, and a jaw swing to the affected 
side may occur. Headaches, depression, somatization, psychoso-
cial factors, and chronic pain syndrome are all features of this 
multifactorial condition. Precipitating factors include trauma, 
wisdom tooth removal, and a bruxism habit.

2. TMJ internal derangement. Displacement of the meniscus is 
anterior and medial and may be reducible or irreducible (closed 
lock) (Fig. 76.1). There is limited mouth opening. Meniscal 
displacement may be the end result of chronic muscle 
dysfunction.

3. Joint disease. Inflammatory conditions include rheumatoid 
arthritis and psoriatic arthritis and non-inflammatory condi-
tions, including osteoarthritis.

4. Specific TMJ disease. Congenital and developmental conditions 
include hemifacial microsomia and condylar hyperplasia. Other 
specific conditions are fracture, dislocation, infection, ankylosis, 
joint mobility problems, and neoplasia.

Identifying the subgroup and the specific cause can be difficult but 
important in treatment planning.

FUNCTIONAL ANATOMY
Each TMJ is formed from membranous bone from the first branchial 
arch and cranium. The craniomandibular articulation is a synovial 
joint with an intracapsular meniscus dividing the joint into upper and 
lower joint compartments (Fig. 76.2).6 The articulating joint surfaces 
are unusual in that they are lined by fibrous connective tissue and not 
by hyaline cartilage.

The TMJs are unique in that, first, they are the only joints for which 
the movement is limited and guided by the dental occlusion, and, 
second, the mandible connects the two joints, which can only move 
in unison; one joint cannot move alone. Each joint is supported later-
ally by the temporomandibular ligament and medially by the spheno-
mandibular ligament (Fig. 76.3). The main muscles of mastication—the 
masseter, temporalis, and medial and lateral pterygoid muscles—are 
the primary muscles moving these joints. They allow opening and 
closing of the mouth as well as lateral and protrusive movements of 
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TEMPOROMANDIBULAR JOINT – LIMITED MOUTH OPENING

Fig. 76.1 Limited opening of the temporomandibular joint showing anterior 
displacement of the meniscus (internal derangement).
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Fig. 76.2 Anatomy of the temporomandibular joint in the closed position 
(sagittal section).
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Fig. 76.3 Anatomy of the temporomandibular joint (coronal section).
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Fig. 76.4 The temporomandibular joint in the open position.

Fig. 76.5 Extraoral examination. Fig. 76.6 Bilateral palpation of masseters.
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equidistant from the midline. This can be measured by asking the 
patient to move the jaw from side to side, with the teeth held lightly 
together. Lateral movement is normally in the region of 10 mm to each 
side.

A simple examination of the teeth and occlusion is helpful, noting 
any carious teeth, premature contacts, restorations, and dentures. The 
attrition of the teeth may be an indication of a grinding habit. Cheek 
biting and scalloping of the lateral border of the tongue as a result of 
pressure against the teeth are often seen in bruxism.

MYOFASCIAL PAIN DISORDER
Epidemiology
TMJ disorders are common but not always reported by the patient.2 
Surveys suggest that physical signs of TMJ disorders are very frequent 
in the population, with a prevalence of 50% to 75%. The prevalence of 
symptomatic disorder is lower, at 20% to 25%, but only 3% to 4% seek 
treatment. The overall prevalence of symptoms in both sexes is similar, 
although there is a fivefold excess of females among those who present 
for treatment.

Clinical features
History
The first consultation is particularly important, not only to establish 
a thorough history and physical examination but also to gain a good 
rapport with the patient. It has been shown that a good doctor-patient 

● The temporalis muscle covers a wide area over the temple. The 
entire area of the muscle should be palpated with the jaw relaxed 
and then clenched (Fig. 76.8). The patient may help to locate the 
area of tenderness.

● The medial pterygoid is difficult to examine because it lies medial 
to the ramus of the mandible. The posterior border may be pal-
pated extraorally by placing the fingers around the posterior 
border of the ramus of the mandible. It can also be examined 
intraorally by placing a finger on the medial ramus of the man-
dible (Fig. 76.9), but this often produces a gag reflex, making 
interpretation difficult.

● The lateral pterygoid may be examined by standing behind the 
patient and placing the palm of the hand over the chin. The 
patient is then asked to open the mouth gently, against resistance 
(Fig. 76.10) and to move the jaw laterally. The muscle can also 
be palpated intraorally in a cooperative patient. In addition, the 
muscles of the neck and shoulder may require examination.

Intraoral examination
The movement of the jaw can be measured actively, with the patient 
opening the mouth, or passively, with the jaw being manipulated by 
the examiner. The degrees of opening and deviation are recorded for 
subsequent monitoring of treatment. The interincisor opening is nor-
mally 34 to 44 mm. Opening of less than 20 mm indicates a closed 
lock.

Active protrusion of the mandible should be measured; this is nor-
mally up to 10 mm. Lateral movements of the mandible should be 

Fig. 76.7 Bimanual palpation of masseter.

Fig. 76.8 Palpation of temporalis.

Fig. 76.9 Intraoral examination of medial pterygoid.

Fig. 76.10 Examination of lateral pterygoid.
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Investigations
Investigations of MPD may be divided into those aiming to examine 
a cause outside the joint complex and those specific to the TMJ. Labo-
ratory investigation is not indicated in internal derangement or osteo-
arthritis but is helpful in systemic disease and rheumatoid arthritis. A 
number of imaging modalities are available. A plain radiograph may 
reveal gross bone and/or dental pathology. An orthopantogram is useful 
to screen the teeth and jaws but should be interpreted with caution. 
Either conventional tomograms or computed tomography (CT) may be 
useful in detecting either osteoarthritis or ankylosis, although, for the 
latter, CT with three-dimensional reconstruction is the most helpful.

Magnetic resonance imaging (MRI), and now dynamic MRI, is the 
investigation of choice for the accurate assessment of position of the 
meniscus in the joint to make a diagnosis of internal derangement. 
The availability of this technique has replaced arthrography and diag-
nostic arthroscopy. Arthroscopy of the TMJ may be combined with 
arthrocentesis and may have a place in diagnosis and treatment with 
lysis of adhesions.5

Electromyographic studies of masticatory muscles can show abnor-
mal muscle activity but have a research rather than a clinical applica-
tion. There is no specific test or investigation to confirm a diagnosis 
of MPD, which is a clinical diagnosis.

Differential diagnosis
Facial pain is frequently complex and from more than one source. The 
causes of facial pain are varied, some being very specific, such as giant 
cell arteritis and trigeminal neuralgia, others less so, such as MPD. 
Indeed, two types of facial pain, such as MPD and atypical facial pain, 
may coexist.

The following should be considered in the differential diagnosis of 
facial pain and MPD.

Atypical facial pain
This is a dull aching pain or, occasionally, a sharp pain, most com-
monly felt over the cheeks. It affects the non-muscular parts of the face 
and may occur unilaterally or bilaterally. It is chronic, with no provok-
ing or relieving factors. Analgesia has little effect. The pain may be 
worse at times of stress. A history of otolaryngologic and dental treat-
ment is often given, with no subsequent relief from the pain. Anxiety 
and depression are often associated. Management is non-surgical.

Trigeminal neuralgia
Trigeminal neuralgia is a severe lancinating pain in the face that lasts 
only a few seconds. It is characteristically provoked by stimulating a 
trigger zone and may be provoked by jaw movements. The pain is 
localized to a branch of the trigeminal nerve, most commonly in the 
mandibular or maxillary branches. Improvement in pain with carba-
mazepine may be considered diagnostic.

Giant cell arteritis
Giant cell arteritis causes a severe throbbing pain, usually in the tem-
poral region, but may involve any branch of the external carotid artery. 
The area is painful and tender to touch and may affect the jaw joint 
with painful mastication and claudication. There may be associated 
visual symptoms. The condition is predominantly restricted to the 
elderly. A finding of a raised erythrocyte sedimentation rate aids in the 
diagnosis (see Chapter 152).

Osteoarthritis
The pain in osteoarthritis is localized to the joint and is worse on 
movement, with grinding noises or crepitus. It is more commonly 
found after the fourth decade. The onset may be sudden, producing a 
constant dull, aching pain with limitation in the range of jaw move-
ments. However, unlike MPD, the pain is localized to the joint, which 
is tender, and there is rarely associated muscle spasm. Pain from 
degenerative disease of the cervical spine and, in particular, the facet 
joints may also present as facial pain. Management is non-surgical, but 
in severe cases surgery is needed.

Inflammatory arthropathies
The TMJ, although often affected by rheumatoid arthritis, causes 
symptoms in only a minority of patients. Joint tenderness and stiffness 

relationship affects the success of treatment of myofascial pain.7,8 It is 
not unusual for the patient to have been seen by several specialists, 
with no cause found for the pain, before reaching a diagnosis of MPD.

Pain on mandibular movement is the most common presenting 
complaint in MPD. The pain is usually chronic but may present 
acutely. It is described as a constant dull ache, which is worse on 
chewing, especially hard foods. The side of the face and the cheek are 
often localized as the site of pain, rarely the TMJ itself. The pain may 
radiate, usually to the muscle groups affected by muscle spasm. MPD 
is more often unilateral, with the associated muscle spasm resulting 
in deviation of the mandible to the affected side.

The patient is generally aware of a limitation of movement, associ-
ated with stiffness of the joint. This is often worse in the morning, 
especially with a history of nocturnal clenching of the teeth (bruxism). 
Noises from the TMJ are common and described as clicking, popping, 
or grinding. These noises may be easily audible and palpable to the 
examiner. Clicking may vary from day to day and even be absent at 
times. A loss of clicking and subsequent limitation of movement is 
called a “closed lock” and indicates displacement of the meniscus with 
internal derangement (see Fig. 76.1).

Locking may be a confusing term for the patient: it is not a joint 
dislocation but rather a result of the disc displacement, allowing only 
very limited opening. The patient may describe this as a jamming or 
dislocation of the joint. It usually occurs when the teeth are slightly 
apart during opening or closing of the mouth. Inability to overcome 
the lock is very distressing to the patient. It may last a few seconds, 
resolving spontaneously or being overcome by the patient. It can, 
however, be a persistent problem requiring intervention.

There are numerous associated symptoms occurring in patients 
with MPD that are rarely volunteered by the patient and must be 
specifically elicited (Box 76.1). Habits such as bruxism, nail biting, and 
cheek biting exacerbate both the pain and the muscle spasm. Stress-
related problems are invariably present. Tension headaches, with a 
pressure sensation over the top of the head and down the neck, may 
be a daily occurrence. The headache may respond to simple analgesia, 
but the dull ache in the jaw is persistent. Simple analgesia rarely con-
trols the constant dull ache.

There is often a history of recent dental and otolaryngologic consul-
tations that revealed no abnormalities. The wisdom teeth may be 
suspected as the origin of pain but are rarely a contributing factor. 
However, wisdom tooth removal and trauma may be a trigger.1 Emo-
tional and stress-related problems may coincide with the onset of the 
pain. Problems at school, with friendships, and with sibling rivalry are 
factors in school-age patients, whereas problems related to housing, 
work, family, and marriage, in addition to chronic ill health, post-
traumatic stress disorder, bereavement, depression, and loneliness are 
associated factors in adults.

BOX 76.1 DEFINITION AND CLINICAL FEATURES OF MYOFASCIAL 
PAIN DISORDER

Definition
 Acute or chronic musculoskeletal pain with dysfunction of the masticatory 

system
 Pain aggravated by jaw movements
 Pain localized to the temporomandibular joint and masticatory muscles but 

may be associated with other joint pains
 Independent of local oral, dental, and ear disease

Clinical features
 Unilateral or bilateral joint pain that is worse with movement
 Joint stiffness and trismus
 Jaw may swing to the affected side on opening, with reduced lateral 

movements
 Joint noises: clicking or popping with dysfunction or crepitus with degenera-

tive disease
 Intermittent or persistent locking with internal derangement
 Parafunctional habit (e.g., bruxism, nail biting)
 Masticatory muscle and joint tenderness
 Headache (tension)
 Dental bite that feels altered
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are most frequently seen. In severe disease there is destruction of the 
joint surface, with pain, stiffness, crepitations, and anterior open bite; 
the latter is the inability to bite the front teeth together because of loss 
of the height of the mandibular condyle. Management is principally 
non-surgical, but occasionally joint replacement is required. The TMJ 
is affected in approximately 50% of cases of juvenile idiopathic arthritis 
(see Section 7: Pediatric rheumatology). When present, it is very 
destructive, producing secondary effects in the dental occlusion, par-
ticularly an anterior open bite and loss of condylar height.

Salivary gland disorders
The pain of these disorders is localized to the affected parotid gland 
and is worse with eating, particularly if the gland is obstructed. Tender-
ness and swelling of the gland are normally evident but may have 
resolved by the time the patient is seen. Malignancy or infection of the 
salivary glands may present as pain in the TMJ.

ENT causes of facial pain
Pain from the sinuses may be unilateral or bilateral and associated with 
infection or tumor. In maxillary sinus infections the maxillary teeth 
are often tender and hypersensitive. The pain may be exacerbated by 
changes in head position. There is associated nasal congestion and 
discharge. The ear may be a source of pain, and expert help is advised 
to differentiate this from joint pain.

Central and vascular causes of facial pain
Cerebral tumors are a rare cause of facial pain but must be considered. 
CT or MRI should be arranged when more common causes of pain 
have been excluded. Psychogenic pain is particularly difficult to diag-
nose, and psychiatric assessment may be required.

Dental causes
Odontogenic causes of pain are generally specific but may be referred 
to the TMJ. Acute pulpitis is severe and throbbing, with the pain being 
exacerbated by hot or cold but poorly localized. Chronic pulpitis and 
dental abscess produce pain localized to a tender tooth. Dental treat-
ments requiring prolonged mouth opening such as surgical procedures 
may precipitate MPD.

Management
The management of patients with MPD requires a careful history and 
examination.1-5 It is important to reassure the patient that this is a 
common condition that is usually self-limiting and resolves over time. 
The pain mostly emanates from the muscles rather than the joint 
itself, presenting the complex problem of pain without a pathologic 
process. Only a minority of patients may progress to persistent internal 
derangement and degenerative joint disease. Many patients only require 
an explanation and reassurance, while a minority need great persever-
ance and support. The aim of treatment is to reduce pain, improve 
dysfunction, and prevent progression.

The overriding principle is conservative management and to avoid 
any irreversible treatment. Permanent changes to the dental occlusion, 
oral rehabilitation, and orthognathic surgery are not recommended. 
The evidence base for treatment is grade B1-5,8 with no clear evidence 
of a single most effective treatment. A positive, warm, and reassuring 
rapport between patient and clinician is essential for success.9

Initial management is always non-surgical, with education, reassur-
ance, and a soft diet. This may progress to exercises, physical therapy, 
and pharmacologic pain control with non-steroidal anti-inflammatory 
drugs (NSAIDs), which are the mainstay of treatment. Because anxiety 
and depression are often associated, a psychological assessment may be 
helpful.7,10 This may progress to relaxation, psychotherapy (behavior 
modification), and antidepressants. The tricyclic antidepressants have 
proved the most helpful pharmacologic agents. The injection of tender 
muscle and trigger joints with local anesthetic or botulinum toxin 
(Botox) is helpful in some patients. Intra-articular corticosteroids should 
be reserved for patients with osteoarthritis or inflammatory arthropa-
thies. The use of occlusal appliances (splint therapy) is the most widely 
employed non-surgical management and is discussed later.10

Non-surgical management is recommended for at least 6 months 
before considering a surgical intervention. This may be a simple arthro-
centesis of the joint with lavage and corticosteroids. Manipulation and 
arthroscopy may be considered with MRI evidence of meniscal 

displacement. Open joint surgery is rarely indicated and needs to be 
supported by continued non-surgical management, especially if MPD 
is associated with other causes of facial pain.

Non-surgical management
Non-surgical management consists of explanation, reassurance, and 
soft diet. It may help to explain that the pain is from tender muscles 
resulting from clenching and the muscle spasms lead to jaw stiffness 
and clicking because the meniscus may be displaced by constant 
muscle pull. The patient should be reassured that this is a self-limiting 
condition and can be helped by stopping clenching and grinding of 
teeth, taking a soft diet, and avoiding excessive jaw movements, 
together with relaxation. Some clinicians recommend gentle jaw exer-
cises especially to correct any jaw deviation. Cognitive behavior therapy, 
acupuncture, ultrasound therapy, and soft laser therapy have all been 
used to some relief, but there is no confirmed evidence base.

Drug treatment
Analgesia in the form of NSAIDs is advised for pain and inflammation. 
Occasionally, in patients with acute muscle spasm, the very short-term 
use of anxiolytics is recommended. Psychological problems11 are 
present in approximately one third of patients, and 10% have clinical 
depression. Anxiety and psychosocial problems are common in MPD. 
Psychological and psychiatric management may be needed as well as 
the use of antidepressants; the tricyclic antidepressants in particular 
have some limited evidence of success. Opioid analgesia is not recom-
mended and rarely helpful.

Injections
Muscular trigger areas may respond to local anesthetic or Botox  
injections; Botox reduces muscle spasm and may prevent some menis-
cal displacement. Corticosteroids around the joint capsule or intra-
articular corticosteroids appear to have short-term benefits.

Intraoral appliances (occlusal splints)
Occlusal splints are a frequently used treatment, but their effectiveness 
is not proven.10 Any splint that permanently changes the occlusion 
should be avoided. The most widely used splint is the stabilizing splint 
that opens the occlusion. An example of a soft splint is shown (Fig. 
76.11). The splint reduces joint loading and is usually worn at night. 
It can be effective in treating bruxism. The anterior repositioning splint 
brings the mandible forward with the aim of repositioning the displaced 
meniscus, but there is no evidence this is better than a simple stabili-
zation splint.

Surgical management
Manipulation
Therapeutic manipulation12 under general anesthesia for MPD with or 
without meniscal displacement is helpful in almost one third of 
patients. There is improved opening and reduction in muscle tender-
ness but not always a loss of clicking.

Fig. 76.11 Occlusal splint.
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Arthroscopy and arthrocentesis
Arthroscopy may be used for diagnosis and therapeutic purposes in 
internal derangement.13 Lysis and lavage of the joint in MPD have been 
helpful in some series. However, the results of arthroscopic surgery are 
yet to be proven. Arthrocentesis with lavage and corticosteroids is 
helpful in degenerative conditions.

Open TMJ surgery
Surgery is reserved for patients with internal joint derangements or 
degenerative disease who fail to respond to the conservative treat-
ments. Careful case selection is important, because long-term results 

are often poor, with continued need for conservative management. 
Sound radiologic or arthroscopic evidence is needed before surgery. 
Indications for surgery include meniscal displacement with failed con-
servative treatment, osteoarthritis, adhesions, and meniscal perfora-
tions. Eminectomy (excision of bony articular eminence) and meniscal 
plication in the bilaminar zone have been successful in several series.14 
Menisectomy (disectomy) has also had promising results for an appar-
ently destructive procedure.15 TMJ surgery is rarely indicated in 
MPD because the outcome is disappointing. However, surgery for other 
conditions such as ankylosis, hyperplasia, and tumor is often 
successful.
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stimuli).16-20 This suggests that these individuals have a fundamental 
problem with pain or sensory processing rather than an abnormality 
confined to the region of the body where the person is currently 
experiencing pain. These findings can be corroborated by the pres-
ence of these same phenomena on functional neuroimaging studies 
and appear to be in part due to imbalances in neurotransmitters that 
affect pain and sensory transmission.

● Similar types of therapies are efficacious for all of these conditions, 
including both pharmacologic (e.g., drugs that raise anti-nociceptive 
neurotransmitters such as serotonin and norepinephrine, lower pro-
nociceptive neurotransmitters such as glutamate and substance  
P) and non-pharmacologic treatments (e.g., exercise, cognitive  
behavioral therapy). Conversely, individuals with these conditions 
typically do not respond to therapies that are effective when pain  
is due to damage or inflammation of tissues (e.g., non-steroidal  
anti-inflammatory drugs [NSAIDs], opioids, injections, surgical 
procedures).

● A significant unmet medical need is not being addressed because 
these individuals display high levels of disability, as well as direct 
and indirect medical costs as they go untreated or poorly treated, and 
traverse health systems seeking care. Current studies suggest that 
diagnosing and labeling individuals with one of these syndromes 
actually reduces health care utilization, largely because they get fewer 
medical tests and subspecialty visits in subsequent years.21

● The review regarding FM below focuses on our current understand-
ing of this disorder as one of the prototypical “central pain 
syndromes.”

HISTORIC PERSPECTIVE

Although the term fibromyalgia is relatively new, this condition has 
been described in the medical literature for centuries. Sir William 
Gowers coined the term fibrositis in 1904. During the next half century, 
fibrositis was considered by some to be a common cause of muscular 
pain, by others to be a manifestation of “tension” or “psychogenic 
rheumatism,” and by the rheumatology community in general to be a 
non-entity.

The current concept of FM was established by Smythe and 
Moldofsky22 in the mid-1970s. The name change reflected the fact that 
there was increasing evidence that there was no -itis (inflammation) in 
the connective tissues of individuals with this condition, but instead 
-algia (pain). These authors characterized the most common tender 
points (regions of extreme tenderness in these individuals) and reported 
that patients with FM had disturbances in deep and restorative sleep 
and that selective stage 4 interruptions induced the symptoms of FM.23 
Yunus and colleagues24 then reported on the major clinical manifesta-
tions of patients with FM seen in rheumatology clinics.

The next advance in FM was the development of the American 
College of Rheumatology (ACR) criteria for FM, which were pub-
lished in 1990.25 These classification criteria require that an individual 
have both a history of chronic widespread pain (CWP) and 11 or  
more of 18 possible tender points on examination. These ACR clas-
sification criteria were intended for research use to standardize defini-
tions of FM. In this regard, the criteria have been extremely valuable. 
Unfortunately, many practitioners use these criteria in routine clinical 
practice to diagnose individual patients, and this unintended use has 
led to many of the current misconceptions regarding FM, which are 
discussed later.

The finding of diffusely increased tenderness, as well as a lack of 
finding “-itis” in the muscles or other tissues of FM patients, caused 
the name of this entity to be changed from fibrositis to FM. The diffuse 

Fibromyalgia and related syndromes
Daniel J. Clauw

INTRODUCTION
Clinical practitioners commonly see patients with pain and other 
somatic symptoms that they cannot adequately explain on the basis of 
the degree of damage or inflammation noted in peripheral tissues. In 
fact, this may be among the most common predicaments for which 
individuals seek medical attention.1 Fibromyalgia (FM) is merely the 
current term for individuals with chronic widespread musculoskeletal 
pain, for which no alternative cause can be identified.

Until recently, unexplained pain syndromes perplexed researchers, 
clinicians, and patients. However, the following facts are now clear:

● Individuals will sometimes only have one of these “idiopathic” pain 
syndromes over the course of their lifetime. But more often, indi-
viduals with one of these entities, as well as their family members, 
are likely to have several of these conditions.2-4 This is not surprising 
because recent studies have shown that a variety of chronic pain 
conditions are familial, and specific genetic polymorphisms that 
increase or decrease pain processing are rapidly being identified.5-7 
Many terms have been used to describe these co-aggregating syn-
dromes and symptoms, including functional somatic syndromes, 
somatization disorders, allied spectrum conditions, chronic multi-
symptom illnesses, and medically unexplained symptoms.3,8-10

● Some of these individuals have co-morbid psychiatric conditions, but 
at any given time, most do not. A number of different types of 
studies, including recent elegant twin studies, make it clear that 
these pain syndromes are clearly different and separable from depres-
sion and anxiety, and have strong genetic underpinnings (Figs. 77.1 
and 77.2).11-13

● Women are more likely to have these disorders than men, but the 
sex difference is much more apparent in clinical samples (especially 
tertiary care) than in population-based samples.14,15

● A hallmark of these conditions (e.g., FM, irritable bowel syndrome 
[IBS], headache, temporomandibular disorder [TMD]) is that indi-
viduals display diffuse hyperalgesia (increased pain to normally 
painful stimuli) and/or allodynia (pain to normally non-painful 
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 Fibromyalgia is one of many “central pain syndromes” that occur 

commonly in the population.
 Fibromyalgia is strongly familial, and specific genes that might 

confer an increased risk of developing disease have been 
identified.

 Susceptible individuals seem to be more likely to develop 
fibromyalgia following exposure to one or more biologic stressors.

 The hallmark mechanism is augmented central pain processing 
with an increased “gain” or “volume control” in sensory processing 
systems.

 Pain and other symptoms of fibromyalgia are not primarily 
occurring because of damage or inflammation in peripheral tissues.

 The most effective drugs for this condition are neuroactive 
compounds that downregulate sensory processing.

 Tricyclic drugs, mixed reuptake inhibitors, and anti-epileptics have 
the best established efficacy.

 Non-pharmacologic therapies such as exercise and cognitive 
behavioral therapy are extremely beneficial in fibromyalgia.
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nature of the pain and tenderness also led many groups of investigators 
to explore neural mechanisms to explain the underlying pathogenesis 
of these disorders.26,27 In fact, major advances have only occurred in 
understanding individual syndromes within this spectrum once inves-
tigators concluded that this was not a condition caused by peripheral 
damage or inflammation and began to explore central, neural mecha-

nisms of these diseases. Thus the conditions we now understand best 
within this spectrum include FM, IBS (previously termed spastic colitis 
until the recognition that there was little “-itis” and that motility 
changes were not the major pathologic feature), and temporomandibu-
lar disorder (previously termed temporomandibular joint disorder until 
it was recognized the problem was not largely within the joint).

Fig. 77.1 The “systemic” 
conditions that overlap with 
fibromyalgia.

Fibromyalgia
2%-4% of population
Defined by widespread
pain and tenderness

1% of population
Fatigue and 4 of 8 “minor criteria”

Major depression
OCD
Bipolar
PTSD
GAD
Panic attack

4% of population
Multiple unexplained
symptoms−no “organic” 
findings

Irritable bowel [IBS]
Interstitial cystitis/painful
bladder syndrome
TMD
Idiopathic low back pain
Tension headache
Vulvodynia

LBP = low back pain; TMD = temporomandibular disorders.

Chronic fatigue syndrome (CFS)

Psychiatric disorders

Regional pain syndromes

Somatoform disorders

Pain and/or
sensory

amplification

“SYSTEMIC” CONDITIONS THAT OVERLAP WITH FIBROMYALGIA

Fig. 77.2 Regional or localized 
syndromes that overlap with 
fibromyalgia in prevalence, 
mechanisms, and treatment.

Tension/migraine headache

Affective disorders

Temporomandibular
joint syndrome

Idiopathic low back pain

Irritable bowel syndrome

Restless legs syndrome

Memory and cognitive difficulties

ENT complaints (sicca sx,
vasomotor rhinitis, accommodation
problems)

Vestibular complaints

Multiple chemical sensitivity,
“allergic” symptoms

Esophageal dysmotility

Neurally mediated hypotension,
mitral valve prolapse

Non-cardiac chest pain,
dyspnea due to respiratory mm.
dysfunction

Interstitial cystitis,
female urethral syndrome,
vulvar vestibulitis, vulvodynia

REGIONAL OR LOCALIZED SYNDROMES THAT OVERLAP WITH FIBROMYALGIA
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EPIDEMIOLOGY
Chronic widespread pain
Epidemiologic studies of the historical component of the ACR criteria 
for FM, chronic widespread pain (CWP), have been extremely instruc-
tive. CWP is typically operationalized as pain above and below the 
waist, involving the left and right sides of the body, and also involving 
the axial skeleton. Population-based studies of CWP suggest that 5% 
to 15% of the population has this symptom at any given point in 
time.28-30 Chronic regional pain is found in 20% to 25% of the popula-
tion. Both chronic widespread and regional pain occur about 1.5 times 
as commonly in women than men.

Fibromyalgia
The ACR criteria for FM require that an individual has both a history 
of CWP and the finding of 11 or more of 18 possible tender points on 
examination. Tender points represent nine paired predefined regions 
of the body, often over musculotendinous insertions.25 If an individual 
reports pain when a region is palpated with 4 kg of pressure, this is 
considered a positive tender point. Between 25% and 50% of individu-
als who have CWP will also have 11 or more tender points and thus 
meet criteria for FM.30,31 The prevalence of FM is just as high in rural 
or non-industrialized societies as it is in countries such as the United 
States.32,33

Significance of tender points
When the ACR criteria were published, it was thought that there  
may be some unique significance to the locations of tender points.  
In fact, the term control points was coined to describe areas of the 
body that should not be tender in FM, and individuals were assumed 
to have a psychological cause for their pain if they were tender in  
these regions. Since then, we have learned that the tenderness in  
FM extends throughout the entire body. Thus relative to the pain 
threshold that a normal non-FM patient would experience at the  
same points, “control” regions of the body such as the thumbnail  
and forehead are just as tender as in FM tender points.34-36 Thus to 
assess tenderness in clinical practice, the practitioner can apply pres-
sure wherever he or she wishes, and as long as the examination is 
performed with the same pressure in a series of patients, the practitio-
ner can get a good sense of the overall pain threshold of any individual 
patient.

The tender point requirement in the ACR criteria not only mis-
represents the nature of the tenderness in this condition (i.e., local 
rather than widespread) but also strongly influences the demographic 
and psychological characteristics of FM. Women are only 1.5 times 
more likely than men to experience CWP but are 10 times more  
likely than men to have 11 or more tender points.28 Because of this, 
women are approximately 10 times as likely to meet ACR criteria  
for FM than men. Yet most of the men in the population who have 
CWP but are not tender enough to meet criteria for FM likely have the 
same underlying problem as the women who meet the ACR criteria 
for FM.

Another unintended consequence of requiring both CWP and at 
least 11 tender points to be diagnosed with FM is that many individuals 
with FM have high levels of distress. Wolfe37 has described tender 
points as a “sedimentation rate for distress” because of population-
based studies showing that tender points are more common in dis-
tressed individuals. Distress is usually considered as a combination of 
somatic symptoms and symptoms of anxiety and/or depression.37 Until 
recently, many assumed that because tender points were associated 
with distress, that tenderness (an individual’s sensitivity to mechanical 
pressure) was associated with distress. However, recent evidence sug-
gests that this latter association is probably due to the standard tender 
point technique, which consists of applying steadily increasing pressure 
until reaching 4 kg. In this situation, individuals who are anxious or 
“expectant” tend to “bail out” and report tenderness. Recently, more 
sophisticated measures of tenderness that give stimuli in a random, 
unpredictable fashion have been developed, and the results of these 
tests are independent of psychological status.38,39 Because tender points 
are associated with high levels of distress, requiring 11 or greater tender 
points in order to diagnose someone with CWP with FM dramatically 

increases the likelihood that these individuals will be female and/or 
distressed, compared with individuals with CWP and fewer than 11 
tender points.30

In fact, population-based studies suggest that the primary symptom 
of FM, CWP, is only modestly associated with distress, and distress is 
only weakly associated with the subsequent development of CWP.40,41 
Far more psychologically “normal” individuals develop CWP than dis-
tressed or depressed people, and most individuals with CWP do not 
have or subsequently develop distress or depression.

In summary, although many clinicians uniquely associate FM with 
women who display high levels of distress, much of this is an artifact 
of (1) the ACR criteria that require 11 tender points and (2) the fact 
that most studies of FM have originated from clinical samples from 
tertiary care centers, where health care–seeking behaviors lead to the 
fact that psychological and psychiatric co-morbidities are much higher.15 
When all these biases are eliminated by examining CWP in population-
based studies, a clearer picture of FM can be gleamed and chronic 
widespread pain becomes much like chronic musculoskeletal pain in 
any other region of the body.

ETIOLOGY
Genetic factors
Research has indicated a strong familial component to the develop-
ment of FM. First-degree relatives of individuals with FM display an 
eightfold greater risk of developing FM than those in the general  
population.4 These studies also show that family members of individu-
als with FM are much more tender than the family members of con-
trols, regardless of whether they have pain or not. Family members of 
FM patients are also much more likely to have IBS, TMD, headaches, 
and a host of other regional pain syndromes.3,42,43 This familial 
and personal co-aggregation of conditions that includes FM was origi-
nally collectively termed affective spectrum disorder,44 and more 
recently central sensitivity syndromes and chronic multisymptom ill-
nesses.10,45 In population-based studies, the key symptoms that often 
co-aggregate besides pain are fatigue, memory difficulties, and mood 
disturbances.10,46

Recent twin studies have been particularly helpful in establishing 
that these somatic syndromes strongly co-aggregate with each other 
and are strongly genetic, and they are clearly separable from anxiety 
and depression.11,12,47 These studies also suggest that approximately 
half of the risk of developing these conditions is due to genetic factors, 
and half environmental.11

Recent studies have begun to identify specific genetic polymor-
phisms that are associated with a higher risk of developing FM. To 
date, the serotonin 5-HT2A receptor polymorphism T/T phenotype, 
serotonin transporter, dopamine 4 receptor, and COMT (catechol-
amine O-methyl transferase) polymorphisms have all been seen in 
higher frequency in FM.48-51 Of note, all of the polymorphisms 
identified to date involve the metabolism or transport of mono-
amines, compounds that play a critical role in activity of the human 
stress response. It is likely that there are scores of genetic polymor-
phisms, involving other neuromodulators and monoamines, which in 
part determine an individual’s “set point” for pain and sensory 
processing.

Environmental factors
As with most illnesses that may have a genetic underpinning, envi-
ronmental factors may play a prominent role in triggering the develop-
ment of FM and related conditions. Environmental “stressors” 
temporally associated with the development of either FM or chronic 
fatigue syndrome include physical trauma (especially involving the 
trunk), certain infections such as hepatitis C, Epstein-Barr virus,  
parvovirus, Lyme disease, and emotional stress (Box 77.1). The disor-
der is also associated with other regional pain conditions or autoim-
mune disorders.27,52,53 Of note, each of these stressors only leads to 
CWP or FM in approximately 5% to 10% of individuals who are 
exposed; the overwhelming majority of individuals who experience 
these same infections or other stressful events regain their baseline 
state of health.
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PATHOGENESIS
Role of stressors
Once FM develops, the mechanisms responsible for ongoing symptom 
expression are likely complex and multifactorial. Because disparate 
“stressors” can trigger the development of these conditions, the human 
stress response has been closely examined for a causative role. These 
systems are mediated primarily by the activity of the corticotropin-
releasing hormone (CRH) nervous system located in the hypothalamus 
and locus-ceruleus-norepinephrine/autonomic (sympathetic/LC-NE) 
nervous system in the brain stem. Recent research suggests that 
although this system in humans has been highly adaptive throughout 
history, the stress response may be inappropriately triggered by a wide 
assortment of everyday occurrences that do not pose a real threat to 
survival, thus initiating the cascade of physiologic responses more 
frequently than can be tolerated.54

The type of stress and the environment in which it occurs also affect 
how the stress response is expressed. Victims of accidents experience 
a higher frequency of FM and myofascial pain than those who cause 
them, which is congruent with animal studies showing that the stron-
gest physiologic responses are triggered by events that are accompanied 
by a lack of control or support and thus perceived as inescapable or 
unavoidable.55 In humans, daily “hassles” and personally relevant 
stressors seem to be more capable of causing symptoms than major 
catastrophic events that do not personally affect the individual.56

Two studies performed in the United States just before and after 
the terrorist attacks of 9/11 point out that not all psychological stress 
is capable of triggering or exacerbating FM or somatic symptoms. In 
one study performed by Raphael and colleagues,57 no difference in pain 
complaints or other somatic symptoms was seen in residents of New 
York and New Jersey who had been surveyed before and then just fol-
lowing the terrorist attacks on the World Trade Center. In another 
study performed in the Washington, D.C. region (near the Pentagon—
the other site of attack) during the same time period, patients with FM 
had no worsening of pain or other somatic symptoms following the 
attacks, compared with just before the attack.58

Recent reviews regarding the role that “stressors” (e.g., infections, 
physical trauma, emotional stress) or catastrophic events may have in 
triggering the development of FM or related conditions have identified 
a number of factors that may be much more important than the inten-
sity of the “stressor” in predicting adverse health outcomes. Female 
gender, worry or expectation of chronicity, lack of control of the 
stressor, intensity of the initial symptoms, and inactivity or time off 
work following the stressor make it more likely to trigger the develop-
ment of pain or other somatic symptoms.53 Naturally occurring cata-
strophic events such as earthquakes, floods, or fires are much less likely 
to lead to chronic somatic symptoms than similarly stressful events 
that are “man made” such as chemical spills or war.59 Being exposed 
to a multitude of stressors simultaneously, or over a period of time, 
may also be a significant risk for later somatic symptoms and or psy-
chological sequelae. Intensely stressful events can lead to permanent 
changes in the activity of both mouse and human stress response 
systems.54,60

To complete this vicious circle, these changes in baseline function 
of the stress response (i.e., of the autonomic and neuroendocrine 
systems, discussed later) that may occur following a stressor earlier in 

life have been shown to predict which symptom-free individuals 
without chronic pain or other somatic symptoms are more likely to 
develop these somatic symptoms. This has been noted both in popu-
lation-based studies and in experiments where healthy young adults 
are deprived of regular sleep or exercise.61,62

This theoretical link between stress, changes in stress axis activity, 
and subsequent susceptibility to develop somatic symptoms or syn-
dromes is also supported by studies showing that patients with FM 
and related conditions may be more likely than non-affected individu-
als to have experienced physical or sexual abuse in childhood.63-66 Twin 
studies have recently supported a link between post-traumatic stress 
disorder (PTSD)/trauma and CWP.67 Just as a lack of or cessation of 
exercise following trauma seems to be associated with a higher likeli-
hood of developing pain or other somatic symptoms, a recent study of 
Israeli war veterans with PTSD showed that those who exercised regu-
larly were much less likely to develop CWP or FM.68

Role of neuroendocrine abnormalities
Because of this link between exposure to “stressors” and the subse-
quent development of FM, the human stress systems have been exten-
sively studied in this condition. These studies have generally shown 
alterations of the hypothalamic-pituitary-adrenal (HPA) axis and the 
sympathetic nervous system in FM and related conditions.69-72 Although 
these studies often note either hypoactivity or hyperactivity of both the 
HPA axis and sympathetic nervous system in individuals with FM and 
related conditions, the precise abnormality varies from study to study. 
Moreover, these studies only find “abnormal” HPA or autonomic func-
tion in a small percentage of patients, and there is tremendous overlap 
between patients and controls in any of these studies.

The inconsistency of these findings should not be surprising because 
nearly all of these studies were cross-sectional studies assuming that 
if HPA or autonomic dysfunction or both were found in FM, they must 
have caused the pain and other symptoms. Data now suggest the 
opposite. As noted earlier, better data suggest that especially HPA 
abnormalities might represent a diathesis or be due to the pain or early 
life stress, rather than causing it. In fact, in two recent studies examin-
ing HPA function in FM, McLean showed that salivary cortisol levels 
co-varied with pain levels and that cerebrospinal fluid (CSF) levels of 
CRH were more closely related to an individual’s pain level or a history 
of early life trauma than whether they were a FM patient or control.73,74 
Because most previous studies of HPA and autonomic function in FM 
failed to control for pain levels, a previous history of trauma, and PTSD 
or other co-morbid disorders that could affect HPA or autonomic dys-
function, it is not surprising for these inconsistencies.

Heart rate variability at baseline and in response to tilt table testing 
has been evaluated in patients with FM as a surrogate measure of 
autonomic function. The consistent and reproducible finding of lower 
baseline heart rate variability in FM compared with controls (in three 
cross-sectional studies by two different groups) makes it a more useful 
measure than tilt table testing.72,75,76 An abnormal drop in blood pres-
sure or excessive rate of syncope during tilt table testing has been noted 
in two of three cross-sectional studies completed by three different 
groups.77,78 One study noted no difference between normals and con-
trols using univariate analysis.79 Moreover, recent findings also suggest 
that aberrations in heart rate variability may predispose to FM symp-
toms,61,62,80 possibly identifying patients at risk. Also, a recent study 
showed that heart rate variability was normalized following exercise 
therapy, suggesting that this finding might also be an epiphenomenon 
due in part to deconditioning.81,82

These neurobiologic alterations are likely shared with other syn-
dromes known to be associated with HPA and/or autonomic function 
such as depression or PTSD. In fact, some researchers who have super-
ficially reviewed the neurobiologic data regarding FM have erroneously 
concluded that this condition shares many biologic underpinnings with 
depression.83 A model of susceptibility and development of these dis-
orders that takes into account both genetics and personality as risk 
factors is illustrated in Figure 77.3. This recognizes the critical impor-
tance of stressors in “re-setting stress response systems,” as well as 
other factors including (i) the role of behavioral adaptations to these 
stressors such as cessation of routine exercise and (ii) whether an 
individual is in an environment characterized by control or support.

BOX 77.1 “STRESSORS” CAPABLE OF TRIGGERING FIBROMYALGIA AND 
RELATED CONDITIONS
 Peripheral pain syndromes
 Infections (e.g., parvovirus, Epstein-Barr virus, Lyme disease, Q fever; not 

common upper respiratory infections)
 Physical trauma (automobile accidents)
 Psychological stress/distress
 Hormonal alterations (e.g., hypothyroidism)
 Drugs
 Vaccines
 Certain catastrophic events (war, but not natural disasters)
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Augmented pain and sensory processing as a hallmark of 
fibromyalgia and related syndromes
Once FM is established, by far the most consistently detected objective 
abnormalities involve pain and sensory processing systems. Because 
FM is defined in part by tenderness, considerable work has been per-
formed exploring the potential reason for this phenomenon. The 
results of 2 decades of psychophysical pressure pain testing in FM have 
been instructive.84

One of the earliest findings in this regard was that the tenderness 
in FM is not confined to tender points but instead extends throughout 
the entire body.28,35 Theoretically, such diffuse tenderness could be due 
to either primarily psychological (e.g., hypervigilance, where individu-
als are too attentive to their surroundings) or neurobiologic (e.g., the 
plethora of factors that can lead to temporary or permanent amplifica-
tion of sensory input) factors.

Early studies typically used dolorimetry to assess pressure pain 
threshold and concluded that tenderness was in large part related to 
psychological factors because these measures of pain threshold were 
correlated with levels of distress.28,37,85 Also, nuances such as the rate 
of increase of stimulus pressure, control by the operator versus by the 
patient, and patient distress have been shown to influence pain thresh-
old when it is measured in this manner.86,87

To minimize the biases associated with “ascending” (i.e., the indi-
vidual knows that the pressure will be predictably increased) measures 
of pressure pain threshold, a series of studies were performed that 
presented stimuli in a random rather than predictable manner. Studies 
showed that (1) the random measures of pressure pain threshold were 
not influenced by levels of distress of the individual, whereas tender 
point count and dolorimetry examinations were, (2) FM patients were 
much more sensitive to pressure even when these more sophisticated 
paradigms were used, (3) FM patients were not any more “expectant” 
or “hypervigilant” than controls, and (4) pressure pain thresholds at 
any four points in the body are highly correlated with the average 
tenderness at all 18 tender points and 4 “control points” (the thumb-
nail and forehead).34,39,88,89

Because of this close link between tenderness and FM, the phenom-
enon has also been well studied as a potential relevant outcome in 
clinical trials of new FM therapies. In a number of longitudinal, ran-
domized, placebo-controlled trials in FM, improvements in clinical 
pain have corresponded with a significant change in tender point 
counts or tender point index.90 In contrast, other studies did not show 
a correspondence between improvements in clinical pain and tender 
point counts.91-96 These discrepancies between previous studies could 

be because these therapies did not improve tenderness or because 
tender points are not a good measure of tenderness. Two recent studies 
suggest the latter because when individuals with FM were simultane-
ously assessed using tender point counts, dolorimetry, and random 
pressure paradigms, the random pressure paradigms showed the most 
responsiveness to change.97,98

Heat, cold, and electrical stimuli
In addition to the heightened sensitivity to pressure noted in FM, other 
types of stimuli applied to the skin are also judged as more painful or 
noxious by these patients. FM patients also display a decreased thresh-
old to heat,88,99-101 cold,100,102 and electrical stimuli.103 Similar but some-
what attenuated decreases in pain threshold have also been noted in 
individuals with CWP without 11 or more tender points.104

Responses to other sensory stimuli
FM patients also display a low noxious threshold to auditory tones, and 
this finding has been replicated.105,106 However, both of these studies 
used ascending measures of auditory threshold, so these findings could 
theoretically be due to expectancy or hypervigilance. A recent study used 
an identical random staircase paradigm to test FM patients’ threshold 
to the loudness of auditory tones and to pressure.98 This study found 
that FM patients displayed low thresholds to both types of stimuli. The 
correlation between the results of auditory and pressure pain threshold 
testing suggested that some of these low sensory thresholds were due to 
shared variance, whereas others were unique to one stimulus or the 
other. The notion that FM and related syndromes might represent bio-
logic amplification of all sensory stimuli has significant support from 
functional imaging studies that suggest that the insula is the most con-
sistently hyperactive region (see later). This region has been noted to 
play a critical role in sensory integration, with the posterior insula 
serving a purer sensory role and the anterior insula being associated with 
the emotional processing of sensations.107,108

Specific mechanisms that may lead to a low pain  
threshold in fibromyalgia
Two different specific pathogenic mechanisms in FM have been identi-
fied using experimental pain testing: (1) an absence of descending 
analgesic activity and (2) increased wind-up or temporal summation.

Attenuated diffuse noxious inhibitory controls in fibromyalgia
In healthy humans and laboratory animals, application of an intense 
painful stimulus for 2 to 5 minutes produces generalized whole-body 

Fig. 77.3 The hypothesized 
relationship between “stressors” 
and the development of 
syndromes such as fibromyalgia, 
posttraumatic stress disorder, 
and depression.

Function of “stress” and
monoamine systems

Personality
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Exposure
to acute “stressors”

Environment with
lack of control, support

Behavioral adaptation
to symptoms

Chronic pain Mood disorder PTSD

HYPOTHESIZED RELATIONSHIP BETWEEN “STRESSORS”
AND THE DEVELOPMENT OF SYNDROMES
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analgesia. This analgesic effect, termed diffuse noxious inhibitory con-
trols (DNIC), has been consistently observed to be attenuated or absent 
in groups of FM patients, compared with healthy controls.100,109-111 In 
IBS there is a similar decrease in descending analgesic activity.112 A 
point of emphasis is that this finding of attenuated DNIC is not found 
in all FM or IBS patients but is considerably more common in patients 
than controls.

The DNIC response in humans is believed to be partly mediated by 
descending opioidergic pathways and in part by descending serotoner-
gic-noradrenergic pathways. In FM, the accumulating data suggest that 
opioidergic activity is normal or even increased, in that levels of CSF 
enkephalins are roughly twice as high in FM and idiopathic low back 
pain patients as in healthy controls.113 Moreover, positron emission 
tomography data show that baseline µ-opioid receptor binding is 
decreased in multiple pain processing regions in the brains of FM 
patients, consistent (but not pathognomonic) with the hypothesis that 
there is increased release of endogenous µ-opioid ligands in FM leading 
to high baseline occupancy of the receptors.114

The biochemical and imaging findings suggesting increased activity 
of endogenous opioidergic systems in FM are consistent with the anec-
dotal experience that opioids are generally ineffective analgesics in 
patients with FM and related conditions. In contrast, studies have 
shown the opposite for serotonergic and noradrenergic activity in FM. 
Studies have shown that the principal metabolite of norepinephrine, 
3-methoxy-4-hydroxyphenethylene (MPHG), is lower in the CSF of FM 
patients.115 Similarly, there are data suggesting low serotonin in this 
syndrome. Patients with FM were shown to have reduced serum levels 
of serotonin and its precursor, L-tryptophan, as well as reduced levels 
of the principal serotonin metabolite, 5-HIAA, in their CSF.115,116 
Further evidence for this mechanism comes from treatment studies, 
where nearly any type of compound that simultaneously raises both 
serotonin and norepinephrine (tricyclics, duloxetine, milnacipran, tra-
madol) has been shown to be efficacious in treating FM and related 
conditions.96,117-119

Increased wind-up in fibromyalgia
Experimental pain testing studies have also suggested that some indi-
viduals with FM may have evidence of wind-up, indicative of evidence 
of central sensitization.120,121 In animal models, this finding is associ-
ated with excitatory amino acid and substance P hyperactivity.122,123 
Just as with the findings regarding DNIC earlier, these results of psy-
chophysical pain testing are congruent with both levels of neurotrans-
mitters in the CSF, as well as clinical trials of drugs. Four independent 
studies have shown that patients with FM have approximately three-

fold higher concentrations of substance P in CSF, when compared with 
normal controls.124-127 Other chronic pain syndromes such as osteoar-
thritis of the hip and chronic low back pain, are also associated with 
elevated substance P levels, although chronic fatigue syndrome (which 
is not defined on the basis of pain) is not. Interestingly, once elevated, 
substance P levels do not appear to change dramatically and do not 
rise in response to acute painful stimuli. Thus high substance P appears 
to be a biologic marker for the presence of chronic pain.

Another important neurotransmitter in pain processing, and one that 
is likely playing some role in FM, is glutamate. Glutamate (Glu) is a 
major excitatory neurotransmitter within the central nervous system 
(CNS), and CSF levels of glutamate are twice as high in FM patients 
than controls.128 Not only are these levels elevated, but a recent study 
using proton spectroscopy demonstrated that the glutamate levels in the 
insula in FM change in response to changes in both clinical and experi-
mental pain when patients are treated with acupuncture.129

Nerve growth factor (NGF) and calcitonin gene-related peptide 
(CGRP) are additional neuropeptides that have been evaluated in FM. 
NGF was shown to have increased levels in FM and not in FM/RA  
and therefore with inconclusive results.130 CSF and serum CGRP have 
been studied and not found to be different in FM patients and 
controls.131,132

Thus a number of lines of evidence point to the fact that FM is a 
state of heightened pain or sensory processing, and it might occur 
because of high levels of neurotransmitters that increase pain transmis-
sion and/or low levels of neurotransmitters that decrease pain trans-
mission (Fig. 77.4).

Abnormalities on functional neuroimaging
Functional neural imaging enables investigators to visualize how the 
brain processes the sensory experience of pain. The primary modes of 
functional imaging that have been used in FM include functional mag-
netic resonance imaging (fMRI), single photon emission computed 
tomography (SPECT), positron emission tomography (PET), and proton 
spectroscopy (H-MRS).

SPECT was the first functional neuroimaging technique to be used 
in FM. The first trial using SPECT imaging in FM patients,133 in 10 
FM patients and 7 age- and education-matched healthy controls, indi-
cated that both the caudate and thalamus of FM patients had decreased 
blood flow. These were largely replicated in a second SPECT study.134 
In a third SPECT trial, using a more sensitive radioligand (99mTc-
ECD) in FM patients and pain-free controls,135,136 Guedj and col-
leagues135,136 found hyperperfusion in FM patients within the 

Fig. 77.4 Neurotransmitters 
that are known to play either 
facilitatory (indicated in red,  
and generally increasing pain 
transmission in the spinal cord) 
or inhibitory (indicated in blue, 
and decreasing pain 
transmission) roles in the CNS. 
The arrows indicate the direction 
of the abnormality that has been 
identified in fibromyalgia (FM), 
(arrows are only present on 
neurotransmitter systems that 
have been studied in FM). The 
only neurotransmitter system 
that has been studied in FM that 
has not been found to be 
abnormal in a direction that 
would cause hyperalgesia/
allodynia is the opioidergic 
system, which may explain why 
this class of drugs is not 
efficacious in FM.
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somatosensory cortex and hypoperfusion in the anterior and posterior 
cingulate, the amygdala, medial frontal and parahippocampal gyrus, 
and the cerebellum. Finally, if these regional cerebral blood flow (rCBF) 
differences are relevant for FM pathology, one could hypothesize that 
changes in rCBF should track with changes in pain symptoms over 
time. One longitudinal treatment trial used SPECT imaging to assess 
changes in rCBF following administration of amitriptyline to 14 FM 
patients.137 After 3 months of treatment with amitriptyline, increases 
in rCBF in the bilateral thalamus and the basal ganglia were observed. 
Because the same two regions had been implicated previously, these 
data suggest that amitriptyline may normalize the altered blood flow, 
thereby reducing pain symptoms.

Functional magnetic resonance imaging
fMRI is a non-invasive brain imaging technique that relies on changes 
in the relative concentration of oxygenated to deoxygenated hemoglo-
bin within the brain. In response to neural activity, oxygenated blood 
flow is increased within the local brain area. This causes a decrease in 
the concentration of deoxygenated hemoglobin. Because deoxygenated 
hemoglobin is paramagnetic, this in turn causes a change in the mag-
netic property of the tissue. Unlike SPECT and PET, which can 
measure baseline levels of blood flow, the fMRI BOLD signal originates 
from a difference between experimental conditions and does not assess 
baseline blood flow. Typically in FM trials involving fMRI, evoked pain 
sensations are compared with “off” conditions that have either no pain 
or involve an innocuous sensation.

In one study 16 FM patients and 16 matched controls were exposed 
to painful pressures during the fMRI experiment.138 The authors found 
increased neural activations (i.e., increases in the BOLD signal) in 
patients compared with pain-free controls when stimuli of equal pres-
sure magnitude were administered. Regions of increased activity 
included the primary and secondary somatosensory cortex, the insula, 
and the anterior cingulate, all regions commonly observed in fMRI 
studies of healthy normal subjects during painful stimuli (Fig. 77.5). 
Interestingly, when the pain-free controls were subjected to pressures 
that evoked equivalent pain ratings in the FM patients, similar activa-
tion patterns were observed. These findings were entirely consistent 
with the “left-shift” in stimulus-response function noted with experi-
mental pain testing and suggest that FM patients experience an 
increased gain or “volume setting” in brain sensory processing systems. 
In a similar experiment, with painful heat stimuli during fMRI, a 

significant increase in the pain ratings of patients and augmented pain 
processing within the contralateral insula was seen.

fMRI has also proved useful in determining how co-morbid psycho-
logical factors influence pain processing in FM. The anterior insula and 
amygdala activations correlated with depressive symptoms, consistent 
with these regions being involved with affective or motivational aspects 
of pain processing in 30 patients with FM.140 However, the degree of 
neuronal activation in areas of the brain thought to be associated with 
the “sensory” processing of pain (i.e., where the pain is localized and 
how intense it is) were not associated with levels of depressive symp-
toms or the presence or absence of major depression. These data are 
consistent with a plethora of evidence in the pain field that different 
regions of the brain are responsible for pain processing devoted to 
sensory intensity versus affective aspects of pain sensation, and they 
suggest that the former and latter are largely independent of each other. 
In contrast, this same group showed that the presence of catastroph-
izing, a patient’s negative or pessimistic appraisal of their pain, influ-
ences both the sensory and affective dimensions of pain on fMRI in 
FM.141

PET has been used in several studies in FM. In the one study, there 
were no differences in regional cerebral blood flow between FM patients 
and controls.142 However, another study showed that attenuated dopa-
minergic activity may be playing a role in pain transmission in FM.

Other serologic and biochemical abnormalities
Autoantibodies
The search for representative autoantibodies was a predictable step for 
a disease like FM, often evaluated by rheumatologists and co-existing 
with autoimmune diseases. Antiserotonin antibody, antiganglioside 
antibody, and antiphospholipid antibody have been shown to be differ-
ent in patients and controls, but the applicability of these findings is 
not yet clear.143 Antinuclear antibodies (ANA), antithyroid antibodies, 
antisilicone antibodies, and antiglutamic acid decarboxylase are not 
informative in FM.

This inconsistent increase in antibodies to a number of antigens 
may be a non-specific finding that arises from a subtle shift in immune 
function in this spectrum of illness. In the closely related chronic 
fatigue syndrome and Gulf War illnesses, investigators have noted a 
shift from a TH1 to TH2 immune response, which would be expected 
to lead to increased production of non-specific antibodies. Thus any 
antibody or autoantibody proposed as either a diagnostic test or bio-

Fig. 77.5 In top left panel, 
individuals with fibromyalgia 
(red) given a low-pressure 
stimulus have similar levels of 
pain, and of neuronal activation 
in areas of the brain known to be 
involved in pain processing (ends 
of arrows) as controls given 
nearly twice as much pressure. 
Controls given the same low 
pressure that causes pain in 
fibromyalgia rate their pain as 
2/20 instead of 12/20 and have 
no neuronal activation in pain 
processing regions with this 
amount of pressure.
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marker of FM must be carefully tested using stringent controls to 
ensure its authenticity.

Other biochemical and cytokine abnormalities
Although all these conditions were originally believed to be autoim-
mune or inflammatory diseases and then later believed not to be, recent 
findings are leading to a re-consideration of whether subtle inflamma-
tory changes may be responsible for some of the symptoms seen. 
Immunologic cascades have a role in the maintenance of central sen-
sitivity and chronic pain, which is enhanced through release of proin-
flammatory cytokines by CNS glial cells; thus, the traditional paradigm 
regarding inflammatory versus non-inflammatory pain may gradually 
become less dichotomic. As may be expected in any complex biologic 
system, a delicate apparatus of checks and balances is at work in the 
spinal transmission of pain. Multiple inhibitory transmitters act at the 
spinal level to reduce the “volume” of pain transmission. Serotonin, 
norepinephrine, enkephalins, dopamine, and gamma-aminobutyric 
acid (GABA)144 are among the better known players in this balance.

The amino acid tryptophan and the cytokine interleukin (IL)-8 have 
both been shown to be different in patients compared with controls  
in several studies, but none have been evaluated in longitudinal 
studies.145,146 IL-8 has been consistently demonstrated in three studies 
by two different groups. Moreover, IL-8 has been shown to correlate with 
symptoms and not to be associated with depressed FM. IL-8 levels are 
closely tied to autonomic function, and the findings of these increased 
levels could be due to the dysautonomia seen in FM and related condi-
tions. Serum IL-6 was evaluated and found to be normal in FM.

Low tryptophan, a precursor for serotonin, has been found in two 
of three studies.116,147,148

Structural abnormalities in fibromyalgia
Although a few studies have found mild abnormalities in the skeletal 
muscles of FM patients (these findings have been inconsistent and may 
be due to deconditioning rather than the illness itself),149-152 a few 
studies suggest there may be subsets of FM patients with damage to 
neural structures. 31P spectroscopy has been used to examine muscle 
metabolism in FM and the results are conflicting, with one study 
comparing sedentary controls with FM patients finding no differences, 
and the other finding lower adenosine triphosphate levels among FM 
patients.152,153 Studies suggest that the tenderness in FM is not confined 
to just the muscle, so in aggregate most investigators have concluded 
that primary muscle disease is not a likely cause of the pain associated 
with FM.

Some studies suggest there may be structural abnormalities of the 
brain in individuals with FM that are aligned with other studies in the 
pain field, suggesting that chronic pain may be a neurodegenerative 
disorder.154 Voxel-based morphometry and diffuse tensor imaging 
have identified abnormalities in brain structure in individuals with 
FM.155-159

Thus if there are structural abnormalities or damage to tissues in 
FM, the most evidence for this is involving neural tissues rather than 
the regions of the body where individuals with this condition experi-
ence pain. This has important treatment implications because analge-

sic drugs that primarily act peripherally to reduce pain (e.g., NSAIDs) 
are not effective in these central or neuropathic pain states.

Sleep and activity in fibromyalgia
In addition to pain, other symptoms commonly seen in FM include 
disturbed sleep and poor physical function. One of the first biologic 
findings in FM was that selective sleep deprivation led to symptoms of 
FM in healthy individuals, and these findings have subsequently been 
replicated by several groups.23,160 However, the electroencephalographic 
abnormalities that were noted in this first study and initially thought to 
be a marker for FM, so-called alpha intrusions, have subsequently been 
found in normals and in individuals with other conditions.161,162

More recent findings on polysomnography that occur more com-
monly in FM include demonstration of fewer sleep spindles, an increase 
in cyclic alternating pattern rate, upper airway resistance syndrome, 
and/or poor sleep efficiency.163,164 However, sleep abnormalities are 
rarely shown to correlate with symptoms in FM, and many investiga-
tors anecdotally believe that even identifying and treating specific  
sleep disorders often seen in FM patients (e.g., obstructive sleep apnea, 
upper airway resistance, restless legs or periodic limb movement syn-
dromes) do not necessarily lead to improvements in the core symptoms 
of FM.

Behavioral and psychological factors
In addition to neurobiologic mechanisms, behavioral and psychological 
factors also play a role in symptom expression in many FM patients. 
The rate of current psychiatric co-morbidity in patients with FM may 
be as high as 30% to 60% in tertiary care settings, and the rate of 
lifetime psychiatric disorders even higher.3,165,166 Depression and 
anxiety disorders are the most commonly seen. However, these rates 
may be artifactually elevated by virtue of the fact that most of these 
studies have been performed in tertiary care centers. Individuals who 
meet ACR criteria for FM who are identified in the general population 
do not have nearly this high a rate of identifiable psychiatric conditions 
(Fig. 77.6).15,167

As already noted, population-based studies have demonstrated that 
the relationship between pain and distress is complex and that distress 
is both a cause and consequence of pain. In this latter instance, a 
typical pattern is that as a result of pain and other symptoms of FM, 
individuals begin to function less well in their various roles. They may 
have difficulties with spouses, children, and work inside or outside the 
home, which exacerbate symptoms and lead to maladaptive illness 
behaviors. These include isolation, cessation of pleasurable activities, 
and reductions in activity and exercise. In the worst cases, patients 
become involved with disability and compensation systems that almost 
ensure they will not improve.168

The complex interaction of biologic, behavioral, psychological, and 
behavioral mechanisms is not, however, unique to FM. Non-biologic 
factors play a prominent role in symptom expression in all rheumatic 
diseases. In fact, in conditions such as rheumatoid arthritis and osteo-
arthritis, non-biologic factors such as level of formal education, coping 
strategies, and socioeconomic variables account for more of the vari-

Fig. 77.6 The relationship 
between neurobiologic factors 
that initiate or cause pain and 
other symptoms, and 
psychological and behavioral 
factors that either preexist or 
develop as a result of pain, and 
can perpetuate or worsen 
symptoms. These latter factors 
increase in frequency as one 
moves from examining pain 
patients in the population to 
those seen in tertiary care 
centers.

Neurobiologic Psychosocial factors
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ance in pain report and disability than biologic factors, such as the 
joint space width or sedimentation rate.169,170

Because of the biopsychosocial nature of FM, several groups have 
attempted to identify subgroups of individuals with this condition that 
may present differently or respond differentially to treatment.171,172 One 
of these studies examined how differential degrees of depression, mal-
adaptive cognitions, and hyperalgesia might interact to lead to different 
subgroups of patients. Three identified subgroups can be usefully iden-
tified (Fig. 77.7). The first comprises approximately half of the patients 
who have low levels of depression and anxiety, have normal cognition 
regarding pain, and are mildly tender (although tender enough to meet 
the ACR criteria). The second subgroup, representative of a “tertiary 
care” FM patient, is slightly tenderer and also displays high levels of 
depression. These patients also have cognitions associated with a poor 
prognosis in many pain conditions. These include an external locus of 
pain control, defined as feeling that they can do nothing about their 
pain, and catastrophizing, defined as having a negative and pessimistic 
view of their pain. The third subgroup, perhaps the most interesting, 

is the most tender but has no negative psychological or cognitive 
factors. This suggests that in some “resilient” individuals, positive 
psychological and cognitive factors may actually “buffer” neurobiologic 
factors leading to pain and other symptoms in FM. Similar results have 
been noted in several other studies of pressure pain in FM, as well as 
in another study using thermal pain.139

Functional imaging studies have been instructive with regard to how 
these co-morbid mood disorders or cognitions may be influencing pain 
processing in FM. fMRI undertaken on 30 FM patients with variable 
levels of depression, with additional experimental pain testing, inves-
tigated how the presence or absence of depression influenced pain 
report.140 This study found that the level of depressive symptomatology 
did not influence the degree of neuronal activation in brain regions 
responsible for coding for the sensory intensity of pain, the primary 
and secondary somatosensory cortices. As expected, the depressed indi-
viduals did display greater activations in brain regions known to be 
responsible for the affective or cognitive processing of pain, such as the 
amygdala and insula. Another study with similar methodology exam-
ined how the presence or absence of catastrophizing might influence 
pain report in FM.141 In contrast to the results mentioned earlier, the 
presence of catastrophizing was associated with increased neuronal 
activations in the sensory coding regions. These studies thus provide 
empirical evidence for the value of treatments such as cognitive behav-
ioral therapy. This is especially the case if individuals exhibit cogni-
tions such as catastrophizing, which, independent of other factors, may 
be capable of increasing pain intensity.

EVALUATION OF INDIVIDUALS WITH CHRONIC 
WIDESPREAD PAIN
The evaluation of an individual with chronic pain is a complex process. 
In contrast to most other medical problems, simply arriving at a “diag-
nosis” is typically insufficient to guide treatment. This is because 
within any given pain diagnosis, there is tremendous heterogeneity 
with respect to the underlying causes and contributors to symptoms 
and the most effective treatments. In particular, individuals with 
chronic pain can have greater or lesser peripheral nociceptive (i.e., 
tissue damage, inflammation) and central non-nociceptive (i.e., pain 
amplification, psychological factors) contributions to their pain (Fig. 
77.8). Therefore, the differential diagnosis of chronic pain involves 
identifying which of these factors are present in which individuals so 
that the appropriate pharmacologic, procedural, and psychological 
therapies can be administered.

A suggested diagnostic and therapeutic paradigm for individuals 
suspected of having FM is outlined in Figure 77.9. A careful musculo-

Fig. 77.7 Subgroups of fibromyalgia patients based on grouping by 
psychological, cognitive, and neurobiologic (degree of hyperalgesia) factors.
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Fig. 77.8 A mechanistic 
approach to pain requires that 
for any chronic pain patient, 
clinicians assess whether an 
individual has nociceptive 
(peripheral inflammation or 
damage), neuropathic pain (due 
to nerve damage), and/or central 
pain (due to disturbance in 
spinal or supraspinal 
mechanisms) and base treatment 
on this characterization rather 
than the typical type of pain 
experienced by most individuals 
with that condition (e.g., 
peripheral for OA and central for 
FM).
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skeletal history and examination remains the most important diagnos-
tic test for musculoskeletal pain. A high proportion of the healthy, 
asymptomatic population has a positive antinuclear antibody, positive 
rheumatoid factor, or abnormal results of imaging studies.173-175 Worse 
yet, these diagnostic tests rarely tell us how “severe” the pain is because 
there is typically a significant discordance between the results of labora-
tory or imaging studies and the severity of pain and other symptoms 
that the individual is experiencing. Therefore the musculoskeletal 
history and examination must allow the clinician to arrive at the diag-
nosis (or at worst a narrow differential diagnosis), and then if necessary, 
further diagnostic testing should be used to confirm these findings.

DIAGNOSIS
The American College of Rheumatology criteria for FM were never 
intended to be used as strict diagnostic criteria for use in clinical prac-
tice. Many individuals who clearly have FM will not have pain through-
out their entire body or not have 11 tender points. Moreover, pain and 
tenderness occur across a continuum in the population, and it is 
impossible to know where to “draw the line” between an individual 
with symptoms and someone with an “illness.”176

History
Pain
In clinical practice, one should suspect FM in individuals with multifo-
cal pain that cannot be fully explained on the basis of damage or 
inflammation in those regions of the body. In most cases musculo-
skeletal pain is the most prominent feature, but because pain pathways 
throughout the body are amplified, pain can be perceived more gener-

ally. Thus chronic headaches, sore throats, chest pain, abdominal pain, 
and pelvic pain are common in individuals with FM, and patients with 
chronic regional pain in any of these locations are more likely to have 
FM.

Because pain is a defining feature of FM, it is helpful to focus on 
the features of the pain that can help distinguish it from other disor-
ders. The pain of FM is typically diffuse or multifocal, often waxes and 
wanes, and is frequently migratory in nature. These characteristics of 
“central pain” are quite different from “peripheral” pain, where both 
the location and severity of pain are typically more constant. Patients 
may complain of discomfort when they are touched or when wearing 
tight clothing and may experience dysesthesias or paresthesias that 
accompany the pain.

Non-pain symptoms
Aside from the pain, a number of seemingly non-related symptoms 
may develop and persist. These include fatigue, sleep difficulties, weak-
ness, problems with attention or memory, unexplainable weight fluc-
tuations, and heat and cold intolerance. “Allergies” are reported much 
more commonly in FM patients, although these excess symptoms are 
better considered hypersensitivities rather than true IgE-mediated 
immunologic reactions. These patients are also more prone to non-
allergic rhinitis, sinus and nasal congestion, and lower respiratory 
symptoms, all of which again may be primarily attributable to neural 
mechanisms. Distortions in hearing, vision, and vestibular symptoms 
are often reported, as are sicca symptoms (sometimes so prominent 
that these individuals will overlap with those with Sjögren 
syndrome).

“Functional disorders” involving visceral organs have long been 
noted to be more common in FM. These include non-cardiac chest 

Fig. 77.9 Suggested algorithm 
for the diagnosis and treatment 
of fibromyalgia.

Fibromyalgia-like symptoms >3 months

Evaluate for other disorders
Complete physical exam
Check ESR, CRP, CBC, chemistry panel, TSH
Avoid ANA, RF unless indicated

Diagnose or “label” with fibromyalgia
Likely helpful in majority of patients
Avoid “labeling” in some individuals

Educate about condition
Schedule prolonged visit
Reaffirm condition is benign
Offer reputable resources

Evaluate for co-morbidities and treat

Abnormal workup

Manage accordingly
(may have co-morbid

fibromyalgia)

Normal workup

Pharmacologic treatment to improve “symptoms” of pain, sleep, and fatigue
Trial of TCAs and/or dual reuptake inhibitors and/or
pregabalin/gabapentin (can be used together)
If insomnia, and intolerant to TCAs, try alternative compound, i.e.,
zolpidem, zaleplon, or trazadone
If persistent pain, add tramadol, or tizanidine
If mood disorders persist, consider SSRIs

Non-pharmacologic treatment to improve “function”
Exercise, low impact and aerobic
Cognitive behavioral therapy

SUGGESTED ALGORITHM FOR THE DIAGNOSIS AND TREATMENT OF FIBROMYALGIA
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pain, heartburn and palpitations, and the frequent co-morbidity of 
irritable bowel syndrome. Mitral valve prolapse, esophageal dysmotil-
ity, and reduced static inspiratory and expiratory pressure on pulmo-
nary function tests have been seen in patients with FM. Syncope and 
hypotension are symptoms that may occur in FM, and in some cases 
they are accompanied by neurally mediated hypotension or postural 
orthostatic tachycardia. Pelvic complaints are common, including not 
only pain but also urinary frequency and urgency. In females the fre-
quent co-morbid diagnoses are dysmenorrhea, interstitial cystitis, 
endometriosis, and sensitivity disorders like vulvar vestibulitis and 
vulvodynia, whereas in males these same symptoms are sometimes 
diagnosed as chronic or non-bacterial prostatitis.

Physical examination and  
laboratory investigations
Physical examination is often unremarkable, except for the presence of 
tenderness. Tenderness may be generalized and thus present anywhere 
in the body. Laboratory testing is generally not useful, except for the 
purpose of differential diagnosis. One factor that can help guide the 
intensity of the diagnostic work-up is the length of time the patient 
has had symptoms. If the patient’s symptoms have persisted for several 
years, minimal testing is required, whereas a more aggressive strategy 
should be employed for acute or subacute onset of symptoms. Simple 
testing should be limited to complete blood count and routine serum 
chemistries, along with thyroid-stimulating hormone (TSH) and eryth-
rocyte sedimentation rate (ESR) and/or C-reactive protein.

Serologic studies such as ANA and rheumatoid factor assays should 
generally be avoided unless there are historic features not seen in FM, 
or abnormalities on physical examination. This represents a problem 
in clinical practice because several autoimmune disorders share over-
lapping symptomatology with FM. These include not only fatigue, 
arthralgias, and myalgias, but also such symptoms as morning stiffness 
and subjective swelling of the hands and feet. Certain dermatologic 
features commonly seen in FM, including malar flushing, livedo reticu-
laris, and Raynaud-like reddening of the hands, also mimic symptoms 
of autoimmune disorders. This sometimes results in patients with FM 
being misdiagnosed as having an autoimmune disorder such as sys-
temic lupus erythematosus.

Aside from the many co-morbid conditions already discussed, FM 
may present similarly to a number of disorders or concurrently with 
other disorders that may confuse the diagnosis. Box 77.2 shows condi-
tions that often mimic or present concurrently with FM. Hypothyroid-
ism and polymyalgia rheumatica can be differentiated from FM by 
results of TSH and ESR. Sleep apnea and hepatitis C also simulate FM 
and tend to present more often in men than women.

TREATMENT
Progress in the understanding of FM has led to more therapeutic 
options for patients with this condition. Investigators are examining 
the utility of newer medications, as well as non-pharmacologic inter-
ventions in controlled trials (Fig. 77.10). It is important to use symp-
tom-based pharmacologic therapy together with non-pharmacologic 
therapies because medications typically target symptoms, whereas 
non-pharmacologic therapies target dysfunction/functional decline.177

Diagnostic labeling
Once a physician rules out other potential disorders, an important and 
at times controversial step in the management of FM is asserting the 
diagnosis. Despite some assumptions that being “labeled” with FM 
may adversely affect patients, one study indicated that patients had 
significant improvement in health satisfaction and symptoms after 
being “labeled.”167 Nonetheless, in certain select individuals (i.e., ado-
lescents or young adults, or overtly anxious persons), the preferred 
route may still be not to label. Regardless, diagnosis confirmation 
should be ideally coupled to patient education, an intervention shown 
to be effective in randomized controlled trials.177

Pharmacologic therapy
The majority of FM clinical trials have involved antidepressants of one 
class or another (Box 77.3). Trials studying the oldest class of agents, 
tricyclic antidepressants (TCAs), are most abundant, though several 
recent studies have focused on selective serotonin reuptake inhibitors 
and “atypical antidepressants”—a class that includes dual-reuptake 
inhibitors and monoamine oxidase inhibitors (MAOIs).

Tricyclic antidepressants
The most frequently studied pharmacologic therapy for FM is low 
doses of tricyclic compounds. Most TCAs increase the concentrations 
of serotonin and/or norepinephrine (noradrenaline) by directly blocking 
their respective reuptake. The effectiveness of TCAs, particularly ami-
triptyline and cyclobenzaprine, in treating the symptoms of pain, poor 
sleep, and fatigue associated with FM is supported by several random-
ized, controlled trials.96 Tolerability is a problem but can be improved 
by beginning at low doses (e.g., 10 mg amitriptyline or 5 mg cycloben-
zaprine), giving the dose a few hours before bedtime, and slowly esca-
lating the dose.

BOX 77.2 CONDITIONS THAT SIMULATE FIBROMYALGIA

Common
Hypothyroidism
Polymyalgia rheumatica
Early in course of autoimmune disorders (e.g., rheumatoid arthritis or systemic 

lupus erythematosus)
Sjögren syndrome

Less common
Hepatitis C
Sleep apnea
Chiari malformation
Celiac sprue

Fig. 77.10 An example of dually focused treatment.

Initial symptoms of pain, fatigue, etc.

Functional Consequences of Symptoms

Pharmacologic
therapies

to improve symptoms

Non-pharmacologic
therapies

to address dysfunction

Dually focused treatment

Disordered sensory processing
Neuroendocrine disturbances

Distress
Decreased activity
Isolation
Poor sleep
Increased distress
Maladaptive illness behaviors

AN EXAMPLE OF DUALLY FOCUSED TREATMENT

BOX 77.3 PHARMACOLOGIC THERAPIES
 Strong evidence: tricyclics (amitriptyline, cyclobenzaprine); dual-reuptake 

inhibitors (SNRI/NSRI—duloxetine, milnacipran); alpha-2-delta ligands (pre-
gabalin, gabapentin)

 Modest evidence: tramadol; selective serotonin reuptake inhibitors (SSRIs); 
dopamine agonists; gamma hydroxybutyrate (GHB)

 Weak evidence: growth hormone, 5-hydroxytryptamine, tropisetron, S-
adenosyl-L-methionine (SAMe)

 Not shown to be effective: opioids, NSAIDs, corticosteroids, benzodiaz-
epine and nonbenzodiazepine hypnotics, melatonin, guaifenesin, 
dehydroepiandrosterone
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Selective serotonin reuptake inhibitors
Because of a better side effect profile, newer antidepressants (i.e., selec-
tive serotonin reuptake inhibitors [SSRIs]) are frequently used in  
FM. The SSRIs fluoxetine, citalopram, and paroxetine have each  
been evaluated in randomized, placebo-controlled trials.177-180 In 
general, the results of studies of SSRIs in FM have paralleled the experi-
ence in other pain conditions. The newer “highly selective” serotonin 
reuptake inhibitors (e.g., citalopram) seem to be less efficacious than 
the older SSRIs, which have some noradrenergic activity at higher 
doses.181

Because TCAs and high doses of certain “SSRIs” such as fluoxetine 
and sertraline that have the most balanced reuptake inhibition are the 
most effective analgesics, many have concluded that dual-receptor 
inhibitors such as serotonin-NE and NE-serotonin reuptake inhibitors 
(SNRIs and NSRIs) may be of more benefit than pure serotonergic 
drugs.181 These drugs are pharmacologically similar to some TCAs in 
their ability to inhibit the reuptake of both serotonin and NE but differ 
from TCAs in being generally devoid of significant activity at other 
receptor systems. This selectivity results in diminished side effects and 
enhanced tolerability. The first available SNRI, venlafaxine, has data 
to support its use in the management of neuropathic pain, and retro-
spective trial data demonstrate that this compound is also effective in 
the prophylaxis of migraine and tension headaches.182 Two studies in 
FM have had conflicting results, with the one using a higher dose 
showing efficacy.177

Two new SNRIs, milnacipran and duloxetine, have undergone 
recent multicenter trials and were shown to be effective in a number 
of outcome variables. Both are now approved in the United States for 
the treatment of FM.117,183 In the study evaluating milnacipran, statisti-
cally significant differences were noted in overall improvement, physi-
cal functioning, level of fatigue, and degree of reported physical 
impairment. In the trial of duloxetine compared with placebo, partici-
pants treated with duloxetine had decreased self-reported pain and 
stiffness and a reduced number of tender points. In both studies, ben-
efits were shown to be independent of the drug effect on mood, thus 
suggesting that the analgesic and other positive effects of this class of 
drugs in FM are not simply due to their antidepressant effects. Both 
drugs are better tolerated if taken with food and patients are warned 
about initial nausea. Patients should be counseled that nausea typically 
resolves in a week or so, but if not, they should discontinue the drug. 
The maximum approved dose of duloxetine is 60 mg per day, but it 
was studied in trials at doses up to 120 mg and shown to be safe. 
Similarly, the initial dose of milnacipran is 100 mg, but some patients 
will benefit from increasing the dose as high as 200 mg.

Other central nervous system–acting drugs
Antiepileptic drugs are widely used in the treatment of various chronic 
pain conditions, including postherpetic neuralgia and painful diabetic 
neuropathy.184 Pregabalin and gabapentin have the same mechanism 
of action and bind to the α2-delta subunit of calcium channels, and 
both are approved for the treatment of neuropathic pain, as well as 
several other indications. Several studies have shown the efficacy of 
pregabalin against pain, sleep disturbances, and fatigue as compared 
with placebo in FM, leading to approval of this drug in the United 
States for use in this condition.185 Gabapentin has been shown to have 
similar efficacy and side effect profile in FM, and has been approved 
for a number of other chronic pain states as well.184,186 The tolerability 
of these drugs can be dramatically enhanced by beginning at a low dose 
and giving either two thirds of the dose, or the entire dose, at bedtime. 
The maximally approved dose of pregabalin is 450 mg, but in trials it 
was studied at doses as high as 600 mg and shown to be safe and 
efficacious. Another antiepileptic compound, clonazepam, has demon-
strated efficacy in treating temporal mandibular disorder and associ-
ated jaw pain and is useful in the treatment of restless legs syndrome184 
and may be of value in FM.

Sedative-hypnotic compounds are widely used by FM patients. A 
handful of studies have been published on the use of certain non-
benzodiazepine hypnotics in FM such as zopiclone and zolpidem  
tartrate. These reports suggest that these agents can improve the  
sleep and, perhaps, fatigue of FM patients, though they had no sig-
nificant effects on pain. On the other hand, gamma-hydroxybutyrate 
(also known as sodium oxabate), a precursor of GABA with powerful 

sedative properties, was recently shown to be useful in improving 
fatigue, pain, and sleep architecture in patients with FM.187 Note, 
however, that this agent is a scheduled substance due to its abuse 
potential.

Pramipexole is a dopamine agonist indicated for Parkinson disease 
that has shown utility in the treatment of periodic leg movement dis-
order.188 Recent studies suggest that this compound may improve both 
pain and sleep in FM patients.189

Tizanidine is a centrally acting α2-adrenergic agonist approved by 
the U.S. Food and Drug Administration for the treatment of muscle 
spasticity associated with multiple sclerosis and stroke. Literature sug-
gests that this agent is a useful adjunct in treating several chronic pain 
conditions, including chronic daily headaches and low back pain. A 
recent trial reported significant improvements in several parameters in 
FM, including sleep, pain, and measures of quality of life.190 Of particu-
lar interest was the demonstration that treatment with tizanidine 
resulted in a reduction in substance P levels within the CSF of patients 
with FM.

Analgesics
No adequate, randomized, controlled clinical trials of opiates in FM 
have occurred, and many in the field (including the author) have not 
found this class of compounds to be effective in anecdotal experience. 
Tramadol is a compound that has some opioid activity (weak µ-agonist 
activity) combined with serotonin/NE reuptake inhibition. This com-
pound does appear to be somewhat efficacious in the management of 
FM, as both an isolated compound and as a fixed-dose combination 
with acetaminophen.188

A large number of FM patients use NSAIDs and acetaminophen. 
Although numerous studies have failed to confirm their effectiveness 
as analgesics in FM, there is limited evidence that patients may experi-
ence enhanced analgesia when treated with combinations of NSAIDs 
and other agents. This phenomenon may be a result of concurrent 
“peripheral” pain (i.e., due to damage or inflammation of tissues such 
as osteoarthritis and rheumatoid arthritis) conditions that may be 
present and/or co-morbid peripheral pain generators that might lead to 
worsening of “central” pain.

Non-pharmacologic therapies
The two best-studied non-pharmacologic therapies are cognitive behav-
ioral therapy and exercise (Box 77.4). Both therapies have been shown 
to be efficacious in the treatment of FM, as well as a plethora of other 
medical conditions.177,191 Both treatments can lead to sustained (e.g., 
longer than 1 year) improvements and be effective when an individual 
complies with therapy.

Alternative therapies have been explored by patients managing their 
own illness, as well as health care providers. As with other diseases, 
there are few controlled trials to advocate their general use. Trigger-
point injections, chiropractic manipulation, acupuncture, and myofas-
cial release therapy are among the more commonly used modalities, 
which achieve varying levels of success. Two randomized, sham-con-
trolled trials of acupuncture showed no difference between the two 
groups.97,192 A usual-care comparison group was not studied. Some 
evidence indicates that the use of alternative therapies gives patients 
a greater sense of control over their illness. In instances where this 
sense of control is accompanied by an improved clinical state, the deci-
sion to use these therapies is between physicians and patients 
themselves.

BOX 77.4 NON-PHARMACOLOGIC THERAPIES
 Strong evidence: cardiovascular exercise, cognitive behavior therapy, 

patient education, multidisciplinary therapy
 Modest evidence: strength training, acupuncture, hypnotherapy, biofeed-

back, balneotherapy
 Weak evidence: acupuncture, chiropractic, manual and massage therapy, 

electrotherapy, ultrasound
 No evidence: tender (trigger) point injections, flexibility exercise
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PROGNOSIS
The prognosis of FM depends largely on where the individual falls on 
a continuum. One end of the continuum comprises individuals with 
chronic widespread pain, or individuals with FM who are seen in 
primary care, with the prognosis being quite good.193,194 On the other 
hand, individuals with FM seen in tertiary care settings do quite 
poorly.195 In this latter study, there was little change in symptoms over 
time and no significant change in health satisfaction, symptoms, or 
functional disability.

With regard to function in FM, studies have reported varying dis-
ability rates from 9% to 44%.194,196,197 Disability has been most strongly 
associated with functional and work status, pain, mood disturbances, 
coping ability, depression, pending litigation, and educational 
background.

SUMMARY
Much has been learned about chronic pain by studying FM. It is now 
viewed as the prototypical “central pain syndrome” that occurs primar-
ily because of spinal and supraspinal mechanisms involved in pain 
transmission, rather than due to peripheral inflammation or damage 
or due to nerve damage. The same mechanisms that lead to centrally 

mediated pain also lead to other somatic symptoms such as fatigue 
and insomnia, likely because similar neurotransmitter imbalances can 
also cause these symptoms. Because of this, any patient with chronic 
pain, especially if he or she has widespread multifocal pain and the 
pain is accompanied by other somatic symptoms and syndromes, 
should be considered to possibly have a co-morbid FM or an element 
of FM.

Wolfe and colleagues176 have clearly demonstrated that FM is both 
a discrete illness (i.e., an individual with FM) and the end of a con-
tinuum of pain processing. Wolfe198 has reported that the degree 
of “fibromyalgia-ness” an individual with any rheumatic disorder  
has (including individuals with osteoarthritis, rheumatoid arthritis, 
regional pain syndromes) as measured by his symptom inventory is 
closely correlated with his or her level of pain and/or disability, even if 
there is a “peripheral” cause for pain. The symptom inventory (or other 
measures of the current or lifetime level of somatic symptoms or 
“somatization”) is a good measure for whether an individual has this 
spectrum of illness or an element of central sensitivity, no matter  
if he or she also has a peripheral cause for pain or not. A better  
understanding of the underlying mechanisms and most effective treat-
ment for this spectrum of illness is critical to rheumatologists because 
many patients with rheumatic disorders have a little, or a lot, of 
“fibromyalgia-ness.”
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potential entrapment, is between the scalenus anterior and scalenus 
medius muscles as they attach to the first rib. Next is the costoclavicu-
lar space, which is bordered by the clavicle anteriorly, the first rib 
posteromedially, and the superior margin of the scapula posterolater-
ally. Lastly, the neurovascular bundle travels under the coracoid process 
and beneath the pectoralis minor tendon.

Etiology
Because the thoracic outlet has three well-defined areas of narrowing, 
traditional teaching has ascribed specific clinical syndromes to each 
area. Thus, a fairly rigid classification has evolved that includes the 
anterior scalene, costoclavicular, and hyperabduction syndromes. 
However, it is more likely that anatomic abnormalities and trauma to 
the shoulder girdle region have a far more pivotal role in causing this 
syndrome.

Cervical ribs, some incomplete and having fibrous attachments to 
the first rib, are an anomaly often associated with true neurogenic TOS. 
Some have suggested that too much significance has been placed on 
this finding, because cervical ribs may be noted in up to 0.5% of routine 
radiographs. Furthermore, abnormal anatomy of the thoracic outlet, 
and in particular the presence of fibrous bands, is a common finding 
in the general population.3 The congenital bands may arise from a 
cervical rib or from the transverse process of the seventh cervical ver-
tebra, or they may be associated with the scalene muscles. These cervi-
cal bands and certain scalene muscle abnormalities appear to play an 
important part in the pathogenesis of neurogenic TOS.4

Clinical presentation
Patients usually experience sensory symptoms as the first manifesta-
tion of TOS. Paresthesias are common and follow the ulnar nerve 
distribution along the medial aspect of the arm and forearm and then 
to the fourth and fifth fingers. Aching pain, radiating to the neck, 
shoulder, and arm, is a frequent complaint, often being more diffuse 
than the paresthesias. Carrying heavy objects, persistent abduction of 
the shoulder, and work that requires using the arms over the head may 
exacerbate these symptoms. TOS is also more likely to occur in indi-
viduals with poor posture and drooping shoulders.

Signs of motor weakness, if they appear, usually follow the sensory 
complaints. The patients may describe a feeling of weakness or clumsi-
ness in using the hand. Wasting of the thenar, hypothenar, and intrin-
sic muscles of the hand is indicative of true neuropathic TOS.

A small number of patients have vasomotor disturbances. These 
may take the form of coldness, blanching, or cyanosis. In more extreme 
cases, trophic changes and even infarction of tissues at the fingertips 
may appear.5

Diagnosis
The most useful diagnostic approach to TOS is a careful neurologic 
examination, which may reveal tenderness over the brachial plexus, 
sensory deficits, motor weakness, or signs of muscle atrophy. Certain 
clinical stress tests have traditionally been used to diagnose TOS. The 
Adson, costoclavicular, and hyperabduction maneuvers (Figs. 78.2 to 
78.4) are used. However, because these maneuvers are positive in the 
majority of normal individuals (there is a reduction in the radial pulse), 
they have diagnostic utility only when the patient’s sensory symptoms 
are reproduced.

Entrapment neuropathies and 
compartment syndromes
Stephany A. McGann, Raymond H. Flores, and David J. Nashel*

 An entrapment neuropathy results from increased pressure on a 
nerve as it passes through an enclosed space.

 Knowledge of the anatomy of each potential site of entrapment is 
essential for an understanding of the clinical manifestations of 
these syndromes.

 Conservative measures such as splinting, non-steroidal anti-
inflammatory drugs, and local corticosteroid injections usually 
suffice when symptoms are mild and of short duration. Surgical 
procedures to decompress the nerve are indicated in more severe 
cases.

INTRODUCTION
Entrapment neuropathy results from increased pressure on a nerve as 
it passes through an enclosed space. A nerve is most vulnerable to 
compression as it traverses a fibro-osseous canal, where there is a 
disproportion of contents and capacity. Nerves that have previously 
been affected by a neuropathic process, as with diabetes or alcoholism, 
appear to be even more vulnerable to entrapment. For the clinician to 
fathom fully the manifestations of each syndrome, familiarity with the 
anatomy of each site is essential.

Mechanisms for nerve injury by compression are not fully under-
stood. Mild amounts of pressure can lead to physiologic dysfunction, 
and friction and ischemia may also play a role in this process.1 Surgical 
exposure often reveals nerve swelling proximal to the site of 
entrapment.

The signs and symptoms that accompany nerve entrapment may at 
times be subtle and easily confused with rheumatic disorders. In addi-
tion, rheumatic diseases that manifest synovitis or tenosynovitis are 
capable of causing compression neuropathy. Because entrapment neu-
ropathies produce focal neurologic deficits, other conditions that can 
present with similar patterns (e.g., vasculitis, radiculopathy, reflex sym-
pathetic dystrophy) must be included in the differential diagnosis.

There are many recognized sites of neural entrapment (Table 78.1). 
In this chapter the focus is on those compressive neuropathies that are 
most often encountered in clinical practice.

THORACIC OUTLET SYNDROME
Thoracic outlet syndrome (TOS) results from compression of one or 
more of the neurovascular elements that pass through the superior 
thoracic aperture. In the majority of cases, it is neurogenic entrapment 
that accounts for the symptoms and rarely is there an isolated vascular 
lesion. In those relatively rare cases in which there is clear-cut involve-
ment of the brachial plexus, the disorder is referred to as true neuro-
genic TOS. Non-specific or disputed TOS refers to those patients with 
more poorly defined pain syndromes.2

Anatomy
The thoracic outlet consists of several narrow channels through which 
the subclavian vessels and the lower trunk of the brachial plexus 
(eighth cervical and first thoracic fibers) pass from the thoracocervical 
region to the axilla (Fig. 78.1). The first area of narrowing, and 
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*The authors would like to acknowledge the contributions of Dr. David J. 
Nashel who was the author of this chapter in the previous edition.
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TABLE 78.1 PERIPHERAL ENTRAPMENT NEUROPATHIES

Nerve Location/syndrome

Upper extremity and 
thorax

Brachial plexus Thoracic outlet

Dorsal scapular Scalenus medius

Suprascapular Scapular notch

Musculocutaneous Elbow

Radial Posterior interosseous 
nerve syndrome

Median

 At elbow Ligament of Struthers

 At forearm Pronator teres

 At wrist Carpal tunnel syndrome

 Anterior interosseous Forearm

Ulnar

 At elbow Cubital tunnel syndrome

 At wrist Ulnar tunnel syndrome

Lower extremity Obturator Pelvis

Sciatic Piriformis syndrome

Ilioinguinal Lower abdomen

Lateral femoral 
cutaneous

Meralgia paresthetica

Femoral Hip

Peroneal Fibular tunnel

Saphenous Hunter’s canal

Sural Lower leg

Posterior tibial Tarsal tunnel syndrome

Interdigital plantar Morton’s metatarsalgia

Scalenus
medius

Scalenus
anterior

Scalenus
posterior

Brachial
plexus

Subclavian
artery

Subclavian
vein

Clavicle

First rib

Pectoralis
minor

THE THORACIC OUTLET

Fig. 78.1 The thoracic outlet. Three narrow channels of the outlet include the 
scalene triangle, the costoclavicular passage, and the pectoralis minor 
attachment at the coracoid process.

Fig. 78.2 The Adson maneuver. The patient inhales deeply, extends the neck 
fully, and turns the head to the side being examined. This tests for 
compression in the scalene triangle and is positive if there is a diminution in 
the radial pulse and reproduction of the patient’s symptoms.

Fig. 78.3 The costoclavicular maneuver. The patient takes an exaggerated 
military position of attention with the shoulders thrust backward and 
downward. Decreased radial pulse and reproduction of symptoms suggest 
neurovascular compression between the clavicle and first rib.

A radiograph of the cervicothoracic region may reveal a cervical rib 
or an elongated transverse process of C7, a clue to the presence of a 
fibrous band. The anatomy of the thoracic outlet can be well visualized 
by magnetic resonance imaging (MRI). Functional imaging can now be 
obtained with open-magnet MRI.6 Using this technology, one can 
assess compression of the brachial plexus by measurement of the dis-
tance between the clavicle and first rib while the arm is in 
abduction.

Nerve conduction studies may be helpful in diagnosing true TOS.7 
Although electrophysiologic studies are unrevealing in disputed TOS, 
they may be useful in diagnosing other conditions that might be con-
fused with TOS, such as cervical radiculopathy, cubital tunnel syn-
drome, or carpal tunnel syndrome. The differential diagnosis of 
disputed TOS should include other cervical lesions (tumors, disc 
disease, spondylosis) and reflex sympathetic dystrophy; in patients 
with vascular signs, other disorders of vessels should be considered 
(e.g., vasculitis and atherosclerosis).
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concept of constriction of the nerve in a fibro-osseous tunnel been 
suggested.11

Anatomy
The osseous portion of the cubital tunnel is formed anteriorly by the 
medial epicondyle, the fibrous portion by the ulnohumeral ligaments 
laterally, and the aponeurosis of the two heads of the flexor carpi 
ulnaris posteromedially (Fig. 78.5). The size of the tunnel is reduced 
when the elbow is placed in flexion.

Etiology
Without a history of trauma, it may be difficult to give a precise cause 
for cubital tunnel syndrome. However, chronic pressure over the ulnar 
groove, which may be exerted by occupational stress or from unusual 
elbow positioning, appears to play an etiologic role. Arthritic conditions 
that result in synovitis at the elbow, or osteophyte production, may 
also cause compression of the nerve.

Clinical presentation
Paresthesias are noted in the distribution of the ulnar nerve, and in 
many instances the neuropathy is bilateral. Symptoms are often aggra-
vated by prolonged use of the elbow in a flexed position. Tinel’s sign 
may be positive over the ulnar groove, and pain may be provoked by 
putting pressure directly on the nerve, which may be noticeably swollen. 
A majority of patients will demonstrate atrophy of intrinsic muscles 
and weakness in pinch and grasp. There may be wasting of the hypo-
thenar muscles and slight clawing of the fourth and fifth fingers. A 
positive Wartenberg sign indicates weakness in adduction of the fifth 
finger.

Diagnosis
Consideration must be given to compression of the ulnar nerve at other 
locations, including the cervical spine, thoracic outlet, and Guyon’s 
canal (see later). Also, cubital tunnel syndrome must be differentiated 
from tardy ulnar palsy, in which neuropathy develops years after an 
injury.

Radiographs may be helpful in defining the cubital tunnel area and 
may reveal lesions such as osteophytes, which may impinge on the 

Treatment
Conservative management of TOS is the course that should be pursued 
initially. This consists of appropriate exercises designed to improve 
posture by strengthening the rhomboid and trapezius muscles. Avoid-
ance of hyperabduction is important, and patients may have to con-
sider changing occupation if their job requires prolonged use of the 
arms above the head.

It must be remembered, however, that carpal tunnel syndrome may 
present as pain radiating to the shoulder region and may thus be con-
fused with TOS.8 Accordingly, distal nerve entrapment should be 
excluded before definitive therapy for TOS is considered.

“Caution” must be the watchword when surgical treatment of TOS 
is under consideration. The large number of treatment failures reported 
by some authors suggests that many of these patients may have had 
the more common or disputed form of neurogenic TOS, which does 
not generally respond to surgical intervention. Thus, careful screening 
of patients is mandatory before surgery. In addition, there is consider-
able risk of injury to the brachial plexus during surgery.9 Conservative 
treatment should be continued as long as the neurologic symptoms are 
only subjective. When there is evidence for true neurogenic TOS, 
namely, an abnormal nerve conduction study, intrinsic hand muscle 
atrophy, and presence of a fibrous band or cervical rib, then surgery 
should be considered. Other indications for surgery are intermittent 
fleeting paresthesias replaced by continuous sensory loss, incapacitat-
ing pain, or worsening circulatory impairment (if present).4

Because it is often difficult to define an exact anatomic area of 
compression preoperatively, success rates of particular surgical proce-
dures are, not surprisingly, quite variable. The transaxillary approach 
with first rib resection has many proponents. This method is useful 
for costoclavicular compression. Others prefer supraclavicular explora-
tion with division of the scalenus anterior muscle and resection of the 
first rib.10 In either case, the surgeon must also search for constricting 
fibrous bands.

ULNAR NERVE COMPRESSION SYNDROMES
Cubital tunnel syndrome
Compression neuropathy of the ulnar nerve as it traverses the elbow 
has long been recognized as a complication of local trauma, particularly 
as a result of fractures of the humerus. Only in recent years has the 

Fig. 78.4 The hyperabduction maneuver. The patient lifts the hands above the 
head with the elbows somewhat flexed and extending out laterally from the 
body. This maneuver tests compression by the pectoralis minor at the coracoid 
process.

Ulnar nerve

Medial epicondyle

Flexor
carpi

ulnaris

Ulnar
collateral
ligament

THE CUBITAL TUNNEL

Fig. 78.5 The cubital tunnel. The fibro-osseous canal is formed by the medial 
epicondyle, ulnar collateral ligament, and flexor carpi ulnaris muscle. Elbow 
flexion decreases the volume of the channel.
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Etiology
The most common cause of nerve compression in Guyon’s canal is 
ganglia. Aberrant muscles, Dupuytren’s disease, rheumatoid arthritis 
(RA), and osteoarthritis may also cause impingement. Chronic trauma 
from use of certain tools and occupations that require blows to the 
palm also predispose to ulnar tunnel syndrome.

Clinical presentation
When compression of the nerve occurs in the proximal portion of  
the ulnar tunnel, the patient will have combined sensory and motor 
deficits, hypoesthesia in the hypothenar region and fourth and fifth 
fingers (see Fig. 78.10), and weakness of the intrinsic muscles of the 
hand. More distal lesions may present as either motor or sensory 
impairment.

Diagnosis
Electrodiagnostic studies are helpful in determining the site of  
entrapment and in defining which branches are involved. Ulnar tunnel 
syndrome must be differentiated from TOS and cubital tunnel 
syndrome.

Treatment
If conservative measures, such as avoidance of trauma to the palm, do 
not result in improvement, then surgical decompression may be neces-
sary. When entrapment is caused by ganglia, synovitis, or fibrosis, 
offending tissue is excised.

MEDIAN NERVE COMPRESSION SYNDROMES
Forearm entrapments
Anterior interosseous nerve syndrome
The anterior interosseous nerve is a purely motor branch of the median 
nerve (Fig. 78.7). It innervates the pronator quadratus, the flexor pol-
licis longus, and the flexor digitorum profundus to the index finger. 
The nerve branches off from the median nerve about 6 cm below the 
lateral epicondyle. Entrapment may result from compression by aber-
rant or accessory muscles or fibrous bands beneath the pronator teres 
or by pressure from an enlarged bicipital bursa.

Because there are no sensory fibers in the nerve, the patient has no 
sensory complaints and experiences only motor weakness. The typical 
pattern is loss of distal flexion of the thumb and index finger, giving a 
characteristic pinch sign (Fig. 78.8). The pronator quadratus is tested 
with the elbow fully flexed. There is decreased resistance to forced 
supination of the forearm. The patient may also note a dull, aching 
pain in the volar aspect of the proximal forearm.

Confirmation of anterior interosseous nerve entrapment depends 
on electromyography of the forearm muscles. Findings on MRI include 
increased signal intensity on T2-weighted or short tau inversion recov-
ery sequences and/or atrophy of the innervated muscles. Differential 
diagnosis for this syndrome should include rupture of the flexor pollicis 
longus tendon, which may occur in RA, and more proximal lesions 
such as brachial neuritis.

Because the condition improves with time in most patients, initial 
management is conservative, unless the condition has been brought 
about by a wound. The patient is advised to avoid repetitive forearm 
motions (pronation-supination). If the weakness does not resolve after 
2 or 3 months, surgery is usually recommended.16

Pronator teres syndrome
There are several potential sites of median nerve entrapment in the 
forearm (see Fig. 78.7). It may occur at the lacertus fibrosus, at the 
proximal edge of the flexor digitorum superficialis, or, most commonly, 
by the pronator teres muscle itself or fibrous bands at the superficial 
head of this muscle.

The most consistent symptom in pronator teres syndrome is an 
aching pain in the proximal forearm, which often begins insidiously. 
This may be exacerbated by activities that require intensive use of the 

nerve. Electrodiagnostic studies are useful in establishing that the site 
of ulnar compression is indeed the elbow and in following recovery 
after treatment. The readily accessible location of the entrapment  
area allows for direct testing of sensory and motor conduction across 
the cubital tunnel. High-resolution ultrasonography and MRI can  
accurately demonstrate ulnar nerve thickening as a result of 
entrapment.12,13

Treatment
When the symptoms are primarily sensory and motor weakness is not 
marked, avoidance of prolonged elbow flexion may be sufficient treat-
ment. Compression resulting from inflammatory lesions, such as rheu-
matoid synovitis, may respond to local injection of corticosteroid along 
the ulnar groove, paying particular attention to avoid direct needle 
contact with the nerve.

In more advanced cases of cubital tunnel syndrome, a number of 
surgical procedures to decompress the nerve have been used. These 
include simple release of flexor carpi ulnaris aponeurosis, medial epi-
condylectomy, and anterior transposition of the nerve, the last being 
the most demanding operation. Simple decompression of the ulnar 
nerve is as effective as transposition and has fewer complications.14 
Because re-innervation of the nerve occurs slowly, in severe cases 
postsurgical recovery may take up to a year after a decompression 
procedure.

ULNAR TUNNEL SYNDROME
Ulnar tunnel syndrome results from entrapment of the ulnar nerve in 
Guyon’s canal at the wrist.15 Many factors that affect the carpal tunnel 
can also influence the ulnar tunnel, which is in close proximity; at 
times, both areas are simultaneously involved.

Anatomy
The ulnar tunnel is bounded on the sides by the hook of the hamate 
and the pisiform bone. Above and below the tunnel are the volar and 
transverse carpal ligaments, respectively (Fig. 78.6). Inside the tunnel, 
the ulnar nerve divides into sensory and motor branches.

Thenar
muscles

Flexor pollicis
longus

Median
nerve

Ulnar
artery

Ulnar
nerve

Flexor
retinaculum

Hypothenar
muscles

Pisiform

Hamate
Carpal tunnel

Ulnar tunnel (Guyon’s canal)

Flexors

Extensors

RELATIONSHIP OF THE ULNAR TUNNEL (GUYON'S CANAL)
AND CARPAL TUNNEL

Fig. 78.6 Relationship of the ulnar tunnel (Guyon’s canal) and carpal tunnel. 
Because of the close relationship of the ulnar tunnel to the carpal tunnel, 
pathologic processes affecting one may simultaneously affect the other.
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Physical examination may reveal local tenderness on palpation over 
the pronator teres muscle. In addition, percussion in this area may 
elicit a positive Tinel sign with radiation of pain into the hand. A 
provocation test that may reproduce the pain consists of pronation of 
the forearm and flexion of the wrist, performed against resistance. 
Some thenar atrophy may be noted, but profound muscle weakness is 
rare.

In a study by Hartz and colleagues,17 electrophysiologic testing was 
often inconclusive and could not be relied on to exclude pronator teres 
syndrome. Differential diagnosis of pronator teres syndrome should 
include CTS and more proximal nerve lesions at the cervical spine or 
thoracic outlet. However, with thoracic outlet lesions the pain usually 
radiates into the ulnar rather than radial portion of the hand. There 
are few reports of effective imaging in this syndrome.

For some patients, sufficient treatment may be abstention from 
activities that aggravate the condition. Surgical decompression is per-
formed when symptoms become chronic.

CARPAL TUNNEL SYNDROME
Carpal tunnel syndrome is the most common entrapment neuropathy. 
The syndrome has gained increased recognition in recent years because 
of the prominent attention it has received in certain industrial settings, 
and it is now one of the most commonly reported occupational 
illnesses.

Anatomy
The carpal tunnel is bound on its dorsal and lateral surfaces by the 
carpal bones with their connecting ligaments and on the volar or ante-
rior aspect by the transverse carpal ligament (Fig. 78.9). Nine flexor 
tendons and the median nerve pass through the tunnel. There are two 
ways in which the median nerve may be entrapped: pressure may be 
exerted on the nerve as a result of reduction in capacity of the carpal 
tunnel, as with swelling or lesions of surrounding tissues, or there may 
be an increase in volume of the contents of the tunnel, an example 
being flexor tenosynovitis. Increased intracarpal canal pressures in 
patients with CTS have been confirmed by use of a wick catheter 
measuring device.18

Etiology
There are many causes of CTS (Table 78.2), but in some patients an 
underlying disease process cannot be identified and the designation 
“idiopathic CTS” is used. Because there is an increased awareness that 
certain occupational activities predispose to this disorder, and because 
more sophisticated diagnostic techniques have been developed, an 
attributable cause for CTS can now often be found.

Carpal tunnel syndrome is noted most commonly in persons whose 
occupation or avocation requires substantial use of the hands. The fact 
that CTS is found to occur more often in the dominant hand of both 
right- and left-handed individuals supports the concept that aggregate 
activity of the hand plays an important part in the genesis of this 
disorder.

Crystal-induced rheumatic disorders have been known to cause 
CTS. In the case of gout, tophaceous deposits or tenosynovitis may 
result in nerve entrapment. Both calcium pyrophosphate dihydrate and 
apatite crystals have been found in biopsy material taken from tendon 
sheaths during surgery for CTS.

CTS is reported as a complication of several connective tissue dis-
eases, including systemic sclerosis, polymyositis, polymyalgia rheu-
matica, and, most commonly, RA. There are widely varying estimations 
of CTS frequency in RA, but it is the experience of many practitioners 
that it occurs commonly. Indeed, prolonged median nerve sensory 
conduction velocities have been noted in up to 50% of all RA patients 
tested.19 Generally, CTS is a result of rheumatoid flexor tenosynovitis. 
When the symptoms are mild, it may be difficult to differentiate the 
muscle atrophy noted in CTS from that associated with severe rheu-
matoid disease. Interestingly, when CTS complicates juvenile arthritis, 
sensory abnormalities are rare, whereas thenar atrophy is more com-
monly noted than in adult CTS.20

Median nerve

Flexor digitorum
superficialis

Flexor pollicis
longus

Pronator teres
syndrome

Forearm pain (also
paresthesia in hand)

Pain distribution
in the proximal
forearm

Pronator teres

Flexor digitorum
profundus (index),
flexor pollicis longus,
pronator quadratus

Entrapment causes
motor weakness
(without sensory
change)

Anterior
interosseous nerve

FOREARM ENTRAPMENT REGIONS

Fig. 78.7 Forearm entrapment regions. The median nerve may be compressed 
at several locations in the forearm, most commonly as it traverses the pronator 
teres muscle. The anterior interosseous branch of the median nerve is solely 
motor; thus entrapment produces no sensory deficit.

Fig. 78.8 Anterior interosseous nerve paralysis. The hand on the left 
demonstrates loss of function of flexor pollicis longus and flexor digitorum 
profundus muscles, resulting in a characteristic flattened pinch pattern.

elbow including pronation and grasping. Paresthesias are common and 
follow the median nerve distribution into the hand (see Fig. 78-10). 
Because sensory findings are similar to those of carpal tunnel syndrome 
(CTS), the two conditions may be confused. However, unlike in CTS, 
in pronator teres syndrome the nocturnal paresthesias are less 
frequent.
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of the median nerve. In one family, the mean age at onset of CTS  
was 24 years and flexor tenosynovitis was the dominant finding.23 
The onset of symptoms in familial CTS may even occur in early 
childhood.

All varieties of amyloidosis—primary, secondary, hereditary and 
associated with myeloma—may cause CTS. Some hereditary forms of 
amyloidosis predispose to development of peripheral neuropathy, 
whereas others are more likely to cause CTS. Lambird and Hartmann24 
have shown that the transverse carpal ligament may appear grossly 
normal at the time of surgery but, unless histologic stains for amyloid 
are performed, the diagnosis of hereditary amyloidosis may be missed. 
In myelomatosis, there may be significant amyloid deposition along 
the flexor tendons, resulting in tethering of the tendons in the carpal 
tunnel.

Although the occurrence of CTS in pregnancy has been well docu-
mented, the high incidence of this disorder has not been appreciated. 
It has been attributed, by some, to fluid retention. In one series, 21% 
of pregnant women described paresthesias or hypoesthesia quite typical 
of CTS.25 For the majority of patients, symptoms begin in the third 
trimester, usually resolve spontaneously after delivery, and do not 
require surgery.

Uremia, which is often complicated by peripheral neuropathy, also 
predisposes patients to entrapment neuropathy. CTS is particularly 
common in patients receiving hemodialysis21; and in many of these 
cases it is the result of β2-microglobulin amyloid deposition. The 
erosive arthropathy associated with this variety of amyloid may also 
cause CTS when the wrist is affected.22

A number of metabolic and endocrine diseases may have CTS as 
one of their manifestations. These include diabetes, myxedema, muco-
polysaccharidosis, and acromegaly. There is also an interesting, but as 
yet unexplained, association between idiopathic CTS and lateral 
humeral epicondylitis.

Infections involving carpal bones or flexor tendons at the wrist may 
result in CTS. These include chronic granulomatous infections caused 
by Coccidioides, Histoplasma, Mycobacterium tuberculosis, and atypi-
cal mycobacteria.

Familial occurrence of CTS has also been reported. Amyloid  
deposition has not been identified in these individuals, but in some 
cases thickening of the transverse carpal ligament has been noted at 
surgery. This condition might be an important factor in compression 

Median nerve

THE CARPAL TUNNEL AND COURSE OF THE MEDIAN NERVE

Volar carpal
ligament

Carpal tunnel

Flexors

Extensors

Median nerve

Fig. 78.9 The carpal tunnel and course of the median nerve. The space for the 
median nerve and flexor tendons is very confined. The median nerve courses 
under the region occupied by the palmaris longus and flexor carpi radialis 
tendons.

TABLE 78.2 CONDITIONS ASSOCIATED WITH CARPAL TUNNEL SYNDROME

Space-occupying lesions Ganglia

Hemangioma

Osteoid osteoma

Thickened transverse carpal ligament (familial)

Anomalous muscles

Tenosynovitis (nonspecific)

Connective tissue disease Rheumatoid arthritis

Osteoarthritis

Progressive systemic sclerosis

Polymyositis

Polymyalgia rheumatica

Crystal-induced rheumatic 
disease

Gout

Calcium pyrophosphate dihydrate disease

Hydroxyapatite disease

Occupational disease 
(repetitive motion 
disorders)

Meat cutters

Musicians

Keyboard workers

Metabolic and endocrine 
disease

Diabetes

Thyroid (myxedema)

Acromegaly

Mucopolysaccharidosis

Infection Osteomyelitis (carpal bones)

Tenosynovitis

Tuberculosis

Atypical mycobacterial infection

Histoplasmosis

Coccidioidomycosis

Iatrogenic Hematoma

Phlebitis

Miscellaneous conditions Pregnancy

Amyloidosis

Dialysis

Fractures
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Tests
Testing for Tinel’s sign consists of tapping lightly over the median 
nerve and is positive if the patient perceives paresthesia that radiates 
distally. The diagnostic value depends largely on how the test is con-
ducted. Mossman and Blau28 found that, to be effective, percussion 
must be performed with the patient’s wrist in extension so that the 
carpal tunnel is compressed. They also noted that using a fingertip or 
small neurology hammer is less effective than using a broad-head 
hammer that can percuss over the entire transverse carpal ligament 
and somewhat more proximally (Fig. 78.11). The wrist flexion (Phalen’s) 
test (Fig. 78.12) is performed by having the patient hold the wrists in 
extreme but unforced flexion for 1 minute. It is positive if paresthesias 
are reproduced. As with Tinel’s sign, the wrist flexion test in CTS is 
not invariably positive, but when it is it helps substantiate the 
diagnosis.

Another provocative test for CTS is the carpal compression test, in 
which pressure is applied directly over the carpal tunnel and underlying 
median nerve. Opinions are conflicting as to whether it is more sensi-
tive or specific than Tinel’s or Phalen’s tests. When compared with the 
gold standard of electrophysiologic testing, the carpal compression test 
appears to have only marginal predictive value.29

To determine motor loss, the strength of the thenar muscles should 
be tested. The easiest muscle to test is the abductor pollicis brevis. 
With the thumb first adducted toward the fifth finger, the patient is 
then asked to abduct against resistance to the distal phalanx. The 
opponens pollicis muscle is tested by having the patient touch the tip 
of the thumb to the tip of the fifth finger, then the examiner attempts 
to break the pinch. Inspection of the hand may reveal atrophy of the 
thenar muscles (Fig. 78.13).

In addition, CTS may also be a manifestation of repetitive strain 
syndrome. Workers who spend long hours using a keyboard, musicians 
who keep the wrist in a flexed position, and meat cutters are all espe-
cially susceptible to developing CTS.

A number of local space-occupying lesions may impinge on the 
contents of the carpal tunnel. These include an anomalous median 
artery, ganglia, hemangiomas, osteoid osteomas, and lipomas. Anoma-
lous muscles may also compromise the carpal tunnel space. Most often 
this is caused by abnormalities of the palmaris longus, an extremely 
variable muscle, which inserts on the transverse carpal ligament.26

Clinical presentation
Because the median nerve supplies sensory branches to the radial three 
fingers and one half of the ring finger, these digits may have sensory 
loss in CTS (Fig. 78.10). Typically, patients complain of burning, pins-
and-needles sensations, numbness, and tingling in the fingers (Table 
78.3). When they are questioned about the location of paresthesias, 
many will indicate that the entire hand is involved. Only after careful 
examination does it become clear that the sensory abnormalities are 
limited to the area of median nerve distribution.

In some cases, pain may not follow the usual pattern of radiation 
in the median nerve distribution of the hand. Silver and colleagues27 
found that 34% of patients with CTS also had signs of ulnar nerve 
compression. Proximal pain, often with a dull or aching quality, is also 
a common feature of CTS.8 Pain may radiate to the antecubital region 
or to the lateral shoulder area. Although the possibility of more proxi-
mal entrapment should be kept in mind, the majority of patients 
experience symptom improvement after nerve decompression at the 
carpal tunnel.

Perhaps the archetypal complaint of patients with CTS is that they 
are awakened at night by abnormal sensations. Often it is this inter-
ruption of sleep that is the most troublesome aspect of CTS. Com-
monly, the patient will shake the hand in an attempt to relieve the 
numbness and may run it under warm water to improve the 
circulation.

Activities that result in persistent or repeated flexion or extension 
of the wrists are more likely to intensify symptoms. These include 
holding a newspaper or book, grasping a steering wheel, and occupa-
tions such as meat cutting, in which a utensil is grasped with the wrist 
in flexion. Some patients report that they are more likely to drop 
objects, and they attribute this to hand weakness. However, these 
individuals rarely have profound weakness on grip testing and it is 
more likely that the problem stems from sensory deficit at the 
fingertips.

MEDIAN AND ULNAR NERVES: SENSORY SUPPLY TO THE HAND

Median nerve
Ulnar nerve

Fig. 78.10 Median and ulnar nerves: sensory supply to the hand. The radial 
three digits and half of the ring finger are supplied by sensory branches of the 
median nerve. The fifth finger and half of the ring finger are supplied by 
sensory branches of the ulnar nerve.

TABLE 78.3 SYMPTOMS AND SIGNS OF CARPAL TUNNEL SYNDROME

Symptom or sign Percentage of patients*

Median paresthesias 100

Nocturnal paresthesias 71

Proximal extension of pain 38

Tinel’s sign

 Positive 55

 Negative 29

 Unknown 17

Phalen’s test

 Positive 53

 Negative 23

 Unknown 24

Sensation on sensory examination

 Decreased 28

 Normal 36

 Unknown 36

Thenar muscle strength

 Decreased 18

 Normal 42

 Unknown 41

Thenar muscle bulk

 Wasted 18

 Normal 31

 Unknown 50

*Data from 1016 patients.
Data from Spinner RJ, Bachman JW, Amadio PC. The many faces of carpal tunnel syndrome. 
Mayo Clin Proc 1989;64:829-836.
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this anatomic variation is the finding of normal proximal latency but 
a prolonged distal latency.

Differential diagnosis of CTS must include median nerve entrap-
ment proximal to the carpal tunnel.5 As noted earlier, compression of 
the median nerve near the elbow, as found in pronator teres syndrome, 
may give similar sensory findings.

Treatment
The specific treatment of CTS depends, to a large degree, on whether 
there is an identifiable cause of the entrapment. Conservative measures 
may suffice when symptoms are of short duration. Repeated electro-
myographic determinations, performed over time, may help the clini-
cian determine the correct therapeutic approach. Patients with 
progressive increases in distal motor latency times should be consid-
ered for surgery.

Splinting
Splinting is a simple and cost-effective modality that, if successful  
in relieving symptoms, helps to confirm the diagnosis of CTS.  
Because wrist motion often worsens CTS, splinting is an important 
treatment element. A volar wrist splint that keeps the wrist in a  
neutral position is particularly helpful during the night, when the wrist 
often falls into a position of flexion. Splinting alone may be sufficient 
to relieve CTS, primarily in cases in which symptoms are of recent 
onset.

Local injection of corticosteroid
Injection of the carpal tunnel is another effective treatment in individu-
als whose disease is of shorter duration and in whom there is no sig-
nificant muscle wasting. The best response to injection is in patients 
whose symptoms have been present for less than 1 year and in whom 
there is no significant muscle atrophy or weakness. A recent random-
ized, controlled trial comparing local corticosteroid injection to surgical 
decompression found that, over the short term, injection provided 
better relief and was equal to surgery in alleviating symptoms at 1 
year.33

Before injection is attempted, certain landmarks should be identi-
fied, including the tendons of the palmaris longus and flexor carpi 
radialis muscles (Fig. 78.14). This is most easily accomplished by 
asking the patient to flex against resistance. Injection can be facilitated 
if the wrist is placed in slight extension (the wrist draped over a small 
rolled up towel). The needle is inserted ulnar (medial) to the palmaris 
longus tendon and proximal to the wrist crease (Fig. 78.15). Local 
anesthetic may be used, but deep infiltration is unwise, because the 
patient will not be responsive to needle contact with the median nerve 
and a neuritis might result. If the patient notes median nerve pares-
thesia during injection, the needle should be withdrawn and reposi-
tioned. Methylprednisolone or triamcinolone may be used to treat CTS 
and, if improvement is not complete, consideration may be given to a 
second injection. Frequent injections are proscribed because there is 
danger of tendon rupture.

Diagnosis
Carpal tunnel syndrome is diagnosed on the basis of the patient’s 
history and clinical examination, but imaging and electrodiagnostic 
studies may be useful in confirming the diagnostic impression. Con-
ventional radiographs using a carpal tunnel projection can help to 
delineate the soft tissues and the carpal bones. Increasingly, ultraso-
nography has been found to be very effective in diagnosing CTS.30 
Typically, it reveals swelling of the median nerve in the proximal 
tunnel and flattening more distally. Some have even suggested that it 
should be the study of first choice even before electodiagnostic testing.31 
However, the anatomy of the carpal tunnel, thickening of flexor tendon 
sheaths, or presence of space-occupying lesions or aberrant muscle can 
be better visualized by MRI.32

The most important electrodiagnostic study is the measurement of 
sensory nerve conduction velocity across the carpal tunnel. A slowed 
conduction velocity, along with prolongation of distal motor latency, 
lends support to the diagnosis of CTS.

In about 15% of the population, fibers from the median nerve travel 
via the ulnar nerve to the thenar muscles: the Martin Gruber anasto-
mosis. It is important to recognize this entity, because it may result 
in the sparing of the thenar muscles in CTS. A clue to the presence of 

Fig. 78.11 Tinel’s sign. The wrist is held in extension while gentle percussion is 
performed over and just proximal to the transverse carpal ligament.

Fig. 78.12 Phalen’s (wrist flexion) test. With the wrists held in unforced flexion 
for 30 to 60 seconds, a positive test reproduces or worsens the patient’s 
symptoms.

Fig. 78.13 Thenar muscle atrophy. Chronic entrapment of the median nerve in 
the carpal tunnel or more proximally may produce thenar atrophy.
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appropriate cultures and histologic studies should be undertaken at the 
time of surgery, particularly if tenosynovitis is noted. The traditional 
surgical approach of ligament sectioning using a palmar incision is 
increasingly being replaced by endoscopic release. However, there is 
controversy among hand surgeons because there is no strong evidence 
supporting this newer technique.34 Although equally effective, it must 
be performed with great care to avoid injury to the superficial palmar 
arterial arch or to the median or ulnar nerves.35

Failure of surgery to relieve symptoms is often the result of incom-
plete release of the ligament. Postoperative improvement depends in 
part on the severity of initial nerve deficit. Although most patients’ 
symptoms are ameliorated by surgery, those individuals whose occupa-
tions require repetitive motions may need to be retrained for less hand-
intensive work.

RADIAL NERVE COMPRESSION SYNDROME
Posterior interosseous nerve syndrome
Posterior interosseous nerve syndrome is a well recognized, but uncom-
mon entity. It is caused by the compression of the radial nerve. The 
most common site of compression is at the level of the supinator 
muscle.36

Anatomy
The radial nerve comes off the posterior branch of the brachial plexus 
(C5 through C8, T1), and it branches proximal to the lateral epicondyle 
into a superficial sensory branch and a deep motor branch. The deep 
motor branch pierces the supinator muscle and courses along the 
dorsal aspect of the interosseous membrane. The deep motor branch 
is called the posterior interosseous nerve.37

Etiology
Posterior interosseous nerve syndrome can be caused by intrinsic as 
well as extrinsic lesions. Trauma, inflammatory processes such as 
rheumatoid arthritis, and space-occupying lesions may be causative.37

Clinical presentation
The patient with posterior interosseous syndrome usually presents 
with forearm pain. Other patients describe weakness of the extensor 
muscles. If entrapment occurs at the level of the supinator, the radial 
wrist extensors innervated at this level will be spared because they 
branch off proximal to the posterior interosseous nerve. Complete 
sparing of the extensor carpi radialis longus and frequent sparing of the 
extensor carpi radialis brevis occurs because they, too, branch off proxi-
mal to the posterior interosseous nerve. As a result, the ulnar wrist 
extensors and extensors of the metacarpophalangeal joints will be 
compromised. With attempted wrist extension, the wrist deviates radi-
ally in the posterior interosseous nerve syndrome. The extensor 
muscles of the fingers are affected, which makes it difficult to maintain 
the fingers in extension. There is no reflex or sensory loss in this 
syndrome.

Diagnosis
The differential diagnosis of posterior interosseous nerve syndrome 
includes lateral epicondylitis and other chronic pain syndromes in the 
region of the elbow and forearm. Other diagnoses to consider in patients 
with wristdrop and fingerdrop include a central lesion or a lesion in 
the posterior cord of the brachial plexus. Electrodiagnostic studies are 
useful in confirming the diagnosis of posterior interosseous nerve syn-
drome from other causes.38

Treatment
The treatment of posterior interosseous nerve syndrome is usually via 
conservative methods. Modalities such as splinting can be used. For 
those patients who do not have a resolution of their symptoms through 

Non-steroidal anti-inflammatory drugs and other agents
Use of non-steroidal anti-inflammatory drugs (NSAIDs) is generally 
limited to instances in which there is an underlying inflammatory 
lesion, such as tenosynovitis. Oral corticosteroids also appear to be an 
effective treatment in mild to moderate cases of CTS.

Surgery
Surgical release of the transverse carpal ligament is the definitive treat-
ment for more severe cases of CTS. Surgery is indicated when response 
to conservative measures is inadequate, when there are progressive or 
persistent neurologic changes, or when there is muscle atrophy. In 
those circumstances in which there is marked tenosynovitis, as with 
RA or granulomatous disease, simple decompression of the carpal 
tunnel may not be sufficient; additional tenosynovectomy with lysis of 
adhesions may be necessary. Furthermore, when there are infiltrating 
processes, such as amyloid deposits, attached to tendons, the more 
complicated procedure of tenolysis may be necessary. Because tuber-
culosis and fungal infections are sometimes a cause of CTS, 

Fig. 78.14 Palmaris longus tendon. The pencil point identifies the tendon 
of the palmaris longus muscle, an important landmark in determining  
the site of injection for carpal tunnel syndrome. The tendon of the flexor  
carpi radialis can be seen just to the radial side of the palmaris longus  
tendon.

Fig. 78.15 Carpal tunnel injection. The needle is inserted just proximal to the 
wrist crease and to the ulnar side of the palmaris longus tendon.
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the pain because this stretches the piriformis muscle. With the patient 
seated, resisted abduction of the hip (the Pace sign) may also elicit pain.

Diagnosis
Included in the differential diagnosis of piriformis syndrome are condi-
tions that result in sciatic nerve irritation, such as herniated lumbar 
disc, spinal stenosis, or pelvic lesion, but it is unusual for the patient 
with piriformis syndrome to have neurologic defects. Thus, the diag-
nosis is often one of exclusion.

MRI is useful in detecting changes in the piriformis muscle and in 
defining its relationship to the sciatic nerve.39 It is also a means of 
excluding mass lesions in the pelvic area as well as spinal stenosis and 
disc herniation.

Treatment
Initial management of piriformis syndrome consists of conservative 
measures, including physical therapy, analgesics, and non-steroidal 
anti-inflammatory drugs (NSAIDs). Direct injection of corticosteroids 
or botulinum toxin into the piriformis muscle appears to benefit some 
patients.40 Patients who do not respond to conservative therapy may 
be candidates for surgical intervention. The piriformis is released from 
its insertion on the femur to allow for reattachment in a shortened 
position.41

MERALGIA PARESTHETICA
The term meralgia has it roots in the Greek words for thigh (meros) 
and a painful condition (algia). Meralgia paresthetica is caused by 
entrapment of the lateral femoral cutaneous nerve. One of the earliest 
descriptions of this entity was by Sigmund Freud, in which he related 
the typical symptoms of meralgia paresthetica that he experienced.42 
Although meralgia paresthetica occurs primarily in adults, children 
may be affected; and often there is a significant delay in diagnosis.43

Anatomy
The lateral femoral cutaneous nerve is entirely sensory and arises from 
the second and third lumbar roots. It proceeds from the lateral border 
of the psoas muscle, along the ilium, to pass under or through the 
lateral aspect of the inguinal ligament just medial to the anterior supe-
rior iliac spine, the most common site of entrapment (Fig. 78.17). The 
nerve travels down the anterior thigh, where it divides into anterior 
and posterior branches. These supply sensation to the anterolateral 
portion of the thigh.

Etiology
Direct pressure from belts and other tight-fitting garments may contrib-
ute to the entrapment of the lateral femoral cutaneous nerve as it passes 
under the inguinal ligament. Workers who support heavy bundles on 
their thigh are also at risk. Several clinical conditions have been associ-
ated with the development of meralgia paresthetica, including obesity, 
pregnancy, diabetes, ascites, and trauma to the thigh or inguinal region. 
The neuropathy may also occur as a consequence of direct injury to the 
nerve during surgery in the pelvic region (e.g., appendectomy, inguinal 
herniorrhaphy, iliac bone procurement, bariatric surgery).

Clinical presentation
Patients with meralgia paresthetica typically complain of burning pain 
and dysesthesia in the sensory distribution of the nerve. However, a 
smaller area of sensory deficit is common. The patient may volun-
teer that certain positions seem to exacerbate the discomfort, such  
as sitting with the legs crossed, prolonged standing, or extending the 
leg posteriorly.

Diagnosis
In the differential diagnosis of meralgia paresthetica it is important to 
consider the possibility that there may be radiculopathy of the L2 or 
L3 nerve roots or spinal stenosis causing the symptoms. Some patients 
will report direct tenderness over the inguinal ligament.

conservative management, surgery is an option. Posterior interosseous 
nerve syndrome that results from compression by a tumor should be 
treated surgically.37

PIRIFORMIS SYNDROME
Piriformis syndrome results from compression of the sciatic nerve by 
the piriformis muscle. This syndrome, although relatively uncommon 
and underdiagnosed, nevertheless accounts for a discrete portion of 
patients who present with buttock and sciatic-type pain.

Anatomy
As the sciatic nerve passes through the greater sciatic foramen, it is  
in close proximity to the piriformis muscle (Fig. 78.16). The muscle 
originates from the anterior surface of the sacrum and the gluteal 
surface of the ilium. After passing through the sciatic foramen, it 
inserts on the medial aspect of the greater trochanter. Usually the 
sciatic nerve passes below the piriformis muscle, but in some cases a 
segment of the nerve or the whole nerve passes through the muscle.

Etiology
The leading cause of piriformis syndrome is believed to be trauma to 
the gluteal region with resultant inflammation and spasm of the 
muscle. This, in turn, leads to irritation of the sciatic nerve. When the 
nerve, or a portion of the nerve, passes through the muscle, nerve 
compression can occur with stretching of the muscle on internal hip 
rotation.

Clinical presentation
Typically, patients with piriformis syndrome complain of pain in the 
buttock region with radiation to the posterior thigh. However, discom-
fort and paresthesias may occur along the whole course of the sciatic 
nerve. Pain may be brought on by prolonged sitting or by stooping and 
lifting.

On physical examination, pain may be elicited by direct pressure 
applied over the gluteal region. Also, piriformis muscle tenderness or 
spasm may be noted on rectal or pelvic examination. Maneuvers that 
internally rotate, flex, and adduct the hip often cause aggravation of 

PIRIFORMIS MUSCLE AND SCIATIC NERVE, POSTERIOR VIEWS

Piriformis m.

Sciatic n.

a b

Fig. 78.16 Piriformis muscle and sciatic nerve, posterior views. The piriformis 
muscle arises from the anterior surface of the sacrum and the gluteal surface 
of the ilium and crosses the greater sciatic foramen to insert onto the superior 
border of the greater trochanter. (a) In most instances, the sciatic nerve passes 
along the anterior surface of the piriformis muscle and exits the pelvis below 
the piriformis muscle, passing posteriorly along its inferior border. (b) In some 
individuals, a portion of the sciatic nerve passes through the piriformis muscle. 
Other anatomic variants have been described.
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mistaken for other disorders of the foot, and clinicians are less likely 
to include this entrapment neuropathy in the differential diagnosis of 
foot pain (see Chapter 75).

Anatomy
The tarsal tunnel is a fibro-osseous canal formed by the flexor retinacu-
lum (laciniate ligament) as it extends from the medial malleolus down 
onto the calcaneus (Fig. 78.18). The posterior tibial nerve passes 
through the tunnel, along with vascular structures, tendons of the 
flexor hallucis longus, and the flexor digitorum longus muscles. Along 
its course, the tibial nerve gives off calcaneal branches and then lateral 
and medial plantar branches (see Fig. 78.18). The calcaneal branches 
are solely sensory, but the plantar nerves have mixed motor and sensory 
functions. Because the narrowest aspect of the tunnel is the distal or 
anteroinferior portion, this is where the plantar nerve branches are 
most likely to be entrapped.

Etiology
A number of abnormalities have been described as causing tarsal  
tunnel syndrome. These include bone deformity after fractures, pres-
sure from casts, hypertrophy of the laciniate ligament or of the abduc-
tor hallucis muscle, flexor tenosynovitis, synovial cysts, ganglia, and 
diabetes mellitus. Proliferative synovitis accompanying RA is also 
causative.

Clinical presentation
Signs and symptoms of tarsal tunnel syndrome depend on the level of 
stenosis and consequently on which branches of the posterior tibial 
nerve are involved. The patient usually complains of burning pain or 
paresthesias in the toes, sole, or heel of the foot. As in CTS, pain may 
awaken the patient at night and may move in a retrograde fashion to 
the calf. Relief may be obtained by walking. Commonly, there is ten-
derness to direct palpation over the nerve posterior to the medial mal-
leolus and there may be a fusiform swelling in this region. Other 
findings can include a positive Tinel sign over the tarsal tunnel, vaso-
motor changes, and weakness of toe flexion and of the intrinsic muscles 
of the foot.

Diagnosis
In the differential diagnosis of tarsal tunnel syndrome, one must  
consider arthritis of the tarsal bones, plantar fasciitis, vascular  
insufficiency, and systemic peripheral neuropathy. Tarsal tunnel  
syndrome may also be confused with lumbosacral nerve root radicu-
lopathy. Another differential condition, particularly in runners, is 
hypertrophy of the abductor hallucis muscle; however, in this case, the 
compression of the plantar nerve occurs distal to the laciniate 
ligament.

Electrodiagnostic studies are useful in confirming the diagnosis of 
tarsal tunnel syndrome. Nerve conduction velocities are often dimin-
ished, and there may be abnormalities of distal motor latencies. Pro-
longed distal motor latencies of plantar nerves may occur in 25% of 
patients with RA. MRI is the best method for demonstrating the 
anatomy of the tarsal tunnel and thus for detecting space-occupying 
lesions.38

Treatment
A number of conservative therapies have been used in tarsal tunnel 
syndrome, including local injection of corticosteroid, NSAIDs, and 
orthotics. None of these has been consistently effective. The standard 
treatment is surgical decompression, which gives excellent results in 
the majority of patients.46 If the patient’s symptoms are the result of 
pressure on the nerve from the abductor hallucis muscle, release of the 
muscle at its origin is performed, rather than sectioning of the flexor 
retinaculum.

Electrodiagnosis, using superficial electrodes to measure the con-
duction velocity of the nerve, may be useful in confirming the diagno-
sis. Nerve block may also affirm the diagnosis in addition to offering 
pain relief.

Treatment
Because meralgia paresthetica is often self-limiting, conservative mea-
sures should be used. These might include weight reduction, elimina-
tion of occupational trauma, and avoidance of external mechanical 
pressure over the inguinal ligament. Local injection of anesthetic and 
corticosteroids may be useful, as may be NSAIDs.

If meralgia paresthetica becomes chronic and the pain unremitting, 
surgical decompression (neurolysis) or transection of the nerve may be 
considered.44 When it is of spinal origin, epidural injection of a corti-
costeroid may be helpful.

TARSAL TUNNEL SYNDROME
The occurrence of tarsal tunnel syndrome is undoubtedly more fre-
quent than is suggested by isolated reports in the literature.45 It is often 
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 COURSE OF THE LATERAL FEMORAL
CUTANEOUS NERVE

Fig. 78.17 Course of the lateral femoral cutaneous nerve. The potential for 
entrapment of the lateral femoral cutaneous nerve can be seen by its course 
just under the inguinal ligament and medial to the anterior superior iliac spine.
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Diagnosis
Morton’s metatarsalgia must be differentiated from inflammatory con-
ditions affecting the forefoot. RA may present as metatarsalgia, but in 
most cases examination reveals synovitis, and neuritic pain is uncom-
mon. Conventional radiographs are of little value in diagnosing Mor-
ton’s neuroma but may demonstrate other causes of forefoot pain such 
as exostosis or fracture. Ultrasonography can identify neuromas, which 
appear as ovoid, hypoechoic lesions. MRI is very effective in identifying 

MORTON’S METATARSALGIA (MORTON’S 
NEUROMA, INTERDIGITAL NEURITIS)
Entrapment neuropathy of the interdigital plantar nerves occurs most 
commonly in the web space between the third and fourth toes but may 
affect other interspaces also. Chronic irritation of the nerve may lead 
to the development of a neuroma (see Chapter 75).

Anatomy
The medial and lateral plantar nerves of the foot divide into digital 
nerves in the web spaces between the toes. These interdigital nerves 
lie on the plantar side of the transverse metatarsal ligament (Fig. 
78.19). Between the metatarsal joints are bursae that project distally 
and are close to the neurovascular bundle.

Etiology
Because the interdigital nerves are on the plantar side of the transverse 
metatarsal ligament, entrapment as a result of compression between 
the metatarsal heads, as originally proposed by Morton, is highly 
unlikely. It is more probable that the taut ligament itself is the cause 
of entrapment. In addition, there is evidence that the intermetatarsal 
bursae may also impinge on the nerve directly or, when inflamed, cause 
metatarsalgia. Wearing tight-fitting shoes or high heels also tends to 
aggravate the condition, and this may explain why women are more 
often affected.

Clinical presentation
Typically, patients complain of an aching or burning pain that radiates 
from the web space distally to the affected toes. Activities such as 
jogging or long periods of standing may worsen the metatarsalgia, as 
does walking on hard surfaces. There is often tenderness when direct 
pressure is applied over the interspace between the metatarsal bones, 
and occasionally a painful nodule may be palpated.

Tendon of flexor
digitorum longus

Tendon of
tibialis posterior

Posterior
tibial nerve

Flexor
retinaculum

Abductor
hallucis

Lateral
plantar nerve

Medial
plantar nerve

Calcaneal
branches

THE TARSAL TUNNEL AND BRANCHES OF THE POSTERIOR TIBIAL NERVE 

Fig. 78.18 The tarsal tunnel and branches of the 
posterior tibial nerve. Entrapment of branches of 
the posterior tibial nerve occurs under the flexor 
retinaculum, which attaches to the medial 
malleolus. Because there are calcaneal as well as 
medial and lateral plantar branches of the posterior 
tibial nerve, symptoms of entrapment will depend 
on which branches are affected.

Transverse metatarsal ligament

Lateral plantar branch

Medial plantar branch

Interdigital nerve

Site of nerve entrapment

MORTON'S NEUROMA

Fig. 78.19 Morton’s neuroma. On the plantar surface of the foot, the 
interdigital nerve is compressed below the transverse metatarsal ligament and 
not between the metatarsal heads (plantar view).
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also variable, taking minutes in most cases but in more severe cases 
occasionally taking hours for complete resolution. Neurologic symp-
toms may occur because of ischemia of nerves, particularly in the 
anterior tibial syndrome.

There are no diagnostic signs at rest, making the diagnosis difficult 
and dependent on a good history. However, fascial defects may be 
found in up to 40% of cases with MRI. After sufficient exercise, tender-
ness and fullness will be found in the muscle compartment involved, 
most commonly the anterolateral compartment.

Slit catheter measurement of intracompartmental pressure before 
and after exercise can be used to select patients suitable for surgical 
decompression, provided it is performed in a specialized center with 
reliable standardization.49 However, there remains controversy about 
the significance of mild elevation of pressure in some patients. It is 
likely that MRI will prove of increasing importance in diagnosis, with 
the development of more sophisticated imaging techniques looking at 
biochemical shifts or pH changes.50

Compartmental syndrome of the forearm is much less common but 
may be seen in weight lifters51 and rowers, particularly. The deep fascia 
of the forearm encloses both the flexor and extensor muscles, which 
are separated by the radius, ulna, and interosseus membrane. The deep 
flexor compartment of the forearm is the more common site of 
involvement.

and localizing the neuroma. Interestingly, lesions consistent with 
neuroma may be found in 33% of asymptomatic individuals.47

Treatment
Initial treatment should include conservative measures such as  
padding the metatarsal area and use of broad-toed shoes. There are 
also reports of benefit derived from injection of a local anesthetic and 
corticosteroids.

When conservative treatment fails, the traditional approach has 
been surgical resection of the neuroma. The clear drawback to this 
procedure is that the patient is left with a sensory deficit. Another 
strategy is release of the transverse metatarsal ligament and epineural 
neurolysis of the interdigital nerve.48 This method avoids neurectomy, 
while decompressing the nerve.

Compartmental syndromes
Compartmental syndromes can be defined as an increase in tissue 
pressure, within a confined space or muscle compartment, that com-
promises local circulation and neurologic function.

Acute compartment syndrome
Acute compartment syndrome is a surgical emergency and may result 
from a direct blow to the muscle, from the trauma associated with a 
fracture, or from prolonged pressure over a muscle compartment. It 
also occurs rarely after prolonged exertion. Acute compartment syn-
dromes can lead to rapid and complete muscle necrosis due to vascular 
compromise. Early surgical decompression of the compartment may 
allow restoration of circulation to the muscle and preserve function. 
The clinical diagnosis of acute compartment syndrome is suspected in 
patients who have pain that is out of proportion to the injury or history 
of injury, swelling and firmness of the muscle compartment, and pain 
on passive stretch. Later in the evolution of acute compartment  
syndrome, patients develop signs of decreased perfusion, including 
decreased pulses, decreased capillary refill, and skin pallor. Neurologic 
symptoms may also appear.

Chronic compartment syndrome
This is the typical form seen in athletes and is characterized by a return 
to normal function between episodes of exercise-induced pain. It is 
most commonly seen in the lower leg.

The muscles of the leg are contained within four compartments 
separated by deep transverse fascia (Fig. 78.20). The athlete describes 
aching or cramping of the leg, roughly in the distribution of the involved 
compartment. The period from commencement of exercise to the onset 
of symptoms is variable and depends on the type and intensity of 
exercise but is usually within 10 to 30 minutes. Return to normal is 

Anterior

Tibia
Anterior compartment

Lateral compartment

Fibula

Posterior (superficial and deep) compartments

MUSCLE COMPARTMENTS OF THE LOWER LEG

Fig. 78.20 Muscle compartments of the lower leg.
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Complex regional pain syndrome
CRPS type I (without preceding nerve injury) equates to what was 
previously termed RSD and CRPS type II is what was previously termed 
causalgia (severe burning pain after a major peripheral nerve injury, 
usually traumatic). Therefore, the problems that Mitchell and col-
leagues1 described in soldiers would now more accurately be called 
CRPS type II.

A patient diagnosed as having CRPS type I must satisfy criteria 2 
to 4 of those listed in Box 79.2.4 A preceding noxious event is not 
strictly necessary. It has, however, been suggested that these criteria 
are not specific for CRPS, and for research purposes another set of 
diagnostic criteria, with increased specificity (but lower sensitivity), has 
been proposed.5 These criteria stipulate that, in addition to continuing 
pain, a patient must report at least one symptom in each of the four 
categories of sensory, vasomotor, sudomotor/edema, and motor/atro-
phic. The patient must also display at least one sign in two or more 
of the same four categories.5 Further work on diagnostic criteria is 
ongoing.6

One of the reasons why the term RSD fell from favor was the impli-
cation that the sympathetic nervous system has an important role in 
its pathophysiology. This may not always be true.7 If the pain were 
sympathetically maintained, then it could be relieved by a local anes-
thetic block of the sympathetic ganglia that serve the painful area 
(always with the caveat that some patients will demonstrate a placebo 
response). However, although some patients with CRPS type I/RSD 
have sympathetically maintained pain, others do not. Conversely, 
many patients with sympathetically maintained pain do not have 
CRPS (e.g., patients with phantom limb pain or with herpes zoster). 
To complicate the matter further, the pain in a patient with CRPS type 
I may be maintained only partly sympathetically and partly indepen-
dently of the sympathetic nervous system. This balance may vary over 
time within an individual.

Henceforth in this chapter the term CRPS will be used, although 
usually meaning CRPS type I.

EPIDEMIOLOGY
The problems with definition described earlier make it difficult to 
obtain accurate data on either the prevalence or incidence of CRPS 
after injury. However, it is clear that minor forms are not rare. Some 
investigators have reported, in prospective studies, a cumulative inci-
dence of around 30% after Colles’ or tibial fractures,8 although others 
reported an incidence as low as 1%.9 Fortunately, only a minority of 
patients progress to late-stage disease (see later). A recent study from 
the Netherlands estimated the overall incidence rate to be 26.2/100,000 
person-years, with the highest incidence rate in the 61- to 70-year age 
group.10 However, CRPS can occur in persons of any age and is now 
well recognized in children.11 It has been reported more frequently in 
women than in men.10,12,13

Triggers
A variety of triggers can precipitate CRPS (Table 79.1). The most 
common causes are peripheral trauma (fracture or soft tissue injury) 
and orthopedic surgery. CRPS can also develop after central nervous 
system or spinal disorders and rarely after visceral lesions such as 
myocardial infarction. Up to 10% of patients have no identifiable caus-
ative event.12,13 Immobilizing a limb (for any reason) is likely to be a 
significant predisposing factor: in one large study, 47% of subjects had 

Complex regional pain syndrome 
(reflex sympathetic dystrophy)
Rachel Gorodkin and Ariane L. Herrick

DEFINITION
 Complex regional pain syndrome (CRPS) type I is now considered 

preferable to the term reflex sympathetic dystrophy (RSD), although 
the latter remains in common usage.

 There are no diagnostic tests for CRPS type I/RSD: the diagnosis is 
made on the basis of specific symptoms and signs.

CLINICAL FEATURES
 There is usually a preceding noxious event or period of 

immobilization.
 The most characteristic feature is spontaneous pain, usually 

beginning in an extremity and then extending proximally and 
disproportionate to the initiating event.

 Edema and vasomotor and sudomotor abnormalities (with color, 
temperature, and sweating changes) are common but variable 
features.

 Patients who progress to late-stage disease can develop tremor, 
weakness, dystrophic changes, and contractures.

 Radiographs of the affected extremity show patchy osteoporosis, 
which is most marked in the juxta-articular region but can 
frequently be diffuse.

HISTORY AND TERMINOLOGY
In 1864, Mitchell and colleagues1 described what we now recognize as 
complex regional pain syndrome (CRPS, previously termed reflex sym-
pathetic dystrophy [RSD]) when reporting the complications of periph-
eral nerve injuries caused by gunshot wounds sustained by soldiers 
during the American Civil War. The term RSD was first used by Evans 
in the mid 1940s.2 Since then, many terms, some of which are listed 
in Box 79.1, have been used to describe the painful swelling of an 
extremity that is usually associated with a preceding injury. This mul-
tiplicity of terms has been confusing, and in recent years considerable 
effort has been invested in clarifying the definition and terminology of 
CRPS/RSD. At the VIth World Congress on Pain, the following defini-
tion for RSD was suggested3:

RSD is a descriptive term meaning a complex disorder or group of 
disorders that may develop as a consequence of trauma affecting the 
limbs, with or without an obvious nerve lesion. RSD may also 
develop after visceral diseases and central nervous system lesions 
or, rarely, without an obvious antecedent event. It consists of pain 
and related sensory abnormalities, abnormal blood flow and sweat-
ing, abnormalities in the motor system and changes in structure of 
both superficial and deep tissues (‘trophic’ changes). It is not neces-
sary that all components are present. It is agreed that the name 
‘reflex sympathetic dystrophy’ is used in a descriptive sense and does 
not imply specific underlying mechanisms.

This definition was an important milestone because it emphasized 
that CRPS/RSD is not a single entity with a specific pathophysiology 
but rather a descriptive term.
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which the entire upper limb was affected. Usually only one limb is 
affected, but the condition may be bilateral or another limb might 
become affected at a later date (Fig. 79-2).15 Rarely, the face or trunk 
may be affected.

Both symptoms and signs can be grouped under four headings, 
which will be considered in turn: pain and related sensory abnormali-
ties, vasomotor, sudomotor/edema, and motor/trophic. These features 
are summarized in Table 79.2.

undergone a period of limb immobilization before diagnosis.12 Recent 
studies have examined whether there might be a genetic disposition to 
CRPS, but at present there is no clear consensus of opinion on this.

Personality traits
Patients with CRPS are often extremely distressed by their pain; and 
it has been suggested that certain personality traits are associated with 
CRPS, but there is no convincing evidence to support this hypothesis.14 
It seems likely that the pain behavior that undoubtedly develops in a 
proportion of patients is a consequence of, rather than a predisposing 
factor for, their CRPS.

CLINICAL FEATURES
CRPS is primarily a clinical diagnosis and is often difficult to make. 
The diagnostic criteria for CRPS rely purely on symptoms and signs, 
and so the clinician needs to be familiar with these. In addition to 
varying between patients, clinical features vary within an individual 
patient over time. Almost invariably, it is an extremity that is affected. 
Hand and wrist, knee, or foot and ankle are most commonly involved, 
although an entire limb can become affected, as shown in Figure 79.1. 
The term shoulder-hand syndrome described a variant of CRPS in 

TABLE 79.1 TYPICAL TRIGGERING EVENTS FOR CRPS

Trauma Wrist fractures

Tibial fractures

Soft tissue injuries

Surgery Carpal tunnel decompression

Arthroscopy

Lumbar spine surgery

Central nervous system or spinal disorders Head injury

Hemiplegia

Visceral lesions Myocardial infarction

Fig. 79.1 CRPS affecting the lower limb, showing marked swelling and color 
change. (Reproduced with permission from Salford Royal NHS Foundation Trust.)

Fig. 79.2 Bilateral CRPS with contractures. (Reproduced with permission from 
Salford Royal NHS Foundation Trust.)

BOX 79.1 TERMS USED IN THE DEFINITION OF CRPS

Complex regional pain syndrome type I (the preferred term)
Causalgia (now CRPS type II)
Reflex sympathetic dystrophy (RSD)
Sudeck’s atrophy
Shoulder-hand syndrome
Algodystrophy
Algoneurodystrophy
Post-traumatic dystrophy
Post-traumatic osteoporosis
Painful osteoporosis
Transient osteoporosis

Some of the terms are listed that are or have been used to describe what is now considered 
under the definition of CRPS.

BOX 79.2 CRITERIA FOR THE DIAGNOSIS OF CRPS TYPE I

1. An initiating noxious event
2. Spontaneous pain or allodynia/hyperalgesia (not limited to the territory of a 

single peripheral nerve) that is disproportionate to the initiating event
3. Evidence of edema, skin blood flow, or sweating abnormality in the region 

of the pain. These features are not required to be present at the time of 
diagnosis.

4. No other condition present that could explain the symptoms and signs

Criteria 2-4 must be satisfied.4
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intermittently warm and cool before becoming more permanently cold 
and cyanotic. However, not all patients pass through these three phases 
(see later). It has been suggested that patients who report early coldness 
are at high risk of going on to develop severe, late-stage disease, with 
infection, ulcers, chronic edema, dystonia, and myoclonus.17

Sudomotor/edema
Swelling of the affected extremity is common, especially in the early 
phase (Fig. 79.3), and may be associated with increased or reduced 
sweating.

Motor/trophic
Patients who develop motor or trophic changes, or both, tend to have 
a poor prognosis, in that they have progressed beyond the early stages 
of CRPS. The patient may complain of inability to initiate movement, 
weakness (although this is difficult to assess in the presence of severe 
pain), tremor, or muscle spasms. Sometimes there are dystonic fea-
tures.18 Hair growth and nail changes are all commonly seen, and the 
skin may become atrophic and shiny. Contractures can occur in late-
stage disease (Fig. 79.4).

Pain and related sensory abnormalities
The most characteristic feature of CRPS is severe, persistent pain, 
which often has a burning quality. The pain is different in character 
from that of the injury that precipitated the CRPS and, although 
usually beginning in the extremity, frequently extends proximally in a 
non-dermatomal pattern. On examination, the affected site is diffusely 
tender, often with allodynia and hyperalgesia. These are separate phe-
nomena: allodynia is pain that is provoked by a stimulus that is not 
normally painful, whereas hyperalgesia is an exaggerated response to 
a painful stimulus. Hyperpathia is also observed in patients with CRPS 
(especially those with later disease) and can be defined as an increased 
response to a stimulus, particularly repetitive. It is being increasingly 
recognized that patients with CRPS may experience disturbances in 
body perception.16

Vasomotor
The patient may complain of changes in skin color or temperature  
in the affected extremity, which are revealed on clinical examination 
by comparison with the unaffected side. Typically, the affected limb  
is initially warm and red and may then become mottled and 

TABLE 79.2 CLINICAL FEATURES OF CRPS

Pain and related sensory 
abnormalities

Pain, often burning, extending beyond 
the area of the original injury

Allodynia
Hyperalgesia/hyperpathia
Disturbed body perception

Vasomotor Color change*
Temperature change*

Sudomotor/edema Edema
Increased sweating

Motor/trophic Weakness/inability to initiate movement
Tremor
Muscle spasms
Dystonic features
Contractures
Skin, hair, and nail changes

*As compared with the unaffected side.
Fig. 79.3 Early CRPS of the left hand and wrist, showing edema. (Reproduced 
with permission from Salford Royal NHS Foundation Trust.)

a b

Fig. 79.4 CRPS of the ankle and foot. (a) Well-
established CRPS of the right ankle and foot, showing 
contracture. (b) The extent of deformity associated with 
CRPS is well demonstrated radiographically. The 
affected foot is osteoporotic. (Reproduced with 
permission from Salford Royal NHS Foundation Trust.)
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NATURAL HISTORY
The clinical course of CRPS has been divided into three stages; and 
although there is some doubt as to the clinical usefulness of this sub-
division, it may be of help when considering studies of pathophysiology 
and treatment. For example, it seems unlikely that a patient with late-
stage disease, as shown in Figure 79.4, has the same prospect of 
responding to treatment as the patient shown in Figure 79.3, with 
earlier disease. The three stages are as follows:

Stage 1: acute. The limb may be either warm or cool, with edema. 
In at least a proportion of patients, the clinical features of acute 
disease may be inflammatory.12 The pain is exacerbated by 
dependency.

Stage 2: dystrophic. The limb continues to be painful but now it 
becomes cooler, and either mottled or cyanotic, with early dys-
trophic changes of the skin and nails.

Stage 3: atrophic. During this stage, the pain spreads proximally (in 
some patients the limb may become less painful) and disability 
is increased as a result of irreversible atrophic changes and con-
tracture. In some patients ankylosis can occur.

The duration of each of these three stages is highly variable, and 
patients may exhibit features of more than one stage simultaneously. 
A period of 6 to 12 months has been quoted for stage 1, 1 to 2 years 
for stage 2, and up to several years for stage 3.19 Many patients never 
progress beyond stage 1.

A myofascial pain syndrome, with trigger points, has been reported 
to occur in a proportion of patients with CRPS.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis, at least in the early stages of CRPS, is that 
of the causes of a tender, often swollen limb. Inflammatory arthritis, 
cellulitis, osteomyelitis, deep venous thrombosis, malignancy, and 
fracture might all be suspected, but a careful history should point to 
the diagnosis, especially when there is a preceding history of trauma. 
Neuropathic pain disorders also enter into the differential diagnosis. 
Chronic vascular insufficiency must be considered in the differential 
diagnosis of late-stage CRPS.

INVESTIGATIONS
There is no diagnostic test for CRPS. However, certain investigations 
may give supportive evidence. The full blood cell count and erythrocyte 
sedimentation rate should be normal.

Plain radiographs
The characteristic radiographic findings of CRPS are well described. 
The typical appearance is of patchy osteoporosis of the affected extrem-
ity. This is most marked in the juxta-articular region (Fig. 79.5) but is 
frequently diffuse, occasionally with erosive changes.20 Soft tissue 
swelling is often present, at least in early disease. The joint space is 
usually preserved, although in patients who progress to late-stage 
disease there may be loss of joint space and ankylosis.

Isotope bone scanning
Traditionally, isotope bone scanning (especially three-phase imaging) 
was considered useful in the diagnosis of CRPS, as one sought asym-
metry between affected and non-affected limbs, although the actual 
abnormality is dependent on disease stage. Thus, there is increased 
uptake in early disease (Fig. 79.6) and reduced uptake in later disease.21 
However, there has been some skepticism as to the true usefulness of 
isotope bone scanning.13

Magnetic resonance imaging
Appearances on magnetic resonance imaging tend to be non-specific 
and include soft tissue changes and bone marrow edema.22 At present, 
magnetic resonance imaging is not considered part of the routine diag-
nostic evaluation of CRPS but may be useful if the diagnosis is unclear.

Fig. 79.5 Rarefaction of bone in a patient with CRPS affecting the left ankle 
and foot. The changes are most marked in the midfoot. (Reproduced with 
permission from Salford Royal NHS Foundation Trust.)

Fig. 79.6 Isotope bone scan showing diffuse increased uptake in the distal 
tibia, talus, and navicular in a patient with CRPS of the left ankle and foot. 
(Reproduced with permission from Salford Royal NHS Foundation Trust.)

Thermography
Thermography measures surface temperature. It therefore detects 
asymmetry in limb temperature (Fig. 79.7) and so may aid in the 
diagnosis of CRPS.23 However, the technique is not widely available 
and is mainly a research tool.

Other investigations
A number of other investigations have been used primarily on a 
research basis.24 These include quantitative sweat testing (using the 
quantitative sudomotor axon reflex test), quantitative sensory testing 
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(testing small fiber function), sympathetic skin response (which mea-
sures skin conductance), and psychological tests.

PATHOLOGY
The pathology of CRPS is not well described, reflecting the reluctance 
to subject affected limbs to biopsy, for fear of exacerbating the clinical 
problem. A pathologic study of skeletal muscle and peripheral nerve 
tissue from lower limb amputations from eight patients revealed 
muscle changes consisting of type I fiber atrophy, an increase in lipo-
fuscin (suggestive of free radical–mediated injury) and capillary abnor-
malities, with thickening/duplication of the basement membrane.25 In 
contrast, there were no consistent abnormalities in peripheral nerves. 
The authors postulated that a microangiopathy was central to patho-
physiology.25 A study of skin biopsies from 18 patients with CRPS 
demonstrated subtle small fiber axonal damage: the authors speculated 
that CRPS is a neurologic condition.26

PATHOPHYSIOLOGY
The pathophysiology of CRPS is not fully understood. It is unknown 
why some patients, after only a minor injury, go on to develop CRPS, 
whereas most go on to make an uncomplicated recovery. Many differ-
ent theories have been suggested.19,24,27-29 It seems most likely that both 
peripheral and central mechanisms are involved, interacting to main-
tain a vicious cycle of events the end result of which is the persisting 
pain of CRPS, with its accompanying vasomotor, sudomotor, and 
trophic changes. Neurogenic inflammation and microcirculatory dys-
function, possibly resulting in oxidant stress, have also been proposed 
as important mechanisms of tissue injury. It seems probable that these 
different aspects of pathophysiology are all interrelated (Fig. 79.8).

Peripheral mechanisms
It is likely that trauma to type C nerve fibers and Aδ afferents is an 
initiating event in the CRPS process, and at least some patients go on 
to demonstrate sensitization of their C or Aδ nociceptors in the context 
of thermal and mechanical hyperalgesia.19 It was originally believed 
that the sympathetic nervous system was invariably important in the 
pathogenesis of CRPS. Although this is no longer accepted at all stages 
of the disease process, there is no doubt that many patients have sym-
pathetically maintained pain,27 as demonstrated by their response to 
sympathetic blockade.

It has been suggested that enhanced vasoconstrictor activity in 
CRPS contributes to hyperalgesia.30 Sympathetic activity may activate 
both mechanoreceptors and nociceptors and could therefore contribute 
to the vicious cycle involving central mechanisms referred to earlier. 
Considerable attention has been paid to the hypothesis that the 
α-adrenoreceptor is a key player in the pathogenesis of CRPS; these 
receptors may be overexpressed in hyperalgesic skin of patients with 

a b

Fig. 79.7 Thermographic images. (a) A patient with CRPS of the left hand (same patient as in Fig. 79.3). The affected hand is cooler: the temperature difference 
between the dorsum of the left hand and the dorsum of the right hand is 3.4°C. (b) A patient with CRPS of the left knee. The affected knee is cooler: the 
temperature difference between the left and right knees is 1.9°C. (Reproduced with permission from Salford Royal NHS Foundation Trust.)

POSSIBLE MECHANISMS FOR THE 'VICIOUS CYCLE' OF CRPS

Central
mechanisms

Neurogenic
mechanisms

Peripheral
mechanisms

Free radical
mediated injury/

hypoxia

Microvascular
dysfunction

Fig. 79.8 Possible mechanisms for the “vicious cycle” of CRPS.

CRPS and may then be activated through sympathetic discharge.27 The 
fact that at least some patients experience pain relief from α-adrenergic 
blockade with intravenous phentolamine is supportive of this hypoth-
esis. However, the situation is highly complex, with several studies 
suggesting a reduction in sympathetic efferent activity, leading to 
supersensitivity to catecholamines.31,32 Catecholamine supersensitivity 
would be consistent with increased α-adrenoceptor responsiveness.33

Central mechanisms
It has been suggested that, in CRPS, an initial activation of nociceptors 
for some reason leads to alteration of central information processes, 
resulting in central sensitization. This disordered processing of noci-
ceptor impulses may be the most important mechanism of persisting 
pain in late-stage CRPS. As a result of this disordered processing, 
activation of low-threshold mechanoreceptors is subsequently inter-
preted as noxious. This would explain the phenomenon of allodynia. 
A role for the N-methyl-d-aspartate (NMDA) receptor has been sug-
gested.19 Inhibitory neurons using γ-aminobutyric acid (GABAergic) 
may also play a part, as indicated by improvement in dystonia in 
response to baclofen (a GABA receptor agonist).34 There is increasing 
interest in the role that abnormal cortical processing plays in CRPS, 
with motor and sensory cortical reorganization demonstrated via 
various techniques including magnetoencephalography and functional 
magnetic resonance imaging.35

Neurogenic inflammation
There is considerable evidence to suggest that neurogenic inflamma-
tion contributes to the pathogenesis of CRPS.29 This might explain 
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than those who had a general anesthetic or intravenous regional anes-
thesia with lidocaine alone.41 As stated earlier, it has been suggested 
that vitamin C, a powerful antioxidant, may prevent the development 
of CRPS37 (grade A evidence), the rationale being that oxidant stress 
contributes to pathophysiology. Although potentially very exciting, this 
observation requires confirmation in further studies.

Physiotherapy and occupational therapy
Physiotherapy alone may correct mild cases of CRPS. In more advanced 
disease, physiotherapy is used in combination with other treatment 
modalities, which should facilitate the physiotherapy (grade B evi-
dence). Both physiotherapy and occupational therapy, in a randomized 
trial of upper limb CRPS, conferred benefit in terms of pain reduction 
and functional improvement.42 The emphasis is on mobilization, 
although this can be very difficult in patients with severe pain and 
tenderness. An algorithm for therapy, with an emphasis on the reha-
bilitative aspects, has been put forward by Stanton-Hicks and cowork-
ers.43 This begins cautiously, with approaches such as heat, massage, 
and gentle movement to help restore normal sensory processing. This 
is then followed with isometric strengthening and electrode stimula-
tion, treatment of any secondary myofascial pain syndrome, and 
general aerobic conditioning until complete functional rehabilitation. 
In many patients, severe pain proves a barrier to this approach to 
functional restoration and medical and psychological interventions 
must be applied in parallel. Mirror therapy/graded motor imagery has 
recently been advocated, with a small randomized trial suggesting 
benefit in early disease, but further studies are required (grade B 
evidence).44

why some of the early clinical features of CRPS are inflammatory.12 
Release of vasoactive peptides, including substance P and calcitonin 
gene–related peptide, from afferent nerve fibers causes vasodilation, 
with increased vascular permeability and protein leakage. It is likely 
that these neuropeptides also increase the excitability of primary 
sensory nerve fibers, leading to changes in the dorsal horn.

Microvascular dysfunction
It is not known whether the vascular changes of CRPS drive the disease 
process by causing hypoxia and free radical–mediated damage or 
whether they are secondary. A number of investigators have confirmed 
microvascular dysfunction in CRPS,31,32 and hypoxia has been directly 
demonstrated in CRPS-affected limbs.36 Relevant to this is that vitamin 
C, a powerful antioxidant, may prevent the development of CRPS37 
and free radical scavengers may have a beneficial effect in the treatment 
of CRPS.38

Summary
Our current state of knowledge regarding the pathophysiology of CRPS 
can be summed up as follows: the condition is most likely initiated by 
a peripheral injury causing subclinical nerve damage and neurogenic 
inflammation. Initial changes are mediated by nociceptive Aδ and C 
fibers, leading to sensitization and release of inflammatory neuropep-
tides at the dorsal horn ganglion and abnormal connections with the 
sympathetic nervous system, potentially leading to sympathetically 
maintained pain. Dysfunction within the spinal cord can extend to 
adjacent levels and can cross the midline, leading to spread within a 
limb and contralateral symptoms. Later changes include long-term 
alterations in neuropeptide production, abnormalities of both excit-
atory and inhibitory spinal and supraspinal pathways, and motor and 
sensory cortical reorganization. Both early and late changes cause 
abnormalities of blood flow, which may themselves be responsible for 
some of the features of CRPS.

MANAGEMENT
There are a number of treatment options in CRPS, which are sum-
marized in Table 79.3.

Although many patients with mild forms of CRPS may experience 
spontaneous improvement, those who go on to a late stage with atrophy 
and contracture are very unlikely to recover. These patients are left 
with pain and major functional disability. Therefore, early diagnosis is 
a key principle of management.

In addition to being a condition that is difficult to diagnose and 
treat, CRPS is difficult to study, because of its heterogeneity, the prob-
lems in definition earlier referred to, a lack of outcome measures,39 and 
the incomplete understanding of its pathophysiology. As a result, until 
very recently there have been very few controlled clinical trials40 and 
those that do exist tend to be in small numbers of patients, with sub-
jective endpoints. Many of the recommendations about treatment 
(including those considered here) are based on anecdotal observations 
or small series of patients. The frequency of the disorder does mean 
that there is considerable anecdotal experience in its management. The 
main aims are to reduce pain and to restore function.

The treatment of CRPS should be multidisciplinary. Many of the 
patients demonstrate marked pain behavior, and their distress may be 
compounded by the fact that, before diagnosis, their pain was believed 
to be “non-organic.” Patient education and an approach based on pain 
management are integral to management. A proportion of patients 
benefit from psychological counseling.

Prevention
Ideally, the development of CRPS should be prevented by early mobi-
lization of patients with predisposing conditions and careful attention 
to surgical technique. A recent study (albeit not a randomized trial) of 
300 patients undergoing surgery for Dupuytren’s contracture suggested 
that anesthetic technique was also likely to influence outcome: patients 
who had an axillary block or intravenous regional anesthesia with 
lidocaine and clonidine were less likely to develop postoperative CRPS 

TABLE 79.3 APPROACHES TO THE TREATMENT OF CRPS

Prevention Early mobilization

Physiotherapy Desensitization techniques

Mirror therapy

Graded motor imagery

Sympathetic blocks Paravertebral

Regional intravenous

Other regional blocks Epidural

Brachial or lumbar plexus

Drug treatment Analgesics

Non-steroidal anti-inflammatory drugs

Antidepressants

Anticonvulsants

Bisphosphonates

Free radical scavengers (dimethyl 
sulfoxide [topical] and acetylcysteine)

α-Blockers and other vasodilators

Corticosteroids

Calcitonin

Intrathecal baclofen

Ketamine (intravenous)

Capsaicin (topical)

Lidocaine patches

Transcutaneous nerve stimulation

Acupuncture

Dorsal column stimulation

Surgery (very rarely indicated) Surgical sympathectomy

Amputation



CH
A

PTER 79 
● Com

plex regional pain syndrom
e (reflex sym

pathetic dystrophy)

803

reducing pain (but not in improving function) in patients with well-
established CRPS (grade A evidence), although its effectiveness 
decreases over time.50 The procedure involves placement of an elec-
trode in the epidural space on the dorsal aspect of the spinal cord (Fig. 
79.9), at the level of the nerve roots subserving the painful area. The 
rationale is that the electrical current thus produced induces paresthe-
sias that suppress the pain. Because the procedure is not without risk, 
patients must be carefully selected. The related technologies are con-
tinuing to evolve.

A small proportion of patients come to surgical treatment. Rarely, 
surgical sympathectomy has been advocated if a patient gains benefit 
from temporary sympathetic blocks. Amputation is not recommended 
for pain alone, because phantom limb pain at the amputation stump 
may result, but it may be indicated, for example, if a limb is chronically 
infected.

Future therapies
Recent years have seen a huge expansion in research interest in CRPS, 
with the result that classification criteria (a major stumbling block to 
earlier research) are being improved and thus will facilitate clinical 
trials of new treatments. Development of new therapies will, in turn, 
be directed by advances in understanding of pathophysiology and will 
include vasoactive and antioxidant treatments in addition to different 
forms of analgesia. However, to evaluate new treatments, it is impera-
tive that objective outcome measures are developed or refined and, as 
recently discussed, outcome measures are needed that will evaluate 
handicap and disability, in addition to impairment.39

CONCLUSION
CRPS remains a condition that is difficult to diagnose, to treat, and to 
study. However, it is a major source of pain and disability to that 
subgroup of patients who go on to develop severe, late disease. The 
rheumatologist’s task is to maintain a high index of suspicion of CRPS 
in a patient with a painful extremity and to institute treatment, includ-
ing mobilization, early, in an attempt to prevent progression to late 
disease. Ideally, patients with CRPS should be cared for by an experi-
enced multidisciplinary team.

Nerve blockade
Sympathetic blockade
In the past, sympathetic blockade has been recommended as a treat-
ment for CRPS, and a good response to this has been considered an 
aid to diagnosis. However, as discussed earlier, a response to sympa-
thetic blockade does not mean that the pain is caused by CRPS per se 
but rather that a significant component of the pain is sympathetically 
maintained.

There are two main methods of temporarily blocking the  
sympathetic nervous system: paravertebral blockade and regional  
intravenous blockade. With paravertebral blockade, usually a series of 
local anesthetic blocks is given, the frequency depending on the 
patient’s response. The stellate ganglion is blocked for upper limb 
CRPS and the lumbar sympathetic chain for the lower limb. Intrave-
nous blockade, usually with guanethidine, essentially produces a nor-
adrenergic neuron block by applying a high concentration of 
guanethidine directly to the nerve endings in the treated extremity. As 
with the sympathetic ganglion blocks, these intravenous blocks can be 
repeated as necessary. Despite their widespread use, there is very little 
evidence base from controlled clinical trials for either paravertebral45 
or regional blocks (grade A evidence): many clinicians, however, believe 
that they have a place particularly in patients with sensory and vaso-
motor changes, in whom a nerve block might facilitate a rehabilitation 
program.

Other regional blocks
Epidural blocks (cervical or lumbar) have also been used but have the 
disadvantage of blocking not only the sympathetic nervous system but 
also somatic nerves. Continuous blockade of the brachial or lumbar 
plexus has also been advocated, the rationale being that, as long as the 
catheter is in place, the patient can maximize his or her benefit from 
a graded program of physiotherapy. These blocks are likely to be of 
benefit early on in the disease process, to facilitate the rehabilitative 
approach.

Drug treatment
A very large number of drugs have been suggested for the treatment of 
CRPS (see Table 79.3), but few have been proven to be effective in 
randomized clinical trials.40 Usually the first line of pharmacologic 
intervention is with analgesics and non-steroidal anti-inflammatory 
drugs (grade C evidence). The latter might be expected to confer benefit 
early on, when there may be an inflammatory component to the CRPS. 
Low-dose antidepressants may be helpful, as may carbamazepine, phe-
nytoin, sodium valproate, or gabapentin (grade C evidence). These 
recommendations are based on clinical impressions and not on strong 
clinical trial evidence.

Recently there has been considerable interest in bisphosphonates. 
For example, alendronate has been shown to reduce pain and improve 
function (grade A evidence).44,46 Results from studies on calcitonin 
(grade A evidence) have given conflicting results.44 Another recent 
target for therapy, as mentioned earlier, is based on the pathologic role 
of free radial scavengers. Both dimethyl sulfoxide and N-acetylcysteine 
were reported to confer benefit in a double-blind study, although there 
was no placebo control.38

Other drugs that have been advocated for CRPS include α-blockers 
and other vasodilators and corticosteroids. In a randomized, crossover 
trial (grade A evidence) intrathecal baclofen was shown to improve 
upper limb dystonia in six of seven patients with CRPS.47 Ketamine at 
subanesthetic doses blocks NMDA receptors and therefore reduces the 
excitatory effect of glutamate on the central nervous system; benefit 
has been reported48 (grade C evidence), but further studies are required. 
Topical treatments suggested include capsaicin,40 although patients 
often struggle to tolerate it. Lidocaine 5% patches show promise49 
(grade C evidence), and in addition to their local anesthetic effect they 
also protect allodynic skin from contact with clothing.

Other treatments
Other treatments include transcutaneous nerve stimulation and acu-
puncture. Spinal cord stimulation has been shown to be effective in 

DORSAL COLUMN STIMULATOR

Lead

Extension
Pulse

generator

Fig. 79.9 Dorsal column stimulator. The schematic representation shows a fully 
implanted system with an internal power source.
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and  difficulty  with  overhead  activity  through  a  painful  arc  near  90 
degrees. Anterior  instability can be subtle and may present as symp-
toms of a “dead arm” or a feeling of coming apart, especially with the 
late cocking or early acceleration phase of throwing (Fig. 80.2). If pos-
terior instability is a component, the symptoms will usually be present 
during the follow-through phase.

The physical examination should always include a complete cervical 
spine and neurologic examination to ensure the lack of a C5 radicular 
component. Palpation examination should focus on the sternoclavicu-
lar  and  acromioclavicular  joints,  proximal  biceps  tendon,  posterior 
joint line, and over the greater tuberosity. Range of motion should be 
tested  and  compared  with  the  contralateral  shoulder.  Throwers  will 
often  have  increased  external  rotation  and  compensatory  decreased 
internal rotation in their pitching arm. Whether this is adaptive or a 
result  of  a  posterior  capsular  contracture  is  still  a  matter  of  debate. 
Glenohumeral internal rotation deficit can result from contracture of 
the posterior band of the inferior glenohumeral ligament and posterior 
capsule  and  can  cause  excessive  anterior/superior  translation  of  the 
humeral head. This can cause  internal  impingement of  the humeral 
head against the posterosuperior labrum in late cocking and be a source 
of posterior joint-line pain as well as a risk factor for the development 
of a SLAP (superior labral anterior/posterior) lesion. The remainder of 
the examination should  focus on testing of  the rotator cuff strength, 
assessing  the  degree  of  normal  laxity  or  presence  of  instability,  and 
performing  certain  provocative  maneuvers  to  elicit  specific  disorders 
(Table 80.1).  It  is  important  to keep  in mind  that  laxity  is a normal 
finding in patients, in contrast to instability, which is defined as symp-
tomatic glenohumeral  laxity. Also, accurate assessment of  the symp-
tomatic  shoulder  is  highly  dependent  on  the  ability  to  compare  the 
findings to the asymptomatic, contralateral shoulder.

Glenohumeral instability
The normal degree of laxity among patients varies. Instability ranges 
from  subtle  subluxation  episodes  to  acute,  frank dislocations, which 
require  sedation  and  reduction  in  an  emergency  department  setting. 
Proper classification of shoulder instability is important in establishing 
a correct diagnosis and in planning a successful treatment plan. Table 
80.2 outlines the classification scheme, which focuses on establishing 
the degree, frequency, etiology, and direction of instability. The direc-
tion  of  instability  can  be  classified  as  unidirectional,  bidirectional,  
or  multidirectional.  Patients  with  multidirectional  instability  will  
often lack a history of trauma or microtrauma and usually have signs 
of  generalized  ligamentous  laxity,  such  as  the  ability  to  hyperextend 
their  knees,  elbows,  and  metacarpal  joints  and  hyperabduct  their 
thumbs.

Acute anterior shoulder dislocations
Traumatic anterior shoulder dislocations are the most common pattern 
of instability affecting the glenohumeral joint. This pattern constitutes 
over 90% of shoulder instability cases and is more common in athletes 
participating  in contact and collision sports such as  football, hockey, 
and rugby.1 The mechanism of injury is a forced external rotation and 
extension  force  to  an  abducted  and  externally  rotated  arm.  Patients 
with  an  acute  anterior  dislocation  hold  the  arm  fixed  in  a  slightly 
externally rotated and abducted position and have a loss of the normal 
contour of the deltoid. An axillary view (Fig. 80.3) of the shoulder  is 
required to definitively make the diagnosis because the anteroposterior 
and scapular-Y views may give false-negative impressions. The essen-
tial lesion of traumatic anterior shoulder dislocations (Bankart lesion) 
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 Sports medicine encompasses the science as well as the clinical 
evaluation and treatment of acute and chronic injuries to the 
musculoskeletal system during sporting and work related activities.

 The dynamics and stability of the shoulder joint rely heavily on its 
soft tissue components which are subjected to a tremendous 
amount of force especially in overhead athletes.

 The key to diagnosing shoulder injuries correctly is to understand 
the surrounding functional anatomy and also being able to 
perform a good history and physical examination.

 Most inflammatory conditions involving tendon and muscular 
origins/insertions can be treated with activity modification,  
NSAIDs, and physical therapy.

 A thorough history and physical exam prior to advanced imaging 
can help in the accurate diagnosis of sports related injuries.

 Many sports related orthopaedic injuries can initially be managed 
with rest, activity modification, anti-inflammatory medication, and 
physical therapy.

 It is important to recognize the subset of injuries that may warrant 
more urgent surgical intervention such as ACL tears, quadriceps, 
patella, and Achilles tendon ruptures.

INTRODUCTION
In this chapter, clinical injuries resulting from both acute trauma and 
chronic  repetition  during  the  engagement  of  sports-related  activities 
are  discussed  and  a  variety  of  treatment  options  are  presented  for 
ensuring  pain  relief,  functional  range  of  motion,  and  an  overall 
improved quality of life.

INJURIES AND DISORDERS OF  
THE UPPER EXTREMITIES
Injuries and disorders of the shoulder
The  shoulder  comprises  three  joints  (glenohumeral,  sternoclavicular, 
and acromioclavicular) and one articulation (scapulothoracic).

The main static stabilizers include the glenoid labrum, the gleno-
humeral ligaments and capsular complex, the coracoacromial and cora-
cohumeral  ligaments,  and  the  negative  intracapsular  pressure.  The 
superior,  middle,  and  inferior  glenohumeral  ligaments  are  intimate 
with the joint capsule and act as checkreins at the extremes of motion 
(Fig. 80.1). Along with  the optimal positioning of  the glenoid by  the 
scapulothoracic articulation, the rotator cuff muscles act as the main 
dynamic  stabilizers  through  concavity/compression  forces  during  the 
arc of motion. If any of these components are disrupted either through 
acute injury or by overuse, the normal biomechanics are altered, which 
can then result in pain, dysfunction, and further injury to the rotator 
cuff, proximal biceps tendon, labrum, and articular cartilage.

Careful history taking, along with a systematic physical examina-
tion, is the key to accurately diagnosing patients with shoulder injuries. 
If the patient is an athlete who uses overhead movements, the nature 
and timing of the pain should be elicited, focusing on the exact phase 
of  throwing  or  athletic  motion  that  precipitates  the  pain.  If  rotator  
cuff  involvement  is present,  the patient may complain of night pain 
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stabilization for first-time acute dislocations. Prospective randomized 
trials show a significant decrease in the recurrence rates with improved 
function  for  the operative patients,  but  the decision  to proceed with 
acute stabilization is still controversial and largely depends on patient-
specific  factors,  such  as  age,  activity  level,  and  desire  to  return  to 
preinjury status.5

Recurrent anterior shoulder instability
Recurrent  anterior  shoulder  instability  is  disabling  and  ranges  from 
pain  with  apprehension  during  specific  activities  to  episodic  sublux-
ations and recurrent dislocation. Clinical assessment can be difficult 
mainly owing  to patient apprehension and compliance with physical 
examination. Anterior instability tests are both objective and subjective 
and best when compared with the contralateral shoulder. The anterior 
apprehension and relocation test is specific for anterior instability and 
is best done with the patient supine with the shoulder at the edge of 
the table. In addition to standard radiographs, specific radiographs can 
be  obtained  looking  for  specific  lesions.  For  further  investigation  of 
bony lesions, a computed tomography (CT) scan is recommended; and 
for  soft  tissue  pathologic  processes  such  as  capsular  redundancy  or 
labral tears (Bankart lesion), a magnetic resonance (MR) arthrogram is 
the tool of choice. Open stabilization procedures have stood the test of 
time, with recurrence rates ranging from 3% to 5%. However, many of 
these procedures involved non-anatomic reconstructions; and although 
they  prevented  recurrent  instability,  lack  of motion  (mainly  external 

is  an  avulsion  with  or  without  bone  of  the  anteroinferior  glenoid 
labrum  with  the  capsular/ligament  complex.2  Additional  pathologic 
processes surrounding anterior shoulder dislocations  include anterior 
capsular  attenuation  and  insufficiency,  rotator  cuff  tears,  Hill-Sachs 
lesions, glenoid rim fractures, SLAP lesions, and humeral avulsion of 
the glenohumeral ligament (HAGL) lesions.

Recurrence rates have been shown to be as high as 90% in young 
athletes who were  treated  conservatively.3  Several  other  studies have 
verified the high risk of recurrence in the younger patient population 
(50%-66%)  but  found  a  benefit  from  refraining  from  early  return  to 
sports activities.4 Recent data have shown that immobilizing the shoul-
der  in external rotation more closely approximates the anteroinferior 
labral/capsular complex to its normal position on the glenoid and may 
reduce recurrence rates.4

Treatment of acute dislocations requires a pre-reduction neurologic 
examination  especially  to  assess  the  function  of  the  axillary  nerve, 
which  can be  injured  in 9%  to 18% of  acute dislocations. There  are 
numerous  reduction  techniques  described,  and  this  can  be  accom-
plished with either  conscious sedation or an  intra-articular  lidocaine 
injection.  Regardless  of  what  technique  is  used,  the  most  important 
aspect to ensure a successful reduction is adequate patient and mus-
cular  relaxation. Once  the  reduction  is performed,  radiographs must 
be obtained to confirm the reduction; we prefer an external sling immo-
bilizer  for  a  period  of  3  to  6  weeks.  Because  of  the  high  recurrence  
rates  in  young  active  patients,  some  have  advocated  acute  surgical 

CAPSULAR ANATOMY
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Fig. 80.1 Capsular anatomy.

PHASES OF THROWING

Wind-up Cocking Acceleration Deceleration Follow-through

Fig. 80.2 Phases of throwing. (From Miller MD, Cooper DE, Warner JJP. Review of sports medicine and arthroscopy. Philadelphia: 
WB Saunders, 1995:123.)
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components of instability and any other pathologic processes that may 
be present. Arthroscopic surgery also allows for a quicker recovery, less 
postoperative  pain,  and  less  morbidity  and  can  be  performed  as  an 
outpatient procedure.

Posterior shoulder instability
Posterior  instability  is  much  less  common  than  anterior  instability, 
accounting for only a small percentage of instability cases. Acute, frank 
dislocations are uncommon and are often missed (50%) on their initial 
presentation. The more common presentation of posterior instability 
includes  pain  localized  to  the  posterior  joint  line  and  subtle  sublux-
ations during the provocative position of flexion, adduction, and inter-
nal rotation. In athletes, a direct blow to the anterior shoulder or, more 
commonly,  a posteriorly directed  force  to  the  shoulder while held  in 
the provocative position  is  the  typical mechanism of  injury. Football 
linemen, overhead throwers, and swimmers are subjected to repetitive 
microtrauma  during  sports  that  can  cause  injury  to  the  posterior 
labrum  and  associated  capsular/ligament  complex.  Patients  who 
present  with  an  acute  dislocation  typically  hold  their  arm  in  an 

TABLE 80.1 MUSCLE TESTING FOR SHOULDER INJURIES

Examination Technique Significance

Impingement/RTC

Impingement sign Passive FF > 90° Pain = impingement syndrome

Impingement test Same after 
subacromial injection

Relief of pain = impingement 
syndrome

Hawkins test Passive FF 90° and lift Pain = impingement syndrome

Jobe test Resisted pronation/
FF 90°

Pain = supraspinatus lesion

Drop arm test Maintain FF in plane 
of scapula

Instability = supraspinatus 
lesion

Hornblower test Resisted max ER/abd 
90°

Pain = infraspinatus/(post) 
supraspinatus lesion

Rubber band sign Resisted max ER/
slight abd

Pain = infraspinatus lesion

Lift-off test Arm IR behind back Inability to elevate from back = 
subscapularis lesion

Modified lift-off 
test

Resisted arm held off 
back

Inability to keep elevated off 
back = subscapularis lesion

Belly-push test Elbow held anterior 
with abd pressure

Inability to hold elbow forward 
= subscapularis lesion

Instability

Apprehension test Supine abd 90° and 
ER

Apprehension = ant instability

Relocation test Apprehension with 
posterior force

Relief of apprehension = ant 
instability

Load and shift test Ant/post force on 
humeral head

Degree of translation = laxity vs. 
instability

Modified load and 
shift test

Supine load/shift 
with elbow bending

Degree of translation = laxity vs. 
instability

Jerk test Post force w/ arm 
add and FF

“Clunk” = posterior subluxation

Sulcus sign Inferior force w/ arm 
at side

Increased acromiohumeral 
interval = int laxity vs. instability

Labrum/Biceps

Active 
compression test

10° add, 90° FF, max 
pronation

Pain with resistance = SLAP 
lesion

Anterior slide test Hand on hip, joint 
loading

Pain with resistance = SLAP 
lesion

Crank test Full abd, humeral 
loading, rotation

Pain = SLAP lesion

Speed test Resisted FF in 
scapular plane

Pain = bicipital tendinitis

Yerguson test Resisted supination Pain = bicipital tendinitis

Miscellaneous

Spurling maneuver Lat flexion, rotation, 
cervical loading

Cervical spine pathology

Wright test Ext-abd-ER of arm w/ 
neck rotated away

Loss of pulse and reproduction 
of symptoms = thoracic outlet 
syndrome

RTC, rotator cuff; FF, forward flexion; IR, internal rotation; ER, external rotation; abd, abductor; 
ant, anterior; post, posterior; add, adduction; ext, extension; inf, inferior; max, maximum; SLAP, 
superior labrum from anterior to posterior; lat, lateral.

TABLE 80.2 CLASSIFICATION OF SHOULDER INSTABILITY

Degree

Dislocation
Subluxation
Microinstability

Frequency

Acute (primary)
Chronic

Recurrent
Fixed

Etiology

Traumatic (macrotrauma)
Atraumatic

Voluntary (muscular)
Involuntary

Acquired (microtrauma)

Direction

Unidirectional
Anterior
Posterior
Inferior

Bidirectional
Anteroinferior
Posteroinferior

Multidirectional

rotation) and subsequent arthritis were problems with some of  these 
reconstructions.6 Arthroscopic shoulder stabilizations have results that 
are now matching those of open repairs.7 Arthroscopic procedures allow 
surgeons to better visualize the capsular/ligament complex as well as 
the entire glenohumeral joint, which affords the ability to address all 

Fig. 80.3 Axillary radiograph of anterior shoulder showing dislocation with 
Hill-Sachs lesion.
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fail.  Affected  patients  have  global  (anterior,  posterior,  and  inferior) 
excessive laxity of the glenohumeral joint and usually will have signs 
of generalized ligamentous laxity. Onset is frequently atraumatic, and 
the chief complaint is normally pain through the mid ranges of motion; 
terminal  ranges  of  motion  are  normally  avoided.  The  contralateral 
shoulder often displays equal laxity but may be asymptomatic, which 
leads investigators to search for other pathologic causes besides exces-
sive and redundant capsular/ligament tissue. These factors may include 
subtle losses of strength and/or neuromotor coordination of the rotator 
cuff and scapular stabilizing muscles, as well as defective proprioceptive 
responses. An aggressive and prolonged course of physical therapy (at 
least 6 months) focusing on periscapular and rotator cuff strengthening 
and conditioning with modalities to increase proprioception and coor-
dination  has  been  shown  to  be  successful  in  80%  to  90%  of  cases.8 
Surgery  is an option for patients who were compliant with a specific 
exercise program but who remain symptomatic. Surgery is not offered 
to  voluntary  dislocators  with  emotional  problems  or  to  behaviorally 
immature teenagers. An open inferior capsular shift remains the gold 
standard  for  surgical  treatment  of  multidirectional  instability  of  the 
shoulder with results yielding greater than 90% success with recurrent 
instability and/or persistent pain being defined as failure.10

Rotator cuff pathology and impingement syndrome
Pathology of the rotator cuff
The rotator cuff is a tendinous confluence of the supraspinatus, infra-
spinatus, subscapularis, and teres minor muscles (Fig. 80.4). It has an 
intimate  association  with  the  proximal  biceps  tendon,  which  runs 
through the rotator interval (the space between the superior border of 
the subscapularis and the anterior  leading edge of the supraspinatus) 
from  its  variable  insertion  on  the  superior  glenoid  and  labrum.  The 
main  function  of  the  rotator  cuff  is  to  maintain  the  humeral  head 
through compressive forces in the center of the glenoid throughout the 

adducted, internally rotated position with prominence of the coracoid 
process anteriorly and  fullness posteriorly. A  trauma series  including 
the axillary view will demonstrate an empty glenoid with a posteriorly 
displaced humeral head. Reduction should be performed, but caution 
should be used because these injuries sometimes present late and can 
be extremely difficult  to reduce  in the emergency department setting 
and may require anesthesia and an open reduction.

For  recurrent  posterior  shoulder  instability,  some  patients  will  be 
able to demonstrate their instability pattern by positioning and selec-
tive muscle activation. The medical professional should be alerted to 
the patient who habitually and willfully dislocates his or her shoulder 
for  secondary gain. Physical  examination should  include  tests  for all 
types of instability, including the jerk test, load and shift, and sulcus 
test,  which  are  specific  for  posterior  and  inferior  instability.  Often, 
these tests will elicit symptoms of pain and grinding rather than dis-
cernible  translation.  Testing  for  generalized  ligamentous  laxity  is 
important because it has implications for potential treatment options. 
After acute reductions, immobilization in the neutral position for 4 to 
6 weeks, followed by physical therapy for periscapular and rotator cuff 
strengthening is the initial treatment of choice. The incidence of recur-
rence  after  acute  dislocations  is  much  less  than  with  acute  anterior 
dislocations; patients with an atraumatic or microtraumatic onset have 
a  high  rate  of  success  with  conservative  treatment.8  Those  patients 
who  fail  conservative  treatment  may  require  surgical  stabilization, 
which ranges from open, bone-block, and muscle-tendon transfers to 
arthroscopic anatomic repair and capsular plications. Arthroscopic pos-
terior  instability  surgery  has  results  that  are  now  as  good  as  open 
procedures, with success rates ranging from 90% to 97%.9

Multidirectional shoulder instability
Multidirectional  instability  of  the  shoulder  is  a  complex  entity  that 
warrants careful  investigation to avoid unnecessary surgery that may 
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imaging should be done earlier to rule out a complete,  full-thickness 
tear.  The  natural  history  of  partial-thickness  tears  is  incompletely 
understood, but there is some evidence that few heal on their own and 
there is potential for progression over a short period of time. Surgical 
intervention  generally  is  considered  for  patients  with  symptoms  of 
sufficient  duration  and  intensity.  The  timing  of  surgery  has  ranged 
from a few months to 5 years, but it should be based on the patient’s 
symptoms, improvement, and rate of improvement with non-surgical 
therapy as well as on the goals of the patient. The decision on whether 
to débride or  repair  partial-thickness  tears  should be made based on 
intraoperative  findings,  and  tears  with  greater  than  50%  thickness 
should  be  repaired  with  the  use  of  suture  anchors  or  osseous  bone 
tunnels.  In  general,  surgical  management  with  decompression  and 
rotator cuff repair has yielded satisfactory results (>90% in most series) 
with mini-open and arthroscopic techniques.

Subacromial impingement syndrome
The diagnosis of  impingement  syndrome has been  increasingly used 
for patients with shoulder pain and dysfunction. Impingement can be 
described as primary or secondary. Primary impingement can be caused 
from  intrinsic  (intratendinous)  or  extrinsic  (extratendinous)  factors, 
whereas secondary impingement is a result of another process such as 
glenohumeral  instability  or  neurologic  injury.  Disruption  in  the 
dynamic function of the rotator cuff or periscapular muscles can lead 
to  encroachment  of  the  subacromial  structures  between  the  greater 
tuberosity and the anterior acromion, acromial or distal clavicle spur, 
or coracoacromial ligament. Extrinsic factors that may aid in the devel-
opment of impingement include abnormal acromial morphology, calci-
fied  or  hypertrophied  coracoacromial  ligament,  degenerative 
acromioclavicular joint with spurring, and an unfused distal acromial 
epiphysis  (os  acromiale).  Three  stages  of  impingement  have  been 
described:  stage  I  involves hemorrhage  and  edema within  the  bursa, 
stage  II  is  characterized by fibrosis and  tendinitis of  the  rotator cuff, 
and stage III entails more chronic changes represented by partial- and 
full-thickness tears of the rotator cuff tendons.13

Patients who present with impingement syndrome mainly complain 
of pain, which can often be accompanied by  stiffness and weakness. 
Onset is usually insidious, but patients may offer a history of a minor 
event that may have started the process. For athletes, a change in their 
normal  routine or  recent overuse may precipitate  the onset. Primary 
impingement  is  more  common  in  patients  older  than  age  40  years, 
whereas secondary impingement is usually found in younger patients 
and  athletes;  therefore,  an  underlying  cause  such  as  glenohumeral 
instability or a labral pathologic process (SLAP lesion) must be sought 
in  this  population.  Physical  examination  should  focus  on  range  of 
motion, rotator cuff strength, instability testing, and various provoca-
tive  maneuvers  in  a  search  for  impingement  and  acromioclavicular 
joint  arthrosis.  Shoulder  pain  can  cause  weakness  during  physical 
examination, which may cloud the clinical picture. The impingement 
test is performed by injecting a local anesthetic such as lidocaine into 
the  subacromial  space  and  then  repeating  the  rotator  cuff  strength 
examination.  If weakness persists,  further  investigation  is warranted 
to check for the integrity of the rotator cuff and rule out cervical spine 
disease  or  suprascapular  nerve  entrapment.  In  addition  to  standard 
shoulder  radiographs,  a  special  view  called  the  supraspinatus  outlet 
radiograph (Fig. 80.5), a lateral radiograph that is made in the plane of 
the  scapula  with  the  x-ray  beam  directed  10  degrees  caudad,  can  be 
used  to  better  view  the  subacromial  space  and  classify  the  acromial 
morphology.

Treatment  of  impingement  syndrome  is  centered  on  minimizing 
patient  discomfort with  activity modification, NSAIDs,  and physical 
therapy to restore the strength and normal biomechanics of the shoul-
der joint. The use of subacromial corticosteroid injections is still widely 
used as an adjunct  to physical  therapy despite  the  lack of efficacy  in 
recent  randomized controlled  trials.14 Variability  exists on  the  length 
of conservative treatment for impingement given the association with 
a concomitant pathologic process. For certain etiologic factors such as 
a hooked acromion (which may impinge on the rotator cuff), a labral 
pathologic process, or a full-thickness rotator cuff tear, surgery may be 
indicated sooner than later to address these issues. The current proce-
dure  of  choice  is  an  arthroscopic  subacromial  decompression  with 
bursectomy and anterior acromioplasty. The results vary depending on 

arc of glenohumeral motion. In addition to being dynamic stabilizers, 
the individual muscles based on their force vectors allow for shoulder 
rotation. The infraspinatus and teres minor are primarily external rota-
tors,  whereas  the  subscapularis  internally  rotates  the  humeral  head. 
Without  their  compressive  forces,  the  humeral  head  would  migrate 
superiorly into the subacromial space and lead to impingement with a 
loss of the fulcrum, which the powerful deltoid muscle relies on for its 
action.  The  cuff  acts  to  fine  tune  these  powerful  movements  and  is 
subjected to a tremendous amount of force during overhead and throw-
ing motions, which have been shown to be the greatest with eccentric 
muscle contraction during the follow-through and deceleration phases.

Rotator cuff disease is commonly seen in clinical practice, and the 
incidence  of  rotator  cuff  tears  has  been  reported  to  be  between  39% 
and  60%  based  on  cadaveric  specimens,  which  may  not  accurately 
reflect the incidence in the general population or in athletes. Tears may 
be present in asymptomatic patients, which make it difficult to know 
the true incidence of rotator cuff tears; however, the incidence increases 
with patient age.

The pathogenesis of rotator cuff tears is complex. The bursal side 
of the tendon displays greater deformation and tensile strength, which 
is a possible explanation for the increased incidence of articular-sided 
tears. In young patients and overhead throwers, most tears are found 
on the articular side of the cuff; similarly, most degenerative tears are 
also  found  on  the  articular  side.  No  one  factor  can  be  attributed  to 
rotator  cuff  tears,  and  with  intrinsic  weakness  leading  to  superior 
humeral head migration and subsequent impingement a vicious cycle 
can arise, resulting in further impingement and possible bursal-sided 
cuff injury.11

Patients  with  rotator  cuff  tears  present  with  symptoms  of  pain 
especially at night and with overhead activity. The amount of pain can 
vary depending on  the amount of  impingement,  status of  the biceps 
tendon,  and  the  size of  the  tear. Partial  tears  are  often more painful 
than  full-thickness  tears,  and  patients  who  present  with  stiffness 
usually  have  more  pain.  The  onset  and  duration  of  pain  should  be 
elicited to determine if the tear is acute, chronic, or acute on chronic. 
The location of pain is typically anterolateral owing to the supraspina-
tus being the most commonly involved tendon; however, involvement 
of the subscapularis and biceps tendon may cause more anterior-based 
pain. Weakness may or may not be present depending on the amount 
of associated pain, integrity of the intact cuff, and compensation from 
the  deltoid  and  surrounding  muscles.  The  examination  should  be 
comprehensive,  starting  with  inspection  looking  for  any  muscular 
atrophy or scapular winging. A complete neurologic and cervical spine 
examination should be performed to rule out radiculopathy or supra-
scapular  nerve  entrapment.  In  addition  to  instability  tests,  impinge-
ment signs, and range of motion assessment, specific tests looking for 
weakness of the individual rotator cuff muscles should be performed. 
Patients with massive tears may have specific signs such as the external 
rotation lag sign or hornblower’s sign.

Plain  radiographs  are  usually  normal;  and  for  patients  who  fail 
conservative  treatment,  further  imaging  is  required,  such as  conven-
tional arthrography, ultrasonography, CT arthrography, and magnetic 
resonance imaging (MRI). Ultrasonography is advantageous because it 
is non-invasive and inexpensive; however, it is highly user dependent 
and not  as  sensitive  for  partial-thickness  tears. MRI  is  the preferred 
modality  because  it  more  clearly  defines  the  nature  of  the  tear  and 
allows for assessment of tissue quality. The presence of muscle atrophy 
and fatty degeneration within the muscle belly can be detected, indicat-
ing a chronic tear. Chronic tears of the rotator cuff may have implica-
tions on surgical options, and advanced muscular atrophy may make 
the rotator cuff unable to be repaired.

Conservative  treatment  for  patients  who  present  with  signs  and 
symptoms of impingement and rotator cuff pathology should be initi-
ated.  This  consists  of  rest,  activity  modification,  and  non-steroidal 
anti-inflammatory  drugs  (NSAIDs)  followed  by  physical  therapy  for 
range of motion, rotator cuff, and periscapular strengthening exercises. 
There  is  no  well-accepted  timeline  for  the  duration  of  conservative 
treatment,  and  some  patients  will  continue  to  improve  up  to  18 
months.  Successful  conservative  management  for  partial-  and  full-
thickness rotator cuff tears has been documented to be 50% to 80%.12 
For  patients  who  give  a  history  of  an  acute  traumatic  injury  or  for 
patients who report a recent exacerbation of a chronic problem, further 
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imaging modality  to characterize  the  injury. The majority of  injuries 
are  anterior  dislocations,  which  are  usually  unstable  even  after 
attempted  reduction. These  injuries  typically  cause  little  to no  func-
tional  limitations, but a persistent anterior prominence of  the dislo-
cated clavicle is to be expected. Operative treatment for these injuries 
is fraught with complications and should be avoided. The less frequent 
posterior  dislocation  should  be  carefully  evaluated  owing  to  the  sur-
rounding structures, which can result in the following injuries: brachial 
plexus compression, pneumothorax, respiratory distress, vascular com-
promise, dysphagia, hoarseness, and death. A review of the literature 
found a 25% incidence (16 of 60) of complications associated with this 
injury and noted that most were present at the time of injury. Prompt 
attention  should  be  given  to  these  injuries,  and  treatment  should 
consist of  closed  reduction  in  the operating  room with a vascular or 
cardiothoracic  surgeon  available.  If  closed  reduction  fails,  operative 
intervention  is  warranted  because  of  persistent  problems  associated 
with a posteriorly protruding medial clavicle.

Injuries to the acromioclavicular joint
The  acromioclavicular  (AC)  joint  is  one  of  the  most  vulnerable  and 
commonly injured joints in athletics. The mechanism of injury can be 
direct or indirect and most often is the result of a fall onto the acromion 
with the humerus in an adducted position. Subluxation or dislocation 
can result, depending on the status of the supporting ligaments, which 
are  the  capsular  ligaments  (AC  ligaments)  and  the  coracoclavicular 
(CC) ligaments. Patients will present with acute pain, swelling, ecchy-
mosis,  and  sometimes  deformity  over  the  joint.  Radiographs  should 
include an anteroposterior view of both AC joints for comparison, an 
axillary  view  to  determine  anteroposterior  translation,  and  a  Zanca 
view  (10°-15°  cephalic  tilt), which  isolates  the AC  joint. Rockwood’s 
classification  is used to describe these  injuries  (Fig. 80.6). Treatment 
of types I and II are generally conservative with rest, ice, and gradual 
return to activities. In a small number of these patients, chronic symp-
toms of pain and fatigue may persist that can be successfully managed 
with a distal clavicle excision. For types IV, V, and VI, surgery is nor-
mally the treatment of choice owing to the morbidity associated with 
the marked displacement of the distal clavicle and concomitant effect 
it  has  on  shoulder  function.  Controversy  still  exists  on  the  most 
optimal  treatment  of  type  III  injuries.  There  are  no  clear  data  that 
patients who receive surgery for type III injuries do better than those 
treated  conservatively;  in  a  meta-analysis,  88%  of  the  operatively 

the status of the rotator cuff and glenohumeral joint, but overall sat-
isfactory results are achieved 80% to 90% of the time when the joint 
is intact and the rotator cuff cannot be repaired.

Injuries to the sternoclavicular joint, acromioclavicular  
joint, and scapula
Injuries to the sternoclavicular joint
Injuries to the sternoclavicular joint are rare and can be the result of 
direct  or  indirect  forces. The  joint  is  unique  in  that  it  has  the  least 
amount of bony stability of all the major joints in the body but is sup-
ported by the surrounding soft tissue envelope. The spectrum of injury 
can range  from a mild sprain to a complete dislocation. Radiographs 
can  be  difficult  to  interpret,  and  CT  has  been  found  to  be  the  best 

Fig. 80.5 Supraspinatus outlet radiograph showing stage III acromion 
impingement.

ROCKWOOD’S CLASSIFICATION OF ACROMIOCLAVICULAR INJURIES

Type I Type II

Type III

Type V

Type VI

Conjoined tendon
of biceps and
coracobrachialis

Type I - Sprain of the AC ligaments
Type II - Complete rupture of the
 AC ligaments
Type III - Complete rupture of the
 AC and CC ligaments
Type IV - Complete rupture of the
 AC and CC ligaments,
 along with posterior
 clavicle displacement
 through the trapezius
Type V - Complete rupture of the
 AC and CC ligaments
 with gross displacment
 of the AC joint and
 detachment of the
 deltoid and trapezius
Type VI - Subcoracoid displacement

Type IV

Fig. 80.6 Rockwood’s classification of acromioclavicular injuries. 
Type I: Sprain of the AC ligaments. Type II: Complete rupture of 
the AC ligaments. Type III: Complete rupture of the AC and CC 
ligaments. Type IV: Complete rupture of the AC and CC 
ligaments, along with posterior clavicle displacement through 
the trapezius. Type V: Complete rupture of the AC and CC 
ligaments with gross displacement of the AC joint and 
detachment of the deltoid and trapezius. Type VI: Subcoracoid 
displacement.
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Fig. 80.7 Classification of SLAP lesions. (a) Type I. (b) Type II. (c) Type III. (d) Type 4. (From Snyder SJ, Karzel RP, Del Pizzo W, et al. SLAP lesions of the shoulder. 
Arthroscopy 1990;6:274-279.)

a
b

c

d

treated and 87% of the non-operatively treated patients had satisfactory 
outcomes.15 Surgery should not be performed for cosmetic reasons. If 
symptoms persist for more than 6 months, surgery can be considered 
for pain  relief  and  return of  function. Surgical procedures  are  geared 
toward stabilizing the joint and resecting the distal clavicle. Anatomic 
based  repairs  of  the  coracoclavicular  ligaments  are  in  favor.16  Newer 
arthroscopic  techniques  have  also  been  developed  for  stabilizing  AC 
joint dislocations, but no data exist on whether this offers any advan-
tage for acute stabilization of type III injuries.

Disorders of the scapulothoracic articulation
The scapulothoracic articulation is an integral link in the kinetic chain 
that together with the glenohumeral, elbow, and wrist joint ultimately 
places the hand in space to perform routine activities of daily  living. 
In the case of athletes, the scapula performs highly coordinated move-
ments  that  produce  controlled,  precise  actions,  such  as  pitching  a 
baseball.  Snapping  scapula  syndrome  is  characterized  by  pain  and 
crepitation  usually  located  at  the  superior  and  medial  border  of  the 
scapula. The etiology of this condition includes osseous deformity from 
an osteochondroma, postural changes from kyphosis and scoliosis, and 
soft tissue abnormalities resulting in inflammation and resultant bur-
sitis. The mainstay of treatment is rest, NSAIDs, and physical therapy 
for conditioning and strengthening of the periscapular muscles. Recal-
citrant  cases  can  be  addressed  with  surgery,  including  open  partial 
scapulectomies and arthroscopic débridement of the subscapular space.

Tendinopathy in the shoulder and elbow
Disorders of the proximal biceps tendon and superior labrum
The proximal biceps tendon has a considerable amount of variation in 
regard  to  its  origin  from  the  superior  glenoid  and  labrum,  and  its 
mechanical function is not completely understood but it is thought to 
act  as  a  glenohumeral  joint  stabilizer. The  tendon and  its  origin  are 
placed under a great deal of tension and force during activities such as 
throwing and are subjected to  injury that can result  in degeneration, 

instability,  and  even  complete  rupture.  Disorders  of  the  proximal 
biceps  tendon can be a considerable source of pain and disability  for 
overhead  throwers  and  laborers.  Biceps  degeneration  and  tendinosis 
can be associated with impingement and injury to the rotator cuff. Like 
the bursal side of the rotator cuff, the proximal biceps tendon can be 
subjected to mechanical irritation by the coracoacromial arch. A SLAP 
lesion describes an injury to the superior labrum at the biceps origin 
with  a  classification  system  that  includes  four  injury  patterns  (Fig. 
80.7).17 Most SLAP lesions consist of degeneration with fraying (type 
I) and,  in more severe cases, detachment of  the  tendon anchor  (type 
II). In addition, intra-articular lesions often accompany these lesions, 
particularly in rotator cuff pathology.

Presenting complaints vary from pain located at the bicipital groove 
to a deep-seated pain with mechanical symptoms, such as grinding or 
a catching sensation. The history may reveal an acute injury or repeti-
tive  overhead  activity.  For  patients  with  tendinosis  and  instability, 
tenderness can usually be elicited by palpating the tendon at the bicipi-
tal groove. Patients with chronic disease may describe a spontaneous 
rupture with sudden relief of symptoms with a residual fullness in the 
anterior  brachium  (Popeye  sign).  Specific  tests  for  the  biceps  tendon 
and  SLAP  lesions  include  the  Speed,  Yergason,  and  O’Brien  active 
compression tests. The most sensitive test for identifying SLAP lesions 
and other  disorders  of  the proximal  biceps  tendon  is  an MR arthro-
gram.  Conservative  treatment  is  usually  initiated  first,  with  surgery 
reserved for those patients whose condition does not improve.

Injuries to the pectoralis major tendon
Rupture  of  the  pectoralis  major  tendon  is  uncommon  but  usually 
occurs in males at the humeral insertion site. Most ruptures are com-
plete  and  involve  an  eccentric  contraction,  whereas  the  arm  is  in 
abduction, extension, and external rotation. Diagnosis may be difficult 
initially  owing  to  swelling  and  ecchymosis,  but  the  anterior  axillary 
fold may reveal abnormal contour and medial retraction of the tendon 
may create a bulging  in  the anterior chest wall. MRI may aid  in  the 
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and  complain  of  decreased  pitching  velocity.  Acute  injuries  create  a 
sudden, sharp pop with pain and inability to continue throwing. Con-
comitant ulnar nerve symptoms are common in chronic injuries and 
include  paresthesias  radiating  into  the  fourth  and  fifth  digits.  Com-
plaints of catching, grinding, or  locking may  indicate  loose bodies or 
impingement  secondary  to  osteophytes.  Range  of  motion  should  be 
checked for the presence of full extension, because pain with terminal 
extension and/or the lack of terminal extension may be a sign of pos-
teromedial  impingement. Tenderness along the medial  joint  line and 
medial  epicondyle  may  be  related  to  flexor/pronator  strain,  MUCL 
injury, or ulnar neuritis. The ulnar nerve should be assessed for sub-
luxation, and the Tinel sign should be elicited. The milking maneuver, 
which also tests for valgus instability, is done by pulling on the patient’s 
thumb while the forearm is supinated and the elbow flexed beyond 90 
degrees. The subjective feeling of apprehension, instability, or pain is 
indicative of an MUCL injury.

Valgus stress radiographs may be obtained to assess the amount of 
medial opening; more than 3 mm when compared with the other side 
is diagnostic of valgus instability. MRI is extremely sensitive for com-
plete tears of the MUCL, but the sensitivity significantly decreases for 
partial-thickness tears. Saline- or gadolinium-enhanced MR arthrogra-
phy can be used and has been shown to increase the sensitivity for the 
diagnosis of partial-thickness tears when compared with standard MRI. 
Partial-thickness injuries can be managed conservatively with rest (3-6 
weeks), NSAIDs, and physical therapy modalities, followed by a super-
vised return to throwing through a regulated, interval throwing program. 
For complete ruptures, it is less likely that conservative management 
will lead to favorable results in the overhead thrower. Partial-thickness 
tears that do not respond to conservative measures and full-thickness 
tears can be treated with a variety of techniques that reconstruct the 
anterior band of the MUCL. In high school, collegiate, and professional 
baseball players, a return to previous or higher level of competition can 
be expected 68% to 86% of the time.20

Osteochondritis dissecans of the capitellum
The capitellum ossific nucleus is the first to ossify and appear in the 
pediatric  elbow  and  can  begin  to  fuse  with  the  trochlea  and  lateral 
epicondyle as early as 10 years of age. The lateral elbow compartment 
is subjected to high forces especially in the athletic adolescent, which 
can predispose  the  capitellum  to  injury. The exact  etiology of osteo-
chondritis  dissecans  (OCD)  is  not  well  understood,  but  repetitive 
microtrauma  has  been  proposed  to  disrupt  the  subchondral  blood 
supply,  which  is  the  hallmark  of  OCD  lesions.  Subchondral  bone 
necrosis with loss of structural support may lead to fragmentation and 
articular cartilage delamination. OCD involving the capitellum occurs 
in adolescents (>13 years of age) and is characterized by the insidious 
onset  of  dull,  poorly  localized  pain  that  is  worst  with  activity  and 
relieved with rest. The presence of locking and catching may indicate 
a loose fragment. Plain radiographs may be normal or show rarefaction 
and irregular ossification of the capitellum. With disease progression, 
a demarcated island of subchondral bone may be observed and MRI is 
indicated to determine the size of  the  lesion as well as  to determine 
the presence of separation or displacement. Treatment depends on the 
stage  of  the  lesion,  and  results  are  better  for  younger  patients  with 
non-displaced lesions. Non-displaced lesions can be treated conserva-
tively, whereas displaced, loose fragments are treated with a variety of 
surgical procedures with variable results. If a  loose fragment has just 
cartilage without  any  subchondral  bone, fixation of  this  piece  is not 
possible and removal of the loose piece with débridement of the bed is 
performed. If the piece has subchondral bone remaining, then internal 
fixation can be performed in hopes of achieving bony union with resul-
tant salvage of the articular cartilage.

INJURIES TO THE LOWER EXTREMITIES
Injuries to the hip, thigh, and pelvis
History and diagnosis
Hip and pelvic injuries can result from an acute event or from a chronic 
overuse mechanism. Often, hip or pelvic pain can be difficult for the 
patient to localize but determining the exact location of the pain can 
be  quite  helpful  in  narrowing  the  differential  diagnosis.  In  addition, 

diagnosis. Non-surgical treatment is reserved for partial-thickness tears 
and  the  muscle  belly  injury.  Surgical  repair,  indicated  for  pectoralis 
tendon avulsions, has shown superior results to conservative treatment 
with a good return of strength and resumption of preinjury activities.

Ruptures of the distal biceps tendon
Rupture  of  the  distal  biceps  tendon  from  its  insertion  on  the  radial 
tuberosity  is  usually  seen  in  the  dominant  arm  in  males  who  are 
between  40  and  60  years  of  age.  Preexisting  tendon  degeneration  is 
thought  to  play  a  role  in  the  pathogenesis,  with  a  forced  eccentric 
contraction  being  the  most  common  mechanism  of  injury.  Patients 
usually  report  feeling  a  tearing  or  ripping  sensation  at  the  time  of 
injury. Initial presentation demonstrates pain, swelling, and ecchymo-
sis  in  the  antecubital  region  with  a  visible  and  palpable  defect  for 
complete  ruptures.  Patients  who  present  with  chronic  ruptures  will 
normally complain about weakness and early fatigue with elbow flexion 
and especially  supination maneuvers,  such as using a  screwdriver or 
wrench. Surgery is recommended for these injuries, and results are best 
when treated early.

Lateral epicondylitis
Lateral epicondylitis, often referred to as “tennis elbow,” is a common 
diagnosis  and  affects mostly  the  origin  of  the  extensor  carpi  radialis 
brevis muscle. The key examination finding is point tenderness located 
2 mm anterior to the lateral epicondyle with pain on resisted wrist and 
finger extension. Treatment is mostly conservative, consisting of rest, 
activity  modification,  NSAIDs,  wrist/forearm  extension  counterforce 
braces,  and  corticosteroid  injections.  Iontophoresis  with  the  applica-
tion of a topical corticosteroid cream has been used with some success 
along with gentle strengthening exercises once the pain has subsided. 
Although  most  patients  do  well  with  conservative  measures,  open, 
arthroscopic,  and  percutaneous  releases  of  the  extensor  origin  have 
been described with good success for recalcitrant cases.18

Medial epicondylitis
Medial epicondylitis  is not as common as  its  lateral counterpart and 
usually  affects  laborers  and  athletes  who  undergo  repetitive  wrist 
flexion  and  pronation  such  as  golfers,  bowlers,  and  tennis  players. 
These maneuvers stress the origin of the flexor/pronator muscles and 
are characterized by pain and tenderness located at the anterior aspect 
of the medial epicondyle. Non-surgical treatment is similar to that of 
lateral epicondylitis, and results are favorable. Ulnar neuritis is in the 
differential diagnosis and must be ruled out; care must be taken when 
administering  corticosteroid  injections  so as not  to  injure  the nerve. 
For  cases  that  do  not  respond  to  a  prolonged  course  of  conservative 
therapy,  open  débridement  and  repair  can  be  performed  with  good 
results.19

Athletic injuries to the elbow
Medial ulnar collateral ligament injuries, valgus extension 
overload, and posterior medial impingement
The  thrower’s elbow  is  subjected  to a  tremendous amount of valgus 
stress during the late cocking and early acceleration phases of throwing. 
The anterior band of the medial ulnar collateral ligament (MUCL) is 
the  primary  restraint  to  valgus  stress  with  contributions  from  the 
flexor/pronator mass and the congruous articular geometry.  Injury to 
the MUCL can occur from chronic attenuation or from an acute injury. 
Patients with injury to the MUCL rely on the dynamic stability from 
the flexor/pronator muscle group, which can be inhibited by pain or by 
alterations in the coordinated muscle firing pattern. This can predis-
pose  the  MUCL  to  further  injury  as  well  as  overload  the  articular 
constraints, which consist of the olecranon and its fossa and the radio-
capitellar  joint.  With  valgus  stress  and  combined  extension  forces 
during the throwing motion, repetitive forceful shearing of the olecra-
non within its fossa can cause posteromedial impingement, with the 
development  of  chondromalacia  and  eventual  osteophyte  formation. 
This  constellation  of  valgus  instability  and  posteromedial  impinge-
ment is referred to as valgus extension overload.

Athletes with valgus instability experience medial elbow pain during 
the  acceleration phase  of  throwing.  If  the  injury  is  chronic,  patients 
will note the gradual onset of pain even during low-velocity attempts 
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reliable as an indicator of an intra-articular pathologic process.23 MRI 
and MR arthrography can also be quite helpful in evaluation of the soft 
tissue structures around the hip, including the labrum. One complicat-
ing factor, however, is that labral pathology as visualized on MRI has 
been  documented  among  asymptomatic  volunteers.24  Conservative 
management is the first line of treatment for hip labral tears and con-
sists  of  physical  therapy,  activity  modification,  NSAIDs,  as  well  as 
anesthetic injection. In cases of failed conservative management, surgi-
cal  intervention,  either  open  or  arthroscopic,  is  a  treatment  option. 
Arthroscopic  treatment  of  labral  tears  can  be  quite  effective,  with 
reported satisfactory outcomes ranging from 67% to 93%.25

Apophyseal avulsion injuries
Avulsion fractures occur almost exclusively in the athletic adolescent 
population.  The  mechanism  of  injury  typically  consists  of  a  sudden 
and forceful concentric or eccentric contraction of a muscle group that 
attaches  to  an  apophysis.  A  variety  of  different  apophyseal  fractures 
can occur around the hip and pelvis. Fractures of the anterior superior 
iliac spine result  from contractions of the sartorius and tensor  fascia 
lata. Anterior inferior iliac spine fractures are caused by contraction of 
the  rectus  femoris.  Fractures  at  the  ischial  tuberosity  are  the  most 
common  and  result  from  contraction  of  the  semitendinosus,  semi-
membranosus, and adductor muscles. These fractures often present as 
acute onset of hip or groin pain with decreased range of motion and 
difficulty  bearing  weight.  Swelling,  ecchymosis,  and  tenderness  are 
often  appreciated  at  the  site  of  the  fracture.  Plain  radiographs  often 
reveal the injury, but more subtle fractures may only be appreciated on 
CT or MRI evaluations. Treatment is conservative, consisting of rest 
and protected weight bearing, with the majority of patients returning 
to sporting activities by 4 months.26 Indications for surgical manage-
ment  of  these  fractures  with  internal  fixation  include  fractures  with 
more than 3 cm of displacement, painful non-unions, and high-level 
athletes who require a more rapid return to their sport.

Chronic injuries to the hip, thigh, and pelvis
Bursitis
Trochanteric bursitis presents as localized tenderness over the greater 
trochanter laterally. Patients will often complain of an inability to lie 
on the affected side, particularly at night.  It  is most commonly seen 
in  female  long  distance  runners,  particularly  those  who  commonly 
train  on  banked  surfaces.  Treatment  consists  of  rest,  NSAIDs,  and 
stretching  exercises.  Corticosteroid  injections  can  also  be  helpful  in 
alleviating  symptoms.  Patients  treated  with  corticosteroid  injection 
have often been shown to experience rapid and prolonged improvement 
of  their pain.27  Iliopsoas bursitis can be a common cause of anterior 
hip  pain,  whereas  ischial  bursitis  presents  as  posterior  discomfort, 
particularly  with  prolonged  sitting.  Hamstring  injuries  can  often  be 
confused with ischial bursitis.

evaluating whether the symptoms began after a discrete injury versus 
the insidious onset of discomfort over a period of time can aid in nar-
rowing  the  likely  source  of  pain.  The  examination  begins  when  the 
patient enters the room with careful observation of the patient’s gait 
pattern. Pain that is difficult for the patient to clearly localize with their 
history may be better appreciated with reproduction of their symptoms 
on examination. Range of motion should be evaluated and compared 
with  the  normal  contralateral  extremity.  A  thorough  neurovascular 
examination including strength and sensory testing should always be 
undertaken because lumbar spine injuries can often be confused with 
thigh, hip, and pelvis pathologic processes.

Plain radiographs of the affected area should be obtained to evaluate 
for fracture. Advanced imaging with CT or MRI is sometimes indicated 
depending  on  the  findings  of  the  examination  and  radiographs.  In 
general,  a  bony  pathologic  process  is  best  evaluated  with  CT  scan, 
whereas  soft  tissue  structures  are  better  visualized  with  MRI.  The 
addition  of  intra-articular  contrast  in  combination  with  CT  or  MRI 
can improve the sensitivity and specificity of these examinations and 
is sometimes indicated when evaluating certain soft tissue injuries in 
and around the hip and pelvis.

Acute injuries to the hip, thigh, and pelvis
Iliac crest contusions
Iliac  crest  contusions are also commonly  referred  to as hip pointers. 
They result  from direct  trauma to  the area, usually during a contact 
sport. They present as localized pain directly over the iliac crest as well 
as ecchymosis and tenderness. Radiographs should be obtained to rule 
out an iliac wing fracture or possibly an avulsion fracture in the pedi-
atric  population.  Otherwise,  treatment  is  conservative,  consisting  of 
ice, compression, and analgesia with NSAIDs. Additional padding over 
the affected area can be helpful with providing some additional protec-
tion in the acute phase and allowing an earlier return to sport.

Quadriceps contusions
A  quadriceps  contusion  results  from  a  direct  blow  mechanism  and 
presents  as  swelling,  localized  tenderness,  and  ecchymosis.  Manage-
ment consists of compression, ice, and NSAIDs. In addition, placing 
and  holding  the  knee  in  120  degrees  of  flexion  immediately  after  a 
quadriceps  contusion  shortens  the  time  to  return  to  unrestricted  
activities.21 With severe injuries that produce a large hematoma, evalu-
ation for compartment syndrome is required. Myositis ossificans can 
sometimes  be  appreciated  in  follow-up  radiographs  but  is  rarely 
symptomatic.

Labral tears
Advances  in  clinical  examination,  diagnostic  imaging,  and  surgical 
techniques have led to an improvement in the diagnosis as well as the 
management of labral tears of the hip. Labral tears are now the most 
commonly  diagnosed  hip  joint  lesions  in  athletes.  They  commonly 
occur after a twisting or pivoting injury with the acute onset of groin 
pain and mechanical symptoms. The onset may also be insidious with 
no history of a well-defined injury. Diagnosis can be complicated by a 
number of causes of referred hip pain involving the lumbar spine, the 
sacroiliac  joint,  and  the  pelvis.  Patients  with  labral  tears  will  often 
localize  the  discomfort  to  the  groin  region  anteriorly.  Mechanical 
symptoms such as clicking or catching can also be reported. The most 
common physical  examination findings  include  increased  groin pain 
or mechanical symptoms with flexion, adduction, and internal rotation 
of the hip. A resisted straight-leg raise or axial loading of the hip with 
forced internal rotation can reproduce symptoms as well. The “C” sign 
is  also  characteristic  of  hip  joint  pathology  and  refers  to  the  patient 
cupping  the hand  above  the  greater  trochanter with  the  thumb over 
the posterior aspect and the fingers in the groin region.

Imaging begins with plain radiographs of  the pelvis and dedicated 
views  of  the  involved  hip;  87%  of  patients  with  labral  tears  demon-
strated at least one abnormal finding on plain radiographs, including 
acetabular  dysplasia,  decreased offset  at  the  femoral head/neck  junc-
tion, and retroversion of the acetabulum (Fig. 80.8).22 Fluoroscopically 
guided injection of the hip joint with an anesthetic and corticosteroid 
can be quite helpful in localizing the cause of the hip discomfort to the 
hip joint itself as opposed to some other extra-articular cause. Improve-
ment  in symptoms after an anesthetic arthrogram of  the hip  is 90% 

Fig. 80.8 Anteroposterior radiograph showing decreased offset at the femoral 
head/neck junction.
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for defects as well as for areas of tenderness. A straight-leg raise should 
be performed to ensure that there is not a disruption of the extensor 
mechanism itself.

A ligamentous examination is next performed and is fundamental 
to the overall knee examination. Varus and valgus stability of the knee 
is checked with one hand on the knee and one hand placed on the foot 
to provide the stress (Fig. 80.9). This test should be performed both in 
full extension as well as at 30 degrees of flexion. Comparison can then 
be made  to  the unaffected knee.  Increased  laxity  in  full  extension  is 
indicative of a combined injury to a cruciate ligament as well as a col-
lateral  ligament, whereas  laxity at 30 degrees alone  indicates an  iso-
lated collateral ligament injury. The Lachman examination is critical 
to evaluate the competence of the anterior cruciate ligament. With the 
knee flexed to 20 degrees, the distal femur is stabilized with one hand 
and the proximal tibia is pulled forward with the other (Fig. 80.10). If 
there is increased anterior translation in comparison to the uninjured 
side with a soft endpoint, this is highly suggestive of an anterior cruci-
ate ligament rupture. Evaluation of the posterior cruciate ligament is 
best  performed  with  the  posterior  drawer  test  (Fig.  80.11).  With  the 
knee flexed  to 90 degrees and the  foot stabilized, a posterior  force  is 
directed on to the proximal tibia. Increased laxity with this maneuver 
compared  with  the  uninjured  side  is  indicative  of  an  injury  to  the 
posterior cruciate ligament. A meniscal pathologic process is best eval-
uated by noting any tenderness to palpation along the medial or lateral 
joint  lines.  McMurray  test  can  be  performed  to  further  evaluate  the 
menisci. The test is performed with the patient lying supine and the 
hip and knee flexed to approximately 90 degrees. One hand is placed 
on the knee to apply compression, and the other hand holds the foot, 
repeatedly moving it  from external rotation to internal rotation. The 
maneuver can  trap  the  torn meniscus, producing a pop or click  that 
may be appreciated by the examiner as well as causing discomfort that 
is localized to either the medial or lateral joint line by the patient. Any 
injury  to  the  knee  should  initially  be  evaluated  with  radiographs  in 
orthogonal planes  to  rule out a bony  injury.  If  there  is concern  for a 
soft tissue injury based on history and findings on physical examina-
tion, MRI can be a powerful tool for further evaluation. Bony lesions 
or  injuries  not  sufficiently  appreciated  on  plain  radiographs  can  be 
further evaluated with CT.

Athletic pubalgia
Athletic  pubalgia  is  often  referred  to  as  a  sports  hernia.  In  athletic 
pubalgia,  injury  to  the  muscles  of  the  abdominal  wall  or  adductor 
longus produce anterior pelvis or groin pain. It can result from an acute 
or chronic injury pattern, although more commonly it is a result of a 
chronic  overuse  injury.  It  is  most  commonly  seen  in  sports  such  as 
hockey, soccer, rugby, and sprinting where there is repetitive, sudden, 
forceful contracture and rotation of the hip and lower abdomen. Ath-
letes will  present with  recurrent  exertional pain  in  the  region of  the 
pubic symphysis; however,  the pain can often be difficult  to  localize. 
Patients  will  typically  display  tenderness  over  the  symphysis  region, 
and provocative maneuvers such as sit-ups or  resisted hip adduction 
will often re-create the discomfort. Imaging studies, including MRI, are 
often negative, making athletic pubalgia a diagnosis of exclusion that 
is based largely on history and findings of physical examination. Treat-
ment consists of rest, physical therapy, NSAIDs, and a gradual return 
to sports. Rarely, surgical intervention is warranted in the presence of 
failed conservative treatment.28

Snapping hip
Two  distinct  forms  of  snapping  hip  syndrome  are  commonly  recog-
nized.  The  more  common  type,  external  snapping  hip,  refers  to  the 
condition in which the iliotibial band catches on the greater trochanter 
and  can  be  reproduced  with  passive  hip  flexion  from  an  adducted  
position.  It  is  most  commonly  seen  in  females  and  is  once  again 
strongly associated with running on banked surfaces. Internal snapping 
hip is less common and refers to the condition in which the iliopsoas 
tendon catches on the hip capsule. This version can be diagnosed by 
extending and internally rotating the hip from a flexed and externally 
rotated  position.  It  is  most  commonly  seen  in  ballet  dancers.  Both 
types result in audible snapping with certain motions of the hip joint. 
The snapping may not always be associated with pain, but repetitive 
snapping  often  results  in  mechanical  irritation,  bursitis,  and  pain. 
Imaging studies are uniformly unremarkable. Treatment  is conserva-
tive, consisting of rest, activity modification, NSAIDs, stretching and 
strengthening exercises targeting the iliopsoas and iliotibial band, and 
modalities such as ultrasound to alleviate swelling. Occasionally, surgi-
cal  release  is  warranted  in  patients  with  refractory  symptoms  that  
fail  to  respond  to  a  prolonged  course  of  conservative  management.  
A  variety  of  surgical  procedures  have  been  described  depending  on  
the underlying cause, with excellent results, including a return to the 
preoperative level of activity.29 Many cases requiring surgical interven-
tion  can  now  be  managed  successfully  with  arthroscopic  surgery 
through  less  invasive  means  with  a  more  rapid  return  to  sporting 
activities.30

Injuries to the knee
History and diagnosis
Evaluation  of  a  patient  with  a  knee  injury  begins  with  a  thorough 
history. Pertinent questions include whether there was a discrete injury 
or whether the onset of discomfort was insidious. If an injury did occur, 
a careful determination of the mechanism can aid in diagnosis. Deter-
mining which activities exacerbate the discomfort can also be helpful. 
It also can be useful to obtain an understanding of how significant the 
injury is by determining whether it causes discomfort only with aggres-
sive  sporting  activities  or  with  simple  daily  activities.  Having  the 
patient carefully and specifically localize the area of discomfort can aid 
tremendously  with  narrowing  the  differential  diagnosis.  A  careful 
history before any physical examination or imaging studies can often 
greatly narrow the potential diagnoses.

The physical examination begins by simply observing the patient’s 
gait. Attention is then turned to the uninjured extremity because this 
can be used as a baseline for comparison to the injured side. The range 
of motion in the uninjured extremity should be carefully noted. Liga-
mentous stability should be checked for subsequent comparison to the 
injured side. Examination of the injured knee begins with observation 
to appreciate any skin lesions or effusion that may be present. A large 
effusion is often indicative of a significant intra-articular injury. Range 
of motion is then checked and compared with the uninjured side. The 
knee is then carefully and systematically palpated to determine areas 
of maximal tenderness. The extensor mechanism should be palpated  Fig. 80.9 Demonstration of ligamentous stress test.
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Fig. 80.10 Demonstration of Lachman test.

Fig. 80.11 Demonstration of posterior drawer test.

Acute injuries to the knee
Meniscal injuries
Injuries to the meniscus are quite common and increase in prevalence 
with  increasing  age,  with  a  peak  in  the  fourth  and  fifth  decades.  
The  incidence of acute meniscal  tears  in the United States has been 
reported to be as high as 60 to 70 cases per 100,000 persons per year. 
They are often associated with underlying arthritis in older individuals. 
In  younger  individuals,  the  onset  of  pain  can  be  acute,  commonly 
caused  by  rotation  and  axial  loading  of  the  flexed  knee.  In  older  
individuals  with  some  component  of  underlying  arthritis,  the  onset  
of  symptoms  is more often  insidious with no discrete  injury. Pain  is 
often  localized  to  either  the  medial  or  lateral  joint  lines.  Joint  line 
tenderness  is  the  best  clinical  sign  of  a  meniscal  tear,  with  a  74% 
sensitivity and 50% positive predictive value. A small effusion or inter-
mittent swelling may be noted. Discomfort is improved with rest and 
exacerbated by weight-bearing activities, particularly those that involve 
pivoting or twisting. Mechanical symptoms such as painful clicking or 
catching are highly specific for a meniscal pathologic process. Patients 
may also present with or describe  intermittent  locking of their knee, 
which is highly suggestive of a displaced meniscal tear. Joint line ten-
derness, an effusion, and discomfort with McMurray testing  is often 
noted.

Definitive diagnosis of a meniscal tear is often made with MRI (Fig. 
80.12).  The  accuracy  of  MRI  in  the  detection  of  meniscal  tears  is 
between 80% and 90%.31 Previous studies have  reported a 5% to 6% 
rate of false-positive MRI findings in asymptomatic patients between 
the ages of 18 and 39 with normal findings on clinical examination.32 
With increasing age there is an increased prevalence of asymptomatic 
meniscal tears.  In one study of asymptomatic patients, 13% younger 

Fig. 80.12 Sagittal MRI of the knee showing missing medial meniscus with 
bucket-handle tear.

than 45 years old had meniscal tears on MRI, whereas 36% older than 
45 had a tear.33  It  is critical to rely on the entire clinical picture and 
not simply the MRI findings.

Conservative management consists of rest, ice, elevation, NSAIDs, 
and physical therapy. A trial of conservative care is often warranted in 
older patients with underlying osteoarthritis and no discrete mechani-
cal symptoms. In a young patient with a well-preserved joint, meniscal 
type symptoms, and a meniscal tear on MRI, surgical intervention is 
often  indicated.  Older  patients  with  mild  degenerative  changes  on 
radiographs who have failed conservative management are also surgical 
candidates.  Mechanical  symptoms  with  locking  of  the  knee  warrant 
immediate surgical intervention. Surgery to treat meniscal tears can be 
accomplished through arthroscopic techniques with high rates of suc-
cessful outcomes. Treatment can range from partial meniscectomy to 
meniscal repair, depending on the location and characterization of the 
meniscal tear.34

Ligament injuries
Knee stability  is very dependent on  ligamentous support provided by 
the cruciate and collateral  ligaments. With increased participation in 
aggressive  athletic  activities  as  well  as  improvements  in  diagnostic 
abilities, ligamentous injuries have become increasingly common. Both 
contact and non-contact  injuries can lead to  ligamentous disruption. 
The history almost always involves a discrete injury with immediate 
onset  of  significant  pain  and  the  development  of  an  acute  effusion. 
Evaluation includes a detailed history as well as a careful ligamentous 
examination  with  comparison  made  to  the  uninjured  contralateral 
knee. The Lachman, posterior drawer, and varus and valgus stability 
testing can provide the examiner with a good sense of which ligaments 
may be involved. Examination can sometimes be limited secondary to 
pain as well as a large effusion. MRI is warranted when there is concern 
based on the history and physical examination for a possible ligamen-
tous  injury  (Fig.  80.13).  There  is  a  role  for  both  operative  and  non-
operative  management  of  ligamentous  injuries  depending  on  the 
patient as well as which ligaments are involved. In general, any func-
tional instability in the knee is an indication for surgical intervention. 
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In the case of a ligamentous injury, further evaluation and consultation 
with an orthopedic surgeon is warranted.35

Patellar dislocation
Dislocation  of  the  patella  typically  occurs  when  the  knee  is  slightly 
bent and absorbs a valgus force. The injury is more common in women 
due to differences  in  their alignment. An  increased Q angle  is a  risk 
factor  for  patellar  subluxation  and  dislocation,  and  women  typically 
have larger Q angles than men. The Q angle is measured by drawing 
a line from the anterior superior iliac spine to the center of the patella 
and a second line from the center of the patella to the tibial tubercle 
(Fig. 80.14). Other risk factors for patellar dislocation include patella 
alta, a dysplastic trochlea, genu recurvatum, and patellar hypermobil-
ity. Patella alta refers to a high-riding patella and is determined by the 
Insall-Salvati ratio, which represents the length of the patellar tendon 
divided by the length of the patella. After a patellar dislocation, patients 
typically  present  acutely  with  the  patella  dislocated  laterally.  Com-
monly there is a significant hemarthrosis. The reduction maneuver is 
performed with the knee in extension. Lateral dislocation of the patella 
often  results  in  injury  to  the  medial  patellofemoral  ligament,  and 
therefore patients will often be tender over the medial femoral condyle 
or at the site of  ligament rupture on the patella. Radiographs should 
be obtained to evaluate for an osteochondral injury or avulsion fracture 
(Figs. 80.15 and 80.16). MRI can also be helpful to evaluate the articu-
lar  surfaces.  Rehabilitation  is  typically  considered  the  treatment  of 
choice for acute dislocations, although recurrence rates may approach 
50%.36  Non-operative  treatment  typically  includes  physical  therapy, 
focusing on strengthening of the gluteal muscles and the vastus media-
lis  obliquus  and  patellar  taping  or  bracing.  Indications  for  surgical 
intervention include a  loose body after acute dislocation or recurrent 
dislocations that fail to resolve with a prolonged course of conservative 
management.37

Quadriceps tendon rupture
Rupture of the quadriceps tendon occurs most commonly in patients 
older  than 40 years of age. Patients  typically describe an acute event 

Fig. 80.13 Sagittal MRI showing rupture of the anterior cruciate ligament.
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MALE AND FEMALE DIFFERENCES IN Q ANGLE

Fig. 80.14 Male and female differences in Q angle. (From Griffin LY. 
Rehabilitation of the injured knee. St. Louis: Mosby–Year Book, 1995.)

Fig. 80.15 This weight bearing radiograph reveals bilateral osteochondral 
defects with some associated spurring and degenerative changes of the 
medial compartment of the right knee. The lesion in the left knee appears 
larger in size and both are located in the classic position involving the lateral 
aspect of the medial femoral condyle.

during which they felt a sharp and painful pop anteriorly on their knee. 
Commonly,  patients  will  present  acutely  with  a  hemarthrosis  and 
significant  swelling  of  the  knee.  There  is  tenderness  at  the  superior 
pole of the patella, and often a palpable defect can be appreciated. An 
inability to perform a straight-leg raise without a significant extensor 
lag  should  raise  concern  for  an  injury  to  the  extensor  mechanism. 
Radiographs should be obtained to rule out fracture, and MRI can be 
helpful  (Fig.  80.17).  Ruptures  are  almost  universally  treated  with 
surgery, and delay can complicate the repair.
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experience  tenderness  during  the  examination.  To  avoid  overtreat-
ment,  it  is  essential  to  note  that  a  plica  is  a  normal  variant  that  is 
often not symptomatic. Conservative management is often indicated, 
consisting  of  rest,  ice,  NSAIDs,  physical  therapy,  and  corticosteroid 
injections. If symptoms persist and are refractory to conservative care, 
arthroscopy with excision of the plica is warranted.40

Chronic injuries to the knee
Iliotibial band syndrome
Iliotibial band syndrome is a common source of lateral knee pain and 
is seen in cyclists and runners, particularly those running regularly on 
hills. Pain at the lateral aspect of the knee results from repetitive abra-
sion of the iliotibial band on the lateral femoral condyle. Patients will 
typically display localized tenderness over the lateral femoral condyle, 
particularly with the knee flexed to 30 degrees. The Ober test can be 
performed  to  evaluate  for  tightness  in  the  iliotibial  band,  which  is 
associated with iliotibial band syndrome. The Ober test is performed 
by  having  the  patient  lie  in  the  lateral  decubitus  position,  with  the 
unaffected side down. The hip is placed into hyperextension, and the 
leg is brought from abduction to adduction. The perception of tightness 
with  this  maneuver  is  indicative  of  a  tight  iliotibial  band.  Physical 
therapy consisting of stretching of the iliotibial band as well as rest and 
activity  modification  is  usually  successful  in  alleviating  symptoms, 
although it may take a significant amount of time. Occasionally, surgi-
cal  intervention  is warranted  in chronic cases  that  fail  to respond to 
conservative management.

Patellar tendinitis
Patellar  tendinitis  is  often  referred  to  as  jumper’s  knee  and  is  com-
monly seen in athletes participating in jumping sports such as basket-
ball or volleyball. Patients typically describe an insidious onset with no 
discrete  injury  because  it  commonly  is  a  result  of  overuse.  Pain  is 
localized to the patellar tendon, most commonly at the inferior pole of 
the patella. The extensor mechanism remains intact, but resisted knee 
extension may be uncomfortable. Diagnosis is usually based on history 
and  findings  of  the  physical  examination,  although  ultrasonography 
and MRI are sometimes useful  (Fig. 80.18). Treatment  is most com-
monly non-operative, consisting of  rest,  ice, NSAIDs, and avoidance 
of jumping activities. Very rarely in chronic cases is surgical interven-
tion warranted, with successful outcomes typically achieved in 70% to 
90% of cases.41

Fig. 80.16 Anteroposterior radiograph showing avulsion fracture. (Courtesy of 
Heidi Gable and Norfolk and Norwich University Hospital NHS Foundation Trust.)

Fig. 80.17 Sagittal MR image showing quadriceps tendon rupture. (Courtesy of 
Heidi Gable and Norfolk and Norwich University Hospital NHS Foundation Trust.)

Patellar tendon rupture
Rupture of  the patellar  tendon  is more common  in patients younger 
than 40 years of age. It presents very similarly to a quadriceps rupture 
as inability to perform a straight-leg raise and tenderness at the inferior 
pole of the patella. Radiography and MRI are once again helpful as part 
of the evaluation, and surgical intervention is warranted. Expeditious 
repair can help avoid complications that can often occur when dealing 
with chronic injuries.38

Osteochondral fracture
An osteochondral  fracture  involves  an  articular  cartilage  surface  and 
the underlying subchondral bone. They are commonly seen in children 
and adolescents, often involving the knee. They typically result from 
a twisting injury to the knee and present as immediate onset of pain 
and swelling. Radiographs are important to obtain, and CT and MRI 
can further assist in diagnosis. Treatment options vary depending on 
the location of the fracture, the age of the patient, the size of the bony 
fragment,  and  the  amount  of  displacement.  Non-displaced  fractures 
are  commonly  treated  conservatively  with  immobilization  and  pro-
tected weight bearing, whereas larger displaced fractures often warrant 
surgical intervention.39

Plica synoviales
A plica  is a  fold of  synovial  tissue  that  is  commonly  found  in up  to 
20%  of  normal  knees.  Plicae  occur  commonly  in  the  suprapatellar 
pouch both on the medial and lateral sides. On rare occasion, a plica 
may  become  thickened  and  symptomatic,  more  commonly  on  the 
medial  side.  As  the  knee  moves  from  extension  into  flexion,  the  
plica  can  rub against  the medial  femoral  condyle, producing pain.  It 
also can become pinched between the patella and the condyle, leading 
to discomfort as well as a slight loss of motion. On examination, the 
plica can sometimes be palpated between the patella and  the medial 
femoral condyle with the knee flexed to 45 degrees. Patients will often 
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hindfoot  and  pull  anteriorly.  Findings  should  be  compared  with  the 
uninjured side, and an increase in anterior translation is representative 
of an injury to the anterior talofibular ligament. A varus stress test is 
utilized to assess the competence of the calcaneofibular ligament. The 
tibia is stabilized with one hand with the ankle in neutral dorsiflexion. 
The  other  hand  is  then  used  to  grasp  the  calcaneus  and  invert  the 
hindfoot.  Increased  inversion  compared  with  the  uninjured  sign  is 
indicative of an injury to the calcaneofibular ligament.

Evaluation should begin with plain  radiographs  to assess  for  frac-
ture, degenerative changes, or malalignment. When possible, weight-
bearing  views  are  preferred.  MRI  and  scintigraphy  can  aid  in  the 
diagnosis  of  stress  fracture  and  in  evaluation  of  soft  tissue  injuries, 
whereas CT can aid in the diagnosis of subtle bony injuries.

Acute injuries to the leg, foot, and ankle
Ankle sprains
Ankle sprains are one of the most common injuries occurring in ath-
letes, accounting for 20% of all sports injuries in the United States.43 
The mechanism of injury is most commonly an inversion injury to a 
plantarflexed  foot.  Patients  present  acutely  with  pain  and  swelling 
around the ankle, and there may be significant ecchymosis. The Ottawa 
ankle and foot rules can aid in determining whether radiographic evalu-
ation  is  warranted.  Initial  treatment  is  with  rest,  ice,  compression, 
elevation, protected weight bearing, and NSAIDs. Once swelling and 
discomfort from the acute injury has subsided, physical therapy focus-
ing  on  peroneal  muscle  strengthening  and  proprioceptive  training 
before returning to sports activities can be useful in preventing recur-
rence. Functional bracing can also aid in avoiding repeat injury. Patients 
who sustain multiple recurrent sprains with chronic lateral ankle insta-
bility  are  potential  surgical  candidates.  Over  90%  of  patients  should 
respond  to  conservative  measures,  however.  High  ankle  sprains  are 
slightly different than traditional lateral ankle injuries and can result 
in  syndesmotic  injury  (1%-10%  of  all  ankle  sprains).  They  typically 
occur with dorsiflexion and eversion of the ankle combined with inter-
nal  rotation of  the  tibia. This  injury  results  in a protracted  recovery 
with  resolution  of  symptoms  between  8  and  12  weeks.  In  cases  in 
which diastasis is evident on radiographic evaluation, surgical interven-
tion is warranted.44,45

Achilles tendon rupture
Achilles tendon rupture is most commonly seen in males between 30 
and 50 years of age. Most commonly during participation in a jumping 
sport,  a  sudden  forceful  contraction  of  the  Achilles  will  result  in  a 
rupture. Patients will report a feeling of being shot in the back of the 
leg with immediate pain. Swelling and ecchymosis typically follow. A 
palpable defect is often appreciated at the level of the tear, and weak-
ness with plantarflexion is evident. The Thompson test can be quite 
helpful  in  confirming  the  diagnosis.  With  the  patient  in  the  supine 
position,  the  knee  is  flexed  and  the  calf  is  squeezed.  If  there  is  no 
plantarflexion  of  the  foot  with  this  maneuver,  this  is  reported  as  a 
positive Thompson test and is indicative of an Achilles tendon rupture. 
Most  ruptures  are  treated  surgically,  although  sedentary  patients  or 
those  with  significant  medical  co-morbidities  may  be  treated  non-
operatively with immobilization in plantarflexion. A re-rupture rate of 
2.8% with surgery versus 11.7% in patients managed non-operatively 
has been reported; however, a significant complication rate does exist 
with surgical intervention.46

Turf toe
The term turf toe  refers to a soft tissue hyperextension injury to the 
hallux  metatarsophalangeal  joint  (Fig.  80.19).  It  is  most  commonly 
seen in football players, particularly those playing on artificial turf. The 
mechanism of injury is typically an axial load applied to the heel of a 
plantarflexed  foot,  which  results  in  injury  to  the  plantar  complex. 
Patients will present with variable amounts of swelling and ecchymosis 
at the hallux metatarsophalangeal joint with potential instability and 
tenderness on the plantar aspect of the joint. Radiographic evaluation 
is  required  to  rule  out  a  possible  avulsion  fracture,  and MRI  can  be 
useful  for  evaluation  of  the  extent  of  the  soft  tissue  injury.  Non-
operative  management  consists  of  rest,  ice,  elevation,  and  use  of 
NSAIDs. Taping and shoe wear modifications to limit hallux metatar-
sophalangeal motion can be helpful with achieving an earlier return to 

Patellofemoral pain syndrome
Patellofemoral pain syndrome is a common cause of anterior knee pain 
in  athletes  and  non-athletes  and  is  frequently  a  bilateral  complaint 
with an  insidious onset.  It  is  significantly more common  in  females 
and  most  often  presents  in  the  second  decade  of  life.  Risk  factors 
include  a  shortened  quadriceps  muscle,  abnormal  vastus  medialis 
obliquus muscle reflex response time, decreased explosive strength, and 
hypermobile patella.42 Patients often describe poorly localized anterior 
knee  pain  that  cannot  be  reproduced  by  palpation  on  examination. 
Discomfort is often most pronounced with repetitive activities requir-
ing  knee  flexion  and  extension  such  as  stair  climbing  and  descent, 
lunges, squatting, and running. Prolonged sitting with the knees in a 
flexed position can also lead to discomfort. Patellofemoral crepitus is 
sometimes  appreciated  on  examination  in  addition  to  quadriceps 
atrophy. Radiographs will occasionally reveal lateral patellar tilt in the 
trochlear  groove. Physical  examination and  radiographic findings  are 
often  normal.  Treatment  of  patellofemoral  pain  syndrome  is  almost 
entirely  non-operative.  Physical  therapy  focusing  on  quadriceps  and 
vastus medialis obliquus strengthening is the mainstay of treatment. 
Patellar  taping  techniques  can be  effective  as well. A  long, dedicated 
course of physical therapy is often necessary to achieve a good outcome. 
Avoidance  of  inciting  activities  is  also  helpful  in  treatment  as  are 
NSAIDs.  Patients  should  exhaust  all  conservative  measures  before 
surgical intervention is considered.

Injuries to the leg, foot, and ankle
History and diagnosis
A detailed information about the history and nature of the injury can 
significantly  narrow  the  differential  diagnosis  before  any  physical 
examination or advanced  imaging  techniques. Careful observation of 
the patient’s gait pattern followed by inspection of the foot and ankle 
itself  looking  for any areas of swelling, ecchymosis, or malalignment 
should be done first. The area should then be carefully and systemati-
cally palpated  for areas of  tenderness. Ankle  range of motion should 
be evaluated and compared with the unaffected side, and a neurovas-
cular  examination  is  also  required.  Ankle  stability  is  checked  with 
specialized  tests,  including  the  anterior  drawer  test  and  varus  stress 
test. The anterior drawer test is designed to test the anterior talofibular 
ligament. With the ankle  in 20 degrees of plantarflexion,  the tibia  is 
stabilized  with  one  hand,  and  the  other  hand  is  used  to  grasp  the 

Fig. 80.18 Sagittal MR image showing patellar tendinitis.
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may  be  irritating  the  tendon.  MRI  can  assist  in  visualizing  chronic 
degenerative changes of the tendon. Conservative care is the first line 
of treatment, consisting of rest, activity modification, shoe wear modi-
fication, and use of NSAIDs. Corticosteroid injections into the region 
should be avoided secondary to the risk of subsequent tendon rupture. 
Surgical intervention is warranted in cases in which conservative man-
agement fails to alleviate symptoms.48

Peroneal tendon pathology
Peroneal tendon pathology can result from direct trauma to the tendons, 
ankle  sprains,  and  calcaneal  fractures.  Simple  tenosynovitis  may 
present  as  pain  and  swelling  posterior  to  the  lateral  malleolus  with 
underlying tenderness. Reproduction of the pain is seen with resisted 
foot eversion. Conservative management is the mainstay of treatment 
consisting of  rest,  ice, elevation, activity modification, orthotics, and 
NSAIDs.  In  chronic  situations  that  fail  to  respond  to  a  prolonged 
course  of  conservative  treatment,  surgical  intervention  is  an  option. 
Subluxation  and  dislocation  of  the  peroneal  tendons  can  also  occur. 
With acute injuries, non-operative management with cast immobiliza-
tion has a 50% success rate. In chronic situations or those that recur 
after conservative management, surgical intervention with reconstruc-
tion of the retinaculum is warranted.49

Plantar fasciitis
Plantar  fasciitis  is  a  common entity  seen  in  runners,  accounting  for 
approximately  10%  of  running  injuries.  Repetitive  running  or  other 
activities  are  thought  to  cause  inflammation  and  microtears  of  the 
plantar fascia, most commonly at its origin on the medial calcaneus. 
Patients  typically  present  with  plantar  medial  heel  pain,  which  is 
insidious in onset. Patients will report discomfort that is most signifi-
cant when first rising from bed and standing. Patients are often tender 
directly over the medial calcaneal tuberosity. Tightness in the gastroc-
soleus complex is often appreciated.50 Conservative care is the first line 
of treatment, consisting of rest, stretching of the Achilles tendon, and 
NSAIDs.  In  addition,  night  splinting  in  dorsiflexion  can  alleviate 
symptoms in 80% of cases. Corticosteroid injection is typically avoided 
because this can result in an increased rate of plantar fascial rupture. 
Iontophoresis as well as extracorporeal shock wave treatment are other 
modalities  that  have  shown  promise.  Conservative  management  is 
typically successful in 80% to 90% of cases, although surgical release 
of the fascia is an option in recalcitrant cases.

sport. Surgery is rarely indicated except in the case of significant insta-
bility or an associated fracture.47

Chronic injuries to the leg, foot, and ankle
Achilles tendinitis
Achilles  tendinitis  is  a  chronic  overuse  injury  commonly  seen  in 
runners.  Patients  will  typically  present  initially  with  pain  only  after 
strenuous activities. With time and disease progression, pain will occur 
with  daily  activities  and  sometimes  even  at  rest.  Examination  can 
reveal swelling, tenderness, thickening, and warmth around the tendon. 
Despite  the  discomfort,  plantarflexion  ability  should  be  intact  with 
good strength. Radiographic evaluation may reveal bony exostoses that 
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Fig. 80.19 Representation of turf toe, resulting from hyperextension of the 
metatarsophalangeal joint. (© Mayo Foundation for Medical Education and 
Research.)
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antibodies (ACPA). ACPA may be involved in the pathogenesis of the 
disease16,17 and have been shown to be a more specific marker for RA 
than rheumatoid factor (RF), particularly for subjects with early disease. 
In early RA, the specificity of ACPA ranges from 94% to 100% com-
pared with RF, in which the specificity ranges from 23% to 96%; the 
sensitivity of RF and ACPA are equivalent in both early and long-
duration RA.18-24 The impact of the addition of ACPA to the existing 
1987 ACR criteria to classify early RA, in which 4 of 8 rather than 4 
of 7 criteria are required, results in an increase in the sensitivity for 
detecting early RA (defined as disease duration ≥ 6 weeks) in one study 
from 25% to 44%; there was no change in the specificity of 86%.15

Although the added utility of ACPA in the diagnosis of RA is now 
established, its utility as an added criterion in the current classification 
criteria for definite RA for use in research studies is undergoing further 
investigation. Methods to add ACPA as a criterion to a new classifica-
tion criteria set for RA are under development by an international 
committee of experts (a joint effort by the ACR and the European 
League Against Rheumatism [EULAR]).

ACPA has also played an important role in our understanding of 
genetic and environmental risk factors for RA and will be discussed in 
context in the relevant sections.

DISEASE OCCURRENCE
The measurement of both disease incidence and prevalence in RA 
presents methodologic problems. The ideal study of RA incidence 
would be conducted by continual surveillance of a stable population 
over time. Because of the low incidence of the condition, only a few 
studies have been conducted with sample sizes and follow-up adequate 
to provide estimates that are statistically precise. Studies of prevalence 
would ideally include all past and inactive cases of disease in a popula-
tion (and hence provide a measure of “lifetime cumulative prevalence”). 
For a study to recognize remitted disease requires the use of criteria 
specifically designed for this purpose. It is often difficult to establish 
the extent to which remitted disease has been included in published 
reports.

Direct comparisons of published data of RA occurrence are prob-
lematic because of the need to take into account the differences in the 
sensitivity and specificity of criteria sets used at the time of the study, 
such as the 1958 ARA criteria or the 1987 ACR criteria. In addition, 
the incidence and severity of RA may be declining and the disease may 
be entering remission earlier after treatment. Hence, older prevalence 
estimates may be less relevant to the contemporary pattern of disease 
occurrence.

Incidence
Overall, incidence rates are higher in northern Europe and North 
America compared with southern Europe (Table 81.2) based on a 
review of studies using the 1987 ACR criteria.25 Per 100,000 popula-
tion, the median observed incidence was 29 cases (range, 24-36), in 
northern Europe, 38 cases (range, 31-45) in North America, and 16.5 
cases (range, 9-24) in southern Europe.25

Prevalence
There have been a number of contemporary studies of the prevalence 
of RA based on large-scale cross-sectional population samples.  

Classification and epidemiology of 
rheumatoid arthritis
Katherine P. Liao and Elizabeth W. Karlson

 Rheumatoid arthritis (RA) has an annual incidence of approximately 
0.4 per 1000 in females and 0.2 per 1000 in males.

 A prevalence of 0.4% to 1% is reported in diverse populations 
worldwide.

 Twin and family studies demonstrate a heritability of 60%; 
approximately 30% of genetic risk is attributed to the shared 
epitope encoded on the human leukocyte antigen molecules.

 Hormonal and reproductive factors contribute to the female excess 
and parity, breast feeding, and exogenous hormones are modifiers 
of risk.

 Smoking is the strongest known environmental risk factor for RA; 
other lifestyle factors and exposures such as alcohol, antioxidant 
intake, and traffic pollution may also play a role.

CLASSIFICATION OF RHEUMATOID ARTHRITIS
The 1987 American College of Rheumatology (ACR), formerly the 
American Rheumatism Association (ARA), criteria for the classifica-
tion of rheumatoid arthritis (RA) is the current standard for identifying 
subjects with RA for research studies.1 These criteria were initially 
developed in 1957 by a committee of expert rheumatologists who 
compiled components of the physical examination and diagnostic 
testing that they considered important for the diagnosis of RA.2,3 Sub-
jects were classified into four groups: possible RA, probable RA, definite 
RA, and, then classic RA (added in 1958).3 In 1987 the criteria were 
revised, simplifying the classification to identify individuals with defi-
nite RA (Table 81.1).1

The 1987 ACR criteria for the classification of rheumatoid arthritis 
were developed from a cohort of subjects with long-standing RA (mean 
duration of symptoms, 7.7 years).1 Validation studies conducted in the 
outpatient clinics confirmed that the criteria were an accurate method 
of classifying RA with a sensitivity in the range of 77% to 95% and 
specificity in the range of 85% to 98%.4 Because of the nature of the 
cohort for which the criteria were developed, the criteria performs best 
at distinguishing subjects with long duration and active RA from those 
with other arthritides.

Recent studies have demonstrated that early aggressive treatment 
for RA can halt or slow the progression of synovitis and bone erosions, 
decreasing disease-related disability and increasing the rate of disease 
remission.5-10 This has led to strong interest in identifying the disease 
earlier in the clinical setting and for research studies. However, the 
current classification criteria do not perform as well for early RA (in 
studies defined as arthritis symptoms ranging from 4 weeks to 2 years) 
compared with long-duration RA. Criteria such as joint erosions and 
rheumatoid nodules are often absent early in the disease, thus decreas-
ing the sensitivity of the classification criteria.

Studies assessing the performance of the 1987 ACR criteria on 
patients with early RA found a wide range of sensitivities from 25% to 
90% and a specificity ranging from 60% to 90%.11-15

Impact on classification of antibodies to 
citrullinated peptides
Since 1987, there have been several advances in our approach to diag-
nosing RA, most notably, the use of anti-citrullinated protein 
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Geographic variation
Overall, the majority of estimates for RA prevalence worldwide range 
between 0.4% and 1% (see Tables 81.3 and 81.4). Northern Europe 
and North America had higher prevalence rates, ranging from 0.4% to 
1% compared with the rest of the world. Southern Europe had lower 
prevalence rates, ranging from 0.3% to 0.7%. The two studies from the 
Middle East suggest that prevalence rates in that region are similar to 
those of the northern countries. Prevalence rates in Africa and Asia 
tended to be lower, with the majority ranging between 0.2% and 0.3%, 
with higher rates in urban areas. Notably, the majority of the studies 
conducted in these two continents either predated or did not have 
information pertaining to the 1987 ACR criteria. Particularly high 
prevalence rates of RA have been found in certain Native American 
groups, including the Pima, Yakima, and Chippewa. This excess is not 
seen in other Native Americans, such as the Blackfoot and Haida 
tribes.

Time trends
Several studies over the past 4 decades have documented a declining 
incidence of RA with time. This trend was seen between 1976 and 
1987 in females in the United Kingdom.26 In the Pima Indian popula-
tion, the incidence of RA was observed to have halved in both males 
and females in the 25 years between 1965 and 1990.27 Declining age-
specific incidence has also been reported in the Finnish population.28 
Data from a study in the United States, in which similar methods of 
case ascertainment have been in place for 40 years, confirm a decline 
in incidence from 0.61 per 1000 in 1955-1964 to 0.33 per 1000 in 
1985-1994.29 The decrease was greatest in females. The declining 
incidence was also seen through successive birth cohorts. The data 
show a striking cyclical variation in the rate from year to year, suggest-
ing the possibility of specific risk factors acting at different points in 
time (Fig. 81.1).

The severity of RA may also be declining over time. In an analysis 
of the features of disease severity in successive birth cohorts of patients, 
one study showed that there was a peak in erosive, seropositive, and 
nodular disease in individuals presenting with RA in the 1960s but a 
decline in the severity of disease in subsequent generations.30 A decline 
in prevalence of RF seropositivity has also been reported among younger 
birth cohorts in the Pima Indian population, suggesting that early 
environmental influences contribute to disease.31 However, this trend 
has not been seen in the Rochester data,29 which show no evidence 
that the proportion of patients with RF seropositivity or erosive change 
has diminished over time. The mortality from RA also remained con-
stant over the 40-year period of observation.

GENETIC FACTORS
Twin and family studies
Siblings of individuals affected with RA have a twofold to fourfold risk 
of developing disease when compared with unrelated individuals.32 
This increased risk could be the result of either their shared genetic 
background or factors in their shared family environment. These two 
influences can be distinguished by comparing disease recurrence  
risks (disease concordance) in co-twins of affected monozygotic and 
dizygotic twins. Because both types of twins are assumed to share their 
common environment to a similar extent, a greater concordance in 
monozygotic than in dizygotic twins suggests a genetic influence. Two 
studies of twins from groups in Finland and in the United Kingdom 
have included sufficiently large sample sizes to provide adequate power 
to detect genetic effects and rigorous methods of case ascertainment  
to avoid potential biases in recruitment. In Finland the concordance 
for RA in monozygotic twins was 12%, compared with 4% in dizygotic 
pairs.14 The U.K. study showed a similar trend, with concordance 
for RA of 15% in monozygotic twins compared with 4% in dizygotic 
twins.15

The elevated risk among family members was demonstrated in a 
Swedish study based on a multiple-generation register. The relative risk 
of developing RA for an offspring of an affected parent was three times 
that of the normal population. The risk was almost five times higher 

TABLE 81.1 THE 1987 ACR CRITERIA (TRADITIONAL FORMAT)

1. Morning stiffness Morning stiffness in and around the joints, lasting at 
least 1 hour before maximal improvement

2. Arthritis in three 
or more joint 
areas*

Soft tissue swelling or fluid (not bony overgrowth) 
observed by a physician presenting simultaneously for 
at least 6 weeks

3. Arthritis of hand 
joints

Swelling of wrist and metacarpophalangeal or proximal 
interphalangeal joints for at least 6 weeks

4. Symmetric 
arthritis

Simultaneous involvement of the same joint areas 
(defined in 2, above) on both sides of the body (bilateral 
involvement of proximal interphalangeal, 
metacarpophalangeal, or metatarsophalangeal joints is 
acceptable without absolute symmetry) for at least 6 
weeks

5. Rheumatoid 
nodules

Subcutaneous nodules over bony prominences, extensor 
surfaces, or in juxta-articular regions, observed by a 
physician

6. Rheumatoid 
factor

Detected by a method that is positive in fewer than 5% 
of normal controls

7. Radiographic 
changes

Typical of RA on posteroanterior hand and wrist 
radiographs; they must include erosions or unequivocal 
bony decalcification localized in or most marked 
adjacent to the involved joints (OA changes alone do 
not qualify)

*Possible areas: right or left proximal interphalangeal, metacarpophalangeal, wrist, elbow, knee, 
ankle, metatarsophalangeal joints.
NOTE: At least four criteria must be fulfilled for classification of RA; patients with two clinical 
diagnoses are not excluded.

TABLE 81.2 INCIDENCE RATES OF RA WORLDWIDE IN STUDIES BASED 
ON THE 1987 ACR CRITERIA

Reference
Population/
country

Incidence (cases/1000 
inhabitants)

Female Male Total

Doran et al, 200229 United States 0.6 0.3 0.5

Savolainen et al, 200399 Finland 0.5 0.3 0.4

Chan et al, 1993100 United States 0.5 0.2 0.3

Kaipiainen-Seppanen 
et al, 200128

Finland 0.4 0.2 0.3

Riise et al, 2000101 Norway 0.4 0.2 0.3

Uhlig et al, 1998102 Norway 0.4 0.1 0.3

Drosos et al, 1997103 Greece 0.4 0.1 0.2

Symmons et al, 1994104 England 0.3 0.1 0.2

Soderlin et al, 2002105 Sweden 0.3 0.2 0.2

Guillemin et al, 1994106 France 0.1 0.1 0.1

Adapted from Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence of rheumatoid 
arthritis, based on the 1987 American College of Rheumatology criteria: a systematic review. 
Semin Arthritis Rheum 2006;36:182-188.

Estimates using the 1987 ACR criteria conducted in various popula-
tions worldwide are listed in Table 81.3.25 Estimates using past criteria 
sets are listed in Table 81.4. Most studies show a female to-male excess 
of between two and three times. In all studies, age-specific prevalence 
rates increase with age.
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TABLE 81.3 PREVALENCE ESTIMATES OF RA WORLDWIDE FROM STUDIES 
BASED ON THE 1987 ACR CRITERIA

Reference
Population/
Country

Prevalence of definite RA (%)

Female Male Combined

Asia

Lau et al, 1993107 China 0.4

Dai et al, 2003108 China 0.4 0.1 0.3

European and North 
American whites

Symmons et al, 2002109 England 1.1 0.4 0.9

Hakala et al, 1993110 Finland 1.0 0.6 0.8

Guillemin et al, 2005111 France 0.5 0.1 0.3

Saraux et al, 1999112 France 0.8 0.2 0.5

Andrianakos et al, 2003113 Greece 1.9 0.7

Drosos et al, 1997103 Greece 0.5 0.2 0.4

Power et al, 1999114 Ireland 0.5

Cimmino et al, 1998115 Italy 0.5 0.1 0.3

Kvien et al, 1997116 Norway 0.7 0.2 0.4

Riise et al, 2000101 Norway 0.7 0.2 0.4

Carmona et al, 2002117 Spain 0.8 0.2 0.5

Simonson et al, 1999118 Sweden 2.0-7.4 0.5

Gabriel et al, 1999119 United States 1.4 0.7 1.1

Stojanovic et al, 1998120 Yugoslavia 0.3 0.1 0.2

Middle East

Akar et al, 2004121 Turkey 0.7 0.2 0.4

South America

Spindler et al, 2002122 Argentina 0.3 0.1 0.2

Adapted from Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence of rheumatoid 
arthritis, based on the 1987 American College of Rheumatology criteria: a systematic review. 
Semin Arthritis Rheum 2006;36:182-188.

TABLE 81.4 PREVALENCE ESTIMATES OF RA WORLDWIDE FROM 
POPULATIONS NOT REPRESENTED IN TABLE 81-3 WHERE INFORMATION 

ON 1987 ACR CRITERIA WAS UNAVAILABLE

Reference
Population/
Country

Prevalence of definite RA (%)

Female Male Combined

Africa

Moolenburgh et al, 
1986123

Lesotho 0.4 0 0.3

Silman et al, 1993124 Nigeria 0 0 0

Beighton et al, 197594 Rural South Africa 0.1

Solomon et al, 197595 Urban South 
Africa

1.4 0 0.9

Asia

Shichikawa et al, 1981125 Japan 0.3

Darmawan et al, 1993126 Rural Indonesia 0.2

Darmawan et al, 1993126 Urban Indonesia 0.3

Chou et al, 199496 Rural Taiwan 0.4 0.2 0.3

Chou et al, 199496 Urban Taiwan 1.2 0.6 0.9

Minh Hoa et al, 2003127 Urban Vietnam 0.3

Europe

Sorensen, 1973128 Denmark 1.2 0.3 0.8

Middle East

Al-Rawi et al, 1978129 Iraq 1

Pountain, 1991130 Oman 0.8

Native American

Oen et al, 1986131 Inuit Eskimos, 
Canada

1.8

Boyer et al, 1998132 Inupiat, Alaska 2.3 0.6 1.4

Jacobsson et al, 199427 Pima Indians, USA 3.1 1

Boyer et al, 1991133 Southeast Alaskan 
Indians

3.5 1.3 2.4

Boyer et al, 1998132 Yupik, Alaska 1 0.1 0.6

Age-adjusted
incidence/

100,000

Female Male
100

0

20

40

60

80

1960 1970 19901980

INCIDENCE OF RA

Year

Fig. 81.1 Incidence of RA. Annual incidence of RA 
per 1000 population in Rochester, Minnesota, 
between 1955 and 1995. (Modified from Doran MF, 
Pond GR, Crowson CS, et al. Trends in incidence and 
mortality in rheumatoid arthritis in Rochester, 
Minnesota, over a forty-year period. Arthritis Rheum 
2002;46:625-631.)
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in females suggests a possible causal link44; however, this association 
has not been confirmed in a larger study.45

Exogenous hormones have also been extensively studied. Overall, 
the studies of association between oral contraceptive use and risk of 
RA have been conflicting. In most studies, oral contraceptive use has 
been shown to decrease risk of RA46-52; however, others show no asso-
ciation.53-57 A meta-analysis of these data concluded that use of the oral 
contraceptive pill had no influence on RA risk overall but may postpone 
the onset of disease.58 There have been fewer studies of the effect of 
hormone replacement on RA, and a similarly conflicting picture has 
emerged.

Birth weight
In a case-control study in Sweden, higher weight at birth (>4 kg) was 
found to be associated with as high as a threefold increase in risk of 
RA.59 This finding was confirmed by a subsequent U.S. study that 
showed that infants weighing greater than 4.5 kg at birth compared 
with those who were 3.2 to 3.9 kg, had a twofold risk of developing 
RA.60 Although the pathophysiology behind this association is 
unknown, it is hypothesized that the common pathology between the 
two processes is hypothalamic pituitary axis (HPA) dysfunction, which 
is associated with both RA and individuals with high birth weight.61,62

ENVIRONMENTAL FACTORS
Lifestyle factors
Cigarette smoking is the strongest known environmental risk factor 
for RA and was identified over a decade ago.63 Subsequent studies have 
further characterized the nature of this association. Smoking is most 
strongly associated with ACPA-positive and RF-positive RA.64,65 The 
risk of RA increases with the intensity (pack per day) and duration of 
cigarette use.66,67 An individual’s risk can remain elevated for up to 20 
years after smoking cessation.66

The number of copies of the shared epitope that an individual 
carries can modify the risk of RA in smokers, suggesting a gene- 
environment interaction. Smokers who carry the shared epitope have 
a 1.5-fold elevated risk of developing ACPA-positive RA over non-
smokers who do not carry copies of the shared epitope. Smokers who 
have two copies of the shared epitope have a 21-fold higher risk of 
developing RA than non-smokers who do not carry the shared 
epitope.68,69

This gene-environment interaction between smoking, the shared 
epitope, and the increased risk of ACPA+ RA forms a potential model 
for the etiology of RA. Smoking increases the proportion of citrulline-
positive cells in the lungs (demonstrated to occur via bronchoalveolar 
lavage in smokers and absent in non-smokers).68 Individuals with the 
shared epitope may be genetically predisposed to develop ACPA, 
thereby placing them at higher risk to develop RA.

Alcohol consumption may also lower the risk for developing RA, 
particularly ACPA-positive RA.65 A dose-dependent effect was also 
observed whereby individuals with the highest consumption (≥5 drinks 
or 80 g ethanol per week) had a decreased risk of RA on the order of 
40% to 50% compared with those with low to no consumption (<0.5 g 
ethanol per week).70 Coffee consumption has also been implicated as 
a risk factor for seropositive RA in longitudinal data from Finland63 as 
has decaffeinated coffee in the United States,71 but neither of these 
associations was replicated in a subsequent study.72

Nutrition
Studies of dietary influences on the risk of RA have been conflicting, 
reflecting the difficulty in both undertaking and interpreting such 
studies. Olive oil and fish oil have been reported to protect against the 
risk of developing RA. Protein and red meat intake were found to 
increase the risk of inflammatory arthropathy,73 but a subsequent study 
showed no association with protein, red meat, and fish consumption 
and the risk of developing RA.74

Vitamin D is an important modulator of the inflammatory response 
through the vitamin D receptor (VDR)75 in addition to its role in bone 
and mineral homeostasis. Despite its importance in other autoimmune 

if an individual has an affected sibling. If both a parent and a sibling 
have RA, an individual’s risk of developing the disease was approxi-
mately nine times higher than those who do not have family members 
with RA.33

These twin concordance and familial studies show convincingly 
that the risk of disease in relatives of affected persons is conferred by 
shared genetic factors. When interpreted against the background preva-
lence of RA of 1% in unrelated individuals, they stress the predominant 
importance of genetic factors in conferring risk of RA.

Disease-specific genes
The nature of much of the genetic risk in RA is becoming increasingly 
clear. The contribution of genetic variation in the human leukocyte 
antigen (HLA) region was first recognized in 1978 by Stastny, who 
reported an increased frequency of HLA-DR4 among patients with 
severe RA.34 The association has since been refined to alleles encoding 
a “shared epitope” on the HLA-DRB1 molecule (the HLA association 
is discussed in detail in Chapter 86).

Genetic variation in the HLA region may explain only 30% of the 
population’s genetic susceptibility to disease.32,35 In the past few years, 
researchers have identified non-HLA risk alleles for RA through genetic 
linkage and association using both genome-wide and candidate gene 
approaches. These findings have been facilitated by the assimilation of 
family data in several large-scale studies as well as through the estab-
lishment of large, well-characterized cohorts of unrelated cases and 
controls.

At the time of publication, there are more than 20 risk alleles that 
explain an estimated one third of the genetic burden of seropositive 
RA risk.36 Much of the risk is derived from 8 alleles that reside within 
the major histocompatibility complex (MHC) region,35 with up to 5% 
of risk explained by 15 alleles outside the MHC.36 Genetic risk factors 
for RA are discussed in more detail in Chapter 86.

HOST FACTORS
Reproductive and endocrine
The greater incidence of RA among females, which is most apparent 
before menopause, suggests an influence of reproductive and hormonal 
factors. Epidemiologic interest has focused on the influence of preg-
nancy itself, on risk factors such as breastfeeding in the postpartum 
period, and on the contribution of endogenous and exogenous 
hormones.

Nulliparity has been suggested as a risk factor for RA from the 
results of several case-control studies. However, the association is 
inconsistent and has not been confirmed in two prospective cohort 
studies.37,38 It is difficult to determine whether any putative association 
with nulliparity reflects an increased risk of infertility before the devel-
opment of RA or a protective effect of pregnancy itself. The observa-
tions that the frequency of RA is no greater in unmarried than in 
married women and that family size is similar for patients with RA 
and for controls suggest that pregnancy does not have a protective 
influence overall.39

There is evidence that pregnancy influences the timing of disease 
onset. One study showed that the risk of new-onset RA is reduced 
during pregnancy itself but is increased in the 12 months after deliv-
ery.40 This effect was most apparent after the first pregnancy.

Recent data show that overall women who breastfeed their infants 
have a decreased risk for RA. One prospective U.S. study observed that 
breastfeeding for more than 12 months was associated with decreased 
risk of RA and that the risk decreases with increasing duration of 
breastfeeding.41 A subsequent case-control study in Sweden confirmed 
this association.42 In contrast to the small group of women who report 
a postpartum onset of RA, breastfeeding, especially after the first preg-
nancy, increased the risk of RA fivefold.43

The importance of the timing of pregnancy to the onset and severity 
of RA suggests a contribution from hormonal factors. Women with RA 
have a relative androgen deficiency, with lower concentrations of tes-
tosterone and dehydroepiandrosterone. Males with RA have also been 
found to have low testosterone concentrations. The finding that andro-
gen concentrations are lower than expected before the onset of disease 
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parvovirus the observations are not reported consistently and the agent 
is unlikely to cause disease in the majority of patients with RA. Sero-
logic data have yielded no conclusive evidence of association with a 
number of other putative infectious triggers, including Proteus, cyto-
megalovirus, retroviruses, Mycoplasma, and mycobacteria.89

Socioeconomic status and occupation
The data regarding the association between socioeconomic status and 
RA are varied. Socioeconomic status may be a proxy for social or envi-
ronmental factors in RA susceptibility. The most recent studies dem-
onstrate an inverse association between socioeconomic status measured 
by education and occupational class and risk of RA.90 Furthermore, this 
risk was highly associated with RF-positive RA and not RF-negative 
RA in a Finnish cohort.91 There was a twofold lower risk of RA when 
comparing individuals with the longest education compared with those 
with the lowest level of education. These results concur with a previous 
population-based study in Sweden where the risk of RA in subjects 
without university degrees was 40% higher compared with those with 
university degrees. For subjects whose occupation required manual 
labor, the risk was 20% higher than for non-manual workers.90 These 
associations were not seen in a study conducted in the United 
Kingdom.92

Urban and industrialized environments
A more general association between RA and urban industrialized envi-
ronments has been suggested. In the 1970s, Lawrence proposed that 
the declining incidence of RF in successive birth cohorts may be related 
to the decline in atmospheric pollution after the Clean Air acts in 
1956.93 The influence of urbanization on increased risk of RA is sug-
gested in studies of RA prevalence in urban environments compared 
with rural environments in both South Africa94,95 and in Taiwan.96 
However, this association is not seen all population groups. With the 
development of reliable methods to study geographic location, there is 
evidence that location of residence is associated with differential risk 
of RA in the United States. Women living in the northeastern United 
States had the overall highest risk compared with other regions of the 
country,97 and exposure to traffic pollution is associated with an 
increased risk for RA.98

diseases such as type 1 diabetes and multiple sclerosis, its role in the 
risk of RA is equivocal.76-78 Lower intake of vitamin D was associated 
with an increased risk of RA in one study,79 whereas no association 
was observed in another prospective study.80 In a study measuring 
vitamin D levels before RA diagnosis, there was no difference in 
vitamin D levels at any time point, 1 year, 2 years, or 5 years or more 
before diagnosis.81 Diets high in vitamin C were associated with a 
reduced risk of inflammatory polyarthritis in the United Kingdom, 
suggesting that antioxidants may protect against development of RA.82 
There is also some evidence that copper and selenium deficiency are 
linked with RA.83

Infectious agents
Classic epidemiologic evidence of an infectious etiology for RA has not 
been forthcoming. Incident cases of RA do not cluster in space or 
time.84 Concordant monozygotic twins, sibling pairs, and spouse 
couples show very little similarity in the timing of disease onset. Over-
crowding as assessed by sibship size has also not been found to be a 
risk factor. Furthermore, cases of new-onset RA do not report an 
increased number of infections before disease onset.85

However, these observations cannot rule out infection as a potential 
cause. It is conceivable that a ubiquitous infectious agent may be 
responsible for the disease in a genetically susceptible host. Plausible 
biologic mechanisms for the action of several specific infectious agents 
in inducing RA have been suggested from the results of animal models, 
from the isolation of specific agents from human synovium, and from 
the existence of homology between the antigenic components of infec-
tious organisms, synovium, and cartilage.86

Attempts to confirm these observations epidemiologically have 
focused on examining serologic evidence for past infection. A number 
of potential associations with infectious agents have been found. 
Increased titers of antibodies to the Epstein-Barr virus have been dem-
onstrated in RA; titers were also shown to be increased before disease 
onset in a small group of patients in one longitudinal study.87 Anti-
bodies to human parvovirus B19 were also found to be increased in 
females with RA in one case-control study.88 However, the association 
with Epstein-Barr virus has not been reported consistently across 
studies and it is conceivable that increased antibody concentrations 
may be a reflection of the disease process itself. Similarly, with 
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Because there appears to be a general correlation between radiographic 
damage and disability over time,9 it is hypothesized that preventing 
radiographic damage will reduce the extent of disability over the years. 
Patients have a greater likelihood of attaining remission with early 
treatment. Thus, it is axiomatic that the diagnosis of rheumatoid 
arthritis be made as soon as possible so that DMARD treatment can 
be started without delay.

CLINICAL EVALUATION
History
The patient’s history typically is strongly suggestive of the development 
of inflammatory arthritis. Commonly, patients will present with poly-
arthritis of the small joints of the hands, but monoarticular involve-
ment can occur initially. The development of joint symptoms may 
occur almost overnight or may evolve slowly over several months. RF 
and anti-citrullinated peptide antibodies (ACPAs) have been found in 
up to half of patients with RA up to 5 years before their development 
of clinical disease, suggesting the insidious development of disease over 
time.10 Stiffness or gelling in the joints is present on arising, often 
taking several hours to abate. The inability to “wring out a washcloth” 
is common, as is the need to hold a coffee cup with both hands. 
Patients will typically report soft tissue swelling over the knuckles and 
describe markedly reduced grip strength. Discomfort in the feet is 
generally most prominent in the metatarsal area; patients may com-
plain of the sensation of having a “stone in my shoe.” Profound fatigue 
often accompanies the joint complaints, and anorexia and mild weight 
loss may occur. Typically, patients with RA do not present with rash, 
fever, headache, visual disturbance, or pleuropericardial symptoms.

Pain in the joints is universal in patients with RA. The pattern of 
joint involvement in RA is quite typical in most cases. Affected joints 
include the proximal interphalangeal joints (PIPs), metacarpophalan-
geal joints (MCPs), wrists, elbows, shoulders, hips, knees, ankles, and 
metatarsophalangeal (MTP) joints. However, the quality of the pain 
may vary depending on the type of joint involvement. For example, the 
pain associated with chronic inflammatory synovial proliferation may 
be experienced as a dull ache with little fluctuation in intensity. By 
contrast, the mechanical pain associated with bone and cartilage 
damage in the knee or hip, in the absence of inflammation, may be 
more sharp and acute, associated with activity and relieved with rest.

Patients with musculoskeletal distress commonly complain of joint 
“swelling,” even in the absence of detectable abnormality on physical 
examination. However, the patient with RA will probably notice swell-
ing in the hands, particularly the MCP joints. Rings may need to be 
resized or cut off the swollen finger. “Trigger finger” due to flexor 
tenosynovitis may occur.

Examination and clinical features of specific joints
The key to recognition of the physical findings of RA is the ability to 
recognize the manifestations of synovial proliferation. Unlike the 
normal synovial lining, which is only one or two cell layers thick, the 
RA synovium proliferates out of control. As it grows thicker and covers 
a greater surface area, the rheumatoid pannus (L. for “cloth”) becomes 
palpable between the patient’s skin and the underlying bone and car-
tilage. This proliferating synovium has a “doughy” or “squishy” feel on 
palpation, quite distinct from bony enlargement or synovial fluid. This 
finding is often referred to as “synovitis”; however, the classic 

Clinical features of  
rheumatoid arthritis
Richard D. Brasington, Jr.

 Morning stiffness and symmetric swelling in the wrists and 
proximal interphalangeal and metacarpophalangeal joints are the 
typical features of rheumatoid arthritis (RA).

 Early diagnosis of RA is critical, but many cases of “early arthritis” 
are not RA.

 Anti-citrullinated peptide antibodies (ACPAs) occur earlier than 
rheumatoid factor and are more specific for RA.

 The Health Assessment Questionnaire, Disease Activity Score, acute-
phase reactants, and radiographs of the hands and feet are 
important for prognosis and for following a patient’s disease.

 Aggressive early administration of disease-modifying antirheumatic 
drugs is critical to a good outcome.

INTRODUCTION
Rheumatoid arthritis (RA) is the paradigm of a systemic autoimmune 
disease characterized by inflammatory polyarthritis. The hallmark of 
RA is symmetric synovial proliferation and tenderness of multiple 
joints, particularly the small joints of the hands and feet. Most patients 
experience joint stiffness or gelling for more than an hour in the 
morning. The blood of approximately 80% of RA patients contains 
rheumatoid factor (RF), an immunoglobulin binding the Fc region of 
the IgG molecule. Rheumatoid nodules are seen in about 20% of 
patients. Thus, an individual with a several-week history of symmetric 
swelling and tenderness of the small joints of the hands, morning stiff-
ness, and a positive RF likely has the diagnosis of RA.

These clinical features are reflected in the 1987 criteria for the clas-
sification of RA developed by the American College of Rheumatology 
(ACR) (Fig. 82.1).1 These criteria were developed for classification of 
patients with RA for inclusion in research studies, not to make the 
clinical diagnosis of RA. Although these criteria are quite specific for 
the diagnosis if applied over a several-year period, they have several 
significant limitations because our understanding and approach to RA 
have changed dramatically since the criteria were composed in 1987. 
First, these criteria were developed using patients with well-established 
disease and are not necessarily valid for RA in the first few months of 
disease.2,3 Second, the study of “early arthritis” in Europe has shown 
that a substantial portion of such patients do not have RA.4,5 Despite 
these limitations, the 1987 ACR criteria have provided a useful frame-
work in which to consider the major clinical manifestations of RA. 
However, ACR and the European League against Rheumatism (EULAR) 
have recently commonly developed new RA classification criteria which 
allow one to discern RA among patients with early arthritis (REF), thus 
overcoming the mentioned limitations of the 1987 criteria. These 2010 
ACR/EULAR classification criteria for RA are discussed in Chapter 90.

Perhaps the most important concept in our contemporary approach 
to RA is the recognition that prognosis and outcome are improved 
when disease-modifying antirheumatic drug (DMARD) therapy is 
started within a few weeks or months of disease onset.6 We now believe 
that it is critical to identify RA within a few weeks or months of its 
onset, because the immediate institution of DMARDs results in better 
outcomes than when DMARD administration is delayed for even 
several months.7 It is well established that erosive damage on radio-
graphs of the hands and feet develops early in the course of RA.8 Pro-
gression of radiographic damage occurs to a lesser degree in patients 
receiving early therapy than in those for whom therapy is delayed.5 
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dactylitis (“sausage” digit) of the spondyloarthropathies. The distal 
interphalangeal joints (DIPs) are rarely involved in RA, perhaps because 
they have less synovium than the MCPs and PIPs. Rheumatoid nodules 
may occur on the extensor aspect of the fingers.

Flexor tenosynovitis is common and may lead to a “trigger finger.” 
The flexor tendons for the fingers pass through a pulley near the palmar 
surface of the MCP joint. Thickening or nodularity may prevent the 
flexor tendon from sliding smoothly through the pulley, resulting in a 
snapping sensation with flexion and extension, or flexion, as if pulling 
the trigger of a gun. Often a palpable nodularity of the tendon can be 
felt by palpating this area with the index finger as the patient flexes 
and extends the finger.

Signs of late disease with irreversible damage include “swan-neck” 
and “boutonnière” deformities and subluxation at the MCPs with 
“ulnar drift” (Fig. 82.5), often accompanied by atrophy of the intrinsic 
muscles of the hand. The boutonnière deformity entails flexion of the 
PIP and extension of the DIP (see Fig. 82.5). As the central extensor 
tendon is damaged by tenosynovitis, the PIP joint ruptures dorsally 
through it, resulting in the lateral and volar displacement of the lateral 
bands of the tendon. Paradoxically, the lateral bands of the central 
extensor tendons now function as flexors of the PIP joint and, with 

inflammatory signs of heat and redness are usually absent and external 
examination cannot determine the functional characteristics of the 
enlarged synovial tissue. Some prefer to use the term synovial thicken-
ing to describe palpable synovial proliferation. Because synovitis is the 
most commonly used term, we will subsequently refer to palpable 
synovial tissue as synovitis, recognizing that acute inflammation is not 
necessarily present.

Rheumatoid nodules are quite specific for RA and occur in about 
20% of patients, generally those with more severe disease and high-titer 
RF. It is uncommon for nodules to be present within the first year. 
The nodule is a mass of inflammatory tissue with a central focus of 
necrosis, presumably the consequence of vascular inflammation, sur-
rounded by chronic inflammatory cells. They occur over extensor sur-
faces and joints, at sites of chronic mechanical irritation (elbow, toe, 
and heel), and in the subcutaneous tissues of the fingers. Nodule for-
mation sometimes progresses during methotrexate treatment. Rheu-
matoid nodules may be confused with gouty tophi, and aspiration for 
crystals or biopsy is sometimes necessary.

In the hands the MCPs and PIPs are almost always involved (Fig. 
82.2), and typically the index and long fingers are more involved than 
the others. A “four-point” technique, in which the examiner uses both 
index fingers and thumbs, is preferred for palpating the small joints of 
the hands (Fig. 82.3). With the patient’s hand in pronation, the exam-
iner palpates the dorsal and volar aspect of the MCP and PIP joints 
(Fig. 82.4). Particular attention should be paid to the second MCP, 
because synovitis may be especially prominent there. The joint line 
between the distal metacarpal and proximal phalanx, which is easy to 
palpate in the normal joint, becomes effaced by the synovitis. The 
“valleys” between the MCPs are filled in by synovitis. PIP joint syno-
vitis is more easily recognized by lateral palpation of the joint. In RA, 
the involvement is clearly localized to the PIP joint, unlike the 
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TO THE 1987 CLASSIFICATION CRITERIA
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Fig. 82.1 A modified classification tree for rheumatoid arthritis. The clinical 
criteria must have been observed by a physician and present for at least 6 
weeks. Individuals can be classified as having or as not having RA (no RA). In 
parentheses are indicated surrogate variables that can be used when another 
variable (radiograph or RF test result) is not available. Note that this tree is 
based on the 1987 ACR classification criteria and that new criteria have been 
developed by ACR and EULAR in 2010 (see Chapter 90).

Fig. 82.2 The hand in early RA. View of the right hand, showing swelling of the 
MCP and PIP joints. Swelling of the PIP joints is typical of RA and associated 
with morning stiffness, difficulty making a fist, reduced grip strength, and 
tenderness of the affected joints. The left hand showed similar changes. 
(Reproduced with permission from Dieppe P, et al. Slide atlas of clinical 
rheumatology. London: Gower Medical Publishing, 1983.)

Fig. 82.3 “Four-point” technique for palpating the small joints of the hands. 
(From Lawry G. The general musculoskeletal examination. Iowa City, IA: University 
of Iowa Press, 2002.)
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Metacarpal
head

Proximal
phalanx

Fig. 82.4 Palpation of the dorsal and volar aspects of the MCP and PIP joints to 
detect synovial proliferation. (From Lawry G. The general musculoskeletal 
examination. Iowa City, IA: University of Iowa Press, 2002.)

DIP flexion PIP extension

Boutonnière deformity

Swan-neck deformity

BOUTONNIÉRE AND SWAN-NECK DEFORMITIES

Lateral band, volar
to axis of motion

Fig. 82.5 Boutonnière and swan-neck deformities. The boutonnière deformity—PIP flexion and DIP hyperextension—results from relaxation of the central slip, 
with “buttonholing” of the PIP joint between the lateral bands. The swan-neck deformity—MCP flexion, PIP hyperextension, and DIP flexion—may be mobile, 
snapping, or fixed. Its pathogenesis may be related primarily to PIP or MCP involvement. Combinations of MCP and PIP involvement are less frequent. (Adapted 
with permission from Hastings DE, Welsh RP. Surgical reconstruction of the rheumatoid hand. Toronto: Orthopaedic Medical Management Corporation, 1979.)

tendon shortening, hyperextension of the DIP develops. By contrast, 
the swan-neck deformity is basically the opposite of the boutonnière 
deformity, with hyperextension of the PIP and flexion of the DIP (see 
Fig. 82.5). The lateral bands of the central extensor tendon sublux 
dorsally as the PIP herniates in a volar direction. Alternatively, the DIP 
can rupture dorsally through the central extensor tendon (like the PIP 
in the boutonnière deformity). In either case, progressive shortening of 

the tendon maintains the DIP flexion and the PIP extension. Early on, 
both the boutonnière and swan-neck deformities may be reducible. 
However, as the disease progresses and the tendons shorten, fixed joint 
contractures develop.

The thumb can be affected by several deformities. Arguably the most 
common has been described as the flail interphalangeal (IP) joint (Fig. 
82.6), in which case the patient loses the ability to flex that joint. This 
results in significant functional impairment due to loss of pinch 
strength, whereby the patient pinches the index finger against the 
proximal phalanx. Surgical fixation of the IP joint in flexion may be 
required to maintain function. A boutonnière deformity at the thumb 
develops due to MCP synovitis, resulting in MCP flexion and IP hyper-
extension. (Imagine the boutonnière deformity described earlier moved 
back one joint proximally.) The equivalent swan-neck deformity of the 
thumb develops with dislocation of the first carpometacarpal joint 
(CMC), MCP hyperextension, and IP flexion.

At the wrist, synovial proliferation around the ulnar styloid occurs 
(see Fig. 82.6); and as the disease progresses, laxity of the radioulnar 
ligament gives rise to the “piano key” sign, as the ulnar styloid moves 
up and down in response to dorsal pressure from the examiner’s thumb. 
Carpal tunnel syndrome from compression of the median nerve is quite 
common and often responds to treatment of the disease. Subluxation 
of the wrist can result in severe disease (Fig. 82.7). Extensor tenosyno-
vitis of the extensor carpi ulnaris and extensor digitorum communis 
sheaths in the dorsal wrist produces a characteristic pattern that is 
virtually unique to RA (Fig. 82.8); the tubular swelling of the common 
extensor tendon sheath ends abruptly just distal to the wrist joint. This 
often obscures swelling at the dorsal wrist (radiocarpal) joint itself. 
Damage from the chronic tensosynovial inflammation and friction 
where the extensor tendons of the third, fourth, and fifth fingers cross 
the jagged and eroded ulnar styloid can lead to tendon rupture with 
inability to actively extend those fingers (see Fig. 82.7).
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of C2 (Fig. 82.9). The transverse ligament of the axis courses around 
the posterior portion of the odontoid, preventing subluxation of C1 on 
C2. Tenosynovitis here can decrease the space available for the upper 
cervical cord, as it passes through the bony spinal canal posterior to 
the odontoid. This can also lead to laxity of the transverse ligament or 
erosion of the odontoid, in which case the ring of C1 can move forward 
on neck flexion (atlantoaxial subluxation), reducing the diameter of the 
spinal canal and compressing the upper cervical cord (Fig. 82.10). 
Cranial settling describes the caudal migration of the cranium on the 
spinal column, resulting in movement of the odontoid into the foramen 
magnum, where it compresses vital structures (Fig. 82.11). Subaxial 
subluxation represents unstable movement of one vertebral body on 
another below C1-C2. Vertebral artery compromise can also occur as 
a result of these structural defects.

Significant cervical spine involvement can have protean clinical 
manifestations, including headache, neck pain, a sensation that  
the head might fall off, paresthesias, weakness, transient ischemic 
attack, and bowel and bladder sphincter impairment. The develop-
ment of any of these symptoms in a patient with severe RA calls  
for immediate neurologic examination. Magnetic resonance imaging 
provides the best information regarding anatomic derangements in the 
area.

Three characteristic findings occur at the elbow. Synovitis may be 
palpated between the lateral epicondyle and the olecranon prominence. 
The radiohumeral joint is just distal to the lateral epicondyle. Swelling 
of the olecranon bursa often occurs in more severe disease and tends 
to be bilateral. In fact, bilateral olecranon bursal swelling occurs only 
in RA, gout, and pseudogout. Finally, the olecranon and extensor 
surface of the proximal ulna are very common sites for rheumatoid 
nodules.

Shoulder involvement typically produces significant limitation of 
motion in all planes. A visible effusion of the glenohumeral joint is 
unusual but can produce a “shoulder pad” sign. On examination, the 
patient will elevate the scapula to improve range of motion for abduc-
tion and elevation. Shoulder pain is often referred to the proximal 
deltoid region. Evidence of impingement of the supraspinatus and 
biceps tendons is often present. Owing to ongoing synovitis, rupture 
(either partial or complete) of the rotator cuff group of muscles may 
occur. Tenderness and swelling may also be seen at the sternoclavicular 
joint.

Spine involvement in RA is mostly limited to the cervical spine, 
particularly the upper portion. On examination, one notices decreased 
range of motion in all planes. The most critical involvement occurs at 
the atlantoaxial joint, where the ring of C1 pivots on the odontoid peg 

Fig. 82.6 The hyperextension of the IP joint of the right hand illustrates the 
“flail thumb.” Note also the subluxation of the right fifth MCP, the prominent 
ulnar styloid, and ulnar drift. (From Clinical Slide Collection on the Rheumatic 
Diseases, American College of Rheumatology.)

Fig. 82.7 Subluxation of the wrist in severe disease, associated with extensor 
tenosynovitis and extensor tendon rupture. (From Clinical Slide Collection on the 
Rheumatic Diseases, American College of Rheumatology.)

Fig. 82.8 Tenosynovial swelling from tenosynovitis—the “tuck” sign. 
Tenosynovial swelling overlies the metacarpals of the right hand. Bulging 
becomes accentuated with full extension of all the fingers of the hand. 
Persistent tenosynovitis over the dorsal wrist may lead to extensor tendon 
erosion and rupture, particularly of the tendons of the fourth and fifth fingers.

NORMAL ATLAS

Synovial
Membrane

Anterior Arch
of Atlas

Odontoid

Spinal Cord

Transverse
Ligament
of Atlas

Transverse
Foramen

Superior Articular
Facet of Atlas

Ligamentum
Flavum

Fig. 82.9 Relationship between the peg of the odontoid and the arch of C1. 
(From Clinical Slide Collection on the Rheumatic Diseases, American College of 
Rheumatology.)
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Fig. 82.10 This radiograph of the rheumatoid cervical spine in flexion 
demonstrates atlantoaxial subluxation as the arch of C1 slides forward 
(arrows). (From Clinical Slide Collection on the Rheumatic Diseases, American 
College of Rheumatology.)

Fig. 82.11 Cranial settling occurs when the cranium migrates caudally onto 
the odontoid, which impinges on the brain stem above the foramen magnum. 
The odontoid should not extend much above a line drawn between the white 
and black arrows. (From Clinical Slide Collection on the Rheumatic Diseases, 
American College of Rheumatology.)

a

b

Fig. 82.12 Acute synovial rupture. A 51-year-old man with RA of 3 years’ 
duration developed a right knee effusion after an evening of square dancing. 
Two days later he noted progressive pain and swelling of the right calf. (a) Six 
days later there was bluish discoloration of both sides of the ankle. (b) A few 
weeks later, after more dancing, he noted posterior thigh pain and swelling 
that soon became associated with purple discoloration of his right posterior 
thigh.

The hip is frequently affected in RA, and progressive disease can 
lead to severe secondary osteoarthritis requiring total joint replace-
ment. Pain from the hip joint itself is experienced in the groin and 
medial thigh, sometimes radiating to the buttock. Pain over the greater 
trochanter, which most patients refer to as the “hip,” is more likely 
due to bursitis. Patrick’s test (also known by the acronym FABER for 
flexion-abduction-external rotation) puts the hip through passive 
motion in all major planes and produces groin pain in the presence of 
true hip disorders. In later disease, it is essential to distinguish symp-
toms of ongoing synovitis from mechanical pain related to joint 
damage. Sudden development of hip pain suggests avascular necrosis 
or fracture in patients taking long-term corticosteroids.

Rheumatoid involvement of the knee joints is easy to detect by 
physical examination and is often a good indicator of disease activity. 
Anterior swelling is detectable by the “bulge” sign, in which the exam-
iner strokes the medial knee to move the synovial fluid cephalad and 
then presses on the lateral knee to produce a visible fluid wave, or 
“bulge,” on the medial knee. With a large tense effusion, it may be 
impossible to move enough fluid to produce a bulge, in which case 
ballottement of the patella with the index finger produces downward 
movement of the patella in the fluid. Distention of the posterior com-
partment of the knee capsule produces a tense Baker’s cyst in the 
popliteal region. Rupture of such a popliteal cyst can produce swelling, 
heat, and pain in the posterior calf, resembling a deep venous throm-
bosis. A hemorrhagic “crescent” sign below the malleoli (Fig. 82.12) 
may result. Musculoskeletal ultrasound examination can be useful in 
detecting a popliteal cyst before rupture. Progressive synovitis can lead 
to loss of articular cartilage, secondary osteoarthritis, and the need for 
total knee arthroplasty. Examining the synovial fluid can be very 
helpful in distinguishing between persistent disease activity and 
mechanical damage. In chronic disease, quadriceps atrophy and flexion 
contracture are common.

The ankle is another large weight-bearing joint in which active RA 
can be directly visualized. The capsule of the tibiotalar joint distends 
anteriorly, effacing the normal contour of the tibialis anterior tendon. 
The joint line itself can be palpated between that tendon and the 
medial malleolus, where synovial proliferation can be identified. Pro-
gressive joint damage to the tibiotalar, subtalar, and talonavicular 
joints can result in ankle and midfoot pronation and loss of the trans-
verse arch, producing mechanical symptoms that can be quite chal-
lenging to manage. Tendinitis of the posterior tibialis develops posterior 
and medial to the medial malleolus. In the same area, the posterior 
tibial nerve can be compressed in the tarsal tunnel, leading to pares-
thesias on the sole of the foot. “Pump bumps” and rheumatoid nodules 
commonly develop at the site of shoe friction on the posterior heel.

The forefoot is an area of major rheumatoid involvement. Early in 
disease, examination will reveal tenderness to palpation of the 
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described.15 Both hepatitis B and C infection can cause inflammatory 
arthritis, which is generally transient. Chronic arthritis has been 
described with hepatitis C. The immune complex formation associated 
with these infections may result in a positive RF.

Polymyalgia rheumatica (see Chapter 152) can sometimes be quite 
difficult to distinguish from early RA in the elderly. Although the 
diagnosis can be considered as early as the age of 50, it becomes pro-
gressively more common with advancing age. Patients typically have 
profound morning stiffness and often complain of difficulty rolling over 
in bed at night. The distribution of symptoms classically includes the 
neck, shoulders, and hip girdle regions; palpable synovitis of the joints 
is unusual. Both polymyalgia rheumatica and RA respond dramatically 
to low-dose corticosteroid treatment and the former will often remit 
after 1 to 2 years. In patients initially diagnosed as having polymyalgia 
rheumatica, the persistence of disease and the ultimate development 
of small joint synovitis may lead to the diagnosis of RA.16

Remitting seronegative symmetric synovitis with pitting edema 
(RSSSPE) resembles seronegative RA in the elderly. The onset is typically 
abrupt and severe. Examination shows profound swelling of the hands 
(and sometimes the feet) with pitting edema. Response to low-dose 
corticosteroids is dramatic, and the disease runs a self-limited course.17

Palindromic rheumatism is another clinical syndrome that can 
mimic RA. A palindrome is a word that is spelled the same backward 
as forward (e.g., the name “Anna”); in palindromic rheumatism, symp-
toms occur suddenly and resolve just as quickly. Patients typically 
experience sudden attacks of inflammatory polyarthritis in a distribu-
tion similar to RA that last for a number of days before remitting 
spontaneously. Over time, the duration of the episodes lengthens and 
the symptom-free intervals shorten, leading to a chronic presentation 
compatible with RA in up to half of patients.18

Adult Still’s disease refers to its similarity to the systemic-onset 
variant of juvenile chronic polyarthritis characterized by fever, arthritis, 
lymphadenopathy, and rash.19 The adult presentation is often that of 
fever of unknown origin. The characteristic quotidian fever spikes once 
daily (less commonly, twice), usually in the afternoon or evening, then 
returns to normal; the name “picket fence” fever describes the appear-
ance of the fever curve expressed graphically. In addition to inflamma-
tory arthritis, sore throat, lymphadenopathy, hepatosplenomegaly, and 
rash often occur. The characteristic rash of Still’s disease is a subtle 
salmon color and evanescent, occurring primarily during the episodes 
of fever. It may be enhanced by manually stroking the skin or appear 
where the skin has been creased by the sheets (Koebner’s phenome-
non). Typically the erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), and serum ferritin values are extremely elevated, 
whereas antinuclear antibodies and RF are usually negative. The evolu-
tion of adult Still’s disease to RA has been described.

Systemic lupus erythematosus (SLE) is usually easy to distinguish 
from RA because of its systemic nature and associated rash, pleuro-
pericarditis, nephritis, nervous system involvement, and hematologic 
abnormalities. However, SLE primarily with articular involvement can 
easily be confused with RA. The arthritis in SLE is described as non-
erosive and non-deforming. However, hand involvement with ulnar 
drift can resemble deforming RA. Jaccoud’s arthropathy is typically 
reducible, rather than fixed, because it results from tendon laxity, 
rather than cartilage and tendon destruction. An overlap syndrome 
dubbed “rhupus” has been described.20 The rare development of SLE 
in RA patients treated with tumor necrosis factor antagonists can add 
complexity to the diagnosis.21

Multicentric reticulohistiocytosis is a very rare syndrome that may 
mimic RA.22 Systemic proliferation of multinucleated lipid-laden his-
tiocytes causes swelling in the small joints of the hands and a charac-
teristic erosive pattern on radiographs. A typical “string of pearls” may 
be seen around the cuticle in some patients.

NATURAL HISTORY
Disease onset
The clinical course of RA follows an onset of disease that may be abrupt 
and acute, or gradual and insidious, or subacute between these 
extremes.23 A gradual onset is most common (at least 50% of cases), 
whereas a sudden onset is much less common (10% to 25%).23

individual MTP joint or to squeezing the forefoot. Swelling can be seen 
in the dorsum of the foot just proximal to the toes. As disease pro-
gresses, the metatarsals sublux on the plantar aspect of the proximal 
phalanges, displacing the soft tissue fat pads that normally underlie 
the metatarsal heads. Furthermore, the forefoot broadens and the 
transverse arch of forefoot disappears, so that the patient’s metatarsal 
heads are now directly bearing the weight of the entire body. Calluses 
develop under the metatarsal heads; and in advanced cases of RA, 
ulcerations occur at this location. Hammertoes (resembling piano key 
hammers) develop from increased tension on the flexor tendons from 
the MTP subluxation.

DIAGNOSIS
Rheumatoid arthritis is a clinical diagnosis for which there is no one 
single physical finding or laboratory test that is pathognomonic. As a 
practical matter, a patient older than the age of 18 who has symmetric 
joint pain and swelling in the hands and feet and morning stiffness is 
likely to have RA, especially if the RF and/or the ACPA findings are 
positive. Its early presentation can be quite similar to several other 
conditions, which must be excluded, so one must be cautious to avoid 
overdiagnosis of RA. On the other hand, early diagnosis is critical so 
that appropriate treatment can be administered and so irreversible 
damage does not occur. Some data suggest that definitive treatment 
should be administered within 3 months of the onset of disease.2 
Therein lies the advantage for the 2010 ACR/EULAR classification 
criteria for the contemporary clinician: they provide diagnostic support 
for recognition of early RA, allowing the doctor to make a definitive 
diagnosis without delay and thus to make a decision to administer 
DMARD therapy timely and before joint destruction occurs.

The ACR/EULAR criteria provide a useful starting point for one to 
become familiar with the key clinical features of RA (see Chapter 90). 
The ability to recognize early synovitis in the joints of the hands and 
feet is critical (see Fig. 82.2). Radiographs of the hands and feet are 
sometimes diagnostic at presentation, and musculoskeletal ultrasound 
and magnetic resonance imaging can detect early evidence of synovitis 
and erosions not seen on radiographs (see Chapter 85), although the 
aim today is to prevent joint damage from occurring. The RF test is 
readily available and positive in about 80% of patients with RA. 
However, RF may be negative early in RA and positive RF may be seen 
in many other conditions, especially hepatitis C infection.

The advent of detection of ACPAs has been a major advance in the 
diagnosis of early RA. Citrullination (conversion of peptidyl-arginine 
to peptidyl-citrulline) is a post-translational modification of proteins 
that is thought to be important in the initiation of the autoimmune 
response that leads to the development of RA. ACPAs are highly spe-
cific for RA and can be detected very early in disease.11 The combina-
tion of a positive ACPA test with a positive RF test further increases 
the specificity for RA.12 A Swedish study of blood bank samples showed 
that each of these tests had about a 70% sensitivity for detecting the 
individuals who ultimately developed RA and the combination of these 
two tests resulted in 99% specificity.13 Thus, seropositivity for either 
of these tests, in a patient with polyarthritis in the hands and feet, 
makes the diagnosis of RA quite likely. The 2010 ACR/EULAR clas-
sification criteria recognize the importance of the number of involved 
joints as well as of RF and ACPA.

Differential diagnosis
A number of disorders can closely resemble RA and must be considered 
and excluded when the diagnosis of RA is being made.

Several viral infections can mimic RA. Parvovirus B19 infection is 
the cause of fifth disease in preschool children, in whom a febrile illness 
with a characteristic “slapped cheeks” rash occurs. Its presentation in 
adults is quite different, namely, a symmetric inflammatory polyarthri-
tis resembling RA. The diagnosis can be established by detecting a 
transient IgM antibody response to the virus, which is present between 
about 2 and 6 weeks after the onset of arthritis. Parvovirus arthritis 
typically resolves spontaneously within 2 months; chronic disease is 
rare.14 Inflammatory small joint arthritis can also occur after rubella 
infection or immunization. As with parvovirus, the presentation gener-
ally resolves in a matter of weeks, although chronic arthritis has been 



CH
A

PTER 82 
● Clinical features of rheum

atoid arthritis 

835

With continuing disease activity, the patient’s daily activities and 
functional capacity are affected to a greater or lesser extent. Although 
disability is usually proportional to the amount of painful joint involve-
ment, in men who do physically hard work there is sometimes progres-
sive joint dysfunction and disability without much pain. The physical 
abilities of patients who have this “neuropathic” picture may dwindle 
insidiously before the work impairment or daily activities decline and 
the seriousness of the situation becomes apparent. This highlights the 
importance of careful evaluation and re-evaluation of the patient’s 
condition. For this reason, good records are essential, to document the 
patient’s progress and response to treatment.

Few studies have examined the natural history of a group of patients 
with well-defined RA over a long period of time. One such representa-
tive study is that by Masi and colleagues,25 who followed 50 patients 
with early RA for almost 6 years and described three articular patterns 
(Fig. 82.13):

1. Monocyclic pattern: a single cycle with remission for at least 1 
year seen in 20% of patients

2. Polycyclic pattern: occurred in 70% of patients with either inter-
mittent or continuing subtypes. The latter group showed smol-
dering activity with incomplete remission or progression.

3. Progressive pattern: with increasing joint involvement seen in 
about 10% of patients

Patients with malignant RA would be in the last category. Most authori-
ties would agree with these general observations, but many current ideas 
on the natural history of RA must remain speculative until the results 
of more longitudinal population-based studies become available.

Clinical course—morbidity and mortality
Studies of the natural history of RA could provide insights into outcome 
variables and prognosis. Understanding prognosis helps us to evaluate 
better the psychosocial and compensation implications for estimating 
work disability in RA. It is worthwhile considering whether the type 
of disease onset and patterns of presentation previously outlined can 
be used to predict the subsequent course of RA.

Acute-onset pattern
In a series of 102 early cases of adult RA, Fleming and associates23 
reported that 11 patients with sudden disease onset showed, after 5 

Rheumatoid arthritis begins predominantly as an articular disease, 
and one or many joints may be affected. It may also start with an 
extra-articular or non-articular presentation, such as a local bursitis, 
tenosynovitis, carpal tunnel syndrome, or as a systemic presentation 
with diffuse polyarthralgia or polymyalgia. Although the onset is pre-
dominantly articular, it is frequently associated with a variety of extra-
articular features, including generalized weakness, anorexia, weight 
loss, or fever. In some cases, fatigue alone or diffuse non-specific aching 
with other extra-articular features, such as pulmonary disease, may 
herald—by weeks or months—the onset of polyarthritis.

Pattern of presentation
Gradual onset
The most common early presentation is a gradual or insidious one 
affecting small peripheral joints such as the wrists, MCPs, PIPs, ankles, 
or MTPs. It is defined as one that the patient can date only to the 
nearest month. It is usually symmetric, with considerable morning 
stiffness and the patient complaining of difficulty making a fist and 
poor grip strength. The morning stiffness may last minutes to hours.

Slow, monarticular presentation
Less common is a slow monarticular presentation affecting larger joints 
such as shoulders or knees. The symptoms may remain confined  
to one or two joints but frequently spread over the ensuing days and 
weeks additively, to affect wrists, fingers, ankles, or feet in a widespread 
fashion.

Abrupt, acute polyarthritis
Less frequently, RA presents as an abrupt acute polyarthritis of the 
shoulders, elbows, wrists, fingers, hips, knees, ankles, and feet, with 
intense joint pain, diffuse swelling, and limitation leading to incapaci-
tation. A sudden onset is defined as one for which the patient can give 
a specific date. This type of onset may affect patients at any age but 
has particular significance in the elderly.

Acute monarthritis
An acute monarthritis of a knee, shoulder, or hip can present a picture 
suggesting a septic, pseudogout, or gouty process, although this pre-
sentation is rare. Joint pain more severe than that found in RA is 
characteristic of pseudogout or gout, which may resemble or even 
complicate RA. The results of synovial fluid analysis should settle any 
diagnostic confusion in these cases. An acute monarticular presenta-
tion may proceed to more widespread involvement with any of the 
preceding patterns.

Tenosynovitis or bursitis may also be associated with monarthritis 
or polyarthritis and subcutaneous nodules over extensor surfaces, such 
as the elbow, sacrum, or tendo Achilles.

Local extra-articular features
As noted, bursitis and tenosynovitis may be associated with RA. Some-
times, however, the earliest manifestation and presentation of RA may 
be a median nerve compression (carpal tunnel syndrome) from volar 
wrist tenosynovitis.24 Similarly, other local extra-articular features may 
be the presenting feature.

Systemic extra-articular features
Elderly patients, in particular, may present with polyarthralgias and 
polymyalgias affecting the neck and shoulders or hips and knees and 
profound fatigue. Although these features, especially in association 
with fever and high ESR lasting several weeks, suggest a diagnosis of 
polymyalgia rheumatica, this picture may be a forerunner of full-blown 
RA.

Pattern of progression
No matter what the onset or presentation, the patient’s subsequent 
progress may follow several different patterns. It may be a course that 
is brief and self-limited, episodic (palindromic) or prolonged and pro-
gressive, or something intermediate. The severity may vary from mild 
to intense. Attacks may be prolonged and smoldering or prolonged and 
progressive.

PATTERNS OF THE CLINICAL (ARTICULAR) COURSE 
OF RHEUMATOID ARTHRITIS

Time of 
diagnosis

Articular
involvement

0 1 2 3 4 5

Monocyclic –
20% of cases

Progressive –
10% of cases

Polycyclic –
70% of cases

Years from onset of arthritis

Fig. 82.13 Patterns of the clinical (articular) course of rheumatoid arthritis. 
Articular patterns in 50 patients with RA. (Data from Masi AT, Feigenbaum SL, 
Kaplan SB. Articular patterns in the early course of rheumatoid arthritis. Am J Med 
1983;75[Suppl 6A]:16-26.)
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The HAQ has become an established outcome measure that is 
easily self-administered by the patient in a short amount of time.34 
Initially developed at Stanford University, the HAQ has undergone 
many iterations, each of which has its proponents. In its simplest form, 
the questionnaire addresses the patient’s ability to perform activities 
of daily living in eight domains (Table 82.1): for example, getting in 
and out of bed, bending down to pick up clothing from the floor, and 
so on. The patient indicates the level of difficulty for performing each 
activity (0 = “without any difficulty” to 3 = “unable to do”) and the 
highest value for each of the eight domains is indicated. These eight 
values are summed and divided by 8, yielding an HAQ score. As the 
score increases, so does the level of disability. The HAQ scores can be 
compared from visit to visit, a change of 0.22 representing a significant 
difference. Early in disease the HAQ score tends to reflect disease activ-
ity, whereas in later disease it tends to indicate level of disability.

The regular application of such outcome measures allows the clini-
cian to make a quantitative determination of how the patient is doing, 
and this can be especially valuable when assessing a patient’s response 
to a change in treatment. In some situations, documentation of 
response to treatment is required by health insurance providers as a 
condition of continuing to provide expensive medications such as 
monoclonal antibodies or recombinant fusion proteins.

PROGNOSIS
It is critically important for the clinician to make the best possible 
assessment of prognosis for an individual patient with RA. Although 
there is consensus that all patients with RA should receive DMARDs, 
the choice of medications individually or in combination for a particu-
lar patient depends greatly on the clinician’s judgment as to the severity 
of illness and the likelihood that joint destruction will occur. For 
example, there is evidence from several trials that some patients have 
a better outcome if they are started on a combination regimen imme-
diately, as opposed to an approach in which individual agents are added 
sequentially.35,36 Trials are in progress to determine whether some 
patients with early disease might do better if immediately started on 
anti–tumor necrosis factor agents, rather than using such medications 
only after “first-line” drugs such as methotrexate have failed to produce 
an adequate response. Approaches to treatment are in rapid evolution, 

years, a better functional outcome than did 69 patients with a slow 
onset of disease. However, in a later series of 100 patients, Jacoby and 
coworkers26 observed that, after an 11-year follow-up, there was no 
difference in functional class whether disease onset was acute, sub-
acute, or gradual. In the past, cases with acute onset as a result of a 
reactive or viral polyarthritis may have been mistaken for RA. Another 
explanation for a better outcome in acute patients is that they are more 
likely to seek prompt medical attention. The favorable course of mild, 
transient, or self-limited RA, however, has not attracted much atten-
tion, because rheumatologists are mostly concerned with progressive 
RA.

Gradual-onset pattern
In Fleming and colleagues’ report,23 a worse prognosis was found in 
patients with disease that was gradual in onset and associated with 
involvement of large joints (e.g., shoulders, elbows, wrists, knees) in 
addition to involvement of the first and second MTPs. In the series of 
Jacoby and coworkers,26 the type of onset was not predictive of func-
tional status after 11 years; moreover, in a later Finnish study of 235 
patients with RA,27 radiographically evident damage after 7 years was 
the same whether the onset had been acute,28 subacute,29 or gradual.

Assessment of disease activity
A critical component of providing care to patients with RA is the accu-
rate assessment of disease activity and the extent to which the patient’s 
daily functioning is impaired. To some degree this is intuitive and 
readily evident from the history and physical examination at each visit. 
However, more quantitative outcome measures are available and can 
be applied at selected outpatient visits.

Recording a tender joint count (TJC) and swollen joint count (SJC) 
is simple and straightforward. Controversy exists regarding the ideal 
number of joints to be counted: 28, 44, 66, etc. The 28-joint count 
(PIPs, MCPs, wrists, elbows, shoulders, knees) can be accomplished 
quickly and efficiently in the office setting,30 although some argue that 
the 44-joint count is more representative of the patient’s clinical situ-
ation. Assuming that the same examiner performs the count on each 
visit, this is an accurate and reproducible record of the patient’s status. 
Another objective and quantifiable tool is measurement of an acute-
phase reactant, either the ESR or the CRP. The ESR can easily be 
performed in the outpatient setting by office staff, whereas the CRP is 
a more complex measurement. A more subjective method is marking 
a 100-mm visual analog scale (VAS) by the patient and/or health care 
provider. Patients can indicate a VAS measurement for pain, global 
assessment of arthritis activity, or general sense of health. The most 
common VAS for the physician to mark is global assessment of arthri-
tis activity.

Two composite scores have been extensively used and validated: the 
EULAR Disease Activity Score (DAS) and the ACR Core Data Set. 
Whereas both are used to measure outcome in clinical trials of medica-
tions for treatment of RA, the DAS-28 is readily adaptable to repeat 
visits in the outpatient setting. The DAS-28 is a discrete variable cal-
culated from the TJC and SJC for 28 joints, the ESR or CRP, and the 
patient’s VAS for general health. A rather complicated calculation 
including logarithmic transformation produces a discrete numeric 
value between 0 and 10.30 A DAS calculator is available online31 to 
easily generate this number. Some investigators have proposed making 
specific treatment decisions at each visit based on escalating medica-
tion treatment to achieve a DAS below a certain threshold level indicat-
ing “remission.”32 Further details on disease activity and outcome 
assessment are provided in Chapter 93.

The ACR Core Data Set expresses a degree of improvement com-
pared with baseline, rather than a discrete number. For example, a 20% 
or greater improvement (ACR20) has been proposed as distinguishing 
a clinical response from a placebo response.33 The ACR20 requires at 
least a 20% improvement in both the TJC and SJC and in at least three 
of the following: physician global VAS, patient global VAS, patient pain 
VAS, Health Assessment Questionnaire (HAQ) score, and ESR or CRP. 
Likewise, an ACR50 improvement would indicate at least 50% improve-
ment and the ACR70 at least 70% improvement, and so on. Whereas 
this outcome measure has become standard in evaluating new anti-
rheumatic agents in clinical trials, it has not been widely applied to 
evaluating the activity of patients seen in clinical practice.

TABLE 82.1 SELF-REPORT QUESTIONNAIRE FOR RHEUMATOID ARTHRITIS

Please check (√) the ONE best answer for your abilities.

At this moment, are 
you able to

Without any 
difficulty

With some 
difficulty

With much 
difficulty

Unable 
to do

1. Dress yourself, 
including tying 
shoelaces and doing 
buttons?

2. Get in and out of 
bed?

3. Lift a full cup or 
glass to your 
mouth?

4. Walk outdoors on 
flat ground?

5. Wash and dry your 
entire body?

6. Bend down to pick 
up clothing from 
the floor?

7. Turn regular faucets 
(taps) on and off?

8. Get in and out of a 
car?

The questionnaire is used to make a quantitative assessment of the functional capacity of the 
patient to carry out the tasks of daily living.34
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demonstrated in other studies.43,44 Likewise, the baseline CRP is predic-
tive of subsequent radiographic damage.44

Serologic markers may predict prognosis. The presence of RF has 
been consistently associated with radiographic progression.42,44 Data 
are emerging that the presence of ACPAs is an independent predictor 
of radiographic damage.44-46

The shared epitope refers to a sequence of amino acids in the hyper-
variable region of the binding pocket of the HLA-DR molecule. This 
sequence of QKRAA confers a substantial increase in risk for the devel-
opment of RA. Furthermore, the presence of the shared epitope is 
predictive of disease severity in a dose-dependent fashion: an individual 
with a copy of the gene encoding this sequence from both parents tends 
to have more severe disease than a patient with only one copy. Although 
there is abundant evidence of its significance as a predictor, this is not 
readily available to clinicians and is available only through research 
laboratories. However, studies are divided with regard to whether a 
shared epitope is41,43,47,48 or is not44 an unfavorable prognostic factor, 
and recent data suggest that the shared epitope is associated with the 
antibody response or better with autoantibody (RF, ACPA) positive RA.

In summary, the clinician has a number of readily available tools 
that can be useful in predicting the prognosis of the RA patient several 
years later: ESR, CRP, RF, ACPA, HAQ, and baseline radiographs of 
the hands and feet. Although it is not possible at present to assign the 
relative importance of these factors in combination, because the pres-
ence of each of them has negative implications for prognosis, the pres-
ence or absence of these factors can help the clinician make a rational 
assessment when making treatment decisions for individual patients.

and it is unlikely that there will be agreement regarding a single best 
algorithm for choosing therapeutic agents in the foreseeable future. 
Nonetheless, a prediction of prognosis at the time of diagnosis or at 
the time of assuming care is essential.

The literature on prognostic factors for RA is voluminous, and there 
is no clear consensus regarding which factor or combination of factors 
is most important. Several factors reported to influence prognosis are 
discussed below.

The HAQ is a simple self-administered questionnaire that is widely 
used to assess disease activity early and disability late in disease.34 A 
recent study from France attempted to correlate HAQ scores with  
subsequent radiographic presentation.37 The authors found, as did 
other studies, that the HAQ score at baseline is an excellent predictor  
of outcome.38 Furthermore, the HAQ score has also been shown to 
predict the risk of future loss of productivity on the part of the RA 
patient.39

Radiographic damage at onset has been shown to be an important 
predictor of clinical outcome and radiographic progression. Gossec and 
colleagues found that a Sharp score (Van Der Heijde modification) of 
less than 4 points at baseline was predictive of remission (DAS-28 < 
1.6) 3 and 5 years later.40 Not surprisingly, radiographic erosions at 
baseline are predictive of further radiographic damage 2 to 3 years 
later.41

Acute-phase reactants also have predictive value regarding the devel-
opment of radiographic damage over time. The ESR at the start of the 
study was the best predictor of radiographic outcome in the first 5 years 
in a Swedish study,42 and the prognostic value of ESR has been 
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NODULES
Subcutaneous nodules occur mainly in RA patients who are rheuma-
toid factor positive and rarely in seronegative patients. Patients with 
rheumatoid nodules in early RA are at an increased risk of developing 
severe extra-articular manifestations. Rheumatoid nodulosis (numer-
ous, widespread nodules) occasionally presents as a separate condition, 
usually in men, with a low-grade and sometimes barely detectable 
synovitis.14

Nodules develop most commonly on pressure areas, including the 
elbows, finger joints, ischial and sacral prominences, occipital scalp, 
and Achilles tendon. Rheumatoid nodules are firm and frequently 
adherent to the underlying periosteum (Fig. 83.2). Histologically, there 
is a focal central fibrinoid necrosis with surrounding fibroblasts (Fig. 
83.3). This is believed to occur as a result of small vessel vasculitis 
with fibrinoid necrosis, which forms the center of the nodule and sur-
rounding fibroblastic proliferation.

Subcutaneous nodules may regress during treatment with disease-
modifying drugs, usually as the RA improves. Paradoxically, metho-
trexate may increase nodules, particularly over finger tendons (Fig. 
83.4), despite improvements in the overall disease activity.

HEMATOLOGIC ABNORMALITIES
The cause of anemia in RA is multifactorial. Iron utilization is impaired, 
partly due to cytokine-induced upregulation of hepcidin leading to 
abnormal retention of iron from senescent red blood cells by the reticu-
loendothelial system and increased lactoferrin, which contributes to 
the binding and decreasing of serum iron. The ferritin concentration 
may be low as a result of iron deficiency or increased because of 
increased synthesis in chronic inflammation. In the setting of anemia 
in RA, a ferritin concentration less than 50 ng/mL is predictive of iron 
deficiency, whereas a concentration greater than 100 ng/mL is associ-
ated with anemia of chronic disease. Proinflammatory cytokines, 
including TNF, interleukin-1, and interleukin-6, among others, play 
an important role in the anemia of RA, likely by acting directly on red 
cell precursors in the bone marrow. Reduced erythropoietin and a 
blunted response to erythropoietin also contribute to the anemia of RA. 
Additional factors include an increased phagocytosis of red blood cells 
in the spleen and even by the synovium.

The degree of anemia in RA usually correlates with the disease 
activity, particularly the degree of articular inflammation. It is com-
monly normochromic and normocytic. Anemia caused by rheumatoid 
inflammation can improve with therapy that treats the disease suc-
cessfully. Administration of erythropoietin to RA patients improves red 
blood cell counts.15 Iron deficiency may complicate the anemia associ-
ated with RA.

Thrombocytosis is a frequent finding in active RA. The degree of 
thrombocytosis may correlate with the number of joints involved with 
active synovitis and may be associated with extra-articular features. 
Thrombocytopenia is rare in RA, except when related to drug treatment 
or Felty syndrome. Coagulation inhibitors may be produced, and a 
hyperviscosity syndrome in association with high titers of rheumatoid 
factor and neurologic and vascular occlusive symptoms has rarely been 
reported.

Lymphadenopathy is frequent in active RA. Histologic examination 
usually reveals benign follicular hyperplasia. RA is, however, associated 
with an increased risk of malignant non-Hodgkin lymphoma compared 
with the general population.16 High disease activity17 and concomitant 

Extra-articular features of rheumatoid 
arthritis and systemic involvement
Carl Turesson and Eric L. Matteson

INTRODUCTION
Constitutional features of rheumatoid arthritis (RA), such as fatigue 
and weight loss, may occur early in the course of the disease and may 
predominate, overshadowing the joint manifestations.

At times, inflammation may extend beyond the joints (Table 83.1). 
These systemic manifestations occur equally in men and women and 
may appear at any age.1,2

Extra-articular disease manifestations (excepting laboratory abnor-
malities) occur in about 40% of patients at some time during the course 
of their disease.2 The incidence of severe extra-articular disease (vas-
culitis, vasculitis-related neuropathy, pericarditis, pleuritis, glomerulo-
nephritis, scleritis/episcleritis, or Felty syndrome) has been estimated 
to be 1/100 person-years in a well-defined population.2 A decrease in 
the incidence of rheumatoid vasculitis in recent years has been 
reported,3 but there is no clear change in the occurrence of other extra-
articular manifestations.4

The systemic inflammatory process is a major predictor of mortality 
in patients with RA. Extra-articular disease confers a mortality risk 
ratio five times that of patients without these manifestations, even 
after such co-morbidities as heart and lung disease, malignancy, and 
dementia are accounted for.2 Some extra-articular disease manifesta-
tions, especially vasculitis, pericarditis, pleuritis, amyloidosis, and 
Felty syndrome, are associated with a diminished lifespan compared 
with patients without extra-articular disease (Fig. 83.1).1,2,5 Smoking,6 
presence of rheumatoid factor, and RA-associated HLA-DRB1*04 
genes7,8 predict extra-articular disease. Other genetic markers such as 
HLA-C*03 and genes regulating killer immunoglobulin-like receptor 
expression on T-cell subsets, may have a particular impact on the risk 
of vasculitis.9,10 Probably due to interactions between these and other 
risk factors, extra-articular manifestations tend to cluster in individual 
patients.11

The nature of the specific organ involved and the severity of the 
involvement guide treatment of the extra-articular manifestations of 
RA. Often, the therapeutic strategies designed to control the joint 
involvement, including disease-modifying antirheumatic drugs 
(DMARDs) and glucocorticoids, are effective in treating systemic 
disease. Although glucocorticosteroids are the mainstay of treatment 
of systemic disease, cytotoxic agents such as cyclophosphamide are 
sometimes necessary for severe disease, including organ-threatening 
eye disease and systemic vasculitis.12 Anti–tumor necrosis factor (anti-
TNF) antagonists, B cell–depleting therapies, and other specific immu-
nomodulating agents may be particularly useful in managing these 
manifestations,13 although extra-articular manifestations sometimes 
also develop in patients treated with TNF blockers and other 
biologics.

83
 Rheumatoid arthritis may be associated with inflammation in 

extra-articular organs.
 Features of systemic involvement in rheumatoid arthritis include 

constitutional symptoms, distinct organ manifestations, and severe 
multiorgan disease.

 Systemic features may be associated with a poor prognosis, 
especially vasculitis and rheumatoid lung disease.
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Sjögren syndrome18 may confer an increased risk of lymphoma. Lymph-
adenopathy is sometimes accompanied by splenomegaly, even in the 
absence of Felty syndrome.

FELTY SYNDROME
Felty syndrome is defined as RA in combination with splenomegaly 
and leukopenia. The syndrome characteristically occurs in patients 
with long-standing, seropositive, nodular, deforming RA. In Caucasian 
patients, the major histocompatibility locus associations with Felty 
syndrome are due to linkage disequilibrium with HLA-DRB1*0401.19 
Some patients have no active synovitis at the time Felty syndrome 
develops. Many of these patients have lower extremity ulcerations, 
hyperpigmentation, and antinuclear antibodies.

Bacterial infections are common in Felty syndrome, correlating with 
a polymorphonuclear leukocyte count of less than 100/mm3, and 
account for a substantial mortality in this condition. Other factors 
associated with an increased incidence of infections are skin ulcers, 
dose of glucocorticosteroid, hypocomplementemia, and high levels of 
immune complexes. The bone marrow is usually normal or hyperplas-
tic. In some patients the bone marrow does not respond appropriately 

TABLE 83.1 INCIDENCE OF EXTRA-ARTICULAR DISEASE MANIFESTATIONS IN A 
COMMUNITY-BASED SAMPLE OF PATIENTS WITH RHEUMATOID ARTHRITIS6

Extra-articular manifestation 30-yr cumulative incidence (%)

Pericarditis 10.9

Pleuritis 9.4

Major cutaneous vasculitis 5.1

Vasculitis-related neuropathy 2.8

Felty syndrome 2.7

Scleritis 1.0

Episcleritis 0.8

Glomerulonephritis 2.9

Amyloidosis 1.0

Secondary Sjögren syndrome 17.1

Pulmonary fibrosis 9.4

Bronchiolitis obliterans 1.2

Subcutaneous rheumatoid nodules 39.4

SURVIVAL OF PATIENTS WITH EXTRA-ARTICULAR MANIFESTATIONS
OF RHEUMATOID ARTHRITIS

General population All patients with RA

Patients with RA without extra-articular manifestations

0 2010 30

Years

0

20

40

60

80

40

100

All patients with extra-articular manifestations

%

Fig. 83.1 Survival of patients with extra-articular manifestations of rheumatoid 
arthritis.

Fig. 83.2 Gross anatomic specimen of a rheumatoid nodule. The yellow tissue 
is caused by fibrinoid necrosis.

Fig. 83.3 Rheumatoid nodule with granulomatous transformation. There is 
prominent central fibrinoid necrosis, with surrounding palisading histiocytes 
and an outer layer of chronic fibrosing connective tissue with inflammatory 
cells including lymphocytes and fibroblasts (hematoxylin-eosin stain; original 
magnification ×450).

Fig. 83.4 Rheumatoid nodules in a patient with long-standing rheumatoid 
arthritis treated with low-dose weekly methotrexate.
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disease is common and is usually asymptomatic. In autopsy studies, 
involvement of the pleura is reported in up to 50% of patients with RA 
but clinically detected in only about 10% of these cases.2 Rheumatoid 
pleural effusions are usually exudates with mixed cell counts, high 
lactate dehydrogenase concentrations, and high protein concentrations 
(>4 g/L). The presence of multinucleated giant cells is highly specific 
for rheumatoid pleuritis, but such cells are seen in less than 50% of 
these cases. Glucose concentrations are often less than 25 mg/dL 
(1.4 mmol/L).

Parenchymal pulmonary nodules (Fig. 83.6) are generally asymp-
tomatic and are found in seropositive RA patients who have widespread 
synovitis and, usually, nodules elsewhere. The pulmonary nodules 
tend to be peripheral in location and can measure less than 1 cm or 
up to 6 to 8 cm in diameter. They can cavitate and cause pleural effu-
sions and bronchopleural fistulas. Pathologic examination of the 
nodules reveals a central necrotic zone surrounded by a cellular area 
of proliferating fibroblasts. The differential diagnosis of pulmonary 
rheumatoid nodules includes neoplasms, tuberculosis, and fungal 
infections. In the case of a solitary rheumatoid nodule in the lung, an 
excisional biopsy may be necessary to confirm the diagnosis. Treat-
ment of the underlying rheumatoid disease frequently results in 
improvement of the pulmonary nodules.

Pulmonary nodulosis and pneumoconiosis in patients with RA 
(Caplan syndrome) is characterized by several nodules greater than 
1 cm in diameter, scattered throughout the peripheral lung field (Fig. 
83.7). Caplan syndrome is seen in individuals with extensive exposure 
to coal dust, although exposure to silica and asbestos may also lead to 
pulmonary nodulosis in these patients.

The cumulative incidence of symptomatic interstitial lung disease 
(ILD) in a community-based population of patients with RA was 9.4%.2 
The most common radiographic finding is bilateral basilar interstitial 
abnormalities, which are often asymmetric. Initially, these may appear 
as patchy alveolar infiltrates; with progressive disease a more reticulo-
nodular pattern is seen. High-resolution computed tomography (CT) 
and open lung biopsy are considered the gold standard methods for 
diagnosing interstitial lung disease. Joint disease precedes the intersti-
tial lung involvement in most cases. The clinical presentation and 
course of pulmonary fibrosis in RA have been reported to be similar to 
those of idiopathic pulmonary fibrosis, but response to immunosup-
pression may be better if pulmonary fibrosis occurs in the context of 
RA or other collagen diseases.26

Rheumatoid interstitial pulmonary disease is seen more frequently 
in men than in women, particularly those who have long-standing 

to the degree of leukopenia, perhaps because of inhibitors induced by 
proinflammatory cytokines, which suppress myelopoiesis.20 Thrombo-
cytopenia also occurs in Felty syndrome.

Treatment with methotrexate21 or parenteral gold22 has been 
shown to improve cytopenias (grade C). Splenectomy may improve the 
hematologic abnormalities and may be indicated for recurrent serious 
infections caused by the neutropenia that has been unresponsive to 
disease-modifying drugs. Splenectomy rarely helps the underlying 
disease process, although it might improve leg ulcers. Despite splenec-
tomy, granulocytopenia may recur and persist. Glucocorticosteroids 
transiently improve the granulocytopenia but may predispose to infec-
tions. Treatment with granulocyte colony-stimulating factor is indi-
cated in patients with severe neutropenia and recurrent infections but 
may also lead to a flare of the polyarthritis and even to vasculitis 
because of an increase in the total load of inflammatory mediators 
when the neutrophil count is normalized.

There is an increased risk for the development of lymphoprolifera-
tive and other malignancies in patients with RA, particularly those 
with Felty syndrome.16 A variant of Felty syndrome has been described 
in which patients have neutropenia and an increase in the number of 
large granular lymphocytes in blood and bone marrow (Fig. 83.5).23 The 
large granular lymphocytes in these patients represent in vivo activated 
cytotoxic T cells and clonality is present. However, rapidly progressive 
malignancy with decreased survival is unusual. Patients with RA and 
large granular lymphocytes may also have thrombocytopenia, anemia, 
and splenomegaly.

HEPATIC ABNORMALITIES
Active RA may be associated with an increase in liver function abnor-
malities and may parallel the anemia, thrombocytosis, and increased 
erythrocyte sedimentation rate. With control of the rheumatoid inflam-
mation, the liver function abnormalities return to normal. Examina-
tion of liver histology at the time of liver function abnormality reveals 
only minimal non-specific changes, with some periportal mononuclear 
cell infiltration.

Liver involvement, including hepatomegaly, may be present in up 
to 65% of patients with Felty syndrome.24 There may be histologic 
abnormalities, even when liver function tests are normal. The liver 
pathology varies from portal fibrosis and abnormal lobular architecture 
to nodular regenerative hyperplasia. These patients can develop portal 
hypertension, esophageal varices, and variceal bleeding.

PULMONARY INVOLVEMENT
Pulmonary involvement in RA is frequent, although not always clini-
cally recognized.25 Men are affected more often than women. Pleural 

Fig. 83.5 Large granular lymphocytes.

Fig. 83.6 Pleural effusion and rheumatoid nodule in rheumatoid arthritis. 
Changes associated with diffuse interstitial fibrosis are also present.
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type of pulmonary involvement responds to glucocorticosteroid treat-
ment and has a generally good prognosis. Another distinct type of 
pulmonary disease in RA, obliterative or constrictive bronchiolitis, 
responds poorly to treatment and has a poor prognosis. Patients  
have shortness of breath and a non-productive cough but, unlike COP, 
there is usually no fever or other constitutional symptoms. Pulmonary 
biopsy reveals submucosal and peribronchiolar fibrosis, with extrinsic 
narrowing of the bronchiolar lumen and fibrosis, with scant 
inflammation.

Obstructive lung disease is more common in patients with RA than 
age-matched controls, occurring in 9.6% of patients with RA and 6.2% 
of controls.32 High-resolution lung CT reveals that up to 50% of 
patients with RA have bronchiectasis and bronchiolectasis,33 possibly 
due to increased susceptibility to airway infections, obstructive airways 
diseases, and genetic predisposition.

Upper airways obstruction in RA can also be caused by inflamma-
tion of the cricoarytenoid joint. Symptoms include sore throat, hoarse-
ness, dysphagia, pain with speech, pain radiating to the ears, a sensation 
of foreign body in the throat, and difficulty with inspiration. Laryngos-
copy and CT scanning are the most sensitive methods for evaluating 
cricoarytenoid arthritis (Fig. 83.10).

Rare lung complications of RA include pulmonary arteritis, shrink-
ing lung syndrome, and primary pulmonary hypertension. Secondary 
hypertension is more commonly seen in patients with pulmonary 
parenchymal disease, especially interstitial lung disease.

CARDIAC DISEASE
The acute and chronic inflammatory disease of RA may lead to cardiac 
disease by mechanisms of vasculitis, nodule formation, amyloidosis, 
serositis, valvulitis, and fibrosis. Pericarditis is the most common 
cardiac manifestation of RA. Although symptomatic pericarditis is 
relatively uncommon, both random electrocardiographic evaluation of 
patients with RA and autopsy studies reveal evidence of pericardial 
inflammation in 50% of patients.34 An analysis of pericardial fluid 
reveals changes similar to those found in rheumatoid pleural effusions. 
Symptomatic patients with mild disease generally respond to glucocor-
ticosteroids. Occasionally pericardiocentesis and intrapericardial gluco-
corticoid administration and even pericardiectomy may be required if 
the symptoms are severe or recalcitrant to the usual management (Figs. 
83.11 to 83.13).35

Myocardial disease resulting from nodular granulomatous lesions 
or more diffuse fibrosing lesions has been seen in RA. Non-specific 
myocarditis is usually asymptomatic and rarely affects cardiac size or 
function. Congestive heart failure may be more frequent than is clini-
cally evident in RA and left ventricular diastolic function is more often 

nodular, seropositive disease and among patients who smoke. Histo-
logic findings and results of bronchoalveolar lavage can be variable, 
ranging from lymphocytic alveolitis to neutrophilic inflammation. Fea-
tures on routine histology from lung biopsies are non-specific and 
include an inflammatory infiltrate with lymphocytes, plasma cells, and 
histiocytes (Fig. 83.8). Specific stainings have suggested a particular 
role for B cells and CD4+ T cells in patients with RA-associated inter-
stitial pneumonitis (IP) compared with patients with idiopathic inter-
stitial pneumonitis (Fig. 83.9).27 B cells may be more abundant in lung 
tissue of patients with RA-associated ILD compared with patients with 
idiopathic ILD.28 The greater density of T and B cells observed in RA-
related ILD has been linked to high levels of circulating anti–cyclic 
citrullinated peptide (anti-CCP) antibodies.29 TNF inhibitors may have 
a negative effect on RA-associated IP in some cases,30 possibly due to 
direct antifibrotic properties of TNF.31 RA-associated IP needs to be 
distinguished from methotrexate-induced toxicity, which usually has 
a subacute onset with rapidly progressive respiratory symptoms, less 
radiographic evidence of fibrosis, and a histologic pattern dominated 
by eosinophilia and type 2 pneumocyte hyperplasia.

Cryptogenic obstructive pneumonia (COP; formerly, bronchiolitis 
obliterans organizing pneumonia) can be associated with RA. This  

Fig. 83.7 Caplan syndrome.

Fig. 83.8 Diffuse interstitial pneumonitis with sclerosing alveolitis. 
Lymphocytes are prominent (hematoxylin-eosin stain; original magnification 
×150).

Fig. 83.9 Interstitial pneumonitis with CD4+ T cells (red stain) in a patient with 
RA (original magnification ×100).
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impaired than in those without RA in spite of normal left ventricular 
systolic function.36

Echocardiographically detected lesions typical of RA in the absence 
of symptomatic cardiac disease include posterior pericardial effusion, 
aortic root abnormalities, and valvular thickening, occasionally with 
valvular incompetence. Coronary arteritis can occur as part of systemic 
rheumatoid vasculitis (Fig. 83.14). In addition, RA itself is an indepen-
dent risk factor for coronary artery disease37 and patients with severe 
extra-articular disease are at a particularly increased risk of cardiovas-
cular death.5 It has been suggested that coronary artery disease may be 
associated with clonal expansion of CD4+CD28null T cells,38 which has 
also been seen in patients with RA, in particular among those with 
vasculitis. Given this and other suggested shared disease mechanisms, 

Fig. 83.10 Laryngeal edema with cricoarytenoid arthritis on direct 
laryngoscopy. Black arrow, left arytenoid; black arrowhead, right arytenoid; 
white arrowhead, left vocal cord; white arrow, right vocal cord. (Courtesy Dr. 
Yuki Nanke.)

Fig. 83.11 Magnetic resonance imaging of constrictive pericarditis in 
rheumatoid arthritis. The dense white infiltrate between the pericardium and 
gray myocardium is pericardial fluid.

Fig. 83.12 Gross anatomic specimen of constrictive pericarditis obtained at 
radical pericardiectomy. The fibrotic pericardium is massively thickened, with a 
diameter of up to 0.5 cm; the outer layer of the pericardium at the top is 
covered with fat.

Fig. 83.13 Rheumatoid pericarditis (same patient as Fig. 83.11). There is 
marked non-calcific dense fibrosis, moderate non-granulomatous 
lymphoplasmacytic infiltrate, and hemosiderin pigment (hematoxylin-eosin 
stain; original magnification ×400).

Fig. 83.14 Coronary arteritis. Two arteries are seen. There is a dense 
inflammatory infiltrate in the adventitia, with some intimal luminal narrowing 
and destruction of the media of one artery (hematoxylin-eosin stain; original 
magnification ×250).
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it has been proposed that atherosclerosis should be regarded as an 
extra-articular feature of RA.37 Biomarkers of inflammation predict 
cardiovascular events in the general population,39 and patients with RA 
and a persistently elevated erythrocyte sedimentation rate are more 
likely to develop vascular disease.5 Successful DMARD therapy with 
methotrexate40 or TNF blockers41 may substantially reduce the risk of 
cardiovascular comorbidity.

OCULAR INVOLVEMENT
The most common ocular involvement in RA is keratoconjunctivitis 
sicca, which affects at least 10% of patients. The severity of the symp-
toms may not correlate with that of the arthritis.

Episcleritis usually correlates with the activity of RA (Fig. 83.15). 
This process, which may be either nodular or diffuse, appears acutely 
and causes eye redness and pain; it causes changes in visual acuity only 
rarely. Scleritis is less common than episcleritis but is correlated with 
vasculitis, long-standing arthritis, and active joint inflammation. 
Untreated scleritis may progress to scleromalacia (Fig. 83.16). Episcle-
ritis or scleritis is sometimes seen in patients whose polyarthritis has 
responded well to treatment.

Other unusual ocular findings in RA include uveitis, episcleral 
nodulosis, ulcerative keratitis (“corneal melt,” which may be central 
[Fig. 83.17] or peripheral [Fig. 83.18]), and corneal filamentary keratitis 
(Fig. 83.19). Peripheral ulcerative keratitis develops as an extension of 
scleral inflammation, is sometimes bilateral, and may occur in the 

Fig. 83.15 Episcleritis. This usually occurs in the setting of active RA and is 
associated with the sudden onset of redness and eye pain.

Fig. 83.16 Scleromalacia in a patient with rheumatoid arthritis.

Fig. 83.17 Central keratolysis and corneal perforation. Corneal collagen can 
degrade in the absence of apparent corneal inflammation in rheumatoid 
arthritis.

Fig. 83.18 Marginal corneal melt (ulcer) with inflammation.

Fig. 83.19 Corneal filamentary keratitis with early corneal stromal activity near 
the limbus at 8 o’clock and 9:30. Filamentary keratitis concentric to the limbus 
can be a precursor of marginal corneal ulceration in rheumatoid arthritis.
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MUSCULAR INVOLVEMENT
Muscle weakness in RA is usually due to muscle atrophy secondary to 
joint inflammation. Nutritional problems, medication, and neurologic 
dysfunction may contribute. A rare inflammatory myopathy has been 
described with a patchy cellular infiltration in muscle fibers, resulting 

absence of scleritis. These conditions are associated with increased 
mortality and poor outcomes for vision.42 Treatment may include 
topical or systemic cytotoxic and glucocorticosteroid therapy or anticy-
tokine agents or both. Lesions resembling vasculitis may be seen in 
the limbal part of the cornea, and conditions such as scleritis and 
ulcerative keratitis can herald impending vasculitis.42 The most 
common fundus lesions are due to posterior scleritis; exudative retinal 
detachments and disc and macular edema may also be found in asso-
ciation with RA.

Other uncommon ocular complications of RA include Brown syn-
drome, which is defined as diplopia on upward and inward gaze and is 
believed to be the result of inflammation and thickening of the superior 
tendons, and optic neuritis.

NEUROLOGIC IMPAIRMENT
In addition to systemic involvement, peripheral entrapment neuropa-
thy, which tends to occur when the nerve is compressed by the inflamed 
synovium against a fixed structure, and atlantoaxial subluxation may 
cause neurologic impairment in patients with RA. Atlantoaxial sublux-
ation caused by erosion of the odontoid process or the transverse liga-
ment of C1 may allow the odontoid process to slip posteriorly and 
cause a cervical myelopathy (Fig. 83.20). Basilar invagination, with 
upward impingement of the odontoid process into the foramen 
magnum, can also result in cord compression (Fig. 83.21). The pres-
ence of cord compression is indicated by a positive Babinski sign, 
hyperreflexia, and weakness. This may require surgical stabilization.

Peripheral neuropathy, presenting as diffuse sensorimotor neuropa-
thy or mononeuritis multiplex, occurs in a small subset of patients 
with RA. The underlying mechanism is small vessel vasculitis with 
ischemic neuropathy. Such lesions are thought to be part of a systemic 
rheumatoid vasculitis syndrome (see later), although other signs of 
vasculitis may be absent.

Involvement of the central nervous system in RA is rare. A diffuse, 
granulomatous pachymeningitis presenting with fever and headache 
rarely occurs (Figs. 83.22 and 83.23), and vasculitis and amyloidosis 
may occasionally involve the dura or the choroid plexus in patients 
with long-standing RA.

Fig. 83.20 Plain film of cervical spine, showing erosion of the odontoid.

Fig. 83.21 Magnetic resonance imaging of the cervical spine, showing basilar 
invagination.

Fig. 83.22 Rheumatoid arthritis–associated meningitis in a patient presenting 
with headache and fever. Magnetic resonance imaging shows abnormal 
leptomeningeal enhancement, especially of the left parietal and frontal lobes 
and temporal dura (arrows).
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Study of involved vessels from patients with rheumatoid vasculitis 
reveals a pathologic picture and distribution similar to that seen in 
polyarteritis, but renal involvement is rare. Early lesions show fibrinoid 
necrosis of the vessel wall, with an inflammatory cell infiltrate. Chronic 
changes, with artery wall fibrosis, occlusion and re-canalization, may 
be seen (Fig. 83.25). The acute arterial lesions are immune complex 
mediated, as indicated by the involved arteries (Fig. 83.26). Immune 
deposits are not detected in the more chronic lesions; rather, fibrinogen 
is found (Fig. 83.27).

Systemic vasculitis in RA is uncommon and often occurs in rheu-
matoid patients who have long-standing disease of more than 10 years. 
Rheumatoid synovitis may not be active when the features of the sys-
temic vasculitis are present. Small vessel vasculitis commonly involves 
the skin and causes nailfold infarcts (Fig. 83.28), digital gangrene (Fig. 
83.29), and leg ulcers. Patients with nailfold infarcts and leg ulcers 
usually do not develop more widespread vascular involvement. Distal 
sensory neuropathy is another manifestation seen in small vessel vas-
culitis that also may occur alone without progression to widespread 
vascular involvement. The rapid, progressive, and widespread appear-
ance of new areas of involvement, including clinical cutaneous vascu-
litis and multiple neuropathies, indicates systemic arterial disease and 
a poorer outcome.47

Other factors, in addition to the vasculitis, likely influence the final 
vascular outcome. In the pathogenesis of leg ulcers, there is usually an 
underlying vasculitis that initiates the lesions, but ulcer expansion and 
its chronicity may be influenced by other features, including venous 
insufficiency, arterial insufficiency, dependent edema, trauma, and 
chronic use of glucocorticosteroids.

in some fiber degeneration. RA may coexist with idiopathic inflamma-
tory myopathy without other signs of systemic disease.

RENAL ABNORMALITIES
Renal involvement in RA is rare, although a low-grade membranous 
nephropathy, glomerulitis, vasculitis, and nephrotic syndrome due to 
secondary reactive amyloidosis have all been described. The perinuclear 
anticytoplasmic antibody (p-ANCA) has been found in about 20% of 
patients with RA and renal diseases of various etiologies and may be 
an independent predictor of nephropathy, even in the absence of sys-
temic vasculitis.43 Mesangioproliferative glomerulonephritis is consid-
ered a sign of systemic organ involvement in a patient with RA.

AMYLOIDOSIS
Amyloidosis may, rarely, complicate long-standing RA. Reports of  
its occurrence vary widely, but more recent population studies  
indicate that clinical visceral amyloidosis is detected in 0.7% of patients 
with RA.2 In patients with active RA, serum amyloid-A protein con-
centrations are increased, stimulated by increased cytokine 
production.

Virtually every organ system may be involved in secondary amyloi-
dosis, including the heart, kidney, liver, spleen, intestines, and skin. 
The diagnosis is confirmed by biopsy of involved tissue (Fig. 83.24). 
The presence of secondary amyloidosis in patients with RA portends 
a poor outcome: 4-year survival rates of about 58% are reported.44 
Cytotoxic drugs may improve the prognosis, but progressive organ 
failure often occurs in spite of aggressive treatment.

RHEUMATOID VASCULITIS
A small vessel vasculitis is intimately associated with many of the 
clinical manifestations seen in RA. Subclinical vasculitis is probably 
common in patients with seropositive RA, and immune deposits have 
been demonstrated in clinically uninvolved skin and labial salivary 
glands.45 The long-term effect of subclinical vasculitis on outcome is 
unknown.

Systemic endothelial activation has been suggested in patients with 
severe extra-articular disease, even in the absence of overt signs of 
vasculitis.46 Inflammation of the small- and medium-sized arteries in 
the extremities, peripheral nerves and, occasionally, other organs may 
complicate RA. There is a greater frequency of HLA-DRB1 alleles and 
particularly B1*0401 homozygotes in patients with rheumatoid vascu-
litis than in uncomplicated RA.7,8

Fig. 83.23 Rheumatoid arthritis–associated meningitis (same patient as Fig. 
83.22). Necrotizing granulomatous meningitis. Cultures were negative and the 
patient improved after immunosuppressive treatment (hematoxylin-eosin 
stain, original magnification ×200).

Fig. 83.24 Renal amyloidosis in rheumatoid arthritis (secondary amyloidosis). 
There is diffuse amyloid deposition throughout the renal parenchyma, with 
deposition in blood vessel walls. Amyloid deposits are green colored (Sulfated 
Alcian Blue stain; original magnification ×400).

Fig. 83.25 Artery with intimal proliferation and luminal occlusion 
(hematoxylin-eosin stain; original magnification ×312).
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systemic vasculitis (grade B). Anti–B-cell therapy or possibly TNF 
inhibitors can be effective in patients with rheumatoid vasculitis refrac-
tory to cyclophosphamide (grade C).49 Low doses of aspirin as an 
antiplatelet agent should also be considered, and prostacyclin infusions 
may be helpful in patients with threatening peripheral gangrene. 
Patients with vasculitis and other forms of severe extra-articular mani-
festations are at an increased risk of cardiovascular events and severe 
infections and should be adequately monitored for such complications. 
Preventive measures such as statin therapy should be considered in 
patients with high cardiovascular risk because patients with RA may 
benefit from both the anti-inflammatory and lipid-lowering effects of 
statins.50,51

The treatment of rheumatoid vasculitis must be individualized. In 
patients with progressive widespread systemic vasculitis involving 
peripheral nerves, digits, viscera, or the central nervous system, the 
inflammation must be treated and the resulting vasculopathy antici-
pated. High doses of prednisone may be necessary initially to control 
the inflammation. Two controlled trials have demonstrated that 
pulsed48 or continuous42 cyclophosphamide leads to greater clinical 
benefit than more conservative treatment regimens in patients with 

Fig. 83.26 Immunoglobulin M in artery with fibrinoid necrosis (IgM by 
immunofluorescence; original magnification ×312).

Fig. 83.27 Fibrinogen in artery with intimal proliferation (fibrinogen by 
immunofluorescence in artery with intimal proliferation; original magnification 
×312).

Fig. 83.28 Nailfold infarcts in a patient with rheumatoid arthritis.

Fig. 83.29 Digital tip and proximal infarcts in a patient with rheumatoid 
vasculitis.
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crude incidence rate was 0.22 (males) and 0.34 (females).10 A survey 
in five districts of Finland estimated the annual AOSD incidence at 1 
per million in 1996.11 A retrospective hospital-based study estimated 
the annual incidence rate at 0.4/100,000 from 1990 to 2000 in Norway 
with a point prevalence in 2000 of 6.8/100,000, which doubled over a 
decade (Table 84.2).12 Clearly, there is a need for additional data on 
AOSD epidemiology.

CLINICAL PRESENTATION
The pleiotropic presentation often leads to considerable diagnostic and 
subsequent treatment delays in AOSD (Table 84.3). AOSD most often 
affects younger adults, with a higher proportion of female patients in 
Eastern than in Western countries. In general, a shared constellation 
of clinical features can be found in most cohort studies reported over 
the past 5 years from various parts of the world (see Table 84.3).12-26 
The three predominant clinical features are spiking high fevers, arthri-
tis, and transitory rash.

Fever
Fever of unknown origin is the most frequent reason for patients with 
new-onset AOSD to seek help, and AOSD is the final diagnosis in 
about 5% of these patients.27 It is currently defined as febrile illness of 
more than 3 weeks’ duration with body temperature greater than 
38.3°C after several determinations and no diagnosis after 1 week of 
study.28 High fever (>39°C) is the presenting symptom in more than 
95% of AOSD cases in cohort studies (see Table 84.1). The classic fever 
pattern is one to two daily fever spikes exceeding 39°C, most often 
occurring late during the day (afternoon or evening) and receding 
within hours (Fig. 84.1). However, continuous fever or early morning 
spikes are seen in up to 20%.20,29 Similar patterns are seen in infectious 
(malaria, abscesses, bacterial endocarditis) and non-infectious condi-
tions (heat stroke, intracerebral hemorrhage). Increased levels of 
S100A12, a marker of granulocyte activation, were recently proposed 
as a diagnostic tool for non-infectious causes of fever of unknown 
origin.30

Arthritis
Musculoskeletal pain is present in virtually all AOSD patients at onset 
and often worsens during fever periods; it includes myalgia (frequency 
20%-90%), arthralgia (27%-100%), and arthritis (18%-82%) (see Table 
84.3). Arthritis is most often polyarticular and symmetric, affecting 
knees, wrists, fingers, and ankles, but asymmetric oligoarthritic and 
monarthritic presentations involving other joints have been 
described.17,31 Early radiographic findings are usually non-specific with 
periarticular osteopenia and slight joint space narrowing (Fig. 84.2a). 
Synovial fluid indicative of mild to moderate inflammation is seen in 
50% of patients18 and may even contain rice bodies (mix of fibrinogen 
and collagen like–structures containing mononuclear cells).32 The his-
topathology is non-specific with sublining thickening and monocytic 
infiltrates of lymphocytes and plasma cells. Intrasynovial follicles as 
seen in RA have not been described in AOSD.33 Scintigraphy may 
disclose additional sites of inflammation,34 whereas magnetic reso-
nance imaging (MRI) and ultrasonography may prove useful in the 
detection of low-grade synovitis, early presence of erosions, and soft 
tissue lesions in patients with musculoskeletal symptoms not other-
wise explained (see Fig. 84-2b and c). The prognostic value of these 
investigations in AOSD remains to be determined. Elevated levels of 
creatine phosphokinase and electromyographic findings suggestive of 
myositis are seen in up to 10% of patients.17,23

Adult-onset Still’s disease
Johannes C. Nossent

INTRODUCTION
George Frederic Still (1868-1941) first reported in 1896 that children 
may develop a form of joint disease, distinct from the more familiar 
rheumatoid arthritis (RA)-like syndrome with the occurrence of periods 
of fever, lymphadenopathy, and splenomegaly as well as pericardial 
adhesions.1 Still’s disease has thus become an accepted eponym for a 
subset of idiopathic juvenile arthritis (JIA). In 1944, Wissler described 
a similar disease named subsepsis allergica, which occasionally occurred 
in adults.2 The expression adult-onset Still’s disease (AOSD) (also 
adult-type Still’s disease or adult Still’s disease) was introduced by 
Bywaters, who described, in 1971, the occurrence of seronegative poly-
arthritis, rash, fever, and raised erythrocyte sedimentation rate (ESR) 
in 14 female patients in their third decade of life with what was con-
sidered a good functional outcome at the time (crippling disease in 2 
patients after long-term follow-up).3

CLASSIFICATION
There is no universally agreed-upon diagnostic test for AOSD. There-
fore, the clinical diagnosis is based on the recognition of a specific 
disease pattern together with the exclusion of other causes of chronic 
inflammation, such as infection and malignancy.4 Several criteria sets 
have been proposed to assist in distinguishing AOSD patients from 
patients with other febrile and/or joint diseases (Table 84.1).5-7 The 
more sensitive criteria of Yamaguchi and colleagues6 are hampered by 
a long list of diseases that must be excluded, in contrast to the more 
specific criteria of Fautrel and associates,7 which in turn require the 
not readily available measurement of glycosylated ferritin. Such clas-
sification criteria can only indicate a likelihood of disease presence. 
Misrepresentation of classification schemes as diagnostic criteria can 
be hazardous and carries the risk that patients fall outside or between 
categories and do not receive appropriate medical care. The apprecia-
tion of this idiosyncrasy, aptly named the Cheshire cat syndrome by 
Bywaters,8 is an important feature in the diagnosis of AOSD in particu-
lar and in rheumatology in general.

EPIDEMIOLOGY
Based on clinical records maintained by internists and rheumatologists 
in western France, the annual AOSD incidence was estimated to be 
0.16/100,000 between 1987 and 1992.9 A similar study in 1993 of 125 
patients resulted in an estimated crude prevalence of AOSD of 0.73 
(males) and 1.47 (females) per 100,000 population. The corresponding 

84
 Adult-onset Still’s disease is an uncommon autoimmune 

inflammatory disease, most often seen in young adults.
 It presents as a combination of systemic manifestations typically 

including spiking fevers, short-lived rashes, and joint symptoms 
ranging from arthralgia to aggressive arthritis.

 No specific diagnostic test is available; the clinical diagnosis is 
based on pattern recognition and exclusion.

 The disease remits in a third of patients, whereas a debilitating 
disease course is mainly seen in those with root joint involvement.

 Modern treatment options include monoclonal antibodies that 
inhibit cytokine effects; however, there is a striking lack of clinical 
trials.
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TABLE 84.1 CRITERIA SETS PROPOSED TO ASSIST IN DISTINGUISHING AOSD PATIENTS

Cush et al (1987)5 Yamaguchi et al (1992)6 Fautrel et al (2002)7

Design Single center, retrospective Multicenter, retrospective Single center, retrospective

Data analysis Descriptive Discriminatory statistical analysis Logistic regression analysis

Cohort size 21 90 72

Disease duration 11.8 years 3.8 years 2.9 years

Case definition Fever ≥ 39°C and arthralgia/arthritis 
with any 2 of: leukocytosis, JRA, 
rash, serositis/RES involvement

Clinical diagnosis upheld after case review by expert 
committee

Patients undergoing ferritin 
measurement and clinical diagnosis 
upheld after prolonged observation 
and case review by one expert

Excluded from analysis RF > 1 : 80
ANA > 1 : 100

Non-definite cases after review (n = 56) Non-definite cases after review

Comparator group None 267 definite non-AOSD cases 130 definite non-AOSD cases

Criteria set Fever ≥ 39°C and arthralgia/arthritis 
with any 2 of: leukocytosis, JRA, 
rash, serositis/RES involvement

Major: Fever ≥ 39°C for > 1 week, arthralgia > 2 weeks, 
maculopapular non-pruritic salmon-pink rash, 
leukocytosis ≥ 10,000/mm3 with ≥ 80% neutrophils

Minor: Pharyngitis or sore throat, lymphadenopathy, 
and/or splenomegaly, abnormal aminotransferases, 
negative rheumatoid factor or ANA assay

Major: Spiking fever ≥ 39°C, arthralgia, 
transient erythema, pharyngitis, 
neutrophils > 80%, glycosylated 
ferritin fraction < 20%

Minor: Typical rash, leukocytosis ≥ 
10,000/mm3

Required As above At least 5 criteria, including 2 major Four major criteria or 3 major and 2 
minor criteria

Exclusion needed None Infections, malignancies, vasculitides None

Sensitivity for set Not analyzed 96% 81%

Specificity for set Not analyzed 92% 98%

JRA, juvenile rheumatoid arthritis; RES, reticuloendothelial system; RF, rheumatoid factor; ANA, antinuclear antibody.

TABLE 84.2 REPORTED DATA ON THE EPIDEMIOLOGY OF AOSD

Authors Study period Method and criteria No. patients Population
Incidence per 
million (95% CI)

Prevalence per 
million (95% CI)

Magadur-Joly et al9 1987-1991 Questionnaire-based identification of patients 
in regional clinical practices. Fulfilling 
modified Yamaguchi criteria

62 France 1.6 13 (calculated, not 
reported)

Wakai et al10 1994 Questionnaire-based nationwide 
identification of hospital-based patients 
Fulfilling Yamaguchi criteria

125 Japan NA M, 7.3
F, 14

Kaipiainen-Seppanen 
and Aho11

1990 Based on diagnostic codes on regional 
prescriptions. No confirmatory actions

1 Finland 0.9 (CI, 0-5.6) NA

Evensen and Nossent12 1990-2000 Regional; hospital record–based review. 
Fulfilling Yamaguchi criteria

13 Norway 4 (CI, 1.1-9.1) 34 (8-94 ; in 1990)
70 (27-142; in 2000)

CI, confidence interval; NA, not available.

Puls Temp.
150 41
130 40
110 39

90 38
70 37

50 36
Diclofenac 50 mg 1–3

20/09/
04 21/9 22/9 23/9 24/9 25/9 26/9 27/9 28/9 29/9 30/9 1/10 2/10 3/10 4/10 5/10

Fig. 84.1 Spiking fever pattern in a patient with active adult-onset Still’s disease and reaction to initial NSAID and 
subsequent treatment with prednisone.
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a

b

c

Fig. 84.2 Radiograph and MR image of wrist in patient with new-onset AOSD showing diffuse periarticular osteopenia (a) and carpal synovitis (b and c).

a b

Fig. 84.3 Examples of maculopapular rash that worsened in the early evening hours: salmon pink lesions that (dis)appeared within hours of fever spikes (a) 
and more intense erythematous lesions that did not regress completely (b).

Rash
The classic skin manifestation is of a maculopapular rash consisting 
of flat salmon-pink skin areas that have small, confluent bumps. The 
rash is predominantly seen on the trunk and proximal extremities  
(Fig. 84.3) and often evanescent (i.e., pronounced during febrile periods 
and disappearing almost completely in between). Skin biopsies are not 
diagnostic and show dermal edema and perivascular infiltration by 
granulocytes and lymphocytes of the superficial dermis (Fig. 84.4) 

without deposition of immunoglobulins or complement factors.35 
Dermatographism (Koebner phenomena) is the occurrence of a  
linear erythematous skin reaction along a line of trauma and, although 
non-specific, is present in 30% to 60% of AOSD patients and more  
pronounced during the rash.22,23 Other skin manifestations of 
AOSD are palpable purpura (with leukocytoclastic vasculitis on  
biopsy), folliculitis, erythema nodosum, and urticarial rash. Whether 
these truly represent disease activity or allergic (drug) reactions is 
unknown.
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constitutional symptoms (fever, night sweats, weight loss) often leads 
to diagnostic gland extirpation, which exhibits reactive hyperplasia, 
sinusoidal histiocytosis, and dermatopathic lymphadenopathy (melanin 
and fat-laden proliferated histiocytes and macrophages seen in the 
cortical region of lymph nodes in patients with erythroderma) (Fig. 
84.5).37,38 Lymphadenopathy and concomitant node pathology usually 
subside after treatment.38

Hepatosplenomegaly occurs mainly in the presence of abnormal 
levels of liver enzymes and is seldom severe.39 Liver biopsies are not 
helpful because they may show inflammatory changes in the periportal 
space, cholestatic changes, or normal liver architecture.13,40 Pleuritis 
and/or pericarditis is seen in up to 30% of patients (see Table 84.1), 
whereas serous peritonitis occurs more seldom. It should be consid-

Other frequent findings
The substrate for the throat soreness (in 50%-80% of cases) is unknown. 
Diffuse pharyngeal erythema can be seen in about 50% of these 
patients; circumscript mucosal lesions such as aphthae or ulcers are 
uncommon. Increased MRI signal and contrast enhancement in  
soft tissue surrounding the cricothyroid cartilage and pharynx is 
observed.36

Lymphadenopathy has no specific distribution and is usually mild 
with moderately enlarged non-tender nodes detected clinically in 40% 
to 60% of patients. The precise relationship between lymphadenopathy 
and other reticuloendothelial system manifestations such as hepato-
megaly and/or splenomegaly is unclear; its combined presence with 

a b

Fig. 84.4 Skin biopsy of maculopapular rash revealing normal appearance of the epidermis. The dermis shows full-thickness, perivascular infiltration of 
inflammatory cells, mostly lymphocytes and neutrophils. There is no evidence of vasculitis or extravasated red blood cells. Immunofluorescence showed no 
immunoglobulin deposits. (a, ×4; b, ×40.) (Courtesy of Dr. Tormod Eggen, Department of Pathology, University Tromsø.)

a b

Fig. 84.5 (a) Bilateral axillary lymphadenopathy in AOSD as seen on CT. (b) Left axillary lymph node histology shows a regular node surface surrounded by 
perinodal fat. The subcapsular and medullary sinus show some histiocytosis. Throughout the lymph node the parenchyma is filled with follicles with well-
demarcated germinal centers; no atypical cells are present. Immunohistochemistry revealed a normal distribution of CD3 (T cells) and CD20 (B cells) and 
negative findings for BCL2 (follicular lymphoma marker). (Courtesy of Dr. Tormod Eggen, Department of Pathology, University Tromsø.)
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syndrome is not unique to AOSD, it seems responsible for most of the 
early deaths reported.13,14,23,49,50

Long-term course
Three distinctive patterns are recognized in the disease course of 
AOSD. In about one third of cases AOSD is a monocyclic disease, in 
which lasting remission occurs within 1 year of onset, although 
weaning from drug treatment may take longer (Table 84.5). A remit-
ting-relapsing pattern is seen in 20% to 40% of patients. In 30% to 
50% of patients AOSD evolves into a chronic disease, in which progres-
sive inflammatory joint destruction becomes the main concern. The 
functional outcome is poor in about 25% of these patients owing to 
erosive destruction and bony fusion of root and hand joints. Baseline 
risk factors for the development of chronic disease include polyarthri-
tis, root joint (shoulder/hip) involvement, absence of human leukocyte 
antigen (HLA)-Bw35, moderately elevated serum ferritin levels, high 
ferritin/CRP ratios, and elevated levels of intracellular adhesion mol-
ecule (ICAM)-1 and interleukin (IL)-8.13,51-53 Other long-term complica-
tions include secondary amyloidosis in 2% to 4%, which may be 
amenable to therapy12,54; data on the long-term incidence of cancer and 
infectious complications are lacking.

ETIOPATHOPHYISOLOGY
Few other patient groups are screened as exhaustively for infectious 
and neoplastic disease as AOSD patients at disease onset. Although an 
infectious trigger remains a possibility,55 the clinical similarities 
between AOSD and periodic fever syndromes suggest that AOSD 
belongs to the category of autoimmune inflammatory diseases. These 
diseases are characterized by the absence of humoral and T-cell–driven 
autoimmunity and result from defects in the innate immune system, 
resulting in rapidly waxing and weaning inflammatory responses.56 
Several autoimmune inflammatory diseases have been ascribed to tem-
porary imbalances in danger signaling through cytokines because of 
alterations in the structure or function of genes involved. Monogenic 
changes for receptor sites are found in hereditary diseases such as 
familial Mediterranean fever (FMF), tumor necrosis factor (TNF) recep-
tor–associated periodic fever syndrome (TRAPS), and familial cold 
urticaria.57 However, because no familiar disease tendency has been 
reported in AOSD, it falls within the group of complex autoimmune 
inflammatory diseases (which also includes Behçet and Crohn disease), 
in which various genetic imbalances are thought to combine in trig-
gering the cytokine network.58

Genetic predisposition
Whereas HLA antigens have been associated with AOSD susceptibility 
(HLA class II types DRB1*1501 and DRB1*1201)59 and clinical prog-
nosis (HLA class I B35 to self-limiting disease and DR2 and DR5 to 
chronic course),51,52 none has been firmly established as a risk factor.60 
Fcγ receptor polymorphisms are not related to AOSD, indicating that 
the prominent macrophage activation is unlikely to occur by immune-
complex binding.61 Homozygosity for an IL-18 gene haplotype contain-
ing eight single nucleotide polymorphisms was increased in AOSD 
patients compared with healthy controls.62

Acute-phase response
Patients with active AOSD display increased serum levels of CRP and 
fibrinogen/ESR together with reductions in hemoglobin and albumin 
levels. The only acute-phase protein (APP) that behaves unpredictably 
in AOSD is ferritin, which may reach disproportionately high levels in 
excess of 10,000 ng/mL.47,53 Ferritin is the highly conserved ubiquitous 
intracellular protein that stores iron in a non-toxic state within a 
globular structure, consisting of 24 subunits of heavy (21 kDa; H) or 
light (19 kDa; L) ferritin. Subunit synthesis is under the control of an 
iron-responsive element in the 5′ end of the respective genes (chromo-
some 19 for H-ferritin, chromosome 11 for L-ferritin). Under physio-
logic conditions only a small amount of ferritin (mainly, glycosylated 
L-ferritin) is released into the bloodstream63; this release decreases with 
iron deficiency and increases with iron overload. The increased ferritin/

ered, however, as a possible cause of unexplained abdominal pain, 
reported by up to 30% of patients and which may lead to unhelpful 
explorative laparotomy.21,41 Pleuropericardial effusions seldom compro-
mise cardiopulmonary function.42,43

Infrequent findings
Over the years, case reports have attributed a range of less common 
findings to AOSD. These include uveitis, aseptic meningitis and 
encephalitis, seizures, cerebrovascular ischemia, pulmonary fibrosis, 
myocarditis, interstitial nephritis, collapsing glomerulopathy, isolated 
renal and liver failure, as well as multiple organ failure.44,45

Laboratory findings
High levels of ESR and C-reactive protein (CRP) together with decreased 
serum albumin levels testify to the severity of the acute-phase response 
in AOSD. In addition, leukocytosis (WBC > 10,000/mm3) due to 
increased neutrophils (>80%) together with a low-grade normocytic 
anemia (typically anemia of chronic disease) and thrombocytosis are 
seen in the majority of patients (Table 84.4). These hematologic abnor-
malities may sometimes reach extreme levels and mimic primary 
hematologic diseases. Bone marrow investigations have been reported 
to show reactive hypercellularity with granulocyte/erythrocyte ratios 
greater than 6, sporadic increases in plasma cells greater than 10%, 
and increased numbers of hemophagocytic macrophages and increased 
iron deposition.13,18,23,46 Glomerular disease is absent and renal func-
tion is rarely compromised in the absence of preexisting disease or 
drug-induced azotemia.

Abnormal results of liver enzyme studies are most frequent in 
patients with hepatomegaly and may show a hepatocellular, choles-
tatic, or a mixed pattern; imaging and histologic examinations fail to 
reveal a specific substrate. Drug reactions due to often liberal use of 
antipyretics (acetaminophen [paracetamol] or a non-steroidal anti-
inflammatory drug [NSAID]) should always be considered. Liver 
enzymes tend to normalize with disease remission.39 Ferritin increases 
more than five times the normal upper level for increased specificity 
for AOSD to over 80% and, when associated with a decrease in the 
proportion of glycosylated ferritin, is the single most discriminative 
test for AOSD.47 The presence of low-titer autoantibodies (rheumatoid 
factor, antinuclear antibody) is not uncommon in AOSD (5%-15%; see 
Table 84.4), reflects their presence in the general population, and has 
few clinical implications as long as more specific antibodies are not 
detected. There are no data on the presence or role of anti-citrullinated 
peptide antibodies in AOSD. Complement consumption is rare with 
uncomplicated AOSD, with serum C3 levels in general normal to 
slightly elevated in the acute phase.21

DISEASE COURSE
Mortality
In the initial description of AOSD as a benign disease,3 all patients 
remained alive after prolonged follow-up. Later series, however, describe 
fatality rates up to 12% (see Table 84.5), and 5-year survival has been 
estimated at 93%.48 More systematic data of survival rates and predic-
tors as well as causes of death are not available.

Early complications
In the initial phase, uncontrolled activation of T cells, macrophages, 
and cytokines can lead to a vicious circle of excessive immune responses 
(“cytokine storm”), culminating in the macrophage activation syn-
drome (also called reactive hemophagocytic syndrome) and/or dissemi-
nated intravascular coagulation. Macrophage activation syndrome has 
been reported to occur in 5% to 10% of AOSD patients, and the most 
typical finding is the occurrence of very high serum ferritin levels 
together with rapidly progressive cytopenias; phagocytosis of hemato-
poietic cells by macrophages in reticuloendothelial tissue (bone marrow 
and liver) has been demonstrated in these patients, and the same 
mechanism is presumably also responsible for the initiation of dis-
seminated intravascular coagulation. Whereas macrophage activation 
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for each of 12 manifestations has been developed to quantify overall 
disease severity in AOSD and guide treatment but is not helpful as 
prognostic predictor.21,23,48

Acute disease
Symptomatic treatment with pure analgesics without antipyretic effect 
during the period of diagnostic workup is often insufficient, as indi-
cated by the high number of patients receiving concomitant therapy 
with empirical antibiotics during the initial phase; in the later phase 
when infectious disease has become less probable, NSAIDs and sys-
temic corticosteroids are often applied.4,12,13

NSAIDs are considered the first-line agents for AOSD and will 
suffice as monotherapy in about 25% of patients.69 These patients 
usually will have a non-chronic disease course and need no further 
therapy. The response to NSAIDs may, however, be slow, and several 
agents may have to be used to suppress manifestations. Because of  
the specific hepatotoxic effects of NSAIDs in AOSD and other side 
effects in general, some authors have proposed early administration  
of systemic corticosteroids, which usually provide rapid control over 
the acute disease manifestations (see Fig. 84.1).44 The initiation of 
corticosteroid therapy (starting doses vary from 0.5 to 1 mg/kg/day  
of prednisolone) is, however, not a trivial matter because long-term 
corticosteroid therapy is the rule and 20% of patients are still on  
corticosteroids after 10 years of disease.31 In patients with life-
threatening disease (pericardial tamponade, myocarditis, diffuse intra-
vascular coagulation), corticosteroids are, however, universally applied, 
often in the form of intravenous pulse therapy.13 With control of acute 
disease (clinical and biochemical remission), gradual tapering of corti-
costeroids over a period from 6 to 12 months should be started under 
frequent control.44 As elsewhere, tapering of corticosteroids is an indi-
vidual matter for both patients and physician because data are mostly 
lacking.

Not all patients achieve remission with corticosteroid therapy. 
Given the destructive potential of the arthritis in AOSD and because 
of its ability to retard this process in RA, several studies have confirmed 
the efficacy of methotrexate (MTX) in disease remission and as a 
corticosteroid-sparing agent in AOSD.70,71 MTX-related liver toxicity is 
of special concern in AOSD.44 The efficacy of several other disease-
modifying antirheumatic drugs has been reported in small case series. 
Chloroquine gave similar disease control rates as MTX (75% vs. 83%) 
when added to corticosteroids,20 whereas cyclosporine as third-line 
therapy has been associated with disease remission in 60% to 85% of 
13 cases.14,72 Sulfasalazine therapy has been unsuccessful owing to a 
high rate of side effects.15,73,74 Over the past decade the therapeutic use 
of monoclonal antibodies that inhibit the effects of specific cytokines 
has proven efficacy and reasonable side-effect profiles in AOSD patients. 
Thus far, encouraging results have been reported in case histories and 
small case series for the third-line use of biologic agents in AOSD such 
as infliximab (an anti-TNF-α agent: 91% remission rate in 44 patients), 
etanercept (a soluble TNF-α receptor: 72% remission rate in 25 
patients), anakinra (an IL-1 receptor antagonist; 91% remission rate in 
23 patients), and tocilizumab (an anti-IL-6 receptor): remission in 2 
patients).44

Relapsing disease
Recurrent disease activity after initial remission is generally classified 
as relapsing disease, which is associated with a tendency to more future 
relapses. The timing of relapses is as unpredictable as the disease onset, 
although most relapses seen within the first year of disease seem 
related to corticosteroid tapering.31 Relapses often present as the same 
manifestations as earlier episodes,26 and treatment thus follows the 
same strategy as with initial presentation because relapses are, for the 
most part, less severe and can be managed less aggressively.48 This 
lesser severity may be explained by continued low-dose immunosup-
pressive therapy and/or closer surveillance.

Chronic disease
Persistent disease activity or recurrent disease activity beyond 1 year 
of disease is generally classified as chronic disease.4,5 Chronic disease 

CRP ratios53 indicate that CRP and ferritin levels are not closely related 
in AOSD (Fig. 84.6) and combined with the decrease in glycosylated 
ferritin indicates an increased synthesis and/or release of H-ferritin. 
H-ferritin may derive from activated cells in other organ systems than 
the liver, including fibroblasts, myocytes, endothelial cells, and mac-
rophages; it seems to act in a cytokine manner.63,64

Cytokines
Increased levels of several cytokines have been reported in AOSD. 
Because cytokines are both pleiotropic (have several functions) and 
redundant (several cytokines can have the same function), the precise 
role of individual cytokines and especially their interplay in AOSD is 
not well understood. Overall, a peripheral T-helper cell-1 type response 
predominates in AOSD, as indicated by increased levels of interferon 
(IFN)-γ, TNF-α, and sIL-2R in the circulation, in affected skin, and 
synovial tissue.33,35,65 Increased IL-6 and IL-8 levels also correlate with 
disease activity and point to a state of macrophage activation.50 IL-18 
(an inducer of IFN-γ) is upregulated in germinal centers of lymph 
nodes66 and associated with enhanced apoptosis of autoreactive 
immune cells during active AOSD.67,68

MANAGEMENT
The often sudden onset with a multitude of symptoms presents 
patients and physicians with considerable challenges. Multidisciplinary 
approaches are needed in both the diagnostic and therapeutic phases 
of the disease. The physical challenges (repeated high fever spikes, 
severe acute-phase reaction, pain, and limitations due to arthritis) and 
mental impact (e.g., fear of disability and cancer) may cause severe 
anxiety in these relatively young patients and their relatives. In addi-
tion to a sound medical approach, other health care personnel should 
be involved early on in the disease course (e.g., physical and occupa-
tional therapist, nursing staff, social caretakers) to reduce this anxiety 
when possible. Existing information on drug management in AOSD is 
based on data from observational studies (grade B evidence), case series 
(grade C evidence), as well as evidence-based guidelines (grade D evi-
dence). There are no controlled randomized trials available to guide 
management and, as a consequence, strategies for the management of 
other systemic diseases (RA, systemic lupus erythematosus) are being 
applied to AOSD patients. A systemic score in which 1 point is scored 

SERUM LEVELS OF C-REACTIVE PROTEIN AND FERRITIN
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Fig. 84.6 Serum levels of C-reactive protein (normal, < 5 mg/L) and ferritin 
(normal, 14-295 ng/mL) throughout the disease course of a patient with AOSD 
diagnosed in 2004, indicating an imbalance in the regulation and secretion of 
the two proteins.
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patients after 5 years of disease.22 The main articular damage associ-
ated with poor functional outcome is, however, due to rapidly progres-
sive erosive joint disease in root joints (Fig. 84.7); early risk factors for 
joint damage include the presence of polyarthritis with shoulder and 
hip involvement, increased ferritin levels, and increasing ferritin/CRP 
ratios.13,31,48,51,53 It would be reasonable to manage such patients in a 
more aggressive manner in an effort to prevent damage development 
and subsequent loss of function and income.

relates primarily to the development of articular complications because 
most internal organ complications remit with treatment.5,31,75 Early 
studies have drawn particular attention to the development of carpal 
abnormalities as a diagnostic tool for AOSD because pericapitate 
abnormalities without radiocarpal alterations were more frequent in 
AOSD than in RA.3,76 In these studies, carpal ankylosis developed after 
1.5 to 3.5 years of disease with progressive joint space narrowing and 
only mild osseous erosions; it was more recently detected in 67% of 

a b

c d

Fig. 84.7 Root joint involvement in AOSD in a 42-year-old man. Erosive disease evolved rapidly in both hips (a to d) and the left shoulder (e to g) despite 
aggressive cytotoxic therapy.
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Alignment changes are searched for in all imaging studies but are 
particularly common to the wrist and hand, feet, and craniocervical 
junction. Alignment abnormalities may be reduced and minimized 
when the patient is positioned for posteroanterior radiographs of the 
hands but should be readily visualized on oblique and lateral views 
where the hands are not flattened on the film cassette. Atlantoaxial 
subluxation is frequently seen only on flexion radiographs, and there-
fore lateral views of the cervical spine should be obtained with the 
patient assuming a flexed spine posture.

Bone mineralization is usually normal in all arthropathies except 
RA. Diffuse osteoporosis is commonly seen in the aging process and 
with RA. It can also be seen as a side effect of certain medications, 
such as corticosteroids. Disuse and immobilization also lead to osteo-
porosis. Conventional radiographs underestimate early osteoporosis 
but are positive in advanced stages. This is frequently a subjective 
finding. Periarticular demineralization is subjectively evaluated by a 
decrease in radiographic density in the osseous structures surrounding 
a joint space.

Cartilage and joint spaces have the same radiographic density as 
soft tissues and are therefore not directly visualized on conventional 
radiographs. Normal joints have a uniform covering of cartilage at their 
articular ends that correlates to the space seen between the articular 
surfaces of adjacent bones. Cartilage thinning is inferred on the con-
ventional radiograph by the finding of joint space narrowing. Joint 
space narrowing in RA is diffuse, unlike in osteoarthritis, in which 
narrowing occurs along biomechanical vectors of use. As articular 
cartilage narrows, erosive changes can be seen. Erosions are an impor-
tant imaging finding that helps to confirm the diagnosis of RA and to 
demonstrate the severity of disease. Erosions initially appear at the 
edge of the joint where cartilage is thinnest and where synovium 
attaches. This is referred to as the “bare area.” These erosions are also 
called marginal erosions.

Distribution of pathology is an important observation because 
various arthropathies have characteristic areas of occurrence well 
known to rheumatologists. Symmetric bilateral disease is commonly 
seen in RA, particularly in the hands and feet. However, asymmetric 
disease is frequently found in large joints.

Soft tissue changes are easily overlooked on radiographs because the 
eye is naturally drawn toward the more dense osseous structures. 
Digital conventional radiographs allow for window/level adjustment on 
viewing monitors and have led to improved visualization of joint and 
bursal swelling and effusions. Symmetric swelling about joints in the 
hands due to a combination of effusion, synovial proliferation, and 
periarticular soft tissue edema is an early finding on conventional 
radiography. Advanced imaging modalities such as ultrasonography and 
MRI optimally resolve any diagnostic difficulties in soft tissue disease.

IMAGING MODALITIES
Conventional radiography
Conventional radiography has long been the mainstay of imaging. It 
is inexpensive, easily performed, and readily available. Therefore, 
imaging of articular disorders should start with this modality. Well-
performed, high-quality radiographs show osseous and soft tissue 
changes that document the severity and extent of disease. They often 
are sufficient, and no further imaging may be required. Follow-up films 
allow assessment of disease progression or remission.

Hands and wrists
Hands and wrists are commonly involved in RA. The hands (and also 
the feet) show radiographic changes earliest, and the findings are 
typical.2,3 Therefore, these studies are frequently obtained during the 

Imaging of rheumatoid arthritis
Thomas J. Learch

 Symmetric bilateral rheumatoid arthritis (RA) is commonly seen in 
the hands and feet, but asymmetric disease is frequently found in 
large joints.

 Hands and feet show the earliest radiographic changes of RA, 
which include soft tissue swelling, erosions, and diffuse joint space 
narrowing.

 Radiographic damage to large joints is seen most frequently in the 
elbow, shoulder, and knee.

 Sacroiliac joint disease in a patient with RA is relatively insignificant 
and not common.

 Atlantoaxial subluxation and basilar invagination are frequently 
present. Lateral cervical spine in flexion is the best way to evaluate 
atlantoaxial subluxation. Basilar invagination is best appreciated on 
MRI and CT.

INTRODUCTION
Diagnostic imaging plays an integral role in the diagnosis and follow-up 
of patients with articular disorders. Patients with unclear and confus-
ing presentations may show specific imaging findings to allow for more 
accurate and timely diagnosis. For the rheumatologist, diagnostic 
imaging aids in the clinical diagnosis of rheumatoid arthritis (RA), 
provides insight into the severity and extent of joint disease, and helps 
to monitor response to treatment regimens.

With the increasing use of disease-modifying antirheumatic agents 
(DMARDs) early in the disease, accurate diagnosis, documentation, 
and staging of disease with imaging studies has become increasingly 
important. Imaging provides an important tool to aid in the early 
diagnosis of RA and can also be used to evaluate the extent and severity 
of disease. Imaging studies provide an objective measure of anatomic 
damage that defines the course of the disease and the long-term  
effects of treatment. Imaging studies help monitor disease progression 
and/or remission and response to therapeutic interventions. Advances 
in imaging technologies beyond conventional radiography have  
been dramatic, offering new insights in diagnosis and progression of 
disease.

APPROACH TO IMAGING AND  
GENERAL IMAGING FEATURES
The imaging hallmarks of RA are alignment abnormalities, periarticu-
lar osteoporosis that progresses to generalized osteoporosis, bony ero-
sions, uniform joint space narrowing, and periarticular soft tissue 
swelling with synovial cyst and rheumatoid nodule formation. There 
is generally a bilateral and symmetric distribution, especially of the 
hands, wrists, and feet, where the earliest changes are seen.

Various imaging modalities can be used to study RA. Each imaging 
modality has strengths and weaknesses, and some modalities are better 
at visualizing various pathologic processes than others. A generalized 
approach to analyzing RA imaging studies has been suggested by For-
rester and Brown,1 who proposed using the mnemonic “the ABC’s of 
arthritis”:

A—Alignment
B—Bone mineralization
C—Cartilage and joint space
D—Distribution
S—Soft tissues
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initial workup of the disease. All of the joints of the wrist and hand 
can be studied on one radiographic study, so in the interest of cost 
savings, hand films only need be requested. Hand films routinely 
include the wrist joints.

Soft tissue swelling related to joint effusion, synovitis, and periar-
ticular edema are the earliest radiographic changes and can be seen at 
the proximal interphalangeal (PIP) and metacarpophalangeal (MCP) 
joints and at the ulnar styloid (Fig. 85.1). Hyperemia and disuse result 
in periarticular osteoporosis. Erosions are initially very subtle on con-
ventional radiographs and are seen as irregularity of the white cortical 
line. Erosions occur earliest about the carpus (usually at the pisiform, 
triquetrum, and ulnar styloid) and second MCP joint.3 Initially this 
may have a dot-dash appearance, progressing to frank defect and irregu-
larity. Bare area erosions at the metacarpal head-neck junction and 
bases of the phalanges follow. These erosions are more prominent at 
the radial and volar aspect of the metacarpal head. Inflamed synovial-
lined tendons can also lead to erosion. This typically occurs at the 
ulnar styloid due to tenosynovitis of the adjacent extensor carpi ulnaris 
tendon (Fig. 85.2).

As cartilage destruction continues, diffuse narrowing of affected 
joints becomes evident on conventional radiographs. This is well visu-
alized at the carpal and MCP joints. Normally these articulations are 
uniformly 2 mm wide. Comparison with adjacent or contralateral 
uninvolved joints or prior studies helps to make this finding more 
obvious.

Joint ankylosis occurs later in the disease process, typically involv-
ing the carpus and rarely the interphalangeal joints.

Alignment abnormalities are most dramatic in the hands and wrists 
and tend to be symmetric. They are caused by the abnormal kinetic 
pull of tendons on damaged joints, producing unbalanced forces, result-
ing in characteristic deformities. The carpus radially deviates and 
translates toward the ulna. On the posteroanterior view, the lunate 
normally articulates with the lateral aspect of the radius. When  
more than half of the lunate articular surface is medial to the ulnar 
edge of the distal radius, radial deviation and ulnar translation of the 
carpus has occurred (Fig. 85.3). Characteristic ulnar deviation and 

Fig. 85.1 Early rheumatoid arthritis. Mild pancarpal and third through fifth 
MCP joint space narrowing is present. The second MCP joint is not narrowed, 
but note the soft tissue fullness (arrows) radial to the joint secondary to 
pannus and joint fluid. Soft tissue fullness is also present near the distal ulna 
(arrowheads) secondary to tenosynovitis of the extensor carpi ulnaris.

Fig. 85.2 Erosive disease is present at the ulnar styloid and bare areas of the 
second MCP joint (arrowheads). Note erosive changes of the radial aspect of 
the second metacarpal head with interruption of the white cortical line 
compared with the intact third metacarpal head. This is a Korean patient who 
used acupuncture to treat her RA. Note acupuncture needle tips (arrows) 
which were left in the patient’s soft tissues.

Fig. 85.3 Radial deviation and ulnar translation of the carpus with the majority 
of the lunate no longer articulating with the radius. There is palmar 
subluxation and ulnar deviation of the MCP joints with swan neck deformity of 
the fifth digit.
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Pelvis and hips
Soft tissue changes about the hip such as joint effusion, greater tro-
chanteric, and iliopsoas bursitis are not readily appreciated on conven-
tional radiographs. These findings usually require advanced imaging 
modalities. The hallmark of RA of the hip on conventional radiographs 
is diffuse joint space narrowing with erosions of the femoral head and 
neck (Fig. 85.6). Later in the disease process, the erosions may greatly 
deform and whittle the femoral head. Thinning and erosive disease of 
the acetabular surface leads to protrusion of the femoral head and 
acetabulum into the pelvis, called protrusio (Fig. 85.7).

Sacroiliac joint disease in RA is relatively insignificant and is not 
commonly observed on imaging studies. The SI joints are usually not 

Fig. 85.4 Radiograph of foot demonstrates erosions of the third through fifth 
metacarpal heads with associated MTP joint space narrowing. There is also 
joint space narrowing of the first interphalangeal joint with bare area erosions.

Fig. 85.5 Lateral hindfoot. There is thickening of the Achilles tendon at the 
insertion of the calcaneus (white arrows) related to retrocalcaneal bursitis. 
Note associated erosions and irregularity of the posterior calcaneus (black 
arrowheads). Ankle joint effusion is present (black arrows).

palmar subluxation of the MCP joints, boutonniere and swan neck 
deformities of the fingers, and Z deformities of the thumb easily 
assessed clinically are further documented on conventional radiographs 
(see Fig. 85.3). These alignment changes are also associated with sys-
temic lupus erythematosus and Jaccoud’s arthropathy; however, joint 
space narrowing, erosions, and inflammation are much more promi-
nent in RA.

Feet and ankles
The forefoot has been reported to show the earliest radiographic 
changes in patients with RA.3 The lateral fifth metatarsal head is the 
first area to show erosion. The medial aspect of the first interphalan-
geal joint is also involved early (Fig. 85.4). Posteroanterior views are 
best used to assess for early erosions. Oblique views are not necessary 
and may be overread by inexperienced viewers because the normal 
facets of the metatarsal heads, exaggerated on this view, may be falsely 
interpreted as erosions.

Diffuse joint space narrowing of the ankle and tarsal articulations 
is frequently seen. Ankle joint and retrocalcaneal bursal effusions are 
readily appreciated on lateral conventional radiographs (Fig. 85.5). 
As in the carpus, the tarsal joints may become fused in advanced 
disease.

Alignment abnormalities similar to those seen in the hand occur in 
the forefoot. Fibular deviation of the toes and dorsolateral subluxation/
dislocation of the proximal phalanges at the metatarsal head are 
common. The fifth toe may be relatively spared.

Large joints
In patients with long-term RA, radiographic damage to the large  
joints is seen most frequently in the elbow, shoulder, and knee, with 
rates reported at 32%, 31%, and 27%, respectively. This is followed  
by the subtalar, ankle, and hip joints, with rates reported at 24%,  
22%, and 21%, respectively.4 Generally, there is a bilateral and sym-
metric distribution of arthropathy, especially in the small joints of  
the hands and feet. With large joint involvement, symmetry is less 
common.

Fig. 85.6 Diffuse left hip joint space narrowing with small erosions of the 
femoral head. Note linear sclerotic area of pubis (arrows) related to 
insufficiency fracture.
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routine anteroposterior shoulder radiographs because the glenohu-
meral joint is not in profile. The Grashey view, obtained in 30 to 40 
degrees of posterior oblique torso positioning, provides a perpendicular 
profiled view of the joint and is more sensitive for joint space narrow-
ing. Glenohumeral joint effusions are not detected on conventional 
radiographs.

In more chronic disease, rotator cuff atrophy and tearing results in 
superior migration of the humeral head, narrowing the acromiohum-
eral distance less than 7 mm, and in eventual mechanical pressure 
erosion of the uncovered humeral head on the undersurface of the 
acromion. Erosive changes about the acromioclavicular joint occur 
with later resorption of the distal clavicle (Fig. 85.10).

Elbow
The elbow is frequently involved by RA; and, indeed, this is the most 
common arthritis to affect this joint. Soft tissue changes are the early 
radiographic findings, and they include joint effusion with displace-
ment of the anterior and posterior fat pads away from the humerus 
and soft tissue swelling posterior to the olecranon corresponding to 
olecranon bursitis. Diffuse joint space narrowing secondary to cartilage 
loss and articular erosions occurs in both the radiocapitular and 
ulnotrochlear compartments (Fig. 85.11). This may become quite 
severe with marked articular bone loss and subluxation. Other syno-
vial-lined areas about the joint may be involved by synovitis and 
pannus as well (Fig. 85.12).

Cervical spine
Spinal disease in RA most frequently occurs in the cervical spine, with 
more than half of all patients with RA having involvement in the 
course of their disease. Most patients with severe RA will have abnor-
malities of this area. The most common abnormality is atlantoaxial 
subluxation, followed by basilar invagination.5,6

The most important radiograph in the cervical spine series is the 
lateral radiograph, with the patient assuming a flexed position. The 
diagnosis of atlantoaxial subluxation, which is difficult to discern on 
physical examination, is easily made on this projection (Fig. 85.13). 
Normally the distance between the anterior arch of C1 and anterior 
aspect of the dens of C2 measures less than 3 mm in adults and less 
than 5 mm in children. Subluxation distances greater than 8 mm 

radiographically abnormal until late in disease, when asymmetric nar-
rowing, erosions (predominantly on the iliac side due its thinner articu-
lar cartilage compared with the sacrum), and possibly areas of fusion 
may be seen.

Knee
This large synovial joint is frequently affected by RA. Early radiographic 
findings include joint effusion with engorgement of the suprapatellar 
bursa seen best on the lateral radiographic, pancompartmental joint 
space narrowing, and bare area erosions (Fig. 85.8). As ligamentous 
laxity ensues, varus or valgus deformities are seen. Later in disease, 
osteophytosis related to secondary osteoarthritis can be seen. Popliteal 
cysts are commonly seen on advanced imaging studies but are rarely 
identified on conventional radiography.

Shoulder
Early in disease, marginal erosions are seen at the rotator cuff attach-
ments at the superolateral aspect of the humeral head, where cartilage 
is thinnest—the bare area of this joint. This is followed by diffuse 
glenohumeral joint space narrowing as cartilage loss continues (Fig. 
85.9). The joint space narrowing may be difficult to appreciate on 

Fig. 85.7 Advanced disease of both hips. The right femoral head is eroded 
superiorly, and there is acetabular protrusio deformity with marked thinning 
and resultant fracture. The left hip demonstrates diffuse joint space narrowing 
with a large subchondral cyst present in the superior acetabulum (arrows).

AP

Fig. 85.8 Diffuse joint space narrowing involving both medial and lateral 
compartments bilaterally. Multiple erosions are present at the articular surface 
and the bare areas of the knee joint.

Fig. 85.9 Diffuse glenohumeral joint space narrowing with multiple erosions 
(arrows). Note large erosion just medial to greater tuberosity (arrowhead). This 
is the bare area of the shoulder where the earliest erosions are seen.
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Arthrography
Diagnostic arthrography was previously used to evaluate intra-articular 
structures, the joint capsule, and surrounding ligaments. This has 
largely been replaced by MRI and ultrasonography. It is rarely used 
today in the evaluation of patients with RA. Image-guided injection 
and aspiration of joints, however, still plays an important role for 

usually require surgical intervention. The anterior C1/C2 area may be 
obscured due to cranial settling or basilar invagination. Atlantoaxial 
subluxation can still be diagnosed by evaluating the posterior cervical 
line. This is a radiographic line drawn between the spinolamina of C1, 
C2, and C3 and should be straight. Anterior subluxation of the C1 
lamina reflects the same degree of anterior subluxation of the atlanto-
axial articulation (see Fig. 85.13). Mid and lower cervical laxity allows 
for anterior listhesis of the vertebral bodies, resulting in a stepladder 
appearance on the lateral flexed radiograph. The flexed view also allows 
for better visualization of the synovial facet joint surfaces as they open. 
Fusion of the facet joints may occur at some levels, but multilevel 
posterior ankylosis is rare in adult-onset RA. Basilar invagination may 
be diagnosed on conventional radiographs but is best studied with MRI 
or CT.7,8 This allows for visualization of the adjacent brain stem and 
spinal cord, which may be impinged by the dens (Fig. 85.14). Advanced 
imaging also demonstrates associated pannus and erosions about the 
dens.

Fig. 85.10 Advanced erosive disease of the glenohumeral joint. Note erosive 
changes of the distal clavicle. The humerus is high riding secondary to rotator 
cuff tear and atrophy. The bones are markedly osteopenic with an insufficiency 
fracture of the acromial spine (arrows).

Fig. 85.11 Diffuse elbow joint space narrowing with erosions. The trochlea is 
much more eroded than the capitulum. Displaced fat pads are present (arrows) 
secondary to joint effusion.

R

Fig. 85.12 This patient presented with a mass in her elbow. Axial T1-weighted 
image with fat saturation after intravenous gadolinium enhancement 
demonstrates enhancing synovium in the bicipitoradial bursa (arrowheads) 
where the biceps tendon (arrow) inserts on the radius (R). Conventional 
radiographs of the hands demonstrated changes consistent with RA. This was 
the patient’s initial presentation.

Fig. 85.13 Atlantoaxial subluxation. The anterior arch of C1 is displaced 8 mm 
anterior to the dens. This is confirmed by the abnormal posterior cervical line.
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collections such as abscesses, popliteal and other synovial cysts, bursae, 
ganglia, and joint effusions are all well imaged (Fig. 85.16). Under 
direct ultrasound guidance these collections can be aspirated or injected 
with medications.

Ultrasound beams cannot penetrate bone, so intraosseous lesions 
and some intra-articular areas cannot be imaged. Ultrasonography. 
however, has been increasingly employed to study articular surface 
cartilage abnormalities, particularly in the evaluation of early erosive 
disease, and has shown increased sensitivity for detection of erosions 
compared with conventional radiography.13 Ultrasonography has been 
shown to have high sensitivity for assessment of bone destruction and 
inflammation in finger joints with high correlation to MRI studies 
done concurrently.14 The main limitation of ultrasonography, however, 
remains the steep learning curve in performance of subspecialized 
examination protocols. Additionally, many hospitals and imaging 

injection of corticosteroids or other medications directly into a specific 
location and in the diagnosis of rheumatoid joints complicated by 
infection.

Many of the classic imaging features of RA overlap considerably 
with septic arthritis, and this differential diagnosis needs to be consid-
ered.9,10 Septic arthritis is usually a monarticular disease. However, it 
must be kept in mind that patients with RA are at increased risk for 
septic arthritis due to immune suppression and that previous damage 
of joints from the disease course places these joints more prone to 
infection.11 Because septic arthritis is such a catastrophic illness, 
prompt aspiration of these joints is essential in the workup and diag-
nosis of these patients. Cadaveric studies of joint arthrocentesis per-
formed by senior emergency medicine residents have shown success 
rates of 80% for the accurate positioning of needles in various joints.12 
Because imaging guidance is not routinely used by orthopedic, rheu-
matology, or emergency physicians, radiologists are frequently requested 
to aspirate or inject joints. By using fluoroscopic or ultrasound guid-
ance, deep, difficult to palpate joints, such as the hip or shoulder, can 
easily be accessed. During this procedure, contrast medium is injected 
into the joint, thus yielding additional information of surrounding 
synovial cyst formation and the presence of sinus tracks (Fig. 85.15). 
Image guidance offers the distinct advantage of directed needle place-
ment and imaging proof that the sample obtained did indeed come 
from the joint itself.

Ultrasonography
Ultrasonography is a readily available and relatively low-cost modality 
that has increasingly gained wide acceptance in the evaluation of 
patients with RA, particularly in Europe. In experienced hands, ultra-
sonography can evaluate soft tissue structures and demonstrate fluid 
collections and muscle and tendon integrity. It is used for evaluation 
of muscle/tendon subluxations, dislocations, and tears and tenosyno-
vitis. This can be done in real time with patient movement, and the 
contralateral side can be quickly imaged for comparison. Fluid 

Fig. 85.14 Sagittal T2-weighted image of the craniocervical junction 
demonstrates basilar invagination with superior migration of the dens through 
the foramen magnum. The dens indents the medulla.

Fig. 85.15 Septic right hip joint with arthrogram demonstrating sinus tract 
(arrows) exiting the inferolateral thigh.

P T

Fig. 85.16 Longitudinal ultrasound image obtained anterior to the knee along 
the patellar tendon. There is a large fluid collection (black arrows) anterior to 
the patellar tendon (arrowheads) in the prepatellar and infrapatellar bursae 
with areas of synovial hypertrophy (white arrows). P, patella; T, tibial tuberosity.
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Magnetic resonance imaging
MRI is unique in its ability to optimally image bone, articular struc-
tures, and soft tissues, with the added advantage of not using ionizing 
radiation. Initially used to evaluate large joints such as hips, knees, 
and shoulders, new developments have improved the ability of MRI to 
resolve smaller joints and structures, furthering its application in the 
diagnosis and evaluation of patients with RA.

MRI is generally well tolerated by all patients except those with 
claustrophobia (although open scanner and medications have substan-
tially decreased this problem), the disoriented or confused who may 
not tolerate the inherent noise the scanner produces or may not be 
able to stay still during sequence acquisitions, or the morbidly obese 
where weight limitations may hinder table top movement and position-
ing. Some relative and absolute contraindications to MRI exist, pre-
cluding its usage in some patients. All patients are screened before the 
procedure to determine any potential contraindications. A common 
misconception is that patients with joint replacements or other ortho-
pedic hardware cannot have MRI. In fact, MRI has been increasingly 
used to evaluate painful or infected arthroplasties and newer sequences 
can minimize metallic artifact. If there is any concern that the patient 
cannot be in a high field magnetic environment, other imaging strate-
gies such as ultrasonography and CT may be recommended by the 
radiologist.

MRI has long been advocated for evaluation of joint internal derange-
ment. To this end, it can superbly image ligaments, tendons, menisci, 
articular cartilage, synovium, and joint fluid (Figs. 85.12, 85.19, 
and 85.20).

Surrounding articular structures such as musculature and spinal 
cord are well delineated. MRI is the modality of choice to evaluate the 
cervicocranial junction for atlantoaxial subluxation and basilar invagi-
nation and their effects on the adjacent spinal cord and brain stem (see 
Fig. 85.14). In patients with symptomatic cervical spine involvement 
there is a strong correlation between the development of neurologic 
dysfunction and MRI identification of atlantoaxial spinal canal steno-
sis, especially in those cases with evidence of upper cervical cord or 
brain stem compression and subaxial myelopathy changes.18

MRI is also the modality of choice in imaging bone marrow abnor-
malities. In the RA patient, bone infarction, bone marrow edema 
adjacent to synovial inflammation, and occult traumatic and insuffi-
ciency fractures are all optimally imaged with this modality.

facilities, especially in the United States, may not have radiologists 
familiar with musculoskeletal ultrasonography

Computed tomography
Since the development of CT in the 1970s it has been extensively  
used to image osseous structures. Most imaging was generally per-
formed in the transverse plane with computer reformatted images in 
other planes lacking resolution and detail. Imaging of muscle, liga-
ments, and joint structures was limited and considered insufficient. 
Imaging of metallic orthopedic hardware and joint replacements caused 
considerable artifact, limiting CT’s usefulness in many musculoskel-
etal cases.

However, recent developments in multidetector CT technology and 
computer-enhanced reformatting of image data have revolutionized 
this modality and broadened its usage. Images are still generally 
obtained in the transverse plane, but reformatted images in other 
planes can now be obtained immediately on advanced workstations, 
allowing for visualization of structures in any linear or even curvilinear 
plane. Soft tissue resolution in many areas now rivals that of MRI and 
ultrasonography. With intra-articular injection of a contrast agent, 
articular structures such as menisci and cartilage are well demon-
strated. Decreased streak artifact from metal now permits detailed 
imaging of joint arthroplasties and other orthopedic hardware.

CT optimally images osseous structures and can easily detect ero-
sions. It is more sensitive than MRI in the detection of early erosions 
in the hand.15 CT is often used in the preoperative planning evaluation 
of patients for joint arthroplasty for optimal evaluation of bone stock, 
articular surfaces, and version. Postoperative assessment of hardware 
positioning and complications is also now possible (Figs. 85.17 and 
85.18).16 CT arthrography (done after injection of a contrast agent into 
the joint) assesses intra-articular structures and cartilage surfaces.17 
This has been increasingly used in patients who cannot tolerate, or 
have absolute contraindications to, MRI.

Fig. 85.17 Coronal reformatted CT image from a patient with total-hip 
replacement. There is marked wear of the polyethylene cup superiorly with the 
femoral head component now in contact with the metal acetabular cup. The 
interface between the native acetabulum and acetabular cup is markedly 
widened, resulting in a loose, floating prosthetic cup. Protrusio deformity is 
present.

Fig. 85.18 CT arthrogram of total shoulder replacement. Intra-articular 
contrast medium surrounds the dislocated polyethylene glenoid component 
(arrow).
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effusion, and cartilage disease that are frequently radio-occult (Fig. 
85.21).19 MRI has been shown to detect erosions years before their 
appearance on conventional radiographs20 and is more sensitive than 
ultrasonography.21

As such, MRI can play an important role in diagnosis, prognosis, 
and monitoring the effectiveness of therapies in clinical practice. 
However, although erosions, synovitis, and tenosynovitis in the  
hands are frequently encountered in early RA and well demonstrated 
by MRI, these findings are not specific. They can also be seen in 
patients with systemic lupus erythematosus and primary Sjögren’s 
syndrome.22

MRI’s main limitation is expense and availability; however, the 
modality is now in most hospitals and many outpatient facilities,  
and its more ubiquitous presence may bring down cost. Its effectiveness 
in early disease diagnosis has led to increasing usage at disease  
onset. Cost-saving measures can be employed and advocated by  
radiologists familiar with early disease. This may include scanning 
bilateral wrists/hands together in the prayer position, with the patient 
lying on the side and hands above the head. The right hand can  
be labeled with a dedicated MR marker to avoid confusion, and simul-
taneous imaging of both sides can be performed to get a “two for one” 
study.

As good as 1.5-T MR images are, newer high-field strength 3.0-
Tesla imaging can provide even more detailed resolution of smaller 
structures. 3.0-T imaging is now increasingly available at the univer-
sity and community level. These magnets produce more detailed image 
studies, and they are particularly useful in neuroradiology. Although 
musculoskeletal examinations are generally of higher quality on 3.0-T 
magnets, improving evaluation of extent of bone edema and synovitis 
and identification of small bone erosions by 14% to 22%, acceptable 
image quality is still achieved on 1.5 T.23

As further developments in MRI technology, protocols, and research 
improve our understanding and abilities to image rheumatic diseases, 
this modality will undoubtedly play an important role in diagnosis, 
prognosis, and for monitoring effectiveness of therapies in clinical 
practice.

MRI clearly demonstrates early disease before conventional radiog-
raphy. As medical therapy for RA has become increasingly more effec-
tive, early diagnosis and assessment of disease activity and joint 
damage is increasingly more important. MRI has also been used to 
detect early synovitis and to quantify early marginal erosions, joint 

G

Fig. 85.19 Axial gradient-echo MR image of the shoulder in a patient with RA 
complaining of a mass. There is a large synovial cyst (arrows) that has dissected 
along the long head of the biceps tendon (arrowhead). Pannus (black arrows) 
is present in the glenohumeral joint with marked irregularity erosive change of 
the glenoid (G).

Fig. 85.20 Sagittal fat-saturated proton-density–weighted MR image of the 
shoulder demonstrates a large chronic subacromial/subdeltoid bursal fluid 
inflammation and rice body formation (arrows). Erosion (arrowhead) is present 
in the humeral head.

Fig. 85.21 Coronal T1-weighted image of the wrist demonstrates multiple 
carpal erosions. These were not seen on radiographs.
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half of which are of known immunologic function. The genes that have 
garnered the most attention have been the class II human leukocyte 
antigen (HLA) genes.

Over the past 4 decades, many genetic studies have demonstrated 
the importance of the MHC region in susceptibility to RA. In 1969 it 
was noted that lymphocytes from RA patients were poorly reactive 
when incubated together in mixed lymphocyte cultures.12 In the early 
1970s, weak and variable associations between RA and HLA class I 
region genes were described using serologic reagents.13 More rapid 
progress was made when techniques became available for testing HLA 
class II antigens. The earlier mixed lymphocyte cultures (MLC) were 
further refined in 1976, and an association between RA and MLC type 
Dw4 was described.14-16 Hereafter, a serologically defined marker, HLA-
DR4, was found to be associated with RA in white populations in the 
United States. Combining MLC and serologic techniques distilled the 
RA association to a few specific alleles, namely, DR4 Dw4, DR4 
Dw14.1, DR4 Dw14.2, and DR4 Dw15. These techniques were super-
seded in the 1990s by various DNA-based techniques that provided 
much greater precision (Fig. 86.1). It was recognized that the MLC and 
serologic markers just listed represented alleles that changed the amino 
acid sequence of the HLA-DRB1 gene. These alleles were subsequently 
renamed HLA-DRB1*0401, *0404, *0408, and *0405, respectively. 
Overall, it has been estimated that the MHC region accounts for 
approximately one third of the overall genetic burden of RA.7,17

THE SHARED EPITOPE HYPOTHESIS
With the advent of sophisticated DNA typing for HLA-DRB1 alleles, 
it was noted that not all HLA-DR4 alleles were associated with RA and 
that different alleles conferred risk of RA in different ethnic popula-
tions.18-29 The most common (>5% population frequency) HLA-DRB1 
susceptibility alleles include *0101, *0401, and *0404 in individuals 
of European ancestry and *0405 and *0901 in individuals of Asian 
ancestry; less common alleles include *0102, *0104, *0408, *0413, 
*0416, *1001, and *1402. The classic shared epitope (SE) alleles may 
not contribute to the risk in African-American and Hispanic-American 
RA populations,30,31 and other HLA-DRB1 alleles may be associated 
with protection against RA (DRB1*0103, *0402, *0802, *1302).29 (See 
Table 86-1 for these and other important allelic associations.)

In 1987, Peter Gregersen and coworkers proposed an elegant 
hypothesis for these complex and diverse associations.32 They showed 
that RA risk alleles share similarities in a key sequence of five amino 
acids at residues 70-74 in the third hypervariable region of the HLA-
DRB1 gene: 70QRRAA74, 70QRRAA74, 70QRRAA74. These residues are 
important in peptide binding, and thus it is hypothesized that RA-
associated alleles bind specific peptides, which in turn facilitates the 
development of autoreactive T cells. These alleles are now widely 
known collectively as “shared epitope” alleles (Fig. 86.2). Of note, the 
*0901 allele observed among Asian populations does not strictly 
conform to the SE amino acid sequence motif 70RRRAE74.

Although SE susceptibility alleles are often considered as a group, 
the strength of the genetic association to RA susceptibility differs 
between the individual DRB1 alleles.33 There are at least two classes 
of SE risk alleles (high and moderate). In general, DRB1*0401 and 
*0405 alleles exhibit a high level of risk, with a relative risk (RR) of 
approximately 3. The DRB1*0101, *0404, *0901, and *1001 alleles 
exhibit a more moderate relative risk in the range of 1.5.

The contribution of genetic factors 
to rheumatoid arthritis
Robert M. Plenge, Chris Deighton, and Lindsey A. Criswell

INTRODUCTION
In this chapter we attempt to summarize a wealth of information that 
has emerged on the contribution of genetic factors to rheumatoid 
arthritis (RA). Since the first associations of genetic factors with RA 
that were described more than 4 decades ago, the rate of progress in 
recent years has been exponential. In this chapter the strength of the 
evidence suggesting a role for genetics in RA susceptibility is summa-
rized. There is a detailed analysis of the role of both HLA and other 
loci within the major histocompatibility complex (MHC). Much of the 
most recent data have come from studies outside the MHC, based on 
emerging powerful technologies. Finally, there is a brief review of the 
evidence for gene-environment interactions.

STRENGTH OF A GENETIC CONTRIBUTION
Early evidence for a genetic component to RA was derived from family 
and twin studies.1,2 Although the population risk of RA is 0.5% to 1%, 
the monozygotic twin of a patient with RA has a risk of approximately 
15%.3-5 Moreover, the relative risk to the sibling of a proband with RA 
(known as λs) is about 5 for RA,6-8 although the number varies depend-
ing on the population studied.9 A complementary approach to estimate 
the genetic component is to consider the heritability of a disease, which 
is the proportion of the variance of the disease that is explained by the 
inherited genetic variance.10 Using data on twins, the heritability of RA 
has been estimated to be about 60%, indicating that genetic factors 
account for a large proportion of the population’s liability to the 
disease.11 However, this serves as only an estimate, because measures 
of heritability may overestimate the genetic component owing to the 
common environment shared among family members or even under-
estimate the genetic component owing to complex genetic interactions 
(e.g., gene-gene or gene-environment interactions).

ROLE OF MAJOR HISTOCOMPATIBILITY 
COMPLEX GENES
In common with many other autoimmune diseases, much genetic 
research has revolved around genes within the MHC region on chromo-
some 6. The MHC region is the most gene-dense region of the mam-
malian genome, and it plays an important role in the immune system, 
autoimmunity, and reproductive success. In humans, the 3.6-mega-
base pair (Mb) MHC region contains over 180 expressed genes, about 
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 Twin and family studies confirm an important contribution of 
genetic factors to rheumatoid arthritis.

 Genes encoded within HLA-DRB1 from the major histocompatibility 
complex (MHC) provide the most consistent evidence of an effect.

 Despite intensive efforts the exact role of MHC genes is still 
unclear.

 Recent studies, covering the whole genome, have suggested a 
number of other candidate genes.

 The effect of key genes, including HLA-DRB1, are modified by 
environmental factors, particularly smoking.
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alleles are quite common in the general population (together, allele 
frequency of approximately 40% in individuals of European ancestry), 
the attributable risk for SE alleles is quite high.

Biologic function of shared epitope alleles
If the SE is important in predisposing to RA, then how might it work? 
Despite over 3 decades of research, the answer is not completely  
clear.

The SE region constitutes a helical domain forming one side of the 
antigen-binding site, suggesting functional significance and an ability 
to influence the nature of potentially arthritogenic peptides (Fig. 86.3). 
In keeping with the hypothesis, those alleles that negatively associate 
with RA have substitutions of amino acids within the SE that would 
exert a profound influence on the attributes of any bound antigenic 
peptide. For example, DRB1*0402 and *0103 alleles have a 70DERAA74 
motif that would impact markedly on the peptide-binding properties 
of the molecule.13 Fascinatingly, canine rheumatoid arthritis (a spon-
taneous condition affecting dogs that resembles human RA) associates 
with dog MHC DRB1 alleles that also have the QRRAA sequence in 
the third hypervariable region.36 A study from France has suggested 
that the amino acid sequence RAA at positions 72-74 is the key 
sequence in increasing susceptibility to RA and that this is modulated 
by amino acids at positions 70 and 71.37

There are three predominant biologic models to explain the associa-
tion. Each model centers around the interaction between the T-lym-
phocyte cell receptor (TcR) and class II MHC molecules (Fig. 86.4).

1. HLA molecules are important in the selection and establishment 
of the antigen-specific T-cell repertoire. Interactions with HLA 
molecules instruct the T cell to differentiate between self and 
non-self.13,38 T cells that show self-reactivity are deleted or inac-
tivated, whereas others are positively selected to establish a rep-
ertoire of cells capable of recognizing foreign antigen in the 
context of self-MHC. It is possible that the SE assists in some 
way in the positive selection of autoreactive T cells, with a sub-
sequent breakdown in self-tolerance, so that the immune system 
reacts against the body’s own constituent parts.

2. As mentioned earlier, the primary role of HLA molecules is to 
bind peptide and present it to antigen-specific T cells. The loca-
tion of the SE in a critical area of the binding site of the HLA-DR 
molecule would influence the nature and orientation of pro-
cessed peptides that might bind there and thus exert an impact 
on the trimolecular complex of HLA-DR molecule, bound 
peptide, and TcR. Binding with an arthritogenic peptide (e.g., a 
processed microbial antigen) might initiate and sustain a patho-
logic immune response. To date, no peptide has been identified 
that could be recognized by a T-cell clone in the context of all 
the HLA-DR molecules that associate with RA. However, some 
mutated variants of naturally occurring peptides approximate  
to the necessary pattern, suggesting that this model is a 
possibility.13,39,40

3. In a similar fashion to some of the mechanisms that have been 
proposed for the association between HLA-B27 and spondyloar-
thropathies, “molecular mimicry” may occur in which similari-
ties between the SE and foreign protein might break self-tolerance 
and generate autoreactive T-cell clones that eventually lead to 
RA. Some amino acid sequences from HLA molecules share 
homology with those from potentially antigenic proteins derived 
from infectious agents.41 For example, portions of one of the 
Epstein-Barr virus glycoproteins share similarity with the SE.42

Limitations of the shared epitope hypothesis
However, the veracity of the SE hypothesis has been challenged. There 
are a number of observations that do not fit comfortably with a straight-
forward pathogenic association between the SE and RA.

● In all populations that have been studied, a variable but substan-
tial minority of individuals with RA do not possess the SE.23,43,44

● Some ethnic populations do not demonstrate significant associa-
tion with SE alleles and risk of RA, such as African Americans,45,46 
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DRB1*0401
DRB1*0402
DRB1*0403
DRB1*0407
DRB1*0404
DRB1*0408
DRB1*0405
DRB1*0406
DRB1*0409
DRB1*0410
DRB1*0411

       etc.

Serology

(Recognition by
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monoclonal antibodies)

Cellular typing

(Recognition by
T-cells in a mixed

lymphocyte culture)

Oligonucleotide typing

(Hybridization of labeled
probe with specific

DNA sequence)

Dw4
Dw10
Dw13

Dw14

Dw15
Dw‘KT2’

DR4

HLA TYPING: DETECTION OF ALLELIC VARIATION

Fig. 86.1 HLA typing: detection of allelic variation. The first panel illustrates 
HLA typing using sera that recognize alloantigens. These sera often recognize 
broad antigenic specificities, such as DR4, which are epitopes present on a 
number of different alleles. Finer discrimination is frequently obtained through 
cellular typing, as diagrammed in the second panel. In this case, mixed 
lymphocyte culture for T cells of unknown HLA type is used to measure 
proliferation on responder cells of known HLA type. In this way, “subtypes” of 
DR4 are defined: Dw4, Dw10, Dw14, etc. Currently, most laboratories utilize 
oligonucleotide typing, as outlined in the third panel. Based on the known 
nucleotide sequence of different alleles, synthetic labeled oligonucleotide 
probes are designed that hybridize specifically to the DNA sequence unique to 
the gene of interest. In some cases, a series of oligonucleotide probes is 
required to distinguish among the different alleles and a “matrix” approach can 
be utilized. In this way even minor differences among alleles can be 
recognized; for example, this has led to the identification of more than 20 
different DR4-positive alleles.

TABLE 86.1 HLA-DRB1 SUSCEPTIBILITY IN RHEUMATOID ARTHRITIS

DRB1 susceptibility 
allele

Epitope 
sequence

Prevalence 
in RA (%)

Relative 
risk

Whites *0401 (DR4, Dw4) LLEQKRAA 50 6

*0404 (DR4, Dw14) LLEQRRAA 30 5

*0101 (DR1, Dw1) LLEQRRAA 24 1

Japanese *0405 (DR4, Dw15) LLEQRRAA 71 3.5

Yakima *1402 (DR6, Dw16) LLEQRRAA 83 3.3

Israeli Jews *0101 (DR1, Dw1) LLEQRRAA 28 Unknown

Summary of the important HLA-DRB1 alleles conferring susceptibility to RA in different ethnic 
populations. Their approximate prevalences in RA patients in each population, along with 
relative risks, are listed. Each of these alleles includes the shared epitope (or a close variation), 
even though the sequence of the remainder of the DRB1 gene may be quite varied among these 
alleles.

It is becoming increasingly clear that HLA-DRB1 SE alleles largely 
influence the development of seropositive RA and more specifically 
anti-citrullinated peptide antibody (ACPA)-positive RA.34,35 Collec-
tively, SE alleles have an odds ratio of over 5 if ACPA-positive RA 
patients are compared with matched healthy controls. Because these 
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on disease predisposition. This complexity is considered in further 
detail later.

● If the pathogenic process in RA is a simple presentation of 
arthritogenic peptide, this would intuitively fit with a dominant 
mode of inheritance. However, the SE genotype distribution  
fits better with a multiplicative mode of inheritance.17,52-54 In 
keeping with a multiplicative mode of inheritance, concordance 
rates in siblings sharing two HLA haplotypes are double those  
of siblings sharing 1 or 0 haplotypes.55,56 It has been argued 
that having two copies of the SE could influence downstream 
T-cell response through earlier effects in modeling the T-cell 
repertoire.57

whereas others have shown associations with DR markers that 
do not possess the SE (e.g., HLA-DR3 in Arabs).47

● Not all SEs are the same, with a hierarchy of risk attached to the 
associations with different HLA-DRB molecules. For example,  
the *0401 allele shows a much greater association with RA than 
*0101, particularly when *0401 is inherited in combination with 
*0404 (Table 86.2).48-51

● The *0404 and *0405 alleles have the identical SE sequence 
70QRRAA74, yet have different effect sizes (as measured by the 
odds ratio [OR]).33

● The MHC is an extraordinarily gene-rich area, in which other loci 
in close proximity to the HLA-DRB1 gene might exert an impact 

   RA susceptibility DRB1 genes:

*0101 (DR1, Dw1)
*0401 (DR4, Dw4)
*0404 (DR4, Dw14)
*0405 (DR4, Dw15)
*1402 (DR6, Dw16)
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   Closely related DRB1 genes not conferring RA susceptibility:
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   Other more distantly related DRB1 genes not conferring RA susceptibility:

*1501 (DR2, Dw2)
*1502 (DR2, Dw12)
*0301 (DR3, Dw3)
*0406 (DR4, Dw‘KT2’)
*1101 (DR5, Dw5)
*1102 (DR5, Dw‘JVM’)
*1201 (DR5, Dw‘DB6’)
*0701 (DR7, Dw17)
*0801 (DR8, Dw8.1)
*08031 (DR8, Dw8.3)
*09011 (DR9, Dw23)
*1001 (DRw10)

COMPARISON OF AMINO ACID SEQUENCES CONFERRING RA SUSCEPTIBILITY

Fig. 86.2 Comparison of amino acid sequences conferring RA susceptibility. Sequences for HLA-DRB1 alleles that do or do not confer susceptibility to RA in 
different populations. (a) At the top are listed the sequence of the DRB1 alleles known to confer susceptibility to RA, with the shared epitope highlighted. The 
single-letter amino acid code, defined at the bottom of the figure, is used. Under these sequences are listed very similar sequences from closely related DRB1 
alleles that do not confer RA susceptibility. Note the contrast in the sequences of other more distantly related DRB1 alleles that are now known to confer RA 
susceptibility. The shared epitope occurs only in susceptibility alleles and does not occur in non-susceptibility alleles, even when their “background” sequence is 
very similar or identical to the susceptibility alleles. (b) Schematic representation of how the amino acid sequence of the first domain of DRB1 relates to the 
three-dimensional conformation of the final molecule. Red-highlighted arrows correspond to clustered hypervariable sequences in the DRB1 regions shown above, 
illustrating that the shared epitope constitutes part of the α-helical “wall” of the antigen-binding groove.
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MHC: DISEASE SUSCEPTIBILITY OR SEVERITY?
Irrespective of the limitations with the SE hypothesis, the MHC region 
demonstrates the strongest association with RA and in different family 
studies is the locus that has most consistently demonstrated genetic 
linkage.9,58,59 However, a debate has been generated as to whether the 
HLA association is more important in predisposing to RA or determin-
ing disease severity.

For more than 20 years, studies have shown the HLA-DRB1 alleles 
are more frequently observed among patients with more severe disease. 
Clinically, RA is very heterogeneous: some patients have mild, self-
limited disease, whereas others have severe multisystem disease. It is 
entirely plausible that genetic heterogeneity underlies such clinical 
heterogeneity. Studies in the 1980s suggested that the serologically 
defined HLA-DR4 association was not observed in community surveys, 
presumably representing milder RA.60 Conversely, the HLA-DR4 asso-
ciation was very marked in patients with severe articular disease or 
extra-articular manifestations, such as Felty syndrome.61 With the 
increasing sophistication of molecular typing, it was demonstrated that 
the SE was not associated with recent-onset inflammatory arthritis.62 
At the opposite end of the clinical spectrum, a meta-analysis of rheu-
matoid vasculitis63 and a review of extra-articular manifestations of 
RA64 have confirmed the importance of the SE in association with more 
severe disease. Multivariate analyses have indicated that the presence 
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ANTIGEN-BINDING CLEFT OF HLA-DR MOLECULE
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Fig. 86.3 Antigen-binding cleft of HLA-DR molecule. Location of important 
polymorphic residues with the RA-associated “shared epitope.” Ribbon diagram 
of a DRA/DRB1*0401 molecule viewed (a) looking down from above and (b) 
from the side. Amino acids 67, 70, 71, and 74, the residues noted from 
sequence comparisons and from site-directed mutagenesis analysis to be 
critical in the function of the “shared epitope,” are shown pointing into or out 
of the peptide-binding groove. Residues pointing into the groove are 
important in binding peptide, whereas those pointing out of the α-helix are 
hypothesized to interact directly with the T-cell receptor. Na, Nb, N-terminal 
residues of the α and β chains.
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THREE MODELS FOR TcR–HLA MECHANISMS IN AUTOIMMUNITY

Fig. 86.4 Three models for T-cell receptor TcR-HLA mechanisms in 
autoimmunity. The key role of polymorphic amino acid residues in the HLA 
molecules associated with disease indicates that intimate contacts between 
these amino acids and antigenic peptides or the TcR, or both, are important 
genetically regulated triggering events in autoimmunity. In model 1, the 
polymorphic HLA molecule, in combination with a bound self-peptide, has a 
key selection role, presumably during the thymic development of maturing T 
cells. An immature T cell “tests” its receptor specificity before leaving the 
thymus; a suitable recognition and stimulation by the HLA molecule at this 
point is postulated to lead to the maturation and expansion of the T-cell 
specificity, which, in an appropriate context, may be potentially autoreactive. 
In model 2, a similar recognition event occurs in the peripheral immune 
system between a mature T cell and an HLA-expressing antigen-presenting 
cell. The polymorphic determinants on the HLA molecule determine the 
binding and presentation of the antigenic peptide related to the target tissue, 
such as the joint. In model 3, the T-cell specificity is directed toward the 
polymorphic amino acid residues of the HLA molecule itself by molecular 
mimicry. The immune response is postulated to focus on an HLA-positive 
target by virtue of cross reaction with an antigen mimic that has successfully 
bypassed normal tolerance mechanisms and stimulated the reactive T cell. A 
variation of the mimicry hypothesis that partly reconciles all three models 
postulates that the polymorphic sequence on the HLA molecule is the primary 
antigenic target but that this is seen by the TcR as a processed self-peptide, 
bound and presented by another intact HLA molecule. (MHC structural models 
were constructed using molecular homology modeling techniques by Carol 
DeWeese, Department of Bioengineering, University of Washington School of 
Medicine.)

TABLE 86.2 RISK ESTIMATES FOR RHEUMATOID ARTHRITIS IN WHITES

HLA class II allele

Frequency/10,000 population

Approximate risk ratio+RA No RA

DRB *0401 50 1800 1 in 35

DRB *0404 25 500 1 in 20

DRB *0101 25 2000 1 in 80

0401 or 0404 65 2300 1 in 35

0401, 0404 or 0101 90 4200 1 in 46

0401 and 0404 15 100 1 in 7

Other 10 5800 1 in 580

These numbers represent the “absolute risk” of developing clinical RA among whites. They are 
based on a disease frequency of 7-10/1000 population and as such represent an upper limit of 
predictive value.
Adapted with permission from Nepom G. Prediction of susceptibility to rheumatoid arthritis by 
HLA genotyping. Rheum Dis Clin North Am 1992;18:785-792.



CH
A

PTER 86 
● The contribution of genetic factors to rheum

atoid arthritis

873

Japanese population.87 Detailed analysis of a large collection of U.S. 
RA-affected sibling pairs has revealed at least two genetic effects in 
addition to DRB1 within the MHC.88 A U.K. group has provided evi-
dence for the independent effect of lymphotoxin-a (LTA)-TNF haplo-
types,89 consistent with earlier work implicating extended haplotypes 
stretching from HLA-DRB1 to TNF.88 A further study has revealed an 
additional non-DRB1 RA susceptibility locus around the junction of 
the MHC class III and class I regions, a region rich in immunomodula-
tory genes.90 Preliminary data have also implicated a gene known as 
DEK, which is telomeric to the HLA-DRB1 gene, as being indepen-
dently associated with RA.91 A study from France has suggested that 
HLA-DM alleles may represent new markers for RA severity, both 
independently and through interactions with HLA-DRB1 alleles.92

Advances in genomic technology, as described in more detail later, 
are beginning to unravel the complex genetic relationships within the 
MHC.93-95 Several groups have performed high-density genotyping of 
single nucleotide polymorphism (SNP) across the MHC region in 
patients with RA. In these studies, thousands of SNPs are genotyped 
in a single experiment. These SNPs capture a large fraction of common 
alleles within the MHC region. This approach facilitates conditional 
analyses to tease apart independent signals. From these studies, at least 
two independent signals have emerged: alleles found on the conserved 
A1-B8-DR3 (8.1) haplotype and alleles near the HLA-DPB1 gene. The 
causal mutations to explain these independent genetic signals have not 
yet been identified.

In conclusion, the MHC demonstrates an extraordinary complexity 
of immunomodulatory genes in which researchers have attempted to 
dissect genetic contributions that are independent of the HLA-DRB1 
locus. Further investigation of this rich area of the genome with a 
denser set of markers, including comparisons across different ethnic 
populations in order to capitalize on differences in extended HLA 
region haplotypes, will undoubtedly reveal additional loci that influ-
ence the risk and severity of RA.

ROLE OF NON-MHC GENES IN  
RHEUMATOID ARTHRITIS
Calculations based on monozygotic twin concordance rates and HLA 
haplotype sharing in affected sibling pairs indicate that HLA genes 
contribute approximately 30% of the total genetic risk for RA.7,96 This 
leaves considerable room for other genes outside the HLA region to 
contribute to RA risk. It is likely that the remaining genetic risk is 
distributed among many loci across the human genome, with each 
locus contributing substantially less to overall RA risk compared to the 
HLA region.97

Genome-wide linkage scans in RA
The human genomes are riddled with DNA variants (alleles) that make 
each of us unique. There are single base-pair variants (also known as 
SNPs) and structural variants (including duplications and deletions of 
many kilobases of DNA). These variants are further classified by the 
frequency with which they are observed in the general population. As 
a rule of thumb, those variants present in more than 5% of chromo-
somes from the general population are considered “common” and 
those in less than 5% are considered “rare.” The rare variants can be 
further classified as to whether they are “low frequency” (found in 
multiple families, but generally of a population frequency of more than 
0.5%) or “private” (only segregating in a single family due to a recent 
de novo mutation).

A fundamental challenge in human genetics has been: How do we 
systematically test human genetic variation for its role in human 
disease? The ideal genetic study would re-sequence the entire human 
genome in a large collection of patients with a disease and controls in 
which detailed environmental exposures and clinical phenotypic infor-
mation has been collected. Causal mutations would be recognized by 
a simple test of association between allele frequency in cases and con-
trols, controlling for potential environmental and clinical confounders. 
Assuming complete coverage of the human genome, this hypothetical 
approach would identify all classes of DNA variants (e.g., SNPs, copy 
number variants) and the entire allele frequency spectrum (e.g., 
common and rare) in an unbiased manner. Such an approach, however, 

of the SE predicts erosions at RA presentation as well as erosive 
outcome at 3 years.65-68

The question remains: do SE alleles predict RA risk or RA severity? 
Genetic association studies alone may not be able to resolve this  
question. It could be that patients with a greater genetic burden of 
disease are more likely to develop more severe disease, regardless of 
which alleles predispose to RA. Or it may be that non-SE genetic factors 
predispose to risk, whereas SE predisposes to severity. However, all 
genetic factors are present throughout the life of a patient, and there-
fore by definition before disease onset. As a consequence, susceptibility 
and severity are inextricably linked.

ROLE OF NON-HLA GENES WITHIN THE MHC
As discussed briefly earlier, the MHC region encodes more than 180 
expressed genes, many of which have immunoregulatory functions 
(Fig. 86.5).69-71 Forty percent of the expressed loci have functions related 
to immune activation and response. Within the MHC, HLA genes are 
organized into three regions: classes I, II, and III.

1. The class I region, closest to the end of the chromosome (telo-
meric), contains the class I genes HLA-A, -B and -C.

2. Closer to the center of the chromosome (centromeric), the class 
II region consists of the HLA-DR, -DP and -DQ loci, encoding 
the α and β chains of the class II HLA molecules. One of these 
loci is the HLA-DRB1 gene, alleles of which show the most 
consistent associations with RA.

3. The class III region sits between the class I and II regions and 
contains a number of genes whose products are important in 
immune and inflammatory pathways (e.g., the tumor necrosis 
factor [TNF]-α locus).

Recombination of genetic material during meiosis in the MHC is 
rare, such that alleles at different loci within the MHC tend to be 
inherited as a complete unit, a phenomenon referred to as linkage 
disequilibrium. Consequently, this presents considerable challenges for 
determining whether alleles at a certain locus that associate with a 
disease are simply reflecting their close physical proximity to other 
more important predisposing loci.

Because of the shortcomings of the SE hypothesis, researchers have 
considered the possibility that other MHC genes might be important 
in disease predisposition and expression. Furthermore, the MHC has 
been found to contain multiple independent effects in a variety of 
complex diseases associated with different HLA-DRB1 alleles, such as 
multiple sclerosis, type 1 diabetes, and juvenile idiopathic arthritis.72-74 
One model that has been proposed suggests that DQB1*03 and *05 
alleles are the true disease susceptibility alleles in RA and that DRB1 
associations with RA merely reflect linkage disequilibrium. Some asso-
ciation studies in humans support a direct role for DQ alleles in RA,75 
whereas others have not.29,76 Studies in severe disease such as Felty 
syndrome have suggested that the primary RA association is with 
DRB1*04 alleles.77 Several studies have demonstrated interactions 
between the DR and DQ loci in determining disease expression, with 
HLA-DRB1*0401-DQB1*0301 associated with greater disease sever-
ity.78 The bulk of the evidence supports a primary role for the HLA-
DRB1 locus in RA79 but leaves the door open for interactions between 
DR and DQ,80 particularly in disease expression.

An increasing number of studies are addressing other MHC genes 
outside the class II region. In a Japanese study, four genes including 
TNF were reported to associate with RA independently from HLA-
DRB1.81 Other studies have supported associations of TNF polymor-
phisms with RA that are independent of the SE.82-84 Tuokko and 
colleagues reported an increase in TNF microsatellites a6 and b5 in 
Finnish RA cases.85 These alleles are known to be in linkage disequi-
librium with DR4. A similar increase in the TNF microsatellite allele 
a6 has also been reported in Peruvian RA patients.86 This is intriguing 
because RA in this population is not associated with DR4 haplotypes 
but with DRB1*1402, and this association was found to be indepen-
dent of the DRB1*1402 haplotype in this population, which suggests 
that the TNF locus may indeed be a second RA locus in the MHC. A 
promoter polymorphism in the nuclear factor of κ light polypeptide 
gene in B cells inhibitor-like 1 gene (NFKBIL1) has been suggested to 
be a further MHC RA susceptibility locus based on associations in a 
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predispose to mendelian forms of disease. However, this strategy has 
had limited success in patients with more complex patterns of inheri-
tance, such as RA. Several genome-wide linkage studies have been 
performed in RA.9,58,59,98 These studies have uniformly identified the 
MHC region but otherwise no other consistent signal of linkage. Because 
of the theoretical limitations of linkage scans, researchers in the early 
2000s turned their attention to genetic studies of “association.”

is impractical because of the limitations of current technology and of 
cost constraints.

Initial attempts to scan the human genome used hundreds of micro-
satellite markers and tests of “linkage” in families. These studies rely 
on meiotic recombination between a microsatellite marker and an 
unknown mutation that increases risk of disease. This approach has 
been very successful in identifying rare, highly penetrant alleles that 
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Fig. 86.5 Gene organization of the MHC on chromosome 6. The MHC is located on the short arm of chromosome 6, with the centromere symbolized to the left. 
HLA genes cluster into two regions, class I and class II. Some of the class II genes are pseudogenes or are not known to be expressed; those transcribed and 
translated into α and β chains, which dimerize to form the classic class II proteins, are designated with shading (DP, DQ, DRB1, DRB3). The non-HLA class III cluster 
includes the genes for certain complement components (C4B, C4A, properdin factor B [Bf ]), 21-hydroxylase (21B, 21A), a heat-shock protein (hsp70), and tumor 
necrosis factors (TNF-α, TNF-β). Other non-HLA genes encoded in the MHC that are known or suspected to be relevant for immune function or autoimmune 
disease include a gene for collagen (COL), peptide transporter molecules (TAP1 and TAP2), HLA-DMA and DMB, and two proteasome components (LMP2 and 
LMP7). The expressed HLA genes are highly polymorphic. The lower portion of the figure is a partial listing of nomenclature for some of the common polymorphic 
class I and class II alleles, along with previously used designations.
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1.20). This result has been replicated by others.121-127 STAT4 plays a 
critical role in differentiation of T cells into distinct lineages. It is 
unclear whether the risk allele alters STAT4 gene expression. There is 
no known coding variant that disrupts STAT4 function.

Genome-wide association studies in RA
These four successes notwithstanding, the majority of candidate gene 
association studies have not led to reproducible genetic associations in 
RA106 nor other complex traits.128,129 Accordingly, a set of resources has 
been developed to test systematically the majority of common SNPs 
for their role in disease. The rationale for this approach is rooted in 
population genetic theory: common SNPs explain much of the genetic 
diversity in our species. This is a consequence of the historically small 
size and shared ancestry of the human population.

There are approximately 10 million common SNPs in the human 
genome, although 9 of 10 of these SNPs are highly correlated (r2 > 
0.80).130,131 As a consequence, not every SNP in the human genome 
needs to be tested directly in a genetic association study. A subset of 
“tagging” SNPs can adequately capture the majority of common genetic 
variation across a locus; this is also known as linkage disequilibrium 
mapping. The International Haplotype Map (HapMap) Project provides 
a catalog of common SNPs in the human genome,130,131 which facilitates 
linkage disequilibrium mapping. The HapMap has genotyped more than 
3 million SNPs in four reference groups totaling 270 individuals.

Genetic studies of common variants can now be conducted across 
the entire human genome. These studies, termed genome-wide asso-
ciation studies (GWAS), are feasible owing to an improved understand-
ing of linkage disequilibrium structure across the human genome,130,131 
technical capacity to genotype hundreds of thousands of SNPs in a 
cost-effective manner,132 and methods to analyze large datasets.133,134 
GWAS have a distinct advantage over previous genetic studies in that 
they are able to test, in an unbiased manner, the majority of common 
SNPs across the genome in a single experiment. Implementation of 
GWAS has greatly expanded the number of true-positive loci (i.e., those 
that have been replicated consistently in more than one study at a high 
level of statistical confidence) that are associated with complex traits.129

In 2007, three GWAS in RA were published that identified two new 
RA risk loci.135-137 One GWAS was a collaborative effort between 
groups in North America; North American Rheumatoid Arthritis Con-
sortium (NARAC), and Sweden; Epidemiological Investigation of 
Rheumatoid Arthritis (EIRA).137 A total of approximately 1500 ACPA-
positive RA patients and approximately 1800 controls were genotyped 
for more than 300,000 SNPs, followed by replication of the most sig-
nificant SNPs in an additional approximately 1000 ACPA-positive RA 
cases and approximately 1700 controls. The most significant result 
outside of PTPN22 and the MHC loci was the TRAF1-C5 locus. A 
single SNP on chromosome 9 was strongly associated with susceptibil-
ity to ACPA-positive RA (OR = 1.20). An independent group identified 
the same DNA variant as part of a candidate gene association study.138 
Additional studies have replicated the TRAF1-C5 association,124,139,140 
including a study of more than 10,000 U.K. samples by the Wellcome 
Trust Case Control Consortium (WTCCC).121

Two other GWAS led to the identification of the TNFAIP3 locus on 
chromosome 6q23.135,136,141 Interestingly, two independent risk alleles 
were identified, although both were within 5 kb of each other. Both 
alleles reside approximately 185 kb away from the nearest biologic 
candidate gene, TNFAIP3. The distance of the risk alleles from the 
nearest candidate gene underscores a limitation of candidate gene 
association studies: many risk alleles reside some distance from the 
protein-coding sequence. TNFAIP3, also known as A20, is a potent 
inhibitor of NF-κB signaling and is required for termination of TNF-
induced signals.142 TNF-α levels are increased in patients with RA, and 
inhibition of TNF-α is a potent treatment of severe RA.143 Further-
more, mice lacking Tnfaip3 demonstrate chronic inflammation,144 con-
sistent with loss of function of this gene playing a role in autoimmunity. 
Although it may be logical to conclude that the RA risk alleles alter 
TNFAIP3 expression, there are no direct data to support this claim. A 
variety of 6q23/TNFAIP3 alleles, some of which are different than the 
RA risk alleles, contribute to the risk of other autoimmune diseases, 
including systemic lupus erythematosus,145,146 type 1 diabetes,147 celiac 
disease,148 and psoriasis.149

Candidate gene association studies in RA
An alternative statistical approach to genome-wide linkage was to 
conduct genome-wide association studies. Instead of mapping disease 
genes by following transmission in families, association studies compare 
the frequencies of genetic variants among affected and unaffected indi-
viduals. Theoretically, association studies have more power than 
linkage studies to detect common variants of modest effect size.99,100 
Until recently, genetic association studies were limited to candidate 
genes. This was simply a matter of practicality: it was prohibitively 
expensive to genotype more than a handful of SNPs in large patient 
samples. Furthermore, there was no comprehensive map of common 
genetic variation, and it was unclear how many SNPs would need to be 
genotyped to test the majority of common human variation.

One solution in the early 2000s was to select biologically plausible 
candidate genes and test SNPs that were found in and around these 
genes. A major limitation of the approach was obvious: there are more 
than 20,000 genes in the human genome and most candidate gene 
studies are limited to a small number of candidate genes. There were 
a handful of successes.

PTPN22
One candidate gene association study selected putative functional 
SNPs from a set of biologic candidate genes. By this approach, a mis-
sense SNP in the intracellular PTPN22 gene was identified.101 Outside 
the MHC region this became the first gene to be widely replicated in 
multiple independent collections.102-110 The susceptibility allele is a 
missense variant that changes an arginine to tryptophan amino acid 
(R620W). The change results in altered binding of the PTPN22 protein 
to an intracellular signaling molecule called Csk, which subsequently 
alters the threshold of T-cell activation.101,111 The magnitude of the 
genetic effect, as measured by the odds ratio (OR), is substantially less 
than for HLA-DRB1*0401 but similar to other SE alleles (PTPN22, OR 
~1.75). Interestingly, this allele is absent for East Asians and thus not 
associated with susceptibility in Japanese populations.112 PTPN22 only 
associates with seropositive RA. There is some evidence that PTPN22 
influences age at onset106 and may have a more significant effect in 
males compared with females,106,113 but there is no evidence that it 
influences disease activity or radiographic erosions.105,114

PADI4
PADI4 encodes for an enzyme that post-translationally modifies argi-
nine to citrulline and may therefore be important in generating ACPA 
autoantibodies. Based on this hypothesis, a Japanese group tested more 
than 100 SNPs in the region that contains PADI4 and a cluster of 
related genes. In the initial report, a common variant (population allele 
frequency ~35%) was found to increase the risk of RA.115 Subsequent 
reports provide support for this allele among individuals of Asian 
ancestry, with a meta-analysis OR equal to 1.30 per copy of the risk 
allele.116 The same allele is either not associated or only modestly 
associated (OR < 1.10) with the risk of RA among individuals of Euro-
pean ancestry.106,116,117

CTLA4
CTLA4 is a negative regulator of T-cell activation. Based on this 
biology, genetic studies in the early 2000s tested SNPs for association 
with several autoimmune phenotypes. The association between CTLA4 
and susceptibility to autoimmunity was initially confirmed among 
patients with type 1 diabetes and autoimmune thyroiditis.118 An allele 
in the 3′ untranslated region (UTR) of the gene causes a modest 
increase in disease risk (OR = 1.2). Several studies extended these 
findings to RA, where the magnitude of the genetic effect is reproduc-
ible but modest (OR = 1.15).106,119 The association is stronger among 
autoantibody-positive RA patients.

STAT4
Another strategy for choosing candidate genes is to select those that 
are biologically plausible and localize under suggestive regions of 
linkage. By this strategy, Remmers and colleagues studied haplotype 
tagging SNPs within 13 candidate genes under a linkage peak on chro-
mosome 2.120 In a staged-design of more than 7500 case-control 
samples, one SNP was reproducibly associated with risk of RA (OR = 
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GENE AND ENVIRONMENT INTERACTIONS
With the heritability of RA approximately 60%,11 the remainder of the 
variance in the disease must be accounted for by environmental, non-
genetic factors, or complex gene-gene/gene-environment interactions. 
It seems plausible that interactions occur between genetic and envi-
ronmental factors or that environmental factors function as “triggers” 
for promoting and driving the disease process.

Smoking is the known environmental risk factor with strongest risk 
of developing RA. Over the past 20 years, many studies have convinc-
ingly shown that smoking increases risk of developing RA in both 
males and females by a factor of 1.5 to 2.0.158,159 Most of these studies 
demonstrate that the increased risk is in developing autoantibody-
positive RA and that the risk is greatest for heavy, current smokers. 
The risk remains, however, for more than 10 years after smoking 
cessation.

Other putative environmental risk factors that have not been as 
widely replicated as smoking include blood transfusions, obesity, occu-
pational silica and mineral oil exposure, and socioeconomic class.160,161 
It is interesting that several of these putative environmental factors are 
inhaled through the lungs. Silica dust and mineral oil exposure, similar 
to exposure to cigarette smoke, was a risk factor only for seropositive 
RA. Mineral oil can also act as an adjuvant capable of inducing experi-
mental arthritis in rodent models.

But although smoking is a clear environmental risk factor, and 
many MHC and non-MHC genes confer risk of RA, the question 
remains: is there an interaction between environmental and 
genetic risk factors that departs from an expected model? A challenge 
in the field is the definition of “expected model.” Given that  
most genetic risk factors conform to a multiplicative (or log-additive) 
model, the most conservative estimate is to define “interaction”  
as departure from a multiplicative model. The best example of a  
gene-environment interaction that appears to depart from a multiplica-
tive model has been the interaction between cigarette smoking and 
HLA-DRB1 alleles. A study by Padyukov and colleagues using the 
Swedish EIRA cohort found evidence of an interaction between  
the presence of the SE and cigarette smoking.162 Compared with 
patients who had never smoked and had no copies of the SE, they  
found an OR of 2.8 for seropositive smokers in SE-positive patients 
who had never smoked, an OR of 2.4 in current smokers without SE 
alleles, and an OR of 7.5 in current smokers with SE alleles. Smokers 
carrying two SE alleles displayed a relative risk of RF-positive RA of 
15.7. No influence of smoking or SE alleles was seen for seronegative 
RA. These data suggest an interaction between smoking, SE alleles, 
and seropositive RA.

Clearly, additional work will be required to elucidate important 
interactions between genes and the environment. This will be an 
important area for future investigation and may empower better clini-
cal prediction models or novel gene discovery.

CONCLUSION
There is considerable evidence that genetic factors are important in the 
predisposition to RA and contribute to the heterogeneity of the broad 
spectrum of disease that is currently classified as RA. The contribution 
of MHC genes and their interactions have yet to be fully elucidated, 
but recent work indicates that multiple genes within this region influ-
ence disease risk. The SE hypothesis alone does not fully explain the 
complexity of the MHC contribution to RA. Overall, the MHC con-
tributes approximately one third of the total genetic contribution to 
RA. Advances in genetic technology have enable unbiased scans of the 
human genome, and, as a consequence, many non-MHC gene loci have 
been identified. Interactions between genes and environmental factors 
may be important, but work in this area is quite preliminary. Potential 
interactions between exposure to tobacco smoke and HLA and non-HLA 
genes are the best characterized to date. Clearly much progress has 
been made, although substantial work remains to fully explain the 
genetic contribution to RA. Progress in this area is likely to translate 
into greater understanding of disease pathogenesis and the develop-
ment of improved diagnostic and therapeutic tools for this chronic and 
disabling illness.

Follow-up studies to these GWAS have identified approximately 10 
additional RA risk loci. A meta-analysis of the three largest GWAS 
(EIRA, NARAC, and WTCCC), followed by independent replication in 
approximately 9000 RA case-control samples, identified at least five 
novel RA risk loci.150 The most significant SNP from the meta-analysis 
study was located in the first intron of CD40. The risk allele has a 
frequency of 25% among controls and 22% among cases, yielding an 
OR of 0.86. Further support that this CD40 variant is important in 
autoimmunity comes from published genetic studies of autoimmune 
thyroiditis, in which the same allele is associated with risk of disease.151 
The CD40 protein is a member of the TNF receptor superfamily and 
is expressed on the surface of developing B cells, monocytes, and T 
cells. Other genes implicated by this study include CCL21, TNFRSF14, 
PRKCQ, and KIF5A-PIP4K2C. Two of these same gene loci (PRKCQ 
and KIF5A-PIP4K2C), plus a third locus containing the IL2RB gene, 
were identified by an independent study from the WTCCC.152

Other GWAS follow-up studies have capitalized on the observation 
that many RA risk loci are associated with other autoimmune diseases. 
As an example, epidemiologic data suggest an overlap among the risk 
factors for type 1 diabetes and RA.153 Consistent with this observation, 
a locus on 4q27, containing the IL2 and IL21 genes, demonstrates a 
clear association with risk of type 1 diabetes and a highly suggestive 
association with risk of RA.154 Approximately half of the validated RA 
risk loci have strong evidence of association for at least one additional 
autoimmune disease. Often, the same allele confers risk in both auto-
immune diseases (e.g., 4q27/IL2-IL21 and risk of RA/type 1 diabetes). 
In other instances, different alleles at the same locus confer risk of 
disease (e.g., TNFAIP3 and risk of RA/psoriasis). Occasionally, the 
same allele confers risk in one disease and protection in another (e.g., 
PTPN22 and risk of RA/Crohn disease).155

Although GWAS and related approaches have greatly expanded the 
number of RA risk loci, the validated non-MHC alleles explain less 
than 5% of disease variation.150 The alleles identified to date are 
common and of modest effect size. Based on considerations of statisti-
cal power, many more RA common risk alleles will be identified in the 
near future. These discoveries will require continued international col-
laboration given the large sample sizes needed to achieve statistical 
significance.

Insight into RA pathogenesis from non-MHC 
genetic studies
Despite decades of research, the exact cause of RA is unknown.156 
Without knowing the specific pathways that lead to RA, it is very dif-
ficult to develop novel therapies and preventative strategies. Because 
genetic mutations are inherited before disease onset, human genetics 
provides prima facie evidence that a pathway is important in patho-
genesis. Moreover, because human genetics can be done without any 
specific biologic hypothesis (other than the hypothesis that there are 
alleles that influence risk of RA), human genetics offers an unbiased 
search of the human genome.

When considering pathways implicated by genetic studies, there are 
two important caveats to the way in which risk alleles are often 
described. First, the risk locus is often assigned a gene name (e.g., 
TNFAIP3), even though there may be no direct evidence that the gene 
itself has been disrupted by the risk allele. Generally, the most- 
compelling biologic candidate gene from a locus is chosen. Sometimes 
the choice is clear, as in the case of TNFAIP3 in which a knock-out 
mouse model demonstrates severe inflammation, consistent with the 
phenotype of RA.144 And second, the reported risk allele most likely 
represents a highly correlated proxy for the as yet unidentified causal 
allele. In other words, for most RA risk loci, the exact causal mutation 
and the exact causal gene have not yet been determined.

Despite these caveats, recent genetic discoveries have identified 
pathways that are important in RA pathogenesis. One is the NF-κB 
signaling pathway.157 NF-κB, a protein complex that acts as a transcrip-
tion factor, is found in almost all cell types and is involved in a variety 
of cellular responses to stimuli. Both TNF and CD40 signal through 
NF-κB to exert their effects on the immune system. Several of the RA 
risk loci contain genes that are involved in NF-κB signaling, including 
CD40, TRAF1, TNFAIP3, PRKCQ, and TNFRSF14.
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autologous cartilage antigens. A hypothetic mechanism for the devel-
opment of collagen-induced and proteoglycan-induced experimental 
arthritides is shown in Fig. 87.1.

Susceptible strains of animals immunized with either type II col-
lagen or high-density aggrecan proteoglycans in adjuvant recognize 
specific epitopes presented in the context of major histocompatibility 
complex (MHC) class II antigens, the equivalent of human leukocyte 
antigen (HLA)-D region antigens. Autoreactive CD4+ T cells respond 
against either cross-reactive epitopes (antigens common to both the 
heterologous and autologous cartilage components) or cryptic epitopes 
(privileged antigens normally concealed from immune surveillance) 
and elicit connective tissue antigen-specific Th1 and Th17 cells and 
autoantibodies. Adoptive and passive transfer experiments suggest that 
both immunologic elements are required for the generation of chronic 
arthritis, although transient but destructive forms can be elicited with 
cocktails of anti-CII autoantibodies only. The localization of antibody 
and reactive cells in synovial joints causes immune-mediated cartilage 
damage and the immune response may be perpetuated by the release 
of cartilage antigens. These damage-associated molecular patterns 
(DAMPS) may also directly activate cells through toll-like receptors 
(TLRs), in particular TLR4.

The pathologies of CIA and PG arthritis appear similar and include 
synovial hypertrophy and hyperplasia, giving rise to pannus formation 
and severe cartilage erosion. Both models were considered Th1 driven, 
yet interferon (IFN)-γ deficiency makes Balb/c mice more susceptible 
to CIA, whereas it prevents proteoglycan arthritis. More recent insight 
indicated a dominant role of Th17 cells in CIA, whereas Th1 cells are 
crucial in proteoglycan arthritis,6 and a role of Th17 in this model is 
unmasked only under IFN-γ–deficient conditions. The reason for dif-
ferent dominance of Th17 and Th1 in these models is unclear so far. 
Apparently, immunizations with various cocktails in different sub-
strains of mice can give rise to variable dominance of Th1 and Th17, 
but both can lead to chronic arthritis. Neutralization of tumor necrosis 
factor (TNF) was efficacious in early stages of collagen arthritis, whereas 
IL-1 blocking and IL-17 neutralization suppressed both early and fully 
established arthritis.7

Response to non-specific immunologic stimuli
Injection of non-specific agents with adjuvant activity (the capacity to 
elicit an indirect immunologic response) can provoke experimental 
arthritis in certain species. The classic example is adjuvant-induced 
arthritis (AA) in the Lewis rat.8 The precise contributions of the oil 
and the mycobacterial components of Freund complete adjuvant in the 
pathologic pathway of this experimental disease remain unclear, but 
both may contribute. A bacterium-specific pathogenesis seems likely 
in AA because conventionally bred rats are generally resistant to adju-
vant arthritis, whereas germ-free Fisher or Wistar rats are susceptible. 
Germ-free rats lack early contact with bacteria and are therefore  
not tolerized. This is in striking contrast to suppression of pristane 
(mineral oil)–induced arthritis in germ-free mice, implying a different 
pathogenesis.

Adjuvant and pristane arthritis
Incomplete Freund adjuvant, lacking mycobacteria and the mineral oil 
pristane, can induce arthritis in susceptible rats and mice, identifying 
that oil can override natural tolerance.9,10 Arthritogenic consequences 
appear ultimately to depend on a reaction against either exogenous or 
autologous antigens. Heat-shock proteins (HSPs) may be regulators in 
adjuvant-induced arthritis.11 A hypothetic mechanism for the develop-
ment of adjuvant-induced arthritis and pristane-induced arthritis is 
shown in Fig. 87.2. In susceptible strains of animals, macrophages 

Animal models of arthritis
Wim B. van den Berg

 Arthritis may be induced in animals by immunization with cartilage 
components, by non-specific immune stimuli, by bacterial or viral 
components, or by transgenic manipulation.

 Animal models are tools that mimic various aspects but never fully 
resemble human RA.

 Models have a defined onset and are useful for kinetic evaluation 
of arthritis, cell and mediator involvement, and detailed analysis of 
joint erosion.

 Animal models serve an important role in the evaluation of 
antirheumatic treatments and provide direction for novel 
approaches to treatments such as cytokine inhibition.

INTRODUCTION
Experimental animal models of arthritis have contributed to the under-
standing of basic mechanisms of joint disease. A marked diversity is 
seen among the numerous models, with arthritis induced by the 
following:

● Immunization with cartilage components
● Injection of non-specific immune stimuli
● Components of infectious agents
● Immune complexes
● Manipulation of genetic information in transgenic animals

No single animal model of arthritis truly represents the human 
disease. The wide variety of agents that can induce an experimental 
arthritis with clinical and histopathologic features close to human 
arthritides suggests that disparate etiologic pathways could exist in 
rheumatoid arthritis (RA). Aspects peculiar to individual models are of 
value but must be interpreted with caution. Much can be learned from 
general validity of mediator involvement and common concepts. 
Models provide valuable preclinical data for the development of novel 
treatments, both pharmacologic and biologic, and insights into relevant 
mechanisms common to experimental arthritis and RA.

MECHANISMS OF INDUCTION OF 
EXPERIMENTAL ARTHRITIS
Autoimmunity to cartilage components
Articular cartilage is an intriguing tissue. It is the target of the disease, 
but it may also function as the trigger, by releasing potential autoan-
tigens and trapping exogenous antigens in its avascular matrix. 
Destructive forms of RA tend to decline when cartilage is fully destroyed, 
whereas arthritis also wanes in joints undergoing replacement surgery, 
both arguments for a crucial role in the arthritic process. Classic arthri-
tis models based on cartilage autoimmunity1 can be induced by immu-
nization with either of the two major components of hyaline cartilage: 
type II collagen (CII) and aggrecan proteoglycans (PGs). More recently, 
similar models have been made identifying other, less abundant carti-
lage components as potential autoantigens in arthritis.

In principle, any cartilage matrix component can be a potential 
arthritogen, provided it is released in substantial amounts and natural 
tolerance is lost. Collagen-induced arthritis (CIA) can be elicited  
in mice, rats, and primates,2,3 whereas PG arthritis has only been suc-
cessfully established in BALB/c mice.4,5 Both models require induction 
of a vigorous immune response directed initially against the immuniz-
ing (heterologous) cartilage antigen, which subsequently reacts with 
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migration of cells to the joint and subsequent immune-mediated joint 
damage and production of a spectrum of autoantibodies against carti-
lage antigens. Production of rheumatoid factors in pristane-induced 
arthritis may serve to amplify the autoreactive process. Disease onset 
is rapid in adjuvant-induced arthritis (2 weeks), often followed by 
spontaneous remission. Pristane arthritis is slower (months) and shows 
remissions and relapses, with no indication of B-cell involvement at 
onset. The pristane model is highly suited to studying genes controlling 
onset, severity, and chronicity.12 The spontaneous remission and lack 
of susceptibility to reinduction make adjuvant arthritis a suitable 
model for studies on regulation of T-cell tolerance. Histopathology of 
AA shows major involvement of the bone marrow, bone erosion, exten-
sive bone apposition, and minor direct cartilage damage at early stages 
(Table 87.1). Indirect cartilage damage occurs later, mainly as a con-
sequence of loss of underlying bone. The latter may explain the carti-
lage protective effect of treatment with osteoprotegerin (OPG), which 
is a selective inhibitor of the osteoclast activator RANKL.13,14 Combina-
tion blocking of TNF and IL-1 shows optimal control of arthritis and 
joint destruction.15

Components of infectious agents
The development of arthritis as a consequence of infection is apparent 
in both natural and induced animal models. Infectious agents may be 
tropic for the joint as a result of expression of adhesins or other mol-
ecules that promote sequestration within synovial tissues. Bacterial cell 
wall and mycoplasma membrane components may also provide non-
specific immune activation through mitogenic activity. Viral infection 
of synovial cells may elicit novel cell surface antigens or abnormal 
expression of activation antigens and the overproduction of autoanti-
gens. Viral infection may also disrupt immune regulation, increasing 
proinflammatory cytokines and immune activity against normally 
immunologically privileged components of the joint.

Streptococcal cell wall arthritis
Persistence of antigens from micro-organisms within the joint can be 
critical for the induction of arthritis (Fig. 87.3). This point is empha-
sized by the model of streptococcal cell wall (SCW) experimental arthri-
tis in rats.16 It is induced in Lewis rats by the systemic injection of cell 
wall fragments of group A streptococci, which are highly resistant to 
biodegradation. A similar disease can be induced with cell wall frag-
ments from other bacteria, such as Lactobacillus casei or Eubacterium 
aerofaciens. The underlying principle of this model resides in the poor 
degradability of the fragments, thereby creating a persistent stimulus.

The lactobacillus and eubacterial models are of particular interest 
for human disease because these bacteria are part of the normal gas-
trointestinal flora.17 Extrapolation of this model to humans suggests 
that an enormous load of potential arthritogenic stimuli is continu-
ously present in the normal gastrointestinal tract, fragments may 

phagocytose non-degradable oil components, become intensely acti-
vated, and produce large concentrations of proinflammatory cytokines 
(interleukins IL-1 and IL-6, TNF, and IFN-γ). This cytokine-rich envi-
ronment activates T and B cells. The results of polyclonal activation 
are apparent in pristane-induced arthritis, in which lymphadenopathy 
and hypergammaglobulinemia precede the onset of disease.

Expansion of autoreactive T- and B-cell populations can occur as a 
consequence of the adjuvant activation process, resulting in the 
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HYPOTHETICAL MECHANISM FOR THE DEVELOPMENT OF COLLAGEN-INDUCED AND PROTEOGLYCAN-INDUCED EXPERIMENTAL ARTHRITIS

Fig. 87.1 Hypothetic mechanism for the development of collagen-induced and proteoglycan-induced experimental arthritis. Animals are immunized with type II 
collagen or high-density aggrecan proteoglycans, and an autoimmune response results when specific epitopes are presented in the context of MHC class II 
antigens and recognized by autoreactive CD4+ T cell populations. Autoantibodies and T effector cells reactive against cartilage components develop via T helper 
pathways (Th1, Th17, and Th2) and localize in synovial joints, causing an immune-mediated inflammatory response. The immune response is perpetuated by the 
release of cartilage antigens within the damaged joint and chronic arthritis develops.

HYPOTHETICAL MECHANISM FOR THE DEVELOPMENT OF PRISTANE-
INDUCED AND ADJUVANT-INDUCED EXPERIMENTAL ARTHRITIS
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Fig. 87.2 Hypothetic mechanism for the development of pristane-induced and 
adjuvant-induced experimental arthritis. Circulating macrophages become 
intensely activated by the non-degradable oil components and produce high 
levels of proinflammatory cytokines (IL-1 and 6, TNF-α and IFN-γ). Genetic 
regulation governs the presence of autoreactive T cells and B cells, which 
become activated and clonally expand. Joint-reactive lymphocytes migrate to 
the joint, resulting in immune-mediated joint damage. The release of cartilage 
antigens and heat shock proteins may feed back to the autoreactive 
lymphocytes, resulting in chronic immune stimulation. Cytokines may also act 
directly on both synovial cells and chondrocytes, resulting in synovial 
hypertrophy, abnormal expression of MHC class II antigens, and adhesin 
molecules and atypical production of matrix components. Arthritis develops as 
a result of the chronic nature of the inflammatory stimulation.
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spread in a non-infectious way to other tissues, and this may provoke 
arthritis when control by immunoregulation is insufficient.

Within 24 hours of administration of cell wall fragments to rats, 
acute inflammation develops in peripheral joints, coincident with dis-
semination of cell wall fragments in blood vessels of the synovium and 
subchondral bone marrow. Acute, complement-dependent inflamma-
tion subsides over the next week and is followed within 2 weeks by a 
chronic, T cell–dependent erosive polyarthritis, involving mainly 
peripheral joints. In contrast with the acute phase, chronic joint 
inflammation develops only in susceptible strains, which are unable to 
maintain tolerance and display SCW-specific T-cell responses. Lewis 
rats are highly vulnerable to this arthritis. Mouse strains studied so far 
are not susceptible to the single intraperitoneal injection model, and 
repeat dosing was needed to break tolerance. It is tempting to speculate 
that similar loss of tolerance may occur in RA patients with age, com-
bined with costimulatory environmental factors.

In addition to SCW-specific T-cell reactions, cross-reactive autoim-
munity ranging from bacterial peptidoglycan to cartilage proteoglycans 
may contribute to chronicity. However, it is unlikely that the latter 
cross-reactivity is a major factor at onset because loss of proteoglycan 
from the articular cartilage is limited at that stage. Only later are 
marked pannus formation and severe erosions of underlying cartilage 
and bone frequently observed.

In line with tumor-like behavior of synovial cells in patients with 
RA, synovial cells from arthritic rats show continued proliferation ex 
vivo, with apparent paracrine and autocrine regulation by growth 
factors.18 This observation suggests that sustained macrophage/fibro-
blast activation by retained bacterial components may be a perpetuat-
ing principle, but in vivo the T cell is still a critical driving factor. 
Studies on the involvement of cytokines in SCW arthritis show a 
combined role of TNF and IL-1, as found in adjuvant arthritis.15,19 In 
mice, a chronic relapsing SCW model can be induced by repeated 
weekly injection of SCW fragments directly into the knee joint, display-
ing a gradually increasing role of T cell–derived IL-17 and synovial 
IL-17 receptor-bearing cells with every flare.20,21

As an extension of the involvement of bacteria in arthritis, studies 
have shown that bacterial DNA can induce arthritis. In particular, the 
CpG motifs in bacterial DNA are arthritogenic and substantial amounts 
can be found in joint tissues.22 Macrophages play a major role in this 
arthritis through TNF production. However, in comparison with cell 

TABLE 87.1 MODELS OF ARTHRITIS

Model Abbreviation Species* Feature IC T cell Refs

Induced models

Collagen-induced arthritis CIA DBA mouse CII + + 2, 3

Proteoglycan arthritis PG-A Balb/c mouse PG + + 4, 5

Adjuvant arthritis AA Lewis rat Autoimmune − + 7, 10

Oil-induced arthritis OIA DA rat Autoimmune − + 8

Pristane-induced arthritis PIA DA rat Autoimmune − + 9, 11

Streptococcal cell wall arthritis SCW-A Lewis rat Persistent bacteria − + 15, 16

Flare SCW Mouse T IL-17 − + 18, 19

Antigen-induced arthritis AIA Rabbit, mouse Persistent antigen + + 22, 23

Flare AIA Mouse T IL-17 − + 25

Transgenic models

KRN arthritis KRN K/BxN mouse GPI + + 31, 32

TNF transgenic arthritis TNFtg Mouse TNF overexpression − − 39, 40

IL-1 transgenic arthritis IL-1tg Mouse IL-1 overexpression − − 43

IL-1ra transgenic arthritis IL-1ra-/- Balb/c mouse Autoimmune T cells ± + 44, 45

HTLV-induced arthritis HTLV Mouse Viral, transgenic − + 34

SKG arthritis SKG Mouse T cell defect − + 35, 36

GP130 arthritis GP130 Mouse STAT3 defect − + 37, 38

*Mostly used: IC, immune complexes; GPI, glucose-6-phosphate isomerase.

HYPOTHETICAL MECHANISM FOR THE DEVELOPMENT
OF LENTIVIRUS-INDUCED EXPERIMENTAL ARTHRITIS

Cytotoxic response 

Lentivirus

Type A
synoviocyte
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macrophage
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Viral
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CD4+ Th2 cellAntibody-mediated
response
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Fig. 87.3 Hypothetic mechanism for the development of lentivirus-induced 
experimental arthritis. The infection of macrophages and monocytes induces 
both the expression of cell surface viral antigens and cytokine release. The 
macrophage activation appears to promote both CD4+ Th2 cell expansion and 
the development of activated CD8+ T cells. T-cell cytotoxicity directed against 
infected type A (macrophage lineage) synovial cells may result in a local 
inflammatory reaction within the joint and cartilage may be damaged 
concomitantly. The increased Th2 activity may contribute to local immune 
complex formation, eventually leading to chronic inflammatory activity within 
the joint and the development of arthritis.
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Flares of arthritis
In comparison with the chronicity of human RA, most animal models 
show relatively short duration of a severe and rapidly destructive 
inflammation. In that respect, models of repeated flares of arthritis, 
with slower development of lesions, provide a valuable extension.

An arthritic joint bearing retains antigen and a chronic antigen-
specific T-cell infiltrate displays a state of local hyperreactivity. This 
situation is not restricted to retained antigen but also applies to  
new antigen entering the sensitized joint from the circulation.  
Flares of smoldering arthritis can be induced with as little as 10 ng of 
antigen, and T cell–derived IL-17 plays a dominant part in such 
exacerbations.27

In addition to flare models based on protein antigen, similar models 
have been developed in rats and mice using bacterial cell wall constitu-
ents. In contrast to small protein antigens, which are only inflamma-
tory in the context of an immune response, bacterial fragments may 
function as an antigen but also directly trigger toll-like receptors, in 
particular TLR2. Ensuing reactions are a mixture of T cell– and mac-
rophage/fibroblast-driven processes. The generation of local hyperreac-
tivity requires large, persistent bacterial peptidoglycan-polysaccharide 
components, but the recurrence may occur with a variety of compo-
nents ranging from cell wall fragments, lipopolysaccharide, and CpG 
motifs to cytokines like IL-1. Strongest flares occur in the presence of 
T-cell immunity, and a correlation is found between the potential of 
fragments to induce an exacerbation and to elicit cell wall–specific 
T-cell proliferation.

In the mouse model of repeat SCW rechallenge, the swelling 
response of every flare remains TNF dependent. However, the chronic 
erosive infiltrate in the synovial tissue that occurs after repeat chal-
lenges is IL-1 dependent. Cartilage erosion is absent in IL-1–deficient 
mice but does occur in TNF-deficient mice. The model is more severe 
and erosive in DBA mice as compared with C57Bl mice, erosion is 
absent in T/B cell–deficient RAG −/− mice, and IL-17 blocking pre-
vents an erosive phenotype. The repeat rechallenge model becomes 
Th17 dependent and IL-1 is a major cytokine driving this process of 
Th17 generation.21

Of note, considerable cross-reactivity occurs between cell walls from 
different bacterial origins, and flares may result from homologous and 
heterologous fragments.28 This may extend to cross-reactive autoanti-
gens from cartilage, which underlines that arthritis can start against  
a particular antigen but may spread to other antigens, including 
autoantigens.

Recently, toll receptors have been identified as recognition sites for 
bacteria. TLR2 is involved in SCW recognition, whereas TLR4 is trig-
gered by LPS but also by damaged connective tissue components, which 
are released in erosive stages. The acute SWC arthritis model is TLR2 
dependent, whereas the more chronic rechallenge model loses TLR2 
dependence and becomes TLR4 dependent.29 These principles open up 
a wide range of putative stimuli involved in exacerbations, simultane-
ously complicating the search for the driving “antigen” in humans. 
Flares can be efficiently blocked with a combination of antibodies to 
TNF, IL-1, and IL-17,20,27 in particular. Evaluation of efficacy of TLR 
blockers is warranted.

Immune complex arthritis
Autoantibodies such as rheumatoid factor and anticitrulline antibodies 
(ACPAs) are a key feature of RA and the recent success of treatment 
with an anti–B-cell drug (rituximab) enhanced the belief in their patho-
genic role. In some of the models discussed earlier such as collagen-, 
proteoglycan-, and antigen-induced arthritis, immune complex (IC) 
formation at joint tissues is a major element (see Table 87.1). Although 
excessive IC formation can cause destructive arthritis, chronicity is 
limited and much promoted by T cells. The latter may be linked to 
the need of T cells to sustain antibody production and the greater 
potential of T cell/macrophage interaction to sustain joint pathology. 
Minute amounts of antigen suffice to stimulate T cells, whereas con-
siderable amounts of immune complexes are necessary to stimulate 
inflammatory mediator release from phagocytes. It is likely that IC 
models mimic part of the RA pathology.

There is growing interest in the use of passive IC models, along 
with availability of a range of transgenic knockouts, to identify crucial 

wall fragments, the cytokine-inducing capacity is weak. Normal joints 
of individuals contain both bacterial fragments and bacterial CpG 
(CP61) motifs and it is conceivable that both factors contribute to 
arthritis.

Antigen-induced arthritis
Antigen-induced arthritis (AIA) provides a designed model of develop-
ment of chronic erosive arthritis, reflecting a sustained immune reac-
tion to a persistent trigger in joint tissues, in this case a planted protein 
antigen. It is elicited by local injection of a high dose of antigen in the 
knee joint of an animal previously hyperimmunized with that antigen 
in Freund complete adjuvant. Such a model was first developed by 
Dumonde and Glynn23 in rabbits. In principle, it can be induced in 
any species, provided that proper immunity to a particular antigen can 
be mounted. Applications have since been developed in mice, rats, and 
guinea pigs.

In contrast to the polyarthritis models described so far, this type of 
arthritis remains confined to the injected joint. Commonly used anti-
gens are ovalbumin, bovine serum albumin, fibrin or cationic forms 
such as methylated BSA. Preimmunization with antigen in complete 
Freund adjuvant induces strong humoral and cell-mediated immunity. 
Arthritis is usually induced 3 weeks later by a local injection in the 
knee joint of a large amount of antigen. Initially an immune complex 
type of reaction dominates, followed by a T cell–mediated chronic 
inflammation. In the rabbit, chronicity may last for years. Histopathol-
ogy shows a granulocyte-rich exudate in the joint space, thickening of 
the synovial lining layer and, at later stages, a predominantly mono-
nuclear infiltrate in the synovium, which later includes numerous T 
cells and clusters of plasma cells. Interestingly, a large proportion (50%) 
of these plasma cells are making antibodies to the inciting antigen, 
suggesting that retained antigen is a driving force in chronic arthritis. 
Intense immune complex formation is seen in superficial layers of the 
articular cartilage, which may contribute to localized cartilage destruc-
tion. Early loss of proteoglycan, followed by pannus formation and 
cartilage and bone erosion, is a common finding.

Two important principles emerge from this model: first, chronicity is 
only found in the presence of sufficient antigen retention in joint tissues, 
in combination with proper T cell–mediated delayed hypersensitivity; 
second, joints contain numerous non- and avascular collagenous tissues 
such as cartilage, ligaments and tendons, which allow for prolonged 
antigen retention by antibody-mediated trapping and charge-mediated 
binding.24,25 Importantly, antigen injected in the skin produces transient 
inflammation, whereas a similar dose in the joints causes chronic 
inflammation. Chronicity is caused by generation of local hyperreactiv-
ity. Antigen initially trapped in collagenous tissues is slowly released in 
time to sustain low-grade chronic arthritis. As a consequence, the local 
T-cell infiltrate gains specificity because retention of specific T cells is 
shaped by homologous antigen. Small amounts of antigen are sufficient 
to sustain arthritis, whereas relatively large amounts are necessary for 
induction. This condition forms the basis for exacerbations (flares) of 
arthritis with low doses of antigen, described later.

In rabbits, antibody responses are generally high and allow for suf-
ficient immune complex–mediated trapping of antigen in the joint. In 
mice, antibody levels are lower and cationic antigens are needed as 
suitable arthritogens, owing to their ability to stick to the negatively 
charged collagenous structures of the joint and to accumulate immune 
complex formation at the surface.25 Of interest, this principle may 
extend to cationic bacterial or viral components and appears of impor-
tance in the more recently developed KRN model of arthritis, where 
anti-Glucose Phosphate Isomerase (GPI) antibodies stick to GPI 
antigen trapped at cartilage surfaces.

In antigen-induced arthritis in the rabbit and the mouse, elimina-
tion of TNF and IL-1 was poorly effective in suppressing joint inflam-
mation, pointing to substantial “overkill” by other mediators in this 
severe onset of arthritis. However, elimination of IL-1 did yield impres-
sive protection against cartilage destruction.26 The model of AIA is 
most suited to studies into the mechanism of cartilage destruction as 
induced by a mix of immune complexes and T-cell reactivity. It is 
assisted by knowledge of exact time of onset, accessibility of the knee 
joint (as compared with ankles), and the presence of a contralateral 
control joint. Moreover, the model can be used to evaluate the regula-
tion of local T-cell hyperreactivity against a retained foreign antigen.
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other passive IC arthritis models. GPI antibodies are found in some 
RA patients but certainly not in all and levels are moderate. Their role 
in RA remains to be identified.36

The involvement of IL-1 and TNF follows earlier observations in 
similar models. IL-1 is obligatory, with no arthritis in IL-1 deficient 
mice. TNF is also essential, although less critically than IL-1, because 
a proportion of TNF-deficient mice develop robust arthritis. When 
compared with the passive arthritis induced with antibodies to the 
cationic antigen PLL-lysozyme, a higher TNF sensitivity is apparent, 
as well as a dependence on mast cells. These findings suggest a role of 
environmental initiating elements. It is likely that onset of mild GPI 
arthritis is assisted by local TNF generation and mast cell–dependent 
histamine release, whereas a model with a planted cationic antigen in 
the joint generates sufficient non-specific inflammation to initiate 
arthritis without the need for additional facilitating mediators such as 
TNF. Once affected, the role of TNF is limited, as in GPI arthritis. T 
cell IL-17 can accelerate and enhance expression of GPI arthritis,37 
making TNF redundant and illustrating the remarkable potency of the 
combination of IC and T-cell activation in severity and chronicity of 
arthritis.

Citrulline arthritis.
Anti-citrullinated protein antibodies (ACPA) are a key feature of RA 
and in recent years many researchers have attempted to proof the 
efficacy of such antibodies of RA patients to induce passive arthritis, 
so far without much success. So the question remained whether the 
antibodies are pathogenic or just a marker of RA. There is some sug-
gestive evidence for a pathogenic role in the studies of Kuhn and col-
leagues,38 demonstrating that such antibodies are present in collagen 
arthritis and mice tolerized to citrulline responses showed reduced 
arthritis. However, it cannot be excluded that the immunomodulation 
process caused innocent bystander effects, not necessarily solely reflect-
ing suppressed anti-citrulline responses.

Very recently, the group of Holmdahl generated a range of mono-
clonal antibodies specific for citrullinated collagen type II and showed 
arthritis induction on transfer of the antibodies. In addition, the anti-
bodies could amplify smoldering arthritis.39 It argues that defined anti-
citrulline antibodies can do the job, as was demonstrated earlier for 
anti-collagen type II and anti-GPI antibodies. Whether similar antibod-
ies occur in significant quantities in RA patients remains to be proven.

Gene manipulation and transgenic models
Transgenic animals, defined as novel strains generated by manipula-
tion of particular genes, have resulted in several new models that prove 
the importance of certain principles in arthritis and are useful for dis-
tinct screening. They do not necessarily provide better translational 
models for drug targeting in RA. Some recent examples of skewed T 
cell responses are discussed later.

Mice transgenic for the env-pX region of the human T-cell leukemia 
virus type 1 genome develop a spontaneous chronic arthritis as a result 
of expression of the tax gene.40 Onset occurs at 2 to 3 months of age 
in female mice but is delayed several months in male animals. Ankle 
joints are most frequently affected and pannus formation leading to 
severe erosions of cartilage and bone is observed in transgenic mice 
after several months of disease. The mice produce autoantibodies and 
collagen immunization can provoke the onset or exacerbation of arthri-
tis. It is tempting to speculate that a retrovirus could be involved in 
the pathogenesis of RA, possibly by influencing T-cell responses to 
cartilage antigens.

Another recent example is the occurrence of chronic autoimmune 
arthritis in mice with a point mutation of the gene encoding ZAP-70, 
a key signal transduction molecule in T cells.41 The aberrant T-cell 
receptor function leads to positive selection of otherwise negatively 
selected autoimmmune T cells. It is of great interest that these mice 
fail to develop disease under microbially clean conditions, despite 
active production of arthritogenic autoimmune cells. A single injection 
of Zymosan provokes arthritis in a Dectin-1 dependent but TLR-
independent manner.42

Mice with a homozygous mutation in the gp130 IL-6 receptor 
subunit show enhanced signal transduction and STAT3 activation and 
develop a lymphocyte-mediated RA-like joint disease. Increased prolif-

pathways of inflammation and tissue destruction. The advantage of 
passive systems is the lower dependence of genetic background, avoid-
ing excessive backcrossing to create transgenics in suitable, susceptible 
mouse strains. Passive transfer of collagen arthritis can be performed 
with a critical mixture of a number of anticollagen type II (CII) mono-
clonal antibodies, including complement-binding IgG-2a. Sets are now 
commercially available, routinely recommending DBA mice as sensi-
tive recipients. Accepted concepts of inflammation pathways include 
IC-mediated complement activation and Fcγ receptor triggering on 
phagocytes. Proteoglycan antibodies from the proteoglycan arthritis 
model can induce transient arthritis upon transfer, with concomitant 
proteoglycan loss from the cartilage but no erosive damage. IgG-1 
seems the critical subclass but the limited destructive potential is yet 
unclear.

An IC model emerging from the murine AIA model and using the 
principle of cationic retention is the passive transfer of antilysozyme 
antibodies to mice that are locally injected in one knee joint with PLL-
lysozyme. Poly-l-lysine (PLL)-coupled lysozyme is highly cationic and 
sufficiently large to be retained in the joint for prolonged periods of 
time. Both association with synovial tissue and heavy sticking to car-
tilage surfaces contribute to chronicity and cartilage destruction. An 
intriguing observation is the more chronic and destructive nature of 
this arthritis in DBA/1j as compared with Balb/c mice,30 which seems 
related to high sustained levels of activating Fcγ receptors on macro-
phages of DBA/1j. The model shows strong dependence on IL-1, 
whereas TNF blockade was ineffective.31 FcγRI rather than III appears 
crucial in cartilage damage.32

A final model to be mentioned here is the passive GPI model, which 
is addressed following a description of KRN arthritis. Differences 
between the various IC models lie mainly in the subclasses of antibod-
ies and related complement-binding activity and/or FcγR-mediated acti-
vation of granulocytes, macrophages, and mast cells.

KRN-GPI arthritis
An intriguing, novel arthritis model emerged from experiments in 
transgenic mice overexpressing a self-reactive T-cell receptor (TCR). 
The cross of K/BxN mice developed arthritis.33 In principle, many 
insults or adjuvants that skew regulation of T-cell tolerance have the 
potential to create autoimmune pathology, including joint inflamma-
tion. This holds for adjuvant arthritis and also for the oil-induced 
models described earlier. The major breakthrough and beauty of the 
KRN model is the elucidation of the driving antigen and the identifica-
tion that passive transfer with antibodies induces a protracted arthritis. 
The TCR recognized the ubiquitous self-antigen glucose-6-phosphate 
isomerase (GPI) and provoked, through B cell differentiation and pro-
liferation, high levels of anti-GPI antibodies. These antibodies are 
directly pathogenic on transfer and appear to recognize endogenous 
GPI, which seems to associate preferentially with the cartilage surface.34 
The latter may underlie the dominance of joint pathology in these 
mice, although GPI is also abundant at other sites in the body. IgG-1 
antibodies are the major subclass and cause a sustained, erosive arthri-
tis after continued transfer, with high sensitivity of Balb/c mice. This 
pathology brings the model close to passive CIA or IC arthritis, with 
planted cartilage associated antigen, all having IC formation at the 
cartilage surface. Differences relate to the IgG subclasses involved.

As an adaptation of this model, Kamradt and colleagues immunized 
mice with GPI and showed occurrence of arthritis after a few weeks. 
This direct immunization model is a mix of GPI-specific T cells and 
anti-GPI antibodies; serum from these mice cannot transfer arthritis.35 
The latter makes the direct immunization model different from classic 
KRN arthritis.

Strain dependency of passive immune complex arthritis
As mentioned earlier for passive IC models, in general, the severity is 
dependent on complement factors and Fcγ receptors. Activation of 
complement through the alternative pathway appears crucial in GPI 
arthritis, consistent with dominance of IgG-1. Because activity of com-
plement and the level of expression of FcγR on phagocytes are different 
in various mouse strains, such factors determine to a great extent the 
variable susceptibility. BALB/c mice are hyperreactive, whereas DBA/1 
and C57Bl6 are less susceptible and minor responsiveness is seen in 
129/Sv mice, in strong contrast to the low sensitivity of Balb/c mice in 
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p75 receptor. It remains to be elucidated to what extent human RA is 
driven by soluble or membrane TNF. Of note, soluble TNF is hard to 
detect in RA synovial fluid and models with dominant overexpression 
of soluble TNF hamper proper identification of the role of p75 TNFR.

IL-1 transgenic mice and IL-1ra deficient mice
Transgenic IL-1α overexpression was also shown to induce chronic, 
destructive arthritis.49 Transgenic mice expressing human IL-1α had 
high serum levels of IL-1 and developed a severe polyarthritis by 4 
weeks of age. Hyperplasia of the synovial lining, pannus formation, 
and, ultimately, cartilage destruction were evident. T and B cells were 
scant, but active granulocytes were abundant.

The opposite approach, elimination of IL-1 control by gene targeting 
of the endogenous IL-1 receptor antagonist (IL-1ra), also yielded a 
model of arthritis. IL-1ra deficiency in a Balb/ca background resulted 
in pronounced arthritis at the age of 8 weeks.50 Marked synovial and 
periarticular inflammation was noted, with invasion of granulation 
tissue and articular erosion. Moreover, elevated levels of antibodies 
against immunoglobulins, type II collagen, and double-stranded DNA 
were found, suggestive of autoimmune responses. Intriguingly, IL-1ra 
deficiency in a C57Bl/6J background did not yield arthritis but instead 
showed arteritis. This genetic variation, although not well understood, 
underscores an immunologic pathogenetic pathway. Overexpression of 
a range of cytokines, including IL-1β, TNF, and IL-6, was observed in 
the joints before onset of arthritis. Interestingly, autoantibody levels 
did not correlate with disease severity, which may imply that it reflects 
a reaction to damaged joint tissue.

In sharp contrast to the TNF transgenic model, the arthritis in 
IL-1ra−/− mice is strongly dependent on T cells, in line with the 
remarkable genetic restriction. It is consistent with the view that IL-1 
is a crucial regulator of T-cell function. Impaired T-cell activation is 
demonstrated in IL-1–deficient mice, linked to low levels of CD40 
ligand and OX40 expression on T cells, and underlies the suppression 
of collagen arthritis in these mice. Undisturbed IL-1 action, in the 
absence of IL-1ra, apparently permits activation of IL-17 producing T 
cells directed against exogenous triggers or endogenous autoantigens. 
The spontaneous arthritis in IL-1ra−/− mice does not develop under 
germ-free conditions and is reduced in TLR4-deficient mice.51 TLR4 
blockers are effective in this model.52 Both TNF and IL-17 deficiency 
prevent onset of arthritis.53,54 Features are highlighted in Table 87.2.

CYTOKINES AS TARGETS IN  
SUSCEPTIBILITY AND DESTRUCTION
Findings on TNF, IL-1, and IL-17 involvement have been addressed 
partly under the headings of the various models and are further sum-
marized in Table 87.3.

eration of CD4+ T cells is due to elevated production of T-cell activat-
ing IL-7 by non-hematopoietic cells.43,44

TNF transgenic arthritis
In an elegant series of experiments, Kollias and co-workers provided 
insight into the possible role of TNF in arthritis induction. By the 
introduction in mice of a modified human TNF transgene, lacking a 
TNF 3'UTR region involved in translational repression of TNF, it was 
shown that pronounced TNF overexpression results in chronic polyar-
thritis with a 100% incidence.45 Hyperplasia of the synovium, inflam-
matory infiltrates in the joint space, pannus formation, and cartilage 
and bone destruction were observed. Intriguingly, a similar form of 
arthritis also developed in targeted mutant mice lacking the 3'AU-rich 
elements, confirming the role of these elements in the maintenance of 
a physiologic TNF response in the joint.46 A proposed mechanism is 
the inability of natural anti-inflammatory signals, such as IL-10, to 
suppress TNF production under these conditions. These exciting find-
ings stimulated a major search for functional mutations around TNF 
production in RA patients. However, no clear indications have been 
found so far.

The model is of great interest in identifying pathways of TNF-
induced arthritis and screening the efficacy of various TNF-directed 
therapies. It is not surprising that anti-TNF treatment blocks the 
pathology, but it is a remarkable observation that some of the pathol-
ogy runs through IL-1. Crosses of TNFtg mice with IL-1 deficient mice 
identified that inflammation is TNF mediated. Bone erosion is 50% 
dependent of IL-1, whereas cartilage erosion is a fully IL-1 dependent 
process.47 The model does not need T or B cells because arthritis occurs 
in TNF transgenics backcrossed to RAG −/− mice and the pathology 
can be transferred with selected TNF-producing fibroblasts. Further 
investigation of TNF receptor involvement showed a crucial role of the 
p55 type I receptor in mediating the TNF pathology and a suppressive 
role of the p75 type II receptor.

Apparently, the type II receptor does not have a clear suppressive 
role in inflammatory bowel disease, which is a pathology also found in 
TNF transgenic mice. The latter is a T/B cell-dependent disease. It is 
known that the cytotoxic anti-TNF and the TNF and lymphotoxin 
scavenging TNF soluble receptor treatments have different efficacy in 
human RA as compared with Crohn disease, but the reason for this is 
not fully understood. A dualistic proinflammatory and immunosup-
pressive role of TNF has been observed and heterogeneity exists in TNF 
receptor usage in autoimmune suppression versus inflammatory tissue 
damage.48 These observations provide a rationale for future treatment 
of RA with selective anti-TNFR instead of anti-TNF antibodies. 
However, full understanding of this system is complicated by the 
finding of cooperative activity of p55 and p75 TNFR in arthritis induced 
with membrane-bound TNF, in line with the identification of prefer-
ential binding of transmembrane as compared with soluble TNF to the 

TABLE 87.2 FEATURES OF CLASSIC ARTHRITIS MODELS

Features AA SCW-A CIA AIA KRN TNFtg IL-1ra -/-

Impact of bacterial flora* + + − − ? ? +

Stimulus ? Persistent bacteria CII Planted Ag GPI TNF Bacteria?

Self-limiting arthritis + − ± − − − −

Flares Refractory Spontaneous Inducible Inducible ? − −

Chronic synovitis ± ++ + ++ + ++ ++

Bone marrow inflammation† ++ + ± ± ? + +

Main site of expression Ankle Ankle Peripheral Chosen‡ Peripheral Ankle Ankle

Bone erosion ++ + ++ + ++ ++ +

Cartilage erosion ± ± ++ ++ ++ ± +

Dominant feature Periostitis Fibrosis Destructive Local hyperreactivity Destructive IL-1 IL-17

*Impact on susceptibility of strains.
†As an early feature.
‡Chosen by intra-articular injection.
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bone destruction in CIA.59 An intriguing observation was recently 
made with respect to crucial enzymes involved in cartilage proteoglycan 
loss. Studies in ADAMTS-4 and 5 knockout mice identified that 
ADAMTS5 is the crucial enzyme in proteoglycan loss in antigen-
induced arthritis, and its absence prevents not only proteoglycan deple-
tion but also collagen damage. As such it opens a novel, indirect way 
for targeted therapy of cartilage erosion.60

It has been demonstrated that RANKL is the crucial activating 
cytokine of the bone-resorbing osteoclasts. In the absence of RANKL, 
joint inflammation continues in the passive GPI immune complex 
arthritis but bone erosion is prevented. Similarly, when TNF transgenic 
mice were crossed with c-fos deficient mice, joint inflammation con-
tinued yet bone erosion was fully absent. C-fos mice lack functional 
osteoclasts. TNF-driven bone erosion is osteoclast dependent and 
absence of osteoclasts alters TNF-mediated arthritis from a destructive 
to a non-destructive phenotype. In line with this, treatment with OPG, 
which is the natural inhibitor of RANKL, does not reduce inflamma-
tion in adjuvant arthritis and TNF transgenic mice, yet bone erosion 
is reduced.14,61 Further improvement of therapy and even bone repair 
can be achieved with combined blocking of cytokines and RANKL, as 
well as providing an additional anabolic stimulus such as parathyroid 
hormone.62,63 These studies indicate that repair of bone is achievable, 
in line with bone recovery noted in well-treated RA patients.

Repair of cartilage remains a major challenge, probably requiring 
tissue engineering approaches with stem cells, biodegradable matrices, 
and supplies of crucial growth factors. A final remark on bone erosion 
versus bone apposition is in order. Unlike the situation in RA patients, 
many arthritis models exhibit bone erosion but also pronounced new 
bone formation. These phenomena occur at distinct sites of the joint. 
The latter process, bone apposition, is virtually absent in TNF trans-
genic mice, and a TNF-inducible regulator of bone apposition, DKK-1, 
was recently identified.64 It might be argued that most murine arthritis 
models are relatively devoid of TNF compared with TNFtg mice and 
human RA, herein providing a possible explanation for excessive bone 
apposition. Further studies are warranted on factors that regulate the 
impact of osteoclasts and osteoblasts on bone metabolism under 
inflammatory conditions and its dependence of local cytokine milieus, 
including old and novel players like DKKs, TGFb, BMPs, and members 
of the Wnt family. Proper identification of their involvement and tar-
geting in models may provide new ways of treatment.

● Further insights in the relevance of findings on erosive processes 
in animal models for human RA are hampered by the paucity of 
information on progression of cartilage erosion in RA patients. 
X-rays are a proper tool to evaluate progression of bone erosion, 
but the joint space narrowing identified with this technique is a 
non-sensitive measure and overlooks focal erosions occurring in 
the cartilage. It is recommended that upcoming clinical trials in 

TNF is a major mediator in the early stages of joint inflammation 
in every model. Although IL-1 is not a dominant inflammatory cyto-
kine in all models, it is certainly the pivotal cytokine in the inhibition 
of chondrocyte proteoglycan synthesis in all models studied so far and 
the blocking of IL-1 has a great beneficial impact on net cartilage 
destruction.55 In line with this, chronic destructive arthritis could not 
be induced in IL-1–deficient mice, using any of the classic arthritis 
models. In contrast, TNF deficiency reduced the incidence of autoim-
mune arthritis expression but once joints became afflicted, full progres-
sion to erosive arthritis did occur.56 It is unclear why IL-1 is such a 
dominant target in IC and T cell–driven models, whereas a crucial role 
of IL-1 in autoimmune RA is only evident in joint erosion and a role 
in RA joint inflammation is unlikely. The novel T-cell cytokine IL-17 
provides an additional target apart from TNF and IL-1. Local overex-
pression showed that it can accelerate inflammation and tissue destruc-
tion in CIA, independent of IL-1, and IL-17 blocking appeared superior 
in the T-cell flare of AIA.27 In addition, the macrophage-derived cyto-
kines IL-15, IL-18, and IL-23 are abundant in RA synovia, can con-
tribute to T-cell maturation and activation, and were shown to promote 
collagen arthritis. It is now accepted that IL-23 rather than IL-12 
stimulates IL-17 T cells and drives arthritis.57 Its major role is not in 
generation but in propagation of already differentiated Th17 cells, 
making this cytokine an attractive therapeutic target.

Cartilage and bone destruction
Animal models are excellent tools for characterizing the kinetics of 
destructive pathways. Cartilage damage observed in different models 
ranges from a selective loss of cartilage, underlying pannus tissue to 
an overall loss of matrix, starting with proteoglycan release and, later, 
collagen damage. Killing of chondrocytes and complete loss of the 
superficial and middle cartilage layer are noted in severe forms. This 
underlines that arthritic processes can be more or less destructive, 
dependent on the underlying process and cytokine mixture. Enhanced 
degradation of matrix and inhibited synthesis of proteoglycans by the 
chondrocyte are general findings in all models. Aggressive overall car-
tilage loss is predominantly noted in the presence of immune complex 
deposition, whereas milder, more gradual forms of damage are noted 
in models driven by macrophage, fibroblast, or T-cell activation. Large 
variations in progressive destruction are also noted in populations of 
patients with RA, which may imply separate pathogenetic pathways.

A general lesson that may be deduced from observations in various 
models is that continuing, irreversible destruction can occur under 
conditions that will be hardly considered as inflammatory, whereas the 
opposite occurs as well.58 Symptomatic relief by anti-inflammatory 
therapy is promising, but the main challenge of interrupting joint 
destruction remains. As an example, local gene transfer with IL-4 did 
not suppress local inflammation yet markedly reduced cartilage and 

TABLE 87.3 CARTILAGE DESTRUCTION AND CYTOKINE INVOLVEMENT IN MURINE MODELS

Model

Acute inflammation Cartilage destruction 

TNF IL-1 IL-17 PG loss Surface erosion Chondrocyte death TNF* IL-1 IL-17

SCW ++ − − + ± ± − + −

SCW flares + + + + + ± − ++ +

CIA ++ +++ + ++ ++ ++ + ++ +

AIA ± ± − ++ ± ± − ++ −

AIA flare + + ++ ++ ++ ++ − ++ +++

ICA† ± ++ − ++ ++ ++ ± ++ −

GPI-A‡ + ++ − ++ ++ ++ + ++ −

TNFtg ++ ± ? + ± ± ++ ++ ?

IL-1ra −/− + ++ + + + ± − +++

*The role of tumor necrosis factor (TNF) in destruction is mainly indirect, by preventing onset of the arthritic process.
†ICA, passive immune complex arthritis, with poly-l-lysine lysozyme as antigen.
‡Passive arthritis induced with antibodies from the K/BxN arthritic mice.
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● Models have a defined onset and are useful for kinetic evaluation 
of arthritis, cell and mediator involvement, and detailed analysis 
of joint erosion.

● Animal models serve an important role in the evaluation of anti-
rheumatic treatments and provide direction for novel approaches 
to treatments such as cytokine inhibition.

RA pay attention to advanced imaging technologies to monitor 
changes in cartilage damage, which are yet explored and validated 
in animal models of arthritis.

● Arthritis may be induced in animals by immunization with car-
tilage components, non-specific immune stimuli, bacterial or viral 
components, or transgenic manipulation.

● Animal models are tools that mimic various aspects but never 
fully resemble human RA.
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value as diagnostic tools as well as their potential role in the patho-
genesis of RA are discussed.

RHEUMATOID FACTORS
Rheumatoid factors are a family of autoantibodies that recognize anti-
genic determinants on the Fc portion of IgG (Fig. 88.1). This part of 
the molecule is essential for complement fixation and interaction with 
the Fc receptor and thus for uptake of immune complexes. In contrast 
to most other autoantibodies, the major RF species is the IgM isotype, 
whereas IgG-RF and IgA-RF occur less frequently. RF can be measured 
by various methods, including agglutination techniques such as the 
classic Waaler-Rose test, turbidometric techniques such as laser neph-
elometry, and enzyme-linked immunosorbent assay (ELISA), the  
latter method being particularly useful for the determination of RF 
subtypes.

A transient increase of IgM-RF is part of the normal immunoregula-
tory process occurring during bacterial and viral infections, probably in 
response to immune complexes containing microbial antigens. Thus, 
low-titered IgM-RF can be found in 10% to 15% of healthy individuals 
whereas chronic persistence of high-affinity IgM-RF at elevated titers 
as well as the presence of IgG and IgA subtypes is a characteristic 
feature of RA. Interestingly, genes encoding RF from RA patients are 
often somatically mutated, whereas RF from healthy individuals is 
predominantly germline encoded and polyreactive. Somatic mutation 
of immunoglobulin genes and the class switch from IgM to other sub-
types are indicators of a T cell–driven process that, however, is still 
not understood in full detail.1,2

Pathogenetic involvement
The physiologic role of RF during a normal immune response is to 
enhance the avidity and size of immune complexes, thereby improving 
immune complex clearance. Immune complexes are also present in the 
joint, and complement fixation by IgG-containing immune complexes 
is enhanced by IgM-RF binding. This may be particularly important 
for immune complexes containing antibodies to cartilage antigens and 
other proteins expressed in the joint, including antigens that are not 
joint-specific, such as stress proteins, citrullinated proteins, or nuclear 
antigens. Therefore, it is conceivable that RFs may contribute to the 
activity and chronicity of the disease via complement-mediated path-
ways (Fig. 88.2). Furthermore, RF-bearing B cells may act as antigen-
presenting cells and efficiently present (foreign or self) antigens to T 
cells via uptake of immune complexes. Thus, RF in serum and espe-
cially the RF-producing B cells in synovial tissue of RA patients may 
exert such functions and thereby contribute to the pathophysiology of 
RA. Finally, the association of high-titer RF with more severe disease, 
particularly with bone erosion and extra-articular manifestations, may 
be considered further, although indirect, evidence for a pathogenic role 
of RFs.1-3

Role as diagnostic and prognostic markers
IgM-RF can be detected in 60% to 80% of RA patients with established 
disease, whereas prevalence in patients with early RA usually does not 
exceed 50%. RFs of all subtypes may be present already in the earliest 
stages of the disease and can even precede the onset of RA by several 
years.4,5 IgM-RF is present in high titers also in the majority of patients 
with primary Sjögren syndrome or mixed cryoglobulinemia and can  
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INTRODUCTION
Autoimmunity, that is, the presence of autoantibodies and autoreactive 
T cells in blood and joint fluid, is a characteristic feature of rheumatoid 
arthritis (RA) that distinguishes this disease from other inflammatory 
or degenerative joint disorders such as psoriatic arthritis, reactive 
arthritis, or osteoarthritis. As in other systemic autoimmune diseases, 
most autoantibodies of patients with RA target antigens are widely 
expressed throughout the body, while joint-specific structures do not 
seem to be among the primary targets. Thus, the hallmark autoanti-
body of RA, rheumatoid factor (RF), is directed against immunoglobu-
lin G (IgG), a major serum component, whereas autoantibodies to 
cartilage proteins such as collagen II occur much less frequently and 
are not specific for RA. In fact, the most specific autoantibodies are 
directed to citrullinated proteins such as fibrinogen, vimentin, or 
α-enolase, and anti-citrullinated protein antibodies (ACPAs) are now 
generally considered to be the most valuable serologic markers of RA. 
Other antigens described as targets of autoimmune responses in RA 
include quite diverse structures, such as nuclear proteins, particularly 
the heterogeneous nuclear ribonucleoprotein-A2 (hnRNP-A2), heat-
shock proteins, some enzymes, or certain cartilage components (Table 
88.1). Although most antibodies to these proteins are of limited useful-
ness for diagnostic purposes, they may nevertheless contribute to the 
pathologic processes characteristic of RA, such as chronic synovitis and 
erosion of cartilage and bone, by immune complex formation and 
subsequent activation of proinflammatory immune responses. In the 
following sections the major antibody systems are described and their 

88
 Rheumatoid arthritis (RA) is a systemic autoimmune disease 

characterized by the presence of autoantibodies and autoreactive T 
cells in peripheral blood and synovial fluid.

 Autoantibodies are present already in the earliest stages of the 
disease and may precede disease onset by several years; most 
autoantibodies are not directed to joint-specific antigens.

 Rheumatoid factors (RF), that is, autoantibodies to the Fc portion of 
IgG, are the longest-known marker antibodies in RA. High-titer 
IgM-RF and also IgA-RF are of high diagnostic and prognostic  
value because they are associated with erosive and more severe 
disease.

 Autoantibodies to antigens containing the amino acid citrulline 
(generated by post-translational deimination of arginyl residues) 
are the most specific marker antibodies for RA. Similar to high-titer 
RF, they are linked to erosive RA. Citrullinated autoantigens that are 
also expressed in the inflamed joint include fibrinogen, vimentin, 
α-enolase, and collagen.

 Among other autoantigens the heterogeneous nuclear 
ribonucleoprotein-A2 (RA33) may be of pathogenic or 
pathogenetic relevance because it is also a target of autoreactive T 
cells and able to stimulate inflammatory cells via Toll-like receptor 
engagement.

 Autoantibodies may contribute to the pathophysiology of RA by 
inducing, maintaining, or modulating the disease process. 
However, for none of the known autoantibodies has a direct 
pathogenic role been clearly verified and the primary (disease 
inducing) autoimmune targets remain to be identified.
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AUTOANTIBODIES TO  
CITRULLINATED ANTIGENS
The identification of autoantibodies in sera of patients with RA that 
are directed to epitopes containing the unusual amino acid citrulline 
has been one of the most exciting contributions to the field of RA 
research of the past decade.18,19 Arginyl residues can be post-transla-
tionally deiminated by the enzyme peptidyl arginine deiminase (PAD), 
leading to the generation of citrullinated proteins (Fig. 88.4). Therefore, 
autoantibodies recognizing citrullinated epitopes are now generally 
named anti-citrullinated protein antibodies (ACPAs).19 Five different 
isoforms of PAD have been described in humans, among which PAD2 
is the most widely expressed one, whereas expression of PAD4 is pre-
dominantly restricted to white blood cells such as monocytes/macro-
phages and granulocytes.20

Citrullinated epitopes were first identified in filaggrin, a protein that 
is highly abundant in squamous epithelial cells, where it promotes 
aggregation of intermediate filaments. Citrullinated filaggrin forms the 
target of anti-keratin antibodies that were first described in 1979 and 
shown to be highly specific for RA.21 Anti-filaggrin antibodies were 
found to bind to short citrulline-containing peptide epitopes,22-24 which 
may also be derived from other proteins or even be of synthetic origin, 
such as a cyclic citrullinated peptide (CCP), which is now commonly 

be found in lower titers in all other rheumatic autoimmune diseases. 
At the commonly used cutoff value of 15 or 20 IU/mL, IgM-RF shows 
only moderate specificity for RA, but specificity is considerably increased 
at higher titers, and several studies have found RF above 40 or 50 IU/
mL (high-titer RF) to be quite specific for RA.6-10 However, high-titer 
RF is present in only 50% to 60% of RA patients with established 
disease and is even less frequent in patients with early RA (Table 88.2). 
Interestingly, IgA-RF appears to be a more specific marker antibody for 
RA than IgM- or IgG-RF.4,11-13 Importantly, high-titer IgM-RF as well 
as IgA-RF have also considerable prognostic value because they are 
associated with severity of RA, such as erosiveness (Fig. 88.3), more 
rapid disease progression, worse outcome, and extra-articular manifes-
tations.9,12,14-16 Therefore, IgM-RF is still the most widely used serologic 
marker of RA and one of the seven criteria of the American College of 
Rheumatology for classification of RA and has recently been included 
together with ACPAs into the European League Against Rheumatism 
(EULAR) recommendations for the management of early RA.17

TABLE 88.1 TARGETS OF AUTOANTIBODIES IN RHEUMATOID ARTHRITIS

Antigen Antibody Specificity T cells

Immunoglobulin G Rheumatoid factors Moderate-high* Unknown

Citrullinated proteins ACPA High Yes

HnRNP-A2 Anti-RA33 Moderate Yes

Collagen II Anti-collagen Low Yes

Stress proteins Anti-BiP, anti-hsp90 Low Yes

Glucose-6 phosphate 
isomerase

Anti-GPI Low Unknown

High mobility group 
box 1 protein

Anti-HMGB1 Low Unknown

Calpastatin Anti-calpastatin Low-high† Unknown

*Dependent on cut-off value.
†Dependent on the ethnic background.

Fig. 88.1 RF epitopes on IgG-Fc. Molecular model of the CH2 and CH3 
domains of IgG showing (in yellow) the antigenic sequence around His 435, 
which can be seen to protrude from the surface. Binding sites are scattered 
within the Cg2 and Cg3 regions of IgG-Fc. The presence of His 435 is an 
essential constituent of the Ga determinant and absent in IgG3. (With 
permission of Elsevier Science Ltd, reprinted from Peterson C, Malone CC, Williams 
RC Jr. Rheumatoid factor reactive sites on CH3 established by overlapping 7-mer 
peptide epitope analysis. Molecular Immunology 1995;35:57-75.)

SOME ROLES FOR RHEUMATOID FACTOR IN JOINT PATHOLOGY

RF-specific B cells capture and present
foreign antigen as immune complexes,
to T cells

? T help

RF-specific
plasma cell

Antigen
presentation

T
cell

RF-B
cell

MHC TcR

Anti-collagen
IgG

Collagen fiber

RF

RF binds to cartilage surface immune
complexes and activates complement

RF

Complement

Fig. 88.2 Some roles for rheumatoid factor in joint pathology.

TABLE 88.2 SENSITIVITY AND SPECIFICITY 
OF IgM-RF FOR RHEUMATOID ARTHRITIS

Diagnosis RF > 20 U/mL RF > 50 U/mL

Rheumatoid arthritis (RA) 66% 46%

Sjögren’s syndrome 62% 52%

Systemic lupus erythematosus 27% 10%

Scleroderma 44% 8%

Poly/dermatomyositis 18% 0%

Reactive arthritis 10% 4%

Osteoarthritis 25% 4%

Healthy controls 13% 0%

Sensitivity for established RA (%) 66% 46%

Specificity for established RA (%) 78% 88%

Sensitivity for early RA* (%) 56% 46%

Specificity for early RA* (%) 89% 96%

*Data are derived from a prospective early arthritis study including patients with <3 months’ 
disease duration.9

RF, rheumatoid factor.



CH
A

PTER 88 
● Autoantibodies in rheum

atoid arthritis

889

Additional investigations on citrullinated antigens have been per-
formed with α-enolase,37 Epstein-Barr virus nuclear antigen-1,38 human 
papillomavirus,39 and collagen.40,41 Although the pathogenic relevance 
of these antigens is uncertain, evidence is accumulating that some of 
them may occur in citrullinated form also in vivo. This has been 
recently demonstrated for α-enolase42 and collagen II.43

Pathogenetic involvement
ACPAs are locally produced by synovial B cells and may therefore 
together with RF contribute to the inflammatory and destructive pro-
cesses in the rheumatoid joint.44 Their occurrence shows a strong 
association with the immunogenetic background, that is, with HLA-DR 
alleles carrying the “shared epitope,”45-48 but there is still little known 
about the autoreactive T cells driving the ACPA response.49,50 A highly 
significant association has been found between the occurrence of 
ACPA, presence of the shared epitope, and smoking, suggesting a link 
between autoimmunity, genes, and environment.51-53 Despite these 
exciting findings, direct experimental evidence for a pathogenetic role 
of ACPA is scarce and induction of erosive arthritis in experimental 
animals by immunization with citrullinated fibrinogen has not yet 
been achieved.54,55 Surprisingly, however, ACPAs were detected in mice 
with collagen-induced arthritis and administration of monoclonal anti-
bodies against citrullinated fibrinogen enhanced arthritis, whereas 
induction of tolerance to a citrullinated peptide led to a significant 
reduction in disease susceptibility.56 Furthermore, monoclonal anti-
bodies to citrullinated collagen were recently shown to bind cartilage 
and induce (mild) arthritis in experimental animals.43,57 These results 
seem to provide direct evidence for involvement of the ACPA autoim-
mune response in the pathogenesis of erosive arthritis, but the role  
of this response in the initial processes is still far from being fully 
understood.

Role as diagnostic and prognostic markers
Most commercial assays for the detection of ACPAs use a second-
generation CCP (CCP2) as antigen, which was found to correlate 
highly with antibodies to citrullinated fibrinogen.7,31 Other assays use 
third-generation CCP (CCP3), mutated citrullinated vimentin (MCV), 
filaggrin, or viral peptides. All assays employing CCP2 show similar 
performance, whereas assays employing citrullinated proteins appear 
to be somewhat less specific.27,58 However, antibodies to MCV seem to 
better correlate with RA disease activity than ACPAs and may therefore 

employed as an antigen in most commercial assays for determination 
of ACPAs.25-27

Because filaggrin is exclusively expressed in terminally differentiated 
epithelial cells, it presumably does not represent one of the primary 
targets of ACPAs but rather seems to be a cross-reacting antigen. A 
candidate antigen that might be involved in the initiation of the ACPA 
response is fibrin and its precursor fibrinogen, because citrullinated 
forms of these proteins are abundantly present in synovial tissue and 
fluid of patients with RA (Fig. 88.5).28 Although deimination of fibrin 
is not specific for RA and can be generally observed in inflamed 
joints,29,30 citrullinated fibrin was shown to be recognized almost exclu-
sively by sera of RA patients and also by affinity-purified anti-filaggrin 
antibodies.7,28,31,32 Accumulation of fibrin on synovial and cartilage 
surfaces is a well-known feature of RA; therefore, it is conceivable that 
deiminated fibrin deposited in the synovial membrane may form a 
preferred target structure of ACPAs.

Another antigen of interest is the intermediate filament protein 
vimentin, which has been identified as a target of ACPAs.33,34 Vimentin 
is a ubiquitously expressed cytoskeletal protein that occurs in various 
citrullinated isoforms, and citrullinated forms of vimentin were recently 
isolated from synovial fluid and tissue of patients with RA.35,36 Interest-
ingly, some of the citrullinated peptides analyzed were found to carry 
somatic point mutations,35 which might contribute to the antigenicity 
of vimentin. These findings suggest that citrullinated vimentin might 
indeed form one of the primary initiators of the ACPA response.
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BOX PLOTS SHOWING THE DIFFERENCE IN LARSEN SCORES IN RA
PATIENTS WITH HIGH-TITER RF (>50 U/mL) VERSUS PATIENTS

WITH LOW-TITER OR NEGATIVE RF

Fig. 88.3 Box plots showing the difference in joint damage defined by 
radiographic (Larsen) scores in RA patients with high-titer RF (>50 U/mL) 
versus patients with low-titer or negative RF. The boxes show median values 
and 25th/75th percentiles. Baseline values were similar in both groups, but 
Larsen score progression was significantly higher in patients with high-titer RF, 
both in the overall RA population (P <.0001) and also in the subpopulation of 
ACPA-negative patients (P = .0014, not shown). (Adapted from: Nell V, Machold 
KP, Stamm TA, et al. Autoantibody profiling as early diagnostic and prognostic tool 
for rheumatoid arthritis. Ann Rheum Dis 2005;64:1731-1736.)

DEIMINATION (CITRULLINATION) OF ARGININE BY
PEPTIDYLARGININE DEIMINASE (PAD)
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Fig. 88.4 Deimination (citrullination) of an argininyl residue by 
peptidylarginine deiminase (PAD). Enzymatic arginyl to citrullyl conversion is a 
post-translational modification that changes the charge and biochemical 
properties of proteins. Citrullination is predominantly observed in proteins of 
the cytoskeleton such as cytokeratin, vimentin, or filaggrin and seems to 
represent a general regulatory mechanism that particularly occurs during 
apoptosis.
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important to measure both IgM-RF and ACPA in patients with early 
arthritis who do not yet fulfill the diagnostic criteria for classification 
of RA.17

AUTOANTIBODIES TO HETEROGENEOUS 
NUCLEAR RIBONUCLEOPROTEIN-A2
Autoimmunity to nuclear antigens is less abundant in RA than in most 
other systemic autoimmune diseases. Thus, antinuclear antibodies are 
detected by indirect immunofluorescence microscopy in only 20% to 
30% of the patients and are of little if any usefulness for diagnostic 
purposes. An exception are autoantibodies to hnRNP-A2, which 
appears to have some relevance both for pathogenesis and diagnosis of 

provide additional information for the clinician.35,59-61 Moreover, even 
though ACPAs and anti-MCV antibodies are largely overlapping, anti-
MCV antibodies may also occur in ACPA (and RF)-negative 
patients.59,62,63 However, it is not known whether patients recognizing 
solely MCV differ clinically from patients recognizing both CCP and 
MCV, and the disease specificity of isolated anti-MCV antibodies is 
uncertain.64

ACPAs are present early in the course of the disease6,7,9,65-68 and 
similar to RF may also precede the clinical onset.5 ACPAs have at least 
95% specificity for RA and a diagnostic sensitivity of approximately 
75% in established RA. However, their sensitivity at disease onset was 
found to be below 50% in patients with very short disease duration and 
between 55% and 64% in patients with disease of less than 1 year’s 
duration (Table 88.3). The prevalence of ACPAs increases over time, 
irrespectively of therapy and disease activity, and seroconversion is 
rarely observed, at least when antibodies are measured by assays 
employing CCP2 as antigen. Other citrullinated substrates may be 
more suitable for disease monitoring, an issue requiring further inves-
tigation. The positive predictive value of ACPAs is better than 90%, 
which is comparable or even superior to high-titer IgM-RF.7,9,68,69 In all 
studies, ACPA and IgM-RF were found to be highly associated with 
each other. In patients with early RA, approximately two thirds of 
ACPA-positive sera are usually also positive for IgM-RF (see Table 
88.3); and in patients with long-standing disease the overlap is even 
higher.

Significant correlations between the presence of ACPA and radio-
graphic disease progression (i.e., erosiveness) have been established in 
several studies (Fig. 88.6). Most of these studies demonstrated the 
prognostic value of ACPAs, particularly the correlation with bone 
damage.9,12,15,65,68,70,71 Furthermore, ACPA-positive carriers of the 
shared epitope appear to be at particularly high risk for developing more 
severe forms of RA46,72,73 and in a recent retrospective study covering 
an observation period of 10 years, ACPA and IgM-RF were found to be 
independent predictors for erosive disease (Fig. 88.7).74 Thus, it is 

a b

c d

Fig. 88.5 Detection of deiminated (i.e., citrullinated) proteins in RA synovial tissue as demonstrated by 
immunoperoxidase staining with an antibody to modified citrulline. (a, b) In positive synovial 
membranes, the cytoplasm of numerous macrophage-like or fibroblast-like mononuclear cells, located in 
the lining or in the deep synovium, is intensely stained. (c) In addition, the staining of interstitial 
amorphous deposits located in the vicinity or close periphery of labeled mononuclear cells is observed 
in the deep synovium. (d) For comparison, a section of human skin is shown, where the whole cornified 
layer of the epidermis (containing deiminated filaggrin) is stained. Scale bars, 50 µm. (With permission of 
the American Association of Immunologists from Masson Bessiere C, Sebbag M, Durieux JJ, et al. In the 
rheumatoid pannus, anti-filaggrin autoantibodies are produced by local plasma cells and constitute a higher 
proportion of IgG than in synovial fluid and serum. Clin Exp Immunol 2000;119:544-552.)

TABLE 88.3 ACPA AND RF IN PATIENTS WITH EARLY RHEUMATOID ARTHRITIS

First author, 
year

Disease 
duration

Prevalence 
of ACPA

Specificity 
of ACPA

Prevalence of RF 
in ACPA+ patients

Meyer, 200370 <12 mo 59% — 65%

Kastbom, 200471 <12 mo 64% — 78%

Forslind, 200467 <12 mo 55% — 90%

Nielen, 20057 <10 mo 58% 94% 75%

Soderlin, 200469 <3 mo 44% 96% 82%

Nell, 20059 <3 mo 41% 98% 67%

ACPA, anti-citrullinated peptide antibody; RF, rheumatoid factor.
NOTE: In all studies ACPAs were measured by ACPA ELISAs. In patients with very early RA with a 
disease duration of < 3 months ACPAs were detected in < 50% of the samples whereas 
prevalence was between 55% and 64% in patients with disease duration < 12 months.
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the pathogenesis of experimental arthritis that remains to be confirmed 
for human disease.

Role as diagnostic and prognostic markers
Autoantibodies to hnRNP-A2, which are also commonly known as 
anti-RA33 antibodies, occur in approximately one third of RA patients 
and with similar frequency also in patients with systemic lupus ery-
thematosus (SLE) or mixed connective tissue disease, whereas they are 
rare in patients with other rheumatic disorders.79,80 In patients with 
SLE, their occurrence is significantly associated with the presence of 
antibodies to spliceosomal antigens (e.g., Sm and U1 snRNP), which 
are virtually never targeted in RA. Moreover, epitope recognition was 
found to differ between patients with RA, mixed connective tissue 
disease, and SLE.81,82 Because anti-hnRNP-A2 antibodies are rare in 
arthritides with a non-autoimmune pathogenesis (e.g., osteoarthritis, 
reactive arthritis, ankylosing spondylitis, or psoriatic arthritis) they can 
be helpful for differential diagnosis, particularly in patients who are 
negative for RF and/or ACPA. Anti-hnRNP-A2 antibodies have a speci-
ficity of approximately 90% for RA, which is somewhat lower than the 
specificity of ACPAs or high-titer IgM-RF. Similar to RF and ACPAs, 
anti-hnRNP-A2 antibodies may be present already in the earliest stages 
of the disease.9 Importantly, they do not correlate with IgM-RF or 
ACPA and are also not associated with radiographic progression but 
rather seem to characterize patients with a more favorable prognosis.

AUTOANTIBODIES TO OTHER PROTEINS
Additional antigens that have been described to be targeted by autoan-
tibodies from patients with RA include collagen and other cartilage 
proteins, stress or heat-shock proteins, and proteins with enzymatic 
properties. However, so far none of these antigens has proven useful 
for diagnostic or prognostic purposes.

Collagen
Among the 14 different collagens, type II collagen is the major collagen 
species in the joint and also the major collagen antigen. Antibodies  

RA. The antigen, which was initially termed RA33,75 is a 36-kDa 
protein that is associated with mRNA and involved in regulation of 
pre-mRNA splicing, mRNA transport, and translation. HnRNP-A2 is 
more or less ubiquitously expressed, with the highest expression levels 
observed in skin, lymphoid tissue, brain, and reproductive organs.76,77

Pathogenetic involvement
Pronounced T-cell reactivity to hnRNP-A2 has been observed in 
patients with RA but not in patients with osteoarthritis or psoriatic 
arthritis, and the antigen was found to be highly overexpressed in 
inflamed synovial tissue, whereas expression was low in normal joints 
(Fig. 88.8).49 Remarkably, antibodies to hnRNP-A2 were also found to 
spontaneously occur in animal models of arthritis, namely, in tumor 
necrosis factor (TNF)-α transgenic mice77 and in rats with pristane-
induced arthritis, which also showed pronounced T-cell reactivity to 
this antigen.78 Furthermore, immunization of TNF-α transgenic mice 
with a peptide corresponding to a major hnRNP-A2 B-cell epitope 
enhanced arthritis significantly.77 Similar to RA synovial tissue, over-
expression of hnRNP-A2 in the affected joints was seen in both animal 
models. Unexpectedly, hnRNP-A2 also stimulated lymph node cells 
and monocytes to produce inflammatory cytokines such as TNF-α or 
interleukin-6. Because this stimulation was dependent on MyD88, a 
signal transduction adapter molecule that is used by Toll-like receptors 
(TLRs), it is conceivable that hnRNP-A2 is capable of activating inflam-
matory cells via this pathway, presumably via its RNA component. 
Taken together, these findings point to a direct role of hnRNP-A2 in 
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Fig. 88.6 Box plots showing the difference in Larsen scores between ACPA-
positive and ACPA-negative RA patients (as determined by the anti-CCP ELISA) 
with low-titer (<50 U/mL) or negative RF. The boxes show median values and 
25th/75th percentiles. Baseline values were similar in both groups, but Larsen 
score progression was significantly higher in ACPA-positive patients (P = .038).

THE PROBABILITY OF RADIOGRAPHIC PROGRESSION

IgM RF- ESR- IgM RF- ESR+

Probability
of 10 year

radiographic
progression

Female ACPA+

IgM RF+ ESR- IgM RF+ ESR+

0

100

40

60

80

20

Male ACPA-Male ACPA+ Female ACPA-

90

30

50

70

10

Fig. 88.7 The probability of radiographic progression (change in van der 
Heijde modified Sharp Score of hands and feet > 10 U/10 years) according to 
different combinations of the independent predictors IgM-RF, ACPA, and 
erythrocyte sedimentation rate (ESR) from a logistic regression model. (From 
Syversen SW, Gaarder PI, Goll GL, et al. High anti-cyclic citrullinated peptide levels 
and an algorithm of four variables predict radiographic progression in patients 
with rheumatoid arthritis: results from a 10-year longitudinal study. Ann Rheum 
Dis 2008;67:212-217.)
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demonstrated for the 78-kDa stress protein BiP.87 However, cellular 
autoimmunity to heat-shock proteins seems to play a beneficial role 
in RA, involving mostly T-helper 2 (Th2) and regulatory T-cell (Treg) 
responses and may have therapeutic implications.88

Peptidyl arginine deiminase-4 (PAD4)
This enzyme is mainly expressed by immune cells such as monocytes/
macrophages and granulocytes and is, presumably together with  
PAD2, responsible for citrullination of synovial proteins.20 Anti-
bodies to PAD4 have been described by several authors and appear  
to be rather specific for RA.89-92 Because they are mainly detected 
in ACPA-positive patients their diagnostic value is presumably  
limited.

Glucose-6-phosphate isomerase
Glucose-6-phosphate isomerase (GPI) is a highly conserved glycolytic 
enzyme that catalyzes the interconversion of glucose-6-phosphate and 
fructose-6-phosphate. GPI was identified as the arthritogenic autoan-
tigen in the KRNxNOD mouse model of RA in which a transgenic 
T-cell receptor induces arthritis closely resembling human RA. In this 
model, arthritis is dependent on both T and B cells and disease can be 
transferred by anti-GPI autoantibodies in a complement-dependent 
manner.93 Moreover, immunization with GPI has been shown to 
induce arthritis in susceptible mouse strains.94 Although anti-GPI anti-
bodies may be present in sera and synovial fluid of RA patients, their 
incidence is low and they are not specific for RA.95,96 Interestingly, they 
were found with increased frequency in RA patients suffering from 
extra-articular manifestations (Felty syndrome).97 This, together with 
the observation of increased GPI levels in serum and synovial fluid of 
patients with arthritic disorders,98 may be indicative of a pathogenic 
involvement of this antigen in human disease.

High mobility group box 1 protein (HMGB1)
HMGB1 is thought to constitute the prototype of a damage-associated 
molecular pattern or alarmin.99,100 On tissue damage it is translocated 
from its homeostatic location in the nucleus to the extracellular milieu 
by passive release from dying cells and active secretion from monocytes 
and macrophages.101 Extracellular HMGB1 exerts strong proinflamma-
tory cytokine and chemoattractant activity and mitogenic activity, 
promotes angiogenesis, and regulates osteoclastogenesis. Elevated 
levels of extracellular HMGB1 are thought to contribute to perpetua-
tion of synovitis in animal models of arthritis and patients with RA.99 
Autoantibodies to HMGB1 occur in many autoimmune diseases, 
among them RA and juvenile RA, and were reported to be associated 

can be directed to both native and denatured forms of collagen II. They 
are found in numerous pathologic conditions and are therefore not 
specific for RA. Antibodies to collagen II are present in RA synovial 
fluids and are presumably locally produced in the joint, as indicated by 
higher antibody levels in synovial fluid than in serum. Furthermore, 
autoantibodies to collagen and other cartilage components and immune 
complexes may be contained within the cartilage, which is ready to 
absorb and bind these molecules. It is therefore conceivable that immo-
bilized IgG within the cartilage matrix may contribute to local macro-
phage activation and inflammation in RA. Even though pathogenicity 
of anti-collagen autoimmunity is obvious in collagen-induced arthritis, 
there is not much evidence that anti-collagen autoantibodies play a 
major role in the pathogenesis of human RA. However, recent observa-
tions that ACPAs may recognize deiminated forms of collagen may 
shed some new light on a role of collagen as autoantigen in the patho-
genesis of RA.40,41 Because collagen appears to be deiminated in the 
joint, it may be among the antigens targeted by ACPAs and thereby 
contribute to RA pathogenesis. This assumption is supported by 
recently reported observations that monoclonal antibodies to citrulli-
nated collagen II can bind to cartilage and enhance collagen-induced 
arthritis.43

The prevalence of anti–collagen II antibodies to native collagen  
in RA is low, but titers may be particularly high in early disease  
and decline as the disease progresses.83,84 High levels of serum anti-
bodies to native collagen II are restricted to a small subset of patients 
with RA, leprosy, and relapsing polychondritis, whereas low-titer anti-
bodies and those to denatured collagen II are found more generally. 
Most studies do not find a significant correlation between autoantibod-
ies to collagen II and disease duration, activity, and severity of RA. 
Because of this and their apparent lack of disease specificity, anti-col-
lagen antibodies are generally not considered as useful diagnostic 
markers.

Stress or heat-shock proteins
Stress or heat-shock proteins are required for correct folding and trans-
port of newly synthesized proteins between cellular compartments. 
They are upregulated under conditions of cellular stress and protect 
cells from severe damage and premature death. Stress proteins are 
evolutionarily highly conserved from bacteria to humans and are 
among the most immunodominant microbial antigens. This has led 
to speculations about potentially pathogenic cross-reactivities that 
might arise in the course of infections.85 Antibodies to stress proteins 
can be found in many pathologic conditions, including rheumatic dis-
eases, and may also occur in healthy individuals but do not show 
specificity for any disease,86 even though they may be elevated in the 
sera of RA patients as compared with patients with osteoarthritis as 

a b

Fig. 88.8 Expression of hnRNP-A2 (RA33) in synovial tissue. Pronounced staining of macrophage-like and fibroblast-like cells overexpressing hnRNP-A2 is seen 
in the lining layer and the sublining area of RA synovial tissue (a), whereas expression is barely detectable in osteoarthritis synovial tissue (b).
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systems, thereby crucially contributing to disease pathogenesis.109 
Thus, inappropriate activation of nucleic acid–binding TLRs such as 
TLR7 or TLR9 by self nucleic acid ligands within autoantigenic com-
plexes (e.g., snRNPs, hnRNPs, or nucleosomes) might be an important 
factor contributing not only to the pathogenesis of SLE but also to that 
of RA and other (systemic) autoimmune disorders.110 Recent data 
obtained in rats with pristane-induced arthritis have provided some 
evidence that such a mechanism may indeed play a role in the patho-
genesis of erosive arthritis.78 Furthermore, overexpression of TLR3, 
TLR4, and TLR7 in the synovium of RA patients has been reported, 
suggesting involvement of their respective ligands in the inflammatory 
process.111,112

Taking all these observations into consideration a general model for 
the initiation of arthritogenic autoimmune responses is suggested in 
which an environmental trigger (e.g., a toxic substance or an infectious 
agent) induces apoptosis in tissues (e.g., the lung) and/or lymphoid 
organs, leading to extensive modification (e.g., deimination or phos-
phorylation) and degradation of proteins. Inappropriate uptake of apop-
totic materials capable of stimulating TLRs (and other pattern 
recognition receptor systems) by dendritic cells will lead to activation 
of autoreactive T and B cells and subsequently to autoantibody produc-
tion on a susceptible genetic background (Fig. 88.10). Autoreactive 
lymphocytes will then migrate to the joint, where they set in motion 
the inflammatory and destructive processes that lead to abundant 
release of joint-specific antigens. This may give rise to further autoim-
munization of the patient via phagocytosing macrophages and den-
dritic cells and subsequent immune complex formation involving also 
RFs. Autoimmune reactions to other proteins such as stress proteins, 
hnRNPs, GPI, or HMGB1 may arise due to overexpression, post-
translational modification(s), and aberrant processing of the antigens 

with erythrocyte sedimentation rate, C-reactive protein, and the pres-
ence of RF.102

Calpastatin
Calpastatin is a natural inhibitor of the protease calpain, and both 
proteins can be found in elevated concentrations in RA synovial fluid. 
Antibodies to calpastatin have been reported to occur in 40% to 60% 
of RA patients but also have been described in other autoimmune 
diseases, and it has been suggested that anti-calpastatin antibodies may 
contribute to RA pathology by inhibiting calpastatin function, thereby 
aggravating disease.103 In contrast to white patients, anti-calpastatin 
antibodies showed higher sensitivity and specificity for RA in Japanese 
patients and thus might be diagnostically useful at least in the Japanese 
population.104 Of note, their occurrence in white RA patients has 
recently been found to be significantly associated with the shared 
epitope containing HLA-DR*0404.105

THE ROLE OF AUTOANTIBODIES IN THE 
PATHOGENESIS OF RHEUMATOID ARTHRITIS
Although autoantibodies are commonly present in sera and synovial 
fluid of most patients with RA, their precise pathogenetic role still  
has not been fully elucidated. Among the various autoantibodies 
described, only ACPAs are truly specific for RA, while all other anti-
body entities may occur also in other rheumatic diseases. The strong 
association of ACPA with certain HLA-DR alleles and with smoking 
provides a compelling link between genes, environment, and 
disease.45,52,53 Remarkably, upregulation of PAD2 and the presence of 
citrullinated proteins has been demonstrated in the lungs of cigarette 
smokers and might represent the first event in the pathogenetic chain 
of RA.106 It is currently unknown which citrullinated antigens initiate 
the ACPA response, but it is presumably not fibrin because fibrin 
deposition and citrullination occur after the onset of joint inflamma-
tion, being a consequence rather than the cause of arthritis. Thus, 
autoimmunity to citrullinated epitopes, which appears to be strongly 
dependent on the immunogenetic background, might be induced by 
ubiquitously expressed antigens such as vimentin or α-enolase. Once 
set in motion this autoimmune response seems to inevitably lead to 
development of RA because ACPAs are virtually never seen in healthy 
subjects and are only rarely observed in other rheumatic diseases. The 
binding of ACPAs to their targets in the synovial tissue probably has 
proinflammatory effects, leading to B- and T-cell stimulation and 
inducing fibrinogen extravasation, fibrin formation, and further deimi-
nation. This is most likely a self-maintaining process, which is at least 
partly responsible for the chronicity of the disease (Fig. 88.9). The 
recently reported observation that citrullinated forms of collagen may 
be present in synovial fluid of patients with RA suggests that collagen 
may become a target of ACPAs as well, even though it is certainly not 
primarily involved in the generation of the anti-citrulline response.43,57 
The immune complexes consisting of ACPAs and citrullinated anti-
gens may represent the main target for RF, which would also explain 
the close association of these two antibodies.

The lack of disease specificity of autoantibodies other than ACPAs 
does not necessarily exclude a pathogenic role for them. Also, in  
other systemic autoimmune diseases only a few antibodies are truly 
disease specific. For example, antiphospholipid antibodies are among 
the pathogenic key players of the antiphospholipid syndrome but  
are also frequently found in patients with SLE. Another example is 
hnRNP-A2, which is an autoimmune target in RA, SLE, and mixed 
connective tissue disease.107 However, epitope recognition differs 
between the three disorders81,82 and differences have also been found 
at the T-cell level.49,108 This RNA binding protein is unusual among 
the antigens targeted in RA because nucleic acid binding proteins  
are typically recognized by patients with SLE and other connective 
tissue diseases, where they may play a pivotal pathogenic role. The 
reason for the specific selection of ubiquitously expressed nucleic acid 
binding proteins as autoantigens has remained blurred for many  
years. With the discovery of pattern recognition receptors able to bind 
RNA or DNA it has become evident that the selection of nucleic  
acid–containing particles for the autoimmune attack is based on their 
intrinsic ability to activate those nucleic acid–recognizing receptor 

SCHEMATIC VIEW OF THE ROLE PRESUMABLY PLAYED BY THE
AUTOIMMUNE RESPONSE TO DEIMINATED FIBRIN IN THE

PATHOPHYSIOLOGY OF RA

Plasma extravasation and
fibrinogen polymerization

Fg

inflammation

Self-Maintenance
of RA Synovitis

antigen/antibody
conflict

activation
of effector

mechanisms

deimination
(PAD)

Fibrin

Deiminated
Fibrin

AhFibA

Pc

Fig. 88.9 Schematic view of the role presumably played by the autoimmune 
response to deiminated fibrin in the pathophysiology of RA. In the rheumatoid 
synovial tissue, fibrin is deiminated by PAD isoforms PAD2 and PAD4, which are 
abundantly expressed by synovial monocytes/macrophages and granulocytes, 
and becomes the target of the disease-specific antibodies (AhFibA) locally 
produced by synovial plasma cells (Pc). This leads to antigen/antibody 
complexes that, via activation of effector mechanisms probably involving 
complement and/or Fc receptors, have proinflammatory effects. In turn, these 
effects lead to plasma extravasation and fibrinogen polymerization and 
therefore provoke the formation of new fibrin deposits in the tissue, which 
become the substrate of one or several locally expressed PADs. This closes a 
vicious circle that could account for the self-maintenance of rheumatoid 
inflammation. In the synovial tissue of non-RA patients, even if deiminated 
fibrin is present, the absence of AhFibA prevents establishment of this 
self-maintenance loop. Fg, fibrinogen.
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antigens and the characterization of the cellular and molecular pro-
cesses underlying the pathologic autoimmune reactions against them 
has provided new insights into the pathogenesis of RA. A better under-
standing of the disease process will finally enable us to develop novel 
therapeutic concepts that may allow for treatment of RA in its initial 
stages in an antigen-specific manner and for a definitive cure for this 
debilitating disease.

induced by the proinflammatory milieu within the joint. Thus, an 
increasing number of autoimmune reactions may be generated in the 
course of disease, all of which may contribute to the pathophysiology 
of RA.

Because of the exciting observations made in recent years, autoan-
tibodies no longer can be regarded solely as useful diagnostic markers 
of otherwise little pathogenetic relevance. Identification of new auto-
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INDUCTION OF ARTHRITOGENIC AUTOIMMUNE RESPONSES IN THE LYMPH NODE

Fig. 88.10 Induction of arthritogenic autoimmune responses in the lymph node. An unknown trigger that may contain a 
danger signal provided by a pathogen or an intrinsic danger signal derived from exposed endogenous ligands initiates 
inflammation and subsequent apoptosis in secondary lymphoid organs. Insufficient removal of apoptotic cells leads to 
accumulation of apoptotic bodies containing nucleic acid–associated antigens and antigens modified during apoptosis such 
as histones, ribonucleoproteins, vimentin, or α-enolase, which are aberrantly engulfed by professional antigen-presenting cells 
such as immature dendritic cells (IDC). The nucleic acids (RNA in yellow, and DNA in red) associated with these antigens 
function as endogenous adjuvants that stimulate immune cells via Toll-like receptors (TLRs) and/or other endogenous 
receptors for RNA and DNA. The protein component is degraded in endosomes with subsequent membrane fusion to vesicles 
containing MHC class II molecules. Release of proinflammatory cytokines that upregulate expression of MHC class II and 
co-stimulatory molecules enhances the presentation of potentially pathogenic peptides to autoreactive T cells. These will 
subsequently activate autoreactive B cells leading finally to autoantibody production. Moreover, DNA- and RNA-associated 
autoantigens may directly activate autoreactive B cells via sequential engagement of the B-cell antigen receptor and TLR9 or 
TLR7, respectively. The formation of immune complexes further increases uptake of antigens via FcγR on dendritic cells. 
Autoreactive B and T cells emigrate from the lymph node to target organs where they recognize their respective autoantigens, 
setting off an inflammatory reaction that leads to further activation of autoreactive T and B cells in the affected organ where 
tertiary lymphoid organs may form. After enhanced tissue damage and increased production of apoptotic debris, a vicious 
circle is set in motion that may (dependent on the genetic background) result in the development of chronic autoimmune 
disease.
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to synovitis or cartilage destruction. Indeed, rheumatoid factors com-
monly occur in chronic infections (e.g., endocarditis) without giving 
rise to arthritis. At first glance the same lack of tissue specificity applies 
to the more recently described anti-citrullinated peptide antibodies 
(ACPAs) (so named because they are measured using artificially  
constructed citrullinated cyclic peptides), which are a more specific 
marker of RA because proteins at many sites outside joints have post-
translational modification of arginine residues to citrulline carried out 
by peptidyl arginine deiminases (PADs).

Nevertheless, in pursuit of the notion that RA is indeed autoim-
mune, several putative target antigens have been considered (Table 
89.1).

Joint components
Type II collagen
Arthritis can readily be induced in rodents and primates by immuniza-
tion with heterologous or homologous native type II collagen. Extensive 
studies of this model show that the arthritis requires both collagen-
specific B and T cells. Susceptibility depends on major histocompatibil-
ity complex (MHC) antigens, and the disease can be modulated by 
interventions such as depletion of specific T cells, vaccination against 
T cells, and induction of tolerance by oral administration of type II 
collagen.1 Despite the attractiveness of the model and the lessons 
learned from it, the importance of immune responses to type II col-
lagen in RA remains unclear. Collagen-specific T and B cells can be 
isolated from RA patients2 but only from a minority; these cells may 
be easier to find in synovial tissue but even here are not invariable. 
The possibility that they arise secondary to joint destruction, and 
exposure of otherwise cryptic epitopes in type II collagen to the immune 
system, has not been discounted, although a correlation between the 
degree of destruction and the presence of collagen-specific B cells in 
synovial fluid has not been found.3 Finally, attempts to induce oral 
tolerance to type II collagen did not produce consistent effects on RA 
activity.4,5 Together these findings do not greatly support the idea of 
type II collagen as the target autoantigen in RA. However, recent inter-
est in immune responses to citrullinated peptides reopen this question, 
since type II collagen can be citrullinated. Antibodies to citrullinated 
type II collagen are more common in RA than antibodies to unmodified 
collagen, similar in frequency to ACPA and highly correlated with 
them.6 In addition, experimentally citrullinated type II collagen induces 
more severe arthritis in rats than the native protein.7

Proteoglycans and chondrocyte proteins
Mice immunized with the human cartilage proteoglycan aggrecan 
develop erosive arthritis; but because they also have marked spondyli-
tis, autoimmunity to proteoglycan may be a model of ankylosing spon-
dylitis rather than of RA.8 Indeed, proteoglycan-specific T cells have 
been identified in ankylosing spondylitis.9 In addition to aggrecan, 
other cartilage proteoglycan molecules, such as biglycan and decorin, 
could, in principle, be targets of autoimmunity in RA but have yet to 
be investigated extensively. One additional chondrocyte protein has 
attracted attention: human cartilage glycoprotein 39 (HCgp39) is 
secreted in quantity by chondrocytes in arthritic joints but not those 
in normal joints. Again, immunizing mice with HCgp39 produces a 
mild arthritis, and certain HCgp39-derived peptides bind strongly to 
the RA-associated human leukocyte antigen (HLA) allele DRB1*0401 
and can be recognized by T cells from some RA patients.10 However, 
synovial HCgp39-specific T cells could not be identified in most DR4+ 
RA patients, using tetramers of specific HCgp39-derived peptide bound 

Cellular immunity in  
rheumatoid arthritis
J. S. Hill Gaston

 Components of the immune system, particularly T cells, are 
prominent within the rheumatoid synovial membrane.

 Susceptibility to autoantibody-positive disease correlates strongly 
with major histocompatibility complex antigens, the function of 
which is to control immune responses, particularly at the level of 
T-cell recognition.

 Therapies directed against several components of the immune 
system can alleviate symptoms and prevent disease progression.

INTRODUCTION
Although the immune system is centrally involved in rheumatoid 
arthritis (RA), the precise immune functions critical in its pathogenesis 
continue to be debated. What are the respective roles of the innate 
versus the acquired immune response, and which is dominant? Does 
RA require an antigen-specific immune response; and if so, what anti-
gens are involved? Are they exogenous (e.g., from viruses or bacteria) 
or are they autoantigens? Alternatively, does RA result from activation 
of the immune system by stimuli that are not related to the joint or 
inherently arthritogenic? In this case the specificity of lymphocytes 
found at the site of disease would be irrelevant and chronic inflamma-
tion would be maintained by non-specific mechanisms, such as the 
antigen-independent interactions between activated T cells and syn-
oviocytes, which can produce proinflammatory cytokines. In addition, 
given that immune responses to foreign or autoantigens do not usually 
give rise to a pathologic process, particularly chronic unresolved inflam-
mation, is the defect in RA a failure to regulate or terminate immune 
responses that would normally be manageable? Such failures could 
reflect imbalances in cytokine production or a particular pattern of 
cytokine production that would favor chronic inflammation. On the 
other hand, they could represent a lack of an adequate response by 
regulatory T or B cells.

Each of these questions will be considered in this chapter. Often 
animal models of RA will be used to illustrate the kinds of processes 
that can give rise to joint inflammation and destruction, but it must 
be emphasized that “rodents don’t get RA,” that is, observations in 
animal models need validation in human disease.

POSSIBLE ANTIGENIC TARGETS OF  
THE IMMUNE RESPONSE IN RA
Autoantigens
RA has no “obvious” cause, such as a preceding specific infection. This, 
together with the observation of autoimmunity in the shape of rheu-
matoid factor (the first autoantibody to be described) led to the assump-
tion the disease is autoimmune. However, unlike other autoimmune 
diseases, RA has lacked autoimmune responses that are obviously 
causal in the sense that tissue-specific autoantibodies and T-cell 
responses can be clearly seen to result in the tissue-specific destruction 
or stimulation so characteristic of other autoimmune diseases such as 
diabetes and thyroid disease. The generation of rheumatoid factors, 
antibodies to the Fc portion of IgG, cannot be straightforwardly linked 
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deimidated arginine residues), the physiologic target of the “ACPA” 
response is still debated. Mention has already been made of immune 
responses to citrullinated type II collagen, but other joint-unrelated 
proteins have been examined. Antibodies to a range of citrullinated 
proteins are detected in RA, including vimentin, fibrinogen, heat shock 
proteins, and, intriguingly, α-enolase.20 Data on α-enolase show that 
the immunodominant citrullinated peptide recognized is conserved in 
α-enolase from the bacterium Porphyromonas gingivalis, an etiologic 
agent of dental caries. Enolases are common targets of the immune 
response to bacteria.

Most work on immune response to citrullinated peptides has  
concerned autoantibodies, but because the antibodies are of high  
affinity and class switched, involvement of T cells in generating these 
responses can be assumed. T cells have been shown to recognize post-
translationally modified peptides, specifically, citrullinated peptides,21 
and HLA-DR alleles containing the shared epitope bind citrullinated 
peptides more strongly than equivalent peptides containing unmodified 
arginine (Fig. 89.1).22

Heat-shock proteins
Heat-shock proteins (hsp), similar to G6PI and α-enolase, are ubiqui-
tous cellular constituents; hsp control the correct folding, transport, 
and assembly of cellular proteins. Interest in immune responses to hsp 
as causes of arthritis stemmed from work on rat adjuvant arthritis, 
where mycobacterial hsp60 was shown to be an important T-cell target. 
Although adjuvant arthritis is acute and self-limiting, resembling reac-
tive arthritis more than RA, the extensive sequence identity between 
bacterial and eukaryotic hsp60 led to the proposal that T cells, initially 
triggered to recognize bacterial hsp60 in the course of infection, could 
cross-react with the mammalian protein and thus initiate arthritis (the 
“molecular mimicry hypothesis” [see later]). Cross-reactive T cells of 
this kind have been described but are not confined to patients with 
arthritis. In adjuvant arthritis, the idea that the mycobacterial hsp60 
epitope recognized by an arthritogenic T cell was conserved in rat 
hsp60, and therefore the target of an autoimmune response, has been 
shown to be incorrect. Indeed, more recent work suggests that autoim-
mune responses to hsp may ameliorate rather than initiate arthritis 
and initiate regulatory T-cell responses. Thus, rats previously immu-
nized with mycobacterial hsp60 become resistant to induction of adju-
vant arthritis, and the T cells conferring this resistance are the ones 
that cross-react with rat hsp60.23,24 These findings for hsp60 may apply 
to other hsp; self-hsp70–specific T cells also protect in adjuvant arthri-
tis. Together the findings on hsp as antigens point away from a sim-
plistic idea of assuming that an autoimmune response inevitably gives 
rise to a pathologic process, whereas it is the nature of the response to 
an autoantigen that determines its influence on immunopathology. It 
is now evident that CD4+CD25+Foxp3+ regulatory cells25 commonly 
recognize autoantigens, having been selected in the thymus on the 

to DRB1*0401.11 Thus, the status of HCgp39 as a target antigen is 
unclear.

Proteins not restricted to the joint
Given the relative lack of success in implicating a joint constituent as 
an autoantigen in RA, consideration has been given to antigens outside 
the joint that have been implicated in animal models of arthritis. This 
can also be justified by increasing evidence of a “pre-arthritis” phase 
of RA when autoantibodies such as rheumatoid factors and ACPAs are 
present without joint inflammation—often for years.12,13

Glucose-6-phosphate isomerase
An elegant murine model, the K/BxN mouse, has been influential as 
a convincing example of arthritis induced by an autoimmune response 
directed at a ubiquitous cellular antigen, a glycolytic enzyme, glucose-
6-phosphate isomerase (G6PI).14,15 The sequence of events leading to 
this fascinating discovery is detailed in Table 89.2. The arthritis has 
both T-cell–mediated and antibody-mediated components; mice that 
are B cell deficient fail to develop disease, and arthritis disease can be 
transferred with serum from arthritic mice. However, disease after 
passive transfer is transient as compared with that which develops in 
the T-cell receptor (TCR) transgenic mice (see Table 89.2). The model 
is highly artificial; in essence it stems from the accidental ability of a 
specific TCR, generated to recognize a non-self peptide, to recognize 
an autoantigenic peptide when presented by a different class II MHC 
allele, but it is still instructive in relation to our understanding of RA. 
The target of the autoimmune T-cell response, G6PI, is ubiquitous, 
and there is no evidence that it is overexpressed in the joint or on 
joint-derived antigen-presenting cells. Nevertheless, the inflammatory 
response is confined to the joint (and salivary glands). Furthermore, 
the initial defect, an autoreactive T cell, drives arthritis via the produc-
tion of autoantibodies (again specific for G6PI), which, in turn, form 
immune complexes and activate both synoviocytes and mast cells in a 
complement-dependent fashion. Thus, RA need not require an immune 
response directed against a joint-specific antigen. Suggestions that the 
same antigen, G6PI, might be involved in RA have not been con-
firmed16 and never seemed likely in view of the “accidental” event at 
the heart of the mouse model.

Citrullinated proteins
The discovery that autoantibodies that react with citrullinated proteins 
are a highly specific feature of RA is a major advance in our understand-
ing of the pathogenesis of the disease.17 Whereas most ACPA-positive 
patients are also rheumatoid factor positive, ACPAs have higher speci-
ficity for RA. They are also associated with erosive disease. Indeed, 
there is now compelling evidence to regard ACPA-positive and ACPA-
negative “RA” as two quite separate diseases, with non-overlapping 
genetic and environmental factors in their pathogenesis and differing 
outcomes on treatment.18,19 Although recognition of ACPAs came from 
work on autoantibodies to keratin (which has a large number of 

TABLE 89.1 CANDIDATE ANTIGENS THAT COULD DRIVE THE 
IMMUNE RESPONSE IN RA

Autoantigens

Type II collagen
Proteoglycans
Human cartilage glycoprotein 39
Citrullinated proteins
Vimentin
Fibrinogen
α-Enolase
Type II collagen
Heat-shock proteins
Glucose-6-phosphate isomerase
Foreign antigens

Bacteria
Viruses
Superantigens

TABLE 89.2 SEQUENCE OF EVENTS IN THE DEVELOPMENT OF A MODEL OF 
EXPERIMENTAL ARTHRITIS CAUSED BY AUTOIMMUNE RECOGNITION OF A 

NORMAL CELLULAR ENZYME

1. A mouse T-cell receptor (termed KRN) was characterized that recognizes an 
experimental antigen (bovine ribonuclease) presented by the class II MHC 
antigen, I-Ak.

2. I-Ak mice transgenic for the KRN T-cell receptor were produced (i.e., all their T 
cells express the same receptor): mice were completely healthy.

3. KRN T-cell receptor transgenic mice expressing a different class II MHC 
antigen (I-Ag7) developed an aggressive RA-like inflammatory arthritis (the “K/
BxN” mouse).

4. Arthritis was produced because the KRN T-cell receptor can recognize a 
peptide from an autoantigen, presented by I-Ag7—i.e., an “accidental” 
cross-reactivity of the T cell receptor.

5. The autoantigen was identified as a ubiquitous cellular enzyme: glucose-6-
phosphate isomerase.

6. Both antibody and T-cell responses to the autoantigen are required to 
produce arthritis (no disease occurs in B-cell–deficient mice), and disease can 
be transferred with serum.
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disease-initiating, antigen-specific T-cell population in the joint will 
usually be swamped by large numbers of trafficking T cells of irrelevant 
specificity and hence be difficult to detect. Even in type II collagen-
induced arthritis in mice, a disease that absolutely requires the pres-
ence of type II collagen-specific T cells, it is difficult to demonstrate 
these cells in the affected joints.

Exogenous antigens
An infective etiology for RA has often been postulated, but as yet no 
organism has been convincingly implicated.

Bacteria
Bacteria are attractive sources of putative RA-inducing antigens; myco-
bacterial and streptococcal antigens are good inducers of experimental 
inflammatory arthritis, as are organisms derived from normal gut flora. 
Because RA does not show the epidemiologic features of a classic infec-
tious disease, a candidate etiologic agent should be ubiquitous and well 
tolerated by the majority of those infected. Disease would then only 
occur in those with susceptibility genes, such as class II MHC alleles 
containing the shared epitope (e.g., HLA-DR4) and other susceptibility 
genes (e.g., PTPN22, PADI4), and/or additional environmental expo-
sures. The relationship between peptic ulcer disease and Helicobacter 
infection is a useful illustration: even when there is a high incidence 
of infection by Helicobacter in the population, ulcer disease mainly 
occurs in association with risk factors such as smoking.

Reverse transcriptase polymerase chain reaction (RT-PCR) has been 
used to look for bacteria within RA synovium. By targeting bacterial 
rRNA the technique combines high sensitivity (because each organism 
has multiple copies of rRNA) and the ability to amplify unknown 
organisms. This is because all bacterial rRNA genes have stretches of 
highly conserved sequence, so that primers specific for these regions 
reliably amplify any bacterial rRNA present in the tissue. Sequencing 
the products identifies bacteria according to the unique regions within 
their rRNA sequences (by reference to the huge library of known bacte-
rial rRNA genes) or can indicate the presence of a novel organism. This 
technique has shown that a plethora of bacterial rRNA sequences are 
present in RA synovium,29 including occasionally mycobacterial 
sequences; the findings are unlikely to represent artifactual contamina-
tion. However, no unique “RA-associated” organism was identified. 
Instead, their presence correlated with inflammation rather than diag-
nosis and normal synovium did not contain bacterial rRNA. This 
suggests that inflamed synovium is colonized by bacteria (or bacterial 
nucleic acids), particularly from gut and skin commensals, which could 
be brought to the joint within phagocytic cells, since the synovium 
continuously recruits monocytes and dendritic cells. Although the 
organisms are probably viable for some time within synovium (bacterial 
rRNA has a short half-life), they do not replicate, and the joint remains 
sterile by conventional culture.

Although secondary “colonization” of inflamed synovium by bacte-
ria and bacterial products may be common, it could still contribute to 
pathogenesis. Bacteria components are potent activators of the innate 
immune system and serve as adjuvants that allow adaptive T- and 
B-cell responses to be made. These components include lipopolysac-
charide, peptidoglycan, and bacterial DNA, all of which act via Toll-
like receptors (TLRs) to induce monokine secretion and upregulation 
of co-stimulatory molecules on antigen-presenting cells.30 TLR9, which 
recognizes bacterial DNA, may be particularly important, because this 
mechanism has been shown to induce TNF-α–dependent arthritis in 
animal models.31 Activation of antigen-presenting cells such as den-
dritic cells by bacterial DNA and other TLR ligands (i.e., an adjuvant 
function) might allow responses to self antigens to be generated within 
the joint. Lastly, given the interesting findings with respect to recogni-
tion of α-enolase, bacteria with α-enolases containing the same epitope 
as that found in P. gingivalis could contribute to joint inflammation 
on transport to the joint, particularly if tissue PAD enzymes are able 
to convert arginines in the bacterial α-enolase to citrullines, something 
that P. gingivalis can do without the need for exogenous PADs.20

Viruses
Several viruses cause joint inflammation in humans (e.g., rubella, 
parvovirus B19, arboviruses). As with bacteria, polymerase chain 

basis of recognition of self peptides with an affinity low enough to avoid 
deletion but high enough to avoid death by neglect.

Unidentified self antigens
Another example of arthritis arising in the context of autoimmunity 
that is not joint specific is provided by the SKG mouse, which has a 
mutation in the ZAP-70 signaling molecule that interferes with effi-
cient negative selection of T cells in the thymus.26,27 Thus, a variety 
of high-affinity autoreactive T cells, which would normally have been 
efficiently eliminated in the thymus, escape to the periphery. The 
antigens recognized by these cells have not been characterized, but the 
mice develop a T-cell–mediated arthritis, in which high titers of rheu-
matoid factor and antibodies to type II collagen are both produced. 
However, unlike the K/BxN mouse, disease is not transferable by 
serum, and, indeed, in the absence of critical cytokines (e.g., IL-6), high 
titers of rheumatoid factors are observed in the absence of arthritis.

Summary
No autoantigen has been shown to be central to the pathogenesis of 
RA. If parallels with insulin-dependent diabetes mellitus and multiple 
sclerosis hold true, different joint antigens might be involved at various 
stages in the autoimmune process, perhaps through a process of 
“epitope spreading,” in which autoimmune responses to one self 
epitope are followed later in disease by responses to separate epitopes 
in the same autoantigen or responses to other antigens in the same 
tissue. Some of the responses to autoantigens that have been docu-
mented in RA may arise as a consequence of joint destruction and 
subsequent display to the immune system of joint components not 
normally accessible to it (e.g., chondrocyte antigens). Moreover, a 
search for T-cell responses to autoantigens may be hampered by the 
chronic inflammatory process, because prolonged exposure to tumor 
necrosis factor (TNF)-α decreases T-cell responsiveness.28 In addition, 
sites of inflammation recruit T cells non-specifically, so that a 

CITRULLINATION

Poor binding to
MHC groove

1. T cell not activated
because peptide not bound
tightly enough by MHC.

2. Autoreactive T cell not
deleted in thymus because
self peptide not presented
efficiently and citrullinated
peptide not generated.
 

Tight binding to
MHC groove

T-cell
activation

Peptide
containing
arginines

α β α β

Citrullinated
peptide
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T-cell receptor T-cell receptor
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Ag-specific
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Fig. 89.1 Citrullinated self peptides bind tightly to class II MHC alleles such as 
HLA-DR4 and can be presented to autoreactive T cells, whereas weakly binding 
unmodified peptides do not occupy HLA-DR4 molecules for long enough to 
stimulate autoreactive T cells. Likewise, the autoreactive T cells are not deleted 
in the thymus and are available in the periphery if only the weakly binding 
unmodified peptide is available for presentation and the citrullinated peptide 
is absent. Citrullination requires specific enzymes (peptidyl arginine 
deaminases [PADs]), which may not be available in the thymus.
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molecular mimicry at the T-cell level it is necessary to identify the 
critical residues and then look for peptides that have these features, 
even if their overall sequence identity is not striking. As an example, 
a search was conducted for self antigens that would mimic a major 
HLA-DR4–restricted epitope in the Borrelia ospA protein, and perhaps 
explain the occurrence of HLA-DR4–associated antibiotic-resistant 
chronic Lyme arthritis. The first mimic epitope identified was within 
a molecule expressed on leukocytes, CD18, but later work has shown 
a multiplicity of candidate epitopes in human proteins, but with no 
clear evidence that any of these is in fact targeted by an autoimmune 
process.35,36 Several possible instances of molecular mimicry have been 
proposed in RA, including an Escherichia coli heat-shock protein, dnaJ, 
and the hemolysin of Proteus mirabilis, both of which contain amino 
acid sequences similar to the “shared epitope” (amino acids 70-74) in 
HLA-DRB1*0401, which confers susceptibility to RA.37 However, 
whether the shared epitope is itself presented as an antigenic peptide 
to allow molecular mimicry is far from clear; it is much more likely 
that it governs the antigenic peptides that are presented to the immune 
system. Overall, despite its obvious attraction as an explanation of 
autoimmunity, the idea of molecular mimicry has lacked experimental 
support.38

Summary
Several potential mechanisms that would implicate infectious agents 
in the etiology of RA have been proposed, but none has been proven. 
The full implications of the traffic of phagocyte-associated bacteria or 
bacterial components to the inflamed synovium have yet to be explored.

ANTIGEN-INDEPENDENT EFFECTS OF T CELLS IN 
RHEUMATOID ARTHRITIS
The most abundant cytokines in the joint, and those that correlate 
with cartilage and joint destruction, are the monokines TNF-α and 
interleukin (IL)-1. Transgenic overexpression of TNF-α produces syno-
vitis in mice,39 as does the absence of the natural inhibitor of IL-1, IL-1 
receptor antagonist.40 In RA, unlike these experimental transgenic 
systems, monokine production is unlikely to be autonomous, at least 
in the early stages of synovitis, and is considered to be under T-cell 
control. However, mechanisms have been described whereby T cells 
give rise to monokine production other than after recognition of spe-
cific antigen. T cells that display the activation phenotype characteris-
tic of synovial T cells (CD69+, HLA-DR+ [see later]) elicit monokine 
production from monocyte/macrophages41 and can also interact with 
fibroblast-like synoviocytes to induce production of metalloproteinases. 
The mechanisms underlying these effects remain unclear, but cell-cell 
contact is required and T-cell membrane preparations are as effective 
as intact T cells. T cells may acquire this capacity as a result of the 
cytokine environment to which they are exposed within the joint. It 
has been shown that treatment with various “cocktails” of cytokines 
(e.g., IL-2, IL-6, and TNF-α)42 can produce T cells capable of stimulat-
ing monokine production by monocytes or synoviocytes. Many of these 
cytokines are present in the RA joint and might therefore contribute 
to an antigen-independent activation of T cells. T cells eluted from RA 
synovial membrane have properties similar to those activated in vitro 
by cytokines in terms of their ability to induce TNF-α production by 
monocytes. Interestingly, the signaling pathways induced in monocytes 
by T cells activated via their TCR or via cytokines (IL-2, IL-6, and 
TNF-α) differ; NF-κB is critical to the latter but not the former, whereas 
PI3 kinase is required for the effects of TCR-stimulated T cells. Inhibit-
ing PI3 kinase actually enhances the effects of cytokine-activated T 
cells. The same effects were observed with synovium-derived T cells. 
The introduction of PI3 kinase inhibitors that may be tested in RA 
might shed light on whether cytokine-activated, as distinct from anti-
gen-activated, T cells are important in RA pathology.

PROPERTIES OF SYNOVIAL T CELLS IN 
RHEUMATOID ARTHRITIS
Leaving to one side the question of what activates T cells in RA, it 
might be possible to obtain clues on pathogenesis by examining 

reaction has been used to detect viruses in RA synovium; generally this 
has produced either negative or inconsistent results. Herpesviruses, 
such as Epstein-Barr virus (EBV), cause ubiquitous lifelong infection, 
so an abnormal immune response to a persistent herpesvirus such as 
EBV has been an attractive idea to explore in RA. Abnormal immune 
responses to certain EBV antigens have previously been described in 
RA, particularly to Epstein-Barr nuclear antigen (EBNA)-1. This antigen 
contains a region of glycine-arginine repeats similar to those seen in 
several citrullinated autoantigens (e.g., keratin, fibrillarin). EBNA-1 can 
be citrullinated intracellularly when PAD is activated, and citrullinated 
EBNA is readily bound by ACPA from RA patients.32 Although expan-
sions of EBV-specific T cells, particularly CD8+ T cells, have been 
identified in RA synovium,33 this is not surprising because the joint is 
enriched for memory T cells, and those recognizing persistent viruses 
such as EBV dominate the CD8+ T-cell repertoire. Thus, a role for 
EBV infection in RA pathogenesis remains unproven.

Molecular mimicry
Although bacterial or viral infection might be a direct cause of arthritis, 
it has often been postulated that disease could occur when foreign 
antigens “mimic” autoantigens present in the joint, because of similar-
ity in their amino acid sequences. In this way immune responses cor-
rectly directed against components of a pathogen could cross-react with 
self proteins and lead to autoimmunity. When first formulated, the 
idea was thought of in terms of antibody cross-reactivity, which can be 
demonstrated by showing antibodies that bind to short linear peptides 
derived from a bacterial or viral protein and also to an autoantigen (Fig. 
89.2). Mimicry is also possible in respect of shared conformational 
epitopes (those not determined by simple similarity between linear 
peptides).

However, when molecular mimicry at a T-cell level is considered, 
the situation is more complex. T cells recognize short linear peptides 
bound to MHC, but only a small number of amino acids within a 
peptide are actually necessary for T-cell recognition: those that allow 
binding to MHC and those that make contact with the TCR (see Fig. 
89.2).34 This means that two peptides with a very low level of overall 
sequence identity can both stimulate a given T cell, provided that these 
critical residues are conserved; indeed, any given TCR can recognize a 
large number of different peptides. For binding to MHC there is usually 
a set of preferred amino acids, so the main determinants of specificity 
are the small number of amino acids that influence interaction with 
the TCR, and these are not usually contiguous. Thus, whereas search-
ing protein databases for bacterial or viral peptides that share a high 
degree of sequence identity with a self protein can reveal epitopes that 
are candidate mimics as far as antibody recognition is concerned, for 

MOLECULAR MIMICRY
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Fig. 89.2 Molecular mimicry of self peptides by foreign peptides has different 
requirements for antibody and T-cell recognition.
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tissues. Synovial T cells are recruited and also retained in the joint 
through the actions of chemokines. The expression of some chemo-
kines is aberrant in RA synovium and different from other inflamma-
tory tissues. Unusually, memory T cells in synovium continue to 
express several chemokine receptors, particularly CXCR4, which are 
normally lost during differentiation from naive cells. Continued expres-
sion of CXCR4 may be stimulated by transforming growth factor 
(TGF)-β produced in the joint. Thus, T cells remain susceptible to 
the action of the CXCR4 ligand, CXCL12 (SDF-1), itself produced  
by synovial fibroblasts.51 This results in their retention within the 
tissue, where they may exert the antigen-independent effects noted 
earlier, inducing synoviocytes to produce monokines and matrix 
metalloproteinases.

Cytokine production in RA
When it was proposed that joint inflammation in RA was driven by 
T-cell recognition of antigen, there was an expectation that synovial T 
cells would be actively dividing, secreting cytokines, and expressing 
surface activation markers such as the IL-2 receptor. In fact, only a 
small proportion of synovial T cells are actively dividing and, although 
they express some activation markers (CD69, HLA-DR), others, par-
ticularly the IL-2 receptor, are relatively infrequent. This phenotype is 
unusual, because in conventional in-vitro activation CD69 is expressed 
early and for a short period whereas HLA-DR occurs late after activa-
tion; this finding suggests an important influence of the microenviron-
ment in maintaining this unusual “frustrated activation” phenotype. 
Such activated T cells may induce cytokine production in antigen-
independent ways, and, as noted earlier, CD69 has been implicated in 
this process.

Initial studies of the cytokines made by synovial T cells were also 
surprising, particularly within the paradigm of two major T-cell subsets: 
T-helper type 1 (Th1) cells (proinflammatory, making IFN-γ, lympho-
toxin, and IL-2) and T-helper type 2 (Th2) cells (allergy-related, making 
IL-4, IL-5, IL-10, and IL-13). RA was expected to be driven by Th1 
cells, but IFN-γ concentrations in synovial fluid were scarcely detect-
able in comparison with the readily detected monokines IL-1 and 
TNF-α, and IFN-γ+ CD4+ T cells, detected by intracellular staining, 
were only present in small numbers. Interestingly, a similarly low 
proportion of IFN-γ–secreting T cells is seen in murine collagen-
induced arthritis, a model known to be completely T cell dependent. 
IL-4+ cells were also absent from the synovial T-cell population in 
established RA, although investigation of very early arthritis has shown 
IL-4 and IL-13 (and IL-17) to be among those cytokines predictive of 

different aspects of the phenotype of lymphocytes in RA, especially at 
sites of disease. The features examined include antigen-specific recep-
tors, expression of activation and differentiation markers, and cytokine 
production.

TCR studies in RA
The use of TCR genes by peripheral blood or synovial T cells has been 
studied to determine whether RA patients possess a disease-specific 
population of T cells expressing identical or related receptors.43 The 
TCR is made up of two chains, α and β (or γ and δ), and rearrangement 
of TCR genes (V, D, and/or J genes) is involved in each case to produce 
unique α and β chains and hence a unique αβ or γδ TCR. Random 
recruitment of T cells to the joint would produce a population express-
ing many different TCRs, whereas recruitment of T cells all recogniz-
ing a small number of peptide epitopes would result in over-representation 
of identical or related TCRs (i.e., an oligoclonal rather than a polyclonal 
T-cell population). In experimental autoimmune diseases, autoanti-
gen-specific T cells often use a restricted number of TCR genes, and 
in early studies oligoclonality was also found in synovium, but these 
results likely reflected in-vitro expansion of particular clones rather 
than the in-vivo situation and have been discounted. Dominance of T 
cells using one TCRBV gene, but with differing CDR3 sequences would 
indicate the involvement of a superantigen in RA; these are often pro-
duced by bacteria. The CDR3 region is formed by the joining of V, D, 
and J genes, together with addition/deletion of further nucleotides and 
is the part of the TCR that contacts antigenic peptides. In contrast, 
superantigens stimulate T cells by binding specific TCRBV gene prod-
ucts, irrespective of their CDR3 sequence. However, no consistent 
expansions of particular TCR gene families have been documented and 
involvement of a superantigen seems unlikely.

Studies of surface phenotype of  
lymphocytes in RA
The RA joint contains both natural killer (NK) cells and T cells. The 
typical synovial NK cells are CD56bright and CD16−, an NK cell subset 
that secretes cytokines, especially interferon (IFN)-γ, rather than medi-
ating cytotoxicity,44 but the role of NK cells in RA has not yet been 
clarified.

Within the T-cell population, memory T cells predominate, which 
inevitably produces differences in functional tests between synovial 
fluid–derived T cells and those of peripheral blood, because the latter 
contains equal proportions of naive and memory cells. Because T cells 
differentiate from the naive to the memory subset after encounter with 
antigens, they alter their expression of different isoforms of the CD45 
surface marker (termed RA, RB, RC, RO). Naive cells are CD45-RA+, 
RO−, RBbright, whereas memory cells are CD45-RA−, RO+, RBdull. 
Judged by their expression of the CD45-RB isoform, synovial T cells 
are particularly highly differentiated, because they have very low levels, 
similar to those seen in vitro after several rounds of cell division (Fig. 
89.3).45 They have shorter telomeres, also reflecting increased numbers 
of divisions,46 although a deficiency in telomerase (the enzyme that can 
maintain telomere length) has also been postulated. Normally, such 
“end-stage” cells are very likely to undergo apoptosis because they 
express high levels of the apoptosis-promoting molecule Fas and low 
levels of the apoptosis-protecting molecule bcl-2. Despite this pheno-
type, few synovial T cells can be shown to be undergoing apoptosis. 
They are protected from dying by factors within the synovial environ-
ment, including type I interferons and IL-15, a cytokine produced by 
synovial macrophages and fibroblasts.47-49 Resistance to apoptosis has 
also been shown to be a feature of CD4+ T cells that have lost expres-
sion of CD28. This CD28− subset is enriched in synovium and has 
been proposed to be pathogenic. The cells are autoreactive, produce 
IFN-γ, and have cytolytic potential50; they also express several kinds of 
the HLA class I recognizing receptors (killer immunoglobulin-like 
receptors) common to T cells and NK cells, including the activatory 
receptor CD158b. This might allow their activation in an antigen-
independent manner.

This preponderance of memory T cells in the joint reflects recruit-
ment to the synovium because, by virtue of their expression of adhe-
sion molecules, memory cells have preferential access to inflamed 

UNUSUAL PHENOTYPE OF SYNOVIAL T CELLS AND EFFECTS
OF THE SYNOVIAL ENVIRONMENT
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Fig. 89.3 Unusual phenotype of synovial T cells and effects of the synovial 
environment. CXCR4, CXC chemokine receptor 4; SDF-1, stromal-derived factor 
(CXCL12).
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ability to inhibit TNF-α production. However, this proved to be due to 
the appearance of “induced” Treg cells, mediating suppression through 
IL-10 and TGF-β production, rather than by the contact-dependent 
mechanism used by “classic” Treg.64,65 They also had an altered surface 
phenotype compared with classic Treg, with reduced expression of 
CCR7 and CD62L. Thus, within the joint, both pathogenic proinflam-
matory T cells and Treg populations (whether natural or induced) are 
likely to coexist. Their proportions may vary both in different phases 
of disease and in response to different treatments and, therefore, influ-
ence activity and progression of disease. Measures to manipulate  
Treg function and thereby influence disease activity are under 
investigation.

CONCLUSION
Cell-mediated immune responses, particularly those involving T cells, 
are strongly implicated in RA pathogenesis both by the association of 
disease with HLA-DR and the presence and properties of T cells in the 
synovium.

Whether the critical immune response in RA is directed against 
autoantigens or exogenous antigens is still not determined definitively. 
Experimental models of arthritis show that ubiquitous self-antigens, 
as well as those expressed preferentially in the joint, can be responsible 
for driving arthritis.

Synovial T cells are enriched for memory cells and are maintained 
in a highly differentiated state, reflecting recruitment to the joint and 
factors in the local environment that inhibit apoptosis. They are acti-
vated but make little IL-2 or IFN-γ. The proinflammatory cytokine 
IL-17 is produced, and this in conjunction with IL-1 or TNF-α can 
bring about cartilage and bone destruction.

Cytokines produced by macrophage-like synoviocytes, especially 
TNF-α, IL-1, and IL-6, dominate RA synovium. Their production 
could be brought about by either antigen-specific T cells or by T cells 
acting in an antigen-independent fashion, following activation by cyto-
kines, or through other receptors (e.g., killer immunoglobulin-like 
receptors).

The synovial T-cell population also includes regulatory T cells, 
which can turn off proinflammatory T-cell–mediated responses; per-
sistence of RA may relate to a failure in this regulatory mechanism.

progression to established RA52; these cytokines were not present at 
later time points. These puzzling observations have been clarified by 
the discovery of an additional T-cell subset, Th17 cells, whose signa-
ture cytokine is IL-17.53 IL-17, unlike IFN-γ, is essential for collagen-
induced arthritis; in fact, absence of IFN-γ exacerbates disease. Th17 
cells have also been clearly implicated in two other important models 
of RA: the SKG mouse27 and gene-targeted mice deficient in IL-1 recep-
tor antagonist.54

IL-17 is a particularly attractive candidate as a T-cell–dependent 
arthritogenic cytokine. It shares many of the properties of IL-1 and 
TNF-α, including induction of cartilage degradation, and shows synergy 
of action with these cytokines. It is also relevant to the erosive bone 
destruction of RA because it can induce expression of RANK ligand 
(osteoprotegerin ligand) by osteoblasts; RANK ligand is the critical 
factor in the differentiation of osteoclasts.55 IL-17 levels in joints and 
proportions of Th17 cells in joints and peripheral blood have recently 
been reported to be elevated in RA.56,57

If Th17 cells are indeed central to RA pathogenesis, the factors that 
influence their generation become important. Although still under 
investigation, IL-6/IL-1 and TGF-β seem to be important in generation 
of human Th17 cells, whereas IL-23 influences their survival, expan-
sion, and pathogenicity.58 IL-23 is made particularly by dendritic cells 
and macrophages in response to TLR agonists,59 cells that also secrete 
the Th1-driving cytokine IL-12. Thus, influences on dendritic cells that 
alter proportions of IL-12 and IL-23 that they make may in turn affect 
RA pathogenesis.

REGULATORY T CELLS IN RA
T cells within the joint have been assumed to be pathogenic since they 
are not present in normal synovium. However, in view of the evidence 
for regulatory T-cell subsets, particularly CD4+CD25+ cells, which 
protect from autoimmune disease and chronic inflammation, it is pos-
sible that some of the synovial CD4+ T-cell population could be 
beneficial, although they are obviously inadequate. Regulatory T cells 
(Treg) in peripheral blood have been thoroughly characterized60; they 
are CD4+ CD25hi, express a transcription factor, Foxp3, that is critical 
to their regulatory function, and suppress both proliferation and cyto-
kine production in a contact-dependent manner (Table 89.3). Muta-
tions in FOXP3 genes are associated with severe spontaneous 
inflammatory and autoimmune disease in mice and humans. A rela-
tionship between generation of Th17 and Treg cells has been sug-
gested, because both require TGF-β, but the presence of IL-6 favors 
Th17 generation over Treg.61 Thus, an inflammatory cytokine environ-
ment containing IL-6 could enhance generation of Th17 cells and 
increase inflammation while at the same time decreasing the genera-
tion of the Treg subset that could otherwise downregulate the inflam-
matory response.

Like synovial T cells, Treg are resistant to in-vitro stimulation and 
commonly make IL-10, although this is not required for their regula-
tory function. Distinguishing Treg in synovial fluid is difficult, because 
activated human T cells are now known to express Foxp3, previously 
thought to be a specific marker of Treg. Thus, increased numbers of 
CD4+ CD25+ cells have been reported in synovial fluid and, in addi-
tion to the previously noted expression of CD69 and HLA-DR, were 
positive for other markers associated with Treg (CTLA-4 and GITR), 
although these also appear on activated T cells.62 They showed regula-
tory function in in-vitro assays but may nevertheless be a form of 
induced Treg. Other studies suggested a defect in peripheral blood  
Treg function63 and showed that treatment with anti–TNF-α (specifi-
cally infliximab) could reverse the functional defect, particularly the 

TABLE 89.3 PROPERTIES OF EFFECTOR AND REGULATORY CD4+ T CELLS

Regulatory CD4+ T cells Effector CD4+ T cells

CD25 expression Constitutive high level Only on activation

CLTA-4 expression High, constitutive Late, post-activation

Responses to mitogens 
and anti-CD3

Poor Vigorous

Foxp3 expression Positive Negative, except on 
activation

Typical cytokines IL-10, TGF-β IL-2, IFN-γ, IL-4, IL-17

Thymus dependent Yes Yes

Specificity Self peptides on class II 
MHC

Non-self peptides on 
class II MHC

Affinity for self antigens Moderate Low
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synovitis.1-6 Synovial macrophages and angiogenic mediators produced 
by these cells are key players of this process.7 These mediators of 
angiogenesis include most growth factors, some proinflammatory cyto-
kines, chemokines, components of the extracellular matrix, matrix-
degrading enzymes, and cellular adhesion molecules.1-3,5,7 Most of these 
mediators have been detected in the RA synovium and have been 
implicated in the pathogenesis of RA, anyway.1-3,5,7 On the other hand, 
some anti-inflammatory cytokines and chemokines, antirheumatic 
drugs, and other compounds inhibit synovial neovascularization and 
thus may suppress arthritis.4,6 Therefore angiogenesis research has 
important clinical aspects. Angiogenesis and the expression of some 
angiogenic factors such as integrins have been correlated with the 
metastatic potential of some types of cancer. Similarly, the extent of 
neovascularization may reflect the degree of inflammation and may be 
a prognostic marker in RA.1,2,5 Regarding therapy, small molecular 
agents and biologics that suppress synovial angiogenesis may be 
included in the management of RA and other types of arthritis.2,4,6

ANGIOGENIC PROCESS
Neovascularization is a complex process that includes several sequen-
tial steps. New capillaries develop from existing blood vessels.1,5 First, 
angiogenic mediators described later in this chapter activate endothe-
lial cells. This is associated with the production of matrix-degrading 
metalloproteinase (MMP) enzymes. These proteases degrade the base-
ment membrane of the endothelium and the interstitium, thus enabling 
endothelial outgrowth. There are more than 20 known MMPs in addi-
tion to membrane-type MMPs (MT-MMP). Among these enzymes, 
collagenase (MMP-1) and gelatinases (MMP-2 and MMP-9) seem to be 
the most relevant for angiogenesis. In addition to MMPs, other enzymes 
termed serine proteases including tissue- and urokinase-type plasmino-
gen activators (tPAs and uPAs) are also involved in neovascularization. 
The migration of loose endothelial cells results in the formation of 
capillary sprouts. Endothelial cells in the midsection of the sprout 
undergo mitosis, whereas others at the tip of the sprout only migrate 
but do not proliferate. This is followed by lumen formation within the 
sprout. Two sprouts then anastomose with each other, thus forming 
capillary loops. New basement membrane is then synthesized. The 
continuous emigration of endothelial cells results in the development 
of second and further generation of new vessels (Fig. 90.1).1,5

ANGIOGENIC MEDIATORS IN THE  
RHEUMATOID SYNOVIUM
Some relevant mediators implicated in RA-associated angiogenesis are 
included in Table 90.1. Some of the more important molecules are 
discussed as follows in more detail.

Growth factors
VEGF is probably the most well-known angiogenic factor associated 
with RA, other types of chronic inflammation, and malignancies.8-10 
VEGF directly induces angiogenesis. In addition, several other angio-
genic mediators including interleukin-6 (IL-6), IL-17, IL-18, nitric 
oxide, hepatocyte growth factor (HGF), macrophage migration inhibi-
tory factor (MIF), endothelin-1 (ET-1), and prostanoids act via VEGF-
dependent mechanisms.9,10 VEGF, HGF, basic fibroblast growth factor 
(bFGF), and acidic fibroblast growth factor (aFGF) are bound to heparin 

Angiogenesis in  
rheumatoid arthritis
Zoltán Szekanecz and Alisa E. Koch

ABSTRACT
Angiogenesis is the formation of new capillaries from preexisting 
vessels. A number of soluble and cell-bound factors may stimulate 
neovascularization. The perpetuation of angiogenesis involving numer-
ous soluble and cell surface-bound mediators has been associated with 
rheumatoid arthritis (RA). These angiogenic mediators, among others, 
include growth factors, primarily vascular endothelial growth factor 
(VEGF) and hypoxia-inducible factors (HIFs), as well as proinflamma-
tory cytokines, various chemokines, matrix components, cell adhesion 
molecules, proteases, and others. Among the several potential angio-
genesis inhibitors, targeting of VEGF, HIF-1, angiogenic chemokines, 
tumor necrosis factor-α, and the αVβ3 integrin may attenuate the action 
of angiogenic mediators and thus synovial angiogenesis. In addition, 
some naturally produced or synthetic compounds including angio-
statin, endostatin, paclitaxel, fumagillin analogues, 2-methoxyestra-
diol, and thalidomide may be included in the management of RA.

INTRODUCTION
Endothelial cells lining blood vessels are involved in leukocyte ingress 
into inflammatory sites. Angiogenesis, involving endothelial prolifera-
tion and the formation of new vessels, is involved in organ develop-
ment, tissue repair, and reproductive processes. In addition, the 
perpetuation of neovascularization is associated with inflammatory 
conditions and malignancies. Thus RA may also be considered as an 
“angiogenic disease”: Increased neovascularization plays an important 
role in the pathogenesis of the disease, and, on the other hand, thera-
peutic control of angiogenesis may be beneficial for the outcome of RA 
(reviewed in references 1 to 5). In this chapter, we review current issues 
regarding the angiogenic process, its mediators and inhibitors, and the 
clinical relevance of angiogenesis in RA.

ANGIOGENESIS IN RHEUMATOID ARTHRITIS
Inflammatory leukocytes migrate through the fenestrated endothelia 
of vessels into the rheumatoid synovium. There is intensive neovas-
cularization in the inflamed synovium indicated by the great number 
of newly formed vessels as opposed to osteoarthritic or normal synovial 
tissues. Soluble and cell surface-bound angiogenic factors enhance 
vessel formation and thus, indirectly, leukocyte extravasation and 

90
 Angiogenesis, the formation of new blood vessels, is important in 

the maintenance and perpetuation of leukocyte ingress into the 
synovium in rheumatoid arthritis.

 The outcome of neovascularization is highly dependent on the 
imbalance between angiogenic and angiostatic mediators 
including growth factors, cytokines, chemokines, cell adhesion 
molecules, and extracellular matrix components.

 Soluble and cell surface-bound factors involved in the 
pathogenesis of arthritis may regulate synovial angiogenesis, in 
part via by modulating the production of angiogenic mediators.

 Synovial inflammation and angiogenesis may be controlled by the 
blockade of angiogenic mediators or by the administration of 
angiogenesis inhibitors.
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ENA-78/CXCL5 and groα/CXCL1 on endothelial cells.3,5 CCR2-
MCP-1/CCL2 interactions have also been implicated in RA-associated 
angiogenesis.3,5

Extracellular matrix components and cell 
adhesion molecules
Several matrix components including type I collagen, fibronectin, 
laminin, vitronectin, tenascin, thrombospondin, and proteoglycans 
play a role in endothelial cell adhesion and migration during neovas-
cularization.15 The role of matrix-degrading enzymes in angiogenesis 
is discussed earlier.

Cellular adhesion molecules are involved in leukocyte adhesion to 
endothelial cells and to matrix components. These molecules play a 
crucial role in leukocyte emigration into the RA synovium and synovial 
angiogenesis.16,17 Among adhesion receptors expressed on endothelial 
cells, β1 and β3 integrins, E-selectin, the L-selectin ligand CD34, selec-
tin-related glycoconjugates including Lewisy/H and MUC18, vascular 
cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-2 
(ICAM-2), platelet-endothelial cell adhesion molecule-1 (PECAM-1; 
CD31), endoglin (CD105), and junctional cell adhesion molecules 
(JAM-A and JAM-C) mediate cellular adhesion during synovial 
angiogenesis.16-19

Other angiogenic mediators
The cyclooxygenase (COX)/prostaglandin system including prostaglan-
din E2 itself is involved in VEGF-dependent neovascularization. Other 
angiogenic factors relevant for RA include angiogenin, angiotropin, 
ET-1, serum amyloid A (SAA), pleiotrophin, platelet-activating factor 
(PAF), histamine, substance P, erythropoietin, adenosine, prolactin, 
and thrombin.1,2,5

REGULATION OF SYNOVIAL ANGIOGENESIS
The outcome of angiogenesis and thus inflammatory leukocyte recruit-
ment into the synovium through the newly formed vessels depends on 
the imbalance between angiogenic mediators and inhibitors of neovas-
cularization (Fig. 90.2). A regulatory network consisting of numerous 
interactive mechanisms and feedback loops exists in the RA synovium. 

and heparan sulfate in the synovial interstitium. These growth factors 
are mobilized by heparinase and plasmin during neovasculariza-
tion.1,5,9,10 Hypoxia is a feature of the RA joint. Hypoxia itself stimu-
lates the production of VEGF. In addition, HIF-1α and HIF-2α, which 
regulate VEGF gene transcription, have also been implicated in angio-
genesis.11 The angiopoietin-1 (Ang1)/Tie-2 complex interacts with 
VEGF during the stabilization of newly formed blood vessels, whereas 
in contrast, Ang2 inhibits vessel maturation.2,5,9,10 Survivin, an apop-
tosis inhibitor, is also involved in VEGF-induced angiogenesis.5,10

Non-heparin–binding growth factors include platelet-derived 
(PDGF), platelet-derived endothelial cell (PD-ECGF), epidermal (EGF), 
insulin-like (IGF-I), keratinocyte (KGF), placenta (PIGF), and trans-
forming (TGF)-β.1,2,5 TGF-β may exert both stimulatory and inhibitory 
effects on angiogenesis, which is dose dependent.12

Cytokines
Among proinflammatory cytokines, tumor necrosis factor-α (TNF-α), 
IL-1, IL-6, IL-15, IL-17, IL-18, oncostatin M, MIF, granulocyte- 
(G-CSF), and granulocyte-macrophage colony-stimulating factors (GM-
CSF) are involved in angiogenesis. These cytokines are abundantly 
produced in the sera and synovial fluid of RA patients.1,2,5,12

Chemokines and chemokine receptors
CXC chemokines containing the ELR (glutamyl-leucyl-arginyl-) amino 
acid motif stimulate synovial angiogenesis.13 These chemokines 
include IL-8/CXCL8, epithelial neutrophil activating protein-78 
(ENA-78/CXCL5), growth-related oncogene α (groα/CXCL1), and con-
nective tissue activating protein-III (CTAP-III/CXCL6).3,13 In contrast, 
other CXC chemokines lacking the ELR sequence suppress neovascu-
larization.3,13 Stromal cell–derived factor-1 (SDF-1/CXCL12) may be 
the only CXC chemokine that lacks the ELR motif but is still angio-
genic.3,14 SDF-1/CXCL12 is a key regulator of synovial lymphoid neo-
genesis.14 Among CC chemokines, MCP-1/CCL2 promotes angiogenesis 
by supporting the activity of growth factors during angiogenesis.3,5 
Fractalkine/CX3CL1 also promotes neovascularization.3 These chemo-
kines are also involved in leukocyte recruitment into the synovium in 
RA.3,13

Among chemokine receptors, CXCR2 may be the most important 
receptor for ELR+ angiogenic CXC chemokines such as IL-8/CXCL68, 

Basement membrane degradation Primary sprout

Cellular
adhesion
molecule

Angiogenic
stimulus

Proliferation/loop formation New blood vessel

CAM CAM

CAM

THE PROCESS OF ANGIOGENESIS

Fig. 90.1 The process of angiogenesis. Neovascularization consists of several distinct steps including basement membrane 
degradation, the emigration and proliferation of endothelial cells, sprouting, lumen formation, and basement membrane 
synthesis.
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TABLE 90.1 RELEVANT MEDIATORS AND INHIBITORS OF ANGIOGENESIS IN RHEUMATOID ARTHRITIS*

Mediators Inhibitors

1. Growth factors VEGF, aFGF, bFGF, HGF, HIF-1, HIF-2, PDGF, EGF, KGF, IGF-I, 
TGF-β, PIGF

—

2. Cytokines TNF-α, IL-1, IL-6, IL-8, IL-15, IL-17, IL-18, G-CSF, GM-CSF, 
oncostatin M, MIF

IFN-α, IFN-γ, IL-4, IL-12, LIF

3. Chemokines/receptors IL-8/CXCL8, ENA-78/CXCL5, groα/CXCL1, CTAP-III/CXCL6, 
SDF-1/CXCL12, MCP-1/CCL2, fractalkine/CX3CL1, CXCR2, 
CXCR4, CCR2

PF4/CXCL4, MIG/CXCL9, IP-10/CXCL10, SLC/CCL21, CXCR3

4. Matrix molecules Type 1 collagen, fibronectin, laminin, vitronectin, tenascin, 
proteoglycan

Thrombospondin-1, -2

5. Cell adhesion 
molecules

β1 and β3 integrins, E-selectin, VCAM-1, ICAM-2, CD34, 
Lewisy/H, MUC18, PECAM-1, endoglin, JAM-A, JAM-C

—

6. Proteolytic enzymes MMPs, plasminogen activators TIMPs, PAIs

7. Antirheumatic drugs — Dexamethasone, rofecoxib, classical DMARDs, thalidomide, minocycline, 
anti-TNF biologics

8. Antibiotic derivatives — Minocycline, fumagillin analogues, deoxyspergualin, clarithromycin

9. Environmental factors Hypoxia —

10. Others Angiopoietin 1/Tie-2, angiotropin, pleiotrophin, 
angiogenin, survivin, COX/prostaglandin E2, PAF, nitric 
oxide (NO), endothelin-1, serum amyloid A, histamine, 
substance P, adenosine, erythropoietin, prolactin, 
thrombin

Angiopoietin 2, angiostatin, endostatin, kallistatin, type 4 collagen 
derivatives, paclitaxel, 2-methoxyestradiol, osteonectin, opioids, troponin I, 
chondromodulin

*See text for abbreviations. Abbreviations not mentioned in text: JAM, junctional adhesion molecule.

Cytokines (such as TNF-α)
ELR+ CXC chemokines
Growth factors
Proteases
Soluble cell adhesion molecules
Extracellular matrix components

Cytokines (such as IL-4, IL-13, interferons)
ELR- CXC chemokines
DMARDs
TIMPs

ANGIOGENIC IMBALANCE IN RHEUMATOID ARTHRITIS

RA

Fig. 90.2 Angiogenic imbalance in rheumatoid arthritis (RA). An imbalance in RA favors the abundance of angiogenic 
mediators over angiostatic factors. DMARDs, disease-modifying antirheumatic drug; RA, rheumatoid arthritis; TIMPs, tissue 
inhibitors of metalloproteinases; TNF, tumor necrosis factor.

For example, soluble and cell surface-bound angiogenic factors may 
interact with each other: VEGF, in part, acts via integrin-dependent 
pathways.1,2,10 Other regulatory mechanisms include the balance 
between specific antagonistic pairs such as MMPs and tissue inhibitors 
of MMPs (TIMPs); the stimulation of angiostatic factors by angiogenic 
mediators (negative feedback); suppression of angiogenic mediator  
production by antagonists; and interactions between angiostatic  
molecules. The use of synthetic compounds in order to inhibit neovas-
cularization is also a method of regulation, which is also relevant for 
antiangiogenic therapy.2,4-6

ANGIOGENESIS INHIBITION FOR THE 
TREATMENT OF RHEUMATOID ARTHRITIS
Angiogenesis inhibitors
Angiostatic factors that may be relevant for RA are listed in Table 90.1. 
Most inhibitors act by suppressing the action of angiogenic mediators, 
primarily VEGF, HIFs, and the αVβ3 integrin. Angiostatic cytokines 
include interferon-α (IFN-α), IFN-γ, IL-4, IL-12, and leukemia inhibi-
tory factor (LIF).1,5,12 As described earlier, ELR- CXC chemokines such 
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as platelet factor-4 (PF4/CXCL4), monokine induced by interferon-γ 
(MIG/CXCL9), and interferon-γ-inducible protein (IP-10/CXCL10) 
inhibit synovial neovascularization.3,13 As IP-10/CXCL10 and MIG/
CXCL9 bind to CXCR3, this receptor confers angiostasis.3,13

Protease inhibitors such as TIMPs and plasminogen activator inhib-
itors antagonize the effects of proteases. Heparin-binding factors such 
as thrombospondin-1 (TSP1), TSP2, and the PF4/CXCL4 chemokine 
block growth factor binding to heparin.1,2,5

A number of antirheumatic agents currently used for the treatment 
of RA have been shown to suppress endothelial cell migration and 
neovascularization. These compounds include dexamethasone, gold 
salts, chloroquine, sulfasalazine, methotrexate, azathioprine, cyclo-
phosphamide, leflunomide, thalidomide, minocycline, anti-TNF 
agents, and possibly cyclosporine A.1,4,6 Thalidomide is a potent TNF-α 
antagonist that inhibits angiogenesis.4

Some antibiotics and their derivatives may suppress angiogenesis 
via the inhibition of VEGF or MMP action. Apart from minocycline 
mentioned earlier, TNP-470 and PPI-2458—angiostatic analogues  
of fumagillin—decrease serum levels of VEGF and inhibit  
angiogenesis. Deoxyspergualin and clarithromycin also inhibit 
neovascularization.1,4,6

Angiostatin, a fragment of plasminogen; endostatin, a fragment  
of type XIII collagen; and their derivatives block αVβ3 integrin-
dependent angiogenesis.4-6 Endostatin also interferes with VEGF recep-
tor 2 signaling.6 Other derivatives such as protease-activated kringles 
1-5 (K1-5), kallistatin, arresten, canstatin, and tumstatin also inhibit 
neovascularization.4-6

2-Methoxyestradiol (2-ME), a natural metabolite of estrogen with 
low affinity for estrogen receptors, inhibits angiogenesis by disrupting 
microtubules and by suppressing HIF-1α activity.4-6 Paclitaxel (taxol) 
is a microtubule disrupting agent that diminishes HIF-1α expression 
and activity and thus indirectly inhibits angiogenesis.4-6

Other angiogenesis inhibitors include osteonectin, opioids, angiopoi-
etin-2, retinoids, opioids, troponin I, and cartilage-derived natural inhibi-
tors including chondromodulin-1.4-6 Some of these agents gave promising 
results in cancer therapy trials and preclinical arthritis studies.4-6

Targeting angiogenesis
Future antiangiogenic therapy, which also controls synovial inflam-
mation in RA, may primarily target growth factors, chemokines,  
cellular adhesion molecules, and MMPs, as well as angiostatin and 
endostatin (Table 90.2).4,6,9,10,20-25 Either otherwise endogenously 
produced, natural inhibitors and their derivatives or exogenously 
administered antibodies or other inhibitors of angiogenic mediators 
could be used (see Table 90-2).4-6 VEGF targeting is in the mainstream 
of cancer and inflammation research.4,6,9,10 One can inhibit VEGF-
mediated neovascularization by using monoclonal antibodies to VEGF 
or VEGF receptors (VEGFR), soluble VEGFR constructs, small mole-
cule VEGF and VEGFR inhibitors, or inhibitors of VEGF and VEGFR 
signaling.5,9 Some of these compounds have been administered to 
cancer and, recently, arthritis patients.4-6,9 Compounds yielding prom-
ising results include the anti-VEGF antibody bevacizumab, some anti-
VEGFR antibodies, the VEGF-Trap construct, small molecule VEGFR 
tyrosine kinase inhibitors such as vatalanib, sunitinib malate, sorafenib, 
vandetanib, cediranib, axatinib, KRN-951 and CEP-7055, semaphorin-
3A, and soluble Fas ligand (sFasL, CD178).9 The peroxisome-prolifer-
ator-activated receptor-γ (PPARγ) agonists rosiglitazone and pioglitazone, 
currently used to treat diabetes, inhibit VEGF- and bFGF-induced 
synovial angiogenesis.20 There have been attempts to target HIF-1 
signaling in inflammatory bowel disease.6,11 Imatinib mesylate, a spe-
cific inhibitor of PDGF receptor activation, inhibits the development 
of murine arthritis and synovial angiogenesis (see Table 90.2).4-6

As discussed earlier, currently used antirheumatic agents including 
classic DMARDs and anti-TNF biologics, among other beneficial  
anti-inflammatory effects, also suppress synovial neovascularization.4-6 
For example, infliximab treatment reduced synovial VEGF expression 
and vascularity.5 The anti-IL-6 receptor antibody tocilizumab, which 
has recently been approved for the treatment of RA, decreased serum 
levels of VEGF.21 Thalidomide and its analogue, CC1069, effectively 
suppress synovial angiogenesis; however, thalidomide exerted moder-
ate efficacy in RA and lupus trials (see Table 90.2).4-6,22

TABLE 90.2 POTENTIAL ANGIOGENESIS TARGETING STRATEGIES IN ARTHRITIS*

Compound Reference(s)

Endogenous (natural) inhibitors

Angiostatin 4, 5, 6

Endostatin 4, 5, 6

Protease-activated kringles 1-5 (K1-5) (angiostatin analogue) 4, 6

Kallistatin 4, 6

Thrombospondin-1, -2 4, 6

Interleukin-4, -13 gene 4, 5, 6

PF4/CXCL4 chemokine 3

2-methoxyestradiol (2-ME) 4, 6

Exogenous inhibitors

Anti-VEGFR1 antibody 9

Vatalanib (VEGF-R tyrosine kinase inhibitor) 9

Imatinib mesylate (PDGF receptor signaling) 4, 6

Soluble Fas ligand 4, 6, 9

Bicyclam (AMD3100) 4, 14

Vitaxin (anti-αVβ3 integrin) 6, 13

Traditional DMARDs (methotrexate, sulfasalazine, etc.) 1, 4, 6

Rofecoxib 4, 5

Infliximab 5, 6

Tocilizumab 21

Thalidomide 4, 6, 22

CC1069 (thalidomide analogue) 4, 6

TNP-470 (fumagillin analogue) 4, 6

PPI2458 (fumagillin analogue) 4, 6

Statins 23

Endothelin-1 antagonists 25

Paclitaxel 4, 6

Minocycline 4, 6

Clarithromycin 4, 5

Deoxyspergualin 4, 5

PPARγ agonists (pioglitazone, rosiglitazone) 20

*See text for abbreviations.

Among angiostatic chemokines, PF4/CXCL4 has been tried in 
animal models of arthritis. Bicyclam (AMD3100) is a selective antago-
nist of SDF-1/CXCL12. CXCR2 has also been targeted in cancer.3,4,6 
Regarding cellular adhesion molecules, Vitaxin, a humanized antibody 
to the αVβ3 integrin suppressed leukocyte migration and neovascular-
ization in arthritis models; however, it showed little efficacy in a 
human phase 1 RA trial.4-6,18 Statins also modify endothelial function 
and adhesion receptor expression.23 Numerous protease inhibitors 
including TIMPs and plasminogen activator inhibitors (PAIs) that 
antagonize the effects of proteases have been tried in angiogenesis 
models.24 Angiostatin and endostatin also became primary targets. The 
administration of angiostatin and endostatin abrogated arthritis in 
various rodent models.1,4-6 Endothelin (ET)-1 antagonists currently 
used in the treatment of scleroderma-associated pulmonary hyperten-
sion may also exert antiangiogenic effects (see Table 90.2).25

Among antibiotics, minocycline and clarithromycin showed some 
efficacy in human RA, and deoxyspergualin and the fumagillin ana-
logues TNP-470 and PPI-2458 suppressed the development of arthritis 
in rodent models.4-6 Theoretically, most angiostatic agents may have 
therapeutic relevance for arthritis- and tumor-associated angiogenesis 
(see Table 90.2).
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from the joint cavity. In addition, they express receptors for the Fc 
domains of IgG. In contrast, type B synoviocytes are fibroblast-like cells 
that contain abundant protein synthetic machinery and fewer filopodia 
and vacuoles and lack Fc receptors (Fig. 91.2).1

Type B synoviocytes produce hyaluronic acid and lubricin, which 
assist in normal joint motion. In addition, they synthesize proteins, 
including fibronectin and collagen. Type B synoviocytes can be identi-
fied using cytochemistry for uridine diphosphoglucose dehydrogenase 
activity (UDPGD) and by staining for CD55 (decay-accelerating factor 
[DAF]), whereas type A synoviocytes express monocyte-macrophage 
lineage cell surface markers (including CD14, CD11b, and CD68), as 
well as non-specific esterase activity (Fig. 91.3). Cells within the syno-
vial lining layer lack tight junctions and desmosomes that would allow 
for stable cell-cell contact and maintenance of the structure of the 
lining layer. However, cadherin-11 has been shown to mediate homo-
typic interactions between type B synoviocytes and may contribute to 
adhesion between these cells.2

Cells within the synovial lining layer are loosely adherent to the 
sublining tissues, which are composed of connective tissue that 
becomes denser in areas closer to the joint capsule. This sublining 
tissue contains blood vessels (arterioles, capillaries, and postcapillary 
venules) as well as lymphatic vessels and nerves. It has been assumed 
that synovial tissues derived from healthy subjects are devoid of any 
significant number of inflammatory cells. However, a recent study of 
12 healthy subjects undergoing needle biopsy of knee synovium dem-
onstrated the presence of T cells in perivascular areas and/or diffusely 
in 9 of 10 cases. Macrophages were present in all cases, as were human 
leukocyte antigen (HLA)-DR–positive cells. Interestingly, B cells were 
not present in any case.3 These results suggest that, in normal subjects, 
subclinical joint inflammation can occur, probably in response to 
stimuli within the joint, but it does not progress to overt arthritis.

SYNOVIUM IN RHEUMATOID ARTHRITIS
In RA, chronic, clinically significant synovial inflammation develops, 
leading to eventual destruction of cartilage and bone. At the gross level, 
inflamed synovial tissues in RA demonstrate a marked expansion, with 
the synovial surface thrown into innumerable hyperemic and edema-
tous villous projections that extend into the joint cavity. The micro-
scopic changes seen in the synovium of patients with RA are not 
unique to this disease and can be seen in other inflammatory arthriti-
des. However, characteristic histologic findings can support the clinical 
diagnosis. These include hyperplasia of the synovial lining layer, a 
mixed inflammatory cell infiltrate in the subsynovium with follicle and 
germinal center formation in some cases, neovascularization, and, in 
clinically active disease, the deposition of fibrin (Fig. 91.4).

In RA the synovial lining layer may be up to 12 cells in thickness 
and individual cells may appear hypertrophic. Much of this increase is 
due to recruitment of cells of the monocyte-macrophage lineage from 
bone marrow. Evidence for recruitment of these cells into normal 
synovial tissues comes from studies of radiation chimeras of normal 
and beige mice. In beige mice, giant secondary lysosomes are present 
in cells of the monocyte-macrophage lineage. After bone marrow cells 
from beige mice were engrafted into normal irradiated histocompatible 
recipient mice, giant granules were identified in up to 7% of type A 
synovial lining cells.4 Because macrophages are present in the sublining 
as tissue macrophages as well as in the lining as type A synoviocytes, 
it is not entirely clear whether the greatly increased numbers seen in 
rheumatoid synovial tissues arise from division of local precursors or 
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INTRODUCTION
Inflammation of joints lined by synovium (synovitis) is the hallmark 
of rheumatoid arthritis (RA). Associated with synovitis is a propensity 
to destroy articular cartilage and bone, the structural components of 
the joint. Consequently, joint tissues from patients with RA have been 
the subject of extensive research, leading to tremendous advances in 
our understanding of the pathogenesis of synovitis and the subsequent 
rational development of effective new therapies. In this chapter, a 
review of the pathologic changes seen in RA synovium is followed by 
a detailed summary of the phenotypical and functional changes that 
occur in synovitis in RA, including the cell types and inflammatory 
mediators responsible for establishing and maintaining chronic inflam-
mation. Mechanisms of joint destruction are reviewed. Finally, this 
information is synthesized with discussion of the current theories of 
RA pathogenesis, and a unifying hypothesis that integrates knowledge 
gained from the study of synovial tissues, animal models of arthritis, 
and insights from clinical trials is proposed.

NORMAL SYNOVIUM
In the normal joint, the synovium is a thin membrane that derives 
from cells of the embryonic mesenchyme and lines the fibrous joint 
capsule (Fig. 91.1). The synovium and joint capsule attach to skeletal 
tissues at the interface of cartilage and bone. Normal synovial tissues 
do not encroach on articular cartilage. The most superficial layer of the 
synovium, lying adjacent to the joint cavity, is known as the synovial 
intima or synovial lining cell layer. Electron microscopic (EM) images 
have demonstrated that the cells within this layer are loosely adherent 
to the synovial subintimal or sublining tissues and that these cells form 
a discontinuous layer lacking a true basement membrane.1

Cells within the synovial lining layer are 6 to 12 µm in diameter, 
excluding the numerous finger-like projections extending from the cell 
surface. Two distinct populations of cells have been identified by EM: 
the type A or macrophage-like synoviocyte and the type B or fibroblast-
like synoviocyte (FLS). Type A synoviocytes contain filopodia, a promi-
nent Golgi apparatus, lysosomes, and vacuoles.1 These cells have a 
sparse endoplasmic reticulum, because these are primarily phagocytic 
cells that are presumably present in the joint to clear particulate matter 

91
 Synovial tissues in rheumatoid arthritis (RA) are markedly 

expanded by the recruitment and retention of inflammatory cells, 
with the formation of villous projections and the generation of 
pannus tissue that invades and destroys cartilage and bone.

 Pathogenic events in RA probably occur in stages, and mechanisms 
leading to initiation of the disease appear to be distinct from those 
involved in the perpetuation of inflammation and the eventual 
destruction of joint tissues.

 Chronic synovitis is maintained by the interactions of cell types 
native to the joint and inflammatory cells recruited to the joint, 
with the subsequent establishment of cytokine “networks.”

 Cartilage destruction results from the production of enzymes that 
destroy components of the cartilage extracellular matrix by cells 
within synovial tissues and by chondrocytes; osteoclasts contribute 
to destruction of articular bone.
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Fig. 91.1 Normal synovium. Low-power view of a normal synovial tissue. 
The intimal lining shown at the top of this section is only one or two cell layers 
deep, and sublining blood vessels and mononuclear cells are sparse.

TYPE A AND B SYNOVIOCYTES

Type A

Type B

Prominent Golgi and lysosomes
Phagocytic capability 
Fc receptors
Macrophage markers (CD14,CD11b)

Abundant rough endoplasmic reticulum,
   numerous nucleoli
Lacks Fc receptors and macrophage markers
Fibroblast-like morphology

Fibroblast-like

Macrophage-like

Fig. 91.2 Type A and B synoviocytes. Features of type A (macrophage-like) 
and type B (fibroblast-like) synoviocytes.

a

b

Fig. 91.3 Immunohistochemical staining in rheumatoid synovium. 
(a) Staining (brown) for CD55, demonstrating type B (fibroblast-like) 
synoviocytes in the lining layer. (b) Staining (red) for CD14, demonstrating type 
A (macrophage-like) synoviocytes in the lining layer as well as macrophages in 
the sublining tissue.

Fig. 91.4 Histology of synovium in chronic RA demonstrating hyperplasia of the 
synovial lining layer, infiltration of a heterogeneous admixture of mononuclear 
cells, including lymphocytes and plasma cells in the sublining tissue, and 
numerous blood vessels.
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synovial tissues, including TNF and others, can induce the expression 
of several adhesion molecules on vascular endothelium.

Once inflammatory cells have served their purpose at a site of injury 
there is normally a clearance of these cells, via apoptosis or emigration 
of these cells from the site. In RA, however, chronic inflammation 
persists, reflecting an imbalance between cell recruitment, prolifera-
tion, and retention on the one hand and cell death and emigration from 
the tissue on the other hand. Exciting recent data suggest that cells 
migrating into a site of inflammation can transition from a “migratory” 
phenotype to a “stationary” phenotype based on changes in cellular 
receptor expression induced by interactions with stromal cells resident 
in the tissues they encounter. In the case of RA, interactions between 
T cells and stromal cells in synovial tissues favor inhibition of T-cell 
apoptosis8 via the expression of IFN-β by resident synovial macro-
phages and fibroblasts. T-cell retention is also favored. One proposed 
mechanism for this retention is upregulation of the chemokine recep-
tor CXCR4 on T cells, induced by locally expressed transforming 
growth factor (TGF)-β. The ligand for CXCR4 is stromal cell–derived 
factor-1 (SDF-1 or CXCL12), expressed on synovial cells and upregu-
lated on RA synovial fibroblasts as compared with osteoarthritic (OA) 
synovial fibroblasts. SDF-1 is also a chemoattractant for other mono-
nuclear cells expressing Mac-1 and CXCR4 and is a potent proangio-
genic factor. The importance of SDF-1/CXCR4 interactions in RA was 
demonstrated in murine collagen-induced arthritis, where an antago-
nist of the interaction between SDF-1 and CXCR4 led to a decreased 
incidence of arthritis, a delay in onset of disease, and decreased clinical 
severity.9

Pannus
A characteristic histologic feature seen in patients with RA is the pres-
ence of a distinctive tissue located at the interface between synovium 
and cartilage/bone at sites of joint destruction. This tissue is known 
as pannus, which is Latin for “cloth” or “covering.” Pannus tissue, not 
seen in this exact form in other inflammatory or non-inflammatory 
arthritides, was so named because of its location, draped over cartilagi-
nous surfaces and adherent to these surfaces. It is derived from the 
synovial membrane and is thought to mediate the process of tissue 
destruction. EM studies of the cellular composition of pannus have 
demonstrated that fibroblast-like cells predominate in this tissue, espe-
cially on the surface, but that in deeper layers, and admixed with 
fibroblasts, are cells with the EM appearance of macrophages.10 There 
are fewer lymphocytes and other inflammatory cells within pannus 
tissue compared with synovial tissues remote from bone, although 
these cells are often present (Fig. 91.5).

Fibroblasts in pannus tissue have an invasive nature owing at least 
in part to their ability to express proteinases that degrade the extracel-
lular matrix components of cartilage. An additional cell termed a pan-
nocyte, characterized by intense expression of VCAM-1 and a prolonged 
lifespan in culture,11 has been isolated from pannus tissues. Whether 
the pannocyte represents a unique cell type or a phenotypical variant 
of the synovial fibroblast is not known. Finally, cells with the full 
phenotype of osteoclasts are present at the interface between pannus 
and bone and these cells are critical to the process of bone erosion.

Early rheumatoid arthritis
Histopathologic changes in synovium are seen within the first few 
weeks in the clinical course of RA. Attempts to obtain synovial tissues 
from patients with very early RA were initiated in the hope that unique 
pathologic changes would be identified that would provide clues to the 
events involved in disease initiation. Although initial studies suggested 
the presence of some unique histologic features such as vascular 
changes with evidence of endothelial cell damage, more recent studies 
have demonstrated that the pathologic changes in early RA are very 
similar to those in chronic disease (Fig. 91.6). Studies of synovium 
obtained from knee joints within 6 weeks of the onset of clinical 
disease in RA demonstrated an infiltration of T cells in all cases, with 
a predominance of CD4+ over CD8+ cells. B cells were seen in fewer 
numbers but were present in the majority of cases. Inflammatory infil-
trates were perivascular and were localized to the superficial areas 
within the sublining, and no lymphocyte aggregates were present in 

differentiate from newly recruited blood monocytes, but the latter 
mechanism is presumed to be the major source. The degree to which 
in-situ division of resident cells in synovial tissues occurs and contrib-
utes to lining layer hyperplasia is still a matter of debate, but markers 
of cell proliferation, including proliferating cell nuclear antigen (PCNA), 
have been identified in type B synoviocytes in the lining layer, demon-
strating that some cell division does occur.5 The increase in the 
numbers of synovial lining cells in RA is significant, because these cells 
are a source of a panoply of cytokines and other inflammatory media-
tors that contribute to chronic inflammation, as well as a source of 
matrix-degrading enzymes.

The inflammatory infiltrate within synovium in patients with estab-
lished RA is heterogeneous and is composed of T and B cells, plasma 
cells, and macrophages, as well as lesser numbers of dendritic cells 
(DCs), mast cells, natural killer (NK) cells, and, occasionally, neutro-
phils. Neutrophils are more commonly seen in synovial fluid but can 
be present in significant numbers in synovial tissues during an acute 
flare of disease. Most studies demonstrate a predominance of CD4+ 
over CD8+ T cells, with CD4+ cells being present diffusely, in aggre-
gates, and in perivascular areas. B cells are also present diffusely and 
in aggregates; and immunoglobulin-producing plasma cells, some of 
which produce rheumatoid factor (RF), are the predominant infiltrating 
cells in some cases. Macrophages are usually present in significant 
numbers between and sometimes within lymphoid aggregates. 
Although macrophages may act as antigen-presenting cells to resident 
T cells, DCs, which are more potent antigen-presenting cells, have also 
been shown to interdigitate among T-cell aggregates. In addition, resi-
dent B cells may also serve as antigen-presenting cells, particularly for 
antigens internalized via their surface Ig receptors.

There is a definite heterogeneity of histologic findings among 
patients with RA. However, there are distinct patterns of cellular infil-
tration that have only recently been categorized. Although cells within 
the synovium can move through the tissue in a dynamic fashion, 
synovial tissues from patients with RA typically have one of three 
histologic patterns of inflammatory cell infiltration, and these patterns 
appear to be preserved over time. Furthermore, these patterns of 
inflammation have been associated with typical and distinct cytokine 
profiles and may therefore have clinical relevance.6

The most common histologic pattern is that of a diffuse inflamma-
tory infiltrate, in which infiltrating immune cells, predominantly lym-
phocytes and macrophages, are interspersed in a haphazard way among 
resident synovial fibroblasts and blood vessels. This form of synovitis 
is associated with low levels of messenger RNA (mRNA) for interferon-γ 
(IFN-γ) and interleukin-4 (IL-4), as well as low levels of tumor necrosis 
factor (TNF) and IL-1β mRNA. In addition, patients with this form of 
synovitis tend to have clinically milder disease. A second pattern is 
that of follicle formation, in which infiltrating T and B cells are arranged 
in distinct follicles or aggregates. In some cases, these follicles become 
highly organized into true, functionally competent germinal centers 
similar to those present in lymph nodes.7 Finally, in the rarest form of 
synovitis, seen in only a few percent of cases, there is a granulomatous 
inflammatory infiltrate in which granulomas resembling rheumatoid 
nodules are present within synovial tissues. Both IFN-γ and IL-4 
mRNA are charactersitically produced in this form of synovitis, as are 
high levels of TNF and IL-1β, suggesting that these tissues are associ-
ated with significant T-cell and macrophage stimulation. Patients with 
granulomas in synovial tissues also typically have rheumatoid nodules 
in the skin.6

MECHANISMS OF CHRONIC SYNOVITIS IN 
RHEUMATOID ARTHRITIS
Mechanisms for the recruitment and retention of inflammatory cells 
in chronic inflammatory diseases, including RA, have been the subject 
of intense investigation in recent years. The influx of inflammatory 
cells into synovial tissues occurs primarily through tethering of cells 
via selectins; upregulation of adhesion molecules including vascular 
cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecules-1 
and -2 (ICAM-1 and -2), and others on postcapillary venules; and 
chemokine-chemokine receptor interactions, which act as cellular 
“homing signals.” Proinflammatory cytokines produced within RA 
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a

RA < 6 months

b

RA > 5 years

Fig. 91.6 RA synovium in early and late disease. Typical RA synovitis with synovial lining hyperplasia, increased numbers of blood vessels, and infiltration of 
the sublining with mononuclear cells. Early (a) and chronic (b) disease exhibit many of the same histologic features. (Courtesy of Dr. P. P. Tak.)

a b

Fig. 91.5 Histology of the pannus/bone interface. 
(a) Low-power view demonstrating invasion of pannus 
tissue into cartilage and bone. (b) High-power detail 
demonstrating multinucleated osteoclast-like cells at 
the interface of pannus and bone.

these early tissue samples.12 In addition, inflammation has been shown 
to be present in synovial tissues in clinically uninvolved joints from 
patients with long-standing RA when biopsy samples are obtained and 
examined.13 These data suggest that histologic inflammation of the 
synovium is an early and widespread event in RA and that the full 
clinical manifestation of arthritis requires additional pathologic events 
such as an increase in vascular permeability and activation of pain 
pathways.

COMPONENTS OF RHEUMATOID SYNOVIUM
Difficulties with analysis
Because synovitis is the characteristic feature of RA, it remains reason-
able to hope that key insights into pathogenesis may be obtained by 
detailed analysis of inflamed synovial tissues. Unfortunately, however, 
no single analytical technique exists whereby the integrated function 
of diverse cell types can be evaluated comprehensively, with attention 

to all possible genes, proteins, and other products. Thus, investigations 
have been conducted at several different levels and with different model 
systems, each with its own strengths and weaknesses. As shown in 
Figure 91.7, examination of intact or sectioned synovial tissue samples 
has the virtue of allowing the study of a biologic system with all of its 
components intact, but the proscription against manipulation inevita-
bly brings uncertainty regarding the relationships between the struc-
tures seen and the functions proposed. Conversely, model systems 
produced by isolating cells and controlling experimental conditions 
allow for more detailed and scientifically rigorous dissection of mecha-
nisms but suffer from potential artifacts from manipulation and 
oversimplification.

Not shown in Figure 91.7 is the role of animal models in clarifying 
disease mechanisms. Animal models offer the strengths of both in-vivo 
and in-vitro approaches and allow for detailed analyses of disease 
mechanisms, but their direct relevance to human RA remains uncer-
tain. Despite these difficulties, it is important to note that it was 
through examination of data obtained by a combination of methods at 
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disease
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Artifacts of
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Collagenase
Grinding
Denaturants

Cytokines
siRNA
Blocking Abs,
   etc.

qPCR
Microarray

qPCR
Microarray
Reporter
    constructs

ELISA/ELISpot
Western/IP
Flow cytometry
IHC/IF staining
Proteomics

ELISA/ELISpot
Western/IP
Flow cytometry
IHC/IF staining
Bioassay
Proteomics

Synovial tissue
sections

Processed or
dissociated

synoval tissue

Synovial cells in
culture

(+/- stimulation)

METHODS OF DISCOVERY

Fig. 91.7 Methods of evaluation of inflamed synovium or synovial fluid. Note that most gene-based 
techniques rely on hybridization of mRNA (or complementary DNA synthesized from it) to specific 
complementary nucleic acid sequences and that most protein-detecting techniques rely on binding by 
specific antibodies. siRNA, small interfering RNA—a short RNA sequence that binds to a specific mRNA 
transcript, leading to its degradation within cells. ISH, in-situ hybridization—a method for localizing and 
measuring specific mRNA transcripts using labeled specific DNA or RNA sequences. qPCR, quantitative 
polymerase chain reaction—a method for quantifying expression levels of specific mRNA transcripts by 
amplifying the region between two specific sequences and detecting amplified product. Microarray—a 
method for simultaneously quantifying thousands of mRNA transcripts by hybridization to a microscopic 
array of specific DNA sequences. Reporter constructs—attachment of regulatory sequences that normally 
control the transcription of a gene of interest to a gene encoding a product easily identified by color, 
fluorescence, or luminescence. IHC, immunohistochemistry—a method for localization and quantitation of 
protein and other structures using specific antibodies conjugated to enzymes that allow for detection via 
colored deposits. IF, immunofluorescence—analogous to IHC but using antibodies conjugated to 
molecules fluorescent in various colors. ELISA, enzyme-linked immunosorbent assay—quantifies a factor in 
solution by capture using a specific antibody, then detection using a second, enzyme-conjugated antibody 
that produces a soluble colored product. ELISpot—antibody-mediated capture of factors secreted by cells 
in culture, then detection using a precipitating enzyme product that allows for quantification of the 
number of cells making a factor. Western blot—detection, using enzyme-conjugated specific antibodies, of 
proteins previously separated by electrophoresis; correct identification of a protein is confirmed by its 
location after electrophoretic separation. IP, immunoprecipitation—capture of a factor from solution using 
specific antibodies, followed by capture of the complex on beads; it allows for quantification of relatively 
rare factors due to concentrating effect. Flow cytometry—quantification of cell surface and some 
intracellular proteins of individual cells in suspension, using fluorescently labeled specific antibodies; it 
allows for measurement of multiple proteins simultaneously via the use of different colored fluorophores. 
Bioassay—measurement of the response of living cells to added factors or cells used to follow complex 
interactions thought to be of biologic relevance. Proteomics—quantitative determination of total protein 
content or a large subset thereof that relies on separation of proteins and identification using mass 
spectrometry, multiple specific antibodies, and other techniques.

each of these levels of detail and manipulation that the central role of 
TNF in inflammatory arthritis was discovered, leading to an important 
advance in the treatment of RA.

Cells of rheumatoid synovium
Macrophages
Macrophages are abundant in rheumatoid synovium and are readily 
identified in tissue sections or after dispersion of tissue into cell sus-
pensions, by their morphology and by surface markers such as CD14 
and CD68. The number of macrophages on biopsy correlates with risk 
of radiographic joint destruction.14 Although there is undoubtedly het-
erogeneity, cells of this lineage in rheumatoid synovium and synovial 
fluid show evidence of activation, such as surface markers characteris-

tic of mature phagocytic cells and high levels of major histocompatibil-
ity complex (MHC) class II molecules important for the presentation 
of peptide antigens to CD4+ T cells.

Macrophages within the lining layer appear to differ from those in 
the sublining in their expression of adhesion molecules and secreted 
mediators.14 By analysis of tissue sections or freshly dispersed synovium, 
macrophages, especially those in the lining layer, appear to be a major 
source of numerous cytokines, including two known to be critically 
involved in the pathophysiology of RA, TNF, and IL-1,15-18 as well as 
other cytokines that have well-described effects on immune and inflam-
matory responses, either stimulatory (IL-6, IL-12, IL-15, granulocyte-
macrophage colony stimulating factor [GM-CSF]) or inhibitory (IL-1 
receptor antagonist [IL-1ra], TGF-β).15,16,19,20 Many cell surface recep-
tors influence the activity of macrophages.21 Notable examples 
expressed on synovial macrophages in vivo include the p55 and p75 
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cal changes, based on their growth properties in vitro as well as on their 
ability to degrade cartilage in vivo when co-transplanted with normal 
cartilage into severe combined immunodeficient (SCID) mice,36 the use 
of the terms benign tumor and partially transformed suggests a poten-
tial that remains unsubstantiated.

B cells
The prevalence and distribution of B cells are two of the most  
variable features of rheumatoid synovium. Circulating autoantibodies 
are characteristic of RA but are of uncertain pathologic significance. 
Studies of B cells in rheumatoid synovium have therefore focused 
heavily on local production of autoantibodies and evidence for  
local maturation of antibody-producing cells. B cells have other  
functions, including presentation of antigens to CD4+ T cells and 
secretion of cytokines, but the importance of such functions in RA is 
unclear.

Sequencing of immunoglobulin genes expressed in RA synovium 
has suggested that there is local clonal expansion of B cells, but recent 
studies have questioned whether the lymphoid follicles and germinal 
centers seen in some rheumatoid synovia promote maturation and 
expansion of antigen-specific B cells as they do in lymphoid organs.37-39 
Determining what antigens might be recognized by synovial B cells has 
been approached in four ways. First, the levels of specific autoantibod-
ies in synovial tissue and fluid have been compared with those in blood 
from the same patients. Levels of RF and anti-citrullinated peptide 
antibodies (ACPA) are locally enriched according to these studies,40,41 
which are quantitative but do not distinguish between local synthesis 
and local deposition. Second, synthesis of antibodies has been mea-
sured in tissue explants, with use of biosynthetic labeling or inhibition 
of protein synthesis to differentiate between local synthesis and deposi-
tion. Rheumatoid synovium synthesizes a large amount of IgG, IgM, 
and IgA, comparable to that produced by explanted lymphoid organs. 
Synovial B cells produce RF of all three of these isotypes and in higher 
relative concentrations than do peripheral blood B cells from RA 
patients.42

Third, the ability of individual synovial B cells to produce antibodies 
of particular specificities has been assessed by plaque-forming cell and 
enzyme-linked immunosorbent spot (ELISpot) assays. Large numbers 
of B cells secreting antibodies to type II collagen and C1q have been 
detected in the majority of synovia from both RF-seropositive and  
RF-seronegative patients.43 Notably, none of these patients had 
detectable circulating antibodies to these autoantigens. Fourth and 
finally, hybridomas have been made from synovial B cells and the 
monoclonal antibodies produced by these cells have been evaluated for 
binding to antigens. Cells making antibodies to cartilage oligomeric 
matrix protein (COMP), the bacterial heat-shock protein hsp60, and 
several other proteins have been thus identified.44 This apparent diver-
sity of local autoantibodies makes it clear that evaluation of serum may 
greatly underestimate synovial levels of potentially pathogenic 
antibodies.

T cells
T cells are the dominant lymphocyte infiltrating the rheumatoid  
joint, and CD4+ cells predominate over CD8+ cells in most RA 
patients, as is true in lymph nodes and blood. A key role for CD4+  
T cells in the pathogenesis of RA is suggested by the strong  
genetic linkage of disease susceptibility to HLA-DR alleles. However, 
various findings regarding synovial T cells have led to disagreement 
about their role in chronic disease, as discussed later in this  
chapter.

Many synovial T cells express surface markers suggesting prior 
activation, such as particular CD45 isoforms, CD44, and MHC class 
II molecules.45,46 There is no clear evidence demonstrating that activa-
tion occurs locally, despite the various potential antigen-presenting 
cells in inflamed synovium. Previously activated T cells home non-
specifically to inflamed sites by virtue of their expression of particular 
adhesion molecules. Therefore, previously activated T cells are likely 
to be recruited into the synovium from peripheral blood independent 
of their antigen specificity.

Despite expression of activation markers, T cells from RA patients 
are paradoxically hyporesponsive to further stimulation through the 
TCR in vitro. First described in circulating cells, this observation has 

TNF receptors, the low-affinity IgG receptors FcγRII and FcγRIII, and 
adhesion molecules CD31 and CD44. Investigation is ongoing into the 
expression by synovial macrophages of more recently described inflam-
matory mediators and receptors, such as the ligand-receptor pair of 
high mobility group box chromosomal protein-1 (HMGB-1) and the 
receptor for advanced glycation end products (RAGE),22 the Toll-like 
receptors (TLRs) for microbial products, novel interleukins, and novel 
members of the TNF superfamily, including B-lymphocyte stimulator 
(BLyS).

Although macrophages have the machinery to participate impor-
tantly in the synthesis of lipid mediators of inflammation, destruction 
of cartilage and bone, and antigen presentation to T cells, it is unclear 
how their contribution to these activities compares with that of FLS 
(for the former two functions) or of DCs and B cells (for the latter). 
Macrophage cell lines derived from synovial tissue have been relatively 
difficult to obtain. Instead, macrophages derived from synovial fluid or 
from peripheral blood monocytes have been studied in vitro to deter-
mine the effects of various mediators on macrophage expression of cell 
surface molecules, proinflammatory cytokines, and effector functions.23 
At a level of great simplification, cytokines that stimulate macrophages 
include TNF, IL-1, IL-15, IL-17, and IL-18 and suppressive cytokines 
include IL-1ra, IL-4, IL-10, IL-11, and IL-13.23-25 Macrophages are also 
stimulated by cell surface molecules on activated T cells, even if those 
T cells have been killed.26

Fibroblast-like synoviocytes
Like type A synoviocytes, type B synoviocytes or FLS are greatly 
expanded in number in rheumatoid synovium, although type A cells 
remain more abundant. Most of our knowledge of the function of FLS 
in RA has come from in-vitro studies because, unlike macrophages 
from synovial tissues, these cells can be readily passaged from  
culture of synovium. FLS in the normal synovial lining differ from 
fibroblasts in the sublining and other tissues, most notably by the 
expression of VCAM-1, cadherin-11, and the intracellular enzyme 
UDPGD.2,27 The quintessential function of normal FLS is the produc-
tion of proteoglycans for the synovial fluid and extracellular matrix, 
explaining the expression of the enzyme UDPGD, which catalyzes the 
rate-limiting step in the synthesis of a monosaccharide essential for 
the subsequent synthesis of hyaluronic acid. Rheumatoid FLS are 
notable for their ability to produce enzymes with the capacity to degrade 
cartilage (see later under Joint Destruction). Other pathologic functions 
that have been ascribed to FLS include differentiation into follicular 
dendritic cells (FDC), which organize germinal centers for B-cell  
maturation,28 and an ability to present superantigens (bacterial pro-
teins that bind MHC and the T-cell receptor [TCR] outside the usual 
interface), but not necessarily conventional peptide antigens, to T 
cells.29

FLS are strikingly active within the innate immune system, based 
on responsiveness to and secretion of various cytokines and other 
mediators. IL-1 and TNF appear to be the major stimulators of FLS 
and have been used in many in-vitro studies; receptors for these cyto-
kines are also detectable on FLS in tissue sections.18,30 Bacterial prod-
ucts such as lipopolysaccharide (LPS) and peptidoglycan are also 
stimulatory, presumably through specific receptors such as TLR-4 and 
TLR-2, respectively. Under such stimulation, FLS secrete IL-6,31 the 
related cytokine IL-11,32 and numerous chemotactic cytokines (chemo-
kines) capable of acting on a variety of hematopoietic cell types.33 Some 
of these products are also made at detectable levels without exogenous 
stimulation. There is evidence for FLS being the predominant source 
of other mediators, such as IL-16 and nitric oxide.

For many years, the concept of rheumatoid pannus as a benign 
tumor has been discussed, focusing on the FLS as a “partially trans-
formed” cell. Rheumatoid FLS indeed share many features of trans-
formed cells, such as anchorage-independent growth in vitro and 
expression of proto-oncogenes and telomerase. Genetic analysis of 
individual cells suggests division of FLS or precursor clones in erosive 
pannus.34 However, these features are characteristic not only of prema-
lignant cells but also of otherwise normal cells that have the potential 
to divide and are not terminally differentiated. Although there is evi-
dence of genetic instability in FLS based on the loss or duplication of 
chromosomal markers, this is equally true of FLS derived from OA or 
RA patients.35 Thus, although FLS from RA do have durable phenotypi-
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TABLE 91.1 CYTOKINES THAT HAVE BEEN INTENSIVELY STUDIED IN RHEUMATOID ARTHRITIS*

Pro/anti-inflammatory Increased in RA? Clinical trial support Cytokine cellular sources
Salient effects, 
stimulatory

Salient effects, 
inhibitory

TNF Pro + + Mθ, many others COX, IL-1, TNF, IL-6, 
chemo, MMP

IL-1 Pro + + Mθ, many others COX, TNF, IL-6, chemo, 
MMP, endo

Proteoglycans

IL-2 Pro − Th1 T-cell proliferation, NK

IL-4 Anti − Th2 Abs IL-1, TNF

IL-6 Pro/anti + + Mθ, FLS, chond Abs, acute phase, FLS 
prolif

IL-1, TNF, chemo

IL-10 Anti + − Mθ, Th2, B Abs IL-1, TNF, chemo, COX, 
MMP

IL-11 Anti ± FLS Acute phase IL-1, TNF

IL-13 Anti ± Th2 IL-1, TNF, COX

IL-15 Pro + Mθ, FLS, endo T cell prolif, TNF, chemo

IL-17 Pro + Th17 COX, chemo, osteoclasts

IL-18 Pro + Mθ, FLS, chond TNF, Th1

IFN-αβ Pro/Anti NR − DC

IFN-γ Pro/Anti ± ± Th1, NK TNF IL-1, COX, MMP

GM-CSF Pro + Mθ, many others Nθ/Mθ Differentiation/
activation

M-CSF ± FLS, chond Osteoclast precursors

TGF-β Anti + Mθ, many others FLS prolif, ECM IL-1, TNF, T cells

Chemokines Pro + Mθ, FLS, endo, others Leukocyte chemotaxis

RANKL + T, FLS, osteoblasts Osteoclasts

Pro/anti-inflammatory: indicates predominant effect of cytokine.
Increased in RA?: increased (+) or not (−) vs. OA or normal synovium. ± indicates small differences or conflicting results; NR = not reported.
Clinical trial support: importance established (+) or (−) by clinical trials involving the cytokine itself (e.g., IL-10, IFN-αβ) or an agent that blocks its activity (e.g., TNF, IL-1, IL-6, IFN-γ). ± indicates uncertain 
result.
Cellular sources: major sources of factors clearly upregulated in RA synovium are indicated in bold. Mθ, macrophage; FLS, fibroblast-like synoviocyte; Th1, Th2, subsets of CD4+ T cells; B, B lymphocyte; 
chond, chondrocyte; DC, dendritic cell; endo, vascular endothelial cell; NK, natural killer cell.
Salient effects: stimulatory or inhibitory for the production of the factors or activity of the cells listed. COX, cyclo-oxygenase-2 enzyme; chemo, chemokines; Nθ, neutrophils; Abs, antibodies; 
ECM, extracellular matrix; MMP, matrix metalloproteinases.

*Antagonists such as IL-1ra and soluble (decoy) receptors are not shown.

been extended to cells from synovial fluid and tissue.47 Synovial T cells 
have decreased levels of the ζ chain of the TCR, a key element of 
antigen-driven signaling48,49; this abnormality has also been found in 
systemic lupus erythematosus (SLE) and other chronic inflammatory 
states, as well as in an animal model of chronic infection, suggesting 
that it is a generic response to chronic immune stimulation. Other 
defects in intracellular signaling48,49 and cell surface phenotype charac-
terize synovial T cells, but whether these changes are all part of a single 
differentiation program is unknown. Strikingly, at least some of these 
defects can be produced by chronic stimulation of normal T cells in 
vitro with TNF.48

Once immunologic studies had defined subsets of CD4+ T cells 
that secrete distinct panels of cytokines, often falling into the patterns 
of Th1 cells (expressing IL-2, IFN-γ, lymphotoxin-α [LT-α]) and Th2 
cells (expressing IL-4, -5, -10 and -13), it became important to deter-
mine the expression of specific cytokines by T cells in rheumatoid 
synovium, because these cytokine panels have very different influences 
on immune responses. The salient finding of these studies is the dearth 
of T cell–derived cytokines (Table 91.1), whether measured by in-situ 
hybridization or immunostaining of tissue sections50,51 or by Northern 
blot or polymerase chain reaction (PCR) of either whole synovium19 or 
T cells isolated from synovium.52 Low numbers of cells staining for 
IFN-γ are found in both early (<1 year) and late (>5 years) RA.50 Nev-
ertheless, cytokine-producing T cells are present in synovial tissues and 
were originally reported to demonstrate a Th1 pattern of cytokine 
expression, but with some deviation from that paradigm. Thus, IFN-γ 
and LT-α are expressed and IL-4 is not51,52; however, IL-2, a product 

of Th1 cells, is not found whereas IL-10, a product of Th2 cells, is 
expressed.52 Expression of the chemokine receptors CCR5 and CXCR3, 
associated with the Th1 phenotype, by the majority of synovial T cells 
also suggested Th1 dominance,53 and discordant results were obtained 
regarding production of IL-6 by synovial T cells.

The paradigm of predominance of Th1 over Th2 cells in rheumatoid 
synovium has been challenged by the more recent discovery of a new 
CD4+ effector T-helper cell subset, the Th17 cell.54 Th17 cells express 
IL-17A and IL-17F, along with IL-6, TNF, GM-CSF, and other cyto-
kines. Much of the work in defining the Th17 cell has been performed 
in mice, where this subset is most clearly distinguished from Th1 and 
Th2 cells. Th17 cells have also been identified in humans, although 
the cytokine expression pattern of human Th17 cells is somewhat less 
distinct from that of other T-helper cell subsets. Differentiation factors 
for Th17 cells in mice (predominantly TGF-β, and IL-6) also differ from 
those in humans (IL-1β and IL-23).55 Th17 cells have been implicated 
in the pathogenesis of several autoimmune disorders, including experi-
mental allergic encephalitis and RA.56 IL-17 has been identified in RA 
synovial fluid at higher levels than in OA fluid.57 Further evidence for 
a role for IL-17 in the pathogenesis of RA includes in-vivo studies in 
mice, demonstrating that inflammation in collagen-induced arthritis 
is suppressed in IL-17–deficient mice,58 and blockade of IL-17 during 
the early phase of arthritis suppresses arthritis onset.59

Regulatory T cells (Treg) are a recently defined subset of T cells that 
are important for prevention of autoimmune disease and control of 
inflammation, via secretion of IL-10, TGF-β, and also by mechanisms 
dependent on cell-cell contact.60 The transcription factor Foxp3 is the 
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do not remain in synovial tissue, where the expression of its counter-
receptor VCAM-1 appears to be important in the retention of other 
kinds of leukocytes.

Details about the chemotaxis and activation of neutrophils have 
been gleaned from analyses of normal peripheral blood neutrophils 
cultured in vitro. IL-8/CXCL8, other ligands for the chemokine recep-
tors CXCR1 and CXCR2, and TGF-β have been identified as important 
chemotactic factors for neutrophils.75 Normal neutrophils can be 
induced to express cytokines, including IL-1β, IL-8, and oncostatin M 
(OSM), in vitro.76,77 IL-1 and IL-8, in turn, induce neutrophil effector 
functions such as degranulation, phagocytosis, and the respiratory 
burst.75 In the case of IL-8, these effects are likely to be direct but the 
priming of neutrophil functions by IL-1, more prominently seen in vivo 
than in vitro, is likely secondary to upregulation of the adhesion mol-
ecules E-selectin and ICAM-1 on endothelium,75 rather than to a direct 
effect of IL-1 on neutrophils.

Dendritic cells
DCs, the cells most potent at presenting peptide antigens to T cells, 
are derived from precursors that migrate into joints and other tissues 
from peripheral blood. DCs make up 1% to 5% of the cells in rheuma-
toid synovial fluid78 and can be isolated from synovial tissue as well. 
DCs can be distinguished from monocyte-derived cells by differences 
in surface markers, such as lower levels of CD14,79 and absence of 
phagocytic capacity. Synovial DCs express the co-stimulatory molecule 
CD40 and high levels of MHC class I and II molecules,79 although 
divergent results have been obtained for expression of the co-stimula-
tory molecule CD80/B7-1.79,80 Thus, like other leukocytes in inflamed 
synovium, DCs appear to be activated. Considering the two predomi-
nant DC subtypes, the ratio of myeloid (mDC) to plasmacytoid DC 
(pDC) is higher in RA than non-RA synovium.81 The role of DCs in 
initiating and perpetuating RA through the presentation of antigen to 
synovial T cells is a point of ongoing investigation and debate.82

Mast cells
Mast cells are found in small numbers in rheumatoid synovium but 
perhaps at an increased density compared with normal tissues.83 Inter-
est in a potential role for mast cells in RA has been aroused by their 
importance in a mouse model of IgG-mediated inflammatory arthritis84 
and by their ability to secrete tryptases and other proteases, preformed 
cytokines, and vasoactive and chemotactic factors. It is possible that 
mast cell phenotypes are more diverse and tissue specific than the 
classic delineation of connective tissue and mucosal subtypes. For 
example, mast cells in RA synovium differ from those in normal or 
OA synovium in expression of surface markers, such as the corticotro-
pin-releasing hormone (CRH) receptor 1 and the chemokine receptor 
CXCR3.

Natural killer cells
NK cells are a lymphoid subpopulation characterized by their ability to 
mediate MHC-independent cytotoxicity, most notably by recognizing 
cells that have downregulated MHC class I molecules. These cells also 
have immunoregulatory functions that are being actively investigated, 
including the ability to suppress immunoglobulin production. NK cells 
and NK activity are not prominent in rheumatoid synovium. This 
finding suggests on its surface that NK cells do not play a significant 
role in synovitis but, alternatively, that their scarcity could represent 
a failure of regulation and contribute to chronic inflammation in the 
rheumatoid joint.

Chondrocytes
In addition to their complex structural role in cartilage, chondrocytes, 
the cellular elements of articular cartilage, have been found to be sur-
prisingly interactive with inflammatory mediators. Most studies sup-
porting this conclusion have been performed in vitro on cells cultured 
from OA or normal cartilage or on immortalized chondrocyte cell lines, 
but studies on intact OA cartilage have also demonstrated the produc-
tion of cytokines including IL-1, TNF, and IL-6 by chondrocytes.  
It is therefore likely that chondrocytes in the rheumatoid joint are 
immunologically active. Chondrocyte production of IL-6 is stimulated 
in vitro by IL-1, TNF, IFN-γ, and TGF-β,85 and production of IL-8 
is induced by IL-1, TNF, TGF-β, and bacterial LPS.86 Therefore, 

most specific marker for Treg, but they also express high levels of 
CD25, which has been used more frequently due to greater ease of 
detection. Data obtained by quantifying or manipulating cells using 
CD25 carry the caveat that this marker is also expressed on activated 
T cells at a somewhat lower level. Reports differ as to whether Treg 
circulate at higher levels in patients with RA than healthy controls,61-65 
but increased numbers have been consistently found in synovial fluid 
compared with blood.62-65 However, the in-vitro suppressive function 
of circulating Treg from RA patients is reduced by a mechanism depen-
dent on TNF, because suppressive function is restored by anti-TNF 
therapy66 and addition of TNF to Treg from healthy donors reduces 
suppressive activity.67

The interaction of human T cells with other cell types infiltrating 
inflamed tissues, most notably monocytes/macrophages, has been 
studied in vitro. Work on co-cultures of normal human T cells and 
monocytes has shown that previously activated T cells induce produc-
tion of monocyte mediators such as IL-1, TNF, IL-10, and MMPs and 
that such induction involves both contact-dependent and contact- 
independent signals.68 Effects on monocytes differ depending on whether 
the T cells are activated by stimulation through the TCR or by incuba-
tion with cytokines. Cytokine-activated T cells stimulate release, from 
monocytes/macrophages, of TNF but not IL-10, whereas TCR-activated 
T cells stimulate production of both cytokines.68 Most interestingly, T 
cells freshly isolated from rheumatoid synovium behave like cytokine-
stimulated and unlike TCR-stimulated T cells by this assay,69 which has 
helped to bolster the provocative hypothesis that antigen-specific T-cell 
activation is of little relevance in established RA.

Indeed, evidence for local expansion of antigen-specific T cells 
within the synovium has been difficult to obtain. Synovial T cells have 
been described that react to peptides derived from the bacterial heat-
shock protein dnaJ70 and to peptides from the matrix protein gp39,71 
but, in general, the search for autoreactive T cells has not been as 
fruitful as that for autoantibodies. Indirect evidence of skewed recruit-
ment or local expansion of T cells has been sought by comparison of 
TCR variable-region gene usage in synovial versus peripheral blood T 
cells in RA patients and controls, with the results summarized in a 
thorough review as “notable for their contradictory and confusing 
nature.”45

Despite these results, it is important to note that even in known 
antigen-driven responses, the percentage of antigen-specific T cells 
within an inflammatory lesion is quite low, owing to the non-specific 
homing of previously activated cells to inflammatory sites, and the 
techniques used thus far may simply not be sensitive enough to detect 
an adaptive immune response, even one that is functionally important. 
Because previously activated T cells home non-specifically to inflamed 
sites, the discovery of reactivity to common pathogens within inflamed 
tissues such as RA synovium must also be interpreted cautiously.

Neutrophils
Neutrophils are the predominant cell type in rheumatoid synovial fluid 
but are present only sparsely in inflamed synovium and pannus, 
although they have been located by EM at the cartilage-pannus junc-
tion.72 Neutrophils can, however, predominate in synovial tissues early 
in an acute flare of RA; and the histopathology of a synovial biopsy 
taken at this time may resemble that of a septic joint. Many synovial 
fluid neutrophils express surface markers indicative of activation by 
cytokines, such as the high-affinity IgG receptor FcγRI, the comple-
ment receptor CR3, and lactoferrin. In addition, synovial fluid contains 
antimicrobial peptides thought to be derived specifically from neutro-
phil granules.73 There is little reason to propose that activation of 
neutrophils in rheumatoid joints differs from that in other inflamed 
but uninfected sites, but the recent description of different functional 
subsets of activated neutrophils in mice74 may lead to more investiga-
tion of this issue. Likewise, interaction of circulating neutrophils  
with endothelial cells in the joint is thought to use the same set of 
adhesion molecules as in other sites. Initial tethering and rolling are 
mediated by selectins (L-selectin on neutrophils, E-selectin on  
endothelial cells) interacting with receptors containing sialyl-Lewisx 
carbohydrate moieties. Tight adhesion is mediated by interaction of 
the β2 integrins on neutrophils (LFA-1/CD11aCD18 and Mac-1/
CD11bCD18) with ICAM-1 and ICAM-2 on endothelium.75 Neutro-
phils do not express the integrin VLA-4, which may explain why they 
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TNF is produced by a wide variety of cell types but most promi-
nently by cells of the monocyte-macrophage lineage. These cells appear 
to be the major producers of TNF in the rheumatoid joint,17 in which 
this cytokine is readily detected by various methods.17,19,90 TNF produc-
tion by macrophages in vitro is induced by various pathogens and 
cytokines, including, but not limited to, IL-1, IFN-γ, and TNF itself. 
In turn, TNF has a wide range of effects on various cell types and 
induces the production of numerous cytokines by immune cells, with 
a net proinflammatory effect. In cultured rheumatoid synovial explants, 
addition of TNF induces expression of IL-6, IL-8, and IL-10 and block-
ade of TNF greatly reduces production of IL-1 and GM-CSF.91 Salient 
effects of TNF on cultured FLS include induction of prostaglandin E2, 
MMPs, and chemokines, including IL-8/CXCL8; TNF and IL-1 often 
act synergistically in these processes.92

TNF is a critical player in all animal models of inflammatory arthri-
tis in which it has been evaluated, usually by using neutralizing anti-
bodies or soluble receptors or using mice deficient in TNF.93 The most 
dramatic demonstration of the ability of TNF to cause arthritis has 
come from a transgenic mouse aberrantly expressing human TNF due 
to deletion of the aforementioned negative regulatory sequences in its 
mRNA. This mouse expresses TNF at high levels in synovium and 
develops destructive inflammatory arthritis, even in the absence of 
lymphocytes.94 IL-1, however, is still essential in this model.

Blockade of TNF using either monoclonal antibodies (infliximab, 
adalimumab) or a soluble p75-TNF-R (etanercept) has proved to be 
highly effective in treating patients with RA and several other inflam-
matory diseases. Several features of anti-TNF therapy will be notable 
as we consider the pathogenesis of RA later in this chapter: prompt 
improvement in symptoms in the majority of patients, marked 
improvement in synovial pathology with a significant decrease in the 
number of activated macrophages, and usually prompt return of disease 
when anti-TNF therapy is discontinued.

Other TNF superfamily members
Of the many secreted and cell surface members of the TNF superfam-
ily, those that have received the most attention as potential contribu-
tors in the cytokine network of rheumatoid synovitis, have been LT, 
LIGHT, and BLyS/BAFF. LT exists in two similar isoforms, LT-α and 
LT-β, with the β isoform notable for being produced by Th1 CD4+ T 
cells. The LT isoforms were collectively known previously as TNF-β 
and have many overlapping functions with TNF, but a striking func-
tion specific for both LT isoforms in mice is an essential role in the 
formation of lymph nodes and ectopic lymphoid structures. LT pro-
teins are not prominent in RA synovium,16 but, interestingly, mRNA 
levels correlate with the presence of the ectopic germinal centers found 
in a substantial minority of RA patients.7

LIGHT (TNFSF14) is an LT-related mediator, best known as a 
product of activated T cells, that binds both the LT-β receptor and 
TNFSFR14, is important in T-cell activation, and when overexpressed 
in mice produces autoimmune disease.95 LIGHT is also expressed by 
synovial macrophages and B cells from RA but not OA patients, and 
RA synovial macrophages or FLS stimulated in vitro by LIGHT secrete 
inflammatory cytokines and proteases.96-98 A role for LIGHT and/or LT 
in murine collagen-induced arthritis was shown by reduction of disease 
in mice pretreated with a solubilized receptor fusion protein, LTβR-Ig, 
that binds both molecules. Treatment was only effective in the induc-
tion (i.e., immunization) phase of disease,99 which differs from results 
obtained with TNF blockade.

BLyS, also known as BAFF (B cell–activating factor of the TNF 
family), is critical for mouse B-cell development and maintenance and 
elevated levels lead to humoral autoimmune disease in mice. BLyS/
BAFF operates within a regulatory system that involves the similar 
molecule APRIL (a proliferation-inducing ligand) and multiple recep-
tors, including BCMA (B-cell maturation antigen) and TACI (trans-
membrane activator and calcium modulator and cyclophilin ligand 
interactor). BLys/BAFF and APRIL are both present at greater levels in 
inflammatory than in non-inflammatory synovial fluid and are locally 
produced within the joint. Macrophages appear to be the major source, 
but cleavage of membrane-bound BLyS/BAFF from neutrophils may be 
another mechanism of release.100,101 Local production of these factors 
may enhance the survival and expansion of antibody-producing B cells, 

chondrocytes could participate in the cytokine networks proposed to 
be integral to RA (see later). IL-1 also inhibits synthesis of proteogly-
cans and type II collagen by cultured OA chondrocytes,87 and IL-1 in 
synergy with TNF can upregulate the production of cartilage matrix-
degrading enzymes by chondrocytes. These may be direct mechanisms 
by which cytokines contribute to cartilage destruction.

Endothelial cells
Vascular endothelial cells proliferate in rheumatoid synovium, as 
reviewed in Chapter 90, but whether they do so in proportion to the 
marked expansion of synovial tissue has been a subject of debate. 
Rheumatoid endothelial cells are activated to promote influx of inflam-
matory cells by expression of adhesion molecules (see earlier under 
Neutrophils and T cells),88 and high endothelial venules, analogous to 
those important in the egress of lymphocytes from blood into lymphoid 
tissues, form in RA synovium.89 Endothelial cells express a number of 
chemokines, degradative enzymes and cytokines, and receptors, includ-
ing TNF, IL-1, and their receptors.17,18,30,88 Anti-TNF treatment 
decreases expression of proinflammatory adhesion molecules, but it is 
not known whether this occurs by a direct effect or after a cascade of 
other anti-inflammatory actions.

SOLUBLE FACTORS IN THE  
RHEUMATOID SYNOVIUM
Interactions between the various cell types just described are critical 
for the development and maintenance of synovitis. Cellular commu-
nication is mediated by a large number of membrane-bound and 
secreted factors; the secreted factors have been easier to identify and 
manipulate and are therefore better understood. Protein mediators 
secreted by inflammatory cells are categorized as cytokines, chemo-
kines, or growth factors based on the activity they most prominently 
display: modulation of immunologic activity, chemotaxis, or cell 
growth and division, respectively. However, the classification is artifi-
cial and many factors have characteristics of two or all three categories. 
Detailed knowledge of the function of individual cytokines and other 
factors in RA has generally come from the study of genetically manipu-
lated animal models or from studies manipulating the activity of only 
one or two mediators in explanted synovial tissue or dispersed synovial 
cells, an environment that may or may not resemble that of unma-
nipulated tissue.

In this section, we will approach rheumatoid synovitis from the 
viewpoint of the role of soluble mediators in pathogenesis, with par-
ticular attention to those that have been investigated both ex vivo (in 
synovial extracts or sections) and in vitro (using explants and cell lines) 
and that have also been assessed in animal models of inflammatory 
arthritis. The key roles predicted for a few mediators have been con-
vincingly confirmed using specific inhibitors in patients with RA, dem-
onstrating the value of basic scientific investigation in the development 
of therapies. Table 91.1 provides a summary of cytokines that are 
relevant to RA pathogenesis, their cellular sources, and salient effects.

TNF
TNF is the prototype of a large family of cytokines. The simplified 
name TNF is now preferred over the former designation TNF-α, 
because the corresponding term TNF-β, an alternative name for LT, is 
now obsolete. TNF and other family members are active as trimers, 
some being secreted and some membrane bound. TNF itself is synthe-
sized first as a membrane-bound protein and is subsequently cleaved 
to a soluble form, primarily by an enzyme known as TNF-α converting 
enzyme (TACE). Both forms of TNF are biologically active. There are 
two cell surface receptors for TNF: TNF-RI (p55) and TNF-RII (p75). 
Both receptors are ubiquitously expressed,30 either constitutively (TNF-
RI) or inducibly (TNF-RII). Both receptors can be cleaved from the cell 
surface to produce soluble proteins that can neutralize TNF and thus 
play a regulatory role. Soluble p55 and p75 TNF-Rs are found in both 
the blood and synovial fluid of RA patients, with concentrations greater 
in synovial fluid. TNF production is regulated to a remarkable degree 
at the posttranscriptional level by a network of positive and negative 
regulators that act on the 3′ end of its mRNA.
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and are thought to perform a similar decoy function.103 Finally, anti-
bodies that neutralize IL-1 are induced during immune responses at 
sufficient levels to have dampening effects.105 The overall balance of 
IL-1 agonists and inhibitors is thought to be the critical factor in 
whether IL-1 contributes to an inflammatory state. Indeed, although 
IL-1ra is detectable in the rheumatoid joint, the ratio of IL-1 to IL-1ra 
favors IL-1 and inflammation.15

Animal models have indicated a central role for IL-1 in inflamma-
tory arthritis. Expression of human IL-1β in rabbit knee joints causes 
synovial inflammation,106 and local or systemic administration of IL-1 
exacerbates arthritis in several mouse models. Mice deficient in IL-1ra 
develop inflammatory diseases that differ depending on genetic back-
ground and possibly also on environment; the BALB/c strain develops 
inflammatory polyarthritis.107 Mice deficient in IL-1 or IL-1RI, or 
treated with IL-1ra or IL-1 blocking antibodies, are highly resistant to 
induction of experimental arthritis in a wide range of models.93 Data 
from these studies suggest that, in mice, IL-1 and TNF both play 
important roles in inflammation but that IL-1 is more important in 
joint destruction.

IL-1ra (anakinra) has been shown to be modestly effective in patients 
with RA and interferes with both inflammation and joint destruction. 
Based on studies in animal models, it might have been predicted that 
IL-1 blockade would be as effective as TNF blockade in controlling 
inflammation, which has not been borne out in humans. This discrep-
ancy may reflect either unfavorable pharmacokinetics and pharmaco-
dynamics of current methods of IL-1 blockade or fundamental 
differences in pathogenic mechanisms between animal models and 
human RA.

IL-2
IL-2 is a T-cell product and is best known as an autocrine or paracrine 
growth factor for T cells. However, it also activates NK cells and modu-
lates the function of other cell types that populate rheumatoid 
synovium, including B cells, macrophages, and FLS. In addition, the 
role of IL-2 in T-cell function is complex, because recent studies have 
shown that it is important in the development of regulatory T cells 
(Treg), which downregulate immune responses and are essential in 
mouse models for preventing autoimmune inflammatory diseases. To 
the extent that antigen-specific T cells are involved in the pathogenesis 
of RA, IL-2 is likely to be involved at some level as well, but IL-2 pro-
duction is not prominent in patients with established disease. Circulat-
ing T cells from RA patients produce little IL-2 when stimulated. 
Reports differ on whether mRNA for IL-2 is found at all in rheumatoid 
synovium, and the amount of IL-2 protein is low or undetectable in 
synovial fluid and in supernatants of synovial explant cultures.108 Anal-
ysis of cytokine production by individual T cells from rheumatoid 
synovium has not revealed any IL-2–producing cells.52 Cyclosporine 
markedly decreases IL-2 production and has activity in RA, but this 
drug reduces synthesis of many other cytokines as well. Thus, the role 
of IL-2 in RA is likely to be limited to the onset of autoimmunity  
and/or the imbalance of effector and regulatory T cell subsets, because 
there is little evidence to support its role in the interplay between adap-
tive and innate immune cells and resident synovial cells.

IL-4, IL-5, and IL-13
Production of IL-4, IL-5, and IL-13 (along with IL-10, to be discussed 
separately) is characteristic of the subset of CD4+ T cells termed Th2 
cells, which are specialized for generating antiparasitic, allergic, and 
anti-inflammatory responses in other immune cells. Th1 cells, in 
contrast, help propagate cell-mediated immune responses. Levels of 
IL-4 and IL-5 in rheumatoid synovium, synovial fluid, and synovial T 
cells are very low or undetectable.52,109 Some, but not all,110 investiga-
tors have detected IL-13 in synovial fluid and serum of RA patients at 
higher levels than in OA patients and healthy controls.101 IL-4 and 
IL-13 both decrease the production of TNF, IL-1, and other inflamma-
tory mediators by macrophages and FLS in vitro.24 Administration of 
IL-4 or IL-13, by way of gene therapy or transduced cells, has attenu-
ated disease in several rodent models of RA. However, in mouse arthri-
tis induced by local induction of immune complexes, IL-13 exacerbated 
inflammation but reduced cartilage damage.111

and/or B cells that promote T-cell activation, within arthritic joints. 
Neutralization of BLyS/BAFF and APRIL with the solubilized receptor 
TACI-Fc blocks disease in mouse collagen-induced arthritis, probably 
by inhibiting both B- and T-cell responses.102

IL-1
Like TNF, IL-1 is the prototype of a phylogenetically ancient family of 
cytokines, which includes IL-1α, IL-1β, IL-1ra, IL-18, and at least six 
others of little-known function.92 IL-1α is primarily a cytosolic protein 
and is thought to act in an autocrine manner. It is only released from 
cells during cell death and therefore circulates in tiny amounts. IL-1β 
is also initially cytosolic but is then secreted by a novel and undefined 
mechanism after cleavage by a specific protease, the IL-1–converting 
enzyme (ICE). In addition to this posttranslational regulation,  
IL-1 production is also transcriptionally and post-transcriptionally 
regulated.

IL-1 is produced by many cell types relevant in rheumatoid synovi-
tis, including FLS, endothelial cells, lymphocytes, and neutrophils, but 
monocytes and macrophages appear to be the major source. IL-1 is 
readily detected in the rheumatoid joint (Fig. 91.8), both in synovial 
fluid (IL-1β) and within cells (IL-1α > IL-1β18). Synthesis of IL-1 by 
monocytes in vitro is induced by activated T cells and by a variety 
of cytokines, including TNF and IL-1 itself. Numerous cell types 
express IL-1RI, and the effects of IL-1 are similar to those of TNF,  
that is, broadly proinflammatory. Of relevance in the rheumatoid joint, 
IL-1 stimulates prostaglandin, MMP, and chemokine (IL-8/CXCL8 and 
others) release from FLS; nitric oxide and prostaglandin production  
and adhesion molecule expression by endothelial cells; secretion of 
TNF (and further IL-1) by macrophages; and production of IL-6 and 
IL-8 but reduced synthesis of proteoglycans by chondrocytes.103 In addi-
tion, IL-1 and TNF are synergistic in the induction of proteinases, 
prostaglandins, and cytokines by FLS. Although IL-1 and TNF upregu-
late their own and each other’s expression, it has been argued that IL-1 
is functionally downstream of TNF in the cytokine network of the 
rheumatoid synovium, because blockade of IL-1 does not reduce syn-
thesis of either TNF or IL-1 in synovial explants,104 whereas blockade 
of TNF markedly reduces production of IL-1.91 Blockade of IL-1 in this 
system does reduce the synthesis of other factors, including IL-6  
and IL-8.105

The activity of circulating IL-1 (primarily IL-1β) is regulated by a 
remarkable array of naturally occurring inhibitors. IL-1ra, a member 
of the IL-1 family, is secreted by the conventional endoplasmic reticu-
lum-to-Golgi route; it binds to IL-1RI but does not activate signaling. 
A second cell surface receptor for IL-1, IL-1RII, appears to be devoid of 
signaling potential and thus is viewed as a decoy receptor for excess 
IL-1. Both IL-1RI and especially IL-1RII also circulate in soluble forms 

Fig. 91.8 IL-1 in RA synovial tissue. Distribution of IL-1 protein in RA synovial 
tissue using an immunoperoxidase technique on a section lacking 
counterstain. Prominent staining (brown) is seen in perivascular regions, with 
less staining in the intimal lining. (Courtesy of Dr. M. Field.)
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induced by TNF and IL-1.32 Like IL-6, IL-11 decreases synthesis of IL-1 
and TNF but there is stronger evidence for IL-11 having a net anti-
inflammatory effect, at least in murine collagen-induced arthritis.119

LIF is detectable in synovial fluid, more in RA than OA,30 and its 
expression is induced from both FLS and chondrocytes by TNF and 
IL-1.31,85 Its role in mouse models of inflammatory arthritis has not 
been determined.

IL-10
More clearly than the IL-4 family members, IL-10 is a predominantly 
anti-inflammatory cytokine. Although initially described as a charac-
teristic product of the Th2 subtype of CD4+ T cells, IL-10 is made in 
larger amounts by macrophages and is also produced by Treg and other 
cell types. Non–T cells, presumably macrophages, appear to be the 
major producers of IL-10 in rheumatoid synovium.120 IL-10 levels are 
higher in RA than OA synovial fluid,120 and increased IL-10 levels are 
inversely correlated with joint destruction.121 In cultures of synovial 
fluid mononuclear cells, blockade of IL-10 increases, and addition of 
IL-10 decreases, production of IL-1, TNF, and other inflammatory 
mediators.122 The actions of IL-10 are not universally immunosuppres-
sive, however, because this cytokine can stimulate B cells to proliferate 
and to differentiate into plasma cells in vitro.

IL-10 has been extensively studied in animal models. IL-10– 
deficient mice spontaneously develop an inflammatory bowel disease 
that is dependent on TNF and IL-1. Collagen-induced arthritis is more 
severe in IL-10–deficient mice, but arthritis induced by anti-collagen 
antibodies is, surprisingly, less severe.123 Addition of IL-10 by gene 
transfer in the active immunization model of collagen-induced arthritis 
decreases inflammation, but only if therapy is begun before clinical 
evidence of disease.124 IL-10 gene therapy also decreases invasion of 
pannus into cartilage in a model in which human cartilage and 
synovium are co-transplanted into immunodeficient SCID mice.125 
Efforts to use recombinant IL-10 to treat established human RA have 
been disappointing.

IL-19, IL-20, and IL-22 are homologs of IL-10 but have proinflam-
matory activities. All of these cytokines are expressed in RA 
synovium,126-128 but their roles, if any, in RA or in animal models are 
not yet known.

IL-12 and IL-23
IL-12 is primarily of macrophage origin and is considered a major driver 
of Th1 differentiation and of secretion of IFN-γ by both T cells and NK 
cells. IL-12 is a heterodimer composed of two subunits, p40 and p35. 
The p40 subunit is also used by the more recently described IL-23 and, 
indeed, mice lacking p40 or treated with antibodies that block p40 are 
deficient in IL-23 as well as IL-12. Nevertheless, this pair of cytokines 
is still clearly paramount in Th1 differentiation and promotion of cel-
lular immunity.

IL-12 is expressed in rheumatoid synovium but whether at levels 
greater than those found in OA is unclear.129 IL-23 has not been spe-
cifically examined, nor has IL-27, another member of this cytokine 
family. Divergent results have been reported with manipulation of 
IL-12 in the mouse model of collagen-induced arthritis, before the 
distinction between IL-12 and IL-23 was recognized. A recent study 
comparing mice lacking either IL-12 or IL-23, but not both, has helped 
to clarify this issue. IL-23–deficient mice were completely resistant to 
collagen-induced arthritis, whereas IL-12–deficient mice developed 
more severe disease,130 suggesting that IL-23 is an essential mediator 
of arthritis, whereas IL-12 protects against it.

IL-15
IL-15 invites comparison with IL-2 by virtue of their shared signaling 
apparatus, but IL-15 and its receptor are much more widely expressed.131 
Based on the phenotype of IL-15–deficient mice, the salient function 
of IL-15 is as a survival factor for naive T cells, particularly CD8+ 
cells, but this cytokine has other, generally proinflammatory effects as 
well.

In rheumatoid synovium, IL-15 is prominently expressed by lining 
macrophages but is also found in FLS and endothelial cells,20 and it is 

IL-6
IL-6 is the prototype of a family of cytokines that share a common 
signal transduction pathway. Its receptor consists of two chains: a 
ligand-specific IL-6R that is found on most hematopoietic and some 
non-hematopoietic cells, and a signal-transducing chain, gp130, that 
is found on most cell types and is used by all the IL-6 superfamily 
members. A soluble form of the IL-6R (sIL-6R) exists and serves to 
promote signaling when bound by IL-6, rather than functioning as a 
blocking or decoy receptor as do the soluble receptors for TNF and IL-1. 
IL-6 has many effects, both pro- and anti-inflammatory, on hemato-
poietic and non-hematopoietic cells. It is perhaps best known for 
stimulating B cells to increase IgG production and differentiate into 
plasma cells. IL-6 is an endogenous pyrogen and a potent inducer of 
the acute-phase response in the liver.

In RA, IL-6 is produced by FLS31 and by chondrocytes,16 but the 
major local source is probably macrophages (Fig. 91.9).16,112 Production 
is induced synergistically by TNF and IL-1. In turn, however, IL-6 
decreases expression of TNF and IL-1, as well as the neutrophil-
attracting chemokines CXCL8/IL-8 and CXCL1/MIP-2.113 Levels of 
IL-6 are elevated in synovial fluid and serum of RA patients and serum 
levels correlate with levels of acute-phase reactants.114

Blockade of IL-6 activity reduces or prevents arthritis in several 
mouse models but only in those that include a phase of induction of 
autoimmunity after immunization. IL-6 has not been found to have a 
role in the effector phase of experimental arthritis after the production 
of autoantibodies.93 Interestingly, a blocking antibody against the 
human IL-6R has been shown to be effective in improving both symp-
toms and inflammatory markers (especially C-reactive protein) in RA 
in several controlled clinical trials.115

IL-6 superfamily (OSM, IL-11, LIF, CNTF, CT-1)
Oncostatin M (OSM), IL-11, leukemia inhibitory factor (LIF), ciliary 
neurotrophic factor (CNTF), and cardiotropin-1 (CT-1) are all structur-
ally related to IL-6 and there is substantial overlap with IL-6 in their 
effects, including induction of the acute-phase response and stimula-
tion of myeloma cell proliferation. OSM, IL-11, and LIF are synthesized 
at high enough levels to be detected in the circulation and have been 
studied in RA.

OSM levels are increased in rheumatoid synovial fluid,31,116 probably 
owing to production by both macrophages and neutrophils.77,116 OSM 
is notable for its ability to synergize with IL-1 in promoting cartilage 
breakdown, both in vitro116 and in mice. Blockade of OSM ameliorates 
arthritis in two mouse models, collagen- and pristine-induced arthri-
tis,117 but addition of OSM prevents arthritis induced by anti-collagen 
antibodies.118

In contrast to OSM, IL-11 is found at increased levels in both OA and 
RA synovial fluids.31 FLS appear to be the major source, with secretion 

Fig. 91.9 Darkfield view of in-situ hybridization identifying IL-6 messenger RNA 
expression in RA synovium.
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IL-18
IL-18 is related in structure to IL-1 and also has broadly proinflamma-
tory actions. In the rheumatoid joint, macrophages,141 FLS,142 and 
chondrocytes all can produce IL-18, although there is some disagree-
ment as to whether macrophages are the predominant cell type produc-
ing this cytokine (Fig. 91.11).141,142

The IL-18 receptor is a heterodimer of α and β chains and its intra-
cellular signaling is similar or identical to that of the IL-1R. Soluble 
splice variants of the IL-18Rα chain are secreted, can block the activity 
of the cytokine, and thus may play a role in regulation.142 The IL-18R 
is expressed on many cell types potentially relevant to synovitis, includ-
ing naive T cells, NK cells, macrophages, neutrophils, and chondro-
cytes. Notably, however, the β chain is not expressed on rheumatoid 
FLS.143 Based on experiments in mice and in vitro, IL-18 promotes Th1 
responses and IFN-γ secretion (particularly in combination with IL-12), 
RANKL expression, and osteoclastogenesis through actions on T cells 
and macrophage production of TNF and the innate immune receptors 
TLR2 and TLR4.

IL-18 mRNA and protein are found at higher levels in RA than in 
OA synovium,25 and IL-18 levels correlate with other markers of 
disease activity.144 In synovial explants, addition of TNF and IL-1 
induces production of IL-18 and addition of IL-18 induces TNF, IFN-γ, 
GM-CSF, and nitric oxide.25 Thus, IL-18, like IL-1, likely plays an 
important role in the cytokine network in rheumatoid synovitis. In 
mice, IL-18 can promote collagen-induced arthritis by substituting for 
adjuvant.25 IL-18–deficient mice have a decreased incidence of collagen-
induced arthritis, with defects in both the priming and effector phases 
of disease,145 and anti-IL-18 antibodies inhibit arthritis induced by 
injection of streptococcal cell wall material.146 In addition, IL-18 is a 
chemoattractant for T cells, derived from RA synovium, that express 
IL-18R.

Macrophage migration inhibitory factor
Among proinflammatory cytokines, macrophage migration inhibitory 
factor (MIF) is unique in that its synthesis is induced by modest doses 
of glucocorticoids.147 In RA, MIF levels are elevated in synovial 
fluid.148,149 Synovial production by macrophages, FLS, and T cells has 
been described,148,149 but the major cellular source is uncertain, and 
other cell types such as DC may also produce MIF.150 MIF induces 
multiple proinflammatory functions in macrophages, promotes both 
Th1 and Th2 T-cell responses, and promotes chemotaxis of a variety 
of leukocyte subtypes through induction of multiple chemokines.147 In 
RA FLS, MIF induces proliferation151 and synthesis of IL-8, VEGF, and 
multiple MMPs.152-154 In mice, severity of collagen-induced arthritis is 
reduced by blockade or absence of MIF, owing to both reduced anti-
collagen immunity and reduced inflammation induced by anti-collagen 
antibodies.155,156 A similar role is seen in antigen-induced arthritis, and 
in that model exogenous MIF can reverse the anti-inflammatory effects 
of glucocorticoids.157,158 A polymorphism has been identified in the MIF 
promoter that affects levels of expression.159 Alleles associated with 
high expression have been reported as associated either with diagnosis 
of RA160,161 or with severity or age at onset of RA160,161 in different 
cohorts.

secreted in sufficient amounts to be detectable in synovial fluid in  
RA but not OA. Studies in patients with RA have demonstrated a 
significant relationship between levels of IL-15 and TNF in synovial 
fluid (Fig. 91.10). In vitro, IL-15 is important in the contact-dependent 
stimulation by T cells of TNF production from macrophages132 and 
in the stimulation of T cells by FLS. In mice, recombinant IL-15  
can replace adjuvant in the induction of collagen-induced arthritis, 
obviating the need for the immunostimulatory mycobacterial  
products present in complete Freund adjuvant. Conversely, blockade 
of IL-15 or IL-15R decreases the severity of collagen-induced 
arthritis.133,134

IL-17
IL-17135,136 has proinflammatory effects on a variety of cell types, 
leading to the induction of prostaglandins, nitric oxide, cytokines, and 
chemokines. Six IL-17 family members have been identified (IL-17A-F), 
and IL-17A is a proinflammatory cytokine whose importance in the 
pathogenesis of RA has already been highlighted. IL-17A and F are 
produced by Th17 cells. IL-17 induces IL-1 and TNF production in 
synovial macrophages and fibroblasts137,138 and can synergize with IL-1 
in the upregulation of certain inflammatory mediators produced by 
FLS. Some unusual activities ascribed to IL-17 include induction of 
osteoclastogenesis, through upregulation of RANKL on osteoblasts and 
synovial fibroblasts,139 and stimulation of synthesis of complement 
components by fibroblasts.

Synovial explants from the great majority of RA patients, but from 
few OA and non-arthritic patients, secrete IL-17.140 Expression is high 
in T cell–rich areas, as expected.140 In these explants, production of 
IL-17 is inhibited by addition of two of the cytokine products of Th2 
cells, IL-4 or IL-13, and IL-17 appears to be important for the local 
production of IL-6.140 The IL-17 receptor (IL-17R) uniquely binds IL-17 
and is expressed on various synovial cell types in different arthritides, 
most notably in endothelial cells and chondrocytes.

Blockade of IL-17 reduces inflammation, joint damage, and sys-
temic levels of IL-6 in the mouse model of collagen-induced arthritis. 
Importantly, this therapeutic effect occurs even if treatment is started 
after onset of clinical disease, indicating that the proinflammatory, 
rather than solely the immunomodulatory, effects of IL-17 are impor-
tant in this model.136
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TNF AND IL-15 PROTEIN IN RA SYNOVIAL FLUIDS

Fig. 91.10 ELISA demonstrating the simultaneous detection of IL-15 and TNF 
in RA synovial fluids. (Courtesy of Drs. B. P. Leung and I. B. McInnes.)

a b c

Fig. 91.11 Immunohistochemistry demonstrating IL-18 staining in RA 
synovium. (a) IL-18–expressing cells (brown) in lymphoid aggregate. 
(b) Neutralization of staining with recombinant IL-18. (c) IL-18 expression in 
cultured synovial fibroblasts. (Courtesy of Drs. J. A. Gracie and I. B. McInnes.)
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TGF-b
Transforming growth factor-β is the prototype of a large family of 
mediators that includes the bone morphogenic proteins (BMPs). It is 
broadly immunosuppressive and anti-inflammatory, but, as an example 
of its complex actions, it can both stimulate and inhibit angiogenesis 
under different conditions. TGF-β increases production and decreases 
breakdown of extracellular matrix and is thought to be a major factor 
in both physiologic wound healing and pathologic fibrosis.

TGF-β activity is readily detectable in rheumatoid synovial fluid,109 
and by immunohistochemistry TGF-β1 is present at increased levels 
in RA compared with OA synovial tissues,171 apparently produced by 
macrophages, FLS, endothelial cells,171 chondrocytes,16 and DCs172; 
TGF-β2 and TGF-β3 appear to be made at lower levels.172 TGF-β has 
many effects when added to FLS in vitro, including an increase in the 
synthesis of fibronectin-rich matrix, decrease in secretion of hyaluronic 
acid, and inhibition of induced apoptotic cell death. Reports of effects 
on production of inflammatory cytokines have been inconsistent. 
Beyond the well-known suppressive effects of TGF-β on proliferation 
of and cytokine production by T cells, it has been proposed that induc-
tion of the chemokine receptor CXCR4 by TGF-β contributes to accu-
mulation of T cells in RA synovium.173

The importance of TGF-β isoforms in development has been shown 
using gene knockout mice. Disruption of TGF-β2, β3 or, in at least 
one strain background, β1 leads to fetal or perinatal demise. In a dif-
ferent strain background, TGF-β1 deficiency leads to widespread auto-
immune inflammatory disease that is fatal before adulthood. Thus, 
suppressive effects of TGF-β on experimental arthritis have been 
shown using the purified cytokine or blocking antibodies. Mice engi-
neered so that TGF-β signaling is defective only in T cells are more 
susceptible to collagen-induced arthritis.174 Conversely, local injection 
of TGF-β into affected knee joints in murine arthritis induced by 
zymosan (a direct activator of complement) does not decrease inflam-
mation but does restore the proteoglycan content of cartilage.175 In 
addition, some investigators have found a genetic association between 
a polymorphism in the TGF-β1 gene and incidence or severity of 
human RA.

Other growth factors: PDGF, FGF, EGF
Several of the classic growth factors have been examined in rheumatoid 
synovium due to the prominence of fibroblast expansion and angiogen-
esis (see Chapter 90) arising in that tissue. Space limitations prevent 
us from discussing these mediators in detail, but it is worth noting 
that the distinction between cytokines and growth factors is somewhat 
arbitrary. Just as cytokines influence the growth and function of non-
immune cells in the RA joint, so these growth factors also influence 
immune cells and the network of inflammatory mediators.

Chemokines
Chemokines, the name being an abbreviation of the term chemotactic 
cytokines, are protein mediators that cause the migration of various 
cell types, usually toward the source or highest concentration of the 
stimulus. Forty-eight human chemokine genes and 19 chemokine 
receptors have been described, with multiple ligands binding to a given 
receptor and, for additional complexity, multiple receptors often 
binding a given ligand. Both are grouped into four families—CC, CXC, 
C, and CX3C—based on the positions of conserved cysteine residues.

What is known of the biology of chemokines is so complex as to 
make detailed discussion here impractical. In RA, chemokines likely 
promote chemotaxis of leukocyte subsets infiltrating the joint. In addi-
tion, chemokines can activate leukocytes and promote angiogenesis 
and have been implicated as playing roles in the formation of lymphoid 
follicles and in fibrosis. The potential roles for specific chemokines in 
RA have been reviewed in detail.176 Numerous chemokines and recep-
tors have been found at higher levels in synovial tissues in RA than  
in OA,177 and several of these factors (CCL2/MCP-1, CCL5/RANTES, 
CXCL1/GROα, CXCL5/ENA-78, CXCL8/IL-8, CXCL10/IP-10, 
CXCL12/SDF-1, and CX3CL1/Fractalkine) have also been shown to be 
important in the chemotactic activity of rheumatoid synovial fluid 
toward neutrophils, monocytes, or T cells (Table 91.2). Many chemo-

Type I interferons
The type I interferons include many isoforms of IFN-α and one of 
IFN-β, all of which use the same receptor. IFN-α and IFN-β modulate 
immune responses in complex ways and it is difficult to characterize 
them as pro- or anti-inflammatory. In considering potential roles in 
RA, it is worth noting that SLE is characterized by evidence of high 
systemic type I IFN activity, that IFN-β is used to treat multiple scle-
rosis, and that treatment of chronic hepatitis C infection or malignancy 
with IFN-α has been associated with new-onset autoimmune disease, 
including inflammatory polyarthritis.162

Interest in using IFN-β to treat RA came from the observations that 
it inhibits monocyte synthesis of TNF, IL-1β, and IL-6163 and increases 
production of IL-1ra and the soluble TNF-R. However, a sizeable clini-
cal trial of IFN-β1a in RA patients showed no clinical benefit and no 
change in synovial inflammation.164

Interferon-g
Interferon-γ is produced by Th1 T cells and NK cells and is the quint-
essential cytokine of cell-mediated immune responses by virtue of its 
ability to activate macrophages; in mice, it is important for eradication 
of intracellular bacteria and parasites but less important for protection 
against viruses.

On the basis of its macrophage-activating activity, IFN-γ was 
predicted to be a prominent player in RA but subsequent data in 
support of this hypothesis have been equivocal at best. IFN-γ was not 
detected by in-situ hybridization of rheumatoid synovium in an early 
study,19 and levels in synovial fluid and tissue were subsequently found 
to be low. In further studies, IFN-γ transcripts have been detected but 
at minimally different levels in RA and OA synovium and IFN-γ has 
been detected in an only modest percentage of T cells purified from 
RA synovium.52 However, stimulation of synovially derived cells in 
vitro with a T-cell mitogen induces production of IFN-γ, confirming 
that T cells capable of producing this cytokine are present in RA 
synovium. Surprisingly, assignment of IFN-γ as a proinflammatory 
cytokine has become as problematic as for type I interferons, because 
IFN-γ can either promote or inhibit arthritis in different animal 
models.165

The colony-stimulating factors: GM-CSF, G-CSF, 
M-CSF, IL-3
Granulocyte-macrophage colony stimulating factor (GM-CSF), granu-
locyte colony-stimulating factor (G-CSF), and macrophage colony 
stimulating factor (M-CSF) were initially described on the basis of their 
ability to promote the development of granulocytes and/or macro-
phages from progenitor cells.

Although GM-CSF is usually thought of as primarily a T-cell 
product, in RA synovium it localizes to macrophages, endothelial  
cells, and chondrocytes,16 and FLS can produce it in vitro after 
stimulation with IL-1 or TNF. GM-CSF is present at higher levels in 
synovial fluid from RA than OA patients.166,167 M-CSF is also found 
at higher levels in RA, but only modestly so. In vitro, M-CSF is pro-
duced by FLS, increasing after stimulation with other cytokines,  
and also by chondrocytes. M-CSF is notable for its ability to  
expand the osteoclast precursor pool, promoting the differentiation of 
osteoclasts in vitro. G-CSF has been detected in synovial fluids from 
various diseases,166 but IL-3 has not been detected in RA synovial 
fluid.108

GM-CSF contributes to arthritis in murine collagen-induced arthri-
tis, because antibodies to GM-CSF reduce the severity of disease even 
when started after arthritis is clinically detectable.168 Analogous results 
have been obtained with G-CSF and M-CSF in murine collagen-induced 
arthritis, with addition of either cytokine exacerbating disease169 and 
genetically deficient mice found to be resistant.170 G-CSF appears to be 
important for neutrophil trafficking in this model.170

Some support for a role for G-CSF in promoting human RA has 
come from case reports describing exacerbation of disease in patients 
receiving G-CSF to treat neutropenia from various causes, but it is 
unclear whether the correction of neutropenia per se or other actions 
of the cytokine on neutrophils or other cells are responsible.
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TABLE 91.2 CHEMOKINES ELEVATED IN SYNOVIAL TISSUES AND FLUIDS IN 
RHEUMATOID ARTHRITIS

Major target CC ligands CXC ligands CX3C ligands

Monocytes CCL2, CCL3, CCL4, 
CCL5

CX3CL1

Neutrophils CXCL1, CXCL5, 
CXCL8

T cells (esp. Th1) CCL2, CCL5, CCL20 CXCL10, CXCL11, 
CXCL12

B cells CXCL13

Endothelial cells CXCL8, CXCL12

Chemokines important for the chemotactic activity of synovial fluid for the listed cell type, based 
on experiments using blocking antibodies or other antagonists in vitro, are listed in bold. Note: 
older names include CCL4, MIP-1b; CCL20, LARC; CXCL11, ITAC; CXCL12, SDF-1a and b; CXCL13, 
BCA-1; CX3CL1, Fractalkine; others are listed in the text.
Summary courtesy of Dr. A. Luster.

PGE2 is produced in vitro by OA FLS and is inducible in vitro from 
normal chondrocytes.

The described effects of PGE2 that are potentially relevant to RA 
(and OA) are numerous and include increased cartilage degradation, 
chondrocyte apoptosis, angiogenesis, production of MMPs, and 
decreased collagen synthesis. PGE2 also contributes to inflammation, 
and prostaglandins as a group are important in animal models of 
inflammatory arthritis; non-steroidal anti-inflammatory drugs 
(NSAIDs) or COX-2 selective inhibitors, which block the production 
of prostaglandins, prevent or treat disease in several models. COX-2 
selective inhibitors have been as effective as non-selective inhibitors in 
several animal models of arthritis. However, in mouse arthritis induced 
by antibodies to glucose-6-phosphate isomerase (GPI), COX-1 but not 
COX-2 is required, challenging the paradigm that the COX-2 isoen-
zyme is the critical one in the synovium.189 In any case, it is notable 
that although NSAIDs have a long track record in treating the symp-
toms of RA, they do not appear to be disease modifying, as might have 
been expected from animal models.

LTB4, the most studied leukotriene, and other lipoxygenase metabo-
lites are found at higher levels in rheumatoid than in non-inflamed 
synovial fluid and tissue.190 Beyond the expected synthesis of LTB4 by 
such proinflammatory cells as mast cells, FLS can synthesize it in vitro; 
reports differ, however, as to whether neutrophils in synovial fluid 
secrete more or less LTB4 than do circulating neutrophils. LTB4 acts 
through two receptors, the higher-affinity BLT1 and lower-affinity 
BLT2. BLT2, found on many cell types, appears to be more highly 
expressed than BLT1 in RA synovium, and BLT2 is not found in OA 
synovium. BLT1 remains the dominant receptor on synovial fluid 
cells.191 Leukotrienes are best known for promoting vascular permeabil-
ity and chemotaxis of inflammatory cells, but they likely have other 
effects in the rheumatoid joint. Antagonism of leukotriene synthesis 
or specific blockade of LTB4 receptors reduces the severity of murine 
collagen-induced arthritis,192 but some authors have found that dual 
blockade of both leukotriene and prostaglandin synthesis is more effec-
tive. LTB4 and BLT1 are required in anti-GPI autoantibody-induced 
arthritis.193.194 Reports of the use of leukotriene inhibitors and antago-
nists in RA have been few and preliminary.

Ligands for Toll-like receptors
TLRs are a family of membrane-associated receptors that are activated 
by a variety of unique microbial products and play an important role 
in “innate” immunity, that is, antimicrobial defense that does not 
require development of antigen-specific T- or B-cell responses. Activa-
tion of TLRs stimulates proinflammatory pathways195 in leukocytes, 
endothelial cells, and parenchymal cells, and also promotes antigen-
specific immune responses both directly in B cells196 and indirectly via 
antigen presentation to and co-stimulation of T cells. In addition to 
microbial products, endogenous molecules (e.g., hyaluronic acid, 
HMGB1, heat-shock proteins, chromatin, and fibrinogen) have been 
shown to interact with and activate TLRs in vitro. Because these endog-
enous molecules are released in association with cell death and tissue 
damage, settings in which host defense needs to be activated, their 
binding to TLRs is likely relevant in vivo as well, and particularly in 
chronic inflammatory diseases.197

All of these putative endogenous TLR ligands are abundant in joints 
in established RA. In addition, bacterial products have been detected 
in a majority of inflamed joints of different etiologies.198 TLRs are 
expressed on multiple cell types in RA synovium. For example, TLRs1 
through 6 but not TLR7 to TLR10 are expressed by FLS,199 and expres-
sion of TLRs2, 3, and 4 is higher in RA than control fibroblasts.199,200 
Stimulation of TLR2 induces secretion of several chemokines, VEGF, 
MMPs, and IL-15 by FLS.201-204 Expression of TLR2 and TLR4 is also 
elevated on macrophages in inflamed synovium,205,206 and ligation of 
these receptors leads to production of TNF and IL-8.206 Not surpris-
ingly, complexity in TLR-mediated responses in RA is emerging; for 
example, stimulation of TLR4 on DCs leads to increased production 
of MIF, whereas stimulation of TLR3 or TLR7 leads to decreased MIF 
production.150

TLRs play complex roles in mouse models of RA as well. Certain 
TLR ligands can produce inflammatory arthritis after intra-articular 
injection: hypomethylated CpG-containing DNA via TLR9207 and 

kine ligands are produced either constitutively or inducibly by macro-
phages and FLS; fewer have been noted to be produced by T cells, DCs, 
endothelial cells, and platelets, although this could merely indicate that 
these cell types have not been studied as closely. Chemokine receptors 
are expressed on various subpopulations of leukocytes, but FLS also 
express multiple chemokine receptors and migrate and proliferate in 
response to chemokines.178-180 As a broad generalization, CXCLs are 
notable for being chemotactic for neutrophils but some can promote 
lymphocyte and monocyte migration as well and several appear to be 
important in either the promotion or inhibition of angiogenesis. CCLs 
are notable for monocyte chemotaxis but are often also active on 
lymphocytes.176

In light of the striking redundancy of the system, it is somewhat 
surprising that several individual chemokines and receptors have been 
shown to be important in various animal models of inflammatory 
arthritis. Blockade of CXCL8/IL-8, a product of macrophages and FLS 
and a powerful attractant for neutrophils, reduces the severity of 
various types of arthritis in rabbits. Although mice have no homolog 
of this chemokine, murine collagen-induced arthritis is inhibited by 
antagonism of CXCL1/GROα, CXCL12/SDF-1, CCL3/MIP-1α, or 
CCL5/RANTES, by combined blockade of CCR1 and CCR5, or by an 
agonist of the antiangiogenic mediator CXCL4/PF-4.176 However, work 
with gene knockout mice has made this picture less rather than more 
clear. For example, mice lacking CCR5 are still susceptible to collagen-
induced arthritis.181 In addition, blockade of CCR1 and CCR5 or of 
their ligand CCL5/RANTES has no effect on adjuvant arthritis in 
rats.182 Mice lacking CCR2 are unusually susceptible to collagen-
induced arthritis,181 and the effect of anti-CCR2 treatment depends on 
its timing.183 Different chemokines are expressed at different times 
during the course of experimental arthritis, and further delineation of 
these events is an active area of research.

The application of chemokine blockade in human RA is in its early 
stages.184 An antagonist of CCR1 reduced inflammation and produced 
some clinical improvement in a short phase I trial,185 but an antagonist 
of CCR2 showed no benefit in a phase II trial.186 Of interest, a poly-
morphism in CCR5 that leads to loss of function has been associated 
with a decreased incidence of RA, suggesting that CCR5 may be a 
viable target in the treatment of RA.

Arachidonic acid metabolites
Prostaglandins and leukotrienes are lipid mediators that are generally 
proinflammatory but have a complex biology. There are four known 
receptors for prostaglandin E2 (PGE2), an important prostaglandin in 
RA synovium, and individual receptors for the other prostaglandins. 
The COX-2 enzyme is expressed in rheumatoid but not normal 
synovium and is found in FLS, macrophages, endothelial cells, and 
other cell types.187,188 Expression of COX-2 and, subsequently, PGE2 is 
induced in FLS by proinflammatory mediators such as TNF and IL-1 
and suppressed by anti-inflammatory cytokines such as IL-4, IL-10, 
and IL-13. Cyclooxygenase-2 (COX-2) and PGE2 likely play as impor-
tant a role in OA as in RA; COX-2 is found in OA cartilage,188 and 



CH
A

PTER 91 
● The rheum

atoid joint: synovitis and tissue destruction

925

are deposited in RA joints and locally activate complement, with the 
likely consequence of chemotaxis and activation of leukocytes by the 
cleavage products C3a and C5a. Which autoantibodies participate in 
the formation of these immune complexes is unknown; antibodies of 
several specificities, including RF, ACPA, and anti-type II collagen, are 
found at higher concentrations in synovial tissues than in the circula-
tion, but whether this finding indicates local deposition in addition to 
local synthesis is unclear.

Arthritis in several mouse models is also dependent on the low-
affinity stimulatory receptor for IgG, FcγRIII. The low-affinity inhibi-
tory FcR, FcγRII, plays a protective role against arthritis in these 
models. The high-affinity receptor, FcγRI, is apparently not required. 
Because the low-affinity FcRs bind to aggregated but not monomeric 
IgG, their importance provides evidence for a key role in the handling 
of either immune complexes or surface-bound IgG in these models. 
Although roles for the FcRs have not been directly investigated in RA, 
polymorphisms in the genes for FcγRIIIA and FcγRIIA (both stimula-
tory, low-affinity FcRs) have been linked to susceptibility or severity of 
RA by several groups.

JOINT DESTRUCTION
Enzymatic destruction of components of the extracellular matrix 
(ECM) is the major mechanism proposed for cartilage, ligament, and 
tendon destruction in RA. In particular, cartilage destruction has  
been attributed to the combined actions of several distinct families of 
proteinases, each of which has a defined substrate specificity. Protein-
ases are produced by cells within the invasive pannus tissue, by  
cells in the synovium remote from bone, and by chondrocytes them-
selves under certain conditions of activation. These enzymes represent 
a potential therapeutic target for the protection from joint destruction 
in RA.

Matrix metalloproteinases
Perhaps the best studied family of enzymes implicated in joint destruc-
tion in RA is the MMP family, whose member interstitial collagenase 
(MMP-1) was the first to be identified in media from cultured RA 
synovial tissues.222 Subsequently, studies utilizing in-situ hybridization 
of whole synovial tissues identified synoviocytes within the synovial 
lining layer as the exclusive sources of mRNA for MMP-1 and another 
MMP family member, stromelysin-1 (MMP-3), in RA synovium (Fig. 
91.13).223 In addition, MMP-1 and MMP-3 proteins have been dem-
onstrated in synovium remote from bone as well as at sites of cartilage 
erosion.224 Several additional MMP family members have now been 
identified as being expressed in RA synovial tissues and/or in synovially 
derived pannus tissues invading into cartilage. MMPs can act at neutral 

streptococcal cell walls via TLR2.208 Stimulation of TLR4 by bacterial 
LPS facilitates induction of arthritis by antibodies to type II collagen 
or GPI,50,209 and blockade or absence of TLR4 reduces the severity of 
collagen-induced arthritis, chronic streptococcal cell wall–induced 
arthritis, and spontaneous arthritis arising in mice genetically lacking 
IL-1ra.210-212 On the other hand, stimulation of TLR9 or TLR3 amelio-
rates different autoantibody-mediated arthritides via induction of type 
I interferons,50,213 and absence of TLR2 is associated with more severe 
arthritis in mice lacking IL-1ra.212

A genetic polymorphism in TLR4 that is associated with hypore-
sponsiveness to stimulation in vitro214 has been investigated for asso-
ciation with reduced risk of RA, but an association reported in one 
cohort215 has not been confirmed in others.216,217 Interference with 
signaling via the endosomally localized TLR3, TLR7, and TLR9 has 
been proposed as an important mechanism of action of antimalarial 
agents in autoimmune inflammatory diseases.218

Complement and immune complexes
Circulating complement is depleted in RA only in the setting of rheu-
matoid vasculitis. However, RA is apparently unique among the arthri-
tides in the depletion of complement in the synovial fluid in comparison 
to blood.219,220 In addition, complement degradation products are found 
in rheumatoid synovial fluid. Deposits containing both immunoglobu-
lin and C3 are readily detected in articular cartilage of RA patients (Fig. 
91.12). Similar deposits are found in articular cartilage in various 
mouse models; in the K/BxN mouse model, these deposits also contain 
the specific target antigen GPI.221 Arthritis in several mouse models is 
dependent on the complement cascade and particularly on C5. 
Together, these findings suggest that immune complexes form and/or 

a b

Fig. 91.12 Deposition of IgG (a, red) and C3 (b, green) on the cartilage surface 
of the knee, as shown by immunofluorescence staining. The patient was an 
82-year-old woman with a 10-year history of RF-positive RA.

a b

Fig. 91.13 Brightfield images of in-situ hybridization in RA synovial tissue. (a) Low-power view demonstrating abundant expression of mRNA (black dots) 
for MMP-3 (stromelysin-1). (b) High-power view demonstrating that MMP-3 mRNA expression is limited to cells within the synovial lining layer. (From Gravallese 
EM, Darling JM, Ladd AL, et al. In situ hybridization studies of stromelysin and collagenase messenger RNA expression in rheumatoid synovium. Arthritis Rheum 
1991;34:1076-1084. Reprinted with permission of Wiley-Liss, Inc., Wiley Publishing, Inc., a subsidiary of John Wiley & Sons, Inc.)
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of the synovial lining layer (Fig. 91.15). In cultured FLS, TNF and 
IL-1 are potent synergistic inducers of MMP-1 gene transcription,  
with upregulation of MMP-1 mRNA occurring within hours of 
stimulation.

Neutrophil collagenase (MMP-8) and collagenase-3 (MMP-13) have 
also been implicated in joint destruction in RA. In particular, MMP-13 
is expressed by cells within RA synovium as well as by chondrocytes 
in areas of cartilage damage. Because MMP-13 is efficient in cleaving 
native collagens as well as aggrecan and because gene expression for 
MMP-13 is also upregulated by TNF and IL-1, this enzyme has been 
implicated as a uniquely important therapeutic target for the protection 
of cartilage destruction in RA.

Stromelysins
The stromelysin group of MMPs has a broad substrate specificity for 
components of the ECM. This group of enzymes degrades non-collagen 
connective tissue components, including proteoglycans, fibronectin, 
and laminin, as well as some of the minor collagens. In addition, 
MMP-3 has the ability to cleave and activate pro-collagenase, thereby 
providing additional matrix-degrading capability. The rat homolog of 
stromelysin-1, transin, was originally cloned from transformed fibro-
blasts, and its expression in tumors has been shown to correlate with 
the invasive phenotype.227

The first observation of the potential importance of MMP-3 in 
inflammatory arthritis was the demonstration, in Lewis rats with strep-
tococcal cell wall-induced arthritis, of transin protein in the synovial 
lining layer and in the underlying stroma.228 In this model there is 
significant destruction of cartilage, implicating this MMP family 
member in joint destruction and suggesting, by correlation to the pro-
posed role of transin in tumor invasion, that FLS expressing transin 
demonstrate a partially “transformed” phenotype. However, when 
collagen-induced arthritis was generated in MMP-3–deficient mice, 
severe inflammation and cartilage and bone destruction resulted,  
demonstrating that MMP-3 is not unique in its matrix-degrading 
capabilities.229

Of the three members of the stromelysin group (stromelysin-1 
[MMP-3], stromelysin-2 [MMP-10], and stromelysin-3 [MMP-11]), 
MMP-3 is by far the most abundantly expressed in RA. In-situ hybrid-
ization studies demonstrate that, like MMP-1, gene expression for 
MMP-3 is greater in RA than in OA synovium.223 Although very low 
levels of MMP-3 are expressed by unstimulated synoviocytes, TNF and 
IL-1 are potent stimulators of MMP-3 gene expression, as are fibronec-
tin fragments through engagement and cross-linking of fibronectin 
receptors on synviocytes.

METALLOPROTEINASE STRUCTURE

Cysteine Pro-domain

Catalytic domain

Zinc

Active

Inactive

Inactive TIMP

Proteolysis

Fig. 91.14 Metalloproteinase structure. Schematic representation of 
metalloproteinase activation by limited proteolysis. After cleavage, the zinc 
cation is no longer complexed with the cysteine residue in the enzyme’s pro 
domain and is available to catalyze the enzymatic reaction. Modification of the 
cysteine thiol group can also convert the enzyme to an active form. TIMPs can 
bind to the active enzyme and inhibit metalloproteinase activity.

Fig. 91.15 Immunohistochemistry in RA synovium demonstrating intranuclear 
staining for the Fos family members (components of the AP-1 transcription 
factor complex) in cells within the synovial lining layer. (From Handel ML, 
McMorrow LB, Gravallese EM. Nuclear factor-kappa B in rheumatoid synovium: 
localization of p50 and p65. Arthritis Rheum 1995;38:1762-1770. Reprinted with 
permission of Wiley-Liss, Inc., Wiley Publishing Inc., a subsidiary of John Wiley & 
Sons, Inc.)

pH and have the ability, in aggregate, to degrade the components of 
the ECM of cartilage.

The MMP family comprises 25 members. Classification of an 
enzyme as a member of this family depends on the presence of con-
served “pro” and “catalytic” domains (Fig. 91.14). These enzymes are 
named “metallo” because of the presence of a zinc ion in the  
active site of the catalytic domain. Within the pro-domain there is a 
conserved cysteine residue that interacts with Zn2+ in the catalytic 
domain. When this interaction is disrupted by removal of the pro-
peptide via proteolytic cleavage, the enzyme’s active site becomes avail-
able and the enzyme is thus activated (see Fig. 91.14). Expression of 
the MMP enzymes is regulated at several steps, including at the levels 
of gene transcription, activation of the pro-enzyme to the active 
enzyme, focality of expression within tissues, and, finally, enzyme 
inactivation.225

Collagenases
Collagenases were the first of the MMP enzymes to be implicated in 
the process of cartilage destruction in RA. This group of enzymes 
cleaves the collagen triple helix at a defined site near its amino termi-
nus. As such, the major substrates of the collagenases are native 
interstitial collagens types I and II, the latter being the predominant 
collagen component of cartilage.225 Members of this group include 
fibroblast or interstitial collagenase (collagenase-1, MMP-1), neutrophil 
collagenase (collagenase-2, MMP-8), and collagenase-3 (MMP-13). 
Expression of MMP-1 has been demonstrated to be quantitatively 
greater in synovium from patients with RA as compared with those 
with OA.223,226 Collagenase gene expression is regulated in part by the 
AP-1 family of transcription factors, which are also expressed in cells 
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sion including cysteine-rich protein with kazal motifs), which inhibits 
the function of MMP-2, MMP-9, and MMP-14. The α2-macroglobulin 
molecule forms a covalent link with the protease to render it inactive 
and is the main inhibitor of collagenase activity in serum. Neutrophil-
derived elastases and serine proteinases can in turn inactivate 
α2-macroglobulin.

Cysteine and serine proteases
Since the discovery of the MMP family of enzymes in RA synovium 
and pannus, several other classes of enzymes have also been described 
to be expressed by cells within RA synovial tissues and/or pannus 
tissues and have been implicated in cartilage destruction in arthritis. 
Included among these are the cysteine protease family of enzymes, 
especially cathepsins B, L, and K. Expression of two of the cathepsins, 
B and L, has been demonstrated by cells within the RA joint.232 Cathep-
sin B is expressed by cells within pannus and attached to cartilage at 
sites of cartilage erosion. In synovial fluid there is greater expression 
of cathepsin B in RA than in OA or in normal control fluids. Cathepsin 
L is also expressed at the cartilage/pannus junction. As a class, the 
cathepsins have a wide range of substrate specificities, including native 
collagens, proteoglycans, fibronectin, fibrinogen, elastin, and laminin. 
Cathepsin K is another family member implicated in joint destruction. 
This enzyme is secreted in high amounts by osteoclasts and is largely 
responsible for the degradation of type I collagen in bone by these cells. 
Cathepsin K is also expressed by synovial fibroblasts in RA. The serine 
proteinases, including granzymes, neutrophil elastase, and mast cell 
chymases, have also been implicated in joint destruction in RA. In 
addition, several of these enzymes have the ability to activate pro-
MMPs. Serine proteinase inhibitors (SERPINs) are present in plasma 
and synovial fluid and serve to block extracellular matrix degradation 
by this class of enzymes.

Bone destruction
Although the action of proteinases in degrading the various compo-
nents of the ECM probably plays a major role in the destruction of 
cartilage, tendon, and ligament in RA, the destruction of bone requires 
removal of the mineralized bone matrix. In physiologic bone remodel-
ing associated, for example, with microfracture or altered mechanical 
loading, removal of bone is accomplished by the osteoclast. Osteoclasts 
are specialized cells, differentiated from cells of the monocyte-macro-
phage lineage, that have the capacity to bind to the surface of bone, 
creating a tight “attachment zone” via interactions between integrins, 
including αvβ3, on the osteoclast membrane and matrix components 
in bone, including bone sialoprotein and osteopontin. The creation of 
this tight seal with bone allows the osteoclast to generate an acidic 
environment through the action of carbonic anhydrase II and a proton 
pump, leading to the removal of mineral from the bone. Osteoclasts 
also release lysosomal proteinases into this acidic environment, perhaps 
the most important of which is cathepsin K, as well as enzymes of the 
MMP group, including MMP-9, which lead to the degradation of the 
organic component of the bone matrix (Fig. 91.16).

A role for osteoclasts in focal bone erosion in RA was suspected 
initially on the basis of indirect evidence, including the identification 
of multinucleated cells at sites of erosion in subchondral bone and at 
the pannus/bone interface in tissue samples from patients with RA 
(Fig. 91.17).233 Studies utilizing immunohistochemistry and in-situ 
hybridization have demonstrated that these multinucleated cells 
express characteristic markers of osteoclasts, including a marker 
unique to osteoclasts.234 Similarly, osteoclasts have been identified at 
erosive surfaces in arthritic joints in numerous animal models of RA.

Our understanding of the pathogenesis of bone erosion and the role 
of osteoclasts in RA was greatly augmented by the discovery of a cyto-
kine system now known to be the key regulatory system of osteoclast 
differentiation and activation. Receptor activator of nuclear factor-
kappa B (NF-κB) ligand (RANKL, also known as osteoprotegerin ligand 
[OPGL], osteoclast differentiation factor [ODF], and TNF-related acti-
vation-induced cytokine [TRANCE]) is a cytokine initially identified 
as important in the regulation of interactions between DCs and T 
lymphocytes, as well as regulating lymph node organogenesis and 
lymphocyte development.235,236 It was also recognized that RANKL is 

Other MMPs and related enzymes
Other MMP family members have been implicated in the process of 
cartilage destruction in RA, including the gelatinases: gelatinase A 
(72-kDa gelatinase, MMP-2) and gelatinase B (92-kDa gelatinase, 
MMP-9). These enzymes are expressed in RA synovium and can 
degrade partially cleaved collagens (gelatins). In an analysis of the 
expression of 16 MMP mRNAs in RA synovium versus synovium from 
patients with joint trauma, MMP-1, MMP-9, and MMP-14 (MT1-
MMP) were expressed in all RA samples but in far fewer of the trauma 
samples. In addition, MMP-13 and the membrane-bound MT2-MMP 
were found exclusively in RA, implicating these enzymes specifically 
in joint destruction in RA.230

Aggrecan is a major proteoglycan component of articular cartilage. 
The cleavage of the aggrecan core protein in cartilage leads to destabi-
lization of the protein, with subsequent loss of cartilage compressibil-
ity. Although several MMPs can cleave aggrecan, it has long been clear 
that another enzyme or enzymes must also be responsible for cleavage, 
because products were found in which cleavage took place between 
Glu373 and Ala374, a site that none of the known MMPs is able to 
cleave. A related but distinct family of enzymes was thus identified 
that may also play a role in cartilage destruction in RA. This is the 
ADAMTS (a disintegrin and metalloproteinase with thrombospondin 
motifs) family of proteinases. ADAMTS enzymes are involved in cell-
cell interactions, ectodomain shedding, and other protein-processing 
events (including collagen processing), hemostasis, and inhibition of 
angiogenesis, as well as playing a role in developmental processes. Two 
members of this family implicated in cartilage destruction are aggreca-
nase-1 and aggrecanase-2, both of which are expressed in synoviocytes 
and synovial tissues in RA and OA.

Role of MMPs in inflammation
What is the exact role of the MMP family of enzymes in the patho-
genesis of joint destruction in RA? This question has not been fully 
answered, in part because of the large number of MMPs and other 
proteases expressed by cells within RA synovium and cartilage. In addi-
tion, although MMPs have long been considered to be enzymes whose 
purpose is to remodel and degrade the components of the ECM, fasci-
nating new data have demonstrated that these enzymes also play an 
important role in regulating the process of inflammation. It has become 
clear that many MMPs can also act on non-matrix proteins, including 
cytokines, chemokines, and their receptors and play a role in the innate 
immune system and in tissue repair.225 The role of MMPs in the 
inflammatory process is evident from the results of experiments in 
which mice deficient in certain MMPs were challenged with inducers 
of arthritis. Surprisingly, MMP-2–deficient and MMP-3–deficient mice 
developed a more severe immune-mediated arthritis than did their 
control littermates,229,231 suggesting that these enzymes may actually 
provide protection from inflammation, whereas MMP-9–deficient mice 
developed less severe arthritis.231 Studies have further demonstrated 
that MMP-2 and MMP-3 can cleave certain chemokines, thus blocking 
their chemotactic activities and inhibiting the inflammatory process. 
Therefore, it will be critical to gain a better understanding of the role 
of the various MMPs in inflammation before targeting them for the 
prevention of joint destruction in arthritis.

Protease inhibitors
In addition to the regulatory mechanisms described earlier, the activity 
of MMP enzymes is also regulated by naturally occurring inhibitors. 
These include the tissue inhibitors of metalloproteinases (TIMPs), of 
which there are four family members (TIMP-1 to TIMP-4).  
Specific TIMPs have affinity for specific MMP family members and act 
by binding with high affinity to the catalytic domain of the enzyme in 
a 1 : 1 stoichiometry to render it inactive. Interestingly, in contrast  
to the marked upregulation of the production of certain MMPs in  
RA as compared with OA, TIMP-1 mRNA is expressed in similar 
amounts in synovial lining cells from patients with RA or OA.226 
Thus, in RA there is an apparent overexpression of MMPs that over-
whelms the constitutive and induced inhibitors, including TIMPs. 
Two other known inhibitors of MMP activity are α2-macroglobulin, 
which binds active MMP enzyme in the circulation, and RECK (rever-
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Fig. 91.16 The osteoclast. Protons generated by 
carbonic anhydrase II are pumped into the area 
adjacent to the bone surface to form an acidic 
environment that allows for the removal of bone 
mineral. Lysosomal enzymes and other proteinases 
contribute to the degradation of the bone matrix.

Fig. 91.17 Focal subchondral bone erosion in RA. Note that osteoclasts are 
present at a site of resorption. (From Gravallese EM, Goldring SR. Cellular 
mechanisms and the role of cytokines in bone erosion in rheumatoid arthritis. 
Arthritis Rheum 2000;43:2143-2151. Reprinted with permission of Wiley-Liss, Inc., 
Wiley Publishing Inc., a subsidiary of John Wiley & Sons Inc.)

essential for osteoclast differentiation and activation, providing a link 
between the immune system and bone. RANKL binds to its receptor, 
receptor activator of NF-κB (RANK), present on osteoclast precursor 
cells, to effect its biologic functions. Osteoprotegerin (OPG), a decoy 
receptor for RANKL, is the third member of this cytokine system. OPG 
can bind to RANKL with high affinity, thus preventing the binding of 
RANKL to RANK and blocking the biologic activity of RANKL (Fig. 
91.18). The expression of RANKL protein relative to OPG protein at 
a given site is the critical determinant of the degree to which osteoclast-
mediated bone resorption occurs at that site.

Several lines of experimental evidence have implicated the RANKL/
RANK/OPG system in the pathogenesis of osteoclast-mediated  
bone erosion in RA. RANKL is expressed by two cell types within 
rheumatoid synovial tissue: FLS and T cells.237 Cells isolated from 
cultured RA synovium also generate multinucleated cells that can 
resorb bone,238 a definitive demonstration that these multinucleated 
cells are osteoclasts. Bone resorption is inhibited in these cultures by 
OPG, demonstrating that this is a RANKL-dependent process. In addi-

tion, the degree to which bone is resorbed strongly correlates with the 
ratios of RANKL/OPG mRNA levels in the RA synovial tissue samples 
studied.238 Finally, RANKL is expressed at sites of bone resorption in 
tissues from patients with RA (Fig. 91.19). Taken together, these 
studies support a role for the RANKL/RANK/OPG system in bone 
erosion in RA.

The first definitive demonstration of the critical role of RANKL and 
osteoclasts in bone erosion in arthritis was reported in studies using 
the rat adjuvant-induced arthritis model, a model in which activated 
T cells have been shown to express RANKL protein. Treatment of 
arthritic rats with OPG was initiated at disease onset, and it was dem-
onstrated that although levels of inflammation were similar in treated 
and untreated rats there was complete protection from bone erosion in 
arthritic rats treated with OPG.239 Furthermore, studies in mice defi-
cient in osteoclasts (due to deficiencies in different factors critical  
to osteoclastogenesis), including RANKL-deficient mice240 and c-fos–
deficient mice,241 have demonstrated a dramatic protection from bone 
erosion in models of experimental arthritis driven by autoantibodies 
or by overexpression of TNF, respectively. These data provide further 
support for the importance of the RANKL/RANK/OPG system and of 
osteoclasts in the process of bone erosion in RA and suggest that thera-
peutic strategies that block osteoclast differentiation and/or function 
may be beneficial in protection from articular bone destruction in this 
disease.

In addition to the RANKL/RANK/OPG system, other cytokines and 
growth factors produced by synovial tissues and/or pannus tissues in 
RA can influence the differentiation and activation of osteoclasts. 
Factors that can play a direct role in osteoclast differentiation include 
TNF, which is a potent differentiation factor for osteoclast precursor 
cells in synergy with RANKL; M-CSF, which expands the pool of 
osteoclast precursor cells; and IL-1, which prevents apoptosis of osteo-
clasts and augments their bone-resorbing potential.242,243 Therapeutic 
blockade of IL-1 or TNF in patients with RA can modulate both inflam-
mation and bone erosion.244,245 In addition, factors produced by RA 
synovial tissues, including IL-1, TNF and parathyroid hormone-related 
protein (PTHrP), may act indirectly on osteoclastogenesis and activity 
by increasing the RANKL/OPG expression ratio in the local bone 
microenvironment. T cells within the rheumatoid lesion may also 
contribute to osteoclast-mediated bone resorption, not only by expres-
sion of RANKL by activated T cells but also by production by a subset 
of T cells of IL-17, which is a potent stimulator of osteoclastogenesis 
by indirect mechanisms. The rheumatoid synovium is also a source of 
factors that can inhibit osteoclastogenesis, including IL-4, IL-10, and 
IFN-β and IFN-γ.
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Fig. 91.18 Mechanisms of bone destruction in 
arthritis. Osteoclasts are derived from cells of the 
monocyte-macrophage lineage. Macrophage 
colony-stimulating factor (M-CSF) derived from 
bone lining (stromal) cells induces expansion of the 
osteoclast precursor pool and expression of RANK. 
Binding of RANKL to RANK leads to osteoclast 
differentiation, fusion, and activation. Tumor 
necrosis factor (TNF) can synergize with RANKL to 
induce osteoclast differentiation. Possible sources of 
RANKL in RA include bone lining cells, fibroblast-like 
synoviocytes (FLS), and activated T cells. Bone 
stromal cells and FLS are also sources of the RANKL 
decoy receptor OPG. Cells from RA synovium 
produce factors that could influence osteoclast 
differentiation, fusion, and activation at a number of 
steps. In addition, activated macrophages from 
synovial tissues can act as osteoclast precursor cells.

PATHOGENESIS
Any theory of the pathogenesis of RA must extend beyond observations 
of synovial pathology and consider the epidemiology and clinical fea-
tures of the disease as well. Although patients with RA often have 
extra-articular features, the dominant and defining clinical manifesta-
tion of this disease is chronic inflammation of joints lined by synovium. 
This fact undoubtedly holds a significant clue to the pathogenic mecha-

nisms underlying RA. One can propose a host of factors that could 
contribute to the joint-specific nature of RA, including unique struc-
tural features of the joint and the proximity of synovium to cartilage 
and bone, unique cell populations within the joint, and the organiza-
tion of these cell types, tropism of pathogens to the joint, and joint-
specific antigens (Box 91.1). Contributions from these factors are not 
mutually exclusive, and it is likely that some, or many, may play a role 
in the initiation and/or chronicity of this disease.

Twin studies have suggested that there is a genetic influence in RA, 
as well as the influence of non-genetic (environmental or “chance”) 
factors. In addition, early in-vitro studies demonstrated that in alloge-
neic mixed lymphocyte cultures the lymphocytes from patients with 
RA proliferated normally when cultured with lymphocytes from normal 
donors but proliferation was significantly blunted when RA lympho-
cytes were cultured with cells from other RA patients. These studies 
suggested that there are genetic similarities among patients with RA.246 
The first real breakthrough in our understanding of RA pathogenesis 
came from studies demonstrating a genetic link of this disease to the 
HLA-DR genes, located in the MHC complex.247

The genetic influence in RA is more specifically associated with 
certain DRB1 alleles that share a common five amino acid sequence: 
QKRAA (or QRRAA), located at position 70-74 in the third hypervari-
able region of the peptide-binding cleft of the DR β chain. This sequence 
has been called the “shared epitope”248 and has been associated with 
both disease susceptibility and severity. The shared epitope is found in 
several RA-associated DR genes, including DR1, DR4, and DR14. 
Because these genes produce proteins involved in antigen presentation 
to CD4+ T cells, the discovery of the shared epitope strongly suggested 

Fig. 91.19 Immunohistochemistry of pannus/bone interface in RA, 
demonstrating cells expressing RANKL (brown) in areas of osteoclast-mediated 
bone resorption.
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of RA is that there are many ways to cause a pathologic process that 
resembles the human disease. Second, these studies clearly demon-
strate that TNF and IL-1 are critical players in all the models in which 
they have been evaluated,93 and dysregulated overexpression of these 
cytokines in the joint is sufficient to cause chronic arthritis.94,106

Thus, any mechanism leading to excess TNF and IL-1 in the joint 
would likely produce RA-like disease. This task can be readily achieved 
by adaptive immunity to autoantigens or foreign antigens, beginning 
with the activation of T cells and leading in many models to the pro-
duction of pathogenic autoantibodies. Activation of innate immune 
cells, including macrophages, mast cells, and neutrophils, may prime 
the joint for subsequent inflammation. Moreover, it is essential that 
cells of the innate immune system, to different degrees in different 
models, be recruited to the joint to mediate the proinflammatory effects 
of immune complexes and/or T cells. However, the adaptive immune 
response is critical for the production of TNF and IL-1 and the subse-
quent development of arthritis in most models.93 How, then, in human 
RA, is the chronic production of TNF and IL-1 achieved and what are 
the roles of T cells, B cells, autoantibodies, and immune complexes in 
the pathogenesis of this disease?

Is the pathogenesis of rheumatoid arthritis 
dependent on T cells?
The discovery of the shared epitope, along with histopathologic studies 
demonstrating T cell–rich infiltrates in the synovium of patients with 
RA, led to the initial assumption that T cells are critical to the patho-
genesis of RA and that antigen-specific T-cell responses are driving 
disease. Circumstantial evidence to support this hypothesis included 
the rich HLA-DR expression on synovial lining cells, DCs, and mac-
rophages within the sublining of RA synovial tissues, consistent  
with a possible role for these cells in antigen presentation to T cells. 
These HLA-DR–bearing cells are often in close proximity to T cells 
within the synovium, which would facilitate cell-cell interactions. 
Products of T cells activated by antigen could then mediate the further 
activation of macrophages, fibroblasts, and synovial lining cells, leading 
to proliferation of these cells, activation and differentiation of B cells 
within the joint, as well as induction of adhesion molecule expression 
on endothelium. The latter event would allow for the further recruit-
ment of inflammatory cells to the joint. This scenario could, in fact, 
explain many of the observed pathologic events in the chronic phase 
of RA.

Studies attempting to identify a specific arthritogenic peptide in RA, 
however, have not been fruitful; and clonal expansion of specific T-cell 
subsets, as might be expected in a disease driven by a unique antigen, 
has not been convincingly demonstrated. Advances in molecular and 
biochemical techniques have allowed for the identification of cytokines 
produced within RA synovial tissues. Cytokines derived from activated 
macrophages and fibroblasts, including not only TNF and IL-1 but also 
IL-6, IL-8, IL-15, and IL-18 and others, have been found to be abun-
dantly expressed, whereas T-cell–derived cytokines, such as IFN-γ, 
IL-2, IL-4, and IL-5, have been detected in low amounts, if at all.250

Furthermore, the role of the shared epitope in RA may differ from 
that originally proposed. The shared epitope may be responsible for the 
targeting and activation of autoreactive T cells through molecular 
mimicry with proteins from pathogens, including Epstein-Barr virus–
encoded proteins and heat-shock proteins. Recent evidence from the 
crystal structure of the DR molecule, however, demonstrates that the 
amino acid residues within the shared epitope are not located directly 
within the peptide-binding groove and therefore may not influence the 
exact peptides presented by these molecules. Possible alternative con-
tributions of the shared epitope include the shaping of the T-cell rep-
ertoire to allow for the survival of autoreactive clones and the 
enhancement of T-cell reactivity due to unique contact points between 
DR molecules bearing the shared epitope and the T-cell receptor.250 
Finally, there remains the possibility that the shared epitope is not, in 
fact, a disease susceptibility/severity-associated gene but that genes 
closely linked to the MHC locus are actually playing a role in disease 
susceptibility/severity.

Taken as a whole, these data suggest that in the chronic phase of 
RA, specific activation of T cells by a unique “RA antigen,” is not the 
primary mechanism of disease. However, T cells may participate in 

a role for T cells in RA pathogenesis and implied a role for one or a 
few antigenic peptides that initiate or “drive” disease in patients 
expressing the shared epitope. Subsequent to this finding, T cells have 
fallen in and out of favor as the cells responsible for orchestrating the 
disease process in RA and no specific “RA antigen” has been identified. 
In considering the roles of MHC alleles in the pathogenesis of diseases, 
it is sobering to note that no single peptide antigen has been identified 
to underly the strong association of ankylosing spondylitis with HLA-
B27. In fact, the HLA-B27 protein has been shown to have unusual 
biochemical features beyond the structure of its peptide-binding groove 
that may actually be more important in disease pathogenesis.

One additional clinical feature of RA that must be taken into 
account in any discussion of pathogenic mechanisms of disease is the 
presence of circulating autoantibodies including RF, ACPA, and others 
that are not in general clinical use. Strikingly, recent studies have 
shown that detectable serum RF and ACPA usually precede the clinical 
onset of RA, often by many years.249 The best interpretation of these 
data is that humoral autoimmunity, with an early breakdown of T-cell 
tolerance, precedes chronic inflammation in RA and suggests that 
autoantibodies and possibly immune complexes play a role in disease 
pathogenesis. To gain further insight into the pathogenic mechanisms 
involved in RA, investigators have turned to animal models in an 
attempt to define both the events that may initiate the disease and 
those that can produce a state of chronic synovitis that leads eventually 
to the destruction of joint structures.

Lessons from animal models
All animal models of RA differ in important ways from the human 
disease, most notably in their rapidity of onset and progression, the 
details of the autoimmunity, and the requirement for either immuniza-
tion or an overt genetic defect or manipulation (see Chapter 87). Start-
ing from the perspective that models help define what could cause a 
human disease, rather than what does or does not, the first important 
lesson from study of the large and growing number of animal models 

BOX 91.1 FACTORS THAT COULD CONTRIBUTE TO THE JOINT-SPECIFIC 
NATURE OF RHEUMATOID ARTHRITIS

Structural features of the joint
Synovial fluid = unique plasma ultrafiltrate
Unique vasculature

Trapping of immune complexes
Response to immune complexes
(Response to vasoactive mediators)

Proximity of tissue-specific cell types
Chondrocytes
Osteoclasts
Osteoblasts

Cartilage = acellular surface
Trapping of positively charged molecules
(Dysregulated complement activation)

Chronic trauma
(Proinflammatory byproducts)

Low oxygen tension

Unique cell populations/organization in synovium
Type A synoviocytes (and sublining macrophages)
Type B synoviocytes
Propensity to form ectopic germinal centers
(Tropism of lymphocyte subsets)
(Peripheral nervous system interactions)

Interaction with pathogens
Tropism of chronic pathogens: example = Borrelia
Trapping of bacterial products

Joint-specific antigens to which tolerance could be lost
Native antigens: examples = type II collagen, gp39
Neoantigens: example = citrullinated proteins

Those factors that are plausible but have little or no experimental support are in parentheses.
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macrophages, although FLS and endothelial cells also produce IL-15. 
In early studies it was demonstrated that cell-cell contact between 
mitogen-activated synovial T cells and macrophages led to the produc-
tion of proinflammatory mediators by these cells.253 Similarly, T cells 
freshly isolated from RA synovium induce synovially derived macro-
phages to produce TNF in vitro through cell-cell contact, an effect that 
is maintained by the addition of IL-15. Furthermore, IL-15, expressed 
on the membrane of RA FLS and upregulated by T cell/fibroblast 
contact, induces the production of the proinflammatory cytokines 
TNF,132 IFN-γ, and IL-17 by T cells in culture through mechanisms 
dependent on cell-cell contact. These T-cell–derived cytokines can, in 
turn, activate FLS to produce increased levels of membrane-bound 
IL-15, as well as IL-6 and IL-8.

IL-18 induces the production of TNF, as well as GM-CSF and IFN-γ, 
by RA synovial macrophages, an effect that is enhanced by IL-15, as 
well as by IL-12. IL-18 has direct activating effects on both synovial 
macrophages and T cells and has a potent enhancing effect on TNF 
production induced by T cell/monocyte interactions. Interactions 
between T cells and synovial macrophages and fibroblasts are mediated 
through CD69, LFA-1/ICAM-1 (CD54), and other ligand-receptor 
interactions. Figure 91.20 demonstrates interactions between resident 
FLS and monocytes/macrophages that produce cytokines, chemokines, 
and other factors that activate cells in the local environment and 
maintain the chronic inflammatory state. Adhesion molecules on 
endothelial cells are upregulated by these products, leading to the 
further recruitment to the synovium of inflammatory cells expressing 
the proper chemokine receptors. These interactions could also augment 
T-cell activation and stimulate B cells to produce antibodies.

Autoantibodies and immune complexes
Since the discovery of RF by Rose and Waaler and the subsequent 
identification of RF as an autoantibody directed against the Fc portion 
of IgG, autoantibodies have been thought to play a role in the patho-
genesis of RA. Early theories suggested that RF might initiate disease 
in RA via immune complex deposition in the joint, with the subse-
quent fixation of complement components, the generation of chemo-
tactic factors including C5a, and the influx of inflammatory cells to 
the joint. This theory was slowly abandoned, however, because RF is 

CELL/CYTOKINE NETWORKS IN THE RA JOINT
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Fig. 91.20 Schematic showing some of the key 
cytokines and other soluble factors and the local 
cellular interactions that mediate rheumatoid 
synovitis and joint destruction. Cells are recruited 
into the synovium from the vasculature. Chronic 
inflammation in RA synovium leads to the activation 
of macrophages and fibroblast-like synoviocytes, 
resulting in joint destruction. Dashed lines depict 
either movement of cells (i.e., transmigration across 
the vascular endothelium) or differentiation of cells 
(i.e., differentiation of monocytes into osteoclasts). 
FLS, fibroblast-like synoviocyte; PMN, 
polymorphonuclear leukocyte (neutrophil); Mono, 
monocyte; Mast, mast cell.

RA pathogenesis in a number of alternative ways. T cells in chronic 
RA may be activated by antigens present locally within the joint, 
including either native proteins—such as type II collagen, heat-shock 
proteins, aggrecan, and proteoglycans—or neo-epitopes (self-antigens 
not normally seen by T cells during their development), such as citrul-
linated proteins generated by inflammation.251 In addition, T cells may 
contribute to disease pathogenesis in ways that are independent of 
antigen.

Cell-cell and cytokine interactions in the 
perpetuation of inflammation in  
rheumatoid arthritis
Based on studies in animal models of RA, both the initiation and 
perpetuation of TNF and IL-1 production within inflamed synovial 
tissues as well as the maintenance of an activated phenotype of syno-
vial lining cells and sublining fibroblasts and macrophages for the 
continued production of these and other critical proinflammatory cyto-
kines are essential to the pathogenesis of RA. It has been hypothesized 
that the chronic inflammatory state in RA is maintained by complex 
interactions and positive feedback loops between cell types resident 
within and recruited to the synovium. Many of the cytokines and 
growth factors previously described in this chapter, most notably TNF, 
IL-1, IL-6, IL-17, prostaglandins, and chemokines, contribute to these 
feedback loops. T cells themselves also play a role in these complex 
interactions. An alternative mechanism by which T cells may contrib-
ute to the maintenance of chronic inflammation in RA through anti-
gen-independent mechanisms is by direct cell-cell interaction of 
previously activated T cells with macrophages and/or fibroblasts, 
leading to the augmented production of effector molecules, including 
TNF and joint-damaging enzymes. For example, membranes from 
synovially derived T-cell clones have been shown to stimulate the 
production of MMP-1 and PGE2, but not the inhibitor TIMP-1, in 
long-term culture.252

Recently, an important role has also been established for IL-15 in 
the perpetuation of chronic inflammation in RA, owing to the ability 
of this cytokine to regulate synovial TNF production. As previously 
discussed, IL-15 is produced predominantly by synovial lining layer 
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not specific for RA. RF is present in some healthy individuals and in 
patients with other chronic inflammatory diseases that are not associ-
ated with synovitis, and it is absent in about 20% of patients with RA.

However, the notion that autoantibodies and immune complexes 
play an important role in disease pathogenesis remains plausible. Intra-
cellular and extracellular deposits containing both immunoglobulin 
and C3 have been identified in synovium and on the cartilage surface 
in patients with RA, and there is evidence for local complement activa-
tion in RA synovial fluid. Such deposits could facilitate recruitment of 
inflammatory cells and activation of phagocytes. Finally, in several 
rodent models of RA, immune complexes or antibodies binding to 
endogenous components of cartilage initiate disease that is similar in 
many respects to human RA.221,254

Lessons from treatment of human RA
The importance of TNF in human RA has been demonstrated by the 
clinical efficacy of TNF-neutralizing agents. This finding does not, of 
course, illuminate the cause(s) behind excess production of TNF in the 
joint. Furthermore, blockade of TNF is also effective in other diseases, 
including ankylosing spondylitis, psoriatic arthritis, and Crohn disease, 
diseases that have pathogenic mechanisms that are both overlapping 
with and distinct from RA. However, treatment with TNF-neutralizing 
agents has allowed (admittedly imperfect) testing of the hypothesis that 
established networks of proinflammatory mediators in synovitis are 
self-perpetuating: in many patients with long-standing RA, synovitis 
improves or resolves with anti-TNF therapy, yet in most of these 
patients, discontinuation of effective anti-TNF treatment leads to 
relapse. Thus, the driving force behind the creation of the proinflam-
matory network remains intact and it is not adequate to simply “inter-
rupt” the network.

The effectiveness of CTLA4-Ig (abatacept), which blocks co-stimu-
lation of T cells by antigen-presenting cells, in established RA suggests 
that antigen presentation to T cells remains important in RA patho-
genesis. However, because CTLA4-Ig interacts with other cells, such 
as macrophages, that are also clearly involved in networks of inflam-
mation, it is possible that this agent is effective for reasons independent 
of co-stimulation of T cells. Similarly, the effectiveness of B-cell deple-
tion in patients with long-standing RF-positive RA is the best evidence 
that autoantibodies are pathogenic but also has an alternative interpre-
tation. B cells not only produce antibody but also present antigen to 
CD4+ T cells and likely participate in cytokine networks. Notably, 
however, B cells are only effective at presenting antigens internalized 
via the surface immunoglobulin receptor, so that it would be problem-
atic to invoke the antigen-presenting function of B cells without 
acknowledging the generation and importance of cells making immu-
noglobulin receptors with high affinity for specific antigens. RF-
expressing B cells are particularly adept at antigen presentation, because 
they can internalize any molecule attached to immunoglobulin in an 
immune complex.255

The clinical effectiveness of IL-1 blockade has also confirmed a role 
for IL-1 in human RA. Compared with blockade of TNF, however, IL-1 
blockade in RA is not, in general, as effective in controlling the clinical 
signs and symptoms of disease. It is now clear that blockade of IL-1 is 
remarkably efficacious in several pediatric inflammatory diseases asso-
ciated with mutations in the cryopyrin (NALP3) gene,256 the protein 
product of which is involved in IL-1β processing. This has led many 
to question whether IL-1 plays as important a role in human RA as it 
does in rodent models. Nevertheless, it would be premature to dimin-
ish the importance of IL-1 in the pathogenesis of RA, because the 
imbalance of IL-1 and its antagonists may be easier to overcome in the 
pediatric diseases and the efficiency of drug delivery to the critical site 
(almost certainly the joint in RA but possibly other sites in the pediatric 
diseases) may differ greatly.

IL-6 has also been confirmed as an important cytokine in estab-
lished RA by clinical trials using a monoclonal antibody to the IL-6R.115 
This effect is difficult to interpret in defining mechanisms of disease, 
however, because IL-6 plays a prominent role in many aspects of 
inflammation, such as the generation of antibody responses and sys-
temic inflammatory responses, and in the cytokine networks operating 
among synovial fibroblasts, macrophages, and other cell types in the 
rheumatoid joint.

Unifying hypothesis
A unifying hypothesis for RA pathogenesis must attempt to incorporate 
information obtained from both human RA and from animal  
models of disease. What seems clear is that RA can best be conceptual-
ized in stages that include disease initiation, establishment and main-
tenance of chronic inflammation, and joint tissue destruction (Fig. 
91.21), the latter two of which certainly coexist temporally. The event 
or events that initiate RA are likely to be distinct from those respon-
sible for the establishment and perpetuation of chronic inflammation 
in the synovium, and the destruction of joint structures proceeds  
by distinct mechanisms that are driven by chronic synovial 
inflammation.

Recent evidence from animal models suggests that a variety of 
autoimmune responses to joint-associated, but not necessarily joint-
specific, antigens can initiate RA-like disease. The appearance of RF 
and ACPA significantly before clinical onset of disease in humans sug-
gests that there is a breakdown of T-cell tolerance early in disease, 
providing help for autoantibody production. Several possible pathways 
could be invoked for the initiation of autoimmunity, including molecu-
lar mimicry (the cross-reaction of T cells initially activated by foreign 
peptides with self-peptides) or the generation of neo-epitopes within 
the joint through joint trauma or other mechanisms (Fig. 91.22). 
Certain individuals may be genetically susceptible to these events, 
either through the expression of specific MHC alleles or by other 
genetic factors predisposing to autoimmunity. Autoantibodies pro-
duced very early in disease could form immune complexes in synovium 
and/or on the surface of joint cartilage or deposit in the synovial vas-
culature, leading to activation and recruitment of cells of the innate 
immune system, including neutrophils, mast cells, and macrophages. 
Bacterial products including DNA containing CpG motifs and/or cell 
wall fragments containing peptidoglycans, which have been demon-
strated to be present in RA synovial tissues, could engage TLRs on 
resident macrophages and DCs, leading to activation of these cells and 
the subsequent production of proinflammatory mediators and possibly 
antigen presentation to T cells. Stimulation through TLR2 could con-
tribute to the early activation of FLS in RA. Mediators produced by 
cells of the innate immune system could augment vascular permeabil-
ity and promote the generation of adaptive immune responses by T 
and B cells, setting up the potential for amplification of immune 
responses.

Once disease is initiated, the chronic inflammatory phase ensues. 
Deposition of autoantibodies in immune complexes, and/or local acti-

Autoimmunity

Vascular permeability

Innate immunity

Chronic inflammation

Joint destruction

Initiating events

SIMPLIFIED SCHEMATIC OF KEY EVENTS IN RA PATHOGENESIS

Fig. 91.21 Simplified schematic of key events in RA pathogenesis. Dotted 
arrows reflect pathways that are plausible but for which there is no detailed 
information, such as the origins of autoimmunity, the source of initial 
activation of innate immune cells in the synovium, and the possible 
contribution of activation of innate immune cells to the initiation or 
amplification of autoimmune responses.
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vation of antigen-specific T cells, could lead initially to the production 
of cytokines, with subsequent induction of neo-angiogenesis and the 
further influx of inflammatory cells to the synovium. Cell-cell interac-
tions within synovial tissues result in the amplification of cytokine 
production and activation of synovial macrophages and fibroblasts. T 
cells could provide help to B cells for local antibody production, which 
would likely diversify to include additional autoantigens in a phenom-
enon known as “epitope spreading.” However, T cells could also play 
a role in the chronic inflammatory phase of disease by mechanisms, 
described earlier, that are antigen independent. By a combination of 
such events that may differ among patients, cytokine networks are 
established, leading to the chronic production of critical mediators such 
as TNF and IL-1 (see Fig. 91.22). In the stage of tissue destruction, 
activated FLS adopt an invasive phenotype and elaborate degradative 
enzymes that destroy cartilage. In addition, production of RANKL, 
IL-17, TNF, IL-1, and other factors creates a pro-osteoclastogenic envi-

ronment, leading to the differentiation and activation of osteoclasts 
and the destruction of bone.

CONCLUSION
Tremendous progress has been made in understanding the pathogenic 
mechanisms involved in RA, particularly with regard to the mecha-
nisms involved in the chronic phase of this disease. Out of this work 
have come new and effective targeted therapeutic interventions that 
have benefited RA patients, as well as new concepts for future thera-
pies. However, there are still many unanswered questions, especially 
with regard to the initiating events in RA and the exact pathway 
involved in the establishment of chronic disease. The inroads that have 
now been made both in the clinical and basic science arenas certainly 
set the stage for further investigation and a clearer understanding of 
these mechanisms in the future.

FLS

DETAILED SCHEMATIC OF PROPOSED MECHANISMS OF RA PATHOGENESIS
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Fig. 91.22 Detailed schematic of proposed mechanisms of RA pathogenesis. The early phases of RA pathogenesis are speculative but probably involve 
initiation of autoimmunity and activation of the innate immune system (stage I) and amplification of autoimmunity (stage II). These events take place both 
systemically and within the joint. Pathogenic events in the joint-based chronic inflammatory phase (stage III) are better established. Contributions of immune 
complexes, antigen-reactive T cells, and antigen-independent T cells likely vary among patients. Tissue destruction (stage IV) coexists temporally with chronic 
inflammation (stage III). Changes in the numbers and activity of various cell types over time in the pathogenesis of RA are depicted in the bottom panel, with 
events depicted in stages I and II being speculative.
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has not  yet  occurred. Thus,  “early”  is not  defined by  a  certain  time 
threshold, which, despite the mentioned advances  in our knowledge, 
has to be somewhat arbitrary, but by the opportunity to preserve joint 
integrity  by  timely  intervention.  In  clinical  practice,  a  substantial 
majority of rheumatologists now adhere to a definition of “early RA,” 
which  limits  its  duration  at  3  months.15  It  has  been  hypothesized, 
however,  that  the  threshold  for  good  clinical  response  may  be  even 
shorter, about 8 weeks.16 In any case, even if destruction has already 
occurred,  and  thus  the  destructive  nature  of  the  disease  been  docu-
mented, immediate institution of an effective treatment strategy (see 
later) is mandatory to delay the pace of further damage.

This pace of damage occurring  in RA varies widely. The majority 
of patients who developed erosive disease did so within the first year 
after symptom onset, and approximately 75% of RA patients had joint 
erosions  at  2  years.17,18  These  findings  underscore  the  necessity  to 
consider effective treatment well before the first year of symptoms has 
elapsed. On the other hand, in a sizable minority of patients with overt 
synovitis, arthritis went on to run a relatively benign course with self-
limiting disease  and/or  little,  if  any, damage.18,19 Likewise,  long-term 
patterns  of  progression  in  those  patients  who  develop  destructive/
erosive  disease  are  quite  variable.20  Sharp  and  associates21  suggested 
that  the  pace  of  progression  of  radiologic  damage  slows  down  after 
longer duration. However,  this slowing was only modest and did not 
appear before the third decade after disease onset. At this time a sub-
stantial proportion of the joints (approximately 20%) of these patients 
already were described to show “maximum erosion scores.” This obser-
vation further supports the requirement of DMARD treatment as early 
as possible to prevent this catastrophic outcome.

CRITERIA FOR EARLY ARTHRITIS
At the time of first presentation to a physician, patients with arthritis 
have substantial variability in clinical signs and symptoms as well as 
in the presence or absence of laboratory or imaging abnormalities.20,22 
Well-validated criteria that would allow early differentiation of groups 
of patients with regard to their arthritis at this stage currently do not 
exist. Current classification criteria for “established” RA23 (as well as 
other rheumatic diseases such as the vasculitides, systemic lupus ery-
thematosus,  psoriatic  arthritis,  osteoarthritis,  and  so  on)  have  been 
developed with  the  clinical  researcher  in mind and are  intended not 
primarily for diagnosis but rather should be used to separate groups of 
patients  with  a  given  disease  from  those  with  other  diseases  and  to 
standardize  the  characteristics  of  these  patients  for  clinical  studies. 
Evaluation of an  individual patient early  in her or his disease has  to 
account for many more features that characterize the clinical picture 
of an  individual’s arthritis and are useful primarily  for  the physician 
to  guide  further  diagnostic  evaluation  and  therapeutic  decisions.  In 
addition, given the inherent variability not only of RA but also of most 
other arthritides that may present clinically in a similar fashion to RA 
and other rheumatic diseases at onset, prognostication is an important 
aim for the clinician and the patient to select the appropriate therapy.24 
With this knowledge in mind, recent efforts have been directed primar-
ily at identifying sets of risk factors that would help define “early RA”, 
or,  as  has  been  done  in  the  development  of  the  newly  proposed  RA 
classification criteria by the American College of Rheumatology (ACR) 
and the European League Against Rheumatism (EULAR), patients who 
would have to be treated with DMARDs (e.g., methotrexate).

The Leiden group has analyzed a cohort suffering from undifferenti-
ated  arthritis  (i.e.,  arthritis  that  could  not  be  classified  according  to 
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 Early institution of DMARD therapy in rheumatoid arthritis (RA) can 
prevent joint damage and long-term disability.

 Recognition of RA early is important to interfere with persistence 
and especially damage by instituting DMARD therapy early.

 Differential diagnostic support comes from number of involved 
joints, duration of symptoms, and presence of serologic markers 
such as acute-phase reactants and autoantibodies.

 The ACR/EULAR classification criteria for RA will likely support early 
diagnosis.

 Early referral of patients with synovitis to the rheumatologist is a 
prerequisite for early diagnosis and therapy.

THE CONCEPT OF EARLY POLYARTHRITIS
Many inflammatory rheumatic diseases are characterized by a chronic 
course,  spanning  years  or  even  decades.  From  this  perspective,  the 
“early” period of arthritis was (rather arbitrarily) assumed to be in the 
range of up to several years.1-3

Research  in  early  arthritis  patient  cohorts  over  the  past  years, 
however, has demonstrated a remarkably short period of time during 
which  an  arthritis  (in  particular,  rheumatoid  arthritis  [RA])  may  be 
regarded as “early.”2,4,5 This period has also been named the “window 
of  opportunity,”  implying  that  interventions  such  as  treatment  with 
disease-modifying antirheumatic drugs (DMARDs) would have a much 
greater effect compared with DMARDs initiated at a later time during 
the “disease career.”

Among the (chronic) inflammatory arthritides, RA is considered the 
most  problematic,  owing  to  its  characteristics  of  joint  destruction, 
functional  impairment,  disability,  and,  finally,  premature  mortality.6 
In addition, several other arthritides with destructive potential, most 
notably psoriatic arthritis, may show similar courses and outcomes.7 
Retardation or prevention of progression of  the destructive processes 
is possible both  in  early  and  later disease  stages,8,9 mainly by use of 
corticosteroids, “conventional” DMARDs, biologic agents, or combina-
tions thereof.

Studies  showing  different  cytokine  patterns  in  the  synovium  of 
patients  with  early  arthritis10  support  the  hypothesis  that  the  early 
months of (rheumatoid) arthritis are characterized by a different patho-
physiology compared with later stages. This suggests that the patho-
genetic  events  may  change  in  the  course  of  the  disease.  These 
observations are corroborated by clinical studies showing that, in RA, 
remission was more frequently induced in patients with disease dura-
tion of 4 months or  less  compared with  longer duration.11 Likewise, 
delayed radiologic progression was demonstrated if DMARD treatment 
was  instituted  early  after  symptom  onset  as  compared  with  delayed 
therapy.12  In  contrast  to  these observations, other  studies  comparing 
early RA (defined as a symptom duration of <1 year) and established 
RA were unable to demonstrate any differences between early and long-
standing  disease  by  immunohistologic  analysis  of  the  synovium, 
including  an  assessment  of  the  composition  of  cellular  infiltrates  as 
well as cytokine expression.13,14

Given the cumulative nature of (radiologic) damage that may occur 
in chronic destructive arthritis, it is also possible to define “early (poly-)
arthritis” as a disease  (stage)  in which  this damage, which  is  typical 
not only for RA but also for other entities such as psoriatic arthritis, 
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metacarpophalangeal  (MCP)  joint  compression  test  (Gaenslen  test) 
offers additional clinical evidence  for  involvement of MCP and MTP 
joints. In fact, a positive compression test provides a major contribu-
tion to diagnostic algorithms in early arthritis and is present in more 
than 60% of the patients who will be diagnosed as having RA. Stiffness 
after rest (frequently referred to as “morning stiffness”) of long (more 
than several minutes) duration is another typical symptom of inflam-
matory  joint  disease.  The  1982  classification  criteria  for  established 
RA require a duration of at least 1 hour. Typically, in other disorders, 
such as osteoarthritis, stiffness is in general much shorter and only in 
the order of a few minutes. Therefore, morning stiffness of more than 
30 minutes and definitely more than 45 minutes may be seen as char-
acteristic for an inflammatory joint disease such as RA.25

Many  patients  who  subsequently  will  be  diagnosed  as  having  RA 
have  low numbers of swollen and/or  tender  joints  (“joint counts”) at 
disease onset or at first presentation to the physician. In one study on 
a cohort of very early arthritis patients, more than 25% of the individu-
als who became erosive within 1 year had 5 or fewer swollen joints at 
first  presentation,  employing  a  28-joint  count.18  In  another  recent 
study,  early  arthritis  patients  who  developed  RA  had  a  median  of  4 
swollen  joints and more  than 25% had only up to  four  tender  joints 
using a 44-joint count. Recognizing the implications of these observa-
tions,  recommendations of  a  task  force of  the EULAR suggested  the 
consideration  of  early  RA  even  with  only  one  persistently  swollen 
joint.25,32 Nevertheless, the proposed algorithms for early detection of 
RA25,33  as  well  as  the  ACR/EULAR  classification  criteria  for  RA26 
assigned  more  weight  to  polyarthritis  as  compared  with  arthritis  in 
fewer joints.

EVALUATION AND DIFFERENTIAL DIAGNOSIS  
OF EARLY ARTHRITIS
Arthritis  is a  clinical manifestation of many diseases,  such as meta-
bolic, degenerative, infectious, and neoplastic disorders. In evaluating 
arthritis,  special  attention  should  be  directed  to  the  history  of  the 
patient,  extra-articular  signs  of  disease,  the  pattern  of  joint  involve-
ment, and serologic and imaging studies.

In the light of the lack of validated recommendations as to which 
studies need (or need not) to be performed in early arthritis, clinicians 
may adhere to either of two sets of recommendations concerning early 
arthritis. One of these calls for rapid referral to a rheumatologist in the 
event of clinical suspicion of RA.34 According to these guidelines, clini-
cal suspicion needs to be supported by the presence of three character-
istics: greater than or equal to 3 swollen joints, positive compression 
(Gaenslen)  test  on  MCPs  or  MTPs,  and  morning  stiffness  of  more  
than  30  minutes.  The  other  expert  panel  recommends  referral  of 
patients with one or more swollen joint within 6 weeks of symptom 
onset  to  a  rheumatologist  (to  prevent  a  longer  delay  of  referral  of 
patients  with  potential  RA).  Careful  history-taking  and  clinical  and 
laboratory examinations to exclude other diseases are also suggested. 
It is emphasized that the probability of persistence increases with the 
number of swollen and tender joints, with the presence of acute-phase 
reactants,  and  with  the  autoantibody  (RF,  ACPA)  levels;  radiographs 
should be taken to reveal erosive disease.32

History and extra-articular clinical signs
Transient arthritis (with viral infections being the most frequent cause) 
is usually easily differentiated from RA owing to its self-limiting char-
acter. Therefore, in a patient whose arthritis has been present for only 
several days  (up  to a  few weeks),  it may be sufficient,  in addition  to 
the joint examination, to take a thorough history with special attention 
to exposure to infectious agents (such as contact with people such as 
children with a rash or a febrile illness), preceding infection or rash in 
the  patient  herself/himself,  fever,  weight  loss,  or  previous  arthritis 
episodes (such as may occur in crystal arthritis).

Once  the  duration  of  arthritis  exceeds  a  few  weeks  (with  the  
threshold most likely lying between 6 and 12 weeks), the differential 
diagnosis becomes much broader. Therefore, in this instance, serone-
gative  spondyloarthropathies  such  as  reactive  arthritis,  ankylosing 
spondylitis, arthritis associated with inflammatory bowel disease, and 

ACR criteria  and  lasting <1 year)  and developed a  scoring  system  to 
predict RA. This system was externally validated using a control group 
with identical characteristics (undifferentiated arthritis of up to 1 year’s 
duration).  The  prediction  score  includes  easily  determinable  clinical 
and laboratory characteristics (age, gender, distribution and symmetry 
of  arthritis,  morning  stiffness,  tender  and  swollen  joint  counts,  C- 
reactive  protein  (CRP),  rheumatoid  factor  (RF),  and  anticitrullinated  
peptide antibodies (ACPAs) and yielded positive and negative predictive 
values in the validation group in the vicinity of 90%.25 This prediction 
system,  although not  fully  and  thoroughly  validated  in different  set-
tings, may guide treatment decisions and thus fulfill the requirement 
of both avoiding overtreatment and initiate (even very aggressive) treat-
ment  in  patients  who  are  highly  likely  to  develop  RA.  The  recently 
developed  ACR/EULAR  criteria  for  RA  classification  took  a  slightly 
different  approach  insofar  as  the  criteria  were  developed  using  data 
from over 3000 patients who were determined to be (or not to be) in 
need  of  DMARD  treatment  by  an  expert  panel  from  both  North 
America and Europe. This set of criteria thus aims at identifying the 
necessity for DMARD treatment rather than “diagnosis” and encom-
passes the pattern of joint involvement (large vs. medium vs. small as 
well as number of joints), serology (RF and ACPA), duration of syno-
vitis, and acute-phase reactants. These new criteria are shown in Table 
92.1 and will need validation over the next years.26

CLINICAL DETECTION OF SYNOVITIS
Arthritis is usually painful; conversely, joint pain does not always cor-
respond  to  synovial  inflammation. The hallmark of  synovial  inflam-
mation—swelling—is frequently subtle or hidden beneath other tissues 
such as muscle or bone (hip and shoulder) or subcutaneous fat (in obese 
patients).  This  clinical  problem  leads  to  considerable  variability  and 
uncertainty in clinical assessment of synovitis with high inter-observer 
variability.27  In  particular,  ultrasonography  has  been  consistently 
shown  to  be  more  sensitive  than  clinical  examination  in  detecting 
synovial  fluid  accumulation.28-30  However,  because  this  technique  is 
still  not  universally  available,  is  time  consuming,  and  is  costly,  in 
clinical practice one has to rely on clinical examination, which, at least 
for the purpose of evaluating joints  longitudinally, should be done in 
a  “standardized” way. EULAR has  issued an  illustrated guidebook of 
clinical  assessment  offering  instructions  on  joint  examination.31 
Because  inflamed  joints are usually painful and pain may be present 
even if joint swelling is subtle, a positive metatarsophalangeal (MTP)/

TABLE 92.1 ACR/EULAR 2010 CLASSIFICATION CRITERIA 
FOR RHEUMATOID ARTHRITIS*

Joints (0-5)

1 large joint 0

2-10 large joints 1

1-3 small joints (large joints not counted) 2

4-10 small joints (large joints not counted) 3

>10 joints (at least one small joint) 5

Serology (0-3)

Negative RF and negative ACPAs 0

Low-positive RF or low-positive ACPAs 2

High-positive RF or high-positive ACPAs 3

Symptom duration (0-1)

<6 weeks 0

≥6 weeks 1

Acute-phase reactants (0-1)

Normal CRP and normal ESR 0

Abnormal CRP or abnormal ESR 1

*Cutpoint for RA: ≥ 6/10).
RF, rheumatoid factor; ACPAs, anticitrullinated peptide antibodies; CRP, C-reactive protein; ESR, 
erythrocyte sedimentation rate.
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pathognomonic for RA and frequently occurs in other disorders, such 
as  connective  tissue  diseases  and  chronic  infections,  and  in  healthy 
individuals, mostly in low titers.36 High-titer RF (RF > 50 IU/mL), in 
contrast, has been shown to be highly discriminative between RA and 
non-RA in patients with early arthritis.37 More recently, ACPAs have 
been described to occur relatively specifically in RA38; ACPA are found 
in  the  sera  of  about  50%  of  patients  with  early  arthritis  diagnosed 
subsequently  as  RA  and  may  be  present  in  patients  even  before 
symptom  onset.  Probably  even  more  importantly,  RF  and/or  ACPAs 
also give some prognostic information: the presence of these antibodies 
is highly predictive of erosive disease and associated with more rapid 
progression  of  joint  destruction.18,38  Moreover,  RF  is  associated  with 
persistence of arthritis.39

In addition to these (relatively specific) autoantibodies, an elevated 
acute-phase response is another, albeit non-specific, hallmark of early 
inflammatory arthritis. Laboratory testing usually reveals higher acute-
phase  parameters,  such  as  CRP  or  ESR,  in  early  arthritis  patients 
destined  to  suffer  from  RA  than  in  those  who  do  not  develop  RA.25 
Characteristically,  in  the  seronegative  spondyloarthritides,  the  acute-
phase reaction appears to be less pronounced. However, the variability 
between patients is considerable and makes the distinction difficult for 
individual  patients  owing  to  the  broad  overlap.  Moreover,  initially 
normal or negative tests for inflammatory markers do not rule out later 
evolution of erosive disease. On the other hand, joint damage in early 
RA increases with increasing acute-phase reactant levels.18

Because the genetic background of RA as well as reactive arthritis, 
ankylosing spondylitis, systemic lupus erythematosus, and other rarer 
rheumatic diseases is quite characteristic,40,41 at least in white popula-
tions,  it  is  tempting  to  use  these  tests  for  differential  diagnosis. 
However, costs of accurate analyses as well as the complexities of the 
influences  of  the  genetic  background  of  a  given  individual  currently 
preclude the use of genetic testing as a diagnostic or prognostic tool in 
most cases.

Currently,  the  only  standard  technique  for  visualizing  the  typical 
changes  associated with RA and other destructive  arthritides  is  con-
ventional  radiography.  Unfortunately,  this  technique  is  notoriously 
insensitive to small and/or early changes.28 Magnetic resonance imaging 
(MRI) and ultrasonography may allow detection of erosions earlier than 
traditional radiographic techniques.42 However, these modalities have 
not  yet  been  sufficiently  validated  and  their  diagnostic  value  is  not 
undisputed.43 Nevertheless, both MRI and ultrasonography are more 
sensitive than clinical examination to identify synovitis and joint effu-
sions.  Importantly,  if  the  clinical  presentation  raises  suspicion  of  a 
shoulder joint or spinal involvement (e.g., sacroiliitis in the context of 
psoriatic arthritis or ankylosing spondylitis), MRI is currently probably 
the  most  sensitive  and  accurate  method  for  confirming  such  a 
diagnosis.

It  is also  important  to recognize  that  the diagnosis of erosions by 
radiography also depends on the experience of the reader. Thus, only 
a  specialist  (radiologist,  rheumatologist)  experienced  in assessing RA 
radiographs  should  perform  the  reading.  The  presence  of  erosions, 
which occur in a majority of RA patients, is very characteristic, albeit 
not to be expected in the very early stages of the disease. Occurrence 
of erosions early after onset of symptoms is indicative of RA33; however, 
at a mean of 8 weeks from symptom onset, these radiographic changes 
are  found  in only up  to 10% of patients.18 Therefore,  this  cannot be 
considered a characteristic of early RA. More importantly, the very aim 
of early diagnosis and treatment is the prevention of erosions and other 
signs  of  (possibly  irreversible)  joint  destruction.  Thus,  the  diagnosis 
needs  to  be  made  before  the  appearance  of  evidence  for  joint 
destruction.

PROGNOSTICATION IN EARLY ARTHRITIS
The major purpose of diagnosing a disease in a given patient is to guide 
treatment  decisions  on  the  basis  of  prognosis  of  the  disease.  This 
prognosis,  in turn, determines the timing of  treatment as well as  its 
intensity.  Furthermore,  the necessary  frequency  of  reassessment  and 
follow-up will depend on these decisions. From the patients’ view, this 
prognosis  will  also  determine  the  risk  that  has  to  be  taken  through 
potentially  toxic drugs or unpleasant or  time-consuming  treatments, 
such  as  wearing  splints,  undergoing  physical  therapy,  or  performing 

psoriatic arthritis have to be considered. In addition, sarcoidosis with 
arthritis  (Löfgren  syndrome),  connective  tissue  diseases,  rheumatic 
fever,  gout,  and  pseudogout  (the  “crystal  arthropathies”),  as  well  as 
osteoarthritis (with inflammatory activity) need to be included in the 
differential  diagnosis.  Thus,  the  examination  and  history  have  to 
include signs of psoriasis (or patients may have a family member diag-
nosed  with  psoriasis),  urogenital  tract  or  gastrointestinal  infection, 
which is frequently accompanied by abdominal symptoms, and “inflam-
matory”  (low)  back  pain.  Extra-articular  involvement  (e.g.,  of  eyes, 
mucous membranes, skin) may be subtle and needs to be sought and 
inquired  about.  Erythema  nodosum  may  be  a  characteristic  sign  of 
sarcoidosis or inflammatory bowel disease, and the arthritis frequently 
involves  the  ankle  joints  symmetrically.  In  addition,  in  sarcoidosis 
typical changes are present in the chest radiograph, and upper or lower 
gastrointestinal endoscopy frequently reveals typical changes for Crohn 
disease or ulcerative colitis. The rare connective tissue diseases gener-
ally  show  additional  clinical  manifestations  such  as  myalgias,  skin 
changes  (e.g.,  an  ultraviolet  light–induced  rash,  alopecia,  sclerosis, 
telangiectasia,  Raynaud  phenomenon),  lymphadenopathy,  and  mani-
festations  of  internal  organ  involvement.  A  history  of  an  untreated 
upper respiratory tract infection (e.g., tonsillitis) may be suggestive of 
rheumatic  fever  (or  a  reactive  arthritis,  if  the  lag  time  between  the 
infection and the arthritis is less than 1 or 2 weeks). The characteristic 
history  of  crystal  arthropathies  (including  acute  onset  of  gout  after 
heavy  meals  or  alcohol  intake,  immobilization,  chemotherapy,  and 
preceding episodes of a similar arthritis) is usually diagnostic.

Patterns of joint involvement
Chronic arthritis may show a number of more or  less distinct “joint 
patterns” (Fig. 92.1). This has also been recognized in the development 
of the new algorithms for risk stratification mentioned earlier. Monar-
thritis or oligoarthritis (i.e., involvement of two to four joints), although 
not included in the topic of this chapter and considered a sign of less 
aggressive disease  course, may nevertheless  represent  the  initial  pre-
sentation of a chronic destructive arthritis. Involvement of small joints 
such as of the hands, in particular,  is considered highly suggestive of 
a high probability of a destructive arthritis. Clinical manifestation of 
arthritis  mostly  in  large  joints,  asymmetric  involvement,  and  early 
spinal symptoms may be indicative of a seronegative spondyloarthropa-
thy. In addition (inflammatory/active) osteoarthritis of the hands may 
present as an oligoarticular or polyarticular arthritis, albeit usually with 
clinically detectable preexisting changes indicative of bony appositions 
(Bouchard or Heberden nodes). Although these patterns are sometimes 
quite characteristic and may be diagnostic (e.g., if psoriatic lesions are 
present),  exceptions  and  sometimes  “overlap”  manifestations  (e.g., 
development  of  classic  seropositive  RA  in  an  older  individual  with 
already preexisting Bouchard nodes) are frequent.

Laboratory and imaging studies
In a patient with early polyarthritis, careful history and clinical exami-
nation with special attention to synovitic swelling and its distribution 
may allow a preliminary classification and thus an appropriate estimate 
of  risk  for  chronic  or  destructive/disabling  disease.  Laboratory  and 
imaging studies, however, not only provide additional information with 
regard to this risk but may also occasionally show unexpected results, 
such as evidence for crystal deposits on radiographs or ultrasonography 
or high-titer antinuclear antibodies in a patient with symmetric poly-
arthritis of  the hands. Therefore, all classification, stratification, and 
diagnostic  criteria  also  include  recommendations  to  perform  a 
minimum set of  laboratory  investigations as well as  imaging studies 
to exclude other disease entities  than RA.  In addition,  if  the clinical 
“index of suspicion” is high enough, extended laboratory investigations 
(e.g.,  screen  for antinuclear antibodies,  infections, metabolic disease, 
and  genotyping,  e.g.,  for  HLA-B27  and  other  genetic  traits)  may  be 
justified.  Most  criteria  recommend  performing  tests  for  acute-phase 
reactants and for RF as well as, more recently, ACPAs.

RF,  an  antibody  specific  for  IgG,  has  been  known  to  be  one  of  
the  characteristics of RA.  It has been used  to diagnose,  classify,  and 
characterize  patients  with  this  disease.  Between  46%  and  75%  of 
patients  with  early  RA  test  positive  for  RF.18,35  However,  RF  is  not 
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only  require  temporary  relief  of  their  symptoms,  which  is  usually 
accomplished by use of NSAIDs, which also may shorten the duration 
of the arthritis. NSAIDs do not alter the course of the arthritis and its 
outcome; their long-term use may be associated with considerable side 
effects.

In  all  types  of  arthritis,  physical  measures  such  as  application  of 
cold  packs  and  (partial)  immobilization  using  splints  to  prevent 
mechanical irritation have been advocated as temporary or long-term 
measures. Evidence for effectiveness of these measures, however, is still 
not sufficient or even negative.44,45 Given the  lack of side effects and 
possible individual benefits, however, most authors conclude to recom-
mend the use of these treatments as palliative therapy or as an adjunct 
measure combined with exercises.

regular exercise. Early diagnosis with support of the new ACR/EULAR 
criteria  (see  Table  92.1)  should  allow  identifying  patients  who  may 
benefit  most  from  appropriate  therapeutic  intervention  and  separate 
them  from  individuals  who  might  sustain  more  harm  than  benefit 
from possibly toxic treatment.

TREATMENT OF EARLY ARTHRITIS
Non-steroidal anti-inflammatory drugs (NSAIDs) 
and non-medicinal therapies
As already mentioned, up to 60% of all patients presenting with early 
arthritis may have a self-limiting or benign course.19,33 These patients 

CLINICAL JOINT INVOLVEMENT PATTERNS

a b

d e

c

Fig. 92.1 Clinical joint involvement patterns. (a) “RA pattern”: in rheumatoid arthritis, symmetric involvement of small joints 
(in particular, hand and feet joints) is considered characteristic. Involvement of larger joints and temporomandibular joints, 
however, may occur. “Symmetry” is not always absolute: in particular, involvement of “joint regions” such as “MCP joints” or “PIP 
joints” rather than individual joints is observed. Distal interphalangeal joints are usually spared. (b) “PsA pattern”: psoriatic 
arthritis typically affects joints in a “longitudinal” (“ray”, left side) or “transversal” (right side) pattern. DIP involvement, in 
contrast to the RA pattern, is found. In addition, involvement of axial joints (e.g., sacroiliac joints, frequently asymmetric) is 
common. Inflammation of periarticular soft tissues and enthesitis (inflammation of insertions of tendons or ligaments) 
together with skin changes and arthritis may lead to dactylitis, the so-called sausage digits (as on the right second toe of the 
panel). (c) “ReA pattern”: reactive arthritis typically is a monarthritis or oligoarthritis, with predominance of large joints (mostly 
of the lower extremities) or sacroiliitis. (d) “AS pattern”: inflammation of the joints of the axial skeleton and, in particular, 
symmetric sacroiliitis, is the hallmark of ankylosing spondylitis. In addition, enthesitis such as in PsA and large joint 
involvement may occur. (e) Osteoarthritis of the hands is characterized by bony enlargement (osteophytes) of affected joins, 
which are frequently the second and third DIP or PIP joints as well as the first carpometacarpal joint. In the affected joints, 
inflammatory activation with bony destruction may occur, making differentiation from RA or PsA difficult.
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inclusion.  Thus  it  remains  unclear  whether  the  possibly  higher  risk 
associated with more aggressive strategies is warranted at least in the 
subset of patients with less destructive diseases.

Biologic agents
Biologic drugs are currently only licensed for established RA and only 
after failure of at least one DMARD. The BeSt trial has revealed that 
the  use  of  TNF  blockade  in  early  RA  leads  to  good  clinical  results, 
although combination therapy with DMARDs plus intermediate-dose 
glucocorticoids  led  to  similar  clinical,  functional,  and  radiographic 
results.56 Currently, trials are in progress that employ TNF antagonists 
in early undifferentiated arthritis with substantial potential for destruc-
tion or persistence (e.g., RF or ACPA positivity or inflammatory arthri-
tis  for  a  minimum  duration).  The  aim  of  these  studies  is  to  clarify 
whether such extremely early intense intervention might substantially 
and  possibly  permanently  influence  long-term  outcomes  or  even 
prevent  development  of  “full  blown”  RA  (etanercept:  EMPIRE  and 
RIVERA trial, listed in the controlled-trials.com registry under ISRCTN 
55428162  and  ISRCTN  49682259,  and  infliximab:  DINORA-trial, 
ISRCTN 21272423).

A recent analysis has revealed that the fate of any DMARD treat-
ment (methotrexate or biologic agent) can be predicted within 3 to 6 
months  from start  of  therapy. Thus,  starting patients with  early RA 
with  a  more  traditional  therapeutic  approach  and  then  switching 
rapidly to another compound may be the most practical strategy.

CONCLUSION
Early inflammatory arthritis represents a substantial challenge to the 
clinician  in  everyday  practice.  The  clinician  has  to  discriminate  as 
quickly as possible (usually within few weeks) between relatively benign 
disease and cases that call for urgent initiation of highly active treat-
ment. Also, the intensity of treatment to avoid subjecting patients to 
the excessive risk associated with at least some of the therapies needs 
to  be  taken  into  consideration.  Because  in  terms  of  the  underlying 
pathogenetic  (inflammatory)  processes  earlier  intervention  may  be 
more effective before their mechanisms are “fully established” and have 
not reached an “autonomous” stage that is thought to prevail in later 
phases of RA, it seems advisable to start treatment as early as possible, 
ideally  even  before  damage  (defined  as  the  visualized  destruction  of 
cartilage and/or bone) has occurred. The only, albeit still unresolved, 
obstacle  to  early  therapy  remains early diagnosis  and/or prognostica-
tion. In recent years, however, both our knowledge and our appraisal 
of risk factors have been advanced and thus aided in refining the criteria 
on which  to base  therapeutic decisions.  In particular,  certain disease 
features appear to be  indicative of an unfavorable prognosis: patients 
presenting with a higher number (more than 4 of 10) of swollen joints, 
positive  MCP/MTP  compression  test,  RF  greater  than  or  equal  to 
50 IU/mL or a positive ACPA test, and an elevated CRP value appear 
to be at a very high risk to develop persistent (and erosive) disease. In 
addition, the presence of erosions on initial radiographs would confirm 
the  destructive  nature  of  the  arthritis.  Persistence  of  arthritis  (>12 
weeks) and/or (initial) oligoarthritis accompanied by serologic evidence 
of inflammation or an RF greater than or equal to 50 IU/mL (or ACPA) 
are likewise regarded as indicators of a high risk for developing chronic 
and destructive joint disease. In all instances, other diseases associated 
with arthritis should have been excluded (see earlier). If these criteria 
are met, prompt institution of DMARD therapy is advisable to prevent 
further  persistence,  joint  damage,  and  disability.  Indeed,  the  ACR/
EULAR classification criteria have accounted for most of these items 
using both an evidence- and a consensus-based approach.26 In addition, 
expert consensus calls for rapid referral to a rheumatologist in the event 
of clinical suspicion of persistent arthritis and/or RA (within 6 weeks 
of symptom onset).

Glucocorticoids
Before an arthritis has reached the threshold for “persistence,” that is, 
during the first few weeks or months, DMARDs may not be appropri-
ate,  because  they  are  prescribed  for  longer  periods  of  time  and  may 
have  toxicities  that outweigh  the  risk of a  self-limiting condition.  In 
clinical  practice,  glucocorticoids  are  often used,  either  as  local  intra-
articular or as systemic intramuscular applications. Alternatively, short 
courses  of  oral  glucocorticoids may be  prescribed  in  these  very  early 
arthritis  patients.  In  one  of  the  few  studies  explicitly  addressing  the 
issue of treatment of very early (not necessarily rheumatoid) arthritis, 
Green and colleagues administered a single dose of a depot-glucocorti-
coid (120 mg methylprednisolone), either intra-articularly or intramus-
cularly.  The  results  of  this  open  study  suggested  that  this  approach 
was safe and resulted in a significant number of disease remissions.5 
Recently,  two additional studies dealing with  the value of glucocorti-
coids  in  the  management  of  such  very  early  arthritis  patients  have  
been published,16,46 with slightly differing results: although the STIVEA 
study  by  Verstappen  and  colleagues  demonstrated  a  small,  although 
significant benefit of  three weekly  injections of depot glucocorticoids 
in a population of early (<12 weeks’ duration) undifferentiated arthritis, 
the SAVE study, which used only a single  injection  in a very similar 
patient population, could not confirm these findings.

Unlike maintenance therapy with oral glucocorticoids, their short-
term  intermittent  use  is  considered  safe,  although  there  is  limited 
scientific evidence to underscore this.47

Disease-modifying anti-rheumatic drugs
Persistent early arthritis (i.e., once the clinically apparent arthritis has 
been continuously present for more than 6 weeks to 3 months) repre-
sents a situation in which DMARD therapy, either as a single measure 
or  in  combination  with  glucocorticoids  (and  NSAIDs,  if  needed),  is 
deemed appropriate and necessary. Glucocorticoids have, in this situ-
ation,  been  advocated  as  both  safe  and  efficacious  in  addition  to 
DMARD  therapy.48,49  In  this  setting,  effectiveness  and  superiority  of 
early initiation of DMARDs compared with delayed treatment or treat-
ment  with  NSAIDs  alone  has  been  conclusively  demonstrated.12 
Because bone erosions or cartilage destruction, which are characteristic 
for RA as well as for psoriatic arthritis, rarely, if ever, heal50,51 and thus 
damage accumulates over time, it is obvious that these agents will have 
better effects on outcome the earlier they are started.

As  in  established  RA,  methotrexate  is  regarded  to  be  the  drug  of 
first  choice,24  considering  its  favorable  risk-benefit  ratio.  Other 
DMARDs  such  as  leflunomide,  or  sulfasalazine  and  sometimes 
(hydroxy-)chloroquine  (in  mild  cases),  may  be  considered  in  case  of 
contraindications to methotrexate.52 Other contraindications, such as 
the  desire  to  become  pregnant  or  significant  co-morbidities  such  as 
liver  or kidney disease, have  to be  accounted  for  appropriately. Like-
wise, at least in patients who at these stages were classified as having 
RA, a combination of glucocorticoids with DMARDs appears to offer 
additional benefits  in  terms of  clinical  response as well as  radiologic 
outcomes,48,53  although  these  findings  have  not  been  universally 
reproducible.54

More recently, “aggressive” treatment strategies have been proposed 
that  used  combinations  of  DMARDs  and/or  the  addition  of  tumor 
necrosis factor (TNF) antagonists to “conventional” DMARDs in early 
“criteria positive” RA.2,35,55,56 In these randomized trials, superior out-
comes of combination therapies and/or the addition of “biologic” drugs 
compared with less aggressive “conventional” approaches were demon-
strated. It is important to mention that some, but not all, combinations 
of  (conventional)  DMARDs  may  be  superior  to  using  the  same 
DMARDs singly.57 Furthermore, an important limitation of interpret-
ing the results of these trials is the fact that none of them has included 
patients who did not  fulfill  the 1987 ACR RA criteria at  the time of 
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2010 ACR/EULAR CLASSIFICATION CRITERIA FOR 
RHEUMATOID ARTHRITIS
Until 2010, the classification criteria for RA in use were those by the 
American  Rheumatism  Association  from  1987.  These  criteria  have 
been  increasingly debated  in the recent past, because of  their  lack of 
sensitivity  in  early  disease,  given  that  they  had  been  derived  using 
mostly patients with long-standing, established RA. The best example 
is the inclusion of erosions in these criteria as a feature for diagnosis, 
which  over  the  time  contradicted  the  clinical  practice  of  preventing 
erosions in RA by timely introduction of adequate therapy. In addition, 
nodules are rarely seen in early disease, and therefore even more weight 
is put on the remaining six variables, including erosions.

The  joint  Working  Group  of  the  ACR  and  the  EULAR  aimed  to 
develop new classification criteria for RA that would replace the 1987 
criteria. From July 2007 to June 2010 the Working Group engaged in 
a three-step approach that included a data analysis phase using early 
arthritis cohorts, a consensus science phase, and a refinement phase 
that led to three publications detailing the process and the final crite-
ria.2-4 Whereas the new criteria have been validated using early arthritis 
cohorts not utilized for their derivation, further prospective validation 
in many additional cohorts is awaited and expected.

As shown in Table 93.1, the 2010 criteria comprise four domains, 
including the number and type of the affected joints, rheumatoid factor 
(RF), and anticitrullinated peptide/protein antibodies  (ACPAs), acute-
phase reactants (C-reactive protein [CRP] and erythrocyte sedimenta-
tion  rate  [ESR]),  and  the  duration  of  symptoms.  For  evaluation  of  a 
patient, the highest category within each domain is taken and the four 
respective  numbers  are  added.  The  maximum  possible  score  is  10, 
where  any  score of  equal or  greater  than 6  indicates  the presence of 
definitely  classifiable  RA.  Another  way  to  classify  RA,  based  on  the 
same rules, is by the tree algorithm depicted in Figure 93.1.

The  2010  criteria  should  be  applied  to  any  patient  who  presents 
with at least one clinically swollen joint, for which another disease is 
not the most likely cause. These classification criteria, although espe-
cially useful for groups of patients entering clinical trials, can just like 
other criteria be applied to facilitate diagnosis of RA and, in particular, 
an  earlier  diagnosis  of  RA,  so  that  newly  presenting  patients  would 
have  the shortest possible delay  in  initiation of  treatment. Once  the 
diagnosis has been made and appropriate therapy considered or insti-
tuted,  it  is  of  utmost  importance  to  observe  patients  regularly  with 
respect  to  their  disease  activity  and outcome. These  aspects  are dis-
cussed in the next sections of this chapter.

CONCEPTS
From pathogenesis to measurement
It is currently not possible to capture the cellular and molecular events 
leading to RA at the site of involvement, such as the joint or lymphatic 
organs. Even if we could routinely obtain snapshots of the expectedly 
manifold and heterogeneous interactions of pathogenic cells and mol-
ecules, their hierarchy or relative dominance would not yet be evident 
for us. As a consequence, measurements have to rely on phenomena 
that are further downstream to these pathogenetic events.

For example, the acute-phase reactant CRP is known to be induced 
by interleukin (IL)-6, which in turn can be activated by tumor necrosis 
factor  (TNF), IL-1, and other pathways. Thus, CRP and other acute-
phase  reactants,  which  are  easily  measurable  in  peripheral  blood,  

Evaluation and outcomes of patients 
with rheumatoid arthritis
Daniel Aletaha and Josef S. Smolen

 Assessments in rheumatoid arthritis (RA) are aiming to evaluate or 
prognosticate the disease process or disease outcome.

 The 2010 classification criteria for RA have been developed jointly 
by the American College of Rheumatology (ACR) and the European 
League Against Rheumatism (EULAR) to allow treatment and 
assessment of patients with very early as well as established 
disease.

 Core sets of individual measures of the disease process have been 
defined and include joint swelling and tenderness, the acute-phase 
response, pain, patient global, and evaluator global.

 These individual measures can be effectively integrated into 
composite indices that allow determination of actual disease 
activity as well as disease activity states.

 In clinical practice, disease activity (process) is the immediate 
target of therapeutic interventions, whereas the goal of treatment 
is improvement of disease outcomes and health-related quality of 
life.

 In clinical trials, disease activity states and responses, as well as 
their time of onset and sustainment, should be reported.

 The typical proxy for disease outcome is radiographic damage, 
which is a surrogate for the accrued joint destruction and can be 
assessed by a variety of quantitative scores.

 Impairment of physical function (disability) is another important 
outcome and can be assessed by questionnaires, typically the 
Health Assessment Questionnaire (HAQ), or direct functional 
performance tests, such as grip strength.

 Physical function is influenced by both disease activity and joint 
damage; functional disability related to joint damage is currently 
considered to be irreversible.

INTRODUCTION
Over  the  past  2  to  3  decades  the  approach  to  treating  patients with 
rheumatoid  arthritis  (RA)  has  undergone  a  spectacular  evolution  
that still continues to advance and has led to unprecedented outcomes. 
It  is  a  consequence of  better  insights  into  the natural history of  the 
disease,  better  understanding  of  pathogenic  pathways,  a  burst  of  
novel  therapies,  innovative  clinical  trial  design,  recognition  of  the 
importance of treatment strategies over and above mere application of 
drugs, and the development of tools to assess RA and its progression 
reliably.1  It  is particularly  the  latter  that has allowed one  to compre-
hend many aspects of the natural as well as the therapeutically modi-
fied course of RA, to design elegant clinical trials, and to develop and 
modify strategic targets in RA therapy. Many of the instruments devel-
oped  can  be  quite  easily  applied  in  clinical  practice,  signifying  the 
translation of clinical trial results into the reality of daily patient care. 
In this chapter we discuss the various ways to assess patients with RA. 
However, before assessment of RA can be discussed, patients need to 
be adequately diagnosed or classified. In this regard, the 2010 Ameri-
can College of Rheumatology  (ACR)/European League Against Rheu-
matism (EULAR) classification criteria for RA have been published.2-4 
In the first section of this chapter, we will provide a brief overview of 
these new criteria.
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Fig. 93.1 Tree algorithm to classify definite rheumatoid arthritis (green boxes) or to exclude its current presence (red boxes) in patients who present with at least 
one swollen joint not otherwise explainable. Detailed definitions of domains and categories are provided in the footnotes to Table 93.1. (From Aletaha D, Neogi T, 
Silman AJ, et al. The 2010 American College of Rheumatology/European League Against Rheumatism Classification Criteria for Rheumatoid Arthritis.)

constitute  downstream  manifestations  of  cytokine  activation.  Like-
wise, joint swelling constitutes the downstream (“clinical”) expression 
of  synovial  inflammation  and,  consequently,  of  the  totality  of  the 
underlying inflammatory events, not just for a particular segment such 
as cytokine activation. Another example is joint destruction, which is 
elicited by osteoclasts on  the one hand  (bony damage) and chondro-
cytes and metalloproteases on the other hand (cartilage damage), both 
of which are induced during the active disease process. Currently, we 
are  likewise unable to directly visualize this process as  it occurs, but 
radiographic scores constitute the cumulative downstream markers of 
these events. Novel imaging techniques, such as methods of molecular 
and cellular imaging, may shift this upstream in the future and allow 
earlier detection and measurements.

The previous list could be broadly expanded but was just meant to 
exemplify  the difficulty  in depicting  the basic pathogenetic pathways 
and the need to use their downstream expressions, ideally in some kind 
of  combination,  to  best  summarize  the  basic  events,  which  are  cur-
rently  still  enigmatic,  at  least  from  the  perspective  of  accurate 
measurement.

Validity
Assessment is all about measurement and its employment to charac-
terize attributes of a disease, including its outcome and prognosis. Any 

measurement employed to evaluate aspects of a disease, be it laboratory 
tests  or  clinical  measurement  tools,  must  comply  with  a  variety  of 
requirements. It should reflect an important aspect of the disease (as 
judged  by  investigators  and/or  patients),  be  reliable,  be  sensitive  to 
change, and thus fulfill  the fundamental validity criteria  (Table 93.2) 
and should be practical and easy to use (feasibility).

Disease process (“disease activity”) and 
consequence (“disease outcome”)
In the context of the assessment of patients with RA it is essential to 
bear  in  mind  that  RA,  like  many  other  disorders,  has  several  facets 
that  need  to  be  captured.  The  cardinal  elements  are  disease  activity 
and joint damage, which are both reflections of the underlying patho-
biology. At  the  same  time,  they are  intimately  associated with other 
important attributes, such as impairment of physical function, reduc-
tion  in quality of  life, extra-articular manifestations, systemic effects 
on patient well-being, co-morbidity, societal and economic aspects, and 
mortality (Fig. 93.2). It is legitimate to focus on some of these facets 
more  than  on  others,  because,  first,  there  is  a  hierarchy  within  this 
diversity;  second,  they are all  intertwined;  and,  third,  some are  rela-
tively specific for RA, whereas others are common to many disorders. 
However, all of  these components must be  taken  into account when 
evaluating RA and each of them has a discrete complexity.
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TABLE 93.1 ACR/EULAR CLASSIFICATION CRITERIA FOR RHEUMATOID ARTHRITIS*

Score

Joint involvement (0-5)1

1 medium-large2 joint 0

2-10 medium-large joints 1

1-3 small3 joints (with or without involvement of large joints) 2

4-10 small joints (with or without involvement of large joints) 3

>10 joints4 (at least one small joint) 5

Serology5 (0-3)†

Negative RF and negative ACPAs 0

Low-positive RF or low-positive ACPAs 2

High-positive RF or high-positive ACPAs 3

Acute-phase reactants6 (0-1)†

Normal CRP and normal ESR 0

Abnormal CRP or abnormal ESR 1

Duration of symptoms7 (0-1)

<6 weeks 0

≥6 weeks 1

*Score-based algorithm for classification in an eligible patient (cut-point for RA: ≥ 6/10).
†Individuals only should be scored by these criteria if at least one serologic test and at least one acute-phase reactant test result is available. When a value for a serologic test or acute-phase reactant is not 
available, that test should be considered as “negative/normal.”
1Joint involvement refers to any swollen or tender joint on examination, or evidence of synovitis on magnetic resonance imaging or ultrasonography. Distal interphalangeal joints (DIPs), first 
carpometacarpal (CMC) joint, and first metatarsophalangeal (MTP) joint are excluded from assessment. Categories of joint distribution are classified according to the location and number of the involved 
joints, with placement into the highest category possible based on the pattern of joint involvement.
2Medium to large joints refer to shoulders, elbows, hips, knees, and ankles.
3Small joints refer to the metacarpophalangeal (MCP) joints, proximal interphalangeal (PIP) joints, metatarsophalangeal (MTP) joints 2 to 5, thumb interphalangeal (IP) joints, and wrists.
4In this category, at least one of the involved joints must be a small joint; the other joints can include any combination of large and additional small joints, as well as other joints not specifically listed 
elsewhere (e.g., temporomandibular, acromioclavicular, sternoclavicular).
5Negative refers to international unit (IU) values that are less than or equal to the upper limit of normal (ULN) for the laboratory and assay; low-positive refers to IU values that are greater than the ULN but 
less than or equal to three times the ULN for the laboratory and assay; high-positive refers to IU values that are more than three times the ULN for the laboratory and assay. When RF is only available as 
positive or negative, a positive result should be scored as “low-positive”.
6Normal/abnormal is determined by local laboratory standards.
7Duration of symptoms refers to patient self-report of the duration of signs or symptoms of synovitis (e.g., pain, swelling, tenderness) of joints that are clinically involved at the time of assessment.
RF, rheumatoid factor; ACPAs, anti-citrullinated protein/peptide antibodies; ULN, upper limit of normal; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
From Aletaha D, Neogi T, Silman AJ, et al. The 2010 American College of Rheumatology/European League Against Rheumatism Classification Criteria for Rheumatoid Arthritis.

TABLE 93.2 CHARACTERIZATION OF MEASUREMENT: VALIDITY, RELIABILITY, AND FEASIBILITY

Characteristic Definition Examples/comments

Validity The instrument measures what it is supposed to measure.

 Construct validity The measure behaves in relation to other measures as one would expect if 
it was really measuring what it is supposed to measure; it changes in the 
same direction as the patient changes clinically.

 Content validity The components of a composite measure capture all relevant aspects and 
should provide discrete, non-duplicated information.

Inclusion of measures of joint inflammation, acute phase, and 
pain in an activity index

 Face validity The measure appears sensible (“makes sense”) (to both patients and 
physicians).

Assessment of joint swelling to evaluate disease activity of an 
arthritic condition

 Criterion validity The measure predicts a long-term outcome of importance (e.g., organ 
damage, functional impairment, death).

Acute-phase response has criterion validity given its association 
with joint damage progression over time.

 Discriminant validity The measure is responsive; it is sensitive to change (see definition below) 
when the true status changes and not if the true status remains stable; it 
therefore discriminates between effective and non-effective interventions.

The ACR20 response criteria well discriminate active drug and 
placebo in clinical trials of RA.

Reliability 
(reproducibility, 
precision)

Repeated testing in stable patients produces more or less the same  
results; the measure can be used by several individuals independently 
(inter-rater stability) and provide similar results when used by one 
individual repeatedly on the same subject (intra-rater stability).

Acute-phase response is relatively stable if measured by the 
same method repeatedly; radiographic scoring of two 
experienced readers have a low inter-rater variability.

Accuracy A measurement is unbiased, i.e., free of a systematic error Well-calibrated scales are usually accurate.

Responsiveness 
(sensitivity to change)

Clinically important changes can be detected even if these changes are 
small (overlap with the concept of discriminant validity).

Measures the ratio of the change produced by a treatment of 
known benefit to the within-subject variability in stable patients

Feasibility The measure is easy to apply or calculate. Can be applied reliably in clinical trials and daily practice 
without complexity in its calculation
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INTERRELATIONSHIP OF DISEASE PROCESS AND OUTCOMES,
AND THE ROLE OF THERAPY

Poor quality
of life

Disability
Societal
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Antidestructive
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Disease modifying
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DMARDs,
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biologicals)Symptomatic
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Fig. 93.2 Inter-relationship of disease process and outcomes and the role of 
therapy. Disease activity, destruction, and functional disability are the central 
determinants of outcomes assessment in rheumatoid arthritis and are 
interrelated (arrows). Different therapeutic modalities (white hexagons) affect 
these outcomes differently (blocking arrows). A number of contextual aspects 
contribute to this system.

a
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Time course (years)
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Max. Worst
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Disease
activity
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Prognostic markers indicating bad outcome (e.g., RF/ACPA positive)

Prognostic markers indicating good outcome (e.g., RF/ACPA negative)

SCHEMATIC INTERRELATION OF PROGNOSTIC MARKERS, DISEASE ACTIVITY (RED AREA),
AND DISEASE OUTCOMES (BLUE LINES) OVER THE COURSE OF TIME

Fig. 93.3 Schematic interrelation of prognostic 
markers, disease activity (red area), and disease 
outcomes (blue lines) over the course of time.  
(a) Example of a patient with good markers.  
(b) Example of a patient with bad markers.

constitute mixtures  of  both,  adding  another  layer  of  complexity  (see 
Fig. 93.2). Thus, several process variables, when integrated over time, 
reflect  outcome  and  several  outcome  measures  reflect  actual  disease 
activity, at least in part. Impairment in physical function or quality of 
life,  for example, will not only be a  long-term product of the process 
but also result from actual manifestations, such as pain, joint swelling, 
and stiffness.

Measures of disease activity may therefore be better defined as those 
variables  reflecting  the  underlying  events  that  can  fluctuate  rapidly, 
spontaneously or upon treatment, and have the principal potential to 
normalize. In contrast, measures of disease outcome, even if they may 
additionally mirror the actual disease process at an individual point in 
time,  reflect an abnormality  that may become fixed  in  the course of 
the disease and then not any longer bears the potential to improve, let 
alone to normalize. In other words, outcome relates to (a varying degree 
of) irreversibility (with the ultimate, worst outcome being death) and 
disease activity  relates  to  reversibility,  amenability  to  interventions, 
and possible prevention of bad outcome. The disease process (“disease 
activity”)  and disease outcome are  linked by a  temporal  relationship 
(see  Fig.  93.2). The  strength  of  this  link might  be  predetermined  in 
individual  patients,  and  prognostic  markers  may  help  to  define  sub-
groups of patients (Fig. 93.3).

Effective  treatment  includes  a  reversal  of  symptoms  caused  by 
disease activity and the prevention of the natural course of RA leading 
to  bad  outcome,  that  is,  structural,  functional,  and  all  other  conse-
quences of the disease. Sometimes, disease activity markers are used 
as  surrogate markers of  the disease outcome, because  their  presence 
reflects the future presence of bad outcome. Here, the concept of prog-
nostication mixes into the mere evaluation process.

Evaluation vs. prognostication
An  important  concept  that  needs  to  be  derived  from  the  mentioned 
link between process and outcome is the distinction between evalua-
tion and prognostication. Although evaluation of disease activity at a 
given time is aiming at improving outcome, that is, at changing prog-
nosis, this is practically different from the concept of prognostication 

Process variables reflect the actual pathophysiologic events and thus 
constitute mostly instant measures of disease activity, such as swollen 
joint counts or acute-phase reactant levels. Outcome variables measure 
the long-term consequences (or sum) of the disease process and include 
joint  damage  and  physical  disability.5,6  However,  many  variables 
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by measurement of specific markers: a prognostic marker is generally 
thought to be relatively constant (“fixed”) and therefore relatively con-
sistent if evaluated repeatedly or at different times, whereas an evalu-
ative marker is supposed to vary, especially in the course of treatment, 
although again some markers may be valuable for both evaluation and 
prognostication. The evaluative markers are the main content of this 
chapter.  Typical  examples  of  “fixed”  prognostic  markers  are  genetic 
markers, but sometimes also autoantibodies can be regarded as such, 
given the information provided by their presence or absence at baseline 
or at the time of diagnosis, although they might still change over the 
course of  the disease. For completeness,  the aims and  types of prog-
nostic markers are discussed in the following section.

Two  questions  have  historically  been  always  important  in  this 
regard:  “Will  early  undifferentiated  arthritis  evolve  into  persistent 
erosive  disease?”  and  “Will  patients  with  established  rheumatoid 
arthritis develop severe disease?”

A number of prognostic factors for disease severity have been found. 
They comprise the presence and titer of autoantibodies, such as RF or 
ACPAs,  (early)  joint  damage,  and  the  HLA-DRB1  shared  epitope 
alleles. The prognostic value of the last entity for severely destructive 
RA  probably  reflects  an  indirect  relationship  due  to  the  association 
with  autoantibody  production  rather  than  a  stand-alone  genetic  
risk factor.

Another  group  of  prognostic  factors  relates  to  demographic  vari-
ables. Women have worse radiographic and  functional outcome than 
men, and this is further aggravated in the postmenopausal state. This 
may be partly due to the usually lower bone mineral density of women 
compared with men, particularly when postmenopausal, because lower 
bone mineral density is associated with more severe destruction in RA. 
A further, partly independent risk factor for joint damage is a low body 
mass index. Additional risk factors are smoking, no pregnancies, edu-
cational level, and psychological and social states.

Predicting  the  disease  course  in  an  individual  patient  is  essential  
for  the  interaction  between  rheumatologist  and  patient  and  in  the 
context  of  therapeutic  decision-making. Prognostic  indicators  can be 
weighted  and  combined,  and  algorithms  allowing  one  to  recognize 
patients  who  will  develop  persistent  destructive  arthritis  among  
those  with  early  undifferentiated  arthritis  have  been  published  but  
need  further validation. However, many of  the evaluative markers of 
the disease process,  such as  joint  counts, acute-phase  reactants, and 
others, collected in untreated patients at baseline also have prognostic 
value.7

Individual measures versus composite indices
Each individual measure of disease activity may only relate to a portion 
of  it.  Also,  individual  patients  differ  with  regard  to  the  presentation 
and course of their disease and even within an individual patient the 
disease expression may vary during  its course. Moreover, each of the 
surrogates casts particular emphasis on one aspect of the disease and 
the  evaluation  of  any  one  of  these  aspects  over  time  will  not  allow 
reliable  identification  of  a  patient’s  disease  activity  and  response  to 
therapy. In clinical trials, the independent evaluation of each variable 
is afflicted with methodologic difficulties.8 Composite indices of disease 
activity overcome these problems9,10 by allowing more consistent  fol-
low-up of patients in clinical practice, which will improve outcomes of 
the disease (Fig. 93.4). In addition, also the patients’ compliance will 
be improved by the enhanced understanding of the treatment targets, 
which can be expressed by a single number. In clinical trials, sample 
size requirements will be reduced by having more power provided by a 
pooled index.

The value of pooling is not limited to disease activity measures, as 
can be seen by the current ways to evaluate joint damage. Joint damage 
affects  both  cartilage  and  bone,  and  the  mechanisms  underlying 
destruction of these two compartments are largely different. Although 
cartilage  and  bone  damage  are  scored  separately,  it  is  important  to 
combine them into a total score11 to reflect the overall structural con-
sequences of the disease process (see later) and structural effects of an 
intervention. Likewise, impairment of physical function may affect the 
upper or the lower extremity and some activities may be more impor-
tant  to  patients  than  others.  Looking  at  these  factors  individually  
may  be  misleading  in  either  direction.  The  combination  of  all 
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THE VALUE OF COMPOSITE INDICES

Fig. 93.4 The value of composite indices. Integration of individual variables 
into composite indices has beneficial effects in clinical practice and clinical 
trials.

important aspects into a single index warrants a most unbiased judg-
ment (see later).5

Definition and evaluation of treatment  
targets in clinical practice
It  has  been  recognized  over  the  years  that  joint  damage  can  occur 
already very early in the disease course and that the initiation of joint 
destruction is particularly prominent during the first 1 to 2 years, even 
if therapy has been instituted.12 Therefore, it is of paramount impor-
tance to start effective treatment in the very early stages of disease,13,14 
thus preventing or at least delaying or mitigating the accrual of joint 
damage. Early referral strategies have been developed, as have recom-
mendations for the management of early RA,15 but classification crite-
ria for early rheumatoid arthritis are currently still missing.

However, once therapy is instituted, a clear therapeutic target needs 
to be defined.  It has become evident  that  adapting  therapy  to  a pre-
defined target value of a disease activity index (e.g., low disease activity) 
is by far superior to an unstructured change of treatment.16,17 Likewise, 
the lower the disease activity state and the earlier this is achieved, the 
lesser joint damage will be.18 Thus, employment of dynamic treatment 
strategies  aiming  to  reach  (individualized)  predefined  goals  is  one  of 
the most recent innovative steps.

Another important strategic aspect of outcomes assessment is the 
notion that treatment should aim at reduction of disease activity to a 
certain level or state rather than for mere levels of change. Respective 
evidence comes from secondary analysis of clinical trial data, in which 
patients  with  ACR  50%  or  ACR  70%  response  rates  (see  later)  had 
worse radiographic outcomes if they achieved only a moderate disease 
activity state when compared with those who achieved a  low disease 
activity  state or  remission19;  additional  evidence  comes  from patient 
reported outcomes in observational studies,  in which patients judged 
their  disease  to  have  undergone  major  improvement  only  if  a  low 
moderate disease activity  state had been attained,  irrespective of  the 
baseline disease activity.20

Given  that  the  long-term  response  to  therapy  can  be  predicted 
already after 3 to 6 months from its start,21 therapy should be switched 
or adapted if the predefined goal is not achieved within this time frame 
(Fig. 93.5). Consequently, especially after the start of treatment or with 
active  disease,  follow-up  examinations  using  the  appropriate  instru-
ments  for  disease  activity  assessment  need  to  be  performed  at  least 
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every 3 months to decide on the continuation or adaptation of treat-
ment. Outcome measures, such as joint radiographs, are less frequently 
needed,  although  functional  evaluation  may  complement  insights 
gained from disease activity assessment.

Assessment strategies in clinical trials
Whereas in clinical practice the ultimate goal is to measure each indi-
vidual patient’s disease activity most accurately, this focus shifts a little 
bit when it comes to measuring disease activity in clinical trials. The 
purpose  of  clinical  trials  is  to  show  that  interventions  work  on  the 
group level when compared with another group treated differently. For 
clinical trial reporting, core set variables have been defined internation-
ally22-24 and criteria for improvement have been established.25,26 More 
recently, the ACR and the EULAR have developed a minimal standard 
of  core  information  to  be  provided when  reporting  on  clinical  trials, 
which include the presentation of baseline and endpoint data for core 
set variables and composite scores as well as response and state data 
including proportions of patients in low disease activity and remission 
(Table  93.3).27,28  Inherent  in  these  recommendations  is  the  goal  to 

a

0

100

SDAI at week 12

Probability
(%)

b

0

100

SDAI at week 12

Probability
(%)

Prognostic markers indicating bad outcome (e.g., RF/ACPA positive)

Prognostic markers indicating good outcome (e.g., RF/ACPA negative)

PREDICTION OF DISEASE ACTIVITY STATES AT ONE YEAR
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Fig. 93.5 Prediction of disease activity states at 1 year based on the 3-month 
assessment. Using the 3 months SDAI levels (x-axis), one can estimate the 
probability of a patient to reach a good disease activity state at 1 year (i.e., 
remission and low disease activity, REM+LDA, green lines) or a bad disease 
activity state (moderate and high disease activity, MDA+HDA, red lines). The 
left panel shows the model for early arthritis; the right panel shows the results 
for established RA. For example, if a patient has an SDAI greater than or equal 
to 40 at 3 months, the probability of this patient to have moderate or high 
disease activity at 1 year is more than 80% (red curves); vice versa, the 
probability of this patient to achieve remission or low disease activity at 1 year 
is less than 20% (green curves).

TABLE 93.3 EUROPEAN LEAGUE AGAINST RHEUMATISM (EULAR)/AMERICAN 
COLLEGE OF RHEUMATOLOGY (ACR) RECOMMENDATIONS ON REPORTING 

CLINICAL TRIAL RESULTS IN RHEUMATOID ARTHRITIS*

Preamble
There are several domains that are important in reporting clinical trials: disease 

activity, function and damage. For each of these domains response and state 
should be assessed and reported in clinical trials, where appropriate. 
However, the following recommendations will deal specifically with disease 
activity.

1. Each trial should report both the disease activity response and disease 
activity states.
a. Response: ACR and EULAR response criteria.
b. States: Continuous composite indices of disease activity with cut-points to 

define various disease activity states: they include DAS/DAS28, CDAI, and 
SDAI. Appropriate descriptive statistics of the baseline, the endpoint, and 
change of the composite indices should be reported.

2. Each trial should report the appropriate descriptive statistics of the baseline, 
the endpoint, and change of the single variables included in the core set.

3. Each trial should report the baseline disease activity levels, which could have 
relevance when interpreting the results.

4. Each trial should report the percentage of patients achieving a low disease 
activity state and remission.
a. Definitions that should be used for low disease activity include cut-points 

for low disease activity for DAS/DAS28, CDAI, SDAI, and MDA.
b. Definitions that could be used for remission include preliminary ARA 

remission criteria and respective cut-points for DAS/DAS28, CDAI, and 
SDAI.

5. Each trial should report the time to onset of the primary outcome (a 
particular response or a certain disease activity state).

6. Each trial should consider and report the sustainability of the primary 
outcome (as opposed to evaluating it at a single predefined time point 
during the trial).

7. Each trial should report on fatigue.

*For the definition of the various instruments, please see the respective sections of the chapter.
Adapted from Aletaha D, Landewe R, Karonitsch T, et al. Reporting disease activity in clinical 
trials of patients with rheumatoid arthritis: EULAR/ACR collaborative recommendations. Arthritis 
Rheum 2008;59:1371-1377; and Aletaha D, Landewe R, Karonitsch T, et al. Reporting disease 
activity in clinical trials of patients with rheumatoid arthritis: EULAR/ACR collaborative 
recommendations. Ann Rheum Dis 2008;67:1360-1364.

achieve  trial  reporting  in  RA  that  is  consistent  across  clinical  trials 
rather than varying depending on selected endpoints and also meaning-
ful from the clinical rheumatologist’s perspective, rather than merely 
by statistical properties of a specific measure.

INSTRUMENTS TO ASSESS DISEASE ACTIVITY
Joint swelling and tenderness, pain, as well as the global impression of 
disease activity by the patient and the person evaluating the patient, 
and  laboratory measures of  the acute-phase  response are  regarded as 
the major (core) variables for disease activity assessment. These mea-
sures have been defined in respective core sets of the various organiza-
tions  (see  later).  In  addition,  there  exist  a  variety  of  other  variables, 
such as morning stiffness, squeeze pain, or fatigue, that deserve being 
addressed in this context.

The core sets of disease activity variables
In  the early 1990s, efforts  to select a minimal set of measures  to be 
included for disease activity assessment in RA clinical trials arrived at 
similar results across various international organizations. The core sets 
comprise tender and swollen  joint counts  (TJC, SJC), patient assess-
ment  of  pain  (PP)  and  of  global  disease  activity  (PGA),  evaluator’s 
assessment  of  global  disease  activity  (EGA),  acute-phase  reactants 
(CRP and/or ESR), physical  function, and radiographic assessment of 
joint damage. The derivation of these measures was data driven, was 
supported by consensus, and showed validity in all respects (see Table 
93.3).  The  ACR  and  WHO/ILAR  core  sets  were  identical,  originally 
asking  for  66  SJC  and  68  TJC  and  for  physical  function  as  disease 
activity assessment, while radiographic changes were the sole outcome 
measurement. The EULAR core set did not comprise EGA and used 
28 joint counts for SJC and TJC. Subsequently, the ACR also approved 
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The 66/68 joint count assesses, among many other joints, the distal 
interphalangeal  (DIP)  joints  of  the  hands,  which  are  usually  not 
involved  in RA but  frequently affected  in osteoarthritis and psoriatic 
arthritis. The 28 joint count spares these  joints as well as the  joints 
of the ankles and feet, which are often painful and tender due to other 
reasons than RA; also, these regions are often swollen due to co-morbid 
conditions, entailing the possibility of misjudgment. Moreover, the 28 
joint  count  captures  frequently  involved  joints  and  reflects  the  com-
plete  joint  count  very well.  Importantly, however, using  the 28  joint 
count for disease activity assessment does not negate the importance 
of other joints, particularly those of the feet, which clearly need to be 
evaluated in the course of thorough follow-up. A variety of other joint 
counts have been published in the literature, some of which are pre-
sented in Table 93.4, which is adapted from a recent review.29 However, 
the  28  joint  count  seems  to  be  the  most  established  reduced  joint 
counts,  at  present.  Indeed,  the  28  joint  count  is  simple  and  fast  to 
assess and has all validity attributes.

Joint  counts  differ not  only  by  the number  of  joints  assessed  but 
also by the fact that some (older) scales weight joints by surface area 

the  application  of  reduced  joint  counts.  Moreover,  EULAR  regarded 
functional  assessment  as  an  outcome  measure,  in  addition  to  joint 
damage,  rather  than an activity measurement.  In  the context of  this 
chapter we will separately discuss the activity measures, damage, and 
physical  function,  because  we  believe  in  the  conceptually  distinct, 
though  intertwined,  nature  of  activity  (process),  damage  (structural 
changes), and function, with the latter constituting a hybrid measure 
comprising the two former and more (see Fig. 93.2).

Swollen and tender joint counts
Joint  involvement  is the fundamental hallmark of RA. Joints are the 
“organ  involved”  for  the  patient  and  the  “organ  of  interest”  for  the 
rheumatologist. It is therefore virtually obligatory to assess the organ 
joint at every patient visit. The inflammation of the joint leads to soft 
tissue swelling (synovitis, effusion),  tenderness, pain on motion, and 
reduced  range  of  motion  and,  in  the  longer  term,  deformity.  Several 
joint counts and indices have been developed over the decades, differing 
by  the number of  joints assessed or by  the way  joints are aggregated 
into joint regions.

TABLE 93.4 VARIOUS JOINT COUNTS IN RHEUMATOID ARTHRITIS

Ritchie Lansbury
ACR joint 
count CSSRD

44 joint 
count

Reduced 
joint survey

32 joint 
count

28 joint 
count

18 joint 
count

16 joint 
count 

Characteristics of the joint score

Year of publication 1968 1956 1965 1983 1992 1985 NN 1989 2001 2001

Swollen (S)/tender (T) T S/T S/T S/T S S/T S/T S/T S/T S/T

Number of assessed 
joints

78 86 68/66 60 46/44 36 32 28 18 16

Joints effectively 
evaluated

68/66 60 54/52 36 40 28 42 40

Graded 0-3* 0-4 † 0-3

Weighted X ‡

Included joint regions (number of counts on both sides)

DIP (4 joints) 8 8

PIP/IP1 (hands) (5 joints) 2 10 10 10 10 10 10 10 2 2

MCP (5 joints) 2 10 10 10 10 10 10 10 2 2

Carpometacarpal (5 
joints)

2

Carpus 2

Wrist 2 2 2 2 2 2 2 2 2 2

Elbow 2 2 2 2 2 2 2 2 2 2

Shoulder 2 2 2 2 2 2 2 2 2

DIP (feet) (5 joints) 8

PIP/IP1 (feet) (5 joints) 10 10 10 2 (IP1)

MTP (5 joints) 2 10 10 10 2 10 2 2

Tarsometatarsal (5 joints) 2 2

Tarsus 2 6 2 2 4

Ankle 2 2 2 2 2 2 2 2

Knee 2 2 2 2 2 2 2 2 2 2

Hip 2 2 2 2 2 2

Acromioclavicular 1 2 2 2 2

Sternoclavicular 1 2 2 2 2

Temporomandibular 1 2 2 2 2

Cervical spine 1

*Modified by Hart et al. to exclude grading of severity.
†The 66/68 joint counts were initially graded for the degree of tenderness and swelling.
‡A weighting of the 28 joint count has been proposed but has never been established in practice.
Adapted from Aletaha D, Smolen JS. The definition and measurement of disease modification in inflammatory rheumatic diseases. Rheum Dis Clin North Am 2006;32:9-44.
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time-integrated  acute-phase  reactants  also  correlate  well  with  radio-
graphic progression. However, within  composite  indices,  acute-phase 
reactants, especially CRP, add only little information (unless they are 
heavily  weighted  such  as  in  the  DAS28  [see  later]),  although  they 
increase the content validity of a score by encompassing an “objective” 
laboratory  measure.  However,  acute-phase  reactant  levels  are  also 
prone to elevations due to other reasons, such as infection, while they 
are normal in many patients with RA at their first presentation.

Composite indices of core set measures
The  composite  measures  of  disease  activity  are  able  to  capture  the 
spectrum of the disease despite its variations. This is relevant because 
RA has a very heterogeneous presentation across individuals and even 
within  individuals  when  they  are  assessed  longitudinally.  Many  fea-
tures of disease activity are providing overlapping information, but they 
are still complementary in some respects. Thus, the evaluation of any 
single measure does not  allow  sufficiently  accurate  determination of 
the present level of a patient’s disease activity or response to therapy. 
In  addition,  it  is  difficult  to  decide  which  single  measure  should  be 
used as a disease activity marker  in clinical  trials, whereas  the  inde-
pendent evaluation of all variables has methodologic problems.31 Com-
posite  indices are a  solution  to  this problem, because  they provide a 
single result but are based on a combination of several measures. The 
indices differ in terms of what they measure (i.e., current disease activ-
ity or change) and their scales (e.g., continuous or ordinal). Continuous 
measures usually allow one to determine an “absolute” value of disease 
activity at any point in time, or—by virtue of established cut-points—
the current disease activity state, such as remission.

The  composition  of  various  composite  scores  is  shown  in  Table 
93.5.  Older  scores,  such  as  the  ones  by  Steinbrocker  and  Lansbury, 
included additional features related to disease activity, such as anemia. 
The  Mallya  index  includes  tender  joints,  morning  stiffness,  ESR, 
hemoglobin, pain, and grip strength. The Stoke index comprises acute-
phase  reactants,  morning  stiffness,  synovitis  score,  and  tender  joint 
score and showed good correlation with evaluator’s and patient’s global 
assessment of disease activity. The Mallya and  the Stoke  indices are 
measured on ordinal scales.

The  Disease Activity Score  (DAS)  has  been  statistically  derived 
based on physicians’ decision to start or stop disease-modifying anti-
rheumatic  drugs  (DMARDs).  This  was  related  to  states  of  high  and 
low  disease  activity,  respectively.32  The  DAS  therefore  employs  a 
complex formula, using transformations and weighting of variables (see 
Table  93.5).  Whereas  the  original  DAS  employed  the  graded  Ritchie 
Articular  Index  to  evaluate  joint  tenderness  and  a  44  swollen  joint 
count  (see  Table  93.4),  its  modification,  the  DAS28,  includes  con-
densed  28  joint  counts.33  The  DAS  and  the  DAS28  have  also  been 
modified to include CRP instead of ESR (DAS-CRP and DAS28-CRP) 
or to exclude assessment of global health (DAS-3 and DAS28-3) and 
cut-points  for  disease  activity  states  have  been  derived  (Table  93.6). 
For  the  DAS28,  cut-points  between  high  disease  activity,  moderate 
disease activity,  low disease activity,  and  remission are 5.1, 3.2,  and 
2.6,  respectively.  Although  in  high  ranges  of  composite  indices  the 
likelihood is high that all or most components contribute fairly equally 
to the result, this is different in the lower ranges of the DAS/DAS28. 
There, a single component, such as an acute-phase reactant or a patient 
assessment  of  disease  activity,  may  dominate  the  score  and  might 
misinform on the overall disease activity. In fact, in DAS28 remission 
many patients may have significant residual disease activity, especially 
a high number of swollen joints, because of the low weight of swollen 
joints  in  the  formula.33  Moreover,  because  the  ESR  is  also  strongly 
weighted, small changes in ESR, even within the normal range, may 
bring  patients  into  remission  even  in  the  presence  of  many  swollen 
joints. Therefore,  in  states of  low disease activity,  a  separate  look at 
the contributing components may be worthwhile before drawing thera-
peutic  conclusions.  Given  the  complex  formula  of  the  DAS  and  the 
DAS28  and  the  computational  need  to  calculate  it,  simpler  indices 
were sought.

The variables of the Simplified Disease Activity Index (SDAI)34 (see 
Table  93.6) were  selected  based  on  the  core  set  of  the ACR and  the 
EULAR.35,36  It was  the first  index  for RA  to  employ  a  linear  sum of 
variables that were untransformed and unweighted, a concept based on 
previous  studies  on  reactive  arthritis.  The  SDAI  has  been  widely 

(usually referred to as “weighted” joint counts), whereas other indices 
weight  joints by severity of  swelling and  tenderness  (usually  referred 
to as “graded” joint counts) (see Table 93.4). The first joint index, the 
Lansbury Index, graded swelling and tenderness in 86 joints (minimal, 
slight, moderate, or maximal) and also weighted for joint surface area. 
Another early index, the Ritchie Articular Index, assesses graded ten-
derness in 26 joint areas and was later simplified by Hart to exclude 
the grading by severity, which is a major cause of inter-rater disagree-
ment.  The  comprehensive  66/68 Joint Count,  as  suggested  by  the 
American Rheumatism Association  (ARA; now American College  of 
Rheumatology [ACR]) in 1965, and the Cooperative Systemic Studies 
of Rheumatic Diseases (CSSRD) joint count are both time consuming 
and  therefore  limited  in  their  use  in  clinical  practice.  Importantly, 
neither  do  expanded  joint  counts  convey  more  information  than 
reduced ones nor does weighting or grading provide added value. Rather 
than that, inter-observer error increases with the use of more complex 
means  to  evaluate  joint  involvement,  which  is  indeed  one  of  the  
major problems afflicted with  joint counts. However, within a single 
observer,  joint  counts  are  reliable.  This  is  also  the  case  with  self-
assessed  joint  counts,  but  the  differences  to  assessor-derived  joint 
counts are tremendous; therefore, patient assessment of  joint counts 
is not recommended.30

TJCs  and  SJCs  may  run  common  as  well  as  disparate  courses. 
Although TJCs and SJCs correlate with each other, TJCs correlate with 
pain and are more sensitive  to change. TJCs also correlate with dis-
ability. In contrast, SJCs correlate much better than TJCs with progres-
sion  of  joint  damage,  suggesting  that  they  reflect  the  pathogenetic 
events typical of RA more accurately. Likewise, SJCs correlate well with 
acute-phase reactants.

Pain
Pain is a prominent symptom in RA. It is mostly assessed on 100-mm 
horizontal  visual  analog  scales  (VAS),  typically  evaluating  the  period 
of the last week. Numerical or verbal rating scales are also used, fre-
quently as 5-point scales. Horizontal and vertical VAS scales are well 
correlated,  but  vertical  scales  tend  to  produce  systematically  higher 
values,  although  there  is  considerable  heterogeneity  in  the  patients’ 
ability  to complete a VAS.  In  this  respect, 11-point numerical  rating 
scales of pain seem to be similarly reliable and responsive but are easier 
to use for patients. The ACR recommends the use of a 10-cm horizon-
tal  VAS  with  “no  pain”  at  one  end  and  “worst  possible  pain”  at  the 
other, without intermediate categories, or the Likert scale (1 = asymp-
tomatic, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe) to assess 
current pain in clinical trials.

Patient and evaluator assessment of global disease activity
Global disease activity rated by a patient or the physician (or practically 
any other third person evaluating the patient, i.e., the “evaluator”) is 
also typically assessed on a 10-cm VAS. In addition to the PGA, some-
times the global health scale  is evaluated, which essentially  includes 
also  all  possible  domains  of  health  outcomes  that  are  not  directly 
related  to  “disease  activity.”  The  subjective  PGA  and  the  integrative 
and more objective EGA are usually assessed in combination. Patients 
tend to rate their disease activity to be higher than their evaluators, a 
systematic difference, which is a good argument for evaluating both in 
common (“averaging” effect). One reason for this difference might be 
that  patients  relate  their  disease  state  to  the  experience  with  their 
disease while evaluators relate an individual patient’s disease status to 
their experience with all their patients. The responsiveness of measures 
of global disease activity is good, and they discriminate well between 
different levels of response and treatment groups.

Acute-phase reactants
The most frequently used and most reliable biomarkers in RA are the 
acute-phase  reactants  CRP  and  the  ESR.  Although  many  other  bio-
markers, especially proinflammatory cytokines, also reflect the events 
ongoing in active RA and may even more directly mirror the disease 
process  and  response  to  treatment,  they  have  not  been  shown  to 
provide superior information to the acute-phase reactants. Indeed, also 
biomarkers reflecting joint damage or synovial inflammation have not 
been shown to provide superior information to that conveyed by CRP. 
The acute-phase reactants, however, correlate well with SJCs, and the 
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TABLE 93.5 INDICES FOR EVALUATION OF RHEUMATOID ARTHRITIS ACTIVITY

Steinbrocker 
therapeutic 
scorecard

Lansbury 
systemic 
manifestations

Mallya–
Mace*

Paulus 
criteria

DAS/DAS 
28 (4 
items) RADAR 

ACR 
response 
criteria RADAI SDAI CDAI 

Year published 1946 1956 1981 1990 1990-1995 1992 1995 1995 2003 2003-2005

Number of swollen joints X X X X† X X† X X

Number of tender joints X X X X X†,‡ X X†,‡ X X

Joint motion/Pain on motion X X

Morning stiffness X X X X

ESR/CRP ESR ESR ESR ESR ESR/CRP§ Either CRP

Hemoglobin (Hb)/Anemia (An) Hb An Hb

Weight X

Fever X

Pain X X X X X X

Global health X X||

Patient global disease activity X X¶ X X¶ X X

Evaluator global disease activity X X X X

Function X X X

Grip strength X

Muscle weakness X

Fatigue X

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
*The index was later modified by van Riel and colleagues to include only the number of tender joints, morning stiffness, Hb, and ESR.
†Overall swelling and tenderness in joints is graded by patient.
‡List of joint regions, graded for tenderness from 0-3.
§The DAS/DAS28 were originally calculated using ESR and subsequently modified to also allow for CRP instead of ESR.
||Global health excluded in the three-variable DAS/DAS28.
¶Global disease activity over the past 6 months
Adapted from Aletaha D, Smolen JS. The definition and measurement of disease modification in inflammatory rheumatic diseases. Rheum Dis Clin North Am 2006;32:9-44.

TABLE 93.6 CALCULATION, CUT-POINTS, AND RANGES OF COMPOSITE INDICES

DAS* 4 ESR† = 0.54 × √(Ritchie) + 0.065 × SJC44 + 0.33 × lognat(ESR) + 0.0072 × GH REM < 1.6
LDA < 2.4
MDA < 3.7
HDA ≥ 3.7

0.23-9.87

4 CRP† = 0.54 × √(Ritchie) + 0.065 × SJC44 + 0.17 × lognat(CRP+1) + 0.0072 × GH + 0.45 0.57-9.58

3 ESR = 0.54 × √(Ritchie) + 0.065 × SJC44 + 0.33 × lognat(ESR) + 0.22 0.45-9.37

3 CRP = 0.54 × √(Ritchie) + 0.065 × SJC44 + 0.17 × lognat(CRP+1) + 0.65 0.77-9.06

DAS28* 4 ESR = 0.56 × √(TJC28) + 0.28 × √(SJC28) + 0.70 × lognat(ESR) + 0.014 × GH REM < 2.6
LDA < 3.2
MDA < 5.1
HDA ≥ 5.1

0.49-9.07

4 CRP = 0.56 × √(TJC28) + 0.28 × √(SJC28) + 0.36 × lognat(CRP+1) + 0.014 × GH + 0.96 1.21-8.47

3 ESR = [0.56 × √(TJC28) + 0.28 × √(SJC28) + 0.70* × lognat(ESR)] × 1.08 + 0.16 0.68-8.44

3 CRP = [0.56 × √(TJC28) + 0.28*√(SJC28) + 0.36* lognat(CRP+1)] × 1.10 + 1.15 1.42-7.87

SDAI 5 CRP SJC28 + TJC28 + PGA + EGA + CRP REM ≤ 3.3
LDA ≤ 11
MDA ≤ 26
HDA > 26

0-100

CDAI 4 — SJC28 + TJC28 + PGA + EGA REM ≤ 2.8
LDA ≤ 10
MDA ≤ 22
HDA > 22

0-76

*Formulae for the DAS and the DAS28 variations obtained from the website: http://www.das-score.nl/www.das-score.nl/index.html, accessed August 2009.
†Range of ESR assumed as 2-100 mm/hr, and range of CRP assumed as 0-24 mg/dL.

Adapted from Aletaha D, Smolen JS. The definition and measurement of disease modification in inflammatory rheumatic diseases. Rheum Dis Clin North Am 2006;32:9-44.

DAS, Disease Activity Score; DAS28, DAS based on 28 joint counts; Ritchie, Ritchie Articular Index; SJC28, SJC44, swollen joint counts based on the evaluation of 28 or 44 joints, respectively; TJC28, tender 
joint count based on 28 joints; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; GH, global health; PGA, EGA, patient and evaluator global; REM, remission; LDA, low disease activity; MDA, 
moderate disease activity; HDA, high disease activity.

http://www.das-score.nl/www.das-score.nl/index.html
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improvement  is  a  20%  response  (ACR20),  but  the  criteria  have  also 
been applied to study more profound responses, such as ACR50 and 
ACR70 response rates, although the latter do not discriminate better 
between placebo and active medication and may even have less statisti-
cal  power.  Similar  to  the  Paulus  criteria,  the  ACR  criteria  do  not 
consider a patient’s disease activity starting point and provide only a 
dichotomous “yes/no” result. The numerical ACR response, the ACR-
N, has been developed to create a continuous scale ranging  from 0% 
to 100% using the original structure of the ACR response criteria. The 
readout is the smallest relative improvement of three measures: SJC, 
TJC,  and  the median of  the five  remaining  core  set  variables.43 One 
point  of  criticism  regarding  the  ACR  type  of  response  criteria  is  the 
issue of neglecting worsening (0% is the minimum). In addition, the 
ACR-N response cannot be assessed over time (area under the curve), 
because the results may be inflated owing to calculation of response in 
comparison to the baseline at every time point.  It should be empha-
sized  that an area under  the curve analysis of continuous composite 
indices (cumulative disease activity over time) can be useful to deter-
mine differences between treatment groups when rapidity of response 
is an issue.

Recently,  the  ACR  response  criteria  have  been  modified  and  the 
ACR has adopted the so-called Hybrid-ACR criteria as their new official 
response  measure.44  The  Hybrid-ACR  is  a  pseudo-continuous  index 
that  is based on the traditional ACR response assessment. To obtain 
the Hybrid-ACR, first the average percentage improvement in core set 
measure needs to be determined, while in the case of worsening, the 
percentage is censored by 100%, even if the respective measure deterio-
rated by much more. Thereafter, two outcomes are determined: first, 
the average of  the percent  changes across  all  core  set measures  and, 
second, the level of traditional ACR response (i.e., ACR non-response, 
ACR20,  ACR50,  or  ACR70  response).  The  Hybrid-ACR  then  is  the 
first of  these  two  (the mean percent  change across  the core  set vari-
ables), except if it does not fall within the respective range of the tra-
ditional  ACR  response.  In  that  case  the  response  is  categorized  to 
values of 19.99, 49.99, and 69.99 if mean core sets are lying above the 
traditional ACR categories achieved or they are set to 20, 50, or 70, if 
the mean core sets are lying below the respective ACR categories. The 
Hybrid-ACR is therefore a rather complex index with an unusual dis-
tribution  with  natural  peaks  at  the  mentioned  values.  Its  statistical 
properties will need to be determined in future studies. However, it has 
been adopted because it discriminated active drug from comparator in 
RA clinical trials at the highest level of statistical significance.

The EULAR response criteria  require not only  a  certain degree of 
improvement but also attainment of a good (or moderate) disease activ-
ity state (Fig. 93.6).26 The EULAR criteria are based on DAS or DAS28 
measurements. They classify improvement into no, moderate, or good 
response.  In  clinical  trials,  good plus moderate  response  tends  to  be 
somewhat  higher  than  the  ACR20  response,  and  a  good  EULAR 
response is usually more frequent than ACR50 response.

validated, and definitions of states of remission and of low, moderate, 
and high disease activity have been elaborated.37 The SDAI, DAS, and 
DAS28  require  the  availability  of  an  acute-phase  reactant  (CRP  or 
ESR), which frequently precludes the immediate assessment owing to 
unavailable  laboratory  results. However,  even  in  the absence of CRP 
values, the resulting score comprising the residual SDAI components 
was shown to have correlational and construct validity as well as sen-
sitivity  to  change.34  The  statistical  rationale  and  validity  of  such  a 
clinical index, then named the Clinical Disease Activity Index (CDAI), 
was subsequently shown (see Table 93.6).38 The value of the CDAI lies 
particularly  in allowing the treating physician to make prompt treat-
ment decisions based on  the actual  levels of disease activity. Similar 
to  the DAS28, cut-points between the states of high disease activity, 
moderate disease activity, low disease activity, and remission have been 
defined as 26, 11, and 3.3, respectively, for the SDAI, and as 22, 10, 
and  2.8,  respectively,  for  the  CDAI  (see  Table  93.6).  The  SDAI  and 
CDAI  are  both  stringent  measures  of  remission,  allowing  only  a 
maximum  sum  of  two  swollen  or  tender  joints  (2+0,  1+1,  or  0+2, 
respectively).

A  variety  of  patient-reported  questionnaires  for  disease  activity 
evaluation  in  RA  have  been  published.  The  Rapid Assessment of 
Disease Activity in Rheumatology  (RADAR)39  is  a  brief,  two-page, 
patient self-assessed questionnaire including six items (see Table 93.5). 
The RADAR requires expert interpretation of its individual items, or 
use of other studies as references, but does not provide a single “total” 
result. Another instrument developed for clinical practice is the Rheu-
matoid Arthritis Disease Activity Index  (RADAI),40  a  five-item  ques-
tionnaire (see Table 93.5). The RADAI requires the use of a calculator, 
and its agreement with scores encompassing physician assessment is 
low. Both the RADAR and the RADAI are rarely used in clinical prac-
tice and clinical trials; rather, patient self-assessment of physical func-
tion  is  frequently  employed.  Another  series  of  summary  measures 
based  primarily  on  patient  report,  called  the  Routine  Assessment  of 
Patient Index Data (RAPID) scores, have been published recently and 
include  three  to  five  of  such  measures.41  RAPID-3  includes  three 
patient reported measures: physical function, pain, and global estimate; 
RAPID-4 adds a self-report joint count from the RADAI (see earlier); 
RAPID-5 adds a physician estimate of global status. Thus, RAPID does 
not  include  a  formal  evaluator-assessed  joint  count  and  comprises 
physical  function,  which  may  be  partly  irreversible  and  therefore 
limited in its sensitivity to change (see later).

Improvement criteria
Assessing improvement to treatment is important in clinical trials but 
also  in  clinical practice. The  term  improvement  incorporates  a  time 
component and implies that disease activity is assessed and compared 
with the baseline activity. In clinical trials, the baseline usually is the 
trial  baseline,  whereas  in  clinical  practice  this  is  often  less  clearly 
defined. Often it will be the start of a therapeutic segment, which can 
be the presentation of a patient to a specific clinic or (more often) the 
start of DMARD treatment.

Improvement  can  be  assessed  by  looking  at  absolute  or  relative 
changes  from  the  baseline.  However,  improvement  can  also  be  
evaluated by looking at whether a patient has achieved a good clinical 
state.  This  evaluation  principally  does  not  any  more  depend  on  the 
comparison to the baseline and, therefore, is more feasible in clinical 
practice.  Finally,  there  is  also  the  option  to  assess  improvement  by 
combining a change with achievement of a particular disease activity 
state.

The Paulus criteria define improvement if four of six of the following 
conditions are fulfilled: improvement of greater than or equal to 20% 
for morning stiffness, ESR, joint pain/tenderness score, and joint swell-
ing score and more than two grades on a five-grade scale  (or moving 
from grade 2  to grade 1)  for PGA and EGA.42 The Paulus criteria do 
not account for the level of disease activity at baseline.

The ACR improvement criteria25  are a modification of  the Paulus 
criteria and have been widely used in clinical trials of the past decade. 
They require 20% improvement (“ACR20”) in SJCs and TJCs and three 
of  the five  remaining  core  set  variables  (patient  and  evaluator  global 
assessments, pain assessment, physical function, and acute-phase reac-
tant  level).  These  criteria  were  developed  to  best  discriminate  the 
effects  of  active  drug  from  placebo  in  clinical  trials.  The  minimal 
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RESPONSE CRITERIA FOR RHEUMATOID ARTHRITIS BY THE EUROPEAN
LEAGUE AGAINST RHEUMATISM (EULAR) BASED ON IMPROVEMENT

AND STATE OF THE DISEASE ACTIVITY SCORE 28 (DAS28)

Fig. 93.6 Response criteria for rheumatoid arthritis by the European League 
Against Rheumatism (EULAR) based on improvement and state of the Disease 
Activity Score 28 (DAS28).
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instrument. In the MHAQ the questions from the original HAQ were 
reduced to one or two per category, also deriving its total score by taking 
the  average  of  the  eight  categories.  In  1999,  Pincus  introduced  the 
multi-dimensional HAQ (MDHAQ), amending the 8-item MHAQ to 
14  items.  These  additional  items  improved  the  floor  effect  that  had 
been noticed with the use of the MHAQ. Because the intervals between 
scores at different points of the HAQ scale did not translate into similar 
changes in functional impairment, Wolfe and colleagues recently devel-
oped  the  HAQ-II,  in  which  this  psychometric  problem  has  been 
addressed.

The MCID of  the HAQ has been  suggested  to be 0.22. However, 
recent studies showed that the potential for change of HAQ scores may 
differ depending on the average duration of RA. The amount of under-
lying damage may reduce the reversibility of HAQ scores in individual 
patients.  Likewise,  in  highly  active  RA,  HAQ  scores  vary  little  with 
respect to differences in underlying damage owing to the great impact 
of activity on the HAQ, with an average HAQ score of about 1.3 (and 
up to a mean of 1.9 in trials), whereas in remission HAQ scores differ 
considerably but were mostly  less  than 0.6. Thus,  it  is  important  to 
bear  in mind  that  the HAQ as a measure of  functional  limitation  is 
determined by both activity (reversible component) and accrued damage 
(irreversible component). In early stages of RA the HAQ score is usually 
fully  reversible, although  this may not at all be  the case  in very  late 
stages.  It has been well  established  that  the HAQ-DI  increases with 
duration  of  RA,  reflecting  the  accumulated  joint  damage,  and  even 
more  directly  by  the  fact  that  over  the  longer  term  the  correlation 
between HAQ-DI and radiographic damage increases.

The  Arthritis  Impact  Measurement  Scale  (AIMS)49  includes  nine 
domains, each of which is comprised of 4 to 7 questions, totaling to 
49 questions. Different versions of the original AIMS have been pub-
lished, including the longer AIMS2 (12 domains and 78 questions) and 
the shorter AIMS2-short  form (5 domains and 26 questions).  In one 
study, the AIMS2-SF has shown to reduce the completion time while 
maintaining the properties of the longer AIMS2. Wolfe and colleagues 
developed  the  clinical  HAQ  (CLINHAQ),  which,  in  addition  to  the 
eight  categories  of  the  original  HAQ,  borrowed  the  depression  and 
anxiety scales from the AIMS and included five additional visual analog 
scales  and  a  pain  diagram.  The  Euro-QoL  5-D  (EQ-5D)  is  a  simple 
standardized self-report questionnaire  for use as a measure of health 
outcome (“health states”).50

Functional tests
In contrast to questionnaires, measures that assess the strength, preci-
sion, or swiftness of various aspects of locomotor function constitute 
a more direct way of assessing functioning.51 Grip strength is usually 
assessed using a vigorimeter or a dynamometer, and a measurement 
on  the  pressure  attained  by  squeezing  a  compressible  rubber  bulb  is 
taken. The Moberg picking-up test is a standardized timed assessment 
of the ability to pick up small items randomly placed in three lines on 
the table and to put them into a box. In the button test, patients are 
timed while undoing and re-buttoning five buttons on a board with one 
hand. The walking time is a timed measurement of the patient’s ability 
to walk a particular distance. It has been shown that, using standard-
ized protocols, all these instruments have good reliability and predict 
long-term morbidity and mortality in patients with RA.

INSTRUMENTS TO ASSESS  
STRUCTURAL PROGRESSION
Scoring of radiographs
Radiographic damage  is  the hallmark of  rheumatoid  arthritis,  and  it 
usually progresses over time. Most scoring methods of radiographs are 
based on assessment of hands and feet, joint areas that are thought to 
be  representative  of  overall  radiographic  damage.  Because  measure-
ment error  is an  issue  in radiographic scoring,  it  is  recommended to 
train readers and calculate the mean of two independent readers. If the 
purpose  is  assessing  structural  damage,  annual  radiographs  of  the 
hands  and  feet  are  generally  satisfactory,  but  for  particular  research 
questions or in early RA, smaller intervals and/or the inclusion of more 
joints  might  be  appropriate.  It  is  still  a  matter  of  debate  whether 

Finally, Scott has proposed a simple index  compiling a predefined 
maximal value in certain domains (morning stiffness ≤ 15 minutes, ≤ 
3 tender joints, ≤ 3 swollen joints, ESR ≤ 30 mm) plus greater than or 
equal  to  50%  reduction  of  pain  and  greater  than  or  equal  to  40% 
improvement of functional impairment.45 Each of these six criteria is 
given 1 point, and the sum can be 0 to 6.

In summary,  indices differ by the scale of measurement that they 
are using: many use  a  continuous  scale  (e.g.,  the Lansbury  systemic 
index, the DAS/DAS28, SDAI, CDAI, or the pooled index); others use 
ordinal  scales  (e.g.,  the  Mallya-Mace  index,  Stoke  index,  the  Paulus 
criteria,  the  ACR  criteria,  Simple  index,  EULAR  response  criteria). 
They may also differ  in  their  structure as being measures of disease 
activity  (Lansbury,  DAS/DAS28,  SDAI,  CDAI,  Mallya/Mace,  Stoke) 
and disease activity states (DAS/DAS28, SDAI, CDAI) or measures of 
response (Pooled index, Paulus criteria, ACR response criteria) or both 
(Simple index, EULAR response criteria).

INSTRUMENTS TO ASSESS PHYSICAL FUNCTION
Physical function is a central aspect of life of patients with rheumatoid 
arthritis and thus a major focus of RA patient care. Physical function 
can  be  regarded  as  one  domain  within  the  wider  concept  of  health 
status and a key driver of a patient’s quality of  life  (QoL). Improving 
functional outcomes is therefore a central goal of RA therapy. Assess-
ment  of  physical  function  can  most  directly  be  done  by  subjecting 
individuals to performance tests. These are often too complex to imple-
ment in a broader group of patients or assess function only of specific 
body parts, such as hand function. Therefore, function most commonly 
is evaluated using questionnaires.

Questionnaires
There exist a large number of questionnaires that can be used to assess 
physical disability or quality of life in patients with RA. For a compre-
hensive view of these, the reader is referred to relevant review articles.46 
We will briefly touch on the most commonly used ones. The Medical 
Outcomes Study Short Form-36 (SF-36)47 is the most commonly used 
generic (i.e., non-disease specific) measure that includes physical func-
tion  as  one  of  its  eight  scales  (domains).  From  its  36  items,  eight 
subscales  can be  calculated  based  on 2  to 10  items of  the  question-
naire),  which  include  physical  functioning,  physical  role,  pain,  and 
general health,  as well  as vitality,  emotional  role,  social  functioning, 
and mental health. Two summary measures, the physical component 
score (PCS) and the mental component score (MCS), can be calculated 
for  the  first  and  the  latter  four,  respectively,  whereas  one  item  on 
reported health  transition stands alone. Each scale  is expressed with 
values from 0 to 100, and a lower score indicates poorer health. PCS 
and MCS scores are expressed using norm transformed domain scores 
that  yield  normative  values  of  50,  with  a  standard  deviation  of  10, 
allowing comparison across populations, although this normalization 
may  reduce  the  degree  of  potential  change.  The  minimal  clinically 
important difference (MCID) for the PCS is 5 to 10 points in individual 
domains and 2.5 to 5 points for the MCS domains. As a generic tool, 
the SF-36 is useful because it allows the comparison of patients with 
different  diseases  and  with  the  normal  population.  It  is  a  valid  and 
reliable tool with good psychometric properties.

The Health Assessment Questionnaire (HAQ)48 is a more disease-
specific  functional  instrument.  The  “full”  HAQ  includes  the  assess-
ment of discomfort, drug side effects, costs, mortality, and the Disability 
Index  (HAQ-DI). Only  the  latter  is  in widespread use. The HAQ-DI 
evaluates the ability to perform activities of daily living. It comprises 
20 questions on activities involving the upper and/or lower extremity, 
which are organized in eight categories (dressing, rising, eating, walking, 
hygiene, reach, grip, and usual activities). For each question there is a 
four-level difficulty scale ranging from 0 to 3, representing no difficulty 
(“0”),  some difficulty  (“1”), much difficulty  (“2”),  and  inability  to do 
(“3”). The final HAQ score  is  the mean of  the highest  scores  across 
the eight categories and ranges from 0 to 3, with higher levels indicat-
ing more disability. Since its introduction, many modifications of the 
original  HAQ  have  been  published;  Pincus  and  colleagues  developed 
the modified HAQ (MHAQ), simplifying the scoring for daily clinical 
care,  although  the  original  HAQ  remains  the  most  widely  used 
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assessment. The Sharp–van der Heijde (SvdH) score is widely used now 
(Fig. 93.7).  In  this  score, erosions of  the  feet are scored 0  to 10  (see 
Table 93.7). Another score that has been used in recent clinical trials 
is the Genant modified Sharp score, which assesses fewer joint regions 
than the Sharp and SvdH scores, uses a scale of 0 to 3.5 for erosions 
and 0 to 4 for joint space narrowing and spans from 0 to 150 rather 
than ranging beyond 400 (see Table 93.7). A Simple Erosion and Nar-
rowing  Score  (SENS)  counts  the  number  of  eroded  joints  and  the 
number of joints exhibiting narrowing and sums them. Several other 
modifications  use  different  joint  regions  or  other  features,  such  as 
malalignment,  in  addition  to  erosion and  joint  space narrowing  (see 
Table  93.7).  In  general,  the  Sharp  and  the  Larsen  methods  provide 

radiographs  should  be  read  in  random  or  chronologic  order,  because 
reading radiographs in random order reduces expectation bias (improv-
ing signal-to-noise ratio) but decreases the ability to determine small 
changes.  There  are  a  large  number  of  instruments  in  use  for  radio-
graphic scoring that can be categorized into three groups (Table 93.7): 
(1) instruments assigning a single radiographic grade to a patient (no 
longer in use); (2) those that provide an overall score for a given joint 
and  sum  the  scores  of  multiple  joints;  and  (3)  those  that  separately 
score two or more features of each joint and then sum multiple joints 
into the radiographic score (by feature or as a total sum of scores on 
different features).

The  first  index,  published  by  Steinbrocker,  assigned  radiographic 
damage to four stages based on the joint with the greatest abnormality, 
translating the degree of damage of a single, worst affected joint into 
a crude summary for a patient. Subsequent scoring methods refining 
the grading of radiographic abnormalities had similar limitations with 
respect  to  sensitivity  to  change and are  essentially no  longer  in use. 
Later,  wider  scales  employed  summary  ratings  of  individual  joints 
instead of global ratings of patients. Scores with wider ranges had the 
advantage  of  increased  sensitivity  to  change  but  were  less  reliable, 
because raters were more prone to be inconsistent in their scoring.

The most prominent scoring method that combines all features of 
a particular joint globally is the Larsen method (soft tissue swelling or 
osteoporosis = 1; erosions of  increasing extent = 2-5). Standard atlas 
radiographs  are  provided  for  all  joints  as  a  comparative  means.  The 
method  was  later  modified  by  Larsen  to  remove  soft  tissue  swelling 
and osteoporosis.52  In the new method, a score of 1 already required 
erosions or joint space narrowing to be present. Since its development, 
the Larsen score was modified manifold (see Table 93.7).

The  Sharp  score53  was  the  first  instrument  to  include  a  separate 
scoring  for  erosions  and  joint  space  narrowing  (see  Table  93.7)  as  a 
reflection  of  bone  and  cartilage  damage,  respectively,  which  may 
provide  independent  information.  It  initially evaluated only  joints of 
the hands and wrists but was further modified by Sharp to enable the 
evaluation of the feet as well (see Table 93.7). A further modification 
of the Sharp score by van der Heijde54 also introduced the 10 metatar-
sophalangeal joints and the interproximal joints of the big toes, whereas 
some areas of the wrist were excluded because of the difficulty of their 

Total score
=

448

Joint space narrowing
• 40 joints scored
• Hands: 30 (scored 0–4)
• Feet: 12 (scored 0–4)
Maximum score = 168

Erosion
• 44 joints scored
• Hands: 32 (scored 0–5)
• Feet: 12 (scored 0–10)
Maximum score = 280

The joints for JSN scoringThe joints for erosion scoring

SCORING OF RADIOGRAPHIC DAMAGE
BY THE VAN DER HEIJDE-SHARP SCORE

Fig. 93.7 Scoring of radiographic damage by the van der Heijde–Sharp score. 
Separate evaluation of erosions (0-5) and joint space narrowing (0-4) in the 
joints of the hands and the feet. (Adapted from van der Heijde DM, Van’t Hof MA, 
van Riel PL, et al. Validity of single variables and composite indices for measuring 
disease activity in rheumatoid arthritis. Ann Rheum Dis 1992;51:177-181.)

TABLE 93.7 RADIOGRAPHIC SCORING METHODS FOR RHEUMATOID ARTHRITIS

Level of assessment Scale/joint Joints/regions assessed Total score Hands Feet Year

Steinbrocker Patient — — 0-4 X 1949

Kellgren Patient — — 0-5 X 1963

Sievers Patient — — 0-8 X 1965

Berens Patient — — 0-5 X 1969

Scores based on the method developed by Sharp

Sharp Features 0-5 ERO; 0-4 JSN 54 ERO; 54 JSN 0-486 X 1971

Sharp (modified Sharp) Features 0-5 ERO; 0-4 JSN 46 ERO, 48 JSN [42 JSN] 0-422 [-398] X X 2000

Genant (modified Sharp) Features 0-3.5 (steps of 0.5) ERO; 0-4 JSN 28 ERO; 13 JSN 0-150 X X 1983

Bluhm (modified Sharp) Features 0-5 ERO; 0-4 JSN 34 ERO; 36 JSN 0-314 X 1983

Nance/Kaye (modified Sharp) Features 0,2-4 ERO; 0,2-5 JSN; 0,2-4 MLG 22 ERO; 28 JSN; 30 MLG 0-348 X 1986

van der Heijde (modified Sharp) Features 0-5(10)* ERO; 0-4 JSN 32 ERO; 30 JSN 0-448 X X 1989

Simple Erosion Narrowing Score (SENS) Features 0-1 ERO; 0-1 JSN 22 ERO; 21 JSN 0-86 X X 1999

Scores based on the method developed by Larsen

Larsen Joint 0-5 22 (-28) 0-110 (-140) X X 1974

Gofton (modified Larsen) Joint 0-4 ERO 48 ERO 0-192 X 1982

Scott (modified Larsen) Joint 0-5 22 (-28) 0-110 (-140) X X 1995

Rau (modified Larsen) Features 0-5 ERO 38 ERO 0-190 X 1995

Kaarela/Kautiainen (modified Larsen) Joint 0-5 20 0-100 X X 1997

*Erosions of the feet are scored on the proximal and distal aspect of the joint, resulting on a possible score per joint of 10. ERO, erosions; JSN, joint space narrowing.
Adapted from Aletaha D, Smolen JS. The definition and measurement of disease modification in inflammatory rheumatic diseases. Rheum Dis Clin North Am 2006;32:9-44.
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the  central  nervous  system,  or  may  be  related  to  pain,  depression, 
anemia or other aspects of the disease, it is a fact that clinical improve-
ment  generally  leads  to  improvement  in  fatigue. Various  scales have 
been employed, among them simple VAS or the more complex FACIT 
fatigue scale,58 which ranges from 0 to 52, with higher scores meaning 
less fatigue and an MCID of 4.

Another important outcome relates to work productivity. A variety 
of instruments have been developed and validated and are increasingly 
used in clinical trials, addressing the impact of the disease and conse-
quences of therapeutic interventions on the ability to work. The data 
provide one of the bases for health economic analyses. Providing infor-
mation on these instruments would go beyond the scope of this chapter, 
and the reader is referred to recent review articles.59

Likewise,  co-morbidities  not  only  influence  disease  outcome  but 
also  frequently  limit  the  applicability  of  certain  therapies.  Several 
instruments  are  available.60  Although  their  value  in  RA  has  not  yet 
been sufficiently validated, the assessment of co-morbidity may provide 
additional important insights in our understanding of RA and response 
to therapy. Finally, a very important aspect of caring for patients with 
chronic  disease  is  prevention  of  drug  toxicity.  Clinical  trials  usually 
report  on  the  more  frequent  adverse  events  within  the  short-term 
horizon of the respective studies, but observational studies and regis-
tries  have  been  set  up  to  identify  rarer  events  and  long-term  conse-
quences of therapy. There is currently no uniform method of toxicity 
assessment, especially when feasibility is an issue, such as in clinical 
practice.

CONCLUSION
Rheumatoid arthritis is a complex systemic disease. Outcomes assess-
ment  in  RA  therefore  is  also  more  complex  than  in  other  chronic 
diseases. The three main areas of outcomes are disease activity, joint 
damage, and functional impairment. Each of these areas is represented 
by various domains, each of which again can be assessed using various 
instruments. This makes the field not easily transparent at first sight. 
Consistently, however, in the past until now, disease activity has been 
found to be reflected best by using the core set of measures, that include 
joint  counts,  global  scales,  pain  scores,  and  acute-phase  response. 
Ideally, however, in clinical trials and clinical practice, these measures 
need to be combined into single summary measures (scores, indices), 
so that clear targets for treatment can be defined. The benefit of treat-
ment strategies targeted at specific outcomes has only been elucidated 
in the past few years and cannot be overemphasized. At the same time, 
the  level  of  functional  capacity  and  radiographic  damage  need  to  be 
considered  when  outcomes  are  assessed  or  treatment  decisions  are 
made. All three areas—activity, function, and damage—are linked with 
one influencing the other, and all three are determinants of the most 
important outcome, which is a patient’s quality of life.

similar estimates of radiographic severity but the Sharp score and its 
modifications are more sensitive to change.

A single radiograph in conjunction with the knowledge of a patient’s 
duration of RA allows estimation of a patient’s annual progression rate. 
This  rate  integrates  an  individual  patient’s  history  (RA  severity  and 
treatment) as a benchmark  to assess structural effects of  subsequent 
therapeutic regimens.

Other imaging modalities
Radiographic  scoring  appears  to  be  a  crude  way  to  determine  joint 
damage, and more sophisticated modalities are therefore of significant 
interest. Magnetic resonance  imaging  (MRI) and ultrasonography are 
two  of  these.  By  using  contrast  media  (MRI)  and  power  Doppler 
imaging, the vascularity of a lesion, such as synovial membrane, can 
be easily determined. Ultrasonography also allows one to assess carti-
lage  thickness and  to depict  some erosions. MRI enables seeing ero-
sions  relatively  early.  However,  none  of  these  methods  has  been 
sufficiently validated as being meaningful to outcome. Also, both have 
a number of limitations. Although ultrasonography is cost effective, it 
is very time consuming if one wanted to depict all joints that are evalu-
ated by hand and foot radiographs. Also, the handling of the transducer 
is  investigator-dependent  and  the  angle  may  differ  even  within  an 
individual  patient  with  differing  states  of  joint  swelling  or  stiffness. 
Also, some areas may escape visibility by ultrasonography. With MRI, 
on  the  other  hand,  aside  from  its  costs,  it  is  still  difficult  to  depict 
cartilage  changes.  Furthermore,  the  currently  employed  MRI  scoring 
system,  the  RA-MRI  score  (RAMRIS)  and  its  recent  modification,55 
looks  at  wrist  and  metacarpophalangeal  joints  and  thus  does  not 
account  for  proximal  interphalangeal  joints,  which  are  frequently 
involved in RA and included in the radiographic scores. Interestingly, 
in a recent trial, radiographic scores were as sensitive to change as the 
RAMRIS.56  Moreover,  on  a  group  level,  radiographic  changes  can  be 
depicted within 3 months of start of treatment,57 suggesting that radio-
graphic  assessment  in  RA  is  currently  not  inferior  to  other  imaging 
modalities in its sensitivity to change or time to detectability of change, 
whereas other modalities are still more expensive, more time consum-
ing,  or  both.  Most  importantly,  although  radiographic  changes  have 
been associated with time-integrated disease activity on the one hand 
and disability on the other hand, these data still need to be provided 
and validated for ultrasonography and MRI.

OTHER INSTRUMENTS: FATIGUE, WORK 
PRODUCTIVITY, AND CO-MORBIDITY
We  have  already  mentioned  that  one  of  the  many  features  of  RA  is 
fatigue. Although the mechanisms underlying fatigue are not clear but 
might comprise direct or indirect consequences of cytokine release on 
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 Complete remission of rheumatoid arthritis (RA) disease activity 
should be the ultimate goal for treatment in all RA patients.

 Early, aggressive treatment of synovitis is desirable in order to have 
the greatest impact in preventing damage and disability.

 Patients with risk factors for poor prognosis warrant the most 
aggressive suppression of synovitis.

 Step-up combination approaches, beginning with rapidly titrated 
methotrexate, are the best studied and most commonly used 
strategies in clinical practice.

 With further study, first-line combinations of biologic and non-
biologic disease-modifying antirheumatic drugs may be warranted 
in patients with the poorest prognosis.

 Emerging targeted therapies hold great therapeutic promise and 
may alter current treatment paradigms in the future.

 The use of bridging and/or low-dose corticosteroids, non-steroidal 
anti-inflammatory drugs and simple analgesics is often required to 
maximally manage symptoms.

in the past several decades, with the evolution of molecular biology 
and a concomitant explosion in large-scale randomized clinical trials, 
that therapies with favorable benefit-to-risk profiles have been identi-
fied or confirmed (Fig. 94.1).

The use of high doses of salicylates and glucocorticoids in the first 
half of the 20th century, although revolutionary, was accompanied by 
unacceptable degrees of toxicity. From the mid-20th century until the 
mid-1980s, a slow, cautious approach to the treatment of RA, known 
as the pyramid approach, was most widely practiced. This consisted 
of a prolonged period of treatment with NSAIDs, with or without 
glucocorticoids, before adding a disease-modifying antirheumatic drug 
(DMARD). The prescription of one of a limited array of DMARDs 
available at the time (e.g., gold salts, penicillamine) was often delayed 
because of their limited efficacy, risk of major toxicities, and potential 
to lose their effectiveness over time.6 If the DMARD of choice was 
ineffective in controlling synovitis, it was discontinued in favor of an 
alternative DMARD. Not surprisingly, the pyramid approach inevita-
bly resulted in some degree of joint destruction and disability in nearly 
all RA patients.

By the 1980s, the introduction and gradual acceptance of low-dose 
weekly methotrexate as a highly effective treatment for RA with rela-
tively low toxicity prompted the abandonment of the pyramid approach 
in favor of much earlier DMARD use in RA patients. The use of 
DMARDs in combination and the recent introduction of biologic 
DMARDs have moved the notion of early, aggressive treatment of RA 
forward such that complete remission of RA disease activity should be 
the ultimate goal for treatment in all RA patients.

PATIENT CHARACTERISTICS THAT  
AFFECT TREATMENT DECISIONS
Because inflammation is a relatively constant feature of RA throughout 
the course of the disease, joint damage will continue to accrue over 
time if treatment is not adequate. More than half of patients will 
develop erosions on plain radiographs within just 2 years of disease 
onset, and some data suggest that the rate of radiographic damage may 
be higher in the first years of disease.7 Thus early treatment is desirable 
in order to have the greatest impact in preventing damage and dis-
ability,8 yet treatment initiated or ramped up at any phase of the 
disease will still be capable of decreasing inflammation and preventing 
additional damage.9,10 For these reasons, the most recent ACR guide-
lines for the use of biologic and non-biologic DMARDs in RA include 
treatment algorithms for patients with early disease (<6 months’ 
duration).11

WHAT IS AGGRESSIVE THERAPY?
The importance of “aggressive” management of RA is now generally 
accepted.12 A reasonable definition of aggressive management is a treat-
ment strategy that rapidly and maximally suppresses synovitis without 
inducing an unacceptable burden of adverse side effects. The evidence-
based ACR 2008 recommendations for DMARD use in RA organize 
treatment algorithms for initiating or resuming DMARDs on the basis 
of the duration of disease, level of disease activity, and features of poor 
prognosis (described later).11 Under these guidelines, in a patient pre-
senting with modest disease activity and few risk factors for poor 
prognosis (see later), early initiation and rapid dose escalation of a 
single DMARD may be sufficient to effectively control disease activity. 

Management of rheumatoid 
arthritis: synovitis
Jon T. Giles and Joan M. Bathon

Rheumatoid arthritis (RA) is a systemic disease with both articular  
and extra-articular features. The primary pathology is inflammation 
and hypertrophy of the synovial lining of diarthrodial joints. The 
inflamed rheumatoid synovium directly invades and destroys articular 
and periarticular structures (described in detail in Chapter 17), a 
process manifested clinically by joint swelling, pain, and tenderness, 
collectively referred to as synovitis. Chronic synovitis, if left untreated 
or inadequately suppressed, will result in joint destruction and 
dysfunction.

Synovitis is thus a cardinal feature of RA. Demonstration of syno-
vitis is essential for the diagnosis of RA,1 and reduction in the burden 
of synovitis constitutes a critical component of the response and remis-
sion criteria that are widely used in clinical trials of RA to evaluate the 
efficacy of new therapies.2,3 In general, treatment strategies that suc-
cessfully suppress synovitis are associated with improvements in artic-
ular pain, stiffness, and physical functioning, as well as reduction of 
joint deformity, disability, and, possibly, mortality.4,5 In contrast, treat-
ment strategies with little capacity to reduce synovitis (i.e., non-steroi-
dal anti-inflammatory drugs [NSAIDs] and narcotic analgesics) have 
limited ability to modify the outcomes listed earlier.

The currently available therapeutic agents that are used for the 
treatment of RA have been discussed in detail in previous chapters 
(Chapters 44 to 67). The goal of this chapter is to outline management 
strategies for RA that take into account not only characteristics of these 
individual therapies or classes of therapies but also features of the 
disease and of the patient that will influence outcomes and response 
to treatment. The important roles of physical and occupational therapy 
(Chapter 46), pain control (Chapter 48), joint surgery (Chapter 66), 
patient education (Chapter 44), complementary therapies (Chapter 47), 
and a multidisciplinary approach to rheumatoid arthritis (Chapter 95) 
are reviewed in detail in other sections of this book.

HISTORIC BACKGROUND
Finding safe and effective strategies to suppress synovitis, in order to 
reduce or prevent disability and pain, has always been the primary aim 
of the pharmacologic management of RA. However, it has only been 
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index (BMI),24 and the number of swollen and tender joints, have been 
associated, albeit less potently or consistently, with the potential for 
radiographic progression of erosive disease.

Although the presence of these factors increases the risk of erosive 
disease, their absence does not guarantee a benign course. For example, 
seroconversion of RF may occur after disease presentation.25 Thus if 
seropositivity is weighted heavily in an algorithm of risk factors for 
treatment, some seronegative patients will likely be undertreated.

Imaging modalities with greater sensitivity for detecting erosions 
may help to stratify patients at risk for progressive articular destruction 
earlier than can be determined using plain radiography. The role of 
magnetic resonance imaging (MRI) and ultrasound in detecting early 
erosive disease has been explored in this regard26 and is discussed in 
detail in Chapter 39. However, given the expense of MRI and operator 
variability in ultrasound acquisitions, these imaging techniques are 
currently used primarily for research purposes.

TREATMENT STRATEGIES
Rationale
As with clinical outcomes, no single clinical, laboratory, or radio-
graphic parameter has been identified to date that will reliably predict 
a favorable response to a particular DMARD.27 Furthermore, the 
paucity of head-to-head comparisons of different DMARDs does not 
allow for the rank ordering, as yet, of individual DMARDs, or combina-
tions of DMARDs, for safety and efficacy. Nonetheless, a number of 
highly effective treatment strategies have been identified through clini-
cal trials in RA that allow the clinician to organize the selection, order, 
and dosing of DMARDs for an individual patient.

There are three general strategies for DMARD treatment of RA:

1. sequential monotherapy
2. step-up combination therapy
3. initial combination (induction) therapy

The last two approaches use combinations of DMARDs consisting 
of non-biologics only, biologics only, or a combination of both. All three 
approaches can be applied early or late in disease, although most com-
monly these strategies are discussed in reference to patients with early 
(DMARD-naive) disease.

Criteria for assessing response to therapy have been developed for 
use in clinical trials and are discussed in detail in Chapter 93. Among 
these, the disease activity score (DAS), measured as a continuous vari-
able, is the most useful in the clinical practice setting.28 The European 
League Against Rheumatism (EULAR) cut-offs for a “good” response 
(DAS < 2.4 and a decrease from baseline DAS by > 1.2) and for “remis-
sion” (DAS < 1.6) may be helpful in guiding treatment decisions. In 
clinical practice, using the DAS and EULAR cutoffs for disease activity 
and response can be cumbersome. Recently, efforts have been made to 
validate simpler methods of assessing RA disease activity, including 
composite measures consisting entirely of patient-reported domains, 
with a primary aim at streamlining and promoting the use of quantita-
tive outcomes in clinical care.29

In contrast, in a patient presenting with high disease activity and many 
risk factors for an unfavorable outcome, early initiation of a combina-
tion of DMARDs is recommended. In this instance, concomitant cor-
ticosteroids may also be necessary. Thus the notion of aggressive 
management is somewhat relative, referring to the choice of agent(s), 
the number of agents, and the rapidity of dose escalation of each of the 
agents, and these are dictated, in turn, by the profile of the patient 
being treated.

For each individual, the choice of treatment depends on an analysis 
of the benefit the patient is expected to gain from that treatment versus 
the potential risks that the treatment, or combination of treatments, 
poses. The ability early in disease to differentiate patients with a poor 
prognosis from those with a good prognosis will allow for individual 
tailoring of therapeutic regimens that have the highest benefit-to-risk 
ratio for each patient.

PREDICTORS OF POOR OUTCOME
There is no single clinical, laboratory, or imaging parameter that is 
sufficiently sensitive to clearly identify patients who are at the highest 
risk for a poor outcome (e.g., disability). However, prediction models 
based on combinations of factors have been developed.13,14 In most 
longitudinal studies on which prediction models have been based, 
radiographic progression of erosive disease serves as the surrogate for 
poor outcome because periarticular erosions are relatively specific for 
RA, can be inexpensively assessed over a relatively short period of time 
(6 to 12 months), accumulate in proportion to burden of disease, and 
predict long-term disability.15,16

Several patient characteristics assessed early in disease (usually 
within the first 2 to 3 years of symptoms) have been associated con-
sistently with the likelihood of developing erosive damage. The factors 
with the strongest predictive value include presence and titer of auto-
antibodies (e.g., rheumatoid factor [RF] and anticyclic citrullinated 
peptides [anti-CCP]); genetic factors (the presence of HLA-DRB1 
“shared epitope” alleles, especially HLA-DRB1*0401 and HLA-
DRB1*0404); radiographic factors (the presence of erosive disease on 
plain radiographs at presentation); elevated inflammatory markers 
(e.g., C-reactive protein [CRP] and erythrocyte sedimentation rate 
[ESR]); and degree of functional disability (measured using the Health 
Assessment Questionnaire [HAQ]).17-19 All these variables are easily 
and inexpensively assessed in the routine clinical setting. However, 
because the shared epitope status correlates closely with the other 
clinical risk factors (e.g., RF) and thus adds minimal additional predic-
tive value, it is not routinely assessed in clinical practice.14 Numerous 
additional factors,20-22 including enzymes (e.g., granzyme B); other 
autoantibodies (e.g., anti-type II collagen, anti-BiP, PAD4); breakdown 
products of bone and cartilage (e.g., CTX-I and -II); and genetic poly-
morphisms of proteins involved in immune function (e.g., tumor 
necrosis factor-α [TNF-α]),23 have been linked to an increased risk for 
erosive disease; however, their utility in clinical practice is limited by 
expense, lack of commercial availability, and failure to provide addi-
tional predictive power over and above routine clinical testing. Other 
baseline clinical parameters, such as early age of onset, low body mass 

INTRODUCTION OF RA PHARMACOTHERAPEUTICS
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Fig. 94.1 Timeline: introduction of rheumatoid arthritis pharmacotherapeutics.
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the initial investment of combination therapy may actually be cost 
saving in the long term without sacrificing efficacy.

Finally, “individualized targeted tight control” is a variant on each 
of these approaches in which the rapid attainment of a numerically 
low disease activity score and/or a percent improvement in baseline 
disease activity is set as the goal of therapy. A treatment algorithm is 
established that mandates an increase in dose or number of DMARDs 
at specified intervals of time until this numeric goal has been achieved. 
The prototype of this approach is the Tight Control for Rheumatoid 
Arthritis (TICORA) trial36 in which treatment in an “aggressively 
managed” group was escalated at each study visit if the DAS score was 
greater than 2.4. In contrast, in the “routine care” group, the DAS score 
was not a part of the clinical decision making and these patients 
received therapy at the discretion of the treating rheumatologist. At 
the end of 18 months of treatment, patients treated intensively had 
superior clinical responses and fewer radiographic erosions than those 
in the routine care group.

In summary, the evidence to date suggests that “aggressive” treat-
ment to rapidly achieve a low level of disease activity, which often 
necessitates a combination of agents, has superior efficacy to conserva-
tive approaches that involve sequential, low-dose monotherapy. Given 
the expense of combination therapy, especially with the biologic 
DMARDs and the current environment of cost containment, the 
step-up combination approach remains the most common in clinical 
practice.30 However, the ACR 2008 treatment guidelines11 do include 
the use of initial combination regimens of non-biologic DMARDs with 
or without a TNF inhibitor for patients with high disease activity and 
features of poor prognosis. The recommendations do not, however, 
provide guidance on how and when to step up or step down from initial 
therapeutic decisions nor on drug switching within a class of agents. 
In contrast, EULAR recommendations for the management of early RA 
recommend the initial use of methotrexate in all patients at risk for 
disease persistence, unless contraindicated.37 The remainder of the 
chapter focuses on specific DMARDs (Table 94.1) and DMARD com-
binations with the step-up approach in mind.

CHOICE OF THE INITIAL DISEASE-MODIFYING 
ANTIRHEUMATIC DRUG
In most cases, except where there are specific contraindications or 
there is very high disease activity, a non-biologic DMARD is recom-
mended as the initial therapy in a DMARD-naïve patient with early 
disease.11 Although biologic DMARDs are also effective in early disease, 
their significantly higher cost generally limits their use as first-line 
agents. Of the non-biologic DMARDs, methotrexate, sulfasalazine, 
leflunomide, hydroxychloroquine, and minocycline are the most com-
monly used. The first three of these agents were shown in placebo-
controlled randomized clinical trials38,39 to be relatively comparable in 
their abilities to reduce articular signs and symptoms of RA, improve 
physical function, and retard radiographic progression (see Chapters 
52 to 54). Minocycline and hydroxychloroquine (see Chapters 52 and 
56) also improve joint pain, swelling, and physical functioning, but 
their effects are considerably less potent than those of the other three 
oral DMARDs.8,40 For this reason, the ACR 2008 treatment recom-
mendations advise that minocycline or hydroxychloroquine as mono-
therapy should be limited to patients with the mildest disease.11

Monotherapy: methotrexate as  
the “standard” first-line DMARD
The last several decades have seen the gradual acceptance of metho-
trexate as the first-line DMARD of choice, even in Europe where sul-
fasalazine was previously preferred. This is due to its marked efficacy, 
safety, tolerability, and sustainable effect (discussed in Chapter 53). 
Consequently, most clinical trials have tested the safety and efficacy 
of new drugs in combination with methotrexate.

Aggressive dose escalation of methotrexate (MTX) has gained rela-
tively widespread acceptance in recent years, particularly in the United 
States and Western Europe, on the basis of its favorable safety profile. 
A paradigm for rapid escalation was provided by the Early RA (ERA) 
study41 in which methotrexate treatment was initiated at a dose of 10 

Sequential monotherapy, as discussed previously, consists of dis-
continuation of an ineffective DMARD (e.g., gold) and replacement 
with an alternative DMARD (e.g., penicillamine), a process that can 
be repeated until all available DMARDs are exhausted. This approach 
has largely been abandoned in light of extensive data showing the 
superiority of step-up and induction approaches. The step-up approach 
is currently the most widely practiced strategy in clinical practice for 
the management of RA30 and is the strategy used in the majority of 
clinical trials in RA to date. In this approach, a second DMARD (e.g., 
sulfasalazine or a TNF inhibitor) is added to the first DMARD (e.g., 
methotrexate) if a response to the first DMARD is inadequate. In most 
published step-up combination approaches, methotrexate serves as the 
“anchor” DMARD. The advantage of the step-up strategy is that it 
permits graded escalation of therapy up to the desired level of control 
of synovitis without exposing the patient to more DMARDs than are 
necessary. The disadvantage is that a lag time, depending on how many 
“steps” are required, must elapse before disease control is attained. 
During this time, irreversible articular damage may occur. As such, the 
“model” step-up strategy outlined in the 2008 ACR Guidelines for the 
Management of RA11 advocates frequent evaluation and rapid escala-
tion of therapy in the face of incomplete response.

In contrast, in induction therapy (modeled after cancer chemo-
therapy strategies) the patient is started immediately on a combination 
of DMARDs. Once maximal or acceptable control of synovitis is 
achieved, the combination may be continued indefinitely or “stepped 
down” to a single DMARD for maintenance. The theoretical advantage 
of induction therapy is more rapid control of synovitis and thus less 
accumulation of joint damage compared with the monotherapy and 
step-up approaches. The disadvantages of the induction approach are 
potential overtreatment and exposure to unnecessary toxicities in 
patients in whom disease may have been adequately controlled by a 
single DMARD; in addition, there can be difficulty in attribution of an 
adverse event to a specific drug.

A landmark induction with step-down study was the Dutch Com-
binatietherapie Bij Rheumatoide Artritis (COBRA) trial.31 In this trial, 
patients with early RA were randomized to initial treatment with sul-
fasalazine alone or to a combination of sulfasalazine + methotrexate 
+ high-dose prednisolone with taper of high-dose to low-dose predniso-
lone by week 6 and taper to sulfasalazine monotherapy by 6 months. 
Radiographic outcomes in the induction/step-down group were supe-
rior to the monotherapy group at the end of 6 months. Furthermore, 
the rate of new radiographic damage continued to be lower in the 
induction/step-down group through 5 years of follow-up compared with 
the monotherapy group, even though the randomized treatment phase 
had long since ended. Similar clinical and radiologic results were 
reported in the Finnish Rheumatoid Arthritis Combination Therapy 
Study (FIN-RACo)32,33 in which treatment with combination DMARDs 
with step-down was compared with DMARD monotherapy over 5 
years of follow-up.

The results from these studies and others8,9 have led to the 
speculation that a “window of opportunity” exists early in the disease, 
during which aggressive treatment may serve to permanently slow,  
or even “turn off,” disease activity.34 Although this concept is difficult 
to prove, subsequent clinical trials in patients with early RA have  
at least corroborated the superiority of combination induction regimens 
to stable monotherapy, although most of these trials have not included 
a step-down phase. A summary of these trials, including those  
with anti-TNF therapy, is provided later in the section “Stepping up 
therapy.”

A head-to-head comparison of induction versus step-up versus 
sequential monotherapy strategies was evaluated in the Behandel-
Strategieën in Reumatoïde Artritis (Treatment Strategies in Rheuma-
toid Arthritis: BeST) trial.35 Data from this study indicate that two 
different induction regimens (1. the COBRA induction/step-down 
regimen of non-biologic DMARDs; and 2. combination of infliximab 
+ methotrexate) were superior to sequential monotherapy or step-up 
combinations in slowing radiographic progression over 12 months. 
However, all of the treatment strategies studied resulted in comparable 
percentages of patients in a low-disease activity state at 12 months. In 
particular, because many of the patients in the initial combination with 
infliximab group were able to discontinue their TNF inhibitor within 
the first years of the study and maintain a low-disease activity state, 



SE
C

TI
O

N
 6

 ●
 R

H
EU

M
AT

O
ID

 A
RT

H
RI

TI
S 

A
N

D
 O

TH
ER

 S
YN

O
V

IA
L 

D
IS

O
RD

ER
S

958

TABLE 94.1 DISEASE-MODIFYING ANTIRHEUMATIC DRUGS

DMARD Mechanism of action Annual retail cost, brand (generic) USD*

Conventional DMARDs

Methotrexate Inhibition of purine biosynthesis/cytokine expression. Induction of monocyte apoptosis 790-2632 (166-555)

Sulfasalazine Inhibition of cytokine expression/neutrophil migration 421-1264 (139-416)

Leflunomide Inhibition of pyrimidine biosynthesis/cytokine expression/neutrophil migration 6645-6935 (487-799)

Hydroxychloroquine Unknown 2112 (438)

Azathioprine Active metabolite, 6-mercaptopurine, interferes with adenine and guanidine biosynthesis 1235-6174 (341-1703)

Cyclosporine Inhibition of T-cell response via calcineurin inhibition 1947-5840 (1825-5475)

Cyclophosphamide Lymphocyte cytotoxicity 1534-4599 (1341-4022)

D-penicillamine Unknown 845-3380

Injectable gold salts Unknown

Auranofin Unknown 3398

Minocycline Inhibition of metalloproteinases—exact mechanism unknown 7415 (560)

Biologic DMARDs

Etanercept Soluble 75kDa TNF receptor: inhibits biologic effects of TNF-α 19,838

Infliximab Chimeric anti-TNF-α antibody: inhibits biologic effects of TNF-α. Cell lysis of TNF-α 
expressing cells

Variable

Adalimumab Human anti-TNF-α antibody: inhibits biologic effects of TNF-α 21,627-43,254

Anakinra Recombinant IL-1 receptor agonist: inhibits biologic effects of IL-1 18,562

Rituximab Anti-CD20 monoclonal antibody: depletes B cells Variable

Abatacept (CTLA4Ig) Inhibits T-cell co-stimulation Variable

*www.drugstore.com.
DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; USD, U.S. dollars.

mg per week and escalated by 5 mg every 4 weeks until a weekly dose 
of 20 to 25 mg was achieved, provided that side effects did not neces-
sitate stopping at a lower dose. In practice, many patients tolerate an 
initial dose of 15 mg per week. In this study and others in patients 
with either early41-43 or advanced44 RA, aggressively titrated methotrex-
ate monotherapy was comparable with anti-TNF monotherapy in 
reducing clinical signs and symptoms of RA, although cumulative 
radiographic joint damage over several years was somewhat higher in 
the methotrexate group at 1 to 2 years of follow-up.

Because of the slow onset of action of MTX, an interval of 4 to 6 
weeks is generally required to determine whether a patient has 
responded to a dose increase. Thus using the dosing strategy described 
earlier, an interval of approximately 2 to 3 months is recommended to 
evaluate the initial response to methotrexate monotherapy. If the 
response at 2 to 4 months is minimal, the addition of a second 
DMARD is recommended at this point. If, on the other hand, the 
response is robust, methotrexate may be continued as monotherapy, 
perhaps with additional dose adjustment, recognizing that the maximal 
effect of the drug may not be fully realized for an additional month or 
two.

For patients who have had an inadequate response to 20 to 25 mg 
per week of oral methotrexate, substitution of an equivalent dose of 
subcutaneous (SC) or intramuscular (IM) methotrexate may be more 
efficacious,45 although this conclusion has been called into question.46 
Given the availability of an array of other DMARDs on the market, 
the addition of a second DMARD is the preferred next step in most 
patients failing oral methotrexate.

Although the majority of patients will tolerate rapid escalation of 
methotrexate, dose-limiting side effects related to drug-induced folate 
deficiency, such as hepatic transaminitis, stomatitis, nausea, cytope-
nias, and hair loss (discussed in detail in Chapter 53), may present 
barriers to continuing or escalating the drug. Methotrexate-induced 
folate deficiency has also been implicated as a contributor to the 
enhanced risk for cardiovascular disease in RA patients.4 Consequently, 
supplementation with folate (in the form of folic or folinic acid) is 
recommended in all methotrexate-treated patients because this appears 

to reduce side effects with minimal compromise of overall efficacy.47 
Although methotrexate is generally appropriate for most patients, abso-
lute contraindications to it include active liver disease (including 
chronic hepatitis B and C infection), alcohol abuse, pregnancy, and 
breastfeeding. Alternative DMARD choices for these patients are dis-
cussed next.

First-line monotherapy with non-biologic 
DMARDs: alternatives to methotrexate
Leflunomide, a pyrimidine synthesis inhibitor (discussed in detail in 
Chapter 54), has been shown in head-to-head trials in established RA 
to have equivalent efficacy to methotrexate or sulfasalazine in sup-
pressing synovitis and inhibiting radiographic progression,38,39 although 
it could be argued that both methotrexate and sulfasalazine were 
underdosed in these trials. The usual dose of leflunomide is 20 mg a 
day but can be reduced to 10 mg per day in cases of toxicity. Its con-
traindications for use (alcoholism, pregnancy, active liver disease, and 
renal impairment) and adverse effect profile (requiring routine monitor-
ing of transaminases) are similar to methotrexate. A generic formula-
tion of leflunomide is now available in the United States, substantially 
reducing its cost differential compared with the other non-biologic 
DMARDs.

The efficacy of sulfasalazine (discussed in detail in Chapter 52) in 
the treatment of RA was first recognized in the 1940s, although its 
mechanism of action in RA has never been clearly elucidated. In 
Europe it was the preferred first-line DMARD until recently, having 
been displaced by methotrexate. Head-to-head studies have shown 
relative equivalence in efficacy compared with methotrexate and leflu-
nomide,48,49 although (as noted earlier) methotrexate was relatively 
underdosed in these studies relative to current clinical practice. The 
usual dose of sulfasalazine for the treatment of RA is 1 to 3 g per day 
in divided doses. Sulfasalazine is contraindicated in patients with sulfa 
allergy or G6PD deficiency. Potential advantages of sulfasalazine over 
methotrexate include its reduced cost, relative safety during pregnancy, 
and low incidence of hepatotoxicity and bone marrow toxicity. 

http://www.drugstore.com
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methotrexate) may be practical in some circumstances (see later) and 
these drugs remain viable affordable alternatives in less developed 
countries.

Stepping up therapy: inadequate  
response to DMARD monotherapy
Approximately 50% of patients will have an inadequate response to 
monotherapy with an aggressively dosed non-biologic DMARD.38,39,41,42,49 
In these patients, adding a DMARD (or DMARDs) (step-up combina-
tion) is preferable to sequential monotherapy. As always, the addition 
of any new DMARD poses additional risks that must be weighed 
against the potential benefit of additional treatment. It is often produc-
tive, at the initial visit, to introduce the concept that a combination of 
DMARDs may be necessary, that this need can be ascertained within 
the first 2 to 4 months of monotherapy, and that therapies with various 
routes of administration are available. This allows adequate time for 
the treating rheumatologist and patient to discuss expected benefits, 
side effects, and preferences for route of administration.

Biologic DMARDs: TNF inhibitors
For patients with an inadequate response to several months of aggres-
sively dosed methotrexate, the addition of a TNF inhibitor is a highly 
effective and generally safe strategy for further reducing synovitis. That 
the combination of a TNF inhibitor plus methotrexate is superior to 
monotherapy with methotrexate in reducing signs, symptoms, and 
radiographic progression of disease in patients with early and/or 
advanced RA has been demonstrated for etanercept in the TEMPO 
trial,44 for infliximab in the ASPIRE and ATTRACT trials,55,56 and for 
adalimumab in the PREMIER and ARMADA trials.43,57 Their ability 
to effect robust, rapid, and sustainable clinical responses in many 
patients has overshadowed, but not eclipsed, concerns about short- and 
long-term toxicities. These toxicities include enhanced risk of serious 
and opportunistic infections, induction of autoantibodies, and risk of 
inducing or exacerbating symptoms of congestive heart failure and of 
demyelinating diseases (discussed in detail in Chapter 61). Fortunately, 
the incidence of these potential side effects is uncommon. The superior 
efficacy of adding a TNF inhibitor (infliximab) to methotrexate over 
the addition of sulfasalazine/hydroxychloroquine in early RA patients 
was recently confirmed in the SWEFOT trial.58 The increasing prescrip-
tion of TNF inhibitors over the years since FDA approval has proven 
that self-injection and intravenous infusion are acceptable routes of 
administration for treatment of patients with RA. In patients at high 
risk for joint damage, the high cost of anti-TNF therapy is expected to 
be balanced or offset in the long term by a reduction in joint surgeries, 
disability, and unemployment. Thus their position as the ideal choice 
for second-line therapy for patients with moderate to severe residual 
disease activity on background MTX is now relatively commonplace.

No evidence suggests that one TNF inhibitor is superior to another. 
Furthermore, potential adverse effects are generally comparable among 
the three, although infliximab treatment has been associated with a 
higher incidence of opportunistic infection.59 Therefore the selection 
of TNF inhibitor is often based on patient preference. Etanercept and 
adalimumab are self-administered via subcutaneous injection (50 mg 
once per week or 25 mg twice per week for etanercept; 40 mg every 1 
to 2 weeks for adalimumab). Higher doses of etanercept were not 
shown to increase response.60 Infliximab is administered as an intra-
venous infusion every 8 weeks (after an initial loading regimen). The 
standard dose of infliximab, 3 mg per kilogram body weight, can be 
titrated up to 10 mg per kilogram if needed and/or the dosing interval 
can be decreased (to every 6 or every 4 weeks). It is recommended that 
infliximab be administered concurrently with methotrexate (at least 
7.5 mg per week) to prevent the development of neutralizing antibod-
ies, although other mechanisms might be relevant with respect to the 
enhanced efficacy of infliximab in combinations with MTX because 
the efficacy of other TNF inhibitors is also increased by combination 
with MTX, and infliximab is effective as monotherapy in psoriatic 
arthritis and ankylosing spondylitis. Limited data suggest that the 
combination of a TNF inhibitor with non-biologic DMARDs other 
than methotrexate (e.g., leflunomide and/or sulfasalazine) is safe and 
perhaps efficacious as well.61,62 Formal drug interaction studies, 

Sulfasalazine is an important option for RA patients with chronic 
hepatitis C infection or other liver conditions. Comparative disadvan-
tages include a higher rate of early discontinuation due to intolerance 
(usually gastrointestinal [GI]) and the potential for lower patient com-
pliance because of the need for twice-daily dosing.

Neither leflunomide nor sulfasalazine has been studied in com-
bination with other non-biologic and biologic DMARDs as rigorously 
as methotrexate. For these and the other reasons cited earlier,  
methotrexate remains the most commonly used first-line DMARD  
for RA, although both leflunomide and sulfasalazine are excellent 
alternatives.

Hydroxychloroquine (see Chapter 52) has a long track record of use 
in the treatment of RA. Its low toxicity profile, ease of administration 
(oral QD or BID), low cost (comparable with methotrexate and sul-
fasalazine), and apparent safety in pregnancy make it an attractive 
agent for use in RA. However, head-to-head studies versus the other 
conventional DMARDs discussed earlier8,40 confirm that hydroxychlo-
roquine is a comparatively less potent DMARD, especially in its ability 
to slow radiographic progression. Thus its use as monotherapy is gener-
ally restricted to patients with very mild disease with few or no risk 
factors for poor prognosis, a setting in which it can be surprisingly 
effective.50 Given these limitations, hydroxychloroquine is most com-
monly used as adjunctive therapy rather than monotherapy for RA. 
The usual dose is 200 to 400 mg per day with yearly monitoring for 
retinal toxicity. Dose loading of up to 1200 mg per day for the first 6 
weeks of therapy has been shown to safely hasten the onset of action51; 
however, this strategy has not undergone long-term evaluation and is 
not widely practiced. Additional benefits of hydroxychloroquine on 
metabolic and cardiovascular risk profiles have been reported.52,53

First-line monotherapy: biologic DMARDs
Three TNF inhibitors (etanercept, infliximab, and adalimumab) and 
one interleukin-1 (IL-1) inhibitor (anakinra) are U.S. Food and Drug 
Administration (FDA) approved for the treatment of RA (see Chapter 
61). Each has been demonstrated to be efficacious as monotherapy for 
the treatment of RA, although anakinra is a relatively weak agent 
compared with the TNF inhibitors and infliximab is recommended 
only in conjunction with methotrexate (in order to suppress antichi-
meric antibodies). Compared with aggressively dosed methotrexate, 
neither etanercept monotherapy nor adalimumab monotherapy shows 
superiority in reducing clinical signs and symptoms of disease, although 
each does exhibit modest superiority in reducing radiographic progres-
sion.41,43,44 Nonetheless, this modest advantage is offset by the high 
costs of these agents such that methotrexate remains the preferred 
first-line DMARD. There are patients, however, in whom first-line 
monotherapy with etanercept or adalimumab is preferred, such as 
those with multiple contraindications to non-biologic DMARDs. 
Evolving clinical experience suggests that TNF inhibitors may be rela-
tively safe during conception and pregnancy,54 although more study is 
required before their use under these circumstances can be recom-
mended. Insofar as the most common use of TNF inhibitors is in 
combination with MTX,12 these drugs are addressed in greater detail 
later in the discussion on “step-up” therapy.

First-line monotherapy with anakinra or either of the newer approved 
biologic DMARDs, abatacept and rituximab, has not been studied. 
First-line therapy with abatacept in combination with methotrexate 
has been recently evaluated (see later).

First-line monotherapy: other  
non-biologic DMARDs
Several additional non-biologic DMARDs remain available on the 
market for the treatment of RA. These include oral and injected gold 
(see Chapter 52), D-penicillamine, minocycline (see Chapter 56), 
cyclosporine, tacrolimus, cyclophosphamide, azathioprine (see Chapter 
55). In view of the greater convenience, lower toxicity profiles, and 
quicker onset of action of methotrexate, leflunomide, and sulfasala-
zine, coupled with the emergence in 1998 of the TNF inhibitors, these 
older non-biologic DMARDs have been virtually abandoned in devel-
oped countries for the treatment of RA, at least as monotherapies. 
However, some combination therapies (e.g., cyclosporine + 
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mechanism of action of the drug is not dependent on reduction in 
autoantibodies.

The safety profile for the first treatment course (paired infusions 2 
weeks apart) of rituximab is generally favorable, with few serious infec-
tions and no opportunistic infections noted in clinical trials. Infusion 
reactions are more frequent with rituximab than the other infused 
biologic DMARDs, necessitating the recommendation for pretreat-
ment corticosteroids. Infusion reactions tend to diminish with repeated 
infusions. Reductions in immunoglobulin levels have been noted over 
two to three courses of treatment; however, these decreases have not 
been associated with an increased risk for infection to date. Open label 
studies will provide information as to whether longer-term treatment 
will result in progressive and clinically important depletion of immu-
noglobulins that might limit length of treatment. Sporadic cases of 
progressive multifocal leukoencephalopathy (PML) have been reported 
in patients receiving rituximab for non-Hodgkin lymphoma, systemic 
lupus erythematosus, and RA,74 although additional concomitant 
immunosuppressing agents have generally been present in these cases.

Rituximab administered as two doses of 1000 mg separated by 2 
weeks is the current FDA licensed dosage, although one study showed 
nearly equivalent efficacy with two 500-mg doses.72 The duration of 
effect is variable but is typically greater than 6 months.75 Durable 
responses of 18 and greater months have been reported.76 In some 
cases, subsequent infusions result in longer duration of response. 
Although peripheral B cells are rapidly diminished after treatment in 
most cases, reemergence of B cells does not predict loss of response 
and continued depletion does not guarantee maintenance of response. 
Importantly, patients who do not achieve a response with the first 
treatment course do not benefit from repeated treatments.77

Related to its licensing in the United States, rituximab is usually 
reserved as third-line therapy in patients who have failed other biolog-
ics, although it may be a good option for patients with specific contra-
indications to other therapies. Some concern has been raised about the 
safety of initiating therapy with other biologics in patients with depleted 
B cells but an inadequate clinical response to rituximab. However, 
preliminary evidence suggests that starting a TNF inhibitor in this 
scenario may be safe.78

Biologic DMARDs: IL-1 inhibitors
There is only one FDA-approved inhibitor of IL-1 (anakinra) on the 
market for the treatment of RA. Anakinra (see Chapter 60) is admin-
istered as a once-daily subcutaneous injection. It has been shown, both 
as monotherapy and in combination with methotrexate, to be superior 
to placebo in reducing signs, symptoms, and radiographic progression 
in patients with advanced RA. Although generally safe when used in 
combination with non-biologic DMARDs other than methotrexate in 
patients with comorbid illnesses, there was a modest increase in inci-
dence of serious infections in anakinra-treated, compared with placebo-
treated, patients in a large clinical trial.79 The combination of anakinra 
with etanercept (or presumably other TNF inhibitors) is not recom-
mended, however, because it was associated with a significantly higher 
rate of serious infections (compared with etanercept monotherapy) 
without enhancing efficacy.80 Although anakinra has not been com-
pared directly with any of the TNF inhibitors, its efficacy in clinical 
trials is consistently and substantially lower than that of the TNF 
inhibitors. This, coupled with the inconvenient dosing schedule, has 
placed anakinra as a distant choice for step-up therapy in clinical prac-
tice. However, it is a reasonable alternative in patients with inadequate 
responses to the available biologic DMARDs or in patients with con-
traindications to TNF inhibitors such as moderate to severe congestive 
heart failure or multiple sclerosis.

Non-biologic DMARD combinations
As noted previously, combinations of non-biologic DMARDs using the 
“induction” approach have substantial superiority over monotherapy 
for the treatment of RA. This is also demonstrated in clinical trials for 
the “step-up” approach. For example, the combination of sulfasalazine 
+ hydroxychloroquine + methotrexate was superior to methotrexate 
alone, to sulfasalazine alone, and to the dual combinations81 for reduc-
ing signs and symptoms of disease, although radiographic assessments 

however, have not been done with these drugs and the anti-TNF thera-
pies. However, combining TNF inhibitors or combinations of TNF 
inhibitors with other biologic DMARDs is not recommended11 because 
of the risk of enhanced infection and other toxicities.

In general, the onset of action of TNF inhibitors is more rapid than 
non-biologic DMARDs, with many patients achieving a clinical 
response after only 8 to 12 weeks of therapy. However, some patients 
may be slower to respond and, similar to methotrexate, approximately 
50% of patients fail to have a robust response to anti-TNF therapy at 
all.41,42,56,57 The factors responsible for this variability are not known, 
although pharmacogenetic studies are under way to investigate the 
issue.

Biologic DMARDs: T-cell  
costimulatory modulators
The T-cell costimulatory modulator abatacept (see Chapter 58) has 
been shown to have clinical efficacy as monotherapy in moderate to 
severe RA patients with an inadequate response to methotrexate,63 and 
in combination with methotrexate in patients who have failed metho-
trexate monotherapy,64 other non-biologic DMARDs,65 and/or TNF 
inhibitors.66 Reduction in radiographic progression compared with 
placebo has also been observed uniformly across these studies. A recent 
study showed that early, very active, DMARD-naïve RA patients 
treated with the combination of abatacept + methotrexate were sig-
nificantly more likely to achieve clinical remission at 1 year compared 
with those treated with methotrexate alone.67 However, an abatacept 
monotherapy arm was not included in this study. In the only head-to-
head trial assessing efficacy of abatacept against a TNF inhibitor, clini-
cal response outcomes were similar over 1 year for active RA patients 
randomized to receive abatacept versus infliximab,68 although inflix-
imab was only allowed at the minimum (3 mg/kg) dose.

Overall, the safety profile of abatacept from clinical trial data is 
modestly superior to TNF inhibitors. Infusion reactions were lower in 
abatacept-treated patients compared with infliximab-treated patients68 
and no cases of tuberculosis or other opportunistic infections have been 
associated with abatacept. However, compared with the TNF inhibi-
tors, long-term and safety registry data on the incidence of serious 
infections and malignancies with abatacept are limited. In particular, 
a potential signal for lung cancer and pulmonary exacerbations in 
patients with COPD noted in a large safety trial (ASSURE)65 has not 
been replicated in subsequent studies but warrants additional confir-
mation and investigation into mechanism.

Abatacept is administered according to weight and a loading regimen 
is recommended. Thereafter, infusions are administered every 4 weeks. 
Because the onset of clinical effect can be delayed, a recent consensus 
statement recommends continuing abatacept for at least 16 weeks 
before evaluating efficacy.69

Optimal placement of abatacept in the sequence of RA therapeutics 
has not been firmly established. Although clinical trials data indicate 
efficacy at most stages of disease, the lack of long-term efficacy and 
safety data generally relegate abatacept to a position behind the TNF 
inhibitors as second-line agents. However, it is an appealing option in 
patients who have failed TNF inhibitors or those with contraindication 
to TNF inhibitors. Abatacept should not be combined with TNF inhibi-
tors because the combination was associated with higher infection 
rates without improved efficacy.70

Biologic DMARDs: B-cell depletion
Rituximab, a chimeric monoclonal antibody directed against CD20 
(see Chapter 59), has been shown to be efficacious in combination with 
methotrexate in reducing the signs and symptoms of active RA and in 
slowing radiographic progression of disease in patients with inadequate 
responses to methotrexate and/or TNF inhibitors.71-73 Rituximab is 
currently FDA approved in the United States only for use in RA 
patients who have had an inadequate response to TNF inhibitors. It 
has not been specifically studied in early RA, in combination with other 
biologic DMARDs, or with other non-biologic DMARDs except metho-
trexate and cyclophosphamide. The best evidence for its efficacy is in 
populations selected on RF seropositivity71,72; however, it has been 
applied with success in seronegative patients,73 suggesting that the 
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a single joint or two, after first establishing that the joint is not  
infected (see Chapter 51). In view of the adverse effects associated  
with chronic glucocorticoid administration, some of which have been 
underappreciated (e.g., accelerated atherosclerosis, osteoporosis), the 
treating rheumatologist must always take into account the benefit 
versus risk of toxicity associated even with low doses of chronic 
glucocorticoid.

Non-steroidal anti-inflammatory drugs
The rapid onset of the anti-inflammatory and analgesic effects of 
NSAIDs makes them the preferred first line of anti-inflammatory treat-
ment in RA. However, NSAIDs are not disease modifying, so their use 
as monotherapy for any prolonged period of time should be avoided. 
Continued prescription of an NSAID throughout the course of RA, in 
conjunction with DMARDs, is common.89 Many NSAIDs are com-
mercially available and are discussed in detail in Chapter 50. Along 
with well-recognized GI side effects, recent concerns for an increased 
risk of cardiovascular events associated with the COX-2 selective 
NSAIDs (and even non-selective NSAIDs) have drawn into question 
the widespread use of this class of drugs.90 In RA patients with well-
controlled synovitis, lowering the dose and/or frequency or even com-
plete discontinuation of NSAID may be advantageous.

Maintenance of the treatment response
RA is a chronic disease that rarely remits spontaneously. Consequently, 
DMARD treatment must be continued indefinitely because its discon-
tinuation will generally lead to reemergence of signs and symptoms of 
disease within weeks to months. Patients who have been treated 
according to an “induction” regimen may tolerate a simplification of 
their treatment regimen to a single DMARD. Many patients will expe-
rience a flare in disease activity over the course of their illness, neces-
sitating an adjustment in treatment, usually in the form of increased 
dose or number of DMARDs.

Future
A subset of RA patients with very destructive disease will not respond 
adequately to aggressive management with multiple DMARDs, low-
dose steroids, and NSAIDs. Data from clinical trials have shown that 
30% to 50% of patients do not achieve clinically meaningful response, 
for example, to the combination of a TNF inhibitor and methotrexate. 
Fortunately, a number of new drugs have novel mechanisms of action 
(see Chapters 61 to 63) that hopefully will provide alternatives for these 
patients. Additional TNF inhibitors, second-generation B-cell depleting 
therapies, and novel biologic inhibitors of IL-6, BLyS, TACI, and small 
molecule inhibitors of enzymes in inflammatory pathways (e.g., 
kinases) are all in various phases of clinical investigation. In the coming 
years, clinical research will establish where these agents fit in the evolv-
ing treatment algorithms for RA.

OTHER CONSIDERATIONS
Swelling with or without fever in a single joint in an RA patient in 
whom disease has been previously well controlled should raise the 
possibility of a septic joint. Aspiration and culture of the fluid are criti-
cal before a decision to readjust the DMARD regimen or to perform a 
corticosteroid injection is made. Similarly, the sudden emergence of 
generalized musculoskeletal pain should prompt consideration of a 
systemic infection, particularly in patients receiving biologics or broad 
immunosuppressants. Some patients will continue to complain of 
intractable pain even in the face of well-controlled synovitis. In these 
cases, non-inflammatory pain syndromes such as fibromyalgia or 
regional pain syndromes such as tendonitis should be considered as 
possible etiologies for the pain and treated appropriately. Escalation of 
DMARDs is not appropriate in these patients.

BARRIERS TO AGGRESSIVE MANAGEMENT
The ability to escalate therapy to the desired level in an individual RA 
patient may be limited by one or more comorbid illnesses and/or 

were not performed in these studies. This strategy, termed “triple 
therapy,” is generally well tolerated and is relatively low in cost. Dis-
advantages include a dosing schema that may present barriers to adher-
ence in some patients and the potential for a negative effect of 
sulfasalazine + methotrexate due to sulfasalazine’s inhibition of cel-
lular uptake of methotrexate by the reduced folate carrier.82

The addition of leflunomide to methotrexate in patients with an 
inadequate response to methotrexate was also associated with enhanced 
clinical improvement compared with methotrexate alone, but no radio-
graphic endpoints were assessed.83 Drug-related toxicities associated 
with the combination are relatively low; however, careful monitoring 
of hepatic function is advocated in patients receiving this combination. 
Suggested ways to minimize toxicity are the elimination of the loading 
dose of leflunomide, initiation of leflunomide at the lower (10 mg per 
day) dose, and reduction of the dose of methotrexate. As with triple 
therapy, head-to-head comparisons of methotrexate + leflunomide 
against regimens containing a TNF inhibitor have not been performed. 
For these reasons, these combinations are often selected in patients 
with contraindications to TNF inhibitors (e.g., patients with recurrent 
serious infections) or those with an aversion to self-injection or 
infusion.

Other step-up combination regimens that have demonstrated favor-
able clinical efficacy in randomized, blinded, placebo-controlled trials 
include methotrexate + IM gold84 and methotrexate + cyclosporine.85 
Although of some clinical merit, the potential toxicity profiles of both 
these combination regimens limit their application in the current 
environment, where safer and possibly more effective treatment strate-
gies are available.

Third-line therapy: when initial biologics fail
Although the 2008 ACR treatment recommendations do not indicate 
a preference between TNF inhibitors, abatacept, or rituximab for RA 
patients with active disease of more than 6 months’ duration with poor 
prognostic features who have failed initial therapy with non-biologics,11 
typically a TNF inhibitor will be used first. Thereafter, there is little 
evidence to guide treatment decisions if an adequate response is not 
achieved because no head-to-head studies have been conducted of the 
available biologic choices in patients who have failed a prior biologic. 
Although a switch to a biologic with a different mechanism of action 
would seem appropriate, observational data suggest that overall drug 
survival rates for a second TNF inhibitor are similar to those for the 
first when the first was discontinued due to inefficacy.86 Thus switch-
ing to an alternate TNF inhibitor is advocated in a recent multinational 
consensus statement.69

Glucocorticoids
Glucocorticoids (see Chapter 51) are potent anti-inflammatory drugs 
that constitute important adjunctive therapy for RA but should never 
suffice as monotherapy for any prolonged period of time. In general, 
the prescription of glucocorticoids should be at as low a dose and for 
as short a time as possible. They can be administered orally or by 
intra-articular injection, intravenous infusion, or intramuscular injec-
tion. Glucocorticoids are particularly useful at the onset of disease 
because they produce a rapid and substantial reduction in synovitis,31 
thus reducing patient discomfort while the slower acting DMARD(s) 
takes effect. This “bridging” strategy, in which glucocorticoids are 
tapered and discontinued as the DMARD takes full effect, can also be 
applied during disease flares.87 Frequent flares requiring repeated short 
bursts of glucocorticoid therapy, however, should alert the clinician 
that the disease is inadequately controlled and, in these situations, the 
dose or number of DMARDs should be increased or other DMARD 
strategies employed.

Some RA patients have severe disease that is not well controlled 
despite aggressive management with multiple DMARDs and NSAIDs. 
In these patients, chronic low-dose prednisone (<10 mg daily) is fre-
quently necessary to enhance comfort. Low-dose prednisone also slows 
joint damage (assessed radiographically),88 although its effect is consid-
erably more modest than that of the DMARDs and appears to diminish 
with prolonged use. Intra-articular injection of a glucocorticoid is indi-
cated for the patient in whom the disease is well controlled except for 
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CONCLUSION
The treatment of RA has changed dramatically in the past 10 years. 
The initiation of treatment very early in disease, the use of combina-
tions of DMARDs, and the emergence of the biologic inhibitors of 
TNF-α have made it possible to achieve control of synovitis and 
improvement in the quality of life in the majority of RA patients. 
Complete remission of disease (on therapy) should be the goal of treat-
ment, even if not always achievable, in all RA patients. Indeed, emerg-
ing clinical and epidemiologic data suggest that excellent long-term 
control of synovitis will result in significant reductions in rates of 
unemployment, joint surgeries, disability, and mortality in RA patients.

patient behaviors. Comorbidities such as recurrent infections, chronic 
liver disease, and moderate-to-severe congestive heart failure are rela-
tive contraindications to the use of some biologic or non-biologic 
DMARDs as discussed earlier and in other chapters. In some patients, 
non-adherence to medications and/or laboratory monitoring may 
necessitate the choice of a treatment regimen with simpler dosing 
schemes or lower risk of toxicity. Educating the patient about RA and 
their medications and an attempt to understand the patient’s barriers 
to adherence (e.g., fear of medications, lack of understanding of the 
potential destructiveness of the disease) may help to overcome these 
limitations. Finally, the high cost of biologic DMARDs limits their use 
in a significant subset of patients.
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an interdisciplinary team model, in which the members analyze, syn-
thesize, and harmonize links between disciplines to establish a shared 
basis of knowledge and common goals in the treatment or rehabilita-
tion of the patient.2 Although patients with an aggressive disease, 
multiple problems, and/or a complex life situation may profit from the 
latter model, the multidisciplinary team model may be appropriate for 
patients with a stable disease and life situation. Also, some patients 
may prefer to relate to one or a few health professionals rather than 
an extensive team, and the involvement of fewer persons is likely to 
assist communication and partnership with the patient.1

Lately, a third so-called transdisciplinary model has emerged. In this 
approach, members transcend their traditional boundaries and take on 
extended roles to be able to meet a patient’s need for more rapid access 
to care, to provide more time and continuity in care, or to provide a 
more optimal treatment when funding or human resources are limited. 
Examples of such models are clinical nurse specialists who conduct 
examinations and monitor treatment usually performed by a rheuma-
tologist, and the primary therapist model, in which specially trained 
physical or occupational therapists function as multiskilled health 
professionals working in consultation with or with referral to peers or 
other services when necessary.2

Published recommendations for disease management often divide 
the recommendations into pharmacologic and non-pharmacologic 
interventions, even if the recent American College of Rheumatology 
recommendations only focused on drug therapy in RA.3 Health profes-
sionals primarily work with non-pharmacologic interventions. This 
chapter reports the evidence for such interventions and discusses dif-
ferent care models.

Non-pharmacologic interventions
Successful multidisciplinary care depends on the availability of skilled 
health professionals, as well as timely and coordinated delivery of the 
relevant interventions.

Patient education
The primary target of patient education is the disease consequences: 
symptoms and disability. Independence, feeling in control, and confi-
dence are also major targets. The implication is that cognitive- 
behavioral skills must be addressed in addition to disability and 
symptoms.

Patients want and are entitled to get the information that they need, 
both in written and oral form. However, self-management and shared 
decision making are important means to cope with the disease conse-
quences.4 Interactive computerized patient education may be a valuable 
supplement today, also to improve cognitive-behavioral outcomes. 
Lorig5 developed and implemented patient education programs in 
arthritis on the basis of the concept of self-efficacy (grade A).† Lorig’s 
arthritis self-management programs (ASMPs) have been disseminated 
internationally, and evidence supports that increased self-efficacy 
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 Patient education may improve pain, functional ability, depression, 
coping, and self efficacy and should be a cornerstone in the 
multidisciplinary care of persons with rheumatoid arthritis (RA).

 Nursing care provides continuity and the opportunity for shared 
decision making and focuses on the patient’s coping strategies.

 Persons with RA have increased risk of cardiovascular diseases and 
osteoporosis. Health professionals should therefore promote 
physical activity and guide patients in achieving and maintaining a 
healthy lifestyle.

 Dynamic exercises are safe and beneficial for patients with RA, but 
patients with extensive joint damage or joint prostheses should be 
careful with high-intensity weight-bearing exercises.

 Physical modalities are a possible adjunctive method with 
uncertain positive but no harmful effects.

 Orthopedic shoes, insoles, wrist orthoses and splints correcting for 
foot or hand deformities, and assistive devices may decrease pain 
and improve function.

 Persons with RA should follow a healthy diet, avoid certain foods if 
they have allergies or intolerance, and consult a nutritionist if they 
want to try any special diet.

 Persons at risk of being work disabled should have rapid access to 
vocational rehabilitation because prevention of work disability is 
probably more effective than correction of work disability after 
work loss.

 Team care such as comprehensive inpatient and day patient 
programs is more effective than regular outpatient care to control 
disease activity and improve functional ability.

 Transdisciplinary models, in which clinicians take on extended 
roles, may in many occasions be at least as effective as and more 
cost effective than extensive team care.

INTRODUCTION
Over the past decades, new medical and surgical treatments have 
improved prognosis and quality of life in people with RA. Still, most 
patients will experience periods with pain, fatigue, and loss of function 
and benefit from therapeutic interventions from a variety of health 
professionals. The expectations for level of functioning and participa-
tion in society have also been raised with the new opportunities for 
improvement.

A consumer-centered approach is now widely applied in the disease 
management. Individual goals and treatment plans are jointly set by 
the patient and the rest of the team. The roles and areas of expertise 
of the potential team members1 are described in Table 95.1. Even if 
each profession has different areas of expertise, a common goal will 
always be to reduce and control disease activity, to maintain or improve 
function and work ability, and to enhance coping strategies and the 
quality of life of the patient and his or her family. How a team of health 
professionals work together will, to a large degree, depend on the prob-
lems of the patient, the treatment setting, and the treatment goals. 
Traditionally, two models of care have been distinguished: a multidis-
ciplinary approach, in which different team members cooperate on a 
regular basis while staying within their professional boundaries, and 

95

†Grade A* Systematic review and meta-analysis of randomized trials. Grade A: 
If there is not a systematic review and/or meta-analysis “on point”, then the 
authors should cite data from individual randomized controlled trials to support 
the recommendations. Recommendations based on results from observation 
studies (Grade B) and/or case series (Grade C) should be used only when the 
data from randomized controlled trials are not available.
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TABLE 95.1 ROLES AND AREAS OF EXPERTISE OF THE POTENTIAL MEMBERS OF A MULTIDISCIPLINARY TEAM*

Profession Roles and area of expertise

Clinical pharmacist The clinical pharmacist identifies, solves, and prevents drug-related problems such as unnecessary drug use, non-optimal drug or dosage, 
need for additional drug, interaction between drugs, adverse drug reactions, and need for more information or therapy discussion.

Nurse The nurse assists the patient in the performance of health-promoting activities to meet needs when altered ways of self-care are required 
due to disease or treatment. Nurses focus on activities that the patient would perform unaided given the skill, will or knowledge, and thus 
the mobilization, strengthening, or compensation of these resources. Optimal levels of physical, mental, and social coping and symptom 
relief are important targets.

Nutritionist/dietician The nutritionist/dietician assesses, diagnoses, and treats nutrition-related problems and gives practical guidance regarding diets to 
individuals and to the public health. He or she is qualified to treat a range of medical conditions with dietary therapy on the basis of 
current literature, scientific evidence, best practices, and the individual needs of the person.

Occupational therapist The occupational therapist evaluates the impact of rheumatic diseases on function and performance of daily tasks and valued life roles, 
using interviews, observation, and standardized assessments. Personal goals, interests, and resources are screened to develop an 
individualized program aimed at assisting adjustment to new or modified life roles, and the home/school/work environment is assessed 
to determine if adjustments are necessary to enhance the person’s abilities. The most important interventions in occupational therapy are 
patient education concerning ergonomic principles and energy conservation, therapeutic exercise, and activity programs, provision of 
orthoses and assistive technology, and environmental and task modifications.

Orthopedic surgeon An orthopedic surgeon trained in the treatment of people with RA will be responsible for performance of surgical procedures and, together 
with the patient, rheumatologist, and relevant team members, will establish a plan for surgical procedures that should be coordinated 
with the timing of other interventions.

Podiatrist/orthopedic 
shoemaker/orthotist

The orthopedic shoemaker evaluates the foot and ankle in order to define deformities, instabilities, and painful areas. Custom-made insoles, 
prefabricated orthopedic shoes, and custom-made shoes are common interventions in pain relief and stabilization of an unstable and/or 
painful rheumatoid foot and ankle.

The orthotist can apply prefabricated or custom-made orthoses for all body parts in order to prevent or correct deformities, reduce pain, or 
increase function. Lightweight and soft materials with an easy closure system are preferred. Because rheumatoid arthritis usually affects 
multiple joints, it is important to have an overall and integrated view when planning the orthotic treatment.

Psychologist The role of the clinical psychologist is to assist the patient and family in managing emotional and psychological stress and to assist living 
and coping with a chronic disease. On the basis of an evaluation, the psychologist tailors a treatment plan to meet the needs of the 
patient. The clinical psychologist provides a wide range of interventions designed to enhance coping, including cognitive therapy, pain, 
sleep, and stress management; sexual and relationship counseling; and psychotherapy. The psychologist may also have a consultation role 
with the interdisciplinary team.

Physical therapist The physical therapist assists patients in achieving optimal function, pain relief, and physical recovery. On the basis of an evaluation of 
physical and functional status, the physical therapist uses therapeutic exercises and manual techniques to improve patients’ muscle 
strength, joint mobility, and cardiovascular function. Physical modalities such as heat, cold, electrical therapy, and hydrotherapy may also 
be used to achieve temporary pain relief and reduce muscle spasm, thus preparing the patient for exercise and activity.

Rheumatologist The rheumatologist is primarily responsible for diagnosis and the total management. His or her main responsibility is usually pharmacologic 
interventions and disease monitoring. The rheumatologist will work with the patient and members of the multidisciplinary team to 
identify needs for non-pharmacologic interventions.

Social worker Social workers play a role in preventing and solving personal problems and problems regarding networks of interpersonal relation in the 
family and outside the family. They also address economic problems and limitations regarding education, work, and/or a professional 
career.

*Based on descriptions found on the Web sites of the specific professions and the Association of Rheumatology Health Professions (www.rheumatology.org).

TABLE 95.2 EFFECT OF PATIENT EDUCATION INTERVENTIONS ON VARIOUS OUTCOMES AT FIRST AND LAST FOLLOW-UP VISITS*

Outcome measure

First follow-up Last follow-up

Exp/control SMD (95% CI) Exp/control SMD (95% CI)

Pain 1119/1000 −0.08 (−0.16, 0.00) 530/543 −0.07 (−0.019, 0.05)

Functional disability 1153/1122 −0.17 (−0.25, −0.09) 651/657 −0.09 (−0.20, 0.02)

Joint count 585/573 −0.13 (−0.24, −0.01) 484/490 −0.08 (−0.22, 0.07)

Patient Global Assessment 181/177 −0.28 (−0.49, −0.07) 302/316 −0.06 (−0.22, 0.10)

Psychological status 561/577 −0.16 (−0.28, −0.04) 392/402 0.04 (−0.10, 0.19)

Anxiety 671/657 −0.04 (−0.15, 0.07) 481/509 0.01 (−0.12, 0.13)

Depression 899/871 −0.14 (−0.23, −0.05) 564/579 −0.09 (−0.21, 0.02)

Disease activity 326/321 −0.03 (−0.19, 0.12) 359/359 −0.05 (−0.20, 0.10)

*Modified from Riemsma RP, Taal E, Kirwan JR, Rasker JJ. Systematic review of rheumatoid arthritis patient education. Arthritis Rheum 2004;51:1045-1059.
CI, confidence interval; SMD, standardized mean difference.

http://www.rheumatology.org
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Physical activity
Physical activity, exercises, and physiotherapy are important compo-
nents to optimize non-pharmacologic care. These three terms describe 
different concepts. Physical activity is defined as any bodily movement 
produced by skeletal muscles that results in energy expenditure, 
whereas exercises are a subset of physical activity that is planned, 
structured, and repetitive, with the objective of improvement or main-
tenance of physical fitness (grade B).12 In addition, physiotherapy 
includes treatment options addressing disease symptoms like pain and 
joint mobility such as massage, mobilization, manipulative techniques, 
and different physical modalities.

Due to fear of aggravating disease activity and symptoms, people 
with RA were earlier advised to limit their amount of physical activity 
and protect their joints when exercising physically. However, current 
strong evidence supports that people with RA should be encouraged to 
be physically active in order to maintain or improve physical and 
mental health and reduce the risk of co-morbidities. In general, physi-
cal activity is associated with better physical and mental health,  
prevention of disease, and reduced risk of all-cause mortality. Decon-
ditioning and low muscle strength predict earlier mortality in both 
diseased and normal populations at levels of significance similar to or 
greater than biomedical predictors (grade B).13,14 Patients with RA are 
shown to have reduced muscle strength, endurance, and aerobic capac-
ity compared with age-matched controls.15

On the basis of consistent findings in the literature, physical activity 
is both safe and beneficial and should be considered an important part 
of the management of RA. Recommendations for physical activity 
summarized in Table 95.3 are based on a systematic review of random-
ized controlled trials (RCTs) addressing the effect of training in people 
with RA.16 The recommendations are similar to those for the general 
population except from some special considerations that may be neces-
sary for people with RA:

● Careful progression of intensity and individual adjustments of 
program may be necessary due to disease fluctuations and/or 
disease activity.

● Cautions should be made for increased risk of fractures due to 
osteoporosis or treatment with glucocorticoids.

● Patients with joint replacements should be careful with heavy loads.
● In phases with high disease activity, flexibility and range of 

motion exercises together with strength training of large muscles 
are preferred.

Exercise therapy
Exercising is one of the most important behavioral interventions  
that can have major beneficial health effects. In a systematic review 
including six RCTs examining the effects of dynamic exercise pro-
grams, the overall conclusion was that dynamic exercise is effective 
with respect to improvement of aerobic capacity and muscle strength 
in patients with RA. More research is necessary to evaluate the long-
term effects of dynamic exercise therapy on radiologic progression  
and functional ability, but it is important to notice that no detrimental 
effects on disease activity and pain were reported in this review  
(grade A*).17

mediates improvement in perception of control, health behaviors, and 
health status (grade A).6

A systematic review has shown that patient education is more effec-
tive on symptoms and health status than on disease activity and 
anxiety, and that the efficacy was mostly seen only at the first follow-up 
visit (grade A) (Table 95.2).7 Another systematic review highlighted 
that educational programs improved knowledge and compliance, 
without improvement in health status, whereas psychoeducational 
programs improved coping behavior. Further, short-term effects in 
program targets were generally observed, whereas long-term changes 
in health status were not convincingly demonstrated (grade A).8

Almost all persons with RA use medications, and in a Norwegian 
study, up to 60% of patients with RA or polyarthritis reported using five 
or more drugs when admitted to a hospital.9 Not surprisingly, issues 
concerning medication and side effects are frequently raised in studies 
exploring unmet health care needs in this patient population. Clinical 
pharmacists are educated to identify and prevent drug-related prob-
lems.9 Counseling with pharmacists should thus be available on an 
individual basis, as well as in group-based patient education programs.

Joint protection is a self-management program that aims to main-
tain functional ability by teaching participants to use altered move-
ment patterns, alternative working methods, assistive devices, and 
activity pacing.10 Studies of such programs using standard methods of 
information and training have shown little or no effect. However, 
improvement in several outcomes was observed in individuals with 
early RA exposed to a joint protection program based on educational-
behavioral teaching methods, compared with those who received a 
program based on traditional practice (grade A).10 This suggests that 
joint protection programs can help slow the progression of the effects 
of RA over and above the effects of drug therapy alone.

In conclusion, patient education should be an integrated part of the 
total management of RA. Elements that focus on aspects like self-
efficacy and coping behavior seem to increase the likelihood of an effect 
on symptoms and health status.

Nursing care
Nursing care for patients with RA includes emotional support for 
adaptation to the new diagnosis, knowledge about the disease, conse-
quences, and treatment, as well as discussions on the self-management 
in general and on symptoms. This type of care was previously per-
formed only in the setting of hospitalization, but the principles are 
increasingly transferred into day care or outpatient clinics. It is not 
known whether nurse-led clinics can prevent or reduce the impact of 
the disease, but significant increases in patient satisfaction have been 
recorded (grade A).11

Assessments in nursing care should address needs on the basis of 
what is most important to the patients. Pain, physical functioning, and 
fatigue are the most frequently reported prioritized symptoms and 
areas of disease impact. The assessment of patients’ own resources is 
equally important. Knowledge and confidence in the ability to influence 
health and daily activities have been measured with a patient knowl-
edge questionnaire and RA-specific self-efficacy scales or RA attitude 
index, respectively. Nursing care aims to mobilize, strengthen, or com-
pensate deficiencies in dimensions of self-care.

TABLE 95.3 RECOMMENDATIONS FOR DIFFERENT TYPES OF PHYSICAL ACTIVITY FOR PATIENTS WITH RHEUMATOID ARTHRITIS16

Goal
Frequency, days  
per week Duration, minutes Intensity, % of APM*

Intensity, according to Borg’s 
RPE scale†

Weight, % 
of 1 RM‡

Maintenance, secondary prophylactic 4-7 30 50-70 10-14 —

Improved aerobic capacity 3 30-60 60-80 11-15 —

Improved strength 2-3 50-80

Improved endurance 2-3 30-40

*Age predicted maximal heart rate.
†Rating of perceived exertion, Borg scale 6-20 (maximal exertion).
‡Repetition maximum (the maximum amount of weight one can lift in a single repetition for a given exercise).
APM, Age-predicted maximal heart rate; RPE, rating of perceived exertion, Borg scale 6-20 (maximal exertion); RM, repetition maximum (the maximum amount of weight one can lift in a single repetition 
for a given exercise).
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modes is effective in improving disease-related characteristics and 
functional ability in RA patients, but future studies are required to 
investigate the effects of exercise in improving the cardiovascular status 
of this patient population (grade A).27

In summary, dynamic exercises are safe and beneficial for patients 
with both early and established RA. For most patients, no harmful 
effects on radiologic damage of the joints were reported, but patients 
with extensive joint damage should be careful with high-intensity 
weight-bearing exercises. Due to the increased risk of co-morbidities 
such as cardiovascular diseases and osteoporosis, it is of importance 
that health professionals promote physical activity and guide patients 
in achieving and maintaining a healthy lifestyle (grade B).28

Physical modalities
Physical modalities such as thermotherapy, hydrotherapy, electrother-
apy, and laser are frequently used in physiotherapy practice for patients 
with RA to enhance pain relief and increase joint flexibility.

Thermotherapy includes a variety of local or whole-body applica-
tions of cold or heat. Since Hippocratic times, heat treatments have 
been appreciated as treatment for musculoskeletal and rheumatic dis-
orders. Superficial moist heat and cryotherapy can be used as palliative 
therapy. Paraffin wax baths combined with exercises can be recom-
mended for beneficial short-term effects for arthritic hands, but the 
conclusions are limited by methodologic considerations such as the 
poor quality of trials (grade A).29

Overall there is insufficient evidence that balneotherapy is more 
effective than no treatment, that one type of bath is more effective than 
another, or that one type of bath is more effective than mudpacks, 
exercises, or relaxation therapy. Many studies suffer from poor meth-
odology and “positive findings” should therefore be considered with 
caution (grade A).30

Electrotherapy is based on therapeutic use of different forms of 
electric current, most often applied by surface electrodes. Transcutane-
ous electrical nerve stimulation (TENS) is used for pain control or 
muscle stimulation. Electric stimulation (ES) has been shown to have 
a clinically beneficial effect on grip strength for RA patients with 
muscle atrophy of the hand, but more well-designed studies are needed 
to provide further evidence of the efficacy of ES in RA (grade A).31

Low-level laser therapy is a light source that generates extremely 
pure light of a single wavelength and was introduced in the treatment 
of RA about 20 years ago. Low-level laser therapy has been shown to 
reduce pain and improve health status in chronic joint disorders, but 
the heterogeneity in patient samples, treatment procedures, and trial 
design calls for cautious interpretation of the results (grade A).32

Ultrasound in combination with some other treatment modalities 
(exercises, faradic current, and wax baths) was not found to be effective 
in a Cochrane review. However, some studies, mostly of poor quality, 
indicated that ultrasound alone on the hand may have beneficial effect 
on grip strength, wrist motion, morning stiffness, and joint counts. No 
harmful effects have been reported (grade A).33

The Ottawa Panel has recommended the use of low-level laser 
therapy, therapeutic ultrasound, thermotherapy, electrical stimulation, 
and transcutaneous electrical nerve stimulation for the management 
of rheumatoid arthritis (grade A).34 However, in summary, the role of 
electrotherapy is limited to a possible adjunctive therapeutic approach, 
and more well-conducted and adequately powered clinical trials are 
needed.

Hand orthoses
The wrists and finger joints are the most frequently involved joints in 
persons with RA. Thus hand splints or orthoses are often prescribed 
to reduce pain and/or swelling, prevent contractures and deformities, 
and increase joint stability. Working wrist orthoses, resting splints for 
the wrist and hand, and splints to correct for specific deformities are 
three commonly used hand orthoses in RA (Fig. 95.1). A systematic 
review of splints and orthoses for treatment of RA concluded that 
working wrist splints have no positive short- or long-term effect on 
pain, grip strength, or range of motion (grade A).35 Still, the authors 
recommended that patients try inexpensive, ready-made wrist orthoses 
because studies indicate that they may provide pain relief for some 

The positive effects of dynamic exercise on aerobic capacity and 
muscle strength were confirmed in a review of literature published up 
to 2005. Nine RCTs provided a high level of evidence regarding the 
effects of dynamic exercise therapy in RA patients older than 18 years 
of age (grade A).18 The authors also concluded that the clinical and 
laboratory safety profiles were good, but conclusions concerning func-
tional ability, physical capacity, quality of life, and structural damages 
could not be drawn. Therefore a randomized, controlled trial was con-
ducted, comparing a 4-week dynamic exercise program with a conven-
tional joint rehabilitation group. Fifty patients with RA were included, 
and the results after 1 month indicated that dynamic exercises were 
more effective than conventional joint rehabilitation in improving 
functional status (HAQ), quality of life, and aerobic fitness, but the 
statistically significant differences between the groups were not main-
tained at the 6-month follow-up (grade A).19

The evidence of beneficial effects of exercises were supported in a 
review of 15 clinical trials evaluating aerobic and strengthening exer-
cises (grade A).16 The reviewers concluded that aerobic capacity and 
strength improved without negative effects on pain and disease activity, 
but specific effects of exercises on activities of daily living, health-
related quality of life, and disease progression remain unclear. On the 
basis of their findings, the authors provide the following recommenda-
tions for aerobic exercises: the intensity level should be moderate to 
hard (i.e., 60% to 85% of maximum heart rate), and exercises should 
be performed three times weekly for a duration of 30 to 60 minutes.16 
The benefit of high-intensity exercises was further supported in a large 
multicenter study in the Netherlands, including 300 patients with RA. 
The effectiveness and safety of a high-intensity program were compared 
with usual care, and the experimental program was found to be most 
effective in improving functional ability of RA patients (grade A).20 
Further, it is important to notice that the progression of radiographic 
joint damage of the small joints of hands and feet did not increase by 
the long-term, high-intensity, weight-bearing exercises.

Most of the studies on effects of exercise interventions comprise 
patients with established, stable RA, but a randomized controlled study 
conducted in Finland included patients with early RA (grade A).21 In 
this study, a strength training program was compared with a program 
of range-of-motion exercises, and during the 2-year training period, 
muscle strength and functional capacity improved statistically more in 
the strength training group.

The results of this study indicate that, also in patients with early 
RA, dynamic strength training should be preferred before stretching 
and range-of-motion exercises. However, in order to maintain adequate 
joint flexibility, range-of-motion exercises should be part of exercise 
programs for patients with RA, even if high-quality studies evaluating 
the effect of such exercises are lacking.

Many of the activity limitations seen in persons with RA are 
explained by impaired hand function, with grip force as the most 
important determinant.22 Thus hand exercises have been a recom-
mended strategy to improve hand function. In 2004 a systematic 
review concluded that there is some, but limited, evidence that long-
term hand exercise may increase grip strength in patients with RA 
(grade A).23 Recent studies have further confirmed that intensive hand 
exercise programs are well tolerated and more effective in improving 
hand function in terms of decreased pain and increased grip strength, 
compared with a traditional conservative program (grade B).24 Also, in 
a randomized controlled study of hot paraffin bath and hand exercises, 
the authors concluded that wax baths followed by hand exercises were 
more effective to improve joint mobility and grip function than hand 
exercises alone, whereas a wax bath alone had no significant effect on 
hand function (grade A).25 However, more research is necessary to 
determinate the optimal combinations of different kinds of exercises, 
variations in resistance, repetitions, and daily or weekly frequency for 
patients with early or established RA.

Recently, several studies have focused on cardiovascular risk factors 
in RA patients, underlining that this represents an excess burden of 
morbidity and mortality. In a recent cross-sectional study, the authors 
reported that physically inactive RA patients have a significantly worse 
cardiovascular disease (CVD) risk profile compared with physically 
active patients (grade B).26 A review of studies investigating exercise 
interventions in relation to cardiovascular disease in RA provided 
strong evidence that exercise from low to high intensity of various 
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A).37 Strong evidence supports that orthoses in the rheumatoid foot 
contribute to pain reduction and improved functional ability. Some 
evidence supports that orthoses may slow down the progression of 
hallux valgus deformities (grade A).38 Treatment effect was reached 
during the first 6 weeks and maintained as long as patients used their 
orthoses, but studies have not clearly shown which type of foot ortho-
ses is most effective.

Assistive technology
Assistive technology is prescribed and used as a means to reduce pain 
and compensate for impairment and environmental demands, and it 
is one of the most frequent self-help strategies reported by persons with 
RA.39 It includes a wide range of products, from low-tech devices to 
technologically complex equipment, some of which is designed for the 
general population, whereas others are developed to meet the needs of 
people with functional limitations or disabilities (Fig. 95.3). Studies 
indicate that two thirds of all persons with arthritis use assistive 
devices on a daily basis and that use of such technology is associated 
with a more severe disease, a longer disease duration, and loss of grip 
strength and functional ability. However, even if provision of assistive 
devices is a widely used multidisciplinary intervention, there is a 
general lack of studies evaluating the effect of such devices. Only one 
small study assessing the effect of an eye drop delivery device met the 
inclusion criteria of a review of assistive technology in RA (grade A).39 
One reason for the small number of studies and low level of formal 
evidence may be that the effect of some assistive devices seems rather 
obvious, such as the benefit of using raised seats, grab bars, or canes 
or crutches to ease safe transfer or mobility.

Psychological interventions
Living with a persistent and chronic disease like RA may lead to psy-
chological distress and reduced quality of life. Psychological interven-
tions are therefore often used to improve pain, anxiety, and/or depression. 
These interventions may consist of one or a combination of modalities 
such as relaxation strategies (e.g., progressive muscle relaxation), bio-
feedback therapy for reduction of muscle tension, cognitive-behavioral 
strategies (e.g., cognitive reconstruction, pain coping), and patient edu-
cation. Research indicates that these approaches may be effective 
adjuncts to conventional medical management. In a review based on 
data from 25 randomized controlled studies, there were statistically 
significant improvement in pain, functional ability, depression, coping, 
and self-efficacy immediately following psychological treatment, but the 
effect sizes were small (grade A),40 and these significant effects were not 
maintained to the follow-up examinations after an average of 8.5 
months. Subgroup analyses revealed that psychological interventions 
may be more effective in patients with shorter disease duration.

Nutrition
People with RA may try to replace their traditional food with special 
diets.41 The most common diets are vegetarian (usually eliminating 
meat and fish), vegan (eliminating meat, fish, eggs, and milk), 

patients in some activities. This recommendation was later supported 
by a randomized controlled study in which pain scores decreased by 
32% after 4 weeks in the splinting group and increased by 17% in the 
control group (grade A).36

The authors of a systematic review of orthoses concluded that recom-
mendations regarding the use of resting hand splints to reduce pain and 
swelling could not be given on the basis of current evidence, even if 
patients in one of the two studies preferred wearing the splints to not 
wearing them (grade A).35 Unfortunately, two randomized controlled 
studies published in 2008 do not add evidence in either direction.

Small custom-made splints have been shown to correct deformities 
and improve pain, while specially designed silver ring splints may 
improve dexterity in patients with swan neck or boutonnière 
deformities.

Foot orthoses, insoles, and orthopedic shoes
More than 85% of people with established RA have involvement of the 
joints in the foot, which can lead to pain, joint instability and deformi-
ties, walking difficulties, and limitations in performance of daily activi-
ties.41 In addition, joint abnormalities in the foot may alter walking 
patterns and thereby the biomechanics of the entire lower extremity. 
Persons with RA therefore often use foot orthoses, insoles, or orthope-
dic shoes to relieve foot pain and normalize gait. A variety of prefabri-
cated and custom-made orthoses and shoes are available. Soft insoles 
made of viscoelastic materials may attenuate shock during walking, 
semirigid orthoses are made to enhance a more uniform pressure dis-
tribution in the foot, and rigid foot orthoses are designed to reduce 
unwanted motion and maintain desired structural alignment. Ortho-
pedic shoes are made with extra depth in the shoe box, greater foot 
stability, and/or padded heel collars for improved fit. Often, a combina-
tion of orthopaedic shoes, orthoses, and soles is used to give an optimal 
effect (Fig. 95.2).

In general, current research supports use of these interventions. The 
results of a systematic review of interventions for foot disease in RA 
indicates that extra-depth shoes have beneficial effects on pain and 
function and that the benefit is greater if combined with orthoses (grade 

Fig. 95.1 Hand orthoses may decrease pain and correct for deformities. From 
top to bottom: a resting splint that restricts motion and maintains a functional 
position, a functional wrist splint that supports the wrist during hand activities, 
and a silver ring splint that corrects and/or prevents deformities.

Fig. 95.2 Foot orthoses and orthopedic shoes may reduce pain and improve 
functional ability. From left to right, a prefabricated orthopedic shoe, a 
custom-made orthopedic shoe, and a custom-made insole.
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more able to adapt their work to their arthritis, and improved fatigue, 
self-efficacy, and at-work productivity over 12 months were shown 
(grade B).44 Another randomized controlled study compared job loss 
between individuals with early RA who were randomized to adalim-
umab combined with methotrexate versus methotrexate alone. The 
proportion with job loss after 56 weeks was significantly lower in the 
group receiving combination therapy (grade A).45 This current evidence 
indicates that more attention should be directed to rapid identification 
and treatment of persons at risk of being work disabled.

Multiple disciplinary team care
Access to a multidisciplinary team is in many countries considered a 
part of the standard care for patients with RA. However, access to 
services from health professionals differs and may be influenced not 
only by socioeconomic factors but also by factors such as awareness of 
doctors about treatment opportunities, availability of health profes-
sionals, waiting lists, living in rural areas, and insufficient funding for 
effective services.46

A randomized Swedish study published in the late 1980s suggested 
that outpatient multidisciplinary team care was effective in RA (grade 
A).47 Further, a review of effects of comprehensive rehabilitation con-
cluded that inpatient and day patient programs were equally effective 
with regard to disease activity and functional ability (grade A).48

In many countries, a clinical nurse practitioner care model exists. 
Nurse practitioners have extended their roles to incorporate some of 
the services that usually have been offered by the rheumatologist or 
other health professionals, and nurse-led clinics intend to assist the 
access to services and the clinical communication for patients with 
rheumatic diseases. The number of studies evaluating clinical nurse 
practitioner models are few, but in a recent randomized controlled trial, 
the clinical effectiveness of three different care models was compared 
(i.e., care delivered by a clinical nurse specialist, inpatient team care, 
and day patient team care) (grade A).49 Care provided in nurse-led 
clinics showed similar clinical outcomes regarding disease activity, 
functional ability, and quality of life when compared with inpatient 
and day patient team care, but at a significantly lower cost. Although 
all patients reported to be highly satisfied with multidisciplinary care, 
patients who attended a nurse-led clinic were slightly less satisfied than 
those who received inpatient or day patient team care. The authors 
concluded that the choice of management strategy should depend on 
the availability of facilities and health care providers, the preferences 
of patients, and economic considerations. In a 2-year follow-up of this 
study, no significant differences in medical treatment, use of services 
of other health professionals, introduction of adaptive equipment, or 
number of hospitalizations were observed and long-term clinical out-
comes were similar. Thus nurse-led clinics appear to be an effective 
innovation in the care for patients with RA.49

The primary therapist model is another transdisciplinary model, in 
which trained health professionals assume the roles of case managers 
and health care providers rather than generic therapists.50 If considered 
safe, they will consult their colleagues, rather than transferring a 

Mediterranean (including small amounts of meat and more fish, fruits, 
vegetables, and olive oil), and elemental or elimination diets. Elemental 
diets are usually liquid diets that contain nutrients that are broken 
down to make digestion easier, whereas elimination diets are used to 
exclude foods that might worsen the disease. A systematic review of 
dietary interventions in RA concluded that effects of diet on pain, stiff-
ness, and physical function were uncertain (grade A).41 However, the 
results from the included single trial in this review indicated that both 
fasting followed by a vegetarian diet and a Cretan Mediterranean diet 
may improve pain when compared with an ordinary diet (grade A), 
whereas elemental diets have no significant positive effect (grade A), 
and the effects of vegan and elimination diets are uncertain (grade A).

Many dietary interventions are in line with what may be considered 
a healthy diet, with a focus on fiber, fruits, vegetables, antioxidants, 
fish, moderate amounts of lean meat, and reduction of saturated fat 
and sugar. In general, persons with RA should therefore be given the 
same advice as the general population, which is to follow a healthy 
diet, avoid certain foods that may cause allergies or intolerance, and 
consult a nutritionist if they want to try any special diet.

Vocational rehabilitation
Functional limitations may cause productivity loss in terms of work 
disability, work loss (synonymous with absenteeism or short-term sick 
leave), or work limitation (reduction in productivity while still present 
at work). A systematic review concerning productivity loss due to RA 
showed that RA-related work disability rates were similar in the United 
States and European countries, and that a median of 66% of employed 
RA subjects had experienced work loss due to RA for a medium dura-
tion of 39 days in the previous year (grade A).42 However, the times 
from RA diagnosis until a 50% probability of being work disabled varied 
from 4.5 to 22 years. The results also showed that the prevalence of 
RA-related work disability has decreased over time, which may be due 
to advances in drug treatment of RA, a general decrease in the propor-
tion of people engaged in manual or physically demanding work, or 
changes in social policies, level of education, age, and disease duration 
(grade A).

To enable persons with RA to maintain or return to work, multidis-
ciplinary vocational rehabilitation programs have been developed. These 
programs may involve many professionals including physiotherapists, 
occupational therapists, psychologists, social workers, vocational train-
ers, job counselors, case managers, and job placement agencies. The 
formal evidence of the efficacy of such programs is limited.43 Even if five 
of the six studies in this systematic review demonstrated some positive 
effect on vocational status, the authors concluded that the proof of the 
effect was limited because all included studies were uncontrolled trials 
and five had a retrospective design (grade B).

Prevention of work disability is probably more effective than correc-
tion of work disability after work loss. One program included self-
management group sessions combined with individual professional 
assessments and interventions, with a follow-up by telephone 1 month 
after completion of the program. As a consequence, participants were 

Fig. 95.3 Use of assistive devices is one of the most frequent self-help strategies reported by persons with rheumatoid 
arthritis. From left to right: an enlarged grip for opening bottles, a self-opening scissor tong, and a bread knife with an 
ergonomic handle.
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In summary, team care, defined as care provided by a group of health 
professionals with different professional backgrounds, seems to be ben-
eficial for patients with RA (i.e., comprehensive inpatient and day 
patient programs seem to be more effective than regular outpatient care 
regarding disease activity and functional ability). Further, it appears 
that similar effects, but at lower costs, may be achieved by transdisci-
plinary models, in which clinicians take on extended roles coordinating 
multidisciplinary care in an outpatient setting. Flexible models of care 
should be provided for patients with RA, meeting the varying needs 
and preferences of people with different age, gender, and life and disease 
stages. Future research should address the effect of the content and 
constitution of the team care on relevant outcomes and identify 
patients and contextual factors that enhance or limit the efficacy of 
team care interventions.

patient to the other discipline for completion of a rehabilitation 
regimen. In this way, they transcend their professional boundaries and 
take on extended roles and responsibilities. The model has been tested 
in a randomized controlled study with 111 participants. The effect of 
6 weeks of services from a primary therapist (primary therapist model 
[PTM]) was compared with traditional care from physical therapists 
and/or occupational therapists.50 After 6 months, a significantly greater 
proportion of patients in the PTM group were clinical responders and 
the PTM group also had larger improvement in quality-adjusted life 
years (QALYs) but with higher costs. The authors concluded that the 
PTM has the potential to be an alternative to traditional physical/
occupational therapy, and further research should focus on strategies 
to reduce costs of the model and assess the long-term economic con-
sequences in managing RA.
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involving other body systems that are associated with musculoskeletal 
or rheumatic complaints (Table 96.2). The astute clinician should 
understand the role of symptom combinations in clinical reasoning 
leading to a correct diagnosis, rather than isolated symptoms or labora-
tory examinations; disease features such as peripheral joint swelling 
increase the likelihood of a rheumatic diagnosis, whereas demonstra-
tion of joint instability, pain with maneuvers to isolate specific struc-
tures, and absence of local inflammation and/or systemic symptoms is 
more suggestive of non-inflammatory rheumatic disease (Table 96.3).

HISTORY
Children of all ages should be spoken to directly, honestly, and at an 
age-appropriate level. In this manner, reassurance can be given, both 
verbally and non-verbally, by an explanation of what the visit will 
entail. For very young children fear may be assuaged by talking first to 
their parents while they are held in their parents lap. Major sources of 
anxiety for many children are fear of the unknown and fear of pain, 
such as might occur during physical examination or laboratory testing, 
and telling the child what is required of him or her establishes trust 
in the long term even though it may be stressful at the initial encoun-
ter. The role of the parent in providing historical details is clearly 
dependent on the age of the patient; adolescents should be encouraged 
to provide their own history, perhaps with the parent not even being 
present in the examination room; for younger children the sense of 
time and pain localization may be difficult to elicit directly from the 
patients themselves. Disparity in the historical narrative between the 
patient and parent should be noted and may lead to future clues as to 
the underlying problems. Discrepancies may be due to genuine mis-
takes, inaccurate recall, errors of interpretation, or manifestations of a 
serious underlying problem, such as abuse. Child abuse at any level 
(physical, psychological, or sexual) may present as rheumatic com-
plaints, particularly musculoskeletal pain.

Constitutional features
Most chronic inflammatory diseases are accompanied by a constella-
tion of relatively non-specific but potentially important constitutional 
features, such as lethargy and/or fatigue, mood change, irritability, 
reduced appetite, and weakness. Fever is a prominent indication of 
inflammation. Examples include the evening fevers of systemic arthri-
tis, the low-grade fever that may occur in other forms of juvenile 
idiopathic arthritis (JIA), systemic lupus erythematosus (SLE), and, 
occasionally, in juvenile dermatomyositis (JDM), and the episodic 
nature of fevers seen in the periodic fever syndromes such as familial 
Mediterranean fever (FMF), TNF-receptor associated periodic syn-
drome (TRAPS), and others. Complaints of muscle weakness are 
common in inflammatory disease, whereas complaints of muscle pain 
may accompany infectious and postinfectious inflammatory myopathy 
(e.g., pyomyositis, influenza associated) or in the absence of weakness 
may point toward complex regional or generalized pain disorders. Spe-
cific muscle strength testing may reveal localizing features such as 
proximal myopathy, which have important diagnostic implications.

Joint pain
Joint pain is a key clinical feature of musculoskeletal and inflammatory 
rheumatic diseases. Its description should include whether it interferes 
with function (e.g., walking, running, or writing), aggravating and 

Evaluation of musculoskeletal 
complaints in children
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INTRODUCTION
The diagnosis of musculoskeletal complaints that begin during child-
hood or adolescence requires clinical skill, recognizing when the find-
ings of the physical examination are abnormal and then distinguishing 
features that differentiate mechanical from inflammatory diseases. The 
aims of this chapter are to (1) outline questions during the history 
taking that should alert the clinician that a diagnosis of musculoskel-
etal disease is possible; (2) list some key physical abnormalities that 
may be found in common non-inflammatory musculoskeletal disorders 
of the hip and knee; (3) suggest radiologic investigations that may help 
in diagnosing common disorders of the hip and knee; and (4) delineate 
the spectrum of musculoskeletal conditions that can occur in children 
and adolescents, emphasizing the clinical reasoning leading to a 
diagnosis.

When considering a diagnosis of musculoskeletal or rheumatic 
disease in a child, the history is of principal importance in distinguish-
ing whether the complaints or physical findings are more likely related 
to congenital or acquired abnormalities of the developing musculo-
skeletal system or due to autoinflammatory or autoimmune disorders 
with tissue-specific manifestations. Overdiagnosis of mechanical mus-
culoskeletal “disorders” in children, such as the variations of normal 
alignment in the growing skeleton, can be avoided through recognition 
of normal findings during an examination. In contrast, prompt recogni-
tion of abnormalities is key, because delay in diagnosis of rheumatic 
disease may have adverse consequences and incorrect diagnoses of 
mechanical disorders may delay directed therapy and/or result in treat-
ments more specific for autoimmune disease.

In children, in general, and adolescents, in particular, transient 
musculoskeletal complaints are common, as are sports-related com-
plaints or non-inflammatory conditions of the musculoskeletal system 
compared with inflammatory rheumatic disease. Almost every muscu-
loskeletal symptom that children complain of, or parents report, can 
indicate a rheumatic disease. Systemic symptoms such as fever, rash, 
headache, listlessness or lethargy, limping, weakness, anorexia, or 
pain, all of which are usually associated with both transient and chronic 
inflammatory disease, should lead the examiner away from mechanical 
and non-inflammatory disorders as the primary cause of the com-
plaints. Knowledge of broad differential diagnostic categories (Table 
96.1) will also help to focus the diagnostic strategy. Additionally, it is 
important to be aware of the spectrum of pediatric diseases primarily 

96
 This chapter highlights the approach to assessing the following:

– Symptoms of musculoskeletal and rheumatic diseases in 
childhood

– The use of physical examination to distinguish between 
inflammatory rheumatic and mechanical musculoskeletal 
diseases of children

– Distinguishing Legg-Calvé-Perthes disease and slipped capital 
femoral epiphysis as distinct causes of hip pain

– Specific clinical maneuvers that can be used to identify the 
range of disorders of the knee that may cause pain but that are 
not manifestations of systemic disease
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TABLE 96.1 THE RELATIVE CONTRIBUTION OF MUSCULOSKELETAL CLINICAL 
FEATURES IN DIFFERENTIAL DIAGNOSIS IN CHILDREN

Inflammatory 
disease

Mechanical 
disorder

Amplified pain 
disorders

Pain* +/− + +++

Joint stiffness ++ − +

Joint swelling +++ +/− +/−

Joint instability +/− ++ +/−

Sleep disturbance +/− − ++

Physical signs† ++ + +/−

*May depend both on the age of the child and the age appropriateness of the tool used to 
measure pain.
†Changes in temperature may be found in inflammatory disease and in amplified pain disorders 
but are more frequently accompanied by complaints of dysesthesia in the latter.
From: Southwood TR. Evaluating musculoskeletal and rheumatic disorders in children. In: 
Hochberg M, Silman AJ, Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 
2007:961-973.

TABLE 96.2 SOME MAJOR PEDIATRIC DISEASES THAT MAY HAVE 
MUSCULOSKELETAL MANIFESTATIONS

Disease Musculoskeletal manifestation

Cystic fibrosis Large and small joint arthropathy

Down syndrome Carpal osteolysis

Diabetes Cheiroarthropathy

Hypo/hyperthyroidism Musculoskeletal pain

Hemophilia Intra-articular and muscle hemorrhage

Hemoglobinopathies Avascular necrosis, septic arthritis

Pancreatitis Osteolytic lesions

Inflammatory bowel disease Erythema nodosum, large joint arthritis, 
spondyloarthritis

Cyanotic congenital heart disease Hypertrophic osteoarthropathy

Malignancies Metastases, hypertrophic 
osteoarthropathy

From: Southwood TR. Evaluating musculoskeletal and rheumatic disorders in children. In: 
Hochberg M, Silman AJ, Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 
2007:961-973.

TABLE 96.3 MANEUVERS THAT MAY BE USED TO DIAGNOSE MECHANICAL DISORDERS OF THE KNEE

Maneuver name Structure(s) tested Description

Patellar apprehension Patella (laxity) Performed by placing the knee in relaxed flexion (30°) and subluxing the patella laterally using gentle pressure 
(not so much pressure as could displace patella)

Lachman Anterior cruciate ligament 
integrity (ACL)

Knee is flexed to 20°; the examiner holds the distal thigh above the knee pressing down with that hand while 
simultaneously grasping the tibia with the other hand and pulling it forward. Excess motion or no sharp stop 
compared with the other side indicates possible injury to the ACL.

Anterior drawer ACL Knee is flexed to 90° with foot stabilizing the knee. The proximal tibia is held with both hands, thumbs in front 
reaching circumferentially; the tibia is displaced anteriorly. Excess laxity compared with the other side is 
considered a positive test, although asymmetric pain and any abnormal movement should be noted.

McMurray Menisci With a thumb and fingers placed over the medial and lateral joint line, the knee is moved through range of 
motion by holding the foot with the other hand and applying medial or lateral rotational pressure. The knee is 
extended passively and the procedure repeated to detect pain at the joint line. Pain, sometimes accompanied 
by a “thunk,” suggests the presence of meniscal abnormality.

Valgus stress Medial collateral ligament 
(MCL)

With an extended knee, the upper hand is placed above the knee laterally and the lower hand over the 
gastrocnemius on the medial aspect. Pressure is applied outward on the calf, and laxity and pain are noted if 
MCL is not functioning normally.

Varus stress Lateral CL (LCL) With an extended knee, the upper hand is placed above the knee medially, the lower hand over the 
gastrocnemius laterally. Pressure is applied inward on the calf, and laxity and pain are noted if LCL is not 
functioning normally.

Posterior drawer Posterior CL (PCL) Performed in the same manner as the anterior drawer test except the tibia is forced posteriorly.

Ober test IT bands Performed by placing the patient on the non-painful side. The affected hip is placed in a slightly extended 
position with the hip flexed and pain or limitation are observed when the affected leg is no longer held in the 
air by the examiner but instead returns to the surface.

Thomas test Quadriceps flexibility Performed by placing a hand under the lumbar lordosis and asking the patient to flex one knee to the chest; if 
the other hip flexes this suggests tightness of the quadriceps.

relieving factors, diurnal variation, and progression. It is important to 
be aware that most children have difficulty in describing pain, although 
pain reporting can be improved through use of an age-appropriate 
visual analog scale such as one with happy and sad faces. The presence 
of pain may also be deduced by observing a child’s pain avoidance 
behavior, rather than a direct and accurate description of the pain itself. 
Enlisting the parent’s assistance in choosing the right terms for the 
child is often helpful. Beware that many children with the most dra-
matic complaints of musculoskeletal pain may have an important 
psychological component to their pain. The pain associated with 
inflammation tends to be mild to moderate in intensity, whereas the 
pain of infection is, in general, severe (see Table 96.1).

Joint swelling
Joint swelling may be reported during the history but may not be 
present at the time of examination. Sites of reported swelling should 
be assessed and confirmed during the physical examination (see later).

Joint stiffness
Joint stiffness is the reporting of reduced, uncomfortable range of joint 
movement. In chronic inflammatory disease, it often seems to be at 
its worst on awakening in the mornings (“early morning stiffness”) and 
improves throughout the day, although “gelling” may occur after  
prolonged inactivity, such as sitting in a car or at a desk. The duration 
of early morning stiffness may be less reproducible in children com-
pared with adults but may still correlate with levels of systemic 
inflammation.

PHYSICAL EXAMINATION
Examination of all children and adolescents should take place in an 
appropriately decorated, secure, sensitive, and confidential environment,  
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a varus knee angle that gradually straightens to achieve neutral align-
ment between 18 months and 2 years of age. Further normal growth 
usually results in a progressive change in knee alignment to a valgus 
position that is maximal between 5 and 7 years (up to 15 degrees), 
resulting in an intermalleolar distance at the ankles of up to 5 cm. 
Children with JIA may develop increasing knee valgus due to differen-
tial overgrowth of the medial femoral condyle as a consequence of the 
inflammatory process. If the intermalleolar distance progresses beyond 
10 cm, surgical correction may be necessary.

Foot and ankle anatomy
There is variation in the normal posture of the foot. At birth, most 
infants do not have a discrete medial longitudinal foot arch or a stable 
hindfoot position. Thus, ankle valgus and a “flat foot” (pes planus) are 
frequently noticed once the infant begins walking. The adult foot 
posture slowly develops throughout childhood. If a child of approxi-
mately 10 years or over continues to have pes planus and ankle valgus 
(overpronation) in association with lower limb, back, or generalized 
musculoskeletal pain, a diagnosis of benign joint hypermobility syn-
drome may be considered. In general, children are more flexible than 
adults and the range of normal joint movement in children is greater. 
However, the combination of skeletal malalignment and increased 
muscle tension to maintain posture may result in joint or muscle pain 
in some children.

Examination of the musculoskeletal system
The general appearance of the child, including recording of growth and 
percentiles, skin color and condition, overall nutritional status, muscle 
bulk, vital signs (temperature, blood pressure), and joint movement 
when playing can help to form an overall assessment of whether the 
child is well or sick. Musculoskeletal and rheumatic symptoms may 
be the initial manifestations of a wide range of pediatric diseases 
heightening the importance of a careful general physical examination. 
Careful assessment of the eyes and peripheral pulses should also be 
included as part of the routine physical examination of these children 
(see Table 96.4).

Joint assessment
For each joint, a standardized approach will minimize the risk of omis-
sion (always remembering to compare side to side). Many clinicians 
perform head to toe joint examination so as not to forget to examine 
any joints, except in a very young child when starting with examination 
of the extremities may be less threatening to the child.

Suggested steps in the joint examination include:

1. Looking: inspect the position of the joint at rest, its surface 
anatomy, contours, color, scar, size and muscle bulk, and limb 
length.

2. Feeling: palpating for skin warmth, joint swelling, and tender-
ness. Swelling includes any increase in joint size that alters the 
normal surface markings of the joint. The key sites for observing 
swelling are dependent on the particular joint and the nature of 
the swelling itself. Swelling may be due to intra-articular effu-
sion, periarticular collection of fluid, soft tissue changes (general-
ized edema, thickening of the joint capsule, and inflammation 
of muscle, ligament, and subcutaneous or cutaneous tissues), or 
bony changes. Also note joint margin tenderness and other 
tender spots, including the presence of enthesitis (tenderness and 
inflammation at the site of insertion into bone of ligament, 
fascia, or joint capsule).

3. Moving: by the examiner (passive range of motion [ROM]) and 
by the patient (active ROM), noting any pain or irritability on 
motion (POM) especially at the end range of joint motion.

4. Next, assess joint stability, particularly for the stability ligaments 
of the knee (cruciate and collateral ligaments), and pain referable 
to other joint structures such as the menisci and associated 
structures such as the iliotibial bands and bursa.

Young children, in particular, may find that a musculoskeletal 
examination that begins with the toes and feet is the least upsetting. 
Examining the most painful areas at the end of the examination often 
facilitates a complete examination.

in the presence of an independent chaperone if necessary. The child 
should be changed into non-restrictive clothing for examination to 
maximize observation but in such a manner as not to embarrass the 
child or parent. A single encounter may not be sufficient for a thorough 
examination of all joints depending on the child’s level of cooperative-
ness; engaging the child in play is often helpful. Much functional 
musculoskeletal evaluation can be achieved through observation of the 
child at play (Table 96.4).

NORMAL VARIATIONS IN SKELETAL 
DEVELOPMENT AND ANATOMY OF  
SELECTED STRUCTURES
Growth velocity in childhood is not strictly linear and minor degrees 
of asymmetry may be detected on examination, most commonly in the 
size of the feet and length of the legs, which often goes unnoticed 
unless there is a specific complaint.

The hip socket (acetabulum) consists of parts of the ischium, ilium, 
and pubis surrounding the femoral head to create a ball-and-socket type 
joint. The growth of the proximal femur and acetabulum are interde-
pendent. The concave shape of the acetabulum develops in response 
to the presence of a spherical femoral head as a stimulus.1 Acetabular 
development is determined by about 8 years of age. In the infant, the 
proximal femur is composed entirely of cartilage, with three main 
growth areas: the physeal plate, the growth plate of the greater trochan-
ter, and the plate on the femoral neck isthmus.2,3 The developmental 
growth of the structure is affected by muscle pull, weight bearing, joint 
nutrition, circulation, and muscle tone.1 Approximately 30% of growth 
of the overall length of the femur is from the proximal femoral physeal 
plate. The depth of the acetabulum increases at puberty, with develop-
ment of three secondary centers of ossification in the hyaline cartilage 
surrounding the acetabular cartilage.4,5

Knee deformities
Substantial changes in skeletal alignment such as knock knees (genu 
valgum) and bow legs (genu varum) frequently bring children to the 
attention of musculoskeletal clinicians. Infants are normally born with 

TABLE 96.4 THE FUNCTIONAL MUSCULOSKELETAL EXAMINATION

Position Musculoskeletal features examined

Sitting cross-legged Hip abduction, external rotation and 
flexion, knee flexion

Rising to stand straight Leg extension, back extension, lower 
limb muscle power

Bending forward Anterior spinal curvature, scoliosis

Removing shoes/socks Hip/knee flexion, hand and wrist 
function

Removing top Shoulder and elbow range of 
movement

Walking normally Gait phases: stance, toe off, swing, 
heel strike

Tiptoe walking Toe extension, ankle plantarflexion, 
muscle power

Heel walking Ankle dorsiflexion, knee extension, 
pain at enthesis

Hands pronated, arms extended Elbow extension, shoulder power

Making a fist Finger flexion

The “hands praying” position Wrist extension, elbow flexion, finger 
extension

Arms up above the head, reaching Shoulder flexion

Looking over each shoulder Cervical spine rotation

From: Southwood TR. Evaluating musculoskeletal and rheumatic disorders in children. In: 
Hochberg M, Silman AJ, Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 
2007:961-973.
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in the hip generally indicates more advanced disease. Enthesitic points 
that should be examined include the greater trochanter and anterior 
superior iliac spines.

Hands and wrists
Examination of the hands and wrists is undertaken with the child 
sitting up with hands held out in front of the body. Observation begins 
with inspection of the dorsal aspect of the hands and fingers (including 
looking for the nail pitting seen in some children with psoriasis) and 
active finger flexion to “make fists” and “bury the fingernails.” Joint 
swelling can be palpated with the hands in a prone position, noting 
also joint margin tenderness and passive range of joint movement. 
Rotation of the wrists at the distal radioulnar joint allows inspection 
of the palmar surface of the hands and fingers. Active finger flexion at 
the interphalangeal joints should normally result in the fingertips 
making contact with the palms overlying the metacarpal joints. Using 
the “prayer” position with palms placed together, finger flexion or wrist 
extension deformities can be detected, which has the advantage of 
highlighting asymmetry at the wrists and small joints of the hand.

Elbows and shoulders
The elbows are extended fully with hands reaching toward the ceiling 
(sometimes called “reaching for the sky” will also demonstrate shoul-
der flexion) and then lowered in an extended position to allow palpa-
tion of the olecranon bursa itself (which is rarely swollen in children 
except in injury or infection) and either side of the olecranon process. 
Functional elbow flexion can be demonstrated by placing the hands to 
the mouth. Pronation/supination of hands with the elbows at 90 
degrees of flexion may reveal disruption of the proximal radioulnar 
joint. Assessment of the glenohumeral joint itself may proceed by 
palpating the joint margin with the humerus abducted to 90 degrees 
and rotated internally and externally (using the forearm as a lever down 
and up, respectively). The sternoclavicular joints should be palpated 
for tenderness and/or swelling.

Cervical spine and temporomandibular joints
Detection of limitation in motion in these joints may raise the possibil-
ity of systemic arthritis even if the child does not have complaints 
specifically referable to these joints (e.g., a teenager with ankylosing 
spondylitis as a cause of hip joint space narrowing may complain of 
hip pain but also have restricted neck motion). The movements of 
lateral rotation and extension are most likely to be lost early if the 
cervical spine is affected by arthritis. Rotation can be evaluated by 
asking the patient to place the chin on each shoulder. The normal 
extension range on tipping the head back is greater than 20 degrees. 
Having the child place the ear on the shoulder will allow assessment 
of lateral flexion. The face should be inspected carefully for asymmetry 
or mandibular hypoplasia. The temporomandibular joints can be pal-
pated just anterior to the tragus of the ear, where tenderness may be 
demonstrated and asymmetric movement detected, particularly on 
asking the patient to open the mouth widely.

Spine and gait
The spine is best examined with the patient standing on bare feet and 
viewed from behind. Observe the position of the feet for loss of medial 
longitudinal arch contour (pes planus) and hindfoot for overpronation, 
suggesting hypermobility (Fig. 96.2). Check that the pelvis is horizon-
tal; leg-length discrepancy is best assessed clinically when the patient 
is standing. Assess for scoliosis by noting the symmetry of the spine 
in standing and gentle forward flexion. Palpation over the sacroiliac 
joints may reveal tenderness, although this is a rather insensitive test 
for inflammation. The lateral profile of the spine should also be 
observed while the patient remains in the flexed position, checking 
particularly for abnormal flattening of the lumbar spine, which might 
suggest spondylitis. The presence of such an abnormality can be sup-
ported by the finding of pain on hyperextension of the spine, which 
puts the only synovial joints (the apophyseal joints) in the spine on 
the stretch. The gait is best assessed when the patient is wearing shorts 
and walks with bare feet. Note is made of each of the gait phases (heel 
strike, stance, toe off, and swing phases), looking for antalgia, Tren-
delenburg abnormality (a waddling gait due to weakness of hip stability 
muscles), and any other asymmetry.

Feet and ankles
With the child supine, observe the leg lengths carefully for any discrep-
ancy. Ask the patient to curl the toes to observe the flexion and exten-
sion range of metatarsal and interphalangeal joint movement. Carefully 
squeeze the metatarsophalangeal joints in such a manner as not to 
cause alarm; and if tenderness is noted, assess each joint for synovitis 
by gently palpating the joint margins while moving the joint through 
its range of movement. Examine the midtarsal joints by stabilizing the 
calcaneus while inverting and everting the forefoot. Assess the subtalar 
joints by inverting and everting the calcaneus (hindfoot) and the ankle 
joints (tibiotalar) by dorsiflexion and plantarflexion at the ankle. Syno-
vitis of subtalar and ankle joints may be poorly localized and occasion-
ally only visible from the posterior aspect; observation from the 
posterior view also allows assessment as to whether the Achilles 
tendon(s) is thickened. Palpate for tenderness at the insertion of the 
plantar fascia to metatarsal heads, fifth metatarsal base, calcaneus, and 
Achilles tendon insertion into the posterior aspect of the calcaneus to 
detect enthesitis.

Knees
Observe for any loss of vastus medialis muscle bulk and/or bulk in the 
gastrocnemius suggesting muscle atrophy due to reduced use in asso-
ciation with a painful joint. Also inspect for subtle loss of knee exten-
sion using “relaxed passive extension” of both knees by lifting the 
patient’s feet gently up off the bed (Fig. 96.1). Mild swelling frequently 
obscures the medial and lateral contours of the patella and can be 
confirmed by palpating and inspecting for a synovial fluid wave or bulge 
sign (medial compression followed by lateral “re-expression” of the 
swelling) and by balloting the patella. Joint margin tenderness is often 
maximal just medial to the lower patellar border. Key points for palpa-
tion of entheses are at the tibial tuberosity and 2-, 6-, and 10-o’clock 
positions around the patella. Assessment of knee stability is important, 
particularly if the patient is complaining of “mechanical” symptoms of 
knee locking or giving way. The most useful examination techniques 
for medial and lateral collateral ligament integrity are the application 
of gentle valgus and varus pressure, respectively, on the knee (while 
held in 5 degrees of flexion), which may result in abnormal abduction 
or adduction. The anterior cruciate ligament is also vulnerable to sports 
injuries in children and young people; that, and the posterior cruciate, 
can be assessed using anterior and posterior drawer tests. These and 
other tests to elicit derangement or tightness of structures in and 
around the knee are listed in Table 96.3.

Hips
Detection of intra-articular effusion requires ultrasonography or mag-
netic resonance imaging (MRI). Screening for hip disease on physical 
examination is detected by passive internal and external rotation with 
the hip and knee flexed at 90 degrees. Greater than 45 degrees of 
internal rotation can usually be elicited in the normal hip. Extension 
range, which is normally 30 degrees beyond neutral when the patient 
is lying prone, also tends to be lost early in hip arthritis. Loss of flexion 

Fig. 96.1 Relaxed passive extension of the knees. The right knee has subtle 
loss of relaxed passive extension indicating loss of joint range secondary to 
JIA. (From: Southwood TR. Evaluating musculoskeletal and rheumatic disorders in 
children. In: Hochberg M, Silman AJ, Smolen JS, et al, eds. Rheumatology, 
Philadelphia: Mosby-Elsevier, 2007:961-973.)
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investigated with aspiration of the affected joint to obtain synovial fluid 
for microscopy and culture and sensitivity studies, whereas in non-
inflammatory causes of effusion the white blood cell count would be 
expected to be very low. Blood cultures may be drawn if hematogenous 
spread of infection is postulated to have resulted in joint inflammation. 
In the absence of an obvious orthopedic disorder, other blood tests for 
initial assessment might include a complete blood cell count, immu-
noglobulins to ascertain IgA deficiency, anti-streptolysin O titer for 
rheumatic fever, a search for serologic evidence of infection in cases of 
suspected reactive arthritis (e.g., Lyme disease), and, on occasion, a 
bone marrow aspiration to exclude leukemia. Coagulation studies can 
detect clotting disorders, particularly hemophilia, and an antinuclear 
antibody panel will be helpful if a connective tissue disease is suspected 
or to give expectant guidance regarding the frequency of slit-lamp 
examinations in JIA patients at risk for uveitis. Relevant biochemical 
tests for muscle abnormalities, endocrinopathies, and inborn errors of 
metabolism may be indicated depending on the clinical picture. Evalu-
ation of urinary catecholamines should be considered to exclude neu-
roblastoma for children in an appropriate age group presenting with 
features suggestive of systemic arthritis. Tests for acute-phase reac-
tants (erythrocyte sedimentation rate [ESR] and C-reactive protein 
[CRP]) may be normal in children with inflammatory arthritis. In 
contrast, many normal children, especially those with intercurrent 
viral infections, will have elevated ESR and CRP values even if they do 
not have inflammatory rheumatic disease (low specificity for rheumatic 
disease).

SELECTED MUSCULOSKELETAL DISORDERS 
DURING CHILDHOOD AND ADOLESCENCE
Childhood musculoskeletal diseases may in part be discerned by the 
age at onset of the symptoms. Understanding the spectrum of disorders 
that present in different age groups is helpful in focusing the clinician 
to a working diagnosis. Because the differential diagnosis of musculo-
skeletal complaints is wide, it is important to remember all the pos-
sibilities. The acronym ARTHRITIS, proposed by Taunton Southwood, 
is a helpful mnemonic (Box 96.1). In the review that follows the most 
important disorders of non-inflammatory etiology are described in the 
typical age group of presentation (Table 96.5).

Disorders presenting at birth or in the  
neonatal period
Talipes equinovarus (clubfoot) refers to a condition in which the foot 
is inverted and supinated and the forefoot is adducted. It is frequently 
bilateral, and the affected foot is shorter with less calf muscle bulk than 
normal. During plantarflexion the heel rotates inward. It occurs 
approximately twice as frequently in male infants as female infants, 
and its incidence approaches 1 in 1000 live births. Oligohydramnios 
may precede this condition as may spina bifida and other congenital 
disorders. Physiotherapy, positional splinting, and surgical correction 
may be required. Talipes equinovarus should be differentiated from 
talipes calcaneovalgus in which the foot is dorsiflexed and everted. The 

Laboratory and imaging studies
Imaging
Imaging studies are extremely useful when normal. Plain radiographs 
of any affected joints (and occasionally contralateral joints for compari-
son) may help to rule out fracture, avascular necrosis, periostitis, 
osteomyelitis, benign bone cysts, bone neoplasia, and bone dysplasia. 
Ultrasound evaluation of the hip joints is useful to confirm effusion 
(Fig. 96.3), and abdominal ultrasonography may help to exclude neu-
roblastoma. A technetium-99m bone scintiscan may highlight unsus-
pected skeletal trauma or a hot spot suggestive of osteoid osteoma 
(especially in the child with pain predominantly at night) and may be 
useful in the evaluation of Legg-Calvé-Perthes disease (see later). 
Increasing availability of MRI has illustrated the value of determining 
the anatomic detail of abnormalities in the musculoskeletal system.

Laboratory investigations
Laboratory studies will be determined by the possible differential diag-
noses. Any suggestion that the child has a septic arthritis must be 

Fig. 96.2 Overpronation of both ankles associated with hypermobility. (From: 
Southwood TR. Evaluating musculoskeletal and rheumatic disorders in children. In: 
Hochberg M, Silman AJ, Smolen JS, et al, eds. Rheumatology, Philadelphia: 
Mosby-Elsevier, 2007:961-973.)

Fig. 96.3 Ultrasound image of the hip showing effusion distorting the joint 
capsule away from the neck of the femur. (From: Southwood TR. Evaluating 
musculoskeletal and rheumatic disorders in children. In: Hochberg M, Silman AJ, 
Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 2007:961-973.)

BOX 96.1 AN APPROACH TO THE DIFFERENTIAL DIAGNOSIS OF 
RHEUMATIC CLINICAL FEATURES IN CHILDREN AND YOUNG PEOPLE

Avascular necrosis, orthopedic diseases (e.g., slipped upper femoral epiphysis, 
osteochondritis)

Reactive arthritis
Trauma associated, including non-accidental injury and hypermobility
Hematologic: bleeding diatheses, hemoglobinopathies
Rickets and other metabolic and endocrine diseases: diabetes and thyroid 

diseases
Infection of bone or joint
Tumor, leukemia, neuroblastoma
Idiopathic/psychosomatic disorders, including musculoskeletal pain 

amplification syndromes
Systemic connective tissue diseases: multisystem inflammation of muscle, 

skin, blood vessels
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latter usually self-corrects, but passive foot exercises are sometimes 
advised. Positional talipes from intrauterine compression is common. 
If the deformity is mild and the foot of normal size, it can be corrected 
to the neutral position with passive manipulation/exercises.

Skeletal dysplasias and inherited disorders of connective tissue are 
covered in Section 17.

Disorders beginning during childhood
As indicated earlier, the diagnosis of juvenile idiopathic arthritis is 
based on the exclusion of other causes of the child’s symptoms. In the 
review that follows there is a brief summary of the most important 
disorders, with the exception of JIA and related disorders, which are 
covered in other chapters.

Arthritic disorders
Septic arthritis
Septic or infectious arthritis is a serious infection of the joint space 
that can rapidly lead to joint destruction, occasionally within 24 hours 
of onset if appropriate treatment is not initiated. Monarticular disease 
is much more common than polyarticular disease with most organ-
isms, the most notable exception being gonococcal arthritis in teenag-
ers. The hip joint is most commonly affected in young children, and 
this is more common in boys. Staphylococcus aureus is the most 
common bacteria causing septic arthritis since the routine use of Hae-
mophilus influenzae vaccine has drastically reduced the incidence of 
H. influenzae–related invasive disease. Underlying and predisposing 
illnesses should increase the suspicion of septic arthritis, such as 
immunodeficiency and sickle cell disease. Children with infected joints 

TABLE 96.5 NON-INFLAMMATORY MUSCULOSKELETAL DISORDERS: SYMPTOM COMBINATIONS AND PIVOTAL CLINICAL FEATURES

“Typical” symptom combinations Pivotal clinical features Possible diagnoses

“Clunk” on hip movement screening, 
limping in an older infant

Asymmetric upper leg skin folds, limited hip 
abduction

Developmental dysplasia of hip

Nocturnal awakening with leg pain in 
young child

Normal child “Growing pains”
Osteoid osteoma

Sudden limping in an otherwise well 
young child

Unilateral restricted hip movement Toxic synovitis

Joint effusion with or without pain Effusion with hemorrhagic fluid on aspiration Hemarthrosis after trauma or if recurrent
Pigmented villonodular synovitis (PVNS)

Hip pain in a preadolescent boy > girl Loss of joint range, pain on motion, may be bilateral Legg-Calvé-Perthes disease

Hip pain in an obese preadolescent boy Unilateral hip restriction Slipped Upper femoral epiphysis

Hip pain and limp in adolescent girl Unilateral pain and stiffness Idiopathic chondrolysis

“Snapping” hip Sensation of internal or external hip Internal movement of the iliopsoas muscle over iliopectineal 
eminence, lesser trochanter, or anterior superior iliac spine. External 
movement of the iliotibial band over the greater trochanter hip

Localized pain Point tenderness ± localized swelling Stress fracture

Anterior knee pain Pain with stairs (ascending or descending), stiffness Patellofemoral syndromes

Tenderness over the tibial tuberosity Osgood-Schlatter disease (apophysitis of the tibial tuberosity)

Tenderness over inferior pole patella Sinding-Larsen-Johansson syndrome
Apophysitis of the inferior pole of the patella

Pain over patellar tendon or quadriceps tendon Extensor tendinitis

Lateral knee pain Pain where iliotibial band courses over lateral 
femoral epicondyle; also may radiate proximally 
into iliotibial band

Iliotibial band syndrome

Pain over lateral joint line, may have positive 
McMurray test

Lateral meniscal injury

Medial knee pain Intermittent pain-effusion ± locking, usually ↑ w/
activity

Osteochondritis dissecans

Popping or snapping medially when extending 
from flexion

Medial plica syndrome

Pain inferior to medial joint line/tibia Pes anserine bursitis

generally look unwell and sometimes “toxic” in appearance, with high 
fever and often inability to bend the affected joint due to severe pain. 
Aspiration of the joint space is the definitive test. Septic arthritis 
usually results from hematogenous spread but may also occur after a 
puncture wound or infected skin lesions (e.g., chickenpox). In young 
children, it may result from spread from adjacent osteomyelitis into 
joints where the capsule inserts below the epiphyseal growth plate. It 
is preferable that intravenous antibiotics begin after blood cultures and 
joint aspirations have been performed unless to do so would delay 
therapy unacceptably. Coexistent osteomyelitis is common and occurs 
in up to 15% of affected children.

Reactive or postinfectious arthritis
Reactive arthritis is the most common form of arthritis in childhood. 
It is defined as time-limited joint swelling (usually <6 weeks) following 
(or rarely accompanying) evidence of extra-articular infection. The 
enteric bacteria (Salmonella, Shigella, Campylobacter, and Yersinia) are 
implicated in most pediatric cases of reactive arthritis. Other etiologic 
agents include prior infection with (or vaccination against) rubella, 
parvovirus B19, influenza, herpesviruses and coxsackieviruses, Myco-
plasma, and Borrelia (controversy remains regarding the relative con-
tribution of persistence of infection versus immune response to prior 
infection in chronic Lyme arthritis).6,7 Acute rheumatic fever and post-
streptococcal reactive arthritis may be classified within the broader 
category of reactive arthritis. If Streptococcus-associated joint symp-
toms occur in the setting where streptococcal infection was not recog-
nized or treated, then antibiotic therapy is used to eradicate the 
organism and symptomatic treatment with non-steroidal anti-inflam-
matory drugs (NSAIDs) or, more rarely, salicylates is used.
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because it causes damage to the femoral head and acetabulum. Open 
reduction and derotation femoral osteotomy will be required if conserva-
tive measures fail. The risk of both closed and surgical procedures is that 
of aseptic necrosis of the femoral head.

Transient (toxic) synovitis (irritable hip)
This is the most common cause of acute hip pain in children, occurring 
in those aged 2 to 12 years. It often follows or is accompanied by a 
viral infection. Presentation is with sudden onset of pain in the hip or 
a limp. There is no pain at rest, but there is decreased range of move-
ment; like septic arthritis, the hip may be held in the position of great-
est comfort, in external rotation. The pain may be referred to the knee. 
The child has a mild fever or is afebrile and does not appear ill. The 
neutrophil count and acute-phase reactants are normal or slightly 
raised. Blood cultures are negative, and the radiograph of the joint is 
normal but there may be a small joint effusion on ultrasound evalua-
tion (Fig. 96.5). The most important differential diagnosis is septic 
arthritis, but this is usually distinguished from transient synovitis by 
the presence of high fever, severe illness, pain at rest, minimal or no 
movement of the hip, and marked elevation of the neutrophil count 
and acute-phase reactants.11 If there is any suspicion of septic arthritis, 
the joint should be aspirated under ultrasound guidance. Frequently, 
aspiration of the hip joint may temporarily relieve most or all of the 
symptoms. In a small proportion of children, transient synovitis is 
assumed to underlie the presentation of Legg-Calvé-Perthes disease or 
slipped capital femoral epiphysis. Management of transient synovitis 
is with bed rest if tolerated. It usually improves within a few days.

Legg-Calvé-Perthes disease
Legg-Calvé-Perthes (LCP) disease was described independently by Legg, 
Calvé, Perthes, and Waldenstrom.12 It is generally considered a non-
inflammatory disease of the hip of unknown etiology that is more 
common in boys than girls. The peak incidence is between 4 and 10 
years of age. Presentation is insidious with onset of a limp or persistent 
hip or knee pain. Approximately 13% of children have bilateral involve-
ment, often with the second hip being asymptomatic.13 The bilateral 
involvement is usually synchronous but may occur up to 8 to 10 years 
later.14 However, even with synchronous involvement, the hips are 
usually in different stages of disease with ischemia of the femoral 
epiphysis, resulting in avascular necrosis, followed by revasculariza-
tion, and reossification over 18 to 36 months. Recent evidence from a 
two families suggests that mutation in the COL2A1 gene (encodes 

Regional syndromes
Benign limb pain (growing pains)
Benign limb pains, also known as “growing pains,” occur in about 10% 
of children between the ages of 4 and 14 years. The relationship with 
growth is uncertain because this period is not when maximum linear 
growth occurs. Children typically awaken at night with deep thigh or 
calf pain that responds to analgesics, massage, and heat and there may 
be a family history of similar problems in one of the parents. The 
information that the child resumes full normal activities immediately 
after the episode and normal findings on physical examination are 
helpful in distinguishing benign limb pain from a more serious cause 
of night pain (e.g., osteoid osteoma or malignancy-associated limb 
pain). No further workup is needed if there is a typical history and 
absence of any physical abnormalities. Atypical presentations may 
require further workup with laboratory tests and/or radiologic imaging 
to exclude more serious problems.8 “Growing pains” frequently remit, 
although intermittent night pain may continue over many years.8

Hypermobility
Joint pain secondary to hypermobility (see Chapter 206) is the most 
common non-inflammatory diagnosis in patients newly referred to a 
pediatric rheumatology clinical service. The diagnosis of hypermobility, 
however, should only be made in the knowledge of the normal range of 
joint flexibility in childhood, which varies with age, gender, and ethnic 
background. In general, it is normal for younger children to be more 
flexible than adolescents and girls to be more flexible than boys. There 
are also major ethnic differences. A hypermobility index called the 
Beighton score has been validated in Dutch children, although the cut-
point differs for children depending on whether they are 10 years of age 
or older.9 Hypermobility should be considered in older child or adoles-
cent with musculoskeletal pain principally confined to the lower limbs 
and back who lack objective evidence of joint swelling. Common lower 
limb findings of hypermobility are pes planus, out-toeing gait, overpro-
nated feet (secondary to ankle hypermobility), and genu recurvatum, all 
of which may be improved through using ready-made or custom orthot-
ics that support the longitudinal foot arch and stabilize the ankle. 
Mechanical causes of joint pain tend to be worse after exercise and as 
the day goes on, but early morning stiffness 1 or 2 days after exercise 
may be a feature. Diffuse idiopathic musculoskeletal pain syndromes, 
such as fibromyalgia, have also been associated with hypermobility in 
schoolchildren. Important differential diagnoses include the inherited 
collagen disorders such as Marfan and Ehlers-Danlos syndromes.9

Hip disorders
Developmental dysplasia of the hip
This is a spectrum of disorders with a number of predisposing factors: 
positive family history for developmental dysplasia of the hip (DDH), 
female gender, first-born children, breech presentation, and oligohy-
dramnios. Early detection, institution of corrective treatment, and the 
prevention of long-term disability are the aims of screening programs at 
birth and the routine 6-week postnatal checkup, but when the levels of 
evidence were examined to justify screening and intervention, the evi-
dence level was fair to poor, confounded by the knowledge that a sub-
stantial proportion of hips initially labeled as DDH will resolve 
spontaneously without intervention.10 The techniques of examination 
vary but usually involve examining one hip at a time while steadying 
the contralateral pelvis with the other hand. The upper portion of the 
femur is carefully rocked back and forth to check if the hip can be dis-
located posteriorly out of the acetabulum (Barlow maneuver) or relocated 
back into the acetabulum on abduction (Ortolani maneuver). It is impor-
tant not to exert excessive forces during these maneuvers. Presentation 
in later childhood may be detected by observing asymmetry of skinfolds 
around the hip, limited abduction of the hip, shortening of the affected 
leg, or a limp or abnormal gait (Fig. 96.4). Ultrasound screening on all 
neonates, which is highly specific for detecting the condition, is expen-
sive and has a high rate of false-positive findings. If DDH is suggested, 
an orthopedic consultation is indicated. The affected infant may be 
placed in a positioning device that puts the hips in abduction for several 
months. Progress is then monitored by ultrasonography or radiography. 
If the hip has not stabilized or the condition is diagnosed late, hip abduc-
tion using traction and a further period of splinting (in a plaster hip 
spica) may be tried. Weight bearing on a dislocated hip should be avoided 

Fig. 96.4 Developmental dysplasia of the left hip with failure of acetabular 
formation and “telescoping” of the left femur. (From: Southwood TR. Evaluating 
musculoskeletal and rheumatic disorders in children. In: Hochberg M, Silman AJ, 
Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 2007:961-973.)
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changes.18 A classification system divides LCP into four groups on the 
basis of the extent of femoral head involvement: group I, less than 25%; 
group II, 25% to 50%; group III, 50% to 75%; and group IV, greater 
than 75%.19 Although widely adopted, studies eventually showed that 
the results were difficult to reproduce and led to a lateral pillar clas-
sification based on the height of the lateral epiphysis on anteroposterior 
radiographs: in group A 100% of the pillar height was maintained; in 
group B, more than 50%; and in group C, less than 50%. Further use 
required the addition of a fourth or B/C group for hips with exactly 
50% maintenance of lateral pillar height. With this addition, good 
reproducibility has been reported.20

Even if the initial radiograph is normal, a repeat radiograph may be 
required if clinical symptoms persist. Because the extent of femoral 
head involvement and the degree of lateral subluxation are such impor-
tant prognostic factors, assessment often requires MRI. Bone scintig-
raphy and arthrography were used in the past but have largely been 
replaced by MRI in practice. In one comparative study, MRI was supe-
rior to conventional radiography and bone scintigraphy in determining 
the extent of involvement in the femoral head, the location of the head 
involvement, and the degree of lateral subluxation. Arthrography was 
as good as or better than MRI in defining the shape of the articular 
surfaces and the presence of lateral subluxation.18

Before MRI, technetium-based bone scintigraphy had long been 
considered the gold standard for this disease. There is reduced uptake 

precursor of type II collagen α1 chain) was associated with LCP as was 
premature osteoarthritis of the hip and avascular necrosis of the hip.15,16 
Why the phenotypic expression of the mutation differs within a single 
family is not yet understood.16 There appears to be no significant 
gender difference regarding severity of involvement and long-term risk, 
even though girls constitute fewer than 20% of the patients.17 Children 
are generally afebrile. Routine laboratory tests such as a complete blood 
cell count and ESR are normal.

Imaging
Although the initial radiographs may be normal, radiographs usually 
show increased density in the femoral head, which subsequently 
becomes fragmented (Fig. 96.6) during revascularization and irregular, 
resulting in superior and lateral subluxation. By 3 to 6 months after 
symptom onset, the size of the proximal femoral epiphysis is decreased: 
it is smaller and denser and the joint space wider than in the normal 
hip (Fig. 96.7). As demonstrated by plain radiographs there are four 
stages of the pathologic process: initial, fragmentation, healing, and 
reossification. The apparent widening of the medial joint space may 
be the result of continued cartilage growth in the absence of bone 
growth. Healing is manifested by new bone formation and reossifica-
tion, with or without residual deformity. Changes in the acetabulum 
are important in the long term, and the radius of the acetabulum may 
be the most sensitive measurement representing the pathologic 

Fig. 96.5 Ultrasound image in irritable hip (transient synovitis of the hip) 
demonstrating effusion. (From: Southwood TR. Evaluating musculoskeletal and 
rheumatic disorders in children. In: Hochberg M, Silman AJ, Smolen JS, et al, eds. 
Rheumatology, Philadelphia: Mosby-Elsevier, 2007:961-973.)

Fig. 96.6 Avascular necrosis of the right hip. (From: Southwood TR. Evaluating 
musculoskeletal and rheumatic disorders in children. In: Hochberg M, Silman AJ, 
Smolen JS, et al, eds. Rheumatology, Philadelphia: Mosby-Elsevier, 2007:961-973.)

a b

Fig. 96.7 Pelvic radiograph and technetium bone scintiscan in an 8-year-old with Legg-Calvé-Perthes disease. (a) The child has early involvement of the right 
hip, with relatively subtle changes on the radiograph. (b) However, the bone scintiscan shows complete blood loss in the right femoral head, consistent with 
osteonecrosis. The left hip shows classic, more advanced stages of Legg-Calvé-Perthes disease (in the revascularization phase), with return of normal blood 
flow visible on the scintiscan. (From: Southwood TR. Evaluating musculoskeletal and rheumatic disorders in children. In: Hochberg M, Silman AJ, Smolen JS, et al, eds. 
Rheumatology, Philadelphia: Mosby-Elsevier, 2007:961-973.)
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ity restriction and physical therapy. This low-risk group includes 
children who maintain good hip motion (at least 30 degrees of abduc-
tion) or who are younger than 6 years of age. However, about 60% will 
require mechanical treatment, which is based on the principle of con-
tainment of the femoral head within the acetabulum so that, during 
healing, the head is molded by the acetabulum. Containment is sought 
by bracing, or by surgical intervention using an innominate osteotomy 
(Salter), femoral osteotomy, or a combination of the two.

Prognosis
In most children, the prognosis is good, particularly in those younger 
than 6 years of age with less than half the epiphysis involved. When 
over half the epiphysis is affected and the child is older than 6 years 
old, deformity of the femoral head and metaphyseal damage are more 
likely, resulting in secondary osteoarthritis in adult life. When the 
condition is identified early and less than half the femoral head is 
affected, only bed rest and traction may be required. In more severe 
disease, the femoral head needs to be covered by the acetabulum to act 
as a mold for the reossifying of the epiphysis. This is achieved by 
maintaining the hip in abduction with plaster or calipers or by perform-
ing femoral or pelvic osteotomy. Age determinations show chronologic 
age to exceed the pelvis bone age and the hand-wrist bone age in both 
sexes with LCP.31 The Stulberg classification of I to V uses several 
radiographic parameters of the hip at maturity as predictors but is 
based primarily on femoral head sphericity, or lack of it, and is used 
to predict propensity to develop degenerative changes.32,33

Long-term follow-up
A review of 20- to 40-year follow-up studies found that 70% to 90% of 
patients are active and pain free, regardless of treatment.1 Radiographs 
are not usually normal, but patients have good range of motion. 
Chronic pain and loss of motion and function occur primarily in 
patients with irregular, flattened femoral heads at the time of primary 
healing and in patients with premature closure of the epiphysis, neck 
shortening, head deformity, and trochanteric overgrowth. Growth 
studies in children followed longitudinally show that affected children 
are slightly shorter at birth and that they remain shorter over the entire 
growth period. The difference is significant: 4.4 cm in boys and 2.5 cm 
in girls.34 The femoral head and neck deformity can lead to a “func-
tional retroversion,” causing an externally rotated gait.35

Slipped capital femoral epiphyses
Slipped capital femoral epiphyses (SCFE) occurs typically in preteen and 
early teenage boys with an incidence of 0.7 to 3.4 pre 100,000.36,37 Boys 
are affected at least two to five times the rate of that in girls.37 Peak age 
incidence is 11.5 years in girls and 13 years for boys.38 Acute SCFE 
occurs up to 10% to 15% of the time.39,40 The slip occurs at the weakest 
part of the physeal plate and results in the head being displaced from 
the metaphysis. Risk factors for SCFE include obesity, hypothyroidism, 
and hypoparathyroidism and perhaps therapy with growth hormone.

initially but increased accumulation in part of the femoral head as 
revascularization occurs. It is an early and sensitive indicator of femoral 
head involvement, preceding plain radiographic changes by approxi-
mately 3 months and allowing earlier diagnosis and treatment.21 
However, in practice, bone scintigraphy is often deferred and MRI 
ordered for the evaluation of LCP.

MRI adds additional anatomic visualization. In early disease there 
is low signal intensity at the superior and lateral aspect of the femoral 
head on the T1-weighted (T1W) images and an area with a secondary 
double line of low and high signal intensity on T2-weighted (T2W) 
images. Widening of the medial joint space may be due to either over-
grown cartilage in the initial stage or both overgrown cartilage and 
widened true medial joint space at the fragmentation stage and widened 
true medial joint space in the healing stage. Subchondral fracture line 
on MRI has been suggested to be a better predictor of eventual necrosis 
than the extent of necrosis in the early stage.22 Gadolinium-enhanced 
subtraction MRI can improve sensitivity in early diagnosis. MRI has 
also been found to be of value in monitoring changes in the femoral 
epiphysis over time and led to the development of a new classification 
system using MRI abnormalities.23 When subluxation is being evalu-
ated, MRI is more sensitive than plain radiographs. MRI studies 
showed evidence of synovitis in all 72 patients with a correlation 
between the severity of the synovitis and the severity of the necrosis.23 
Synovitis was evident for 6 to 60 months after diagnosis.23-25 Cartilagi-
nous physeal and metaphyseal abnormalities are common and fre-
quently associated with growth arrest.

Pathophysiology
Metaphyseal histology by core biopsy performed in conjunction with 
surgery in 22 patients in one study showed fat necrosis, vascular pro-
liferation, and focal fibrosis indicative of earlier episodes of ischemia.26 
Ischemic necrosis precedes collapse of the head and subsequent repair 
of the femoral capital epiphysis. The initial event is silent clinically, 
and with collapse and repair of the bone, pain and limitation of motion, 
particularly abduction and internal rotation, develop to varying 
degrees.17,27 The extent of subsequent growth disturbance of the proxi-
mal femur where the epiphyseal and physeal cartilage are located 
depends on the extent of the avascular event. The pathogenesis involves 
a disruption or interruption of the blood supply to the femoral head 
(Fig. 96.8). A leading current theory is that there is thrombophilia 
(enhanced ability to form clots), hypofibrinolysis (decreased clot break-
down), or both. LCP with thrombophilia secondary to protein C and S 
deficiency as well as Leiden V mutation has been reported.28-30 The 
recent reports of LCP in a family with premature hip osteoarthritis and 
avascular necrosis of the hip with COL2A1 mutations has not been 
reproduced in single patient cohorts.15,16,30

Treatment
Many children with LCP have mild disease and do not require treat-
ment. They can be observed and managed symptomatically with activ-
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ARTERIAL SUPPLY TO THE FEMORAL HEAD

Fig. 96.8 Arterial supply to the femoral head in a 
4-year-old child. A blockage of this blood supply, as 
yet not fully understood, leads to Legg-Calvé-
Perthes disease. (From: Southwood TR. Evaluating 
musculoskeletal and rheumatic disorders in children. 
In: Hochberg M, Silman AJ, Smolen JS, et al, eds. 
Rheumatology, Philadelphia: Mosby-Elsevier, 
2007:961-973.)
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year, with some increase in joint space and motion over the first few 
years followed by progressive osteoporosis, osteophyte formation, and 
sometimes protrusio acetabuli. Both the size of the head and the width 
of the neck are diminished; technetium bone scan shows marked peri-
articular uptake and premature fusion of the epiphysis of the greater 
trochanter and may precede the abnormalities seen on MRI and plain 
radiographs.

Treatment and prognosis
The prognosis is generally poor and many patients eventually require 
hip replacement. A single case has been reported in which the patient 
was treated with etanercept and improved rapidly despite having not 
responded to NSAIDs or methotrexate.48

Knee disorders
The physical examination of the knee is described in detail in Chapter 
74. A summary table (see Table 96.3) is provided in this chapter for 
convenience of use when examining children and adolescents with 
complaints referable to the knee.

Patellofemoral dysfunction
Also known as patellofemoral pain syndrome, this syndrome is exten-
sively described in Chapter 80 and is a common cause of pain in 
adolescents and in some children.

Chondromalacia patellae
This condition results from softening of the articular cartilage of the 
patella. It commonly affects adolescent females, and pain can be repro-
duced when the patella is tightly apposed to the femoral condyles, as in 
standing up from sitting or on walking up stairs. Treatment is conserva-
tive with rest and physical therapy for quadriceps muscle strengthening.

Malignant tumors, including osteogenic sarcoma and Ewing tumor, 
may present as pain or swelling or with pathologic fracture and are 
fortunately rare. Osteoid osteoma is a benign tumor affecting adoles-
cents, especially boys, usually involving the femur or tibia. The pain 
is thought to be due to local release of prostaglandins, is more severe 
at night, and often improves with NSAID therapy. The radiograph is 
usually diagnostic, the radiologic appearance being that of a sharply 
demarcated radiolucent focus of osteoid tissue surrounded by sclerotic 
bone. If the radiograph is normal, CT or MRI is required. Treatment 
is by surgical removal/curettage. Tumors of bone are described in more 
detail in Chapter 208.

Osgood-Schlatter disease
Osgood-Schlatter disease is a traction apophysitis seen primarily in 
boys from ages 11 to 17. Physical examination frequently shows ten-
derness and/or protuberance of the tibial tuberosity. The bone at the 
ages described is thought to be more susceptible to repetitive injury 
than the patellar tendon, resulting in fragmentation of the bone. 
Disease may be unilateral or bilateral. Treatment is with icing after 
activity. NSAIDs to control pain are used as needed but not at such 
doses as to ease the way for further overuse. Physical therapy to 
increase flexibility of the thigh muscles accompanied by core strength-
ening is helpful. Rarely, casting or surgical excision of ossicles is 
required.

Other knee disorders
Knee extensor tendinitis (jumper’s knee) may be seen in young ath-
letes. This disorder, pes anserine bursitis, and the iliotibial band syn-
drome are described in Chapter 80. Performing the Ober test can be 
quite helpful in diagnosing iliotibial band syndrome. Finally, osteo-
chondritis dissecans is another common cause of knee pain in children 
and adolescents that typically presents as intermittent knee pain and 
effusion. The subchondral bone is involved. Treatment is frequently 
surgical and depends on the size of the lesion.
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Clinical findings
Patients may present without pain; patients with pain may have 1 to 
3 months of subclinical symptoms. The slip itself usually occurs during 
the preadolescent growth spurt and is more common in obese children. 
Up to 25% to 40% of children have bilateral slips, and up to half of 
children with bilateral slips may be asymptomatic for the slip in the 
side without pain. SCFE should be in the differential diagnosis for hip, 
thigh, or knee pain in children ages 10 to 15. An acute or unstable 
SCFE is defined as an SCFE resulting in a child who cannot walk or 
cannot walk without crutches and usually presents as severe pain of 
acute onset comparable to that of a displaced femoral neck fracture.39 
A history of mild trauma is frequently present.39 The prognosis is 
guarded in an unstable slip because a proportion of children with 
unstable SCFE go on to develop avascular necrosis of the femoral head.

Imaging
In acute SCFE an anteroposterior pelvis may be the only radiograph 
the child tolerates initially and confirms the finding of an abrupt dis-
placement of the epiphysis on the metaphysis. If the acute slip is addi-
tive to a chronic clinically unnoticed slip, then there will be metaphyseal 
remodeling along the superior and anterior femoral neck.39 A cross-
table lateral view of the hip but not a frog-legged lateral (which could 
exacerbate the slip) may help assess the presence of anterior physeal 
separation, a risk factor for avascular necrosis; a cross-table frog-legged 
view of the contralateral hip should also be obtained.39 Bone scans may 
be helpful in predicting prognosis because “cold spots” on technetium 
bone scan in acute SCFE may represent ischemia and therefore are 
thought to be related to the risk of avascular necrosis. Because avascu-
lar necrosis is not usually seen in stable SCFE, bone scans are not 
usually performed.

Treatment
Operative treatment of acute SCFE is controversial with regard to the 
operative timing, method (internal fixation with one or two screws), 
bone graft epiphysiodesis, reduction of the hip, decompression of the 
hip joint, and the role of femoral osteotomy.39 In addition, controversy 
also exists about whether there exists a role for prophylactic pinning 
of the contralateral hip. A recent open-label observational trial sug-
gested a potential role for intravenous therapy with bisphosphonates 
as adjunctive therapy for acute SCFE that had been operatively fixed.40 
Only patients with “cold spots” on technetium bone scintigraphy, 
which have a high correlation with avascular necrosis, were offered 
entry into the trial because “hot spots” on bone scintiscans are not 
correlated with decrease in vascular supply and thus avascular necro-
sis.41 The rationale for use of bisphosphonates as adjunctive therapy 
was that it may slow resorption of necrotic bone and allow for revas-
cularization with new bone formation.41 Currently there is no effective 
therapy for traumatic femoral head necrosis in adolescents.41 Side 
effects were typical of what has been seen with intravenous use of 
bisphosphonates; flu-like symptoms were seen, but no cases of osteo-
necrosis of the jaw were observed.41

Idiopathic chondrolysis
Idiopathic chondrolysis is an uncommon disease in which there is 
progressive necrosis of hyaline cartilage of both the femoral head and 
the acetabulum.42 Idiopathic chondrolysis occurs predominantly in 
teenage girls and leads to premature osteoarthritis of the hip. Clini-
cally, it is associated with severe pain and stiffness and an abnormal 
gait. Bilateral disease has been reported.43 In addition to the idiopathic 
form, chondrolysis can occur in association with other conditions, 
including SCFE, pin perforation during treatment for SCFE, immobi-
lization, hip tumors, traumatic subluxation, intra-articular leak of bone 
cement, Stickler syndrome, psoriatic arthritis, and septic arthritis.44,45 
Histologically, there is thickening of the capsule, with non-specific 
inflammatory cells, and capillary proliferation.46

Imaging
Radiographically, there is concentric narrowing of the articular space 
to less than 3 mm (normal range, 3.5 to 7.0 mm), which is considered 
to be diagnostic.47 Decreased width of the femoral neck and head and 
shortening of the femur may occur secondary to injury to the proximal 
physis. The maximal narrowing appears to develop during the first 



CH
A

PTER 96 
● Evaluation of m

usculoskeletal com
plaints in children

985

REFERENCES
1. Weinstein SL. Natural history and treatment outcomes 

of childhood hip disorders. Clin Orthop Relat Res 
1997;344:227-242.

2. Siffert RS. Patterns of deformity of the developing hip. 
Clin Orthop 1981;160:14-29.

3. Watanabe RS. Embryology of the human hip. Clin 
Orthop Relat Res 1974;98:8-26.

4. Harrison TJ. The growth of the pelvis in the rat: a 
mensural and morphological study. J Anatomy 
1958;92:236-260.

5. Southwood TR. Evaluating musculoskeletal and 
rheumatic disorders in children. In Hochberg MC, 
Silman AL, Smolen SJ, et al, eds. Rheumatology, 4th ed. 
Edinburgh Philadelphia, Mosby-Elsevier, 2007.

6. Hartwig NG. How to treat acute musculoskeletal 
infections in children. Adv Exp Med Biol 
2006;582:191-200.

7. Nau R, Christen HJ, Eiffert HE. Lyme disease—current 
state of knowledge. Dtsch Arztebl Int 2009;106:72-81; 
quiz 82.

8. Lowe RM, Hashkes PJ. Growing pains: a non-
inflammatory pain syndrome of early childhood. Nat 
Clin Pract Rheumatol 2008;4:542-549.

9. van der Giessen LJ, Liekens D, Rutgers KJM, et al. 
Validation of Beighton score and prevalence of 
connective tissue signs in 773 Dutch children. J 
Rheumatol 2001;28:12.

10. Shipman SA, Helfand M, Moyer VA, et al. Screening for 
developmental dysplasia of the hip: a systematic 
literature review for the U.S. Preventative Services Task 
Force. Pediatrics 2006;117:e557-e576.

11. Kocher MS, Zurakowski D, Kasser JR. Differentiating 
between septic arthritis and transient synovitis of the 
hip in children: an evidence-based clinical prediction 
algorithm. J Bone Joint Surg Am 1999;81:1662-1670.

12. Catterall A. The natural history of Perthes’ disease. J 
Bone Joint Surg 1971;538:37-53.

13. Guille JT, Lipton GE, Szoke G, et al. Legg-Calvé-Perthes 
disease in girls: a comparison with those seen in boys. J 
Bone Joint Surg Am 1998;80:1256-1263.

14. Canale ST, D’Anca AF, Cotler SM, et al. Innominate 
osteotomy in Legg-Calvé-Perthes. J Bone Joint Surg Am 
1972;54:25-40.

15. Miyamoto Y, Matsuda T, Kitoh H, et al. A recurrent 
mutation in type II collagen gene causes Legg-Calvé-
Perthes disease in a Japanese family. Hum Genet 
2007;121:625-629.

16. Su P, Li R, Liu S, et al. Age at onset-dependent 
presentations of premature hip osteoarthritis, avascular 
necrosis of the femoral head, or Legg-Calvé-Perthes 
disease in a single family, consequent upon a 

p.Gly1170Ser mutation of COL2A1. Arthritis Rheum 
2008;58:1701-1706.

17. Myers MT, Thompson GH. Imaging the child with a limp. 
Pediatr Clin North Am 1997;44:637-658.

18. Grasemann H, Nicolai RD, Patsalis T, et al. The treatment 
of Legg-Calvé-Perthes disease: to contain or not to 
contain. Arch Orthop Trauma Surg 1997;116:50-54.

19. Christensen F, Soballe K, Ejsted R, et al. The Catteral 
classification of Perthes disease: an assessment of 
reliability. 1986;68:614-615.

20. Herring JA, Kim HT, Browne R, et al. Legg-Calvé-Perthes 
disease: I. Classification of radiographs with use of the 
modified lateral pillar and Stulberg classifications. J 
Bone Joint Surg Am 2004;86:2103-2120.

21. Eggl H, Drekonja T, Kaiser B, et al. Ultrasonography in 
the diagnosis of transient synovitis of the hip and 
Legg-Calvé-Perthes disease. J Pediatr Orthop B 
1999;8:177-180.

22. Song HR, Lee SH, Na JB, et al. Comparison of MRI  
with subchondral fracture in evaluation of the extent  
of epiphyseal necrosis in the early stage of Legg- 
Calvé-Perthes disease. J Pediatr Orthop 1999:19: 
70-75.

23. Hochbergs P, Eckerwall G, Egund N, et al. Synovitis in 
Legg-Calve-Perthes disease. Evaluation with MR 
imaging in 84 hips. Acta Radiol 1988;39(5):532-537.

24. Wingstand H. Significance of synovitis in  
Legg-Calvé-Perthes disease. J Pediatr Orthop B 
1999;8:156-160.

25. Ozonoff MB. Pediatric orthopaedic radiology, 2nd ed. 
Philadelphia: WB Saunders, 1992.

26. Kay RM, Morrissy RT, Kehl DK. Late metachronous 
involvement of the contralateral hip in Legg-Calvé-
Perthes disease. J Pediatr Orthop 1997;18:807-810.

27. Thompson GH, Slater RB. Legg-Calvé-Perthes disease: 
current concepts and controversies. Orthop Clin North 
Am 1987;18:617-635.

28. Glueck CJ, Tracy T, Wang P. Legg-Calvé-Perthes disease, 
venous and arterial thrombi, and the factor V Leiden 
mutation in a four-generation kindred. J Pediatr Orthop 
2007;27:834-837.

29. Gallistl S, Reitinger T, Linhart W, et al. The role of 
inherited thrombotic disorders in the etiology of 
Legg-Calvé-Perthes disease. J Pediatr Orthop 
1999;19:82-83.

30. Kenet G, Ezra E, Wientroub S, et al. Perthes’ disease and 
the search for genetic associations: collagen mutations, 
Gaucher’s disease and thrombophilia. J Bone Joint Surg 
Br 2008;90:1507-1511.

31. Matsumato T, Enomoto H, Takahashi K, et al. Decreased 
levels of IGF binding protein-3 in serum from children 

with Perthes disease. Acta Orthop Scand 
1998;69:125-128.

32. Stulberg SD, Cooperman DR, Wallenstein R. The natural 
history of Legg-Calvé-Perthes disease. J Bone Joint Surg 
Am 1981;63:1095-1108.

33. Herrin JA, Williams JJ, Neustadt JS, et al. Evolution of 
femoral head deformity during the healing phase of 
Legg-Calvé-Perthes. J Pediatr Orthop 1993;13:41-45.

34. Eckerwall G, Wingstrand H, Hägglund, et al. Growth in 
110 children with Legg-Calvé-Perthes disease: a 
longitudinal infancy childhood puberty growth\model 
study. J Pediatr Orthop B 1996;5:181-184.

35. Kim HT, Wenger DR. “Functional retroversion” and 
“functional coxa vara” in late Legg-Calvé-Perthes disease 
and epiphyseal dysplasia; correction of deformity 
defined by new imaging modalities. J Pediatr Orthop 
1997;17:247-254.

36. Stanitski CL. Acute slipped capital femoral epiphysis. J 
Am Acad Othop Surg 1994;2:96-106.

37. Busch MT, Morissy RT. Slipped capital femoral epiphysis. 
Orthop Clin North Am 1987;18:637-647.

38. Carney BT, Weinstein SL, Noble JN. Long-term follow-up 
of slipped capital femoral epiphysis. J Bone Joint Surg 
Am 1991;73:1109-1113.

39. Loder RT. Controversies in slipped capital femoral 
epiphysis. Orthop Clin North Am 2006;37:211-221.

40. Boyer DW, Mickelson MR, Ponsetu IV. Slipped capital 
femoral epiphysis: long-term follow-up and study of one 
hundred and twenty one patients. J Bone Joint Surg Am 
1982;63:1109-1113.

41. Ramachandran M, Ward K, Brown RR, et al. Intravenous 
bisphosphonate therapy for traumatic osteonecrosis of 
the femoral head in adolescents. J Bone Joint Surg Am 
2007;89:1727-1734.

42. Jones BS. Adolescent chondrolysis of the hip. S Afr Med 
J 1971;45:196-202.

43. Rachinsky I, Boguslavsky L, Cohen E, et al. Bilateral 
idiopathic chondrolysis of the hip: a case report. Clin 
Nucl Med 2000;25:1007-1009.

44. Donnan L, Einoder B. Idiopathic chondrolysis of the hip. 
Aust NZ J Surg 1996;66:569-571.

45. Rowe LJ, Ho EK. Idiopathic chondrolysis of the hip. 
Skeletal Radiol 1996;25:178-182.

46. Bleck EE. Idiopathic chondrolysis of the hip. J Bone Joint 
Surg Am 1983;65:1266-1275.

47. Del Couz, Garla A, Fernández PL, et al. Idiopathic 
chondrolysis of the hip: long-term evolution. J Pediatr 
Orthop 1999;19:449-454.

48. Appleyard DV, Schiller JR, Eberson CP, et al. Idiopathic 
chondrolysis treated with etanercept. Orthopedics 
2009;32:214.



CH
A

PTER 97 
● Classification and epidem

iology of juvenile idiopathic arthritis
PED

IATRIC RH
EU

M
ATO

LO
G

Y
 

Classification and epidem
iology of juvenile idiopathic arthritis

SECTION 7 PEDIATRIC RHEUMATOLOGY

987

pharyngeal infection with group A Streptococcus and Lyme disease that 
results from infection with Borrelia burgdorferi are also both considered 
separately. Similarly, arthritis accompanying disorders of connective 
tissues, metabolic, and other genetic diseases is not regarded as JIA.

According to the ILAR classification, JIA can be diagnosed as early 
as 6 weeks after the onset of symptoms, whereas the allocation to a 
specific JIA category requires the duration of the disease to be up to 6 
months. The ILAR criteria were not developed for clinical decision-
making, and, therefore, their use for clinical diagnosis is inappropriate. 
The ILAR criteria are based on inclusion and exclusion criteria and 
seek to define groups of patients with a high degree of internal homo-
geneity without overlap among the six specific categories. The JIA 
categories (Table 97.3) are distinguished on the basis of clinical fea-
tures over the first 6 months of disease, especially the number of 
affected joints, but also the presence of extra-articular manifestations 
and rheumatoid factor (RF). The number “4” as the criterion for the 
assignment to oligoarthritis or polyarthritis is an arbitrary value; 
however, in the evaluation study of the ACR criteria, Cassidy and col-
leagues showed by cluster analyses that the involvement of more than 
four joints is the most important variable associated with outcome in 
polyarthritis.6

A number of “descriptors” have also been proposed to gather further 
information about the pattern of these diseases (e.g., age at onset, 
antinuclear antibody [ANA] positivity, chronic or acute uveitis), but 
they are not part of the JIA classification.

Many papers have acknowledged that the ILAR classification defines 
immunogenetically distinct groups of patients, with different clinical 
presentations, different treatment responses, and different disease 
courses and outcomes.7-9 In particular, systemic arthritis has some 
distinctive markers that set it apart from the other JIA categories. It is 
characterized by prominent systemic features; and data about its patho-
genesis highlight the relevance of an uncontrolled innate immune 
system as an important mechanism for this disease. This indicates 
that systemic arthritis is primarily an autoinflammatory rather than 
autoimmune disease, which might change its classification in the 
future.10

Even though the ILAR classification yielded greater clarity and 
homogeneity than previous classifications, different disease categories 
of JIA, such as oligoarthritis, RF-negative polyarthritis, or psoriatic 
arthritis, still include heterogeneous patient collectives.11,12

The family of juvenile spondylarthritides, which includes juvenile 
ankylosing spondylitis, reactive arthritis, psoriatic arthritis, entero-
pathic arthritis, and undifferentiated juvenile spondylarthritis, is not 
completely encompassed under the term JIA. Diseases included in the 
juvenile spondylarthritides group share common features, such as 
asymmetric involvement of large joints of the lower extremities, enthe-
sopathy, HLA-B27 positivity, and a family history of this group of 
diseases. Most children presenting with such features, especially those 
with isolated forms of arthritis and the seronegative enthesopathy and 
arthropathy (SEA) syndrome and those with juvenile ankylosing spon-
dylitis, are classified as having enthesitis-related arthritis in the ILAR 
approach to classification. Patients with juvenile psoriatic arthritis are 
considered as having a distinct entity, and those with reactive arthritis 
are excluded according to the ILAR. This is in contrast to the European 
Spondylarthropathy Study Group (ESSG) classification,13 which covers 
the whole spectrum of juvenile spondylarthritides and represents an 
alternative approach to classify this patient group. Enthesitis-related 
arthritis and ESSG criteria perform differently because they refer to 
different concepts. Even though both sets may properly classify 

Classification and epidemiology of 
juvenile idiopathic arthritis
Kirsten Minden

 Chronic arthritides of childhood represent a clinically 
heterogeneous group of disorders.

 Childhood arthritis has undergone multiple classifications.
 Because of the lack of a single diagnostic gold standard test, all 

classifications have relied on clinical and laboratory features for 
disease definition and subtype classification.

HISTORICAL DEVELOPMENT OF CHILDHOOD 
ARTHRITIS CLASSIFICATION
The study of childhood arthritic diseases has a relatively short history, 
although references to the occurrence of swollen, dysfunctional joints 
can be found in both portraiture and literature over the past 500 years. 
By the end of the 19th century at least 38 case reports of arthritis in 
children had been published and reviewed by Diamant-Berger. He 
recognized differing subtypes of disease and attempted to classify at 
least three different patterns (i.e., acute, slow, and partial forms) of 
childhood arthritis. In 1897, the pinnacle of description of childhood 
arthritis occurred, when George Frederic Still reported on 22 children 
with chronic arthritis and commented that childhood arthritis was 
more than one disease and mostly different from chronic arthritis as 
described in adults. Since these first publications, different names have 
been used for the description of childhood arthritic diseases and differ-
ent classification systems have been developed (Table 97.1).

Two major classification systems have been accepted worldwide: in 
North America, the classification of the American College of Rheuma-
tology (ACR; in former times, the American Rheumatism Association 
[ARA]) gave the term juvenile rheumatoid arthritis (JRA),1 whereas the 
European League Against Rheumatism (EULAR) classification gave the 
term juvenile chronic arthritis (JCA).2 Both were based on the concept 
of classification by mode of onset and distinguished the same sub-
groups: systemic arthritis, oligoarthritis, and polyarthritis. However, 
the two classifications did not include identical spectra of disease 
(Table 97.2), impeding the comparison of epidemiologic, clinical, sero-
logic, and genetic data.

THE ILAR CLASSIFICATION OF  
CHILDHOOD ARTHRITIS
In an effort to overcome the limitations of the preexisting, somewhat 
discordant classification systems and to replace them with one unified, 
internationally accepted classification, in 1995 the International 
League of Associations for Rheumatology (ILAR) Task Force on the 
Classification of Childhood Arthritis proposed a new classification 
using the term juvenile idiopathic arthritis (JIA) for all chronic child-
hood arthritides of unknown cause.3-5 JIA was defined as definite arthri-
tis of unknown origin that begins before the age of 16 years and persists 
for at least 6 weeks.

Accordingly, arthritides for which there is a known cause do not fall 
into the ILAR classification scheme. This applies to the reactive arthri-
tides, for example, after enteric infection with Salmonella, Yersinia 
species, Shigella, or Campylobacter or after genitourinary tract infec-
tion with Chlamydia trachomatis. Acute rheumatic fever after 
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children with spondylarthritides, enthesitis-related arthritis criteria 
correspond better to the clinical picture of juvenile-onset spondylar-
thritides because the relevance of enthesopathy in the whole group is 
much greater than that of inflammatory back pain. The latter is the 
major diagnostic criterion, besides synovitis, according to ESSG, but is 
an infrequent event in children with recent-onset disease.

Validity of the ILAR criteria
The proposed ILAR classification has been evaluated in more than 15 
studies, of which the majority compared the Durban criteria4 with 
other published classification sets. In these studies, comprising almost 
3500 children, the performance of the ILAR classification has not been 
adequately analyzed, however. The reliability and precision of the cri-
teria have not been tested, and their feasibility has been rated as rela-
tively low. Berntson and colleagues reported on the difficulties of 
fulfilling the specified exclusion criteria in clinical work.14 The face 
validity of the ILAR classification was, however, affirmed, despite  
some concern being expressed regarding the high number of patients 

TABLE 97.1 MILESTONES IN THE CLASSIFICATION OF CHILDHOOD ARTHRITIS

1864 First detailed description of juvenile arthritis by Cornil

1891 First classification of childhood arthritis into three forms by 
Diamant-Berger

1897 Description of childhood arthritis as being more than a single 
disease by Still

1959 Description of different disease-onset patterns by Ansell and 
Bywaters

1968 Criteria for the diagnosis of Still’s disease (Taplow criteria)

1972 American Rheumatism Association (ARA) criteria for the 
classification of juvenile rheumatoid arthritis (JRA)

1977 Revision of ARA criteria for JRA1

1978 European League Against Rheumatism (EULAR) criteria for 
juvenile chronic arthritis (JCA)2

1995 International League of Associations for Rheumatology (ILAR) 
criteria for juvenile idiopathic arthritis (JIA), Santiago, 19943

1998 Vancouver criteria for juvenile psoriatic arthritis

1998 First revision of the ILAR criteria, Durban, 19974

2004 Second revision of the ILAR criteria, Edmonton, 20015

TABLE 97.2 CLASSIFICATIONS OF CHILDHOOD ARTHRITIS

Classification 
according to: ACR EULAR ILAR

Term Juvenile rheumatoid 
arthritis (JRA)

Juvenile chronic 
arthritis (JCA)

Juvenile idiopathic 
arthritis (JIA)

Age at arthritis 
onset

<16 yr <16 yr <16 yr

Duration of 
arthritis

>6 wk >3 mo >6 wk

Onset types 3 3 7

Exclusion Juvenile ankylosing 
spondylitis, juvenile 
psoriatic arthritis, 
arthritis of 
inflammatory bowel 
disease

Seropositive 
polyarthritis

Reactive arthritis

TABLE 97.3 CURRENT ILAR CLASSIFICATION OF JUVENILE 
IDIOPATHIC ARTHRITIS

Category Definition Exclusions*

1. Systemic 
arthritis

Arthritis with or preceded by daily fever of at 
least 2 weeks’ duration that is documented to 
be quotidian for at least 3 days and 
accompanied by one or more of:
1) Evanescent, non-fixed erythematous rash
2) Generalized lymph node enlargement
3) Hepatomegaly and/or splenomegaly
4) Serositis

a, b, c, d

2. Oligoarthritis Arthritis affecting one to four joints during 
the first 6 months of disease

a, b, c, d, e

 Persistent Arthritis affecting no more than four joints 
throughout the disease course

 Extended Arthritis affecting a total of more than four 
joints after the first 6 months of disease

3. Polyarthritis 
(RF-negative)

Arthritis affecting more than four joints 
during the first 6 months of disease; tests for 
RF are negative

a, b, c, d, e

4. Polyarthritis 
(RF-positive)

Arthritis affecting more than four joints 
during the first 6 months of disease; tests for 
RF are positive (on at least two occasions 
more than 3 months apart)

a, b, c, e

5. Psoriatic 
arthritis

Arthritis and psoriasis, or arthritis and at least 
two of:
1) Dactylitis
2) Nail abnormalities (pitting or onycholysis)
3) Psoriasis in a first-degree relative

b, c, d, e

6. Enthesitis-
related 
arthritis

Arthritis and enthesitis, or arthritis or 
enthesitis with at least two of:
1) Presence or a history of sacroiliac joint 

tenderness and/or inflammatory 
lumbosacral pain

2) Presence of HLA-B27
3) Onset of arthritis in a male older than 6 

years of age
4) Acute (symptomatic) anterior uveitis
5) History of ankylosing spondylitis, 

enthesitis-related arthritis, sacroiliitis with 
inflammatory bowel disease, Reiter’s 
syndrome, or acute anterior uveitis in a 
first-degree relative

a, d, e

7. Other 
arthritis

Arthritis that fulfills criteria in no category or 
in two or more of the above categories

*Exclusions:
a) Psoriasis or a history of psoriasis in the patient or a first-degree relative
b) Arthritis in an HLA-B27–positive male beginning after the sixth birthday
c) Ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with inflammatory bowel 

disease, Reiter’s syndrome, or acute anterior uveitis or a history of one of these disorders in a 
first-degree relative

d) Presence of IgM RF on at least two occasions at least 3 months apart
e) Presence of systemic juvenile idiopathic arthritis
Data from Petty RE, Southwood TR, Manners P, et al. International League of Associations for 
Rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J 
Rheumatol 2004;31:390-392.

(2% to 23%) who were unclassifiable. This issue was addressed by the 
second revision of the ILAR classification (Edmonton criteria)5 through 
a refinement of the exclusion criteria. The ILAR classification is, like 
its predecessors, based on published literature and expert opinions. The 
criteria have not been tested against non-rheumatic disease control 
groups and rheumatic disease control groups; thus its sensitivity and 
specificity are unknown.

Nevertheless, the ILAR classification constitutes the current inter-
national diagnostic standard for chronic childhood arthritides of 
unknown etiology. The proposed classification has restrictions intrin-
sic to any classification founded on clinical criteria, but it will probably 
be modified as progress is made in the understanding of the patho-
physiology and phenotypic expression of childhood arthritides.
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EPIDEMIOLOGY
The epidemiologic attributes of JIA have been subject to considerable 
study. However, available data on the occurrence of chronic childhood 
arthritis, disease characteristics, risk factors, and the natural course of 
the disease are difficult to compare and interpret because of the het-
erogeneity of the disease, differences in the classification criteria used 
for definition and inclusion, and differences in source populations and 
case ascertainment. Here, the terms JIA, JCA, or JRA will be used cor-
responding to the criteria that were used to define the respective study 
group.

Incidence and prevalence
JIA is the most common chronic inflammatory rheumatic disease 
experienced in childhood. It occurs worldwide, but studies on the inci-
dence and prevalence of chronic childhood arthritis conducted in dif-
ferent parts of the world show substantial variation. The published 
incidence rates vary between 0.8 to 23 per 100,000, and the prevalence 
rates range from 7 to 400 per 100,000 children younger than the age 
of 16 years of age. Differences in case ascertainment contribute, among 
others, to these variances, whereas differences in the classification 
criteria applied contributed only marginally to the variation.15-17 Popu-
lation surveys yielded the highest prevalence values (Table 97.4), point-
ing to a significant number of undiagnosed children in a community.

It is assumed, however, that true differences in JIA occurrence exist. 
On the one hand, JIA seems to occur more frequently in children  
of European descent than in children of African, Asian, or East  
Indian origin.29 In fact, the prevalence rate of 0.83/100,000 children in 
Japan is among the lowest documented.30 On the other hand, a north-
south gradient in the incidence of juvenile arthritis in Europe is 
demonstrated.17

Trends in the incidence of JIA have been reported. An increasing 
incidence of JIA, as might be expected due to the increasing knowledge, 
awareness, and availability of diagnostic and treatment resources, was 
observed in some areas of Estonia and Finland.21,25 However, several 

TABLE 97.4 PREDOMINANTLY POPULATION-BASED STUDIES ON THE PREVALENCE AND/OR INCIDENCE OF CHILDHOOD CHRONIC ARTHRITIS IN MAINLY WHITE 
POPULATIONS, PUBLISHED AFTER 1990

Case ascertainment Study Classification system
Incidence (per 100,000 
under risk and year)

Prevalence (per 
100,000 under risk)

Population-survey and 
specialist examination

Mielants et al, Belgium, 199316 EULAR — 167/100*

Manners et al, Australia, 199616 EULAR — 400

Practitioner (or register)- 
based

Andersson Gäre et al, Sweden, 199216 EULAR 11 86/64*

Peterson et al, U.S., 199618 ACR 12 86-94

Von Koskull et al, Germany, 200119 EULAR 7 15

Huemer et al, Austria, 200120 ACR 4 —

Kaipiainen-Seppänen et al, Finland, 200121 ACR 20 —

Savolainen et al, Finland, 200322 ILAR 23 —

Berntson et al, Norway, Finland, Sweden, 
Denmark, Iceland, 200317

ILAR 15 —

Hanova et al, Czech Republic, 200623 ILAR 13 140

Danner et al, France, 200624 ILAR 3 20

Pruunsild et al, Estonia, 200725,26 ILAR 22 84

Riise et al, Norway, 200827 ILAR 14 —

Clinic-based Oen et al, Canada, 199528 ACR 5 97

Symmons et al, U.K., 199616 EULAR 10 —

Malleson et al., Canada, 199616 ACR 3 —

Kiessling et al, Germany, 199816 EULAR 4 20

Moe et al, Norway, 199816 EULAR 23 148

*Active cases.

other studies could not confirm this.16 The Rochester Epidemiology 
database even suggested a decreasing incidence of chronic arthritis in 
children between the 1960s and the 1980s.18 Hence, a clear time trend 
in JIA incidence has not been unequivocally documented.

Disease characteristics
The picture of JIA differs around the world, suggesting true differences 
in disease manifestations pertaining to immunogenetic or environmen-
tal factors, or a combination of both.

In white populations from Europe and North America, oligoarthritis 
constitutes at least half of all incident JIA cases; approximately 20% 
have polyarticular disease and less than 10% a systemic onset of disease 
(Table 97.5). Progression to a polyarticular disease course, labeled as 
extended oligoarthritis, has been described in 20% to 50% of patients 
with oligoarthritis.33,34

Overall, more girls than boys are affected by JIA, but the sex distri-
bution varies with disease subtype, with a striking female predomi-
nance in oligoarticular and polyarticular onset (girl-to-boy-ratio of 
approximately 3 : 1), an even distribution of sexes in systemic onset 
disease, and male predominance (male-to-female ratio of 2-3 : 1) in 
enthesitis-related arthritis.

The different JIA subtypes have characteristic distributions of age 
at onset. Oligoarthritis is typically a disease of young children, although 
onset before 6 months of age is highly unusual. The peak age at onset 
in oligoarthritis is at 2 to 3 years of age, whereas enthesitis-related 
arthritis and RF-positive polyarthritis occur predominantly in children 
over the age of 8 years. In juvenile psoriatic arthritis, however, the age 
at onset is biphasic, with peaks occurring at approximately 2 years of 
age and again in later childhood.12 In general, there have been two 
major peaks in JIA onset observed at 2 to 3 years and between the ages 
of 11 and 12 years.

Antinuclear antibodies (for the most part of unknown specificity) 
are the most frequently detected autoantibodies in JIA (in ~50% of 
cases). They are most frequently seen in patients with oligoarthritis. 
IgM rheumatoid factors are rarely found in JIA (<5%) and, by 
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The most well-established susceptibility locus for JIA is the HLA 
region. Several associations between JIA and variants of HLA class I 
and class II genes have been unequivocally established, although both 
the strength of the associations and the associated alleles vary between 
subtypes (Table 97.6). Generally, JIA appears to be influenced by 
genetic factors within and outside the HLA region. It is presumed that 
a combination of several susceptibility genes culminates in the loss of 
tolerance to self and a resulting autoimmune or autoinflammatory 
pathology with specific JIA phenotypes.

The most consistent associations have been found for oligoarthritis 
and include at least three different regions of the HLA system: one 
class I HLA (A2), a second from DR/DQ (DRB1*08, *11, *13), and a 
third from DP (DPB1*0201). The RF-negative polyarthritis is associ-
ated with DRB1*08, DRB1*11, and DPB1*03, while the RF-positive 
polyarticular JIA is associated with DRB1*04. DRB1*04 is strongly 
associated with adult RA, and its association with RF-positive polyar-
thritis supports that this subtype is the juvenile equivalent of adult RA. 
Although DRB1*04 is a risk factor for RF-positive polyarthritis, it is 
associated with decreased odds ratios in many other subtypes of  
JIA. Although some associations appear to be secondary to linkage 
disequilibrium, most associations are not explained by linkage disequi-
librium, suggesting that several HLA loci independently contribute  
to susceptibility to JIA or its subtypes. There appears to be a window 
of susceptibility during which children with predisposing HLA  
alleles or combination of alleles are maximally susceptible to the  
development of JIA.40 For example, susceptibility from HLA-B27, 
which is known to increase the risk for enthesitis-related arthritis, 
appears to start by 6 to 7 years of age in boys and not before 15 years 
of age in girls.

Association studies have estimated that 17% of the genetic risk 
comes from the HLA-DR region. Genetic variants outside the HLA 
region also influence susceptibility to JIA. Although there are numer-
ous reports of associations between non-HLA genes and JIA overall or 
its subtypes, independent confirmations have been found for only a few 
of candidate genes that play roles in immune regulations and func-
tions. Among them are the genes encoding the protein tyrosine phos-
phatase 22 (PTPN22), interleukin-2 receptor antagonist (IL2RA)/CD25, 
the macrophage migration inhibitory factor (MIF), the cytokines inter-
leukin-6 and tumor necrosis factor-α, and SLC11A1 (formerly 
NRAMP1). Most of these gene polymorphisms have only modest odds 
ratios of about 1.5 and are not unique to JIA but have also been associ-
ated with various other autoimmune disorders.41 It is therefore not 
surprising that autoimmune diseases cluster in JIA patients, as well as 
in families. An increased prevalence of other autoimmune disorders, 
such as autoimmune thyroid disease, diabetes mellitus, or celiac 
disease, has been found in patients with JIA, as a history of autoim-
munity has been demonstrated in 12.6% of first- and second-degree 
relatives of JIA patients, compared with 4% of the control population.42 
Prahalad and colleagues reported a higher prevalence of autoimmunity 
in maternal versus paternal relatives of children with JIA. They addi-
tionally found a significantly increased prevalence of autoimmune 

definition, are only found in those with RF-positive polyarthritis or 
other arthritis.

Extra-articular features differ among the various JIA subtypes. As 
the name implies, systemic manifestations characterize the systemic-
onset JIA form and enthesitis is a distinguishing feature of enthesitis-
related arthritis. Dactylitis is most frequently seen in juvenile psoriatic 
arthritis.12 Uveitis can be observed most frequently in patients with 
the extended oligoarthritis course type (cumulative incidence 25%-
30%), followed by persistent oligoarthritis (16%-18%), and seronegative 
polyarthritis (4%-14%) or psoriatic arthritis (10%-12%).35,36 Several 
studies have shown that positivity for antinuclear antibody (ANA), age 
younger than 6 years at onset of JIA, and subtype of JIA are indepen-
dent risk factors of uveitis. Uveitis develops in about 90% of cases 
within the first 4 years of JIA and presents mainly as anterior uveitis 
but is mainly asymptomatic in the most affected JIA subgroups.

The picture of JIA is very different for different populations. In Asia, 
oligoarthritis is reported to be relatively uncommon. In an analysis of 
570 patients with JRA in Japan, Fujikawa and Okuni found that 54% 
of the cases had systemic-onset disease, 25% had polyarticular disease, 
and only 21% had oligoarticular-onset disease.37 Saurenmann and col-
leagues confirmed significant differences in JIA subtype distribution 
among different ethnic groups in their multiethnic cohort study from 
Toronto, comprising over 800 children and adolescents. They found 
that patients of Asian origin, but also of North American origin and 
African origin, were less likely to have oligoarticular JIA than patients 
in other ethnic groups.29 On the other hand, the authors observed an 
overrepresentation of polyarticular JIA among children of African, 
native North American, or Latin American origin. In particular, an 
increased prevalence of seropositive polyarthritis (16%-20%) was found 
in comparison with children of European descent (2%). This is consis-
tent with the findings of other studies, suggesting that predisposing 
genetic factors exist.

Risk factors
Evidence suggests that JIA develops as untoward consequence of inter-
actions between genetic susceptibility and environmental risk factors, 
in a manner hitherto incompletely understood.

Genetic factors
Compelling evidence for the genetic component in childhood arthropa-
thies results from twin, family, and association studies. Studies of 
affected sibling pairs have shown a concordance rate of 25% in mono-
zygotic twins for a disease with a population prevalence of 0.1%, imply-
ing a relative risk of 250 for a monozygotic twin.38 The sibling recurrence 
risk (λs) was estimated to be 15, a value similar to those for other 
autoimmune diseases. Affected sibling pairs are genetically concordant 
for clinical phenotype, age at onset, as well as human leukocyte antigen 
(HLA) haplotypes, which strengthens the evidence that genetic factors 
play an important role, not only in determining susceptibility to but 
also in the expression of JIA.39

TABLE 97.5 AVERAGE RELATIVE FREQUENCIES OF JIA SUBGROUPS IN INCEPTION COHORTS OF PREDOMINANTLY WHITE ORIGIN,* AND SUBGROUP 
CHARACTERISTICS, BASED ON LARGE JIA COHORTS OF MORE THAN 500 CASES, RESPECTIVELY†

JIA subgroup % Age at onset, years (median) Girls (%) ANA positive (%) HLA-B27 positive (%)

Systemic arthritis 4-7 4-7 48-70 12-19 4-11

Oligoarthritis 46-54 4-5 66-78 67-73 11-17

RF-negative polyarthritis 13-21 4-7 76-80 43-50 10-11

RF-positive polyarthritis 1-4 11-12 83-92 56-57 8-18

Psoriatic arthritis 3-7 8-10 57-69 50-51 8-21

Enthesitis-related arthritis 4-14 10-12 9-38 23-31 67-76

Total 100 6-7 65-66 52-56 17-21

*See references 17, 25, 29, and 31.
†See references 8, 29, 31, and 32.
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had smoked more than 10 cigarettes per day in pregnancy, compared 
with children of non-smoking mothers.45 A national Danish cohort 
study of incident JCA cases found an effect of socioeconomic variables 
on the risk of JCA, with an eight times higher risk of arthritis in an 
only child, living in an apartment, with high income parents compared 
with a child with siblings, living on a farm, with low income parents.46 
The influence of sibship size on JIA occurrence could not be confirmed 
by others, nor could any association of birth order, maternal age, birth 
weight, preterm delivery, multiple births, season of birth, and civil 
status with the risk of JIA.

Altogether, conflicting data exist regarding each environmental 
factor that has been investigated and no final conclusions on environ-
mental risk factors for JIA can be drawn so far. The scarce data avail-
able support the hypothesis that environmental exposures early in life, 
which might induce changes in functional development, are important 
in the etiology of JIA.

Course and prognosis
JIA is associated with increased mortality, significant morbidity, 
chronic disability, and restricted participation in society.

Two population-based studies reported a roughly fourfold increase 
in overall mortality in patients with JIA compared with the general 
population. Thomas and colleagues estimated that the standardized 
mortality ratio (SMR) in women and men with JIA was 5 and 3, respec-
tively, and therewith even twice as high as those calculated for men 
and women with RA.47

Epidemiologic studies in the 21st century that evaluated the out-
comes of juvenile arthritis patients from North America and Europe 
showed that inactive arthritis or clinical remission is present in 40% 
to 60% of patients after a disease duration of 10 to 28 years. There are 
substantial differences regarding the persistence of active disease 
among the various subgroups. Using life-table analyses, patients with 
oligoarthritis were found to have the highest projected remission rates 
at 10 years (approximately 50%), whereas remission rates were about 
40% in patients with systemic-onset JIA and 15% in patients with 
polyarticular JIA.48 After 15 years of disease duration, more than one 
third of young people with JIA have experienced significant articular 
and/or extra-articular damage, such as radiographic joint changes, 
growth disturbances, osteopenia, osteoporosis, and visual loss.

Despite the long-term persistence of disease activity in most 
patients, a pronounced improvement in functional outcome has been 
documented. In the 1970s, the percentage of patients with serious 
functional disability (ARA functional classes III and IV) ranged from 
17% to 22%, whereas a lower percentage of patients with serious func-
tional disability of 2% to 10% have been observed since the 1990s. 
According to the results from a more sensitive measure of function, 
the Health Assessment Questionnaire (HAQ), approximately 40% of 
young adults with JIA are somewhat limited in their functional capac-
ity (HAQ > 0) and 10% are in need of assistance and/or aids to manage 
their daily routines.49 There is also a negative effect on general health 
status and quality of life, and despite better than average educational 
achievements there are lower employment rates for patients with JIA.

Several indicators of poor JIA outcome have been identified, includ-
ing greater severity or extension of arthritis at onset, symmetric disease, 
early wrist or hip involvement, the presence of rheumatoid factor, and 
persistent active disease. However, the prediction of long-term progno-
sis remains imperfect.50

diseases in maternal relatives of JIA cases compared with relatives of 
controls, which suggests a maternal parent-of-origin effect in JIA.

Environmental factors
Some epidemiologic studies support the concept of environmental trig-
gers. Seasonal variation in the incidence of systemic JIA and changes 
in incidence of JIA in general over time have been observed.16,18,21,28 
Oen and coworkers correlated yearly incidence trends in Manitoba, 
Canada, with the occurrence of infections to Mycoplasma pneu-
moniae.28 Other support for the role of infectious agents includes the 
detection of rubella virus and parvovirus B19 in children with JRA or 
JIA. Moreover, a few studies point to a link between exposure to infec-
tions in early life (in utero or during infancy) and later disease risk. For 
example, Pritchard and colleagues noted an association between intra-
uterine or neonatal exposure to influenza A and the much later devel-
opment of polyarticular JCA.43 A Swedish nationwide register-based 
case-control study demonstrated an increased risk of later-onset JIA in 
children being hospitalized for any infection during the first year of life 
(odds ratio 1.9).44

Other environmental factors investigated included nutrition, sub-
stance use, and socioeconomic parameters. One study of infant feeding 
patterns concluded that children who were breast fed had a lower inci-
dence of JRA than those who were fed cow’s milk, but this could not 
be confirmed in another study. In a Finnish birth cohort study, an 
association between fetal exposure to tobacco smoke products and a 
higher risk of JRA in general was found. The risk of JRA was twofold 
higher for all children and even threefold higher for girls whose mothers 

TABLE 97.6 ASSOCIATIONS BETWEEN JIA SUBTYPES AND 
DIFFERENT HLA ALLELES

JIA subgroup
Alleles conferring 
susceptibility Protective alleles

Systemic arthritis DRB1*04, DRB1*11, DQA1*05 —

Oligoarthritis, 
persistent

DRB1*08, DRB1*11, DRB1*13, 
DPB1*0201, DQA1*0103, 
DQA1*04, DQA1*05, DQB1*04

DRB1*04, DRB1*07, 
DQA1*02, DQA1*03

Oligoarthritis, 
extended

A2, DRB1*01, DRB1*08, 
DRB1*11, DPB1*0201, 
DQA1*04, DQB1*04

DRB1*04, DQA1*0102, 
DQA1*03

RF-negative 
polyarthritis

A2, DRB1*08, DPB1*03, 
DQA1*04

—

RF-positive 
polyarthritis

DRB1*04, DQA1*03, DQB1*03 DRB1*07, DQA1*02

Psoriatic arthritis DRB1*01, DQA1*0101, 
DQB1*05

DRB1*04, DQA1*03

Enthesitis-related 
arthritis

B27, DRB1*01, DQA1*0101, 
DQB1*05

DPB1*0201

Data from Thomson W, Barrett JH, Donn R, et al. British Paediatric Rheumatology Study Group. 
Juvenile idiopathic arthritis classified by the ILAR criteria: HLA associations in UK patients. 
Rheumatology (Oxford) 2002;41:1183-1189; and Prahalad S, Glass DN. A comprehensive review 
of the genetics of juvenile idiopathic arthritis. Pediatr Rheumatol Online J 2008;6:11.
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musculoskeletal pain is the most common reason for referral to pedi-
atric rheumatology clinics, isolated musculoskeletal pain is seldom a 
presenting complaint in children with chronic forms of arthritis.8 Pain 
is, on the other hand, an important component in the management of 
JIA (see later). A more detailed discussion of differential diagnosis 
follows in a later section, and the clinical features of each subgroup of 
JIA are presented separately.

Laboratory investigations
Laboratory investigations have only a supportive role in diagnosing JIA, 
mainly allowing the exclusion of other diseases such as acute lym-
phatic leukemia or septic arthritis. Neither antinuclear antibodies 
(ANAs) nor rheumatoid factor (RF) have any discriminatory ability to 
identify children with JIA, that is, they are mainly useful in the further 
classification of children with diagnosed chronic arthritis. Erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) are useful tests 
in delineating children with JIA from children with non-inflammatory 
disorders. However, a normal ESR and/or CRP should not be used to 
rule out JIA when convincing clinical signs are present, because almost 
half of the children have normal levels at onset of the disease in a 
population-based setting.9

In children diagnosed with JIA, laboratory abnormalities mainly 
reflect the extent of the inflammatory response. In the systemic- and 
polyarticular-onset subgroups the ESR and CRP can be very high  
and thrombocytosis may be present. Anemia can occur in all forms  
of JIA but is also more pronounced in the systemic- and polyarticular-
onset groups. Usually the anemia is secondary to the chronic  
disease, as reflected by low serum iron, low iron-binding capacity, and 
normal hemosiderin stores. Serum ferritin may be elevated and mirrors 
inflammatory activity and not iron stores. Specifically, in systemic-
onset JIA very high ferritin levels can be found and could signal  
complications with macrophage activation syndrome (or secondary 
hemophagocytosis).10

Treatment with corticosteroids and non-steroidal anti-inflamma-
tory drugs (NSAIDs) may cause intestinal blood loss; usually the 
anemia will respond to iron supplements. Anemia quickly resolves if 
the disease remits.

Leukocytosis up to 15,000 to 25,000/mm3 with a neutrophil pre-
dominance is seen in 80% of the children with systemic-onset JIA and 
is also common in polyarticular-onset JIA. Thrombocytopenia is not 
part of JIA, but if it is found, a workup for systemic lupus erythema-
tosus (SLE) or malignancy, especially acute lymphatic leukemia, should 
be done. Serum immunoglobulins can be elevated, as can the anti-
streptolysin O (ASO) titer, even though there is no evidence for a recent 
streptococcal infection. Occasionally, selective IgA deficiency is seen 
in association with JIA.

IgM RF is almost exclusively present in teenagers presenting with 
polyarticular JIA only and not in other subgroups. ANAs occur in 40% 
to 85% of early-onset oligoarticular JIA, and this is associated with 
chronic uveitis. ANA positivity in teenagers with arthritis should lead 
to investigation for SLE. The presence of anti-citrullinated protein 
antibodies (ACPAs) has a limited role in JIA. ACPAs are found in 
teenagers with late-onset polyarticular JIA and parallel the results of 
IgM RF testing.11

Synovial fluid shows white blood cell counts ranging from 41,000 
to 100,000 cells/mm.3 The fluid may also show decreased glucose and 
glycosaminoglycan levels and hyaluronic acid and chondroitin sulfate 
levels similar to those found in adult patients with RA.

Presentations, clinical features, and 
special problems in children
Boel Andersson Gäre and Anders Fasth

DEFINITION
 Juvenile idiopathic arthritis (JIA) is defined as arthritis of unknown etiology 

that begins before the 16th birthday and persists for at least 6 weeks, 
provided other known conditions are excluded.

 JIA is the most commonly diagnosed rheumatic disease in children and an 
important cause of disability and blindness.

CLINICAL FEATURES
 The clinical features of JIA are heterogeneous. Using the ILAR criteria for 

classification, six major clinical subtypes can be identified. Different clinical 
pictures at onset and during the course of the disease can provide 
guidance for treatment and prediction of outcome.

INTRODUCTION
Juvenile idiopathic arthritis (JIA), previously referred to as juvenile 
rheumatoid arthritis (JRA) in the United States and juvenile chronic 
arthritis (JCA) in Europe, is the most commonly diagnosed rheumatic 
disease in children and can be an important cause of disability, impaired 
vision, and even blindness. The classification of juvenile arthritis has 
been a challenge because of the heterogeneity of the disease. The Inter-
national League of Associations for Rheumatology (ILAR) developed 
and revised a classification system that was published in 2004.1 This 
new classification aims at defining biologically more homogeneous 
groups than the formerly used American College of Rheumatology 
(ACR)2 and European League against Rheumatism (EULAR)3 criteria, 
in order to enhance scientific and clinical communication globally. 
However, the ILAR criteria represent a change not only in terminology 
but also in definition of the subtypes (Table 98.1). Because most 
studies published to date have used the ACR or EULAR criteria, it is 
still important to be aware of these differences in definitions.4-6

The ILAR classification is outlined according to the second revision 
in Box 98.1, definitions of terms for clinical signs and symptoms are 
presented in Box 98.2, and clinical characteristics of the different JIA 
subtypes are listed in Table 98.2. The classification and the descriptive 
epidemiology of JIA are reviewed in Chapter 97.

The occurrence of JIA is common compared with other pediatric-
onset chronic illnesses. It is thus 4 times more common than sickle 
cell disease and cystic fibrosis and 10 times more common than mus-
cular dystrophy, hemophilia, or lymphoblastic leukemia.7

PRESENTATION AT ONSET
Symptoms and signs
In the diagnosis of JIA a careful history and physical examination are 
the key elements.

The main clinical feature in JIA, arthritis, is defined as “swelling 
within a joint or limitation in range of joint movement with joint pain 
or tenderness, which persists for at least 6 weeks, is observed by a 
physician and which is not due to primary mechanical disorders or to 
other identifiable causes.”1

Children with chronic arthritis most commonly present with  
complaints of joint swelling and/or gait disturbance. Although  
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TABLE 98.1 CLASSIFICATION OF JIA AND SUBTYPE DISTRIBUTION IN INCIDENCE CASES

Characteristic JIA (ILAR)* % JRA (ACR)* % JCA (EULAR)* %

Age at onset <16 yr <16 yr <16 yr

Minimum duration of arthritis 6 wk 6 wk 3 mo

Subtypes Systemic arthritis 4-15 Systemic onset 7 Systemic onset 4

Oligoarthritis 35-43 Pauciarticular 68 Pauciarticular 66

 Persistent 17-38

 Extended 5-17

Polyarthritis (RF−) 7-15 Polyarticular (RF does not alter classification) 25 Polyarticular 23

Polyarthritis (RF+) 2

Enthesitis-related 
arthritis

4-7 Excluded Juvenile ankylosing spondylitis 2

Arthritis with inflammatory bowel disease 3

Psoriatic arthritis 3-4 Excluded Juvenile psoriatic arthritis 2

Other 20

*Classifications according to: juvenile idiopathic arthritis (JIA)—International League of Associations for Rheumatology classification of juvenile idiopathic arthritis (ILAR)1; juvenile rheumatic arthritis 
(JRA)—American College of Rheumatology (ACR)2; and juvenile chronic arthritis (JCA)—European League against Rheumatism (EULAR).3 Subgroup distribution for JIA,4-5 JRA,6 JCA,4 studies that include 
mainly white populations in Europe and the United States.

BOX 98.1 ILAR CLASSIFICATION OF JUVENILE IDIOPATHIC ARTHRITIS:
SECOND REVISION, EDMONTON, 2001

Systemic arthritis
Definition: Arthritis in one or more joints with or preceded by fever of at least 2 
weeks’ duration that is documented to be daily (“quotidian”) for at least 3 days 
and accompanied by one or more of the following:
1. Evanescent (non-fixed) erythematous rash
2. Generalized lymph node enlargement
3. Hepatomegaly and/or splenomegaly
4. Serositis
Exclusions: a, b, c, d

Oligoarthritis
Definition: Arthritis affecting one to four joints during the first 6 months of 
disease. Two subcategories are recognized:
1. Persistent oligoarthritis: affecting not more than four joints throughout the 

disease course
2. Extended oligoarthritis: affecting a total of more than four joints after first 6 

months of disease
Exclusions: a, b, c, d, e

Polyarthritis (rheumatoid factor negative)
Definition: Arthritis affecting five or more joints during the first 6 months of 
disease; a test for RF is negative.
Exclusions: a, b, c, d

Polyarthritis (rheumatoid factor positive)
Definition: Arthritis affecting five or more joints during the first 6 months of 
disease; two or more tests for RF at least 3 months apart during the first 6 
months of disease are positive.
Exclusions: a, b, c, e

Psoriatic arthritis
Definition: Arthritis and psoriasis or arthritis and at least two of the following:
1. Dactylitis
2. Nail pitting or onycholysis
3. Psoriasis in a first-degree relative
Exclusions: b, c, d, e

Enthesitis-related arthritis
Definition: Arthritis and enthesitis or arthritis or enthesitis with at least two of the 
following:

1. The presence of or a history of sacroiliac joint tenderness and/or inflammatory 
lumbosacral pain

2. The presence of HLA-B27 antigen
3. Onset of arthritis in a male older than 6 years of age
4. Acute (symptomatic) anterior uveitis
5. History of ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with 

inflammatory bowel disease, Reiter’s syndrome, or acute anterior uveitis in a 
first-degree relative

Exclusions: a, d, e

Undifferentiated arthritis
Definition: Arthritis that fulfills criteria in no category or in two or more of the 
above categories

Descriptors
A number of “descriptors” have been proposed to gather further information on the patterns of 
the clinical picture. These include age at onset, further description of the arthritis (large joints, 
small joints, symmetry, upper or lower limb predominance, and individual joint involvement), 
disease course (number of joints), presence of antinuclear antibodies, chronic or acute anterior 
uveitis, and the HLA allelic associations. The potential value of antinuclear antibodies as a 
diagnostic criterion has received a great deal of attention, but there is insufficient evidence to 
support its inclusion at this time. The descriptors are not part of the classification of JIA, but new 
data about them may allow reclassification in the future.
Exclusions
The principle of this classification is that all categories of JIA are mutually exclusive. This principle 
is reflected in the list of possible exclusions for each category:
a. Psoriasis or a history of psoriasis in the patient or first-degree relative
b. Arthritis in a HLA-B27–positive male beginning after the sixth birthday
c. Ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with inflammatory bowel 

disease, Reiter’s syndrome, or acute anterior uveitis or a history of one of these disorders in a 
first-degree relative

d. The presence of IgM rheumatoid factor on at least two occasions at least 3 months apart
e. The presence of systemic JIA in the patient
The application of exclusions is indicated under each category and may change as new data 
become available.

From Petty RE, Southwood TR, Manners P, et al. International League of Associations for 
Rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J 
Rheumatol 2004;31:390-392.
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BOX 98.2 DEFINITION OF TERMS IN THE ILAR CLASSIFICATION
Arthritis: Swelling within a joint or limitation in the range of joint movement 

with joint pain or tenderness that persists for at least 6 weeks, is observed 
by a physician, and is not due to primarily mechanical disorders or to other 
identifiable causes

Dactylitis: Swelling of one or more digits, usually in an asymmetric distribu-
tion that extends beyond the joint margin

Enthesitis: Tenderness at the insertion of a tendon, ligament, joint capsule or 
fascia to bone

Inflammatory lumbosacral pain: Lumbosacral spinal pain at rest with 
morning stiffness that improves on movement

Nail pitting: A minimum of two pits on one or more nails at any time
Number of affected joints: Joints that can be individually evaluated clinically 

are counted as separate joints.
Positive test for rheumatoid factor (RF): At least two positive results (as 

routinely defined in an accredited laboratory), at least 3 months apart, 
during the first 6 months of disease

Psoriasis: As diagnosed by a physician (but not necessarily a dermatologist).
Quotidian fever: Fever that rises to ≥39°C once a day and returns to ≤37°C 

between fever peaks
Serositis: Pericarditis and/or pleuritis and/or peritonitis
Sacroiliac joint arthritis: Presence of tenderness on direct compression over 

the sacroiliac joints
Spondyloarthropathy: Inflammation of entheses and joints of the lumbosa-

cral spine
Uveitis: Chronic anterior uveitis as diagnosed by an ophthalmologist

From Petty RE, Southwood TR, Manners P, et al. International League of Associations for 
Rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. 
J Rheumatol 2004;31:390-392.

TABLE 98.2 CHARACTERISTICS OF JIA SUBTYPES

Subtype Age at onset Joints affected Systemic features Major complication(s)

Oligoarticular, 
persistent

Early childhood Large joints, asymmetric (knee, ankle, wrist, elbow, 
temporomandibular joint, cervical spine)

No Chronic uveitis
Local growth disturbances

Oligoarticular, 
extended

Early childhood Same as above, but > 4 joints affected at 6 
months after onset

No Local growth disturbances

Polyarticular, 
RF-negative

Throughout childhood Any, often symmetric Malaise, subfebrile

Polyarticular, 
RF-positive

Teenage Any, typically symmetric and involving small joints Malaise, subfebrile

Systemic Throughout childhood Any or none High fever, rash, 
polyserositis, marked 
acute-phase response

Acute: macrophage activating syndrome
Chronic: amyloidosis, general growth 

disturbance

Psoriatic Late childhood Spine, lower extremities, distal interphalangeal 
joints

Psoriasis

Enthesitis related Late childhood Spine, sacroiliac, lower extremities, thoracic cage 
joints

Inflammatory bowel 
disease

Acute painful uveitis
Inflammatory bowel disease

Imaging in differential diagnosis and follow-up
Radiographic changes during the course of JIA are common. Early 
changes include soft tissue swelling around affected joints and juxta-
articular osteopenia and periosteal new bone formation (Fig. 98.1), 
resulting in a widened midportion of the phalanges. Ballooning of the 
epiphysis also occurs (Fig. 98.2). In contrast to adult RA, erosions are 
a late finding because much of the cartilage in growing joints is not 
calcified; the visualization of erosions is possible only after the cartilage 
has calcified. Joint space narrowing is an early sign that cartilage has 
been eroded. Erosions or joint space narrowing can be found as early 
as a couple of years from the onset of active arthritis in a child with 
systemic- or polyarticular-onset JIA.

Cartilage that has been destroyed during the course of severe JIA 
can be replaced with fibrocartilage if the disease becomes quiescent 
(Fig. 98.3). Growth arrest lines may result from temporary loss of 

Fig. 98.1 Oligoarticular-onset JIA in an 8-year old. Epiphyseal destruction and 
undergrowth of the third metacarpophalangeal joint of the left hand are seen, 
as well as overgrowth of the carpal bones of the right wrist compared with the 
left wrist. Also note the widened appearance of the third phalanges caused by 
periosteal new bone formation.

Fig. 98.2 Oligoarticular-onset JIA involving the left knee with overgrowth of 
the leg and widening of the epiphysis.
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growth velocity and are frequently seen around the knee. Bony anky-
losis, more common in children with arthritis than adults, is seen most 
frequently in the carpal and tarsal bones (Fig. 98.4). Radiographic 
changes in the sacroiliac joints in children are difficult to interpret 
because of the open epiphysis at the sacroiliac joints.

Radiographs usually show no abnormalities early in the course of 
JIA. In such circumstances magnetic resonance imaging (MRI) can be 

Fig. 98.3 Systemic-onset JIA with polyarticular course. (a) There is hip joint 
space narrowing bilaterally. (b) There was recovery of joint space 2 years later 
(standing view).

a

b

Fig. 98.4 RF-negative polyarticular-onset JIA in a 12-year-old who was 
diagnosed at age 4. Note the asymmetry and obvious fusion and growth 
abnormalities of the left wrist compared with the right wrist.

Fig. 98.5 Ultrasound images of the tibiotalar joint, longitudinal view. (a) Before 
intra-articular injection of corticosteroids note synovial hypertrophy and 
marked hyperemia revealed by color Doppler imaging. (b) Four weeks later 
there was no hyperemia and less hypertrophy. (Courtesy of L. Laurell.)

a

b

an excellent adjunct for demonstrating the articular cartilage, fluid, and 
soft tissue structures in the joint. Post–gadolinium-diethylenetriamine 
pentaacetic acid (Gd-DTPA) sequences are valuable because they can 
demonstrate synovitis before conventional radiographic abnormalities 
appear.12 MRI is, however, expensive and time consuming, and general 
anesthesia is often necessary in young children, thus, it should be 
reserved for the difficult-to-diagnose cases.

Dynamic MRI can be used to demonstrate sacroiliitis in children 
with clinical characteristics consistent with spondyloarthropathy. In 
one report, dynamic MRI demonstrated sacroiliitis in 16 children who 
had normal conventional radiographs of the sacroiliac joints.13

Ultrasonography, which can be done at the bedside,14 is helpful in 
visualizing joint effusions, synovitis, and other soft tissue inflamma-
tions, including enthesitis, and has the advantage of being easier to do 
and with no need for general anesthesia. It can be used to guide the 
needle for intra-articular injections, avoiding unnecessary radiation, 
and if equipped with power Doppler function it is possible to follow 
synovial inflammation during the disease course and interventions 
(Fig. 98.5). Musculoskeletal ultrasonography in children is still a rela-
tively unexplored field but should have the same possibilities as for 
adults with rheumatic disorders.

DIFFERENTIAL DIAGNOSIS
JIA is a diagnosis of exclusion15 and must be considered among the 
many causes of arthritis/arthralgia in children (Table 98.3). Making 
the diagnosis of arthritis in a child can be difficult because children 
frequently cannot describe their problems and, as stated earlier, rarely 
complain of pain.
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TABLE 98.3 CONDITIONS WITH ARTHRALGIA/ARTHRITIS THAT MIGHT BE 
CONFUSED WITH JIA

Type of condition Examples

Infections Viral and mycoplasmal

Bacterial

Aseptic arthritis associated with bacterial infections 
(osteomyelitis)

Borrelia infection (Lyme disease)

Tuberculosis

Post infectious Rheumatic fever

Post-streptococcal

Post-dysenteric arthritis (Salmonella, Campylobacter)

Non-inflammatory Hypermobility

Ehlers-Danlos disease

Trauma/overuse

Foreign body synovitis

Patellar femoral syndrome

Osteochondrosis

Slipped capital femoral epiphysis

Camptodactyly/arthropathy/coxa vara/pericarditis 
syndrome (CACP)

Other congenital and genetic disorders of supportive 
tissue

Hematologic 
disorders

Sickle cell anemia

Hemophilia

Von Willebrand disease

Systemic 
inflammatory 
disorders

Systemic lupus erythematosus

Juvenile dermatomyositis

Mixed connective tissue disease

Scleroderma

Vasculitis (e.g., Henoch-Schönlein purpura, Kawasaki 
disease, Behçet’s syndrome)

Chronic multifocal osteomyelitis

Autoinflammatory 
disorders

CINCA/NOMID

Blau syndrome

Familial Mediterranean fever and others

Malignancy Leukemia, acute lymphatic

Neuroblastoma

Localized bone tumors

Pain Complex regional pain syndrome (CRPS)

Fibromyalgia

Musculoskeletal pain of non-somatic etiology (e.g., 
depression, severe family situation, bullying, incest)

Miscellaneous Primary immunodeficiency

Sarcoidosis

The child presenting with a limp
Because limping is one of the most common presentations for child-
hood musculoskeletal problems, understanding the differential diagno-
sis of the child with a limp is essential (Table 98.4). Limping associated 
with painful limitation of motion in the hip is also common in chil-
dren. JIA rarely presents as hip monarthritis and therefore remains a 
diagnosis of exclusion. The most common cause of hip pain is toxic 
synovitis of the hip (simplex coxitis), but other conditions can occur, 

TABLE 98.4 COMMON MUSCULOSKELETAL CAUSES OF LIMP IN CHILDREN

Cause

Age

1-4 yr 5-10 yr 11-15 yr

Vascular Legg-Calvé-Perthes 
disease, Köhler’s 
disease and 
similar diseases

Freiberg’s disease
Osteochondritis 

dissecans

Infection Septic arthritis Borrelia arthritis 
(any age)

Septic arthritis 
(gonococcal)

Osteomyelitis

Discitis

Trauma Fracture Osgood-Schlatter 
disease

Child abuse

Tumor Leukemia Osteosarcoma

Osteoid osteoma

Anomaly Hip dysplasia Discoid meniscus Tarsal coalition

Metabolic Rickets Osteoporosis

Renal disease

Inflammatory Oligoarticular JIA Polyarticular JIA Polyarticular JIA

Polyarticular JIA Oligoarticular JIA Enthesitis-
associated JIA

Psoriasis JIA

Neuromuscular Cerebral palsy

Muscular 
dystrophy

such as septic arthritis, osteomyelitis, Legg-Calvé-Perthes disease, 
slipped capital femoral epiphysis, neoplasia, osteoid osteoma, and, less 
commonly, sickle cell disease and hemophilia.

The initial diagnostic steps include a history and physical examina-
tion, complete blood cell count, differential leukocyte count, CRP or 
ESR, urinalysis, a throat swab for Streptococcus pyogenes, and serology 
for Borrelia burgdorferi.

Toxic synovitis of the hip
This disorder may present as low-grade fever, a slightly increased leu-
kocyte count, and a moderately increased ESR/CRP. Effusions and 
synovitis of the hip can be shown by ultrasonography (Fig. 98.6). In 
the presence of persistent fever, hip joint aspiration should be per-
formed to rule out septic arthritis, especially if clinical signs worsen or 
if a high spiking fever is associated with severe hip pain and limitation 
at the initial presentation.

Legg-Calvé-Perthes disease
This disease predominantly affects boys aged 3 to 12 years and is 
bilateral in 10% of cases. On the initial radiographs, one should look 
for early signs, which include subchondral translucency of the femoral 
epiphysis and a smaller epiphysis on the affected side.

Slipped capital femoral epiphysis
A slipped capital femoral epiphysis should be suspected in the obese 
or the tall, slim young patient. The clinical course is prolonged if not 
treated, and initial radiographs show widening of the epiphyseal line 
and irregular demineralization of the adjacent area.

Osteoid osteomas
Osteoid osteomas occur mainly in the proximal half of the femur and 
may simulate synovitis when near the hip joints. On radiographs, a 
central nidus circumscribed by a thin translucent peripheral rim, which 
in turn is surrounded by a zone of dense bone sclerosis, is typical of 
osteoid osteoma.
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Non-specific joint pains
The common non-rheumatic condition of “growing pains of child-
hood” should be considered in a child with bilateral lower extremity 
pain that is worse in the evening but leaves the child active during the 
day. Laboratory investigations are normal. Musculoskeletal pain syn-
dromes including fibromyalgia do occur in children and are a common 
cause for referral in older children and teenagers. They should be con-
sidered in the evaluation of the achy child17 and, importantly, can in 
children, as in adults, be secondary to rheumatic disease.

Malignancy
Malignancy can masquerade as JIA for several months.18 In a child with 
painful joints and fever, acute lymphoblastic leukemia and neuroblas-
toma are the most common malignancies seen. Clues to the diagnosis 
include thrombocytopenia rather than the expected thrombocytosis, 
anemia more severe than expected, and (rarely) neutropenia. Blast cells 
on the peripheral blood smear are frequently absent. Radiographs  
may be normal or show pathologic fractures, lytic lesions, or a  
periosteal reaction. Bone scintigraphy may be useful to demonstrate 
metastases.

Other inflammatory syndromes
One disease that can be difficult to differentiate from systemic-onset 
JIA is rheumatic fever. Usually, the patient with rheumatic fever has 
a sustained fever, the migratory arthritis is exquisitely painful in con-
trast to systemic JIA, and the rash migrates.

Henoch-Schönlein purpura, Kawasaki disease, and SLE are other 
systemic inflammatory diseases commonly diagnosed in pediatric 
rheumatology clinics. Confirmation of SLE may take several years: a 
child can present with polyarthritis and a negative ANA test but 
develop other signs of SLE months to years later and convert negative 
serology to positive for ANAs and anti-DNA antibodies.19 Dermato-
myositis and scleroderma can also present as arthritis, but the associ-
ated features of the disease result in a correct diagnosis. When a child 
has delayed growth and anemia, the diagnosis of inflammatory bowel 
disease should be considered even in the absence of diarrhea. Autoim-
mune syndromes, such as familial Mediterranean fever, chronic infan-
tile neurologic cutaneous and articular (CINCA) syndrome, and Blau 
syndrome, can also mimic systemic-onset JIA.

CLINICAL FEATURES OF DIFFERENT SUBGROUPS
Systemic arthritis
The designation of systemic-onset subtype is recognized in the ILAR 
as well as the ACR and EULAR criteria. This is the subtype most often 
associated with serious short- and long-term morbidity as well as 
increased mortality. It typically comprises 5% of the total unselected 
JIA population and is defined by its extra-articular features of fever and 
rash. Girls and boys are equally affected, and onset can occur through-
out childhood. The extra-articular manifestations may precede the 
articular signs by weeks or months, or even years. The fevers typically 
rise to greater than 39°C daily and return to less than 37°C between 
fever peaks for at least 2 weeks before this diagnosis is considered. 
Fever usually occurs daily or twice daily and often appears late in the 
afternoon or evening, returning to normal or below normal in the 
morning (Fig. 98.7).

Classically, the child appears toxic with the fever and can have 
accompanying shaking chills, but not rigors, and then the temperature 
returns to normal or subnormal each day. In 90% of cases a character-
istic evanescent salmon-colored macular or maculopapular rash (Fig. 
98.8) occurs on the trunk and thighs, that is, under the clothing, most 
commonly when the fever is present. The rash can be brought out by 
scratching the skin (Köbner phenomenon) or a hot bath and is occa-
sionally pruritic. Fifty to 75 percent of patients will have generalized 
lymphadenopathy and hepatosplenomegaly. The lymph nodes are 
usually firm, movable, and non-tender and on biopsy show follicular 
hyperplasia and, rarely, necrotizing lymphadenitis. The child may 
complain of abdominal pain secondary to hepatomegaly. There can be 
mild associated transaminitis, although fulminant hepatic failure is 
rare.20 Polyserositis is common, with about one third of patients having 

Fig. 98.6 Ultrasound images of the hip. (a) Normal. (b) With effusion.

a

b

Other causes of joint symptoms in children
The pattern of arthritis such as monarticular versus polyarticular or 
migratory versus non-migratory and the presence or absence of fever 
will help differentiate the causes of the arthritis. A child with JIA is 
likely to have a warm, swollen joint that is non-tender and generally 
does not look systemically ill, although an important exception is the 
systemic-onset subtype.

Infection
Most children with infectious arthritis appear systemically ill with fever 
and usually have a monarthritis. There are notable exceptions, such as 
gonorrhea, which has an early migratory phase before settling in one 
joint. Infection with Borrelia burgdorferi acquired by a tick bite can 
masquerade as JIA, particularly because it tends to be migratory over 
several months to years, and a combination of clinical judgment and 
careful interpretation of serologic test results is needed to make the 
correct diagnosis.

Back syndromes
Children rarely complain of low back pain without a mechanical 
cause,16 so processes such as spondylolysis, Scheuermann’s disease, 
discitis, and disc herniation must be excluded. Avulsion fractures can 
masquerade as enthesopathies associated with spondyloarthropathy.
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Fig. 98.7 Fever in systemic-onset JIA. An example 
of the typical fever curve seen in systemic-onset 
disease.
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Fig. 98.8 The rash of systemic-onset JIA. (a) Larger lesions are becoming 
confluent. This must be differentiated from erythema marginatum (b), which is 
characteristic of the rash seen in rheumatic fever.

a b

documented pericarditis (Fig. 98.9).21 Most pericardial involvement is 
subclinical. Tamponade and myocarditis22 can occur but are rare. Pul-
monary disease is equally unusual and can manifest as pneumonitis, 
pleural effusion, or pulmonary fibrosis.23 Central nervous system 
involvement with coma and meningitis has been described, but it is 
very unusual.24

Approximately 50% of children with systemic-onset JIA develop 
polyarthritis within 3 to 12 months of the onset of the fever. The 
wrists, knees, and ankles are most commonly involved, with the cervi-
cal spine, hips, temporomandibular joints, and hands also being 
affected. Cricoarytenoid arthritis resulting in hoarseness and laryngeal 
stricture has been reported.25

Recurring periodic fevers without chronic arthritis but often arthral-
gias, stomatitis, or peritonitis are more consistent with a group of 
autoimmune syndromes such as familial Mediterranean fever, 

Fig. 98.9 Radiograph of a 3-year old with systemic-onset JIA who presented 
with pericardial effusion.

mevalonate kinase deficiency (hyper-IgD syndrome), and cyclic neutro-
penia, for some of which the genetics have been elucidated.

A mild consumption coagulopathy has been described in systemic-
onset JIA without sequelae.26 In contrast, a serious but rare com-
plication that occurs in the setting of systemic-onset JIA is macrophage 
activation syndrome or reactive hemophagocytic lymphohistiocytosis. 
Macrophage activation syndrome is also seen in infections, such as 
mononucleosis, and in malignancy. It is characterized by the rapid 
development of fever, rash, and encephalopathy; rapid rise of liver 
transaminase levels; disseminated intravascular coagulopathy; neutro-
penia; thrombocytopenia; increased triglycerides; low albumin;  
and a low ESR associated with hypofibrinogenemia. A coagulopathy  
is present with an increase in fibrin degradation products and  
prolonged prothrombin time and partial thromboplastin time. Macro-
phage activation syndrome in JIA has been reported without and with 
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medication changes. The diagnosis is made clinically and is supported 
by very high ferritin levels (>10,000 mg/L), soluble transferrin receptor 
(sCD25),27 and demonstration of hemophagocytosis in the bone 
marrow, liver, and/or spleen. Because the mortality has been as high 
as 50% in some series, prompt treatment with corticosteroids and, if 
poor response, also with etoposide27 or anti-thymocyte globulin and 
cyclosporine is necessary.10

Oligoarthritis: persistent and extended
This is the most common subtype of JIA and is defined as arthritis 
that presents as involvement of fewer than five joints (see Table 98.2). 
Several different approaches to subtyping of oligoarticular-onset JIA 
have been identified. These include those presenting with lower-
extremity arthritis usually before the age of 5 years, which can be 
further subdivided into persistent and extended oligoarticular JIA, and 
those presenting in older children with or without sacroiliitis  
(enthesitis-related arthritis). Many children with oligoarthritis are also 
found in the group “undifferentiated arthritis” because they fulfill  
criteria for no other subgroup or for two or more subgroups.4

The majority of children with oligoarticular-onset JIA present before 
the age of 5 years, with a peak onset between 1 and 3 years of age. 
Oligoarticular JIA occurs more frequently in girls, the ratio being 2 : 1 
for the persistent form and 5 : 1 for the extended subtype. Commonly, 
such children are brought to the physician because of a limp9; com-
plaints of pain are infrequent. Typically there are no constitutional 
signs or symptoms. In the majority of cases laboratory findings are 
normal, with no increase of CRP and ESR and no leukocytosis, except 
for ANA positivity. If the joint is painful and red, the child has a fever, 
or there is a marked inflammatory response, a more likely diagnosis is 
septic arthritis. The knee (Fig. 98.10) is the most commonly affected 
joint (47%), followed by the ankle and then either the small joints of 
the hand or the elbow. Involvement of the temporomandibular joint 
and cervical spine is also common, while involvement of other joints 
occurs less frequently. Arthritis limited to the hip is extremely rare  
in this subgroup, and if it is present the diagnosis should be 
questioned.

ANAs are present in 40% to 85% of children with oligoarticular-
onset JIA, both persistent and extended, and are largely associated with 
chronic anterior uveitis. The association with chronic anterior uveitis 
is particularly strong for the young child (<5 years) with ANA-positive 
oligoarticular arthritis, regardless of sex. The child with uveitis is 
asymptomatic, thus making routine eye examination essential.

Polyarthritis
Approximately 25% of children with JIA have polyarticular onset, with 
five or more joints involved in the first 6 months of disease. This 

Fig. 98.10 Oligoarticular-onset JIA in a 2-year-old girl that was affecting her 
right knee.

Fig. 98.11 An 11-year old with IgM RF JIA has erosions at several 
metacarpophalangeal joints and carpal bone fusion in the wrist.

subtype is divided into those who have persistent serum IgM rheuma-
toid factor (RF) and those who do not.

RF-negative polyarticular-onset JIA
This type may involve low-grade fevers and mild hepatosplenomegaly 
and occurs throughout childhood. The joints tend to be symmetrically 
involved, with the knees, wrists, and ankles being most commonly 
affected. In the hands the metacarpophalangeal and proximal interpha-
langeal joints are involved and there is flexor tenosynovitis. The cervi-
cal spine is often involved and occasionally patients will present with 
torticollis. Hip and shoulder involvement occurs usually after at least 
1 year of polyarthritis in those who present young and have persistently 
active disease.

RF-positive polyarticular-onset JIA
This presentation is very similar to that of seropositive adult-onset RA. 
Most patients are female and present between the ages of 12 and 16 
years. Symmetric small joint involvement is most typical, including 
the metacarpophalangeal (Fig. 98.11), proximal interphalangeal, and 
metatarsophalangeal joints as well as sometimes the distal interpha-
langeal joints. Large joints tend to be involved only in association with 
small joint involvement. Flexor tenosynovitis is common and often 
results in trigger fingers. Children with early involvement of the small 
joints, unremitting inflammatory activity, nodules similar to those 
seen in adult RA, and early development of erosions on radiographs 
are more likely to have IgM RF and ACPAs,11 persistence of disease, 
and poor outcome. Systemic features are rare.

The complications of this form of arthritis include growth retarda-
tion and delay in sexual maturation, protein-calorie malnutrition, 
osteopenia, carpal tunnel syndrome, Sjögren’s syndrome, and, mainly 
after childhood, aortic regurgitation, pulmonary fibrosis, vasculitis, 
sometimes associated with digital calcification, atlantoaxial sublux-
ation with neurologic impairment, and Felty’s syndrome.

Psoriatic arthritis
When the ACR and EULAR classifications were originally proposed, 
juvenile psoriatic arthritis and spondylarthritis were considered to be 
very rare disorders and presented no problem to the classification. Only 
later was the complex relationship between psoriasis and arthritis also 
revealed in children. About 30% of patients with psoriasis will have 
onset of the skin disease before the age of 15; and because psoriasis is 
more common than JIA among older children, it is difficult to distin-
guish the “random” co-occurrence of psoriasis and JIA from “true” 
psoriatic JIA. Furthermore, as with enthesitis-related arthritis, the full 
picture of the arthritis might only develop in adulthood. Dactylitis, nail 
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pitting, distal interphalangeal arthritis, and asymmetric RF-negative 
peripheral arthritis are typical findings, as in adult psoriatic arthritis. 
A significant proportion of children have inflammatory back disease, 
including spondylarthritis and sacroiliitis. ANA positivity was found 
in one third of children fulfilling the ILAR criteria for psoriatic arthritis 
in one epidemiologic study from Scandinavia.4 In a long-term follow-up 
of JIA patients the following early predictors of juvenile psoriatic arthri-
tis were identified: psoriasis in a first-degree relative or in the patient, 
dactylitis, and toe and/or ankle involvement within the first 6 months. 
After 23 years the juvenile psoriatic arthritis patients had poorer physi-
cal health than those with either oligoarthritis or polyarthritis.28

Enthesitis-related arthritis
This subtype of JIA affects boys more than girls and presents most 
commonly after the age of 9 years. In a recent Scandinavian report the 
boy-to-girl ratio was 4 : 1, and the median age at onset was 11 years.4 
The lower extremity tends to be involved (especially the knee and 
ankle) but, in contrast to the younger-onset oligoarticular group, the 
hip can also be affected.29 Enthesitis, defined by ILAR as “tenderness 
at the insertion of the tendon, ligament, joint capsule or fascia to 
bone,”1 occurs frequently and is commonly seen as plantar fasciitis, 
Achilles tendinitis, Osgood-Schlatter patellar tendon enthesitis, or 
back pain. Enthesitis can be difficult to differentiate from arthritis, 
especially in the child with back pain. Many of these children develop 
sacroiliitis several years later (Fig. 98.12), and some will evolve into 
ankylosing spondylitis or other spondyloarthropathies (Fig. 98.13).

The enthesitis-related arthritis group of disorders in children with 
JIA incorporates those conditions traditionally viewed as spondyloar-
thropathies in adults, including juvenile ankylosing spondylitis, the 
syndrome of seronegative enthesopathy and arthropathy (SEA syn-
drome),29 and arthritis associated with inflammatory bowel disease.30

Enthesitis-related arthritis is very difficult to diagnose correctly 
during childhood because the features defining the subgroup typically 
develop over many years of disease. The full picture might not be seen 
until the child has moved on to adult rheumatology. Also, this is a 
subgroup in which pain in the form of diffuse back pain might be the 
initial symptom bringing the teenager to seek medical advice. Many 
years may elapse before the definitive diagnosis of inflammatory back 
disease is made, causing much frustration for the family and doctor. 
The association with HLA-B27 is strong; and those with HLA-B27, a 
family history of spondyloarthropathy, and definite arthritis are more 
likely to develop a definite spondyloarthropathy at follow-up.30 Iritis, 
usually acute and symptomatic, occurs in 15% to 25% of this group. 
Another major complication can be severe hip disease, requiring early 
total hip replacement. In this subgroup, inflammatory bowel disease 
must be considered once septic arthritis has been excluded, especially 
if there is a persistent fever associated with the arthritis.

Undifferentiated arthritis
This rather unsatisfactory subgroup is a result of the goal of the present 
ILAR classification to form homogeneous subgroups. Patients are 
excluded from the other subgroups either because they fulfill criteria 
for two or more subgroups or because an exclusion criterion did not 
allow them to be put into any subgroup. In the previously mentioned 
Scandinavian epidemiologic study using an earlier problematic version 
of the ILAR criteria, about a fifth of the children with JIA could not be 
classified into subgroups.4 Almost all of them had oligoarthritis, 
extended or persistent, or enthesitis-related arthritis, and the main 
reason for exclusion was for a family history of psoriasis. The present 
revision of the ILAR criteria, in which psoriasis among second-degree 
relatives is no longer an exclusion criterion, should substantially 
diminish the proportion allocated to this subgroup.

SPECIAL PROBLEMS OF ARTHRITIS IN THE CHILD
Children and adolescents with rheumatic diseases have specific prob-
lems that do not pertain to adults. For example, delayed physical 

Fig. 98.12 A 19-year old presented with bilateral heel pain since the age of 9 
years. (a) Sacroiliitis is evident in the left sacroiliac joint. The patient was still 
without back symptoms. (b) Erosion in the right heel was noted 10 years after 
onset of heel pain.

a

b

Fig. 98.13 Pauciarticular-onset JRA with evolution into juvenile 
spondyloarthropathy.
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12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32
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Right toe
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11 33

Left total hip replacement Right hip replacement

Tendinitis

POSSIBLE COURSE OF PAUCIARTICULAR JRA
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development as shown by growth, nutritional status, and puberty may 
occur in all childhood rheumatic diseases and has to be carefully moni-
tored. Growth disturbances can be local or general. Osteopenia in the 
growing individual can result in later osteoporosis. The chronic uveitis 
that may occur in children with arthritis is specific for young age at 
onset. Quality of life for the growing individual may be affected by pain 
and sleep disturbances, which can interfere with psychosocial adjust-
ment. One should be aware that the problems are mainly linked to 
ongoing inflammation and can to a large extent be ameliorated by the 
active treatment and management that are possible today.31 However, 
the inflammatory activity of the disease in some patients may not 
respond to the treatment available (see later).

Local growth disturbances
Local factors that influence bone growth include cytokines produced  
as the result of the joint inflammation. The cytokines stimulate  
osteoblasts to epiphyseal growth but also, if of long standing, to matu-
ration and closure of the epiphysis. Also, muscle spasm, capsular and 
ligamentous contracture or rupture, destructive synovitis eroding  
articular surfaces, and subluxed articular surfaces can influence local 
growth.

The knee
The most frequent site for overgrowth is the inflamed knee. This 
results in leg-length inequality, with the longer leg on the side of the 
involved knee, particularly if the disease begins before the age of 3 years 
(see also Figs. 98.2 and Fig. 98.10).32,33 A leg-length inequality greater 
than 0.5 cm is clinically significant and, to prevent functional scoliosis, 
shoe lifts should be prescribed to equalize the difference in the leg 
lengths.

If the inflammation in the joint is controlled, the leg lengths will 
equalize as the child grows. The local growth disturbance can result in 
early epiphyseal closure, causing a permanently shorter leg on the side 
of the involved knee. Another cause for undergrowth or delayed bone 
and soft tissue maturity is disuse (Fig. 98.14).

Wrist and hand
The next most common joint to experience growth abnormalities is 
the wrist. In contrast to the knee, many growth defects seen radio-
graphically in the wrist are not observed clinically. The wrist can show 
increased bone age with early disease onset (see Fig. 98.1) and carpal 
bone fusion with long-standing involvement. Growth defects are also 
seen in the ulna and the fourth and fifth metacarpal bones. The ulna, 
because of epiphyseal undergrowth, can be shorter than the radius, 
resulting in ulnar migration of the carpal bones, subluxation, and 
severe deformity. Brachydactyly can occur in the fingers or toes as a 
result of early epiphyseal closure (see Fig. 98.1). In polyarticular disease, 
especially if RF positive, radiologic abnormalities of the wrist and hand 

can be seen at onset of disease, which highlights the need for timely 
diagnosis and early treatment in JIA.34

The hip
The hip demonstrates some growth abnormalities in a third of children 
with JIA. There may be lack of growth of the iliac bone and a coxa 
valga deformity, with either widening of the femoral neck and/or pre-
mature fusion leading to stunting of the femoral neck.

The cervical spine
The cervical spine can develop growth abnormalities that result in 
apophyseal joint space narrowing and bony ankylosis (especially C2-C3) 
with a secondary decrease in the vertical and anteroposterior size of 
the adjacent vertebral bodies (Fig. 98.15). Similar findings are not seen 
in the dorsal lumbar spine, but compression fractures of the thoracic 
spine do occur, particularly in those children taking corticosteroids.

Temporomandibular joint (TMJ)
TMJ involvement is often overlooked because small children have dif-
ficulties in describing subjective symptoms from the area. Thus, clini-
cal signs of mandibular dysfunction such as reduced opening of the 
mouth, TMJ crepitations, and restricted horizontal movements are 
important to identify at an early stage. In a population-based study of 
JCA, more than 50% of the patients 7 years or older reported symptoms 
of mandibular dysfunction. Moreover, 30% of all the children had clini-
cal signs of TMJ involvement when evaluated by a dentist and 40% 
had radiographic changes elucidated by a tomographic method.35 Uni-
lateral TMJ disease can result in deviation to the affected side of the 
jaw on opening the mouth. In the just-described population, 20% had 
either frontal facial asymmetry or a small chin or both. Mandibular 
hypoplasia may be due to inflammation/destruction in the TMJ, 
reduced mandibular growth, and adjacent disease of the spine (Figs. 
98.16 and 98.17).

TMJ involvement occurs in all subgroups: systemic, 67%; oligoar-
ticular persistent, 39%; oligoarticular extended, 75%; polyarticular RF-
positive, 33%; RF-negative, 59%; enthesitis-related, 13%; and psoriatic 
arthritis, 33%. Regular evaluation by a pedodontist or orthodontist of 
all children with JIA is thus recommended to enable early detection 
and intervention.36

Fig. 98.14 Oligoarticular-onset JIA in the right ankle. (a) A shorter leg length 
from the knee to the ankle is seen. (b) The right foot is smaller, with 
underdevelopment of the right forefoot due to disuse.

a b

Fig. 98.15 Systemic-onset JIA in a child who had a polyarticular course. Her 
neck shows apophyseal fusion of C2-C4 and undergrowth of adjacent 
vertebrae.
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Fig. 98.16 TMJ involvement. Note growth failure of lower jaw (a) and 
malocclusion on the radiograph (b).

a

b

Fig. 98.17 Failure of development of the lower jaw some 5 years after systemic 
onset of disease. The neck is short and slightly flexed.

General growth disturbance
Generalized growth disturbance has been observed in children with 
active disease and is related to active disease intensity and duration. 
During quiescent periods of the disease, height can return to normal 
in 2 or 3 years if premature closure of the epiphysis has not occurred.

The etiology of delayed growth and low weight is unclear, but it is 
tightly linked to the level of general inflammation. Studies suggest that 
severe weight loss or lack of weight gain may also contribute to the 
lack of growth in height. Nutritional studies have suggested that 
decreased caloric intake, increased metabolic needs beyond recom-
mended daily requirements, or lack of essential vitamins could result 
in decreased weight and height.37 In older studies a substantial propor-
tion of the patients showed growth retardation, whereas in more recent 
studies fewer, 5% to 10%, are afflicted, probably owing to better control 
of general disease activity/inflammation with active treatment.38-40 
Mainly patients with systemic and unremitting extended oligoarticu-
lar or polyarticular course diseases develop growth retardation. 

Corticosteroid therapy also inhibits growth in height but usually not 
skeletal maturation (Fig. 98.18). Growth retardation is likely to occur 
with corticosteroid doses greater than 5 mg/m2/day for 6 months or 
more.41

Levels of growth hormone and insulin-like growth factor (IGF)-1 
and IGF-2 are usually normal but occasionally are reduced.42 Levels of 
IGF-1 have been found to be inversely correlated with interleukin-6 
levels in systemic disease.43 Growth hormone (GH) has been given to 
children with normal GH levels and JIA at doses of 1.4 IU/kg/wk, 
resulting in a mean height velocity increase of 3.5 cm/yr and an accom-
panying 12% increase in lean body mass. In that study, at the end of 
1 year the height velocity returned to the pretest levels. Other studies 
have shown that there was no correlation between GH levels and 
response to GH.42 Response to GH is best when the disease is inactive 
and no or very low doses of corticosteroids are used.44

It is equally important to monitor the overall nutrition of the child. 
Growth retardation and decreased bone mineralization occur during 
active disease and are exacerbated by anorexia and inanition. Nutri-
tional and vitamin supplementation are often needed. Assessment of 
nutritional status should be a part of every patient’s evaluation.45

Osteopenia
Osteopenia, or low bone mass for age, is now recognized as a major 
complication of JIA. An important determinant of future fracture risk 
is the attainment of a high peak bone mass, which is completed in 
adolescence. Peak bone mass is determined by genetics as well as nutri-
tion, exercise and hormones, especially estrogen. In children with JIA, 
active disease, poor nutrition such as low calcium and vitamin D 
intake, drugs such as corticosteroids, lack of exercise, and delayed 
menarche can all affect the peak bone mass.46 Bone mineral density 
has been found to be low at all sites in children with JIA, but the corti-
cal bone is frequently affected the most. Recently, treatment with 
bisphosphonates has been shown to increase bone density by dual-
energy x-ray absorptiometry bone measurement, but the long-term 
effects on growing bone are unknown.

Uveitis
According to population-based series of JIA, uveitis occurs in 3% to 
16% of patients, with predominance among those with oligoarticular 
arthritis.4,47-50 In the majority of cases the uveitis is “silent” and asymp-
tomatic. More girls than boys are affected, and 50% to 80% are ANA 
positive. Interestingly, some geographic areas (e.g., Costa Rica, India, 
and South Africa) report very few or no patients with ANA-positive 
oligoarthritis associated with uveitis,49 suggesting true differences in 
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Fig. 98.18 A growth chart of a girl with systemic JIA. First arrow indicates start of corticosteroid treatment. Second arrow indicates time for autologous stem cell 
transplantation.
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disease manifestations pertaining to immunogenetics or environmen-
tal factors or a combination of both. Symptomatic cases occur more 
often among boys, are more often HLA-B27 positive, and are associated 
with enthesitis-related arthritis.48

According to population-based data, the median age at onset of JIA 
associated with uveitis is 5 years (range, 1-16 years). At least half of 
the patients have onset of uveitis close to arthritis onset, but late cases 
may occur. In most children, however, the eye disease occurs within 
7 years of the onset of arthritis. The uveitis is bilateral in 50% to 60% 
of the cases.

A slit-lamp examination is necessary for early detection of eye 
involvement. In late disease the iris may also demonstrate irregularity 
due to posterior synechiae when a bright light is shone into the pupil 
(Fig. 98.19). The outcome is worse in patients in whom uveitis occurs 
before or at the onset of JIA, who have severe disease at onset that is 
continually active.50 Complications to ongoing active inflammation 
and prolonged local corticosteroid treatment are synechiae, band kera-
topathy, cataracts, and glaucoma.

Early detection and intensive treatment seem to have improved 
considerably the prognosis for vision. Older studies, from ophthalmol-
ogy clinics where probably mainly severe cases were seen, reported 30% 
to 40% blindness in JRA-related uveitis. In contrast, in recent popula-
tion-based studies from Finland and the United States (Minnesota), 
the prognosis is less gloomy. In the Finnish study, with a median 
follow-up of 7 years, one third of patients still had active uveitis but 
only 3% had severe visual loss. In the study from Olmsted County, 
Minnesota, 3% developed uveitis, none of whom had visual impair-
ment after 8 to 24 years’ follow-up. The course of the eye disease is 
unrelated to the course of the arthritis and may persist after the arthri-
tis has remitted.51

In conclusion, the importance of screening for uveitis, intensive 
treatment of inflammation when found, and the active treatment of 
complications from uveitis must be stressed. However, a few patients 
who do not respond even to the intensive treatments available today, 
will still develop severely impaired vision.

The American Academy of Pediatrics sections on rheumatology and 
ophthalmology have recommended a schedule for regular eye examina-
tions (Box 98.3).52

Amyloidosis
In the assessment of JIA, any patient with persistent activity of the 
disease who develops proteinuria and a rising ESR with a falling hemo-
globin and serum albumin level should be considered for serum amyloid 
P protein scan,53 which currently is the most sensitive method for 
demonstrating deposition of amyloid. The incidence of amyloidosis, 
however, is declining according to recent studies, probably owing to 
the more aggressive anti-inflammatory therapy given today. In early 
studies mortality ranged from 4% to 7% in JIA, whereas in more recent 
reports it is usually close to 0% except for in systemic JIA. 9,41,54,55 In 
a large series of patients with systemic disease, two deaths among 122 
patients were reported.54

Fig. 98.19 Iritis demonstrating cataract and irregular pupil secondary to 
posterior synechiae. (Courtesy of J. J. Kanski.)

BOX 98.3 AMERICAN ACADEMY OF PEDIATRICS GUIDELINES FOR 
SCREENING EYE EXAMINATIONS IN JRA FROM 1993

JRA onset 
subtype

Age at onset

<7 years >7 years

Systemic Annual Annual

Polyarticular

 ANA-positive Every 3-4 months for 4 years, then 
every 6 months for 3 years, then 
annually

Every 6 months 
for 4 years, then 
annually

 ANA-negative Every 6 months for 4 years, then 
annually

Pauciarticular

 ANA-positive Every 3-4 months for 4 years, then 
every 6 months for 3 years, then 
annually

Every 6 months 
for 4 years, then 
annually

 ANA-negative Every 6 months for 4 years, then 
annually

ANA, antinuclear antibodies.
From American Academy of Pediatrics. Section on Rheumatology. Guidelines for 
ophthalmologic examinations in children with juvenile rheumatoid arthritis. Pediatrics 
1993;92:295-296.

Pain
Pain is a frequent complaint in all children. Headache, abdominal pain, 
and musculoskeletal pain are the most frequent. Girls and older chil-
dren experience pain more often than boys and younger children. Many 
factors influence the experience of pain in the child such as experience, 
development, disease severity, daily mood, beliefs, and family function. 
In one investigation, schoolchildren had musculoskeletal pain at least 
once a week.56 Girls generally report higher anxiety about pain, and 
boys may underestimate pain to appear brave. Biologic differences 
might also underlie gender differences because lower pain threshold 
has been found in girls compared with boys.

In research by Sällfors and coworkers57,58 on pain experienced by 
children with JCA, a strong influence on daily life was obvious. Pain 
created an uncertainty because the older children never could predict 
if it would be a “good” day with little pain or a “terrible” day with severe 
pain. Also, the fact that pain is not able to be seen made the under-
standing from peers difficult. The uncertainty came from the many 
social consequences, such as not being able to predict if the teenager 
would be able to go to school that particular day, if it would be possible 
to take part in physical education, and the increased dependence on 
parents at an age when increasing independence is the norm.

Good pain control is thus not only highly desirable but very impor-
tant for the normal social function of the child with JIA. If antirheu-
matic drugs do not give enough pain control, it is as important to add 
analgesics, when needed, as it is to investigate coping strategies, mood 
changes, and family attitudes to pain and chronic disease.

Sleep disturbance and fatigue
Sleep is of primary importance for physical and intellectual growth, 
and sleep disturbances that begin in childhood may persist into adult-
hood. Studies of sleep patterns in children with JIA have shown differ-
ences in multiple sleep domains when compared with children without 
disease. The background to the disturbances is multifactorial but leads 
to a common endpoint of sleep fragmentation and/or deprivation. 
Factors that may contribute include anxiety, pain, breathing problems 
owing to micrognathia and cervical spine compromise, and autonomic 
nervous system imbalance. Children’s self-reports reveal that sleep 
disturbance correlates well with pain, whereas parents’ reports do not. 
This puts emphasis on both the importance of listening to the child’s 
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own experience and the need for good pain management programs. 
The effect of sleep disturbance experienced by children with JIA is also 
multifactorial. It leads to daytime fatigue and irritability, which in turn 
have effects on social life and school performance. It may also interfere 
with growth hormone secretion and thus affect growth.59,60

Assessment of fatigue in adult rheumatology has received empirical 
attention, whereas in pediatric rheumatology it has so far not been 
deeply explored. However, Varni and associates studied the PedsQL 
Multidimensional Fatigue Scale in pediatric patients with rheumatic 
diseases and confirmed that the instrument has good validity and reli-
ability. It distinguished between healthy children and children with 
rheumatic disease, was associated with greater disease severity, and 
could thus be helpful in further studies of the impact of fatigue in JIA 
and in the evaluation of therapeutic interventions.61 The first clinical 
follow-up study that used this instrument showed that children with 
active polyarticular JIA had lower scores on all the domains of the 
PedsQL Multidimensional Fatigue Scale compared with children with 
inactive disease.62

OUTCOME
Outcome in chronic disease such as JIA is a complex phenomenon that 
needs to be viewed from many perspectives. Most studies have focused 
on traditional disease-centered outcomes, including clinical remission, 
physical disability, and structural damage. Lately, broader perspectives 
on outcome, for example, psychosocial well-being or “quality of life” 
and socioeconomic attainments, have been given attention.61 A 
common misconception has been that most childhood arthritis would 
disappear in adulthood. However, when reviewing data from the past 
4 decades there is no indication that JIA is a benign disease.31 In follow-
up studies published after 1994, the percentage of patients with inac-
tive or disease in remission varies from 45% to 60%, indicating that 
roughly half of the patients have ongoing active disease when entering 
adulthood. On the other hand, the functional outcome seems to have 
improved considerably over the past decades. In studies published 
before 1980 the proportion of patients classified in Steinbrocker class 
III or IV was 30% to 55%, whereas the proportion in studies published 
after 1990 was 5% to 15%.31 A recent study of a tertiary center cohort 
of JIA patients showed an even lower fraction, 3.6%.This decline in 
the frequency of patients with severe functional disability is likely to 
be due to more active treatment with disease-modifying antirheumatic 
drugs such as methotrexate and, lately, biologic medications, intra-
articular corticosteroids, and team-based comprehensive care. However, 
changes in natural history of the disease or better general health status 
in children are possible contributing factors.55

The outcome of JIA is variable depending on the subtype and course 
of disease. The remission rate is highest in persistent oligoarticular 
arthritis, at 50% to 80%,9,39,63 whereas it is lower in polyarticular 
disease, at 20% to 30%, especially among RF-positive patients. Remis-
sion rates in studies on systemic disease are more variable, 0% to  
50%, probably owing to the heterogeneity of this subtype. The long-
term remission rates in enthesitis-related arthritis as well as in  
juvenile psoriatic arthritis seem to be low at 0% to 30% and 30% to 
40%, respectively.9,28,39,63-66

Functional outcomes in individual subtypes are fairly distinct  
when evaluated by the Child Health Assessment Questionnaire 
(CHAQ), one of the six components used in the core set of outcome 
for JIA.67 Overall, 80% of those with persistent oligoarticular-onset JIA 

are without difficulty at 15-year follow-up.39 However, of those with 
an oligoarticular onset who develop extended arthritis, roughly 50%, 
the majority have some functional disability at 15-year follow-up. A 
major cause of morbidity in oligoarticular-onset JIA is uveitis (see 
earlier). Patients with enthesitis-related arthritis may develop acute 
uveitis, some with a chronic course.

In patients with polyarticular onset, more than half will develop 
some functional disability, and it is mainly in this subgroup that we 
find those with severe functional limitations: 18% among RF-positive 
patients and 8% among those who are RF negative.64 Attainment of 
inactive disease at least once in the first 5 years has been found to be 
associated with less long-term joint damage and a trend toward less 
functional impairment.68 Poor functional outcome can also be seen in 
patients with systemic onset who develop polyarticular disease. At 
higher risk for having a poor functional outcome in systemic disease 
are those with disease onset before age 5 years, with persistent disease 
activity for the first 5 years, accelerated radiologic changes, pericarditis, 
and thrombocytosis.65

Among risk factors for continued disease activity in JIA, the most 
consistent are polyarticular onset and disease course, especially in 
females, elevated inflammatory markers at onset, and positive RF. 
Predictors for disability and joint damage are similar (i.e., continuous 
disease activity, polyarticular disease course, female sex, articular 
severity score, and RF positivity).66,68

To better categorize outcome, the pediatric medical community has 
developed a core set of outcome variables.67 These have provided a way 
to objectively define and monitor disease activity, disease improve-
ment, and disease flare.69 Patient, parent, and physician global assess-
ment, the CHAQ,70 the number of active joints, and the ESR make up 
the core outcome variables. The Juvenile Arthritis Damage Index 
(JADI), another tool with the aim of scoring all forms of long-term 
articular and extra-articular morbidity in patients with JIA, has also 
been developed and found valuable.29,68,71 Early treatment with drugs 
demonstrated to decrease joint destruction as well as new methods to 
monitor disease activity and improvement are likely to improve the 
long-term outcome of JIA.

Even with aggressive treatment, 10% to 20% of children with JIA 
continue to have poor health, psychosocial, and educational outcomes. 
A 25-year population-based follow-up study of JRA patients compared 
with sex- and age-matched non-disabled peers showed that those with 
JRA had greater disability, more pain, increased fatigue, poorer health 
perception and decreased physical functioning, lower rates of employ-
ment, and less involvement with exercise.72 Similarly, raised levels of 
depression,73 anxiety, isolation,74 and lack of serious relationships with 
young people of the opposite sex have been reported in a significant 
proportion of selected JRA populations.75,76

Because of these findings and the fact that many young people have 
continued active disease into adulthood, this group needs continuity 
of care in the transition period from child-centered to adult-oriented 
systems. They need health care providers who can help the young 
person and the family to move through the appropriate developmental 
milestones and navigate the difficult transitions from school to tertiary 
education and work, home to independence, and pediatric to adult 
health care. Transition is not an event but a process. Careful planning 
is essential so that these patients become successful members of adult 
society. Several reviews are available that outline the process and the 
particular issues faced by adolescents as they make the transition to 
adult systems.77
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proportion of T cells expressing markers of activation.3 These cells are 
most likely extravasated from the inflamed synovial lining. Mediators 
of inflammation such as cytokines and cleavage products of the com-
plement system are also abundant.

Synovial tissue
One of the hallmarks of the pathology of JIA, and in particular for the 
rheumatoid factor (RF)-positive polyarticular JIA presentation, is the 
tumor-like expansion of inflamed synovial tissue, or pannus, which 
causes much of the joint damage in this disease.4 With the progression 
of the disease, pannus spreads over the synovial space and adheres to 
intra-articular cartilage. It is in the areas of pannus/cartilage junction 
that the cartilage eventually degrades (Fig. 99.2). Such expansion 
results from the invasion of the synovial tissue by inflammatory cells 
recruited from the peripheral circulation and the proliferation of 
synoviocytes.

Cartilage
Cartilage is a primary target organ that is affected as part of the patho-
genic process of JIA.5-7 Superficial cartilage thinning is a feature of early 
and untreated JIA. Complete cartilage destruction and cartilage ero-
sions leading to bone erosions can occur with long-standing disease.8,9 
Magnetic resonance imaging (MRI) enhanced with gadolinium- 
tetraazacyclododecanetetraacetic acid (Gd-DOTA) increases the sensi-
tivity for the detection of inflammatory changes in JIA (Fig. 99.3).10

T cells and JIA
CD4+ T lymphocytes are the predominant cell population in the JRA 
synovium and exhibit phenotypic and functional characteristics of cells 
that have undergone prior activation in vivo.4 These characteristics 
include expression of interleukin (IL)-2 receptors (CD25), early activa-
tion antigen CD69, CD45RO (memory phenotype), very late activation 
antigen type 1 (VLA-1), and HLA class II antigens.3 It has been sug-
gested that such activation might be induced by an autoantigen located 
in the inflamed joints.

Analysis of several experimental antigen-driven models has shown 
that antigen-specific T cells often make up only a very small proportion 
of all T cells present at the site of the immune response, suggesting 
that most of the other cells are recruited in a non-specific manner. The 
extrapolation of these data to JRA pathogenesis suggests that the 
numbers of T cells critical to the autoimmune response in inflamed 
joints may be very small.

Regulatory T cells, Th17 cells, and JIA
CD4+ T helper (Th) cells help to regulate the immune response. Effec-
tor Th cell subsets, characterized by their differential cytokine produc-
tion, have resulted in the Th1-Th2 paradigm. Th1 cells produce 
interferon-γ and regulate antigen presentation and immunity against 
intracellular pathogens. Th2 cells produce IL-4, IL-5, and IL-13 and 
mediate some humoral responses and immunity against parasites. 
However, observations by several different groups described the pro-
inflammatory cytokines IL-17 and IL-17F to be expressed by distinct 
Th cells, which did not express either interferon-γ or IL-4. This has 
resulted in the discovery of Th17 cells as a Th lineage independent of 
Th1 or Th2 cells.

Etiology and pathogenesis of 
juvenile idiopathic arthritis
Rachelle Donn

 Juvenile idiopathic arthritis (JIA) represents several subgroups that 
have distinct clinical, immunologic, and genetic differences.

 JIA subgroups are each complex traits with contributions from 
both genetic and environmental parameters.

 Synovium and cartilage are both affected. Triggers for the initiation 
and progression of the pathology that manifests as JIA have not 
been identified.

 Association and linkage to HLA loci have been confirmed for 
certain JIA subgroups.

 Only a limited number of non-HLA loci have been shown to be 
significant in conferring susceptibility to JIA.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) is the most common rheumatic 
disease of childhood. It encompasses a heterogeneous group of chronic 
arthropathies, all of which share persistent idiopathic inflammation of 
one or more synovial joints. The subtypes of JIA differ in their clinical 
manifestations, prognosis, and specific autoimmune characteristics.

The classification of chronic arthritis of childhood onset remains 
problematic. Different classifications exist in the literature be that of 
the International League of Associations for Rheumatology (i.e., JIA), 
European League Against Rheumatism (i.e., juvenile chronic arthritis 
[JCA]), or American College of Rheumatology (i.e., juvenile rheumatoid 
arthritis [JRA]) naming conventions (see Chapter 97). This makes 
comparisons of the research literature difficult. This chapter essentially 
focuses on JIA (as defined by the ILAR)1 but refers to the naming as 
cited in the original articles throughout.

PATHOLOGY
JIA is an inflammatory disorder that primarily affects synovial  
joints. The clinical characteristics of joint involvement vary across  
the different JIA subgroups but generally present as swelling, stiffness, 
pain, and/or loss of function of the affected joint. The disease process 
of JIA includes synovial hyperplasia causing soft tissue swelling,  
joint effusion, and cartilage destruction that result in bone erosions. 
Lymphocytes, plasma cells, macrophages, and dendritic cells are all 
present in increased numbers within the inflamed JIA joint.2 A sche-
matic representation of the pathology of the JIA joint is shown in 
Figure 99.1.

The immunopathogenic mechanisms underlying JIA have been the 
subject of intensive study but have not yet been elucidated. The detec-
tion of T cells and chronic synovial inflammation has indicated cellular 
mediation, whereas the finding of immune complexes and complement 
has suggested a possible B-cell–mediated response.

Synovial fluid
The volume of synovial fluid in affected joints is increased in JIA, with 
viscosity being decreased mainly because of reduced concentrations  
of hyaluronic acid. Synovial fluid contains various inflammatory  
cells, including neutrophils, plasma cells, dendritic cells, and a high 
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Cartilage fibrillation
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(T cells)

New blood
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SCHEMATIC REPRESENTATION OF A JOINT WITH ONE SIDE NORMAL AMD THE OTHER SHOWING THE
CHARACTERISTIC PATHOLOGY OF JIA

Synovial fluid containing:
• Immune complexes
• Complement breakdown
• Products and enzymes

Fig. 99.1 Schematic representation of a joint with one side normal and the other showing the characteristic 
pathology of JIA. (Modified from Chapel H, Haeney M, Misbah S, et al. Essentials of clinical immunology. Oxford: 
Blackwell Science, 1999.)

a

b

Fig. 99.2 Destructive inflammatory pannus in JRA. (a) Photograph of a frontal section taken through the femoral head of a 
child with JRA. Extensive destruction of the articular cartilage has occurred, with associated erosion of the subchondral 
bone. (b) Photomicrograph of a section taken at the articular margin of the specimen demonstrated in (a), showing a 
destructive inflammatory pannus extending onto the articular surface. (With permission from Bullough PG. Orthopaedic 
pathology, 3rd ed. London: Mosby-Wolfe, 1997.)

Regulatory T cells (Treg) have the phenotype CD4+CD25+. These 
spontaneously occurring T cells can actively and dominantly prevent 
the activation and effector function of autoreactive T cells that  
escape other mechanisms of tolerance. A role for CD4+CD25+ Treg 
cells in JIA pathogenesis has been considered by a number of groups.11-14 
More recently, a role for IL-17–producing T cells has been shown.  
IL-17–positive T cells are enriched within the joints of JIA patients, 

and the number of such cells was found to be higher in patients  
with extended oligoarthritis as compared with patients with the  
milder persistent oligoarthritis. An inverse relationship between 
IL-17+ T cells and Fox3P+ Treg cells was found.15 This suggests that 
the Th17 cells are contributing to the joint pathology of JIA and that 
the balance between IL-17+ T cells and Treg cells may influence 
disease outcome.
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B-cell contribution to the disease  
pathogenesis of JIA
B-cell activity
Although macrophages and T cells are usually more numerous in 
inflamed synovial tissue, B-cell activity appears also to be enhanced in 
both the peripheral blood and synovial compartment. Lindblad and 
colleagues21 described synovial tissue specimens from patients with 
juvenile arthritis in which there were significantly increased numbers 
of focally aggregated immunoglobulin-synthesizing cells. As a conse-
quence of increased B-cell activity, hyperglobulinemia and circulating 
immune complexes, antinuclear antibodies (ANAs), and RFs are 
common findings in many patients with JIA.

Rheumatoid factor
Rheumatoid factor, an autoantibody directed against the Fc region of 
human IgG, is found in the serum and synovial fluid of the majority 
of patients with RA. RF can only rarely be detected in patients with 
JIA by the classic Rose-Waaler reaction or latex fixation method, 
although the probability of finding it increases with the age and the 
duration of the disease. Allen and Kunkel22 demonstrated a so-called 
hidden RF defined as IgM 19S antiglobulin. This antiglobulin is 
“hidden” because of its occupied binding sites. Gel filtration at acid pH 
dissociates IgM from IgG and allows IgM RF to fix complement in 
hemolytic assay. This technique makes it possible to detect the pres-
ence of RF in a much larger proportion of JIA patients, specifically the 
polyarticular subgroup.

Antinuclear antibodies (ANAs)
The reported incidence of ANAs in patients with juvenile arthritis 
varies from 4% to 88%, depending on the clinical subtype and the labo-
ratory technique used.23 ANAs are uncommon in systemic-onset 
disease, whereas more than 50% of children with oligoarticular JCA 
have ANAs in their serum. Children who are ANA positive carry an 
especially high risk of developing chronic anterior uveitis.

The full specificity of these antibodies remains to be determined. 
Some studies indicated that ANAs in most patients are directed to a 
ribonucleoprotein that requires both RNA and protein components for 
antigenic integrity. Szer and associates24 concluded that ANA specific-
ity profiles were highly individual and did not appear to correlate with 
disease subtype or activity. Several studies revealed that antibodies to 
many antigens typical for other rheumatic diseases—for example, the 
extractable nuclear protein, centromere proteins, scleroderma Scl-70, 
Ro, La, and double-stranded DNA—are generally absent in JIA. More 
recently, the antibodies to the 45-kDa DEK nuclear antigen, a putative 
oncoprotein, have been associated with the oligoarticular type of JCA, 
particularly in patients with a history of iridocyclitis. However, the 
presence of these antibodies does not appear to be limited to or specific 
for JIA.

Anti-citrullinated peptide antibodies
Citrulline is a translational modification of the amino acid arginine by 
peptidyl arginine deiminase (PAD). Citrulline becomes part of a protein 
after post-translational modification by PAD enzymes. Antibodies to 
citrullinated proteins have been shown to aid in the determination of 
disease prognosis in adult RA patients. The autoantibody system 
involved includes antiperinuclear factor, antikeratin antibodies, anti-
filaggrin antibodies, anticitrullinated fibrin antibodies, and anti-Sa 
(citrullinated vimentin) antibodies. A number of studies have now 
evaluated anti-citrullinated peptide antibody (ACPA) levels in JIA 
patients. These studies show that ACPA positivity is only significantly 
raised in the RF-positive polyarticular JIA cases. Specifically, Ferucci 
and coworkers found ACPA formation in HLA-DR4–positive cases and 
the ACPA antibodies were associated with polyarticular onset and 
erosive disease.25

ENVIRONMENTAL FACTORS
In an attempt to identify the causative agent(s) implicated in the etio-
pathogenesis of juvenile arthritis, associations with a number of poten-
tial viral and bacterial pathogens have been sought. A self-limiting 

Macrophage and fibroblast contribution  
to JIA pathogenesis
Increased numbers of macrophages, dendritic cells, and proliferation 
of fibroblast-like and macrophage-like synoviocytes are typical features 
of JRA synovium.4 The abundance of cytokines secreted by these cells 
provides further evidence for the major role of these cells in the per-
petuation of the synovial inflammation. Martini and coworkers, in 
1986, noted high spontaneous production of IL-1 by mononuclear cells 
derived from peripheral blood of patients with juvenile arthritis.16 More 
recently, an abundance of IL-1–producing macrophages has also been 
demonstrated in inflamed JRA synovial tissues.17

Analysis of tumor necrosis factor (TNF) expression and the distribu-
tion of the TNF receptors in JRA synovial tissues provided strong 
evidence for the role of both TNF-α and TNF-β in the amplification 
of the synovial inflammation in JRA.18 Numerous cells staining for 
TNF-α were found in the majority of synovial tissue samples, and the 
pattern of distribution of TNF-α+ cells was similar in nature to the 
distribution of macrophages. The level of expression of TNF-α corre-
lated closely with the degree of inflammatory infiltration of the syno-
vial membrane.

IL-6, another macrophage-derived product, has been consistently 
found in the synovial fluids of patients with JIA. More importantly, in 
systemic-onset JIA, IL-6 concentrations are increased not only in the 
synovial compartment but also in serum, and the serum concentra-
tions of IL-6 protein correlate with the extent of joint involvement and 
peripheral thrombocytosis. High levels of expression of IL-6 in synovial 
tissue samples have been shown to distinguish patients with systemic 
JRA, even at later stages of the disease.19,20 An important role for IL-6 
in the pathogenesis of systemic-onset disease is supported by genetic 
findings (see later).

Fig. 99.3 A T2-weighted fat-suppressed MR image in a 10-year-old child shows 
high signal intensity from both the synovium and synovial fluid, which are 
difficult to distinguish. Numerous erosions, cartilage loss, and fat pad 
irregularity are seen on this image. (Reproduced, with permission, from 
Gardner-Medwin J, Southwood T. Current developments in juvenile arthritis. 
Topical Reviews No. 5, Reports on Rheumatic Diseases, Series 4, 2001, published by 
the Arthritis Research Campaign [www.arc.org.uk].)

http://www.arc.org.uk
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disease can be obtained from family studies using the sibling recurrence 
risk (λs). This is calculated as the prevalence of the disease in siblings 
of affected individuals divided by the prevalence of the disease in the 
general population.

The largest study of both affected sibling pairs (ASPs) and of twins 
with JRA comes from the National Institute of Arthritis, Musculo-
skeletal and Skin Diseases’ (NIAMS)–sponsored Research Registry for 
JRA. Of 118 ASPs on the register in 2000, there were 14 pairs of twins 
in which both twins have arthritis.41 One pair comprised a girl with 
polyarticular JRA and a boy with pauciarticular JRA. The other 13 pairs 
(11 monozygotic [MZ] and 2 of unknown zygosity) were concordant 
for gender (9 female, 4 male), disease onset (10 pauciarticular, 3 poly-
articular), and disease course (8 pauciarticular, 5 polyarticular).

In a recent Finnish study of JIA multicase families, eight sets of 
twins were identified, two of which were concordant for arthritis. A 
concordance rate of 25% for a disease with a population prevalence of 
1 per 1000 implies a relative risk of JIA of a staggering 250 for an MZ 
twin.42 By comparison, for adult RA the risk to an MZ twin has been 
reported to be 12 to 62.43

As noted earlier, the largest series of ASPs have been collected as 
part of NIAMS’ JRA registry. In 1997 the registry contained a series of 
71 ASPs; 63% were concordant for gender and 76% for onset type, 
which was higher than expected based on comparisons with non-ASP 
populations. This study gave an estimate of the λs for JRA of approxi-
mately 15, a value similar to that seen in insulin-dependent diabetes 
mellitus and multiple sclerosis. It also provided evidence that this value 
is likely to differ between subtypes, with the strongest genetic compo-
nent being attributable to the pauciarticular JRA subtype.44,45 The most 
recent report from the registry includes 183 ASPs from 164 families, 
19 of which are twin pairs.46 There is a relatively high degree of disease-
onset type concordance between the ASPs, 53% concordant for pau-
ciarticular onset and 19% for polyarticular onset. The concordance is, 
however, markedly less for systemic-onset disease. The clinical mani-
festations seen within the ASPs is very similar to those of a compara-
tive simplex JRA study population, with the exception of the number 
of affected joints at JRA onset among the polyarticular-onset disease 
group.46 Among the ASPs, age at JRA onset (sibling 1 vs. sibling 2) was 
not significantly different. However, the ASPs do not develop their 
disease at the same point in real time (mean real-time difference of 5.1 
years). Familial aggregation was marked for tenosynovitis (λs 29.5), 
leukocytosis (λs 25), and RF (λs 11). Such familial aggregation of clini-
cal features among the ASPs adds strongly to the evidence of a genetic 
background to the disease.

Similarly, from Finland, 49 ASPs from 37 families were identified 
from a population of approximately 2000 JIA cases. Within the ASPs 
there was little difference found for either onset type (57% concordance 
in ASPs) or disease course (61% concordance in ASPs) when compared 
with a population-based JIA series. Given a population prevalence of 
JIA in Finland of approximately 1 per 1000, this study suggests that 
the λs for JIA is around 25, again supporting the idea of a substantial 
genetic component in the etiology of JIA.47

HLA associations
Much of the genetic work in the past 3 decades has centered round 
HLA genes. A complete description of the HLA system can be found 
in Chapter 14. The fact that HLA molecules play a central role in the 
immune system has led to HLA genes being considered as candidates 
in association studies in many diseases, particularly those thought to 
have an immune basis such as JIA.

The majority of the HLA studies in juvenile arthritis have been in 
children classified according to either the EULAR or ACR criteria and 
have been reviewed by Donn and Ollier.48 A large cohort of U.K. 
patients classified using the ILAR system has also been reported.49 A 
summary of HLA class I and class II associations with different sub-
groups of juvenile arthritis is listed in Table 99.1.

HLA linkage and JIA
A number of recent studies have been able to confirm the HLA associa-
tions by establishing linkage. Moroldo and associates showed linkage 
to both HLA class I and class II using the transmission disequilibrium 

polyarthritis can follow a wide variety of viral infections, including 
those caused by coxsackievirus B, Epstein-Barr virus, parvovirus, and 
rubella virus.26,27 Studies reporting positive findings of viral antigens in 
JCA patients, however, are limited. Rubella virus has been implicated 
for some time,28 and a small proportion of individuals who received 
rubella immunizations develop arthritis very similar to that of pau-
ciarticular JCA. Chantler and colleagues isolated rubella particles from 
the synovial fluid and/or blood mononuclear cells from 1 of 5 children 
with systemic-onset JCA, 2 of 2 with polyarticular JCA, 2 of 6 with 
pauciarticular JCA, and 2 of 6 with spondyloarthropathy. The virus 
was identified two or more times in 4 of the 7 originally positive 
patients. All 16 controls, 8 of whom had other connective tissue dis-
orders or mechanical joint effusions and 8 normal subjects included in 
the study, were negative for rubella.29

Pritchard and associates noted birth-date clustering among polyar-
ticular JCA patients who developed progressive disease after the appear-
ance of influenza A H3N2 in 1977.30 These patients had all been born 
in 1963, a year in which an epidemic of influenza A H3N2 had 
occurred. Raised levels of antibody to H3N2, the strain of influenza A 
prevalent at the time at which they were born, were recorded in this 
cohort. This led to the suggestion that these individuals developed their 
arthritis in 1977 because they had been pre-sensitized to influenza A 
by contact with the earlier strain when in utero. In a follow-up study 
on a similar cohort, influenza-specific cytotoxic T-cell clones were 
identified in the blood and synovial fluid but no evidence of sequestra-
tion to the joints of such clones was found.31

Clinical features of systemic-onset JIA are particularly suggestive of 
a viral origin, and rising antibody titers to coxsackievirus B4 were found 
during the acute stages of illness.32 Feldman and colleagues addressed 
the seasonal difference in the onset of systemic-onset JRA by examin-
ing data collected from all patients with systemic-onset disease from 
1980 to 1992 who presented to pediatric rheumatology clinics across 
Canada. The onset pattern of systemic-onset JRA was then compared 
with the incidence data on viral infection.33 Across Canada the onset 
of systemic-onset JRA was found to be constant across the seasons. 
Whereas in the prairie region there was a significant seasonal pattern, 
with peaks occurring in the autumn and early spring, there was no 
evidence that viral infection correlated with disease incidence. Further-
more, a large multicenter European study failed to show a seasonal 
pattern to the onset of systemic or any other form of JCA.34

Clustering of pauciarticular arthritis in Connecticut, in the United 
States, led to the description of Lyme arthritis, later called Lyme 
disease.35 The pathogenic agent is the spirochete Borrelia burgdorferi, 
transferred to humans by infected ticks. A number of studies have 
similarly tried to identify a microorganism, bacterium, or mycoplasma 
associated with JIA. Oen and associates noted a correlation between 
the number of Mycoplasma pneumoniae infections recorded and the 
incidence of JRA between 1985 and 1990 in the province of Manitoba, 
Canada.36

HLA-B27–associated forms of JCA may be triggered by bacterial 
infections. A bacteria-specific synovial cellular immune response was 
found in spondyloarthritis patients to Chlamydia trachomatis and Yer-
sinia enterocolitica, organisms known to be important in reactive 
arthritis.37 Also, an immunodominant epitope, Gro EL of Escherichia 
coli heat-shock proteins, is one target of immune responsiveness in 
HLA-B27–positive JCA.38

Cellular immune responses to dnaJ, an E. coli heat-shock protein, 
were found to be related to disease activity in a study of 25 JRA 
patients.39 No immunologically cross-reactive human homologue to 
this bacterial dnaJ has yet been identified.

Specific humoral reactivity against two proteins from Epstein-Barr 
virus, Bolf1 and Balf2, have been described in oligoarticular JIA cases. 
These viral proteins share sequence homologies with HLA antigens 
known to be associated with this patient subgroup.40

GENETIC FACTORS
Evidence for a genetic component to a disease can come from a variety 
of sources, such as twin, family, or case-control association studies. 
The degree of disease concordance in monozygotic (MZ) twins gives 
an indication of the level of involvement of genetic factors within a 
given disease. An alternative estimate of the genetic component of a 
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(CC: low producer of IL-6 on stimulation by IL-1/LPS) in children who 
develop systemic-onset JCA.54 A multicenter TDT study confirmed 
IL-6 G allele as a susceptibility factor for systemic arthritis.55 These 
findings have recently been extended by Fife and coworkers, who 
showed a four-marker haplotype across the IL-6 promoter to be signifi-
cantly overtransmitted to patients with systemic arthritis.56

Macrophage migration inhibitory factor
Macrophage MIF is a unique molecule that has proinflammatory, 
hormonal, and enzymatic properties.57 A novel polymorphism in the 
5´ flanking region (−173) of the macrophage migration inhibitory 
factor gene (MIF) was reported to be associated initially with systemic-
onset JIA58 and subsequently with susceptibility to all JIA subgroups.59 
Donn and colleagues replicated their initial association study of MIF 
and JIA using the TDT test. This work revealed that a particular pro-
moter haplotype of the MIF gene (CATT7-MIF-173*C) is both linked 
and associated with an increased risk of JIA susceptibility.60

The mutant allele, that is, MIF-173*C, results in higher endoge-
nous MIF production in the serum of healthy individuals and in higher 
MIF production in both the serum and synovial fluids of JIA patients. 
Furthermore, this same promoter polymorphism of MIF (MIF-173*C) 
has also been shown to be predictive of disease outcome in patients 
with systemic-onset JIA.61 More specifically, De Benedetti and cowork-
ers found that carriage of the MIF-173*C polymorphism was correlated 
with raised serum and synovial fluid levels of MIF protein and predic-
tive of the duration of response to intra-articular injection of triam-
cinolone hexacetonide (TXA). Those individuals with a mutant allele 
at −173 (MIF-173*C) experienced relapse more quickly than individu-
als with the MIF-173 GG wild-type genotype.61 This effect has now 
been demonstrated also for the response to intra-articular TXA injec-
tion in patients with an oligoarticular phenotype, the most common 
presentation of JIA. Again, the duration of clinical response to the 
corticosteroid treatment (months with no clinical evidence of synovitis) 
was significantly shorter in patients carrying an MIF-173*C allele 
(median, 6 months; range, 1-39 months) than in the MIF-173*GG 
homozygotes (median, 9 months; range, 2-62 months).62

SLC11A1 (NRAMP1)
A study of persistent oligoarticular and RF-negative polyarticular JIA 
patients and controls from Latvia and a more limited number of 
Russian patients and controls found an association with the microsat-
ellite marker D2S1471 (~80 kb downstream of the SLC11A1 locus) 
and a functional polymorphism in the natural resistance associated 
macrophage protein gene.63 Runstadler and associates, in a large study 
of Finnish JIA nuclear families and controls, studied the same D2S1471 
marker, additional intergenic SNPs, and an insertion deletion. This 
study again found evidence of association of the D2S1471 microsatel-
lite marker with these subgroups of JIA and additionally found haplo-
typical associations spanning the SLC11A1 locus as a risk factor 
independent of the known HLA associations that occur in these JIA 
subgroups.64

Wnt1-inducible signaling pathway  
protein 3 (WISP3)
Mutations of the WISP3 gene are known to cause progressive pseudo-
rheumatoid dysplasia, a rare syndrome that can clinically mimic poly-
articular JIA.65 Lamb and associates investigated SNPs of WISP3 in two 
independent polyarticular-course JIA patient cohorts and controls. Rep-
lication of association with a SNP within the first intron of the WISP3 
gene (WISP3*G84A) was found.66

The era of whole genome association studies
The results of the first whole genome linkage scan, based on 247  
JRA cases from 121 families, were published.67 In addition to the 
HLA region, this study identified five putative regions (1p36, 1q31, 
15q21, 19p13, and 20q13) important in JRA as a whole. Four of these 
regions overlap peaks of linkage described in other autoimmune dis-
eases. This is particularly interesting in light of the findings of Prahalad 

test (TDT) in pauciarticular-onset JRA patients.50 HLA-A2, HLA-B27 
and B35, and HLA-DR5 and DR8 all showed excess transmission, 
whereas HLA-DR4 was undertransmitted. A second study confirmed 
linkage using the TDT in a U.K. cohort of oligoarticular JIA.51 Here, 
HLA-A2, HLA-DRB1*08, and DRB1*11 were overtransmitted and 
HLA-A3 and HLA-DRB1*04 and 07 undertransmitted. This study 
demonstrated that the effects at these two loci were independent. 
Finally, linkage analysis utilizing the ASPs within the NIAMS- 
sponsored registry for JRA has confirmed linkage of pauciarticular  
JRA and HLA-DR and established linkage also for polyarticular  
JRA and HLA-DR.52 Prahalad and colleagues estimated that the propor-
tion of the sibling recurrence risk attributable to HLA (λsHLA) is 2.5, 
indicating that HLA accounts for 17% of the total genetic component 
of pauciarticular JIA. Hence, other non-HLA genes must play a role in 
susceptibility.52

Non-HLA genes and JIA
Multiple different non-HLA genetic loci have been investigated in 
children with arthritis.53 Arguably, any association reported is only of 
value in helping to decipher the etiopathogenesis of JIA if the genetic 
findings are replicated, providing robust evidence of a true effect. 
Taking this approach substantially curtails the non-HLA genetic loci 
currently of potential relevance to JIA susceptibility. To date, replica-
tion has been achieved for only a handful of genes. Two of these are 
cytokine genes—IL-6 and macrophage migration inhibitory factor 
(MIF)—and two are not related to cytokine production—SLC11A2 
(formally NRAMP1), important in macrophage-mediated natural 
resistance to a variety of intracellular pathogens, and WISP3 (wnt1-
inducible signaling pathway protein 3), important for cell growth and 
differentiation.

Interleukin-6
A single nucleotide polymorphism (SNP) at position −174 in the regu-
latory region of the IL-6 gene, which determines transcriptional 
response of the IL-6 gene to IL-1 and LPS, was identified by Fishman 
and associates.54 The wild-type GG genotype was shown to have sig-
nificantly higher serum IL-6 levels than the mutant CC genotype. 
Furthermore, there was a significant lack of the protective genotype 

TABLE 99.1 HLA CLASS I AND CLASS II ASSOCIATIONS

HLA association Patient subgroup

Class I

HLA-B27 Male late-onset pauciarticular
Enthesitis-related arthritis (ERA)

HLA-A2 Pauciarticular and young age at disease 
onset

Class II

HLA-DRB1*11 (a subtype of 
HLA-DR5) and HLA-DRB1*08

Early-onset pauciarticular/oligoarthritis

†HLA-DRB1*04 and HLA-DRB1*07 Early-onset pauciarticular/oligoarthritis

HLA-DPB1*0201 Early-onset pauciarticular
Persistent and extended oligoarthritis

HLA-DR8/HLA-DRB1*08 RF-negative polyarthritis

HLA-DQ4 (DQA1*0401/DQB1*0402) RF-negative polyarthritis

HLA-DP3/DPB1*0301 RF-negative polyarthritis

HLA-DR4 RF-positive polyarthritis

HLA-DR5 and HLA-DR8
HLA-DRB1*11

Systemic onset
Systemic onset

HLA-DR4 Systemic onset

All the HLA associations listed confer increased risk of susceptibility except for (†) decreased risk 
of susceptibility.
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of disease overlap. Taking this approach, Hinks and colleagues have 
looked at the IL2RA/CD25 gene that encodes for the IL-2 receptor α 
chain. Association of SNPs within this gene have already been shown 
with type I diabetes mellitus, Graves’ disease, rheumatoid arthritis, 
and multiple sclerosis, suggesting it as a pan-autoimmune locus. A 
large U.K. sample set of 654 JIA cases compared with 3849 controls 
was studied. Evidence of association of the rs2104286 SNP was seen. 
With the use of an independent cohort of samples from North America 
(747 JIA cases and 1161 controls), weak evidence of replication was 
found. This SNP appears to confer protection from JIA susceptibility 
with an odds ratio of around 0.8.72

CONCLUSION
JIA is an intriguing collection of phenotypes. Many diverse features 
occur along with a limited number of unifying ones (onset before 16 
years of age, chronic synovitis of joints). Much research still needs to 
be done to elucidate the etiopathogenesis of JIA. Utilization of homo-
geneous patient groups, international collaborations to enhance patient 
numbers, and the application of emerging technologies, in particular 
the use of high-density SNP arrays and proteomic screening for bio-
markers of JIA outcomes, is the way forward. Also, analysis of gene/
gene as well as potential gene/environment interactions needs to be 
studied. Such approaches should accelerate productive research find-
ings for these important groups of arthritides.

and colleagues, who showed an increased prevalence of familial auto-
immunity, and in particular Hashimoto thyroiditis, in simplex and 
multiplex families with JRA.68 The genomic regions identified repre-
sent putative leads that will need fine mapping to potentially identify 
any genes involved in JIA susceptibility.

Whole-genome association studies (WGAS) examine hundreds of 
thousands of single nucleotide (SNP) variants in a large number of 
unrelated cases and controls. In 2007, the Wellcome Trust Case 
Control Consortium published its seminal manuscript detailing a 
genome-wide association study of 14,000 cases of seven common dis-
eases and 3000 shared controls.69 This represented a turning point in 
complex disease genetics, with most now agreeing that, for any given 
disease, the most informative way forward is by a WGAS approach. 
Several groups are currently undertaking such studies for JIA. To date, 
however, only one genome-wide association analysis in JIA has been 
published. Hinks and colleagues performed a genome-wide association 
study using Affymetrix GeneChip 100K arrays in 279 cases and 184 
controls. By current standards this is a low-density SNP array and the 
sample numbers used are small. However, the authors were able to 
replicate an association with SNPs in the VTCN1 gene.70 This is a 
potentially interesting locus for involvement in JIA susceptibility 
because VTCN1 is expressed on activated T cells, B cells, and mono-
cytes and may be involved in the attenuation of the inflammatory 
response.71

There is also a current trend, post WGAS, to look at associated loci 
in different diseases, where there is some clinical or pathologic evidence 
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counts, parental and physical global assessment, and inflammatory 
markers are being developed. Long-term outcome tools including spe-
cific radiographic composite scores and clinical damage index tools are 
in the process of validation.3 Several functional tools and quality of life 
tools have been validated and adapted for JIA.

The treatment philosophy of JIA has also undergone a transforma-
tion. In the past, treatment was based on the “pyramid” approach, 
initially using various types of NSAIDs and corticosteroids and gradu-
ally advancing to other medications.4 Studies in the late 1980s indi-
cated that earlier assumptions on the course and outcome of JIA were 
incorrect. Radiologic joint damage, previously thought to occur late in 
the disease course, occurs in most patients with systemic arthritis and 
polyarthritis within 2 years and in oligoarthritis within 5 years of 
disease onset5 and perhaps earlier as shown by magnetic resonance 
imaging (MRI).

The assumption that JIA will usually resolve by adulthood is also 
incorrect. Studies have shown that between 50% and 70% of patients 
with polyarthritis or systemic arthritis and 40% to 50% of patients with 
oligoarthritis will continue to have active disease in adulthood.5,6 Only 
a minority of patients will even attain clinical remission off medica-
tions for at least 2 years, and only 4% attained a remission for at least 
5 years.6 Between 30% and 40% of patients have significant long-term 
disabilities, including unemployment, and between 25% and 50% need 
major surgery, including joint replacement.7 Patients with oligoarthri-
tis frequently develop leg-length inequality and muscle atrophy near 
affected joints.8 Patients with systemic arthritis have an increased 
mortality rate, mainly from amyloidosis (almost exclusively in Europe) 
and the macrophage activation syndrome. Thus, the burden of disease 
to the patient, family, and, ultimately, society, is large; and it is crucial 
to recognize the disease and treat it early and aggressively, before soft 
tissue deformities and joint damage become irreversible.

Several predictors of a poor outcome can help determine patients 
requiring early aggressive therapy. Patients with polyarthritis and posi-
tive rheumatoid factor (RF), anti-citrullinated peptide antibodies 
(ACPAs), the presence of HLA-DR4, nodules, and early-onset sym-
metric small joint involvement have a worse prognosis. Patients with 
systemic arthritis who are corticosteroid dependent for control of sys-
temic symptoms and have a platelet count greater than 600,000/mm3 
after 6 months of disease have a worse outcome.9

The treatment of JIA depends to a large extent on the disease 
subtype and combines anti-inflammatory and immunomodulatory 
medications with physical and occupational therapy, an occasional 
need for surgery, nutritional support, and psychosocial and educational 
partnership with patients and parents. The treatment plan should try 
to be as simple as possible based on studies showing relatively low 
adherence to recommendations, both to medications and, to a larger 
extent, physical therapy and exercise.10 Fortunately, many of the 
modern JIA medications are given once weekly or less (many by injec-
tion), making it easier to adhere to the treatment plan. The increased 
efficacy has decreased the rate of many complications and deformities, 
thus somewhat diminishing the roles of rehabilitation therapy and 
surgery as compared with the past. In this chapter we will present 
guidelines for the medical treatment (Table 100.4) and other therapies 
for JIA (including uveitis) and offer a rational approach for the treat-
ment of the various subtypes of disease.

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS
The actual efficacy of NSAIDs (Table 100.5) is unknown because none 
of the studies was placebo controlled. In a summary of studies, only 
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MEDICAL MANAGEMENT
 The treatment approach to JIA has changed in recent years from 

the pyramidal approach to early aggressive therapy.
 The treatment is individualized according to subtype of JIA and the 

presence of uveitis.
 Many new medications are available in children, especially biologic 

modifiers, with effects on varying immunologic pathways.

SURGICAL MANAGEMENT
 The need for surgical therapy may be decreasing as a result of 

improved medical management.
 The role of synovectomy in the treatment of JIA, particularly 

oligoarthritis, is still not clear.
 There are several issues specific to children in arthroplasty surgery.

OTHER ISSUES OF MANAGEMENT
 Greater attention needs to be given to the treatment of pain.
 Issues of bone health and growth need to be addressed.
 Physical and occupational therapy as well as assistive devices, 

splints, and orthotics are an important part of therapy (addressed 
in detail in Chapter 103).

INTRODUCTION

The treatment of juvenile idiopathic arthritis (JIA) has changed dra-
matically in the past 20 years. Until the late 1980s, aspirin and other 
non-steroidal anti-inflammatory drugs (NSAIDs) were the predomi-
nant medications used to treat children with JIA, with additional use 
of systemic corticosteroids, gold, hydroxychloroquine, and d-penicilla-
mine. The first change occurred in the late 1980s with the increasing 
use of intra-articular corticosteroid injections in children with oligoar-
thritis and of methotrexate (MTX) in those with polyarthritis. The 
second major change occurred in the late 1990s with the development 
of biologic modifiers, first anti–tumor necrosis factor (TNF) medica-
tions and later biologic modifiers targeting other cytokines involved in 
the inflammatory process or lymphocyte receptors.

The discovery of new effective medications was facilitated by the 
development of research networks. The Pediatric Rheumatology Col-
laborative Study Group (PRCSG) in North America and the Pediatric 
Rheumatology International Trials Organization (PRINTO) in Europe 
and elsewhere have conducted high-quality, multicenter, multinational 
controlled trials. Another important development was the validation 
of efficacy outcome measures (Table 100.1). The American College of 
Rheumatology (ACR) Pediatric 30 (Pediatric ACR30) defines patients 
as responders or non-responders (Table 100.2).1 This outcome measure 
has been modified for systemic arthritis studies (includes the absence 
of fever and characteristic rash) and to define a flare outcome in drug 
withdrawal studies, used mainly in studies of rapid-acting biologic 
modifiers. Because of the advent of powerful biologic-modifying medi-
cations, patients and physicians expect to achieve much better responses 
than those of the Pediatric ACR30. Thus, most new studies also report 
the Pediatric ACR50/70/90 and even ACR100 response criteria. 
Recently, preliminary definitions of remission have been reported with 
three levels: inactive disease, clinical remission on medication, and 
clinical remission off medication (Table 100.3).2 New tools to assess 
disease activity as a composite numeric score based on modified joint 
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treatment of JIA. It is important to consider the dosing schedule and 
form of giving NSAIDs, with a preference to once- or twice-daily dosing 
because recent studies showed a low compliance of patients taking 
NSAIDs, with as many as half of the patients adherent less than 80% 
of the time.10 Suspension preparations are available for naproxen, ibu-
profen, meloxicam, and indomethacin; and celecoxib is available as 
sprinkable capsules.

NSAIDs approved by the U.S. Food and Drug Administration (FDA) 
for use in JIA include tolmetin, naproxen, ibuprofen, meloxicam, and 
celecoxib (Table 100.5). Other NSAIDs that underwent controlled 
studies include diclofenac, ketoprofen, indomethacin, fenoprofen, 
sulindac, and rofecoxib.11,12 Comparative efficacy of nabumetone was 
reported in an open study.13 Rofecoxib was approved by the FDA for 
JIA but was removed from the market because of cardiovascular adverse 
events in adults.

Serious gastrointestinal adverse effects of NSAIDs are rare, although 
as many as 28% of children develop gastrointestinal symptoms. Of 
these, 34% to 75% were found to have gastritis and/or duodenitis.4 
There was not a significant reduction in the incidence of gastrointes-
tinal adverse effect with the cyclooxygenase-2 selective celecoxib com-
pared with naproxen.12 These adverse effects can often be prevented by 
taking NSAIDs with food, but, if not, switching to another NSAID or 
using proton pump inhibitors or misoprostol may improve symptoms. 
Another important adverse effect is the development of pseudopor-
phyria, which is most often associated with the use of naproxen (preva-
lence up to 11.4%)14 in fair-haired white patients when used for 
oligoarthritis and usually occurs within 2 years of use. The scarring 

TABLE 100.1 ASSESSMENT AND OUTCOME MEASURE TOOLS FOR JIA

Domain Assessment tools

Disease activity Active joint count, acute-phase reactants

Global assessment Physician, patient visual analog scale

Functional 
assessment

Childhood Health Assessment Questionnaire (CHAQ), 
Juvenile Arthritis Functional Assessment Report 
(JAFAR), Juvenile Arthritis Functional Status Index 
(JASI)

Quality of life 
assessment

Childhood Health Questionnaire (CHQ), Peds-Quality 
of Life (QOL)—Rheumatology subset, pain visual 
analog scale

Radiologic damage Poznanski, Dijkstra scores

Disease-related 
irreversible damage

Juvenile Arthritis Damage Index (JADI)

Clinical trial outcome 
measures

American College of Rheumatology Pediatric 30 
(Pediatric ACR30) (modified for systemic arthritis and 
flare), criteria for inactive disease or clinical remission

TABLE 100.2 THE PEDIATRIC ACR30 FOR JIA TRIALS

1. Active joint count (joints with swelling or tender/pain on motion)
2. Joints with limited range of motion
3. Parent/patient global assessment (measured on 0-10 visual analog scale)
4. Physician global assessment (measured on 0-10 visual analog scale)
5. Laboratory measure of inflammation (erythrocyte sedimentation rate, 

C-reactive protein)
6. Functional assessment (Childhood Health Assessment Questionnaire)

NOTE: A patient’s disease is considered to have responded if there has been an improvement in 
at least three variables by at least 30% and worsening in not more than one variable by more 
than 30%.
From Giannini EH, Ruperto N, Ravelli A, et al. Preliminary definition of improvement in juvenile 
arthritis. Arthritis Rheum 1997;40:1202-1209.

TABLE 100.3 CRITERIA AND TYPES OF REMISSION IN JIA

1. No active arthritis
2. No fever, rash, serositis, splenomegaly, or generalized lymphadenopathy 

attributable to JIA
3. No active uveitis
4. Normal erythrocyte sedimentation rate or C-reactive protein
5. Physician’s global assessment of disease activity at the best score possible for 

the instrument used

Clinical remission on medication: 6 continuous months of inactive disease on medication
Clinical remission off medication: 12 months of inactive disease off all anti-arthritis (and 
anti-uveitis) medications.
From Wallace CA, Ruperto N, Giannini E, et al. Preliminary criteria for clinical remission for select 
categories of juvenile idiopathic arthritis. J Rheumatol 2004;31:2290-2294.

TABLE 100.4 MAJOR MEDICATIONS AND INDICATIONS FOR TREATMENT OF JIA

Medication Arthritis subtype Indication

NSAIDs All types Symptomatic: pain, 
stiffness, anti-
inflammatory in 
mild cases

Intra-articular 
corticosteroids

All types, mainly oligoarthritis Injection of few active 
joints

Systemic 
corticosteroids

Systemic, polyarthritis Fever, serositis, 
bridging medication, 
macrophage 
activation syndrome

Methotrexate All types, less effective in 
systemic and enthesitis-
related axial disease

Disease-modifying

Leflunomide Polyarthritis Disease-modifying

Sulfasalazine Oligoarthritis, polyarthritis, 
enthesitis-related peripheral 
disease

Disease-modifying

Cyclosporine Systemic Macrophage activation 
syndrome

Thalidomide Systemic Biologic modifier

Anti-TNF 
(etanercept 
infliximab, 
adalimumab)

Polyarthritis, enthesitis-related
Uveitis (infliximab, adalimumab), 

less effective in systemic

Biologic modifier

Abatacept Polyarthritis, including anti-TNF 
failure

Biologic modifier

Anti-IL-1 (anakinra, 
rilonacept, 
canakinumab)

Systemic Biologic modifier

Anti-IL-6 
(tocilizumab)

Systemic Biologic modifier

IVIg Systemic Steroid-sparing

NSAIDs, non-steroidal anti-inflammatory drugs; TNF, tumor necrosis factor; IL, interleukin; IVIg, 
intravenous immunoglobulin.

25% to 33% of the patients, mainly those with oligoarthritis, showed 
a significant response to NSAIDs.4 A 4-week trial of an individual 
NSAID is necessary to assess its efficacy. Because NSAIDs were not 
shown to alter the disease course or prevent joint damage, they are 
used more to treat pain, stiffness, and the fever associated with sys-
temic arthritis. No individual NSAID has been shown to have a clear 
advantage over others in treating arthritis, although there are sugges-
tions that indomethacin may be more beneficial for treatment of the 
fever and pericarditis of systemic arthritis and enthesitis-related arthri-
tis. The need to administer aspirin four times per day and to monitor 
serum levels, the association of Reye syndrome with salicylates, and 
other aspirin-related side effects (mainly liver enzyme abnormalities) 
have largely resulted in other NSAIDs replacing aspirin in the 
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early intra-articular corticosteroid injections when compared with a 
practice rarely employing intra-articular injections.8 The efficacy is less 
in patients with systemic arthritis. Two studies found that systemic 
and oligoarthritis patients with the 173-C macrophage migration 
inhibitory factor gene polymorphism responded less well to intra-artic-
ular corticosteroids. Several controlled studies, including a study of 
simultaneous injections of bilateral inflamed joints in individual 
patients, have found that long-acting triamcinolone hexacetonide was 
more effective and had a longer effect than other forms of injectable 
corticosteroids.19 Other reported factors associated with a longer remis-
sion after intra-articular injections include injection of the knee (as 
opposed to other joints), concomitant use of MTX, and the use of 
general anesthesia for the procedure. Intra-articular corticosteroid 
injections are also useful in the treatment of temporomandibular joint 
(TMJ) arthritis. For some joints it may be preferable to inject using 
radiologic guidance, particularly joints with difficult access, such as the 
hip, subtalar or temporomandibular joints, or complex multiple joints 
like the wrist.20 Studies in adults have shown a lack of equal distribu-
tion of corticosteroid throughout the wrist joints when injection is 
performed without radiologic guidance.

There are few adverse effects associated with these injections, most 
often the development of periarticular subcutaneous atrophy and/or 
asymptomatic intra-articular calcifications (Fig. 100.1). In some joints, 
especially the subtalar joint, this may occur in as many as 53% of 
injections. This may be prevented by injecting small amounts of saline 
into the joint after the injection and by applying pressure to the injec-
tion site. Repeated injections to an individual joint (generally not more 
than every 3 months) were not found to be associated with joint or 
cartilage damage. Patients must be warned about the risks of infection, 
although this is extremely rare when done in aseptic conditions. Occa-
sional cases of aseptic necrosis more likely result from severe underly-
ing disease than the joint injection.

Younger children, or children needing multiple joint injections, 
usually require sedation during the procedure. Various types of seda-
tion have been employed, including nitrous oxide, various methods of 
conscious sedation, and general anesthesia. The use of lidocaine-based 
cream before the procedure was found in a controlled study not to be 
beneficial in pain reduction.21

METHOTREXATE
The use of MTX is the cornerstone of the treatment plan for most 
patients with polyarthritis (Table 100.6).22-24 A large, open, randomized 

resulting from pseudoporphyria may not resolve for years. Central 
nervous system adverse effects may occur, including headaches and 
disorientation, especially from indomethacin. Renal adverse effects, 
particularly papillary necrosis or tubular function abnormalities, are 
uncommon in children but are more frequent during concurrent use 
of more than one NSAID. The issue of cardiovascular adverse effects 
was not addressed, but there are no reports of these events in children 
with JIA; however, only two NSAID studies (naproxen, meloxicam) 
prospectively followed JIA patients for at least 6 months.11

CORTICOSTEROIDS
Because of many deleterious effects, especially the effect on bone and 
growth, pediatric rheumatologists try to minimize the use of systemic 
corticosteroids for JIA. There is no evidence that systemic corticoste-
roids are disease modifying. The main indications for the use of sys-
temic corticosteroids are severe fever, serositis, and the macrophage 
activation syndrome in patients with systemic arthritis. They are also 
frequently used as a bridging medication until other disease-modifying 
medications take effect. In some patients periodic intravenous pulses 
of corticosteroids (30 mg/kg/dose, maximal 1 g, usually given for 1-3 
consecutive days) are used instead of high-dose daily oral corticoste-
roids, although there are no controlled studies showing fewer adverse 
effects of this modality in children and the effect is short lived. High-
dose alternate-day corticosteroids may be an alternative to daily corti-
costeroids in systemic arthritis, with one series showing equal efficacy 
and fewer adverse events.15 One controlled study showed that the use 
of intravenous “mini-pulses” of corticosteroids in the first week of 
using corticosteroids to treat systemic arthritis resulted in lower daily 
and cumulative doses at 6 months when compared with traditional 
initial oral doses of corticosteroids.16

There is better evidence for the efficacy of intra-articular injections 
of corticosteroids, mainly in patients with oligoarthritis. A Markov 
decision-analysis model comparing various modalities of treatment for 
knee monoarthritis found that an initial intra-articular corticosteroid 
injection was associated with the best patient outcome in terms of 
efficacy, duration of active arthritis, and adverse effects.17 As many as 
70% of patients with oligoarthritis do not have reactivation of disease 
in the injected joint for at least 1 year, and in 40% to 60% of patients 
this can be for more than 2 years.18 Radiographic and MRI studies have 
shown a marked decrease in synovial volume after injection without 
deleterious effects on the cartilage. There were significantly fewer 
patients with leg-length discrepancies in a practice advocating repeated 

TABLE 100.5 DOSAGE AND SPECIAL CHARACTERISTICS OF NSAIDS COMMONLY USED TO TREAT JIA

NSAID

Dose 

How supplied Special characteristicsIn mg/kg Max. Times per day

Acetylsalicylic acid 80-100 4000 3-4 Tablet Need to measure levels, liver enzyme abnormalities, risk for Reye syndrome

Naproxen* 15-20 1000 2 Tablet, suspension Pseudoporphyria

Ibuprofen* 30-50 2400 3-4 Tablet, suspension

Indomethacin 1.5-3.0 200 1-2 Capsule, suspension More gastrointestinal and neurologic adverse events, perhaps more beneficial for 
fever, pericarditis in systemic and enthesitis-related arthritis

Tolmetin* 20-30 1800 3 Tablet

Sulindac 4-6 400 2 Tablet Fewer renal adverse events

Diclofenac 2-3 200 2 Tablet

Piroxicam 0.2-0.3 20 1 Tablet More gastrointestinal adverse effects

Etodolac 10-20 1000 2 Tablet, capsule

Meloxicam* 0.25-0.375 15 1 Tablet, suspension

Nabumetone 30 2000 1 Tablet

Celecoxib* 3-6 200 2 Capsule Use for bleeding disorders, cross-reacts with sulfa allergies

NSAID, Non-steroidal anti-inflammatory drug.
*Approved by the U. S. Food and Drug Administration for the treatment of JIA.
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and perhaps liver enzyme abnormalities without decreasing the efficacy 
of MTX.29

Nausea and other gastrointestinal symptoms are frequent. Strate-
gies to decrease the severity of these phenomena include taking MTX 
before bed, switching the mode of administration (oral to parenteral), 
and using antiemetics. Many children, especially adolescents, develop 
a psychological aversion to MTX, which may include anticipatory 
nausea or behavioral distress before the administration of MTX. This 
adverse effect may be alleviated by behavioral therapy, including teach-
ing relaxation or self-hypnosis techniques. Although mild elevations of 
liver enzymes occur frequently through the course of treatment, no 
cases of severe, irreversible liver fibrosis have been reported in JIA.30 
Routine liver biopsies are not recommended. Persistent liver enzyme 
abnormalities and obesity are associated with more significant liver 
histology changes, including mild fibrosis, and liver biopsies should be 
considered in those patients. The presence of the 677T allele in the 
MTHFR gene was associated with more adverse effects (nausea, liver 
enzyme abnormalities, and hair loss) than the C allele in one study.26

Tests to monitor for MTX toxicity, complete blood cell counts, liver 
enzymes, and renal function are recommended, although the optimal 
frequency of testing is unclear. Although most pediatric rheumatolo-
gists follow adult ACR guidelines in testing every 4 to 8 weeks, one 
study reported that tests at 3-month intervals at doses up to 15 mg/
m2/wk detected significant hematologic and liver enzyme abnormalities 
as often as testing at monthly intervals. Pulmonary toxicity is very rare 

study showed that increasing the dose of MTX to 15 mg/m2/wk and 
giving it by subcutaneous injection was effective for most patients not 
responsive to 10 mg/m2/wk given orally. There was no additional 
advantage in giving higher doses up to 30 mg/m2/wk.25

The efficacy of MTX differs by the subtype of JIA, with the greatest 
efficacy seen in patients with extended oligoarthritis and much lower 
effects in patients with systemic arthritis.23 The presence of the 1298C 
allele in the methylenetetrahydrofolate reductase (MTHFR) gene was 
associated with increased efficacy compared with the A allele.26 MTX 
may exhibit a disease-modifying effect because the radiologic damage 
progression rate was decreased in two small uncontrolled series. MTX 
treatment was also found to improve growth parameters at 1 and 3 
years, both for height and weight, among prepubertal children who 
responded to MTX.27 The early response to MTX may be predictive of 
the long-term outcome. Patients with a Pediatric ACR70 response to 
MTX by 6 months had significantly less active joints and joints with 
limitation of motion than patients with a lesser or no response years 
later. MTX also improves the health-related quality of life.

It is not clear when MTX should be discontinued in patients who 
have responded. Patients with JIA may experience a flare in up to 60% 
of cases after discontinuing MTX, usually by 18 months. One retro-
spective survey found that continuing MTX for more than 1 year after 
inactive disease was associated with a lower rate of flare, but another 
study did not find differences between patients who discontinued MTX 
3 months after disease inactivity and at 1 year. The level of myeloid-
basic protein 14 was a better measure to predict which patients would 
experience a flare when MTX was discontinued.28 Nearly 90% of the 
patients responded when MTX was restarted. There is no good evi-
dence about the preferred method of tapering MTX before 
discontinuation.

Because food decreases the bioavailability of MTX it is advised to 
give MTX on an empty stomach. At doses of 10 mg/m2/wk there is no 
difference in the efficacy of MTX whether administered orally or par-
enterally, although parenteral MTX may be better tolerated. MTX at 
greater doses is usually given by subcutaneous or intramuscular injec-
tion, because oral MTX is not absorbed well at doses greater than or 
equal to 12 mg/m2.

MTX should be administered with folic acid, 1 mg/day, or folinic 
acid, 25% to 50% of the MTX dose, given once weekly the day after 
MTX. A controlled study of folic acid and a retrospective study of 
folinic acid found decreased adverse effects of nausea, oral ulcerations, 

Fig. 100.1 Radiograph of ankle joint demonstrating calcifications secondary to 
corticosteroid injection.

TABLE 100.6 DOSAGES AND MAJOR ADVERSE REACTIONS OF OTHER MAJOR 
MEDICATIONS USED TO TREAT JIA

Medication Dose Main adverse reactions

Methotrexate 10-15 mg/m2/wk (parenteral 
if >12.5 mg/m2), max. 
30 mg

Gastrointestinal symptoms, 
mouth sores, liver 
enzymes, cytopenia

Sulfasalazine 30-50 mg/kg/day, max. 
3000 mg, divided in 2 
doses

Gastrointestinal symptoms, 
rashes (Stevens-Johnson 
syndrome), cytopenia

Leflunomide <20 kg: 10 mg every other 
day

Gastrointestinal symptoms, 
increased liver enzymes

20-40 kg: 10 mg/day

>40 kg: 20 mg/day

Etanercept 0.8 mg/kg, max. 50 mg, SC 
injection once weekly or 
0.4 mg/kg twice weekly

Injection site reaction, 
upper respiratory 
symptoms, infections

Adalimumab <30 kg: 20 mg SC injection 
every other week

≥30 kg: 40 mg SC injection 
every other week

Injection site reaction, 
upper respiratory 
symptoms, infections

Infliximab 6 mg/kg, intravenously at 
weeks 0, 2, 6 then every 
6-8 weeks (may need to 
administer every 4 weeks)

Infusion reactions (allergic), 
infections

Anakinra 1-2 mg/kg/day SC injection, 
max. 100 mg

Injection site reaction, 
upper respiratory 
symptoms, infections

Abatacept 10 mg/kg, intravenous at 
week 0, 2, 4 then every 4 
weeks, max. 1000 mg

Infections

Tocilizumab <20 kg: 12 mg/kg, 
intravenous every 2 weeks

≥20 kg: 8 mg/kg, 
intravenous every 2 weeks

Infections, liver enzymes, 
hypercholesterolemia

Triamcinolone 
hexacetonide

For large joints: 1 mg/kg IA 
injection, max. 40 mg

Potential for infection, 
subcutaneous atrophy, 
intra-articular 
calcifications
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Pediatric ACR30 versus none of the original placebo group, even 
though 83% of the placebo group received sulfasalazine when the ran-
domized phase was completed. The sulfasalazine group also reported 
improved well-being and had more patients in remission off medication 
after 9 years than the placebo group.33 Sulfasalazine may also have 
disease-modifying effects on radiologic progression.3

In a small placebo-controlled study of juvenile spondyloarthropathy 
comparing sulfasalazine with chloroquine in oligoarthritis and polyar-
thritis, no significant differences were found.11 In many of the open 
studies sulfasalazine was most effective in older males with oligoar-
thritis, representing, perhaps, children with enthesitis-related arthritis. 
Adverse reactions were frequently reported, especially rashes, gastroin-
testinal symptoms, and leukopenia, and sulfasalazine was discontin-
ued in nearly one third of the patients. The dose of sulfasalazine is 
usually gradually increased to prevent some of these adverse events. 
Adverse effects may be especially severe in patients with systemic 
arthritis, with the potential for the development of macrophage activa-
tion syndrome. Sulfasalazine is contraindicated in patients with por-
phyria and glucose-6-phosphate dehydrogenase deficiency.

In a controlled study comparing leflunomide to MTX for patients 
with polyarthritis, significantly more responders were found in the 
MTX group, although high response rates were also found with leflu-
nomide.34 Many of the leflunomide non-responders were in the younger 
group receiving 10 mg every other day. Indeed, pharmacokinetic studies 
showed a lower steady-state concentration of the active metabolite of 
leflunomide in children weighing less than 40 kg, suggesting that some 
of the smaller children may have responded to a higher dose.35 Most 
of the patients responsive to leflunomide maintained their response in 
a 2-year open label extension study. No significant differences in 
adverse effects were found. A controlled study of azathioprine in JIA 
did not find a significantly greater efficacy than placebo.11 There are no 
studies of minocycline use in JIA.

There are no controlled studies of cyclosporine in JIA. Small series 
have shown cyclosporine to be efficacious in some patients refractory 
to MTX. However, in a large international phase 4 post-marketing 
study of the use of cyclosporine in 329 patients, remission was reported 
in only 9% of patients, whereas 61% continued to have moderate to 
severe arthritis and discontinued the medication due to lack of effi-
cacy.36 Cyclosporine may be more beneficial for fever control and 
corticosteroid dose reduction than for the treatment of patients with 
systemic arthritis and may be especially effective in patients with the 
macrophage activation syndrome.37 There were many adverse effects, 
especially renal, associated with cyclosporine.36

One large, open series showed chlorambucil to be beneficial in 
patients with refractory JIA, especially those with amyloidosis, but the 
high mortality rate (6%), including the development of leukemia, pre-
cludes using the drug other than as a last resort.38

Two multicenter series found that thalidomide was effective for 26 
of 32 patients with refractory systemic arthritis, both for systemic 
features and arthritis, with most patients able to significantly reduce 
their corticosteroid use and obtaining at least a Pediatric ACR30 
response.39 However, 5 patients developed peripheral neuropathy (2 
clinically and 3 by electromyography monitoring). Therefore, besides 
the teratogenic effect, careful observation for the development of 
peripheral neuropathy is necessary. Drowsiness may be significant and 
may require dose reduction or discontinuation.

There are no controlled studies of combination DMARD therapy 
with or without MTX in JIA. In a series of 17 patients with polyarthri-
tis refractory to MTX, treated with MTX and cyclosporine, 8 (47%) 
met the Pediatric ACR30 criteria for improvement. In a study of 18 
patients with systemic arthritis an excellent response rate was found 
in all patients treated with a combination of intravenous pulse corti-
costeroids and cyclophosphamide, 400 mg/m2, given every 3 months 
with MTX, 10 mg/m2/wk, when treated early in the disease course for 
1 year. However no long-term results have been reported.11

BIOLOGIC-MODIFYING MEDICATIONS
Anti-TNF medications
Three anti-TNF medications are currently used in JIA: (1) etanercept, 
a genetically engineered p75-soluble TNF receptor fused to the Fc 

in children. Nodulosis has rarely been reported. Very few severe infec-
tions have been reported in children. Recent studies showing efficacy 
of mumps, measles, and rubella vaccine without causing disease flare 
have resulted in many pediatric rheumatologists modifying previous 
recommendations that children avoid live vaccinations while using 
MTX.31 Non-live vaccinations are safe to be given, and seasonal influ-
enza vaccine is recommended. The issue of varicella vaccine has not 
been studied. If possible, children should receive varicella vaccine 
before starting MTX, although it is not clear how long after it is neces-
sary to wait before starting MTX. Rare cases of Hodgkin’s and non-
Hodgkin’s lymphoma have been reported in children treated with 
MTX, in one case associated with Epstein-Barr virus infection. Although 
no formal studies were done, current data do not suggest that the rate 
of malignancies is greater than in the general child population. There 
does not seem to be any long-term impact on fertility.

OTHER DISEASE-MODIFYING ANTI-RHEUMATIC 
DRUGS (DMARDS) AND IMMUNOSUPPRESSIVE 
MEDICATIONS (Tables 100.6 and 100.7)

Most controlled studies in children did not find hydroxychloroquine, 
oral gold, or d-penicillamine to be significantly effective in the treat-
ment of JIA, although one study using less rigorous outcome measures 
found that d-penicillamine was more effective than placebo in the 
treatment of oligoarthritis and polyarthritis.4,11 A subsequent study 
could not find differences between responders and non-responders to 
those drugs.4 One study did not find parenteral gold to be more effective 
than d-penicillamine or hydroxychloroquine.11

Most studies of sulfasalazine were not controlled. One controlled 
study showed that sulfasalazine is effective in the treatment of oligo-
arthritis and polyarthritis,32 and an earlier introduction of treatment 
may result in better long-term outcomes. A follow-up of 61 of 68 
patients in that study for a median of 9 years reported that the effec-
tiveness of those who received sulfasalazine persisted, with 77% of the 
sulfasalazine group still considered at follow-up to be responders by the 

TABLE 100.7 EFFICACY OF COMMON MEDICATIONS USED TO TREAT JIA

Medication

Efficacy

Persistent 
Oligoarthritis

Polyarticular-
onset JIA

Systemic-onset 
arthritis

NSAID Mild-moderate Mild Mild

Intra-articular 
corticosteroids

Significant Moderate Mild-moderate

Methotrexate Significant Significant Mild

Leflunomide Unknown Significant Unknown

Sulfasalazine Unclear Moderate Contraindicated†

Etanercept Unknown Significant Moderate

Infliximab Unknown Significant* Moderate

Adalimumab Unknown Significant Unknown

Abatacept Unknown Significant Unknown

Anakinra Unknown Moderate* Moderate-significant

Rilonacept Unknown Unknown Moderate-significant

Tocilizumab Unknown Unknown Significant

Mild: effective in up to 25% of patients; Moderate: effective in 25%-50% of patients; Significant: 
effective in more than 50% of patients. For intra-articular corticosteroids, efficacy was measured 
as benefit for more than 6 months.
NSAID, non-steroidal anti-inflammatory drug.
NOTE: Non-effective medications (i.e., hydroxychloroquine, penicillamine, oral gold, 
azathioprine) or medications not commonly used (cyclophosphamide, intravenous 
immunoglobulin, thalidomide, collagen) or not studied in children (rituximab, minocycline) were 
not included in this table. Evidence is lacking on the utility of medications in the other types of 
JIA.
*Was not significantly more effective than placebo in controlled study.
†Sulfasalazine is associated with development of macrophage activation syndrome in patients 
with systemic disease.
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histoplasmosis were reported in the use of anti-TNF medications for 
JIA. Rare cases of malignancy, mainly lymphoma, have been reported 
in children and young adults treated with anti-TNF for JIA and Crohn’s 
disease, but it is not clear whether the rate is greater than that expected 
in population or disease-cohort studies.48 The FDA has issued an 
updated boxed warning highlighting the increased risk of cancer, 
including lymphoma, leukemia, and melanoma, in children and ado-
lescents who receive anti-TNF agents. Autoimmune phenomena have 
been reported in several children or young adults with JIA, including 
the development of diabetes mellitus after 2 months of etanercept 
therapy, drug-induced lupus, cutaneous vasculitis, and central nervous 
system demyelination. Administering infliximab at a dose of 6 mg/kg 
as well as premedication with acetaminophen, diphenhydramine, and, 
occasionally, hydrocortisone may prevent or minimize infusion reac-
tions that may rarely result in anaphylaxis. Overall, the rate of serious 
adverse effects from anti-TNF medications is estimated at 0.03 to 0.12 
events per patient-year of treatment.46 Several cases of a uveitis flare 
or the new development of uveitis were reported during use of etaner-
cept. Adult screening guidelines for tuberculosis, at a minimum using 
purified protein derivative (PPD) skin testing before anti-TNF therapy 
are generally adopted in pediatric practice. Although one small study 
suggested it may be safe, current recommendations are to avoid live 
vaccines with anti-TNF therapy. Attention should be paid to a family 
history of demyelinating disease, and consultation with a neurologist 
should be obtained if symptoms and signs consistent with demyelin-
ation develop.

Abatacept
Abatacept, a selective T-cell co-stimulator inhibitor (CTLA-4Ig), was 
found to be effective in polyarticular-onset JIA in a controlled two-
phase withdrawal study among 190 patients treated with 10 mg/kg 
(max: 1000 mg) intravenously at week 0, 2, 4 and then every 4 weeks.50 
Although abatacept was more effective in anti-TNF–naive patients, 
nearly 40% of patients who were anti-TNF failures were considered 
Pediatric ACR30 responders. Adverse effects were generally mild with 
rare infectious serious adverse events reported. Abatacept has been 
approved by the FDA for use in polyarticular-onset JIA from age 4 
years.

Anti-Interleukin (IL)-1 medications
There are three anti-IL-1 medications on the market or in develop-
ment: anakinra, an IL-1 receptor antagonist; rilonacept, an IL-1 trap 
(soluble receptor); and canakinumab, an IL-1 antibody. Most trials and 
clinical experience have been with anakinra.

In a controlled withdrawal study of anakinra given at 1 mg/kg/day 
(max: 100 mg) subcutaneously to 86 patients with polyarticular-onset 
JIA there was no evidence of a significantly decreased flare rate among 
the anakinra group compared with the placebo group, although the 
study was underpowered.51 Adverse events were mild and were mainly 
pain at the injection site and reactions. No differences were seen in 
children treated with or without concurrent MTX.

However, anakinra may have an important role in systemic-onset 
JIA. Several studies have shown benefit for both the systemic and 
articular components, including patients not responsive to anti-TNF 
medications. Indeed, in the study of polyarthritis, patients with sys-
temic-onset disease showed a more favorable response than those  
with polyarthritis or oligoarthritis onset: 79% vs. 67% vs. 52%, respec-
tively.51 Pascual and coworkers reported complete remission in 7 of 9 
patients refractory to other medications, including anti-TNF in 4 
patients and a partial response in another 2 patients. Sera from 4 of 
these patients were shown to stimulate IL-1 gene expression and pro-
duction in mononuclear blood cells from healthy individuals, whereas 
IL-6 gene stimulation was demonstrated in only 1 of these patients.52 
However, it seems that not all patients with systemic-onset JIA respond 
to anakinra. In studies from Europe it appears that there are two 
subsets of patients in regard to response to anakinra, with about 50% 
exhibiting a dramatic response while others have a small or lack of 
response.53,54 It was not possible to predict who would respond based 
on initial clinical presentation and IL-1 secretion levels before therapy.53 
A recent study was able to distinguish the gene expression profile of 

domain fragment of human IgG1; (2) adalimumab, a humanized TNF 
antibody; and (3) infliximab, a murine-based TNF antibody.

Etanercept and adalimumab both have been approved by the FDA 
for use in polyarticular-onset JIA after they were found to be effective 
in two-phase withdrawal studies.40,41 One study found that patients 
with the 308GG polymorphism in the TNF promoter gene responded 
significantly more frequently to etanercept than those with 308GA or 
AA.42 Several uncontrolled studies and surveys have suggested that 
etanercept and infliximab are less effective in patients with systemic 
arthritis and that the initial response is often not sustained in these 
patients.43 An excellent response to anti-TNF medications has been 
reported in uncontrolled studies of patients with juvenile spondyloar-
thropathies.44 These agents usually have a rapid onset of action, but 
the maximal effect may take several months.

The dose of etanercept is either 0.4 mg/kg (max: 25 mg) given sub-
cutaneously twice weekly or 0.8 mg/kg (max: 50 mg) once weekly and 
is approved from the age of 2 years. Adalimumab is given subcutane-
ously at a dose of 20 mg every other week in children weighing less 
than 30 kg and 40 mg every other week in children larger than 30 kg 
and is approved from the age of 4 years. In the controlled study, inf-
liximab did not attain statistical significance compared with placebo 
for the primary outcome, mainly owing to study design and conduct 
issues, but it still was effective in the majority of patients.45 Infliximab 
is given intravenously, initially at a dose of 6 mg/kg at weeks 0, 2, and 
6 and then every 8 weeks. This dose is associated with fewer adverse 
effects than 3 mg/kg, especially infusion reactions and the development 
of human anti-chimeric antibodies to infliximab.45

Open-label extension studies of the original pivotal study etanercept 
cohort for up to 8 years as well as other registries have shown continued 
efficacy in the majority of patients, although MTX was added to many 
of the patients and prednisone to some.46 More than 50% of patients 
on anti-TNF medications have a response greater than the Pediatric 
ACR70 level. These and other studies have shown a survival of the 
first anti-TNF medications of 50% to 60% after 4 years, with the major 
cause of discontinuation being lack of efficacy in 20% to 30% of 
patients and adverse events in 22% of infliximab-treated patients and 
7% of those treated with etanercept. Nearly a similar survival rate was 
found in about the one third of patients switched to another anti-TNF 
medication.47

No controlled studies were published on the combination of etan-
ercept with MTX versus etanercept or MTX alone, although in the 
German registry data there was a higher Pediatric ACR30/50/70 
response in patients receiving the MTX-etanercept combination as 
opposed to etanercept monotherapy.48 However, there may be greater 
adverse effects in the combination group with more infections and 
non-infectious serious adverse effects reported in the combination 
group, including three malignancies, as compared with the mono-
therapy group. Similar efficacy results were found in the pivotal adali-
mumab study with a tendency for greater response when combined 
with MTX, although the study was not powered for this outcome.41 A 
controlled study comparing the use of etanercept-MTX combination 
therapy (with low-dose prednisone in the first 4 months) versus  
MTX monotherapy for early polyarthritis is in advanced stages of 
enrollment.

Initial signs of a disease-modifying effect of anti-TNF medications 
have been found, including slower radiologic progression measured by 
the Poznanski score among 40 patients compared with a historic MTX 
cohort of 67 patients.49 Other improved outcome measures related to 
anti-TNF therapy include significant increase in bone strength mea-
sured by ultrasound among etanercept responders after a year of treat-
ment, improved growth velocity independent of corticosteroid dose and 
pubertal stage, and improved functional status and quality of life.

Adverse effects of anti-TNF medications, although potentially 
severe, are generally mild, mainly injection site reactions, upper respi-
ratory infections, and headaches.40,41,45,46 However, in a series of 61 
patients with polyarthritis and systemic arthritis, 12 (20%) discontin-
ued etanercept due to adverse effects, including neurologic symptoms, 
psychiatric problems, severe infections, cutaneous vasculitis, and pan-
cytopenia. One case of aseptic meningitis complicating varicella and 
other bacterial infections needing hospitalization has been reported. 
One patient developed group A β-hemolytic streptococcal sepsis that 
resulted in amputation of a foot.40 Rare cases of tuberculosis and 
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THERAPY FOR UVEITIS
Topical therapy for uveitis with corticosteroid drops and mydriatics to 
prevent posterior synechiae is the treatment of choice. Other local 
therapies include subtenon corticosteroid injections or long-acting cor-
ticosteroid implants. However, it is often hard to wean patients with 
JIA-related uveitis from topical therapy, and many patients develop 
treatment-related complications of cataract and glaucoma. Unfortu-
nately, despite the known complications of JIA-related uveitis and 
topical corticosteroid treatment, until recently the majority of patients 
with uveitis were not treated with corticosteroid-sparing medications. 
One study showed only 9 of 44 (20%) patients were treated with MTX 
or other immunosuppressive medications. The utility of disease-mod-
ifying therapy, especially MTX, was reported in several uncontrolled 
studies.59 Most patients respond to therapy and more than 50% attain 
remission while on MTX. In a 20-year series, early immunosuppressive 
therapy (mostly with MTX) was associated with an improved visual 
acuity outcome compared with a late initiation of therapy (P < .005) 
with near normalization of visual acuity in patients entering remission 
within 3 years of starting therapy.60 However, not all patients respond 
to MTX, and some even develop uveitis during MTX therapy.

Etanercept, unfortunately, does not appear to be effective in the 
treatment of JIA-related uveitis. A small, controlled, double-blind study 
of 12 patients as well as uncontrolled studies did not find etanercept 
to be effective.61 For patients non-responsive to MTX or other immu-
nosuppressive medications, several series have found infliximab and 
adalimumab to be effective in inducing remission, including discon-
tinuation of topical corticosteroids for most patients.62-64 In a retrospec-
tive, comparative study from Toronto of 25 children with uveitis, 
including 15 with JIA, patients treated with infliximab were more likely 
to have a better clinical response and fewer eye complications, including 
cataract or glaucoma, than those treated with etanercept.62 However, 
a recent adult study showed that for many patients the effect of inflix-
imab wore off with time. In one study, 35% of patients previously 
treated with infliximab responded to adalimumab.64 In some patients 
it is necessary to give weekly adalimumab. For very severe cases chlo-
rambucil has been used. A recent paper found little value for cyclospo-
rine for JIA uveitis, with only one fourth of the patients treated with 
cyclosporine monotherapy developing inactive uveitis. There are little 
data on the effect of mycophenolate mofetil or azathioprine in JIA-
related uveitis. However, in a small series it appears that mycophenolate 
was not as effective in JIA-related uveitis as for other types of uveitis.65

MANAGEMENT OF PAIN
Pain, the most common symptom in children with JIA, is an important 
determinant of physical function and quality of life. Even modest 
reduction in pain can result in an improvement in the quality of life 
of children with JIA.66

Control of inflammation is critical to the management of pain. 
Because there are multiple factors leading to pain, specific treatment 
above and beyond anti-inflammatory treatment, including pharmaco-
logic and psychosocial approaches, should be pursued. Cognitive 
behavioral therapy approaches with an experienced psychologist/pain 
management team may often assist with strategies and pain coping.67 
Several interventions in children with JIA68,69 can improve fitness and 
may reduce disease activity and pain. Because poor sleep may be a 
contributing factor to pain, sleep hygiene should be monitored.70

Pharmacologic approaches to pain control have traditionally used a 
“step-up” approach, beginning with acetaminophen, progressing to 
non-steroidal anti-inflammatory drugs and opioids. Most pediatric 
rheumatologists are reluctant to prescribe opioids for fear of their side 
effects and potential for addiction despite evidence that addiction is 
not a problem when these medications are used appropriately and 
prescribed by experienced practitioners in a well-controlled and moni-
tored environment.71 The development of localized and diffuse pain 
syndromes such as fibromyalgia in patients with JIA must also be 
addressed. While pharmacologic approaches with tricyclic antidepres-
sants may offer short-term relief, drug therapy alone is generally inef-
fective. Amitriptyline, 25 mg before bedtime, was not found to be 
effective in treatment of pain for active polyarticular-onset JIA.72 Care 
must be taken if prescribing selective serotonin reuptake inhibitors and 

patients with systemic arthritis from those with other febrile diseases 
as well as to show the difference before and after anti-IL-1 therapy.55 
This study found 88 systemic arthritis specific genes with 12 accurately 
predicting those with systemic features of fever and rash. It appears 
that IL-1 plays an important role in systemic arthritis and many 
patients respond dramatically to therapy.

A small pilot phase 1 study of rilonacept for systemic arthritis 
showed that it was safe at a dose of 2.2 mg/kg/day administered sub-
cutaneously (max: 160 mg), but only about 50% were responders. In 
the controlled phase of this trial (not designed primarily for efficacy) 
there were no significant differences with the placebo group.56 Further 
increase of the dose to 4.4 mg/kg/day did not result in improved effi-
cacy. Further studies of rilonacept and canakinumab are underway as 
well as gene expression studies to attempt to predict anti-IL-1 therapy 
responders.

Anti-IL-6
IL-6 is an important cytokine in the pathogenesis of systemic arthritis, 
especially for systemic symptoms, thrombocytosis, osteoporosis, and 
growth retardation. A controlled two-phase withdrawal study of tocili-
zumab, an antibody to the IL-6 receptor, for systemic arthritis, given 
intravenously at a dose of 8 mg/kg every 2 weeks, with a 48-week open 
extension, showed a Pediatric ACR30 response rate of 91% and a 
Pediatric ACR70 rate of 68%.57 Flares were significantly increased in 
the placebo withdrawal group. Serious adverse events have included 
anaphylaxis, gastrointestinal perforation, and non-opportunistic infec-
tions. Hyperlipidemia may also occur. There is another ongoing  
controlled study in systemic arthritis that has just completed 
enrollment.

Intravenous immunoglobulin
Two controlled studies did not find intravenous immunglobulin (IVIg) 
to be effective in the treatment of the arthritis component of systemic- 
and polyarthritis JIA.11 However, both studies were small and had 
insufficient power to detect significant differences. There may be more 
benefit for IVIg in the first year of the disease and for the treatment of 
the systemic features of systemic-onset arthritis, but this has not been 
examined in a controlled study. IVIg is often used in the treatment of 
macrophage activation syndrome at a dose of 2 g/kg.

Rituximab
There are only rare case reports of the use of rituximab (anti-CD20 
mature B-cell antibodies) for JIA.

Autologous stem cell transplantation (ASCT)
There is substantial evidence that abnormal autoreactive T-cell clones 
have an important role in the pathogenesis of JIA. Wulffraat and associ-
ates first reported in 1999 on 4 Dutch children with long-standing and 
unresponsive systemic and polyarthritis JIA who underwent ASCT 
with non-autoreactive T-cell precursors. The same group has reported 
on 34 patients (most with systemic arthritis), with a mean follow-up 
of 29 months (range: 12-60 months).58 Complete drug-free remission 
was reported in 18 (53%) patients, partial response according to the 
Pediatric ACR30 in 6 (18%) patients, and no improvement in 7 (21%). 
There were 5 (15%) deaths after ASCT, 3 from early post-ASCT infec-
tion-associated macrophage activation syndrome (triggered by Epstein-
Barr virus, cytomegalovirus, and Toxoplasma) and 2 non-responsive 
patients, 13 and 16 months post ASCT. In responsive patients there 
were marked changes in the synovial cellular and cytokine profile, 
restoration of perforin and natural killer cell function, and decrease in 
the secretion of myeloid-related proteins. However, 5 responders of 20 
patients followed for a median of 80 months experienced a relapse of 
their disease, 2 of whom died of infections after renewal of immuno-
suppressive medications.

There are still many unknown issues regarding patient selection, 
conditioning protocol, graft preparation, and post-transplant care. 
Therefore, ASCT must still be regarded as an experimental procedure 
for selected patients with severe and unremitting disease.
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appropriate therapy. In general, however, the effect of synovectomy is 
transient. In one study only about one third of patients remained in 
remission after a mean follow-up of 65 months. Factors predicting a 
more sustained response were persistent, unique, isolated monarticular 
disease; shorter disease duration; and normal acute-phase reactants. 
No side effects were observed.82 A high recurrence rate post synovec-
tomy was also seen in a group of patients who did not receive intra-
articular corticosteroids after the procedure.83 Elbow synovectomy in 
19 patients with juvenile rheumatoid arthritis (JRA) resulted in excel-
lent or good subjective outcome in 72% of patients but no significant 
improvement in functional ability or range of motion, and complete 
pain relief was achieved in only 44% of patients.84 Open hip joint syno-
vectomies performed in 67 hips of 56 patients with both early and late 
disease provided significant improvements in pain, mobility, walking 
ability, and function. A 94% hip survival rate at a mean of 4 years post 
synovectomy was reported.85 Although there may not be long-term 
efficacy, the benefit of arthroscopic synovectomy, at least in the hip, 
may be to temporize while systemic medications such as methotrexate 
or biologic agents are taking effect.

Epiphysiodesis
With the early institution of more “aggressive” medical management, 
including intra-articular corticosteroids, the development of leg-length 
discrepancy and progressive valgus deformity of the knee is less 
common than in the past. Appropriately timed epiphysiodesis with 
temporary stapling of the femoral, with or without tibial epiphyses, has 
resulted in excellent short- and long-term outcomes in correcting leg-
length discrepancy with few complications.86 Patients must be followed 
closely to avoid overcorrection. This procedure is preferable to surgical 
epiphysiodesis, which is not reversible. Epiphysiodesis with stapling 
may also be considered in patients with valgus deformity of the knee, 
a common knee deformity in JIA. This can be considered when the 
intermalleolar distance exceeds 10 cm and the physeal growth plates 
are still open. Although the possible benefit in postponing the need for 
total-knee arthroplasty appears to be limited, it may ultimately make 
the procedure easier by reducing the soft tissue and bony imbalance. 
Both short- and long-term outcomes of this procedure are generally 
good.87,88

Complications from stapling may arise if the staples are inserted 
incorrectly and they may damage the growth plate, leading to progres-
sive deformity. Deep infection is another possible, although unusual, 
complication.

Arthroplasty
Although current approaches to treatment have led to marked improve-
ments in outcomes, a small number of children still develop significant 
joint damage, debilitating pain, and loss of function. It is for these 
indications that joint replacement surgery may be contemplated. When 
this is considered, a number of specific issues relevant to the pediatric 
patient must be considered. Because of the extensive rehabilitation 
required and the necessity of adhering to a rehabilitation regimen, the 
emotional and psychosocial state of the child and family must be 
assessed to ensure that compliance with the program will be maintained. 
Special attention must be paid to joint contractures and soft tissue 
management at the time of surgery, requiring release of soft tissues 
and correction of bony changes. The effect of the disease on growth 
may result in small bones and difficulty getting a standard prosthesis, 
and therefore custom-made prostheses are often required. Finally, bone 
quality is often poor owing to the underlying disease activity, poor 
nutrition, immobility, and sometimes corticosteroid therapy. This may 
result in difficulties using the generally preferred uncemented prosthe-
sis. In general, attempts should be made to delay surgery until the child 
has stopped growing. However, this must be balanced with the degree 
of disability and pain. It is important to keep all these principles in 
mind when considering total joint replacement in patients with JIA.

Results of total hip and knee arthroplasty are generally quite good. 
Improvements in pain, function, and range of motion are expected after 
hip arthroplasty.89,90 Revisions may be necessary owing to aseptic loos-
ening with functional impairment. Even in experienced hands, revision 
surgery is difficult.91

serotonin-norepinephrine reuptake inhibitors owing to their potential 
risk of suicide ideation. Pregabalin (Lyrica) has recently been approved 
for adult fibromyalgia, but reports of use in children are limited.

REHABILITATION
The principles of rehabilitation in children with JIA are discussed in 
detail in Chapter 103. Physical and occupational therapists are integral 
members of the team and play critical roles in working with the child 
and family to preserve and improve range of motion and muscle 
strength. Because of the chronicity of disease, slow improvements, and 
pain induced by exercise, adherence with an exercise regimen is often 
a challenge and techniques to improve adherence must be used.73 An 
experienced occupational therapist can be of great benefit in working 
with the child to find ways to improve function and provide assistive 
devices, such as ring splints for inflamed fingers and orthotics for 
inflamed and deformed feet and to enhance the activities of daily living. 
Customized semirigid foot orthotics were found to be superior to both 
prefabricated “off-the-shelf” shoe inserts and supportive athletic shoes 
in pain reduction, speed of ambulation, and level of disability for 
patients with JIA and foot pain.74

Multiple reports demonstrate the safety of increased exercise inten-
sity for most children with JIA, with improved range of motion, 
increased muscle strength, and some improvements in aerobic fitness. 
However, high-intensity exercise does not seem to confer added ben-
efits to function or fitness relative to less strenuous exercise.75 Hydro-
therapy may not offer sufficient benefit to support its use.76

A Cochrane review reported that although exercise therapy is safe 
and does not exacerbate JIA, it did not result in significant effects on 
functional ability, health-related quality of life, aerobic capacity, or pain 
over the short term. However, the long-term benefits are unknown.77 
An algorithm that outlines an approach to physical activity and par-
ticipation in sports in children with JIA has been published.75

CALCIUM SUPPLEMENTATION
Several studies have shown that patients with JIA have low bone 
mineral density, even when not treated with corticosteroids. A con-
trolled study performed to investigate the effect of calcium supplemen-
tation in JIA patients not treated with corticosteroids found only a 
marginal increase in bone density.78 Calcium and vitamin D supple-
mentation should be given to all JIA patients treated with corticoste-
roids for more than very brief courses. There are only small studies on 
the use of bisphosphonates in JIA; a review of these studies reported 
that the increase in bone mineral density ranges from 4.5% to 19.1%, 
with only minor safety issues.79

GROWTH RETARDATION
There are a significant number of patients with JIA who develop growth 
failure, particularly those with systemic arthritis who are treated with 
corticosteroids. Nutrition assessment and support is necessary to 
increase calorie intake in those patients with lack of weight gain. Some 
of those patients may benefit from night-time tube feeding. Nutrition 
consultation is also needed for those on corticosteroids on issues of 
calorie restriction, adequate calcium and vitamin D, and low sodium 
intake.

Several studies, including controlled studies, have been published 
showing the benefit of growth hormone in increasing height growth 
velocity, even in patients treated with corticosteroids.80 One study 
showed a beneficial long-term effect on the final height attained by JIA 
patients, although the final height was still below the population 
mean.81 In most studies no significant flares were found, although we 
and other physicians have noticed flares in some patients with disease 
that is not completely controlled.

SURGICAL INTERVENTIONS
Synovectomy
The removal of inflamed synovial tissue might theoretically be benefi-
cial in children with only one or a few persistently active joints despite 
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in patients presenting with local complications including flexion con-
tractures and leg-length discrepancies, intra-articular corticosteroid 
injections, especially with triamcinolone hexacetonide, are effective  
for the majority of patients (Fig. 100.2). Patients not responsive to 
corticosteroid injections or patients with extended oligoarthritis or  
with small joint involvement should be treated as patients with 
polyarthritis.

Polyarthritis, RF-negative
NSAIDs are not effective as disease-modifying medications and should 
not be used as a sole medication (Fig. 100.3). The use of NSAIDs is 
more for symptom control. MTX should be started early initially at 
10 mg/m2/wk and, if not effective, increased to 15 mg/m2/wk, with the 
route of administration changed from oral to parenteral. Other DMARD 
options include the use of sulfasalazine, particularly in older boys, and 
leflunomide. If these agents are not effective, then anti-TNF medica-
tions or abatacept should be used, although there is still no evidence 
whether a combination of MTX and anti-TNF medications or abata-
cept is more effective than only anti-TNF medications alone. Cur-
rently, etanercept, adalimumab, and abatacept are approved by the 
FDA. In patients who fail one anti-TNF, changing to either another 
anti-TNF medication or to abatacept is an option.

Intra-articular corticosteroid injections can be used as an adjunct 
for one or few very painful or swollen joints. Occasionally, systemic 
corticosteroids may be necessary as a bridging medication or during 
flares, although there is no evidence that systemic corticosteroids are 
disease modifying.

Polyarthritis, RF-positive
These patients have a poor outcome and should be treated aggressively 
per algorithms for rheumatoid arthritis in adults, including the early 

With total-knee arthroplasty, improvement in functional score and 
decrease in pain is observed, although improvement in range of motion 
is not as significant.92,93 A number of postoperative complications 
related to poor range of motion of the knee and continuing anterior 
knee pain may be seen.93

When the disease is bilateral, simultaneous procedures should be 
done if possible. Hip replacement should precede knee replacement to 
improve the chances of successful rehabilitation. Bilateral combined 
hip and knee arthroplasty in young patients with JRA has been reported 
with good success.94 Despite apparent poor outcome on some of the 
functional scales, adults with JIA report that total-knee arthroplasty 
had a major positive impact on their quality of life.95

Results with shoulder arthroplasty are limited. Pain relief is the 
major goal of shoulder arthroplasty and can be achieved.96 A small 
improvement in range of motion may have a significant impact on 
function. The results of total elbow arthroplasty are not as satisfactory 
as with other joints and are associated with significant early and late 
complications.97

Surgical treatment of temporomandibular  
joint deformities
Surgical treatment of TMJ deformities involves a team consisting of 
dentist, orthodontist, and craniofacial surgeon in addition to the rheu-
matologist. Most case series have reported both improved occlusion 
and facial aesthetics postoperatively. Some patients may still be left 
with TMJ pain, and numbness of the lip, chin, teeth, and gums may 
develop. A number of different procedures have all been reported to 
have good outcomes.98-100

SUMMARY OF TREATMENT EVIDENCE FOR THE 
SUBTYPES OF JIA
Oligoarthritis
One fourth to one third of patients with mild disease will respond to 
NSAIDs. In patients not responsive to NSAIDs after 4 to 6 weeks, or 

Intermittent IATH
and/or

methotrexate or
sulfasalazine or

leflunomide or anti-TNF

*Prefer early IATH if knee monoarthritis and/or patient has local complications:
contractures, leg length discrepancy, significant muscle atrophy
#NSAID trial for 4–6 weeks

Manage as
polyarticular

JIA

Remission Flare

ALGORITHM FOR MEDICAL TREATMENT OF OLIGOARTICULAR-ONSET
JUVENILE IDIOPATHIC ARTHRITIS (JIA)

NSAID#, IATH*

Repeat IATH

Improve No or short-
lived improvement

Inadequate response

Remains
oligoarticular

Extends to
polyarticular

Fig. 100.2 Algorithm for medical treatment of oligoarticular-onset JIA. NSAID, 
non-steroidal anti-inflammatory drug; IATH, intra-articular triamcinolone 
hexacetonide; TNF, tumor necrosis factor.

Anti TNF medications
etanercept, inflixamab,

adalimumab
Abatacept

FlareContinues
improvement

MTX: start PO 10 mg/m2/week,
Inadequate response at 6 months,

give SC 15 mg/m2/week
Alternatives: sulfasalazine, leflunomide

Follow

*IATH for selected joints
#PO steroids can be considered as bridging medicine or during significant flares
$If fails to respond to one anti-TNF agent, consider changing to another or to abatacept

Treat like
adult RA

NSAID for up to
6 weeks, IATH*,

PO corticosteroids#

ALGORITHM FOR MEDICAL TREATMENT OF POLYARTICULAR-ONSET
JUVENILE IDIOPATHIC ARTHRITIS (JIA)

RF positive RF negative

Inadequate
response$

Improved Inadequate response

Improved

Fig. 100.3 Algorithm for medical treatment of polyarticular-onset JIA. NSAID, 
non-steroidal anti-inflammatory drug; IATH, intra-articular triamcinolone 
hexacetonide; MTX, methotrexate; TNF, tumor necrosis factor; PO, oral; SC, 
subcutaneous.
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these medications should not be needed. For patients with severe, 
unresponsive systemic and polyarthritis JIA, ASCT may be used as a 
last resort, although there is a high proportion of mortality associated 
with this therapy.

Macrophage activation syndrome
Treatment of macrophage activation syndrome includes high-dose 
intravenous corticosteroid pulses and IVIg; if this is not rapidly effec-
tive, then cyclosporine should be added. Strong consideration should 
be given to therapy with etoposide in patients whose disease is pro-
gressing rapidly.101 Recently, anti-IL-1 therapy has been found to be 
effective in some patients.

Enthesitis-related arthritis
Strong evidence is lacking for treating this form of JIA. Open series 
have indicated that sulfasalazine may be beneficial in these patients, 
particularly older boys with peripheral arthritis, although in the one 
small controlled study of patients with this type of arthritis there was 
no significant benefit for sulfasalazine. There are no studies of MTX 
in this subtype of JIA. Open series have found anti-TNF therapy to be 
highly effective.

Psoriatic arthritis
There are no studies of the treatment of psoriatic arthritis in children. 
The presentation of psoriatic arthritis can be as that for oligoarticular-
onset, polyarticular-onset, and enthesitis-related arthritis, and until 
other evidence is reported this disease should be treated like the parallel 
JIA subset.

Uveitis
The early use of MTX in topical corticosteroid-dependent disease 
appears to be warranted. For patients not responsive to MTX, 

use of MTX and addition of anti-TNF medication or abatacept in 
patients with an inadequate response to MTX. Although not studied 
in children, other medications (e.g., rituximab or tocilizumab) and 
combination therapy effective in rheumatoid arthritis may be 
beneficial.

Systemic arthritis
There have been many recent advances in the treatment of systemic 
arthritis, although there is less evidence-based medicine for this type 
of JIA than for other types (Fig. 100.4). NSAIDs and systemic cortico-
steroids are often needed for symptomatic (fever, serositis) relief. There 
is no evidence on the preferred method of corticosteroid administra-
tion, although one controlled study found that patients who received 
early intravenous methylprednisolone administration needed fewer 
total systemic corticosteroids than patients starting corticosteroids 
orally.

Intra-articular corticosteroid injections, MTX, and anti-TNF medi-
cations appear to be less beneficial than in other subtypes of JIA, for 
both the systemic and arthritis components of the disease. Although 
IVIg is not effective for the treatment of the arthritis component, there 
may be some benefit, including a corticosteroid-sparing effect, on the 
systemic component and on macrophage activation syndrome compli-
cating systemic arthritis.

Recent studies of anti-IL-1 medications have shown dramatic effects 
in about 50% of patients. There are several controlled studies underway 
for these medications. Anti-IL-6 shows promise in refractory patients 
with systemic arthritis. Therefore, anti-IL-1 and/or anti-IL-6 therapy 
appear to be more beneficial than anti-TNF therapy in systemic arthri-
tis. Many pediatric rheumatologists choose to give anti-IL-1 therapy 
very early in the disease course, if patients do not respond to NSAIDs 
or become steroid dependent even before use of other disease-modifying 
or anti-TNF medications. Thalidomide or early treatment with a com-
bination of cyclophosphamide, MTX, and intravenous pulse cortico-
steroids may be an alternative in unresponsive patients; but with the 
increased and early use of anti-IL-1 and anti-IL-6 therapy the use of 

Steroid sparing
medications

Anti-IL-1 treatment$
IVIg

IL-6 receptor antibody
Cyclosporin A
Thalidomide

Consider
ASCT

Systemic corticosteroids

Wean
corticosteroids

*Methotrexate, intra-articular corticosteroids, anti-tumor necrosis factor drugs are less effective in
systemic-onset JIA; anti-IL-1 and IL-6 receptor antibody may be more effective
#May consider intravenous in 1st week or intermittent intravenous corticosteroid pulses
$See text for additional details

Manage as
oligoarticular or
polyarticular*

NSAIDs for
1–2 weeks

ALGORITHM FOR MEDICAL TREATMENT OF SYSTEMIC-ONSET
JUVENILE IDIOPATHIC ARTHRITIS (JIA)

Arthritis Fever and other
systemic features

Follow

Success

Very severe
disease, 

inadequate
response

Very severe
disease, 

inadequate
response

Improved

Improved

Unsuccessful

Inadequate response

Inadequate response

Fig. 100.4 Algorithm for medical treatment of systemic-onset 
JIA. NSAID, non-steroidal anti-inflammatory drug; IVIg, 
intravenous immunoglobulin; ASCT, autologous stem cell 
transplantation; IL, interleukin; TNF, tumor necrosis factor.
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medication-free remission in most patients, even with modern therapy. 
The study of the effect of early aggressive therapy on the disease course, 
including the potential use of combination “induction” therapy, has 
just begun. The long-term disease-modifying effects of methotrexate 
and of the new “biologic” medications on remission rates, radiologic 
changes, bone strength, growth, functional capabilities, quality of life, 
and prevention of surgery are still mostly unknown, although there are 
initial signals of benefits in many of these outcomes. It is necessary to 
study the long-term adverse effects of these medications, especially if 
used as combination therapy. Future multicenter controlled studies 
and post-marketing surveillance with large registries are necessary to 
address these issues.

infliximab and adalimumab appear to be effective, but not etanercept. 
Cyclosporine does not appear to be very effective. Mycophenolate 
mofetil has not been adequately studied in JIA-related uveitis.

CONCLUSION
The development of new therapies has already markedly increased our 
ability to effectively treat children with JIA, and the future appears 
promising, especially for difficult patients with systemic-onset and 
polyarticular arthritis. However, there is still a lack of evidence-based 
medicine in the treatment of JIA, especially for enthesitis-related  
and psoriatic arthritis and systemic-onset arthritis to a lesser degree. 
Recent sobering studies have shown our inability to induce long-term 
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Western Canadian Indians.8 The ratio between juvenile-onset SpA 
and other arthritides in pediatric rheumatology clinics reaches 0.90 to 
1.0.9 Thirty to 50 percent of Mexicans, Indians, North Africans, and 
Asians with ankylosing spondylitis (AS) have onset before the age of 
16 years.10 The risk of SpA in children with JIA is increased in HLA-B27 
patients. Up to 85% of HLA-B27 children with arthritis will have 
chronic SpA.11

PATHOGENESIS
The etiology of SpA, including the juvenile-onset forms, is still 
unknown. It is possible that the two major factors, genetic susceptibil-
ity and bacterial infections, implicated in the pathogenesis of adult-
onset SpA play the same role in children, but the role of mechanical, 
growth, and developmental factors needs to be investigated.

Juvenile-onset SpA is strongly linked to HLA-B27, particularly 
B*2705.12,13 This association determines the prevalence of SpA in the 
general population and in families, but the mechanisms by which 
HLA-B27 confers disease susceptibility are unknown. Hypotheses 
include the arthritogenic peptide, B27 misfolding, surface homodimer, 
and the β2m hypotheses.14

Besides HLA-B27, which contributes to genetic susceptibility to AS, 
the HLA-DRB1*08, HLA-DPB1*0301, HLA-B27/HLA-B07 haplotype 
along with D6S273-134 and LMP2 gene polymorphisms have been 
positively associated with juvenile-onset SpA.15-18 Genome-wide screens 
in adults have implicated genes on chromosomes 2q, 3p, 5, 9q, 10q, 
11q, 16q, 17p, and 19q, the L-1 gene cluster on chromosome 2, and 
CYP2D6 on chromosome 22 and particularly ARTS1 and IL23R genes 
as having a role in disease susceptibility.12,13

ReA and other spondyloarthropathies are linked to bacterial infec-
tions. Evidence in juvenile-onset SpA includes the presence of antibod-
ies and cellular responses against bacterial constituents such as 
peptidoglycan,19-21 cases of ReA and AS triggered by Mycoplasma pneu-
moniae,22 and the identification of bacterial DNA in synovial fluid.23

HISTOPATHOLOGY
The synovial membrane of patients with juvenile-onset SpA shows 
hyperplasia of the lining cells with some CD68 expression and CD163-
positive macrophages in the sublining layer and marked neovascularity 
with increased numbers of CD146-positive endothelial cells,24 high 
levels of CD8-activated cells, tumor necrosis factor (TNF)-β, 
interferon-γ, and interleukin (IL)-2, IL-4, and IL-6.25 TNF-α is promi-
nently expressed in the synovial membrane of peripheral joints, and 
most cells express TNF receptors p55 and p75.

The midtarsal entheses show scarce inflammatory infiltrates as well 
as marked bone proliferation and mucopolysaccharide deposits in the 
soft tissues. The entheses of adult-onset SpA patients show inflamma-
tory infiltrates in the bone marrow, the fibrocartilage, which also shows 
increased vascularity and macrophage infiltration, and the interface 
between the zones of calcified fibrocartilage and subchondral bone.

CLINICAL MANIFESTATIONS
Juvenile- and adult-onset SpA, particularly AS, differ in some aspects, 
but, in general, the evidence does not support that they correspond to 
different diseases. Most differences consist in symptoms at onset.3,26-30 

The juvenile-onset 
spondyloarthropathies
Rubén Burgos-Vargas

INTRODUCTION

The juvenile-onset spondyloarthropathies constitute a group of HLA-
B27–associated pediatric rheumatic diseases characterized by the 
involvement of the synovium and entheses of the peripheral joints in 
the initial years of disease and in some patients the sacroiliac and 
spinal joints some years later.1

NOMENCLATURE AND CLASSIFICATION
Juvenile-onset spondyloarthropathy (SpA) and enthesitis-related arthri-
tis (ERA)2 are currently the terms used to describe this group of disor-
ders. The former corresponds to adult-onset terminology and to the 
European Spondyloarthropathy Study Group (ESSG) classification cri-
teria,3 which has been already validated in children. ERA, one of the 
seven subgroups of juvenile idiopathic arthritis (JIA) recognized by the 
International League of Associations for Rheumatology (ILAR),2 enlists 
the most important features of juvenile-onset SpA as inclusion criteria, 
but the list of exclusions prevents the classification of psoriatic arthritis 
(PsA), reactive arthritis (ReA), and inflammatory bowel disease (IBD) 
within ERA boundaries (Table 101.1). This is in contrast to the SpA 
concept, which considers PsA, ReA, and IBD part of the SpA. Thus, 
juvenile-onset SpA and ERA concepts are not exactly the same and not 
all patients with SpA or PsA according to ESSG3 or the Vancouver 
criteria4 fulfill the ERA or PsA ILAR criteria.5,6

EPIDEMIOLOGIC ASPECTS
The incidence of juvenile-onset SpA in American and Canadian  
children reaches 2.1 per 100,0007 and 24.0 per 100,000 children in 

101

 The juvenile-onset spondyloarthropathies (SpA) are characterized 
by their association with HLA-B27 and by synovitis and enthesitis 
of peripheral sites in the initial years of disease and, in some 
patients, the sacroiliac and spinal joints some years later.

 Enthesitis-related arthritis is a subgroup of juvenile idiopathic 
arthritis strongly related to juvenile-onset SpA.

 HLA-B27 and other alleles confer susceptibility to the disease; in 
some cases, bacterial infections may play a role in the pathogenesis 
of SpA.

 TNF-α is prominently expressed in the synovial membrane.
 Juvenile- and adult-onset SpA, particularly ankylosing spondylitis, 

differ in some clinical aspects, particularly at onset.
 Lower limb arthritis and enthesitis are prominent manifestations of 

juvenile-onset SpA.
 Juvenile-onset SpA include ankylosing spondylitis, psoriatic SpA, 

inflammatory bowel disease associated SpA, and undifferentiated 
SpA.

 Patients with juvenile-onset SpA may have severe short- and 
long-term functional impairment and persistent disease activity.

 TNF-α blockers are likely to be the best treatment for juvenile-
onset SpA.
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patients have few episodes of monarthritis or oligoarthritis lasting for 
3 to 6 months; others develop recurrent episodes of oligoarthritis or 
polyarthritis for longer periods followed by partial or complete remis-
sion; and few develop severe and persistent polyarthritis. The involve-
ment of the hips, MTP, and foot IP joints as well as some joints of the 
upper extremities, particularly the shoulder, increases during the 
course of the disease. PsA includes various patterns of arthritis. IBD 
patients have two patterns: peripheral and axial.

Peripheral enthesitis
The involvement of the entheses is the most specific feature of SpA. 
Enthesitis and its consequences—osteocartilaginous proliferation and 
enthesophytosis—occur within the joints (i.e., the sacroiliac joints) and 
in extra-articular sites (i.e., Achilles tendon and plantar fascia attach-
ments to the calcaneus). The entheses most frequently involved are 
those of the feet (plantar fascia and Achilles tendon attachments to the 
calcaneus and along the functional entheses over the tarsal bones) and 
then those of the knees (tibial anterior tuberosity), hips (greater tro-
chanter), and pelvis (iliac crest and ischion); involvement of the upper 
limb entheses is rare. Enthesitis presents as pain and sometimes swell-
ing (mainly of the bursae and synovial sheaths) of the feet and reduced 
mobility of the joints. Although some patients have single or very  
few short episodes of inflammation, others have long episodes of 
enthesitis.

Spinal and sacroiliac arthritis
Axial symptoms may accompany disease activity at peripheral sites, 
particularly severe polyarthritis and enthesitis. The whole spine may 
be involved, but the thoracolumbar junction and the cervical spine 
seem most frequently affected. Spinal symptoms include pain, stiff-
ness, and reduced mobility. Costosternal and alternating gluteal pain 
are rare. In patients with AS, the diagnosis is usually made 5 to 10 
years after onset.

In contrast to adults, children and adolescents with AS have peripheral 
arthritis and enthesitis in the initial years and axial symptoms 5 to 10 
years later. The severity of AS, except in the spine, is greater in juve-
niles than in adults because more juveniles require hip replacements, 
more are in functional classes III and IV, and their mean Bath AS 
functional index scores are higher. Norwegian and Mexican children 
with SpA show stronger associations with HLA-DRB1*08, HLA-
DPB1*0301, and LMP2 gene polymorphism.15-17

General aspects
Peripheral arthritis and/or enthesitis predominantly of the lower limbs 
occur in nearly all patients at onset and throughout the course of the 
disease, and their patterns differ very little among specific diagnoses 
(Fig. 101.1). The severity, duration, and consequences of arthritis and 
enthesitis may not parallel each other and may differ between sites. 
The distinction between arthritis and enthesitis may be difficult in 
some sites, for example, the sacroiliac joints and the feet. Radiographic 
findings include osteopenia, joint space narrowing, and ankylosis. 
Erosive and destructive changes are rare. In the entheses, changes 
consist of bone overgrowth, enthesophytosis, bone bridging, and anky-
losis and, less frequently, subcortical bone cysts and erosions at tendon 
attachments. Magnetic resonance imaging (MRI) of the spine, sacro-
iliac joints, and feet (Fig. 101.2) shows hyperintense signal of bone, 
synovium, and bursa and around the tendons, representing edema and 
inflammation, and structural changes, specifically erosions, bone 
destruction, enthesophytosis, and ankylosis. Ultrasonography of joints 
and entheses may provide useful information in active disease, and 
computed tomography may show structural changes. Radionuclide 
imaging does not appear to be useful because growing plates might 
show augmented periarticular radionuclide activity.

Peripheral arthritis
This is the most frequent sign of juvenile-onset SpA. At onset, most 
patients have unilateral or asymmetric monarthritis or oligoarthritis 
involving the knee, mid tarsus, and ankle; rarely, the metatarsopha-
langeal (MTP) or interphalangeal (IP) joints, the hips, or any joint of 
the upper extremity is affected. The course of arthritis is variable: some 

TABLE 101.1 EUROPEAN SPONDYLOARTHROPATHY STUDY GROUP (ESSG) AND 
INTERNATIONAL LEAGUE OF ASSOCIATIONS FOR RHEUMATOLOGY (ILAR) 

CLASSIFICATION CRITERIA FOR SPONDYLOARTHROPATHIES AND THE  
ENTHESITIS-RELATED ARTHRITIS SUBGROUP OF JIA

ESSG classification criteria3 ILAR proposed classification criteria2

Inflammatory spinal pain or synovitis, 
asymmetric or predominantly lower 
limbs and one or more of the following 
criteria:
1. Positive family history
2. Psoriasis
3. Inflammatory bowel disease
4. Urethritis, cervicitis, or acute 

diarrhea within 1 month before 
arthritis

5. Buttock pain alternating between 
right and left gluteal areas

6. Enthesopathy
7. Radiographic sacroiliitis
Exclusions:

None

Arthritis and enthesitis, or arthritis or 
enthesitis with at least two of the 
following:
1. Presence of or a history of sacroiliac 

joint tenderness and/or 
inflammatory lumbosacral pain

2. Presence of HLA-B27 antigen
3. Onset of arthritis in a male older 

than age 6 years
4. Acute (symptomatic) anterior uveitis
5. History of ankylosing spondylitis, 

enthesitis-related arthritis, 
sacroiliitis with inflammatory bowel 
disease, Reiter syndrome, or acute 
anterior uveitis in a first-degree 
relative

Exclusions:
1. Psoriasis or a history of psoriasis in 

the patient or first-degree relative
2. Presence of IgM rheumatoid factor 

on at least two occasions at least 3 
months apart

3. Presence of systemic JIA in the 
patient

a b

c d

Fig. 101.1 Involvement of the feet in patients with SpA. (a) Dactylitis of the 
third digit in a 12-year-old boy with undifferentiated SpA. (b) Diffuse swelling 
of the tarsal region of an 11-year-old boy with juvenile-onset AS. (c) Tarsal 
swelling, hyperextension of the digits, and keratoderma blennorrhagica in a 
16-year-old boy with chronic reactive arthritis. (d) Diffuse swelling of the 
posterior aspect of feet including the ankles, Achilles, and peroneal and tibial 
posterior tendons in a 12-year-old-boy with undifferentiated SpA. (Modified 
from Burgos-Vargas R, Vázquez-Mellado J. Reactive arthritides. In: Cassidy JT, Petty 
RE, eds. Textbook of pediatric rheumatology, 5th ed. Philadelphia: Elsevier 
Saunders, 2005:604-612 and Burgos-Vargas R. The juvenile-onset 
spondyloarthritides. In: Weisman MH, van der Heijde D, Reveille JD, eds. Ankylosing 
spondylitis and the spondyloarthropathies. St. Louis: Elsevier Mosby, 2006:94-106.)
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lated tenosynovitis, enthesitis, and dactylitis in single or multiple sites 
of the lower extremities may also occur. The frequency of non-muscu-
loskeletal symptoms as initial manifestation is unknown.

Children with combined enthesopathy and arthropathy, first 
described as the seronegative enthesopathy and arthropathy (SEA) syn-
drome,36 are likely to fulfill AS criteria within 10 years; such is the case 
of 70% to 90% of Canadian and Mexican patients.38,39 The frequency 
of polyarthritis, enthesopathy, and inflammatory back pain is increased 
in HLA-B27 children. MRI studies may reveal subclinical sacroiliitis.40 
Extra-articular manifestations similar to those in juvenile-onset AS 
may occur in these patients. Besides clinical features, determination of 
HLA-B27 association and MRI of the sacroiliac joints might help in 
differentiating this type of SpA from other JIA subgroups.

Juvenile-onset ankylosing spondylitis
This term refers to AS starting before the age of 16 years. The diagnosis 
is usually made beyond the third year, mostly, between 5 to 10 years 
after onset.41,42 Inflammatory back pain—defined as onset of pain or 
awakening because of pain in the second half of the night, spinal 
morning stiffness for more than 30 minutes, and improvement with 
exercise but not with rest—accompanied by reduction in spinal mobil-
ity is a characteristic of AS.41,42 Patients with persistent axial disease 
often have radiographic sacroiliitis (Fig. 101.3). In these cases, MRI 
may show both acute and chronic inflammatory changes. At onset, 
most patients have oligoarthritis,1,41,42 but by the end of the first year 
the majority have polyarthritis and some involvement of the joints of 

Health-related quality of life
Five years after onset, the probability of remission reaches only 17%31; 
by 10 years of disease less than 50% are in remission32; and by 17 years 
more than 50% of the patients still have active disease.33 Sixty percent 
have functional limitations 10 years after onset, particularly those with 
disease activity for more than 5 years.32 Compared with other JIA 
subgroups, patients with juvenile-onset SpA have more pain as well as 
higher Childhood Health Assessment Questionnaire scores, poorer 
physical health, lower physical functioning, and lower health-related 
quality of life scores.34 Patients with juvenile-onset PsA had poorer 
health than the healthy population and lower SF-36 scores than other 
JIA subgroups.35

CLINICAL TYPES
Before the 1980s, most clinical descriptions referred to juvenile-onset 
AS and Reiter syndrome; undifferentiated forms became clearly recog-
nized in the early 1980s.36,37 Currently, the recognition of undifferenti-
ated SpA is of major importance because of its potential to evolve to 
more severe forms.

Undifferentiated SpA
Undifferentiated SpA represents the most common type of SpA in 
children and might constitute slight or mild conditions entering into 
full remission or the earliest presentation of AS and PsA. Peripheral 
arthritis is the most frequent feature of undifferentiated SpA, but iso-

a b

c d

Fig. 101.2 T2-weighted fat-suppressed MR images of the foot of a 15-year-old boy with ankle swelling and painful heel 
(Achilles tendon and plantar fascia) for around 6 months. (a and b) Sagittal-lateral views showing synovial fluid effusion in the 
posterior and anterior ankle joints and the retrocalcaneal bursae and possibly the fat (arrows) as well as bone edema of the 
calcaneus, including the attachments of the Achilles tendon and its continuation to the plantar fascia. (c) Synovial fluid 
effusion of the ankle joint, edema around the posterior peroneal tendon (arrows), and extensive edema of the calcaneus in 
the sagittal-posterior views. (d) Coronal views showing the extension of the edema in the calcaneus.
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with juvenile-onset PsA according to the Vancouver criteria4 may not 
fulfill ILAR criteria.5

The ages at onset of arthritis are usually between 7 and 11 years 
and 9 to 13 years for psoriasis. Predictors of PsA in JIA children in the 
initial 6 months are psoriasis in a first-degree relative, age at onset 
older than 6 years, HLA-DRB1*11/12, as well as dactylitis and ankle/
toe arthritis.35 Small joint and wrist arthritis differentiate oligo-PsA 
from oligo-JIA.53 Juvenile-onset PsA is weakly associated with HLA-A2, 
B17, DR1, DR6, and DRB1*11/12; oligoarthritis, with HLA-DR5 and 
DRw8; severe arthritis, with HLA-A11 and B7 and male gender and 
age older than 6 years; and spinal disease, with HLA-B27.5,35,54

Juvenile-onset PsA includes two subpopulations5,54,55: the younger 
group is mainly composed of girls with involvement of small joints and 
polyarthritis, dactylitis, and antinuclear antibodies; the older group 
includes boys with persistent oligoarthritis, enthesitis, and axial symp-
toms.55 Overall, arthritis is the initial manifestation in 50% of the 
cases, psoriasis in 40%, and their combination in 10%. At onset, 70% 
of children have oligoarthritis5,35,51; in a short time, most patients 
develop polyarthritis. Radiographic changes include osteopenia and 
joint space narrowing, periostitis, erosions, destructive changes, or 
ankylosis of the hand, cervical spine, and hip joints. MRI detects 
inflammatory changes in the sacroiliac and spinal joints as well as in 
peripheral sites.52

Most children have slight or mild skin and nail lesions; 80% have 
psoriasis vulgaris.5,52 Systemic manifestations include chronic iridocy-
clitis in 15% of patients and fever, pericarditis, IBD, or amyloidosis in 
very few cases.5,52

The arthropathy of IBD: Crohn disease, ulcerative 
colitis, and indeterminate colitis
In 18% to 30% of patients with Crohn disease and 15% of those with 
ulcerative colitis the disease starts before 20 years of age56; peripheral 
arthritis occurs in 9% of the former and 10% to 20% of the latter. The 
frequency of arthritis at the end of 1 and 10 years of IBD is 1.7% and 
4.2%, respectively.57 The first extra-articular manifestation in children 
with IBD is either axial (3.1%), peripheral (11.6%), or both axial and 
peripheral arthritis (3.6%). Arthritis involves the peripheral joints of 
the lower extremities and presents as single or recurrent attacks of 
monarthritis or oligoarthritis lasting less than 4 weeks in less than 
50% of the children58; half of these patients have exacerbations of 
arthritis accompanied by gut symptoms.57,58 Most patients have no 
permanent functional limitations or joint damage. Peripheral arthritis 
does not resemble that of most juvenile-onset SpA. In contrast, spon-
dylitis and radiographic sacroiliitis are associated with HLA-B27 in 
older boys, but this type of arthritis is rare.

Ankylosing tarsitis
This term refers to a set of clinical and radiographic findings, including 
inflammatory (joint synovitis, enthesitis, tenosynovitis, and bursitis) 
and proliferative (periostitis, enthesophytosis, and bony ankylosis) 
changes originally described in HLA-B27–associated juvenile-onset 
SpA (Fig. 101.4).59 Some of these findings resemble those of the spine 
and sacroiliac joints in AS. Patients with ankylosing tarsitis have 
midfoot swelling associated with soft tissue swelling around the mal-
leoli and Achilles tendon; decreased mobility of the tarsal, ankle, and 
MTP joints; pes planus; and hyperextension of the MTP joints. Radio-
graphic features include diffuse osteopenia, joint space narrowing or 
ankylosis involving most tarsal joints, bone cysts, erosions, and osseous 
proliferation at the enthesis. MRI shows hyperintense signal in bones, 
synovial sheaths, bursa, and, rarely, the joint space. Histopathologic 
findings include slight inflammatory changes but striking osteocarti-
laginous proliferation. Ankylosing tarsitis may occur in patients with 
undifferentiated juvenile-onset SpA or as a stage previous to radio-
graphic sacroiliitis in patients with juvenile-onset AS.

THERAPEUTIC APPROACH
Treatment is aimed to reduce the intensity and duration of signs and 
symptoms of disease. There is no evidence that any treatment alters 
disease progression.

the upper extremity.42 Enthesopathy predominates in the lower extrem-
ities, particularly the feet.

During episodes of disease activity, 5% to 10% of patients have 
high-grade fever, weight loss, muscle weakness, fatigue, lymph node 
enlargement, leukocytosis, or anemia.1,41,42 Up to 27% have acute 
uveitis and around 80% have non-specific gastrointestinal manifesta-
tions. Cardiovascular manifestations are rare.43 Amyloidosis and atlan-
toaxial subluxation may also occur.

Reactive arthritis
In general, this term is restricted to HLA-B27–associated arthritis trig-
gered by infection with Salmonella, Yersinia, Campylobacter, Shigella, 
or Chlamydia. Reiter syndrome (an eponym of historical interest) 
refers to ReA with associated conjunctivitis and urethritis or cervicitis. 
ReA develops in up to 10% of children with yersiniosis,44 8% with 
salmonellosis,45 and 12% with S. typhimurium phage type 135a infec-
tion.46 ReA predominates in the lower extremities,47,48 but some 
patients with Salmonella and Yersinia ReA have involvement of the 
small joints of the hands.49,50 ReA is usually mild in HLA-B27–negative 
children or those with Yersinia or Campylobacter infection. In contrast, 
ReA in HLA-B27–positive children may evolve into AS. Infection 
occurs 2 to 4 weeks before the onset of arthritis, but many patients 
have no symptoms of infection. Definitive diagnosis is based on the 
identification of a triggering infection.

Extra-articular manifestations include aphthous stomatitis, con-
junctivitis, erythema nodosum, circinate balanitis, keratoderma blen-
norrhagica, uveitis, urethritis and cervicitis, aortic insufficiency, 
myocarditis, and pericarditis.47-50

Juvenile-onset psoriatic arthritis
Juvenile-onset PsA is defined as the co-occurrence of arthritis and 
psoriasis in individuals younger than age 16 years. According to ILAR 
criteria,2 the definition may also include patients who have either 
arthritis or psoriasis and dactylitis, nail pitting, or a family history of 
psoriasis, but the presence of any data suggesting SpA excludes the 
diagnosis of PsA, despite that a variable proportion of children with 
PsA have clinical symptoms of SpA and sacroiliitis on MRI in the 
initial years of disease or in adult life.5,51,52 Around 25% of patients 

Fig. 101.3 Grade 3 bilateral sacroiliitis in a 14-year-old boy of 6 years’ disease 
duration. There is subchondral sclerosis of the iliac bone, joint surface 
irregularities, which include some erosions on both sides, and joint space 
narrowing of the hips. (From Burgos-Vargas R. The juvenile-onset 
spondyloarthritides. In: Weisman MH, van der Heijde D, Reveille JD, eds. Ankylosing 
spondylitis and the spondyloarthropathies. St. Louis: Elsevier Mosby, 2006:94-106.)
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The use of TNF-α blockers represents the most significant advance 
in the therapy for juvenile-onset SpA. The anti-inflammatory effect of 
etanercept and inflixmab is clearly noticed within the first weeks of 
treatment, and their long-term administration provides sustained 
relief.61-63 MRI of peripheral and sacroiliac joints may also show sig-
nificant changes with TNF-α blockers (Fig. 101.5). Until recently, 
TNF-α blockers have been considered safe and well tolerated. The U.S. 
Food and Drug Administration issued an updated boxed warning high-

Non-steroidal anti-inflammatory drugs (NSAIDs) provide symp-
tomatic relief for most patients with mild symptoms. Oral and intra-
articular glucocorticoids may be beneficial in patients with moderate 
and severe disease activity not responding to NSAIDs. Most patients 
receive sulfasalazine, but its efficacy seems limited.60 There is no evi-
dence of improvement with methotrexate. In contrast, sulfasalazine or 
methotrexate may improve psoriasis, anterior uveitis, and keratoderma 
blennorrhagica.

a

d

g

e
f

b
c

Fig. 101.4 Composite images of ankylosing tarsitis in a 16-year-old boy with AS of 9 years’ disease duration and complete 
ankylosis of the tarsal bones and grade 2 bilateral sacroiliitis. (a and b) Flatfoot and swelling around the ankle. (c to f ) 
T2-weighted fat-suppressed MR images showing edema in various tarsal bones, joint spaces (c and d), and soft tissues (e and 
f ) surrounding the tendons of the posterior aspect of the foot on the coronal view (arrows). (g) Complete ankylosis of the 
tarsal bones and an enthesophyte at the plantar fascia attachment are seen. (Modified from Burgos-Vargas R. A case of 
childhood-onset ankylosing spondylitis: diagnosis and treatment. Nat Clin Pract Rheumatol 2009;5:52-57.)

a b

Fig. 101.5 Short tau inversion recovery (STIR) MR image of the sacroiliac joints of a 16-year-old boy with a 3-month history of 
gluteal pain and a 3-year history of peripheral arthritis and enthesitis before (a) and 14 weeks after (b) treatment with 
infliximab, 5 mg/kg, at baseline and at weeks 2 and 6. Note edema of the iliac bone and sacrum (line) and part of the sacrum 
inferior quadrant on the opposite side (arrow) that cleared after treatment.
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lighting the increased risk of cancer, including lymphoma, leukemia, 
and melanoma, in children and adolescents who receive anti-TNF 
agents (FDA: Cancer Warnings Required for TNF Blockers. Accessed 
at http://www.fad.gov/ on August 5, 2009). However, due to the rela-
tively rare occurrence of these cancers, the limited number of pediatric 
patients treated with TNF blockers, and the possible role of other 
immunosuppressive therapies used concomitantly with TNF blockers, 
the strength of the association between TNF blockers and developing 
a malignancy cannot be fully characterized. Additional data on this 
issue may come from manufacturer-sponsored, long-term, observa-
tional, post-marketing studies. At the 2009 Annual Scientific Meeting 
of the American College of Rheumatology, Bernatsky and colleagues 
noted that there was no increase in cancers from two North American 
longitudinal JIA registries (1168 patients and 16,396 patient-years) 

between 1974 and 2006. This suggests that the risk of malignancy may 
not be significantly increased in JIA patients.

Patients with juvenile-onset SpA should be enrolled in physical and 
occupational therapy programs in which rest, dynamic splints, and 
exercises should be individualized. Surgical modalities such as soft 
tissue release, synovectomy, tendon repair, arthroplasty, and joint 
replacement may be indicated in some forms of hip, knee, and MTP 
disease.

Juvenile-onset SpA may profoundly harm the quality of life of chil-
dren and adolescents, and, therefore, their transition to adulthood. 
Thus, it is important to consider the psychological, educational, and 
socioeconomic aspects of the patient’s life. Disease activity and, later, 
disease damage may affect these individuals’ social life, including per-
sonal and family activities, education, and jobs.

http://www.fad.gov/
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recognized that in childhood these conditions may “evolve,” with new 
features appearing over time, which may be more typical of a separate 
disease. For example, children with arthritis may develop lupus-like 
features. These areas of overlap between connective tissue disorders 
mean that each child needs to be carefully assessed and re-examined 
on a regular basis.

JUVENILE-ONSET SYSTEMIC  
LUPUS ERYTHEMATOSUS
Juvenile-onset systemic lupus erythematosus (JSLE) is a severe, relaps-
ing, chronic multisystem disease, characterized by widespread inflam-
mation and damage to any organ. It is lifelong and potentially life 
threatening, and at present there is no cure.

Epidemiology
Robust epidemiologic data in children and adolescents are lacking. 
Data vary markedly according to the study period, ethnicity, and char-
acteristics of the population observed. Fifteen to 20 percent of all  
lupus patients develop lupus in childhood.1 The true annual incidence 
of JSLE is unknown. Prevalence rates vary widely between 4 and 
250/100,000, with greater prevalence in Afro-Caribbean, Asian, Latino, 
and Native-American children.2 Gender ratio is lower in the pediatric 
population than in adults, especially prepubertal, with ratios of approx-
imately 8 : 1 and 4 : 1 (F : M), respectively. Male gender, early onset of 
disease, and ethnicity are associated with worse outcome.

Etiopathogenesis
JSLE is the archetypal pediatric systemic autoimmune disease, given 
its complex clinical, molecular, and genetic characteristics. As with 
adult-onset disease, the cause of JSLE remains unknown. The principal 
underlying disorders in SLE include an impaired cellular and humoral 
immune response characterized by autoantibody production directed 
against nuclear antigens, B-cell hyperactivity, autoreactive T cells, 
immune complex deposition in vital organs, and dysregulated apopto-
sis.3 Hormonal and environmental factors act on genetically prone 
individuals over time, resulting in development of autoimmunity, 
eventually leading to disease progression,4 although hormonal influ-
ences are less likely to play a significant role in children developing 
lupus before puberty. Lupus is more common in children with genetic 
defects of the immune system, including complement deficiencies and 
selective IgA deficiency. Along with genetic disorders associated with 
lupus-like syndromes, these children offer important insight into 
immune dysregulation resulting in lupus development.

Few studies have investigated the specific immunopathology of 
JSLE: increased apoptosis and defective clearance of apoptotic material 
probably contributes to the pathogenesis. Apoptosis is significantly 
increased in neutrophils from JSLE patients compared with autoim-
mune-inflammatory and non-inflammatory controls with evidence of 
dysregulation of pro- and antiapoptotic mediators.5 Early studies indi-
cate increased Toll-like receptor expression in JSLE along with reduced 
regulatory T lymphocytes, correlating with disease activity. Pediatric 
patients with lupus demonstrate a strong type-1 interferon signature, 
supporting the hypothesis that this is critical in the development of 
this disease.6

Connective tissue diseases  
in children
Lucy R. Wedderburn, Clarissa A. Pilkington, and Michael W. Beresford

INTRODUCTION
Connective tissue diseases of children include a wide range of multi-
system disorders, most of which may present as multiple and varying 
symptoms. The pediatric connective tissue diseases include juvenile 
dermatomyositis (DM), juvenile systemic lupus erythematosus (SLE), 
childhood scleroderma, and a range of overlap disorders and less clearly 
differentiated conditions. Although some of these diseases have parallel 
conditions in adults (e.g., SLE and DM), they also differ from their 
adult counterparts in presentation, course, subtypes, responses to 
therapy, and morbidities. The treatment of children and young people 
with complex disease always requires an age-appropriate and multidis-
ciplinary approach to encompass developmental, growth, and family 
needs of the patient. Chronic disease in young people affects the whole 
child’s physical and emotional development; thus, time devoted to 
discuss all aspects with children, young people, and their families is 
essential. In addition, it is increasingly recognized that some of the 
pediatric connective tissue disorders may be active well into adult years 
or may incur lifelong sequelae, such as increased risk of cardiovascular 
disease.

In this chapter we focus on childhood lupus, dermatomyositis, and 
scleroderma. As well as these delineated conditions, children with con-
nective tissue diseases frequently have features of more than one con-
nective tissue disorder, such that their disease is said to “overlap.” An 
example is a child with juvenile dermatomyositis who has features of 
scleroderma, such as Raynaud phenomenon. Additionally, it is well 

102

 Connective tissue diseases of children differ from their adult 
counterparts in important characteristics, including presentation, 
course, subtypes, responses to therapy, and morbidities.

 Juvenile-onset systemic lupus erythematosus is a severe, relapsing, 
chronic multisystem disease, characterized by widespread 
inflammation and damage to any organ. There is a marked 
difference in the pattern of organ involvement compared with 
adult-onset disease, with more severe disease in childhood.

 Juvenile dermatomyositis is a complex multifactorial disease whose 
management requires a wide range of specialists over many years; 
improved recognition to aid rapid diagnosis and international 
collaborative efforts will ultimately lead to more individualized 
treatment choices and improved outcomes.

 Localized linear scleroderma is the most common form of 
childhood scleroderma and can show a good response to 
corticosteroids and immunosuppressant therapy.

 Management of these disorders has been hampered by a severe 
lack of an evidence base; significant progress is now being made in 
determining the specific characteristics of these pediatric diseases, 
including etiopathogenesis, disease activity measures and outcome 
scores, and the best treatment modalities.

 Caring for children and young people with these complex diseases 
requires an age-appropriate and multidisciplinary approach to 
encompass developmental, growth, and family needs of the 
patient.
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nent of the validated Pediatric Rheumatology International Trials 
Organization pediatric lupus disease activity core set and included in 
a proposed definition of response to therapy.12

Assessing complications of JSLE and its therapy is equally impor-
tant. A preliminary core set of measures of damage in JSLE was pro-
posed, building upon the adult-based Systemic Lupus International 
Collaborating Clinics/American College of Rheumatology Damage 
Index (SDI) but highlighting important differences in pediatrics.12 SDI 
modifications for JSLE have subsequently been put forward, especially 
with regard to growth and development and need prospective valida-
tion.13 Growth and development, and the potential for repair in chil-
dren, challenge the concept of permanency of damage. Adding 
pediatric-specific domains and revising existing SDI domains to reflect 
the specific characteristics of JSLE will optimize accurate follow-up of 
patients through to adulthood. Assessing symptoms in young people 
with JSLE is challenging. Careful clinical assessment, knowledge of 
normal variation with age, and ability to communicate well with them 
is vital.

Management
The challenges of pediatric practice are especially important in treating 
lupus patients. The holistic approach to managing JSLE patients 
increasingly recognizes the specific obligations toward providing an 
expert, multidisciplinary team of specialized health care workers 
looking after young people and their families.14 Close collaboration 
with other specialists is important. The key goals of managing patients 
with JSLE is to control or abolish inflammatory disease activity, to 
maintain function and quality of life as they grow and develop, to 
minimize risk of permanent organ damage (resulting from the disease, 
its treatment, or complications), to minimize other treatment-related 
adverse events, and to prevent premature death.

A major difference from adult practice in managing patients  
with JSLE is lack of a robust evidence base with no controlled clinical 
trials of any drugs commonly used. Intensive drug regimens are fre-
quently instigated based on adult data, clinician’s experience, retro-
spective case series, and best-practice guidelines. Side effects of these 
drugs, together with the disease, contribute to associated morbidity 
including organ dysfunction, premature ovarian failure and infertility, 
malignancy, osteoporosis, accelerated cardiovascular disease, and 
severe and/or recurrent infections. Poor adherence is often a major 
problem. Drug formulation and dosing schedule are also crucial to 
consider in pediatric patients. Less toxic regimens of new drugs and/or 
combinations of existing drugs that allow reduced dosage are sought. 
Despite the lack of clinical trials, hydroxychloroquine is widely used 
in JSLE15 in view of beneficial outcomes shown in adult studies. These 
are of particular relevance to long-term care of JSLE patients, including 
reducing flare rate and damage accrual; preventing and alleviating 

Clinical presentation
Lupus is a complex illness at any age, and diagnosis can be particularly 
challenging during childhood and adolescence. Extremely variable in 
its clinical manifestations, it ranges from a relatively mild to severe 
life-threatening illness.7 Non-specific features, including fever, fatigue, 
weight loss, mouth ulcers, arthralgias, and headaches, often occur in 
children for many other reasons, including common viral infections. 
Revised American College of Rheumatology (ACR) classification crite-
ria of lupus are often used to diagnose JSLE, but they must be used 
cautiously to avoid overdiagnosis or underdiagnosis. There are no 
specific JSLE diagnostic criteria. Care must be taken to interpret fea-
tures in the clinical context. Diagnosis may be complicated by the 
evolution of disease over time. Failure to meet the ACR criteria at time 
of presentation does not exclude lupus; individuals with one or two 
features may develop others later. There is a marked difference in the 
pattern of organ involvement in JSLE compared with adult-onset 
disease and more severe disease in childhood (Table 102.1).8,9 The 
characteristic facial butterfly rash may be subtle or absent in children 
(Fig. 102.1). Rashes including vasculitic lesions often occur and many 
exhibit marked photosensitivity. Alopecia is usually mild but can be 
severe with scarring. Cardiopulmonary manifestations in JSLE are 
increasingly recognized. Significantly more major organ disease occurs 
in childhood, especially at diagnosis, including hematologic, renal, and 
neurologic involvement.8-10 Hematologic involvement is frequent, 
including hemolytic anemia. Neuropsychiatric manifestations are 
common and need careful evaluation. They cause significant long-term 
morbidity, manifesting as headaches, mood disturbance, confusion, 
seizure activity, psychosis, and aseptic meningitis. Renal involvement 
occurs frequently in JSLE,11 presenting as asymptomatic hematuria, 
proteinuria, hypertension, nephrotic syndrome, or rapidly progressing 
glomerulonephritis. Children with lupus are at particular risk from 
infection, associated with a worse prognosis, from the disease process 
itself and use of immunosuppressants. Pneumococcal sepsis is a par-
ticular risk, and vaccination is recommended.

Assessing disease severity and  
monitoring outcome
Optimizing disease control depends on assessing disease activity, but 
the complexity and variability of pediatric lupus make this difficult.7 
There is no single “gold standard” biologic marker that accurately 
reflects this. Numerous composite scores have been developed for adult 
SLE to standardize assessment of disease activity, and many are being 
used in JSLE. The Systemic Lupus Erythematosus Disease Activity 
Index (SLEDAI), Systemic Lupus Activity Measure (SLAM), and British 
Isles Lupus Assessment Group (BILAG) score are all highly sensitive 
to clinical change in children. The Disease Activity Score is a compo-

TABLE 102.1 DIFFERENCE IN PATTERN OF PRESENTATION, DISEASE SEVERITY, AND DAMAGE BETWEEN CHILDHOOD- AND ADULT-ONSET 
SYSTEMIC LUPUS ERYTHEMATOSUS

Childhood-onset
(n = 67)

Adult-onset
(n = 131) P value

Duration follow-up (in years, mean ± SD) 3.2 ± 2.0 3.5 ± 2.6

Patients with any renal involvement (%) 52 (78) 68 (52) .0005

Oral prednisolone (%) 65 (97) 92 (70) <.0001

Pulse methylprednisolone 20 (30) 15 (11) .001

Immunosuppressive medications 44 (66) 48 (37) .0001

SLEDAI score at diagnosis (mean ± SD) 16.8 ± 10.1 9.3 ± 7.6 <.0001

Adjusted mean SLEDAI score (mean ± SD) 5.70 ± 2.68 4.59 ± 3.05 .012

Adjusted mean renal SLEDAI score (mean ± SD) 2.37 ± 2.38 0.82 ± 1.59 <.0001

Mean SDI score at end of follow-up (mean ± SD) 1.70 ± 2.67 0.76 ± 1.16 .008

SLEDAI, Systemic Lupus Erythematosus Disease Activity Index score; SDI, SLE International Collaborating Clinics/American College of Rheumatology Damage Index.
Adapted from Brunner HI, Gladman DD, Ibanez D, et al: Difference in disease features between childhood-onset and adult-onset systemic lupus erythematosus. Arthritis Rheum 2008;58:556-562.
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The “gold standard” until recently for treating major organ involve-
ment in JSLE has been monthly intravenous pulse cyclophosphamide 
for 6 months, followed by quarterly infusions for up to 2 years.15 Several 
small, non-randomized studies have demonstrated improved renal 
parameters in lupus nephritis treated with cyclophosphamide.16 Better 
tolerated in younger people, side effects such as nausea, hair thinning, 
and infection can be troublesome. Premature gonadal failure is a 
serious potential complication, although risks are lower among younger 
women and prepubertal girls with current rheumatologic treatment 
regimens. Fertility issues are more significant for adolescent males in 
whom there is some evidence of reduced fertility even without cyclo-
phosphamide. Risks and benefits need to be very carefully outlined to 
the family. Sperm banking before treatment can be offered to older 
teenagers but needs careful discussion.

Mycophenolate mofetil has emerged recently as a popular alterna-
tive for both renal and non-renal moderate to severe disease. It is  

cutaneous and articular manifestations, steroid-sparing effect, choles-
terol-lowering and antiatherogenic effects; and maintaining lupus 
nephritis remission.

Glucocorticoids remain the mainstay of initial JSLE treatment where 
there is significant organ (especially renal and neurologic) involvement. 
Pulse methylprednisolone (30 mg/kg/day up to a maximum of 1 g for 3 
days), repeated after a week and then weekly for up to 6 weeks, is a 
standard induction regimen widely used, along with a weaning dose of 
oral prednisolone, starting at between 1 and 2 mg/kg/day. The safest 
dose, route, frequency, and weaning regimen of steroids remains 
unknown in JSLE.15 In moderate to severe disease, immunosuppressive 
agents are needed. Methotrexate is steroid-sparing and improves muco-
cutaneous and articular disease in adults, although its effect in JSLE is 
mixed. Azathioprine is widely used in pediatric practice as a corticoste-
roid-sparing agent, in cutaneous, hematologic, or renal dis ease, or after 
standard cyclophosphamide therapy in lupus nephritis.

a b

c

d

Fig. 102.1 Cutaneous manifestations of juvenile-onset 
systemic lupus erythematosus. (a and b) Severe, 
confluent, photosensitive, erythematous malar or 
“butterfly” rash in 7-year-old boy with grade IV lupus 
nephritis and C1q deficiency. Symmetrically distributed, 
maculopapular, erythematous to violaceous, pruritic rash, 
also on the trunk, with accentuation in ultraviolet 
light–exposed areas and typical sparing of the knuckles. 
(c and d) Widespread, symmetric facial erythema, edema, 
and malar rash with typical nasolabial sparing in a 
teenage girl with severe cutaneous, pulmonary, and 
hematologic involvement. A wide range of other skin 
manifestations may be noted, including nail fold capillary 
changes, vasculitis, and chilblain-like lesions, nodules, 
and erythematous plaques.
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Etiopathogenesis
The pathogenesis of JDM is unknown. A working hypothesis is that 
environmental triggers impact on the immune system of genetically 
susceptible individuals, leading to damage of capillaries and small 
vessels of skin, muscle, and other organs.24,25 The typical pathology of 
JDM in affected muscle shows endothelial and small vessel abnormali-
ties, including capillary dropout, inflammatory changes (lymphocytic 
and/or myeloid cell infiltration), muscle fiber major histocompatibility 
complex (MHC) class 1 protein overexpression, muscle fiber regenera-
tion or necrosis, and fiber atrophy (Fig. 102.2). An international con-
sensus group has proposed a system to score features and severity on 
JDM biopsy with four domains: vascular/endothelial changes, inflam-
matory, muscle fiber abnormalities, including MHC class 1 overexpres-
sion, and connective tissue changes. Prospective testing of this tool is 
underway.26

Like other idiopathic inflammatory myopathies, JDM is a complex 
disease with polygenic effects, so it requires large numbers of cases for 
study: genetic evidence has been facilitated by large collaborative cohort 
studies in recent years.23,27,28 The genetic region with the strongest 
associations for JDM is the human leukocyte antigen (HLA) region: 
thus, HLA-B*08, DRB1*0301, and DQA1*0501 are all part of an 
extended ancestral haplotype that confers risk of adult and pediatric 
myositis in whites.27,29 HLA-DPB1*0101 confers independent risk of 
myositis in particular serologic subgroups, and DQA1*0301 is an 
additional risk factor for JDM. Several HLA alleles, including 
DQA1*0201, DQA1*0101, and DQA1*0102, are protective in JDM. 
Other loci that may confer risk include the cytokine genes tumor 
necrosis factor (TNF)-α, interleukin (IL)-1α, and IL-1b. The TNF-α 
variant TNF308A carries a higher risk of prolonged disease course, 
calcinosis, and ulcerations in JDM. This effect in part may be due to 
linkage disequilibrium with the HLA-B locus. Recent work shows that 
genes that confer risk for many autoimmune conditions are also associ-
ated with JDM, such as PTPN22.30

Autoantibodies are common in JDM, with up to 70% of cases being 
antinuclear antibody positive, and the frequency of various antibodies 
varies between ethnicities. Autoantibody profile of both myositis- 
specific and myositis-associated antibodies in adult and childhood idio-
pathic inflammatory myopathies is tightly linked with genetic factors, 
in particular HLA haplotypes; and specific autoantibodies associate 
with particular clinical phenotypes.29,31,32 Thus, antisynthetase anti-
bodies associate with joint involvement; anti-PM-Scl, with scleroder-
matous features; anti-Jo-1, with lung disease; and anti-Mi-2, with 
classic rashes and milder disease. Several recently identified autoanti-
bodies in JDM include the anti-p155/140 antibody, present in 23% to 
29% of cases and associated with more severe skin involvement and 
lipodystrophy, whereas in adults it is associated with cancer-associated 
myositis. A second recently discovered antibody (anti-p140) confers 
risk of calcinosis in JDM.32 It is not clear if these antibodies are them-
selves pathogenic, although IgG and complement deposition on small 
vessels has been long recognized in JDM. Interestingly, several of the 
target antigens of these antibodies are highly expressed in muscle tissue 
of adult DM patients. However, even in the absence of a direct patho-
logic role, autoantibodies may provide valuable diagnostic and prognos-
tic tools in the future. Development of rapid multiple antibody testing 
methods is underway.

Although environmental triggers of JDM remain unknown, several 
studies have suggested that infections are common before onset. Evi-
dence from gene expression profiling in muscle tissue suggests a strong 
type-1 interferon signature that would support a viral trigger.33 Inter-
ferons are powerful mediators of MHC protein upregulation, a charac-
teristic feature of JDM muscle.34 MHC protein overload may contribute 
to endoplasmic reticulum stress, which is highly damaging to muscle 
tissue.

Clinical presentation and features
Classic cases of JDM present as proximal muscle weakness and rash, 
most typically over the knuckles (Gottron papules) and/or a heliotrope 
rash around the eyes (Fig. 102.3). Onset may be either rapid or 
slow and insidious, the latter making diagnosis difficult. JDM may 
present as a less typical rash, such as over the face, on extensor sur-

generally well tolerated with better safety profile and shows beneficial 
effects in adult SLE, especially in renal disease. To date, experience in 
the pediatric population is limited, although it offers a significant 
therapeutic opportunity.17 It is corticosteroid sparing, improves renal 
function, and reduces disease activity in JSLE.

Biologic therapies have exploded onto the rheumatology therapeutic 
arena in recent years with a series of adult SLE trials recently conducted 
or underway (http://clinicaltrials.gov/ct2/home). In JSLE, rituximab, a 
chimeric mouse/human monoclonal antibody resulting in B-cell deple-
tion, has been used in a number of open-label studies.18 These show 
that rituximab can be effective in combination with standard immu-
nosuppressive agents, although safety issues and re-emergence of 
underlying disease were also noted. Randomized controlled studies are 
needed to evaluate the safety and efficacy of this and all of the emerging 
biologic therapies in pediatric patients.

Clinical severity and outcome
Comparisons with adult cohorts demonstrate JSLE is more severe, with 
greater disease activity at diagnosis and follow-up.8,9 Children have a 
higher cumulative SDI score and accrue greater renal damage.8,9 Greater 
use of corticosteroids and immunosuppressant drugs in JSLE compared 
with adult SLE with their associated side effects emphasize the impor-
tance of developing more effective treatments in this age group. Cumu-
lative organ damage occurs in 50% to 60% of patients, along with a 
poorer health-related quality of life and lower socioeconomic achieve-
ments than their healthy peers.19 Ten-year survival, markedly improved 
over recent decades, is now approaching 90%.19 Despite this, mortality 
in JSLE is higher than in adults, and it remains a devastating disease.

NEONATAL LUPUS SYNDROME
Neonatal lupus syndrome is caused by transplacental passage of mater-
nal autoantibodies to SSA/Ro and SSB/La to the fetus.20 Characterized 
by cutaneous lesions and cardiac involvement, the most important 
clinical manifestation is complete heart block. Rarely, hepatic and 
hematologic abnormalities occur. Although occurring in only 2% of 
children of affected mothers, regular fetal monitoring is mandatory in 
all mothers with anti-SSA/Ro or anti-SSB/La antibodies from approxi-
mately 16 weeks’ gestation to detect evidence of cardiac conduction 
defects. Careful postnatal monitoring is essential to identify cardiac 
and other manifestations that may yet develop. Skin, hepatic, and 
hematologic manifestations are self-limiting and resolve. Cardiac 
disease can be fatal. Heart block is typically permanent, often requiring 
cardiac pacing. Affected infants may be at increased risk of subsequent 
autoimmune disease.

THE PEDIATRIC INFLAMMATORY MYOPATHIES: 
JUVENILE DERMATOMYOSITIS
Juvenile dermatomyositis (JDM) is the most common of the pediatric 
idiopathic inflammatory myopathies and is thought to represent an 
underlying small vessel vasculopathy. JDM typically presents as proxi-
mal muscle weakness and rash but frequently affects other organs. 
Because JDM is a complex multisystem disease, management requires 
a multidisciplinary team of experts and is aimed at early recognition 
and aggressive treatment to prevent complications. Proximal weakness 
in a child needs to be carefully distinguished from an acute infectious 
process, a neuromuscular disease such as a dystrophy, or myositis, 
which is part of another connective tissue disorder such as pediatric 
lupus. Other forms of idiopathic inflammatory myopathies, including 
juvenile polymyositis, in which there is no rash, inclusion body myo-
sitis, and eosinophilic myositis, are all rare in children.

Epidemiology
The annual incidence of JDM is 2 to 3.5/million/year with some dif-
ferences between ethnic groups.21,22 The mean age at onset is around 
7 years of age,23 although JDM may begin at a very young age, when 
it carries a more severe prognosis. JDM is more common in girls,  
with a ratio of about 2.3 : 1 (F : M) but a lower ratio in younger 
children.21,23

http://clinicaltrials.gov/ct2/home
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of current practice. International efforts to generate more appropriate 
modern criteria are underway. A protean range of other clinical features 
may occur in JDM, as well as the rash and weakness, at presentation 
or during disease. These include arthritis (in about 60%), Raynaud 
phenomenon (many of whom show overlap with scleroderma), dyspha-
gia, dysphonia, fevers, mood changes, irritability, anorexia, and abdom-
inal symptoms (Table 102.2).

Assessment and monitoring
Initial history taking, examination, investigation, and ongoing assess-
ment of children with JDM are ideally performed in specialist centers. 
Muscle strength should be assessed using a validated method such as 

faces, or in the axillae and may already show ulceration or calcinosis, 
which are poor prognostic signs (images of a wide range of rash in 
myositis patients can be seen at http://dermatology.cdlib.org).35 Nail 
fold capillary changes and periungual erythema are common and are 
associated with ongoing active disease and poor prognosis. Nail fold 
capillaroscopy is a sensitive and easy-to-use bedside investigation that 
may show the typical dilated capillary loops and capillary dropout (see 
Fig. 102.3).

Diagnostic criteria for JDM, still those of Bohan and Peter,36 require 
rash with symmetric proximal muscle weakness, raised serum muscle 
enzyme levels, and abnormal findings on muscle biopsy and electro-
myography. However, because magnetic resonance imaging (MRI) is 
increasingly the investigation of choice and electromyography is now 
rarely performed on children, these criteria are no longer representative 

a b

c d

e f

g h

Fig. 102.2 Histologic features seen on muscle biopsy 
tissue from patients with juvenile dermatomyositis. (a) 
Variation in fiber size, fiber necrosis, perifascicular 
atrophy, inflammatory infiltrate (arrow), and increased 
numbers of internal myonuclei. (b) High-power image 
shows a necrotic fiber (arrow) and a fiber with features of 
regeneration (double arrow). (c) Expression of neonatal 
myosin (NM), predominantly in a perifascicular pattern. 
(d) Increased sarcolemmal expression of MHC class l 
protein on muscle fibers. (e) Infiltrating T lymphocytes 
(CD3+ ) in a perivascular pattern. (f ) Infiltrating myeloid 
cells (CD68+), both perivascular and diffusely infiltrating. 
(g) Capillary density depletion, as indicated by CD31-
stained capillary endothelium. (h) Increased endomysial 
and perimysial connective tissue deposition. (a and b, 
hematoxylin and eosin; c to g, immunohistochemistry for 
markers as shown; h, Gomori’s trichrome.)

http://dermatology.cdlib.org
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Fig. 102.3 Skin and nail involvement in juvenile dermatomyositis. (a) Classic Gottron papules over metacarpophalangeal and distal and proximal interphalangeal 
joints. (b) Periungual erythema and nail fold capillary loops. (C) Scaly erythematous rash over knees that may be mistaken for other diagnoses, such as psoriasis. (d) 
Facial rash in a periorbital and nasal distribution, including across the bridge of the nose in a child requiring nasogastric feeding due to dysphagia and risk of 
aspiration. (e) Closeup of facial rash in same child as in (d). (f ) Scarring lesions in a child with JDM with ulcerative skin disease.

the Childhood Myositis Assessment Scale (CMAS) or manual muscle 
testing of a standardized set of muscles (MMT8). Skin involvement 
should be carefully examined for and documented: not only the typical 
rash but also related features, including edema, ulceration, nail changes, 
and calcinosis. Several tools for skin assessment in JDM have been 
proposed, including the Cutaneous Assessment Tool (CAT)37 and the 
skin domains of the Disease Activity Score (DAS).38 Recent efforts by 
the Pediatric Rheumatology International Trials Organization, 
(PRINTO) and the International Myositis Assessment and Clinical 
Studies Group (IMACS) group have led to proposed core sets of mea-
sures of disease activity and damage in JDM12,39 that are currently 
being validated; both sets include parent/patient assessment, physi-
cians overall assessment, muscle strength measurement, functional 
assessment (e.g., Child Health Assessment Questionnaire), and  
assessment of extramuscular disease.27 At presentation, laboratory 
measurement of blood cell count, erythrocyte sedimentation rate, 
serum muscle enzymes (creatinine kinase, alanine transaminase, and 
aldolase if available), autoantibodies, immunoglobulins, and renal/
hepatic function should be recorded, the latter also important for future 
drug monitoring. Assessment of autoantibodies may help to delineate 
overlap disease, such as JDM-scleroderma or JSLE. In the future, auto-
antibodies may prove useful as prognostic biomarkers in JDM. The use 
of markers of endothelial activation to measure JDM disease activity 
is a novel area to date. The von Willebrand factor VIII–related antigen 
has been shown to correlate with disease, but newer markers indicating 

endothelial cell damage or repair that may be more sensitive are under 
active investigation.27

Muscle biopsy can provide useful diagnostic information and helps 
exclude rare differential diagnoses such as dystrophies but is not used 
in all centers. Electromyography is now rarely used in children. Quan-
titative MRI can correlate with clinical disease activity,40 but protocols 
are not yet standardized. Specific investigation of complications such 
as videofluoroscopy in cases with suspected pharyngeal involvement or 
high-resolution computed tomography with respiratory involvement 
should be considered.41 Regular monitoring of disease activity over time 
by measurement of muscle strength, examination of skin and nail 
folds, and quantification of functional status is vital. Serial MRI assess-
ment may prove sensitive to detect flare of disease, whereas determina-
tion of serum enzyme levels is less useful once treatment has been 
initiated.

Treatment and outcome
The management of JDM is hampered by a severe lack of an evidence 
base: there are no published randomized controlled trials in JDM, 
although some are currently underway. The mainstay of treatment 
remains initial corticosteroids, usually combined with a disease-mod-
ifying antirheumatic drug (DMARD), most commonly methotrexate at 
a dose of 15 mg/m2, preferably given subcutaneously. Because evidence 
suggests that gastrointestinal involvement leading to poor oral absorp-



CH
A

PTER 102 
● Connective tissue diseases in children 

1041

As well as medication, intensive physiotherapy can assist in main-
taining and restoring muscle strength and there is evidence that it is 
safe to muscles in JDM.44 Use of photoprotection for skin must be 
emphasized. Other interventions, such as nasogastric tube feeding with 
dysphagia or speech and language therapy with dysphonia and special-
ist skin care, may be needed.

For severe or refractory cases a range of therapeutic options exist, 
with choice being largely led by local experience. Cyclophosphamide, 
given intravenously monthly at 0.5 to 1 g/m2 was shown to be benefi-
cial in a series of refractory cases of JDM with severe features, including 
severe weakness, dysphagia, skin or gastrointestinal ulcerations, or 
central nervous system disease.45 More recently, severe cases have been 
treated with biologic agents, including TNF blockers (etanercept and 
infliximab) and the B-cell–depleting monoclonal antibody rituximab. 
Children are included in the international randomized controlled trial 
of rituximab in myositis (http://www.edc.gsph.pitt.edu/rimstudy). A 
few very severe cases have been successfully treated by autologous stem 
cell transplantation.46

Long-term outcome of JDM in the modern era is still unknown. 
The high mortality rate experienced before the use of DMARDs has 
improved, with modern mortality estimated at 1% to 2% of cases. 
However, over time, new features of JDM can develop when the disease 
is not well controlled, causing serious morbidity and disability, includ-
ing ulcerations, calcinosis, and contractures. Previously, calcifications 
occurred in up to 30% of cases: recent reports suggest that with aggres-
sive management this complication is found in about 15% of cases over 
5 years.27 When widespread, the severe “exoskeleton” form of calcinosis 
in JDM is highly disabling (Fig. 102.4). In a long-term study of 65 
patients with a median follow-up of 7 years, 35% were still on medica-
tion and 40% still had rash; despite this, educational and vocational 
achievements were high.47 Little is known about long-term cardiovas-
cular risk in JDM: as with JSLE there is concern that this will prove 
to be a serious risk in patients with long-term inflammatory activity. 

tion is common, corticosteroids are ideally initially given intravenously. 
Pulse methylprednisolone (30 mg/kg/day up to a maximum of 1 g, for 
3 days), repeated after a week, is given along with weaning doses of 
oral prednisolone, starting at 1 to 2 mg/kg/day. Evidence suggests that 
use of early methotrexate concurrent with corticosteroid reduces the 
overall corticosteroid dose and thus long-term side effects such as 
osteoporosis and growth retardation while providing equally good 
disease control as use of a corticosteroid alone.42,43 Other DMARDs 
used in some centers include azathioprine, 3 to 5 mg/kg/day; hydroxy-
chloroquine, 3 to 6 mg/kg/day (especially for rash); and cyclosporine 
(total of 4 to 10 mg/kg/day in two divided doses, aiming for a trough 
level of 75 to 100 ng/mL). Cyclosporine has been suggested to be effica-
cious for JDM in case series, but no comparison of DMARDs has been 
published. A randomized trial to compare the addition of methotrexate 
or cyclosporine to prednisolone, compared with prednisolone alone, 
given at diagnosis, is underway (http://www.printo.it/). Intravenous 
gammaglobulin (IVIG) has been shown to provide clinical benefit in a 
controlled trial in adults and in a number of series in JDM.

TABLE 102.2 CLINICAL FEATURES OF JUVENILE DERMATOMYOSITIS

Feature Approximate frequency (%)

Musculoskeletal

Weakness 85-100

Myalgia 62-73

Arthritis/arthralgia 6-66

Raynaud phenomenon 14-25

Mucocutaneous

Gottron papules 57-100

Heliotrope rash 66-99

Malar or facial rash 42-73

Other rash

Skin ulceration 23

Calcinosis 6-30

Nail fold changes 50-91

Mouth ulcers 25-35

Lipoatrophy 10-21

Edema 11-36

“V” sign 2

Gastrointestinal

Dysphagia 18-44

Dysphonia 17-43

Abdominal pain/discomfort 21-37

Respiratory

Dyspnea 18-47

Constitutional

Fevers 16-65

Mood change, irritability 11-45

Fatigue, lethargy 10-85

Data are summarized from references 52-54 and the U.K. JDM Registry data23 and from 
unpublished findings. Figures with wide ranges reflect varying reports, which may be due to 
differences in ascertainment or criteria for inclusion in cohorts, time to referral and diagnosis, 
data at presentation or during disease, or examination protocols.

a

b

Fig. 102.4 Calcification in juvenile dermatomyositis. (a) Calcinotic lesions on 
the forearm. (b) Extensive calcification in subcutaneous tissues of legs seen on 
a plain radiograph.

http://www.edc.gsph.pitt.edu/rimstudy
http://www.printo.it/
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of skin can follow a dermatomal pattern, affecting the legs, arms, or 
face. The underlying tissues are often affected, leading to functional 
and cosmetic problems. When linear scleroderma affects the face, it is 
unilateral and may start in the midline, when it is called “en coup de 
sabre.” Localized scleroderma rarely evolves into SSc (1 of 750 cases50).

SSc is very rare in children. It is divided into limited cutaneous SSc, 
in which the sclerosis is limited to the distal limbs (below wrist or 
ankle) and the face, and diffuse cutaneous SSc, in which the sclerosis 
also involves the proximal limbs and the trunk. New classification 
criteria for juvenile SSc have been proposed51 and are more stringent 
than those for adult disease. Both have the same major criterion (skin 
thickening) and several minor criteria. The juvenile classification cri-
teria specify 1 major and 2 minor criteria, whereas the adult criteria 
specify 1 major or 2 minor criteria (Table 102.3).

SSc appears to be less severe in children, with less visceral involve-
ment and better long-term outcome, with renal crises reported in only 
1 of 153 patients.49 Scleroderma can occur as an overlap syndrome with 
SLE, DM, or juvenile idiopathic arthritis; however, these were excluded 
from these studies.

Management
Treatment of juvenile scleroderma is aimed at controlling the inflam-
mation: oral corticosteroids are the most common treatment,49 
although care has to be taken in SSc because corticosteroids can pre-
cipitate renal crisis (seen in adult SSc). Second-line treatments include 
methotrexate, cyclophosphamide, D-penicillamine (although less since 
1998), and mycophenolate mofetil. Vasodilators such as calcium 
channel blockers are used for Raynaud phenomenon and can help 
digital ulceration. Iloprost and bosentan are used for severe Raynaud 
phenomenon and pulmonary arterial hypertension. Physical therapists 
are important in helping to maintain muscle strength to counteract 
the skin tightness, as well as teaching patients stretches to help prevent 
the restriction of movement. Many patients need psychological inter-
vention because of the cosmetic problems; and once the disease is 
inactive, plastic surgery can be helpful.

In addition to disease burden, treatment of JDM itself generates mor-
bidity through side effects, in particular from corticosteroids, including 
osteoporosis, weight gain, and growth retardation; these need to be set 
against growth inhibition and osteoporosis caused by active inflamma-
tory disease itself. Long-term immune effects of biologic agents such 
as TNF blockade are as yet unknown, but careful screening for malig-
nancy is mandatory.

JDM is a complex multifactorial disease whose management 
requires a wide range of specialists over many years. Improved recogni-
tion to aid rapid diagnosis, as well as collaborative efforts, international 
sharing of data, and a protocol-driven approach to modern treatment 
are vital and should ultimately lead to more individualized treatment 
choices and improved outcomes.

SCLERODERMA
The word “scleroderma” means hard skin. In this rare disorder, the 
skin becomes thickened and hard. Scleroderma is divided into two 
forms: localized scleroderma and systemic sclerosis (SSc). Localized 
scleroderma is the most common form in children, whereas in adults 
it is SSc. Scleroderma can be difficult to recognize, especially early in 
the disease process. Scleroderma affects not only skin but also subcu-
taneous tissues and underlying muscle and bone. In SSc, the disease 
can involve internal organs and is often preceded by Raynaud 
phenomenon.

Epidemiology
There are few data on the incidence or prevalence of scleroderma in 
children. In a British Paediatric Surveillance Unit survey undertaken 
to establish the incidence of newly diagnosed childhood scleroderma 
in the United Kingdom,48 pediatricians and dermatologists reported 94 
confirmed cases over 2 years: 87 had localized scleroderma and 7 had 
systemic sclerosis, giving an estimated annual incidence of 3.4 per 
million for localized scleroderma (of which 2.5 per million were linear 
disease) and 0.27 per million for SSc. The localized cases were mostly 
in whites (87%) and mostly linear (68%). A third had lesions affecting 
the face and head.

Etiopathogenesis
The etiology of scleroderma is unknown. Initiating factors are thought 
to be multifactorial, that is, environmental triggers within a genetically 
susceptible individual. The hallmark of the disease is increased fibrosis, 
leading to thickened hardened skin. There is increased deposition of 
collagen type I and II, which are synthesized by skin fibroblasts. This 
may be preceded by endothelial cell injury, causing activation of peri-
vascular fibroblasts and leading to inflammation and tissue edema. 
Early lesions of the skin can look swollen and red, with a “woody” feel 
to the subcutaneous tissues. Later on, the fibrotic skin becomes rela-
tively avascular and tight. In SSc, the inflammation and progressive 
fibrosis is most obvious in the skin; however, gastrointestinal, respira-
tory, renal, cardiovascular, and genitourinary systems are also involved. 
Vascular alterations show a predilection for the small arteries and 
arterioles, and vascular dysfunction is one of the earliest symptoms 
seen, usually manifested as Raynaud phenomenon in 95% of adult 
cases and 75% of childhood cases.49

Clinical presentation
Localized scleroderma is rarely associated with Raynaud phenomenon 
(12 of 750 patients in one study50) or visceral involvement and is sub-
divided into morphea and linear scleroderma. In morphea, oval patches 
of thickened skin are seen that can be pigmented. They are usually on 
the trunk (e.g., rarely on fingers or toes) and can be widespread. Linear 
scleroderma is the more common form in children. Thickened bands 

TABLE 102.3 PROPOSED CRITERIA FOR JUVENILE SYSTEMIC SCLEROSIS

Major criteria Skin thickening/tightening/induration of the fingers 
proximal to the metacarpophalangeal or 
metatarsophalangeal joints

Minor criteria Two of:
 Raynaud phenomenon
 Sclerodactyly
 Digital skin pitting/ulcers
 Nail fold capillary abnormalities
 Dysphagia
 Gastroesophageal reflux
 Cardiac arrhythmias
 Cardiac failure
 Pulmonary fibrosis
 Reduced diffusion factor
 Pulmonary hypertension
 Renal crisis
 Hypertension
 Neuropathy
 Carpal tunnel syndrome
 Arthritis
 Myositis
 Tendon friction rubs
 Serologic autoantibodies such as anti-Scl70
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functioning, which refers to the difficulty an individual may experience 
in executing a particular activity; and (3) restriction in participation, 
which refers to the problems an individual may experience in involve-
ment in life situations.2,3 We first describe each of these disease com-
ponents, then the measures most frequently used to assess them, and 
finally the evidence-based research supporting different interventions 
in rehabilitation.

JIA is a chronic heterogeneous inflammatory condition of unknown 
etiology characterized by periods of flare and remission.4 As seen in 
previous chapters there are varying types, each classified by type of 
onset, signs and symptoms observed during the first 6 months after 
onset, and disease progression. Overall, the implications of JIA, 
although to varying degrees dependent on type of disease, have limiting 
consequences on patients’ abilities to participate in age-appropriate 
activities and to fulfill their roles in society as children, adolescents, 
and eventually adults.

PHYSICAL, FUNCTIONAL, AND  
PSYCHOSOCIAL IMPLICATIONS
Children and adolescents with JIA often present with chronic pain, 
stiffness, decreased range of motion, joint deformity, decreased muscle 
strength, and poor cardiovascular endurance. Shaw and colleagues 
showed that adolescents with JIA reported the following difficulties: 
stiffness (43.2% of participants), joint tenderness (41.2%), increased 
fatigue (i.e., tires easily) (37.3 %), joint swelling (35.4%), headache 
(28.2%), and decreased or limited strength (20.5%).5 The older the 
adolescent, the greater the impact of joint tenderness/pain and fatigue.5 
Other important physical implications such as osteoporosis and growth 
disturbances and possibly growth delays are also described.

Most children with JIA have pain that fluctuates with changes in 
disease status. Sherry and associates showed that 86% of children with 
arthritis reported pain during routine clinical checkups when visiting 
their pediatric rheumatologist.6 Schanberg and coworkers found that 
children with polyarticular juvenile arthritis followed daily for 2 months 
reported pain on 73% of days with an average number of participants 
qualifying their pain as mild to moderate and 31% of children indicat-
ing they had severe pain.7 During periods of active disease many chil-
dren with JIA will avoid tasks and activities that may be painful, which 
often leads to muscle and cardiovascular deconditioning and decreased 
range of motion of the involved joints. Thus, impairments in muscle 
strength and cardiovascular fitness are thought to result in part from 
reduced activity participation due to pain and limited joint range of 
motion.8,9 These impairments may make it more difficult for them to 
participate in their favorite activities and may lead to long-term dis-
ability.9 In the presence of regular inflammation, thresholds for afferent 
nociceptive fibers are lowered to below normal, which may result in 
higher intensity and persisting pain.10 Consequently, children with JIA 
are at greater risk of experiencing pain when completing simple daily 
physical activities, such as climbing stairs.

In juvenile arthritis the number and symmetry of joint involvement 
differ depending on the different categories of disease (oligoarthritis, 
polyarthritis, or systemic). Although any joint may be affected, it is 
mostly the large joints that are most frequently involved. Joint involve-
ment begins with swelling, stress pain at end of range, stiffness, and 
limited range of motion. The child may also present with an enlarged 
joint caused by increased blood flow to the inflamed tissues.11 The 
enlargement of the articular capsule from increased synovial fluid 

Rehabilitation and psychosocial 
issues in juvenile idiopathic arthritis
Debbie Feldman and Sabrina Cavallo

 Rehabilitation for children with juvenile idiopathic arthritis (JIA) 
requires a multidisciplinary team approach focused on promoting 
maximal independent function and participation in activities of 
daily living, work, school, and recreation.

 Assessment in JIA addresses disease impact in terms of 
impairment, function, involvement in life situations, as well as 
quality of life.

 Rehabilitative interventions utilize thermal and electrical 
modalities, therapeutic exercise, splinting and casting techniques, 
motor skill, and gait and fitness training to help improve mobility 
and strength and to limit pain.

 Adaptive strategies and specialized equipment may be needed to 
favor maximal function at home, at school, and in the community.

 The presence of JIA has long-term physical and psychosocial 
implications felt well into adulthood.

 The psychosocial stresses can be addressed through education, 
self-management courses, camp experiences, and family retreats.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) is a complex disease that requires an 
interdisciplinary approach to treatment. Among the health care profes-
sionals typically caring for children with JIA are the pediatric rheuma-
tologist, nurse, physical therapist, occupational therapist, and social 
worker. Other specialists such as orthopaedic surgeons, ophthalmolo-
gists, and psychologists may also be consulted.

In the past decade, pediatric rehabilitation professionals (mainly 
occupational therapists and physical therapists) have reshaped their 
approach to intervention by making it more family centered, involving 
children and parents in their treatment plans and recommendations.1 
In addition, the involvement of community services and school officials 
is an important step in favoring the child’s psychosocial integration. 
The goals of rehabilitation extend from improving the physical limita-
tions caused by the disease, to favoring functional abilities through 
daily exercises and adaptive equipment, to promoting the child’s par-
ticipation in life roles needed for proper development and well-being.

In the following we have chosen to describe the impairment, func-
tion, and participation level of the child living with JIA and its assess-
ment and treatment by mirroring the International Classification of 
Functioning, Disability, and Health (ICF)2 published by the World 
Health Organization in 2001.3 The ICF provides health care profes-
sionals with a conceptual framework for the description of functioning 
and disability, and is easily applicable to children with a chronic condi-
tion such as JIA. Because JIA is a complex disease with multiple com-
ponents, rehabilitation assessment and intervention should not focus 
solely on impairment but must also consider the functional and psy-
chosocial implications of the disease. It is essential to thoroughly 
understand the relationship between the physical, functional, psycho-
social, contextual, and environmental factors surrounding the child’s 
disease to address all difficulties and develop a comprehensive treat-
ment plan.

In this chapter, JIA is described in terms of (1) impairment, which 
refers to the loss of body function or structure; (2) limitation in 
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with boys reporting this more than girls.5 Some adolescents reported 
that driving was also a problem.5

Limitations in function persist into adulthood. Packham and  
colleagues found that 58% of the adult participants with JIA have dif-
ficulty climbing stairs; 33% had to choose homes on the first floor, and 
22% of those with stairs required assistance, such as a stair rail or stair 
lift.20

Participation is defined by the World Health Organization as the 
involvement of the person in life situations, which is influenced by 
both intrinsic and environmental factors.3 In children with JIA, 
increased daily symptoms of pain, stiffness, and fatigue were significant 
predictors of reduced participation in school and social activities.7 This 
may contribute to poor psychosocial adjustment due to isolation and 
decreased participation in age-appropriate academic and social roles; 
however, there does not seem to be an effect on social competency in 
the short-term.7 Nevertheless, if participation remains limited on a 
long-term basis, children and adolescents may not have enough social 
contacts with peers, may be less able to make friends, experience 
greater social isolation, and may be at greater risk for depression.21 It 
is therefore crucial to consider the impact of disease characteristics on 
the child’s participation in social roles necessary for their development, 
because this may have long-term effects. Adolescents with JIA have 
reported frustration (30.2%) and depression (23.4%).5 These were par-
ticularly problematic for older adolescents, with 39% reporting frustra-
tion as one of their biggest problems and 63.6% reporting depression. 
Adolescents with greater disease activity, worse pain, worse general 
health, and greater functional disability were those most likely to rate 
frustration as one of their main problems. Similarly, adolescents 
described depression as their greatest problem when they presented 
with greater disease activity, worse pain, worse general health, and 
greater functional disability. Other frequently rated psychological prob-
lems included “interacted poorly with brothers and sisters” (18.5%), 
“felt sad” (18.5%), and “argued a lot” (17.2%).5 Thus, social functioning 
and psychosocial adjustment appear to be directly related to the  
level of disease disability,5,21 where those with active or severe disease 
are at greater risk of social isolation and possibly psychosocial 
maladjustment.

Children with JIA may also experience decreased participation in 
play.22 Play is central to a child’s development and an important area 
of occupational performance in childhood rehabilitation.22 In children 
with JIA play may be limited due to pain and stiffness, although they 
may still manage to participate in activities with friends and peers 
either as spectators or by adapting the activity to suit their needs (i.e., 
walking instead of running).22 Unfortunately when symptoms are sig-
nificant children may retreat from certain activities. By isolating them-
selves these children are more at risk of participating in lone and 
passive activities, which affects not only their physical endurance but 
also their social integration.22

The implications of JIA on the child are felt well into adolescence 
and adulthood. At first, children must face being scrutinized by their 
peers in school because of their orthotics, their poor performance in 
writing activities, and explaining to peers and teacher what their 
disease is.23 A qualitative study by Guell explored the impact of juvenile 
idiopathic arthritis on the child’s everyday life.23 Children reported 
adopting different management techniques to overcome the painful 
symptoms associated with their disease and to participate as fully as 
possible, albeit with limitations, in social and school activities.23 Guell 
reviews the notion of disease normalization, in which children and 
parents aspire to have a normal life and eventually become productive 
members of society.23 Psychosocial issues (e.g., emotional distress, 
family functioning, mood, stress, coping with pain) can impact a child’s 
participation in school and social activities. Global self-esteem of 
Dutch youth with chronic juvenile arthritis did not differ from that of 
their healthy counterparts.19 However, they did report lower compe-
tency in athletics, possibly owing to the decreased opportunity to 
participate in sports compared with their healthy counterparts.19 Nev-
ertheless, they still reported as many spontaneous social interactions 
as other children without JIA.19 With respect to body image, children 
with polyarticular juvenile chronic arthritis tended to view themselves 
as thinner compared to their classmates. Children with JIA have shown 
increased risk in psychosocial problems in comparison to healthy 
children.5,24

causes stretching of the periarticular tissues. The child will often 
respond by unknowingly contracting the muscle, which will result in 
pain and stiffness. The acute and active phase of the disease is often 
characterized by morning stiffness.11

In addition to limited range of motion, children with oligoarticular 
JIA are at risk for other musculoskeletal sequelae, such as leg-length 
and thigh circumference discrepancy.12,13 In addition, these children 
are at risk for growth delays and premature stunting of the long bones, 
as well as the small bones of the hands. The reasons for the discrepancy 
of thigh circumference may be related to disuse or decreased load 
bearing of the leg due to capsular (or articular) damage, which could 
cause atrophy of the quadriceps of the involved leg. In addition, pain 
of the involved articulation may cause the child to adopt a more com-
fortable position and maintain the involved joint in flexion. The short-
ening of the muscle and tendon may cause joint contractures4 that will 
require stretching and splinting (see later).

Small joint involvement of the hands is mostly seen in children 
with polyarticular arthritis. Joint involvement of the hand can range 
from a single joint to symmetric, bilateral involvement. Clinical mani-
festations of arthritis in the hand include joint swelling, tenosynovitis, 
dactylitis, loss of range of motion, flexion contractures, joint deformi-
ties, and malalignment.4 In JIA, the wrist, metacarpophalangeal, and 
proximal interphalangeal joints can be involved. In a cross-sectional 
study of children with polyarticular JIA, abnormalities of the wrist 
related to periarticular osteoporosis, osteophytosis, narrowing of the 
joint space, and growth disturbances of the epiphysis were found in 21 
of 23 children.14 Malalignment of the wrist characterized by ulnar 
deviation and/or subluxation of certain carpal bones is a common 
deformity in children with JIA. Helders and colleagues described three 
different types of early wrist involvement that affected the radial, 
central, and ulnar regions.14 The smaller joints of the hand are also 
vulnerable to deformity and loss of mobility, such as boutonnière 
deformities, flexion contractures, and swan-neck deformities.4 Differ-
ent patterns of joint involvement are observed in the JIA subtypes. 
Rehabilitation interventions play an important role in limiting these 
deformities and maintaining hand function and strength.

Children with JIA may also present with significant decrease in 
muscle strength.15,16 Broström and colleagues showed that young girls 
diagnosed with JIA, with active disease and lower-extremity involve-
ment, had weaker plantarflexor and dorsiflexor muscles as compared 
with their age-matched peers.15 Klepper described that children with 
JIA have greater limitations in aerobic fitness and muscle strength 
when compared with healthy children, presumably caused by decreased 
physical activity secondary to disease symptoms.9

Children with arthritis are at greater risk for developing osteopenia, 
that is, lower than normal bone mineral density than expected for age 
level. Disease duration and severity, subtype of JIA (children with 
polyarthritis are at greater risk), use of corticosteroid treatment, growth 
retardation, limited physical activity, and limited calcium intake con-
tribute to this risk.17 Other factors that may cause low bone mineral 
density are limited sun exposure, inadequate dietary intake of calcium 
and vitamin D, and low body mass (weight). Osteopenia can interfere 
with skeletal maturation and normal growth.18 Low bone mineral 
density is an important outcome indicator of function in children with 
chronic arthritis.

The impairments just described have an impact on function in 
everyday living and may require children to be dependent on family 
members for many of their activities of daily living, such as self-care 
and dressing.19 Children with JIA may have limited dexterity, which 
can limit their participation in writing activities and other school 
activities necessary for their development and social integration. Also, 
certain activities of daily living such as ability to manage small fasten-
ers and utensils may also be hindered by finger joint tenderness and 
range of motion limitations. Adolescents rated “twisting off a bottle/
jar top” (21.1%), even if already loosened, and “opening soft drink cans” 
(19.8%) as most problematic when asked about daily activities related 
to fine motor skills.5 Other problematic activities for older adolescents 
were pulling socks up, tying shoelaces, and putting shoes on.5 Gross 
motor tasks were also reported as limiting, such as kneeling or sitting 
on heels for several minutes, standing for half an hour, and running 
two blocks.5 Younger adolescents (14-year-olds) also reported problems 
participating in physical education classes and playing a favorite sport, 
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therapists must be cautious when assessing strength so as not to cause 
further pain.

Although a physical evaluation can afford rehabilitation profession-
als with a good overall impression of the disease severity, it does not 
provide enough information to thoroughly estimate the effects of 
disease activity in terms of the child’s function. It has therefore become 
customary to question patients and family members as to the limita-
tions experienced by the child during daily activities. Also, results from 
functional measures may be more meaningful to parents rather than 
physical measurements.

Several instruments have been developed that measure function in 
persons with JIA. These include the Juvenile Arthritis Functional 
Assessment Report (JAFAR) (child and parent forms)32 and Juvenile 
Arthritis Functional Assessment Scale (JAFAS) (physiotherapist assess-
ment).33 Either of these can be used in a clinical setting because they 
are quick and simple to use,26 measure activities of basic daily function-
ing, and are suitable for children between the ages of 7 and 17 years 
of age. The JAFAR is a questionnaire used to measure functional ability 
in children with JIA that can be completed by either parents (JAFAR-P) 
or patients (JAFAR-C) aged 7 to 18 years of age. Twenty-three activities 
of daily function are included, and responses reflect the child’s ability 
to independently perform the activity in the past week (0 = all the 
time, 1 = some of the time, 2 = almost never). The theoretical score 
range is 0 to 46 with increasing scores indicating worse function.32 The 
JAFAS is a performance test that evaluates the child’s function.33 
Although performance tests are appropriate in a research setting, they 
may be too time consuming to be completed periodically in a clinical 
setting; thus, questionnaires may be more appropriate.

A questionnaire that has shown to be an adequate indicator of child 
function comparable to the JAFAS performance test is the Childhood 
Health Assessment Questionnaire (CHAQ).34-36 In comparison to the 
JAFAS the CHAQ had better overall psychometric properties in terms 
of internal consistency, construct validity, and responsiveness.35 Ques-
tions are grouped into categories such as “dressing and grooming,” 
“eating,” “walking,” and “activities.” For each item there is a four-level 
difficulty scale scored from 0 to 3 representing “no difficulty” to “unable 
to do.”36 Tennant and coworkers identified four measures of function 
as being appropriate for routine use in a clinical setting35: the JAFAS 
timed observed function test, the JAFAR-C (questions are completed 
by children), and the JAFAR-P and the CHAQ, which are question-
naires completed by parents.35

Another detailed questionnaire that may be particularly valuable for 
rehabilitation professionals is the Juvenile Arthritis Functional Status 
Index (JASI).37,38 The JASI helps assess activities of daily living and 
functional mobility in children with arthritis. The JASI is designed to 
assess degree of difficulty through a seven-point rating scale for 100 
different functional items in the following categories: self-care, domes-
tic, mobility, school, and extracurricular. The second part of the JASI 
has the child identify which activities are most relevant for improve-
ment. Although interesting and appropriate for rehabilitation profes-
sionals, the JASI, owing to its many questions, is long to complete and 
may be difficult to include in a clinical treatment session and may have 
to be completed by parents at home.

The Childhood Arthritis Health Profile,39 which attempts to measure 
both disease-specific and generic disorders, including behavior, well-
being, self-esteem, the impact of disease on the family, and functioning 
in school, is a complex tool that can be completed relatively quickly in 
a clinical setting. There exists a self-report version for adolescents aged 
13 years and older, as well as a parent-report version.39

Another performance tool used in a clinical setting is the Childhood 
Myositis Assessment Scale (CMAS), which was developed to assess 
muscle function by measuring both strength and endurance in children 
with juvenile dermatomyositis and polymyositis. It includes 14 ordinal 
items assessing axial and proximal muscle groups with scores ranking 
from 0 to 52, where higher scores indicate greater muscle strength and 
endurance. The CMAS exhibits good reliability, construct validity, and 
responsiveness and is a valid instrument for the assessment of physical 
function, muscle strength, and endurance in children with juvenile 
idiopathic inflammatory myopathy.40

Very little is known regarding the standardized and systematic 
evaluation of participation in different spheres of life (academic, social, 
leisure, and vocational) in children with juvenile arthritis. Different 

Adults with a history of juvenile rheumatoid arthritis (JRA) who had 
greater physical disability presented with more psychological difficul-
ties.25 Thirty percent were unemployed and believed that their arthritis 
was the reason for this.25 It would seem that arthritis has a long-term 
effect on psychological adjustment during adulthood, which can hinder 
life roles such as working. A study in the United Kingdom confirmed 
that despite having a higher educational level, adults who had JIA had 
higher than average rates of unemployment.20

It is important to emphasize how body structure and function,  
activity, and participation are strongly linked, whereby significant  
limitations in joint mobility, increased swelling, and pain of involved 
joints limit execution of daily activities and can hinder participation 
in age-appropriate roles.

EVALUATION
The impairments that children living with JIA must contend with are 
assessed using different measures and tools. In addition to the routine 
evaluation by the rheumatologist to assess the number of affected 
joints for disease classification and status,26 other information on the 
child’s function and participation must be collected to obtain a com-
plete overview of the child’s health status. Although rehabilitation 
professionals can also identify painful joints, they hold a key role in 
quantifying physical limitations in terms of range of motion, strength, 
and growth discrepancies using specific measurement tools that are 
used to denote change, progression of status, and effects of pharmaco-
logic and rehabilitation interventions.

Commonly used to measure pain is the visual analog scale (VAS), 
which is simply a 100-mm visual scale on which patients rate the level 
of pain felt from 0 to 10. The VAS is included in different assessments 
such as the Juvenile Arthritis Quality of Life Questionnaire (JAQQ) 
and the Pediatric Pain Questionnaire (PPQ). The VAS can be presented 
in different forms that are appropriate for children; for example, in 
young children the level of pain is described by pointing to a face that 
best describes how the child is feeling (from happy face to a sad face). 
The PPQ was developed with children in mind and uses age-appropri-
ate terms to describe the child’s level of pain from “no hurting, no 
discomfort, no pain” to “hurting a whole lot, very uncomfortable, 
severe pain.”27 In addition to rating daily pain intensity, the PPQ 
assesses the location of the pain by asking the child to color in or mark 
a body map showing painful locations. The VAS can also be used to 
measure other symptoms. It has been adapted to help rate fatigue from 
“not tired” to “very tired” and stiffness from “no stiffness” to “very 
stiff.”7 Both the VAS and the body map have adequate reliability and 
validity in the assessment of pain in children with rheumatic 
disease.27-30

Range of motion is measured by using different-sized goniometers 
to accommodate specific joints. It is important that these be calibrated 
to ensure reliability and allow for accurate measurement of change. 
The therapist should also be vigilant and observe any movement com-
pensation or grimacing from the patient indicative of a painful articula-
tion and possibly active disease. Also, bilateral comparison of the joints 
is needed to ensure that limited range of motion is indeed due to  
contracture or joint stiffness. Range of motion may be scored using  
the Paediatric Escola Paulista de Medicina Range of Motion Scale 
(pEPMROM).31 Joint range of motion of 10 movements (cervical spine 
rotation, shoulder abduction, wrist flexion and extension, thumb 
flexion (metacarpophalangeal), hip internal and external rotation, knee 
extension, and ankle dorsiflexion and plantarflexion) are measured 
using a goniometer (or a tape measure in the case of the cervical spine) 
and subsequently classified using a four-point Likert scale (0 = no 
limitation to 3 = severe limitation). The final score is generated by 
dividing each movement score by 20.

Muscle strength can be measured by using a dynamometer for  
grip strength, pinch meter to assess finger strength (tip to tip, three 
point, and key grasps), and the manometer—all measures that may 
yield a more objective and accurate assessment of the child’s muscle 
strength. Many therapists continue to use manual muscle testing,  
classifying strength on a scale from 0 to 5. However, therapists should 
be aware that this is a subjective measure that has limitations with 
respect to reliability and that electronic devices may have better  
psychometric properties. Irrespective of the method of measurement, 
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to coach children to distinguish between pain related to joint limitation 
and swelling and pain related to fatigued muscles. Although the use of 
pharmacotherapy to limit the pain is necessary, the additional use of 
cognitive-behavioral therapy may have positive results in reducing the 
pain level and improving function.44 The cognitive-behavioral approach 
proposed by Walco and associates first teaches children progressive 
muscle relaxation and then meditative breathing exercises and instructs 
children on the use of guided imagery (as a means of distraction from 
the pain and as a means of illustrating the pain).44

Massage therapy may have an important impact on decreasing pain 
in children with mild to moderate JRA.45 A specific massage therapy 
was taught to parents and was completed daily for 15 minutes for 30 
days.45 Anxiety levels of both the child and the parent decreased, as 
well as the child’s stress hormone (cortisol) levels. Moreover, the fre-
quency and severity of pain diminished and children were able to 
participate in more vigorous activities after the 30-day trial.45

Biomechanical methods to relieve pain caused by inflammation at 
the wrist include functional and resting splints. In conjunction with 
stretching and exercise recommendations, the wearing of resting and/
or functional splints can help limit joint deformity, relieve pain, stretch 
contracted joints, and support inflamed joints.46 During the acute 
phase of active disease, intra-articular pressure is increased owing to 
inflammation. In response to this, patients will flex the involved joint, 
be it the wrist, elbow, or knee, to seek relief from pain, thus reducing 
the intra-articular pressure.14 However, the long-term flexed position 
can shorten the flexor tendons and muscles, causing contractures and 
possibly deformity of the involved joints as well as malalignment of 
the adjoining bones (e.g., malalignment of the fingers when the wrist 
is involved). Commonly, the occupational therapist fabricates cock-up 
(Fig. 103.1) and/or hand-resting splints (Fig. 103.2) to prevent further 
damage to the wrist. The wrist is placed in pronation and supported 
by a forearm-based splint extending to the middle of the palm. The 
wrist is maintained in 15 to 20 degrees of extension with slight ulnar 
deviation.14 These splints are most often worn at night to limit forced 
flexed position of the wrists and fingers, which would otherwise over-
strain the affected wrist joint and lead to decreased range of motion 
and increase pain. There is evidence that splinting improves passive 
range of motion of wrist flexion and decreases ulnar deviation47 and 
also has positive effects on grip strength, dexterity, and decreasing 
swelling.48

Similarly, knee-extension splints are used in addition to regular 
stretching and pharmacologic treatment to limit pain and decreased 
range of motion (Fig. 103.3). One study indicated that there were 
greater improvements in active and passive range of motion when 
children received the intervention, static traction, and knee-extension 

approaches have been used to evaluate participation. Daily diaries give 
a qualitative view of the person’s participation in activities related to 
school, sports, and social activities.23 The Child Behavior Checklist, a 
non-specific questionnaire, has been used to ascertain information on 
the child’s social functioning.19 A common outcome measured in JIA 
is health-related quality of life. Two measures that are commonly used 
in juvenile arthritis research are the Juvenile Arthritis Quality of Life 
Questionnaire (JAQQ) and the Child Health Questionnaire Parent-
Form 50 (CHQ). Both of these measures examine an important com-
ponent of the child’s health status related to psychosocial function. 
Although the CHQ is not specific to juvenile arthritis, it has been used 
as a proxy to measure the child’s general health. A more comprehensive 
tool, which also assesses areas of difficulty in the psychosocial domain, 
is the Juvenile Arthritis Quality of Life Questionnaire.41 Daily diaries, 
although not standardized, can still provide information regarding par-
ticipation in daily activities, such as the effects of daily pain and 
symptoms on participation in school and social activities.7

Standardized assessments of participation in children with JIA  
need to be developed. A standardized generic assessment of participa-
tion, the Children’s Assessment of Participation and Enjoyment 
(CAPE), has been administered to children with JIA.42 The CAPE 
is a 55-item questionnaire designed to examine how children and 
youth participate in everyday activities outside of their school classes. 
The CAPE provides information about the following dimensions of 
participation: diversity (number of activities done), intensity (frequency 
of participation measured as a function of the number of possible 
activities within a category), and enjoyment of activities. It also pro-
vides information about the context in which children and youth 
participate in these activities (i.e., with whom and where they 
participate).43

Ideally, a disease-specific, standardized measure assessing participa-
tion related to communication, personal care, housing, mobility, 
fitness and nutrition, responsibility, recreation, education, community 
life, interpersonal relationships, attitudes, and beliefs toward involve-
ment in different activities is needed to complete the picture of the 
child’s level of participation. Such a measure could provide the health 
care professional with a comprehensive view of what is important for 
the child/adolescent and could help direct treatment strategies. Fur-
thermore, as concerns among health care professionals regarding easing 
the transition from pediatric care to adult care continue to grow, such 
types of standardized assessments may be necessary to identify the 
difficulties and worries that adolescents and young adults may have 
concerning specific roles they must fulfill, such as being a spouse, a 
parent, and a professional.

GOALS OF TREATMENT: EVIDENCE-BASED 
TREATMENT AND OUTCOME
Rehabilitation professionals such as physiotherapists and occupational 
therapists have an important role to play in the care of the child with 
JIA. Typical goals are to limit pain, prevent limitation, and improve 
range of motion in affected joints; maintain and improve muscle 
strength; increase and maintain endurance for activities of daily living; 
minimize the effects of inflammation; and promote normal growth and 
development. Examples of treatment interventions include home exer-
cise programs; regular therapy sessions; inpatient hospital treatment; 
serial casting; night-time, serial, dynamic, or shoe splints; assistive 
devices for ambulation, school, and daily-living activities; joint protec-
tion; and the use of different therapeutic modalities, including heat, 
cold, ultrasound, fluidotherapy, and pool therapy. In addition, rehabili-
tation professionals are also involved in coordinating with school staff 
regarding proper adaptation of the school environment and curriculum 
for children with JIA. Clinicians work closely with the child to develop 
activity programs that suit their activity preferences, motivation, and 
inter ests to work toward the specified treatment goals, be it pain relief, 
improving range of motion, strengthening, or building up endurance 
during physical activity.

Pain due to joint inflammation is a major limiting factor for children 
with JIA and has implications in function and participation in school 
and social activities. An important aspect of treatment for clinicians is Fig. 103.1 A cock-up splint for night use supports the wrist in extension.
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joints. The child can also be encouraged to take showers in the morning 
rather than the evening to help relieve morning stiffness. Combining 
heat and stretching exercises can maximize the effects of the treat-
ment.51 Therapy with ultrasound as a source of deep heat is especially 
useful in the hip joint, but the effects of ultrasound on growth plates 
is unclear.51 Cold therapy can also be used to relieve the pain of 
inflamed joints during the acute period and has an analgesic and vaso-
constriction effect. Cold is usually applied for 20 minutes but may or 
may not be accepted by children.51

Physical therapists and occupational therapists also encourage and 
direct children with JIA to adopt healthier and more active lifestyles 
(Fig. 103.4). Regular physical activity can reduce pain in children with 
arthritis.9 A meta-analysis regarding the effects of exercise therapy 
indicated no signs that exercise therapy exacerbated arthritis; however, 
conclusive positive effects were also lacking.53 A more recent random-
ized controlled trial comparing vigorous and gentle exercise over an 
8-week period in children with JIA demonstrated improvements in 
activity function for both treatment groups equally.54 Moreover, pilot 
studies have found that physical activity resulted in reduced pain in 
children with arthritis after a 15-week aquatic exercise program55 and 
a 12-week land- and water-based exercise program.56 Furthermore, 
Takken and coworkers demonstrated a decrease (−55%) in the number 
of swollen and tender joints for children that were used in their exercise 
program.55

The danger of excessive rest causing muscle wasting, joint contrac-
tures, and osteoporosis is now well recognized.57-59 Gannotti and 
coworkers, however, found no evidence to directly support the effects 
of a weight-bearing program on increasing low bone mineral density.17 
However, these authors did report findings from a randomized clinical 
trial describing a jumping program that helped maintain an increase 
in hip bone mass even 14 months after treatment.17

In addition to improving certain disease symptoms, regular exercise 
has a positive effect on function. Only a handful of randomized con-
trolled trials, albeit of small sample sizes, have been completed in an 
attempt to investigate the effects of specific training programs on func-
tional ability, quality of life, joint status, and physical fitness.54,60 
Takken and associates did not show significant effects of a 20-week 
aquatic training program for 54 children with JIA with respect to func-
tional ability, quality of life, joint status, and physical fitness.60 On the 
other hand, Singh-Grewal and colleagues showed that the effects of 
exercise training in 80 children with JIA during a 12-week high and 
low intensity exercise program resulted in improvements in physical 
function.54 Although improvements in function were seen in both 
treatment groups, those in low-intensity regimens were more likely to 
adhere to the exercise program than those in the high-intensity exercise 
program.

orthotic, as compared with when the same child did not receive the 
treatment, even though children wore the orthotic less than recom-
mended.49 A randomized trial of 47 children with JIA demonstrated 
that foot orthotics helped improve pain and functional status.50 These 
studies tend to support the use of splints; however, existing data are 
limited and it remains unclear if splinting can actually limit deformity 
of the joint. Current recommendations are that splinting be combined 
with a regular stretching program to be completed daily to help main-
tain joint mobility and limit further contractures. The stretch should 
be maintained for 10 seconds, released for 20 seconds, and repeated 5 
to 10 times for each session performed twice daily.51

No conclusive results could be found to support joint protection and 
energy conservation techniques in JIA. A structured patient education 
program may have positive effects on children with JIA52; however, 
further research is needed.

Various thermal modalities are used in the treatment of pain and 
range of motion in children with rheumatic diseases. Therapists may 
recommend heat or cold therapy as appropriate. Heat may be recom-
mended to reduce morning stiffness caused by stiff joints. This modal-
ity may help increase flexibility of the fibrous tissue in joint capsules 
and tendons, decreasing pain and muscle spasm. Application is recom-
mended for 15 to 30 minutes but should not be used on swollen active 

Fig. 103.2 A hand-resting splint for night use maintains the wrist in extension 
and finger in slight flexion (safe position).

Fig. 103.3 A knee-extension splint is used to help counteract the effects of 
joint contractures.

a b

Fig. 103.4 Physical therapy to improve endurance in JIA, using (a) the 
treadmill and (b) the bicycle.
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As already mentioned, social participation and integration are vital 
for a person’s well-being. Rehabilitation professionals must help the 
child/adolescent fully understand the impact of his or her condition 
and develop the tools to adapt to limitations and participate in regular 
age-appropriate activities. One method to achieve this is by making 
information readily accessible through web-based forums.67 A web-
based forum would provide general information on symptoms and 
treatment of arthritis as well as self-management strategies and social 
support through discussion boards.67 Self-management skills are slowly 
introduced by the rehabilitation team to help the adolescent with the 
eventual transition to adult care.

Hardoff and Chigier have designed programs to include a variety of 
services for children and youth such as vocational rehabilitation, inde-
pendent living education, recreational activities, social skills training, 
and sexuality education, in addition to creating opportunities to mix 
and socialize with non-disabled youth.68 Although their program was 
not specifically established for children with JIA, the approach has 
some merit because it allows health care professionals to provide a 
comprehensive rehabilitation program for youth with disabilities and 
favors social integration and vocational planning. Vocational guidance 
has an impact on completion of higher levels of education and on 
employment in patients with JIA.69

Obtaining information about the disease is an important coping 
mechanism for parents of children with JIA.70 Organized information 
programs via community or hospital-based services may help both the 
child and parent better understand and manage the disease. Another 
way of informing the children about the disease is by attending a 
summer camp that caters specifically to children with arthritis. After 
their stay in summer camp, children with varying forms of arthritis 
reported improved overall knowledge about their disease and its 
management.71

Children with JIA require more support from parents19; thus, it is 
important to provide parents with support and education to help with 
their child’s disease. Parents play a major role in caring for their child 
with JIA, and interventions should be family centered. Raising aware-
ness about the disease in patients and families is one of the most 
essential components of treatment. André and associates documented 
that through education, physical exercises, coping strategies, and prob-
lem-solving skills, families became more involved in the treatment, 
better understood their children’s condition, and were able to find more 
efficient solutions, with a subsequent improvement in the quality of 
life of their children.72

Although children and parents are the main people involved, it is 
also important to include school officials. The psychosocial implica-
tions are complex and challenging; to overcome them it is crucial that 
the school officials (teacher, principal) be aware and involved in adapt-
ing the setting and curriculum to favor the child’s participation in 
everyday school activities. For instance, ensuring that children in need 
of crutches or wheelchairs have access to the different levels in the 
school is important to give them the opportunity to participate in 
school activities and socialize with peers.

Social modeling and reinforcement by parents, teachers, and peers 
affect both physical activity choices73 and avoidance behaviors,74 which 
ultimately influences the child’s participation in social roles needed for 
their development. Children with JIA tend to participate in more 
passive and less strenuous physical activities compared with their peers 
unaffected by disease.75 Social functioning and psychosocial adjust-
ment are directly related to the level of disease disability,5,21 in which 
those with active or severe disease are at greater risk of social isolation 
and possibly psychosocial maladjustment. Psychological interventions 
may be necessary to ensure better psychological adjustment and social 
integration in those more at risk.21 In addition, it is imperative to 
understand the mechanisms leading to poor psychological adjustment 
in these children and not only examine disease-related and personal 
factors but also include extrinsic factors such as family, school, and 
social networks.

CONCLUSION
In this chapter we have not only addressed the aspects of the child’s 
disability related to the physical impairments and limitations in activi-
ties but also explored the implications of the disease on the child’s 

Adherence to treatment is an important issue in rehabilitation. 
Therapists review the importance and purpose of the different pre-
scribed exercises and/or splinting regimens with the parents and the 
child. It is important that parents and children adhere to the recom-
mended program to maximize its effectiveness. Factors associated with 
greater adherence to treatment in children with JIA are younger age of 
the child, child participation in treatment, and perception that the 
exercise program is helpful.61 Adolescents may be at greater risk of poor 
adherence to prescribed treatment.

Adapting the child’s environment to suit his or her needs is an 
important aspect of rehabilitation. In light of the limiting impairments 
brought on by the arthritis certain school activities are difficult for 
children and adolescents. The occupational therapist may be called in 
to adapt writing materials (Fig. 103.5) or offer another way of holding 
the pencil to help alleviate the strain applied to the affected joints (Fig. 
103.6). Also, children may be encouraged to use computers as another 
means of controlling pain when writing. Proper posture is important 
specifically for those with involvement of the cervical spine. Tables and 
chairs at home and at school should be adjusted to the correct height 
to help maintain hips and knees flexed at 90 degrees, forearms well 
rested on the table, and neck in a relaxed extended position. Also, an 
inclined surface may be required to avoid excessive neck flexion during 
writing activities.62 Certain children may require more time to com-
plete writing activities because of pain and poor endurance; in these 
instances it is important to inform teachers of the child’s needs to help 
favor completion of curriculum-based activities.

In the past few years new issues in the area of participation among 
children with disabilities have surfaced in pediatric rehabilitation.63 In 
fact, rehabilitation professionals seem to highlight the importance of 
social participation rather than solely focusing on the child’s body 
functions, capabilities, and functional abilities.64 It appears that the 
emphasis is now placed on everyday activities valued by both the child 
and the parent.65,66 When addressing the psychosocial effects of a 
disease on an individual, it is very important to have a holistic approach, 
in which it is not merely the disease that is considered but also the 
child’s environment, which includes the family, school, and peers.

Fig. 103.5 Building up the pencil with a specialized grip helps alleviate 
symptoms of arthritis in fingers when writing.

Fig. 103.6 A thumb-spica splint can aid in stabilizing the child’s thumb during 
writing activities.
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appropriate roles. An interdisciplinary team approach, together with 
parent and child, is needed to help the child achieve his or her optimal 
level of participation in school and social activities to favor health and 
well-being and ultimately allow the child to become a productive 
member of society.

participation in social, school-based, and recreational activities. Much 
research has been completed on the assessment and treatment of the 
biologic and musculoskeletal aspects of the disease; however, further 
studies are needed to assess the effectiveness of different assessment 
and treatment options on the child’s involvement in various age- 
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6/100,000 people per year,1,2 with the highest incidence occurring in 
those younger than 15 and older than 55 years of age.3 Thus, in chil-
dren the incidence is between 5 and 12/100,000 per year,4 with about 
one third of cases occurring in those younger than 2 years of age; it is 
rare in children younger than age 3 months.3 In patients with rheuma-
toid arthritis or joint prostheses, the incidence increases to 30 to 
60/100,000 per year.5,6

Prognosis
Irreversible loss of joint function develops in 25% to 50% of patients,1,7 
and the outcome depends on a number of variables, including the types 
of microorganisms and their resistance pattern, type of disease, age, 
presence of significant co-morbidities, delay between the onset of 
disease and the start of treatment, and the joints involved. Total in-
hospital mortality rates were directly attributed to septic arthritis in 
2% to 10% of cases.8,9 Polyarticular septic arthritis has a substantial 
mortality rate, which increases in patients transferred to intensive care. 
In addition to polyarticular disease, other predictors of mortality 
include age older than 65 years and confusion at presentation.2

Osteomyelitis
The precise incidence of osteomyelitis in developed countries is 
unknown; however, there has been a decline in the incidence of acute 
hematogenous osteomyelitis.10 Approximately half of pediatric cases 
occur in the first 5 years of life, and boys have a twofold greater prob-
ability of being affected than girls.4 Open fractures can lead to osteo-
myelitis depending on the fracture type, degree of soft tissue injury, 
degree of microbial contamination, and use of antimicrobial therapy. 
The incidence of hematogenous vertebral osteomyelitis is 0.5 to 
2.4/100,000 and increases with age.11 Postoperative discitis represents 
about one third of all pyogenic spondylitis cases, and an increasing 
incidence due to increased spinal surgical procedures has been 
observed.12

Microbiology
Septic arthritis
The causative organisms of septic arthritis (Table 104.1) vary with age 
and in about half of septic arthritis patients have a distant focus of 
infection that may suggest a possible etiology.13 In all age groups 
outside of the neonatal period, Staphylococcus, mainly S. aureus, is 
the primary cause of bacterial arthritis and is responsible for 37% to 
56% of cases.14,15 Methicillin-resistant S. aureus (MRSA) is an emerging 
problem, accounting for 25% of all septic arthritis cases in an urban 
area.9 Group A and B streptococci are the next most common bacteria, 
and these three gram-positive microorganisms account for most cases 
of non-gonococcal bacterial arthritis; group B streptococci have emerged 
as important pathogens in the elderly. This is especially true in patients 
with chronic and disabling diseases, such as diabetes, cirrhosis, or 
neurologic diseases.16 Group C streptococci, pneumococci, and gram-
positive bacilli are less frequent. Most coagulase-negative staphylococci 
cultured from joints are contaminants but can become true pathogens 
after difficult surgical arthroscopies of long duration, multiple prior 
procedures, soft tissue débridement, and joint prosthesis.9 The two 
most abundant gram-negative organisms that infect joints are Neis-
seria gonorrhoeae and N. meningitides, which account for up to 20% 
of septic arthritis. Hemophilus influenzae is uncommon in adult 
patients. Gram-negative organisms such as Escherichia coli, Proteus 
mirabilis, Klebsiella, and Enterobacter are infrequent causes of bacterial 
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 Staphylococci are the most common bacteria causing joint and 
osseous infections and methicillin-resistant S. aureus strains are an 
emerging problem.

 Risk of septic arthritis is increased in rheumatoid arthritis patients, 
and since the introduction of anti-tumor necrosis factor (TNF) 
agents, other unusual pathogens can be found.

 Factors that predispose to prosthetic joint infection are older age, 
poor nutritional status, coexistence of joint diseases, obesity, 
diabetes, malignancy, remote infection, prior native joint infection, 
prosthesis revision surgery, and superficial surgical site infection.

 A clinical diagnosis of septic arthritis can be difficult to make; 
however, the “gold standard” for diagnosis is the level of clinical 
suspicion of a physician experienced in the management of 
rheumatic diseases.

 There is little evidence on which to base the choice and duration of 
antibiotic treatment. The current choice of antibiotics is based on 
the presence of risk factors and the likelihood of the organism 
involved.

 The incidence of gonococcal arthritis has decreased, although it is 
still high in developing countries and is the most common type of 
septic arthritis in patients younger than 30 years of age.

 The emergence of penicillinase-produced strains of Neisseria 
gonorrhoeae has changed the recommendations for the treatment 
of disseminated gonococcal infection.

 Musculoskeletal symptoms may appear in the congenital, 
secondary, or tertiary phases of syphilis but are most common in 
the secondary stage.

INTRODUCTION
Although uncommon, joint and bone infections are true rheumatologic 
emergencies because they may cause serious morbidity, permanent 
disability, or even death. The introduction of antibiotics has changed 
this course, but only when the drugs are active against the invading 
microorganism and are administered early enough to restore the 
balance between the host and the invader. This emphasizes the two 
most significant problems relating to musculoskeletal infections: early 
diagnosis and prompt, effective treatment. Despite the advances in 
knowledge regarding the pathogenesis of musculoskeletal infections 
and the improvement in diagnostic tests and novel treatments, the 
incidence of infection is increasing as a result of older and more vulner-
able hosts, as well as more resistant pathogens. Unfortunately, there 
is little evidence to guide the diagnosis and accurate management. This 
is further complicated by musculoskeletal infections being managed by 
many medical specialists, each with different therapeutic strategies 
approaches.

SEPTIC ARTHRITIS AND OSTEOMYELITIS
Epidemiology
Septic arthritis
Septic arthritis is an uncommon disease, with few studies large enough 
to provide robust estimates of incidence. The estimated incidence of 
acute septic arthritis in industrialized countries varies from 2 to 
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the vaccine, but no changes were observed in the incidence of disease 
caused by other serotypes. Infants younger than 2 months of age may 
acquire the disease from an infection caused by S. aureus, S. agalactiae, 
or gram-negative enteric bacteria. S. aureus, Streptococcus pyogenes, 
Streptococcus pneumoniae, and K. kingae are the predominant organ-
isms affecting children between 2 months and 5 years of age. Children 
older than 5 years are more likely to have arthritis caused by S. aureus 
and Streptococcus pyogenes.19

The most frequent microorganism responsible for septic bursitis is 
S. aureus, accounting for more than 80% of cases, including MRSA. 
Other etiologic agents are S. haemolyticus in about 15% of cases and 
other gram-positive cocci, such as S. epidermidis.20

No causative organism is identified in 20% to 50% of the patients 
in whom a clinical diagnosis is made, most likely owing to initiation 
of antibiotics before specimens were obtained, inadequate culture tech-
niques, the changing patterns of the organisms involved, cultural char-
acteristics, or failure to collect appropriate blood or synovial fluid 
samples for laboratory examination.3,21

Osteomyelitis
Hematogenous osteomyelitis is almost always a monomicrobial infec-
tion, with S. aureus being the most frequent microorganism (see Table 
104.1). Coagulase-negative staphylococci, anaerobic gram-negative 
bacteria, and Peptostreptococcus species can also be isolated. In chil-
dren, S. aureus is the most common organism in cases of acute hema-
togenous osteomyelitis; and, recently, MRSA has become an increasingly 
common cause. Group A β-hemolytic streptococci, S. pyogenes, and 
gram-negative enteric bacteria are infrequently causes. H. influenzae 
was previously responsible in a very small number of cases, but effec-
tive immunization has virtually eliminated this cause, having been 
replaced by Streptococcus pneumoniae and K. kingae.4,19 Post-trau-
matic osteomyelitis is often a polymicrobial infection caused by Staph-
ylococcus and gram-positive/negative anaerobic bacilli.22

Pathogenesis
Septic arthritis
To develop septic arthritis, pathogens must enter the synovial joint 
(Fig. 104.1). In a large majority of cases, pathogens enter via the blood-
stream because synovium is highly vascular and lacks a protective 
basement membrane.14 In very young children with osteomyelitis, 
medullary infection may spread to the epiphysis and joint cavity 
through capillaries that cross the growth plate (Fig. 104.2). The peri-
osteum is also thin and does not adhere tightly to the underlying bone. 
It can also be perforated, and infection can spread into the surrounding 

TABLE 104.1 USUAL CAUSATIVE ORGANISMS OF 
SEPTIC ARTHRITIS AND OSTEOMYELITIS

Septic arthritis Osteomyelitis

Staphylococcus aureus Staphylococcus aureus

Streptococcus pyogenes Streptococcus pyogenes

Streptococcus pneumoniae Streptococcus pneumoniae

Coagulase-negative staphylococci Coagulase-negative staphylococci

Hemophilus influenzae Hemophilus influenzae

Kingella kingae Kingella kingae

Mycobacterium tuberculosis Mycobacterium tuberculosis

Neisseria gonorrhoeae Peptostreptococcus species

Neisseria meningitides Neisseria meningitides

Escherichia coli Escherichia coli

Proteus mirabilis Anaerobic bacilli

Pseudomona aeruginosa

Klebsiella pneumoniae

Salmonella species

Polymicrobial

Fungi

ROUTES BY WHICH BACTERIA CAN REACH THE JOINT

The hematogenous route.
Dissemination from
osteomyelitis.
Spread from an adjacent
soft tissue infection.
Diagnostic or therapeutic
measures.
Penetrating damage by
puncture or trauma.

–
–

–

–

–

1
2

3

4

5

2

1

5

4

3

Fig. 104.1 Routes by which bacteria can reach the 
joint.

arthritis and are more common in the elderly, in seriously immuno-
compromised patients, and in intravenous drug abusers.17 Anaerobic 
organisms rarely cause septic arthritis but are more common when 
there is a history of penetrating trauma. In intravenous drug abusers, 
S. aureus and gram-negative bacilli are common and more unusual 
microorganisms, including fungi, may occur.

Before immunization programs, H. influenzae type b was a common 
cause of bacterial arthritis in children younger than the age of 5 but is 
now rare. Arthritis caused by Kingella kingae has replaced H. influen-
zae as the most common gram-negative bacilli in children between 2 
months to 5 years of age and is often preceded by pharyngitis or sto-
matitis.18 The impact of the pneumococcal vaccine in pyogenic arthri-
tis remains unknown. A report over a 3-year period of time after the 
vaccine was introduced revealed a significant decrease in the number 
of invasive pneumococcal cases caused by serotypes immunized with 
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less than 2 weeks at presentation, but significant delays may occur 
with low virulence organisms, tuberculosis, and prosthesis infection. 
Mild fever is common, with only up to 40% of individuals having high 
fever.6 Large joints are more commonly affected, mostly the hip or 
knee.25 The knee is the more common site in adult patients, whereas 
the hip is more commonly affected in young children, followed by the 
shoulder, wrist, and ankle. Interphalangeal joints of the hands and feet 
are infrequently involved in bacterial arthritis but are common in viral 
infections, presenting with a rheumatoid arthritis–like syndrome.6 
Patients tend to keep the affected joint in a position that maximizes 
intracapsular volume. Knees are often maintained in a flexed position, 
and hips are kept flexed, abducted, and externally rotated, and both 
passive and active range of motion cause considerable pain.14

Infections of cartilaginous joints is infrequent except in intravenous 
drug users.26 Patients with sacroiliac septic arthritis present with 
buttock pain, which is sometimes difficult to localize upon examina-
tion, fever, and pain on maneuvers that stress the sacroiliac joint. 
Infection of the pubic symphysis presents as fever, suprapubic, and hip 
pain and an antalgic gait and can result from female incontinence 
surgery, sports, and pelvic malignancy. Septic sternoclavicular arthritis 
can be a result of infected central lines, with bacteria entering the joint 
from the adjacent subclavian veins.

Septic arthritis usually affects only one joint but is polyarticular in 
10% to 20%, although usually affecting two to three joints. Polyarticu-
lar septic arthritis is more likely to occur when significant co-morbid, 
systemic diseases or overwhelming sepsis occurs.27

In children, the pattern of acute septic arthritis is similar to that of 
adults, although systemic symptoms such as fever or malaise may 
predominate. Moreover, the refusal to move an infected joint, referred 
as pseudoparalysis, may be the most significant symptom.4 The hip, 
the most commonly affected joint in neonates, is held in a flexed and 
externally rotated position, with lack of voluntary movement and local 
signs usually absent.

Risk of septic arthritis is increased in rheumatoid arthritis patients, 
and S. aureus is the most frequent microorganism responsible. Since 
the introduction of anti-tumor necrosis factor (TNF) agents, other 

tissues.4 In older children, the growth plate is avascular and the cortex 
thickens, which decreases the risk of epiphyseal involvement and the 
spread to local joint and soft tissue, although subperiosteal abscesses 
can still form. In these cases, the infection is confined to the metaphy-
sis unless it is intra-articular, in which cortical perforation enables the 
infection to spread into the joint cavity, as observed in the elbow, 
shoulder, or hip joints. Septic arthritis can arise from the contiguous 
spread of an adjacent infection, either by vicinity or by lymphatic 
seeding. Finally, pathogens may enter the joint by direct inoculation 
during diagnostic or therapeutic arthrocentesis or joint surgery. Infec-
tion can also occasionally result from penetrating traumas such as bite 
wounds, which are the most common means of infection in small 
joints of the hands and feet.1

Osteomyelitis
Osteomyelitis can result from hematogenous spread, direct inocula-
tion, and contiguous spread from a local infection. Hematogenous 
osteomyelitis is the most frequent and primarily affects the metaphysis 
of bone because the bacteria travel through vascular tunnels and adhere 
to the bone matrix. Animal models show that bone infection becomes 
more likely after trauma to the affected area.19 Infection of the vertebra 
and intervertebral discs is typically hematogenous. Infection occurs via 
the segmental arterial circulation of the vertebra and spreads by exten-
sion though the endplate into the disc or the lateral plain, which may 
lead to paravertebral abscesses.

The virulence of the infecting organism, the size of the bacterial 
inoculum, and the resistance of the host determine whether infection 
occurs. Virulence of S. aureus, the most prevalent pathogen, depends 
on the relative inefficiency of innate host defenses when dealing with 
extracellular toxins and enzymes, components of the cell wall, bacterial 
DNA, and the expression of a capsule, which is a major determinant 
of virulence.23 The process of bacteria interacting with host tissues is 
highly dynamic and subject to modulation by the regulatory mecha-
nisms of the bacteria, environmental factors, host defense mecha-
nisms, and the antibacterial therapy used. For example, in staphylococcal 
arthritis, bacterial collagen adhesins were found in all isolates com-
pared with only one third of the strains isolated from soft tissue infec-
tions. Some microorganisms also secrete enzymes and toxins, which 
contribute to the virulence of the microorganism either by acting as 
membrane-damaging substances or by acting as superantigens. These 
superantigens have the capacity to stimulate T lymphocytes and to 
cause fever, hypotension, and other acute toxic-shock–like symptoms 
by releasing proinflammatory cytokines.24 The risk factors for develop-
ing septic arthritis are shown in Box 104.1.1,25

Clinical features
Septic arthritis
Acute septic arthritis usually presents as the abrupt onset of a single 
hot, swollen, and very painful joint. Symptoms are usually present for 

THE DEVELOPMENT AND CONTINUED COURSE
OF ACUTE OSTEOMYELITIS

Fig. 104.2 The development and continued course 
of acute osteomyelitis. This differs with age. In 
infants younger than 1 year of age the epiphysis is 
nourished by arteries penetrating through the 
physis, allowing development of the condition 
within the epiphysis. In children up to 15 years of 
age the infection is restricted to below the epiphysis 
because of interruption of the vessels.

BOX 104.1 RISKS AND PREDISPOSITION FACTORS FOR THE 
DEVELOPMENT OF SEPTIC ARTHRITIS
 Rheumatoid arthritis
 Prosthetic joints
 Low socioeconomic status
 Advanced age
 Intravenous drug abuse
 Alcoholism
 Diabetes
 Intra-articular injection
 Cutaneous ulcers
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Differentiation of aseptic loosening from infection is extremely 
important because the associated treatments differ (Fig. 104.5). There 
are no accepted criteria to diagnose prosthetic joint infection, although 
it is strongly suggested in the presence of at least one of the following: 
growth of an identical organism in at least two cultures of synovial 
fluid or periprosthetic tissue, purulent synovial effusion, presence  
of granulocytes on periprosthetic tissue, or presence of a sinus  

unusual pathogens such as Roseomonas mucosa, Salmonella, or Liste-
ria have also been demonstrated. An increase in the incidence of joint 
infections has also been reported, although no significance was found 
due to the small numbers of patients studied.28

Long bone osteomyelitis
Acute osteomyelitis usually courses with pain at the affected site and 
fever. Young infants and toddlers are the most frequently affected and 
may present with irritability and refusal to bear weight and/or to use 
an extremity (Fig. 104.3). In very young patients, subperiosteal spread 
may lead to septic arthritis or local symptoms such as erythema, 
warmth, and swelling with similar symptoms, as if osteomyelitis arises 
from a contiguous focus of infection. Chronic osteomyelitis usually 
presents as persistent pain, low-grade fever, and drainage. Subacute 
Brodie’s abscess is a chronic form of osteomyelitis that can present 
without inflammatory local signs (Fig. 104.4).

Vertebral osteomyelitis
Patients usually present with an insidious onset of local pain and ten-
derness, with fever in less than half of the cases. The lumbar spine is 
the most frequently affected, followed by the thoracic and cervical 
spine. Neurologic deficits due to compression of the spinal cord or 
nerve roots due to paravertebral abscesses can occur, mainly in the 
cervical and thoracic spine because of the smaller diameter of the 
medullary space.

Prosthetic joint infection
The rate of infection after primary implantation is approximately 1% 
for hip and 2% for knee prostheses, whereas in revision surgery it is 
somewhat higher. Factors that predispose to prosthetic joint infection 
are older age, poor nutritional status, coexistence of joint diseases, 
obesity, diabetes, malignancy, remote infection, prior native joint infec-
tion, prosthesis revision surgery, and superficial surgical site infec-
tion.29 Early infections (<3 months) are caused mainly by S. aureus, 
Streptococcus, or gram-negative bacilli, and patients typically present 
with fever, malaise, and local signs of wound infection. Delayed infec-
tion (3-24 months) is usually caused by less virulent bacteria, such as 
coagulase-negative staphylococci; and general symptoms are less 
impressive and may not be suggestive of an infection. Persistent pain 
is present and local signs may be absent. Late infection (>2 years) is 
almost always due to hematogenous seeding from distant foci, such as 
the skin, dental origins, or a urinary tract infection, and is character-
ized by sudden local pain and general symptoms.

Fig. 104.3 An acute osteomyelitis in the proximal metaphysis of the left 
humerus. The child is not willing to move the affected limb. The roseola is 
consistent with a Salmonella infection, which was confirmed by fecal cultures.

Fig. 104.4 Subacute osteomyelitis (Brodie’s abscess). The well-defined oval 
lucency in the distal tibia shows fading sclerosis along its margins in a pattern 
typical of a bone abscess. Note the small projection of the upper pole of the 
lesion pointing to the medial metaphysis, where a subtle periosteal reaction is 
beginning to form (arrow). This identifies the site where this lesion may 
ultimately drain.

THE RESULTS OF PROSTHETIC INFECTION

Bone
resorption

Severe
radiolucency

Scalloping

Fistula
Periosteal

reaction

Fig. 104.5 The results of prosthetic infection. Periosteal reaction, scalloping, 
severe radiolucency at the interface, fistula through the bone, and severe bone 
resorption are illustrated. All these changes can also be seen in mechanical 
loosening but do not progress as rapidly as in infection.
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of severe inflammation, which may resemble septic arthritis. In these 
cases, the diagnostic difficulty is enhanced when a sympathetic joint 
effusion is present, although these are typically non-inflammatory, 
with joint counts of less than 3,000/mm3.20 In some cases of subcuta-
neous bursitis, local findings are mild and can be diagnosed based on 
traumatic or microcrystalline bursitis. Septic bursitis is suggested by 
clinical symptoms and bursal fluid analysis. White blood cell counts 
are typically not as high as in septic arthritis or a positive bursal fluid 
culture.32 The prognosis is usually good, except in patients with sclero-
derma and extensive calcinosis, who are more likely to experience a 
recurrence.

Investigations
A definitive diagnosis should require identification of bacteria either by 
Gram’s stain or by culture but sometimes does not happen. A clinical 
diagnosis can be difficult to make, even in the hands of experienced 
physicians. It is rarely established by a history, physical examination, 
and laboratory investigations; however, the “gold standard” for diagno-
sis of septic arthritis is the level of clinical suspicion of a physician 
experienced in the diagnosis and management of rheumatic diseases.25 
Clinical suspicion of joint sepsis should prompt immediate synovial 
fluid aspiration. If synovial fluid cannot be obtained by closed-needle 
aspiration, the joint should be aspirated again using imaging guidance 

tract communication.29 Radiographic findings such as radiolucency, 
osteolysis, and migration can be present in both infection and aseptic 
loosening, although changes progress faster in prosthetic joint infec-
tion. Computed tomography (CT) and magnetic resonance imaging 
(MRI) are limited by artifacts. Radionuclide imaging is the procedure 
of choice when combining leukocyte and bone marrow imaging and 
has an overall accuracy in the range of 88% to 98% (Fig. 104.6).30 New 
techniques such as positron emission tomography (PET) with 18F-
fluorodeoxyglucose (FDG) are not capable of distinguishing aseptic 
loosening from prosthetic joint infection.31 Treatment of prosthetic 
joint infection requires a three-stage procedure that includes removal 
of the infected prosthesis, a long course of systemic antimicrobial 
therapy, and eventually a new arthroplasty.

Septic bursitis
Septic bursitis is more frequent in males. The olecranon bursa is the 
most frequently affected site in adults (Fig. 104.7). In children and in 
those with occupations involving frequent or sustained injuries or pres-
sure, however, the prepatellar bursa is more frequently affected. Associ-
ated risk factors are recent trauma, alcoholism, preexisting bursal 
disease, or diabetes, but an absence of risk factors is more common in 
non–S. aureus septic bursitis. The usual pattern is a painful, hot swell-
ing and erythema in a bursal sac, typically with some evidence of 
cutaneous injury. Joint function is generally not affected except in cases 

a b

c d

Fig. 104.6 A knee prosthesis 1 year after surgery in a patient with rheumatoid arthritis and severe pain at rest and on 
weight bearing. (a, b) The radiographs show no abnormalities and no radiolucency. (c) 99mTc-nanocolloid scintigraphy 
shows obvious increased uptake corresponding to the distal femur and proximal medial tibia. (d) The uptake with 
111In-leukocyte scintigraphy was increased in a similar distribution.
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Fig. 104.7 Bursitis symptoms are similar to arthritis, but a diagnostic puncture 
of the bursa containing purulent material in septic bursitis is easy to perform.

for joints that are not easily accessible or those with low amounts of 
joint fluid. It may even be necessary to rely on a surgical arthrotomy 
to obtain appropriate samples for culture.

Laboratory features
There is limited evidence to suggest that any clinical or laboratory 
feature is specific for septic arthritis.33 The absence of fever, elevated 
blood or synovial white cell counts, and raised erythrocyte sedimenta-
tion rate (ESR) or C-reactive protein (CRP) level could reliably exclude 
the diagnosis of septic arthritis. A high synovial fluid white cell count 
increases the likelihood of a diagnosis of joint sepsis (Tables 104.2 and 
104.3); however, these results should be used in conjunction with 
clinical and other laboratory findings.33,34 In one report, infectious 
arthritis was diagnosed in 77% of patients with synovial white cell 
counts greater than 100,000/mm3, in 47% with counts in a range of 
50,000 to 100,000/mm3, and in 5% with counts less than 50,000/mm3. 

TABLE 104.2 LIKELIHOOD OF A DIAGNOSIS OF JOINT SEPSIS DEPENDING ON 
THE NUMBER OF WHITE BLOOD CELLS IN SYNOVIAL FLUID

Synovial fluid white blood cell counts
Likelihood of a diagnosis 
of joint sepsis

Less than 25,000/mm3 0.32

More than 25,000/mm3 2.9

More than 50,000/mm3 7.7

More than 100,000/mm3 28

Reproduced with permission from Margaretten ME, Kohlwes J, Moore D, Bent S. Does this adult 
patient have septic arthritis? JAMA 2007;297:1478-1488.

Crystal-induced arthritis and rheumatoid arthritis made up 81% of 
patients in the 15,000 to 50,000/mm3 range. Overall, 37% of infectious 
arthritis cases had a white cell count greater than 100,000/mm3 and 
67% had counts greater than 50,000/mm3. A majority of these infec-
tions were related to S. aureus, whereas five to seven infections associ-
ated with counts less than 20,000/mm3 were associated with atypical 
organisms.35

Levels of CRP and ESR were higher in patients with septic arthritis 
compared with patients with other rheumatic inflammatory diseases; 
however, the overlap between the groups was too high to preclude the 
use of these tests as discriminatory.36 Synovial fluid glucose level is 
often depressed, with increases in lactic acid and lactate dehydrogenase 
levels, although such values may also be observed in inflammatory 
diseases, resulting in a lack of discriminative power.8

Microbiologic testing
Prompt microscopic analysis and culture of synovial fluid are funda-
mental diagnostic tools in the evaluation of possible septic arthritis, 
enabling rapid diagnostic confirmation of both joint infection and 
microcrystalline arthritis.33 Samples of freshly aspirated joint fluid 
should be sent to the laboratory for analysis as soon as possible. In a 
review, synovial fluid Gram staining was found to be positive in only 
50% of cases, clumps of stain or cellular debris can be mistaken for 
bacteria, and synovial fluid and blood cultures are positive in more 
than half of cases of patients with non-gonococcal bacterial arthritis.14 
Of those patients, only 9% were positive for non-gonococcal bacterial 
arthritis when the synovial fluid culture was negative.8 One third of 
specimens from patients not receiving antibiotics and half of those 
from patients receiving antibiotics had positive cultures after inocula-
tion of synovial fluid into blood culture bottles despite negative results 
from culture on conventional solid media. Thus, it has been proposed 
that inoculation in both solid media and blood culture bottles should 
be routine practice.37 Other sites should be cultured if appropriate, 
including skin lesions, urine, or other suspected primary foci.

Because cultures as a gold standard are slow and insufficiently sensi-
tive when the patient has previously received antibiotics or when there 
is a presence of fastidious organisms, new techniques have emerged for 
the detection of bacteria in biologic fluids. DNA-based techniques, 
hybridization probes, and polymerase chain reaction (PCR)-based 
detection or protein-based detection by mass spectroscopy provide 
quick results. Direct detection of microorganisms using pathogen-
specific or broad-range PCR assays shows promising results, but inter-
pretation is complex because the method relies on the detection of 
DNA rather than living pathogens. This increases the risk of interfer-
ing contamination, the presence of background DNA, and the lack of 
a gold standard.38 The usefulness of molecular diagnosis in osteoarticu-
lar infections depends on sample collection, PCR methodology, and 
validation and interpretation of each PCR assay. Moreover, PCR does 
not offer any advantage over bacterial culture in staphylococcal or 
streptococcal joint infections25 but it does increase the identification of 
K. kingae, anaerobic bacteria, and Streptococcus species.

Imaging
Conventional radiography should always be the first imaging technique 
attempted, although it generally lacks sensitivity and specificity. The 
presence of significant abnormalities indicates that the infection has 
been present for at least 2 to 3 weeks. In septic arthritis, osteopenia 
can become apparent within days of infection and progressive destruc-
tion of the joint and subchondral bone occurs. In osteomyelitis, the 
initial finding is osteopenia, followed by cortical destruction and poten-
tially periosteal new bone formation. This may also be observed in 
bone malignancy and healing trauma. Subacute and chronic forms of 
osteomyelitis have different imaging characteristics, because marginal 
sclerosis and areas of osteopenia may be seen, indicating areas of 
healing. The most specific finding of chronic osteomyelitis is a seques-
trum, a fragment of dead bone surrounded by inflammatory tissue that 
appears radiographically as a focal area of sclerotic bone within an area 
of lucency. Ultrasonography is very sensitive in detecting joint effusion 
in septic arthritis. This method can differentiate soft tissue abscesses 
or tenosynovitis and can define the pathologic extent of septic arthritis; 
however, it is not useful for osseous infections. Scintigraphy can be 
helpful in evaluating osteoarticular infections. Two- or three-phase 

TABLE 104.3 SENSITIVITIES AND SPECIFICITIES OF SOME LABORATORY 
PARAMETERS IN THE DIAGNOSIS OF SEPTIC ARTHRITIS

Laboratory parameter Sensitivity Specificity
Positive 
likelihood ratio

Blood white cell counts 
higher than 11,000/mm3

75% 55% 1.7

Erythrocyte sedimentation 
rate higher than 20 mm/hr

75% 11% 0.84

Synovial white cell counts 
higher than 50,000/mm3

50% 88% 4

All three together 100% 24% 1.3

Reproduced with permission from Li SF, Cassidy C, Chang C, et al. Diagnostic utility of laboratory 
tests in septic arthritis. Emerg Med J 2007;24:75-77.
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and the likelihood of the organism involved, the patient’s age, history 
of sexual activity, and the Gram stain results.6,25 The usual course of 
therapy lasts 2 weeks for infection with streptococci or gram-negative 
cocci, 3 weeks for staphylococcal infection, and 4 weeks for infection 
with pneumococci or gram-negative bacilli.6 A summary of suggested 
empirical antibiotic treatment based on a systematic review of the 
literature is presented in Table 104.4.

Fig. 104.8 Septic arthritis of the ankle complicated with osteomyelitis. (a) Sagittal view on T1-weighted spin-echo MR image shows 
severe destruction of the subtalar joint with bone involvement. (b) Contrast-enhanced T1-weighted spin-echo MR image shows a 
generalized enhancement of both synovial and bone tissues and abscess formation into talus and calcaneus.

a b

scans have been shown to be sensitive and somewhat specific; however, 
in the presence of previous joint or bone damage, the specificity of the 
abnormality is significantly reduced.39 Indium-111 (111In)-labeled leu-
kocytes combined with technetium-99m (99mTc) sulfur colloid has been 
shown to improve the sensitivity and specificity. The results are con-
sidered positive for infection if an uptake of leukocytes without uptake 
of sulfur colloid is observed in the area of interest.30 Using MRI with 
intravenously administered gadolinium contrast is the most powerful 
imaging technique used for the evaluation of musculoskeletal infec-
tions, with a sensitivity of almost 100% and a specificity higher than 
75%.39 The findings in MRI include joint effusion, destruction of car-
tilage and bone, presence of cellulitis, soft tissue abscesses, reactive 
bone edema, and sinus tract and cortical interruption (Fig. 104.8). 
Acute and chronic osteomyelitis can be differentiated with MRI, 
because acute infections do not show a sharp zone of transition between 
normal and abnormal bone marrow and do not have cortical thickening 
or sequestrum (Fig. 104.9). Recently, the use of PET-FDG has been 
revealed as a promising tool in cases of chronic infections that are not 
associated with metallic implants.

Management
Septic arthritis
Treatment of septic arthritis includes admission to the hospital and 
daily removal of purulent synovial fluid during the first 5 to 7 days. 
This regimen has been used with success, especially when the volume 
of synovial fluid, the white cell count, and the percentage of leukocytes 
decreases with each aspiration.6 Needle aspiration is preferable to 
arthroscopic drainage as the initial procedure, but surgical drainage is 
required for joints that are not easily accessible.25

It is not necessary to immobilize the infected joint, although weight 
bearing should be avoided until signs of inflammation and pain have 
disappeared. The joint should be maintained in a functional position 
and passive motion may be initiated when the pain has ceased to avoid 
contractures. Active exercises can be started when inflammation has 
substantially subsided, and weight bearing can be permitted when 
inflammation has completely disappeared.6

There is little evidence on which to base the choice and duration of 
antibiotic treatment, and there are no randomized clinical trials. The 
current choice of antibiotics is based on the presence of risk factors 

Fig. 104.9 Osteomyelitis. Coronal contrast-enhanced T1-weighted spin-echo 
MR image with fat suppression of first metacarpophalangeal joint. Note bone 
marrow edema with soft tissue and capsular thickening with gadolinium 
enhancement.
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The major part of the destructive process observed in septic arthritis 
is due to the exaggerated inflammatory response of the host directed 
at live organisms and their products, and thus killing of bacteria does 
not completely eliminate the destructive process.24 Previous findings 
have shown a significant benefit of dexamethasone in combination 
with antibiotics in preventing disability in children with septic arthri-
tis,40 and simultaneous use of the drugs in all cases, irrespective of age, 
was proposed.24 In experimental arthritis, the combination of cortico-
steroids, antibiotics, and bisphosphonates reduces inflammation and 
bone and cartilage destruction. No study, however, has been performed 
in a clinical setting.41

Osteomyelitis
In acute hematogenous osteomyelitis, parenteral antibiotics are ini-
tially recommended and, if present, abscesses need to be drained to 
prevent subsequent bone necrosis. If treatment has been delayed and 
necrosis of trabecular bone with sequestrum is present, surgical drain-
age is recommended. Chronic long bone osteomyelitis in adults is 
usually treated with a combination of surgical débridement and specific 
antimicrobial therapy. Appropriate management of dead bone includes 
a vascularized bone graft, placement of cancellous bone grafts, or tem-
porary use of antibiotic-impregnated acrylic beads.22 The optimal dura-
tion and the route of antibiotic administration is not known, but based 
on experimental animal studies, a duration of at least 4 to 6 weeks is 
necessary.42 The intravenous route is initially used during the first 4 
to 6 weeks, followed by oral antibiotics with high bioavailability for 
osseous tissue such as β-lactamic antibiotics, quinolones, and rifam-
picin. In acute hematogenous osteomyelitis in children, 4 to 6 weeks 
of treatment is considered the standard therapy.

GONOCOCCAL ARTHRITIS
Gonorrhea is a sexually transmitted disease caused by the bacteria 
Neisseria gonorrhoeae. It usually affects the genital area, but it can also 
infect other mucosa, such as the throat, anus, or conjunctiva. When 
left untreated, infections can lead to local complications, such as endo-
metriosis, salpingitis, or prostatitis, or to disseminated gonococcal 
infection (DGI). It is easily transmitted during vaginal intercourse but 
can also be transmitted during anal or oral sex and to a newborn during 
cervical parturition or endometrial infection.

Epidemiology
The incidence of gonorrhea has declined significantly in developed 
countries, mostly owing to effective control programs. DGI develops 
in 0.5% to 3% of patients with untreated mucosal infection depending 
on the regional prevalence of specific strains. In the 1970s, gonococcal 
arthritis was the most common type of septic arthritis in patients 

TABLE 104.4 SUGGESTED EMPIRICAL TREATMENT OF SUSPECTED SEPTIC ARTHRITIS

Patient group Antibiotic choice

No risk factors for atypical organisms Flucloxacillin, 2 g qid IV. Local policy may be to add fusidic acid, 500 mg tid PO, or gentamicin IV.
If the patient is allergic to penicillin, clindamycin, 450-600 mg qid, or second- or third-generation 

cephalosporin may be administered.

High risk of gram-negative sepsis (elderly, frail, recurrent UTI, 
recent abdominal surgery)

Second- or third-generation cephalosporin (e.g., cefuroxime 1.5 g tid). Local policy may be to add 
flucloxacillin.

Discuss allergic patients with a microbiologist.
Gram stain may influence the choice of antibiotic.

MRSA risk (known MRSA, recent inpatient, nursing home resident, 
leg ulcers or catheters, or other risk factors determined locally)

Vancomycin plus second- or third-generation cephalosporin

Suspected gonococcus or meningococcus Ceftriaxone, or similar drugs, depending on local policy/resistance

IV drug users Discuss with a microbiologist

ITU patients, known colonization of other organs (e.g., cystic 
fibrosis)

Discuss with a microbiologist

ITU, intensive therapy unit; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus; UTI, urinary tract infection.
Note: The choice of antibiotic will need to be modified in the light of the results of Gram staining and culture. It should also be reviewed locally by microbiology departments.
Reproduced with permission from Mathews CJ, Kingsley G, Field M, et al. Management of septic arthritis: a systematic review. Ann Rheum Dis 2007;66:440-445.

younger than 30 years of age. The incidence has now decreased, 
although it is still high in developing countries. In France and the 
United Kingdom, N. gonorrhoeae arthritis has been reported to be 
responsible for 1.6% and 0.06% of all septic arthritis cases, respec-
tively.43 In the preantibiotic era, gonococcal infection was reported 
primarily in men but female predilection was later described.

Microbiology
N. gonorrhoeae is a small, gram-negative, non-motile, and non–spore-
forming bacterium that characteristically grows in pairs (diplococci) and 
exclusively infects humans. The biologic characteristics of gonococcal 
strains influence their virulence and the risk of disseminated infection. 
These characteristics have a large geographic variation and, along with 
the existence of control programs, may be the reason for the variable 
frequency of gonococcal arthritis across different countries. The ability 
of gonococci to disseminate has been associated with different factors, 
such as the presence of pili (see later), the serotypes of protein I (porin) 
and II (opacity-associated protein), different nutritional requirements 
for arginine, hypoxanthine, uracil, and proline, and, finally, the sensi-
tivity to antibiotics. The cell membrane structure of N. gonorrhoeae is 
complex and closely related to the pathogenesis of infection and host 
defense (Fig. 104.10). The most important structural components of 
the cell wall include the pili and the trilaminar outer membrane, which 
is composed of the inner cytoplasmic membrane, a middle layer of  
peptidoglycan, and an outer layer of lipopolysaccharide and proteins.

The pilus is a polymer composed primarily of the glycoprotein pilin. 
It plays a critical role in forming an initial attachment with host cells. 
Piliated strains adhere better to epithelial cells to initiate gonococcal 
transport to intercellular spaces. The presence of pili is the major 
determinant of gonococcal morphology in culture and correlates with 
virulence. Small, sharply bordered colonies are more virulent, and their 
morphology is associated with the presence of pili. Most of the gono-
cocci isolates from DGI carry different glycoforms of pilin than those 
isolated from uncomplicated gonorrhea. Porin, previously designated 
as protein I, is the most represented outer membrane protein that 
functions as a pore for the exchange of ions. The pore is characterized 
by a trimeric structure. Porins show stable inter-strain antigenic varia-
tion and form the basis for gonococcal serotyping. Two main serotypes 
have been identified: Por.IA strains are usually found in DGI, whereas 
Por.IB causes local infection. These characteristics may be related to 
the interaction with components of the complement cascade.44 Another 
surface protein that is important for gonococcal virulence is opacity-
associated protein, previously designated as Protein II. Opacity- 
associated proteins were originally identified by their ability to confer 
opacity to colonies of N. gonorrhoeae grown on translucent agar and 
are the result of opacity-associated lipopolysaccharide interactions that 
occur between adjacent bacteria. This protein plays a major role in the 
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evident. Some patients, however, may possess features of both (Fig. 
104.11).43

The most common symptoms of DGI are fever, usually of moderate 
intensity and sometimes with rigors, polyarthralgia, which may be 
migratory or additive and may resolve completely within several days, 
tenosynovitis, and skin lesions that has been designated as the “acute 
arthritis and dermatitis syndrome.”46 Tenosynovitis is rare in other 
forms of septic arthritis and the presence of skin lesions. In up to 40% 
of patients, fever may be absent or transient. Painful joints are also 
present and usually include the knees, elbows, and ankles. Tenosyno-
vitis with or without joint involvement occurs in up to 68% of cases 
and usually affects multiple sites, especially the dorsum of the wrists, 
fingers, toes, and ankles. Polyarthralgia occurs in half of the patients 
and, when arthritis is present, usually involves several joints, with a 
mild inflammatory synovial fluid leukocyte count and negative cul-
tures. The differential diagnosis of the bacteremic stage includes reac-
tive arthritis, sarcoidosis, acute erythema nodosum, and viral infections 
such as hepatitis B.

Septic arthritis is present in about 50% of cases and usually affects 
one joint. A relatively transient effusion with non-inflammatory syno-
vial effusion is sometimes present, but most often the characteristics 
are similar to other forms of septic arthritis, especially if there are no 
symptomatic mucosal infections. Any joint may be affected, but the 
knees, wrists, ankles, elbows, and small joints of the hands are most 
frequently involved while the sternoclavicular, hips, and intervertebral 
discs are rarely affected. Osteomyelitis has been described to include 
the spread of contiguous foci of septic arthritis of the fingers. The 
frequent occurrence of arthritis without symptoms of the bacteremic 
stage has led to the suggestion that these are separate syndromes.

Skin lesions are observed in about 75% of patients with DGI in the 
bacteremic stage (Fig. 104.12). They are usually painless, non-pruritic, 
present in low numbers, and sometimes grouped and appear on the 
limbs and trunk, sparing the face and scalp. Small macules or papules 
with an erythematous base are the most common lesions, followed by 
pustules that sometimes have a hemorrhagic component. A wide 
variety of skin lesions can be present in DGI, including vesicles, bullae, 
erythema nodosum, and urticaria.

Other unusual manifestations of DGI are gonococcal endocarditis, 
which was relatively common in the preantibiotic era, pericarditis, 
osteomyelitis, usually as an extension from a local septic arthritis, and 
central nervous system infection with meningitis.

Investigations
In symptomatic men, a rapid diagnosis of gonococcal infection can be 
obtained by Gram staining of urethral exudates (Fig. 104.13). The 
sensitivity and specificity for urethral smears is 90% and 95%, respec-
tively, versus 50% to 70% sensitivity and over 90% specificity for 
endocervical smears.47 Only about one fourth of synovial fluid Gram 
stains from septic joint arthritis are positive for N. gonorrhoeae. Most 
DGI patients deny local mucosal symptoms, despite the fact that 

formation of intimate associations between the plasma membrane of 
the host cell and the gonococcus and promotes the invasion of epithe-
lial cells mediated by specific cell surface receptor interactions.45 Gono-
coccal lipopolysaccharide possesses endotoxic activity and contributes 
to local cytotoxic effects. The presence of sialic acid on gonococcal 
lipo-oligosaccharide confers unstable resistance to the bactericidal 
action of normal human serum.

Pathogenesis
Host factors also play a role in gonococcal infection and dissemination. 
The molecular mechanisms used by the gonococcus to initiate infec-
tion exhibit gender specificity. Gonococcal infection of the urethral 
epithelia or upper female genital cells triggers cytokine release, which 
promotes neutrophil influx and an inflammatory response. Gonococcal 
infection of the lower female genital tract is typically asymptomatic, 
however, partially as a result of the ability of the gonococcus to subvert 
the alternative pathway of complement that is present in the lower 
female genital tract. Pregnancy and menses increase the risk for DGI 
as a consequence of associated changes in the gonococcal phenotype 
and endometrial exposure of submucosal vessels to the gonococci. In 
about half of the affected women, symptoms of DGI begin within 7 
days of the onset of menses. Within the bloodstream, the interaction 
of the gonococcus with the complement system becomes critical for 
bacterial eradication. This is thought to be dependent on classical 
pathway activity and the presence of an efficacious antibody. Gono-
cocci have adapted multiple mechanisms by which they are able to 
evade the lytic action of the complement system, including C4b inac-
tivation and the formation of a non-functional membrane attack 
complex on their cell surface. Inherited or acquired complement defi-
ciency, mainly of the terminal components (C5-C8), is therefore a risk 
factor because serum bacterial activity becomes impaired. When this 
occurs, people with more than one episode of DGI should be screened 
for total hemolytic complement activity.

Clinical features
The clinical manifestations of DGI have been classified into two stages: 
a bacteremic form, which is less common today, and a suppurative 
form with infectious arthritis, which exhibits an obvious progression 
from the bacteremic to the joint localized stage that is usually not 

GONOCOCCAL CELL ENVELOPE STRUCTURE AND FUNCTION
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 CLINICAL SPECTRUM OF DGI
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Fig. 104.11 Clinical spectrum of disseminated gonococcal infection.
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Fig. 104.13 Neisseria gonorrhoeae. Gram stain of urethral exudate in 
gonorrhea, showing intracellular gram-negative reniform diplococci. (Courtesy 
of Dr. S. E. Thompson.)

c

Fig. 104.12 Disseminated gonococcal infection: skin lesions. (a) Macules, 
papules, and pustules over an ankle. (b) Hemorrhagic papules localized in trunk. 
(c) Hemorrhagic vessel over a distal interphalangeal joint. (c, Courtesy of Dr. Peter 
Schlessinger.)

mucosal infection can be identified in 70% to 80% of cases or in their 
sexual partners. All potential sites of infection should be screened for 
gonococcal infection, regardless of the presence of local symptoms. 
Specimens should be collected with Dacron or rayon swabs, because 
calcium alginate may be toxic to gonococci and fatty acids inhibit 
gonococci growth. To minimize the inhibitory effects of unknown 
substances in the specimen, the swabs should be inoculated directly 
onto growth medium or placed in swab transport medium immediately 
after sampling.47 Ideally, the specimens should be inoculated onto 

culture medium immediately after collection to preserve the viability 
of gonococci for isolation. If long-distance shipping is required, the 
specimens should be inoculated onto media contained in a CO2-
generating system, incubated for 18 to 24 hours, and display visible 
growth on the plate before shipping.47

Until the late 1980s, laboratory diagnosis of gonorrhea was limited 
to Gram staining and bacterial isolation. The bacterial culture is gener-
ally regarded as sensitive and specific and, in addition to its relatively 
low cost, is suitable for a broad range of specimen types and provides 
a viable organism for both antibiotic susceptibility testing and epide-
miologic investigation. Disadvantages of bacterial culture include the 
need to collect invasive specimens that must be transported under 
appropriate conditions to maintain organism viability. The current 
recommendation from the Centers for Diseases Control and Preven-
tion is that only a bacterial culture should be used to test for pharyngeal 
or rectal gonorrhea. Molecular detection methods allow for a more 
rapid and specific diagnosis of pathogens that are fastidious or cannot 
be cultured. These methods permit the use of specimens that are 
unsuitable for culture, such as urine and vaginal swabs, which can be 
obtained from patients without discomfort. Ligase chain reaction 
testing has indicated that the true incidence of pharyngeal and rectal 
gonorrhea may be double that detected by bacterial culture, suggesting 
that the sensitivity of bacterial culture may be as low as 50% for these 
specimen sites. The lower sensitivity of bacterial culture from the 
extragenital sites may be attributed to the heavy colonization of these 
sites by a broad range of other organisms, including other Neisseria 
species, which may interfere with N. gonorrhoeae isolation.48

In the early 1990s, nucleic acid tests first became available for 
routine use. These include both nucleic acid hybridization assays and 
nucleic acid amplification tests (NAATs). There are several advantages 
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which lasts for 2 to 6 weeks. The infection then enters a latent stage 
that may last years or decades. The tertiary period, which appears in 
one third of untreated cases, is characterized by progressive mucocu-
taneous, vascular, musculoskeletal, or neurologic symptoms.

Clinical features
Musculoskeletal symptoms may appear in the congenital, secondary, 
or tertiary phases of syphilis but are most common in the secondary 
stage.52 The most common manifestations of early congenital syphilis 
are bone changes that include osteochondritis, osteitis, and periostitis, 
all of which appear in 65% of patients. The symmetric destruction of 
the medial aspect of proximal tibial metaphyses (Wimberger’s sign) is 
usually pathognomonic for congenital syphilis. This appears in nearly 
20% of the patients. In 23% of patients, there is epiphyseal separation 
or fracture of the long bones, which prevents limb movement and 
results in pseudoparalysis.53 Late congenital syphilis (>2 years) is 
usually subclinical. Joint complaints are characterized by painless bilat-
eral effusion of the knees or elbows without local or systemic symp-
toms, often described as Clutton’s joints.52 The most common symptom 
in secondary syphilis is a rash that usually involves the palms and 
soles. Additional symptoms such as fever, general malaise, muscle 
aches, enlarged lymph nodes, hair loss, and mucous patches may occur. 
Bone and joint involvement is uncommon; however, generalized 
arthralgias and, rarely, true arthritis (mainly subacute or chronic and 
only affecting the large joints) can occur. Neuroarthropathy due to 
tabes or Charcot joint, which affects the hips or knees, is the most 
common musculoskeletal manifestation of tertiary syphilis and is due 
to the loss of deep sensation and chronic trauma rather than by direct 
infection of the joint.52

Investigations
Laboratory diagnosis of syphilis is based on visualization of the Trepo-
nema species and/or demonstration of specific antibodies by the sero-
logic test. Historically, screening for syphilis has involved the use of 
non-treponemal tests, such as the serum rapid plasma reagin (RPR) or 
the Venereal Disease Research Laboratory (VDRL) test. When positive, 
the results are then confirmed using a more specific treponemal test, 
such as the T. pallidum hemagglutination test (TPHA) or the fluores-
cent treponemal antibody absorption (FTA-ABS) test, because a number 
of other conditions may cause false-positive results. In recent years, 
new syphilis diagnostic tests such as the immunochromatography strip 
test, which can be used in developing countries, and new reference 
laboratory standards, such as Western blot analysis or the use of 
nucleic acid amplification or molecular strain typing, have been devel-
oped.51 Concomitant HIV infection may have small effects on the 
clinical presentations of syphilis, and serologic responses are generally 
comparable to those noted in HIV-uninfected patients. Moreover, RPR 
titers do not vary according to HIV infection status, although TPHA 
titers are somewhat lower in patients with HIV infection.51

Management
Penicillin remains the drug of choice for the treatment of syphilis, but 
the doses and regimens vary with disease stage. Several studies have 
shown that azithromycin may have a similar clinical efficacy. Macro-
lide resistance, however, has been documented among strains of Trepo-
nema pallidum, and treatment failures have been reported. Ceftriaxone 
is also effective for the treatment of syphilis when used in multiple-
dose regimens.51

of N. gonorrhoeae NAATs. First, they offer improved sensitivity com-
pared with bacterial culture. When compared with N. gonorrhoeae, 
NAATs, gonococcal culture ranges in sensitivity from 85% to 95% for 
acute infections and may fall as low as 50% for females with chronic 
infection. The increased sensitivity of NAATs makes them particularly 
suitable for screening, enabling accurate diagnosis of both symptomatic 
and asymptomatic gonococcal infections, a critical factor in controlling 
the disease. Second, specimens collected for NAAT assays do not 
require the organism to be viable for detection, thus requiring less 
stringent transport conditions compared with those collected for bacte-
rial culture. Finally, NAATs can be used effectively on non-invasive 
specimens, such as urine and self-collected specimens. A notable limi-
tation of N. gonorrhoeae NAATs is the inability to provide antibiotic 
resistance data, which is an emerging health concern given the increased 
reports of the antibiotic resistance of N. gonorrhoeae.48

Management
Disseminated gonococcal infections require higher dosages and longer 
durations of therapy than uncomplicated infections. The emergence of 
penicillinase-produced strains has changed the recommendations for 
the treatment of DGI. Penicillin resistance results either from the 
acquisition of plasmids that encode β-lactamase or from chromosomal 
mutations.49 Quinolone-containing regimens are no longer recom-
mended, because resistance to these drugs has been well documented. 
Hospitalization is indicated if the diagnosis is uncertain, if there is a 
purulent arthritis that requires aspiration, or if the patient cannot be 
relied on to comply with treatment.46 A cephalosporin-based intrave-
nous regimen is recommended for the initial treatment of DGI. This 
is particularly important when gonorrhea is detected at mucosal sites 
by non-culture tests. Daily ceftriaxone (1 g IV) is the first choice of 
antimicrobial therapy, although other third-generation cephalosporins, 
such as cefotaxime (1 g IV q8h) or ceftizoxime (1 g IV q8h), can also 
be prescribed. Patients who are allergic to β-lactam drugs can be treated 
with spectinomycin (2 g IM q12h). Treatment should be continued for 
24 to 48 hours after clinical improvement, at which time therapy may 
be changed to one of the following regimens (to be prescribed for at 
least 1 week of antimicrobial therapy): cefixime, 400 mg orally twice 
daily; cefixime suspension, 400 mg (200 mg/5 mL) twice daily; or cef-
podoxime, 400 mg orally twice daily.50 Infected joints should be aspi-
rated until resolved, and open drainage is rarely necessary.

Because of the high rate of other sexually transmitted diseases, a 
diagnostic test for Chlamydia trachomatis should also be performed on 
genital secretions or urine, and initial treatment must also incorporate 
an agent such as azithromycin or doxycycline that is effective against 
chlamydial infection.

SYPHILITIC ARTHRITIS
Syphilis is a sexually transmitted chronic systemic infection caused by 
Treponema pallidum and is characterized by episodes of active disease 
followed by asymptomatic periods or latency. This is especially impor-
tant in light of the increasing rates of syphilis, as well as the increasing 
recognition of concurrent syphilis and human immunodeficiency virus 
(HIV) infection. In a systematic review of the literature found that 
between 2000 and 2004, the number of reported cases of primary and 
secondary syphilis increased by 33%.51 After infection, there is an 
incubation period of 2 to 6 weeks, followed by the appearance of the 
primary lesion at the site of inoculation. The secondary period usually 
appears 6 to 8 weeks after the primary lesion has healed and is char-
acterized by mucocutaneous lesions and generalized lymphadenopathy, 
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are associated with significant human disease.4 M. tuberculosis is the 
most common cause of tuberculosis. It is an aerobic, non–spore- 
forming, non-motile, and slow-growing bacillus with a rod-shaped mor-
phology (0.3-0.6 µm width × 1-4 µm long) and obligated aerobe with 
a high cell wall content of high-molecular-weight lipids. It can survive 
under adverse environmental conditions, and humans are its only 
known reservoir.

M. tuberculosis infection occurs through inhalation of aerosolized 
bacteria, ingestion, or direct inoculation from infected individuals 
while they are coughing, talking, or sneezing. Particles less than 5 µm 
avoid the natural airway barriers and can carry as many as 1 to 5  
bacilli, enough to infect an immunocompromised individual (e.g., 
infant, elderly person, someone with a co-morbidity such as mal-
nutrition, alcoholism, chronic renal failure, diabetes, hematologic 
malignancies, or silicosis, a postgastrectomy patient, a patient on cor-
ticosteroid and immunosuppressive therapy, and a person infected 
with HIV). De novo infection depends on the number of organisms 
that survive phagocytosis and their ability to escape host defenses, such 
as alveolar macrophages (pneumocytes) and delayed hypersensitivity 
responses. Mycobacteria multiply intracellularly, using Toll-like  
receptor-2 and receptors that bind complement, mannose, cholesterol-
related receptors, and CD14, leading to a burst of the pneumocytes. 
Released organisms are then phagocytosed by other macrophages, and 
a chain reaction ensues with cytokine production triggering an inflam-
matory response and eventually leading to hematogenous spread to 
distant organs. Microorganisms invading regional lymph nodes initiate 
the development of protective immunity that is mainly mediated by 
CD4+ lymphocytes with help from CD8+ cytotoxic lymphocytes and 
also B cells. In addition, several virulence factors present in the myco-
bacterial cell wall also participate in the pathogenesis of the disease. 
Among them are the cord factor, lipoarabinomannam (LAM), and a 
highly immunogenic 65-kDa M. tuberculosis heat-shock protein 
(hsp65).

Cytokines, such as interleukin (IL)-1, IL-2, IL-6, IL-12, interferon 
(IFN)-γ and TNF-α, play a key role in protection against tuberculosis 
and also in granuloma formation. These proinflammatory cytokines, 
particularly TNF-α, recruit macrophages, leading to granuloma main-
tenance and formation (Gohn lesion), which is very important to 
contain and kill Mycobacterium microorganisms and are indicators of 
an effective immune response.5,6 Tuberculosis related to anti-TNF 
inhibitors may be due to inhibition of a TNF-dependent chemokine 
gradient disrupting the cellular migration necessary to maintain the 
integrity of granulomas.5

Musculoskeletal manifestations
Tuberculous bone and joint infections account for 1% to 3% of all 
forms of tuberculosis. Although 50% of patients have pulmonary tuber-
culosis, extrapulmonary disease accounts for up to 35% of cases. Mus-
culoskeletal involvement (9%) is considered the fifth most common 
extrapulmonary location, following lymphatic (27%), pleural (21%), 
genitourinary (16%), and miliary (10%) locations. A conservative esti-
mate suggests that the global prevalence of latent joint and bone infec-
tion affects 19 to 38 million people.

Skeletal tuberculosis has a tendency to involve weight-bearing 
joints, and several clinical patterns are described, including spondylitis, 
peripheral joint arthritis, reactive arthritis or Poncet disease, osteomy-
elitis, and soft tissue abscesses (Box 105.1).6

Mycobacterial, brucellar, fungal, 
and parasitic arthritis
Javier Marquez and Luis R. Espinoza

 Several microorganisms can lead to musculoskeletal infectious 
disorders.

 Mycobacterial infections, particularly from M. tuberculosis, are still a 
major problem.

 A good prognosis requires prompt diagnosis, which necessitates a 
high index of suspicion particularly for rarer infections.

 Novel molecular techniques are improving diagnosis, but careful 
clinical assessment is mandatory.

 For most disorders there are effective antimicrobial therapies, 
although resistance to these agents is an increasing concern.

INTRODUCTION
Musculoskeletal infectious disorders caused by mycobacterial, brucel-
lar, fungal, and parasitic microorganisms are uncommon and difficult 
to diagnose. In recent years, however, there has been a resurgence of 
chronic granulomatous infections, including tuberculosis (TB), atypical 
mycobacterial infection, and fungal infections triggered by a variety of 
factors, such as the pandemic of human immunodeficiency virus (HIV) 
infection and the increased use of immunosuppressive medications, 
including tumor necrosis factor (TNF)-α inhibitors.1

TUBERCULOUS ARTHRITIS
Epidemiology
Tuberculosis remains one of the leading global causes of morbidity and 
mortality. Based on surveillance and survey data, by the end of 2007, 
202 of 212 countries, comprising 99.6% of the world’s population, 
reported case notifications of tuberculosis. In all, 9.2 million new cases 
of tuberculosis occurred in 2006 (139/100,000), among them approxi-
mately 709,000 (8%) occurred in HIV-positive individuals.2 Of the 
estimated 1.7 million people who died of tuberculosis in 2006, 14% 
were co-infected with HIV and there were 500,000 cases of multidrug-
resistant tuberculosis.

In the United States, a total of 13,293 (4.4 cases/100,000 inhabit-
ants) cases of tuberculosis were reported during 2007; this represents 
a 2% decrease in the number of cases and a 3% decline in the rate from 
2005. Despite a decline in this disease nationwide, foreign-born persons 
and racial/ethnic minorities continue to bear a disproportionate burden 
of tuberculous disease in the United States. In 2007, the rate of tuber-
culosis in foreign-born persons in the United States was 10 times 
higher than in the native population. The non-Hispanic black popula-
tion had the largest number of cases.2 A similar increase in the inci-
dence of bone and joint tuberculosis is occurring in certain European 
countries owing to an increased migration of certain minority groups 
from Africa with a high incidence of tuberculosis and a high proportion 
of extrapulmonary tuberculous disease.3

Pathophysiology
The genus Mycobacterium comprises several species. However, only 
two species of M. tuberculosis complex (M. tuberculosis and M. bovis) 
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Tuberculous osteomyelitis
Tuberculous osteomyelitis occurs in both children and adults and 
comprises 2% to 3% of osteoarticular tuberculosis. Any bone may be 
involved, including the ribs, skull, phalanx, pelvis, and long bones, but 
the femur and tibia are the most common, followed by short bones such 
as metacarpals, metatarsals, and phalanges.10 Tuberculosis is the most 
common infectious cause of single or multiple osteomyelitic rib lesions.

The involvement of bone begins with hematogenous dissemination 
of the mycobacteria in the diaphysis with fusiform, painful swelling 
that may clinically resemble some inflammatory arthropathies, causing 
a diagnostic dilemma. Tuberculous osteomyelitis outside the vertebral 
body presents as a cold abscess, with swelling and only modest ery-
thema or pain.

Reactive arthritis (Poncet disease)
Tuberculous reactive arthritis or Poncet disease is characterized by 
polyarthritis associated with extrapulmonary tuberculosis with no evi-
dence of direct bacteriologic involvement of joints. It more often affects 
young people and is slightly more common in women. Clinical findings 
include fever, malaise, and polyarthritis of large joints such as knees, 
ankles, and, at times, wrists. The tuberculin test is frequently positive, 
and the extrapulmonary site of tuberculosis is usually the lymph 
nodes.11

Soft tissue abscess and tuberculous panniculitis
Tuberculous soft tissue abscesses are rare but when present may be 
associated with vertebral involvement (paravertebral abscess) and 
osteomyelitis. In contrast, panniculitis (non-suppurative inflammation 
of subcutaneous fat), mainly in the form of erythema nodosum, is often 
seen with or without peripheral polyarthritis. Another presentation is 
erythema induratum, which is a variety of lobar panniculitis associated 
with vasculitis and at times associated with arthritis around the ankle 
and also known as Bazin disease.12

Cold abscesses could appear after treatment has been initiated and 
in some cases are only visible by computed tomography (CT) or mag-
netic resonance imaging (MRI).

Diagnosis of musculoskeletal tuberculosis
The majority of musculoskeletal tuberculosis presents as spondylitis 
or chronic monoarthritis involving large and medium-sized weight-
bearing joints: knees and hips. Vertebral tuberculous involvement 
should be suspected in patients younger than age 30 years or older than 
age 50 years who have back pain accompanied by constitutional symp-
toms such as fever and weight loss. Patients with risk factors for 
tuberculosis such as immunocompromised individuals, the elderly, or 
children in high-prevalence regions of the world or in close contact to 
others with the disease, those taking corticosteroids and/or immuno-
suppressives and biologic agents, or persons with a history of trauma 
should undergo microbiologic or histologic tests.

Laboratory tests, such as elevated erythrocyte sedimentation rate 
(ESR) and C-reactive protein level, are non-specific. The gold standard 
in the diagnosis of tuberculosis remains the identification of M. tuber-
culosis by means of microbiologic or histologic techniques demonstrat-
ing the acid-fast bacillus.

Culture is an important diagnostic tool and is a sensitive test (80% 
positivity). M. tuberculosis grows slowly, taking 3 to 6 weeks in solid 
media (Lowenstein-Jensen or Middlebrook 7H10 agar) incubated at 
37°C. Growth is enhanced by adding 10% carbon dioxide. A radiomet-
ric technique using Middlebrook 7H12 culture medium, with radiola-
beled fatty acid as substrate (BACTEC), has reduced the isolation time 
from 4 weeks to 2 weeks on average. Other more sophisticated tech-
niques using polymerase chain reaction (PCR) or Gen-probe are even 
faster and may one day replace conventional procedures and have the 
advantage of being used in smear-negative patients.

Skin testing, using purified protein derivative (PPD) for tuberculin, 
is most often used to screen individuals for tuberculosis. A positive test 
indicates previous exposure to the organism or contact with an infected 
individual. However, a person can be infected with M. tuberculosis and 

Spondylitis (Pott’s disease)
Tuberculous spondylitis may affect one or more components of the 
spine, namely, the vertebra, intervertebral discs, paraspinal soft tissues, 
and the epidural space. It is very important to differentiate tuberculous 
from pyogenic spondylitis because proper treatment and prognosis are 
quite different.

Spondylitis comprises the most common form of bone and joint 
tuberculosis and results from secondary hematogenous spread from a 
primary focus mainly localized in lungs, lymph nodes, and other 
tissues. The vertebral column is affected in approximately 50% of all 
cases of skeletal tuberculosis, and the thoracic and lumbar regions are 
the most frequent spinal sites. Infection in the early stages is localized 
at the level of the anterior subchondral bone of a vertebra adjacent to 
the intervertebral disc, resulting in narrowing of the intervertebral disc 
space. In later stages, progression to bony changes is evident 2 to 5 
months after onset and first involves cancellous and, subsequently, 
cortical bone.

Clinical presentation is characterized by back pain, usually at tho-
racic and/or lumbar regions, generalized malaise, low-grade fever, 
weight loss, and night sweats. Systemic symptoms are often absent. 
Onset of symptoms is usually insidious and varies from weeks to years, 
with an average duration of approximately 1 year. Vertebral collapse 
can occur, producing the classic radiologic picture of anterior wedging 
of two adjacent vertebral bodies with destruction of the intervening 
disc and the physical finding of a tender spinal prominence or gibbus.

Diagnosis may be delayed until signs of advanced disease such as 
paraparesis and paraplegia, reported in 4% to 30% of cases, develops.7 
The most common findings are sensory deficit symptoms secondary 
to spinal cord or nerve root involvement, which could appear before 
any spinal deformity. Kyphosis is a late finding, and its combination 
with scoliosis produces the gibbus deformity.

Peripheral joint arthritis
Peripheral tuberculous skeletal involvement is a chronic and insidious 
monarticular infection, but multiple sites of involvement rarely may 
be seen. Peripheral joints most commonly affected include the hips 
(15%), knees (15%), and ribs (5%). In addition, ankles, joints of the 
feet, elbows, wrists, and shoulders may also be affected, including 
prosthetic joints.8 In endemic areas, children and young adults are 
affected most often; but in non-endemic areas, it is seen most often in 
non-white males in the fourth or fifth decades of life.

Huang and associates9 reported their experience at a tertiary teach-
ing hospital in Taiwan: 51 adult patients with a diagnosis of tubercu-
lous arthritis were reported. There were 35 males and 16 females with 
a mean age of 59 years (range, 32 to 89 years). The mean duration of 
symptoms and signs before diagnosis was 25 months (range, 0 to 180 
months). Joint pain (96%) and swelling (90%) were two major presenta-
tions. Forty-five (88%) patients had monoarthritis. The knee (27%) was 
the most frequently involved joint. Twenty-six (51%) patients had 
radiologic evidence of pulmonary tuberculosis, and 43 patients (84%) 
had a positive culture for M. tuberculosis in synovial fluid and/or tissue.

The clinical manifestations consisted of joint pain, swelling, and 
limited range of motion, accompanied by malaise, weakness, and sys-
temic constitutional complaints such as fever and weight loss. One 
fourth of patients reported a previous history of trauma. Depending on 
the location, patients often exhibited mild-to-moderate pain in the 
groin, knee, or thigh, with limited range of motion and variable degree 
of limping.

BOX 105.1 CLINICAL PATTERN OF MUSCULOSKELETAL 
TUBERCULOUS INFECTION
 Spondylitis (Pott’s disease)
 Septic arthritis
 Osteomyelitis
 Tenosynovitis and bursitis
 Soft tissue abscess
 Reactive arthritis (Poncet’s disease)
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of a well-defined paraspinal abnormal signal, a thin and smooth abscess 
wall, combination of both findings, presence of paraspinal or intraos-
seous abscess, subligamentous spread to three or more vertebral levels, 
thoracic spine involvement, and hyperintense signal on T2-weighted 
images than those with pyogenic spondylitis (see Fig. 105.1).

Peripheral joint arthritis
Radiologic findings may show joint and soft tissue swelling with effu-
sion in early stages. Later on, periarticular osteopenia and the Phemis-
teri triad (peripheral osseous erosions, articular destruction with 
narrowing of the joint space, and juxta-articular osteoporosis) are 
evident. Bone involvement may be difficult to distinguish from pyo-
genic infection. Joint margin erosions are more common and the joint 
space is preserved for a longer period because tuberculous peripheral 
joint arthritis progresses more slowly than pyogenic infection (Figs. 
105.2 and 105.3). CT, MRI, and scintigraphy are recommended to 
establish a diagnosis.

not have the disease. It is assumed that about 10% of individuals 
infected with the organism develop tuberculosis and the remaining 
90% suppress and contain the organisms through their immune 
systems but have a latent infection. To effectively control tuberculosis, 
it is essential to detect individuals with latent infection in a tubercu-
losis outbreak and provide chemoprophylaxis. Evaluation of PPD in 
vaccinated (bacille Calmette-Guérin [BCG]) patients is more compli-
cated. Bugiani and colleagues studied tuberculin reactivity in adult 
BCG-vaccinated patients and concluded that all vaccinated subjects 
with a tuberculin skin test of greater than or equal to 10 mm should 
be considered infected.13 Until recently, the tuberculin skin test has 
been the only diagnostic method for latent tuberculosis. However, the 
specificity of this test is low because the PPD used for it contains 
numerous M. tuberculosis antigens that are almost identical to BCG 
antigens or similar to non-tuberculous mycobacterium (NTM) anti-
gens. For this reason, the tuberculin skin test may produce positive 
results in BCG-vaccinated individuals or NTM-infected individuals 
without M. tuberculosis infection. In addition, it is very difficult to 
diagnose latent tuberculosis in countries where vaccination is widely 
administered. More recently, new diagnostic methods based on whole-
blood IFN-γ–releasing assays have been developed (QuantiFERON-TB 
Gold and T-SPOT.TB). QuantiFERON-TB Gold has two M. tubercu-
losis–specific antigens, ESAT-6 and CFP-10, used to stimulate IFN-γ 
production and assist in the diagnosis.

Because ESAT-6 and CFP-10 are absent from all M. bovis BCG 
substrains and most NTM, including M. avium and M. intracellulare, 
but are present in M. tuberculosis complex (M. tuberculosis, M. bovis, 
M. africanum) and only a few strains of NTM, QuantiFERON-TB Gold 
is not affected by prior BCG vaccination nor most NTM infections.14

Recently, Stephan and associates studied the INF-γ–released assays 
QuantiFERON-TB Gold and T-SPOT.TB in addition to the tuberculin 
skin test for diagnosis of latent tuberculosis in HIV-infected patients. 
Of 286 enrolled patients, 81% were men; the median age was 44 years, 
the median CD4 cell count was 408/µL; and 63.8% of patients had 
undetectable HIV RNA (<50 copies/mL). Both T-SPOT.TB and Quan-
tiFERON-TB GOLD assays showed more positive test results than the 
tuberculin skin test: 25.2% and 20% (P = .133) compared with 12.8% 
(P < .001 and P = .008, respectively).15

Adenosine deaminase levels in serum or pleural fluid may be a clue 
for diagnosis of tuberculosis. This enzyme is widely distributed in 
tissues and body fluids and is necessary for proliferation and differen-
tiation of T lymphocytes. Its levels are shown to increase in patients 
with tuberculosis independent of therapy with disease-modifying anti-
rheumatic drugs (DMARDs) or TNF-α inhibitors.16

Synovial fluid aspiration and/or synovial biopsy are very important 
diagnostic aids. Synovial fluid is often non-hemorrhagic, turbid, and 
xanthochromic. The white blood cell count is moderately elevated and 
ranges between 10,000 and 20,000 cells/mL with a predominance of 
polymorphonuclear leukocytes. Synovial tissue shows caseating granu-
lomas in up to 80% of cases.

Imaging
Radiologic techniques are useful to confirm the diagnosis. In addition, 
ultrasonography, CT, and MRI can be used to guide needle aspiration 
sites that are difficult to access.

Spondylitis
Early radiologic abnormalities include resorption of the dense margins 
of the endplates and demineralization, narrowing or obliteration of the 
disc space, and soft tissue swelling (paravertebral abscess [Fig. 105.1]). 
On the other hand, late-stage findings include lytic progressive destruc-
tion of the anterior vertebral body, vertebral collapse, and kyphosis.

CT is helpful in revealing small abnormalities and paravertebral 
abscesses (cold abscess, which may occur in 50% of patients with TB 
spondylitis) and evaluating the global extent of the vertebral compro-
mise. MRI is the main modality for diagnosing spondylitis; it has a 
higher soft tissue definition than CT and is more specific for delineat-
ing swelling.17

Recently, Jung and associates described the usefulness of MRI in 
discriminating between tuberculous spondylitis and pyogenic spondy-
litis.7 Patients with tuberculous spondylitis exhibited a higher incidence 

Fig. 105.1 Paravertebral tuberculous abscess (Pott disease) with collapse of T6 
and T7. (Courtesy of Dr. Fernando Vasquez, Department of Radiology, Hospital 
Pablo Tobon Uribe, Medellin, Colombia).

Fig. 105.2 Tuberculous involvement of carpal joints. Note the presence of 
juxta-articular osteopenia, erosions, and joint space narrowing.
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Prevention of tuberculous and atypical 
mycobacterial infection
Vaccination is a valuable tool and is widely employed in Latin Ameri-
can, African, Asian, and some European countries to prevent mycobac-
terial infection (mainly tuberculosis). BCG vaccines seem to be effective 
in some populations but not in others. Repeated doses can increase the 
effectiveness of this measure.

New and more effective vaccines and drugs for preventive treatment 
are needed for control of tuberculosis. A stronger focus on prevention 
would also entail more concerted actions to limit the impact of risk 
factors, including HIV/AIDS, smoking, malnutrition, alcoholism, dia-
betes, crowded living conditions, and indoor air pollution, which may 
all contribute a considerable proportion of the global burden of this 
disease.

Tuberculosis related to anti–TNF-α therapy 
and biologic agents
One of the most dreaded complications of the biologic agents, particu-
larly anti–TNF-α blockers, is the development of tuberculosis. The 
estimated incidence of tuberculosis associated with anti–TNF-α 
therapy (both infliximab and etanercept) in patients with rheumatoid 
arthritis was 472 per 100,000 in 2000 and 172 per 100,000 in 2002. 
The incidence is lower with other biologic agents.21 This incidence is 
much lower in the United States, and the overall incidence worldwide 
is decreasing with better awareness of this complication. This type of 
infectious complication tends to be extrapulmonary, and lymph node 
and pulmonary reactivation are the most common sites of tuberculosis 
occurrence.

Recently adopted guidelines to prevent tuberculosis infection in 
patients receiving TNF-α inhibitions include a tuberculin skin test, 
chest radiograph, and treatment with isoniazid, 5 mg/kg or up to 
300 mg orally daily for 6 to 9 months, if needed.22

LEPROSY AND OTHER ATYPICAL  
MYCOBACTERIA INFECTIONS
Epidemiology
Leprosy is a rare disease with an extremely low incidence and preva-
lence in developed countries. In 1998, 102 cases of leprosy were 

Tuberculous osteomyelitis
Radiographic findings include cavity formation in 50% of cases, lytic 
lesions with blurred margins, and minimal or no reactive bone sclero-
sis. Bone sequestration is rarely seen. However, subsequently, new 
subperiosteal bone develops, producing the typical enlargement of the 
shaft (Fig. 105.4).17

Treatment
The treatment of extrapulmonary tuberculosis varies, and most recom-
mended regimens should last at least 9 to 12 months. First-line drugs 
include 8 weeks of oral daily treatment with isoniazid, 5 mg/kg or 30 mg, 
rifampin, 10 mg/kg or 600 mg, pyrazinamide, 15 to 30 mg/kg, and eth-
ambutol, 5 to 15 mg/kg, or streptomycin, 15 mg/kg or 1 g intramuscu-
larly. Then, 28 to 36 weeks of treatment with isoniazid plus rifampin for 
5 days per week to complete 9 to 12 months of treatment. Pyridoxine, 25 
to 50 mg daily, may be added to daily regimens that include isoniazid.

Other therapeutic modalities include the treatment of latent M. 
tuberculosis infection with isoniazid, 5 mg/kg or 300 mg orally daily; 
or it may be given twice weekly under supervision. The optimal dura-
tion of the therapy is 9 months, although in some situations a shorter 
course of 6 months may be considered for cost-effectiveness. Alterna-
tively, rifampin, 600 mg/day given orally for 4 months, is effective in 
HIV-infected and non-HIV-infected patients.

Patients with a slow or delayed response may be treated for up to 9 
months. Multidrug-resistant tuberculosis (defined as resistance to at 
least two drugs) includes regimens with drug combinations such as 
rifampin, ethambutol, pyrazinamide, quinolones, macrolides, and/or 
amikacin or streptomycin.18 More recently, a new term has appeared: 
extensively drug-resistant tuberculosis (XDR-TB), which is defined as 
disease caused by an M. tuberculosis strain that is resistant to at least 
rifampin and isoniazid among the first-line antitubercular drugs (mul-
tidrug-resistant tuberculosis [MDR-TB]) in addition to resistance to 
any fluoroquinolones and at least one of three injectable second-line 
drugs, namely, amikacin, kanamycin, and/or capreomycin.19

The overall clinical response to antimycobacterial therapy is good, 
but patients should be monitored carefully for side effects related to 
treatment-related toxicity. Other therapeutic indications, such as 
surgery, include unresponsiveness to and non-compliance with medical 
treatment, large abscess, selected cases of vertebral tuberculosis (e.g., 
acute neurologic involvement or deterioration, paraparesis, or paraple-
gia) and/or spinal instability or deformity of more than 5 degrees.20 
Articular procedures for tuberculous infection include excisional 
arthroplasty (hip and elbow) and arthrodesis (knee, shoulder, ankle, 
and wrist). As a general recommendation, 1 to 4 weeks of drug therapy 
is recommended to stabilize the general condition of patients before 
any surgical procedure.

Fig. 105.3 Tuberculosis of the left hip joint. Note total loss of the joint space 
and joint erosions. (Courtesy of Dr. Sergio Alvarez, Department of Radiology, 
Hospital Pablo Tobon Uribe, Medellin, Colombia.)

Fig. 105.4 Tuberculous osteomyelitis of femur. Note lack of periosteal reaction. 
(Courtesy of Dr. Fernando Vasquez, Department of Radiology, Hospital Pablo 
Tobon Uribe, Medellin, Colombia.)
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registered in the National Hansen’s Disease Program in the United 
States. However, countries where leprosy is endemic, such as Brazil 
and India, continue to report new cases and present barriers to the 
eradication of the disease.23

According to official reports from the World Health Organization 
received in 2008, the global registered prevalence of leprosy stood at 
212,802 cases, whereas the number of new cases detected during 2007 
was 254,525 (excluding the small number of cases in Europe). The 
number of new cases reported globally decreased by 11,100 cases (a 4% 
drop) during 2007 compared with 2006.

Atypical mycobacterial infections may occur in normal individuals 
with certain occupational activities but are more common in immu-
nocompromised individuals, in patients with preexisting diseases such 
as AIDS or HIV infection or cancer, or in patients receiving corticoste-
roid therapy.

Microbiology
Despite many efforts, M. leprae cannot be cultured in vitro. Conse-
quently, knowledge of the biology of M. leprae has been restricted to 
biochemical and physiologic characterization of bacteria isolated from 
experimentally infected armadillos. M. leprae is a gram-positive and 
acid-fast rod-shaped organism, 1 to 8 µm long and 0.3 µm in diameter. 
Like other mycobacteria, M. leprae possesses a highly lipid-rich cell 
wall, which contains diverse lipids and glycolipids, including an abun-
dant antigenic glycolipid termed phenolic glycolipid 1 (PGL-1).

M. leprae and other atypical mycobacteria affect the musculoskeletal 
system. Infection usually derives from either hematogenous spread or 
percutaneous inoculation. M. avium-intracellulare, M. cheloni, M. for-
tuitum, M. haemophilum, M. marinum (in fish handlers), and M. 
kansasii most commonly cause skeletal infections, usually through 
penetrating injuries.

Clinical features
The clinical spectrum of musculoskeletal manifestations due to atypi-
cal mycobacterial infections is highly variable and depends on the 
causative agent. For example, leprosy is a chronic infectious disease 
caused by M. leprae and its features range from a non-sensitive or 
hypopigmented skin spot (tuberculous) to severe neuropathic and 
osteoarticular damage (lepromatous). Common to both types of lepra 
reaction are pain and swelling at sites of infection. Well-recognized 
musculoskeletal features of leprosy include neuropathic or Charcot 
joints, septic arthritis, acute polyarthritis of lepra reactions, and 
chronic/subacute rheumatoid-like polyarthritis (Box 105.2).

The Lucio phenomenon is an uncommon but severe form of reac-
tion in multibacillary leprosy. It can manifest as bluish or violaceous 
and hemorrhagic plaques followed by large recurrent ulcerations in the 
lower extremities and may be fatal. Leprosy has a wide range of clinical 
manifestations, including infection of the nasal mucosa and cartilage, 
which may lead to saddle-nose deformity. Generally, thermal sensation 
is lost before the ability to sense pain and pressure. M. leprae invades 
Schwann cells, the glial cells of the peripheral nervous system.

Leprosy tends to flare up either spontaneously or after the onset of 
treatment.

The clinical picture of atypical Mycobacterium infection consists of 
constitutional symptoms such as malaise, weight loss, low-grade fever, 
and local pain. Musculoskeletal complications seen secondary to M. 
avium-intracellulare, M. fortuitum, and M. marinum include tenosy-
novitis, soft tissue abscess, and osteomyelitis.

Pereira and associates24 studied the prevalence and clinical charac-
teristics of leprosy-related arthritis in Brazil. Among 1257 leprosy 
patients who attended an outpatient clinic in the state of Amazonas 

BOX 105.2 CLINICAL FEATURES OF LEPROSY
 Neuropathic or Charcot joints
 Septic arthritis
 Acute polyarthritis
 Rheumatoid arthritis–like involvement
 Cutaneous ulcerations, “Lucio phenomenon”

from July to October 2004, 115 (9%) had articular involvement, 24 
patients had arthralgia, and 55 had leprosy-related arthritis. The preva-
lence of arthritis was similar in both genders, and all patients had 
lepromatous or borderline type. Most of the patients had polyarticular 
and symmetric arthritis; the mean duration of articular symptoms was 
1 year (range, 5 days to 14 years). In all, 91% presented with erythema 
nodosum leprosum or reversal reactions. Most arthritis cases were 
considered reactive episodes, and in a large number of cases arthritis 
had a chronic course that was not responsive to conventional therapy.

HIV-infected patients with advanced stages of the disease and low 
CD4+ T-cell count (<50/mm3) are especially susceptible to M. avium-
intracellulare and other atypical mycobacterial infections.

Investigations
Laboratory findings are non-specific: an elevated ESR, anemia, and a 
positive rheumatoid factor have been reported in up to 30% of patients. 
Synovial fluid is usually a transudate. All mycobacterial infections 
including M. leprae require histopathologic or bacteriologic demonstra-
tion of the microorganisms from tissue samples such as nasal swabs 
(leprosy) and/or biopsies from soft tissue lesions by conventional or 
newer techniques such as PCR. Radiographic features include multiple 
involvement of the metaphyses and diaphyses of long bones, lytic  
areas with erosions in radiographs of small joints, sclerosis, and 
osteoporosis.

Treatment
Treatment is difficult to achieve because most of the atypical infections 
are resistant to anti-tuberculostatic drugs and require longer duration 
of therapy. Treatment of leprosy consists of specialized medications 
and physical rehabilitation to avoid joint contractures. The World 
Health Organization recommends the use of multidrug therapy owing 
to an increasing resistance to dapsone.

Dapsone, 100 mg daily, and rifampin, 600 mg daily, for 12 months 
are recommended for the treatment of the paucibacillary form. Multi-
bacillary infection should be treated with dapsone, 100 mg daily, 
rifampin, 600 mg daily, plus clofazimine, 50 mg daily, for 2 years.25

Combination therapy is needed for M. avium-intracellulare, M. 
chelonei, M. fortuitum, and other atypical mycobacteria and includes 
macrolides (clarithromycin or azithromycin), ethambutol, and a third 
drug to be chosen from rifampin (or rifabutin), ciprofloxacin, amikacin, 
cefoxitin, clofazimine, and/or tetracycline. Duration of treatment 
remains to be established and varies from 12 to 18 months.

BRUCELLOSIS
Epidemiology
Brucellosis is a chronic granulomatous infection caused by intracellular 
bacteria and remains an important public health problem throughout 
the world. Transmission of brucellosis to humans occurs by consump-
tion of contaminated food, mainly non-pasteurized dairy products 
(cheese), from poor animal husbandry methods and hygiene standards. 
Populations in several countries in Europe are affected, including 
inhabitants of Spain, Greece, and Turkey. The Mediterranean region 
and the Arabian Peninsula are endemic areas. In the Western Hemi-
sphere, Mexico and Central and South America (particularly Brazil, 
Colombia, and Peru) are highly endemic areas. In the United States, 
human brucellosis is considered a rare disease; approximately 100 
cases are reported yearly. The Middle East, India, and Africa are also 
affected areas. The incidence in endemic regions varies from 1 to 
200/100,000 inhabitants, and the prevalence of the disease varies 
widely in these regions.26

Microbiology
The Brucella organism is a small gram-negative coccobacillus that is 
non-motile and does not form spores; it has a surprising capacity to 
survive, for example, in soil for up to 10 weeks, liquid manure for up 
to 2 years, and in goat cheese for up to 180 days at 4° to 8°C. The 
organism is sensitive to heat, ionizing radiation, and the most 
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Axial involvement is usually confirmed by plain radiographs, 
although imaging studies (e.g., MRI) are helpful for the detection of 
early findings. Genetic predisposition has been reported to play a  
role in certain patients, and HLA-B39, among other antigens, has  
been found to be increased in brucellosis with musculoskeletal 
involvement.

Pourbagher and colleagues30 reported 251 Turkish patients with 
brucellosis (180 females and 71 males; mean age, 45 years; range, 2 to 
77 years). In 231 patients (92%), the source of infection was unpasteur-
ized milk and milk products (cheese). Patients were classified as having 
acute (37%) (<3 months), subacute (19%) (3 to 12 months), or chronic 
(44%) (>12 months) brucellosis. Fatigue, fever, anorexia, nausea, and 
diarrhea were significantly higher in the acute stage (P < .05). Weight 
loss and palpitations were significantly more frequent in the subacute 
stages (P < .05), and osteoarticular manifestations were significantly 
more frequent in the chronic stages (P < .05). In this series, authors 
found sacroiliitis as the most common osteoarticular complication, 
followed by spondylodiscitis, bursitis, and osteomyelitis. The lumbar 
spine was the most frequent site of spondylodiscitis (56%), and the 
cervical spine was the region least affected with this condition (4%) 
(Fig. 105.5).30

commonly used disinfectants and is killed by pasteurization methods. 
Brucella is a monospecific genus that should be termed B. melitensis 
and all others are subtypes. There are six classic pathogens, of which 
four are recognized as human zoonoses: B. melitensis, B. abortus, B. 
suis, and B. canis. Among these, B. melitensis and B. suis are usually 
more virulent. Other subtypes rarely affect humans.27 Genome 
sequences of B. melitensis, B. abortus, and B. suis have recently been 
completed.

Pathogenesis
A major factor of virulence and the immunodominant antigen of Bru-
cella is a cell wall antigen called the lipopolysaccharide of smooth 
strains (S-LPS) containing the A and M antigens. It also exhibits a 
tendency to invade and persist in the human host through inhibition 
of programmed cell death.

Brucella invades the mucosa and is subsequently ingested by phago-
cytes. After ingestion, the majority of brucellae are rapidly eliminated 
by phagolysosome fusion. Of those bacteria, 15% to 30% survive in 
specialized brucellae-containing compartments. The exact mechanism 
is not completely understood, but it is responsible for limiting antibiotic 
action. Replication of the bacterium takes place in the endoplasmic 
reticulum without affecting host cell integrity. After replication, brucel-
lae are released with the help of hemolysins and induced cell necrosis.

Interferon-γ has a central role in the pathogenesis of brucellosis by 
activating macrophages, producing reactive oxygen species and nitro-
gen intermediates, inducing apoptosis, enhancing cell differential G2a 
and cytokine production, converting immunoglobulin G to G2a, and 
increasing the expression of antigen-presenting cells.

The principal cytokines involved in anti-Brucella activity of macro-
phages include TNF-α, TNF-γ, IL-1, and IL-12. Induction of TNF-α 
occurs in murine models of brucellosis, but inhibition of TNF-α in 
human disease is an early and key step in infection. This inhibition 
may also be involved in the impaired activation and cytotoxic function 
of natural killer cells in which a downregulator of TNF-α, the outer 
membrane protein 25, may play a role. Serum levels of TNF-α are not 
detected in patients with active brucellosis.

In addition, Brucella is resistant to damage from polymorphonu-
clear cells owing to suppression of the myeloperoxidase/hydrogen per-
oxide/halide system and copper-zinc superoxide dismutase and the 
production of inhibitors of adenylate monophosphate and guanyl 
monophosphate. Impaired activity of natural killer cells and impaired 
macrophage generation of reactive oxygen intermediates and interferon 
regulatory factors have also been shown. CD4/CD8 lymphocytes are 
elevated in brucellosis. On the other hand, antibody response in brucel-
losis is extremely useful diagnostically but plays a limited role in the 
overall host response.

Clinical features
Human brucellosis is a systemic and acute or insidious illness that 
usually follows a chronic course. Musculoskeletal complications are 
the most common clinical manifestations, and up to one third of 
patients exhibit some of them. Fever, arthralgias, fatigue, back pain, 
and constitutional symptoms are common (Box 105.3).28

Geyik and coworkers29 described the musculoskeletal involvement 
in 195 cases of brucellosis. No gender predisposition was seen, and the 
age group from 15 to 45 years was most commonly affected. Sacroiliitis 
(55%) was the most common manifestation, followed by peripheral 
joint (54%) and spondylitic involvement (31%). Monoarthritis was the 
predominant pattern of peripheral joint involvement, with hips (58%) 
and knees (22%) more commonly affected.

a

b

Fig. 105.5 (a) Brucellosis of the left sacroiliac joint. (b) MRI findings in lumbar 
spine of a 42-year-old man with brucellosis presenting with low back pain and 
fever demonstrating the presence of spondylodiscitis of L5-S1. (a, Courtesy of 
Dr. Sergio Alvarez, Department of Radiology, Hospital Pablo Tobon Uribe, Medellin, 
Colombia; b, courtesy of Dr. Liliana Candia, Rheumatologist.)

BOX 105.3 RHEUMATIC MANIFESTATIONS OF BRUCELLOSIS
 Sacroiliitis, 40%-55%
 Peripheral arthritis, 30%-40%
 Spondylitis, 20%-30%
 Osteomyelitis, 5%-10%
 Bursitis, 2%-5%
 Reactive arthritis, ?
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usually seen after 3 to 5 days, but cultures should be held for 4 to 5 
weeks.

Treatment includes a combination of antimycotic drugs, with or 
without surgery. Amphotericin B remains the cornerstone of 
treatment.34

A review of the major fungal infections is provided here.

Histoplasmosis
Histoplasmosis is a worldwide mycosis, although highly endemic in 
certain parts of the world such as in Ohio and Mississippi in the United 
States and in Central and West African countries. Only from Antarc-
tica have there been no reported cases.

Histoplasma capsulatum is a dimorphic fungus with mycelial form 
and characteristic tuberculated chlamydospores that is found in soil. 
Infection occurs after the spores are inhaled and phagocytosed by in-
situ pneumocytes, whereby they undergo a morphologic metamorpho-
sis and become yeast forms. Rare cases of direct inoculation in the skin 
have been reported.

Although histoplasmosis remains a rural disease, some occupa-
tional hazards are associated with exposure to droppings of urban- 
living birds and cave explorers in contact with bat and bird guano, after 
disturbance of contaminated soil.

Macrophages and dendritic cells are the principal effectors in host 
resistance, whereas the T cells’ contribution to host defense is the 
production of cytokines to activate mononuclear phagocytes. TNF-α, 
INF-γ, and IL-12 play an important role to control primary infection. 
Reported cases have shown that histoplasmosis may be an important 
complication of treatment with TNF-α neutralizing agents. The clini-
cal presentation of histoplasmosis (pulmonary, extrapulmonary, or 
disseminated) may mimic some of the non-specific signs and symp-
toms of rheumatic diseases, which may delay recognition and treat-
ment of the infection.35

H. capsulatum infection is frequently asymptomatic and is generally 
self-limited in the normal host. Migratory polyarthralgias/arthritis 
involving large joints (knees, ankles, and wrists), tenosynovitis, myal-
gias, and erythema nodosum are the most common musculoskeletal 

Being a disease with protean manifestations, brucellosis presents 
with a myriad of signs and symptoms, including continued, intermit-
tent, or irregular fever of variable duration, malaise, malodorous per-
spiration, depression, weight loss, uveitis, hepatosplenomegaly, and 
lymphadenopathy. Relapses are relatively common (±10%), usually 
occur in the first year after infection, and for the most part are caused 
by inadequate treatment. Childhood brucellosis tends to exhibit a more 
benign course and responds better to treatment.

Diagnosis
The diagnosis of Brucella infection requires a high index of suspicion 
and isolation of the bacterium from blood or tissue samples. Blood 
testing may show that ESR (49%) and C-reactive protein (20% to 25%) 
may be elevated but are non-specific findings. Anemia (30%) and ele-
vated transaminase levels (10%) are also found. Synovial fluid is 
inflammatory but sterile. Specific antibody titers are detectable at pre-
sentation or will rise over 2 to 3 weeks. Titers above 1 : 160 in any of 
the agglutination tests in conjunction with typical clinical findings are 
considered diagnostic. High titers may persist for up to 18 months, 
which makes it difficult to use them for follow-up. Blood culture yields 
a positivity of 50% to 80%, even in afebrile patients.

Treatment
The intracellular character of Brucella associated with an acidic envi-
ronment requires the use of antibiotics, preferably in combination, that 
can penetrate macrophages and reach adequate concentration. The 
World Health Organization has recommended two regimens, both 
using doxycycline (100 mg every 12 hours) for a period of 6 weeks, in 
combination with either streptomycin (1 g daily) for 2 to 3 weeks or 
rifampin (600 to 900 mg) for 6 weeks. In general, the response to treat-
ment and outcome are excellent.

Alternative drug combinations may be used, such as other  
aminoglycosides (e.g., gentamicin and netilmicin), trimethoprim- 
sulfamethoxazole, and quinolones (especially in patients with  
spondylitis and for a minimum of 3 to 6 months).31

Rifampin is the drug of choice during pregnancy, and brucellosis in 
children is treated with combinations that include rifampin, tri-
methoprim, and aminoglycosides.32

Prevention
Worldwide, there are different policies aimed at reducing the transmis-
sion of brucellosis to humans. Intensive control strategies are focused 
on elimination of the disease from cattle, development of vaccines in 
host animals, and reduction of the occupational risk with appropriate 
hygiene practices. This has resulted in near eradication of this zoonosis 
in many developed countries.33

FUNGAL MUSCULOSKELETAL INFECTIONS
Fungal musculoskeletal infections are rare, difficult to diagnose, and 
when present pose a challenge to the clinician. A high index of suspi-
cion is needed, as well as a full understanding of the risk factors 
involved. Patients at risk include immunocompromised hosts with 
systemic underlying diseases such as HIV, systemic lupus erythema-
tosus, rheumatoid arthritis, and malignancies, as well as patients 
receiving immunosuppressive therapy, including corticosteroids, 
DMARDs, and biologic agents. In addition, endemic areas such as 
tropical and subtropical regions, as well as some occupations, may also 
be associated with a higher incidence.

Clinical musculoskeletal manifestations are variable and have a 
subacute or chronic course (weeks to several months). Arthralgias or 
arthritis, osteomyelitis, tenosynovitis, or soft tissue involvement may 
be present. Pulmonary and cutaneous involvement are also important 
extra-articular manifestations (Box 105.4). Definitive diagnosis requires 
demonstration of the fungi. Clinical findings, serologic test results 
(Table 105.1), and tissue biopsy samples play a very important role. 
The “gold standard” in diagnosis is the culture. Sabouraud dextrose 
agar or Mycosel are well-known culture media. At 25°C growth is 

TABLE 105.1 SEROLOGIC FUNGAL TESTS

Fungi

Antibodies Antigens

CF ID ELISA Other LA

Histoplasma +++ ++ IgG

Blastomyces ++ +++ IgG

Paracoccidioides ++ ++

Coccidioides +++ ++ IgG

Cryptococcus IF +++

Aspergillus ++ +++

Candida ++ +++ IgG/M/A ++

Sporothrix Latex

CF, Complement fixation; ID, immunodiffusion; ELISA, enzyme-linked immunosorbent assay; IF, 
immunofluorescent; LA, latex agglutination.

BOX 105.4 CHARACTERISTICS OF FUNGAL 
MUSCULOSKELETAL INFECTIONS
 Low incidence and occupational-related disease
 Tropical or subtropical areas
 Immunocompromised hosts
 Subacute or chronic course
 Pulmonary and/or cutaneous involvement important as extra-articular 

manifestations
 Definitive diagnosis requiring demonstration of fungi
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after 3 to 35 days of culture; blastomyces are seen as spherical 8 to 
20 mm cells with a thick double-contoured refractory wall. Radio-
graphs may show an eccentric lucency in the distal end of large bones 
and osteopenia in the involved location. As the disease progresses, the 
area of lucency appears with either diffuse or well-marginated borders.

Treatment
Blastomycosis is managed with itraconazole oral solution, 200 to 
400 mg/day for 6 months. Surgical débridement or drainage is helpful 
to accelerate healing. As an option in refractory disease, amphotericin 
B, 0.7 to 1 mg/kg/day for a total dose of greater than or equal to 1.5 g, 
may be useful and previously was considered the first-line antifungal 
agent for the treatment of all forms of blastomycosis. Fluconazole and 
ketoconazole are alternatives, although the relapse rate may be high. 
In general, response to treatment is excellent.

Paracoccidioidomycosis
Paracoccidioidomycosis, caused by Paracoccidioides brasiliensis, is an 
endemic disease in the south of Venezuela and Brazil, and armadillos 
(Dasypus novemcinctus) are the natural reservoir.41

The disease has a restricted geographic distribution and has been 
reported only in Latin America from Mexico to Argentina. The primary 
foci of infection are the lungs by inhalation, but it may affect the skin, 
colon, female genital tract, and central nervous system. The clinical 
picture is highly variable, with male predominance, and ranges from 
an asymptomatic state to malaise, low-grade fever, oral ulcers with 
inflamed lips and deformity that has been named “tapir mouth.” Some-
times there is pharyngeal, laryngeal, and tracheal involvement. Severe 
lymphadenitis with swelling of neck and deformity has been called 
“buffalo neck.” Adrenal insufficiency is occasionally noted, as is 
involvement of the spleen, liver, gastrointestinal tract, eyes, male geni-
tourinary tract, and central nervous system. Bones most commonly 
affected include the scapula, acromion, clavicle, rib, humerus, radius, 
and phalanges. In addition, the acromioclavicular joint is affected by 
extension from adjoining bone. Bony lesions produce mild but slowly 
progressive pain. Most patients do have pulmonary involvement; there-
fore, differential diagnosis includes other granulomatous conditions 
such as tuberculosis, sarcoidosis, fungal infections, and malignancies 
(lymphoma).

Diagnosis is difficult, and paracoccidioidomycosis should be consid-
ered in immunocompromised patients from endemic areas. Comple-
ment fixation and immunodiffusion tests can be used. PCR techniques 
are under investigation. Recently, the gp43 and gp70 antigen detection 
assay has improved diagnostic yield, and detection of antigen in cere-
brospinal fluid and in bronchoalveolar lavage fluid increases the sensi-
tivity for diagnosis and facilitates monitoring the response to 
treatment.41

Treatment
Treatment requires the administration of itraconazole, 200 mg/day 
orally for 6 months, or ketoconazole, 400 mg/day orally for 6 to 18 
months, and surgical intervention if needed. Successful treatment with 
trimethoprim-sulfamethoxazole for a prolonged time (1 to 4 years) for 
skeletal disease has been reported.

Efforts to develop a peptide vaccine against paracoccidioidomycosis 
are ongoing.42

Coccidioidomycosis
Coccidioidomycosis is a self-limited disease caused by Coccidioides 
immitis present in the soil. Endemic areas have been identified in the 
southwestern United States (San Joaquin fever, desert rheumatism, 
and Posada disease), northern Mexico, and Central and South  
America.

Coccidioidomycosis is primarily a lung disease. Systemic dissemina-
tion occurs in about 1% of cases. The clinical picture is characterized 
by cough, shortness of breath, fatigue, fever, arthralgias, myalgias, rash, 
erythema nodosum, or erythema multiforme. Musculoskeletal involve-
ment includes monoarthritis or oligoarthritis in the early stages or 
osteomyelitis in late stages involving large joints. The spine may also 
be affected.43,44

manifestations.36 Patients may also exhibit fever, headaches, and 
cough. Disseminated histoplasmosis can occur as high as 1 per 2000 
cases of H. capsulatum infection. Major risk factors that have been 
identified include immunosuppression, age older than 54 years, receipt 
of a renal allograft, and use of anti–TNF-α inhibitors.

Chest radiographs are mandatory to rule out lung involvement. 
Serologic or urinary tests using immunodiffusion, complement fixa-
tion, enzyme-linked immunosorbent assay, or latex agglutination  
are also useful techniques. Tissue biopsies and/or culture are 
mandatory.37

Treatment
Most cases of acute histoplasmosis do not require specific treatment. 
Symptomatic management with non-steroidal anti-inflammatory  
drugs (NSAIDs) may suffice. Severe, persistent, or progressive disease 
in an immunocompromised host requires specific antifungal drugs. 
New antifungal agents, including several azoles such as voriconazole, 
caspofungin, and lipid-based preparations of amphotericin B, are 
available.

Moderate infection should be treated with itraconazole, 200 mg/day 
orally for at least 9 months. For severe and/or life-threatening infec-
tions such as meningitis, amphotericin B, 0.5 to 1 mg/kg/day should 
be given intravenously for 7 days, followed by 0.8 mg/kg intravenously 
every other day. Severely immunocompromised hosts, such as HIV-
infected patients, can be treated with liposomal amphotericin B, 3 mg/
kg/day intravenously for 14 days, followed by suppressive therapy with 
itraconazole, 200 mg/day given orally. Surgical débridement is often 
required.

Blastomycosis
Blastomycosis is caused by the dimorphic fungus Blastomyces derma-
titidis and has a widespread distribution. It is endemic to the central 
and southeastern regions of the United States but is also seen in 
Mexico, the Middle East, Africa, and India. It is acquired by inhalation, 
and dissemination occurs from lungs to skin (80%) and to bones (60%), 
where osteolytic lesions exhibit a mild periosteal reaction and no 
sequestra formation, resembling a neoplasm.

In 1992 to 1993, a total of 93 cases of blastomycosis were reported 
in Missouri by the Centers for Disease Control and Prevention. The 
highest incidence of blastomycosis (12/100,000 inhabitants) occurs  
in Mississippi County in southeastern Missouri, with a much higher 
rate among African Americans. This report also shows the African-
American race and a prior history of pneumonia to be independent  
risk factors.38

The lungs are the major target, and common complaints include 
cough, headaches, chest pain, weight loss, fever, abdominal pain, night 
sweats, chills, and anorexia. Cutaneous involvement is the most 
common extrapulmonary feature, followed by bone and joint manifes-
tations; presentation could be as a pyoderma gangrenosum, bromo-
derma, Majocchi granuloma, leishmaniasis, Mycobacterium marinum 
infection, or even a squamous cell carcinoma. The onset of illness is 
usually abrupt (but may be insidious), and musculoskeletal complaints 
include myalgias, arthralgias, and, less frequently, arthritis accompa-
nied by pulmonary manifestations resembling an influenza-like syn-
drome. Any bone can be infected; however, long bones (lower limbs), 
vertebrae, and ribs are most often involved, accompanied by a contigu-
ous soft tissue abscess or chronic draining sinuses. Bone and joint 
infection may be present as osteomyelitis and/or septic arthritis.39

Delay in diagnosis is common, and the differential diagnosis 
includes other endemic fungal infections and bone tumors. Rare cases 
have been reported in children, most of them with monarticular 
involvement; the clinical picture of pneumonia, septic arthritis, osteo-
myelitis, and verrucous skin lesions, with histopathologic evidence of 
broad-based budding yeast and serologic evidence of B. dermatitidis 
infection together, confirm the diagnosis.40

Serologic tests are not very helpful, but enzyme-linked immuno-
sorbent assays seem to have greater sensitivity than other tests; how-
ever, immunodiffusion and complement fixation tests have better 
specificity.

Synovial fluid examination or tissue biopsy should be performed 
whenever possible. The fungus grows slowly with colonies appearing 
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improve temporarily even without treatment. Cough, fever, sinusitis, 
and asthma-like features are characteristics of allergic pulmonary man-
ifestations. Hemoptysis is often noted when an aspergilloma occurs in 
the lung.

Dissemination occurs by (1) contiguous spread from an adjacent 
involved organ, most commonly the lung, (2) hematogenous spread 
from a distant focus, and (3) iatrogenic inoculation. Fungi embolism 
(20% to 50% of cases) allows infection of any organ, including bones, 
where lytic lesions may be seen. Central nervous system (meningitis 
and abscess) and skin involvement (papules, abscess, plaques, or ulcers) 
are often related. Musculoskeletal involvement is quite rare, although 
osteomyelitis and/or vertebral involvement may occur.

The diagnosis of aspergillosis is difficult to establish, but mycelia 
can be visualized at times and the fungus may be cultivated in standard 
media. Most cases, however, will require tissue biopsy samples to 
identify the fungi. Serologic tests for circulating antigen or antibody 
using immunodiffusion or enzyme-linked immunosorbent assay are 
positive in 50% to 70% of cases. Aspergillosis is related to tuberculosis, 
cancer, sarcoidosis, zygomycosis, sepsis, and immunosuppressive 
status.47

Treatment
Therapeutic management varies according to the severity of the infec-
tion and includes medical and surgical débridement in the presence of 
aspergilloma. Antifungal agents, given twice daily, such as voricon-
azole, 6 mg/kg intravenously, then 4 mg/kg intravenously or 200 mg 
orally, should be used. The second choice is lipid-based amphotericin 
B (or regular amphotericin B), which may be as effective and less neph-
rotoxic than standard amphotericin B but much more expensive. Alter-
native therapies include caspofungin, 70 mg intravenously on day 1 
and then 50 mg intravenously daily (reduce to 35 mg in the presence 
of liver failure).

New alternatives are micafungin, posaconazole, ravuconazole, and 
albaconazole. However, the cornerstone of treatment is still preven-
tion, early diagnosis, restoration of immune system, and choice of 
individual strategies.48

Candidiasis
Candidiasis is the result of disseminated Candida infection. Candida 
species are small, 4- to 6-mm, with thin-walled cells and reproduce by 
budding. They form three morphologic varieties in tissue: yeast, pseu-
dohyphae, and hyphae. There are more than 190 Candida species but 
only eight are important human pathogens: C. albicans, C. guillier-
mondii, C. krusei, C. parapsilosis, C. stellatoidea, C. tropicalis, C. 
pseudotropicalis, and C. glabrata. C. albicans is a normal commensal 
organism in humans, and most disseminated candidal infections are 
endogenous and originate from the gastrointestinal tract. Colonized 
indwelling central venous catheters may also serve as a conduit for 
organisms into the bloodstream.

Neutropenic patients, organ transplant recipients, postsurgical 
patients, burn victims, patients with central intravenous catheters, 
low-birth-weight neonates, and patients receiving parenteral alimenta-
tion or broad-spectrum antibiotics have a higher risk of developing 
disseminated candidiasis. Clinical features include fever, malaise, skin, 
and mucosal involvement. Bone, joint, and cartilage involvement may 
also occur. Candidal osteomyelitis occurs most commonly in the spine 
in adults and long bones in children. Chronic pain is the most signifi-
cant complaint.

Two clinical syndromes may occur. The first is an isolated mono-
arthritis caused by direct inoculation of fungi that inhabit the skin, by 
injection, or during surgery. The second is the development of a mono-
arthritis or polyarthritis as a complication of hematogenous dissemi-
nated candidiasis. Costochondral joint involvement may be seen in 
intravenous drug users. Synovial fluid is inflammatory, with predomi-
nantly polymorphonuclear cells. Radiographs or bone scans are used 
to demonstrate osteomyelitis. MRI is more sensitive and can reveal 
earlier lesions.

Treatment
Intravenous amphotericin B is the drug of choice, with a total dose of 
2 to 3 g. Frequent joint aspiration may be needed. Prosthetic joint 

Mertz and associates reported an annual incidence of coccidioido-
mycosis of 1.9% in their overall practice and in 3.1% to 3.6% of patients 
with rheumatoid arthritis. The annual incidence was 1% in patients 
recently diagnosed with rheumatoid arthritis and 2% among patients 
with recently initiated infliximab treatment.45

Serologic tests include (1) detection of coccidioidal IgM by immu-
nodiffusion, enzyme immunoassay, latex agglutination, or tube pre-
cipitin or (2) detection of rising titers of coccidioidal IgG by 
immunodiffusion, enzyme immunoassay, or complement fixation.

C. immitis grows readily in culture, producing white cotton mycelia 
in 2 to 8 days; the hyphae contain characteristic rectangular arthro-
spores. Synovial fluid analysis and biopsy tissue samples are also excel-
lent ways to identify the fungus.

Treatment
Symptomatic management for 1 to 2 weeks suffices to control all 
complaints in most patients. Drugs of choice are itraconazole solution, 
200 mg orally or intravenously twice a day, or fluconazole, 400 mg/day 
orally for 3 to 12 months. Extensive or severe disease may require 
amphotericin B, 0.6 to 1 mg/kg/day for 7 days, then 0.8 mg/kg/day to 
complete a total dose of 2 to 3 g in a period of 6 months, followed by 
itraconazole or fluconazole as already discussed. Surgery may also be 
required.

Recently, voriconazole, 7 mg/kg twice daily, or posaconazole, 
400 mg/day, has been shown to be efficacious.

Cryptococcosis
Cryptococcosis is worldwide in distribution and caused by Cryptococ-
cus neoformans, which resides in the soil and typically infects via the 
respiratory tract. Frequent contact with urban-living birds (pigeons, 
chickens, and parrots), guano, and rotten wood appears to be the way 
to become infected.

Dissemination is rare, and it is usually associated with immunosup-
pression, either iatrogenic or HIV related, as the major risk factor. 
Other conditions linked to cryptococcosis include diabetes mellitus, 
corticosteroid use, malignancies, sarcoidosis, and liver cirrhosis.

The clinical picture of cryptococcal infection is variable and lacks 
specificity. Mild fever, non-productive or slightly productive cough, and 
malaise are frequently seen. Most of the time, the disease is restricted 
to respiratory tract infection (90% of cases). However, any organ, 
muscle, bone, skin, or mucosa could be affected, with particular central 
nervous system (meningitis) affinity, which is the most common clini-
cal manifestation in HIV-associated cryptococcosis.

Musculoskeletal manifestations, including osteomyelitis with para-
vertebral abscess, resemble tuberculosis and, at times, arthritis. Diag-
nosis is made by isolation of the microorganism from synovial fluid or 
tissue samples. Recently, great advance has been made with the random 
amplified polymorphic DNA (RAPD) technique to detect the fungi. 
Skeletal radiographs typically show lytic lesions without periostitis.

Treatment
Therapeutic management requires débridement or drainage. In addi-
tion, fluconazole, 400 mg/day intravenously or orally, for 8 weeks to 6 
months in non-meningeal or non–HIV-associated cryptococcosis is 
also needed. For more severe disease or HIV-related infection, use 
amphotericin B, 0.5 to 0.8 mg/kg/day intravenously, plus flucytosine, 
37.5 mg/kg every 6 hours orally, until patients become afebrile and the 
cultures are negative and then continue with fluconazole as already 
recommended.

Future directions to treat cryptococcosis show chitotriosidase and 
gene therapy as promising therapeutic interventions.46

Aspergillosis
Aspergillosis is caused by several species of ubiquitous and opportunis-
tic fungi. Aspergillus fumigatus, A. flavus, A. niger, and, more recently, 
A. nidulans var. echinulatus, have been identified as causal agents of 
human infections. In the United States, Aspergillus infection has been 
estimated to occur at 12 per 1 million inhabitants per year.

The clinical picture may range from relatively rapid with inexorable 
progression to very slow and surprisingly indolent or may appear to 
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are pain and gradual onset of stiffness. Osteomyelitis is a major concern 
with bone destruction and draining fistulas from which the organism 
is readily cultivated. Erythema nodosum–like lesions may occur as well 
as tenosynovitis, periostitis, synovial effusion, and osteolysis.

Demonstration of S. schenckii is needed for a definitive diagnosis. 
Serologic agglutination tests are useful for the diagnosis of extracutane-
ous manifestations. Radiographic findings are non-specific. Osteope-
nia, joint space narrowing, or lytic lesions may be seen.

Treatment
The management of sporotrichosis often requires surgical débride-
ment. Itraconazole is the drug of choice for skin, musculoskeletal, or 
meningeal involvement. A dose of 300 mg orally twice daily for 6 to 
12 months is needed. HIV-infected patients require longer treatment.

Potassium iodide, 1 to 3 g orally three times a day for 2 to 4 months, 
may be successful for cutaneous manifestations as well as trime-
thoprim-sulfamethoxazole, fluconazole, or liposomal amphotericin B. 
Prevention measures include avoiding vegetable or pet scratches and 
washing and disinfecting wounds immediately.50

PARASITIC ARTHRITIS
Musculoskeletal involvement secondary to parasitic infestation is an 
important cause to be considered in certain geographic areas of the 
world. This zoonotic disorder is closely related to cultural and dietary 
habits, such as ingestion of undercooked food containing parasitic 
agents. Well-known risk factors include immunocompromised states, 
residence in or travel to an area of epidemic parasitosis, or poor hygienic 
conditions. Primary parasitic musculoskeletal involvement is rare, and 
in most cases concomitant involvement of gastrointestinal organs and 
lungs is seen. The spectrum of disease is highly variable, ranging from 
asymptomatic infection to vasculitis, large abscesses, or polymyositis. 
Diagnosis requires a high degree of suspicion, atypical clinical mani-
festations, and poor response to conventional treatment in patients at 
high risk (Box 105.5). Laboratory tests and isolation of the parasitic 
agents are mandatory. Radiologic studies are helpful (Table 105.2).

infections are refractory to treatment and often require removal of the 
prosthesis.

The mortality from systemic infection has been reported as high as 
56%. Refractory vertebral osteomyelitis may be treated with antifungal 
combination, and caspofungin and posaconazole have been recently 
introduced as alternatives.

Prevention measures are very important to decrease the incidence 
of this infection, especially diabetes control, surveillance of  
peripheral catheters, and oral prophylaxis with fluconazole or nystatin 
in selected immunocompromised patients to avoid gastrointestinal 
dissemination.49

Sporotrichosis
Sporotrichosis is caused by Sporothrix schenckii, a dimorphic fungus 
capable of growing in yeast form at 37°C in cultures and in infected 
hosts or as a mold at 25°C. Sporotrichosis occurs worldwide. Decaying 
vegetation, soil, wood, and hay are ideal growth environments for this 
fungus. In contrast to other fungal infections, traumatic inoculation 
(skin injuries) is the main means of entry. The disease occurs more 
frequently in farmers, gardeners, miners, forestry workers, and immu-
nosuppressed hosts. Zoonotic transmission may occur due to scratches 
or bites from rodents, cats, dogs, horses, and armadillos. Clinical 
manifestations occur in the skin at the site of inoculation, typically 
extremities, more often hands (fingers) or face, but it can be localized 
on any (exposed) part of the body. Small nodules enlarge progressively 
and become red, pustular, and ulcerative with release of purulent mate-
rial. The lymphocutaneous form occurs in 65% to 82% of patients and 
is well known with a chain of ulcerative (chancre) and nodular skin 
lesions. Typically, the older distal lesions exhibit more ulcerations than 
younger proximal lesions with “bridges” of normal skin between them.

Systemic disease including musculoskeletal manifestations results 
as a consequence of hematogenous dissemination after spread from a 
pulmonary focus, the primary inoculation site, or regional lymph 
nodes. Large joints and large bones may be affected, including the tibia, 
fibula, knees, elbows, ankles, or wrists. The most common complaints 

TABLE 105.2 MUSCULOSKELETAL ASSOCIATIONS AND TREATMENT OF PARASITIC INFECTION

Parasite Musculoskeletal associations Diagnostic workup Treatment

Protozoan

Ameba species Arthritis: knee, reactive arthritis Trophozoites and cysts in stool Metronidazole

Cryptosporidium Reactive arthritis Oocysts in stool specimens TMP/SMX

Giardia intestinalis Children: polyarthritis related to 
HLA-B27

Trophozoites and cysts in stool
Duodenal biopsy and aspirates
ELISA

Metronidazole or 
albendazole

Plasmodium species Myalgia, RA-like Blood smear, ELISA, PCR Chloroquine

Toxoplasma species Myositis, vasculitis, RA-like Tissue biopsy, PCR Pyrimethamine

Trypanosoma species Myositis Sulfadiazine

Cestodes

Echinococcus granulosus Bone cyst Bone radiograph, ELISA
Western blot
Histopathology examinations

Albendazole
Praziquantel

Taenia species Muscle weakness, palpable nodules Eggs and proglottids in stool Praziquantel
Niclosamide

Nematodes

Strongyloides species Oligoarthritis, vasculitis Larvae in stool, sputum, or other body fluid Ivermectin

Dracunculus species (Guinea worm) Monoarthritis, arthralgias Radiograph: calcified worms Mebendazole

Filaria (loa loa) Arthralgias, RA-like Serology, tissue biopsy Diethylcarbamazine

Trematodes

Schistosoma species ReA-like, oligoarthritis RA-like, sacroiliitis Schistosome eggs in feces, urine, or a biopsy specimen Praziquantel

Trichinella species Myalgias, myositis, vasculitis Muscle biopsy Mebendazole

TMP/SMX, trimethoprim-sulfamethoxazole; PCR, polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay; RA, rheumatoid arthritis; ReA, reactive arthritis.
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Diagnosis
Diagnosis of T. solium infection requires evidence of eggs or proglottids 
in stool specimens. Echinococcus species (hydatid disease) are a 
common cause of musculoskeletal involvement. Radiographic findings 
of bone cysts may support the diagnosis. Serologic antibody testing and 
histopathologic examinations are complementary tools to reach a final 
diagnosis.

Nematodes
A variety of parasitic agents belong to this group and may induce a 
wide spectrum of musculoskeletal complaints. Guinea worm infection 
or dracunculiasis is caused by Dracunculus medinensis and may induce 
asymptomatic disease until the worm migrates to the subcutaneous 
tissue, usually to lower extremities. At this level it may produce chronic 
ulcers with parasitic discharge. Knee monoarthritis (Ibadan knee) and 
septic and destructive arthritis are usually seen. Lymphatic filariasis 
(from Wuchereria bancrofti, Brugia malayi, and B. timori) and tissue 
filariasis (dirofilariasis, loa loa, and infection with Onchocerca volvu-
lus) are characterized by a wide array of manifestations ranging from 
acute lymphatic inflammation or chronic lymphatic obstruction, 
leading to elephantiasis of the extremities, arthritis resembling septic 
arthritis, swelling, and localized subcutaneous edema to migratory 
arthritis.

Trematodes
Toxocariasis (visceral larva migrans) and trichinosis (from Trichinella 
species) may also affect muscle or bone tissue with polyarthralgias, 
monoarthritis or oligoarthritis, and dermatomyositis-like and vasculi-
tis-like features as major complaints. Infections with Schistosoma 
mansoni and S. haematobium can be associated with arthritis, enteri-
tis, and, occasionally, diffuse myopathy.

Diagnosis
As with other etiologic agents discussed in this chapter, a high index 
of suspicion is needed to diagnose nematodes and trematodes in the 
setting of musculoskeletal involvement. Serologic tests, radiographic 
studies, tissue biopsy, and stool specimens are all useful to establish a 
diagnosis. Furthermore, isolation or demonstration of the specific 
agent is mandatory to initiate the most effective and specific 
treatment.

Treatment of parasitic  
musculoskeletal involvement
The management of parasitic complaints depends on the causal agent.51 
Specific treatment is required most of the time. In addition, NSAIDs 
and surgical intervention may also be needed (see Table 105.2). It is 
important to become familiar with antiparasitic agents and their doses 
and potential side effects. The Mazzoti reaction is a relatively common 
complication related to the treatment of active filariasis (arthralgias, 
rash, fever, lymphadenopathy, tachycardia, and hypotension) and is 
seen after the use of diethylcarbamazine.

Parasitic infections may be grouped into four subsets: protozoan, 
cestode, nematodes, and trematodes.

Protozoan infections
A variety of protozoans may cause musculoskeletal manifestations, 
including Amoeba species, Cryptosporidium parvum, Cyclospora cay-
etanensis, Isospora belli, Sarcocystis species, Giardia intestinalis, Leish-
mania species, Plasmodium species, Microsporida species, Pneumocystis 
jiroveci, Toxoplasma gondii, Trypanosoma species, and Trichomonas.

Musculoskeletal involvement includes polyarthritis or oligoarthri-
tis, rheumatoid arthritis–like joint involvement, reactive arthritis, 
polymyositis- or dermatomyositis-like features, and bone cysts. Large 
bones or joints are often affected, and diarrhea or other gastrointestinal 
manifestations may occur.

Diagnosis
Parasitic infections are poorly recognized by clinicians, and confirma-
tory diagnostic tests are not available, which greatly complicates the 
diagnosis. In addition, most medical textbooks do not discuss parasitic-
related rheumatic syndromes. Refractoriness and/or unresponsiveness 
of diseases to standard therapies should raise suspicion for parasitic 
infection in endemic areas. Clinical manifestations, serologic tests, and 
radiologic imaging studies are all useful. However, diagnosis should be 
confirmed only by direct identification of the parasitic agent in synovial 
fluid or biopsy specimens.

Cestode infections
Cysticercosis is the most important cestode infection. Taenia solium 
(pork tapeworm), the causative agent, belongs to the intestinal tape-
worm group. Musculoskeletal involvement is characterized by muscle 
weakness and/or palpable nodules. Other organisms include Diphyl-
lobothrium latum (fish tapeworm), Hymenolepsis nana (dwarf tape-
worm), and Taenia saginata (beef tapeworm). In addition, tissue 
tapeworms such as Echinococcus granulosus may infect muscle and 
large bones.

Musculoskeletal involvement is variable, and symmetric arthritis of 
the wrists and metacarpophalangeal and proximal interphalangeal 
joints has been described. Cystic lesions of bone may be seen as mani-
festations of hydatidosis, in which the spine (30%), pelvis/hip (20%), 
and femur and tibia (15%) are the most commonly affected sites.

BOX 105.5 CHARACTERISTICS OF PARASITIC RHEUMATISM
 Inflammatory arthropathy
 Residence in or travel to an area of epidemic parasitosis
 Eosinophilia
 Absence of radiologic findings
 No response to antirheumatic treatment
 Identification of parasite
 Response to antiparasitic medications
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an overall increase in disease incidence, most significantly in Sweden 
and The Netherlands, over the past 10 years.4

The incidence pattern for Lyme disease follows the habitation pat-
terns of the ticks that transmit it as they feed on the blood of multiple 
host vertebrates. Although a number of species of Ixodes tick carry the 
disease, only three have been found to definitively transmit the disease 
to humans. In the northeastern United States from Maine to Maryland 
and in the Midwest from Wisconsin to Minnesota, where 92.6% of 
cases clustered in 10 states over the past 2 decades, the Ixodes scapu-
laris tick carries the bacteria.3 In the West from northern California to 
Oregon, the disease is borne by Ixodes pacificus. In Europe, the most 
common Lyme-carrying tick is Ixodes ricinus, but the two species 
found in the United States also exist there. In Europe, the disease 
clusters in the central nations (with the highest incidence rates in 
Slovenia and Austria) and in Sweden, with few to no cases in the 
United Kingdom or in the Mediterranean countries.5 Ixodes persulca-
tus carries the disease in Asia.2 Recent studies have reported incidences 
in the southern United States of a Lyme-like disease with fatigue, 
headaches, and stiff neck following the bite of the “lone star tick,” 
formally called Amblyomma americanum, apparently infected with a 
spirochete. The spirochete has been named Borrelia lonestari and the 
disease the Southern tick-associated rash illness (STARI).6

Each type of tick has different climate and host preferences that 
determine when and how infection of humans is most likely.7 The risk 
of transmission from ticks to humans thus depends largely on the 
density of the tick populations, their feeding habits, and which animals 
are serving as their hosts.

As Lyme disease expands into new areas, understanding where tick 
habitation is possible, and likely, will prove crucial to containing the 
disease and educating those at risk of infection. Recent studies of I. 
scapularis have found that the seasonal climate patterns, such as tem-
perature, vapor pressure, humidity, and the availability of water, are 
key determinants in the distribution of the tick population. Using a 
model derived from some of these different climatic factors, a group of 
public health researchers at Yale University predicted that Lyme disease 
transmitted by the I. scapularis population is likely to expand its dis-
tribution into Virginia, North Carolina, Georgia, Minnesota, Iowa, and 
Michigan.8

THE PATHOGEN
While Lyme disease has likely existed in Europe, Japan and the United 
States for more than a millennium, it was not until 1976 that it 
acquired its name and its prominence in one of the areas most densely 
populated with ticks. When a group of children in Lyme, Connecticut, 
all contracted what first appeared to be juvenile rheumatoid arthritis, 
doctors discovered that their illness was not a chronic rheumatic 
disease but a disorder transmitted by an arthropod.9 The characteristic 
expanding skin lesion later attributed to Lyme disease enabled Allen 
Steere and his colleagues to find patterns of illness in the clusters of 
disease activity. European doctors had identified the rash and associ-
ated it with tick bites in the late 19th century.10

Only a few years after the discovery of the Connecticut cluster, 
scientists isolated the responsible bacterium (Fig. 106.2). In the early 
1980s, Willy Burgdorfer and his colleagues determined that a bacterial 
organism from the I. scapularis ticks reacted with immunoglobulins of 
patients recovering from Lyme disease and seemed to cause the char-
acteristic Lyme disease lesions in New Zealand White rabbits.11 This 
spirochete, identified as the Borrelia type, was subsequently named 
Borrelia burgdorferi sensu lato. Its general structure is typical of spiro-
chetes. An outer membrane encases a periplasm, rife with flagella, 
which in turn surrounds a protoplasmic cylinder.2

Lyme disease
Jenny E. Heller and Nancy A. Shadick

DEFINITION
 Lyme borreliosis is a tick-borne infection caused by the spirochete 

Borrelia burgdorferi, B. afzelii, or B. garinii, which causes a 
multisystem disease of the skin, joints, nervous system, and/or 
heart.

CLINICAL FEATURES
 Peak onset is in the spring and summer months in endemic areas 

in North America, Europe, or Asia.
 Earliest clinical sign is typically a slowly expanding skin lesion—

erythema migrans—that occurs at the site of the tick bite, which, if 
untreated, can lead to disseminated infection in the skin, nervous 
system, heart, and/or joints.

 Diagnosis is usually based on characteristic clinical findings and a 
positive IgG serologic test for B. burgdorferi.

 Treatment is with oral antibiotics except for objective neurologic, 
cardiac, or rheumatologic abnormalities, which usually require 
intravenous antibiotic therapy.

INTRODUCTION
Lyme disease is the most common vector-borne illness in the United 
States and Europe, and recent estimates put the cost of the disease in 
the United States at $500 million yearly.1,2 The number of cases in 
Asia is rising, and people have been infected with the disease in Africa, 
Australia, and South America (Fig. 106.1).

Transmitted by the bite of an Ixodes tick infected with a spirochete 
bacteria of the Borrelia genus, the disease can induce a variety of symp-
toms affecting the skin, joints, nervous system, cardiac system, and 
gastrointestinal system. Infected patients are often ill for several weeks, 
frequently with fever, arthralgias, and nausea, sometimes with a men-
ingitis-like headache or radiculitis, and, less commonly, with heart 
block. An adequate dose of antibiotics—in some patients required 
intravenously and for the majority effective even well past the onset of 
symptoms—will resolve the illness. For reasons that are not yet fully 
understood, in some patients the body’s immune response to the spi-
rochete appears to continue after treatment, although the pathogen 
seems to have been cleared from the body.

While the complex enzootic cycle by which the spirochete maintains 
itself in nature renders it highly unlikely that Lyme disease could ever 
be fully eradicated, focused efforts on prevention of tick bites and train-
ing of health care professionals to recognize symptoms in endemic 
areas can stem the growth of the disease in humans.

A full understanding of the disease requires an awareness of the 
ecology and biology of both the vector and the pathogen.

THE TICK VECTOR
Rapid economic development and the increasing popularity of subur-
ban communities in the last half of the 20th century have fueled the 
rise of Lyme disease by drawing people into the wooded habitats that 
harbor the Lyme disease bacteria. Since the U.S. Centers for Disease 
Control and Prevention (CDC) began tracking Lyme disease in 1981, 
the number of cases in the United States has doubled to 19,931 cases 
in 2006 from 9908 in 1992.3 The highest incidence over this period 
was reported among children aged 5 to 14 years.3 Although European 
countries are not required to report Lyme cases, studies in Europe show 
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host immune system. Only three, B. burgdorferi sensu stricto, B. 
garinii, and B. afzelii, definitely cause infection in humans.15 In the 
United States only one type, B. burgdorferi, has been shown to cause 
infection, whereas in Asia the other two types are prevalent. In Europe 
all three types exist, each with multiple variations of the outer surface 
proteins.2 Recent studies on multiple gene loci on B. burgdorferi 
and B. afzelii have demonstrated that each of these Borrelia species 
has at least nine clonal strains, with the most variation on the OspC 
lipoprotein.16

RISK FACTORS FOR INFECTION
The risk of infection is related, as discussed, to the vector and the 
pathogen but also to host factors.

Most Lyme researchers assume the risk of contracting the disease 
is primarily a function of location, when humans enter the habitats of 
ticks that transmit the pathogen. In the United States, incidence, 
however, is disproportionately high within the white population.17 
Although possibly only a result of increased risk of exposure in white 
patients or decreased reporting for African-American patients, the dis-
parity seems to be higher than with other reported vector-borne dis-
eases. CDC 2002 data on nationally notifiable diseases divided by race 
showed that Lyme disease, at 0.1, had the lowest reported black-to-
white ratio; the incidence rate among white patients is 7.8 but only 
0.7 among black patients.18 In contrast, West Nile encephalitis, a fla-
vivirus transmitted by mosquitoes and birds, has a ratio of 1.4; Rocky 
Mountain spotted fever, a rickettsial illness transmitted to humans by 
Ixodid ticks, a ratio of 0.5; and tularemia, transmitted by a bacteria 
found in rabbits and rodents, a ratio of 0.3.

A study in Maryland of racial differences in reported Lyme disease 
demonstrated that even in a narrow, rural section, the Maryland Upper 
Eastern Shore, white patients remained more likely to contract the 
disease, although African-American patients were more likely to suffer 
arthritic manifestations. The overall incidence rate ratio of white to 
black patients on the Upper Eastern Shore was 1.8, whereas the inci-
dence rate ratio of the Lyme erythema migrans rash was 5.7 and that 
of arthritis was 0.7.17

In addition, numerous studies have indicated a genetic tendency to 
develop chronic Lyme disease. In 1990, Steere reported that increased 
frequency of the HLA-DR4 epitope occurred in patients with a lack of 
response to antibiotic treatment, as determined by serologic typing.19 
This study provided the first evidence that immune response produced 
to Lyme disease might trigger an autoimmune reaction. OspA from B. 
burgdorferi sensu stricto contains HLA-DR4–restricted epitopes that 
can interact with human leukocyte function antigen (LFA-1), leading 
to the hypothesis that LFA-1 may provoke chronic Lyme disease. A 
study of 85 patients in the northeastern United States with erythema 
migrans and a history of at least 3 months of symptoms tested for 
T-cell proliferation to the LFA-1 peptide and found significant correla-
tion between the T-cell response to OspA and to LFA-1 peptide, with 
72% of subjects responding to both. Response to LFA-1, however, was 
not a good indicator of clinical symptoms.20

Another study by Steere in 2003 tested the strength with which five 
major histocompatibility complex molecules in patients with treat-
ment-resistant arthritis bound LFA-1 and OspA. The study found that 
HLA-DRB1*0401 and HLA-DRB1*0404 alleles bound both OspA and 
LFA-1 but HLA-DRB*0101 only bound OspA well, although both 
HLA-DRB*0101 and HLA-DRB*0401 seem to be equally common in 
patients with treatment-resistant arthritis. These results have chal-
lenged the assumption that LFA-1 is the autoantigen that provokes 
chronic Lyme disease.21

CLINICAL MANIFESTATIONS
The Lyme spirochete shows a predilection for certain host tissue  
likely based on the strength of the immune response in particular 
organs or the ability of particular tissue types to facilitate the  
passage of the bacteria from the blood. The disease usually migrates 
from the skin to the joints, the nervous system, and cardiac tissue, 
where it may remain for months. Different subspecies seem to have  
a preference for different types of tissue that varies with the duration 
of the illness and perhaps dictates which antigen is presented to  

In 1997, the genome for the Lyme bacterium was sequenced, reveal-
ing one of the most complex structures among prokaryotes—a linear 
chromosome of 910,725 base-pairs and at least 17 linear and circular 
plasmids with more than 533,000 base-pairs.12 Many genes appear to 
have no known biologic function, and no genes exist for cellular bio-
synthetic reactions, leaving the organism to rely on its host for nutri-
tion.12 The organism seems to focus its biologic energy on host evasion 
and manipulation. In a feature unique to Borrelia, the plasmid genes 
encode for many of the outer membrane proteins, also called outer 
surface proteins—molecules, largely lipoproteins, located on the bacte-
rium’s outer wall and responsible in part for helping it survive in dif-
ferent environments by evading the host immune response.2,13 Recent 
studies have shown that this organism’s model for survival is to tran-
scribe numerous genes, in particular as it enters the mammalian host, 
to increase the odds that some will avoid host attack; analysis in 
murine models showed that 116 genes were transcribed within 10  
days of transmission and then downregulated so eventually only 40 
survived.14

Variations in its outer surface proteins help to differentiate B. burg-
dorferi into at least 11 different species, an antigenic diversity hypoth-
esized to aid survival by creating a sense of unpredictability for the  

WORLDWIDE LOCATIONS OF LYME BORRELIOSIS

Fig. 106.1 Worldwide locations of Lyme borreliosis. The dots show affected 
locations in North America, Europe, and Asia.

Fig. 106.2 Scanning electron micrograph of Borrelia burgdorferi. The Borrelia 
species are longer and more loosely coiled than the other spirochetes. Of the 
Borrelia species, B. burgdorferi is the longest (20-30 µm) and narrowest 
(0.2-0.3 µm).
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TABLE 106.1 MANIFESTATIONS OF LYME DISEASE BY STAGE

System
Early
Localized stage 1

Infection
Disseminated stage 2

Late infection
Persistent stage 3

Skin Erythema migrans Secondary annular lesions
Malar rash
Diffuse erythema or urticaria
Evanescent lesions
Lymphocytoma

Acrodermatitis chronica atrophicans
Localized scleroderma-like lesions

Musculoskeletal Migratory pain in joints, tendons, bursae, muscle, bone
Brief arthritis attacks
Myositis
Osteomyelitis
Panniculitis

Prolonged arthritis attacks
Chronic arthritis
Peripheral enthesopathy
Periostitis or joint subluxations 

below lesions of acrodermatitis

Neurologic Meningitis
Cranial neuritis, Bell’s palsy
Motor or sensory radiculoneuritis
Subtle encephalitis
Mononeuritis multiplex
Myelitis
Chorea
Cerebellar ataxia

Chronic encephalomyelitis
Subtle encephalopathy
Chronic axonal polyradiculopathy

Lymphatic Regional lymphadenopathy Regional or generalized lymphadenopathy
Splenomegaly

Heart Atrioventricular nodal block
Myopericarditis
Pancarditis

Eyes Conjunctivitis
Iritis
Choroiditis
Retinal hemorrhage or detachment
Panophthalmitis

Keratitis

Liver Mild hepatitis

Respiratory Non-exudative sore throat

Kidney Microscopic hematuria or proteinuria

Genitourinary Orchitis

Constitutional symptoms Minor Severe malaise and fatigue Fatigue

The symptoms are listed from the most to the least common. The staging system provides a guideline for the expected timing of the different manifestations of the illness, but this may vary in an individual 
case.
Reprinted with permission from Steere AC. Lyme disease. N Engl J Med 1989;321:586-596.

the host. As demonstrated by murine infection, 12 days after infection 
during the acute response, lipoproteins DbpA and BBF01 were  
more readily transcribed in the joints than in the heart, whereas OspC 
was found in the skin. At 4 months, OspC levels increased in the heart 
but decreased in joints, whereas BBF01 increased in the joints and 
skin.22

The presentation of different antigens and the varying disease  
patterns across subspecies result in a variety of symptoms and clinical 
manifestations of the disease, particularly across North America and 
Eurasia (Table 106.1). In the United States, where infection always 
comes from the B. burgdorferi strain, 70% of patients with untreated 
erythema migrans will develop arthritic manifestations, but in Europe, 
where all three strains of Borrelia can cause infection, joint pain 
and swelling are less common. In Europe, patients report a greater 
variety of associated skin rashes and inflammation but a smaller 
number complain of systemic symptoms such as fatigue and achi-
ness.23 American patients are more likely to report systemic symptoms 
and are more likely to be seropositive for Borrelia. Although both popu-
lations report neurologic and cardiac symptoms, meningoradiculoneu-
ritis is more common in Europe. The B. garinii strain is most likely to 
cause cranial neuropathy, cognitive impairment, or paraparesis indica-
tive of a chronic encephalomyelitis. The B. burgdorferi Lyme ence-
phalopathy, in contrast, more often occurs with subtle cognitive 
dysfunction.2

Skin
As the point of entry for the Borrelia infection, the skin, with its char-
acteristic Lyme inflammation and rash, termed erythema migrans, 
remains the most reliable clinical indicator of infection. In a recent 
study of 269 definite or possible Lyme disease patients, however, 16% 
did not have the erythema migrans rash but still reported systemic 
symptoms.24 Conversely, in the southern United States there are recent 
reports of erythema migrans–like lesions without evidence of borrelial 
involvement.25 In a large European survey of Lyme disease patients 
across 15 countries, 58.9% reported skin involvement.4

Erythema migrans is often the presenting sign of disease, beginning 
days after tick attachment at the site of the bite as a red macule that 
commonly expands within weeks to a solid patch of erythema.

Secondary lesions at other points on the skin, less common in 
Europe than in the United States, may appear later in the disease as 
the spirochete travels by blood and lymph; they are typically smaller, 
lighter, and less edematous.26 Of more significance in Europe, borrelial 
lymphocytoma is a bluish-red plaque or nodule, a few centimeters in 
diameter, that appears in the later stages of disease but usually spon-
taneously resolves. Another late-stage manifestation, acrodermatitis 
chronica atrophicans, can occur with all three species but is also mainly 
seen in Europe. It develops into a chronic condition that can cause the 
skin to become thin and more wrinkled and the veins to protrude. It 
can be cultured from a lesion up to 10 years after infection.26 There 
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Fig. 106.3 A swollen knee of a 9-year-old child with Lyme arthritis. In the 
United States, affected knees may be very swollen and warm but not 
particularly painful. In Europe and Asia, the amount of joint swelling is often 
less.

TABLE 106.2 JOINT AND PERIARTICULAR INVOLVEMENT IN LYME DISEASE 
JOINTS AND PERIARTICULAR SITES AFFECTED IN 28 UNTREATED  

PATIENTS WITH LYME DISEASE

Joint
No. patients
(n = 28) Periarticular site

No. patients
(n = 28)

Knee 27 Tendons

Shoulder 14 Back 9

Ankle 12 Neck 6

Elbow 11 Bicipital 4

Temporomandibular 11 Lateral epicondyle 2

Wrist 10 Lateral collateral 1

Hip 9 De Quervain’s 1

Metacarpophalangeal 4 Bursae

Proximal interphalangeal 4 Prepatellar 4

Distal interphalangeal 4 Subacromial 2

Metatarsophalangeal 4 Infraspinatus 2

Sternoclavicular 1 Olecranon 2

Sausage digits 2

Heel pain 2

Reprinted with permission from Steere AC, Schoen RT, Taylor E. The clinical evolution of Lyme 
arthritis. Ann Intern Med 1987;107:725-731.

are less well-established connections with sclerotic skin disease such 
as morphea and lichen sclerosus et atrophicus and progressive facial 
hemiatrophy.2

Joints
Patients with Lyme disease usually report attacks of asymmetric joint 
inflammation and pain accompanied by warmth and effusion (Fig. 
106.3). Lyme disease most often affects the large joints, especially the 
knees, elbows, and ankles (Table 106.2).26

In the United States, arthritis is the most common symptom of 
Lyme disease, with 60% of untreated patients reporting intermittent 
attacks of joint pain even months after infection. In Europe, the preva-
lence is lower; in the 15-nation study, 15.4% of patients reported joint 
involvement.4

Infected joint tissue usually contains infiltrates of inflammatory 
substances, mainly neutrophils and monocytes, with hypertrophy in 
the synovium and tendinitis. Recent studies on mice have demon-
strated that neutrophils are important for early defense against the 
spirochete in the joints. In a comparison of arthritis-susceptible and 
arthritis-resistant mice, the production of chemokine KC and mono-
cyte chemoattractant protein 1, which both attract neutrophils and 
monocytes, accompanied development of Lyme arthritis in joints of 
mouse strains that were susceptible to arthritis.27 Although researchers 
expected that neutropenic mice would not develop arthritis because 
they would lack inflammation in the joint, neutropenia, together with 
an increased spirochete load, seemed to induce arthritis early in the 
disease.

Nervous system
Evidence that the Borrelia has invaded the nervous system usually 
involves a meningitis or encephalitis with headaches and neck stiffness 
that often proves difficult to diagnose, cranial neuropathy, radiculoneu-
ritis, cerebellar ataxia, or myelitis.2 Neuropathy sometimes results in 
unilateral or bilateral facial palsy. In some patients, neurocognitive 
problems develop and linger for months. Stroke and subarachnoid 
hemorrhage can also be associated with Lyme disease. In one case 
report, a 63-year-old man with erythema migrans, cerebrospinal fluid 
antibodies, and a positive polymerase chain reaction assay for B. burg-
dorferi experienced progressive disability and cognitive dysfunction and 
eventually pulmonary failure; at autopsy, his brain revealed striatoni-
gral degeneration, mild basal ganglia atrophy, and depigmentation of 
the substantia nigra.28

In children, involvement of the optic nerve from increased intracra-
nial pressure or inflammation can cause blindness.2 There is some 
concern that facial palsy, particularly in children, can indicate propen-
sity to long-term cognitive dysfunction from the disease. A recent study 
of 43 children in Connecticut with neuroborreliosis, however, showed 
neuropsychiatric results well within the normal range and no increased 
likelihood of poor school performance.29

About 15% of patients develop some of these neurologic symptoms 
1 to 2 weeks into the disease. As the disease progresses untreated, it 
is more likely to move into the nervous system, with up to 40% of 
late-stage patients developing neurologic symptoms. The spirochete 
can cause chronic neuroborreliosis in up to 5% of untreated patients, 
sometimes after a long incubation of the disease.2

Cardiac system
The most common form of cardiac involvement is heart block at the 
level of the atrioventricular node. Less commonly, patients develop 
acute myopericarditis or left ventricular dysfunction and, rarely, car-
diomegaly or fatal pancarditis.2 Diagnosis is most often made by asso-
ciation of the symptoms, a history of Lyme exposure, and results of an 
electrocardiogram or echocardiography. Patients sometimes need 
pacing during the course of the disease to steady unstable rhythms.

Carditis is often a late-stage manifestation of the disease and usually 
resolves even without treatment. A recent study on non-human pri-
mates found that carditis in those infected with the spirochete was 
common and often persistent but mild in the absence of immunosup-
pression. In the study, an inflammatory infiltrate of T cells, plasma 
cells, and macrophages, similar to that found in other tissues, was 
present in the heart cells. IgM and IgG levels were high in the cardiac 
tissue of immunocompetent and immunosuppressed animals, but the 
immunosuppressed membrane attack complex (MAC) levels and spi-
rochetal levels were higher.30

Gastrointestinal and hepatic function
Serious gastrointestinal manifestations are less common, although 
patients report anorexia, nausea, diarrhea, and abdominal pain. In  
one study, about 10% of patients had hepatitis-like symptoms,  
and subclinical hepatitis occurred in 27% of patients in the beginning 
stages of the disease.31 Patients with early disseminated disease may 
have abnormal results of liver function tests, indicating mild hepatic 
injury, likely a combination of spirochete invasion of the liver  



CH
A

PTER 106 
● Lym

e disease

1083

and inflammatory damage inflicted by immune system response. B. 
burgdorferi will sometimes penetrate through vascular endothelial cells 
and into the hepatic sinusoids. Less often Lyme disease can result in 
a granulomatous hepatitis.31

Continual involvement
About 10% of patients continue to experience arthritis months or years 
after concluding antibiotic treatment. Others have episodes of memory 
loss or cognitive dysfunction. In Europe, some patients have a persis-
tent rash. These are all symptoms of what has been termed chronic 
Lyme disease or post-Lyme disease syndrome. Its mechanism is still 
not fully understood, and chronic symptoms could be a result of either 
an inability to eliminate the bacteria completely from the body or a 
subsequent autoimmune response triggered by the infection. The 
organism’s unusually large number of plasmid-encoded genes and 
unique ability to sustain mutations enable it to survive, perhaps even 
undetected, after treatment.32

DIAGNOSIS
Clinical evidence, coupled with knowledge of a patient’s outdoor expo-
sure in an area where the disease is endemic, drives the diagnosis of 
Lyme disease, but antibody tests are important in determining whether 
rheumatologic and flu-like symptoms originate from a spirochete infec-
tion (Box 106.1). Because of the antigenic diversity of Borrelia, however, 
designing diagnostic equipment and standardizing tests across labora-
tories is difficult. In the United States, where many patients eventually 
have an antibody response to B. burgdorferi that can be detected by 
enzyme-linked immunosorbent assay (ELISA) and Western blotting, 
the CDC established testing criteria in 1994. In Europe, however, 
where a smaller number of patients have an antibody response, there 
are few regulations for interpreting serodiagnostic tests.2 Recent studies 
have indicated that sensitivity of the ELISA is greater in tests based on 
local Borrelia strains and sensitivity of the immunoblot with the addi-
tion of lipoproteins VlsE and DbpA.33

Serodiagnostic tests are unreliable at the beginning of the illness 
because humoral response in the first few weeks can be low. Two to 4 
weeks after infection, however, 70% to 80% of patients in the United 

BOX 106.1 LYME DISEASE NATIONAL SURVEILLANCE CASE DEFINITION

A case of Lyme disease is defined as follows:
1. A person with erythema migrans, observed by a physician. This skin lesion 

expands slowly over days to weeks to form a large round lesion, often with 
central clearing. To be counted for surveillance purposes, a solitary lesion 
must reach at least 5 cm.

2. A person with at least one later manifestation and laboratory evidence of 
infection.
Nervous system: Lymphocytic meningitis, cranial neuritis, radiculoneuropa-

thy, or, rarely, encephalomyelitis, alone or in combination. For encephalo-
myelitis to be counted for surveillance purposes there must be evidence 
of intrathecal antibody production against B. burgdorferi in cerebrospinal 
fluid.

Musculoskeletal system: Recurrent, brief attacks (weeks to month) of objective 
joint swelling in one or a few joints, sometimes followed by chronic arthri-
tis in one or a few joints.

3. Laboratory evidence.
Isolation of B. burgdorferi from tissue or body fluid or detection of diagnostic 

levels of antibody to the spirochete by the two-test approach of ELISA and 
Western blot, interpreted according to the Centers for Disease Control and 
Prevention/Association of State and Territorial Public Health Laboratory 
Directors’ criteria.*

*In a person with acute disease of less than 1 month’s duration, IgM and IgG antibody 
responses should be measured in acute and convalescent serum samples. An IgM Western 
blot is considered positive if at least 2 of the following 3 bands are present: 23, 39, or 41 kDa. 
An IgG blot is considered positive if at least 5 of the following 10 bands are present: 18, 23, 28, 
30, 39, 41, 45, 58, 66, or 93 kDa. Only the IgG response should be used to support the 
diagnosis after the first 1 month of infection. After that time, an IgM response alone is likely 
to be a false-positive result. 
Adapted from recommendations made by the Centers for Disease Control and Prevention 
with permission from Steere AC. Lyme disease. N Engl J Med 2001;345:115-125.

States have positive responses, usually of the IgM type; after 4 weeks, 
the response is usually of the IgG type. IgM tests should not be used 
to demonstrate a recent infection, however, because even after antibi-
otic treatment, when titers usually drop, IgG and IgM responses may 
continue for years.2

Culture of B. burgdorferi in Barbour-Stoenner-Kelly medium pro-
vides a definite diagnosis but is likely only early in the illness, most 
often from erythema migrans biopsy specimens34 and sometimes from 
plasma samples.35

Polymerase chain reaction analysis of joint tissue usually reveals 
spirochete DNA in infected patients. Anti-borrelial antibody titers 
indicating a type 1 T-helper cell immune response have also been 
found in joint fluid.36

Although antibodies to the spirochete can sometimes be detected 
in the skin, the most reliable method for diagnosis of erythema migrans 
is a clinical examination. A recent study of 50 untreated patients with 
erythema migrans found that more spirochetes are present in lesions 
of smaller size and shorter duration, a consequence perhaps of rapid 
immune system action or spirochete migration from skin to other parts 
of the body. The number of spirochetes present, however, seemed to 
have little effect on the severity of the clinical symptoms.37

Serodiagnostic testing has limited use in neuroborreliosis. Diagnosis 
of neuroborreliosis, especially in its later stage, can be difficult because 
polymerase chain reaction testing of the cerebrospinal fluid does not 
detect the presence of the organism as readily as analysis of blood or 
synovial fluid. Intrathecal antibodies to the spirochete are often present. 
Inflammatory changes, however, may not be present, especially in 
chronic neuroborreliosis.2

TREATMENT
The mainstay of therapy is antibiotic therapy. As the search for more 
targeted diagnostic tools continues, treatment for Lyme disease is 
beginning to converge on a length and dose for antibiotic regimens. As 
early as the 1950s, European physicians discovered that penicillin 
helped treat the rash associated with tick bites. Now, doxycycline, not 
penicillin, has become the antibiotic of choice for patients older than 
age 8 years who are not pregnant. The recommended dosage is 100 mg 
twice daily for 14 to 21 days. For pregnant women and children, amoxi-
cillin, 500 mg three times daily, is the preferred antibiotic or, in the 
case of allergy to amoxicillin, cefuroxime axetil can be used. For 
patients presenting with neurologic abnormalities, a 2- to 4-week 
course of intravenous ceftriaxone, 2 g/day, is recommended because 
the drug must be strong enough to penetrate the blood-brain barrier; 
in the case of allergy, parenteral therapy with cefotaxime or penicillin 
G would be the alternative. A recent study explored the efficacy of oral 
doxycycline compared with intravenous ceftriaxone to treat Lyme neu-
roborreliosis and proved that doxycycline was just as efficient. Of the 
102 patients who completed the study, 4 months after the start of 
treatment, 48% of patients in the doxycycline group and 33% in the 
ceftriaxone group achieving total recovery (95% confidence interval [CI] 
for group difference, -4% to 34%, P = .13).38

Oral antibiotics are usually strong enough for the treatment of the 
arthritic complaints of Lyme disease; if the arthritis persists after 2 
months of oral antibiotics or 1 month of intravenous antibiotics, anti-
inflammatory medications may have better success (Box 106.2).2

Questions have surrounded treatment of the symptoms of Lyme 
disease, including cognitive and memory complaints, that persist 
despite standard antibiotic treatment. Panels of the American Academy 
of Neurology and the Infectious Diseases Society of America have 
determined that several weeks of antibiotics should be the standard 
treatment, and several studies have concluded that additional weeks 
or months of antibiotic treatment do not improve outcomes.39-41

In a 2003 editorial in the Annals of Internal Medicine, Steere 
expressed concern that treatment regimens have been getting longer, 
especially for chronic Lyme arthritis, in the absence of evidence that 
courses of more than 30 days prove beneficial in most cases.42 In a 
study on treatment, published in the same issue, Wormser and col-
leagues tested 180 adults with erythema migrans in a single-center, 
double-blind, placebo-controlled trial; the subjects received either a 
single 2-g dose of intravenous ceftriaxone, followed by 10 days of oral 
doxycycline twice daily and then a placebo for 10 days; a placebo 
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ceftriaxone, 2 g/day, for 30 days, followed by oral doxycycline, 200 mg/
day, for 60 days or matching placebo, showed no significant improve-
ment in paresthesias, chronic pain, or cognitive impairment. In addi-
tion, there was no evidence of B. burgdorferi in the cerebrospinal fluid 
or blood of the 129 patients tested.43

A European study randomized 152 patients with Lyme neurobor-
reliosis who had been treated with ceftriaxone for 3 weeks into two 
groups, one receiving 1 g of amoxicillin twice daily for 100 days and 
one a placebo. It also concluded that the additional weeks of antibiotics 
were of no benefit.44 Finally, a U.S. National Institutes of Health–
funded study of 37 patients explored the effect of 10 weeks of intrave-
nous ceftriaxone on patients with positive IgG Western blots and 
persistent cognitive impairment despite at least 3 weeks of intravenous 
antibiotic therapy. Patients were tested for improvement at 12 and 24 
weeks and compared against both a placebo group and a healthy group. 
Whereas some showed improvement at 12 weeks, the results were not 
sustained when the antibiotics were stopped.45

Fewer trials in children have resulted in less defined treatment 
parameters for them. In a trial in which 39 children were observed for 
12 months, patients on both 20 mg/kg/day and 30 mg/kg/day of cefu-
roxime seemed to do as well as children on 50 mg/kg of amoxicillin.46 
Maternal-fetal transmission of Lyme disease seems to occur rarely.2 
There has been no conclusive evidence tying maternal infection to 
adverse effects during pregnancy, especially if antibiotic treatment was 
provided.

PREVENTION
Prevention has focused on reducing the chances of being bitten by  
the vector. Other strategies have included vaccines and antibiotic 
prophylaxis.

The most accepted model of infection risk, proposed by Ginsberg,47 
demonstrates that reducing tick-human interaction is more essential 
in preventing the spread of disease than decreasing tick abundance. 
Multiple studies, for example, have shown that outdoor workers, in 
both urban and rural areas, have an increased risk of exposure. Although 
residents of endemic areas often report being aware of increased risk, 
less than half of those surveyed in several studies say they take the 
necessary precautions. A population-based study demonstrated that 
educating people about the dangers of infection can increase the 
number of people who take precautions. Tucking pants into socks or 
boots, wearing light-colored clothing when outside, avoiding wooded 
areas, and performing tick checks after spending time outdoors help to 
prevent ticks from remaining on the skin and passing the spirochete 
to the human host. Research shows that ticks must feed for 24 to 48 
hours to pass the disease to humans; after 72 hours, transmission is 
certain.48

Decreasing tick abundance, however, can also be effective. Targeting 
the tick vectors by administering toxins or parasites, removing vegeta-
tion or leaf litter, or mowing residential areas are relatively safe and 
efficient methods of controlling the spread of Lyme disease. Burning 
tick-infested sites has proven less successful. Spraying acaricides onto 
vegetation where ticks live has been the most consistently effective way 
to reduce tick abundance.49

Because of low sales, a vaccine against Lyme disease was withdrawn 
from the market in February 2002. Too expensive to be cost effective 
on a societal level, it required multiple doses for optimal protection. 
Currently, there is a debate about the efficacy and safety of antibiotic 
prophylaxis. A randomized, double-blind, placebo-controlled trial that 
studied 482 subjects in an endemic area of New York concluded that 
a single 200-mg dose of doxycycline within 72 hours of an I. scapularis 
tick bite could be effective in preventing disease. The study placed 
efficacy of treatment at 87%; only one subject in the doxycycline group 
developed erythema migrans, whereas eight in the placebo group 
acquired the rash at the site of the bite.50

BOX 106.2 TREATMENT REGIMENS FOR LYME DISEASE

Early infection (local or disseminated)
Adults
Doxycycline, 100 mg orally bid for 14-21 days
Amoxicillin, 500 mg orally tid for 14-21 days
or (alternatives in case of doxycycline or amoxicillin allergy):
Cefuroxime axetil, 500 mg orally bid for 14-21 days
Erythromycin, 250 mg orally qid for 14-21 days
Children (age ≤ 8 yr)
Amoxicillin, 250 mg orally tid or 50 mg/kg/day in three divided doses for 14-21 

days
or (alternatives in case of penicillin allergy):
Cefuroxime axetil, 125 mg orally bid or 30 mg/kg/day in two divided doses for 

14-21 days
Erythromycin, 250 mg orally three times a day or 30 mg/kg/day in three divided 

doses for 14-21 days

Neurologic abnormalities (early or late)
Adults
Ceftriaxone, 2 g IV qd for 14-28 days
Cefotaxime, 2 g IV q8h for 14-28 days
Sodium penicillin G, 3.3 × 106 IV q4h for 14-28 days
or (alternative in case of ceftriaxone or penicillin allergy):
Doxycycline, 100 mg orally tid for 30 days, but this regimen may be ineffective 

for late neuroborreliosis
Facial palsy alone: oral regimens may be adequate.
Children (age ≤ 8 yr)
Ceftriaxone, 75-100 mg/kg/day (max. 2 g) IV qd for 14-28 days
Cefotaxime, 150 mg/kg/day in three or four divided doses (max. 6 g) for 14-28 

days
Sodium penicillin G, 200,000-400,000 U/kg/day in six divided doses for 14-28 

days

Arthritis (intermittent or chronic)
Oral regimens listed above for 30-60 days
or
IV regimens listed above for 14-28 days

Cardiac abnormalities
First-degree atrioventricular block: oral regimens, as for early infection
High-degree atrioventricular block (PR interval > 0.3 second): IV regimens and 

cardiac monitoring
Once the patient’s condition has stabilized, the course may be completed with 

oral therapy.

Pregnant women
Standard treatment for manifestation of the illness. Avoid doxycycline.

IV, intravenous.
Antibiotic recommendations are based on guidelines from the Infectious Diseases Society of 
America.
With permission from Steere AC. Lyme disease. N Engl J Med 2001;345:115-125.

injection followed by 10 days of oral doxycycline administered twice 
daily and then 10 days of placebo capsules; or a placebo injection, fol-
lowed by 20 days of oral doxycycline twice daily. There was no signifi-
cant difference between the therapeutic response of the patients on the 
different regimens at 20 days or 3, 12, or 30 months; the patients who 
received therapy for 20 days instead of 10 days may, however, have 
experienced a more complete and effective recovery. There were no 
significant differences in neurocognitive test results among patients in 
the three groups.39

In another seminal article in the New England Journal of Medicine, 
Klempner and colleagues described two randomized, double-blind, 
placebo-controlled trials of patients with persistent disease and a 
history of antibiotic treatment for acute Lyme disease: one trial with 
78 patients who were seropositive for IgG and one with 51 patients 
who were seronegative. The subjects, who received intravenous 
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Virus-associated rheumatic syndromes can be challenging both 
diagnostically and therapeutically. Diagnostically certain viral- 
associated rheumatic syndromes can mimic rheumatic diseases such 
as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), or 
Sjögren’s syndrome. Therapeutically, administering immunosuppres-
sive therapy in patients with certain chronic viral infections such as 
HBV or HIV can be detrimental to the host. In this chapter the most 
common viral infections that are associated with rheumatic syndromes 
are reviewed.

HIV INFECTION
The epidemic of HIV disease started in 1981 and during that time 
there has been a remarkable transformation in our understanding of 
the pathogenesis, its management, and the outcomes for patients 
undergoing treatment. In areas of the industrialized West where access 
to highly active antiretroviral therapy (HAART) is common the disease 
is now a complex but manageable condition. Since the early 1980s 
rheumatic complications of HIV infection have been well described (see 
Table 107.1). A number of distinct rheumatic syndromes have been 
described in several recent reviews,1-3 including reactive arthritis, pso-
riatic arthritis (Fig. 107.1), HIV-associated arthritis (Fig. 107.2), and 
others, as well as a number of connective tissue diseases such as the 
diffuse infiltrative lymphocytosis syndrome (DILS) and vasculitis. 
Since the introduction of HAART in 1997 there has been a remarkable 
transformation not only in the natural history of HIV infection itself 
but also in the attendant rheumatic complications. By contrast, for 
much of the developing world, access to HAART is nonexistent or 
minimal and thus HIV and its rheumatic complications have contin-
ued unabated.

Consideration of the rheumatic manifestations of HIV infection 
falls into three distinct sections: (1) rheumatic manifestations in the 
pre-HAART era; (2) rheumatic manifestations in global areas without 
access to HAART therapy; and (3) rheumatic manifestations in the era 
of HAART.

Rheumatic manifestations in the pre-HAART era
In the early 1980s a number of groups described an array of non-
suppurative rheumatic complications, including severe forms of reac-
tive arthritis, psoriatic arthritis, and several nosologically unclear 
articular syndromes, all of which were clinically challenging (Table 
107.1).3 In addition, a variety of connective tissue diseases were 
described, including numerous forms of vasculitis, inflammatory 
myopathies, and DILS, among others. The pathogenesis of these dis-
orders has remained unclear with regard to their relationships to the 
underlying retroviral infection, the immunodeficiency state, or some 
opportunistic infective complication. Longitudinal studies of HIV-
infected patients with inflammatory arthritis demonstrated an 
increased incidence of arthritis in those with severe or progressive 
disease.3,4 Patients with highly symptomatic rheumatic complications 
posed profound challenges in management because they often occurred 
in the setting of advanced immunodeficiency in the absence of any 
effective forms of treatment. The early experience with such patients 
documented rapid progression to end-stage HIV disease with anti-
rheumatic therapy such as methotrexate. Similarly, clinical anecdotes 
described patients with idiopathic forms of connective tissue disease 
such as RA or SLE going into spontaneous remission with advance-
ment of the underlying immunodeficiency.5
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HUMAN IMMUNODEFICIENCY VIRUS (HIV) INFECTION
 This human retroviral infection caused by HIV is characterized by 

progressive immunodeficiency and immunodysregulation.
 A wide range of frequently associated clinical findings include 

opportunistic infections and malignancies.
 Occasionally associated are a variety of autoimmune-like and 

rheumatic manifestations, including arthritis, myositis, Sjögren’s-like 
syndrome, and vasculitis.

 Arthritic syndromes that may be associated are reactive arthritis 
(Reiter’s syndrome), psoriatic arthritis, and idiopathic articular 
disease.

 Associated myositis can include polymyositis, non-inflammatory 
myopathies, and drug-induced disease.

 Vasculitic disease represents the spectrum of vascular 
inflammation.

 Sjögren’s-like disease is characterized by diffuse lymphocytic 
infiltration.

OTHER VIRUSES
 A host of different viruses may cause arthritis through various 

pathogenetic mechanisms, including direct infection of synovial 
cells, immune complex formation, disruption of cell homeostatic 
mechanisms, and others.

 The most common arthritogenic viruses in North America 
and Western Europe include parvovirus B19, rubella, and  
hepatitis B, whereas a variety of mosquito-borne viruses cause 
epidemics of polyarthritis in Africa, the western Pacific, and South 
America.

 The majority of virally caused arthritides are acute and self-limiting 
illnesses, usually accompanied by fever, distinctive cutaneous 
manifestations, hematologic abnormalities (especially B19 
infection), and other clinical features.

 Chronic polyarthritis mimicking rheumatoid arthritis may occur, 
especially in adults with chronic hepatitis C virus infection but also 
in several other infections.

 Diagnosis requires knowledge of the epidemiology of these 
viral infections and the specific laboratory tests required for the 
detection of the specific arthritogenic virus.

INTRODUCTION
Despite the high frequency of acute and chronic viral infections world-
wide, clinically significant rheumatic manifestations including arthritis 
or systemic rheumatic disorders occurring during the course of such 
infections are relatively rare. Viruses can cause either acute self-limited 
inflammatory polyarthritis (hepatitis B virus [HBV], parvovirus B19, 
rubella virus) or chronic arthritis (hepatitis C virus [HCV], human 
immunodeficiency virus [HIV], human T-cell lymphotropic virus type 
I [HTLV-I]). More recently, epidemics of virus-associated arthritides 
have been reported in certain areas of the world (Southeast Asia) as 
well as in travelers from these areas (alphavirus infections), emphasiz-
ing their significance from a public health perspective.
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Rheumatic manifestations in the HAART era
Since 1997, with the introduction of HAART, there has been a remark-
able transformation in the natural history of HIV disease in the indus-
trialized West. The frequency of opportunistic infections and of many 
other attendant complications has dramatically diminished. Similarly, 
several reports have also demonstrated that many of the non-suppura-
tive rheumatic manifestations that were relatively common in the 
pre-HAART era have nearly disappeared (e.g., reactive arthritis, psori-
atic arthritis, certain forms of vasculitis).2,11 Similar observations have 
been made for certain connective tissue diseases observed in HIV 
patients, including DILS.12 At the same time, other complications have 
arisen as a consequence of HAART, including numerous metabolic 
disorders including lipodystrophy, osteomalacia, and osteonecrosis, all 
of which have been recently reviewed.3 In addition, a peculiar non-
suppurative immune reconstitution syndrome has also been described. 
This occurs in patients with advanced immunodeficiency who when 
started on HAART experience either an exacerbation of a previously 
quiescent or occult rheumatic disease or the de novo appearance of a 
new rheumatic disease. Disorders that have been described as “immune 
reconstitution” syndromes include rheumatoid arthritis-like disorders, 
SLE, autoimmune thyroid disease, inflammatory myopathy, and sar-
coidosis.11 Finally, patients experiencing highly symptomatic rheu-
matic diseases now have available new opportunities for therapy. 
Unlike patients in the pre-HAART era who demonstrated intolerance 
to immunosuppressive drugs, patients on HAART with good CD4 cell 
counts and well-controlled viral loads appear to tolerate aggressive 
immunosuppressive therapy, including biologic agents such as tumor 
necrosis factor (TNF) inhibitors.13 For such patients a careful and 
graded approach with anti-inflammatory and immunosuppressive 
therapy based on shared risk and benefits is indicated. Given that even 
in the industrialized West an estimated one third of HIV-infected 
patients remain undiagnosed, clinical vigilance appears warranted. 
Recently, several public health groups and medical societies have called 
for more widespread testing even in the absence of defined high-risk 
status.14 In the United States the public health service has called for 
routine testing of all patients in all health care settings who are between 
the ages of 13 and 64 regardless of the reason they present to their 
provider.

PARVOVIRUS B19
Virology
Parvovirus B19 was discovered in 1975 and was later classified as a 
member of the Parvoviridae. Parvovirus B19 is among the smallest 

TABLE 107.1 RHEUMATIC SYNDROMES IN THE SETTING OF HIV INFECTION

Articular syndromes

 Arthralgias
 HIV-associated arthritis
 Spondyloarthropathies (reactive arthritis, psoriatic arthritis, undifferentiated 

spondyloarthropathy)
 Septic arthritis
 Osteonecrosis
 Osteoporosis
Connective tissue disorders

 Sjögren’s-like syndrome/diffuse infiltrative lymphocytosis syndrome (DILS)
 Myopathy (inflammatory/non-inflammatory)
 Vasculitis
 Lupus-like syndrome

Fig. 107.1 The hands of a patient with psoriatic arthritis and HIV infection.

Fig. 107.2 The hands of a 35-year-old man with advanced HIV infection 
fulfilling the American College of Rheumatology criteria for rheumatoid 
arthritis.

Rheumatic complications in global areas without 
access to HAART therapy
Since the early phases of the epidemic in areas such as sub-Saharan 
Africa, an increased incidence of a number of rheumatic syndromes 
including reactive arthritis, spondyloarthropathies, and enthesopathies 
have been well described. This is particularly interesting because of the 
nearly complete lack of HLA-B27 in these African populations. These 
syndromes continue to occur. Investigations have demonstrated alter-
native genetic risk markers. In a series of studies from Zambia, HLA-
B*5703 has demonstrated to be a protective allele against the 
progression of HIV infection while possibly influencing the increased 
incidence of spondyloarthropathies observed in this population.6,7

More recently, a unique vasculitis involving large vessels and fre-
quently demonstrating aneurysm formation leading to vascular occlu-
sion has been reported in South Africa.8-10 In the largest series described 
to date, all patients presented with critical ischemia of the upper and 
lower limbs. Large aneurysms involving primary branches of the aorta 
such as the carotid, femoral, and superior mesenteric arteries, in addi-
tion to the aorta itself, were identified in these patients while the 
pathology of the lesions showed acute and chronic inflammation of the 
aneurysm walls, with a unique inflammatory infiltrate often demon-
strating leukocytoclastic features within the vasa vasorum. Further-
more, a unique proliferation of slit-like vascular channels was noted in 
the adventitial layer.9 The nature of this aneurysmal vasculitis is 
unclear at the present time, because the necessary technically demand-
ing studies to search for microbial pathogens have not been performed. 
It is curious that all cases have been reported in patients with advanced 
disease who are largely untreated, which may account for the fact that 
this syndrome has rarely been described in Western countries.
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HEPATITIS B VIRUS
Virology
HBV infection remains one of the most common chronic viral infec-
tions, with approximately 350 million people infected worldwide.18 It 
is caused by HBV, a hepatotropic enveloped, double-stranded DNA 
virus that is transmitted parenterally, sexually, or vertically (mother to 
child). Chronic HBV infection is most often the result of vertical, 
perinatal, or early childhood transmission, whereas in adults exposure 
to the virus after parenteral or sexual transmission most frequently 
leads to acute hepatitis and viral clearance.

Clinical manifestations
Arthritis in patients with HBV can occur in two different settings: as an 
RA-like acute, self-limited polyarthritis during the early phases of acute 
hepatitis B or, more rarely, as arthritis accompanying HBV-associated 
polyarteritis nodosa (PAN).5 In both cases, rheumatic manifestations 
are attributed to the deposition of immune complexes containing viral 
antigens (HBsAg, HBeAg) and antibodies directed against these anti-
gens (anti-HBs, anti-HBe) in the synovium or in vessel walls, resulting 
in arthritis or vasculitis (small or medium-sized vessels).

During the pre-icteric phase of acute hepatitis B, a small proportion 
of patients develop a symmetric polyarthritis resembling RA that 
affects mainly the proximal interphalangeal joints, knees, and ankles.19 
Associated symptoms include rash (maculopapular, urticarial, pete-
chial), fever, malaise, and myalgias. In 25% of cases RF is present, 
whereas C3 and C4 can be found low in approximately 40%. The 
detection of positive HBsAg, highly elevated transaminases (aspartate 
transaminase [AST], alanine transaminase [ALT]), and IgM anti-HBc 
antibodies provides the definite diagnosis of HBV-associated polyar-
thritis and differentiates it from other forms of acute inflammatory 
polyarthritis. No treatment is needed because the arthritis resolves 
spontaneously after 2 to 3 weeks.

HBV-associated PAN is a rare form of medium-sized vasculitis with 
a frequency that is gradually decreasing worldwide.20 HBV-associated 
PAN usually develops during the first 6 months after acute HBV infec-
tion. Its clinical presentation and course do not differ significantly from 
those of classic PAN.20 The most common musculoskeletal manifesta-
tions include arthralgias (~50%) and myalgias, whereas frank arthritis, 
affecting predominantly large joints (knees, ankles, wrists), is observed 
only in a small proportion of patients.20 The management of HBV-
associated PAN includes immunosuppressive agents (corticosteroids, 
cyclophosphamide in severe cases) and antiviral therapy (oral nucleo-
side or nucleotide analogs). For patients who achieve remission with 
this therapy, the overall prognosis is favorable, with less than 10% of 
patients showing evidence of relapse.20

HEPATITIS C VIRUS
Chronic HCV infection is another common chronic viral infection with 
more than 170 million people affected worldwide.21 HCV is an RNA 
hepatotropic virus that is transmitted parenterally, mainly through 
injection drug use. Patients who had been transfused prior to 1992 and 
persons with multiple sexual partners are also at increased risk and 
should be screened for HCV infection with anti-HCV antibodies con-
firmed by serum HCV RNA (if found positive).22 In contrast to HBV, 
the majority of adults exposed to HCV develop chronic infection (55% 
to 85%).21

Clinical manifestations
The rheumatic manifestations in patients with chronic HCV infection 
can be divided into four groups (Table 107.2): a coexistent arthritis 

viruses known to infect mammalian cells; it is 22 to 24 nm in diameter 
and consists of an unencapsulated single strand of DNA of 5596 
nucleotides.15 Recently, a number of novel genotypes have been 
reported, but these are of uncertain clinical significance. Parvovirus 
B19 replicates in erythrocyte precursors after binding to its cognate 
receptor, the blood group P antigen, or globoside. The P antigen is 
expressed by a variety of cells, including erythrocytes, erythroblasts, 
megakaryocytes, endothelial cells, hepatocytes, and cardiac cells. 
Recently it has been demonstrated that the presence of the P antigen 
alone is not adequate for infection and a co-receptor is required in the 
form of α5β1-integrin, thus providing an explanation for specific pat-
terns of infectivity.16

Parvovirus B19 infections occur in outbreaks through transmission 
of the virus by respiratory secretions, often in the late winter and 
spring. Serologic evidence of immunologic memory to the virus is 
common in the form of specific IgG antibodies and is present in 50% 
to 70% of the general adult population.15 Immunologically naive indi-
viduals such as school teachers, day care workers, pediatric nurses, and 
those in proximity to small children are highly susceptible. During 
outbreaks the household transmission rate of parvovirus B19 can be 
as high as 50%.

Clinical manifestations
Parvovirus B19 is responsible for a number of clinical syndromes, 
including the common childhood exanthem erythema infectiosum, or 
fifth disease, with its classic presentation of a febrile child with a 
“slapped cheek” appearance and a maculopapular or reticular rash.15 
Infection during early pregnancy results in the syndrome of fetal 
hydrops. In adults, parvovirus B19 may result in a transient aplastic 
crisis with chronic anemia, as observed in those with immune- 
compromised states.15

The rheumatic manifestations of parvovirus B19 infection are 
numerous.5,17 It is interesting that articular manifestations of this 
infection are uncommon in childhood-acquired infections but quite 
common in adults. Symptoms begin in a few joints and may spread in 
additive fashion, giving an RA appearance, and are often accompanied 
by prominent morning stiffness. Synovitis is minimal, and frank joint 
effusion is rare. Articular manifestations are most prominent in the 
early stages of the infection, coinciding with the appearance of IgM 
antibodies during the intense phase of viremia, suggesting an immune 
complex mechanism. Further complicating the clinical presentation is 
the documented ability of parvovirus B19 to induce a spectrum of 
autoantibodies, often transient in nature, including rheumatoid  
factor (RF), antinuclear antibodies (ANAs), anti-DNA, anti-ENA, anti-
phospholipid, and others. Clearly, in the presence of polyarthritis, 
autoantibodies, and cytopenias the infection can mimic SLE. The 
pathogenic mechanism of autoantibody formation is not clear, but 
recent evidence has provided strong evidence for molecular mimicry.16 
Parvovirus B19 has also been associated with a variety of other autoim-
mune syndromes, including systemic vasculitis, reactive arthritis, 
Sjögren’s syndrome, idiopathic inflammatory myopathies, and sclero-
derma.5,17 In scleroderma, parvovirus B19 has been isolated in bone 
marrow and skin biopsies in numerous patients, raising the possibility 
of a pathogenic role. In RA and vasculitis, however, systematic search 
strategies for serologic evidence or in-situ evidence of parvovirus B19 
have revealed no difference in detection rates from non-autoimmune 
controls.16

Laboratory investigation
The laboratory detection of parvovirus B19 infection depends on iden-
tification of specific IgM antibodies with or without the presence of 
IgG anti-B19. The presence of IgG alone is common and con sistent 
with past infection. IgM antibodies may persist for weeks to months. 
The virus can also be detected early by polymerase chain reaction, 
although this is not clinically necessary. The critical clinical point of 
parvovirus B19 infection lies in not confusing its presenta tion with 
idiopathic autoimmune disease, thus sparing the patient unnecessary 
immunosuppression, because treatment is generally supportive. The 
diagnosis must start with a high index of suspicion in an immunologi-
cally vulnerable host and confirmed by appropriate serology.

TABLE 107.2 ARTHRITIS IN THE SETTING OF HCV INFECTION

 Coexistent arthropathy (RA, SLE, Sjögren’s syndrome, fibromyalgia)
 HCV-associated arthritis
 Arthritis in the setting of HCV-associated mixed cryoglobulinemia
 Arthritis induced by antiviral therapy (interferon-α)
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(not related to HCV), arthritis in the setting of mixed cryoglobuline-
mia, arthritis directly related to HCV (HCV-associated arthritis), and 
arthritis induced by antiviral therapy (interferon-α).23

Coexistent arthropathy
Coexistent arthropathy is probably the most common cause of rheu-
matic manifestations in chronically infected HCV patients.5 The coex-
istence of another inflammatory (e.g., RA, SLE, Sjögren’s syndrome) or 
non-inflammatory arthropathy (fibromyalgia) in this setting creates 
diagnostic as well as therapeutic problems. Diagnostically, these coex-
isting rheumatic disorders can present with clinical and laboratory 
features that are also being seen in chronic HCV infection, such as 
sialadenitis, fatigue, RF and/or ANA positivity, cytopenias, or low 
complement levels (particularly C4). The presence of characteristic 
laboratory (anti-citrulinated peptide antibodies [CCP]) for RA, anti-
dsDNA for SLE, anti-Ro/La for Sjögren’s syndrome) or radiologic 
(erosive changes in RA) findings is extremely helpful in the differential 
diagnosis.

In terms of treatment of the coexistent rheumatic disorder, espe-
cially when long-term immunosuppressive therapy with potentially 
hepatotoxic medications (methotrexate, leflunomide) is planned, a 
thorough baseline assessment of the underlying liver disease in col-
laboration with an experienced hepatologist is imperative.24 In patients 
with advanced liver disease (advanced fibrosis in liver biopsy or with 
decompensated cirrhosis (i.e., ascites, encephalopathy, coagulopathy), 
medications such as methotrexate or leflunomide should be avoided.25 
In patients with less advanced disease and stable liver function, these 
medications can be used with close monitoring of liver function. In 
regard to biologic agents such as anti-TNF agents and rituximab, a 
number of recent studies have demonstrated their short-term safety in 
rheumatic patients chronically infected with HCV.5

HCV-associated arthritis
Rarely (<5%), patients with chronic HCV infection can present with 
an inflammatory arthritis that has been directly attributed to HCV.26 
In most cases, arthritis takes the form of a symmetric, non-deforming, 
non-erosive polyarthritis that involves small joints of the upper and 
lower extremities (e.g., metacarpophalangeal and proximal interpha-
langeal joints, ankles). Monarthritis or oligoarthritis can be seen in 
20% of the cases. RF and cryoglobulin can be found in these pati-
ents, making the differential diagnosis, from early RA or HCV- 
associated mixed cryoglobulinemia, challenging.26 The presence of 
anti-CCP and of erosive changes in radiographs is helpful for excluding 
the diagnosis of RA. Nevertheless, in certain cases the differential 
diagnosis from RA cannot be made with certainty. There are limited 
data on the treatment of arthritis in this setting. Analgesics, low-dose 
corticosteroids (<10 mg/day) and, in severe cases, disease-modifying 

a b c

Fig. 107.3 Cutaneous manifestations in HCV-associated cryoglobulinemic vasculitis. (a) Palpable purpura. 
(b) Confluent purpura. (c) Necrotic ulcers. (From Vassilopoulos D, Calabrese LH. Hepatitis C virus infection and 
vasculitis: implications of antiviral and immunosuppressive therapies. Arthritis Rheum 2002;46:585-597.)

anti-rheumatic drugs (DMARDs) or anti-TNF agents can be used after 
appropriate evaluation and monitoring of hepatitis C.26

Arthritis in HCV-associated mixed cryoglobulinemia
The finding of circulating cryoglobulins is common in patients with 
chronic HCV infection (40% to 50%), but less than 5% of patients 
develop the distinct syndrome of mixed cryoglobulinemia, manifested 
by purpura, polyneuropathy, membranoproliferative glomerulonephri-
tis, and so on.27,28 The clinical and laboratory manifestations of the 
syndrome are thought to be induced by monoclonal RF or immune 
complexes containing RF and polyclonal IgG, with or without associ-
ated HCV antigens, that are deposited in small vessel walls in different 
tissues (skin, nerves, synovium, glomeruli).29 The most common mus-
culoskeletal complaints include intermittent non-specific polyarthral-
gias involving the hands and knees, whereas less than 10% of patients 
develop inflammatory arthritis (non-erosive).

The diagnosis of arthritis in this setting is easier because patients 
present with the typical clinical (purpura, skin ulcers, membranopro-
liferative glomerulonephritis, peripheral neuropathy) and laboratory 
(type II or III serum cryoglobulins, low C4, positive RF, active urine 
sediment, axonal polyneuropathy in electromyography) picture of 
mixed cryoglobulinemia (Fig. 107.3).

The treatment of HCV-associated mixed cryoglobulinemia is guided 
by the severity and pattern of organ involvement. In patients with mild 
to severe disease, antiviral treatment (pegylated interferon-α/IFN-α + 
ribavirin) with or without the addition of low-dose corticosteroids 
(prednisone < 10 mg/day) can lead to viral clearance and resolution of 
the mixed cryoglobulinemia syndrome.30 In more severe cases, high-
dose corticosteroids, cyclophosphamide, rituximab, and/or plasma-
pheresis followed by antiviral treatment have been used.31

IFN-α–induced arthritis
IFN-α is an immunomodulatory cytokine with pleiotropic properties. 
Its use has been associated with a number of autoimmune manifesta-
tions, including autoimmune thyroiditis, arthritis, and lupus-like syn-
drome.23 Arthritis has been rarely described in this setting, and when 
it appears the decision to continue treatment depends on the severity 
of the IFN-α–induced arthritis as well as the likelihood of patients to 
achieve viral clearance with IFN-α therapy.

CHIKUNGUNYA AND OTHER ALPHAVIRUSES
Although alphavirus infections have long been associated with various 
forms of inflammatory arthritis, for Western rheumatologists these 
have not been infections of practical concern.32 Table 107.3 displays 
those alphaviruses linked to arthritis, all of which are arboviruses.5
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TABLE 107.3 ALPHAVIRUS-RELATED ARTHRITIS AND 
GEOGRAPHIC DISTRIBUTION

Alphavirus 
distribution Geographic

Clinical 
manifestations Comments

Ross River Australia
Oceania

Polyarthritis
Fever
Rash

Reported in travelers and 
visiting U.S. military 
personnel

Sindbis Russia
Finland
Sweden

Arthritis
Rash

Transmitted by 
mosquitoes from birds 
to humans

Mayaro South America Arthritis
Fever

O’Nyong-
nyong

Africa Polyarthritis
Fever
Rash

Similar picture to 
Chikungunya virus

Igbo Ora Central Africa Arthralgias
Fever
Myalgias

Chikungunya Southeast Asia
Africa

Polyarthritis
Fever

Reported in travelers 
from endemic areas in 
United States and 
Europe (Northern Italy, 
France)

TABLE 107.4 CLINICAL AND LABORATORY MANIFESTATIONS OF 
CHIKUNGUNYA VIRUS INFECTION

Early phase (0-10 days)

 Symmetric polyarthritis (wrists, hands, ankles, toes)
 Axial involvement
 Fever
 Rash
 Conjunctivitis
 Cytopenias (leukopenia, thrombocytopenia)
 Transaminasemia (AST/ALT)
Late phase (>10 days)

 Arthritis/tenosynovitis of hand joints (lasting up to 6 months)

AST, aspartate transaminase; ALT, alanine transaminase.

a

d

b

c

e

Fig. 107.4 Skin manifestations in patients with CHIKV infection returning from Reunion Island to Marseilles in 2006, including 
a 45-year-old woman with rash of the face (a) and abdomen (b) and edema of the face (a) and hand (c); and a 36-year-old 
man with rash that blanches with pressure on the right arm (d, e). (From: Simon: Medicine (Baltimore), 2007;86(3):123-137.)

Over the past 2 years this pattern of limited spread has changed 
with the emergence of one alphavirus, namely, Chikungunya virus 
(CHIKV) that is no longer restricted to tropical developing countries 
and now poses a global public health problem. CHIKV, a single-
stranded RNA virus, like other members of the genus, is a mosquito-
borne infection that in the past has been responsible for significant 
epidemics in Asia and Africa.33 In 2006 an outbreak of CHIKV swept 
over several islands in the Indian Ocean and in parts of India proper 
and most recently in Singapore. During this same time period increas-
ing numbers of cases were reported in travelers returning to Europe 
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and the United States.33,34 A major reason for this epidemiologic shift 
appears to be a single adaptive mutation enhancing the ability of 
CHIKV to be carried by Aedes albopictus, a mosquito linked to urban-
ization and international transport.35 Evidence of this threat is now 
documented by way of an outbreak of CHIKV in northwestern Italy, 
where nearly 200 possible cases were described and traced to an infected 
traveler returning home, with subsequent spread by A. albopictus.33

Clinical manifestations
From a rheumatic disease perspective CHIKV is important because 
nearly all infected patients develop an inflammatory polyarthritis  
that, although generally short lived, is clinically severe and may mimic 
more serious and persistent forms of non-infectious arthritis. The 
disease has been reported to run through two consecutive phases (Table 
107.4).34 During the early phase (<10 days), fever, transient rash 
(macular, papular, or generalized erythematous, located in the trunk), 
conjunctivitis, myalgias and symmetric polyarthralgias, and/or polyar-
thritis involving mainly the wrists, hands, ankles, and toes are present.34 
Edema of the face and periarticular tissues is common in these patients 
(Fig. 107.4). Axial pain is also common, affecting almost half of 
the patients. During this phase, elevation of liver (AST, ALT, 
γ-glutamyltransferase/γ-GT) and muscle (creatine phosphokinase, 
lactate dehydrogenase) enzymes have been documented in 50% of 
patients often accompanied by cytopenias (thrombocytopenia, leuko-
penia). In some cases, petechial hemorrhages are also noted. During 
the second stage of the disease (>10 days), most patients have persis-
tent joint pain in the form of tenosynovitis involving wrists and fingers 
and/or arthritis involving the proximal finger joints. At this stage, fever 
and rash have generally abated. Almost half of the patients continue 
to have articular symptoms 6 months after the onset of disease, 
whereas laboratory workup is normal during this phase. Only symp-
tomatic treatment with analgesics and non-steroidal anti-inflamma-
tory drugs (NSAIDs) is given through the entire course of the disease, 
because no specific therapy is available. In certain cases, corticosteroids 
have been administered, with documented symptomatic relief.

The diagnosis of alphavirus infection requires the identification  
of specific IgM antibodies (by enzyme-linked immunosorbent assay) 
and/or virus isolation by virus neutralization assays or polymerase 
chain reaction.34 Viremia is intensive and occurs early, and detection 
of viral RNA should be performed during the first week of illness. 
Testing for CHIKV is becoming commercially available worldwide.

The importance of CHIKV is that it has clearly demonstrated that 
vector-transmitted infections are no longer embedded in tropical and 
underprivileged regions of the planet. The fact that West Nile fever, 
which emerged in the late 1990s in the United States, has become the 
major vector-borne illness in that country is evidence of the conse-
quences of international travel and global climate change. Rheumatolo-
gists in CHIKV-free areas need to be prepared to suspect and confirm 
new cases for both the patients’ interests as well as the public’s health.

HTLV-I
Human T-cell lymphotropic virus type I (HTLV-I) infection, which is 
endemic in certain geographic areas such as South Japan and the Carib-
bean, has been associated with an inflammatory arthropathy resem-
bling RA.36 The virus, a human retrovirus, is transmitted perinatally, 
sexually, and through contaminated blood transfusions. HTLV-I- 
associated arthropathy commonly affects elderly women and takes the 
form of a seropositive (RF+), symmetric, inflammatory arthritis. 
Radiographs of the affected joints usually reveal mild erosive changes. 
NSAIDs, DMARDs and low-dose prednisolone have been used for its 
treatment.36

OTHER VIRUSES
Rarely, other viruses have been implicated as causes of acute self-
limited arthritis, including rubella virus,37 Epstein-Barr virus,38 and 
coxsackievirus.39 For some of these viruses, especially Epstein-Barr 
virus, a triggering role for the development of chronic inflammatory 
arthritis (i.e., RA) has been proposed but no definite link has been 
established so far.40
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Europe, the Middle East, Asia, and Australasia (Fig. 108.1). There are 
no population-based studies of first attack of acute rheumatic fever in 
Africa.

The prevalence rate of rheumatic heart disease in developed com-
munities  is usually 0.2 to 0.5/100,000.5 By contrast,  there  is still an 
unacceptably high prevalence of rheumatic fever and rheumatic heart 
diseases  in developing countries.6 The prevalence of  rheumatic heart 
diseases  among  schoolchildren  in  developing  countries  around  the 
world  has  been  recently  reviewed.1  The  prevalence  has  ranged  from 
0.2/1000 schoolchildren in Havana, Cuba, to 77.8/1000 schoolchildren 
in  Samoa.  In  India,  the  prevalence  of  rheumatic  heart  disease  is 
between  1.5  and  5.6  cases/1000.  In  Africa  the  prevalence  rate  from 
recent  studies  has  ranged  from  2.7/1000  schoolchildren  in  
Nairobi (Kenya) to 14.3/1000 in Kinshasa (Democratic Republic of the 
Congo) and 31/1000 according to echocardiographic studies in Maputo 
(Mozambique).

At the time of the resurgence of acute rheumatic fever in the United 
States, cases of invasive, life-threatening streptococcal infections were 
reported in the United States, United Kingdom, Scandinavia, and other 
parts of Europe. This toxic streptococcal syndrome was characterized 
by localized or generalized rash, hypotension, and multiorgan failure. 
It occurred mainly in adults and resulted from cutaneous or soft tissue 
infections with streptococci of M type I and strains producing pyrogenic 
toxin A. It has been proposed that changes in streptococcal epidemiol-
ogy are related to changes in the virulence of the Streptococcus strains.

GROUP A STREPTOCOCCUS
Structure
Streptococci are a group of gram-positive bacteria that are morphologi-
cally characterized as cocci and are arranged in chains. Streptococcus 
pyogenes, also referred to as the group A streptococcus, belongs to the 
group of hemolytic streptococci that have in common their ability to 
produce toxins that are capable of lysing red blood cells. The cell wall 
of the group A streptococcus shows the characteristics of gram-positive 
bacteria. The cytoplasmic membrane  is surrounded by a  thick pepti-
doglycan layer that acts as an outer skeleton. This layer is covered by 
the surface layer (S-layer) containing carbohydrates, proteins, and gly-
coproteins. These include the group-specific carbohydrate, which is a 
rhamnose-N-acetyl-glucosamine dimer  that may cross  react with  the 
glycosides of  the heart valves.7 The S-layer also contains  the M pro-
teins, which have a considerable variation in their molecular structure. 
These allow group A streptococci to be differentiated into more than 
130 M-serotypes.

M protein plays a role in the pathogenesis of streptococcal infections 
with different M-types associated with different disease manifestations. 
Several  of  these  M-types  are  associated  with  acute  rheumatic  fever.  
M protein also offers escape from immunity by inhibiting complement 
activation  and  phagocytosis.  M-like  proteins  bind  to  the  Fc  portion  
of  IgG  and  IgA  molecules  irrespective  of  their  antigen  specificity.  
This results in a layer of human immunoglobulins around the bacteria 
with  the  Fab  portion  facing  outward.  This  prevents  phagocytosis  
and immune recognition. The cell wall is surrounded by a hyaluronic 
acid capsule. Because the molecular structure is very similar to that of 
human hyaluronic acid, this provides additional protection against the 
innate immune forces. Some of the rheumatogenic M-types are char-
acterized by a thick capsule, resulting in the mucoid appearance of the 
colonies when grown on a blood agar.

The  cytoplasmic  membrane  is  made  up  of  antigenic  lipoproteins 
that cross react with the glomerular basement membrane and sarco-
lemmal antigen.

Acute rheumatic fever
Girish M. Mody and Bongani M. Mayosi

 Acute rheumatic fever is a systemic inflammatory disease that 
occurs 2 to 3 weeks after infection with group A β-hemolytic 
streptococci.

 The disease is mediated by an autoimmune response to antigenic 
components of the organism that cross react with similar epitopes 
in human tissues such as the heart, joints, brain, and skin.

 The acute form of the illness is characterized by the following:
– Fever
– Arthritis, which is usually migratory and affects predominantly 

the large joints
– Cardiac manifestations due to involvement of the pericardium, 

myocardium, endocardium, and heart valves
– Neurologic involvement, which manifests as Sydenham chorea
– Cutaneous involvement, consisting of erythema marginatum and 

subcutaneous nodules, which are less common

INTRODUCTION
The term acute rheumatic fever describes the usual presentation of the 
disease, although it may not be acute, rheumatic, or febrile. Arthritis 
is common in acute rheumatic fever, but the morbidity and mortality 
of  the disease are usually  related  to  involvement of  the heart. These 
observations were made as early as 1884 by Lasègue, who noted that 
“rheumatic fever is a disease that licks the joints but bites the heart.” 
The  subject  of  rheumatic  fever  and  rheumatic  heart  disease  was 
reported in detail by the World Health Organization (WHO) in 2004 
arising from a WHO Expert Consultation held in Geneva during 20011 
and also reviewed recently by Carapetis and colleagues.2

EPIDEMIOLOGY
Acute rheumatic fever was common in Europe and North America at 
the beginning of the 20th century. Since then there has been a rapid 
decline in the incidence of the disease in industrialized countries, and 
this  was  further  accelerated  with  the  introduction  of  antibiotics  in 
1950.  At  present  the  average  incidence  recorded  in  most  affluent  or 
developed communities is less than 5/100,000 population.

A reduction in the incidence of acute rheumatic fever in industrial-
ized  countries  in  Europe  and  North  America  and  also  in  Japan  sug-
gested that  improvement  in  living conditions with  less overcrowding 
and  better  hygiene  as  well  as  the  widespread  availability  and  use  of 
antibiotics  were  responsible.  In  the  United  States  the  incidence  of 
rheumatic  fever was as  low as 0.23  to 1.88/100,000 per year among 
children  and  adolescents  in  the  early  1980s3  and  had  risen  nearly 
10-fold in some areas by the mid 1980s. A large outbreak in Utah was 
followed by smaller outbreaks in Pennsylvania and Ohio and in mili-
tary bases in San Diego and Missouri. During the Utah outbreak most 
of  the  affected  children  were  from  upper  middle-class  homes  with 
access  to  medical  care,  emphasizing  the  importance  of  factors  other 
than poverty and overcrowding in the pathogenesis of this disease.

Studies  from  developing  countries  have  reported  incidence  rates 
varying from 1.0/100,000 schoolchildren in Costa Rica,4 72.2/100,000 
in French Polynesia, 100/100,000 in Sudan to 150/100,000 in China.5 
A  systematic  review of  population-based  incidence  studies  shows  an 
overall mean incidence of first attack of acute rheumatic fever of 5 to 
51/100,000  people.  The  low  incidence  rate  of  less  than  or  equal  to 
10/100,000  is  confirmed  in  Western  Europe  and  North  America, 
whereas a persistently high incidence (>10/100,000) exists in Eastern 
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pathogenesis could be considered on the basis of factors related to the 
host (genetic susceptibility), the organism (rheumatogenicity), and the 
immune response.11

The current concept of the pathogenesis of acute rheumatic fever is 
that it is due to group A streptococcal infection occurring in a suscep-
tible host, which leads to an autoimmune response to epitopes in the 
organism that cross react with similar epitopes in human tissues (e.g., 
in the joints, heart, brain, and skin). Thus, the characteristics of the 
organism (organism factors or rheumatogenicity), host factors (genetic 
susceptibility), and  the  immune response are  identified as  the major 
factors leading to the development of acute rheumatic fever.7,11

Organism factors
The observation that infections with only some of the strains of group 
A streptococci leads to the development of acute rheumatic fever has 
led  to  the  recognition  of  the  concept  of  “rheumatogenicity.”11  Rheu-
matogenic strains are primarily tropic for the throat and not the skin.

A large amount of M protein can be extracted from the rheumato-
genic strains, which helps in their identification. The role of the surface 
M protein  in  the pathogenesis of  acute  rheumatic  fever  is  supported 
by  the  observation  that  rheumatogenic  strains  tend  to  be  rich  in  M 
protein, express certain epitopes associated with acute rheumatic fever, 
induce  an  intense  M-type  specific  immune  response,  and  also  share 
M-epitopes with human tissue. They cannot produce lipoprotein lipase 
and the opacity factor, the latter being characteristic of strains associ-
ated with skin infection.11 Rheumatogenic strains are also highly con-
tagious and are rapidly transmitted by close person-to-person contact. 
Many  authors  have  reported  associations  of  rheumatic  fever  with 
certain M-types of group A streptococcus, such as types 1, 3, 5, 6, 14, 
18, 19, 24, 27, and 29. Bessen and associates reported that there were 
two classes of M protein.13 The rheumatogenic strains have M protein 
with distinct  epitopes  that  they  called  class  I M protein,  and  the M 
protein of non-rheumatogenic strains is called class II M protein.13

The emphasis on the M protein in the pathogenesis of acute rheu-
matic  fever  has  recently  been  questioned.  Some  strains  of  group  A 
streptococcus associated with acute rheumatic fever in an endemic area 
were not M-typeable or were from M-types that are usually associated 
with skin disease. The rheumatogenicity of group A streptococci is now 
considered  to  be  associated  with  the  strain  per se  rather  than  the 
M-type and it  is thought that any group A streptococcus can acquire 
the ability to cause disease.11 Group A streptococci have the ability to 

Streptococcal toxins
The streptococcus produces many extracellular products, which include 
the  erythrogenic  toxin,  streptolysin  O,  streptolysin  S,  streptokinase, 
diphosphopyridine nucleotidase, and deoxyribonucleases. Streptolysin 
O  elicits  an  antibody  response,  antistreptolysin  (ASO),  which  is  the 
basis of the antibody assay. The antigenicity of streptolysin O is inhib-
ited by lipid in the skin, and this may account for the lack of associa-
tion  between  streptococcal  skin  infections  and  rheumatic  fever.  The 
streptococcus has many antigens that are similar to mammalian tissue 
and may cross react with the joint, heart (myocardium, valvular tissue), 
skin, kidney, and brain.

Rheumatic fever and the streptococcus
Epidemiologic studies have shown a causal relationship between group 
A  streptococcal  pharyngitis  and  acute  rheumatic  fever. However, not 
all group A streptococcal infections cause rheumatic fever even if the 
site of the antecedent infection is pharyngeal. A survey among untreated 
military  recruits  with  pharyngitis  reported  acute  rheumatic  fever  in 
3%.8  Acute  glomerulonephritis  may  be  associated  with  streptococcal 
pyoderma owing to certain strains of group A streptococci that show 
primary  tropism  for  the skin. Acute  rheumatic  fever and acute post-
streptococcal glomerulonephritis rarely occur together.

There is little evidence for the direct invasion of the affected tissues 
by  group  A  streptococci  in  patients  with  acute  rheumatic  fever.  The 
role of group A streptococcal infection in acute rheumatic fever is sup-
ported by the following observations7:

●  Outbreaks of rheumatic fever follow epidemics of either strepto-
coccal sore throats or scarlet fever.

●  Treatment  of  documented  streptococcal  pharyngitis  markedly 
reduces the incidence of subsequent rheumatic fever.

●  Antimicrobial prophylaxis prevents recurrence in known patients 
with acute rheumatic fever.

●  Most patients will have elevated titers of antistreptococcal anti-
bodies (streptolysin O, hyaluronidase, and streptokinase) regard-
less of whether they recall an antecedent streptococcal sore throat.

PATHOGENESIS
The  pathogenesis  of  acute  rheumatic  fever  has  been  reviewed  in  
detail.7,9-12  Carapetis  and  colleagues  suggested,  in  1996,  that  the 

Time (years)
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Fig. 108.1 Serial changes in the incidence of first attack of acute rheumatic 
fever in population-based studies. (From Tibazarwa KB, Volmink JA, Mayosi 
BM. Incidence of acute rheumatic fever in the world: a systematic review of 
population-based studies. Heart 2008;94:1534-1540.)
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Family studies have shown marked elevations of the B-cell antigens 
defined  by  the  D8/17  monoclonal  antibody  in  unaffected  family 
members.9 The B-cell alloantigen D8/17 has been shown to be of value 
in differentiating Sydenham’s chorea from lupus chorea.

In summary,  it  is  likely that the susceptibility to acute rheumatic 
fever is polygenic, with the reported HLA class antigens being close to 
or in linkage disequilibrium with the putative rheumatic fever suscep-
tibility gene, and the D8/17 antigen may be associated with one of the 
genes.7

Immune response
Rheumatic fever is recognized as one of the diseases in which there is 
molecular mimicry between a foreign agent (group A streptococci) and 
host tissue (e.g., heart, brain). Many antigens or components of group 
A  streptococci  have  been  shown  to  cross  react  directly  with  various 
human tissues. It was postulated that components of streptococci such 
as  streptococcal  membrane,  group-specific  glycoprotein,  or  carbohy-
drate components induce both a humoral and a cell-mediated immune 
response that cross reacts with the host tissues. The detection of anti-
bodies  to  streptococcal  antigens  that  are  similar  to  human  tissues 
suggested  that humoral  immunity played a major  role  in  the patho-
genesis of acute rheumatic fever. Evidence, however, suggests that the 
primary damage may be mediated by cellular immunity and that the 
antibodies are produced in response to antigens released from damaged 
tissues.

Immunopathologic studies of heart tissue showed that infiltrates of 
the  heart  valve  consisted  mainly  of  T  lymphocytes  and  the  Aschoff 
body, which is the characteristic cardiac lesion of rheumatic fever and 
is derived from macrophage lineage. The T cells and macrophages are 
present in cell-mediated immune responses. B cells, which are associ-
ated with humoral immunity, are uncommonly found.

The role of cellular immunity is also supported by the detection of 
increased levels of several markers of cellular immune activation such 
as  circulating  CD4+  lymphocytes,  interleukin  (IL)-1  and  IL-2,  IL-2 
receptor-positive T cell, tumor necrosis factor (TNF)-a receptors, leu-
kocyte migration inhibition, natural killer (NK) cell cytotoxicity, mono-
nuclear cell cytotoxicity, T-cell responsiveness to streptococcal antigens, 
neopterin  and  oxygen  free  radical  production  by  phagocytes.11  The 
response by T cells to an epitope on the M protein of group A strep-
tococci and cardiac myosin epitopes was reported by Pruksakorn and 
associates.18

A hypothesis on the pathogenesis of rheumatic fever that includes 
some of the just-mentioned observations has been proposed by Cara-
petis and colleagues.11 The cross-reactive antigens of streptococci are 
presented to helper T cells (Th) by antigen-presenting cells in conjunc-
tion with MHC class II antigens. Abnormal presentation or recognition 
of these antigens leads to uncontrolled Th activation and proliferation, 
possibly mediated by  IL-2. This  leads  to  the  release of  lymphokines, 
activation of NK cells and cytotoxic T cells and secondary activation 
of macrophages and neutrophils. As a result, there is eradication of the 
streptococci  and  damage  to  the  host  tissue  due  to  cross-reactivity. 
Antigens  released  from  the  host  tissue  induce  an  antibody  response 
that may further damage the tissue or serve as a marker of damaged 
tissue.

Measurements  of  T-cell  responsiveness  in  rheumatic  fever  have 
shown increased reactivity during acute episodes. The ability of T cells 
to amplify and perpetuate the chronic rheumatic process is unknown.

PATHOLOGY
Rheumatic  fever  can  cause  pathologic  changes  throughout  the  body, 
especially in the connective tissue and around blood vessels.

Cardiac involvement
In the heart, the pericardium, myocardium, and endocardium can be 
affected, resulting in a pancarditis.

Myocarditis
In the acute phase there may be diffuse myocardial involvement leading 
to  conduction disturbances  and heart  failure. Death may  result  in  a 

horizontally  transfer  genetic material  so  that  the  epitopes  that  cross 
react with human tissue may be transferred between strains.11 These 
observations  may  explain  why,  in  endemic  areas,  rheumatic  fever–
associated strains come from M-types that are not usually associated 
with rheumatic fever or are not M-typeable.

Other  potential  mechanisms  that  have  been  implicated  in  the 
pathogenesis of acute rheumatic fever are the abilities of components 
and products of group A streptococci to act as superantigens and stimu-
late the T cells without requiring antigen presentation.11 However, this 
view  has  been  questioned,  because  these  properties  may  be  due  to 
contamination.11 The role of co-pathogens has also been suggested, and 
coxsackievirus has been postulated as a possible co-pathogen.

In Australian aborigines,  serotyping of  group A  streptococcus  iso-
lates suggested that skin lesions were the main source of all strains of 
group A streptococcus  isolates  regardless of  the site of  isolation.14  In 
Thailand, emm sequence typing did not differentiate between skin or 
throat strains associated with acute rheumatic fever or post-streptococ-
cal  glomerulonephritis.15  This  is  thought  to  be  the  result  of  genetic 
recombination between different strains. Thus, it appears that in devel-
oping countries and in populations with high rates of superficial infec-
tions, the distinction between rheumatogenic and non-rheumatogenic 
strains  is blurred. McDonald and coworkers have noted  that  control 
measures have been ineffective in aboriginal communities who have a 
high  incidence of persons with  rheumatic  fever  and  rheumatic heart 
disease.16 In these communities, group A streptococcal throat coloniza-
tion  is  uncommon,  group  A  streptococcus  pharyngitis  is  rare,  pyo-
derma is a major manifestation of group A streptococcus infection, and 
typical rheumatogenic strains do not occur.16 They suggest that group 
A streptococcal pyoderma and/or non-group A streptococcal infections 
are responsible for acute rheumatic fever in these communities.

Host factors
There is a high prevalence of streptococcal pharyngitis in many popula-
tions but only a small percentage develops acute rheumatic fever. Acute 
rheumatic  fever  occurs  in  3%  to  6%  of  people  during  outbreaks  of 
pharyngitis, and the incidence is lower with sporadic pharyngitis. The 
disease is familial, but the transmission of the disease has been vari-
ously suggested as being autosomal recessive or autosomal dominant 
with limited penetrance. An inherited susceptibility to acute rheumatic 
fever  and  rheumatic  heart  disease  is  supported  by  twin  studies  that 
show an increased concordance in monozygotic twins compared with 
dizygotic  twins,  although  the  lower  than  expected  concordance  indi-
cates it is not a simple mendelian single-gene inheritance.12

Because autoimmune responses have been postulated in the patho-
genesis of acute rheumatic fever, an immunogenetic predisposition has 
been  sought.  An  earlier  study  using  serologic  methods  showed  an 
association with human leukocyte antigen (HLA)-DR4 in whites and 
HLA-DR2  in  African  Americans.  The  association  of  patients  with 
acute rheumatic fever and rheumatic heart disease with HLA antigens, 
B-cell  alloantigens,  and  immune  gene  polymorphisms  in  different 
ethnic populations and different regions has been recently reviewed.12

Subsequent  associations  with  HLA-DR4  have  been  reported  in 
whites, with HLA-DR2  in African Americans, HLA-DR3  in  Indians, 
and HLA-DR1 and HLA-DRw6 in South African blacks. Studies using 
molecular  HLA  typing  techniques  have  led  to  a  re-evaluation  of  the 
major  histocompatibility  complex  (MHC)  class  II  associations  with 
rheumatic fever and rheumatic heart disease. It is now suggested that 
DRB1*0701, DR6 and DQB1*0201 confer susceptibility to rheumatic 
fever;  such  observations  are  in  agreement  with  those  reported  in 
Turkey, Mexico, South Africa, and Japan. An association of rheumatic 
fever with HLA-DR7 was recently reported in a Brazilian study.

Recent  studies  have  identified  a  non-HLA  B  cell  marker  that  is 
present in patients with acute rheumatic fever. A monoclonal antibody 
(D8/17) was prepared by immunizing mice with B cells from a patient 
with rheumatic fever. The B-cell antigen was expressed on an increased 
number of B cells in 100% of patients from different ethnic groups and 
only  in  10%  of  normals.7  This  marker  was,  however,  absent  in  one 
third of north Indian patients. A new monoclonal antibody developed 
against the B cells of the north Indian patients with rheumatic fever, 
PGI/MNII, was positive  in 86% and 94% of patients with rheumatic 
fever and rheumatic heart disease, respectively.17
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the valve. In other patients the scarring is progressive over years and 
may affect the subendocardial tissue, as well as the annulus, cusp, and 
chordae tendineae. These changes can lead to contraction of the cusp 
or thickening and stiffening of the cusp, leading to valvular incompe-
tence or fusion of commissures, resulting in stenosis.

The  reason  why  some  patients  have  progressive  scarring  while 
others do not is not known. Some patients have recurrent episodes of 
streptococcal infection resulting in further immunologic injury whereas 
others may develop small mural thrombi on the damaged valves, and 
the release of growth factors from the platelets and other components 
of the thrombi may lead to further fibrosis.

Pathologic  analysis  of  heart  valves  obtained  at  the  time  of  valve 
replacement shows foci of abundant mononuclear or lymphocytic infil-
trates within tissues (Fig. 108.3). Immunologic study of the inflamma-
tory cell types has shown a predominance of T cells of the OKT4 (CD4) 
or Th lineage. The prominence of Th cells suggests that local produc-
tion of potent lymphokines such as IL-2, TNF, or even IL-6 contributes 
to the chronic pathologic changes.

Pericarditis
Pericarditis affects both layers of the pericardium, which may be thick-
ened and covered by a fibrin-rich exudate. There may also be serosan-
guineous  fluid  in  the  pericardial  cavity.  The  pericarditis  resolves 
completely  with  fibrosis  and  adhesions,  but  constriction  does  not 
occur.

Articular involvement
Pathologic  changes  in  the  joints  consist  of  exudative  changes  with 
edema of the synovial membrane, focal necrosis in the joint capsule, 
edema  and  inflammation  in  the  periarticular  tissues,  and  joint  effu-
sion. These changes are completely reversible.

Other changes
The subcutaneous nodules (Fig. 108.4) that are seen in the acute phase 
resemble  Aschoff  nodules.  The  pathologic  changes  in  the  brain  in 
patients with chorea are not well defined, because patients with active 
chorea rarely die of this complication and brain tissue is rarely available 
for postmortem examination.

small proportion of patients, and at postmortem examination there is 
dilation  of  the  chambers  and  the  myocardium  is  pale,  flabby,  and 
edematous.

The histologic changes  in  the myocardium may consist of a non-
specific myocarditis with edema of the muscle fibers and focal collec-
tions  of  inflammatory  cells  in  the  interstitial  connective  tissue  or  a 
specific granulomatous myocarditis with the presence of the character-
istic  Aschoff  nodules.  The  typical  acute  and  subacute  inflammatory 
foci  seen  in  heart  muscle  are  shown  in  Figure  108.2.  The  Aschoff 
nodules are composed of a central area of fibrinoid necrosis surrounded 
by  specialized  histiocytes  called  Aschoff  giant  cells  and  Anitschkow 
cells, which, in turn, are mixed with lymphocytes. Silver19 and Stoller-
man20 defined three phases in the progression of Aschoff nodules:

●  The  early  stage  with  central  fibrinoid  necrosis,  edema,  and  an 
infiltrate of  lymphocytes and plasma cells  (non-specific stage or 
exudative-degenerative phase)

●  The  specific granulomatous  stage with accumulation of  charac-
teristic Aschoff giant cells and Anitschkow cells

●  The  late  stage  with  diminution  of  the  cellular  infiltrate  and 
replacement by scar tissue

The  presence  of  Aschoff  nodules  indicates  that  there  has  been  an 
episode of acute rheumatic fever. They can persist for many years and 
may  be  identified  at  the  time  of  valve  replacement  surgery  even  in 
patients who do not have any clinical or laboratory evidence of rheu-
matic  activity. The persistence  of  the Aschoff nodules  seems  to  cor-
relate with the tendency of the host to develop progressive stenosis and 
fibrosis of the mitral valve.

Endocarditis
In  the  early  stages,  endocarditis  is  associated with  thickening of  the 
valves as a result of edema and a row of vegetations or verrucous lesions 
are present along the free borders of the cusps. These tiny vegetations 
are  platelet-rich  microthrombi,  which  do  not  become  dislodged  and 
therefore do not produce the embolic phenomena seen with the larger 
vegetations  of  infective  endocarditis.  The  mitral  valve  is  most  com-
monly affected  followed by  the aortic  valve,  either alone or with  the 
mitral  valve.  During  healing,  vascularization  takes  place,  with  an 
increase  in  fibroblastic  activity  resulting  in  fibrosis.  The  degree  of 
fibrosis is variable, and in most cases it does not affect the function of 

Fig. 108.2 Photomicrograph showing extensive mononuclear cell infiltration 
and adjacent cardiac muscle fiber destruction and dissolution in a region of 
active rheumatic carditis. Many activated monocytoid cells with large 
asymmetric nuclei and abundant cytoplasm are seen (H&E, original 
magnification ×350).

Fig. 108.3 Typical interstitial perivascular lymphocytic infiltrates noted in a 
rheumatic mitral valve removed during mitral valve replacement 12 years after 
the initial attack of acute rheumatic fever. Such areas of chronic low-grade 
inflammation are frequently present in rheumatic heart valvular tissues 10 to 
20 years after the last clinically detectable episode of rheumatic activity. (H&E, 
original magnification ×350).
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limbs. Monarthritis has been reported in 17% to 25% of patients. The 
large  joints  such  as  the  knees,  ankles,  elbows,  and  wrists  are  most 
frequently  involved.  The  hip,  shoulder,  and  the  small  joints  of  the 
hands and feet are less frequently involved.

The clinical pattern of joint involvement in a large series of patients 
was as follows:

●  One or both knees in 76%
●  One or both ankles in 50%
●  Elbows, wrists, hips, or small joints of the feet in 12% to 15%
●  Shoulder or small joints of the hand in 7% to 8%
●  Lumbosacral in 2%
●  Cervical in 1%
●  Sternoclavicular in 0.5%
●  Temporomandibular in 0.5%

In  clinical  practice  most  patients  who  develop  joint  pain  will  be 
treated  empirically  with  aspirin  or  non-steroidal  anti-inflammatory 
drugs (NSAIDs). The progression of the arthralgia or arthritis thus may 
be prevented, and the typical migratory pattern of acute rheumatic fever 
may not be seen.

Analysis  of  the  synovial  fluid  has  shown  the  presence  of  sterile 
inflammatory fluid. There may be a reduction in complement compo-
nents  C1q,  C3,  and  C4,  suggesting  their  consumption  by  immune 
complexes.

Radiographs may show the presence of effusion, but no other abnor-
malities are noted.

Jaccoud arthritis or  Jaccoud arthropathy  (also called chronic post–
rheumatic fever arthropathy) is a rare manifestation of acute rheumatic 
fever  that  is  characterized  by  deformities  of  the  fingers  and  toes.22 
There is ulnar deviation of the fingers, especially the fourth and fifth 
fingers, flexion of the metacarpophalangeal joints, and hyperextension 
of  the proximal  interphalangeal  joints. The hand  is usually painless, 
and  there are no signs of  inflammation. The deformities are usually 
correctible  but  may  become  fixed  in  the  later  stages.  There  are  no  
true  erosions  on  radiographs,  and  the  rheumatoid  factor  is  usually 
negative.

Jaccoud arthropathy may occur after repeated attacks of rheumatic 
fever and results from recurrent inflammation of the fibrous articular 
capsule. A similar form of arthropathy is seen in patients with systemic 
lupus erythematosus.

Carditis
Carditis  is  the  most  serious  manifestation  of  acute  rheumatic  fever 
because it may lead to chronic rheumatic heart disease and sometimes 
severe heart failure. However, usually it is less severe and may produce 
scarring of the heart valve. In some patients the carditis may be asymp-
tomatic and is detected during clinical examination of a patient with 
arthritis or chorea. The incidence of carditis during the initial attack 
of  acute  rheumatic  fever  varies  from 40%  to 91%, depending on  the 
selection  of  patients  and  whether  the  diagnosis  is  made  on  clinical 
assessment alone or combined with echocardiography.

The incidence of carditis in rheumatic fever varies with the age of 
the patient. It is reported in 90% to 92% of children younger than the 
age of 3 years, in 50% of children aged 3 to 6 years, in 32% of teenagers 
aged 14 to 17 years,23 and only in 15% of adults with a first attack of 
rheumatic fever. In Bland and Jones’ review of 1000 patients in 1951,24 
65% were diagnosed as having  carditis.  In  the Utah outbreak  in  the 
United States, 91% had carditis when clinical examination was com-
bined with echocardiography.

The  symptoms  and  signs  of  carditis  depend  on  whether  there  is 
involvement  of  the  pericardium,  myocardium,  or  a  heart  valve.  The 
clinical  diagnosis  of  carditis  is  based  on  the  detection  of  an  organic 
murmur that was not previously present, presence of a pericardial fric-
tion  rub, or  signs of pericardial  effusion,  cardiomegaly, or  congestive 
heart failure.

Myocarditis in the absence of valvulitis is unlikely to be rheumatic 
in origin. It should be accompanied by an apical systolic or basal dia-
stolic  murmur.  Patients  with  myocarditis  may  develop  cardiomegaly 
and congestive heart failure, which may be severe and life threatening. 
They  require aggressive  treatment with diuretics and anti-inflamma-
tory  drugs,  which  may  include  corticosteroids.  Myocardial  damage  
may manifest as electrocardiographic changes, which include varying 

CLINICAL MANIFESTATIONS
The clinical manifestations of acute rheumatic fever are variable, and 
there is no single clinical feature or laboratory test that is diagnostic.

The  typical  attack  of  acute  rheumatic  fever  follows  an  episode  of 
streptococcal pharyngitis after a latent period of 2 to 3 weeks (average 
of 18.6 days). During the latent period there is no clinical or laboratory 
evidence of  active  inflammation. About one  third of patients  cannot 
remember  having  an  upper  respiratory  tract  infection  preceding  the 
first attack of acute rheumatic fever.

Acute rheumatic fever occurs most commonly in children between 
the age of 4 and 9 years. In developing countries such as India, juvenile 
mitral stenosis may occur at the age of 3 to 4 years.21 The prevalence 
of  the various major criteria varies  in different studies depending on 
whether  the  patients  are  studied  prospectively  or  in  retrospect.  The 
illness usually begins with a high fever, but in some patients the fever 
may be low grade or absent. The most common of the major criteria 
is polyarthritis, which occurs in between two thirds and three fourths 
of the patients, followed by carditis and chorea.

Major criteria
Arthritis
Arthritis is the most common presenting manifestation of acute rheu-
matic fever and occurs in up to 75% of the first attacks. Joint involve-
ment  is  usually  more  common  (nearly  100%),  and  more  severe,  in 
young  adults  than  in  teenagers  (82%)  and  children  (66%). The  joint 
pain is typically described as migratory, which refers to the sequential 
involvement of  joints, with  inflammation  resolving  in one  joint  and 
then  beginning  in  another  joint.  Sometimes,  the  joint  involvement 
may be additive rather than migratory, with simultaneous involvement 
of several  joints. In untreated patients the number of  joints  involved 
may vary from 6 to 16.

The  affected  joints  may  be  painful  and  swollen,  although  many 
patients have joint pain and tenderness with little objective evidence 
of  inflammation.  The  affected  joint  may  be  inflamed  for  only  a  few 
days to a week before the inflammation subsides. In about two thirds 
of patients,  the polyarthritis  is severe  for about a week and may  last 
another 1 to 2 weeks in the remainder before it resolves completely. If 
joint swelling persists after 4 weeks,  it  is  then necessary  to consider 
other conditions such as juvenile idiopathic arthritis or systemic lupus 
erythematosus.

At the onset of the illness the joint involvement is asymmetric and 
usually affects the lower limbs initially before spreading to the upper 

Fig. 108.4 Typical histologic picture of a rheumatic fever nodule. Evidence of 
fibrous tissue, a number of fibroblasts, and a few interstitial lymphocytes can 
be seen. A similar histologic appearance might also be seen in subcutaneous 
nodules associated with rheumatoid arthritis (H&E, original magnification 
×350).
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rheumatic  fever.  A  survey  of  12,000  black  schoolchildren  in  South 
Africa  reported  a  prevalence  of  rheumatic heart  disease  in  6.9/1000, 
and 82.5% of the affected children were previously undiagnosed.25

Sydenham’s chorea
Chorea may be the only presenting manifestation of acute rheumatic 
fever. It is more common in females, and after puberty there is an even 
greater  female predominance. The  latent period between  the episode 
of streptococcal pharyngitis and the development of chorea is consider-
ably  longer  (6  to  8  weeks)  than  for  arthritis  and  carditis.  Chorea  is 
characterized  by  the  presence  of  involuntary,  purposeless,  and  jerky 
movements of the hands, arms, shoulders, feet, legs, face, and trunk. 
The  purposeless  movements  interfere  with  voluntary  activity  and  
disappear  during  sleep.  Initially,  chorea  may  be  confined  to  the  face  
or  one  arm,  and  sometimes  it  may  be  completely  unilateral 
(hemichorea).

Chorea  may  last  for  a  week  to  2  years  but  usually  lasts  8  to  15 
weeks. When chorea occurs alone, the erythrocyte sedimentation rate 
(ESR),  C-reactive  protein,  and  streptococcal  antibody  titers  may  be 
normal, because of the long latent period and resolution of the original 
infection. Chorea does not occur simultaneously with arthritis but may 
co-exist with carditis. Some patients with chorea may have a cardiac 
murmur whereas others may only  later manifest  involvement of  the 
mitral valve.

Subcutaneous nodules
The  subcutaneous  nodules  of  acute  rheumatic  fever  resemble  the 
nodules of rheumatoid arthritis and may be detected over the occiput, 
elbows,  knees,  ankles,  and Achilles  tendons.  In  rheumatic  fever,  the 
nodules around the elbow tend to occur over the olecranon while rheu-
matoid nodules tend to occur more distally along the extensor aspect 
of  the  upper  forearm.  They  are  usually  firm,  painless,  and  freely 
movable over the subcutaneous tissue. They vary in size from 0.5 to 
2.0  cm  and  tend  to  occur  in  crops.  They  are  usually  smaller,  more 
discrete,  and  less  persistent  than  rheumatoid  nodules.  They  were 
detected  in  only  1.5%  of  patients  in  a  series  of  786  patients,  but  a 
higher prevalence was reported in earlier studies.

Nodules are usually seen in children with prolonged active carditis 
rather  than  in  the  early  stages  of  acute  rheumatic  fever.  They  may 
persist for a few weeks but seldom more than a month. Multiple crops 
of nodules may be related to the severity of the rheumatic carditis.

Erythema marginatum
Erythema marginatum is a less common manifestation of acute rheu-
matic fever and occurs on the upper arms or trunk but not the face. It 
has a characteristic appearance and is therefore helpful in the diagnosis 
of acute rheumatic fever but is not pathognomonic of rheumatic fever. 
The rash is evanescent, pink, and non-pruritic. It extends centrifugally 
while the skin at the center returns to normal, hence the name “ery-
thema marginatum.” It has an irregular serpiginous border. The rash 
may also become more prominent after a hot shower.

Erythema marginatum usually occurs only in patients with carditis 
and may occur early or later in the course of the disease.

Other manifestations
The  temperature  is usually  raised during  attacks of  acute  rheumatic 
fever and ranges  from 38.4°  to 40°C (101.1°  to 104°F).10 A survey of 
patients with acute rheumatic fever noted a low-grade fever of 38°C or 
less  in 29%.11 The temperature usually decreases  in a week, and the 
fever rarely lasts more than 4 weeks.

Abdominal pain may be severe and may mimic acute appendicitis. 
Epistaxis was reported as a common manifestation in the past but is 
now uncommon. Rheumatic pneumonia is uncommon and is difficult 
to distinguish from pulmonary edema and other causes of alveolitis.

A recent survey has shown that patients with Sydenham’s chorea  
and  rheumatic  fever  have  a  high  risk  of  developing  neuropsychiatric 
symptoms.  Obsessive-compulsive  disorder  was  more  common  and 
attention deficit/hyperactivity disorder is a risk factor for Sydenham’s 
chorea in children with rheumatic  fever. The association with obses-
sive-compulsive disorder is interesting in view of the finding of increased 
D8/17 B-cell positivity in these patients.

degrees of heart block. Patients with first-degree heart block are usually 
asymptomatic. Patients with second- and third-degree heart block may 
be  symptomatic  and  require  a  pacemaker  if  they  develop  congestive 
heart failure.

Pericarditis is associated with anterior chest pain, and a pericardial 
friction rub may be detected on clinical examination. Pericarditis can 
be detected clinically in about 10% of patients. The pericardial effusion 
may sometimes be large, but cardiac tamponade is rare. Constrictive 
pericarditis does not occur.

Endocarditis or valvulitis is diagnosed by the presence of an apical 
holosystolic  murmur  of  mitral  regurgitation  or  basal  early  diastolic 
murmur  in  patients  who  do  not  have  a  history  of  rheumatic  heart 
disease.  In  patients  who  have  a  history  of  previous  rheumatic  heart 
disease, a change in the character of the murmurs or the appearance 
of a new murmur will indicate the presence of carditis. Echocardiogra-
phy can  lead  to  the early diagnosis of valvular  involvement,  confirm 
the presence of  suspected valvular  regurgitation, and help  to exclude 
non-rheumatic  causes  of  valvular  involvement.  Echocardiography  is 
not a prerequisite for the diagnosis of carditis and should not be con-
sidered a limitation where it is not available.1

The mitral valve is involved most often, followed by the aortic valve. 
Mitral  stenosis  is  a  classic  finding  in  acute  rheumatic  fever.  Mitral 
incompetence may occur alone or with mitral stenosis or other valvular 
lesions. When the aortic valve is involved, aortic incompetence is more 
common than aortic stenosis.

Echocardiography is more sensitive than clinical examination alone 
for the detection of valvular abnormalities. The typical echocardiograph 
findings  in  a  patient  with  mixed  mitral  valve  disease  are  shown  in 
Figure 108.5.The significance of the milder lesions detected on echo-
cardiography is uncertain but it is possible that some of them may heal 
without any sequelae. In 1992 when the Jones criteria for the diagnosis 
of acute rheumatic fever were revised, the American Heart Association 
recommendations noted that “at present there is insufficient informa-
tion to allow the use of echocardiography, including Doppler, to docu-
ment  valvular  regurgitation  without  accompanying  auscultatory 
findings as the sole criterion for valvulitis in acute rheumatic fever.”

Echocardiography  is  widely  available  in  most  developed  countries 
and is likely to be used for the detection of valvular involvement or the 
assessment of severity.

Congestive heart failure may be due to myocarditis or severe involve-
ment of one or more heart valves. It occurs in 5% to 10% of the initial 
episodes and is more frequent during recurrences of rheumatic fever.

If  patients  do  not  have  a  high  fever,  arthritis,  chest  pain  due  to 
pericarditis, or chorea, they may not seek medical attention and later 
present with rheumatic heart disease without an antecedent history of 

b

a

c

Fig. 108.5 The still echocardiograph image shows an apical four-chamber view 
of a patient with rheumatic mixed mitral valve disease. Note the thickening of 
mitral valve leaflets (a) and submitral valve apparatus (b). The left atrium is 
dilated (c). (Courtesy of Dr. Neil Hendricks, The Cardiac Clinic, Groote Schuur 
Hospital, Cape Town.)
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in 68% of patients.29 Doppler ultrasound examination detected  inau-
dible valvular incompetence in 47% of patients with only polyarthritis 
at onset and in 57% of patients with chorea alone.29

Other tests
A mild normocytic normochromic anemia may be present. Antibodies 
to cardiac tropomyosin are elevated in most patients with acute rheu-
matic  fever  and  can  be  detected  by  enzyme-linked  immunosorbent 
assays.  Using  a  monoclonal  antibody  (D8/17),  patients  with  acute 
rheumatic  fever  show  increased  levels  of  D8/17-positive  cells.  They 
have been detected in 63% to 100% of patients of diverse ethnic origins 
and only  in 4.4%  to 14% of normal  individuals. The  latter  tests  are 
not widely available at present.

DIAGNOSIS
The original Jones criteria for rheumatic fever were proposed in 1944 
and were modified  in 1992, as  shown  in Table 108.1.28 They  served 
as a guideline for the diagnosis of the initial attack of rheumatic fever 
and  included  a  combination  of  clinical  and  laboratory  features.  The 
WHO has adopted the 2002-2003 WHO criteria1 for the diagnosis of 
rheumatic  fever  (based on  the  revised  Jones criteria30,31)  as  shown  in 
Table 108.2.

The revised WHO criteria facilitate the diagnosis of:

●  A primary episode of rheumatic fever
●  Recurrent  attacks  of  rheumatic  fever  in  patients  without  rheu-

matic heart disease
●  Recurrent attacks of rheumatic fever in patients with rheumatic 

heart disease
●  Rheumatic chorea
●  Insidious-onset rheumatic carditis
●  Chronic rheumatic heart disease

The diagnosis of a primary episode of rheumatic fever and recurrent 
attack of rheumatic fever in patients with or without rheumatic heart 
disease requires evidence of preceding group A streptococcal infection 
and varying combinations of major and minor manifestations. However, 
it is possible to diagnose rheumatic fever in the absence of evidence of 
preceding group A streptococcal  infection in patients with rheumatic 
chorea,  insidious-onset  rheumatic  carditis,  and chronic valve  lesions 
of rheumatic heart disease.

It is important to establish a diagnosis of acute rheumatic fever so 
that  patients  can  be  treated  with  penicillin  (or  erythromycin  if  the 
patient is allergic to penicillin) and a decision can be made on the need 
for  long-term  prophylaxis  to  prevent  recurrent  attacks  of  rheumatic 

INVESTIGATIONS
The  investigation  of  a  patient  with  suspected  acute  rheumatic  fever 
includes seeking evidence of streptococcal infection, acute-phase reac-
tants  such  as  ESR  and  C-reactive  protein,  electrocardiography,  chest 
radiography, and other supporting tests.

Throat cultures
Throat cultures should be taken at presentation to isolate the organ-
ism.  They  are  usually  negative  by  the  time  patients  present  with 
arthritis or carditis. A positive throat culture may be due to convales-
cent carriage of  the original  rheumatogenic strain or a new infection 
with a different strain.

Streptococcal antibody tests
The  antibody  tests  are  directed  against  the  extracellular  products  of 
streptococci  and  include  ASO,  anti-DNAse  B  (ADB),  antihyaluroni-
dase, anti-NADase (anti-DPNase), and antistreptokinase. ASO is the 
most widely used test. Streptococcal antibody tests are useful because 
they usually reach a peak at the time of clinical presentation of acute 
rheumatic fever, the presence of a high titer indicates a true infection, 
and  a  significant  rise  in  the  titer  on  repeat  testing  will  support  the 
diagnosis of a recent infection.7

The antibody levels usually reach a peak at 4 to 5 weeks after the 
pharyngeal infection. They decrease rapidly over the next few months 
and then more slowly after 6 months.7 Because only about 80% of the 
patients  have  a  rise  in  the  titer  of  the  ASO,  it  may  be  necessary  to 
perform other antibody tests such as the ADB.

A recent study from Fiji has shown that the normal ranges for the 
ASO and ADB were similar to those reported in countries with a tem-
perate climate, and the authors suggest that a uniform upper limit of 
normal could be applied globally.26

The  rapid antigen detection  test  for  streptococcal pharyngitis was 
shown to have a sensitivity of 89.7 % and a specificity of 97.2% in a 
group of 475 children with a positive throat culture out of a sample of 
1248 children with acute upper respiratory tract infections.27

Acute-phase reactants
The ESR and C-reactive protein usually show variable elevation during 
the  acute  illness  with  arthritis  or  carditis.  They  may,  however,  be 
normal when chorea  is the only clinical manifestation. They usually 
respond to salicylates or NSAIDs. They may also be useful in monitor-
ing recurrences of acute rheumatic fever.

Chest radiography
Moderate or massive cardiomegaly may be present, depending on the 
severity of the carditis. Heart failure may occur with severe myocarditis 
or valvular  involvement. Pericarditis with an effusion may produce a 
globular heart.

Electrocardiography
There may be features of pericarditis with diffuse elevation of the ST 
segments. Myocarditis may be associated with tachycardia and prolon-
gation of the PR interval. Some patients may have second-degree heart 
block or, rarely, complete heart block. An earlier series of 700 patients 
reported electrocardiographic abnormalities in 21%, with 60% of them 
having varying degrees of heart block.

Echocardiography
The  role  of  echocardiography  in  acute  rheumatic  fever has not  been 
clearly defined and was not included in the 1992 revised Jones criteria28 
and  the  2002-2003  WHO  criteria.1  However,  it  is  likely  to  be  used 
widely  in clinical practice, especially where cardiac murmurs are not 
detected on  clinical  examination. The  long-term significance of  sub-
clinical  abnormalities  that  are  detected  on  echocardiography  is 
unknown. In the Utah epidemic, carditis was detected on auscultation 

TABLE 108.1 GUIDELINES FOR THE DIAGNOSIS OF 
INITIAL ATTACK OF RHEUMATIC FEVER

Major 
manifestations Minor manifestations

Supporting evidence 
of antecedent group A 
streptococcal infection

Carditis Clinical findings Positive throat culture 
or rapid streptococcal 
infection test

Polyarthritis Arthralgia Elevated or rising 
streptococcal 
antibody titer

Chorea
Erythema 

marginatum
Subcutaneous 

nodules

Fever
Laboratory findings:

Elevated acute-phase reactants
Erythrocyte sedimentation rate
C-reactive protein
Prolonged PR interval

If supported by evidence of preceding group A streptococcal infection, the presence of two major 
manifestations or of one major and two minor manifestations indicates a high probability of 
acute rheumatic fever.
Jones criteria, updated 1992.
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Antimicrobial therapy
Adequate treatment of the streptococcal pharyngeal infection is essen-
tial to avoid prolonged and repetitive exposure to streptococcal antigen. 
The treatment of choice  is penicillin, which is best given as a single 
intramuscular dose of benzathine benzylpenicillin. If penicillin is given 
orally, a 10-day course is necessary.

A New Zealand  study of 353  children with positive  throat  swabs 
showed  that  a  10-day  course  of  once-daily  oral  amoxicillin  was  not 
inferior  to  a  standard  10-day  course  of  twice-daily  penicillin  V.35 
A  recent  Cochrane  review  noted  that  in  countries  with  low  rates  of  
rheumatic fever, 3 to 6 days of oral antibiotics (azithromycin, clarithro-
mycin,  and  cefuroxime)  had  comparable  efficacy  to  standard  10-day 
oral  penicillin  therapy  in  treating  children  with  streptococcal 
pharyngitis.36

Analgesics and NSAIDs
Patients with mild symptoms of fever and joint pain without carditis 
may respond to analgesics alone. If there is moderate or severe arthritis 
with or without carditis,  they should be  treated with salicylates  in a 
dose of 80 to 100 mg/kg/day to maintain a blood level of 20 to 30 mg/
day. Salicylate doses of 4 g or more may be required in adults. Patients 
on  high-dose  salicylates  will  require  monitoring  for  adverse  effects, 
including  nausea,  vomiting,  abdominal  pain,  and  gastrointestinal 
bleeding.  Treatment  should  be  continued  until  the  symptoms  and 
signs  of  inflammation  have  resolved.  The  higher  dose  of  salicylates 
should  be  continued  for  2  weeks  and  then  reduced.  Use  of  other 
NSAIDs is also of value and naproxen has been reported to be effective 
and well tolerated.37

Corticosteroid therapy
A meta-analysis of the long-term outcome of carditis with the use of 
corticosteroids  and  salicylates  failed  to  show  any  benefit  for  either 
agent.38 The role of anti-inflammatory treatment for carditis has been 
reviewed and failed to show any benefit of using corticosteroids, intra-
venous immunoglobulin, and aspirin in preventing cardiac disease in 
patients with acute rheumatic fever.

Corticosteroids  have  a  potent  anti-inflammatory  effect  and  have 
been used  in patients with severe carditis or  carditis associated with 
heart  failure  even  though  there  is  insufficient  evidence  for  their  effi-
cacy. These agents are not helpful if the heart failure is due to severe 
valvular damage.

Treatment of heart failure
Heart  failure  is  treated with bed  rest,  and  corticosteroids  are used  if 
there  is  active  carditis. Conventional management may  also  include 
the use of diuretics, digoxin, or vasodilators depending on the nature 
of the underlying abnormalities. When carditis complicated by marked 
valvular  regurgitation  causes  severe  hemodynamic  compromise,  
valve surgery is lifesaving and should not be delayed by trials of anti-
inflammatory medication.39

fever. Similarly, overdiagnosis can lead to anxiety for patients and their 
families and subject patients to unnecessary long-term therapy.

The polyarthritis of rheumatic fever can also present diagnostic dif-
ficulty when it is the only major manifestation. The differential diag-
nosis of arthritis in association with fever has been reviewed1 and must 
include  juvenile  idiopathic  arthritis,  Lyme  disease,  and  connective 
tissue diseases.

A comparison of the prevalence of the various major criteria in dif-
ferent series is shown in Table 108.3.24,29,32,33

TREATMENT
The treatment of acute rheumatic fever will depend on the spectrum 
of clinical manifestations present and their severity, as well as on the 
stage of the illness at the time of presentation. One of the major deter-
minants  of  the  nature  and  duration  of  therapy  is  the  presence  and 
severity of carditis. The treatment of rheumatic fever has been reviewed 
recently.1,2  The  American  Heart  Association  has  recently  released  a 
current statement on the prevention of rheumatic fever and diagnosis 
and treatment of acute streptococcal pharyngitis.34

Bed rest
A period of bed rest is usually advised during an attack of acute rheu-
matic fever, and patients should be monitored for the onset of carditis. 
Once  the  symptoms and  signs of  acute  inflammation have  resolved, 
patients should be gradually mobilized. There are no randomized trials 
on the effect of prolonged bed rest.

TABLE 108.2 2002-2003 WHO CRITERIA FOR THE DIAGNOSIS OF RHEUMATIC 
FEVER AND RHEUMATIC HEART DISEASE

Diagnostic categories Criteria

Primary episode of rheumatic 
fevera

Two major* or one major and two 
minor** manifestations plus evidence of 
a preceding group A streptococcal 
infection***

Recurrent attack of rheumatic fever 
in a patient without established 
rheumatic heart diseaseb

Two major or one major and two minor 
manifestations plus evidence of a 
preceding group A streptococcal 
infection

Recurrent attack of rheumatic fever 
in a patient with established 
rheumatic heart disease

Two minor manifestations plus evidence 
of a preceding group A streptococcal 
infectionc

Rheumatic chorea Other major manifestations or insidious 
onset rheumaticb evidence of group A 
streptococcal infection not required

Chronic valve lesions of rheumatic 
heart disease (patients presenting 
for the first time with pure mitral 
stenosis or mixed mitral valve 
disease and/or aortic valve)d

Do not require any other criteria to be 
diagnosed as having rheumatic heart 
disease

*Major manifestations: carditis, polyarthritis, chorea, erythema marginatum, subcutaneous 
nodules.
**Minor manifestations: clinical—fever, polyarthralgia; laboratory findings—elevated 
acute-phase reactants (ESR or leukocyte count).
***Supporting evidence of: electrocardiogram—prolonged PR interval; preceding streptococcal 
infection; elevated or rising antistreptolysin-O or streptococcal infection with another 
streptococcal antibody; infection in the past 45 days; a positive throat culture; rapid antigen test 
for group A streptococci; recent scarlet fever.
aPatients may present with polyarthritis (or with only polyarthralgia or monarthritis) and with 
several (3 or more) other minor manifestations, together with evidence of recent group A 
streptococcal infection. Some of these cases may later turn out to be rheumatic fever. It is 
prudent to consider them as cases of “probable rheumatic fever” (once other diagnoses are 
excluded) and advise regular secondary prophylaxis. Such patients require close follow-up and 
regular examination of the heart. This cautious approach is particularly suitable for patients in 
vulnerable age groups in high incidence settings.
bInfective endocarditis should be excluded.
cSome patients with recurrent attacks may not fulfill these criteria.
dCongenital heart disease should be excluded.

TABLE 108.3 PREVALENCE OF THE MAJOR MANIFESTATIONS OF ACUTE 
RHEUMATIC FEVER: A COMPARISON OF THE PREVALENCE OF THE MAJOR 

CRITERIA FOR ACUTE RHEUMATIC FEVER IN DIFFERENT POPULATIONS

São Paulo, 
Brazil33

n = 786

Utah, 
USA29

n = 274

Boston, 
USA24

n = 1000

Konya, 
Turkey32

n = 274

Carditis 50.4 68.2 65.3 60.9

Polyarthritis 57.6 36.1 41.0 81.4

Chorea 34.8 36.4 51.8 17.9

Erythema marginatum 1.6 4.0 7.1 0.4

Subcutaneous nodules 1.5 2.6 8.8 0.7

Based on the revised Jones criteria. From World Health Organization. Rheumatic fever and 
rheumatic heart disease. Report of a WHO Expert Consultation. Geneva: WHO, 2004.
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streptococcal infection. A systematic review of the trials comparing oral 
and  intramuscular  penicillin  regimens  reported  that  intramuscular 
penicillin is more effective than oral penicillin in preventing the recur-
rence of rheumatic fever.41,45 The authors also noted that 2-weekly or 
3-weekly injections appeared to be more effective than 4-weekly injec-
tions. They also reported that the evidence was based on poor-quality 
trials  and  that  outdated  formulations  of  oral  penicillin were used  in 
the  earlier  trials.  Earlier  trials  used  oral  penicillin G, which  is more 
susceptible to gastric hydrolysis than penicillin V, which is now widely 
available.

The most effective regimen is the use of benzathine benzylpenicillin 
G 1.2 million units by intramuscular injection for children and adults 
weighing more than 27 Kg (60 lb) and 600,000 units for those weighing 
less than 27 Kg (60 lb). In developing countries where there is a high 
incidence of acute rheumatic fever and an increased risk of recurrence, 
intramuscular penicillin G should be given at least once every 3 weeks 
because the levels of penicillin are low in the fourth week. The alterna-
tive  treatment  is  penicillin  V,  250 mg  twice  daily  orally,  or  sulfadia-
zine, 0.5 g once a day if weighing less than 27 kg (60 lb), or 1 g/day if 
weighing more than 27 kg.46 Patients who are allergic to penicillin and 
sulfadiazine should be treated with erythromycin 250 mg twice a day. 
A large survey of 1790 patients who received 32,000 injections of ben-
zathine benzylpenicillin G showed a prevalence of rheumatic fever of 
0.45%  in  patients  on  intramuscular  benzathine  benzylpenicillin  G 
compared with 11.5% in patients who were not compliant.47

Patients who have significant rheumatic heart disease, a history of 
a recent attack, or a history of recurrence should receive prophylactic 
treatment. The risk of an attack of acute rheumatic fever after a group 
A streptococcal infection increases from 1% to 3% with the first attack 
of streptococcal pharyngitis to 25% to 75% in subsequent attacks. The 
risk of  recurrence depends on many  factors,  such as  the presence of 
carditis,  the  severity  of  cardiac  involvement,  the  time  interval  since 
most  recent  attack,  and  the  risk  of  streptococcal  throat  infections 
depending on living conditions and occupation. Patients with previous 
carditis have  an  increased  risk  of  carditis  during  recurrence of  rheu-
matic fever. The recent WHO guidelines1 recommend prophylaxis for 
5 years after the last attack or until the age of 18 years (whichever is 
longer) for patients without proven carditis and for 10 years after the 
last  attack  or  at  least  until  25  years  of  age  (whichever  is  longer)  for 
patients  with  carditis  (mild  mitral  regurgitation  or  healed  carditis). 
Patients  with  more  severe  carditis  or  who  had  valve  surgery  should 
receive lifelong therapy.

Patients with  rheumatic heart  disease  should  receive  prophylactic 
antibiotics to prevent infective endocarditis when they undergo surgical 
procedures of the mouth (dental extractions), eyes, ears, nose, throat, 
and gastrointestinal and genitourinary tracts.

Vaccines
Rheumatic  fever  and  rheumatic heart disease are  the most  common 
causes of cardiac-associated deaths in young adults in developing coun-
tries. The high prevalence of rheumatic fever in developing countries 
and  the  resurgence  of  rheumatic  fever  in  the  United  States  and  the 
occurrence of a severe illness such as the toxic streptococcal syndrome 
have further emphasized the need to develop an effective vaccine.

The strategies for the development of vaccines have been reviewed.48 
Most  of  them  have  focused  on  either  the  N-terminal  region  or  the 
C-terminal region of the M protein. The characterization of the M-pro-
tein molecule has already been completed.48

Some  of  the  important  considerations  in  the  development  of  the 
vaccine are as follows:

●  The  vaccine  should  not  exacerbate  the  rheumatic  disease  it  is 
designed  to  prevent.  M-protein  sites  that  are  associated  with 
tissue cross-reactivity or infiltrates should be avoided and there-
fore thorough testing in animals is necessary.

●  There  are  more  than  80  different  M-protein  serotypes  which 
cause infection, and only a few of the serotypes can be used for a 
type-specific vaccine. M-protein serotypes are also cyclic, and dif-
ferent serotypes produce rheumatic fever in different parts of the 
world.

●  The immune response should produce lasting protection.

Sydenham’s chorea
Chorea  is usually a  self-limiting and benign manifestation  that does 
not require specific therapy. It may be protracted and disabling in some 
patients and responds to haloperidol.

PREVENTION
Primary prevention
Primary  prevention  refers  to  the  prevention  of  the  first  attack  of  
rheumatic  fever  by  early  treatment  of  the  streptococcal  pharyngeal 
infection.  In  1950,  Denny  and  colleagues  showed  that  rheumatic  
fever  can  be  prevented  if  the  preceding  pharyngeal  infection  due  
to group A streptococci is adequately treated with penicillin.40 Penicil-
lin  is  the  treatment  of  choice  because  it  is  bactericidal.  Ideally  the 
streptococcal  infection should be confirmed by  throat  culture, which 
requires overnight  incubation, or by using a  rapid diagnostic antigen 
detection kit. A positive throat culture does not differentiate between 
active  streptococcal  pharyngeal  infection  and  an  asymptomatic  
carrier with viral pharyngitis. Many of  the kit  tests  are  specific;  and  
if the test is positive, the patient should be treated. The kit tests are 
less  sensitive  than culture,  and  the American Heart Association has 
recommended that a negative antigen test is confirmed with a throat 
culture.

A different  strategy may be needed  in developing countries where 
throat cultures and serologic tests are not readily available in commu-
nity clinics. The use of a syndromic approach to the management of 
throat infections has been shown to reduce the incidence of rheumatic 
fever.  In Costa Rica,  the  treatment  of  throat  infections  (without  the 
need for throat cultures) with intramuscular benzathine benzylpenicil-
lin (instead of oral agents, which are associated with poor compliance) 
resulted in a significant reduction in the incidence of rheumatic fever.4 
A meta-analysis of the use and effectiveness of antibiotics for the pre-
vention of acute rheumatic fever showed an 80% reduction in the risk 
of acute rheumatic fever with penicillin treatment for suspected strep-
tococcal  sore  throat  infection.41 This meta-analysis also showed  that 
it was necessary to treat only 60 patients with throat infections with 
intramuscular penicillin to prevent one case of acute rheumatic fever. 
Based on this information, the marginal cost of preventing one case of 
rheumatic fever by a single intramuscular injection of penicillin is $46 
(US) in South Africa.41

The  most  effective  treatment  is  a  single  injection  of  benzathine 
benzylpenicillin G intramuscularly. The recommended dose is 600,000 
units in children weighing less than 27 kg (60 lb) and 1.2 million units 
in  those who weigh more  than 27 kg  (60 lb).42 The  alternative  is  to 
use oral penicillin V (phenoxymethyl penicillin)  for 10 days  (250 mg 
two  to  three  times daily  in  children and 500 mg  two  to  three  times 
daily in adolescent and adults).42 The use of intramuscular penicillin 
obviates  the  need  for  oral  medication  to  be  taken  for  10  days  and 
overcomes the problem of compliance because patients may stop treat-
ment when they feel better after a few days. Patients who are allergic 
to penicillin should be treated with oral erythromycin for 10 days with 
a maximum dose of 1 g/day (erythromycin estolate, 20-40 mg/kg/day 
in two to four divided doses, or erythromycin ethylsuccinate, 40 mg/
kg/day in two to four divided doses).42

During  an  epidemic,  mass  penicillin  prophylaxis  is  of  value  and 
intramuscular penicillin has been effective in military camps.

Acute rheumatic fever is a notifiable disease in some countries as a 
key strategy to guide the  implementation of prevention programs. In 
South Africa, acute rheumatic fever has been a notifiable disease since 
1977 and National Guidelines  for  the Prevention and Prophylaxis of 
Rheumatic Fever and Rheumatic Heart Disease for Health Profession-
als at Primary Level were published in 1997.43 A recent survey in Cape 
Town, South Africa, revealed a failure by health professionals to adhere 
to the guidelines and also to notify rheumatic fever despite this being 
a legal requirement.44

Secondary prevention
Secondary prevention refers to the prevention of recurrences of rheu-
matic  fever  with  the  use  of  continuous  prophylaxis  against 
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potential targets for vaccines are C5a peptidase, streptococcal protein-
ase  (pyrogenic  exotoxin  B)  and  carbohydrate-protein  conjugates. 
Current  research  is  promising,  and  it  is  hoped  that  vaccines will  be 
available for clinical trials in the future.

Efforts  to  produce  the  ideal  vaccine  have  been  going  on  for  more 
than  3  decades  since  the  use  of  a  partially  purified  M3  vaccine.49 
Research  on  M-protein  vaccines  has  taken  place  since  the  1970s;  
and although there has been considerable experience and improvement 
in  our  knowledge  of  vaccines,  there  has  been  little  success.  Other 
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The prevalence rate of rheumatic heart disease in developed com-
munities is usually about 0.2 to 0.5 per 100,000.12 By contrast, there 
is still an unacceptably high prevalence of rheumatic  fever and rheu-
matic  heart  diseases  in  developing  countries.14,15  The  prevalence  of 
rheumatic heart diseases among school children  in developing coun-
tries around the world has been recently reviewed.1 The prevalence has 
ranged from 0.2% per 1000 school children in Havana, Cuba,16 to 77.8 
per 1000 school children in Samoa.17 In India the prevalence of rheu-
matic heart disease is between 1.5 and 5.6 cases per 1000.18 In Africa 
the prevalence rate from recent studies has ranged from 2.7 per 1000 
schoolchildren  in  Nairobi  (Kenya)19  to  14.3  per  1000  in  Kinshasa 
(DR Congo)20 and 31 per 1000 according  to echo studies  in Maputo 
(Mozambique).21

At the time of the resurgence of ARF in the United States, cases of 
invasive, life-threatening streptococcal infections were reported in the 
United States,22-24 United Kingdom,25 Scandinavia,26 and other coun-
tries  in Europe. This  toxic streptococcal syndrome was characterized 
by localized or generalized rash, hypotension, and multiorgan failure. 
It  occurred  mainly  in  adults  and  resulted  from  cutaneous  or  soft  
tissue  infections with streptococci of M type  I and strains producing 
pyrogenic toxin A. It has been proposed that changes in streptococcal 
epidemiology are related to changes in the virulence of the streptococ-
cus strains.

GROUP A STREPTOCOCCUS
Structure
Streptococci are a group of gram-positive bacteria that are morphologi-
cally characterized as cocci and are arranged in chains. Streptococcus 
pyogenes, also referred to as the group A streptococcus, belongs to the 
group of hemolytic streptococci that have in common their ability to 
produce  toxins capable of  lysing  red blood cells. The cell wall of  the 
group A streptococcus shows the characteristics of gram-positive bac-
teria. The cytoplasmic membrane is surrounded by a thick peptidogly-
can layer that acts as an outer skeleton. This  layer  is covered by the 
surface layer (S-layer) containing carbohydrates, proteins, and glycopro-
teins. These include the group-specific carbohydrate, which is a rham-
nose-N-acetyl-glucosamine  dimer  that  may  cross-react  with  the 
glycosides  of  the  heart  valves.27  The  S-layer  also  contains  the  M-
proteins, which have a considerable variation in their molecular struc-
ture. These allow group A streptococci to be differentiated into more 
than 130 M-serotypes.

M protein plays a role in the pathogenesis of streptococcal infections 
with  different  M-types  associated  with  different  disease  manifesta-
tions.28 Several of  these M-types are associated with ARF. M protein 
also offers escape from immunity by inhibiting complement activation 
and phagocytosis. M-like proteins bind  to  the Fc portion of  IgG and 
IgA molecules irrespective of their antigen specificity. This results  in 
a layer of human immunoglobulins around the bacteria with the Fab 
portion facing outward. This prevents phagocytosis and immune rec-
ognition.  The  cell  wall  is  surrounded  by  a  hyaluronic  acid  capsule. 
Because the molecular structure is similar to that of human hyaluronic 
acid,  this  provides  additional  protection  against  the  innate  immune 
forces. Some of the rheumatogenic M-types are characterized by a thick 
capsule,  resulting  in  the  mucoid  appearance  of  the  colonies  when 
grown on a blood agar.29

The  cytoplasmic  membrane  is  made  up  of  antigenic  lipoproteins 
that cross-react with the glomerular basement membrane and sarco-
lemmal antigen.

Acute rheumatic fever
Girish M. Mody and Bongani M. Mayosi

 Acute rheumatic fever is a systemic inflammatory disease that 
occurs 2 to 3 weeks after infection with group A β-hemolytic 
streptococci.

 The disease is mediated by an autoimmune response to antigenic 
components of the organism that cross-react with similar epitopes 
in human tissues such as the heart, joints, brain, and skin.

 The acute form of the illness is characterized by fever; arthritis, 
which is usually migratory and affects predominantly the large 
joints; cardiac manifestations due to involvement of the 
pericardium, myocardium, endocardium, and heart valves; 
neurologic involvement, which manifests as Sydenham chorea; and 
cutaneous involvement consisting of erythema marginatum and 
subcutaneous nodules, which are less common.

INTRODUCTION
The term acute rheumatic fever (ARF) describes the usual presentation 
of the disease, though it may not be acute, rheumatic, or febrile. Arthri-
tis is common in ARF, but the morbidity and mortality of the disease 
are  usually  related  to  involvement  of  the  heart.  These  observations 
were made as early as 1884 by Lasègue, who noted, “Rheumatic fever 
is  a disease  that  licks  the  joints but bites  the heart.” The  subject of 
rheumatic fever and rheumatic heart disease was reported in detail by 
the World Health Organization (WHO) in 2004 arising from a WHO 
Expert Consultation held  in Geneva during 20011 and also  reviewed 
recently by Carapetis and colleagues.2

EPIDEMIOLOGY
ARF was common in Europe and North America at the beginning of 
the  20th  century.  Since  then  there  has  been  a  rapid  decline  in  the 
incidence  of  the  disease  in  industrialized  countries,  and  this  was 
further  accelerated  with  the  introduction  of  antibiotics  in  1950.  At 
present  the average  incidence recorded  in most affluent or developed 
communities is less than 5/100,000 population.3,4

A reduction in the incidence of ARF in industrialized countries in 
Europe and North America and also in Japan suggested that improve-
ment in  living conditions with less overcrowding and better hygiene, 
as  well  as  the  widespread  availability  and  use  of  antibiotics,  were 
responsible. In the United States the incidence of rheumatic fever was 
as  low as 0.23 to 1.88/100,000/year among children and adolescents 
in the early 1980s5 and had risen nearly 10-fold in some areas by the 
mid-1980s.  A  large  outbreak  in  Utah6  was  followed  by  smaller  out-
breaks in Pennsylvania7 and Ohio8 and in military bases in San Diego 
and Missouri.9,10 During the Utah outbreak most of the affected chil-
dren were from upper middle-class homes with access to medical care, 
emphasizing  the  importance  of  factors  other  than  poverty  and  over-
crowding in the pathogenesis of ARF.6

Studies  from  developing  countries  have  reported  incidence  rates 
varying from 1.0 per 100,000 school children in Costa Rica,11 72.2 per 
100,000  in French Polynesia, 100 per 100,000  in Sudan,  to 150 per 
100,000 in China.12 A systematic review of population-based incidence 
studies shows an overall mean incidence of first attack of ARF of 5 to 
51/100,000  people.  The  low  incidence  rate  of  less  than  or  equal  to 
10/100,000 is confirmed in Western Europe and North America, while 
a persistently high incidence (>10/100,000) exists  in Eastern Europe, 
Middle East, Asia, and Australasia (Fig. 108.1). There are no popula-
tion-based studies of first attack of ARF in Africa.13
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the basis of factors related to the host (genetic susceptibility), the organ-
ism (rheumatogenicity), and the immune response.

The current concept of the pathogenesis of ARF is that it is due to 
group A streptococcal infection occurring in a susceptible host, which 
leads  to  an  autoimmune  response  to  epitopes  in  the  organism  that 
cross-react with similar epitopes in human tissues (e.g., in the joints, 
heart, brain, and skin). Thus the characteristics of the organism (organ-
ism factors or rheumatogenicity), host factors (genetic susceptibility), 
and the  immune response are  identified as  the major  factors  leading 
to the development of ARF.27,36,39

Organism factors
The observation that infections with only some of the strains of group 
A streptococci leads to the development of ARF has led to the recogni-
tion of the concept of “rheumatogenicity.”36 Rheumatogenic strains are 
primarily tropic for the throat and not the skin.14

A large amount of M protein can be extracted from the rheumato-
genic strains, which helps in their identification. The role of the surface 
M protein in the pathogenesis of ARF is supported by the observation 
that rheumatogenic strains tend to be rich in M protein, express certain 
epitopes  associated  with  ARF,  induce  an  intense  M-type  specific 
immune response, and also share M-epitopes with human tissue. They 
cannot  produce  lipoprotein  lipase  and  the  opacity  factor,  the  latter 
being characteristic of strains associated with skin  infection.36 Rheu-
matogenic strains are also highly contagious and are rapidly transmit-
ted by  close person-to-person contact.14 Many authors have  reported 
associations of rheumatic fever with certain M-types of group A strep-
tococcus such as types 1, 3, 5, 6, 14, 18, 19, 24, 27, and 29.40 Bessen 
and colleagues41 reported that there were two classes of M protein. The 
rheumatogenic  strains  have  M  protein  with  distinct  epitopes  called 
class I M protein, and the M protein of non-rheumatogenic strains is 
called class II M protein.41

The  emphasis  on  the  M  protein  in  the  pathogenesis  of  ARF  has 
recently been questioned. Some strains of group A streptococcus associ-
ated with ARF in an endemic area were not M-typeable or were from 
M types that are usually associated with skin disease.42 The rheumato-
genicity of group A streptococci is now considered to be associated with 
the  strain per se  rather  than  the M-type,  and  it  is  thought  that  any 
group A streptococcus can acquire the ability to cause disease.36 Group 
A streptococci have the ability to horizontally transfer genetic material 

Streptococcal toxins
The streptococcus produces many extracellular products, which include 
the  erythrogenic  toxin,  streptolysin  O,  streptolysin  S,  streptokinase, 
diphosphopyridine nucleotidase, and deoxyribonucleases. Streptolysin 
O  elicits  an  antibody  response,  antistreptolysin  (ASO),  which  is  the 
basis of the antibody assay. The antigenicity of streptolysin O is inhib-
ited by lipid in the skin, and this may account for the lack of associa-
tion between streptococcal skin infections and rheumatic fever.

The streptococcus has many antigens that are similar to mamma-
lian  tissue  and  may  cross-react  with  the  joint,  heart  (myocardium, 
valvular tissue), skin, kidney, and brain.30

Rheumatic fever and the streptococcus
Epidemiologic studies have shown a causal relationship between group 
A  streptococcal  pharyngitis  and  ARF.31,32  However,  not  all  group  A 
streptococcal  infections  cause  rheumatic  fever  even  if  the  site of  the 
antecedent infection is pharyngeal. A survey among untreated military 
recruits reported ARF in 3%.29 Acute glomerulonephritis may be associ-
ated  with  streptococcal  pyoderma  due  to  certain  strains  of  group  A 
streptococci  that  show primary  tropism  for  the  skin. ARF and acute 
poststreptococcal glomerulonephritis rarely occur together.

Little  evidence  for  the  direct  invasion  of  the  affected  tissues  by  
group  A  streptococci  in  patients  with  ARF  exists.  The  role  of  group  
A  streptococcal  infection  in  ARF  is  supported  by  the  following 
observations.27

●  Outbreaks of rheumatic fever follow epidemics of either streptococcal 
sore throats or scarlet fever.29

●  Treatment  of  documented  streptococcal  pharyngitis  markedly 
reduces the incidence of subsequent rheumatic fever.33

●  Antimicrobial  prophylaxis  prevents  recurrence  in  known  patients 
with ARF.34

●  Most patients will have elevated titers of antistreptococcal antibodies 
(streptolysin  O,  hyaluronidase,  and  streptokinase)  regardless  of 
whether or not they recall an antecedent streptococcal sore throat.35

PATHOGENESIS
The pathogenesis of ARF has been reviewed in detail.3,27,36-38 Carape-
tis36 suggested  in 1996 that the pathogenesis could be considered on 

Fig. 108.1 Serial changes in the incidence of first attack of acute rheumatic 
fever in population-based studies. (From Tibazarwa KB, Volmink JA, Mayosi 
BM. Incidence of acute rheumatic fever in the world: a systematic review of 
population-based studies. Heart 2008;94:1534-1540.)
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Family studies have shown marked elevations of the B-cell antigens 
defined  by  the  D8/17  monoclonal  antibody  in  unaffected  family 
members.3,67  The  B-cell  alloantigen  D8/17  has  been  shown  to  be  of 
value in differentiating Sydenham chorea from lupus chorea.

In summary, it is likely that the susceptibility to ARF is polygenic, 
with the reported HLA class antigens being close to or in linkage dis-
equilibrium with the putative rheumatic fever susceptibility gene, and 
the D8/17 antigen may be associated with one of the genes.27

Immune response
Rheumatic fever is recognized as one of the diseases in which there is 
molecular  mimicry  between  a  foreign  agent  (group  A  streptococci)  
and host  tissue  (e.g., heart, brain). Many antigens or  components of 
group  A  streptococci  have  been  shown  to  cross-react  directly  with 
various human tissues. It was postulated that components of strepto-
cocci such as streptococcal membrane, group-specific glycoprotein, or 
carbohydrate  components  induce  both  a  humoral  and  cell-mediated 
immune response that cross-reacts with the host tissues. The detection 
of  antibodies  to  streptococcal  antigens  that  are  similar  to  human 
tissues suggested  that humoral  immunity played a major  role  in  the 
pathogenesis of ARF.69,70 Evidence, however, suggests that the primary 
damage may be mediated by cellular immunity and that the antibodies 
are produced in response to antigens released from damaged tissues.

Immunopathologic studies of heart tissue showed that infiltrates of 
the  heart  valve  consisted  mainly  of  T  lymphocytes  and  the  Aschoff 
body, which is the characteristic cardiac lesion of rheumatic fever and 
is derived from macrophage lineage.71-73 The T cells and macrophages 
are  present  in  cell-mediated  immune  responses.  B  cells,  which  are 
associated with humoral immunity, are uncommonly found.

The role of cellular immunity is also supported by the detection of 
increased levels of several markers of cellular immune activation such 
as  circulating  CD4+  lymphocytes,  interleukin  (IL)-1  and  IL-2,  IL-2 
receptor-positive T cell, tumor necrosis factor (TNF)-α receptors, leu-
kocyte migration inhibition, natural killer (NK) cell cytotoxicity, mono-
nuclear cell cytotoxicity, T-cell responsiveness to streptococcal antigens, 
neopterin,  and  oxygen  free  radical  production  by  phagocytes.36  The 
response by T cells to an epitope on the M protein of group A strep-
tococci and cardiac myosin epitopes was reported by Pruksakorn and 
colleagues.74

A hypothesis on the pathogenesis of rheumatic fever that includes 
some  of  the  previously  described  observations  has  been  proposed  by 
Carapetis and colleagues.36 The cross-reactive antigens of streptococci 
are presented to T helper cells (Th) by antigen-presenting cells in con-
junction with MHC class II antigens. Abnormal presentation or recog-
nition  of  these  antigens  leads  to  uncontrolled  Th  activation  and 
proliferation,  possibly mediated  by  IL-2. This  leads  to  the  release  of 
lymphokines, activation of NK cells, and cytotoxic T cells and second-
ary  activation  of  macrophages  and  neutrophils.  As  a  result  there  is 
eradication of  the  streptococci  and damage  to  the host  tissue due  to 
cross-reactivity. Antigens released from the host tissue induce an anti-
body  response,  which  may  further  damage  the  tissue  or  serve  as  a 
marker of damaged tissue.

Measurements  of  T-cell  responsiveness  in  rheumatic  fever  have 
shown increased reactivity during acute episodes.75,76 The ability of T 
cells  to  amplify  and  perpetuate  the  chronic  rheumatic  process  is 
unknown.77

PATHOLOGY
Rheumatic  fever  can  cause  pathologic  changes  throughout  the  body, 
especially in the connective tissue and around blood vessels.

Cardiac involvement
In the heart, the pericardium, myocardium, and endocardium can be 
affected, resulting in a pancarditis.

Myocarditis
In  the  acute  phase,  there  may  be  diffuse  myocardial  involvement 
leading  to  conduction  disturbances  and  heart  failure.  Death  may  
result  in  a  small  proportion of  patients,  and  at  postmortem  there  is 

so that the epitopes that cross-react with human tissue may be trans-
ferred  between  strains.36,43  These  observations  may  explain  why,  in 
endemic areas, rheumatic fever–associated strains come from M-types 
that  are  not  usually  associated  with  rheumatic  fever  or  are  not 
M-typeable.44

Other  potential  mechanisms  that  have  been  implicated  in  the 
pathogenesis of ARF are  the abilities of components and products of 
group A streptococci to act as superantigens and stimulate the T cells 
without requiring antigen presentation.36 However, this view has been 
questioned because these properties may be due to contamination.36,45 
The role of co-pathogens has also been suggested, and coxsackievirus 
has been postulated as a possible co-pathogen.36,46

In Australian Aborigines  serotyping of  group A  streptococcus  iso-
lates suggested that skin lesions were the main source of all strains of 
group A streptococcus  isolates  regardless of  the site of  isolation.47  In 
Thailand emm sequence typing did not differentiate between skin or 
throat strains associated with ARF or poststreptococcal glomerulone-
phritis.48  This  is  thought  to  be  the  result  of  genetic  recombination 
between different strains. Thus it appears that in developing countries 
and in populations with high rates of superficial infections, the distinc-
tion  between  rheumatogenic  and  non-rheumatogenic  strains  is 
blurred.49 McDonald and colleagues50 have noted that control measures 
have  been  ineffective  in  Aboriginal  communities  that  have  a  high 
incidence  of  rheumatic  fever  and  rheumatic  heart  disease.  In  these 
communities group A streptococcus throat colonization is uncommon, 
group A streptococcus pharyngitis is rare, pyoderma is a major mani-
festation of group A streptococcus infection, and typical rheumatogenic 
strains do not occur.50 They suggest  that group A streptococcus pyo-
derma and/or non–group A streptococcus infections are responsible for 
ARF in these communities.

Host factors
A high prevalence of streptococcal pharyngitis occurs in many popula-
tions, but only a small percentage develops ARF. ARF occurs in 3% to 
6%  of  people  during  outbreaks  of  pharyngitis,  and  the  incidence  is 
lower  with  sporadic  pharyngitis.51,52  The  disease  is  familial,  but  the 
transmission  of  the  disease  has  been  variously  suggested  as  being 
autosomal  recessive53  or  autosomal  dominant  with  limited  pene-
trance.54  An  inherited  susceptibility  to  ARF  and  rheumatic  heart 
disease  is  supported  by  twin  studies  that  show an  increased  concor-
dance in monozygotic twins compared with dizygotic twins, although 
the lower than expected concordance indicates it is not a simple men-
delian single-gene inheritance.38,54

Because autoimmune responses have been postulated in the patho-
genesis of ARF, an immunogenetic predisposition has been sought. An 
earlier  study  using  serologic  methods  showed  an  association  with 
human  leukocyte  antigen  (HLA)  DR4  in  Caucasians  and  DR2  in 
African Americans.55 The association of patients with ARF and rheu-
matic  heart  disease  with  HLA  antigens,  B-cell  alloantigens,  and 
immune gene polymorphisms in different ethnic populations and dif-
ferent regions have been recently reviewed.38

Subsequent associations with HLA-DR4 have been reported in Cau-
casians,56-58 with DR2 in African Americans,56 DR3 in Indians,59 and 
DR1  and  DRw6  in  South  African  blacks.60  Studies  using  molecular 
HLA typing techniques61,62 have led to a re-evaluation of the major his-
tocompatibility  complex  (MHC) class  II  associations with  rheumatic 
fever and rheumatic heart disease. It is now suggested that DRB1*0701, 
DR6, and DQB1*0201 confer susceptibility  to rheumatic  fever; such 
observations  are  in  agreement  with  those  reported  in  Turkey,63 
Mexico,64  South  Africa,60  and  Japan.65  An  association  of  rheumatic 
fever with HLA-DR7 was recently reported in a Brazilian study.66

Recent  studies  have  identified  a  non-HLA  B-cell  marker  that  is 
present  in  patients  with  ARF.  A  monoclonal  antibody  (D8/17)  was 
prepared by immunizing mice with B cells from a patient with rheu-
matic fever.67 The B-cell antigen was expressed on an increased number 
of B cells in 100% of patients from different ethnic groups and only in 
10% of normals.27,67 This marker was, however, absent in one third of 
North Indian patients.68 A new monoclonal antibody developed against 
the  B  cells  of  the  North  Indian  patients  with  rheumatic  fever,  PGI/
MNII, was positive in 86% and 94% of patients with rheumatic fever 
and rheumatic heart disease, respectively.68
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chordae tendineae. These changes can lead to contraction of the cusp 
or thickening and stiffening of the cusp, leading to valvular incompe-
tence or fusion of commissures resulting in stenosis.

The  reason  why  some  patients  have  progressive  scarring  while 
others do not is not known. Some patients have recurrent episodes of 
streptococcal infection, resulting in further immunologic injury, while 
others may develop small mural thrombi on the damaged valves and 
the release of growth factors from the platelets and other components 
of the thrombi may lead to further fibrosis.78

Pathologic  analysis  of  heart  valves  obtained  at  the  time  of  valve 
replacement shows foci of abundant mononuclear or lymphocytic infil-
trates within tissues (Fig. 108.3). Immunologic study of the inflamma-
tory cell types has shown a predominance of T cells of the OKT4 (CD4) 
or Th lineage.71,83 The prominence of Th cells suggests that local pro-
duction of potent  lymphokines such as  IL-2, TNF, or even IL-6 con-
tributes to the chronic pathologic changes.

Pericarditis
Pericarditis affects both layers of the pericardium, which may be thick-
ened and covered by a fibrin-rich exudate. There may also be serosan-
guineous  fluid  in  the  pericardial  cavity.  The  pericarditis  resolves 
completely  with  fibrosis  and  adhesions,  but  constriction  does  not 
occur.

Articular involvement
Pathologic  changes  in  the  joints  consist  of  exudative  changes  with 
edema of the synovial membrane, focal necrosis in the joint capsule, 
edema,  and  inflammation  in  the  periarticular  tissues  and  joint  effu-
sion. These changes are completely reversible.

Other changes
The subcutaneous nodules (Fig. 108.4) that are seen in the acute phase 
resemble  Aschoff  nodules.  The  pathologic  changes  in  the  brain  in 
patients with chorea are not well defined because patients with active 
chorea rarely die from this complication and brain tissue is rarely avail-
able for postmortem examination.

CLINICAL MANIFESTATIONS
The clinical manifestations of ARF are variable, and no single clinical 
feature or laboratory test is diagnostic.

dilation  of  the  chambers  and  the  myocardium  is  pale,  flabby,  and 
edematous.

The  histologic  changes  in  the  myocardium  may  consist  of  a  
non-specific  myocarditis  with  edema  of  the  muscle  fibers  and  focal 
collections of  inflammatory  cells  in  the  interstitial  connective  tissue  
or  a  specific  granulomatous  myocarditis  with  the  presence  of  the  
characteristic  Aschoff  nodules.78  The  typical  acute  and  subacute 
inflammatory foci seen in heart muscle are shown in Figure 108.2. The 
Aschoff  nodules  are  composed  of  a  central  area  of  fibrinoid  necrosis 
surrounded  by  specialized  histiocytes  called  Aschoff giant cells 
and  Anitschkow cells,  which  in  turn  are  mixed  with  lymphocytes. 
Silver79  and  Stollerman80  defined  three  phases  in  the  progression  of 
Aschoff nodules:

●  The early stage with central fibrinoid necrosis, edema, and an infil-
trate of lymphocytes and plasma cells (non-specific stage or exuda-
tive-degenerative phase)

●  The specific granulomatous stage with accumulation of characteris-
tic Aschoff giant cells and Anitschkow cells

●  The late stage with diminution of the cellular infiltrate and replace-
ment by scar tissue

The presence of Aschoff nodules  indicates  that  there has been an 
episode of ARF. They can persist for many years and may be identified 
at the time of valve replacement surgery even in patients who do not 
have  any  clinical  or  laboratory  evidence  of  rheumatic  activity.81  The 
persistence of the Aschoff nodules seems to correlate with the tendency 
of  the host  to develop progressive  stenosis  and fibrosis of  the mitral 
valve.82

Endocarditis
In  the  early  stages,  endocarditis  is  associated with  thickening of  the 
valves  as  a  result  of  edema,  and  a  row  of  vegetations  or  verrucous 
lesions  are  present  along  the  free  borders  of  the  cusps.  These  tiny 
vegetations are platelet-rich microthrombi, which do not become dis-
lodged and therefore do not produce the embolic phenomena seen with 
the  larger  vegetations  of  infective  endocarditis.78  The  mitral  valve  is 
most commonly affected, followed by the aortic valve, either alone or 
with the mitral valve. During healing, vascularization takes place, with 
an increase in fibroblastic activity resulting in fibrosis. The degree of 
fibrosis is variable, and in most cases it does not affect the function of 
the valve. In other patients the scarring is progressive over years and 
may affect the subendocardial tissue, as well as the annulus, cusp, and 

Fig. 108.2 Photomicrograph showing extensive mononuclear cell infiltration 
and adjacent cardiac muscle fiber destruction and dissolution in a region of 
active rheumatic carditis. Many activated monocytoid cells with large 
asymmetric nuclei and abundant cytoplasm are seen. (Hematoxylin and eosin, 
original magnification ×350.)

Fig. 108.3 Typical interstitial perivascular lymphocytic infiltrates noted in a 
rheumatic mitral valve removed during mitral valve replacement 12 years 
following the initial attack of acute rheumatic fever. Such areas of chronic 
low-grade inflammation are frequently present in rheumatic heart valvular 
tissues 10 to 20 years after the last clinically detectable episode of rheumatic 
activity. (Hematoxylin and eosin, original magnification ×350.)
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The clinical pattern of joint involvement in a large series of patients 
was as follows:

●  One or both knees in 76%
●  One or both ankles in 50%
●  Elbows, wrists, hips, or small joints of the feet in 12% to 15%
●  Shoulder or small joints of the hand in 7% to 8%
●  Lumbosacral in 2%
●  Cervical in 1%
●  Sternoclavicular in 0.5%
●  Temporomandibular in 0.5%88

In  clinical  practice  most  patients  who  develop  joint  pain  will  be 
treated  empirically  with  aspirin  or  non-steroidal  anti-inflammatory 
drugs (NSAIDs). The progression of the arthralgia or arthritis may thus 
be  prevented,  and  the  typical  migratory  pattern  of  ARF  may  not  be 
seen.

Analysis  of  the  synovial  fluid  has  shown  the  presence  of  sterile 
inflammatory fluid. There may be a reduction in complement compo-
nents  C1q,  C3,  and  C4,  suggesting  their  consumption  by  immune 
complexes.93

Radiographs may show the presence of effusion but no other abnor-
malities are noted.

Jaccoud  arthritis  or  Jaccoud  arthropathy  (also  called  chronic 
postrheumatic fever arthropathy) is a rare manifestation of ARF char-
acterized  by  deformities  of  the  fingers  and  toes.94,95  There  is  ulnar 
deviation of the fingers, especially the fourth and fifth fingers, flexion 
of the metacarpophalangeal joints, and hyperextension of the proximal 
interphalangeal joints. The hand is usually painless and there are no 
signs of inflammation. The deformities are usually correctible but may 
become fixed in the later stages. No true erosions manifest on radio-
graph and the rheumatoid factor is usually negative.

Jaccoud arthropathy may occur after repeated attacks of rheumatic 
fever and results from recurrent inflammation of the fibrous articular 
capsule. A similar form of arthropathy is seen in patients with systemic 
lupus erythematosus.96

Carditis
Carditis is the most serious manifestation of ARF because it may lead 
to chronic rheumatic heart disease and sometimes severe heart failure. 
However, it is usually less severe and may produce scarring of the heart 
valve.  In  some  patients  the  carditis  may  be  asymptomatic  and  is 
detected  during  clinical  examination  of  a  patient  with  arthritis  or 
chorea. The incidence of carditis during the initial attack of ARF varies 
from 40% to 91% depending on the selection of patients and whether 
the diagnosis is made on clinical assessment alone or combined with 
echocardiography.

The incidence of carditis in rheumatic fever varies with the age of 
the patient. It is reported in 90% to 92% of children younger than the 
age of 3 years,97 in 50% of children aged 3 to 6 years, in 32% of teenag-
ers aged 14 to 17 years,91 and only in 15% of adults with a first attack 
of  rheumatic  fever.90  In Bland  and  Jones’  review of  1000 patients  in 
1951,98 65% were diagnosed as having carditis. In the Utah outbreak, 
91%  had  carditis  when  clinical  examination  was  combined  with 
echocardiography.6

The  symptoms  and  signs  of  carditis  depend  on  whether  there  is 
involvement  of  the  pericardium,  myocardium,  or  a  heart  valve.  The 
clinical  diagnosis  of  carditis  is  based  on  the  detection  of  an  organic 
murmur that was not previously present, presence of a pericardial fric-
tion  rub, or  signs of pericardial  effusion,  cardiomegaly, or  congestive 
heart failure.

Myocarditis in the absence of valvulitis is unlikely to be rheumatic 
in origin. It should be accompanied by an apical systolic or basal dia-
stolic  murmur.  Patients  with  myocarditis  may  develop  cardiomegaly 
and congestive heart failure, which may be severe and life threatening. 
They  require aggressive  treatment with diuretics and anti-inflamma-
tory drugs, which may include corticosteroids. Myocardial damage may 
manifest with electrocardiographic changes  including varying degrees 
of heart block. Patients with first-degree heart block are usually asymp-
tomatic.  Patients  with  second-  and  third-degree  heart  block  may  be 
symptomatic and require a pacemaker if they develop congestive heart 
failure.

The typical attack of ARF follows an episode of streptococcal phar-
yngitis after a  latent period of 2  to 3 weeks  (average of 18.6 days).85 
During the latent period there is no clinical or laboratory evidence of 
active  inflammation.  About  one  third  of  patients  cannot  remember 
having an upper respiratory tract infection preceding the first attack of 
ARF.

ARF occurs most commonly in children between the ages of 4 and 
9 years. In developing countries such as India, juvenile mitral stenosis 
may occur at the age of 3 to 4 years.86 The prevalence of the various 
major  criteria  varies  in  different  studies  depending  on  whether  the 
patients are studied prospectively or in retrospect. The illness usually 
begins with a high  fever,  but  in  some patients  the  fever may be  low 
grade87 or absent. The most common of  the major criteria  is polyar-
thritis, which occurs in between two thirds and three quarters of the 
patients, followed by carditis and chorea.

Major criteria
Arthritis
Arthritis  is  the  most  common  presenting  manifestation  of  ARF  and 
occurs in up to 75% of the first attacks.88,89 Joint involvement is usually 
more common (nearly 100%), and more severe, in young adults than 
in teenagers (82%) and children (66%).90,91 The joint pain is typically 
described  as  migratory,  which  refers  to  the  sequential  involvement  
of joints, with inflammation resolving in one joint and then beginning 
in  another  joint.  Sometimes,  the  joint  involvement  may  be  additive 
rather  than  migratory,  with  simultaneous  involvement  of  several 
joints.  In untreated patients the number of  joints  involved may vary 
from 6 to 16.92

The  affected  joints  may  be  painful  and  swollen,  although  many 
patients have joint pain and tenderness with little objective evidence 
of  inflammation.  The  affected  joint  may  be  inflamed  for  only  a  few 
days to a week before the inflammation subsides. In about two thirds 
of patients,  the polyarthritis  is severe  for about a week and may  last 
another 1 to 2 weeks in the remainder before it resolves completely. If 
joint swelling persists after 4 weeks,  it  is  then necessary  to consider 
other conditions such as juvenile idiopathic arthritis or systemic lupus 
erythematosus.

At the onset of the illness the joint involvement is asymmetric and 
usually affects the lower limbs initially before spreading to the upper 
limbs. Monarthritis has been reported in 17% to 25% of patients.87,91 
The large joints such as the knees, ankles, elbows, and wrists are most 
frequently involved. The hip, shoulder, and small joints of the hands 
and feet are less frequently involved.

Fig. 108.4 Typical histologic picture of a rheumatic fever nodule. Evidence of 
fibrous tissue, a number of fibroblasts, and a few interstitial lymphocytes are 
noted. A similar histologic appearance might also be seen in subcutaneous 
nodules associated with rheumatoid arthritis. (Hematoxylin and eosin stain, 
original magnification ×350.)
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Sydenham chorea
Chorea may be  the only presenting manifestation of ARF.  It  is more 
common in females, and after puberty there is an even greater female 
predominance. The latent period between the episode of streptococcal 
pharyngitis and the development of chorea is considerably longer (6 to 
8 weeks) than for arthritis and carditis. Chorea is characterized by the 
presence  of  involuntary,  purposeless,  and  jerky  movements  of  the 
hands,  arms,  shoulders,  feet,  legs,  face,  and  trunk.  The  purposeless 
movements  interfere  with  voluntary  activity  and  disappear  during 
sleep.  Initially  chorea  may  be  confined  to  the  face  or  one  arm,  and 
sometimes it may be completely unilateral (hemichorea).

Chorea  may  last  for  a  week  to  2  years  but  usually  lasts  8  to  15 
weeks. When chorea occurs alone, the erythrocyte sedimentation rate 
(ESR),  C-reactive  protein,  and  streptococcal  antibody  titers  may  be 
normal because of the long latent period and resolution of the original 
infection. Chorea does not occur simultaneously with arthritis but may 
coexist with  carditis.  Some patients with  chorea may have a  cardiac 
murmur,  while  others  may  only  later  manifest  involvement  of  the 
mitral valve.

Subcutaneous nodules
The subcutaneous nodules of ARF resemble the nodules of rheumatoid 
arthritis and may be detected over the occiput, elbows, knees, ankles, 
and Achilles tendons. In rheumatic fever the nodules around the elbow 
tend  to occur over  the olecranon, while  rheumatoid nodules  tend  to 
occur  more  distally  along  the  extensor  aspect  of  the  upper  forearm. 
They are usually firm, painless, and freely movable over the subcutane-
ous tissue. They vary  in size  from 0.5 to 2 cm and tend to occur  in 
crops. They are usually smaller, more discrete, and less persistent than 
rheumatoid nodules. They were detected in only 1.5% of patients in a 
series of 786 patients,101 but a higher prevalence was reported in earlier 
studies.

Nodules are usually seen in children with prolonged active carditis 
rather than in the early stages of ARF. They may persist for a few weeks 
but  seldom  more  than  a  month.  Multiple  crops  of  nodules  may  be 
related to the severity of the rheumatic carditis.

Erythema marginatum
Erythema  marginatum  is  a  less  common  manifestation  of  ARF  and 
occurs on the upper arms or trunk but not the face. It has a character-
istic appearance and is therefore helpful in the diagnosis of ARF but is 
not pathognomonic of  rheumatic  fever. The rash  is evanescent, pink 
in color, and non-pruritic. It extends centrifugally while the skin at the 
center  returns  to normal—hence  the name “erythema marginatum.” 
It has an irregular serpiginous border. The rash may also become more 
prominent after a hot shower.

Erythema marginatum usually occurs only in patients with carditis 
and may occur early or later in the course of the disease.

Other manifestations
The  temperature  is usually  raised during  attacks  of ARF and  ranges 
from 38.4° to 40° C. 37 A survey of patients with ARF noted a low-grade 
fever of 38° C or less in 29%.36 The temperature usually decreases in 
a week and rarely lasts more than 4 weeks.

Abdominal pain may be severe and may mimic acute appendicitis. 
Epistaxis was reported as a common manifestation in the past but is 
now uncommon. Rheumatic pneumonia is uncommon and is difficult 
to distinguish from pulmonary edema and other causes of alveolitis.

A recent survey has shown that patients with Sydenham chorea and 
rheumatic fever have a high risk of developing neuropsychiatric symp-
toms. Obsessive-compulsive disorder is more common, and attention 
deficit hyperactivity disorder  is  a  risk  factor  for Sydenham chorea  in 
children with rheumatic fever.102

The  association  with  obsessive-compulsive  disorder  is  interesting  
in  view  of  the  finding  of  increased  D8/17  B-cell  positivity  in  these 
patients.

INVESTIGATIONS
The  investigation  of  a  patient  with  suspected  ARF  includes  seeking 
evidence of streptococcal infection, acute-phase reactants such as ESR 

Pericarditis is associated with anterior chest pain, and a pericardial 
friction rub may be detected on clinical examination. Pericarditis can 
be detected clinically in about 10% of patients. The pericardial effusion 
may  sometimes be  large but  cardiac  tamponade  is  rare. Constrictive 
pericarditis does not occur.

Endocarditis or valvulitis is diagnosed by the presence of an apical 
holosystolic  murmur  of  mitral  regurgitation  or  basal  early  diastolic 
murmur  in  patients  who  do  not  have  a  history  of  rheumatic  heart 
disease.  In  patients  who  have  a  history  of  previous  rheumatic  heart 
disease, a change in the character of the murmurs or the appearance 
of a new murmur will indicate the presence of carditis. Echocardiogra-
phy can  lead  to  the early diagnosis of valvular  involvement,  confirm 
the presence of  suspected valvular  regurgitation, and help  to exclude 
non-rheumatic  causes  of  valvular  involvement.  Echocardiography  is 
not a prerequisite for the diagnosis of carditis and should not be con-
sidered a limitation where it is not available.1

The mitral valve is involved most often, followed by the aortic valve. 
Mitral stenosis  is a classic finding in ARF. Mitral  incompetence may 
occur alone or with mitral stenosis or other valvular lesions. When the 
aortic  valve  is  involved,  aortic  incompetence  is  more  common  than 
aortic stenosis.

Echocardiography is more sensitive than clinical examination alone 
for  the detection of valvular abnormalities.99 The  typical  echocardio-
graph findings in a patient with mixed mitral valve disease are shown 
in  Figure  108.5.The  significance  of  the  milder  lesions  detected  on 
echocardiography is uncertain, but it is possible that some of them may 
heal without any sequelae.99  In 1992 when the  Jones criteria  for  the 
diagnosis of ARF were revised, the American Heart Association recom-
mendations  noted,  “At  present  there  is  insufficient  information  to 
allow  the  use  of  echocardiography,  including  Doppler,  to  document 
valvular regurgitation without accompanying auscultatory findings as 
the sole criterion for valvulitis in ARF.”

Echocardiography  is  widely  available  in  most  developed  countries 
and is likely to be used for the detection of valvular involvement or the 
assessment of severity.

Congestive heart failure may be due to myocarditis or severe involve-
ment of one or more heart valves. It occurs in 5% to 10% of the initial 
episodes and is more frequent during recurrences of rheumatic fever.

If  patients  do  not  have  a  high  fever,  arthritis,  chest  pain  due  to 
pericarditis, or chorea, they may not seek medical attention and later 
present with rheumatic heart disease without an antecedent history of 
rheumatic  fever.  A  survey  of  12,000  black  school  children  in  South 
Africa  reported  a  prevalence  of  rheumatic heart  disease  in  6.9/1000, 
and 82.5% of the affected children were previously undiagnosed.100

Fig. 108.5 The still echocardiograph image shows an apical four-chamber view 
of a patient with rheumatic mixed mitral valve disease. Note the thickening of 
mitral valve leaflets (a) and submitral valve apparatus (b). The left atrium is 
dilated (c). (Courtesy Dr. Neil Hendricks, The Cardiac Clinic, Groote Schuur 
Hospital, Cape Town, South Africa.)
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and  C-reactive  protein,  electrocardiography,  chest  radiography,  and 
other supporting tests.

Throat cultures
Throat cultures should be taken at presentation to isolate the organ-
ism.  They  are  usually  negative  by  the  time  patients  present  with 
arthritis or carditis. A positive throat culture may be due to convales-
cent carriage of  the original  rheumatogenic strain or a new infection 
with a different strain.

Streptococcal antibody tests
The  antibody  tests  are  directed  against  the  extracellular  products  of 
streptococci  and  include  ASO,  anti-DNAse  B  (ADB),  antihyaluroni-
dase, anti-NADase (anti-DPNase), and antistreptokinase. ASO is the 
most widely used test. Streptococcal antibody tests are useful because 
they usually reach a peak at the time of clinical presentation of ARF. 
The presence of a high titer indicates a true infection, and a significant 
rise in the titer on repeat testing will support the diagnosis of a recent 
infection.27

The  antibody  levels  usually  reach  a  peak  at  about  4  to  5  weeks  
after  the  pharyngeal  infection.  They  decrease  rapidly  over  the  next  
few  months  and  then  more  slowly  after  6  months.27  Because  only 
about  80%  of  the  patients  have  a  rise  in  the  titer  of  the  ASO,  it  
may  be  necessary  to  perform  other  antibody  tests  such  as  anti- 
DNAse B.

A recent study from Fiji showed that the normal ranges for the ASO 
and ADB were similar to those reported in countries with a temperate 
climate, and the authors suggest that a uniform upper limit of normal 
could be applied globally.103

The  rapid antigen detection  test  for  streptococcal pharyngitis was 
shown to have a sensitivity of 89.7% and a specificity of 97.2%  in a 
group of 475 children with a positive throat culture out of a sample of 
1248 children with acute upper respiratory tract infections.104

Acute-phase reactants
The ESR and C-reactive protein usually show variable elevation during 
the  acute  illness  with  arthritis  or  carditis.  They  may,  however,  be 
normal when chorea  is the only clinical manifestation. They usually 
respond to salicylates or NSAIDs. They may also be useful in monitor-
ing recurrences of ARF.

Chest radiography
Moderate or massive cardiomegaly may be present, depending on the 
severity of the carditis. Heart failure may occur with severe myocarditis 
or valvular  involvement. Pericarditis with an effusion may produce a 
globular heart.

Electrocardiography
There may be features of pericarditis with diffuse elevation of the ST 
segments. Myocarditis may be associated with tachycardia and prolon-
gation of the PR interval. Some patients may have second-degree heart 
block or, rarely, complete heart block. An earlier series of 700 patients 
reported electrocardiographic abnormalities in 21%, with 60% of them 
having varying degrees of heart block.105

Echocardiography
The role of echocardiography in ARF has not been clearly defined and 
was  not  included  in  the  1992  revised  Jones  criteria84  and  the  2002-
2003 WHO criteria.1 However, it is likely to be used widely in clinical 
practice, especially where cardiac murmurs are not detected on clinical 
examination. The  long-term significance of subclinical abnormalities 
that are detected on echocardiography  is unknown.  In  the Utah epi-
demic,  carditis  was  detected  on  auscultation  in  68%  of  patients.106 
Doppler ultrasound examination detected inaudible valvular incompe-
tence in 47% of patients with only polyarthritis at onset and in 57% 
of patients with chorea alone.106

TABLE 108.1 GUIDELINES FOR THE DIAGNOSIS OF INITIAL ATTACK OF 
RHEUMATIC FEVER

Major 
manifestations Minor manifestations

Supporting evidence 
of antecedent group A 
streptococcal infection

Carditis Clinical findings Positive throat culture 
or rapid streptococcal 
infection test

Polyarthritis Arthralgia Elevated or rising 
streptococcal 
antibody titer

Chorea
Erythema 

marginatum
Subcutaneous 

nodules

Fever
Laboratory findings:

Elevated acute-phase reactants
Erythrocyte sedimentation rate
C-reactive protein
Prolonged PR interval

If supported by evidence of preceding group A streptococcal infection, the presence of two major 
manifestations or of one major and two minor manifestations indicates a high probability of 
acute rheumatic fever.
Jones criteria, updated 1992.

Other tests
A mild normocytic normochromic anemia may be present. Antibodies 
to cardiac tropomyosin are elevated in most patients with ARF and can 
be detected by  enzyme-linked  immunosorbent assay. Using a mono-
clonal  antibody  (D8/17),  patients with ARF  show  increased  levels  of 
D8/17-positive  cells.  They  have  been  detected  in  63%  to  100%  of 
patients of diverse ethnic origins and only in 4.4% to 14% of normals.38,67 
The latter tests are not widely available at present.

DIAGNOSIS
The Jones criteria, originally proposed in 1944 and revised in 199284 
(Table 108.1) and 2001 (Table 108.2),1 are used to establish a diagnosis 
of ARF.

The  original  Jones  criteria  for  rheumatic  fever  were  proposed  in 
1944  and  were  modified  in  1992,  as  shown  in  Table  108.1.84  They 
served as a guideline for the diagnosis of the initial attack of rheumatic 
fever and  included a combination of  clinical and  laboratory  features. 
The WHO has adopted the 2002-2003 WHO criteria1 for the diagnosis 
of  rheumatic  fever  (on  the basis of  the  revised  Jones criteria107,108) as 
shown in Table 108.2.

The revised WHO criteria (see Table 108.2) assist the diagnosis of 
the following:

●  A primary episode of rheumatic fever
●  Recurrent attacks of rheumatic fever in patients without rheumatic 

heart disease
●  Recurrent  attacks  of  rheumatic  fever  in  patients  with  rheumatic 

heart disease
●  Rheumatic chorea
●  Insidious-onset rheumatic carditis
●  Chronic rheumatic heart disease

The diagnosis of a primary episode of rheumatic fever and recurrent 
attack of rheumatic fever in patients with or without rheumatic heart 
disease requires evidence of preceding group A streptococcal infection 
and varying combinations of major and minor manifestations. However, 
it is possible to diagnose rheumatic fever in the absence of evidence of 
preceding group A streptococcal  infection in patients with rheumatic 
chorea,  insidious-onset  rheumatic  carditis,  and chronic valve  lesions 
of rheumatic heart disease.

It is important to establish a diagnosis of ARF so that patients can 
be treated with penicillin (or erythromycin if the patient is allergic to 
penicillin) and a decision can be made on the need for long-term pro-
phylaxis  to  prevent  recurrent  attacks  of  rheumatic  fever.  Similarly, 
overdiagnosis  can  lead  to  anxiety  for patients  and  their  families  and 
subject patients to unnecessary long-term therapy.
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The treatment of choice  is penicillin, which is best given as a single 
intramuscular dose of benzathine benzylpenicillin. If penicillin is given 
orally, a 10-day course is necessary.

A New Zealand  study of 353  children with positive  throat  swabs 
showed  that  a  10-day  course  of  once-daily  oral  amoxicillin  was  not  
inferior  to  a  standard  10-day  course  of  twice-daily  penicillin  V.111  A 
recent Cochrane review noted that in countries with low rates of rheu-
matic fever, 3 to 6 days of oral antibiotics (azithromycin, clarithromycin,  
and cefuroxime) had comparable efficacy to standard 10-day oral penicil-
lin therapy in treating children with streptococcal pharyngitis.112

Analgesics and non-steroidal  
anti-inflammatory drugs
Patients with mild symptoms of fever and joint pain without carditis 
may respond to analgesics alone. If there is moderate or severe arthritis 
with or without carditis,  they should be  treated with salicylates  in a 
dose of 80 to 100 mg/kg/day to maintain a blood level of 20 to 30 mg/
day. Salicylate doses of 4 g or more may be required in adults. Patients 
on  high-dose  salicylates  will  require  monitoring  for  adverse  effects 
including  nausea,  vomiting,  abdominal  pain,  and  gastrointestinal 
bleeding.  Treatment  should  be  continued  until  the  symptoms  and 
signs  of  inflammation  have  resolved.  The  higher  dose  of  salicylates 
should  be  continued  for  2  weeks  and  then  reduced.  Use  of  other 
NSAIDs is also of value, and naproxen has been reported to be effective 
and well tolerated.113

Steroid therapy
A meta-analysis of the long-term outcome of carditis with the use of 
steroids and salicylates  failed  to show any benefit  for either agent.114 
The  role  of  anti-inflammatory  treatment  for  carditis  has  been 
reviewed115 and failed to show any benefit of using steroids, intravenous 
immunoglobulin, and aspirin in preventing cardiac disease in patients 
with ARF.

Steroids have a potent anti-inflammatory effect and have been used 
in patients with severe carditis or carditis associated with heart failure, 
even  though  there  is  insufficient  evidence  for  their  efficacy.  Steroids 
are not helpful if the heart failure is due to severe valvular damage.

Treatment of heart failure
Heart failure is treated with bed rest and steroids are used if there is 
active carditis. Conventional management may also include the use of 
diuretics,  digoxin,  or  vasodilators  depending  on  the  nature  of  the 
underlying abnormalities. When carditis  complicated by marked val-
vular  regurgitation  causes  severe  hemodynamic  compromise,  valve 
surgery  is  life  saving  and  should  not  be  delayed  by  trials  of  anti-
inflammatory medication.116

Sydenham chorea
Chorea  is usually a  self-limiting and benign manifestation  that does 
not require specific therapy. It may be protracted and disabling in some 
patients and responds to haloperidol.

TABLE 108.3 PREVALENCE OF THE MAJOR MANIFESTATIONS OF ACUTE 
RHEUMATIC FEVER: A COMPARISON OF THE PREVALENCE OF THE MAJOR 

CRITERIA FOR ACUTE RHEUMATIC FEVER IN DIFFERENT POPULATIONS

São Paulo, 
Brazil101

n = 786

Utah, 
USA106

n = 274

Boston, 
USA98

n = 1000

Konya, 
Turkey109

n = 274

Carditis 50.4 68.2 65.3 60.9

Polyarthritis 57.6 36.1 41.0 81.4

Chorea 34.8 36.4 51.8 17.9

Erythema marginatum 1.6 4.0 7.1 0.4

Subcutaneous nodules 1.5 2.6 8.8 0.7

TABLE 108.2 2002-2003 WHO CRITERIA FOR THE DIAGNOSIS OF RHEUMATIC 
FEVER AND RHEUMATIC HEART DISEASE

Diagnostic categories Criteria

Primary episode of rheumatic fevera Two major* or one major and two 
minor** manifestations plus evidence 
of a preceding group A streptococcal 
infection***

Recurrent attack of rheumatic fever 
in a patient without established 
rheumatic heart diseaseb

Two major or one major and two minor 
manifestations plus evidence of a 
preceding group A streptococcal 
infection

Recurrent attack of rheumatic  
fever in a patient with established 
rheumatic heart disease

Two minor manifestations plus 
evidence of a preceding group A 
streptococcal infectionc

Rheumatic chorea Other major manifestations or insidious 
onset rheumaticb evidence of group A 
streptococcal infection not required

Chronic valve lesions of rheumatic 
heart disease (patients presenting  
for the first time with pure mitral 
stenosis or mixed mitral valve 
disease and/or aortic valve)d

Do not require any other criteria to be 
diagnosed as having rheumatic heart 
disease

*Major manifestations: carditis, polyarthritis, chorea, erythema marginatum, subcutaneous 
nodules.
**Minor manifestations: clinical—fever, polyarthralgia; laboratory findings—elevated 
acute-phase reactants (ESR or leukocyte count).
***Supporting evidence of: electrocardiogram—prolonged PR interval; preceding streptococcal 
infection; elevated or rising antistreptolysin-O or streptococcal infection with another 
streptococcal antibody; infection in the past 45 days; a positive throat culture; rapid antigen test 
for group A streptococci; recent scarlet fever.
aPatients may present with polyarthritis (or with only polyarthralgia or monarthritis) and with 
several (3 or more) other minor manifestations, together with evidence of recent group A 
streptococcal infection. Some of these cases may later turn out to be rheumatic fever. It is 
prudent to consider them as cases of “probable rheumatic fever” (once other diagnoses are 
excluded) and advise regular secondary prophylaxis. Such patients require close follow-up and 
regular examination of the heart. This cautious approach is particularly suitable for patients in 
vulnerable age groups in high incidence settings.
bInfective endocarditis should be excluded.
cSome patients with recurrent attacks may not fulfill these criteria.
dCongenital heart disease should be excluded.
Based on the revised Jones criteria. From World Health Organization. Rheumatic fever and 
rheumatic heart disease. Report of a WHO Expert Consultation. Geneva: WHO, 2004.

The polyarthritis of rheumatic fever can also present diagnostic dif-
ficulty when it is the only major manifestation. The differential diag-
nosis of arthritis in association with fever has been reviewed1 and must 
include  juvenile  idiopathic  arthritis,  Lyme  disease,  and  connective 
tissue diseases.

A comparison of the prevalence of the various major criteria in dif-
ferent series is shown in Table 108.3.98,101,106,109

TREATMENT
The treatment of ARF will depend on the spectrum of clinical mani-
festations present and their severity, as well as the stage of the illness 
at  the  time  of  presentation.  One  of  the  major  determinants  of  the 
nature and duration of therapy is the presence and severity of carditis. 
The  treatment of  rheumatic  fever has been  reviewed  recently.1,2 The 
American Heart Association has recently released a statement on the 
prevention  of  rheumatic  fever  and  diagnosis  and  treatment  of  acute 
streptococcal pharyngitis.110

Bed rest
A period of bed  rest  is usually advised during an attack of ARF, and 
patients should be monitored for the onset of carditis. Once the symp-
toms and signs of acute inflammation have resolved, patients should 
be gradually mobilized. There are no randomized trials on the effect of 
prolonged bed rest.

Antimicrobial therapy
Adequate treatment of the streptococcal pharyngeal infection is essen-
tial to avoid prolonged and repetitive exposure to streptococcal antigen. 
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penicillin G, which is more susceptible to gastric hydrolysis than peni-
cillin V, which is now widely available.

The most effective regimen is the use of benzathine benzylpenicillin 
G 1.2 million units by intramuscular injection for children and adults 
more than 27 Kg (60 lb) and 600,000 units for those less than 27 Kg 
(60 lb). In developing countries where there is a high incidence of ARF 
and an increased risk of recurrence, intramuscular penicillin G should 
be given at least once every 3 weeks because the levels of penicillin are 
low  in  the  fourth  week.  The  alternative  treatment  is  penicillin  V 
250 mg twice daily orally or sulfadiazine 0.5 g once a day if less than 
27 kg (60 lb) or 1 g/day if more than 27 kg (60 lb).97 Patients who are 
allergic to penicillin and sulfadiazine should be treated with erythro-
mycin  250 mg  twice  a  day.  A  large  survey  of  1790  patients  who 
received 32,000 injections of benzathine benzylpenicillin G showed a 
prevalence of  rheumatic  fever of 0.45%  in patients on  intramuscular 
benzathine benzylpenicillin G compared with 11.5% in patients who 
were not compliant.123

Patients  who  have  significant  rheumatic  heart  disease,  history  of  
a  recent  attack,  or  history  of  recurrence  should  receive  prophylactic 
treatment. The risk of an attack of ARF following a group A streptococ-
cal infection increases from 1% to 3% with the first attack of strepto-
coccal pharyngitis  to 25%  to 75%  in  subsequent  attacks.124 The  risk 
of recurrence depends on many factors such as the presence of carditis, 
the  severity  of  cardiac  involvement,  time  interval  since  most  recent 
attack, and risk of streptococcal throat infections depending on living 
conditions  and  occupation.  Patients  with  previous  carditis  have  an 
increased  risk  of  carditis  during  recurrence  of  rheumatic  fever.  The 
recent  WHO  guidelines1  recommend  prophylaxis  for  5  years  after 
the  last  attack  or  until  the  age  of  18  years  (whichever  is  longer)  for 
patients without proven carditis and for 10 years after the last attack 
or at least until 25 years of age (whichever is longer) for patients with 
carditis  (mild  mitral  regurgitation  or  healed  carditis).  Patients  with 
more severe carditis or who had valve surgery should receive lifelong 
therapy.

Patients with  rheumatic heart  disease  should  receive  prophylactic 
antibiotics to prevent infective endocarditis when they undergo surgical 
procedures of the mouth (dental extractions), eyes, ears, nose, throat, 
and gastrointestinal and genital urinary tract.

Vaccines
Rheumatic  fever  and  rheumatic heart disease are  the most  common 
causes of cardiac-associated deaths in young adults in developing coun-
tries. The high prevalence of rheumatic fever in developing countries, 
resurgence of rheumatic fever in the United States, and occurrence of 
a severe illness such as the toxic streptococcal syndrome have further 
emphasized the need to develop an effective vaccine.

The  strategies  for  the  development  of  vaccines  have  been 
reviewed.14,36,125 Most of them have focused on either the N-terminal 
region or the carboxy-terminal region of the M protein. The character-
ization of the M-protein molecule has already been completed.14

Some  of  the  important  considerations  in  the  development  of  the 
vaccine are as follows.

●  The  vaccine  should  not  exacerbate  the  rheumatic  disease  it  is 
designed to prevent. M-protein sites that are associated with tissue 
cross-reactivity or infiltrates should be avoided, and therefore thor-
ough testing in animals is necessary.

●  More than 80 different M-protein serotypes cause infection, and only 
a few of the serotypes can be used for a type-specific vaccine. M-pro-
tein serotypes are also cyclic, and different serotypes produce rheu-
matic fever in different parts of the world.

●  The immune response should produce lasting protection.

Efforts  to  produce  the  ideal  vaccine  have  been  going  on  for  more 
than  3  decades  since  the  use  of  a  partially  purified  M3  vaccine.126 
Research  on  M-protein  vaccines  has  taken  place  since  the  1970s,  
and although there has been considerable experience and improvement 
in  our  knowledge  of  vaccines,  there  has  been  little  success.  Other 
potential targets for vaccines are C5a peptidase, streptococcal protein-
ase  (pyrogenic  exotoxin  B),  and  carbohydrate-protein  conjugates. 
Current research is promising, and hopefully vaccines will be available 
for clinical trials in the future.

PREVENTION
Primary prevention
Primary  prevention  refers  to  the  prevention  of  the  first  attack  of  
rheumatic  fever  by  early  treatment  of  the  streptococcal  pharyngeal 
infection.  In  1950  Denny  and  colleagues34  showed  that  rheumatic 
fever  can  be  prevented  if  the  preceding  pharyngeal  infection  due  to 
group  A  streptococci  is  adequately  treated  with  penicillin.  Penicillin  
is the treatment of choice because it is bactericidal. Ideally the strep-
tococcal infection should be confirmed by throat culture, which requires 
overnight incubation, or by using a rapid diagnostic antigen detection 
kit.  A  positive  throat  culture  does  not  differentiate  between  active 
streptococcal  pharyngeal  infection  and  an  asymptomatic  carrier  
with  viral  pharyngitis.  Many  of  the  test  kits  are  specific  and  if  the  
test  is  positive,  the  patient  should  be  treated.  The  kit  tests  are  less 
sensitive  than  culture,  and  the  American  Heart  Association  has  
recommended that a negative antigen test is confirmed with a throat 
culture.117

A  different  strategy  may  be  necessary  in  developing  countries  
where  throat  cultures  and  serologic  tests  are  not  readily  available  
in community clinics. The use of a syndromic approach to the manage-
ment  of  throat  infections  has  been  shown  to  reduce  the  incidence  
of  rheumatic  fever.  In  Costa  Rica  the  treatment  of  throat  infections 
(without the need for throat cultures) with intramuscular benzathine 
benzylpenicillin  (instead  of  oral  agents,  which  are  associated  with  
poor compliance)  resulted  in a significant  reduction  in  the  incidence 
of  rheumatic  fever.11  A  meta-analysis  of  the  use  and  effectiveness 
of  antibiotics  for  the  prevention  of  ARF  showed  an  80%  reduction  
in the risk of ARF with penicillin treatment for suspected streptococcal 
sore  throat  infection.118  The  meta-analysis  also  showed  that  it  was 
necessary to treat only 60 patients with throat  infections with  intra-
muscular penicillin  to prevent one case of ARF. On the basis of  this 
information,  the  marginal  cost  of  preventing  one  case  of  rheumatic 
fever by a single intramuscular injection of penicillin is $46 in South 
Africa.118

The  most  effective  treatment  is  a  single  injection  of  benzathine 
benzylpenicillin G intramuscularly. The recommended dose is 600,000 
units in children less than 27 kg (60 lb) and 1.2 million units in those 
who are more than 27 kg (60 lb).117 The alternative is to use oral peni-
cillin V (phenoxymethyl penicillin) for 10 days (250 mg two to three 
times daily in children and 500 mg two to three times daily in adoles-
cents and adults).117 The use of intramuscular penicillin obviates the 
need  for oral medication  to be  taken  for 10 days and overcomes  the 
problem of compliance because patients may stop treatment when they 
feel better after a few days. Patients who are allergic to penicillin should 
be treated with oral erythromycin for 10 days with a maximum dose 
of  1 g/day  (erythromycin  estolate  20  to  40 mg/kg/day  in  two  to  four 
divided doses or erythromycin ethylsuccinate 40 mg/kg/day in two to 
four divided doses).117

During  an  epidemic,  mass  penicillin  prophylaxis  is  of  value  and 
intramuscular penicillin has been effective in military camps.119

ARF  is a notifiable disease  in some countries as a key strategy  to 
guide the implementation of prevention programs. In South Africa ARF 
has been a notifiable disease since 1977, and National Guidelines for 
the  Prevention  and  Prophylaxis  of  Rheumatic  Fever  and  Rheumatic 
Heart Disease for Health Professionals at Primary Level were published 
in  1997.120  A  recent  survey  in  Cape  Town,  South  Africa,  revealed  a 
failure by health professionals to adhere to the guidelines and also to 
notify rheumatic fever despite this being a legal requirement.121

Secondary prevention
Secondary prevention refers to the prevention of recurrences of rheu-
matic fever with the use of continuous prophylaxis against streptococ-
cal  infection.  A  systematic  review  of  the  trials  comparing  oral  and 
intramuscular penicillin regimens reported that intramuscular penicil-
lin is more effective than oral penicillin in preventing the recurrence 
of rheumatic fever.118,122 The authors also noted that injections given 
once every 2 or 3 weeks appeared to be more effective than injections 
given once  every 4 weeks. They  also  reported  that  the  evidence was 
based  on  poor-quality  trials  and  that  outdated  formulations  of  oral 
penicillin  were  used  in  the  earlier  trials.  Earlier  trials  used  oral 
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joints of patients with Chlamydia-induced ReA. In an experimental 
model, it has been shown that synoviocyte-packaged Chlamydia can 
induce a chronic aseptic arthritis, and that the synoviocyte can serve 
as an important reservoir of microbial antigens within the joint tissues 
long after the organism can be cultured from the joint.6 Evidence indi-
cates that these persisting organisms in the joints are metabolically 
altered and may have entered a quiescent phase that renders them 
more resistant to antibiotic treatment. This has been shown for Chla-
mydia pneumoniae,7 which in terms of viability and metabolic activity 
has been shown to have characteristics comparable with Chlamydia 
trachomatis. Indeed, genes that are upregulated in Chlamydia residing 
within the synovial tissues are similar to those genes that characterize 
persistent mycobacterial infection, suggesting that the organisms have 
adapted their metabolic requirements to the microenvironment of the 
joint.8 There is, however, a lower prevalence of C. pneumoniae DNA 
compared with C. trachomatis DNA in synovial tissues.9 The signifi-
cance of such findings for pathogenesis of joint disease remains an 
ongoing discussion.10 Chlamydia nucleic acids have been found in the 
synovium of some asymptomatic patients.11-12

A recent study has used a PCR approach to examine the contribu-
tion of Chlamydia to ReA in North Africa.

In this multinational comparative study, the rate of C. trachomatis-
PCR-positive synovial specimens in North African ReA patients was 
low. Concordance among the three PCR testing laboratories was poor, 
indicating the need for test standardization. All Ct-PCR-positive 
patients were found positive by anti-hsp60 IgG serology.13

On the other hand, bacterial DNA or RNA from a wide spectrum 
of bacteria, including species not previously associated with ReA, have 
been demonstrated in chronic arthritis patients in reports from Latin 
America,14,15 England,16 and the United States.17 Some patients in these 
studies can yield DNA from a number of different strains of bacteria 
in the same joint. Thus although the application of PCR results has 
heightened the sensitivity of this quest, it has raised important ques-
tions about the specificity of the results. In addition to PCR analysis, 
gas chromatography–mass spectrometry has been applied to search for 
bacterial components in joint tissues.18 Once again, enhanced sensitiv-
ity has complicated the analysis of specificity.19

INTERPRETING MICROBIAL STUDIES IN JOINTS
Lessons from other arthritic disorders
The quest for infectious triggers in rheumatic diseases is not confined 
to ReA and there are instructive lessons from studies in chronic arthri-
tis in general. Rheumatoid arthritis (RA) is considered an autoimmune 
disease, but the notion that the process may be triggered by an infec-
tious agent has been a longstanding theory in its pathogenesis.19 The 
underlying uncertainty is whether our concept of ReA has been too 
narrowly defined. After several decades searching for such causative 
agents in the joints, the direct evidence is still elusive. Chen and col-
leagues18 provided new insights in this area searching with gas-
chromatography–mass spectrometry (GC-MS) for muramic acid, a 
component derived from bacterial cell walls, in the joint tissues of RA 
patients. This is of particular interest in light of the recent meta-
analysis, which concluded that there was supportive evidence for the 
therapeutic role of tetracycline therapy in the treatment of RA.20 In the 
case of ReA, infectious agents triggering the joint inflammation have 
been well established. As mentioned earlier, one of the strongest links 
is the demonstration of Chlamydia DNA in joints of patients with 
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 The pathogenesis of spondyloarthropathies is unclear; however, an 
interaction of host HLA-B27 and certain bacteria plays a central 
role.

 The potential roles of HLA-B27 structure, function, molecular 
mimicry, and/or other effects in relation to these bacteria are 
discussed.

 It is hypothesized that an interaction of host HLA-B27 and certain 
bacteria play a central role in the spondyloarthropathies.

 Current evidence points to an amino acid cluster associated with 
the B pocket of HLA-B27 as critical in pathogenesis.

 The spondyloarthropathies may be triggered by CD8+ T cells 
responding to peptides derived from bacteria that are bound to 
HLA-B27.

INTRODUCTION
Reactive arthritis (ReA)—a sterile synovitis precipitated by an extra-
articular infection—has been a challenge for resolving pathogenesis 
definitively. ReA is the quintessential paradigm of host susceptibility 
interacting with an environmental trigger and, as such, sets a concep-
tual framework that underlies a broad range of rheumatic diseases. 
Indeed, ReA occupies an interesting middle ground between autoim-
mune and autoinflammatory diseases.1

There have been attempts to bring more order into the nomencla-
ture of the ReA.2-3 Classification by causative pathogen has the most 
intrinsic appeal and has fueled the search for definitive links between 
particular pathogens and ReA. Many of these studies represent guilt 
by association, in that the demonstration of a particular immune 
response profile by serology or cellular responses comes to define the 
identity of the causative pathogen even when there is no direct dem-
onstration of the organism in the joint. Such inference, however, must 
acknowledge the key features of ReA:

● It occurs 2 to 4 weeks after extra-articular infection.
● Infections are predominantly gastrointestinal and genitourinary.
● Synovial fluid is culture negative.
● Antibiotics do not appear to alter the clinical course.

The predictive power of a diagnostic test critically depends on the 
prevalence of positives in the healthy population at large.4 The appro-
priate control groups for these studies have not been consistently 
defined or applied. On the other hand, a mechanistic approach to the 
classification of ReA awaits a better understanding of the molecular 
and cellular mechanisms underlying the chronic inflammation. Studies 
in ReA and undifferentiated oligoarthritis indicate that about 50% of 
such cases can be attributed to a specific pathogen by a combination 
of culture and serology, the predominant organisms being Salmonella, 
Yersinia, and Chlamydia.5 Species-specific analysis of serologic response 
to pathogens may further enhance this detection rate.

MICROBE IDENTIFICATION IN THE JOINTS
The most direct causal proof for microbes in ReA derives from dem-
onstration of microbial antigens in the joint. The case for persisting 
intra-articular pathogens is strongest for Chlamydia, with Chlamydia 
DNA or RNA demonstrable by polymerase chain reaction (PCR) in 
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OA. The potential of muramic acid as a pro-inflammatory factor in RA 
synovitis is unsolved. As discussed later, genetic polymorphisms in the 
molecules involved in the recognition and signaling pathways for bacte-
rial components might explain different individual susceptibilities: 
TLR2 polymorphisms in the case of gram-positive infection34 and 
TLR4 polymorphisms in the case of gram-negative infections.35,36

These recent data demonstrate the presence of stable bacterial deg-
radation products, rather than the whole bacteria, not only in the joints 
of RA patients but also in OA patients. This raises important issues 
about the clinical significance of these events for the pathogenesis of 
inflammatory joint disease generally. This has a parallel in the PCR 
analysis of ReA joint tissues, in which chlamydial nucleic acids have 
been found not only in these patients but also in OA patients.37 Several 
methods have been used to detect the bacterial cell wall components 
in the joints of experimental cell wall–induced arthritis. Recent studies 
in post-Salmonella ReA have used this approach to identify immuno-
genic components of the outer membrane of the organism as a persis-
tent inflammatory stimulus, although there is not sufficient evidence 
to explain the role in chronic arthritis.’38

Reactive arthritis and microbe-host interaction
There is great diversity in the clinical and immunologic sequelae to 
infection and there have been ongoing efforts to study host-microbe 
interactions at the cellular level. The attachment and invasion of bac-
teria represent an interplay between invasion-related proteins of the 
bacteria and surface receptors on host target cells. The B-cell and T-cell 
immune responses to viral and bacterial infections are shedding new 
light on antigenic recognition, cell signaling pathways in activation, 
and immunologic memory. Thus the pathways from antecedent infec-
tion to subsequent arthritis are gradually becoming better defined. 
Local persistence of the intact pathogen may prove elusive to define at 
first, as was the case for Borrelia burgdorferi in Lyme arthritis. An 
example of local persistence of bacterial antigens is the clinical syn-
drome of post-Yersinia ReA and perhaps in the broader range of the 
spondyloarthritis (SpA). Deposition of circulating immune complexes 
from serum, as occurs in bacterial endocarditis, may result in a chronic 
synovitis that remains culture negative. Generation of arthritogenic 
toxins may occur as a sequela to infection with Clostridium difficile or 
in the course of toxic shock syndrome. Antecedent infection may initi-
ate an autoimmune attack on articular structures if the foreign anti-
gens exhibit immunologic cross-reactivity with normal host tissues. 
Such molecular mimicry is reflected in the relationship between M 
protein of group A Streptococcus and cardiac myosin, and in this regard 
acute rheumatic fever has significantly influenced theories of microbial 
pathogenesis.

Yet even molecular mimicry, a cornerstone of this line of investiga-
tion, has come under rigorous scrutiny.39 The central notion of that 
theory is that if microbial antigens and self-antigens share elements 
recognized as antigenic by the immune system, then the stage is set for 
an activation of otherwise quiescent autoreactive T cells and B cells. But 
it is evident that sequence homology between self-proteins and micro-
bial proteins may be a relatively common event in biology and that there 
is a degree of degeneracy in the binding of peptides to both major histo-
compatibility complex (MHC) molecules on antigen-presenting cells 
(APCs) and to T-cell receptors on responding T cells. Thus rigorous 
proof of molecular mimicry as a central mechanism for arthritis has 
proved elusive. But infection may provide the stimulus for breaking 
tolerance to self-antigens through several nonspecific mechanisms 
unrelated to mimicry. Tissue damage and local necrosis of cells may 
uncover cryptic epitopes of self antigens. Reactivation of resting autore-
active T cells may occur in this manner.40 Inappropriate activation may 
occur secondary to upregulation of MHC molecules and co-stimulatory 
molecules on APCs. Alternatively, non-specific T-cell activation can 
occur as the result of the elaboration of superantigens, which bypass the 
conventional rules of peptide processing and presentation.

Mechanisms of infection and arthritis
It is unresolved how most organisms gain access to the joints, but 
leukocytes that have internalized these pathogens may display altered 
migratory patterns that would accentuate homing to the joints.41 

post-Chlamydia ReA by PCR.21 However, after a prolonged search for 
bacteria DNA in RA joints, it remains unresolved whether or not an 
organism or its antigenic fragments persist locally in these joints. It 
may still be argued that the causative agent is present at such a low 
concentration that it cannot be detected with current microbiology 
techniques. To date, many methods have been employed in hunting 
for microbes in RA joints, as well as in ReA, ankylosing spondylitis 
(AS), and osteoarthritis (OA) joints. Chen and colleagues18 screened for 
bacteria in joint tissues of RA patients using a sensitive pan-bacteria 
PCR, which can detect DNA of almost any bacterial species. However, 
no bacterial DNA was found in their study. Despite the absence of 
bacterial DNA, they probed for evidence of the bacterial cell wall, which 
represents the major constituent of bacteria.

Detection of non-DNA bacterial elements
The skeleton of the bacterial cell wall mainly consists of polysaccha-
ride, peptidoglycan, and cell wall–associated proteins. Peptidoglycan is 
the major constituent of the gram-positive bacterial cell wall, whereas 
lipopolysaccharide (LPS) is the dominant component of the gram-
negative bacterial cell wall. Muramic acid, a component of the pepti-
doglycan moiety of the bacterial cell wall, is unique to bacteria and is 
not present in the mammalian proteome, making it an ideal chemical 
marker for detecting bacteria.22 Muramic acid was detected by using 
mass spectrometry, a technique previously used successfully to detect 
muramic acid in septic arthritis.23,24 These same investigators were also 
able to demonstrate the presence of muramic acid in the joints of some 
RA patients, suggesting persistence of bacterial cell wall components, 
rather than bacterial DNA, in the joints of chronic RA. Their findings 
are in line with reports that bacterial cell wall components were present 
in RA joints by immunohistochemistry, using an antibody against 
bacterial cell wall peptidoglycan.25 However, this study makes the 
important observation that the presence of bacterial cell wall compo-
nents is not specific for RA because they were also found in joint tissues 
of OA patients.

Is there a pathogenic role for  
bacterial cell wall components?
The question has remained open whether these bacterial cell wall 
components might play a pathogenic role if they persist in the joints 
for prolonged periods. Several studies have implicated bacterial cell wall 
components as having multiple immunologic activities that may con-
tribute to joint inflammation: (1) Toll-like receptors (TLRs) recognize 
a broad range of pathogen-associated molecular patterns. For example, 
TLR2 recognizes bacterial peptidoglycan.26 (2) Bacterial peptidoglycan 
is capable of stimulating synovial macrophages to express the co-
stimulatory molecules CD80 and CD86 and produce proinflammatory 
cytokines such as TNF-α and IL-6.27 (3) Certain bacterial cell walls are 
able to induce experimental arthritis in rats with histopathologic fea-
tures resembling RA.28,29 (4) Small fragments of the arthritogenic bacte-
rial peptidoglycan such as muramyl peptides possess potent 
proinflammatory capacity.30 All these lines of evidence suggest that the 
bacterial cell wall components can serve as potential arthritogenic 
agents. If they appear in the joints under certain circumstances and 
persist chronically, the stage may be set in this microenvironment of 
inflammation and injury for a breakdown in immune tolerance to local 
self antigens, thereby initiating an autoimmune response leading to 
self-perpetuating inflammation and ultimately bone and cartilage 
destruction.

On the other hand, the stimulatory potential of TLR ligands such 
as LPS or peptidoglycan is relatively short-lived, raising questions about 
their potential as chronic stimuli. After an initial challenge with LPS, 
dendritic cells or macrophages enter into a programmed hyporespon-
sive stage in which the TLR4 signaling pathway has been shown to be 
downregulated.31,32 This hyporesponsiveness has also been analyzed for 
TLR2 ligands such as mycobacterial lipopeptides and lipoteichoic acid, 
and cross-hyporesponsiveness induction between TLR2 and TLR4 has 
been proposed.33 Therefore chronic persistence of bacterial components 
in the joints does not necessarily mean a chronic inflammatory stimu-
lus in the joint. This fact may explain the discordance between inflam-
mation and the presence of muramic acid in the synovial tissues of 
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has been observed that B27+ cells kill Salmonella less efficiently than 
control cells56 and that LPS stimulation of these transfected cells sug-
gests that HLA-B27 enhances NF-κB activation and TNF-α secretion.57 
This phenomenon of more permissive intracellular replication of Sal-
monella may depend on the unique characteristics of the B pocket on 
HLA-B27, in particular the glutamic acid residue at position 45.58 In 
contrast some investigators have found that HLA-B27 expression does 
not alter infection nor replication of C. trachomatis in cell lines.59 It is 
of interest that the folding capacity and dimer formation of HLA-B27 
heavy chains are strictly dependent on the amino acid at position 45, 
suggesting that non-antigen-presenting effects of HLA-B27 might influ-
ence the capacity of monocytes/macrophages to control the intracel-
lular replication of Salmonella. The modulatory effects caused by 
HLA-B27 are likely to be highly dependent on the cell type studied and 
triggering stimulus used. It remains to be defined whether the suscep-
tibility to SpA and ReA arises from a non-antigen-presenting effect of 
HLA-B27 or its altered antigen-presenting effects, or by a combination 
of these factors.60

An alternative approach to studying transfected cell lines has been 
to analyze host-to-microbial interactions in the context of synoviocytes 
harvested from HLA-B27+ synoviocytes.61 Using this approach, it was 
observed that HLA-B27 did not appear to play a direct role in internal-
ization of S. typhimurium or in the kinetics of intracellular killing of 
this organism. A biochemical approach has been to examine endoge-
nously labeled B27-bound peptides by mass spectrometry.62 Using this 
approach, there was no evidence for significant changes in endogenous 
peptide repertoire by B*2704 after infection of the target cells with S. 
typhimurium. Although this does not exclude a role for altered cyto-
toxic T-lymphocytes (CTL) recognition of infected B27+ target cells, 
the sensitivity of mass spectrometry suggests that harvesting “arthri-
togenic peptides” using such an approach will be a difficult undertak-
ing, if at all possible. Thus there are significant logistic barriers for a 
definitive demonstration of an arthritogenic peptide.

HLA B27 AND VIRAL ARTHRITIS
The previous comments have largely referred to bacterial infection, but 
recent studies in viral infections have shed new light on this question. 
In terms of host-to-pathogen interactions, it is important to note that 
recent studies have demonstrated that B27 influences the outcome of 
HIV63,64 and HCV65 infections in a positive way. This is providing new 
insights into how B27 may confer a relative protection to HIV infec-
tion. Control of human immunodeficiency virus type 1 (HIV-1) by 
HLA-B27+ subjects has been linked to an immunodominant CD8(+) 
CTL response targeting the conserved KK10 epitope (KRWIIL-
GLNK[263-272]) in p24/Gag. Viral escape in KK10 typically occurs 
through development of an R(264)K substitution in conjunction with 
the upstream compensatory mutation S(173)A, and the difficulty of the 
virus to escape from the immune response against the KK10 epitope 
until late in infection has been associated with slower clinical progres-
sion. Rare alternative escape mutations at R(264) have been observed, 
but factors dictating the preferential selection of R(264)K remain 
unclear. It has recently been demonstrated that although all observed 
R(264) mutations (K, G, Q, and T) reduced peptide binding to HLA-B27 
and impaired viral replication, the replicative defects of the alternative 
mutants were actually less pronounced than those for R(264)K. Impor-
tantly, however, none of these mutants replicated as well as an R(264)
K variant containing the compensatory mutation S(173)A. These data 
suggest that the preference for R(264)K is due primarily to the ability 
of the S(173)A-compensated virus to replicate better than alternative 
variants in the presence of CTLs, suggesting that viral fitness is a key 
contributor for the selection of immune escape variants.

In the case of HCV infection, it has been found that B27 is strongly 
associated with spontaneous viral clearance, which has been linked  
to a dominant CD8+ CTL epitope. Recent studies have addressed 
whether the immunodominant HLA-B27-restricted HCV epitope was 
constrained by analyzing the replication competence and immunoge-
nicity of different escape mutants. In most HLA-B27+ patients chroni-
cally infected with HCV, the escape mutations spared the 
HLA-B27-binding anchor. Instead, the escape mutations were clus-
tered at other sites within the epitope and had only a modest impact 
on replication competence. The cluster of mutations is required for 

Several studies support the notion of a viable organism present, at least 
transiently, in the early stages of the synovitis. It is speculated that 
this may reflect defective killing of the organism, either by failure to 
internalize the pathogen or to effectively initiate intracellular killing. 
There has been interest in particular in the Chlamydia heat shock 
proteins, notably hsp60, and recent studies have identified differential 
expression of three C. trachomatis hsp60-encoding genes that may 
differ in active versus persistent infections.42 The cellular response 
to Chlamydia infection has been studied by microarray techniques, 
and 18 genes appeared to be selectively upregulated following infection 
with C. trachomatis.43 Of interest, the genes induced by Salmonella 
typhimurium may overlap with those induced by Chlamydia and this 
approach may shed light on common arthritogenic factors playing a 
role in ReA. In the study of Salmonella, inactivated bacteria induced 
no specific gene expression, suggesting that innate immunity may play 
a role in these events. Profiling Chlamydia infection of U937 mono-
cytic cells44 and human lung epithelial cells45 has provided a profile of 
induced gene expression and, in particular, which cytokines are induced 
by this microbial challenge.

Infection of synoviocytes with Chlamydia induces IL-6 production46 
and HLA class I expression.47 The latter appears to be mediated by 
induction of IFN-β, which in turn stimulates synthesis of ISFG3g, a 
transcription factor participating in the regulation of the HLA class I 
genes. Synoviocytes may represent not only a reservoir of pro-inflam-
matory bacterial antigens but may themselves mediate the disease 
process. RANKL expression was undetectable in resting synoviocytes 
but was dose dependently upregulated in synoviocytes after Salmonella 
infection.48 OPG was constitutively expressed by synoviocytes and was 
not upregulated by infection. Infected synoviocytes induced the forma-
tion of multinucleated TRAP-positive cells and formation of bone 
resorption pits in co-cultures of bone marrow–derived osteoclast pre-
cursors. Arthritogenic bacteria may thus induce erosive changes in 
bone via synoviocyte intermediaries, providing a link between infection 
and osteoclastogenesis. This may relate to the phenomenon of culture-
negative erosive sacroiliitis that can occur as a sequela of ReA.

Salmonella infection inhibits cell surface expression of MHC class 
II and this event involves the sifA gene locus, but the mechanism is 
not fully understood. This may represent a mechanism whereby this 
organism interferes with the development of adaptive immune 
response.49 Significant systemic effects induced by exposure to micro-
bial factors may set the stage for the subsequent development of arthri-
tis by several means. Yersinnia enterocolitica 0 : 3 isolated from patients 
with ReA was shown to induce polyclonal activation of B cells and 
auto-antibody production in vivo.50 Oligodeoxynucleotides (ODNs), 
containing unmethylated CpG motifs characteristic of bacterial DNA, 
were shown to significantly increase susceptibility to arthritis in mice.51 
The host susceptibility to arthritis in this scenario was mediated by 
CD11c+ cells, which were the dominant source of TNF-α. In this 
regard it is important to point out that effective adaptive immunity 
depends in part on innate immune mechanisms because TLR plays a 
key role in the upregulation of costimulatory molecules. Studies have 
addressed the role of TLR-2 and TLR-4 in RA, ankylosing spondylitis, 
and collagen-induced arthritis.52,53 In experimental Chlamydia-induced 
arthritis, TLR-4 and neutrophil Rac 1,2 have been shown to define the 
severity and chronicity of joint inflammation and injury.54 A genetic 
variant of the toll-like receptor (TLR)2/4 adaptor protein TIRAP (SNP 
C539T) was identified in a U.K. and in several African populations. 
The heterozygous genotype of this SNP has been associated with pro-
tection from severe infections. This allele results in an attenuated 
response to bacterial pathogens. A recent study analyzed whether the 
heterozygous C/T genotype was underrepresented in axial SpA com-
pared with healthy controls.55 This study did not show significant 
associations of SNP S180L of the TLR2/4 adaptor protein TIRAP with 
axial SpA.

B27 impact on host-to-pathogen interactions
This host-to-pathogen interaction has proved a fertile ground for 
exploring non-canonical roles for HLA-27. Novel functions for HLA-B27 
have been raised in part because of the sustained difficulties in applying 
conventional structure and function to a mechanistic hypothesis of 
how B27 contributes to disease. Using transfected U937 cell lines, it 
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from hsp60 of Yersinia.73 The specificity of the clones identified a core 
epitope that was presented in an MHC promiscuous manner, and this 
epitope was almost identical with the B27-restricted epitope of Yersinia 
hsp60.

A subsequent study analyzed the fine specificity of CD4+ T cells 
specific to ReA-associated, bacteria-derived protein.74 In patients with 
Yersinia-induced ReA, live Yersinia Hsp60-specific CD4+ T cells were 
directly isolated from SF after stimulation with Yersinia-derived protein 
Hsp60 using a cytometric cytokine secretion assay. Generated short-
term CD4+ T-cell lines were highly antigen specific and revealed single 
immunodominant peptide epitopes that were confirmed by direct 
testing with single peptides in both peripheral blood and SF cells. Yer-
sinia Hsp60-specific T cells of one patient cross-reacted directly with 
human Hsp60.

Analysis of CR4+ T-cell responses to C. trachomatis revealed that 
in patients with ReA there were abundant blood and SF T cells specific 
for the 60kD cysteine-rich outer membrane protein of Chlamydia and 
that this epitope was presented by HLA-DRB1*0401.75 Expression 
libraries have also been used to provide a more comprehensive analysis 
of chlamydial antigenic recognition by CD4+ T cells, and flow cytom-
etry may provide a method to quantitate the number of antigen-specific 
T cells against the triggering pathogen in ReA.76 A similar approach, 
an analysis of T-cell responses to arthritogenic agents, found no sup-
portive role for Klebsiella pneumoniae in the pathogenesis of AS.77

In studies of arthritogenic components of Salmonella, the outer 
membrane protein (OMP) of Salmonella was isolated and fractionated 
and synovial fluid mononuclear cells (SFMC) from seven patients with 
Salmonella-induced ReA were tested against eight fractions.78 Of these 
seven patients, five with SFMC had a significant stimulation index (SI) 
against less than 22, 22-26, 25-35, and 28-40 kDa fractions of OMP. 
These fractions were analyzed by SDS-PAGE and matrix-assisted laser 
desorption ionization time-of-flight (MALDI-TOF) mass spectrometry, 
which revealed 10 proteins. These proteins were 37 kDa OmpA, 
33 kDa TsX, 28 kDa putative Omp, 28 kDa Vac J, 39 kDa OmpD, 
18 kDa OmpX, 23 kDa OmpW, 43 kDa OmpS1, and 19 kDa pepti-
doglycan-associated lipoprotein. Thus there has been progress made in 
identifying low-molecular-weight proteins in the Omps of Salmonella, 
which are T cells immunoreactive in patients with Salmonella-induced 
ReA. In addition to lymphocyte response profiles in ReA, recent studies 
have examined the functional status of neutrophils in B27+ patients 
with ReA in contrast to B27+ ReA- and B27− ReA- subjects.79 Neutro-
phil surface expression of CD11b, CD14, and CD16 was quantified 
flow cytometrically. The B27+ ReA+ group showed significantly higher 
CD11b levels than the B27− ReA- group on non-adherent neutrophils 
cultured with or on adherent neutrophils without LPS supplement. 
CD14 and CD16 expression on cultured neutrophils and constitutive 
expression of all three markers were comparable between the groups. 
This raises the possibility that enhanced neutrophil reactivity may 
exacerbate innate immune inflammation in HLA-B27+ ReA patients.

Cytokines in reactive arthritis
Analysis of T-cell subsets with respect to cytokine profiles is a further 
method for studying the link between infection and reactive arthritis. 
Exposure to different pathogens can stimulate at least two patterns of 
cytokine production by CD4-positive T cells (Th1 and Th2). It has 
been long held that Th1 cells mediate a protective role against intracel-
lular pathogens. Thus it would seem appropriate that these cells would 
be central in clinical complications of such infections. In a study of 11 
patients with ReA, stimulation of SF mononuclear cells resulted in 
secretion of low amounts of IFN-γ and TNF-α but high amounts of 
IL-10.80 IL-10 was responsible for suppression of IFN-γ and TNF-α as 
judged by the effect of adding IL-10 or anti-IL-10 to the cells. The sup-
pression of Th1-like cytokines is likely mediated through suppression 
of IL-12 synthesis. In the synovial tissues of these patients, a higher 
number of cells were positive for the Th2 cytokine IL-4, compared with 
the number of IFN-γ-secreting cells. This IL-10/IL-12 balance, resulting 
in a predominance of Th2 cytokines, may contribute to the persistence 
of bacteria in the joint. In comparison with RA, SF levels of TNF-α in 
ReA are lower, despite comparable levels of IL-2R, again implicating a 
relative deficiency of protective, antimicrobial cytokines in the local 
environment.81

efficient escape because a combination of mutations is necessary to 
impair T-cell recognition of the epitope. Artificially introduced muta-
tions at the HLA-B27-binding anchors were found to be completely 
cross-reactive or to lead to substantial loss of fitness. These results 
suggest that protection by HLA-B27 in HCV infection can be explained 
by the requirement to accumulate a cluster of mutations within the 
immunodominant epitope to escape T-cell recognition.

It is intriguing to postulate that comparable allele-epitope interac-
tions also orchestrate the host immune response to arthritogenic 
pathogens and that the approach taken by virologists would be a pro-
ductive line of investigation for studies of ReA.

Host humoral responses and ReA
It has become increasingly apparent that using humoral immune pro-
files as pointing to recent or prior infection is fraught with problems. 
Evidence implicating microbes in SpA has depended largely and indi-
rectly on the humoral or cellular immune response of the host. Sero-
logic studies continue to contribute to this body of evidence. In the case 
of Chlamydia, the high prevalence of antichlamydial antibodies in the 
normal population66 has led investigators to seek an antibody profile 
with sufficient sensitivity and specificity to be of diagnostic value. It 
has been proposed that IgG and IgA antibodies against MOMP-derived 
peptides and pgp3 may be useful in the diagnosis of Chlamydia-induced 
ReA.67 On the other hand, ReA may reflect a failure of host response to 
the infection. The male predominance of ReA may be related to a defi-
cient humoral immune response to Chlamydia, secondarily leading to 
systemic dissemination of the organism, although the basis of gender-
specific immune responses is unresolved.68 A recent study used sero-
logic profiles to examine the prevalence of different serotypes of C. 
trachomatis antibodies and the incidence of C. trachomatis–induced 
ReA among 122 patients in an early arthritis study.69 Antibodies against 
C. trachomatis serotypes C, E, and G were studied using enzyme 
immunoassay (EIA) tests among patients and in 78 controls. Of 122 
patients, with the baseline diagnosis of RA in 11, SpA in 28, and undif-
ferentiated arthritis (UA) in 83 cases, 42 (34%) showed IgG or IgA 
antibodies against at least one serotype C, E, or G. Among the patients 
with UA, the prevalence was significantly increased compared with the 
controls. C. trachomatis–induced ReA arthritis was diagnosed in only 
three patients with the ligase test. On this basis the incidence of C. 
trachomatis–induced arthritis was 5.4/100,000 in the age group 18 to 
65 years. It was concluded that antibodies against C. trachomatis were 
most common in patients with UA, reflecting the fact that cases with 
Chlamydia-induced ReA are included in this subgroup.

Host cellular responses and ReA
Analysis of the cellular immune response has continued to shed light 
on both potential triggering pathogens and effector mechanisms. Isola-
tion of T-cell clones from synovial fluid (SF) of patients with post-
Yersinia ReA identified the triggering antigens to be proteins secreted 
by the organism, including a phosphatase, YopH, and determined that 
the clones used a limited set of T-cell receptor variable region gene 
segments.70 Using a similar approach for post-Chlamydia ReA, two 
antigens were immunodominant, the 57-kd heat shock protein and the 
18-kd histone-like protein Hc1. Mapping the epitope in Hc1 using 
synthetic peptides identified a peptide containing a sequence motif 
compatible with binding to HLA-DR1, the restricting element for the 
T-cell clones.

An extensive body of evidence supports the notion of local genera-
tion of SF T cells specific for the triggering bacterium. One study 
addressed the corresponding T-cell reactivity in peripheral blood.71 In 
24 out of 87 patients with a bacteria-specific T-cell proliferative 
response in SF, there was a corresponding peripheral blood response to 
the same bacterium. The longitudinal profile of SF T-cell reactivity was 
studied in 28 patients with ReA72 in arthritis triggered by Chlamydia, 
Shigella, and B. burgdorferi. At different time points the same bacte-
rium was always recognized with a significant degree of variation in 
the magnitude of the proliferative response. Only the Yersinia-specific 
responses changed specificity, suggesting that the latter are non-specific 
in some patients. An analysis of the specificity of CD4+ T-cell clones 
for Yersinia peptides was reported using overlapping synthetic peptides 
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note in this context that CD8+ T cells in synovial fluid may express 
natural killer (NK) cell receptors.90 Such cells reflect a high degree of 
heterogeneity in the expression of NK cell receptors, which may modu-
late their cytotoxicity and contribute to disease pathogenesis as a 
result. The fact that certain subtypes of HLA-B27 are more strongly 
associated with SpA than others has implicated T-cell specificities in 
a more precise fashion.91,92 The HLA-B*2709 subtype, although differ-
ing by a single amino acid (His116→Asp116) from the strongly AS-
associated subtype B27*2705, is not found in AS patients. It has been 
shown that CD8+ T cells can distinguish these two B27-subtypes when 
presenting the same epitope derived from EBV LMP-2, suggesting that 
the subtypes may differ in presenting an arthritogenic peptide derived 
from microbial sources.93 An approach using peptide binding has 
addressed what might differentiate HLA-B*2704 (associated with SpA) 
from HLA-B*2706 (not associated with SpA). The main structural 
feature of peptides differentially bound to B*2704 was the presence of 
C-terminal Tyr or Arg together with a strong preference for aliphatic/
aromatic P3 residues. This provides a distinctive profile of B*2704 and 
B*2706 binding that correlates with their differential association with 
SpA.

An analysis of the specificity of T-cell clones demonstrated that 
target cells pulsed with Yersinia 60-kd heat shock protein, but not with 
other Yersinia proteins, were successfully lysed by the CTL, and that 
this killing was restricted by B27.94 Further, a single nonamer, 321 to 
329, derived from Yersinia hsp60 was the dominant epitope in this 
recognition event. In another approach to this interaction, T cells 
themselves can be infected with Yersinia. Infected CTLs have a reduced 
lytic capacity against syngeneic and allogeneic infected target cells, 
implicating a breakdown in immune surveillance that could occur by 
this mechanism during the course of gram-negative bacterial infec-
tion.95 Using a computer-generated algorithm that incorporated 
HLA-B27 binding motifs and proteosome-generated motifs, an approach 
to identifying immunodominant peptides from C. trachomatis has 
been undertaken.96 Nine peptides so identified proved to be stimulatory 
for CD8+ T cells, and many of these same peptides were recognized 
by CD8+ T cells derived from patients with ReA. Peptide binding 
to these T cells was also demonstrated by tetramer staining. This  
may prove to be a valuable approach to identifying key peptides from 
arthritogenic pathogens. A recent study successfully used HLA-B27 
tetramers to identify low-frequency antigen-specific T cells in Chla-
mydia-induced reactive arthritis.97 Such cells could be expanded ex 
vivo, suggesting a functional capability that may contribute to the 
arthritis.

Whether microbial peptides share functional homology with self-
proteins such as B27 remains unresolved. There is some supportive 
evidence for this notion of molecular mimicry in SpA,98,99 but the 
theory leaves important questions unanswered. For example, the target 
organ specificity of AS remains unexplained, as well as the apparent 
frequency of homologous sequences even among bacteria not com-
monly thought to be arthritogenic on clinical grounds. An immuno-
dominant epitope from the S. typhimurium GroEL molecule was 
recognized by CD8+ cytotoxic T lymphocytes after natural infection in 
mice,100 and these CTLs cross-reacted with peptides derived from 
mouse hsp60. This provided a model that might link bacterial immu-
nity with autoimmunity, although several aspects of this relationship 
remain unexplained.101 A dodecamer derived from the intracytoplasmic 
tail of HLA-B27 is a natural ligand for disease-associated subtypes 
(B*2702, B*2704, B*2705) but not of non–disease-associated subtypes 
(B*2706, B82709). This peptide showed striking homology to a region 
of the DNA primase from C. trachomatis. This indicated that some 
mimicry exists between B27-derived and chlamydial peptides that 
might relate to cross-reactivity of immune responses against microbial 
and endogenous antigens.102 In a study addressing CTL recognition of 
B27, it was observed in an animal model that a prior expansion of an 
immune response against HLA-B27 results in a reduced threshold for 
generating a primary anti-Chlamydia CTL response.103

A subsequent study applied a transgenic model system in B27-
transgenic animals.104 Such animals are tolerant of immunization with 
B27 DNA, but if splenocytes from these animals are exposed to Chla-
mydia in vitro, then autoreactive CTLs with specificity for B27 are 
generated. The autoreactive epitope of HLA-B27 involves Lys70 in a 
critical way. This indicates a dynamic interrelationship between the 

Analysis of SF cytokines has been studied in patients with Chla-
mydia-induced arthritis. B27+ patients had lower SF IFN-γ levels and 
a more chronic course. This suggests that diminished IFN-γ generation 
might account for the persistence of arthritis. The source of these 
cytokines may be not only the infiltrating immunoreactive mononu-
clear cells but the resident synoviocytes as well. When human synovio-
cytes are infected with C. trachomatis in vitro, there is generation of 
IL-6, TGF-β, and GM-CSF.82 The cells respond to IFN-γ with secretion 
of TNF-α, so this represents another contributory population of cells 
in the joint, in addition to B cells and T cells. Whether these cytokine 
profiles are primarily genetically defined is an important unanswered 
question.83,84 Enhanced production of TNF-α and IFN-γ is observed in 
chronic ReA when compared with either acute ReA or RA.85 The TNF 
dependence of chronic inflammation in the spine draws indirect 
support from the dramatic changes that follow the institution of anti-
TNF therapies in these patients.

A recent study investigated TNF production in healthy subjects with 
previous Yersinia-triggered ReA.85 The study compared HLA-B27+ sub-
jects with ReA (B27+ReA+), in contrast to B27+ReA− and B27−ReA− sub-
jects. Whole blood TNF production was induced by LPS or a combination 
of phorbol myristate and the Ca++ ionophore A23187. The CD14 (-159)
C/T genotype was determined by a cycle minisequencing method. The 
B27+ReA+ supernatants had higher TNF levels than B27+ReA− superna-
tants after PMA/A23187 stimulation. Rapid initial TNF release took 
place in adherent conditions only. This adhesion-associated difference 
was greater in the B27+ReA+ group than in the B27+ReA− or B27−ReA− 
group in response to PMA/A23187, and it was greater in the B27+ReA+ 
group than in the B27−ReA− group in response to LPS. CD14(-159)T was 
associated allele dose dependently with an increase in the LPS-induced 
TNF secretion allele (P = 0.030). Thus patients who have recovered 
from Yersinia ReA show enhanced TNF production, which may be regu-
lated at the level of monocyte adhesion.

Yet cytokines in the setting of infection can be helpful or harmful 
depending on the window of time under observation. In studies of 
murine experimental Yersinia-induced arthritis, TNF-α is deleterious 
for the host in the acute phase of the infection because there is a TNF-
mediated apoptosis of CD4+ cells.86 But in the chronic phase of the 
disease, TNF-α is helpful for host defense because TNF-mediated 
production of nitric oxide plays a critical role in clearance of the patho-
gen.87 There is a central paradox, then, in the beneficial or deleterious 
role that TNF may play in accelerating clearance of the pathogen yet 
at once setting the stage for damaging effects on joint structures. It is 
recognized that reactivation of tuberculosis can occur following the 
institution of anti-TNF therapy in SpA patients, but experience to date 
has not unmasked quiescent arthritogenic pathogens in the treated 
patients in this population.88 Clearly vigilance is warranted as long-
term experience with these agents grows.

The non-B27 genes that are contributing to disease susceptibility in 
SpA patients are currently under investigation with large cohorts of AS 
patients being recruited for an international genome-wide association 
study. One gene that has been implicated in these studies to date in 
AS is the IL-23R gene. This association has been observed not only 
with AS, but also with psoriatric arthritis (PsA) and Crohn’s disease. 
This association is focusing new attention on the potential pathogenic 
role that might be played by the IL-17/IL23R axis. A recent study 
measured levels of several proinflammatory and immunoregulatory 
cytokines in SF and sera from patients with ReA and uSpA, in com-
parison with RA and OA.89 SF concentrations of IL-17, IL-6, TGF-β, 
and IFN-γ were significantly higher in patients with ReA/undifferenti-
ated spondyloarthritis (uSpA) as compared with RA patients. SF levels 
of IL-10 were comparable, but the ratio of IFN-γ/IL-10 was significantly 
higher in ReA/uSpA patients than RA patients. IL-17, IL-6, IL-10, and 
IFN-γ SF levels were significantly higher than paired serum levels in 
ReA/uSpA patients. These findings suggest that Th17 cells, as well at 
Th1 cells, could be playing a major role in the chronic inflammation 
seen in ReA.

B27 effect on host immune responses
The strong association of HLA-B27 with SpA has indirectly implicated 
microbial antigen-specific, MHC class I–restricted CD8+ CTLs as 
playing a role in the pathogenesis of these diseases. It is important to 
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New insights into TLR2 function are being generated as well. In 
addition to the key role of augmenting proinflammatory cytokine gen-
eration, there is recent evidence that TLR2 signaling plays an impor-
tant role in modulating T regulatory cells.109 It had been observed that 
the CD4+CD25+ Treg subset in TLR2-/- mice was significantly reduced 
compared with control mice, indicating a link between Tregs and 
TLR2. WT Tregs adoptively transferred into TLR2-/- mice were neu-
tralized by systemic administration of TLR2 ligand during the acute 
phase of a Candida albicans infection, resulting in a 100-fold reduced 
C. albicans outgrowth. This study provides evidence that in vivo TLR2 
contributes to controlling Tregs. This may have important implica-
tions in ReA, in which the critical variable appears to be the adequacy 
of host clearance of the pathogen, and Treg modulation of this variable 
could play a fundamental role in this process.

INNATE IMMUNITY IN HOST RESPONSE  
TO ARTHRITOGENIC BACTERIA
The recognition that there are critical host determinants operational 
as the first line of defense against pathogens and that these determi-
nants precede adaptive immunity represents a major advance in our 
understanding of host-microbial interactions. This first-line defense 
calls for a predefined strategy that can respond immediately to micro-
bial challenge. This is the essence of the innate immune response. The 
great advantage of this prefabricated defense strategy for the host is the 
immediacy of the response. ReA represents the paradigm of a dynamic 
interaction between genetically defined host susceptibility and an envi-
ronmental trigger.110 Thus it is particularly relevant to examining 
innate immunity of the host because events that set the stage for  
the subsequent development of adaptive immunity occur early in the 
course of a challenge by an arthritogenic pathogen. An earlier study 
evaluated the role of host innate immunity in Chlamydia-induced 
ReA.111 Specifically, the study examined the role of neutrophils in mice 
with targeted elimination of the small GTPases Rac1 and Rac2 and 
the role of TLR in this interaction. In vitro stimulation of neutrophils 
with Chlamydia upregulated the expression of TLR4, but not TLR2, 
in wild-type mice. Mice genetically deficient in TLR4 demonstrated 
more severe arthritis than did the controls. Thus Rac expression plays 
a profound role in infection-triggered arthritis and demonstrates a 
bimodal influence on the disease process, exacerbating acute joint 
inflammation but modulating chronic arthritis. In the rat model of 
Chlamydia-induced arthritis, Lewis (LEW) rats are susceptible, whereas 
Brown Norway (BN) rats are relatively resistant.112 As early as day 5 
after the onset of the arthritis, LEW rats showed more severe histopa-
thology scores than BN rats. Host clearance on the other hand dem-
onstrated significant differences between the rat strains, with BN rats 
showing more prompt and effective clearance of the pathogen from 
both synovial tissues and spleen than LEW rats. Local cytokine profiles 
demonstrated that host resistance was characterized by enhanced 
synovial expression of TNF-α, IFN-γ, and IL-4. The time course for 
the proinflammatory cytokines in the host response implicates innate 
immunity as the critical determinant of infection-triggered arthritis. 
This bears an interesting relationship to the recent clinical observation 
that macrophages seen in B27-associated SpA demonstrate a dimin-
ished IFN-γ signature.113

The effect of environmental-genetic interaction in modulating the 
early phase of the host response to arthritogenic bacteria has recently 
been reported.114 This study examined an environmental element, 
mercuric chloride, as a modulator of innate resistance to ReA. To 
assess the effect of the heavy metal exposure, one group of rats received 
two subcutaneous injections of HgCl2. Seven days later the animals 
received an injection of synoviocyte-packaged Chlamydia. Histopathol-
ogy revealed that the resistant BN rats receiving only Chlamydia had 
a minimal cellular infiltration in the joint. In contrast, HgCl2-exposed 
BN rats had a marked exacerbation of the histopathologic severity of 
the arthritis. HgCl2 exposure was also associated with marked enhance-
ment in IgE levels. The local cytokine profile in the joint was markedly 
altered after mercury exposure, with suppression of TNF-α and IFN-γ, 
but enhancement of VEGF. This was associated with decreased host 
clearance capacity reflected in enhanced bacterial load in both joint  
and spleen. Thus genetically defined cytokine production in the joint 

pathogen and host B27 that may have important implications for the 
pathogenesis of ReA. These interactions might result in a break in 
self-tolerance, or perhaps an impaired clearance of the organism, on 
the basis of impaired recognition of the organism as non-self.

Although HLA-B27 is a class I MHC allele, recent evidence indi-
cates that the HLA-B27 transgenic rat has an altered functional TLR 
expression and an intrinsic defect in IL-10 production in response to 
TLR ligands, which might result in enhanced inflammatory responses 
to enteric bacteria.105

Innate immunity and reactive arthritis
Several aspects of clinical studies highlight important unresolved issues 
in the pathogenesis of ReA. First, although the adaptive immune 
response may play a role in ReA, there is no distinctive immunologic 
pattern that provides clues to pathogenesis. A study found no difference 
between antibody profiles in patients with uncomplicated Yersinia 
infection with patients having Yersinia-ReA.106 Secondly, these clinical 
studies have not included studies in the inductive phase of the arthritis 
because of the impracticability of studying patients in the pre-clinical 
phase of the disease. Yet it is this early host response to the infection, 
innate immunity, which may critically dictate the subsequent clinical 
course of events. These important questions should be seen in the 
context of the imperative to explain the chronic inflammation that is 
the hallmark of ReA. We have documented the chronic synovitis at a 
5-year follow-up interval after the inciting infection.107 The early events 
after such an infection may well hold the key to defining these immune 
sequelae to the infection.

PRINCIPLES OF INNATE IMMUNITY
Innate and adaptive immune responses are distinct but complementary 
aspects of host defense. Innate immunity is critically dependent on 
non-variant, genetically encoded receptors for highly conserved struc-
tures known as pathogen-associated molecular patterns (PAMPs). The 
ability of preformed pattern-recognition receptors (PRRs) to immedi-
ately interact with bacterial PAMPs allows a prompt first line of defense 
that can determine the final course of the infection, not only in terms 
of dissemination of the pathogen but also the very survival of the host, 
as reflected in septic shock. One critical link between the adaptive and 
innate systems involves the upregulation of costimulatory molecules 
occasioned by the PAMP-PRR interaction. Activation of lymphocytes 
entails both signal one (peptide-MHC-TCR interactions) and signal 
two (upregulation of costimulatory molecules), in the absence of which 
anergy, rather than activation and expansion, can be the consequence 
of the APC–T-cell encounter. Thus both infectious and immune- 
mediated sequelae of infection involve innate immunity in a critical 
way. Among the PRRs, TLRs play a central role. The TLR family 
includes at least 10 members, which share a common structure with 
a variable number of extracellular leucine-rich repeat domains paired 
with an intracellular signaling domain that shares a high degree of 
homology with the receptors for IL-1 and IL-18. They also share with 
these receptors the same signaling cascade, which includes association 
with MyD88, activation of the IL-1 receptor activation kinase (IRAK), 
and subsequent nuclear translocation of NF-κB via the release of Iκ-B. 
Genetic polymorphisms in TLRs have provided important clues to 
deciphering their functional importance.

Polymorphisms that exist in human populations may reflect a 
dynamic interaction with infectious environmental pressures.108 Poly-
morphisms in TLR4 (Asp299Gly and Thr399Ile), which are known to 
be related to susceptibility to gram-negative infections, have unique 
distributions in populations from Africa, Asia, and Europe. Genetic 
and functional studies suggest that the nonsynonymous polymorphism 
Asp299Gly has evolved as a protective allele against malaria, explain-
ing its high prevalence in sub-Saharan Africa. In contrast, the Asp-
299Gly allele, when present in cosegregation with Thr399Ile to form 
the Asp299Gly/Thr399Ile haplotype, shows selective neutrality. Poly-
morphisms in TLR4 thus reflect an interaction between innate immu-
nity and the infectious pressures in particular environments that may 
have shaped the genetic variations of the immune system of modern 
humans.
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arthritis was less common. The estimated incidence of ReA following 
culture-confirmed Campylobacter, E. coli O157, Salmonella, Shigella, 
and Yersinia infections in Oregon was 0.6 to 3.1 cases/100,000. This 
is the first population-based study of ReA following infections due to 
bacterial enteric pathogens in the United States. With the greater level 
of attention being paid to foodborne pathogens, this study will heighten 
awareness of postenteric ReA and will likely contribute to earlier diag-
nosis and treatment.124

In another population-based study, it was determined that ReA is 
common after Campylobacter infections, with an annual incidence of 
4.3/100,000.125 The frequency of ReA after a single outbreak of Cam-
pylobacter jejuni was reported as 2.6% and the clinical course was 
benign.126 A recent review has provided a comprehensive summary of 
Campylobacter ReA.127 On the other hand, reactive arthritis after an 
outbreak of Yersinia pseudotuberlosis 0 : 3 was more common (15%) 
and the clinical course was more severe.128 ReA appears to be more 
prevalent in Alaskan Eskimo populations,128 whereas the incidence of 
ReA after a Salmonella outbreak appears to be lower in children than 
adults.129,130

The spectrum of ReA has increasing complexity in studies in the 
developing world. A recent review addressed this emerging topic.131 
Studies on subtypes of B27 have largely come from developing coun-
tries. Non-MHC factors are also being studied in these countries. 
Recently genetic studies in SpA have implicated IL23R and ARTS1, 
loss of function of which could have proinflammatory effects. New 
imaging techniques and therapies have substantially improved the 
earlier diagnosis and management of the disease, yet these pose sig-
nificant problems of access to imaging facilities in developing coun-
tries. Criteria for an early diagnosis are being developed. Such criteria 
are particularly important for developing countries, where they could 
help in decreasing the socioeconomic burden of the disease.

One mechanism that may indirectly implicate microbial antigens 
of gut origin is the coexistence of inflammation in the gastrointestinal 
tract and the joint. This relates both to postdysenteric ReA and arthri-
tis associated with inflammatory bowel disease. It would appear that 
inflammatory lesions in the gut occur in 68% of patients with SpA, 
including patients with classical AS and no history of gastrointestinal 
(GI) symptomatology.132-134 There is a correlation between the resolu-
tion of GI and joint inflammation, and this relationship may reflect 
altered bowel permeability and repeated microbial antigenemia as a 
mechanism, but this awaits formal proof. The range of pathogens may 
be broader than those classically linked to SpA (Yersinia, Salmonella, 
Shigella, Campylobacter, and Chlamydia), but often these organisms 
are not associated with the common clinical features summarized 
earlier. More sophisticated techniques such as PCR may broaden the 
definition of the arthritogenic pathogens even further. Poststreptococ-
cal ReA continues to attract the attention of investigators135 and is the 
most common of arthritogenic bacteria beyond the gram-negative 
pathogens listed. Poststreptococal arthritis in children is a potential 
predecessor of rheumatic heart disease, although the relationship with 
acute rheumatic fever is not clearly defined.136 A recent report of six 
adult patients with poststreptococcal ReA highlighted the important 
contribution of this entity in the differential diagnosis of acute polyar-
thritis.137 Another discriminating feature between poststreptococcal 
ReA and the more common forms is its association with HLA-DR 
alleles (DRB1*01) rather than with HLA-B27, suggesting that the cel-
lular basis for the inflammation in the two syndromes may differ 
fundamentally.138 Other microbial triggers that have been implicated 
in association with arthritis recently have included BCG,139-141 HBV 
vaccination,142 Lyme vaccination,143 enterotoxigenic E. coli,144 and a 
broad range of parasites.145

Studies have attempted to define the relative contributions of dif-
ferent pathogens to the general picture of reactive arthritis. However, 
the lack of universally agreed-upon classification criteria continue to 
pose problems for population studies of incidence and prevalence. In 
an urban sexually transmitted disease (STD) clinic it was observed that 
4.1% of patients with genital infection or inflammation had objective 
ReA, and chlamydial or nongonococcal STD syndromes accounted for 
88% of these cases.146 SpA represents an interplay of environmental 
and genetic factors, and recent population studies have begun to 
unravel new aspects of this dynamic interaction. In a study of twins 
with AS, it was concluded that genetic factors accounted for 97% of 

defines the severity of reactive arthritis by dictating the local clearance 
of the pathogen. This interplay can be dramatically altered by heavy 
metal exposure, which results in suppression of protective cytokines 
in the microenvironment of the joint.

A recent outbreak of Salmonellosis was accompanied by ReA and 
afforded investigators the opportunity to study genetic susceptibility to 
ReA, which has traditionally been difficult in examining sporadic cases 
of ReA.115 Using this cohort and the exposed non-ReA individuals as 
controls, a recent study examined the role of innate immunity in 
ReA.116 There was no association of TLR4 exonic variants with any 
clinical events accompanying the Salmonella infection. In contrast, one 
of the rare TLR2 variants (R753Q) was associated with the develop-
ment of ReA but not detected in any of the infected individuals with 
an uncomplicated course. Another TLR2 variant, 631H, was associated 
with articular symptoms in infected men. This is the first demonstra-
tion that genetic variants of TLR2, but not TLR4, are associated with 
clinical ReA.

The contribution of TLR interactions in Chlamydia has also been 
studied recently.117 C. trachomatis–inactivated elementary bodies (EBs) 
and the following antigens were tested for their ability to induce the 
production of proinflammatory cytokines by human monocytes/mac-
rophages and THP-1 cells: purified LPS; recombinant heat shock 
protein (rhsp)70, rhsp60, and rhsp10; recombinant polypeptide encoded 
by open reading frame 3 of the plasmid (rpgp3); recombinant macro-
phage infectivity potentiator (rMip); and recombinant outer membrane 
protein 2 (rOmp2). Aside from EB, rMip displayed the highest ability 
to induce release of IL-1β, TNF-α, IL-6, and IL-8. Mip has recently 
been shown to be a classical bacterial lipoprotein, exposed at the 
surface of EB. The proinflammatory activity of EB was significantly 
attenuated in the presence of polyclonal Ab to rMip. Native Mip was 
able to induce TNF-α and IL-8 secretion, whereas a nonlipidated C20A 
rMip variant was not. Stimulating pathways appeared to involve TLR2/
TLR1/TLR6 with the help of CD14 but not TLR4. These data support 
a role of Mip lipoprotein in the pathogenesis of C. trachomatis–induced 
inflammatory responses and heighten the attention on innate immu-
nity during Chlamydia infections.

Epidemiologic studies
Studies on the epidemiology of ReA have shed new light on the fre-
quency of this complication of enteric infections. A prospective study 
of the annual incidence of inflammatory joint disease in Sweden found 
that the annual incidence of ReA (28/100,000) exceeded that of RA 
(24/100,000), emphasizing the importance of ReA in the overall burden 
of rheumatic diseases, although the course tends to be shorter than 
RA. In that same study population it was determined that 45% of new-
onset arthritis had had a prior infection and that Campylobacter was 
the dominant organism in this cohort.118 Studies on both sporadic119 
and outbreak120 S. typhimurium infections have further substantiated 
the role of Salmonella in triggering ReA. The frequency of this event 
has generally been in the range of 10%,121 but a recent study of 91 
individuals exposed to foodborne Salmonella enteritidis reported 17 
developed ReA, so this may occur more frequently than previously 
thought.122

A recent population-based study sought to define the epidemiology 
and clinical spectrum of ReA following culture-confirmed infection 
with bacterial enteric pathogens in the United States.123 Telephone 
interviews were conducted with persons with culture-confirmed Cam-
pylobacter, Escherichia coli O157, Salmonella, Shigella, and Yersinia 
infections in Minnesota and Oregon between 2002 and 2004. Possible 
ReA was defined as new-onset joint pain or swelling, back pain, heel 
pain, and morning stiffness within 8 weeks of culture. Individuals with 
positive responses to the screening were invited to complete a detailed 
questionnaire and physical examination. A total of 6379 culture- 
confirmed infections were reported; 70% completed screening inter-
views. Of these, 575 (13%) developed possible ReA; incidence was 
highest following Campylobacter (2.1/100,000) and Salmonella 
(1.4/100,000) infections. Risk was greater for females (relative risk [RR] 
1.5), adults (RR 2.5), and subjects with severe acute illness (e.g., fever, 
chills, headache, persistent diarrhea). Risk was not associated with 
antibiotic use or HLA-B27. A total of 54 (66%) of 82 subjects examined 
had confirmed ReA. Enthesitis was the most frequent finding, whereas 
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CONCLUSION
Significant advances in the understanding of host-pathogen interac-
tions and an increasing awareness of the critical role of innate immu-
nity in this process have occurred since the last edition of this text. 
Numerous pathways from infection to arthritis are known. Figure 
109.1 represents a septic arthritis, which may be culture negative by 
virtue of partial antibiotic treatment or a fastidious organism. This 
would be demonstrated by rectifying either of these confounders, and 
in fact this model represents a pseudo-ReA. Figure 109.2 represents 
persistence of a quiescent pathogen, in a non-replicative phase, in the 
synovial tissue, implicated by positive PCR reactions on joint tissues. 
Figure 109.3 reflects synovitis secondary to immune complex deposi-
tion, demonstrated by local complement consumption, immunoglobu-
lin deposition by immunofluorescence (IF), or immune complex 
deposition by electron microscopy (EM). Figure 109.4 reflects in situ 

the determining influence, suggesting that an environmental trigger for 
the disease is likely to be ubiquitous and may contribute little to the 
population variance.147 When one includes the broader spectrum of the 
SpAs and the interplay between infection and genetics, the picture may 
be very different. In a large study addressing the prevalence of SpA in 
HLA-B27+ and HLA-B27− blood donors, there was a prevalence of 
13.6% among B27+ individuals and 0.7% in the HLA-B27− popula-
tion.148 The relative risk of developing SpA in B27+ subjects was cal-
culated as 20.7. Taking into account the frequency of B27 in the 
population studied, it was concluded that the SpAs have a prevalence 
of 1.9%, making this group of arthropathies among the most common 
rheumatic diseases. With respect to environmental triggers, other 
genetically defined modulators of immune response, particularly those 
affecting host innate immunity, are attractive candidates for non-MHC 
genes that may contribute to disease susceptibility. This continues to 
be an area of active investigation.

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

Immune complex deposition
• detected by IF or complement

Fig. 109.1 Septic arthritis: culture negative if pathogen is metabolically 
quiescent.

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

Septic arthritis
• detected by appropriate cultures

Fig. 109.2 Septic arthritis: viable organisms persist in the joint.

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

Persistence of quiescent pathogen
• detected by PCR or EM

Non-replicative
pathogen

Fig. 109.3 Immune complex–triggered arthritis: microbial antigens complex 
with host antibody.

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

In situ antigen deposition
• detected by IF

Fig. 109.4 Local antigen persistence: microbial antigens deposit and persist in 
joint tissues.



CH
A

PTER 109 
● Reactive arthritis: etiology and pathogenesis

1111

Although all are conceptually rational, there is no rigorous evidence 
that would assign the pathogenesis of all cases of ReA confidently to 
one of these pathogenetic pathways and ReA remains a challenge for 
clinical and basic investigators alike.

antigen deposition, usually suggested by IF staining for persisting 
microbial elements in synovial fluid or tissues. Figures 109.5 and 109.6 
represent the development of an autoimmune response on the basis  
of molecular mimicry or unmasking of cryptic epitopes, respectively. 

Molecular mimicry
• detected by autoreactive T cells or autoantibodies

Autoreactive T cell

Autoantibody

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

Fig. 109.5 Autoimmunity develops with immune recognition of self-antigens, 
which are cross-reactive with microbial antigens.

PATHWAYS OF INFECTION - TRIGGERED ARTHRITIS

Unmasking cryptic autoantigens
• detected by autoreactive T cells

Autoreactive T cell

Fig. 109.6 Autoimmunity develops with immune recognition of neoantigens 
in joints.
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Infectious agents associated  
with reactive arthritis
The primary focus of infection is through the mucosal membrane, 
usually in the gut or in the urogenital tract. Chlamydia trachomatis 
is by far the most common cause of genital infection,11 but other 
infections such as Ureaplasma urealyticum are associated.12,13 
Neisseria gonorrhoeae can cause septic and sterile arthritis, but its 
role as a triggering agent of ReA is not well established. Infection  
with Mycoplasma genitalium is connected with urethritis, but its 
role as an independent trigger (in the absence of Chlamydia 
infection) is not settled.12,13 Chlamydia (Chlamydophila) pneumoniae, 
a respiratory pathogen, can be involved in about 10% of 
patients.14

In the gastrointestinal tract, the common microbes that are associ-
ated with ReA include Yersinia, Salmonella, Shigella, and Campylo-
bacter. Previously, Shigella flexneri was the only Shigella species 
associated with ReA. However, according to a large epidemiologic 
survey in Finland, Shigella sonnei and Shigella dysenteriae can also 
trigger ReA.15 Other less frequently diagnosed infections in association 
with ReA are Campylobacter lari, Chlamydia psittaci, and Clostridium 
difficile.16

The list of potential triggering agents in ReA is gradually growing 
(Table 110.3). Bacteria belonging to the normal gut flora (e.g., Esche-
richia coli) have only occasionally been connected with ReA.17 However, 
recent epidemiologic data from Denmark18,19 show that a considerable 
number of patients (1% to 16%) report arthralgia and even arthritis in 
association with gut infection due to diarrheogenic strains of E. coli in 
the stools.

Genetic factors
HLA-B27 is the hallmark of the genetic component of spondyloarthriti-
des, and about 90% of patients with ankylosing spondylitis carry this 
antigen. First hospital-based reports of patients with ReA showed 60% 
to 80% positivity for HLA-B27.20,21 HLA-B27 is associated with a more 
severe arthritis and occurrence of extra-articular features and predicts 
a prolonged disease.21-23 By contrast, in population-based studies, the 
disease is usually mild, oligoarticular, or polyarticular with only a slight 
or no increase of HLA-B27.15,24

Epidemiology
The data on the incidence and prevalence of ReA is influenced by the 
prevalence of triggering infections in the community, genetic suscep-
tibility (frequency of HLA-B27 gene) in the population, and the criteria 
applied to the diagnosis of ReA. Much of the epidemiology presents 
data on the incidence of ReA after infection, yielding an estimated 1% 
to 15% of patients so infected. Enteric triggered ReA occurs most com-
monly after outbreaks caused by gastroenteritis, whereas sexually 
acquired ReA is endemic.25 In epidemiologic studies, nationwide labo-
ratory registers of pathogenic microbial isolations have proved to be 
helpful.

In California the Foodborne Diseases Active Surveillance Network 
(FoodNet), covering a population of 2.2 million, collects laboratory-
confirmed infections with enteric pathogens. Of the 1454 infections 
reported in 1998-1999, 52% were due to Campylobacter, 22% due to 
Salmonella, 15% due to Shigella, 2% due to diarrheogenic E. coli 
O157:H7, and 2% due to Yersinia.26 According to a questionnaire, 

Reactive arthritis: clinical features 
and treatment
Marjatta Leirisalo-Repo and Heikki Repo

 Reactive arthritis (ReA), sterile inflammation of joint(s), belongs to 
the group of spondyloarthritides, whose members share a strong 
association with the genetic marker HLA-B27.

 Other features include absence of rheumatoid factor, tendency to 
family aggregation, and frequently occurring extra-articular 
symptoms.

 In most patients with ReA, infection in body compartment(s) other 
than the joint cavities precedes the arthritis.

INTRODUCTION
History and definition
The development of arthritis after genital infections and dysentery has 
been known since ancient times.1 In 1776, Stoll reported the develop-
ment of a triad of urethritis, arthritis, and conjunctivitis after dysen-
tery; and in 1818, Brodie observed similar symptoms in a patient as a 
complication of venereal infection.1 During World War I, Reiter pub-
lished a report of a German soldier with conjunctivitis, non-gonococcal 
urethritis, and severe polyarthritis after an episode of diarrhea.1 In 
France, Fiessinger and Leroy (whose names are still attached to the 
syndrome) described four soldiers who developed similar symptoms 
during an outbreak of Shigella dysenteriae. Recognized as a symptom 
complex rather than as a disease, the term Reiter’s syndrome was 
introduced in 19422 to describe patients with the triad of sterile arthri-
tis, ocular symptoms, and urethritis. This term has fallen into disuse, 
and the clinical syndrome is now encompassed by the broader term 
reactive arthritis.

The term reactive arthritis was first introduced in 19693 as arthritis 
that develops after an infection elsewhere in the body but in which the 
microorganism does not enter the joint cavity. Within time, the pres-
ence of microbial antigenic material, rarely even replicating microbes, 
has been demonstrated in the joints of patients with typical ReA. The 
term denotes the whole clinical spectrum of the disease, with Reiter’s 
syndrome as a clinical subtype now regarded as outdated.

Classification criteria
Despite several attempts summarized in Table 110.1, no universal 
agreement of validated classification or diagnostic criteria of ReA has 
been achieved.3-10

The criteria before 1990 rely on clinical symptoms such as preced-
ing symptomatic infection or extra-articular manifestations.7 Proposed 
criteria for the Reiter’s syndrome that discuss only arthritis in associa-
tion with urethritis/cervicitis may not apply to ReA after other infec-
tions such as enteritis. The demand for the duration of arthritis for at 
least 1 month excludes the mildest forms of ReA The need to include 
inflammatory axial pain and to identify ReA-triggering microbes was 
emphasized more recently.9,10 A consensus was achieved in 1999 that 
the term reactive arthritis should be confined for use for patients who 
present with clinical features and in whom the preceding infection is 
caused by a microbe that commonly associates with ReA (see later), 
yielding the preliminary, but not validated, classification criteria for 
ReA (Table 110.2).
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TABLE 110.1 PROPOSED CRITERIA FOR REACTIVE ARTHRITIS IN THE LITERATURE

Reference Description

Ahvonen et al, 19693 Arthritis that develops soon after or during infection elsewhere in the body but in which the microorganism does not enter the joint cavity.

Olhagen, 19806 Uroarthritis and enteroarthritis are rheumatic conditions developing in association with urogenital and enteric infections, respectively.

Willkens et al, 19817 Reiter’s syndrome consists of an episode of peripheral arthritis of more than 1-month duration in association with urethritis and/or cervicitis.

Calin, 19848 Seronegative asymmetric arthropathy (predominantly lower extremity) plus one or more of the following:
 urethritis/cervicitis
 dysentery
 inflammatory eye disease
 mucocutaneous disease (balanitis, oral ulceration, keratodermia)
and exclusion of other rheumatic diseases such as ankylosing spondylitis and psoriatic arthropathy

Kingsley & Sieper, 1996. 
Third International 
Workshop on Reactive 
Arthritis9

Asymmetric oligoarthritis predominantly of the lower limbs and evidence of preceding infection (one or more of the following):
 clinical diarrhea or urethritis within preceding 4 weeks
 positive stool cultures
 detection of Chlamydia trachomatis in morning urine or urogenital swab
 antibodies to Yersinia, Salmonella, or Chlamydia trachomatis or detection of chlamydial DNA in the joint
and exclusion of other causes of monarthritis or oligoarthritis

Pacheco-Tena et al, 
199910

1) Probable reactive arthritis
a) Musculoskeletal symptoms (arthritis, oligoarthritis, polyarthritis or arthropathy)
b) clinical features of infectious disease (diarrhea or urethritis) but no bacterial identification preceding musculoskeletal symptoms  

by 4 to 6 weeks
2) Definite ReA triggered by bacteria

a) Bacterial identification of an infectious disease preceding musculoskeletal symptoms*
b) Bacterial identification in a recent onset (4 to 6 weeks) episode of musculoskeletal symptoms†

3) Bacteria associated undifferentiated oligoarthritis or spondyloarthritis

*In association with clinical infectious disease (diarrhea or urethritis), the bacterial identification includes positive culture at the site of infection and/or serum antibacterial antibodies.
†In the absence of preceding clinical infection, the bacterial identification includes positive culture at the site of infection, serum antibacterial antibodies, peripheral blood or synovial lymphocyte 
proliferation, and/or synovial fluid or tissue immunofluorescence for bacterial antigens or microbial DNA or RNA detection.

TABLE 110.3 BACTERIA ASSOCIATED WITH THE 
DEVELOPMENT OF REACTIVE ARTHRITIS

Enteric infections
Salmonella

Various serovars
Shigella

S. flexneri
S. dysenteriae
S. sonnei

Yersinia
Y. enterocolitica (especially O:3 and O:9)
Y. pseudotuberculosis

Campylobacter
C. jejuni
C. coli

Clostridium difficile
Escherichia coli
Diarrheogenic strains

Urogenital infections
Chlamydia trachomatis
Ureaplasma urealyticum
Mycoplasma genitalium*

Respiratory infections
Chlamydia pneumoniae
Group A β-hemolytic Streptococcus†

*Causes urethritis but the role in reactive arthritis still discussed.
†Typically causes acute rheumatic fever but has been described to cause “reactive-like” arthritis.

TABLE 110.2 PRELIMINARY CLASSIFICATION CRITERIA 
FOR REACTIVE ARTHRITIS

Major criteria
1. Arthritis, with two of three of the following findings:

 Asymmetric
 Monarthritis or oligoarthritis
 Affecting predominantly lower limbs

2. Preceding symptomatic infection, with one or two of the following findings:
 Enteritis (diarrhea for at least 1 day, 3 days to 6 weeks before the onset of 

arthritis)
 Urethritis (dysuria or discharge for at least 1 day, 3 days to 6 weeks before 

the onset of arthritis)

Minor criteria (at least one of the following)
1. Evidence of triggering infection

 Positive nucleic acid amplification test in the morning urine or urethral/
cervical swab for Chlamydia trachomatis

 Positive stool culture for enteric pathogens associated with reactive arthritis
2. Evidence of persistent synovial infection (positive immunohistology or PCR 

for Chlamydia)

Definition of reactive arthritis
Definite reactive arthritis: Both major criteria and a relevant minor criterion
Probable reactive arthritis: Both major criteria but no relevant minor criteria or 

major criteria and one or more of minor criteria

Exclusion criteria
Other causes for acute arthritis
Triggering infections causing reactive arthritis

Modified from Braun J, Kingsley G, van der Heijde D, et al. On the difficulties of establishing a 
consensus on the definition of and diagnostic investigations for reactive arthritis: results and 
discussion of a questionnaire prepared for the 4th International Workshop on Reactive Arthritis, 
Berlin, Germany, July 3-6, 1999. J Rheumatol 2000;27:2185-2192
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TABLE 110.4 ANNUAL INCIDENCE OF REACTIVE ARTHRITIS 
BASED ON POPULATION STUDIES

Country Year

Incidence/100,000

ReferenceTotal Enteric Urogenital

Finland 1978 27 14 13 30

Norway 1994 10 5 5 31

Finland 2000 10 7 3 32

Sweden 2002 28 18 1 33

USA 2008 NA 0.6-3.1 NA 27

NA, not available.

TABLE 110.5 OCCURRENCE OF REACTIVE ARTHRITIS IN SHIGELLA, YERSINIA, AND CAMPYLOBACTER OUTBREAK COHORTS

Infective agent Subjects in the outbreak, n Study type (Response rate, %) Reactive arthritis (%)

Shigella 602 Hospital 1.5

Shigella sonnei 184 Questionnaire (80) + clinical examination 0

Shigella flexneri 2a 636 Questionnaire (86) + clinical examination 1.5

Shigella flexneri 1b 709 Questionnaire (65) + clinical examination 1.5

Campylobacter jejuni 347 Hospital 0.7

Campylobacter jejuni 106 Questionnaire (81) + clinical examination 1.8

Campylobacter jejuni/coli 330 Questionnaire (15) 0.4

Yersinia enterocolitica 117 Hospital 0

Yersinia pseudotuberculosis III NA Hospital 21

Yersinia pseudotuberculosis I NA Hospital 3

Yersinia pseudotuberculosis I 74 Questionnaire (80) 0

NA, not available.
Modified from Leirisalo-Repo M, Hannu T, Mattila L. Microbial factors in spondyloarthropathies: insights from population studies. Curr Opin Rheumatol 2003;15:408-412.

newly developed musculoskeletal symptoms were reported by 2.1% of 
the subjects, most with Campylobacter infection.

Recent epidemiologic data from both the United States27 and 
Denmark19 show from 10% to 23% of patients report arthralgia and 
13% report arthritis in association with gut infection, most frequently 
in association with Yersinia and Salmonella infections. HLA-B27 posi-
tivity, severe gastroenteritis, and female sex are associated with 
increased risk for the development of ReA.19

The figures just provided are only applicable to the Western world 
with low background rates of gastrointestinal infections. Microbial 
contamination of drinking water is a common problem and a major 
source of microbial pathogens in developing countries, where about 
half of the asymptomatic subjects can carry enteric pathogens in the 
stools.28 Despite the microbial load, a prevalence study in rural Western 
India disclosed no cases of well-defined ReA in the population of 4092 
adults examined.29

There are only few population-based studies on the annual whole-
population incidence of ReA, most from Scandinavia. The total inci-
dence has been estimated to be 10 to 30/100,000 (Table 
110.4).27,30-33

Campylobacter is the most important infection to cause gastroen-
teritis. In Finland and the United States, the annual incidences of ReA 
due to Campylobacter were 4.3 and 2.1/100,000, respectively.27,34 The 
U.S. data suggested an incidence of 1.4/100,000 after Salmonella infec-
tions.27 Tourism can change the epidemiologic data. In the West, 
Shigella infections are uncommon and usually imported. The incidence 
of Shigella-induced ReA in Finland is 1.3/100,000,15 and all infections 
were acquired abroad.

Single-source epidemics, which give better information of the  
spectrum and severity of the diseases, have been published in 

association with Yersinia enterocolitica, Yersinia pseudotuberculosis, 
Campylobacter jejuni, Shigella flexneri (Table 110.5), and Salmonella 
enterica (Table 110.6).35,36 The results are dependent on the response 
rate, how the clinical information is collected, and whether and what 
proportion of the patients have been clinically assessed. The frequency 
of ReA vary greatly among these studies (from 0% to 29%) with low 
proportions that are HLA-B27 positive.35 The clinical picture of ReA 
at population level is milder,15,24,37 and only a minority of the patients 
visit their physician.

TABLE 110.6 OCCURRENCE OF REACTIVE ARTHRITIS IN VARIOUS 
SALMONELLA ENTERICA OUTBREAK COHORTS

Serovar
No. of subjects 
in outbreak

Study type 
(response rate, %)

Reactive 
arthritis (%)

Typhimurium 330 Hospital 3.9

Typhimurium 448 Hospital 1.8

Typhimurium 473 Questionnaire (72) + 
clinical examination

7.3

Typhimurium 919 Questionnaire (35) + 
clinical examination

1.2-4.6

Typhimurium 423 Questionnaire (97) + 
clinical examination

6.4

Typhimurium 849 Questionnaire (50) + 
clinical examination

4.5

Typhimurium 78 Questionnaire (81) + 
clinical examination

8

Typhimurium 493 Questionnaire (57) 15

Heidelberg 83 Questionnaire (92) + 
clinical examination

7.2

Enteritidis 126 Questionnaire (90) 15

Enteritidis 88 Questionnaire (39) + 
clinical examination

9.1

Enteritidis 423 Questionnaire (60) 29

Enteritidis 592 Questionnaire (21) 19

4,5;12:b:− 272 Questionnaire (90) + 
clinical examination

6.9

Data from references 35 and 36.
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Fig. 110.1 A patient with a swollen knee.

Fig. 110.2 A patient with acute reactive arthritis in feet. Stool culture was 
positive for Campylobacter jejuni.

Fig. 110.3 Dactylitis in a patient with reactive arthritis induced by Chlamydia 
trachomatis.

TABLE 110.7 CLINICAL FEATURES OF REACTIVE ARTHRITIS IN HOSPITAL-BASED STUDIES

Feature

Triggering infection

Yersinia Salmonella Shigella Campylobacter Chlamydia/urethritis

No. of joints, mean (range) 6 (1-22) 6 (0-22) 4 (2-11) 3 (1-10) 7 (1-24)

Low back pain, mean, range (%) 30 (16-45) 37 (18-67) 3 (2-50) 24 47

Radiographic sacroiliitis, mean, range (%) 19 (11-20) 11 NA NA 25

Urethritis, mean, range (%) 15 (4-23) 14 69 (50-69) NA 93

Conjunctivitis (%) 6 (6-7) 13 (6-18) 72 (17-78) NA 41

Iritis (%) 7 (6-17) 3 4 (3-17) NA 4

Skin lesions, mean, range (%) 5 (4-7) 2 (2-6) 17 NA 14

Duration of arthritis, months, mean, range 3 (1-13) 5 (0-30) 1 0 5 (1-16)

Chronic course (>12 months), mean, range (%) 4 (1-24) 19 (0-30) 1 0 14

HLA-B27+, mean, range (%) 71 (56-72) 77 (0-94) 83 (83-85) 59 81

NA, not available.
Data from references 21, 37, and 41.

The clinical features of ReA are those of spondyloarthritis, with 
arthritis the most frequent single manifestation. The patients are 
usually young adults (mean age, 30 to 40 years); in children the disease 
is uncommon and usually preceded by gastroenteritis.40 Male and 
female patients have a similar risk for ReA induced by gastrointestinal 
infection, whereas ReA triggered by Chlamydia trachomatis is more 
frequent in males. There is usually a lag of 1 to 4 weeks from the start 
of infection to the onset of musculoskeletal symptoms. The triggering 
infection can also be asymptomatic and hence unrecognized.

Arthritis
The typical clinical features of arthritis are characterized by asymmet-
ric oligoarthritis, often in large joints of lower extremities (Fig. 110.1). 
About 50% of the patients have upper limb arthritis, and mild polyar-
ticular small joint arthritis (Fig. 110.2) also occurs. Patients can also 
have dactylitis (Fig. 110.3). About 30% of the patients have acute 
inflammatory low back pain, typically worse during night, radiating to 
the buttocks.

Extra-articular features
Patients have frequently extra-articular inflammatory symptoms and 
signs (Table 110.7).21,37,41 Enthesitis or bursitis can occur either in 
association with arthritis or as the only reactive complication.40 Other 
extra-articular features, common to other spondyloarthritides, include 
eye symptoms, usually conjunctivitis and less frequently acute anterior 
uveitis, and various skin symptoms, such as pustular eruption (Fig. 

Clinical features
Infection may be the cause of acute joint symptoms in 9% to 18% of 
patients with inflammatory joint disease of less than 6 months’ dura-
tion.34,38 Thus patients with ReA comprise about 10% of those present-
ing at early synovitis clinics.30,39
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Fig. 110.4 Pustular eruption in a patient with severe reactive arthritis due to 
Salmonella infection.

Fig. 110.5 Erythema nodosum in a patient with Yersinia arthritis.

Fig. 110.6 Keratodermia blennorrhagica in a patient with reactive arthritis 
triggered by Chlamydia trachomatis.

Fig. 110.7 A patient with prolonged reactive arthritis induced by Chlamydia 
trachomatis. Note the severe onycholysis in the nails.

110.4), erythema nodosum (Fig. 110.5), and keratodermia blennor-
rhagica, which is a pustular skin lesion usually observed on the soles 
of the feet (Fig. 110.6). Circinate balanitis is most frequently associated 
with Chlamydia arthritis but can also occur in ReA from another cause. 
Erythema nodosum is usually associated with Yersinia infection and is 
more frequent in women. In prolonged or chronic cases, onycholysis 
of nails resembling that seen in psoriasis can develop (Fig. 110.7). In 
addition to gut symptoms directly associated with gut infection, the 
patients can have (often asymptomatic) chronic gut inflammation, 
mostly an aphthous colitis or terminal ileitis or microscopical gut 
inflammation (Fig. 110.8). In most cases these are benign but can 
herald the chronicity of arthritis. In a minority of the patients, the gut 
inflammation is progressive and develops into Crohn’s disease.42

Other systemic inflammatory lesions
Benign changes in the electrocardiogram can be observed indicating a 
subclinical carditis, but conduction defects and aortic insufficiency are 
rare events. Mild changes in the urine sediment (increased number of 
leukocytes, hematuria, and mild proteinuria) are frequent during the 
acute period, but frank glomerulonephritis and decreased kidney func-
tion is very rare.

Laboratory diagnosis
In addition to the typical clinical picture, the diagnosis of ReA relies 
on the demonstration of the triggering infection by isolation of the 
microbe. Most of the genital infections are asymptomatic,13,43 with a 
high suspicion for Chlamydia leading to the first test to detect Chla-
mydia trachomatis in the urogenital tract. The test of choice is exami-
nation of the first portion of the morning urine by nucleic acid 

Fig. 110.8 Colonoscopy in a patient with Yersinia arthritis. Inflammatory 
lesions in cecum resemble Crohn’s disease.
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of Salmonella arthritis, in 19% Shigella arthritis, and in 17% of Chla-
mydia arthritis patients, the disease extends over a year.16 In some 
studies, chronicity has been reported in a vast majority of patients with 
the arthritis/urethritis/eye triad.16

After the acute episode, mild joint pain or enthesopathy is common. 
Also, one third of the patients have occasional attacks of low back 
pain.16 Recurrent attacks of acute ReA are seldom to occur in patients 
with previous Yersinia arthritis but are more frequent in patients with 
previous Salmonella-, Shigella-, or Chlamydia-induced arthritis. 
Depending on the triggering infection and on the follow time, chronic 
arthritis is observed in 2% to 18%, sacroiliitis in 14% to 49%, and defi-
nite ankylosing spondylitis in 12% to 26% of the patients (Table 
110.8).

Factors determining the progression of acute ReA to chronic spon-
dyloarthritis are not completely known, but they include the type of 
infection, the presence of HLA-B27, a positive family history for spon-
dyloarthritis or ankylosing spondylitis, and the presence of chronic gut 
inflammation. Patients with ReA triggered by urogenital infection seem 
to be more vulnerable to recurrent urethritides and, consequently, 
recurrent episodes of arthritides. This might be one reason for the 
worse prognosis of such patients.21 It is still uncertain to what extent 
ReA contributes to the development of sacroiliitis or ankylosing spon-
dylitis or whether sacroiliac changes would have been proceeding in a 
subject with genetic tendency to spondyloarthritis even in the absence 
of intervening ReA.

Treatment
The triggering infection
All patients with acute Chlamydia trachomatis infection should have 
the routine treatment (e.g., azithromycin, 1 g as single therapy, or a 
7-day course of doxycycline, 200 mg/day, with partners treated as 
well).43 If enteritis associated with ReA is self-limited, it is not treated 
with antimicrobial agents. Although no controlled studies exist, some 
evidence suggests that antibiotics started early during the infectious 
phase can prevent the development of a recurrent ReA.46 Therefore, 
acute enteritis in a patient with previous ReA should be treated with 
fluoroquinolones or with a macrolide if Campylobacter infection is 
suspected. Acute urethritis should be treated with azithromycin or 
doxycycline. Tetracyclines and erythromycin are commonly used in the 
treatment of Chlamydia pneumoniae infections whereas novel macro-
lides such as ketolides and fluoroquinolones are other potentially effec-
tive drugs.

Acute arthritis
The use of non-steroidal anti-inflammatory drugs, often with a full 
dose, is usually of major benefit. For spinal pain, drugs with high  

amplification43 because it is more convenient and comparable with 
urogenital swab. Evidence of Chlamydia by polymerase chain reaction 
(PCR) in the joint is diagnostic, but the methods from synovial samples 
are not validated.

During the acute phase of enteric infections isolation is usually 
possible from the stools. However, by the time arthritic complications 
appear the patient may have already recovered from the gastroenteritis 
and the microbe may no longer be detectable in the feces. Salmonella 
and Yersinia infections are usually associated with a strong antibody 
response suggesting a diagnosis of ReA. There are no international 
standards for the tests, and the techniques vary greatly. Serologic 
methods include the classic agglutination tests (by Widal technique), 
immunoblotting, hemagglutination, radioimmunoassay, and immuno-
fluorescence tests. None of these techniques has gained general  
acceptance. The use of serology (complement fixation, microimmuno-
fluorescence, enzyme immunoassay) for the diagnosis of infections 
with Chlamydia trachomatis is useful in upper genital tract infections 
and seroepidemiologic studies but not in lower urinary tract infections, 
which do not necessarily elicit systemic antibody response. In addition, 
the tests are hampered by the serologic cross-reactivity between Chla-
mydia trachomatis and Chlamydia pneumoniae and by the persistence 
of antibodies, which prevents distinction between past and present 
infection.43 Microimmunofluorescence serologic analysis, which is 
commonly used for diagnosis of Chlamydia pneumoniae infection, is 
not optimal because false-negative and false-positive results are fre-
quently obtained. In only about 60% of the clinically diagnosed ReA 
patients, evidence for previous infection can be detected by means of 
serology and appropriate cultures from urogenital or stool samples.44

A substantial proportion is asymptomatic or associated with only 
minor symptoms, which can hinder the diagnosis. It is also not uncom-
mon that the symptoms of the infection might have subsided when 
the patient attends the physician. There are also infections, for example 
Shigella, in which no reliable serologic methods exist.

Of the routine laboratory tests, erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) values are usually elevated. Synovial fluid 
leukocyte count is between 2,000 and 64,000/mm3. These laboratory 
tests are not specific for ReA. HLA-B27 testing has little value with a 
low post-test probability.45

Other rheumatic conditions, such as Lyme arthritis, gout, rheuma-
toid arthritis, viral arthritides, and osteoarthritis, should be excluded 
on the basis of clinical picture and/or relevant laboratory tests.

Natural history
The average duration of acute ReA is 3 to 5 months, and about 15% 
of patients develop chronic (>6 months) sequels or proceed into 
chronic spondyloarthritis.21 In about 4% of Yersinia arthritis, in 19% 

TABLE 110.8 LONG-TERM PROGNOSIS OF REACTIVE ARTHRITIS

Salmonella
Preceding infection  

Yersinia enterocolitica Shigella
Urogenital 
infection

(n = 27) (n = 50) (n = 58) (n = 107) (n = 100) (n = 129)

Follow-up time, years 5 11 4-5 10 20 5

HLA-B27 positivity (%) 22 88 NA 78 NA 81

Recovered (%) 33 40 19 49 20 NA

Arthralgia (%) NA 20 32 19 NA NA

Low back pain (%) 30 44 NA 37 NA 41

Recurrent arthritis (%) 37 22 NA 5 18 10

Chronic arthritis (%) 52 16 16 2 18 16

Ankylosing spondylitis (%) NA 12 9 16 14 44

Radiologic sacroiliitis (%) NA 12 9 30 32 44

Patients with erosions in peripheral joints (%) 15 NA 3 0 12 16

NA, Not available.
Data from references 16 and 21.
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not considered. Sulfasalazine, if started during the first 3 months of 
ReA, can induce clinical remission more rapidly compared with 
placebo.21 Sulfasalazine is also effective when used in chronic ReA. 
There are no large or controlled studies on the use of biologic agents 
in the treatment of ReA. Based on some reports on a small number of 
patients with severe ReA, TNF blocking agents seem to be working 
well, without any evidence of a relapse of the triggering infection.

Prophylaxis
There is some uncontrolled evidence that chemotherapy started to 
treat urethritis could diminish the risk for a recurrent ReA.46 Because 
a recurrent attack is often preceded by an infection, it is logical to 
inform a patient how to prevent the potential triggering infections in 
the future. Avoidance of unprotected sex prevents Chlamydia tracho-
matis infection. When visiting regions where the risk of foodborne 
infections is high, the patient should consume only freshly prepared 
food that is served steaming hot, fruits that can be peeled, and raw 
vegetables that can be thoroughly washed with previously boiled or 
bottled water. Tap water and ice cubes should be considered as con-
taminated. If the patient develops diarrhea, fluoroquinolone (e.g., cip-
rofloxacin, 750 mg as a single dose or 500 mg twice a day for 3 days) 
is effective for traveler’s diarrhea and is effective also on most strains 
of Salmonella, Shigella, and Yersinia. In a patient with previous ReA, 
the treatment should be continued until the results of the stool culture 
are available. Fluoroquinolone resistance is an increasing problem in 
the case of Campylobacter infections in isolates from travelers return-
ing from Asia, Africa, and Latin America.49 Therefore, if there is a risk 
of Campylobacter infection (e.g., visiting a farm, eating poultry or egg-
containing food), azithromycin, 1 g as a single dose or 500 mg once 
daily for 3 days, is more preferable for traveler’s diarrhea.50 In rare 
cases, an initial therapy with the combination of azithromycin and 
fluoroquinolone may be considered to cover the major traveler’s diar-
rhea agents, including fluoroquinolone-resistant Campylobacter. If the 
patient develops community-acquired pneumonia, the treatment with 
the combination of macrolide and β-lactam drugs covers both pneu-
mococcal pneumonia and Chlamydia pneumoniae infection.

anti-inflammatory effect and long half-life are preferred by the  
patient.

Intra-articular glucocorticoid injections are usually of benefit in the 
patients with monarticular or oligoarticular disease. Enthesopathy also 
responds to local corticosteroid injections. Systemic use of corticoste-
roids is indicated in severe polyarthritis, if there is high systemic 
inflammation, if the patient is febrile, or if the patient has carditis/
atrioventricular conduction disturbances. The starting dose of predni-
sone/prednisolone is usually 20 to 40 mg/day.

Extra-articular symptoms
Acute anterior uveitis needs a prompt diagnosis and treatment with 
glucocorticoids and mydriatics. The outcome is usually good, but in 
about 5% of the patients the inflammation progresses to chronic uveitis 
with risk of loss of vision. There is uncontrolled evidence that sul-
fasalazine can diminish the risk of recurrent uveitis. In severe cases, 
tumor necrosis factor (TNF)-blocking agents have been used in uncon-
trolled fashion for the treatment of uveitis.

Skin and mucosal lesions
Keratodermia and pustular lesions mimic psoriasis and can be treated 
accordingly with topical glucocorticoids. In severe cases, methotrexate 
is a good option, and it also can be used for prolonged/chronic arthritis. 
Circinate balanitis and oral mucosal lesions usually respond to mild 
topical glucocorticoids.

Effect of antibiotics on acute arthritis
Except for one placebo-controlled study on patients with early ReA 
triggered by Chlamydia trachomatis, in which a 3-month course of 
chemotherapy considerably shortened the duration of ReA,47 all other 
controlled studies on the introduction of antibiotics during ongoing 
ReA have shown no effect on the course of the disease (Table 110.9).16,48

The question of whether prolonged use of antibiotics during acute 
ReA would modify the long-term prognosis or the later development 
of chronic spondyloarthritis is unresolved.

When are disease-modifying antirheumatic drugs indicated?
Because about 50% of the patients do recover from the ReA within the 
first 6 months, use of disease-modifying antirheumatic drugs is often 

TABLE 110.9 RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED STUDIES ON THE EFFECT OF ANTIMICROBIAL CHEMOTHERAPY ON REACTIVE ARTHRITIS

Etiology No. of patients Duration of therapy (mo) Treatment Result compared with placebo

Chlamydia 21 3 Lymecycline Lymecycline effective

Enteric infections 19 3 Lymecycline No difference

Yersinia 36 3 Ciprofloxacin No difference

Various triggers 55 3 Ciprofloxacin No difference

Various triggers 71 3 Ciprofloxacin No difference

Clinical suspicion of reactive arthritis 152 3 Azithromycin No difference

Chlamydia trachomatis 37 4 Doxycycline No difference

Data from references 16 and 48. 
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patients have clinical features typical of SpA but cannot be assigned to 
any one of the specified SpA subgroups (i.e., AS, psoriatic arthritis, 
reactive arthritis, arthritis with ulcerative colitis or Crohn’s disease). 
This subgroup of patients with so-called “undifferentiated SpA” became 
part of the SpA concept and was then classifiable by either set of cri-
teria. Moreover, both the Amor and ESSG criteria underline the typical 
characteristics of peripheral arthritis in SpA that often is asymmetric, 
is oligoarticular, and involves the lower extremity. Although in the 
1980s and 1990s the term spondyloarthropathy has been used, 
François and colleagues proposed in the mid 1990s to use the term 
spondyloarthritis instead, based on pathologic findings.5 The term 
spondyloarthritis is, in fact, preferable because it underlines more 
strongly the inflammatory nature of these conditions.

Evolution of criteria for ankylosing spondylitis
The Rome criteria6 from 1961 (Table 111.2) were the first set of criteria 
developed to classify AS. The Rome criteria were later evaluated in 
Blackfoot and Pima Indians7 and, as a consequence of this study, two 
items were deleted: thoracic pain because of a low specificity and 
uveitis because of a low sensitivity. This resulted in the New York 
criteria8 from 1966 (see Table 111.2). In 1977, Calin and colleagues9 
had suggested criteria for inflammatory back pain that should differ-
entiate inflammatory back pain in AS from low back pain of other 
origin (Table 111.3). The modified New York criteria for AS from 
198410 have incorporated the main characteristics of inflammatory 
back pain as described by Calin and colleagues. According to the modi-
fied New York criteria a patient can be classified as having definite AS 
if one clinical criterion plus the radiologic criterion (radiographic sac-
roiliitis grade 2 bilaterally or grade 3 unilaterally) are fulfilled (see Table 
111.2). The modified New York criteria are currently the most widely 
used criteria for both classification and diagnosis of AS.

The concept of axial spondyloarthritis
Many patients with AS have onset of symptoms (back pain) during 
their third decade of life. It takes on average 6 to 8 years between onset 
of back pain and making a definite diagnosis. This diagnostic delay in 
the majority of patients results mainly from the relatively late appear-
ance of definite radiographic sacroiliitis on plain radiographs,11 a 
requirement in the modified New York criteria. The introduction of 
magnetic resonance imaging (MRI) into medicine has revolutionized 
the imaging of sacroiliitis. By using MRI, acute inflammation of the 
sacroiliac joints with or without signs of structural damage can be 
anatomically accurately visualized. Active sacroiliitis on MRI has been 
shown to predict the later appearance of sacroiliitis on radiographs,12,13 
thereby adding validity to the finding of inflammation on MRI in early 
axial SpA. Thus, a patient at an early stage of AS typically presents 
with clinical symptoms that are typical for AS, such as inflammatory 
back pain, but may not show sacroiliitis on radiographs. In such a 
patient, sacroiliitis only may be reliably detectable on MRI as active 
inflammation of the sacroiliac joints. It has been estimated that a large 
proportion of such patients will develop radiographic sacroiliitis, that 
is, structural damage of sacroiliac joints, with time and will then fulfill 
the modified New York criteria. This concept also implies that some 
patients may stay at this stage without radiographically detectable 
damage, and it has therefore been proposed to refer to this stage as 
“pre-radiographic axial SpA” or “non-radiographic axial SpA” rather 
than as “early AS” (Fig. 111.1).14

Classification and epidemiology 
of spondyloarthritis
Martin Rudwaleit

 Spondyloarthritis comprises a group of interrelated inflammatory 
disorders with overlapping clinical manifestations and shared 
genetic markers.

 Clinical manifestations of the spondyloarthritides include 
inflammatory back pain, peripheral arthritis that is usually 
asymmetric and affects the lower limb, enthesitis, dactylitis, and 
uveitis.

 The entire group of spondyloarthritides has a prevalence of 0.5% to 
1.9%. The prevalence of ankylosing spondylitis (AS), the largest 
subgroup, is 0.1% to 1.4% and varies according to frequency of 
HLA-B27 in the population.

 AS is largely genetically determined, with HLA-B27 being the major 
single contributing gene.

 Classification criteria are available for the entire group of 
spondyloarthritides and for AS. The recently established ASAS 
classification criteria for axial spondyloarthritis put sacroiliitis on 
MRI into focus, thereby capturing also early axial spondyloarthritis.

CLASSIFICATION OF SPONDYLOARTHRITIS
The evolutionary concept of spondyloarthritis
Anatomic and clinical descriptions of patients with advanced ankylos-
ing spondylitis (AS) date back to the 16th century. However, the 
current concept of AS evolved with the emergence of radiography. It 
was not before the 1930s that Krebs, a German radiologist who had 
studied a relatively large number of patients with AS, described that 
radiographic sacroiliitis is present in nearly all of these patients and 
that sacroiliitis occurs early in the course of the disease.1 These find-
ings were subsequently confirmed by Forestier, in France, and Scott, 
in England, and formed the basis for the central role of radiographic 
sacroiliitis in criteria for AS.

In the 1970s, Moll and Wright established the concept of a group 
of interrelated disorders termed seronegative spondylarthritides that 
initially included AS, psoriatic arthritis, reactive arthritis, arthritis with 
ulcerative colitis or with Crohn’s disease, Whipple’s disease, and 
Behçet’s syndrome.2 These disorders were termed seronegative because 
these conditions were typically rheumatoid factor negative, and they 
were considered interrelated because of the absence of subcutaneous 
nodules (as found in rheumatoid arthritis), similar clinical manifesta-
tions such as involvement of the sacroiliac joints/spine as well as 
peripheral joints, skin and mucosal involvement, and a presumed 
similar genetic background. The discovery in 1973 of the strong asso-
ciation of HLA-B27 with AS and, to a lesser extent, with other spon-
dyloarthritis (SpA) subgroups strongly supported this concept. As a 
result of subsequent research findings, including the lack of the genetic 
association of HLA-B27 with Behçet’s disease and identification of 
Tropheryma whippelii as the causative microbe in Whipple’s disease, 
both Behçet’s disease and Whipple’s disease were excluded from the 
spondyloarthritides.

In the 1990s the Amor criteria3 and the European Spondylarthropa-
thy Study Group (ESSG) classification criteria4 were established as 
classification criteria for the entire group of SpA (Table 111.1). The 
Amor and ESSG criteria took into consideration the fact that many 
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TABLE 111.1 CRITERIA FOR SPONDYLOARTHRITIS

Amor criteria3 ESSG criteria4

A. Past or current clinical manifestations
1. Back pain at night and/or back stiffness in 

the morning (1 point)
2. Asymmetric oligoarthritis (2 points)
3. Gluteal pain without other details (1 point) 

or alternating gluteal pain (2 points)
4. Sausage-like digit or toe (2 points)
5. Heel pain or other enthesopathy (2 points)
6. Iritis (2 points)
7. Non-gonococcal urethritis within 1 month 

before the onset of arthritis (1 point)
8. Acute diarrhea within 1 month before the 

onset of arthritis (1 point)
9. Past or current psoriasis and/or balanitis 

and/or inflammatory bowel disease (2 
points)

B. Radiographic changes
10. Sacroiliitis grade 2 or more if bilateral, 

grade 3 or more if unilateral (3 points)
C. Predisposing genetic factors

11. Presence of HLA-B27 antigen and/or 
positive family history for ankylosing 
spondylitis, Reiter syndrome, psoriasis, 
uveitis, or chronic bowel disease (2 points)

D. Responsiveness to treatment
12. Improvement within 48 hours after 

initiation of a non-steroidal anti-
inflammatory drug and/or recurrence 
within 48 hours after discontinuation of a 
non-steroidal anti-inflammatory drug (2 
points)

Inflammatory back pain 
or synovitis
 Asymmetric or
 Predominantly lower 

limb
AND
One or more of the 
following:
 Positive family history
 Psoriasis
 Inflammatory bowel 

disease
 Urethritis, cervicitis, 

or acute diarrhea 
within 1 month 
before arthritis

 Buttock pain 
alternating between 
right and left gluteal 
areas

 Enthesopathy
 Sacroiliitis (x-rays)

Definite SpA if ≥ 6 points, probable SpA if 5 points.

TABLE 111.2 CRITERIA FOR ANKYLOSING SPONDYLITIS

Rome criteria6 New York criteria8
Modified New York 
criteria10

Clinical criteria: Clinical criteria: Clinical criteria:

1. Low back pain and 
stiffness > 3 months 
not relieved by rest

2. Pain and stiffness in 
thoracic region

3. Limited motion in 
lumbar spine

4. Limited chest 
expansion

5. History or evidence 
of iritis or its 
sequelae

1. Limitation of motion 
of the lumbar spine in 
all three planes: 
anterior flexion, lateral 
flexion, and extension

2. A history or the 
presence of pain at 
the dorsolumbar 
junction or in the 
lumbar spine

3. Limitation of chest 
expansion to 1 inch 
(2.5 cm) or less, 
measured at the level 
of the fourth 
intercostal space

1. Low back pain and 
stiffness > 3 
months that 
improves with 
exercise but is not 
relieved with rest

2. Limitation of 
motion of the 
lumbar spine in 
both the sagittal 
and frontal planes

3. Limitation of chest 
expansion relative 
to normal values 
corrected for age 
and sex

Radiologic criterion: Radiologic criterion: Radiologic criterion:

Radiograph showing 
bilateral sacroiliac 
changes characteristic 
of ankylosing spondylitis 
(this would exclude 
bilateral osteoarthrosis 
of the sacroiliac joints)

Grade 3-4 sacroiliitis Sacroiliitis grade ≥ 2 
bilaterally or grade 3-4 
unilaterally

Definite ankylosing 
spondylitis:

Definite ankylosing 
spondylitis:

Definite ankylosing 
spondylitis:

 Bilateral sacroiliitis 
(radiograph) and 1 or 
more clinical criteria, 
or

 Four of the five 
clinical criteria

 Grade 3-4 bilateral 
sacroiliitis and 1 or 
more clinical criteria, 
or

 Grade 3-4 unilateral 
sacroiliitis or grade 2 
bilateral sacroiliitis 
with clinical criterion 1 
or both clinical criteria 
2 and 3

 The radiologic 
criterion is 
associated with at 
least one clinical 
criterion.

TABLE 111.3 CRITERIA FOR INFLAMMATORY BACK PAIN

Calin criteria9 Berlin criteria16
IBP according to ASAS 
experts17

Age at onset < 40 yr
Duration of back pain 

> 3 mo
Insidious onset
Morning stiffness
Improvement with 

exercise
(at least 4 of 5 present)

Morning stiffness  
> 30 min

Improvement with 
exercise, not with rest

Awakening at second 
half of the night 
because of pain

Alternating buttock pain
(at least 2 of 4 present)

Age at onset < 40 yr
Insidious onset
Improvement with 

exercise
No improvement with rest
Pain at night (with 

improvement on rising)
(at least 4 of 5 present)

IBP, Inflammatory back pain.

Back pain

Sacroiliitis on MRI

CONCEPT OF AXIAL SPONDYLOARTHRITIS

Pre-radiographic stage
Non-radiographic stage

Radiographic stage
(ankylosing spondylitis)

Back pain

Radiographic
sacroiliitis

Back pain

Syndesmophytes

Time (years)

Fig. 111.1 Concept of axial spondyloarthritis. (Adapted with permission from 
Rudwaleit M, Khan MA, Sieper J. The challenge of diagnosis and classification in 
early ankylosing spondylitis: do we need new criteria? Arthritis Rheum 
2005;52:1000-1008.)

Diagnosing and classifying axial SpA
Attempts have been made to provide some guidance on how to estab-
lish a diagnosis in non-radiographic axial SpA. These include a diag-
nostic algorithm15 as well as a probability approach based on likelihood 
ratios.14 In both approaches, a combination of typical SpA symptoms 
and findings is usually necessary to arrive at a diagnosis. Of note, the 
clinical symptom of inflammatory back pain alone does not suffice for 
making a diagnosis of axial SpA because of too low specificity of 75% 
to 80% of the symptom and the fact that axial SpA accounts for no 

more than 5% of causes of chronic low back pain. The presence of 
inflammatory back pain alone results in an estimated likelihood of the 
presence of axial SpA of around 16%, whatever set of criteria for inflam-
matory back pain9,16,17 is used (see Table 111.3). Rather, a combination 
of clinical, laboratory (HLA-B27), and MRI findings is necessary to 
arrive at a high enough disease probability.14,15 Some patients with 
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non-radiographic axial SpA have high disease activity (signs and symp-
toms) that is comparable to that of patients with established AS18 and 
require effective treatments, including nonsteroidal anti-inflammatory 
drugs and anti-tumor necrosis factor (TNF) agents as much as patients 
with established AS do. To better standardize the conduct of clinical 
trials in patients with non-radiographic axial SpA, the Assessment of 
SpondyloArthritis International Society (ASAS) has developed candi-
date criteria for axial SpA based on paper patients and clinical reason-
ing19 and has refined and validated these criteria recently in a large 
international study (Table 111.4).20 According to the ASAS classifica-
tion criteria for axial SpA, a patient with chronic back pain and age at 
onset younger than 45 years can be classified as having axial SpA if 
sacroiliitis on imaging (radiographs or MRI) is present plus at least one 
additional SpA feature, or, in the absence of sacroiliitis on imaging, if 
HLA-B27 plus at least two additional SpA features are present (Fig. 
111.2). Thus, sacroiliitis on MRI has been given as much weight as 
sacroiliitis on radiography. Therefore, a definition of sacroiliitis on MRI 
has been elaborated based on consensus.21 In the new ASAS classifica-
tion criteria, the entire spectrum of SpA patients with predominant 
axial manifestations is captured: patients with established AS but also 
patients with non-radiographic axial SpA. The new ASAS classification 
criteria are not only useful for clinical trials but also likely to help in 
making a diagnosis of non-radiographic sacroiliitis in daily rheumatol-
ogy practice.

TABLE 111.4 DEFINITIONS OF PARAMETERS APPLIED IN THE ASAS 
CLASSIFICATION CRITERIA FOR AXIAL SPONDYLOARTHRITIS

Feature Definition

Inflammatory 
back pain (IBP)

IBP according to experts17: at least 4 of 5 parameters 
present: (1) age at onset < 40 yr; (2) insidious onset; (3) 
improvement with exercise; (4) no improvement with rest; 
(5) pain at night (with improvement on rising)

Arthritis Past or present active synovitis diagnosed by a physician

Enthesitis (heel) Past or present spontaneous pain or tenderness at 
examination of the site of the insertion of the Achilles 
tendon or plantar fascia at the calcaneus

Uveitis Past or present anterior uveitis, confirmed by an 
ophthalmologist

Dactylitis Past or present dactylitis, diagnosed by a physician

Psoriasis Past or present psoriasis, diagnosed by a physician

Inflammatory 
bowel disease

Past or present Crohn disease or ulcerative colitis 
diagnosed by a physician

Good response 
to NSAIDs

24-48 hours after a full dose of a non-steroidal anti-
inflammatory drug (NSAID) the back pain is not present 
anymore or is much better

Family history for 
spondyloarthritis

Presence in first-degree (mother, father, sisters, brothers, 
children) or second-degree (maternal and paternal 
grandparents, aunts, uncles, nieces, and nephews) relatives 
of any of the following: (1) ankylosing spondylitis,  
(2) psoriasis, (3) acute uveitis, (4) reactive arthritis,  
(5) inflammatory bowel disease

Elevated 
C-reactive 
protein (CRP)

CRP concentration above upper normal limit in the 
presence of back pain; after exclusion of other causes for 
elevated CRP concentration

HLA-B27 Positive testing according to standard laboratory 
techniques

Sacroiliitis by 
radiographs

Bilateral grade 2-4 or unilateral grade 3-4 sacroiliitis on 
plain radiographs, according to the modified New York 
criteria10

Sacroiliitis by MRI Active inflammatory lesions of sacroiliac joints with 
definite bone marrow edema/osteitis, suggestive of 
sacroiliitis associated with spondyloarthritis21

From Rudwaleit M, van der Heijde D, Landewé R, et al. The development of Assessment of 
SpondyloArthritis international Society classification criteria for axial spondyloarthritis (part II): 
validation and final selection. Ann Rheum Dis 2009;68:777-783.

Sensitivity 82.9%, specificity 84.4%; n = 649 patients with chronic back pain and age
at onset <45 years. Imaging arm (sacroiliitis) alone has a sensitivity of 66.2% and a
specificity of 97.3%.
** Note: elevated CRP is considered an SpA feature in the context of chronic back pain

SpA features:
• Inflammatory back pain
• Arthritis
• Enthesitis (heel)
• Uveitis
• Dactylitis
• Psoriasis
• Crohn’s disease / ulcerative colitis
• Good response to NSAIDs
• Family history for SpA
• HLA-B27
• Elevated CRP

Sacroiliitis on imaging:
• Active (acute) inflammation on
   MRI highly suggestive of
   sacroiliitis associated with SpA

or

• Definite radiographic sacroiliitis
   according to modified New York
   criteria

HLA-B27
plus

≥ 2 other SpA features**
or

Sacroiliitis on imaging*
plus

≥ 1 SpA feature**

In patients with back pain ≥ 3 months and age at onset < 45 years

ASAS CLASSIFICATION CRITERIA FOR AXIAL SpA

** *

Fig. 111.2 ASAS classification criteria for axial spondyloarthritis. (Modified with 
permission from Rudwaleit M, van der Heijde D, Landewé R, et al. The development 
of Assessment of SpondyloArthritis international Society classification criteria for 
axial spondyloarthritis (part II): validation and final selection. Ann Rheum Dis 
2009;68:777-783.)

PREVALENCE OF SPONDYLOARTHRITIS
The prevalence of AS has been reported from population studies to be 
between 0.1% in the Netherlands and 1.1% to 1.4% in Norway.22,23 A 
blood donor study from Germany estimated a prevalence of AS of 
0.55%, taking into account the male-to-female ratio in AS of 2 to 
3 : 1.24,25 The incidence rate of AS has been reported to be approximately 
7.2 per 100,000 adults in the United States, 6.9 per 100,000 adults in 
Finland, and 7.26 per 100,000 in Norway and appears to be stable over 
the past 50 years.26 The incidence and prevalence of AS generally 
mirrors the frequency of human leukocyte antigen (HLA)-B27 in the 
population, which explains the virtual absence of AS in Southern 
Africa, low rates of AS in Japan, higher rates in Norway as compared 
with other European countries, and very high rates among the native 
peoples of circumpolar arctic and subarctic regions of Eurasia and 
North America.26 The risk of developing AS in healthy HLA-B27-
positive subjects has been studied in North America, European coun-
tries, including Scandinavia, in Siberia, and in Asia and has been 
reported to be approximately 6% in various populations (range, 1% to 
8%).22,23,26 Estimates of the prevalence of the entire group of SpA from 
North America, Germany, France, Greece, and Lithuania range between 
0.3% and 1.9%, and, therefore, are as high as those reported for rheu-
matoid arthritis.24-28 Again, higher rates of prevalence of 2.5% for the 
entire group of SpA have been reported from Alaskan Eskimos.29 
Within the group of SpA it appears that AS and undifferentiated SpA 
are the two most common subgroups.24

GENETIC FACTORS
The precise etiopathogenesis of AS is still unknown despite extensive 
research. The role of genes, however, is undisputable because AS has 
been long known to be highly familial. A positive family history of AS 
or other SpA is reported by 7% to 36% of AS patients.15 The risk of 
developing AS of first-degree relatives of AS patients is around 10%. 
The risk increases to 20% if the relative is HLA-B27 positive but 
decreases to less than 1% if the relative is HLA-B27 negative.22 Twin 
studies have revealed a high degree of heritability with concordance 
rates of 63% among monozygotic twins and 12% among dizygotic 
twins, the latter increasing to 23% if both twins are HLA-B27 positive. 
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in long-term follow-up studies and, therefore, less damage.33,36,37 It is 
thus assumed that females with AS have a milder form of the disease 
than their male counterparts.

In epidemiologic studies of undifferentiated SpA/non-radiographic 
axial SpA a male-to-female ratio of 1 : 1 is usually found,18,38,39 which, 
obviously, is in contrast to the male-to-female ratio of 2 to 3 : 1 in AS. 
This raises the interesting question whether at disease onset of SpA 
male gender predisposes to structural damage including ankylosis of 
the sacroiliac joints and spine as detected by radiographs. This is sup-
ported by recent data from an inception cohort of axial SpA including 
patients with non-radiographic axial SpA and with AS, which clearly 
showed that male gender was significantly associated with the presence 
of radiographic sacroiliitis.16 Along this line, an earlier study in Alaskan 
Eskimos with SpA revealed that males were more likely than females 
to have ankylosis of the sacroiliac joints and advanced spinal mobility 
restrictions.33 Clearly, more research is needed to study the role of 
gender for progression from the non-radiographic to the radiographic 
stage in axial SpA.

CONCLUSION
In various populations the entire group of SpA occurs in 0.3% to 1.9% 
of the population and is as frequent as rheumatoid arthritis. Genes, in 
particular HLA-B27, have an important role in SpA. The presence of 
HLA-B27 is associated with an early age at onset and involvement of 
the axial skeleton. Great advances have been made in better character-
izing the early stage of AS. The term axial SpA is meant to function 
as an umbrella for all SpA patients with predominant involvement of 
the axial skeleton, independent of the presence of structural damage 
on radiographs. The new ASAS classification criteria for axial SpA are 
applicable to patients with AS but also to patients with active sacroi-
liitis on MRI without definite structural damage, thus facilitating 
studies and clinical trials in early axial SpA.

From these family studies it has been estimated that greater than 90% 
of the risk of developing AS is genetically determined.30 The strong 
association of HLA-B27 has been known for more than 30 years; 
HLA-B27 is found in 80% to 95% of AS patients in comparison to 6% 
to 9% of the general populations of Central Europe or North America. 
Yet, the molecular mechanism underlying the strong association 
between HLA-B27 and AS has not been elucidated. Many of the more 
common HLA-B27 subtypes such as B*2705, B*2704, and B*2702 are 
strongly associated with AS. However, two subtypes are less strongly 
associated with AS: HLA-B*2706, which occurs commonly in South-
east Asia, and HLA-B*2709, which can be found in Sardinia. Again, 
the mechanism behind this differential association is unclear but may 
relate to peptide binding and/or recognition characteristics. HLA-B27 
is associated with a significantly younger age at onset18 and predisposes 
to axial involvement in SpA because the frequency of B27 is highest 
in AS, whereas in peripheral SpA, such as reactive arthritis or undif-
ferentiated SpA, the frequency of HLA-B27 ranges between 20% and 
70%. Apart from HLA-B27 two further major AS genes have been 
recently identified: IL23R and ERAP1 (formerly known as ARTS1). Both 
genes are of great pathophysiologic interest because they encode pro-
teins involved in inflammatory pathways and/or peptide 
presentation.31,32

THE IMPACT OF GENDER
Previously, AS was considered a male disease with a male-to-female 
ratio of 9 : 1. In more recent studies, this ratio has been found to be 2 
to 3 : 1, which may be due to higher awareness of occurrence of the 
disease in females and better access to diagnostic tests in general. Large 
epidemiologic studies revealed that females with AS are slightly younger 
at disease onset by 1 to 2 years on average but are diagnosed later than 
males, again on average by 1 to 2 years.33-35 Moreover, females with AS 
have, on average, less ankylosis of the spine as assessed by radiographs 
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onset in childhood, peripheral joint and entheseal manifestations 
figure prominently.1-5,10 Bone tenderness, especially over entheseal 
points, may also be a complaint for some AS patients.1 Neck pain and 
stiffness is characteristic of advanced disease, although it can be a 
dominant feature in women.1

Hip and shoulder involvement
The shoulders and hips are considered axial joints, and involvement 
occurs in up to 50% of patients and is more common than involvement 
of the more distal joints.1,4,5 In the hips, there may be progressive 
flexion deformity and eventual destruction of the joint.4 Destructive 
changes in the hips are slowly progressive and associated with marked 
deformity of the femoral head before the development of ankylosis.5 
More commonly, however, non-destructive symmetric loss of the hip 
joint space is associated with a fairly characteristic osteophytic collar 
that forms at the junction of the femoral head and the neck.4 Hip 
disease in AS is a marker of more severe disease in adults. There is a 
higher prevalence of hip involvement and greater need for hip arthro-
plasty in juvenile-onset AS.13 In the shoulders, joint space narrowing, 
osteoporosis, and erosive changes in the superolateral aspect of the 
humeral head, with eventual ankylosis, can occur.4 Chronic rotator 
cuff tears can also be seen in AS patients.4

Peripheral arthritis
Peripheral arthritis is uncommon in AS, but when it occurs it is 
usually an asymmetric oligoarthritis presenting predominantly in the 
lower extremities.1,4 When it develops early in the disease course it is 
a predictor of more aggressive disease.1,4 It appears to be more common 
in women14 and in juvenile-onset AS.15 One striking early feature 
observed in Mexican adolescents was involvement of the tarsal bones 
of the feet, with fusion and deformity occurring, although this is rarely 
observed elsewhere.

Chest and pulmonary involvement
With subsequent involvement of the thoracic spine (including  
costovertebral joints) and occurrence of enthesopathy at the costoster-
nal and manubriosternal joints, patients may experience chest pain 
accentuated on coughing or sneezing, which sometimes is character-
ized as “pleuritic.”3,4 Occasionally, chest pain may be the presenting 
symptom of AS.3 Subsequently the costovertebral joints may fuse, 
which diminishes chest expansion and can lead to restrictive lung 
disease of a mechanical nature. There appears to be a higher prevalence 
of obstructive sleep apnea in AS compared with the general 
population.16

Enthesitis
The enthesis is the insertion of a tendon, ligament, capsule, or fascia 
into bone.4,17 Enthesitis is inflammation of the origin and insertion of 
ligaments, tendons, aponeuroses, annulus fibrosis, and joint capsules 
and is a characteristic feature of SpA.5,17-19 Inflammation may occur at 
any enthesis in AS, although it is most common in the entheses of the 
lower limbs,19 especially in the foot at the insertion of the Achilles 
tendon and of the plantar fascia onto the calcaneus. Pathologic exami-
nation of enthesitis in AS demonstrates local inflammation, fibrosis, 
erosion, and ossification.17-19 Bursitis and synovitis may also occur 

Clinical features of 
ankylosing spondylitis
Lianne Gensler

 Ankylosing spondylitis is a chronic systemic inflammatory 
rheumatic disorder with a predilection for axial skeletal 
involvement and inflammation at sites of bony insertions of 
tendons and ligaments (enthesitis).

 Sacroiliitis is its hallmark. There is a strong genetic predisposition 
associated with HLA-B27.

 Clinical features include chronic inflammatory low back pain, 
as well as stiffness and limitation of spinal mobility and chest 
expansion. There is an association with acute anterior uveitis or 
other less common extra-articular manifestations, psoriasis, chronic 
inflammatory bowel disease, and reactive arthritis in some patients.

 Radiographic findings are characteristic but may be absent early in 
disease.

 Generally there is a good symptomatic response to anti-
inflammatory doses of non-steroidal anti-inflammatory drugs.

INTRODUCTION
Ankylosing spondylitis (AS), perhaps the best known and characterized 
of the family of spondyloarthritides (SpAs), is a chronic inflammatory 
disease affecting the axial skeleton, the entheses, and, occasionally, the 
peripheral joints. The hallmark of AS is inflammatory back pain (see 
later) associated with radiographic sacroiliitis and often spondylitis. In 
addition to the axial, entheseal, and appendicular skeletal involvement, 
AS can also be associated with extra-articular manifestations, espe-
cially uveitis, and, less commonly, cardiac and pulmonary disease. AS 
can occur as a primary disorder or can complicate other types of SpAs, 
especially in the setting of psoriasis and inflammatory bowel disease 
(IBD).

CLINICAL FEATURES
Back pain
The first symptoms of AS usually appear in adolescence to early adult-
hood and almost invariably start before the age of 50.1-5 The most 
characteristic presentation is that of inflammatory back pain,5-8 which 
accounts for about 15% of all types of chronic low back pain.5 This is 
dull low back pain, usually in the buttocks (or hips, as interpreted by 
the patient), insidious in onset, that is chronic (lasting > 3 months).1-5 
It is worse in the later part of the night (between 2 and 5 am) and early 
morning,4,5 when it is associated with morning stiffness lasting at least 
30 minutes and often hours, relieved with exercise or activity (i.e., 
limbering up), worsened by rest, and usually improving with the use 
of non-steroidal anti-inflammatory drugs (NSAIDs) (Table 112.1).5,9,10 
In fact, a good response of back pain to NSAIDs within 48 hours is a 
good predictor of the presence of inflammatory back pain and of axial 
SpA, with a sensitivity of 75% and a specificity of 85% for the latter.10,11 
Although the pain may be unilateral or intermittent at first (in fact, 
alternating buttock pain is a cardinal feature of the disease),10,11 within 
a few months it usually becomes persistent and bilateral and the lower 
lumbar area becomes stiff and painful.1,3,4 Other features typical of 
inflammatory back pain associated with SpA include onset before the 
age of 40,12 a positive family history, and HLA-B27 positivity.11

Occasionally the first symptom comes from extraspinal sources, 
such as acute anterior uveitis (AAU) or enthesitis; in fact, with disease 
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EXTRA-ARTICULAR MANIFESTATIONS
Uveitis
The anterior portion of the uvea consists of the iris and ciliary  
body, whereas the posterior portion is known as the choroid. Inflam-
mation of the anterior uveal tract is known as anterior uveitis or  
iritis. When the adjacent ciliary body is also inflamed, the process is 
known as iridocyclitis. AAU represents the typical uveitis associated 
with AS.

AAU occurs in 25% to 40% of patients with AS,23-26 of whom 
approximately 90% are human leukocyte antigen (HLA)-B27 positive.26 
Of patients with recurrent unilateral AAU, 50% have SpA (Table 
112.2).27 AAU appears to have a male predominance25 and appears to 
be especially common during pregnancy in female AS patients.25 Typi-
cally, AAU presents unilaterally with sudden onset, is self-limiting, 
and tends to be recurrent. Symptoms may include redness, pain, 
blurred vision, increased lacrimation, photophobia, and miosis. The 
diagnosis is characteristically confirmed by slit-lamp examination, 
which is also useful in monitoring the response to treatment.

Prognosis is favorable in AAU with resolution of symptoms within 
a few weeks. However, if treatment is delayed or inadequate, complica-
tions can occur, which include anterior synechiae (adherence of the iris 
to the cornea) and posterior synechiae (adherence of the iris to the 
lens), which can lead to cataracts and cystoid macular edema.25,28 
Rarely, increased ocular pressure is seen.25 Macular edema has been 
shown to be the main factor that determines visual outcome in cases 
of uveitis.28 Although AAU is the most common uveitis associated with 
AS, posterior uveitis has been reported and tends to be more severe, 
especially in those with co-existent inflammatory bowel disease.28

Gastrointestinal manifestations
Up to 50% of patients with AS have both macroscopic and microscopic 
ileal and cecal inflammation seen on ileocolonoscopy.29,30 Moreover, 
two thirds of patients with undifferentiated SpA have histologic gut 
inflammation. Gut inflammation in AS appears to be immunologically 
related to that seen in Crohn’s disease. Those with chronic inflamma-
tory lesions tend to have more severe erosive peripheral and hip arthri-
tis.31 Risk factors for evolution to overt inflammatory bowel disease 
include the presence of chronic inflammatory gut lesions, persistence 
of raised inflammatory serum variables, and HLA-B27 negativity in the 
presence of sacroiliitis.31 Patients with established inflammatory bowel 
disease can have asymptomatic sacroiliitis, and HLA-B27 has less 
predictive value in this group of patients.24

adjacent to the entheses, and it has been postulated that the enthesitis 
may be the initial site of joint inflammation in AS.17-19

PHYSICAL EXAMINATION
The main finding on physical examination in patients with AS is loss 
of spinal mobility.1 Limitation of flexion and extension of the lumbar 
spine as well as chest expansion is seen. Sacroiliac joint pain can also 
be elicited with direct pressure or movement and may be elicited in 
the acute phase of the disease.1,4 Peripheral joint or entheseal inflam-
mation can also be observed. Lumbar lordosis may be lost, atrophy of 
the buttocks can be present, exaggerated kyphosis may be observed, 
and the neck may stoop forward.1 Resulting flexion contractures of the 
hips and knees may occur with significant morbidity and disability.1,3 
Mild to moderate reduction of chest expansion is often detectable in 
an early stage of AS and should not be considered a late physical 
finding.1,3

Three physical measurements have been validated and recom-
mended by the Assessment in Ankylosing Spondylitis (ASAS) Working 
Group as useful for evaluating patients with AS specifically and with 
inflammatory back pain.20 The modified Schober’s test is measured as 
the increase on maximal forward spinal flexion with locked knees of a 
10-cm segment marked on the patient’s back with the inferior mark at 
the level of the posterior superior iliac spines (between the dimples of 
Venus). The measured distance should increase from 10 cm to at least 
13.5 cm in an adult.21 Chest wall expansion with inspiration is mea-
sured with a tape measure placed circumferentially around the chest 
wall at the xiphisterum.21 The original Schober’s test used the lumbo-
sacral junction as the inferior value. This was then modified to include 
5 cm below, which appeared to improve accuracy. Finally, the test was 
modified again to use the anchor as the upper limit of the dimples of 
Venus for the lumbosacral junction. The lower 5 cm was dropped from 
the second modification of the Schober’s test. Normal chest expansion 
in an adult is greater than 5 cm, although this may vary with age and 
gender. To measure the occiput-to-wall distance, the patient stands 
with heels and buttocks touching the wall behind and with the knees 
straight. The patient is asked how far back he or she can get the head, 
still keeping the chin in the normal position. In the straight position, 
the distance between the posterior convexity of the occiput and the wall 
is measured to the nearest 0.1 cm. The better of two attempts is 
recorded.21,22 Anything greater than zero is regarded as abnormal.

Another measure that is increasingly employed is the measurement 
of lateral bending. Here the patient stands with the heels and back 
against the wall. There is no flexion of the knees, nor bending forward. 
The distance between the patient’s middle fingertip and the floor is 
measured. The patient then bends sideways without bending the knees 
or lifting the heels. A second reading is taken and the difference 
between the two is recorded. The best of two tries is recorded for left 
and right. The mean of left and right gives the final result (in centi-
meters to the nearest 0.1 cm).

TABLE 112.1 DIFFERENTIATION OF INFLAMMATORY VERSUS 
MECHANICAL LOW BACK PAIN

Inflammatory pain Mechanical pain

Age at onset <40 yr Any age (usually later)

Type of onset Insidious Acute

Symptom duration >3 mo <4 wk

Morning stiffness >30 min <30 min

Nocturnal pain Common Absent

Effect of exercise Improvement Exacerbation

Sacroiliac joint tenderness Frequent Absent

Back mobility Loss in all planes Abnormal flexion

Chest expansion Often decreased Normal

Neurologic deficits Unusual Possible

TABLE 112.2 COMPARISON OF ANKYLOSING SPONDYLITIS 
AND RELATED DISORDERS

Feature
Ankylosing 
spondylitis

Psoriatic 
arthritis

Reactive 
arthritis

Enteropathic 
arthropathy

Gender (M:F) 2-3 : 1 1 : 1 8 : 1 (GU) 
[1 : 1 (GI)]

1 : 1

Age at onset <40 35-55 20-40 Young adult

Sacroiliitis or 
spondylitis

100% ∼20% ∼40% <20%

Symmetry of 
sacroiliitis

Symmetric Asymmetric Asymmetric Symmetric

Peripheral 
arthritis

∼25% 95% 90% 15-20%

Distribution Axial and 
lower 
limbs

Any joint Lower limbs Variable

HLA-B27 85-95% 25%* 30-80% 7%†

Uveitis 25-40% 25% 25% 10-36%

*60% when spondylitis present.
†70% when spondylitis present.
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occur in older individuals after several weeks to months of NSAID 
therapy and seem to be reversible with discontinuation of the NSAID.41

Osteoporosis
Measuring bone mineral density in patients with spondylitis is com-
plicated by false increases in spinal density from dense syndesmophyte 
formation and ligamentous ossification, leading some to recommend 
quantitative computed tomography over standard dual-energy x-ray 
absorptiometry (DEXA) for bone mineral density measurements in AS 
patients. Nevertheless, up to half of patients with long-standing AS 
have been reported as having osteopenia or osteoporosis.43,44 Bone 
density decrease can be seen not only in the spine but also in the 
femoral neck by DEXA.43-45 It has been noted that osteoporosis is 
related to disease activity as measured by ESR, C-reactive protein 
(CRP), and the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI).46 The etiology of osteoporosis in AS is still not completely 
understood, although treatment factors and decreased mobility may 
lead to its development.43 Histologic examinations point to an osteo-
clast/osteoblast imbalance.44 Recently, it has been shown that the 
vitamin D receptor gene may be involved in bone mineral density  
differences, bone metabolism, and inflammatory processes in AS.44

Spondylodiscitis and spinal fractures
An uncommon but well-recognized complication of AS is spondylodis-
citis, a destructive discovertebral lesion also called Andersson lesion. 
Typically, these lesions are confined to the thoracic and lumbar spine, 
sometimes with multiple-level involvement47-49; however, cervical 
spondylodiscitis has been reported.50 Pain and tenderness localized to 
the affected disc are the most common presenting features of spondylo-
discitis, although it can be asymptomatic and only detected on routine 
radiographic examination many years later.47-50 Spondylodiscitis usually 
occurs at an advanced stage of AS in the form of an erosive condition 
related to both mechanical factors and osteoporosis.48,49 However, early 
spondylodiscitis can occur as a result of the inflammatory process.47-49 
Patients may or may not give a history of preceding trauma.47-50

The histology of these lesions can vary depending on the different 
phases of the disease process.50 During the initial inflammatory phase 
there is marked lymphocytic infiltration. During the healing phase, 
reactive new bone formation with less inflammation is seen. Advanced 
lesions may show pseudarthrosis with hemorrhage, fibrous tissue, 
callus formation, and sclerosis of the adjacent vertebral bone with few 
inflammatory cells.50

Even trivial falls can be catastrophic for AS patients, who are at risk 
for spinal fractures due to their spinal rigidity and osteoporosis. The 
estimated prevalence of vertebral fractures in AS varies from 4% to 
18%.51 Fractures through the disc space, the weakest point in the 
ankylosed spine, are most common, with the cervical spine being the 
most frequently affected region, followed by the thoracolumbar junc-
tion,52 and may or may not be complicated by injury to the spinal cord 
ranging from mild sensory loss to quadriplegia.51,53,54 One recent study 
found spinal fractures to be more frequent in AS patients with periph-
eral arthritis than in patients with only axial involvement.51

Atlantoaxial subluxation
Spontaneous atlantoaxial subluxation (AAS) is a well-recognized com-
plication in about 2% of patients with AS, presenting with and without 
signs of spinal cord compression.55,56 The causes of AAS may be mul-
tifactorial and include transverse ligament damage by a periodontoidal 
proliferative pannus or sequelae of ossification of the anterior and 
posterior longitudinal ligaments, associated inflammatory lesions (cer-
vical spine osteoarthritis, atlantodental synovitis, erosions of the dens 
and adjacent ligaments), and physical stresses (kyphosis of the dorsal 
spine and weight of the head at the C1-C2 level).55

Neurologic manifestations
Neurologic involvement in AS is most often related to spinal fracture, 
atlantoaxial subluxation, or cauda equina syndrome. The cauda equina 
syndrome in AS is characterized by a slow, insidious progression and a 

Cardiac manifestations
The characteristic cardiac abnormalities in AS are aortitis, aortic regur-
gitation, and conduction abnormalities that are seen in up to 9% of 
patients with AS followed over many years.32 Less commonly associ-
ated cardiac conditions include pericarditis, cardiomyopathy, and 
mitral valve disease. HLA-B27 is an important genetic risk factor for 
these cardiac conditions.33 Aortic regurgitation is well characterized 
and distinguished from aortic valvular dysfunction in other disorders.33 
Three factors contribute to the development of incompetent aortic 
valves: dilation of the aortic root, fibrotic thickening, and downward 
retraction of the bases of the cusps and inward rolling of the edges or 
margins of the cusps.33 Aortic regurgitation is present in 2% to 10% of 
patients with AS and increases in likelihood with greater disease 
duration.33

Cardiac conduction abnormalities, including atrioventricular and 
intraventricular blocks, have been regarded as the most common 
cardiac complication in patients with AS.33 Complete heart block has 
been found in 1% to 9% of patients with AS.33 Electrophysiologic 
studies show that the preferential level of block is in the atrioventricu-
lar node itself, which is in contrast to most cases of acquired complete 
heart block in which 80% are within or below the bundle of His.33

Myocardial involvement with both systolic and diastolic dysfunc-
tion has been reported in patients with AS without any relation to age, 
disease duration, or peripheral joint problems.32-34 Mitral valve regur-
gitation occurs much less commonly than AR.34 Insufficiency of the 
mitral valve may result from subaortic fibrosis of the anterior leaflet 
with impairment of its mobility or also from left ventricular dilation 
secondary to aortic regurgitation.34 Pericarditis is a rare feature of AS, 
occurring in less than 1%.34 More common but less characteristic 
in AS is ischemic heart disease, peripheral vascular disease, and  
congestive heart failure, with a prevalence ratio of 1.2, 1.6, and 1.8, 
respectively, compared with age, gender, and geographic matched 
controls.35

Pulmonary manifestations
Involvement of the lung parenchyma is a distinctly uncommon yet 
well-recognized extra-articular manifestation of AS.36 The incidence of 
pleuropulmonary involvement in AS is estimated to be 1%.36 The most 
frequently recognized manifestations are upper lobe fibrosis, mycetoma 
formation, and pleural thickening.37 Fusion of the costovertebral joints 
caused by inflammation and ankylosis of the thoracic spine can lead 
to restrictive ventilatory impairment on pulmonary function testing.37

Pulmonary abnormalities are evident on chest radiography in 1% to 
2% of patients and consist mainly of irregular linear or reticulonodular 
opacities and cyst formation.38 Another common finding is the pres-
ence of bilateral symmetric apical pleural thickening.38 Several recent 
studies have demonstrated that high-resolution computed tomography 
(HRCT) is more sensitive than chest radiography in detecting the pres-
ence of pulmonary abnormalities in AS, suggesting that pulmonary 
involvement in AS is more common than once thought.38 The most 
common findings described on HRCT are linear opacities and bron-
chial wall thickening.38 The clinical implications of these observations 
remain unclear because lung involvement in AS is usually asymptom-
atic. Cigarette smoking in the setting of pulmonary fibrosis may 
increase the risk of spontaneous pneumothorax in AS.39

Renal manifestations
Renal involvement in AS, although uncommon, may include secondary 
renal amyloidosis (AA type), NSAID nephropathy, and glomerulone-
phritis.40-42 Renal amyloidosis is the most common cause of renal 
involvement in AS, occurring in 4% to 9% of AS patients, usually as a 
complication of long-standing disease, and is associated with peripheral 
joint involvement, elevated erythrocyte sedimentation rate (ESR), and 
hypergammaglobulinemia.41 IgA nephropathy has been well described, 
although its true prevalence is unknown.40-42 It has been suggested that 
IgA nephropathy in AS patients is part of the disease spectrum and 
may indicate a common pathogenic mechanism.40,41 NSAID nephro-
toxicity may result in interstitial nephritis with nephrotic-range pro-
teinuria and/or acute renal failure.40-42 These manifestations usually 
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Data on the correlation of ESR and CRP in the assessment of disease 
activity in AS show ambiguous results, although most studies suggest 
that CRP performs better. A literature review on the validity aspects 
of ESR and CRP in AS concluded that ESR and CRP do not compre-
hensively represent the disease process and thus do not have the same 
content validity as in rheumatoid arthritis.77 In general it is believed 
that AS patients with peripheral joint involvement or with inflamma-
tory bowel disease tend to have elevated ESR and CRP rather than 
those patients with axial disease.78,79 A normal ESR and/or CRP do not 
exclude the presence of clinically active AS.

A mild normochromic normocytic anemia may be detected.1-4 In 
active disease the alkaline phosphatase value may be elevated.1-4 Ele-
vated serum IgA levels are common.1 Synovial fluid does not differ in 
appearance or cytology from that of any inflammatory joint disease.1

DIAGNOSIS AND CLASSIFICATION
In most cases, AS is largely diagnosed, or at least initially suspected, 
on clinical grounds. There are no diagnostic criteria for AS. There are, 
however, classification criteria. These have been developed for the 
purpose of research in studying a homogeneous population of patients. 
The modified New York criteria80 remain the gold standard and are 
often used in the diagnosis of AS. They rely on radiographic sacroiliitis 
(at least grade II bilaterally or grade III unilaterally) in conjunction with 
clinical signs, including inflammatory back pain of at least 3 months’ 
duration, limitation of lumbar spine in sagittal and frontal planes, or 
chest expansion decreased relative to normal values for age and sex80 
and for the broader category of spondyloarthritis (Boxes 112.1 and 
112.2).81 The problem with these criteria is that up to 10 years can 
pass from the onset of inflammatory back pain to the development of 
radiographic sacroiliitis.5 Moreover, many of those with inflammatory 
back pain might not have radiographic evidence of sacroiliitis, which 
led to the development of criteria (European Spondyloarthropathy 
Study Group [ESSG] Criteria) for the broader category axial spondylo-
arthritis.81 More recently, the ASAS working group developed, vali-
dated, and published classification criteria for axial SpA. These newer 
criteria take into account more sensitive magnetic resonance imaging 

high incidence of dural ectasia, although a rapid onset secondary to a 
traumatic event has been reported.57,58 It tends to be a late manifesta-
tion of AS, often when the disease is no longer active.58 However, there 
has been a report of dramatic improvement of the cauda equina syn-
drome after treatment with a tumor necrosis factor-α inhibitor.59 The 
prevalence of neurologic findings in cauda equina syndrome in AS is 
very high, presenting as a prodrome of sensory, motor, or reflex loss 
before the progression to sphincter disturbance.57 About half of patients 
have pain in the rectum or lower limbs that is presumably neurogenic 
in origin.58 The pathophysiology is thought to include arachnoiditis and 
chronic inflammatory reaction, which may result in formation of dural 
ectasias and a slow progression of neurologic deficits.57,58 Another pos-
sible mechanism suggests that reduced compliance and expansibility of 
the caudal sac results in excessive cerebrospinal fluid pulse pressure that 
over the years leads to a capacious caudal sac, enlarging arachnoid diver-
ticula, secondary erosion into bone, and potential lumbosacral nerve 
root injury.58 Case reports have also been published about the occur-
rence of AS with a multiple sclerosis–like syndrome and transverse 
myelitis, although the association is not conclusive.60,61

Fatigue and psychosocial manifestations
Fatigue is a common problem in patients with AS and seems to be 
associated with more severe disease.62-65 Sleep disturbance has also 
been reported to be as high as nearly 81% of female AS patients and 
50% of male AS patients. The disturbance is closely related to pain 
during the night, which is characteristic of active disease.65 A high level 
of depressive symptoms has been reported in approximately one third 
of patients with AS, with women reporting more depression than 
men.64,66 Pain was found to be a major determinant of depression for 
women but was of lesser importance for men.66 In one study, self-
reported measures of disease activity and mental health contributed 
significantly to explain fatigue, whereas clinical measures of inflamma-
tion and joint mobility did not.63

OTHER CLINICAL MANIFESTATIONS
Patients with AS also can have psoriasis or rashes typically seen in 
reactive arthritis (see Chapter 110). The co-existence of Sjögren syn-
drome and AS is rare and has been published as only a few case reports 
and one comprehensive study.67 The underlying mechanism and pos-
sible relationship between these two disorders remains uncertain. A 
possible relationship between vitiligo and AS has also been reported.68 
There have also been case reports of relapsing polychondritis,69 sarcoid-
osis,70 familial Mediterranean fever,71 and Behçet’s disease72 in patients 
with AS. A higher incidence of urogenital infections has been reported 
in some studies,73,74 and there is one study suggesting a higher inci-
dence of varicoceles in patients with AS.75 Recently, erectile dysfunc-
tion was found to be significantly higher in AS male patients compared 
with healthy controls.64 The pathogenesis is thought to be multifacto-
rial with disease- and treatment-related factors.64

Ankylosing spondylitis in women
Ankylosing spondylitis in women may not be as severe as it is in men 
and may present as isolated neck pain in the absence of typical back 
pain.1,4 There tends to be a greater delay in the diagnosis of AS in 
women compared with men.1,4 Women tend to have less severe involve-
ment of the spine with peripheral joint involvement.76 After adjusting 
for radiographic damage, women appear to have worse functional out-
comes than men.14 A large review of the impact of AS on reproductive 
events in women concluded that AS did not adversely affect the ability 
to conceive, pregnancy outcome, or neonatal health.76 AS did have an 
adverse effect, however, on the ability to cope as a mother and care-
giver.76 Active disease at conception was a predictor of a postpartum 
flare.76

INVESTIGATIONS
The most useful investigations in AS are from musculoskeletal imaging, 
which is described in detail in Chapter 38, although some laboratory 
tests can be informative.

BOX 112.1 MODIFIED NEW YORK CRITERIA FOR 
ANKYLOSING SPONDYLITIS

Radiologic criterion
Sacroiliitis, grade ≥ 2 bilaterally or grade 3 or 4 unilaterally

Clinical criteria
Low back pain and stiffness for > 3 months that improves with exercise but is 

not relieved by rest
Limitation of motion of the lumbar spine in both the sagittal and frontal 

planes
Limitation of chest expansion relative to normal values correlated for age and 

sex

Note: The condition is definitely AS if the radiologic criterion is associated with at least one 
clinical criterion.

BOX 112.2 CLASSIFICATION OF SPONDYLOARTHRITIDES USING 
ESSG CRITERIA
Inflammatory spinal (back) pain
or
Synovitis (asymmetric, predominantly in lower extremities), plus at least one 
of the following:

Alternating buttock pain
Sacroiliitis
Heel pain (enthesitis)
Positive family history
Psoriasis
Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)
Urethritis/acute diarrhea in preceding 4 weeks
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administer in clinical practice and have been shown to perform well 
in clinical trials.

DISABILITY AND SOCIOECONOMIC IMPACT
Significant risk factors for work disability from several studies include 
older age, longer disease duration, lower level of education, reduced 
physical functioning, pain, and more physically demanding jobs.1,85-87 
Prolonged standing at work or exposure to cold conditions are risk 
factors for disability.3 Patients with peripheral joint involvement are 
more likely to experience sick leaves than those with only axial mani-
festations.3 In one study, patients with hip involvement were more 
likely to be disabled than those without hip disease.88

Patients with AS have an overall frequency of disability and eco-
nomic costs similar to those of rheumatoid arthritis.1,88-90 However, the 
impact of newer agents, such as anti–tumor necrosis factor drugs, on 
the natural history of this disease remains to be seen.

LIFE SPAN
Survival is reduced among patients with AS compared with the general 
population, with a relative risk of 1.93.3,4,84,85 Causes of death include 
heart disease, cerebrovascular disease, malignancy, renal failure, pneu-
monia, suicide, and alcohol-related death.3

CONCLUSION
Ankylosing spondylitis is regarded as the prototype and perhaps the 
most common type of SpA and is best characterized as the presence of 
chronic, inflammatory back pain in the setting of radiographic sacro-
iliitis and frequently spondylitis and spinal limitation. In addition, 
common features of other types of SpA, both musculoskeletal (enthesi-
tis and peripheral arthritis) and non-musculoskeletal (uveitis and, less 
commonly, mucocutaneous, gastrointestinal, pulmonary, and cardiac 
disease), are seen. Overall, it appears to be as disabling as rheumatoid 
arthritis, although advances in assessment as well as in imaging and 
treatment may greatly affect how and when it is diagnosed and treated 
and, ultimately, its natural history.

technology and have a second non-radiographic “clinical arm” that 
allows for use of HLA-B27 positivity.82

NATURAL HISTORY
Although AS is a chronic condition that can frequently have an unpre-
dictable course, some studies suggest that those with higher levels of 
disease activity early in the course of the disease are more likely to 
have active disease in the future.1,3,83 Hip involvement has been shown 
to be a predictive factor for severe disease.1,84,85 Other factors that may 
be suggestive of severe disease and severe outcome include an ESR 
greater than 30 mm/hr, unresponsiveness to NSAIDs, limitation of 
lumbar spine, sausage digits, oligoarthritis, and onset when younger 
than 16 years of age.1,84 Longitudinal studies in patients with AS 
revealed that deformities and disability occur within the first 10 years 
of disease.84 Most of the loss of function occurred during the first 10 
years and correlated significantly with the occurrence of peripheral 
arthritis, radiographic changes of AS in the spine, and the development 
of bamboo spine.3

MEASURES OF ANKYLOSING SPONDYLITIS 
ACTIVITY AND SEVERITY
A number of measures have been developed to assess disease status  
in AS, which are summarized in Boxes 112.3 and 112.4 and include 
disease activity, functional impairment, metrology, and quality of  
life. These instruments are extensively validated and easy to 

BOX 112.3 CLASSIFICATION OF AXIAL SPONDYLOARTHRITIS USING THE 
ASAS CRITERIA
Imaging arm: presence of sacroiliitis by radiography or by magnetic resonance 

imaging plus at least one SpA feature
Clinical arm: presence of HLA-B27 plus at least two SpA features

SpA features
Inflammatory back pain, according to experts, with at least four of five 
parameters present:

– Age at onset < 40 yr
– Insidious onset
– Improvement with exercise
– No improvement with rest
– Pain at night (with improvement on getting up)

Arthritis: Past or present active synovitis diagnosed by a physician
Enthesitis (heel): Heel enthesitis: past or present spontaneous pain or 

tenderness at examination of the site of the insertion of the Achilles 
tendon or plantar fascia at the calcaneus

Uveitis: Past or present uveitis anterior, confirmed by an ophthalmologist
Dactylitis: Past or present dactylitis, diagnosed by a physician
Psoriasis: Past or present psoriasis, diagnosed by a physician
Inflammatory bowel disease: Past or present Crohn’s disease or ulcerative 

colitis diagnosed by a physician
Good response to NSAIDs 24-48 hours after a full dose of a non-steroidal 

anti-inflammatory drug (NSAID): the back pain is no longer present or 
much better.

Family history for SpA: Presence in first-degree (mother, father, sisters, 
brothers, children) or second-degree (maternal and paternal grandparents, 
aunts, uncles, nieces, and nephews) relatives of any of the following: (a) 
ankylosing spondylitis, (b) psoriasis, (c) acute uveitis, (d) reactive arthritis, or 
(e) inflammatory bowel disease

Elevated C-reactive protein: CRP concentration above upper normal limit in 
the presence of back pain; after exclusion of other causes for elevated CRP 
concentration

HLA-B27–positive testing according to standard laboratory techniques
Sacroiliitis by radiographs: Bilateral grade 2-4 or unilateral grade 3-4 sacroiliitis 

on plain radiographs, according to the modified New York criteria
Sacroiliitis by magnetic resonance imaging: Active inflammatory lesions of 

sacroiliac joints with definite bone marrow edema/osteitis, suggestive of 
sacroiliitis associated with spondyloarthritis

BOX 112.4 MEASUREMENTS OF DISEASE OUTCOME IN 
ANKYLOSING SPONDYLITIS

Disease activity
 Bath Ankylosing Spondylitis Disease Activity Index
 Ankylosing Spondylitis Disease Activity Score
 Patient and Physician Global Assessments

Function
 Bath Ankylosing Spondylitis Functional Index
 Health Assessment Questionnaire-Spondylitis (HAQ-S)

Metrometry
 Modification of the modified Schober test (lumbar flexion)
 Chest expansion
 Occiput-to-wall distance or tragus to wall
 Lateral bending
 Bath Ankylosing Spondylitis Metrometry Index
 Cervical rotation
 Intermalleolar distance

Quality of life
 Medical Outcome Study Short Form-36 (MOS-SF-36)
 Ankylosing Spondylitis Quality of Life Index

Imaging
 Standard radiographs
 Bath Ankylosing Spondylitis Radiographic Index (less sensitive to change 

over time)
 Modified Stokes Ankylosing Spondylitis Scoring System
 Magnetic resonance imaging
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Second, there are often overlapping syndromes in which it is impossible 
to discriminate one specific subtype. And third, the different subtypes 
often affect different members of the same family. This familial aggre-
gation can, apart from the presence of similar environmental factors, 
largely be explained by an important genetic component in the patho-
genesis of the disease. This is illustrated by the fact that the risk of 
developing SpA in first-degree relatives of SpA patients is increased 
40-fold compared with the general population. Genetic studies in mul-
tiplex families have indicated that the clinical subclassification of SpA 
is not related to the underlying pathogenic mechanisms of the disease. 
More specifically, there is a random presentation of different clinical 
subtypes within multiplex families, which indicates that the genetic 
background does not account for the clinical subtypes but for SpA as 
a whole. The only exception to this rule was IBD-associated SpA.1

More recently, it was proposed to subdivide SpA based on the  
predominant musculoskeletal manifestation. In this classification, 
patients with primarily symptoms coming from inflammation of the 
axial skeleton are segregated from patients who have peripheral arthri-
tis as the prevailing symptom. There is also evidence that the patho-
physiologic mechanisms underlying peripheral SpA are distinct from 
those involved in exclusively axial SpA. First, patients with peripheral 
arthritis were clustered in specific families in a study that included 329 
SpA patients belonging to multiplex families.2 Because this was inde-
pendent from HLA-B27 status of the family members and disease 
duration, it strongly suggests that the development of peripheral syno-
vitis is linked to the specific genetic background of the patients. Second, 
therapeutic studies demonstrated a differential effect of non-steroidal 
anti-inflammatory drugs (NSAIDs)3 and sulfasalazine4 in axial versus 
peripheral SpA.

In agreement with this genetic and therapeutic evidence, discussion 
here emphasizes the pathology and pathophysiology of axial and 
peripheral SpA rather than using the phenotypic subclassification.

PATHOLOGY OF AXIAL SPONDYLOARTHRITIS
In the spine, one should distinguish the inflammation of the vertebral 
body from that of the zygapophyseal joint. In the vertebral bodies and 
intervertebral spaces, the inflammatory cells are mostly seen in the 
anulus fibrosus, in association with erosion of the bone that makes 
contact with the anulus. A prominent neovascularization can be seen 
in these structures.5 Besides signs of inflammation and bone erosion, 
different authors also describe the presence of new bone formation that 
will lead to the formation of syndesmophytes.5,6 The exact nature of 
this bone formation process is unclear: one manuscript describes the 
predominant presence of membranous or reactive new bone formation, 
which is the direct transdifferentiation of fibroblastoid cells into osteo-
blasts,5 whereas the other study describes the predominance of endo-
chondral bone formation,6 which is the formation of bone out of 
cartilage. Almost 40 years later, this controversy has still not been 
solved. As far as we know, there are no published studies of detailed 
immunohistochemical analysis of the vertebral bodies in SpA.

The zygapophyseal joints are synovial joints that form the articula-
tion between the vertebral bodies. These joints are frequently affected 
in SpA, often leading to bony ankylosis. However, such bony ankylosis 
can also be seen in the absence of a pathologic process.5 The bony 
bridges in zygapophyseal joints can form in the granulation tissue, 
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 Subchondral bone marrow inflammation in the sacroiliac joints and 
at peripheral sites adjacent to certain entheses is a characteristic 
histopathologic feature.

 Inflammation has a predilection for fibrocartilaginous sites rich in 
aggrecans and type II collagen.

 Population variance is largely explained by genetic factors, most 
likely oligogenic, which may also influence disease severity and 
phenotype.

 Human leukocyte antigen (HLA)-B27 is directly involved in the 
pathogenesis of disease and acts in a permissive manner, although 
it contributes only 20% to 30% of the entire genetic risk.

 Certain HLA-B27 subtypes, B2706 and B2709, may be only weakly 
disease associated and differ from disease-associated subtypes, 
B2705 and B2704, in their ability to bind peptides with different 
C-terminal amino acid residues, favoring the arthritogenic peptide 
hypothesis of disease.

 Additional HLA loci, B60 and DRB1 0101 in whites and B39 in 
Japanese, and non-HLA loci on chromosome 22, specifically the 
cytochrome P450 CYP2D6 gene, and on chromosome 2, specifically 
interleukin-1, have been associated with disease, although 
contributions of individual non-HLA loci are weak.

 The association with intestinal inflammation reinforces the 
importance of exposure to intestinal bacteria, which may lead to 
altered processing of the B27 molecule and alterations in the 
B27-bound peptide repertoire.

 Impaired Th1 cytokine expression is typical in ankylosing 
spondylitis (AS), in both peripheral blood and colonic lamina 
propria, whereas expression of tumor necrosis factor (TNF)-α in 
sacroiliac joints and the description of a TNF-α overexpressing 
mouse transgenic model of spondylitis highlight the 
pathophysiologic role of this cytokine in causing inflammation.

INTRODUCTION
The spondyloarthritis (SpA) concept regroups a number of associated 
disorders with common genetic, radiologic, and clinical features. 
Accordingly, the phenotypic presentation of SpA is diverse, leading to 
a clinical subclassification into different subgroups depending on the 
symptoms that prevail: (1) ankylosing spondylitis (AS), in which spinal 
inflammation is predominant; (2) psoriatic arthritis (PsA), in which 
the patients have cutaneous psoriasis together with spinal inflamma-
tion and/or arthritis; (3) reactive arthritis, in which an episode of acute 
infection of the gut or the urogenital tract is followed by spondylitis 
and/or arthritis; (4) inflammatory bowel disease (IBD)–associated SpA, 
in which overt gut inflammation is associated with spondylitis and/or 
peripheral arthritis; and (5) undifferentiated SpA, in which patients 
have SpA without any other specific symptoms that would allow a 
classification in the previously mentioned categories.

Although this phenotypic subclassification has obvious advantages 
in clinical practice and clinical research, it can be questioned as to how 
far it reflects different pathologic and pathogenic entities. First, the 
different conditions can occur consecutively in the same patient. 
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inflammation can occur in both types of entheses. At the microscopic 
level, one can see small lesions consisting of a mixed inflammatory 
infiltrate in the fibrous and fibrocartilaginous part of the enthesis as 
well as in the subentheseal bone marrow. At the site of the insertion, 
one can also see small bone erosions that contain inflammatory cells 
as well as numerous small blood vessels. In some samples, the authors 
also described the presence of new bone formation.5 Immunophenotyp-
ing of the infiltrate in SpA enthesitis was performed by two groups. 
McGonagle and associates18 sampled fibrocartilaginous tissue from the 
entheses of SpA patients by needle biopsy. CD68-positive macrophages 
were the predominant cellular population in the inflammatory infil-
trate of these samples. Laloux and associates19 sampled the entheses 
from the crucial ligaments and vastus lateralis of SpA patients by open 
surgery and focused on the changes in the subentheseal bone marrow. 
They described the presence of bone marrow edema together with an 
inflammatory infiltrate that predominantly consisted of CD8-positive 
T lymphocytes. There was no increase in the numbers of macrophages 
in this tissue. Both studies described a pronounced neovascularization 
in the tissue.

Taken together, the histopathologic studies of the musculoskeletal 
inflammation in SpA show a number of striking similarities between 
axial and peripheral disease sites. First, at both sites the inflammation 
develops in close proximity to the cartilage or the fibrocartilaginous 
enthesis. Second, the infiltration with immune cells occurs in both the 
soft tissues that attach to the skeleton as well as the underlying bone 
marrow at all the localizations that have been investigated so far. 
Third, the inflammatory infiltration is mostly mixed, with a predomi-
nance of macrophages in the soft tissues, such as the synovial mem-
brane or the enthesis and a predominance of T lymphocytes in the 
bone marrow. Fourth, there is a very pronounced neovascularization 
in all inflamed tissues.

GUT PATHOLOGY IN SPONDYLOARTHRITIS
Besides the overt gut inflammation in IBD-associated SpA, histopatho-
logic analysis of gut biopsies from an unselected cohort of SpA patients 
showed that 50% to 60% of SpA patients have signs of subclinical 
inflammation of the gut mucosa.20 Gut inflammation in SpA can be 
present in the ileum as well as the colon and can have the histologic 
aspect of acute inflammation, in which neutrophils predominate, as 
well as chronic inflammation, which is characterized by a mixed 
inflammatory infiltrate together with structural remodeling of the gut 
mucosa. Immunohistochemical studies also show that, even in the 
absence of histopathologic signs of inflammation, there are alterations 
in immune cell subsets in the gut of SpA patients.21 The non-inflamed 
ileum of SpA patients shows a strong and selective increase in the 
number of subepithelial CD11c-positive cells, whereas in the colon 
there is a slight increase in the number of CD11a- and vascular cell 
adhesion molecule (VCAM)-1-positive cells. The colon of SpA patients 
was also characterized by an increase in the number of CD68- and 
CD163-positive macrophages. The CD163-positive macrophage subset 
was also increased in the colon of patients with Crohn’s disease, but 
not colitis ulcerosa,22 and the synovium of SpA patients.13 Together 
with changes in myeloid cell subsets, there are also alterations of the 
cytokine profile of T lymphocytes from the gut,23 the joint,24 and 
peripheral blood25,26 in SpA: the T cells produce less interferon (IFN)-γ, 
interleukin (IL)-2, and tumor necrosis factor (TNF)-α after polyclonal 
stimulation, indicating an impaired T-helper 1 (Th1) response. Inter-
estingly, a recent study also found an impaired expression of IFN-γ 
mRNA and IFN-γ–driven genes in peripheral blood–derived macro-
phages from AS patients compared with healthy subjects.27 The pres-
ence of regulatory T-cell subsets and IL-17–producing T cells has not 
yet been investigated in SpA.

ACQUIRED IMMUNITY AND THE GUT/JOINT  
AXIS IN SPONDYLOARTHRITIS
The frequent presence of gut inflammation in SpA patients has led to 
the hypothesis that the gut is the primary site of pathology and that 
recirculation of activated immune cells from the gut to musculoskeletal 
sites leads to joint inflammation. The archetypical example of this is 

which penetrates into the joint from the bone marrow space after 
erosion of the bony end plate, as well as in the periarticular capsule.5 
The synovium and the subchondral bone marrow are heavily infiltrated 
with inflammatory cells.5 Identification of these inflammatory cells in 
the subchondral marrow space showed a predominant infiltration with 
T cells (CD4 negative as well as CD8 positive) but also B lymphocytes.7 
Organized lymphocyte aggregates were present in 6 of 16 samples that 
were studied. Apart from the presence of bone marrow edema, there 
was also a prominent neovascularization in these samples. Unfortu-
nately, the synovial membrane was not investigated in this study.

The sacroiliac joint is the most typical disease site in SpA. A 
detailed histomorphologic study by François and colleagues of the 
sacroiliac joints of AS patients described the presence of inflammatory 
cells in the subchondral bone marrow as well as the synovial mem-
brane, which can even form a small pannus.8 In comparison with 
normal sacroiliac joints, there was significantly more superficial carti-
lage erosion, bone marrow edema, new bone formation, and bony 
ankylosis in the diseased joints. In an attempt to perform an analysis 
of the kinetics of the histopathologic changes, these authors described 
the presence of synovial inflammation and bone marrow edema as the 
earliest changes. This was followed by the formation of strings of con-
nective tissue and new bone that eventually led to complete bony 
ankylosis of the joints. The presence of membranous as well as enchon-
dral new bone formation was described. A second study used tissue 
obtained from the sacroiliac joint by CT-guided needle biopsies.9 
Although it remains unclear if the biopsy specimens represent genuine 
synovium because the characteristic intimal lining layer was not 
described, it showed that the inflammatory infiltrate consisted of both 
T cells (CD4 as well as CD8 positive) and macrophages.

Finally, an immunohistochemical study of femur heads of AS 
patients described a pronounced infiltration of the subchondral bone 
marrow by T lymphocytes, with a predominance for CD4-positive cells 
over CD8-positive cells.10 In all samples, lymphocytic aggregates were 
present. Interestingly, the presence of T lymphocytes as well as osteo-
clasts was closely associated with the presence of cartilage in the close 
vicinity. Unfortunately, the presence of B cells and macrophages was 
not investigated in these samples. Also, the changes in the synovial 
membrane were not described.

PATHOLOGY OF PERIPHERAL 
SPONDYLOARTHRITIS
In contrast to axial SpA, the immunopathology of peripheral arthritis 
in SpA was intensively investigated over the past years. An important 
difference with the studies described earlier, which were almost  
exclusively performed on the surgical resection specimens, is that the 
use of the minimally invasive needle arthroscopy technique allowed 
study of synovial tissue samples from patients with early and active 
disease. The inflamed synovium contains a mixed inflammatory infil-
trate that consists of macrophages, T lymphocytes, B lymphocytes, 
plasma cells, and a few neutrophils.11,12 The macrophages are the most 
prominent cellular population, and the majority of these cells express 
CD163, a scavenger receptor for heme-haptoglobin complexes.13 An 
important role for these cells in the local inflammatory process is sug-
gested by the close correlation of the number of these cells with the 
disease activity, both cross-sectionally and during effective treat-
ment.14,15 Similarly to most axial disease sites, the inflamed synovial 
membrane is characterized by a pronounced neovascularization.16,17 No 
signs of new bone formation were observed in these synovial mem-
brane biopsies obtained by needle arthroscopy (author’s unpublished 
observations). One can, however, not exclude that this process would 
still occur deeper in the tissues because this technique does not allow 
the sampling and study of other joint tissues such as the subchondral 
bone marrow and the enthesis.

Enthesitis is the inflammation of the insertion of tendons or liga-
ments on the bone. There are two kinds of entheses: fibrous and 
fibrocartilaginous entheses. Fibrocartilaginous entheses, which contain 
fibrocartilage, develop at the insertion of ligaments on bones that arise 
by enchondral osteogenesis, for instance, the calcaneum. Fibrous 
entheses develop at the insertion of ligaments on bones that arise  
by membranous osteogenesis, for instance, the iliac bone. In SpA, 
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Besides TLR, many other classes of “innate immune receptors” may 
play a role in SpA. A particular example is the family of NOD proteins 
that, in contrast to TLR, are localized in the cytosol. Polymorphisms 
in the gene encoding NOD2 are related to gastrointestinal inflamma-
tion in Crohn’s disease. To date, the functional role of NOD2 in 
Crohn’s disease is incompletely understood and its relevance for SpA 
remains unclear. Apart from these examples, many other receptors are 
involved in the sensing and interpretation of danger and stress signals 
at the mucosal interface. The challenge for the future will be to identify 
the role of these receptors in the SpA inflammatory process.

PATHOGENESIS OF JOINT INFLAMMATION  
IN SPONDYLOARTHRITIS
An important question here is if the mechanisms contributing to 
mucosal inflammation in IBD and potentially in SpA could also drive 
musculoskeletal disease in the latter. Although the bacterial exposure 
of these tissues is minimal in comparison with the gut and the skin, 
they are exposed to a tremendous biomechanical stress, which is espe-
cially pronounced at the entheses. Tissue damage, as found at the 
entheses of healthy subjects, can induce an inflammatory response 
mediated by “innate immune receptors”: biglycan, which is a promi-
nent extracellular matrix (ECM) molecule in tendons, is released from 
the ECM when the tissue is damaged and is able to directly activate 
TLR-2 and TLR-4.42 An alternative mechanism would be the direct 
effect of biomechanical stress on structural cells themselves. High-
magnitude biomechanical stress induces the nuclear translocation of 
NF-κB and the transcription of a proinflammatory gene program.43 
After initiating an inflammatory program, local structural cells such as 
chondrocytes and tendon fibroblasts will start to synthesize and secrete 
proinflammatory cytokines, chemokines, and leukocyte growth factors, 
which, in turn, can attract and activate T and B lymphocytes, macro-
phages, and neutrophils and thereby lead to the development of site-
specific chronic inflammatory lesions.

Important lessons on the immunopathogenesis of joint inflamma-
tion in SpA can come from biopsy studies comparing synovial mem-
brane characteristics before and after treatment with TNF blockade. In 
line with the pronounced clinical effect of TNF blockade on signs of 
symptoms of musculoskeletal inflammation, the number of inflamma-
tory cells, especially macrophages and, to a lesser extent, T cells and 
neutrophils, decrease after treatment with infliximab44 or etanercept.45 
Also, lining layer hyperplasia, hypervascularity, and lymphoid neogen-
esis are significantly reduced after TNF blockade. Remarkably, the 
number of lymphatic vessels increases after TNF blockade.46 A remark-
able finding was that the number of B lymphocytes in synovial mem-
brane of SpA patients does not decrease, or even tends to increase, after 
treatment with a TNF-blocking agent. In line with the observation that 
SpA can develop in the absence of B lymphocytes, these data question 
whether B cells may be protective rather than pathogenic in SpA.

ROLE OF HLA-B27
Despite more than 30 years of intensive research, still no one knows 
the precise role of HLA-B27 in SpA pathogenesis. However, different 
hypotheses have been suggested. The first and, at first sight, most 
logical explanation is the “arthritogenic peptide hypothesis.” This 
hypothesis states that an arthritogenic peptide binds HLA-B27, but no 
other HLA molecule, and is presented to cytotoxic T lymphocytes. 
After many years of research such a peptide has not yet been convinc-
ingly demonstrated and, as indicated, CD8-positive T cells do not 
appear to be crucial players in the HLA-B27 transgenic rat model. 
Consequently, many researchers had already left this trail. However, 
recently, the newly discovered association between polymorphisms in 
the ARTS1 gene and AS is redirecting the attention to the “arthrito-
genic peptide hypothesis.”33 ARTS1 codes for endoplasmic reticulum–
associated aminopeptidase-1 (ERAP-1), a proteolytic enzyme that 
tailors peptides for presentation by class I molecules. ERAP-1 both 
regulates the amount of surface expression of class I molecules as well 
the peptide repertoire presented by these molecules.

A second hypothesis is based on the observation that an HLA-
B27–transfected human monocyte cell line is less efficient in killing 

enterogenic reactive arthritis. In this SpA subtype, patients develop 
arthritis and/or spondylitis after acute bacterial enteritis. Supporting 
the recirculation hypothesis, May and associates28 demonstrated the 
clonal expansion of the same T-cell clones in the gut and joint of a 
patient with reactive arthritis. The strongest argument supporting the 
concept of SpA as a primary mucosal pathologic process, however, 
comes from animal experimental research. HLA-B27 transgenic rats 
develop a systemic inflammatory syndrome that strongly resembles 
human SpA: the animals develop ileocolitis but also spondylitis, arthri-
tis, and psoriasis-like skin and nail lesions.29 However, when the 
animals are held in a sterile environment they do not develop any 
inflammation of the gut and the joint.30 Surprisingly, considering the 
link with a major histocompatibility complex class I molecule, the 
disease is independent of the presence of CD8-positive T lymphocytes31 
but dependent on CD4 T cells.32 More recently, it was discovered that 
antigen-presenting cells from these animals were poor T-cell stimula-
tors owing to a disturbed engagement of co-stimulatory molecules.

A new interest in the potential implication of T cells in the patho-
genesis of SpA has been raised by the genetic association between single 
nucleotide polymorphisms in the IL-23 receptor gene and different SpA 
subtypes, including AS and PsA.33 Although IL-23 is a key cytokine in 
the Th17 axis, two important issues should be considered before specu-
lating on the involvement of Th17 lymphocytes in the disease process. 
First, IL-23 as such does not drive the polarization of Th17 cells but 
rather stabilizes their phenotype.34 Second, IL-23 acts not only on T 
lymphocytes but also on a variety of cells, including macrophages and 
other myeloid cells. The presence and role of Th17 cells is only begin-
ning to be elucidated in SpA: although one study reported an increase 
in peripheral blood Th17 cells in SpA,35 the IL-23 levels do not correlate 
with disease activity in SpA36 and the synovial fluid IL-17 levels are 
significantly lower in peripheral SpA than rheumatoid arthritis (RA).37 
There is as yet no published information on Th17 cells and the regula-
tory T-cell subset in axial SpA.

INNATE IMMUNITY AND MUCOSAL 
INFLAMMATION IN SPONDYLOARTHRITIS
The sensing of microorganisms at the mucosal interface is performed 
by specialized receptors that are expressed by immune cells as well as 
structural cells, such as epithelial cells and fibroblasts. There are many 
classes of these “innate immune receptors,” but the Toll-like receptors 
(TLRs) have been most thoroughly studied in recent years. The TLRs 
recognize conserved molecular patterns that are expressed by microor-
ganisms. After activation of TLR-2 or TLR-4 by components of the 
bacterial cell wall, an intracellular signaling cascade is activated that 
eventually leads to nuclear translocation of nuclear factor kappa B (NF-
κB), followed by the transcription of inflammatory response genes such 
as cytokines, chemokines, leukocyte growth factors, and antimicrobial 
peptides. It is conceivable that either a defect in the threshold for TLR 
activation or impaired dampening after the activation of these “innate 
immune receptors” plays a role in SpA inflammation. The regulation 
of the threshold for activation of TLRs occurs at many levels, for 
instance the amount of receptor that is expressed at the cell surface, 
but also by cytosolic proteins that interfere with the transmission of 
the signal from the cell surface to the nucleus such as MyD88 adaptor-
like protein (Mal) and silencer of cytokine signaling (SOCS)-1. Of 
relevance for SpA is the recent identification of an association between 
polymorphisms in the gene that codes for TLR238 and AS. In addition, 
it was also shown that the levels of TLR2 are increased on the surface 
of monocytes from SpA patients.39

A particular finding in mucosal inflammation is also the increased 
permeability of the gut epithelium due to impaired tight junction for-
mation, which is possibly the consequence of exposure of gut epithelial 
cells to proinflammatory cytokines. Of interest is that also here TLR-2 
signaling plays a pivotal regulatory role by preserving tight junction–
associated barrier assembly during stress-induced gut inflammation.40 
Of potential relevance for SpA in this context, the development of 
arthritis is critically dependent on the presence of microbial gut flora 
in IL-1 receptor antagonist–deficient mice and the arthritis symptoms 
are aggravated by TLR-2 deficiency while diminished in the absence of 
TLR-4.41
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bone and cartilage destruction but rather to new tissue formation and 
even ankylosis. The cellular and molecular mechanisms determining 
this remodeling have only recently started to be the topic of extensive 
investigation. Preliminary data tend to indicate that the difference in 
structural damage between SpA and RA may be related to differences 
in tissue repair mechanisms51 rather than to pathways of bone and 
cartilage degradation.52-54 Although the data on this topic remain 
scarce, three pathogenic models deserve further attention. First, 
increasing evidence suggests that the inflammatory milieu is clearly 
different between SpA and RA.37 Therefore, connective tissues 
(synovium, cartilage, and bone) may react in a distinct way to the 
specific inflammatory milieu and thereby determine destruction and 
remodeling. Second, cross-sectional clinical data are compatible with 
the hypothesis that the new tissue formation in SpA is a repair mecha-
nism triggered by an initial but transient inflammatory and/or destruc-
tive insult.55 If correct, this model would have important implications 
for the early treatment of SpA. Third, data from animal models suggest 
that the tissue remodeling and ankylosis is completely uncoupled from 
inflammation,56 a paradigm that is in agreement with the fact that 
TNF blockade is very effective in the treatment of inflammation in 
SpA but does not affect the progression of structural damage. Decipher-
ing the exact mechanisms and interactions of joint remodeling and 
inflammation has become the major pathogenic and clinical challenge 
in the field of SpA research.

bacteria such as Salmonella.47 It is, however, unlikely that this mecha-
nism would be the cause of articular disease because no viable bacteria 
can be found in the joints of SpA patients.

A third hypothesis is based on the observation that HLA-B27 easily 
misfolds and forms heavy-chain homodimers in the endoplasmic retic-
ulum, which leads to the induction of unfolded protein response and 
subsequent activation of a proinflammatory response program.48 An 
argument against a primary role for this mechanism in AS pathogen-
esis, however, is the fact that the non–AS-associated HLA-B2709 
isoform misfolds and homodimerizes as easily as the disease-associated 
HLA-B2705 isoform. A related hypothesis proposes that the homodi-
mers can also shuttle to the cell membrane, where they are recognized 
by natural killer (NK) cell receptors and thereby contribute to the acti-
vation of cytotoxic NK and T cells.49

Recently, a fourth hypothesis was proposed based on the observa-
tion that antigen-presenting cells from HLA-B27 transgenic rats show 
defective stimulation of naive T-helper cells because of impaired 
engagement of the co-stimulatory molecules.50 This mechanism could 
lead to impaired peripheral tolerance because of a failure to induce or 
maintain regulatory T cells. As indicated previously, however, there 
are as yet no data on regulatory T cells in SpA.

JOINT REMODELING IN SPONDYLOARTHRITIS
A peculiar pathogenic feature of axial and peripheral SpA is that, in 
contrast to RA, the chronic disease process does not lead to extensive 
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HLA-B27 and B27 subtypes
Approximately 8% of white Europeans carry HLA-B27, compared with 
approximately 5% of Chinese. HLA-B27 is more common in Northern 
Europeans and rare in Africans and in Australian aborigines. The preva-
lence of AS generally follows the frequency of HLA-B27 in the popula-
tion. In most studies, 80% to 95% of AS patients are HLA-B27 positive; 
thus, in white Europeans the odds ratio for AS in HLA-B27 carriers is 
greater than 100. Despite that, only a minority of HLA-B27 carriers 
develop AS, and thus it has not been found useful in population screen-
ing. However in patients with low back pain, HLA-B27 testing is a 
useful component of the diagnostic workup (Fig. 114.1).

There is strong evidence in specific populations that different sub-
types of HLA-B27 have different strengths of association with AS. 
HLA-B27 subtypes are now numbered up to 45 (see the Anthony Nolan 
Trust database available at http://hla.alleles.org/class1.html), with a 
rapid increase in the number of subtypes occurring over the past 5 years 
related to increased use of DNA-based HLA typing. In most cases the 
subtypes involved have only been reported in a few unaffected individu-
als, and therefore it is not possible to say whether they are associated 
with AS. However, some subtypes are sufficiently prevalent that the 
relative strength of their association with AS can be compared.

AS (not just undifferentiated spondyloarthritis) has been reported 
to occur with the following subtypes: B*2701, *2702, *2703, *2704, 
*2705, *2706, *2707, *2708, *2710, *2714, *2715, and *2719. Until 
recently, no case of AS had been reported with B*2709, and this 
subtype is protective for the disease, relative to B*2705.8 Six cases with 
spondyloarthritis have now been reported in B*2709 carriers, although 
only two of these persons had classic axial AS and in each case there 
were other potential explanations for the development of AS.9,10 These 
cases confirm that B*2709 is not absolutely protective for AS, although 
it is underrepresented in cases in Sardinia, owing to its weaker associa-
tion with disease than B*2705.

B*2706 similarly has been shown to be less strongly associated with 
AS than B*2704 in Southeast Asia, although these studies are compli-
cated by ethnic differences in B*2704 and *2706 carriers because 
B*2704 carriers are more likely to be of Chinese descent, whereas 
B*2706 carriers are more likely to be of Malay descent.11,12 There is 
increasing evidence that B*2704 is more strongly associated with AS 
than B*2705. A recent study in Taiwanese of Han Chinese descent 
supported this conclusion and also reported cases of AS in carriers of 
B*2706, confirming that the protective effect of this HLA-B27 subtype 
is not absolute.13

AS is rare in Africa, largely because of the rarity of HLA-B27, 
although even in rural African populations where HLA-B27 is preva-
lent, AS is rare.14 African-Americans do get AS, indicating that the 
rarity of the disease in Africa is likely to have an environmental com-
ponent in addition to the effect of the low prevalence of HLA-B27.

Other MHC genes
The MHC, situated on chromosome 6 (6p21.3), extends over 3.6 Mb 
and contains about 220 genes, many of which have immunoregulatory 
functions. There is compelling evidence that the MHC contains several 
other non–HLA-B27 determinants of disease susceptibility, including 
the HLA-B allele HLA-B60 and non–HLA-B genes. The association of 
HLA-B60 with AS is much weaker than the association with HLA-B27, 
with an odds ratio of 3.6.15 It is uncertain as to whether HLA-B60 
causes disease or is a marker of an MHC haplotype bearing other 
disease-causing genes. The association of HLA-B60 with disease is well 
established in HLA-B27-positive cases,15,16 and there are data suggest-
ing a role in HLA-B27–negative AS.

There is strong evidence that non–HLA-B MHC genes are also 
associated with AS. Studies by Sims and associates of MHC markers 
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GENETIC EPIDEMIOLOGY OF  
ANKYLOSING SPONDYLITIS
For more than 40 years, ankylosing spondylitis (AS) has been known 
to run in families. This occurs because of shared susceptibility factors 
among family members, which may be environmental (random or 
common) or genetic.

There is substantial evidence that AS is triggered by exposure to a 
common environmental pathogen. The condition has a (nearly) world-
wide distribution, indicating that whatever environmental exposure 
triggers the disease in a genetically susceptible person occurs from the 
Arctic to Asia. Epidemics of AS have not been reported, in contrast to 
reactive arthritis, another HLA-B27–associated disease, that does occur 
in common-source outbreaks. The best environmental model to fit 
these facts is that the environmental factor involved in AS is ubiqui-
tous. This conclusion is supported by studies of HLA-B27–transgenic 
rats that indicate that the disease develops in rats exposed to normal 
enteric commensal bacteria but not in rats maintained in germ-free 
conditions.1

Twin studies confirm that susceptibility to AS is almost entirely 
genetically determined, with two studies now formally estimating heri-
tability as more than 90%.2,3 Heritability of clinical manifestations of 
disease is also significant, with age at symptom onset, disease activity 
measured by the widely employed Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) and Bath Ankylosing Spondylitis Functional 
Index (BASFI) questionnaires, and radiographic severity being 40%, 
51%, 76%, and 62%, respectively.4-6

The association of HLA-B27 with AS is among the strongest  
genetic associations with any common disease, and yet studies in 
families suggest that less than 50% of the overall genetic risk is due to 
HLA-B27 and that it is likely that several other genes are involved. 
First-degree relatives of AS cases have a 5 to 16 times greater risk  
of developing AS than HLA-B27–positive individuals in the general 
population, implying the existence of modifier factors on the risk  
of AS apart from HLA-B27. The most likely models for the disease 
suggest that modifier genes of HLA-B27’s effect determine the risk  
of getting the disease in HLA-B27 carriers. Studies of the recurrence 
risk of the condition in relatives of cases indicate that it does not  
segregate as a monogenic condition. The recurrence risk of any  
disease depends on the genetic model. Monogenic diseases reduce in 
frequency by half with each increase in distance of relationship to the 
proband. Polygenic diseases reduce in frequency by roughly the square 
root with each increase in distance of relationship to the proband. AS 
probably lies somewhere in between these models; HLA-B27 is almost 
essential for the inheritance of AS, but its penetrance is greatly modi-
fied by other genes. Family studies in AS suggest that a moderate 
number of genes with significant effect are involved in AS, with the 
best-fitting models suggesting five genes but with a wide range of 
possible-fitting models ranging from three to nine genes involved.7 It 
is likely that in addition to HLA-B27 there will be a small number of 
genes with moderate effect and a large number of genes with small 
effect. Certainly, large multiple-case families, typical of diseases with 
monogenic etiology, are extremely rare with AS. The risks of develop-
ing AS in different degrees of relatives to a proband with the condition 
are given in Table 114.1.

Major histocompatibility complex genes
The major histocompatibility complex (MHC) on chromosome 6p is 
strongly linked and associated with AS. Although most of the genetic 
association of this locus is driven by the association of AS with HLA-
B27, the association is clearly more complex than that.
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AS remains unchanged in the WTCCC/TASC dataset, indicating that 
AS itself is primarily associated with IL23R variants and is not second-
ary to the association of IL23R with IBD or psoriasis. The findings in 
these three diseases suggest that IL23R is at least partially responsible 
for the increased co-occurrence of these conditions.

Since this study, the association of IL23R has been replicated in 
multiple white European populations and findings in non-European 
populations are awaited. Interestingly, the association of IL23R with 
Crohn’s disease was not replicated in Japanese.19 This may be because 
the likely main disease-associated variant, rs11209026, is not polymor-
phic in those populations.

In Crohn’s disease and ulcerative colitis, associations have also been 
reported with STAT3 and JAK2, the signaling kinase and transcription 
factors associated with IL23R signaling. This is in contrast to the find-
ings in autoimmune diseases, where strong association has been 
reported with STAT4 in both rheumatoid arthritis and systemic lupus 
erythematosus. STAT3 is critical in the development of Th17 lympho-
cytes, and individuals with monogenic conditions causing loss of 
STAT3 have no Th17 lymphocytes and are extremely prone to extracel-
lular infections.

The IL23R association with AS was the first suggestion that the 
Th17 lymphocyte pathway may be involved in the disease. Although 
IL23R is also expressed on a number of other immunologic cell types 
such as macrophages, microglia, and NK and NK T cells, it is not yet 
clear which cell type is primarily affected by the IL23R disease-associ-
ated variant. A role for Th17 lymphocytes is further supported by data 
demonstrating an increase in Th17 lymphocyte numbers in AS20 and 
of serum IL-17 levels.21

Inhibiting Th17 activity is being investigated as a possible thera-
peutic approach for autoimmune disease. Antibodies to the IL-12p40 
subunit (the shared IL-23/IL-12 subunit) have undergone successful 
trials for psoriasis22 and Crohn’s disease.23

The other major finding of the WTCCC/TASC study was the asso-
ciation of the gene ERAP1 (formerly known as ARTS1), which is an 
aminopeptidase, the function of which is still being clarified. This 
association was extremely strong in the WTCCC/TASC study and 
replicated in a second case-control cohort. As yet there are no data 
about its association with AS in other populations, and the key associ-
ated variant(s) is unknown. The WTCCC/TASC study also demon-
strated that the gene was not associated with Crohn’s disease, and no 
association has been demonstrated in recent genome-wide scans in 
psoriasis,24 suggesting that the association is restricted to AS, which is 
potentially an important clue as to its mechanism of action. There is 
moderate evidence that ERAP1 variants may be associated with cervical 
cancer risk, possibly through effects on HLA class I–mediated immu-
nity to human papillomavirus infection.25 ERAP1 −/− mice are more 
prone to infection with Toxoplasma gondii, a vacuolar parasite, owing 
to defective presentation of parasite antigen by the murine HLA class 
I system to CD8 T cells.26 This confirms its functional role in HLA 
class I–mediated immunity.

ERAP1 is expressed primarily in the endoplasmic reticulum, with 
two main functions reported. First, it may be involved in cleavage of 
cytokine cell surface receptors, including IL-1R2, TNFR1, and IL-6R, 
downregulating their function.27-29 Second, there is strong evidence that 
ERAP1 is a key component of the peptide processing pathway before 
peptide loading into nascent HLA class I molecules,30,31 such as HLA-
B27. There remains some disagreement about whether ERAP1 does 
cleave cytokine receptors in vivo, but both functions could potentially 
explain involvement with this gene in AS.

Because the key associated variant(s) of ERAP1 have yet to be identi-
fied and the biologic function of the ERAP1 protein is still being deter-
mined, it is not possible to determine the mechanism by which the 
genetic variants cause AS. ERAP1 expression is strongly affected by 
cis-acting SNPs and thus the associated variants may operate by affect-
ing ERAP1 expression. There are also multiple splice variants of ERAP1, 
the function and expression of which in different tissues and in health 
and disease has not been determined. Critically, the structure of ERAP1 
has not yet been properly resolved; determining the protein structure 
would be an extremely valuable achievement not only for investigation 
of the etiopathogenesis of AS but also because it would likely provide 
valuable insights into peptide processing in the HLA class I antigen 
presentation pathway, with relevance to many human diseases.

(single nucleotide polymorphisms [SNPs] and microsatellites) on HLA-
B27-DRB1 haplotypes showed convincing evidence of the existence of 
non–HLA-B27 MHC genes in AS carried on both HLA-B27–positive 
and HLA-B27–negative strands but fell short of identifying the specific 
variants involved.17

Non-MHC genes and AS
Association with the MHC explains less than half of the familial occur-
rence of AS. Major advances have occurred in the past several years in 
identifying the non-MHC genes involved. To date, two non-MHC 
genes have been definitely associated with AS: IL23R and ERAP1. 
These findings have had a major impact on research into AS etiopatho-
genesis. Several other non-MHC genes have had associations reported 
of intermediate or lower degrees of certainty, including genes of the 
interleukin (IL)-1 complex, the cytochrome P450 gene CYP2D6, and 
the KIR natural killer (NK) cell receptor genes.

IL23R and ERAP1
In 2007, the first large-scale SNP screen to be performed in AS was 
reported by the Wellcome Trust Case Control Consortium (WTCCC) 
and Australo-Anglo-American Spondyloarthritis Consortium (TASC).18 
The study identified and confirmed the association of SNPs in the 
genes IL23R and ERAP1 with AS.

IL23R has also been demonstrated to be associated with both 
inflammatory bowel disease (IBD) and psoriasis. The three conditions 
AS, IBD, and psoriasis are closely clinically related. Analyzing cases 
with no history of either psoriasis or IBD, the IL23R association with 

TABLE 114.1 RISK OF ANKYLOSING SPONDYLITIS IN RELATIVES OF 
PATIENTS BY HLA-B27 STATUS

HLA-B27 status

Unknown Positive Negative

Grandparent 1% 5% 0%

Parent/sibling 10% 15% 0%

Identical twin 60% 60% ?

D+/B27+ D+/B27–

HLA-B27 AND DIAGNOSIS

Post-test
probability

0

1

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.9

0.8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pre-test probability

Fig. 114.1 HLA-B27 and diagnosis. The x-axis represents the probability of AS 
before the HLA-B27 status is known. The likelihood of AS in the general 
population is approximately 0.5%, and in a patient presenting to a general 
practice with low back pain the likelihood of spondyloarthritis is 5%. The 
post-test probability is the likelihood of AS given the prior probability of 
disease and the HLA-B27 status. The blue line represents the likelihood of 
disease if the patient is HLA-B27 positive, and the red line shows the likelihood 
if the HLA-B27 test is negative.
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KIR3DL1 frequency.38 In white Europeans, a study of Spanish and 
Azorean cases and HLA-B27–positive controls reported an increased 
gene frequency of KIR3DS1 and reduced frequency of KIR3DL1.39 A 
large study of British AS cases and controls found no difference in 
frequency of 14 KIR genes in cases and controls, and allelic variants at 
KIR3DL2 were also not associated with AS.40 It is possible that any 
association with KIRs may be restricted to particular HLA class I/KIR 
combinations; such an association will require extremely large sample 
sizes to tease out. Thus the role of NK cell receptor variation in sus-
ceptibility to AS is not yet resolved.

LINKAGE STUDIES AND  
ANKYLOSING SPONDYLITIS
Three groups have published linkage studies in ankylosing spondyli-
tis,32,41-43 and the genotypes from these studies have been combined in 
formal meta-analysis to include data from 488 multiply affected fami-
lies involving 589 affected sibling pairs.33 Unsurprisingly, the strongest 
linkage observed was with the MHC. In addition, regions on chromo-
some 10q and 16q achieved “suggestive” evidence of linkage (likely to 
occur once by chance per genome screen) and regions on chromosomes 
1q, 3q, 5q, 6q, 9q, 17q, and 19q showed at least nominal linkage in 
two or more scans. Two regions where association had previously been 
reported (chromosome 2, the IL-1 gene cluster44-47; chromosome 22, 
CYP2D648,49) showed nominal linkage. The linkages observed were 
quite broad, and there is a risk that any particular linkage might be a 
false positive, given the moderate evidence for linkage. When these 
scans were performed, it had been planned to follow them with sys-
tematic screens of linked regions by high-density association mapping, 
but the development of genome-wide association studies has made this 
approach obsolete. Nonetheless, these linkage scans remain helpful in 
prioritization of genes for further study, either for candidate gene asso-
ciation studies or following genome-wide association studies.

CONCLUSION
The field of genetics of AS is progressing rapidly and has already con-
tributed much to our understanding of the disease etiopathogenesis, in 
particular implicating the Th17 lymphocyte subset as being important 
in the development of the disease. A significant proportion of the 
overall genetic risk in AS has yet to be identified, and no genes have 
yet been identified that contribute to the clinical manifestations of the 
disease. Identifying genes involved in these processes will assist in the 
development of novel therapies for AS, for which no treatment is cur-
rently available that has been shown to alter the natural history of the 
disease.
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KIR genes
NK cells are cytotoxic lymphocytes that do not express the T-cell recep-
tor but whose activity state is primarily determined by recognition of 
HLA class I epitopes by either inhibitory or stimulatory receptors. NK 
cells are activated when they encounter cells with little or no HLA class 
I expression and kill by release of proinflammatory cytokines (e.g., 
interferon-γ) or by direct cytotoxicity by release of perforins or gran-
zyme proteases.

Human NK cells express three types of receptor, including 
CD94:NKG2 (a C-type lectin receptor that identifies the non-polymor-
phic HLA-E Class I protein), killer cell immunologlobulin-like recep-
tors (KIRs, which identify classic HLA class I proteins, such as HLA-A, 
-B, and -C), and leukocyte immunoglobulin-like receptors (LILRs, 
closely structurally and functionally related to KIRs). The KIR and LILR 
proteins are encoded by a gene cluster on chromosome 19q13.4 termed 
the leukocyte receptor cluster, a region linked with AS.32,33 KIR proteins 
have two (2D) or three (3D) extracellular domains and a short (S) or 
long (L) cytoplasmic tail. The nomenclature for these receptors reflects 
this structure (e.g., KIR3DL1 has three extracellular domains and a 
long cytoplasmic tail). The length of the cytoplasmic tail is closely 
correlated with the KIR function; short-tailed KIR engagement leads to 
NK cell activation, whereas long-tailed KIR engagement, with the 
exception of KIR2L4, leads to inhibition.

The leukocyte receptor cluster structure is extremely complex, with 
both extensive long range linkage disequilibrium and significant poly-
morphism, not unlike the MHC. KIR genes exist mainly on two hap-
lotype groups, termed A and B. Inhibitory receptors are found mainly 
on haplotype A and stimulatory receptors on haplotype B. KIR3DL2 is 
an exception to this, being found on both haplotypes. The number of 
different receptor genes varies between individuals, and some KIRs, 
including KIR3DL2, are themselves polymorphic.

The KIR receptors in particular have attracted considerable atten-
tion with regard to their potential role in AS, initially because of the 
suggested non-association of HLA-B*2708 with AS. B*2708 carries the 
Bw6 HLA-B public epitope, whereas all other known disease-associated 
HLA-B27 subtypes carry the Bw4 public epitope. Two KIRs, KIR3DL1 
and KIR3DL2, specifically recognize the Bw4 epitope and thus lead to 
differential NK cell activation in reaction to cells expressing B*2708 
compared with other subtypes. B*2708 is now known to be AS associ-
ated,34 but other evidence suggesting a role for NK cells expressing 
KIR3DL2 in AS has emerged, notably that SpA (and early RA) patients 
have increased levels of NK cells expressing this receptor compared 
with healthy controls.35 Additionally, KIR3DL2 has been reported to 
interact with HLA-B27 homodimers independent of bound antigen.36

Several studies have investigated the association of KIR genes with 
AS, but findings have been inconsistent. A study in B27-positive 
Chinese and Thai cases and controls reported increases in the gene 
frequencies of KIR2DL5, KIR3DS1, and KIR2DS5.37 KIR3DL1 homozy-
gosity was increased, and KIR3DL1/KIR3DS1 genotype was decreased. 
Significant differences were noted in control gene frequencies compared 
with previous studies in the same populations. A further study of 
Chinese AS cases and controls also reported an increased gene fre-
quency of KIR2DL5 and KIR3DS1 and no difference observed in 
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requires the expertise of interested radiologists. CT has become more 
frequently used, because the presence of erosions may be more easily 
detected in routine clinical practice. Conventional tomography and 
bone scintigraphy are useful adjuncts. The role of MRI of the sacroiliac 
joint has increased over the past decade.

Conventional radiography
Technique
The true synovial component of the sacroiliac joint is the anteroinferior 
one half to two thirds. This area is best imaged on a modified Ferguson 
view (Fig. 115.1).6 The patient is placed in a supine position and, when 
possible, the knees and hips are flexed. The x-ray tube is centered at 
L5-S1 and then angled 25 to 30 degrees toward the head. If the tube 
is angled too steeply, the pubic symphysis will overlie the anteroinferior 
aspect of the sacroiliac joints and obscure them from accurate evalua-
tion. If the patient is placed in a prone position, the x-ray tube is angled 
15 degrees toward the feet (Fig. 115.2).

Radiographic changes
The earliest radiographic change, visualized in all spondyloarthropa-
thies, is erosion of the iliac side of the sacroiliac joint, where the car-
tilage is thinner (Fig. 115.3). The edge of the joint looks poorly defined 
and somewhat frayed, with loss of the white cortical line. As erosive 
disease progresses there is apparent (“pseudo”) widening of the joint. 
Reparative bone is laid down behind the erosive change and eventually 
dominates the radiographic picture. Finally, bone ankylosis may occur 
across the sacroiliac joint. Once the sacroiliac joint is ankylosed, the 
surrounding bone becomes osteoporotic secondary to loss of normal 
mechanical stress across the joint.

When imaging the sacroiliac joints, it is generally beneficial to 
obtain an anteroposterior view of the pelvis, because often other areas 
of the pelvis are involved.1,3,4 The pubic symphysis, being a cartilagi-
nous joint, is uniquely involved in all spondyloarthropathies. Erosive 
change is followed by reparative change and sometimes ankylosis (Fig. 
115.4). In addition, all the spondyloarthropathies involve the entheses; 
ossification of ligamentous attachments to the ischial tuberosities, the 
iliac crest, and the femoral trochanters gives the pelvis a whiskered 
appearance.

The task of the conventional radiographic diagnosis is further com-
plicated by significant interobserver and intraobserver variation, both 
in recognizing and in grading sacroiliitis in cases in which the diagnosis 
was clinically suspected.7

Ankylosing spondylitis
In AS,8,9 the sacroiliac joints are frequently the first to show radio-
graphic abnormality. Erosive and reparative changes occur in a bilateral 
and symmetric fashion (Fig. 115.5); bone ankylosis occurs early in the 
disease (Fig. 115.6). By contrast, the posterosuperior aspect of the 
sacroiliac joint comprises the apposition of two bones joined together 
by ligaments. No cartilage, capsule, or synovium is present. In AS, 
these ligaments ossify, first causing poor definition of this area before 
becoming totally ankylosed.

Other spondyloarthropathies
Involvement of the sacroiliac joints in the enteropathic arthropathies 
is radiographically indistinguishable from that of AS. Again there is 
bilateral and symmetric involvement with early progression to bone 
ankylosis.

Seronegative spondyloarthropathies: 
imaging
David C. Salonen and Anne C. Brower

 The radiographic hallmarks of the spondyloarthropathies include 
normal bone mineralization, erosion, periostitis, and bone 
proliferation at entheses.

 The spondyloarthropathies may be separated from each other by 
the extent of erosions and bone proliferation, together with their 
distribution and symmetry of involvement.

 Ankylosing spondylitis is characterized by bilateral symmetric 
involvement of sacroiliac joints with early ankylosis, squaring of 
vertebral bodies, symmetric syndesmophytes, and peripheral 
involvement of shoulders and hips.

 Reactive arthritis is characterized by bilateral asymmetric sacroiliac 
involvement, bulky asymmetric paravertebral ossification, and 
typical involvement of lower extremity joints.

 In psoriatic arthritis, spinal and sacroiliac changes are similar to 
those of reactive arthritis and involvement of wrists, hands, feet, 
and shoulders is common.

INTRODUCTION
The seronegative spondyloarthropathies are a group of inflammatory 
arthritides that include ankylosing spondylitis (AS), psoriatic arthritis 
(PsA), reactive arthritis, and the enteropathic arthropathies. They share 
common clinical, laboratory, and radiographic features. The radio-
graphic hallmarks common to all spondyloarthropathies are normal 
mineralization and the presence of erosion, bone proliferation, and 
spinal and sacroiliac involvement.

Although they share radiographic features with rheumatoid arthritis 
(RA), the radiographic differences are sufficient to separate them into 
a distinct category of arthritis.1-4 The fundamental differences between 
RA and the seronegative spondyloarthropathies lie in the distribution 
of the disease and the morphologic changes observed around a specific 
joint. Whereas RA affects primarily synovial joints, the seronegative 
spondyloarthropathies affect not just the synovial joints but also the 
fibrocartilaginous joints and the entheses, or sites of attachment of 
tendons, ligaments, and capsules (see Chapter 112). Furthermore, the 
seronegative spondyloarthropathies commonly involve the axial 
system, which, except for the cervical spine, is rarely involved in RA. 
The single most important radiographic change that distinguishes 
seronegative spondyloarthropathies from RA, however, is the presence 
of bone proliferation. The latter is manifested as bone excrescences 
adjacent to erosions, bone proliferation at entheses, periostitis, and 
bone ankylosis.5

Multiple imaging modalities are available to evaluate the spondylo-
arthropathies. These include conventional radiography, conventional 
tomography, bone scintigraphy, computed tomography (CT), ultraso-
nography, and magnetic resonance imaging (MRI). The appropriate 
imaging modality must be chosen for accurate evaluation of the joint 
involved.

IMAGING THE SACROILIAC JOINT
The sacroiliac joint is perhaps the most difficult joint in the body to 
image. This is because of its complex anatomy and undulating articular 
surfaces. Conventional radiographs are the first-line imaging approach 
to the diagnosis and progression of disease. Accurate interpretation 
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Fig. 115.1 Anteroposterior Ferguson view of the sacroiliac joints in a patient 
with AS. The area of the sacroiliac joint inferior to the arrows is imaged by the 
Ferguson view and not by an anteroposterior view. Note the bilateral, 
symmetric involvement with erosions and eburnation.

a

b

Fig. 115.2 Sacroiliac disease. (a) Routine anteroposterior view shows equivocal 
changes in the left sacroiliac joint. (b) Ferguson view demonstrates clear-cut 
bilateral sacroiliitis.

Fig. 115.3 Anteroposterior view of sacroiliac joint. The white cortical line is 
intact on the sacral side. It is ill defined on the iliac side (arrows).

Fig. 115.4 Anteroposterior view of the pubic symphysis in a patient with AS. 
There is extensive erosive change surrounded by reparative change.

Fig. 115.5 Anteroposterior Ferguson view of the sacroiliac joints in a patient 
with AS. There is bilateral, symmetric involvement with succinct erosions 
(arrows).
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Sacroiliitis occurs in at least 60% of patients with reactive arthritis 
and in 10% to 25% of those with PsA.10-12 The radiographic changes 
differ from those of AS in both extent and distribution (Fig. 115.7). 
Both the erosions and reparative bone response are more extensive. 
Ankylosis of the joint is not as common. There may be blurring and 
eburnation of the posterior aspect of the joint due to ligamentous 
involvement. The changes occur most commonly bilaterally and asym-
metrically (Fig. 115.8). Therefore, early in the disease, changes may 
appear to be unilateral. However, as changes become obvious in one 
sacroiliac joint there should be subtle changes involving the opposite 
sacroiliac joint.

Conventional tomography
The size, orientation, and obscuration of the sacroiliac joint by  
overlying structures may cause occasional imaging problems on  
the conventional radiograph. In the past, conventional tomography  
was a useful adjunct, although this has been increasingly replaced  
by CT, although the former modality still provides accurate assess-
ment. A “zonographic” technique, which produces sections of  
increased thickness, is preferred, because it gives more contrast to the 
image.2

Fig. 115.6 Anteroposterior view of the sacroiliac joints in long-standing AS 
shows total ankylosis. Ossification of the ligaments connecting the posterior 
superior aspect of the sacroiliac joints is evident (arrows).

Fig. 115.7 Anteroposterior Ferguson view of the sacroiliac joints in a patient 
with PsA. There is bilateral, asymmetric involvement with blurring and 
eburnation of the sacroiliac joints that is most evident on the left side (arrow).

Fig. 115.8 Anteroposterior view of the sacroiliac joints in a patient with PsA. 
There is no definite eburnation, but loss of the normal subchondral bone with 
erosive disease (arrows) is noted bilaterally.

Bone scintigraphy
Bone scintigraphy2 is a useful adjunct to the evaluation of sacroiliac 
disease. It confirms the presence of hyperemia and inflammation that 
may not be apparent radiographically. For example, if a patient dem-
onstrates unilateral sacroiliac disease on the conventional radiograph, 
this might suggest possible infection. However, the subsequent detec-
tion of bilateral disease on bone scintigraphy confirms the correct 
diagnosis of a seronegative spondyloarthropathy. Serial scintigraphy 
may also help to define the activity of the disease.

The relative benefits of qualitative versus quantitative analysis of 
the scintigraphic image have been widely discussed.13,14 Quantitative 
analysis is based on comparing sacroiliac joint to sacral activity. A 
sacroiliac joint/sacral activity ratio greater than 1.32 to 1.45 is generally 
considered to be abnormal. Some have questioned using sacral activity 
as a normal reference point, given that the sacrum is too close to the 
inflammatory process. Most radiologists believe that qualitative analy-
sis is easier and just as accurate as quantitative analysis.

Many studies have demonstrated that, although quantitative bone 
scintigraphy is very sensitive to abnormalities in the sacroiliac joints, 
the findings are too non-specific to consistently diagnose inflammatory 
sacroiliitis.15-17 Specifically, one comparison study has shown that sac-
roiliitis may be diagnosed too frequently in patients who lack clinical 
and laboratory findings suggestive of an inflammatory condition and 
who turn out to have mechanical causes of lower back pain.18

Computed tomography
There is widespread support for the use of CT in the evaluation of 
sacroiliac disease.19,20 The patient is easily positioned, and any 
abnormality is relatively easily seen (Fig. 115.9). With the advent 
of the new scanners, CT is superior to both conventional radiography 
and bone scintigraphy in the assessment of sacroiliac joint pathology. 
CT allows multiple continuous or overlapped, thin (2.5-5.0 mm),  
well-collimated slices through the sacroiliac joints. This affords early 
detection of sacroiliitis, including cortical erosions and subchondral 
sclerosis. However, because of the radiation dose and cost, CT should 
not be the initial imaging approach for evaluation of sacroiliac disease 
but should be used only as an adjunct to conventional radiography 
when the diagnosis and/or grade of disease involvement remains in 
question.

Magnetic resonance imaging
Since the early 1990s the utility of MRI in the assessment of sacroiliitis 
has been widely investigated. Its capabilities for direct multiplanar 
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MRI has also been shown to be an excellent imaging technique for 
monitoring inflammatory changes in patients with seronegative spon-
dyloarthropathy receiving powerful disease-modifying therapies such 
as anti–tumor necrosis factor (TNF) therapy.30

Another recent advance is the assessment of sacroiliitis with a per-
fusion MRI. This involves a rapid injection of Gd-DTPA intravenously 
followed by fast imaging of the area of interest. This technique can 
produce not only qualitative but also quantitative assessment of the 
sacroiliac joints, which may be the future method of choice for diagnos-
ing seronegative spondyloarthropathy and evaluation of therapeutic 
efficacy.

IMAGING THE SPINE
The seronegative spondyloarthropathies involve the spine at the disco-
vertebral, apophyseal, costovertebral, and atlantoaxial joints, as well as 
the posterior ligamentous attachments. Initial imaging should be per-
formed with conventional radiography, although CT and MRI play 
significant roles in imaging various parts of the spine. All other modali-
ties play a lesser role.

Conventional radiography
Technique
Anteroposterior and lateral views of the spine are adequate for imaging 
discovertebral joints and all ligamentous problems. Oblique views may 
be needed for the apophyseal joints. Flexed lateral and odontoid views 
of the cervical spine are important in evaluating atlantoaxial joints.

Radiographic changes
Discovertebral joint
Ankylosing spondylitis
In AS,1-4,31-33 the first changes observed in the spine are small erosions 
with adjacent repair at the corners of the vertebral bodies, resulting in 
loss of the normal concave contour of the anterior border of the verte-
bral bodies. The vertebral bodies appear square, with shiny corners. In 
general, changes start in the lower lumbar spine and ascend the spine, 
eventually including the cervical spine. The shiny corner is called a 
Romanus lesion. This is accompanied or followed by ossification of  
the outer layer of the anulus fibrosus of the disc (Sharpey’s fibers) and 
the deep layers of the longitudinal ligaments (Fig. 115.11). This ossi-
fication, called a syndesmophyte, is thin and succinct, and syndesmo-
phytes ascend the spine in a symmetric fashion to produce a bamboo 
appearance (Fig. 115.12). Although the cervical spine is usually last to 

imaging and soft tissue resolution make it an excellent choice for 
evaluating the sacroiliac joints. Perhaps the most valuable quality of 
MRI is the flexibility that it offers for manipulating imaging pulse 
sequences to optimize visualization of specific tissue characteristics. 
Uses vary in the imaging sequences employed in the assessment of the 
sacroiliac joints, but all usually include parameters for the detection of 
anatomic (short echo time) and water-sensitive (T2 with fat saturation 
or short tau inversion recovery [STIR]) imaging.

MRI is excellent at depicting the normal sacroiliac joint and clearly 
distinguishes the synovial and ligamentous compartments. In normal 
subjects, direct visualization of cartilage on both sides of the synovial 
compartment of the joint is possible; this appears as a thin line of 
intermediate signal on T1-weighted images. A thin, linear band of low 
signal intensity is present on both sacral and iliac sides of the joint, 
corresponding to normal subchondral bone. The bone marrow is com-
posed of fat and parallels the signal of fat elsewhere in the imaging 
field.

Early studies showed that MRI was able to demonstrate abnormali-
ties in the subchondral bone and periarticular bone marrow.21 Two 
types of lesion were identified. Type I lesions were characterized by low 
signal intensity in T1-weighted images and high signal intensity in 
STIR and T2-weighted images. These lesions were located close to the 
joint space and were diffusely distributed in the bone marrow. They 
probably represent subchondral edema and indicate the acute, or active, 
phase of inflammation and were associated with erosions on CT. Type 
II lesions were characterized by high signal on T1-weighted images in 
the periarticular marrow, reflecting fatty replacement and an absence 
of marrow edema. Areas of low signal intensity on all pulse sequences 
were also noted, which were associated with erosions and subchondral 
sclerosis on CT. Such changes were believed to represent the later 
changes of fibrosis and bony sclerosis. On the basis of these findings, 
MRI can potentially differentiate between acute and chronic changes. 
Interpretation of these findings was supported by published data from 
an open biopsy study of patients with early sacroiliitis, which indicated 
that early histopathologic changes occurred in the subchondral bone.22 
Thus, subchondral bone marrow edema would be the earliest non-
contrast MRI finding.

In more recent studies, MRI has been shown to be more sensitive 
and specific than conventional radiography, bone scintigraphy, and CT 
in diagnosing sacroiliitis.23-25 MRI specificity has been reported to be 
between 90% and 100% with the development and implementation of 
newer sequences. Sensitivity has also been improved with the use of 
contrast-enhanced MRI employing gadolinium-diethylenetriaminepen-
taacetic acid (Gd-DTPA), which is administered intravenously as a 
bolus before image acquisition.26-29 Contrast-enhanced MRI studies 
demonstrated abnormalities in those patients clinically suspected to 
have sacroiliitis in whom imaging studies, even including unenhanced 
MRI, were normal or equivocal (Fig. 115.10).

Fig. 115.10 MR image of the sacroiliac joints in a patient with undifferentiated 
spondyloarthropathy. Axial T1-weighted image with fat suppression after 
intravenous administration of Gd-DTPA demonstrates increased signal intensity 
in the subchondral bone marrow within the iliac and sacral sides of the right 
joint (arrows) and early erosions of the left joint (arrowhead).

Fig. 115.9 Axial CT image of the sacroiliac joints in a patient with PsA. There is 
bilateral, asymmetric joint involvement. Erosions are noted bilaterally 
(arrowheads), and there is eburnation (arrow).
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be involved, females occasionally demonstrate disease first in the cervi-
cal spine. Once the spine is ankylosed and immobile, the discs may 
calcify, especially if there is apophyseal ankylosis as well.

In the ankylosed spine, erosive changes at the discovertebral junc-
tion (Andersson lesions) may develop. These changes may be second-
ary to inflammation or infection but are most commonly secondary to 
fracture (Fig. 115.13). A fracture through the ankylosed spine becomes 
the single point of motion in the entire spine, resulting in a pseudar-
throsis (Fig. 115.14). The disc degenerates and disintegrates; the adja-
cent bone erodes and repairs. The radiographic changes may resemble 
severe degenerative disc disease, septic discitis and osteomyelitis, or 
neuropathic osteoarthropathy.

Fig. 115.11 Lateral view of the lumbosacral spine showing shiny corners 
(arrowheads), squaring of the vertebral bodies, and early syndesmophyte 
formation (arrows) in a patient with AS.

Fig. 115.12 Lateral view of the lumbosacral spine showing syndesmophytes of 
AS, giving it a bamboo appearance.

Fig. 115.13 Lateral view of the lower thoracic and upper lumbar area. There is 
ankylosis of the entire spine except at T12-L1. Here there is distraction of the 
disc space and fracture (arrow) through the posterior elements. (Courtesy of Dr. 
C. S. Resnick.)

Fig. 115.14 Pseudarthrosis in AS (arrows).
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intensity on T2-weighted images and postcontrast T1-weighted images. 
These findings represent edema and hyperemia of inflammatory tissue. 
Contrast enhancement was absent in cases in which there was radio-
graphic evidence of syndesmophyte formation. As in sacroiliitis, the 
presence of contrast enhancement may reflect the more active and early 
phase of inflammation. Contrast-enhanced MRI not only can facilitate 
early diagnosis but also may play a role in documenting the stage of 
disease.38

MRI is now used for early detection and assessment of osseous 
lesions within the spine. This includes the assessment of osteitis, 
syndesmophytosis, and discovertebral lesions.39 Osteitis typically is of 
low signal intensity on T1-weighted images, with high signal intensity 
on T2-weighted images and marked contrast enhancement on 
T1-weighted Gd-DTPA images. The formation and progression of 
syndesmophytes are best monitored on the T1-weighted images with 
thickening of the anterior and posterior longitudinal ligaments and 
culminating with fusion. The MRI features of the discovertebral lesions 
are a function of their age. In the acute stage, marrow edema and 
enhancement will be identified. As the lesion matures, more diffuse 
endplate destruction, with associated marrow edema, fatty infiltration, 
and sclerosis will be demonstrated.

Early detection of other lesions within the axial skeleton is more 
evident with the increased utilization of MRI. These include lesions 
within the facet, costovertebral, and costotranverse joints as well as 
the surrounding soft tissues.

Complications of the spinal involvement, including fracture, cord 
contusion, and hematoma, are best assessed with MRI, especially when 
neurologic compromise is clinically evident or suspected.

Assessment of disease burden and efficacy of treatment has been 
difficult in the spine and sacroiliac joints. MRI has aided in this task 
(Fig. 115.17). MR scoring systems have been recently proposed and 
evaluated to help in objectively recording the disease within the axial 
skeleton.40-43

DISEASE EVALUATION
Assessment of disease involvement and structural progression may be 
performed with different scoring systems. One such radiograph scoring 
system is the modified Stoke AS Spine Score (mSASSS).44 In the 
mSASSS all anterior corners (from the lower corner of T12 to the upper 
corner of S1 and from the lower corner of C2 to the upper corner of 
T1) are scored for the presence of erosions, sclerosis, and/or squaring 

Other spondyloarthropathies
The changes around the discovertebral joints in reactive arthritis and 
PsA11,12,34-36 differ from those of AS. The Romanus lesion and squaring 
of the vertebral bodies are not present. Instead of succinct, symmetric 
syndesmophytes that ascend the spine there is thick paravertebral 
ossification. Large bulky bone outgrowths, located farther away from 
the vertebral column, occur with no predictable pattern (Fig. 115.15). 
Calcification of discs is much rarer. Spine involvement is more common 
in PsA than in reactive arthritis; however, it is still less common  
than in AS. Only rarely does an Andersson lesion or pseudarthrosis 
occur in PsA.

Other spine changes
Erosive changes and ankylosis of the apophyseal joints may occur in 
any of the spondyloarthropathies. The apophyseal joints are commonly 
involved in AS, although rarely in PsA except in the cervical spine.

The posterior ligamentous attachments may ossify in AS, causing 
ankylosis of one spinous process to another. In PsA, especially in the 
cervical spine, erosive and bone proliferative changes at these ligamen-
tous attachments are more common than ankylosis (Fig. 115.16).37 
The atlantoaxial joints may be involved in any of the spondyloar-
thropathies. The changes are indistinguishable from those of RA. This 
means that there may be subluxation of the atlantoaxial joint in any 
direction, as well as erosive changes of the odontoid peg.

Computed tomography
Most of the radiographic changes previously described can be imaged 
by conventional radiography, so CT should be reserved for cases with 
equivocal changes. It is excellent for detecting spinal fractures, spinal 
stenosis, thecal diverticula, and atlantoaxial instability. One complica-
tion of AS best diagnosed with CT is involvement of the cauda equina. 
Also, CT after injection of a contrast agent demonstrates widening of 
the neural canal, dilation of the dural sac, and thecal diverticula.1

Magnetic resonance imaging
In the spine, MRI is the modality of choice to image any soft tissue 
structures. It ascertains intrusion of the neural canal by disc, ligament, 
synovium, and inflammatory processes. As in RA, it is the modality 
of choice in a patient with neurologic symptoms.1,2 MRI is highly sensi-
tive for marrow abnormalities, such as metastatic disease, infection, 
and fracture.

Recently, Gd-DTPA–enhanced MRI of the spine has been shown  
to successfully demonstrate the Romanus lesion as areas of low  
signal intensity on T1-weighted images and as areas of high signal 

Fig. 115.15 Anteroposterior view of the lumbar spine in a patient with PsA. 
There is bulky, asymmetric paravertebral ossification at multiple levels (arrows).

Fig. 115.16 Lateral view of the cervical spine in a patient with PsA. The 
posterior spinous processes show erosive changes at ligamentous attachments 
(arrowheads). (Reprinted with permission from Brower AC, Colon E. 
Spondyloarthropathies. Postgrad Radiol 1989;9:203-220.)
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(1 point per site); non-bridging syndesmophytes (2 points per site); and 
bridging syndesmophytes (3 points per site). The mSASSS, which is 
the sum of the scores at all individual sites, ranges from 0 to 72. Recent 
studies45,46 that evaluated the effect of anti-TNF agents for structural 
progression in AS found it to be independent of TNF, despite the fact 
that TNF is responsible for the signs and symptoms of inflammation 
in this disease. MRI has also been employed in the assessment of 
disease burden and therapeutic evaluation. In these studies,47,48 MR 
findings were shown to reflect the decrease in TNF inflammatory-
mediated findings.

IMAGING THE PERIPHERAL JOINTS
There is wide variation in the degree of appendicular involvement 
between the spondyloarthropathies.3,4,49,50 AS rarely involves joints 
other than the shoulders and hips. In contrast, the other spondyloar-
thropathies rarely involve the hips and only PsA occasionally involves 
the shoulder. Reactive arthritis preferentially affects the lower extremi-
ties, primarily the feet, ankles, and knees, whereas PsA involves the 
hands, then the feet, and finally the ankles, knees, and shoulders. The 
enteropathic arthropathies may cause inflammation of one or a few 
joints, which is self-limiting. There is usually soft tissue swelling and 
juxta-articular osteoporosis but rarely permanent damage.

In the appendicular system, conventional radiography remains  
the imaging modality of choice at the present time. Other modalities 
are primarily used as an adjunct. The positioning and techniques used 
for conventional radiography are the same as those discussed in 
Chapter 38.

Hand and wrist
Psoriatic arthritis
Of patients with PsA, 75% will have radiographic involvement of the 
hand and wrist.51-53 There are several patterns of distribution within 
this area: (1) involvement of the distal interphalangeal (DIP) and proxi-
mal interphalangeal (PIP) joints; (2) involvement of the wrist and 
isolated rays; and (3) involvement of multiple joints, similar to that  
in RA.

Disease in the wrist is not as frequent as disease in the DIP and 
PIP joints. When a single ray is involved, the entire digit may be 
swollen and resemble a cocktail sausage or hot dog (Fig. 115.18). Min-
eralization of affected digits remains normal. Erosions occur first at the 
margins of the joint and then progress toward the center. Accompany-
ing erosion is bone production, giving the eroded edge a spiculated, 
frayed, or paintbrush appearance (Fig. 115.19). Erosion may become so 
extensive as to give an appearance of a widened rather than a narrowed 
joint space. A widened joint space helps to distinguish confusing 

a b

Fig. 115.17 MR (sagittal STIR) images of the lumbar spine of a patient with AS. 
(a) Note the areas of marrow edema within the anteroinferior corners of the 
third and fourth lumbar vertebrae, respectively (arrows). (b) Four weeks after 
the start of therapy with anti–tumor necrosis factor the areas of edema had 
resolved and so had the patient’s symptoms (arrows).

Fig. 115.18 Posteroanterior view of the hand in a patient with PsA. There is 
sausage-like swelling of the first, second, and fourth digits. Normal 
mineralization is present. Severe erosive changes create apparent widened 
joint spaces of the thumb interphalangeal, the index distal interphalangeal, 
and the ring finger proximal interphalangeal joints. Periosteal new bone has 
been incorporated into the cortex of the proximal phalanx of the index digit 
and the middle and proximal phalanges of the middle digit, thus widening the 
shaft. (Reprinted with permission from Brower AC. The radiographic features of 
psoriatic arthritis. In: Gerber L, Espinoza L, eds. Psoriatic arthritis. Orlando, FL: 
Grune & Stratton, 1985:125-127.)

Fig. 115.19 Posteroanterior view of the metacarpophalangeal joint showing 
erosive changes accompanied by bone production, giving the erosion a 
spiculated or frayed appearance (arrows).

changes from osteoarthritis. Erosion may produce a blunt, tapered, 
osseous surface on the proximal bone of a joint that may protrude into 
an expanded base of the distal bone of the joint. This appearance is 
likened to “a pencil in a cup.” The distal phalanx may show erosion 
of the tuft and enough bone apposition to give an appearance of an 
ivory phalanx. Away from the joint, bone proliferation may be observed 
at tendinous attachments or along periosteal surfaces. Bone ankylosis 
may occur at the interphalangeal (IP) joints.
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Calcaneal involvement occurs in more than 50% of patients with 
reactive arthritis; often this may be the only bone involved. Changes 
at the Achilles tendon attachment are less frequent than in PsA. The 
entire inferior aspect of the calcaneus may demonstrate erosion and 
hyperostosis. This is a manifestation of the waxing and waning course 
of the disease.

AS and the enteropathic arthropathies49,50 rarely affect the feet. AS 
tends to ankylose, and the enteropathic arthropathies tend to have soft 
tissue swelling and juxta-articular osteoporosis without permanent 
damage.

Hip
After the sacroiliac joints and spine, the hip is the joint most com-
monly affected by AS.56 The hips are involved bilaterally and symmetri-
cally with uniform loss of joint space, which may progress to acetabular 
protrusion. Erosive disease is not, however, a prominent feature. A cuff 
of osteophytes forms at the junction of the head and neck of the femur 
and at the superior and inferior margin of the acetabulum (Fig. 115.22). 
Usually, bone ankylosis occurs at the peripheral portion of the joint. 
Radiographically, a normal femoral head and joint space may be 
observed through the bone ankylosis (Fig. 115.23). Once the hips are 

Reactive arthritis
Reactive arthritis34,54 rarely affects the hand, but when it does the 
radiographic changes are indistinguishable from PsA. However, unlike 
PsA, involvement of the hand tends to be monarticular and to involve 
a PIP joint more frequently than a metacarpophalangeal or DIP joint. 
The thumb, including the sesamoids of the thumb, is a frequent site 
of the monarticular arthropathy. Carpal involvement is rare. Radio-
graphic changes in the hand in AS50 are extremely rare. When present, 
small erosions with minimal bone repair soon give way to bone anky-
losis. The enteropathic arthropathies do not tend to produce perma-
nent damage of the joints.

Foot
Psoriatic arthritis
In PsA,34,55 the feet are involved almost as commonly as the hands, 
with similar radiographic changes (Fig. 115.20). An entire toe may be 
swollen. Mineralization is maintained, despite severe erosive changes. 
Bone proliferation is similar to that seen in the hands. The IP joints 
are the most frequently involved, with the IP joint of the great toe being 
affected more frequently than in any other arthropathy. Bone ankylosis 
may be seen in the IP joints. Other changes observed are at the attach-
ments of the plantar aponeurosis or the Achilles tendon to the calca-
neus. At these sites, erosive and bone productive changes occur, 
producing irregular, ill-defined spurs (Fig. 115.21). These changes 
should not be confused with the well-defined, well-corticated, trau-
matic ossification often occurring at these sites.

Reactive arthritis
In reactive arthritis34,55 the foot is the most commonly affected site. 
The radiographic changes are quite similar to those of PsA. Slight dif-
ferences may be:

● Persistence of juxta-articular osteoporosis
● Presence of a periostitis without articular abnormality
● Decreased occurrence of ankylosis of the IP joints
● Preference for involvement of the metatarsophalangeal over the 

IP joints

Fig. 115.20 Anteroposterior view of the forefoot in a patient with PsA. There is 
juxta-articular osteoporosis. Note the erosive changes with accompanying 
bone productive changes at the interphalangeal joint of the big toe. There is 
soft tissue swelling and periostitis along the proximal phalanx of the second 
digit. (Reprinted with permission from Brower AC, Colon E. Spondyloarthropathies. 
Postgrad Radiol 1989;9:203-220.)

Fig. 115.21 Lateral view of the heel in a patient with PsA. Erosion and bone 
proliferation at the attachment of the plantar aponeurosis (arrow) are seen. 
(Reprinted with permission from Brower AC. The radiographic features of psoriatic 
arthritis. In: Gerber L, Espinoza L, eds. Psoriatic arthritis. Orlando, FL: Grune & 
Stratton, 1985:125-127.)

Fig. 115.22 Anteroposterior view of the pelvis of a patient with AS. Normal 
mineralization is present. There is uniform loss of both hip joints with axial 
migration. A cuff of osteophytes is present at the junction of the head and 
neck as well as at the inferior and superior aspects of the acetabulum.
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patients with AS. Reactive arthritis and psoriasis tend to present  
as asymmetric disease, whereas AS presents as symmetric disease. 
Joint effusion, bone erosion, and bone proliferation are the classic  
findings. Because all the spondyloarthropathies may involve the carti-
laginous joints, the sternomanubrial joint should be observed in  
addition to the pubic symphysis and the discovertebral joint. All the 
spondyloarthropathies affect the entheses; ossifications occur at the 
medial and lateral malleoli, the ulnar olecranon, the anterior surface 
of the patella, the inferior clavicular margin, and the humeral 
tuberosities.

Other imaging modalities
Bone scintigraphy
Bone scintigraphy is an extremely useful additional approach to con-
ventional radiography.2 It will confirm the presence of disease, illus-
trate its distribution, and determine its activity. For example, in the 
patient who presents with foot pain and normal conventional radio-
graphs, the bone scan may demonstrate increased activity in a distribu-
tion typical of reactive arthritis (Fig. 115.25). It is possible to make 
such a diagnosis from the bone scintiscan alone.

ankylosed, the bone structures become osteoporotic. In reactive arthri-
tis and psoriasis34 the hips are rarely involved. However, when they are 
involved, there is uniform joint space narrowing, erosion, and bone 
production but seldom ankylosis.

Shoulder
Shoulder involvement may be seen in AS and PsA. Of patients with 
long-standing AS,50 30% will have shoulder involvement. The involve-
ment is bilateral and symmetric with joint space narrowing and small 
erosive changes on the superolateral aspect of the humeral head. Some 
patients will have a deep erosion called the “hatchet sign.” Bone pro-
liferation may be seen in ligamentous attachments. However, these 
changes are transient and bone ankylosis of the joint will take over. In 
patients with PsA, shoulder involvement tends to be more erosive and 
bone production is less than in AS (Fig. 115.24).34

Other appendicular sites
The knees and ankles are frequently affected in patients with  
reactive arthritis, less frequently in patients with PsA, and rarely in 

Fig. 115.23 Anteroposterior view of the pelvis in a patient with long-standing 
AS. There is generalized osteoporosis, and there is also ankylosis of the 
sacroiliac joints, pubic symphysis, and both hips. A normal rounded contour of 
the femoral head is seen through the bone ankylosis (arrows).

Fig. 115.24 Anteroposterior view of the shoulder shows loss of the joint space 
with ossification of various ligamentous attachments around the shoulder joint 
(arrows). (Reprinted with permission from Brower AC, Colon E. 
Spondyloarthropathies. Postgrad Radiol 1989;9:203-220.)

a

R L

b
R RL L

Fig. 115.25 Technetium-99m scan of the feet of a patient with reactive arthritis. Although conventional radiographs were 
normal, this scan demonstrates the distribution of uptake in a patient with reactive arthritis. (a) There is uptake at the 
inferior aspect of the calcanei, at the attachment of the plantar aponeuroses (arrows). (b) There is also uptake along the 
outside of the proximal phalanges in the periosteal area of the first and second digit of the left foot (arrows).
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Ultrasonography
The small size of the peripheral joints and their superficial location (as 
opposed to the difficult-to-access sacroiliac joints in the pelvis) allow 
for easy ultrasonographic examination. Ultrasonography and power 
Doppler ultrasonography are excellent at depicting early inflammatory 
soft tissue changes in the joint such as fluid collections, synovitis, and 
tenosynovitis (Fig. 115.26).57,58 Furthermore, ultrasonography is rela-
tively inexpensive and does not convey radiation exposure that is 
inherent in conventional radiography or CT.

Magnetic resonance imaging
MRI may be employed for the evaluation of peripheral joints and  
soft tissues (Fig. 115.27), including the assessment of dactylitis, 
synovitis, and tenosynovitis. In cases of dactylitis, MRI can detect  
not only erosions in the characteristic locations but also other evidence 
of fluid collections in the flexor and extensor tendon sheaths that 
indicate tenosynovitis not apparent on conventional radiographs  
(Fig. 115.28).59 MRI may be used to assess active enthesitis. Marrow 
edema can be detected adjacent to ligamentous and tendinous 
attachments.60,61

Comparison of ultrasonography with MRI found that both modali-
ties were sensitive to the presence of effusion around small joints but 
that MRI was more sensitive and specific for the detection of pathology 
in tendon sheaths62 and superior in the detection of calcaneal bursitis63 
and in monitoring therapy.

a

b

Fig. 115.26 Ultrasound images: tenosynovitis of the finger. (a) Longitudinal 
and (b) axial images demonstrate fluid in the tendon sheaths (arrows) of the 
flexor tendons (arrowheads).

Fig. 115.27 MRI of the knee in a patient with PsA. Sagittal T2-weighted image 
with fat suppression demonstrates marked synovitis (arrow) and a joint 
effusion (arrowhead).

a

b

Fig. 115.28 MRI of a finger in a patient with PsA. Sagittal (a) and axial (b) 
T2-weighted images with fat suppression of the index finger demonstrate an 
effusion in the metacarpophalangeal joint (arrow) and tenosynovitis of the 
flexor tendons (arrowhead).
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drugs are quite effective for the treatment of RA, they are much less 
effective or not effective at all for the treatment of AS.2

Current perspectives
The recently established high efficacy of the tumor necrosis factor 
(TNF)-blocking agents in the treatment of patients with active AS, in 
comparison with the disappointing results from the agents just men-
tioned, has transformed the therapy of this chronic inflammatory, 
frequently disabling disease.

Recently, an international group of experts from the Assessment in 
Ankylosing Spondylitis (ASAS) working group have published recom-
mendations for the management of AS, which form part of the EULAR 
recommendations for various rheumatic diseases.4 These recommen-
dations are summarized in 10 bulleted statements (Table 116.1) and 
in a flowchart (Fig. 116.1). It can be easily seen from this that NSAIDs 
and TNF blockers are regarded as the most important and possibly 
only relevant part of the medical treatment that has to be combined 
during the entire course of the disease with non-pharmacologic 
treatments.

ASSESSMENT OF EFFICACY OF TREATMENT  
IN ANKYLOSING SPONDYLITIS
To judge the efficacy of certain treatments, instruments for the mea-
surement of improvement during therapy are needed, both for clinical 
trials and for daily clinical practice. In parallel to the limited effective 
pharmacologic therapies for AS there were, until recently, only poorly 
defined tools available to assess outcome in clinical trials.

Pooled indices
ASAS criteria
In 1995 the ASAS was formed and established a core set of domains 
and individual instruments for the evaluation of AS (Table 116.2).5 
Subsequently, the ASAS group developed criteria for short-term 
improvement in AS patients treated with symptom-modifying drugs by 
analyzing treatment trials with NSAIDs. Using these criteria, improve-
ment of AS is defined as both a relative improvement of at least 20% 
and an actual improvement of at least 10 units, on a scale of 0 to 100, 
in each of three domains with no worsening in the fourth domain 
either over 20% or over 10 units (Table 116.3). Partial remission was 
defined as a low level of disease activity below 20 units on a scale of 
0 to 100 in each of the four domains (see Table 116.3).6 Once the 
dramatic therapeutic effects of the TNF-blocking agents became 
evident, higher levels of response, such as ASAS40 improvement (see 
Table 116.3), were defined using these domains.7 In addition, ASAS5/6 
criteria were proposed based on a 20% improvement in at least five of 
six domains, including the same four domains as defined for the 
ASAS20 criteria with the addition of acute-phase reactants and spinal 
mobility (see Table 116.3). Most recently an AS disease activity score 
(AS DAS) has been developed taking into account total back pain 
(BASDAI question 2), patient global evaluation, peripheral joint pain/
swelling (BASDAI question 3), duration of morning stiffness (BASDAI 
question 6), and C-reactive protein (or erythrocyte sedimentation rate 
[ESR] if CRP is not available).8,9 This disease activity score differenti-
ated better between responders and non-responders in treatment trials 
than the other scores.

Management of 
ankylosing spondylitis
Joachim Sieper

 Early diagnosis, patient education, and physical therapy are 
essential for the successful management of ankylosing spondylitis 
(AS).

 The goals of physical therapy are to restore and maintain posture 
and movement to as near normal as possible.

 Self-management with exercises must be continued on a lifelong 
basis.

 Non-steroidal anti-inflammatory drugs (NSAIDs) and anti–tumor 
necrosis factor (TNF)-α drugs are the only effective drugs available 
for the axial manifestations of AS.

 NSAIDs relieve pain and stiffness and facilitate physical therapy and 
might even be effective in preventing radiologic progression.

 Sulfasalazine and methotrexate have some effect in peripheral joint 
disease.

 Anti–TNF-α therapy is very effective for symptom relief and seems 
to have the potential for true disease modification.

HISTORICAL PERSPECTIVE
Until recently there has been much less interest among rheumatolo-
gists in studying ankylosing spondylitis (AS) compared with other 
rheumatic diseases such as rheumatoid arthritis (RA) or lupus. This is 
despite the former’s relatively high prevalence of between 0.2% and 
1.0%1 and the occurrence of first symptoms early in life. The limitation 
of treatment options until recently can probably be regarded as one 
important reason for this.

The analgesic properties of salicylates and opiates led them to be 
among the first treatments that were offered to AS patients. Aspirin, 
a salicylate with reduced toxicity compared with the initial salicylic 
acid, was developed in 1899. However, this drug was not as effective 
in AS as in other inflammatory rheumatic diseases. Beginning in the 
1920s, radiation therapy was used to treat spinal inflammation with 
good results, including improvement of pain and stiffness. However, 
this kind of treatment was discontinued once the serious long-term 
side-effects such as leukemia and other hematologic malignancies 
became evident.2,3

In 1949, phenylbutazone was introduced into clinical practice with 
a very good efficacy for reduction of pain and inflammation in AS 
patients. This was the first drug for which the term non-steroidal anti-
inflammatory drug (NSAID) was applied. However, because phenylbu-
tazone causes serious side effects, notably aplastic anemia and hepatic 
injury, its use became subsequently very restricted. It is currently only 
prescribed for a short time for selected indications, such as a severe 
flare of AS. The corticosteroids were introduced for the treatment of 
inflammatory diseases a few years before phenylbutazone. However, 
despite being very effective for the treatment of diseases such as RA, 
they proved to be less effective for the treatment of AS.2

In 1965, a second generation of NSAIDs, starting with indometha-
cin, was introduced for the treatment of AS. Many others followed, 
including most recently the drugs selectively inhibiting the enzyme 
cyclooxygenase (COX)-2. The so-called disease-modifying antirheu-
matic drugs (DMARDs) were introduced between the 1930s and 1990s, 
including gold salts (1930s), antimalarial drugs (1950s), d-penicilla-
mine (1960s), sulfasalazine (1970s), methotrexate (1980s), and various 
other immunosuppressive treatments (1970s-1990s). Although these 
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ASAS/EULAR RECOMMENDATIONS FOR THE MANAGEMENT OF AS
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Fig. 116.1 Flowchart summary of the ASAS/EULAR recommendations for the 
management of ankylosing spondylitis. (From Zochling J, van der Heijde D, 
Burgos-Vargas R, et al. Assessment in AS international working group: European 
League Against Rheumatism. ASAS/EULAR recommendations for the management 
of ankylosing spondylitis. Ann Rheum Dis 2006;65:442-452.)

TABLE 116.1 ASAS/EULAR RECOMMENDATIONS FOR THE 
MANAGEMENT OF ANKYLOSING SPONDYLITIS

No. Proposition

1. The treatment of AS should be tailored according to:
 the current manifestations of the disease (axial, peripheral, entheseal, 

extra-articular symptoms and signs)
 the level of current symptoms, clinical findings, and prognostic 

indicators:
– disease activity/inflammation
– pain
– function, disability, handicap
– structural damage, hip involvement, spinal deformities

 the general clinical status (age, gender, comorbidity, concomitant 
medications)

 the wishes and expectations of the patient

2. The disease monitoring of AS patients should include: patient history 
(e.g., questionnaires), clinical parameters, laboratory tests, and imaging, 
all according to the clinical presentation as well as the ASAS core set. The 
frequency of monitoring should be decided on an individual basis 
depending on symptoms, severity, and medication.

3. The optimal management of AS requires a combination of non-
pharmacologic and pharmacologic treatment modalities.

4. Non-pharmacologic therapy for AS should include patient education and 
regular exercise. Individual and group physical therapy should be 
considered. Patient associations and self-help groups may be useful.

5. NSAIDs are recommended as first-line drug therapy for AS patients with 
pain and stiffness. In those with increased gastrointestinal risk, non-
selective NSAIDs plus a gastroprotective agent or a selective COX-2 
inhibitor could be used.

6. Analgesics, such as acetaminophen and opioids, might be considered for 
pain control in patients in whom NSAIDs are insufficient, contraindicated, 
and/or poorly tolerated.

7. Corticosteroid injections directed to the local site of musculoskeletal 
inflammation may be considered. The use of systemic corticosteroids for 
axial disease is not supported by evidence.

8. There is no evidence for the usefulness of DMARDs, including 
sulfasalazine and methotrexate, to treat axial disease. Sulfasalazine may 
be considered in patients with peripheral arthritis.

9. Anti-TNF therapy should be given to patients with persistently high 
disease activity and failure of other treatments according to the ASAS 
recommendations. There is no evidence for an obligatory use of DMARDs 
prior to or concomitant with anti-TNF therapy in patients with axial 
disease.

10. Joint replacement has to be considered in patients with radiographic 
evidence of advanced hip involvement who have refractory pain and 
disability, even in young patients. Spinal surgery is useful in selected 
patients.

AS, ankylosing spondylitis; NSAIDs, non-steroidal anti-inflammatory drugs; DMARDs, 
disease-modifying antirheumatic drugs; TNF, tumor necrosis factor.
From Zochling J, van der Heijde D, Burgos-Vargas R, et al. Assessment in AS international 
working group: European League Against Rheumatism. ASAS/EULAR recommendations for the 
management of ankylosing spondylitis. Ann Rheum Dis 2006;65:442-452.

TABLE 116.2 ASSESSMENT OF DISEASE IN PATIENTS 
WITH ANKYLOSING SPONDYLITIS

Domain Instrument

Physical function BASFI

Pain Visual analog scale (VAS)*—last week/spine/at night/
due to AS and VAS—last week/spine/due to AS

Spinal mobility Chest expansion test and modified Schober’s test 
and occiput-to-wall distance test (see Fig. 116.4)

Patient global VAS—last week

Stiffness Duration of morning stiffness—spine/last week

Peripheral joints Number of swollen joints (44-joint count)

Entheses No preferred instruments are yet available

Fatigue The first question of the BASDAI

Acute-phase reactants ESR or C-reactive protein

Radiographs of spine 
and pelvis

Lateral lumbar spine and lateral cervical spine and 
pelvis (sacroiliac and hip joints)

*Instead of a VAS (0-100), a numeric rating scale (NRS) (0-10) can also be used, which is easier to 
apply in daily clinical practice (see Figs. 116.2 and 116.3).
As proposed by the Assessment in Ankylosing Spondylitis (ASAS) Working Group and with 
modification from van der Heijde D, Bellamy N, Calin A, et al. Preliminary core sets for endpoints 
in ankylosing spondylitis. Assessments in Ankylosing Spondylitis Working Group. J Rheumatol 
1997;24:2225-2229.

Bath criteria
Apart from this ASAS core set, there are a number of measures of AS 
developed by the Bath group in the United Kingdom. The Bath  
Ankylosing Spondylitis Disease Activity Index (BASDAI) combined  
the level of pain in the spine, the peripheral joints, and the enthesis, 
the level of fatigue, and the intensity and duration of morning  
stiffness and is frequently used as a parameter of disease activity  
(Fig. 116.2).10 The Bath Ankylosing Spondylitis Function Index (BASFI) 
(Fig. 116.3), which is based on a questionnaire filled in by the patient, 
is the most frequently applied instrument for the measurement of 
function.11

Specific clinical and laboratory markers
Laboratory tests
ESR and CRP values are lower in AS compared with RA, are only posi-
tive in 50% to 60% of patients, and often do not correlate very well 
with disease activity.12

Spinal mobility
Limitation of spinal mobility and ankylosis of the spine is the major 
long-term adverse outcome of AS, and any effective treatment should, 
besides an improvement in signs and symptoms, also be judged by its 
capacity to preserve spinal mobility and prevent or retard the occur-
rence of ankylosis in the spine. The clinical tools used to measure 
spinal mobility are shown in Figure 116.4. The Bath Ankylosing Spon-
dylitis Metrology Index (BASMI) is a combined tool to assess spinal 
mobility and hip function. The BASMI 1014 (Table 116.4) or the linear 
BASMI15 is recommended instead of the BASMI 3 point answer scale16 
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itself), magnetic resonance imaging (MRI) detects acute inflammation 
of the enthesis, bone, and synovium. The acute inflammation is best 
detected when applying contrast with gadolinium-DPTA or using fat 
suppression techniques (i.e., short tau inversion recovery [STIR]). 
Scores for the quantification of acute lesions of the spine18 and sacro-
iliac joint19 have recently been proposed.

PHYSICAL THERAPY
Physiotherapy was for a long time the most important strategy in AS 
management and remains the most important non-pharmacologic 
approach. Its aims are primarily to prevent and/or slow restriction of 
spinal mobility and the development of disability and also to improve 
the symptoms of pain and stiffness. Once the diagnosis is made the 
patient should be referred to a physical therapist who will teach the 
patient the exercises to perform regularly. Because the main long-term 
outcome to be prevented is a flexion deformity of the spine, exercises 
concentrate on extension and rotation of the spine. An exercise 
sequence for AS patients is shown in Figure 116.5.

The patients should be advised to exercise daily at home and to 
attend weekly group physical therapy. The patient’s own efforts are the 
key to future success, and patients have to be convinced that a daily 
exercise program should become a normal part of their day. In the long 
term many patients do not need continuing attendance but some 
mechanism should exist to ensure that the patient is seen and assessed 
regularly by their physical therapist. If patients are symptomatic and 
complain about pain or stiffness, they should also be treated with 
NSAIDs (see later) or other effective drugs to permit full mobilization 
during the exercises. These exercises should be continued regularly 
lifelong. Furthermore, patients should be encouraged to participate in 
moderate sport activities such as swimming and cycling.

Although the clear benefit of regular physical therapy has long been 
recognized at an individual level by patients and physicians, these 
impressions are supported by results from controlled trials. Thus in 
one study, a program combining physical therapy with patient educa-
tion significantly improved function after 4 months compared with a 
control group.20 Another study compared group physical therapy and 
daily home exercise with home exercise alone, showing only a small 
advantage for the group exercise.21 Normal spa therapy seems to have 
at least a good short-term effect compared with weekly group physical 
therapy in combination with daily home exercise, but the long-term 
effect is less certain.22

Hydrotherapy might be of additional benefit in producing the appro-
priate environment in which movement is maximized.23 Other specific 
physiotherapy interventions such as pulsed short-wave, local ultra-
sound therapy, local heat or cold therapy, or transcutaneous nerve 
stimulation are used for the treatment of AS, but their additional 
potential value has not been well evaluated.

Patient education is an essential part of non-pharmacologic therapy 
and should include information about pathogenesis, clinical manifesta-
tions, and course of the disease; information about physiotherapy 
(including advice about posture) and about how to cope with the 
disease; and counseling regarding socioeconomic consequences of the 
disease.

TABLE 116.3 ASAS WORKING GROUP CRITERIA FOR RESPONSE*

A. Domains and instruments relevant for ASAS response criteria (4 domains)

Patient global assessment VAS (0-100)

Back pain VAS (0-100)

Function BASFI

Inflammation Mean of duration and severity of morning stiffness 
(questions 5 and 6 of BASDAI)

B. ASAS improvement criteria in 3 of 4 domains (on a scale of 0-100)

ASAS20 ≥20% and 10 units (on a scale 0-100) in 3 of 4 
domains and no worsening of ≥20% and 
≥10 units in remaining domain

ASAS40 ≥40% and 20 units and no worsening at all in the 
4th domain

Partial remission ≤20 units (on a scale 0-100) in all 4 domains

C. ASAS 5/6 improvement criteria: improvement (≥20%) in any 5 of the 
following 6 domains

Patient global assessment VAS (0-100)

Back pain VAS (0-100)

Function BASFI

Inflammation Mean of duration and severity of morning stiffness 
(questions 5 and 6 of BASDAI)

C-reactive protein

Spinal mobility Measured by either spinal lumbar flexion (see Fig. 
116.4e) or BASMI (see Fig. 116.4 and Table 116.4)

*ASAS 20% improvement and partial remission criteria have been developed based on NSAID 
studies.6 ASAS 40% improvement (highlighted in Fig. 116.5b) and 5 of 6 criteria (see Fig. 116.5c) 
differentiated best between placebo and drug response in anti-TNF-α trials.7 Instead of a VAS 
(0-100), a numeric rating scale (NRS) (0-10) can also be used.

TABLE 116.4 BATH ANKYLOSING SPONDYLITIS METROLOGY INDEX (BASMI) FOR THE MEASUREMENT OF SPINAL MOBILITY

0 1 2 3 4 5 6 7 8 9 10

Lat. flexion ≥20 18-20 15.9-17.9 13.8-15.8 11.7-13.7 9.6-11.6 7.5-9.5 5.4-7.4 3.3-5.3 1.2-3.2 £1.2

TTW £10 10-12.9 13-15.9 16-18.9 19-21.9 22-24.9 25-27.9 28-30.9 31-33.9 34-36.9 ≥37

Modified Schober ≥7.0 6.4-7.0 5.7-6.3 5.0-5.6 4.3-4.9 3.6-4.2 2.9-3.5 2.2-2.8 1.5-2.1 0.8-1.4 ≤0.7

IMD ≥120 110-119.9 100-109.9 90-99.9 80-89.9 70-79.9 60-69.9 50-59.9 40-49.9 30-39.9 £30

Cervical rotation ≥85 76.6-85 68.1-76.5 59.6-68 51.1-59.5 42.6-51 34.1-42.5 25.6-34 17.1-25.5 8.6-17 £8.5

TTW, tragus-to-wall; IMD, intermalleolar distance.
11 point answer scale or linear function recommended by ASAS
From Jones SD et al. A new scoring system for the Bath Ankylosing Spondylitis Metrology Index (BASMI) J Rheumatol 1995;22:1609.

for clinical trials and in daily clinical practice because they are more 
sensitive to change. The measurement of chest expansion (see Fig. 
116.4g) is often used as a stand-alone measure.

Imaging
In contrast to RA, for which radiographic change is an important end-
point and several validated scoring methods are available, radiographic 
change in AS is not a well-established measure of outcome. Only 
recently have scoring methods for radiologic change of the spine been 
evaluated. The best method currently seems to be the modified Stoke 
Ankylosing Spondylitis Spine Score (mSASSS) with the highest reli-
ability and the best sensitivity to change.17 This score ranges from 0 
to 72 and scores each vertebral unit (two opposing vertebral bodies of 
the cervical and the lumbar spine) with 0 (normal), 1 (erosion, sclero-
sis, or squaring), 2 (syndesmophyte), or 3 (bridging syndesmophyte).

In contrast to radiographic imaging, which may take several years 
to detect the consequences of inflammation (and not inflammation 
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In AS patients with active disease the highest tolerated dose of a 
single NSAID might be necessary to achieve an optimal effect,29 
although a dose plateau may be reached. Thus in a recent study 
120 mg/day of etoricoxib was not superior to 90 mg/day.27 Normally 
an optimal effect of an NSAID is reached in about 2 weeks,27,30 but 
sometimes a longer treatment time is necessary to determine the 
optimal drug and dose.29 In some patients a full dosage is necessary to 
cover the entire day, whereas if morning stiffness and pain at night are 
the predominant symptoms a long-acting night-time dose might be 
sufficient. The treating physician should be familiar with the optimal 
dose of at least three different NSAIDs because patients often respond 
to one NSAID but not another.

The high efficacy of NSAIDs for the treatment of AS is especially 
interesting because other anti-inflammatory therapies such as  
glucocorticoids or DMARDs, despite their efficacy in controlling  
the inflammatory symptoms of RA, are much less effective for  
the treatment of AS (see later) than NSAIDs. Furthermore, NSAIDs 
seem to have a greater benefit for the treatment of the axial mani-
festations of AS than for the peripheral arthritis in RA and osteoarthri-
tis, although no formal studies exist comparing these diseases. A  
recent study comparing different NSAIDs for the treatment of AS 
found that the level of improvement was higher in AS patients  
with axial manifestations only than in AS patients with axial symp-
toms plus peripheral arthritis.33 The reason for this difference is 
unknown.

NON-BIOLOGIC PHARMACOLOGIC THERAPY
Non-steroidal anti-inflammatory drugs
The NSAIDs are regarded as the cornerstone of pharmacologic inter-
vention for AS, reducing pain and stiffness rapidly after 48 to 72 hours. 
Several placebo-controlled trials investigating different NSAIDs con-
vincingly show a greater efficacy compared with placebo treatment 
(Table 116.5).2

The first NSAIDs used for the treatment of AS were phenylbutazone 
and indomethacin, which were shown to be effective in controlled 
trials.24,25 Subsequently, many others have been shown to be effective 
including diclofenac,26 naproxen,27 ibuprofen,28 piroxicam,29 meloxi-
cam,29 ketoprofen30 and aceclofenac,24,31 among others (see Table 
116.5). More recently a worthwhile efficacy in the treatment of AS has 
also been shown for the COX-2 selective inhibitors celecoxib30 and 
etoricoxib27 (see Table 116-5). When AS patients are asked about the 
level of efficacy, when treated with NSAIDs, 70% to 80% report a good 
or very good improvement of their symptoms.27,32 In contrast, this level 
of response is only reported by about 15% of patients with chronic low 
back pain of non-inflammatory causes (Fig. 116.6).32 Furthermore, a 
good response to NSAID treatment can be used as a useful diagnostic 
approach to differentiate chronic back pain due to AS from other 
causes.32 Major improvements can occur with NSAIDs, with up to 15% 
of active AS patients treated with a full dose of an NSAID reaching the 
ASAS criteria for partial remission.6,27

BATH ANKYLOSING SPONDYLITIS DISEASE ACTIVITY INDEX (BASDAI)

1. How would you describe the overall level of fatigue/tiredness you have experienced?

none  very severe

0 1 2 3 4 5 6 7 8 9 10

2. How would you describe the overall level of AS neck, back or hip pain you have had? 

none  very severe

0 1 2 3 4 5 6 7 8 9 10

3. How would you describe the overall level of pain/swelling in joints other than neck, back or hips
 you have had?

none  very severe

0 1 2 3 4 5 6 7 8 9 10

4. How would you describe the overall level of discomfort you have had from any areas tender to
 touch or pressure?

none  very severe

0 1 2 3 4 5 6 7 8 9 10

5. How would you describe the overall level of morning stiffness you have had from the time you
 wake up?

none  very severe

0 1 2 3 4 5 6 7 8 9 10

6. How long does your morning stiffness last from the time you wake up?

0 hrs 1 hr 2 hrs or more

0 1 2 3 4 5 6 7 8 9 10

Please tick the box which represents your answer (for example,              ).
All questions refer to last week.

10

Fig. 116.2 Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI). In the original version a 
visual analog scale (VAS) was used, whereas here a 
numeric rating scale (NRS) is shown. The BASDAI is 
evaluated by computing the mean of questions 5 
and 6, calculating the sum of the values of 
questions 1-4 and the mean of questions 5 and 6, 
and dividing the result by 5. (Modified from Garrett S, 
Jenkinson T, Kennedy LG, et al. A new approach to 
defining disease status in ankylosing spondylitis: the 
Bath Ankylosing Spondylitis Disease Activity Index. J 
Rheumatol 1994;21:2286-2291.)
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116.7),35 suggesting that NSAIDs may have disease-controlling proper-
ties. In this study there was no increased toxicity in the continuous-
treatment group. Intriguingly, the overall level of clinical disease 
activity was not clearly different between the groups during the 2-year 
treatment period. This raises the question whether such a possible 
disease-controlling effect is due to the anti-inflammatory action of 
these drugs or if these agents have additional actions. Furthermore, 
treatment with NSAIDs caused a significant decrease in serum CRP 
levels, either in comparison to baseline36 or also in comparison to 
placebo-treated patients.37 More data are needed in the future to 
confirm these exciting findings and to address these questions.

The treatment on demand is not uniformly defined by patients and 
physician. Many are willing to accept a certain level of symptoms 
because of the commonly held belief that NSAIDs do not modify the 
course of the disease. However, the primary aim for the usage of 

NSAIDs as disease modifiers
One interesting question is whether NSAIDs are only effective for the 
reduction of symptoms or whether there might be an additional effect 
on the long-term outcome of AS. One earlier study reported a reduction 
of spinal ossification after prolonged and continuous use of phenylbu-
tazone in AS patients.34 Similar findings have been reported for treat-
ment with indomethacin. The issue is therefore raised as to whether 
NSAIDs should be given continuously or should be only administered, 
in the light of their potential toxicity, during disease flare-ups. A recent 
study allocated a total of 215 patients to receive treatment with NSAIDs 
either continuously or only on demand for a period of 2 years. All 
patients began treatment with celecoxib, at a starting dosage of 100 mg 
twice daily; patients could increase this to 200 mg twice daily or could 
change to another NSAID. Most interestingly, there was significantly 
less radiographic progression in the continuous-treatment group (Fig. 

BATH ANKYLOSING SPONDYLITIS FUNCTIONAL INDEX (BASFI)

1. Putting on your socks or tights without help or aids (e.g., sock aid).

easy impossible

0 1 2 3 4 5 6 7 8 9 10

2. Bending forward from the waist to pick up a pen from the floor without an aid.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

3. Reaching up to a high shelf without help or aids (e.g., helping hand).

easy impossible

0 1 2 3 4 5 6 7 8 9 10

4. Getting up out of an armless dining room chair without using your hands or any other help.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

5. Getting up off the floor without help from lying on your back.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

6. Standing unsupported for 10 minutes without discomfort.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

7. Climbing 12-15 steps without using a handrail or walking aid. One foot at each step.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

8. Looking over your shoulder without turning your body.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

9. Doing physically demanding activities (e.g., physiotherapy exercises, gardening or sports).

easy impossible

0 1 2 3 4 5 6 7 8 9 10

10. Doing a full day’s activities, whether it be at home or at work.

easy impossible

0 1 2 3 4 5 6 7 8 9 10

Please indicate your level of ability with each of the following activities during the last week.

Tick a box to indicate your answer (for example,              ).10

Fig. 116.3 Bath Ankylosing Spondylitis Functional 
Index (BASFI). In the original version a visual analog 
scale (VAS) was used, whereas here a numeric 
rating scale (NRS) is shown. The BASFI is the mean 
of the 10 item scores. (Modified from Calin A, Garrett 
S, Whitelock H, et al. A new approach to defining 
functional ability in ankylosing spondylitis: the 
development of the Bath Ankylosing Spondylitis 
Functional Index. J Rheumatol 1994;21:2281-2285.)
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d

a

b

c

e

f

Fig. 116.4 Clinical tools for the measurement of spinal mobility. Measurements shown in Figure 116.4b-f are also used for the Bath Ankylosing Spondylitis 
Metrology Index (BASMI) (see also Table 116.4). (a) Occiput to wall distance. Patient stands, with heels and buttocks against the wall; the head is placed back as 
far as possible, keeping the chin horizontal; normal = 0. (b) Tragus to wall distance. Patient stands, with heels and buttocks against the wall; the head is placed 
back as far as possible, keeping the chin horizontal; normal: <15 cm. (c) Cervical rotation. The mean of the left and right cervical rotation is recorded; normal: 
>70 degrees. (d) Lumbar flexion (Schober). A mark is placed between both anterior and posterior iliac spines, with a further mark 10 cm above; the patient 
bends forward as far as possible and the difference is recorded. Result here is 0.5 cm; normal: >4 cm. (e) Lateral lumbar flexion. The patient bends laterally to 
push the middle finger down the rule without flexing forward or bending the knees. The difference between start and endpoint is recorded and the mean 
calculated; normal: >10 cm. (f ) Intermalleolar distance. Patient stands with legs separated as far as possible; the distance between the medial malleoli is 
measured; normal: >100 cm. 
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g

Fig. 116.4, cont’d (g) Chest expansion. Difference of maximal inspiration and 
expiration, measured in the fourth intercostal space; normal: >2.5 cm but 
normal values should also be age adjusted. (Courtesy of Jan Brandt; from and 
with permission of ASAS: www.asas-group.org.)

a b

c d

e f

Fig. 116.5 An exercise sequence used in AS. Cervical spine exercises include full extension (a) and rotation (b). A sequence of back extension (c, d) is followed 
by rotation in lying (e, f ) and 

http://www.asas-group.org


SE
C

TI
O

N
 9

 ●
 S

PO
N

D
YL

O
A

RT
H

RO
PA

TH
IE

S

1164

g

upright kneeling (g) positions. Finally, breathing is practiced 
using thoracic muscles (not shown).

TABLE 116.5 OVERVIEW OF NSAIDS THAT HAVE BEEN TESTED IN ANKYLOSING SPONDYLITIS

Drug Half-life (hr)
Approved maximal daily dosage 
(normally for arthritis) Investigated in AS Efficacy in AS References

Aceclofenac 4.0-4.3 200 mg Aceclofenac 100 mg twice daily vs. 
tenoxicam 20 mg daily

Equally effective 31

Celecoxib 8-12 400 mg Ketoprofen 100 mg twice daily vs. 
celecoxib 100 mg twice daily vs. 
placebo

Celecoxib and ketoprofen 
equally effective, both superior 
to placebo

30

Etoricoxib About 22 90 mg 90 mg etoricoxib daily vs. 120 mg 
etoricoxib daily vs. naproxen 1000 mg 
daily vs. placebo

Etoricoxib in both dosages 
superior to naproxen; naproxen 
superior to placebo

27

Ibuprofen 1.8-3.5 2400 mg Ketoprofen 100 mg twice daily vs. 
ibuprofen 400 mg three times daily

Ketoprofen superior to 
ibuprofen

28

Indomethacin 2 150 mg Aceclofenac 200 mg daily vs. 
indomethacin 100 mg daily

Equally effective 25

Diclofenac About 2 150 mg Diclofenac 75, 100, 125 mg daily vs. 
indomethacin 75, 100, 125 mg daily

Equally effective 26

Ketoprofen 1.5-2.5 200 mg Ketoprofen 100 mg twice daily vs. 
celecoxib 100 mg twice daily vs. 
placebo

Ketoprofen and celecoxib 
equally effective, both superior 
to placebo

30

Naproxen 10-18 1000 mg 90 mg etoricoxib daily vs. 120 mg 
etoricoxib daily vs. naproxen 1000 mg 
daily vs. placebo

Etoricoxib in both dosages 
superior to naproxen; naproxen 
superior to placebo

27

Meloxicam About 20 15 mg Piroxicam 20 mg daily vs. meloxicam 
15 mg daily vs. meloxicam 22.5 mg 
daily vs. placebo

Equally effective in all 3 
treatment groups, superior to 
placebo

29

Piroxicam 30-60 20 mg Piroxicam 20 mg daily vs. meloxicam 
15 mg daily vs. meloxicam 22.5 mg 
daily vs. placebo

Equally effective in all 3 
treatment groups, superior to 
placebo

29

Phenylbutazone 50-100 600 mg Flurbiprofen 200 mg 3 times daily vs. 
300 mg phenylbutazone

Equally effective 24

%
Patients

Responding

AS (n=69) Mechanical back pain (n=768)

60

0
10
20

30
40
50

90

70
80

PERCENTAGE OF PATIENTS WITH A GOOD OR VERY GOOD
CLINICAL RESPONSE TO A FULL DOSE OF NSAID

Fig. 116.6 Percentage of patients with a good or very good clinical response 
to a full dose of NSAID in ankylosing spondylitis compared with mechanical 
back pain. (Modified from Amor B, Dougados M, Listrat V, et al. Are classification 
criteria for spondylarthropathy useful as diagnostic criteria? Rev Rhum Engl Ed 
1995;62:10-15.)

NSAIDs will remain to keep patients free of symptoms. Reasons for 
this include their efficacy in reducing signs and symptoms, their ability 
to facilitate regular physical therapy and, as discussed earlier, their 
effect on the possible reduction of radiologic progression.38 It has still 
to be determined whether NSAIDs should be used continuously even 
if patients are free of symptoms.

A key factor is the known toxicity of NSAIDs that has to be taken 
into account using such a treatment strategy. The toxicity of the non-
selective and the COX-2–selective NSAIDs is now better understood 

Fig. 116.5, cont’d 
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patients are treated with moderate doses of prednisolone (20-30 mg/
day), axial manifestations improve only slightly, if at all, even at rela-
tively high doses of 50 mg/day or higher.

There are some uncontrolled open trials41 and one double-blind 
randomized trial42 demonstrating a good short-term efficacy of intra-
venous pulsed methylprednisolone (1 g/day for 3 days) in patients with 
AS that is refractory to therapy. However, there is no evidence of a 
long-term effect of such treatment.

Intra-articular corticosteroids
Intra-articular corticosteroid injections into the sacroiliac joints have 
been proven to be effective in one placebo-controlled trial43 and in 
some open trials.44,45 Usually 40 mg of triamcinolone is injected. The 
response rate is probably higher if the intra-articular position of the 
needle is guided by computed tomography (CT) (Fig. 116.8a) or, if 
available, by an open low-field MR scanner.46,47 One publication even 
reported a successful sacroiliac joint injection performed with ultraso-
nographic guidance.48 An improvement of symptoms and a reduction 
of inflammation as detected by MRI (see Fig. 116.8b, c) have been 
demonstrated for up to 6 months and sometimes even longer.44,47 
Non–CT- or non–MRI-guided local injections of the sacroiliac joint 
(most of them probably periarticular) have also been reported to be 
effective occasionally, although no formal study is available. Local 
corticosteroid injections are also recommended for peripheral joint 
manifestations4 and particularly for enthesitis.49,50

Conventional disease-modifying  
antirheumatic drugs
In general, conventional DMARDs, which play such a dominant role 
in the treatment of RA, have no proven efficacy for the axial manifesta-
tions of AS but a limited efficacy for the peripheral manifestations.

Sulfasalazine
Sulfasalazine is the best investigated DMARD for the treatment of AS. 
A recent Cochrane review article analyzed the published studies in 
AS.51 Eleven studies were included in the data analysis. The pooled 
analysis showed that the difference between intervention groups was 
significant only in ESR and morning stiffness, favoring sulfasalazine 
over placebo, but not for the other variables. One trial investigating 
patients with a relative short disease duration (<6 years) showed a 
benefit in primary outcome parameters, including back pain, spinal 
mobility, and patient’s well-being.52 Another recent one reported only 
a small effect in axial spondyloarthritis patients.53 By contrast, several 
trials54-56 showed a higher efficacy of sulfasalazine compared with 
placebo in the presence of peripheral arthritis. Based on these results, 
sulfasalazine is not recommended for the treatment of axial manifesta-
tions of AS but may be used for the manifestation of peripheral arthritis 
in AS patients (see Table 116.1).4 Normally treatment at a dosage of 
2 g/day, which can be increased to 3 g/day, for a duration of up to 4 
months is necessary before a treatment failure can be assumed.

Methotrexate
Given the efficacy of methotrexate for the treatment of RA, the lack of 
good studies in AS is surprising.57 Three randomized controlled trials 
have been published treating AS patients with methotrexate, in a 
dosage between 7.5 and 10 mg/week versus placebo, with a treatment 
duration between 12 and 24 weeks. Methotrexate was not superior to 
placebo in two of these studies.58,59 In the third study60 there was a 
high percentage of patients with concurrent peripheral arthritis with a 
better response in some of the outcome variables in the methotrexate-
treated group. In all the trials the subgroups were too small to differ-
entiate between the effect in patients with axial manifestations only 
compared with patients with additional peripheral arthritis. A more 
recent trial did not find any efficacy of 20 mg methotrexate given sub-
cutaneously once a week for up to 16 weeks.61 Therefore, methotrexate 
is recommended for neither the axial nor the peripheral manifestations 
of AS.

The lack of clear evidence for an efficacy of sulfasalazine and metho-
trexate in the treatment of AS contrasts to the fact that up to 20% to 
30% of AS patients are treated with one of these two drugs,62 probably 
reflecting the lack of alternative therapies.

than ever before. Severe gastrointestinal side effects can be expected  
in 1% to 3% of patients per year treated continuously with the older 
NSAIDs whereas severe cardiovascular side effects39 do occur in 1% to 
2% per year if the COX-2 inhibitors or conventional NSAIDs are 
chosen for treatment.40 These side effects are dose dependent and are 
higher in patients with gastrointestinal or cardiovascular risk factors, 
respectively.38

Patients who still have active disease despite treatment with NSAIDs 
or who do not tolerate such a treatment should then be considered as 
candidates for other therapies (see later).

Other analgesics
Simple analgesics have a limited role in the treatment of AS. Although 
there are no formal studies proving their efficacy, analgesics, such as 
acetaminophen and opioids, have been considered for pain control in 
AS patients in whom NSAIDs are insufficient, contraindicated, or 
poorly tolerated (see Table 116.1 and Fig. 116.1).4 In practice, up to 
one third of patients take these kinds of analgesics, often as over-the 
counter medication rather than prescribed prescription. Obviously, 
patients who do not show a sufficient response to NSAIDs alone 
should also be considered as candidates for a more effective treatment 
such as TNF blockers (see later).

Corticosteroids
Systemic corticosteroids
In contrast to other inflammatory rheumatic diseases such as RA or 
systemic lupus erythematosus, systemic corticosteroids do not play a 
major part in the treatment of AS.2 This judgment is based on clinical 
experience because there are no studies investigating the effect of oral 
corticosteroid therapy. Whereas peripheral arthritis often improves if 

0,00 0,25

continuous

on demand

0,50 0,75

Cumulative probability

Treatment strategy

-4,0

0,0

4,0

1,00

8,0

2-year
progression
in mSASSS

(units)

TREATMENT STRATEGIES

Fig. 116.7 Treatment strategies. Patients from a previous placebo-controlled 
trial27 were randomized for continuous (n = 111) or on-demand (n = 104) 
treatment with celecoxib 2 × 100 mg/day, which could be increased to 2 × 
200 mg/day or could be changed to another NSAID.31 Radiographs of the spine 
were scored at baseline and after 2 years of treatment according to the 
mSASSS without information on the order of the films.13 Each symbol 
represents one single patient. The slower radiologic progression in the 
continuous compared with the demand group was significant (P = .002). (From 
Wanders A, van der Heijde D, Landewe R, et al. Non-steroidal anti-inflammatory 
drugs reduce radiographic progression in patients with ankylosing spondylitis: a 
randomized clinical trial. Arthritis Rheum 2005;52:1756-1765, with permission from 
John Wiley & Sons, Inc.)
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a

b

c

Fig. 116.8 Intra-articular corticosteroid injection into the sacroiliac joints. (a) CT-guided intra-articular injection of 40 mg triamcinolone acetonide. The needle 
tip (arrow) is located deep in the joint space. (b) MRI of sacroiliac joints (SIJ) (short tau inversion recovery [STIR] sequence) of a 37-year-old patient with AS 
shows osteitis at left SIJ (arrows) before injection. A small intraosseous cyst is seen at the dorsal part of the iliac bone (arrow on bottom right). (c) MRI (STIR 
sequence) of SIJs 4 months after the injection shows complete resolution of the osteitis. As expected, no change is seen at the intraosseous iliac cyst (arrow on 
bottom right). (Courtesy of K. G. Hermann, Berlin, Germany.)

Other DMARDs
There is no evidence that any of the other DMARDs often used for 
the treatment of RA do play a role in treatment of AS patients. Positive 
reports are based on either single case studies or very small numbers 
of patients.2 Recently, leflunomide was tested in two trials with nega-
tive results. In the first study, 20 AS patients were treated with 100 mg/
day for the first 3 days followed by 20 mg/day for 6 months. No change 
was observed in several of the outcome parameters, including the 
disease activity index BASDAI. Only in a subgroup of 10 patients with 
peripheral arthritis was a decrease in the number of affected joints 
found.63 This beneficial effect restricted to peripheral arthritis was also 
shown in psoriatic arthritis.64 However, a larger number of patients 
would be necessary to confirm these results. In a second randomized 
controlled study, 45 AS patients were treated with either same-dosage 
leflunomide or placebo, also for 6 months, and showed no significant 
difference between the two groups.65 Again the number of patients with 
peripheral arthritis in this study were too small to allow any further 
conclusions about this subgroup.

Thalidomide has also been tested for the treatment of AS patients 
in open uncontrolled trials, mainly because of its assumed anti–TNF-α 

potential. In the largest study, 30 AS patients were treated with 200 mg 
thalidomide daily, which was slowly increased to reach this final 
dosage, given at night over 12 months. Twenty-six patients completed 
this study, with 80% showing at least 20% improvement in several 
variables, starting after 3 to 6 months of therapy, and 9 patients 
became free of symptoms.66 A similar result was reported by the same 
group in another smaller open study.67 However, the side effects, espe-
cially sedation, are considered to be considerable,68 which will probably 
prevent a widespread use and the performance of controlled studies for 
this drug.

Pamidronate, a bisphosphonate, has been tested in rheumatic  
diseases because of its possible anti-inflammatory and inhibiting  
effect on osteoclasts. In a 6-month randomized controlled trial 60 mg 
of pamidronate given intravenously once a month was superior to a 
small placebo-like dosage of 10 mg pamidronate, with a significant 
improvement of function and pain.69 Such an effect only became 
evident after 3 months of treatment. A positive effect was not observed 
in another open trial treating AS patients with the same dosage over 
3 months.70 Further studies are needed before this therapy can be 
recommended.
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Biologic Agents
Besides TNF-α, the cytokine interleukin (IL)-1 has also been a target 
in the development of new drugs. To date, the IL-1 receptor antagonist 
anakinra has been approved for the treatment of RA. There are only 
two open studies with conflicting results addressing the efficacy of 
anakinra in AS. In the first study, 9 patients with active AS were 
treated with 100 mg anakinra given as a daily subcutaneous injection 
for 3 months. Significant improvement was observed both in clinical 
parameters and in acute inflammatory lesions determined by MRI.70 
This efficacy could not be confirmed in another open-label study treat-
ing 20 AS patients with the same dosage over 6 months; there was no 
change in the disease activity index or other clinical parameters but 
also no change in bony inflammation, as detected by MRI.71 Thus, 
there is at the most a limited role for anakinra in the treatment of AS.

Anti–TNF-α blocking agents
The limited treatment options for AS patients discussed earlier mean 
that the demonstration of good or very good efficacy of TNF blockers 
in the treatment of patients with active AS can be regarded as a break-
through in the therapy of AS. These drugs not only improve signs and 
symptoms rapidly and in a high percentage of patients but also might 
even be capable of stopping bony destruction, as has already been 
shown in RA.

Biologic basis
Inflammation at the interphase of cartilage and bone has been  
convincingly demonstrated by MRI72,73 and by immunohistologic 
investigations of sacroiliac joint biopsies.73,74 Abundant TNF-α mRNA75 
has been found in the inflamed sacroiliac joint, clearly demonstrating 
that AS is an inflammatory disorder, a statement that was sometimes 
doubted in the past, mostly because of the lack of response to  
DMARDs and glucocorticoids and because of the predominance of 
ankylosis in later stages. TNF-α is a proinflammatory cytokine pro-
duced by monocytes, macrophages, and activated T cells. TNF-α 
induces the release of other cytokines such as IL-1 and IL-6 but also 
metalloproteinases and prostaglandins; it is involved in the activation 
of lymphocytes and also in osteoclastogenesis. Furthermore, TNF-α 
induces the expression of endothelial adhesion molecules (e.g., E- 
selectin, intracellular adhesion molecule-1 [ICAM-1] and vascular 
adhesion molecule-1 [VCAM-1]). Thus, TNF-α plays a central role in 
inflammation.76

Using enzyme-linked immunosorbent assays, elevated serum levels 
of TNF-α and IL-6 have been found in patients with AS,77 although 
serum TNF-α levels are highly variable and often undetectable.

Today there are three main biologic agents targeting TNF-α: the 
chimeric (1/4 murine and 3/4 human) monoclonal IgG1 antibody  
infliximab, the recombinant 75-kDa TNF receptor IgG1 fusion protein 
etanercept, and the fully humanized monoclonal antibody adalim-
umab. All three TNF inhibitors have already been approved for the 
treatment of AS in the European Union, in the United States, and in 
other parts of the world. Infliximab is given as an intravenous infusion 
over 2 hours whereas both etanercept and adalimumab are given as 
subcutaneous injections. Another fully humanized monoclonal anti-
body, golimumab, was approved for the indication of AS in 2009 in 
the European Union, United States, and Canada.78

Infliximab
Short-term efficacy
In nearly all AS studies infliximab was given intravenously at a dosage 
of 5 mg/kg body weight at weeks 0, 2, and 6 and thereafter every 6 to 
8 weeks. In several open-label studies an often dramatic improvement 
in signs and symptoms was observed, often beginning on the same day 
or a few days after the first infusion.79 However, the pivotal studies are 
two placebo-controlled randomized controlled trials.

In the first study patients were treated with either infliximab (n = 
34) or placebo (n = 35) for 3 months.80 After this time all patients 
were treated with infliximab and followed up long term. In the second 
study using the same dosage and treatment intervals, 201 patients were 
treated with infliximab and 78 with placebo for 6 months.81 In contrast 
to treatment of RA with infliximab, infliximab was given in both 

studies as monotherapy without concomitant treatment with DMARD 
or corticosteroids. Normally patients had to have a disease activity 
index (BASDAI) of greater than or equal to 4 despite treatment with 
NSAIDs. Continuation of NSAID therapy was permitted in both the 
studies. The crucial endpoint in both these studies was a 50% improve-
ment in disease activity (BASDAI) (see Fig. 116.2) or in a composite 
clinical score (ASAS percent improvement; see Table 116.3).7 This 
endpoint was reached rather uniformly by about 50% of infliximab 
patients in the placebo-controlled trials with about 10% or less of the 
placebo group reaching this level of response (Fig. 116.9). This end-
point was also reached in up to 60% to 70% in the open-label studies.79 
Interestingly, between 20% and 25% of these patients with active AS 
even fulfilled the criteria for partial remission. Also, the number of 
enthesitic sites, the number of affected peripheral joints, function, and 
spinal mobility improved (some reaching statistical significance) during 
the placebo-controlled phase. A third placebo-controlled trial compared 
20 patients treated with either infliximab or placebo and gave very 
similar results.82 As well as AS patients, this trial included patients 
with other forms of spondyloarthritis.
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1. van der Heijde D et al. Arthritis Rheum 2005;52:582-91
2. Davis JC et al. Ann Rheum Dis 2005;64:1557-62
3. van der Heijde D et al. Arthritis Rheum 2006;54:2136-46
    with permission from ASAS (www.asas-group)

ASAS 40 RESPONSE AFTER 24 WEEKS OF TREATMENT OF
AS PATIENTS WITH TNFα BLOCKING AGENTS*

Fig. 116.9 ASAS40 response after 24 weeks of treatment of AS patients with 
(1) infliximab, (2) etanercept, or (3) adalimumab. (Data from [1] van der Heijde D, 
Dijkmans B, Geusens P et al. Efficacy and safety of infliximab in patients with 
ankylosing spondylitis: results of a randomized, placebo-controlled trial [ASSERT]. 
Arthritis Rheum 2005;52(2):582-591; [2] Davis JC, van der Heijde DM, Braun J, et al. 
Sustained durability and tolerability of etanercept in ankylosing spondylitis for 96 
weeks. Ann Rheum Dis 2005;64:1557-1562; and [3] van der Heijde D, Kivitz A, Schiff 
MH, et al. Efficacy and safety of adalimumab in patients with ankylosing 
spondylitis: results of a multicenter, randomized, double-blind, placebo-controlled 
trial. Arthritis Rheum 2006;54:2136-2146; with permission form ASAS [www
.asas-group].)

http://www.asas-group
http://www.asas-group
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Long-term efficacy
In the German randomized controlled trial, 69 patients were continu-
ously treated with infliximab for 3 years, with the same dose given 
every 6 weeks. After 54 weeks 78% of the patients were still treated, 
after 2 years, 70%83, and after 3 years, 69%.84 The intention-to-treat 
primary efficacy analysis at week 54 showed that almost 50% of the 
patients achieved a 50% improvement of disease activity (BASDAI 
score). In the completer analysis, the pretreatment mean BASDAI of 
6.5 decreased further from 3.3 at week 12 to as low as 2.5 at week 54 
and remained low until week 156. NSAIDs could be reduced in 70% 
of patients and discontinued in 59%.

However, when infliximab was stopped after 3 years of therapy, 
patients experienced relapse between weeks 7 and 45 and by week 52 
all except 1 patient of 41 (97.6%) became active again. When treatment 
with infliximab was begun again, all except 1 patient responded simi-
larly as at the first time and the drug was well tolerated.85 Thus, for 
this group of very active patients with long-standing disease (mean 
disease duration > 10 years) infliximab has to be administered long 
term. It is not known whether remission or significant improvement 
can be achieved even after discontinuation of infliximab therapy if 
patients are treated early in the course of their disease (see later). After 
5 years of treatment 55% of the initial patients were still on the drug.86

In the ASSERT study, 166 of the initial 201 patients were still on 
infliximab after 2 years of treatment with a continuously good response 
(Fig. 116.10).87

Combination therapy of infliximab with  
methotrexate or other DMARDs
Reports of treatment of RA88,89 and of Crohn’s disease90 suggest that 
combining infliximab with methotrexate, with glucocorticoids, or with 
another immunosuppressive agent such as azathioprine (mostly in 
Crohn’s disease) might reduce side effects such as allergic reactions. 
However, two randomized controlled trials could not find a signifi-
cant difference in efficacy or side effects in AS patients treated  
with infliximab alone or with a combination of infliximab and 
methotrexate.91,92

Infliximab impact on active inflammation on MRI
MRI has been proven as a powerful tool for the detection of acute 
inflammation in the sacroiliac joints72 and spine.18 Therefore, MRI 
should also be used for a follow-up of these acute inflammatory lesions 
during treatment, providing an objective outcome parameter for effi-
cacy of a given therapy. Serial MRI studies performed in patients from 
the German randomized controlled trial demonstrated a significant 
regression after 3 months of treatment of active inflammatory lesions 
in the spine by 60%, compared to a 20% deterioration in the placebo 
group.18 As mentioned earlier, these patients from both groups were 
then treated in open-label studies continuously for the next years. 
When MRI data at baseline and after 2 years of continuous treatment 
were analyzed, a persistent improvement of spinal inflammation was 
seen (Fig. 116.11), with a mean score for acute spinal lesions of 4.6 
versus 15.2 at baseline.93 Data are also available from the other pla-
cebo-controlled trial94 showing a significant reduction of spinal inflam-
mation but no reduction in the placebo group.

Because in AS radiographic damage interferes with long-term func-
tioning, similar to RA, radiographic damage is an important target for 
therapeutic intervention.

Etanercept
Short-term efficacy
Four double-blind placebo-controlled trials have been published that 
prove a similar efficacy of etanercept in AS to that seen with infliximab. 
In the first study,97 40 patients were treated with either etanercept 
25 mg subcutaneously twice per week (20 patients) or placebo (20 
patients). DMARDs and corticosteroids were allowed to be continued 
during the study in 40% and 25% of patients, respectively. The main 
outcome parameters of morning stiffness and nocturnal spinal pain 
improved significantly in the etanercept but not in the placebo group 
after 4 months of treatment. In a second single-center trial,98 30 AS 
patients with active disease (BASDAI ≥ 4) were randomized for the 
initial placebo-controlled period of 6 weeks, which was followed by an 
observational phase lasting 24 weeks. The placebo group was switched 
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LONG-TERM (2 YEARS) EFFICACY OF THE TNFα-ANTAGONISTS
IN PATIENTS WITH ANKYLOSING SPONDYLITIS*

1. Braun J et al. Arthritis Rheum 2008;59:1270-8
2. Davis J et al. Ann Rheum Dis 2005;64:1557-62
3. van der Heijde D et al. Ann Rheum Dis 2009;68:922-9
    with permission from ASAS (www.asas-group)

*Different studies, no head to head comparison

N = Number of patients on therapy

ASAS20 ASAS40 ASAS Partial Remission

Fig. 116.10 Long-term (2 years) efficacy of TNF-α antagonists (infliximab [1], 
etanercept [2], and adalimumab [3]) in patients with ankylosing spondylitis. 
(Data from [1] Braun J, Deodhar A, Dijkmans B, et al. Efficacy and safety of 
infliximab in patients with ankylosing spondylitis over a two-year period. Arthritis 
Rheum 2008;59:1270-1278; [2] Davis JC, van der Heijde DM, Braun J, et al. 
Sustained durability and tolerability of etanercept in ankylosing spondylitis for 96 
weeks. Ann Rheum Dis 2005;64:1557-1562; and [3] van der Heijde D, Schiff MH, 
Sieper J, et al. Adalimumab effectiveness for the treatment of ankylosing 
spondylitis is maintained for up to 2 years: long-term results from the ATLAS trial. 
Ann Rheum Dis 2009;68:922-929, with permission from ASAS [www.asas-group].)
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safety and efficacy over this time period.102 The other trial was a 2-year 
open-label extension study103 of the original randomized controlled 
trial.104 Overall, 21 of 30 patients (70%) completed year 2. In the 
intention-to-treat analysis, 54% of the patients were BASDAI 50% 
responders. In the completer analysis, 43% (9 of 21 patients) fulfilled 
the ASAS criteria for partial remission. The BASDAI went down from 
6.3 at baseline to 2.7 after 1 year and 2.6 after 2 years.

However, when treatment with etanercept was stopped after 3 
months,98 a disease relapse occurred at a mean of 6.2 ± 3 weeks; and 
at week 35 all 30 patients had a relapse. But when treatment was 
started again the response rate was similar to that at the first time of 
treatment.104

Etanercept impact on active inflammation by MRI
From the same two studies MRI results during treatment were also 
reported. From the larger study MRI of the spine was available at 
baseline, week 12, week 24, and week 48.105 After 12 weeks spinal 
inflammation regressed by 54% in the etanercept group but worsened 
by 13% in the placebo group. After switching to etanercept, placebo 
patients improved similarly. In the second study, MRI of the spine and/
or the sacroiliac joint was performed at baseline (n = 25), after 6 weeks 
(end of placebo-controlled phase, n = 20), and after 24 weeks of con-
tinuous treatment with etanercept (n = 12). Significant regression of 
spinal inflammation was already seen after 6 weeks in patients treated 
with etanercept but not in patients on placebo. Continuous treatment 
with etanercept for 24 weeks resulted in a 69% reduction of active 
spinal changes but also in a reduction of inflammation of the sacroiliac 
joints.19 One example is shown in Figure 116.12.

MRI of the spine was also available after 2 years of continuous 
treatment with etanercept from the same study. Evaluation after 2 
years of therapy showed improvement of active spinal lesions by 75% 
compared with baseline, but minor spinal inflammation was still 
detectable in 64% of these patients.103

to etanercept after 6 weeks, and both groups were treated with etaner-
cept for 3 months. NSAID treatment could be continued, but DMARDs 
and corticosteroids were not allowed. Treatment with etanercept was 
significantly better than placebo, with at least 50% regression of disease 
activity in 57% of these patients at week 6 versus only 6% in the 
placebo group. No severe adverse events, including major infections, 
were observed during this trial.

Subsequently, two further placebo-controlled international trials 
were performed using the same dosage of etanercept. In the first, 277 
patients were treated with either etanercept (n = 138) or placebo (n = 
139) for 24 weeks.99,100 The ASAS 50% at week 24 was 45% in the 
etanercept group versus 10% in the placebo group. Such highly signifi-
cant differences between the etanercept and the placebo groups were 
also observed for the ASAS 20% and 70% response criteria (see Fig. 
116.9). Seventeen percent of patients fulfilled the ASAS criteria for 
partial remission in the etanercept group compared with 4% in the 
placebo group. In a second study, 84 patients were enrolled, 45 of 
whom received etanercept and 39 placebo for 12 weeks,101 with very 
similar results. In both studies also the acute-phase reactants, function 
(BASFI), and spinal mobility improved highly significantly. The number 
of patients with peripheral arthritis or enthesitis were too small in 
either study to allow a meaningful comparison.

Long-term efficacy
To date, two studies have been published with long-term follow-up 
data for 2 years of an open extension phase of the original RCT. In 
one of the studies,100 277 patients were enrolled over 24 weeks and 
subsequently all treated with etanercept and followed up in an open-
label extension trial for a further 72 weeks. After 2 years, 200 of the 
patients (72%) were still being treated with the drug. Fifty percent of 
patients showed an ASAS 50% response at week 48, and 54% of the 
patients reached this level of response at week 96 (see Fig. 116.10). 
Recently, a 4-year follow-up of this study was reported with a similar 

a b c

Fig. 116.11 Reduction of acute spinal inflammation as seen by MRI (STIR technique) during infliximab 
treatment over 2 years. No change in acute inflammation compared with baseline (a) could be seen after 
12 weeks (b) of treatment with placebo; however, inflammation disappeared after 2 years (c). (From Sieper 
J, Baraliakos X, Listing J, et al. Persistent reduction of spinal inflammation as assessed by magnetic resonance 
imaging in patients with ankylosing spondylitis after 2 yrs of treatment with the anti-tumour necrosis factor 
agent infliximab. Rheumatology [Oxford] 2005;44:1525-1530.)
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a

Before treatment

b

After 6 weeks of treatment

c

After 24 weeks of treatment

Fig. 116.12 Reduction of acute spinal inflammation as seen by MRI (STIR technique) during treatment of ankylosing spondylitis patients (n = 25) with 
etanercept (25 mg SC twice a week) over 6 months. Inflammation of the right sacroiliac joint at baseline (a, arrow) is already clearly reduced after 6 weeks of 
treatment (b, arrow) and no longer visible after 6 months of treatment (c). (From Rudwaleit M, Baraliakos X, Listing J, et al. Magnetic resonance imaging of the 
spine and the sacroiliac joints in ankylosing spondylitis and undifferentiated spondyloarthritis during treatment with etanercept. Ann Rheum Dis 2005;64:1305-1310, 
with permission of the BMJ Publishing Group.)

Adalimumab
Short-term efficacy
Adalimumab 40 mg monotherapy subcutaneously every other week for 
52 weeks was first shown to be effective in 15 active AS patients in an 
open-label trial.106 This good efficacy could subsequently be confirmed 
in two placebo-controlled randomized trials.107,108 In the ATLAS trial, 
58.2% (121 of 208) of adalimumab-treated patients achieved an 

ASAS20 response, compared with 20.6% (22 of 107) in the placebo 
group at week 12. A BASDAI 50 response was reached by 45.2% of the 
patients in the adalimumab group versus 15.9% in the placebo group 
(see Fig. 116.9).107

Long-term efficacy
In the ATLAS trial, 82% (255 patients) of the original 311 patients 
participated still in the trial. The level of response was maintained over 
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Infliximab is also effective in ulcerative colitis.122 Adalimumab was 
also shown to be effective in Crohn’s disease.119 Infliximab was more 
effective for the prevention of flares of inflammatory bowel disease  
in AS patients treated with TNF blockers in comparison to adalim-
umab, etanercept, and placebo in an analysis of all published AS 
studies.123

TNF blockers in the treatment of juvenile spondyloarthritis
The first symptoms of AS occur in 15% to 20% of cases before the age 
of 20 years, and juvenile and adult spondyloarthritis should be seen as 
one disease on a continuum. Whereas the juvenile forms normally 
present first with a predominance of peripheral manifestations (enthesi-
tis and peripheral arthritis), many of the juvenile patients later develop 
the full picture of typical AS. In two small open-label studies both 
infliximab and etanercept showed a good efficacy in patients with 
juvenile spondyloarthritis124 or enthesitis-related arthritis.125 One 
recent double-blind placebo-controlled trial showed a highly significant 
improvement in a variety of clinical parameters in the infliximab-
treated group in comparison to the placebo group.126

TNF blockers: general treatment considerations
In all published AS trials etanercept has only been tested in a dose of 
25 mg twice weekly. Most recently it has been reported that 50 mg 
etanercept given once weekly is equivalent.127 Experience suggests that 
the interval can be prolonged in some patients without losing 
efficacy.

Infliximab has been tested in all placebo-controlled trials in a dose 
of 5 mg/kg body weight given at week 0, 2, 6, and afterward either every 
6 weeks80,81 or every 8 weeks.82 No study comparing the two intervals 
has been performed. Depending on patient and disease activity, in 
some patients the 8-week interval will be sufficient but others need a 
shorter interval. In general, the interval can be determined according 
to the patient’s symptoms, and some patients tolerate even longer 
intervals.128 There are some open studies reporting that infliximab 
seems also to be effective at a lower dose than 5 mg/kg in a substantial 
proportion of patients.129,130

There is some evidence that some AS patients who do not respond 
adequately to a dose of 40 mg adalimumab given every other week 
show an improvement if this is increased to 40 mg every week.106

Adverse events of anti-TNF therapy
The adverse events in AS patients treated with TNF blockers do not 
differ from those seen in other diseases such as RA and Crohn’s 
disease. However, AS patients are normally younger and have been less 
frequently treated with glucocorticoids or immunosuppressive drugs 
compared with the other two diseases. Thus, the number and the 
severity of side effects can be expected at least to be no higher compared 
with other chronic inflammatory diseases and might even be lower. 
Comparative data on this are not available at this time. However, 
implementation of the usual precautions and contraindications for 
biologic therapy should be followed.131 Infections, including opportu-
nistic infections, can occur in a small percentage of patients; and a 
small increase in the risk of developing lymphoproliferative disorders 
cannot be excluded at this stage. Allergic reactions occur, and neuro-
logic events and congestive heart failure have been reported 
occasionally.

Which AS patients should be treated with TNF blockers?
Recommendations on which AS patients should be treated with TNF 
blockers are required, especially on the background of possible side 
effects and the relatively high costs of these drugs. Thus, patients with 
the best risk/benefit ratio should be treated preferentially. An interna-
tional ASAS consensus statement for the use of anti-TNF agents in AS 
patients was published in 2003132 and updated in 2005.133 According 
to these recommendations, for the initiation of anti–TNF-α therapy, 
the following criteria should be fulfilled (Fig. 116.13).

1. A diagnosis of definitive AS, normally fulfilling the modified New 
York criteria. However, it should be kept in mind that these 
criteria were developed as classification criteria and that patients 
early in the course of their disease might not show radiologic 
sacroiliitis but, for example, acute sacroiliitis by MRI.

the 2 years of treatment: 64.5% of the originally included patients were 
ASAS20 responders, 50,6% were ASAS40 responders, and 33.5% had 
reached partial remission (see Fig. 116.10).

Adalimumab impact on active inflammation by MRI
Acute inflammation decreased in both spine and sacroiliac joints as 
detected by MRI in the open-label trial.106 In one of the placebo-
controlled trials, active inflammation of the spine and the sacroiliac 
joints, as shown on MRI, was scored at weeks 12 and 52. The applied 
score for the spine increased by 9.4% in the placebo group compared 
with a mean decrease of 53.6% in the adalimumab-treated patients. 
Similarly, the SI-joint score decreased by a mean of 12.7% in the 
placebo group but by 52.9% in adalimumab-treated patients. This 
response was maintained at week 52 in the adalimumab group and 
reached a similar level of reduction after the placebo group was switched 
to adalimumab at week 12.108

Golimumab
Golimumab, another fully humanized monoclonal antibody against 
TNF-β, is administered subcutaneously every 4 weeks. It has shown 
good efficacy in a randomized placebo-controlled trial over 24 weeks,78 
comparable to the other TNF-blocking agents.

Can radiographic damage/progression  
be prevented by TNF-blocker treatment?
When radiographs of the spine were scored for growth of syndesmo-
phytes over a follow-up period of 2 years, it was shown that all three 
TNF blockers—etanercept,109 infliximab,110 and adalimumab111—could 
not stop radiographic progression over a treatment period of 2 years in 
comparison to a historical control group of AS patients not treated with 
TNF blockers. This raises the question how inflammation and new 
bone formation are linked in AS. Based on an analysis of the available 
histologic and imaging literature, it was proposed that structural 
damage in AS occurs in two steps.112 First, inflammation causes erosive 
structural damage that causes bony defects filled with fibrous repair 
tissue. This would be not so much different from RA. Second, repair 
tissue becomes ossified, which is made easier if inflammation is no 
longer present. This is probably typical for any damage in the spine. 
Thus, if inflammation is treated early enough before structural damage 
has occurred, TNF blockers might prevent new bone formation on the 
long term. However, TNF blockers will not prevent ossification of 
already damaged bone, because these agents do not have an effect on 
osteoblast activity. Future studies have to show whether this assump-
tion about the sequence of events is correct.

TNF blockers in peripheral arthritis and enthesitis
Peripheral arthritis113 and enthesitis113,114 are frequent manifestations 
also characteristic for the whole group of spondyloarthritides and occur 
in 30% to 40% of patients with AS,115 normally in transient and/or 
relapsing form but chronic manifestations are also possible. TNF 
blockers have so far not been investigated in studies addressing 
improvement of these peripheral spondyloarthritic manifestations as 
primary outcome parameters. However, in the studies performed so far 
and in case reports, both peripheral arthritis and enthesitis improved 
when patients were treated with TNF blockers.4,80,82,116,117

TNF blockers for the treatment of psoriasis and  
inflammatory bowel disease in patients with AS
Psoriasis is present in about 10% and IBD (Crohn’s disease or ulcer-
ative colitis) in about 5% of AS patients.81,115 Thus, it is a relevant 
question how these diseases are affected by treatment with TNF block-
ers. Most data are available from studies that have tested infliximab, 
etanercept, or adalimumab for the treatment of psoriasis or psoriatic 
arthritis (see also Chapter 120 on management of psoriatic arthritis) 
and Crohn’s disease.

For Crohn’s disease, infliximab118 and adalimumab119 have been 
proven to be highly effective for different manifestations of active 
disease while etanercept failed to be superior to placebo in a controlled 
trial.120 There were even single reports of flares or new manifestations 
of Crohn’s disease in AS patients treated with etanercept.100,103,104,121 
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2. The presence of active disease for at least 4 weeks as defined by 
both a sustained BASDAI of at least 4 (on a scale of 0-10) and 
an expert opinion based on clinical features, acute-phase reac-
tants, and imaging modalities. The expert will normally be a 
rheumatologist and, in addition to the patient’s symptoms, he 
or she will make a judgment using objective parameters of activ-
ity/inflammation.

3. The presence of refractory disease defined by failure of at least 
two NSAIDs during a 3-month period, failure of intra-articular 
corticosteroids if indicated, and failure of sulfasalazine in patients 
with peripheral arthritis. These recommendations are also in 
accordance with the ASAS/EULAR recommendations for the 
management of AS,4 which do not see a role for DMARD therapy 
for predominant axial manifestations of AS (see Table 116.1 and 
Fig. 116.1).

4. Application of the usual precautions and contraindications for 
biologic therapy should be followed.131

5. For the monitoring of anti–TNF-α therapy, both the BASDAI 
and the ASAS core set for clinical practice should be followed 
regularly. Discontinuation of anti–TNF-α therapy should be 
strongly considered in non-responders after 6 to 12 weeks’ treat-
ment (Fig. 116.14). Response is defined as improvement of at 
least 50% or 2 units (on a 0-10 scale) of the BASDAI in addition 
to an expert opinion that treatment should be continued, again 
not only relying on the patient’s subjective symptoms.

Improvement should be seen
in the first 12 weeks of treatment

BASDAI-improvement  50%
or

BASDAI-improvement   2 (0-10)

Positive
expert opinion

plus

ASAS RECOMMENDATIONS FOR WHEN TREATMENT OF AS
PATIENTS WITH TNF–BLOCKERS SHOULD BE CONTINUED

Fig. 116.14 ASAS recommendations for when treatment of AS patients with 
TNF blockers should be continued. If these criteria are not met, discontinuation 
should be considered.110,111

%
Patients

achieving
BASDAI 50

0
10
20
30
40
50
60
70
80

10 >2011-20

73

58

31

n = 37 n = 29n = 33

Disease duration in years

PREDICTION OF A MAJOR RESPONSE, DEFINED AS BASDAI 50%
IMPROVEMENT, IN AS PATIENTS TREATED WITH TNF–BLOCKERS

a

50%
BASDAI

improvement

40%

60%

80%

100%

0 6.5 48 68.139251912

CRP in mg/l, before treatment

RESPONSE OF AS PATIENTS TREATED WITH TNF-BLOCKERS IN
CORRELATION TO CRP AT BASELINE

b

Fig. 116.15 Prediction of a major response, defined as BASDAI 50% 
improvement, in ankylosing spondylitis patients (n = 99) treated with TNF 
blockers. Response of AS patients treated with TNF blockers in correlation to 
disease duration (a) or level of C-reactive protein (CRP) (b) at baseline. Short 
disease duration and high CRP predict a good response. (a, from Rudwaleit M, 
Listing J, Brandt J, et al. Prediction of a major clinical response [BASDAI 50] to 
tumour necrosis factor alpha blockers in ankylosing spondylitis. Ann Rheum Dis 
2004;63:665-670, with permission from the BMJ Publishing Group; b modified from 
same source.)

Treatment failure of
at least 2 NSAIDs over 3 months*

Increased activity index:
BASDAI  4

*failure of intra-articular steroids if indicated,
and failure of sulfasalazine in patients with

predominant peripheral arthritis

Correct diagnosis of AS

Positive expert opinion based on parameters such as:
• Positive CRP/ESR
• Positive MRI
• Radiological progression
• Patient’s history/clinical investigation

plus

ASAS RECOMMENDATIONS FOR THE START OF
TREATMENT OF ANKYLOSING SPONDYLITIS

PATIENTS WITH TNF–BLOCKERS

Fig. 116.13 ASAS recommendations for the start of treatment of ankylosing 
spondylitis patients with TNF blockers (for more details see text).110,111

The most recent updates of the ASAS recommendations have been 
published in abstract form. Instead of a correct diagnosis of AS, a 
diagnosis of axial spondyloarthritis according to the new ASAS criteria 
(see below) is also sufficient and treatment failure of at least two 
NSAIDs is necessary for only 4 weeks instead of 3 months.134

Similar recommendations or guidelines have been published by 
national societies such as the Canadian Rheumatology Association134 
and the British Society of Rheumatology135 or from the United States,136 
following the reasoning of the ASAS recommendations, with only 
slight modifications.

Can a good response to TNF blockers be predicted?
Parameters that would help to identify good responders to treatment 
with TNF blockers would also be of value in daily clinical practice. One 
recent investigation addressed this question,137 analyzing 99 patients 
with active AS participating in two of the placebo-controlled, random-
ized trials conducted in Germany with infliximab80 or etanercept.98 
Univariate analysis showed the parameters of shorter disease duration 
(Fig. 116.15a), lower BASFI, younger age, and raised ESR or CRP (see 
Fig. 116.15b) and the presence of active inflammation on MRI138 to be 
predictors of a major response to treatment, defined as a 50% improve-
ment of the initial disease activity score BASDAI 50. The best multi-
variate model built by stepwise regression contained the co-variables 
disease duration (see Fig. 116.15a), BASFI, BASDAI, and CRP as best 
predictors of a major clinical response in active AS patients treated 
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Osteoporosis
Osteoporosis is a frequent manifestation in AS,147,148 most probably 
as a consequence of limited mobility and of local and general  
inflammation. In the past only conventional therapy such as bisphos-
phonates were available for AS patients with osteoporosis. More 
recently it was shown that treatment of active AS with TNF blockers 
induces a rather rapid improvement of bone mineral density after 6 
months of treatment with inflixmab149,150 or etanercept151 but not with 
placebo.150

SURGICAL INTERVENTION IN  
ANKYLOSING SPONDYLITIS
Hip replacement
Hip arthritis (Fig. 116.16) occurs in up to one third of AS patients, 
most often early in the disease (first 10 years), and is more common 
if the disease starts early in life. A total hip replacement (THR) may 
be necessary in about 5% of all AS patients.152 Although AS patients 
are normally younger than others undergoing hip replacement, the 
revision rate is not higher. There is not a major difference between 
cemented and non-cemented hip prostheses regarding durability or 
complications, but non-cemented THR is regarded to be preferable in 
younger patients because revision is technically easier.4

There are two larger studies describing the results of THR in AS 
patients. The first one analyzed 24 young AS patients who had an 
average age of 28.8 years at the time of operation.153 Eighty-eight 
percent of patients became completely free of pain. After an average 
follow-up of 22.7 years, 88% of the original femoral components and 
74% of the original acetabular components remained in situ. The 
second study reported on 340 THR; 276 were primary and 64 were 
revisions.152 The mean age of AS at disease onset was 19.5 years (com-
pared with 24.4 years for all AS patients at this center), and the mean 
age at first THR was 40.0 years. Overall, 85% of the patients considered 
the outcome to be very good. Survival of original THR after 10, 15, 
and 20 years was 90%, 78%, and 64%, respectively; and survival of 
revisions was 73%, 55%, and 55%, respectively.

Thus, the long-term outcome of THR in AS patients, including the 
young ones, is good and it should be considered as an option in cases 
of severe pain and/or loss of function. Although there are no controlled 
trials investigating THR, the ASAS/EULAR experts recommended this 
treatment with a high level of confidence.4 To avoid heterotopic bone 

with TNF blockers. In two other studies, young age and elevated CRP 
were the best predictor for a good response.139,140 Although the percent-
age of patients having a major response to treatment with TNF block-
ers goes up to 70% and more in these subgroups, it should also be 
stressed that there is no simple prediction because patients with a long 
duration or a negative CRP also show a major response in 30% to 40% 
(see Fig. 116-15a, b). Patients with a shorter disease duration and better 
function might respond better because their symptoms early in the 
course of the disease are more likely caused by inflammation than by 
other reasons. An elevated ESR or CRP can also be regarded as an 
important additional marker that inflammation is present and is 
responsible for signs and symptoms.

MANAGEMENT OF EXTRA- 
ARTICULAR MANIFESTATIONS
Anterior uveitis
Anterior uveitis is the most frequently occurring extraspinal manifesta-
tion in AS patients, with 30% to 40% of patients suffering from isolated 
or recurrent attacks. It is typically unilateral, but relapses frequently 
affect the contralateral eye. Patients should seek immediate medical 
help if a painful eye occurs to avoid the formation of synechiae (adhe-
sions from the back of the iris) with the possible consequence of sec-
ondary glaucoma. Local treatment with glucocorticoid eye drops and 
mydriatics is sufficient in most cases. In more severe cases glucocorti-
coids given either orally or as an intraocular injection might be neces-
sary. Results from controlled trials suggest that sulfasalazine can 
prevent attacks.54,141

Experience with the treatment of anterior uveitis with TNF blockers 
is currently limited.142 In one study, 16 patients, 14 of whom received 
etanercept and 2 infliximab for either inflammatory eye disease or 
associated joint disease, were studied retrospectively.143 Although all 
12 patients with active arthritis experienced improvement in joint 
disease, only 6 (38%) experienced improvement of their eye disease. 
Five patients even developed inflammatory eye disease for the first time 
while taking etanercept. Therefore, conclusions from this regarding 
AS-associated uveitis are limited.

A beneficial effect of infliximab in a single dosage of 10 mg/kg was 
reported in 7 patients with acute onset of HLA-B27 associated anterior 
uveitis.144 These patients were followed up for a mean period of 17 
months. Total resolution of anterior uveitis was achieved with inflix-
imab as the only anti-inflammatory drug in all but 1 patient. A relapse 
was seen in 4 patients after a median of 5 months.

Recently data from four placebo-controlled trials with TNF blockers 
for the treatment of AS (two with etanercept and two with infliximab) 
were analyzed for the incidence of reported flares of anterior uveitis 
during treatment.145 The calculated frequency of flares of anterior 
uveitis in the placebo group was 15.6 per 100 patient-years, whereas 
patients treated with TNF blockers had significantly fewer flares (mean 
of 6.8 flares per 100 patient-years). Flares occurred less frequently in 
patients treated with infliximab (3.4 per 100 patient-years) than in 
those treated with etanercept (7.9 per 100 patient-years), although this 
difference was not significant. A more recent analysis of all published 
trials of AS patients treated with etanercept could confirm that the rate 
of uveitis flares could be reduced from 19.3 per 100 patient years in 
the placebo-treated group to 8.6 in the etanercept-treated patients, a 
rate not significantly different from 10.7 found in AS patients treated 
with sulfasalazine.146 A similar reduction was reported in an open-label 
trial of AS patients treated with adalimumab: from 15 flares per 100 
patient-years before treatment to 7.4 after treatment.147

Thus, while treatment with TNF blockers can reduce the frequency  
of anterior uveitis, the exact role of TNF blocker for the treatment of 
severe treatment refractory cases of anterior uveitis still has to be defined.

Other extra-articular manifestations in AS
Other extrarheumatic manifestations such as aortic insufficiency, pul-
monary fibrosis, and renal amyloidosis can occur in a small percentage 
of AS patients and should be treated similarly to other causes. It 
remains to be seen whether these complications can be avoided in the 
future by earlier treatment with TNF blockers.

Fig. 116.16 Radiograph of a 23-year-old male patient with ankylosing 
spondylitis with arthritis of the right hip joint. Depending on the symptoms 
and progression of the arthritis, this patient could become a candidate for hip 
replacement.
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THE IMPORTANCE OF EARLY DIAGNOSIS  
FOR THE MANAGEMENT OF  
ANKYLOSING SPONDYLITIS
An early diagnosis is important in AS for several reasons:

● An early correct diagnosis avoids unnecessary diagnostic proce-
dures and incorrect treatments.

● It stresses the importance of starting consequent physical therapy 
early.

● Treatment with NSAIDs should be started and continued in 
symptomatic patients once the diagnosis is made.

● AS patients refractory to conventional treatment respond very 
well to TNF blockers, especially early in the course of their 
disease.

Regarding the question of whether patients with non-radiographic axial 
spondyloarthritis might even respond better than patients with estab-
lished AS, no controlled trials are currently available. Until recently, 
only a few open-label trials with small numbers of patients have been 
published reporting a good efficacy of TNF blockers in patients with 
undifferentiated spondyloarthritides.116,156-158

A major obstacle to early diagnosis and treatment is the typical delay 
in diagnosis of between 5 and 7 years after onset of first (chronic) 
symptoms.159,160 One reason for this is certainly the low awareness of 
AS among non-rheumatologists, and it is also a major challenge for 

formation and re-ankylosis after THR, AS patients should be started 
on NSAID treatment (if not so treated already) previous to the opera-
tion that should be continued for some days after.

Spinal surgery
Ankylosis of the spine results in obvious limitation of movement and 
elasticity. The reduced flexibility in combination with osteoporosis of 
the spine, as a consequence of lack of movement and of local and 
systemic inflammation, renders the spine susceptible to a variety of 
complications, including fracture and dislocation, sometimes even 
after a minor trauma. Spinal instability can also occur as a consequence 
of a severe Andersson lesion (discovertebral erosions and destruction). 
Pain and/or neurologic involvement are indications for fusion opera-
tions (Fig. 116.17a, b). A severe kyphotic deformity can be an indica-
tion for an operation to improve posture and forward vision, with an 
average correction ranging from 37 to 40 degrees.154 The three com-
monly performed procedures are opening wedge osteotomy, polyseg-
mental wedge osteotomy, and closing wedge osteotomy. Severe 
complications, such as neurologic effects, occur in 2% to 4%. Figure 
116.18 shows a patient before and after correction of severe kyphosis 
by a polysegmental wedge osteotomy of the lumbar spine, which is the 
location most frequently used.155 Atlantoaxial and atlanto-occipital 
subluxation and spinal stenosis can be other reasons for surgical 
interventions.

a

b

Fig. 116.17 Severe Andersson lesion (discovertebral erosions and destruction) (a, arrow) of the thoracic spine in a patient with 
ankylosing spondylitis resulting in instability and severe pain, which was treated with a fusion operation (b).
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Screening in primary care
Whereas criteria for early diagnosis of AS are important, strategies to 
alert the primary care physician to think of inflammatory spine disease 
in patients with chronic back pain and when to refer these patients to 
the rheumatologist for a final diagnosis are of similar relevance. 
Recently, screening parameters for early referral of AS patients by 

any physician in primary care to think of and to identify patients  
with inflammatory spine disease among the large group of patients 
with chronic back pain. However, the relative late appearance of  
radiographic sacroiliitis of up to several years after the first symptoms 
is another important reason for this delay because of the reliance on 
modified New York criteria for diagnosis. For this criteria set, radiologic 
sacroiliitis grade 2 bilaterally or grade 3 or 4 unilaterally is manda-
tory.161 As a consequence of the use of MRI to detect acute sacroiliitis 
and inflammation of the spine,72 it has become obvious that there is 
a continuum in spinal inflammation from a non-radiographic to a 
radiographic stage (Fig. 116.19). It has recently been argued that this 
should be treated as one disease and that radiologic sacroiliitis should 
not be an essential diagnostic parameter but rather a parameter for 
severity or chronicity. For the whole group of patients the term axial 
spondyloarthritis has been proposed.72,162 A diagnosis in the non-radio-
graphic stage can be made if a combination of clinical, laboratory, and 
imaging (especially MRI) parameters (Fig. 116.20) is applied.115,162 Most 
recently the ASAS group has developed new classification/diagnostic 
criteria for the whole group of axial spondyloarthritides, including 
patients with the early (non-radiographic) forms and patients who have 
already chronic bony changes as seen by radiographs.163 Active inflam-
mation (subchondral bone marrow edema) as shown by MRI is an 
important part of these criteria.

Two recent placebo-controlled trials in patients with non- 
radiographic axial spondyloarthritis with adalimumab139 or inflix-
imab164 could clearly show that the response rate was at least as 
good as in patients with established AS and partly even better. Up to 
55% of patients even fulfilled the ASAS criteria for partial remission.164 
Accordingly, the ASAS classification criteria for axial spondyloar-
thritides163 have now also been included in the ASAS recommendations 
for the treatment of AS with TNF blockers.134 Thus, early diagnosis 
and early treatment of axial spondyloarthritis becomes increasingly 
important.

a b

c d

Fig. 116.18 Ankylosing spondylitis patient before (a) and after (b) correction of a severe kyphosis by polysegmental wedge osteotomy129; radiographs taken 
before (c) and after (d) correction. (Courtesy of P. Metz-Stavenhagen, Bad Wildungen, Germany.)

UNIFYING CONCEPT OF AXIAL SPONDYLOARTHRITIS (SpA)

Non-radiological stage
(axial undiff. SpA)

Back pain
Back pain

Radiological
Sacroiliitis

Back pain 
Syndesmophytes

Time (years)

Radiological stage

Mod. New York Criteria 1984

Fig. 116.19 Unifying concept of axial spondyloarthritis (SpA), showing 
schematically the transition from early to late axial SpA. Axial SpA usually starts 
with sacroiliitis not yet detectable by conventional radiography but with time 
(over years) sacroiliitis and possibly syndesmophytes will become detectable 
by conventional radiography. Back pain as the leading symptom is normally 
present throughout the disease course. The vertical dotted line indicates the 
borderline that is used, according to established criteria, to separate axial 
undifferentiated SpA without radiographic changes from ankylosing 
spondylitis. (From Rudwaleit M, Khan MA, Sieper J. The challenge of diagnosis and 
classification in early ankylosing spondylitis: do we need new criteria? Arthritis 
Rheum 2005;52:1000-1008, with permission from John Wiley & Sons, Inc.)
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primary care physicians have been suggested that are easy to apply.166 
Such parameters have to be relatively sensitive and specific for the 
disease, have to be easy to apply by the non-specialist, and should not 
be too expensive. It has been calculated that a diagnosis of axial spon-
dyloarthritis can be made in every third to fifth patient with chronic 
(>3 months) low back pain who fulfills the clinical symptom of inflam-
matory back pain, is positive for HLA-B27, or shows evidence of sac-
roiliitis by imaging.166 Screening for patients with axial spondyloarthritis 
should concentrate on those in whom symptoms start at an age younger 
than 45 years, because this applies for at least 95% of them.160

At the moment it is not clear how early AS patients should be 
treated with TNF blockers.167 The past two decades have seen an 
impressive paradigm shift in the treatment of RA. For this disease it 
could be demonstrated that early and aggressive treatment can even 
achieve remissions in a substantial group of patients and that radio-
logic progression can be stopped and even healing of bony erosions 
occurs. It has to be shown whether this would also be true for AS if 
treated early enough.167

SOCIOECONOMIC ASPECTS OF THE 
MANAGEMENT OF ANKYLOSING SPONDYLITIS
Mainly because of the high costs of treatment with TNF blockers, the 
analysis of socioeconomic data for each disease separately is very 
important for the near future. In these kinds of analyses direct and 
indirect costs caused by the disease are balanced against treatment 
costs, savings of direct and indirect costs, and gain in quality of life. 
Analyzing the first randomized AS trial with infliximab,80 it was found 
that during 12 months before the screening visit, 41% of the completers 
had been hospitalized, in contrast to only 10% after 1 or 2 years of 
treatment. This corresponded to a significant decrease in the mean 
number of inpatient days, from 11.1 days per year before treatment to 
0.6 day after 1 year and to 2.9 days after 2 years.168 A more compre-
hensive approach, which was based on the same study, revealed that 
treatment costs are partly offset by savings in disease costs.169 However, 
the gain in quality of life (utility), which increased considerably in the 
AS patients treated with infliximab, has also to be calculated against 
the costs. In this analysis the incremental cost/utility ratio (ICUR) 
dropped to 35,000 GBP (51,000 EUR; 60,000 USD), an amount of 
money societies might be willing to pay. In another analysis of two of 
the randomized placebo-controlled studies, one with infliximab80 and 
one with etanercept,98 the calculated ICUR was higher.170 More recent 
cost-effectiveness analyses for Canada,171 the United Kingdom,172 and 
Spain173 concluded that treatment of patients with active AS with 
infliximab would be cost effective. However, because socioeconomic 
considerations will play an increasing role in the future, more studies 
are necessary—including the other drugs—to calculate the costs and 
to define the best candidate patients for a cost-effective treatment with 
these relative expensive therapies.

b

DISEASE PROBABILITIES OF THE PRESENCE OF AXIAL
SPONDYLOARTHRITIS (SpA) ACCORDING TO THE PRESENCE OF
INDIVIDUAL DISEASE PARAMETERS IN INDIVIDUAL PATIENTS  
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Fig. 116.20 Disease probabilities of the presence of axial spondyloarthritis 
(SpA) according to the presence of individual disease parameters in individual 
patients. The prevalence (pretest probability) of having axial SpA among 
patients with chronic back pain is about 5%. To calculate the disease 
probability for an individual patient, the likelihood ratio(s) (LR) (LR = 
sensitivity/100 − specificity) of the parameters that are present in an individual 
patient are multiplied, resulting in an individual LR product. Thus, the resulting 
LR product depends on both the number of parameters present and on the LR 
of the parameters present. From the LR product the post-test probability of 
having the disease can be calculated. For more details see reference 136. Two 
examples are shown: (a) a patient presenting only with inflammatory back 
pain and enthesitis has a disease probability of only about 34%; (b) if the same 
patient also has a positive MRI this goes up to >80%. (Modified from Rudwaleit 
M, Khan MA, Sieper J. The challenge of diagnosis and classification in early 
ankylosing spondylitis: do we need new criteria? Arthritis Rheum 2005;52:1000-
1008, with permission from John Wiley & Sons, Inc.)
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anticipate that as our understanding of the pathogenesis of PsA 
increases, the diagnostic and classification criteria will be refined.

EPIDEMIOLOGY
Although the exact prevalence of PsA is unknown; estimates vary from 
0.3% to 1% of the U.S. population, with a reported prevalence of 7% 
to 42% in patients with psoriasis.1,2 The wide variation in the estimates 
of prevalence stem from several factors: the large heterogeneity of the 
disease, lack of a precise case definition, and the diversity of cohorts 
being studied, which makes direct comparisons difficult. Interestingly, 
for the first time a recent study has shown that the incidence of PsA 
may be rising. A population-based incidence cohort in Olmsted County, 
Minnesota, demonstrated that the incidence of PsA (using the CASPAR 
criteria) has been rising over a period of 30 years (1970-2000) in both 
men and women (see Table 117.1).3 Results showed that the age- and 
sex-adjusted incidence of PsA per 100,000 increased from 3.6 (95% 
confidence interval [CI], 2.0-5.2) to 9.8 (95% CI, 27.7-11.9). The earli-
est reports by Wright and associates of inflammatory arthritis associ-
ated with psoriasis described the characteristic involvement of distal 
interphalangeal (DIP) joints with erosive and terminal digital absorp-
tive changes at the distal phalanges, concurrent sacroiliitis, as well as 
arthritis mutilans.4,5 The first paper from the American College of 
Rheumatology that identified PsA as a distinct clinical entity was 
published in 1964.6 Over 40 years later, we are still gathering a great 
deal of new information about patients with PsA, including distinct 
pathophysiologic mechanisms in the enthesitis and bone, revisions of 
the classification criteria, and the efficacy of novel immunologic targets.

In a more recent review by Alamanos and associates, a total of 13 
epidemiologic studies on PsA patients were systematically examined. 
A wide variation in the incidence and prevalence of PsA was observed 
among several countries and areas of the world suggesting significant 
geographic variation for PsA patients.7 For example, the prevalence of 
PsA in Japan is 1 case per 100,000 compared with 420 cases per 
100,000 in an Italian study. Similarly, Pedersen and associates carried 
out a population-based study of the prevalence of PsA using both Moll 
and Wright and CASPAR criteria. This study found the point preva-
lence to be 0.15%, with an incidence of 6/100,000 person-years.7,8 A 
more recent population-based study of 1633 subjects with psoriasis 
found that less than 10% of the patients developed PsA during the 
30-year period.3 There were two additional studies performed in Italy 
and Germany that showed a much higher prevalence of PsA, 20.6% 
and 36%, respectively. Although these studies demonstrated a much 
higher prevalence than that of the 10% reported in a U.S. population-
based study, all have added to our understanding of PsA epidemiology 
worldwide. Potential differences of these geographic variations could 
be due to secular trends, genetic factors, and study design such as dif-
ferences in case ascertainment, methodology, or environmental expo-
sure. Box 117.1 refers to the methodologic challenges seen across many 
epidemiologic PsA studies that make it difficult to find the true preva-
lence and incidence of the disease.

PsA can develop at any age. However, for most people it appears 
between the ages of 30 and 50. Unlike other types of inflammatory 
arthritis with a large female predominance, PsA seems to affect men 
equally or even at a slightly higher rate. The onset of PsA symptoms 
may vary in patients with psoriasis. In the majority, skin changes 
present prior to involvement of joints. However, this is not always a 
consistent feature. A subset of patients can present with skin and joint 
symptoms concurrently. More rarely, inflammatory joint symptoms 
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INTRODUCTION
Many autoimmune diseases occur in adults that also affect the skin. 
One of the most prevalent of these diseases seen in rheumatology is 
psoriatic arthritis (PsA). PsA is a unique type of inflammatory joint 
disease that is associated with cutaneous psoriasis. PsA has many 
diverse characteristics that can easily be distinguished from the most 
common form of inflammatory arthritis—rheumatoid arthritis (RA). 
In PsA, not only the joints but also the surrounding structures can be 
involved, such as tendons and ligaments, clinically presenting as dac-
tylitis and enthesitis. In addition, PsA can also affect the scalp and 
nails, causing pitting, ridging, and distal onycholysis. There is increas-
ing evidence on many levels, including molecular, cellular, and tissue 
setting, that PsA is a distinctive form of inflammatory arthritis. Prompt 
diagnosis and treatment can alleviate both pain and inflammation and, 
possibly, help prevent progressive joint involvement and damage.

DIAGNOSIS
There is complexity inherent to accurately diagnosing PsA; most criti-
cal is the absence of validated criteria for case identification, classifica-
tion, and diagnosis of the disease. The standard rheumatologic 
laboratory tests such as rheumatoid factor (RF), anti-citrullinated 
peptide antibody, and radiographic changes may be negative, adding to 
the difficulty of a definitive diagnosis.

PsA is mainly established by the presence of characteristic signs and 
symptoms associated in both the skin and joint and by process of 
elimination of more common inflammatory arthritides. However, 
these clinical features are not confined to PsA, and there are many 
common characteristics between PsA and RA. Diagnosis may be easier 
to confirm if psoriasis coexists with symptoms of arthritis. However, 
in as many as 15% of cases, symptoms of PsA appear before symptoms 
of psoriasis (called “psoriatic arthritis sine psoriasis”). A careful medical 
history, physical examination, blood tests, magnetic resonance imaging, 
and radiography of the involved joints along with a dermatologic evalu-
ation are used to diagnose PsA.

Initially, most patients with PsA were thought to have a mild, short-
lived form of arthritis. However, it is now known that PsA can affect 
joints early in the disease course with irreversible joint damage and 
that cutaneous psoriasis can severely affect a patient’s quality of life.

Treatment with anti–tumor necrosis factor (TNF) inhibitors has 
been a remarkable breakthrough in the management of this disease. In 
addition to the improvement in the peripheral joint disease and cutane-
ous psoriasis there is significant benefit in alleviating axial disease, 
dactylitis, and enthesitis symptoms compared with traditional therapy. 
Because these agents have been highly successful in both skin and  
joint disease, it is important to build collaborative approaches with 
both rheumatologic and dermatologic specialties to optimize disease 
management.

The focus in this chapter is on the epidemiology and classification 
criteria for PsA. Some of the key features distinguishing PsA from other 
inflammatory disorders are also reviewed to highlight the complexity 
of this condition. Furthermore, it is important to recognize that these 
proposed categorizations for PsA may be inadequate to some degree 
when referring to early versus late disease changes, classic presentation 
versus atypical presentation, or clinical/therapeutic trials versus bedside 
diagnosis. It is also clear that the study of PsA has lagged behind that 
of other inflammatory joint diseases such as RA because to date there 
is no universally agreed or thoroughly validated criteria for PsA. We 
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BOX 117.1 METHODOLOGIC CHALLENGES IN PSORIATIC ARTHRITIS 
EPIDEMIOLOGIC STUDIES
 Variations in case identification/definition
 Lack of validated, widely accepted criteria for classification or diagnosis
 Different methods of case ascertainment
 Different age-adjustment methods
 Small cross-sectional cohorts
 Selective study populations
 Limited follow-up period
 Lack of sensitivity for classification criteria

occur before skin changes. Typically, PsA presents as a mild, oligoar-
ticular disease but can become polyarticular with time and progresses 
to a severe, erosive condition in at least 20% of patients. The aggressive 
form is seen more commonly in those patients who exhibit polyarticu-
lar or erosive PsA at presentation. The discovery of RF and, more 
recently, the anti-citrullinated peptide antibodies has helped to distin-
guish PsA from other inflammatory arthritides. This notwithstanding, 
the difference of PsA from other inflammatory conditions is still made 
predominately on clinical assessments by a physician rather than from 
a serologic test or widely accepted classification criteria. In general, PsA 
patients are seronegative, whereas other patients with PsA can also 
have an increased prevalence of cardiovascular disease and its associ-
ated risk factors compared with matched controls.

Patients with psoriasis are at an increased risk for developing PsA 
during their lifetime.9 Risk factors for the development of inflammatory 
arthritis in patients with psoriasis are the subject of current research, 
both in the area of predicting the more severe PsA and that of early 
detection/recognition, especially in non-rheumatology practices such 
as general internal medicine and dermatology. Given that PsA can have 
an indolent and progressive course, a delay in diagnosis and treatment 
may lead to an erosive arthropathy and irreversible joint damage. The 
Group for Research and Assessment of Psoriasis and Psoriatic Arthritis 
(GRAPPA) has led an effort to develop and validate three PsA screening 
tools.10 To aid clinicians in screening for PsA, a consensus on a well-
designed screening tool can help to increase detection in general and 
specialty clinics. It can also help determine the prevalence of PsA in a 
given population, record clinical data for genotype-phenotype studies, 
and track response to therapy. There are additional factors that can be 
predictive of a worse prognosis for psoriatic patients. These include 
more extensive skin involvement, strong family history of psoriasis, 
and disease onset at age younger than 20 years (Box 117.2). 

BOX 117.2 PREDICTORS OF WORSE PROGNOSIS
 Polyarticular or erosive disease at presentation
 Association with extensive skin involvement
 Strong family history of skin disease
 Disease onset at younger than 20 years of age

TABLE 117.1 CLASSIFICATIONS OF PSORIATIC ARTHRITIS

Moll and Wright11

CASPAR15 (ClASsification criteria for Psoriatic ARthritis)*

Points Category Description

Presence of psoriasis and:
1) An inflammatory 

arthritis (peripheral 
arthritis and/or 
sacroiliitis or 
spondylitis)

2) The (usual) absence of 
serologic tests for 
rheumatoid factor (RF)

2 Current psoriasis or personal or family history 
of psoriasis

Psoriatic skin or scalp disease confirmed by dermatologist or rheumatologist; 
history of psoriasis from patient, family physician, dermatologist, 
rheumatologist, or other qualified practitioner; patient-reported history of 
psoriasis in first- or second-degree relative

1 Psoriatic nail dystrophy on current physical 
examination

Includes onycholysis, pitting, and hyperkeratosis

1 Negative for RF Enzyme-linked immunosorbent assay or nephelometry preferred (no latex) 
using local laboratory reference range

1 Current dactylitis or history of dactylitis 
documented by a rheumatologist

Swelling of entire digit

1 Radiographic evidence of juxta-articular new 
bone formation

Ill-defined ossification near joint margins excluding osteophyte formation on 
plain radiographs of hand or foot

*PsA is diagnosed when ≥ 3 points are assigned in the presence of inflammatory articular disease (joint, spine, or entheseal).

The aggressive form is seen more commonly in those who exhibit 
polyarticular or erosive PsA at presentation. In a more recent popula-
tion-based study, a psoriasis incidence cohort of 1633 patients demon-
strated psoriasis features associated with a higher likelihood of PsA 
that included nail dystrophy, scalp lesions, and intergluteal/perianal 
psoriasis.3

CLASSIFICATION
Because PsA does not carry a pathognomonic test for establishing a 
definitive diagnosis, the development of well-validated and widely 
adopted criteria for classification has been of great interest to rheuma-
tologists. From a historical standpoint, the main classification criteria 
for PsA were presented by Moll and Wright. Published observations of 
a large cohort of patients in Leeds, England, during the early 1970s led 
to the development of the Moll and Wright criteria (Table 117.1)11 
These have been the most concise criteria and, until recently, the most 
widely used. The Moll and Wright criteria were based on having estab-
lished inflammatory arthritis (either peripheral arthritis and/or axial 
involvement with sacroiliitis or spondylitis) with the presence of pso-
riasis and the absence of a negative RF serologic test. The limitation 
of this classification is the fact that it was not validated using patient 
data nor tested in diverse populations.

PsA patients have been historically classified into five different 
subtypes with some overlap (Box 117.3). These include (1) distal inter-
phalangeal joint–predominant arthritis, (2) asymmetric oligoarticular 
arthritis, (3) symmetric polyarticular arthritis (RA-like picture), (4) 
axial disease–predominant affecting spondylitis, sacroiliitis, and/or hip 
and shoulder involvement, and, less commonly (5) arthritis mutilans. 
Arthritis mutilans is a very rare, painful, and rapidly destructive type 
of PsA and is characterized by deforming arthritis especially of the 

BOX 117.3 SUBTYPES OF PSORIATIC ARTHRITIS
 Distal interphalangeal joint–predominant arthritis (10%)
 Symmetric polyarthritis–predominant arthritis (5%-20%)
 Asymmetric oligoarthritis or monoarthritis (70%-80%)
 Axial disease–predominant (spondylitis and/or sacroiliitis) (5%-20%)
 Arthritis mutilans (rare)
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hands and by resorption of phalangeal bones. Other distinctive clinical 
features include the swelling of the fingers and toes, suggesting a 
“sausage-like” appearance called dactylitis. This can also be seen in 
patients with reactive arthritic conditions. Inflammation of the tendon 
sheath (tenosynovitis) or inflammation of the entheses (enthesitis) can 
also occur. Entheses is the term used to describe the insertion of 
tendons or ligaments to bone. Inflammation of the eye such as con-
junctivitis can also be associated with PsA. Because PsA is clinically 
and genetically heterogeneous, it has been difficult to develop compre-
hensive classification criteria.

Such validated criteria as those developed for RA have not yet been 
fully implemented for patients with PsA. More recently, several reports 
highlighting specific modifications of the Moll and Wight subgroups 
have been published.12-14 A more recent and unified effort of expert 
investigators has led to the development of the CASPAR criteria (Clas-
sification Criteria for the Study of Psoriatic Arthritis). This is consid-
ered one of the largest international endeavors to establish a consensus 
based on 32 centers worldwide. The study evaluated 588 patients with 
definitive PsA compared with 536 controls (patients with other forms 
of inflammatory arthritis) collecting standardized data. This very thor-
ough effort culminated in the CASPAR criteria, which yielded a sensi-
tivity of 98.7% and specificity of 91.4% for the diagnosis of PsA. The 
new classification criteria incorporate musculoskeletal, dermatologic, 
and radiographic features. The main limitation of the CASPAR study 
cohort is the long-standing, well-established PsA disease (>12 years’ 
duration) diagnosis, thus possibly losing generalizability to those  
with early disease. Chandran and colleagues undertook a study to 
determine the sensitivity of the CASPAR criteria in patients with early 

PsA (duration of disease < 1 year) and found these criteria to have  
very high sensitivity in both early and late PsA disease.15 We have to 
realize, however, that this study was undertaken in a specialty clinic 
of a tertiary referral center without a control group, possibly leading  
to an overestimation of the sensitivity of the criteria. An additional 
limitation of the CASPAR criteria is the vagueness of the principal 
qualification of inflammatory arthritis (peripheral, spinal, or entheseal 
disease).

It is important to remember that fulfilling classification criteria is 
not equivalent to making a diagnosis in an individual patient.16 It is 
best to have separate criteria for classification and diagnosis purposes. 
The importance of validated classification criteria for various inflam-
matory chronic diseases such as RA has been demonstrated to be criti-
cal for rigorous research. The development of new therapies, particularly 
biologic disease-modifying antirheumatic drugs, has highlighted this 
shortfall and rendered the need for more sensitive and specific criteria 
and for standardized outcome and response. The situation is made 
more complex in PsA by the existence of several clinical subgroups, 
whereby the precise definition has been the subject of some debate as 
well as the considerable overlap of the subgroups. The problem is not 
so critical with the classic presentation of PsA, that is, with oligoar-
thritis, DIP joint involvement, calcaneal enthesitis, and dactylitis, but 
becomes more problematic with the group of patients who have sero-
negative polyarthritis and psoriasis.

During the past decade, the overall prognosis for PsA has steadily 
improved. However, for optimal treatment and best practices out-
comes, further attention to the classification criteria must be given to 
the entire spectrum of psoriatic disease.
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with psoriasis had RA, compared with 2.3% of controls. Similarly, 
Leczinsky8 found that 6.8% of patients with psoriasis had inflamma-
tory arthritis, compared with 0.7% of controls with other skin com-
plaints (see Table 118.2). Community-based studies have confirmed 
these observations.9,10 Other uncontrolled clinic surveys of patients 
with psoriasis have suggested a 30% to 35% prevalence of inflammatory 
arthritis.11,12 These higher estimates may reflect the more detailed 
evaluation of axial and peripheral joints undertaken, although aware-
ness and selection biases cannot be excluded. Overall, there is an 
increased association between inflammatory arthritis and psoriasis. 
Several explanations for this association can be suggested. First, psoria-
sis may be a risk factor for inflammatory arthritis. Second, psoriasis 
and inflammatory arthritis may share a common etiologic trigger. 
Finally, a distinct entity of psoriatic arthritis may exist. The last of 
these is generally accepted to be true, but until more is known about 
psoriatic arthritis, the first two explanations cannot be completely 
discounted.

Incidence and prevalence of psoriatic arthritis
A number of studies have examined the prevalence of psoriatic arthritis 
in different populations, giving rates of between 1 and 420 cases per 
100,000 (Table 118.3).10,13-22 The variability in estimates in part relates 
to differences in case ascertainment, but the very low prevalence in 
Japan probably represents a real difference in prevalence.15 Estimates 
often vary because the dermatologic or rheumatologic criteria applied 
will often lead to exclusion of some cases. In addition, it is difficult to 
account for patients who have minimal or no psoriasis at the time of 
study. With respect to incidence, in the United Kingdom in the Norfolk 
Arthritis Registry of recent onset inflammatory arthritis (a community-
based cohort), the annual incidence of psoriatic arthritis was estimated 
to be 3.6/100,000 in men and 3.4/100,000 in women.9 This study did 
not include patients presenting with monarthritis or spondyloarthropa-
thy only. The incidence in the United States in Olmsted County, 
Minnesota, was reported as 6.6/100,000 per year, for both sexes com-
bined.14 Again, only patients with a dermatologist-confirmed diagnosis 
of psoriasis were included. Similar incidence rates were reported in 
northern European populations21-24 with lower annual incidence rates 
in Greece16 and Japan.15

Additional observations
In contrast to RA, which has a female preponderance, the overall sex 
distribution of psoriatic arthritis is 1 : 1.9,14,25 The mean age at onset of 
psoriatic arthritis is in the range of 30 to 55 years.9,25,26 With regard to 
the timing of skin and joint disease, approximately 67% of patients 
develop psoriasis before the onset of arthritis.11,25,26 In about 16%, the 
two conditions occur within 12 months of each other11,25; and in the 
remainder, arthritis precedes the onset of psoriasis by more than 1 
year.11,25 The timing of onset may not be randomly distributed across 
all patients with psoriasis. In patients with type 1 psoriasis (age at 
onset < 40 years), the skin disorder preceded the onset of arthritis by 
9 to 10 years. In older patients with type 2 psoriasis (age at onset > 
40 years), arthropathy often develops within a year of the onset of skin 
disease, suggesting that a greater proportion of older patients have a 
near synchronous onset of the two conditions.27,28

Relationship to human immunodeficiency  
virus infection
An association of HIV infection with susceptibility to psoriatic arthritis 
has long been suggested. Indeed, the prevalence of psoriatic arthritis 

Clinical features of psoriatic arthritis
Ian N. Bruce

 Psoriatic arthritis is an inflammatory arthritis associated with 
psoriasis; rheumatoid factor is usually negative.

 The prevalence is 1 to 420/100,000 population, and the sex 
distribution is equal.

 Fifteen percent of patients develop psoriasis after onset of arthritis.
 Nail changes have the strongest association with arthropathy; the 

distal interphalangeal joints are particularly affected.
 Typical clinical features include the following:

– Distal interphalangeal joint involvement
– Asymmetric sacroiliitis/spondylitis
– Dactylitis
– Enthesitis

 The number of joints involved can increase with disease duration.
 Patients with polyarticular involvement tend to have poorer 

long-term outcomes.

HISTORY
Psoriatic arthritis can be defined as “an inflammatory arthritis associ-
ated with psoriasis, which is usually negative for rheumatoid factor” 
(RF).1 Alibert first described the association between psoriasis and 
arthritis in 1818, although the term psoriasis arthritique was first used 
by Bazin in 1860. Bourdillon developed a more detailed description of 
the condition in 1888.1 It has only been since the 1950s that psoriatic 
arthritis has been systematically studied. Wright2 noted that patients 
with psoriasis and erosive arthritis had a low frequency of RF positivity. 
In addition, he also pointed out the predilection for involvement of the 
distal interphalangeal (DIP) and sacroiliac joints, the frequent asym-
metric nature of the arthritis, and the tendency to severe joint destruc-
tion, known as arthritis mutilans.

In 1964, the American Rheumatism Association recognized psori-
atic arthritis as a distinct entity.3 In the past 40 years our understand-
ing of the clinical spectrum of psoriatic arthritis has expanded as a 
result of detailed analysis of large clinic series and improvements in 
imaging techniques.

EPIDEMIOLOGY
The association of psoriasis and arthritis is shown in Tables 118.1 and 
118.2.

Several studies have demonstrated that psoriasis is more common 
in patients with inflammatory arthritis and also that inflammatory 
arthritis occurs more commonly in cases with psoriasis than in the 
background population. In a retrospective clinic series, Dawson and 
Tyson4 noted psoriasis in 2.6% of patients with inflammatory polyar-
thritis, compared with 0.3% of those with osteoarthritis. In a popula-
tion study, Hellgren5 found psoriasis in 4.5% of patients with 
rheumatoid arthritis (RA), compared with 2.7% of controls. When RF 
status is taken into account, the association between psoriasis and 
inflammatory arthritis is greatest among seronegative patients.6,7 In 
one study, psoriasis occurred in 1.5% of controls and 1.2% of those 
with seropositive arthritis, whereas 20.2% of patients with seronegative 
inflammatory arthritis had psoriasis (see Table 118.1).6 With regard to 
the presence of inflammatory arthritis in patients with psoriasis, a 
similar association has been noted. In Hellgren’s study,5 9% of patients 
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in HIV infection is greater than expected in the general population.29 
This has particular implications for the incidence and prevalence of 
psoriatic arthritis in Africa. Historically, seronegative arthropathies are 
uncommon in sub-Saharan Africa because of the low prevalence of 
human leukocyte antigen (HLA)-B27.30 A recent study from Zambia 
found that spondyloarthropathies are now the most common group of 
inflammatory arthritis observed in this population.31 The prevalence 
of spondyloarthropathies was 180/100,000 among HIV-positive popu-
lations, compared with 15/100,000 in HIV-negative populations.31 A 
subsequent study from the same region found that 27 of 28 patients 
(96%) with psoriatic arthritis were HIV positive, compared with 30% 
of the background population.32 Several studies in North American 
HIV cohorts have found a prevalence of psoriatic arthritis of 0.4% to 
2%.29,33,34 In the context of HIV infection, severe skin and polyarticular 
joint disease, which often occur simultaneously, have been reported.32,35,36 
The spectrum of severity is wide, and in some cases improvement of 
arthritis with the onset of AIDS has been observed.32

CLINICAL FEATURES
Classification criteria
Psoriatic arthropathy is classified within the group of seronegative 
spondyloarthropathies (see Chapter 101), on the basis of work by Moll 

TABLE 118.1 SUMMARY OF STUDIES SHOWING AN INCREASED PREVALENCE 
OF PSORIASIS IN INFLAMMATORY POLYARTHRITIS (IPA),  

ESPECIALLY SERONEGATIVE ARTHROPATHIES

First 
Author Year Controls All IPA

Seropositive 
IPA

Seronegative 
IPA

Dawson4 1938 0.3% 2.6%

Baker6 1966 1.5% 1.2% 20.2%

Mongan7 1968 2.8% 12.5%

Hellgren5 1969 2.7% 4.5%

Harrison9 1997 5% 1.7% 5.6%

TABLE 118.2 SUMMARY OF STUDIES SHOWING AN INCREASED PREVALENCE 
OF INFLAMMATORY POLYARTHRITIS (IPA) IN PATIENTS WITH PSORIASIS

First Author Year

IPA

CommentsIn psoriasis In controls

Leczinsky8 1948 6.8% 0.7% Controls had other 
skin conditions

Hellgren5 1969 9% 2.3% IPA defined as possible 
classic RA

Van Romunde10 1984 5% 2.2% Only 41 psoriasis 
patients studied

TABLE 118.3 SUMMARY OF STUDIES ESTIMATING THE PREVALENCE AND 
INCIDENCE OF PSORIATIC ARTHRITIS

First Author Year Country
Prevalence 
per 100,000

Annual 
Incidence 
per 100,000

Lomholt13 1963 Faroe Islands 40

Van Romunde10 1984 Netherlands 50

Kaipiainen-
Seppanen23

1996 Finland 6

Harrison9 1997 United 
Kingdom

3.6 (males)
3.4 (females)

Shbeeb14 2000 United States 100 6

Hukuda15 2001 Japan 1 0.1

Soderlin24 2002 Sweden 8

Alamanos16 2003 Greece 57 3

Salaffi17 2005 Italy 420

Madland18 2005 Norway 195

Trontzas19 2005 Greece 170

Gelfand20 2005 United States 250

Pedersen21 2008 Denmark 140 6

Nossent22 2009 Norway 130 6.9

and Wright1 and others who have demonstrated many clinical and 
familial associations between psoriatic arthritis and other conditions 
in this group, such as reactive arthritis and ankylosing spondylitis. The 
inclusion of psoriatic arthritis within the spondyloarthropathies is also 
reflected in the European Spondylarthropathies Study Group (ESSG) 
criteria.37 To facilitate further research in psoriatic arthritis a new 
criteria set has been developed and validated. The CASPAR (ClASsifi-
cation criteria for Psoriatic ARthritis) criteria38 have been shown to 
have high sensitivity and specificity for the diagnosis of psoriatic arthri-
tis and provide a more consistent framework on which to base case 
ascertainment for future clinical and basic research in this condition 
(Box 118.1).

Articular involvement
Joint involvement in psoriatic arthritis can vary considerably, from an 
isolated monarthritis to extensive destructive arthritis. It can involve 
peripheral joints and the axial spine with varying frequencies. The 
most widely used descriptive classification is that proposed by Moll 
and Wright,1 which identifies five major subtypes of psoriatic arthritis 
(Box 118.2). There have been many further attempts to revise and 

BOX 118.1 CLASSIFICATION CRITERIA FOR PSORIATIC ARTHRITIS 
(CASPAR) CRITERIA
 Inflammatory articular disease (joint, spine, or enthesis)
 AND at least 3 points from the following:

– Current psoriasis (2 points), a personal history of psoriasis (1 point), or a 
family history of psoriasis (1 point)

– Typical nail dystrophy (1 point): onycholysis, pitting, hyperkeratosis
– Negative rheumatoid factor test (1 point): ELISA or nephelometry 

preferred
– Dactylitis (1 point): current dactylitis or a previous episode noted by a 

rheumatologist
– Juxta-articular new bone formation (1 point): on hand or foot 

radiographs

From Taylor W, Gladman D, Helliwell P, et al. Classification criteria for psoriatic arthritis: 
development of new criteria from a large international study. Arthritis Rheum 
2006;54:2665-2673.

BOX 118.2 THE MOLL AND WRIGHT CLASSIFICATION OF 
PSORIATIC ARTHRITIS
 Arthritis with distal interphalangeal joint involvement predominant
 Arthritis mutilans
 Symmetric polyarthritis—indistinguishable from RA
 Asymmetric oligoarticular arthritis
 Predominant spondylitis

From Moll JMH, Wright V. Psoriatic arthritis. Semin Arthritis Rheum 1973;3:55-78.
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of patients with oligoarticular arthritis have an asymmetric pattern.25,26 
In contrast, the majority of patients with polyarticular disease have 
symmetric involvement.26,42 Symmetry may, however, be largely a 
function of the total number of joints involved in the inflammatory 
process. In a comparison of patients with early and late RA and psori-
atic arthritis, after correction for the total number of involved joints 
there was no difference in the degree of joint symmetry observed 
between these conditions.43

Distal interphalangeal joint involvement
Involvement of the DIP joints in psoriatic arthritis is considered a 
distinctive feature of this condition (Fig. 118.2). These joints are thus 
involved more frequently in those with psoriatic arthritis than in 
patients with inflammatory arthritis without psoriasis.44 In a commu-
nity-based survey of early inflammatory arthritis, a DIP-predominant 
pattern at onset was found in 3.9% of patients with psoriasis, compared 
with 0.3% of patients without psoriasis.9 Several large hospital series 
have noted involvement of the DIP joints, as part of a polyarthritis, in 
up to 54% of patients with psoriatic arthritis.25,26,39 In contrast, the 
DIP-predominant subgroup of those with psoriatic arthritis represents 
a much smaller proportion of cases (1%-16%). Because the DIP joints 
may be the first to be involved, the DIP-predominant pattern can occur 
early in the disease course.1,39 DIP joint involvement is also commonly 
associated with two other significant features of psoriatic arthritis, 
namely, dactylitis25,39 and nail dystrophy.2 Recent studies using mag-
netic resonance imaging (MRI) have noted a close association between 
DIP joint involvement and involvement of the nail/distal phalanx 
complex, which may explain this clinical association.45,46

TABLE 118.4 RELATIVE FREQUENCY OF VARIOUS SUBTYPES OF PSORIATIC ARTHRITIS IN SELECTED CLINIC SERIES DISPLAYED ACCORDING 
TO DISEASE DURATION OF THE COHORT STUDIED

First Author Disease duration DIP predominant Oligoarticular Polyarticular Spondyloarthropathy Arthritis mutilans

Jones26 Onset 2%* 63%† 25% 10% 0%

Veale39 4 years (median) 16% 43% 33% 4% 2%

Gladman25‡ 9 years (mean) 12% 14% 40% 2% 16%

Jones26 12 years (median) 1%* 26% 63% 6% 4%

*Defined as DIP only, in this series.
†This includes monarticular and oligoarticular onset.
‡The balance in this series had overlapping patterns.
Note: Jones and colleagues26 described patterns at onset and follow-up.

TIME-DEPENDENT TRENDS IN THE RELATIVE FREQUENCIES OF
SPECIFIC SUBGROUPS OF PSORIATIC ARTHRITIS

Peripheral arthritis

Polyarthritis

Spondyloarthropathy (± arthritis)

Onset

Disease duration

Arthritis
mutilans

Mono/
oligoarthritis

Fig. 118.1 Time-dependent trends in the relative frequencies of specific 
subgroups of psoriatic arthritis.

Fig. 118.2 Psoriatic arthritis with predominant involvement of the DIP joints. 
(© University of Manchester.)

modify this system, but these have not been widely adopted. There is 
a high degree of overlap between categories within these subtypes, and 
hence it has limitations in practice. For example, spondyloarthropathy 
may be the dominant feature in only a minority of patients, whereas 
clinical and radiologic involvement of the spine can be detected in 
approximately one third of cases.25 Similarly, exclusive involvement of 
the DIP joint is less common than involvement of this joint as part of 
a general peripheral arthritis.26,39 It is thus not surprising that series 
have shown quite marked differences in their relative proportions of 
these subtypes. This is partly related to the entry criteria to these 
cohorts, as well as to some differences in the definitions for each sub-
group used. In addition, the disease duration at the time of study has 
a significant influence (Table 118.4 and Fig. 118.1).18,26 For example, 
Jones and associates26 found that, whereas the majority of patients 
described monarticular or oligoarticular disease at onset, after a mean 
follow-up of 12.1 years, 63% of patients had polyarthritis. Marsal and 
coworkers40 also found that the median number of joints affected at 
onset of disease was 2 (range 0-8), compared with a median of 10 (range 
2-19) after a follow-up period of 8 years. Arthritis mutilans is also a 
feature of prolonged disease.26 In addition, there is a tendency for the 
frequency of spinal involvement to increase with time.41 A more prag-
matic classification based simply on peripheral or axial involvement 
has therefore been suggested and may be justified.40

Symmetry of involvement in psoriatic arthritis
Wright2 identified asymmetry as a common feature of psoriatic arthri-
tis. In particular, asymmetric involvement was typical of the oligoar-
ticular pattern.1 Other investigators have also found that the majority 
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Fig. 118.3 Symmetric polyarthritis resembling RA.

Fig. 118.4 Arthritis mutilans. Note shortening of the thumbs and left index 
finger (the right fifth finger has been amputated). (© University of Manchester.)

a

b

Fig. 118.5 (a and b) Digital telescoping in arthritis mutilans. (© University of 
Manchester.)

Monarticular and oligoarticular arthritis
The frequency of these forms of psoriatic arthritis is highly variable 
across different series, ranging in prevalence from 11% to 70%.1,25 
Indeed, in a community-based study of psoriatic arthritis in Olmsted 
County, Minnesota, in the United States, 90% of patients with psori-
atic arthritis had an oligoarticular pattern at onset.14 As pointed out 
earlier, monarthritis and oligoarthritis are the most common present-
ing patterns.14,26,40 A high proportion will, however, progress toward 
additional joint involvement.26 In addition to involvement of the lower 
limb joints, this pattern of arthritis can frequently affect the small 
joints of the hands, including the proximal interphalangeal and DIP 
joints. This pattern also has a male predominance.39

Symmetric polyarthritis
Symmetric polyarthritis involves the small joints of the hands and feet, 
in addition to larger joints (Fig. 118.3). It has a female preponder-
ance25,39,47 and can be clinically indistinguishable from RA.2,42 The 
exact frequency of this pattern is again controversial. Shbeeb and 
coworkers14 described a 3% prevalence of polyarthritis at onset. The 
frequency in hospital clinics can range from 15% to 61% and may in 
part reflect the referral base of these clinics.1,25,47 Polyarthritis also tends 
to develop over time, and patients with polyarticular disease have a 
longer disease duration than the other more discrete patterns.26,39 
Regardless of the precise frequency of the polyarthritis, it is patients 
with this condition who have more evidence of erosive joint damage.39,40

Arthritis mutilans
There is no clear definition of this commonly used term. In general, 
it describes the end stage of a destructive erosive arthritis, with disor-
ganization of joints leading to subluxation, “flail” joints and digital 
telescoping—the so-called doigt en lorgnette (opera glass finger) (Figs. 
118.4 and 118.5).2 In most series, the prevalence is less than 5%.1,26,39 
Arthritis mutilans is associated with long-standing disease and a 
female preponderance.26,40 An association with sacroiliac joint involve-
ment has also been described.1,40

Spondyloarthropathy
The spondyloarthropathy of psoriatic arthritis is uncommon as a pre-
dominant feature and accounts for only approximately 5% of cases.1,25 
Careful clinical and radiologic assessment, however, reveals involve-
ment of the axial spine in 20% to 40% of cases,25,39,47 increasing to as 
many as 51% at long-term follow-up.41 Involvement of the sacroiliac 
joints can be symmetric or asymmetric. In patients with bilateral sac-
roiliitis, there is a stronger association with HLA-B27.47 During follow-
up, although the radiographic changes in the spine tend to progress, 
spinal mobility is preserved or improves, and this form of spinal disease 
carries a better prognosis than pure ankylosing spondylitis.48 This may 
partly reflect the random nature of spinal involvement that is observed, 
in addition to a lower frequency of zygapophyseal joint fusion seen in 
psoriatic arthritis.49,50 The cervical spine is also a common site of 
involvement in psoriatic arthritis. This can occur as part of a more 
widespread axial disease or as the sole site of axial involvement. Cervi-
cal spine disease becomes more frequent with time.51 Two main types 
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Fig. 118.6 Dactylitis of the second toe. Fig. 118.7 Enthesitis involving the insertion of the right tendo Achilles.

of cervical spine changes are described51,52: an ankylosing type, similar 
to that seen in ankylosing spondylitis, and an erosive/inflammatory 
type that can result in atlantoaxial or subaxial instability. Because 
cervical spine involvement can be clinically silent, patients with pso-
riatic arthritis, particularly those with long-standing disease, should 
have cervical spine radiographs before a general anesthetic.51

Other musculoskeletal features
Dactylitis
Dactylitis or “sausage digit” is a feature of the seronegative spondylo-
arthropathies in general. It represents a complete swelling of a single 
digit in the hand or foot. Dactylitis is a common feature of psoriatic 
arthritis, occurring in 30% to 40% of patients during the course of their 
disease.25,39 It most commonly involves one or two digits at a time, and 
the feet are affected more commonly than the hands (Fig. 118.6).53 
There is an association with DIP joint involvement.25,39 Radiologically, 
patients with a history of dactylitis more frequently develop erosive 
damage.40,53 MRI has revealed dactylitis to be strongly associated 
with flexor tenosynovitis, soft tissue edema, bone edema, and 
synovitis.54-56

Enthesitis
Inflammatory lesions at the insertion of tendon into bone are a hall-
mark clinical feature of spondyloarthropathies; and, indeed, it has been 
postulated that it is this inflammatory lesion that is the key central 
pathogenic process in all seronegative spondyloarthropathies (see 
Chapter 114).57 Symptomatic enthesitis occurs in 20% to 40% of 
patients with psoriatic arthritis.58,59 It has been reported to be a present-
ing feature in 4%.58 Common sites of enthesitis include the tendo 
Achilles (Fig. 118.7), the plantar fascia insertion into the calcaneus, 
and ligamentous insertions into pelvic bones.

Peripheral edema
Peripheral edema of one or more distal extremities is an increasingly 
recognized feature of several inflammatory conditions, including pso-
riatic arthritis. In contrast to the remitting seronegative symmetric 
synovitis with peripheral edema (RS3PE) syndrome, distal extremity 
swelling in psoriatic arthritis is frequently asymmetric and preferen-
tially affects the lower limbs. It can occur at any time and may be a 
presenting feature of the disease.59 Clinically and radiologically, it is 
associated with extensor tenosynovitis and local enthesitis, and the 
edema is often along the course of the involved tendon.59 Peripheral 
edema is usually responsive to oral corticosteroids. Several cases of 
lymphedema associated with psoriatic arthritis have also been 
reported.60,61 Although generally less painful, lymphedema can become 
more extensive and has been associated with progression of erosive 
damage.60 The response to corticosteroids and disease-modifying anti-

rheumatic drugs is varied, and it can be an additional source of dis-
ability in these patients.60,61

Synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome
The syndrome of synovitis, acne, pustulosis, hyperostosis, and osteitis 
(SAPHO; see Chapter 161) is an uncommon but recognized subgroup 
of psoriatic arthritis. Clinically, fewer than 3% of patients with psori-
atic arthritis present in this fashion. Nevertheless, at least 67% of all 
patients with SAPHO have psoriasis vulgaris or palmoplantar pustulo-
sis.62 Scintigraphy suggests that involvement of the anterior chest wall 
may occur with a much greater frequency in patients with psoriatic 
arthritis than is clinically recognized.42

Psoriatic onychopachydermoperiostitis
Several case reports of the rare manifestation of psoriatic arthritis 
known as psoriatic onychopachydermoperiostitis have been described. 
The key features include severe involvement of one or more terminal 
phalanges, with associated severe nail dystrophy, soft tissue swelling, 
and marked periosteal reaction of the distal phalanx radiologically. The 
involvement of the DIP joint appears variable but is difficult to assess 
because of the marked local inflammation.63,64 Involvement of the great 
toe had been particularly described in this condition, and marked peri-
ostitis may eventually result in the radiologic phenomenon of the 
“ivory phalanx.”65 This entity appears to reflect the previously men-
tioned close association between the DIP joint, distal phalanx, and nail 
insertion as an extended entheseal complex.45,46

Associated nail and skin changes
Skin changes
There is a suggestion that patients with psoriatic arthritis may have 
more extensive psoriasis than patients with uncomplicated psoriasis 
only,66 but, in general, most patients with psoriatic arthritis have only 
mild to moderate skin disease.67 There is also no correlation between 
the extent of skin disease and total joint scores in patients with pso-
riatic arthritis.26,67 Nevertheless, 30% to 40% of patients with psoriatic 
arthritis report synchronicity of flares of their joint and skin disease, 
although the validity of this observation has not been formally 
tested.2,25,66 In a recent community-based psoriasis cohort, the pattern 
of psoriasis was associated with future risk of psoriatic arthritis. In 
particular, scalp or intergluteal/perianal involvement are associated 
with an increased risk of developing arthritis.68 With regard to specific 
psoriatic arthritis subtypes, an association between palmoplantar pus-
tulosis and the SAPHO syndrome is described.

Nail involvement
In contrast to skin disease, there is a close association between nail 
and joint involvement in psoriatic arthritis. Anatomically, the nail is 
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course.70,72,73 The other typical musculoskeletal features of adult pso-
riatic arthritis, such as dactylitis, enthesitis, and DIP joint involve-
ment, are all recognized. In addition, chronic uveitis is reported in 10% 
to 15% of patients and may be associated with antinuclear antibod-
ies.70,72 Within juvenile psoriatic arthritis there is also evidence of two 
subgroups. The first subgroup has its onset around 2 years old and 
occurs predominantly in females. This population has very low preva-
lence of actual psoriasis and tends to have a more oligoarticular disease 
with less axial involvement but a very high prevalence of dactylitis; in 
one study 60% of this cohort were antinuclear antibody positive.74 
Older patients presented at a median age of 9.5 (6.2-11) years and were 
more likely to have axial disease, enthesitis, and polyarticular arthritis. 
Interestingly, uveitis had a similar prevalence in both populations.74 
The prognosis of juvenile psoriatic arthritis is good. It can, however, 
persist into adulthood, and 10% to 15% of those affected have signifi-
cant residual disabilities.70,75

INVESTIGATIONS
Laboratory investigation
There are no diagnostic laboratory tests for psoriatic arthritis. Several 
studies have shown that the acute-phase reactants display typical 
inflammatory changes when the disease is active. In particular, anemia 
of chronic disease, hypoalbuminemia, and increased erythrocyte 

closely related to the distal phalanx by Sharpey’s fibers that insert into 
bone in a manner similar to an enthesis. In addition, the extensor 
tendon enthesis inserts into the area adjacent to the nail root.46 This 
close association may help explain the clinical observations and the 
fact that, in psoriasis patients, nail dystrophy is a risk factor for the 
future development of psoriatic arthritis.68 Nail involvement is seen in 
20% to 40% of patients with uncomplicated psoriasis, whereas 60% to 
80% of patients with psoriatic arthritis have nail involvement.25,26,39 All 
the typical nail changes of psoriasis can be observed in psoriatic arthri-
tis, including pitting, ridging, hyperkeratosis, and onycholysis.1 A 
closer temporal association between the onset of nail and joint disease 
has been described compared with the onset of skin and joint disease. 
Although skin disease may precede arthropathy by an average of 7 to 
10 years, the onset of nail changes often occurs only 1 to 2 years before 
the onset of arthropathy.2 The association between nails and joints is 
particularly marked in the presence of DIP joint arthritis, and 80% to 
100% of such patients have nail involvement that frequently occurs at 
the adjacent nail (Fig. 118.8).2,26,39 Patients with DIP joint involvement 
also have more severe nail changes,26,44 and patients with nail disease 
have more DIP joint involvement.67 There is also a closer synchronicity 
between flares of DIP joint disease and worsening of nail involvement 
than is reported for flares of skin and joint disease.2

Other extra-articular features
There is an overlap between the extra-articular features observed in 
psoriatic arthritis and those of the other seronegative spondyloarthrop-
athies. Ocular inflammation can occur, most frequently presenting as 
conjunctivitis. However, iritis has also been described in 7% of those 
affected by psoriatic arthritis.25 Additional uncommon complications 
such as oral ulceration, urethritis, and aortic valve disease have also 
been reported.69

JUVENILE PSORIATIC ARTHRITIS
Psoriatic arthritis developing in those younger than 16 years is rela-
tively uncommon and appears to account for less than 10% of chronic 
arthritis in childhood.70,71 In contrast to adult-onset psoriatic arthritis, 
in juvenile-onset psoriatic arthritis the arthropathy precedes psoriasis 
in up to 50% of cases.70,72 In view of this, careful attention needs to be 
paid to examination of the nails and taking an accurate family history 
in children with arthritis, as reflected in the criteria proposed by South-
wood and associates (Table 118.5).72 Juvenile psoriatic arthritis has a 
female preponderance of 2 to 3 : 1.70,72 It frequently presents as a mon-
arthritis or oligoarthritis, and the knee is often the first joint affected. 
As with the adult form, progression toward polyarthritis occurs in a 
significant proportion of those affected and involvement of the small 
joints of the hands and feet occurs commonly during the disease 

a b

Fig. 118.8 Involvement of the joint and adjacent nail. (a) In the right hand. (b) In the foot. Note the lack of involvement of the right fourth finger and nail. 
(© University of Manchester.)

TABLE 118.5 PROPOSED CRITERIA FOR DIAGNOSIS OF 
JUVENILE PSORIATIC ARTHRITIS

Diagnosis Criteria

Definite psoriatic arthritis Arthritis onset before age 16 years
and either
Typical psoriasis
or
Three minor criteria from:
 Dactylitis
 Nail pitting
 Psoriasis-like rash
 Family history of psoriasis (first- or second-

degree relative)

Probable psoriatic arthritis Arthritis onset before age 16 years
and
two minor criteria

After Southwood TR, Petty RE, Malleson PN, et al. Psoriatic arthritis in children. Arthritis Rheum 
1989;32:1007-1013.
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sedimentation rate (ESR), C-reactive protein, and fibrinogen are 
described.76 Hypergammaglobulinemia with increased IgG and IgA is 
observed.25,77 Increased IgA is especially associated with spondyloar-
thropathy.47 Overall, the ESR and C-reactive protein show a good cor-
relation with inflammatory disease activity, particularly in polyarticular 
disease.42,47,77 Because, in most series of patients, a positive RF is not 
taken as an absolute exclusion criteria for the case definition of psori-
atic arthritis, an RF-positive status has been reported in 5% to 10% of 
patients.25,47 In a community cohort of patients with recent-onset 
inflammatory polyarthritis, patients with psoriasis were significantly 
less likely to be RF-positive compared with those without psoriasis 
(13% compared with 31%).9 Anti-citrullinated peptide antibodies 
(ACPAs) are also described in low prevalence in psoriatic arthritis of 
6% to 10%.78-81 Like RF positivity, there is an association with female 
gender and polyarticular disease.79-81 It is also noted, however, that 
other typical psoriatic features such as DIP involvement and enthesitis 
are also observed in ACPA-positive patients.78,79 Positivity for antinu-
clear antibody is also found in 10% to 14% of patients with psoriatic 
arthritis.25,47 Hyperuricemia is present in up to 20% of patients with 
psoriatic arthritis.82 A prospective study of patients with psoriatic 
arthritis found that the best predictors of hyperuricemia were renal 
impairment and increased total cholesterol. There was no correlation 
with the extent or severity of skin involvement. This suggests that 
hyperuricemia in the context of psoriatic arthritis is not the result of 
increased epidermal cell turnover but rather reflects other relevant 
metabolic changes.82 As such, hyperuricemia may be one component 
of the metabolic syndrome that also includes abdominal adiposity, 
higher blood pressure, and dyslipidemia.

Radiographic changes
Peripheral joint features
Many radiologic features reflect the clinical distribution of psoriatic 
arthritis described earlier. Therefore, involvement of the DIP joints 
(Fig. 118.9) and an asymmetric distribution when few joints are affected 
are well described. In addition, the involvement of entheseal sites can 
result in proliferative new bone formation in sites of predilection—for 
example, the plantar fascia and tendo Achilles insertions. With regard 
to the onset of erosive change in peripheral joints, in a community 
survey of early inflammatory arthritis, patients with psoriasis had a 
reduced risk of erosions developing at 1 year, compared with patients 
without psoriasis.9 This reduced risk was explained by the lower inci-
dence of RF positivity in the psoriasis group. Nevertheless, 22% of 

Fig. 118.9 Radiograph of the hands, showing erosive changes at the DIP and 
PIP joints, with sparing of the MCP joints and wrists. (© Dr. R. Whitehouse.)

patients with psoriasis and early arthritis had evidence of erosions at 
1 year.9 In more established hospital cohorts, the prevalence of erosions 
can range from 35% to 70%.25,39,40 Erosions are most frequent in 
patients with polyarthritis and in those with longer disease dura-
tion.39,40 As mentioned earlier, there is an association between dacty-
litis and erosions. With regard to the distribution of erosions, in a 
case-control study comparing patients with psoriatic arthropathy and 
patients with seropositive arthritis without psoriasis, erosions were less 
frequent at the wrist and more common in the DIP joints of those with 
psoriatic arthritis.83 In addition to erosions, soft tissue swelling can be 
seen around sites of active inflammation, although periarticular osteo-
penia is not a feature in psoriatic arthritis.84 The other radiographic 
features of psoriatic arthritis in peripheral joints can be broadly grouped 
into destructive and proliferative changes.

Destructive changes
Osteolysis may result in whittling or penciling of a phalanx. This can 
occur alone or in association with an erosion at the base of the adjacent 
phalanx, which causes the classic “pencil in cup” deformity.85 Such 
destruction is typical of the arthritis mutilans pattern of disease (Fig. 
118.10).

Proliferative changes
In periostitis, proliferative new bone formation can occur along the 
shaft of the metacarpal and metatarsal bones (Figs. 118.11 and 
118.12a). When this change occurs adjacent to an erosion, the term 
whiskering is often used (see Fig. 118.12b).85

An ivory phalanx (see Psoriatic onychopachydermoperiostitis, 
earlier) can be noted, as can bony ankylosis and joint fusion (Fig. 
118.13).

Spinal changes
Radiographic evidence of sacroiliitis in psoriatic arthritis can be sym-
metric or asymmetric. Asymmetric sacroiliitis is more common in 
psoriatic arthritis than in ankylosing spondylitis (Fig. 118.14).50 Many 
of the classic features of ankylosing spondylitis can be observed in 
psoriatic arthritis, but patients with psoriatic arthritis tend to have less 
frequent involvement of the zygapophyseal joint and less severe and 
extensive involvement of the lumbar spine.50,86 Overall, the spinal 
involvement in psoriatic arthritis tends to be more “spotty” and asym-
metric, with frequent involvement of the cervical spine.50,86 An addi-
tional feature in the spine is paravertebral ossification or “chunky” 
syndesmophytes.87 These appear distinct from the classic “marginal” 
syndesmophytes observed in ankylosing spondylitis. The chunky syn-
desmophytes again occur in a patchy and asymmetric fashion through-
out the axial spine (Fig. 118.15).

Other imaging modalities
There is increasing interest in the use of MRI and ultrasonography to 
delineate the clinical manifestation of diseases such as psoriatic arthri-
tis. MRI studies have demonstrated that, in psoriatic arthritis, there is 
frequent involvement of extra-articular tissue such as ligaments, peri-
articular soft tissue and tendon sheaths, and bone (Fig. 118.16).54,88 In 
addition to delineating clinical joint involvement, MRI has also dem-
onstrated evidence of “subclinical” musculoskeletal changes in a sig-
nificant proportion of patients with apparently uncomplicated 
psoriasis.89 Scintigraphy in patients with psoriatic arthritis has also 
demonstrated more extensive involvement than is appreciated clini-
cally, particularly in the anterior chest wall and large peripheral joints.42 
Such techniques can therefore facilitate the clinical evaluation of 
patients with psoriasis and articular complaints.

DIFFERENTIAL DIAGNOSIS AND  
CLINICAL EVALUATION
Differential diagnosis
Psoriatic arthritis poses an important diagnostic challenge to the physi-
cian. The wide range of clinical presentations from isolated enthesitis 
or monarthritis through polyarthritis and spondylitis means that the 
differential diagnosis is quite extensive. Given the frequency of 
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Fig. 118.11 Asymmetric involvement of the hands. Soft tissue swelling and 
periosteal reaction in the right second and third fingers in the typical “ray” 
distribution. (© Dr. R. Whitehouse.)

a

b

Fig. 118.10 Arthritis mutilans. (a and b) Marked osteolysis and “penciling,” resulting in complete disorganization of the metatarsophalangeal (MTP) joints. There 
is also a “pencil-in-cup” deformity of the right fifth MTP joint (b). (© Dr. R. Whitehouse.)

hyperuricemia, crystal arthropathies also need to be excluded. In this 
instance, joint fluid analysis may be the only reliable way to exclude 
this possibility. The distinctions between psoriatic arthritis and RA or 
psoriatic arthritis and ankylosing spondylitis have been discussed and 
are summarized in Tables 118.6 and 118.7. In patients in whom there 
is no clinical evidence of skin or nail disease, distinguishing psoriatic 
arthritis from other arthropathies is particularly difficult.

Clinical evaluation
When assessing joint involvement in psoriatic arthritis, it is important 
to bear in mind that patients with this condition can be less tender 
over affected joints than are patients with RA.90 In addition, effusions 
can be more difficult to detect in patients with psoriatic arthritis.91 For 
these reasons, it is easy to underestimate the extent of joint involve-
ment in psoriatic arthritis. Examination for other musculoskeletal 
features such as enthesitis, tenosynovitis, and axial spine involvement 
is also necessary. Limitations in spinal movement may not follow the 
classic pattern observed in ankylosing spondylitis and may be confined 
to the neck or thoracic spine in the absence of lumbar spine or sacro-
iliac joint involvement. Radiologic evaluation complements the clinical 
examination, particularly when there has been a history of previous 
joint symptoms, because residual joint damage may be detectable 
radiologically in the absence of current symptoms. Similarly, previous 
or current inflammatory back symptoms suggest spondylitis and 
require radiologic examination. Finally, a detailed examination of the 
skin and nails to include “hidden areas” such as the scalp, perineum, 
and periumbilical area is important (Fig. 118.17). The choice of thera-
peutic agent(s) is determined by the extent and severity of the skin and 
joint disease and by an estimation of the risk of disease progression.
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ba

Fig. 118.12 Examples of periosteal reactions. (a) Along the shaft of the proximal phalanx. (b) Adjacent to a large erosion, producing “whiskering.” 
(© Dr. R. Whitehouse.)

TABLE 118.7 KEY FEATURES THAT HELP DISTINGUISH BETWEEN PSORIATIC 
ARTHRITIS (PsA) AND ANKYLOSING SPONDYLITIS (AS)

Feature PsA AS

Gender M : F 1 : 1 9 : 1

Sacroiliac joints/
axial spine

35% 100%

Spinal movements ↓ ↓↓

Peripheral joint 
involvement

90%-95% 40%

Peripheral joint 
pattern

Upper and lower limbs
Large and small joints

Lower limbs
Large joints

Dactylitis Common Uncommon

HLA-B27 10%-25% 90%

Spinal radiology Random distribution
Asymmetric
“Chunky” syndesmophytes

Contiguous involvement
Symmetric
Classic syndesmophytes

TABLE 118.6 KEY FEATURES THAT HELP DISTINGUISH BETWEEN PSORIATIC 
ARTHRITIS (PsA) AND RHEUMATOID ARTHRITIS (RA)

Feature PsA RA

Gender M : F 1 : 1 2 : 1

Rh factor <10% 80%

DIP joints 30%-50% Uncommon

Pattern of joint 
involvement

Asymmetric
“Ray” pattern

Symmetric
“Row” pattern

Sacroiliac joints/
axial spine

35%—any level Cervical spine in late 
disease

Other 
musculoskeletal 
disorders

Enthesitis
Dactylitis
Periarticular erythema

Extra-articular Skin
Nail dystrophy

Nodules
Sicca
Vasculitis

Radiology Erosion (DIP joints)
Periostitis/bony proliferation

Periarticular osteopenia
Erosion (wrists)

PROGNOSIS
Functional impairment
There have been only a few prospective studies of prognosis in psoriatic 
arthritis. The general impression is that the condition is associated 

with less long-term disability than is observed in RA.1 Several hospital 
clinic series have, however, shown that between 11% and 42% of 
patients with psoriatic arthritis have American College of Rheumatol-
ogy grade III or IV functional impairment at time of study.25,39,40,47 
Direct comparison between patients with psoriatic arthritis, rheuma-
toid arthritis, and ankylosing spondylitis also shows a comparable 
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Fig. 118.15 Non-marginal “chunky” syndesmophytes.

Fig. 118.16 Involvement of extra-articular tissues in psoriatic arthritis. MR 
images (coronal fat-suppressed proton-density–weighted) showing osteitis 
and bone edema as high signal in the clavicles, manubrium, and upper 
sternum of a patient with SAPHO. (© Dr. R. Whitehouse.)

Fig. 118.14 Early asymmetric sacroiliitis, with erosion and sclerosis of the left 
sacroiliac joint. (© Dr. R. Whitehouse.)

Fig. 118.17 Flexural psoriasis in the natal cleft, a typical “hidden” site for 
psoriasis.

Fig. 118.13 Bony ankylosis of the DIP joint. (© Dr. R. Whitehouse.)



CH
A

PTER 118 
● Clinical features of psoriatic arthritis

1193

overall standardized mortality ratio of 1.36 (95% confidence interval: 
1.12, 1.64)95; this likely reflects the spectrum of disease under 
long-term follow-up in hospital clinics. Interestingly, there was  
also evidence that the standardized mortality rate has improved with 
calendar year such that in the 1996-2004 cohort no excess mortality 
was noted.95 The most common causes of mortality in psoriatic arthri-
tis included cardiovascular disease, neoplasia, and respiratory 
disease.95,96 Others have also shown an excess burden of cardiovascular 
disease in patients with psoriatic arthritis.97 Significant predictors of 
mortality in psoriatic arthritis include radiologic damage, increased 
ESR, and prior use of disease-modifying antirheumatic drugs, with nail 
lesions being identified as a “protective factor.”98 From these studies, 
one can conclude that patients with polyarthritis are most likely to 
have functional impairment and progression of disease. In addition, 
extensive and progressive disease may also be associated with an  
excess mortality.

burden of illness across these conditions.92 All studies are agreed that 
there is an association between polyarthritis and functional disability. 
With regard to disease progression, studies from the University of 
Toronto Psoriatic Arthritis Clinic have shown that patients with at 
least five joint effusions at the time of presentation to the clinic are 
significantly more likely to develop progressive joint deformity at fol-
low-up. Additional predictive factors include the presence of HLA-B27, 
HLA-B39, or HLA-DQw3.93,94

Mortality
With regard to mortality, a community-based study in Olmsted  
County, Minnesota, showed no difference in survival for patients  
with psoriatic arthritis compared with members of the general popula-
tion.14 In contrast, in a hospital cohort an increased mortality rate 
compared with that in the general population was observed, with an 
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Over the past 35 years, scientific and translational studies support 
the concept that PsA has distinct disease mechanisms that contrast 
sharply to key pathophysiologic events associated with RA, although 
some parallels exist. In this chapter, genetic and environmental factors 
and a comprehensive review of the alterations that take place in the 
skin, synovium, entheses, cartilage, and bone are discussed. In addi-
tion, relevant observations obtained from the study of animal models 
are highlighted and both the human and preclinical data are incorpo-
rated into a working model of disease pathogenesis.

GENETIC FACTORS
At the outset, it must be pointed out that unraveling the genetic basis 
of PsA is complicated by the difficulty in discerning whether a genetic 
marker is specifically associated with skin or joint disease or both. The 
major barriers to dissection of the genetic risk factors in PsA are the 
phenotypic diversity, the fact that most PsA patients also have psoria-
sis, and the polygenic nature of the disorder such that multiple genes 
may be contributing small effects. Historically, a common genetic 
ancestry for both skin and joint disease may have been assumed, but, 
as discussed later, it is increasingly clear that this may no longer be 
accurate. A reasonable but unverified explanation for the presence of 
multiple risk alleles with low relative risk in the setting of marked 
disease heterogeneity is that many different genetic factors are associ-
ated with site-specific expression of disease in the skin and the joints. 
Alternatively, a number of rare hitherto undefined genetic associations 
may be involved in the disease pathogenesis.

Epidemiologic reports, association studies, and genome-wide scans 
indicate that PsA is a highly heritable disease mediated by multiple 
genes with low-risk effects.6 The heritability as measured by λs (risk 
to siblings compared with risk in general population) was greater than 
27 when compared with psoriasis, which is 4 to 7.7-9 Of note, one twin 
study did not find a higher concordance rate in dizygotic versus mono-
zygotic twins, but the study was underpowered.10 The recent develop-
ment of classification criteria11 may help to improve diagnostic 
precision, and larger sample sizes with well-characterized psoriasis and 
PsA subjects should facilitate a better understanding of the genetic 
factors that are associated with the two disorders, although the low 
diagnostic value of these criteria in early disease is of concern.12

Taking into the account the caveats just mentioned, association 
studies and genome-wide scans have identified risk alleles in patients 
with both psoriasis and PsA, including interleukin (IL)-12B, IL-23R, 
IL-1 gene cluster, tumor necrosis factor (TNF), and the class I major 
histocompatibility complex (MHC), particularly HLA-Cw6 (Table 
119.1). Other studies found an association with MHC class I chain-
related gene A (MICA) alleles that are situated centromeric to the 
HLA-B locus, and this susceptibility was independent of HLA-Cw6.13,14 
Overall, the MHC associations have the strongest relative risk but 
defining specific alleles is complicated by the strong linkage disequilib-
rium characteristic of this region.6 The association with the killer 
immunoglobulin-like receptor (KIR) alleles is particularly fascinating 
because these receptors bind MHC class I molecules with locus and 
allele specificity and this interaction can result in both activating or 
suppressive signals to natural killer (NK) cells and lymphocytes that 
are dependent on the ligand receptor interaction.15 Odds ratios range 
from 1.1 to 3.2 and are highest for the MHC class I.

Genome-wide association scans (GWAS) have shown that IL-23R, 
HLA-Cw06, and TNF polymorphisms are observed with greater fre-
quency in PsA subjects compared with controls. A closer examination, 

Etiology and pathogenesis of 
psoriatic arthritis
Christopher Ritchlin and Dennis McGonagle

 Psoriatic arthritis (PsA) is an inflammatory arthropathy associated 
with psoriasis, but not all patients with the characteristic 
arthropathy have skin disease. Presently this makes it difficult to 
define the full immunopathogenetic spectrum of PsA.

 The heterogeneity in expression of PsA with diverse skeletal 
patterns of involvement is a disease hallmark not observed in 
rheumatoid arthritis (RA). Whereas RA is considered an 
autoimmune-mediated peripheral synovitis leading to bone 
destruction, the phenotype of PsA is strikingly different, with 
characteristic features of florid bone destruction, including erosion 
and osteolysis, and new bone formation that encompasses 
periostitis, joint ankylosis, and syndesmophyte formation.

 This heterogeneous pattern of pathobiology in PsA is best 
conceptualized in relationship to inflammation at “the enthesis 
organ,” which includes the soft tissue structures adjacent to the 
insertion and regional trabecular bone. The enthesis organ often 
includes intimately associated synovium that forms a 
musculoskeletal assembly called the synovial/entheseal complex. 
As yet poorly defined, immune dysfunction at the enthesis organ 
likely contributes to much of the local skeletal inflammation in PsA.

 Nail disease, including matrix and nail bed involvement, is 
characteristic of PsA but much less common in psoriasis. Recent 
evidence indicates that neither nail disease nor joint disease shares 
the HLA-Cw06 genetic association noted in early-onset psoriasis. 
Moreover, inflammation at the enthesis may be the link between 
distal joint arthritis and nail involvement in PsA.

 Imaging studies have convincingly demonstrated that psoriasis 
without clinical arthritis is strongly associated with subclinical 
abnormal signals in entheses and bone. These studies coupled with 
the association of PsA with a wide array of extra-articular features 
that include uveitis, inflammatory bowel disease, obesity, metabolic 
syndrome, cardiovascular disease, and frequent nail inflammation 
support the emerging concept of a wide disease spectrum that 
should be viewed as psoriatic disease.

 The entire spectrum of skeletal and cutaneous inflammation 
associated with PsA is remarkably responsive to blockade of TNF in 
a majority of cases, which underscores the pivotal role of this 
cytokine in disease pathogenesis.

 Genome-wide association studies have confirmed several genetic 
associations with skin psoriasis, but the genetic basis for PsA awaits 
elucidation.

INTRODUCTION
The first definitive description of the link between psoriasis and arthri-
tis was the seminal paper published by Wright in 1956.1 In a landmark 
paper published in 1973, Moll and Wright2 described the characteristic 
features of psoriatic arthritis (PsA) in more detail, and the following 
year they put forth the concept of the spondyloarthropathies.3 Of par-
ticular relevance to the spondyloarthropathy concept was the newly 
documented association of HLA-B27 with ankylosing spondylitis, 
uveitis, and reactive arthritis.4,5 Moll and Wright emphasized the diver-
sity of clinical manifestations in PsA, such as asymmetry, arthritis 
mutilans, enthesitis, dactylitis, and nail disease, all findings not gener-
ally observed in rheumatoid arthritis (RA).
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implications of access of bacteria or their constituent macromolecules 
to the circulation and the effect this might have on skin disease 
expression remain contentions. Of note is the recent finding that 
segmented filamentous bacteria that colonize the terminal ileum of 
mice can shape the host immune repertoire supports the concept of 
a link between the gut biome and an aberrant inflammatory/immune 
response.20

Trauma
A well-recognized association between psoriasis and trauma known as 
the Koebner phenomenon is widely appreciated in the dermatology 
community. Koebner responses are generally greater in HLA-Cw6–
positive psoriasis cases. Analogous to the skin, several studies that 
have shown an intriguing association between trauma and the presence 
of PsA is stronger than the association between trauma and RA.21 If 
trauma is important in PsA, then the target entheses, which are sites 
of high mechanical stressing, might exhibit signs of microdamage. Of 
particular relevance is that these structures often have prominent 
alterations, including bone microfracture, repair, and altered vascular-
ity in normal cadaveric tissue.22 Intriguingly, these sites of damage may 
be associated with microscopic inflammatory changes.23 Thus, even in 
the absence of recognizable clinical trauma the normal physiologic 
responses associated with joint locomotion may lead to deep Koebner-
type responses that could trigger joint inflammation.

Finally, there is a well-recognized association between psychological 
stress and the development of psoriasis.21 Unfortunately, the accurate 
and scientific measurement of psychological stress remains difficult. 
Yet, the complexity of the mechanical and inflammatory interactions 
between the nervous and immune systems as outlined in the develop-
ing field of neuroimmunology has generated new hypotheses and 
potential mechanisms that link stress and joint pain. Nevertheless, a 
specific association between psychological stress and PsA has yet to be 
firmly defined.

IMMUNOPATHOLOGY
Any understanding of the mechanisms that underlie PsA must con-
sider the association with psoriasis, the marked impact of local factors 
that account for the diversity of joint involvement, and the predilection 
for axial, entheseal, and tendon inflammation (Fig. 119.1a). This 
pattern of asymmetric arthritis has been recognized to be one of simul-
taneously associated diametrically opposite phenotypes with new bone 
formation and bone destruction occurring in adjacent joints. These 
changes range from frank osteolysis (arthritis mutilans) and eccentric 
erosions to fluffy periostitis or frank bone erosion (see Fig. 119.1b). 
After the initial joint inflammatory insult, it appears that that either 

however, indicates that the association with HLA-Cw06 primarily 
relates to the early onset of psoriasis and not arthritis16 and, likewise, 
that the IL-23R association may also relate to psoriasis and not neces-
sarily arthritis.17 Furthermore, deletion in two late cornified envelope 
(LCE) proteins, namely, LCE3C and LCE3B that are specifically 
expressed in the epidermis is linked to psoriasis. However, neither of 
these skin-specific genetic deletions is associated with PsA.18 These 
proteins are associated with skin barrier function and studies are 
awaited to confirm a lack of association with PsA given that they are 
unlikely to be expressed in the joint tissues. This represents a very 
important conceptual breakthrough because it shows how tissue-spe-
cific gene expression, both outside the MHC and not primarily related 
to immune function, may contribute specifically to skin disease with 
no obvious association with PsA. Thus, identification of the full gamut 
of genetic risk factors for PsA will require large well-phenotyped popu-
lations to distinguish risk factors for arthritis from psoriasis.

ENVIRONMENTAL FACTORS

Infection
Unlike the joint structures, the skin is readily visible with a well-
defined phenotype so data on the relationship between environmental 
factors and incident psoriasis are understandably more robust com-
pared with reports of arthritis onset. The classic environmental asso-
ciation with psoriasis is the link with post-streptococcal tonsillitis and 
subsequent guttate psoriasis. This skin eruption typically affects 
younger patients and is associated with the presence of the HLA-Cw6 
antigen. Indeed, this widely appreciated clinical scenario represents a 
fairly well defined association between genetic and environmental 
factors in disease causation. Based on restricted usage of T-cell receptor 
expression in the tonsil and the skin, the case for molecular mimicry 
between streptococcal and cutaneous antigens has been proposed, but 
the alternative possibility that the inflammatory process is driven by 
superantigens also remains a possibility.19 The importance of chronic 
carriage of the inciting streptococcus is also supported by the prelimi-
nary evidence showing resolution of psoriasis after tonsillectomy. 
Although streptococcal infections have been associated with a post-
streptococcal arthritis that is totally independent of the psoriasis phe-
notype, no definitive evidence linking a specific infectious agent to PsA 
joint disease has been reported.

The role of bacterial colonization of psoriatic skin plaques and 
associated dysregulation of the skin barrier has also been hypothe-
sized. Generally, the lack of an association between the extent of skin 
psoriasis and arthritis severity argues against this. Abnormal large 
intestine mucosal permeability has been reported in about 20% of PsA 
cases. Whether this is environmental or genetic in origin and the 

TABLE 119.1 LOCI LINKED TO PSORIATIC ARTHRITIS FROM ASSOCIATION STUDIES

Gene Study Cases Controls Odds ratio Strength of association

IL-12B Liu et al (2008) 576 480 1.1 P = .0013

Huffmeier et al (2008) 748 937 1.5 P = 4.72 × 10−7

Huffmeier et al (2008) 748 937 1.48 P = 2.1 × 10−5

IL-23R Liu et al (2008) 576 480 1.70 P = 8 × 10−4

Huffmeier et al (2008) 748 937 1.59 P = .002

IL-2/IL-21 Liu et al (2008) 576 480 1.37 P = .002

IL-1 gene cluster Rahman et al (2006) 212 159 1.82 NR

TNF Reich et al (2007) 375 376 1.96 P = .0025

HLA class I Liu et al (2008) 576 480 2.4 P = 6.9 × 10−11

Gladman et al (1999) 94 100 NR NR

Liu et al (2008) 576 480 3.2 P = 1.9 × 10−10

KIR ligands Nelson et al (2004) 366 299 NR P < .0001

IL, interleukin; KIR, killer inhibitory receptor; NR, not reported; TNF, tumor necrosis factor.
Modified with permission from Nograles KE, Brasington RD, Bowcock AM. New insights into the pathogenesis and genetics of psoriatic arthritis. Nat Clin Pract Rheumatol 2009;5:83-91.
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Mutilans Mutilans
MutilansNormal

Synovitis
Dactylitis

Ankylosis
Dactylitis

a

b

Fig. 119.1 (a) Ray diversity in psoriatic arthritis. Note the marked differences in the pathologic changes in the various rays of the hand. (b) On radiography 
marked bony resorption, early “pencil-in-cup” deformities, and bony ankylosis are evident. (Reproduced with permission from the American College of 
Rheumatology.)

Red = osteitis

Osteoclast

Arthritis
mutilansNew bone

• Periostitis
• Enthesophyte

FOLLOWING SKELETAL INFLAMMATION THE OUTCOMES CAN BE VERY DIVERSE
WITH EITHER OSTEOLYSIS OR NEW BONE FORMATION OR EVEN BOTH

Fig. 119.2 After skeletal inflammation the outcomes 
can be very diverse with either osteolysis or new bone 
formation or even both. After diffuse digital osteitis (top 
left) tissue repair responses may dominate, leading to 
new bone formation at insertions and periostitis or even 
bony sclerosis (bottom left). This suggests a response 
that is ultimately dominated by osteoblastic and 
mesenchymal stem cell–mediated tissue repair 
responses. However, after diffuse osteitis the disease 
processes may be dominated by osteoclastic-mediated 
catabolic responses with diffuse bone destruction 
leading to osteolysis and other characteristic 
radiographic changes, including bone whittling (bottom 
right). (Blue bone denotes bone after resolution of 
active osteitis phase. Red bone denotes the active 
osteitis phase.)

osteoclastic-mediated joint damage or osteoblastic-mediated joint 
repair and remodeling takes place (Fig. 119.2). It is fair to say that these 
responses remain somewhat enigmatic beyond the fact that the local 
joint environment at each involved site critically influences disease 
expression.

Dissociation is often observed between the extent of skin and joint 
involvement in an individual patient. In fact, this observation has 

crystallized with the advent of numerous trials of biologic agents in 
both psoriasis and PsA in which it is evident that the Psoriasis Area 
and Severity Index (PASI) score may be minimally elevated in subjects 
with advanced polyarticular PsA. The key sites of inflammation include 
not only the synovium but also the bone (osteitis), entheses (enthesi-
tis), and tendons (dactylitis). Although these different anatomic sites 
of disease were historically considered as distinct unrelated entities, it 
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activated monocytes may leave the skin and enter subsynovial vessels 
in the joint and promote inflammation. Local factors that arise in the 
entheses or joint such as trauma, stress, or infectious pathogens could 
promote an innate immune response that rapidly expands to acquired 
immunity in the setting of preexisting T-cell expansion in the skin and 
secondary lymph organs.

The skin and joint inflammation may not be linked by circulating 
cells but by an underlying aberrant response to injury in the skin and 
the joint (localized Koebner or pathergy reaction), as described earlier.34 
Indeed, the skin and joint entheses share some common microana-
tomic features, including differential degrees of mechanical stressing 
across different tissue layers, and there is also a sharp interface between 
vascular and nonvascular tissues.35 Alternatively, as briefly mentioned 
earlier, inflammation in the gut may initiate an immune response in 
the skin and the joint, and the finding of subclinical bowel inflamma-
tion in up to a third of PsA patients provides evidence for this model.36 
It is anticipated that the underlying intersecting molecular and cellular 
events at these two sites will come into focus based on studies with 
appropriate animal models and translational approaches combined 
with dissection of the interplay between genetic and environmental 
factors.

Synovium
One of the most intriguing aspects of psoriatic joint inflammation is 
the prominent and striking vascular changes in the psoriatic synovium. 
Early studies of Espinoza showed changes in the endothelial cells on 
both light and electron microscopy that consisted of endothelial cell 
swelling accompanied by inflammatory cell infiltration and marked 
thickening of the vessel wall.37 Quantitative histopathologic analysis 
by Veale and colleagues showed that the vessel numbers were higher 
in PsA compared with RA,38 and arthroscopic studies showed that PsA 
synovial tissues had more tortuous vascularity whereas in RA it took 
on a more linear morphology (Fig. 119.3).39 Subsequent studies revealed 
that RA tissues can manifest linear, mixed, or tortuous patterns, 
although PsA synovium is almost always tortuous or bushy in appear-
ance.40 It is important to note that tortuosity is not limited to PsA but 
can also be observed in not only RA but also osteoarthritis and calcium 
pyrophosphate deposition disease41 and that these vascular changes 
have not been reported in all studies.

Histologic studies reveal an inflammatory tissue that is very similar 
to RA in appearance, with lining-layer hyperplasia and a subsynovial 
infiltrate of T cells, B cells, and monocytes. Digital image analysis of 
biopsy tissues revealed that PsA tissues had a lower number of infiltrat-
ing T and plasma cells but the expression of TNF-α, IL-β, IL6, and 
IL18 protein expression was similar in the two diseases. The expres-
sion of matrix metalloproteinases (MMPs), adhesion molecules, and 
vascular markers was also comparable in PsA and RA.42 In another 
report, PsA tissue vascularity and neutrophil infiltration increased in 
PsA compared with RA but antibodies to the shared epitope were 
observed only in RA (Fig. 119.4).43 Most importantly, synovial pathol-
ogy of PsA resembled those features observed in SpA more than those 
of RA. A somewhat surprising finding, given the absence of an identifi-
able autoantigen in PsA, was the presence of lymphoid aggregates in 
the synovium that were similar in prevalence and appearance to those 
observed in RA tissues.44 It may be that the inflamed synovial environ-
ment may non-specifically favor lymphoid aggregate formation. Taken 
together, the histopathologic studies indicate the presence of marked 
vascularity with fewer T lymphocytes but greater infiltration of neu-
trophils in psoriatic as compared with rheumatoid synovium.

Enthesis
The importance of enthesitis as a key pathologic lesion in the seronega-
tive spondyloarthritides including PsA has recently been elucidated and 
is discussed in detail in Chapter 121. The key point to understanding 
the diffuse nature of skeletal inflammation in PsA is that enthesitis 
was historically considered to represent a focal inflammatory lesion. In 
reality, the enthesis actually comprises an organ and dissipates 
mechanical stress over a wide area, including the adjacent bone and 
adjacent soft tissues; and consequently the immunopathology associ-
ated with enthesitis is similarly distributed over a wide area. Of 

has become increasingly evident in the past decade that a common 
anatomic biomechanical thread may connect the diverse pathologic 
processes.

Psoriatic plaque
A brief summary of the immunopathology of psoriasis is the key to 
setting the scene for an understanding of PsA. The events that lead to 
the formation of the raised, scaly, erythematous plaques of psoriasis 
arise as a result of interactions between innate and acquired immune 
responses.24 Based on the observation that intradermal injection of 
interferon alfa (IFN-α) can precipitate psoriasis and the knowledge that 
nucleic acids including DNA and RNA can lead to the upregulation of 
an array of “interferon signature” genes, a recent study has better 
defined the central importance of this cytokine in psoriasis. Stressed 
or apoptotic keratinocytes release DNA that binds to the cathelicidin 
LL37, an anti-bacterial peptide produced by keratinocytes. This LL-37/
DNA complex binds to TLR9 in the endosomes of plasmacytoid den-
dritic cells (pDCs), which in turn promotes release of IFN-α.25 Dermal 
DCs activated by IFN-α migrate to skin-draining lymph nodes and 
promote naive T-cell differentiation to T-helper-1 (Th1) and T-helper-17 
(Th17) cells. These Th1 and Th17 cells migrate to the dermis via 
lymphatics and blood vessels. In the dermis, INF-γ and TNF are 
released by Th1 cells while Th17 cells produce IL-17, TNF, IL-1, and 
IL-22. IL-22 stimulates keratinocyte proliferation and additional cat-
helicidin production. Keratinocytes produce large quantities of the 
cytokines IL-1, IL-6, and TNF and an array of chemokines.26 Dermal 
DCs also induce autoproliferation of T cells and release IL-23, which 
enhances proliferation and survival of Th17 cells. Additionally, cross-
talk between keratinocytes, fibroblasts, and endothelial cells results in 
tissue remodeling and deposition of matrix molecules. Marked angio-
genesis is observed in the dermis where tortuous, leaky vessels form.

Nail disease
Although the nail is generally of limited clinical relevance to rheuma-
tologists beyond its use in the confirmation of the presence of PsA in 
a patient with inflammatory arthritis, it has nevertheless contributed 
greatly to a better understanding of psoriatic disease. From the original 
description of PsA the late Verna Wright noted that nail disease was 
much more prevalent in PsA than in psoriasis without arthritis.1 The 
explanation for this clinical pearl has recently come into sharp focus 
with the demonstration that the entheses of the distal interphalangeal 
joint, including the extensor tendon and lateral collateral ligaments, 
are intimately anchored to both the nail and adjacent periosteum.27 
Although the nail may be ectodermally derived, it is functionally inte-
grated into the joint. What is also intriguing is that nail disease, like 
joint disease, does not appear to be linked to carriage of the HLA-Cw6 
antigen.28

Links between skin and  
musculoskeletal inflammation
Epidemiologic evidence suggests that from 13% to 20% of psoriasis 
patients will develop musculoskeletal involvement, but mechanisms 
that underlie joint inflammation are not well understood.29 In the 
majority of patients, psoriasis precedes arthritis by about 10 years. The 
true extent of musculoskeletal disease in PsA may be even greater. 
Various imaging modalities including scintigraphy, magnetic reso-
nance imaging (MRI), and Doppler ultrasonography have consistently 
demonstrated skeletal abnormalities, including periostitis, osteitis, and 
enthesitis in psoriasis patients with no musculoskeletal symptoms or 
objective findings.30-32 These data suggest ongoing subclinical joint 
inflammation in more than a third of psoriasis subjects. Given that a 
recent study demonstrated that in about 10% of patients, psoriasis 
evolves into PsA over 2 decades, then it appears that a majority of 
patients with subclinical disease may not develop overt skeletal inflam-
mation, but this finding awaits confirmation.33

Several conceptual models can be envisioned to explain links 
between psoriasis and joint inflammation, and it is entirely possible 
that several of these mechanisms are operative in a parallel manner or 
in different subgroups of patients. T lymphocytes, dendritic cells, or 



CH
A

PTER 119 
● Etiology and pathogenesis of psoriatic arthritis

1199

MRI studies of dactylitic joints show flexor tenosynovitis, circumfer-
ential soft tissue inflammation, synovitis, and bone marrow edema.46 
Of note is the fact that erosions are more commonly observed in dac-
tylitic digits, and joint fusion is also observed.47 One possibility is that 
the diffuse tissue inflammation begins at the attachment of the capsule 
onto the phalanx and represents a form of enthesitis.48 However, 
enthesitis does not explain the widespread tissue inflammation and 
the predilection for involvement of the second digit of the hand and 
fourth digit of the foot. A conceivable explanation is that the process 
begins in the entheses but spreads to the soft tissues and bone in 
response to trauma and represents a form of deep Koebner phenome-
non, but additional evidence is required to support this idea.

particular importance is that the enthesis may be closely integrated 
with the adjacent synovium, bursae, and fibrocartilage, which together 
form a structure termed a synovial-entheseal complex (Fig 119.5).

The insertion point to bone is fibrocartilaginous and normally avas-
cular, which minimizes stress and the risk of injury at the sites of 
highest impact. Despite these anatomic adaptations, stress forces can 
lead to injury and microscopic inflammation in normal insertions. 
Compared with the synovium, the molecular basis for human enthesi-
tis has been very difficult to study, largely owing to the relative inac-
cessibility of the enthesis tissue. The limited histologic data on 
enthesitis in humans shows fibrocartilage destruction, vascular 
changes, and the presence of predominant inflammatory cells. However, 
imaging of acute enthesitis shows a diffuse inflammatory reaction with 
sparing of the avascular fibrocartilage (Fig. 119.6). This does not 
support the concept that autoimmunity against fibrocartilage antigens 
underlies enthesitis in PsA.

Dactylitis
The pathophysiologic events that are responsible for the diffuse swell-
ing of a digit or dactylitis, a defining feature of PsA, are not well 
understood, but imaging studies have provided some intriguing clues.45 

a b

c d

e f

g h

Fig. 119.3 Examples of synovitis from different patients, showing the straight, 
branching vessels that are seen predominantly in patients with rheumatoid 
arthritis (a to d) and the tortuous, bushy vessels that predominate in patients 
with psoriatic arthritis/spondyloarthropathy (e to h). (From Canete JD, Rodriguez 
JR, Salvador G, et al. Diagnostic usefulness of synovial vascular morphology in 
chronic arthritis: a systematic survey of 100 cases. Semin Arthritis Rheum 
2003;32:378-387.)

Vascularity

SpA RA

CD163

PMN

Lining layer

Lymphoid aggregates

CD1a

Anti-citrulline staining

mAb12A staining

Fig. 119.4 Distinct synovial features in spondyloarthropathy (SpA) and 
rheumatoid arthritis (RA). Vascularity, CD163+ macrophages, and 
polymorphonuclear leukocytes (PMNs) were significantly increased in SpA, 
whereas lining-layer hyperplasia, lymphoid aggregates, CD1a+ dendritic cells, 
and intracellular citrullinated antibodies were higher in RA. (From Kruithof E, 
Baeten D, Van den Bosch F, et al. Histological evidence that infliximab treatment 
leads to downregulation of inflammation and tissue remodelling of the synovial 
membrane in spondyloarthropathy. Ann Rheum Dis 2005;64:529-536.)
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of these diffuse skeletal pathologic processes became evident, not from 
pathologic studies but from MRI evaluation in early PsA at a stage 
when radiographic studies were still normal. Basically, every site of 
bone or joint involvement in PsA is associated with the presence of 
diffuse bone marrow edema, which histologically represents an 
osteitis.

The severity of osteitis in SpA at peripheral sites seems to be related 
to carriage of the HLA-B27 gene. In PsA, as in mechanically related 
disease (the latter may be histologically different), the pattern of diffuse 
bone edema at insertions is less marked. We have noted a high fre-
quency of bone edema in the distal interproximal joint but a much 
lower frequency in a different cohort of subjects about the metacarpo-
phalangeal joints. With respect to knee joint disease, diffuse osteitis 
typically adjacent to insertions is evident in about a third of cases. 
Some inflamed synovial joints may exhibit diffuse edema but others 
may not. It remains one of the great challenges to define what factors 
define the osteitis subgroup.

Based on the high prevalence of bone edema in the distal interproxi-
mal joint coupled with evidence from MRI studies in RA,53 it is reason-
able to speculate on an association between osteitis and subsequent 
joint destruction. The prognostic value of baseline MRI for predicting 
joint destruction in the sacroiliac joint in ankylosing spondylitis has 
been shown, but its ability to show arthritis mutilans awaits 
confirmation.

Given that the PsA SAPHO-associated syndrome can have such a 
dramatic clinical presentation, bone biopsy data have been obtained in 
the acute setting. Like the skin and joint disease, histologic analysis 
showed a strong neutrophilic inflammatory response. Other histologic 
features from the bone in seronegative osteoclastic-mediated disease 
include macrophage infiltration, lymphocyte infiltration, osteoclast 
activation, and fibrosis in later-stage disease. At this point it is unclear 
why an initial osteitis may be associated with diametrically opposite 
phenotypes with bone destruction or bone formation or both. However, 
environmental factors such as the type of stress in individual joints or 
genetic traits that modulate bone response to stress may be 
important.

Although the precise origins of bone marrow edema and osteitis in 
PsA remain somewhat enigmatic there have been some tantalizing 

PATHOLOGIC CARTILAGE RESORPTION  
AND ALTERED BONE REMODELING

Cartilage resorption
Cartilage loss, manifested radiographically as joint space narrowing,  
is a common finding on plain radiographs of psoriatic joints.49 Based 
on the radiographs it is not unexpected that MMPs and their specific 
tissue inhibitors (TIMPs) are increased in the lining and subsynovial 
lining cells in psoriatic joints.50,51 Immunohistochemical studies 
revealed upregulation of MMP-9 in the vasculature, and MMP-1, 
MMP-2, and MMP-3 and the inhibitors TIMP-1 and TIMP-2 were 
present in the synovial lining cells. Once again, the levels of the 
MMP-1, MMP-3, and TIMP-1,2 messenger RNA (mRNA) were  
similar to those observed in RA. Moreover, after therapy with anti- 
TNF agents, serum MMP-3 levels dropped rapidly and MMP-13  
staining declined in psoriatic synovial tissues. Based on these findings, 
it is likely that the immunopathogenetic mechanisms that dictate 
cartilage destruction in psoriatic joints are shared with RA and other 
spondyloarthropathies.

Altered bone remodeling
Bone involvement in PsA is intriguing and has confounded attempts 
to explain it because it is so heterogeneous even within patients. Unlike 
in RA, in which synovitis leads to secondary diffuse osteoporosis and 
periarticular erosion, and ankylosing spondylitis, in which new bone 
formation is characteristic, bone involvement is diverse in PsA, encom-
passing both the features of ankylosing spondylitis and RA. Addition-
ally, patients with PsA are prone to develop distal interphalangeal joint 
mutilating arthritis; synovitis, acne, palmopustular pustulosis, hyper-
ostosis, and osteitis (SAPHO syndrome); sterile osteomyelitis; and rare 
variants, including palmopustular psoriasis.52

Abnormal bone remodeling and new tissue formation that includes 
joint ankylosis and syndesmophyte formation typically develop at sites 
of soft tissue inflammation at the enthesis. The common denominator 
for this osseous pathology relates to the functional integration of the 
enthesis to bone and the complex mechanical stressing patterns in the 
bone adjacent to fibrocartilage. Diffuse skeletal inflammation at sites 
including the sacroiliac joint, sternoclavicular joints, and distal inter-
proximal joints thus have a unifying biomechanical basis. The essence 

ET
SM

SC SF
EF

SCHEMATIC REPRESENTATION OF THE
SYNOVIAL-ENTHESEAL COMPLEX (SEC)

Fig. 119.5 Schematic representation of the synovial-entheseal complex of an 
extensor tendon (ET) in an interphalangeal joint, as seen in a sagittal section of 
a finger. Synovium lines the deep surface of the tendon except in the region of 
the sesamoid fibrocartilage (SF), which, in a flexed finger, is compressed 
against articular cartilage. SM, synovial membrane; SC, synovial cavity; EF, 
enthesis fibrocartilage. (From McGonagle D, Tan AL, Benjamin M. The 
biomechanical link between skin and joint disease in psoriasis and psoriatic 
arthritis: what every dermatologist needs to know. Ann Rheum Dis 2008;67:1-4.)

PsA Achilles Enthesitis

Fig. 119.6 MRI of acute PsA–associated Achilles enthesitis. Thickening and 
edema of the Achilles tendon are evident in proximity to the insertion (black 
arrow). This is associated with prominent inflammation in the retrocalcaneal 
bursa. The avascular cartilage at the insertion point appears black (white 
arrow).
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by infiltrating Th17 lymphocytes and by synovial fibroblastoid cells in 
the synovial lining of inflamed joints.58 Recent evidence also indicates 
that T cells can also release secreted osteoclastogenic factor of activated 
T cells (SOFAT), which induces osteoblastic production of IL-6 and 
subsequent osteoclastogenesis by a RANKL-independent pathway, but 
the role of this cytokine in PsA is unknown.59

In psoriatic synovium, marked upregulation of RANKL protein and 
low expression of its antagonist OPG were detected in the adjacent 
synovial lining (Fig. 119.7).57 Osteoclasts were also noted in cutting 
cones traversing the subchondral bone, indicating a bidirectional attack 
on bone (Fig. 119.8) Moreover, OCPs derived from circulating CD14+ 
monocytes were markedly elevated in the peripheral blood of PsA 
patients and a fourth of psoriasis patients without arthritis compared 
with healthy controls. Treatment of PsA patients with anti-TNF agents 
significantly decreased the level of circulating OCP, thus supporting a 
central effect of TNF in the generation of precursor formation.60

Recent advances in osteoimmunology have provided new insights 
into the mechanisms that are likely involved in pathologic new bone 
formation. Of particular relevance was the finding that two molecules, 
dickopf-1 (DKK-1) and sclerostin, can inhibit the Wnt signaling 
pathway, as discussed in Chapter 19.61 Wnt pathway activation results 
in bone formation, so the finding that sclerostin levels were low in 
osteocytes of bone from patients with ankylosing spondylitis supports 
the view that osteoid formation, mediated through Wnt signaling, is 
important in spondyloarthritis.62 Additional molecules such as trans-
forming growth factor (TGF)-β, also expressed in synovial tissues in 
patients with ankylosing spondylitis,63 can synergize with vascular 
endothelial growth factor (VEGF) to induce bone formation as shown 
in an animal model.64

Lories and colleagues showed that bone morphogenetic protein 
(BMP)-2 and BMP-7 are upregulated in regions of pathologic new bone 
formation, and of particular interest was the finding that anti-TNF 
therapy blocked joint inflammation but not new bone formation in the 

studies from animal models. Diffuse osteitis is seen in several TNF 
transgenic models, and furthermore the lesions are not dependent on 
adaptive immunity because pathology is evident in RAG double knock-
out mice. Also the earliest lesions may develop in the stromal compart-
ment of the enthesis in TNF transgenic models. MRI imaging and 
histopathologic studies of arthritic TNF transgenic mice revealed that 
bone marrow edema represents expansion of monocytes in the bone 
marrow that corresponds to bone marrow edema signals on MRI.54 
Similar histologic findings from rheumatoid joint specimens have been 
reported in regions that manifested bone marrow edema preopera-
tively.55 Collectively, these models underscore the potential importance 
of “tissue specific” factors that are independent of adaptive or even 
innate immune cells as potential drivers in the genesis of entheseal-
related disease because the earliest inflammatory changes occur in the 
stromal cells at the insertion.56

Altered bone remodeling, captured in psoriatic radiographs as large 
eccentric bone erosions, “pencil-in-cup” deformities, and tuft resorp-
tion is often accompanied by features of new bone formation that 
manifests as periostitis and ankylosis in the peripheral joints and 
enthesophytes in the spine.49 Surgical samples of psoriatic bone and 
adjacent synovium revealed large multinucleated osteoclasts in deep 
resorption pits at the bone/pannus junction.57 The details of osteoclast 
generation are discussed in Chapter 19. Briefly, two cytokines, macro-
phage colony-stimulating factor (M-CSF) and receptor activator of 
NF-κB ligand (RANKL), bind to RANK on the surface of osteoclast 
precursors (OCPs) derived from circulating CD14+ monocytes and on 
osteoclasts. This ligand/receptor interaction triggers proliferation and 
differentiation of OCP and osteoclast activation. Because permissive 
quantities of M-CSF are present in the bone marrow microenviron-
ment, it is likely that the relative expression of RANKL and its natural 
antagonist osteoprotegerin (OPG) ultimately controls osteoclastogen-
esis, although TNF-α can synergize with RANKL and M-CSF and 
potentiate osteoclast formation. Interestingly, RANKL is also expressed 

a b
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Fig. 119.7 RANKL and OPG expression in the PsA synovium. Retrieval tissues containing synovium from PsA patients were 
processed for immunohistochemistry with antibodies specific for RANKL and OPG. A representative synovial membrane from 
a PsA patient stained with anti-RANKL antibody (a), anti-OPG antibody (b), secondary antibody only (c), and hematoxylin and 
eosin (d) are shown photographed at 20×. Of note is the very specific and intense RANKL staining by synovial lining cells and 
the OPG staining restricted to the endothelial cells below the synovial lining. (Reproduced with permission from Ritchlin CT, 
Haas-Smith SA, Li P, et al. Mechanisms of TNF-alpha- and RANKL-mediated osteoclastogenesis and bone resorption in psoriatic 
arthritis. J Clin Invest 2003;111:821-831.)
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Bone marrow

Psoriatic plaque

Colon

Infection/Trauma

TNF

Monocyte activation and migration
T cell activation and migration

Joint
synovial proliferationEnthesitis

Axial disease

Bone resorption New bone formation

Dactylitis

PATHOGENESIS OF PsA

Fig. 119.8 Pathogenesis of PsA. Infection, danger signals, 
or an autoimmune response leads to the overproduction 
of TNF and other proinflammatory molecules such as 
INF-α, as recently described in the psoriatic plaque. It is 
envisioned that the response to these environmental 
events is strongly influenced by genetic factors. The site of 
the original event may take place in the skin, bone 
marrow, or the colon. In response to TNF and other 
inflammatory mediators, monocytes and T cells undergo 
activation and circulate to the entheses, joint, and soft 
tissues, where inflammation unfolds in response to local 
factors.

DBA/1 mouse model (see later).65 These researchers also demonstrated 
that phosphorylation of Smad1 and Smad5, important molecules in 
the downstream BMP signaling pathway, was markedly upregulated in 
regions of new bone formation of a calcaneal bone biopsy obtained from 
a patient with ankylosing spondylitis. These studies provide important 
clues about the interactions between the Wnt signaling pathway, 
BMPs, TGF-β, and VEGF in pathologic new bone formation, but addi-
tional studies are needed to determine the importance of these mole-
cules in psoriatic disease.

CYTOKINE PATHWAYS INVOLVED IN SKIN  
AND JOINT TISSUE INFLAMMATION
The most compelling evidence for the central role of cytokines in skin 
and joint diseases comes from the studies that show remarkable effi-
ciency of anti-TNF agents for both skin and joint involvement. The 
prevailing evidence supports the concept that an imbalance of inflam-
matory and anti-inflammatory cytokines is a dominant factor respon-
sible for the downstream events that result in joint destruction.66 
Similar to RA, the cytokines TNF and IL-1 are elevated in explant 
tissues from skin, synovial tissue, and joint fluid of PsA patients.67,68 
A similar pattern of cytokine production was noted in psoriatic 
synovium using immunohistochemistry.69

Evidence to support importance of TNF in PsA comes from several 
lines of evidence. TNF-transgenic mice exhibit joint destruction similar 
to that observed in PsA patients.70 In one clinical trial, subjects with 
the TNF-α-308 allele, an allele associated with higher TNF levels, had 
more erosions than subjects without the allele71 and analysis of syno-
vial tissues of SpA and PsA subjects after treatment with TNF antago-
nists reported decreased vascularity, synovial lining thickness, and 
mononuclear inflammation.72,73 A central question that remains to be 
addressed is whether Th17 effector cells are important in PsA muscu-
loskeletal inflammation and matrix destruction. The answer to this 
question awaits definitive histologic analysis of psoriatic synovial 
tissues, but reports of increased levels of circulating Th17 cells in 
psoriatic compared with RA subjects along with elevated quantities of 
IL-17 in the synovial fluid of SpA patients provides support for the 

presence of an activated IL-23/Th17 pathway in PsA.74,75 Taken 
together, the data indicate that psoriatic inflammation results from a 
combination of innate and acquired immune interactions with a prom-
inent role for TNF and possibly Th1 and Th17 cells.

PSORIATIC DISEASE
In many individuals with psoriasis, the inflammatory events extend 
beyond the skin.76 Scarpa and colleagues put forth the concept of “pso-
riatic disease” in which psoriasis is viewed as a systemic disorder that 
can involve multiple different tissues and organ systems such as the 
gut (colitis), eye (uveitis), vasculature (atherosclerosis), and cardiovas-
cular (myocardial infarction) and endocrine systems (diabetes, meta-
bolic syndrome) in addition to musculoskeletal structures.77 It has been 
known for some time that psoriasis patients are considerably heavier 
than matched controls, but a well-designed epidemiologic study by 
Setty and associates demonstrated that obesity is a risk factor for inci-
dent psoriasis.78 This finding contradicted the widely held belief that 
lifestyle changes that were the result of psoriasis (depression, decreased 
exercise, and increased food intake) were the primary cause of weight 
gain in this population.

Obesity is associated with a low inflammatory state, and a growing 
body of evidence has shown that both macrophages and T cells with 
a proinflammatory phenotype are present in adipose tissue. Moreover, 
chronic inflammation in adipocytes may promote a systemic inflam-
matory response.79 In fact, the presence of low-grade inflammation in 
adipose tissue has the potential to activate monocytes and immuno-
cytes that could initiate skin inflammation via mechanisms outlined 
earlier.80 The activated inflammatory cells could also home to skin, 
joints, eyes, bowel, and vasculature and initiate a chronic inflammatory 
state that is responsible for the heterogeneous disease features observed 
in psoriasis.

ANIMAL MODELS OF PSORIATIC ARTHRITIS
Insights into disease pathogenesis are often derived from preclinical 
models but until recently PsA models had not been identified. Over 
the past several years, however, a number of rodent models have 
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LESSONS FROM CLINICAL TRIALS
In this past decade a number of biologic therapies have emerged in the 
field, and research in psoriasis has been at the vanguard of translational 
research. This availability of targeted biologic molecules allows the 
clinical scientist to directly observe human disease rather than infer 
from comparatively imprecise animal models. Based on insights from 
these translation studies, the spectrum of psoriasis seems to be more 
dependent on innate compared with adaptive immunity because a 
blockade of the innate cytokine TNF leads to a powerful suppression 
of disease. Efalizumab and alefecept have shown some efficacy in the 
skin but much less efficacy in the joints; and, indeed, efalizumab may 
be associated with worsening of joint disease.87,88 Within the anti-TNF 
agents there seems to be differential efficacy and, in general, higher 
doses are needed to control skin disease compared with joint disease. 
The arrival of the anti-P40 antibody directed against a shared subunit 
of the cytokines IL-12 and IL-23 for the treatment of psoriasis has 
created quite a stir in dermatology based on impressive phase 3 data, 
whereas the results in a phase 2b study in PsA are considerably less 
impressive.89 Likewise, cyclosporine is considerably more efficacious 
for psoriatic skin than the joints. Also, some agents, including the 
retinoids, work solely in the skin and have no value in the joints. Col-
lectively, these divergent findings from trials clearly suggest that the 
underlying pathogenesis of skin and joint disease is very different.

THE NEW IMMUNOPATHOGENETIC  
CONCEPT FOR PsA
Traditionally, psoriasis and, by inference, PsA have been viewed as 
autoimmune diseases with inflammation directed against a common 
but undefined skin and synovial membrane antigen. Although classic 
autoimmune disease is dictated by events taking place in the primary 
and secondary lymphoid organs and pertinent examples would include 
RA and systemic lupus, it is clear that factors intrinsic to the joints 
seem to be much more important in driving the immunopathogenesis 
of psoriasis and PsA.90 This indeed is strongly supported by putative 
immunogenetic association with HLA-Cw06, which is present in 60% 
of type 1 psoriasis cases, with the relevant animal model data including 
xenogenic models that have been reviewed and the response of skin to 
T-cell–directed therapies. However, it has been recognized in recent 
years that the type of immunity in type 1 psoriasis is different from 
the classic autoimmune autoantibody-related disorders. The recent 
demonstration at the genetic level that LCE proteins in the skin play 
a role in disease attests to the fact that dysregulation of the skin barrier 
may predate skin-related adaptive immune responses.

When one integrates the anatomic, histologic, and genetic knowl-
edge combined with evidence for differential efficacy of therapies aimed 
at adaptive and innate immunity in PsA a somewhat different immu-
nopathogenetic model emerges for joint disease (see Fig. 119.8). The 
evidence for significant acquired immune responses in the joints is 
relatively lacking in comparison to the skin as investigators failed to 

provided clues regarding disease mechanisms (Table 119.2). The finding 
that an inducible keratinocyte deletion of the transcription factors JunB 
and c-Jun resulted in both psoriasiform skin lesion and inflammatory 
erosive arthritis with periostitis has generated considerable interest 
because of the possible link between cutaneous inflammation and 
arthritis.81 After the epidermal deletion, chemokine production 
increased followed by infiltration of granulocytes and macrophages. 
Functional B and T cells and signaling through the TNFR1 receptor 
were required for the full arthritis phenotype, but psoriasiform lesions 
were still present in mice (albeit to a lesser extent) in mice without 
lymphocytes or intact TNF signaling pathways. Thus, in this model, 
targeted deletion of a key keratinocyte transcription factor resulted in 
arthritis with several features reminiscent of PsA that was in part 
dependent on a functional acquired immune response.

Two murine models have been described that develop prominent 
distal joint inflammation. In the first, transgenic mice lacking endog-
enous MHC class II molecules spontaneously developed extensive 
resorption of the distal phalangeal bones along with pitting and fre-
quent nail loss with hyperkeratosis and parakeratosis.82 The mice did 
not develop peripheral or axial arthritis, and the skin findings were 
localized to the affected toes. In the second model, male DBA/1 mice 
from different litters caged together developed arthritis and nail abnor-
malities.83 These mice behaved aggressively toward each other and it 
is conceivable that the joint inflammation was induced by repetitive 
trauma. They also manifested dactylitis and onychoperiostitis in the 
distal phalanx. Interestingly, they did not develop these findings if they 
were reared in a germ-free environment.

Two additional models of arthritis that develop spontaneously with 
skin and joint lesions have been described besides the erosive arthritis 
model that was previously mentioned in the TNF transgenic animals. 
The HLA-B27/β-microglobulin transgenic rat developed gut lesions, 
peripheral mild non-erosive arthritis, psoriasiform skin lesions, and 
alopecia without thickening or shortening of the distal joints.84 The 
mice manifested only the skin lesions when raised in a germ-free envi-
ronment. In addition, paw swelling, joint ankylosis, nail changes, and 
hair loss were noted in transgenic mice lacking β2-microglobulin.85 In 
these mice the disease frequency was highly influenced by non-MHC 
background genes. Collectively, these models suggest that alteration of 
MHC expression combined with microbial interactions plays a domi-
nant role in the pathogenesis of skin and joint disease, although the 
precise mechanisms remain to be elucidated. Much of the data in the 
mouse models do not support a pivotal role for T lymphocytes in 
disease pathogenesis, but the lack of this finding may speak more to 
facets of the animal model and less to relevance to human disease.

Spondyloarthritic features have been noted in a variety of primate 
species, but psoriasiform lesions have not been reported. In baboons, 
the prevalence of spondyloarthritis reaches 30%.86 The distribution of 
erosive disease and axial involvement in Old World primates is quite 
similar to that observed in PsA. Thus, these primates may be a more 
appropriate model for the study of disease mechanisms in spondyloar-
thritis, but the absence of psoriasis suggests a different disease pattern 
than observed in PsA.

TABLE 119.2 ANIMAL MODELS OF PSORIATIC ARTHRITIS

Author Species Genetic alteration Phenotype

Zenz et al.81 Mouse Inducible deletion of JunB and c-jun Psoriasiform skin lesions, erosive arthritis, and periostitis

Yanagisawa et al.84 Rat HLAB27/β2 transgene Psoriasiform nail lesions, peripheral arthritis, gut and 
nail lesions

Khare et al.93 Mouse β2-Microglobulin knockout Paw swelling, joint ankylosis, nail changes

Bardos et al.82 Mouse Lack endogenous MHC class II molecules Psoriasiform skin lesions, resorption of distal phalanges, 
nail changes

Rothschild et al.86 Baboon None 30% of baboons exhibit radiographic changes similar to 
those in PsA

Lories et al.83 Mouse/DBA/1 strain—males only None Ankylosing enthesitis, dactylitis, onychoperiostitis

Cook et al.85 Mouse, FVB/NCrIBR strain Amphiregulin expression under control of INV-AR Psoriasiform skin lesions, mild knee synovitis

From Ritchlin C, Fitzgerald O. Pathogenesis of psoriatic arthritis. In: Ritchlin C, Fitzgerald O, eds. Psoriatic and reactive arthritis. Philadelphia: Mosby, 2007.
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antigen is not supported by the evidence. In the case of psoriasis, the 
LL37-DNA complex, and subsequent IFN-α release, represents a novel 
autoimmune pathway; but in PsA, immune activation triggered by 
events in the local joint environment appear to play a pivotal role in 
the regional expression of psoriatic disease. The multiple varied inter-
actions between microbes and musculoskeletal structures promote 
vascular injury and release of cytokines and initiate pathways of cell 
activation that lead to tissue injury. A detailed genotype-phenotype 
correlation in the coming years will elucidate the complex nature of 
psoriatic joint inflammation and ultimately lead to a better under-
standing of the skin and joint subsets observed in psoriatic disease.

show specific clonotypic expansions in the synovium of T-cell 
populations.91

The model for the pathogenesis of PsA is certainly different from 
psoriasis, and we now speak of differential involvement of innate and 
adaptive immunity between skin and joint disease and emphasize the 
importance of factors intrinsic to the enthesis, adjacent bone, and 
synovial/entheseal complex as factors key to driving joint and nail 
manifestations of disease. Although PsA and psoriasis are related, the 
immunopathology of PsA sits closer to the innate immune disease 
boundary of the immunologic disease continuum of inflammation 
against self.92

CONCLUSION
The model that pathophysiologic processes underlying PsA can be 
understood as an autoimmune response to a common skin or synovial 
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patients with psoriasis will develop PsA (range of prevalence estimates 
is from 6% to 39%1). There is still no clear-cut genetic or other labora-
tory or clinical biomarker that will alert us about which patient with 
psoriasis will develop PsA. Early and accurate diagnosis of PsA has been 
a focus of educational initiatives for dermatologists and rheumatolo-
gists, as well as patient education initiatives developed and presented 
by patient service leagues internationally. Members of the Group for 
Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) 
have developed simple screening tools that can be used by dermatolo-
gists and other clinicians to screen for the presence of PsA in their 
patient populations.19 These instruments are currently being assessed 
for their sensitivity and specificity before being widely promoted for 
clinical use. Several groups are trying to identify genetic or other bio-
markers that can predict the development of PsA.16,20 Historically, 
systemic treatments of psoriasis have not prevented the onset of PsA. 
It is not yet known if current use of more effective biologic agents for 
psoriasis will delay or prevent the appearance of PsA.

Although this chapter focuses on pharmacotherapy of PsA, it must 
be recognized that optimal therapy also comprises non-pharmacother-
apy approaches, including patient and family education about the 
disease process and therapy, exercise, nutrition, psychological counsel-
ing, physical and occupational therapy, and orthopedic surgery. There 
have been few studies of these modalities in PsA per se, although there 
has been extensive research on their value and utility in the manage-
ment of arthritis in general and RA specifically, from which we can 
extrapolate regarding their value and utility in PsA. A key role for the 
rheumatologist and rheumatology office staff is to serve as a central 
triage point for these types of therapies, working closely with derma-
tologists in the co-management of PsA patients.1 The relationship 
between the rheumatologist and dermatologist in the management of 
the patient with PsA is important. In some settings, typically academic, 
shared rheum-derm clinics have arisen for optimal co-evaluation and 
management of not only psoriasis-PsA patients but also, for example, 
patients with lupus, dermatomyositis, and scleroderma, that is, patients 
who have both rheumatologic and dermatologic manifestations. In 
standard clinical practice, such shared clinics may not be practical for 
logistical or economic reasons but close working relationships between 
rheumatologists and dermatologists characterized by shared electronic 
records and other shared documents, phone discussions, and having 
the patient seen in both offices on a regular basis can facilitate optimal 
management from the perspective of both disciplines.1

ASSESSMENT OF PsA DISEASE ACTIVITY 
AND THERAPY OUTCOME
The GRAPPA group, working with OMERACT (Outcome Measures in 
Rheumatology Clinical Trials) has developed a core set of clinical 
domains of PsA to be assessed in clinical trials (Fig. 120-1).21,22 Outcome 
measures for these domains have generally been adapted from similar 
measures used in assessment of RA, such as the American College of 
Rheumatology (ACR) 20/50/70 scoring system and Health Assessment 
Questionnaire (HAQ), and modified Sharp-van der Heijde radiographic 
score, and from psoriasis studies, such as the Psoriasis Area and Sever-
ity Index (PASI), as well as more general measures, such as the Short 
Form 36 (SF-36) (Box 120.1).15,23-27 These measures have been used in 
clinical trials and clinical registries of PsA patients and have been 
shown to effectively assess peripheral joint and skin symptoms and 
signs, function, QOL, and radiographic damage. Various measures of 
enthesitis, dactylitis, and spine involvement are being used in clinical 
trials and registries.28-30 Determination of which measures are optimal 

Management of psoriatic arthritis
Philip J. Mease

 Psoriatic arthritis is a systemic disorder that causes chronic pain, 
altered physical appearance, and loss of function. The clinical 
features are diverse, but the core manifestations are psoriasis, 
peripheral arthritis, axial disease, enthesitis, and dactylitis.

 Multicenter randomized clinical trials have been performed in 
psoriatic arthritis that incorporate outcome measures for the core 
manifestations. The data from these trials allow us to make 
evidence-based therapeutic choices.

 Clinical trial data support the mild-to-moderate efficacy of 
methotrexate, sulfasalazine, leflunomide, and cyclosporine for 
peripheral arthritis that is unresponsive to non-steroidal agents. 
The TNF antagonists (etanercept, infliximab, adalimumab) have 
proven to be effective and relatively safe for treatment of 
peripheral arthritis, psoriasis, enthesitis, dactylitis, and inhibition of 
structural damage. Infliximab is effective for dactylitis and 
enthesitis.

 Potential new therapies for psoriatic arthritis include biologic 
agents that inhibit T lymphocytes and proinflammatory cytokines.

 Treatment recomendations have been published.

INTRODUCTION

The key clinical features of psoriatic arthritis (PsA) include peripheral 
arthritis, skin and nail psoriasis, axial disease, enthesitis, and dactyli-
tis.1-3 Effective treatment of PsA involves therapies that have the capa-
bility of improving these clinical domains, either using a treatment 
that can benefit all domains or using combinations of therapies that 
can affect all domains and be used safely together.3-11 Because the sever-
ity of disease in each domain will vary from patient to patient, therapy 
should be customized accordingly. Factors that influence treatment 
choice include patient preference regarding mode and frequency of 
treatment administration, potential adverse events, contextual ele-
ments such as age and co-morbidities, and practical issues such as 
medical insurance coverage. In addition to controlling signs and symp-
toms, a further purpose of control of multiple-domain disease activity 
is to improve function and quality of life (QOL), reduce progressive 
structural damage in joints to avoid disability, and reduce significant 
co-morbidities such as cardiovascular disease to improve life expec-
tancy. It is now known from a variety of studies that early and aggres-
sive control of disease activity in the management of rheumatoid 
arthritis (RA) yields these desired outcomes.12,13 Although not as yet 
studied in PsA, it is anticipated that similar results will accrue from 
early and effective intervention in the patient with risk factors for 
moderate to severe disease course.14 Clinical predictive factors for a 
more severe course include polyarticular disease, elevated levels of 
acute-phase reactants, evidence of disability and erosive joint disease, 
as well as demonstration of lack of response to initial therapeutic 
agents.15 Work is underway to identify soluble biomarkers that can 
identify patients at risk to have a severe disease course as well as serve 
as markers of treatment response.16-18

Because the majority of patients develop the skin lesions of psoriasis 
long before arthritis or enthesitis, raising awareness about the possibil-
ity of PsA among psoriasis patients and dermatologists who treat 
psoriasis is desirable for the sake of early detection of the disease and 
institution of treatment. Current estimates are that 20% to 30% of 

120



SE
C

TI
O

N
 9

 ●
 S

PO
N

D
YL

O
A

RT
H

RO
PA

TH
IE

S

1206

is still at a research stage. Several studies have documented the effec-
tiveness of ultrasonography and magnetic resonance imaging (MRI) in 
detecting inflammation in the joints and enthesial sites of PsA patients, 
as well as the extent of structural damage.25 As these tools become 
more refined and widely accessible, they will enhance our ability to 
diagnose PsA earlier and assess the effectiveness of therapy in treating 
inflammation and inhibiting the progression of joint damage.

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS 
(NSAIDs) AND GLUCOCORTICOIDS
NSAIDs are used in most PsA patients with musculoskeletal pain 
symptoms. There is scant trial experience with NSAIDs in PsA docu-
menting efficacy, so support for their use is primarily derived from 
trials in RA, ankylosing spondylitis (AS), osteoarthritis (OA), as well 
as clinical experience.31 There are isolated case reports of psoriasis 
exacerbation related to NSAID use, but this has not been believed to 
be of significant consequence.31 NSAIDs have been found to be effica-
cious for the treatment of spinal pain in ankylosing spondylitis, on 
which evidence it is reasonable to extrapolate efficacy in management 
of PsA spondylitis.32

Although intra-articular glucocorticoids may be routinely used in 
PsA, systemic glucocorticoids are used with caution because of the 
occasional risk of “post-steroid” psoriasis flare.

TRADITIONAL ORAL DISEASE-MODIFYING 
ANTIRHEUMATIC DRUGS
Methotrexate
Methotrexate (MTX) is one of the most commonly used systemic 
medications in PsA, despite minimal evidence of efficacy in controlled 
trials.33
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PsA DOMAINS FOR ASSESSMENT IN CLINICAL TRIALS

Fig. 120.1 This concentric circle diagram reflects the hierarchy of domains of 
PsA that may be assessed in clinical trials.4,21 The inner circle includes the core 
set of domains to be assessed in all clinical trials of PsA. The second concentric 
circle includes the set of domains to be assessed in some but not all PsA trials. 
The outermost circle includes the domains on the research agenda that may or 
may not be included in PsA trials.

BOX 120.1 PSORIATIC ARTHRITIS OUTCOME MEASURES USED IN 
CLINICAL TRIALS

Arthritis
 ACR Response Criteria
 Disease Activity Score (DAS, DAS44, DAS28)
 Psoriatic Arthritis Response Criteria (PsARC)

Radiographic
 Modified van der Heijde/Sharp

Skin
 Psoriasis Area and Severity Index (PASI)
 Target Lesion score
 Physician Global Assessment (PGA) of Psoriasis

QOL/function
 Short-Form 36 Health Survey (SF-36)
 Health Assessment Questionnaire (HAQ) Disability Index
 Dermatology Life Quality Index (DLQI)
 Functional Assessment of Chronic Illness Therapy (FACIT)

Enthesitis
 Leeds
 SPARCC
 MASES

Dactylitis
 Presence or absence
 Leeds Dactylitis score

Spine
 Assessment of SpondyloArthritis International Society measures

Data from references 21, 23, and 25.

Increasingly it has been recognized that MTX only partially inhibits 
the progression of structural damage in RA. This has not been prospec-
tively assessed in PsA, but a 2-year retrospective analysis of matched 
PsA patients who were either on or off MTX therapy did not show any 
difference in radiologic progression scores in the two groups.34 Patients 
on chronic MTX therapy must have regular blood monitoring (blood cell 
counts, liver function tests, and creatinine). Significant elevation of liver 
tests or decrease in blood cell counts should lead to adjustment of dose 
or cessation of therapy. The potential for hepatotoxicity has been a 
special concern for dermatologists, who often have recommended time-
limited use of MTX in treatment of psoriasis as a result, based on older 
serial biopsy study of MTX-treated psoriasis patients, compared with 
similar studies in RA patients. Although these have not been head-to-
head studies, the tendency appears to be that there may be greater hepa-
totoxicity potential in psoriasis patients.35 A current hypothesis is that 
this is at least partly related to the tendency of psoriasis patients to be 
obese and have non-alcoholic hepatic steatosis (“fatty liver”) as a con-
comitant liver problem, as well as other factors that could be at play, 
such as excess alcohol use. These observations have led dermatologists 
to recommend periodic liver biopsy for safety monitoring. Although 
hepatotoxicity can occur in the absence of abnormal serum liver func-
tion tests, regular monitoring liver biopsies are not typically ordered by 
rheumatologists because they historically have been by dermatologists, 
based on differing guidelines,36 a difference in practice that is typically 
worked out in the local relationship of practitioners of these two disci-
plines. New guidelines for MTX monitoring in dermatology have 
brought these practices closer in line.37 Although the combination of 
MTX and tumor necrosis factor (TNF) inhibitors has in RA been shown 
to be superior in all clinical parameters of efficacy, including inhibition 
of structural damage, this has not been assessed in PsA. Thus, in the 
treatment of PsA in clinical practice, MTX may sometimes be discon-
tinued after initiation of biologic therapy if there is concern about hepa-
totoxicity, only to be re-initiated if the patient experiences inadequate 
control of disease with biologic monotherapy.
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PsA and psoriasis (average BSA, 31%) randomized to a standard dose 
of etanercept approved for PsA, 50 mg/wk (group 1), versus a dose 
approved for psoriasis, 50 mg twice a week for 12 weeks followed by 
50 mg per week thereafter (group 2).43 ACR and enthesitis scores simi-
larly improved in both dose arms at 12 and 24 weeks. ACR20 was 
61/72% at each time point, respectively, in group 1 and 66%/69% in 
group 2. Of those patients with enthesitis, assessed by Achilles tendon 
and plantar fascia insertion tenderness, 65% and 66% in groups 1 and 
2, respectively, had no enthesitis at week 12 and 76% and 75% had 
none at week 24. Thus, the increased initial dose offered no advantage 
in musculoskeletal domains. Substantial improvement of skin lesions 
occurred, with PASI75 response at week 12 seen in 55% versus 36% 
(P < .001) in groups 2 and 1, respectively, and 70% and 62% at week 
24 (P < .05). Thus, consideration might be given to initially higher 
dosing in patients with severe skin disease, followed by standard 
dosing, an approach commonly utilized with other biologic agents in 
psoriasis.

In a recent serial skin biopsy study in psoriasis patients using etan-
ercept, transcripts of cytokines in the Th17 cell pathway were dimin-
ished, presumably based on decreased stimulation of IL-23 by TNF.44 
Traditionally, anti-TNF agents are considered to affect Th1 pathway 
cells and cytokines, so these results demonstrate the immunologic 
crosstalk that occurs among various inflammatory cell pathways. 
Another study showed that the addition of MTX to etanercept could 
improve skin responses compared with the responses in etanercept 
monotherapy.45

Infliximab is a chimeric monoclonal anti-TNF antibody now 
approved in RA, Crohn disease, PsA, psoriasis, and AS. A phase 3 study 
of infliximab in 200 PsA patients (IMPACT II) showed significant 
benefit.46 Baseline demographic and disease activity characteristics 
were similar to those of the etanercept phase 3 trial. At week 14, 58% 
of infliximab patients and 11% of placebo patients achieved an ACR20 
response (P < .001). The presence of dactylitis and enthesitis, noted 
by pain with palpation of the Achilles tendon and plantar fascia inser-
tions, decreased significantly in the infliximab group.47 At 24 weeks, 
PASI75 was achieved by 64% of the evaluable treatment group and 2% 
of the placebo group (P < .001). Infliximab-treated patients showed 
inhibition of radiographic disease progression at 24 weeks.47 Function 
and QOL significantly improved.46 The longest-term PsA data, with 
infliximab out to 98 weeks of the IMPACT study (phase 2), also 
showed persistent PsA benefit.48

Adalimumab is a fully human anti-TNF-α monoclonal antibody. A 
total of 40 milligrams is administered subcutaneously every other week 
or weekly. This drug is approved for RA, PsA, AS, Crohn disease, 
psoriasis, and juvenile idiopathic arthritis. It has been studied in a 
phase 3 study (n = 313), the Adalimumab Effectiveness in Psoriatic 
Arthritis Trial (ADEPT).49 At 12 weeks, 58% of patients receiving 
adalimumab, 40 mg every other week, achieved an ACR20 response 
compared with 14% of patients receiving placebo (P < .001). This 
response rate did not differ between patients taking adalimumab in 
combination with MTX (50% of patients) and those taking adalim-
umab alone, similar to observations made in the etanercept and inflix-
imab trials. PASI75 was achieved by 59% in the adalimumab-treated 
group and 1% in the placebo group (P < .001) in those evaluable for 
PASI scoring. Radiographic progression of disease was significantly 
inhibited by adalimumab.51 Function, QOL, and fatigue measures sig-
nificantly improved. A 2-year extension study demonstrated sustained 
ACR and PASI responses and persistent inhibition of radiographic 
progression.50

The combination of adalimumab and cyclosporine was compared 
with monotherapy with each agent. In the skin, each agent alone 
showed similar efficacy as combination therapy. However, combina-
tion of the two agents showed superior efficacy in the joints.51

Golimumab is a fully human anti-TNF-α monoclonal antibody that 
is approved in a 50-mg once-a-month subcutaneous application for 
PsA, based on a study of 405 patients.52 At this dose, at the primary 
endpoint of 14 weeks, ACR20 was achieved by 51% versus 9% in the 
placebo group (P < .001) and ACR50/70 achieved by 30% and 12%, 
respectively. PASI75 response was achieved by 40% at week 14 and 
56% at week 24 in the 109 and 102 patients with at least 3% BSA 
involvement evaluable for PASI. Of those patients with enthesitis, 
assessed by the Maastricht Enthesitis Index (MASES), significantly 

Sulfasalazine
The largest number of controlled trials of traditional disease-modifying 
antirheumatic drug therapy has been conducted with sulfasalazine.31 
In the largest of these, 221 PsA patients were treated with sulfasala-
zine, 2 g/day, for 36 weeks.38 Although a composite arthritis score 
showed statistically significant improvement in the treatment group, 
the only individual measure within the responder index to do so was 
the patient global assessment, indicating that the effect was not strong. 
Furthermore, there was no benefit to the skin and gastrointestinal 
intolerability was an issue.

Cyclosporine
Although cyclosporine can achieve rapid improvement of the skin 
lesions of psoriasis, its effectiveness in PsA has been minimally studied 
other than showing some effectiveness in open trials.31 Its utility is 
limited by concerns regarding the adverse effects of hypertension and 
renal insufficiency. Regarding the combination of cyclosporine with 
MTX, 72 patients with incomplete response to MTX were randomized 
to placebo or addition of cyclosporine.31 At 48 weeks into the study, 
significant improvements in tender and swollen joint count, C-reactive 
protein (CRP), PASI, and synovial ultrasound score occurred in the 
combination group, but statistical differentiation between the combi-
nation and MTX-alone group occurred just in PASI and ultrasound 
score.

Leflunomide
Leflunomide, a pyrimidine antagonist approved in RA at a dose of 
20 mg/day, was assessed in 188 PsA patients. The Psoriatic Arthritis 
Response Criteria (PsARC) response, the primary endpoint, was met 
by 59% of leflunomide-treated patients compared with 29.7% of pla-
cebo-treated patients (P < .0001). ACR20 response was achieved by 
36.3% and 20%, respectively (P = .0138), and PASI75 response by 
17.4% and 7.8%, respectively (P = .048).31 As with MTX, liver function 
test abnormalities may be noted and need to be monitored.

BIOLOGIC RESPONSE MODIFIERS
Biologic agents currently approved for treatment of PsA, based on 
controlled phase 2 and 3 trials and the safety data base from trials in 
RA, as well as PsA, include the anti-TNF-α compounds etanercept, 
infliximab, adalimumab, and golimumab. Controlled phase 2 trials 
have been completed with the T-cell–modulating agents alefacept and 
abatacept. Interleukin (IL)-12/23 inhibitors such as ustekinumab are 
being evaluated in PsA. Some agents, such as the IL-1 inhibitor 
anakinra and the T-cell modulator efalizumab, have not shown efficacy 
compared with placebo in therapy for PsA.39,40 Several agents either 
approved or in development for RA and psoriasis will likely be assessed 
in PsA.

TNF-α inhibitors
Etanercept is a soluble receptor for TNF, typically administered sub-
cutaneously in a dose of 50 mg once a week, now approved in RA,  
PsA, psoriasis, AS, and juvenile idiopathic arthritis. In the placebo-
controlled portion of the phase 3 etanercept trial in PsA (n = 205), 
ACR20 response was achieved by 59% of etanercept-treated patients 
versus 15% in the placebo group (42% and 41% on background MTX, 
respectively) (P < .0001).41 Skin response, as measured by the PASI 
score in patients with body surface area (BSA) involvement greater than 
3%, showed a 75% improvement in 23% and 3%, respectively, at 24 
weeks (P = .001). Measures of function and QOL significantly improved. 
Significant inhibition of progression of joint space narrowing and ero-
sions was shown. In the open label extension of this study, at 2 years, 
effectiveness was maintained in joint response and skin response 
further improved to a PASI75 response in 38%.42 The drug was well 
tolerated, and no safety issues emerged apart from those seen in clinical 
trial and general clinical experience with etanercept in RA. 

The Psoriasis Randomized Etanercept Study in Subjects with Pso-
riatic Arthritis (PRESTA) trial assessed 752 patients with highly active 
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blocking the second signal activation of the CD28 receptor on the T 
cell. It is administered intravenously monthly and has been approved 
for use in RA, based on its ability to improve composite joint scores 
and function and inhibit radiographic progression.64 A trial in psoriasis 
has been conducted and shown efficacy.65 This drug has been evaluated 
in a phase 2 trial in PsA. In the standard dose arm of 10 mg/kg given 
intravenously monthly (n = 40), 48% achieved ACR20 response com-
pared with 19% in the placebo arm (P = .006), although there was 
greater efficacy in the subgroup not previously exposed to anti-TNF 
therapy.66 This agent has been well tolerated, with the main safety 
issue being the risk for infection, comparable to the rate seen with 
other biologic agents.

Anti-IL-12/23 agents
Both IL-12 and IL-23 are overexpressed in psoriasis plaques. IL-23 is 
a key cytokine that stimulates the proliferation and activation of Th17 
lymphocytes, recently appreciated as important inflammatory cells in 
a variety of inflammatory diseases.67 Ustekinumab, an IL-12/23 inhibi-
tor, has shown significant efficacy, administered subcutaneously, in 
psoriasis.68 This agent has also shown efficacy in a preliminary PsA 
study.69 This was a placebo-controlled crossover study in which group 
1 patients received 90 mg weekly for 4 weeks and subsequent placebo 
injections. At week 12, 42% of this group (n = 76) achieved an ACR20 
response compared with 14% in the placebo group (P = .0002). The 
original placebo group 2 (n = 70) received 90 mg at weeks 12 and 16; 
and at week 12 after the first dose, 51% achieved an ACR 20 response. 
Highly significant skin improvement was noted, as well as significant 
improvement in enthesitis and function. The drug was generally well 
tolerated.

ABT-874 is another IL-12/23 inhibitor that shows significant and 
enduring skin response with monthly subcutaneous dosing and will 
likely be studied in PsA.70

OTHER POTENTIAL TREATMENTS
A pilot trial of anti-IL-15 compound has shown efficacy in PsA.71 An 
IL-1 antagonist, anakinra, has not shown significant efficacy.39 Ritux-
imab, an anti-CD20 agent that ablates B lymphocytes and is approved 
in the treatment of lymphoma and RA, is being tested in an open label 
trial in PsA (Mease, unpublished data). A monoclonal antibody to the 
IL-6 receptor (tocilizumab) is nearing approval for the treatment of RA 
and will be tested in PsA.72 Small molecules such as the JAK3 inhibitor, 
administered orally, which have shown efficacy in RA and psoriasis, 
will likely be tested in PsA.73,74

Another therapeutic approach, not aimed at inflammation but 
instead aimed primarily at reduction of bone erosions, is to reduce 
osteoclastogenesis. One such agent, an inhibitor of RANK ligand, deno-
sumab, has been shown not only to improve osteoporosis but also to 
reduce erosion rate in RA.75 It is anticipated that this type of approach 
will show utility in PsA as well, especially given the known proclivity 
for excess osteoclast production and activation in this disease.

NON-PHARMACOLOGIC MANAGEMENT
As for any chronic rheumatic disease, treatment should not be solely 
focused on pharmacologic approaches. A comprehensive multidisci-
plinary approach is optimal, including education, counseling, physical 
and occupational therapy, and surgery. Many patients also gravitate to 
nutritional supplements and complementary medicine, including acu-
puncture and naturopathy. The rheumatologist is in an ideal position 
to coordinate these approaches and help the patient evaluate their rela-
tive utility. However, for PsA per se, there is virtually no evidence base 
for these approaches, and the clinician must extrapolate from the evi-
dence base for the treatment of rheumatoid arthritis and osteoarthritis 
in recommending particular treatment modalities. The reader is 
referred to discussions of non-pharmacologic therapy for other rheu-
matic diseases for this information (see Chapter 47).

Because current pharmacologic therapies are more successful in 
inhibiting joint destruction and achieving remission, the need for 
orthopedic procedures such as joint replacement in PsA is less but, 
nonetheless, continues to be necessary in some cases. There have been 

more patients showed resolution of enthesitis compared with placebo. 
Nail changes also significantly improved, as did measures of physical 
function. These improvements were sustained and actually increased 
at 104 weeks in an open extension phase of this trial.53 Safety experi-
ence was commensurate with that of other anti-TNF agents in PsA.

A new anti-TNF-α agent, certolizumab pegol, now approved for 
treatment of RA,54 is a subcutaneously administered pegylated Fab 
fragment. It also has the advantage of infrequent administration and 
is being studied in PsA.

Although there is scant trial evidence,55 experience in management 
of PsA with currently available anti-TNF agents suggests that when a 
clinician switches from one of these agents to another, if the first has 
not had or has lost efficacy, or caused side effects, that a substantial 
percentage of patients will respond to another medication in this class.

Inflammatory spine disease has not been formally assessed in PsA 
clinical trials owing to a number of factors, including the variability of 
expression of this clinical domain in PsA and uncertainty about the 
validity, reliability, and discriminate capability of clinical and radio-
graphic measures developed for ankylosing spondylitis (AS) in PsA.56 
Anti-TNF medications have shown significant efficacy for clinical 
aspects of AS.57 Although NSAIDs have been shown to be beneficial 
for axial manifestations of AS, methotrexate, sulfasalazine, and leflu-
nomide have not,57 suggesting that anti-TNFs are the preferred class 
of medicine to be used in those with inadequate response to NSAIDs. 
We do not have controlled evidence to know if the same holds true  
in PsA, although extrapolation of the AS experience to PsA seems 
reasonable and has been adopted in the GRAPPA treatment 
recommendations.3

There is accumulating evidence that PsA patients develop cardio-
vascular disease prematurely, which may contribute to the early mor-
tality seen in this disease.58 Based on data from rheumatoid arthritis 
and psoriasis, potential contributors to cardiovascular disease include 
inflammation-induced atherogenesis and metabolic syndrome (includ-
ing obesity, hypertension, and hyperlipidemia). RA national registry 
data demonstrates that anti-TNF medicine usage in RA is associated 
with reduction in incidence of premature myocardial infarction and 
stroke. Although such epidemiologic data are not yet available in PsA, 
it is beginning to be gathered in several national databases. A recent 
study by Tam and colleagues showed that use of TNF inhibitors in 
PsA was associated with reduction of carotid intima-media thickness 
and correlated with reduction in markers of inflammation but was 
independent of changes in lipid profiles.59

In summary, the anti-TNF-α medications have shown the greatest 
efficacy of any treatment to date in the various clinical aspects of PsA. 
Their efficacy in treating joint disease activity, inhibiting structural 
damage, and improving function and QOL are similar. These agents 
tend to be well tolerated and patients generally acclimate to their par-
enteral administration, especially when they experience significant 
efficacy. Safety concerns are present, such as risk for infection, but no 
new concerns have arisen in the PsA population compared with the 
more extensively studied RA patient population.

OTHER BIOLOGIC AGENTS
Co-stimulatory blockade agents
Alefacept is a fully human fusion protein that blocks interaction 
between LFA-3 on the antigen-presenting cell and CD2 on the T cell, 
or by attracting natural killer lymphocytes to interact with CD2 to yield 
apoptosis of particular T-cell clones.60 It is approved for treatment of 
psoriasis61 and is administered weekly as a 15-mg intramuscular injec-
tion, in an alternating 12 weeks on, 12 weeks off regimen to allow 
return of depleted CD4 cells in the off period. A phase 2 controlled 
trial of alefacept in PsA (n = 185) showed that 54% of patients given 
a combination of alefacept and MTX had an ACR20 response as com-
pared with 23% in the MTX-alone group (P < .001) at week 24 and 
showed sustained responses in patients undergoing a second course.62,63 
PASI75 results were 28% and 24%, respectively. Modesty of efficacy of 
this agent has limited its use in PsA, but it is a consideration in 
patients who have failed or had side effects with other medications.

Abatacept (CTLA4-Ig) is a recombinant human fusion protein that 
binds to the CD80/86 receptor on an antigen-presenting cell, thus 



CH
A

PTER 120 
● M

anagem
ent of psoriatic arthritis

1209

several recent reviews of orthopedic surgery in PsA to which the reader 
is directed for a more comprehensive review of this subject.76-78 Physical 
and occupational therapists can evaluate, educate, and perform physi-
cal modalities such as heat/cold, therapeutic exercise, manual therapy, 
splinting, and adaptive aids. Balneotherapy (mineral baths) has proved 
beneficial and is employed in some parts of the world.79

TREATMENT RECOMMENDATIONS
The GRAPPA group has published a set of treatment recommenda-
tions for the domains of PsA.3 These recommendations are based on 
the formal literature reviews of therapies for disease of peripheral 
joints, spine, skin and nails, enthesitis, and dactylitis and from discus-
sions among GRAPPA members (rheumatologists and dermatolo-
gists).3-11 A treatment grid was developed (Table 120.1)3 categorizing 
each domain as mild, moderate, or severe based on measures of disease 
severity and impact on function and QOL to help the clinician with 

TABLE 120.1 DISEASE SEVERITY OF PSORIATIC ARTHRITIS CLINICAL DOMAINS

Mild Moderate Severe

Peripheral arthritis <5 joints
No damage on radiograph
No LOF
Minimal impact on QOL
Pt. evaluation mild

≥5 joints (S or T)
Damage on radiograph
IR to mild treatment
Moderate LOF
Moderate impact on QOL
Pt. evaluation moderate

≥5 joints (S or T)
Severe damage on radiograph
IR to mild-moderate treatment
Severe LOF
Severe impact on QOL
Pt. evaluation severe

Skin disease BSA < 5, PASI < 5, asymptomatic Non-response to topical agents, DLQI < 10, PASI < 10 BSA > 10, DLQI > 10, PASI > 10

Spinal disease Mild pain
No LOF

LOF or BASDAI >4 Failure of response

Enthesitis 1-2 sites
No LOF

>2 sites or LOF LOF or > 2 sites and failure of response

Dactylitis Pain absent to mild
Normal function

Erosive disease or LOF Failure of response

S, swollen; T, tender; LOF, loss of physical function; IR, inadequate response; BSA, body surface area; BASDAI, Bath Ankylosing Spondylitis Disability Activity Index; PASI, Psoriasis Area and Severity Index; 
QOL, quality of life; DLQI, Dermatology Life Quality Index.
Data from Ritchlin CT, Kavanaugh A, Gladman DD, et al. Treatment recommendations for psoriatic arthritis. Ann Rheum Dis 2009;68:1387-1394.
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Fig. 120.2 Treatment options for PsA.4 Anti-TNF, tumor necrosis factor inhibitor; CsA, cyclosporine; DMARDs, disease-
modifying antirheumatic drugs; LEF, leflunomide; MTX, methotrexate; NSAIDs, nonsteroidal anti-inflammatory drugs; SSZ, 
sulfasalazine. *Based on data from ankylosing spondylitis trials (used as surrogate for PsA spondylitis).

treatment decisions. Specific treatments are recommended for each 
clinical domain according to level of severity and impact, while provid-
ing quality of evidence and level of agreement of GRAPPA members 
surveyed. Sixteen of 19 recommendations received over 80% agree-
ment.3 For example, for mild joint disease, NSAIDs and intra-articular 
glucocorticoid injections can be adequate, whereas moderate to severe 
joint disease will optimally be treated with systemic oral disease-
modifying antirheumatic drugs and/or biologic agents. Figure 120.2 
shows an outline of these recommendations.4 Periodic updates of this 
set of recommendations is anticipated as new evidence emerges. In 
parallel, a task force composed primarily of dermatologists has devel-
oped recommendations for treatment of PsA.80

CONCLUSION
PsA is a multiple-domain disease characterized by inflammation of 
peripheral joints, skin and nails, spine, enthesium, and dactylitis. A 



SE
C

TI
O

N
 9

 ●
 S

PO
N

D
YL

O
A

RT
H

RO
PA

TH
IE

S

1210

A key aspect of treatment is accurate diagnosis and assessment, 
which facilitates the institution of appropriate therapy in a timely 
fashion. Because in most patients the skin manifestations of psoriasis 
develop long before arthritis symptoms occur, the dermatologist or 
primary care physician is in an ideal position to educate about and 
screen for arthritis to make an early diagnosis. Through appropriate 
treatment and coordinated care with rheumatologists, it appears to be 
possible, given current therapies, to prevent progressive structural 
damage in those whose disease is likely to progress. Significant efforts 
are underway to further develop and validate outcome measures that 
accurately map the natural history of PsA and demonstrate the impact 
of increasingly effective emerging therapies on a patient’s function and 
QOL. International treatment recommendations have been developed 
to aid individualized therapeutic decision-making.

number of systemic treatments for PsA, such as inhibitors of TNF-α, 
have demonstrated significant benefit for all disease domains and have 
demonstrated ability to control damage as assessed by radiographic 
progression and improve QOL and functional status. Traditional 
immune-modulating drugs can beneficially affect many of these 
domains as well. A number of other agents that inhibit cytokine expres-
sion or block cellular interactions have either demonstrated benefit or 
are being tested in PsA. Observation of the effectiveness of these agents 
has helped elucidate the pathogenesis of PsA and psoriasis that, in 
turn, can lead to newer effective interventions. Mild disease in the 
joints and skin can be treated with anti-inflammatory agents and 
topical treatments. Multimodal pharmacologic and non-pharmacologic 
therapy is optimal, and the rheumatologist should occupy a central role 
in coordinating these approaches.
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an enthesopathy (Box 121.1). If the pathologic process involves the 
formation of a bony spur, the latter is called an enthesophyte. The 
term enthesitis is restricted to inflammatory disease and, in general, 
refers to the seronegative spondyloarthropathies. Degenerative enthe-
sopathy is often isolated (e.g., lateral epicondylosis), whereas inflam-
matory enthesitis is often generalized (e.g., ankylosing spondylitis).

HISTORY
Although the word “enthesopathy” was first used by Niepel,2 it was 
Ball’s 1970 Heberden oration lecture3 that primarily triggered the inter-
est of rheumatologists. Ball initiated the important view that the enthe-
sis is centrally affected in ankylosing spondylitis, in contrast to 
rheumatoid arthritis, in which it is largely synovial structures that are 
inflamed.3 In the following years, the primarily pathoanatomic concept 
of enthesitis was introduced into the clinical terminology of undefined 
conditions such as the syndrome of seronegative enthesopathy and 
arthropathy in children, in addition to a constitutive feature of spon-
dyloarthropathy as defined by the preliminary European Spondylar-
thropathy Study Group classification criteria.4,5 The discovery of 
HLA-B27 paradoxically led to the concept of enthesitis being relatively 
neglected, probably because of the hypothesis that HLA-B27 alone held 
the key to unraveling the pathophysiologic basis for seronegative spon-
dyloarthropathy, a hope that nearly 4 decades of intensive research has 
dispelled.

The original observations on enthesitis in ankylosing spondylitis 
did not establish a possible causal link with synovitis or osteitis. More 
recently, on the basis of MRI, where enthesitis is common in diseased 
synovial joints at clinical presentation, it has been suggested that 
synovitis in the spondyloarthropathies is secondary to entheseal 
inflammation—in contrast to the primary synovitis of rheumatoid 
arthritis.6 Focal insertional point inflammation or enthesitis does not 
explain all the pathophysiologic aspects of seronegative spondyloar-
thropathy, including osteitis, but in recent years the enthesitis concept 
has been developed to provide a unifying concept for disease (see later). 
Interestingly, although the primacy of enthesitis in seronegative spon-
dyloarthropathy has been contentious in the English scientific litera-
ture, it has quietly gained widespread acceptance in the French literature 
following elegant radiographic studies.7 At the present time, the cellular 
and molecular study of enthesitis remains problematic, owing to the 
difficulty in obtaining suitable clinical material and the inaccessibility 
of many entheses compared with synovium.

EPIDEMIOLOGY
With respect to the epidemiology of enthesitis, surveys only deal with 
clinically recognizable enthesitis occurring at accessible sites and 
cannot methodologically address the full extent of the problem includ-
ing that in the spine and in synovial joints. It seems increasingly likely 
that just as synovitis is universal in rheumatoid arthritis, that enthesi-
tis is universal in spondyloarthropathy. Also the clinical recognition of 
fibromyalgia relies on identical clinical skills to those used for recogniz-
ing enthesitis, except that pressure is exerted at different locations in 
both conditions. Not surprisingly, clinically overt enthesitis has a 
widely varying frequency in spondyloarthropathy, ranging between 10% 
and 60%.

The whole issue of what exactly constitutes enthesitis and what is 
clinically relevant has recently received more attention. This is because 
ultrasonographic examination of patients with spondyloarthropathy 
and indeed patients with psoriasis, without joint manifestations, often 
shows thickening of tendons/ligaments and accumulation of excess 
fluid adjacent to insertions. Therefore, the spectrum of enthesis-related 

Enthesopathies
Dennis McGonagle and Michael Benjamin

  The term enthesopathy embraces all pathologic alterations at any 
enthesis. However, enthesitis specifically implies that there is 
inflammation at an attachment site and thus relates to the 
seronegative spondyloarthropathies in particular. In such 
conditions, inflammation at this location is the pathologic hallmark 
of disease.

  Anatomic and imaging studies demonstrate that the enthesis itself 
can be closely integrated with functionally adjacent bone, 
periosteum, and, sometimes, synovium, where it forms a 
synovioentheseal complex.

  Thus, enthesitis may be associated with more widespread 
abnormalities, including synovitis and osteitis, and not just 
inflammation at the insertion point.

  Recent concepts concerning the enthesis provide a unifying 
biomechanical basis for all spondyloarthropathy-related disease.

  Although enthesitis at sites like the Achilles tendon and plantar 
fascia is readily recognizable clinically, it is difficult to recognize 
clinically at inflamed synovial joints owing to soft tissue changes 
associated with synovitis. Furthermore, it cannot be recognized at 
clinically inaccessible sites, including much of the spine. However, 
improvements in MRI and ultrasonography have transformed our 
recognition of enthesitis at clinically inaccessible sites.

  The clinical features of enthesopathy vary, depending on the 
location, severity, and underlying disease, although pain and loss 
of function are common.

  The traditional therapeutic spectrum includes physical modalities, 
analgesics, non-steroidal anti-inflammatory drugs, local injections 
(e.g., corticosteroids), and irradiation. There is a lack of evidence for 
efficacy of traditional disease-modifying antirheumatic drugs such 
as methotrexate and sulfasalazine in enthesitis.

  Anti–tumor necrosis factor therapy may be efficacious for isolated 
severe peripheral enthesitis or in inflammatory polyenthesitis 
associated with spondyloarthropathy-related disease.

INTRODUCTION

I will attach tendons to you and make flesh come upon you 
and cover you with skin. (Ezekiel 37:6 NIV)

This quotation, which is more than 2500 years old, amply illustrates 
the importance of anchoring tendons to bones as a prerequisite for 
recognizable body form and locomotion. The enthesis is the crucial 
link responsible for “bridging the gap”1 between the force-generating 
units (muscles) and the levers responsible for moving the body (bones). 
Its importance in rheumatology has been greatly overlooked. Defined 
simply, the enthesis is a site of insertion of a tendon, ligament, or joint 
capsule into bone or cartilage. Because insertions are ubiquitous, then 
virtually the entire skeleton can be afflicted with pathologic disorders 
of the enthesis. Historically, entheseal disease was best recognized in 
large, clinically accessible tendons and ligaments, including the Achil-
les tendon and plantar fascia, but the advent of magnetic resonance 
imaging (MRI) has confirmed that enthesitis is present throughout the 
skeleton in early stages of the spondyloarthropathies and is common 
at clinically inaccessible sites, such as the vertebral bodies.

Any pathologic alteration of an enthesis, whether traumatic, degen-
erative, or caused by inflammatory and metabolic diseases, is termed 
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that of the anchorage functions of the roots of a tree. Recognizing 
the mechanical integration of cancellous bone adjacent to an 
enthesis with that of the attachment site itself could help to 
explain why osteitis and enthesitis are frequently linked. In con-
nection with the basic anchorage role of an enthesis, however, it 
should also be noted that there are complex interdigitations of 
bone and calcified fibrocartilage that knit them into each other, 
promoting the basic function of tendon/ligament anchorage.14 
There are no Sharpey fibers where fibrocartilage is present at 
entheses, because the subchondral bone plate is too thin. Sharpey 
fibers are a feature of fibrous entheses.

Fibrocartilage
Fibrocartilage is a dynamic tissue that develops at sites where entheses 
are subject to shear and compressive forces. It also has the ability to 
promote bone formation, as shown in histologic analyses during post-
natal growth.11 The gradual bending of insertions close to joint margins, 
which is a consequence of matrix stiffening by proteoglycans in enthe-
sis fibrocartilage, increases leverage and leads to parts of the enthesis 
and adjacent tissues being compressed during joint traction. The idea 
is best understood in relation to the Achilles tendon and is the 

pathology may include subtle swelling without pain that is clinically 
unrecognizable. The implications of this remain to be determined, and 
there is a need to integrate clinical and imaging studies for enthesitis 
scoring to better resolve such clinically pertinent issues.8

In the same vein, with advancing age, asymptomatic radiographi-
cally visible enthesophytes are commonly observed at tendon or liga-
ment attachment sites.9 These bony outgrowths presumably relate to 
a degenerative enthesopathy, but many occur in healthy individuals: 
enthesophytes have been seen in up to 18% of iliac crests and 25% of 
patellae.10 In a recent study we have shown that age-related new bone 
formation at insertions including endochondral, intramembranous, 
and a third rarer type called chondroidal ossification are common at 
insertions.11

ANATOMY AND PATHOLOGY
Anatomy
The enthesis is defined as the site of insertion of a tendon, ligament, 
joint capsule, or fascia to bone. There are two major types: fibrous and 
fibrocartilaginous. The former are characterized by pure dense fibrous 
connective tissue that links the tendon or ligament to the bone, the 
latter by a transitional zone of fibrocartilage at the bony interface. In 
long bones, fibrous entheses are generally located at a considerable 
distance from a joint and are thus typical of tendons/ligaments attached 
to diaphyses. The insertions of deltoid and pronator teres are good 
examples. In contrast, fibrocartilaginous entheses are characteristic of 
tendons and ligaments attached to epiphyses and apophyses, where the 
direction of force transmitted by the tendon/ligament changes through-
out the range of joint movement. They are best typified by the Achilles 
tendon and by the tendon of supraspinatus (Fig. 121.1). It is notewor-
thy that disease in spondyloarthropathy is virtually restricted to fibro-
cartilaginous entheses and thus they alone will be considered in more 
detail. Four zones of tissue are typically recognized at such attachment 
sites.12

1. Dense fibrous connective tissue: parallel bundles of collagen 
fibers separated by longitudinal rows of fibroblasts.

2. Uncalcified fibrocartilage: fibrocartilage cells, which are com-
monly, though not invariably, arranged in longitudinal rows, 
replace the fibroblasts. These cells are associated with an extra-
cellular matrix containing type II collagen fibers and aggrecan 
(Fig. 121.2).

3. Calcified fibrocartilage: less cellular than its uncalcified counter-
part, it has an extracellular matrix that is calcified. A straight 
interface called the “tide mark” separates calcified from uncalci-
fied fibrocartilage and is the mechanical boundary between hard 
and soft tissues. In contrast, the “tissue boundary” is the junc-
tion between calcified fibrocartilage and the underlying bone. 
Although this interface is equally abrupt, it is more tortuous, 
with the degree of irregularity varying between sites.

4. Bone: a bony cortex at a fibrocartilaginous enthesis barely exists, 
because even in a large tendon like the Achilles the subchondral 
bone plate is generally little thicker than one or two trabeculae. 
Indeed, the cortex can be focally absent at microscopic sites. It 
is important to recognize, therefore, that bone at the site of an 
enthesis is closely integrated with adjacent trabecular bone, 
which thus contributes to the anchorage of the soft tissue. 
Indeed, Benjamin and colleagues13 have compared the role of 
bony spicules adjacent to a tendon/ligament attachment site to 
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CONCEPT OF THE ENTHESIS

Fig. 121.1  This drawing illustrates the concept of the enthesis, with the 
Achilles tendon (AT) insertion as an example. Historically, entheseal disease 
was strictly seen in terms of focal inflammation at the site of tendon, ligament, 
or capsule attachment to bone. However, the enthesis is more than a focal 
insertion and has been viewed as an organ—the enthesis organ—which is an 
integrated group of tissues including the insertion site itself and the 
immediately adjacent bone. All these structures are covered or lined by 
fibrocartilage. The adjacent trabecular bone network is also an integral part of 
the enthesis. The colored regions represent different fibrocartilages associated 
with the enthesis: yellow, enthenesis fibrocartilage (E) at the tendon-bone 
junction; blue, periosteal fibrocartilage (PF) on the bony surface of the superior 
tuberosity (ST); and green, sesamoid fibrocartilage (SF) lining the deep surface 
of the tendon. A fat pad (FP) that protrudes into the retrocalcaneal bursa (RB) 
is covered with synovium (red line).

BOX 121.1 DIFFERENTIAL DIAGNOSIS OF ENTHESOPATHY
  Traumatic or degenerative
  Spondyloarthropathy (termed enthesitis)
  Diffuse idiopathic skeletal hyperostosis (DISH)
  Calcium pyrophosphate dihydrate or hydroxyapatite deposition disease
  Chronic fluoride intoxication
  Chronic retinoid toxicity
  Endocrine disorders (acromegaly)
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to reduce the bending that would otherwise occur at the enthesis, it, 
too, can be considered part of the enthesis organ complex.

This organ concept is of wide applicability, and an enthesis organ 
is seen at many other sites in the body.16 Fundamentally, the develop-
ment of an enthesis organ depends on the presence of either a micro-
scopic pulley site immediately adjacent to the enthesis itself or an 
enthesis that is located in a pit, that is, so that the adjacent bone is 
slightly raised in comparison. The rheumatologic significance of the 
enthesis organ concept is that it helps to explain why patients with 
enthesopathies can present with symptoms that affect the immediately 
adjacent area rather than the tendon/ligament/bone junction itself. 
Comparable biomechanical conditions that lead to fibrocartilage for-
mation at and near entheses exist at other sites, including the regions 
where tendons or ligaments wrap around bony pulleys (e.g., ankle) and 
in some synovial joints (sacroiliac and sternoclavicular joints).

Entheses are often regarded as being well supplied with pain and 
proprioceptive receptors. However, recent studies on the rat Achilles 
tendon enthesis have shown that a healthy enthesis is aneural and that 
nerve fibers are restricted to neighboring tissues; for example, the epi-
tenon and particularly the tip of Kager fat pad protrude into the retro-
calcaneal bursa.18 Thus, in its lack of nerve fibers, enthesis fibrocartilage 
parallels the articular cartilage of a synovial joint. The fibrocartilage is 
also avascular, and the blood supply of the enthesis is largely derived 
from vessels in the peritenon and adjacent bone marrow.

Anatomy of related structures
Benjamin and McGonagle12 have coined the term functional enthesis 
to refer to the sites where tendons and ligaments wrap around bony 
pulleys and where fibrocartilaginous synovial joints are found. At such 
locations there is contact between hard and soft tissues but no anchor-
age as at entheses themselves. The similar presence of compressive 
forces at the two sites leads to a comparable functional demand for 
fibrocartilage, and this may explain why this region also can be affected 
in the seronegative spondyloarthropathies. Essentially, a functional 
enthesis is exactly comparable to part of an enthesis organ, that is, the 
region in the latter where the sesamoid and periosteal fibrocartilages 
are in contact with each other yet are not physically attached.

Finally, it has been recently described how many enthesis organ 
cartilages by virtue of their intra-articular locations rely on adjacent 
synovium for nourishment and lubrication in a manner identical to 
articular cartilages in synovial joints. This particular anatomic and 
functional unit is an example of what has been termed a synovio-
entheseal complex and is key to understanding why enthesitis and 
synovitis may be intimately linked (Fig. 121.3).19,20

Histopathology
Chronic enthesitis is characterized histopathologically by bony ero-
sions and destruction, with inflammatory infiltrates evident in the 
bone adjacent to the enthesis (Fig. 121.4).21 Inflammatory cells, includ-
ing T lymphocytes, and edema in the bone marrow close to fibrocarti-
lage have been observed.22 In later disease, capsular ossification, myxoid 
bone marrow changes, chondroid metaplasia, ossification, and the 
formation of synchondroses have been reported.21 The limited histo-
logic data on sites of acute enthesitis have shown that inflammatory 
changes occur, including macrophage infiltration.23 There are also very 
limited data on the cytokine and growth factor milieu and much of 
that which is available comes from studies on the sacroiliac joint, 
where transforming growth factor-β and tumor necrosis factor (TNF)-α 
have been reported. In fact, the only direct evidence for TNF at human 
entheses comes from studies in which TNF blockade leads to regres-
sion of enthesitis/osteitis as determined by MRI.24

When studying seronegative spondyloarthropathies, it is easier for 
investigators to obtain inflamed synovial tissue than entheses, although 
it is the latter that should be the target for study. The molecular basis 
for enthesitis had not been investigated in any detail until recently, 
and this reflects the general lack of appreciation of the importance of 
inflammation at that site. However, a recent major study has shown 
that the bone morphogenetic protein pathway signaling and its antago-
nists may play a role in both human enthesitis and animal models of 
disease.25 Specifically, noggin, a bone morphogenetic protein antago-
nist, may ameliorate experimental disease.

archetypal example of the enthesis organ concept (see Figs. 121.1 and 
121.2).12,15,16 When the foot is dorsiflexed, the Achilles tendon bends 
gradually in the region of the fibrocartilage plug as the insertional angle 
at which it approaches the heel is changed. Consequently, the imme-
diately adjacent part of the tendon is compressed against the superior 
tuberosity of the calcaneus. Mutual compression of tendon and bone 
leads to the formation of a sesamoid fibrocartilage in the deep surface 
of the former and a periosteal fibrocartilage on the surface of the latter. 
Facilitating the movement of the tendon relative to the bone is a bursa, 
and the tip of Kager fat pad moves in and out of this bursa with foot 
movements to minimize pressure changes and promote boundary 
lubrication.17 Basic mechanical engineering principles would suggest 
that a tendon that kinks under load would be more liable to failure. 
The enthesis itself, the sesamoid and periosteal fibrocartilage, the 
bursa, and the fat pad collectively comprise the Achilles enthesis organ 
as originally defined.12 Together, they all function in some way or other 
to reduce stress concentration at the enthesis itself. Because the deep 
crural fascia in the lower part of the leg also serves as a retinaculum 
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Fig. 121.2  This is an actual histologic section of the Achilles enthesis organ. 
Arrows indicate the distal part of the insertion. Many insertions throughout 
the body have this anatomic configuration. EF, enthesis insertion fibrocartilage; 
SF, sesamoid fibrocartilage; PF, periosteal fibrocartilage; RB, retrocalcaneal 
bursa; FP, fat pad; ST, superior tuberosity; T, trabeculae.



SE
C

TI
O

N
 9

 ●
 S

PO
N

D
YL

O
A

RT
H

RO
PA

TH
IE

S

1214

fat-suppressed MRI analysis in patients with spondyloarthropathies of 
recent onset. Knee effusions in these patients were associated with 
adjacent perientheseal high signal compatible with fluid or edema and 
bone marrow edema maximal at entheseal insertions, in contrast to 
findings in rheumatoid arthritis that were predominantly synovial 
based (Fig. 121.5).27 Enthesitis and capsular inflammation have also 
been reported as being commonplace in the small joints in psoriatic 
arthritis but not rheumatoid arthritis.28 Imaging has not shown 
enthesitis in every inflamed synovial joint, but conventional MRI may 
have a limited diagnostic sensitivity for enthesitis in a joint that is 
already swollen.

Focal insertional inflammation such as Achilles tendinitis or  
plantar fasciitis does not explain all of the features of the spondyloar-
thropathies, and some investigators have rejected the primacy of 
enthesitis in spondyloarthropathy based on data showing prominent 
changes in the subchondral bone well away from insertions at the 
sacroiliac joint.29 Despite the relatively low spatial resolution of con-
ventional MRI and its inability to show all sites of enthesitis, active 
enthesitis was commonly observed in advanced cases of sacroiliitis and 
almost half the cases of early disease.30 However, interpretation of 
sacroiliac joint pathology is based on the traditional concept of 

Although it is difficult to obtain suitable tissue from patients with 
enthesitis, there have been many studies looking at “normal” cadaveric 
entheses. These have shown that insertions from elderly individuals 
have a substantial degree of microscopic damage at the insertion proper 
and at the adjacent fibrocartilages.26 These age-related changes are also 
associated with microscopic inflammatory changes within the enthesis 
and immediately adjacent synovium. It has been proposed that pertur-
bation in tissue repair or remodeling responses in younger subjects at 
these sites of high mechanical stress could underscore disease in 
spondyloarthropathy.

ENTHESITIS AND THE PATHOGENESIS  
OF SPONDYLOARTHROPATHY
A universal hallmark of spondyloarthropathies
The concept that enthesitis is the universal hallmark in the spondylo-
arthropathies, linking its diverse manifestations, is supported by 
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Fig. 121.3  The juxtaposition of an enthesis (E) and a synovial membrane (S) at 
many locations has led to the introduction of the term synovio-entheseal 
complex to highlight their anatomic proximity. Here, we show how the enthesis 
of the extensor tendon (ET) in a finger is closely related to a synovium 
adjacent to the attachment of the tendon to the intermediate phalanx (IP). The 
synovial fluid could thus be involved in nourishing not only the articular 
cartilages but also the sesamoid fibrocartilage (SF) that thickens the tendon 
adjacent to its attachment site. It is readily appreciated that inflammation of 
the enthesis organ would likely be associated with adjacent synovitis. (a) 
Low-power view of the whole joint. (b) Higher magnification view of the 
juxtaposition of the enthesis, synovium, and sesamoid fibrocartilage. JC, joint 
cavity; PP, proximal phalanx.

SF

FP

RB

ST

PF

E

AT

ENTHESIS INSERTION AS EPICENTER OF INFLAMMATORY ATTACK IN
SPONDYLOARTHROPATHIES

Fig. 121.4  This shaded region indicates how the enthesis may be viewed as 
the epicenter of the inflammatory attack in the spondyloarthropathies but that 
the inflammatory reaction involves the neighboring soft tissue and bone. The 
fibrocartilages are normally avascular in a healthy enthesis, reflecting their 
functioning in a manner similar to articular cartilage. Thus, the insertion proper 
may be viewed as the “eye of the hurricane” in the earliest stages of 
inflammatory enthesitis. Note how the retrocalcaneal bursa is directly involved 
in the enthesitis-associated pathology. AT, Achilles tendon; E, enthesis insertion 
fibrocartilage; SF, sesamoid fibrocartilage; PF, periosteal fibrocartilage; RB, 
retrocalcaneal bursa; FP, fat pad; ST, superior tuberosity.
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An enthesitis-based model
The precise etiology and pathophysiology of disease localization to the 
enthesis and related structures in spondyloarthropathy are incom-
pletely understood, but an enthesitis-based model for disease has been 
developed. Small particles (0.02-1.1 µm in diameter) such as bacteria 
may localize to certain transitional zones, including entheses, where 
richly and poorly vascularized areas are juxtaposed.33 Bacteria, or their 
constituent macromolecules, may then contribute to inflammation by 
mechanisms that are yet to be clearly defined.34

Because biomechanical stress occurs at entheses in addition to other 
locations involved in spondyloarthropathy (aorta, lung apex, uvea), it 
has been suggested that such stress in the presence of microtrauma 
and subsequent healing, together with the deposition of bacterial prod-
ucts, may convert a physiologic healing response into an inflammatory 
response.35 Relevant features include the special vascularity of enthe-
ses, with subsequent activation of Toll-like receptors by CpG motifs, 
lipopolysaccharide, or bacterial heat-shock protein. These may, either 
directly or indirectly, induce nuclear factor (NF)-κB activation to a 
degree that triggers an inflammatory reaction with dendritic cell activa-
tion and T-cell co-stimulation, leading to HLA-B27–related immune 
responses. This model is presented schematically in Figure 121.6. 
When this model is interpreted in the light of the explosion of knowl-
edge in relation to innate immune functioning mediated via pattern 
recognition receptors (including Toll receptors), then it is clear that 
bacterial structural proteins and DNA alone (without viable organisms) 
could incite inflammatory responses at entheseal sites. Another con-
sequence of this model is that blocking tumor necrosis factor (TNF) 
production will not address the underlying pathogenic drive to disease, 
hence the need for chronic therapy and observed relapse during anti-
TNF cessation.36

CLINICAL FEATURES
Sites of enthesitis
Peripheral enthesitis is observed in all forms of spondyloarthropathies. 
The frequency of clinically recognizable enthesitis ranges from 13% to 
60% (Table 121.1). Such clinically recognizable sites include large 
tendons and ligaments adjacent to joints and superficial spinal inser-
tions. The entheses of the lower limb are involved more frequently 
than those of the upper limb, with plantar fasciitis, Achilles enthesitis, 
or both, being especially common. Crucially, many sites of enthesitis 

enthesitis as representing focal insertional inflammation. The enthesis 
organ concept and the related idea of a functional enthesis concept, as 
outlined next, inextricably link enthesitis and sacroiliitis even when 
focal insertional inflammation is not demonstrable in the latter.

Enthesitis and osteitis
Enthesitis and osteitis have been viewed as different pathologic pro-
cesses. However, imaging studies including radiography, MRI, and 
scintigraphy clearly demonstrate that the underlying bone forms an 
integral part of the enthesis31 and is often involved in the disease 
process in both mechanically induced and inflammatory enthesopathy. 
The bone cortex is no thicker than the underlying trabecular network, 
or, indeed, it may be absent locally at insertions (see Fig. 121.2). The 
insertion site could be viewed as being a large collection of fibrous 
strands “inserted” into a trabecular architecture that is analogous to 
chain mail, that is, deformable yet resisting tensile and compressive 
load. Studies of acute peripheral enthesitis have also shown that 
mechanical and inflammatory disease are associated with MRI- 
determined bone edema and osteitis in spondyloarthropathy-related 
inflammatory disease and that its severity is related to carriage of the 
HLA-B27 gene.31

In the light of a better understanding of the insertion proper, it now 
appears that there is a unifying biomechanical basis for disease localiza-
tion in spondyloarthropathy that can be best understood in relationship 
to enthesitis. Fibrocartilage is a dynamic tissue that occurs at regions 
of compression and shear and has been found at virtually all the  
sites of spondyloarthropathy, including the joints and aortic wall. It is 
thus of interest that murine models with humoral and cellular immu-
nity to the major cartilage proteoglycan, aggrecan, resemble human 
ankylosing spondylitis22 and that T-cell reactivity against cartilage has 
been reported in humans.32 Thus, whether fibrocartilage primarily 
indicates sites prone to microdamage or T-cell direct immune reactiv-
ity, or both, in the pathogenesis of enthesitis awaits further study.15

Fig. 121.5  MR image of a patient with psoriatic arthritis who presented 
clinically with a swollen knee. On MRI, clinically unrecognized enthesitis at the 
semimembranosus insertion is evident (white arrow). The enthesitis is 
recognizable by the presence of bone edema. However, not all regions of 
enthesitis in synovial joints, as elsewhere, have associated bone changes, 
making synovial joint enthesitis difficult to define, even on imaging.

PATHOPHYSIOLOGY OF SPONDYLOARTHROPATHY

TNF - α, IL - l,
and other cytokines

NF - κB

Bacteria or bacterial molecules,
including cell wall proteins and DNA

Healing response

Tissue MicrotraumaMechanical Stress

Fig. 121.6  A simplified schematic synthesis of the pathophysiology of 
spondyloarthropathy viewed from the unifying concept of enthesitis. 
Ultimately, enthesitis is the result of activation of NF-κB with the induction of 
proinflammatory cytokines. Diverse factors including biomechanical stress at 
insertions and immediately adjacent tissue, with microtrauma and healing 
response and the deposition of bacterial fragments, convert what would 
ordinarily be a healing response into a clinically recognizable inflammatory 
response at insertions and related structures. These factors result in innate 
immune activation with the presentation of hitherto undefined peptides via 
HLA-B27, leading to acquired immune activation and disease expression in 
ankylosing spondylitis. These factors ultimately lead to increased 
proinflammatory cytokine production. Anti-TNF neutralizes these, but as soon 
as it is stopped, disease usually returns.
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Romanus lesion) conceptually as being related to peripheral disease 
such as Achilles or plantar fascia enthesitis. MRI is becoming the 
method of choice for evaluating spinal polyenthesitis or early inflam-
matory back pain in spondyloarthropathy. Recent work has shown that 
a baseline MR image of the sacroiliac joint can be fairly reliably used 
to predict the radiographic development of ankylosing spondylitis at 8 
years.39 Also MRI of the spine can be reliably used to differentiate 
between spondyloarthropathy and degenerative disease. However, 
entheseal abnormalites are common in the degenerative disease cate-
gory.40 The role of MRI has taken on great importance especially since 
the recognition that therapies that powerfully suppress the inflamma-
tory phase of enthesitis are now available.

Various recent studies have shown that fat suppression MRI, with 
or without contrast agent administration, is the most sensitive method 
for identifying active enthesitis at any site. MRI can show perientheseal 
inflammation with adjacent bone marrow edema in fat-suppressed 
T2-weighted sequences (Fig. 121.7). Usually, investigations are required 
for the diagnosis of clinically unrecognized enthesitis in the spine in 
patients with inflammatory back pain where the presence of enthesitis-
associated osteitis may be diagnostic and also useful for monitoring 
therapy (Fig. 121.8). Although preliminary studies are promising, the 
value of MRI for the diagnostic and prognostic assessment of synovial 
joint disease in definite or suspected spondyloarthropathy has not been 
established.27

including most of those in the spine and in large joints are clinically 
inaccessible, something that contributed historically to the failure to 
recognize the primacy of enthesitis in spondyloarthropathy.

Symptoms and signs
Clinically accessible sites of enthesitis can be asymptomatic and might 
be detectable only by ultrasound techniques, but such observations lack 
histologic validation.37 However, pain on movement is the main com-
plaint in enthesitis. The degree of pain can vary from mild to disabling. 
The pain is often pronounced after a period of rest, especially in the 
morning, and improves gradually with movement. Soft tissue swelling 
may be visible at superficial sites such as the Achilles tendon insertion. 
Physical examination of deep-seated entheses such as those on the 
greater trochanter may reveal tenderness and palpable swelling. The 
relative contribution of soft tissue versus bone inflammation to pain 
and disability at sites of enthesitis remains to be defined.

Clinically, peripheral enthesitis may antedate the occurrence of 
other spondyloarthropathy-related symptoms such as inflammatory 
back pain or peripheral arthritis, especially in juvenile-onset forms of 
spondyloarthropathy.38 However, this observation is unlikely to reflect 
separate phases of disease and may simply indicate the presence of 
unrecognized enthesitis at other sites. Clinical scoring methods for 
accessible superficial sites of enthesitis have been developed but further 
work is needed to improve the value of these—both as a diagnostic tool 
and an outcome measure.36

Differential diagnosis
Numerous diseases can lead to the clinical presentation of enthesopa-
thy and have to be considered as a potential differential diagnosis of 
enthesitis related to the spondyloarthropathies. However, in the vast 
majority, the diagnosis usually rests between inflammatory disease and 
degenerative/mechanical disease (see Box 121.1). Particular clinical 
suspicion is needed in the diagnostic assessment of chest wall enthesi-
tis, because recognition will preclude unnecessary cardiac investiga-
tions, for example. A major difficulty with the differential diagnosis of 
enthesitis is that clinicians probably fail to consider it often enough 
outside the classically recognized sites of the foot and elbow, for 
example.

IMAGING
Generally, the diagnosis of peripheral enthesitis is clinically based and 
imaging is mostly used in a research setting or for monitoring therapy. 
The major need for imaging enthesitis is probably that of involving the 
axial skeleton to facilitate a diagnosis of spondyloarthropathy. The 
value of plain radiographs for the diagnosis of early enthesitis is debat-
able, because characteristic changes are usually absent in early disease. 
With the advent of MRI and ultrasonography, the role of bone scintig-
raphy will likely diminish even farther.

Magnetic resonance imaging
As stated, enthesitis is difficult to recognize in the axial skeleton. In 
fact, clinicians do not even view spinal enthesitis and osteitis (e.g., a 

TABLE 121.1 REPORTED FREQUENCY OF CLINICALLY RECOGNIZABLE ENTHESITIS 
IN THE DIFFERENT SPONDYLOARTHROPATHIES

Spondyloarthropathy Frequency of enthesitis (%)

Ankylosing spondylitis 25-28

Reactive arthritis 13-58

Psoriatic arthritis 20

Spondyloarthropathy associated with 
inflammatory bowel disease

7-33

Undifferentiated spondyloarthropathy 27

Data from references 46 to 50.

Fig. 121.7  High-resolution MR image in a patient with early psoriatic arthritis 
presenting with acute Achilles enthesitis. There is perientheseal high signal in 
the soft tissue adjacent to the enthesis and also signal within the enthesis after 
gadolinium administration, reflecting increased vascularity. At this stage in the 
disease process the enthesis fibrocartilage appears to be relatively spared 
(white arrow).
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a

b

Fig. 121.8  Fat-suppressed MR images of a patient with spinal enthesitis before 
(a) and after (b) etanercept, a TNF blocker. The white arrows illustrate sites of 
active enthesitis. These images show that spinal involvement in ankylosing 
spondylitis is largely an enthesitis that should be viewed as a chronic HLA-
B27–associated polyenthesitis. It also illustrates how the enthesitis-associated 
pathologic process is often highly responsive to anti-TNF therapy with almost 
complete resolution of these changes after treatment.

PROGRESSIVE OSSIFICATION

a b c d

Fig. 121.9  (a) Initially, inflammatory changes are noted at attachments to bone and the adjacent bone marrow as determined by MRI and scintigraphy. (b) This 
progresses to bone erosions, at least in the sacroiliac joint in early disease. (c) Capsular ossification leads to peripheral bone ankylosis largely via entheseal 
calcification. (d) In synovial joints, including the sacroiliac joint and the hip, the central articular cartilage may be replaced by bony bridges leading to intra-articular 
ankylosis of bone. The diffuse osteitis that accompanies early enthesitis may lead to the joint cartilages being subject to an immunologic attachment from beneath 
the growth plate that subsequently culminates in the radiologic appearance in advanced disease.

Conventional radiography
The combination of erosion and bone proliferation is the radiographic 
hallmark of enthesitis, but this is a comparatively late feature and of 
limited value for early diagnosis. In early disease during the inflamma-
tory phase, osteopenia or erosions may be evident. Subsequently, when 
the repair process predominates, soft tissue calcification and bone 
cortex irregularities at tendon insertions are observed.41 This can pro-
gress to enthesophytes. The relationship between inflammation, new 
bone formation, and bone erosion in spondyloarthropathy-associated 
enthesitis is incompletely understood, with our current understanding 
being depicted in Figure 121.9.

Ultrasonography
Ultrasound evaluation is readily applicable to demonstrating enthesitis 
especially in the peripheral skeleton.42 The ultrasound appearance is 

associated with loss of normal fibrillar echogenicity of the entheses, 
with hypoechoic thickening and edema with bone erosion or new bone 
formation at the insertion or with changes in entheseal vascularity as 
measured by power Doppler imaging (Fig. 121.10).43 Furthermore, 
ultrasonography may reveal small effusions in the adjacent bursa and 
guide arthrocentesis. Ultrasonography, including power Doppler tech-
niques, may be especially useful for the improved early diagnosis of 
clinically unrecognized, peripheral enthesitis but, as stated, the difficult 
issue of histologic validation of ultrasonography has not been addressed.

Bone scintigraphy
Bone scintigraphy is still regarded as a useful way for diagnosing 
patients with multilocular inflammatory manifestations in multiple 
entheses, especially at locations difficult to investigate by clinical 
examination and particularly the chest wall. However, it is likely that 
MRI could supercede scintigraphy in this respect (Fig. 121.11).

Fig. 121.10  Ultrasound image of an erosive enthesitis at the site of insertion of 
the right Achilles tendon. When compared with the healthy site, cortical 
erosions are noted. The white arrowheads illustrate the sites of erosion 
adjacent to the periosteal fibrocartilages. (Courtesy of Dr. Richard Wakefield, 
Department of Rheumatology, University of Leeds, UK).
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MANAGEMENT
Several questions need addressing before starting the treatment of 
enthesitis in spondyloarthropathy.1 Is the disease primarily inflamma-
tory (associated with spondyloarthropathy), or is it predominantly 
degenerative (where inflammation may also be a feature)?2 Is it isolated 
peripheral enthesitis, or is it part of a generalized inflammatory enthesi-
tis such as ankylosing spondylitis? A stepwise approach to treatment 
of isolated peripheral enthesitis may result in remission. Refractory 
enthesitis, defined by persistence of symptoms after a period of 2 years 
despite adequate treatment, occurs in only a minority of cases with 
such measures.

Fig. 121.11  Scintigraphy of spinal polyenthesitis in spondyloarthropathy with 
multiple spinous processes and sacroiliac joint involvement. Currently, 
scintigraphy is being replaced by MRI but scintigraphy may still be useful for 
assessment of the entire skeleton and chest wall. (Courtesy of Drs. Boerner and 
Gratz, Department of Nuclear Medicine, Medical School, Hannover, Germany).

First-line therapy
The first-line treatment of isolated peripheral enthesitis consists of 
non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy, 
and orthoses. Various NSAIDs have been shown to be effective in the 
treatment of spondyloarthritides, including indomethacin, diclofenac, 
naproxen, piroxicam, and, most recently, meloxicam and the cyclooxy-
genase-2 inhibitors, including celecoxib. Local injections of corticoste-
roid should be tried for patients with enthesitis at one or a limited 
number of sites.

Disease-modifying therapy
Conflicting data exist with respect to the use of sulfasalazine or metho-
trexate and other so-called disease-modifying drugs. Their efficacy is 
not impressive, but these agents have not been used early in patients 
with MRI-determined severe insertional and bone disease. With the 
advent of anti-TNF drugs, it is likely that the role of surgery and irra-
diation for refractory isolated peripheral enthesitis will be very limited. 
Anecdotally, isolated peripheral enthesitis may respond well to anti-
TNF agents, but thus far there is a limited clinical evidence base for 
this approach.

Management of “secondary” enthesitis
For therapy for inflammatory polyenthesitis related to ankylosing spon-
dylitis or psoriatic arthritis there is no question that the advent of 
anti-TNF treatment (e.g., with etanercept, infliximab, or adalimumab), 
as discussed elsewhere in this book, has represented a giant therapeutic 
leap. Treatment with NSAIDs, sulfasalazine, methotrexate, and, more 
recently, leflunomide, in the case of psoriatic arthritis, may be used, 
especially where synovial joint swelling is evident. Thus far, only the 
anti-TNF drugs have been associated with regression of both spinal 
and appendicular skeleton enthesitis (see Fig. 121.7). The use of 
bisphosphonates, and pamidronate in particular, may also have a role 
in enthesitis-related osteitis, but this needs further evaluation.36 The 
efficacy of these new therapies will likely render radiation therapy for 
resistant enthesitis in spondyloarthropathy a historical treatment. 
Surgery does not appear to provide any beneficial effect in enthesitis. 
However, it may still have a role for the removal of large bone spurs 
at sites such as the plantar fascia.

A major cause of disability in ankylosing spondylitis is entheseal 
ossification leading to reduced spinal mobility. There is currently insuf-
ficient evidence to show that NSAIDs prevent the ligamentous and 
capsular calcification that accompanies enthesitis. It was hoped that 
the anti-TNF agents would retard spinal fusion because they lead to 
good suppression of enthesitis/osteitis. At the present time there is 
evidence that a relationship exists between the inflammatory phase of 
enthesitis and the likelihood of subsequent entheseal new bone forma-
tion at the same spinal segment.44 The link between inflammation and 
new bone formation in enthesitis is more complex than hitherto appre-
ciated because both erosion formation and new bone seem to be ana-
tomically and temporally uncoupled.45 The biggest clinical challenge at 
the moment is to determine whether reversing entheseal inflammation 
prevents entheseal new bone formation in patients who do not have 
preexistent spinal joint fusion.
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Systemic lupus erythematosus heterogeneity and subphenotypes
Although SLE is a heterogeneous disease, the ACR criteria do not 
distinguish among clinically disparate phenotypes of SLE. It remains 
unclear whether SLE subtypes are distinct diseases, but the following 
non-mutually exclusive clinical phenotypes of SLE, each with a specific 
autoantibody-linked clinical syndrome, have been recognized:

● Anti-dsDNA/glomerulonephritis: Anti-dsDNA antibodies are 
strongly associated with severe SLE and the development and activity 
of glomerulonephritis.1,12

● Anti-Ro antibodies/subacute cutaneous LE and Sjögren syndrome: 
Anti-Ro antibodies (also called SSA antibodies) are directed against 
RNA-protein conjugates and are prevalent in many autoimmune 
diseases, including SLE in particular with photosensitive rashes, 
Sjögren syndrome/SLE overlap syndrome, subacute cutaneous LE 
(SCLE), neonatal lupus, and primary biliary cirrhosis. In SLE, anti-Ro 
antibodies have also been associated with cutaneous vasculitis in 
SLE.13 In contrast, anti-La/SSB antibodies are more strongly associ-
ated with Sjögren syndrome.14 Although more than half of SCLE 
patients may fulfill the ACR criteria for SLE, they are likely a distinct 
phenotype with recognizable annular or psoriasiform photosensitive 
rashes, less visceral involvement, and the requirement for immuno-
suppressive therapy.15

● Antiphospholipid antibody syndrome: Antiphospholipid antibodies, 
including lupus anticoagulant, anticardiolipin antibodies, anti- 
prothrombin antibodies and anti-β2 glycoprotein-1 antibodies, iden-
tify SLE patients with a distinct phenotype: high risk of occlusive 
vasculopathy, livedo reticularis, strokes and miscarriages, and prob-
ably a common etiology and pathogenesis.12,16

● SLE/mixed connective tissue disease overlap: Anti-U1 ribonucleopro-
tein antibodies; puffy hands; arthritis, which can be erosive; Raynaud 
phenomenon; pulmonary hypertension; and relative protection from 
renal disease characterize this clinically distinct syndrome.17

Descriptive epidemiology
Sex
SLE is predominantly a disease of women, although the female excess 
varies with age. Before puberty, SLE is approximately twice as common 
in girls. During childbearing years, the female-to-male ratio climbs, 
reaching a peak ratio of approximately 12 : 1. After menopause, the 
disproportionate incidence rates in women decline to approximately 
twice those in men.18,19 Men may suffer from more severe disease when 
it does develop.20,21 In the multiethnic SLE cohort “Lupus in Minori-
ties, Nature versus Nurture” (LUMINA), male subjects had more accel-
erated disease, had greater damage at baseline, accrued more damage, 
and had poorer long-term prognoses than their female counterparts.22

Age
SLE may present at any age, although its peak incidence is between 15 
and 45, during the childbearing period in women. In comparisons of 
relatively small pediatric and adult SLE cohorts, children and adoles-
cents appear to have more active SLE, especially SLE nephritis, both at 
presentation and over time.23,24 Compared with adults with SLE, chil-
dren receive more intensive drug therapy and accrue more damage, 
often related to steroid toxicity.23 Young age was an important inde-
pendent predictor of new or worsening proteinuria on routine screen-
ing, and onset of SLE during adolescence was associated with more 
aggressive disease and worse outcomes than that later in life.24,25 

Epidemiology and classification of 
systemic lupus erythematosus
Julia F. Simard and Karen H. Costenbader

INTRODUCTION
Systemic lupus erythematosus (SLE) is an often-severe autoimmune 
rheumatic disease of unclear etiology, characterized by autoantibody 
production and protean organ system manifestations. Most of its 
diverse manifestations, including rashes, cytopenias, thromboses, and 
glomerulonephritis, are driven by the production of autoantibodies. 
Autoantibodies in SLE are directed against intracellular targets: Anti-
nuclear antibodies (ANAs) are the most characteristic and present in 
at least 95% of SLE patients. Anti–double-stranded DNA (dsDNA), 
anti-smith (anti-Sm), anti-Ro, and anti-La antibodies are less common.1-3 
Characteristic autoantibodies have been detected up to 9 years prior to 
the development of the first symptoms of SLE.4 This chapter reviews 
the classification of the disorder, gives an overview of its descriptive 
epidemiology, and considers the role of both host and environmental 
factors in its etiology. The genetic background to SLE is considered in 
Chapter 124. This chapter also reviews the clinical epidemiologic data 
on key outcomes including survival and the development of cardiovas-
cular disease and lupus nephritis.

Classification of systemic lupus erythematosus
SLE is a prototype multisystem autoimmune disorder with multiorgan 
involvement and a broad range of disease manifestations that vary over 
time. Clinical presentation and laboratory testing are used together in 
making a diagnosis. Criteria for disease classification were developed 
by the American College of Rheumatology (ACR) in 1971, with sub-
sequent revisions in 1982 and again in 1997 (Table 122.1).5,6 These 
criteria aim to be optimally sensitive and specific, requiring involve-
ment of at least 4 of 11 different organ systems, but were not intended 
to include all possible manifestations. These criteria were developed to 
define a relatively homogeneous population and to allow comparability 
of research subjects from different settings. Shortcomings of the current 
system have been outlined by many, and modified criteria have been 
proposed.7-10 Modifications such as weighting of the different manifes-
tations (e.g., more weight for severe organ involvement and less weight 
for more subjective signs and symptoms such as photosensitivity and 
oral ulcers) have been proposed and have greater sensitivity, but slightly 
lower specificity for disease classification.11

122
 Systemic lupus erythematosus (SLE) primarily affects women of 

childbearing age.
 Several minority groups have increased prevalence and a more 

severe disease course.
 The cause or causes of SLE, a paradigmatic disorder of immune 

dysfunction, remain unknown with several environmental factors 
as important potential triggers for those with underlying genetic 
influences.

 Epidemiologic evidence has linked environmental factors, including 
current cigarette smoking, crystalline silica exposure, oral 
contraceptives, and postmenopausal hormones, with the 
development of SLE.

 Increased disease severity is associated with poverty, lower 
education, and decreased access to medical care, as well as the 
presence of certain autoantibodies.
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TABLE 122.1 1997 UPDATED AMERICAN COLLEGE OF RHEUMATOLOGY CRITERIA FOR CLASSIFICATION OF SYSTEMIC LUPUS ERYTHEMATOSUS

1. Malar rash Fixed erythema, flat or raised, over the malar eminences, tending to spare the nasolabial folds

2. Discoid rash Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur in older lesions

3. Photosensitivity Skin rash as a result of unusual reaction to sunlight, by patient history or physician observation

4. Oral ulcers Oral or nasopharyngeal ulceration, usually painless, observed by physician

5. Nonerosive arthritis Involving 2 or more peripheral joints, characterized by tenderness, swelling, or effusion

6. Pleuritis or pericarditis a) Pleuritis: convincing history of pleuritic pain or rubbing heard by a physician or evidence of pleural effusion, OR
b) Pericarditis: documented by electrocardiogram or rub or evidence of pericardial effusion

7. Renal disorder a) Persistent proteinuria > 0.5 g per day or > than 3+ if quantitation not performed, OR
b) Cellular casts: red cell, hemoglobin, granular, tubular, or mixed

8. Neurologic disorder a) Seizures: in the absence of offending drugs or known metabolic derangements (e.g., uremia, ketoacidosis, or electrolyte 
imbalance), OR

b) Psychosis: in the absence of offending drugs or known metabolic derangements (e.g., uremia, ketoacidosis, or electrolyte 
imbalance)

9. Hematologic disorder At least one of the following:
a) Hemolytic anemia: with reticulocytosis
b) Leukopenia: <4000/mm3 on ≥2 occasions
c) Lymphopenia: <1500/mm3 on ≥2 occasions
d) Thrombocytopenia: <100,000/mm3 in the absence of offending drugs

10. Immunologic disorder At least one of the following:
a) Anti-DNA: antibody to native DNA in abnormal titer
b) Anti-Sm: presence of antibody to Sm nuclear antigen
c) Positive finding of antiphospholipid antibodies on:

1. an abnormal serum level of IgG or IgM anticardiolipin antibodies,
2. a positive test result for lupus anticoagulant using a standard method, OR
3. a false-positive test result for at least 6 mo confirmed by Treponema pallidum immobilization or fluorescent treponemal 

antibody absorption test

11. Positive antinuclear antibody An abnormal titer of antinuclear antibody by immunofluorescence or an equivalent assay at any point in time and in the absence 
of drugs

Classified as SLE if at least 4 of the above criteria are met.
From Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum 1997;40:1725 and Tan EM, Cohen AS, Fries JF, et 
al. The 1982 revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum 1982;25:1271-1277.

Among adult women, however, SLE onset after menopause appears to 
result in slightly less severe disease than does premenopausal onset.19

Ethnicity and geography
For unknown reasons, SLE in the United States is most prevalent 
among those of non-Caucasian descent, with those of African heritage 
most affected. However, all non-white groups in the United States have 
both a higher incidence and more severe and fatal disease.4,26-29 SLE 
incidence rates among black females, for example, are three to four 
times those of white females.30-32 Not only is SLE more prevalent in 
non-Caucasians, but the mean age at onset of SLE is younger in non-
white groups26,33 and disease damage accrues more quickly.34

SLE occurs worldwide, although it is likely under-recognized and 
underdiagnosed in developing countries. International studies of SLE 
incidence and prevalence are difficult to compare given differences in 
case ascertainment and design. Danchenko and colleagues35 reviewed 
more than 60 studies on SLE incidence and prevalence in the United 
States, Europe, Asia, and Australia from 1950 to 2006 (Fig. 122.1). 
The prevalence studies summarized revealed patterns similar to those 
of SLE incidence, but no clear North-South or East-West pattern 
emerged.35 Studies of Aboriginal populations in Australia and New 
Zealand have found higher prevalence and incidence in these popula-
tions than in Australian Caucasians.36

A “prevalence gradient” in those of African origin living in sub-
Saharan Africa, where SLE prevalence is reportedly low, and those 
living in Western countries, where similar populations have more 
disease, has been reported.37 The existence of such a gradient could 
suggest the possibility of genetic admixture or differences in environ-
mental exposures. Lower prevalence in Africa may be due to more 
severe SLE, inadequate treatment reducing survival, or lower incidence 
because of competing causes of death. A study in the United Kingdom 
revealed a high prevalence of SLE in recent immigrants from West 
Africa.38 No comprehensive studies of SLE incidence have been con-

ducted in Africa, an inherently extremely interesting but challenging 
population to investigate.

Risk factors for systemic lupus erythematosus
Complex interactions between genes and environmental exposures  
are likely necessary for the development of SLE. Genetic factors (see 
Chapter 124) may predispose to the development of the breakdown of 
self-tolerance and development of general autoimmunity; or they may 
encode natural autoantibodies that evolve to become pathogenic or 
proteins involved in SLE-specific intracellular signaling pathways. Epi-
demiologic studies have sought to identify potential factors that could 
trigger SLE in the genetically susceptible. Much of the epidemiologic 
data collected to date is inconsistent, suggesting the possibility of 
methodologic limitations in their interpretation.

Hormonal/reproductive factors
Given the overwhelming female preponderance of the disease, hor-
monal factors are of great interest. Significantly lower androgen (tes-
tosterone and dehydroepiandrosterone sulfate [DHEAS]) and higher 
estradiol and prolactin levels were found in women with SLE compared 
with controls in a meta-analysis of clinical studies.39 In addition, 
abnormal sex steroid metabolism, with increased hydroxylation of 
testosterone to estradiol and increased 16α-hydroxylation of estradiol 
to the more proliferative metabolite 16-OH estrone, compared with 
2-OH estrone, exists in both males and females.40,41 Mild or moderate 
hyperprolactinemia has been demonstrated in 20% to 30% of SLE 
patients and is associated with active disease.42 Case-control studies 
such as these, however, are unable to address whether the hormone 
metabolism abnormalities observed are a consequence of SLE and/or 
its treatment or related to risk of incident disease.

In nearly 240,000 predominantly Caucasian women followed pro-
spectively for up to 22 years, use of oral contraceptives and postmeno-
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recreational and occupational exposure to petroleum distillates, as well 
as trichloroethylene and organochlorines, are related to risk of  
undifferentiated connective tissue disease61 and SLE symptoms,62,63 
but there is no conclusive epidemiologic evidence of an association 
between trichloroethylene and SLE in humans. One study has sug-
gested an association between increased risk of SLE and pesticide 
exposure.64

Crystalline silica, a well-known adjuvant leading to increased produc-
tion of proinflammatory cytokines such as interleukin-1 and tumor 
necrosis factor, has been implicated as a trigger of SLE in both murine 
models and epidemiologic studies. Thus silica in both agricultural and 
occupational settings may increase risk.65,66

Breast implants and cosmetics
Small studies and case reports in the 1990s suggested silicone breast 
implants may trigger SLE and related connective tissue diseases, but 
no association was found in 7442 Swedish women.67 Implants may 
lead to minor reductions in some complement components and higher 
prevalence of antibodies to single-stranded DNA.68

Studies suggesting a role for hair dyes and other cosmetics, includ-
ing lipstick, remain unconfirmed.51,69,70

Nutritional factors
There has been little study of diet as a risk factor. Animal models have 
investigated some nutritional factors in relation to SLE risk. In humans, 
lower serum and plasma levels of antioxidants have been found in SLE 
cases both before and after diagnosis.71,72 Lower levels of vitamin D 
have been observed in subjects with SLE, but it is unclear whether this 
is related to disease activity or to the common recommendation that 
people with SLE avoid sun exposure.73 No protective effect of increased 
vitamin D intake from food or supplements was found in a large pro-
spective study.74

Epstein-Barr Virus
Although Epstein-Barr virus (EBV) is an almost ubiquitous virus, a 
number of studies have found compelling links between EBV and 
SLE.75,76 In a pediatric population, EBV infection was serologically 
confirmed in nearly all pediatric SLE patients, whereas less than three 
quarters of controls were seropositive.77 EBV DNA has been recovered 
in ANA-positive adult cases and high-titer serum anti-EBV antibodies 
have been shown to precede SLE onset by several years.78 In addition, 
EBV-specific anti-EBNA-1 and anti-VCA antibody titers were signifi-
cantly higher in those who later developed SLE compared with those 
who did not. Titers rose gradually from their first detectable levels years 

pausal hormones were associated with increased risk of incident  
SLE.43 The data on other reproductive factors in relation to the risk of 
SLE have been inconsistent apart from early age at menarche, which 
has been found to be related to SLE risk in several studies.43-45 Similarly, 
breastfeeding three or more babies (compared with never breastfeeding) 
appeared to be protective,44 a result that has not been confirmed.43

Early life factors
Early life, including fetal development, is a period of extensive immune 
system development and therefore the child is potentially susceptible 
to external influences and damage. In a large prospective cohort study 
of U.S. women, self-reported preterm birth and high birth weight (>10 
pounds) were risk factors for SLE development.46 The latter association 
was not found in a smaller case-control study.47

Cigarette smoking
Several,48-50 but not all,51-54 epidemiologic studies have reported signifi-
cantly increased risk of SLE among smokers, particularly current 
smokers. Seven case-control studies and two cohort studies examining 
smoking as a risk factor for SLE were combined in a meta-analysis 
showing an increased risk of SLE associated with current smoking 
(relative risk 1.5; 95% confidence interval [CI], 1.1 to 2.1).55 A subse-
quent case-control study found that current smoking was associated 
with the presence of anti-dsDNA antibodies.56 Active smoking may 
induce adducts with a half-life of 9 to 13 days, potentially explaining 
the observed associations of the current but not past smoking with 
increased risk of SLE. Alternatively, as cigarette smoke promotes an 
influx of short-lived inflammatory cells into the lungs and impairs the 
capability of resident macrophages to clear inflammatory debris, anti-
dsDNA antibodies may be the result of ineffective clearance of apop-
totic pulmonary material.57

Alcohol
The relationship between alcohol consumption and SLE susceptibil-
ity was recently examined in a meta-analysis of six case-control studies 
and one cohort study.58 Moderate alcohol intake was weakly but not 
significantly protective of SLE (odds ratio 0.8; 95% CI, 0.5 to 1.2). Such 
studies may be subject to methodologic concerns.

Environmental contaminants
Environmental contaminants in common household products, in haz-
ardous waste sites, and other relatively common exposures may affect 
sex hormone homeostasis and be associated with autoimmune mani-
festations.59,60 Epidemiologic studies have demonstrated that both 
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Fig. 122.1 Incidence of worldwide systemic lupus erythematosus. (From 
Danchenko N, Satia JA, Anthony MS. Epidemiology of systemic lupus 
erythematosus: a comparison of worldwide disease burden. Lupus 
2006;15:308-318.)
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the introduction of diuretics, dialysis, more efficacious antibiotics, and 
better understanding and monitoring of SLE.87,88 By 1973, mean sur-
vival increased to 8.5 years89 and in 1982, the 5- and 10-year survival 
rates were reported as 86% and 76%, respectively.90 More recent data 
from the United States and Europe suggest 5- and 10-year survival rates 
above 90% and 85%, respectively (Table 122.2).91 In this period, better 
treatment for patients with renal disease, including immunosuppres-
sive regimens and dialysis, have reduced the mortality rate from uremia 
and renal failure itself.

There remains a longer-term mortality risk with deaths attributable 
to end-stage renal disease, infections, cardiovascular disease, and 
cancer.92 A bimodal pattern of death in lupus patients was initially 
observed by Urowitz93 and has been repeatedly reported: Lupus patients 
surviving the early years after diagnosis often suffer premature athero-
sclerosis and coronary artery disease (CAD). Thus the all-cause stan-
dardized mortality rate (SMR) for lupus patients is more than twice 
that of the general population (SMR 2.4, 95% CI, 2.3 to 2.5).94 In this 
North American lupus population, the SMRs were most elevated for 
renal disease (7.9; 95% CI, 5.5 to 11.0); infections (5.0; 95% CI, 3.7, 
6.7); non-Hodgkin lymphoma (2.8; 95% CI, 1.2 to 5.6); lung cancer 
(2.3; 95% CI, 1.6 to 3.0); and circulatory disease (1.7; 95% CI, 1.5  
to 1.9).

PREDICTORS OF POOR OUTCOME
Socioeconomic status
Severity and mortality from SLE increase with declining SES.27,30,95,96 
Death was four times more likely among those with incomes below, 
compared with above, the U.S. federal poverty level,97 and poverty was 
a stronger predictor of mortality than ethnicity.98 Low socioeco-
nomic status may reflect several different risk factors for increased rates 
and severity of SLE. Poverty, lack of education, and lack of social 
support are associated with poor outcomes and disease pro gression.27,99 
Increased SLE-related mortality has also been observed among those 
with fewer years of education, particularly among whites.100 Non-
adherence to medical care, which may be related to lack of medical 
understanding and education, was an important predictor of SLE 
nephritis outcome in the Baltimore SLE Cohort.101 Lack of disease 
comprehension, and reduced self-confidence and social support have 
all been associated with increased SLE disease severity.95,96,102-104

Ethnicity
Ethnicity and socioeconomic status are often difficult to disentangle in 
epidemiologic studies. After adjustment for poverty and medical insur-
ance, the relative risk of SLE progression for African Americans and 
Hispanics was reduced, although still elevated compared with that of 

before the first symptoms of SLE until the time of diagnosis of SLE, 
paralleling, and in some cases preceding the development of SLE- 
specific antibodies, implicating EBV-specific immune responses in the 
pathogenesis of SLE.78

Immunizations
A number of studies have explored the safety and effectiveness of  
vaccination and immunization in SLE patients, a population with 
already established and diagnosed disease. However, comparatively 
little research has investigated the risk of developing SLE following 
immunization. A few case reports and case series have suggested links 
between SLE with pneumococcal, tetanus, and Haemophilus influen-
zae B, as well hepatitis B and influenza vaccinations.79,80 In the Caro-
lina SLE Study, the largest epidemiologic study to examine such 
relationships, there appeared to be no association between hepatitis B 
vaccination and SLE.81 Thus whether there is an association between 
being immunized and developing SLE is not yet known.

Psychological stress
Although studies have explored the role of chronic stress and cata-
strophic and major life event stressors as triggers of flare and changes 
in disease activity,82 psychological and physiologic stress has never 
been investigated as risk factors for the development of SLE.

Ultraviolet light
Exposure to ultraviolet (UV) light may trigger SLE disease flares, includ-
ing photosensitive rashes, fevers, and other systemic symptoms,83 and 
SLE flares tend to be more common during sunnier months.84 In a 
case-control study in Sweden, a history of more than one serious 
sunburn before age 20 and sunburn-susceptible skin type were both 
associated with SLE risk.54 However, in a study that employed cumula-
tive months of occupational sunlight exposure as a proxy for past UV 
exposure, no overall association with the risk of SLE was observed.85 
Among Caucasian women in this study, the risk of SLE with both the 
highest amount of UV light exposure and a glutathione-S-transferase 
M1 homozygous null genotype (deficiency of an enzyme involved in 
metabolizing reactive oxygen species) was elevated at 3.1. This suggests 
that UV light exposure may be a risk factor for SLE in a subset of 
genetically predisposed women.

EPIDEMIOLOGY OF SYSTEMIC LUPUS 
ERYTHEMATOSUS OUTCOMES
Mortality
In the 1940s and early 1950s, only 50% of patients newly diagnosed 
with lupus survived 3 to 4 years.86 With the introduction of corticoste-
roids in 1948, survival greatly improved. It improved further due to 

TABLE 122.2 SUMMARY OF RECENT INTERNATIONAL MORTALITY STUDIES IN SLE

Study (ref) Yr No. Patients W (%) B (%) H (%) A (%) O (%) Location Survival Rates (%)

5 Yr 10 Yr 15 Yr 20 Yr

Al-Saleh128 2008 151 2 4 0 35 110 United Arab Emirates 94

Cervera129 2003 1000 1000 0 0 0 0 Europe 95 92

Doria130 2006 207 207 0 0 0 0 Italy 96 93 76

Funauchi131 2007 306 0 0 0 306 0 Japan 94 92 — 77

Heller132 2007 92 0 7 0 7 78 Saudi Arabia 92

Kasitanon133 2006 1378 767 543 — — 68 USA 95 91 85 78

Mok134 2005 285 0 0 0 285 0 China 92 83 80

Sun135 2008 100 0 0 0 100 0 China 98 98

Wadee136 2007 226 2 210 0 7 7 South Africa 57.72

A, Asian; B, Black (African, African-American, African-Caribbean); H, Hispanic; O, Other; W, White.
Ippolito A, Petri M. An update on mortality in systemic lupus erythematosus. Clin Exp Rheumatol 2008;26(Suppl 51):S72-S79.
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COMPLICATIONS IN LUPUS
Cardiovascular disease
It has long been known that SLE patients treated with longer dura-
tions of corticosteroids have more hypertension and CAD, suggesting 
that these cardiovascular insults may be consequences of underlying 
disease or its treatment.93 The excess burden of cardiovascular disease 
in SLE, however, occurs mainly in younger, frequently premenopausal, 
women with a low baseline risk.107 Recent estimates of the increased 
risk of acute myocardial infaction, angina, and cerbrovascular disease 
and death range from 2 to 17 times elevated compared with healthy 
individuals, and the risks remain elevated after controlling for  
traditional cardiovascular risk factors such as hypertention and 
hyperlipidemia.108-111

The pathogenesis of CAD in SLE patients appears to be multifacto-
rial because there are increased rates of hyperlipidemia, hypertension, 
hypercoaguability, vasospasm, and premature menopause. Active 
inflammation in SLE likely drives atherosclerosis as well.112 Addition-
ally, procoagulant factors such as homocysteine and antiphospholipid 
antibodies may be involved in cardiovascular disease risk.113

Clinical cardiovascular disease affects 6% to 10% of SLE patients 
with a much larger proportion having evidence of subclinical athero-
sclerotic disease using a variety of imaging and perfusion studies.114,115 
Carotid plaques and intimal-medial thickening demonstrating sub-
clinical atherosclerosis are more common in SLE patients compared 
with age, sex, and race-matched controls and progress with disease 
duration.116,117 High prevalence of carotid plaque is associated with 
traditional cardiovascular risk factors and SLE, and progression of 
intimal thickness is associated with poor renal function, higher serum 
C3 complement levels, and the use of immunosuppressants.117 Coro-
nary artery calcification as detected by electron beam computed tomog-
raphy (CT) is more prevalent in patients with SLE than in age- and 
sex-matched controls.118-120

Nephritis
Depending on the population, 25% to 60% of adults and 30% to 80% 
of children with SLE develop nephritis. Of these, between 10% and 
30% progress to end-stage renal disease (ESRD) within 15 years of 
diagnosis, despite aggressive treatment. SLE nephritis has enormous 
financial impact in health care use and productivity loss. In a 4-year 
follow-up study, patients with nephritis incurred more than twice the 
direct costs than those without it.121 In addition to active SLE and renal 
disease, the most common causes of morbidity for SLE nephritis 
patients are sequelae of prolonged use of corticosteroids and immuno-
suppressants: accelerated atherosclerosis with cardiovascular and cer-
brovascular disease, infections, and osteoporotic fractures.122,123 As for 
overall mortality, early mortality in SLE nephritis is due to active SLE 
and sepsis, whereas later mortality is more likely due to thromboses 
and cardiovascular events.124 SLE nephritis patients of African heritage 
have poorer outcomes than whites and poorer responses to treatment, 
higher rates of ESRD, and earlier age at ESRD onset.125-127

Caucasians.27 Significant predictors of poor outcomes and disease pro-
gression in this cohort have included Hispanic and African American 
ancestry, as well as poverty, lack of education, and lack of social 
support.76 In the United States the highest standardized mortality rates 
from SLE are observed for African Americans ages 45 to 64 and for 
whites older than age 64 (Fig. 122.2).31

Other risk factors for increased lupus  
disease activity
UV radiation, immunizations, pregnancy, physical and psychological 
stress, and infections have been implicated as precipitating lupus 
flares85,105,106 but have not been well studied as etiologic risk factors. In 
a large randomized trial, oral contraceptive use was not associated with 
increased SLE disease activity among patients with stable, low- 
activity disease and no antiphospholipid antibodies.106 Because of the 
complex and dynamic nature of SLE, these studies are challenging to 
perform.

Rate

Year

SYSTEMIC LUPUS ERYTHEMATOSUS MORTALITY RATES* 
BETWEEN 1979 AND 1998 AMONG AMERICAN FEMALES

1979 80 81 82 83 84 85 86 87 88

*Per 10 million population

Black aged
45–64 years

Black aged
15–44 years

White aged
    65 years

White aged
45–64 years

White aged
15–44 years

89 90 91 92 93 94 95 96 97 98
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Fig. 122.2 Systemic lupus erythematosus mortality rates* between 1979 and 
1998 among females in the United States, stratified by age and race. (From 
Centers for Disease Control. Trends in deaths from systemic lupus erythematosus—
United States, 1979-1998. MMWR Morb Mortal Wkly Rep 2002;51:371-374.)
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in variable combinations with other organ systems. Thus, SLE may 
have such diverse clinical presentations as rash and arthritis, or pleu-
risy and proteinuria, or Raynaud phenomenon and seizures or pyrexia 
of unknown origin. It is only with a high index of suspicion, a careful 
history, and physical examination and by obtaining appropriate labora-
tory confirmation that the diagnosis is ascertained.

Cutaneous manifestations
Cutaneous lupus can lead to disfigurement in visible areas such as the 
face, scalp, neck, and hands, producing major psychological stress, 
occupational disability, and a lowered health-related quality of life.6 A 
new scoring system—Cutaneous Lupus Erythematosus Disease Area 
and Severity Index (CLASI)—was therefore developed to differentiate 
between disease activity and damage. The activity scale measures ery-
thema, scale and hypertrophy, and mucous membrane disease, whereas 
the damage scale measures hyperpigmentation, atrophy, and scarring 
alopecia.7,8

The skin lesions seen in patients with lupus can be classified  
into those that are lupus erythematosus (LE) specific and LE non-
specific. Table 123.1 lists the skin lesions per modified Gilliam 
classification.9

LE-specific lesions
LE-specific lesions can be classified into acute, subacute, and chronic.

Acute lesions
Acute lesions may be localized or generalized. The best recognized 
localized skin manifestation of SLE is the “butterfly” rash or malar 
erythema (Fig. 123.1), which usually presents acutely as an erythema-
tous, elevated lesion that is pruritic or painful and in a malar distribu-
tion. This rash spares the nasolabial folds and fluctuates with disease 
activity. It may last from days to weeks. Its presence facilitates the 
diagnosis of SLE and is commonly accompanied by other inflammatory 
manifestations. Pathologically, the lesions may show only non-specific 
inflammation, although by immunofluorescence the classic immune 
deposits at the dermal-epidermal junction may be seen. The presence 
of immune deposits in uninvolved skin in patients with SLE has been 
considered to be helpful in diagnosis.10

Subacute cutaneous lupus erythematosus
Subacute cutaneous lupus erythematosus (SCLE) refers to a distinct 
cutaneous lesion that is widespread, non-scarring, non-indurated, and 
photosensitive. This lesion is thus intermediate between the evanes-
cent malar rash of active lupus and the chronic scarring lesions of the 
disease. SCLE lesions commonly occur in sun-exposed areas and may 
be generalized. The lesions originate as erythematous papules or small 
plaques with a slight scale and may evolve further into the papulosqua-
mous variant, which mimics psoriasis or lichen planus, or merge and 
form polycyclic or annular lesions, which may mimic erythema annu-
lare centrifugum (Fig. 123.2). SCLE may be accompanied by musculo-
skeletal complaints and serologic abnormalities, the most common of 
which is the antibody to Ro (SS-A), which has been demonstrated in 
up to 90% of these patients. SCLE lesions are also seen in association 
with anti-Ro antibodies in other autoimmune disorders such as Sjögren 
syndrome and rheumatoid arthritis. The overall prognosis for patients 
with SCLE is generally better than that for patients with acute cutane-
ous lesions, with only 10% to 15% progressing to develop more severe 
systemic manifestations.10-12

Clinical features of systemic 
lupus erythematosus
Archana R. Vasudevan and Ellen M. Ginzler

 Systemic lupus erythematosus is an inflammatory multisystem 
disease of unknown etiology with protean clinical and laboratory 
manifestations and a variable course and prognosis.

 Inflammation in various organs or tissues is due to immunologic 
aberrations affecting both innate and adaptive arms of  
the immune system.

 Serologic abnormalities such as the presence of autoantibodies 
occur in a predictable course in patients with SLE before the 
development of clinical features.

 Clinical manifestations may be constitutional or specific depending 
on the organ systems involved, including skin and mucous 
membranes, joints, kidney, brain, serous membranes, lung, heart, 
and, occasionally, the gastrointestinal tract.

 Patients with SLE have various complications caused by the disease 
or its treatment, in addition to co-morbidities such as diabetes 
mellitus that may complicate the disease course.

INTRODUCTION
Systemic lupus erythematosus (SLE) is an inflammatory, multisystem, 
autoimmune disease of unknown etiology with protean clinical and 
laboratory manifestations and a variable course and prognosis. Clinical 
manifestations may be constitutional or specific depending on the 
organ systems involved. The skin and mucous membranes, joints, 
kidney, brain, serous membranes, lung, heart, and, occasionally, the 
gastrointestinal tract may be affected. Inflammation in various organs 
or tissues is due to immunologic aberrations affecting both the innate 
and adaptive arms of the immune system.

CLINICAL FEATURES
Patients with SLE develop serologic abnormalities such as autoanti-
bodies in a predictable course before they develop clinical features.1,2 
The presenting feature leading to diagnosis of SLE, however, can be 
variable from general to organ-specific manifestations, with arthritis 
being the most common.2

General manifestations
Constitutional complaints such as malaise, fatigue, fever, anorexia, 
and weight loss are commonly seen in SLE. These may be the initial 
presenting features or may be due to complications of the disease.

Fatigue is frequently seen and is a disabling symptom for many 
patients with SLE. Its strongest correlation is with depressive features 
and is frequently independent of serologic or other clinical manifesta-
tions of lupus.3

Fever in SLE is a challenging clinical problem. About 42% of patients 
with SLE have fever as a manifestation of active lupus.4 Fever may also 
result from infections, medications, or malignancies. Four percent of 
patients with fever of unknown origin were found to have SLE in a 
study by Vanderschuern and colleagues.5

Although some organ system involvements such as skin disease or 
arthritis are common in SLE, any system may be involved and present 
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Firm, deep subcutaneous nodules may develop due to lobular pan-
niculitis and are known as lupus profundus. Certain malignancies can 
mimic lupus profundus lesions; and, therefore, these lesions need to 
be sampled to confirm the diagnosis.13

Mucosal lesions may result in ulcers of the mouth, nose (Fig. 123.4), 
or genital area or produce nasal septal erosions, which occasionally lead 
to nasal septal perforation. Such lesions have been reported to result 
from discoid lesions of mucosa or vasculitis.

LE-non-specific lesions
LE-non-specific lesions are seen commonly in SLE patients and cor-
relate more with lupus activity.

Alopecia is a common feature of SLE. Hair loss may be diffuse or 
patchy. Alopecia may be due to lupus hairs, with breaking off of hairs 
in the front of the scalp (Fig. 123.5), telogen effluvium, and alopecia 
areata. It may be associated with exacerbations of the disease, in which 
case hair tends to regrow when the disease is under control. 

Chronic lupus
Discoid lesions are chronic cutaneous lesions that may occur in the 
absence of any systemic manifestations, as discoid lupus, or may be a 
manifestation of SLE. These lesions often begin as erythematous 
papules or plaques, with scaling that may become thick and adherent, 
with a hypopigmented central area. As the lesion progresses, follicular 
plugging occurs, with the development of scarring with central atrophy 
(Fig. 123.3). Discoid lesions may occur in the malar region or in other 
sun-exposed areas. Lesions in the scalp lead to extensive, and often 
permanent, alopecia. Discoid lupus may be localized or generalized, 
the latter being more likely to be associated with systemic features and 
serologic abnormalities. Pathologically, the discoid lesion typically 
demonstrates hyperkeratosis, follicular plugging, edema, and mono-
nuclear cell infiltration at the dermal-epidermal junction.10

TABLE 123.1 GILLIAM CLASSIFICATION OF LUPUS ERYTHEMATOSUS (LE)–
ASSOCIATED CUTANEOUS LESIONS

LE-specific skin lesions

Acute
Localized
Malar “butterfly” rash
Generalized erythema

Subacute cutaneous lupus
Annular/polycyclic
Papulosquamous (psoriasiform)

Chronic lupus
“Classic” discoid LE

Localized discoid
Generalized discoid

Hypertrophic (verrucous) discoid LE
Lupus profundus
Mucosal LE
Lupus tumidus
Chilblains lupus
Discoid LE/lichen planus overlap

LE-non-specific lesions

Cutaneous vascular disease
Vasculitis
Leukocytoclastic

Palpable purpura
Urticarial vasculitis

Periarteritis nodosa–like
Vasculopathy

Dego disease–like
Atrophy blanche
Periungual telangiectasia
Livedo reticularis
Thrombophlebitis
Raynaud phenomenon
Erythromelalgia

Alopecia (non-scarring)
“Lupus hair”
Telogen effluvium
Alopecia areata

Sclerodactyly
Rheumatoid nodules
Calcinosis cutis
LE-non-specific bullous lesions

Epidermolysis bullosa–like bullous LE
Dermatitis herpetiformis–like bullous LE
Pemphigus erythematosus
Bullous pemphigoid
Porphyria cutanea tarda

Urticaria
Papulonodular mucinosis
Anetoderma/cutis laxa
Acanthosis nigricans (type B insulin resistance)
Erythema multiforme
Leg ulcers
Lichen planus

Fig. 123.1 Erythematous rash seen in a malar distribution. Sparing of the 
nasolabial folds is distinctly seen in this patient.

Fig. 123.2 Subacute cutaneous lupus erythematosus rash: psoriasiform 
appearance.
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lesions at the tip of a digit may result in gangrene (see Fig. 123.6). 
Secondary Raynaud phenomenon occurs in more than 50% of patients 
with SLE and, when severe, can lead to ulcerations, some progressing 
to gangrene.19

Photosensitivity
Photosensitivity in SLE is defined as an abnormal cutaneous reaction 
to ultraviolet radiation (UVR). More than 50% of patients demonstrate 
photosensitivity.20 The lesions of LE-specific or LE-non-specific skin 
disease may be induced or exacerbated by UVR. In addition to the skin 
reaction, patients may develop exacerbations of their systemic disease. 
The mechanism for the photosensitivity is unknown, but it has been 
suggested that lymphocytes from SLE patients are sensitive to 360- to 
400-nm light, related to a clastogenic factor in these cells.21 An increase 
in apoptotic nuclei was found in the upper epidermal layer of UV light–
induced skin lesions of patients with skin lesions.22 The damaged 
chromatin may then provide a substrate for autoantibody production, 
with the development of a local, or systemic, inflammatory response. 
Indeed, studies have shown that ultraviolet B light increased the 
binding of antibody probes for Ro (SS-A) and La (SS-B) on keratinocytes 
in a dose-dependent manner.23

Alternatively, it may result from the extensive scarring of discoid 
lesions, in which case it may be permanent. Alopecia may also be drug 
induced, for example, from corticosteroids or cytotoxic drugs.14

Vesiculobullous lesions are uncommon cutaneous manifestations 
of SLE that may be due to varied causes. Apart from those specific for 
LE, which may be immune complex mediated, they may also occur 
due to drug eruptions or a coexisting primary vesiculobullous disorder. 
This blistering disease presents as a widespread and often transient, 
non-scarring vesiculobullous eruption with a dermatitis herpetiformis–
like histology and immunologic features closely resembling epider-
molysis bullosa acquisita.15

Urticarial lesions occur in 5% to 10% of patients, are often chronic, 
and typically represent cutaneous leukocytoclastic vasculitis. Urticarial 
vasculitis in SLE patients is associated with hypocomplementemia and 
characterized by persistent wheals (lasting 48-72 hours); it is associated 
with purpuric lesions, followed by scaling and changes in pigmenta-
tion.16 Six patients developed urticarial vasculitis and Jaccoud 
arthropathy and cardiac valvular disease resulting in mitral valve 
regurgitation.17

Vasculitic lesions may manifest as palpable purpura, nail fold/ 
digital ulcerations, subcutaneous nodules, livedo reticularis (Fig. 
123.6), splinter hemorrhages, pulp space, and palmar/plantar lesions 
simulating Osler nodes and Janeway lesions. Digital lesions are painful 
in 60%, with finger-pulp inflammation occurring in 70%.18 Vasculitic 

Fig. 123.3 Discoid lupus erythematosus with facial involvement. Note the 
central scarring with hypopigmentation.

Fig. 123.4 Mucosal ulcers seen on the hard palate and nasal mucosa.

Fig. 123.5 Alopecia affecting the frontal scalp with lupus hairs.

Fig. 123.6 Livedo reticularis seen over the palmar surface of the hand with 
digital ulcerations and gangrene.
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permeability leading to dilution of synovial fluid with edema fluid. 
Exudates have increased protein and very low complement activity.27 
Histologic examination of synovium in SLE patients shows synovial 
hyperplasia, scarce inflammatory infiltrate, vascular proliferation, 
edema, congestion, fibrinoid necrosis, intimal fibrosis, hyperplasia of 
blood vessels, presence of fibrin on the synovial surface, and fibrin-like 
deposits in the chorion.28

Radiographic findings in Jaccoud arthropathy are usually minimal 
with subluxations and deformities and no evidence of erosions. In 
rhupus, the findings are more characteristic of rheumatoid arthritis 
with erosions seen in metacarpophalangeal joints. Magnetic resonance 
imaging (MRI) identifies edema of the capsule and tenosynovitis in 
patients with Jaccoud arthropathy, whereas in “rhupus” MRI shows 
signs of active synovitis and erosions.24

Tenosynovitis is seen in 10% to 13% of SLE patients. Autopsy find-
ings show more marked inflammation in the tendon sheaths than in 
the synovium. The cellular infiltrate in tendon sheaths is mainly lym-
phocytes and plasma cells with occasional neutrophils and eosinophils. 
Marked disruption of collagen fibers within the tendon and sometimes 
fibrosis or nodules within tendon sheaths has been observed.24

Rheumatoid nodules
Painful, tender rheumatoid nodules identical histopathologically to 
those found in rheumatoid arthritis have been found in 5% to 7% of 
SLE patients as well. They can be an early or a late manifestation. 
Almost always they are transient and slowly regress with response to 
therapy. They have been found in the absence of rheumatoid factor 
and also can be detected in the synovium or tendon sheath.29,30

Myositis
Patients with SLE may have myalgias due to arthritis, a drug-related 
myopathy, myositis, or fibromyalgia. The histologic features of myosi-
tis in SLE may not be as striking as in idiopathic polymyositis. Ultra-
structural pathology in patients with SLE includes myositis, with 
muscle atrophy, microtubular inclusions, a mononuclear cell infiltrate, 
and fiber necrosis.31 Vacuolar myopathy was found in one patient not 
treated with antimalarial agents. In one study patients with myositis 
were diagnosed at an earlier age and had worse prognosis.32 Although 
the frequency of renal disease was similar, SLE patients with myositis 
had more alopecia, mucous membrane lesions, erosive arthritis, and 
Sjögren syndrome and demonstrated a higher frequency of anti-RNP 
antibodies.32

Fibromyalgia
Fibromyalgia has been identified in 22.1% of patients with SLE and is 
slightly more common than in patients with other arthritides. It is 
more prevalent in the white population and patients with concomitant 

Musculoskeletal features
Arthritis
Involvement of the joints either as arthralgias, arthritis, or both is one 
of the earliest and most common presenting manifestations of SLE. 
Active arthritis, often associated with other features of new lupus pre-
sentation or active exacerbation, may include swollen inflamed joints 
or synovitis on physical examination; these manifestations often 
regress or resolve when other manifestations of active lupus respond 
to treatment. The deforming arthritis in systemic lupus can be catego-
rized into three types: (1) a non-erosive arthropathy—Jaccoud arthritis, 
(2) an erosive symmetric polyarthritis with rheumatoid arthritis–like 
deformities—“rhupus,” and (c) mild deforming arthritis.24

Jaccoud arthropathy is seen in 10% to 35% of SLE patients. It is a 
generalized capsular and periarticular condition affecting all the joints 
but most notable in the hands. Ulnar drift with subluxation of the 
metacarpophalangeal joints is often the first sign, whereas swan-neck, 
boutonnière, and “Z” deformities may occur at a later stage. Deformi-
ties are due to lax joint capsules, tendons, and ligaments that cause 
joint instability. This laxity results from capsular periarticular fibrosis 
or synovial vasculitis. When subluxations occur in the small joints of 
the hands they are initially reversible (Fig. 123.7), but they can become 
fixed due to fibrosis of the joint capsule and ligaments. Deformities of 
the feet may present as hallux valgus, hammertoes, and subluxation 
at metatarsophalangeal joints. Antibodies to mutated citrullinated 
vimentin are very specific for Jaccoud arthropathy, whereas hypocom-
plementemia with anti-DNA antibodies has been found in association 
with Jaccoud arthropathy.25 “Rhupus” patients predominantly have 
rheumatoid arthritis symptoms such as erosions accompanied by 
milder clinical features of SLE. Erosions may be due to destructive 
synovitis (synovial cysts), friction rub from overlying inflamed tendons/
capsule, and altered mechanical forces resulting from subluxation. This 
subset of patients is more frequently positive for rheumatoid factor 
(65%) than patients with non-deforming arthritis (15%). Anti-cyclic 
citrullinated peptide antibodies (ACPAs) were thought to be more com-
monly seen in “rhupus” patients, but no association has been reported 
with lupus arthropathy, whether deforming, non-deforming, or 
erosive.26 Patients with mild deforming arthropathy have functional 
impairment of hands, finger synovitis, swan-neck deformity, and ulnar 
deviation of fingers but otherwise experience features very similar to 
patients with other manifestations of SLE. None of these patients, 
however, shows any radiologic findings of arthritis.

Synovial fluid from the joint effusions in SLE patients with arthritis 
may be either transudates or exudates. The transudative fluid has lower 
white blood cell counts, small amounts of protein, and low hemolytic 
complement activity. This type of fluid occurs more often in patients 
with active nephritis and results from generalized change in vascular 

a

b

Fig. 123.7 (a) Patient with Jaccoud arthropathy with swan-neck deformities of the hands. (b) The deformities are reduced when the hands are placed on a flat 
surface. (From Loma Linda University Medical Center.)
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survival but is associated with physical disability.37 Patients with SLE 
undergoing total hip arthroplasty for avascular necrosis have outcomes 
comparable to patients undergoing total hip arthroplasty for other 
reasons.38

Tendon ruptures
Spontaneous tendon ruptures are noted infrequently. They can occur 
at any time during the course of the disease and are not necessarily a 
late complication. The most common site of tendon rupture is the 
knee (65%), followed by the Achilles tendon (27%). The patellar tendon 
is the most common of the knee tendons involved, in contrast to the 
quadriceps tendon rupture in those without lupus. They have also been 
reported in non–weight-bearing tendons such as the biceps, triceps, and 
extensor tendons of the hands. The most common risk factors are 
preexisting inflammatory arthritis and tenosynovitis. Autopsy findings 
have shown disruption of the collagen fibers in the tendon, probably 
explaining the reasons for atraumatic tendon ruptures in SLE 
patients.39,40

Gouty arthritis
Although gouty arthritis is rare in SLE, there have been reports of 
patients who developed gout when their lupus became quiescent. Some 
of these patients were underexcretors of uric acid, although these 
studies were done only in patients who developed renal disease. Gouty 
arthritis may be due to hyperuricemia as a result of lupus nephritis, 
which leads to acute gouty arthritis and tophaceous gout (Fig. 123.9), 
although the fractional excretion of urate was out of proportion to the 
decrease in glomerular filtration rate.41-43

Infections
Renal disease was the most common SLE-related feature found in 
patients who developed septic arthritis. Salmonella infections were 
common (seen in 59%) versus non-Salmonella septic arthritis. These 
pathogens were isolated from blood and synovial fluid. Patients with 
multiple co-morbidities in addition to the septic arthritis had higher 
mortality rates.44,45

Miscellaneous musculoskeletal disorders
Relapsing polychondritis in patients with SLE has been reported but is 
extremely rare.46 Patients with SLE also develop progressive cystic bony 
lesions. This subset of patients had more central nervous system (CNS) 

anxiety or affective disorder and to a lesser extent in those with poorer 
self-reported physical functioning.33 Fibromyalgia may be distinguished 
from true arthritis or myositis by the presence of tender points and the 
absence of true inflammatory arthritis or evidence of muscle weakness. 
Fibromyalgia has been shown to contribute to reduced quality of life 
in patients with SLE.34

Osteonecrosis
Acute joint pain presenting in SLE, especially localized to a few areas, 
most commonly the hips, may indicate the development of osteone-
crosis. In most large series now, osteonecrosis is recognized as an 
important cause of disability in late lupus, occurring in about 10% of 
patients followed over a long period of time.35 Patients with osteone-
crosis are generally in the younger age group and tend to present  
early in the course of the disease. The hip is the joint most commonly 
involved, although most joints in the body have been reported to  
have been affected. From 50% to 67% of patients with osteonecrosis 
will have several affected sites and, typically, will have been taking 
high-dose corticosteroids at some time during the course of their 
illness.

There is no general agreement as to the predictive role of any specific 
manifestation of SLE, such as Raynaud phenomenon or vasculitis, in 
the subsequent development of osteonecrosis, and there is currently 
no general consensus on pathogenesis. The patients who developed 
osteonecrosis had higher Systemic Lupus Erythematosus Disease 
Activity Index (SLEDAI) scores in the previous year, probably leading 
to treatment with higher corticosteroid doses. Findings in a nested 
case-control study suggest that osteonecrosis is related to previous 
arthritis, corticosteroid use, and treatment with cytotoxic drugs.36

Diagnosis of osteonecrosis in patients presenting with focal pain 
can be difficult. Changes in the routine radiographs are late findings 
(Fig. 123.8). Earlier diagnosis can be made using radionuclide bone 
scans or MRI to demonstrate bone abnormality. Although many 
patients with osteonecrosis have a poor outcome with respect to pain 
and disability, leading to joint replacement, some patients do respond 
to decreased weight bearing and the passage of time. These patients 
may be left with some joint irregularity but with joint space adequate 
to avoid surgery. The size and exact location of the avascular area may 
determine the future necessity for joint replacement. Core decompres-
sion with or without bone grafting has not been demonstrated to be a 
useful treatment. Osteonecrosis is not associated with decreased 

Fig. 123.8 Advanced avascular necrosis of hip with collapse of the articular 
surface and secondary osteoarthritis.

Fig. 123.9 This patient presented initially with Jaccoud arthropathy and later 
on during the course of SLE with lupus nephritis developed tophaceous gout.
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disease, synovitis, and other radiologically observed skeletal abnormali-
ties along with higher concentrations of acute-phase reactants.47

Renal manifestations
Lupus nephritis
Renal involvement is one of the more serious manifestations of SLE, 
with increased morbidity and mortality. Survival has increased from a 
4- or 5-year survival of 50% in the 1950s to an 80% 15-year survival 
recently, although there has been no change in the incidence of progres-
sion to renal failure.48

Features of renal involvement from SLE may be difficult to identify 
clinically. They range from silent lupus nephritis, considered to be the 
earliest stage of renal involvement, to nephrotic syndrome and decreas-
ing glomerular filtration rate with rapid progression to end-stage renal 
disease (ESRD). The features most commonly seen in lupus nephritis 
are proteinuria, presence of urinary casts, hematuria, pyuria, a rising 
serum creatinine value, and hypertension. A renal activity score to 
measure renal activity in SLE is being developed by the Systemic Lupus 
International Collaborating Clinics (SLICC) to standardize clinical 
renal disease. This score may also aid in assessing response to therapy, 
although at present it requires further validation.49

Renal biopsy is essential in determining the type of kidney involve-
ment because this significantly influences patient management. Most 
patients with lupus manifest some abnormality on renal biopsy, either 
on light microscopy or with special techniques, such as immunofluo-
rescence or electron microscopy. Apart from glomerulonephritis, renal 
involvement in lupus can also be due to interstitial nephritis, tubular 
disease, thrombotic microangiopathy, vasculitis, arteriolosclerosis, and 
lupus vasculopathy or secondary to co-morbidities such as human 
immunodeficiency virus (HIV) infection. Biopsies help differentiation 
between these varied histopathologies and aid in establishing the prog-
nosis for the patient. The main indications for biopsy are new-onset 
or worsening proteinuria, acute renal failure, and failure to respond to 
treatment or relapse after treatment.50 Significant renal involvement 
may be seen even in patients with low-grade proteinuria defined as  
1 gram/24 hours, supporting the role of a renal biopsy even in this 
subgroup.51 Morphologic features (Table 123.2) seen on kidney biopsy 
specimens have both prognostic and therapeutic implications.

The earlier World Health Organization classification was revised in 
2003 by the International Society of Nephrology/Renal Pathology 
Society to allow a better description and standardization of the lesions 
(Table 123.3) seen on biopsy.52 The classification is based on the 
changes seen on light microscopy, immunofluorescence staining, and 
electron microscopy. Mesangial lupus nephritis with accumulation of 
immune complex deposits within the mesangium (class I) progressing 
to include mesangial hypercellularity (class II) form the milder spec-
trum of the renal lesions. Mesangial lupus nephritis (Fig. 123.10) is 
the most common lesion seen in the subset of patients with clinically 
silent lupus nephritis. They respond well to renoprotective therapies 
even without aggressive immunosuppressive regimens. Depending on 
the percentage of glomeruli involved with subendothelial deposits, 
lupus nephritis is further classified as focal (Fig. 123.11) (class III; 
<50% involved) or diffuse (Fig. 123.12) (class IV; ≥50% glomeruli 
involved). These glomerulonephritides are further described according 
to the chronicity of the lesions. Membranous lesions (class V) (Fig. 
123.13) have mainly subepithelial deposits and may have mesangial 
involvement. Advanced sclerosis (class VI) is considered the end stage 

TABLE 123.2 ACTIVITY AND CHRONICITY INDICES FOR LUPUS NEPHRITIS

Activity Chronicity

Glomerular 
lesions

Proliferation
Necrosis/karyorrhexis
Hyaline thrombi
Cellular crescents
Leukocytic exudation

Sclerotic glomeruli
Fibrous crescents

Tubulointerstitial 
lesions

Mononuclear cell infiltration
Interstitial fibrosis

Tubular atrophy

TABLE 123.3 INTERNATIONAL SOCIETY OF NEPHROLOGY/RENAL PATHOLOGY 
SOCIETY (ISN/RPS) 2003 CLASSIFICATION OF LUPUS NEPHRITIS

Class I Minimal mesangial lupus nephritis

Normal glomeruli by light microscopy but mesangial immune 
deposits by immunofluorescence

Class II Mesangial proliferative lupus nephritis

Purely mesangial hypercellularity of any degree or mesangial 
matrix expansion by light microscopy, with mesangial immune 
deposits

May be a few isolated subepithelial or subendothelial deposits 
visible by immunofluorescence or electron microscopy but not 
by light microscopy

Class III Focal lupus nephritis*

Active or inactive focal, segmental or global endocapillary or 
extracapillary glomerulonephritis involving <50% of all 
glomeruli, typically with focal subendothelial immune deposits, 
with or without mesangial alterations

Class III (A) Active lesions: focal proliferative lupus nephritis

Class III (A/C) Active and chronic lesions: focal proliferative and sclerosing 
lupus nephritis

Class III (C) Chronic inactive lesions with glomerular scars: focal sclerosing 
lupus nephritis

Class IV Diffuse lupus nephritis†

Active or inactive diffuse, segmental or global endocapillary or 
extracapillary glomerulonephritis involving ≥50% of all 
glomeruli, typically with diffuse subendothelial immune 
deposits, with or without mesangial alterations. This class is 
divided into diffuse segmental (IV-S) lupus nephritis when 
≥50% of the involved glomeruli have segmental lesions and 
diffuse global (IV-G) lupus nephritis when ≥50% of the involved 
glomeruli have global lesions. A segmental lesion is defined as 
a glomerular lesion that involves less than half of the 
glomerular tuft. This class includes cases with diffuse wire loop 
deposits with little or no glomerular proliferation.

Class IV-S (A) Active lesions: diffuse segmental proliferative lupus nephritis

Class IV-G (A) Active lesions: diffuse global proliferative lupus nephritis

Class IV-S 
(A/C)

Active and chronic lesions: diffuse segmental proliferative and 
sclerosing lupus nephritis

Active and chronic lesions: diffuse global proliferative and 
sclerosing lupus nephritis

Class IV-S (C) Chronic inactive lesions with scars: diffuse segmental sclerosing 
lupus nephritis

Class IV-G (C) Chronic inactive lesions with scars: diffuse global sclerosing 
lupus nephritis

Class V Membranous lupus nephritis

Global or segmental subepithelial immune deposits or their 
morphologic sequelae by light microscopy and by 
immunofluorescence or electron microscopy, with or without 
mesangial alterations

Class V lupus nephritis may occur in combination with class III 
or IV, in which case both will be diagnosed.

Class V lupus nephritis show advanced sclerosis.

Class VI Advanced sclerosis lupus nephritis

≥90% of glomeruli globally sclerosed without residual activity

*Indicates the proportion of glomeruli with active and sclerotic lesions.
†Indicates the proportion of glomeruli with fibrinoid necrosis and/or cellular crescents.
Indicates grade (mild, moderate, severe) of tubular atrophy, interstitial inflammation and 
fibrosis, severity of arteriolosclerosis, or other vascular lesions.
From Weening JJ, D’Agati VD, Schwartz MM, et al on behalf of the International Society of 
Nephrology and Renal Pathology Society Working Group on the classification of lupus nephritis. 
Special feature: the classification of glomerulonephritis in systemic lupus erythematosus 
revisited. J Am Soc Nephrol 2004;15:241-250.
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Fig. 123.10 Kidney biopsy specimen showing mesangial lesions (ISN/RPS 
class II).

Fig. 123.11 Kidney biopsy specimen showing focal proliferative 
glomerulonephritis (ISN/RPS class III).

Fig. 123.12 Kidney biopsy specimen showing diffuse proliferative 
glomerulonephritis (ISN/RPS class IV).

Fig. 123.13 Kidney biopsy showing membranous glomerulonephritis (ISN/RPS 
class V).

or “burnt out” phase of all the other classes of lupus nephritis. Lupus 
vasculopathy defined by the presence of hyaline thrombi within the 
arteriolar lumen and/or intralobular arteries and tubulointerstitial 
disease with involvement of tubular basement membrane and atrophy 
may also be seen. Some of the other lesions described in lupus are 
lupoid nephrosis, focal segmental glomerulosclerosis, IgM nephropa-
thy, and amyloidosis.53

Presence of class IV histopathology, higher activity, chronicity, or 
tubulointerstitial scores or of subendothelial or subepithelial electron-
dense deposits on renal biopsy predicts a higher serum creatinine value 
12 months after biopsy.54 Twenty-five to 30 percent of patients with 
diffuse proliferative lupus nephritis developed ESRD despite treatment 
regimens.55 Number of renal flares, nephritic flares, “early” proteinuric 
flares (<18 months after renal biopsy), increasing serum creatinine 
levels, karyorrhexis, and chronicity index on renal histology all corre-
lated with doubling of the serum creatinine value.56

Several factors associated with poor outcomes have been identified 
in patients with lupus nephritis. Chronicity index greater than 3 is 
associated with decreased renal survival whether or not the comple-
ment has been controlled.57 Younger age at disease onset, male gender, 
increased serum creatinine concentration, and renovascular lesions are 
also associated with poorer prognosis.58 Patients who have complete 
remission of their lupus nephritis with treatment have patient and 
renal survival up to 92% at 10 years, whereas this number drops to 
43% to 45% in those who only have partial remission.59 Persistently 
low complement levels with treatment is more predictive of 

development of chronic renal failure in patients with low chronicity 
index.60 A serum creatinine level of less than 1.2 mg/dL at the time of 
the first biopsy is a predictor of complete renal remission at 12 
months.61 Repeat renal biopsies are indicated to determine if patients 
with non-responsive or worsening proteinuria warrant additional 
intensive immunosuppressive regimen or have already progressed to 
an advanced sclerosing stage.62 Changing therapeutic options may be 
considered based on repeat biopsies because histopathologic transfor-
mation has been observed in patients from mesangial to diffuse or 
mesangial to membranous lupus nephritis.63-66

Renal flares in lupus nephritis occur in 27% to 66% of patients 
depending on the study. They carry the risk of further renal deteriora-
tion and toxicity from additional immunosuppressive therapy. Sero-
logic findings (C4 levels, anti-ds-DNA antibodies) are usually less 
pronounced at the time of relapse. Class IV patients tend to relapse 
more frequently with nephritic flares even when they have had a previ-
ous complete response.67,68 In class V lupus nephritis, anti-C1q anti-
bodies have the best negative predictive value for predicting flares in 
the absence of antiphospholipid antibodies.69

Despite advances in management of patients with lupus nephritis, 
there is progression to renal insufficiency and ESRD in 10% of SLE 
patients.70 Aggressive treatment of these patients may increase the risk 
of infection without adding any benefits if there are no other systemic 
manifestations of SLE. Moreover, these patients have other co-morbid-
ities such as hypertension and dyslipidemia that have to be treated 
aggressively.71 Some patients on dialysis continue to have clinical or 
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combination with other neuropsychiatric manifestations. However, 
they do not always correlate with systemic activity, with generalized 
flares seen in only 19% of patients with neuropsychiatric 
presentations.92

Neurologic features
The neurologic presentations can be subdivided based on whether there 
is central or peripheral nervous system involvement.

Central nervous system involvement
Intractable headaches, unresponsive to narcotic analgesics, are the 
most common feature of neurologic disease in patients with lupus. The 
headaches may be migrainous or tension type. Active migraine head-
aches are associated with higher disease activity scores, worsening of 
Raynaud phenomenon, and presence of antiphospholipid antibodies.93 
The mean age at onset of these headaches is higher, and subjective 
response to analgesics is lower in SLE patients when compared with 
healthy controls.94 Headaches may also be secondary to in creased 
intracranial pressure (pseudotumor cerebri) or cerebral vein 
thrombosis.95-97

Seizures in SLE patients may be either focal or generalized. General-
ized tonic-clonic seizures occur much more frequently than other types 
of epilepsy. They are associated with active SLE disease, whereas focal 
seizures may recur at any time irrespective of disease activity. Fifty 
percent of seizures are due to concomitant infections, metabolic 
derangements, or iatrogenic complications.98 The risk of seizures is 
increased in those patients with higher disease activity at baseline, 
prior neuropsychiatric disease, and anti-Smith and anti-cardiolipin 
antibodies.99 The overall prognosis is very good for these patients in 
the absence of other infection or other co-morbidities.98

Chorea occurs in less than 2% of patients with neuropsychiatric 
SLE. It occurs early in the course of SLE and resembles Sydenham 
chorea. Its association with the anticardiolipin antibody has been sug-
gested. It usually resolves spontaneously irrespective of therapy.100 
There have also been reports of ataxia with involvement of the cerebel-
lum and basal ganglia in SLE.101

Cerebrovascular accidents (CVAs) can be due to an occlusive process 
or embolic episodes. A major intracranial or extracranial occlusive 
process is due to thrombosis, dissection, fibromuscular dysplasia or 
vasculitis (Fig. 123-15), and atherosclerosis.102 About 90% of CVAs are 
ischemic and 10% are hemorrhagic.103 The major period for risk of 
stroke is within the first 5 years of diagnosis of SLE. Patients with a 
history of transient ischemic attacks or cardiac valvular lesions are at 
high (57% and 87%, respectively) risk of stroke. The risk for recurrent 
CVA is increased in patients who have had a CVA before (64%).104 
Younger SLE patients are at increased risk for CVA when compared 
with an age-matched population, and this risk decreases with increas-
ing age of the SLE patients.103 Although rare, there have also been 
reports of patients with intracranial vasculitis resulting in CVAs.105 As 
in individuals without lupus, patients with hemorrhagic CVAs have a 
higher mortality rate than those with ischemic strokes.106

Neuropathologic findings (Fig. 123.16) attributable to SLE seen in 
the brain on autopsy include widely scattered, multifocal infarcts 

serologic activity.72 Patients undergoing hemodialysis or peritoneal 
dialysis may have problems with venous access thrombosis especially 
if they have antiphospholipid antibodies.73,74

Most patients with SLE are suitable candidates for renal transplan-
tation.75 Disease activity after transplantation is not common, probably 
secondary to immunosuppression for prevention of transplant rejec-
tion.76 Apart from recurrence of lupus nephritis in these patients, other 
non–immune complex–mediated glomerular lesions such as pauci-
immune glomerulonephritis and glomerulosclerosis have also been 
described.77 These patients are at higher risk for acute rejection, 
although this does not always result in allograft loss.78 Patients with 
SLE with antiphospholipid antibodies are at risk for graft thrombosis 
and loss even in the perioperative period.79 This subset of patients must 
be monitored very closely and may need some adjuvant treatment  
to counteract the procoagulant effects of the antiphospholipid 
antibodies.

Other renal manifestations
Type 1 and type 4 distal renal tubular acidosis (RTA) have been 
reported in patients with SLE. There have been case reports of flaccid 
paresis due to hypokalemia resulting from distal RTA as the initial 
presenting feature.80-84 Tubular basement membrane antibody has been 
reported that leads to interstitial nephritis in SLE, although it is 
extremely rare.85 Patients with SLE have developed renal vein and 
inferior vena cava thromboses with nephritic syndrome.86 Interstitial 
nephritis (Fig. 123.14) has also been reported in patients who have 
Sjögren syndrome overlap with SLE.87

Lupus cystitis
Lupus cystitis has been shown to occur in patients with other severe 
CNS and gastrointestinal manifestations of SLE. Reduced bladder 
volume and a thickened and irregular bladder wall occur along with 
symptoms of cystitis. Some patients have ureterohydronephrosis. 
Immunofluorescence staining of the bladder wall demonstrates immune 
complex and complement deposition. Both clinical and radiographic 
features are generally reversible with corticosteroid therapy.88-90

Neuropsychiatric manifestations
The diagnosis of neuropsychiatric involvement in SLE remains diffi-
cult. The American College of Rheumatology (ACR) Ad Hoc Commit-
tee on Neuropsychiatric Lupus Nomenclature has proposed a 
standardized nomenclature for the neuropsychiatric syndromes of SLE 
(NP-SLE).91 The syndromes include 19 different entities (Table 123.4); 
about 50% are directly attributable to SLE, whereas others are found 
more in association with it. The most frequent manifestations are 
headache, psychiatric disorders, and cognitive dysfunction, although 
the only two included in the ACR criteria for SLE are organic brain 
syndrome and seizures. These syndromes may occur alone or in 

Fig. 123.14 Kidney biopsy showing interstitial nephritis.

TABLE 123.4 NEUROPSYCHIATRIC MANIFESTATIONS OF SLE

Central nervous system Peripheral nervous system

Acute confusional state
Cognitive dysfunction
Psychosis
Mood disorder
Anxiety disorder
Headache
Cerebrovascular accident
Myelopathy
Movement disorder
Demyelinating syndrome
Seizure disorder
Aseptic meningitis

Cranial neuropathy
Polyneuropathy
Plexopathy
Mononeuropathy, single/multiplex
Guillain-Barré syndrome
Myasthenia gravis
Autonomic disorder
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Fig. 123.16 Autopsy findings of fibrin thrombus in a patient with cerebral 
vasculitis.

a b

Fig. 123.15 (a and b) Cerebral angiogram demonstrating diffuse multifocal long-segment narrowing and dilatation of multiple distal branches of bilateral 
anterior cerebral and middle cerebral arteries compatible with vasculitis.

characterized by fibrinoid necrosis of small intracortical arterioles and 
capillaries, petechial hemorrhage, parenchymal necrosis with variable 
glial reaction, and vascular endothelial cell proliferation. Changes sug-
gestive of healed vasculitic lesions have also been seen in the brain. 
The strongest correlation of these infarcts has been with the presence 
of seizures in neuropsychiatric SLE patients.107

Transverse myelitis has been reported in SLE.108,109 It can be the 
presenting feature or may develop at varied time points during the 
disease course.108 The level of involvement of the spinal cord varies 
from small segments to patients in whom the entire spinal cord is 
involved from medulla oblongata to conus medullaris.108-110 There is a 
strong association with optic neuritis, as well as with the presence of 
antiphospholipid antibodies.111 This is a serious condition, because, 
even with prompt diagnosis and aggressive treatment, complete recov-
ery is seen in 50% of the patients, partial recovery in 29%, and worsen-
ing or no improvement in 21%.109 Bladder abnormalities tend to persist 
even after motor recovery in these patients.112 Demyelinating disorders 

in SLE are also more often reported in association with antiphospho-
lipid antibody syndrome (Fig. 123.17).

Other rare but reported neurologic syndromes in SLE include aseptic 
meningitis with associated hypocomplementemia and high titers of 
anti–double-stranded DNA antibodies, dementia with leukoencepha-
lopathy, and the syndrome of inappropriate secretion of antidiuretic 
hormone.113-115 One of the conditions that is being increasingly reported 
in SLE patients is a clinicoradiologic entity: reversible posterior leuko-
encephalopathy syndrome (RPLS). It is characterized by rapid onset of 
headache, seizures, hypertension, blindness, altered mental status, and 
specific features on magnetic resonance imaging (MRI). Diffuse hyper-
intensities on T2-weighted and fluid-attenuated inversion recovery 
(FLAIR) images in the white matter in the posterior areas of the cere-
bral hemispheres are seen that are completely reversible with blood 
pressure and seizure control. The overall prognosis is very good with 
complete neurologic and radiologic recovery within days.116,117

Peripheral nervous system involvement
Cranial and peripheral neuropathies each have been reported in about 
10% of SLE patients. The most frequently involved cranial nerves are 
the sensory and motor nerves of the eye and trigeminal nerve. Patients 
may present with visual defects, blindness, papilledema, nystagmus or 
ptosis, tinnitus, hearing loss, vertigo, or facial palsy. Involvement of 
the postchiasmic visual pathways can also lead to visual hallucinations 
and cortical blindness. Peripheral neuropathy may include motor, 
sensory (stocking/glove distribution), or mixed motor and sensory poly-
neuropathy or mononeuritis multiplex.118

An acute ascending motor paralysis indistinguishable from  
Guillain-Barré syndrome has been reported.119 Myasthenia gravis has 
also been reported, especially in women younger than the age of 
40.120,121 Autonomic dysfunction is quite common in SLE and does 
not correlate with disease activity, duration, or damage and organ 
involvement.122

Psychiatric manifestations
Organic brain syndrome in SLE is defined as a state of diffuse cerebral 
dysfunction associated with a disturbance in consciousness, cognition, 
mood, affect, and behavior, in the absence of drugs, infection, or a 
metabolic cause. Frank psychosis has long been recognized as a mani-
festation of SLE. In about 60% of SLE patients who exhibit psychosis, 
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patients who had never had neuropsychiatric manifestations demon-
strated significant cognitive impairment, as compared with 17% of 
patients with RA and 14% of the normal controls. However, a variety 
of cognitive deficits was present in patients with SLE without a signifi-
cant association with emotional disturbances.132

Gladman and associates reported a prevalence of 43% of cognitive 
dysfunction in patients with inactive SLE compared with 19% in 
normal controls.133 Similarly, Denburg and coworkers reported neuro-
cognitive dysfunction in SLE patients with minor neuropsychiatric 
symptoms, likely not active SLE.134 On the other hand, in a Finnish 
study of patients with neuropsychiatric lupus compared with those 
with no neuropsychiatric involvement, neurocognitive testing abnor-
malities were more frequent in those with active neuropsychiatric 
disease.135 Regular prednisone use was associated with decreased 
cognitive functioning in middle-aged patients with SLE.136 Although 
this prednisone effect was independent of measures of SLE-associated 
disease activity, the authors were not able to exclude the possibility 
that consistent prednisone use was a surrogate for more severe  
disease.

Diagnostic tests
The diagnosis of neuropsychiatric lupus is primarily clinical. Exclusion 
of possible causes such as sepsis, uremia, and severe hypertension is 
mandatory. Evidence of disease activity in other organs is helpful but 
not always present. Non-specific cerebrospinal fluid (CSF) abnormali-
ties such as increased cell count, increased protein, or reduced glucose 
may be present in about one third of patients. Increases in IgG, IgA, 
or IgM indices have been described in patients with CNS lupus and 
proposed as evidence of CNS disease activity.137-139 About 20 different 
antibodies have been detected in serum and CSF in patients with neu-
ropsychiatric SLE that target brain-specific and systemic antigens.

Antibodies to ribosomal P protein are associated with both depres-
sion and psychosis.140 But more specifically anti–N-methyl-d-aspartate 
(NMDA) receptor antibodies, especially against the NR2 receptor, in 
the CSF are associated with diffuse neuropsychiatric SLE manifesta-
tions. Anti-DNA antibodies cross-react with high affinity with NMDA 
receptors and can induce neuronal death by apoptosis in animal 
models.141 In mouse models, high titers of these antibodies in maternal 
circulation could lead to histologic changes in fetal brain during devel-
opment. This could explain delayed learning development in offspring 
of mothers with active SLE.142

it can be the initial presenting feature. It tends to occur early in the 
course of the disease with favorable long-term prognosis after intensive 
immunosuppressive therapy. It is associated with other clinical and 
biologic features of SLE. Seventy percent of patients have complete 
resolution of symptoms, whereas 30% have chronic mild psychotic 
symptoms.123 Psychosis, insomnia, history of photosensitivity, an 
incompletely controlled disease state, tapering corticosteroid dose, 
diffuse slowing on electroencephalograms, and the presence of hypo-
complementemia appear to be risks for attempting suicide in patients 
with SLE.124,125 The use of corticosteroids has been implicated in 
causing psychosis in some patients; however, stopping these agents in 
these patients and demonstrating that the psychosis worsens confirms 
its relationship to the lupus process.126

In a study from São Paulo, Brazil, 63% of patients with active SLE 
were diagnosed with a psychiatric disorder.127 Patients with a psychi-
atric disorder were more likely to have neurologic abnormalities and 
subjective cognitive impairment than patients who did not have psy-
chiatric manifestations. Patients with major psychiatric features (e.g., 
delirium, dementia, organic hallucinations, delusional syndromes, 
major depressive episodes) had more severe neurocognitive abnormali-
ties, more ophthalmologic abnormalities, and more calcifications on 
computed tomography (CT) than did patients with mild depressive 
symptoms or patients without psychiatric manifestations.

The prevalence of cognitive impairment in SLE is likely to be under-
estimated. Hippocampal atrophy in SLE patients is associated with 
total corticosteroid dose, disease duration, and number of CNS mani-
festations.128 Hypertension, antiphospholipid antibodies, accumulated 
damage, and lesions seen on MRI are factors that affect the severity of 
cognitive dysfunction.129 Some of the cognitive disturbances can be 
explained by their coexisting psychiatric disorder. Of interest, cognitive 
dysfunction has also been noted as abnormalities in the areas of atten-
tion, memory, and reasoning in patients without other neuropsychiat-
ric SLE manifestations.130

There has been an increased interest in assessing neurocognitive 
function in SLE because patients frequently complain of minor or even 
significant cognitive abnormalities both during active neuropsychiatric 
lupus and with inactive disease. The ACR has proposed a neuropsy-
chological battery for patients with SLE and has established the reli-
ability and validity of this ACR-SLE battery.131 In a study of 
neurocognitive function in SLE, more than 80% of SLE patients who 
had either active or inactive neuropsychiatric involvement and 42% of 

a b

Fig. 123.17 (a) Abnormal T2 lengthening seen on MRI suggestive of demyelination involving the central midbrain and medulla in a 
patient with SLE with antiphospholipid antibodies. (b) Resolution of the demyelination changes in the same patient after treatment.
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Cases of protein-losing enteropathy have been reported in SLE 
patients. These typically present as hypoalbuminemia and anasarca in 
the absence of nephritis.167 Biopsy of the wall of small intestine shows 
C3 deposits within the capillary wall leading to increased capillary 
permeability.168 Diarrhea is present about 50% of the time. Fat malab-
sorption has also been reported in up to 10% of SLE patients.169

Apart from these features, repeated intestinal ulcerations of the 
small intestine have been reported in association with antiphospho-
lipid antibodies.170 Pneumatosis cystoides intestinalis may be observed 
on abdominal radiographs, which may develop during or after an attack 
of lupus enteritis.171

Mesenteric vessel involvement
Patients with lupus may have involvement of mesenteric vasculature 
by vasculitis or thrombosis. Mesenteric vasculitis is the gastrointesti-
nal manifestation of greatest significance.172 Presentation with abdomi-
nal angina or lower abdominal pain is typical and may be insidious 
and intermittent over a period of weeks or months. Arteriography may 
reveal the presence of vasculitis. Bleeding per rectum may occur and 
both small bowel and colonic ulcerations may be seen on colonoscopy. 
Intestinal perforations from mesenteric vasculitis have been described. 
Although patients with mesenteric vasculitis often have evidence of 
vasculitis elsewhere, this is not always the case.173,174 Thus, if mesen-
teric vasculitis is suspected, intensive investigation should be under-
taken and treatment instituted to prevent perforation.

Patients may develop thromboses of mesenteric vessels when asso-
ciated with antiphospholipid antibodies. This may lead to intestinal 
infarction, with a high morbidity and mortality rate.174

Large bowel involvement
Inflammatory bowel disease has been rarely reported in SLE.175 Clini-
cally, it may be difficult to distinguish between idiopathic inflamma-
tory bowel disease and lupus enteritis. Ulcerative colitis has been 
reported in SLE patients but has been thought to be coincidental.176 
Perforation of the colon wall has been reported, occurring mainly due 
to arteritis. If perforation is suspected or does occur, surgical interven-
tion is necessary.177

Peritonitis
Peritoneal inflammation can present as acute abdominal syndrome in 
SLE patients. Peritonitis constitutes about 30% of all episodes of sero-
sitis in SLE. Ascites may be associated with peritonitis in about 11% 
of cases. However, at autopsy, evidence of peritoneal inflammation has 

Electroencephalographic abnormalities are common in patients 
with neuropsychiatric lupus but are non-specific.139,143 Computerized 
quantitative electroencephalography may be more sensitive in detect-
ing subtle electrophysiologic changes associated with lupus.

Radionuclide scans have not uniformly been helpful. However, posi-
tron emission tomography (PET), showing areas of low attenuation 
that may represent areas of disturbed cerebral circulation and metabo-
lism, appears promising.144 CT findings such as evidence of cerebral 
infarction and hemorrhage may reflect specific pathologic processes. 
Cortical atrophy may be found in SLE but does not necessarily reflect 
CNS disease.137-139 Single-photon emission computed tomography 
(SPECT) has been increasingly used to identify abnormalities in 
patients with neuropsychiatric lupus.145-149 Reduced perfusion in the 
watershed areas of frontal lobes on the SPECT scan correlate with 
severity of cognitive dysfunction. A combination of MRI and SPECT 
may be especially useful in diagnosing patients with neuropsychiatric 
lupus because the combination of the two is rarely simultaneously 
normal in patients with neuropsychiatric manifestations.150

MRI appears to be superior to conventional CT and particularly 
useful in the evaluation of patients with diffuse presentations.144,151-156 
Some of the lesions seen on MRI, particularly the small focal areas  
of increased signal intensity in both the cerebral white matter and  
the cortical gray matter, tend to disappear after treatment with corti-
costeroids. These lesions may therefore represent either areas of  
local edema or inflammatory infiltrates that resolve with treatment. 
Twenty-five percent of patients in the early stages of SLE have abnor-
mal MRI of their brain. More advanced than MRI, magnetic resonance 
spectroscopy, using either phosphorus-31 or hydrogen-1, may provide 
better demonstration of brain lesions in neuropsychiatric lupus.144,157 
Even SLE patients without overt neuropsychiatric manifestations  
have abnormal MRIs and MR spectroscopies demonstrating lower 
white matter cognitive scores on neuropsychological tests correlating 
with higher increased choline/creatine in frontal white matter.  
Further research is clearly indicated before any of these techniques  
becomes the “gold standard” for the diagnosis of neuropsychiatric 
lupus.158

Gastrointestinal involvement
Any area of the gastrointestinal tract may be involved by SLE or its 
complications, which may present as esophageal disease, mesenteric 
vasculitis, inflammatory bowel disease, pancreatitis, liver disease, and 
peritonitis. About 50% of patients may experience anorexia, nausea, 
and vomiting without clear evidence of involvement of the gastrointes-
tinal tract.159

Esophageal manifestations
Dysphagia is seen in a small percentage of patients with lupus and may 
also be associated with odynophagia. It may be associated with esopha-
geal dysrhythmias seen in those patients who frequently also manifest 
Raynaud phenomenon. There is an association with antibodies to 
hnRNP1 protein A1, which may represent a subset that overlaps with 
scleroderma.160 Very rarely, vasculitis involving the esophagus may lead 
to perforation.161

Abdominal pain
Acute abdominal pain has been reported frequently in lupus patients. 
When associated with SLEDAI scores indicating inactive lupus, it is 
generally non–SLE related.162 The most common finding on a CT scan 
in patients with acute abdomen is ischemic bowel disease; emergent 
laparoscopy may be required to aid in the diagnosis.163

Small bowel manifestations
Lupus enteritis is a diagnosis of exclusion in patients with SLE. It is 
characterized by bowel wall thickening, dilated bowel loops, and abnor-
mal bowel wall enhancement (double-halo or target sign) (Fig. 123.18). 
The most commonly affected areas are the jejunum and ileum. It 
generally responds to immunosuppressive therapy. It is thought to be 
caused by vasculitis of the bowel wall.164 Anti–endothelial cell antibody 
titers are higher in patients with active lupus enteritis.165 Biopsy of 
bowel wall shows mucosal inflammation and hemorrhage with lym-
phocytic infiltration of blood vessel walls.166

Fig. 123.18 CT scan of a patient with lupus enteritis demonstrating bowel wall 
edema involving the entire small and large intestines or pancolitis.
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of the reticuloendothelial system contributes to the prolonged circula-
tion of immune complexes and their subsequent tissue deposition.197 
Indeed, defective Fc receptor function in patients with SLE has been 
demonstrated and varies with disease activity. Splenic atrophy has been 
reported in patients with SLE,198 and the occurrence of splenic lym-
phoma has also been recognized.199 A splenic artery rupture in a patient 
with SLE has also been published.200

Lymphadenopathy is a common non-specific feature of SLE. The 
nodes are usually soft and non-tender and vary in size. In some patients 
there may be fluctuation of the lymphadenopathy with disease exacer-
bations. Pathologically, the lymph nodes demonstrate reactive hyper-
plasia.201 Kikuchi-Fujimoto disease is a histiocytic necrotizing 
lymphadenitis that is thought to be a self-limiting form of SLE. It is a 
benign condition in which the patients present with regional cervical 
lymphadenopathy with tenderness accompanied by fever and night 
sweats. These patients may go on to develop SLE and need to be fol-
lowed over the long term.202,203

Hematologic abnormalities
Cytopenias, including anemia, leukopenia or lymphopenia, and throm-
bocytopenia, are frequent manifestations of SLE, although they may or 
may not be immune mediated.

Red blood cell abnormalities
Fifty percent of patients with SLE have anemia. It may be either 
immune mediated or non-immune mediated. The most common 
causes for anemia in SLE patients are anemia of chronic disease and 
iron-deficiency anemia, followed by autoimmune hemolytic anemia  
as a distant third.204 The Coombs test is positive in only 10% of SLE 
patients with clinically significant hemolysis. The anti-erythrocyte 
antibody in SLE is usually “warm type” IgG antibody.205 Hemolytic 
anemia in lupus is associated with higher titers of anti-ds-DNA anti-
bodies, especially in those without thrombocytopenia, and has a 
younger age at disease onset. These patients have more severe disease 
with renal involvement, seizures, serositis, and other cytopenias. Other 
causes of hemolytic anemia, such as medications, infections, and 
microangiopathic hemolytic anemia must be ruled out.206

Anemia of chronic disease is the most commonly identified anemia 
in SLE patients. Both autoimmune hemolytic anemia and anemia of 
chronic disease are characterized by inadequate levels of serum eryth-
ropoietin in proportion to the degree of anemia. The anemia, however, 
in most cases is mild. Patients with anemia of chronic disease tend to 
have higher disease activity, but the severity of anemia does not cor-
relate with measures of disease activity.207

Iron-deficiency anemia is the second most common anemia in SLE 
patients and may be secondary to menorrhagia or gastrointestinal loss. 
The degree of anemia usually correlates with SLE disease activity, with 
an appropriately elevated level of erythropoietin.207

Several case reports of red blood cell aplasia have been reported. 
Serum IgG autoantibodies have been detected with red cell aplasia, 
acting to inhibit the growth of burst-forming units of erythrocytes in 
bone marrow.208,209 There have been reports of pernicious anemia in 
patients with SLE with anti–intrinsic factor antibodies, low cobalamin 
levels, and megaloblastic anemia.210

Although not very frequent, SLE has been diagnosed in patients with 
sickle cell hemoglobinopathy, in which there is a defect in the alternate 
pathway of complement activation similar to SLE.211

White blood cell abnormalities
When the leukopenia is secondary to active lupus, the bone marrow  
is usually normal. The white blood cell count rarely decreases to  
less than 1500/mm3 in active SLE, unless there is an additional cause. 
In some instances, when the total white blood cell count does reach 
such low values, associated high spiking fevers usually require high 
doses of corticosteroids to suppress active disease. A greater drop in 
neutrophil count relative to lymphocyte count occurs in patients with 
leukopenia due to active SLE, although it may not lead to neutrope-
nia.205 Neutropenia itself in SLE patients is usually the result of immu-
nosuppressive agents.212 It can also be seen due to autoantibodies that 
inhibit the granulocyte growth colony-forming units in the bone 
marrow.213

been found in up to 60% of cases.178 When ascites is present in con-
junction with abdominal pain and active lupus elsewhere, it generally 
follows the course and response to treatment of the other features of 
lupus. However, in a small number of patients, ascites may become 
chronic. In those circumstances it may be painless and associated with 
only minimal or no other manifestations of active lupus. The perito-
neum may also be thickened with adhesions.179 In patients with SLE 
on continuous ambulatory peritoneal dialysis (CAPD), sclerosing peri-
tonitis characterized by fibrosis and adhesion of the peritoneum to 
loops of the small intestine has been reported.180 Hemoperitoneum 
has also been reported due to rupture of a gastroepiploic artery 
aneurysm.181

Infectious peritonitis can occur spontaneously in SLE patients or in 
patients on CAPD. Common bacterial or tuberculosis infections or 
infection with rare organisms such as Gemella morbillorum have been 
reported.182,183

When infection or malignancy is suspected, aspiration of ascitic 
fluid is required.179

Pancreatitis
Acute pancreatitis occurs in 5% to 10% of patients with lupus. Most 
patients have active SLE at the time of presentation. It has a 27% 
higher mortality rate when compared with non-SLE–associated pancre-
atitis. In 22% of lupus patients who were diagnosed with pancreatitis, 
it was the presenting manifestation of lupus. Histologic specimens of 
pancreas show inflammation, thrombosis, vasculitis, and intimal pro-
liferation. Although many medications such as corticosteroids and 
other immunosuppressive drugs have been implicated in pancreatitis, 
treatment with these agents generally results in resolution of pancre-
atitis and improves prognosis in SLE patients.184-188

Hepatic involvement
Liver involvement is quite common and can sometimes lead to severe 
disease, including cirrhosis, chronic active hepatitis, granulomatous 
hepatitis, chronic persistent hepatitis, and steatosis. Steatosis is the 
most common lesion found in biopsy of SLE patients. These lesions 
may be due to lupus itself or due to the hepatotoxic medications pre-
scribed for active lupus or maintenance therapy.189

The most common abnormality is increased liver enzymes, includ-
ing aspartate aminotransferase, alanine aminotransferase, lactate dehy-
drogenase, and alkaline phosphatase. These abnormalities have been 
associated with active SLE and the administration of concomitant 
medications.189

Hepatic involvement in SLE has been reported usually in association 
with antiphospholipid antibodies, occurring due to thromboses of 
hepatic artery or veins and resulting in hepatic infarction, Budd-Chiari 
syndrome, hepatic veno-occlusive disease, nodular regenerative hyper-
plasia, or only transient elevation of hepatic enzymes.190,191 Primary 
sclerosing cholangitis has also been reported in association with the 
lupus anticoagulant.192 An association between primary biliary cirrho-
sis and autoimmune disease has been suggested, and several patients 
with primary biliary cirrhosis presenting with a multisystem disease 
consistent with SLE have been reported. Whether this is a chance 
coexistence of the two diseases or a direct relationship is not clear. 
Liver biopsy and anti–ribosomal P antibodies may help distinguish 
individuals with autoimmune hepatitis from those with lupus hepati-
tis.193 Hepatitis B reactivation has been reported in patients treated 
with immunosuppressive agents and may require concomitant antivi-
ral therapy with lamivudine.194

Gallbladder involvement
Rarely, patients with SLE can present acutely with symptoms of cho-
lecystitis. There is inflammation of the gallbladder with thickening of 
the wall and fluid around it. This inflammation can be due to vasculitis 
or serositis.195,196

Reticuloendothelial system involvement
Periarterial fibrosis, or “onionskin lesions” in the spleen, has been 
considered pathognomonic of SLE. It has been proposed that saturation 



CH
A

PTER 123 
● Clinical features of system

ic lupus erythem
atosus

1241

Other findings
A variety of hemostatic abnormalities have been reported in lupus, the 
most common being the lupus anticoagulant (see Chapter 135). The 
most frequent laboratory accompaniments of the antiphospholipid 
antibody syndrome include a prolonged partial prothrombin time, the 
presence of anticardiolipin antibody, thrombocytopenia, a positive 
Coombs test, and a false-positive Venereal Disease Research Labora-
tories (VDRL) test for syphilis. The false-positive VDRL test may 
precede the onset of the other symptoms of SLE by many years.

Pulmonary involvement
The features of primary pulmonary involvement in SLE include abnor-
mal pulmonary function, lupus pleuritis, acute/chronic lupus pneumo-
nitis, pulmonary hemorrhage, pulmonary embolism, pulmonary 
hypertension, and airway and diaphragmatic involvement.230

Pulmonary function
The common pulmonary function abnormality in SLE patients is a 
restrictive pattern with decreased tidal volume and forced vital capac-
ity.231 There is also a decrease in the diffusing capacity for carbon 
monoxide noted in most SLE patients, especially in those with a previ-
ous history of pneumonitis.232 Causes for the restrictive pattern seen 
in pulmonary function tests include pleuritis, respiratory muscle 
involvement due to myositis, and phrenic nerve paralysis.233,234

Pleural involvement
Pleural manifestations have been reported in 30% to 60% of patients 
with SLE.235 A clinical history of pleuritic pain is more common than 
radiographic change. Pleural rubs are found less frequently than either 
clinical pleurisy or radiographic abnormalities. However, autopsy find-
ings of pleural involvement have been found in up to 93% of patients 
with SLE.

Pleural effusions (Fig. 123.19) may occur and are usually small but 
can occasionally be massive. They are also frequently bilateral. When 
pleural effusions are significant, other causes of effusion such as infec-
tion must be ruled out by thoracocentesis before treatment is initiated. 
The fluid is usually an exudate with a higher glucose concentration, 
lower lactate dehydrogenase levels, and autoantibodies such as anti-
nuclear antibodies and anti-ds-DNA antibodies.236 The visceral pleura 
may contain nodules with immunoglobulin deposits seen on immuno-
fluorescent staining of a biopsy specimen.237

Lymphocytopenia is usually associated with antibodies to lympho-
cytes and is associated with active SLE. Moderate to marked lympho-
penia is usually associated with higher disease activity and damage 
accrual214 and is a risk factor for serious infections.215 Leukopenia can 
have multiple causes in SLE apart from active disease, such as drugs 
and infection.

Platelet abnormalities
Although antiplatelet antibodies are a frequent finding in SLE, they are 
not always associated with thrombocytopenia. Other autoantibodies to 
platelet-specific antigens can mediate thrombocytopenia, such as anti-
bodies to thrombopoietin receptor (TPOR) and to glycoprotein IIb/IIIa 
(GPIIb/IIIa).216

Two distinct subsets of patients with thrombocytopenia have been 
identified in SLE: a subset in which the thrombocytopenia is one 
feature of severely active multisystem involvement and a second subset 
in which the thrombocytopenia is an isolated finding. In the former, 
the thrombocytopenia tends to require aggressive therapy or be refrac-
tory, following the course of the acute lupus and its response to treat-
ment. In the latter, patients usually present with a platelet count of 
less than 50,000/mm3, without serious bleeding. In both groups, 
patients may present with mild petechiae or purpura.217 Ninety-one 
percent of SLE patients with thrombocytopenia have autoantibodies to 
either TPOR or GPIIb/IIIa; 6% have both. Patients with anti-TPOR 
antibodies have a higher frequency of megakaryocytic hypoplasia and 
have poorer response to immunosuppressive agents compared with 
those with anti-GPIIb/IIIa antibodies.216 SLE-related thrombocytopenia 
occurring with autoimmune hemolytic anemia (Evan syndrome) is 
associated with the presence of antiphospholipid antibodies.218

In some instances of refractory thrombocytopenia with SLE, often 
without platelet antibodies, the antiphospholipid antibody syndrome 
should be suspected (see Chapter 135). In addition, thrombocytopenia 
may be a feature of the thrombotic thrombocytopenic purpura (TTP) 
syndrome, which may complicate SLE.219 TTP is characterized by 
thrombocytopenia, microangiopathic hemolytic anemia, CNS deficits, 
renal dysfunction, and fevers. Recognition of this form of microangi-
opathy in patients with SLE has increased over the past 2 decades. 
Patients with TTP and SLE are usually in one of three subgroups: group 
1, TTP presenting after the diagnosis of SLE; group 2, TTP preceding 
SLE; and group 3, both occurring simultaneously. Most patients have 
their TTP onset after the diagnosis in SLE. A high level of suspicion 
for TTP is appropriate when a patient with SLE presents with multi-
organ system deterioration and microangiopathy. Because of similari-
ties in presentation, it is often difficult to distinguish between active 
SLE and TTP on clinical grounds. The treatment of TTP requires 
plasmapheresis; if the patient has active lupus with TTP, additional 
immunosuppressive agents will be needed. Because of this difference 
in treatment of TTP versus SLE, prompt diagnosis is crucial.217

Thrombocytopenia occurring early in the course of lupus is a marker 
for severe disease, higher levels of disease activity, and more damage 
accrual. Thrombocytopenia is associated with nephritis, neuropsychi-
atric lupus, and autoimmune hemolytic anemia, as well as an increased 
risk of irreversible renal and cardiac damage.220

In addition to a decrease in the number of circulating platelets, there 
is also defective aggregation in response to collagen.221 Various other 
abnormalities related to platelet function have been reported, including 
acquired von Willebrand factor deficiency in SLE.222 As with anemia, 
other causes such as infection or drugs must be ruled out as a cause 
of thrombocytopenia in patients with lupus.

Pancytopenia
Myelofibrosis has been reported in SLE and has been shown to be 
reversible with immunosuppressive treatment.223-225 In SLE patients 
with pancytopenias, the abnormalities seen on bone marrow biopsy 
specimens are global hypocellularity, increased reticulin proliferation, 
plasmacytosis, dyserythropoiesis, myelofibrosis, and necrosis.226,227 
Gelatinous transformation of the marrow has been associated with SLE 
and warrants additional monitoring of the nutritional status of the 
patient.228 Pancytopenia in SLE may result from the effects of drugs, 
particularly immunosuppressive drugs. It may also complicate infec-
tions in patients with SLE. Patients with SLE may also develop pancy-
topenia as a result of the hemophagocytic syndrome.229 Fig. 123.19 Pleural effusion in an SLE patient.
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Bronchoscopy with bronchoalveolar lavage should be done early because 
it is a major tool for diagnosing diffuse alveolar hemorrhage and exclud-
ing infection.246,247

Pulmonary vascular disease
Pulmonary hypertension can occur in lupus patients due to either the 
disease process or complications such as pulmonary embolism, valvu-
lar heart disease, and interstitial lung disease. It is present in 0.5% to 
14% of SLE patients. Survival is significantly reduced in SLE patients 
with pulmonary hypertension when compared with those with idio-
pathic pulmonary hypertension with 45% versus 73% at 3 years. Pre-
senting symptoms are non-specific, such as dyspnea on exertion, 
fatigue, weakness, and a non-productive cough, and often develop 
insidiously. With progressively increasing pulmonary artery systolic 
pressures, heart failure ensues. Echocardiograms are one of the most 
important non-invasive screening diagnostic tools for detecting pulmo-
nary hypertension. Suspicion of this disorder should trigger workup 
with right-sided heart catheterization to determine severity and vaso-
reactivity, which, in turn, provide prognostic information. Pulmonary 
function tests show an isolated reduction in diffusing capacity of 
carbon monoxide or a restrictive pattern. Vasoreactive patients have a 
better prognosis and better response to therapeutic agents than non-
vasoreactive patients.248,249

SLE patients can develop pulmonary embolism with or without the 
presence of antiphospholipid antibodies. In patients with SLE who 
develop catastrophic antiphospholipid antibody syndrome there is 
involvement of the lung in 66% with pulmonary embolism, adult 
respiratory distress syndrome, pulmonary artery thrombosis, in-situ 
microthrombi, or even alveolar hemorrhage.250

Shrinking lung syndrome
A subset of SLE patients presents with unexplained dyspnea, small lung 
volumes with restrictive pulmonary function studies, and an elevated 
diaphragm. Chest radiographs may reveal elevated diaphragms but 
normal lung fields. The pathogenesis is unclear and is probably the 
result of altered respiratory mechanics, on the basis of either impaired 
respiratory muscle or diaphragmatic function, or problems in the respi-
ratory skeletal apparatus. One postmortem study revealed the dia-
phragm in a patient with shrinking lung syndrome in late lupus to be 
fibrotic and thinned.251-253

Miscellaneous pulmonary findings
Airway disease has been reported in patients with SLE. Bronchiectasis 
and bronchial wall thickening on high-resolution CT scans of the chest 
has been detected in 35% of patients. Rare reports of bronchiolitis 
obliterans and cryptogenic organizing pneumonia associated with SLE 
have also been published.254

Apart from the just-described entities, acute reversible hypoxemia 
and adult respiratory distress syndrome have also been reported in 
critically ill SLE patients.255,256

Pneumonitis
Lupus pneumonitis may present as either acute or chronic. Acute lupus 
pneumonitis usually occurs during a generalized multisystem lupus 
flare; patients may present with symptoms of fever, dyspnea, cough, 
pleuritic chest pain, and, occasionally, hemoptysis.238 Lupus pneumo-
nitis is associated with the presence of anti-SSA antibodies due to 
possible cross-reactivity between SSA and alveolar cell surface epi-
topes.239 Histopathologic features are non-specific with alveolar wall 
damage/necrosis, alveolar edema or hemorrhage, hyaline membranes, 
and inflammatory cell infiltrate. Electron microscopy and immunofluo-
rescence studies have shown deposition of IgG, C3, and DNA antigen 
in alveolar septa.240 Chest radiography and CT scan show unilateral or 
bilateral alveolar infiltrates with ground-glass opacification.241 There 
have also been case reports of patients with acute lupus pneumonitis 
presenting with a miliary pattern of nodules on radiographs, mimicking 
pulmonary tuberculosis.242 But symptoms and physical findings pro-
gress so rapidly that radiographic findings do not keep up with the 
clinical picture. Other causes of pneumonitis should be ruled out and 
empirical antibiotic therapy started because the differential diagnosis 
includes infections (both bacterial and fungal), as well as hemorrhage 
and embolism. These patients often require bronchoalveolar lavage as 
part of their workup and sometimes an open lung biopsy to rule out 
other causes. Although rare, there have been case reports of acute lupus 
pneumonitis simulating lymphangitic pulmonary malignancy.243

Chronic lupus pneumonitis presents as interstitial lung disease (Fig. 
123.20) and is characterized by dyspnea on exertion, non-productive 
cough, fatigue, and basilar rales. The clinical course is less severe than 
in other SLE patients and is often associated with late-onset disease, 
male gender, and older age.244 Histopathology of the lung is non-
specific with findings of architectural destruction, interstitial inflam-
mation, fibrosis, and honeycombing alternating with areas of normal 
lung tissue.245 It is important to differentiate active from inactive 
disease because active inflammation will require aggressive immuno-
suppressive regimens. Gallium scans can be used to help make this 
differentiation; and if inactive disease with fibrosis is present, the 
patient may need supportive therapy.

Pulmonary hemorrhage
Diffuse alveolar hemorrhage is a very serious condition in SLE, with 
mortality rates ranging from 50% to 90%. The characteristic presenta-
tion is abrupt onset of dyspnea, cough, fever, infiltrates and a dramatic 
fall in hemoglobin. Hemoptysis is present in only 50% of the cases. 
The characteristic histopathology includes diffuse intra-alveolar  
hemorrhage with intact erythrocytes and hemosiderin-laden macro-
phages (Fig. 123.21). Diffuse alveolar hemorrhage is usually due to a 
vasculitis with pulmonary capillaritis and a distinctive small-vessel 
vasculitis/microangiitis of the arterioles and small muscular pulmo-
nary arteries. In addition, there may be evidence of diffuse alveolar 
damage with diffuse alveolar septal thickening, marked hyperplasia of 
alveolar pneumocytes, and eosinophilic acellular hyaline membranes. 

Fig. 123.20 Changes of interstitial lung disease showing inflammation. Fig. 123.21 Diffuse alveolar hemorrhage.
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often in older, postmenopausal patients, as well as those with hyper-
tension and peripheral neuropathy, whereas parasympathetic dysfunc-
tion is seen in older, obese, postmenopausal patients and those who 
have had a CVA.272 There is less periodic heart rate variability than 
would be expected physiologically in SLE patients irrespective of treat-
ment.273 Atrioventricular conduction blocks of varying grades have 
been reported and are associated with anti-Ro antibodies and rarely 
with anti-U1RNP antibodies. The conduction system is replaced by 
fibrous tissue similar to that seen in congenital complete heart block 
due to anti-Ro antibodies.274,275

Endocarditis
Valvular involvement is common in SLE, with about 60% of patients 
having vegetations seen on echocardiograms. During the course of SLE, 
these valvular abnormalities may develop for the first time, resolve, 
persist, or worsen. Diffuse valvular thickening is the most commonly 
seen abnormality, involving either the mitral or aortic valve. This is 
associated with reduced mobility of the valve. Vegetations are present 
in 43% of patients. These verrucous non-infectious growths are known 
as Libman-Sacks endocarditis. Mitral vegetations can be present on the 
basal, middle, or tips of leaflets and can be of varying size. They can 
be present on the ventricular aspect of the posterior leaflet or both atrial 
and ventricular aspects of posterior leaflet or be limited to the atrial 
side of both leaflets. Verrucae on the ventricular side can extend to 
adjacent left ventricular endocardium causing adherence to the leaflet 
and of chordae tendineae to the ventricular wall. Vegetations can be 
present within the left atrium as well, simulating intracardiac tumors. 
On the aortic valve, these vegetations are usually seen on the vessel 
side.276 Histopathologic examination of these lesions typically shows 
either clumps of fibrin within and on leaflets with focal necrosis and 
lymphocytic and plasmacytic infiltrate or dense vascularized fibrous 
tissue in healed lesions. Calcific deposits may be present within these 
lesions. Immunofluorescent staining shows immunoglobulin and com-
plement component deposits within the verrucae.258 Valvulitis can 
involve tricuspid valves as well. This valvular involvement may pro-
gress to either hemodynamically significant stenosis or regurgitation 
requiring valve replacements.277 Occasionally, there have been reports 
of multiple valves being involved in the same patient with Libman-
Sacks endocarditis. This endocarditis is associated with antiphospho-
lipid antibodies in about 50% of cases.

Coronary artery disease
Coronary artery disease in lupus is primarily a manifestation of gen-
eralized atherosclerosis, which is discussed in greater detail later in the 
section on complications of lupus. Coronary vasculitis (Fig. 123.22) is 
rare in SLE and can occur with or without other features of active 
disease. Immunopathologic studies have shown immune complex 
deposits within the blood vessel walls.278 Coronary artery occlusion due 
to intra-arterial thrombus may also occur in association with a circulat-
ing anticoagulant.279 Coronary artery aneurysms have been described 
as well in SLE.280

Cardiac manifestations
Patients with SLE have a myriad of cardiac manifestations. The most 
frequent is pericardial effusion. SLE can affect any layer of the heart 
and cause endocarditis, myocarditis, and pericarditis, which are gener-
ally reflected by symptoms and functional disability.

Pericardial manifestations
Pericardial effusion due to pericarditis is the most commonly observed 
cardiac feature in SLE. On echocardiograms, effusions are seen in about 
37% of SLE patients.257 Clinically, the presentation may be classic for 
pericarditis with precordial chest pain and a pericardial rub or it may 
be painless and silent. Pericarditis can be fibrinous or fibrous with 
obliteration of the pericardial space by fibrous adhesions.258 Pericardial 
fluid is fibrinous and exudative with chronic inflammatory cells, posi-
tive antinuclear antibodies, anti-DNA antibodies, and reduced comple-
ment activity.259,260 Occasionally, incipient or overt cardiac tamponade 
due to pericardial effusions may develop, requiring high doses of cor-
ticosteroids and emergency pericardiocentesis. These patients have 
significantly greater incidence of pleuritis, hemolytic anemia, and 
lupus nephritis. One case series also reported an association with 
Libman-Sacks endocarditis and the large effusions seen in this subset 
of patients.261 Chronic inflammatory infiltrates, acute inflammation, 
pericardial fibrosis, fibrinous changes, vascular proliferation, and dense 
perivascular and intravascular inflammatory infiltrates have all been 
seen on histopathology of the pericardium in SLE.258

Pericardial effusions in SLE patients can also be due to other condi-
tions such as renal failure or bacterial and fungal infections. Rarely, 
constrictive pericarditis can develop in SLE patients. Immunofluores-
cent staining of the pericardium has shown deposition of immuno-
globulin and C3 along with fibrosis and chronic inflammatory changes 
observed on light microscopy.262 Cases of pericardial effusions and 
constrictive pericarditis have also been reported secondary to procain-
amide-induced lupus.263

Myocarditis
Clinical myocarditis is seen in about 10% of SLE patients, but autopsy 
findings reveal changes secondary to myocarditis in 50% of the 
patients.264 Myocarditis should be suspected in patients who present 
with arrhythmias or conduction defects, unexplained cardiomegaly 
with or without congestive heart failure, or unexplained tachycardia. 
Patients with myocarditis usually have associated pericarditis and 
other features of active SLE, such as mucosal ulcers. Echocardiograms 
demonstrate global or segmental wall motion abnormalities and 
reduced left ventricular ejection fraction.257 Myocarditis has been asso-
ciated with anti-SSA or anti-Ro antibodies.265 Autopsies of SLE patients 
after a terminal arrhythmia have shown focal subendocardial fibrosis, 
left ventricular hypertrophy, and immunofluorescent staining of IgG 
in the walls of the myocardial blood vessels.258 Endomyocardial biopsy 
specimens have shown abnormally thickened small vessel walls, 
enlarged smooth muscle cells, and lymphocytic and plasmacytic infil-
trates. On electron microscopy there is mitochondrial clumping, dis-
organization of myocardial fibrils, moderate interstitial edema, and 
fibrosis.264 Myocarditis is associated with increased disease damage 
accrual and decreased survival in these patients when compared with 
those without, although 80% of patients improve acutely with immu-
nosuppressive agents and intravenous immunoglobulin.266

The myocardial involvement may be subtle in systemic lupus, with 
abnormalities detected only with non-invasive testing. Resting electro-
cardiograms are abnormal in 74%, echocardiograms in 72%, and 
cardiac radiographs in 55% of SLE patients.267 Cardiac MRI in SLE 
patients with active disease demonstrates increased T2 relaxation 
time, suggestive of increased tissue edema; this is reversible with 
improvement of overall disease activity.268,269 Exercise thallium scans 
in SLE patients have shown segmental perfusion abnormalities in 38%, 
50% of which are reversible.270 Resting/dipyridamole technetium-99m 
(99mTc) sestamibi SPECT shows abnormal myocardial perfusion in 64% 
of patients. In many of these patients with abnormal non-invasive 
tests, the coronary angiograms have been normal, suggesting possible 
small vessel disease.271

Apart from myocardial involvement, there is evidence of cardiac 
autonomic dysfunction in SLE. Sympathetic dysfunction is seen more Fig. 123.22 Coronary vasculitis.
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such as diabetes mellitus, that may complicate the disease course. The 
two main causes of death in SLE are infections and cardiovascular 
events.305

Accelerated atherosclerosis
SLE patients have accelerated atherosclerosis that may manifest as 
coronary artery disease, cerebral vascular disease, and peripheral vas-
cular disease. Coronary artery disease is an important cause of morbid-
ity in SLE patients, although it may not be one of the leading causes 
for hospitalization.306 Studies of incidence rates of coronary events in 
women with SLE have shown that patients in the 35- to 44-year age 
group were more than 50 times more likely to have a myocardial infarc-
tion than women of similar age in the Framingham Offspring Study.307 
There is an increase in both traditional and non-traditional risk factors 
for atherosclerosis in SLE patients. Accumulation of the traditional risk 
factors within 5.4 years of diagnosis of SLE has been reported.308 Tra-
ditional risk factors for atherosclerosis such as hypertension, diabetes 
mellitus, metabolic syndrome, and dyslipidemia are more prevalent in 
SLE patients, but these risk factors are amplified by the presence of 
certain non-traditional factors, such as renal failure, higher levels of 
oxidized low-density lipoproteins, and premature ovarian failure.309 
Longer disease duration, higher cumulative corticosteroid dose, and 
older age at diagnosis of SLE are found more frequently in those 
patients who had a cardiovascular event, although the higher cortico-
steroid doses are thought to reflect on the severity of disease. Tradi-
tional cardiovascular risk factors are associated with the presence of 
carotid plaque. Because atherosclerosis is considered a chronic inflam-
matory condition, the markers of inflammation such as vascular cel-
lular adhesion molecule (VCAM), matrix metalloproteinase-9 (MMP-9), 
interleukin-1α (IL-1α), E-selectin, intercellular adhesion molecule 
(ICAM), and tumor necrosis factor-α (TNF-α) are associated with the 
severity of coronary calcium scores.310 Peripheral vascular disease 
affects about 28% of SLE patients, leading to ischemic extremity ulcers, 
gangrene, femoral artery plaques, and stenosis.311 Subclinical athero-
sclerosis can be determined in SLE patients using methods such as 
measuring carotid intima-media thickness (IMT) and electron B 
tomography.312 By using these methods, the prevalence of subclinical 
atherosclerosis in SLE is 30% to 40%. SLE patients have increased 
endothelial dysfunction, vascular stiffness, and carotid IMT than 
control subjects.

It is, therefore, important to control the traditional risk factors in 
SLE patients to decrease the rate of vascular events. Furthermore, 
metabolic risk factors such as hyperlipidemia, hyperglycemia, and 
frank diabetes are more common among patients who develop athero-
sclerosis than in lupus patients in general.313 There has been no 
reported difference in the use of corticosteroids in patients with or 
without atherosclerosis, although the average corticosteroid dose and 
the duration of use have generally been found to be greater. Recent 
studies have shown that vasculitis, neuropsychiatric involvement, and 
cardiovascular risk factors, especially smoking, predispose to athero-
sclerotic vascular events.314

Malignancies
Patients with SLE have increased incidence of hematologic malignan-
cies, especially non-Hodgkin lymphoma (NHL).315 The most common 
NHL in SLE patients is diffuse large B-cell lymphomas; the prognosis 
is similar to that of patients without SLE.316 Other subtypes of NHL 
have also been reported, such as renal MALToma.317 The incidence of 
other malignancies (Hodgkin lymphoma, lung cancer, and hepatobili-
ary cancer) is also increased in SLE patients compared with con-
trols.318,319 Other reported lymphoproliferative malignancies are 
intravascular lymphomas.320

Diabetes mellitus
Diabetes mellitus (DM) may be type 1, type 2, or steroid induced in 
SLE patients. DM is present as co-morbidity in SLE patients and can 
affect the same systems as SLE. Renal, ocular, and neurologic mani-
festations can be due to either SLE, diabetes, or both; and this can be 
a barrier in their management. These patients may need not only 

Other vascular involvement
Aortitis has been described in SLE. The walls of the aorta have immu-
noglobulin, complement components, and immune complex deposi-
tion.281 Some patients have been diagnosed with Takayasu aortitis in 
SLE. This inflammation may or may not lead to dissection of the aorta 
and in some patients leads to intra-aortic thromboses.282,283

Other organ systems involved
Endocrine
Because SLE is known to disproportionately affect women when  
compared with men, there has always been an interest in knowing  
the relationship of sex hormones to the disease. Women with SLE  
have been shown to have lower androgen levels with the lowest  
levels seen in patients with the most active disease.284 SLE patients 
also have increased accumulation of hormones with increased estro-
genic activity.285 Apart from hormonal effects, ovarian vasculitis has 
been reported with diffuse leukocytic perivascular infiltrates and fibri-
noid necrosis in ovarian blood vessels within.286 The changes of vas-
culitis have also been reported to involve the adjacent fallopian tube.287 
In male lupus patients there is higher frequency of abnormalities of 
spermatozoa and testicular Sertoli cell function than in otherwise 
normal men.288

SLE patients may develop other endocrine abnormalities during the 
course of the disease. Hyperprolactinemia has been observed in 20% 
of both male and female SLE patients and has been associated with 
anti-prolactin antibodies.289,290 The prolactin levels, however, do not 
correlate with disease or serologic activity. Hyperprolactinemic patients 
may be less responsive to therapy than patients with normal prolactin 
levels. Prolactin levels have correlated with anti-DNA antibody levels 
in SLE patients.291 The syndrome of inappropriate secretion of antidi-
uretic hormone has been seen in SLE patients. SLE disease duration 
has been positively correlated with inappropriate increase in plasma 
ADH levels.115

Adrenal failure has been associated in patients with SLE with 
antiphospholipid antibodies due to hemorrhagic infarctions of the 
adrenal glands or arterial thrombosis of adrenal vessels.292,293 Thyroid 
function tests are frequently abnormal in SLE patients, and hypothy-
roidism may be more prevalent in this population. Clinical thyroid 
disease has been found in older SLE patients and is associated with the 
presence of antithyroid antibodies.294,295

Dyslipoproteinemia along with metabolic syndrome is much  
more prevalent in SLE patients, but whether this is a result of the 
disease or its treatment still needs to be elucidated.296,297 Autoantibod-
ies against insulin receptors have also been detected, leading to 
hypoglycemia.298,299

Eye, ear, nose, throat
SLE can involve any region of the eye, with keratoconjunctivitis sicca 
and retinal vascular changes being the most commonly seen. There is 
decreased tear film and decreased tear production in about 60% of SLE 
patients with dry eyes. Retinal vascular changes are due to either 
immune complex–mediated or microvascular thrombosis. These 
changes tend to correlate with severity of disease. Three fourths of 
patients with retinal involvement also had neuropsychiatric disease; 
these findings have been associated with decreased survival. Retinal 
changes most commonly seen in SLE patients are cotton-wool spots 
and intraretinal hemorrhages. Other ocular abnormalities include 
peripheral ulcerative keratitis, choroidopathy, uveal effusions, retinal 
detachment, optic neuritis, and angle-closure glaucoma. Many of the 
changes may be a result of treatments used for SLE, such as glaucoma, 
cataract, and central serous retinopathy with corticosteroids and macu-
lopathy with antimalarial agents.300

SLE patients have presented with sudden-onset sensorineural 
hearing loss, which may or may not be associated with antiphospho-
lipid antibodies.301,302 Rarely, laryngeal involvement may be seen as 
cricoarytenoiditis and as bilateral vocal cord paralysis.303,304

COMPLICATIONS AND CO-MORBIDITIES
Patients with SLE have various complications due to the disease or its 
treatment. They also have several co-morbidities frequently present, 
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increased frequency of cryoglobulinemia and hypocomplementemia 
and a lower incidence of cutaneous features and anti-DNA antibod-
ies.328 SLE patients with positive HTLV-1 serology have higher lym-
phocyte counts and require lower maintenance dose of prednisone for 
treatment.329 Certain infections are becoming more prominent with 
newer biologic therapies. One example is reactivation of John Cun-
ningham (JC) polyomavirus, leading to progressive multifocal encepha-
lopathy reported in patients on rituximab.330

The clinical presentations of SLE patients with flares and infections 
are often confusing. It is very important to exclude infections because 
immunosuppressive treatment for active flares of SLE can exacerbate 
infections and even be fatal.

Premature gonadal failure
Women with SLE develop accelerated ovarian atresia due to treatment 
with chemotherapeutic agents. This is seen more frequently in patients 
who receive agents such as cyclophosphamide at an older age. Prema-
ture gonadal failure is also seen in men with SLE.331

CONCLUSION
SLE is a disease predominantly affecting women in minority ethnic 
groups. As discussed, it can affect any organ or system during the 
disease course. There has been considerable improvement in overall 
survival of patients from 50% at 5 years to over 90%. Because of 
improved survival, we see more patients with complications and co-
morbidities of SLE, such as accelerated atherosclerosis and malignan-
cies in a much younger age group. Therefore, apart from developing 
newer biologic therapeutic agents for managing SLE, we need to con-
sider developing techniques or discovering biomarkers for preventing 
or early diagnosis of the complications of SLE.

aggressive immunosuppressive therapy for their SLE but also tight 
glycemic control to prevent complications. It is, therefore, important 
to be able to differentiate the etiology of manifestations in patients 
with both diseases.321

Osteoporosis
Osteopenia is present in 50% of SLE patients and osteoporosis in 17%. 
Vertebral fractures are detected in at least 26%.322 Fractures are associ-
ated with older age, postmenopausal status, increased disease damage, 
and lower bone mineral density at the hip. Bone mineral density is 
lower in premenopausal women with SLE even after adjustment for 
corticosteroid dose. However, a prednisone dose equivalent to greater 
than or equal to 7.5 mg/day lowers the lumbar spine bone mineral 
density. Exercise is protective at the femoral neck in patients on cor-
ticosteroids.323,324 Even in men, lean body mass and bone mineral 
density are reduced with SLE.325 There have been case reports of bilat-
eral hip fractures due to osteoporosis in SLE patients.326

Infections
Infections are the most common cause of morbidity, hospitalization, 
and mortality in SLE patients. More than half the infections are viral, 
and about 40% are bacterial. The common sites of bacterial infection 
are similar to those in patients without lupus (i.e., urinary tract, respi-
ratory tract, and skin). The most specific viral infection in SLE is herpes 
zoster infection. Fungal and protozoal infections are also more frequent 
in SLE patients.327

Hepatitis B infections are found more frequently to coexist with SLE 
in areas of the world where it is endemic. There is the risk of reactiva-
tion of the virus, and these patients need to have serial monitoring of 
viral load. SLE patients with chronic hepatitis C infections have an 
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genetic factors (two X chromosomes) or environmental factors, there 
are data supporting a genetic cause. Specifically, the risk of lupus in 
male patients with Klinefelter syndrome, who have an extra X chromo-
some (47,XXY), is greater than 13 times higher than in normal 46,XY 
men and is similar to that of normal 46,XX women,12 consistent with 
a gene dosage effect. Lupus is also 2.5- to 6-fold more prevalent in 
African-American women than in white women11; because no strong 
environmental factors have emerged to explain this disparity, it has 
been tentatively concluded that the increased prevalence is due to 
genetic factors.

Familial aggregation of any disease suggests that it has a genetic 
basis, and familial aggregation has certainly been demonstrated in 
lupus.1 Other support for the genetic origins of lupus comes from twin 
studies, in which monozygotic twins have disease concordance of 40%, 
whereas dizygotic twins have a concordance of only 4%,2 and from the 
high relative risk ratio in siblings (λs), which has been estimated 
between 8 and 29.3 In Mendelian disorders, the mode of inheritance 
and the relationship between the genetic polymorphisms conferring 
risk and the disease phenotype can be established. In complex diseases 
such as lupus, however, the pattern of inheritance does not follow a 
simple pattern. The inability to define a simple mode of genetic segre-
gation in multiplex pedigrees also argues that multiple genetic effects 
are required for expression of the lupus phenotype. The genetics of 
lupus are therefore complex, analogous to juvenile diabetes mellitus 
and breast cancer rather than a simple Mendelian disorder, such as 
Huntington disease or cystic fibrosis.

APPROACHES TO GENETIC STUDIES IN LUPUS
Three major routes to gene discovery in lupus exist: linkage, candidate 
gene association, and genome-wide association scan (Table 124.1).

Linkage studies
For a linkage study, the investigator must accumulate genetic samples 
from families in which at least two members have SLE. Collection of 
such cohorts is difficult because only about 10% of lupus patients have 
a relative with lupus, and even then the second relative may decline 
to participate. Linkage studies have the advantage of being open ended, 
with no preexisting ideas about which genes will be found. By contrast, 
linkage studies can only implicate broad regions of importance, usually 
containing 50 to 300 genes, and additional studies must be done to 
isolate the gene responsible for the linkage. The genes most widely 
accepted to be of importance in SLE, such as the HLA-DR genes, have 
been found by multiple investigators via all three approaches discussed 
here.13

Candidate gene association studies
Association studies are based on recruiting unselected patients with 
lupus and can follow any of several different designs. Two well-estab-
lished designs include a case-control design, in which at least one 
unrelated control of the same age, gender, and race is selected for each 
patient tested, and a “trio” design, in which the patient and unaffected 
parents are studied. Trio designs eliminate any bias that might be 
introduced when the cases and controls are not well matched in genetic 
ancestry (i.e., stratification error). Many of the earliest candidate gene 
association studies only genotyped a single SNP, although more 
recently, technologic advances have made it more practical to test an 
array of SNPs across a gene of interest, such that a combination of 
alleles known as a risk haplotype emerges. The selection of a candidate 
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INTRODUCTION
Systemic lupus erythematosus (SLE or lupus) is a complex autoim-
mune disease distinguished by a loss of tolerance to self-antigens and 
the deposition of immune complexes. Though the etiology is still 
unknown, both twin and family studies provide evidence that a genetic 
component contributes to disease susceptibility. Along with the obser-
vance of familial clustering,1 it has also long been appreciated that there 
was a higher concordance rate in monozygotic twins than in dizygotic 
twins (40% vs. 4%).2 These and other data have led to estimates of the 
relative risk ratio between siblings (λs) of 8 and 29, making SLE a rich 
target for genetic studies.3

The recent development of powerful methods with which to tackle 
the genetics of common diseases has led to important progress in 
complex genetic conditions and has fundamentally transformed our 
understanding of disease. On this premise, a major effort is under way 
to find and explain the susceptibility genes in lupus.

The new techniques used to screen the genome for disease-associ-
ated regions involve large-scale (>100,000) single nucleotide polymor-
phism (SNP) typing on microarray chips and depend on the haplotype 
map developed by the International HapMap project, more powerful 
and advanced computer software, analytic tools, and informatic systems 
capable of managing large data collections. In addition, technology has 
made candidate gene and confirmation genotyping of smaller cohorts 
much more efficient, such that, in addition to the five genome-wide 
scans in lupus that have been completed since 2007,4-8 smaller candi-
date gene studies focusing on one to five genes have also been accu-
mulating.9 As of March 2009, published reports presented a total of 
318 candidate genes studied for their potential association with lupus, 
and that number grows by 2 to 5 genes/month.10

In addition, some of the genes found to contribute to disease in 
mouse models of lupus (murine lupus) are likely to be important in 
human lupus and will provide a useful framework within which to 
guide investigations in humans. The individual inbred experimental 
models in mice are expected to be simpler to explore than the complex 
outbred genetic events leading to lupus in humans.

EVIDENCE FOR GENETIC CONTRIBUTION
The potential contribution of genetic factors to a disease is suggested 
by both demographic and familial factors. In lupus, the incidence and 
prevalence vary profoundly by race and gender. Women have a 2.5 to 
12-fold increase in incidence of disease over men, and the female pre-
ponderance for lupus extends across all populations studied.11 Although 
it has not yet been determined if the gender bias in lupus is caused by 
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 Genetic susceptibility to lupus is strongly supported by familial 

aggregation and twin concordance studies, as well as the results 
from many linkage and association studies.

 Several genes are involved in lupus, including HLA-DR, FCGR3A, 
FCGR2A, complement components C4A and C2, IRF5, STAT4, 
ITGAM, and BLK.

 Mouse models of lupus provide clues to the genetic basis of 
human lupus.

 Human genome studies will greatly accelerate our understanding 
of lupus by providing the information infrastructure needed to 
identify the genetic effects.
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cluster, there are at least 10 strong candidates, many of which are in 
linkage disequilibrium, and they may even be acting in combination. 
It is possible that the difficulty in identifying the gene responsible for 
each of the remaining six linkages (of the nine listed in Table 124.2) 
is also due to problems stemming from the contribution of multiple 
effects.

GENETIC ASSOCIATION IN LUPUS
Major histocompatibility region genes
Background to MHC
The MHC region encodes the strongest genetic risk for SLE, but the 
nature of the effect in this region remains difficult to define. The his-
tocompatibility region on the short arm of human chromosome 6 at 
p21 is arguably the most intensively studied collection of genes in  
the mammalian genome. Spanning approximately 7 megabases of 
DNA, this region contains more than 400 identified human genes. The 
human leukocyte antigen (HLA) genes are divided into three classes—I, 
II, and III—and provide the interface between the efferent and afferent 
immune responses. The specificity of immune responses seems to be 
mainly determined by the particular HLA molecules that present pep-
tides to T-cell receptors. The class I gene products, A, B, and C, present 
peptides from the cell cytoplasm to CD8+ cytotoxic T cells. The class 
II gene products, DR, DQ, and DP, present peptides from the extracel-
lular milieu to CD4+ helper T cells. Class III genes include the 
complement component genes C2 and C4 and tumor necrosis factor 
(TNF), among others. The HLA genes have an important role in the 
immune response and are among the most highly variable genes in the 

gene may be based on a linkage region (because most linkage studies 
are, in fact, followed up in this manner), but it is more common for 
an investigator to choose a candidate gene on the basis of function 
alone. More than 700 of these studies have been published to date, 
covering a diverse array of more than 300 candidate genes and at least 
200 cohorts of lupus patients from all over the world.9,10

Genome-wide association scans
The genome scan may be the most powerful approach to this problem, 
and the technology to make such studies possible has only recently 
been developed. Five genome-wide scans have been conducted in lupus 
to date. Although there is no overall consensus, three of the scans 
strongly support a set of five loci—HLA, IRF5, BLK, ITGAM, and 
STAT4.5,7,8 Additional genes discovered through these scans are also 
under investigation.

GENETIC LINKAGE IN LUPUS
Linkage approaches predominate in the early work on lupus genetics, 
and many of the results remain robust to this day. A substantial advan-
tage for genetic linkage studies is that knowledge of a specific gene a 
priori is not required; the disease gene is isolated on the basis of its 
location in the genome, rather than its specific function. Different 
combinations of risk genes will likely be present in each individual, 
particularly in patients of different racial heritage but often even 
between patients in the same family. The analysis is further compli-
cated by the fact that genes may act in combination to create what is 
called an epistatic effect, such that although two genetic changes taken 
together may increase risk, either one alone may be harmless. Envi-
ronmental triggers may also play a role and cloud the ability to detect 
genetic effects. Despite these obstacles, linkage studies in human lupus 
have produced nine convincing linkages (Table 124.2) and provide a 
glimpse of the genetic complexity of this disorder.9,13-15

Unfortunately, identifying the genes responsible for most of these 
linkages has proven to be difficult. Perhaps there are multiple genetic 
effects contributing to each linkage interval, complicating the effort to 
localize the causative variants. The most definitive identification of a 
gene responsible for a linkage effect is Programmed Cell Death 1 
(PDCD1 or PD-1), at 2q37.16 There is biologic plausibility to this 
candidate, as the PDCD1 pathway leads to the downregulation of 
T-cell activity and its knock-out causes lupus-like glomerulonephritis 
and arthritis in a C57BL/6 mouse background and fatal autoimmune 
dilated cardiomyopathy in a BALB/c mouse background.17

Two other linkage regions contain plausible functional candidate 
genes contributing to lupus. The 1q23 region encodes several of the Fc 
gamma receptors, and FCGR2A, FCGR2B, FCGR3A, and FCGR3B 
have all been implicated in SLE pathogenesis at one time.18 The linkage 
region on chromosome 6 contains the major histocompatibility (MHC) 
region, which is discussed in more detail later. Within the MHC 

TABLE 124.1 FEATURES OF DIFFERENT GENE DISCOVERY APPROACHES

Features

Gene discovery approach

Linkage study Candidate gene association study Genome-wide association scan

Patients used Patient must have a relative with lupus Any Any

Controls used Unaffected family members Matched unrelated controls or parents (trio 
design)

Matched unrelated controls or parents 
(trio design)

Type of marker tested Microsatellite SNP, Indel, copy number variation SNP, Indel, copy number variation

Number of markers tested 300-400 ≥1 60,000-1,000,000

Distribution of markers All chromosomes Within the gene of interest only All chromosomes

Target identified Genetic region, 20-40 mb SNPs in the gene of interest SNPs anywhere in the genome

Number using the approach 5 major groups >50 groups 5 major groups, so far

Years used 1995-2005 1970-present 2006-present

SNP, single nucleotide polymorphism.

TABLE 124.2 CONVINCING LINKAGES IN LUPUS

Location Marker LOD score* Gene

1q23 FCGR2A 3.37 FCGR2A

1q31 D1S1660 3.79 —

1q41 D1S2860-D1S213 3.3 —

2q35-37 D2S125-D2S2985 6.03 PDCD1

4p16 D4S2366 3.84 —

6p21-11 D6S426 4.19 HLA

12q24 D12S395 4.19 —

16q13 D16S415 3.85 —

17p13 D17S1298 3.64 —

*Maximum published log odds ratio score.



CH
A

PTER 124 
● G

enetics of lupus

1249

(DRB/DQB1) haplotypes that encompass the class II region have also 
been observed to exhibit transmission distortion with lupus.20 These 
include DRB1*1501/DQB1*0602, DRB1*0801/DQB1*0402, and 
DRB1*0301/DQB1*0201, demonstrating that the DRB1 and DQB1 
alleles are also strongly associated with the risk of lupus.

Complement components and tumor necrosis factor
The presence of linkage disequilibrium in HLA means that it is not 
possible to be confident that the HLA-DR locus per se is responsible 
for the increased risk of lupus. Other candidate genes associated with 
lupus such as TNF are also in the HLA region (see Fig. 124.1). The 
allele TNFB*1 is increased in patients with lupus but is in disequilib-
rium with alleles at DR and DQ and with the B3-DR3 haplotype.21 
TNFB*1 may make an independent contribution to the risk of lupus 
and, despite conflicting results, meta-analysis indicates that TNF is 
associated with lupus in multiple populations.22 The magnitude of the 
TNF association with lupus may be larger than at any other HLA-
related polymorphism.

There is strong evidence that null alleles of the early components 
of the classical complement pathway, C1, C4, or C2, increase the risk 
of lupus (see Chapter 20).23 Complete complement deficiencies are 
rare, both in the general population and among lupus patients. The 
most common is homozygous C2 deficiency, which is present in about 
one in 10,000 individuals of European ancestry. The relative risk for 
homozygous C2 deficiency in lupus appears to be greater than 3.5.24 
C1 is made up of three components: C1q (on chromosome 1 at 1p34.1- 
1p36.3), C1r, and C1s (both on chromosome 12 at 12p13.2). Of the 
three, the null allele of C1q is the most closely associated with lupus, 
with 90% of individuals homozygous for the null allele displaying the 
lupus phenotype.23

The genetics of the C4 region are somewhat more complex than 
originally appreciated. It has recently been discovered that individuals 
may carry anywhere from 0 to 6 copies of the C4 cassette, although 
the average individual carries four, two on each chromosome.25 There 
are long and short forms, as well as A and B forms, and many different 
combinations are possible. Complete deficiency of C4 (zero copies) is 
quite rare but usually results in SLE.23 A partial deficiency, which has 
also been labeled C4 null or C4A*Q0 (resulting in a three-copy total), 
is more common and is also associated with lupus.25 These partial copy 
number deficiencies are also in linkage disequilibrium with HLA-DR3, 
however, which may contribute to the phenotype.26

Other genes within the HLA linkage region that have been proposed 
as candidates include BTNL2 (a putative regulator of T-cell activation), 
the transporter genes TAP1 and TAP2 (which are involved in antigen 
presentation), TNF beta, and MSH5.5,9 Some combination of HLA 
class I and II, complement components C2 and C4, and quite possibly 
several of the other genes within this region are clearly important in 
lupus, as well as other autoimmune diseases.

Non-MHC genes—a brief guide to the literature
In addition to the genes discussed earlier, as of March 2009 there were 
published reports of an additional 281 genes that had been individually 
assayed for association with SLE. Because candidate gene association 
studies are easier to perform, and because there are so many investiga-
tors who have collected cohorts in order to test genes of interest, the 
resultant literature is varied and often confusing. The ReGAL Database 
Project, headed by one of the authors of this chapter (ALS), has com-
piled this literature back to 1991 and updated it monthly for the past 
5 years.10 Literature entered into PubMed is scanned for reference to 3 
headings relating to lupus and 10 headings related to genetics, and all 
papers describing genetic studies in human lupus are entered in the 
database. A database entry consists of a report (positive, negative, 
phenotypic association, case report, or meta-analysis) of a single gene 
in a single cohort (except for meta-analysis); many papers study mul-
tiple genes and/or multiple cohorts, such that a single piece of literature 
may generate several entries. As of March 2009, ReGAL listed 722 
papers on at least 283 different cohorts (some of which may partially 
overlap) and 317 genes, creating a total of 1575 entries. Genes shown 
to have association are often retested in a second cohort of patients, 
but, more often than not, these results do not agree. This could be due 
to any number of factors, including different patient demographics 

human genome. Their alleles are related to the risk of developing many 
disorders of the immune response, including lupus.

HLA and systemic lupus erythematosus
A summary of the MHC region genes associated with SLE in at least 
one study is presented in Figure 124.1. The associations of HLA anti-
gens with lupus, however, have not been wholly consistent. The vari-
able results may reflect differing population ethnicities, different 
clinical phenotypes, changing technologies, and methodologic issues.19 
For example, the HLA class II nomenclature and methodology have 
evolved with time and, although the serologically determined DR3 and 
DR2 correspond to the DNA sequence-defined DRB1*0301 and 
DRB1*0501, earlier studies cannot always be directly translated into 
current nomenclature. Despite these problems, the HLA class II allele 
DR3 and the haplotype that carries it is associated with lupus in 
patients of European descent. The allele DR2 is also associated with 
lupus in many studies, although this association appears to have a 
more global distribution. The associations of DR2 and DR3 have odds 
ratios of 1.5 : 4 in most populations.13 Other alleles such as A1, A3, 
B7, B8, B18, B35, B39, DRw52, DR4, DR4-DR2 heterozygotes, DR7, 
SC01, GLO2, DQ6, DPB1*0301, and DPB1*1401 have also been 
associated with lupus in some studies.19

A true association does not establish the direct participation of the 
gene product in pathogenesis and may reflect linkage disequilibrium 
between the marker and another unidentified gene. The most extreme 
example of linkage disequilibrium within the HLA region is among 
individuals of northern European descent, who demonstrate linkage of 
the DR3 allele with particular alleles at neighboring loci spread out 
over a few centimorgans of the genome, as exemplified by the extended 
haplotype A1-Cw7-B8-TNFB*1-C2C-Bfs-C4AQ0-C4B1-DRB1*0301-
DQA1*0501-DQB1*0201 (linkage disequilibrium extending across 
such a great distance is unusual in an outbred population). In some 
studies, individual alleles at particular loci such as DR3, DQ2, or 
C4A0, are more closely associated than is the haplotype. DQA1*0501 
is on the B8-DR3 haplotype and may be more closely related to lupus 
than is DR3 or C4AQ0. More recently, three more distinct two-locus 

Class I region

Class III region

Class II region

ARRANGEMENT OF THE MHC REGION
GENES ASSOCIATED WITH SLE
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Fig. 124.1 Arrangement of the major histocompatibility genes associated with 
systemic lupus erythematosus.
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GENOME SCANS IN LUPUS
Perhaps the most powerful approach to genetic analysis in lupus is the 
genome scan, which has only been made possible by recent advances 
in technology. Commercial systems make it possible to test more than 
100,000 SNPs at a time, and, to date, five different scans for SLE have 
been reported in the literature (Table 124.5).4-8 All five studies focus 
on European or European-derived Caucasian case and control popula-
tions, and in each, the most striking results are in different genes 
identified in each cohort. The three largest studies—by Hom (1311 
patients, 1783 controls),8 the SLEGEN consortium (720 patients, 2337 
controls),5 and Graham (431 patients, 2155 controls)7—reinforced each 
other by finding association in both previously appreciated genes (HLA, 
STAT4, and IRF5) and relatively new genes of interest (ITGAM and 
BLK). The magnitude of these associations reached genome-wide sig-
nificance with P values as high as 10−52 (see Table 124.6). The Cervino 
scan used only 105 patients and controls, and it did not reveal associa-
tion at any of these five loci,4 nor did the top seven associated genes 
in the Cervino scan include any of the 219 previously reported associa-
tions in SLE10; these discrepancies may well be attributable to the small 
sample size. The Kozyrev report, which included 279 Swedish cases 
and 515 controls, focused on their finding of association with BANK16; 
the other association data from this scan have not yet been published. 
Another unique association was reported by Graham and colleagues,7 
who support TNFAIP3 as a strong new candidate. Additional func-
tional studies on all of these genes are now under way to further define 
the role of the associated polymorphisms in the pathogenesis of lupus. 
The key novel candidates that have emerged are discussed as follows.

IRF5
Interferon regulatory factor 5 (IRF5) was first reported to be associated 
with SLE by Sigurdsson31 in March 2005. The association was quickly 
confirmed by nine additional groups (Graham32 being the first), then by 
three of the genome scans,5,7,8 and then through meta-analysis.33 To date, 

(including ethnicity and gender), different SNPs or regions of the gene 
being tested, or even different experimental designs, but the most 
common reason for conflict is likely inadequate statistical power 
leading to sampling error. A summary of genes by entry type is listed 
in Table 124.3. Note that most of the genes that are “positive only” 
or “negative only” have only a single entry. Of these 136 genes with 
only a single entry, there is an excellent chance that a second study 
will conflict with the first, pushing many of them into the larger “con-
flicting reports” category as well.

One mechanism for sorting out such conflicting evidence is to 
perform a meta-analysis (Table 124.4). Although this is not particu-
larly useful when there are fewer than five reports on a gene, by con-
trast, for those with larger bodies of literature behind them (such as 
the Fc gamma receptors, PD-1, and MBL), meta-analysis can provide 
a conclusion that takes into account the differences in sample size and 
study power from all available reports.9,27-30 For the genes listed in Table 
124.4, meta-analysis, even in the face of some conflicting reports, is 
strongly suggestive of association. No doubt meta-analysis will be used 
to determine the true significance of genes with conflicting results as 
more data become available.

TABLE 124.3 SUMMARY OF GENES WITH ASSOCIATION DATA 
IN THE LUPUS GENETICS LITERATURE

Gene types No. Genes
No. with 
only 1 entry

Average no. 
entries/gene Range

Positive only 72 60 1.3 1-6

Negative only 89 69 1.3 1-5

Phenotypic only 9 7 1.3 1-3

Conflicting 147 0 9.2 2-85

TABLE 124.4 GENETIC ASSOCIATIONS SUPPORTED BY META-ANALYSIS

Gene Location

No. reports Meta-analysis totals

Significant Not significant No. patients No. controls Odds ratio

CR1 1q32 2 19 950 1372 1.544

CTLA4 2q33 7 16 1144 1630 1.287

FCGR2A 1q23 16 31 4235 4383 1.24

FCGR3A 1q23 16 13 2415 1455 1.47

IL10 1q32 13 14 2391 3483 1.284

MBL2 10q11 15 12 1794 2192 1.406

PDCD1 2q37 16 11 2909 3995 1.194

PTPN22 1p13 10 2 3514 7646 1.49

TNF 6p21 23 17 3060 4479 1.7

TNFRSF1B 1p36 3 12 944 1313 1.29

TNFSF4 1q25 5 4 1312 1801 1.26

TABLE 124.5 FEATURES OF THE FIVE GENOME SCANS IN LUPUS

Cervino4 SLEGEN5 Kozyrev6 Hom8 Graham7

Published Sept 2007 Feb 2008 Feb 2008 Feb 2008 Sept 2008

No. patients 105 720 279 1311 431

No. controls 60 2337 515 1783 2155

No. SNPs 262,000 317,501 116,204 545,080 469,094

System Affymetrix NspI array Illumina HumanHap 300 Affymetrix 100K array Illumina HumanHap 550 Affymetrix Human SNP 5.0
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either have a lupus-like disease that has arisen spontaneously or they 
have been genetically manipulated to develop a lupus-like phenotype.46 
The phenotype of murine lupus is most commonly characterized by 
serologic manifestations, particularly the development of antinuclear 
and anti–double stranded DNA (anti-dsDNA) antibodies, as well as 
glomerulonephritis and arthritis. Hypergammaglobulinemia, spleno-
megaly, and lymphadenopathy are common in such models. Skin 
manifestations, serositis, and hematologic abnormalities, on the other 
hand, are rarely seen in murine lupus.46 The frequency with which 
such model systems have been found, both among spontaneously 
arising strains and knock-out animals, suggests that lupus-like sys-
temic autoimmunity is a common phenotype for immune dysregula-
tion and abnormalities of apoptosis. Several regions of importance in 
human disease are also implicated in murine lupus models, including 
the MHC region, TNFα, C-reactive protein (CRP), complement com-
ponent C1q, and the Fc receptors.9,46-50 Additionally, disruption of a 
gene associated with human disease often leads to a lupus phenotype 
in mice; for example, the Pdcd1−/− mouse develops a lupus pheno-
type.50 Using clues from murine models and applying them to human 
disease is another important strategy for gene discovery.

The MRL lpr/lpr mouse develops lymphadenopathy, antinuclear 
antibodies, anti-dsDNA, nephritis, and other clinical features of lupus. 
The lpr defect markedly affects expression of the fas gene, a critical 
element in the regulation of apoptosis. In the context of the MRL 
genetic background, a defective fas gene accelerates expression of 
disease characteristics of human lupus. Other genes affecting apoptosis 
continue to attract interest. For example, the gene product of bcl-2 
prevents apoptosis and mice with the bcl-2 gene eliminated from their 
genome are predisposed to lupus-like disease.48 Many of the mecha-
nisms at work to produce this model of lupus are not known.

The most intensively studied mouse model of lupus is the F1  
cross of NZB/NZW. This mouse develops positive antinuclear antibod-
ies, anti-dsDNA antibodies, and nephritis. Female mice are more 
severely affected than are males. This may be the murine model  
most similar to human lupus. Like human lupus, the NZB/NZW F1 
mouse is also genetically complex. A number of ongoing studies are 
attempting to define the genes that mediate lupus nephritis, anti-
dsDNA, IgM hypergammaglobulinemia, splenomegaly, and other fea-
tures in this model.49,50 Research has established the presence of 
multiple genetic effects, which best fit an additive model for lupus 
nephritis. An additive model suggests that alleles at different genetic 
loci make independent but cumulative contributions to expression of 
the phenotype.

The genetic complexity already uncovered in murine lupus pre-
dicts an even greater complexity for the genetics of human SLE. For 
example, the sle1 region on mouse chromosome 4 has been a subject 
of intense scrutiny. On careful genetic dissection, this effect was further 
divided into four separable genetic effects, found close to one another 
in a region syntenic to human chromosome 1q21-44.49 The many 
genetic effects now known to originate with the NZB/NZW F1 model 
of lupus alone demonstrate the extraordinary complexity that lupus 
presents.

CONCLUSION
Lupus is the most studied prototype of systemic autoimmunity. Clearly, 
a large number of genes are important and have the potential to define 
clinically important variation in the human population and to identify 
disease risk. These genes include IRF5, STAT4, ITGAM, BLK, those 
in the histocompatibility region, especially the class II HLA genes, 
complement component genes, and immunoglobulin receptor genes. 
Genetic linkage and genetic association studies in humans, in addition 
to work with murine models of lupus, promise to provide important 
new insight that continues to fundamentally influence our understand-
ing of this disorder.

it holds the distinction of being one of only two genes for which more 
than five populations have been assayed and all reports indicate associa-
tion, either with disease or with a disease phenotype; the other such gene 
is STAT4.10 IRF5 also shares with STAT4 and the HLA region the char-
acteristic of being associated with multiple autoimmune diseases in addi-
tion to lupus. Rheumatoid arthritis (anti-CCP negative subgroup),34 
inflammatory bowel disease,35 type 1 diabetes,36 multiple sclerosis,37 and 
Sjögren syndrome38 have all been reported to associate with polymor-
phisms of IRF5, indicating it is a critical player in the initiation of autoim-
munity in general. When activated, IRF5 promotes transcription of 
interferon-α and is a downstream regulator of inflammatory cytokines 
and regulates death receptor-induced apoptosis of dendritic cells.

STAT4
Signal transducer and activator of transcription 4 (STAT4) was first 
reported to be associated with both SLE and rheumatoid arthritis by 
Remmers in 2007,39 and the association has since been confirmed by 
seven candidate gene studies and the three large genome scans. Inter-
estingly, it appears that there may be some interaction between the 
risk alleles for IRF5 and STAT4, leading to an additive effect in both 
SLE40 and Sjögren syndrome.41 Other autoimmune diseases in which 
STAT4 has been implicated include inflammatory bowel disease  
and type 1 diabetes,42 indicating that STAT4 is also central to the 
development of the autoimmune phenotype. STAT4 is essential for 
interleukin-12 signal transduction, leading to increased interferon g 
secretion in natural killer cells and increased Th1 activation.

ITGAM
Integrin alpha-M (ITGAM) has emerged as a strong new candidate 
gene with a potentially relevant functional mutation associated with 
disease.43 ITGAM is also known as complement receptor type 3, and 
it plays a role in mediation of lymphocyte recruitment, particularly in 
models of vascular injury. Work in this region originally began when 
a meta-analysis of nine genome-wide linkage studies revealed two 
strong effects—one in the MHC region and the other in a “bin” extend-
ing from 16p12.3 to 16q12.2.44 Fine mapping of the expanded region 
indicated that ITGAM was highly associated with disease (P < 10−17) 
and spurred further work to type 26 SNPs in 732 patients and 747 
controls and then confirmatory work in a second cohort (1184 patients 
and 1155 controls).43 ITGAM has also been confirmed in the three 
large genome scans.5,7,8 Meta-analysis indicates an odds ratio of 1.83 
with P = 7.1 × 10−50 at rs1143679, which encodes an arginine to his-
tidine shift in exon 3 (R77H).45 The functional consequences of this 
highly associated polymorphism are currently under investigation.

GENETICS OF MOUSE MODELS OF LUPUS
Murine models of lupus are extensively studied because they do not 
contain the genetic heterogeneity seen in human lupus. These mice 

TABLE 124.6 GENETIC ASSOCIATIONS CONFIRMED BY GENOME SCAN

Hom8 SLEGEN5 Graham7

HLA 3.00E-21 1.70E-52 5.00E-13

IRF5 2.00E-11 3.60E-19 5.00E-11

BLK 8.00E-08 7.00E-10 1.70E-08

ITGAM 4.00E-07 3.00E-10 1.71E-06

STAT4 9.00E-14 2.80E-09 8.49E-11
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PATHOLOGY
Characteristic lesions
Hematoxylin bodies
Several pathologic findings are characteristic of SLE. Hematoxylin 
bodies are usually oval or spindle-shaped basophilic structures that 
may approach the size of an intact cell. Also known as LE bodies, 
hematoxylin bodies resemble aggregates of chromatin and degenerated 
cytoplasmic organelles and can be formed in vitro from epithelial cell 
nuclei. Biochemically, they appear to contain both DNA and immu-
noglobulin,3 probably reflecting the interaction of antinuclear antibod-
ies with degenerating nuclear material. Derived from dead cells, 
hematoxylin bodies are most often described in glomeruli and endo-
cardium but can occur in almost any organ (Fig. 125.2a). They are 
identified in only a small number of biopsy specimens but are highly 
suggestive of SLE. Engulfment of hematoxylin bodies by phagocytes 
produces the characteristic LE cell, a phagocyte with a large basophilic 
inclusion (see Fig. 125.2b).

Libman-Sacks endocarditis
At autopsy, the majority of patients who had SLE have non-bacterial, 
verrucous endocarditis, also known as Libman-Sacks endocarditis. 
Grossly, these small friable vegetations are often present in large 
numbers, especially at the forward-flow edges of the valve. The mitral 
valve is most commonly affected, but verrucae may be seen on other 
valves, on chordae tendineae, and on the endocardium. Microscopi-
cally, the verrucae consist of proteinaceous deposits and mononuclear 
cells in the context of platelet thrombi and necrotic cell debris (Fig. 
125.3). The occurrence of valvular lesions in association with antiphos-
pholipid antibodies raises interesting speculations about the pathogen-
esis of verrucous endocarditis, but the valvular abnormalities in primary 
antiphospholipid syndrome appear to be distinct, with valvular thick-
ening and occasionally nodules but no vegetations.4-6 For verrucous 
endocarditis, it is possible that circulating immune complexes may 
adhere to the valvular surface, contribute to initial endocardial damage, 
and serve as a nidus for the deposition of fibrin and platelets.

Cutaneous immunopathology
The pathology of skin lesions illustrates the basic pathophysiologic 
mechanisms in SLE: immune complex formation with consequent 
tissue damage, acute vascular and perivascular inflammation, and 
more chronic mononuclear cell infiltration. Each of these features can 
be found in the histopathology of cutaneous lupus, although immuno-
globulin deposition at the dermal-epidermal junction is the most 
consistent.

Analysis of lesional skin in SLE may demonstrate liquefactive 
degeneration of the basal cell layer of the epidermis, fibrinoid necrosis 
of the dermis, and perivascular and perifollicular infiltrates of inflam-
matory cells. In chronic lesions there is prominent hyperkeratosis and 
follicular plugging, although these features are less evident in subacute 
cutaneous lupus and usually absent in acute cutaneous lesions. Disor-
ganization of the basal cell layer of the epidermis is found in chronic 
cutaneous and subacute cutaneous lesions; it may also be found in 
acute cutaneous lesions, although it may be more subtle. The mono-
nuclear cell infiltrate, typically with T-cell predominance, in the upper 
regions of the dermis may disrupt the dermal-epidermal junction in 
chronic lesions but tends to be more localized to perivascular and 

Immunopathology of systemic 
lupus erythematosus
Jane E. Salmon, Luminita Pricop, and Vivette D’Agati

 Systemic lupus erythematosus is a prototypical immune complex 
disease involving excess antibody formation and immune complex 
deposits in tissue.

 Characteristic lesions include hematoxylin bodies, Libman-Sacks 
endocarditis, vasculitis, thrombotic microangiopathy, and 
glomerulonephritis.

 Antibody properties are important in determining the pathogenic 
potential of immune complexes.

 Complement deficiencies may alter immune complex handling.
 Genetic variations in receptors for immunoglobulin (Fcγ receptors) 

influence antibody binding and pathologic effects of immune 
complexes.

INTRODUCTION
Systemic lupus erythematosus (SLE) is the prototypical immune 
complex disease, characterized by excessive autoantibody production, 
immune complex formation, and immunologically mediated tissue 
injury. Tissue pathology in all organs reflects a variety of aberrant 
immunologic mechanisms, but tissue damage in patients with lupus 
may also reflect non-immunologic processes. Some of these, such as 
early atherosclerosis, may, however, be initiated and accelerated 
through immunologic effector mechanisms.

The complexity of abnormal immunoregulation observed in patients 
with SLE has made it difficult for the clinical investigator to identify 
clearly the critical elements underlying the immunopathogenesis of 
SLE. However, several interrelated immunologic elements may be 
central, beginning with innate immune activation and augmented pro-
duction of type I interferons. Aberrant adaptive immune response, 
related to B-cell and T-cell abnormalities, including defects in B-cell 
tolerance, autoantigen-specific T helper cells, and intrinsic T-cell func-
tional and biochemical irregularities, result in the production of auto-
antibodies. Production of at least some of these autoantibodies is 
driven by increased levels of nucleosomes, perhaps reflecting acceler-
ated apoptosis and defective clearance (waste disposal),1 and by abnor-
mal cytokine concentrations. The sum of these abnormalities is an 
array of autoantibodies and circulating immune complexes. Taken 
together with deficiencies in mononuclear phagocyte function and 
immune complex clearance, SLE is a critical model for our understand-
ing of immune complex–mediated immunopathogenesis.

Unlike some autoimmune diseases, such as Hashimoto thyroiditis 
and myasthenia gravis, which are highly organ specific, SLE affects 
many different organs in a systemic fashion and is not organ specific 
(Fig. 125.1). In this regard, the autoimmune mechanisms in SLE may 
be more similar to those found in diseases such as Sjögren syndrome, 
rheumatoid arthritis (RA), dermatomyositis, and scleroderma, as sug-
gested by Klemperer and coworkers in their studies of the “connective 
tissue” diseases.2 Certainly, autoantibody formation, immunoglobulin 
deposition, and primary or secondary infiltration of tissues with mono-
nuclear cells are cardinal features of the disease. Both antigen-specific 
and antigen-non-specific immunologic targeting may be important. 
These processes eventually become apparent through a broad range of 
pathologic manifestations, including fibrinoid necrosis, hematoxylin 
bodies, vascular injury, disruption of the dermal-epidermal junction of 
skin, and glomerulonephritis.

125



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1254
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TYPES OF AUTOIMMUNE DISEASE

Organ-specific diseases Systemic diseases

Systemic Lupus Erythematosus
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Pancreas
Insulin-dependent
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Primary myxedema
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Fig. 125.1 Two types of autoimmune disease: organ specific and systemic. 
Although the systemic autoimmune diseases produce symptoms in several 
organs, each disease may be marked by characteristic patterns of organ 
involvement. CNS, central nervous system.

a

b

Fig. 125.2 Hematoxylin bodies. (a) A glomerulus containing several lilac 
hematoxylin bodies, corresponding to exposed nuclei in which the chromatin 
has undergone swelling and clumpy transformation after complexing with 
ambient antinuclear antibody (H&E). (b) LE cells. Two phagocytic cells have 
ingested large basophilic inclusions. The inclusions, termed hematoxylin bodies 
when seen before ingestion, contain DNA and IgG (Wright stain). (With 
permission of Professor I. M. Roitt.)

Fig. 125.3 Libman-Sacks endocarditis. Two verrucae on the surface of this 
valve contain fibrin and necrotic cell debris. Inflammatory cells are localized 
primarily at the endocardial surface (H&E).

periappendageal areas in other lesions.7 Edema of the upper dermis 
with extravasation of erythrocytes can be found in all SLE skin lesions.

In less common forms of lupus skin lesions, the histologic  
picture is somewhat different. In bullous SLE there are subepidermal 
bullae without vacuolar degeneration but with an inflammatory infil-
trate (mostly neutrophils) in the dermal papillae.8 In lupus profundus, 
or lupus erythematosus panniculitis, there is deep dermal and 

subcutaneous involvement with nodules. Lesions in the epidermis may 
or may not accompany nodule formation.9

In almost all cases, deposits of immunoglobulin (IgG, IgA, and IgM) 
and complement components from the classic and alternative path-
ways are observed along the dermal-epidermal junction at the site of 
cutaneous lesions. In a majority of patients with systemic disease, 
immunofluorescence reveals similar deposits at the dermal-epidermal 
junction in normal non–sun-exposed skin and at sites of cutaneous 
lesions. This characteristic immunofluorescence, the lupus band test 
(Fig. 125.4), may be helpful in diagnosis, although it can also be posi-
tive in RA, Sjögren syndrome, dermatomyositis, progressive systemic 
sclerosis, and other clinical conditions.9

The dermal-epidermal localization of immunoglobulin and comple-
ment may result from accumulation in the subepidermal space of 
nuclear material derived from apoptotic keratinocytes.10 At the highly 
vascular dermal-epidermal junction, these nuclear antigens may have 
the opportunity to react with circulating autoantibodies, to form anti-
gen-antibody complexes and precipitate as immune aggregates, and to 
initiate tissue injury. This model suggests a basis for photosensitivity 
in SLE whereby ultraviolet irradiation leads to increased apoptosis of 
keratinocytes, increased nuclear debris, and subsequent immune 
complex material precipitating at the dermal-epidermal junction. 
Although attractive, this model does not fully reconcile the presence 
of immunoglobulin at the dermal-epidermal junction with the absence 
of accompanying tissue damage and the presence of a lymphocytic 
infiltrate suggestive of cell-mediated immunity.
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presence of vascular wall immune deposits and the absence of ANCAs. 
Presumably, these pathologic and serologic distinctions reflect different 
pathophysiologic mechanisms.

Vascular lesions of thrombotic microangiopathy may occur in 
patients with lupus who have circulating anticardiolipin antibodies, 
lupus anticoagulant, or both and less commonly in those who develop 
a hemolytic-uremic syndrome in association with autoantibody to the 
von Willebrand factor cleaving protease.12 Lesions of thrombotic micro-
angiopathy in SLE are morphologically indistinguishable from those 
occurring in hemolytic-uremic syndrome or thrombotic thrombocyto-
penic purpura. They are characterized by intraluminal fibrin thrombi 
that may be acute or organizing, without accompanying vascular 
immune deposits (Fig. 125.7).

Immunopathology of lymphoid organs
Lymphadenopathy, either regional or generalized, is a common mani-
festation of SLE, affecting up to 60% of patients.13 More frequently 
identified in children and African Americans, lymphadenopathy may 
be the initial clinical manifestation of SLE.14 Enlarged cervical, axillary, 
and inguinal lymph nodes measuring up to several centimeters in size 
are typically discrete, soft, and non-tender. Histologically, there is fol-
licular hyperplasia, sometimes forming giant or coalescent follicles, 
with enlarged germinal centers and increased numbers of plasma cells 

Vascular immunopathology
Several types of vascular lesions may occur in SLE. The most common 
lesion is immune complex deposition in the walls of small arteries and 
arterioles (Fig. 125.5).11 In some instances, the vascular immune 
deposits occur without associated inflammatory response and can only 
be demonstrated by immunofluorescence and electron microscopy. In 
others, the vascular immune deposits are accompanied by perivascular 
infiltrates of mononuclear leukocytes. Necrotizing large- or small- 
vessel vasculitis with fibrinoid necrosis and neutrophil infiltration 
resembling that seen in polyarteritis nodosa, microscopic polyangiitis, 
or antineutrophil cytoplasmic antibody (ANCA)-associated granuloma-
tous vasculitis are relatively uncommon (Fig. 125.6). Necrotizing vas-
culitis occurring in SLE can be distinguished from that of microscopic 
polyangiitis or ANCA-associated granulomatous vasculitis by the 

a b

Fig. 125.4 Cutaneous immunopathology and the lupus band test, demonstrating immunoglobulin and complement deposition in non–sun-exposed skin. (a) 
Light microscopy reveals thickening of the dermal-epidermal junction and inflammatory cells associated with a dermal appendage (H&E). (b) At a higher 
power, immunofluorescence demonstrates IgM and C3b at the dermal-epidermal junction (bright green horizontal band, seen midway through this section). 
(With permission from Brostoff J, et al. Clinical immunology. London: Gower, 1991.)

Fig. 125.5 Vascular immune deposits in SLE. Immune complex deposition is 
demonstrated in the wall of a small intrarenal artery, using antibody to human 
IgG (immunofluorescence, anti-IgG).

Fig. 125.6 Necrotizing small vessel vasculitis in SLE. The vasculitis resembles 
the lesions seen in polyarteritis nodosa/microscopic polyangiitis. There is 
transmural infiltration by lymphocytes and neutrophils, with endothelial 
degeneration and intimal fibrinoid necrosis (H&E).
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Renal immunopathology
The renal manifestations of SLE, collectively termed lupus nephritis, 
are extremely heterogeneous.18 All four renal compartments—the 
glomeruli, tubules, interstitium, and blood vessels—may be affected. 
The incidence of clinical renal disease underestimates the prevalence 
of pathologic renal involvement, especially if routine light microscopy 
is supplemented by the more sensitive techniques of immunofluores-
cence and electron microscopy. The morphologic features of lupus 
nephritis are also extremely protean, with the capacity to transform 
over time, either spontaneously or in response to treatment.

Lupus nephritis is one of the few renal diseases in which immune 
deposits can be detected in any or all renal compartments, including 
glomeruli, tubules, interstitium, and blood vessels. IgG is found almost 
universally (>98%) and is usually dominant in intensity. Co-deposits 
of IgM and IgA are common. When all three immunoglobulin classes 
are found, the designation “full house” staining is often applied. Depos-
its of complements C1 and C3 and properdin can be demonstrated in 
the majority of cases, consistent with activation of both the classic and 
alternative complement pathways.

Approach to classification
Investigators have attempted to define and quantify the many morpho-
logic lesions of lupus nephritis in a comprehensive, systematic fashion.19 
Widespread use of the World Health Organization (WHO) classifica-
tion has improved the uniformity and reproducibility of biopsy inter-
pretation and provided the standardized nomenclature essential for 
clinicopathologic studies addressing outcome and prognosis.20 In 2004 
based on recommendations by the International Society of Nephrology 
(ISN) and the Renal Pathology Society (RPS), the WHO classification 
underwent minor revisions to provide sharper distinctions between the 
classes (Table 125.1).21

and immunoblasts in the interfollicular zones.15 Hyperplasia and focal 
necroses of the paracortical T-cell zones are also observed. Necrotic 
foci containing hematoxylin bodies are a particularly characteristic, but 
rare finding. The demonstration of immunoglobulin and complement 
C3 in the necrotic walls of arterioles and venules suggests immune 
complex–mediated vasculitis in the pathogenesis of the necroses. A 
predominance of paracortical CD11b+ CD15+ histiocytes and CD8+ 
T cells is found adjacent to the necrotic zones.16 Lupus-related lymph-
adenopathy must be distinguished from the tender lymphadenopathy 
arising from secondary infections or the emergence of a lymphoprolif-
erative disorder after chronic immunosuppression.

Splenomegaly occurs in 10% to 45% of patients, depending on the 
mode of detection. There is a poor correlation between the occurrence 
of splenomegaly and coexistent cytopenias. Follicular hyperplasia is 
typically accompanied by periarterial fibrosis of the penicilliary arteries, 
producing a distinctive onionskin lesion with multiple tight concentric 
rings of perivascular collagen. There may be adjacent calcified fibrous 
nodules.17 Onionskin lesions (Fig. 125.8) have been described in the 
majority of spleens at autopsy but are not pathognomonic of SLE. Their 
morphogenesis is unknown, although a role for healed arteritis has 
been proposed. Hyposplenism, infarction, and rupture of the spleen 
have been reported rarely in association with vasculitis of splenic arter-
ies or thromboses related to a circulating lupus anticoagulant.

a b

Fig. 125.7 Vascular lesions of thrombotic microangiopathy in SLE. (a) Acute thrombotic lesions with occlusion of the arteriolar lumen by fibrin thrombus that 
stains eosinophilic (left panel). This intraluminal fibrin gives an orange staining reaction with the Lendrum stain for fibrin (right panel). The endothelium 
appears necrotic and desquamated; however, there is no leukocyte infiltration of the vessel wall. (b) An organized thrombus with recanalization severely 
narrows a small artery of the kidney from a patient with lupus anticoagulant (H&E).

Fig. 125.8 “Onionskin” lesion. Concentric periarterial fibrosis in the malpighian 
body of the spleen leads to this characteristic structure (H&E). (Reprinted from 
the Clinical Slide Collection on the Rheumatic Diseases, © 1991, 1995. Used by 
permission of the American College of Rheumatology.)

TABLE 125.1 WORLD HEALTH ORGANIZATION CLASSIFICATION OF LUPUS 
NEPHRITIS (2004)

Class Description

Class I Minimal mesangial lupus nephritis

Class II Mesangial proliferative lupus nephritis

Class III Focal lupus nephritis

Class IV Diffuse segmental (IV-S) or global (IV-G) lupus nephritis

Class V Membranous lupus nephritis

Class VI Advanced sclerosing lupus nephritis
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based on whether they are focal (affecting < 50% of glomeruli) or 
diffuse (affecting > 50% of glomeruli) or segmental (affecting < half 
the glomerular tuft) or global (affecting > half the tuft). In assessing 
the number of glomeruli affected, both active (proliferative) and chronic 
(sclerosing or scarred) lesions must be taken into account. Class III 
lupus nephritis consists of a focal, predominantly segmental, endocap-
illary proliferative glomerulonephritis that affects less than 50% of 
glomeruli (Fig. 125.10). Class IV (diffuse) lupus nephritis is distin-
guished from class III arbitrarily, on the basis of involvement of more 
than 50% of glomeruli by endocapillary lesions. Typically, the endo-
capillary proliferation in class IV is relatively diffuse and global (desig-
nated IV-G) (Fig. 125-11).21 However, some cases of class IV may 
exhibit a diffuse segmental distribution (designated IV-S).21 Glomerular 
endothelial cells, monocytes, lymphocytes, and neutrophils may con-
tribute to the endocapillary hypercellularity (Fig. 125.12a). As in class 
III, lobules without endocapillary proliferation usually manifest varying 
degrees of mesangial proliferation (see Fig. 125.10b).

Common light microscopic features of active class III and class IV 
lupus nephritis include wire loop (subendothelial) deposits, hyaline 
thrombi, necroses, hematoxylin bodies, and cellular crescents. Suben-
dothelial immune deposits are the sine qua non of active class III and 
IV lupus nephritis and are typically detectable by immunofluorescence 
and electron microscopy in the distribution of the endocapillary prolif-
eration. When large enough to be detected by light microscopy, suben-
dothelial deposits may form “wire loop” thickenings of the glomerular 
capillary walls (see Fig. 125.12b-d). Some cases of class III or class IV 
lupus nephritis manifest large intracapillary deposits forming “hyaline 
thrombi” (see Fig. 125.12b). This term is a misnomer, inasmuch as 
these do not represent true fibrin thrombi but massive intracapillary 
immune aggregates. Glomerular necrosis consists of a focus of smudgy 
fibrinoid degeneration of the glomerular tuft (see Fig. 125.10b). Necro-
sis may be accompanied by any or all of the following: deposition of 
intracapillary fibrin, glomerular basement membrane rupture, and 
apoptosis of infiltrating neutrophils producing pyknotic or karyorrhec-
tic nuclear debris (“nuclear dust”). Although they are the only truly 
pathognomonic lesions of lupus nephritis, hematoxylin bodies are 
extremely uncommon, affecting less than 2% of biopsy specimens of 
lupus nephritis. These smudgy, lilac-staining structures are the tissue 
equivalent of the LE body and consist of naked nuclei in which the 

Although tubular, interstitial, and vascular lesions are common in 
lupus nephritis and may contribute significantly to overall disease 
severity, activity, and chronicity, the WHO classification is based 
entirely on evaluation of the glomerular alterations. Accurate classifica-
tion requires careful assessment of the glomerular alterations by light 
microscopy, followed by integration of the immunofluorescence and 
electron microscopic findings. The first step is to determine whether 
there is glomerular hypercellularity in the mesangial, endocapillary, or 
extracapillary zones. The distribution of the endocapillary hypercellu-
larity is assessed (focal: <50%; diffuse: ≥50% of glomeruli affected). 
Attention is given to the presence of infiltrating leukocytes, necrotizing 
lesions, and glomerular basement membrane thickening. These light 
microscopic findings are then interpreted in the context of the distribu-
tion of the glomerular immune deposits in mesangial, subendothelial, 
and subepithelial locations as detected by light microscopy, immuno-
fluorescence, and electron microscopy.

The overall distribution of immune deposits detected by immuno-
fluorescence can be refined further at the ultrastructural level. Mesan-
gial electron-dense deposits are typically observed in all classes of lupus 
nephritis. Mesangial deposits are the defining feature of class I and II 
and can be considered the common substratum upon which the higher 
classes are built. Both class III and class IV lupus nephritis display 
subendothelial and mesangial deposits. The distribution of the suben-
dothelial deposits is more focal and segmental in class III and more 
diffuse and global in class IV, corresponding to the general distribution 
of the endocapillary proliferative lesions. Although scattered subepithe-
lial deposits may also be detected in class III and class IV, regular 
subepithelial deposits are a distinguishing feature of class V.

Class I and II designate glomerular disease limited to the mesan-
gium (Fig. 125.9). In class I, the glomerular mesangium is normocel-
lular; however, immune deposits confined to the mesangium can be 
detected by fluorescence microscopy and electron microscopy. In class 
II, these purely mesangial immune deposits are accompanied by 
mesangial proliferation (defined as more than three mesangial cells in 
mesangial areas away from the vascular pole, assessed in histologic 
sections 3 µm thick).

Most investigators consider class III and class IV lupus nephritis to 
be qualitatively similar glomerular lesions that differ only in severity 
and distribution. The glomerular endocapillary lesions are classified 

a b c

Fig. 125.9 Lupus nephritis class II (mesangial proliferative lupus nephritis). (a) Mild mesangial hypercellularity without compromise of the glomerular 
capillary lumina (H&E). (b) Granular deposits of IgG are confined to the mesangial stalk, with sparing of the peripheral glomerular capillary walls 
(immunofluorescence, anti-IgG). (c) Electron micrograph showing four individual glomerular capillaries oriented around a central mesangial stalk. Electron-
dense deposits are present within the central mesangial region (arrow) but do not extend into the peripheral glomerular basement membranes.
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a b c

Fig. 125.10 Lupus nephritis class III (focal lupus nephritis). (a) Low-power view shows three glomeruli with segmental endocapillary proliferation causing 
obliteration of the glomerular capillary lumina in a portion of the glomerular tuft. Adjacent glomerular capillaries are patent. The endocapillary proliferation 
affected less than 50% of the total glomeruli sampled in this biopsy, consistent with focal lupus nephritis (Jones methenamine silver). (b) Individual 
glomerulus with segmental occlusion of the glomerular capillaries by endocapillary proliferation with infiltrating leukocytes and fibrinoid necrosis. The 
remainder of the glomerular tuft displays mesangial hypercellularity (H&E). (c) Deposits of IgG are identified in the peripheral glomerular capillaries of a 
segment of the tuft (corresponding to an area of endocapillary proliferation). Mesangial deposits are present in the adjacent glomerular lobules 
(immunofluorescence, anti-IgG).

a b

Fig. 125.11 Lupus nephritis class IV (diffuse lupus nephritis). (a) Low-power view shows the diffuse and global distribution of the endocapillary proliferation, 
consistent with class IV-G (H&E). (b) Diffuse and global deposition of IgG throughout the glomerular mesangium and outlining the peripheral capillary walls 
(immunofluorescence, anti-IgG).

chromatin has been altered by binding to ambient antinuclear antibod-
ies (see Fig. 125.2a). Cellular crescents are a feature of active lupus 
nephritis that may be encountered frequently in both class III and class 
IV disease. They are common overlying necrotizing lesions but also 
may occur in glomeruli with non-necrotizing endocapillary proliferative 
lesions.

Active glomerular lesions that persist over time or do not respond 
to treatment may lead to glomerular scarring (or sclerosis), a feature of 
chronic and irreversible glomerular injury. In class III, the glomerular 
scarring is typically focal and segmental, mirroring the distribution of 
the proliferative and necrotizing lesions. Associated fibrous crescents 
may form synechiae to the sclerotic segments. Similarly, in chronic 

class IV lupus nephritis, the glomerular sclerosis is typically more global 
and diffuse. Of course, glomerular obsolescence is not restricted to class 
III and class IV but also can supervene on class V. Glomerular sclerosis 
in lupus nephritis may also occur in the course of aging or as a com-
plication of hypertensive arterionephrosclerosis and does not necessar-
ily imply scarring in the course of immunologically mediated injury.

Membranous lupus nephritis (class V) is characterized by diffuse 
thickening of the glomerular capillary walls as a result of numerous 
subepithelial electron-dense deposits separated by basement mem-
brane spikes (Fig. 125.13). This lesion usually occurs on a background 
of mesangial hypercellularity and mesangial immune deposits. Because 
scattered subepithelial deposits may also be encountered in class III 
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a b

c

d

Fig. 125.12 Lupus nephritis class IV (diffuse lupus nephritis). (a) The glomerular capillary lumina contain many infiltrating leukocytes, including neutrophils. 
Some of these neutrophils are undergoing apoptosis, forming pyknotic or karyorrhectic nuclear debris (H&E). (b) Several glomerular capillary walls are 
thickened by eosinophilic deposits that form thick “wire loops.” Some of the immune deposits are so large that they obliterate the glomerular capillary lumina, 
forming “hyaline thrombi” (H&E). (c) By immunofluorescence, the wire loop deposits correspond to large peripheral capillary wall immune deposits that are 
located in the subendothelial region. These deposits are comma-shaped because they conform to the smooth outer glomerular basement contour 
(immunofluorescence, anti-IgG). (d) Seen on electron microscopy, the wire loop consists of a large circumferential subendothelial electron-dense deposit that 
forms along the inner aspect of the glomerular capillary wall, between the glomerular endothelium and the glomerular basement membrane.
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Prognostic features
Prognosis correlates with the class of lupus nephritis, and with mea-
sures of activity and chronicity. Prognosis is excellent in class I and II, 
more guarded in class III and V, and poorest in class IV (particularly 
in patients in whom there is high chronicity and persistent activity 
that is resistant to treatment). Attempts to quantify the degree of activ-
ity and chronicity in lupus nephritis are predicated on the intuitive 
assumption that active lesions are more amenable to treatment and 
chronic lesions represent largely irreversible damage. Assessment of 
disease activity and chronicity provides a helpful, albeit inexact, guide 
to prognosis and treatment. Activity indices, first formulated in the 
1960s, have been refined and popularized by Austin’s group as the 
National Institutes of Health (NIH) activity and chronicity index.23,24 
According to the NIH schema, the activity index is calculated by 
summing the score for each of six histologic features (glomerular endo-
capillary proliferation, glomerular leukocyte infiltration, glomerular 
subendothelial hyaline deposits, glomerular fibrinoid necrosis or kary-
orrhexis, cellular crescents, and interstitial inflammation), which are 
graded individually on a scale of 0 to 3+ (0 = absent, 1+ = less than 
25% of glomeruli affected, 2+ = 25-50% of glomeruli affected, 3+ = 
more than 50% of glomeruli affected). The scores for glomerular necro-
sis and cellular crescents are accorded double weight because of their 
more ominous importance. Interstitial inflammation is graded as 1+ 
= mild, 2+ = moderate, 3+ = severe. The sum of these values gives 
a total possible activity score of 0 to 24. Similarly, chronicity is graded 
on a scale of 0 to 12 by summing each of four features of chronicity 

and class IV lupus nephritis, the designation membranous lupus 
nephritis should be reserved for those cases in which the subepithelial 
deposits predominate. In a case of class III or IV lupus nephritis,  
an additional diagnosis of class V is warranted if the subepithelial 
deposits are present in ≥50% of glomerular capillaries or ≥50% of 
glomeruli.

The modified WHO classification recognizes a sixth class, in which 
the findings are those of extremely chronic advanced glomerulonephri-
tis with widespread glomerular scarring.20 In 2004, this class was 
defined more specifically as global sclerosis affecting at least 90% of 
glomeruli, without residual activity. Most examples of class VI lupus 
nephritis undoubtedly represent advanced class IV disease. In some 
cases, the process is so “end stage” that a diagnosis of chronic lupus 
nephritis is difficult on morphologic grounds. Immunofluorescence and 
electron microscopy may reveal residual small granular electron-dense 
deposits in the thickened glomerular capillary walls, tubulointerstitial 
compartment, or vessel walls.

Tubulointerstitial lesions can be encountered in all classes of lupus 
nephritis, particularly class IV, and correlate closely with the degree of 
renal functional impairment. Active lesions include interstitial inflam-
mation by lymphocytes, monocytes, and plasma cells, in addition to 
immune deposits in tubular basement membranes, interstitial colla-
gen, and the walls of interstitial capillaries (Fig. 125.14). There is a 
poor correlation between the severity of interstitial inflammation and 
the presence or amount of tubulointerstitial immune deposits, impli-
cating a more complex role for cell-mediated immunity.22

a b

c d

Fig. 125.13 Lupus nephritis class V (membranous lupus nephritis). (a) The glomerular capillary walls are diffusely thickened with a rigid appearance. There is 
associated mild mesangial hypercellularity but without evidence of endocapillary proliferation (H&E). (b) Silver stain delineates the characteristic “spikes” that 
project at right angles from the glomerular basement membranes, like bristles on a comb (Jones methenamine silver). (c) The immunofluorescence pattern is 
finely granular, corresponding to deposits along the outer aspect of the glomerular capillary walls (immunofluorescence, anti-IgG). (d) Electron micrograph 
showing subepithelial electron-dense deposits (arrows) located on the outer aspect of the glomerular capillary wall, between the visceral epithelial cells 
(podocytes) and the glomerular basement membrane. Some of these deposits are separated by intervening projections of glomerular basement membrane 
material, forming “spikes” (arrowhead). Deposits are also seen in the adjacent mesangial matrix, deep to the glomerular capillary lumen.
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could overwhelm the mesangium and spill out into the subendothelial 
zones. There is experimental evidence to support the formation of 
subepithelial deposits from smaller, low-avidity, cationic immune 
complexes in relative antigen excess, which may dissociate and reform 
in situ, perhaps favored by electrostatic interactions with the polyan-
ionic constituents of the glomerular capillary wall.

In the past, the paradigm for lupus nephritis has been a classic type 
III hypersensitivity reaction mechanism of glomerular deposition of 
circulating autoantibody-containing immune complexes, followed by 
complement activation and subsequent neutrophil-mediated tissue 
injury. In recent years, emphasis has shifted away from the exclusive 
role of renal deposition of preformed circulating immune complexes to 
recognize the importance of local formation of immune deposits.18,30,31 
Charge interactions favor the local binding of positively charged nucleo-
somes to fixed anionic sites in the glomerular capillary wall. Once 
planted in the glomerular filter, these autoantigens may interact with 
circulating autoantibody, leading to in-situ formation of immune com-
plexes. Some anti-DNA antibodies exhibit a range of cross-reactivities 
to normal glomerular constituents, such as heparan sulfate proteogly-
cans, laminin, and type IV collagen, suggesting another potential 
mechanism of in-situ immune complex formation. Finally, the poor 
correlation between the quantity of circulating immune complexes and 
the activity of the glomerulonephritis implies a potential role for local 
antigen presentation at the level of the glomerulus by activated mac-
rophages or T cells. Fcγ receptor (FcγR)-bearing monocytes appear to 
be essential effector cells in glomerulonephritis, as demonstrated by 
the protection of Fcγ-deficient mice from the development of nephritis 
but not from the glomerular deposition of immune complexes or 
complement.32

Neutrophil and monocyte recruitment is particularly marked in 
active lupus nephritis. A complex network of cytokine activation 
appears to mediate their influx and to promote downstream effects on 
mesangial proliferation, matrix production, and crescent formation.18 
Inflammatory and fibrogenic cytokines that have been demonstrated 
to be upregulated in lupus nephritis include monocyte chemoattractant 
protein type 1 (MCP-1), interleukin (IL)-1, IL-2 receptor, IL-6, inter-
feron (IFN)-γ, IFN-α, tumor necrosis factor (TNF)-α, and transforming 
growth factor (TGF)-β. The morphologic correlate of increased 

(each scored as 0 to 3+): glomerular sclerosis, fibrous crescents, tubular 
atrophy, and interstitial fibrosis.

The NIH group initially found an activity index greater than 12 and 
a chronicity greater than 4 to be predictors of poor outcome.24 In sub-
sequent analyses, the combination of cellular crescents and moderate 
to severe interstitial fibrosis was a sensitive predictor of doubling of 
serum creatinine concentration.25 The value and reproducibility of 
these indices have been debated. Schwartz and coworkers have noted 
problems in intra- and inter-observer reproducibility.26 Although there 
does not appear to be a precise cutoff for activity and chronicity that 
predicts outcome, there is general agreement that greater chronicity 
portends a worse prognosis. Despite their limitations, activity and 
chronicity indices are of particular value when repeat biopsies are per-
formed in individual patients to monitor disease evolution and response 
to treatment.

The 2004 classification has provided a framework to test the dis-
tinction between classes IV-S and IV-G. Class IV-G disease typically 
presents as greater proteinuria, renal insufficiency and hypocomple-
mentemia, more subendothelial deposits, and less fibrinoid necrosis 
than class IV-S disease.27 Some cases of class IV-S disease have a 
paucity of subendothelial deposits and are associated with ANCA sero-
positivity, suggesting a different pathogenesis.28 Most studies have 
found that class IV-G disease has a similar or worse outcome than 
class IV-S disease.29

Pathogenetic mechanisms
The morphologic subtypes of lupus nephritis are defined according to 
the distribution of immune deposits within the glomerular tuft. 
However, we know surprisingly little about the factors that govern the 
localization of immune deposits within the glomerular filter. It is likely 
that the diverse morphologic expressions of lupus nephritis reflect dif-
ferences in the composition and properties of immune complexes, 
including immune complex load, specificity, size, avidity, affinity, 
charge, and immunoglobulin isotype (see later). It has been proposed 
that a mesangial pattern of immune deposition is favored by relatively 
small immune complex load of intermediate-sized, high-avidity com-
plexes that resist elimination by mesangial clearing mechanisms. 
Larger quantities of intermediate-sized or large immune complexes 

a b c

Fig. 125.14 Tubulointerstitial lesions in active lupus nephritis. (a) The renal interstitium is expanded by edema and dense inflammatory infiltrates (H&E). 
(b) An example with extensive immune deposits within the interstitial connective tissue and outlining the tubular basement membranes 
(immunofluorescence, anti-IgG). (c) Immunostaining for CD68 shows many monocytes/macrophages within the renal interstitium between tubules 
(immunocytochemistry, anti-CD68).



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1262

locations.36 Hemorrhage may also result from bleeding tendencies 
caused by thrombocytopenia or hypoprothrombinemia in the context 
of anticardiolipin/antiphospholipid antibody syndrome, immune 
thrombocytopenic purpura, or thrombotic thrombocytopenic purpura. 
Depending on the location of the vascular lesions and the distribution 
and extent of the parenchymal injury, clinical presentations vary widely 
from localized neurologic deficits (e.g., paresis, cranial nerve palsy, 
movement disorder, and seizure) to more generalized manifestations 
(e.g., headache, altered consciousness, psychosis, and impaired cogni-
tion). Interestingly, deposition of immune complexes may occur in the 
choroid plexus, a specialized vascular structure with filtration functions 
that bears some similarities to the renal glomerulus.

CNS disease of non-vascular origin appears to be less common and 
less well understood. In most cases there are no identifiable pathologic 
lesions. A potential role for antineuronal and antiglial antibodies has 
been proposed. Some of these antibodies have specificity for neurofila-
ments or brain synaptic plasma membrane antigen and can be dem-
onstrated using complement-dependent cytotoxicity assays on cultured 
human neuronal cell lines. A subset of antilymphocyte antibodies also 
has been shown to cross-react with neurons. Recent evidence suggests 
that antibodies to the glutamate receptor may contribute to neurocog-
nitive dysfunction. Anti-DNA antibodies capable of cross-reacting with 
neuronal excitatory N-methyl-d-aspartate receptors have been detected 
in the sera and spinal fluid of SLE patients and mediate neuronal 
apoptosis.37 There is also an association between anti-ribosomal P 
protein and the development of lupus psychosis, although the underly-
ing pathophysiology and anatomic correlates remain to be defined.

Cardiac immunopathology
Pathologic changes can occur in the endocardium, myocardium, and 
pleuropericardial membranes.38-41 The occurrence of non-bacterial ver-
rucous endocarditis, characteristic of SLE, also suggests a role for 
autoantibodies, and perhaps immune complexes. Pericarditis is com-
monly seen in postmortem series, whether or not patients had symp-
tomatic evidence of pericarditis. Gross morphology reveals a fibrinous 
exudate, whereas microscopic examination shows a perivascular mono-
nuclear cell infiltration with edema and fibrinoid necrosis. A granular 
pattern of immunofluorescence for IgG is consistent with immune 
complex deposition.

Clinically significant inflammatory myocardial disease is uncom-
mon, but atherosclerotic coronary artery disease increasingly is being 
recognized.42-44 The role of vasculitis as an initiating event, and the 
roles of continuing vasculitis, corticosteroids, and hypertension as 
accelerating factors are unclear.40,41 Deposition of immune complexes 
may promote the accumulation of cholesterol in atherosclerotic 
plaques.45 Myocardial infarction also may occur due to intracoronary 
thrombotic events, without significant atherosclerotic disease.46 Clini-
cal studies support the concept that chronic inflammation drives the 
development of atherosclerosis in patients with and without SLE. The 
precise contribution of infiltrating leukocyte subpopulations, autoanti-
bodies, oxidized lipoproteins, and cytokines in the pathology of athero-
sclerosis in lupus is an area of intense investigation.47

Pulmonary immunopathology
Acute lupus pneumonitis occurs in less than 10% of lupus patients. It 
is characterized by acute alveolar wall injury, including alveolar edema 
and hemorrhage, hyaline membrane formation, interstitial pneumoni-
tis, and alveolitis.48 Vasculitis and hematoxylin bodies are rarely identi-
fied. The demonstration of immunoglobulins and complement and the 
ultrastructural identification of electron-dense deposits in the alveolar 
walls and arterioles support a role for pulmonary immune complex 
deposition. Acute lupus pneumonitis appears to be more common in 
patients with anti-Ro antibodies.49 Up to 50% of patients with acute 
lupus pneumonitis go on to develop chronic diffuse interstitial lung 
disease. Chronic lupus pneumonitis is distinguished by interstitial 
fibrosis and chronic interstitial lymphoid infiltrates, septal thickening, 
and type II pneumocyte hyperplasia. Pulmonary hypertension has been 
associated with the development of plexiform microvascular lesions, 
as well as medial hypertrophy and intimal fibrosis of the branches of 
the pulmonary artery. A role for anti-endothelial cell antibodies has 

interferon concentrations is the presence of tubuloreticular inclusions 
(“interferon footprints”) in the endothelial cell cytoplasm of all classes 
of lupus nephritis (Fig. 125.15).

A newly recognized entity in SLE is lupus podocytopathy manifest-
ing as nephrotic syndrome and diffuse podocyte foot process efface-
ment in the absence of significant glomerular capillary wall immune 
deposits.33 The biopsy findings resemble those of minimal change 
disease and are highly corticosteroid responsive, suggesting possible 
T-cell–mediated cytokine effects directed to glomerular podocytes.

Central nervous system immunopathology
Involvement of the central nervous system (CNS) in SLE is common 
and can assume diverse clinical and morphologic manifestations. Neu-
rologic involvement directly attributable to the immunopathologic 
derangements of SLE must be distinguished from the effects of drugs 
(e.g., corticosteroids), hypertension, and infections that complicate 
immunosuppressive therapy. Although the term “lupus cerebritis” is 
used in common medical parlance to describe the pathologic manifes-
tations of SLE in the brain, most cerebral involvement is actually 
attributable to vascular lesions.34 In the past, the majority of vascular 
pathology in the CNS was believed to represent lupus vasculitis, a 
vascular inflammation caused by deposition of immunoglobulin and 
complement in vessel walls, as may occur in other organs. It is now 
recognized that, although such necrotizing or inflammatory vasculitis 
does account for less than 15% of the vascular lesions of CNS lupus, 
more than 70% of vascular pathology is attributable to thrombotic 
lesions of small intracranial vessels, with or without associated endo-
thelial proliferation and perivascular inflammation.35 Most patients 
with thrombotic vasculopathy have associated anticardiolipin or 
antiphospholipid antibodies and lack immune complex deposition in 
the vessel walls. There are also rare reports of arterial thromboemboli 
that have been linked to Libman-Sacks endocarditis.

The parenchymal injury that occurs secondary to lupus vascular 
lesions (whether inflammatory, thrombotic, or thromboembolic) 
usually takes the form of micro- or macroinfarcts, sometimes compli-
cated by hemorrhage in subarachnoid, subdural, or intracerebral 

Fig. 125.15 Endothelial tubuloreticular inclusion. Electron micrograph of a 
large endothelial tubuloreticular inclusion is identified within a glomerular 
endothelial cell. This intracytoplasmic inclusion consists of interanastomosing 
tubular structures located within the dilated endoplasmic reticulum of the 
endothelial cell cytoplasm (arrow).
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TABLE 125.2 PROPERTIES OF HUMAN IgG SUBCLASSES

IgG1 IgG2 IgG3 IgG4

Serum levels (% of total) 60-65 20-25 5-10 3-6

Complement fixation +++ + ++++ ±

Cryoprecipitation ++ + +++ +

Rheumatoid factor binding +++ +++ ± +++

Placental transfer ++ ± ++ ++

Fractional catabolic rate (%) 7-9 7-9 17 7-9

Staphylococcal protein A binding + + – +

Streptococcal protein G binding + + + +

Allotypic variants “Gm markers” Some Few Many None

a

-s-s-

-s-s-

IgG1 IMMUNOGLOBULIN MOLECULE

Hinge
region

Carbohydrate

CH3

CH2

CL

VL

CH1

VH1

b

lgG1 lgG2

lgG3

lgG4

Fig. 125.16 Human IgG immunoglobulin molecules. (a) 
Domains, hinge region, and the carbohydrate moiety 
are shown in diagram form. (b) Computer-generated 
space-filling models of the four IgG subclasses. 
(Reprinted from Shakib F. The human IgG subclasses. 
Oxford: Pergamon Press, 1990, with permission from the 
author.)

been proposed.50 In addition, deposits of IgG with anti-DNA activity, 
as well as IgM and C3, have been demonstrated in the walls of the 
pulmonary blood vessels.51 In the shrinking lung syndrome, breathless-
ness without cyanosis is accompanied by reduced chest expansion and 
atelectasis. Weakness of the respiratory muscles, including the dia-
phragm and intercostal muscles, may cause a chronic restrictive defect 
on the basis of fibrosing lupus myopathy.52 In many cases, pleuritic 
inflammation promotes reflex inhibition of diaphragmatic activity.53

PROPERTIES OF IMMUNE COMPLEXES
Although not all manifestations of SLE can be attributed to immune 
complexes, these complexes do appear to have a central role in the 
pathology and immunopathology of SLE. Thus, critical questions in 
pathogenesis focus on the nature of immune complexes and their 
handling, the nature of the autoantibodies that make up the com-
plexes, and the basis for the increased production of these autoantibod-
ies. Complement and complement receptors are discussed in Chapter 
20, autoantibodies in Chapter 127, and cellular immunity in Chapter 
89.

Antibodies and antigens
Of the five classes of human immunoglobulins (IgG, IgM, IgA, IgE, 
and IgD), IgG is the most common constituent of immune complexes 
found in SLE. IgM is more typically associated with lower-affinity 
antibodies, and IgA often reflects stimulation of mucosal immunity. 
IgG has four subclasses, each of which has distinct physicochemical 
and immunologic properties (Table 125.2), reflecting differences both 

in primary amino acid sequence and in glycosylation of the subclass-
specific heavy chains (Fig. 125.16).54 The genes encoding immuno-
globulin heavy chains are located on the long arm of human 
chromosome 14. Allelic polymorphisms in heavy-chain genes (recog-
nized as Gm allotypes) lead to variation in the primary amino acid 
sequence of the heavy chain, but the role of these variants in SLE is 
currently unknown.

IgG1 is the most common immunoglobulin in serum, and both 
IgG1 and IgG3 are produced primarily against protein antigens. IgG2, 
the second most common immunoglobulin, is typically produced in 
response to polysaccharide antigens. IgG4 production is associated 
with prolonged antigenic stimulation. In addition to the nature of the 
antigen, regulation of IgG subclass production is influenced by the 
antigen-presenting cell and the cytokines released at the time of antigen 
presentation. The significance of the relationship between the bio-
chemical nature of the antigen, the IgG subclass produced, and the 
biologic properties of these subclasses remains incompletely under-
stood. There is no doubt, however, that the nature of the IgG subclass 
in an immune complex influences both the biologic properties of the 
immune complex in vivo (Table 125.3) and the ability to detect the 
immune complex in vitro (Table 125.4).

TABLE 125.3 IMPORTANT PROPERTIES OF IMMUNE COMPLEXES

Property Influenced by

Lattice size Valence of antibody and antigen
Molar ratio of antibody and antigen
Absolute concentration of antibody and antigen
Association constant of antibody for antigen

Net charge Charge of antibody and antigen

Complement fixation Class and subclass of antibody
Lattice size
Availability of complement components

Complement receptor 
binding

Quantitative complement fixation
Processing of C3b to iC3b and C3dg
Availability of complement receptors

Fcγ receptor binding Lattice size
Antibody class and subclass
Phenotype of host Fcγ receptors

Glomerular deposition Lattice size (large/small)
Net cationic (positive) charge
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TABLE 125.4 MEASUREMENT OF IMMUNE COMPLEXES

Detection strategy Assay used Limitations

Cryoprecipitability Cryoglobulins Insensitive, semiquantitative
Includes non-specific proteins

Solubility Polyethylene glycol Insensitive, semiquantitative
Includes non-specific proteins

Complement fixation binding of C1q Fluid-phase C1q binding assay
Solid-phase C1q binding assay

IC must actively bind C1q

Complement components bound to IC Raji cell assay IC must contain C3d
False positive with lymphocytotoxic antibodies to B cells

Conglutinin assay IC must contain iC3b

Erythrocyte binding IC must contain C3b

Immunoglobulin aggregates: multivalent binding Rheumatoid factor assay IgM, not IgG, detected
Hypergammaglobulinemia may interfere

Staphylococcal protein A binding assay IgG, not IgM, detected

IC, immune complex.
Note that several of these properties will vary with the subclass of immunoglobulin involved.
Circulating immune complexes may also be bound to erythrocytes via CR1 (see text) and be unavailable for measurement in the serum.

One of the most striking differences among the IgG subclasses is 
found in the structure of the hinge region (see Fig. 125.16). The lower 
hinge region participates in the binding of the early complement com-
ponent C1q to IgG and in the binding of IgG to its corresponding cell 
receptors (FcγRs).55 The binding of IgG to different FcγRs is sensitive 
to specific residues within this region in the second constant domain 
of the heavy chain (CH2). It is likely that C1q and FcγRs interact with 
composite sites on IgG, that is, a tertiary structure comprising several 
different linear regions, conformational determinants, or both. Glyco-
sylation of IgG also influences binding to FcγR; IgG acquires anti-
inflammatory properties upon Fc-sialylation with preferential binding 
to inhibitory FcγR. Variations in the composition of sugar moieties 
thereby dramatically change antibody-mediated activity.56

The antigens are also critical constituents of immune complexes, 
not only because they influence the nature of the humoral immune 
response but also because their own physicochemical properties 
strongly influence the nature of the complex (see Table 125.3). In addi-
tion to size and valence (see next section), the antigen may also have 
unique properties that influence its handling. For example, complexes 
containing an antigen asialo-orosomucoid with available galactose may 
bind to galactose receptors on hepatocytes. Nucleosomes, which may 
bind both C-reactive protein and specific antibody as opsonins, may 
also bind directly to the negatively charged basement membrane of the 
glomerulus. In most instances, our knowledge of the antigen compo-
nent of an immune complex is limited.

Critical properties of immune complexes
The formation and the fate of soluble immune complexes depend on 
the biophysical and immunologic properties of the antigen and the 
antibody (see Table 125.3). These properties include the size, net 
charge, and valence of the antigen; the class and the subclass of the 
antibody; the affinity of the antibody-antigen interaction; the net 
charge and concentration of antibody; the molar ratio of available 
antigen and antibody; and the ability of the immune complex to inter-
act with the proteins of the complement system.57 The lattice size of 
the immune complex is strongly influenced by the physical size and 
valence of the antigen, by the association constant of antibody for that 
antigen, by the molar ratio of antigen and antibody, and by the absolute 
concentration of the reactants. Complement fixation is more efficient 
with larger complexes. Larger complexes also present a broader multi-
valent array of ligands for complement and FcγRs to bind. Finally, of 
course, the class and subclass of antibody are important in complement 
activation and determining which FcγRs can be engaged.

In the clinical setting it is difficult to evaluate all these variables, 
but in experimental models there is ample evidence that they are very 

important. Many examples are available. Large complexes are cleared 
more rapidly than small ones, complexes between antibody and double-
stranded DNA bind to a receptor for a complement fragment (C3b) on 
erythrocytes (complement receptor type 1 [CR1]) differently than do 
certain antibody-protein complexes, and complexes with net positive 
charge localize to the glomerulus more efficiently than those with 
neutral charge. Most immediately, it is important to be aware of the 
properties of immune complexes that can influence their measurement 
in vitro (see Table 125.4).

Pathogenetic mechanisms
Once deposition of an immune complex in tissue has occurred, either 
through in-situ formation or by direct immune complex deposition, 
FcγR-mediated uptake by antigen-presenting cells can lead to ampli-
fication of the humoral immune response, and FcγR-mediated 
activation of mast cells and phagocytes, in addition to complement 
activation, leads to an inflammatory response through the generation 
of soluble mediators, including complement fragments C3a and  
C5a. These mediators attract and activate polymorphonuclear leuko-
cytes and mononuclear phagocytes; cause release of additional inflam-
matory mediators from these cells, mast cells, and basophils; and 
activate large granular lymphocytes (Fig. 125-17). Activation of plate-
lets may cause platelet aggregation and microthrombi, in addition  
to release of vasoactive compounds increasing vascular permeability. 
The production of reactive oxygen metabolites, release of hydrolytic 
enzymes, and secretion of cytokines can cause direct destruction of 
local tissue and further stimulation of leukocytes. Thus the continued 
presence of immune complexes in chronic immune complex–mediated 
diseases can lead to prolonged tissue damage, which may result in 
clinically evident vasculitis, pleuropericarditis, cutaneous lesions, and 
glomerulonephritis.

BIOLOGY OF IMMUNE COMPLEX HANDLING
Normally, antigen-antibody immune complexes are quickly and safely 
removed by the mononuclear phagocyte system, a collective term for 
fixed tissue phagocytes found primarily in liver and spleen. However, 
when both the antigen and antibody are present for prolonged periods 
of time and when defects in the immune complex clearance mecha-
nisms are present, immune complexes may deposit in host tissues, 
with subsequent tissue damage. SLE is characterized by defective han-
dling of apoptotic debris leading to formation of immune complexes.1 
In-vivo and in-vitro abnormalities in both FcγR- and complement-
mediated clearance of immune complexes have been described in 
SLE.58-60 For example, patients with SLE display delayed clearance 
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solubilization, rather than enhanced complement-mediated removal  
by the mononuclear phagocyte system. Abnormal receptor-mediated 
clearance contributes to immune complex deposition and is correlated 
with disease activity (Fig. 125.19), but many other factors also influ-
ence immune complex handling. These factors include the size and 
composition of the complex, preexisting tissue inflammation, and the 
opportunity for charge-charge interactions. The vascular endothelium 
and the glomerular basement membrane are highly susceptible tissue 
targets for immune complex damage.

Role of complement in immune  
complex handling
To prevent disease mediated by immune complex deposition, a number 
of protective mechanisms have evolved that effectively eliminate 
immune complexes both from the circulation and from tissues. Central 
to these protective mechanisms is the complement system, the same 
system implicated in the pathogenic destruction of tissue.61 In addi-
tion, C-reactive protein, which can mediate complement fixation, also 
has an important role, especially in the handling of nuclear debris. The 
complement system is discussed in detail in Chapter 20, but several 
fundamental points deserve emphasis here. Immune complex handling 
(and clearance) is influenced strongly by three roles of the complement 
system.

kinetics of certain IgG-coated erythrocytes, a model immune complex 
that is used to assess FcγR-mediated clearance (Fig. 125.18). Interest-
ingly, some soluble immune complexes disappear from the circulation 
of patients with SLE more rapidly than from that of normal individuals, 
but this difference may reflect rapid deposition in peripheral tissues  
as a result of inefficient complement-mediated immune complex  

Deposition

Complement

Phagocyte

Microthrombi

Mediator
release

IMMUNE COMPLEX ACTIVATION OF INFLAMMATION

Immune
complex

Fc
receptor
activation

Mediators,
chemotaxis

Mediator
release

Phagocyte
chemotaxis

Platelet
aggregation

Fig. 125.17 Immune complex activation of inflammation. Immune complexes 
activate complement, releasing C3a and C5a. In turn, C3a and C5a stimulate 
neutrophils, mononuclear phagocytes, basophils, and mast cells and cause 
release of inflammatory mediators. Immune complexes deposited on the 
vessel wall cause further deposition of complement and lead to both Fcγ 
receptor–mediated and complement-mediated stimulation of phagocytic cells.

IMMUNE COMPLEX CLEARANCE IN SLE

% IC
remaining

in the
circulation

1.0

100

0 50 100 150
1.0

100

0 10 60

Clearance of EA Clearance of soluble IC

20 30 40 50
Time (min)

SLE patients Normal

Fig. 125.18 Immune complex clearance in SLE. The clearance of antibody 
opsonized erythrocytes (EA) is dramatically decreased in patients with active 
SLE. The EA probe is a sensitive measure of mononuclear phagocyte system 
FcγR function. In contrast to the initial clearance of EA, the clearance of soluble 
immune complexes (IC) is more rapid in patients with SLE. Some data indicate 
that this more rapid disappearance from the circulation does not correspond 
to an increase in uptake of immune complexes by the mononuclear phagocyte 
system but rather reflects greater deposition of immune complexes in the 
capillary beds as a result of deficiencies in the complement system (see text). 
However, at later times (15 min), there is delayed clearance of soluble immune 
complexes, which may reflect the same FcγR dysfunction observed with the EA 
probe.

RELATIONSHIP OF CLINICAL ACTIVITY AND Fc RECEPTOR-MEDIATED
MONONUCLEAR PHAGOCYTE SYSTEM DYSFUNCTION
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Fig. 125.19 Relationship of clinical activity and Fc receptor–mediated 
mononuclear phagocyte system dysfunction. Clinical activity was assessed in 
terms of both renal and non-renal manifestations. Longer (taller) clearance 
half-time values represent greater degrees of dysfunction. Patients with active 
renal and non-renal disease showed the greatest degree of FcR-mediated 
clearance impairment. (Adapted from Kimberly RP, Salmon JE, Edberg JC, et al. 
The role of Fcγ receptors in mononuclear phagocyte system function. Clin Exp 
Rheumatol 1989;75:103-108.)
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● Complement C1q binds to immune complex, and receptors for 
C1q are important in the uptake of these complexes.

● Complement activation maintains immune complex solubility by 
preventing the formation of large insoluble immune aggregates 
and by transforming insoluble complexes into smaller soluble 
ones.

● Complement activation leads to the opsonization of complexes 
with complement components or fragments for recognition by 
complement receptors on phagocytes.

Receptors for both C1q and C3 degradation products (C3b, iC3b, and 
C3dg) are important in immune complex binding, internalization, and 
subsequent release of inflammatory mediators.

Receptors for the Fc region of IgG
Structure
Immune complexes containing IgG antibodies engage receptors for the 
Fc region of IgG (FcγRs). In contrast to the complement receptors, 
which bind fragments of complement components, FcγRs bind IgG 
ligand in its native form. FcγRI and FcγRIIa also bind C-reactive protein 
and serve as its receptors in humans. Cross-linking of FcγR triggers 
internalization by FcγR-expressing cells and leads to degranulation by 
phagocytes and mast cells, immediate release of inflammatory media-
tors, and synthesis and release of cytokines.62,63 The three families of 
Fcγ receptors—FcγRI, FcγRII, FcγRIII (Table 125.5; Fig. 125.20)—are 
encoded by distinct genes on human chromosome 1. Each family 
member has distinct ligand-binding properties and is differentially 
expressed on various cell types (Tables 125.6 and 125.7).62,63 Diversity 
in the promoter regions of FcγR genes leads to differences in 

TABLE 125.5 HUMAN FCγ RECEPTOR FAMILIES

Structural Isoforms FcγRI FcγRII FcγRIII

Distinct genes A B C A B C A B

Splice variants ? a1, a2 b1, b2, b3 c1, c2, c3, c4

Copy number variation Low/high

Promoter variants ? -1082T/G
-295T/G

-386G/C
-120T/A

-386G/C ? ?

Coding region variants 131H/R 232I/T (+) 158V/F NA1/NA2

Membrane anchor TM γ-chain TM TM a1:TM
a2: secreted

TM TM γ/ζ complex GPI

TM, conventional transmembrane protein.
γ/ζ complex: although FcγRIIIA is a transmembrane protein, a member of this family of signal-transducing molecules is required for cell surface expression of FcγRIIIA.
GPI, glycosylphosphatidylinositol membrane anchor.
By convention, distinct genes within an FcγR family are designated with an uppercase letter, whereas the protein products from these genes are designated with the corresponding lowercase letter.

STRUCTURAL THEMES OF THE Fcγ RECEPTORS

FcγRIa FcγRIIa/c FcγRIIIa FcγRIIIb
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Fig. 125.20 Structural themes of the Fcγ receptors. 
All FcγRs have extracellular domains composed of 
two (or three for FcγRIa) disulfide-bonded 
immunoglobulin superfamily motifs. FcγRIa and 
FcγRIIIa share the same γ-chain. The signaling motif 
used by FcγRIIb is an immunoreceptor tyrosine 
inhibitory motif that is similar to the 
immunoreceptor tyrosine activation motif (ITAM) 
but has only one tyrosine, which forms a docking 
site for molecules including an src-homology 
domain type 2-containing tyrosine phosphatase. 
The signaling motifs engaged by FcγRIIIb are not 
completely understood. ITTM, immunoreceptor 
tyrosine inhibitory motif.

TABLE 125.6 FCγ RECEPTOR CELLULAR DISTRIBUTION

Gene family Isoform Cell types

FcγRI a Monocytes, Mf, IFN-γ– or G-CSF–
stimulated PMN, IFN-γ–stimulated 
eosinophils, DC

b/c (mRNA encoding FcγRIb is present in 
monocytes, Mf, IFN-γ–stimulated 
PMNs)

FcγRII a Platelets, PMNs, monocytes, Mf, 
Langerhans cells, DC, mast cells (?B 
cells, NK cells)

b B cells, monocytes, Mf, DC, and PMNs

c (mRNA present in monocytes, Mf, 
PMNs, platelets, NK cells, and B cells)

FcγRIII a NK cells, Mf (including mesangial cells), 
subpopulation of monocytes, mast 
cells (subset of T cells)

b PMNs, IFN-γ–stimulated eosinophils

G-CSF, granulocyte-colony stimulating factor; Mf, macrophage; NK, natural killer; PMNs, 
polymorphonuclear leukocytes; DC, dendritic cells.
FcγRs are expressed in myeloid and lymphoid lineages. Data on protein expression are not 
complete.
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TABLE 125.7 HUMAN Fcγ RECEPTORS AND IgG SUBCLASS SPECIFICITY

FcγR 
family FcγR gene

Glycoprotein 
(kDa)

Affinity for 
IgG (Ka)

IgG subclass 
specificity

FcγRI FcγRIA 72 108-109 M−1 1,3,4>>2

FcγRIB ?? ?? Unknown

FcγRII FcγRIIA-R131 40-50 107 M−1 1,3>>4,2

FcγRIIA-H131 40-50 107 M−1 1,2,3>>4

FcγRIIB, C 40-50 107 M−1 1,3>>4,2

FcγRIII FcγRIIIA-V176 60-70 7 × 106 M−1 1,3>>4,2

FcγRIIIA-F176 60-70 3 × 106 M−1 1,3>>4,2

FcγRIIIB 50-80 107 M−1 1,3>>4,2

ALLELIC POLYMORPHISMS OF HUMAN Fcγ RECEPTORS

Amino acid
position

Amino acid
position

Amino acid
residues

Amino acid
residue

FcγRIIb

I232 T232

Amino acid
position

Amino acid
residue

NA1

Asn

Arg

Asp
Val

NA2

Ser

Ser

Asn
Ile

65

36

82
106

P

FcγRIIIa FcγRIIIb

Phe/Val158

Ile ThrTM 231

Amino acid
position

Amino acid
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FcγRIIa
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Fig. 125.21 Allelic polymorphisms in the coding region of human FcγRIIa, FcγRIIb, FcγRIIIa and FcγRIIIb. The R131 and H131 alleles of FcγRIIa have markedly 
different binding capacities for human IgG2 and murine IgG1 as a consequence of an amino acid substitution in position 131 in the second extracellular domain. 
The allelic isoforms of FcγRIIb encode an amino acid change in the transmembrane domain (I232 and T232) leading to differences in signaling upon 
co-aggregation of FcγRIIb with the B-cell receptor. Polymorphic forms of FcγRIIIa with changes in the sequence at amino acid position 158 result in different 
binding capacities for all IgG subclasses. The NA1 and NA2 polymorphism of FcγRIIIb, the glycosyl-phosphatidylinositol linked protein expressed exclusively in 
neutrophils, reflects four amino acid substitutions resulting in a different number of potential N-linked glycosylation sites (NA1 = 4, NA2 = 6). In contrast to the 
FcγRIIa and FcγRIIIa polymorphisms, the difference in phagocytic function of the NA1 compared with NA2 alleles does not reflect differences in ligand binding.

their regulation and expression. As members of the immunoglobulin 
supergene family, all share the common structural motif of two or three 
immunoglobulin-like disulfide-linked domains in the extracellular 
portion of the receptor (see Fig. 125.20). Although these receptors share 
similar but not identical extracellular domains, the transmembrane 
and cytoplasmic tails are highly divergent. This diversity is responsible 
for the variety of functions that these receptors can elicit (see Fig. 
125.20 and Table 125.6).62,63 Interestingly, through the use of data 
generated by the Human Genome Project, additional homologs have 
been identified and their unique expression on B cells raises a possible 
role in autoantibody production.

FcγRI, expressed on monocytes, macrophages, and IFN-γ stimulated 
polymorphonuclear leukocytes, is distinguished by its three extracel-
lular immunoglobulin-like domains and its high affinity for IgG (see 
Table 125.7). It associates non-covalently in the membrane with a 
homodimer of the γ-accessory chain, a member of the γ/ζ family of 
signal transducing molecules. The γ-chain is also found in association 
with the high-affinity receptor for IgE (FcεRI), the high-affinity receptor 
for IgA (FcαR), FcγRIIIa (see later), and the T-cell receptor/CD3 complex 
(although it is distinct from CD3γ). The ζ-chain is found in association 
with the CD3 complex and FcγRIIIa on natural killer (NK) cells (see 
later). Data suggest that two or three highly homologous genes may 
encode for distinct isoforms of FcγRI, but the biologic significance of 
these genes is uncertain. FcγRI, the high-affinity receptor for IgG, is 
the only FcγR that binds monomeric IgG. It is also a receptor for 

C-reactive protein, which may trigger cell activation. FcγRI may play a 
part in antigen processing on monocytes and/or macrophages.

FcγRII is a low-affinity receptor with two immunoglobulin-like 
extracellular domains. It is widely distributed and is found on most 
leukocytes and platelets. It interacts most effectively with multivalent 
IgG immune complexes and IgG-opsonized particles. The FcγRII 
family has three distinct yet highly homologous genes (FcγRIIA, 
FcγRIIB, and FcγRIIC) and several alternative splice products, resulting 
in expression of six protein isoforms. The three genes are nearly identi-
cal in their extracellular domains but differ in their cytoplasmic 
domains. The divergence in cytoplasmic domains determines whether 
activation or inhibition results from engagement by ligand. In addition 
to different isoforms, there are at least two allelic forms of FcγRIIa 
(H131 and R131) and two allelic isoforms of FcγRIIb (I232 and T232). 
The FcγRIIa alleles differ in two amino acids in the extracellular 
domain, are expressed co-dominantly on polymorphonuclear leuko-
cytes, and have differing IgG subclass binding specificities.64 The 
FcγRIIb alleles vary in two amino acids in the transmembrane domain, 
leading to differences in signal transduction (see Fig. 125.21).65

FcγRIII is encoded for by two distinct genes. These genes are selec-
tively expressed in specific cell types, with FcγRIIIa found on NK cells 
and mononuclear phagocytes (including mesangial cells) and FcγRIIIb 
found on polymorphonuclear leukocytes and eosinophils. These iso-
forms bind IgG with different affinities: FcγRIIIa is an intermediate-
affinity receptor that can bind monomeric IgG at physiologic 
concentrations, whereas FcγRIIIb is a low-affinity receptor that binds 
immune complexes (like FcγRII). FcγRIIIa is a transmembrane glyco-
protein that associates in the membrane with a dimer composed of 
members of the γ/ζ family of signal transduction molecules. On NK 
cells both γ- and ζ-chains have been found to associate with FcγRIIIa, 
but on macrophages only γ-chain is found. FcγRIIIb provides a dramatic 
example of structural divergence. It lacks both the transmembrane and 
cytoplasmic domains and is anchored to the membrane through a 
glycosyl-phosphatidylinositol moiety. Naturally occurring variations in 
gene copy number encoding FcγRIIIB have been detected in humans 
and could constitute a heritable source of susceptibility to autoimmune 
diseases.66-68 Both FcγRIIIa and FcγRIIIb have allelic forms that are 
biologically important. Alleles differ in their capacity to bind ligand, 
and the alleles of FcγRIIIb (called NA1 and NA2, reflecting their initial 
description as neutrophil-associated antigens) have quantitatively dif-
ferent capacities for neutrophil priming, despite comparable expression 
and equivalent ligand binding.69 Like the H131 and R131 polymorphic 
alleles of FcγRIIA, the FcγRIII alleles differ by only a few amino acids 
and are expressed in a co-dominant fashion (Fig. 125.21).
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Fig. 125-19). Various cytokines, including TGF-β, IL-10, TNF-α, and 
IFN-γ, can alter FcγR expression and function: IFN-γ and IL-10 upregu-
late FcγRI expression, TGF-β upregulates macrophage FcγRIIIa, and 
IL-4 decreases FcγR expression. In contrast to their effects on stimula-
tory FcγR, proinflammatory cytokines such as IFN-γ and TNF-α down-
modulate FcγRIIb.74,75

Review of FcγR deficiencies62 revealed the rare association of com-
plete FcγRIIIb deficiency on neutrophils with SLE. FcγRIIIb deficiency 
has been associated with neonatal neutropenia when FcγRIIIb-deficient 
mothers, alloimmunized during a previous pregnancy, have given birth 
to an infant with the appropriate FcγRIIIb epitopes. More commonly 
detected are variations in FcγRIIIb gene copy number. The importance 
of copy number variation is underscored by the strong association 
between low FcγRIIIb gene copy numbers with SLE, a mechanism 
attributed to impaired uptake and clearance of immune complexes due 
to reduced FcγRIIIb expression on neutrophils.68

Currently, several FcγRs have recognized allelic polymorphisms that 
influence the functional capacity of the receptors.62 The FcγRIIa poly-
morphism (H131, R131) and the FcγRIIIa polymorphism (F158, V158) 
affect ligand binding—the FcγRIIa H131 allele is the only FcγR that 
binds human IgG2 to any appreciable extent. The FcγRIIIb alleles 
(NA1, NA2) have different quantitative capacities for neutrophil 
priming.69 This difference is independent of ligand binding, although 
some evidence suggests a difference in the binding of IgG3 (NA1>NA2). 
Each of these polymorphisms establishes the precedent for genetically 
determined, functionally important alleles of FcγRs, which influence 
cell triggering and may provide important models for risk factors in 
disease pathogenesis.

Genetic linkage studies in families in which several members have 
SLE indicate linkage of the SLE phenotype with a region of human 
chromosome 1 (1q20-23), the same region that contains the genes that 
encode all of the FcγRs and the associated γ-chain (see Chapter 124). 
Indeed, the alleles of FcγRIIa, FcγRIIb, and FcγRIIIa represent risk 
factors for the SLE diathesis. Study of African-American patients with 
SLE has shown a significantly reduced frequency of H131 homozygos-
ity for FcγRIIa compared with controls without SLE,64 which was par-
ticularly pronounced in patients with lupus nephritis. Because the 
H131 allele is the predominant FcγR binding IgG2, it may be especially 
important in handling immune complexes that contain IgG2 autoan-
tibodies. The most recent genome-wide scan confirms the association 
of FcγRIIa genetic variants with SLE in women of European ancestry 
(International Consortium for Systemic Lupus Erythematosus Genet-
ics [SLEGEN]).78 FcγRIIa alleles appear to be disease modifiers in 
patients with pathogenic IgG2 autoantibodies, conferring inherited risk 
for disease severity or phenotypes. For example, in patients with anti-
C1q autoantibodies, FcγRIIa-R131 genes are associated with renal 
disease.79 Most autoantibodies are not of the IgG2 isotype but rather 
of the IgG1 and IgG3 isotypes, yet the frequency of genotypes contain-
ing the low-binding IgG2 allele, FcγRIIa-R131, was significantly greater 
than expected in patients with class III or class IV nephritis and in 
patients with intense IgG2 deposition. C-reactive protein, a ligand with 
particular affinity for FcγRIIa-R131, was consistently present in the 
renal immune deposits of lupus nephritis specimens.80

Studies of ethnically diverse patients with SLE have shown a sig-
nificant skewing in the FcγRIIIa-158F/V alleles.81 Model-dependent 
linkage and significant transmission disequilibrium support a role for 
FcγRIIa alleles and SLE.82 Studies in multiplex SLE pedigrees have 
demonstrated linkage disequilibrium between adjacent genes within 
the FcγR cluster on chromosome 1.82 Meta-analyses comprising more 
than 3000 patients suggest that FcγRIIa and FcγRIIIa are independent 
risk factors for SLE and lupus nephritis, respectively.83,84 Recent studies 
also indicate that polymorphisms in FcγRIIb that alter signaling 
(FcγRIIb 2321/T) and variations in the promoter that alter gene expres-
sion associate with SLE in Japanese and white lupus cohorts, respec-
tively.65,85,86 It is highly likely that there are additional polymorphic 
candidate genes within this region of chromosome 1.

COMPLEMENT AND Fcγ RECEPTOR FUNCTION: 
TARGETS FOR TREATMENT
Various therapeutic strategies might facilitate immune complex han-
dling. Among potential strategies, tissue-specific, cytokine-mediated 

Normal sera contain soluble FcγRII and FcγRIII, which are derived 
either from alternative splicing of mRNA (FcγRIIa) or from proteolytic 
release from circulating cells (FcγRIII). One proposed biologic function 
of plasma FcγR is to suppress IgG production by B cells. A striking 
property of soluble FcγRII is the ability to suppress completely the 
inflammation induced by immune complex, in the reverse passive 
Arthus reaction.70 Soluble FcγRIIIb may also modulate neutrophils 
through interactions between carbohydrates on the soluble receptor 
and the lectin-like domain of CR3. However, the physiologic signifi-
cance of these circulating IgG binding proteins for IgG production, 
immune complex handling, or other functions is not yet clear. Soluble 
FcγR binding to immune complexes might affect clearance by changing 
the size of complexes, altering their solubility, modifying their ability 
to activate complement and capture C3b, and thus alter the ability of 
complexes to interact with both surface FcγR and complement 
receptors.

Function
Several themes emerge in consideration of the functional properties of 
complement and FcγRs. Both families of receptors require clustering 
or cross-linking of at least two receptors on the same cell to initiate 
intracellular signaling.62,63,71 Presumably, this requirement for cluster-
ing prevents circulating IgG or complement components from stimu-
lating effector cells in the absence of antigen. Three strategies for signal 
transduction and the initiation of effector functions by phagocyte FcγRs 
are now apparent.63,72 FcγRIa and FcγRIIIa associate in the membrane 
with the γ/ζ family molecules, which express a tyrosine-based activa-
tion motif in their cytoplasmic domains (the immunoreceptor tyrosine 
activation motif [ITAM]) (see Fig. 125.20). This motif, which is uti-
lized by numerous immunologically important receptors, including the 
T-cell receptor and B-cell receptor for antigen. In contrast to the γ/ζ 
-associated FcγR, FcγRIIa incorporates an ITAM in its cytoplasmic 
domain. The mechanism by which the glycosyl phosphatidylinositol-
linked FcγRIIIb engages intracellular signaling molecules remains 
unknown. These activating FcγR exert non-overlapping functions that, 
in concert and on interaction with immune complexes, lead to tissue 
injury (e.g., FcγRIIIa-mediated neutrophil recruitment and FcγRIIa-
mediated phagocytosis, generation of reactive oxygen species, and 
degranulation).73

In addition to these activating FcγRs, there are inhibitory FcγRs 
(FcγRIIb), which modulate the thresholds for activation of cells and 
terminate stimulating signals. FcγRIIb is a single-chain, low-affinity 
receptor with an extracellular domain highly homologous to its activat-
ing counterparts and a cytoplasmic domain containing an immunore-
ceptor tyrosine inhibitory motif (ITIM) (see Fig. 125.20). Inhibitory 
FcγRs abolish cellular signals when co-ligated with stimulatory recep-
tors, such as ITAM-bearing FcγRs. In cells that express both stimula-
tory and inhibitory FcγRs, such as human phagocytes and dendritic 
cells, the relative amounts of these two types of receptors determine 
the state of cell activation after interaction with immune com-
plexes.62,63,74 Cytokines, C5a anaphylatoxin, and intravenous gamma-
globulin have been shown to alter the balance in expression of 
stimulatory and inhibitory FcγR and thereby modulate the immune 
complex clearance and inflammatory tissue injury.74-76

Fcγ receptors and SLE
The importance of FcγRs in immune complex clearance has been 
shown in a number of different in-vivo models (see Fig. 125.18); it is 
likely that both intrinsic (genetic) differences and acquired differences 
for all three families of FcγR contribute to net function. For example, 
experimental blockade of FcγRIIIa by infusion of an anti-FcγRIII mono-
clonal antibody in both human and non-human primates (chimpanzee) 
inhibits the clearance of IgG anti-D-sensitized erythrocytes, soluble 
DNA/anti-DNA immune complexes, and, to a lesser degree, erythro-
cyte-bound DNA/anti-DNA immune complexes.77 The prolongation 
of FcγR-mediated mononuclear phagocyte system clearance of IgG-
opsonized erythrocytes in normal disease-free donors with HLA-DR2 
and DR3 (the same DR alleles associated with SLE) relative to other 
normal disease-free donors58 is associated with a decreased FcγRI-
specific phagocytosis.

Acquired differences in receptor expression and function contribute 
to disease-associated differences in immune complex clearance (see  
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stage of immune complex diseases could be accomplished by blocking 
FcγR or blocking complement activation by enhancing complement 
regulatory protein function. Early components of complement do not 
seem to be required for the initiation of inflammatory responses, 
whereas later components amplify injury, increase the ratio of stimula-
tory to inhibitory FcγR expressed,75 and may also act downstream of 
FcγR activation. By exploiting the intrinsic properties of different FcγRs 
(e.g., the H131 allele of FcγRIIa, which binds IgG2, or the V158 allele 
of FcγRIIIa, which binds IgG with a greater affinity), one could develop 
a panel of soluble FcγRs with differing affinities and subclass prefer-
ences that would allow more specific targeting of disease-associated 
autoantibodies. Changing the glycosylation of IgG is another approach 
to modulate FcγR-mediated effector formation and interfere with auto-
antibody-triggered inflammation.95

Alternatively, by changing the balance of stimulatory and inhibitory 
FcγRs expressed on phagocytes with cytokines or pharmacologic agents, 
one could modulate immune complex–triggered inflammation.32,74,96 
Because immune complexes can either enhance or suppress the 
humoral immune response, depending on the type of Fcγ receptor 
engaged (stimulatory or inhibitory) and the cell type involved (B cells 
or antigen-presenting cells), alterations in balance of FcγR expression 
can also influence afferent responses.96 The opportunities for therapeu-
tic intervention are indeed many.

regulation of FcγR and complement receptor expression might enhance 
binding and uptake by phagocytes. An increase in erythrocyte CR1 
levels by stimulation of erythropoiesis with recombinant erythropoietin 
might facilitate immune complex processing and minimize immune 
complex deposition.87 Administration of complement components 
might be beneficial in the setting of complete component deficiency 
and lupus-like illness.88 Pharmacologic treatments might be able to 
alter mononuclear phagocyte system function in vivo, either directly 
or in concert with certain cytokines.89 Open studies of intravenous 
immunoglobulin (IVIG) infusion have been reported for SLE and other 
rheumatic diseases but the mechanisms (e.g., blockade of FcγRs, induc-
tion of inhibitory FcγRs, occupancy of FcRn, or idiotypic interactions 
with autoantibodies), the indications, and the efficacy of this approach 
require further study.90,91 The anti-inflammatory activity of IVIG is 
attributed, at least in part, to a small fraction of Fc-sialylated IgGs91 
that engage the receptor DC-SIGN on a subset of monocytes that cause 
upregulation of the inhibitory receptor FcγRIIb and thereby protect 
against autoantibody-mediated pathology.92

The striking observations that soluble FcγRs70 and CR193 block 
active inflammatory reactions indicate the potential for these soluble 
receptors as therapeutic agents. Emigration of neutrophils to inflam-
matory sites and immune complex–induced acute inflammation can 
be blocked by decoy FcγR,94 indicating that interventions in the effector 

KEY REFERENCES
2. Klemperer P, Pollack A, Baehr G. Diffuse collagen 

disease: acute disseminated lupus erythematosus and 
diffuse scleroderma. JAMA 1942:331-332.

3. Godman GC, Deitch AD, Klemperer P. The composition 
of the LE and hematoxylin bodies of systemic lupus 
erythematosus. Am J Pathol 1958;34:1-23.

4. Ford PM, Ford SE, Lillicrap DP. Association of lupus 
anticoagulant with severe valvular heart disease in 
systemic lupus erythematosus. J Rheumatol 
1988;15:597-600.

5. Galve E, Ordi J, Barquinero J, et al. Valvular heart disease 
in the primary antiphospholipid syndrome. Ann Intern 
Med 1992;116:293-298.

8. Tani M, Shimizu R, Ban M, et al. Systemic lupus 
erythematosus with vesiculobullous lesions: 
immunoelectron microscopic studies. Arch Dermatol 
1984;120:1497-1501.

10. Gilliam JN. The significance of cutaneous 
immunoglobulin deposits in lupus erythematosus and 
NZB/NZW F1 hybrid mice. J Invest Dermatol 
1975;65:154-161.

12. D’Agati V, Kunis C, Williams G, Appel GB. Anti-cardiolipin 
antibody and renal disease: a report of three cases. J Am 
Soc Nephrol 1990;1:777-784.

13. Dubois EL, Tuffanelli DL. Clinical manifestations of 
systemic lupus erythematosus: computer analysis of 520 
cases. JAMA 1964;190:104-111.

15. Kojima M, Nakamura S, Morishita Y, et al. Reactive 
follicular hyperplasia in the lymph node lesions from 
systemic lupus erythematosus patients: a 
clinicopathological and immunohistological study of 21 
cases. Pathol Int 2000;50:304-312.

16. Medeiros LJ, Kaynor B, Harris NL. Lupus lymphadenitis: 
report of a case with immunohistologic studies on 
frozen sections. Hum Pathol 1989;20:295-299.

17. Kitamura H, Ito T, Kanisawa M, Kato K. Systemic lupus 
erythematosus with multiple calcified fibrous nodules of 
the spleen. Acta Pathol Jpn 1985;35:213-226.

19. Appel GB, Silva FG, Pirani CL, et al. Renal involvement in 
systemic lupus erythematosus (SLE): a study of 56 
patients emphasizing histologic classification. Medicine 
(Baltimore) 1978;57:371-410.

20. Churg J, Bernstein J, Glassock R. Renal disease: 
classification and atlas of glomerular diseases. New York: 
Igaku-Shoin, 1995.

30. Foster MH, Cizman B, Madaio MP. Nephritogenic 
autoantibodies in systemic lupus erythematosus: 
immunochemical properties, mechanisms of immune 
deposition, and genetic origins. Lab Invest 
1993;69:494-507.

31. Berden JH, Licht R, van Bruggen MC, Tax WJ. Role of 
nucleosomes for induction and glomerular binding of 
autoantibodies in lupus nephritis. Curr Opin Nephrol 
Hypertens 1999;8:299-306.

36. Harris EN, Gharavi AE, Asherson RA, et al. Cerebral 
infarction in systemic lupus: association with 

anticardiolipin antibodies. Clin Exp Rheumatol 
1984;2:47-51.

38. Purnell DC, Baggenstoss AH, Olsen AM. Pulmonary 
lesions in disseminated lupus erythematosus. Ann 
Intern Med 1955;42:619-628.

40. Doherty NE, Siegel RJ. Cardiovascular manifestations of 
systemic lupus erythematosus. Am Heart J 
1985;110:1257-1265.

42. Roman MJ, Shanker BA, Davis A, et al. Prevalence and 
correlates of accelerated atherosclerosis in systemic 
lupus erythematosus. N Engl J Med 2003;349:2399- 
2406.

46. Kutom AH, Gibbs HR. Myocardial infarction due to 
intracoronary thrombi without significant coronary 
artery disease in systemic lupus erythematosus. Chest 
1991;100:571-572.

49. Boulware DW, Hedgpeth MT. Lupus pneumonitis and 
anti-SSA(Ro) antibodies. J Rheumatol 1989;16:479-481.

50. Yoshio T, Masuyama J, Sumiya M, et al. Antiendothelial 
cell antibodies and their relation to pulmonary 
hypertension in systemic lupus erythematosus.  
J Rheumatol 1994;21:2058-2063.

51. Quismorio FP Jr, Sharma O, Koss M, et al. 
Immunopathologic and clinical studies in pulmonary 
hypertension associated with systemic lupus 
erythematosus. Semin Arthritis Rheum 1984;13:349-359.

52. Rubin LA, Urowitz MB. Shrinking lung syndrome in 
SLE—a clinical pathologic study. J Rheumatol 
1983;10:973-976.

54. Jefferis R. Molecular structure of human IgG subclasses. 
In Shakib F, ed. The human IgG subclasses. Oxford: 
Pergamon Press, 1990:15-30.

55. Duncan AR, Winter G. The binding site for C1q on IgG. 
Nature 1988;332:738-740.

57. Mannik M. Immune complexes. In: Lahita R, ed. Systemic 
lupus erythematosus. New York: Churchill Livingstone, 
1992:327-341.

58. Kimberly RP, Gibofsky A, Salmon JE, Fotino M. Impaired 
Fc-mediated mononuclear phagocyte system clearance 
in HLA-DR2 and MT1-positive healthy young adults.  
J Exp Med 1983;157:1698-1703.

59. Salmon JE, Kimberly RP, Gibofsky A, Fotino M. Defective 
mononuclear phagocyte function in systemic lupus 
erythematosus: dissociation of Fc receptor-ligand 
binding and internalization. J Immunol 
1984;133:2525-2531.

60. Frank MM, Hamburger MI, Lawley TJ, et al. Defective 
reticuloendothelial system Fc-receptor function in 
systemic lupus erythematosus. N Engl J Med 
1979;300:518-523.

66. Aitman TJ, Dong R, Vyse TJ, et al. Copy number 
polymorphism in Fcgr3 predisposes to 
glomerulonephritis in rats and humans. Nature 
2006;439:851-855.

69. Salmon JE, Edberg JC, Kimberly RP. Fc gamma receptor 
III on human neutrophils: allelic variants have 

functionally distinct capacities. J Clin Invest 
1990;85:1287-1295.

70. Ierino FL, Powell MS, McKenzie IF, Hogarth PM. 
Recombinant soluble human Fc gamma RII: production, 
characterization, and inhibition of the Arthus reaction.  
J Exp Med 1993;178:1617-1628.

71. Carroll MC. The role of complement in B cell activation 
and tolerance. Adv Immunol 2000;74:61-88.

72. Cornacoff JB, Hebert LA, Smead WL, et al. Primate 
erythrocyte-immune complex-clearing mechanism.  
J Clin Invest 1983;71:236-247.

73. Tsuboi N, Asano K, Lauterbach M, Mayadas TN.  
Human neutrophil Fcgamma receptors initiate and  
play specialized non-redundant roles in antibody-
mediated inflammatory diseases. Immunity 2008; 
28:833-846.

77. Kimberly RP, Edberg JC, Merriam LT, et al. In vivo 
handling of soluble complement fixing Ab/dsDNA 
immune complexes in chimpanzees. J Clin Invest 
1989;84:962-970.

78. Harley JB, Alarcón-Riquelme ME, Criswell LA, et al. 
Genome-wide association scan in women with systemic 
lupus erythematosus identifies susceptibility variants in 
ITGAM, PXK, KIAA1542 and other loci. Nat Genet 
2008;40:204-210.

81. Wu J, Edberg JC, Redecha PB, et al. A novel 
polymorphism of FcgammaRIIIa (CD16) alters receptor 
function and predisposes to autoimmune disease. J Clin 
Invest 1997;100:1059-1070.

83. Karassa FB, Trikalinos TA, Ioannidis JP. Role of the 
Fcgamma receptor IIa polymorphism in susceptibility to 
systemic lupus erythematosus and lupus nephritis: a 
meta-analysis. Arthritis Rheum 2002;46:1563-1571.

84. Karassa FB, Trikalinos TA, Ioannidis JP. The Fc gamma 
RIIIA-F158 allele is a risk factor for the development of 
lupus nephritis: a meta-analysis. Kidney Int 
2003;63:1475-1482.

85. Blank MC, Stefanescu RN, Masuda E, et al. Decreased 
transcription of the human FCGR2B gene mediated by 
the -343 G/C promoter polymorphism and association 
with systemic lupus erythematosus. Hum Genet 
2005;117:220-227.

87. Hebert LA, Birmingham DJ, Shen XP, Cosio FG. 
Stimulating erythropoiesis increases complement 
receptor expression on primate erythrocytes. Clin 
Immunol Immunopathol 1992;62:301-306.

88. Steinsson K, Erlendsson K, Valdimarsson H. Successful 
plasma infusion treatment of a patient with C2 
deficiency and systemic lupus erythematosus: clinical 
experience over forty-five months. Arthritis Rheum 
1989;32:906-913.

89. Salmon JE, Kapur S, Meryhew NL, et al. High-dose, pulse 
intravenous methylprednisolone enhances Fc gamma 
receptor-mediated mononuclear phagocyte function in 
systemic lupus erythematosus. Arthritis Rheum 
1989;32:717-725.



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1270

92. Anthony RM, Wermeling F, Karlsson MC, Ravetch JV. 
Identification of a receptor required for the anti-
inflammatory activity of IVIG. Proc Natl Acad Sci U S A 
2008;105:19571-19578.

93. Weisman HF, Bartow T, Leppo MK, et al. Recombinant 
soluble CR1 suppressed complement activation, 

inflammation, and necrosis associated with reperfusion 
of ischemic myocardium. Trans Assoc Am Physicians 
1990;103:64-72.

94. Shashidharamurthy R, Hennigar RA, Fuchs S, et al. 
Extravasations and emigration of neutrophils to the 

inflammatory site depend on the interaction of 
immune-complex with Fcgamma receptors and can be 
effectively blocked by decoy Fcgamma receptors. Blood 
2008;111:894-904.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 126 
● A

nim
al m

odels of lupus
CO

N
N

ECTIVE TISSU
E D

ISO
RD

ERS
 

A
nim

al m
odels of lupus

SECTION 10 CONNECTIVE TISSUE DISORDERS

1271

mouse models with many features of SLE has provided invaluable 
opportunity for the study of this disease. These mouse models can be 
classified as spontaneous, induced, and engineered models. Spontane-
ous models include inbred strains in which features of SLE have arisen 
naturally and congenic strains that result from deliberate crossing and 
inbreeding of defined lupus-prone strains to genetically isolate particu-
lar phenotypic characteristics and subsequently define the associated 
genetic loci. Induced models include autoimmune or non-autoimmune 
mice in which autoimmune disease is induced or worsened by exposure 
to chemicals or other defined substances as a model of environmental 
or drug-induced lupus. Finally, a rapidly growing number of engineered 
mouse strains are providing important insight into the role of specific 
immune pathways in the pathogenesis of SLE. These mouse models 
of SLE are used in the laboratory to clarify pathogenetic mechanisms 
underlying the development and regulation of autoimmunity, as well 
as mechanisms of end-organ damage; to identify specific genes associ-
ated with SLE; and as preclinical models in which to establish proof of 
concept for novel therapeutic approaches and to test the specific effi-
cacy of pharmacologic and biologic agents for the treatment of SLE.

SPONTANEOUS MOUSE MODELS

New Zealand black (NZB)
The spontaneous development of lupus-like features has been identi-
fied in a number of inbred mouse strains (Table 126.1). The earliest 
of these was the New Zealand black (NZB) mouse, which was devel-
oped by Dr. Marianne Bielschowsky at the University of Otago Medical 
School in New Zealand in the process of generating new inbred mouse 
strains.1 She found that these mice developed early mortality due to 
widespread hemolysis, which results from autoimmune hemolytic 
anemia.1 Antibodies to erythrocytes are present at approximately 3 
months of age in NZB mice, and they develop progressive anemia with 
jaundice, splenomegaly, and chronic reticulocytosis.2 Development of 
hemolytic anemia in this strain has been linked most specifically to 
two genetic loci: Aia3 and Nba2.3 NZB mice have a life expectancy of 
16 to 17 months, compared with over 2 years for normal mice.4 This 
strain exhibits many manifestations of B-cell hyperreactivity, including 
hypergammaglobulinemia, an immunologic characteristic of many SLE 
patients.5,6 Autoantibodies also develop against multiple bone marrow 
cell precursors in addition to those of the erythroid lineage. Late in life 
most NZB mice develop B-cell lymphomas that are similar to the 
lymphomas that develop in some people with Sjögren’s syndrome.7 
NZB mice also develop other autoantibodies typical of systemic auto-
immune disease, such as antinuclear antibodies (ANAs), but these are 
in low titer. In addition, although anti-DNA antibodies are produced, 
they are predominantly IgM anti-ssDNA rather than the more neph-
ritogenic IgG anti-dsDNA typical of SLE. NZB mice also variably 
develop kidney disease due to immune complex glomerulonephritis, 
but involvement is mild and develops only slightly earlier in female 
than in male mice.8

(NZB×NZW)F1

Subsequent crosses of the NZB strain with other unrelated strains 
identified hybrids with additional autoimmune features. The most 
interesting of these was the cross between NZB and New Zealand 
white (NZW) mice.9 NZW mice have a normal to prolonged life span 
and are generally healthy. This strain has been found to have a deletion 
in the Cβ1, Dβ2, and all six Jβ2 gene segments, which likely leads to 
a less diverse T-cell receptor (TCR) repertoire.10 Low-titer ANAs 
develop in slightly more than 10% of animals.11 However, mating of 

Animal models of lupus
David I. Daikh

 A number of inbred mouse strains carry spontaneous mutations 
that result in clinical, serologic, and immunologic features in 
common with SLE.

 The strains have been immensely useful for understanding the 
pathogenesis and genetics of lupus and for predicting effective 
treatment approaches to human SLE.

 Induced mouse models with features of lupus are increasingly 
shedding light on the role of individual genes in the pathogenesis 
of SLE.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease 
characterized by the production of autoantibodies directed against a 
wide range of autoantigens, particularly nuclear antigens, and immune-
mediated organ damage. Because of its systemic nature and resulting 
protean clinical manifestations SLE is viewed as the prototypical auto-
immune disease, and it has long attracted much interest from clinicians 
and medical scientists. The disease is more severe in Asians and blacks 
and may be more prevalent in these populations. SLE affects women 
much more commonly than men at a frequency of 9 : 1. Autoantibody 
production is a hallmark of SLE; and although a wide range of autoan-
tibodies are generated by patients with SLE, the development of high 
titers of antibodies to double-stranded DNA (dsDNA) and various ribo-
nuclear proteins is a characteristic feature of this disease. Although SLE 
can affect any organ system, several are typically involved, including the 
skin, joints, and kidneys. Clinically, SLE patients develop photosensi-
tive rash, arthritis, serositis, glomerulonephritis, and a wide range of 
central nervous system problems, among other manifestations of this 
disease. The pathogenesis of specific disease manifestations has not 
been completely eludicated. In some cases these manifestations result 
directly from pathogenic autoantibodies. In others, likely the majority, 
immune responses induced directly or indirectly by antibody-contain-
ing immune complexes result in organ damage and dysfunction.

SLE has a significant genetic component. Twins and first-degree 
relatives of SLE patients are affected more commonly. However, lupus 
susceptibility is a polygenic trait and a number of disease-associated 
genetic loci have been identified. Hormonal factors have significant 
effects on disease expression; for example, the disease is sometimes 
more severe during pregnancy. Environmental factors such as ultravio-
let (UV) radiation also can have effects on the severity of disease. In 
addition, certain pharmacologic agents can induce autoimmune disease 
in certain individuals and drug-induced lupus shares a number of clini-
cal and immunologic features with SLE. Major advances have been 
made in understanding the pathogenesis of SLE, and significant details 
of the immunologic abnormalities associated with this disease have 
recently been clarified. These advances have been made on the basis 
of fundamental progress in knowledge of the mammalian immune 
system, through genetic association studies, and via translational 
studies in model systems and humans with SLE.

Animal models have been vitally important in developing our under-
standing of both the normal immune system and the immunopatho-
genesis of SLE. In fact, most of the advances in understanding of the 
pathogenesis of SLE, either through studies of basic immunology or 
genetic susceptibility, have been the result of discoveries made using 
animal models. Mouse models have been particularly important in this 
regard. Broad similarities are found between the murine and human 
immune system, and the mouse is the major model system used for 
basic studies in cellular immunology. In addition, the availability of 

126



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1272

pathologic studies in this strain.17 Serologic abnormalities common in 
SLE are also present in this hybrid, including hypergammaglobu-
linemia, antilymphocyte antibodies, and hypocomplementemia, in 
addition to the development of LE cells.4,12

These manifestations of B-cell hyperactivity strongly suggest that B 
cells have a significant pathologic role in the pathophysiology of sys-
temic autoimmune disease in B/W lupus-prone mice. In fact, several 
abnormalities of B-cell function have been identified in this strain. 
Hypergammaglobulinemia, predominantly of IgM, appears around 1 
month of age in NZB mice. Circulating immunoglobulin levels are also 
increased in B/W hybrids, but in this case it is of the IgG class. B/W 
mice produce anti-dsDNA antibodies in high titer. Subsets of IgG, 
particularly IgG2, are nephritogenic in that they induce not only glo-
merulonephritis and subsequent proteinuria in lupus-prone mice but 
also glomerular damage when infused in normal BALB/c mice.18 Simi-
larly, non-autoimmune mice expressing these IgG subtypes from a 
transgene also develop nephritis.19 NZB/W mice produce other auto-
antibodies in addition to DNA antibodies. Among the most prevalent 
are antibodies to the endogenous retroviral coat protein gp70. Immune 
complexes containing gp70 antibodies are readily detectable in the 
circulation and in renal glomerular deposits in NZB/W mice. Produc-
tion of both anti-gp70 and anti-DNA antibodies is linked to the Nba2 
locus in NZB mice.20 Other autoantibodies detectable in NZB/W mice 
include anti-nucleosome and anti-histone antibodies. As noted, the 
switch to IgG2 is characteristic of the autoantibodies in NZB/W mice 
compared with NZB mice, and many of these are complement-fixing 
isotopes. Thus, the development of IgG autoantibodies is linked to the 
hypocomplementemia that develops in this strain.15 An early expan-
sion of CD5+ (B1) B cells also develops in NZB and NZB/W that 
correlates with the development of autoantibodies.21 Elimination of 
these cells reduces autoantibody levels and substantially prolongs life. 
Similarly, introduction of the xid gene in NZB mice, which prevents 
development of B1 B cells, protects animals from the development of 
autoantibodies.22 These cells are also increased in the NZB parental 
strain. A distinguishing feature of CD5+ B cells in both strains is that 
they frequently exhibit aneuploidy, which appears to be the major 
factor leading to B-cell lymphomas in both strains.23 NZB/W mice also 
have abnormalities in professional antigen-presenting cells (APC) com-
pared with non-autoimmune mice. Dendritic cells are increased in 
diseased mice and have altered expression of co-stimulatory recep-
tors.24 They also effectively co-stimulate T cells to produce anti-nucleo-
somal autoantibodies.25 These cells produce increased amounts of type 
I interferons compared with controls, which is another immunologic 
feature shared by this model and SLE in humans.26,27 The increasing 
number of studies relating type I interferons to the pathogenesis of SLE 

NZW mice with NZB mice results in first-generation offspring with 
high-titer ANAs, aggressive kidney disease, and early mortality. This 
(NZB×NZW)F1 hybrid (NZB/W) became the first and best characterized 
mouse model of SLE and is the model that many consider to be the 
model that most closely mimics SLE in humans.12 Studies in this strain 
provided many important early insights into autoimmune pathogene-
sis.3 Although NZW mice clearly contribute genes that are required for 
the development of systemic autoimmunity in this hybrid strain, NZW 
mice appear remarkably normal clinically, suggesting that they carry 
important epistatic genes that can contribute to the development of 
systemic autoimmunity. NZB/W hybrids develop high-titer dsDNA 
antibodies and kidney disease with many features of lupus nephritis, 
including proliferative glomerulonephritis.11 Renal disease is the major 
cause of the early mortality in this strain (Fig. 126.1).8,13,14 NZB/W 
mice also develop characteristic lupus erythematosus cells (LE cells), a 
pathologic hallmark of SLE.15 Circulating autoantibodies and clinical 
renal disease appear earlier in female B/W mice than in males; and like 
humans with SLE the disease is more severe in female mice. Although 
renal disease is the most obvious clinical manifestation of disease in 
NZB/W mice, other organs are involved, including the exocrine salivary 
glands that develop sialadenitis and generalized lymphadenopathy 
mimicking Sjögren’s syndrome, a frequent secondary complication of 
SLE.16 These mice also appear to have central nervous system abnor-
malities in common with SLE, although there are also developmental 
abnormalities in the brains of NZB/W hybrids that can confound 

TABLE 126.1 SPONTANEOUS MOUSE MODELS OF LUPUS

Mouse strain Phenotype References

NZB Hemolytic anemia, splenomegaly, ANA 1, 7

(NZB×NZW)F1 ANA, anti-DNA, GN, LAN, SS 12, 15

NZM2410 (NZB, NZW) ANA, GN, LAN 66, 67

SNF1 ([SWR×NZB]F1) ANA, anti-DNA, GN 79, 82

MRL/lpr LAN, ANA, anti-DNA, GN, vasculitis, SS, 
cryoglobulinemia

86, 89, 90

MRL/gld LAN, ANA, anti-DNA, GN, arthritis 95

BXSB/yaa ANA, anti-DNA, GN, male predominance 122

ANA, antinuclear antibody; GN, glomerulonephritis; LAN, lymphadenopathy ± splenomegaly; SS, 
Sjögren’s syndrome.
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Fig. 126.1 Renal disease in NZB/NZW lupus-prone mice. (a) Seven-
month-old diseased mouse on right with fluid retention compared with 
3-month-old healthy mouse on left. (b) Graph showing percent of 
patients developing proteinuria due to glomerulonephritis (red) and 
percent survival (blue). (c) Renal pathology demonstrates inflammation, 
glomerulonephritis, and tubular dilation. (d) Glomerular immune 
complex deposition in mouse kidney.
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identified in NZB mice is the Nba2 locus.3,53 This region contains the 
interferon-inducible gene Ifi202, which as noted, is linked to produc-
tion of nuclear autoantibodies including DNA, as well as the gp70 
antigen. The effect on autoantibody production appears to be the result 
of improved survival of B cells mediated by Ifi202.53 The implication 
of a lupus susceptibility gene in NZB autoimmune-prone mice that is 
regulated by type I interferons is interesting in light of the increasing 
evidence in support of a role for interferon-inducible genes in SLE,26 
emphasizing another aspect in which this model appears to share 
pathogenic mechanisms with the human disease.

The close correspondence of abnormalities in immune function and 
clinical manifestations of autoimmunity in NZB/W mice and humans 
with SLE suggest that the murine disease is an accurate model of SLE. 
This assumption is supported by a large number of preclinical studies 
in NZB/W mice demonstrating the efficacy of immunosuppressive and 
immunomodulatory agents in ameliorating active autoimmune disease. 
In fact, the efficacy of the major agents currently used to treat SLE was 
first established in NZB/W mice and included corticosteroids, cyclo-
phosphamide, cyclosporine, and mycophenolate mofetil.54-57 This 
model is also commonly used to test the efficacy of novel treatment 
strategies for SLE. Recent examples include antibodies or soluble recep-
tors that block co-stimulatory signals between T cells, antigen-present-
ing cells, and B cells,58-61 B-cell stimulatory factors,62 antibodies against 
immunomodulatory cytokines, and small molecule inhibitors of 
immune receptor signaling.63 Other lupus models have also been used 
to test in-vivo preclinical efficacy, most commonly in the MRL/lpr64 
and SNF165 models (see later).

New Zealand mixed strains
Progressive inbreeding of NZB/W hybrids selecting for severity of 
kidney disease and coat color produced a group of hybrid strains referred 
to as New Zealand mixed strains.52 These strains have been utilized 
to isolate and characterize specific disease susceptibility loci in the 
NZB and NZW genomes. The NZM 2410 strain, which develops high-
titer ANAs and aggressive glomerulonephritis, has been particularly 
useful in segregating specific disease characteristics.66 Backcrossing of 
specific NZM2410 lines onto the non-autoimmune C57BL/6 back-
ground produced hybrid strains that are congenic for different disease 
susceptibility loci.67 Three major loci have been designated Sle1, Sle2, 
and Sle3/5. Selective crossing of these congenic strains has demon-
strated the phenotypic characteristics of each of these genetic loci. Sle1 
mediates the loss of tolerance to nuclear autoantigens, including chro-
matin.68 However, the Sle1 segment is not sufficient for the develop-
ment of autoimmune kidney disease. Nephritis results when Sle1 is 
combined with Sle2 or with Sle3/5.69 These data have been interpreted 
to suggest that murine lupus pathogenesis is a multi-step process in 
which the disease is initiated by a gene or gene within the Sle1 locus 
and then worsened by additional susceptibility genes.70,71 Sle2 confers 
a significant portion of the B-cell hyperactivity seen in NZB/W mice, 
including expansion of B1 cells,72 whereas sle3 is associated with gen-
eralized T cell activation.73 The Sle3/5 locus appears to contribute to 
increased activity of antigen-presenting cells.74 More recently, selective 
breeding of Sle1 congenic strains has indicated that disease susceptibil-
ity is conferred by four subintervals (Sle1a-d).75 Detailed mapping of 
these intervals suggests that polymorphisms in the SLAM/CD2 gene 
cluster confer susceptibility at the Sle1b locus and polymorphisms in 
the C2 gene confer susceptibility at the Sle1c locus.76,77 Analysis of the 
complex genetic contributions to disease in the New Zealand lupus-
prone strains has led to the view that autoimmune disease can result 
from the actions of multiple genes operating in a threshold manner.78

SNF1
The SNF1 mouse model (SWR×NZB)F1 is another lupus-prone strain 
derived from the autoimmune NZB strain that has been a useful model 
for study of the pathogenesis of SLE. Like NZB/W mice, SNF1 mice 
develop both anti-DNA and anti-nucleosome antibodies and female 
predominant glomerulonephritis that leads to death by 1 year of age.79 
The SWR parent is not autoimmune prone and has a normal life span. 
NZB loci contributing to disease in this hybrid strain include Nba1 
and Nba3, whereas probable genetic susceptibility loci contributed 

and the observation that interferon alfa (IFN-α) worsens disease in 
NZB/W mice suggest that dendritic cells are a significant factor in the 
pathogenesis of autoimmunity in this model.28-30

Despite the relation between B-cell hyperactivity, autoantibody pro-
duction, and disease, it is also clear that lupus is a T-cell–dependent 
disease in these strains. For example, depletion of CD4+ T cells with 
monoclonal antibodies prevents the development and progression of 
disease.31 The switch to pathogenic IgG anti-DNA antibodies in B/W 
mice is also T-cell dependent.32,33 Abnormalities also exist in the T-cell 
compartment that contribute to the development and severity of auto-
immunity, as demonstrated in NZB/W mice lacking CD5+ B cells. 
These animals are resistant to tolerance induction and have impaired 
production of and response to cytokines.19,34 In addition, clinical lupus 
does not develop in athymic B/W mice. Thus, T cells are required for 
the development of lupus in B/W mice. Less clear is the function of 
regulatory T cells in this model. Foxp3 expressing CD25+ regulatory 
T cells function in normal mice and humans to maintain peripheral 
tolerance by suppressing autoreactive T cells and antigen-presenting 
cells. These cells are present in lower numbers in young prediseased 
B/W mice than in age-matched BALB/c mice, but their numbers 
increase significantly with the development of autoimmune disease.35 
These regulatory cells have been variably reported to have normal or 
decreased suppressor function in vitro.35,36 CD25+ regulatory cells, as 
well as CD8+ suppressor cells, are induced when NZB/W, or related 
SNF1 mice, are tolerized using anti-DNA immunoglobulin peptides or 
antigenic histone peptides, respectively.37-39 In addition, adoptive trans-
fer of activated CD25+ regulatory T cells retards progression of active 
renal disease in NZB/W mice.35 Thus, although it is not clear whether 
there is an intrinsic defect in the regulatory T-cell compartment in 
NZB/W lupus-prone mice, it appears that they can be induced to sup-
press autoimmune disease.

The NZB/W model has also been valuable for studies of the mecha-
nisms responsible for female preponderance of autoimmune disease in 
humans. Castration of NZB/W mice early in life results in more severe 
disease that parallels that of female mice,40 whereas castration of 
female mice has no effect on disease course.41 On the other hand, 
treatment of female NZB/W mice with androgens limits disease 
whereas estrogens accelerate disease. Interestingly, androgens can ame-
liorate lupus nephritis and prolong survival in NZB/W female mice 
with advanced disease.41 Thus, in NZB/W mice, the more severe 
pattern of disease can be explained almost entirely by the effect of sex 
hormones. The mechanism of this effect is still unclear. No abnormali-
ties of sex hormone production of metabolism have been identified.41 
However, the impact of estrogens on autoimmune responses in female 
NZB/W mice, such as increased autoantibody production, is consistent 
with the general effects of estrogenic hormones in non-autoimmune 
mice, including enhanced immune responses and impaired tolerance 
induction.42-44

As expected from the multiple immunologic abnormalities identi-
fied in NZB/W mice, the genetics of autoimmunity in these mice is 
complex. Genome-wide linkage studies in NZB- and NZW-related 
strains indicate that at least 20 loci influence disease susceptibility and/
or expression.45 The major histocompatibility complex (MHC) locus is 
clearly of importance for disease susceptibility. As noted, the main 
MHC contribution is from the H-2(z) locus on chromosome 17 of the 
NZW parent. However, maximal disease susceptibility is conferred by 
H-2(d/z) heterozygosity, indicating that an MHC-linked NZB contribu-
tion is important as well.46,47 Another gene of interest within the H-2 
locus is the gene that encodes the cytokine tumor necrosis factor-alpha 
(TNF-α). A polymorphism in this gene in NZW mice results in a 
marked deficiency of TNF-α in this strain.48 Administration of TNF-α 
to NZB/W mice ameliorates disease, suggesting that this genetic poly-
morphism may contribute to autoimmune disease.48,49 However, a 
separate study indicates that TNF-α may exacerbate disease in NZB/W 
mice.50 This issue is of particular interest because of the availability of 
therapeutic agents that effectively reduce or block the function of 
TNF-α and because of data in humans with SLE indicating that anti-
TNF therapy may be helpful for patients with lupus nephritis.51 More 
recent studies of NZB/NZW mixed strains have shown that MHC 
heterozygosity is not an absolute requirement for susceptibility to lupus 
nephritis.52 As noted later, these studies also indicate that several 
non-MHC loci are important for lupus pathogenesis. One such region 
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lpr mutation was subsequently identified in CBA/KIJms mice in which 
normal levels of fas mRNA are produced, but a T to A transversion 
results in a non-conservative amino acid change in the cytoplasmic 
domain of Fas, resulting in its inability to transduce the signal from 
FasL. This mutation was designated lprcg because it complemented 
the gld mutation.98

The lpr mutation in MRL/lpr mice can be viewed as an epigenetic 
or accelerating factor for systemic autoimmunity. MRL/lpr mice develop 
massive non-malignant lymphoproliferation as well as several mani-
festations of autoimmunity, including glomerulonephritis, vasculitis, 
and arthritis with variable penetrance, in addition to autoantibody 
production. Life expectancy is 5 months for female animals and 6 
months for males; at the time of death there is massive lymphadenopa-
thy with lymph node enlargement up to 100 times normal. Lympho-
cytic infiltration of many other organs, including salivary glands, also 
occurs.99 This lymphocyte expansion is predominantly due to accumu-
lation of an immature T-cell subpopulation with low levels of TCR 
expression, abnormal T-cell signaling, and absent CD4 and CD8.94,97-103 
These “double negative” (DN) T cells also express the B-cell marker 
B220 and can be distinguished from normal thymic DN T cells by 
differences in surface marker expression and function.104 The accumu-
lation of these DN T cells in the periphery is not due to abnormal 
proliferation, in fact they are hypoproliferative in vitro, but rather to 
the loss of their usual programmed cell death.105 DN T cells also accu-
mulate in large numbers in gld mice.96 MRL/lpr mice also appear to 
have B-cell abnormalities associated with autoantibody production.106 
Although lymphoproliferation is the distinguishing feature of MRL/lpr 
mice, this model has a number of clinical manifestations that are 
similar to those seen in other murine lupus models and humans with 
SLE. These include glomerulonephritis with complement deposi-
tion107,108; necrotizing vasculitis of medium-sized arteries, particularly 
in renal, mesenteric and coronary arteries109,110; and interstitial pneu-
monitis.111 These autoimmune manifestations in lpr/lpr mice are most 
prominent on the MRL background. The severity of disease, as well as 
the range of autoantibodies produced is dependent on the genetic back-
ground on which the lpr mutation is expressed. For example, whereas 
MRL/lpr mice develop anti-dsDNA, anti-chromatin, anti-Sm, anti-Su, 
and anti-ribosomal P antibodies, C57/BL6/lpr mice only produce anti-
bodies to chromatin and only develop mild renal disease.4,112,113 Nev-
ertheless, lymphoproliferation is invariably present in lpr- or gld-bearing 
strains, regardless of background. These observations imply that auto-
immune phenomena in these strains is not due to the accumulation 
of DN T cells. This is consistent with the observation that levels of 
autoantibodies do not correlate with numbers of DN T cells in MRL/lpr 
mice.114 This conclusion is also supported by experiments in which 
depletion of CD4+ T cells prevents autoimmunity in MRL/lpr mice, 
but not lymphoproliferation.115,116 In contrast, depletion of CD8+ T 
cells prevents the development of lymphoproliferation but not the 
development of autoantibodies.117,118 Taken together, these experi-
ments indicate that the development of autoimmunity in the MRL/lpr 
model is critically dependent on the action of background genes present 
in the MRL strain but that the disease is significantly accentuated by 
the lpr mutation. This strain has also been frequently used to examine 
the efficacy of therapeutic interventions for SLE.114,119-121

BXSB
The BXSB mouse is another spontaneous model that like NZB/W and 
MRL/lpr mice develops anti-DNA antibodies and immune complex 
glomerulonephritis.122 However, BXSB mice are unique among murine 
models of SLE in that male mice are more severely affected than 
females. In this model, genetic factors on the Y chromosome rather 
than hormonal influences accelerate disease in male mice. This factor 
can act independently of genetic background in that, in crosses of BXSB 
with other autoimmune strains, F1 male mice develop the lupus-like 
disease with onset and phenotype like that of BXSB males.123 However, 
crossing BXSB mice with non-autoimmune strains does not lead to 
autoimmune disease in male offspring. Thus, the Y-linked gene acts 
as a disease-accelerating factor but autoimmunity-predisposing back-
ground genes are also required for the development of autoimmunity. 
This is dramatically demonstrated in an experiment in which other-
wise normal mice expressing both Yaa and Sle1 develop fatal immune 

from SWR include the TCRβ gene, I-A, and Swrl genes.80,81 Production 
of pathogenic IgG2 autoantibodies is dependent on CD4+ T cells.82 
The SNF1 strain has provided much information about the role of 
nucleosomes as autoantigens and of the role of cationic anti-DNA 
autoantibodies in the pathogenesis of autoimmune kidney disease.83 
The cationic subset of IgG that localizes in SNF1 glomeruli binds 
preferentially to negatively charged glomerular basement membrane 
proteins and other anionic glomerular proteins, thereby establishing a 
nidus for complex-mediated immune damage in the tissue. The speci-
ficity of the anti-nucleosome response in SNF1 mice has also been 
instructive. The autoepitopes for pathogenic T-cell clones derived from 
SNF1 mice have been mapped in core histones using overlapping syn-
thetic peptide.84 Datta and coworkers eluted peptides processed from 
chromatin from an APC clone expressing high levels of I-A(d) and 
identified those dominant peptides that stimulated autoreactive Th 
clones derived from SNF1 (I-A(d/q)) mice.82 One of these peptides is 
homologous to histone H1′22-42 and stimulates T-helper (Th) cells to 
augment the production of pathogenic autoantibodies. Importantly, a 
marked expansion of H1′22-42–reactive Th1 cells occurs early in life in 
SNF1 mice and this peptide accelerates glomerulonephritis in SNF1 
mice more potently than other identified nucleosomal epitopes.85

MRL/lpr and gld
The MRL/lpr mouse has been an informative model of systemic auto-
immunity, particularly because it led to the identification and charac-
terization of a single gene that markedly accelerates murine lupus. The 
parental MRL strain (MRL/mp) was originally established from cross-
ing several standard inbred strains.86 This strain develops low-titer 
autoantibodies and has a slightly shortened life span that is equivalent 
between female and male mice. After breeding a number of generations 
of MRL/mp, offspring from one mating were noted to develop massive 
lymphadenopathy and splenomegaly. An autosomal recessive muta-
tion was identified and designated lpr, for lymphoproliferation.87 This 
mutation was then localized to chromosome 19.88 The MRL/lpr mouse 
was also found to develop severe manifestations of autoimmune disease 
with high-titer autoantibodies and significantly more aggressive glo-
merulonephritis. MRL/lpr mice produce antibodies to DNA and ribo-
nuclear proteins including Sm. The lpr defect represents a mutation in 
the gene that encodes the Fas protein.89,90 Fas is a type I membrane 
protein that was originally identified as the target of a monoclonal 
antibody that could induce apoptosis. Fas is a member of the TNF 
receptor family and is expressed on activated lymphocytes and in the 
thymus, liver, lung, heart, and ovary.91 Antibodies to Fas are cytotoxic; 
a second autosomal mutation and anti-human Fas antibody induces 
apoptosis in murine cells engineered to express human Fas, indicating 
that Fas is able to transduce an apoptotic signal.92 Fas ligand was iso-
lated from a cytotoxic T-cell line that was cytotoxic to fas+ but not 
fas−/− cells. The central role of this receptor-ligand pair was proven by 
the demonstration that COS cells expressing recombinant Fas ligand 
could induce apoptosis on Fas-expressing cells.93 When the chromo-
somal location of the fas gene was identified, it mapped to the same 
region on chromosome 19 as the lpr mutation.91 Analysis of fas trans-
cription in MRL/lpr tissues revealed that very little Fas was produced. 
Determination of the structure of the fas gene in MRL/lpr mice revealed 
the presence of a transposable element within the second intron, result-
ing in premature termination and abnormal splicing of the fas trans-
cript. Although small numbers of full length fas transcripts are produced 
in MRL/lpr mice, the level is a fraction of that observed in wild-type 
mice.91 Definitive demonstration of the role of fas in MRL/lpr mice was 
provided with an experiment in which normal Fas protein expressed 
from a transgene prevented the lymphoproliferative disease.94 Another 
autosomal recessive mutation resulting in a very similar phenotype to 
the lpr mutation was identified in the inbred C3H/HeJ strain. This 
mutation was localized to chromosome 1 and designated gld for gen-
eralized lymphoproliferative disease.95,96 Whereas homozygosity in gld 
or lpr produces severe disease of very similar in phenotype, crossing 
lpr/lpr and gld/gld mice generated normal animals. To determine the 
relationship between these mutations, a series of bone marrow trans-
plants were performed between wild-type MRL mice and lpr and gld 
mutant mice. These studies established that the lpr and gld genes 
represent a receptor-ligand pair of molecules.97 A second less severe fas 
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CpG-containing oligonucleotides can produce autoantibody-mediated 
immune complex glomerulonephritis.139-141 CpG DNA activates B cells 
directly.142 Signals from these foreign antigens are transduced via the 
TLR9 receptor and may be important adjuvants in stimulating autore-
activity in humans, in addition to serving as autoantigens.143

ENGINEERED MOUSE MODELS
Engineered mouse models are increasingly providing important insights 
into the pathogenesis of lupus and into the functions of specific com-
ponents of the immune system in the context of autoimmune suscep-
tibility (Table 126.2). Molecular cloning and recombinant DNA 
techniques coupled with transgenic technologies have provided the 
ability to modulate normal gene expression by increasing or decreasing 
normal levels of expression of a specific gene, or even inserting an 
entire functioning gene into a different genetic background to examine 
its function in vivo. For example, overexpression of genes that promote 
lymphocyte survival, including Bcl2 and BlyS, leads to the development 
of autoimmunity and lupus-like phenotypes.144-146 Alternatively, spe-
cific genes can be rendered non-functional via targeted deletion or 
insertion of a DNA segment to “knock out” the gene. This latter 
approach has been useful in implicating several diverse pathways in 
the development of SLE. From such experiments it has become clear 
that loss of function of any of a large number of single genes can lead 
to immunologic and pathologic changes similar to those observed in 
lupus. For example, loss of a gene that functions to attenuate immune 
cell signaling can lead to increased immune activation and autoim-
mune disease. A particularly dramatic example is CTLA-4, a negative 
regulator of T-cell activation that is expressed on the surface of acti-
vated T cells.147,148 T cells from CTLA-4 knockout mice have markedly 
increased activation and proliferation in response to standard stimuli, 
and CTLA-4 knockout mice develop massive lymphocyte proliferation, 
aggressive autoimmune disease, and early mortality.149,150 The negative 
regulatory effect of CTLA-4 on T-cell co-stimulation and the develop-
ment of autoimmunity in mice lacking CTLA-4 suggests the possibility 
that abnormalities of CTLA-4 gene expression or function might con-
tribute to the pathogenesis of one or more autoimmune diseases. In 
fact, a number of genetic linkage studies have identified polymor-
phisms within or near the CTLA-4 gene locus associated with a wide 
variety of human autoimmune diseases.151-155 Other examples of single 
gene defects leading to loss of negative regulation of lymphocyte  
activation include CD22,156 CD31,157 Fyn,158 Lyn,158-160 FcRIIB,161 
PTEN,162 PD-1,163 and PKCδ.164,165 Another example of how engineered 
models can illuminate the importance of specific genes in normal and 
autoimmune responses comes from studies of the function of the 
lymphocyte-activating protein CD45. CD45 is a protein tyrosine phos-
phatase that plays a key role in receptor-activated signal transduction 
in lymphocytes, including integration of signals from cytokines and 

complex mediated glomerulonephritis.124 The Y-linked gene is called 
Yaa (Y-linked autoimmunity accelerator). The Yaa gene in BXSB has 
recently been shown to be a duplication of the TLR7 gene, which 
results in overexpression of TLR7.125,126 TLR7 is the innate immune 
receptor for single-stranded RNA, and its overexpession appears to 
preferentially induce B cells to produce autoantibodies, particularly to 
nuclear antigens, including ssDNA, dsDNA, and chromatin. As in 
other murine lupus models, BXSB B cells exhibit an activated pheno-
type and are hyperproliferative such that B-cell expansion occurs in 
this strain, except that it is more marked in male animals.127 Yet, as 
in the case in other murine lupus models, disease in BXSB mice is also 
dependent on T cells; disease can be suppressed by treatment with 
anti-CD4 mAb or by blockade of T-cell co-stimulation with 
CTLA4Ig.128,129

INDUCED MODELS
Spontaneous murine lupus models with clinical and immunologic 
features of SLE have proven valuable for dissecting pathogenetic mech-
anisms and ultimately for clarifying the genetic basis for systemic 
autoimmunity. However, there are several examples in which autoim-
mune disease can be induced in non-autoimmune strains. In some 
cases, these models have shed light on potential mechanisms by which 
environmental exposure can contribute to the development or severity 
of lupus. For example, one of the characteristic features of SLE is pho-
tosensitivity, which includes the development of a typical rash in sun-
exposed areas of skin. Cutaneous lupus-like skin lesions can be induced 
in TCRα−/− mice treated with 5-fluorouracil (5-FU) plus UVB light. 
These skin lesions have several features characteristic of chronic cuta-
neous lupus erythematosus (LE) including CD4+ cell infiltration and 
IgG deposition at the dermal-epidermal junction.130 Lesions in these 
mice appear more rapidly and are more severe than lesions that develop 
in C57BL6 mice treated with the same dose of UVB light and 10 times 
more 5-FU. CD4+ cells are required for the development of this skin 
lesion.131 Such exposure only induced skin scaling but not LE lesions 
in TCRγ−/− mice at low incidence, suggesting that αβT cells are 
required to protect against the development of drug-induced cutaneous 
LE. CD4+D25+ regulatory T cells are candidates for the α/βT cells 
that are protective against this model form of cutaneous LE.132

Pristane-induced lupus
Satoh and colleagues have extensively characterized the lupus-like 
autoimmunity induced by intraperitoneal injection of the hydrocarbon 
pristane (2,6,10.14-tetramethypentadecane) in mice.134 Autoimmune 
disease in this model is characterized by autoantibody production and 
renal immune complex deposition with complement activation. 
Remarkably, this exposure induces the production of autoantibodies in 
non-autoimmune strains as well as autoimmune susceptible strains, 
although the level of induction, severity of disease, and the range of 
autoantibody specificity are influenced by the genetic background.134 
For example, in response to intraperitoneal pristane, BALB/c mice 
develop autoantibodies to histones, Sm, Su, dsDNA, and collagen 
whereas SJL/J mice predominantly produce antibodies to ribosomal P 
protein. Pristane can also produce inflammatory arthritis in some 
susceptible strains.135 Pristane and related compounds are frequently 
present in the environment, including in human prepared foods, and 
it has been suggested that pristane-induced lupus models the role of 
environmental agents in SLE. However, intraperitoneal exposure to 
this hydrocarbon results in a marked and persistent local inflammatory 
response. Thus, whereas exposure to these and other compounds may 
effect disease expression in humans, it is likely that pristane-induced 
lupus models the impact of chronic inflammation on the immune 
response, particularly with respect to autoantibody production.

Much effort has been devoted to inducing autoimmune disease in 
murine models through exposure to known autoantigens such as DNA 
and RNA. These nucleic acids are more immunogenic when coupled 
to or associated with protein.136,137 For example, nucleosome particles 
are generally more effective in inducing anti-DNA and antinuclear 
antibodies than free DNA in normal or autoimmune strains.138 
However, bacterial-derived DNA that contains the CpG motif is more 
effective at inducing autoantibodies in mice and administration of 

TABLE 126.2 ENGINEERED MODELS OF LUPUS

Targeted gene Genotype Phenotype Reference

CTLA4 Knockout ANA, LAN, GN, early lethality 149, 150

CD22 Knockout ANA 156

CD31 Knockout ANA, GN 157

Lyn Knockout ANA, GN, LAN 158-160

Fyn Knockout ANA, GN 158

FcRIIB Knockout ANA, GN, LAN 161

PTEN Knockout ANA, GN, LAN 162

PD-1 Knockout ANA, GN, LAN 163

PKCδ Knockout ANA, GN, LAN 164, 165

C1q Knockout ANA, GN 169

Blys Transgenic ANA, GN, LAN 145

Bcl2 Transgenic ANA, GN, LAN 146

ANA, antinuclear antibody; GN, glomerulonephritis; LAN, lymphadenopathy ± splenomegaly.
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strain, which is widely used in the generation of gene-targeted mice. 
Hybrid strains between 129 and C57BL/6 mice develop spontaneous 
autoimmunity. Using genome-wide linkage analysis, Botto and col-
leagues identified and mapped several susceptibility loci in 129×C57BL/6 
lupus-prone hybrid mice. By creating a C57BL/6 congenic strain that 
carried a 129-derived segment of chromosome 1, they found that the 
129 chromosomal interval was sufficient to mediate the loss of toler-
ance to nuclear antigens that had previously been attributed to a dis-
rupted gene.169 This result suggests the possibility that background 
gene influences might account for some of the autoimmune phenotype 
ascribed to a single gene in knockout mice and highlights the impor-
tance of epistatic gene modifiers in shaping autoimmune phenotype. 
Such epistatic genetic factors can also suppress autoimmunity. For 
example, Sles1 on chromosome 17 in the NZW strain suppresses the 
development of glomerulonephritis.174,175 Another interesting example 
of the role of epigenetic factors in the development of autoimmune 
disease comes from studies in the congenic B6.Nba2 NZW strain. As 
noted, an interferon-inducible candidate gene has been localized in the 
vicinity of the Nba2 locus. To determine whether factors leading to 
increased interferon production such as viral infections can impact 
murine lupus, Jørgensen and colleagues repeatedly injected mice with 
polyinosinic:polycytidylic acid (polyI:C), mimicking exposure to virus-
derived double-stranded RNA (dsRNA), which led to the production of 
IFN-α/β.176 PolyI:C-treated NZW mice congenic for Nba2 (B6.Nba2 
NZW)F1 and (B6.NZW)F1 hybrid mice developed significantly 
increased levels of anti-dsDNA autoantibodies. Interestingly, polyI:C-
treated (B6.Nba2 NZW)F1 mice, but not (B6.NZW)F1 or parental 
strains, developed accelerated lupus-like nephritis with IgG and com-
plement deposition, which was dependent on IFN-α/β. These data 
suggest that factors that increase the levels of IFN-α/β either directly 
or indirectly can accelerate the course of lupus-like nephritis and that 
this process is dependent on the presence of both NZW- and Nba2-
encoded genes.

These genetic studies in mouse models of SLE, coupled with an 
increasing number of engineered models of autoimmune disease, are 
rapidly expanding our understanding of the pathogenesis of lupus and 
other autoimmune diseases of humans. The ability to analyze the 
function of an abnormal gene in vivo in the context of a fixed, albeit 
complex genetic background is critical to our understanding of normal 
gene function. In addition, in-vivo evaluation of the function and 
effectiveness of targeted immune therapies is a vital first step in trans-
lating novel treatment approaches to people with lupus and other 
similar diseases. Thus, these animal models will continue to provide 
an important role in the study of autoimmune disease in the future.

co-stimulatory molecules, and is required for normal lymphocyte devel-
opment. Dimeric CD45 is maintained in an inactive state when a 
wedge-shaped domain from one homodimer is inserted in the catalytic 
site of the other homodimer. However, mice with a targeted single 
point mutation (glutamate 613 to arginine) that inactivates this  
inhibitory wedge of CD45 develop polyclonal lymphocyte activation, 
lymphoproliferation, autoantibody production, and autoimmune  
glomerulonephritis.166 This in-vivo genetic study in an enginereed 
mouse model is another example of how loss of negative regulation of 
lymphocyte activation can lead to autoimmune disease, demonstrating 
the importance of precise lymphocyte regulation in maintaining toler-
ance and preventing a shift in balance to the development of autoim-
munity. It also illustrates how a very small genetic change can upset 
this balance. Engineered models have also confirmed and further 
defined the importance of antigen clearance in preventing autoreactiv-
ity that was initially suggested by the discovery that loss of Fas-medi-
ated apoptosis leads to autoantibody production in the MRL/lpr mouse. 
Genes involved in the clearance of the products of cellular apoptosis, 
including DNA (DNAse I), chromatin (serum amyloid P), and cellular 
proteins (C1q) have been studied in vivo using targeted deletion. In 
each case, knockout mice develop antinuclear autoantibodies and 
immune complex glomerulonephritis.167-169 Interestingly, C1q defi-
ciency in humans is a strong predictor of developing SLE.170 Another 
group of molecules whose importance in lupus has been demonstrated 
in vivo in animal models and subsequently in SLE are the immuno-
modulatory cytokines, particularly the interferon gene family.26 For 
example, mice transgenic for IFN-γ develop lupus nephritis with anti-
nuclear autoantibodies171 and NZB mice with type-I interferon receptor 
deficiency exhibit an attenuation of their lupus-like disease.172

Despite these examples of single gene defects leading to autoim-
munity in vivo, genetic linkage studies in mouse models of autoim-
munity, particularly lupus, indicate that this complex systemic 
autoimmune disease is the result of abnormalities in multiple genes, 
as is the case with SLE. Nevertheless, spontaneous single mutations 
that can confer increased autoimmune susceptibility may occur spon-
taneously and are maintained in inbred mouse strains. Correspond-
ingly, an important factor that must be considered in interpreting 
results of studies of engineered mouse models of autoimmune disease 
is the genetic background of the parental strains, which potentially 
could carry unrecognized autoimmune susceptibility genes. In fact, the 
genetic background can markedly influence the autoimmune lupus 
phenotype in gene-targeted mice. Thus, there may be variable compo-
nents of autoimmune susceptibility in some “normal” mouse strains. 
This possibility has been verified in a recent study of the 129 mouse 
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Fluorescent ANA assay
Although originally performed using mouse liver, present-day fluores-
cent ANA tests generally use Hep-2 cells (a human laryngeal carcinoma 
cell line). The cells are grown on slides, fixed and permeabilized, and 
then incubated with diluted serum (see Fig. 127.1a). After washing off 
excess serum, cells are incubated with fluorescently labeled goat anti-
human IgG antibodies, washed again, and viewed using an epifluores-
cence microscope. The titer (see Fig. 127.1b) and pattern (see Fig. 
127.1c) are reported. Although interpretation of fluorescent ANA stain-
ing is observer dependent and may vary even among highly trained 
observers, fluorescence at a 1:160 dilution probably yields the optimal 
balance between sensitivity and specificity. At this dilution, SLE can 
be discriminated correctly from healthy controls 95% of the time.

A wide variety of staining patterns may be seen, but the most 
common are homogeneous, speckled, nucleolar, cytoplasmic, centro-
mere, and proliferating cell nuclear antigen (PCNA) (see Fig. 127.1c). 
These patterns result from antibodies that recognize different subcel-
lular structures. A homogeneous pattern may be due to anti-DNA or 
anti-chromatin autoantibodies, whereas a speckled pattern frequently 
is associated with autoantibodies against ribonucleoproteins. Cytoplas-
mic staining is seen in patients with autoantibodies to ribosomes, 
Ro60, or tRNA synthetases. A nucleolar pattern is suggestive of sclero-
derma, and a centromere pattern often is associated with the CREST 
(calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodac-
tyly, telangiectasia) variant of scleroderma. Variable staining of inter-
phase nuclei is usually due to anti-PCNA. Drawbacks to the fluorescent 
ANA test include the labor required, the training necessary to interpret 
the patterns, and the inability to determine the precise antigen recog-
nized by the patient’s serum. For this reason, alternative approaches 
have been developed.

Alternative techniques for detecting ANAs
Double immunodiffusion
Double immunodiffusion was first used to define lupus autoantibodies 
in the 1960s and provided early evidence that certain individual auto-
antibodies are more specific for the diagnosis of SLE than an ANA 
assay. Autoantibodies detected with high specificity using this tech-
nique include anti-Sm, nRNP, Ro (SS-A), La (SS-B), topoisomerase I 
(Scl-70), and Jo-1. The assay is performed by adding cellular antigens 
to wells punched in an agarose gel and patients’ serum samples to 
adjacent wells. The antigens and antibodies diffuse toward one another 
in the gel, forming insoluble antigen-antibody complexes (precipitin 
lines) when the antigen to antibody ratio is near equivalence. Although 
highly specific, this assay is labor intensive and has largely been 
replaced by enzyme-linked immunosorbent assays (ELISAs) and mul-
tiplex bead assays, which can be automated and are more quantitative 
(Fig. 127.2a, b).

Enzyme-linked immunosorbent assay
The ELISA technique involves adherence of antigens to plastic wells 
followed by sequential incubation with diluted patient serum followed 
by an enzyme-conjugated secondary antibody (e.g., alkaline phospha-
tase-conjugated goat anti-human IgG antibodies) that is used to detect 
binding of the patient’s immunoglobulin to the antigens (see Fig. 
127.2a). An enzyme substrate producing a colored reaction product is 
added, and the product is measured semi-quantitatively using a 
spectrophotometer.

Autoantibodies in systemic 
lupus erythematosus
Westley H. Reeves, Yi Li, and Haoyang Zhuang

 Some autoantibodies have a high diagnostic specificity for 
systemic lupus erythematosus (SLE), particularly anti-Sm, anti-
dsDNA, anti-ribosome P, and PCNA.

 The levels of some autoantibodies parallel disease activity.
 Certain autoantibodies are associated with clinical subsets of 

disease.
 Some autoantibodies may directly or indirectly cause cell or tissue 

injury.
 Autoantibodies provide important clues to the etiology of SLE.
 Autoantibodies may be induced by antigenic components released 

from dead cells or exosomes released from living cells.
 Autoantibodies are useful tools for cell biologists to use in 

exploring the function of cellular antigens.

INTRODUCTION
Nearly all patients with systemic lupus erythematosus (SLE) produce 
autoantibodies. The first evidence for the existence of autoantibodies 
was Hargraves’ description of the LE cell phenomenon (phagocytosis 
of intact nuclear material by polymorphonuclear leukocytes) in 1948.1 
The existence of antinuclear antibodies (ANAs) and anti-DNA antibod-
ies was reported in 1957, and autoantibodies to non-histone autoanti-
gens (anti-Sm antibodies) were first reported in 1966.1 Over the next 
30 years, a diverse array of autoantibodies associated with lupus and 
other systemic autoimmune diseases was identified. Although many 
have become standard markers for specific disease subsets or clinical 
manifestations, their origin is only now beginning to be elucidated. In 
this chapter we review the major autoantibodies associated with SLE, 
their diagnostic applications and role in disease pathogenesis, and the 
current hypotheses regarding their origins.

ANTINUCLEAR ANTIBODIES
Most of the autoantibodies produced by lupus patients recognize 
nuclear antigens, although antigens located in the cytoplasm, on the 
cell surface, or secreted by the cell may be recognized. The simplest 
assay for screening for autoantibodies is the fluorescent ANA assay 
(Fig. 127.1). With cultured human cells, such as the Hep-2 cell line, 
as substrate, more than 95% of lupus patients have a positive ANA 
assay. “ANA negative lupus” is described but is usually associated with 
autoantibodies against cytoplasmic autoantigens, such as Ro (SS-A). 
Although sensitivity of the fluorescent ANA assay is high, the specific-
ity for SLE is only about 20%, with a positive predictive value of 11% 
to 13%.2 Thus, whereas a negative ANA assay is helpful to exclude 
lupus, a positive ANA assay is considerably less useful for making that 
diagnosis. Besides SLE, a positive ANA test may be seen in other sys-
temic autoimmune diseases, autoimmune thyroid disease, drug-
induced lupus, infections, and neoplastic diseases. Some healthy 
individuals also have a positive result.3 This is highly dependent on 
the serum dilution used for testing and on the age of the individual. 
Although only about 3% of randomly selected healthy individuals are 
positive at 1:320 dilution, this increases to about 30% at a 1:40 serum 
dilution.1
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Crude nuclear extracts have been used in ELISA to substitute for 
the fluorescent ANA test, but the binding of different antigens to 
plastic surfaces is difficult to control reliably. For this reason, mixtures 
of purified or recombinant antigens are often used. However, the limi-
tation is that autoantibodies reactive with antigens not included in the 
antigen mix will not be detected. ELISAs are widely used in automated 
testing for antibodies against single autoantigens and generally perform 
acceptably in this setting. However, both false-positive and false- 
negative results occur, so the test results must be interpreted in light 
of the clinical situation.

Multiplex bead assays
In multiplex bead assays, individual autoantigens (e.g., RNP, Sm, 
Ro60) are conjugated to different-colored fluorescent microspheres, 
followed by incubation with serum and fluorescently tagged secondary 
antibodies (see Fig. 127.2b). Using dual lasers to excite fluorescent dyes 
on the microspheres and secondary antibodies, the binding of antibod-
ies to different antigens can be determined. These assays can reliably 

Homogeneous Speckled Nucleolar

Cytoplasmic Centromere PCNA

Microscope slide
with Hep-2 cells

Patient’s serum Fluorescently
labeled goat

anti-human IgG

1:40 serum
dilution

1:40 1:80 1:160 1:320 1:640

Hep-2 cells

Titer = 1:320

a

b

c

FLUORESCENT ANTINUCLEAR ANTIBODY ASSAY

Fig. 127.1 Fluorescent antinuclear antibody assay. (a) Overview of assay. 
Hep-2 cells are grown on a microscope slide, fixed/permeabilized, and then 
incubated with a patient’s diluted serum. After washing off unbound serum, 
the cells are incubated with fluorescently labeled goat anti-human IgG 
antibodies before viewing in an epifluorescence microscope. (b) ANA titer. 
Patient serum is diluted 1:40, and then serial twofold dilutions are performed 
and used to stain Hep-2 cells. In the example there is a weak fluorescent signal 
at 1:320 dilution and no staining at 1:640 (a 1:320 titer). (c) ANA patterns. 
Illustrated are the immunofluorescent staining patterns of anti-DNA antibodies 
(homogeneous pattern), anti-RNP (speckled nuclear pattern), anti-RNA 
polymerase I/III (nucleolar pattern), anti-Jo-1 (cytoplasmic pattern), anti-
centromere (centromere pattern), and anti-PCNA (PCNA, variable intensity, 
pattern).

1. Coat wells with antigen 2. Incubate with serum

3. Add enzyme labeled 2nd Ab 4. Add substrate

RNP

Sm

Ro60

Antigen attached
to fluorescent
microspheres

Incubate
with serum

Incubate with
fluorescently labeled
goat anti-human IgG

1. Infect bacteria with cDNA library
    (bacteriophage λgt11)

2. Replica on nitrocellulose filter

3. Autoantibody

4. Labeled 2nd Ab

7. Excise cDNA,
   clone in 
   plasmid, and 
   express
   recombinant
   protein

6. Purify plaque
    of interest

5. Colored
    reaction product

b

a

c

COMMON IMMUNOASSAYS

Fig. 127.2 Common immunoassays. (a) ELISA. Wells of a 96-well microtiter 
plate are coated with antigen (step 1), followed by the sequential addition of 
diluted patient serum (step 2), enzyme-labeled goat anti-human IgG 
secondary antibody (step 3), and substrate (step 4). Colored product is 
quantified using a spectrophotometer. (b) Multiplex bead assay. Fluorescently 
tagged microbeads coated with different antigens (in this example, RNP, Sm, 
and Ro60) are incubated with diluted patient serum followed by goat 
anti-human IgG antibodies labeled with a different fluorescent dye. The 
binding of antibodies to each of the differently labeled antigen-bearing beads 
is determined using a laser detector. In this example, the patient’s serum 
autoantibodies bind only to the anti-RNP beads. (c) Adaptation of Western blot 
procedure to clone autoantigen genes. Petri dish with a lawn of bacteria is 
infected with a human cDNA library in bacteriophage λgt11, an expression 
vector allowing the inserted human genes to be expressed as protein. A 
replica of the plaques is made by blotting onto a nitrocellulose filter 
impregnated with an inducer of gene expression, which is then incubated 
sequentially with diluted patient serum containing an autoantibody of interest 
and enzyme-labeled secondary antibody. A colored reaction product is 
deposited over one of the replica plaques, allowing that plaque to be 
recovered and purified from the original Petri dish. The gene of interest is 
excised from the bacteriophage, cloned into a plasmid expression vector, and 
used to generate large amounts of recombinant human protein in Escherichia 
coli.



CH
A

PTER 127 
● Autoantibodies in system

ic lupus erythem
atosus

1281

After growing the phage on a “lawn” of bacteria under conditions per-
mitting the inserted genes to be expressed as protein, a replica of the 
plaques is made on a nitrocellulose filter. The filter can then be incu-
bated with autoantibody-containing patient serum followed by the 
detection of reactive plaques following the standard Western blot pro-
cedure. Plaques are expanded, and the gene is recovered from the 
bacteriophage, sequenced, and inserted into a plasmid expression 
vector. Generally a “tag” is added to simplify purification of the recom-
binant protein. Using this approach, human recombinant autoantigens 
can be purified efficiently for use in immunoassays.

Immunoprecipitation assays
Immunoprecipitation of radiolabeled cell extracts is an important 
research tool used to define the protein and nucleic acid components 
of autoantigens and to detect autoantibodies. Tissue culture cells  
are grown in the presence of a radioactive amino acid, usually 35S-
methionine/cysteine. A cell extract is incubated with protein A- 
Sepharose beads to which human autoantibodies have been attached 
via their Fc regions (Fig. 127.3a). Unbound material is washed away, 
and the bound radioactive proteins are dissociated from the beads, 
analyzed by SDS-PAGE, and visualized by exposing the gel to x-ray 
film (see Fig. 127.3b). Similarly, the antigens can be labeled with 32P, 
which is incorporated into nucleic acids. Using immunoprecipitation, 
assays, it has been shown that many of the major autoantigens contain 
nucleic acid (DNA or RNA) components as well as proteins (Fig. 
127.4). The significance of this observation is discussed further later.

detect autoantibodies against multiple analytes in a single test. 
However, only antibodies against components of the antigen mix used 
in the assay can be detected. Thus, these assays provide different 
information than that provided by the fluorescent ANA test. The fluo-
rescent ANA is at present the best screening test for ANA, but it 
provides limited information about the specific types of autoantibodies 
present. In contrast, multiplex bead assays are less sensitive than the 
fluorescent ANA test for screening but provide useful information on 
the types of autoantibodies present in a patient’s serum that is not 
obtainable from the fluorescent ANA test.

Western blot assays
Western blotting involves dissociating cellular antigens in detergents 
and separating them by size using SDS-polyacrylamide gel electropho-
resis (SDS-PAGE). The proteins are transferred from the gel to a mem-
brane (nitrocellulose or nylon) and incubated with the patient’s diluted 
serum followed by an enzyme-labeled secondary antibody. The tech-
nique is analogous to ELISA, except that reactivity of the patient’s 
serum with individual proteins can be seen on the membrane or “blot.” 
The problem with Western blot assays is that the detergents used to 
dissociate the cellular antigens before SDS-PAGE result in partial dena-
turation, sometimes rendering the antigens unrecognizable by autoan-
tibodies. A modification of the Western blot strategy has been used to 
identify and clone and express genes encoding lupus autoantigens (see 
Fig. 127.2c). Complementary DNA libraries from human cells have 
been generated in expression vectors, such as bacteriophage λgt11. 

Radioactive
amino acid

Tissue
culture cell

Antibody

Protein A
sepharose

Radiolabeled protein

SDS-PAGE Autoradiograph

Sm RNP Ro La rP Su RH Ku P His N

205K

A

B’/B

C

D1/D2/D3

E/F
G

a

b

ANALYSIS OF AUTOANTIGENS AND AUTOANTIBODIES BY IMMUNOPRECIPITATION

Fig. 127.3 Analysis of autoantigens and autoantibodies by 
immunoprecipitation. (a) Method. Tissue culture cells are grown in 
culture medium containing a radioactive amino acid. A cell extract 
is prepared and incubated with protein A-Sepharose beads that 
have been pre-incubated with a patient’s serum containing 
antibodies. Cellular antigens recognized by the serum 
autoantibodies become attached to the beads, and unbound 
proteins are washed away. The radioactive proteins are then eluted 
from the beads and analyzed by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) followed by exposure to x-ray film 
(autoradiography). (b) SDS-PAGE analysis of serum samples. 
Arrowheads indicate specific protein bands characteristically 
immunoprecipitated by each type of autoantibody: Sm, RNP, Ro60, 
La, ribosomal P0, P1/P2 (rP), Su, RNA helicase A (RH), Ku, PCNA (P), 
and histone (H). N, normal human serum.
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B′/B, C, D1/D2/D3, E, F, and G (70K labels poorly) appear in the “RNP” 
lane (see Fig. 127.3b). Anti-Sm sera also immunoprecipitate proteins 
A to G, but because all U snRNPs contain the Sm core particle, the 
U5-205K proteins are present as well (see Fig. 127.3b, “Sm”).

Anti-Sm antibodies are detectable in 10% to 25% of unselected 
lupus sera, but the prevalence is higher in black versus white SLE 
patients (Fig. 127.5). Anti-Sm antibodies are found only in SLE, 
whereas anti-RNP antibodies are seen in lupus as well as other sys-
temic autoimmune disorders.1,4 In humans, they are virtually always 
associated with anti-RNP.5 In contrast, anti-RNP antibodies are often 
present without anti-Sm, a pattern characteristic of mixed connective 
tissue disease. In most human sera, the levels of anti-RNP are higher 
than the levels of anti-Sm.1 Usually autoantibodies are produced 
against more than one of the protein components of the U1 snRNP, 
and about 40% of these sera contain autoantibodies against the U1 
small RNA.6

Ro60 (SS-A) and La (SS-B) autoantigens
Anti-Ro (SS-A) antibodies recognize a set of primarily cytoplasmic 
ribonucleoproteins consisting of the 60-kDa Ro60 antigen and a single 
molecule of human Y1, Y3, Y4, or Y5 RNA (see Figs. 127.3b and 
127.4b). The 47-kDa La (SS-B) antigen associates transiently with the 
precursors of several small RNAs synthesized by RNA polymerase III, 
including Ro60 ribonucleoproteins, and protects them from exonucle-
ases.1 La is a termination factor for RNA polymerase III.

AUTOANTIGENS AND CLINICAL SIGNIFICANCE 
OF AUTOANTIBODIES
Through the use of molecular techniques, such as immunoprecipita-
tion, Western blotting, and molecular cloning, autoantibodies specific 
for SLE, systemic sclerosis (SSc) polymyositis/dermatomyositis (PM/
DM), rheumatoid arthritis (RA), or other clinical subsets have been 
identified and their cognate autoantigens characterized (see Fig. 127.3b, 
Table 127.1).

Sm and RNP autoantigens
Anti-Sm and anti-RNP autoantibodies recognize a set of small nuclear 
ribonucleoproteins (snRNPs) containing highly structured, uridine-rich 
small RNAs (U1, U2, U4, U5, and U6 RNAs) involved in the splicing 
of messenger RNA (Table 127.2). All of these contain a group of pro-
teins known as the “Sm core particle,” which forms a donut-shaped 
ring surrounding the RNA strand (proteins B′, B, D1, D2, D3, E, F, 
and G) that is recognized by anti-Sm antibodies (see Fig. 127.4a). Along 
with a single molecule of U1, U2, U4/U6, or U5 RNA, individual 
snRNPs contain unique proteins: proteins 70K, U1A and U1C (reac-
tive with anti-RNP antibodies) in the case of U1 snRNPs (see Fig. 
127.4a), and 200/205-kilodalton proteins (U5-205K) in the case of U5 
snRNPs. The structure of these macromolecular particles is responsible 
for the patterns shown in Figure 127.3b. Anti-RNP antibodies immu-
noprecipitate the U1 snRNP as an intact particle, and the proteins A, 

DNA

Anti-RNP
antibodies 70K

A

C

U1 RNA

B’, B, D1,
D2, D3, E, F, G

Anti-Sm
antibodies

hY1 RNA

Ro60
(SSA)

La (SSB)

Core histones

Histone H1

b

c

STRUCTURE OF SOME REPRESENTATIVE AUTOANTIGENS

a

Fig. 127.4 Structure of some representative autoantigens. (a) U1 snRNP. The particle contains proteins reactive with 
anti-Sm antibodies (B′, B, D1, D2, D3, E, F, G) as well as anti-RNP antibodies (A, 70K, and C), all associated with a 
single molecule of U1 small RNA. (b) Human Y1 ribonucleoprotein. The Ro60 protein is associated with a single 
molecule of human Y1 RNA (hY1). La (SS-B) antigen associates transiently with sequences located at the 3′ end of 
the newly synthesized hY1 RNA. (c) Nucleosomes and chromatin. DNA is looped around core histone (H2A/H2B)2, 
H3, and H4 octamers forming nucleosomes with the appearance of beads on a string. Histone H1 is associated with 
linker DNA sequences. More complex folding and the association of additional non-histone proteins results in the 
formation of chromatin fibers.
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TABLE 127.1 EXAMPLES OF DIAGNOSTICALLY IMPORTANT AUTOANTIBODIES

Disease Autoantibody Clinical associations

SLE dsDNA Highly specific for SLE with renal disease and increased IFN

Sm Highly specific for SLE with renal disease and increased IFN

Ribosomal P0, P1, P2 Highly specific for SLE, increased risk of neuropsychiatric disease

RNA helicase A Highly specific for SLE; marker for early lupus

PCNA

Proteins, such as β2-glycoprotein I, bound 
to anionic phospholipids

Not specific for SLE; increased risk of thrombosis, fetal loss, and 
neuropsychiatric disease

Mixed connective tissue disease (MCTD) RNP Highly sensitive for MCTD but not specific

Systemic sclerosis Scl-70 (topoisomerase I) Highly specific for SSc with poor prognosis

Fibrillarin Highly specific for SSc

RNA polymerase I/III Highly specific for SSc with poor prognosis

To/Th Highly specific for SSc

CREST syndrome Centromere

Polymyositis tRNA synthetases: histidyl (Jo-1), threonyl, 
alanyl, isoleucyl, glycyl, leucyl, aspartyl, 
and others

Highly specific for myositis with “anti-synthetase syndrome” (myositis, 
interstitial lung disease, inflammatory arthritis, Raynaud’s 
phenomenon, mechanic’s hands)

Signal recognition particle (SRP) Highly specific for myositis with poor prognosis

Sjögren’s syndrome (SS) Ro60 (SS-A) Sicca syndrome in primary or secondary SS, neonatal lupus/heart block

Ro52 Sicca syndrome in primary or secondary SS, neonatal lupus/heart block

La (SS-B) Sicca syndrome in primary or secondary SS, neonatal lupus/heart block

Rheumatoid arthritis Cyclic citrullinated peptide Highly specific for RA

TABLE 127.2 NUCLEIC ACID COMPONENTS OF 
SOME MAJOR LUPUS AUTOANTIGENS

Autoantibody Autoantigen
Associated 
nucleic acid

Innate immune 
receptor

Anti-Sm U1, U2, U4/U6, and 
U5 snRNPs

U1, U2, U4/U6, 
and U5 RNA

TLR7

Anti-RNP U1 snRNP U1 RNA TLR7

Anti-Ro60 
(SS-A)

Ro60 (transiently 
associated with La)

hY1, hY3, hY4, 
and hY5 RNA

TLR7

Anti-Su Argonaute 2 Micro RNAs TLR7

Jo-1 and others tRNA synthetases tRNAhis and others ?*

Anti-P0, P1, P2 Ribosomal P 
proteins

Ribosomal RNA ?

Anti-dsDNA Nucleosomes dsDNA TLR9

Anti-chromatin Nucleosomes dsDNA TLR9

Anti-PCNA DNA polymerase δ dsDNA TLR9

Anti-Ku DNA binding 
subunit of 
DNA-dependent 
protein kinase

dsDNA TLR9

*Known to be immunostimulatory, receptor not identified.

In addition to its interactions with the hY RNAs, Ro60 binds mis-
folded RNAs and plays a role in quality control of U2 and 5S ribosomal 
RNAs.7 It appears to confer protection against UV irradiation by pro-
moting the degradation of damaged (misfolded) RNA. Like the Sm core 
particle, Ro60 antigen forms a donut-shaped structure through which 
single-stranded RNA passes. Mice deficient in the Ro60 antigen develop 
a lupus-like syndrome, raising the possibility that Ro plays an impor-
tant role in preventing autoimmunity (see later).8

Although autoantibodies against the 52-kilodalton Ro52 protein are 
strongly associated with anti-Ro60 and anti-La (SS-B), Ro52 is not an 
integral component of the Y1-Y5 ribonucleoprotein particles. It is an 
interferon-inducible member of the tripartite motif (TRIM) family 
bearing a RING motif and capable of functioning as an E3 ligase that 
ubiquitinates the transcription factor interferon regulatory factor 8.9

Anti-Ro/La autoantibodies are associated with sicca syndrome and 
are present in Sjögren’s syndrome as well as SLE, PM/DM, and SSc. 
The prevalence of anti-Ro60 antibodies in primary Sjögren’s syndrome 
is 60% to 80%, whereas in SLE it is 10% to 50%.1 As is true of anti-Sm/
RNP antibodies, there are significant ethnic differences in the preva-
lence (see Fig. 127.5). The prevalence of anti-La autoantibodies ranges 
from 10% to 20% in both SLE and Sjögren’s syndrome (see Fig. 127.5). 
Anti-La autoantibodies are nearly always associated with anti-Ro60 
and/or Ro52.

Anti-Ro60, anti-Ro52, and anti-La autoantibodies also are associ-
ated with neonatal cardiac conduction abnormalities, including con-
genital complete heart block.10 These autoantibodies pose a risk to the 
fetus during pregnancy; and although the risk of conduction abnormali-
ties is low, screening should be performed in pregnant women with 
systemic autoimmune disease as well as in asymptomatic women with 
a prior pregnancy complicated by fetal heart block. IgG anti-Ro/La 
antibodies cross the placenta and damage the conduction system by 
binding to autoantigens from apoptotic cells followed by an Fc recep-
tor–mediated inflammatory response with TNF-α production and 
fibrosis.10 The greatest risk is late in the second trimester, between the 
22nd and 30th weeks of gestation. Fetal cardiac monitoring is recom-
mended during this period; and if low-grade heart block develops, there 
may be a role for plasmapheresis or therapy with dexamethasone 
(which unlike prednisone is not metabolized by the placenta and is 
available to the fetus in active form).

Anti-Ro60 and anti-La autoantibodies also are associated with sub-
acute cutaneous lupus, a photosensitive skin lesion. Interestingly, 
cases of subacute cutaneous lupus induced by hydrochlorothiazide, 
terbinafine, and other drugs also are associated with anti-Ro antibodies. 
Transplacental passage of anti-Ro/La antibodies can cause a similar, 
but transient, rash in the neonate (neonatal lupus syndrome).11
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(see later). In mice, glomerular inflammation is dependent on IgG 
binding to stimulatory Fc receptors, since FcγRI/III–deficient mice have 
immune deposits but not renal damage.14

Anti-DNA measurements may be useful for monitoring disease 
activity. Anti-DNA and complement (C3, C4) levels sometimes vary 
reciprocally over time, although the clinical usefulness is somewhat 
controversial.15 Assays for anti-DNA, such as the radioimmunoassay 
(the Farr assay), Crithidia luciliae kinetoplast staining assay, and ELISA 
must distinguish between anti-ssDNA and anti-dsDNA antibodies, 
because only the latter are useful for monitoring disease activity. Speci-
ficity for dsDNA is ensured by removing ssDNA (e.g., S1 nuclease 
treatment) or through the use of closed circular dsDNA, as in the 
Crithidia assay. The Crithidia luciliae kinetoplast is a closed circular 
DNA molecule packaged in histones that can be used to detect anti-
dsDNA antibodies by an immunofluorescence technique. High-affinity 
anti-dsDNA antibodies, detected by the Farr assay, may be the most 
predictive of disease activity and may increase 10 or more weeks before 
a flare.15 Although controversial, some would institute corticosteroid 
therapy when Farr assay activity increases.16

Ribosomal P0, P1, and P2 autoantigens
Autoantibodies against the ribosomal P0, P1, and P2 antigens recog-
nize proteins of approximately 38, 19, and 17 kilodaltons, respectively 
(see Fig. 127.3b), that are components of the stalk of the large (60S) 
ribosomal subunit. They bind primarily to a conserved epitope located 
on the carboxyl-terminal 22 amino acids of all three proteins.17 The 
proteins form a pentamer with the structure P0-(P1/P2)2 that is part of 
the ribosomal GTPase center and is essential for ribosomal interactions 
with elongation factors.

Anti-P0/P1/P2 autoantibodies are highly specific for SLE and have 
been linked with neuropsychiatric manifestations of the disease.17 The 
prevalence of anti-P in our cohort is less than 5% (see Fig. 127.5). The 
association of anti-P antibodies with neuropsychiatric lupus is some-
what controversial and may be of limited diagnostic value. A recent 
multicenter study did confirm an association between anti-P antibodies 
and neuropsychiatric lupus, but the sensitivity was low.18 Thus, anti-P 
antibodies are a good marker for SLE but only weakly predict the 

DNA, nucleosomes, and chromatin
Chromatin consists of dsDNA with its associated histones and non-
histone proteins. The DNA is wound around a core histone octamer 
consisting of two molecules each of H2A/H2B, H3, and H4.12 A single 
octamer with 145 base pairs of DNA wound around it is called a 
nucleosome (see Fig. 127.4c). Linker DNA is associated with histone 
H1 and connects the nucleosomes. The entire structure resembles 
beads on a DNA string. Additional folding leads to the formation of 
more complex chromatin fibers. Anti-DNA, anti-nucleosome, and 
anti-chromatin autoantibodies exhibit a homogeneous pattern of  
staining in the fluorescent ANA assay (see Fig. 127.1C).

Autoantibodies against chromatin and nucleosomes are diverse. 
The LE phenomenon is caused by a subset of these antibodies.  
The most important target antigen in SLE appears to be the H2A/H2B/
DNA complex, although antibodies against this structure are not 
disease specific. Autoantibodies to chromatin, nucleosomes, and 
ssDNA also are found in SSc; drug-induced lupus caused by procain-
amide, hydralazine, quinidine, or isoniazid; and SLE. In procainamide-
induced lupus, anti-H2A/H2B/DNA antibodies may be found a year  
or more before the onset of symptoms and at the time of diagnosis  
are present in 84% of patients. They disappear after cessation of the 
drug and, unlike anti-dsDNA antibodies, are not associated with 
nephritis.

Anti-dsDNA antibodies are 95% specific for SLE if appropriate 
assays are employed.13 At some time during the disease course, about 
70% of SLE patients have anti-dsDNA antibodies; and at any particular 
point in time, about half are positive (see Fig. 127.5). Glomerular 
immune deposits in some lupus nephritis patients are enriched in 
anti-dsDNA antibodies, suggesting that anti-DNA immune complexes 
are pathogenic.1 However, not all patients with anti-DNA antibodies 
develop nephritis. Immune complexes become trapped in the glomeru-
lar basement membrane (GBM) during filtration or form in situ when 
nucleosomes are deposited in the GBM and later bound by autoanti-
bodies. In addition, some anti-DNA antibodies may be nephritogenic 
because they cross react with endogenous glomerular antigens. The 
recent discovery that mammalian DNA interacts with Toll-like recep-
tor (TLR)-9 (TLR9) raises the possibility that immunostimulatory 
DNA in immune complexes could play a role in renal inflammation 

60

40

20

0
dsDNA Sm RNP Ro La Su Rib P PCNA Ku

% positive

Black (n = 388) White (n = 789) Latin (n = 62) Asian (n = 22)

FREQUENCIES OF AUTOANTIBODIES: UNIVERSITY OF FLORIDA LUPUS COHORT

Fig. 127.5 Frequencies of autoantibodies: University of Florida Lupus Cohort. Sera from 1281 patients meeting ACR criteria for 
the classification of lupus were tested for lupus-associated autoantibodies either by immunoprecipitation (anti-Sm, RNP, Ro60, La, 
Su, ribosomal P, PCNA, Ku) or ELISA (anti-dsDNA). The % positive sera are plotted by ethnicity (black, white, Latin, Asian).
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Cell membrane antigens
SLE patients can produce autoantibodies against membrane antigens 
of erythrocytes, platelets, neurons, endothelial cells, lymphocytes, and 
neutrophils. Most common are anti-erythrocyte autoantibodies detect-
able using the direct antiglobulin (Coombs) test in which antibodies 
bound to the patient’s erythrocytes are detected by adding anti-human 
immunoglobulin antibodies to washed erythrocytes and observing for 
agglutination of the red cells. In some cases, these antibodies cause 
destruction of the antibody-coated erythrocytes in the spleen and liver 
by Fc-receptor–mediated uptake by phagocytes of the reticuloendothe-
lial system. Warm autoantibodies (typically IgG), which bind optimally 
to their antigens at 35° to 40°C, cause Fc-receptor–mediated uptake of 
the erythrocytes and are the most characteristic of SLE. They usually 
are directed against Rh antigens, although, in some cases, immuno-
globulin eluates from lupus erythrocytes contain anticardiolipin anti-
bodies. If removal of IgG-coated erythrocytes by the reticuloendothelial 
system exceeds the ability of the bone marrow to replace them, anemia 
ensues. Although 10% to 50% of SLE patients are direct Coombs posi-
tive, most do not have AIHA.

Antiplatelet autoantibodies cause idiopathic thrombocytopenic 
purpura, a disorder of platelet consumption that may exist by itself or 
in conjunction with SLE. The disease in SLE patients is indistinguish-
able from “primary” ITP. The main target of antiplatelet antibodies 
appears to be the GPIIb-IIIa (CD41/CD61) complex. Unfortunately, 
laboratory tests for antiplatelet antibodies are unreliable, complex, and 
not widely available. Matters are complicated further by the fact that 
preformed DNA/anti-DNA immune complexes as well as anticardio-
lipin antibodies can bind to platelets.

Autoantibodies against lymphocytes may cause lymphopenia in 
SLE. A variety of antigenic targets have been identified, including iso-
forms of CD45. Antineuronal antibodies have been identified in some 
SLE patients, and anti-DNA antibodies cross-reactive with the 
N-methyl-d-aspartate (NMDA) receptor cross the blood-brain barrier 
in humans and can cause neurologic disease in mouse models.24 
However, their association with neuropsychiatric manifestations of 
lupus is somewhat controversial.18

AUTOANTIBODIES AS THE INITIAL 
MANIFESTATION OF AUTOIMMUNITY
Autoantibodies can play a direct role in disease pathogenesis, as in the 
transplacental transfer of anti-Ro/La autoantibodies in neonatal lupus 
and fetal heart block, autoimmune hemolytic anemia and thrombocy-
topenia, and antiphospholipid syndrome. It is puzzling, however, why 
certain autoantibodies directed against intracellular antigens normally 
sequestered away from the immune system are nevertheless produced 
only by patients with SLE.

These disease-specific autoantibodies can be the initial manifesta-
tion of disease, appearing months or years before the onset of symp-
toms. Anti-Ro/La, anti-Sm/RNP, anti-DNA, and antiphospholipid 
antibodies may appear long before the onset of SLE.25 Although SLE 
can be preceded by serologic abnormalities, less is known about the 
risk of developing lupus in an asymptomatic population of anti-Sm/
RNP, Ro/La, or dsDNA autoantibody positive individuals. The develop-
ment of specific autoantibodies before the onset of disease is not 
restricted to SLE, because the same phenomenon is seen in many other 
systemic autoimmune diseases such as biliary cirrhosis (anti-mito-
chondrial), limited (anti-centromere) and diffuse (anti-Scl70) sclero-
derma, polymyositis (anti-tRNA synthetase), and rheumatoid arthritis 
(RF and anti-citrullinated peptide antibodies [ACPAs]).

MECHANISMS OF AUTOANTIBODY  
PRODUCTION IN SYSTEMIC  
LUPUS ERYTHEMATOSUS
Maintenance of self-tolerance
Mechanisms of self-tolerance are complex and their discussion is 
beyond the scope of this chapter and are only summarized here: see 
reviews for a complete discussion.26,27 Self-tolerance is achieved at 

neuropsychiatric involvement (see Table 127-1). Anti-P autoantibodies 
can be detected readily by immunoprecipitation (see Fig. 127.3b) but 
generally are detected by ELISA using a synthetic peptide containing 
the dominant C-terminal epitope.

PCNA, RNA helicase A, Ku, and Su antigens
PCNA is a 36-kDa protein that serves as an auxiliary factor for DNA 
polymerase δ. Autoantibodies are found in 1% to 5% of SLE sera and 
are fairly specific for that diagnosis.19 They are detected most reliably 
by immunoprecipitation (see Fig. 127.3b) and produce a characteristic 
pattern on immunofluorescence using methanol-fixed cells. The 
antigen is loosely associated with the nucleus in resting (G0) cells and 
is extracted by methanol. Therefore, anti-PCNA antibodies stain the 
nuclei of proliferating but not resting cells, resulting in variable fluo-
rescence intensity (see Fig. 127.1c). In contrast, all cells are stained 
after formalin fixation. Because of the low prevalence of anti-PCNA 
(see Fig. 127.5), it is difficult to be certain how specific they are for 
SLE.

Autoantibodies to RNA helicase A are produced primarily by non–
African-American SLE patients and are highly disease specific.20 Unlike 
anti-Sm, they appear early in disease and then disappear. The preva-
lence is 3% to 7.5% in SLE. The antigen is an abundant 140-kDa 
member of the DExD/H box family (see Fig. 127.3b) thought to be 
a transcriptional co-activator bridging transcription factors and 
co-factors.

The Ku antigen is a heterodimer consisting of 70- and 80-kDa 
protein subunits that bind termini of dsDNA breaks. It is the DNA-
binding subunit of a DNA-dependent protein kinase (DNA-PK) of 
molecular weight 460 kDa.21 Ku-DNAPK plays a critical role in dsDNA 
break repair during immunoglobulin V(D)J recombination and class 
switch recombination. Deficiency of Ku70, Ku80, or DNA-PK catalytic 
subunit leads to severe combined immunodeficiency because of the 
inability to rearrange immunoglobulin and T-cell receptor gene seg-
ments and also causes defective repair of radiation-induced DNA 
damage. Autoantibodies against Ku are found in about 10% of African-
American lupus patients but are rare in whites (see Fig. 127.5). Besides 
SLE, they are associated with PM/DM, SSc, and PM-SSc overlap syn-
drome. They are detected by ELISA or immunoprecipitation (see Fig. 
127.3b).

Anti-Su autoantibodies immunoprecipitate several proteins, includ-
ing a 100-kDa protein identical to the human Argonaute (Ago) protein 
hAgo2, a catalytic enzyme in the RNAi pathway.22 Many of the sera 
also recognize other components of the pathway, such as hAgo 1, 3, 
4, and Dicer. The prevalence of these antibodies is 10% to 20% in SLE 
(see Fig. 127.5), but anti-Su antibodies also are seen in SSc, overlap 
syndromes, and other diseases.

Phospholipid-dependent antigens
The initial evidence for “anti-phospholipid” autoantibodies came from 
the high frequency of false-positive syphilis tests in SLE. The Venereal 
Disease Research Laboratory (VDRL) or rapid plasma reagin (RPR) test 
is positive, but confirmatory testing using the anti-treponemal antigen 
test is negative. The basis for these false-positive reactions is the pres-
ence of a phospholipid, cardiolipin, in the antigen mixture. “Anti-
cardiolipin” antibodies do not actually bind the anionic phospholipid 
but instead recognize serum proteins, usually β2-glycoprotein I, that 
bind cardiolipin.23 Autoantibodies against other anionic phospholipid 
binding proteins, such as protein S and protein C, have been detected 
as well but are less common. Additional antiphospholipid antibodies, 
called “lupus anticoagulants,” are detected because they prolong in-
vitro phospholipid-dependent coagulation tests, such as the partial 
thromboplastin time or the dilute Russell viper venom time. Although 
termed anticoagulants, they are procoagulant and therefore associated 
with an increased risk of thrombosis and fetal loss.23 Antiphospholipid 
autoantibodies are found in 20% to 40% of SLE patients, less than half 
of whom have “antiphospholipid syndrome,” defined as vascular 
(venous or arterial) thrombosis or pregnancy morbidity associated with 
either anti-cardiolipin antibodies or a lupus anticoagulant. Antiphos-
pholipid autoantibody syndrome is a challenging clinical problem (see 
Chapter 135).
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IFN-α treatment in hepatitis C infection and certain neoplastic 
diseases is sometimes complicated by autoimmune phenomena, 
including ANAs, anti-dsDNA antibodies, and SLE.33,34 A positive ANA 
test is seen in up to 22% of patients treated with IFN-α. Also, individu-
als with a partial trisomy of chromosome 9 involving the IFN-I gene 
cluster exhibit chronically elevated IFN-I and develop anti-RNP and 
anti-Ro60 autoantibodies.35

IFN-I also appears to plays a pathogenic role in murine lupus 
models. Lupus in (NZB×NZW)F1 mice is accelerated by IFN-α,36 
and experimental lupus induced by the hydrocarbon 2,6,10,14- 
tetramethylpentadecane (pristane) is associated with the interferon 
signature and strictly dependent on signaling through the IFNAR 
chain.37

The mechanism of IFN-I dysregulation is an area of intensive 
research. In mammalian cells, both endosomal and cytoplasmic signal-
ing pathways are responsible for IFN-I production induced as a response 
to pathogen-associated molecular patterns.38 TLR7 and TLR8 recog-
nize viral ssRNA, and TLR9 recognizes unmethylated CpG DNA, 
generally of microbial origin. However, these TLRs can recognize 
endogenous nucleic acids as well.39,40 TLR7, TLR8, and TLR9 stimu-
late IFN-I secretion through a signaling pathway utilizing the adaptor 
protein MyD88.38 In contrast, TLR3 (an endosomal receptor for viral 
dsRNA) utilizes a signaling pathway employing the adapter protein 
TRIF.38 Foreign nucleic acids in the cytoplasm also are recognized by 
innate immune system receptors: cytoplasmic RNA is recognized by 
RIG-I or MDA-5 and signals through the adapter protein IPS-1, and a 
TBK-1–dependent pathway for recognition of cytoplasmic DNA also 
exists.38 The induction of both lupus autoantibodies (e.g., anti-Sm/
RNP) and clinical disease (glomerulonephritis) by pristane is strictly 
dependent on signaling through TLR7 and MyD88 and independent 
of the TRIF, IPS-1, and TBK-1 pathways.41 Interestingly, lupus in BXSB 
male mice results from duplication of the TLR7 gene, resulting in 
enhanced TLR7-mediated IFN production.41,42 And both TLR7 and 
TLR9 have been implicated in the pathogenesis of autoantibodies in 
MRL mice.43 In summary, dysregulated IFN-I production stimulated 
by endogenous nucleic acids may be involved in the pathogenesis of 
lupus.

Endogenous TLR7 and TLR9 ligands
There is little evidence linking abnormal IFN-I production in lupus to 
exogenous (microbial) TLR ligands, and most evidence points to endog-
enous ligands. Although TLR9 in late endosomes or lysosomes recog-
nizes unmethylated CpG motifs common in viral or bacterial DNA, 
endogenous DNA contains unmethylated CpG sequences capable of 
engaging TLR9 but does not because of its endosomal location.44 
However, if TLR9 is expressed aberrantly on the cell surface, self-DNA 
is recognized. Also, the antimicrobial peptide LL37 converts self-DNA 
into aggregates capable of being delivered to endosomal compartments 
and engaging TLR9.45 Similarly, the purified U1 and Y RNA compo-
nents of Sm/RNP and Ro60 autoantigens, respectively, can be taken 
up in endosomes and are endogenous ligands for TLR7.46 At least two 
models may explain the activation of TLR7/TLR9 signaling by endog-
enous ligands (Fig. 127.6): (1) autoantibodies against nucleic acid–
containing autoantigens may be generated, forming immune complexes 
that stimulate IFN-I production; and (2) apoptotic cell debris or  
misfolded nucleic acids may be disposed of aberrantly, activating  
endosomal TLRs or cytoplasmic nucleic acid sensors, resulting in  
IFN-I production, which subsequently stimulates the production of 
autoantibodies.

Nucleic acid–containing immune complexes
DNA and RNA-containing immune complexes stimulate IFN-I pro-
duction in vitro. Normal pDCs express FcgRIIa (CD32) and can inter-
nalize DNA-containing immune complexes, releasing DNA that 
engages endosomal TLR9, resulting in IFN-I production.39 Likewise, 
anti-Sm/RNP autoantibodies form immune complexes with nuclear 
antigens released in culture and stimulate IFN-I production due to 
interactions with endosomal TLR7.47 This model assumes that the 
autoantibodies appear first to generate immune complexes. However, 
in experimental lupus induced by pristane, increased levels of IFN-I 
appear at least 3 months before the onset of autoantibody production 

multiple levels, both central and peripheral. Central tolerance acts 
during T- and B-cell development in the thymus and bone marrow, 
respectively, generally with deletion of autoreactive cells before they 
exit the primary lymphoid organs. Lymphocytes that are strongly reac-
tive with ubiquitous self-antigens generally are deleted centrally, 
whereas autoreactive lymphocytes with lower affinity for self or reactive 
with antigens not found in the primary lymphoid organs are censored 
peripherally. Peripheral tolerance is maintained by deletion, anergy, 
and suppression as well as “ignorance,” acting on autoreactive lympho-
cytes after they exit the primary organs. Lymphocyte activation requires 
two signals, one delivered by the antigen receptor (T-cell antigen recep-
tor or surface immunoglobulin) and a “co-stimulatory” signal. In the 
absence of a co-stimulatory signal, engagement of the antigen receptor 
leads to unresponsiveness (anergy). Dendritic cells, the most potent 
antigen-presenting cells, can either initiate T-cell activation or promote 
peripheral tolerance, depending on their maturation state: antigen pre-
sentation by immature dendritic cells is tolerogenic, whereas presenta-
tion by mature dendritic cells is stimulatory. In contrast, immune 
“ignorance” results when self-antigens are expressed at levels insuffi-
cient to provide a strong signal through the antigen receptor. For 
instance, self-peptides processed inefficiently by dendritic cells can 
neither stimulate immunity nor induce tolerance (a state of “igno-
rance”). However, if the same peptides are produced in larger quantities 
due to abnormal processing, they can activate autoreactive T cells and 
promote autoantibody production.

Resting B cells do not secrete immunoglobulin until they differenti-
ate into plasma cells. Thus, autoreactive B cells can exist without 
detectable levels of serum autoantibodies, as has been well-documented 
in transgenic mouse models.26 To activate autoantibody production, B 
cells generally need to encounter antigen and receive a second signal 
from an activated helper T cell. However, T cell–independent antigens, 
such as pneumococcal polysaccharide, carrying repetitive epitopes can 
activate B cells by extensively cross-linking immunoglobulin receptors 
on their surface. And, although controversial, TLR signaling may drive 
post-germinal center memory B cells into plasma cell development, 
maintaining serologic memory and potentially also long-term autoan-
tibody production.28

Finally, regulatory T cells (Treg) are involved in peripheral tolerance. 
Although several Treg subsets exist, the CD4+CD25+FoxP3+ subset has 
received considerable attention recently as a regulator of autoimmu-
nity.27 A genetic defect in the transcription factor Foxp3, which 
controls Treg function, causes IPEX (immune dysregulation, polyen-
docrinopathy, enteropathy, X-linked syndrome) syndrome, in which 
patients develop organ-specific autoimmune diseases, such as type I 
diabetes and autoimmune thyroiditis. However, for unclear reasons, 
these individuals do not develop lupus or other systemic autoimmune 
diseases.

Chronic interferon overproduction  
in systemic lupus erythematosus
Interferons (IFNs), which are cytokines with antiviral and antiprolifera-
tive effects as well as effects on the activation of immune effector cells, 
are likely to be involved in the pathogenesis of SLE. They are classified 
into type I and type II IFNs.29 IFN-γ is the sole type II interferon. Type 
I interferons (IFN-I), which include multiple IFN-α species, IFN-β, and 
others, are produced by leukocytes and fibroblasts and at high levels 
by plasmacytoid dendritic cells (pDCs). They all signal via the IFN-I 
receptor, consisting of two chains, IFNAR1 and IFNAR2.

Binding of IFN-I to the IFNAR chain increases the expression of a 
group of interferon-stimulated genes (ISGs) regulated by the binding of 
STAT1 and other transcription factors to a cis-acting consensus 
sequence termed the interferon stimulated response element (ISRE). 
This sequence is found in the promoters of all IFN-I–inducible genes.29 
ISGs play a key role in the antiviral response, signal transduction, and 
apoptosis. Although as many as 100 genes are regulated by IFN-I, the 
subset involved in antiviral responses is of special interest with regard 
to SLE because expression of more than 20 of these genes (“interferon 
signature”) is increased in peripheral blood mononuclear cells from SLE 
patients.30,31 Elevated IFN-I expression is associated with severe disease, 
renal involvement, and autoantibodies against dsDNA and RNA-asso-
ciated antigens such as Sm/nRNP, SSA/Ro, and SSB/La.32
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and, in humans, high levels of IFN-I seem to promote autoantibody 
production rather than vice versa.34,35

Aberrant disposal of apoptotic cells or nucleic acid
Programmed cell death (apoptosis) occurs continuously throughout the 
body, generating cellular debris that must be cleared by phagocytes. 
Generally, uptake of this material is non-inflammatory, whereas 
necrotic cells are pro-inflammatory.48 Defects in the non-inflammatory 
clearance of cellular debris are associated with autoimmunity. C1q is 
involved in apoptotic cell clearance, and both patients and mice defi-
cient in C1q develop lupus. Likewise, autoimmunity develops in mice 
deficient in serum amyloid P or other molecules that help clear apop-
totic cells (Mer, MFG-E8, and CD31). Interestingly, deficiency of 
CD14 or mannose binding lectin, both of which promote clearance of 
apoptotic cells, is not associated with autoimmunity,48 suggesting that 
defects in the clearance of apoptotic cells do not, by themselves, lead 
to autoimmunity.

It can be speculated that abnormal intracellular processing (and not 
just aberrant uptake) of debris from apoptotic cells may determine 
whether defective clearance of apoptotic cells promotes autoimmunity 
by allowing endogenous nucleic acids to interact with TLR7/9 within 
acidic endosomal compartments. Lysosomes contain acid nucleases 
(RNases and DNases) that cleave the nucleic acid components of apop-
totic cells. It is of considerable interest, therefore, that mice deficient 
in DNase II, an acid (lysosomal) deoxyribonuclease that degrades DNA 
in apoptotic cells, die in utero due to IFN-I overproduction.49 Condi-
tional knockouts in DNase II develop an inflammatory arthritis resem-
bling RA and low levels of autoantibodies, including anti-DNA.50 
Unexpectedly, the IFN-I is generated by a TLR9-independent pathway 
that remains to be defined.

Defective handling of misfolded RNA by cytoplasmic Ro60 antigen 
also is associated with autoimmunity. Ro60 knockout mice develop a 
lupus-like syndrome with autoantibodies against nucleosomes and 
ribosomes and immune complex–mediated glomerulonephritis remi-
niscent of lupus nephritis.8 The pathogenesis of lupus in these mice 
has not been studied in detail and it is not known if they overproduce 
IFN-I.

Characteristics of lupus autoantigens
Although the cell nucleus contains thousands of proteins, few become 
autoantigens in SLE (see Table 127.1 and Fig. 127.3b). Most of the 
major autoantigens are ribonucleoproteins or deoxyribonucleoproteins 
consisting of multiple protein subunits bound to nucleic acid. The fact 
that these autoantigens carry immunostimulatory RNA or DNA 
(“endogenous adjuvants”) capable of interacting with endosomal TLRs 
and stimulating IFN-I production may be relevant to understanding 
why they become autoantigens (see Table 127.2). Autoantigen struc-
ture also explains the existence of “linked sets” of interrelated specifici-
ties, such as the strong association of anti-Sm, anti-RNP, and 
anti-U1RNA autoantibodies. Immune responses to multicomponent 
autoantigens are analogous to responses to viral particles in which T 
cells specific for one component of the virion can help B cells producing 
antibodies against the other components.1 In summary, the structure 
of lupus autoantigens may be relevant both to the breaking of tolerance 
(owing to the presence of immunostimulatory nucleic acids) and the 
diversity of autoantibodies produced (because T cells responsive to one 
component of the complex can drive B cells specific for other compo-
nents of the same complex to become plasma cells).

Anti-Sm
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complexes
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DNA-protein

Endocytosis

Endosome
H+ H+
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TLR7 TLR9

Interferon α/β
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TWO MODELS FOR THE OVER-PRODUCTION OF IFN-I IN SLE

Fig. 127.6 Two models for the overproduction of IFN-I in SLE. (a) induction of 
IFN-I by nucleic acid containing immune complexes. Pre-existing anti-Sm (left) 
or anti-DNA (right) antibodies form immune complexes with RNA-protein (U1 
snRNP) or DNA-protein (chromatin) autoantigens, respectively. The immune 
complexes are taken up into plasmacytoid dendritic cells via Fc receptors 
(FcγRIIa) and transported to acidic compartments (endosomes, lysosomes) 
where the nucleic acid components become exposed during degradation. RNA 
and DNA released from the immune complexes interact with TLR7 or TLR9, 
respectively, leading to the production of IFN-α and IFN-β. (b) Induction of 
IFN-I due to aberrant degradation of apoptotic cells. Apoptotic cells are 
recognized by receptors on the surface of phagocytic cells and internalized 
into endosomes. Normally, both the proteins and nucleic acid components of 
the phagocytosed apoptotic cells are degraded by lysosomal proteases and 
nucleases, respectively (right top). However, in cells with a defect in lysosomal 
nucleases (below), the proteins could be degraded allowing the nucleic acids 
to engage TLR7 or TLR9, resulting in IFN-α and IFN-β production. This model 
supposes that the production of IFN-I subsequently leads to the production of 
anti-Sm/RNP and anti-DNA autoantibodies through unknown mechanisms.



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1288

REFERENCES
1. Reeves WH, Satoh M, Richards HB. Origins of antinuclear 

antibodies. In: Lahita RG, ed. Systemic lupus 
erythematosus, Elsevier, 1999, San Diego.

2. Shiel WC, Jason M. The diagnostic associations of 
patients with antinuclear antibodies referred to a 
community rheumatologist. J Rheumatol 
1989;16:782-785.

3. Hawkins BR, O’Connor KJ, Dawkins RL, et al. 
Autoantibodies in an Australian population: I. 
Prevalence and persistence. J Clin Lab Immunol 
1979;2:211-215.

4. Craft J. Antibodies to snRNPs in systemic lupus 
erythematosus. Rheum Dis Clin North Am 
1992;18:311-335.

5. Mattioli M, Reichlin M. Physical association of two 
nuclear antigens and mutual occurrence of their 
antibodies: the relationship of the Sm and RNA protein 
(Mo) systems in SLE sera. J Immunol 
1973;110:1318-1324.

6. van Venrooij WJ, Hoet R, Hageman B, et al. Anti-(U1) 
small nuclear RNA antibodies in anti-small nuclear 
ribonuculeoprotein sera from patients with connective 
tissue diseases. J Clin Invest 1990;86:2154-2160.

7. Stein AJ, Fuchs G, Fu C, et al. Structural insights into 
RNA quality control: the Ro autoantigen binds 
misfolded RNAs via its central cavity. Cell 
2005;121:529-539.

8. Xue D, Shi H, Smith JD, et al. A lupus-like syndrome 
develops in mice lacking the Ro 60-kDa protein, a major 
lupus autoantigen. Proc Natl Acad Sci U S A 
2003;100:7503-7508.

9. Kong HJ, Anderson DE, Lee CH, et al. Cutting edge: 
autoantigen Ro52 is an interferon inducible E3 ligase 
that ubiquitinates IRF-8 and enhances cytokine 
expression in macrophages. J Immunol 2007;179:26-30.

10. Buyon JP. Congenital complete heart block. Lupus 
1993;2:291-295.

11. McCauliffe DP. Neonatal lupus erythematosus: a 
transplacentally acquired autoimmune disorder. Semin 
Dermatol 1995;14:47-53.

12. Monestier M, Kotzin BL. Antibodies to histones in 
systemic lupus erythematosus and drug-induced lupus 
syndromes. Rheum Dis Clin North Am 1992;18:415-436.

13. Weinstein A, Bordwell B, Stone B, et al. Antibodies to 
native DNA and serum complement (C3) levels: 
application to diagnosis and classification of systemic 
lupus erythematosus. Am J Med 1983;74:206-216.

14. Clynes R, Dumitru C, Ravetch JV. Uncoupling of immune 
complex formation and kidney damage in autoimmune 
glomerulonephritis. Science 1998;279:1052-1054.

15. ter Borg EJ, Horst G, Hummel EJ, et al. Measurement of 
increases in anti-double-stranded DNA antibody levels 
as a predictor of disease exacerbation in systemic lupus 
erythematosus. Arthritis Rheum 1990;33:634-643.

16. Bootsma H, Spronk P, Derksen R, et al. Prevention of 
relapses in systemic lupus erythematosus. Lancet 
1995;345:1595-1599.

17. Elkon KB, Bonfa E, Brot N. Antiribosomal antibodies in 
systemic lupus erythematosus. Rheum Dis Clin North 
Am 1992;18:377-390.

18. Hanly JG, Urowitz MB, Siannis F, et al. Autoantibodies 
and neuropsychiatric events at the time of systemic 
lupus erythematosus diagnosis: results from an 
international inception cohort study. Arthritis Rheum 
2008;58:843-853.

19. Takasaki Y, Fishwild D, Tan EM. Chraracterization of 
proliferating cell nuclear antigen recognized by 
autoantibodies in lupus sera. J Exp Med 
1984;159:981-992.

20. Yamasaki Y, Narain S, Yoshida H, et al. Autoantibodies to 
RNA helicase A: a new serologic marker of early lupus. 
Arthritis Rheum 2007;56:596-604.

21. Reeves WH, Wang J, Ajmani AK, et al. The Ku 
autoantigen. 1997;33-84.

22. Jakymiw A, Ikeda K, Fritzler MJ, et al. Autoimmune 
targeting of key components of RNA interference. 
Arthritis Res Ther 2006;8:R87.

23. Salmon JE, Girardi G, Lockshin MD. The antiphospholipid 
syndrome as a disorder initiated by inflammation: 
implications for the therapy of pregnant patients. Nat 
Clin Pract Rheumatol 2007;3:140-147.

24. DeGiorgio LA, Konstantinov KN, Lee SC, et al. A subset 
of lupus anti-DNA antibodies cross-reacts with the NR2 
glutamate receptor in systemic lupus erythematosus. 
Nat Med 2001;7:1189-1193.

25. Arbuckle MR, McClain MT, Rubertone MV, et al. 
Development of autoantibodies before the clinical 
onset of systemic lupus erythematosus. N Engl J Med 
2003;349:1526-1533.

26. Goodnow CC, Cyster JG, Hartley SB, et al. Self-tolerance 
checkpoints in B lymphocyte development. Adv 
Immunol 1995;59:279-368.

27. Miyara M, Sakaguchi S. Natural regulatory T cells: 
mechanisms of suppression. Trends Mol Med 
2007;13:108-116.

28. Bernasconi NL, Traggiai E, Lanzavecchia A. Maintenance 
of serological memory by polyclonal activation of 
human memory B cells. Science 2002;298:2199-2202.

29. Lee PY, Reeves WH. Type I interferon as a target of 
treatment in SLE. Endocr Metab Immune Disord Drug 
Targets 2006;6:323-330.

30. Bennett L, Palucka AK, Arce E, et al. Interferon and 
granulopoiesis signatures in systemic lupus 
erythematosus blood. J Exp Med 2003;197:711-723.

31. Baechler EC, Batliwalla FM, Karypis G, et al. Interferon-
inducible gene expression signature in peripheral blood 
cells of patients with severe lupus. Proc Natl Acad Sci U 
S A 2003;100:2610-2615.

32. Zhuang H, Narain S, Sobel E, et al. Association of 
anti-nucleoprotein autoantibodies with upregulation of 
Type I interferon-inducible gene transcripts and 
dendritic cell maturation in systemic lupus 
erythematosus. Clin Immunol 2005;117:238-250.

33. Dumoulin FL, Leifeld L, Sauerbruch T, Spengler U. 
Autoimmunity induced by interferon-alpha therapy for 
chronic viral hepatitis. Biomed Pharmacother 
1999;53:242-254.

34. Ronnblom LE, Alm GV, Oberg KE. Autoimmunity after 
alpha-interferon therapy for malignant carcinoid 
tumors. Ann Intern Med 1991;115:178-183.

35. Zhuang H, Kosboth M, Lee P, et al. Lupus-like disease 
and high interferon levels with trisomy of the type I 
interferon cluster on chromosome 9p. Arthritis Rheum 
2006;54:1573-1579.

36. Mathian A, Weinberg A, Gallegos M, et al. IFN-alpha 
induces early lethal lupus in preautoimmune (New 
Zealand Black x New Zealand White) F1 but not in 
BALB/c mice. J Immunol 2005;174:2499-2506.

37. Nacionales DC, Kelly-Scumpia KM, Lee PY, et al. 
Deficiency of the type I interferon receptor protects 
mice from experimental lupus. Arthritis Rheum 
2007;56:3770-3783.

38. Kawai T, Akira S. Innate immune recognition of viral 
infection. Nat Immunol 2006;7:131-137.

39. Means TK, Latz E, Hayashi F, et al. Human lupus 
autoantibody-DNA complexes activate DCs through 
cooperation of CD32 and TLR9. J Clin Invest 
2005;115:407-417.

40. Vollmer J, Tluk S, Schmitz C, et al. Immune stimulation 
mediated by autoantigen binding sites within small 
nuclear RNAs involves Toll-like receptors 7 and 8. J Exp 
Med 2005;202:1575-1585.

41. Lee PY, Kumagai Y, Li Y, et al. TLR7-dependent and 
FcgammaR-independent production of type I interferon 
in experimental mouse lupus. J Exp Med 
2008;205:2995-3006.

42. Pisitkun P, Deane JA, Difilippantonio MJ, et al. 
Autoreactive B cell responses to RNA-related antigens 
due to TLR7 gene duplication. Science 
2006;312:1669-1672.

43. Christensen SR, Shupe J, Nickerson K, et al. Toll-like 
receptor 7 and TLR9 dictate autoantibody specificity 
and have opposing inflammatory and regulatory roles 
in a murine model of lupus. Immunity 2006;25:417-428.

44. Barton GM, Kagan JC, Medzhitov R. Intracellular 
localization of Toll-like receptor 9 prevents recognition 
of self DNA but facilitates access to viral DNA. Nat 
Immunol 2006;7:49-56.

45. Lande R, Gregorio J, Facchinetti V, et al. Plasmacytoid 
dendritic cells sense self-DNA coupled with 
antimicrobial peptide. Nature (Lond) 2007;449:564-569.

46. Kelly KM, Zhuang H, Nacionales DC, et al. “Endogenous 
adjuvant” activity of the RNA components of lupus 
autoantigens Sm/RNP and Ro 60. Arthritis Rheum 
2006;54:1557-1567.

47. Lau CM, Broughton C, Tabor AS, et al. RNA-associated 
autoantigens activate B cells by combined B cell antigen 
receptor/Toll-like receptor 7 engagement. J Exp Med 
2005;202:1171-1177.

48. Erwig LP, Henson PM. Immunological consequences of 
apoptotic cell phagocytosis. Am J Pathol 2007;171:2-8.

49. Okabe Y, Kawane K, Akira S, et al. Toll-like receptor-
independent gene induction program activated by 
mammalian DNA escaped from apoptotic DNA 
degradation. J Exp Med 2005;202:1333-1339.

50. Kawane K, Ohtani M, Miwa K, et al. Chronic polyarthritis 
caused by mammalian DNA that escapes from 
degradation in macrophages. Nature (Lond) 
2006;443:998-1002.



CH
A

PTER 128 
● Pathogenesis of lupus

CO
N

N
ECTIVE TISSU

E D
ISO

RD
ERS

 
Pathogenesis of lupus

SECTION 10 CONNECTIVE TISSUE DISORDERS

1289

process of B cells, and mice treated with these hormones have altered 
B-cell repertoires and increased tendency to develop autoimmune 
disease.3

Thus, the current paradigm assumes that the combined presence of 
several predisposing alleles tilts the balance of the immune system 
toward a behavior that favors response against self determinants over 
tolerance. Female hormones lean the balance further, increasing the 
proclivity of the immune system toward autoimmunity. Tolerance is 
broken at some point when an environmental factor activates the 
immune response. Agents able to cause cell damage or activate the 
immune response, such as ultraviolet (UV) light and infections, have 
been proposed as triggers of autoimmunity (Table 128.1). However, 
the process that leads to overt disease is gradual and probably induced 
by multiple repetitive events, as suggested by the fact that autoantibod-
ies appear in patients with SLE years before clinical manifestations and 
slowly accumulate until clinical disease onset.4 Patients with lupus 
have a decreased ability to eliminate infectious agents. It has been 
proposed that this failure to deal with infections prolongs the time that 
viruses stimulate the immune system.5 In this respect, it is important 
to consider that the immune system changes constantly over the years 
adapting to the challenges it encounters. T cells and B cells that 
become activated increase their numbers and create specific memory 
cells able to mount better responses on re-encounter with their activat-
ing agent. Hence, the T- and B-cell memory repertoire varies according 
to the environment. By the time lupus becomes clinically apparent, the 
immune system of an affected individual probably harbors a relatively 
large number of autoreactive T and B cells that drive a full-blown self-
aimed immune response. Thus, in the context of genetic and hormonal 
susceptibility, repetitive encounters with environmental factors (i.e., 
agents that cause cell damage and activate the immune system) gradu-
ally mold a self-aimed pathogenic immune system that produces auto-
immune disease when stimulated. This conceptual paradigm explains 
the commonly observed clinical behavior of lupus patients in terms of 
relapses and resistance to treatment (Fig. 128.1).

The immune system of patients with SLE has been extensively 
studied, and defects have been described in most of its components. 
Each of these defects has been proposed to play a role in the pathogen-
esis of the disease. Here we describe some of the alterations and how 
they might contribute to form an immune system capable of producing 
lupus.

ANTIGEN-PRESENTING CELLS  
AND CELL DEBRIS CLEARANCE
When monocytes migrate into tissues, they differentiate into two of 
the most important antigen-presenting cells (APCs), namely, myeloid 
dendritic cells (DCs) and macrophages. Although such differentiation 
process varies among tissues, it yields cells capable of acquiring par-
ticles and debris and, most importantly, able of detecting the presence 
of danger signals derived from damaged or infected cells. In the absence 
of pathogen-associated signals, APCs present normal tissue-derived 
antigens to T cells in a non-inflammatory fashion, contributing to the 
maintenance of tolerance. In contrast, when APCs detect danger 
signals (e.g., uric acid released by necrotic cells, microbial products), 
they undergo a phenotypic transformation that allows them to become 
powerful T-cell activators.6

Increased T-cell activation by DCs has been proposed as a patho-
genic mechanism in lupus. However, because of their inherent plastic-
ity, DCs from patients with SLE have been difficult to characterize. 
Some reports claim they express higher levels of co-stimulatory mol-
ecules and secrete increased amounts of proinflammatory cytokines 
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 Genetic predisposition is a major disease determinant in SLE.
 Apoptotic debris is a source of autoantigens in SLE.
 Dendritic cells present autoantigens to T cells and produce 

proinflammatory cytokines (e.g., IL-6, IFN-α).
 B cells produce autoantibodies that mediate tissue injury by 

numerous mechanisms.
 Abnormal T cell signaling and gene expression lower the activation 

threshold of T cells and facilitate the production of 
proinflammatory cytokines.

 Local regulatory factors probably play a role in determining organ 
susceptibility to disease.

INTRODUCTION
Patients with systemic lupus erythematosus (SLE) develop a chronic 
systemic inflammatory response that manifests as the presence of a 
vast array of autoantibodies and gross alterations in T-cell function. 
Clinical manifestations and organ damage are caused by the effects of 
a self-aimed immune response that is triggered by unknown factors 
and reluctant to end. These characteristics have been known for 
decades; therefore, SLE is considered an autoimmune disease and 
immunosuppressive agents represent the mainstay of its treatment.

The pathologic immune response observed in patients with SLE has 
all the complexity and features of a physiologic protective immune 
response. Hence, the description of its pathogenesis must take into 
account the multiple factors that must act in concert in any given 
patient to shape an immune system prone to being triggered by factors 
commonly innocuous that erroneously aims against ubiquitous self-
components an organ-damaging response and that avoids regulation 
by the numerous layers of control that normally limit the scale and 
extent of immune activation.

SUSCEPTIBILITY AND TRIGGERING FACTORS
Strong lines of evidence indicate that SLE has a major genetic compo-
nent (see Chapter 124). It shows familial aggregation, high concor-
dance rates among twins, and different prevalence and severity between 
ethnic groups.1 Accordingly, several genes that encode proteins involved 
in different aspects of the immune response have been associated with 
SLE. Most polymorphisms have been found in non-coding regions, and 
their functional effects remain to be defined. Rather than causing dis-
tinct defects in the immune system, they probably modify the charac-
teristics of the immune response toward inflammatory stimuli (e.g., 
lowering the activation threshold of cells or increasing their inflamma-
tory capacity). Therefore, most associations convey small risks for the 
development of lupus and the disease develops in those individuals 
who harbor a combination of numerous susceptibility alleles. This 
concept explains how the accumulation of low-risk conferring genes 
can determine susceptibility and can also account for the observed dif-
ferences in clinical behavior and disease severity of patients with lupus. 
Different combinations of susceptibility alleles will generate different 
clinical phenotypes.

Female sex and hormones are the second major predisposing factor 
for the development of SLE. Although the effects of hormones on the 
immune system are broad and not completely understood, studies 
performed in murine models of lupus have shown that estrogens 
promote autoimmune pathology whereas androgens protect against its 
development.2 Estradiol and prolactin affect the negative selection 
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TABLE 128.1 ENVIRONMENTAL FACTORS POSTULATED AS LUPUS TRIGGERS

Proposed mechanism Factors References

Increased cell apoptosis UV light 50

Alteration of self-antigens 
(e.g., enzymatic cleavage, 
phosphorylation)

Ionizing radiation
Exposure to heavy metals
Drugs

51, 52

Molecular mimicry Viral infections 53

DNA hypomethylation Drugs (procainamide, hydralazine)
UV light

54

Tolerance Autoimmunity

DC

Mo T

Apoptotic
cell

T

DC

Mo

pDC

Apoptotic
cell

B

CLEARANCE OF APOPTOTIC CELLS IN THE NORMAL AND AUTOIMMUNE SETTING

Fig. 128.1 Clearance of apoptotic cells in the normal and autoimmune setting. In healthy individuals, apoptotic 
cell debris is cleared by macrophages and dendritic cells and presented to T cells in a non-inflammatory context. 
This process ensures that autoreactive T cells are inactivated (left panel). Low-affinity Fc receptors, a low density 
of complement receptors, and genetic or acquired complement factor deficiency diminish the capacity of the 
immune system of patients with lupus to scavenge immune complexes and apoptotic cell debris. These factors, 
along with increased loads of apoptotic cells, overload the immune system with autoantigens. The increased 
load, in a susceptible individual, leads to the development of autoantibodies. These opsonize apoptotic cells, 
favoring an inflammatory presentation. Additionally, they form immune complexes that stimulate antigen-
presenting cells, creating a vicious circle. Mo, monocyte; DC, dendritic cell; pDC, plasmacytoid dendritic cell;  
T, T cell; B, B cell.

(e.g., interleukin [IL]-6); others indicate that when DCs are generated 
in a non-autoimmune milieu their phenotype and function are normal. 
Immune complexes present in sera from patients with SLE stimulate 
macrophage and DC activation through immunoglobulin receptors 
(FcR).7 In fact, sera from patients with SLE can induce the differentia-
tion of monocytes into DCs.8 Thus, evidence suggests that due to 
either intrinsic defects, proinflammatory environment, or both, DCs 
from patients with SLE have increased T-cell stimulatory capacity and 
altered tolerance-promoting functions (Fig. 128.2).

Plasmacytoid dendritic cells (pDCs) represent a distinct type of 
APC. When activated during viral infections, they produce interferon 
alfa (IFN-α). Nucleic acid–containing immune complexes can also 
stimulate them to produce large amounts of type I IFN. In the context 
of lupus, this could represent a powerful amplification mechanism 
because peripheral blood mononuclear cells of pediatric patients with 
active lupus have a gene expression profile that suggests they have been 
exposed to type I IFN.9

In normal conditions, the load of autoantigens generated by cell 
death is cleared by APCs without eliciting inflammation or an immune 
response.10 Evidence suggests that alterations in this process might be 
important in the pathogenesis of SLE because a number of commonly 
targeted autoantigens (e.g., Ro) are exposed to the immune system 

during apoptosis11 and apoptosis of peripheral blood mononuclear cells 
and keratinocytes has been found to be increased in lupus patients. 
Increased loads of apoptotic material can overcome the scavenging 
capacity of the system and induce ANAs in otherwise healthy animals.12 
Additionally, deficiency of proteins involved in apoptotic cell clearance 
(e.g., C1q) confers a high risk for the development of lupus. Thus, 
apoptotic cells are probably an important source of antigens in patients 
with SLE. As occurs with other pathogenic processes, abnormalities in 
the presentation of antigens derived from apoptotic cells can worsen 
once the disease is established. Autoantibodies opsonize apoptotic cells 
in which antigens normally hidden inside the cell nucleus have emerged 
to the surface in apoptotic blebs. Uptake of opsonized particles causes 
APC activation and leads to T-cell stimulation interfering with the 
process of tolerance induction normally associated with presentation 
of apoptotic cells.13 In this way, autoantibodies contribute to the ampli-
fication of the autoimmune pathology and to the breach in tolerance 
toward ubiquitous intracellular self-antigens.

In summary, evidence suggests that APCs are involved in the patho-
genesis of SLE by virtue of their capacity to uptake and present antigens 
derived from apoptotic and damaged cells to T cells. Abnormal presen-
tation of self antigens by intrinsically or ill-differentiated DCs probably 
plays a role in the initiation and amplification of the autoimmune 
response in patients with SLE (see Fig. 128.2).

B CELLS AND THE PRODUCTION  
OF AUTOANTIBODIES
B-cell hyperactivity and promiscuous autoantibody production is one 
of the most common immune alterations observed in patients with 
SLE. Accordingly, proliferation rate and antibody production are 
increased in B cells from lupus patients. Autoantibodies in patients 
with lupus are typically of high affinity and produced by cells that have 
undergone class switch recombination and somatic hypermutation.14 
These characteristics indicate that T cells were involved in their pro-
duction and have provided help to autoreactive B cells, mainly by 
surface-bound CD40L and cytokine production.15
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the activation of transcription factors.23 In pregnant patients, specific 
autoantibodies (e.g., anti-Ro) may cross the placenta and cause cell 
damage in the fetus.24,25 Finally, the penetration of autoantibodies into 
living cells has been proposed to explain certain cellular changes elic-
ited by their presence.26

Each B cell assembles the antibody it will use as a B-cell receptor 
(BCR) and will secrete as immunoglobulin by rearranging its germline 
DNA in a random fashion. This process allows the creation of a vast 
array of different specificities but entails the expression of autoreactive 
antibodies. In fact, a large fraction of immature B cells harbors  
self-reacting polyspecific antibodies.27 Most self-reactive B cells are 
eliminated at two checkpoints before reaching the stage of naive  
immunocompetent cells, the first one at the immature B cell stage, 
previous to their egress from the bone marrow, and a second one in 
secondary lymphoid organs before their maturation into naive immu-
nocompetent B cells. This process, which allows elimination or func-
tional neutralization of autoreactive B cells, is deficient in patients with 
SLE.28 Thus, more autoreactive B cells prone to be stimulated by self-
antigens are present in patients with SLE. The cause of this defect is 
mostly unknown but probably related to genetic and hormonal factors.29

B cells concentrate in secondary lymphoid organs (i.e., spleen, 
lymph nodes, Peyer’s patches) to be exposed to antigens. Antigens that 
engage their surface immunoglobulin are internalized, processed, and 
presented to neighboring T cells. Local inflammation, cytokines, and 
pathogen-derived molecules entice the antigen presentation by increas-
ing the expression of co-stimulatory molecules on the B cell surface. If 
a T cell recognizes the antigen, it will deliver an activating signal that 
will induce B-cell clonal expansion, isotype switching, and somatic 
hypermutation. The B cell will divide, forming a germinal center,  
and the resulting cells will develop random mutations in zones of the 
DNA that code for the immunoglobulin. These mutations can poten-
tially alter the specificity of the immunoglobulin. For this reason, the 
resulting B cells are guided by a specific type of T cell known as a 

Although the autoantibody response in SLE is broad and directed 
against numerous specificities, several hallmark antigens are intranu-
clear complexes composed of nucleic acids and proteins. This might 
be important from the pathogenic point of view, because B cells can 
be stimulated by DNA and RNA through Toll-like receptors.16 In fact, 
evidence obtained in animal models of lupus suggests that nucleic acids 
contained in immune complexes can deliver a second signal to the B 
cell, complementary to the signal conveyed by the Fc portion of the 
immunoglobulin.17 Thus, nucleic acid–containing immune complexes 
might be able to stimulate B cells without the need of T-cell–derived 
help, providing an alternative pathogenic amplification pathway inde-
pendent of T-cell help and regulation.

Autoantibodies present in sera from SLE patients have been shown 
to be pathogenic through different mechanisms. Autoantibodies form 
immune complexes that can be detected in sera from patients with 
lupus. When they deposit in renal glomeruli and in blood vessels, 
immune complexes induce inflammation by activating complement 
and engaging FcR in neutrophils and other inflammatory cells.18 A 
factor that contributes to immune complex–mediated tissue damage 
in lupus patients is deficient clearance due to genetically determined 
expression of lower-affinity receptors for IgG and to decreased levels of 
complement receptors on red blood cells.19 Autoantibodies can also 
induce tissue damage by mechanisms different than immune complex 
deposition. In murine models, certain autoantibodies obtained from 
patients can bind to placenta and ischemic intestine and trigger an 
inflammatory response through complement and neutrophil activa-
tion.20,21 This leads to fetal resorption and to ischemia-reperfusion–
mediated tissue injury, respectively. Alternatively, autoantibodies can 
bind to surface receptors and alter cellular function. For instance, some 
anti-DNA antibodies cross react with neuronal N-methyl-d-aspartate 
(NMDA) receptors and cause neuronal apoptosis,22 whereas anti–
T-lymphocyte antibodies can significantly alter T-cell function and 
cytokine production by activating intracellular pathways that modify 

1. Altered activation

3. Functional consequences

2. Transcription factor
imbalance and altered
gene regulation

DNA hypomethylation

CREM
NFAT

pCREB
AP-1

CD44

FcRγ

Syk

Calcium

CD70

CD40L

LFA
-1

IL-17
IL-21 IL-2

ALTERED T-CELL SIGNAL TRANSDUCTION AFFECTS GENE EXPRESSION AND T-CELL FUNCTION

↑ ↑

↑

↑

↑

Fig. 128.2 Altered T-cell signal transduction affects gene expression and T-cell function. T cells from patients with lupus 
have several features that alter their response to antigens.1 Pre-clustered lipid rafts allow signaling molecules to 
function more efficiently (e.g., CD44). In addition, the presence of the γ chain of the Fc receptor (FcRγ) along with the 
kinase Syk causes an abnormally high calcium response on T-cell stimulation mediated by antigens or caused by 
anti–T-cell antibodies.2 The increased calcium surge, along with normal or decreased signaling through other pathways, 
leads to abnormal transcription factor activation. NFAT and CREM are overexpressed, whereas AP-1 and phosphorylated 
CREB are lacking.3 This situation, along with DNA hypomethylation, causes overexpression of proinflammatory 
molecules, while dampening the production of IL-2.
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activated by calcium influx; enhanced calcium response directly 
increases its production.39 In contrast, IL-2, whose transcription is 
regulated by several factors, is defectively expressed. Although NFAT 
has binding sites in the IL-2 promoter, it only increases transcription 
in the presence of other non–calcium-dependent transcription factors 
(e.g., AP-1). The unopposed calcium influx observed in T cells from 
patients with lupus leads to an unbalance in transcription factors that 
impedes IL-2 transcription.

Gene transcription is regulated by a complex multilayered process 
that includes DNA methylation and post-translational modifications 
of histones.40 DNA methylation is a powerful repressor of transcription 
and, interestingly, two drugs associated to the induction of drug-
induced lupus—procainamide and hydralazine—induce DNA demeth-
ylation. Moreover, DNA has been shown to be hypomethylated in T 
cells from patients with lupus and administration of demethylating 
drugs causes a lupus-like disease in mice.41 Although the mechanisms 
that lead from DNA demethylation to autoimmunity are not well 
understood, T cells treated with agents that induce DNA hypometh-
ylation have a decreased activation threshold. Furthermore, the expres-
sion of certain genes that are potentially relevant for lupus pathogenesis 
is augmented when DNA is hypomethylated (e.g., the adhesion mol-
ecule LFA-1 and the B-cell–activating molecule CD70). PP2A, one of 
the major serine/threonine phosphatases, is overexpressed in T cells 
from lupus patients. Recent evidence suggests that such overexpression 
results, at least in part, from DNA hypomethylation.42 The increased 
levels of PP2A also affect T-cell IL-2 production. PP2A dephosphory-
lates the transcription factor CREB, further diminishing IL-2 transcrip-
tional activity.43

Thus, the T cells from lupus patients have a severely distorted 
pattern of gene expression that leads to important functional altera-
tions. One of the most obvious is the skewed production of several 
cytokines (Table 128.2). Because cytokines represent one of the most 
important means T cells use to deliver signals, aberrant cytokine pro-
duction implies faulty immune regulation. The IL-2 secretion defect 
has been associated with several T-cell abnormalities that not only 
determine autoimmune pathology but also impair the development of 

follicular helper T cell. This T cell localizes within the follicle and 
stimulates B cells through CD40L and IL-21. Evidence indicates that 
the B cells that produce the autoantibodies in patients with SLE have 
undergone this process. Furthermore, studies in animal models of 
lupus indicate that the events that occur in the germinal center might 
be very important in the development of the autoimmune response in 
lupus.30,31

In summary, B cells are central players of the autoimmune response 
in lupus. They produce high levels of autoreactive antibodies that 
mediate tissue injury. Furthermore, B cells are able to act as APCs, 
internalizing soluble antigens and presenting them to T cells and creat-
ing a loop that amplifies and perpetuates the pathogenic response.32

T CELLS AND THE REGULATION  
OF THE IMMUNE RESPONSE
T cells are central elements in the immune response. They define its 
characteristics and control its magnitude and length by stimulating or 
suppressing the function of other cells through direct cellular contact 
and secretion of cytokines and chemokines. They also act as effector 
cells, inducing apoptosis in cells altered by infections. T-cell behavior 
is severely altered in patients with SLE.33 When stimulated through 
their antigen receptor (TCR), lupus-derived T cells exhibit an abnor-
mally rapid and elevated surge in intracellular calcium levels accom-
panied by increased phosphorylation of several proteins involved in 
T-cell signaling.34 This abnormal response is caused by alterations in 
the composition of proteins associated to the TCR. Normally, TCR 
signal transduction is initiated by the TCR-associated molecule CD3 
ζ. However, in T cells from SLE patients, this molecule is expressed 
in low levels and in abnormal cellular compartments.35,36 Its place in 
the antigen receptor complex is taken by an analogous molecule nor-
mally not expressed by T cells (i.e., the γ chain of the FcR). This 
substitution has profound consequences in the manner that SLE T cells 
respond to signals conveyed by their TCR. The presence of the FcR γ 
chain favors an alternative transduction pathway associated with the 
heightened calcium response. This pathway relies on Syk, a tyrosine 
kinase that is overexpressed in T cells from lupus patients.37

The molecules involved in T-cell signaling are not distributed ran-
domly throughout the cell membrane. They are localized in choles-
terol-rich zones that migrate toward the pole of the cell where antigens 
are being presented. These zones, known as lipid rafts, allow the rapid 
clustering of the molecules required to transduce signals initiated in 
the TCR. This spatial reorganization of signaling molecules to a local-
ized part of the cell membrane is necessary for T-cell activation. From 
the point of view of lipid rafts, T cells from patients with lupus are not 
normal. Their lipid rafts are preclustered as if the cells were activated 
(see Fig. 128.2). This morphology may indeed reflect a state of activa-
tion—by autoantigens or perhaps anti–T-cell antibodies—and results 
in faster and larger activation kinetics that lead (along with the substi-
tution of CD3 ζ) to the abnormal response on TCR ligation observed 
in T cells from patients with lupus (Fig. 128.3).38

T-cell activation is a complex process shaped by the integration of 
several signals including those initiated by the TCR. Importantly, 
signaling is not uniformly increased in cells derived from patients with 
lupus. In fact, multiple alterations in the mitogen-activated protein 
(MAP) kinase pathway, a kinase cascade key in the T-cell activation 
process, have been described in lupus T cells. Such defects alter signal 
transduction through this pathway and decrease the production of 
c-fos, one of the two components of the transcription factor AP-1. 
Thus, when a lupus T cell is stimulated by an antigen, changes in key 
intracellular molecules alter the magnitude and quality of the response. 
These alterations in signaling pathways have vast consequences 
because the cellular response to a given antigenic challenge is modified. 
Hence, the expression of certain proteins is excessive whereas the 
production of others is deficient. This notion explains why in some 
regards T cells from patients with lupus seem to be overactivated 
whereas in other key functions they fail to respond adequately. For 
instance, expression of CD40L, an extremely important molecule used 
by T cells to stimulate DC activation and antibody production by B 
cells, is abnormally increased in T cells from lupus patients but IL-2 
secretion is deficient. Transcription of CD40L is mainly regulated by 
nuclear factor of activated T-cells (NFAT), a transcription factor 
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Fig. 128.3 Effector T-cell differentiation favors B cell stimulation and secretion 
of proinflammatory cytokines. Increased production of IL-6 and IL-23 by 
antigen-presenting cells facilitates the development of a T-cell repertoire rich 
in IL-17– and IL-21–producing T cells that promote inflammation and B-cell 
antibody production, respectively. These proinflammatory conditions, along 
with low secretion of IL-2, probably decrease the differentiation and function 
of regulatory T cells. Effector differentiation of CD8 T cells is also impaired. As a 
result, diminished numbers of cytotoxic cells and augmented double-negative 
(DN) T cells are produced. These alterations directly contribute to disease 
pathogenesis and at the same time diminish the pathogen-clearing efficiency 
of the immune system.
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functional consequence of the associated polymorphism has been 
proven. Thus, intrinsic defects and/or the altered cytokine milieu char-
acteristic of patients with lupus might account for the regulatory T-cell 
defects.

Patients with lupus have increased amounts of double-negative 
(DN) T cells (i.e., T cells that lack CD4 and CD8) in peripheral blood. 
Although the reason for this expansion is not completely understood, 
it is probably driven by excessive in-vivo T-cell stimulation. DN T cells 
can stimulate B-cell antibody production by secreting cytokines (e.g., 
IL-4, IL-10). Importantly, DN T cells produce a variety of proinflam-
matory cytokines, including IL-17, and are major components of cel-
lular infiltrates in kidneys of patients with lupus nephritis.47

The localization of immune cells throughout the body and their 
entry into tissues is tightly regulated by the expression of receptors on 
the surface of cells and endothelium. T cells from SLE patients exhibit 
an increased capacity to bind to molecules expressed by endothelial 
cells and to migrate in response to chemokines. This ability, conferred 
by enhanced CD44 expression, probably facilitates their migration into 
target organs where they can induce tissue damage and amplify the 
inflammatory response by secreting cytokines and chemokines.48

In summary, abnormal signal transduction and epigenetic deregula-
tion lead to obvious alterations in T-cell phenotype and function that 
manifest as decreased activation threshold and increased inflammatory 
capacity. T-cell–dependent regulation of the immune system is thus 
skewed toward autoreactivity and inflammation, and T-cell effector 
functions are enhanced (see Fig. 128.3).

LOCAL FACTORS THAT CONTRIBUTE  
TO LUPUS PATHOGENESIS
Autoimmune disease occurs as a direct consequence of the immune 
response. However, organs targeted by inflammation modify the char-
acteristics and magnitude of a local immune response. Recent evidence 
obtained in genetic studies indicates that polymorphisms in kallikrein 
genes can confer susceptibility or resistance to the development of 
nephritis in several mouse strains and in patients with SLE.49 Thus, 
factors able to locally regulate inflammation might be important in 
determining the susceptibility of an organ to be targeted by an autoim-
mune disease and the extent of injury that the organ will suffer when 
injured. In lupus, where the main antigens targeted by the immune 
system are ubiquitously expressed, local responses to inflammation 
might determine if the tissue is spared or attacked by the disease.

CONCLUSION
Lupus is the clinical manifestation of a series of gross alterations in 
immune function and regulation. These alterations gradually accumu-
late in individuals that harbor genetic and hormonal susceptibility 
factors by the interplay of their immune system and factors derived 
from the environment and their own cellular homeostasis. All the ele-
ments of the immune system are involved in the pathogenesis of lupus. 
The understanding of the mechanisms that underlie tissue damage will 
allow the development of therapies that will limit organ destruction. 
However, only the detailed knowledge of the pathways that lead from 
a naive immune system to one prone to autoreactivity will permit us 
to consider finding a cure to this complex disease.

protective immune responses against pathogens. Decreased IL-2 and 
IFN-γ production have been linked to defects in cytotoxic responses 
against viruses and other pathogens.44 This, along with the use of 
immunosuppressive drugs, has placed infection-related mortality near 
the top list of mortality causes of patients with lupus. On the other 
hand, decreased IL-2 has been postulated to be involved in quantitative 
and qualitative abnormalities in regulatory T cells. Moreover, activa-
tion-induced cell death, a mechanism that allows the contraction of 
expanded clones of activated lymphocytes at the end of an immune 
response also depends on the presence of IL-2. IL-17 is a T-cell–derived 
potent proinflammatory cytokine. The frequency of T cells able to 
produce IL-17 is increased in patients with lupus. Moreover, IL-17–
producing T cells have been observed in kidneys from patients with 
lupus nephritis, suggesting a role for this cytokine in the amplification 
of renal inflammation.45 T cells acquire the capacity to produce IL-17 
when antigen presentation occurs in the presence of transforming 
growth factor (TGF)-β and inflammatory cytokines such as IL-6 or 
IL-21. Such functionally differentiated cells have been called T-helper 
17 (Th17) cells. IL-12, IL-4, and IFN-γ are powerful suppressors of 
Th17 differentiation. DCs from patients with lupus secrete higher 
amounts of IL-6 and lower amounts of IL-12. This combination, along 
with paucity of IL-2 and IFN-γ, probably facilitates the priming of naive 
cells into the Th17 effector phenotype in the altered cytokine milieu 
that is characteristic of patients with lupus.

Regulatory T cells limit the length and magnitude of immune 
responses. Patients with lupus have low numbers of regulatory T cells 
in peripheral blood, and their suppressive capacity has been shown to 
be suboptimal.46 Several factors may account for this. IL-2 is necessary 
for the development and maintenance of regulatory T cells. Its defi-
ciency, along with the presence of inflammatory cytokines, might 
hamper regulation; on the other hand, activated T cells are probably 
resistant to suppression. CTLA-4, a molecule involved in regulatory 
T-cell function, has been linked to lupus in genetic studies, but no 

TABLE 128-2 ROLE OF CYTOKINES IN THE PATHOGENESIS OF LUPUS

Cytokine Defect Mechanism

IL-2 Decreased T-cell 
production

Altered T-cell effector function
Altered regulatory T-cell 

development

IL-6 Increased mononuclear 
cell production

B-cell stimulation
Promotion of IL-17 differentiation (?)

IL-10 Increased mononuclear 
cell production

B-cell stimulation

IL-12 Decreased mononuclear 
cell production

Promotion of IL-17 differentiation (?)

IL-17 Increased T-cell production Promotion of inflammation

IL-21 Increased T-cell production B-cell stimulation

IL-23 Increased mononuclear 
cell production

Promotion of IL-17 differentiation

IFN-γ Defective T-cell production Altered T-cell effector function
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populations studied or socioeconomic issues related to prescribed med-
ications and their associated costs.

GUIDELINES FOR DEFINING  
DRUG-INDUCED LUPUS
There is no overall consensus on diagnostic criteria for DIL. Proposed 
criteria5,6 for a diagnosis of DIL include:

● The presence of at least one clinical symptom of systemic lupus 
in addition to a positive ANA assay or other positive laboratory 
tests

● Ingestion of a suspected drug over a period of 3 weeks to 2 years 
before the development of any clinical signs or symptoms sugges-
tive of DIL

● Rapid improvement in clinical signs and symptoms after drug 
discontinuation

● Recurrence of signs or symptoms when the patient is rechallenged 
with the same drug or one within its class, one that is structurally 
similar, or one that is metabolized to an entity with a similar 
functional group

PATHOGENESIS
The mechanisms associated with DIL appear to be diverse, although 
most seem directly or indirectly related to routes of metabolism. Figure 
129.1 summarizes the mechanisms associated with DIL. These routes 
include epigenetic phenomenon (e.g., DNA hypomethylation), genetic 
phenomenon (slow acetylator status, human leukocyte antigen [HLA] 
null alleles in DR2, DR3, and DR4, complement factor C4 null allele), 
and biotransformation to reactive metabolites that form covalent bonds 
to proteins.4,7-9 The process of DNA methylation serves to silence 
genes, whereas hypomethylation can lead to activation of gene promot-
ers. Methylation has been found to be conducted by DNA methyl-
transferase 1 (deemed maintenance methylation), whereas DNA 
methyltransferase 3a and 3b are responsible for de novo methylation. 
The cytosine analog 5-azacytidine inhibits DNA methyltransferase, 
leading to demethylation and increasing activation of a number of 
promoter regions. The result is increased expression of CD11a, CD70, 
IFN-γ, IL-4, and perforin genes. Interferon-γ, IL-4, and CD70 interact 
with and stimulate B cells. CD11a is a subunit of LFA-1 and has co-
stimulatory functions. Perforin is cytotoxic and is expressed in NK cells 
and some cytotoxic CD8+ T cells. Hence, DNA hypomethylation can 
lead to increased LFA-1 and B-cell stimulators, resulting in enhanced 
T-cell responsiveness. The two most commonly implicated drugs in 
DIL (procainamide and hydralazine) inhibit DNA methylation. Pro-
cainamide is a competitive DNA methyltransferase inhibitor. Hydrala-
zine is a selective ERK pathway inhibitor, preventing induction of DNA 
methyltransferase in stimulated T cells.

Drug biotransformation to reactive metabolites is another mecha-
nism for DIL. Drug metabolism by NADPH oxidase, myeloperoxidase, 
nitric oxide, cytochrome P450, and prostaglandin synthetase can occur 
in activated leukocytes. These reactions can lead directly to cytotoxic 
compounds that can then bind covalently to and alter DNA or can bind 
covalently to proteins to induce an immune response. The activation 
process by these metabolic routes follows a common pathway in leading 
to reactive intermediates that have strong oxidizing capability. For 
example, myeloperoxidase bound to the ferric ion in the presence of 
hydrogen peroxide (generated from oxygen during the leukocyte activa-
tion/respiratory burst process) and a two-electron oxidation process 
results in a strong oxidant that can react with chloride to produce the 

Drug-induced lupus
Melanie S. Joy and Mary Anne Dooley

 Drug-induced lupus (DIL) remains an under-recognized clinical 
entity.

 Data regarding the causality of drugs in inducing lupus are mostly 
limited to case series and reports.

 Various mechanisms proposed for DIL include genetic 
predisposition, upregulation of T-cell activity by estrogens inducing 
enhanced calcineurin activity, overexpression of LFA-1, TNF-α 
inhibition, DNA methylation reduction by direct inhibition of DNA 
methyltransferases or indirectly by ERK pathway signaling, and 
development of reactive drug metabolites that are capable of 
forming covalent bonds with DNA.

 Local drug metabolism within the leukocytes by enzymes including 
myeloperoxidase may be responsible for the conversion to reactive 
compounds.

 Diagnosis of DIL requires a careful patient examination, medication 
history review, and diligent assessment of disease symptoms and 
time course after drug exposure, removal, and rechallenge.

INTRODUCTION AND HISTORICAL ASPECTS
The clinical entity of drug-induced lupus (DIL) was first reported in 
1953 when it was noted that approximately 7% of hydralazine-treated 
patients developed a lupus-like illness.1 In the decade that followed, 
procainamide and anticonvulsants were added to the list of lupus-
inducing drugs. Since the development of modern tests to help diag-
nose lupus, such as the anti-double-stranded DNA (anti-dsDNA) 
antibody and antinuclear antibody (ANA) assays, it has become clear 
that diverse therapeutic agents are capable of inducing antibodies in 
DIL. More recently, various biologic therapies have become a promi-
nent cause. The DIL entity is capable of producing many clinical fea-
tures that resemble idiopathic systemic lupus erythematosus (SLE).

EPIDEMIOLOGY
Drug-induced lupus is an underappreciated entity that has not been 
evaluated in a controlled manner utilizing randomized, prospectively 
designed studies, nor has this drug-induced disease been evaluated 
consistently with assays that would help to better define the mecha-
nisms for the disease process.

The incidence of DIL in the United States has been estimated to be 
15,000 to 20,000 new cases per year.2 In addition, 30,000 to 50,000 
patients are affected at any given time, representing 6% to 12% of all 
lupus cases.3 The frequency of DIL is probably under-reported, because 
many cases are mild and self-limiting once the offending drug is 
removed; thus, laboratory and other diagnostic assessments often are 
not performed.

The association of particular drugs with induction of lupus is often 
a reflection of the length of time the drug has been available and the 
frequency and/or population in which it is prescribed. This may also 
be true concerning gender-related predispositions to DIL. For example, 
because older males are more likely to require procainamide and 
hydralazine for cardiovascular disease, there are more cases of procain-
amide- and hydralazine-induced lupus in men. Nevertheless, women 
receiving these agents are two to four times more likely to develop DIL 
than their male counterparts. Little is known about racial susceptibility 
to DIL. Whites have been reported to be affected up to six times more 
frequently than patients of African descent and to exhibit a more severe 
disease.4 However, this may simply represent demographic bias in the 
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PROPOSED MECHANISMS OF DRUG-INDUCED LUPUS

Inhibition of DNA methylation Reactive drug metabolites

Genetic predisposition Sex hormones TNFα inhibition

DIL

Fig. 129.1 Proposed mechanisms of drug-induced lupus.

FUNCTIONAL GROUPS OF DRUGS INDUCING LUPUS
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Fig. 129.2 Functional groups of drugs inducing lupus.

highly reactive hypochlorous acid. Nitric oxide generated from acti-
vated neutrophils reacts with an oxygen radical to produce peroxyni-
trite, which is capable of oxidizing various functional groups. The 
cytochrome P450 family of enzymes is known to metabolize a whole 
host of drugs via the various families and subfamilies of this enzyme 
system. Figure 129.2 lists the functional groups and representative 
drugs that are susceptible to biotransformation in the leukocytes.

Genetic disposition has been proposed as a mechanism for DIL. 
Genetic predisposition factors have centered on HLA alleles. Associa-
tions with HLA-DR4, -DR2, and -DQB1 alleles have been reported 
with both systemic lupus and DIL secondary to minocycline and sul-
fasalazine. Upregulation of T-cell activity by estrogens secondary to 
enhanced calcineurin activity and reductions in TNF-α–mediated 
control of B-cell hyperactivity have also been proposed mechanisms of 
DIL. Upregulation of calcineurin in T cells has been reported in female 
patients with SLE but not in females or males without the disorder. 
Calcineurin is proposed to control the binding of T-cell receptors to 

antigens. More recently, however, the association of DIL with estro-
gens has been questioned. The Carolina Lupus (CLU) Study, a popu-
lation-based, case-control study of hormonal and environmental risk 
factors for development of SLE among 265 incident cases, showed no 
increase in endogenous or exogenous estrogen exposures between 
women who developed SLE and controls.10 Similarly, among women 
with established SLE, no increase in severe flares was shown in ran-
domized, blinded, placebo-controlled studies of young women with oral 
contraceptives or postmenopausal hormone replacement therapy.11-14 
These studies did not examine estrogen metabolism or estrogen recep-
tor polymorphisms. Recent studies of women in the Nurses Health 
Study have shown increased risk of SLE with estrogen therapy and with 
estrogen containing oral contraceptives.15 These contradictions remain 
to be explained, although it is interesting that studies showing an 
increased risk of SLE with estrogen have been predominantly white, 
whereas negative studies have included predominantly minority women 
(African American and Hispanic).

CLINICAL FINDINGS
There is not a clear distinction in clinical findings between those 
patients with DIL and SLE, and overlap definitely occurs. In general, 
DIL has been described as being milder than SLE. Table 129.1 sum-
marizes these differences conceptually. DIL patients often express der-
matologic manifestations characteristic of a drug-induced process 
(purpuric, erythematous, and/or papular rashes) versus the classic 
malar rash or discoid lesions associated with SLE. Qualitative labora-
tory differences can also be apparent when differentiating DIL from 
systemic lupus. The ANA pattern typically is associated with a homo-
geneous pattern in DIL. Anti-histone antibodies are generally found in 
up to 75% of DIL cases. In addition, patients suspected of exhibiting 
DIL typically have anti-ssDNA antibodies, whereas SLE patients com-
monly exhibit anti-dsDNA antibodies. The delineation of findings 
between SLE and DIL has recently become less clear with symptom-
atology and laboratory reports of DIL association with anti-TNF-α and 
interferon therapies. Similar to idiopathic SLE, DIL can be divided into 
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TABLE 129.1 DIFFERENTIATING DRUG-INDUCED LUPUS 
FROM SYSTEMIC LUPUS

Drug-induced lupus Systemic lupus

Gender predisposition N/A +++

Age predisposition N/A +++

Arthralgias +++ +++

Myalgias ++ +++

Fever/pleurisy/pericarditis + +++

Malar rash/alopecia/discoid lesions + +++

Purpura, erythematous papules +++ +

Mucosal ulcers/lymphadenopathy/
Raynaud’s

+ +++

Central nervous system/renal 
manifestations

+ +++

Antinuclear antibodies +++ +++

Anti-histone antibodies +++ +

Anti-ssDNA antibodies +++ +

Anti-dsDNA antibodies + +++

Reduced complement + +++

TABLE 129.2 CLINICAL MANIFESTATIONS IN DRUG-INDUCED LUPUS

Drug Symptoms Laboratory abnormalities

Procainamide 1 to 2 months after initiation: arthralgia, arthritis, myalgia, pleuritis, fever, weight loss + ANA in 95%, anti-histone, anti-H2A-H2B DNA 
antibodies in 96%

Hydralazine 1 to 2 months after initiation: fever, weight loss, fatigue rash, arthralgia, arthritis, myalgia + ANA in 95%, anti-histone antibodies in 95%

Minocycline 3 months to 6 years after initiation
F : M 5 : 1, polyarthralgias, myalgias, fever, Raynaud’s, mouth ulcers, hepatic damage

+ ANA in 82%, + pANCA in 67%. Occasional 
anti-dsDNA

Carbamazepine 14 days after initiation: rash, fever + ANA, leukopenia

Phenytoin 1 month to 2 years after initiation: arthritis, malar rash, fever, alopecia, photosensitivity, 
lymphadenopathy

+ ANA, low complement

Sulfasalazine Long-term therapy (3 years): serositis, arthralgias, skin eruptions, nephritis, leukopenia + ANA and anti-dsDNA

Isoniazid 1 year after initiation: fever, erythematous malar rash, lymphadenopathy, pleural 
effusions

+ ANA and anti-histone antibodies, leukopenia, 
anemia, elevated liver function test results

Penicillamine 5 weeks + after initiation: oral ulcers, fever, arthralgias, rash + ANA and nucleohistone antibodies

Terbinafine 4-8 weeks after initiation
Papular, erythematous, leg lesions

+ ANA speckled/homogeneous pattern, + 
anti-R0, +anti-histone antibodies

Anti-TNF-α 1.5-18 months after initiation: decreased complement, predilection for females. Discoid 
and malar rashes common

+ ANA, anti-dsDNA, anti-Sm, anti-histone 
antibodies, anti-cardiolipin antibodies

Interferons Clinical picture similar to systemic lupus, renal involvement common Anti-dsDNA antibodies, decreased complement

systemic manifestations, subacute cutaneous manifestations, and 
chronic cutaneous manifestations. Systemic DIL is characterized by 
typical lupus-like symptoms, including skin signs, usually mild sys-
temic involvement, and a typical laboratory profile with positive anti-
nuclear and anti-histone antibodies, whereas anti-dsDNA and 
anti-extractable nuclear antigens antibodies are rare. Drug-induced 
subcutaneous SLE is very similar to the idiopathic form in terms of 
clinical and serologic characteristic, and it is more common than the 
systemic form of DIL. Drugs associated with subcutaneous SLE include 
calcium-channel blockers, angiotensin-converting enzyme inhibitors, 
interferons, thiazide diuretics, and terbinafine. Drug-induced chronic 
cutaneous SLE is very rarely reported in the literature and usually refers 
to fluorouracil agents or non-steroidal anti-inflammatory drugs.

Table 129.2 summarizes the clinical features associated with drugs 
that have been most definitively associated with DIL in addition to the 

typical findings associated with these and other more commonly 
employed therapies.

Procainamide and hydralazine are perhaps the drugs that have been 
most frequently described as causing DIL.4,16 Both agents induce ANA 
and anti-histone antibodies in a high proportion of patients. In addi-
tion, more than 80% of patients have musculoskeletal complaints, 
including arthralgias and myalgias. Both hydralazine and procainamide 
can cause a discoid or malar rash. A positive “lupus band” test and 
Sweet’s syndrome have also been described in DIL associated with 
hydralazine therapy. Pleuropulmonary involvement is particularly 
common in procainamide-induced lupus.

Minocycline therapy has often been purported in the literature to 
result in DIL.17-19 Not surprisingly, the average age of patients with 
minocycline-induced lupus (22 years) is younger than those with pro-
cainamide- or hydralazine-induced lupus. The majority of patients 
received the drug for over a year before the onset of their lupus symp-
toms. About one half of the affected patients have laboratory evidence 
of liver involvement and 20% have rashes. Pleuropulmonary and hema-
tologic involvements are uncommon, and the nervous system and 
kidneys are usually spared. The female-to-male predisposition may be 
a reflection of the high use of acne medication in females who may be 
more concerned with appearance. Hepatic damage associated with 
minocycline may be the result of reactive metabolites being produced 
by the liver.

The anticonvulsants carbamazepine and phenytoin have also been 
extensively implicated in DIL.4 Positive ANA and low white blood cell 
counts are common. Sulfasalazine has historically been associated with 
DIL, but a prospective, randomized trial of 200 patients does not 
support the association.20 The relevance of this finding needs to be 
compared with a calculated incidence rate of DIL association with the 
drug in question.

Terbinafine is an oral antifungal agent that has been reported to 
cause DIL in several published case reports.21 The symptoms seem to 
appear within 4 to 8 weeks after initiation of therapy. Laboratory 
abnormalities include ANA, anti-Ro, and anti-histone antibodies. A 
review of 27 cases of terbinafine-induced subcutaneous SLE in the 
literature revealed that this disorder has been reported six times more 
often in females than in males.22 Skin lesions evolved an average of 7 
weeks after starting the drug. In 79% of the cases, ANA could be 
detected while anti-histone antibodies were present in only 29%. Anti-
bodies against Ro/SS-A and La/SS-B were found in 86% and 39%. In 
all cases, the subacute cutaneous lupus rash resolved after the drug was 
discontinued. Antibodies associated with DIL react with histone or 
histone-DNA complexes.4,23 However, anti-histone antibodies lack 
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unclear how anti-TNF-α therapies induce lupus in susceptible indi-
viduals, but studies in lupus-prone mice suggest that suppression of 
TNF-α levels may contribute to disease progression. Recently, cases of 
DIL have been reported with anti-TNF-α agents. These cases present 
as disparate clinical features, including arthritis/arthralgia, rash, sero-
sitis, cytopenia, and variable laboratory abnormalities. DIL to anti-
TNF-α agents differs in several ways to classic DIL. The incidence of 
rashes is higher compared with classic systemic DIL. In most cases of 
classic DIL, visceral involvement is rare, whereas several cases of anti-
TNF-α DIL with evidence of renal disease have been reported. Low 
serum complement levels as well as anti-extractable nuclear antigen 
antibodies and anti-dsDNA antibodies are rarely present in classic DIL, 
whereas they are reported in half the cases of anti-TNF-α DIL; in 
contrast, anti-histone antibodies are described in classic DIL more 
often than in anti-TNF-α DIL. Recognition of DIL in patients receiving 
anti-TNF-α therapy can be difficult owing to the symptoms of their 
underlying disease. A temporal association (months to years) of the 
offending drug with characteristic or suggestive symptoms with resolu-
tion of symptoms on drug withdrawal is the best evidence for this 
diagnosis of DIL.

TREATMENT OF DRUG-INDUCED LUPUS
The most important aspect of DIL management involves recognizing 
that a drug is responsible for the illness. As a rule, symptoms of DIL 
are self-limiting once the offending drug is stopped. The development 
of a positive ANA while receiving a drug is not sufficient to diagnose 
DIL or to discontinue the drug, although careful monitoring for sub-
sequent clinical features is important. Treatment will vary among 
patients, and in the same patient from flare to flare, depending on the 
severity and manifestation(s) of the increased disease activity. Consti-
tutional and musculoskeletal symptoms are usually adequately con-
trolled with aspirin or NSAIDs. However, clinicians should exercise 
caution when kidney involvement or neurologic disease is present. 
Low-dose prednisone may be necessary for refractory symptoms, and 
higher doses may be used for resistant features or symptomatic peri-
cardial effusion. The rare case of biopsy-proven renal disease or vascu-
litis should be treated similarly to SLE with corticosteroids and 
immunosuppressive agents.

Although most symptoms of DIL resolve within a few weeks of 
discontinuing the offending drug, occasionally patients may take up to 
1 year to recover completely. ANA expression may also be prolonged 
or fail to resolve over time even as clinical symptoms disappear.

CONCLUSION
As the frequency of use of newer agents associated with DIL increases, 
the practicing clinician needs to have heightened awareness of the 
potential problem of DIL. Prompt recognition and discontinuation of 

TABLE 129.3 MEDICATIONS ASSOCIATED WITH DRUG-INDUCED LUPUS

High risk Low risk <1%

Antiarrhythmics Procainamide (15-20%) Quinidine disopyramide, propafenone

Antihypertensives Hydralazine (5-8%) Methyldopa, captopril, acebutolol, clonidine, enalapril, labetalol, minoxidil, pindolol, 
prazosin, chlorthalidone, hydrochlorothiazide, diltiazem, verapamil, nifedipine, reserpine

Antipsychotics; antidepressants Chlorpromazine, chlorprothixene, lithium carbonate, phenelzine; bupropion

Antibiotics; antifungals Isoniazid, minocycline, nitrofurantoin, p-aminosalicylic acid, sulfonamides, penicillins; 
terbinafine, griseofulvin

Anticonvulsants Carbamazepine, ethosuximide, phenytoin, primidone, trimethadione

Anti-thyroid agents Propylthiouracil, methylthiouracil

Anti-inflammatory agents; non-
steroidal anti-inflammatory drugs

d-Penicillamine, sulfasalazine, leflunomide; piroxicam, naproxene, phenylbutazone

Anticholesterolemics Atorvastatin, fluvastatin, lovastatin, pravastatin, simvastatin

Biologic agents Etanercept, infliximab, adalimumab; IFN-α, IFN-β, and IFN-γ; IL-2

Others Fluorouracil, timolol eye drops

specificity because they are also found in many other autoimmune 
disorders, including SLE, adult and juvenile rheumatoid arthritis, 
Felty’s syndrome, and undifferentiated connective tissue disease and 
other disease states. Much investigative attention has focused on defin-
ing the fine specificity of anti-histone antibodies in DIL. For example, 
patients with procainamide-induced lupus tend to produce IgG anti-
bodies with specificity against a (H2A-H2B)-DNA complex, whereas 
asymptomatic patients receiving procainamide are more likely to have 
IgM antibodies to H2A-H2B dimers lacking DNA. However, this selec-
tivity is not specific for DIL because these IgG antibodies have been 
found in the sera of 15% to 20% of anti-histone–positive systemic lupus 
patients.24 Although studies of anti-histone antibodies may provide 
important insights into the mechanisms behind DIL, their diagnostic 
value for individual patients is limited.

Antiphospholipid antibodies, including the lupus anticoagulant and 
anticardiolipin antibodies, have been reported to be associated with a 
number of drugs, including chlorpromazine, procainamide, hydrala-
zine, perphenazine, quinidine, quinine, and sulfasalazine.25 These 
autoantibodies are often IgM and are not always associated with clini-
cally significant events such as thrombosis.

Table 129.3 summarizes drugs that have been associated with the 
development of DIL. Interestingly, treatment with a number of the 
newer biologic agents has been associated with the development of 
autoimmunity, including DIL. Interferons (IFNs) have antitumor, anti-
viral, and immunomodulating properties, and IFN-α, IFN-β, and IFN-γ 
have been linked to the development of a positive ANA assay and onset 
of clinical lupus. Studies have reported a 1% to 14% frequency of IFN-
induced lupus, with up to 8% of patients receiving long-term IFN 
therapy developing anti-dsDNA antibodies.26 Treatment of lupus-
prone mice with IFN has been reported to worsen the disease. In addi-
tion, SLE patients have elevated IFN levels that correlate with their 
ANA and anti-DNA antibody titers and clinical disease activity.

Drugs designed to inhibit TNF-α have more recently been associ-
ated with DIL.27,28 These therapies induce the expression of antinuclear 
antibodies and anti-dsDNA antibodies. The exact mechanism(s) for 
induction of autoantibody expression and development of clinical fea-
tures associated with SLE remains to be determined. In a large clinical 
trial, 23% of rheumatoid arthritis patients treated with infliximab, a 
chimeric IgG1k anti-TNF monoclonal antibody, developed a positive 
ANA assay over the course of the study, compared with 6% of placebo-
treated patients.27 In addition, 7% of the infliximab-treated patients 
developed anti-dsDNA antibodies that were typically IgM. Approxi-
mately one third of infliximab-treated Crohn’s disease patients devel-
oped a positive ANA assay, and 9% of treated patients developed 
anti-dsDNA antibodies. Patients who are ANA positive at therapy 
initiation are twice as likely to develop anti-dsDNA antibodies. The 
experience with etanercept, a recombinant TNF receptor Fc fusion 
protein, is similar to that of infliximab.28 Interestingly, some patients 
have developed anti-dsDNA antibodies with a negative ANA. It is 
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to confirm the association. Finally, physicians need to be aware that 
many patients with chronic diseases ingest over-the-counter and alter-
native medicines that could potentially induce the development of 
autoimmune diseases, including SLE.

the suspected drug are associated with excellent outcomes in most 
cases. The number of reported associations is expected to increase as 
new drugs are developed. Because some of these case reports may rep-
resent idiosyncratic reactions or the coincidental development of SLE, 
rigorous epidemiologic, clinical, and laboratory testing should be done 
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ASSESSMENT OF DISEASE ACTIVITY
Systemic approach to assessment
Active SLE can present in diverse ways. In order to assess a patient 
fully it is essential to recognize that there is more to lupus than the 
American College of Rheumatology (ACR) criteria and, indeed, these 
are currently being revised.8 New criteria are likely to be published in 
2010-2011. When assessing a patient with lupus, all systems of the 
body must be screened. Patients should be assessed literally from head 
to foot, with both direct questioning and full physical examination 
because they may not report all the relevant features. Details of the 
clinical features that may be found in each system are discussed in 
Chapter 122. Appropriate investigations such as electrocardiogram, 
echocardiography, and lung function tests, as well as imaging with 
x-rays, computed tomography scans, magnetic resonance imaging, and 
other modalities may be required to help establish the nature of abnor-
malities detected on clinical assessment and for monitoring for 
improvement and deterioration.

Whatever feature is being considered, it is important to determine 
how long it has been present, whether it has occurred before, and if so, 
whether it resolved spontaneously or as a result of a particular interven-
tion. Is it currently getting worse, getting better, or stable? It is essential 
to decide whether or not the feature is likely to be due to active lupus, 
a complication of lupus (such as chronic lung fibrosis or infection), or 
other comorbid disease, whether autoimmune or not. For example, a 
patient may complain of increasingly severe fatigue, diffuse hair loss, 
and myalgia. Does the patient have a flare of active lupus and/or fibro-
myalgia and/or autoimmune hypothyroidism? Evidence for each condi-
tion must be sought by careful questioning, clinical examination, and 
laboratory testing. Any of these may be present alone or in combination 
in a patient with lupus. Features of active lupus may be additive or 
migratory, with different parts of the body being affected on different 
days (e.g., a malar rash followed by arthritis in a wrist lasting 2 days, 
then arthritis in an ankle and multiple mouth ulcers).

It is necessary to determine the circumstances around and prior to 
the onset of the lupus flare. Was the patient exposed to sunlight; did 
he or she suffer an infection; or was the patient’s therapy reduced and, 
if so, from what dose and over what time span? Symptoms, particularly 
rashes, triggered by sunlight may resolve spontaneously with assiduous 
avoidance of further ultraviolet exposure, increased use of sunblock to 
protect against unavoidable sun exposure, and/or local steroid therapy. 
In other cases increased systemic therapy may be required, particularly 
if this was the patient’s previous experience. If an infection triggered 
the flare of disease activity, it is most unlikely that the symptoms will 
settle without adequate treatment of the infection and immunosup-
pression appropriate to the lupus feature(s). Sometimes, if a disease 
flare will not settle, it is important to look for a persistent, subclinical 
infectious trigger. Occasionally the patient may have drug-induced 
features and idiopathic lupus that improve with a change in drug 
therapy such as a change in anticonvulsant. If the flare is limited to 
one or two systems and came on soon after a particular reduction in 
steroids, it may be possible to regain control with a modest increase 
in steroid dose and restoration of the dose that was previously ade-
quate. But the number of systems involved, the extent and severity  
of each feature, and the rate of deterioration in symptoms is  

Assessing disease activity 
and outcome in systemic 
lupus erythematosus
Caroline Gordon

 Disease activity needs to be distinguished from chronic damage.
 The patient’s perception of their disease does not depend on 

disease activity alone.
 Fatigue is common and may be due to lupus, comorbid disease 

such as fibromyalgia, or psychosocial factors.
 It is important to screen for infection, especially if the C-reactive 

protein is raised.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a condition with very heteroge-
neous manifestations that requires careful assessment. It does not 
matter whether the patient is being assessed (1) as part of routine care 
to plan his or her future therapeutic strategy, (2) to decide if she is fit 
enough to consider pregnancy, (3) to determine whether he or she is 
eligible for a clinical trial, or (4) to assess his or her response to therapy 
within the context of a clinical trial. Understanding the factors that 
can determine the symptoms reported by a patient and the signs 
observed by the physician is essential. Blood tests are helpful but need 
to be interpreted in light of clinical features and past history. Only after 
careful assessment can the physician discuss with the patient what 
options are available for the management of his or her disease.

Outcome used to be measured in terms of survival, but this is no 
longer sufficient because more than 90% of patients survive for at least 
5 years after diagnosis and more than 80% survive at least 10 years.1,2 
Morbidity in these survivors may still be considerable, however, and 
all the factors influencing the patients’ sense of well-being need to be 
assessed and discussed, whether or not the patient is being followed 
up as part of an outcome observational study or a clinical trial. Assess-
ment of the effects of lupus disease on a patient can be divided into 
three components: disease activity, chronic damage, and health status.3 
The assessment of potentially reversible disease activity is what most 
people will think of when “assessment of lupus” is mentioned. However, 
it is most important to distinguish chronic damage from active disease 
or else the patient may be overtreated for a clinical feature that is no 
longer reversible.3 Finally, the effects of the disease on the patient 
should be assessed in some objective way. This involves the determina-
tion of the patient’s health status or quality of life and functional 
ability.4,5 This is not necessarily related to disease activity and will not 
respond to simple therapeutic strategies such as a change in steroid 
dose. In fact, studies have shown that what is measured by quality of 
life or health status surveys and standardized indices for disease activ-
ity and damage are all different from each other and reflect distinct 
outcomes of the disease. It has been agreed that the core outcome 
domains for randomized clinical trials and longitudinal observational 
studies should include disease activity, damage, health-related quality 
of life, and an assessment of toxicity/adverse events.6,7 Assessment of 
the economic costs involved in caring for lupus patients is likely to 
become increasingly important. Methodology has been developed to 
assess this,4 but it is not discussed further here.
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because which tests change, how quickly they change, and by how 
much varies between patients and depends on which systems are 
involved.

Antiphospholipid antibodies in lupus patients may be associated 
with thromboembolic events and adverse pregnancy outcomes. In 
patients who have suffered such an event, it is important to measure 
IgM and IgG anticardiolipin and B2-glycoprotein-I antibodies and lupus 
anticoagulant. If positive, these results should be confirmed at least 12 
weeks later in view of the implications for long-term therapy in patients 
with antiphospholipid syndrome.13

With central nervous system (CNS) disease, a lumbar puncture is 
often necessary to exclude infection. It is important to screen for atypi-
cal infections, including tuberculosis and fungi in heavily immunosup-
pressed patients. Lymphocytes and raised CSF protein may be observed 
in CNS lupus flares, making it difficult to distinguish aseptic menin-
gitis due to lupus from viral meningitis. Other evidence of active lupus 
will help to support the diagnosis of active SLE, especially in the pres-
ence of oligoclonal bands, with IgG specific to the CSF indicating 
intrathecal antibody formation. This test is not specific for multiple-
sclerosis and is useful in SLE.

Recording of disease activity
Because lupus can vary so much, standardized methods of recording 
disease activity have been devised. The best known of these are the 
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI), the 
British Isles Lupus Assessment Group (BILAG) index, the System 
Lupus Activity Measure (SLAM), and the European Consensus Lupus 
Activity Measure (ECLAM).3,10 These indices are valid and reliable, and 
they show sensitivity to change in disease activity. They correlate well 
with each other and can be used in children.14 It is fundamental to all 
of these indices that the features which are recorded are attributed to 
lupus. Thus fatigue and myalgia associated with fibromyalgia should 
not be recorded as lupus activity in the BILAG and SLAM indices. 
Details about the clinical features to be recorded in each index are 
defined in a glossary. The definitions are not necessarily the same in 
each index, so the appropriate glossary must be used when using the 
indices. For example, the BILAG index distinguishes arthralgia without 
signs of synovitis, from arthritis in one or more joints with normal 
function, and severe polyarthritis with loss of function in two or more 
joints. In the SLEDAI arthritis, joint tenderness and swelling or effu-
sion must be present in more than two joints to score. It is essential 
when undertaking outcome studies or clinical trials that one of these 
validated indices is used, rather than just describing certain clinical 
features without reference to a defined index of disease activity. The 
indices are also useful for following disease activity and response to 
therapy in the routine management of lupus patients. Summary tables 
can be generated, especially by specifically designed computer programs 
such as the British Lupus Integrated Prospective System (BLIPS)15 and 
ACTICARD.3

The choice of index to use for a clinical study depends on the aims 
of the study. Many people find SLEDAI the easiest to use.3,10,14,16 There 
are only 24 features to record, covering the most common and most 
serious manifestations of lupus. A weighted score is given so that the 
more serious manifestations such as vasculitis, renal manifestation, 
and neurologic features score more highly than others such as skin 
rashes and abnormal serologic tests. However, some relatively mild 
vasculitic features score the same as more extensive disease (e.g., splin-
ter hemorrhages, gangrene of several digits). The maximum potential 
score is 105, but in practice scores are rarely above 40. The original 
SLEDAI predominantly recorded features that were new or deteriorat-
ing but also recorded any abnormal anti-dsDNA antibody level and 
abnormal C3 or C4 level. This caused some concern because there was 
no way of recording ongoing disease activity in certain systems or 
changes in serologic tests. In the past few years, modifications have 
been proposed. SELENA-SLEDAI and SLEDAI 2000 (Table 130.1) 
record ongoing disease activity.3,17 These changes are likely to make 
SLEDAI 2000 more useful for clinical trials when the assessment of 
current disease activity needs to be recorded.

The classic BILAG index is more comprehensive and records clinical 
disease activity in each of eight systems separately.3,10,15 It includes 
renal and hematologic manifestations of lupus but no immunologic 

also important in the assessment, in order to guide the physician in 
deciding what type of therapy is likely to control the disease from now 
onward. It may also be important to consider psychosocial issues that 
need addressing, for reasons that will become clearer.

Neuropsychiatric manifestations of lupus can be difficult to catego-
rize and distinguish from non-SLE neurologic disease. The American 
College of Rheumatology has produced specific guidelines for diagnos-
ing and reporting neuropsychiatric manifestations that are helpful 
when assessing patients with such problems.9

Use of laboratory tests in the  
assessment of disease activity
When assessing disease activity in lupus, it is essential to consider the 
results of hematologic and biochemical tests. These are often more 
important than the immunologic tests, although serologic tests are 
useful not only for diagnosis but also for following disease activity. The 
results of the basic full blood count with white count differential are 
fundamental in the assessment of a lupus patient. Lymphopenia is the 
commonest manifestation of lupus. Some patients have leukopenia 
and neutropenia regularly with active disease. This needs to be borne 
in mind when following patients on cytotoxic therapy because a reduced 
count may mean the need for more therapy, not less. Testing the 
response to increased steroids can be helpful in demonstrating that 
there is a functional reserve in the bone marrow. Thrombocytopenia 
may be low grade and chronic as part of the antiphospholipid syn-
drome, or sudden and serious with an acute lupus flare. Erythrocyte 
sedimentation rate (ESR) is often raised in SLE but is not very helpful 
for monitoring disease activity. C-reactive protein (CRP) is usually 
normal or only slightly raised (e.g., in serositis or arthritis). The dis-
crepancy between ESR and CRP in SLE can be useful in screening 
patients in whom a diagnosis has not been made. When the CRP is 
raised, particularly above 50 gm/L, infection is usually present and the 
patient with SLE should be screened carefully for this.

Renal assessment at the least requires a urine dipstick to screen for 
proteinuria, hematuria, leukocyturia, and nitrites for infection. When 
assessing hematuria it is important to exclude infection, stones, and 
menstrual blood loss. Microscopic examination of the urine to look for 
casts is still the best way of identifying active renal disease. Proteinuria 
can be quantified most reliably on a 24-hour urine specimen with well-
motivated patients or by random urine protein/creatinine ratio or 
albumin-to-creatinine ratio because urine dipstick values are unreliable 
for monitoring protein excretion in the urine. Calculated creatinine 
clearance and glomerular filtration rate are gaining favor. These are 
more sensitive tests than serum creatinine and are less dependent on 
patient cooperation than creatinine clearance on a 24-hour urine col-
lection but are not helpful for monitoring renal function unless the 
GFR is below 60 mL/min. The best way of distinguishing renal activity 
from damage and establishing the type of renal involvement is by a 
renal biopsy (see Chapters 117 and 127).

The value of serologic tests in lupus disease activity assessment has 
been much debated.10 About 60% of lupus patients have anti–double-
stranded (ds) DNA antibodies. This test can therefore be used only in 
those known to manifest these antibodies. It is rare for levels to rise 
steadily without a disease flare eventually developing. The problem is 
that at the peak of clinical disease activity, the level may fall rather 
than continuing to rise, owing to deposition of antibodies in the 
tissues.11 When the flare will occur and whether a fall in the level of 
anti-dsDNA antibodies is seen with the clinical flare probably depends 
on how often the test is performed in the individual patient. Patients 
with changing anti-dsDNA antibody levels should be reviewed more 
frequently and caution should be exercised over reducing therapy. A 
disease flare, often involving the kidneys, hematology, or vasculitis, is 
most likely if the C3 and C4 levels are falling steadily or a complement 
degradation product (e.g., C3d or C4d) is rising steadily, especially if 
the levels are well outside the normal range.12 However, isolated muco-
cutaneous disease flares are rarely associated with any serologic change 
and persistently slightly abnormal serological tests do not usually 
predict a disease flare. In an individual patient it often becomes clear 
which serologic changes precede a flare, and such observations can be 
used to guide therapeutic decisions in that patient in the future. Studies 
have not consistently shown benefit from serologic testing in lupus 
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TABLE 130.1 SYSTEMIC LUPUS ERYTHEMATOSUS DISEASE ACTIVITY INDEX 2000 (SLEDAI 2000)17

SLEDAI score* Descriptor Definition

8 Seizure Recent onset. Exclude metabolic, infectious, or drug-related causes.

8 Psychosis Altered ability to function in normal activity due to severe disturbance in the perception of reality. Includes hallucinations; 
incoherence; marked loose associations; impoverished thought content; marked illogical thinking; bizarre, disorganized, or 
catatonic behavior. Exclude the presence of uremia and offending drugs.

8 Organic brain syndrome Altered mental function with impaired orientation or impaired memory or other intellectual function, with rapid onset and 
fluctuating clinical features. Includes a clouding of consciousness with a reduced capacity to focus and an inability to 
sustain attention on environment, plus at least two of the following: perceptual disturbance, incoherent speech, insomnia 
or daytime drowsiness, and increased or decreased psychomotor activity. Exclude metabolic, infectious, and drug-related 
causes.

8 Visual Retinal changes from systemic lupus erythematosus: cytoid bodies, retinal hemorrhages, serous exudate or hemorrhages 
in the choroid, optic neuritis (not due to hypertension, drugs, or infection).

8 Cranial nerve New onset of a sensory or motor neuropathy involving cranial nerves.

8 Lupus headache Severe, persistent headache; may be migrainous; but must be unresponsive to narcotic analgesia.

8 Cerebrovascular accident New-onset cerebrovascular accident(s). Exclude arteriosclerosis.

8 Vasculitis Ulceration, gangrene, tender finger nodules, periungual infarction, splinter hemorrhages, or biopsy or angiogram proof of 
vasculitis.

4 Arthritis ≥2 joints with pain and signs of inflammation (e.g., tenderness, swelling, or effusion).

4 Myositis Proximal muscle aching or weakness associated with elevated creatinine phosphokinase/aldolase, or electromyographic 
changes or a biopsy showing myositis.

4 Casts Heme, granular or red blood cell casts.

4 Hematuria More than 5 erythrocytes per high-power field. Exclude stone, infection, or other cause.

4 Proteinuria More than 0.5 gm of urinary protein excreted per 24 hr.

4 Pyuria More than 5 leukocytes per high-power field. Exclude infection.

2 Rash Inflammatory-type rash.

2 Alopecia Abnormal, patchy, or diffuse loss of hair.

2 Mucosal ulcers Oral or nasal ulcerations.

2 Pleurisy Pleuritic chest pain with pleural rub or effusion, or pleural thickening.

2 Pericarditis Pericardial pain with ≥1 of the following: rub, electrocardiography, or echocardiogram confirmation.

2 Low complement Decrease in CH50, C3 or C4 level (to less than the lower limit of normal for testing laboratory)

2 Increased DNA binding Increased DNA binding above the normal range for testing laboratory.

1 Fever More than 38° C. Exclude infectious cause.

1 Thrombocytopenia <100 × 109 platelets/L, exclude drug causes.

1 Leukopenia Leukocyte count <3 × 109/L, exclude drug causes.

*SLEDAI score: Enter the weighted score for each descriptor in the SLEDAI score column if the descriptor was present at the time of the visit or in the preceding 10 days and calculate the total SLEDAI 2000 
score by summing all the components.

tests. Although a graded score for each system can be calculated manu-
ally, from A for the most severe disease to E for a system that has never 
been involved, it is more reliable to use a computerized database 
devised for the purpose.15 It is considered by many to be too long to be 
practical because there are 86 features to record. However, it is a com-
prehensive index and the features to be recorded should be part of the 
routine assessment of any lupus patient. It is also the only transitional 
index, and the score depends on whether features are new, worse, the 
same, or improving. Thus features improving before a treatment starts 
cannot appear to improve as much with a new therapy as those features 
that were initially new or deteriorating. Despite the extensive number 
of features covered by the BILAG index, there are some omissions. It 
does not cover retinal or eye manifestations that are covered by SLEDAI 
and SLAM or abdominal pain due to serositis, unlike SLAM. As a 
result, a modification of the BILAG index that includes gastrointestinal 
and ophthalmic manifestations and is known as the BILAG-2004 index 
has been developed and validated.18,19 It is most suited to use in clinical 
trials and outcome studies, where the effects of an intervention on each 
system need to be identified.

In many respects the SLAM and BILAG index are similar, in that 
both have some degree of inbuilt assessment of disease severity and 

exclude immunology. The most frequently used modification of SLAM, 
SLAM-R, only covers 30 defined items, with the option to add one 
feature.10 SLAM and SLAM-R are believed by some experts to put too 
much weight on subjective features reported by the patient, rather than 
simply recording objective signs observed by the physician (as in 
SLEDAI), and they cover renal disease less well than SLEDAI 2000 and 
the BILAG 2004 index. ECLAM is more widely used in Europe than 
SLAM-R.3

ASSESSMENT OF DAMAGE AND OTHER 
COMPLICATIONS OF LUPUS
SLICC/ACR damage index
As survival and disease control have improved in lupus patients,  
there has been an increasing awareness that patients are succumbing 
to complications of the disease and/or its therapy. Urowitz was the  
first to report the bimodal pattern of deaths in lupus, with early  
deaths being predominantly due to disease activity and late deaths to 
cardiovascular disease.1 Over the past 15 years there has been increas-
ing recognition of premature vascular disease affecting the coronary, 
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matter. Features should be recorded if they develop after the onset of 
lupus and fulfill the criteria stated in the glossary, irrespective of attri-
bution. In general, damage features should persist continuously for at 
least 6 months to score or should be associated with an immediate 
pathologic scar such as myocardial infarction or stroke.

The derivation of a single index for recording chronic damage in 
lupus for use in outcome studies and clinical trials was a major achieve-
ment. It was endorsed by the American College of Rheumatology, such 
that the full title of the index is the SLICC/ACR damage index.20 Forty-
one items cover 12 systems (Table 130.2). Some features may score 2 

cerebrovascular, and peripheral circulations of lupus patients.1 Conse-
quently, when a group of investigators, the Systemic Lupus Interna-
tional Collaborating Clinics (SLICC) group, interested in the outcome 
measures in lupus produced a clinical index of chronic damage, these 
features were included.3,10 In addition, the damage index (DI) includes 
features that can be related more closely to the aftereffects of disease 
activity such as pulmonary fibrosis and scarring of the skin, as well as 
features probably more related to therapy than disease such as osteo-
porotic fractures and diabetes mellitus. Some features defy accurate 
attribution to disease, therapy or co-morbid disease, but this does not 

TABLE 130.2 SLICC/ACR DAMAGE INDEX

Damage (non-reversible change), not related to active inflammatory lupus, ascertained by clinical assessment and present for at least stated. Repeat episodes must occur 
at least 6 mo apart to be scored twice.

Item Score

Ocular (either eye, by clinical assessment)
Any cataract ever 1
Retinal change or optic atrophy 1

Neuropsychiatric
Cognitive impairment (e.g., memory deficit, difficulty with calculation, poor concentration, difficulty in spoken or written language, 
impaired performance level) or major psychosis

1

Seizures requiring therapy for 6 mo 1
Cerebrovascular accident ever (score 2 if > 1) 1 or 2
Cranial or peripheral neuropathy (excluding optic) 1
Transverse myelitis 1

Renal
Estimated or measured glomerular filtration rate <50% 1
Proteinuria >3.5 gm/24 hr 1
or End-stage renal disease (regardless of dialysis or transplantation) or 3

Pulmonary
Pulmonary hypertension (right ventricular prominence, or loud P2) 1
Pulmonary fibrosis (physical and radiograph) 1
Shrinking lung (radiograph) 1
Pleural fibrosis (radiograph) 1
Pulmonary infarction (radiograph) 1

Cardiovascular
Angina or coronary artery bypass 1
Myocardial infarction ever (score 2 if >1) 1 or 2
Cardiomyopathy (ventricular dysfunction) 1
Valvular disease (diastolic murmur, or systolic murmur >3/6) 1
Pericarditis for 6 mo, or pericardiectomy 1

Peripheral vascular
Claudication for 6 mo 1
Minor tissue loss (pulp space) 1
Significant tissue loss ever (e.g., loss of digit or limb) (score 2 if >1 site) 1
Venous thrombosis with swelling, ulceration, or venous stasis 1

Gastrointestinal
Infarction or resection of bowel below duodenum, spleen, liver, or gallbladder ever, for cause (score 2 if >1 site) 1 or 2
Mesenteric insufficiency 1
Chronic peritonitis 1
Stricture or upper gastrointestinal tract surgery ever 1
Pancreatic insufficiency requiring enzyme replacement 1

Musculoskeletal
Muscle atrophy or weakness 1
Deforming or erosive arthritis (including reducible deformities excluding avascular necrosis) 1
Osteoporosis with fracture or vertebral collapse (excluding avascular necrosis) 1
Avascular necrosis (score 2 if >1) 1 or 2
Osteomyelitis 1
Tendon rupture 1

Skin and other
Scarring chronic alopecia 1
Extensive scarring of panniculum other than scalp and pulp space 1
Skin ulceration (excluding thrombosis for >6 mo) 1
Premature gonadal failure 1
Diabetes (regardless of treatment) 1
Malignancy (exclude dysplasia) (score 2 if >1 site) 1 or 2



CH
A

PTER 130 
● A

ssessing disease activity and outcom
e in system

ic lupus erythem
atosus

1305

points if they occur more than once, so the maximum score is theoreti-
cally 47, but scores above 12 are rare. In most cohorts about half the 
patients have at least one item of damage. The score can only increase 
with time. Once damage has occurred, it cannot be subsequently dis-
counted because there will always be an associated pathologic scar even 
if function belatedly improves. The SLICC/ACR DI has been shown to 
be valid and reliable. It is distinct from disease activity and increases 
over time, and early accumulation of damage is associated with a poor 
prognosis and increased mortality.21 Thus it is an important outcome 
measure in lupus studies to complement the assessment of current 
disease activity. All physicians managing patients with lupus should 
be aware of the risk of complications covered by the SLICC/ACR DI. 
They should try to prevent their development or treat them promptly 
if they occur. Because features must be present for 6 months to be 
recorded, and because risk factors for some items of damage may accu-
mulate over several years (e.g., myocardial infarction), the SLICC/ACR 
DI can only be used reliably in clinical trials in which therapy will be 
continued for more than 1 year and patients have short disease dura-
tion at entry. However, the DI score at trial entry is important for 
stratifying patients at entry to clinical trials.

Other outcomes in lupus patients
Some outcomes of interest are not covered by the DI or assessment of 
disease activity. The most important is mortality. Despite improve-
ments in therapy over the past 50 years, lupus patients remain at 
increased risk of dying compared with people without lupus.1,2 In par-
ticular, increased mortality from circulatory disease (mostly cardiovas-
cular and cerebrovascular deaths), infections, renal disease, non-Hodgkin 
lymphoma, and lung cancer has been reported.2 The highest risk of 
dying was found in patients who were female, of younger age, with SLE 
duration less than 1 year and/or black/African-American race. Deaths 
due to infections and renal disorders have been decreasing but those 
associated with circulatory diseases have increased over the past 30 
years.2

Infection requiring hospital admission is a potentially reversible 
complication that still causes significant morbidity and mortality in 
lupus patients. Infections are recorded as drug toxicity/adverse events 
in clinical trials, but there are no specific recommendations for moni-
toring for infection in lupus patients beyond the current advice for the 
monitoring of the immunosuppressive drugs used in the treatment of 
SLE patients. Gastrointestinal bleeding is only recorded in the SLICC/
ACR DI if surgical resection results but should be considered in patients 
with relevant symptoms or an iron-deficiency anemia. Sicca symptoms 
due to secondary Sjögren syndrome and chronic hypertension in the 
absence of active renal disease are other well-recognized complications 
of lupus that should be assessed and treated.

Because hypercholesterolemia is common, cholesterol, high-density 
lipoprotein, low-density lipoprotein, and triglycerides should be moni-
tored regularly so that treatment with lipid-lowering therapy can be 
initiated to reduce the risk of atherosclerosis.22 Given the significantly 
increased risk of ischemic heart disease in lupus patients not explained 
by traditional risk factors for atherosclerosis alone, many physicians 

consider that treatment for hyperlipidemia should be initiated as for 
patients with diabetes mellitus, although there is no evidence at present 
that such an approach will improve the long-term outcome of lupus 
patients. Similarly, the physician caring for lupus patients should 
remain vigilant for other complications that may occur in lupus 
patients secondary to the disease and/or its treatment. For example, 
screening for osteoporosis with bone mineral density scanning should 
be considered in patients on steroids and in the postmenopausal age 
group and screening for malignancy should be undertaken according 
to local guidelines or if there are any suspicious features, especially in 
those with persistent lymphadenopathy (lymphoma) or in smokers 
(lung cancer).

ASSESSMENT OF HEALTH STATUS, QUALITY  
OF LIFE, AND FUNCTIONAL ABILITY
It is important to assess the patient’s perception of his or her own 
health and be aware of the factors that may influence this. A number 
of generic health surveys are available and lupus-specific health surveys 
have recently been devised and are currently being validated.23,24 One 
of the most comprehensive and best validated general health surveys 
for use in lupus is the Short-Form-36 (SF36). This covers eight domains, 
namely physical function, social function, role limitations due to physi-
cal or emotional factors, mental health, vitality, pain, and general 
health perception.3,6,16,24 More detailed questionnaires for assessing 
quality of life, physical disability, depression, psychological distress, 
stress, and fatigue are available and have been used in lupus.4,25 Many 
studies have shown that health status measures are significantly 
impaired in lupus patients. Health status (especially fatigue) is most 
strongly correlated with psychosocial factors and less consistently with 
disease activity and chronic damage.4,10,25,26 This suggests that physi-
cians need to consider non-drug modalities of therapy if their patients 
are to feel well and be more active. It may be hard to change some 
social predictors of poor health status such as educational level, socio-
economic group, and access to health insurance. However, it may be 
possible to find ways of helping patients to have better social support, 
to be more satisfied with their medical care, and to cope better with 
their disease. Methodology is available for measuring such outcomes25 
and there is some evidence that such measures might help to reduce 
disease activity and the accumulation of damage. Future studies will 
assess whether such interventions are helpful in practice.

CONCLUSION
The assessment of lupus patients requires three components of disease 
to be considered: activity, damage, and health status. On the basis of 
this assessment, the physician can plan appropriate therapy to control 
active disease, limit the accumulation of damage and other complica-
tions of lupus and its therapy, and improve the patient’s perception of 
their disease. This approach should improve the outcome of the disease 
in terms of morbidity, mortality, and patient satisfaction with medical 
care.

KEY REFERENCES
1. Trager J, Ward MM. Mortality and causes of death in 

systemic lupus erythematosus. Curr Opin Rheumatol 
2001;13:345-351.

2. Bernatsky S, Boivin JF, Joseph L, et al. Mortality in 
systemic lupus erythematosus. Arthritis Rheum 
2006;54:2550-2557.

3. Griffiths B, Mosca M, Gordon C. Assessment of patients 
with systemic lupus erythematosus and the use of lupus 
disease activity indices. Best Pract Res Clin Rheumatol 
2005;19:685-708.

4. Gordon C, Clarke AE. Quality of life and economic 
evaluation in SLE clinical trials. Lupus 1999;8:645-654.

5. McElhone K, Abbott J, Teh LS. A review of health related 
quality of life in systemic lupus erythematosus. Lupus 
2006;15:633-643.

6. Smolen JS, Strand V, Cardiel M, et al. Randomized 
clinical trials and longitudinal observational studies in 
systemic lupus erythematosus: consensus on a 

preliminary core set of outcome domains. J Rheumatol 
1999;26:504-507.

7. Gordon C, Bertsias G, Ioannidis JP, et al. EULAR points to 
consider for conducting clinical trials in systemic lupus 
erythematosus. Ann Rheum Dis 2009;68:470-476.

8. Petri M. Review of classification criteria for systemic 
lupus erythematosus. Rheum Dis Clin North Am 
2005;31:245-254, vi.

9. The American College of Rheumatology nomenclature 
and case definitions for neuropsychiatric lupus 
syndromes. Arthritis Rheum 1999;42:599-608.

10. Isenberg D, Ramsey-Goldman R. Assessing patients with 
lupus: towards a drug responder index. Rheumatology 
(Oxford) 1999;38:1045-1049.

11. Ho A, Magder LS, Barr SG, Petri M. Decreases in 
anti-double-stranded DNA levels are associated with 
concurrent flares in patients with systemic lupus 
erythematosus. Arthritis Rheum 2001;44:2342-2349.

12. Ho A, Barr SG, Magder LS, Petri M. A decrease in 
complement is associated with increased renal and 
hematologic activity in patients with systemic lupus 
erythematosus. Arthritis Rheum 2001;44: 
2350-2357.

13. Bertsias G, Ioannidis JP, Boletis J, et al. EULAR 
recommendations for the management of systemic 
lupus erythematosus. Report of a Task Force of the 
EULAR Standing Committee for International Clinical 
Studies Including Therapeutics. Ann Rheum Dis 
2008;67:195-205.

14. Brunner HI, Feldman BM, Bombardier C, Silverman ED. 
Sensitivity of the Systemic Lupus Erythematosus Disease 
Activity Index, British Isles Lupus Assessment Group 
Index, and Systemic Lupus Activity Measure in the 
evaluation of clinical change in childhood-onset 
systemic lupus erythematosus. Arthritis Rheum 
1999;42:1354-1360.



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1306

15. Isenberg DA, Gordon C. From BILAG to BLIPS—disease 
activity assessment in lupus past, present and future. 
Lupus 2000;9:651-654.

16. Strand V, Gladman D, Isenberg D, et al. Outcome 
measures to be used in clinical trials in systemic lupus 
erythematosus. J Rheumatol 1999;26:490-497.

17. Gladman DD, Ibanez D, Urowitz MB. Systemic lupus 
erythematosus disease activity index 2000. J Rheumatol 
2002;29:288-291.

18. Yee CS, Farewell V, Isenberg DA, et al. British Isles Lupus 
Assessment Group 2004 index is valid for assessment of 
disease activity in systemic lupus erythematosus. 
Arthritis Rheum 2007;56:4113-4119.

19. Yee CS, Farewell V, Isenberg DA, et al. The BILAG-2004 
index is sensitive to change for assessment of SLE 

disease activity. Rheumatology (Oxford) 
2009;48:691-695.

20. Gladman DD, Urowitz MB, Goldsmith CH, et al. The 
reliability of the Systemic Lupus International 
Collaborating Clinics/American College of 
Rheumatology Damage Index in patients with  
systemic lupus erythematosus. Arthritis Rheum 
1997;40:809-813.

21. Gladman DD, Urowitz MB, Rahman P, et al. Accrual of 
organ damage over time in patients with systemic lupus 
erythematosus. J Rheumatol 2003;30:1955-1959.

22. Urowitz MB, Gladman D, Ibanez D, et al. Accumulation 
of coronary artery disease risk factors over three years: 
data from an international inception cohort. Arthritis 
Rheum 2008;59:176-180.

23. Leong KP, Kong KO, Thong BY, et al. Development and 
preliminary validation of a systemic lupus 
erythematosus-specific quality-of-life instrument 
(SLEQOL). Rheumatology (Oxford) 2005;44:1267-1276.

24. McElhone K, Abbott J, Shelmerdine J, et al. 
Development and validation of a disease-specific 
health-related quality of life measure, the LupusQol, for 
adults with systemic lupus erythematosus. Arthritis 
Rheum 2007;57:972-979.

25. Seawell AH, Danoff-Burg S. Psychosocial research on 
systemic lupus erythematosus: a literature review. Lupus 
2004;13:891-899.

26. Sutcliffe N, Clarke AE, Levinton C, et al. Associates of 
health status in patients with systemic lupus 
erythematosus. J Rheumatol 1999;26:2352-2356.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 131 
● Treatm

ent of non-renal lupus
CO

N
N

EC
TIV

E TISSU
E D

ISO
RD

ERS
 

Treatm
ent of non-renal lupus

SECTION 10 CONNECTIVE TISSUE DISORDERS

1307

symptoms, such as fatigue, are notoriously difficult to assess in the 
absence of objective signs of coexistent disease activity in other 
domains. Finally, fibromyalgia coexists with lupus in a minority of 
patients at the time of presentation. In many others, it may develop 
during the course of the disease so that, as disease activity lessens, 
fibromyalgia may be responsible for an increasing proportion of 
symptoms.

INSTRUMENTS FOR DIAGNOSIS AND 
EVALUATION OF DISEASE ACTIVITY
The American College of Rheumatology (ACR) criteria for the diagno-
sis of systemic lupus were designed with the explicit intent of utiliza-
tion in clinical studies and clinical trials and not for diagnosis of the 
individual patient. A proposed revision of the ACR criteria, the Boston 
Weighted Criteria, was created to be more sensitive, and is able to 
capture additional cases but produces more false-positive results.3 In 
equivocal cases, the expert physician’s judgment of diagnosing a patient 
with lupus remains the gold standard for determining therapy.4

Two instruments for assessing disease activity are frequently 
employed. The Systemic Lupus Disease Activity Index (SLEDAI) is a 
global index that measures disease activity within the past 10 days.5 It 
includes 24 objective clinical and laboratory features of lupus activity 
and manifestations due to both immune complex disease and hyper-
coagulability. It does not take into consideration constitutional symp-
toms such as fatigue. It has proven to be reproducible and easy to use. 
The Mexican Modification of the SLEDAI (MEX-SLEDAI) relies less 
on laboratory parameters and thus limits expense.6 The British Isles 
Lupus Activity Gauge (BILAG) measures changes in the severity of 86 
features of lupus activity and provides an overall score of disease activ-
ity in eight organ systems based on the physician’s intention to treat.7,8 
The BILAG has been proposed to be more sensitive to the effects of 
therapeutic interventions than the SLEDAI because scores vary if the 
organ system is improving or worsening.7 A revised version, BILAG-
2004,9,10 includes nine organ systems. This index has proven to be 
problematic in the serial follow-up of patients in clinical trials to deter-
mine response.

“Damage” or irreversible injury due to SLE and its treatment can 
be reliably assessed using the Systemic Lupus International Collaborat-
ing Clinics/American College of Rheumatology (SLICC/ACR) Damage 
Index. It tracks the accumulation over time of features of irreversible 
injury such as chronic renal insufficiency or osteonecrosis. This index 
covers 12 systems, and it includes co-morbidities associated with SLE 
and drug toxicity.11 It has proven to be reliable and reproducible and 
has been reported to predict long-term adverse outcomes and death.11

PATIENT EDUCATION
Patients should understand that lupus is a chronic disease with inflam-
matory features that will likely eventually be controlled, with long-term 
risk of developing irreversible damage, particularly to the musculo-
skeletal and cardiovascular systems. The success of measures to 
improve long-term outcome depends, in part, on the patient’s motiva-
tion to maintain good health, including adopting an exercise regimen, 
eating a well-balanced diet with adequate intake of calcium and vita-
mins, maintaining an ideal weight, using photoprotective measures, 
and smoking cessation. Patients should be made aware of the impor-
tance of early treatment of disease flares, and those with antiphospho-
lipid antibodies should be taught thrombosis-preventing strategies.

A wealth of patient information is available on websites, including 
those of the Arthritis Foundation and various lupus organizations. A 
number of monographs for the lay public written by both patients and 
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INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoimmune disease with 
protean manifestations in multiple organ systems. Disease manifesta-
tions may be broadly characterized into those resulting directly from 
pathogenic autoantibodies (arthritis, malar erythema), manifestations 
primarily related to coexistent antiphospholipid antibodies (thrombo-
embolic disease), and complex manifestations such as neurologic 
events that may be multifactorial in origin. It is reasonable to believe 
that patients who have both active SLE and pathogenic antiphospho-
lipid antibodies may be at greatest risk for catastrophic events. Damage 
due to both lupus activity and its treatment often becomes increasingly 
responsible for residual disability as the disease itself is better con-
trolled. Therapeutic strategies must be directed at controlling acute 
manifestations of immunologic activity, as well as preventing long-
term development of damage, such as accelerated atherosclerosis or 
corticosteroid-induced osteonecrosis of large joints.

Disease manifestations may appear simultaneously or sequentially 
over a period of years. Individual manifestations may fluctuate in 
intensity so rapidly that the physician’s assessment of disease activity 
may depend on the week the patient is seen. In contrast to some con-
nective tissue diseases, such as rheumatoid arthritis, which remain 
persistently active over many years in the absence of appropriate treat-
ment, SLE is characterized by flares in disease activity that often 
require intensive therapy interspersed with periods of partial or com-
plete remission during which intensive therapy is not necessary. 
Current medical practice is to use high doses of corticosteroids and 
immunosuppressive drugs as promptly and parsimoniously as possible 
during periods of high disease activity. “Background” therapies such as 
antimalarial drugs may be used concurrently to suppress disease activ-
ity and prevent flares. In severe disease manifestations such as prolif-
erative nephritis (see Chapter 132), “sequential therapy” regimens use 
cyclophosphamide initially to induce a remission of disease activity, 
followed by maintenance therapy with less toxic compounds such as 
mycophenolate mofetil or azathioprine.1,2

The first task for the clinician is to determine whether the present-
ing symptoms are caused by increased lupus disease activity rather 
than accumulated residual damage or a different cause altogether. 
Some less frequent lupus manifestations, such as fever or headaches, 
are much more likely to be due to an unrelated cause. Constitutional 
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 The management of patients with systemic lupus erythematosus 

(SLE) is decided on an individual basis, guided by the degree and 
severity of specific symptoms and organ system involvement.

 Non-steroidal anti-inflammatory drugs (NSAIDs) are an important 
first-line therapy for the treatment of constitutional signs, 
musculoskeletal symptoms, and mild serositis.

 Antimalarial agents are frequently effective for chronic 
constitutional signs and cutaneous and musculoskeletal 
manifestations, with an excellent therapeutic benefit-to-toxicity 
profile.

 Most clinical manifestations of SLE respond well to corticosteroids, 
with a wide dose range depending on the organ systems involved 
and the degree of severity. However, short- and long-term 
corticosteroid toxicities account for substantial morbidity.

 Immunosuppressive agents are useful in patients with life- or 
organ-threatening manifestations, as well as for steroid sparing in 
patients who are either steroid dependent or steroid refractory.
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physicians are available. It is our opinion that monographs for patients 
written by physicians are often written in a more fluid and intuitive 
manner than articles in medical journals and may contain particularly 
useful insights and advice.

PHARMACOLOGIC THERAPY
Antimalarial drugs
The antimalarial drugs hydroxychloroquine, chloroquine, and quina-
crine are the mainstay of management for mild to moderately severe 
lupus and are also indicated as adjunctive therapy of severe lupus and 
to prevent flares.12,13 In addition to exerting multiple favorable effects 
on pathogenic features of lupus, antimalarial drugs are steroid sparing, 
prevent thrombosis, ameliorate multiple features of the metabolic syn-
drome, can be safely combined with other drugs, and do not increase 
the risk of infection. Hydroxychloroquine is also safe in pregnancy.14,15 
There is also evidence of an increased survival of SLE patients on 
antimalarial therapy.16,17

Quinine, extracted from the bark of the cinchona tree, was first 
introduced in Europe by explorers returning from the Andes in the 
1630s. It was first used to treat cutaneous lupus in 1894.18 Quinacrine 
was synthesized in the 1920s and was used for discoid lupus in the 
1940s.19 During World War II, more than 3 million Allied troops 
received quinacrine without retinal toxicity. Before the introduction of 
corticosteroids quinacrine was widely used in large doses for treatment 
of both cutaneous and systemic lupus. Subsequently, chloroquine and 
hydroxychloroquine were synthesized and were found to be effective 
for lupus.20,21

The observation of significant retinal toxicity from chloroquine led 
to greater caution during the introduction of hydroxychloroquine, 
which has been associated with less observed retinal toxicity.22 In 1959, 
Triquin (a combination of quinicrine, hydroxychloroquine, and chlo-
roquine) was approved by the U.S. Food and Drug Administration 
(FDA), but this highly effective drug was withdrawn by the FDA in 
1972 as part of a campaign to eliminate combination drugs.

Antimalarial drugs have multiple mechanisms of action that differ 
between individual compounds. Antimalarial agents enter lysosomes, 
increasing their pH and inhibiting functions that require an acidic pH, 
such as antigen processing and the production of cytokines and inflam-
matory mediators.23 They are reported to inhibit opsonization of the 
nucleosome by anti-DNA antibodies and formation of LE cells, sup-
press the generation of matrix metalloproteinases,24 suppress the activ-
ity of phospholipase A2, decrease the release of leukotrienes and 
prostaglandins, inhibit superoxide release, interfere with platelet aggre-
gation and adhesion, enhance endothelial nitric oxide synthesis, and 
prevent incorporation of oxidized low-density lipoproteins in the foamy 
macrophages.23,25,26 It has been hypothesized that by accumulating 
in the epidermis chloroquine may have ultraviolet light–protective 
properties.27,28

Ocular toxicity is the major complication of antimalarial drug 
therapy. Relatively benign and self-limited symptoms that may occur 
early during therapy include difficulty focusing and double vision.29 
Hydroxychloroquine and chloroquine, but not quinacrine, can cause 
retinal toxicity associated with binding of drug to melanin in the retinal 
epithelium, the risk of which is related to the administered dose. It 
has been reported that chloroquine binds more avidly to corneal tissue 
than hydroxychloroquine. Early, asymptomatic lesions may be charac-
terized by macular edema, loss of the foveal reflex, and increased pig-
mentation and granularity. All of these lesions are thought to be 
reversible if detected by screening examination. More advanced toxicity 
is associated with a “bull’s-eye” lesion in the macula characterized by 
a ring of pigmentation surrounding an area of hypopigmentation. 
Visual loss associated with this lesion is unlikely to resolve. Patients 
may develop scotoma, often in a ring-like pattern. Unfortunately, reti-
nopathy detected at this stage may even continue to progress after 
diagnosis. Corneal deposits are usually related to high daily doses and 
may occur with any of these three compounds. For this reason, patients 
taking quinacrine require follow-up by an ophthalmologist despite 
minimal toxicity to the retina.

Recommendations for monitoring differ widely. It is usual practice 
in our department of ophthalmology to obtain a screening examination 

within 3 to 6 months of starting the drug in individuals with normal 
vision and to perform screening before initiating treatment if a preexist-
ing retinal abnormality is suspected. Patients at normal risk are then 
observed with annual examinations. Based on the assumption that 
dose adjustment minimizes the risk of toxicity, less frequent screening 
has been recommended by some groups. The American College of 
Ophthalmology recommends screening based on risk assessment, with 
less frequent assessments in young patients without renal or hepatic 
dysfunction who are receiving doses optimized for body weight 
(hydroxychloroquine < 6.5 mg/kg/day or chloroquine < 3 mg/kg/day).30 
As an extreme example, the Royal College of Ophthalmology Guide-
lines suggest referral to an ophthalmologist only if an annual assess-
ment reveals new visual symptoms or worsening of visual acuity. In 
our opinion, screening only if symptoms occur would substantially 
reduce the likelihood of identifying potentially reversible findings of 
“pre-maculopathy” before symptoms develop and could be interpreted 
as a failure of due diligence should complications ensue.

Frequently encountered side effects of antimalarial therapy include 
various degrees of gastrointestinal distress, pruritus, rash, skin pigmen-
tation, headache, and malaise. Less frequent complications include a 
neuromyopathy, which may develop after long-term administration, 
with an incidence of approximately 1 of 100 to 500 patient-years.31 
Muscle biopsy specimens may show a characteristic vacuolar myopathy 
and curvilinear bodies, although these may be absent in patients with 
disease of short duration.31 Cardiac complications such as conduction 
disorders and cardiomyopathy are unusual but may be severe.32,33 Anti-
malarial drugs also form “maize and blue” deposits in the skin and 
mucous membranes. Deposits from chloroquine and hydroxychloro-
quine tend to be blue or gray, whereas quinacrine leads to more pro-
nounced yellow discoloration of the skin and brownish nails. Patients 
taking hydroxychloroquine sometimes appear to develop bruises on 
their lower legs that actually represent deposits of the drug.

Antimalarial drugs should not be given to patients with glucose-6-
phosphate dehydrogenase (G6PD) deficiency. We screen non-white 
patients for G6PD deficiency before instituting therapy. Hydroxychlo-
roquine is the standard antimalarial drug used in the United States 
and Europe because of its presumed lower incidence of ocular toxicity 
compared with chloroquine. Very high doses of antimalarial agents 
were used before the corticosteroid era, probably with greater effect on 
disease activity. Subsequently, a standard dose of 400 mg/day of 
hydroxychloroquine was employed with a reduced but still significant 
associated ocular toxicity in small individuals. Adoption of a dose 
regimen of no more than 6.5 mg hydroxychloroquine per kilogram  
of lean body weight in patients with normal renal function has  
resulted in a significant further decline in ocular toxicity. As long as 6 
months may be required to achieve stable drug levels and complete 
therapeutic response. The usefulness of giving a “loading dose” of 600 
to 800 mg/day has been investigated in treating rheumatoid arthritis 
patients, but the safety of this practice is not well established in SLE 
patients.34

Chloroquine is administered in doses of less than or equal to 
250 mg/day. The onset of action is more rapid than that of hydroxy-
chloroquine. Many authorities recommend using chloroquine in 
patients with cutaneous lupus that is refractory to hydroxychloroquine.

Quinacrine administered in doses of 25 to 100 mg/day is also char-
acterized by rapid onset of action over weeks. As noted, it lacks retinal 
toxicity and it is the antimalarial of choice for patients with underlying 
retinal abnormalities. It has central nervous system (CNS) stimulant 
properties, and it increases alertness, can produce insomnia, can lower 
the seizure threshold, and can exacerbate manic states. During the 
presteroid era, when doses as high as 1000 mg/day were employed, 
seizures were a frequent complication.19 Because of its lack of retinal 
toxicity when used alone, quinacrine is often combined with either 
hydroxychloroquine or chloroquine to achieve higher total doses, par-
ticularly in the treatment of skin disease. Although one might assume 
that such combination therapy would not increase ocular toxicity, a 
review of case series employing combination therapy does reveal 
patients who encountered ocular toxicity. The risk of other dose-related 
side effects, such as myopathy, may also be increased by combination 
therapy (Table 131.1).35,36

Antimalarial drugs are widely recognized as effective for “minor 
manifestations” of SLE, including constitutional symptoms, fever, 
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rash, arthritis, and pleurisy.37 Despite a plethora of case series reporting 
clinical benefits, there is a dearth of controlled trials. The Canadian 
Hydroxychloroquine Study Group performed an elegant 24-week study 
in which they randomized patients with quiescent lupus who were 
already receiving hydroxychloroquine to drug withdrawal versus con-
tinuation. In the withdrawal group, the relative risk of a clinical flare-
up was 2.5 times higher and the time to a flare-up was shorter.12 A 
significant unexpected finding was that the risk of a severe exacerbation 
was 6.1 times greater. After 3 years of follow-up, major flares had 
occurred in 50% of patients randomized to placebo versus 28% of 
patients who continued on hydroxychloroquine. These observations 
suggest that hydroxychloroquine administration can prevent develop-
ment of new manifestations of lupus, including major flares, and 
support the hypothesis that these compounds should be continued 
during periods of mild disease activity or remission.12

Alarcón and associates16 analyzed a cohort of 608 patients and 
found a significant protective effect of hydroxychloroquine on morta-
lity (odds ratio 0.128; after adjustment for confounding factors  
0.319). In a prospective-cohort study, Ruiz-Irastorza38 found that anti-
malarial use in SLE was associated with significantly lower risk of 
developing cancer (1.3% vs. 13%) and significantly prolonged cancer-
free survival.

Antimalarial therapy has also been associated with improved 
outcome of lupus nephritis treated with immunosuppressants, 
increased patient survival in lupus cohorts, and reduced accumulation 
of lupus damage.39

These drugs appear to have several favorable effects on thrombotic 
and cardiovascular risk. Rahman40 reported reduced total cholesterol 
levels in corticosteroid-treated lupus patients taking antimalarial 
agents. Patients with antiphospholipid antibodies are reported to have 
reduced risk of further thrombosis.41-44 In fact, before the introduction 
of heparin and warfarin for prophylaxis of deep venous thrombosis after 
hip surgery, at least five studies reported that postoperative administra-
tion of antimalarials reduced the risk of deep vein thrombosis and 
pulmonary embolism.

Additional effects of antimalarial drugs that are potentially benefi-
cial to patients with lupus include improvement of glucose tolerance, 
which has been established in several controlled trials in patients with 
diabetes.45,46

Improvement of lipid profiles has been reported in prospective 
studies in non-lupus patients.47 Observational studies in SLE have 
reported overall beneficial effects, although results have been variable 
in different series.16,40,48,49 Cigarette smoking has been reported to 
decrease the efficacy of antimalarial agents50 and is also reported to be 
associated with increased disease activity.51

Non-steroidal anti-inflammatory drugs (NSAIDs)
NSAIDs exert their anti-inflammatory effect by inhibiting the cyclo-
oxygenases COX-1 and COX-2 and, in this manner, preventing the 
production of prostaglandins.52 NSAIDs have been used with success 
for the management of SLE manifestations such as fatigue, constitu-
tional symptoms, musculoskeletal complaints, and serositis.53,54 In 
patients with intact renal function who have a low risk of both throm-
bosis and bleeding, NSAIDs may in some patients allow effective 
management of persistent mild disease with less reliance on cortico-
steroids; they may also serve as an adjunct to (but not a substitute for) 
corticosteroids during moderately severe flares of serositis and arthritis. 

In contrast to antimalarial drugs there is no evidence that NSAIDs 
reduce the risk of flare nor is there a rationale for administering them 
chronically in the absence of symptoms. To date, no NSAID has been 
approved by the FDA as a therapeutic option for SLE.

Adverse effects of NSAIDs, which can create particular difficulties 
in management of SLE patients, include renal insufficiency resulting 
from decreased glomerular filtration, impairment of blood flow, and, 
occasionally, interstitial nephritis; hepatitis; fluid retention; hyperten-
sion; and development of gastric and duodenal ulcers.55,56 Aseptic men-
ingitis is a rare event associated with NSAIDs, especially ibuprofen, 
which can present as fever and meningeal symptoms accompanied by 
increased cerebrospinal fluid protein and lymphocytes.57 This disorder 
has been reported to occur more frequently in patients with underlying 
autoimmune diseases such as SLE.58 Angioedema, urticaria, photosen-
sitivity, and Stevens-Johnson syndrome are among the cutaneous reac-
tions to NSAIDs.59

In recent years, increased cardiovascular risk in patients taking 
NSAIDs has been a matter of increasing concern.60 Studies such as the 
Vioxx Gastrointestinal Outcomes Research (VIGOR) and the Adeno-
matous Polyp Prevention on Vioxx (APPROVe) trials have suggested 
that COX-2 selective inhibitors pose the largest cardiovascular and 
thrombotic risk among the NSAIDs category.61,62 Celecoxib also has 
been reported to be associated with thrombosis in four lupus patients 
with high thrombotic risk63 and should, in our opinion, be used with 
caution except for patients who are anticoagulated. Caution regarding 
cardiovascular events appears to be warranted with the majority of 
NSAIDs, except perhaps naproxen, at the present time.

Corticosteroids
Corticosteroids are the mainstay of initial treatment of active lupus 
requiring prompt treatment. Corticosteroids rapidly suppress the 
majority of inflammatory disease manifestations if given in sufficient 
quantity. Improvement is generally more rapid than the response to 
immunosuppressive or antimalarial drugs. Low doses, such as 5 to 
10 mg/day of prednisone or equivalent, may be quite effective for the 
treatment of mild to moderate disease activity such as pleurisy or 
arthritis and can be continued safely for weeks to months while addi-
tional therapies, such as hydroxychloroquine, are introduced. Moder-
ately severe lupus flares can often be treated with relative safety with 
10 to 30 mg/day of prednisone or equivalent (up to 0.5 mg/kg/day); 
doses over 20 mg/day are associated with a significantly increased risk 
of infection. Treatment with 1.0 mg/kg/day of prednisone meets the 
standard of care for initial therapy of most severe lupus flares and is 
almost always appropriate initial therapy for patients hospitalized for 
lupus flares during the initial 24 hours while a careful evaluation is 
performed and infection is ruled out. Intravenous pulses of 1000 mg 
of methylprednisolone or equivalent are often employed for severe 
disease manifestations in hospitalized patients. Controlled trials have 
shown that bolus methylprednisolone increases the effectiveness of 
intermittent cyclophosphamide in lupus nephritis, but the combina-
tion has not been tested versus intravenous cyclophosphamide alone 
in non-renal lupus. In addition to severe lupus nephritis,64 conditions 
for which 1 g/day of corticosteroids should be considered include acute 
pulmonary hemorrhage, acute transverse myelitis, and acute severe 
disease activity that has not responded to milligram per kilogram oral 
doses of corticosteroids and that requires therapy that is rapidly 
effective.

Flares of lupus may resolve with corticosteroid therapy without 
requiring prolonged treatment; hence, addition of an immunosuppres-
sive drug is not always necessary even after a moderately severe flare. 
The rapidity of a corticosteroid taper is determined by the severity of 
involvement and rapidity of response. A typical tapering schedule 
reduces the dose of corticosteroids by increments that become smaller 
as the dose is lowered (e.g., successive doses of prednisone 60, 50, 40, 
30, 25, 20, 15, 12.5, 10, 7.5, 5.0, 4.0, … mg/day). Divided doses may 
be more effective, especially when the total daily dose is 20 mg or 
higher or to prevent symptoms that occur in the morning such as joint 
stiffness and pain. There are little data regarding the effectiveness of 
alternate-day regimens; alternate-day regimens are not recommended 
during periods of moderate to high disease activity or when treating 
severe organ system involvement.

TABLE 131.1 ANTIMALARIAL DRUGS FOR LUPUS

Dosage Onset of action Toxicity

Retina Skin

Quinacrine 25-100 mg/day 2-6 months 0 +++

Hydroxychloroquine ≤6 mg/kg lean 
body weight

3-6 weeks ++ +

Chloroquine ≤3 mg/kg 3-6 weeks +++ +
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Use of antimalarial drugs should be considered in all patients who 
require corticosteroids. Patients who respond to corticosteroid therapy 
of active lupus but flare with dose reduction, who repeatedly have 
severe manifestations, or who experience severe corticosteroid side 
effects should be considered for maintenance immunosuppression.

Corticosteroid side effects are legion. Because of the increased car-
diovascular risk associated with lupus, hypertension, hyperglycemia, 
hypercholesterolemia, and weight gain require particular attention. 
Musculoskeletal side effects, including osteonecrosis and steroid myop-
athy, are best prevented by minimizing the total dose of corticosteroids 
and appropriately using steroid-sparing agents; bone loss can be mini-
mized utilizing exercise, vitamin D and calcium, and specific therapies 
for osteoporosis prevention when long-term administration of cortico-
steroids is anticipated.

Immunosuppressive drugs
The use of immunosuppressive drugs to treat non-renal lupus mani-
festations is complicated by a relative lack of evidence from controlled 
trials. Several compounds, particularly azathioprine, mycophenolate 
mofetil, and cyclophosphamide, have strong evidence supporting their 
efficacy in lupus nephritis, which encourages their use for non-renal 
lupus. In contrast, methotrexate, leflunomide, and cyclosporine are of 
proven efficacy in other autoimmune diseases but less well studied in 
lupus. The challenge in identifying effective therapies for the complex 
manifestations of non-renal lupus is illustrated by the failure of  
multiple trials of many new biologic agents to reach their primary 
endpoints.

Azathioprine
Azathioprine has been used for more than 50 years to treat systemic 
lupus and is one of three drugs approved for this indication. Azathio-
prine is inactive as administered and is metabolized intracellularly to 
the purine antagonists 6-mercaptopurine and thioinosinic acid. Aza-
thioprine reduces the number of circulating T and B lymphocytes, 
immunoglobulin synthesis, and CD28-mediated co-stimulation. Before 
administration of azathioprine, patients should be evaluated for the 
activity of the enzyme thiopurine methyltransferase (TPMT). Hetero-
zygous TPMT deficiency is seen in approximately 1 in 17 patients; and 
homozygous TPMT deficiency occurs in 1 in 300 patients. Homozy-
gous TPMT deficiency is associated with severe risk of azathioprine-
induced bone marrow toxicity and contraindicates its use; patients 
with heterozygous deficiency may be cautiously treated with lower 
doses.65 Unfortunately, a normal TPMT does not provide assurance 
that patients will not encounter myelosuppression or other toxicity.66 
The adverse interaction of azathioprine with allopurinol increasing the 
toxicity of both is well recognized; azathioprine should not be used in 
patients who are receiving allopurinol for management of chronic gout 
and hyperuricemia.

The usual dose of azathioprine is 1 to 2 mg/kg/day. In most con-
trolled trials in lupus, azathioprine has been initially combined with 
corticosteroids. It is not rapid acting and has proven less effective for 
remission induction in acute lupus nephritis than cyclophosphamide 
or mycophenolate mofetil in studies over the past 40 years.67 In con-
trast, azathioprine is widely utilized as a “maintenance” drug after 
control of lupus nephritis is achieved, although the relative efficacy of 
azathioprine versus mycophenolate mofetil or intravenous cyclophos-
phamide for maintenance of renal remission after intravenous use of 
cyclophosphamide remains controversial.2,68 It is regarded as an effec-
tive steroid-sparing agent in non-renal lupus.

Toxicity of azathioprine includes bone marrow suppression, the 
onset of which may be gradual. In our opinion, because azathioprine 
is less effective in suppressing lupus activity than cyclophosphamide, 
cytopenias due to active disease are more frequently encountered. 
Gastrointestinal upset is often encountered and is occasionally severe; 
pancreatitis is reported in up to 3% of patients, and hepatitis, choles-
tatic jaundice, and/or hepatic and veno-occlusive disease occur in less 
than 1%.

The risk of skin cancers and human papillomavirus–induced 
cancers, particularly of the female genital tract, is increased by azathio-
prine; surveillance before and during azathioprine administration is 

indicated.69 Long-term use of azathioprine is reported to be associated 
with lymphomas; the highest increase in incidence (up to 60-fold) is 
reported in transplant patients; the risk in patients with an autoim-
mune disease appears to be much lower. One study in lupus patients 
failed to demonstrate an increased incidence of lymphomas in azathio-
prine users.70

Despite being listed in pregnancy category D, azathioprine has been 
widely employed during pregnancy for conditions such as transplanta-
tion, inflammatory bowel disease, and lupus nephritis. No controlled 
trials have established safety. Lack of fetal toxicity may relate to reduced 
crossing of azathioprine (but not 6-mercaptopurine) into the fetal cir-
culation and metabolism by the fetal placental unit to less toxic com-
pounds. Reports of adverse outcomes in transplant recipients and 
patients with inflammatory bowel disease include preterm births, fetal 
pancytopenia, growth retardation, and immunoglobulin deficiencies 
but have not demonstrated a consistent pattern of malformation.71 
Increased risk of serious fetal teratogenicity has not been demonstrated 
in the relatively small number of lupus pregnancies reported. Azathio-
prine is often continued in patients who have been treated for lupus 
nephritis but infrequently employed for non-renal lupus during preg-
nancy. Breastfeeding is not recommended while taking azathioprine, 
although recent data suggest that active metabolites are, in general, not 
detected in breast milk or the circulation of breast-fed infants72 and 
that breastfeeding may be safe.

Mycophenolate mofetil (CellCept)
Mycophenolate mofetil, a relatively new drug for treatment of lupus 
nephritis, arguably represents the greatest success in lupus clinical 
trials in the past two decades. This prodrug of mycophenolic acid 
(MPA) reversibly inhibits inosine monophosphate dehydrogenase 
(IMPDH), the rate-limiting enzyme in de novo purine synthesis. It 
preferentially inhibits the type II isoform of IMPDH that is expressed 
in activated lymphocytes.73 Mycophenolate mofetil also induces apop-
tosis of activated lymphocytes, inhibits the proliferation of T and B 
lymphocytes, and reduces the expression of vascularization molecules 
by decreasing leukocyte traffic into inflamed tissues. In addition, it 
appears to retard vascular injury by a number of mechanisms.

The drug is administered in doses of 500 to 1500 mg orally twice 
a day. Extensive studies have demonstrated that blood levels and areas 
of active drug under the curve are highly variable in individual patients 
receiving the same dose orally or intravenously, particularly patients 
with renal failure. In organ transplantation, the standard daily dose is 
2000 mg/day. Based on concerns in the transplant literature that 
African Americans may not achieve comparably effective blood levels, 
protocols for treating lupus nephritis in the United States have used a 
target dose of 3000 mg/day.

The most frequently encountered adverse effect is gastrointestinal 
distress, the incidence of which can be reduced by titrating upward to 
the full dose over a 2-week period. Hematologic toxicity probably 
occurs less often than with comparable doses of azathioprine or cyclo-
phosphamide, but monitoring is still required. Mycophenolate mofetil 
is teratogenic and requires the same attention to contraception as 
methotrexate or cyclophosphamide.74

Despite its strong track record in lupus nephritis, mycophenolate 
mofetil has not been studied extensively in non-renal lupus. Based on 
its efficacy in nephritis and acceptable toxicity, it is reasonable to use 
this drug in selected cases of moderately severe, active non-renal lupus. 
We believe that mycophenolate mofetil has not been sufficiently well 
studied in comparison with cyclophosphamide to be used in critical 
situations that require rapid onset of action such as pulmonary hemor-
rhage or transverse myelitis; in general, mycophenolate mofetil is not 
the initial drug of choice for life-threatening non-renal lupus. In par-
ticular, it may be less rapidly effective because of the necessity to 
gradually increase the dose to avoid gastrointestinal side effects.

Methotrexate
Methotrexate is a cytotoxic agent that acts by competitively inhibiting 
dihydrofolate reductase, impairing DNA synthesis. In the treatment of 
rheumatologic disease it appears that other mechanisms of action, 
including stimulation of the release of adenosine which has anti-
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inflammatory properties, reduced cytokine production and innovation 
of T-cell responses to antigen.

Methotrexate is administered orally or subcutaneously in doses of 
5 to 25 mg/week. Subcutaneous administration bypasses enterohepatic 
circulation and achieves better bioavailability and reduces immediate 
toxicity, particularly nausea. Folic acid at a dose of 1 mg/day is provided 
to prevent elevation of homocysteine levels and reduce toxicity. Patients 
with moderately severe constitutional symptoms after administration 
are sometimes given folinic acid, 5 mg/day, after treatment.

Methotrexate is excreted by the kidney and should not be used in 
patients with a serum creatinine concentration greater than 2.0 mg/dl 
or markedly reduced creatinine clearance (estimated glomerular filtra-
tion rate < 30 mL/min). Levels may increase in patients who suffer an 
unexpected decline in creatinine clearance resulting from factors such 
as lupus disease activity, intercurrent illness, or trauma or from the 
effects on renal function of drugs such as NSAIDs. Lupus patients 
should have serum creatinine levels measured regularly along with liver 
function tests and complete blood cell counts that are routinely used 
to monitor methotrexate toxicity. Patients who develop catastrophic 
illnesses immediately after methotrexate treatments, or who suffer 
overdoses, should have methotrexate levels measured and folinic acid 
administered if necessary.

Frequently encountered toxicities include bone marrow suppression 
with megaloblastic changes and hepatic toxicity requiring drug discon-
tinuation. In addition to prohibiting alcohol use, physicians should 
order hepatitis serology before initiating treatment and consider other 
predisposing factors to hepatic injury, including hemochromatosis, 
α1-antitrypsin deficiency, and severe obesity.

A major concern is pulmonary toxicity, which has been reported in 
2% to 7% of patients with rheumatoid arthritis. This may present as 
a severe cough in the absence of signs of upper respiratory infection, 
dyspnea, and unilateral or bilateral pulmonary infiltrates. Recognition 
of this syndrome and drug discontinuation is critically important; 
patients should be trained to remind physicians who see them for 
respiratory symptoms that they are taking methotrexate. Up to 17% 
mortality has been reported, with a higher risk of mortality when 
patients are rechallenged.

Methotrexate has been studied in more than 20 open trials, most 
of which have described modest clinical improvement and reduction 
of steroid dose.75-77 In a randomized controlled trial completed by 60 
patients, Fortin and associates78 reported a small but significant reduc-
tion in prednisone dose (22%, or 1.3 mg/day) in the methotrexate group 
with a slight reduction in the revised Systemic Lupus Activity Measure 
(SLAM-R) but not SLEDAI. In a second controlled trial, Carneiro and 
Sato79 reported that methotrexate, but not placebo-treated, patients 
with cutaneous or articular lupus were able to taper corticosteroids 
after 6 months and had lower SLEDAI scores.

Leflunomide
Leflunomide is an inhibitor of de novo pyrimidine synthesis that is 
unrelated to other immunosuppressive drugs. It is converted into an 
active metabolite that inhibits the mitochondrial enzyme dihydro- 
orotate dehydrogenase, which is essential for the synthesis of a pyrimi-
dine known as ribonucleotide uridine monophosphate.80 In addition to 
inhibiting the function of activated lymphocytes, leflunomide inhibits 
cyclooxygenase activity81 and leukocyte adhesion.82

Standard daily dosing of leflunomide is 10 to 20 mg orally, but daily 
doses as high as 40 mg have been reported. This compound has a half-
life of 15 days and may persist in individual patients for 1 to 2 years 
after stopping therapy. Therefore, because of its teratogenic effect, its 
administration to women of childbearing age should be approached 
with the utmost caution. Women who desire to become pregnant may 
be treated with cholestyramine to remove the drug until it is demon-
strated that they have undetectable plasma levels.

Frequently encountered side effects include abdominal pain, nausea, 
diarrhea, and hepatotoxicity. Peripheral neuropathy may develop in 
some patients within 6 months of therapy, and it may be reversible 
after stopping the drug.83

Leflunomide is highly efficacious in rheumatoid arthritis, and has 
also been reported to be beneficial in lupus in several trials.84-88 A 
double-blind, randomized, placebo-controlled pilot study showed that 

leflunomide was more effective than placebo in treating mild to moder-
ate SLE.86

Alkylating agents
The mechanism of action and employment of alkylating agents for 
severe lupus nephritis are reviewed elsewhere in this textbook (see 
Chapter 132). We believe that the standard of care for emergent treat-
ment of fulminant immune complex–related manifestations of lupus 
remains the combination of bolus cyclophosphamide and bolus meth-
ylprednisolone followed by daily administration of the equivalent of at 
least 1 mg/kg of prednisone. Many severe non-renal organ-specific 
manifestations require prompt and aggressive treatment, including, for 
example, transverse myelitis, severe retinal vasculitis, pulmonary hem-
orrhage, and severe systemic vasculitis. In addition, some patients 
present with catastrophic systemic illness involving multiple organ 
systems requiring aggressive intervention. Occasionally, patients with 
moderately severe lupus that is persistently unresponsive to better-
tolerated therapies who experience progressive decline in the setting of 
severe corticosteroid-induced damage including osteonecrosis and com-
pression fractures merit treatment with cyclophosphamide. In addition, 
the use of sequential therapy initiated with cyclophosphamide (or occa-
sionally with chlorambucil in a setting of prior cyclophosphamide-
induced hemorrhagic cystitis) enables the treating physician to use 
these highly toxic compounds more briefly in appropriate situations.

Intravenous immunoglobulin therapy
Immunoglobulin deficiency occurs in a small number of lupus patients 
and is more frequently observed in patients undergoing long-term 
immunosuppression. We believe that immunosuppressed lupus 
patients hospitalized for infection should routinely be evaluated for 
hypogammaglobulinemia.89 Intravenous immunoglobulin (IVIG) 
therapy appears to attenuate autoimmune diseases by a variety of 
mechanisms of action, including altering Fc-receptor expression and 
function and immune complex clearance, interfering with complement 
activation, modulating cytokine release, and modulating activation, 
differentiation, and effector functions of T cells and B cells.90 Con-
trolled trials have established the efficacy of IVIG in a variety of auto-
immune diseases, including idiopathic thrombocytopenic purpura, 
Kawasaki disease, and myasthenia gravis, and in chronic inflammatory 
demyelinating polyneuropathy.90

In lupus patients, IVIG has been advocated particularly for autoim-
mune hemolytic anemia and thrombocytopenia.91 It has also been 
reported to be beneficial in individuals with other severe disease mani-
festations.92 IVIG has been reported to be safe and effective in pregnant 
women93 and neonates. The duration of therapy and its therapeutic 
response has not been established.

IVIG therapy for SLE offers the attractive possibility of suppressing 
severe disease activity without increasing infectious risk. Unfortu-
nately, side effects may be severe, particularly development of acute 
renal insufficiency, which has been associated with administration of 
sucrose-containing preparations to individuals with underlying renal 
diseases. Our approach is to use IVIG as adjunctive therapy for active 
SLE in selected, severely ill or infected patients and for those with 
refractory cytopenias.

Investigational drugs
The search for new therapies for lupus has proven to be more challeng-
ing than anticipated, in part because of the difficulty of developing 
instruments to effectively assess disease progression in non-renal lupus 
(discussed earlier in this chapter).

Dehydroepiandrosterone (DHEA, prasterone) has mixed anti-
inflammatory, estrogenic, and androgenic effects and has been the 
subject of several controlled trials that have suggested that it may be 
modestly effective, although probably no more effective than low-dose 
prednisone or antimalarial drugs. In a carefully designed trial, patients 
with active (but not inactive) lupus were able to complete a corticoste-
roid taper with fewer flares than patients receiving placebo.94 DHEA 
has also been proposed as being able to improve bone density with 
limited supporting data.95
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Abetimus (LJP 394) is a synthetic compound that links four syn-
thetic DNA 20-mers with a polyethylene glycol moiety. It is designed 
to bind to and remove circulating anti-DNA antibodies and also neu-
tralize the activity of immune cells displaying anti-DNA antibodies on 
their surface. Multiple trials administering LJP 394 to prevent recur-
rence of lupus nephritis have shown reductions of anti-DNA antibody 
titers and trends toward clinical benefit but as yet failed to meet their 
primary endpoints, although post hoc analysis suggests that patients 
who have anti-DNA antibodies with high affinity for LJP 394 may 
benefit from treatment.96 There is no evidence to support its use in the 
management of non-renal manifestations.

Rituximab, an anti-CD20 monoclonal antibody that is FDA 
approved for treatment of rheumatoid arthritis, has been reported to 
be effective against multiple manifestations of SLE in open trials, espe-
cially when combined with cyclophosphamide. Unfortunately, two 
controlled trials, one for mild to moderate lupus (combined in indi-
vidual patients with methotrexate, azathioprine, or mycophenolate 
mofetil) and the other for lupus nephritis (combined with mycopheno-
late mofetil), have failed to reach their primary endpoints. A trial of 
rituximab combined with cyclophosphamide for nephritis is ongoing.97

Belimumab, which inhibits the activity of the cytokine “B lympho-
cyte stimulator” that augments activity of both B cells and plasma cells, 
has been tried in several large trials in non-renal lupus.98 It is well 
tolerated and has an excellent safety record and has recently been 
reported by the manufacturer to have been shown to be superior to 
placebo in controlling non-renal disease activity in a large trial. Publica-
tion of the results in a peer-reviewed journal is awaited with interest.

TREATMENT OF ORGAN-SPECIFIC 
MANIFESTATIONS
This discussion will focus on selected organ systems that pose particu-
lar challenges. In some instances when there are insufficient data in 
the literature to make evidence-based recommendations we will 
describe our own approach to the problem.

Constitutional symptoms
Non-specific fatigue, fevers, arthralgias, and weight loss pose a dilemma 
for the managing physician. It may be difficult to determine if such 
symptoms should be interpreted as SLE disease activity for which 
increased treatment is warranted, as a manifestation of co-morbid 
conditions such as mood disorders and fibromyalgia (FM), or as a 
consequence of damage and deconditioning related to long-standing 
disease. As a general rule, treatment of symptoms such as fatigue, 
malaise, and difficulty with concentration is best guided by the pres-
ence of objective findings such as rash, arthritis, or, to a lesser degree, 
serologic activity. Although patients may present with lupus-induced 
fatigue as a principal complaint, the physician should exercise extra 
care in approaching patients with predominately constitutional symp-
toms, especially those who lack a firm diagnosis of lupus or a positive 
antinuclear antibody test.

SLE patients have an increased susceptibility to infection due to an 
aberrant functioning immune system and from the use of chronic 
immunosuppressive therapies. It is of utmost importance for the physi-
cian to determine if symptoms such as fatigue, fever, lymphadenopa-
thy, anorexia, or weight loss are due to an ongoing infectious process. 
Intensifying immunosuppression in the setting of infection could be 
detrimental and even lethal.

The relationship between fatigue and SLE activity has been exam-
ined in two studies with conflicting results.99,100 Wang and colleagues99 
failed to demonstrate a correlation between fatigue and disease activity, 
and they concluded that fatigue was a manifestation of FM, depression, 
and/or the overall lower health status of SLE patients. On the other 
hand, Tench and associates100 found that fatigue scores were higher in 
patients with active disease measured by the SLAM. Fibromyalgia is 
common in SLE patients and the clinical features of FM may contribute 
to misinterpreting lupus activity.101 According to Staud,102 up to 47% 
of SLE patients fulfill FM criteria and patients with SLE and concomi-
tant FM could be very symptomatic. It may be prudent to use therapies 
such as low-dose tricyclic antidepressants, serotonin-norepinephrine 

reuptake inhibitors, and/or muscle relaxants in SLE patients to treat 
any underlying FM activity.

Mild constitutional symptoms may benefit from measures directed 
at improving the patient’s general health, including adequate rest, 
appropriate exercise, weight control, proper nutrition, and education 
regarding disease management to improve self-efficacy. Although some 
deconditioned patients may require physical therapy, self-directed exer-
cise programs, including walking, use of an exercise bicycle or elliptical 
machine, tai chi, and pilates may be equally effective and less expen-
sive. Training in the use of tai chi has been reported in controlled trials 
to be beneficial for patients with osteoarthritis or rheumatoid arthri-
tis.103,104 Centuries of experience attest to the practicality of continuing 
this exercise for a lifetime without ongoing supervision by a physical 
therapist.

To our knowledge there have been no randomized controlled trials 
to determine the best therapy for constitutional symptoms. Antima-
larial drugs, NSAIDs, and occasionally low-dose corticosteroids have 
been the mainstay of therapy for constitutional symptoms. Because 
antimalarial drugs are appropriate for prevention of flares in patients 
with established lupus, they are particularly appropriate in this setting. 
Quinacrine is recognized as a CNS stimulant and may be helpful in 
alleviating fatigue; it is best administered in the morning to avoid 
causing insomnia. When fatigue develops during a taper of corticoste-
roids, relative adrenal insufficiency must be distinguished from other 
causes.

Hematologic manifestations
Anemia is frequently encountered in lupus patients and is usually 
multifactorial. Chronic disease, iron deficiency (due to menstruation 
or gastrointestinal blood loss as a complication of NSAID therapy), 
renal disease, chronic inflammation, or hypersplenism may be respon-
sible for the occurrence of anemia or may further exacerbate the effects 
of lupus-specific anemias, including autoimmune and microangio-
pathic hemolytic anemias. Anemia of chronic disease does not require 
treatment when mild but can be treated with erythropoietin or darbo-
poetin if severe and symptomatic (e.g., hemoglobin levels < 10 g/dL). 
Similarly, the anemia of renal disease may be treated with these com-
pounds. Some authorities advocate treatment with corticosteroids for 
patients with significant lupus activity and symptomatic anemia.105

Hemolytic anemias, characterized by increased reticulocyte counts, 
increased lactate dehydrogenase, and decreased haptoglobin levels 
require careful attention to differentiate microangiopathic hemolytic 
anemias due to thrombotic thrombocytopenic purpura/hemolytic 
uremic syndrome (TTP/HUS) or antiphospholipid syndromes from 
Coombs-positive autoimmune hemolytic anemias. Careful examina-
tion of red blood cell morphology is critical to plan an effective therapy. 
It should be remembered that many lupus patients are Coombs posi-
tive in the absence of significant hemolysis, that mild microangiopathic 
changes may also be present in the peripheral smear in the absence of 
significant microangiopathic hemolytic anemias, and that baseline 
levels of haptoglobin are elevated by inflammation.

Autoimmune hemolytic anemia is reported in 7% to 15% of lupus 
patients.106 Initial therapy is generally agreed to be administration of 
corticosteroids in the amount of at least 1 mg/kg/day prednisone, often 
in divided doses, or as bolus of 1 g methylprednisolone or equivalent 
daily. In refractory cases, administration of IVIG, cyclophosphamide, 
mycophenolate mofetil,107 cyclosporine, danazol,108 or azathioprine has 
been advocated. The use of splenectomy is controversial. Although 
laparoscopic splenectomy appears to be relatively safe, benefits in some 
series have been short-lived. The procedure should be reserved for 
patients with severe disease, who have failed other therapies and 
require prompt control of hemolysis.109,110 Our approach in severe 
steroid-refractory autoimmune hemolytic anemias and thrombocyto-
penia is to consider initial treatment with pulses of methylpredniso-
lone and cyclophosphamide with dose adjustment to minimize the 
chance of marked bone marrow suppression from cyclophosphamide.

Lupus patients appear to be at an increased risk for TTP character-
ized by symptoms that may include microangiopathic hemolytic 
anemia, thrombocytopenia, fever, renal failure, and neurologic symp-
toms. TTP has a worse prognosis in systemic lupus patients. The 
presence of thrombocytopenia and microangiopathic hemolytic anemia 
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is sufficient to warrant consideration of a diagnosis of TTP/HUS and 
initiation of a trial of plasma exchange plus corticosteroids.111,112 It is 
important to consider the possibility of catastrophic antiphospholipid 
syndrome, which also causes microangiographic changes and throm-
bocytopenia. In lupus-associated TTP, treatment with plasma exchange 
plus corticosteroids was associated with significantly lower mortality 
than treatment with plasmapheresis or corticosteroids alone.112 Defi-
ciency of the von Willebrand factor cleaving protease (ADAMTS13) is 
not noted in all lupus patients with TTP and, although extremely 
useful diagnostically, is not necessary for the patient to respond to 
therapy.113

Neutropenias may be the result of antibody-mediated injury to 
marrow precursors or drugs. Patients with severe drug-induced neutro-
penias, especially in the presence of infection, respond to granulocyte 
stimulating factor.

Thrombocytopenia may result from lupus-induced idiopathic 
thrombocytopenic purpura or antiphospholipid antibodies. Antiphos-
pholipid antibody-mediated thrombocytopenia is in general mild, with 
platelet levels of 30,000 to 100,000/mm3, and often does not require 
treatment. Severe antibody-mediated thrombocytopenias are treated in 
a manner analogous to hemolytic anemias, utilizing corticosteroids, 
IVIG, immunosuppressants including cyclophosphamide,114,115 and, 
rarely, splenectomy.

Rituximab has been used successfully in non-lupus patients with 
both autoimmune hemolytic anemia and autoimmune thrombocyto-
penia and may play a role in the treatment of lupus patients with these 
conditions.

Cutaneous manifestations
Mucocutaneous lesions are among the most frequently encountered 
manifestations of SLE.116-118 Some skin lesions, such as malar rash and 
subacute cutaneous and discoid lupus are disease specific in contrast 
to others such as cutaneous vasculitis, which may be seen in other 
diseases. Gilliam and Sontheimer distinguished between lesions that 
are histologically specific for SLE and those that are not.119 Further-
more, there is conflicting evidence regarding the relationship between 
various cutaneous manifestations and systemic disease.120-125 In our 
experience, new or worsening malar rash, photosensitivity, vasculitic 
lesions, and/or diffuse alopecia are often associated with active sys-
temic disease, whereas localized alopecia, discoid lesions, panniculitis, 
chilblains, or lupus tumidus usually are not. The Cutaneous Lupus 
Erythematosus Disease Area and Severity Index (CLASI) is a validated 
instrument that could potentially aid the physician in determining the 
extent and severity of the lesions and guide therapeutic decisions.126,127

The malar and subacute cutaneous lesions seen in SLE may respond 
to preventive measures such as avoidance of ultraviolet light (especially 
UVB), the use of sunscreens,128-130 UV light–blocking filters applied to 
automobile windows, and fluorescent lights.131,132

Rashes that persist despite the institution of preventive measures 
may require local or systemic therapy. The initial approach usually 
includes topical glucocorticoids133,134 and occasionally intracutaneous 
(but not subcutaneous) injection of dilute corticosteroids. Patients who 
have severe rashes or additional systemic features may respond rapidly 
to systemic corticosteroids. There is increasing evidence supporting the 
benefit of topical tacrolimus135-138 and pimecrolimus.139,140

Antimalarial agents are the first line of systemic therapy for cutane-
ous lupus and have repeatedly been demonstrated to be effective and 
well tolerated.141,142 Patients who are smokers should be made aware 
of the potential decreased efficacy of antimalarial agents that has been 
reported with concomitant tobacco use.76,143 Addition of quinacrine 
(25-100 mg/day) for patients who have not responded adequately to 
monotherapy with hydroxychloroquine is particularly appropriate for 
patients with mucocutaneous disease.144 Chloroquine is also employed 
cautiously in patients who do not respond to hydroxychloroquine.

Dapsone is an antilepromatous agent that, in oral doses of 25 to 
100 mg/day, has been used successfully in bullous SLE.145,146 The most 
common adverse effect is hemolytic anemia, but there can be renal and 
hepatic toxicity. Several cases of dapsone-induced methemoglobinemia 
have been reported in the literature.147

Thalidomide has emerged as a therapeutic alternative for skin 
disease refractory to conventional therapy.148-152 It was marketed in the 

1950s as a sedative but withdrawn from the market in 1961 due to its 
teratogenicity. It is thought to be beneficial in SLE-associated skin 
disease due to several immunomodulatory properties including an 
anti–tumor necrosis factor-α effect and inhibition of chemotaxis of 
monocytes and leukocytes.153 Cummins and colleagues postulated that 
thalidomide might interfere with the UVB-induced skin damage, creat-
ing a photoprotective effect.154 The predominant adverse effects of 
thalidomide therapy are severe drowsiness and irreversible sensory 
neuropathy.155,156 Because of the drug’s teratogenic potential, women 
of childbearing age should be on effective contraception before starting 
therapy. To prescribe thalidomide, a physician must register with the 
System for Thalidomide Education and Prescribing Safety (STEPS) to 
obtain materials to educate patients on how to avoid birth defects.132 
Recent reports of thromboembolic events in patients on thalidomide 
therapy are of concern, especially in patients with concomitant hyper-
coagulable states such as the antiphospholipid syndrome.157

Musculoskeletal involvement
Arthritis is a cardinal feature of active lupus. The onset of severe poly-
arthritis, in our experience, often heralds severe disease flares that may 
require intensive therapy and, sometimes, hospitalization. Although 
only a minority of lupus patients develop erosions on radiographs, joint 
space narrowing, malalignment, and instability of joints often ensues 
even in the setting of relatively indolent arthritis.

Treatment of arthritis includes background antimalarial drugs, 
NSAIDs, and corticosteroids in appropriate doses for flares. Selection 
of immunosuppressive drugs to treat chronic arthritis is largely empiri-
cal and is often based on experience in rheumatoid arthritis. Metho-
trexate, leflunomide, and azathioprine have been reported to be effective 
in rheumatoid arthritis; interestingly, in the only published controlled 
trial, mycophenolate mofetil was ineffective in rheumatoid arthritis. In 
addition to several open trials reporting improvement of arthritis in 
response to methotrexate, Carneiro and Sato reported that methotrex-
ate was superior to placebo and particularly effective in patients with 
arthritis and rash in a 6-month trial completed in 37 patients.79 In a 
recently published randomized trial, Fortin and coworkers reported 
that methotrexate reduced corticosteroid requirement and disease 
activity in active lupus but does not identify patients with arthritis as 
specifically benefiting from its use.78

Inflammatory myositis may occur as a feature of lupus activity and, 
in our experience, often responds much more promptly to corticoste-
roids than idiopathic inflammatory myositis. It is important to rule 
out other causes of muscle weakness, including myopathies caused by 
corticosteroids and/or antimalarial drugs and myasthenia gravis.

Neuropsychiatric lupus
Neuropsychiatric lupus (NPSLE) affects both the central and peripheral 
nervous systems. The frequency of neuropsychiatric manifestations in 
lupus patients is estimated at between 25% and 80%.158 Clinical mani-
festations are variable, and 19 separate case definitions have been 
defined by the American College of Rheumatology.159 The incidence of 
histologically proven vasculitis is surprisingly low, less than 10% in 
autopsy series.160,161 Additional pathogenic mechanisms such as anti-
neuronal and antiphospholipid antibodies, thrombosis, non-inflamma-
tory vasculopathy, and production of cytokines, contribute to the 
etiopathogenesis of NPSLE.162 Symptomatic, immunosuppressive, or 
antithrombotic therapies alone or in combination represent the main-
stay of treatment strategies.

Confronted with a new neuropsychiatric event the physician must 
ask if it is a primary event caused by active lupus or a secondary event 
resulting from complications of the disease or its treatment, such as 
accelerated atherosclerosis, hypertension, uremia, or infection. A rigor-
ous evaluation is required to define the most likely cause of the event 
and to determine whether to treat the patient with either immunosup-
pression or anticoagulation, or with both types of therapy. The workup 
may include clinical assessment; laboratory testing for lupus activity, 
anti-phospholipid antibodies, and microangiopathies; lumbar punc-
ture; neuropsychological evaluation; and imaging. Some acute events 
such as cerebritis or meningeal symptoms require immediate  
computed tomography (CT) followed by lumbar puncture to detect 



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1314

infection and inflammatory changes. In most other situations, cranial 
magnetic resonance imaging (MR) should be obtained rather than CT. 
MR is much more sensitive than CT in NPSLE, although it is also less 
specific; it is more likely to detect reversible abnormalities; and it is 
the preferred technique for following the evolution of brain injury. MR 
rather than CT should be performed on an emergency basis in sus-
pected transverse myelitis.

Nomenclature for classifying neurologic events in lupus patients 
and recommendations regarding evaluation of patients with specific 
neurologic symptoms have been developed by the ACR neuropsychia-
tric lupus nomenclature committee.159 The consensus statement is a 
useful guide to the selection of appropriate tests in individual patients.

Severity assessment at presentation is a key factor when choosing 
therapeutic options. Some neuropsychiatric symptoms in patients with 
lupus are best managed symptomatically. The majority of headaches 
in these patients do not reflect active NPSLE and should be treated as 
in a patient who does not have lupus; true “lupus headaches” requiring 
corticosteroid therapy are rare. Depression is often precipitated by the 
burden of illness in patients with lupus, but it is rarely if ever immu-
nologically mediated and should be treated with antidepressants. New 
onset seizures probably reflect an acute cerebral insult requiring treat-
ment, but recurrent seizures that result from a prior injury can be 
controlled with anti-epileptic drugs.

The management of mild cognitive dysfunction presents a special 
challenge. Such patients with abnormal neuropsychiatric testing in the 
absence of depression have been reported to benefit from low to moder-
ate doses of corticosteroids rather than aggressive immunosuppression; 
an individualized conservative approach should be taken.163 Low-dose 
steroids (0.5 mg/kg),164 NSAIDs, antidepressants, anticonvulsants, and 
antipsychotic agents165,166 are useful in the symptomatic treatment of 
various CNS manifestations. Severe, diffuse CNS disease requires a 
more aggressive approach, although corticosteroids are still the stan-
dard of care. Although treatment remains largely empirical owing to 
the absence of large randomized controlled trials, prompt use of high 
oral doses of prednisone (1 mg/kg/day given in divided doses) or intra-
venous pulse methylprednisolone (500-1000 mg daily over a course of 
3 days) is reported to be associated with better prognosis compared 
with delayed steroid therapy.167,168 This has been well demonstrated, 
particularly in patients with transverse myelitis.169

Cyclophosphamide is currently the recommended treatment in 
severe cases of acute CNS involvement,170-176 in cases refractory to 
corticosteroids, and if a corticosteroid-sparing agent is needed. The 
regimens that have shown to be effective include monthly intravenous 
cyclophosphamide 0.75 to 1.0 g/m2 for at least 2 months171 and 
500 mg/m2 every 2 weeks for 3 months followed by 6 months of 
monthly pulses.177,178 Whether intravenous cyclophosphamide is supe-
rior to intravenous methylprednisolone still needs further investigation 
through large, randomized, controlled trials. A Cochrane review found 
only one randomized controlled trial with a small number of patients 
in which cyclophosphamide demonstrated superiority over methyl-
prednisolone, without increasing side effects.179,180 Prompt intravenous 
administration of cyclophosphamide and pulse corticosteroids is par-
ticularly worthy of consideration immediately after the onset of trans-
verse myelitis. The required duration of intravenous cyclophosphamide 
therapy for NPSLE is not established, but in our experience treatment 
may be shorter than for nephritis.

Alternative therapies, including the use of other immunosuppres-
sors, are based on anecdotal experience and lack supporting evidence 
from controlled trials. Responses to azathioprine181-183 and mycophe-
nolate mofetil184,185 have been reported, but the use of these drugs 
should be reserved for situations in which other therapies are contra-
indicated or as corticosteroid-sparing agents when disease is controlled 
with high-dose corticosteroids. Intrathecal methotrexate in combina-
tion with dexamethasone has been used with success without signifi-
cant side effects in a few studies involving a small number of patients 
who were non-responders to conventional therapies.186,187

IVIG can be considered especially in critically ill or infected patients 
when more toxic therapies are contraindicated. Uncontrolled studies 
and case reports have shown some benefits in mild/moderate disease188 
and severe disease,189-191 as well as in pediatric NPSLE.192

Anticoagulation alone should be reserved for those manifestations 
in which thrombotic disease can be identified as the only underlying 

pathologic mechanism. Strokes and transient ischemic attacks are the 
most common presentation for focal NPSLE, and patients in whom 
thrombosis is strongly suspected should be treated with heparin in the 
acute setting, unless there is concern about hemorrhage, and warfarin 
for longer durations of therapy depending on the presence of anti-
phospholipid antibodies or other prothrombotic risk factors.194 In most 
cases it is difficult to ascertain if there is indeed one or more ethipa-
thogenic mechanisms, as is the case, for example, with lesions caused 
by combined anti-phospholipid antibodies and immune-mediated 
injury. Furthermore, involvement of both small and large vessels by 
anti-phospholipid antibodies can occur, as seen in retinal involvement 
and diffuse cerebral atrophy. In these situations, combination therapy 
with antiaggregant therapy and/or anticoagulation to immunosuppres-
sive therapy should be considered.169,195-197

NPSLE remains a significant diagnostic and therapeutic challenge 
for the clinician due to the potential for overlap with other conditions. 
Identification of the underlying pathogenic mechanisms and severity 
should precede the selection of the most appropriate therapeutic option.

FERTILITY, CONTRACEPTION, AND 
PHARMACOTHERAPY DURING PREGNANCY
Fertility
Fertility has been reported to be comparable in lupus and non-lupus 
patients who have not been treated with alkylating agents.198 Alkylating 
agents, including cyclophosphamide and chlorambucil, are directly 
toxic to granulosa cells and other components of the ovary. The inci-
dence of ovarian failure increases with total cyclophosphamide dose 
and increasing age.199 Women have decreased ovarian reserve after 
cyclophosphamide exposure. Administration of combination oral con-
traceptives or depot progestins during chemotherapy has not improved 
ovarian survival. Several uncontrolled trials reviewed in a meta-analy-
sis suggest that administration of a depot gonadotropin-releasing 
hormone analog during cyclophosphamide treatment may reduce the 
risk of ovarian failure and preserve fertility.200-202 In the absence of 
controlled trials, our approach is to offer women who desire to preserve 
ovarian function monthly injections of depot leuprolide acetate, 
3.75 mg, with care to administer the first dose at least 10 days before 
the succeeding infusion of cyclophosphamide to avoid infusion of 
cyclophosphamide during transient activation of the ovaries, which 
occurs after the first injection.202

In men, gonadal dysfunction may occur after cumulative doses of 
as little as 6 to 10 g of cyclophosphamide. Of eight trials of hormone 
administration to preserve fertility in men, only one, which utilized 
testosterone, reported success203; the only proven method of fertility 
preservation is sperm banking. Recognition of hypogonadism in men 
previously exposed to cyclophosphamide and treatment with exoge-
nous testosterone may be very important to preserve sexual function 
and prevent bone loss.

Contraception
The approach to contraception for women with lupus has changed over 
the past 2 decades as a result of the increasing recognition of side effects 
of progestins and decreasing concern that estrogen therapy causes 
lupus flares. Enthusiasm for use of depot-medroxyprogesterone acetate 
(Depo-Provera), a highly effective contraceptive method credited with 
reducing the rate of teenage pregnancy in the United States, has waned 
with the recognition that it reduces bone formation in young women 
and accelerates bone loss in older women.204 In addition, studies of 
large cohorts of women (without lupus) receiving progestins suggest a 
modest increase in thrombotic risk.205

Combination oral contraceptives have been shown to be safe and 
effective in two well-conducted randomized clinical trials and were not 
associated with lupus flares. In the SELENA trial, 183 women received 
a triphasic oral contraceptive or placebo; subjects had low levels of 
lupus activity and lacked risk factors for thrombosis (anticardiolipin 
antibodies < 1.5 times normal were permitted). The treatment group 
did not have increased lupus flares, adverse events, or thrombosis.206 
In contrast, a companion study administering combination estrogen/
progestins to postmenopausal women suggested an increase in minor, 
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but not major, lupus flares.207 A second study suggested that depot 
progestins, combination oral contraceptives, and intrauterine devices 
were equally well tolerated, with no difference in overall rate of major 
or minor flares.208 A randomized controlled trial showed that combina-
tion oral contraceptives, but not calcitriol, improved bone mass in 
osteopenic women with lupus who have suffered premature meno-
pause (mean age, 37).209 In this study, oral contraceptives were arguably 
functioning as a safe method of hormone replacement, preventing and 
partially reversing premature bone loss.

Finally, newer intrauterine devices have a strong track record of 
safety in immunosuppressed patients210 and appear not to increase the 
risk of infection significantly except during the first month after inser-
tion in women with high-risk lifestyles. A progestin-secreting intrauter-
ine device is available that achieves minimal systemic levels of progestin 
and is reportedly safe in individuals with thrombophilia. Our approach 
is to offer oral contraceptives to women with relatively inactive disease 
and no thrombotic risk; the intrauterine device appears to be safe 
regardless of disease activity or thrombotic risk.

Pregnancy
Pharmacologic therapy of lupus during pregnancy has changed mark-
edly in recent decades in the context of marked improvement in preg-
nancy outcomes. Increasing emphasis on delaying pregnancy until 
lupus activity has been controlled for a minimum of 6 to 12 months, 
meticulous follow-up during pregnancy (often monthly) in collabora-
tion with a high-risk pregnancy specialist to detect and treat flares as 

early as possible, and improved understanding of the relative safety of 
different pharmacologic regimens, especially hydroxychloroquine, has 
been associated with marked improvement in outcome of both mother 
and child. Prednisone has long been recognized as safe in doses of less 
than or equal to 0.5 mg/kg/day, and it is highly likely that when larger 
doses are required to control disease activity the risk to the fetus is far 
outweighed by the benefits of effectively controlling maternal disease 
activity. Historically, antimalarial drugs were discontinued at the onset 
of pregnancy, a practice that is now reported to lead to increased risk 
of both major and minor flares in both non-pregnant and pregnant 
patients.14 More recently, hydroxychloroquine has been recognized as 
safe in lupus pregnancies and likely beneficial.14,37 A trial randomizing 
20 pregnant women to hydroxychloroquine versus placebo reported 
that hydroxychloroquine use was associated with reduced prednisone 
usage, lower disease activity, and better fetal outcome.15 Other thera-
pies that appear to be relatively safe in pregnancy include azathioprine, 
cyclosporine, and intravenous immunoglobulin. Unfortunately, myco-
phenolate mofetil has joined the ranks of cyclophosphamide and meth-
otrexate as highly teratogenic and contraindicated during pregnancy.211 
Assessment of women with lupus contemplating pregnancy includes 
testing for antiphospholipid antibodies and antibodies to Ro/SS-A and 
La/SS-B and referrals to a high-risk pregnancy specialist. Our approach 
is to follow patients with high-risk or active disease monthly. We follow 
asymptomatic patients with favorable pregnancy histories every 6 
weeks during the first half of pregnancy but monthly during the second 
half.
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DIAGNOSIS AND ASSESSMENT  
OF DISEASE ACTIVITY
Clinical presentation
In large centers, almost half of the patients present with asymptomatic 
urine abnormalities such as hematuria and proteinuria. Nocturia and/
or foamy urine are common initial complaints but rarely volunteered 
by the patient unless specifically asked.1 Persistent glomerular hema-
turia is common in lupus nephritis but rarely found without concomi-
tant proteinuria, which is the dominant feature of lupus nephritis. 
Nephrotic syndrome accounts for an additional 30% to 40% of patients 
while rapidly progressive glomerulonephritis is less common and 
accounts for less than 10% of the initial presentations. Hypocomple-
mentemia (especially C3) and anti-DNA antibodies are commonly 
found in lupus patients with renal disease. In general, renal involve-
ment usually appears within the first 2 years of lupus with its frequency 
decreasing significantly after the first 5 years of disease.

The clinical presentation does not always predict the underlying 
histologic class of nephritis. This is especially true in patients on 
therapy that may modify findings. In general, patients with mesangial 
nephritis have small amounts of proteinuria (<1 gm/day) with hema-
turia but typically no cellular casts. Patients with membranous glo-
merulopathy have proteinuria often at nephrotic ranges but otherwise 
blunt urine sediments. C3 tends to be normal and anti-DNA antibod-
ies, when present, are usually found in low titers. In contrast, patients 
with proliferative nephritis may have hypertension, nephritic urine 
sediment with various degrees of proteinuria (often at a nephrotic 
range), low C3, and typically high titers of anti-DNA antibodies.

In lupus nephritis proteinuria reflects the extent of involvement of 
peripheral glomerular capillary loops and tends to increase incremen-
tally from mesangial to proliferative to membranous nephropathy. The 
latter involves all glomerular capillary loops and is typically accompa-
nied by heavy proteinuria.

Urinalysis
Urinalysis is the most important and effective method to detect and 
monitor disease activity in lupus nephritis. In order to ensure its 
quality, several steps have to be taken. These include expeditious 
examination of a fresh, early morning, mid-stream, clean catch, non-
refrigerated specimen; flagging of specimens from patients at substan-
tial risk to develop nephritis; and (ideally) personal review of the urine 
sediment.1 Hematuria (usually microscopic, rarely macroscopic) indi-
cates inflammatory glomerular or tubulointerstitial disease. Erythro-
cytes are fragmented or dysmorphic (Fig. 132.1). Granular and fatty 
casts reflect proteinuric states, while red blood cell, white blood cell, 
and mixed cellular casts reflect nephritic states. Broad and waxy casts 
reflect chronic renal failure. In severe proliferative disease, urine sedi-
ment containing the full range of cells and casts can be found (“tele-
scopic urine sediment”) as a result of severe glomerular and tubular 
ongoing disease superimposed on chronic renal damage.

Renal biopsy
Renal biopsy is essential to document renal pathology in lupus. The 
standard 1982 World Health Organization (WHO) classification has 
been revised to provide a more clear and unequivocal description of 
various lesions and classes of lupus nephritis (Table 132.1).2 In addition 
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 Urinalysis is the single most useful test to monitor for renal 
involvement and relapses after remission.

 Evidence-based recommendations for the management of lupus 
nephritis have been developed.

 Patients with mild proliferative disease may benefit from 
corticosteroids alone or in combination with azathioprine.

 Combinations of mycophenolate mofetil (MMF) with moderate to 
high doses of corticosteroids are effective both in inducing and 
maintaining remission in patients with mild to moderate lupus 
nephritis.

 In moderate to severe proliferative lupus nephritis, neither pulse 
methylprednisolone of any duration nor short-term pulse 
cyclophosphamide is as efficacious as extended courses of pulse 
cyclophosphamide with the combination of both being more 
effective. Plasmapheresis has no benefit when added to standard 
immunosuppressive therapy.

 Patients with membranous disease may benefit from 
corticosteroids alone or in combination with cyclosporine or 
cyclophosphamide.

 One third to one fourth of lupus patients with moderate to severe 
proliferative lupus nephritis will relapse after achieving partial or 
complete remission. In cases of moderate to severe nephritic flare, 
early treatment with immunosuppressive therapy preserves renal 
function.

 Short courses (3 to 6 months) of daily or intermittent pulse 
cyclophosphamide result in responses of limited duration, 
emphasizing the need for some form of maintenance therapy. Both 
azathioprine and mycophenolate mofetil are reasonable 
maintenance therapies.

 In lupus nephritis aggressive control of blood pressure and 
dyslipidemia is of paramount importance.

INTRODUCTION
Effective treatment of lupus nephritis depends on recognition of early 
phases of renal involvement, prior to scarring, atrophy, and fibrosis. 
However, many forms of lupus renal disease, including severe forms 
of glomerulonephritis, are asymptomatic and insidiously progressive, 
and clinicians may easily overlook them. The marked heterogeneity 
among individual patients in terms of pattern and evolution of disease, 
as well as response to treatment, presents additional challenges. Yet 
notwithstanding the capricious nature of the disease and its intrinsic 
complexities and subtleties, nephritis is one of the most gratifying 
aspects of lupus to treat because the majority of patients respond well 
and eventually reach long-lasting remission. Moreover, new agents 
have been added in the therapeutic armamentarium of lupus nephritis, 
offering options in resistant-to-conventional-therapy cases and oppor-
tunities for individualization of therapy according to disease character-
istics and the patient’s needs.

In this chapter we review selected aspects of the diagnosis and 
assessment of lupus nephritis, and we discuss its treatment on the 
basis of current evidence from randomized controlled trials. For man-
agement issues that have not been adequately studied, we present  
the experience of investigators in the field and indicate our own 
preferences.
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Fig. 132.1 Urinalysis is the single most useful test to monitor for renal 
involvement and relapses after remission in lupus patients. Dysmorphic urinary 
red blood cells are seen in the urine of a patient with active 
glomerulonephritis and an active urine sediment. Note the fragmented RBCs 
and the abnormal sizes and shapes of the majority of RBCs. The cellular cast in 
the middle of the figure contains RBCs. (Courtesy Dr. James E. Balow.)

TABLE 132.1 HISTOLOGIC CLASSIFICATION OF LUPUS NEPHRITIS 
ACCORDING TO THE INTERNATIONAL SOCIETY OF NEPHROLOGY/RENAL 

PATHOLOGY SOCIETY (ISN/RPS) 2003

Class I Minimal mesangial lupus nephritis
Normal glomeruli by light microscopy, but mesangial immune 

deposits by immunofluorescence

Class II Mesangial proliferative
Purely mesangial hypercellularity of any degree or mesangial matrix 

expansion by light microscopy, with mesangial immune deposits
A few isolated subepithelial or subendothelial deposits may be 

visible by immunofluorescence or electron microscopy, but not by 
light microscopy

Class III Focal lupus nephritis
Active or inactive focal, segmental, or global endocapillary or 

extracapillary glomerulonephritis involving <50% of all glomeruli, 
typically with focal subendothelial immune deposits, with or 
without mesangial alterations

Class IV Diffuse lupus nephritis
Active or inactive diffuse, segmental or global endocapillary or 

extracapillary glomerulonephritis involving ≥50% of all glomeruli, 
typically with diffuse subendothelial immune deposits, with or 
without mesangial alterations. This class is divided to diffuse 
segmental (IV-S) lupus nephritis when ≥50% of the involved 
glomeruli have segmental lesions and diffuse global (IV-G) when 
≥50% of the involved glomeruli have global lesions. Segmental is 
defined as a glomerular lesion that involves less than half of the 
glomerular tuft. This class includes cases with diffuse wire loop 
deposits but with little or no glomerular proliferation

Class V Membranous lupus nephritis
Global or segmental subepithelial immune deposits or their 

morphologic sequelae by light microscopy and by 
immunofluorescence or electron microscopy, with or without 
mesangial alterations

Class V nephritis may occur in combination with class III or class IV, in 
which case both will be diagnosed

Class V nephritis may show advanced sclerotic lesions

Class VI Advanced sclerotic lupus nephritis
≥90% of the glomeruli globally sclerosed without residual activity

BOX 132.1 ACTIVITY AND CHRONICITY INDEXES*

Activity index (lesions are scored 0-3 with maximum score 24 points)
 Hypercellularity: endocapillary proliferation compromising glomerular 

capillary loops
 Leukocyte exudation: polymorphonuclear leukocytes in glomeruli
 Karyorrhexis/fibrinoid necrosis (weighted ×2): necrotizing changes in 

glomeruli
 Cellular crescents (weighted ×2): layers of proliferating epithelial cells and 

monocytes lining Bowman capsule
 Hyaline deposits: eosinophilic and PAS-positive materials lining (wire loops) 

or filling (hyaline thrombi) capillary loops
 Interstitial inflammation: infiltration of leukocytes (predominantly 

mononuclear cells) among tubules

Chronicity index (lesions are scored 0-3 with maximum score 12 points)
 Glomerular sclerosis: collapse and fibrosis of capillary tufts
 Fibrous crescents: layers of fibrous tissue lining Bowman capsule
 Tubular atrophy: thickening of tubular basement membranes, tubular 

epithelial degeneration, with separation of residual tubules
 Interstitial fibrosis: deposition of collagenous connective tissue among 

tubules

*Scored on a scale of 0-3 representing either (a) absent, mild, moderate, and severe lesions or 
(b) the presence of lesions in none, <25%, 25% to 50%, and 50% of glomeruli, respectively.

to the WHO classification, a semiquantitative analysis (on a 0-3 scale) 
of specific histologic features is incorporated into the elements of the 
activity and chronicity indices (Box 132.1).

In several studies of lupus nephritis, type IV nephritis is the most 
common (≈40%), while type III and V follow with an approximate 
frequency of 25% and 15%, respectively. Transformation from one 
class to another can occur, both spontaneously and as a result of treat-
ment. In the latter case, more aggressive forms may be transformed to 
less aggressive ones. In the absence of renal abnormalities, renal biopsy 
should not be performed. Standard indications for renal biopsy and 
general considerations are presented in Box 132.2. Practical consider-
ations in evaluating the renal biopsy are shown in Table 132.2. Studies 
have suggested (and experience supports) that both patients and physi-
cians are more willing to make decisions on aggressive therapies when 
faced with a renal biopsy indicating severe renal involvement.3 This in 
turn translates into earlier institution of cytotoxic therapy and better 
renal outcomes.

BOX 132.2 INDICATIONS FOR RENAL BIOPSY IN LUPUS NEPHRITIS*

Initial biopsy (before treatment)*
 Nephritic urine sediment (glomerular hematuria and cellular casts)
 Glomerular hematuria with proteinuria >0.5 to 1.0 gm/day
 Glomerular hematuria with proteinuria <0.3 to 0.5 gm/day and low C3 and/

or positive anti-ds DNA
 Proteinuria >1.0 to 2.0 gm/day (especially if C3 is low and/or positive 

anti-ds DNA)

Repeat biopsy (during or after treatment)
 Unexplained worsening of proteinuria (>2 gm/day increase if non-

nephrotic at baseline, or >50% increase if nephrotic)
 Unexplained worsening of renal function (reproducible ≥30% increase in 

serum creatinine)
 Persistent glomerular hematuria with proteinuria >2 gm/day or proteinuria 

>3 gm/day (especially if C3 is decreased)
 Nephritic or nephrotic flare

*Selected patients with clinical and laboratory evidence of severe lupus nephritis, nephritic or 
nephrotic syndrome, azotemia, and hypertension may not require a renal biopsy before 
treatment with cytotoxic drugs. On the other hand, patients with concomitant serologic 
abnormalities (i.e., low C3, positive anti-ds DNA) or patients who had previous 
immunosuppressive treatment may be candidates for renal biopsy even with more subtle 
findings.
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Urine collection
Collecting two or three timed samples of urine to determine 24-hour 
protein excretion and baseline creatinine clearance is the gold standard. 
We obtain them before therapy and periodically thereafter prior to 
decisions regarding assessing response and changes in therapy. Collec-
tions of urine containing creatinine concentrations that deviate signifi-
cantly from population averages for males (20 mg/kg/day) or females 
(15 mg/kg/day) should raise suspicions about the adequacy of the urine 
collection. Spot (untimed) urine protein-to-creatinine ratio is a simpler 
method to estimate the severity of proteinuria and could be used in 
between 24-hour collections to provide (together with serum albumin 
and cholesterol levels) rough estimates of response of proteinuria to 
therapy. In general the numeric ratio approaches the number of grams 
per day of proteinuria (normal urine protein-to-creatinine ratio is ≤0.2). 
However, spot urine specimens are unreliable estimates of 24-hour 
proteinuria in most lupus nephritis flares.5

Urinalysis
The analysis that examines centrifuged urine for red blood cells, white 
blood cells, and cellular casts can reflect inflammation in the kidney, 
but there are few data on the reproducibility of these measures. Gener-
ally, resolution of active urine sediment is a feature of renal remission 
but has to be sustained for several months to be clinically meaningful. 
Reappearance of cellular casts with significant proteinuria is an early 
and reliable predictor of renal relapse and in most patients usually 
precedes rises in anti-DNA titers or decreases in C3 by several weeks.6

Serology
There is evidence from therapeutic trials and epidemiologic studies for 
an association between increased anti-DNA antibody titers and low 
complement concentrations with worse long-term renal outcomes in 
lupus nephritis. Moreover, anti-DNA antibodies and C3/C4 comple-
ment components are useful in monitoring activity of lupus nephritis 
and in guiding treatment. Patients with rising titers of anti-DNA anti-
bodies warrant close monitoring for evidence of lupus activity. Because 
of several factors—C4 deficiency is common in lupus patients, values 
of C3 and C4 are rarely discordant, and C3 levels correlate best with 
renal histology on repeat renal biopsies—C3 is preferred for monitor-
ing. Plasma and urinary cytokines or chemokines, or urinary podo-
cytes, may reflect lupus activity, but these tests are not used in routine 
clinical practice.

Assessment of prognosis
Prognosis varies greatly among the many clinical and pathologic forms 
of lupus nephritis and therefore has important implications for treat-
ment decisions. Numerous demographic and clinical variables can 
affect prognosis, and individual patients have unique combinations of 
such risk factors (Box 132.3). Although individual risk factors are 
extremely heterogeneous and vary in their overall impact, patients with 
a greater number of factors carry worse prognosis, are less likely to 
respond to therapy, tend to respond more slowly and thus require more 
aggressive treatment. Patient characteristics associated with poor out-
comes include black race, low socioeconomic status, azotemia, anemia, 
antiphospholipid syndrome, failure to respond to initial immunosup-
pressive therapy, and flares with worsening in renal function.7-14 Com-
binations of severe active (crescents and fibrinoid necrosis) with marked 
chronic changes (moderate to severe tubulointerstitial fibrosis and 
tubular atrophy [e.g., chronicity index >3]) on renal biopsy are particu-
larly ominous.15 The impact of race on determining severity of disease, 
response to treatment, and final outcome is becoming increasingly 
apparent.15,16 Significant differences in these risk factors may explain 
the marked heterogeneity in course, prognosis, and treatment responses 
in randomized controlled studies around the world (discussed next).

OVERVIEW OF CONTROLLED TRIALS
Of all lupus manifestations, nephritis has been most extensively 
studied in controlled trials. However, these trials (typically conducted 
in major referral centers where patients tend to have more severe 
disease) have been plagued by generic problems including the small 
number of patients, variable disease duration, diverse racial and 

TABLE 132.2 EVALUATION OF RENAL BIOPSY IN LUPUS NEPHRITIS

Rena biopsy parameters Evaluation

Assure that sample is 
adequate

Specimens with <10 glomeruli are suboptimal

Light microscopy stains Hematoxylin-eosin: best to identify inflammatory 
cells

Trichrome (Masson): best for interstitial fibrosis, 
glomerulosclerosis

Periodic acid-Schiff (PAS): basement membrane 
abnormalities

Immunofluorescence 
studies

Not useful if diagnosis of lupus is established

Electron microscopy Helps to define distribution (subendothelial, 
epithelial, membranous deposits) of immune 
complexes

Activity and chronicity 
indexes

Useful in organizing renal biopsy report as a 
complement to WHO classification

Important elements to 
consider

Activity index: crescents, fibrinoid necrosis
High activity index (e.g., >9)
Chronicity index: interstitial fibrosis, tubular 

atrophy, glomerular sclerosis
Moderate to high chronicity scores (e.g., >3)

Monitoring of lupus nephritis
Renal function
Renal function is commonly assessed by measurements of blood urea 
nitrogen, serum creatinine, and creatinine clearance. Serum creatinine 
is a practical indicator of renal function and has been assessed in all 
therapeutic trials of patients with lupus nephritis. However, in early 
renal disease, an initial decline in glomerular filtration rate (GFR) may 
lead to only a slight increase (≤0.2 mg/dL) in the serum creatinine 
concentrations due to increased proximal tubular secretion of creati-
nine. As a result, patients with a true GFR as low as 60 to 80 mL/min 
may still have serum creatinine that is approximately 1.0 mg/dL. 
However, once serum creatinine level exceeds 1.5 to 2.0 mg/dL, 
changes in serum creatinine correlate well with changes in the GFR. 
In clinical practice, detecting changes in renal function is more impor-
tant than absolute values of renal function that is best achieved by 
measuring creatinine clearance. Thus significant reproducible changes 
in serum creatinine (≥20% to 30% increase) are of concern because they 
indicate significant loss of renal function. According to the Kidney 
Disease Outcomes Initiative (K/DOQI) recommendations, an estimate 
of the GFR should be calculated for the monitoring of renal function 
using one of the available equations.4 Calculations can be performed 
by accessing the equations via the Internet and entering the relevant 
variables.
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socioeconomic backgrounds, and relatively short follow-up. Because 
proliferative lupus nephritis has a higher prevalence and worse prog-
nosis, most trials have typically involved patients with this type of 
nephritis.

Corticosteroids and cytotoxic drugs
Controlled studies have established the benefit of cyclophosphamide 
(CY) in combination with corticosteroids in lupus nephritis. Although 
trials of corticosteroids alone have not been conducted (in spite of their 
toxicity), most clinicians feel that their use is warranted at least in the 
short and medium term because they have substantially improved the 
outcome of lupus nephritis. Short-term (≤6 months) daily oral CY 
therapy was found to be more efficacious in decreasing disease activity 
than prednisone alone,17 but it did not protect from renal failure with 
longer follow-up.18,19 This is in contrast to long-term (i.e., until sus-
tained remission is achieved) daily oral CY therapy that significantly 
reduced the risk of renal failure.20,21 Because of the cumulative toxicity 
of extended courses of daily oral CY, this regimen has been abandoned 
and only short courses of this therapy are being used. Intermittent 
pulse CY (intravenous [IV] CY) is equally effective with daily oral CY 
but with significantly fewer side effects and thus the former has become 
the preferable approach.20,21

In patients with severe proliferative lupus nephritis (defined as renal 
impairment or histologic features of active disease such as crescents 
and fibrinoid necrosis in ≥25% of glomeruli), shorter courses of IV CY 
were marginally better than pulses of IV methylprednisolone (IV MP) 
and less effective than a long course of IV CY (7 monthly doses fol-
lowed by quarterly pulses for an additional 2 years) in preventing major 
flares.22 In another study, extended courses (12 to 36 months) of IV 
MP were not as effective as long courses (3 to 5 years) of IV CY.23 
Moreover, most patients who initially received MP eventually required 
CY for the control of continuous renal disease or renal flares. Extended 
follow-up (median 11 years) demonstrated greater efficacy of the com-
bination therapy compared with CY alone without a significant increase 
in toxicity.24 In accordance with these results, a meta-analysis of RCTs 
in diffuse proliferative lupus nephritis concluded that IV CY plus ste-
roids reduced the risk for doubling of serum creatinine (n = 228 
patients; relative risk [RR] 0.59; 95% confidence interval [95% CI] 0.40 
to 0.88) compared with steroids alone, although it had no impact on 
overall mortality (RR 0.98; 95% CI 0.53 to 1.82).25 The combination 
of azathioprine (AZA) plus steroids reduced the risk for all-cause mor-
tality compared with steroids alone (n = 78 patients; RR 0.60; 95% CI 
0.36 to 0.99) but had no effect on renal outcomes. More recently, a 
Dutch study compared AZA and MP combination therapy with IV CY 
for induction in 87 patients with proliferative lupus nephritis, 56% of 
whom had estimated creatinine clearance less than 70 mL/min.26 After 

a median follow-up duration of 5.7 years, doubling of baseline serum 
creatinine concentrations and the frequency of renal relapses were 
noted more frequently in the AZA plus MP group than in the IV CY 
group (16% vs. 4%, and 27% vs. 4%, respectively). Repeat biopsy speci-
mens showed that although both regimens reduced the number of 
active lesions, progression of chronic lesions was more effectively 
halted by IV CY.27

Because of concerns about the toxicity, coupled with the apprecia-
tion that the disease may be less severe in Caucasians, European 
investigators sought alternative protocols to administer the drug (Euro-
Lupus Nephritis Trial—ELNT).12,28 In this study involving for the most 
part patients with milder forms of disease (mean serum creatinine 
1.2 mg/dL, mean proteinuria 3.0 gm/day), less intensive regimens of 
CY followed with AZA as maintenance had comparable efficacy—but 
less toxicity—than a short course of high-dose IV CY (8 pulses). At  
10 years’ follow-up, death, sustained doubling of serum creatinine,  
and end-stage renal disease rates did not differ between the low-dose 
and high-dose groups (11% vs. 4%, 14% vs. 11%, and 5% vs. 9%, 
respectively), nor did mean serum creatinine, proteinuria, and damage 
score.29 In multivariate analysis, early response to therapy at 6 months 
(defined as a decrease in serum creatinine level and proteinuria <1 gm/
day) was the best predictor of a good renal outcome (positive predictive 
value 87%). Another non-randomized controlled trial has also demon-
strated similar efficacy of low-dose versus high-hose IV CY in diffuse 
proliferative lupus nephritis.30

Adding plasma exchange therapy to standard immunosuppression 
with prednisone and CY has shown no clear benefit in controlled trials 
of lupus nephritis.31,32

Mycophenolate mofetil
Mycophenolate mofetil (MMF) is an immunosuppressive agent used 
in solid organ transplantation that has been evaluated in clinical 
studies of lupus nephritis. MMF is a reversible inhibitor of the enzyme 
inosine monophosphate dehydrogenase, a critical rate-limiting enzyme 
involved in the de novo synthesis of purines. Therefore the drug func-
tions as a relatively selective antimetabolite, inhibiting T and B lym-
phocyte activation. MMF has been tested both as a remission-inducing 
agent and as maintenance regimen.

Induction therapy
The first study to compare MMF versus CY as induction therapy in 
lupus nephritis involved 42 Chinese patients with class IV nephritis 
and mean serum creatinine 1.2 mg/dL.33 MMF was given at 2 gm/day 
for 6 months and then decreased by 50% for an additional 6 months; 
CY was given orally at 2.5 mg/kg/day, replaced by AZA (1.5 mg/kg/day) 
at 6 months. Both groups received prednisone 0.8 mg/kg/day tapered 
to 10 mg/day at 6 months. At 1 year, the investigators found compa-
rable efficacy of MMF and CY for inducing remission (81% vs. 76%, 
respectively) and preserving renal function. The rates of relapse were 
15% in the MMF and 11% in the CY group during the first year. 
However, with longer follow-up, the realization that patients treated 
with MMF relapsed more often than those treated initially with CY 
(46% vs. 17%, respectively) and the encouraging safety of the drug 
prompted the investigators to modify their protocol.34 They gradually 
tapered MMF, given initially 2 gm/day for 6 months, then 1.5 gm/day 
for 6 months and finally 1 gm/day for at least 1 year before further 
tapering in stable patients, and compared this with CY-AZA given as 
in their first study. Using this modified protocol in 64 Chinese patients 
with class IV nephritis (27% had elevated serum creatinine, 63% had 
proteinuria >3 gm/day), after a median follow-up of 63 months, they 
achieved complete and partial remission rates greater than 90% in both 
groups, while only 6.3% in the MMF group and 10% of the CY-AZA 
treatment arm showed doubling of serum creatinine. Side effects such 
as amenorrhea and infections were more common in the CY group. 
The authors concluded that MMF is an effective induction-mainte-
nance treatment in Chinese patients. Longer follow-up beyond the 
5-year anniversary is essential to fully establish the efficacy/toxicity 
ratio of this therapy, as demonstrated in the National Institutes of 
Health (NIH) studies.24

Ginzler and colleagues35 conducted a multicenter, randomized trial 
of induction therapy in 140 systemic lupus erythematosus (SLE) 

BOX 132.3 GENERALLY ACCEPTED FACTORS ASSOCIATED WITH 
ADVERSE PROGNOSIS AND HIGH RISK OF RENAL PROGRESSION  
IN LUPUS NEPHRITIS*
Demographic: Black race; limited access to health care (male gender, children)
Clinical: Hypertension; severe extrarenal disease affecting major organ; failure 

to achieve or marked delay (>2 years) to renal remission; multiple flares of 
lupus nephritis; pregnancy

Laboratory: Nephritic urinary sediment; azotemia; anemia; thrombocytopenia; 
antiphospholipid antibodies; thrombotic microangiopathy; 
hypocomplementemia (especially falling levels); high anti-DNA (especially 
rising titers); persistent severe nephrotic syndrome

Histologic: Proliferative glomerulonephritis (WHO class III-IV); mixed 
membranous (V) and proliferative (III-IV) glomerulonephritis; cellular 
crescents; fibrinoid necrosis; very high activity index; moderate-to-high 
chronicity index; combinations of active (cellular crescents) and chronic 
histologic features (interstitial fibrosis); extensive subendothelial deposits

Modified from Balow JE, Boumpas DT, Austin HA. Systemic lupus erythematosus and the 
kidney. In: Lahita RG, ed. Systemic lupus erythematosus. San Diego: Academic Press, 
1999:657-685.

*Factors with contentious level of impact are shown in parenthesis.
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patients (56% African Americans) to test whether MMF (initial dose 1 
to 3 gm/day) is equivalent to IV CY (0.5 to 1 gm/m2) to induce com-
plete remission at 24 weeks. Patients had active class III-V nephritis, 
42% of patients in the MMF and 46% of patients in the CY group were 
nephrotic, and 18% of patients in the MMF and 27% of patients in the 
CY group had serum creatinine greater than 1.3 mg/dL. The study 
allowed crossover at 3 months for treatment failure or toxicity. At the 
end of the 24-week study, complete and partial remission rates were 
23% and 30% in the MMF group, as compared with 6% and 35% in 
the IV CY group, respectively. Treatment failure was higher in the IV 
CY group (69% vs. 48%) and crossover was more frequent in this group 
(20% vs. 8%). The results of this trial should be interpreted with 
caution in view of the short follow-up and the fact that MMF was 
compared with IV CY alone and not combined with monthly pulses of 
IV MP as routinely done in severe lupus nephritis. Moreover, 39% of 
patients enrolled into the IV CY arm crossed over or withdrew, a fact 
that could certainly undermine a fair assessment of the IV CY arm. 
Also, patients with severe renal impairment (baseline serum creatinine 
>3 mg/dL) were not included. Importantly, this was a non-superiority 
trial with inadequate power to detect superiority. Despite these limita-
tions, data further support the use of MMF as an efficacious remission-
inducing agent in non-Caucasian patients.

In another trial, 44 Asian patients with class III-IV nephritis (mean 
creatinine clearance 77 mL/min) were randomized to receive either 
MMF 1.0 gm twice daily or IV CY 0.75 to 1 gm/m2 monthly, for 6 
months.36 Both groups received prednisone 60 mg/day for 4 to 6 weeks 
and then gradually tapered to a maintenance dose of 5 to 10 mg/day. 
Remission occurred in 13 patients (52%) in the IV CY group versus 11 
patients (58%) in the MMF group; complete remission was achieved 
in 3 patients (12%) in the IV CY group versus 5 patients (26%) in the 
MMF group (P = 0.22). Rates of adverse events were also comparable 
in the two groups.

In accordance with the results of the aforementioned trials, three 
meta-analyses of RCTs have demonstrated that MMF is at least equiv-
alent to CY as induction therapy of proliferative lupus nephritis, in 
terms of remission-relapse rates and progression of end-stage renal 
disease or death, and with more favorable toxicity profile.37-39 However, 
the strength of evidence in these meta-analyses is limited by flaws of 
the original studies. To settle this issue, the Aspreva Lupus Manage-
ment Study (ALMS) trial has failed to demonstrate the superiority of 
MMF over IV CY. This is one of the largest and most racially diverse 
RCTs in lupus nephritis that included a total of 370 patients, 27% of 
which had renal impairment (estimated GFR <60 mL/min/1.73m2).40 
Oral MMF was titrated to a target dose of 1.5 gm twice daily in week 
3. Reduction was permitted to 2 gm/day in response to adverse events. 
IV CY was given in monthly pulses of 0.5 to 1.0 gm/m2, according to 
the modified NIH protocol.41 Both groups received oral prednisone, 
with a defined taper from a maximum starting dose of 60 mg/day. At 
the end of the 24-week period, response rates were similar for both 
groups (56% for the MMF group, 53% for the IV CY group); moreover, 
there were no differences regarding adverse events (total events 96% in 
the MMF vs. 95% in the IV CY group, infections 69% vs. 62%, respec-
tively).42 Taken together, these data suggest that MMF is a reasonable 
option for patients with moderately severe lupus nephritis.

Maintenance therapy
Contreras and colleagues43 in a sequential study compared IV CY, 
AZA, or MMF as maintenance therapy after inducing remission with 
pulse IV CY (7 pulses), in 59 patients with lupus nephritis (95% His-
panic or African Americans). Randomized patients had class III-IV 
nephritis, 74% of the AZA and 60% of the CY and MMF groups were 
nephritic, and mean serum creatinine ranged from 1.5 to 1.7 mg/dL 
across the treatment groups. Response to therapy occurred in 83% of 
patients during the pulse IV CY induction phase. During maintenance 
therapy, although there were no significant differences in actuarial 
renal survival, the 72-month event-free survival (based on a composite 
endpoint of death and renal failure) was significantly better in both the 
AZA (P < 0.01) and the MMF groups (P = 0.05) than in the IV CY 
group. The rate of relapse-free survival was higher in the MMF than 
in the IV CY group (78% for MMF, 58% for AZA, 4% for IV CY). The 
authors concluded that, following induction therapy with Y, both AZA 
and MMF offer better benefit-risk profiles for maintenance therapy 

than CY. However, a close look at this study raises questions about 
the validity of the claims of superiority.44 These include insufficient 
number of patients to demonstrate superiority, the use of suboptimal 
doses of IV CY, and the use of high doses of corticosteroids, which 
may have decreased efficacy and increased the risk of infectious com-
plications. Nonetheless, this study clearly demonstrates that both AZA 
and MMF are good options for maintenance therapy in proliferative 
lupus nephritis.

Chan and colleagues34 also compared MMF with AZA as mainte-
nance therapy following induction with either oral CY or MMF (2 gm/
day) for 6 months. MMF dose was reduced by 25% after 6 months and 
continued after the first year at a dose of 500 mg twice daily for another 
year before further tapering in stable patients. There were no significant 
differences in rates of infection (herpes zoster), amenorrhea, and pro-
gression to end-stage renal disease between the MMF and the AZA-CY 
groups. The results of these two trials have been summarized in a 
meta-analysis that concluded maintenance therapy with MMF did not 
decrease the rates of death, end-stage renal disease, renal relapse, or 
doubling of serum creatinine values compared with AZA.39 Collec-
tively, and until the results of two other ongoing multicenter RCTs 
(MAINTAIN Nephritis Trial, ALMS: maintenance therapy part) are 
available, MMF and AZA may be considered as comparable options in 
maintenance therapy of moderate to moderately severe proliferative 
lupus nephritis.

Calcineurin inhibitors
Calcineurin inhibitors, including cyclosporine (CsA) and tacrolimus, 
are potent inhibitors of T cell–mediated responses, which were initially 
used in transplantation but have also shown efficacy in lupus 
nephritis.

Cyclosporine
Moroni and colleagues45 compared CsA with AZA as maintenance 
therapies in an RCT of 69 patients with diffuse proliferative lupus 
nephritis and preserved renal function. Induction therapy patients 
received three consecutive daily pulses of 1 gm IV MP followed by 
prednisone and oral CY for 3 months. Following this, they were 
assigned to receive either CsA (4 mg/kg/day for 1 month and then 
tapered to 2.5 to 3 mg/kg/day) or AZA (1.5 to 2 mg/kg/day) for 2 to 4 
years. The rate of flare-ups was comparable in the two groups (seven 
patients in the CsA group vs. eight in the AZA group) and there was 
no difference in proteinuria and blood pressure levels. Both agents were 
well tolerated. The results of this trial confirmed the efficacy of AZA 
and highlighted the potential use of CsA as maintenance treatment in 
lupus nephritis patients with preserved renal function.

A more recent trial compared the efficacy of CsA, IV CY, and cor-
ticosteroids in 42 patients with lupus membranous nephropathy 
(median GFR 83 mL/min/1.73 m2, median proteinuria 5.4 gm/day).46 
All patients received alternate-day oral prednisone (initiated at 1 mg/
kg every other day for 8 weeks, followed by gradual tapering to 0.25 mg/
kg every other day). Each treatment group received one of the following 
regimens: corticosteroids alone, IV CY every other month (6 doses, 0.5 
to 1 gm/m2), or CsA (initiated at 5 mg/kg/day, then adjusted according 
to changes in serum creatinine) for 11 months. At 1 year, the cumula-
tive probability of remission was 27% with prednisone, 60% with IV 
CY (P = 0.04 vs. prednisone group), and 83% with CsA (P = 0.002 
vs. prednisone group). However, relapses of the nephrotic syndrome 
occurred significantly more often after completion of CsA than after 
IV CY therapy; rates of relapse per 100 patient-months were 2.0 with 
CsA versus 0.2 with IV CY (P = 0.02). Ten patients who failed to 
respond to prednisone alone or CsA or who relapsed after initial 
response to CsA were treated with IV CY for a median duration of 24 
months. Eight of 10 patients achieved remission with stable renal 
function. These results suggest that although effective as induction 
therapy in membranous nephropathy, CsA may require maintenance 
therapy to prevent relapses.

Tacrolimus
Tacrolimus has also been used in membranous nephropathy. In a 
recent trial, 18 patients with biopsy-proven lupus membranous 
nephropathy received tacrolimus (0.1 to 0.2 mg/kg/day in two divided 
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doses) and prednisone (initiated at 30 mg/day with gradual tapering) 
for 6 months.47 Tacrolimus was then discontinued and AZA was initi-
ated (1.5 mg/kg/day) as maintenance therapy. Patients were compared 
with 19 historic controls who received AZA or CY plus steroids. In the 
tacrolimus group, complete and partial remission rates were 28% and 
50%, respectively, at 12 weeks and 39% and 40% at 24 weeks. The 
corresponding numbers in the control group were 16% and 47% at 12 
weeks and 37% and 58% at 24 weeks. Mean proteinuria was reduced 
by 76% in the tacrolimus group versus by 47% in the control group. 
No major side effects were recorded. Although these results are limited 
by the lack of head-to-head comparison, the small number of patients, 
and short follow-up, they provide some evidence for efficacy of tacro-
limus in membranous lupus nephritis.

Bao and colleagues48 have reported encouraging results on the treat-
ment of mixed diffuse proliferative and membranous lupus nephritis 
using a combination of agents. This subtype of nephritis responds less 
well to conventional immunosuppressive treatment and it is associated 
with poor prognosis. In this trial, combination treatment with steroids, 
MMF, and tacrolimus was compared against IV CY plus corticoste-
roids. Enrolled patients (n = 40) had preserved renal function (esti-
mated GFR 98 mL/min), proteinuria 4.4 ± 2.0 gm/day, and 70% of 
them had previously been treated with MMF or CY. Tacrolimus was 
used at 4 mg/day, MMF at 2 gm/day, and IV CY monthly pulses at 
1 gm/m2 (total 6 to 9 pulses). All patients received IV MP (0.5 gm/day) 
for 3 consecutive days followed by oral prednisone. After 6 months, 10 
patients (50%) in the “multitarget” group versus 1 patient (5%) in the 
IV CY group achieved complete remission. Partial remission rates were 
40% in both groups. Repeat biopsies showed significant improvement 
in activity index in patients who had complete remission. Combination 
therapy with steroid, MMF, and tacrolimus was well tolerated and no 
major effects were observed, nor was nephrotoxicity from calcineurin 
inhibitors. Additional studies with a larger number of patients and 
longer follow-up are necessary to establish the efficacy, safety, and 
specific indications of such multidrug therapies in lupus nephritis.

Other agents
Recently, the China Leflunomide Lupus Nephritis Study Group evalu-
ated the efficacy and safety of leflunomide in the treatment of prolifera-
tive lupus nephritis.49 Patients with biopsy-proven proliferative lupus 
nephritis (20% had also membranous lesions) and preserved renal func-
tion were assigned to receive either leflunomide (n = 70) or CY (n = 
40) with concomitant prednisone. Leflunomide was given orally with 
a loading dose of 1 mg/kg/day for 3 days followed by 30 mg/day, and 
IV CY was administered monthly at a dose of 0.5 gm/m.2 At the end 
of the 6-month period, complete and partial remission rates were 21% 
and 52% in the leflunomide group, as compared with 18% and 55%, 
respectively, in the IV CY group. Renal parameters (serum creatinine, 
proteinuria) and general disease activity improved significantly and 
similarly in both groups, and no significant difference was noted with 
respect to clinical outcome between groups. Repeat biopsy also showed 
a significant reduction of active lesions in kidney pathology after 6 
months of leflunomide treatment. Major adverse events were similar 
in the two groups and included infections (19% in the leflunomide 
group vs. 15% in the IV CY group), alopecia (16% vs. 18%), and hyper-
tension (11% vs. 3%). The authors concluded that leflunomide in 
combination with prednisone was effective in the induction therapy of 
proliferative lupus nephritis and was generally well tolerated.

TREATMENT OPTIONS
Corticosteroids
Most standard immunosuppressive drugs have been used in the man-
agement of lupus nephritis. Corticosteroids are effective in inducing a 
rapid control of lupus nephritis and are included in all treatment regi-
mens.50,51 Pulses of IV MP have become a popular part of initial treat-
ment following their successful use in transplant rejection in the early 
1970s and in the Goodpasture syndrome. No formal studies have 
examined whether (1) they are more efficacious than daily oral corti-
costeroids or (2) there is a significant difference between the two  
main dosages employed (1000 mg vs. 1 gm/m2). However, it is the 

impression of many clinicians that IV pulses of corticosteroids are 
more effective to control a rapidly evolving glomerulonephritis and that 
when employed in combination with moderate doses of daily cortico-
steroid, the severity of adverse effects such as cushingoid appearance, 
acne, and hirsutism may be lessened. Slow infusion over 60 minutes 
with monitoring of blood pressure and serum glucose (in selected 
patients) along with a careful search for underlying hidden or low-grade 
infections (especially of the urinary tract) is essential. Because gluco-
corticoids inhibit the production of vasodilatory prostaglandins in the 
kidney, renal perfusion may decrease and serum creatinine may 
increase for a few days after infusion. Although earlier observations 
suggested that avascular necrosis of the bone is more common with 
pulse corticosteroids, subsequent studies have failed to confirm these 
observations.24 Recent data suggest that chronic glucocorticoid use 
induces apoptosis not only in osteoblasts but also in osteocytes and 
that these mechanisms may be involved in corticosteroid-induced 
osteoporosis and osteonecrosis. Bisphosphonates inhibit the apoptosis 
of these cells and theoretically could prevent osteonecrosis.52-54 For 
postmenopausal women with osteoporosis or premenopausal women 
with an osteoporotic fracture, the use of parathyroid hormone may also 
be indicated. Early use of corticosteroids in sufficient doses to control 
acute nephritis coupled with a regular testing of the feasibility of reduc-
ing doses to alternate days by employing additional immunosuppres-
sive drugs are critical; physicians should not hesitate to use them under 
these conditions for fear of side effects.55 Alternate-day prednisone has 
a modest effect of improving growth in children and in reducing certain 
infections, and apparently a more powerful benefit in reducing their 
deleterious effects on the hypothalamic-pituitary-adrenal axis.

Recent studies have shown that infections carry a large burden for 
SLE patients.56-59 The cumulative dosage of corticosteroids appears to 
be a strong independent determinant of the risk of infections; prompt 
tapering of corticosteroids is of paramount importance.

Cytotoxic agents
The use of oral CY for more than 2 to 3 months is rare in lupus 
nephritis due to bladder and other toxicity. Because of their attractive 
risk-to-benefit ratio, intermittent pulses of IV CY have become the 
cytotoxic agent of choice for moderate to severe disease. Inconvenience 
related to its administration and the fear of leucopenia have led groups 
in Europe to use smaller doses (500 mg every 2 weeks) compared with 
the NIH protocol (0.75 to 1 gm/m2 monthly during the induction 
phase).28 The protocol for the administration of CY that was estab-
lished at NIH can be found in Box 132.4.22 Forceful diuresis, use of 
antiemetic agents, dose adjustments to keep a safe white blood cell 
count of at least 1500/µl, and concomitant use of modest doses of 
corticosteroids (0.5 mg/kg/day) have been key elements to its low level 
of toxicity. In this protocol, when IV MP is being used in combination 
with IV CY, it is usually administrated just before cyclophosphamide 
because of its antiemetic effects.

Herpes zoster infections are common with pulse IV CY therapy but 
are rarely severe or life threatening.60 Nonetheless, treating physicians 
should be sensitized to recommend routine vaccination of SLE patients 
older than 60 years of age with a single dose of zoster vaccine, accord-
ing to the Advisory Committee on Immunization Practices (ACIP) 
guidelines.61 Zoster vaccine should be administered at least 14 days 
before initiation or should be deferred for at least 1 month after dis-
continuation of high-dose corticosteroids (≥20 mg/day prednisone or 
equivalent) or immunosuppressive therapy. Therapy with low doses of 
methotrexate (<0.4 mg/kg/week) or AZA (<3.0 mg/kg/day) are also not 
considered sufficiently immunosuppressive to create vaccine safety 
concerns.

Controlled studies of pulse IV CY for lupus nephritis have not 
reported an increased incidence of malignancy except for increase inci-
dence of cervical dysplasia associated with concurrent human papil-
loma virus (HPV) infections in most cases.62 In view of these reports, 
vigilance in monitoring for cervical carcinoma is essential. A recent 
meta-analysis has demonstrated clear benefits for the use of HPV DNA 
testing in the triage of equivocal cervical smears, low-grade smears in 
older women, and post-treatment surveillance of women after treat-
ment for cervical intraepithelial neoplasia.63 However, there are still 
issues regarding the use of HPV DNA testing in primary screening and 
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pituitary, suppress FSH and LH production, and ultimately suppress 
gonadal steroid secretion. Suppression of FSH and LH is thought to 
prevent accelerated recruitment and depletion of ovarian follicles by 
CY. The mechanism for transient or permanent azoospermia observed 
in men after CY is less clear, but it is implied that the drug damages 
germinal centers with increased mitotic activity. Testosterone (100 mg 
intramuscularly every 15 days) has been reported recently to preserve 
fertility in patients with nephrotic syndrome treated with a short 
course of CY.66 Further clinical trials are necessary to better demon-
strate the efficacy of these hormonal manipulations and to balance 
them against their potential side effects (especially, in the case of leu-
prolide, on bone mineral metabolism).

Azathioprine
Azathioprine interferes with the de novo synthesis of inosinic acid via 
feedback inhibition of 6-thiosinosinic acid. AZA also inhibits the inter-
conversion of purine bases such as inosine to adenine and guanine 
ribonucleotides. AZA in doses of 2 to 2.5 mg/kg/day has been remark-
ably safe in the long term without significantly increasing the risk for 
infection, while it is accompanied by a marginally increased risk for 
malignancy. Leukopenia and hepatotoxicity remain an issue in a size-
able number of patients. AZA is metabolized to the active metabolites 
referred to collectively as 6-thioguanine nucleotides (6-TGNs), which, 
in turn are inactivated by thiopurine-6-methyltransferase (TPMT). The 
active metabolites, 6-TGN, accumulate in tissues and are thought to 
be responsible for many of AZA’s serious toxicities. TPMT shows co-
dominant genetic polymorphism, with about 85% to 90% of people 
exhibiting high TPMT activity and roughly 10% to 15% of individuals 
having intermediate TPMT activity caused by heterozygosity at the 
TPMT locus.68-70 Approximately 1 in 300 individuals inherits TPMT 
deficiency as an autosomal recessive trait. Intermediate TPMT activity 
is predictive for the development of severe side effects of AZA. The 
introduction of PCR testing to identify TPMT polymorphisms before 
AZA treatment may represent good value in certain health care 
settings.71

All but two studies have shown that this drug adds marginally to 
prednisone alone. Therefore AZA is used as primary therapy mainly 
for mild forms of lupus nephritis and in patients strongly opposed to 
CY. AZA is used in many centers around the world as maintenance 
therapy after substantial improvements or remission of lupus nephri-
tis.26,28,39,43 Extensive data published on both lupus and transplant 
recipients treated with AZA suggest that while there is a pattern of 
prematurity among the newborn, there has not been an increase in the 
incidence or pattern of specific malformations.72,73 Thus in addition to 
its corticosteroid-sparing effects and its acceptable cost, AZA is con-
sidered as a safe drug during pregnancy and can be used for pregnant 
lupus patients requiring treatment during pregnancy.

Mycophenolate mofetil
The initial dose of mycophenolate mofetil (MMF) is 1 gm/day and can 
increase up to 3 gm/day. This dose, however, is not tolerated well and 
most patients are usually treated initially with 2 gm/day. Responses 
may be occurring quickly (usually within 6 to 8 weeks). Its significantly 
higher cost compared with CY-AZA is another important consider-
ation, especially for long-standing maintenance, although this is par-
tially offset by savings from the reduced incidence of complications.74,75 
To this end, and in view of existing evidence showing similar efficacy 
of MMF and AZA as maintenance therapy in lupus nephritis,39,76 some 
experts recommend switching to AZA after the initial 6 to 12 months 
of treatment. This is further supported by recent findings in transplan-
tation, where MMF has not consistently surpassed AZA,77,78 a fact that 
dictates caution in embracing it as “the magic bullet” for lupus nephri-
tis. Chan and colleagues34 have recently reported gradual tapering after 
induction of remission by decreasing the dose by 50% after 6 to 12 
months. Adverse effects include leukopenia, nausea, diarrhea, and 
infections. Findings from small uncontrolled studies suggest that MMF 
may result in partial responses in renal function and proteinuria in 
patients refractory to pulse IV CY therapy or with crescentic nephri-
tis.79-83 Although in these patients remissions have rarely been achieved, 
MMF is a reasonable choice for patients failing CY.

BOX 132.4 NIH PROTOCOL FOR ADMINISTRATION AND MONITORING OF 
PULSE CYCLOPHOSPHAMIDE THERAPY
 Estimate GFR by standard methods
 Calculate body surface area (m2): BSA = √Height (cm) × Weight (kg)/3600
 Cyclophosphamide (Cytoxan) (CY) dosing and administration:

– Initial dose 0.75 gm/m2 (0.5 gm/m2 if GFR is less than one third of 
expected normal)

– Administer CY in 150 mL normal saline IV over 30 to 60 min (alternative: 
equivalent dose of pulse CY may be taken orally in highly motivated and 
compliant patients)

 WBC at days 10 and 14 after each CY treatment (patient should delay 
prednisone until after blood tests drawn to avoid transient corticosteroid-
induced leukocytosis)

 Adjust subsequent doses of CY to maximum dose of 1.0 gm/m2 to keep 
nadir WBC above 1500/mL. If WBC nadir falls below 1500/mL, decrease next 
dose by 25%

 Repeat IV CY pulses monthly (every 3 weeks in extremely aggressive 
disease) for another 6 months (7 pulses), then quarterly for 1 year after 
remission is achieved (inactive urine sediment, proteinuria <1 gm/day, 
normalization of complement [and ideally anti-DNA], and minimal or no 
extrarenal lupus activity)

 Protection bladder against CY-induced hemorrhagic cystitis
– Diuresis with 5% dextrose and 0.45% saline (2 L at 250 mL/hr). Frequent 

voiding; continue high-dose oral fluids for 24 hours. Patients return to 
clinic if they cannot sustain inadequate fluid intake

– Consider Mesna (each dose 20% of total CY dose) intravenously or orally 
at 0, 2, 4, and 6 hours after CY dosing. Mesna is especially important to 
use if sustained diuresis may be difficult to achieve, or if pulse CY is 
administered in outpatient setting

– If anticipated difficulty with sustaining diuresis (e.g., severe nephrotic 
syndrome) or with voiding (e.g., neurogenic bladder), insert a three-way 
urinary catheter with continuous bladder flushing with standard 
antibiotic irrigating solution (e.g., 3 L) or normal saline for 24 hours to 
minimize risk of hemorrhagic cystitis

 Antiemetics (usually administered orally)
– Dexamethasone (10-mg single dose) plus
– Serotonin receptor antagonists: granisetron 1 mg with CY dose (usually 

repeat dose in 12 hours); ondansetron 8 mg three times a day for 1 to 2 
days

 Monitor fluid balance during hydration. Use diuresis if patient develops 
progressive fluid accumulation

 Complications of pulse CY
– Expected: nausea and vomiting (central effect of CY) mostly controlled 

by serotonin receptor antagonists; transient hair thinning (rarely severe 
at CY doses ≤1 gm/m2)

– Common: significant infection diathesis only if leukopenia not carefully 
controlled; modest increase in herpes zoster (very low risk of 
dissemination); infertility (male and female); amenorrhea proportional to 
age of the patient during treatment and to the cumulative dose of CY. In 
females at high risk for persistent amenorrhea, consider using leuprolide 
3.75 mg subcutaneously 2 weeks before each dose of CY

GFR, glomerular filtration rate; NIH, National Institutes of Health; WBC, white blood cell count.

according to some experts, HPV DNA testing can be used as the sole 
screening modality only when good cytology testing is available to 
triage HPV+ women.

Of all toxicities associated with CY therapy, perhaps the most dis-
turbing is its gonadal toxicity. In women the risk for sustained amenor-
rhea depends on the age of the patient and the cumulative CY dose.64 
In our series, the rates of amenorrhea after a long course (≥15 pulses) 
of IV CY was 17% for women younger than 25 years of age, 43% for 
those 26 to 30 years of age, and 100% of patients older than 31 years. 
Rates of amenorrhea with short courses (≤7 pulses) were 0% for women 
younger than 25 years of age, 12% for ages 26 to 30 years, and 25% 
for women older than 31 years.65 Preliminary data suggest that long-
acting gonadotrophin-releasing hormone agonists (GnRH-a) such as 
leuprolide 3.75 mg (administered as a subcutaneous injection every 
month 2 weeks before pulse IV CY) reduce the rates of amenorrhea 
(5% vs. 30% in untreated controls).66,67 These agents, after an initial 
surge of LH and FSH secretion, downregulate GnRH receptors in the 
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Rituximab
The role of B cells in the pathogenesis of SLE goes beyond the  
production of pathogenic autoantibodies and antigen-presenting cells; 
B cells regulate antigen-presenting cell and T-cell function, they 
produce cytokines, and they have a central role in the development and 
maintenance of the organization of secondary lymphoid tissues.84,85 
Rituximab is a chimeric murine-human monoclonal antibody that 
binds specifically to the CD20 antigen. CD20 is expressed on B lym-
phocytes, from pre-B to activated B cells, but not on differentiated 
plasma cells. Although rituximab induces variable depletion of CD20+ 
cells in the peripheral blood, antibody production by plasma cells is 
maintained and peripheral B cells reappear 4 to 12 months after 
therapy. Evidence indicates that rituximab treatment of SLE patients 
has immunologic effects beyond autoantibody reduction, including 
deactivation of T cells and downregulation of costimulatory molecule 
expression.86,87 Although several mechanisms of B-cell depletion have 
been proposed, there is evidence suggesting the relative importance of 
the antibody-dependent, cell-mediated cytotoxicity (ADCC) and that 
of B-cell apoptosis induction when cross-linked by Fcγ receptor (FcγR)-
bearing cells.88-90

Experience with rituximab treatment in SLE comes from uncon-
trolled trials and case series. To date, at least 162 SLE patients have 
been treated with rituximab, including patients with nephritis (n = 
84), cytopenias (n = 23), and central nervous system lupus (n = 27).90,91 
More than half of these patients had relapsed after treatment with 
corticosteroids and CY. Different protocols have been used, ranging 
from the usual full-dose regimen (375 mg/m2) × 4 weekly intervals) to 
various shorter and lower dosing schemes (500 to 1000 mg/m2 × 2 
weekly intervals) administered over 1 month. Most, but not all, patients 
received simultaneous immunosuppressive therapy with AZA, CY, 
MMF, or CsA and corticosteroids. Rituximab resulted in clinical 
response in 89 of 162 (54%) patients (36% of them achieved complete 
response), associated with improvements in disease activity indexes, 
renal parameters (proteinuria, hematuria), and reductions in mean 
daily dose of corticosteroids. There were cases of disease relapse during 
the follow-up, which were retreated with rituximab. Evidence also sug-
gests the potential use of rituximab in severe lupus membranous 
nephropathy.92-94

Generally, rituximab is well tolerated and no major safety issues 
have been reported. Infusion reactions (decreased blood pressure, fever, 
angioedema, chills, bronchospasm) may occur; therefore patients are 
premedicated with acetaminophen and diphenhydramine. Infections 
have been reported in SLE patients treated with rituximab, although 
these may be related to concomitant use of immunosuppressive agents 
or the high activity of lupus. Awareness of the occurrence of progressive 
multifocal leukoencephalopathy (PML) has recently been highlighted 
by the report of PML cases following administration of rituximab and 
other biologic agents in patients with rheumatic diseases, including 
SLE patients.95,96

For reasons that are not adequately understood at present, response 
to treatment does not correlate consistently with the degree of B-cell 
depletion.97,98 Other unresolved issues include the definition of the 
most efficient treatment schedule, the need for adjuvant immunosup-
pressive therapy, the safety of retreating patients that relapse, and the 
development of methods for assessing response to treatment. Because 
the standard treatment for SLE patients with major organ involvement 
is CY, controlled trials comparing rituximab with the NIH IV CY 
regimen are necessary. We believe that rituximab might be a good 
option for use in combination with CY in an effort to decrease the 
cumulative dose of the latter drug.

Calcineurin inhibitors (Cyclosporin A, Tacrolimus)
There is accumulating evidence for beneficial effects of calcineurin 
inhibitors—namely, cyclosporine and tacrolimus—in lupus nephritis. 
CsA binds to its cytoplasmic receptor cyclophilin and interferes with 
a complex of phosphatases called calcineurin, therefore inhibiting 
activation-induced NFAT dephosphorylation and IL-2 synthesis by 
lymphocytes. In patients with proliferative lupus nephritis, CsA has 
been used to either reinforce maintenance treatment or reduce the 
doses of corticosteroids or as a rescue therapy in relapsing/refractory 

disease. Both uncontrolled and controlled studies99 have demonstrated 
significant antiproteinuric effects of CsA with a cumulative rate of 
complete or partial remission approaching 90%. These results were 
obtained by using low-dose (≤5 mg/kg/day) CsA, thereby reducing 
adverse effects and without an increase in serum creatinine. In mem-
branous lupus nephritis, CsA is more effective than prednisone in 
reducing proteinuria but relapses may occur after discontinuing 
therapy.99 Austin and colleagues46 reported the results of a controlled 
trial in which 41 patients with lupus membranous nephropathy and a 
mean proteinuria of 5.8 gm/day were randomized to prednisone alone, 
or in combination with low-dose CsA or with intermittent pulse IV 
CY. At 1 year, the cumulative probability of remission was 27% with 
prednisone, 60% with IV CY, and 83% with CsA. However, relapses 
of the nephrotic syndrome occurred more often after completion of CsA 
than after IV CY therapy. Altogether, low-dose CsA may be considered 
a safe and effective option for maintenance therapy in lupus prolifera-
tive nephritis with preserved renal function and may be attempted in 
patients with lupus membranous nephritis who have not responded to 
a course of corticosteroids and cytotoxic agents. Serum creatinine 
should be checked on at least two occasions to obtain a baseline value 
before therapy and monitored every 2 weeks during the first 3 months 
and once a month thereafter. Correlation between blood level and 
clinical effect in autoimmune diseases is suboptimal, so monitoring 
blood level is rarely done in routine clinical practice.

Tacrolimus is another calcineurin inhibitor that shares similar 
immunosuppressive actions with CsA. In vivo and in vitro studies have 
shown that the molecular potency of tacrolimus is 10 to 100 times 
more than that of CsA. Short-term efficacy of tacrolimus (0.1 mg/kg/
day for 2 months, followed by 0.06 mg/kg/day) in diffuse proliferative 
lupus nephritis has been reported in a single open-label pilot study with 
response rates similar to that of monthly pulse IV CY therapy.100 
Patients with mixed diffuse proliferative and membranous lupus 
nephritis may benefit from combination therapy with prednisone, 
tacrolimus (4 mg/day), and MMF (2 gm/day).48 Tacrolimus has also 
been used for the treatment of pure membranous nephropathy, result-
ing in combined complete and partial remission rates of 70% to 80% 
after 6 months.47,101 The advantages of tacrolimus over CsA in the 
treatment of lupus nephritis are lower incidences of blood pressure 
elevation, hyperlipidemia, and adverse cosmetic effects. However, 
patients must be closely monitored for neurotoxicity, which develops 
in one third of patients. Similar to CsA, blood levels of tacrolimus  
may not reflect efficacy and their routine measurement is not 
recommended.

TREATMENT RECOMMENDATIONS
Treatment of lupus nephritis depends on the severity of disease, patient 
choices, and access to medical care. A working classification of the 
severity of lupus nephritis, although arbitrary, is essential in discussing 
treatment recommendations (Table 132.3 and Figs. 132.2 to 132.5). 
Patient choices are particularly important with several studies demon-
strating an unwillingness of patients to opt for the best therapy (a 
regimen containing cytotoxic agents) when confronted with the poten-
tial side effects. Fertility is an especially emotional issue. Patients at 
high risk for end-stage renal disease should be thoughtfully counseled 
not to risk compromise of both future health and fertility because of 
renal failure by rejecting effective therapy for lupus nephritis. At the 
same time, every effort should be made to accommodate patients with 
their lifestyles by administering cytotoxic drugs on an outpatient basis 
in specialized outpatient units.

Current strategies for management of lupus nephritis include an 
initial induction phase aimed at substantially improving disease 
activity (or even attaining remission) and a maintenance phase in 
which the primary goal is to maximize the therapeutic effect and  
consolidate the response.102 During this later phase, the balance of 
benefit between regimens to avoid relapses or smoldering disease activ-
ity and issues such as side effects of the drugs and quality of life become 
more pressing and difficult to evaluate because of lack of sufficient 
evidence. Table 132.4 and Box 132.5 and Fig. 132.6 summarize treat-
ment recommendations for all types of lupus nephritis that are based 
on the EULAR recommendations for the management of SLE (see 
later).103
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TABLE 132.3 SEVERITY OF LUPUS NEPHRITIS*

Proliferative disease

Mild Type III without severe histologic features (e.g., crescents, 
fibrinoid necrosis); low chronicity index (i.e., ≤3); normal 
renal function; non-nephrotic range proteinuria

Moderately 
severe

Mild disease as defined above with partial or no response 
after the initial induction therapy or delayed remission 
(>12 mo), or

Focal proliferative nephritis with adverse histologic features 
or reproducible increase of at least 30% in serum 
creatinine levels, or

Diffuse proliferative nephritis (class IV) without adverse 
histologic features

Severe Moderately severe as defined above but not remitting after 
6-12 mo of therapy, or

Proliferative disease with impaired renal function and 
fibrinoid necrosis or crescents in >25% of glomeruli, or

Mixed membranous and proliferative nephritis, or
Proliferative nephritis with high chronicity alone or in 

combination with high activity (chronicity index >4 or 
chronicity index >3 and activity index >10), or

Rapidly progressive glomerulonephritis (doubling of serum 
creatinine within 2-3 mo)

Membranous nephropathy

Mild Non-nephrotic-range proteinuria with normal renal function

Moderate Nephrotic-range proteinuria with normal renal function at 
presentation

Severe Nephrotic range proteinuria with impaired renal function at 
presentation (at least 30% increase in serum creatinine)

*Concomitant therapy with corticosteroids or other immunosuppressive drugs may modify 
urinary sediment and/or histologic findings and should be taken into consideration.

Fig. 132.2 Focal segmental lupus glomerulonephritis. In this patient with 
normal serum creatinine and non-nephrotic range protein, the absence of 
severe histologic features, the limited involvement (<50% of the glomeruli is 
involved), and the lack of significant chronic changes such as tubular atrophy 
and interstitial fibrosis suggest a mild disease. (Courtesy Dr. James E. Balow.)

Fig. 132.3 Moderately severe diffuse proliferative lupus nephritis. (a) Dramatic 
diseases in mesangial and endocapillary cellularity produce a lobular 
appearance of the glomerular tufts and compromise the patency of most 
capillary loops. (b) Note the presence of darkly staining subendothelial 
deposits in the electron micrograph, which results in the thickening of the 
capillary wall. This patient had active urine sediment, normal renal function, 
and nephrotic range proteinuria. (Courtesy Dr. James E. Balow.)

a

b

PROLIFERATIVE LUPUS NEPHRITIS
Initial treatment (induction)
Mild disease
A limited trial of prednisone (0.5 to 1.0 mg/kg/day for up to 4 to 6 
weeks) with gradual tapering to alternate days (0.125 to 0.25 mg/kg) if 
remission occurs, along with monitoring for flares, is our preferred 
approach. Addition of alternative immunosuppressive therapy (i.e., 1 

to 2 mg/kg/day AZA) either from the beginning or during tapering of 
corticosteroids may assist tapering or decrease cumulative corticoste-
roid dose. In selected cases, use of 3 consecutive pulses of IV MP may 
expedite remission and allow the use of lower doses of corticosteroids 
(0.5 mg/kg/day). Protection against osteoporosis is essential for all 
patients on chronic (>3 months) corticosteroid use. If the patient does 
not achieve complete remission (i.e., clearing of cellular casts and 
proteinuria, normalization of complement and minimal lupus activity) 
within 3 months or if nephritis worsens, we initiate MMF or monthly 
pulse IV CY. Delay in cytotoxic therapy because of a partial response 
beyond the 3 to 4 months may have a significant adverse impact on 
the response to cytotoxic therapy (suboptimal response or increase risk 
of flare).

Moderate disease
In view of the encouraging results of MMF, we recommend an initial 
trial of the drug, especially for patients for whom fertility is an impor-
tant consideration. Failure to achieve complete remission after the 
initial 6 months of therapy should precipitate decisions about switch-
ing to pulse IV CY.

Severe disease
Most authors agree that in addition to high doses of prednisone (0.5 
to 1.0 mg/kg/day tapered after 4 weeks), cytotoxic drugs will have to 
be added in these patients at least during the induction period. For the 
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Fig. 132.4 (a) In membranous lupus nephropathy the capillary walls of the 
glomerular tuft are prominent and widely patent, resembling “stiff” structures 
with decreased compliance. (b) Electron microscopy reveals glomerular 
subepithelial (epimembranous) immune complex deposits that have been 
incorporated into the glomerular basement. The presence of severe nephrotic-
range proteinuria despite the normal renal function and the absence of 
significant chronic interstitial changes suggest a moderately severe disease. 
(Courtesy Dr. James E. Balow.)

a

b

Fig. 132.5 High-risk histologic features suggesting a more severe nephritis. 
(a) Fibrinoid necrosis with karyorrhexis in a patient with focal proliferative 
glomerulonephritis; (b) Cellular crescents with layers of proliferative 
endothelial cells and monocytes lining Bowman capsule along with a 
predominantly mononuclear interstitial infiltrate; (c) moderate; 

a

b

c

induction, we recommend 7 monthly pulses of IV CY in combination 
with 3 initial pulses of IV MP at the start that are continued in patients 
with more severe disease at monthly intervals (1 pulse/month) for the 
first 6 to 12 months. Alternative induction therapy for patients strongly 
opposing pulses of IV CY include (1) daily oral MMF (1 gm twice a day 
for 12 months with increase to 3 gm/day if no response in 6 to 8 weeks) 
or (2) pulses of IV MP (1.0 gm/m2 daily for 3 doses) and then at 
monthly intervals for 6 to 12 months if there is steady progress to 
remission.

Maintenance therapy
For patients with mild to moderate disease, options include low-dose 
corticosteroids (e.g., 7.5 to 15 mg prednisone on alternate days), AZA, 
or MMF. For maintenance immunosuppressive drug therapy in patients 
with severe disease, our preferred approach is quarterly pulse IV CY 
until 1 year beyond remission. Microscopic hematuria or non-nephrotic 
proteinuria may not clear for several months, even when most other 
clinical parameters have remitted. In our experience with patients who 
have moderate to severe nephritis, remission usually occurs at an 
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d
e

Fig. 132.5, cont’d  and (d) severe interstitial fibrosis and tubular atrophy. Note the thickening of the tubular basement membranes and tubular epithelial 
degeneration with separation of residual tubules due to deposition of collagenous connective tissue among tubules; (e) mixed membranous and proliferative 
lupus glomerulonephritis. Note the combination of membranous lesions with the characteristic prominent and widely patent capillary walls, typical of 
membranous nephropathy along with mesangial and endocapillary cellularity that compromises the patency of the involved capillary loops, typical of 
proliferative disease. (Courtesy Dr. James E. Balow.)

TABLE 132.4 RECOMMENDED TREATMENT OF LUPUS NEPHRITIS*

Histology/severity

Type of therapy

Induction Maintenance

Proliferative

Mild  High-dose corticosteroids (0.5-1 mg/kg/day prednisone for 4-6 wk 
with gradual tapering to 0.125 mg/kg every other day within 3 mo) 
alone or in combination with AZA (1-2 mg/kg/day)

 If no remission within 3 mo, treat as moderately severe

 Low-dose corticosteroids (prednisone ≤0.125 mg/kg on 
alternative days) alone or with AZA (1-2 mg/kg/day)

 Consider further gradual tapering at the end of each year 
of remission

Moderate  MMF (2 gm/day) (or AZA) with corticosteroids as above. If no 
remission after the first 6 mo, advance to next therapy

 Pulse CY alone or in combination with pulse MP for the first 6 mo 
(total 7 pulses). Background corticosteroids 0.5 mg/kg/day for 4 wk, 
then taper

 If remission after the first 6 mo, MMF may taper to 1.5 gm/
day twice daily for 6-12 mo and then to 1 gm/day. Consider 
further tapering at the end of each year in remission

 AZA
 Quarterly pulses of CY

Severe  Monthly pulses of CY in combination with pulse MP for 6-12 mo)
 If no response, consider MMF or rituximab

 Quarterly pulses of CY for at least 1 yr beyond remission, or
 AZA, or
 MMF

Membranous

Mild  High-dose corticosteroids alone or in combination with AZA  Low-dose corticosteroids alone or with AZA

Moderate/Severe  Bi-monthly pulse CY (6 pulses)
 CsA (3-5 mg/kg/day) alone or with AZA in combination or as 

sequential therapy once remission is achieved
 High-dose corticosteroids with MMF

 Low-dose corticosteroids
 Alone or with AZA
 AZA

Mesangial

Proteinuria >2 gm/day  Low-dose corticosteroids  Low-dose corticosteroids

*See text for dose and further details. Alternative agents are shown in parentheses.
AZA, azathioprine; CsA, cyclosporine A, CY, cyclophosphamide; MMF, mycophenolate mofetil; MP, methylprednisone.

average of approximately 1.5 to 2 years after therapy. Abandoning pulse 
IV CY therapy because of lack of achieving remission before completing 
at least 2 years of treatment is not justified unless there is definite 
worsening of the disease (reproducible worsening of renal function or 
more than 50% increase in proteinuria at the nephrotic range). In 
selected patients with severe disease, MMF (or AZA) may be used as 
a maintenance therapy, provided that they have reached remission. Box 
132.6 provides general guidelines for discontinuation of cytotoxic 
therapy.

MEMBRANOUS LUPUS NEPHROPATHY
Lupus membranous nephropathy with only background mesangial 
expansion (pure membranous) has a low risk of progression to end-
stage renal disease (≈20% at 10 years). Persistent nephrotic-range pro-
teinuria, abnormal renal function, and black race have been implicated 
as high-risk features.104 Persistent nephrotic syndrome increases sub-
stantially the risk of arteriosclerotic and thromboembolic complica-
tions and adversely affects patient survival. Mixed mem branous and 
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Fig. 132.6 All regimens are administered on a background of glucocorticoids (0.5 to 0.6 mg/kg for the first 4 weeks of 
induction, and 0.25 mg/kg every other day for maintenance). National Institutes of Health regimen (7 monthly pulses of 
intravenous cyclophosphamide 0.5 to 1.0 g/m2) for high-risk patients (African-American patients, impaired renal function, 
adverse histologic features [crescents, fibrinoid necrosis, chronicity index >3]), and EuroLupus regimen (6 fortnightly pulses of 
intravenous cyclophosphamide 500 mg) for low- to intermediate-risk white patients. AZA, azathioprine; CSA, cyclosporin A; CY, 
cyclophosphamide; GC, glucocorticoids; MMF, mycophenolate mofetil; MP, methylprednisolone. (Courtesy Dr. James E. Balow.)

Maintenance
• AZA
• MMF

TREATMENT RECOMMENDATIONS FOR ALL TYPES OF LUPUS NEPHRITIS BASED ALSO ON THE EULAR
RECOMMENDATIONS FOR THE MANAGEMENT OF SLE

Maintenance
• AZA
• MMF

• (IV CY)

Consider:
• Rituximab

• Combination
therapy
(MMF

+ tacrolimus
+ GC)

Consider:
• Rituximab

• Combination
therapy
(MMF

+ tacrolimus
+ GC)

Maintenance
• AZA
• MMF
• IV CY
• CsA

Maintenance
• AZA
• CsA

(tacrolimus)
• MMF

Response

No

ResponseNo

No
response

Induction
• IV MP
+ IV CY
• CsA

(tacrolimus)
• MMF

Induction
• GC
• CsA

(tacrolimus)
• AZA
• MMF

Induction
• IV MP
+ IV CY

(NIH
protocol)

Induction
• AZA (if mild)

• MMF
(if moderate)

• IV MP + IV CY
(iEuroLupus

protocol)

SevereMild-moderateMild-moderateSevere

Risk-stratificationRisk-stratification

MembranousProliferative

Renal biopsy

Suspected nephritis

proliferative histology (especially when diffuse proliferation is present) 
has a worse prognosis even from pure proliferative disease; these 
patients should be treated as those with proliferative disease.

Induction and maintenance therapy
Induction therapy
We recommend alternate-day prednisone (0.5 to 1.0 mg/kg) for 2 
months tapered to 0.25 mg/kg on alternate days within 3 to 4 months 
with pulse IV CY every 2 months (especially if severe) or CsA (≤5 mg/
kg/day) for 1 year.46 Alternative treatments for induction therapy 
include (1) pulse IV MP 1 gm/day for 3 days followed by 27 days of 
prednisone (0.5 mg/kg/day) alternating with 30 days of chlorambucil 
(3 to 6 mg/m2/day, 3 cycles of each therapy over a 6-month period) 
or (2) oral CY 2 mg/kg/day for 3 to 6 months.104,105 Membranous 
nephropathy with non-nephrotic proteinuria (usually <2 gm/day) 
does not require therapy but careful monitoring for progression to 
nephrotic syndrome or to mixed membranous and proliferative 
nephropathy.

Maintenance therapy
Maintenance therapy with AZA or lower doses of CsA may help to 
prevent relapses, although this has not been formally tested. In severe 
cases, MMF may be used for the first 1 to 2 years.

REMISSION, RESPONSE, AND RELAPSE
Defining remission and response has implications for the definition of 
relapse and may assist therapeutic decisions. The American College of 
Rheumatology has established response criteria for lupus nephritis 
clinical trials on the basis of the effects of treatment on renal  
function, proteinuria, and urinary sediment4; these criteria have 
also been endorsed in a European consensus statement.106 For renal 
function (based on estimated GFR), improvement is defined as 
25% increase if baseline GFR was abnormal, no change is defined as 
stable GFR, and worsening as 25% decline in GFR or progression to 
end-stage renal disease. For proteinuria, improvement is defined as 
50% or greater reduction in urinary protein–to–urinary creatinine ratio; 
partial response is when improvement criteria are met with a urinary 
protein–to–urinary creatinine ratio 0.2 to 2.0 and complete response 
when the urinary protein–to–urinary creatinine ratio is less than 0.2. 
For urinary sediment, improvement is defined as a change from active 
to inactive sediment (≤5 RBCs/hpf and ≤5 WBCs/hpf and no cellular 
casts).

Complete response is demonstrated by an inactive urinary sedi-
ment, a decrease in proteinuria to less than or equal to 0.2 gm/day and 
normal or stable (within 10% of estimated GFR if previously abnormal) 
renal function.102,107 A sustained response of at least 3 to 6 months can 
be considered as a remission but cannot be judged to be a complete 



CH
A

PTER 132 
● System

ic lupus erythem
atosus: treatm

ent—
renal involvem

ent

1329

BOX 132.5 EULAR RECOMMENDATIONS FOR THE MANAGEMENT OF 
LUPUS NEPHRITIS (CATEGORY OF EVIDENCE/STRENGTH OF STATEMENT*)
 Renal biopsy, urine sediment analysis, proteinuria, and kidney function 

have independent predictive ability for clinical outcome in therapy of lupus 
nephritis but need to be interpreted together (4/B).

 Changes in immunological tests (anti-dsDNA, serum C3) have limited ability 
to predict the response to treatment and may be used only as 
supplemental information (4/B).

 In patients with proliferative lupus nephritis, glucocorticoids in 
combination with immunosuppressive agents are effective against 
progression to end-stage renal disease (1/A).

 Long-term efficacy has been demonstrated only for cyclophosphamide-
based regimens, which are, however, associated with considerable adverse 
effects. In short- and medium-term trials, mycophenolate mofetil has 
demonstrated at least similar efficacy compared with pulse 
cyclophosphamide and a more favorable toxicity profile; failure to respond 
by 6 months should evoke discussions for intensification of therapy (2/A).

 Flares following remission are not uncommon and require diligent 
follow-up (2/A).

 Dialysis and transplantation in SLE have rates for long-term patient and 
graft-survival comparable with those observed in non-diabetic non-SLE 
patients (3/B), with transplantation being the method of choice (5/C).

*Evidence was rated as follows: 1 = meta-analysis of randomized controlled trials, 2 = 
randomized controlled trial(s), 3 = meta-analysis of epidemiologic studies, 4 = prospective 
(non-randomized) controlled studies, 5 = retrospective controlled or case-control studies, 6 = 
uncontrolled studies. The strength of statements was categorized as follows: A = evidence 1-2 
without major concerns for the validity of evidence; B = evidence 1-2 with concerns for the 
validity of evidence, or evidence 3-4 without major concerns for the validity of evidence; C = 
evidence 3-4 with concerns for the validity of evidence, or evidence 5; D = expert opinion.

BOX 132.6 GUIDELINES AND CONSIDERATIONS FOR DISCONTINUING 
CYTOTOXIC THERAPY IN LUPUS NEPHRITIS
1. Failure to achieve complete response

 Definite worsening after the first 6 to 12 months of therapy (e.g., 
reproducible worsening of renal function or ≥50% increase of 
proteinuria at the nephrotic range).

 Continuous activity after protracted (e.g., 2 to 3 years of ) therapy:
– Renal remission may be delayed more than 2 years.
– Rule out “fixed” hematuria or “proteinuria.” A renal biopsy may be 

helpful to exclude low-grade renal inflammation.
– Exclude suboptimal treatment protocols (e.g., lags in treatment 

intervals, suboptimal doses) and non–lupus-related causes of 
hematuria and worsening renal function (especially drugs and poorly 
controlled hypertension).

2. Advanced chronic renal insufficiency
 Gradually rising serum creatinine ≥6 mg/dL
 Inactive urine sediment with broad or waxy casts
 Renal biopsy showing only atrophy and fibrosis
 Prolonged (≥3 months) dialysis-dependent renal failure with contracted 

kidney size (<3
4 normal)

remission in the absence of a new biopsy. Partial response is a level of 
improvement, usually defined as an inactive sediment, proteinuria less 
than or equal to 0.5 gm/day, with normal (GFR >90 mL/min) or stable 
(<10% deterioration from baseline if GFR was previously abnormal) 
renal function. Because relapses are common with early discontinua-
tion of cytotoxic drug therapy in lupus nephritis,108 we do not consider 
achievement of partial remission as a criterion to discontinue mainte-
nance therapy unless there are contraindications to continuing treat-
ment. Importantly, early (3 to 6 months) response to immunosuppressive 
therapy is a strong predictor of long-term (10-year) renal outcome,29 
and partial remission is associated with significantly worse patient and 
renal outcome than complete remission in patients with diffuse pro-
liferative lupus nephritis.109

Conversely, “fixed proteinuria or hematuria” as a result of severe, 
irreversible damage to glomerular membranes develops in a small 
number of patients with inactive disease and can lead to unnecessary 
overtreatment of patients. In some instances renal biopsy is helpful in 
defining these fixed abnormalities because it usually demonstrates 
marked thickening and lucency of glomerular basement membranes 
without significant immune deposits. Fixed proteinuria is usually less 
than 2 gm/day and the patient has quiescent renal and extrarenal lupus 
by clinical, serologic, and urine sediment criteria.

Approximately one third to one half of patients with moderate to 
severe proliferative lupus nephritis will relapse after achieving partial 
or complete remission.108,110,111 The diagnostic work-up of patients 
experiencing nephritis flare is outlined in Table 132.5. Nephritic flares 
with active urine sediment and significant increase of serum creatinine 
(reproducible ≥30% increase) have an adverse effect on renal prognosis, 
whereas purely proteinuric without significant changes in renal func-
tion have a more benign prognosis.111,112 Patients with substantial loss 
of renal function (serum creatinine >2 mg/dL at the time of response), 
only partial response to therapy, and high chronicity and activity 
indexes are more likely to progress to end-stage renal disease after a 
nephritic flare. These observations argue in support of strategies to 
minimize the risk of flare. CY is more effective than corticosteroids 
alone in preventing renal flares, and our recommendation is to con-
tinue quarterly pulse IV CY for 1 year beyond remission. Flares are 
more common in African-American patients and patients with unde-
tectable C3/C4 levels.108,110,111 Preemptive treatment in the face of a 

TABLE 132.5 DIAGNOSTIC APPROACH TO A PATIENT WITH NEPHRITIS FLARE

Confirm flare  Is there evidence for extrarenal disease activity?
 Is there evidence for active renal disease? (active urine 

sediment, ↑creatinine, ↑proteinuria, ↑anti-dsDNA, ↓C3)

Exclude other 
causes of renal 
dysfunction

 Dehydration, uncontrolled hypertension, contrast 
agents, drugs, non-glomerular hematuria

Nephritic or 
nephritic flare?

 Nephritic: active urine sediment, increase in proteinuria, 
rising anti-dsDNA, ↓C3, stable or increase in serum 
creatinine

 Nephrotic: increase in proteinuria

Mild or severe 
flare?

 Mild/moderate:
– stable serum creatinine level
– active urine sediment (cellular casts or >10 RBCs/hpf)
– increase in proteinuria (≤2 gm/day for mild, >2 gm/

day for moderate)
 Severe

– increase of plasma creatinine level ≥30% from 
base-line values

– active urine sediment

Consider renal 
biopsy if

 Flare with nephrotic-range proteinuria
 Nephritic flare if previous biopsy with mesangial or 

membranous glomerulopathy, to rule out histologic 
transformation to a more aggressive type

 Probably no biopsy in a nephritic flare, if proliferative 
glomerulonephritis in a previous biopsy

rising anti-DNA titer without more evidence of clinically active lupus 
may prevent flares in few patients, but for the most part these are 
usually mild and come at the expense of overtreating a much larger 
number of patients.113,114 In selected patients, with exquisitely respon-
sive nephritis (remission within 6 months), pulse IV CY may be 
stopped earlier in consideration of maintaining fertility while accepting 
the risk of low-grade activity of lupus nephritis. In such patients main-
tenance with alternate-dose prednisone alone or with azathioprine 
should minimize the risk for subsequent flare.111

For severe nephritic flares, reinstitution of immunosuppressants 
with monthly pulses of IV CY and corticosteroids is our preferred 
approach, with MMF considered as an alternative agent. When  
confronting a proteinuric or a mild/moderate nephritic flare, cortico-
steroids alone or combined with AZA or MMF can be used. Table 
132.6 outlines our current approach to the management of renal 
flares.115
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urine. Together with antiphospholipid antibodies, these are the most 
important factors for the thrombophilic diathesis in lupus nephritis. 
The exact role of other factors such as plasma homocysteine or con-
genital deficiencies in coagulation proteins remains ill defined.  
Patients with nephrotic syndrome (especially those with membranous 
nephropathy) should be informed about the potential for thrombosis 
(usually deep vein thrombosis, pulmonary embolism, or renal vein 
thrombosis). Renal vein thrombosis, although it may be asymptomatic, 
usually manifests itself with flank pain, hematuria, and worsening 
proteinuria.

The role of microvasculopathy in the progression of renal insuffi-
ciency in lupus nephritis is perplexing. Extraglomerular and intraglo-
merular renal vascular lesions, subintimal eosinophilic, PAS-positive 
deposits, and intimal hyperplasia are common in lupus, even in the 
absence of hypertension. Immune complex deposition (with or without 
necrosis) within arterioles and small arteries is frequent in immuno-
fluorescence studies. The role of antiphospholipid antibodies (aPLs) in 
microvascular renal injury and other antibodies (antiendothelial) or 
inflammatory cytokines has been addressed in several studies. The 
hypothesis that microthrombi in glomerular capillaries may contribute 
independently to progression of renal disease has been put forward,  
but true microthrombi (thrombotic microangiopathy) are rather rare in 
the absence of aPLs.128 Tektonidou and colleagues129,130 reported on 
antiphospholipid syndrome (APS) nephropathy, characterized by 
thrombotic microangiopathy, fibrous intimal hyperplasia, or focal cor-
tical atrophy, to be present in 67% of patients with SLE and secondary 
APS, compared with 32% of SLE/non-APS with aPLs and only 4% of 
SLE patients without aPLs. APS nephropathy was associated with 
hypertension, higher levels of creatinine, and a worse outcome. In 
concordance with these results, Moroni and colleagues131 found that 
aPLs in SLE patients were associated, apart from thrombotic events, 
with arterial hypertension and chronic kidney disease. Taken together, 
aPLs may be surrogates for more severe renal disease or may contribute 
(by both prothrombotic and non-prothrombotic mechanisms) to disease 
progression. True thrombotic thrombocytopenic purpura (TTP), 
defined as TTP when lupus is inactive, or a TTP-like syndrome with 
thrombotic microangiopathic hemolytic anemia (TMHA) in patients 
with systemic activity may develop in rare lupus patients, especially 
those with aPLs132-135; because of their poor prognosis, they have to be 
recognized and treated early.

LUPUS NEPHRITIS IN PREGNANCY
Glomerular perfusion increases during pregnancy and the resultant 
glomerular hyperfiltration decreases serum creatinine levels. As a result 
of hyperfiltration, women with significant prepregnancy proteinuria 
(≥1 gm/day) may increase protein excretion (average increase 2 to 4 gm/
day) between 18 and 36 weeks of gestation followed by a sharp decrease 
postpartum.136-138 Patients with normal renal function (or near-normal, 
serum creatinine <1.4 mg/dL) at the time of conception have no 
worsening of renal function provided there is inactive urine sediment 
and proteinuria is less than 1 gm/day. These women also have  
high probability of successful pregnancy. Women with a variety of 
glomerular diseases and increased serum creatinine at baseline have a 
10% risk to develop end-stage renal disease, whereas those with creati-
nine greater than 2 mg/dL have a 35% risk.139-141 These patients also 
have a higher risk for hypertension, worsening of proteinuria, and 
prematurity and intrauterine growth retardation. Recent studies have 
reported good outcomes for pregnant women with lupus nephritis 
comparable with those in non-pregnant women.136-138,142,143 Falling 
serum complements and increase in creatinine and uric acid levels 
during pregnancy should raise the suspicion of lupus nephritis rather 
than preeclampsia. In these patients the presence of nephritic urine 
sediment is strong evidence for lupus nephritis. However, high lupus 
activity is a predictive factor for poor pregnancy outcome such as pre-
mature birth and fetal loss. Pregnancy in lupus patients with active 
disease or substantial renal impairment is best managed in consulta-
tion with an obstetrician and a nephrologist. Corticosteroids are safe 
during pregnancy and are the treatment of choice with AZA added for 
severe disease or as a corticosteroid-sparing agent. Data on the safety 
of MMF during pregnancy are limited and thus routine use is not 
recommended.141

TABLE 132.6 TREATMENT RECOMMENDATION FOR RENAL FLARES

Recommended Alternative

Mild/moderate nephritic

High-dose corticosteroids (if no remission 
in 8 wk, treat as severe)

Corticosteroids with AZA or MMF

Severe nephritic

Monthly pulses of CY with MP Corticosteroids with AZA or MMF

Proteinuric

Proteinuria <3 gm: moderate doses of 
corticosteroids

Nephrotic-range: high-dose corticosteroids

AZA or CsA
Corticosteroids with AZA or

bimonthly pulses of CY or
MMF

AZA, azathioprine; CY, cyclophosphamide; MMF, mycophenolate mofetil.

CO-MORBID CONDITIONS
Hypertension
Hypertension is an independent risk factor for progressive renal  
failure and cardiovascular disease, and it is associated with worse renal 
outcome in lupus nephritis.111,116 Target blood pressure is less 
than 120/75 mm Hg and less than 110/70 mm Hg in patients with 
proteinuria greater than 1 gm/day. Nephritis contributes to hyper-
tension by producing high renin and angiotensin II states, as well as 
by inducing salt and water retention. Thus angiotensin-converting 
enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs) and 
diuretics are the initial treatment of choice to control blood pressure 
in most patients. ACE inhibitors/ARBs also exert antiproteinuric  
effects and may be more effective than other antihypertensive agents 
in reducing the development of end-stage non-diabetic renal disease by 
mechanisms not necessarily related to the control of blood pres-
sure.117-120 Patients on ACE inhibitors or ARBs need close monitoring 
for several weeks after initiation of therapy for hyperkalemia and wors-
ening renal function. In addition to their antihypertensive effects, these 
agents may also have beneficial effects in reducing vascular complica-
tions and the severity of Raynaud’s phenomenon. Calcium channel 
antagonists may be more effective to control blood pressure than ACE 
inhibitors in black patients. Occasionally, hypertensive urgencies may 
develop in patients with acute severe proliferative nephritis, requiring 
the full range of adrenergic antagonists and vasodilators including 
minoxidil.

Dyslipidemia and cardiovascular morbidity
It has been suggested that lupus is a significant, independent risk factor 
for atherosclerosis and most patients with lupus nephritis have mul-
tiple cardiovascular risk factors (hypertension, dyslipidemia due to 
nephrotic syndrome, insulin resistance or hyperglycemia due to corti-
costeroids, anticardiolipin antibodies, and elevated homocysteine 
levels).121-124 Aggressive management of dyslipidemia (serum LDL-C 
target ≤100 mg/dL for patients with multiple risk factors and serum 
triglycerides <150 mg/dL) is essential.125,126 There is evidence that 
statins may reduce the risk for venous thromboembolism, but their 
potential use in primary or secondary prevention of thrombotic events 
in high-risk SLE patients (nephritic syndrome, antiphospholipid anti-
bodies) remains to be determined.127 The role of daily aspirin in primary 
prevention in such patients has not been studied formally but is worth 
considering on an individual basis. Chronic anemia and hypertension 
may cause left ventricular hypertrophy and heart failure if not managed 
effectively.

Thrombotic diathesis and renal vasculopathy
Nephrotic syndrome is associated with increased synthesis of clotting 
factors and loss of fibrinolytic proteins (e.g., protein S or C) in the 
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LUPUS NEPHRITIS IN CHILDREN
Approximately 20% of SLE patients are diagnosed during childhood.144 
Compared with adults, children with SLE have more active disease at 
diagnosis and during follow-up, have higher incidence of glomerulone-
phritis (60% to 80%), and receive higher doses of corticosteroids and 
immunosuppressive drugs.145,146 Response to treatment does not differ 
significantly between children and adults.147-152 Compared with adults, 
children have a greater capacity to compensate for glomerular damage 
by compensatory hypertrophy in the less involved glomeruli and thus 
preserve renal function, although in the long term hyperfiltration may 
assist glomerulosclerosis.

There are no controlled clinical trials for childhood-onset lupus 
nephritis. The efficacy of IV CY has been evaluated in two uncontrolled 
prospective studies.153,154 Lehman and colleagues154 studied clinical and 
histologic progression of class III-IV nephritis in 16 children who 
completed at least 3 years of continuous treatment with IV CY. At the 
end of follow-up, significant improvements in disease activity, renal 
function, and renal activity index were observed. MMF has also been 
assessed in small retrospective studies. In 13 children with class III 
lupus nephritis, complete remission at 6 months was achieved in 4 out 
of 6 children who were treated with MMF, compared with none of 7 
children who were treated with CY.151 MMF has also been used as 
maintenance therapy in a small cohort of four patients with good 
results.152 Willems and colleagues155 assessed the efficacy of rituximab 
in a retrospective study of 11 children with SLE (8 with class IV or V 
nephritis). Interpretation of results is difficult because authors did not 
clearly report on concomitant immunosuppressive therapies. Six out 
of 8 patients with nephritis responded (2 complete and 4 partial 
responses) for a mean follow-up of 13 months. More studies are neces-
sary to determine the use of rituximab in therapy of pediatric lupus 
nephritis.

Renal flares remain an important issue that has not been adequately 
addressed. In one cohort, approximately 15% of children with class IV 
nephritis relapsed within a mean of 24 months after the standard 
3-year CY treatment.156 Optimal treatment for those patients has not 
been determined. Alternative to a second 3-year course of IV CY and 
steroids, which may be associated with significant long-term toxicity, 
is the combination of IV methotrexate and CY administered for 9 
months.156 This combination was studied in five children who all had 
improvement in renal function that persisted for 4 years; the most 
common side effect was leucopenia (four out of five patients) that 
resolved with dose reduction.

Treatment recommendations
In children with mild disease (class II or mild class III), normal renal 
function, normal blood pressure and non-nephrotic proteinuria, oral 
corticosteroids (up to 1 mg/kg/day) may be sufficient to control renal 
disease. Initial intravenous pulses of MP (30 mg/kg/day up to a 
maximum dose of 1 gm/day for 3 consecutive days) may allow for lower 
oral doses of corticosteroids (0.5 mg/kg/day). In patients with class III 
nephritis and high activity index or class IV disease, pulse therapy with 
IV MP and IV CY should be considered. Initial dose of CY is 0.75 gm/m,2 
increased to 1gm/m2 if well tolerated. In patients with class IV disease, 
preserved renal function, and non-nephrotic proteinuria, MMF could 
be an alternative. Patients treated with MMF should be closely moni-
tored and in case of disease persistence after 3 months, CY therapy 
should be instituted. Although data for rituximab are very limited, the 
drug may be used (600 mg/m2, maximum dose of 1 gm/m2 on days 1 
and 15) in cases refractory to immunosuppressive therapy. Rituximab 
can be used as monotherapy or in combination with CY (500 to 
750 mg/m2 on days 2 and 16).

MANAGEMENT OF CHRONIC  
RENAL INSUFFICIENCY
Similar to other chronic glomerulopathies, progressive renal injury in 
lupus nephritis involves predominantly non-immune mechanisms. 
Based on substantial experimental evidence, proteinuria, hypertension, 
and dyslipidemia are often implicated in the deterioration of renal 

function in animal models. Maladaptive compensatory mechanisms 
(glomerular hypertrophy, increased blood flow, intraglomerular hyper-
tension) working in consort with various immunopathogenic processes 
culminate in progressive decline of glomerular filtration rate. However, 
in humans the relative contribution of these maladaptive processes has 
not been well defined. Experimental evidence and longitudinal clinical 
studies provide the basis for recommendations for stringent blood pres-
sure and lipid control, as well as a low-protein diet in patients with 
chronic insufficiency.157

Once chronic renal insufficiency arises in patients with advanced 
disease, several management issues become critical. On the basis of 
the National Kidney Foundation—Kidney Disease Outcomes Quality 
Initiative (NKF KDOQI, http://www.kidney.org/professionals/KDOQI/), 
efforts should aim to minimize exposure to nephrotoxic drugs and 
contrast agents, avoid dehydration, correct anemia by the use of eryth-
ropoietin to keep hemoglobin concentration at 10 to 11 g/dL, use 
calcium carbonate (650 mg × 1 to 3 times a day) to decrease intestinal 
absorption of phosphates and ameliorate metabolic acidosis, and 
restrict protein and salt intake (Table 132.7). If metabolic acidosis is 
significant (serum bicarbonate levels <18 mEq/L) and does not respond 
to calcium carbonate, NaHCO3 or citric acid/sodium citrate (Bicitra) 
(10 to 20 mEq of base per day) can be used to maintain serum bicar-
bonate levels above 18 mEq/L. In these patients, vitamin D supple-
mentation with active 1,25-dihydroxy-vitamin D and multiple vitamins 
are also prescribed.

END-STAGE RENAL DISEASE AND DIALYSIS
Approximately 10% to 20% of patients with SLE develop end-stage 
renal disease. Progression of lupus nephritis to the point of dialysis 
does not necessarily indicate end-stage renal disease. Approximately 
5% to 10% of lupus patients requiring dialysis recover sufficient func-
tion to interrupt dialysis temporarily or for long periods. Patients with 
rapid deterioration of renal function are more likely to have a reversible 
physiologic (e.g., acute tubular necrosis) or pathologic (e.g., crescentic 
glomerulonephritis) component accounting for their renal failure. In 
these patients, immunosuppressive therapy (pulse IV MP with pulses 
IV CY 0.4 to 0.5 gm/m2 administered 8 to 10 hours before dialysis) 
may continue during dialysis. Discontinuation of immunosuppressive 
therapy is an emotional issue for patients and physicians alike. We 
generally consider discontinuing therapy in patients with steadily rising 
creatinine to greater than or equal to 5 mg/dL, inactive urine sediment, 
and contracted renal size or renal biopsy showing exclusively scarring 
and atrophy.

Most lupus patients with advancing renal disease experience signifi-
cant decline in lupus activity. However, up to one half of patients on 
maintenance hemodialysis continue to experience lupus activity that 
oftentimes may be difficult to distinguish from complication of 
uremia.158 Lupus activity is more likely to persist on dialysis when renal 
failure develops more rapidly as compared with a more extended period 
of time. Another potential problem in patients on hemodialysis is the 
presence of antiphospholipid antibodies or even of the antiphospho-
lipid syndrome. There are no prospective studies available on whether 
vascular access thrombosis/stenosis occurs more frequently in SLE 
patients on hemodialysis. Nonetheless, in a retrospective case-control 
study in 36 lupus and control patients on hemodialysis, after 1 year, 
67% of the lupus patients had developed vascular access thrombosis 
compared with 39% in the control group (odds ratio 3.1).159 Unfortu-
nately, the presence of antiphospholipid antibodies was not assessed 
in this study.

Peritoneal dialysis is also an option for lupus patients with end-stage 
renal disease and offers greater independence. Retrospective cohort 
studies have shown comparable long-term prognosis between patients 
on peritoneal dialysis and hemodialysis, although the former group had 
higher follow-up maximal disease activity.160 However, recent publica-
tions have demonstrated increased rates of infectious complications 
(peritonitis and/or exit-site infections) in lupus patients on peritoneal 
dialysis compared with matched controls, with hypoalbuminemia and 
use of immunosuppressants being major risk factors.160 Altogether, 
peritoneal dialysis may not be the first choice of renal replacement 
therapy in SLE patients who are still on immunosuppressive therapy, 

http://www.kidney.org/professionals/KDOQI/
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TABLE 132.7 MANAGEMENT OF CHRONIC KIDNEY DISEASE IN PATIENTS WITH LUPUS NEPHRITIS*

Detecting reversible causes of renal deterioration

 Hypovolemia – Vomiting, diarrhea, diuretic use, fever, sepsis

 Drugs that lower the GFR – NSAIDs: especially when administered to patients with hypotension
– ACE inhibitors/ARBs: especially when administered to patients with bilateral renal artery constriction/mononephros

 Nephrotoxic drugs – NSAIDs
– Radiographic contrast material
– Antibiotics: mainly aminoglycoside

Preventing or slowing the progression of chronic kidney disease (renoprotection, most important in patients with GFR <60 mL/min/1.73 m2)

 Blood pressure control (<130/80 mm Hg) – Sodium restriction
– ACE inhibitors/ARBs
– Thiazide diuretics (serum creatinine <1.8 mg/dL), loop diuretics twice a day (serum creatinine >1.8 mg/dL)
– β-blockers

 Reduction of proteinuria (urine protein-to-
creatinine ratio <500 mg/gm)

– Moderate protein restriction: up to 0.8 gm/kg/day
– ACE inhibitors/ARBs—titrate to maximum tolerated dose—monitor serum creatinine and potassium

 Lipid-lowering therapy (LDL-C < 100 mg/dL) – Statins

 Cessation of smoking

Treatment of the complications of chronic kidney disease (usually in patients with GFR 15-29 mL/min/1.73 m2)

 Anemia (maintain Hb 11-12 gm/dL) – Erythropoietin
– Iron supplementation when transferrin saturation <25% and ferritin <300 µg/mL

 Hyperkalemia – Potassium restriction, resin

 Acidosis (maintain HCO3
+  ≥22 mmol/L) – Oral sodium bicarbonate

 Serum phosphorus (2.7-4.6 mg/dL) – Phosphorus binders (sevelamer, lanthanum)

 Target intact PTH 70-110 pg/mL – Active vitamin D (calcitriol, doxecalciferol), cinacalcet

 Further deterioration of kidney disease – Scheduled placement of arteriovenous access for hemodialysis or of peritoneal catheter

*Based on National Kidney Foundation—Kidney Disease Outcomes Quality Initiative guidelines.
GFR, glomerular filtration rate; NSAID, non-steroidal anti-inflammatory drug; PTH, parathyroid hormone.

although prospective controlled studies are necessary to compare the 
two dialysis modalities.

Cardiovascular and cerebrovascular mortality and morbidity are 
increased in lupus patients with end-stage renal disease compared with 
those without.161 Recent data from the U.S. Renal Data System suggest 
that, similar to other primary renal diseases, the incidence of end-stage 
renal disease due to lupus nephritis increased steadily over the period 
1982-1995, despite the introduction of efficacious new treatment regi-
mens, an observation that may be related to the limited or delayed use 
of these modalities.162

RENAL TRANSPLANTATION
There are no firm rules for the optimal timing of renal transplantation 
in lupus nephritis patients. Although some patients with living-related 
donors proceed directly to transplantation without prior dialysis, a 
period of at least 3 months on dialysis may allow some patients to 
recover adequate function for significant periods of time. A recent study 
in 8481 patients with a variety of renal diseases has suggested that 
non-use of long-term dialysis improves allograft survival of renal trans-
plants from living donors. Improved immune function after dialysis 
may have contributed to this effect.163

Kidney transplantation is a viable alternative for lupus patients. 
Cohort studies suggest that graft survival and patient survival in lupus 
patients are generally comparable with other patient groups.164-166 
However, a recent large follow-up study using data from the U.S. Renal 
Data System (USRDS) and the United Network of Organ Sharing 
(UNOS) registry compared 2886 SLE recipients with 89,958 non-SLE 
recipients and found worse transplant (hazard ratio [HR] 1.09) and 
patient survival (HR 1.18) in SLE patients compared with diabetes 
patients after controlling for confounding factors.167 Several studies 
have indicated, as for transplantation in other diseases, that outcomes 
in lupus patients who received living donor transplantation were supe-
rior to cadaveric donor transplantation.160

Recurrence of lupus nephritis in the renal allograft is a rare event 
(≈2% of transplant) and not an important cause of graft loss. The 

importance of antiphospholipid antibodies in vascular thrombosis in 
transplant recipients that was suggested by previous studies158 was 
confirmed in a retrospective multicenter study.168 In this study all 
seven of the patients with APS not treated with anticoagulation therapy 
lost their allografts within 1 week as a result of renal thrombosis. In 
contrast, three out of four transplant patients with APS treated with 
anticoagulation therapy maintained their allografts for over 2 years. 
The authors concluded that patients with APS are at high risk of post-
transplant renal thrombosis and recommended anticoagulation therapy. 
The risk for thrombotic complications in aPL-positive SLE patients was 
confirmed recently and from a single center European study.165 Retro-
spective studies have also shown that low complement levels after renal 
transplantation in association with proteinuria may be considered a 
risk factor for recurrence of immune deposits, with a negative impact 
on graft survival.169

FUTURE DIRECTIONS
Unresolved issues
Several issues remain to be addressed in future clinical trials. These 
include, among others: (1) studies of the comparative benefits of recy-
cling short-term, intense, immunosuppressive drug treatment for 
relapses versus long-term, low-intensity maintenance therapies to 
prevent relapses and minimize cumulative renal damage in lupus 
nephritis, (2) studies on the feasibility of corticosteroid-free regimens, 
and (3) studies to define optimal treatment of lupus membranous 
nephropathy.

Novel therapies
There are two major approaches to develop novel treatments for lupus 
nephritis (Table 132.8). The first is to modify existing immunosup-
pressive therapies by changing the dose or duration of commonly used 
drugs, to use these drugs in combination or sequentially to reduce 
adverse events, or to use more recently developed drugs that have been 
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TABLE 132.8 NOVEL APPROACHES TO TREATMENT OF 
PROLIFERATIVE LUPUS NEPHRITIS

Approach Example

A. Non-specific immunosuppression

High-dose immunoablative 
therapy

High-dose cyclophosphamide with HSCT
High-dose cyclophosphamide without HSCT

Nucleoside analogs Fludarabine with cyclophosphamide

Kinase inhibitors Syk inhibitor

B. Biologic response modifiers

Interference with T-cell 
co-stimulation

Anti-CD40 ligand antibodies
CTLA4-Ig

B-cell depletion Anti-CD22 antibodies

B-cell activation Anti-BLyS antibodies or soluble receptors

Induction of tolerance Toleragen (LJP 394)

Cytokine-directed therapy Anti-IL-21 antibody
Anti-IL-10 antibody
Anti-IL-6 receptor antibody
Anti-TNF chimeric monoclonal antibody

Interference with immune 
complex formation and 
deposition

DNAse
Anti-idiotypic antibodies and competitive 

peptides

C. Potential targets

Complement components Anti-C5 monoclonal antibody
Soluble recombinant complement C3 inhibitor

Chemokine modulation Bindarit

Hormonal agents Tamoxifen

D. New approach

Immunosuppression and 
tissue repair

Mesenchymal stem cell transplantation

BLyS, B lymphocyte stimulator; HSCT, hematopoietic stem cell transplant; IL, interleukin; IST, 
immunosuppressive therapy; TNF, tumor necrosis factor.

effective in other diseases. The other major approach is to target spe-
cific steps in the pathogenesis of lupus nephritis such as interfering 
with T- and B-cell activation by blocking costimulatory molecules, 
preventing immune complex formation or deposition and diverting the 
autoimmune response by inducing antigen-specific tolerance or by 
interfering with abnormal cytokine networks.170,171 Mesenchymal stem 
cell (MSC) transplantation is tested in clinical trials of various diseases 
(e.g., myocardial infarction, treatment-resistant grade IV acute graft-
versus-host disease). It combines both immunosuppressive and tissue-
repair properties and could be also applied in clinical protocols of 
autoimmune diseases.

High-dose immunoablative chemotherapy with autologous hemato-
poietic stem-cell transplantation (HSCT) has been applied to treat 
severe SLE manifestations.172 The rationale is to maximally suppress 
the immune system with a high-dose immunoablative regimen (most 
commonly high-dose CY combined with equine antithymocyte globu-
lin and pulse methylprednisolone) and then rescue the patient from 
prolonged cytopenias by the infusion of mobilized CD34-enriched stem 
cells.

Thus far, the reported experience for HSCT originates mainly from 
one center in the United States and from a European registry (EBMT/
EULAR) comprising 23 centers.173-175 Both groups treated patients with 
severe disease refractory to standard immunosuppressive treatment.

Overall, there was improvement in disease activity in most patients 
(with some patients entering remission) but relapses were observed in 
approximately one third of patients. Differences in death rates between 
the two groups can be attributed to differences in patient population 
rather than differences in treatment protocols. Taken together, data 
from these trials indicate that HSCT is expected to induce a long-
lasting remission rather than a “cure” in SLE patients. A phase III 
clinical trial is being developed to confirm the efficacy of HSCT, by 
comparison with continuing the standard NIH pulse IV CY regimen. 
Until more data are available, HSCT remains an experimental proce-
dure that needs to be considered in critically ill lupus patients, ideally 
in centers with experience in both lupus and bone marrow transplanta-
tion in the context of formal protocols.
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●	 Normal	 complement	may	occur	 in	preeclamptic	patients	but	 is	
rare	in	proliferative	lupus	glomerulonephritis.

●	 Normal	blood	pressure	suggests	lupus	nephritis.
●	 Preeclampsia	rarely	occurs	before	25	gestational	weeks.

Facial	 and	 palmar	 erythema	 and	 bland	 joint	 effusions	 occur	 in	
uncomplicated	non-SLE	pregnancies,	mimicking	lupus	rash	and	arthri-
tis.	Rising	anti-DNA	antibody,	fever	attributable	to	disease,	true	lupus	
rash,	 leukopenia,	 lymphadenopathy,	and	 typical	mucosal	ulcers	 indi-
cate	active	SLE	in	a	pregnant	patient.	Management	of	flare	in	a	preg-
nant	patient	may	be	compromised	because	some	medications	normally	
employed	are	contraindicated	in	pregnancy	(see	later).

EFFECT OF DISEASE DAMAGE  
DURING PREGNANCY
In	 normal	 pregnancy,	 the	 glomerular	 filtration	 rate	 increases	 from	
approximately	100	 to	about	150	mL/min;	 intravascular	fluid	volume	
increases	by	about	one	third.	Patients	with	preexisting	renal	damage,	
as	well	as	those	with	cardiopulmonary	compromise,	who	are	unable	to	
make	or	tolerate	these	physiologic	accommodations,	are	likely	to	suffer	
preeclampsia	or	cardiorespiratory	failure.	In	a	study	of	unselected	lupus	
patients	 followed	 prospectively	 through	 pregnancy,	 64%	 of	 patients	
who	 entered	 pregnancy	 with	 preexisting	 nephritis	 (whether	 or	 not	
glomerular	 filtration	 rates	 were	 normal)	 suffered	 preeclampsia,	 com-
pared	with	14%	of	those	who	had	not	had	prior	nephritis.7	Preeclamp-
sia	may	 cause	 additional	permanent	 renal	 damage	 above	 that	which	
the	mother	has	already	suffered	from	SLE.	It	is	often	difficult	to	decide	
the	relative	roles	of	preeclampsia	and	SLE	in	progressively	worsening	
renal	 function	 in	 late	 pregnancy;	 renal	 biopsies	 can	 be	 done	 but	 are	
usually	deferred	to	after	delivery.	It	is	often	necessary	to	treat	for	SLE	
because	clear	distinction	cannot	be	made.

MEDICATIONS DURING PREGNANCY
Information	on	medications	safe	to	take	during	pregnancy	derives	from	
accumulated	 experience	 and	 consensus	 conferences;	 formal	 clinical	
trials	do	not	exist.	There	are	few	definitive	data	regarding	medications	
that	are	safe	for	fertility,	pregnancy,	and	breastfeeding.

High-dose	 corticosteroids	 can	 exacerbate	 preeclampsia	 and	 gesta-
tional	diabetes.	Anti-inflammatory	drugs	in	late	pregnancy	induce	pre-
mature	 closure	 of	 the	 fetal	 ductus	 arteriosus.	 Hydroxychloroquine,	
low-	 to	 moderate-dose	 prednisone,	 or	 methylprednisolone,	 azathio-
prine,8	cyclosporine,	the	tumor	necrosis	factor-α	inhibitors,9	and	low-
molecular-weight	and	unfractionated	heparin	are	generally	accepted	as	
safe	for	pregnant	patients	with	SLE;	azathioprine	has	caused	fetal	mal-
formations	in	animal	models10	but	has	been	widely	used	in	pregnant	
women	without	apparent	harm.	Dexamethasone	and	betamethasone,	
unlike	the	other	corticosteroids,	cross	the	placenta	and	are	used	to	treat	
the	fetus	(together	with	the	mother)	but	should	not	be	used	if	the	fetus	
is	 to	 be	 spared.	 Methotrexate,	 cyclophosphamide,	 mycophenolate	
mofetil,	and	warfarin	all	cause	fetal	harm	and	are	contraindicated.	(A	
few	infants	of	women	given	cyclophosphamide	late	in	pregnancy	have	
been	normal.11)	Tables	133.1	to	133.3	summarize	current	information	
on	commonly	used	drugs.12-15	With	 regard	 to	discontinuation	of	 safe	
drugs	before	pregnancy,	because	the	features	of	SLE	are	likely	to	worsen,	
withdrawal	 of	 medications	 either	 before	 or	 during	 pregnancy	 is	 ill	
advised.

Systemic lupus erythematosus in the 
pregnant patient and neonatal lupus
Michael D. Lockshin

 Disease activity of systemic lupus erythematosus (SLE) during 
pregnancy is hard to measure but is important to control.

 The highest risks to the mother are imparted by preexisting renal 
or cardiopulmonary damage.

 Corticosteroids, hydroxychloroquine, and azathioprine are 
considered safe to take during pregnancy.

 Antiphospholipid antibody is a risk factor for late more than early 
fetal death.

 Anti-SSA/Ro and anti-SSB/La antibodies are risk factors for neonatal 
lupus rash and (the rare) fetal complete heart block.

 Most pregnancies in the patient with SLE if carefully monitored and 
appropriately treated result in healthy children.

INTRODUCTION
Pregnancies	 in	patients	with	systemic	lupus	erythematosus	(SLE)	are	
often	normal,	but	they	may	include	both	complications	experienced	by	
normal	pregnant	women	and	problems	special	to	lupus.	A	disease	of	
young	women,	SLE	 is	 the	most	common	rheumatic	 illness	 in	which	
pregnancy	occurs.	Predictors	of	complications	for	either	the	mother	or	
the	child	are	high	levels	of	disease	activity,	preexisting	maternal	organ	
damage	(especially	renal),	maternal	antiphospholipid	or	anti-SSA/SSB	
antibodies,	 and	 medications	 the	 mother	 takes.	 If	 conception	 occurs	
when	the	mother’s	illness	is	clinically	quiescent,	if	she	does	not	have	
limiting	organ	damage	or	antiphospholipid	antibody,	the	likelihood	is	
more	than	80%	the	pregnancy	will	be	normal.

DISEASE ACTIVITY DURING PREGNANCY
High	fever,	severe	maternal	thrombocytopenia,	renal	disease,	and	car-
diopulmonary	 disease	 compromise	 fetal	 health.	 Prospective	 studies	
that	include	non-pregnant	SLE	patients	as	controls	indicate	that	preg-
nancy	itself	does	not	induce	disease	flare	nor	is	there	a	heightened	risk	
of	 increased	 disease	 activity	 in	 the	 postpartum	 period.1,2	 Hormone	
abnormalities	such	as	hyperprolactinemia	that	characterize	SLE	have	
no	discernible	effect	on	pregnancy	outcome.3-5

Modest	thrombocytopenia	(platelets	<150,000	but	>100,000/mm3)	
occurs	in	about	7%	of	late	normal	pregnancies	and	is	unimportant	for	
maternal	or	fetal	prognosis.6	Approximately	one	fourth	of	all	patients	
with	SLE	develop	thrombocytopenia	during	pregnancy.	Distinguishing	
usual	 pregnancy	 thrombocytopenia	 from	 that	 due	 to	 active	 disease;	
worsening	 antiphospholipid	 syndrome;	 HELLP	 (Hemolysis,	 Elevated	
Liver	enzymes,	Low	Platelets)	syndrome,	which	is	a	serious	variant	of	
preeclampsia;	 or	 other	 causes	 of	 thrombocytopenia	 is	 often	 difficult.	
Thrombocytopenia	occurring	before	25	gestational	weeks	is	generally	
due	 to	 something	other	 than	usual	pregnancy	 thrombocytopenia;	no	
laboratory	 tests	 distinguish	 among	 the	 causes	 of	 thrombocytopenia	
that	occurs	 later.	 If	of	new	occurrence	 late	during	pregnancy,	 throm-
bocytopenia	usually	remits	after	delivery.

Preeclampsia,	 defined	 by	 proteinuria,	 hypertension,	 and	 renal	
failure,	 closely	 resembles	 lupus	 nephritis.	 Distinguishing	 features	
include	the	following:

●	 Erythrocyte	casts	do	not	occur	in	preeclampsia.
●	 Hyperuricemia	 is	 more	 characteristic	 of	 preeclampsia	 than	 of	

lupus	nephritis.

133



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1336

TABLE 133.1 POTENTIAL CONCERNS REGARDING FERTILITY OF COMMONLY 
USED PHARMACEUTICALS AND BIOLOGIC AGENTS

Agent Problem

Pharmaceuticals NSAID Follicle, tube

Corticosteroid Probably safe

Hydroxychloroquine Probably safe

Sulfasalazine Male infertility

Azathioprine Probably safe

Methotrexate Oligospermia

Cyclophosphamide Male and female infertility

Mycophenolate Probably safe

Warfarin No information

Biologic agents Tacrolimus No information

Etanercept No information

Infliximab Probably safe

Adalimumab No information

Rituximab No information

Alefacept No information

Cyclosporine Probably safe

Heparin, unfractionated Probably safe

Heparin, low molecular weight Probably safe

Data from references 12 and 15.

TABLE 133.2 POTENTIAL CONCERNS FOR THE FETUS OF COMMONLY USED 
PHARMACEUTICALS AND BIOLOGIC AGENTS WITH U.S. FOOD AND DRUG 

ADMINISTRATION RATINGS FOR SAFETY IN PREGNANCY

Agent FDA Problem

Pharmaceuticals NSAID C Premature closure of  
ductus

Corticosteroid C Prematurity, ?cleft palate, 
probably safe

Hydroxychloroquine C ?ear or eye damage, 
probably safe

Sulfasalazine B Probably safe

Azathioprine D Probably safe

Methotrexate X Teratogenic

Cyclophosphamide D Teratogenic

Mycophenolate X Teratogenic

Warfarin X Teratogenic

Biologic agents Tacrolimus C No information

Etanercept B Probably safe

Infliximab B Probably safe

Adalimumab B No information

Rituximab C No information

Alefacept B No information

Abatacept C No information

Cyclosporine D Teratogenic

Heparin, 
unfractionated

C Probably safe

Heparin, low 
molecular weight

B Probably safe

Data from references 12 and 15.

TABLE 133.3 POTENTIAL CONCERNS REGARDING LACTATION OF COMMONLY 
USED PHARMACEUTICALS AND BIOLOGIC AGENTS

Agent Problem

Pharmaceuticals NSAID Safe

Corticosteroid Probably safe

Hydroxychloroquine Probably safe

Sulfasalazine Unknown

Azathioprine Possibly unsafe

Methotrexate Unsafe

Cyclophosphamide Unsafe

Mycophenolate Unknown

Warfarin Possibly safe

Biologic agents Tacrolimus Possibly unsafe

Etanercept Unknown

Infliximab Unknown

Adalimumab Unknown

Rituximab Possibly unsafe

Alefacept Unknown

Abatacept Unknown

Cyclosporine Unknown

Heparin, unfractionated Safe

Heparin, low molecular 
weight

Unknown

Data from references 12 and 15.

SEROLOGIC PREDICTORS OF HARM
Antiphospholipid antibody
The	 most	 common	 cause	 of	 fetal	 injury	 in	 patients	 with	 SLE	 is	
antiphospholipid	antibody.	Approximately	one	third	of	lupus	patients	
have	antiphospholipid	antibodies.	Asymptomatic	persons	 (no	throm-
boses	or	pregnancy	 losses)	are	referred	to	as	having	antiphospholipid	
antibody;	 patients	 with	 either	 pregnancy	 loss	 or	 thrombosis	 have	
antiphospholipid	syndrome.	Identified	as	high titer	antibody	to	cardio-
lipin	(IgG	or	IgM)	or	β2-glycoprotein-1,	or	lupus	anticoagulant,	antibod-
ies	in	this	family	cause	late	pregnancy	(usually	after	15	weeks)	placental	
insufficiency,	 reduced	 amniotic	 fluid,	 fetal	 growth	 restriction,	 and		
fetal	death.	Lupus	anticoagulant	imparts	a	worse	prognosis	than	do	the	
other	 antibodies.	 Antiphospholipid	 antibodies	 also	 cause	 recurrent	
early	pregnancy	loss	and	early	severe	preeclampsia.	Antiphospholipid	
antibodies	 are	 closely	 associated	 with	 recurrent	 thrombosis,	 but	
patients	with	pregnancy	loss	usually	do	not	suffer	thromboses	or	vice 
versa.

The	 pregnancy	 risk	 to	 a	 primigravida	 who	 has	 this	 antibody	 is	
unknown;	if	a	woman	has	lost	a	prior	pregnancy,	it	is	likely	pregnancy	
loss	will	recur.	The	risk	during	pregnancy	for	thrombosis,	for	a	woman	
who	has	not	had	a	prior	thrombosis,	is	low;	therapeutic	anticoagulation	
is	 therefore	unnecessary.	Treatment	 to	prevent	pregnancy	 loss	 is	not	
mandatory	unless	the	patient	has	had	prior	pregnancy	loss.

Treatment	 consists	 of	 low	 doses	 (81	 mg)	 of	 aspirin	 plus	 heparin	
(unfractionated	 5,000-12,000	 units	 twice	 daily	 or	 low-molecular-
weight	heparin,	such	as	enoxaparin,	1	mg/kg	once	or	twice	daily).	The	
lower	dose	is	used	for	prophylaxis	in	women	who	have	not	had	prior	
thromboses,	and	the	higher	dose	is	used	for	women	who	have	had	prior	
thromboses.16,17	 With	 treatment,	 fetal	 survival	 rates	 (not	 necessarily	
full-term	 deliveries)	 approach	 80%.	 Anticoagulation	 begins	 after	 the	
first	 missed	 menstrual	 period	 and	 continues	 for	 6	 to	 8	 weeks	 post	
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apoptosis	of	cardiomyocytes	and	to	induction	of	profibrotic	cytokines	
around	the	conducting	system.35,36	Several	dizygotic	twins	and	at	least	
one	monozygotic	 twin	pair	have	been	discordant	 for	neonatal	 lupus,	
suggesting	fetal	contribution	to	illness.

Treatment	of	the	rash	in	a	newborn	may	include	a	topical	corticoste-
roid,	 but	 without	 treatment	 the	 rash	 will	 disappear	 spontaneously	
usually	after	several	weeks.	Attempts	to	treat	 fetal	cardiac	disease	by	
giving	dexamethasone	or	betamethasone	to	the	mother	and	corticoste-
roids	to	the	infant	have	been	made,	but	it	is	doubtful	that	there	is	any	
truly	effective	treatment	for	the	fetal	myocarditis	and	heart	block	once	
it	has	occurred.	Most	newborns	require	pacemaker	insertion,	and	the	
fetal	and	infant	death	rate	is	high.37	With	the	exception	of	neonatal	lupus	
syndrome,	there	are	no	congenital	abnormalities	associated	with	SLE.

MANAGEMENT
Counseling
Infertility	 is	 uncommon	 in	 patients	 with	 SLE	 and	 antiphospholipid	
syndrome.	 Major	 concerns	 for	 prospective	 parents	 are	 the	 mother’s	
health	(including	her	ability	to	be	a	mother	to	the	child),	the	willing-
ness	of	the	parents	to	risk	delivery	of	a	premature	infant,	specific	risks	
imparted	 by	 antiphospholipid	 or	 anti-SSA/anti-SSB	 antibodies,	 and	
risks	 attributable	 to	 maternal	 medications.	 Although	 experience	 is	
sparse,	 in-vitro	 fertilization	and	other	assisted	and	reproductive	tech-
nologies	do	not	appear	to	be	unusually	dangerous	for	patients	with	SLE	
or	antiphospholipid	syndrome.	Among	known	risks	for	the	procedures,	
ovarian	 hyperstimulation	 syndrome	 may	 lead	 to	 permanent	 renal	
damage	and	twin	and	triplet	pregnancies	may	be	beyond	the	physical	
capacity	of	a	mother	who	has	cardiopulmonary	or	renal	compromise.

Monitoring
The	rheumatologist	should	actively	participate	with	the	obstetrician	in	
the	management	of	a	pregnant	patient	with	SLE.	The	rheumatologist’s	
role	is	to	observe	for	signs	or	symptoms	of	active	disease,	to	help	diag-
nose	thrombocytopenia	and	proteinuria	should	either	occur,	to	advise	
on	maternal	medication,	and	to	advise	on	risks	regarding	antiphospho-
lipid	 syndrome	 and	 neonatal	 lupus.	 Ordinarily	 the	 rheumatologist	
should	see	a	well	patient	at	least	each	trimester	and	an	ill	patient	as	
often	as	monthly	during	the	pregnancy.

Labor and delivery
Labor	and	delivery	are	managed	by	the	obstetrician	and	delivery	room	
staff.	 Patients	 should	 discontinue	 low-molecular-weight	 heparin	 at	
least	48	hours	before	any	planned	procedure,	especially	epidural	anes-
thesia.	 Many	 obstetricians	 ask	 patients	 to	 convert	 to	 unfractionated	
heparin	after	35	weeks.	Patients	at	very	high	thrombotic	 risk	should	
then	remain	on	unfractionated	heparin	up	to	6	hours	before	the	pro-
cedure	or	until	onset	of	labor.

The	rheumatologist	should	alert	 the	delivery	staff	about	maternal	
disabilities	 that	may	 interfere	with	 labor	and	delivery.	These	 include	
osteonecrosis,	joint	replacement,	hand	and	other	joint	deformity,	and	
cardiac,	pulmonary,	renal,	neurologic,	and	hematologic	abnormalities	
that	may	be	compromising.

The neonate and breastfeeding
No	special	issues	beyond	prematurity	and	growth	restriction	character-
ize	lupus	or	antiphospholipid	syndrome	in	neonates,	but	prematurity	
is	 sufficiently	 common	 that	 transfer	 to	 a	 neonatal	 special	 care	 unit	
should	 be	 anticipated.	 For	 neonates	 born	 of	 mothers	 with	 anti-SSA/
anti-SSB	antibodies,	neonatal	lupus	rash	should	be	anticipated	in	about	
25%,	especially	 if	 the	child	 is	 treated	with	ultraviolet	 light	 to	 reduce	
bilirubin.	Complete	heart	block	that	is	not	evident	antenatally	is	very	
unlikely	to	occur	post	partum.	Evaluation	for	prolonged	atrioventricu-
lar	conduction	times	can	be	easily	done	in	a	neonate	through	electro-
cardiography	 or	 echocardiography.	 A	 neonate	 with	 complete	 heart	
block	may	be	 in	congestive	heart	 failure	and	may	need	a	pacemaker.	
Infants	of	mothers	with	immune	thrombocytopenia	may	be	thrombo-
cytopenic,	 and	 infants	 of	mothers	with	 autoimmune	hemolysis	may	

partum	for	women	who	have	not	had	prior	thromboses	and	indefinitely	
for	women	who	have.	Patients	who	have	lost	advanced	pregnancies	on	
this	regimen	may	be	treated	with	intravenous	immunoglobulin	0.4	mg/
kg	every	month	throughout	the	pregnancy,	as	well	as	with	heparin	and	
aspirin.	 However,	 in	 a	 small	 controlled	 trial,	 intravenous	 immuno-
globulin	did	not	 show	benefit	 in	primary	 treatment	 of	 patients	with	
antiphospholipid	syndrome.18	Osteoporosis	remains	a	major	potential	
side	effect	of	heparin	treatment19	but	may	be	less	common	with	low-
molecular-weight	heparin.

Very	high	levels	of	anticardiolipin	antibody	and	lupus	anticoagulant	
worsen	prognosis,	as	does	a	prior	fetal	death.20-22	Ischemic	cardiomy-
opathy	and	myocardial	infarction	may	also	occur	post	partum.

An	antiphospholipid	syndrome	pregnancy	is	often	initially	unevent-
ful;	then	after	about	15	weeks	fetal	growth	rate	slows.	Antepartum	fetal	
heart	rate	monitoring	studies	show	nonreactive	fetal	heart	rate	pattern,	
spontaneous	bradycardia,	diminished	fetal	motion,	decreased	amniotic	
fluid,	reduced	placental	size,	and,	if	delivery	is	not	accomplished,	fetal	
death.	The	mother	may	show	no	evidence	of	 illness	or	may	develop	
severe	 preeclampsia	 or	 HELLP	 syndrome.	 Once	 a	 patient	 has	 had	 a	
strongly	positive	antiphospholipid	antibody	test	during	pregnancy,	fetal	
prognosis	does	not	improve	if	lupus	anticoagulant	activity	disappears	
or	if	anticardiolipin	antibody	levels	fall.

Placentas	of	patients	with	SLE	without	antiphospholipid	antibody	
exhibit	ischemic-hypoxic	change	and	chronic	villitis,	whereas	those	of	
patients	with	antiphospholipid	antibody	can	also	have	decidual	vascu-
lopathy,	extensive	maternal	floor	infarction	due	to	uteroplacental/spiral	
artery	thrombosis,	endothelial	cell	proliferation,	or	other	fetoplacental	
vasculopathy.23,24	 Antiphospholipid	 antibody,	 β2-glycoprotein-1,	 and	
placenta	anticoagulant	protein	(PAP)-1	deposit	together	in	placentas	of	
mothers	with	antiphospholipid	syndrome.25	Recent	studies	underscore	
the	 importance	of	 inflammatory	 infiltrates	and	complement	deposits	
in	placentas	from	patients	with	antiphospholipid	antibody.26,27

Murine	models	of	antiphospholipid	syndrome	show	abnormal	blas-
tocyst	 development	 and	 impairment	 of	 embryo	 implantation.28	 In	
animal	 models,	 fetal	 death	 is	 complement	 and	 adhesion	 molecule	
dependent;	prevention	of	complement	activation	prevents	fetal	death.	
Heparin	 inhibits	 activation	 of	 complement	 and	 blocks	 leukocyte	
adhesion.29-31

Antiphospholipid	 antibodies	 probably	 do	 not	 inhibit	 fertility.	 A	
meta-analysis	of	seven	studies	examining	the	impact	of	antiphospho-
lipid	antibodies	on	in-vitro	fertilization	outcomes	reported	no	associa-
tion	between	antibodies	and	either	clinical	or	live	birth	rates.32	There	
is	also	no	evidence	that	treating	patients	with	antiphospholipid	anti-
bodies	improves	in-vitro	fertilization	success	rates.33

Unexplained	elevations	of	maternal	α-fetoprotein	and	human	cho-
rionic	gonadotropin	occur	in	patients	with	SLE	and	with	antiphospho-
lipid	 antibody.	 These	 abnormalities	 correlate	 with	 antiphospholipid	
antibody,	preterm	delivery,	high	prednisone	dose,	and	fetal	death.34

NEONATAL LUPUS
Approximately	 one	 third	 of	 patients	 with	 SLE	 have	 antibody	 to	 the	
SSA/Ro	and	SSB/La	antigens.	Among	bearers	of	 these	antibodies,	 the	
risk	that	the	child	will	develop	neonatal	lupus	rash	is	about	20%	and	
the	 risk	 to	 develop	 complete	 congenital	 heart	 block	 is	 1%	 to	 3%.	
Women	who	do	not	have	these	antibodies	have	no	risk	that	the	child	
will	have	neonatal	lupus.	Although	rash	and	heart	block	are	the	primary	
criteria	for	the	diagnosis	of	neonatal	lupus,	cytopenias	and	liver	func-
tion	test	abnormalities	may	also	occur.

The	rash	is	photosensitive,	is	usually	transient,	and	resolves	without	
scars;	it	may	be	mistaken	for	neonatal	sepsis.	Although	the	rash	may	
occur	in	a	malar	butterfly	distribution,	more	commonly	it	appears	as	
large	circular	macules	scattered	over	the	trunk	and	extremities.	Con-
genital	heart	block	is	first	diagnosable	in utero	by	fetal	electrocardiog-
raphy,	ultrasonography,	or	cardiac	rate	monitoring	between	18	and	25	
weeks’	 gestation	 (average,	 23	 weeks).	 Cardiomegaly,	 pericardial	 effu-
sion,	and	fetal	hydrops	are	preterminal	events.	Among	lupus	patients	
with	 anti-SSA/Ro	 antibody,	 the	 risk	 that	 a	 liveborn	 child	 will	 have	
neonatal	lupus	rash	is	25%	and	that	of	congenital	complete	heart	block	
is	less	than	3%.	However,	the	risks	of	recurrent	congenital	heart	block	
and	neonatal	lupus	rash	are	18%	and	25%,	respectively.	Cardiac	injury	
may	 be	 related	 to	 expression	 of	 the	 cardiac	 52b	 Ro	 antigen	 after	
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Contraception
Prospective	controlled	trials	in	the	United	States	and	in	Mexico	showed	
that	oral	contraceptive	pills	are	not	dangerous	to	generally	well	patients	
with	 SLE	 who	 do	 not	 have	 high-titer	 antiphospholipid	 antibodies.	
Intrauterine	devices	may	be	inadvisable	for	highly	immunosuppressed	
women	because	of	increased	risk	of	infection.39	Progestational	agent–
eluting	 devices	 are	 preferable	 to	 estrogen-eluting	 devices	 for	 women	
with	 antiphospholipid	 antibodies,	 and	 depot	 forms	 of	 progestational	
agent	 injections	are	also	probably	safe,	although	 formal	studies	have	
not	been	done.

have	hemolysis.	Because	maternal	autoantibodies	are	transplacentally	
transmitted	to	the	fetus,	no	information	is	gained	by	testing	the	infant’s	
serum.

Mothers	on	high-dose	corticosteroids	and	mothers	delivered	of	pre-
mature	infants	may	not	produce	enough	breast	milk	to	feed	the	child.	
Occasional	mothers	will	have	extensive	 rash	 that	covers	 the	breasts,	
areolae,	and	nipples,	making	nursing	painful.	Many	medications	trans-
mitted	 through	breast	milk	 contraindicate	nursing.	Otherwise,	 there	
are	no	restrictions	on	breastfeeding.

Preliminary	 data	 suggest	 that	 boys	 of	 mothers	 with	 SLE	 have	
increased	 risk	 for	 learning	 disabilities	 but	 normal	 intelligence,	 com-
pared	with	sex-	and	gestational	age-matched	controls.38
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of Sjögren syndrome in 705 randomly selected women aged 52 to 72 
years was 2.7%.

CLINICAL FEATURES
In most patients primary Sjögren syndrome runs a rather slow and 
benign course.3 Initial manifestations can be non-specific, and usually 
6 years elapse from the initial symptoms to the full-blown development 
of the syndrome (Table 134.1).

Exocrinopathy (glandular involvement)
Ocular involvement
Diminished tear production leads to the destruction of both corneal 
and bulbar conjunctival epithelium and a constellation of clinical find-
ings termed keratoconjunctivitis sicca (KCS). Physical signs include 
dilation of the bulbar conjunctival vessels, pericorneal injection, irregu-
larity of the corneal image, and lacrimal gland enlargement. The 
patient usually complains of a burning, sandy, or scratchy sensation 
under the lids, itchiness, redness, and photosensitivity. Sensitive tests 
are available to detect KCS (Figs. 134.1 and 134.2), but these are not 
specific because KCS may occur in a number of other conditions.

Oropharyngeal involvement
Xerostomia, or dry mouth, results from markedly decreased production 
of saliva by the salivary glands. Patients often report difficulty in swal-
lowing dry food, inability to speak continuously, changes in sense of 
taste, a burning sensation in the mouth, an increase in dental caries, 
and problems with wearing complete dentures. Physical examination 
shows a dry, erythematous, sticky oral mucosa, dental caries, scanty 
and cloudy saliva from the major salivary glands, angular cheilitis, and, 
on the dorsal tongue, atrophy of the filiform papillae. Parotid or major 
salivary gland enlargement occurs in 60% of patients with primary 
Sjögren syndrome. In many patients the salivary gland enlargement 
occurs episodically, whereas others have chronic, persistent enlarge-
ment. The parotid gland swelling may begin unilaterally but often 
becomes bilateral (Fig. 134.3). Conditions other than Sjögren’s syn-
drome that cause parotid enlargement are listed in Box 134.1, and 
medical conditions that cause xerostomia are listed in Box 134.2.

Other glandular involvement
Dryness may affect the upper respiratory tract as well as the orophar-
ynx and cause hoarseness, recurrent bronchitis, and pneumonitis. Loss 
of exocrine function may also lead to loss of pancreatic function and 
hypochlorhydria. Patients may also experience dermal dryness and loss 
of vaginal secretions.

Extraglandular manifestations
Systemic manifestations are seen frequently in patients with primary 
Sjögren syndrome and may include both general constitutional symp-
toms, such as easy fatigability, low-grade fever, myalgias, and arthral-
gias, as well as other organ involvement (see Table 134.1). Easy 
fatigability is often a severe problem affecting the quality of life. Women 
with primary Sjögren syndrome have decreased physical capacity, 
which may be related to the experience of fatigue.

It is now recognized that the extraglandular manifestations in 
primary Sjögren syndrome can be divided into two major categories: 
the periepithelial organ involvement, such as interstitial nephritis, liver 
involvement, and obstructive bronchiolitis, is the result of lymphocytic 
invasion in the epithelia of organs beyond the exocrine glands. These 
clinical features appear early in the disease and usually have a benign 

Sjögren syndrome
Athanasios G. Tzioufas, Dimitris I. Mitsias, and Haralampos M. Moutsopoulos

 Sjögren syndrome is a slowly progressive, inflammatory 
autoimmune disease affecting primarily the exocrine glands. 
Lymphocytic infiltrates replace functional epithelium, leading to 
decreased exocrine secretions (exocrinopathy).

 Characteristic autoantibodies (anti-Ro/SS-A and anti-La/SS-B) are 
produced.

 Mucosal dryness is manifested as xerophthalmia 
(keratoconjunctivitis sicca), xerostomia, xerotrachea, and vaginal 
dryness. There is major salivary gland enlargement.

 Non-erosive polyarthritis is associated, as is Raynaud phenomenon 
without telangiectasia or digital ulceration.

 The periepithelial extraglandular manifestations are the result of 
lymphocytic invasion in epithelial tissues of lungs, kidneys, and 
liver; they appear early in the disease and have a benign course.

 The extraepithelial manifestations, such as skin vasculitis, 
peripheral neuropathy, and glomerulonephritis, with low C4 levels, 
are associated with increased morbidity and high risk for 
lymphoma.

 There is an association with other autoimmune diseases (e.g., 
rheumatoid arthritis [RA], systemic lupus erythematosus [SLE], 
systemic sclerosis, polymyositis).

HISTORY
The various clinical features of keratitis, dry mouth, and salivary gland 
enlargement were first described in the late 1800s by Hadden, Leber, 
and Mikulicz. However, it was not until the work of Gougerot in France 
in 1925 and Sjögren in Sweden in 1933 that an association of these 
findings with polyarthritis and systemic disease was fully appreciated. 
Sjögren, a Swedish ophthalmologist, wrote the classic monograph on 
the disease, in which he emphasized that the eye manifestations are 
local findings of a systemic disorder. In 1953, Morgan and Castleman 
showed that the intense focal lymphocytic infiltrate of the parotid 
gland, described in a Mikulicz’s patient about 60 years earlier, was 
identical to the characteristic findings in Sjögren syndrome. This reso-
lution of nomenclature was followed by an increasing recognition of 
the diverse clinical spectrum of Sjögren syndrome and, in the 1960s, 
by the discovery of autoantibodies in patients with Sjögren syndrome. 
Subsequent work has defined a genetic predisposition for the disease 
marked by specific HLA antigens, and advanced molecular and cellular 
techniques have dissected the specificity of autoantibodies to cellular 
components Ro/SS-A and La/SS-B, the composition and function of the 
focal lymphocytic infiltrates of the exocrine glands, and the biology of 
the epithelial cell in the immunopathologic lesion.1

EPIDEMIOLOGY
Sjögren syndrome can occur at all ages, but it affects primarily females 
during the fourth and fifth decades of life, with a female-to-male ratio 
of 9 : 1. Among pediatric presentations, the youngest reported patient 
was 3 years old, with others being drawn from the full age distribution 
to the mid teens. Studies on geriatric populations revealed that it 
occurs in approximately 3%. Using a validated questionnaire, it was 
found that the prevalence of definite and probable Sjögren syndrome 
in women in a Greek town was 0.6% and 3%, respectively.2 In another 
epidemiologic study, performed in Sweden, the calculated prevalence 
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with swollen hands but, in contrast to patients with scleroderma, they 
do not develop telangiectasia or digital ulcers. Hand radiographs of 
these patients may show small tissue calcifications. Non-erosive arthri-
tis has also been shown to be significantly more frequent in patients 
with Raynaud phenomenon than in those without this disorder. Other 
skin manifestations include purpura, annular erythema, and pernio-
like lesions. Flat purpura is usually seen in patients with hypergam-
maglobulinemia, whereas palpable purpura is a manifestation of dermal 
vasculitis. Annular erythema has been described in patients with 
Sjögren syndrome from Japan. The lesions consist of wide erythema-
tous plaques with elevated borders and central pallor that are located 
on the face, upper extremities, and back. The erythema fades within a 
few months, leaving no scars or skin pigmentation. Pernio-like lesions 
(chilblains) were noted in the distal extremities in Japanese patients.

Pulmonary involvement
Manifestations from the trachea up to the pleura are frequent but rarely 
clinically important. They can present either as dry cough secondary 
to dryness of the tracheobronchial mucosa (xerotrachea) or as dyspnea 

course. The extraepithelial manifestations, such as palpable purpura, 
glomerulonephritis, and peripheral neuropathy, are produced from an 
immune complex deposition as a result of the ongoing B-cell hyper-
reactivity; they are associated with increased morbidity and risk for 
development of lymphoma (Fig. 134.4; see later).4

Arthritis
Among patients with primary Sjögren syndrome, 50% experience epi-
sodes of arthritis during the course of their disease. Arthritis may 
precede overt sicca manifestations. Articular signs and symptoms 
include arthralgias, morning stiffness, intermittent synovitis, and 
chronic polyarthritis, which may sometimes lead to Jaccoud arthropa-
thy. In contrast to rheumatoid arthritis (RA), radiographs of the hands 
usually do not reveal erosive changes.

Skin involvement
Raynaud phenomenon is the most common “skin” manifestation, 
occurring in 35% of patients with primary Sjögren syndrome. It usually 
precedes sicca manifestations by many years. These patients present 

Fig. 134.1 Schirmer test in a patient with Sjögren syndrome. Wetting of less 
than 5 mm/5 min of the filter paper strip is shown.

a b

Fig. 134.2 Rose bengal staining (a) in a normal volunteer and (b) in a patient with Sjögren syndrome. Retention of the stain in the cornea is apparent.

TABLE 134.1 CLINICAL MANIFESTATIONS OF PRIMARY SJÖGREN SYNDROME 
AT DIAGNOSIS AND AFTER A 10-YEAR FOLLOW-UP

Prevalence at 
diagnosis (%)

Prevalence at end 
of follow-up (%)

Glandular disease

 Xerostomia 90 92

 Dry eyes 95 95

 Parotid gland enlargement 49 53

Extraglandular disease

 Arthralgias/arthritis 70 75

 Raynaud phenomenon 41 48

Pulmonary involvement 23 29

Kidney involvement

 Interstitial nephritis 7 9

 Glomerulonephritis 0.4 2

Liver involvement 4 4

Peripheral neuropathy 1 2

Myositis 1 1

Central nervous system disease 0 0

Lymphoma 2 4

Data from Skopouli FN, Dafni U, Ioannidis JP, et al. Clinical evolution and morbidity and 
mortality of primary Sjögren’s syndrome. Semin Arthritis Rheum 2000;29:296-304.
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Gastrointestinal and hepatobiliary features
Dysphagia due to either dryness of the pharynx and esophagus or 
abnormal esophageal motility may occur. Nausea and epigastric pain 
are also common clinical symptoms. Gastric mucosa biopsy specimens 
show chronic atrophic gastritis and lymphocytic infiltrates, similar to 
those described in minor salivary gland biopsy. Patients may have 
hypopepsinogenemia, elevated serum gastrin levels, low levels of serum 
vitamin B12, and antibodies to parietal cells.

Acute or chronic pancreatitis has been rarely reported. In contrast, 
subclinical pancreatic involvement is rather common, as illustrated  
by the fact that hyperamylasemia is found in approximately 25% of 
Sjögren syndrome patients.

Primary Sjögren syndrome is associated with chronic liver disease. 
Patients often present with hepatomegaly (25%) and antimitochondrial 
antibodies (5%). Levels of liver enzymes and alkaline phosphatase are 
elevated in approximately 70% of patients with Sjögren syndrome  
and antimitochondrial antibodies. In most of these patients liver  
biopsy discloses a picture of mild intrahepatic bile duct inflammation 
resembling primary biliary cirrhosis stage I.6 There is also a high 
incidence of secondary Sjögren syndrome in patients with primary 
biliary cirrhosis. Sicca manifestations have been described in as many 
as 50% of primary biliary cirrhosis patients, with 10% being clinically 
severe.

Renal involvement
Clinically significant renal involvement manifested as either intersti-
tial nephritis or glomerulonephritis is observed in approximately 5% 
of patients with primary Sjögren syndrome. Subclinical involvement of 
the renal tubules can be seen in one third of patients, as attested by 
an abnormal urine acidification test. Renal biopsy typically reveals 
interstitial lymphocytic infiltration. Most of the patients present with 
hyposthenuria and hypokalemic, hyperchloremic distal renal tubular 
acidosis, reflecting interstitial infiltration and destruction by lympho-
cytes. Distal tubular acidosis may be clinically silent, but if left 
untreated, significant renal tubular acidosis may lead to renal stones, 
nephrocalcinosis, and compromised renal function (Fig. 134.5). Such 
patients may present with recurrent renal colic and/or hypokalemic 
muscular weakness. Less commonly, proximal tubular acidosis with 
Fanconi’s syndrome may occur. Membranous or membranoprolifera-
tive glomerulonephritis in Sjögren syndrome has been described in few 
patients. Cryoglobulinemia, associated with hypocomplementemia, is 
a consistent serologic finding in these cases. Interstitial nephritis is 
usually an early feature of the syndrome, whereas glomerulonephritis 
is a late sequela.7

Interstitial cystitis, a non-bacterial disease of the bladder producing 
constant or intermittent long-lasting symptoms such as nocturia and 
suprapubic or perineal pain, is also seen. Bladder biopsy discloses 
intense inflammation in the mucosa and submucosa, with lymphoid 
cells and mast cells.

due to airway obstruction or interstitial lung disease. Interstitial disease 
is rare and is appreciated only after a complete functional and radio-
logic evaluation of the patient.

Pulmonary function tests in 61 consecutive non-smoking patients 
with primary Sjögren syndrome showed small airways obstruction, 
which was frequently associated with mild hypoxemia. Chest radiog-
raphy showed mild interstitial-like changes in 27 patients. High- 
resolution computed tomography of the lung in patients with abnormal 
chest radiography revealed wall thickening at the segmental bronchi. 
Transbronchial and/or endobronchial biopsy specimens in 10 of the 11 
sufficient tissue samples disclosed peribronchial and/or peribronchiolar 
mononuclear inflammation, but interstitial inflammation coexisted in 
only two patients.5 Lymphoma should always be suspected when lung 
nodules or hilar and/or mediastinal lymphadenopathy are present on 
chest radiographs.

Pleural effusions are usually associated with other rheumatic disor-
ders and not with primary Sjögren syndrome.

Fig. 134.3 This patient with primary Sjögren syndrome has enlarged parotid 
glands.

BOX 134.1 DIFFERENTIAL DIAGNOSIS OF PAROTID 
GLAND ENLARGEMENT
Bilateral
 Viral infection (mumps, influenza, Epstein-Barr, coxsackievirus A, cytomega-

lovirus, HIV)
 Sjögren syndrome
 Sarcoidosis
 Miscellaneous (diabetes mellitus, hyperlipoproteinemia, hepatic cirrhosis, 

chronic pancreatitis, acromegaly, gonadal hypofunction)
 Recurrent parotitis of childhood

Unilateral
 Salivary gland neoplasm
 Bacterial infection
 Chronic sialadenitis
 Sialolithiasis

BOX 134.2 CAUSES OF XEROSTOMIA
 Psychogenic
 Dehydration

– Diabetes mellitus
– Trauma

 Drugs
– Psychotherapeutic
– Parasympatholytic
– Antihypertensive

 Irradiation
 Congenital (absent or malformed glands)
 Viral infection

Fig. 134.4 Clinical spectrum of primary Sjögren syndrome.

CLINICAL SPECTRUM OF PRIMARY SJÖGREN SYNDROME

Glandular disease

Extraglandular
periepithelial
manifestations

Extraepithelial
manifestations

Lymphoma
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Vasculitis
Vasculitis, found in approximately 5% of Sjögren syndrome patients, 
affects small and medium-sized vessels and manifests most commonly 
as purpura (Fig. 134.6), recurrent urticaria, skin ulcerations, and 
mononeuritis multiplex. Uncommon cases of systemic vasculitis  
with visceral involvement affecting the kidneys, lung, gastrointestinal 
tract, spleen, breast, and reproductive tract have been described. Two 
histopathologic types of vasculitis have been suggested, depending  
on the type of the infiltrating cell: the mononuclear cell type and  
the neutrophil type. The neutrophil type is associated with hypergam-
maglobulinemia, high titers of rheumatoid factor, antibodies to Ro/
SS-A cellular antigen, and hypocomplementemia.4

Neuromuscular involvement
Neurologic manifestations include peripheral sensorimotor neuropathy 
as a consequence of small vessel vasculitis. Cranial neuropathy, usually 
affecting single nerves such as the trigeminal, optic, and cochlear 
nerves, has been well documented. Central nervous system involve-
ment is a matter of considerable controversy. A wide variety of  
central nervous system manifestations have been described, including 
hemiparesis, hemisensory deficits, seizures, movement disorders, 
transverse myelopathy, motor neuron disease, and diffuse brain injury 
expressed as encephalopathy, aseptic meningitis, multiple sclerosis–
like picture, cognitive dysfunction, and dementia.8 A recent study 
confirms the presence of mononeuropathy and polyneuropathy in 
Sjögren syndrome; however, cerebrovascular disease is associated 
mainly with SLE.

Many patients with primary Sjögren syndrome complain of myal-
gias, but muscle enzyme values are usually normal or only slightly 
elevated. Although rare, lesions similar to inclusion body myositis have 
been described in primary Sjögren syndrome.

Autoimmune thyroid disease
Fifty percent of patients with Sjögren syndrome present with antithy-
roid antibodies and signs of altered thyroid function, as reflected by an 
elevated basal thyroid-stimulating hormone level. In one study,9 thyroid 
disease was seen in more than one third of patients with primary 
Sjögren syndrome, a relation possibly not significant because it can be 
attributed to the similarity of the target population (i.e., middle-aged 

women). On the other hand, one third of patients with autoimmune 
thyroiditis may have sicca symptoms and approximately 10% of 
patients with antinuclear antibody–positive thyroiditis share a Sjögren 
syndrome diagnosis.

Lymphoproliferative disease
Patients with primary Sjögren syndrome have a 44 times higher relative 
risk of developing lymphoma than an age-, sex- and race-matched 
normal control population.10 Immunohistologic studies in biopsy spec-
imens from patients with Sjögren syndrome with lymphoma show that 
these lymphomas are primarily of B-cell origin, expressing usually 
IgMk in their cytoplasm. Immunoglobulin variable region gene analysis 
disclosed that these lymphomas may frequently develop from B cells 
producing rheumatoid factor.11

High-risk factors for lymphoma development in Sjögren syndrome 
patients include persistent unilateral or bilateral parotid gland enlarge-
ment, splenomegaly and lymphadenopathy, low C4 complement levels, 
as well as type II mixed monoclonal cryoglobulinemia.12 The majority 
of lymphomas are extranodal marginal zone B-cell lymphomas of 
mucosa-associated lymphoid tissue (MALT) type, and in most cases 
MALT acquisition precedes lymphoma development.

A European multicenter study13 evaluated the disease characteris-
tics, clinical course, and evolution in 33 patients with primary Sjögren 
syndrome and lymphoma. The majority of patients were in a good 
clinical performance status and at an early clinical stage. The disease 
location was mostly extranodal, involving the salivary glands in 55% 
of cases. In 86% of patients with nodal disease, the involved lymph 
nodes were peripheral (cervical, supraclavicular, and/or axillary) and 
easily accessible for biopsy. Lymphadenopathy, skin vasculitis, periph-
eral nerve involvement, low-grade fever, anemia, mixed monoclonal 
cryoglobulinemia, and lymphopenia were observed significantly more 
frequently than in general Sjögren syndrome patients, suggesting that 
active disease is a risk factor for the development of lymphomas. The 
survival of these patients was closely associated with the histologic 
grade of lymphoma. Low-grade lymphomas may remain localized for 
many years and undergo spontaneous remission without therapy. On 
the other hand, patients with high and intermediate grades have the 
worst prognosis.

Fig. 134.5 Radiograph of a patient with primary Sjögren syndrome shows 
nephrocalcinosis.

Fig. 134.6 Palpable purpura on the lower extremities of a patient with primary 
Sjögren syndrome.



CH
A

PTER 134 
● Sjögren syndrom

e

1343

SECONDARY SJÖGREN SYNDROME
The association of Sjögren syndrome with RA was first described by 
Sjögren in 1933, but it soon became evident that sicca manifestations 
can also be found in other autoimmune rheumatic diseases, such as 
systemic lupus erythematosus (SLE) and progressive systemic sclerosis. 
Sjögren syndrome manifestations have also been described in polymyo-
sitis, polyarteritis nodosa, and primary biliary cirrhosis (Box 134.3). Of 
importance is that, even though the term secondary Sjögren syndrome 
is frequently used, the terms overlapping or associated Sjögren syn-
drome may more accurately describe its relationship to other connec-
tive tissue diseases.14

The diagnosis of RA usually precedes the diagnosis of Sjögren syn-
drome by many years, and Sjögren syndrome symptoms are primarily 
KCS. Parotid or other major gland enlargement, as well as extraglan-
dular features of Sjögren syndrome, including lymphadenopathy and 
renal involvement, are quite uncommon in Sjögren syndrome  
associated with RA.15 Patients with articular symptoms have anti-
citrullinated peptide antibodies in their sera and usually represent 
Sjögren syndrome secondary to RA.

SLE and Sjögren syndrome may have similar disease manifestations, 
such as arthralgias, rash, peripheral neuropathy, and glomerulonephri-
tis. A cohort of 283 consecutive unselected SLE patients was evaluated 
for the presence of associated Sjögren syndrome and it was identified 
in 9.2% of the cohort. Sjögren syndrome preceded the development of 
lupus in 69.2%. Compared with the SLE/without Sjögren syndrome 
group, patients with SLE/Sjögren syndrome were significantly older and 
had a higher frequency of Raynaud phenomenon, anti-Ro/SSA, anti-La/
SSB, and rheumatoid factor but a significantly lower frequency of renal 
involvement, lymphadenopathy, and thrombocytopenia. Compared 
with the primary Sjögren syndrome group, SLE/Sjögren syndrome 
patients were significantly younger and had an increased frequency of 
perivascular infiltrates in the salivary glands associated with anticar-
diolipin antibodies in the serum. SLE/Sjögren syndrome patients had 
a high frequency of the DRB1*0301 allele, a genotype found frequently 
in patients with Sjögren syndrome, whereas SLE alone had an increased 
frequency of DRB1*1501 and DQB1*0602 alleles. Thus, SLE/Sjögren 
syndrome appears to constitute a subgroup of patients with distinct 
clinical, serologic, pathologic, and immunogenetic features, in whom 
Sjögren syndrome is expressed as an overlapping entity and is largely 
similar to primary Sjögren syndrome.16

Subjective xerostomia in scleroderma may be due to fibrosis of the 
exocrine glands. Minor salivary gland biopsies of 44 unselected sclero-
derma patients showed that 38% had fibrosis, whereas only 22% had 
lymphocytic infiltration compatible with Sjögren syndrome.

PROGNOSTIC FACTORS AND OUTCOME
The evolution of the clinical picture and laboratory profile, the inci-
dence and predictors for systemic sequelae, as well as the impact of the 
disease on overall survival were studied in a prospective cohort study 
of 261 Greek patients with primary Sjögren syndrome followed for a 
10-year period.17 The results were compared with the general Greek 
population, after adjustment for age and sex. The glandular manifesta-
tions of the syndrome were typically present at the time of diagnosis, 

and the serologic profile of the patients did not change substantially 
during the follow-up. The extraglandular manifestations can be divided 
into two different groups with regard to disease outcome. Arthritis, 
Raynaud phenomenon, interstitial nephritis, and lung and liver involve-
ment appear early in the disease process. Purpura, glomerulonephritis, 
decreased C4 complement levels, and mixed monoclonal cryoglobuli-
nemia were identified as adverse prognostic factors. The overall mortal-
ity of patients with primary Sjögren syndrome compared with that of 
the general population was increased only in patients with adverse 
predictors. Similar results were reported by two other studies that iden-
tified hypocomplementemia and palpable purpura as significant predic-
tors of death, mainly owing to lymphoproliferative malignancy.18,19

Sjögren syndrome may be classified into two broad categories. Type 
I is by far the most common presentation, and the various organs are 
subclinically, if at all, affected. In contrast, type II is characterized by 
increased B-cell activation, as evidenced by the presence of immune 
complexes and cryoglobulinemia, and altered clinical presentation. 
This may ultimately lead to lymphoid malignancy and, concurrently, 
this group presents with augmented morbidity and mortality.20

INVESTIGATIONS
Routine laboratory tests reveal a mild anemia of chronic disease in a 
fourth of patients. Leukopenia is found in 10% of patients, but throm-
bocytopenia is rather infrequent. An elevated erythrocyte sedimenta-
tion rate (ESR) is a very common laboratory finding (80% to 90%), 
although C-reactive protein levels are normal. Hypergammaglobu-
linemia is a consistent laboratory finding, found in 80% of patients 
with primary Sjögren syndrome.1 Autoantibodies to Ro/SS-A occur 
with high frequency, but those against La/SS-B are more specific. Other 
autoantibodies include rheumatoid factors, antinuclear antibodies, and 
multiple organ-specific antibodies such as antigastric parietal cell, thy-
roglobulin, and thyroid peroxidase antibodies associated with Hashi-
moto thyroiditis and mitochondrial antibodies associated with liver 
pathology. Anti-centromere antibodies are associated with Raynaud 
phenomenon, anti-carbonic anhydrase II antibodies with distal renal 
tubular acidosis, and cryoglobulins with the evolution to non-Hodgkin 
lymphoma.21 Analyses of the chemical and immunologic parameters 
of the saliva (sialochemistry) from patients with Sjögren syndrome 
have been examined extensively, but the results are conflicting and 
have very little diagnostic value.

Eyes
Schirmer tear test
The Schirmer tear test is used for the evaluation of tear secretion by 
the lacrimal glands. The test is performed with strips of filter paper 
30 mm in length. The strip is slipped beneath the inferior lid, with the 
remainder of the paper hanging out (see Fig. 134.1). After 5 minutes 
the wetting length of the paper is measured. Wetting of less than 5 mm 
per 5 minutes is a strong indication of diminished secretion. The pres-
ence of decreased tear secretion, however, is not diagnostic of KCS.

Rose bengal staining
The sequela of decreased secretion, KCS, is easily diagnosed using rose 
bengal staining of the corneal epithelium. Rose bengal is an aniline dye 
that stains the devitalized or damaged epithelium of both the cornea 
and the conjunctiva. Slit lamp examination after rose bengal staining 
shows a punctate or filamentary keratitis (see Fig. 134.2).

Determination of tear film break-up time
Determination of tear film break-up time is another useful clinical 
assessment. A drop of fluorescein is applied to the eye, and the time 
between the last blink and the appearance of dark, non-fluorescent 
areas in the tear film is measured. An overly rapid break-up of the tear 
film indicates either a mucin or a lipid layer abnormality.

Salivary glands
Sialometry
Sialometry measures salivary flow rates, with or without stimulation, 
for the individual parotid or submandibular and sublingual glands  

BOX 134.3 ASSOCIATION OF SJÖGREN SYNDROME WITH 
OTHER AUTOIMMUNE RHEUMATIC DISEASES (SECONDARY  
SJÖGREN SYNDROME)
 Rheumatoid arthritis
 Systemic lupus erythematosus
 Scleroderma
 Mixed connective tissue disease
 Primary biliary cirrhosis
 Myositis
 Vasculitis
 Thyroiditis
 Chronic active hepatitis
 Mixed cryoglobulinemia
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or for total saliva production. Patients with clinically overt Sjögren 
syndrome have reduced salivary flow rates. However, flow measure-
ments depend on many factors, such as the age and sex of the patient, 
drugs taken, and the time of day. Therefore, a wide spectrum of flow 
rates is found among normal individuals and no single value is diag-
nostic of Sjögren syndrome.

Sialography
Sialography is a radiographic method of assessing anatomic changes in 
the salivary gland duct system. Sialographic studies show an increased 
incidence of sialectasis in Sjögren syndrome patients. Sialography is as 
sensitive and specific as labial minor salivary gland biopsy for the 
diagnosis of primary Sjögren syndrome.

Scintigraphy
Scintigraphy provides a functional evaluation of all the salivary glands 
by observing the rate and density of 99mTc pertechnetate uptake and 
time of appearance in the mouth during a 60-minute period after 
intravenous injection. In patients with Sjögren syndrome the uptake 
of the label by the glands and the secretion of labeled saliva in the 
mouth are delayed or absent. Abnormal scintigraphy correlates with 
the reduced salivary flow, the sialographic picture, and the intensity of 
minor salivary gland lymphocytic infiltrates. Scintigraphy abnormali-
ties are highly sensitive but not disease specific; however, experienced 
personnel may differentiate parenchymal damage from neuropathic or 
other derangements of the salivary apparatus.

Salivary gland MRI
Magnetic resonance imaging (MRI) of the parotid glands shows an 
increase in fat areas and a decrease in intact lobule areas. MR sialog-
raphy provides additional information on ductal changes, whereas 
dynamic contrast-enhanced MRI has the potential to quantify micro-
vascular function in Sjögren syndrome.

Salivary gland ultrasonography
Ultrasonography of salivary glands may help in the diagnosis of Sjögren 
syndrome. Reduced volume of the submandibular (but not parotid) 
glands as well as parenchymal inhomogenicity are highly specific 
markers of Sjögren syndrome.22

Minor salivary gland biopsy
Minor salivary gland biopsy serves as a cornerstone for the diagnosis 
of Sjögren syndrome (see later).

DIFFERENTIAL DIAGNOSIS
The diagnostic criteria of Sjögren syndrome were developed and vali-
dated from a prospective study involving 26 centers from 12 European 
countries. They consist of a six-item questionnaire for the determina-
tion of dry eyes and mouth, useful for the initial screening for Sjögren 
syndrome, and the definition of a new set of diagnostic criteria. An 
algorithm for the diagnosis of Sjögren syndrome, using these diagnostic 
criteria, is presented in Figure 134.7. Recently, the diagnostic criteria 
of Sjögren syndrome were reappraised after an American-European 
consensus.23

Differential diagnosis must include those diseases that may have 
dry eyes, xerostomia, and parotid gland enlargement. Sarcoidosis can 
mimic the clinical picture of Sjögren syndrome.24 However, the minor 
salivary gland biopsy reveals non-caseating granulomas and autoanti-
bodies to Ro/SS-A or La/SS-B antigens are typically absent. Other 
medical conditions that can mimic Sjögren syndrome include lipopro-
teinemias (types II, IV, and V), hypertriglyceridemia, diabetes mellitus, 
Mikulicz disease (recent data suggest that it should be considered a 
different disease), chronic graft-versus-host disease, amyloidosis, and 
infection with viruses such as human immunodeficiency virus (HIV), 
human T lymphocytic virus-I (HTLV-I), and hepatitis C virus (HCV). 
Patients with HIV infection present with sicca manifestations, parotid 
gland enlargement, pulmonary involvement, and lymphadenopathy 
(see Chapter 107). These patients have an increased prevalence of 
HLA-DR5 alloantigen.25 The two diseases can easily be distinguished, 
because patients with HIV infection are usually young males who  
have no autoantibodies to Ro/SS-A and La/SS-B and the lymphocytic 

infiltrates of the salivary glands consist of CD8+ T cells. HCV may 
produce a chronic lymphocytic sialadenitis that mimics Sjögren syn-
drome. These patients have a higher mean age at onset, a lower preva-
lence of parotid gland enlargement, and a higher prevalence of liver 
involvement than patients with primary Sjögren syndrome. On the 
other hand, Sjögren syndrome patients do not possess an increased 
frequency of antibodies to HCV in their sera. In a multicenter study, 
137 patients with HCV infection who fulfilled the diagnostic criteria 
of Sjögren syndrome were evaluated and 58% of patients presented with 
extraglandular manifestations, including arthritis (44%), vasculitis 
(20%), and neuropathy (16%). Two thirds of patients had positive 
antinuclear antibodies, and 50% had hypocomplementemia and cryo-
globulinemia. Eight patients developed hematologic neoplasia, and six 
patients had hepatocellular carcinoma.26

PATHOLOGY
The common feature of all organs affected in Sjögren syndrome patients 
is a periepithelial lymphocytic infiltration that causes functional dis-
ability and produces various clinical manifestations. Salivary glands are 
the best-studied organs because they are affected in almost all patients 
and are readily accessible. The histopathologic characteristics of minor 
salivary gland biopsy include focal aggregates of at least 50 lympho-
cytes, plasma cells, and macrophages adjacent to and replacing the 
normal acini and the consistent presence of these foci in all or most 
of the glands in the specimen (Fig. 134.8). Larger foci often exhibit the 

Fig. 134.7 Suggested algorithm for the diagnosis of Sjögren syndrome. 
Exclusion criteria include hepatitis C or human immunodeficiency virus 
infection, sarcoidosis, graft-versus-host disease, preexisting lymphoma, 
previous head or neck irradiation, and use of anticholinergic drugs.

No SS

ALGORITHMS FOR THE DIAGNOSIS OF SJÖGREN SYNDROME
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Environmental triggers and immunogenetics
Autoimmune reactions against virally infected host tissue have been 
reported in both humans and experimental animals. The concept of 
viral infection as a cause of primary Sjögren syndrome has been rein-
forced during the past few years on the basis of both clinical and 
experimental observations.29 First, the epithelial cells of the salivary 
glands in humans can host a variety of viruses, such as cytomegalovirus 
(CMV), HIV, HTLV-I, and HCV, and create a chronic local immune 
response with morphologic characteristics similar or even identical to 
those of the autoimmune sialadenitis of primary Sjögren syndrome. 
Studies of minor salivary glands from Sjögren syndrome patients have 
shown that the Tax gene of HTLV-I was present in epithelial cells and 
that a monoclonal antibody to Tax protein stained only the epithelial 
cells. Transgenic mice bearing the Tax gene develop an autoimmune 
exocrinopathy resembling Sjögren syndrome. An initially observed 
increase and proliferation of the acinar epithelial cells is followed by 
gradual infiltration by lymphocytes and plasma cells, leading to destruc-
tion of the acini. HCV-RNA, as well as HCV core antigen, was detected 
in the epithelial cells of the salivary gland biopsy specimens from all 
anti-HCV positive patients with sialadenitis. Thus, HCV can infect 
and replicate in the epithelial cells from salivary glands. Two indepen-
dent lines of transgenic mice carrying the HCV envelope genes have 
been shown to express the HCV envelope proteins in several organs, 
including the liver and salivary glands. Despite the fact that no patho-
logic changes were observed in the liver, these animals develop an 
exocrinopathy involving the salivary and lacrimal glands.

Differential display analysis of minor salivary gland RNA from 
patients with primary Sjögren syndrome and healthy controls yielded 
a 94-bp fragment of coxsackievirus B4 (CVB4) P2A gene in the primary 
Sjögren syndrome samples. The 5′-non-coding region (5′-NCR) of the 
enteroviral genome was amplified in seven samples from patients with 
primary Sjögren syndrome and in no samples from patients with sec-
ondary Sjögren syndrome or controls. The seven amplified products 
were sequenced; four of the sequences were found to be 98% to 99% 
identical to the 5′-NCR of CVB4 and three were found to be 97% to 
98% identical to the 5′-NCR of coxsackievirus A13. Therefore, because 
coxsackievirus can form chronic non-cytolytic infections in vivo, it is 
a very probable viral candidate for epithelial activation.

Second, an abundant expression of proto-oncogenes has been 
described in the immunopathologic lesion of primary Sjögren syn-
drome patients. In-situ cytohybridization with specific c-myc probes, 

Fig. 134.8 Labial salivary gland biopsy specimen from a patient with primary 
Sjögren syndrome. Focal lymphocytic infiltrates are seen (H&E, ×340).

Fig. 134.9 Factors influencing autoimmune reactivity in patients with Sjögren 
syndrome.

Immune system
activation

Psychologic
Hormonal

(female:male=9:1)

Viruses Genetic (HLA-B8,
-DR3, -Dw52)

FACTORS INFLUENCING AUTOIMMUNE REACTIVITY
IN PATIENTS WITH SJÖGREN SYNDROME

formation of structures that resemble germinal centers. Even though 
B cells in these aggregates lack the phenotype of genuine germinal 
center cells, they remain autoreactive; germinal center–like structures 
are observed in 17% of minor salivary gland biopsy specimens studied.27 
Epimyoepithelial islands are very uncommon. These pathologic lesions 
are the characteristic findings of a chronic lymphocytic sialadenitis. 
However, a minor salivary gland biopsy can be very specific for Sjögren 
syndrome if it is obtained through normally appearing mucosa, includes 
5 to 10 glands separated from the surrounding connective tissue, dem-
onstrates focal lymphocytic infiltrates in all or most of the glands in 
the specimen, and has a focus score above a diagnostic threshold (>1 
according to Chilsolm).

IMMUNOPATHOLOGY
Over the past 2 decades research on immunopathology, autoantibodies, 
immunogenetics, and viruses has further refined the concepts of patho-
physiology and pathogenesis of Sjögren syndrome (Fig. 134.9). The 
development of Sjögren syndrome can be conceptualized in three steps: 
(1) autoimmunity may be triggered by a given environmental factor 
that acts on a susceptible genetic background; (2) perpetuation of auto-
immune reactivity becomes chronic through normal immune regula-
tory mechanisms; and (3) tissue lesions occur as a consequence of the 
ongoing inflammatory process. During recent years clinical and labora-
tory observations have pointed to the central role of the epithelial cell 
(Fig. 134.10) and therefore the etiologic name of “autoimmune 
epithelitis.”28

Fig. 134.10 Sjögren’s syndrome, autoimmune epitheliitis. Focal lymphocytic 
infiltrates are seen around the epithelial structures in several affected  
organs. (a) Periductal infiltrates in minor salivary glands (×200). 
(b) Peritubular infiltrates in a patient with interstitial nephritis (×300). 
(c) Peribronchial infiltrates in a patient with small airways disease (×200). 
(d) Pericholangeal infiltrates in a patient with liver involvement (×200).

SJÖGREN SYNDROME, AUTOIMMUNE EPITHELITIS

Labial minor salivary gland Kidney

Lung Liver

a b

c d
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demonstrated c-myc mRNA expression on the acinar epithelial cells 
in minor salivary glands of Sjögren syndrome patients. The expression 
of the proto-oncogene was strongly correlated with the disease duration 
in the various patients, as well as with the intensity of the T-cell infil-
tration. Protein expression of P53 and CDKN1A was studied, by 
immunohistochemistry and Western blot analysis, in minor salivary 
gland biopsy specimens from patients with primary Sjögren’s syndrome 
and control subjects. The study revealed increased protein expression 
of P53 and CDKN1A in biopsy specimens from patients compared with 
controls, and sequence analysis showed that the P53 gene was of the 
wild type. These findings indicate a probable role for the DNA damage 
response genes in the pathogenesis of this syndrome.30

Third, the epithelial cells of the exocrine glands in Sjögren syn-
drome have an increased rate of apoptosis. Apoptosis can occur after 
several extrinsic or intrinsic triggering factors, including viral infec-
tions. In Sjögren syndrome, apoptosis of the epithelial cell is mediated 
through the Fas-Fas ligand interaction and the perforin/granzyme B 
pathway. The periepithelial lymphocytic infiltrates in the immuno-
pathologic lesion possess cytotoxic properties against the epithelial 
cells, a finding similar to that observed in the response against virus-
infected host cells. Thus, CD8+ T lymphocytes were located around 
the acinar epithelial cells. The majority of these CD8+ T lymphocytes 
possess a unique integrin, aEb7 (CD103). The acinar epithelial cells 
adherent to aEb7 (CD103)+ CD8+ T lymphocytes were apoptotic. 
Furthermore, there is a CD4+ cytotoxic cell population that utilizes 
perforin-mediated cell destruction as they express perforin mRNA.31

All the above data suggest a viral etiology for Sjögren syndrome. 
Transient or persistent infection of the epithelial cells by a putative 
virus may lead to their activation, increased rate of apoptosis, and 
neoantigen presentation. This initiating event results in the accumula-
tion of helper and/or inducer memory T and B cells, perpetuation of 
the autoimmune response via autoantigens provided from the apop-
totic cells, and, ultimately, tissue destruction with simultaneous B-cell 
monoclonal expansion (Fig. 134.11).

In this setting, the role of estrogen deficiency is gradually becoming 
more clear in regard to mechanisms such as the formation of autoan-
tigens and the induction of epithelial apoptosis. Apart from the hypo-
thalamic-pituitary-gonadal (HPG) axis, the other major neuroendocrine 
axis, that is, the hypothalamic-pituitary-adrenal (HPA) axis, hypofunc-

tions in Sjögren syndrome. Compared with controls, patients demon-
strate a blunted response to ovine corticotropin-releasing factor, which 
results in lower ACTH and cortisol levels. These levels may account 
for several Sjögren syndrome symptoms such as fatigue, fibromyalgia, 
or even sicca. In summary, the aforementioned, along with the  
presence of neuroendocrine-related molecules adjacent to local auto-
immune lesions, points toward a very important neuroendocrine dys-
function that plays major role in the pathogenesis of Sjögren 
syndrome.32

Immunogenetics
Family members of Sjögren syndrome patients have a higher incidence 
of Sjögren syndrome and a higher incidence of serologic autoimmune 
abnormalities than do age- and sex-matched controls. The majority  
of patients with Sjögren syndrome, independent of racial and ethnic 
differences, carry the DQA1*0501 allele, suggesting that it may be  
a determining factor in the predisposition of certain individuals to 
primary Sjögren syndrome.33

Apart from that just stated, genes outside the human leukocyte 
antigen (HLA) region have been associated with Sjögren syndrome but 
data regarding these polymorphisms lack reproducibility. Recent 
genomic studies disclosed increased single nucleotide polymorphisms 
in genes of IRF-5 and STAT-4 participating in the activation of type I 
interferon (IFN) pathway.34

Serologic profile
Polyclonal hyper-reactivity
The most common serologic finding in Sjögren syndrome is hypergam-
maglobulinemia. The elevated immunoglobulin levels contain a 
number of autoantibodies, including rheumatoid factors; antinuclear 
antibodies, usually with a speckled pattern on immunofluorescence; 
antibodies to extractable cellular antigens (Ro/SS-A, La/SS-B); and anti-
bodies to organ-specific antigens found on salivary ductal cells, thyroid 
gland cells, mitochondria, and gastric mucosa. Autoantibodies to 
α-fodrin, proteasomes, carbonic anhydrase II, and muscarinic receptor 
3 (M3R) have been described in Sjögren syndrome. Passive transfer of 
Sjögren syndrome IgG with inhibitory anti-M3R activity produced a 
paradoxical increase in contractile responses of detrusor strips to 

Fig. 134.11 Proposed pathogenic mechanisms 
involved in the immunopathology of Sjögren 
syndrome (see text). Ag, antigen.
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cholinergic stimulation in a mouse model. Thus, the overactive bladder 
observed in some patients with Sjögren syndrome could be attributed 
to these autoantibodies.

The most common autoantibodies to cellular antigens in Sjögren 
syndrome patients are directed against two ribonucleoprotein antigens 
known as Ro/SS-A and La/SS-B. Anti-Ro/SS-A autoantibodies are not 
specific for Sjögren syndrome and may be found in other autoimmune 
diseases, especially SLE and RA. Anti-La/SS-B autoantibodies are more 
specific for Sjögren syndrome. The incidence of anti-Ro/SS-A antibod-
ies is 40% to 60% in Sjögren syndrome and 25% to 35% in SLE. The 
anti-La/SS-B antibody is detected in half of Sjögren syndrome patients 
and 10% of SLE patients.

The autoantibodies to Ro/SS-A recognize a ribonucleoprotein  
particle composed of hY-RNAs and protein components of 52 and 
60 kDa. These proteins are the main autoimmune targets, as Ro/SS-A 
autoimmune sera did not recognize hY-RNA alone. Peptide mapping 
studies have shown that the 60 kDa Ro, the 52 kDa Ro, and the 
47 kDa La proteins are distinct intracellular proteins. Autoantibodies 
to the 52 kDa component are found in Sjögren syndrome sera, whereas 
antibodies to the 60-kDa component are observed more often in SLE 
patients’ sera.

The La/SS-B antigen is also a ribonucleoprotein particle associated 
with all RNA polymerase III transcripts, including the hY-RNAs. 
Therefore, a subpopulation of La/SS-B particles may be complexed with 
Ro/SS-A. La/SS-B is also associated with several viral transcripts. The 
human La/SS-B gene is localized to chromosome 2 and encodes a 
protein composed of 408 amino acid residues with a calculated molecu-
lar weight of 47 kDa. The N-terminal end of the molecule contains an 
RNA-binding protein consensus motif. Epitope mapping of the auto-
antigens Ro52kDa, Ro60kDa, and La48kDa, performed in several labo-
ratories, disclosed many distinct linear and conformational B-cell 
antigenic determinants, pointing to the polyclonal nature of the auto-
immune response. Of particular interest is the sequence 349-364aa of 
La/SSB, because it presents high specificity and sensitivity for the detec-
tion of anti-La/SS-B autoantibodies.35

The presence of anti-Ro/SS-A and/or La/SS-B autoantibodies is asso-
ciated with earlier disease onset, longer disease duration, recurrent 
parotid gland enlargement, splenomegaly, lymphadenopathy, and vas-
culitis in patients with primary Sjögren’s syndrome.

Oligomonoclonal hyperactivity
Monoclonal immunoglobulins and immunoglobulin light chains have 
been described in the sera and urine of the majority of patients with 
primary Sjögren syndrome with lymphoma or extraglandular disease. 
One third of patients have mixed monoclonal cryoglobulins (type II) 
containing an IgMk monoclonal rheumatoid factor. Patients with 
mixed monoclonal cryoglobulins have k-positive plasma cell predomi-
nance in their minor salivary glands, whereas patients without cryo-
globulins or with polyclonal cryoglobulins have almost equal numbers 
of k- and λ-positive plasma cells.11 These data suggest that, very early 
in the disease, patients with Sjögren’s syndrome prone to the develop-
ment of lymphoma may have both polyclonal B-cell activation and 
monoclonal B-cell expansion in the salivary glands, with circulating 
monoclonal immunoglobulins.

Immunogenotypic and immunophenotypic studies have demon-
strated oligoclonal or monoclonal immunoglobulin gene rearrange-
ments in Sjögren syndrome salivary gland lymphoepithelial lesions. 
Cloning and sequencing of the variable part (V(H)-D-J(H)) of the 
immunoglobulin heavy-chain genes expressed in these B cells revealed 
that a clonal B-cell expansion takes place in the salivary glands of 
patients with Sjögren’s syndrome before any histologic evidence of 
developing lymphoma.

Monoclonal expansion does not necessarily constitute lymphoma. 
In this regard, sequence analysis of the TP53 gene on DNA samples 
obtained from labial salivary gland biopsy samples from four patients 
with Sjögren syndrome and in-situ non-Hodgkin lymphoma (NHL) 
showed that the TP53 gene from patients with Sjögren syndrome and 
in-situ NHL had two novel mutations in exon 5.30 These were single-
base substitutions and appeared to be functional, because exon 5 is 
included in the coding region of the TP53 gene. These novel mutations 
implicate dysregulation of this tumor suppressor gene as a possible 
mechanism for lymphoma development in Sjögren syndrome.

Thus, it appears that B-cell activation is the most consistent  
immunoregulatory aberration in Sjögren syndrome patients. It  
begins as polyclonal activation, may evolve to oligoclonal and  
monoclonal activation, and may end as malignant monoclonal  
proliferation. Taken together, it is highly likely that the lymphoma-
genesis in Sjögren syndrome is a multistep process in which the initiat-
ing event, which consequently leads to an oligoclonal B-cell expansion, 
is the chronic ongoing antigenic stimulation that takes place in the 
immunopathologic lesion of the disease. In a following step, a partial 
or complete inhibition of the antineoplastic regulatory mechanisms 
(e.g., TP53 mutations) and/or other events such as chromosomal trans-
locations (e.g., t(1;14), t(14;18)) could aid in the transformation of the 
oligoclonal B-cell process into a malignant lymphoma.

Lymphocytes and the immunopathologic lesion
Different studies have evaluated the immunopathologic lesion of the 
affected exocrine glands. T cells predominate in mild lesions, whereas 
B cells occur in more severe lesions (Fig. 134.12). T-regulatory cells 
have also been detected. Macrophages and dendritic cells are also found 
in up to 5%, mainly in those glands with ectopic germinal center-like 
formation.36 The number of interleukin (IL)-18 positive macrophages 
has been found to correlate with parotid gland enlargement and low 
levels of the C4 component of complement, both adverse predictors for 
lymphoma development. T lymphocytes are activated, as attested to 
by the membrane expression of HLA class II molecules, IL-2 receptor 
(IL-2R), lymphocyte function-associated antigen 1 (LFA-1), Fas (CD95) 
molecule, and IL-2 production.

Evaluation of the isotypes of intracytoplasmic immunoglobulins of 
the plasma cells infiltrating the salivary glands of Sjögren syndrome 
patients using an immunoperoxidase technique showed that the IgG 
and IgM isotypes predominate, in contrast to the plasma cells of the 
normal salivary glands, where the IgA isotype is dominant. Further-
more, B cells in the lesion contain intracytoplasmic immunoglobulins 
with anti-Ro/SS-A and/or anti-La/SS-B reactivity.

Several studies performed over recent years suggest that the glandu-
lar or acinar epithelial cells play a key role in the pathogenesis of the 
disease. The epithelial cell is activated and possesses properties of an 
antigen-presenting cell. Histopathologic studies in newly diagnosed 
cases of Sjögren syndrome showed that the focal lymphocytic infiltrates 
start around the ducts. Furthermore, by staining the labial salivary 
glands with anti–class II HLA monoclonal antibodies, it was shown 
that the ductal and acinar epithelial cells inappropriately express these 
molecules. Because of both IFN-γ– and tumor necrosis factor (TNF) 
α–induced expression of both histocompatibility antigen classes on the 
surface of epithelial and other cells and because these cytokines are 
produced locally by the activated T cell of the lesion, one is faced with 
the “chicken and egg problem,” that is, whether the HLA-DR expres-
sion and possible antigen presentation by epithelial cells predates or is 
a consequence of the lymphocytic infiltration. Subsequent observa-
tions, however, suggest that the HLA class II molecule expression by 
epithelial cells may indicate a discrete way of activation of these cells. 
In this regard, studying proto-oncogene mRNA expression in the minor 
salivary glands of Sjögren syndrome patients, it was observed that 
c-myc, unlike c-fos and c-jun, was expressed not by the activated lym-
phocytes but by the epithelial glandular cells. Because the expression 
of c-myc is so restricted, this phenomenon cannot be attributed to 
microenvironmental factors. In addition, the salivary gland epithelial 
cells express B7 molecules.37 These molecules are expressed on classic 
antigen-presenting cells and play a critical role in the regulation of 
immune responses by providing activation or inhibitory signals to T 
cells through the ligation with CD28 or CTLA4 receptors, respectively. 
B7 molecules expressed in the epithelial cells of primary Sjögren syn-
drome patients are functional, inducing co-stimulation signals in 
CD4+ T cells. Furthermore, acinar epithelial cells express autoanti-
gens on their membrane, which, in conjunction with class II antigen 
expression and co-stimulatory signals, may potentially prime an auto-
immune response. In fact, translocation and membrane localization of 
the nuclear antigen La/SS-B has been observed in conjunctival epithe-
lial cells of Sjögren syndrome patients.38 Two possible mechanisms 
may operate. First, apoptotic phenomena (bleb formation, inside-out 
flip of the membrane) are very important for this translocation. Second, 
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Fig. 134.12 The distribution of T and B lymphocytes at the minor salivary gland (MSG) inflammatory lesions of patients with Sjögren 
syndrome varies according to lesion severity. T cells predominate in mild lesions, whereas B cells predominate in severe ones. 
Representative examples of the immunohistochemical detection of T cells (a, c) and B cells (b, d) in mild (a, b) and severe (c, d) MSG 
infiltrates of Sjögren syndrome patients are shown. (×200).

a b

c d

Mild
infiltrates

Severe
infiltrates

CD3+ - T cells CD20+ - B cells

cultured epithelial cells constitutively express exosomes that contain 
the major autoantigens Ro/SS-A, La/SS-B, and Sm. This may represent 
a novel pathway whereby intracellular autoantigens are presented to 
the immune system. Epithelial cell lines derived from the salivary 
glands of primary Sjögren syndrome patients express the adhesion 
molecule ICAM-1 and, of more importance, functional Toll-like recep-
tors (TLR-2, TLR-3, and TLR-4), suggesting intrinsic activation and a 
key role in innate immunity.31,39 Chemokines such as CXCL13 and 
CCL21 are produced by the epithelial cells in the chronic inflammatory 
lesions of Sjögren syndrome patients, whereas CXCL12 levels were 
increased in patients with MALT lymphoma.31,40 These chemokines 
orchestrate leukocyte microenvironmental homing and contribute to 
the formation of lymphoid structures. The expression pattern of “lym-
phoid” chemokine mRNA points further to the role of epithelial cells 
in the pathogenesis of Sjögren syndrome and offers new insight into 
the potential mechanisms that could be involved in leukocyte attrac-
tion and in the in-situ formation of secondary lymphoid tissue 
structures.

Almost all proinflammatory (IL-1α, IL-6, and TNF-α) and regula-
tory cytokines (IFN-γ, IL-4, IL-18, and TGF-β) are present in the 
affected salivary glands. Evaluation of IL-1α and IL-6 in labial salivary 
glands of Sjögren syndrome patients using oligonucleotide probes, in-
situ hybridization, and quantitative polymerase chain reaction demon-
strated that the mRNA of these cytokines is found in both the 
infiltrating lymphocytes and the epithelial cells. TNF-α is expressed in 
abundance in almost all salivary glands from Sjögren syndrome 
patients. Messenger RNA for IFN-γ is detected in the heavily infiltrated 
salivary gland tissues and is expressed together with transforming 
growth factor (TGF)-β, an anti-inflammatory and immunosuppressive 
cytokine. Accordingly, both IL-18 and IL-17 (T-helper 17 [Th17]) 
expressing cells are present in heavily infiltrated lesions and appear to 
play active role in their expansion and organization.41 IL-4, however, 
is detected in naive cells in the early lesion pointing out a probable 
shift of the cytokine profile along with the progress of the inflamma-
tion.42 Of interest, type I IFNs, namely IFN-α and IFN-β, as well as 
IFN-induced genes were lately found to be differentially expressed in 

the salivary glands of patients with Sjögren’s syndrome. The role of 
plasmacytoid dendritic cells in this production seems to be very 
important.43

Finally, BAFF, a B-cell activating factor that is important for auto-
antibody formation and survival of autoreactive cells, is found to be 
present in the lesions.44 In this regard, epithelial cells produce high 
levels of BAFF in response to viral infection through both TLR-depen-
dent and TLR-independent pathways linking innate immunity to auto-
immune responses.45

All the just presented data clearly suggest an in-situ immune 
response in the exocrine glands of Sjögren syndrome patients, with the 
epithelial cell playing the role of an antigen-presenting cell. As a con-
sequence, T cells are attracted and become activated. Cytokines pro-
duced by both cell compartments are responsible for inflammatory 
perpetuation and the stimulation of B lymphocytes.

MANAGEMENT
Sjögren syndrome is a chronic disease with a wide clinical spectrum. 
Therefore, patients should be followed regularly for significant func-
tional deterioration, signs of disease complications, and significant 
changes in the course of the disease. Preventive treatment of sicca 
manifestations is essential.46

Treatment of xerostomia is difficult. No single method is consis-
tently effective, and most efforts are aimed only at palliation. Stimula-
tion of salivary flow by sugar-free highly flavored lozenges is rather 
helpful. In contrast, dry food, heavy smoking, and drugs with anticho-
linergic side effects, which further decrease salivary flow, should be 
avoided. Most patients carry water, sugarless lemon drops, or chewing 
gum. These must be sugar free because of the risk of rampant  
dental caries. Adequate oral hygiene after meals is a prerequisite for 
the prevention of dental disease. Topical treatment with stannous  
fluoride enhances dental mineralization and retards damage to tooth 
surfaces. In cases of rapidly progressive dental disease the fluoride  
can be applied directly to the teeth from plastic trays that are used at 
night.
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If the salivary hypofunction is severe, pilocarpine, 5 mg orally four 
times daily, may increase the salivary secretion. Pilocarpine stimulates 
salivary secretion in both normal individuals and patients with impaired 
salivary function. Pilocarpine is a cholinergic agonist that binds to 
muscarinic M3 receptors, resulting in contraction of smooth muscle. 
Salivary flow rate increases within 15 minutes of oral administration 
and is maintained for at least 4 hours.47 Side effects such as flushing 
and sweating are usually mild. Newer muscarinic agents, such as cev-
imeline, have been shown to increase the salivary flow. Cevimeline 
should be used with caution in patients with cardiovascular disease.

Randomized controlled trials have evaluated the therapeutic effect 
of pilocarpine and cevimeline in the dry eye of patients with Sjögren 
syndrome; 10 mg of pilocarpine daily for 12 weeks had a beneficial 
effect on subjective eye symptoms. In addition, an improvement of rose 
bengal staining was noted but an increase in tear production, as mea-
sured by the Schirmer test, was not substantiated. Sixty patients were 
randomly assigned to three groups—placebo; cevimeline, 20 mg three 
times daily; or cevimeline, 30 mg three times daily—and received treat-
ment for 4 weeks. Compared with the placebo group, statistically 
significant differences were seen with cevimeline, 20 mg three times 
daily, in subjective symptoms, tear dynamics, condition of the  
corneoconjunctival epithelium, and global improvement rating. No 
difference was found among the three groups regarding the safe use of 
the drug.48

One study evaluated the safety and efficacy of human IFN-α for 
treatment of dry mouth symptoms. A total of 497 subjects with primary 
Sjögren syndrome received 150 international units of human IFN-α or 
matching placebo three times per day for 24 weeks by the oromucosal 
route. Patients given IFN-α had a significantly greater mean increase 
in unstimulated whole saliva flow, compared with subjects given 
placebo. In IFN-α patients, increases in unstimulated whole saliva flow 
correlated positively and significantly with improvements noted in 
seven of eight symptoms associated with oral and ocular dryness. Sig-
nificant adverse events in the group treated with IFN-α were not 
observed.46

Dry eyes should be lubricated with artificial tears as often as neces-
sary. A variety of preparations are commercially available, differing 
primarily in viscosity and preservative content. The thicker, more 
viscous drops require less frequent application, although they can cause 
blurring and leave residue on the lashes. Less viscous drops require 
more frequent application. Patients usually test several different prepa-
rations to determine which one is most suitable for their own indi-
vidual needs. The use of bicarbonate-buffered electrolyte solutions, 
which mimic the electrolyte composition of human tears, has shown 
promising results. Soft contact lenses may help to protect the cornea, 
especially in the presence of keratitis filamentosa. However, the lenses 
themselves require wetting and the patients must be followed very 

carefully because of an increased risk of infection. Avoidance of windy 
and/or low-humidity indoor and outdoor environments is helpful. Cig-
arette smoking and drugs with anticholinergic side effects, such as 
phenothiazines, tricyclic antidepressants, antispasmodics, and antipar-
kinsonian agents, should be avoided whenever possible. Local stimula-
tors for tear secretion include a cyclic adenosine monophosphate 
(cAMP) derivative, 3-isobutyl-1-methyl-xanthine, which can be admin-
istered as eye drops. Local administration of cyclosporine, 2% in olive 
oil solution, has been shown to be relatively effective in a placebo-
controlled clinical trial. The concomitant use of artificial tears allevi-
ates possible local irritation due to cyclosporine use. In severely dry 
eyes punctal cauterization should be used. Lateral tarsorrhaphy is 
indicated to reduce the ocular surface in a case of severe dryness. When 
corneal perforation occurs, transplantation is recommended.

Vaginal dryness is treated with lubricant jellies and dry skin is 
treated with moisturizing lotions.

Two randomized controlled trials with the anti–TNF-α agents inf-
liximab and etanercept in doses of 5 mg/kg and 50 mg/wk, respectively, 
failed to demonstrate a statistically significant efficacy in regard to sicca 
manifestations, joint pain, and fatigue in patients with Sjögren’s 
syndrome.49

Hydroxychloroquine, 200 mg/day, can be effective in a subgroup of 
patients complaining of arthralgias and myalgias, but in cases of long-
standing therapy frequent ophthalmologic examination should be per-
formed to prevent retinal damage.46

Systemic corticosteroids (0.5 to 1.0 mg/kg/day of prednisone) and 
immunosuppressive drugs such as cyclophosphamide are used for 
severe extraglandular disease, including diffuse interstitial pneumoni-
tis, glomerulonephritis, vasculitis, and peripheral neuropathy. The 
impact of these agents on the natural course of Sjögren syndrome is 
not well established.49 Treatment of lymphoma depends on the histo-
logic type, the location, and the extension. A recent open study in 
patients with Sjögren syndrome and high-grade lymphoma has shown 
that combination therapy with cyclophosphamide/doxorubicin/vincris-
tine/prednisone (CHOP) and rituximab (a monoclonal anti-CD20 anti-
body, depleting B cells) is safe and effective.50

Future strategies for therapeutic intervention include the use of 
biologic agents such as rituximab in Sjögren syndrome patients with 
severe systemic complications. A few studies have given promising 
results; however, more data from randomized controlled trials are 
needed to draw accurate conclusions. Epratuzumab targets CD22 on 
B cells and regulates their function and survival. This anti-CD22 anti-
body is under evaluation both in SLE and Sjögren syndrome. Random-
ized, placebo-controlled clinical studies are needed before these 
antibodies are generally advised for Sjögren syndrome therapy. Finally, 
BAFF antagonists such as belimumab have been developed and will be 
tried in the near future.49
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now  generally  accepted  that  aPL  antibodies  are  the  most  frequent 
acquired  risk  factor  for  a  treatable  cause  of  recurrent  pregnancy  loss 
and for pregnancy complications (early and severe preeclampsia).

Although many researchers took an early interest in the syndrome, 
consensus classification criteria  to assist patient  inclusion  in clinical 
studies were lacking until recently. It was not until 1999 that an inter-
national consensus meeting formulated the first classification criteria 
(the “Sapporo criteria”) for patients with the APS, contributing greatly 
to  the value of experimental data obtained  from population studies.8 
Since then, these criteria have been updated in 2004 at another inter-
national consensus meeting.1 According to the original 1999 criteria, 
definite  diagnosis  of  APS  requires  the  presence  of  one  of  two  major 
clinical manifestations of APS (pregnancy loss or thrombosis) together 
with positivity in one of the two major laboratory tests (aCL or LAC) 
on at least two occasions. Initially, the 1999 Sapporo criteria did not 
include other tests frequently used in APS such as anti-β2-glycoprotein 
I (anti-β2-GPI). Subsequently, and during a preconference workshop at 
the  11th  International  Congress  on  Antiphospholipid  Antibodies  in 
November 2004  in Sydney, Australia,  it was decided by general  con-
sensus that the detection of anti-β2-GPI should be added to the 1999 
Sapporo classification criteria1 (Box 135.1).

EPIDEMIOLOGY
A full understanding of the epidemiology of APS awaits more universal 
agreement about criteria for diagnosis. Its prevalence is unknown. The 
apparent female predominance may be due to the fact that recurrent 
pregnancy  loss  is  a  prominent  feature  of  the  disorder  and  that  early 
series  were  often  confined  to  patients  with  SLE.  Although  there  are 
several examples of  family members having positive aCL tests,  there 
are few reports of the full syndrome occurring in more than one family 
member.

In studying the epidemiology of APS, a distinction must be made 
between  patients  who  have  positive  aCL  tests  alone  and  those  with 
positive  tests  and  clinical  manifestations.  Positive  tests  have  been 
detected in patients with SLE, rheumatoid arthritis  (RA), and related 
systemic autoimmune disorders, as well as in patients with a variety 
of  drug-induced,  infectious,  and  other  miscellaneous  disorders.8 
Patients with syphilis, acquired  immunodeficiency syndrome (AIDS), 
and other infectious disorders, as well as those with drug-induced aPL 
antibodies,  do  not  usually  have  clinical  features  of  APS.  In  other 
groups,  about 30% of patients with  the LAC and about 30%  to 50% 
with high or medium positive IgG aCL tests have clinical features of 
APS. Antibody isotype, level, and other undefined characteristics of aPL 
antibodies, as well as underlying disease, may all be determining fea-
tures in developing the clinical syndrome.9

CLINICAL FEATURES
Overview
A variety of abnormalities of the skin, cardiac valves, central nervous 
system (CNS), renal and other organ systems, as well as thrombocy-
topenia, have been described, but the frequency of their occurrence is 
uncertain. Many patients with APS have  clinical  and  laboratory  fea-
tures  found  in  other  autoimmune  diseases,  particularly  SLE  (such 

Antiphospholipid syndrome: 
overview of pathogenesis, diagnosis, 
and management
Munther A. Khamashta, Silvia Pierangeli, and E. Nigel Harris

 Antiphospholipid syndrome is a disorder of recurrent vascular 
thrombosis and/or pregnancy losses associated with persistently 
elevated levels of antiphospholipid-protein antibodies.

 Complications are primarily related to venous or arterial occlusion 
and recurrent pregnancy losses.

 Features of some autoimmune diseases, especially systemic lupus 
erythematosus, may coexist and even predominate.

 Anticoagulation is used to prevent recurrent thrombosis.
 Recurrent pregnancy loss may be prevented by treatment with 

subcutaneous heparin and low-dose aspirin during pregnancy.

ANTIPHOSPHOLIPID SYNDROME:  
DEFINITION AND HISTORY
Antiphospholipid  syndrome  (APS)  is  an  autoimmune  multisystemic 
disorder of recurrent thrombosis and/or pregnancy losses that is associ-
ated with the presence of antiphospholipid (aPL) antibodies. aPL anti-
bodies  are  a  heterogenous  group  of  autoantibodies  directed  against 
anionic phospholipids (PL) or protein-PL complexes, measured in solid-
phase  immunoassays  such  as  anticardiolipin  (aCL)  or  as  an  activity 
(functional assays) that prolongs PL-dependent coagulation assays, the 
so-called lupus anticoagulants (LACs).1

Although the relation between thrombosis and the presence of these 
antibodies in systemic lupus erythematosus (SLE) patients was already 
noticed  in 1963,  it was not until 1980  that  the association between 
LAC and thrombosis was widely recognized.2 The association of LAC 
with false-positive syphilis tests led to the development of a quantita-
tive  immunoassay  for  aCL  and  the  establishment  of  the  association 
between thrombosis and aCL antibodies.3 Thereafter, patients present-
ing with  thrombosis and/or pregnancy  loss  in combination with per-
sistently positive aCL antibodies and/or circulating LAC were deemed 
to  have  the  new  diagnosis  of  the  “anticardiolipin  syndrome,”  which 
then became named the APS. Although initially described in patients 
with SLE, APS was soon recognized to also occur in patients without 
underlying autoimmune disease. APS was then classified as “second-
ary” (SAPS) in the presence of SLE and “primary” (PAPS) in the absence 
of SLE or other autoimmune disorders.4

PAPS  is  the  most  common  cause  of  acquired  thrombophilia  and 
accounts for 15% to 20% of all episodes of deep vein thrombosis with 
or without pulmonary embolism, one  third of new strokes occurring 
in patients younger than the age of 50, and 10% to 15% of women with 
recurrent fetal loss.5 It has been estimated that 2% to 5% of the general 
population have experienced an episode of deep vein thrombosis, sug-
gesting that the prevalence of venous thrombosis associated with PAPS 
may  be  as  high  as  0.3%  to  1%  of  the  general  population.5  APS  also 
accounts  for  a  significant  proportion of  thromboembolic  disease  and 
recurrent  fetal  loss  in patients with SLE.6 aPL antibodies are present 
in 30% to 40% of SLE patients, and approximately one third of those 
with antibodies, or 10% to 15% of all SLE patients, have clinical mani-
festations of APS.7 Besides the well-known association with a throm-
bophilic  state,  aPL  antibodies  have  been  also  related  to  recurrent 
pregnancy loss and obstetric complications such as preeclampsia. It is 
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Arterial thrombosis
The arterial circulation is also subject to thrombosis. Stroke and tran-
sient ischemic attacks, usually secondary to thrombosis of intracerebral 
arteries,  are most  frequently  reported  (Fig.  135.2). However,  cerebral 
infarction may be silent and when multiple events occur (Fig. 135.3) 
patients may first present with symptoms such as seizure or dementia 
secondary  to  extensive  cerebral  damage.  Because  emboli  from  heart 
valve vegetations may be responsible for cerebral infarction, it is advis-
able  to  perform  echocardiograms  on  patients  with  APS  who  present 
with transient ischemic attacks or stroke.

Superficial veins

Hepatic and
hepatic portal vein

Cerebral venous
sinus

Renal vein

Deep vein

Pulmonary veins

Inferior vena cava

REPORTED SITES OF VENOUS THROMBOSIS IN PATIENTS WITH APS

Fig. 135.1 Reported sites of venous thrombosis in patients with 
antiphospholipid syndrome. The deep and superficial veins of the legs are the 
most frequently reported sites of thrombosis.

Cerebral arteries

Coronary arteries

Mesenteric artery

Brachial artery

Retinal artery

Arteries to extremities

REPORTED SITES OF ARTERIAL THROMBOSIS IN PATIENTS WITH APS

Fig. 135.2 Reported sites of arterial thrombosis in patients with 
antiphospholipid syndrome. The intracranial arteries are the most frequently 
reported sites of thrombosis, resulting in stroke and transient ischemic attacks. 
Myocardial infarction, gangrene of fingers and toes, and bowel infarction have 
all been described and are presumed to be secondary to thrombotic occlusion 
of arteries supplying these sites. In some instances, occlusion of intracranial 
arteries may be secondary to emboli from heart valve vegetations.

BOX 135.1 PRELIMINARY CRITERIA FOR CLASSIFICATION OF THE 
ANTIPHOSPHOLIPID SYNDROME

Clinical criteria
Vascular thrombosis
One or more clinical events of arterial, venous, or little vessel thrombosis in 
any tissue or organ. Thrombosis must be confirmed by imaging, Doppler, or 
histopathology, with the exception of superficial venous thrombosis. The 
histopathology study does not have to demonstrate significant evidence of 
inflammation of the blood vessel.
Pregnancy morbidity
 One or more unexplained deaths of morphologically normal fetuses, at 10 

or more weeks of gestation, with a normal fetal morphology confirmed by 
ultrasound or direct examination of the fetus.

 One or more newborn premature losses of morphologically normal to 34 
weeks of gestation or before, due to:
– Severe preeclampsia or eclampsia defined according to definitions 

standards or
– Recognized placental insufficiency

 Three or more consecutive spontaneous abortions without explanation 
before 10 weeks of gestation, excluding hormonal or anatomic alterations 
from the mother or chromosomic alterations of both parents.

Laboratory criteria
The presence of at least one of these tests:
 LAC in the plasma, in two or more separate occasions in a period of 12 

weeks, detected according to the guidelines of the International Society of 
Thrombosis and Haemostasis (scientific subcommittee on lupus 
anticoagulant/phospholipids dependent antibodies).

 IgG or IgM or aCL Abs in plasma or serum, in medium-high titers (>40 GPL 
or MPL units, respectively), in two or more separate occasions in a period 
of 12 weeks, measured by standardized ELISA.

 IgG or IgM or anti-β2GPI antibodies present in the serum or plasma (in titer 
above the 99th percentile), present on two or more separate occasions in a 
period of 12 weeks, measured by standardized ELISA, according to 
recommended procedures.

patients are defined as having “secondary” APS [SAPS] to distinguish 
them  from  patients  with  features  of  APS  alone  (“primary”  APS  or 
PAPS). However, the clinical and laboratory features of APS appear to 
be  the  same  in  either  circumstance.10,11  Some  patients  who  present 
with features of APS alone later develop features typical of SLE.12 Con-
versely, patients with SLE may develop APS some time after the onset 
of SLE. Clinically, it is important to determine whether a given patient 
with APS has features of another autoimmune disorder because com-
plications such as  thrombosis or pregnancy  losses may be caused by 
factors other  than those related to APS. For example, pregnancy  loss 
in patients with SLE may be related to underlying renal disease, severe 
systemic disease in the mother, or congenital heart block in the fetus. 
Similarly, thrombosis may result from a hypercoagulable state induced 
by the nephrotic syndrome associated with SLE.

Many features of APS are directly related to thrombosis, which may 
affect large, medium, or small vessels. Other features including throm-
bocytopenia,  Coombs-positive  hemolytic  anemia,  abnormalities  of 
cardiac  valves,  non-thrombotic  skin  lesions,  and  a  variety  of  non-
thrombotic CNS abnormalities are less clearly associated with a spe-
cific pathophysiologic mechanism. Whether these features are directly 
related  to  the disorder or  are part of  an associated  systemic autoim-
mune disorder such as SLE is uncertain.

Venous thrombosis
All  sites  in  the  vascular  tree  may  be  subject  to  thrombosis.  Large, 
medium, and small vessels are affected. In the venous circulation the 
deep and superficial veins of the leg are the most frequently reported 
sites of thrombosis (Fig. 135.1). Some of these patients have pulmonary 
emboli. Reports of pulmonary hypertension caused by either recurrent 
pulmonary emboli or in situ thrombosis are rare. Other reported sites 
of  venous  thrombosis  include  the  pelvic,  renal,  mesenteric,  portal, 
hepatic, axillary, and sagittal veins, as well as the inferior vena cava. 
Venous events usually occur at single sites and these can recur at the 
same or different sites, months or years apart.
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myelopathy, chorea, Guillain-Barré syndrome, psychosis, and migraine 
headaches.13 These complications may result from interaction between 
aPL and nervous tissue or from immune complex deposition in cerebral 
or spinal cord vessels. Seizures are also reportedly associated with APS, 
but it would be important to exclude cerebral infarction as a cause.

Cardiac valve abnormalities
Cardiac  valvular  abnormalities  (e.g.,  Libman-Sacks  endocarditis)  are 
observed  with  Doppler  echocardiography  in  up  to  30%  to  50%  of 
patients with APS.16 Valvular thickening is most common, but valvular 
vegetations, stenosis, and regurgitation may be present. Any of the four 
heart valves may be affected, but mitral involvement is most frequent, 
followed by  the aortic valve. Tricuspid and pulmonary valve  involve-
ment is uncommon. Mitral regurgitation is the most frequent hemo-
dynamic abnormality,  reported  in some series  to occur  in up to 25% 
of patients, followed by aortic regurgitation, which may be present in 
6%  to 10% of patients. Mitral  or  aortic  regurgitation  is  rarely  severe 
enough to cause symptoms, and requirement for valve replacement is 
distinctly uncommon. The valvular abnormalities of APS are different 
from those seen in rheumatic heart disease. In APS valvular thickening 
is diffuse, whereas in rheumatic heart disease thickening is more local-
ized, present at leaflet tips and often associated with thickening, fusion, 
and calcification of the chordae tendineae.

The  pathogenesis  of  associated  valvular  abnormalities  (APSs)  is 
unclear. Valvular abnormalities are often indistinguishable from those 
present in patients with SLE who do not have aPL antibodies. Hence 
these lesions could conceivably be caused by antibodies other than aPL 
antibodies that may exist in both APS and SLE. Alternatively, circulat-
ing autoantibody-antigen complexes might deposit on cardiac valves, 
resulting in activation of complement, inflammation, and heart valve 
damage. A final possibility is that autoantibodies (aPL or antiendothe-
lial) may interact with valvular antigens directly, resulting in superficial 
thrombosis,  subendocardial  mononuclear  cell  infiltrations,  and 
fibrosis.

Skin
The occurrence of leg ulcers was noted in an early description of the 
APS. Other skin manifestations reportedly associated with APS include 
livedo reticularis, leg ulcers, cutaneous necrosis, gangrene of the digits 
or  extremities,  thrombophlebitis,  necrotizing  purpura,  and  nail  fold 
infarcts.17 These lesions are reported more frequently in dermatologic 
series and none is specific to APS. Thrombophlebitis, cutaneous gan-
grene,  gangrene  of  the  extremities,  and  nail  fold  infarcts  are  usually 
consequences of thrombosis of small arteries. Livedo reticularis is the 
most frequently reported skin manifestation of APS but its pathogen-
esis  is  uncertain.  Livedo  may  occur  in  a  variety  of  other  disorders 
including connective tissue diseases, vasculitides, multiple cholesterol 
emboli  syndrome,  sepsis,  hyperoxaluria,  and  Sneddon  syndrome  
(where  it  is  associated  with  stroke),  and  it  may  occur  in  normal 
individuals.18

Other arterial sites including retinal, coronary, brachial, mesenteric, 
renal arterioles, and peripheral arteries are also subject to thrombosis. 
The clinical presentation depends on the anatomic site occluded. As 
with  venous  thrombosis,  arterial  events  usually  occur  at  single  sites 
and can recur months or years  later. There should be a high  level of 
suspicion  in  patients  who  are  young  and  have  no  risk  factors  for 
atherosclerosis.

Pregnancy complications
Pregnancy  losses,  fetal  distress,  and  premature  births  are  frequent 
complications in women with APS. Fetal complications may occur at 
any stage of gestation, although most reports emphasize problems in 
the  third  trimester.  Thrombotic  occlusion  of  placental  vessels  and 
placental infarction are frequently reported. In some instances, however, 
the  extent  of  placental  damage  does  not  appear  to  be  sufficient  to 
account  for  the  degree  of  fetal  distress.  The  aborted  fetus  usually 
appears normal. Although some babies born to mothers with APS may 
have  positive  aCL  tests,  complications  in  neonates  because  of  these 
antibodies are unusual.

Early impressions suggested that pregnancy losses occurred in up to 
85% of females with the LAC, but subsequent investigators have revised 
these estimates downward, especially for a first pregnancy. Pregnancy 
losses occur  in more than 50% of women with high or medium IgG 
aCL tests and are more likely in women with a history of at least one 
fetal death. Low-positive IgG aCL and IgM- or IgA-positive tests seem 
to be less frequently associated with pregnancy complications.

Nervous system abnormalities
Stroke  and  transient  ischemic  attacks  (TIAs)  are  the  most  frequent 
neurologic complications of APS.13 They are also the most frequently 
reported presentation of arterial thrombosis in APS. Angiograms typi-
cally demonstrate thrombotic occlusion of intracranial branch or trunk 
vessels, but in one third of cases these studies may be normal. In some 
cases, emboli from cardiac valvular vegetations may account for stroke 
or TIAs and echocardiograms are appropriate, particularly where there 
is no evidence of large vessel occlusion. Without anticoagulant therapy 
strokes may recur and patients occasionally present with multi-infarct 
dementia.

Cerebral venous sinus thrombosis has occasionally been reported in 
patients  with  APS.  Other  causes  such  as  factor  V  Leiden  deficiency 
resulting in activated protein C resistance should be excluded.

Ocular ischemic events including anterior ischemic optic neuropa-
thy, central  retinal artery occlusion, cilioretinal artery occlusion, and 
amaurosis  fugax,  as  well  as  occlusion  of  retinal  veins,14  can  occur. 
Sensorineural  hearing  loss,  presenting  as  sudden  deafness,  has  also 
been reported in this disorder.15 The latter  is presumably due to vas-
cular thrombosis, and anticoagulant therapy would be an appropriate 
treatment choice.

Many  other  neurologic  abnormalities  have  been  reported  in  APS, 
but these are not clearly linked to thrombosis. They include transverse 

a b

Fig. 135.3 (a, b) Demonstration by magnetic 
resonance imaging of biparietal infarctions in a 
26-year-old woman with antiphospholipid 
syndrome. This woman also had a right frontal lobe 
infarct, which is not shown here. She had no risk 
factors for thrombosis other than the lupus 
anticoagulant and high positive IgG anticardiolipin 
antibodies. Her first pregnancy ended in intrauterine 
fetal death at 24 weeks’ gestation.
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LABORATORY DIAGNOSIS
Serologic assays used in the diagnosis of 
antiphospholipid syndrome
aCL test: characteristics and standardization
The aCL test was originally described in 1983 as a radioimmunoassay 
and was  subsequently modified and standardized.3 The aCL assay  is 
simple  and  sensitive  and  provides  helpful  information  to  aid  in  the 
diagnosis of APS. In addition, a positive aCL test is important in the 
diagnosis of APS, particularly because clinical features of the disorder 
can occur in many other disorders including hereditary thrombophilias. 
Although an isolated positive result in the absence of clinical manifes-
tations (e.g., thrombosis, fetal loss) does not support a diagnosis of the 
syndrome,1,8 a positive result in the presence of these clinical manifes-
tations does support a diagnosis of APS.

The importance of aCL titers has also been addressed. On the basis 
of work done by several groups, thrombosis, recurrent  fetal  loss, and 
thrombocytopenia appear to occur more frequently as the level of aCL 
increases. An aCL titer of greater than 35 to 40 GPL units has been 
associated with an increased risk of thrombosis. In addition, the IgG 
isotype appears to be more closely associated with clinical manifesta-
tions than either the IgM or IgA isotypes.9,24,25

More specific serologic assays for antiphospholipid syndrome
Although  a  sensitive  test,  aCL  enzyme-linked  immunosorbent  assay 
(ELISA) tests are positive in a variety of disorders including connective 
tissue  diseases;  infectious  disorders  (including,  but  not  limited  to, 
syphilis, Lyme disease, Q fever, hepatitis C, tuberculosis, leprosy, and 
human immunodeficiency virus); and some drug-induced disorders.8

Current  studies  show  that  β2-GPI,  particularly  when  coated  on 
oxidized  or  “high-binding”  polystyrene  ELISA  plates,  is  a  relatively 
specific antigen for autoantibodies present in APS patients.26 Anti-β2-
GPI positivity has been reported to be associated primarily with throm-
bosis  in  patients  with  APS,  but  other  studies  have  shown  these 
antibodies in patients with pregnancy loss and other manifestations of 
APS.27,28 A meta-analysis by Galli and colleagues29 addressed the value 
of anti-β2-GPI test as a risk factor for thrombosis. The report included 
many retrospective studies but also a few case-control studies and one 
single cross-sectional study. As pointed out by the authors, the inher-
ent  limitations of such analysis did not allow firm conclusions to be 
drawn on the value of anti-β2-GPI testing. Indeed, the studies included 
in  the  analysis  were  not  selected  on  the  basis  of  their  laboratory 
methods  and no  rating of  the quality  of  the  studies was done. With 
these limitations in mind, the results suggested that IgG anti-β2-GPI 
is  associated  with  thrombosis,  and  this  association  was  particularly 
high in SLE patients. However, among the 10 studies that included a 
multivariate analysis, only two found IgG anti-β2-GPI antibodies as an 
independent risk factor. The role of anti-β2-GPI in arterial thrombosis 
remains to be established because prospective studies investigating this 
relationship in a general population are lacking. Furthermore, studies 
from several laboratories suggest that the sensitivity of the anti-β2-GPI 
test for APS varies from 40% to 90%.29 Hence the clinical value of the 

Leg  ulcers  can  be  multiple  and  focal,  painful,  sharply  marginated 
with a necrotic center or base, and non-inflammatory. They may form 
a  white  atrophic  scar  on  healing.  These  ulcers  tend  to  occur  in  the 
pretibial  area  and  ankle.  Some  patients  have  single  large  ulcers  that 
may resemble pyoderma gangrenosum. The latter should also be dis-
tinguished from postphlebitic ulcers, which can occur in patients who 
have had multiple episodes of deep vein thrombosis in the same leg, 
resulting  in  chronic  edema,  characteristic  skin  changes,  skin  break-
down, and ulceration.

Thrombocytopenia/hemolytic anemia
Thrombocytopenia is a well-recognized feature of APS.19 Platelet levels 
fluctuate, usually in the range of 100 to 150 × 109/L, but are seldom low 
enough to be associated with hemorrhage (<50 × 109/L). Thrombocyto-
penia may occur in several disorders that have features similar to APS 
including  SLE;  thrombotic  thrombocytopenic  purpura  (TTP);  diffuse 
intravascular coagulation  (DIC); HELLP syndrome (a disorder  in  late 
pregnancy  characterized  by  hemolysis,  elevated  liver  enzymes,  low 
platelet counts, and severe pre-eclampsia); and heparin-induced throm-
bocytopenia (which, paradoxically, can be complicated by thrombosis).

The  pathogenesis  of  thrombocytopenia  in  APS  is  unclear.  Hypo-
theses  include binding of aPL antibodies to platelet membrane phos-
pholipids, β2-GPI/phospholipid complexes, or coexisting antibodies to 
platelet membrane glycoproteins. Demonstration that aPL antibodies 
can activate platelets in the presence of low levels of thrombin or ADP 
gives credence to the possibility of aPL binding to platelet membranes, 
which may result in increased platelet uptake and destruction by the 
reticuloendothelial system.

About 10%  to 20% of patients with APS have a positive Coombs 
test, but hemolytic anemia is relatively uncommon. The simultaneous 
occurrence of hemolytic anemia and thrombocytopenia, referred to as 
Evans syndrome,  is a  rare occurrence  in series of patients with APS. 
Coombs-positive  tests  and  hemolytic  anemia  may  result  from  aPL 
antibodies  binding  β2-GPI/phospholipid  complexes  on  red  cell  mem-
branes or might result from the coexistence of antibodies to proteins 
in red cell membranes.

Renal manifestations
Renal involvement in APS was first described in 1992.20 Thrombotic 
microangiopathy  is  the most characteristic finding  in APS nephropa-
thy,  albeit  not  exclusive  of  this  syndrome.  However,  fibrous  intimal 
hyperplasia,  focal  cortical  atrophy,  and  arterial  occlusions  have  also 
been described.21

Hypertension with proteinuria (often subnephrotic) and renal insuf-
ficiency is a typical presentation of APS nephropathy.20,21 Renal artery 
stenosis can also present as refractory hypertension.22

Catastrophic antiphospholipid syndrome
Catastrophic  antiphospholipid  syndrome  (CAPS)  is  characterized  by 
thrombosis  at  multiple  organ  sites  occurring  concurrently  or  over  a 
short  period  of  time  in  association  with  positive  aCL  or  LAC  tests. 
Ischemia  of  the  kidneys,  bowels,  lungs,  heart,  and/or  brain  is  most 
frequent,  but  rarely  adrenal,  testicular,  splenic,  pancreatic,  or  skin 
involvement  has  been  described.  Occlusion  of  small  vessels  (throm-
botic microangiopathy) is characteristic, resulting in symptoms related 
to  dysfunction  of  the  affected  organs.23  Depending  on  the  organs 
involved,  patients  may  present  with  hypertension  and  renal  impair-
ment,  acute  respiratory  distress  syndrome,  alveolar  hemorrhage  and 
capillaritis, confusion and disorientation, or abdominal pain and dis-
tention secondary to bowel infarction.

CAPS must be distinguished from TTP or DIC (Table 135.1). TTP 
is characterized by the presence of microangiopathic hemolytic anemia 
with schistocytes in the peripheral smear; consumptive thrombocyto-
penia, which can be complicated by hemorrhage; fluctuating neurologic 
symptoms; fever; and microscopic hematuria/proteinuria, occasionally 
with renal impairment. DIC is a consumptive coagulopathy character-
ized by prolonged coagulation  tests,  increased fibrinogen degradation 
products, hypofibrinogenemia, thrombocytopenia, and schistocytes on 
peripheral smear.

TABLE 135.1 DIFFERENTIAL DIAGNOSIS OF CATASTROPHIC 
ANTIPHOSPHOLIPID SYNDROME

Laboratory abnormalities CAPS TTP DIC

Microangiopathic hemolytic anemia − + +

Thrombocytopenia + + +

Fibrinogen/FDP Normal/ Normal/ Decreased/

Normal Increased Increased

Anticardiolipin antibody + − −

Lupus anticoagulant + − −

CAPS, catastrophic antiphospholipid syndrome; DIC, diffuse intravascular coagulation; FDP, 
fibrinogen degradation products; TTP, thrombotic thrombocytopenic purpura.
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LAC  tests  are  specific  for  PLs,  PL-binding  proteins,  or  a  complex  of 
these molecules, the two tests (aCL and LAC) do not necessarily iden-
tify the same antibodies.36

The demonstration of LAC in patients with thrombosis has conse-
quences for (prophylactic) treatment. To make a diagnosis of LAC, one 
needs an adequate test sample, sensitive screening tests, procedures to 
rule out deficiencies or inhibitors of coagulation factors, and procedures 
that  show  PL  dependency  of  the  coagulation  abnormality.  Over  the 
years, guidelines and criteria  for the detection of LAC have been for-
mulated and recently revised.36,37

The LAC is less frequently positive in APS and is thus regarded as 
a less sensitive but more specific test for detection of aPL antibodies. 
This specificity derives  from the  fact  that  the LAC reaction  is  found 
much less frequently in non-APS disorders. Some experts now consider 
LAC  to  be  the  most  important  acquired  risk  factor  for  (recurrent) 
thrombosis  and  pregnancy  morbidity.  Furthermore,  although  the 
majority  of  the  patients  with  APS  had  positive  aCL  and  LAC  tests, 
approximately 10% to 16% of them are positive for LAC and negative 
for  aCL,  and  25%  are  positive  for  aCL  and  negative  for  LAC  (see  
Table 135.2)

MANAGEMENT
Management of thrombosis
Prevention of  thrombosis  is a major goal of  therapy  in patients with 
aPL, considering two different clinical scenarios: (1) patients with APS 
who  have  already  suffered  a  thrombotic  event  and  (2)  aPL  carriers 
without previous clotting—purely asymptomatic individuals, patients 
with SLE, or women with obstetric APS.

Secondary thromboprophylaxis
At present, antithrombotic  therapy, rather than immunosuppression, 
remains the main therapeutic approach to APS patients with throm-
bosis. The remaining two key questions are whether patients with APS 
should receive the same therapy as the general population with similar 
manifestations  and  whether  arterial  and  venous  events  should  be 
treated  in a different way. The answers are not  straightforward: Two 
systematic reviews published within the past years have given contra-
dictory views of this problem.38,39

With  the  current  state  of  knowledge,  we  recommend  indefinite 
anticoagulation at an international normalized ratio (INR) of 2.0 to 3.0 
for patients with APS presenting with first venous events. On the other 
hand, debate persists regarding those with arterial thromboses.40 It is 
our view that APS patients with arterial disease and/or recurrent events 
merit a more aggressive approach, which might include warfarin with 
a target INR of more than 3.0 or combined antithrombotic therapy.

We  acknowledge  that  evidence  supporting  this  recommendation 
comes from observational studies only. In addition, concomitant vas-
cular  risk  factors,  which  increase  the  likelihood  of  thrombosis  in 
patients with aPL,41,42 must be addressed. Patients with thrombosis and 
aPL not  fulfilling  laboratory criteria  for APS should be managed  in a 
way like the general population.39

Primary thromboprophylaxis
Retrospective  studies  suggest  that  patients  with  lupus  and  aPL  will 
develop thrombosis at an annual rate around 3% to 4%.43 Also, between 
3% and 7% of women with purely obstetric APS may suffer subsequent 
thromboses per year.43,44 On the other hand, the actual risk in healthy 
asymptomatic carriers of aPL is probably lower.

A  recent  randomized  trial  has  shown  no  difference  in  treating 
asymptomatic  aPL  carriers  with  low-dose  aspirin  versus  placebo.45 
However,  the  rate  of  thrombosis  in  patients  given  placebo  was  zero, 
which rendered this study underpowered to detect a beneficial effect of 
aspirin. Such a low risk of events could be explained by the exclusion 
of women with obstetric APS, the short follow-up, the good control of 
vascular  risk  factors,  and  the  immunologic  profile  of  most  patients, 
which included IgA aCL and a non-specified number of LAC-positive 
individuals.

In contrast, observational studies have consistently found a protec-
tive effect of aspirin  in asymptomatic aPL carriers with SLE46 and  in 
women with obstetric APS.44

anti-β2-GPI ELISA as an independent risk factor for thrombosis is still 
uncertain.

The issue of the standardization of the anti-β2-GPI ELISA test has 
also  been  the  subject  of  considerable  debate,  but  progress  has  been 
made in the past few years.10

Assays  that  use  a  phosphatidylserine  or  other  negatively  charged 
phospholipids have been proposed as providing more specific measure-
ments  of  antibodies  present  in  APS.30,31  A  number  of  laboratories 
include  in  their  test  panel  assays  that  detect  antibodies  directed  to 
other negatively charged PLs such as phosphatidylserine, phosphatidic 
acid, phosphatidylinositol, or phosphatidylglycerol. Some reports have 
indicated that APS patients may have antibodies directed against zwit-
terionic  phospholipids  (such  as  phosphatidylethanolamine)  or  posi-
tively  charged  PLs  such  as  phosphatidylcholine  (Table  135.2).  The 
value of these tests remains uncertain because no standardized proce-
dure has been established and calibrators are not available.

Serologic assays that detect antibodies to coagulation proteins in 
antiphospholipid syndrome
Finally, there have been an increasing number of reports from various 
centers using recently developed ELISA tests, suggesting that patients 
with APS have antibodies that bind proteins other than β2-GPI. These 
include  prothrombin  (PT),  protein  C,  protein  S,  and  annexins.32-34 
A  significant  percentage  of  anti-PT  antibodies  demonstrates  LAC  
activity.  Although  LAC  is  a  known  thrombosis  risk  factor,  currently 
available  data  are  inconclusive  regarding  anti-PT  antibodies  as  an  
independent risk factor for thrombosis.35

In summary, determination of the value of ELISA tests using protein 
antigens  other  than  β2-GPI  will  require  a  thorough  validation  and 
standardization of the technical procedures involved in manufacturing  
and  performing  the  tests,  and  their  diagnostic  values  remain  to  be 
established.

FUNCTIONAL ASSAYS USED IN THE DIAGNOSIS 
OF ANTIPHOSPHOLIPID SYNDROME
Lupus anticoagulant test
The LAC  test measures  the  ability  of  aPL  autoantibodies  to  prolong 
phospholipid-dependent  clotting  reactions.  A  positive  LAC  test  indi-
cates  the presence of  an  inhibitor  of  coagulation  that  does not  react 
directly  with  individual  coagulation  factors  but  rather  inhibits  PL-
dependent coagulation reactions, an effect that is not associated with 
bleeding complications.6 Although aPL antibodies detected in aCL and 

TABLE 135.2 ASSAYS USED TO CONFIRM DIAGNOSIS 
OF ANTIPHOSPHOLIPID SYNDROME

Assay Methodology

“Criteria” aPL assays

aCL ELISA

Anti-β2-GPI ELISA

LAC Clotting/
functional assays

“Non-criteria” aPL assays

Assays to detect antibodies to other phospholipids (i.e., 
phosphatidylserine, phosphatidylinositol, phosphatidic 
acid, phosphatidylglycerol, phosphatidylethanolamine, 
phosphatidylcholine)

ELISA

Annexin A5 resistance assay Clotting/
mechanistic assay

Assays to detect antibodies to prothrombin or 
prothrombin/phosphatidylserine

ELISA

Assays to detect antibodies to clotting proteins (i.e., 
protein C, protein S)

ELISA

aCL, anticardiolipin; ELISA, enzyme-linked immunosorbent assay; LAC, lupus anticoagulant.
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Recurrent early (pre-embryonic or  
embryonic) miscarriage
Three  randomized  trials  and  one  trial  with  consecutive  treatment 
assignment have addressed pregnancy in APS patients with predomi-
nantly  recurrent  early  miscarriage.  In  two  trials,  the  proportion  of 
successful  pregnancies  significantly  improved  adding  unfractionated 
heparin to low-dose aspirin. Two other randomized trials, both using 
low-molecular-weight heparin (LMWH), proved negative. It is notewor-
thy  that  the  heterogeneity  in  the  results  was  attributable  to  women 
receiving  aspirin  only.  Among  pregnancies  progressing  beyond  20 
weeks’ gestation, maternal and fetal-neonatal outcomes were relatively 
benign, with the frequencies of fetal death, pre-eclampsia, severe pla-
cental  insufficiency,  and  iatrogenic  preterm  birth  similar  to  those  of 
the general obstetric population.

In  spite  of  the  obvious  controversy  raised  by  these  trials,  a  2005 
Cochrane  systematic  review  concluded  that  women  with  recurrent 
miscarriage and APS should be treated with a combination of heparin 
5000 U  subcutaneously  twice  a  day  and  low-dose  aspirin.49  Recent 
expert  guidelines  recommend  the  combination of  aspirin with either 
low-dose heparin or LMWH.50 However, we believe that the option of 
monotherapy  with  aspirin  cannot  be  discarded  in  this  subgroup  of 
women.

Fetal death (>10 weeks’ gestation) or prior early 
delivery (<34 weeks’ gestation) due to severe 
pre-eclampsia or placental insufficiency
The optimal  treatment  for women  in  this category  is not defined by 
randomized  trials.  Most  experts  recommend  low-dose  aspirin  and 
either prophylactic or intermediate-dose heparin.48 The preponderance 
of  data  indicates  that  good  pregnancy  outcomes  are  achieved  with 
heparin  initiated  in  the  early  first  trimester  when  a  live  embryo  is 
discernable by ultrasound.

Antiphospholipid syndrome with thrombosis
For pregnant women with APS who have had a prior thrombotic event, 
low-dose aspirin and therapeutic-dose heparin or LMWH anticoagula-
tion  are  recommended.50  Vitamin  K  antagonists  are  teratogenic  and 
should be avoided between 6 and 9 weeks’ gestation. Due to the risk 
of fetal bleeding thereafter, the use of warfarin after 9 weeks’ gestation 
should only be undertaken in exceptional circumstances.

Postpartum period
Antithrombotic coverage of the postpartum period is recommended in 
all women with APS, with or without prior  thrombosis.50 The  latter 
would  need  long-term  anticoagulation,  and  we  prefer  switching  the 
patient to warfarin, as soon as she is clinically stable after delivery. In 
cases of no previous  thrombosis,  the  recommendation  is  for prophy-
lactic-dose heparin or LMWH therapy for 4 to 6 weeks after delivery. 
Both heparin and warfarin are safe for nursing mothers.

MANAGEMENT OF OTHER MANIFESTATIONS OF 
ANTIPHOSPHOLIPID SYNDROME
Thrombocytopenia is an accompanying problem in 30% of individuals 
with APS. Generally  it  is mild, but occasionally severe thrombocyto-
penia  occurs.  The  treatment  of  choice  is  corticosteroids.  Anecdotal 
reports  have  shown  that  low-dose  aspirin,  dapsone,  danazol,  chloro-
quine, IVIG, and warfarin have improved steroid-resistant thrombocy-
topenia.  Splenectomy  has  been  safely  and  successfully  performed  in 
some patients with APS and refractory thrombocytopenia.

Headache  is  a  common  feature  in  APS  and  usually  responds  to 
conventional treatment. In some patients with APS, headache has been 
reported  to  improve  remarkably  with  low-dose  aspirin  and  in  very 
resistant cases warfarin may be an alternative therapy.

A high prevalence of heart valve lesions exists in patients with aPL. 
In some cases valvular damage may result in significant hemodynamic 

Pending  availability  of  more  high-quality  data,  and  given  its  low 
potential for toxicity, we recommend low-dose aspirin (combined with 
hydroxychloroquine, see later) be considered as primary thrombopro-
phylaxis  in patients with SLE and LAC and/or a persistently positive 
aCL.  Women  with  obstetric  APS  are  also  candidates  for  long-term 
aspirin. Therapy of healthy aPL carriers should be individualized, con-
sidering treating those with persistent positivity of several aPL includ-
ing LAC. Other vascular risk factors should be aggressively sought and 
managed in all patients with aPL.

PREGNANCY MANAGEMENT
With  proper  management,  more  than  70%  of  pregnant  women  
with  APS  will  deliver  a  viable  healthy  infant.  Ideally,  preconception 
counseling  allows  the  physician  the  opportunity  to  understand  the 
specific  context  of  each  APS  patient  and  to  outline  the  risks  of  
pregnancy  and  treatment.  Pregnancy  should  be  discouraged  in  all 
women with pulmonary hypertension due to the high risk of maternal 
death  and  postponed  in  the  setting  of  uncontrolled  hypertension  or 
whenever  a  recent  thrombotic  event,  particularly  stroke,  has  taken 
place.

General care of pregnancy in women with 
antiphospholipid syndrome
A complete aPL profile including repeated aCL and LAC must be avail-
able before planning pregnancy. However, there is no need to regularly 
perform these tests during pregnancy because it has not been demon-
strated that subsequent negative results (following diagnostic, repeat-
edly  positive  tests)  eliminate  the  risk  of  complications.  Frequent 
prenatal  visits,  at  least  every  2  to  4  weeks  before  midgestation  and 
every 1 to 2 weeks thereafter, are recommended.

The objectives of prenatal care  in the second and third trimesters 
are  close  observation  for  maternal  hypertension,  proteinuria  and  
other features of pre-eclampsia, periodic patient evaluation and obstet-
ric ultrasound to assess  fetal growth and amniotic fluid volume, and 
appropriate  fetal  surveillance  testing.  The  latter  should  begin  at  32 
weeks’  gestation,  or  earlier  if  the  clinical  situation  is  suspicious  
for placental insufficiency, and continue at least weekly until delivery. 
Uterine  and  umbilical  artery  Doppler  evaluations  are  widely  used  
in Europe to assess the risk for pre-eclampsia, placental insufficiency, 
and  fetal  growth  restriction,  with  normal  examinations  having  
high  negative  predictive  values.47  Regular  and  coordinated  medical 
consultation  every  2  to  4  weeks,  especially  in  women  with  SLE,  is 
indicated.

Pharmacologic management of APS  
in pregnancy
The goals of treatment in pregnant women with APS are to improve 
maternal and fetal-neonatal outcomes by minimizing the risks of the 
recognized complications of APS including maternal thrombosis, fetal 
loss, pre-eclampsia, placental insufficiency and fetal growth restriction, 
and  the  need  for  iatrogenic  preterm  birth.48  Heparin  and  low-dose 
aspirin are widely considered the current treatments of choice for APS 
in pregnancy. Heparin  is usually  initiated  in  the  early first  trimester 
after ultrasonographic demonstration of a live embryo.

Preconceptional  aspirin  is  desirable  due  to  its  possible  beneficial 
effect  on  early  stages  of  implantation.  Early  enthusiasm  for  treating 
pregnant  women  with  APS  using  glucocorticoids  waned  in  the  early 
1990s  when  two  small,  randomized  trials  found  a  lack  of  benefit  of 
glucocorticoids. Also, randomized trials have demonstrated that either 
the  addition  of  intravenous  immunoglobulins  (IVIG)  to  heparin  or 
IVIG alone offers no better outcomes.48

APS patients without a prior thrombotic event may be categorized 
into  one  of  two  groups  for  the  purpose  of  treatment:  (1)  those  with 
recurrent early (pre-embryonic or embryonic) miscarriage and no other 
features of APS or (2) those with one or more prior fetal deaths (>10 
weeks’ gestation) or prior early delivery (<34 weeks’ gestation) due to 
severe pre-eclampsia or placental insufficiency. A third group of patients 
is  composed  of  those  with  a  history  of  thrombosis,  irrespective  of 
pregnancy history.
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those cells. Several studies have shown that monocytes isolated from 
patients  with  APS  exhibit  increased  expression  of  TF  mRNA  and 
antigen.  Enhanced  TF  expression  and  procoagulant  activity  were 
observed  in  monocytes  isolated  from  healthy  individuals  incubated 
with  serum, plasma,  and purified  total  IgG  from patients with APS, 
showing the causative role of autoantibodies of patients with APS in 
monocyte TF expression. In particular, anti-β2-GPI human monoclonal 
antibodies  derived  from  patients  with  APS  enhance  monocyte  TF 
mRNA and TF activity.52,53 Hence procoagulant cell activation, accom-
panied with TF expression, and TF pathway upregulation are the key 
events  considered  to  explain  the  pathophysiology  of  thrombosis  in 
patients  with  APS.  In  addition,  previous  studies  showed  elevated 
plasma levels of soluble TF in APS patients.54

Dilazep  hydrochloride  (Dilazep),  an  antiplatelet  agent,  inhibits  in 
vitro  aPL-induced  monocyte  and  endothelial  cell  TF  expression  at  a 
post-transcriptional level, probably by way of its effect as an adenosine 
uptake inhibitor because increased extracellular concentration of ade-
nosine inhibits TF expression.52 Other possibilities are the antiplatelet 
agent dipyridamole, an adenosine uptake  inhibitor  similar  to dilazep 
hydrochloride and pentoxifylline that inhibits lipopolysaccharide (LPS)-
induced monocyte TF expression. Also, angiotensin-converting enzyme 
inhibitors  such as  captopril have been  shown  to  significantly  inhibit 
LPS-induced  monocyte  TF  activity,  antigen  expression,  and  gene 
transcription.55

Statins are potent inhibitors of cholesterol synthesis in the mevalon-
ate pathway. In the general population, clinical trials of statin therapy 
have demonstrated beneficial effects in primary and secondary preven-
tion of coronary heart disease, as well as ischemic stroke. Pleiotropic 
effects of statins have been reported  including decreasing the expres-
sion  of  cell  adhesion  molecules  (CAMs)  in  monocytes  and  affecting 
leukocyte-endothelial interactions, downregulating inflammatory cyto-
kines in endothelial cells, or increasing fibrinolytic activity.56,57

Studies have suggested that fluvastatin has beneficial effects on aPL-
mediated pathogenic effects. First, one study showed that fluvastatin 
prevented the expression of CAMs and IL-6 in endothelial cells treated 
with aPL antibodies.58 Subsequently, Ferrara and colleagues59,60 showed 
that the thrombogenic and proinflammatory effects of aPL antibodies 
in vivo  and  in vitro  could  be  abrogated  by fluvastatin.  Subsequently, 
we examined whether treatment with fluvastatin has an effect on pro-
inflammatory and prothrombotic markers  in patients with aPL anti-
bodies. Proinflammatory markers were determined in the sera of nine 
patients diagnosed with APS (eight with primary [P] APS and one with 
concomitant SLE), before (baseline) and 30 days after daily treatment 
with 40 mg fluvastatin. After  30 days  of  treatment with fluvastatin, 
seven out of nine, three out of nine, and six out of nine patients showed 
a variable but significant decrease in the titers of VEGF, sTF, and TNF-
α.  These  findings  may  justify  the  use  of  VEGF,  sTF,  and  TNF-α  as 
biomarkers of  the disease and of fluvastatin  in the treatment of APS 
(Table 135.3).61 The use of statins in the management of patient with 
APS needs to be  further delineated  in well-designed mechanistic and 

compromise,  requiring  surgery.  Both  biologic  and  mechanical  valves 
have  been  implanted,  with  favorable  results.  Regardless  of  the  valve 
type  used,  all  patients  with  APS  and  valve  prostheses  require  full 
anticoagulation.

The outcome of  kidney  transplantation  in  patients with SLE  and 
end-stage  renal  failure  appears  to be  similar  to  that of  patients with 
renal  failure  from other causes. However,  the presence of aPL seems 
to  be  associated with  a  poorer  prognosis.51  Post-transplant  thrombo-
embolic phenomena, the recurrence of thrombotic microangiopathy in 
the  graft despite  anticoagulation,  and  thrombosis of  the  graft’s  renal 
vein have all been reported.

NEW TREATMENT FOR  
ANTIPHOSPHOLIPID SYNDROME
The treatment of thrombosis and prevention of recurrent thrombosis 
in APS have been focused on using antithrombotic medications. Recur-
rences, in spite of treatment, have been reported, and the use of oral 
anticoagulation at a relatively high INR for a long period of time has 
been associated with a high risk of bleeding, with the need for frequent 
monitoring and patient compliance with diet and lifestyle to optimize 
the  therapy. Moreover,  still  debated  is  the  approach  to patients with 
aPL antibodies without a previous thrombotic event. Some physicians 
would recommend prophylaxis with  low-dose aspirin, although there 
are no evidence-based data  supporting  that  low-dose aspirin alone  is 
sufficient for primary thrombosis prophylaxis.

Barriers to the development of new drugs for APS include the mul-
tifactorial  nature  of  thrombosis,  controversies  about  the  strength  of 
association between aPL antibodies and thrombotic events, and the fact 
that  the mechanisms of aPL-induced thrombosis are not well under-
stood. In the long-term management of APS patients, controlled studies 
with warfarin alternatives and the new anticoagulant agents (such as 
oral direct and  indirect  thrombin  inhibitors), as well as newer  thera-
peutic agents, are vital. However, it is possible that the current “anti-
thrombotic” approach to aPL-positive patients will be replaced by an 
“immunomodulatory” approach in the future as our understanding of 
the  mechanisms  of  aPL-mediated  thrombosis  grows.  Understanding 
the molecular mechanisms triggered by aPL antibodies and identifying 
biomarkers released as a consequence of cellular activation may help 
to  design  new  ways  to  treat  clinical  manifestations  in  APS  (see  
Table 135.2).

Inhibition of tissue factor upregulation in 
antiphospholipid syndrome
Tissue  factor  (TF)  upregulation  has  been  advocated  as  an  important 
mechanism to explain the prothrombotic effects of aPL antibodies. Our 
group  and  others  have  shown  upregulation  of  TF  expression  and  
function in endothelial cells and monocytes treated with aPL antibod-
ies  that  is  accompanied  by  an  increase  in  IL-6  and  IL-8  secreted  by 

TABLE 135.3 NEW TREATMENTS FOR ANTIPHOSPHOLIPID SYNDROME (APS)

Treatment Observed target effect Level of evidence References

Dilazep Inhibition of TF in monocytes In vitro experiments 52

Statins Downregulation of TF, inhibition of thrombosis induced by 
aPL antibodies

In vitro and in vivo experiments in mice
Pilot studies in APS patients

58-61

Hydroxychloroquine Inhibition of aPL-mediated thrombosis in mice
Inhibition of aPL-mediated enhancement of platelet activation
Inhibition of the aPL-mediated displacement of annexin A5 on 

phospholipid surfaces

In vitro and in vivo experiments in mice 64-69

Peptides that mimic regions of β2-GPI Block the binding of β-GPI/aPL to target cells In vitro and in vivo experiments in mice 62, 63

Complement inhibitors Inhibition of aPL-mediated pregnancy loss, thrombosis, and 
endothelial cell activation

In vitro and in vivo experiments in mice 70, 71

Rituximab Decrease in aPL antibody titers Case reports in APS and in SLE 72

aPL, antiphospholipid; GPI, glycoprotein I; SLE, systemic lupus erythematosus; TF, tissue factor.
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clinical evidence that HCQ might decrease the incidence of thrombosis 
in patients with SLE, both detailed mechanistic and controlled studies 
are necessary to determine the effectiveness of HCQ for primary and 
secondary thrombosis prevention in patients with APS. At this time, 
even though there are insufficient data to recommend HCQ for primary 
and secondary prevention, it might be reasonable to add HCQ to anti-
coagulation agents in APS patients who develop recurrent thrombosis 
despite optimum anticoagulation (see Table 135.3).

Targeting complement activation in APS
Complement activation has emerged as a common event in the patho-
genesis of many diseases; many of them are associated with endothelial 
activation due to the presence of complement receptors on endothelial 
cells. Recently, studies have demonstrated the involvement of C3, C5, 
and the membrane attack complex (MAC) in aPL-mediated thrombo-
sis,  endothelial  cell  activation,  and  fetal  loss  (in  mice).  Specifically, 
complement activation by aPL antibodies can contribute significantly 
to thrombosis by increasing TF expression in various cell types, specifi-
cally through C5 and MAC binding to specific receptors in endothelial 
cells  and  upregulation  of  TF.  Pierangeli  and  colleagues70,71  demon-
strated  that  inhibition  of  C5  activation  using  anti-C5  monoclonal 
antibodies  prevented  thrombophilia  induced  by  aPL  in  aPL-treated 
mice, suggesting that C5a-C5aR interactions are critical mediators of 
aPL antibody-induced pregnancy complications. It has been hypothe-
sized  that  pathogenic  aPL  antibodies  bind  to  target  cells  and  then 
activate complement cascade as a necessary intermediary step, generat-
ing potent mediators of platelet and endothelial cell activation includ-
ing C3, C5, and C5b-9 membrane attack complex. The complement 
system, in turn, damages the endothelial cells, leading to a procoagu-
lant  state  and  undesirable  thrombosis.  A  growing  body  of  evidence 
shows  that  this  pathway  acts  upstream  of  other  important  effector 
mechanisms in aPL-associated thrombosis, and it is possible to specu-
late that complement system could be a potential therapeutic target in 
patients with APS (see Table 135.3).

Rituximab in antiphospholipid syndrome?
Recently,  rituximab has  been  shown  to  be  a  good  treatment  for  life-
threatening CAPS in a small number of patients.72 Rituximab has been 
successfully used in case reports of patients with aPL and autoimmune-
mediated  thrombocytopenia  and  hemolytic  anemia.  A  systematic 
review of the off-label use of rituximab in APS revealed the higher rate 
of  therapeutic  response  in patients with APS  (92%),72 and  increasing 
case reports clearly suggest the need for clinical trials to evaluate the 
effect of rituximab in the treatment of resistant APS. Currently Erkan 
and colleagues are conducting a RITAPS open-label phase II trial using 
rituximab to study patients who are aPL positive and resistant to con-
ventional  anticoagulation.  This  trial  will  provide  systematic  data  on 
the clinical,  laboratory, and serologic parameters of rituximab-treated 
aPL-positive patient (see Table 135.3).
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clinical studies (see Table 135.3). Statins are teratogenic and therefore 
their use in pregnancy is contraindicated.

Blocking binding of aPL antibodies to target cells
β2-GPI, the main target recognized by aPL antibodies, binds to endo-
thelial cells and monocytes through its fifth domain. Then aPL/anti-
β2-GPI antibodies bind to domain I  (DI) of β2-GPI and on clustering 
and formation of complexes trigger cell activation. Hence blocking the 
binding of aPL antibodies or inhibiting the binding of β to target cells 
may  be  the  most  specific  approach  to  ameliorate  their  pathogenic 
effects  without  interrupting  any  important  physiologic  mechanism. 
Ostertag  and  colleagues62  demonstrated  that  TIFI,  a  20  amino-acid 
peptide that mimics the phospholipid-binding region in domain V of 
β2-GPI  significantly  decreased  thrombus  size  in  mice  injected  with 
IgG-APS by displacing the binding of β2-GPI to target cells. TIFI also 
inhibited—in a dose-dependent fashion—the binding of fluorescinated 
β2-GPI  to  endothelial  cells  and  murine  macrophages  in vitro.  In  a 
recent study, Ioannou and colleagues showed that soluble recombinant 
domain I of β2-GPI abrogates in a dose-dependent fashion the in vitro 
and in vivo effects of anti-β2-GPI antibodies, underscoring the possibil-
ity  of  using  decoy  peptides  that  are  part  of  β2-GPI  to  abrogate  the 
binding of pathogenic aPL antibodies  to  target cells  in  the  treatment 
of  patients  with  APS.  Human  studies  are  necessary  to  establish  the 
safety and efficacy of such treatment (see Table 135.3).63

Hydroxychloroquine
Hydroxychloroquine (HCQ) is an antimalarial drug; the precise mecha-
nism of its anti-inflammatory action is not known. Immunomodula-
tory effects of HCQ include increasing the pH of intracellular vacuoles 
and interfering with antigen processing and inhibiting T-cell receptor–
induced and B-cell receptor–induced calcium signaling. HCQ also has 
antithrombotic  effects  by  inhibiting  platelet  aggregation  and  arachi-
donic  acid  release  from  stimulated  platelets.  In  general  population, 
HCQ has been historically used as a prophylactic agent against deep 
vein thrombosis and pulmonary embolism after hip surgeries.

In  aPL-injected  mice,  HCQ  decreases  the  thrombus  size  and  the 
aPL-enhanced  thrombus  formation  in  a  dose-dependent  manner  in 
experiments done at Dr. Pierangeli’s  laboratory.64 Furthermore, HCQ 
inhibits  the  aPL-induced  expression  of  platelet  GPIIB/IIIa  receptor 
(platelet  activation)  in  a  dose-dependent  fashion.65  Recently,  using 
three-dimensional atomic microscopy  force height  images, Rand and 
colleagues66 showed that HCQ also reverses the binding of aPL-β2-GPI 
complexes to phospholipids bilayers. In SLE patients, those receiving 
HCQ experienced fewer thrombotic events, and in the Baltimore Lupus 
Cohort,  investigators  showed  decreased  risk  of  arterial  thrombosis.67 
Other  investigators  demonstrated  that  HCQ  decreases  the  risk  of 
thrombosis in patients with SLE (odds ratio, 0.67), in a Cox multiple 
failure time analysis, while additional investigators demonstrated that 
HCQ  protects  against  thrombosis  and  increases  survival  in  patients 
with SLE.68 In a cross-sectional study in which Erkan and colleagues69 
compared 77 APS patients with previous vascular events (65% had no 
other  systemic  autoimmune  diseases)  with  56  asymptomatic  (no 
history of thrombosis or fetal loss) aPL-positive patients (18% had no 
other systemic autoimmune diseases), logistic regression analysis sug-
gested  that  HCQ  protects  against  thrombosis  in  asymptomatic  aPL-
positive individuals. In summary, although there is experimental and 

KEY REFERENCES
1. Miyakis S, Lockshin MD, Atsumi T, et al. International 

consensus statement on an update of the classification 
criteria for definite antiphospholipid syndrome (APS).  
J Thromb Haemost 2006;4:295-306.

2. Bowie EJ, Thompson JH Jr, Pascuzzi CA, Owen CA Jr. 
Thrombosis in systemic lupus erythematosus despite 
circulating anticoagulants. J Lab Clin Med 
1963;62:416-430.

3. Harris EN, Gharavi AE, Boey ML, et al. Anticardiolipin 
antibodies: detection by radioimmunoassay and 
association with thrombosis in systemic lupus 
erythematosus. Lancet 1983;26:1211-1214.

4. Rand JH. The antiphospholipid syndrome. Ann Rev Med 
2003;54:409-424.

5. Ginsburg KS, Liang MH, Newcomer L, et al. 
Anticardiolipin antibodies and the risk for ischemic 
stroke and venous thrombosis. Ann Intern Med 
1992;117:997-1002.

6. Tincani A, Balestrieri G, Danieli E, et al.  
Pregnancy complications of the antiphospholipid 
syndrome. Autoimmunity 2003;36: 
27-32.

7. Levine JS, Branch DW, Rauch J. The antiphospholipid 
syndrome. N Engl J Med 2002;346:752-763.

8. Wilson WA, Gharavi AE, Koike T, et al. International 
consensus statement on preliminary classification 
criteria for definite antiphospholipid syndrome: report 
of an international workshop. Arthritis Rheum 
1999;42:1309-1311.

9. Gharavi AE, Pierangeli SS. Infections and 
antiphospholipid antibodies. In: Khamashta MA, Hughes 
GRV, eds. The “Hughes” Syndrome. London: Springer-
Verlag, 2000:135-145.

10. Pierangeli SS, Harris EN. A quarter of a century  
in anticardiolipin antibody testing and attempted 
standardization has led us to here, which is?  



CH
A

PTER 135 
● A

ntiphospholipid syndrom
e: overview

 of pathogenesis, diagnosis, and m
anagem

ent

1359

Semin Thromb Haeemost 2008;334: 
313-328.

11. Harris EN, Pierangeli SS. Primary, secondary, and 
catastrophic antiphospholipid syndrome: what’s in a 
name? Semin Thromb Hemost 2008;34:219-226.

12. Gómez-Puerta JA, Martín H, Amigo MC, et al. Long-term 
follow-up in 128 patients with primary antiphospholipid 
syndrome: do they develop lupus? Medicine (Baltimore) 
2005;84:225-230.

13. Brey RL. Differential diagnosis of central nervous system 
manifestations of the antiphospholipid antibody 
syndrome. J Autoimmun 2000;15:133-138.

14. Castanon C, Reyes PA. The eye in the primary 
antiphospholipid syndrome (Hughes syndrome). In: 
Khamashta MA, ed. Hughes syndrome: antiphospholipid 
syndrome. London: Springer Verlag, 2000;89-95.

15. Naarendrop M, Spiera H. Sudden sensorineural hearing 
loss in patients with systemic lupus erythematosus or 
lupus-like syndrome and antiphospholipid antibodies. J 
Rheumatol 1998;25:589-592.

16. Nesher G, Ilani J, Rosenman D, Abraham AS. Valvular 
dysfunction in antiphospholipid syndrome: prevalence, 
clinical features and treatment. Semin Arthritis Rheum 
1997;27:27-35.

17. Gibson GE, Su WP, Pittelkow MR. Antiphospholid 
syndrome and the skin. J Am Acad Dermatol 
1997;36:970-982.

18. Uthman IW, Khamashta MA. Livedo racemosa: a striking 
dermatological sign for the antiphospholipid syndrome. 
J Rheumatol 2006;33:2379-2382.

19. Cervera R, Piette JC, Font J, et al. Antiphospholipid 
syndrome: clinical and immunologic manifestations and 
patters of disease expression in a cohort of 1,000 
Patients. Arthritis Rheum 2002;46;1019-1027.

20. Amigo MC, Garcia-Torres R, Robles M, et al. Renal 
involvement in primary antiphospholipid syndrome. J 
Rheumatol 1992;9:181-185.

21. Tektonidou MG, Sotsiou F, Nakopoulou L, et al. 
Antiphospholipid syndrome nephropathy in patients 
with systemic lupus erythematosus and 
antiphospholipid antibodies: prevalence, clinical 
associations, and long-term outcome. Arthritis Rheum 
2004;50:2569-2579.

22. Paul SN, Sangle SR, Bennett AN, et al. Vasculitis, 
antiphospholipid antibodies, and renal artery stenosis. 
Ann Rheum Dis 2005;64:1800-1802.

23 Asherson RA, Cervera R, De Groot PG, et al. Catastrophic 
antiphospholipid sydrome: international consensus 
statements on classification criteria and treatment 
guidelines. Lupus 2003;12:530-534.

24. Escalante A, Brey RL, Mitchell BD Jr, Dreiner U. Accuracy 
of anticardiolipin antibodies in identifying a history of 
thrombosis among patients with systemic lupus 
erythematosus. Am J Med 1995;98:559-565.

25. Levine SR, Salowich-Palm L, Sawaya KL, et al. IgG 
anticardiolipin antibody titer > 40 GPL and the risk of 

subsequent thrombo-occlusive events and death. A 
prospective cohort study. Stroke 1997;28:1660-1665.

26. Roubey RAS, Eisenberg RA, Harper MF, Winfield J. 
Anticardiolipin autoantibodies recognize β2glycoprotein 
I in the absence of phospholipid. Importance of antigen 
density and bivalent binding. J Immunol 
1995;154:954-960.

27. Martinuzzo ME, Forastiero RR, Carreras LO. Anti-
β2glycoprotein antibodies: detection and association 
with thrombosis. Br J Haematol 1995;89:397-402.

28. Ogasawara M, Aoki K, Matsuura E, et al. Anti-
β2glycoprotein antibodies and lupus anticoagulant in 
patients with recurrent pregnancy loss: prevalence and 
clinical significance. Lupus 1996;5:587-592.

29. Galli M, Lucani D, Bertolini G, Barbui T. Anti-
β2glycopotein I, antiprothrombin antibodies and the risk 
of thrombosis in the antiphospholipid syndrome. Blood 
2003;102:2717-2723.

30. Harris EN, Pierangeli SS. A more specific ELISA assay for 
the detection of antiphospholipid. Clin Immunol News 
1995;15:26-28.

31. Merkel P, Chang Y, Pierangeli SS, et al. Comparison 
between the standard anticardiolipin antibody test and 
a new phospholipids test in patients with connective 
tissue diseases. J Rheumatol 1999;26:591-596.

32. Oosting JD, Derksen RH, Bobbink IW, et al. 
Antiphospholipid antibodies directed against a 
combination of phospholipids with prothrombin, 
protein C or protein S: an explanation for their 
pathogenic mechanism? Blood 1993;18:2625.

33. Atsumi AT, Amengual O, Yasuda S, Koike T. 
Antiprothrombin antibodies—are they worth assaying? 
Thromb Res 2004;114:533-538.

34. Cesarman-Maus G, Ríos-Luna NP, Deora AB, et al. 
Autoantibodies against the fibrinolytic receptor, annexin 
A2, in antiphospholipid syndrome. Blood 
2006;107;4375-4382.

35. Pierangeli SS, Harris EN. A protocol for determination of 
anticardiolipin antibodies by ELISA. Nature (protocol) 
2008;3:840-848.

36. Brandt JT, Barna LK, Triplett DA. Laboratory 
identification of lupus anticoagulants: results of the 
Second International Workshop for Identification of 
Lupus Anticoagulants. On behalf of the Subcommittee 
on Lupus Anticoagulants/Antiphospholipid Antibodies 
of the ISTH. Thromb Haemost 1995;74:1597-1603.

37. Pengo V, Tripodi A, Reber G, et al. Update of the 
guidelines for lupus anticoagulant detection. J Thromb 
Haemost 2009;10:1737-1740.

38. Lim W, Crowther MA, Eikelboom JW. Management of 
antiphospholipid antibody syndrome: a systematic 
review. JAMA 2006;295:1050-1057.

39. Ruiz-Irastorza G, Hunt BJ, Khamashta MA. A systematic 
review of secondary thromboprophylaxis in patients 
with antiphospholipid antibodies. Arthritis Rheum 
(Arthritis Care Res) 2007;57:1487-1495.

40. Garcia DA, Khamashta MA, Crowther MA. How we 
diagnose and treat thrombotic manifestations of the 
antiphospholipid syndrome: a case-based review. Blood 
2007;110:3122-3127.

41. Urbanus RT, Siegerink B, Roest M, et al. 
Antiphospholipid antibodies and risk of myocardial 
infarction and ischaemic stroke in young women in the 
RATIO study: a case-control study. Lancet Neurology 
2009 (Epub ahead of print).

42. Danowski A, de Azevedo MN, de Souza Papi JA, Petri 
MA. Determinants of risk for venous and arterial 
thrombosis in primary antiphospholipid syndrome and 
in antiphospholipid syndrome with systemic lupus 
erythematosus. J Rheumatol 2009;36:1195-1199.

43. Finazzi G, Brancaccio V, Moia M, et al. Natural history 
and risk factors for thrombosis in 360 patients with 
antiphospholipid antibodies: a four-year prospective 
study from the Italian registry. Am J Med 
1996;100:530-536.

44. Erkan D, Merrill JT, Yazici Y, et al. High thrombosis rate 
after fetal loss in antiphospholipid syndrome: effective 
prophylaxis with aspirin. Arthritis Rheum 
2001;44:1466-1467.

45. Erkan D, Harrison MJ, Levy R, et al. Aspirin for primary 
thrombosis prevention in the antiphospholipid 
syndrome: a randomized, double-blind, placebo-
controlled trial in asymptomatic antiphospholipid 
antibody-positive individuals. Arthritis Rheum 
2007;56:2382-2391.

46. Tektonidou MG, Laskari K, Panagiotakos DB, 
Moutsopoulos HM. Risk factors for thrombosis and 
primary thrombosis prevention in patients with 
systemic lupus erythematosus with or without 
antiphospholipid antibodies. Arthritis Rheum (Arthritis 
Care Res) 2009;61:29-36.

47. Le Thi Huong D, Wechsler B, Vauthier-Brouzes D, et al. 
The second trimester Doppler ultrasound examination 
is the best predictor of late pregnancy outcome in 
systemic lupus erythematosus and/or the 
antiphospholipid syndrome. Rheumatology (Oxford) 
2006;45:332-338.

48. Branch DW, Khamashta MA. Antiphospholipid 
syndrome: obstetric diagnosis, management and 
controversies. Obstet Gynecol 2003;101:1333-1344.

49.  Empson M, Lassere M, Craig J, Scott J. Prevention of 
recurrent miscarriage for women with antiphospholipid 
antibody or lupus anticoagulant. Cochrane Database 
Syst Rev 2005;18:(2):CD002859.

50. Bates SM, Greer IA, Pabinger I, et al. Venous 
thromboembolism, thrombophilia, antithrombotic 
therapy, and pregnancy: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines, 
8th ed. Chest 2008;133:844S-8886.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 136 
● Epidem

iology and classification  of scleroderm
a

CO
N

N
ECTIVE TISSU

E D
ISO

RD
ERS

 
Epidem

iology and classification of scleroderm
a

SECTION 10 CONNECTIVE TISSUE DISORDERS

1361

(1947-2009). Medsger and Masi based their incidence rate calculation 
on 86 hospitalized cases from 1947 to 19682; the prevalence rate was 
derived by multiplying the incidence rate by survival in years. Steen 
and associates5 measured their initial incidence/prevalence rate based 
444 hospital-diagnosed cases in Allegheny County, Pennsylvania, over 
a 20-year period. The number of identified cases increased from 1973 
to 1982, which resulted in higher estimates for that period. Maricq and 
colleagues6 conducted a cross-sectional population survey by an initial 
screening for presence of Raynaud’s phenomenon followed by physical 
examination among positive responders. The prevalence was calculated 
based on only 2 cases that fulfilled the 1980 American Rheumatism 
Association (ARA) SSc classification criteria.7 Mayes and coworkers4 
conducted a large-scale survey in the Detroit tri-country area from 
1989 to 1991. Cases were identified from inpatient hospital data, 
outpatient clinic information, and local scleroderma patient support 
groups. The diagnosis of SSc was verified by medical record review. 
Patients who fulfilled the ARA classification criteria7 or had sclerodac-
tyly and two other features of CREST (calcinosis, Raynaud’s phenom-
enon, esophageal dysfunction, sclerodactyly, and telangiectasia) 
syndrome were included. A capture-recapture analysis was utilized to 
estimate the total SSc population. The resulting prevalence rate was 
276 cases per million adults (95% confidence index [CI], 245-310). The 
same study reported an annual incidence rate of 21 new cases per 
million per year. Bernatsky and associates3 reported estimates for prev-
alence of SSc using physician billing and hospitalization databases. SSc 
cases were ascertained over a 10-year period, and the imperfect sensi-
tivities of the ascertainment methods were accounted for by utilizing 
a bayesian approach. The reported prevalence of SSc was 443 cases per 
million (95% CI, 411-476) in the province of Quebec, Canada, in 2003. 
As shown in Table 136.1, there is a trend toward higher prevalence 
rates in more recent studies. This observation is related to multiple 
factors. The 1980 classification criteria enabled the uniform case defi-
nition across studies and the inclusion of milder cases that have been 
missed in the previous hospital-based studies. Additionally, the avail-
ability of computerized databases and increased awareness about SSc 
have led to more complete case recognition. Furthermore, an improve-
ment in survival of SSc patients as suggested by multiple studies4,8 has 
also led to higher prevalence rates. The possibility remains that the 
incidence rate of SSc is, in fact, increasing. However, Mayes and 
coworkers and Steen and coworkers reported similar incidence rates 
for the time periods of 1973 to 1982 and 1989 to 1991 (18.7 to 21.0 
per million, respectively).

The reported prevalence and incidence rates also vary in other geo-
graphic areas. Two successive studies have investigated the epidemiol-
ogy of SSc in South Australia. Both studies used multiple sources of 
case ascertainment and included overlap cases. The first study reported 
that the crude prevalence rate of SSc increased from 45.2 per million 
in 1975 to 86.2 per million in 19889 in the Sydney area. However, the 
second study reported substantially higher prevalence estimates of 233 
per million10 based on the patients who were enrolled from 1993 to 
1999 into an SSc registry in New South Wales. This study also esti-
mated an annualized incidence rate of 15.5 for the same time period. 
There were no apparent environmental exposures or differences in 
ethnic backgrounds that would explain the discrepancy in the preva-
lence estimates. The case ascertainment, especially for milder and 
limited disease, was more complete in the latter study because of the 
establishment of the South Scleroderma Registry in 1993.

Four prevalence studies using similar overlapping sources of ascer-
tainment have been conducted in different European countries. A 

Epidemiology and classification  
of scleroderma
Maureen Mayes and Shervin Assassi

 The incidence of scleroderma is reported at 20 cases per million 
population per year.

 More than 250 patients per million population are affected in the 
United States.

 Race, subtype, and antibody predict the course of the disease.
 African Americans are affected at a younger age and have more 

diffuse scleroderma and more severe lung disease.
 Limited scleroderma is shown by the presence of anti-centromere 

antibody and increased risk for pulmonary hypertension late in the 
disease course.

 The presence of anti-RNA polymerase III is evident by severe skin 
disease and renal crisis.

 Genetic associations in scleroderma are strongest for the 
autoantibody subgroups; only one small twin study of systemic 
sclerosis has been published, and this did not show a difference in 
prevalence between monozygotic and dizygotic twins.

 Survival has improved in the past decade; the major cause of death 
is lung involvement.

 There is no conclusive evidence for an occupational cause of 
scleroderma.

INTRODUCTION
Scleroderma is usually divided into two forms: localized scleroderma 
(morphea, linear scleroderma, and related syndromes) confined to skin 
and subcutaneous tissues and systemic sclerosis (SSc, systemic sclero-
derma) affecting both skin and internal organs (Box 136.1). In turn, 
systemic sclerosis is divided into two major categories: limited skin 
disease usually associated with mild to moderate, somewhat delayed, 
organ fibrosis, and diffuse skin involvement with correspondingly more 
severe organ damage.1 This nomenclature has resulted in confusion 
among both physicians and patients, owing in no small part to the 
linguistic similarity between the words “localized” and “limited.” The 
discussion in this chapter is mainly on systemic sclerosis, and  
the terms scleroderma and systemic sclerosis will be used to refer to 
the systemic form of the disease unless otherwise specified.

EPIDEMIOLOGY
Incidence and prevalence
The reported incidence and prevalence of SSc vary significantly in 
studies conducted in different geographic areas and at various time 
points. This variability may have resulted from differences in case 
definition and ascertainment methods but could also reflect true time 
and geographic differences. However, excluding the studies that report 
on spatiotemporal clustering, the reported prevalence rate of SSc varies 
from 4 cases per million population for the period 1947 to 19522 to 
443 cases per million in 20033 in North America. Similarly, the annual 
incidence rates vary between 2.7 cases per million for the time period 
1947 to 19682 to 21 cases per million for the time period 1989 to 
1991.4 Table 136.1 summarizes North American studies that reported 
incidence and prevalence of SSc over a 62-year time period 
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French study conducted in a suburb of Paris reported an overall preva-
lence of 158.3 per million adults (95% CI, 129-187) for SSc in a mul-
tiethnic population.11 In this study, a capture-recapture analysis was 
utilized to correct for incomplete case finding. In addition to ARA 
criteria, patients who fulfilled LeRoy and Medsger’s criteria12 were 
included. Another study using similar inclusion criteria reported an 
age-adjusted prevalence of 154 in northwest Greece and an incidence 
rate of 11 per million inhabitants.13 Two other studies from Iceland 
and England have reported substantially lower prevalence rates, sug-
gesting that there is a north-south gradient in Europe. The prevalence 
of SSc in northeast England was reported to be 82 per million14; only 
patients who fulfilled the ARA classification criteria or had sclerodac-
tyly and at least two other features of the CREST syndrome were 
included in the study. A study investigating the epidemiology of SSc 
in all of Iceland (total population, 255,708) reported an incidence of 
3.8 per million during a 16-year follow-up period from 1975 to 1990 
and a prevalence of 71 per million in 1990. All enrolled patients ful-
filled the ARA criteria.

The variability of prevalence and incidence estimates across the 
different geographic areas may reflect methodologic differences in case 
definition and ascertainment. However, it might also demonstrate true 
differences in prevalence of susceptibility genes or differential exposure 
to putative environmental triggers.

Multiple studies have reported clustering of SSc in certain geo-
graphic areas. Two patients with SSc, three with CREST syndrome, 
and one with eosinophilic fasciitis were identified in a village with a 
total population of 572 adults in the province of Rome, Italy.15 The 
resulting prevalence was 5/572 (8741/million). No kindred relationship 
or predisposing environmental factors were found among the affected 
individuals. Clinical features of SSc such as Raynaud’s phenomenon, 
bilateral hand edema, and digital scars were detected in an additional 
10 cases. A higher SSc prevalence rate also was reported in boroughs 
close to major airports (i.e., Heathrow and Gatwick) compared with a 
population survey in West Midland during the same time period.16 The 
estimated total prevalence in the three boroughs close to airports was 
150 per million, whereas the prevalence of SSc in West Midland was 
only 30.8 per million. Within the boroughs, the cases also tend to 
cluster in areas that were in proximity to the airports but the affected 
individuals were not airport workers.

BOX 136.1 CLASSIFICATION OF SCLERODERMA
I. Localized Scleroderma

A. Morphea
B. Linear scleroderma
C. Scleroderma en coup de sabre

II. Systemic Sclerosis
A. Limited cutaneous systemic sclerosis
B. Diffuse cutaneous systemic sclerosis

TABLE 136.1 NORTH AMERICAN STUDIES REPORTING PREVALENCE AND 
INCIDENCE OF SYSTEMIC SCLEROSIS

Period of 
observation

Prevalence 
(per million)

Incidence rate 
(per million/year)

Medsger and 
Masi2

1947-1952 4 0.6

1953-1958 7 1.5

1958-1962 21 4.1

1963-1968 28 4.5

Michet et al59 1950-1979 253 13

Steen et al5 1963-1972 — 9.6

1973-1982 — 18.7

Maricq et al6 1985 286 —

Mayes et al4 1989-1991 276 21

Bernatsky et al.3 1989-2003 443 —

Increased prevalence of SSc has been reported in a well-defined popu-
lation of Choctaw Indians residing in eight southwestern Oklahoma 
counties in the United States. Fourteen SSc cases were identified in a 
population of 21,255 Choctaw Indians, which results in a prevalence 
of 658.6 per million. The prevalence of SSc in Choctaw Indians was 
higher than prevalence estimates in other Native Americans in Okla-
homa, which showed a prevalence similar to that of European Ameri-
cans in Oklahoma. The affected cases showed a striking homogeneity 
in disease expression: 92% of patients had diffuse skin disease and 83% 
had anti-topoisomerase antibodies. A case-control study did not reveal 
any environmental exposures explaining the clustering of SSc cases. 
The strongest risk factor of SSc was a uniquely Amerindian HLA hap-
lotype that was present in 100% of cases versus 54% of controls. A 
survey of another group of Choctaw Indians living in another state 
revealed no cases of SSc despite a high frequency of the same HLA 
haplotype.17 A subsequent study showed that individuals with SSc were 
distantly related, indicating important susceptibility genes may have 
been inherited from common founders about 10 generations ago.18

Age at onset
The age at disease onset differs according to gender and ethnic back-
ground. The age at diagnosis is lower for female and African-American 
patients.

Steen and coworkers5 reported that the age-specific incidence rate 
peaked between ages 45 and 54 for African-American women and 
occurred in a slightly older group (ages 55-65) for European-American 
women. Diagnosis below the age of 15 was rare. In the 15- to 24-year 
age group, the incidence was very low, except for African-American 
women, who showed an incidence of 21.2 per million; this resulted in 
a significantly higher incidence than European-American women of the 
same age group (incidence ratio: 11.16, P < .0001). The incidence rate 
for African-American men also peaked between the ages of 45 and 54, 
whereas the European-American men showed an increase in the inci-
dence rate up to the age of 65.

Mayes and coworkers4 reported that African-American patients were 
significantly younger at the time of diagnosis compared with European-
American patients (P < .001). The peak incidence occurred between 
the ages of 45 and 54 for African-American women, whereas the peak 

Fig. 136.1 Age-specific incidence of systemic sclerosis by race and sex. 
(Adapted with permission from Mayes MD, Lacey JV Jr, Beebe-Dimmer J, et al. 
Prevalence, incidence, survival, and disease characteristics of systemic sclerosis in a 
large U.S. population. Arthritis Rheum 2003;48:2246-2255.)
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incidence among white women occurred in the 65- to 74-year age 
group. The peak incidence age for African-American men was similar 
to that of African-American women. Among the European-American 
men, a gradually increasing incidence until the age of 75 to 84 years 
was observed. Figure 136.1 shows the age-specific incidence of SSc by 
ethnicity and sex in this study. The observed differences in the age at 
diagnosis might be secondary to SSc-related antibody expression among 
the various ethnic groups.

Alamanos and associates13 also reported differences in peak inci-
dence age according to the gender in a mainly white Greek population. 
The mean incidence rate was highest in the 45- to 64-year age group 
for women, whereas the incidence rate peaked in the age group 65 years 
and older for men.

Racial and ethnic factors
Multiple studies have indicated that subjects of African ancestry have 
a higher susceptibility to SSc and develop more severe disease. Laing 
and colleagues19 investigated racial difference among 514 female SSc 
patients. A total of 117 (23%) patients were African American. The 
annual incidence of SSc among African-American women was 22.5 per 
million versus 12.8 per million in European-American women (P < 
.001). In addition to a higher incidence, African-American women were 
more likely to develop diffuse disease (49.6% vs. 24.9%; P < .001). 
Pericarditis, pulmonary hypertension, pleural effusion, myositis, and 
an erythrocyte sedimentation rate greater than 40 mm/hr also were 
more frequent among African-American women, whereas white women 
were more likely to have digital infarctions. Mayes and coworkers4 also 
reported a higher prevalence of SSc in African Americans (prevalence 
ratio = 1.15; 95% CI, 1.02-1.30) than European Americans. This 
finding has been confirmed by Le Guern and colleagues,11 who inves-
tigated the prevalence of SSc in a suburb of Paris, France. Among study 
participants, 26% were of non-European background with mainly 
northern and sub-Saharan African (16%), Asians, and Caribbean  
ancestries. The respective prevalence of SSc for Europeans and non-
Europeans was 140.2 (95% CI, 112-170) and 210.8 (95% CI, 128-293), 
which results in a higher prevalence ratio of 1.5 among non-Europeans. 
Similar to previous studies, non-Europeans were significantly more 
likely to have diffuse SSc (34% vs. 17%, P = .04) and interstitial lung 
disease (53% vs. 33%, P = .06).

Similar to differences in disease type, there are dissimilarities of 
autoantibody profile among the various ethnic groups. Mayes and 
coworkers4 reported that the anti-centromere antibody was present in 
27% (97/359) of European-American patients, whereas it was observed 
in only 9.7% (13/134) of African-American patients (P < .001). Reveille 
and colleagues20 reported similar results: anti-centromere positivity 
was more common among European Americans (32% vs. 4%), whereas 
anti-RNP antibody (5% vs. 29%) and anti-fibrillarin (4% vs. 17%) were 
more common among African-American patients. McNeilage and col-
leagues21 reported a high frequency of anti-topoisomerase (76%) and a 
low frequency of anti-centromere antibody (2%) in nonwhite Thais, in 
contrast to a low frequency of anti-topoisomerase (26%) and a high 
frequency of anti-centromere (51%) in white Australians.

Gender differences
SSc occurs in women more than men, with most estimates of female-
to-male ratios ranging from 4 : 1 to 6 : 1.22 Reasons for this female 
preponderance are not clear. Hormonal- and pregnancy-related events 
are obvious possibilities, but there are few published reports that have 
investigated the association of either hormone use or pregnancy with 
the subsequent development of SSc. Cockrill and coworkers reported 
an increased risk of SSc among 172 women with SSc compared with 
their healthy sisters (n = 256) in the United States.23 However, Pisa 
and associates24 reported a reduced risk of SSc among parous women 
compared with nulliparous women in Italy (odds ratio [OR], 0.3; 95% 
CI, 0.3-0.7) in a study of 46 SSc cases versus 153 controls.

Microchimerism has been proposed as a risk factor for SSc. Iatro-
genic microchimerism is a well-known consequence of hematopoietic 
cell transplantation. However, natural microchimerism, due to cell 
transfer between mother and fetus during pregnancy resulting in the 
persistence of small populations of genetically distinct individuals, is 

a relatively newly recognized concept.25 The persistence of these cells 
over decades has been proposed as a contributing factor in autoimmune 
disease pathogenesis.26 However, the presence of these microchimeric 
cells in normal individuals as well as in SSc patients raises questions 
about the pathogenic role of this phenomenon.27

An alternative explanation for female predominance involves X 
chromosome abnormalities, specifically the preferential skewing of X 
chromosome inactivation toward one parental source in the peripheral 
blood of SSc patients.28 However, the pathogenetic mechanism in 
terms of increased susceptibility to autoimmunity in general and SSc 
in particular has not been established.

Survival
Improved survival rates for SSc have been reported in recent studies4,29 
compared with previously published survival data.30,31 A survival 
study8 on 915 Italian SSc patients showed that patients recruited 
from 1986 to 1999 had a significantly higher 10-year survival rate 
compared with those enrolled from 1955 to 1985 (76.8% vs. 60.6%;  
P < .001). However, the 10-year survival rates of recent studies also 
vary, ranging from 55.1%4 to 76.8%.8 The observed improvement 
in survival might be secondary to earlier diagnosis in recent years  
(lead-time bias); however, recent improvements in treatment of life-
threatening complications of SSc are also likely contributing factors.  
A recent study detailed the changes in organ-specific causes of mortal-
ity over 25 years at a single university center.32 This study showed 
that the lung, including both pulmonary fibrosis and pulmonary  
hypertension, has become the primary cause of SSc-related deaths, 
replacing SSc renal crisis, which was formerly the leading cause of 
mortality before the widespread use of angiotensin-converting enzyme 
inhibitors.

An international meta-analysis of individual patient data in regard 
to mortality in SSc has been reported among 1645 incident cases 
(enrollment within 6 months of physician diagnosis).33 Patients were 
recruited from seven medical centers in the United States, Europe, and 
Japan, using standardized definitions for organ involvement. All cohorts 
showed significantly increased standardized mortality ratios com-
parisons based on age- and sex-matched country-specific life tables. 
However, the mortality ratios varied widely, ranging from 1.5 to 7.2, 
depending on country and referral base of involved center. In addition 
to clinical data, presence of anti-topoisomerase I, anti-centromere, and 
anti-U3 RNP antibodies were also determined. Missing information 
on pulmonary and esophageal involvement was considered equivalent 
to the absence of the respective organ involvement. Information on the 
presence of isolated pulmonary hypertension, an increasingly recog-
nized complication of SSc, was not routinely recorded. After adjusting 
for age, sex, and year of enrollment, the presence of anti-topoisomerase 
I antibodies, as well as renal, cardiac, and pulmonary involvement, 
independently increased the risk of death. Renal, cardiac, and pulmo-
nary involvement tended to occur together (P < .001). Esophageal 
involvement was not associated with increased mortality. Figure 136.2 
shows the long-term survival of the investigated patients according to 
presence or absence of cardiac, renal, or pulmonary involvement. This 
study confirms the finding of previous studies that the main predictor 
of mortality is the presence and severity of renal, cardiac, and pulmo-
nary involvement. Laboratory values such as elevated erythrocyte sedi-
mentation rate, anemia, and proteinuria29,34 have also been linked to 
poor survival.

Two studies35,36 have investigated the SSc mortality rates in the 
United States utilizing the National Center of Health Statistics. In 
these two studies, the death rates related to SSc among the African-
American population were higher than those among European- 
American population. This finding might be related to higher prevalence 
and more aggressive disease seen in the African-American population 
and to the disparity in socioeconomic parameters. In another study, 
African Americans and other non-whites had also a higher inpatient 
mortality than European Americans in South Carolina in the United 
States37; this finding remained even after adjustment for other sociode-
mographic and clinical factors. However, information on important 
socioeconomic and clinical factors such as SSc-specific disease charac-
teristics was not available because the data were extracted from an 
administrative database.
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Familial systemic sclerosis
There are multiple case reports and case series on familial occurrence 
of SSc. Arnett and associates38 reported 11 cases of familial SSc in a 
U.S. cohort of 703 cases, resulting in a prevalence of 1.6% for familial 
occurrence. This finding was similar to results of an earlier study by 
Englert and colleagues39 in which 10 familial cases were reported 
among 710 SSc patients in Australia (prevalence = 1.6%). Assassi and 
associates40 investigated the disease characteristics of 18 multiple-case 
families identified in a registry of 710 SSc families (prevalence = 2.5%). 
The observed SSc-related antibody concordance within each multiple-
case family was statistically more than expected by chance alone (P = 
.007). Similarly, HLA haplotype sharing among the affected sibling 
pairs was more common than expected (P = .011). Familial aggregation 
is more common than expected for this relatively rare disease; a posi-
tive family history of SSc, although infrequent, remains the strongest 
risk factor for SSc yet identified. The familial occurrence of a disease 
could be the result of shared genetic predisposition and/or exposure to 
common environmental factors. There are only two case reports of 
spouses with SSc in the literature, whereas familial SSc occurs with a 
prevalence of 1.6% to 2.5%. These findings suggest that familial clus-
tering of SSc is secondary to shared genetic background rather than 
exposure to common environmental triggers, at least those that occur 
in adulthood.

The data on twin studies in SSc are limited. Feghali-Bostwick and 
coworkers41 investigated 34 twin pairs in which one or both siblings 
had SSc. There was no difference in the concordance rate between the 
monozygotic and dizygotic twins (overall concordance rate of 4.7%), 
providing evidence against genetic predisposition in SSc. However, the 
concordance for antinuclear antibodies or anticytoplasmic antibodies 
was significantly higher in monozygotic twins (95%) compared with 
dizygotic twins (60%), raising the possibility that the concordance rate 
might differ among the two different twin types in a longitudinal study.

CLASSIFICATION OF SCLERODERMA
The purpose of a disease classification schema is to facilitate accurate 
diagnosis, to provide reasonable homogeneity of subjects included in 
clinical research studies, and to reliably predict prognosis. Scleroderma 
offers a challenge in all these areas.

Box 136.1 provides an overview of the scleroderma classification. It 
should be noted that the American Rheumatism Association (now the 
American College of Rheumatology) 1980 Preliminary Classification 
for SSc7 applies only to the systemic form of the disease.

Localized scleroderma
To the rheumatologist, the term scleroderma refers to SSc, but to the 
dermatologist scleroderma refers to two separate conditions consisting 
of localized scleroderma and SSc. To further confound the situation, 
the term localized scleroderma is remarkably similar to limited sclero-
derma, although these conditions are quite distinct. Because of this 
similarity in nomenclature, patients and physicians are frequently 
confused.

The use of the term localized in scleroderma is meant to designate 
a fibrosing disease that affects the skin and underlying tissue (subcu-
taneous layer and occasionally underlying bone), but that does not 
affect internal organs (i.e., is not systemic).42 With the single exception 
of a very rare variant (pansclerotic morphea, see later), localized sclero-
derma does not result in shortened survival.43

As noted in Box 136.1, there are several subsets of localized sclero-
derma and the schema outlined there is simplified. The most common 
form of localized scleroderma is plaque morphea and is characterized 
by patchy and well-circumscribed areas of thickened skin that can 
occur as a single lesion or as multiple lesions.42

Linear scleroderma (also known as linear morphea) refers to a dis-
tinct subset of localized disease that is characterized by a line of thick-
ened skin usually involving an extremity. This is more common in 
children but can occur de novo in adults. If onset is in childhood, linear 
morphea can result in growth retardation of the affected limb and/or 
flexion contractures of underlying joints.

Scleroderma en coup de sabre (cut of the saber) refers not so much 
to a distinct form of localized disease but to the area of involvement, 
that is, the frontoparietal skin characterized by a deep furrowing of the 
scalp and forehead usually just to one side of midline. There appears 
to be an association with hemifacial atrophy (Parry-Romberg syn-
drome), although this may represent a separate entity.44

In addition to those features just mention there are several other 
variants of morphea that are discussed in detail in Chapter 143.

For the most part, localized scleroderma is a skin and subcutaneous 
disease that does not affect internal organs and therefore does not 
shorten survival.43 However, linear disease in childhood can affect limb 
growth and can, therefore, have long-term functional sequelae. Sclero-
derma en coup de sabre, particularly when accompanied by hemifacial 
atrophy, can be a cosmetically devastating condition.

Finally, there is a rare variant of localized scleroderma called pan-
sclerotic morphea of childhood (disabling pansclerotic morphea) that 
is characterized by rapidly progressive fibrosis of skin, subcutaneous 
tissue, muscles, and occasionally bone that can spread over the entire 
body, resulting in contractures, muscle atrophy, dermal ulcers, debility, 
and death.44 Although this has been considered a childhood disease, 
adult-onset cases have been reported.45

Table 136.2 lists features that either distinguish localized from 
systemic disease or are common to both conditions. A positive anti-
nuclear antibody test and histologic findings of dermal fibrosis can exist 
in both conditions46 and therefore are not helpful in making a clear 
distinction. However, the presence/absence of Raynaud’s phenomenon 
and the pattern of skin involvement are the two most distinguishing 
characteristics. The presence of one of the three mutually exclusive 
scleroderma autoantibodies (anti-centromere, anti-topoisomerase I or 
anti-RNA polymerase III) is very helpful to identify systemic disease; 
however, only approximately 60% of patients with SSc will be positive, 
making these tests specific but not particularly sensitive.47

Systemic sclerosis classification criteria of the 
American College of Rheumatology
The preliminary classification criteria for SSc were published in 1980 
(Box 136.2).7 These criteria were based on a multicenter, prospective 
study of 264 patients with SSc and more than 400 comparison patients 
with other connective tissue diseases. The utility of the criteria is that 
they distinguish SSc from systemic lupus erythematosus and other 

Fig. 136.2 Long-term survival of patients with systemic sclerosis, according to 
presence or absence of cardiac, renal, or pulmonary involvement. (Adapted 
from Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB, et al. Mortality in systemic 
sclerosis: an international meta-analysis of individual patient data. Am J Med 
2005;118:2-10.)
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TABLE 136.2 COMPARISON OF LOCALIZED SCLERODERMA 
AND SYSTEMIC SCLEROSIS

Feature

Localized 
scleroderma/
morphea Systemic sclerosis

Skin findings Patches or linear 
distribution of 
thickened skin

Sclerodactyly ± proximal skin 
thickening

Raynaud’s 
phenomenon

Absent Present

Digital ischemic 
changes

Absent Usually present (digital pitting 
scars or ulcers, loss of fingerpad 
substance)

Internal organ 
disease

Absent Present

Antinuclear 
antibody

Positive in ≥50% 
of cases

Positive in ≥85% of cases

Scleroderma-specific 
autoantibodies*

Negative Positive in 60% of cases

Biopsy—histologic 
findings

Dermal fibrosis Dermal fibrosis

*Scleroderma-specific antibodies include antibodies to centromere, topoisomerase-1 (Scl 70), 
and RNA polymerase III.

BOX 136.2 PRELIMINARY CLASSIFICATION CRITERIA FOR 
SYSTEMIC SCLEROSIS
A. Major Criterion

Scleroderma (symmetric thickening) proximal to the metacarpophalangeal 
joints

B. Minor Criteria
1. Sclerodactyly (symmetric skin thickening limited to the fingers)
2. Digital pitting scars or loss of finger pad substance
3. Bibasilar pulmonary fibrosis

Adapted from Appendix I: Criteria for the classification of systemic sclerosis (scleroderma). In: 
Klippel JH, Stone JH, Crofford LJ, White PH, eds. Primer on the rheumatic diseases. New York: 
Springer, 2008:675.

autoimmune diseases. However, the criteria perform less well in cap-
turing many individuals with limited cutaneous SSc and were estab-
lished before the widespread use or availability of the scleroderma-specific 
autoantibodies. An effort to update these criteria is underway. As noted 
earlier, the classification criteria are specific for systemic disease and 
are not applicable to morphea.

Limited versus diffuse cutaneous  
systemic sclerosis
In contrast to localized disease, SSc is characterized by internal organ 
system involvement, including vascular changes (Raynaud’s phenom-
enon with resultant ischemic digital changes, scleroderma renal crisis, 
and pulmonary arterial hypertension), fibrosis of multiple organs (skin, 
lungs, heart, gastrointestinal tract), and autoimmune phenomena char-
acterized by a positive antinuclear antibody (ANA) test as well as tests 
for other autoantibodies.1,7

From a clinical standpoint, SSc is subdivided into limited versus 
diffuse cutaneous disease based on the presence and extent of skin 
involvement.1 Limited cutaneous SSc is defined as skin involvement 
distal to the elbows and knees only, whereas diffuse cutaneous SSc 
involves the proximal extremities and/or the trunk in addition to distal 
thickening. The face can be involved in both forms.

The importance of this clinical classification is to group individuals 
according to prognosis, and it is generally true that the presence and 
extent of skin involvement is a predictor for the presence and extent 

TABLE 136.3 CLINICAL FEATURES AND AUTOANTIBODIES 
IN SYSTEMIC SCLEROSIS

Feature Anti-centromere
Anti-
topoismerase

Anti-RNA 
polymerase III

Limited 
cutaneous

Common Less common Less common

Diffuse 
cutaneous

Very rare Common More common

Interstitial lung 
disease (severe)

Rare Common Less common

Scleroderma 
renal crisis

Rare Less common More common

Pulmonary 
arterial 
hypertension

Common in 
long-standing 
disease

Unclear Unclear

of internal organ disease and, therefore, of survival. However, there are 
many exceptions to this rule, leading to a search for better predictive 
models.

In addition, although the limited/diffuse cutaneous SSc distinction 
appears to be a simple and straightforward system, the situation is 
complicated by the fact that in some patients, over time, the skin can 
soften such that a subject with an initial diffuse pattern early in the 
disease can be seen to have a limited distribution of skin involvement 
at a later time, typically several years after onset. This has led to efforts 
to categorize patients on the basis of the rapidity of skin thickening,48 
on the basis of intermediate levels of skin thickening (fingers only, e.g., 
sclerodactyly alone vs. forearm thickening vs. truncal involvement),49,50 
or on the presence/absence of additional clinical features such as fric-
tion rubs.51 To date there has not been a simple, clinically feasible and 
reliable classification system that can accurately subtype individuals to 
predict better/poorer clinical outcomes.

Classification based on autoantibody profile
Almost all SSc patients (85%-90%) have a positive antinuclear antibody 
test as shown by indirect immunofluorescence. In addition, most (60%-
70%) will be positive for one of the three commercially available, 
scleroderma-specific and usually mutually exclusive autoantibodies.52 
These include antibodies to anti-centromere, anti-topoisomerase-1 
(also known as Scl-70), and anti-RNA polymerase III. It should be 
noted that anti-RNA polymerase III is not the same as the anti-RNP 
antibody (anti-U1RNP) that is associated with overlap syndromes, 
particularly mixed connective tissue disease. In addition, anti-PM-Scl 
is a fourth autoantibody that identifies a small proportion of patients 
with a polymyositis and scleroderma overlap.

There are two additional autoantibodies that are highly specific for 
SSc, namely, anti-U3RNP (anti-fibrillarin) and anti-Th/To, but these 
are not yet commercially available and thus are of research interest 
rather than clinical applicability.

In addition to being mutually exclusive, these autoantibodies tend 
to be positive at the time of, or even prior to, symptom onset and rarely, 
if ever, switch during the course of disease.53,54

Again, the autoantibody subgroups are associated with clinical  
patterns of disease but there are many exceptions to these generalities. 
Table 136.3 shows the major clinical associations with the three 
most common SSc-related autoantibodies. Anti-centromere antibodies 
are the most reliable as indicators of limited cutaneous involve-
ment, prolonged survival compared with diffuse cutaneous disease  
or subsets with other autoantibodies, and lower risk of significant 
pulmonary interstitial disease. However, these patients are at increased 
risk of developing pulmonary arterial hypertension as a later com-
plication of SSc,55 so this should not be considered as a “benign” 
variant.

Autoantibodies to topoisomerase I (Scl-70) are more frequently seen 
in diffuse cutaneous disease but can be seen in the limited subset as 
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well and are relatively good predictors for severe interstitial lung 
disease.56

Antibodies to RNA polymerase III are again associated more with 
diffuse rather than limited skin disease and also confer a higher risk 
of renal crisis.57 However, renal crisis has been reported in all antibody 
subgroups, even in those with a negative ANA. It is prudent, therefore, 
to be vigilant in following scleroderma patients for this potentially life-
threatening complication regardless of autoantibody status.

In summary, there is not yet a classification schema that will reli-
ably predict the development and severity of internal organ disease at 
an early stage to permit more accurate prognosis, improve the design 
of clinical trials, permit more focused patient and family education, 
and dictate appropriate monitoring and treatment.

Autoantibodies and human leukocyte  
antigen associations
Multiple studies have shown an association of SSc with human leuko-
cyte antigen (HLA) class II alleles (HLA-DR, DQ and DP),58 both at 
the level of individual HLA class II alleles and by haplotype (combina-
tions of alleles). The particular associations are most striking when the 
disease is subdivided by autoantibody groups, suggesting that the con-
tribution of HLA to SSc pathogenesis may differ in these subsets. 
Geographic differences in HLA allelic distribution may contribute to 
the geographic variation in prevalence and incidence discussed earlier 
in this chapter.
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MEASURING DISEASE ACTIVITY AND SEVERITY 
IN SCLERODERMA
It is agreed among scleroderma investigators that assessment of disease 
activity and severity is an important goal. Based on previous consensus 
reached in other rheumatic diseases,3 activity is defined as the aspect 
of disease that varies over time and has the potential to be reversible 
spontaneously or with therapy (e.g., tendon friction rubs, acute-phase 
reactants, and inflammatory polyarthritis). Damage is the cumulative 
burden of a disease at a given time point and is generally irreversible 
(e.g., calcinosis, end-stage pulmonary fibrosis). Both activity and 
damage contribute to the disease severity; early in SSc, activity pre-
dominates, whereas later in the disease damage is more likely to be 
dominant.4

Disease activity in scleroderma
The European Scleroderma Study Group has proposed a composite 
index to assess SSc-related disease activity in routine clinical care.5,6 
The group prospectively collected data in patients with SSc and assigned 
a panel of three scleroderma experts to allocate active versus inactive 
disease based on patient chart review. Using experts’ global judgment 
as the gold standard, different variables were correlated using univari-
ate and multivariate analyses and total score was weighted based on 
the regression coefficient. The index is feasible because it includes 
measures (clinical examination, patient assessment of activity over 
past month, laboratory measures, and percentage of diffusing capacity 
of the lung for carbon monoxide [%DLco] predicted) collected in 
routine practice. It has face and content validity, although it has not 
shown construct validity in an external SSc cohort. It is scored on a 0 
(no activity) to 10 (severe activity) scale with greatest weight assigned 
to deterioration of the relevant organ system as evaluated by the patient 
with respect to the previous month (Table 137.1). The tests required 
to calculate this index are inexpensive and easily carried out in routine 
clinical care. The index has few limitations:

● It was developed in patients with established disease and has not 
yet been studied in early SSc when disease is likely to be active.

● Three patient-reported items relate to change in their skin and 
vascular and cardiopulmonary symptoms in the past month. Such 
change items in activity indices may be challenging because they 
fail to capture persistent activity and may be difficult to admin-
ister every month.4

● The index is not developed for scleroderma clinical trials, and 
sensitivity of change has not been published.

Assessment of disease severity
A measure of disease severity encompasses both disease activity and 
damage and should be associated with or predict SSc-associated mor-
bidity and mortality.4 Two measures in SSc meet these guidelines: the 
Health Assessment Questionnaire-Disability Index (HAQ-DI), a 
measure of function disability,7 and the revised Medsger and col-
leagues’ Severity Index.8 The HAQ-DI is a musculoskeletal targeted 
20-item instrument and is discussed later in this chapter. The Medsger 
Severity Index was developed by international scleroderma experts 
using consensus methodology followed by prospective data collection. 
The authors identified nine organ systems and identified variables for 
each organ system that can be used to define severity. The nine organ 
systems are general, peripheral vascular, skin, joint/tendon, muscles, 

Assessing disease activity and 
outcome in scleroderma
Dinesh Khanna

 The modified Rodnan skin thickness score assesses 17 body areas 
and assigns a value of 0 to 3 based on palpation of the skin. Higher 
scores generally correlate with worse internal organ involvement.

 An echocardiogram is used to evaluate pulmonary hypertension, 
but abnormal results should be confirmed by right-sided heart 
catheterization.

 Screening for scleroderma renal crisis should include home blood 
pressure monitoring in high-risk patients, urinalyses, and 
determination of the serum creatinine concentration.

 The European Scleroderma Study Group (EScSG) scale is an 
instrument that includes a 10-point index to measure disease 
activity (physical or laboratory findings that vary over time and are 
potentially modifiable by treatment).

 Disease severity, the effect of disease on organ function that is 
either reversible or irreversible, is best assessed by the Systemic 
Sclerosis Severity Scale.

 The Scleroderma Health Assessment Questionnaire Disability Index 
(SSc HAQ) is a modified version of the Health Assessment 
Questionnaire that has been validated in scleroderma patients and 
is used to assess functional ability.

 The 36-item Short Form Health Survey (SF-36), also validated in 
SSc, provides an assessment of psychological and mental 
functioning.

INTRODUCTION
There has been substantial progress in the development and validation 
of outcome measures for systemic sclerosis (scleroderma, SSc).1 The 
discussion here is focused on disease activity and disease severity mea-
sures in SSc and provides an update on currently used outcome 
measures.

MEASUREMENT PROPERTIES OF AN 
INSTRUMENT: FEASIBILITY, RELIABILITY,  
AND VALIDITY
An outcome measure should be feasible, reliable, and valid. A feasible 
measure is accessible, easily interpretable, and associated with low 
cost. Reliability (precision) assesses random error and reproducibility 
of a measure. A reliability coefficient of 0.90 or higher is considered 
satisfactory for individual comparisons, and 0.70 or higher is consid-
ered satisfactory for group comparisons.2 Validity is the extent to which 
the score a health measure yields accurately reflects the health concept 
and includes face (sensible), content (comprehensive), construct (mea-
sures or correlates with a theorized health construct), and criterion 
(predicts or correlates with “gold standard”) validity. Sensitivity of 
change, an aspect of construct validity, assesses if the instrument 
scores change in the right direction when the underlying health con-
struct changes; the ability of an instrument to detect clinically impor-
tant change is crucial to its usefulness as an outcome measure.
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gastrointestinal tract, lung, heart, and kidney. Each system is scored 
from 0 (uninvolved) to 4 (end-stage disease). The individual organ 
system severity scores have been shown to predict survival in a large 
observational cohort.9 The severity index is not weighted and therefore 
should not be summed to have a “global” severity scale score. In addi-
tion, sensitivity to change has not been published.

OUTCOME MEASURES IN SCLERODERMA
The validated outcome measures used in clinical trials and clinical care 
(Table 137.2) that are feasible, reliable, and valid are discussed here.

Measuring skin disease in scleroderma
Skin disease is nearly universal among patients with SSc, and the 
disease is subclassified into “diffuse cutaneous” or “limited cutaneous” 
SSc based on the extent of skin involvement.10

The modified Rodnan skin score (MRSS), a measure of skin thick-
ness,11,12 has been used as the primary outcome measure in clinical 
trials of diffuse cutaneous SSc (referred to as diffuse SSc from here on). 
Measurement of skin thickness is used as surrogate measure of disease 
severity and mortality in patients with diffuse SSc; an increase in skin 
thickening is associated with involvement of internal organs and 
increased mortality.12 It is generally accepted that MRSS tends to 
worsen in early disease and improve in late disease, although time of 
peak involvement remains poorly defined. “Early” diffuse SSc is often 
defined as the rapid and severe increasing induration (“thickening”) of 
the skin, which has been thought to peak at 1 to 3 years after disease 
onset.13 The MRSS is feasible, reliable, valid, and sensitive to change 
for multicenter clinical trials.11 However, recent analysis from three 
large random controlled trials in diffuse SSc showed that the mean 
MRSS improved regardless of disease duration at baseline: there was a 
general tendency for skin to soften over time, and there was no differ-
ence in this tendency among patients with different disease durations 
at baseline.14 This observation differs from the natural history of skin 
thickening previously reported and has important implications in the 
“prevention of worsening” study design, when using skin softening as 
an endpoint.15

Durometers are hand-held devices used in manufacturing to measure 
the hardness of materials using internationally standardized durometer 
units. The durometer was included in a multicenter study of early 
diffuse SSc and was found to be feasible, reliable, valid, and sensitive 
to change.16 It was proposed as a core set measure in a recent Delphi 
exercise involving international scleroderma experts,17 although its use 
may be limited because of its cost. Although skin hardness and thick-
ening are two different constructs, a high correlation was found (coef-
ficient ≥ 0.69) between MRSS and durometer.18

TABLE 137.1 EUROPEAN DISEASE ACTIVITY INDEX

Variables Weight

Modified Rodnan skin score > 14 1.0

Scleredema (edema on skin examination) 0.5

Change—skin thickness* 2.0

Digital ulcer on examination 0.5

Change—vascular symptoms* 0.5

Arthritis on examination 0.5

Decline in DLco% 0.5

Change—cardiopulmonary symptoms* 2.0

Erythrocyte sedimentation rate > 30 mm/hr 1.5

Low serum complement level 1.0

*Change (worsening) as assessed by the patient over past 1 month.
Modified from Valentini G, D’Angelo S, Della RA, et al. European Scleroderma Study Group to 
define disease activity criteria for systemic sclerosis: IV. Assessment of skin thickening by 
modified Rodnan skin score. Ann Rheum Dis 2003;62:904-905.

TABLE 137.2 FEASIBLE, RELIABLE, AND VALID MEASURES USED IN CLINICAL 
TRIALS AND CLINICAL PRACTICE

Instruments Ready for RCT Used in clinical  
practice

Health-Related quality of life

SF-36* Yes No

Health Assessment Questionnaire-
Disability Index*

Yes Yes

SF-6D* Yes No

Skin

Modified Rodnan skin score Yes¶ Yes

Durometer Yes¶ No

Musculoskeletal

Tendon friction rubs assessed by the 
investigator

Yes Yes

Tender joint count Yes¶ Yes

Serum creatine phosphokinase value Yes Yes

Cardiac

Echocardiogram with Doppler imaging Yes‡ Yes§

Right-sided heart catheterization† Yes Yes§

6-Minute walk test† Yes Yes

Pulmonary

Pulmonary function test with diffusion 
capacity

Yes Yes

High-resolution computed tomography Yes‡ Yes§

Validated measure of dyspnea* Yes No

Breathing VAS from SSc HAQ* Yes Yes

Gastrointestinal

Gastrointestinal VAS from SSc HAQ* Yes Yes

UCLA Scleroderma Clinical Trial 
Consortium Gastrointestinal Tract 2.0*

Yes No

Body mass index Yes Yes

Renal

Estimated creatinine clearance Yes Yes

Systolic and diastolic blood pressure Yes Yes

Serum creatinine Yes Yes

Raynaud’s phenomenon

Raynaud’s Condition Score* Yes No

Raynaud’s VAS from SSc HAQ* Yes Yes

Digital ulcer

Active digital tip ulcer count on the volar 
surface

Yes¶ Yes

Digital ulcer VAS from SSc HAQ* Yes Yes

Biomarkers

Acute-phase reactants Yes Yes

Serum BNP/NT-Pro BNP Yes Yes

RCT, randomized controlled trial; VAS, visual analog scale; NT-Pro BNP, N-terminal brain 
natriuretic peptide.
*Completed by the patient.
†For patients with pulmonary arterial hypertension.
‡Standardized central reading mechanism strongly encouraged in multicenter randomized 
controlled trial.
§Feasibility may be limited owing to cost or lack of availability in clinical care.
¶Assessed by the same investigator.
Modified from Khanna D, Lovell D, Giannini E, et al. Development of a provisional core set of 
response measures for clinical trials of systemic sclerosis. Ann Rheum Dis 2008;67:703-709.
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correlated well with the baseline breathing visual analog scale (VAS)  
(r = 0.61).28 Mahler’s transitional dyspnea score was able to differentiate 
between patients on cyclophosphamide and placebo in the Scleroderma 
Lung Study at 1 year, thus demonstrating its sensitivity to change.

The breathing VAS scale in the Scleroderma Health Assessment 
Questionnaire (SSc HAQ) allows patients to assess their degree of dif-
ficulty in performing daily activities due to shortness of breath on a 
continuous 100-mm scale.7 The VAS discriminates between moderate 
and severe reductions in lung function and correlates well with the 
Mahler dyspnea index (r = 0.61) and was shown to be sensitive to 
change in an SSc cohort7; it did not differentiate between cyclophos-
phamide versus placebo in the Scleroderma Lung Study.

Other outcome measures for cardiopulmonary disease in SSc have 
proposed exercise echocardiography and magnetic resonance imaging 
but await full validation.

Measuring gastrointestinal disease in SSc
Disease of gastrointestinal tract occurs in approximately 90% of 
patients with systemic sclerosis (SSc) and has a major impact on their 
health-related quality of life. Although radiologic tests are the corner-
stone for the diagnosis of specific gastrointestinal tract involvement, 
their feasibility is questionable in multicenter trials, and radiologic 
tests may be positive in significant proportion of patients without 
symptoms.29 Furthermore, many patients with SSc have multiple types 
of gastrointestinal disease with overlapping symptoms, making quan-
tification of gastrointestinal tract disease in SSc extremely challenging. 
A recent Delphi panel17 and separate expert consensus29 recommended 
use of patient-reported outcome measures and body mass index as core 
set measures. Aside from a simple measure such as a gastrointestinal 
VAS (part of the SSc HAQ7) that assesses daily interference in daily 
activities, a comprehensive scleroderma gastrointestinal instrument 
has been recently developed.

The UCLA Scleroderma Clinical Trial Consortium Gastrointestinal 
Tract 2.0 (UCLA SCTC GIT 2.0) instrument is a 34-item instrument 
specifically developed for people with SSc and gastrointestinal tract 
involvement.30 It is feasible, reliable, and valid and ready for clinical 
trials. The UCLA SCTC GIT 2.0 is scored from 0 (better health) to 3 
(poor health) and can be obtained from the author (dkhanna@mednet.
ucla.edu).

Other outcome measures for gastrointestinal disease in SSc have 
been proposed or are under development and include manometry, 
gastric transient time, endoscopy, and measures of malabsorption.1

Measuring vascular disease in SSc: Raynaud 
phenomenon and digital ulcers
Raynaud phenomenon occurs in approximately 90% of patients with 
SSc. Similarly, digital ulcers are common in SSc and result in digital 
ischemia and gangrenous lesions as well as skin breakdown ulcers. 
There have been several clinical trials examining the efficacy of various 
interventions for Raynaud phenomenon and digital ulcers in SSc.31-33 
The Raynaud’s Condition Score31 is now the standard outcome for use 
in clinical trials of Raynaud’s phenomenon. Because of day-to-day vari-
ability seen in the symptoms of this disorder (numbness, tingling, and 
pain), the Raynaud’s Condition Score (RCS) is calculated by summing 
the daily score over 1 or 2 weeks.31 The RCS assesses the level of dif-
ficulty experienced due to Raynaud phenomenon each day (anchored 
from “no difficulty” to “extreme difficulty”) using a 0-100 VAS or 
11-point Likert scale. The SSc-HAQ VAS for Raynaud phenomenon 
(assesses interference in daily activities) is also feasible, reliable, and 
valid, and discriminates active drug from placebo.34

Methods considered for measuring digital ulcers include standard-
ized photographs, measuring size of ulcers, patient and physician global 
assessments, simple counts of ulcer frequency, and time to healing of 
ulcers. The definition of a digital ulcer has been recently developed 
using consensus methodology35 and is considered as loss of surface 
epithelialization at or distal to the proximal interphalangeal joint; it 
did not include fissures or cracks in the skin or areas of calcium extru-
sion from calcinosis cutis. In a recent study aimed at assessing reli-
ability of defining digital ulcers, a high level of intrarater reliability  
(κ = 0.81) but poor interrater reliability (κ = 0.46) was noted, 

Other methods have been proposed to measure skin disease in SSc, 
including skin ultrasonography, elastometry, magnetic resonance 
imaging or other radiographic techniques, and biopsies,1 but these 
methods are not universally accepted.

Measuring lung disease in scleroderma
Pulmonary disease is now the leading cause of death for patients with 
SSc.19 Pulmonary disease in SSc falls into two major categories: inter-
stitial lung disease (ILD) and pulmonary hypertension. There have 
been several recent clinical trials that specifically focus on lung disease 
in SSc.20,21

Pulmonary function tests in patients with SSc-ILD demonstrate a 
restrictive lung defect with decreased forced vital capacity (FVC) and 
DLco. Pulmonary function tests are feasible in large randomized con-
trolled trials of SSc-ILD.20,21 FVC has been used as the main parameter 
of restrictive lung disease and DLco is used for pulmonary vascular 
disease. FVC was able to differentiate between active (cyclophospha-
mide) and placebo group in the Scleroderma Lung Study. Low FVC 
predicts morbidity and mortality associated with SSc-ILD19 and is 
sensitive to change in multicenter randomized controlled trials.20,21 
DLco is sensitive but not specific for SSc-ILD or pulmonary hyper-
tension and can decline in both diseases. It was not of use in differen-
tiating between active versus placebo groups in two SSc-ILD studies. 
A disproportionate decline in DLco may indicate pulmonary 
hypertension.

High-resolution computed tomography (HRCT) of lungs in SSc-ILD 
usually demonstrates a non-specific interstitial pneumonia pattern.22 
HRCT aims to diagnose and quantify the degree of inflammation and 
fibrosis, thus supporting its face and content validity. The feasibility 
of HRCT for multicenter randomized controlled trials was demon-
strated in two recent studies in SSc-ILD.20,21 The reliability of HRCT 
was demonstrated in the Scleroderma Lung Study21 in which there was 
good inter-reader agreement for determination of the absence or pres-
ence of a pure ground-glass appearance (κ = 0.76) and fibrosis (κ = 
0.74) but fair agreement for honeycombing (κ = 0.29). In the study, a 
higher degree of baseline extent of fibrosis seen on baseline HRCT scan 
was predictive of the rate of decline in FVC in subjects on placebo, as 
well as the response to therapy with cyclophosphamide; patients with 
the most extensive fibrosis seen on baseline HRCT scans responded 
the greatest to cyclophosphamide. In a recent analysis of 215 patients 
with SSc followed for 10 years,23 baseline fibrosis on the HRCT was 
predictive of mortality risk.

The 6-minute walk test (6MWT)
This test measures the distance a person can walk in 6 minutes and 
has been extensively used as an outcome measure in various cardiac 
and pulmonary diseases. It is presently the most widely used primary 
endpoint for studies investigating pulmonary arterial hypertension 
(PAH, including SSc-related PAH). The 6MWT shows good to excellent 
correlation with maximal cardiopulmonary exercise testing (r = 0.57).24 
It was able to discriminate among health controls, and patients with 
New York Heart Association class II, III, and IV disease.24 Criterion 
validity was demonstrated in patients with PAH in which the 6MWT 
was the only non-invasive test that correlated with survival (P < .01).24 
The 6MWT has been successfully incorporated into trials of SSc-
related PAH and was able to differentiate between active and placebo 
treatments in a trial of epoprostenol for SSc-related PAH.25

The 6MWT was found to be feasible and reliable in a 1-year, mul-
ticenter, double-blind, randomized controlled trial comparing bosentan 
with placebo in 163 patients with SSc-ILD26 but lacked construct valid-
ity and sensitivity to change in SSc-ILD and is not a useful measure 
for SSc-ILD.

Dyspnea indices
Another approach to quantifying pulmonary function in SSc has been 
the use of patient-reported dyspnea indices. The Mahler dyspnea 
index27 was used in the Scleroderma Lung Study and assesses level of 
dyspnea. Baseline scores depend on ratings for three different catego-
ries: functional impairment, magnitude of task, and magnitude  
of effort. Baseline scores were able to discriminate between moderate 
and severe physiologic parameters of breathing (FVC and DLco) and 
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able to discriminate among the baseline severity of the HAQ-DI and 
patient global assessment and was sensitive to change.

Other measures
Other generic and disease-specific measures have been tested in SSc, 
including the U.K. Scleroderma Functional Score,42 Scleroderma 
Assessment Questionnaire, and measures of anxiety and depression.43 
These instruments have not yet been shown to be sensitive to change 
in SSc. Fatigue is also a major symptom of SSc, and future trials should 
include and validate available instruments measuring fatigue (e.g., 
Functional Assessment of Chronic Illness Therapy Fatigue Scale).44

BIOMARKERS FOR SCLERODERMA
There is a strong desire among researchers in SSc to develop valid 
biomarkers of disease activity and severity. Vascular (von Willebrand 
factor), T cells (soluble interleukin-2 receptor), B cells (autoantibodies), 
and fibroblasts (type III procollagen N-terminal peptide propeptide) 
candidate markers have been proposed but are not feasible in large 
studies and lack validation studies. Acute-phase reactants (erythrocyte 
sedimentation rate, C-reactive protein) are associated with disease 
activity5 and predict mortality7,45 and were proposed as validated bio-
markers by scleroderma experts.17 Serum creatine phosphokinase is a 
widely used marker of muscle activity and damage, and recently N- 
terminal brain natriuretic peptide has been shown to predict incident 
cases of pulmonary arterial hypertension.46,47 Scleroderma-specific 
autoantibodies are valuable for predicting skin, vascular, and internal 
organ involvement. Although the use of specific autoantibody titers has 
been proposed for use as a disease activity measure,48 the feasibility 
and validation of antibody titers in the context of a clinical trial still 
need to be demonstrated.

CONCLUSION
In the past decade we have seen an increase in the development and 
validation of several outcome measures in SSc, which has led to the 
implementation of these measures in several clinical trials.
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suggesting that the same observer should assess digital ulcers in a 
randomized controlled trial.36 The digital ulcer count was found to be 
feasible, reliable, valid, and sensitive to change in a large multicenter 
trial of bosentan in patients with SSc.35 The SSc HAQ VAS for digital 
ulcers (assesses interference in daily activities) is feasible, reliable, and 
valid and sensitive to change, as was shown in a large SSc cohort.7

Measuring physical function and health-related 
quality of life in scleroderma
SSc is associated with detrimental effect on physical functioning and 
a patient’s emotional and psychological well-being.

The Short Form-36 and the Health Assessment  
Questionnaire-Disability Index
Both the SF-36 and the HAQ-DI have been extensively incorporated 
into multicenter clinical trials of SSc.28,37,38 Both instruments have face 
and content validity because they measure constructs that are impor-
tant to patients with SSc, and both measures are easy to administer. 
Although the test-retest reliability for SF-36 and HAQ-DI has been 
acceptable in other rheumatologic diseases, no study has formally 
evaluated reliability in SSc. The SF-36 and HAQ-DI were found to be 
responsive to change in two large clinical trials.37,38 In addition, base-
line HAQ-DI scores predict mortality in early diffuse SSc.7,39 The SF-36 
and HAQ-DI complement each other, and both should be incorporated 
in clinical trials as measures of health-related quality of life.

The Short Form-6D
The SF-6D is a preference-based measure that is derived from the 
SF-36 by using population-based utilities of health states. Preference-
based measures assess value or desirability of living with current health 
state (e.g., SSc) and are considered generic health-related quality of life 
measures. Preference-based measures are used in decision and cost-
effectiveness analyses. The SF-6D is feasible because it only requires 
completion of the SF-36. The test-retest reliability assessed was accept-
able. The SF-36 has face and content validity because it conforms  
to the guidelines by the U.S. Public Health Service Panel on Cost-
Effectiveness in Health and Medicine, which recommends use of com-
munity or general public health, rather than patients’, preference 
scores40 for decision and cost-effectiveness analyses. Construct validity 
was confirmed by showing good correlation with the HAQ-DI and with 
patient global assessment in a recent clinical trial.41 The SF-6D was 
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symptoms include malaise, fatigue, arthralgia, and myalgia. Occasion-
ally, a patient may describe the onset of gastroesophageal reflux symp-
toms or shortness of breath predating the development of skin changes 
in SSc, indicating preexisting visceral involvement of the gastrointes-
tinal tract or the lungs, respectively.

VASCULAR SYSTEM
Raynaud phenomenon is present in greater than 95% of patients with 
SSc, and those patients without Raynaud phenomenon actually have 
a worse prognosis. By definition, Raynaud phenomenon is cold-induced 
and, less commonly, stress-induced, vasospasm in the digits. It occurs 
in the fingers more commonly than in the toes, but it may be present 
in  both  as  well  as  in  the  ears,  nose,  and  rarely  even  the  tongue. 
Although  it  is classically described as a  triphasic color change of  the 
digits, often a patient will not report all three phases. Initially, pallor 
occurs in response to the vasospasm induced by cold exposure, and it 
is a well-demarcated color change (Fig. 138.2). This may be followed 
by  a  dusky  discoloration  due  to  the  ischemia  and  desaturation  of 
hemoglobin,  and,  subsequently,  reactive  hyperemia  occurs  and  the 
digits turn red. Patients with SSc may be less likely to experience the 
reactive hyperemia phase than individuals with primary Raynaud phe-
nomenon  (previously  referred  to  as  Raynaud  disease),  owing  to  the 
fixed  nature  of  the  blood  vessel  structural  abnormalities  in  SSc.  In 
addition  to  the  color  changes,  patients  often  experience  numbness, 
tingling, and discomfort during episodes of Raynaud phenomenon. A 
color chart of digital changes has been developed and validated to assist 
in  identifying patients with Raynaud phenomenon  (Fig. 138.3). This 
color chart used in conjunction with a short questionnaire has a 100% 
sensitivity and specificity for diagnosing the disorder.11

In patients with  limited cutaneous SSc  (lcSSc), Raynaud phenom-
enon  typically  begins  many  years  before  the  onset  of  skin  or  other 
visceral disease. In patients with diffuse cutaneous disease (dcSSc), the 
onset  of Raynaud phenomenon usually  occurs  simultaneous with or 
shortly after the onset of skin changes. In up to 20% of patients with 
dcSSc the onset of skin thickening changes may precede the develop-
ment of Raynaud phenomenon, and it is this reverse order of disease 
manifestations that is associated with the development of diffuse skin 
involvement and also of scleroderma renal disease.12

The complications of Raynaud phenomenon include the formation 
of  digital  pits  (Fig.  138.4),  fixed  ischemic  changes  with  threatened 
tissue loss, poorly healing digital ulcers, dry gangrene (Fig. 138.5), and 
auto-amputation. Digital pits, one of  the criteria  for the diagnosis of 
SSc, represent areas of ischemic insult to the distal fingertip; however, 
a digital ulcer does not necessarily precede the development of a digital 
pit. Digital ulcers may occur at sites of trauma or may manifest solely 
as a result of vascular insufficiency. Digital ulcers may occur as necrotic 
debris with a “heaped up” appearance beneath the fingernail. Any of 
the digital ischemic changes or ulcers may become secondarily infected. 
The vascular insult due to Raynaud phenomenon in patients with SSc 
is made more severe by the superimposed structural abnormality of the 
vascular disease that occurs due to intimal hyperplasia, medial hyper-
trophy, and adventitial fibrosis of the vessels (Fig. 138.6). These patho-
logic changes occur  in  the absence of  inflammatory changes,  that  is, 
they are not characterized by vasculitis.

Additionally, the ischemic disease may be exacerbated by the pres-
ence  of  macrovascular  disease,  typically  ulnar  artery  vaso-occlusive 
disease,13  which  has  been  described  in  SSc  patients  with  refractory 
digital ulcers. An abnormal Allen test provides a screening tool for the 
detection of ulnar artery occlusive disease  that may be confirmed by 
Doppler ultrasonography or arteriography. Severe vaso-occlusive disease 
occurs more frequently in patients with an anti-centromere antibody.14 

Clinical features of systemic sclerosis
Marcy B. Bolster and Richard M. Silver

 Systemic sclerosis (SSc) is an autoimmune disease characterized by 
microvascular injury and excessive connective tissue deposition in 
the skin and internal organs.

 Lung disease is the leading cause of mortality, and efforts at early 
detection of pulmonary artery hypertension and interstitial fibrosis 
are warranted.

 Cardiac involvement, although not often clinically evident, is a poor 
prognostic indicator. Imaging techniques including cardiac MRI and 
single-photon emission CT (SPECT) provide tools for evaluating 
myocardial function and perfusion.

 Serologic features of SSc are important in characterizing the subset 
of SSc and risks for visceral involvement including anti-centromere 
antibody (limited cutaneous SSc), anti-topoisomerase antibody 
(diffuse skin involvement and interstitial lung disease), and 
anti-RNA polymerase III (diffuse skin changes and renal crisis).

 Gastrointestinal disease can involve dysmotility of any or all of the 
alimentary tract and is a prominent symptom in nearly all patients 
with SSc.

 Depression, often overlooked, is a pervasive symptom in patients 
with SSc.

HISTORICAL BACKGROUND
The  first  convincing  description  of  scleroderma  (SSc)  was  by  Carlo 
Curzio in 1753, who described a 17-year-old patient as having “exten-
sive tension and hardness of skin all over her body.”1 However, it was 
not  until  the  mid-19th  century,  when  Gintrac  ascribed  the  name 
sclerodermie,2  that  scleroderma  was  established  as  a  clinical  entity. 
Maurice Raynaud described the tricolor vasospastic changes that now 
bear his name in 18653; and, in 1883, Jonathan Hutchinson reported 
a  patient  with  Raynaud  phenomenon  who  had  definite  features  of 
scleroderma.2  William  Osler  referred  to  the  systemic  nature  of  the 
disease in the 1894 edition of his textbook of medicine (patients were 
“apt to succumb to pulmonary complaints or to nephritis”)4; and Klem-
perer, Pollack, and Baehr proposed, in 1942, that scleroderma should 
be considered a “systemic disease of the connective tissue.”5 It was not 
until  1945,  however,  that  Goetz  proposed  the  term  progressive sys-
temic sclerosis (PSS) to emphasize the widespread degree and generally 
progressive course of visceral disease.6 Winterbauer described the CRST 
syndrome (now the CREST syndrome of calcinosis, Raynaud phenom-
enon,  esophageal  dysmotility,  sclerodactyly,  and  telangiectasia)7  in 
1964,  although  it  was  first  described  in  1910  and  originally  termed 
Thiberge-Weissenbach syndrome.8  In 1969 a major pathologic review 
delineated the widespread fibrosis of scleroderma9; and, in 1975, LeRoy 
elucidated the vascular hypothesis of the pathogenesis of SSc.10 Later, 
an  autoimmune  basis  was  established.  In  the  recent  past  there  has 
been remarkable progress in understanding the molecular mechanisms 
of fibrosis, microvascular injury, and the autoimmune process in this 
disease.

EARLY SYMPTOMS
The earliest symptom in SSc is usually Raynaud phenomenon. Those 
patients who progress to develop diffuse skin involvement may initially 
present with puffy fingers (Fig. 138.1) and may complain of paresthesia 
related  to  median  nerve  compression  from  carpal  tunnel  syndrome. 
Skin pigment changes may occur before or after the onset of the skin 
tightening, as a sign of inflammation of the skin. Other frequent early 
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Fig. 138.1 The hand of a patient with early scleroderma demonstrating the 
“puffy” phase.

Fig. 138.2 The hands of a patient with scleroderma who has active Raynaud 
phenomenon. There is well-demarcated pallor of the fingertips.

a b c

d e f

Fig. 138.3 A color chart card demonstrating the possibilities of color changes that a patient may identify as the cold-induced 
color changes of Raynaud phenomenon. (a, b, and f ) Color changes seen in Raynaud phenomenon. (From Maricq HR, Weinrich 
MC. Diagnosis of Raynaud’s phenomenon assisted by color charts. J Rheumatol 1988;15:454-459.)

Although controversial,  there  is some evidence of cold-induced vaso-
spasm  of  arteries  in  visceral  organs,  including  the  coronary  arteries, 
renal circulation, and perhaps the lungs.15-17

SSc patients have characteristic microvascular changes that may be 
observed  with  a  widefield  microscope.18,19  The  widefield  microscope 
magnifies  the  nailfold  capillaries  12  to  15  times,  and  visualization  
of  the  capillaries  is  improved  using  immersion  oil  on  the  skin  over  
the  nailfold.  Patients  with  lcSSc  typically  demonstrate  nail  fold 

abnormalities  of  capillary  dilatation,  termed  the  “slow”  phase  (Fig. 
138.7). In contrast, the “active” phase is often present in patients with 
diffuse  skin  disease  and  is  characterized  by  capillary  dilatation  and 
avascularity, or “drop-out”  (see Fig. 138.7). Nailfold capillaroscopy  is 
useful  in assisting with  the diagnosis and prognosis of patients with 
new-onset Raynaud phenomenon and SSc, and some have suggested 
that the characteristic nailfold capillary changes of SSc may be useful 
for the classification of patients with SSc (see later). Nailfold capillary 
changes have been found to have 100% sensitivity  in a group of 326 
patients with SSc.20 A prognostic model using nailfold capillaroscopy 
has  been  evaluated  to  predict  those  patients  with  primary  Raynaud 
phenomenon who may be at risk for the development of scleroderma 
spectrum diseases within 5 years. This validated model finds that an 
increased capillary number and the presence of giant capillary loops or 
of  microhemorrhages  are  associated  with  an  increased  likelihood  of 
developing a scleroderma spectrum disease.21 Video-capillaroscopy is a 
new tool that permits the observer to evaluate the same capillaries on 
subsequent examinations and allows longitudinal follow-up of nailfold 
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Fig. 138.4 Digital pits on the fingertip of a patient with scleroderma.

Fig. 138.5 Digital gangrene on the fingertips of a patient with scleroderma.

Fig. 138.6 Masson’s trichrome stain for collagen of a digital artery reveals near 
occlusion of the vessel lumen due to subintimal fibrosis and periadventitial 
fibrosis.

a
b c

Fig. 138.7 Nailfold capillaroscopy using a widefield microscope demonstrating (a) normal nailfold capillaries, (b) “slow” phase capillaries most commonly seen in 
limited cutaneous systemic sclerosis characterized by capillary dilatation, and (c) “active” phase nailfold capillaries typical of diffuse cutaneous systemic sclerosis 
with capillary dilatation and avascular areas.

capillary changes by allowing access to previous measurements.22 The 
utility of the handheld ophthalmoscope to visualize capillary dilatation 
and avascularity, although inferior to the widefield microscope, is cer-
tainly a more available means for evaluation and may be helpful to use 
for a rapid screening evaluation.23

The current classification system for SSc is based on the extent of 
skin involvement, that is, limited versus diffuse. Limited skin involve-
ment refers to the presence of skin changes distal to the elbows and/
or knees. Diffuse skin  involvement  is determined by  the presence of 
more proximal changes, including the upper arms and/or thighs. Skin 
involvement of the face occurs in either lcSSc or dcSSc. The American 
College  of  Rheumatology  (ACR)  criteria  for  SSc  are  defined  by  the 
amount of skin involvement, the presence of digital pits, and/or radio-
graphic evidence of basilar pulmonary fibrosis.24 Consideration is being 
given to broadening the inclusion criteria of patients with SSc so that 
patients  with  earlier  findings  suggestive  of  SSc  or  patients  with  sys-
temic sclerosis sine scleroderma would be included. One such proposal 
by Maricq and Valter includes the use of nailfold capillaroscopy, anti-
centromere  antinuclear  antibody  assay,  and  telangiectasia  as  well  as 
the  extent  of  skin  involvement  to  classify  patients  into  one  of  six 
classes of SSc.25 Although this represents just one possible alternative 
to the current classification system, it highlights the important point 
that many patients  fall within  the  spectrum of SSc without meeting 
ACR criteria for its diagnosis.

CUTANEOUS FEATURES
Three  stages  of  skin  changes  may  occur  in  patients  with  SSc.  The 
initial  stage  is  an  inflammatory,  edematous  stage.  The  hands  and 
fingers appear puffy (see Fig. 138.1), and there may be loss of the skin 
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Fig. 138.8 Barnett’s sign, characterized by vertical striations in the skin with 
neck extension.

Fig. 138.9 Taut smooth skin over the face and reduced oral aperture of a 
woman with long-standing scleroderma. Furrowing is present around the 
mouth, along with some facial telangiectases.

creases on the fingers. There is also decreased sweat and oil production, 
resulting in dry skin with cracking. Complications such as paronychia 
and sores over taut metacarpophalangeal and proximal and distal inter-
phalangeal  joints  may  develop  and  have  slow  or  poor  healing.  The 
initial inflammatory phase may last for months, and it is during this 
phase that induration and thickening of the skin begin to develop.

The initial inflammatory phase may also be accompanied by pruri-
tus  owing  to  the  production  of  proinflammatory  mediators  such  as 
histamine  and  bradykinins.  Once  the  inflammatory  phase  quiets,  a 
longer phase of progressive  skin fibrosis may ensue. Skin  thickening 
usually begins with acral involvement, distal to the metacarpophalan-
geal joints and may progress proximally. In patients who are developing 
diffuse  skin  changes  there  may  be  involvement  of  the  skin  on  the 
hands, forearms, arms, chest, abdomen, thighs, legs, and feet. Patients 
with limited cutaneous disease have skin changes limited to the face, 
neck, and distal extremities (distal to the elbows and knees). A small 
subset  of  patients  with  diffuse  cutaneous  disease  may  demonstrate 
truncal skin involvement without acral changes. In the early phase of 
SSc a patient may appear  to have  limited cutaneous disease,  that  is, 
distal skin thickening; however, over the course of 2 years skin involve-
ment  may  progress  to  involve  the  proximal  extremities  and  trunk 
(diffuse cutaneous disease). Therefore, it may be unreliable to classify 
a patient as having limited skin disease within the first 2 years of onset 
of skin changes. Involvement of the chest includes the skin below the 
level of the clavicles. The ridging of the skin on the neck can be seen 
in either  limited or diffuse disease and  is  termed Barnett’s sign  (Fig. 
138.8). The skin on the chest and abdomen may also be thickened in 
a band-like distribution along pressure areas, such as the bra line and 
belt region. Involvement of the skin on the face does not distinguish 
between patients with limited cutaneous and diffuse cutaneous disease, 
because  it  is  typically  involved  in  either  subset.  Characteristic  skin 
changes occur in the perioral region and include tightening and a teth-
ering,  causing  a  reduced  oral  aperture  and  “mauskopf”  facies  (Fig. 
138.9). The front teeth may also appear to be prominent due to retrac-
tion of both the lips and the gums. Gum retraction occurs due to both 
fibrosis and atrophy of the mandible.

Changes  in  pigmentation  occur  during  both  the  inflammatory/
edematous  and  the  progressive  fibrosis  stages.  Depending  on  the 
natural skin tones of the patient, the skin may become hypopigmented 
or  hyperpigmented.  Some  patients  develop  areas  of  depigmentation, 
particularly of the scalp, chest, and upper back and over areas of pres-
sure such as the dorsum of the hand or pretibial regions. These areas 
of vitiligo cause the skin to have a “salt and pepper” appearance owing 
to  perifollicular  sparing  of  pigment  loss.  Patients  also  may  develop 
areas of hyperpigmentation, particularly in the skin creases.

After progressive fibrosis in patients with diffuse skin involvement 
there is a final stage of skin softening, and this stage typically begins 
after 2 years of disease duration from the onset of skin changes. The 
skin softening can allow the skin to return to clinically normal skin, 

and this occurs most commonly on the trunk and upper arms. An early 
sign  of  skin  softening  is  the  regrowth  of  hair  on  the  forearms,  and 
patients can develop improved joint mobility. In late-stage SSc the skin 
may  become  atrophic  and  feel  thinner,  particularly  over  the  fingers, 
dorsum of the hand, and lower legs. Although it is softer at this stage, 
it may be  tethered  to underlying fibrotic  tissue, particularly over  the 
fingers.

The modified Rodnan Skin Score (RSS) is a method for grading the 
skin  thickness,  and  it  is  a  validated  tool used  in  clinical  trials, with 
small  interobserver  variability.26  There  are  17  areas  to  be  measured 
(Fig. 138.10), and the score ranges in each area from 0 to 3, with “0” 
representing normal skin and “3” representing taut or hide-bound skin. 
A  score  of  “1”  indicates  mild  skin  thickening  and  a  score  of  “2”  is 
consistent with a greater degree of skin tautness.27,28

Other  skin manifestations  include  telangiectases, digital pits,  and 
calcinosis.  Telangiectases  are  dilated  capillaries  most  commonly 
present  on  the  face  (Fig.  138.11),  mucosal  membranes,  chest,  and 
hands  (Fig.  138.12).  The  presence  and  distribution  of  telangiectases 
may have significance in terms of classification of disease, as suggested 
by  the  presence  of  microscopic  telangiectases  (nailfold  microscopy) 
being  associated  with  an  anti-centromere  antibody  and  thus  with 
lcSSc.25 Digital pits are small areas of indentation on the distal finger 
pads caused by ischemic damage due to Raynaud phenomenon. Sub-
cutaneous  calcinosis  occurs  in  both  limited  and  diffuse  cutaneous 
disease, but calcinosis is more common in patients with limited disease 
and particularly in those with an anti-centromere antibody. The sub-
cutaneous deposits are composed of calcium hydroxyapatite. Calcinosis 
most  commonly  occurs  over  areas  of  trauma  such  as  the  extensor 
surfaces of the forearms and of the finger pads. The calcification may 
remain subcutaneous, or it may drain from the skin surface, ulcerate, 
and/or become infected. There have also been reports of calcinosis of 
the spine that resulted in neurologic insult.29,30

SYSTEMIC FEATURES
Gastrointestinal involvement
Gastrointestinal involvement is nearly universal in patients with SSc 
and often manifests as the first non-Raynaud phenomenon symptom. 
Even in the absence of symptoms, patients with SSc will demonstrate 
motility abnormalities on functional testing. The entire gastrointesti-
nal  tract  may  be  involved,  including  the  oropharynx,  esophagus, 
stomach,  small  and  large  intestines,  rectum,  and  anus.  Secondary 
Sjögren  syndrome  may  contribute  to  abnormal  deglutination  and 
swallowing.

The etiology of gastrointestinal involvement relates to a combina-
tion of factors, including smooth muscle atrophy, which is contributed 
to by both microvascular insufficiency and neurogenic factors. Smooth 



CH
A

PTER 138 
● Clinical features of system

ic sclerosis

1377

of dysphagia. There  is also reduced  lower esophageal sphincter  (LES) 
pressure, which causes varying degrees of gastroesophageal reflux and 
dyspepsia and, in some patients, may result in free reflux of acid and/
or  gastric  contents,  called  “water  brash.”  The  chronic  injury  of  the 
esophageal mucosa due to acid reflux may result in Barrett esophagus, 

muscle atrophy and fibrosis within the gastrointestinal mucosa play a 
role  in  gastrointestinal  dysmotility;  however  intimal  proliferation, 
similar to that seen in other vascular beds, also occurs in the gastro-
intestinal tract.

Gastrointestinal  involvement may be mild or  severe,  and  there  is 
no predilection for patients with either limited or diffuse skin involve-
ment. There may be serious social ramifications for patients with SSc 
and gastrointestinal involvement, and many patients find it difficult to 
participate in social events/planning owing to their embarrassment and 
discomfort  from  gastrointestinal  disease.  Depression,  which  is  often 
present and frequently undiagnosed in SSc, has been shown to correlate 
significantly with gastrointestinal involvement.31

Oropharynx
Oropharyngeal involvement includes reduced oral aperture from skin 
tightening,  mandibular  atrophy,  and  a  shortened  frenulum.  Patients 
with SSc, particularly those with dcSSc, are at an increased risk for the 
development of carcinoma of the tongue.32 Xerostomia due to SSc and/
or secondary Sjögren syndrome also commonly occurs. Most patients 
with  the  complaint  of  dry  mouth  do  not  demonstrate  the  typical 
inflammatory  infiltrate of Sjögren syndrome on minor salivary gland 
biopsy but, instead, have fibrosis of the submucosa.

Esophagus
Esophageal  dysmotility  is  present  in  nearly  every  patient  with  SSc. 
Upper esophageal involvement does not usually occur unless there is 
an overlap with an inflammatory myopathy (e.g., sclerodermatomyo-
sitis)  with  involvement  of  the  striated  pharyngeal  and  esophageal 
muscle.  Involvement  of  the  distal  two  thirds  of  the  esophagus,  the 
portion  that  comprises  smooth  muscle,  results  in  symptoms 
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Fig. 138.10 Total skin score. Semiquantitative estimates by clinical palpation of 
the extent and severity of scleroderma skin change. In all cases, the initial 
areas involved are peripheral and are the most severely affected. The mild skin 
change on the chest and on the upper arms permits classification of this 
subject’s disease as diffuse scleroderma.

Fig. 138.11 Extensive facial telangiectasia in a man with limited cutaneous 
SSc.

Fig. 138.12 Telangiectasia of the fingers.



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1378

detect endoscopically. Pseudo-obstruction is a serious sequela of intes-
tinal dysmotility (Fig. 138.14) and presents as abdominal pain, bloat-
ing,  and  emesis.  Although  its  presentation  mimics  an  anatomic 
obstruction, it is due to a functional ileus, and conservative manage-
ment  is  required. Mucosal muscular  atrophy  is  also  apparent  in  the 
large  intestine,  resulting  in wide-mouthed diverticula unique  to SSc, 

but it is controversial as to whether patients with SSc have an increased 
incidence of Barrett esophagus and/or of esophageal malignancy. Recent 
evidence  lends  support  to  an  increased  finding  of  Barrett  metaplasia  
in  patients  with  SSc.33  Other  symptoms  of  esophageal  involvement 
include  dysphagia  secondary  to  esophageal  stricture,  early  satiety, 
regurgitation of undigested  food, hoarseness, cough, and weight  loss. 
Gastrointestinal bleeding can result from erosive esophagitis, esopha-
geal ulcer, a Mallory-Weiss tear, or mucosal telangiectasia.

Useful  diagnostic  testing  includes  barium  esophagography,  upper 
endoscopy  (EGD),  esophageal  manometry,  24-hour  pH  probe,  chest 
radiography, and chest computed tomography (CT). A barium esopha-
gogram  may  demonstrate  esophageal  dysmotility,  including  loss  of 
primary and secondary peristalsis of the distal esophagus. An esopha-
geal  stricture  may  be  seen  on  barium  esophagography  or  by  upper 
endoscopy.  Esophageal  manometry  can  be  useful  to  document  distal 
esophageal involvement and reduced LES pressure in a patient undergo-
ing evaluation for possible SSc. A 24-hour pH probe can also be helpful 
in monitoring the efficacy of acid suppressive therapy or of fundoplica-
tion. Excessive air in the esophagus, reflecting esophageal dysmotility, 
is a characteristic finding seen on chest radiography or on chest CT.

Stomach
Gastric involvement often results in symptoms of early satiety, bloat-
ing, nausea, emesis, anorexia, and weight loss. Delayed gastric empty-
ing  can  exacerbate  symptoms  of  gastroesophageal  reflux  and  cause 
symptoms of bloating. The symptoms of early satiety and bloating may 
cause  the  patient  to  reduce  caloric  intake,  resulting  in  weight  loss. 
Gastrointestinal  blood  loss  may  result  from  mucosal  telangiectasia, 
gastritis,  or,  in  more  severe  cases,  gastric  antral  vascular  ectasia 
(GAVE). The endoscopic appearance of GAVE is described as a “water-
melon stomach” (Fig. 138.13) and may lead to occult or large amounts 
of gastrointestinal blood loss requiring multiple blood transfusions and 
treatment with laser therapy.

Small and large intestines
Intestinal dysmotility may also give rise to symptoms of bloating and 
cramping. Patients develop diarrhea alternating with constipation due 
to  intestinal  bacterial  overgrowth.  Occult  gastrointestinal  blood  loss 
may  result  from  mucosal  telangiectasia,  which  may  be  difficult  to 

Fig. 138.13 Watermelon stomach. Endoscopic evaluation of a patient with 
scleroderma with recent gastrointestinal bleeding due to gastric antral vascular 
ectasia (GAVE).

a

b

Fig. 138.14 Flat plate (a) and upright (b) abdominal radiographs of a 51-year-
old man with systemic sclerosis and pseudo-obstruction with pneumatosis 
cystoides intestinalis. (From Mitchell M, Bolster MB, LeRoy EC. Scleroderma and 
related conditions. Med Clin North Am 1997;81:129-149.)
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lung function, whereas its absence is predictive of lung function stabil-
ity.27,44  Because  of  the  less  invasive nature  of HRCT,  this method of 
evaluation  for  active  lung  disease  has  largely  replaced  BAL  unless  a 
superimposed pulmonary infection is of consideration.

Pulmonary vascular disease may occur either as a primary vascu-
lopathy  or  secondary  to  underlying  cardiac  disease  or  ILD.  Isolated 
pulmonary  hypertension  more  commonly  occurs  in  patients  with 
limited  cutaneous  SSc,  and  typically  presents  many  years  after  the 
onset  of  Raynaud  phenomenon.  African-American  patients  present 
with pulmonary hypertension at a younger age than white patients.46 
Patients with pulmonary hypertension present with dyspnea. Fatigue 
may  be  the  most  prominent  symptom.  Atypical  chest  pain,  lower 
extremity swelling, lightheadedness, and syncope are late symptoms of 
pulmonary hypertension.

Physical examination findings may include an accentuated P2 com-
ponent of the second heart sound (S2) with or without fixed splitting 
of S2. A right-sided S3 may be present, and additionally there may be 

typically  occurring  on  the  antimesenteric  surface. Anorectal  involve-
ment  due  to  decreased  compliance  and  reduced  anal  sphincter  tone 
may result in rectal prolapse and/or rectal incontinence.

Hepatic involvement
The liver  is rarely primarily  involved in SSc; however, an association 
does exist between primary biliary cirrhosis (PBC) and SSc, and a sig-
nificant  proportion  of  patients  with  PBC  have  an  anti-centromere 
antibody.34 Anti-mitochondrial  antibodies  occur  in SSc patients with 
co-existing  PBC.  Patients  present  with  jaundice  and  an  obstructive 
biliary picture characterized by elevated alkaline phosphatase and total 
bilirubin levels. Transaminase elevations occurring in SSc most often 
reflect  coincident  inflammatory  muscle  disease  rather  than  hepatic 
involvement.

Pulmonary involvement
Lung disease is the leading cause of mortality among patients with SSc. 
Pulmonary  disease  most  typically  includes  interstitial  lung  disease 
(ILD)  and/or  pulmonary  arterial  hypertension  (PAH).  Other  less 
common manifestations of lung involvement include aspiration pneu-
monia, pleural disease, obstructive airways disease, endobronchial tel-
angiectasia with hemoptysis, malignancy, and cryptogenic organizing 
pneumonia.35

ILD characterically begins as basilar pulmonary fibrosis and may be 
seen in SSc patients with either limited or diffuse skin disease, although 
it tends to be more common and more severe in patients with diffuse 
skin disease. Approximately 80% of  patients with SSc will  have  evi-
dence of pulmonary fibrosis at postmortem examination9 or on high-
resolution  CT,  although  clinically  evident  disease  is  present  in  only 
approximately 40% of patients.36 Anti-topoisomerase I antibody (anti-
Scl-70  antibody)  is  associated  with  an  increased  risk  of  developing 
diffuse skin involvement and pulmonary fibrosis.37 Patients are at the 
greatest risk of developing ILD within the first 4 years from the onset 
of SSc, and African-American males in their fifth and sixth decades are 
at the greatest risk of severe  lung disease.38 The presence of an anti-
centromere antibody or anti-RNA polymerase III antibody is associated 
with a reduced risk for the development of ILD.37,39 Patients with ILD 
usually  present  with  dyspnea  on  exertion  and  a  dry  cough.  Physical 
examination reveals late inspiratory basilar crackles. There are no signs 
of congestive heart failure. A chest radiograph may reveal basilar pul-
monary  fibrosis  (Fig.  138.15);  however,  chest  radiography  does  not 
have high sensitivity and a normal radiograph is not unusual.

Pulmonary  function  testing  with  spirometry,  lung  volumes,  and 
tests of gas exchange is the best method to screen for ILD. The most 
sensitive and earliest change is a reduction in diffusion capacity.40 ILD 
is typically characterized by a reduction in total  lung capacity (TLC); 
a  reduced  forced  vital  capacity  (FVC)  is  also  indicative  of  restrictive 
lung  disease  in  the  absence  of  obstructive  airways  disease  (normal 
FEV1/FVC  ratio).  Abnormalities  on  pulmonary  function  testing  may 
occur  before  the  onset  of  clinical  symptoms,  and  reduction  in  lung 
volumes should prompt further evaluation for ILD. Absence of dyspnea 
in some cases may relate to the fact that patients with SSc often limit 
their  activity  level  due  to  skin  or  musculoskeletal  manifestations  or 
even due to the insidious onset of lung symptoms, such that there is 
denial of dyspnea on direct questioning.

It is important to detect ILD at its earliest stage to initiate treatment 
before the occurrence of irreversible lung fibrosis. A high-resolution CT 
(HRCT) scan of the chest will show evidence of ground-glass opacifica-
tion that is representative of active inflammation and/or early fibrosis, 
often referred to as “alveolitis” (Fig. 138.16).41 Other findings on HRCT 
include thickening of the interlobular septa, subpleural nodules, hon-
eycomb appearance, and traction bronchiectasis. The CT radiographic 
findings are highly sensitive for ILD in SSc such that the use of chest 
CT is the standard of care for detecting alveolitis, the earliest stage of 
lung disease, in patients with SSc.42,43

Another  method  of  detection  of  alveolitis  is  the  analysis  of  fluid 
obtained  by  bronchoalveolar  lavage  (BAL).  BAL  findings  of  alveolitis 
include an elevated total cell count and increased percentages of neu-
trophils and/or eosinophils (Fig. 138.17).44,45 Evidence of alveolitis on 
either the HRCT scan or BAL is predictive of a progressive decline in 

Fig. 138.15 A posteroanterior chest film of a patient with SSc and interstitial 
lung disease characterized by basilar pulmonary fibrosis.

Fig. 138.16 High-resolution CT of the chest of a patient with SSc and alveolitis 
demonstrating ground-glass opacification, a haziness visualized at the lung 
periphery.
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additionally, can be a functional measure in terms of distance walked 
for following efficacy of therapeutic interventions. However, in patients 
with  SSc  who  have  PAH  there  are  limitations  in  the  utility  of  the 
6MWT  owing  to  factors  aside  from  dyspnea  that  may  limit  perfor-
mance, such as lower extremity discomfort; thus, musculoskeletal or 
vascular features of a patient’s disease should be considered.55

Another  tool  useful  in  the  evaluation  of  the  patient  with  PAH  is 
cardiac  magnetic  resonance  imaging  (MRI).  Cardiac  MRI  provides 
three-dimensional projections that allow an improved visualization of 
right ventricular mechanics,  including ventricular  volume and mass, 
as well as an assessment of  the pulmonary circulation. Cardiac MRI 
has  not  proven  to  be  more  accurate  in  detecting  PAH  than  two- 
dimensional echocardiography, but it provides additional information 
on right ventricular function.49

In  the  patient  with  known  ILD,  a  worsening  of  symptoms  may 
indicate the presence of secondary PAH, warranting an evaluation for 
pulmonary  vascular  disease  and  the  addition  of  treatment  for  PAH. 
Patients with SSc who have PAH secondary to underlying ILD have a 
worse prognosis than those patients with ILD who do not have PAH.36 
Superimposed pulmonary vascular disease may accelerate the patient’s 
need for oxygen supplementation, provide an indication for anticoagu-
lation with warfarin, and/or prompt the evaluation for adding vasodila-
tor therapy.

The  presence  of  PAH  has  previously  predicted  an  extremely  high 
mortality rate (Fig. 138.19).56 but new treatment options have demon-
strated improved survival in patients with idiopathic pulmonary arte-
rial hypertension and SSc. Studies have shown evidence for functional 
improvement with vasodilator therapy in SSc.8,57-60 The survival of SSc 
patients with isolated PAH using vasodilator intervention has demon-
strated an advantage with a 1-year survival rate of 78% compared with 
a 45% 1-year survival rate among historical control subjects. A survival 
advantage has also been seen  in patients with exercise-induced PAH 
associated with SSc having a 3-year survival rate of 86%. The lowest 
survival rate has been reported in SSc patients with PAH secondary to 
underlying  ILD,  with  a  28%  estimated  3-year  survival  rate.  Factors 
associated  with  a  worsened  prognosis  in  PAH  in  patients  with  SSc 
include  age  older  than  70  years,  higher  World  Health  Organization 
(WHO) functional class (III or IV), and a higher mean right atrial pres-
sure  or  pulmonary  vascular  resistance.  A  reduced  mortality  rate  has 
been seen in female patients and also relates to a higher cardiac index, 
mixed venous oxygen saturation, and/or DLco, as well as in patients 
with longer 6-minute walk distance.61 Although the best survival has 
been observed in patients with exercise-induced PAH or of low WHO 
functional class, this likely represents an earlier stage of disease devel-
opment, and aggressive therapy is warranted because mortality is not 
negligible.

Cardiac involvement
The cardiac manifestations of SSc are variable and may be  subtle  in 
presentation. However, the presence of cardiac involvement in SSc is 
a  common  pathologic  finding  at  postmortem  examination,  even  in 
patients without specific cardiac clinical manifestations.9 The clinical 
presence of cardiac  involvement  is predictive of a poorer prognosis.62 
Cardiac manifestations include pericardial disease, a dilated cardiomy-
opathy,  autonomic  neuropathy,63  and  arrhythmias.  The  presence  of 
diastolic dysfunction with either left or right ventricular involvement 
has become a more recognized abnormality as well. It also appears that 
diastolic  dysfunction  may  be  a  more  important  component  of  PAH 
than previously thought.64,65

Patients with cardiac involvement from SSc may present with symp-
toms  commonly  associated  with  pulmonary  involvement,  including 
dyspnea on exertion, palpitations, chest pain, or dizziness. It is impor-
tant  to  keep  a  high  index  of  suspicion  for  the  possibility  of  cardiac 
involvement being contributory to these symptoms.

Pericardial  disease  can  manifest  as  either  pericarditis  or  as  a  
pericardial effusion. Pericardial effusions are typically exudative if sec-
ondary to the underlying autoimmune disease, and typically accumu-
late  slowly  such  that  pericardial  tamponade  is  a  rare  occurrence. 
Pericardial  effusions  occur  more  commonly  than  overt  pericarditis  
and  are  more  commonly  found  in  patients  with  diffuse  cutaneous 
involvement.  Small-  to  moderate-sized  pericardial  effusions  detected 

signs  of  right-sided  heart  failure,  including  elevated  jugular  venous 
pressure,  hepatojugular  reflux,  hepatomegaly,  ascites,  and/or  lower 
extremity edema. Such findings on physical examination are not sensi-
tive and are indicative of advanced pulmonary hypertension.

The  initial  evaluation  of  the  SSc  patient  complaining  of  dyspnea 
should include spirometry with lung volumes and a diffusion capacity. 
The patient with  isolated PAH will  demonstrate  a  reduced diffusion 
capacity in the presence of normal lung volumes.47 A declining DLco 
on serial pulmonary function testing may be an early predictor of the 
development of PAH.48 The ratio of FVC to DLco (FVC/DLco) > 2 is 
also  associated  with  the  presence  of  PAH  (mean  pulmonary  artery 
pressure  >25 mm Hg)  with  a  sensitivity  of  71%  and  a  specificity  of 
72%.49 An isolated reduction of diffusion capacity of less than 40% is 
predictive of an increased mortality rate50 and may be observed years 
before the clinical diagnosis of pulmonary hypertension.48 An isolated 
reduction in diffusion capacity may, however, indicate either early ILD 
or the presence of pulmonary vascular disease; thus, two-dimensional 
Doppler echocardiography should be performed.

An echocardiogram provides a non-invasive screening  tool  for  the 
detection of PAH (Fig. 138.18).51 PAH can be a difficult disease mani-
festation to detect, and it has been found that between 13% and 23% 
of  patients  with  SSc  may  have  undetected  PAH,  depending  on  the 
threshold  value  for  its  detection  (i.e.,  peak  right  ventricular  systolic 
pressure [PRVSP] of 30, 35 or 40 mm Hg).52,53 Additionally, a PRVSP, 
by echocardiogram, greater than or equal to 40 mm Hg correlates with 
a  reduced  exercise  tolerance  and  a  PRVSP  greater  than  or  equal  to 
50 mm Hg is associated with right ventricular enlargement.53 A high 
index of suspicion for the presence of PAH is imperative to allow the 
clinician to detect it at the earliest stage, and of particular importance 
is the detection before the development of right-sided heart failure.

A  serum  brain  natriuretic  peptide  (BNP)  level  can  be  helpful  in  
the evaluation of  the patient  for  right ventricular strain. An elevated 
BNP  level  is  associated  with  the  presence  of  PAH  with  a  sensitivity  
of 56% and a specificity of 95%. Additionally, increases in BNP levels 
that  occur  in  patients  being  treated  for  PAH  are  associated  with  an 
increased mortality risk.54 Serologic and functional changes notable in 
the  right  ventricle  are  indicative  of  both  the  chronicity  and  severity  
of PAH.

With the finding of an elevated PRVSP on echocardiography, a right-
sided heart  catheterization  should be performed  to document defini-
tively  the  presence  of  PAH,  rule  out  other  causes  of  PAH  such  as 
diastolic dysfunction, and guide therapeutic interventions.

Also used in following the patient with PAH has been the 6-minute 
walk test (6MWT) to provide information regarding a patient’s ability 
to  maintain  blood  oxygen  saturation  in  the  presence  of  PAH  and, 

Fig. 138.17 Wright’s stain of bronchoalveolar fluid obtained from a patient 
with SSc. There are neutrophils, an eosinophil, and alveolar macrophages 
present in this high-power view.
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by echocardiography are not uncommon  in SSc, yet much  less  com-
monly  are  of  clinical  significance.  Pericardial  disease  can  involve  a 
fibrinous pericarditis with adhesions and inflammatory cell infiltrate9,66 
or uremic pericarditis in patients with renal failure due to scleroderma 
renal crisis. The presence of a pericardial effusion is a risk  factor  for 
the  development  of  scleroderma  renal  crisis.67  Pericardial  effusions 
have been found at an increased incidence in patients with ILD associ-
ated  with  SSc  who  have  echocardiographic  evidence  of  pulmonary 
hypertension  (PRVSP  >  35 mm Hg).68  Pericardial  disease  is  apparent 
on 2D echocardiography, and this is the gold standard for evaluation, 
but pericardial involvement also can be detected by chest CT or cardiac 
MRI.

Patients with SSc can develop left or right ventricular systolic dys-
function, and this is usually a late occurrence in the disease course. It 
also typically has an insidious onset and most commonly presents in 
patients  with  diffuse  skin  disease.  The  presence  of  congestive  heart 
failure has been associated with an  increase  in mortality  in patients 
with SSc. A serum brain natriuretic peptide (BNP) level may be helpful 
in evaluating and following patients with reduced ventricular function. 
In the presence of significant left ventricular systolic dysfunction, con-
sideration  for an automatic  implantable defibrillator  should be given 
utilizing the guidelines for use of this device in patients with cardio-
myopathy of other causes such as ischemia.

Pathologic changes of the myocardium seen at postmortem exami-
nation  include  myocardial  muscle  cell  inflammatory  infiltrates  and 
fibrosis  (Fig.  138.20).66  Additionally,  the  myocardial  fibrosis  can 
be  patchy  with  contraction  band  necrosis,  resulting  in  conduction 
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Fig. 138.18 Echocardiographic images of a woman with limited cutaneous SSc and pulmonary arterial hypertension. (a) Parasternal long-axis view shows left 
ventricle, dilated right ventricle, and presence of both a left pleural and pericardial effusion. (b) Parasternal short-axis view demonstrating the “D”-shaped 
septum seen with pressure overload of the right ventricle. The right ventricle is dilated and again noted is a moderate-sized pericardial effusion. (c) Apical 
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variability in the patient with SSc. Cardiac MRI permits evaluation of 
ventricular function, mass, and size. The myocardium may show evi-
dence  of  changes  consistent  with  fibrosis  and/or  changes  of  small 
subendocardial  defects  that  may  relate  to  small  vessel  ischemic 
injury.72,73

Single-photon emission CT (SPECT) provides an evaluation of myo-
cardial perfusion and is another method to allow evaluation of function 
(left ventricular ejection fraction) and wall motion abnormalities. Addi-
tionally, there is evidence for the utility of gated myocardial perfusion 
SPECT  in  the  evaluation  for  early  changes  of  diastolic  function  in 
patients with SSc.74

Renal involvement
Scleroderma renal crisis is one of the cardinal vascular manifestations 
of SSc. It  is not characterized by an inflammatory process, and there 
is  no  evidence  of  a  glomerulonephritis.  It  is  characterized  by  a  high 
renin state, and the pathologic changes in the blood vessels are similar 
to that seen in other vessels in patients with SSc (Fig. 138.21). Plasma 
measures of renin are not, however, predictive of the development of 
SRC.

Before the advent of angiotensin-converting enzyme (ACE)  inhibi-
tors, renal involvement was the leading cause of mortality in patients 
with  SSc.  Scleroderma  renal  crisis  (SRC)  still  occurs;  however,  with 
early  recognition  and  aggressive  management  the  outcome  is  now 
much  improved.  It  is  estimated  that  10%  of  patients  with  SSc  will 
develop SRC. SRC occurs almost  exclusively  in patients with diffuse 
cutaneous disease and is most likely to occur within the first 3 years 
of disease.75,76 Risk factors for the development of SRC include diffuse 
skin  disease,  tendon  friction  rubs,  the  presence  of  anti-RNA  poly-
merase III antibody, new-onset anemia, and pericardial effusion. Non-
malignant hypertension, urine sediment abnormalities, and antibodies 
to topoisomerase I or centromere are not predictive of the development 
of SRC. It has been found that male patients, those presenting at an 
older  age,  and/or  those  with  a  serum  creatinine  value  greater  than 
3 mg/dL are at greatest risk for a poorer outcome. Another study found 
that patients who presented with a higher blood pressure had a better 
outcome  than  those  who  presented  with  lower  blood  pressures,  and 
this may  relate  to  the  presence  of  heart  disease  in  those with  lower 
pressures.77

Patients classically present with new-onset hypertension. The her-
alding  sign  of  the  increased  blood  pressure  may  range  from  a  mild 
increase,  in  a  patient  who  typically  has  a  low  blood  pressure,  to  a 
marked  elevation  of  the  blood  pressure.  Associated  signs  and  symp-
toms  are  similar  to  those  seen  in  malignant  hypertension  and  may 
include  shortness  of  breath,  headache,  visual  disturbances,  seizure, 
pulmonary edema, lower extremity edema, and optic fundus changes. 

abnormalities.  The  patchy  myocardial  fibrosis  likely  occurs  as  a 
response to ischemic-reperfusion insult from the microvascular involve-
ment  in patients with SSc. Patients with an overlap syndrome of an 
inflammatory  myopathy  are  more  likely  to  develop  myocarditis  and 
present  acutely with  a  dilated  cardiomyopathy  as  a manifestation of 
their  underlying  muscle  disease.  An  endomyocardial  biopsy  in  these 
patients would demonstrate  inflammatory changes  in  the absence of 
fibrosis.

Diastolic  dysfunction  may  occur  in  patients  with  SSc  who  have 
essential  hypertension,  similar  to  what  would  occur  in  the  general 
population. Additionally, there seems to be a predilection for the devel-
opment  of  either  right  or  left  ventricular  diastolic  dysfunction  in 
patients with SSc, and this may reflect myocardial fibrosis and reduced 
ventricular compliance. Left ventricular diastolic dysfunction appears 
to  occur  with  a  greater  frequency  than  systolic  dysfunction65  and  is 
present to a higher extent in patients with PAH.46 Diastolic dysfunc-
tion may contribute significantly to the presence of pulmonary hyper-
tension  (venous  rather  than  arterial),  or  right  ventricular  diastolic 
dysfunction may result from PAH in this patient population.

Atherosclerotic coronary artery disease does not appear to occur at 
an  increased  rate  in patients with SSc; however,  thallium defects on 
nuclear medicine testing do occur commonly. Thallium defects likely 
reflect microvascular disease in SSc, and, additionally, have been dem-
onstrated to occur as a cardiac “Raynaud phenomenon” or cold-induced 
and  reversible  vasospasm.69,70  The  presence  of  defects  on  thallium 
scanning is predictive of a poorer prognosis, indicative of more severe 
myocardial involvement.

Arrhythmias occur as a result of fibrosis along the conduction path-
ways. Patients may experience  transient palpitations or more signifi-
cant  symptoms.  Objective  testing  may  be  of  low  yield  owing  to  the 
fleeting  nature  of  many  conduction  abnormalities;  however,  changes 
might be detected on electrocardiography, Holter monitoring, or longer 
duration event monitoring. Conduction defects most commonly found 
on  electrocardiography  include  a  prolonged  PR  interval,  left  anterior 
fascicular  hemiblock,  and  intraventricular  conduction  delays.71  The 
most  common  finding  on  rhythm  analysis  is  premature  ventricular 
contractions.  Premature  atrial  contractions  are  also  common.  Addi-
tional rhythm disturbances may include multifocal atrial  tachycardia 
or  supraventricular  tachycardia.  Less  commonly  occurring  would  be 
atrioventricular defects or the more lethal rhythms such as ventricular 
tachycardia. Rhythm disturbances are more common in patients with 
diffuse skin disease, and their presence portends a poorer prognosis.

Cardiac MRI has become a useful non-invasive  tool  that provides 
high spatial resolution of the heart with small inter- and intra-observer 

Fig. 138.20 Photomicrograph shows lymphocyte and plasma cell infiltration of 
the myocardium as well as fibrosis (H&E, ×10). These changes are largely 
related to an associated fibrinous pericarditis in a young woman with 
scleroderma.

Fig. 138.21 Vascular changes characteristic of SSc. This renal arteriole 
demonstrates endothelial proliferation, medial hypertrophy, and adventitial 
fibrosis in a patient with scleroderma renal crisis (H&E).
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Tendon friction rubs are a palpable physical examination sign over-
lying tendon sheaths, commonly at the fingers, wrists, elbows, knees, 
and/or ankles. Tendon sheath discomfort occurs due to inflammation 
and fibrosis. Tendon friction rubs occur in patients with diffuse cutane-
ous disease  or  in patients with  early  skin  changes  and,  in  the  latter 
case, are predictive of progression to diffuse skin involvement. Approxi-
mately one third of patients with diffuse skin involvement have tendon 
friction rubs.

Muscle weakness and generalized fatigue are prominent symptoms 
in  patients  with  SSc.  Many  patients  develop  muscle  weakness  as  a 
result  of  deconditioning  and  joint  flexion  contractures.  Proximal 
muscle  weakness  occurs  in  SSc  and  may  be  related  to  one  or  more 
causes. Patients can develop a bland myopathy due to muscle fibrosis. 
An overlap syndrome of SSc and polymyositis or dermatomyositis, with 
a true inflammatory myopathy, can also occur. Some of these patients 
will  have  a  positive  anti-PM-Scl  antibody, which  is more  commonly 
seen in whites.81 The bland myopathy associated with SSc is character-
ized by a mild  increase  in the creatine kinase  (CK)  level and may or 
may not reveal inflammatory changes on electrodiagnostic testing. In 
some patients, the CK value is normal but other muscle enzymes (e.g., 
aldolase) may be elevated. A muscle biopsy generally will not reveal an 
inflammatory  infiltrate.  The  overlap  of  SSc  with  an  inflammatory 
myopathy  will,  however,  be  characterized  by  an  elevated  CK  value, 
inflammatory changes on electrodiagnostic testing, and inflammatory 
changes on muscle biopsy.

PSYCHOLOGICAL HEALTH
Patients with SSc often have symptoms of poor psychological health. 
It  has  been  estimated  in  SSc  that  nearly  50%  of  patients  have  mild 
depressive symptoms and approximately 17% of patients have moder-
ate to severe depression.82 In patients with SSc a relationship has been 
found  between  depression  and  self-rated  disability,82  decreased  func-
tional status,31 upper and lower gastrointestinal symptoms,31,83 unmar-
ried  status,83  and  lower  levels  of  education.31,83  Other  health-related 
factors  that  likely  contribute  to  symptoms  of  depression  in  patients 
with SSc include fatigue, chronic pain, and altered personal appearance. 
Each of  these  symptoms and findings  relate  to  a poor health-related 
quality  of  life.  Clinicians  who  care  for  patients  with  SSc  should  be 
highly concerned about the likelihood of depression in these patients, 
and routine screening is recommended. The Center for Epidemiologic 
Studies Depression Scale (CES-D) is a validated tool used for screening 
for depressive symptoms in patients with SSc.84

SEXUAL FUNCTION
Sexual dysfunction occurs in both men and women with SSc. Erectile 
dysfunction occurs in up to 80% of men with SSc and typically begins 
approximately 3 years after disease onset.85 A reduction in penile blood 
flow contributes to erectile dysfunction and is due to both endothelial 
changes  in  small  arteries  as  well  as  corporal  fibrosis  from  excessive 
collagen  deposition86  in  patients  with  SSc.  The  altered  penile  blood 
flow  occurs  in  the  absence  of  atherosclerotic  disease  in  SSc.  Sexual 
function  assessments  can  be  performed  by  patient  interview  and 
enhanced by using a validated questionnaire such as the International 
Index for Erectile Function (IIEF)-5.87

Sexual dysfunction is less well-studied in women with SSc. Women 
with SSc report an increased incidence of vaginal dryness, dyspareunia, 
and vaginal ulcerations after disease onset compared with prior to SSc 
onset as well as in comparison with control subjects with other auto-
immune diseases.88 Decreases  in  libido and number and  intensity of 
orgasms are also reported. There is a significant relationship between 
sexual dysfunction and gastroesophageal  reflux and skin tightness  in 
women  with  SSc.  Women  with  SSc  experience  an  early  menopause 
compared with control subjects. It is important for clinicians to con-
sider sexual dysfunction in the health-related quality of life evaluation 
of the patient with SSc.

SYSTEMIC SCLEROSIS SINE SCLERODERMA
Systemic  sclerosis  sine  scleroderma  is  a  variant  of  SSc  in which  the 
patient has many features of SSc in terms of visceral and/or serologic 

The presentation of SRC can be identical to that of malignant hyper-
tension, and the proper  identification of  the patient as having SSc  is 
imperative  so  that  appropriate  therapy  with  ACE  inhibitors  is  insti-
tuted. More  than one half of  cases of SRC require dialysis; however, 
many patients will be able  to discontinue dialysis over  the course of 
up to 2 years. It is thus essential that patients, despite the development 
of  renal  insufficiency,  remain on ACE  inhibitors because  the disease 
can correct or be reversed even late into the renal course. Occasionally, 
SRC will present before the onset of skin changes, making the appro-
priate identification of the patient and his or her management much 
more challenging.

SRC  is  characterized  by  a  microangiopathic  process  and  includes 
features of anemia with schistocytes seen on peripheral smear, throm-
bocytopenia,  renal  insufficiency,  proteinuria,  and  an  active  urinary 
sediment  including  red  blood  cells  and/or  red  blood  cell  casts.  The 
presentation of SRC can be confused with that of thrombotic throm-
bocytopenic purpura  (TTP), particularly  in  the patient with SSc who 
presents  with  seizures  as  a  manifestation  of  the  uncontrolled  blood 
pressure.  Although  TTP  can  rarely  occur  in  patients  with  SSc,  it  is 
imperative  that  the  diagnosis  of  SRC  be  made  and  ACE  inhibition 
initiated. There is no known role for plasma exchange in the manage-
ment  of  SRC.  In  fact,  the  use  of  ACE  inhibitors  is  contraindicated 
during plasma exchange; thus, the choice to perform plasma exchange 
may, in fact, delay appropriate therapy.

There  is a variant of SRC termed normotensive SRC  that  is char-
acterized by the typical laboratory abnormalities of SRC in the presence 
of a normal blood pressure and that can progress to renal insufficiency 
and/or  the  need  for  dialysis.  Normotensive  renal  crisis  occurs  most 
typically in SSc patients who have previously been treated with gluco-
corticoids, particularly in doses greater than 15 mg/day of prednisone 
(or its equivalent).78

Renal  insufficiency may also occur  in patients with an overlap of 
SSc and systemic lupus erythematosus (SLE) and be due to an immune-
mediated process as occurs  in patients with SLE. Also, cases of anti-
neutrophil  cytoplasmic  antibody  (ANCA)-mediated,  pauci-immune, 
crescentic  glomerulonephritis  have  been  reported  in  patients  with 
SSc.79,80 If there is consideration for an alternative cause to SRC for the 
renal  insufficiency,  then  a  renal  biopsy  may  have  utility;  however,  a 
renal biopsy is otherwise not necessary to diagnose SRC.

Musculoskeletal involvement
Musculoskeletal symptoms are very common in patients with SSc. The 
earliest symptoms experienced by many patients include arthralgia and 
myalgia, and some patients may develop a true inflammatory arthropa-
thy and/or myopathy. The most common joints involved include the 
proximal  interphalangeal,  metacarpophalangeal,  wrist,  and  ankle 
joints. Owing to overlying skin thickening it may be difficult to appreci-
ate  the  presence  of  joint  swelling.  Progressive  skin  changes  can  also 
result in joint flexion contractures, and these can result in significant 
debilitation (Fig. 138.22).

Fig. 138.22 Advanced changes of scleroderma have caused digital 
contractions and limitation of finger movement.
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extensive skin thickening and an increased frequency of tendon friction 
rubs and are more likely to develop renal crisis, although they have a 
lesser occurrence of ILD.39,89

MALIGNANCY
SSc  has  an  increased  association  with  certain  malignancies,  and,  as 
with  other  autoimmune  diseases,  it  can  present  as  a  paraneoplastic 
syndrome,  the  latter  being  associated  with  a  more  severe/refractory 
disease course.90 There is an increased risk of lung cancer in patients 
with SSc, particularly those with underlying pulmonary fibrosis.91,92 As 
with  non-SSc  patients  who  have  pulmonary  fibrosis,  there  is  an 
increased risk for the development of lung adenocarcinoma. Although 
controversial,  there  is  some  evidence  to  suggest  that  there  is  an 
increased risk of breast cancer in patients with SSc. Others have found 
a temporal relationship between the onset of SSc and the diagnosis of 
breast cancer, although the actual incidence of breast cancer may not 
be  increased  in  patients  with  SSc.91,93  Patients  with  SSc  and  chronic 
gastroesophageal reflux are at an increased risk for the development of 
Barrett metaplasia, and this then may increase the risk for development 
of adenocarcinoma of the esophagus.

The  treatment  of  some  malignancies  requires  consideration  for 
irradiation. There have historically been great concerns over patients 
with SSc receiving radiation because of the resulting skin fibrosis that 
can occur after therapy. Newer treatments including implantable radia-
tion pellets do not seem to pose additional risk.

involvement;  however,  there  is  no  apparent  skin  thickening.  Such 
patients will nearly always have Raynaud phenomenon and a positive 
antinuclear antibody  (ANA) assay, and they may demonstrate digital 
pits,  telangiectasia, gastroesophageal  reflux disease, pulmonary fibro-
sis,  and/or  PAH.  Nailfold  capillaroscopy  is  also  typically  abnormal, 
revealing capillary dilatation without avascularity or the “slow” phase, 
as is typically seen in patients with limited cutaneous SSc.

SEROLOGY
Scleroderma is an autoimmune disease characterized by the presence of 
several autoantibodies. Most patients will have a positive ANA test and, 
in fact, a negative ANA is associated with a more severe disease course. 
A negative ANA test should lead the clinician to consider one of the 
many  causes  of  pseudo-scleroderma,  including  diffuse  fasciitis  with 
eosinophilia  (DFE),  nephrogenic  systemic  fibrosis,  scleromyxedema, 
scleredema, and other disorders discussed  in Chapters 143 and 166. 
Alternatively, in the presence of SSc and a negative ANA a paraneoplas-
tic  presentation  of  the  SSc  should  be  considered  and  careful  age- 
appropriate and symptom-related malignancy screening performed.

In SSc, the immunofluorescence ANA has most commonly a nucle-
olar pattern. A positive anti-centromere antibody is seen generally in 
patients  with  limited  cutaneous  disease  (20%-40%).  A  positive  anti-
Scl-70 antibody  is  associated with  an  increased  risk  for  the develop-
ment of diffuse skin disease and of ILD. Patients who have an anti-RNA 
polymerase  III  antibody  have  a  worse  prognosis  and  usually  have 
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family  members  and  siblings,  indicating  an  approximate  13-  and 
15-fold  increase,  respectively.1  In  addition,  certain  ethnic  groups 
have  increased  SSc  prevalence.  Native  American  Choctaws  have  a 
prevalence  of  469/100,000  (odds  ratio  [OR]:  15.4).2  Despite  these 
familial  and  ethnic  associations,  twin  studies  have  not  confirmed  a 
strong genetic basis for familial and ethnic aggregation. Indeed, disease  
concordance  rates are actually higher  in dizygotic  twins  (5.6%)  com-
pared  with  monozygotic  twins  (4.2%),  although  a  relatively  small 
number of  twin pairs  (16 and 22,  respectively) was available  for  this 
comparison.3

Several associations have been reported using a target gene approach. 
Early studies showed relatively weak associations with DRB1*11 and 
DRB1*0301. However, other studies have suggested that this is actu-
ally due to an association with HLA-DQA1*0501, which is in linkage 
disequilibrium  with  DRB1*11  and  DRB1*0301.4  A  C→T  missense 
single-nucleotide polymorphism (SNP) in PTPN22, associated with a 
variety of related autoimmune diseases, was seen more  frequently  in 
some  studies  in  SSc  patients.5,6  However,  a  meta-analysis  concluded 
that this gene contributes only weakly to disease (OR: 1.09).5 An SNP 
in  IRF5,  another  gene associated with autoimmune diseases  such as 
systemic  lupus  erythematosus  and  Sjögren  syndrome,  has  recently 
been  associated  with  SSc.7  The  role  of  IRF5  in  mediating  interferon 
(IFN)  stimulation  in  innate  immune  responses  supports  the  role  of 
innate immunity in SSc (see later).

Replication cohorts have failed to confirm certain SSc associations 
with candidate genes. A prominent example is an SNP in the promoter 
region of the gene for connective tissue growth factor (CTGF).8 A sub-
sequent  study  in  another  cohort  failed  to  show  an  association  with 
SSc.9  In  another  example,  SSc-associated  polymorphisms  in  SPARC, 
identified through microarray studies of fibroblasts from SSc patients 
and low-resolution mapping,10,11 were not confirmed in a subsequent 
study.12  Potential  explanations  for  such  discrepancies  might  include 
ethnic differences in cohorts studied. Disease heterogeneity that might 
not  be  readily  appreciable  at  the  clinical  level  might  also  obscure 
genetic  associations.  Two  developments  promise  major  advances  in 
SSc genetics over the next few years. The assembly of large DNA banks 
from patients with SSc and control  subjects  is now permitting  rapid 
confirmation  or  rejection  of  genetic  associations.  More  importantly, 
the technologies for high-resolution genome-wide mapping are becom-
ing  available.  The  use  of  genome-wide  association  studies  (GWAS), 
making use  of  large DNA  repositories,  should  clarify  the pictures  of 
important genetic associations in SSc. An illustration of the utility and 
power of  these approaches  is provided by a recently completed Euro-
pean/US GWAS. Analysis of a European-ancestry population of close 
to 3000 patients with SSc and over 5000 controls confirmed the role 
of the MHC, IRF5, and STAT4 gene regions as genetic risk factors for 
SSc.13 These associations were confirmed by SNP genotyping in a large 
independent  replication  cohort.  Additional  genetic  loci  identified  in 
this  GWAS  included  IRF4,  CDH7,  and  CD247.  The  CD247  locus 
encodes a T cell receptor subunit that participates in the regulation of 
the immune response and could have a direct role in the pathogenesis 
of SSc. It is notable that the HLA region, STAT4, and IRF5 are known 
to  be  associated  with  other  autoimmune  conditions,  including  sys-
temic  lupus  erythematosus  and  rheumatoid  arthritis.  Therefore  the 
findings  of  genetic  susceptibility  factors  from  SSc  studies  provide 
support for shared pathogenetic aspects of SSc and other autoimmune 
diseases and highlight a strong autoimmune component underlying the 
pathogenesis of SSc.

Gene expression in systemic sclerosis: distinct molecular subsets
Application  of  comprehensive  genome-wide  profiling  of  gene  
expression  has  led  to  the  emergence  of  new  paradigms  of  disease 

Pathogenesis of systemic sclerosis
John Varga and Robert Lafyatis

 Systemic sclerosis (SSc) is an acquired chronic connective tissue 
disease of unknown etiology characterized by immunity, vascular 
damage, and tissue fibrosis.

 Patients with SSc present with a variety of symptoms and show 
considerable heterogeneity in clinical complications, autoantibody 
profiles, natural history, and prognosis.

 Raynaud phenomenon, skin induration, esophageal problems, and 
pulmonary and cardiac fibrosis are common complications with no 
effective therapy.

 Scleroderma renal crisis and pulmonary hypertension are major 
complications that can be managed with current therapies.

 Early recognition, symptomatic treatment and integrated care from 
multiple specialists is associated with improved outcomes and 
survival in SSc.

INTRODUCTION
The cause of systemic sclerosis (SSc) is unknown. Genetic factors play 
a role in determining disease susceptibility and clinical manifestations. 
The  pathogenesis  encompasses  interrelated  yet  distinct  vascular, 
inflammatory,  and  fibrotic  processes.  Although  inflammation  and 
autoimmunity may dominate early-stage disease and fibrosis and vas-
cular insufficiency dominate late-stage disease, considerable patient-to-
patient  variability  exists  in  the  relative  contribution  of  these  three 
processes to the clinical manifestations.

Investigation  using  in-vitro  cell  culture,  in-vivo  disease  modeling 
with genetically engineered strains of mice, genome-wide gene expres-
sion profiling, candidate gene studies, and the application of “systems 
biology” is yielding an integrated picture of pathogenesis by annotating 
the cell types, signaling pathways, molecules, and genes that are dereg-
ulated  in  SSc.  Injury  in  genetically  predisposed  individuals  causes 
endothelial cell perturbation, vascular damage, and concurrent activa-
tion of both innate and adaptive immune systems. Recurrent or sus-
tained injury, persistent immune responses, and progressive obliterative 
vasculopathy with consequent tissue hypoxia in multiple organs result. 
In some patients, unchecked fibroblast activation results in excessive 
accumulation of collagen and extracellular matrix molecules. Differen-
tiation  of  bone  marrow–derived  mesenchymal  progenitor  cells  and 
resident vascular cells into myofibroblasts further contribute to patho-
logic fibrogenesis. Over time, vascular insufficiency and tissue fibrosis 
disrupt the function of affected organs. The progressive and intractable 
nature of these pathogenetic processes accounts for the poor prognosis 
of SSc. Understanding the crosstalk between inflammation, vasculopa-
thy,  and  fibrosis  is  needed  for  the  development  of  rational  therapies 
that  selectively  target  the  pathogenesis  of  SSc  and  prevent  its 
progression.

ETIOLOGY
The etiology of SSc  is unknown. The role of genetic  factors  remains 
incompletely defined. Small studies have  implicated  infections, envi-
ronmental exposures, occupational factors, and ingestion of drugs.

Genetic factors—toward defining the genetic 
contribution to systemic sclerosis
The  relative  contribution  of  genetic  background  to  SSc  is  uncertain. 
One  informative  study  examined  the  relative  risk  in  first-degree  
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Infectious agents
Although infectious agents have long been suspected as triggers in SSc, 
no  infection  has  been  convincingly  linked  to  pathogenesis.  A  “pan- 
bacteria” polymerase  chain  reaction  (PCR)  screening approach  found 
no evidence of persistent bacterial infection in the skin in 18 patients 
with  SSc.16  Some  patients  with  SSc  have  serum  antibodies  directed 
against the UL83 and UL94 protein epitopes of human cytomegalovi-
rus (hCMV).17-20 Anti-topoisomerase-I antibodies can cross react with 
hCMV-derived  proteins,  suggesting  molecular  mimicry  as  a  mecha-
nism to link hCMV infection and SSc.21 Because antibodies to UL94 
can activate fibroblasts and induce endothelial cell apoptosis in vitro, 
the anti-CMV immune response might have a causative role in vascu-
lar damage and fibrosis.22,23 In addition, infection with CMV is impli-
cated in allograft vasculopathy, a common complication of solid organ 
transplantation  characterized  by  neointima  formation  and  smooth 
muscle proliferation similar to the obliterative vasculopathy of SSc, and 

classification.  The  two  major  clinical  patterns  of  SSc,  limited  and 
diffuse cutaneous disease, can be readily distinguished using clustering 
software that looks for patterns of altered gene expression in skin from 
SSc patients.13 This “unsupervised clustering” of an identified “intrin-
sic classifier” set of genes shows  further disease heterogeneity at  the 
molecular level (Fig. 139.1). Best defined is the division of patients with 
diffuse cutaneous SSc into two subgroups based on expression of dis-
tinct  gene  clusters  that  prominently  include  gene  expression  “signa-
tures”  indicative of proliferation or  inflammation.14 These molecular 
disease subgroups appear to be stable over time, suggesting that they 
repre sent  underlying disease heterogeneity,  rather  than simply differ-
ent  stages of  the  same process. Such molecular heterogeneity  in SSc  
might underlie the observed differences in clinical manifestations, rates 
of  progression,  and  responsiveness  to  therapies.  Gene  profiling  of 
lesional  tissue might  also be  a  sensitive  tool  for detecting  treatment 
effects.15
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Fig. 139.1 Genomewide transcriptional profiling in systemic sclerosis. RNA was isolated from skin biopsies from patients with 
limited and diffuse cutaneous SSc and healthy controls and was subjected to microarray-based expression analysis. Each 
vertical column represents a separate biopsy, and each horizontal row represents a gene. Patients and genes are clustered 
hierarchically. The two major branches of the dendrogram tree divide a subset of the diffuse cutaneous SSc samples 
(indicated by red bars below the dendrogram) from all other samples. Within these major groups are smaller branches with 
identifiable biological themes: blue for diffuse 1, red for diffuse 2, purple for inflammatory, orange for limited and green for 
normal-like. Statistically significant clusters (p < 0.001) are indicated by an asterisk (*) at the lowest significant branch. 
(From Milano A, Pendergrass SA, Sargent JL, et al. Molecular subsets in the gene expression signatures of scleroderma skin.  
PLoS ONE 2008;3:e2696.)



CH
A

PTER 139 
● Pathogenesis of system

ic sclerosis

1389

generally occur in the absence of prominent inflammation, inflamma-
tory  cell  infiltration  may  be  seen  in  early-stage  disease,  particularly 
around blood vessels. In the skin, the infiltrates are composed primar-
ily of CD4+ lymphocytes and monocytes (Fig. 139.2), whereas CD8+ 
lymphocytes predominate in the lungs.

Vascular pathology
Vascular injury and endothelial cell activation are the earliest and pos-
sibly primary pathogenetic events in SSc. Clinical signs of vasculopa-
thy,  such  as  Raynaud  phenomenon,  often  precede  other  disease 
manifestations. Histologic evidence of vascular damage precedes fibro-
sis  and  can  be  detected  in  involved  as  well  as  uninvolved  skin.45,46 
Cutaneous  telangiectasia,  microscopic  vascular  changes  at  the  nail 
fold,  PAH,  digital  pit  formation,  gastric  antral  vascular  ectasia  (also 
called “watermelon stomach”) and scleroderma renal crisis are charac-
teristic manifestations of SSc vasculopathy. Expansion of  the  intimal 
layer  in  the  small  and medium-sized  arteries  (Fig.  139.3),  a  striking 
pathologic finding that SSc shares with chronic allograft arteriopathy, 
is  caused by myointimal  cell proliferation and migration and by col-
lagen  accumulation.47  The  basement  membranes  are  thickened  and 
reduplicated.  In addition  to  structural  changes,  evidence of  impaired 
fibrinolysis  and  increased  levels  of  circulating  von  Willebrand  factor 
are  common.48  Endothelial  injury  causes  platelet  aggregation,  with 
ensuing release of platelet-derived growth factor (PDGF) and endothe-
lin-1  (ET-1)  and  endothelial  cell  apoptosis.48,49 Vasculitis  or  immune 
complex  deposition  in  vessel  walls  is  uncommon.  In  patients  with 
advanced SSc, fibrin deposition and perivascular fibrosis cause progres-
sive luminal occlusion.50 Widespread obliterative vasculopathy of small 
and medium-sized arteries in multiple vascular beds ultimately results 
in vascular rarefaction and chronic tissue hypoxia.

Tissue fibrosis
Fibrosis represents excessive tissue accumulation of type I collagen and 
other fibrillar collagens, fibronectin, elastin, COMP, and proteoglycans 
such as decorin, fibromodulin, and lumican. The process increases the 
stiffness  of  the  matrix  and  disrupts  tissue  architecture,  resulting  in 

can  stimulate  the  synthesis  of  CTGF  (CCN2).24  Human  parvovirus 
B19 infection has also been documented in some cases of SSc.25,26

Environmental exposures, drugs, and radiation
The occurrence of geographic clusters suggests shared environmental 
exposures causing disease. Epidemiologic investigations have generally 
failed  to  substantiate  putative  clusters  of  SSc.  In  contrast,  well- 
documented  outbreaks  of  SSc-like  illnesses  have  been  reported.  For 
instance, the toxic oil syndrome in Spain was linked to the ingestion 
of contaminated rapeseed cooking oils.27 Contaminated lots of l-tryp-
tophan dietary supplements were implicated in the epidemic of eosin-
ophilia-myalgia syndrome (EMS) in 1989, although the precise identity 
of the contaminant was never fully established.28-30 Whereas the EMS 
epidemic largely subsided after withdrawal of dietary l-tryptophan from 
the  market,  sporadic  cases  continue  to  occur.  Recently,  exposure  to 
certain gadolinium-containing radiologic imaging dyes in patients with 
chronic  kidney  diseases  was  implicated  in  the  nephrogenic  fibrosing 
syndrome.31 Scleroderma-like skin induration, with or without multi-
system  involvement  and  evidence of  autoimmunity,  is  prominent  in 
each of these toxicoepidemic syndromes; however, clinical, histopatho-
logic, and laboratory features distinguish them from SSc.28,32 Men with 
exposure  to  silica  or  working  in  construction-related  occupations  
have  an  increased  incidence  of  SSc.33  Other  occupational  exposures 
include polyvinyl chloride, trichloroethylene, and organic solvents.34,35 
Anecdotal reports allege an association between SSc and exposures to 
pesticides, hair dyes, and industrial  fumes.34,36-38  In contrast  to rheu-
matoid arthritis in which cigarette smoking is a strong environmental 
risk factor, it does not appear to have a relationship with SSc.

Drugs implicated in SSc-like illnesses include the chemotherapeutic 
agent  bleomycin,  as  well  as  pentazocine  and  cocaine.  The  use  of  
appetite suppressants has been  linked  to  the development of pulmo-
nary  arterial  hypertension  (PAH).  An  apparent  increase  in  SSc  after 
silicone breast augmentation raised alarm regarding a causal associa-
tion.29 Large-scale epidemiologic surveys, however, failed to confirm an 
increased  risk  of  connective  tissue  diseases  associated  with  breast 
implants.39-41 Radiation treatment  for malignant neoplasms has been 
linked  to  both  de novo  SSc,  as  well  as  exacerbation  of  preexisting 
SSc.42,43 Some of the environmental agents and drugs potentially associ-
ated with SSc are listed in Table 139.1.

PATHOLOGY
The two pathologic hallmarks of SSc are obliterative vasculopathy and 
interstitial/vascular fibrosis in multiple organs.43 Although these lesions 

TABLE 139.1 ENVIRONMENTAL AGENTS AND DRUGS IMPLICATED IN 
TRIGGERING SCLERODERMA-LIKE SYNDROMES

Chemicals

Silica
Heavy metals
Mercury
Organic chemicals
Vinyl chloride
Benzene
Toluene
Benzene
Trichloroethylene

Drugs

Bleomycin
Pentazocine
Taxol
Cocaine

Dietary supplement/appetite suppressants

l-Tryptophan (contamination)
Mazindol
Fenfluramine
Diethylpropion

Fig. 139.2 Inflammatory infiltrate in the dermis. The skin shows a mononuclear 
cell inflammatory infiltrate in the perivascular area. Note also expansion of the 
collagenous reticular dermis, encasement of sweat glands, and expansion of 
the collagenous region into the subcutaneous adipose tissue (H&E).
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layers and characteristic vascular lesions.59,60 Disruption of the intes-
tinal  wall  architecture  interferes  with  normal  peristaltic  activity, 
causing gastroesophageal reflux and small bowel dysmotility, pseudo-
obstruction, and bacterial overgrowth. Chronic reflux is often compli-
cated by esophageal inflammation, ulcerations, and stricture formation. 
Up to one third of patients develop Barrett’s esophagus, with metapla-
sia  of  the  squamous  lining  of  the  esophagus  into  columnar  epithe-
lium.61 Because Barrett’s metaplasia is associated with a greater than 
30-fold increase in the risk of esophageal cancer, patients need regular 
monitoring for dysplasia and adenocarcinoma.

Kidneys
Kidney  involvement  in  SSc  is  dominated  by  vascular  changes,  
and  glomerulonephritis  is  uncommon.  Acute  scleroderma  renal  
crisis  is  characterized  histologically  by  vascular  changes  that  are 

progressive dysfunction and eventual  failure of  target organs.  In SSc, 
the skin, lungs, gastrointestinal tract, heart, tendon sheath, and peri-
fascicular tissue are most prominently affected. On microscopic exami-
nation,  these  organs  show  relatively  acellular  sclerotic  connective 
tissue deposition with thick bundles of hyalinized collagen.

ORGAN-SPECIFIC PATHOLOGIC FINDINGS
Skin
Fibrosis of the skin leads to expansion of the dermis and obliteration 
of the hair follicles, sweat glands, and other skin appendages. Collagen 
fiber  accumulation  is most  prominent  in  the  reticular  (deep)  dermis 
and gradually invades the subjacent adipose layer with entrapment of 
fat cells. Skin biopsy in early stages of SSc may reveal perivascular cel-
lular  infiltrates  composed of T  lymphocytes and monocytes and  less 
commonly mast  cells51  and  eosinophils.49,52,53 The number of myofi-
broblasts, a contractile cell that is intermediate between fibroblasts and 
smooth muscle cells, is increased in the lesion.53 With disease progres-
sion, the skin atrophies with thinning of the epidermis and effacement 
of  the  rete  pegs  and  accumulation  of  compact  hyalinized  collagen 
bundles in the dermis (Fig. 139.4). The subcutaneous adipose layer is 
shrunken or may be  completely  absent.55 Evidence of  tissue hypoxia 
due to the paucity of dermal capillaries can be found even in clinically 
uninvolved “normal” skin.56

Lungs
Histologic evidence of lung injury is common in all forms of SSc. In early 
stages there is patchy infiltration of the alveolar walls with lymphocytes, 
plasma cells, macrophages, and eosinophils. With disease progression, 
interstitial fibrosis (Fig. 139.5), often coexisting with vascular damage 
within the same lesions, predominates. Intimal thickening of the pul-
monary  arteries,  best  seen  with  elastin  stain,  underlies  PAH  and  at 
autopsy is frequently accompanied by pulmonary emboli and myocardial 
fibrosis (Fig. 139.6). The most characteristic histologic pattern of SSc 
lung fibrosis is nonspecific interstitial pneumonitis (NSIP), a form of 
interstitial lung disease associated with moderate interstitial inflamma-
tion, type II pneumocyte hyperplasia, and fairly uniform distribution of 
fibrosis. Less commonly seen is the usual interstitial pneumonia (UIP) 
pattern characterized by scattered fibroblastic foci that is associated with 
a  worse  prognosis.57,58  Progressive  septal  thickening  causes  airspace 
obliteration and honeycombing. This impairs gas exchange and contrib-
utes  to  worsening  of  pulmonary  hypertension.  Extensive  pulmonary 
fibrosis may predispose to lung carcinoma.

Gastrointestinal tract
Pathologic changes can occur at any level of the gastrointestinal tract 
from  the  mouth  to  the  rectum.  The  esophagus  is  virtually  always 
affected, with fibrosis in the lamina propria, submucosa, and muscular 

Fig. 139.4 Excess dermal collagen deposition in a patient with established 
systemic sclerosis. There is marked thickening of the dermis with collagen and 
perivascular inflammatory infiltrates. There is entrapment of cutaneous glands 
and obliteration of subcutaneous adipose layers (H&E).

Fig. 139.5 Interstitial lung fibrosis in systemic sclerosis. Marked thickening of 
the alveolar septa due to connective tissue accumulation. An inflammatory cell 
infiltrate is present. Note dramatic disruption of normal lung architecture 
(H&E).

Fig. 139.3 Vascular involvement in the myocardium. An intramyocardial artery 
shows intimal proliferation and marked narrowing of the vascular lumen. 
Similar findings occur in small arteries in multiple vascular beds. There is also 
evidence of myocarditis in this specimen, with inflammatory cells located 
between the myocardial cells (H&E).
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to 80%.44,64 The characteristic finding of myocardial contraction band 
necrosis  is  thought  to  reflect  repeated  ischemia-reperfusion.64 Patchy 
myocardial fibrosis distributed throughout both ventricles is common 
and is often accompanied by cardiac hypertrophy (Fig. 139.9). Signifi-
cant  interstitial  and  perivascular  fibrosis  may  occur  in  the  absence  
of  clinically  evident  heart  involvement.65,66  Although  inflammatory 
cell  infiltrates  are  seen  commonly  in  biopsy  samples  from  the  right 
ventricle,  their  clinical  significance  is  unknown.  Skeletal  muscle 

indistinguishable from other forms of malignant hypertension.62 The 
most prominent changes occur  in  the small  interlobular and arcuate 
renal  arteries,  with  reduplication  of  elastic  lamina,  marked  intimal 
proliferation, fibrinoid changes, and narrowing and obliteration of the 
lumen,  commonly accompanied by microangiopathic hemolysis  (Fig. 
139.7).  Flattening  and  degeneration  of  tubular  cells  may  be  seen.  A 
study examining if renal biopsy findings could predict the outcome of 
scleroderma renal crisis found that patients with a poor outcome had 
more  extensive  vascular  thrombosis  and  glomerular  collapse  than 
patients who recovered renal  function.63 Scleroderma renal crisis can 
clinically  resemble  thrombotic  thrombocytopenic purpura  (TTP), but 
in contrast to TTP the profound reduction in serum levels or activity 
of  von  Willebrand  factor  cleaving  protease  (ADAMTS13)  does  not 
occur in SSc. The characteristic histologic features of scleroderma renal 
crisis are illustrated in Figure 139.8.

Heart
Whereas only about 25% of patients with SSc have clinical evidence of 
myocardial disease, at autopsy cardiac abnormalities are  found in up 

Fig. 139.6 Pulmonary artery lesion. Elastin stain demonstrates intimal 
thickening (matrix accumulation on the luminal side of the elastic lamina) in a 
small pulmonary artery. Note only mild interstitial fibrosis in this specimen 
from an individual who died of pulmonary hypertension associated with 
limited cutaneous systemic sclerosis (elastin).

Fig. 139.7 Renal blood vessel in systemic sclerosis. Luminal narrowing caused 
by intimal proliferation in a renal artery. Note reduplication of the elastic 
lamina and concentric layering in the media (onionskin lesion) (Elastin stain).

Fig. 139.8 Renal scleroderma. Kidney biopsy showing vascular disease 
(bottom left and upper right), with luminal narrowing and reduplication of 
elastic lamina. One glomerulus (top) shows fibrinoid deposition (darker pink 
color) indicating thrombosis.

a

b

Fig. 139.9 Myocardial fibrosis in systemic sclerosis. (a) Note dramatic 
perivascular and perimysial increase in collagen accumulation (blue with 
Masson’s trichrome stain). Extensive fibrosis can cause myocardial failure and 
serve as an arrhythmic focus. (b) Fibrosis involving the conducting system can 
cause heart block.
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TABLE 139.2 KEY SSc TRAITS*

Disease attribute Comment

Course of disease Insidious onset, chronic and generally progressive course; 
female predominance

Skin induration Starts distally in digits (sclerodactyly), advances 
centripetally; widespread

Early dermal inflammation, followed by fibrosis, most 
prominent in reticular dermis

Loss of adnexal structures, subcutaneous adipose atrophy
Late-stage epidermal thinning, calcinosis cutis

Internal organs Progressive and irreversible fibrotic damage in the lungs, 
intestinal tract, heart, and other organs

Vascular 
involvement

Early vascular injury, endothelial cell activation and 
obliterative vasculopathy in small vessels, Raynaud 
phenomenon, cutaneous telangiectasia

Inflammation/
autoimmunity

Early perivascular infiltration in skin, lungs with T cells, B 
cells, monocyte/macrophages, type 2 immune response; 
innate immune response

*An ideal animal model of SSc should recapitulate some or all of these features.

TABLE 139.3 SELECTED MOUSE MODELS OF SCLERODERMA

Model

Aspects of SSc pathogenesis

Key features
Vasculopathy, 
vascular activation Inflammation Autoimmunity Fibrosis

Naturally occurring

Tsk-1 − − + + Duplication mutation in fibrillin-1 gene

Tsk-2 − + + + Unknown genetic defect; early cutaneous inflammatory cell infiltrate

Induced

Bleomycin (s.c.) − + − + Production of reactive oxygen species, monocytic inflammation, 
TGF-β activation. Progressive fibrosis in skin, lung, and kidneys

GVHD (B10.D2 vs. Balb/c) + + − + Transfer of spleen cells from B10.D2 mice into irradiated Balb/C mice 
results in chronic GVHD and fibrosis.

GVHD (B10.D2 vs. 
Rag-2−/−)

+ + + + Transfer of spleen cells into Rag-2 null mice results in systemic fibrosis, 
inflammation, autoantibodies

Transgenic

Fibroblast-specific 
constitutively active TβRI

+ + − + Expression of constitutively active mutant type I TGF-β receptor in 
fibroblasts causes tissue fibrosis.

GVHD, Graft-versus-host disease.

inflammation  is  frequent  in  SSc  and  can  be  accompanied  by  acute 
myocarditis.67,68

Pathologic findings in other organs
Fibrosis of  the  thyroid glands  is common.69,70 Broad bands of fibrous 
tissue  are  seen, with  atrophy  and obliteration of  the  follicles,  in  the 
absence of inflammation.71 Abnormal thyroid function tests and anti-
thyroid peroxidase autoantibodies are  frequent.72 Erectile dysfunction 
may  be  a  presenting  manifestation  of  SSc.  Pathologic  examination 
shows  extensive  proliferative  and  obliterative  changes  in  the  penile 
blood  vessels.73  Fibrosis  of  the  salivary  and  lacrimal  glands  in  the 
absence  of  inflammation  may  be  associated  with  Sjögren  syndrome. 
Synovial  biopsy  specimens  show  fibrosis  and  characteristic  vascular 
changes in the small arterioles.74

ANIMAL MODELS
Various  experimental  manipulations  and  mouse  strains  have  been 
studied as putative animal models of SSc. None of these models fully 
recapitulates  the attributes of  the disease  listed  in Table 139.2,  such 
as  the overlapping vascular/immunologic/fibrotic pathology,  temporal 
and spatial evolution, and progressive multiple-organ damage. Thus, 
observation from mouse models of SSc must be extrapolated to human 
disease with caution. Mouse models fall into three groups: (1) sponta-
neous mutations or genetic manipulations giving rise to mouse strains 
with  heritable  scleroderma-like  traits;  (2)  inducible  disease  models 
where scleroderma is elicited by chemical exposures; and (3) transplan-
tation  of  HLA-mismatched  immunocompetent  cells  resulting  in 
chronic  sclerodermatous  graft-versus-host  disease  (GVHD)  (Table 
139.3).

Heritable animal models of scleroderma
Tight skin mouse (Tsk-1)
The tight skin 1 (Tsk1/+) mouse was described more than 40 years ago 
as a spontaneously occurring mutant. The skin is tight and thickened, 
especially in the intercapsular region, and is firmly bound to the under-
lying  muscle.  Histology  shows  marked  subcutaneous  fibrosis  but  no 
changes in the dermis.75 A thorough analysis found no significant dif-
ference  in  dermal  collagen  content  in  Tsk1/+  mice  compared  with 
age-matched  wild-type  controls.  Furthermore,  transcriptional  expres-
sion  profiling  showed  no  evidence  of  active  TGF-β  signaling  in  the 
skin,76  whereas  substantial  changes  were  seen  in  genes  coding  for 
microfibrillar  proteins,  collagen,  and  Wnt,  BMP,  and  CCN3 

signaling.77 Both agonists of Wnt signaling (Wnt2, Wnt9a, and Wnt11) 
as well as antagonists were upregulated.

In contrast to patients with SSc, Tsk1/+ mice have no vasculopathy 
and develop emphysema-like changes rather than pulmonary fibrosis. 
The  Tsk  mutation  is  an  in-frame  duplication  of  exons  17-40  of  the 
fibrillin-1 gene that gives rise to an abnormally large fibrillin-1 mole-
cule.78 Mutations in the fibrillin-1 gene are associated with the fibril-
linopathies, a family of developmental disorders that includes Marfan 
syndrome and the stiff skin syndrome. Marfan syndrome is character-
ized by skeletal abnormalities, tall stature, lens subluxation, and aortic 
root  aneurysms.  A  Marfan-like  skeletal  phenotype  was  described  in 
Tsk1/+ mice.79 Fibrillin-1  is a connective tissue microfibril  that regu-
lates  elastic  fiber  assembly.  Furthermore,  by  binding  to  the  latent 
TGF-β  binding  proteins  (LTBP)-1  and  4  (LTBP4),  fibrillin-1  controls 
TGF-β  bioactivity.  Both  human  Marfan  syndrome  and  a  transgenic 
model  of  Marfan  syndrome  in  mice  are  characterized  by  perturbed 
TGF-β  signaling,  which—at  least  in  the  mouse—can  be  reversed  by 
pharmacologic TGF-β antagonism with losartan.80
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loci  results  in  sclerodermatous  GVHD.99,100  Two  strains  commonly 
used in such experiments are B10.D2 as donors and Balb/c as recipi-
ents. Dermal fibrosis develops 14 to 21 days after transplantation. In 
the  early  stage,  skin  infiltration  with  donor  T  cells  and  monocyte/
macrophages  is  prominent.  DNA  microarray  analysis  of  the  skin 
showed overexpression of both Th1 and Th2 cytokines, TGF-β,  and 
MCP-1.101  TGF-β  in  this  model  appears  to  be  produced  mainly  by 
infiltrating tissue macrophages.99 Induction of inflammation and fibro-
sis requires donor CD4+ naive T cells and either CD80/86 expressing 
donor  or  host  antigen-presenting  cells.102  This  model  shows  that  an 
adaptive  immune response,  in  this case  targeting unidentified minor 
histocompatibility antigens in the recipient, can drive skin fibrosis.

PATHOGENESIS
Overview of immunity, vascular injury,  
and fibrosis
The pathogenesis of SSc remains incompletely understood. A balanced 
view  integrates  the  three  cardinal  aspects  of  SSc:  vascular  damage, 
innate  and  adaptive  autoimmunity,  and  generalized  fibrosis.  While 
each contributes to the disease burden in every patient, their individual 
importance  varies  from  one  patient  to  another,  with  some  patients 
manifesting primarily vascular complications and others suffering pre-
dominantly from fibrotic complications. The clinical heterogeneity of 
SSc  is  likely  to  be  a  reflection  of  the  variable  contributions  of  these 
pathogenetic  processes.  Figure  139.11  is  an  integrated  overview  of 
pathogenesis,  illustrating  the dynamic  interplay between  the distinct 
processes that is responsible for initiating, amplifying, and sustaining 
tissue damage in SSc.

Fibrosis
Fibrosis  is due  to deregulated synthesis, accumulation, and  intermo-
lecular interactions among collagens and other extracellular membrane 
macromolecules.  Progressive  buildup  of  abnormal  connective  tissue 
disrupts tissue architecture and function, accounting for much of the 

Tight skin 2 (Tsk2/+) mice
The  mouse  tight  skin  2  phenotype  is  associated  with  an  autosomal 
dominant mutation mapped  to  chromosome 1; however, neither  the 
precise genetic locus nor the underlying molecular defect is currently 
known. By 2 weeks of age, Tsk2/+ mice have significant skin fibrosis.81 
In contrast to Tsk1/+ mice, this affects the dermis and is accompanied 
by  subcutaneous  adipose  tissue  atrophy.  Furthermore,  these  mice  
have positive antinuclear antibody  (ANA) and anti-centromere,  anti-
topoisomerase-I, and anti-RNA polymerase II autoantibodies.82 Modest 
increase  in  the  perivascular  adventitial  layer  has  been  detected,  but 
obliterative  vasculopathy  is  absent.  In  contrast  to  Tsk1/+  mice,  no 
pulmonary  pathology  is  seen  in  Tsk2/+  mice.  Whereas  early  reports 
described mononuclear cell  infiltrates  in the dermis,81 a recent study 
was unable to reproduce these findings.83

Transgenic expression of TGF-β
A recently created transgenic mouse strain expressing a constitutively 
active mutant  type 1  transforming  growth  factor-β  (TGF-β)  receptor, 
TβR1(ca),  represents  an  important  advance  in  modeling  SSc.84  This 
complex strain was created by crossing a knockin mouse harboring the 
mutant TβR1(ca) with a transgenic mouse carrying fibroblast-specific 
inducible Cre recombinase. Crossing the TβR1(ca) knockin mice with 
the Cre transgenic mice generates TβR1(ca) Cre-ER(T) offspring that, 
on subcutaneous injection of tamoxifen, express constitutively active 
TβR1 in fibroblasts but not other cell types. By 5 months of age, the 
transgenic mice developed diffuse skin fibrosis, with dramatic increase 
in dermal thickness, thinning of the epidermal layers, absence of hair 
follicles, and loss of subcutaneous fat deposits. Excessive collagen depo-
sition is also noted in the walls of small pulmonary arteries.

Inducible animal models of scleroderma
Bleomycin-induced scleroderma
Bleomycin given by repeated subcutaneous injections elicits skin fibro-
sis  in  C57Bl  mice,  with  dermal  sclerosis  accompanied  by  epidermal 
hypertrophy and subcutaneous adipose tissue atrophy.85 Although the 
skin  lesion  is confined to  the  injected area, fibrotic changes and col-
lagen deposition also occur in the lungs and kidneys.86 Dermal fibrosis 
is evident after 3 weeks and is associated with accumulation of myo-
fibroblasts and dense deposition of collagen and hyaluronic acid (Fig. 
139.10). Lesional  tissues show evidence of active TGF-β, CTGF and 
Wnt signaling, and elevated expression of the early response gene Egr-
1.87,88  The  generation  of  reactive  oxygen  species  (ROS)  induced  by 
bleomycin injections also plays a role in triggering inflammation and 
skin fibrosis.89 Fibrosis was significantly attenuated in both Smad3-null 
and Egr-1-null mice, highlighting the important role of TGF-β signal-
ing in pathogenesis.

Tissue fibrosis in bleomycin-treated mice involves a type 2 immune 
response, characterized by a predominance of Th2 cytokines. Mice with 
targeted deletion of the transcription factor T-bet, a critical regulator of 
anti-fibrotic type 1 immune responses, develop more severe fibrosis.90,91 
Although a recent report suggests that CD4+ T cells can transfer disease 
in bleomycin-injected mice,92 dermal fibrosis can be induced in immu-
nodeficient nude  and Rag2−/− mice.91,93 These  results  indicate  that T 
cells are not required for the development of fibrosis by bleomycin.

Bleomycin given intratracheally has been used extensively to model 
lung fibrosis  in rodents. The pulmonary  lesions  follow a bronchiolo-
centric distribution pattern similar  to UIP, although  the  relevance of 
this model for interstitial lung disease (ILD) has been questioned.94,95 
Th2 skewing of the immune response is regulated by the transcription 
factor  GATA3.96  Mice  transgenic  for  GATA3  develop  an  exaggerated 
form of lung fibrosis after bleomycin treatment, with increased TGF-β 
but  decreased  levels  of  IFN-γ.97  IFN-γ  attenuates  bleomycin-induced 
fibrosis,  supporting  the  hypothesis  that  Th2-skewed,  but  not  Th1-
skewed, adaptive immune responses create a profibrotic milieu. Further 
supporting these observations, mice overexpressing the Th2 cytokine 
interleukin (IL)-13 develop pulmonary fibrosis mediated via activation 
of TGF-β in vivo.98

Sclerodermatous chronic GVHD
Transplantation of bone marrow or spleen cells  from a donor mouse 
into  irradiated  recipient mice  that  differ  at minor histocompatibility 

Fig. 139.10 Murine model of scleroderma: bleomycin-induced skin fibrosis. 
After subcutaneous injections of bleomycin for 14 days, normal mice develop 
dermal fibrosis. Note hyperproliferative changes of the epidermis, thick and 
sclerotic dermis with obliteration of dermal adnexal structures, and loss of 
subcutaneous adipose layer (upper panel, PBS; lower panel, bleomycin; H&E).
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contributes to increased collagen fibril formation and aldehyde-derived 
crosslinks, accounting for the stiffness and rigidity of skin in SSc.

Recent studies of SSc utilizing DNA microarray technology reveal 
strikingly altered patterns of gene expression in the skin (Fig. 139.1). 
Many genes that encode collagens and other extracellular membrane 
components  (SPARC  and  COMP),  or  signaling  molecules  (TGF-β, 
CTGF  [CCN2],  and  Wnt),  are  elevated  compared  with  healthy 
skin.104,105 Overexpression of COMP,  found normally  in cartilage and 
tendons but not skin, was also confirmed by  immunohistochemistry 
of  lesional  skin.106  Moreover,  in  a  cohort  of  patients  with  SSc,  the 
serum levels of COMP, determined by enzyme-linked immunosorbent 
assay, correlated with the clinical skin score.107 Because COMP cata-
lyzes collagen fibrillogenesis and enhances cell survival,  its upregula-
tion  in  SSc  may  be  important  in  the  development  of  fibrosis.108,109 
Substantial molecular heterogeneity was found on microarray analysis 
of SSc, with some SSc subsets, for example, showing a strong TGF-β 
signature and others showing little evidence of TGF-β signaling. The 
number of intrinsic genes differentially expressed between normal and 

morbidity and mortality associated with SSc. Recent research findings 
challenge the paradigm that pathologic fibrosis  is always  irreversible, 
with significant implications for the development of treatments aimed 
directly at fibrosis.

Skin  fibrosis,  a  hallmark  of  SSc,  shows  considerable  patient-to-
patient variability. By biochemical analysis, the relative proportions of 
the  main  fibrillar  collagens  (types  I  and  III)  in  the  lesional  skin  are 
comparable to those of healthy skin. In contrast, the nonfibrillar type 
VII collagen, which is normally restricted to the basement membrane, 
is abundant throughout the lesional dermis.103 Fibronectin is a 220-kDa 
modular matrix protein with important function in fibroblast attach-
ment, spreading, and locomotion. A splice variant of fibronectin (Fn-
EDA) is required for fibroblast differentiation into myofibroblasts. Both 
fibronectin and the Fn-EDA variant are overexpressed in lesional skin. 
In addition, levels of cartilage oligomeric protein (COMP), an 86-kDa 
glycoprotein that regulates collagen fibrillogenesis, and lysyl hydroxy-
lase  (PLOD2),  an  enzyme  that  catalyzes  extracellular  collagen  cross-
linking,  are  elevated.  Increased  expression  of  COMP  and  PLOD2 

OVERVIEW OF SYSTEMIC SCLEROSIS PATHOGENESIS:
INTEGRATING VASCULAR, IMMUNE, AND FIBROTIC PROCESSES
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Fig. 139.11 Overview of systemic sclerosis pathogenesis: integrating vascular, immune, and fibrotic processes. Injury to vascular endothelium initiates a sequence 
of events including the release of proinflammatory mediators, growth factors, chemokines, and reactive oxygen species (ROS) that activate repair processes and 
lead to widespread tissue injury. Transition from innate immunity (macrophages) to the adaptive immune responses is accompanied by T-cell activation and the 
development of a Th2 T-cell response. Th2 cytokines such as IL-4, IL-5, and IL-13 exhibit profibrotic activities and are important in orchestrating connective tissue 
repair. T-regulatory cells (Treg) produce TGF-β. B-cell stimulation leads to the generation of specific autoantibodies that may directly contribute to tissue damage. 
Failure to adequately replace damaged endothelium from progenitor populations for circulating endothelial progenitors (CEP; CD34, CD133, VEGFRII), even in an 
angiogenic environment, enhances leukocyte emigration. Altering the balance of cell recruitment and accumulation results in a chronic inflammatory state that 
provokes exaggerated fibrogenesis, resulting in scarring and fibrosis.
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fibroblasts  through  epithelial-mesenchymal  transition  (EMT).  The 
term EMT refers to a complex cellular and molecular program by which 
epithelial cells lose their differentiated characteristics such as cell-cell 
adhesion and apical polarity and acquire mesenchymal  features such 
as motility, invasiveness, heightened resistance to apoptosis, and syn-
thesis of extracellular membrane.117 EMT can be induced by hypoxia, 
ROS,  Wnts,  and  TGF-β  and  is  reversed  by  bone  morphogenetic 
protein-7  (BMP-7),  a  member  of  the  TGF-β  superfamily.  Although 
pathologic EMT has  been described  in  renal,  cardiac,  and  idiopathic 
pulmonary  fibrosis,  its  role  in  the  pathogenesis  of  SSc  remains 
unknown.118

Cellular determinants of fibrosis: bone marrow-derived 
mesenchymal progenitor cells
Bone marrow–derived progenitor cells have also been implicated in SSc. 
Fibrocytes  are  CD34+  progenitor  cells  normally  present  in  small 
numbers in the peripheral blood that have the unique ability to both 
synthesize collagen and present antigen.119 Fibrocytes are identified by 
expression of CD14+ (a monocyte marker) and the chemokine recep-
tors CCR3, CCR5, and CXCR4, which enable them to home to and 
accumulate in target tissues. It is thought that bone marrow–derived 
fibrocytes traffic into damaged tissue and differentiate into myofibro-
blasts.120 Monocyte-derived circulating multipotent progenitor cells can 
also differentiate into fibrocytes. This process is influenced by serum 
amyloid  protein  A  (SAP),  a  circulating  pentraxin  closely  related  to 
C-reactive protein. Impaired SAP production or deregulated SAP signal-
ing might be implicated in fibrosis and SSc.121,122

Molecular determinants of fibrosis
Normally, the synthesis of collagen is tightly regulated. In addition to 
TGF-β,  the  master  regulator  of  tissue  remodeling,  multiple  soluble 
paracrine  and  autocrine  signals  modulate  collagen  synthesis  (Table 
139.4). Moreover, cell-cell contact, integrin-mediated contact with the 
surrounding extracellular matrix, hypoxia, and substrate stiffness can 
also influence collagen accumulation. Under normal conditions, these 
environmental  cues  allow  fibroblasts  to  respond  to  dynamic  tissue 
requirements.123 The  collagen genes harbor  conserved  regulatory  ele-
ments  that  are  specifically  recognized  by  DNA-binding  transcription 
factors.  Positive-acting  intracellular  molecules  include  Sp1,  Ets1, 
Smad3, Egr-1, and CCAAT-binding factor (CBF), whereas Sp3, C/EBP, 
YB1, c-Krox, and Fli-1  inhibit collagen gene expression.124 Transcrip-
tion factors interact with each other in complex signaling networks and 
can  recruit  co-factors,  scaffold  proteins,  and  chromatin-modifying 
enzymes such as p300/CBP, PCAF, and histone deacetylases.125

Cell-intrinsic repression of collagen synthesis
Multiple  intrinsic  biologic  mechanisms  exist  within  fibroblasts  for 
inhibiting activation of fibrogenic responses and preventing excessive 

SSc  samples  is  much  greater  when  comparing  skin  samples  than 
explanted dermal fibroblasts, indicating an “extinction” of the activated 
gene expression in fibroblast cultures over time. Remarkably, microar-
ray studies consistently show that  the gene expression profile  in SSc 
fails  to distinguish clinically  involved and uninvolved skin.104,105 The 
intriguing  conundrum  of  scleroderma-like  abnormal  gene  expression 
in clinically uninvolved skin remains to be resolved.

Pathogenesis of fibrosis: cellular and molecular determinants
Fibrosis is characterized by replacement of normal tissue architecture 
with dense connective tissue. Normal extracellular matrix is composed 
of the cellular compartment and acellular connective tissue. The cel-
lular compartment includes both resident cells and circulation-derived 
infiltrating cells. The connective tissue compartment consists of fibril-
lar and non-fibrillar collagens, fibronectin, SPARC, proteoglycans, elas-
tins,  fibrillins,  COMP,  and  adhesion  molecules.52  The  extracellular 
matrix also serves as the major reservoir for growth factors (e.g., TGF-
β) and matricellular proteins (e.g., CCN2/CTGF) that are sequestered 
in a biologically latent form. Excessive connective tissue accumulation 
results from overproduction by mesenchymal cells activated by secreted 
molecules,  the  surrounding  extracellular  membrane,  or  via  cell-cell 
interactions. Impaired connective tissue degradation and turnover and 
expansion of the fibroblast pool further exacerbate the process of patho-
logic fibrogenesis.

Cellular determinants of fibrosis
Fibroblasts
Fibroblasts are dynamic and versatile tissue-resident cells. Fibroblasts 
derived from different anatomic sites display highly divergent patterns 
of  gene  expression  that  are  faithfully  retained  over  time,  a  property 
called “positional memory.”110 In response to TGF-β and other extra-
cellular signals, resident fibroblasts or their progenitor cells are induced 
to produce collagens and other connective tissue molecules; adhere to, 
contract,  and  remodel  the  extracellular  membrane;  secrete  growth 
factors, cytokines, and chemokines; express surface receptors; and dif-
ferentiate  into  myofibroblasts.  Fibroblasts  depend  on  these  biosyn-
thetic,  proinflammatory,  contractile,  and  adhesive  capabilities  to 
execute wound healing. In contrast to physiologic processes where the 
fibroblast repair program is tightly controlled and self-limited, patho-
logic  fibrosis  is  characterized  by  sustained  and  amplified  fibroblast 
activation.

Myofibroblasts
The pool of effector cells responsible for pathologic connective tissue 
accumulation is expanded through two mechanisms: transdifferentia-
tion of resident cells and influx of circulation-derived progenitor cells.111 
Myofibroblasts  are  α-smooth  muscle  actin–positive  specialized  cells 
that arise from resident fibroblasts in response to TGF-β and fibronec-
tin-EDA.112 Their primary physiologic role is contraction of early gran-
ulation tissue during normal wound healing, where myofibroblasts are 
detected  transiently  and  then  disappear  via  apoptosis.  In  contrast, 
pathologic fibrogenesis is characterized by the persistence of myofibro-
blasts  in  lesional  tissue,  resulting  in  excessively  contracted  chronic 
scar.  Myofibroblast  contraction  activates  latent  TGF-β,  liberating  it 
from the matrix and amplifying myofibroblast activation.113 In SSc, the 
extent of myofibroblast accumulation in the dermis correlates with the 
extent of skin involvement determined using the modified Rodnan skin 
score.114

Pericytes
Pericytes are mesenchymal  cells  that normally  reside  in  the walls of 
microvessels, where they are found in intimate contact with the under-
lying endothelium. Pericytes are thought to be important for maintain-
ing vascular integrity. In SSc, the vascular pericyte compartment shows 
marked  hyperplasia  and  increased  expression  of  PDGF  receptors.115 
Activated pericytes can transdifferentiate into collagen-producing fibro-
blasts and myofibroblasts, potentially linking microvascular injury and 
fibrosis.116

Cellular plasticity in SSc
During  embryonic  development  and  under  certain  conditions  in  the 
adult,  fully  differentiated  epithelial  cells  can  also  transform  into 

TABLE 139.4 SOLUBLE MEDIATORS IMPLICATED IN FIBROSIS IN SSc

Growth factor Cellular source Elevated in SSc

TGF-β Inflammatory cells, platelets, 
fibroblasts, macrophages

+

PDGF Platelets, macrophages, 
fibroblasts, endothelial cells

+

CTGF/CCN2 Fibroblasts +

Insulin-like growth factor-1 Fibroblasts +

IL-4 and IL-13 Th2 lymphocytes, mast cells +

IL-6 Macrophages, B cells, T cells, 
fibroblasts

+

Chemokines (MCP-1, 
MCP-3)

Neutrophils, epithelial cells, 
endothelial cells, fibroblasts

+

Fibroblast growth factor Fibroblasts +

Endothelin-1 Endothelial cells +
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(αvβ3, αvβ5, αvβ6, and αvβ8) and  is  enhanced by  increasing matrix 
stiffness. In mesenchymal cells, TGF-β induces a stereotypical fibrotic 
response (see Table 139.5).

Intracellular TGF-β signaling involves the canonical Smad pathway 
as  well  as  Smad-independent  signaling  cascades.  Canonical  TGF-β 
signal transduction pathway involves sequential phosphorylation of the 
type I TGF-β receptor activin-like kinase 5 (ALK5), a serine-threonine 
kinase, followed by activation of cytoplasmic Smads (Fig. 139.12, left 
panel).  Phosphorylation  of  Smad2  and  Smad3  allows  them  to  form 
heterocomplexes with Smad4 and translocate from the cytoplasm into 
the  nucleus.  The  activated  Smad  complex  binds  to  conserved  DNA 
sequences  (CAGAC)  in  target  gene promoters  and  recruits  transcrip-
tional  co-factors.  In  the  case  of  type  I  collagen  gene,  recruitment  of  
the  histone  acetylase  p300/CBP  is  essential  for  stimulation  of  
transcription.133 Pharmacologic blockade of ALK5 kinase activity pre-
vents  collagen  accumulation  and  myofibroblast  differentiation.134-136 
Although ALK5 blockade represents a potential  therapeutic approach 
to fibrosis,  the  diverse  physiologic  functions  of TGF-β  raise  concern 
that blocking its signaling may be associated with adverse effects such 
as autoimmunity.

Smad-independent TGF-β signaling
Recent evidence indicates the existence of non-Smad pathways mediat-
ing TGF-β responses.137 As shown in Figure 139.12 (right panel), non-
Smad signal transduction involves protein kinases (MAP kinases p38 
and  JNK,  focal  adhesion  kinase  FAK,  and  TGF-β  activated  kinase 
TAK1) lipid kinases such as PI3 kinase and its downstream target Akt, 
and the non-receptor tyrosine kinase c-Abl.138-141

The  Egr-1  transcription  factor  belongs  to  a  family  of  inducible 
immediate-response genes that also includes Egr-2, Egr-3, Egr-4, along 
with  their  repressors  Nab1  and  Nab2.  The  expression  of  Egr-1  is 
induced rapidly and transiently by hypoxia, injury, ROS, and TGF-β.142 
Egr-1 not only stimulates collagen gene expression and myofibroblast 
differentiation  but  also  enhances TGF-β  synthesis  as well  as TGF-β 
receptor  expression  and  is  constitutively  upregulated  in  SSc.88  Mice 
with  targeted  deletion  of  Egr-1  have  attenuated  fibrotic  responses  to 
bleomycin.143  Nab2  is  an  inducible  corepressor  of  Egr-1  signaling. 
TGF-β  stimulates Nab2 expression  in normal fibroblasts, and Nab2, 
in turn, inhibits fibrotic responses in a negative feedback loop. Defec-
tive  expression  or  function  of  Nab2  in  SSc  might  contribute  to 
unchecked TGF-β signaling and the progression of fibrosis.

c-Abl, a member of the Src family of non-receptor tyrosine kinases, 
regulates cell proliferation and survival. In normal fibroblasts, TGF-β 

scarring.  Smad7,  which  blocks  TGF-β  signal  transduction,  has  been 
shown to be defective in SSc.126,127 Other cell-endogenous repressors of 
collagen synthesis include transcription factors (Fli-1, p53), the nuclear 
orphan  receptor  peroxisome  proliferator-activated  receptor  (PPAR)-γ, 
phosphatase and tensin homologue deleted on chromosome 10 (PTEN), 
histone deacetylases (HDACs), and collagen-specific microRNAs such 
as miR-29 (Table 139.5).128-130 These  intracellular pathways normally 
function as  intrinsic breaks on the stimulation of collagen and other 
fibrotic responses. Their  impaired expression, regulation, or  function 
contributes to fibrosis.131

TGF-β is a master regulator of connective tissue remodeling
The  multifunctional  cytokine  TGF-β,  by  inducing  a  broad  array  of 
fibrotic responses (see Table 139.5), plays a fundamental and dominant 
role in the regulation of both physiologic fibrogenesis (wound healing 
and  tissue  repair)  and  pathologic  fibrosis.132  The  TGF-β  superfamily 
includes activin A and bone morphogenetic proteins. In most cell types, 
TGF-β  is  secreted  as  a  biologically  inactive  precursor  complexed  to 
latent  TGF-β  binding  protein  (LTBP)  and  is  sequestered  within  the 
extracellular membrane. Upon tissue injury, latent TGF-β is converted 
to its biologically active form. The activation of latent TGF-β is cata-
lyzed by  thrombospondins, and plasmin, or via cell  surface  integrins 
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Fig. 139.12 Intracellular TGF-β signaling via canonical and non-canonical pathways. TGF-β binds to and activates cell surface receptors, resulting in 
phosphorylation of intracellular downstream targets. Activated Smad2 and Smad3 form a complex with Smad4 and transit from the cytoplasm into the 
nucleus, bind to DNA, and activate (or repress) target gene transcription (left panel). In addition, in canonical TGF-β signal transduction, TGF-β can also 
activate complex Smad-independent intracellular kinase cascades (right panel).

TABLE 139.5 FIBROGENIC ACTIVITIES OF TRANSFORMING GROWTH FACTOR-β 
THAT MAY HAVE A ROLE IN SSc

 Stimulates extracellular matrix synthesis (fibrillar collagens, fibronectin, 
proteoglycans, elastin, tissue inhibitors of metalloproteinases)

 Inhibits matrix metalloproteinases
 Stimulates fibroblast proliferation, adhesion, chemotaxis
 Stimulates COMP and PLOD2 production
 Enhances collagen fibrillogenesis and cross-linking
 Enhances extracellular matrix stiffness
 Stimulates CTGF and endothelin-1 production
 Stimulates reactive oxygen species (ROS) production
 Stimulates expression of surface receptors for transforming growth factor-β 

and platelet-derived growth factor
 Promotes fibroblast-myofibroblast differentiation and monocyte-fibrocyte 

differentiation
 Promotes epithelial-mesenchymal and endothelial-mesenchymal transitions
 Inhibits fibroblast apoptosis
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blocked by imatinib. Transgenic mice that overexpress the PDGF alpha 
receptor develop severe multiple-organ fibrosis,160 and it is therefore of 
interest that in SSc, expression of PDGF and its receptors is elevated 
in  the  skin161  and  in  the  bronchoalveolar  lavage  fluid.162  Although 
Baroni and colleagues demonstrated activating autoantibodies directed 
against the PDGF receptor in the serum of some patients with SSc,163 
subsequent reports failed to reproduce these findings.164

Wnt/β-catenin signaling
Microarray  studies  provide  evidence  of  deregulated  Wnt  signaling  in 
SSc and in mouse models of scleroderma.77,104,105 The Wnts comprise 
a large family of secreted glycoproteins that regulate development and 
embryogenesis. Canonical Wnt  signaling  involves  the  frizzled  family 
of  membrane  receptors,  β-catenin,  and  downstream  transcription 
factors  such  as  lymphoid  enhancer  factor-1  (LEF-1).  Wnt  activation 
inhibits phosphorylation and degradation of β-catenin, allowing  it  to 
accumulate in the nucleus and interact with DNA-binding transcrip-
tion  factors.  Extensive  crosstalk  between  Wnts  and  the  TGF-β  and 
BMP  signaling  pathways  exists.  The  Wnt/β-catenin  pathway  can 
promote  fibrogenesis  through  a  variety  of  mechanisms,  including 
increased fibroblast proliferation and myofibroblast differentiation, as 
well as induction of EMT. Mice transgenic for Wnt10b develop striking 
scleroderma-like skin induration.165 Dysregulation of Wnt signaling is 
implicated in cancer and in pulmonary fibrosis,166 but  its role  in SSc 
has not been examined to date.

Th2 cytokines in SSc
Th2 cytokines such as  IL-4  that are associated with  type 2  immune 
responses  stimulate fibroblast  proliferation,  chemotaxis  and  collagen 
synthesis,  and  production  of  TGF-β,  CTGF/CCN2,  and  TIMP.167 
Serum levels of IL-4 and IL-4-producing T lymphocytes are elevated in 
patients with SSc.168,169 Expression of IL-4 is also elevated in lesional 
skin  and  cultured  fibroblasts.170  IL-6,  produced  by  T  lymphocytes, 
fibroblasts, and endothelial cells, stimulates collagen and TIMP-1 syn-
thesis  and  promotes  a  Th2-polarized  immune  response.  Serum  IL-6 
levels are elevated in SSc and correlate with skin involvement.168 IL-13 
is implicated in asthma and fibrotic conditions and has both indirect 
(stimulation of TGF-β production) and direct (stimulation of fibroblast 
proliferation  and  collagen  synthesis)  profibrotic  effects.171,172  Serum 
levels of IL-13 are elevated in patients with SSc.168

Chemokines in SSc
Chemokines play important roles in angiogenesis, wound healing, and 
fibrosis.  The  CC  chemokine  MCP-1  stimulates  collagen  production 
directly as well as through endogenous TGF-β. Serum levels of MCP-1, 
along with those of MIP-1α, IL-8, CXCL8, and CCL18, are elevated in 
SSc and correlate with the severity of skin fibrosis.173-175 Mononuclear 
cells and fibroblasts from SSc patients produce these chemokines spon-
taneously,  and  lesional  fibroblasts  show  constitutive  upregulation  of 
the MCP-1 receptor CCR2.176 MCP-1 null mice are resistant to induc-
tion of fibrosis.177 Strong expression of MCP-1 and MCP-3 was noted 
in  lesional  skin  in  SSc,  particularly  in  early  disease.178 The  levels  of 
MIP-1α, CXCL8 and CCL18, RANTES and PARC, and the CXC che-
mokines IL-8, MIP-2, and fractalkine are also overexpressed in SSc or 
in  animal  models  of  scleroderma.179  The  insulin-like  growth  factor 
(IGF)  binding  protein-1  (IGFBP-1)  stimulates  collagen  synthesis  and 
fibroblast proliferation and  induces TGF-β.180 Patients with SSc have 
elevated levels of IGF-1 in bronchoalveolar lavage fluids.181 Expression 
of  IGFBP-3  is  markedly  elevated  in  SSc  fibroblasts.182,183  IGFBP-5 
induces scleroderma-like fibrosis in mice.184

Endogenous ligands for Toll-like receptors
Toll-like receptors (TLRs) are expressed on both leukocytes and paren-
chymal cells and serve as critical mediators of innate immunity. Matrix 
molecules capable of inducing TLR activation include low-molecular-
weight fragments of hyaluronan, biglycan, gp96, and fibronectin-EDA. 
These  molecules  are  aberrantly  expressed  in  lesional  tissue  in  SSc 
patients and in mouse models of SSc. Stimulation of normal fibroblasts 
with neoligands such as fibronectin-EDA induces myofibroblast trans-
differention,  TGF-β  secretion,  and  collagen  production.  These  profi-
brotic responses are mediated through TLR2 and TLR4. Activation of 
fibroblast  TLRs  by  endogenous  ligands  that  are  generated  as  a 

induces  c-Abl  activation,  which  in  turn  induces  Egr-1  and  downs-
tream  profibrotic  responses.  The  c-Abl  pathway  is  constitutively  
activated in patients with SSc.144 Imatinib mesylate (Gleevec), widely 
used  in  the  treatment  of  chronic  myelogenous  leukemia,  is  a  small 
molecule tyrosine kinase inhibitor that blocks c-Abl–mediated activa-
tion of  Egr-1  and  stimulation of  collagen  gene  expression  in normal 
fibroblasts in vitro and prevents fibrosis induced by bleomycin in mice 
in vivo.145

PPAR-γ : the interface between adipogenesis and fibrosis
Peroxisome proliferator-activated receptor gamma (PPAR-γ) is a nuclear 
receptor and ligand-activated transcription factor originally implicated 
in the regulation of adipogenesis and metabolism. Insulin-sensitizing 
drugs used in obesity-associated diabetes (e.g., rosiglitazone or piogli-
tazone) activate PPAR-γ. Recent studies implicate PPAR-γ in negatively 
regulating  inflammation,  atherosclerosis,  cancer,  and  fibrosis.  In 
normal  fibroblasts,  PPAR-γ  abrogates  profibrotic  TGF-β  responses,146 
blocks the stimulation of Egr-1,147 and induces the expression of phos-
phatase and PTEN, an endogenous repressor of myofibroblast activa-
tion and collagen synthesis. Expression of PPAR-γ is upregulated during 
the  resolution phase of wound healing.148 Treatment of normal mice 
with  rosiglitazone,  the most  potent PPAR-γ  agonist,  attenuates  bleo-
mycin-induced  scleroderma.143  Transcriptional  profiling  studies  indi-
cate that PPAR-γ mRNA expression and activity are markedly impaired 
in SSc skin and lung biopsies. Because PPAR-γ is a requisite factor for 
normal  adipogenesis,  impaired  PPAR-γ  in  the  subcutaneous  tissue 
may  account  for  the  hypodermal  adipose  atrophy  noted  in  SSc  skin 
biopsies.149

Integrin signaling in SSc
In addition to soluble mediators, fibroblast activity is also modulated 
by the surrounding pericellular matrix via cell surface integrin recep-
tors.150  The  expression  of  αvβ5  and  αvβ3  integrins  are  significantly 
elevated  in  SSc  fibroblasts.150,151  These  integrins  could  directly  cause 
elevated collagen synthesis and myofibroblast differentiation via activa-
tion of latent TGF-β and induction of a stimulatory autocrine feedback 
loop.151-153

Fibrogenic growth factors and chemokines
Multiple growth factors, chemokines and eicosanoids, adenosine, and 
ROS can  regulate fibroblast biology and are  abnormally  expressed  in 
SSc. These molecules represent potential targets for antifibrotic therapy 
(see Table 139.4).

Connective tissue growth factor/CCN2
Connective  tissue  growth  factor  (CCN2)  is  a  cysteine-rich  40-kDa 
matricellular  protein  with  important  roles  in  angiogenesis,  wound 
healing, and development.  Its expression is generally undetectable  in 
normal tissues but is markedly elevated in SSc. Serum levels of CTGF/
CCN2  correlate  with  the  extent  of  skin  and  pulmonary  fibrosis  in 
SSc.154,155 An SNP in the CTGF/CCN2 gene promoter was associated 
with SSc and pulmonary fibrosis.8 CTGF/CCN2 expression is induced 
by TGF-β, IL-4 and vascular endothelial growth factor (VEGF), whereas 
tumor  necrosis  factor  (TNF)-α  and  iloprost  blocked  stimulation.156 
Injection  of  CTGF/CCN2  by  itself  induces  only  a  transient  fibrotic 
response  in  mice  but  markedly  enhances  the  TGF-β  response.157  In 
vitro,  CTGF/CCN2  stimulates  fibroblast  proliferation,  chemotaxis, 
adhesion,  and  synthesis  of  collagen  and  fibronectin.  Because  these 
biologic responses mirror those induced by TGF-β, it has been proposed 
that  the  effects  of  TGF-β  are  mediated  through  endogenous  CTGF/
CCN2158;  however,  CCN2-null  fibroblasts  show  intact  TGF-β 
signaling.159

Platelet-derived growth factor
Platelet-derived growth factors are heterodimeric proteins consisting of 
an A and a B chain that act mainly on stromal cells and regulate wound 
healing.  Originally  isolated  from  platelets,  PDGF  isoforms  are  also 
secreted  by  macrophages,  endothelial  cells,  and  fibroblasts.  In  fibro-
blasts,  PDGFs  are  potent  fibroblast  mitogens  and  chemoattractants, 
induce  the  synthesis of  collagen, fibronectin,  and proteoglycans,  and 
stimulate  TGF-β  secretion.  Signaling  by  the  PDGF  receptor  can  be 
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enhanced  extracellular  membrane  synthesis.  Additional  hallmarks 
associated  with  SSc  fibroblasts  include  secretion  of  profibrotic  cyto-
kines and chemokines, spontaneous production of ROS, and increased 
expression of cell surface receptors for TGF-β and PDGF. Lesional SSc 
fibroblasts  in culture display a myofibroblast phenotype, with activa-
tion  of  focal  adhesion  kinase.199  It  remains  unsettled  whether  the 
activated  SSc  fibroblast  phenotype  represents  a  stable  abnormality 
inherent to these cells or instead reflects exogenous stimulus-induced 
activation.

The list of signal transduction and transcriptional regulatory mol-
ecules that are aberrantly regulated in SSc fibroblasts includes Smad3, 
Egr-1,  p300/CBP,  PTEN,  Nab2,  Fli-1,  PPAR-γ,  c-Abl,  Bcl-2,  and  Akt. 
Because the characteristic SSc fibroblast phenotype can be phenocopied 
by TGF-β treatment of explanted normal fibroblasts, it has been sug-
gested  that  the  SSc  fibroblast  phenotype  is  due  to  autocrine  TGF-β 
signaling.200 Moreover,  SSc fibroblasts have  elevated  levels  of  surface 
receptors  for  TGF-β  and  overexpress  thrombospondin  and  integrins 
that can locally activate latent TGF-β at the cell surface.201-203 Consis-
tent with the autocrine TGF-β hypothesis, SSc fibroblasts show con-
stitutive  TGF-β  signaling,  with  nuclear  accumulation  of  activated 
Smad3204-206 and constitutive Smad3 interaction with the histone acet-
yltranferase  co-activators  p300/CBP.34,207  Other  studies  demonstrate 
defective expression or function of endogenous suppressors of TGF-β 
signaling  such  as  Smad7,  PPAR-γ,  and  caveolin-1,  suggesting  that 
failure to shut off activation pathways represents a fundamental cell-
intrinsic defect in SSc fibroblasts.

Inflammation and immunity
The immune response in systemic sclerosis
As we consider pathogenic mechanisms we quickly come to conflict-
ing  viewpoints  and  understandings  of  the  role  of  immunity  and  
autoimmunity in scleroderma. Advocates of the importance of immu-
nity  in SSc find support  in  the near-universal presence of circulating 
autoantibodies  and of mononuclear  cells  in  affected organs. Skeptics 
argue that autoantibodies and inflammatory cells are not clearly impli-
cated in directly (or indirectly) causing any pathogenic features of the 
disease. Unlike systemic  lupus erythematosus, autoantibodies  in SSc 
do  not  deposit  in  tissues.  Other  pathogenetic  roles  for  SSc-specific 
autoantibodies are still generally considered speculative. Thus, aspects 
of the immune response in SSc might represent epiphenomena of the 
disease process. Despite  these reservations,  immune dysregulation  is 
apparent at multiple levels in SSc patients and may well be the primary 
trigger of the disease (Fig. 139.13).

consequence  of  tissue  damage  in  SSc  might  be  responsible  for  the 
persistence of tissue fibrosis.

Adenosine
Adenosine is a purine nucleoside whose extracellular concentration is 
rapidly elevated in response to injury or IL-13.185 Adenosine is a potent 
stimulus for collagen synthesis via the A2A receptor and MEK1/ERK 
signal transduction in fibroblasts. Fibrosis is attenuated in mice with 
targeted deletion of the adenosine receptor.186

Extracellular mediators with antifibrotic activity
Soluble  mediators  can  also  act  as  negative  regulators  of  fibrotic 
responses.  IFN-γ,  a  hallmark  Th1  cytokine,  inhibits  collagen  gene 
expression and abrogates TGF-β stimulation of fibroblast proliferation, 
matrix  contraction,  and  myofibroblast  differentiation.184,187-189  Fibro-
blasts from patients with SSc are relatively resistant to these inhibitory 
effects.190  Hepatocyte  growth  factor  (HGF)  is  normally  secreted  by 
mesenchymal cells and regulates epithelial cell proliferation and func-
tion.  In vitro,  HGF  inhibits  collagen  synthesis  in  normal  and  SSc 
fibroblasts.191 BMP-7, a member of the TGF-β superfamily, is a potent 
inhibitor of EMT that can prevent and ameliorate fibrosis  in various 
animal models.

Tumor necrosis factor-α
The role of TNF-α  in the pathogenesis of SSc has been controversial 
and remains difficult to discern.192 In cultured fibroblasts, TNF-α is a 
potent  inhibitor  of  collagen  gene  expression  and  blocks  the  fibrotic 
responses  induced by TGF-β.193,194 Microarray  analysis  of  the  sclero-
dermatous  GVHD  showed  that  relative  absence  of  TNF-α  in  the 
lesional  skin  accounted  for  the  development  of  skin  fibrosis,  rather 
than  epithelial  cytotoxicity,  in  this  mouse  model  of  scleroderma.101 
Furthermore,  mice  with  targeted  deletion  of  the  receptor  for  TNF-α 
show accelerated fibrosis195 and transgenic mice overexpressing TNF-α 
were partially protected from lung fibrosis induced by bleomycin.196 In 
other  studies, however,  transgenic  expression of TNF-α  in  the  lungs 
was shown to induce pulmonary fibrosis.197 Therefore, whereas TNF-α 
can act  as an antagonist of fibroblasts,  in vivo  it  seems  to play dual 
proinflammatory and antifibrotic roles.

The scleroderma fibroblast
Skin  and  lung  fibroblasts  explanted  from  patients  with  SSc  display  
an  abnormal  activated  phenotype  that  is  partially  maintained  
during their serial passage in vitro.198 The “SSc phenotype” is charac-
terized  by  constitutively  increased  collagen  gene  expression  and 
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Fig. 139.13 Immune pathogenesis in systemic sclerosis. Multiple cell 
types may be involved in stimulating vascular injury and fibrosis. 
Ligands for Toll-like receptors (TLRs) stimulate dendritic cells to produce 
IFN-α and IL-6, which in turn stimulate B cells and monocytes/
macrophages. Th2 cells produce IL-4 and IL-13, and stimulate 
profibrotic “alternatively activated/M2” monocyte/macrophages. 
Macrophages produce profibrotic cytokines such as TGF-β and 
platelet-derived growth factor. T-cytotoxic cells may injure endothelial 
cells through granzyme and Fas/FasL. Resulting apoptotic cell debris 
may be sources for altered antigens that contribute to activation of B 
cells for production of autoantibodies. Autoantibody/autoantigen/
nucleic acid complexes may also be internalized by B cells and dendritic 
cells, activating TLRs.
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TABLE 139.6 PATHOGENETIC AUTOANTIBODIES IN SSc

Antibody Target antigen

Anti-endothelial cell Endothelial cells

Anti-fibroblast Fibroblast cell membrane

Anti-collagenase MMP-1

Anti-PDGF receptor Cell surface receptor to PDGF

Anti-fibrillin 1 Extracellular microfibrils

MMP-1, matrix metalloproteinase-1; PDGF, platelet-derived growth factor.

previously seen by the immune system. One intriguing observation is 
that hypoxia in the presence of certain metals stimulates fragmentation 
of autoantigens targeted in SSc.221 Other insight into the role of SSc-
associated autoantibodies comes from mouse strains in which mercury 
exposure  elicits  autoantibodies  to  fibrillarin,  an  antigen  targeted  by 
anti-nucleolar antibodies in some patients with SSc. Protein fragments 
generated  during  mercury-induced  cell  death  might  be  the  cause  of 
mercury-induced autoantibodies.222 ROS can cause oxidation of auto-
antigens,  leading  to  immune  responses  to  SSc-targeted  autoantigens 
such  as  topoisomerase-I  and  centromere  proteins.89  These  studies 
suggest  a  paradigm  whereby  proteolysis  and  other  modification  of 
autoantigens,  induced by hypoxia, mercury,  cell  death,  and/or oxida-
tion, induce SSc-associated autoantibodies by creating neoepitopes.223,224 
Whether modified antigens are responsible for the development of SSc-
associated autoantibodies in SSc patients is unknown

Autoantibodies to nuclear autoantigens in innate responses
Although a direct role  in pathogenesis has not been assigned to SSc-
associated nuclear autoantibodies, recent data have suggested possible 
roles in innate immunity. Nucleic acid-containing immune complexes 
in SLE can stimulate  innate  immune responses through intracellular 
nucleic  acid  receptors  that  normally  respond  to  microbial  DNA  or 
RNA.225  These  include  the  intracellular  TLRs—TLR3,  TLR7,  or 
TLR9—which  bind  respectively  to  double-stranded  RNA,  single-
stranded  RNA,  and  DNA.  In  systemic  lupus  erythematosus  (SLE), 
immune complexes  formed by anti-DNA antibodies or antibodies  to 
DNA- or RNA-binding proteins can be internalized through Fc recep-
tors and the nucleic acid component activates dendritic cell or macro-
phages  via  TLRs.  Several  observations  suggest  innate  immune 
activation in SSc (see later), and direct evidence for TLR responses has 
been  reported  primarily  for  sera  containing  anti-topoisomerase-I.226 
Although topoisomerase-I is a DNA-nicking enzyme, it also associates 
with a variety of proteins that bind RNA.227 Thus, topoisomerase-I in 
immune complexes in SSc sera might bind DNA or RNA. Internaliza-
tion  of  these  nucleic  acid–containing  complexes  by  dendritic  cells 
appears to stimulate nucleic acid sensing TLRs as assessed by IFN-α 
production. Treatment of anti-topoisomerase containing sera from SSc 
patients with RNase inhibits IFN-α secretion.226 Thus, TLR7, a single-
stranded  RNA  sensor,  is  most  strongly  implicated  in  stimulation  of 
innate  immune responses by anti-topoisomerase-containing  immune 
complexes.

Cellular immunity in SSc
A major branch point in considering immune pathogenesis is the role 
of  innate  versus  adaptive  immunity.  Posed  differently,  the  question 
is whether the immune process is being driven by responses to specific 
antigenic  stimuli  or  more  general  immune  stimuli.  Although  these 
two arms of the immune system are closely integrated, it is useful to 
consider  evidence  for  the  role  of  each.  At  the  outset,  the  defined 
specificities  of  autoantibodies  found  in  SSc  suggest  “adaptive”  or  
antigen-specific  immune responses. However,  it  is  important  to con-
sider  that  these  specificities  might  instead  be  driven  by  “innate” 
immune responses designed to recognize pathogen-associated molecu-
lar patterns  (PAMPs).  Innate  immune  stimuli might  serve  to  simply 
amplify  antigen  recognition  caused,  for  example,  by  modified  neo-
antigens discussed earlier.

Innate immunity and dendritic cells in SSc
Several recent observations suggested that the innate immune system 
is activated in SSc. Increased expression of interferon-responsive genes, 
known  as  the  interferon  “signature,”  initially  identified  in  SLE,  was 
found  in SSc.228,229 Type  I  interferons are  secreted on TLR activation 
in dendritic cells, and the interferon signature is interpreted as evidence 
of dendritic cell activation. In SSc, TLR activation could occur through 
the  same  mechanisms  as  in  SLE,  that  is,  TLR  activation  by  nucleic 
acid–containing immune complexes,225 or through endogenous ligands 
discussed earlier. Although type I interferons have been implicated in 
pathogenic aspects of lupus,230,231 they have not generally been consid-
ered pathogenic factors in SSc because they block effects of TGF-β on 
fibrosis. Dendritic cell activation also stimulates TNF and IL-6 produc-
tion, and these or other undefined mediators might drive pathogenesis 
in SSc.

Humoral immunity in pathogenesis
Autoantibodies in SSc might be broadly considered to play two different 
roles:  directly  mediate  tissue  injury  or  alternatively  regulate  the 
immune response through mechanisms considered next.

Autoantibodies implicated in tissue damage in SSc
Multiple autoantibodies occur in SSc that might directly mediate tissue 
damage. The list of potentially pathogenic autoantibodies is shown in 
Table  139.6.  Anti-endothelial  cell  antibodies  (AECA)  have  been 
described in SSc that could effectively link autoimmunity and vascular 
injury.  Several  investigators have  reported  cytotoxicity  and  apoptosis 
mediated by AECA.208-210 Despite  these observations,  the  importance 
of AECA in SSc remains uncertain for several reasons. Different labo-
ratories  have  used  different  assays  for  the  detection  of  AECA,  their 
titers  are not  consistently higher  in  SSc  than  in  patients with  other 
connective tissue disease, and they appear to lack specificity for endo-
thelial  cells.208,211-213  Most  important,  the  autoantigen(s)  targeted  by 
AECA are unclear. Studies to identify the molecular target(s) of AECA 
in SSc  found  reactivities  to known nuclear  autoantigens.  In patients 
with diffuse cutaneous SSc, autoantibodies to endothelial cell proteins 
were found to target topoisomerase-I.214 Patients with limited cutane-
ous  SSc  have  autoantibodies  to  endothelial  cell  proteins  that  target 
CENP-B, the main target of anticentromere antibodies.215 These data 
suggest  that  SSc-associated  autoantibodies  to  endothelial  cells  target 
nuclear autoantigens  found  in endothelial  as well  as other  cell  types 
and  fail  to  explain  how  SSc-associated  autoantibodies  might  lead  to 
endothelial cell injury or apoptosis.

Antibodies to fibroblasts occur in some patients with SSc and might 
play a direct role in the pathogenesis of fibrosis. A recent study identi-
fied topoisomerase, a nuclear protein known to be an important auto-
antigen, as a target of anti-fibroblast antibodies.216 This study suggests 
that topoismerase from apoptotic cells can bind to the fibroblast surface 
and become a target for anti-fibroblast antibodies, stimulating mono-
cyte adhesion and activation.216 Another study identified antibodies to 
the PDGF receptor in the circulation of SSc patients.163 These antibod-
ies were shown to stimulate fibroblast proliferation, suggesting a direct 
pathogenic role in fibrosis. However, other studies have not been able 
to  reproduce  these  findings.164,217  Antibodies  to  fibrillin-1  have  also 
been suggested to play a pathogenic role in SSc.218 Antibodies to fibril-
lin-1 have been shown to upregulate TGF-β expression  in vitro, sug-
gesting a possible pathogenic role in fibrosis.219 However, again, other 
groups failed to confirm these observations.220 In summary, the notion 
that autoantibodies play pathogenic roles in SSc is intriguing, but data 
supporting such roles remain inconsistent.

Nuclear autoantibodies in SSc
Another group of SSc-associated autoantibodies  react against nuclear 
components. The list includes antibodies targeting anti-topoisomerase-
I  (also  known  as  Scl-70),  centromere  proteins  (most  consistently 
CENP-B), RNA polymerases I and III, and nucleolar proteins such as 
U3  and  fibrillarin.  These  antibodies  have  strong  associations  with 
specific disease subsets and organ manifestations, and the stimulus for 
their production might provide important clues to SSc pathogenesis.

Neoantigens as autoimmune targets
It  has  been  suggested  nuclear  autoantigens  become  targets  in  SSc  
due  to  exposure  of  “neoepitopes,”  that  is,  antigenic  structures  not 
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importance of antigen-dependent T-cell expansion.239 Microchimerism 
due to persistent fetal cells has been proposed as a possible source of 
antigenic stimulus in SSc.240,241 Autoantigens, such as topoisomerase-I, 
represent  another  possible  target  for  oligoclonal  T-cell  expansion, 
because T cells may be required for autoantibody production.242 Topoi-
somerase-specific T-cell clones have been identified  in some patients 
but were not  found  consistently  in  even  anti-topoisomerase–positive 
patients, possibly owing to their low frequency and complexity of the 
detection assay.243

Vascular injury and vasculopathy
Vascular involvement accounts for many of the clinical complications 
in SSc. A reasonable hypothesis for pathogenesis places vasculopathy 
as the primary and/or central feature of SSc. In comparison to immune-
mediated models of pathogenesis, vasculopathy tends to occur earlier 
and  perivascular  inflammatory  cell  infiltrates  might  represent  an 
immune response to vascular damage.47 Hypoxia is known to enhance 
collagen  synthesis  and  EMT,  and  it  might  contribute  to  the  fibrotic 
response in SSc. The pathogenic vasculopathy might result from several 
potentially  overlapping  mechanisms,  including  stress-related  injury, 
apoptosis, and endothelial-mesenchymal transformation (Fig. 139.14).

Endothelial cell inflammation and injury in SSc
Activated endothelial cells play an important role in recruiting inflam-
matory  cells  into  tissues  though  adhesion  receptors.  The  adhesion 
molecules  VCAM-1  and  ICAM-1  are  upregulated  in  SSc  skin,  as  is 
major histocompatibility complex (MHC) class II, providing a means 
for cognate endothelial interaction with T cells.244-246 Soluble markers 
of activated endothelium such as sVCAM, sICAM, and E-selectin can 
also be found in the circulation.247

Endothelial cell apoptosis in SSc
Endothelial cell apoptosis is implicated on the basis of studies in the 
UCD 200/206 chicken model of scleroderma.248 This study also showed 
evidence  of  dermal  endothelial  cell  apoptosis  in  dermal  vessels  of 
patients with early active SSc. Although electron microscopic findings 
in  SSc  are  consistent  with  the  notion  of  endothelial  cell  death,249  a 
recent study has questioned the importance of apoptosis in SSc vascu-
lopathy based on lack of caspase 3 staining.250

Cytotoxic factors in endothelial apoptosis in SSc
Cytotoxic factors in SSc sera have been detected using a variety of dif-
ferent  assays.251,252  Some  studies  have  attributed  vascular  injury  to 
circulating  autoantibodies,  discussed  earlier.  However,  a  variety  of 
other mechanisms that can induce endothelial cell apoptosis have been 
investigated.253 Increased circulating levels and skin expression of gran-
zyme have been reported in SSc. Granzyme is a component of cytotoxic 
granules  containing  perforin  and  granzyme  B.  Cytotoxic  T  cells  kill 
target  cells  through  surface  expression  of  Fas  ligand  (FasL),  which 
engages  Fas  on  target  cells  and  triggers  apoptosis.  Cytotoxic  T  cells 
might  mediate  vascular  injury  via  granzyme/perforin  or  Fas/FasL.254 
Similar  mechanisms  are  postulated  in  chronic  solid-organ  allograft 
rejection, which shares with SSc the pathologic hallmark of hyperplas-
tic vascular neointima.255 The graft-versus-host lesion is apparently a 
product  of  allogeneic  mismatch  and  most  likely  T-cell  mediated. 
Several  viruses  can  infect  endothelial  cells  and  lead  to  apoptosis.  In 
particular, human cytomegalovirus (CMV) can infect endothelial cells 

TLR activation and autoreactive B cells
TLR activation is also a key step in autoreactive B-cell maturation.232 
Notably,  TLR7  has  been  implicated  in  formation  of  anti-nucleolar 
antibodies  in  mice  harboring  the  Y-linked  autoimmune  accelerator 
(Yaa)  gene,  associated  with  a  duplication  of  TLR7.233  These  results 
suggest  that  autoreactive  B  cells  specific  for  nucleolar  antigens  
can be activated to secrete autoantibody by taking up nucleolar/RNA-
containing cellular debris through surface immunoglobulin receptors. 
Internalized nucleolar/RNA can bind TLR7, activating B-cell matura-
tion.234  Similar  mechanisms  might  lead  to  autoantibodies  to  other 
nucleic  acid–binding  proteins  in  SSc,  such  as  anti-centromere,  anti-
topoisomerase, and anti-Th/To.

Th2 immune skewing, IL-13, and fibrosis
Both  clinical  observations  in  patients  with  diffuse  SSc  and  mouse 
models of fibrosis as discussed earlier have implicated Th2 mediators 
in pulmonary fibrosis. Most  importantly,  IL-13, a signature cytokine 
for Th2 cells, stimulates fibrosis in bleomycin-induced murine models 
of skin and pulmonary fibrosis.96 IL-4 and IL-13 are elevated in sera of 
SSc  patients,  suggesting  that  they  play  a  role  in  fibrotic  disease  in 
SSc.168 The results from a recent study showing that circulating T cells 
from SSc patients are skewed toward a Th2 phenotype and are associ-
ated with  interstitial  lung disease  are  consistent with  these observa-
tions.235  In  contrast,  patients  with  SSc  and  PAH  tended  to  have 
Th1-skewed T cells for reasons not yet understood.

Monocyte/macrophage activation in fibrosis
Macrophages secrete a variety of profibrotic mediators, including PDGF 
and TGF-β. Dermal macrophages in SSc patients show activated phe-
notypes  with  increased  expression  of  the  type  I  interferon-inducible 
Siglec-1  and  IFN-γ–inducible  allograft  inflammatory  factor-1 
(AIF1).229,236,237 Thus, upregulation of these genes implicates both type 
I  and  type  II  interferons  in  macrophage  activation  in  SSc.  However, 
type I and type II interferons stimulate similar genes, including Siglec-1 
and AIF1. Thus, either type I or type II interferons might be responsible 
for  regulation  of  both  these  genes  in  SSc.  Interferons  have  not  been 
detected in SSc sera but are not typically detectable in serum even in 
diseases in which they have been clearly implicated such as SLE. Cur-
rently there is no direct information about whether type I, type II, or 
both interferons are upregulated in SSc. Because type I interferons are 
typically secreted by activated dendritic cells, whereas type II interfer-
ons are typically secreted by NK and T cells, determining the type of 
interferon(s) upregulated  in SSc might provide some additional hints 
about the nature of the underlying cellular immune response.

An emerging paradigm defines macrophage activation on the basis 
of  the  activating  cytokines.238  “Classically  activated”  monocytes  are 
activated by  the Th1  cytokine  IFN-γ, whereas  alternatively  activated 
macrophages  are  activated  by  the  Th2  cytokines  IL-4  and  IL-13.238 
Alternatively  activated  macrophages  are  proposed  to  be  profibrotic, 
possibly by activating TGF-β. Macrophages activated by  type  I  inter-
ferons  also  have  distinctive  features.230  The  paradigm  of  classically 
activated versus alternatively activated macrophages has not been fully 
explored yet in SSc.

Adaptive T-cell responses in fibrotic disease
Chronic  sclerodermatous  GVHD  shows  that  adaptive  immune 
responses  can  lead  to  autoimmunity  and  tissue  fibrosis.  Oligoclonal 
expansion  of  T  cells  in  the  skin  of  patients  with  SSc  supports  the 
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Fig. 139.14 Vascular injury in systemic sclerosis. Vascular injury might 
result from any of several mechanisms. Soluble mediators such as 
interferon-γ, TNF-α, and angiotensin II and hypoxia can lead to vascular 
activation, injury, and apoptosis. Hypoxia stimulates additional 
pathogenic factors such as iNOS and endothelin-1. Transient or latent 
viral infection can also lead to vascular injury. TGF-β or other unknown 
factors might induce endothelial cells to transform into mesenchymal 
cells. T-cell– and/or autoantibody-mediated endothelial cell apoptosis 
might also stimulate vascular pathology.
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Fig. 139.15 Control of vascular tone and oxidative stress in SSc pathogenesis. 
Basal vascular relaxation is maintained by NO produced from arginine by 
endothelial nitric oxide synthetase (eNOS). NO relaxes vascular tone through 
smooth muscle guanylate cyclase and also inhibits endothelin-1 (ET-1). In 
cold-induced vasospasm, translocation of internal α2c-adrenoceptors to the 
cell surface leads to increased sensitivity to circulating adrenocorticoids such 
as norepinephrine (NE). Cold-induced vasospasm can aggravate other 
pathogenic mechanisms through hypoxia. The vasoconstrictor endothelin-1, 
strongly upregulated in SSc, is secreted by endothelial cells and directed 
toward underlying smooth muscle cells. Angiotensin II is also a potent 
vasoconstrictor and induces reactive oxygen species (ROS) generation. 
Inflammatory mediators increase iNOS in tissues. NO in tissues can react with 
ROS, resulting in peroxynitrate and nitrated proteins.

hypoxia result in release of soluble mediators that amplify the vascu-
lopathy in SSc.

Endothelium-dependent relaxation and nitric oxide
Nitric  oxide  (NO)  synthase  catalyzes  the  oxidation  of  l-arginine  to 
equimolar quantities of NO and l-citrulline.268 Release of NO from the 
vascular  endothelium  represents  a powerful  vasodilator  signal  to  the 
underlying smooth muscle  (see Fig. 139.15). NO plays an  important 
role  in  the  regulation of  cardiovascular, nervous,  renal,  and  immune 
responses. Under physiologic conditions, basal NO generated by endo-
thelial nitric oxide synthase (eNOS) maintains normal vascular vaso-
dilatory tone.269 The target of NO in the vascular wall  is  the soluble 
guanylate  cyclase  in  smooth  muscle  cells.  Activation  of  guanylate 
cyclase  leads  to  accumulation  of  cyclic  guanosine  monophosphate, 
triggering smooth muscle  relaxation and vasodilatation.  In SSc, defi-
cient  endothelium-dependent  relaxation  is  suggested  by  impaired 
maximal responses to endothelial-dependent vasodilators with normal 
responses  to  endothelial-independent  dilators.261 This  impairment  is 
associated with increase in the markers of endothelial cell injury and 
decreased eNOS in the skin.270,271 The consequences of impaired endo-
thelial NO release include defective vascular tone control. Because NO 
inhibits platelet aggregation and is a potent chemical barrier protecting 
endothelial  cells  from  oxidation  injury,272  impaired  NO  production 
associated with endothelial cell dysfunction may contribute to further 
vascular injury.

Paradoxically, despite the loss of eNOS and endothelial-dependent 
vasodilatation, several studies have shown increased levels of circulat-
ing NO in SSc.270,273 This may reflect increased expression of inducible 
NOS (iNOS) as vascular damage proceeds.271,274 iNOS can be induced 
by LPS, IFN-γ, IL-1, and other inflammatory signals in a wide range of 
cell types including macrophages, and its primary role appears to be in 
regulating immune functions.275 However, the effect of  increased NO 
in  tissues  can  potentially  be  deleterious  by  reacting  with  superoxide 
anion to produce peroxynitrate. Increased levels of nitrated proteins in 
SSc skin suggest NO might contribute to tissue injury in SSc.271,276

Endothelin-1
The potent vasoconstrictor peptide endothelin-1 (ET-1) was first  iso-
lated  from vascular  endothelial  cells.  Endothelin-1  and  its  -2  and  -3 
isoforms  mediate  endothelium-dependent  vasoconstriction  and  are 
potent mitogens for smooth muscle cells and fibroblasts.277 ET-1 is a 
21  linear  amino-acid peptide produced  from a pre-propeptide  that  is 
converted to the mature protein by an endothelin-converting enzyme. 
Thrombin,  epinephrine, TNF-α, TGF-β,  angiotensin  II,  and hypoxia 
can  all  stimulate  ET-1  release  from  endothelial  cells.278  Increased 
plasma ET-1 levels have been associated with Raynaud phenomenon 
and SSc, particularly the diffuse cutaneous subset with associated PAH, 
pulmonary fibrosis,  and scleroderma  renal  crisis.48,279  Increased ET-1 
accumulation and ET-1  receptor expression  is  seen  in skin and  lung 
tissue in SSc patients.280 The critical role that ET-1 plays in the patho-
genesis of SSc vascular disease is illustrated by the efficacy of the dual 
endothelin receptor antagonist bosentan in the prevention of ischemic 
digital ulcers and in improvement of symptoms of PAH.281 ET-1 also 
enhances fibroblast proliferation and synthesis of  types  I and III col-
lagens and decreases expression of collagenase (MMP-1).282

Intimal hyperplasia
Hyperplasia of the intimal layer of small to medium-sized arteries is a 
pathologic hallmark of SSc. The cells responsible for intimal hyperpla-
sia are unknown but might arise from endothelial cells, smooth muscle 
cells, or pericytes (Fig. 139.16). Similar pathologic changes are seen in 
most forms of PAH, where myofibroblasts are implicated as the cells 
making up hyperplastic neointima.283 One  report  showed neointimal 
cells in SSc-associated PAH to be derived from endothelial cells based 
on factor VIII antigen staining.284 In the skin, endothelial cell markers, 
notably VE-cadherin, are absent, whereas smooth muscle actin staining 
is  increased,  supporting  a  myofibroblastic  phenotype  in  neointimal 
lesions.250  Myofibroblast  accumulation  on  the  neointimal  lesions 
might derive from several sources. Markers for pericytes are increased 
in SSc vasculature250,285 suggesting that pericytes might be responsible 
for  intimal  hyperplasia.  Alternatively,  neointimal  cells  might  derive 
from vascular  smooth muscle,  circulating progenitors, or  endothelial 
cells.

and stimulate neointimal changes reminiscent of SSc in immunodefi-
cient mice.256 Autoantibodies in SSc patients cross-reacting to a CMV 
protein can induce endothelial cell apoptosis.23

Endothelial cell apoptosis appears highly dependent on the vascular 
bed affected. For example, TGF-β has diametrically opposed actions on 
pulmonary  endothelial  cells  derived  from pulmonary  artery  and pul-
monary microvasculature, respectively inhibiting and promoting apop-
tosis.257,258  Isolated  vascular  involvement  of  distinct  organs  (lungs, 
digits,  kidney)  in  SSc  patients  suggests  that  mediators  in  different 
vascular  beds  have  distinct  responses  to  some  underlying  stimulus. 
These responses appear to be unproductive and promote further pathol-
ogy.  In  scleroderma  renal  crisis,  renin  and  angiotensin  II  are  highly 
upregulated by an unknown trigger. Angiotensin II, in turn, can stimu-
late endothelial cell apoptosis,259 as well as fibrosis, and contributes to 
further renal demise. However, disease in this vascular bed is not typi-
cally  associated with  ischemic  digits  or PAH,  indicating  that  despite 
similar pathologic processes, different pathogenic mechanisms might 
be involved in different sites.

Vascular spasm, ROS, and hypoxia
Ischemia-reperfusion occurs commonly in SSc associated with Raynaud 
phenomenon (Fig. 139.15). Furthermore, there is evidence in SSc that 
spasm may contribute  to disease  in other vascular beds.260 However, 
most studies suggest that underlying endothelial cell dysfunction is the 
primary cause for increased vascular reactivity.261,262 Raynaud phenom-
enon represents an exaggerated normal response to cold that is largely 
mediated  by  α2c-adrenoreceptors  to  protect  against heat  loss.263 Cold 
exposure,  possibly  by  enhancing  the  generation  of  ROS,  stimulates 
smooth muscle cell  rho kinase,  resulting  in  translocation of  internal 
α2c-adrenoreceptors  to  the  cell  surface.264  Upregulation  of  α2c-
adrenoreceptors  during  stress  could  explain  why  SSc  patients  show 
exaggerated cold-induced vasospasm.

Although  vascular  spasm  is  not  generally  considered  the  primary 
vascular event in SSc, resulting ischemia-reperfusion injury might have 
profound effects on vascular cells. Hypoxia induces the expression of 
ET-1, VEGF, and PDGF,  inhibits eNOS, and  induces endothelial cell 
apoptosis.265 These effects are mediated largely through the transcrip-
tion  factor  HIF-1α.266  Hypoxia-induced  ET-1  may  serve  to  further 
exacerbate vasoconstriction. By stimulating the production of inflam-
matory cytokines, such as TNF-α, IL-1, and IL-6, reperfusion may also 
contribute  to  vascular  injury.267  Thus,  vasospasm,  ischemia,  and 
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Mature endothelial cells can be induced by TGF-β to undergo a similar 
transition in vitro, demonstrated by the loss of endothelial cell markers 
such  as  PECAM  and  acquisition  of  mesenchymal  markers  such  as 
α-smooth  muscle  actin.287  Endothelial-mesenchymal  transformation 
contributes to fibrosis in a murine model of cardiac fibrosis.288 Thus, 
this form of vascular cell plasticity could also play a role in fibrosis in 
SSc, particularly in light of the tight association of vascular injury and 
fibrosis in the disease.

Circulating endothelial cells and vascular progenitor cells
Circulating endothelial cells are mature cells that are shed from blood 
vessels,  are  normally  present  in  only  very  low  numbers,  but  are 
increased  in  a  variety  of  vascular  diseases  where  they  appear  to  be 
markers  of  vascular  damage.289  Circulating  endothelial  cells  are 
increased  in SSc,  consistent with  the known vascular  injury.290,291  In 
contrast,  circulating  endothelial  progenitor  cells  arise  from  the  bone 
marrow and contribute to vascular repair.292,293 Reports on circulating 
endothelial  progenitor  cells  in  SSc  have  been  conflicting,  with  both 
increased and decreased numbers reported.290,291,294 Circulating vascu-
lar progenitor cells have promise as potential therapeutic tools for the 
repair of damaged vessels.295

Platelet activation and coagulation
Platelet  activation  and  abnormalities  in  the  coagulation  system  are 
often prominent in SSc. Elevated plasma levels of the platelet-specific 
proteins  β-thromboglobulin  and platelet  factor-4 have been proposed 
as  markers  of  progression  from  primary  Raynaud  phenomenon  to 
SSc.296 Platelet activation in SSc might occur secondary to endothelial 
dysfunction. Several endothelial cell–derived mediators inhibit platelet 
aggregation  and  activation.  These  include  prostaglandin  I2,  NO, 
heparin, and thrombomodulin. Platelet activation in SSc may contrib-
ute to the occlusive arterial disease by the release of PDGF and TGF-β. 
Microvascular  thrombosis  and  enhanced  intravascular  fibrin  deposi-
tion are prominent in SSc, suggesting defective endothelial control of 
coagulation and fibrinolysis.297 Defects in endothelial cell regulation of 
thrombosis and fibrin deposition may thus contribute to intimal hyper-
plasia in SSc.

Endothelial-mesenchymal transformation
An  alternative  explanation  for  vascular  pathology  and  neointimal  
formation in SSc is endothelial-mesenchymal transformation, a normal 
developmental  process  in  which  endothelial  cells  in  the  developing 
heart  undergo  a  transition  into  mesenchyme  in  the  atrioventricular  
and  outflow  tract  but  not  the  ventricular  endothelium.286 
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INTIMAL HYPERPLASIA IN SYSTEMIC SCLEROSIS

Fig. 139.16 Intimal hyperplasia in systemic sclerosis. Two cell types have been 
most frequently implicated in intimal hyperplasia in SSc. Some data support 
endothelial cells as the primary cell source for neointima with hyperplasia of 
this normally single cell layer. Other data more strongly implicate pericytes 
with hyperplasia of these cells and endothelial cell apoptosis. The resulting 
lesion is an obliterative vasculopathy.
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severe fibrosis, heart, and kidney involvement, but they are at increased 
risk for isolated pulmonary arterial hypertension. On the other hand, 
patients with severe diffuse cutaneous disease with RNA polymerase 
III are much less likely to develop severe lung disease but have an 
extremely high (25%) risk for renal crisis.

Severe organ involvement, particularly pulmonary fibrosis, renal 
crisis, and cardiac involvement, most often occurs in the first 5 years 
in patients with diffuse scleroderma.3 So, if by 5 years such a patient 
does not have evidence of severe involvement of these organs, he or 
she has a significantly decreased likelihood of getting such abnormali-
ties. However, all patients can have problems with Raynaud phenom-
enon, digital ulcers, sicca symptoms, and esophageal and other 
gastrointestinal and musculoskeletal involvement throughout the 
course of the illness.

Despite many advances and an increasing number of clinical trials 
in scleroderma, it remains that no treatment for SSc has been shown 
in a controlled clinical trial to modify mortality. There is now, however, 
an appreciation of what has to be done to demonstrate effectiveness, 
and improvements in clinical trials methodology together with the 
emergence of a number of attractive candidate molecular therapies that 
target key pathways or mediators involved in SSc pathogenesis make 
such treatment a real possibility in the future.

PRINCIPLES OF EFFECTIVE MANAGEMENT
Clinical heterogeneity is a hallmark of the scleroderma and ranges from 
pre-scleroderma (Raynaud phenomenon plus SSc-associated autoanti-
bodies) at one end and rapidly progressive diffuse cutaneous SSc at the 
other.4 Between these extremes lie those with limited cutaneous SSc 
with and without organ involvement, diffuse cutaneous disease with 
less rapidly progressive skin but more organ involvement, and exten-
sive diffuse cutaneous disease without organ involvement. Addition-
ally, patients can have overlap syndromes with features of other 
autoimmune rheumatic disorders, such as systemic lupus erythemato-
sus, rheumatoid arthritis, polymyositis, or Sjögren syndrome. This 
group often presents particular management difficulties because there 
may be differential activity among the various disease components. 
Clearly not all patients require the same level of investigation or thera-
peutic intervention. Each patient requires an individual approach to 
the disease to evaluate and treat all appropriate problems.

Optimal management of SSc (Fig. 140.1) requires one to:

● Obtain an accurate diagnosis at the earliest opportunity.
● Stage the patient’s disease by onset and rate of symptoms and 

determine the subset by autoantibodies and organ system so 
appropriate screening, identification, and treatment can be 
directed toward the specific patient.

● Address all potential problems with early identification, appropri-
ate therapy, and aggressive intervention of the more serious organ 
problems.

● Educate the patient to risk factors and prognosis and allow him 
or her to participate in treatment with a holistic approach recog-
nizing the impact of the disease on lifestyle and relationships.

Many manifestations require treatment throughout the course of 
the disease and are primarily based on the symptoms that almost all 
patients have, such as reflux esophagitis, Raynaud phenomenon, 
arthralgias/arthritis/tendinitis, or sicca symptoms. These define the 
background therapy for all SSc cases. Identifying the presence of organ 
involvement requires additional testing that along with the stage of the 
disease will be helpful in determining the degree of activity versus 
damage and what treatment is indicated. A non-inflammatory myopa-
thy or a fibrotic arthropathy is going to be treated much differently 

Management of systemic sclerosis
Virginia D. Steen

 Effective management of systemic sclerosis (SSc) depends on 
secure diagnosis and subset classification determined from 
autoantibody status, the stage of disease, extent of organ-based 
complications, and the presence of overlap features.

 Patients with SSc should undergo regular screening for 
cardiopulmonary complications, even if asymptomatic. Clinical, 
serologic, and genetic factors may allow individualization of serial 
investigation in the future.

 Therapies that target the immune system and vasculature have 
been shown to be effective in placebo-controlled studies.

 Effective treatments for organ-based complications are emerging, 
especially for scleroderma renal crisis, pulmonary interstitial 
fibrosis, and pulmonary hypertension.

 Better understanding of the pathogenesis of SSc is likely to lead to 
the development of targeted approaches to attenuate key 
mediators of signaling pathways.

INTRODUCTION
The management of systemic sclerosis (SSc) is a major challenge that 
should be approached with a thorough understanding of current con-
cepts of pathogenesis, the clinical features including classification and 
natural history, and an appreciation that there is much to be offered 
to patients. It is necessary to take a systematic approach to the diag-
nosis and evaluation of each case to provide appropriate treatment. 
Many of the organ-based complications of SSc are treatable, if not 
curable. In particular, therapeutic advances in management of other 
medical conditions have been extrapolated to SSc. Angiotensin- 
converting enzyme (ACE) inhibitors developed for the treatment of 
hypertension dramatically changed the course and survival of this 
previously deadly complication.1 One-year survival of renal crisis in 
scleroderma went from 10% to 70% after the availability of this drug. 
Less dramatic effects on overall survival but equally important in terms 
of morbidity are calcium-channel blockers, which were developed for 
hypertension but help Raynaud phenomenon, and proton pump inhibi-
tors, which were developed for common hyperacidity that help the 
esophagitis from esophageal dysmotility. These drugs have signifi-
cantly improved the management of these two most frequent and 
bothersome symptoms.

Classically, patients have been divided into limited and diffuse 
cutaneous scleroderma but prognosis and management are more 
affected by stage of disease and the type of organ involvement. Staging 
and subsetting are particularly important in scleroderma because not 
all patients are likely to get all manifestations at all times during the 
course of their illness. The disease stage, early disease, chronic stable 
disease, and late stage are important when considering what aspects of 
the disease have the potential to respond to available therapy. Autoan-
tibodies have been very helpful in identifying patients who are at risk 
for different organ involvement.2 Thus, disease-modifying agents 
directed at skin and lung should be primarily used in patients with 
early disease (<5 years of symptoms) who have anti-Scl-70, anti-RNA 
polymerase III, or a nucleolar patterned antinuclear antibody (ANA) 
(anti-U3 RNP and anti-Th/To that are not commercially available but 
are identified as a nucleolar pattern). Patients with Scl-70 antibodies 
and nucleolar antibodies are at high risk for severe pulmonary fibrosis, 
which may need to be treated aggressively early even though they have 
limited cutaneous disease. Patients with the anticentromere antibody 
are really the only limited scleroderma patients who are not at risk for 
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are both statistically positive and clinically meaningful. There is exten-
sive international cooperation in the area of clinical trials,8 facilitated 
by the international Scleroderma Clinical Trials Consortium (SCTC), 
which maintains a database of currently recruiting studies (see details 
at http://www.sctc-online.org).

DISEASE-MODIFYING THERAPIES  
FOR SYSTEMIC SCLEROSIS
Few of the agents currently used as disease-modifying treatments for 
scleroderma-spectrum disorders have undergone rigorous placebo- 
controlled evaluation, and the results for those that have been evalu-
ated are mostly disappointing. No agent has been shown to be of 
unequivocal benefit, and even if such data were available, therapeutic 
gain must be carefully balanced against toxicity and considered in the 
context of the natural history of the condition. It may not be justifiable 
to use treatments with potentially serious side effects in some sclero-
derma subsets such as limited cutaneous SSc or even in stable late-
stage diffuse disease. It is likely that organ-based treatment strategies 
directed toward complications such as renal disease, pulmonary hyper-
tension, or fibrosing alveolitis will have more immediate effect on 
mortality than the development of generalized disease-modifying strat-
egies. Disease-modifying approaches can be classified according to the 
underlying pathogenic process that they target.

Immunomodulatory strategies (Table 140.1)

Cyclophosphamide
Cyclophosphamide is an immunosuppressive drug of proven efficacy 
in the management of a number of autoimmune rheumatic diseases. 
A number of retrospective series have suggested that cyclophosphamide 
was effective for SSc-associated lung fibrosis.9 Recently, two major 
clinical trials evaluating cyclophosphamide in scleroderma-associated 

than an inflammatory process. In some situations, identification of 
abnormalities in organ systems may not lead to any specific therapy 
but will help focus the timing of further screening or will allow early 
intervention or treatment of associated problems. In general, to treat 
the whole scleroderma patient it is important to remember that the 
whole is the sum of all the different components, so dissecting each 
potential involvement and making a decision on treatment or observa-
tion or future screening will allow the most optimal treatment for all 
scleroderma patients.

CLINICAL TRIALS IN SYSTEMIC SCLEROSIS
Difficulties in conducting clinical trials in scleroderma are well recog-
nized. The clinical heterogeneity and variable natural history together 
with a paucity of global assessment measures have made clinical trials 
in SSc difficult.5 Other problems include absence of any treatment of 
proven efficacy to use as a comparative active control arm and under-
standable reluctance by both patients and their physician to consider 
entering a placebo-controlled study in a potentially life-threatening 
disorder. In particular, skin sclerosis has proven an unreliable measure 
of disease progression, in part owing to its tendency in a cohort to 
improve over time after the first 12 to 18 months of disease. Thus, in 
most reported placebo-controlled trials there has been improvement in 
skin score over time in the placebo-treated patients. Alternative 
approaches include longer-term studies with a time-to-event design 
and studies using organ-based endpoints such as markers of lung func-
tion or functional capacity that reflect pulmonary disease. The first 
major study that has shown a statistically significant benefit in sclero-
derma is the cyclophosphamide versus placebo study for pulmonary 
fibrosis.6 Similarly, the recently completed studies examining prosta-
cyclins and endothelin receptor antagonists as treatments for pulmo-
nary hypertension in scleroderma have been major positive studies 
even though they were primarily focused on idiopathic pulmonary 
hypertension.7 These studies are among the very first trials in SSc that 

Midgut disease
(antibiotics)

Renal crisis
(ACE inhibitors)

Myositis
(prednisolone, methotrexate)

Raynaud’s vascular therapy
(calcium channel blockers)

Pulmonary hypertension
(prostacyclins,
endothelin receptor
 antagonist)

Joints, tendons
(NSAIDs, analgesic,
exercise)

Fibrosing alveolitis
(cyclophosphamide)

Gastro-esophageal reflux
Proton pump inhibitors

Screening for organ-based complications

Antifibrotic (no drugs
of proven efficacy)

Risk stratification based on stage,
subset, autoantibody profile

Immunosuppressive
agents

MANAGEMENT STRATEGIES IN SYSTEMIC SCLEROSIS

Subset and stage within subset

Systemic sclerosis – diagnosis confirmed

Disease-modifying therapy

Organ-based treatments
Fig. 140.1 Management strategies in 
systemic sclerosis.

http://www.sctc-online.org


CH
A

PTER 140 
● M

anagem
ent of system

ic sclerosis

1405

Intravenous immunoglobulin
Pooled plasma of human polyclonal IgG (IVIG) has been reported in 
several open studies. Usually 2 g/kg of IVIG was given over 2 to 4 days 
each month for 6 months. These open-label pilot studies have shown 
encouraging results, although they included patients with variable 
disease duration and stages, so interpretation must be guarded.18,19 
Prospective studies are needed to determine its effectiveness in SSc.

High-dose immunosuppression with autologous  
peripheral stem cell transplantation
One of the most aggressive approaches to therapy for SSc is the use of 
immunoablation followed by reconstitution using autologous periph-
eral stem cell transplantation. The rationale for this therapy is similar 
to that in other autoimmune diseases. Thus, if SSc is being driven by 
an autoimmune process then ablation of autoreactive lymphocyte 
clones may block pathogenesis. If the immune system is reconstituted 
in the presence of the neoantigens responsible for autoimmunity then 
tolerance will be re-established. However, even if such tolerization does 
not occur it is still plausible that the intensive immunosuppression 
during this treatment will be directly beneficial. There have been a 
variety of methods of mobilization and conditioning for this treatment. 
Open-label studies from the Fred Hutchinson Cancer Center and from 
the European Bone Marrow Transplant Registry have shown very dra-
matic and rapid improvement in skin thickening. Most patients expe-
rienced more than a 25% improvement in the first 6 months after the 
procedure20; however, the long-term effect on organ systems is still 
unclear. There are patients who develop new organ abnormalities or a 
recurrence of aggressive disease after one of these transplants. Patients 
must be carefully screened at baseline to make sure they can tolerate 
the transplant-related morbidity/mortality and to determine if they 
have irreversible organ system disease, so it is a small subset of patients 
that would be eligible.21 Two large randomized controlled trials are 
currently underway: ASTIS (Autologous Stem cell Transplantation 
International Scleroderma Trial) in Europe and SCOT (Scleroderma, 
Cyclophosphamide Or Transplant) in the United States. Both are 
comparing transplant to monthly pulse cyclophosphamide using 
similar assessment protocols so that data may ultimately be combined 
from these studies.

Plasmapheresis and photopheresis for  
diffuse cutaneous scleroderma
There were two small trials of plasmapheresis combined with immu-
nosuppressive agents more than 20 years ago that were believed to be 
helpful in diffuse cutaneous SSc.22,23 This may reflect the removal of 
circulating cytokines, growth factors, or antibodies at a key stage in 
pathogenesis. Since then there only have been a handful of case reports 
using this approach. Another immunosuppressive strategy is extracor-
poreal photopheresis following sensitization of host leukocytes by 
methylpsoralen. In view of the presence of an infiltrate of active 
immune cells in early SSc, especially the diffuse cutaneous subset, 

pulmonary fibrosis have been completed, a North American study 
evaluating oral cyclophosphamide6 and a U.K. study examining intra-
venous administration.10 Both show a significant advantage over 
placebo, although clinical benefit was modest. One of these studies also 
examined other aspects of SSc using the Scleroderma Health Assess-
ment Questionnaire and skin score and suggested a more extensive 
benefit for cyclophosphamide. However, toxicity must be carefully bal-
anced against efficacy. Premature ovarian failure, opportunistic infec-
tions, and the possibility of late secondary malignancies are important 
considerations in planning the route, dose, and duration of cyclophos-
phamide administration.

Methotrexate
Methotrexate was studied in a small study from the Netherlands11 and 
included 29 patients and was placebo controlled for 24 weeks, followed 
by a 24-week open-label continuation in those patients who had appar-
ently responded. This trial suggested benefit for skin score and lung 
function tests. A substantially larger study from North America has 
been reported. Although a minor advantage for active treatment over 
placebo was observed for skin sclerosis score, this was below the level 
considered clinically meaningful.12 However, this trial was statistically 
underpowered owing to recruitment difficulties. Both studies used a 
15-mg dose of methotrexate. Its usefulness in inflammatory myositis 
and arthritis can be just as effective as in the other connective tissue 
disease.

Mycophenolate mofetil
Mycophenolate mofetil (MMF) is an antiproliferative immunosuppres-
sive agent indicated for prophylaxis of acute renal, cardiac, and hepatic 
transplant rejection. Several retrospective or open-label prospective 
studies have looked at 2 g of MMF daily in scleroderma, which has 
shown some suggestions of efficacy for skin,13 lung,14 and survival.15 
MMF was well tolerated, and there is a new controlled trial comparing 
MMF with cyclophosphamide primarily for interstitial fibrosis, but 
other disease aspects will be evaluated.

Cyclosporine
Cyclosporine has attractive properties for treating SSc, since it sup-
presses T-cell activation, especially for those cases of aggressive diffuse 
cutaneous SSc in which there is marked immunologic activation. The 
main problem has, however, been toxicity. For scleroderma there are 
particular risks, especially from nephrotoxicity.16 One series suggested 
that the rate of renal SSc crisis may be twice that expected for patients 
with aggressive diffuse SSc treated using cyclosporine. An open-label 
study of 48 weeks of administration suggested efficacy, although there 
was significant toxicity, especially at doses above 3 to 4 mg/kg/day.17 
Tacrolimus, a drug in the same family, also has significant nephrotox-
icity that precludes routine use in SSc. A recent controlled trial of 
topical tacrolimus was effective in plaque morphea, so potentially it 
could be helpful in skin in patients with SSc.

TABLE 140.1 IMMUNOMODULATORY STRATEGIES FOR DISEASE-MODIFYING TREATMENT OF SYSTEMIC SCLEROSIS

Agent Clinical trial data Grade Reference

Cyclophosphamide Double-blind placebo controlled trial for systemic sclerosis–associated pulmonary fibrosis 
with improved respiratory function

A 6, 10

Methotrexate Placebo-controlled trial, 30 patients; significant improvement in skin score A 11

Larger North American study inconclusive A 12

Mycophenolate Favorable outcomes in skin, lung, and survival in uncontrolled trials B 13-15

Cyclosporine Open study, 10 patients; improvement in skin score, but toxic C 17

Intravenous immunoglobulin Improved skin and joint in open study C 18, 19

Immunoablation/stem cell transplantation Ongoing studies in United States and Europe C 20, 21

Extracorporeal photopheresis First study suggested benefit A 25

Later evaluation results were equivocal A 24

Oral tolerization to type I collagen Favorable pilot data; trial positive for late-stage disease A 26

Antithymocyte globulin (ATG) Open study, 13 patients with mycophenolate mofetil. Skin score improved C 13
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idiopathic lung fibrosis showed an improved survival in the treated 
patients.35 This has prompted re-examination of this important group 
of biologic therapeutic agents.

d-Penicillamine
d-Penicillamine is a chelating agent that blocks the intramolecular 
and intermolecular cross-linking of collagen, making it a good potential 
antifibrotic agent, although as a prior treatment in rheumatoid arthritis 
it has some immune qualities as well. Multiple uncontrolled studies 
with large numbers of patients showed impressive improvement in the 
skin score in patients with early, rapidly progressive scleroderma as 
well as a possible decrease in renal crisis and improved survival.36-38 
However, there was an excellent double-blind controlled trial that did 
not show any difference between high-and low-dose d-penicillamine.39 
This trial included patients with early, diffuse disease, but they had 
milder, less aggressive disease than the patients in the earlier uncon-
trolled trials. Patients in the controlled trial had a mean skin score of 
20 (of a possible 51) at the start of the study that decreased to 17 after 
2 years of treatment. In contrast, patients in the uncontrolled trials 
had more severe disease at onset, beginning with a skin score of 28 
that increased to 33 and then to 17 after 2 years. It is unlikely that 
any further studies will be done, so it will not be known if there is a 
subset of patients who have a more impressive response to this drug.

Recombinant human relaxin
Another agent studied was recombinant human relaxin. This hormone, 
normally present in significant amounts only in pregnant women, 
appears to have benefit in SSc. In-vitro studies suggest that relaxin 
reduces synthesis of type I collagen by scleroderma fibroblasts, and a 
dose-escalating placebo-controlled trial has shown benefit based on 
self-reported health assessment questionnaires. Although this treat-
ment approach was very promising, a large phase 3 trial in North 
America was negative and this agent is no longer under active 
consideration.40,41

there was a plausible theoretical basis to using this mode of treatment. 
A clinical trial using a sham photopheresis control showed a significant 
improvement in skin and joints from baseline in the treated patients, 
but this was not statistically different from the control patients.24,25

Tolerance to human type I collagen
In a disease whose pathologic hallmark is increased extracellular matrix 
deposition it is somewhat surprising that oral type I collagen admin-
istration is being proposed. The rationale is based on the observation 
that oral tolerance to type I collagen can be induced and on the hypoth-
esis that there may be an autoimmune reaction to collagen in SSc 
contributing to local production of cytokines26 and that induction of 
regulatory lymphocytes through oral tolerization may have a beneficial 
effect by modulating other cell types involved in disease pathogenesis. 
There are some experimental data supporting this, and a controlled 
trial was recently reported showing encouraging trends, particularly in 
late-stage scleroderma cases.27 This treatment strategy has the advan-
tage of being apparently safe and also may be effective for established 
disease that is otherwise difficult to treat.

Antithymocyte globulin
The rationale for using antithymocyte globulin (ATG) as a treatment 
for SSc is based on its efficacy as an immunosuppressive agent. A case 
series of 10 patients from the Mayo Clinic (United States), with early 
(<3 years’ duration) diffuse cutaneous SSc, confirmed feasibility and 
tolerability, but endpoint changes were disappointing.28 More recently, 
another small series of ATG followed by MMF in early diffuse sclero-
derma showed some suggestions of improved skin thickening, but it 
was not possible to separate effectiveness of ATG compared with 
MMF.13 The short-term (opportunistic infection, hypersensitivity reac-
tions including serum sickness) and longer-term adverse effects will 
have to be carefully balanced against any therapeutic benefit. If it is 
shown to be useful, it may only be in carefully selected patients.

Other potential immunotherapies
Rapamycin, a macrolide antibiotic with antifungal and antitumor prop-
erties, inhibits interleukin (IL)-2–dependent T-cell proliferation.29 A 
small randomized single-blind study did not find any difference com-
pared with methotrexate, and the treated patients had significant toxic-
ity. Treatment with tumor necrosis factor (TNF)-α antibodies has been 
used in scleroderma. Inflixamab was studied in scleroderma in an 
open-label study that showed some improvement in the Rodnan skin 
score, which was not believed to be statistically significant. However, 
its use in scleroderma patients with an inflammatory polyarthritis was 
successful in controlling the joint symptoms in 15 of 18 patients. 
Rituximab, a monoclonal anti-CD20 antibody that depletes CD-20–
expressing B lymphocytes has been used in patients with immune 
cytopenias, rheumatoid arthritis, and lupus. An open-label study of 13 
patients with early scleroderma showed little change in the skin score 
over a year.30 A recent small randomized study looked at rituximab in 
scleroderma patients with interstitial fibrosis. One gram of intravenous 
rituximab was given 2 weeks apart, and there was a significant improve-
ment in both the forced vital capacity and the diffusing capacity com-
pared with untreated patients during the 1-year study.31

Antifibrotic strategies (Table 140.2)

Interferons
Interferons (α, β, or γ) exert pleiotropic effects on fibroblasts in vitro 
including downregulating extracellular matrix gene expression. This 
led to the hope that the interferons might have antifibrotic activity in 
vivo. There were a number of encouraging pilot studies, and these 
prompted more extensive evaluation of interferons-γ and -α. However, 
a placebo-controlled trial of interferon-α for early diffuse cutaneous SSc 
was undertaken in the United Kingdom.32 A greater mortality and no 
benefit for skin or lung function was found in the active-treatment arm. 
Phase 2 studies of interferon-γ have suggested a modest benefit for skin 
sclerosis.33 There was a controlled trial that showed similar findings, 
but the patients had very long disease duration.34 Overall, it is disap-
pointing that interferons have not fulfilled their early promise; whether 
they will ultimately have any place in scleroderma treatment remains 
uncertain. A meta-analysis of recent studies of interferon-γ in 

TABLE 140.2 ANTIFIBROTIC STRATEGIES FOR DISEASE-MODIFYING 
TREATMENT OF SYSTEMIC SCLEROSIS

Agent Clinical trial data Grade Reference

Interferon-α No difference, considered 
ineffective

A 32

Interferon-γ Several uncontrolled studies 
with variable outcomes

C 33-35

D-Penicillamine
Uncontrolled studies with 
positive effects

B 36-38

But controlled trial without 
evidence of response

A 39

Relaxin Phase 2 study promising but 
large

A 40

Phase 3 study negative; 
considered ineffective

A 41

Minocycline Small open study with cured 
patients

C 42

But larger uncontrolled study 
without any effectiveness

B 43

Halofuginone Plant alkaloid that 
downregulates collagen 
production in animal models 
of fibrosis. Pilot scleroderma 
study was positive experience.

C 44

Perfenidone Encouraging data on effect on 
lung fibrosis but no formal 
study in scleroderma

A 46

Tyrosine kinase Excellent in-vitro studies in 
scleroderma inhibitors; clinical 
trials just started

47, 48
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place in management. Although organ involvement is closely corre-
lated with the stage and subset of the disease, treatments for some 
specific problems are similar across all subtypes of scleroderma.

Raynaud phenomenon
The most frequent manifestation of scleroderma is episodic peripheral 
vasospasm (Raynaud phenomenon), present in 95% cases (Table 
140.3). Although many studies have confirmed efficacy of vasodilators 
in primary Raynaud phenomenon, treatment of scleroderma- 
associated vasospasm is much more difficult. In addition to the stan-
dard use of calcium-channel blockers, a recent evidence-based review 
of the treatment of scleroderma-related Raynaud phenomenon symp-
toms found evidence of efficacy for α-adrenergic blockers, ACE inhibi-
tors, angiotensin II receptor antagonists, antithrombotics/inhibitors of 
platelet aggregation, biofeedback, hand exercises, relaxation therapy, 
selective serotonin reuptake inhibitors, smoking cessation, and 
warming hands and feet.52

There is considerable evidence implicating reactive oxygen species 
in the pathogenesis of SSc. Indirect support comes from studies 
showing reduced levels of micronutrient antioxidants in SSc patients 
and increased susceptibility of serum lipoproteins to oxidation. Further 
evidence is provided by increased levels of oxidative metabolites of 
prostaglandins in SSc. It has been suggested that oxidative fragmenta-
tion of hallmark antigens to reveal cryptic epitopes may provide a 
mechanistic link between the vascular and immunologic features of 
SSc. With this background, several studies of antioxidant agents have 
been undertaken. Unfortunately, a recent review of complementary 
and nutritional therapies, including probucol, vitamin E, and ascorbic 
acid could not confirm any significant effect of these types of treatment 
in scleroderma and Raynaud phenomenon.53

There are a variety of pharmacologic treatments for the manage-
ment of the symptoms of Raynaud phenomenon. Calcium-channel 
blockers remain the first-line agents but are frequently not tolerated 
because of the vasodilatory effects of lowering blood pressure, head-
ache, and peripheral edema.54 Angiotensin blockers and 5-hydroxytryp-
tamine antagonists have been shown to be helpful in clinical trials but 
in practice seem to have limited response and patient satisfaction.55-58 
There are anecdotal reports that antiplatelet agents such as clopidogrel 
may be helpful in some patients with severe scleroderma-associated 
vasculopathy, although aspirin has not been shown to be helpful.

The most serious complication of Raynaud phenomenon is from 
critical digital ischemia/ulceration. This is likely due to structural 
vascular disease as well as vasospasm. Sildenafil (20 to 25 mg tid), a 
phosphodiesterase inhibitor, can be particularly helpful in hastening 
healing of these ulcers.59 Intermittent infusions of prostacyclin or its 
analogs have been shown to be effective,60 but they are costly and not 
available in the United States. Orally active formulations of prostacy-
clin or its analogs are an attractive proposition, but unfortunately two 
large studies recently published from Europe and North America have 
failed to conclusively demonstrate efficacy.61 After a pilot study showing 
effectiveness of subcutaneous treprostinil, a potent prostacyclin used 
in pulmonary hypertension, an oral preparation is now being studied 
in digital ulcers in scleroderma.62 Bosentan, a dual-specificity endothe-
lin receptor antagonist also used in pulmonary hypertension, has been 
shown in two large studies to prevent the development of new ischemic 
digital ulcers in scleroderma, although it does not speed ulcer healing.63 
Bosentan (125 mg bid) has been approved for the prevention of digital 
ulcers in Europe but not in the United States. The high cost of this 
agent may limit clinical use. Statins display pleiotropic effects on 
endothelial function that may potentially retard vascular injury. A 
recent study using 40 mg/day of atorvastatin showed a decreased fre-
quency of new digital ulcers in scleroderma patients.64

Ulcers located over bony prominences, such as the phalangeal joints 
and elbows, are thought to be due to repetitive microtrauma and dif-
ficulty healing due to atrophic, avascular tissue overlying the joints. 
Management of both digital and these ulcers use wound healing tech-
niques, with soaking, topical antibiotic or débriding agents, and occlu-
sion. Systemic antibiotics may be necessary. Adequate analgesia, even 
narcotics, may be necessary because severe pain will lead to further 
vasospasm. Healing often takes a long time, and patience is neces-
sary.65 Surgical treatments that are gaining popularity include radical 

Minocycline
Another drug that was initially studied in a very small study is mino-
cycline. This agent has some possible antifibrotic properties in addition 
to being an antibiotic. The pilot uncontrolled study of 10 patients 
treated with minocycline42 was widely reported in the lay press and 
suggested dramatic responses to this drug. A larger open-label clinical 
trial of patients with diffuse scleroderma failed to show any significant 
improvement in the skin score after the use of minocycline.43

Halofuginone
This plant alkaloid has had promising results in scleroderma animal 
models as an antifibrotic agent. It appears to selectively downregulate 
expression of extracellular matrix genes, although its molecular mecha-
nism is poorly defined. Preliminary studies suggest it may be helpful 
in graft-versus-host disease and in scleroderma.44

Pirfenidone
Pirfenidone blocks transforming growth factor (TGF)-β activation, sup-
presses elevation of lung basic fibroblast growth factor (bFGF), and 
prevents the bleomycin-induced decrease in lung interferon-γ levels.45 
It has been studied with positive effects in both a pilot study and a 
phase 2 double-blind trial in idiopathic pulmonary fibrosis.46 These 
studies have shown promising effects, although the controlled trial had 
some methodologic problems. The study was aborted in favor of the 
pirfenidone because of acute exacerbations of events in the placebo 
groups. Results from several phase 3 trials have been reported that 
show significant delay in deterioration in pulmonary function.

Tyrosine kinase inhibitors
Imatinib mesylate is a small molecule tyrosine kinase inhibitor that 
binds to the adenosine triphosphate binding pocket of Abelson kinase 
(c-abl) and blocks efficiently its tyrosine kinase activity; c-abl is an 
important downstream signaling molecule of TGF-β. Recent studies 
suggest that imatinib mesylate strongly inhibited the synthesis of 
major extracellular matrix proteins by fibroblasts from SSc patients.47 
Treatment with imatinib mesylate efficiently reduced the development 
of fibrosis in animal models of fibrosis.48 The potent antifibrotic effects 
in vitro and in vivo in animal models, as well as the good clinical 
experience in other diseases, have led to multiple clinical trials of 
imatinib mesylate in scleroderma and other fibrotic states. These pilot 
studies are using 200 mg daily of imatinib and include patients with 
interstitial fibrosis and severe skin disease, but results are not yet 
available.

Other potential antifibrotic agents
TGF-β is thought to be a key factor in the fibrogenesis in SSc. It pro-
motes fibroblast activation and stimulates collagen synthesis.49 The 
powerful profibrotic activity of this growth factor in vitro suggests that 
blockade in vivo may have a potent antifibrotic effect. Blocking strate-
gies that have been used in preclinical animal studies include the use 
of neutralizing antibodies, recombinant soluble receptors, or small 
molecule inhibitors of downstream signaling intermediates. Other 
exciting potential agents include blocking of connective tissue growth 
factor50 and histone deacetylase 7.51

ORGAN-BASED TREATMENTS
Progress in managing organ-based complications has been made pri-
marily by drawing analogy with other medical disorders such as peptic 
ulcer disease, systemic hypertension, idiopathic pulmonary fibrosis, 
and pulmonary hypertension. As with many other chronic diseases, a 
multidisciplinary approach to therapy is useful to address the patient’s 
physical, emotional, and social requirements as well as the medical 
problems. Physical therapy with exercises to maintain finger function, 
prevent joint contractures, and improve strength is extremely impor-
tant, particularly because the treatment of skin disease is not satisfac-
tory. The natural history of the disease is associated with some 
improvement in skin thickening, but if there are severe contractures, 
soft skin will not improve function. Patient education with careful 
explanation of the disease and its complications is integral in the suc-
cessful management of the disease. Specialist nurse-educators, tele-
phone helplines, and patient support organizations all have a valuable 
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TABLE 140.3 VASCULAR THERAPIES FOR RAYNAUD PHENOMENON

Treatment Examples Comments (Grade, Reference)

Non-drug Hand warmers, 
protective clothing

Universally helpful

Nutritional Evening primrose oil Symptoms improve

Fish oil capsules Symptoms improve only in primary Raynaud phenomenon, not scleroderma

Antioxidant vitamins Theoretical benefit but no controlled trial evidence (C, 53)

Pharmacologic agents for Raynaud phenomenon

Calcium-channel blockers (nifedipine, amlodipine, 
diltiazem)

Variable and differential response to different agents. 
Slow titration of dose reduced the severity of side effects. (A, 54)

Angiotensin-converting enzyme inhibitors 
(quinacrine, captopril)

No evidence of effectiveness (A, 56)

Angiotensin receptor blockers Losartan Effective in clinical trial but limited effectiveness in practice (A, 55)

5-HT antagonists Ketanserin 5-HT receptor antagonist; limited availability (A, 57)

Fluoxetine Readily available, clinically less effective, but fewer vasodilatory side effects than 
calcium-channel blockers (A, 58)

Therapy for ulcer healing

Phosphodiesterase inhibitors Sildenafil, tadalafil Clinical trials show improved Raynaud phenomenon and ulcer healing (A, 59)

Parenteral vasodilators Iloprost, 
prostaglandin E1, 
treprostinil

Effective at healing ulcers and reducing severity and frequency of Raynaud 
phenomenon attacks

Expensive and limited long-term duration of benefit (A, 60-62)

Endothelin receptor antagonists Bosentan Clinical trials showing decreased new ulcers (not approved for ulcers in United 
States) (A, 63)

Statins Single study showing decreased occurrence of ulcers (A, 64)

Local management of ulcers Wound healing techniques, topical antibiotics, soaking, occlusion, débridement
Systemic antibiotics as necessary
Adequate analgesia (including narcotics if necessary)

Surgical procedures

Central sympathectomy, endoscopic thoracic 
sympathectomy

Chemical or operative for severe Raynaud phenomenon (B, 66)

Radical microarteriolysis Division of adventitia of digital arteries, sometimes termed digital 
sympathectomy; useful treatment for individual critically ischemic digits (B, 66)

Débridement, amputation Autoamputation is best to allow maximum preservation of healthy tissue. 
Surgery should be as conservative as reserved for infection or intractable pain.

microarteriolysis (digital sympathectomy) and microrevascularization 
in some patients who have vessels other than digital ones that are 
involved.66 Endoscopic thoracic sympathectomy is being used in Japan, 
and botulinum toxin type A is being used by some plastic hand sur-
geons instead of digital sympathectomy.

Musculoskeletal complications
Most patients with SSc describe some musculoskeletal features. 
Arthralgia, stiffness, and carpal tunnel are common early in the disease. 
Frank arthritis is uncommon and points toward an overlap syndrome. 
However, if there is significant synovitis that is not easily controlled, 
then treatment with hydroxychloroquine, methotrexate, or even anti–
tumor necrosis factor may be effective.67 Tendon friction rubs, non-
inflammatory fibrotic involvement of the tendons, are palpated 
primarily on the palms, wrists, and lower legs. They are associated 
with a poor prognosis primarily because they are most often seen in 
early diffuse scleroderma. They can thus be a clue to the diagnosis of 
scleroderma and diffuse scleroderma.68 The consequences of joint and 
skin involvement are contractures. In diffuse scleroderma these con-
tractures can be very severe in the hands/wrists as well as in the more 
proximal joints. An aggressive “hands on” exercise program should be 
an integral part of all newly diagnosed patients with diffuse sclero-
derma. It is very important to try to prevent the development of con-
tractures because once they are fixed they are extremely difficult to 

reverse even when the skin improves. Physical and occupational thera-
pists must play an integral role in the management of scleroderma 
patients. Stretching exercises as opposed to strengthening or splinting 
seem to be the most effective and best tolerated and should be the 
mainstay of a home program as well. Even limited scleroderma patients 
with severe puffiness and tightness of the hands benefit from a hand 
exercise program. Anti-inflammatory agents and low-dose corticoste-
roids (5-10 mg prednisone) can be tried, particularly if there is joint or 
tendon inflammation, but more important is the control of pain. If 
there is severe pain with motion, the patient is not going to be able to 
do the exercises adequately and contractures will be worse. Often the 
pain is severe enough even to use low doses of long-acting narcotics. 
Keeping patients comfortable in order to keep moving is most 
important.

Muscle involvement can be both a typical inflammatory myositis 
akin to polymyositis as well as a blander fibrotic myopathy. Both can 
be associated with an elevation in the creatine phosphokinase level, 
but the inflammatory findings on electromyography, magnetic reso-
nance imaging, and biopsy can guide the treatment.69 If the muscle 
weakness is mild, then methotrexate and/or azathioprine with low-
dose prednisone may be enough to treat the inflammatory myositis. If 
high-dose prednisone is necessary, careful observation of blood pressure 
is needed to make sure renal crisis does not develop. There is no evi-
dence that ACE inhibitors are preventive for renal crisis, so they should 
not be used unless the patient develops hypertension. At that time, 
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Macrovascular disease in scleroderma
In addition to the classic involvement of the renal and pulmonary 
arteries, there have been reports that macrovascular disease is increased 
in SSc. Involvement of the large arteries in the extremities can lead to 
ischemia. Increased aortic stiffness,74 impaired endothelium-dependent 
vasodilatation, and increased coronary artery calcification have been 
noted in scleroderma, but in one study investigators could not find 
increased signs of atherosclerosis or premature myocardial infarc-
tions.75 Most survival studies do not show increased coronary artery 
deaths in scleroderma, although cardiopulmonary deaths are very 
common.76,77 One study showed that acute myocardial infarctions 
occurred in only 1% of 1000 scleroderma hospitalizations and was thus 
quite unusual.78

Gastrointestinal complications of scleroderma
Involvement of the gastrointestinal tract is extremely frequent in 
scleroderma (Table 140.4). Abnormalities have been demonstrated 
throughout its length, although esophageal involvement is the most 
frequently involved site, occurring in up to 80% of patients. Simple 
measures such as elevating the head of the bed may be a useful adjunct 
to more sophisticated treatments. Clinical benefit is obtained from 
acid-suppressive therapies, and proton-pump inhibitors are dramati-
cally effective so that use of these as first-line treatment is often justi-
fied. High doses may be needed to control severe esophagitis. Additional 
benefit can be obtained from adding a motility drug such as metoclo-
pramide, although it has many side effects. Unfortunately, cisapride 
and a related motility drug, domperidone, which have fewer side effects, 
are unavailable in the United States. Erythromycin also has some 
promotility effects that are most effective in the stomach.

Small intestinal hypomotility with pseudo-obstruction and bacterial 
overgrowth has been shown to occur frequently in SSc.79 Bloating, 
nausea, vomiting, diarrhea, abdominal distention, and malabsorption 
may occur and may be devastating because there is no treatment that 
can reverse this process. Promotility agents, including metoclopramide, 
domperidone, and erythromycin, can be helpful but they often have 
side effects and the cardiac toxicity led to several agents being with-
drawn by the U.S. Food and Drug Administration. Broad-spectrum 
antibiotics, including metronidazole, ciprofloxacin, tetracycline, and 
amoxicillin in varying doses, are helpful in treating bacterial over-
growth and can be dramatically effective in some cases. Sometimes 
intermittent single-agent courses are effective, but refractory cases  
may require rotational antibiotics. There is no one approach that can 
be used for all patients. It is necessary to try different regimens of 
antibiotics. Although a hydrogen breath test may confirm bacterial 
overgrowth, an empirical trial of antibiotics in symptomatic patients 
should be done even without this test. In severe cases with malnutri-
tion, octreotide (0.1 mg twice daily subcutaneously or long-acting-
release, 20 mg/mo, intravenously) has been used effectively.80 Frequent 
small meals, high protein supplements, and, in refractory cases, total 
parenteral nutrition may be necessary. Feeding tubes (gastric or jejunal), 
even in patients just with severe esophageal problems, should not be 
used because of the poor motility throughout the intestinal tract in 
scleroderma. Gastroparesis is present in up to 50% of scleroderma 
patients and contributes to the esophageal and small bowel symptoms 
in these patients.81

Gastric antral venous ectasia has a characteristic appearance at 
endoscopy, hence the synonym “watermelon stomach.” It manifests as 
iron-deficiency anemia due to recurrent or chronic gastrointestinal 
bleeding that is often “silent” and entirely asymptomatic until severe 
anemia develops. A recent study found this complication both in 
patients with long-standing limited scleroderma but also in patients 
with early severe diffuse scleroderma associated with the RNA poly-
merase III antibody.65 It is an important diagnosis because it is poten-
tially life-threatening and also because it is amenable to treatment 
using laser photocoagulation.82 Such intervention is warranted because 
chronic hemorrhage from telangiectatic lesions is now recognized as a 
significant cause for iron deficiency in SSc.

Anal involvement is also common but underdiagnosed. Inconti-
nence, often described as diarrhea by patients, is the most common 
complaint. It is important to inquire specifically about anorectal 

very close monitoring of the blood pressure and renal function is neces-
sary. Patients with a bland myopathy may respond to low-dose pred-
nisone but more important is muscle strengthening. Patients with mild 
proximal weakness can develop shoulder contractures, so stretching 
exercises should be done as well as the strengthening.

Skin disease
Skin sclerosis is present in almost all forms of SSc, with exceptions 
being some patients with very early disease and those with the rare 
subset designated systemic sclerosis sine scleroderma in whom vascu-
lar and visceral manifestations occur in the absence of skin involve-
ment. However, treatment of the disease is rarely dictated by its 
cutaneous manifestations. Visceral involvement is far more important 
in terms of morbidity and mortality. Skin discomfort, pruritus, burning, 
and actual pain can be very debilitating in patients with early diffuse 
scleroderma. Systemic antihistamine therapy can provide some relief 
for intractable itching; pregabalin seems to be helpful for the “pricky,” 
burning pain that may be from entrapment of the cutaneous sympa-
thetic nerves by the thickened skin; and analgesia may be necessary 
for the “painful” skin. Topical agents have not been associated with 
clinical softening, but emollients, moisturizers, and topical anesthetics 
may give some patients temporary relief.

It is not uncommon for patients with severe skin sclerosis to experi-
ence stabilization and even softening of the skin with time, especially 
by 5 years from diagnosis. This improvement in skin thickening, 
whether it is from natural history or the effect of medication, is also 
associated with improved survival.70

Skin ulceration, which can arise through a number of mechanisms 
(e.g., ischemia from Raynaud phenomenon, trophic ulcers associated 
with contractures and deformities, or underlying calcinosis and perhaps 
also large vessel vasculopathy), may be the primary problem in many 
patients. Secondary infection should be vigorously treated; poor tissue 
perfusion may require increased doses or extended courses of antibiot-
ics. Optimizing the circulation using oral or parenteral vasodilators is 
also important, especially when ulceration is associated with severe 
peripheral vasospasm.

Another frequent cutaneous manifestation of scleroderma is the 
development of cutaneous dilated loops of small blood vessels (telan-
giectasia). It should be noted that telangiectasia, although occurring 
especially in limited cutaneous SSc (sometimes termed CREST syn-
drome), is frequently also present in patients with late-stage diffuse 
cutaneous SSc. Indeed it may become more florid in the plateau phase 
of diffuse cutaneous SSc even when the skin sclerosis diminishes. 
These are distressing for patients cosmetically but also because of 
concerns that this indicates that the disease is progressing. Patients 
should be reassured that telangiectasia has no relationship to disease 
activity. Hemorrhage from mucosal telangiectasia is also becoming 
increasingly recognized as a clinical problem and may require local 
therapy if it is a recurrent problem. Cosmetic camouflage techniques 
can be very effective for masking facial telangiectasia, and appropriate 
advice should be offered to all patients who might benefit. Recently, 
the pulsed-dye laser has also been used with some success.

In addition to skin thickening, other cutaneous manifestations 
include calcinotic nodules, especially in limited scleroderma. No 
medical therapy has been shown to be effective, but local surgery can 
be helpful. Local pain, progression of contractures, and functional 
impairment occur and may contribute to ulcer formation. Surgical 
removal may be helpful, although often the calcinosis is too diffuse 
within the tissue to easily debulk. Pathogenesis of calcinosis is not 
known and has not been studied very well. A recent study found that 
the protein expression of osteonectin and matrix carboxyglutamic acid 
(MGP) was increased compared with controls and particularly in 
patients with calcinosis.71 These proteins are known to play a role in 
some types of calcification processes in other diseases, so perhaps 
further studies will lead to a better understanding of this process. 
Although warfarin, colchicine, probenecid, bisphosphonates, diltiazem, 
minocycline, aluminum hydroxide, salicylate, surgical extirpation, and 
carbon dioxide laser therapies have been used, no treatment has con-
vincingly prevented or reduced calcinosis.72 TNF-α inhibition was 
reported to improve calcinosis symptoms in patients with juvenile 
dermatomyositis, so perhaps it may be helpful in some cases.73
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There is no evidence that any immunosuppressive or vasodilator  
has had any specific effect in the heart disease associated with 
scleroderma.

Renal scleroderma
The most important renal complication is scleroderma renal crisis  
(Fig. 140.2). Several studies have documented that corticosteroid use 
(>15 mg prednisone per day or equivalent) may predispose to the 
development of renal crisis.84,85 Patients at increased risk, particularly 
with early diffuse cutaneous disease, should be educated to monitor 
their blood pressure regularly. New-onset hypertension, often markedly 
elevated, with retinopathy, microangiopathic hemolytic anemia 
(MAHA), and other signs of end-organ damage, including blood and 
protein in the urine, are signs of a life-threatening illness. Widespread 
early use of ACE inhibitors has clearly improved survival rate,86 but 
overall prognosis of scleroderma renal crisis is still not adequate. Thirty 
percent of patients progress to renal replacement therapy. It is never-
theless a significant mark of progress that renal crisis is no longer the 
most frequent cause of scleroderma-associated death.76

Hypertension should be treated using ACE inhibitors. Shorter- 
acting captopril allows more flexibility in adjusting the dose, but any 
ACE inhibitor is effective. Although angiotensin receptor blockers and 
renin inhibitors should be effective in treating scleroderma renal crisis, 
there is little information as to their comparative effectiveness to ACE 
inhibitors. Renal function often continues to deteriorate even after blood 
pressure is adequately controlled, but the ACE inhibitor must be contin-
ued. If maximum ACE inhibition has not controlled blood pressure, 
calcium-channel blockers, hydralazine, or clonidine may be necessary. 
There is controversy over whether prophylactic use of ACE inhibitors 
prevents renal crisis. However, two recent studies of the British and 

dysfunction so that patients can be offered clear advice to help them 
cope with this distressing manifestation.

Barrett metaplasia of the lower esophageal mucosa is quite common 
in SSc patients, although the correct frequency of surveillance and 
treatment of minor abnormalities is unclear. Reports suggest that 
metaplasia can improve and that malignant transformation is less 
frequent than in cases in the absence of SSc.

Cardiac disease
Cardiac involvement from scleroderma (Table 140.5), as demonstrated 
by a variety of non-invasive tests and autopsy studies, is common, but 
its contribution to the outcome in patients is unclear.83 Severe cardio-
myopathies are unusual but can be associated with renal crisis and 
systemic myositis. Other cardiac features including pericardial effu-
sions, arrhythmias, and diastolic dysfunction are quite common.

Treatment of cardiac manifestations is currently based on the man-
agement of similar clinical events occurring outside the context of SSc. 
Thus, antiarrhythmic agents are used for hemodynamically significant 
dysrhythmias and pacemaker insertion is considered when there is 
evidence of significant conduction abnormalities. Conduction defects 
are the most frequent electrophysiologic disturbances in SSc, and these 
may be associated with re-entrant tachyarrhythmias. Some cases of 
re-entrant monomorphic ventricular tachycardia in SSc patients 
responding to local ablative therapy have been reported. At this point, 
treatment of this type of diastolic dysfunction has not been clarified 
even in non-scleroderma patients.

Elevated markers of myocardial damage such as troponin-T and 
N-terminal pro brain natriuretic peptide, which are common markers 
for both left- and right-sided heart failure, are often present in SSc and 
may be helpful in monitoring response to treatment for cardiac disease. 

TABLE 140.4 GASTROINTESTINAL TRACT DISORDERS IN SYSTEMIC SCLEROSIS

Site Disorder Symptom Investigation Treatment

Mouth Tight skin Cosmetic None Facial exercises

Dental caries Toothache Dental radiograph Dental treatment

Sicca syndrome Dry mouth Salivary gland biopsy Artificial saliva

Esophagus Dysmotility/esophageal spasm Dysphagia Barium swallow Proton pump inhibitors

Reflux esophagitis Heartburn Esophageal scintigraphy Minimize NSAID and calcium-channel 
blocker use

Stricture Dysphagia Manometry
Endoscopy

Elevate head of bed
Avoid late meals

Stomach Gastric paresis
NSAID-related ulcer
GAVE, “watermelon stomach”

Anorexia, nausea, early 
satiety

Bleeding, anemia
Weakness, silent bleeding

Scintigraphy
Endoscopy
Barium meal

Proton pump inhibitors
Metoclopramide, domperidone
Laser ablation

Small bowel Hypomotility Weight loss Barium follow-through Rotational antibiotics, metronidazole, 
ciprofloxacin

Stasis Postprandial bloating 14C-glycocholate or hydrogen

Bacterial overgrowth Malabsorption Breath test Domperidone, metoclopramide

NSAID enteropathy Steatorrhea Jejunal aspiration Octreotide (low dose)

Pseudo-obstruction Abdominal pain Fecal microscopy Oral nutritional supplements

Distention Plain abdominal radiograph Parenteral nutritional support

Pneumatosis intestinalis Diarrhea with blood, 
benign pneumoperitoneum

Plain abdominal radiograph Conservative management

Large bowel Hypomotility Alternating constipation 
and diarrhea

Barium enema/CT 
pneumocolon

Dietary manipulation; stool expanders for 
constipation; loperamide for diarrhea

Colonic pseudodiverticula Rare perforation Barium enema/CT 
pneumocolon

(Resection as a last resort)

Pseudo-obstruction Abdominal pain; distention Plain abdominal radiograph Conservative management: “drip and suck”

Anus Sphincter involvement Fecal incontinence Rectal manometry Kugel exercises, protective measures, 
sacral nerve stimulation
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outcome of renal transplantation in SSc.89 Considerable recovery in 
renal function often occurs after an acute crisis, and improvement can 
continue for up to 2 years, frequently allowing dialysis to be discontin-
ued. Therefore, decisions regarding renal transplantation should not 
be made before this time.

CONCLUSION
Although SSc is an uncommon disease, it is important because it has 
the highest mortality of any of the rheumatic diseases. Also, much can 
be learned from it, because it is a paradigm for other more common 
medical conditions in which immunologically triggered fibrosis occurs, 
such as liver cirrhosis and idiopathic pulmonary fibrosis. All patients 
with scleroderma-spectrum disorders should be assessed by physicians 
familiar with these conditions. In this way the diagnosis is confirmed, 
patients can be educated about the disease, and follow-up and treat-
ment can be tailored according to stage, subset, and activity. Further 
advances in management will require interventional studies to confirm 
efficacy for current treatments and to test novel agents. Management 
of life-threatening complications should be proactive with screening of 
at-risk patients and commencement of therapy at the earliest opportu-
nity. Importantly, there have been real advances in management of the 
major, most deadly complications. ACE inhibitors appear to have sub-
stantially improved survival from renal scleroderma crisis. There is 
evidence that cyclophosphamide is effective in scleroderma-associated 
pulmonary disease, and there are now many therapeutic agents 
approved for pulmonary hypertension, making even this previous 
deadly complication treatable. Improved management of Raynaud  
phenomenon with calcium-channel blockers, treatment of gastro-
esophageal reflux with proton-pump inhibitors, and aggressive physical 
therapy have all improved the morbidity of scleroderma.

Survival studies strongly suggest that outcome for scleroderma 
patients has improved significantly over the past 25 years, and sclero-
derma should now be considered treatable, if not curable. More thera-
peutic agents are being studied in scleroderma than ever before, bringing 
more hope that they will lead to even better management and effective 
treatment for all aspects of this difficult disease.

French experience with renal crisis in large scleroderma populations 
have shown a worse outcome for patients who for whatever reason have 
used ACE inhibitors before renal crisis.87,88 The reason for a worse 
outcome may be that the low dose of ACE inhibitors does not prevent 
the development of renal crisis and instead blunts the effects of the acute 
hyperreninemia, thus masking the onset of renal crisis and causing a 
more chronic, less reversible process. Therefore, if one is using an ACE 
inhibitor, a high-risk patient still needs to be observed very closely.

Recent audit of the United Network for Organ Sharing database in 
North America confirms the feasibility and acceptable long-term 

TABLE 140.5 MANAGEMENT OF CARDIAC DISEASE IN SYSTEMIC SCLEROSIS

Cardiac disease Pathology Frequency Clinical features Investigation Treatment

Arrhythmias Re-entry mechanism 
or inflammation

Up to 50% Palpitation, 
syncope

ECG, especially 24 hr 
with symptom diary

Treat only if hemodynamically 
significant

Conduction defects Local fibrosis 20% on ECG Syncope ECG May require pacemaker

Pericardial disease Inflammatory or 
transudate

10% clinically
50% at autopsy

Chest pain
Dyspnea

ECG, echocardiogram Corticosteroids, 
?Immunosuppressive agents
Management of heart failure 

(delete if cardiac catheter)

Myocardial Myocarditis
Myocardial fibrosis

Rare
30%-50%

Congestive heart 
failure, arrhythmias, 
myocarditis

ECG, echocardiogram, 
brain natriuretic 
peptide, MRI

Management of heart failure
Corticosteroids if cardiac catheter
?Immunosuppressive agents

Coronary arteries Atherosclerosis (not 
scleroderma)

Common but not 
excessive compared 
with general population

Angina, myocardial 
infarction, cardiac 
failure

ECG, stress testing, 
troponin, coronary 
angiography

Standard treatment for coronary 
artery disease

Post-
transplant
surveillance

Long-term renal
replacement

TransplantRecovery

Renal failure

Renal impairment

BP elevated

SSc
stage and subset

Education, BP monitoring,
avoid precipitants

Follow up:
Renal function improvement
may continue for 24 months
after renal crisis

Antihypertensive
requirements often fail

Other aspects of disease
may improve

Occult cardiac disease
may manifest

ALGORITHM FOR MANAGEMENT OF SSc RENAL CRISIS

Hospital admission; increase
ACE inhibitor; additional oral
antihypertensive;
?prostacyclin infusion;
close monitoring

ACE inhibitor; close
observation of renal function;
check for MAHA and
end-organ disease

Fig. 140.2 Algorithm for management of renal crisis in systemic sclerosis.
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not  been  validated  in  SSc  specifically.1  In  addition  to  assessment  of 
dyspnea there should be very regular objective assessment for evidence 
of pulmonary function test (PFT) abnormalities.

PULMONARY FIBROSIS
Interstitial lung disease (ILD) is one of the most prevalent and impor-
tant complications of SSc. Although moderate to severe  lung fibrosis 
is identified in around 25% of SSc, overall there are important differ-
ences between subsets of  the disease. Thus, approximately one third 
of patients with diffuse cutaneous scleroderma (dcSSc) compared with 
around a sixth of patients with limited cutaneous scleroderma (lcSSc) 
are affected by significant fibrosis.2 Moreover, the frequency of milder 
disease is high so that more than half of SSc patients overall have some 
evidence of interstitial fibrosis. This is even higher within some sero-
logically defined subgroups, such as patients who are positive for anti-
topoisomerase-1 autoantibody.3

The  main  differential  diagnosis  is  between  the  various  forms  of 
diffuse ILD and other important pulmonary complications of SSc, such 
as PAH. The two complications may occur concurrently, although in 
the  majority  of  cases  there  is  a  clear  predominance  of  one  process. 
Nevertheless, the coexistence of pulmonary vascular disease may have 
an important impact on outcome.

Investigations
Plain radiography
Although the current preliminary classification criteria for SSc include 
chest radiography as a means to determine the presence of lung fibro-
sis, this is recognized to be an imprecise tool because it is not sensitive 
enough to determine the presence of mild ILD.4 In general, plain radi-
ography is useful as a screening tool for other pulmonary complications 
and may provide important additional information but cannot be relied 
on as a method for definition or exclusion of significant lung fibrosis. 
Even with established pulmonary disease, the chest radiograph may be 
essentially  normal.  Typical  appearances  in  SSc  are  shown  in  Figure 
141.3.

HRCT
The cornerstone for detection of lung fibrosis in SSc is HRCT.5 This is 
important  because  it  provides  a  very  sensitive  tool  for  detection  of 
disease and permits the pattern and extent to be assessed. There is a case 
for  recommending  a  baseline HRCT  in  all  cases of  SSc,  although  in 
practice most physicians would target only cases with some other clini-
cal suspicion or with abnormal pulmonary function test results. Initial 
assessment  should  include  prone  images  so  that  minor  interstitial 
changes of dependency can be excluded, although this may be less of an 
issue  with  modern  multichannel  scanners  that  require  only  a  short 
examination time. Resolution of scanners is improving, and radiation 
exposure is being reduced. Nevertheless, the value of serial CT assess-
ment over and above longitudinal measurement of lung function together 
with baseline HRCT is not established. Examples of HRCT appearance 
are shown in Figure 141.4, contrasting mild and extensive disease.

The pattern as well as extent of ILD may be determined by HRCT, 
and  this  is  an  important  additional  aspect  of  the  test.  This  permits 
definition  of  NSIP  or  UIP  pattern  of  disease,  and  there  have  been 
studies that show in scleroderma that the HRCT definition correlates 
well  with  histologic  pattern.6  Experienced  assessors  may  determine 

Pulmonary management of 
systemic sclerosis
Christopher P. Denton

INTRODUCTION
Pulmonary  complications  of  systemic  sclerosis  (SSc)  are  the  single 
largest  cause of disease-related mortality  in a  condition  that has  the 
highest death rate of any of the autoimmune rheumatic diseases. For-
tunately, there has been recent progress in the area of assessment and 
treatment of both interstitial lung fibrosis and also pulmonary arterial 
hypertension  (PAH),  the  two  most  important  pulmonary  manifesta-
tions of SSc.

THE SPECTRUM OF PULMONARY  
INVOLVEMENT IN SSc
There are many ways in which SSc can affect the lungs, although the 
two  most  important  complications  are  PAH  and  interstitial  fibrosis, 
shown histologically in Figure 141.1. This includes involvement of the 
chest  wall  skin  and  underlying  connective  tissue  that  may  directly 
restrict respiratory excursion, muscle involvement with inflammation, 
or  fibrosis  that  impairs  ventilation  of  the  lungs.  Pleural  disease  can 
occur  with  pleural  effusions,  although  this  is  less  common  than  in 
other inflammatory rheumatic diseases and may be a clinical  indica-
tion of an overlap syndrome.

Interstitial fibrosis  is  common  in SSc but of  variable  severity and  
in  some  cases  may  not  be  clinically  significant.  Identification  of  
more  severe  cases  and  predicting  likelihood  of  future  progression  
are cornerstones of management of SSc-associated pulmonary fibrosis. 
Most  often  lung  fibrosis  has  the  histologic  and  high-resolution  
CT  (HRCT)  pattern  of  non-specific  interstitial  pneumonia  (NSIP), 
although other forms may occur, especially including usual interstitial 
pneumonia  (UIP) and organizing pneumonia,  that  can  later progress 
to NSIP.

Pulmonary vascular disease represents another frequent and impor-
tant  manifestation.  Postcapillary  PAH  is  the  most  common  form  of 
the disease, and this is a complication that has benefited from major 
therapeutic  advances  over  the  past  decade.  However,  other  forms  of 
pulmonary hypertension occur, including cases due to lung fibrosis and 
hypoxia  (group  III)  and  cases  associated  with  cardiac  involvement 
(group  II,  notably  diastolic  dysfunction).  Another  important  form  of 
PAH  is  classified  in  the  1′  group,  pulmonary  veno-occlusive  disease 
(PVOD).

Cardiac  complications  including  cardiac  failure  and  pulmonary 
edema are also important. Finally, dyspnea is an important symptom 
in SSc that may be multifactorial. Skeletal muscle fibrosis, decondition-
ing anemia, and cardiac disease are important differential diagnoses to 
consider.

Dyspnea in systemic sclerosis
All  scleroderma  cases  should  be  regularly  reviewed  to determine  the 
presence of symptoms that could reflect significant pulmonary disease. 
Breathlessness is very frequent in SSc and may have multiple causes 
(Fig. 141.2). The first consideration  is whether  there  is  limitation of 
physical activity due to dyspnea. This must be determined by careful 
questioning.  Once  this  is  ascertained,  supplementary  assessment  is 
directed  toward  differentiating  the  underlying  mechanism.  Formal 
assessment  of  dyspnea  remains  challenging.  A  number  of  scoring 
systems and self-assessment instruments are available, but these have 

141
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likelihood of progression. More formal scoring of the extent of disease 
has  been  used  in  validatory  studies,  including  a  threshold  analysis. 
These  studies point  to  a higher  risk of progression when more  than 
20%  to 25% of  lung volume  is  affected by fibrosis. However,  scoring 
systems are observer dependent and only applicable to clinical research 
studies at present. There have been other attempts to use image analy-
sis to determine extent of disease, but such systems have limitations 
and at present are not considered superior to an experienced observer–
based scoring system.

Modern scanning and post-study reconstruction can be invaluable 
in defining the precise extent of fibrosis, and such methods may ulti-
mately  be  important  in  assessing  disease  progress  and  treatment 

features that are suggestive of inflammatory activity within lung tissue 
(alveolitis),  but  this  is  very  challenging  because  an  almost  identical 
appearance  may  arise  from  fine  interstitial  fibrosis.  The  presence  of 
associated features of volume loss,  traction bronchiectasis, and other 
parameters may be used in interpreting HRCT findings. In some cases 
there is clear evidence of reticular change that can only reflect estab-
lished disease, but  in others more diffuse “ground glass” attenuation 
is present,  and  this may  reflect fine fibrosis or  inflammatory change 
(Fig. 141.5). The development of a simple staging system has been an 
important  and  useful  step  forward  in  clinical  management.7  In  this 
algorithm a  rapid assessment of HRCT  is  integrated with basic PFT 
variables  to  determine  mild  or  extensive  disease  that  stratifies  the 

a
b

Fig. 141.1 Histopathologic features of SSc-associated lung disease. (a) Pulmonary arterial hypertension. Autopsy specimen from case of lcSSc with advanced 
isolated PAH—with thickened pulmonary arterial wall and endoluminal proliferative lesions (plexiform lesion), in this case treated with combination targeted 
therapy, including prostanoid, PDE5i, and ERA. (b) Lung fibrosis in SSc. NSIP pattern with preservation of architecture, homogeneous pattern of fibrosis, and 
absence of fibroblastic foci. This patient was considered to have stable lung fibrosis over several years of follow-up but died of gastrointestinal disease.

Overlap features
SLE, vasculitis, myositis
Consider muscle weakness,
organizing pneumonia,
pulmonary hemorrhage,
ARDS/DAD
Pulmonary embolus

Interstitial lung disease – 
usually NSIP pattern
Also UIP
Organizing pneumonia

Pulmonary hypertension
Group 1 (PAH)
Group 1’
Group 2 (cardiac)
Group 3 (lung disease)

Cardiac
Significant arrhythmia
Conduction defect
Cardiac fibrosis
Myocarditis

Renal
Hypertensive
renal crisis –
pulmonary 
edema,
anemia

Serositis
Pleural or pericardial
effusion

Gastrointestinal
Anemia from GI blood loss
(GAVE, gastritis, mucosal
telangiectasis)
Diaphragmatic splinting from 
pseudo-obstruction, bloating

Cardio-respiratory or
musculoskeletal
deconditioning

MULTIPLE POTENTIAL CAUSES FOR DYSPNEA IN SSc

SSc

Fig. 141.2 Schematic representation of the multiple interacting 
mechanisms that may underlie the common symptom of dyspnea 
in SSc. Musculoskeletal deconditioning is probably the most 
common basis for this symptom and may respond to 
cardiorespiratory and physical rehabilitation programs. However, 
major lung or heart disease must be excluded or investigated 
before simpler strategies are employed.
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function. Within individual patients other variables may be useful. The 
diffusing capacity of the lung (DLco) is important and often impaired 
in SSc-associated pulmonary fibrosis. However,  a major  confounding 
influence is the possible reduction due to pulmonary vascular disease, 
and this may explain the apparent reduced value in assessment. Mea-
sures of total lung capacity are less dependent on exertional effort than 
FVC but are more demanding to ascertain and appear to add little value 
in assessment.9

Lung biopsy
A lung biopsy can be undertaken using a variety of different methods. 
This includes the use of video-assisted thoracoscopic sampling (VATS), 
which  probably  is  the  most  widely  used  method.  Other  approaches 
include open-lung biopsy, which may be appropriate if larger samples 
are  needed  but  is  much  more  invasive.  Transbronchial  biopsy  has 

response. Reconstructed images in a typical case of mild SSc-associated 
lung fibrosis are included in Figure 141.6.

Pulmonary function testing
Other tests that are valuable include PFTs, which form the mainstay 
of  longitudinal  assessment.  For  use  in  routine  clinical  practice  the 
single most  important assessment  is  the  forced vital  capacity  (FVC), 
expressed as a percentage predicted for age, weight, and gender.8 This 
has been determined as the most robust assessment in stratifying cases 
of SSc-associated pulmonary fibrosis for treatment and also in follow-
up. It has been a useful endpoint in clinical trials. The reason for its 
apparent  superiority over other measures of  lung  function  is unclear 
but may relate to the lower variability compared with other measures 
and  the  broad  range  of  experience  exploring  change  in  PFTs  and 
outcome,  including  mortality  and  time  to  decline  in  pulmonary 

SS with lung fibrosis Early lung fibrosis in SSc SSc associated PAH

Fig. 141.3 Chest radiography in evaluation of systemic sclerosis lung disease. (a) SSc with lung fibrosis. With extensive diffuse lung disease there is 
prominent interstitial change. Differential diagnosis includes cardiac failure, and hilar prominence may suggest associated pulmonary hypertension. (b) 
Early lung fibrosis in SSc. Minor volume loss in early lung fibrosis—apparent only on HRCT. (c) SSc-associated PAH. Even with this anteroposterior 
projection there is evidence of cardiomegaly, suggesting pericardial effusion. Prominent hilar vascular structures and attenuated peripheral lung 
markings are typical of established isolated PAH.

Mild

a b

Extensive

Fig. 141.4 Determining the extent of lung fibrosis in SSc—a critical role for HRCT. (a) Minimal lung fibrosis in early SSc. Initial staging HRCT should be 
performed prone so that minor effects of blood distribution or fluid are excluded as explanation for minor basal lung disease. This is trivial disease that would 
not be associated with chest radiographic findings in the lung fields. (b) Extensive lung fibrosis. This scan shows typical features of extensive lung fibrosis in 
SSc that will require active treatment because there is a high risk of future decline. In these scans more than 75% of the lung field is involved.
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of  less  importance  in  uncomplicated  typical  cases.10  It  remains  an 
important diagnostic tool for cases that are atypical either clinically or 
on  HRCT  because  there  may  be  major  management  implications  if 
there  is  diagnostic  uncertainty.  There  is  an  excellent  correlation 
between  NSIP  and  UIP  designations  by  HRCT  and  lung  biopsy.5 
Together  this means  that biopsy  is much  less  important  than  in  the 

specific utility in some situations, such as when malignancy or certain 
infective processes are suspected, but  is of very  limited value  for  the 
assessment of  interstitial fibrosis owing to the  limited sampling that 
is possible. It should be noted that the biopsy pattern in SSc-associated 
pulmonary  fibrosis  has  not  been  demonstrated  to  associate  with 
outcome unlike in idiopathic lung fibrosis and that this makes biopsy 

a b

Fig. 141.5 Pattern of interstitial change in SSc lung disease—utility of HRCT. (a) Ground-glass appearance. Amorphous shadowing is present throughout the 
lung parenchyma in these representative slices of HRCT in a patient with early diffuse SSc. It can be difficult to differentiate inflammation from fine fibrosis, 
and so this appearance cannot be regarded as synonymous with alveolitis. In later established disease there may be traction bronchiectasis and other features 
that allow fibrosis to be determined with confidence. Extent of involvement appears to be more important than pattern of abnormality in predicting likelihood 
of progression. Pattern of change does not predict responsiveness to immunosuppression. (b) Reticular honeycomb appearance. Established fibrosis is 
associated with a typical coarse reticular pattern of abnormality. Biopsy studies have confirmed that there may be inflammatory foci within this tissue, and so 
some reversibility is possible. As with other appearances in SSc, lung fibrosis extent is more important than pattern of abnormality in predicting outcome.

a b

c

Fig. 141.6 HRCT can confirm the extent of fibrosis in SSc—coronal reconstruction. (a and b) Coronal reconstructions show basal disease with 
mild extent and predominantly basolateral distribution. (c) Representative cross-sectional image.
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Screening
All  patients  with  SSc  should  have  regular  screening  for  ILD.  Recent 
studies suggest that with annual PFTs and HRCT at baseline or if there 
is suspicion of lung fibrosis during follow-up there is now a much better 
and more complete ascertainment of moderate to severe lung fibrosis 
in  SSc.  Thus,  there  has  been  a  significant  improvement  in  the  past 
decade in our own center. At present, this is reflected by around 38% 
of patients with diffuse SSc (dcSSc) having lung fibrosis at 5 years and 
18% with limited scleroderma (lcSSc). Since in our cohort the frequency 
of  lcSSc  is  approximately  twice  that  of  dcSSc,  this  results  in  around 
half  of  cases  of  clinically  significant  lung  fibrosis  occurring  in  each 
major  subset.  This  is  consistent  with  findings  in  the  three  recently 
completed trials of  therapy  in prospectively recruited parallel cohorts 
of SSc-associated pulmonary fibrosis. Currently, annual PFTs are rec-
ommended as screening tests for lung disease in SSc.

Clinical high-risk associations
Although it is now clear that the degree of lung fibrosis is very common 
in SSc and probably affects up to half of patients with confirmed diag-
nosis of SSc, the number of cases that have major potentially clinically 
significant ILD is much smaller, probably about 25% of cases overall. 
There  are  important  clinical  and  investigational  features  that  point 
toward an increased risk of lung fibrosis, and some of these character-
istics  are present  at diagnosis. This offers  the  real possibility of  risk 
stratification.  Thus,  patients  who  have  anti-topoisomerase-1  (sclero-
derma-70, Scl-70) specific antinuclear autoantibodies have been shown 
in many independent studies in a variety of geographically and ethni-
cally diverse patient populations to have a significantly increased fre-
quency  of  lung  fibrosis.  In  some  studies,18  this  approaches  66%  of 
cases. There is also an association with other reactivities that are less 
common,  such as Th/To19  and PM-Scl20  and  recently described  anti-
body anti-U11/U12. The former is mostly seen in patients with lcSSc 
with  lung fibrosis,  and  such patients  almost  always have  one of  the 
reactivities associated with lung fibrosis. Conversely, anti-centromere 
reactivity  or  anti-RNA  polymerase  specific  antibodies  are  somewhat 
protective  from  lung fibrosis  in prevalence  studies  although  they  are 
associated with other complications of SSc that may lead to breathless-
ness, namely, PAH and scleroderma renal crisis. These are important 
simple clinical indicators. It has been demonstrated that overall diffuse 
skin involvement is more likely to be associated with lung fibrosis, but 
the  extent of  skin disease  (as  assessed by  the modified Rodnan  skin 
score)  does  not  appear  to  predict  extent  or  severity  of  lung  fibrosis. 
Another association is early-stage disease. Thus, there is an important 
population of dcSSc patients who have significant lung fibrosis at diag-
nosis and indeed it may on occasion be the presenting feature of the 
disease. The key features associated with lung fibrosis that are useful 
clinical pointers are summarized in Box 141.1.

Differential diagnosis of SSc-associated 
pulmonary fibrosis
This is made using a composite of the tests outlined earlier, but HRCT 
is the most sensitive test for detecting and determining the pattern and 
extent of lung fibrosis. This is supplemented by the FVC. Other tests 

past  and  is  not  regarded  as  a  routine  test  for  management  of  SSc-
associated lung disease. An exception is when malignancy is suspected 
or if there is the possibility of an alternative diffuse lung process, espe-
cially  if  high-dose  corticosteroid  treatment  is  entertained.  High-dose 
corticosteroids in SSc can be harmful owing to increased risk of renal 
crisis in SSc, especially in the diffuse subset.

Serologic assessment
For baseline risk stratification and longitudinal assessment of intersti-
tial lung fibrosis in SSc it would be enormously helpful to have reliable 
serum markers that reflected the extent or activity of fibrosis. In SSc 
there are a number of potential biomarkers, and these can be separated 
into  those  that may reflect pathology at multiple sites but  that have 
been  shown  to  associate  with  lung  fibrosis  and  those  that  have  the 
potential  to  be  more  specific  for  pulmonary  disease.  Examples  of 
general markers include markers of fibrosis such as CTGF11 and che-
mokines  such  as  CCL2  (MCP1).12,13  As  well  as  being  markers  of 
disease, these may also be mediators of pathogenesis and future targets 
for therapy.14 In contrast, other more specific markers arise from lung 
tissue.  Epithelial  cell  products  such  as  KL-6  or  surfactant  protein  D 
have been shown to be present at increased levels in the serum in SSc 
with lung fibrosis and, by analogy, similar findings have been reported 
in cases of idiopathic pulmonary fibrosis (IPF).15 It is possible that the 
levels reflect the degree of damage or repair occurring in diseased lung 
tissue.  Preliminary  data  suggest  that  in  SSc-associated  pulmonary 
fibrosis the level of KL-6 may provide additional independent informa-
tion  about  severity  of  disease  or  likelihood  of  progression  of  lung 
fibrosis, and this is an important subject for future clinical research.

DTPA lung scanning
Rather  than  explore  the  level  of  soluble  glycoproteins  derived  from 
pulmonary epithelial cells such as KL-6, a more direct way of exploring 
epithelial  injury  in  SSc-associated  pulmonary  fibrosis  is  the  use  of 
clearance  rate  of  an  inhaled  nebulized  suspension  of  diethylenetri-
aminepentaacetic acid  (DTPA). This  is deposited within  the alveolar 
tissue of the lung, and the rate of clearance into the blood and away 
from  the  lungs  reflects  the  degree  of  epithelial  layer  permeability.  A 
growing body of data point toward this test as a marker of the likeli-
hood of progression of pulmonary fibrosis in SSc. It is of limited value 
in individuals who smoke owing to the known effects of tobacco smoke 
leading  to accelerated clearance. A calculated half-life can be used to 
determine  the  presence  of  accelerated  clearance,  and  current  studies 
suggest that a half-life of less than 45 minutes is abnormal. Published 
data  point  toward  the  additional  value  of  DTPA  lung  studies  over 
HRCT and when  there  is an  independent prediction of  likelihood of 
future decline with follow-up.16

Bronchoalveolar lavage
Bronchoalveolar lavage (BAL) is an important research tool but in most 
cases of pulmonary fibrosis in patients with SSc it is not considered to 
add critical information for management. This is because recent cohort 
studies and clinical trial data suggest that increased cellularity of BAL 
samples is a reflection of extent of fibrosis and therefore adds little to 
the  information  that  can  be  derived  from  PFTs  and  HRCT.  This  is 
contrary to earlier opinion that suggested that BAL pleocytosis corre-
lated with alveolar  inflammation and  that was a driving mechanism 
in pulmonary fibrosis in these patients and that the presence of abnor-
mal BAL was important as a marker of activity and also of potential 
responsiveness  to  immunosuppressive  treatment  (e.g.,  cyclophospha-
mide).  There  is  some  support  for  this  from  earlier  cohort  studies. 
However, as with HRCT, it has been shown that BAL changes are not 
specific. In fact, there may be inflammatory changes in all contexts of 
SSc-associated lung fibrosis.17

However,  in  certain  cases  BAL  is  still  extremely  useful.  It  can  be 
used to determine the likely presence of infection such as tuberculosis 
by direct staining or culture as well as with polymerase chain reaction 
analysis. It may point toward an alternative pathologic process to SSc, 
such as lymphocytosis in sarcoid. In addition, it has great utility as a 
research tool. Many studies have examined cells including lymphocyte 
receptors and also the presence of eosinophils. This is the one cell type 
that  has  been  associated  with  decline  in  lung  function,  and  it  may 
provide a clue to the presence of very early lung fibrosis.

BOX 141.1 CLINICAL ASSOCIATIONS OF SIGNIFICANT LUNG FIBROSIS 
IN SSC
 Diffuse pattern of skin involvement
 Autoantibody profile

– Scleroderma-70 (anti-topoisomerase-1 autoantibody)
– Anti-Th/To
– Anti-PM-Scl
– Anti-U11/U12

 Less than 3 years’ disease duration
 Severe gastroesophageal reflux
 Rapid DTPA clearance
 High KL-6 level
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earlier is invaluable in differentiating cases for which meticulous obser-
vation  is  appropriate  from  those  that  should  be  actively  treated.  An 
algorithm for management is provided in Figure 141.8.

Active treatment presently centers on immunosuppressant therapy. 
In many centers, the mainstay of therapy for SSc-associated ILD has 
long been corticosteroids and/or cyclophosphamide, given orally or as 
an  intermittent  intravenous  bolus.  Two  recently  completed  random-
ized controlled trials demonstrated a modest benefit for cyclophospha-
mide  over  placebo.21-23  In  the  published  studies  the  target  daily  oral 
dose was 2 mg/kg and the intravenous dose was 600 mg/m2, and these 
remain the currently  recommended doses  for clinical use. Reports of 
treatment with mycophenolate mofetil have been encouraging,24,25 with 

HRCT extent

≤ 20% Indeterminate > 20%

FVC ≥ 70% FVC < 70%

Mild disease Extensive disease

Meticulous observation Active treatment

UK-RSA STAGING ALGORITHM FOR LUNG FIBROSIS IN SSc

Fig. 141.7 UK-RSA staging algorithm for lung fibrosis in SSc. This simple 
staging system is derived from analysis of a cohort of well-characterized SSc 
cases and links lung function and HRCT tests that are routinely used in disease 
assessment. Cases can be separated into mild or extensive, and patients with 
the former may be observed off treatment because they have a lower risk of 
future progression. Documented worsening should prompt initiation of 
therapy, currently with immunosuppressive drugs as outlined in the text. FVC, 
forced vital capacity. (From Goh NS, Desai SR, Veeraraghavan S, et al. Interstitial 
lung disease in systemic sclerosis: a simple staging system. Am J Respir Crit Care 
Med 2008;177:1248-1254.)

Baseline clinical assessment

PFTs

Mild

Immunosuppression

Stable or improved Worsening

Assess co-morbidity

Transplant referral
Assess treatment ladder
Palliative care program

MANAGEMENT OF INTERSTITIAL LUNG FIBROSIS

HRCT

Lung fibrosis

Supportive measures
(oxygen, etc.)

Rehabilitation
Extensive

Investigate and
treat acid reflux

Meticulous obervation
with PFT 3 to 6 monthly

Progressive/active

N-acetylcysteine

Novel therapies—trial protocols
Careful review

Fig. 141.8 Management of interstitial lung fibrosis. Schematic 
summary of the current approach to managing patients with lung 
fibrosis in SSc. See text.

may be performed as necessary. The key  to effective management  is 
assessment and staging of lung fibrosis and exclusion or confirmation/
delineation of other manifestations of SSc that may lead to dyspnea, 
such as anemia, PAH, restriction of chest wall excursion, respiratory 
muscle weakness, cardiac disease, pleural or pericardial effusion, and, 
finally, deconditioning

Staging
A recent simple staging system has been developed that integrates lung 
function test results with HRCT appearance.7 This system, the UK-RSA 
staging method, was developed using a cohort of well-characterized SSc 
patients  who  had  been  followed  over  time  and  links  lung  function 
together  with  rapid  evaluation  of  CT  appearance.  It  is  a  practical 
assessment tool designed to be used at the bedside. It depends on the 
strength of HRCT in assessing the extremes of disease—mild or exten-
sive—together with an assessment of volume loss in intermediate cases 
that cannot easily be categorized by a rapid HRCT review. The FVC% 
predicted performs well in this context and was found to be more reli-
able for the purposes of staging than the DLco. This may partly reflect 
the  impact  of  coexistent  pulmonary  vascular  disease  on  gas  transfer 
measurement. An FVC above 70% predicted is associated with a better 
outcome  in  terms  of  progression-free  survival.  These  data  are  inte-
grated  into the simple algorithm shown in Figure 141.7. This works 
to the strength of both assessment tools. HRCT is very robust at lower 
and high levels of disease and FVC is helpful in between. This method 
has been shown to perform well and is supported by outcome data. It 
is  strongly  recommended  to be used by  rheumatologists  in assessing 
and treating SSc-associated pulmonary fibrosis. It has not been applied 
formally to other forms of lung fibrosis, but similar strategies could be 
developed, validated, and used.7

Treatment
Despite being a major cause of SSc-related death, the treatment of lung 
fibrosis in SSc remains very inadequate. A fundamental management 
challenge  is  the  fact  that  not  all  cases  of  SSc-associated  pulmonary 
fibrosis will decline or even be clinically significant. This is a particular 
issue when HRCT is widely used for diagnoses because there is a high 
frequency of detection of trivial disease. The staging algorithm outlined 
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road  was  the  better  and  more  appropriate  classification  of  cases  of 
pulmonary hypertension (PH). As new therapies emerged and clinical 
trials were undertaken, better  classification with more homogeneous 
patients undoubtedly facilitated the demonstration of treatment bene-
fit—initially  as  superiority  of  treatment  strategies  over  placebo  and 
later with more complex and sophisticated treatments. It also allowed 
cohort studies to flourish that confirmed the impact of better manage-
ment and treatment options and led to a tremendous increase in profile 
and interest in pulmonary hypertension and especially in the subgroup 
of postcapillary PAH, which is most relevant to cases of SSc. The first 
attempt at more logical classification of pulmonary hypertension came 
in the Evian classification. This was substantially revised in the Venice 
classification  that  underpins  much  of  the  clinical  trial  and  research 
approaches. This was very recently refined and modified at the Dana 
Point 4th World Congress in Pulmonary Hypertension (Box 141.2).32 
Its  key  points  are  that  cases  of  SSc-associated  PH  may  be  classified 
potentially  into one of  three groups. The most  important  is group  I, 
PAH. The related conditions that are associated forms of PAH and the 
cases  that are  idiopathic are also  included  in  this group. The closely 
related group of 1′, which includes pulmonary veno-occlusive disease 
and pulmonary capillary hemangiosis, may occur in SSc, although the 
precise frequency is unclear and it may occur in association with more 
classic precapillary PAH, which  is  the most prevalent and  important 
form of pulmonary hypertension in SSc. PH can also occur due to lung 
fibrosis,  leading  to hypoxia. This might be  thought  to be a common 
mechanism in SSc but actually is considered relatively uncommon and 
as a pure entity is probably restricted to a small minority of SSc patients 
with particularly severe and extensive fibrosis. Nevertheless, treatment 
approaches are different from PAH. It is more likely that many patients 
with PAH who have some lung fibrosis represent a predominant vas-
culopathy more like isolated PAH in SSc. Coexistent lung fibrosis may 
well impact on outcome and treatment response. Cardiac involvement 
can lead to postcapillary PH. This is associated with elevated pulmo-
nary  venous pressures. Diastolic  dysfunction  is  common  in SSc  and 
leads  to  elevated  pulmonary  pressure, which  is  an  important  reason 
why PAH must be confirmed by right-sided heart catheterization before 
therapy.

a  target  treatment  dose  of  at  least  2 g  daily.  Optimum  duration  of 
therapy remains controversial, but total duration of treatment should 
probably  be  at  least  2  to  3  years  based  on  decline  in  lung  function 
observed after discontinuation of 12 months of oral cyclophosphamide 
in the SLS-1 study.22 However, the place of immunosuppressive strate-
gies remains uncertain and will  require randomized controlled trials. 
In idiopathic pulmonary fibrosis (IPF), recent clinical trials of pirfeni-
done, etanercept, interferon-γ, and N-acetylcysteine have shown some 
efficacy and are currently undergoing further evaluation.26,27 Although 
there are clear differences  in prognosis and histologic findings  in dif-
ferent forms of diffuse lung disease, it is likely that the management 
of lung fibrosis in SSc will be informed by the results from IPF studies.28 
For selected SSc patients with advanced pulmonary involvement, lung 
transplantation may be an option. Single-lung transplant is now con-
sidered to be the most successful transplantation approach for ILD.29 
There are numerous observational cohort studies and two prospective 
clinical trials that offer some support to the use of cyclophosphamide. 
One of  these studies also  included maintenance  treatment with aza-
thioprine and low-dose prednisolone. Observational cohorts have also 
supported other agents such as mycophenolate mofetil or rituximab,30 
and this will be formally evaluated in the ongoing SLS-2 study.

Efficacy of cyclophosphamide comes at the price of well-recognized 
toxicity. This is especially true for oral administration. For this reason 
many  studies  have  been  undertaken  to  explore  potentially  less  toxic 
strategies.  A  study  of  bosentan  in  SSc-associated  pulmonary  fibrosis 
was negative despite strong preclinical rationale for the usefulness of 
blocking  endothelin-1  activity  in  SSc-associated  lung  fibrosis.  There 
was no difference between outcome in terms of lung function or exer-
cise capacity between placebo or active treatment in this trial, although 
there is some possible sign of benefit in a subgroup of IPF cases that 
is  currently  being  evaluated  in  a  clinical  trial. Other  possible  agents 
include the use of antioxidant strategies, drawing analogy with possible 
benefit seen in IPF.

Overall approach to management
Management  of  lung  fibrosis  is  a  key  aspect  of  successful  care  for 
scleroderma and depends on early identification and accurate staging 
of the lung disease and assessment of the likely future course. This is 
important because, although lung fibrosis represents one of the most 
important  internal  organ  manifestations  of  SSc  and  there  are  now 
prospective clinical trial data suggesting that treatment interventions 
are potentially beneficial,  it  is also a complication that may in many 
patients be mild or slowly progressive. With this perspective it is clear 
that  potentially  toxic  therapy  only  can  be  justified  in  patients  with 
cases that are severe or who are at risk of progression and those treat-
ments that stabilize but do not improve outcome need to be used with 
great circumspection. The first important aspect of management is the 
detection  of  lung fibrosis. All  SSc  patients  should have  regular  PFTs 
and HRCT if these show restrictive abnormalities. Other tests that are 
routinely available include DTPA lung scanning and serum KL-6 level. 
Together with simple clinical features such as diffuse skin disease and 
investigational abnormalities such as anti-topoisomerase-1 antibodies, 
patients at greatest risk of lung fibrosis can be identified. The staging 
system  described  earlier  allows  cases  to  be  determined  as  mild  or 
extensive. Extensive disease  is most  likely  to progress. There  is con-
siderable ongoing discussion about  the utility of  serial  investigations 
and  different  lung  function  variables  in  assessing  decline.  Exercise 
capacity  assessed  by  the  6-minute  walk  test  has  been  shown  to  be 
unreliable in terms of correlation with lung function or other clinical 
variables.

PULMONARY HYPERTENSION
Pulmonary hypertension is defined by a mean pulmonary artery pres-
sure at right-sided heart catheterization of more than 25 mm Hg. This 
was recently revised at the 4th World Congress in Pulmonary Hyper-
tension held in 2008.31 Pulmonary hypertension represents one of the 
most important areas of recent therapeutic advance for SSc. This has 
arisen  in  parallel  with  greater  understanding  and  more  unified 
approaches  to  diagnosis,  assessment,  and  treatment  of  all  forms  of 
pulmonary hypertension. The first important step along this exciting 

BOX 141.2 UPDATED CLINICAL CLASSIFICATION OF PULMONARY 
HYPERTENSION (DANA POINT, 2008)
1. Pulmonary arterial hypertension (PAH)

1.1 Idiopathic
1.2 Heritable
1.3 Drugs and toxins induced
1.4 Associated with (APAH)

1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.4.6 Chronic hemolytic anemia

1.5 Persistent pulmonary hypertension of the newborn
1’. Pulmonary veno-occlusive disease and/or pulmonary capillary 

hemangiomatosis
2. Pulmonary hypertension due to left-sided heart disease

2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease

3. Pulmonary hypertension due to lung diseases and/or hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive 

pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities

4. Chronic thromboembolic pulmonary hypertension
5. PH with unclear and/or multifactorial mechanisms

From 4th World Congress of Pulmonary Hypertension, Dana Point, USA, 2008.
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toward  pulmonary  hypertension  or  PAH.  Worsening  breathlessness, 
reduced  exercise  capacity,  chest  pain,  and,  in  the most  severe  cases, 
exertional syncope are important symptoms. Key examination findings 
include loud pulmonary component of S2 and signs of right ventricular 
hypertrophy, such as a left parasternal heave. Elevated jugular venous 
pulse or tricuspid regurgitation may also be apparent, and fluid over-
load  and  right-sided  heart  failure  may  be  seen  in  patients  with  very 
advanced disease.

Screening
Annual consideration of the possible presence of PAH should be part 
of  standard  care  for  all  SSc  patients.  The  overall  frequency  of  this 
complication warrants  annual  screening. Thus,  at  a  clinic  visit  each 
year the possibility that a SSc patient has PAH must be formally con-
sidered.  This  should  involve  standardized  assessment  of  relevant 
symptoms, including breathlessness and exercise capacity, taken by an 
experienced  physician.  Lung  function  tests  should  be  performed, 
bearing in mind that this is an important aspect for screening both for 
pulmonary  hypertension  and  also  for  interstitial  pulmonary  disease 
and other  complications.34 An echocardiogram with Doppler  estima-
tion of right-sided heart pressure should also be performed. The current 
screening algorithm used in our center is shown in Figure 141.9, and 
similar approaches have been developed, tested, and validated in most 
centers. It is generally considered that because of the frequency of PAH 
in SSc and in overlap syndromes with features of SSc (i.e., mixed con-
nective tissue disease)  formal screening is mandatory. Recent studies 
suggest  that  the  frequency  of  PAH  at  5  years  from  onset  of  SSc  is 
approximately  8%  of  cases,  and  it  is  well  recognized  that  PAH  may 
present  later  in  the  disease  so  that  up  to  12%  of  SSc  patients  may 
ultimately  be  affected.2  There  is  growing  evidence  that  survival  and 
long-term outcome together with responsiveness to therapy is associ-
ated  with  the  severity  of  PAH  at  diagnosis,  and  treatments  should 
logically be implemented as early as possible after onset. This provides 
strong support  for an effective  framework of  screening. Risk  features 
for PAH in SSc are summarized in Box 141.4. Sometimes right atrial 
hypertension may be diagnosed based on the HRCT appearance, and 
this  is  an  important  consideration  and  justification  for  systematic 
investigation for SSc cases. Typical findings in isolated PAH are shown 
in Figure 141.10.

Diagnosis
As outlined earlier, a right-sided heart catheterization with estimation 
of mean pulmonary artery pressure together with measurement of the 
pulmonary  capillary  wedge  pressure  or  left  ventricular  end-diastolic 
pressure is the only way of definitely diagnosing pulmonary hyperten-
sion and confirming that it is precapillary in origin. Thus non-invasive 
tests are useful  in selecting patients  for right-sided heart catheteriza-
tion but cannot make the diagnosis. This is important because Doppler 
echocardiographic estimations of pulmonary artery pressure are often 
wrong. This test is widely used for screening and initial steps toward 
the diagnosis, but in the important range of 30 to 50 mm Hg estimated 
pressure the rate of false-positive or false-negative tests is around 30%. 
The  negative  predictive  value  of  a  low  RVSP  less  than  20 mm Hg  
or  positive  predictive  value  over  60 mm Hg  is  much  better,  and  
this  explains  the  clear  statistical  correlation  between  invasive  and  
non-invasive  assessment.  This  should  not  be  taken  as  indicating  
that  the two  investigations are equivalent, and  it has been shown in 
many  studies  that  an  error  rate  of  around  30%  is  seen  for  Doppler 

Pulmonary arterial hypertension
PAH is the most important type of pulmonary hypertension occurring 
in SSc and probably the most amenable to specific therapy. It is defined 
by  a  mean  pulmonary  arterial  pressure  of  greater  than  25 mm Hg 
together  with  a  normal  pulmonary  capillary  wedge  pressure  (or  not 
elevated—< 15 mm Hg). It will generally be associated with a pulmo-
nary  vascular  resistance  of  more  than  3  Wood  units  or  greater  than 
240 ARU. It is essentially an occlusive vasculopathy of the pulmonary 
arterial tree that leads to increased resistance to pulmonary blood flow 
with  elevated pulmonary pressures. Ultimately  this  causes  strain on 
the right side of the heart, and this is the main cause of death. Whether 
SSc patients are  less able  than otherwise healthy  individuals  to cope 
with the increased right-sided heart workload is not yet clear, but this 
could be one of the potential explanations for why patients with SSc-
associated PAH appear to have a worse survival and clinical outcome 
than  patients  with  idiopathic  PAH  of  the  same  severity.  The  most 
important aspect of PAH is the diagnosis. This depends on the result 
of the right-sided heart catheterization, but generally there are clinical 
and  investigational  clues  that  prompt  the  definitive  diagnostic  test. 
Recent revision at the Dana Point conference32 simplified the definition 
of PH and removed formal statements about pulmonary vascular resis-
tance  and  also  exercise-induced  pulmonary  hypertension.  The  latter 
was largely based on the absence of secure robust data about the actual 
threshold  for  pulmonary  hypertension  on  exercise  because  pressures 
are very age and fitness dependent. The concept of borderline pulmo-
nary hypertension was introduced: these patients may represent a mild 
spectrum of PH yet to develop but this can only be addressed in future 
research protocols and for the present these patients are not considered 
to  have  pulmonary  hypertension  or  require  specific  therapy.  These 
points are summarized in Box 141.3.

Assessment of pulmonary hypertension in SSc
When pulmonary hypertension is suspected it must be confirmed and 
the  cause  ascertained.  In many  cases  of  SSc  this  sequence  of  events 
will  be  triggered  by  clinical  suspicion  based  on  symptoms  such  as 
dyspnea without other explanation, an abnormal result of a lung func-
tion  test,  especially when  carbon monoxide  transfer  factor  is  dimin-
ished in the presence of preserved or relatively preserved lung volumes 
(assessed by forced vital capacity or total lung capactiy). Another impor-
tant investigation is Doppler echocardiography. This may show eleva-
tion  of  the  estimated  right  ventricular  systolic  pressure  (RVSP)  or 
pulmonary artery pressure (adding an estimate of right atrial pressure 
to the RVSP). The RVSP can be estimated from the maximum velocity 
of the regurgitant jet of the tricuspid valve into the right atrium during 
ventricular systole. However, this is just an estimate and may not be 
detectable  in some  individuals. Thus,  the Doppler echocardiographic 
estimation of pressure must be interpreted in clinical context and with 
appropriate thresholds of further investigation that will avoid missing 
cases of PAH. There are other important features of PAH that can be 
determined  by  echocardiography,  including  right  atrial  or  ventricular 
enlargement and contractility, the TAPSE, the Tei index, and the pres-
ence of pericardial effusion.33 Some estimate of left ventricular function 
can also be made and diastolic dysfunction may be apparent. In addi-
tion, there are important aspects in the clinical assessment that point 

BOX 141.3 HEMODYNAMIC DEFINITIONS OF 
PULMONARY HYPERTENSION
Pulmonary hypertension (PH): Mean PAP 25 mm Hg
Precapillary PH: PWP ≤ 15 mm Hg

1. Pulmonary arterial hypertension
3. PH due to lung diseases. CO normal or reduced
4. Chronic thromboembolic PH
5. PH with unclear and/or multifactorial mechanisms

Post-capillary PH
2. PH due to left heart disease PWP > 15 mm Hg. CO normal or reduced

PAP, pulmonary arterial pressure; PWP, pulmonary wedge pressure.
From 4th World Congress of Pulmonary Hypertension, Dana Point, USA, 2008.

BOX 141.4 CLINICAL ASSOCIATIONS OF PULMONARY ARTERIAL 
HYPERTENSION
 Limited distribution of skin involvement (although also occurs in dcSSc 

and overlap SSc)
 Anti-centromere antibody
 Anti-fibrillarin antibody
 Prominent telangiectasia
 Disease duration more than 3 years
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Staging of PAH in SSc
The  diagnostic  right-sided  heart  catheterization  provides  valuable 
information  about  the  hemodynamic  significance  of  PAH  through 
examination  of  variables  such  as  pulmonary  vascular  resistance,  
mean pulmonary artery pressure, cardiac index, and right atrial pres-
sure.  There  is  clear  association  between  more  severe  disease  and  
poor  outcome.  In  our  own  population,  patients  who  are  in  the  
lower half of  the population based on pulmonary vascular  resistance 
or who can attain  this  level of pulmonary vascular  resistance within  
3  months  of  starting  specific  therapy  for  PAH  have  a  significantly  
better  survival. This provides  further  evidence  for  the  importance of 
timely diagnosis and initiation of therapy for this treatable complica-
tion of SSc.

Assessment  of  exercise  capacity  by  the  6-minute  walk  test  has 
become a standard method of evaluation of PAH. It was the primary 
endpoint for many of the pivotal trials that have underpinned licensing 
of new PAH therapies. It is useful to assess goals of therapy, but there 
are risks in extrapolating from idiopathic PAH. In SSc there are many 
potential confounders that may influence exercise capacity,  including 
musculoskeletal complications, skin disease, pain, and other aspects, 
such as lung fibrosis or cardiac disease. Musculoskeletal deconditioning 
is especially important, and there is some evidence that this is a domi-
nant  feature  that  influences  the  6-minute  walk  test  and  that  may 
respond to rehabilitative exercise programs.

Functional  class  assessment  is  a  standardized  way  of  assessing 
exercise capacity. It is based on the New York Heart Association func-
tional  classes  for  heart  failure.  The  World  Health  Association  func-
tional  classes  include  syncope  as  a  pulmonary  hypertension–specific 
symptom  of  advanced  disease.  Functional  class  categories  are  sum-
marized  in  Table  141.1.  Although  functional  classes  associate  with 
outcome and can be useful in following the response to therapy, this 
is a  relatively subjective assessment and so has some  limitations.  In 
addition  a  4-point  scale  is  limited  especially  because  most  cases  are 
diagnosed in functional class III despite screening. Additional catego-
ries are sometimes used to reflect the generally considered features of 
good treatment response.36

Treatment
There have been tremendous advances over  the past 15 years  in  the 
management of PAH. The first study that conclusively showed treat-
ment benefit for specific therapy was with intravenous prostacyclin.37 
This demonstrated in a randomized prospective clinical trial significant 
improvement  in  exercise  capacity  and  pulmonary  hemodynamics  in 

echocardiographic  confirmation or  exclusion of pulmonary hyperten-
sion  in  the  important  range  of  estimated  RVSP  between  30  and 
50 mm Hg. Prospective studies are underway to assess thresholds for 
non-invasive  diagnosis  based  on  echocardiographic  and  echocardio-
graphic parameters, and the potential value of serum markers such as 
N-terminal  brain natriuretic  peptide  are  also  being  evaluated.35 This 
may  potentially  help  to  discriminate  between  borderline  echocardio-
graphic studies or assess significance of dyspnea but conceptually only 
can be of use once pulmonary hypertension is well established because 
it depends upon the presence of right ventricular strain. Confounding 
factors in interpretation include concurrent left ventricular dysfunction 
and the association of elevated levels of this peptide in association with 
extracardiac disease in SSc.

SCREENING FOR PULMONARY HYPERTENSION

SSc annual review

Echocardiography
Triscuspid gradient (TG)
Pulm. acceleration time
Diastolic function
LVEF

Pulmonary function test
Cardiac questionnaire

TG <2.5 m/s
(est. RVSP <25 mm Hg)

DLCO >55%
No unexplained dyspnea

No other cardiac problems

TG >3 m/s (est. RVSP >35 mm Hg)
DLCO <55% + TLC >80%

TG >2.5 + any dyspnea
20% fall in DLCO

New dyspnea
Other cardiac problem

Cardiac catheterization

Fig. 141.9 Screening for pulmonary hypertension. Annual screening for 
the development of pulmonary hypertension is vital in managing SSc. 
Currently, a combination of symptomatic assessment, Doppler 
echocardiography, and pulmonary function testing is employed with the 
need for right-sided heart catheterization depending on the results of 
these investigations.

PAH

Fig. 141.10 Typical HRCT appearance of advanced isolated pulmonary arterial 
hypertension. Although generally performed to determine the presence and 
extent of interstitial lung disease, there are important abnormalities in this 
coronal reconstruction that point toward the presence of pulmonary 
hypertension, especially proximal dilation of the pulmonary vessels and a 
pulmonary artery main trunk diameter that is greater than that of the 
ascending aorta. In this case there is little fibrosis and so the diagnosis is likely 
to be PAH.
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Cardiology,  the American Thoracic Society/American College of Car-
diology, and the Dana Point 4th World Congress of pulmonary hyper-
tension. There is an important goal to these recommendations, which 
is  to  try  to  ensure  that  therapy  is  standardized  across  centers  and 
regions to reflect current best practice but also taking into account the 
differences in licensed therapies that are available. The authors of all 
recommendation sets are experts, and there is an attempt to integrate 
the best available evidence for treatment benefit together with current 
practice in most centers. It is an important aspect of the management 
that specialist centers should be involved in the assessment and treat-
ment planning so that therapies are given appropriately. Emphasis  is 
placed on the  importance of a multidisciplinary approach to therapy, 
and  also  the  severity  of  PAH  is  taken  into  account  in  planning 
treatment.

Thus, once diagnosis is confirmed by right-sided heart catheteriza-
tion the patients receive background therapy with anticoagulants and 
with  management  of  fluid  overload  or  heart  failure  in  those  with 
advanced cases. For PAH in association with SSc some centers recom-
mend  a  formal  vasodilator  study  at  catheterization,  although  this  is 
very rarely positive and most centers have abandoned this. There is no 
significant difference between iloprost and inhaled nitrous oxide in this 
test. Only patients who show significant  improvement  in mean pul-
monary  arterial  pressure  and  cardiac  output  are  deemed  to  be  valid 
responders to the vasodilator test, and so the test needs to be assessed 
carefully.

For patients who have no symptoms at  functional class  I, usually 
only supportive therapy is given. There are now licensed therapies for 
functional classes II and III, and these should be initiated at diagnosis. 
One of  the oral agents  is  initiated as an  initial  therapy. An overview 
of  currently  licensed  PAH-specific  therapies  is  given  in  Table  141.1. 
Although  some  recommendations  favor  eicosatrienoic  acid  as  initial 
therapy in connective tissue disorders, there is no strong evidence for 
superiority and it is entirely reasonable to start either a phosphodies-
terase-5 inhibitor or an endathelin receptor antagonist (ERA). The key 
focus  should  be  on  evaluating  response  to  therapy  because  it  is 

patients receiving epoprostenol compared with those on placebo. Very 
recently this cohort of patients has been revisited, and it seems likely 
that survival in the long term was improved compared with contem-
porary cases treated with conventional therapy.

The next major advance in management was the use of oral agents 
for  the  treatment  of  SSc-associated  PAH.  This  occurred  through  the 
incorporation  of  patients  with  SSc  and  with  other  connective  tissue 
disorder–associated  PAH  in  the  pivotal  clinical  trials,  which  led  to 
licensing of treatments. The first oral therapy developed was an endo-
thelin receptor antagonist bosentan.38 Later, other  related drugs were 
tested as well as phosphodiesterase inhibitors. As well as being given 
by the intravenous route, prostacyclin was assessed by the subcutane-
ous, the inhaled, and, most recently, the oral route with encouraging 
results. Thus, there are now a substantial number of licensed therapies 
of PAH associated with SSc, and the number  is  increasing. However, 
in many cases the outcome of PAH appears to be worse in those cases 
associated  with  SSc  than  in  equivalently  severe  cases  of  idiopathic 
PAH. There are a number of potential explanations for this, but it does 
suggest  that  this group of PAH cases presents a particular  treatment 
challenge.

The use of specific therapies in combination make sense in terms 
of  likely synergy through different mechanisms of action, and this  is 
often  being  used,  although  the  formal  evidence  base  for  this  is  still 
small. This is partly owing to the large number of potential combina-
tions as well as issues of cost and completion between therapies. It is 
hoped  that  the  use  of  combination  treatments  specifically  in  SSc-
associated PAH will increase and be properly evaluated and the benefit 
of  a  goal-directed  step-up  approach  or  upfront  combination  strategy 
will be compared.

There have been a number of  recently published guidelines about 
the treatment of PAH, and these should be followed because they are 
based on evidence and expert consensus and are endorsed by respected 
and  informed  specialist  societies.39-43  The  current  recommendations 
are  summarized  in  Figure  141.11.  The  recommendations  are  essen-
tially similar for the European Respiratory Society/European Society of 

TABLE 141.1 LICENSED THERAPIES AVAILABLE FOR TREATMENT OF PULMONARY ARTERIAL HYPERTENSION

Class of drug Drug Route of administration and dose Main side effects Comments

Endothelin receptor 
antagonist

Bosentan Oral: 62.5 mg bid for 1 month then 
125 mg bid

LFT abnormalities up to 10% and so needs 
monthly monitoring. Potentially teratogenic. 
Fluid retention and anemia. Reduces oral 
anticoagulant efficacy.

Non-selective ETA and ETB receptor 
blockade

Sitaxentan Oral: 100 mg once daily LFT abnormalities up to 10%. Needs monthly 
monitoring. Potentially teratogenic. Fluid 
retention and anemia. Increases oral 
anticoagulant efficacy—needs dose reduction 
of warfarin.

Highly selective for ETA receptor. In 
use in European Union but not 
licensed in United States

Ambrisentan Oral: 5 or 10 mg daily Low risk of liver function test abnormalities. 
Fluid retention common. Anemia occurs. No 
interaction with oral anticoagulants

Partially selective ERA with specificity 
for ETA

Phosphodiesterase-5 
inhibitors

Sildenafil Oral: 20 mg tid Headache, visual disturbance, epistaxis. 
Generally well tolerated.

Different formulation licensed for 
erectile dysfunction

Tadalafil Oral: 40 mg once daily Headache, visual disturbance, epistaxis. 
Generally well tolerated.

Longer duration of action than 
sildenafil

Prostacyclin analogs Epoprostenol Titrated by continuous intravenous 
infusion. Starting dose 2 ng/kg/
min then titrated upward

Headaches, muscle cramps, diarrhea. Severe 
worsening if infusion interrupted. Sepsis and 
other risks from intravenous administration.

Only drug specifically tested in 
SSc-PAH in placebo-controlled trial. 
Reserved for advanced disease

Treprostinil SC or IV infusion starting at 
1.25 ng/kg/min then titrated 
upward. Nebulized inhaled dose 
18-54 µg 4 times daily.

Headaches, muscle cramps, diarrhea. Worsening 
if infusion interrupted but less immediate 
than epoprostenol.

Sepsis and other risks from IV administration. 
Severe local site pain from SC infusion.

Available for intravenous use and 
being evaluated by inhaled and 
oral routes in PAH in clinical trials

Iloprost Nebulized inhaled dose: 2.5-5.0 µg 
given 6 to 9 times daily

Headaches, muscle cramps, diarrhea Intravenous formulation not licensed 
for PAH

Beraprost Oral: 60 µg daily Headaches, muscle cramps, diarrhea Licensed in Japan

LFT, liver function test.
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Finally, if major progression to functional class IV occurs, then patients 
will be considered for intravenous prostacyclin analog therapy. Licensed 
agents include epoprostenol and treprostinil.

Recommendations  for cases  that are diagnosed at  functional class 
IV  generally  include  intravenous  epoprostenol.  This  is  certainly  the 
optimum current therapy for idiopathic PAH, but less data are available 
for SSc-associated PAH and  some centers  advocate  combination oral 
therapy  for  SSc-associated  PAH  that  is  diagnosed  in  this  functional 
class.

Surgical options of heart-lung transplant or double-lung transplant 
are often a particular challenge for SSc patients owing to co-morbidity. 
Gastroesophageal reflux raises the possible risk of post-transplant oblit-
erative bronchiolitis. Renal function, which is often impaired albeit not 
clinically significantly, is another barrier, as is osteoporosis, especially 
if  patients  who  have  had  long-term  corticosteroid  therapy.  There  is 

important to modify treatment if there is not adequate response. Our 
practice is to routinely perform a repeat right-sided heart catheteriza-
tion if the diagnostic study suggests that the patient has advanced PAH 
and is  in a poor prognostic group based on hemodynamics with pul-
monary vascular resistance above 650 ARU or mean pulmonary arte-
rial pressure above 40 mm Hg.  If  these variables have not moved  to 
the better subgroup at this second study, then combination oral treat-
ment  is  initiated  with  eicosatrienoic  acid  and  a  phosphodiesterase-5 
inhibitor. Less severe cases are followed non-invasively over the first 3 
to 6 months looking for substantial improvement in N-terminal brain 
natriuretic peptide if elevated, gain in 6-minute walk test distance, and 
improvement in functional class. Further deterioration prompts addi-
tion  of  a  prostenoid,  usually  subcutaneous  or  inhaled  treprostinil  or 
iloprost. However, it may be in the future that oral prostacyclin analogs 
may be shown effective and used in a triple-combination oral therapy. 

Atrial septostomy and/or
lung transplanation

Confirmed SSc
mPAP >25 mmHg, PCW <15 mmHg

No major PF

Supportive therapy and general measures

Referral to an expert center

Sustained
response
(WHO I-II)

Amlodipine
diltiazem,
nifedipine (B)

Sequential combination therapy

Prostanoids

CONSENSUS RECOMMENDATIONS FOR MANAGEMENT OF PAH IN SYSTEMIC SCLEROSIS

Acute vasoreactivity test if
overlap features or non-SSc

Oral anticoagulation
Diuretics
Oxygen
Digoxin
Supervised rehabilitation

WHO Class I-IV
Amlodipine,
diltiazem,
nifedipine (B)

Avoid excessive physical
exertion (E/A)
Contraception (E/A)
Psychological and social
support (E/C)
Infection prevention (E/A)

Modified from Dana Point
2008, ESC/ERS 2009, UK
PAH Centres 2008, ACP
2009

PDE5i B ERA

Strength of
recommendation WHO Class II WHO Class III WHO Class IV

A

B
B

C

E/B

E/C

Not approved

Ambrisentan,
Bosentan,
Sildenafil

Sitaxentan,
Tadalafil

Ambrisentan,
Bosentan,

Epoprostenol IV,
Iloprost inh, Sildenafil

Sitaxentan, Tadalafil,
Treprostinil SC

Beraprost

Iloprost IV,
Treprostinil IV

Treprostinil inh

Epoprostenol IV

Iloprost inh

Treprostinil SC

Iloprost IV, Treprostinil IV,
Initial combination therapy

(see below)

Ambrisentan, Bosentan,
Sitaxentan, Tadalafil

Treprostinil inh

Fig. 141.11 Consensus recommendations for management of PAH in SSc. There have been a number of recent 
publications of evidence-based treatment recommendations for cases of PAH. These generally are generic for all causes, 
including other types of PAH. This algorithm is directed toward SSc-associated PAH as outlined in this chapter.  
PF, pulmonary fibrosis.
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with combination oral  therapy at diagnosis and  reassess early before 
moving  to  intravenous  therapy.  This  is  the  subject  of  ongoing 
analysis.

Another important consideration in management of SSc-associated 
PAH is that there are other mechanisms for pulmonary hypertension 
specifically  relating  to  group  2  and  group  3  that  may  contribute  to 
outcome. They overlap with the 1′ group, and there is the possibility 
that SSc co-morbidity may impact outcome, including gut, heart, and 
renal disease.

CONCURRENT INTERSTITIAL AND  
VASCULAR DISEASE
One of  the major clinical challenges  in assessment and treatment of 
pulmonary disease  in  systemic  sclerosis  is  the potential  for multiple 
complications that may interact and lead to confusion in diagnosis and 
assessment.  This  is  most  apparent  in  considering  interstitial  lung 
fibrosis and PAH. Both complications are sufficiently frequent in SSc 
that they are likely to occur together by chance in a significant number 
of individuals. In practice it is usually possible to attribute one of these 
processes as the predominant problem, and this can then be the main 
focus of management. However, there are challenges in applying data 
from observational cohort studies or clinical trials because most often 
there is an attempt to use a homogeneous cohort for study and so cases 
with the possibility of missed lung fibrosis and PAH are often excluded. 
Therefore, outcome and treatment response data may not be applicable 
in  patients  with  mixed  or  coexistent  dual  pathology.  An  example  of 
this is that those patients with PAH who have lung fibrosis appear to 
show blunted response to therapy in current cohort studies despite the 
predominant  pathology  being PAH  rather  than pulmonary hyperten-
sion. Moreover, analysis of outcome of lung fibrosis based on extent of 
disease  or  classification  to  mild  or  extensive  subgroups  is  based  on 
datasets  in  which  clinically  apparent  pulmonary  hypertension  was 
excluded.

CONCLUSION
In conclusion, although pulmonary complications of SSc have become 
a  justifiable  focus  for  investigation  and  treatment  it  is  important  to 
remember  that  these  occur  in  the  context  of  a  multisystem  disease. 
Other  important  manifestations  may  also  be  present.  For  example, 
cardiac involvement, scleroderma renal crisis, pleural effusion, or chest 
wall disease arising from fibrosis or skeletal myopathy may all be rel-
evant. In addition, non-lethal complications of SSc are often of greater 
importance  to  individual  patients  than  the  risk  of  developing  a  life-
threatening  lung manifestation,  and  so a  comprehensive, multidisci-
plinary long-term care plan must provide the context for management 
of organ-based disease.

always a comprehensive pretransplant evaluation that addresses these 
issues. Atrial septostomy can benefit severe cases and is an option in 
those individuals who have very advanced disease but cannot be con-
sidered for transplantation. Benefit is generally short term but can be 
substantial in terms of improved dyspnea and greater exercise capacity. 
Short-term administration of inotropes has potential in very advanced 
PAH  once  other  treatment  options  have  been  exhausted,  although 
there are particular challenges related to the sensitivity of SSc patients 
to agents that may provoke peripheral vasospasm.

There are some areas in which SSc-associated PAH needs to have 
individual consideration. Thus it is very unusual for there to be benefit 
from  vasodilators  in  this  group,  and  so  long-term  treatment  with 
calcium channel blockers is rarely, if ever, appropriate. Although some 
patients show short-term fall in mean pulmonary artery pressure and 
may have improved cardiac output, in reality long-term responses are 
very  unusual.  For  this  reason  in  recent  guidelines  from  the  United 
Kingdom it is not considered mandatory to have a vasodilator response 
test at the time of a diagnostic right-sided heart catheterization. This 
may  not  apply  for  non–SSc-associated  PAH,  and  so  these  patients 
should have a formal vasodilator challenge at diagnosis. Another area 
of specific consideration  is  the relatively weak data  for  the benefit of 
long-term anticoagulation in SSc-associated PAH. Thus, it is generally 
a  balanced  decision  made  for  individual  cases.  There  are  specific 
hazards  in  SSc  relating  to  gastrointestinal  blood  loss  due  to  gastro-
esophagitis, gastric antral vascular ectasia (GAVE), or gastrointestinal 
telangiectasia. In general, where oral anticoagulation is used an inter-
national normalized ratio of 2.0 to 2.5 is recommended. It should be 
remembered that a short-term course of antibiotics is often needed for 
skin  or  gastrointestinal  infection,  and  this  poses  an  additional  chal-
lenge. The specific interaction of eicosatrienoic acids and an oral anti-
coagulant must also be considered in relevant patients.

The selection of first-line agents as a  specific  targeted  therapy  for 
PAH varies between centers. For historic reasons, eicosatrienoic acids 
have a longer experience in PAH-SSc than phosphodiesterase-5 inhibi-
tors,  but  this  does not necessarily mean  that  they  should  always  be 
used  as  first-line  therapy.  At  present  there  is  no  clear  evidence  that 
eicosatrienoic acids have different efficacy in SSc-associated PAH and 
so  the  various  licensed  agents  can  be  considered  equivalent.44  It  is 
logical  to  try an alternative eicosatrienoic acid  in patients who show 
liver function test abnormalities on one of these drugs. Once long-term 
data show that phosphodiesterase-5 inhibitors are equally effective at 
reducing mortality in SSc-associated PAH then these could be used as 
first-line  agents.  In  reality,  many  patients  progress  to  combination 
therapy. The recent guidelines are explicit  in  recommending  intrave-
nous  epoprostenol  in  cases  of  PAH  that  are  diagnosed  at  functional 
class  IV.  This  is  due  to  clear  benefit  for  survival  in  idiopathic  PAH. 
The case  for SSc-associated PAH is  less clear, although most centers 
would  see  this  as  an  appropriate  therapy.  However,  in  the  United 
Kingdom it is often considered appropriate to treat SSc-associated PAH 
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frequently prescribed ones. The newer generation of vasodilating 
β-blockers, however, may not cause this problem.

Hand-arm vibration syndrome (HAVS), previously known as vibra-
tion white finger syndrome, is the most common form of occupational 
Raynaud’s phenomenon, with a prevalence of up to 50% in all workers 
using vibrating tools. In the older age group, obstructive vascular 
disease is the most common cause of Raynaud’s phenomenon, and it 
has been reported that 60% of Raynaud’s phenomenon occurring in 
individuals older than age 60 years is atherosclerotic in origin. Other 
conditions associated with Raynaud’s phenomenon are listed in Box 
142.1.

PATHOPHYSIOLOGY
The pathophysiology of the triphasic color changes is well recognized: 
constriction of the digital vessels leads to pallor of the digits, followed 
by cyanosis secondary to deoxygenation of static venous blood, and 
then a reactive hyperemic stage with resulting erythema. Raynaud’s 
phenomenon predominantly affects the digits, although may involve 
the nose, tongue, ear lobes and nipples, as well as other organs. A 
decrease in lung, esophageal, and myocardial perfusion has been 
reported after cold challenge, which suggests that vasospasm may be 
systemic in distribution. There are three pathophysiologic mechanisms 
that may mediate or aggravate these symptoms and therefore need to 
be considered in patients with Raynaud’s phenomenon: (1) neurogenic 
mechanisms, (2) blood and blood vessel wall interactions, and (3) 
abnormalities of the inflammatory and immune responses.

Neurogenic mechanisms
Maurice Raynaud believed that hyperreactivity of the sympathetic 
nervous system caused an increase in vasoconstrictor response to cold. 
The endothelium possesses at least five different adrenoceptor subtypes 
(α2A/D, α2C, β1, β2, and β3), which either directly or through the release 
of nitric oxide (NO) actively participate in the regulation of vascular 
tone. Vasoconstriction evoked by postsynaptic α2-adrenoceptors is 
strongly implicated in the response to cold in patients with Raynaud’s 
phenomenon.2 Raynaud’s disease is far more common in women than 
men. The effect of estrogen could also be due to a tonic effect of the 
hormone on sympathetic nerve traffic, a direct effect on adrenergic 
signaling, and/or amplification of an adrenergic response by vasocon-
strictor prostanoids.

The central sympathetic system has some role in the pathogenesis 
of Raynaud’s phenomenon, as indicated by the fact that local vibration 
of one hand induces vasoconstriction of the other, which is abolished 
by proximal nerve blockade. Moreover, stress-induced vasoconstriction 
has been extensively reported by Raynaud’s phenomenon sufferers, 
suggesting a more central nervous system component. Impairment of 
central neural habituation of the pattern of cardiovascular response 
evoked by acute emotional stress has been demonstrated in patients 
with primary Raynaud’s phenomenon.3 So, it can be inferred that, 
throughout the working day, repeated vasoconstriction must occur in 
the fingers as part of the response to various stressors. This can facili-
tate the development of vasospasm in individuals who have additional 
characteristics implicated in Raynaud’s disease. A selective serotonin 
reuptake inhibitor (SSRI), fluoxetine, was shown to reduce the fre-
quency and severity of vasospastic episodes in patients with Raynaud’s 
disease and to increase the rate of rewarming after a cold challenge. 
Because the inhibition of reuptake by an SSRI would be expected to 
increase the plasma concentration of serotonin (5-HT), which has 
vasoconstrictive properties, it is most likely that this agent achieved 
its beneficial effects by acting within the central nervous system. In 

Raynaud’s phenomenon
Pradeep Kumar, Bernat Galarraga, and Jill J. F. Belch

 Raynaud’s phenomenon is an episodic reversible peripheral 
ischemia usually provoked by cold or emotion.

 Classically, constriction of the digital vessels leads to pallor of the 
digits, followed by cyanosis secondary to static venous blood.

 The recovery phase features reactive hyperemia, with resulting 
erythema.

HISTORY
Raynaud’s phenomenon is named after A. G. Maurice Raynaud, a 
French physician who originally described this condition in his medical 
thesis on De l’Asphyxie Locale et de la Gangrène Symétrique des 
Extrémités (local asphyxia and symmetrical gangrene of the extreme-
ties) published on February 25, 1862.

EPIDEMIOLOGY
In Europe, Raynaud’s phenomenon is the blanket term usually used 
to describe any form of cold-related vasospasm, which can be further 
subdivided into Raynaud’s syndrome when there is an associated dis-
order and Raynaud’s disease when there is not. However, in the United 
States the terminology most used is primary and secondary Raynaud’s 
phenomenon. Thus, care must be taken when making literature 
comparisons.

Raynaud’s phenomenon may affect as many as 20% to 30% of young 
women and have an overall prevalence in the population of approxi-
mately 10%, with a female-to-male ratio of 9 : 1.1 By far the largest 
group of patients presenting to their primary care physician are those 
with primary Raynaud’s phenomenon, which typically occurs in young 
women in their teens and 20s, has a familial predisposition, and 
accounts for the vast majority of all cases of Raynaud’s phenomenon. 
In contrast, more than 50% of the patients referred to a hospital will 
have an associated underlying systemic disease. Recent studies have 
shown that Raynaud’s syndrome may predate systemic illness by up 
to 2 decades. Epidemiologic studies have also shown that there is 
clustering of Raynaud’s disease and migraine in families.

ETIOLOGY
There is a wide spectrum of disease associated with Raynaud’s syn-
drome, including connective tissue diseases and, less commonly, drug-
induced and atherosclerotic disorders and those associated with 
thromboangiitis obliterans. An increasing proportion of male sufferers 
have Raynaud’s phenomenon that is associated with occupational 
exposure to vibration.

Most cases of severe Raynaud’s phenomenon are associated with 
connective tissue disease. Raynaud’s phenomenon occurs in 90% of 
patients with systemic sclerosis (SSc) and is often perceived to be their 
most pressing clinical problem. It also occurs in the other connective 
tissue diseases: 85% of patients with mixed connective tissue disease, 
between 10% and 45% of patients with systemic lupus erythematosus, 
33% of patients with Sjögren’s syndrome, and 20% of those with  
dermatomyositis/polymyositis experience Raynaud’s phenomenon. 
Patients with rheumatoid arthritis have a similar overall prevalence of 
Raynaud’s phenomenon as compared with the general population 
(10%); however, symptomatology tends to be more severe.

Various drugs can precipitate or exacerbate Raynaud’s phenomenon. 
Of these, β-blockers and anti-migraine preparations are the most 
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primary Raynaud’s disease only subtle microvascular abnormalities are 
believed to occur.4 The most important cellular element in Raynaud’s 
phenomenon is the endothelium, which is a functioning organ that 
releases many substances that are important in maintaining blood 
flow. These include vasodilators such as prostacyclin (PGI2) and NO, 
vasoconstrictors such as endothelin-1, as well as a variety of mediators 
of coagulation and inflammation. When the endothelium is impaired 
there is an imbalance of these substances, resulting in a vasoconstric-
tor, proinflammatory, and procoagulant endothelium that may lead to 
atherosclerotic disease.

Abnormal endothelial responses to both endothelium-dependent 
and endothelium-independent vasodilatation have been found in 
patients with primary Raynaud’s phenomenon; however, in patients 
with Raynaud’s syndrome secondary to SSc, this abnormality is limited 
to the endothelium-dependent vasodilatation. It seems, therefore, that 
although secondary Raynaud’s phenomenon is associated with endo-
thelial damage, in primary Raynaud’s phenomenon the mechanism of 
vasospasm may be more related to smooth muscle contraction.

A reduction of NO, a potent vasodilator produced by the endothe-
lium, is believed to be involved in the pathogenesis of Raynaud’s 
phenomenon, and this can be clinically relevant because blood flow is 
improved when NO is administered therapeutically. Moreover, plasma 
levels of the endogenous NO synthase inhibitor asymmetric dimeth-
ylarginine (ADMA) have also been found to be significantly elevated 
in secondary compared with primary Raynaud’s phenomenon, further 
suggesting involvement of the NO pathway in its pathogenesis.

Levels of other substances produced by the endothelium have also 
been reported to be abnormal in secondary Raynaud’s phenomenon. 
These include elevated levels of endothelin-1, angiotensin II (in diffuse 
SSc but not in limited), the prothrombotic factor VIII/von Willebrand 
factor, as well as activators of the coagulation pathway and markers of 
impaired fibrinolysis. This may suggest that the endothelium plays an 
important role in the pathogenesis of secondary Raynaud’s phenome-
non by promoting vasoconstriction and thrombosis. It has also been 
shown that cooling-induced vasospasm is mediated by protein tyrosine 
kinase in Raynaud’s phenomenon secondary to SSc, with attenuation 
of spasm with its inhibitors providing an exciting new therapeutic 
target.5

In primary Raynaud’s phenomenon, however, the evidence for endo-
thelial impairment is less clear, with some studies reporting raised von 
Willebrand factor levels but others failing to demonstrate any differ-
ences from healthy controls. Only endothelin-1 and tyrosine kinase 
have been postulated as being important in primary Raynaud’s phe-
nomenon because levels have been found to increase more than in 
control subjects after a cold challenge.

Blood cellular elements may have a pathologic role in Raynaud’s 
phenomenon. The platelets exhibit increased aggregation, releasing the 
vasoconstrictor and platelet aggregant thromboxane A2 and other plate-
let-release products such as transforming growth factor-β and platelet-
derived growth factor. The red blood cell appears to be stiff and rigid 
and thus can occlude the microcirculation. An important role has also 
been claimed for the white blood cell, which, when activated, releases 
prothrombotic free radicals, becomes very stiff, and aggregates, leading 
to a further reduction in blood flow. Some of these changes are likely 
to be a consequence of Raynaud’s phenomenon rather than a cause, 
but they may augment the symptoms of vasospasm, and their attenu-
ation is a potentially important feature in the drug management of this 
disorder.

Abnormalities of the inflammatory  
and immune responses
Disordered immune and inflammatory processes occur in the majority 
of severe cases of Raynaud’s phenomenon via their association with 
the connective tissue diseases but also occur in HAVS, which has no 
clear immune/inflammatory basis. Tumor necrosis factor and lympho-
toxin, phagocyte/macrophage, and T cell–derived proteins, along with 
immune complex deposition in the vessel wall, are likely to be activated 
in vascular damage seen in Raynaud’s phenomenon.

Thus there are three clear pathways for promoting the decreased 
blood flow seen in Raynaud’s phenomenon. It has still to be resolved 
which are cause and which are consequence, but it seems that a 

BOX 142.1 CONDITIONS ASSOCIATED WITH RAYNAUD’S PHENOMENON

Immune mediated
 Systemic sclerosis (90%)
 Mixed connective tissue disease (85%)
 Sjögren’s syndrome (33%)
 Systemic lupus erythematosus (10%-45%)
 Polymyositis/dermatomyositis (20%)
 Rheumatoid arthritis (10%-15%)
 Cryoglobulinemia and cryofibrinogenemia (10%)
 Arteritis (e.g., giant cell arteritis, Takayasu’s arteritis)
 Antiphospholipid syndrome
 Primary biliary cirrhosis

Occupation related
 Cold injury (e.g., frozen-food packers)
 Polyvinyl chloride exposure
 Vibration exposure
 Ammunition workers (outside work)

Obstructive vascular disease
 Atherosclerosis
 Microemboli
 Thromboangiitis obliterans (50%)
 Thoracic outlet syndrome (e.g., cervical rib)
 Walking-crutch pressure
 Diabetic microangiopathy

Metabolic disorders
 Hypothyroidism
 Carcinoid syndrome

Drug induced
 Antimigraine compounds
 β-blockers (particularly non-selective)
 Cytotoxic drugs
 Cyclosporine
 Bromocriptine
 Sulfasalazine
 Minocycline
 Interferon-α
 Interferon-β
 Cocaine abuse

Infections
 Chronic viral liver diseases (hepatitis B and C)
 Cytomegalovirus
 Parvovirus B19

Miscellaneous
 Complex regional pain syndrome type 1
 Fibromyalgia syndrome
 Postviral fatigue syndrome (myalgic encephalitis)
 Toxins

– Sting by Echiichthys draco (great weaver fish)
– Toxic oil syndrome

 Polycythemia
 Paraproteinemia
 Arteriovenous fistula
 Neoplasm
 Kimura’s disease

% values are percentage of patients with disease who have Raynaud’s phenomenon.

addition, a deficit of calcitonin gene–related peptide (a potent vasodila-
tory neuropeptide)–containing nerves has been shown in primary 
Raynaud’s phenomenon, but it is not clear whether this is a primary 
abnormality or secondary to repeated vasospasm.

Raynaud’s phenomenon may occur with carpal tunnel syndrome, 
but this may merely reflect the link between two diseases that fre-
quently coexist in the population.

Blood and blood vessel wall interactions
Although systemic sclerosis (SSc, scleroderma) is associated with some 
structural damage of the digital arteries and microvasculature, in 
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combination of the just-discussed factors are involved in the develop-
ment and propagation of Raynaud’s phenomenon.

CLINICAL FEATURES
Detailed history and physical examination are essential in making the 
diagnosis, in finding any associated underlying causes, in assessing the 
likelihood of progression to connective tissue disease, and in deciding 
about the most appropriate management plan. A detailed occupational 
history, particularly in men, allows a diagnosis of HAVS to be  
made. Drug history is equally important, and it should be noted that 
even the cardioselective β-blockers produce a degree of peripheral 
vasoconstriction.

As documented earlier, Raynaud’s phenomenon is classically mani-
fested by blanching of the affected part (pallor) (Fig. 142.1), followed 
by cyanosis and then rubor; however, this typical triphasic color change 
is not necessarily present in all patients, with some patients experienc-
ing biphasic or monophasic color change. Generally, it is accepted that 
blanching must be present to allow a diagnosis of Raynaud’s phenom-
enon. Symptoms associated with Raynaud’s phenomenon include 
numbness, cold, and pain, which are secondary to ischemia and can 
be severe enough to result in digital ulceration, gangrene, and loss of 
digits. During the reactive hyperemic stage, patients usually experience 
an unpleasant burning sensation or tingling. The most severely affected 
patients may experience marked, year-round restrictions in daily 
activity.

The predictors for the attack rate, severity, and pain are low average 
daily temperature, stress, anxiety, older age, and female gender. The 
occurrence of certain clinical features may suggest a greater likelihood 
of disease progression to connective tissue disease (Box 142.2). For 
instance, sclerodactyly and pitting scars over the finger pulp are associ-
ated with later development of connective tissue disease (Fig. 142.2).

Patients presenting for the first time in their third and fourth decade 
are at high risk of developing or having underlying connective tissue 
diseases. In Raynaud’s phenomenon occurring in very young children, 
an underlying connective tissue disease should be considered, espe-
cially if the symptoms include blanching and are severe. In SSc, if 
Raynaud’s phenomenon precedes the connective tissue disease by 
years, the limited form of the disease is more likely to become appar-
ent; conversely, the rapid appearance of the symptoms of SSc predicts 

Fig. 142.1 Raynaud’s phenomenon in a patient with systemic sclerosis. The 
white discoloration is an essential clinical finding. The asymmetric involvement 
and the presence of telangiectasia point to a possibility of a secondary cause. 
Digital pitting/scarring is one of the main criteria for the diagnosis of systemic 
sclerosis.

Fig. 142.2 Digital pitting/scarring and sclerodactyly are commonly associated 
with systemic sclerosis. These lesions form two of the three main criteria for 
systemic sclerosis; the third criterion is pulmonary interstitial fibrosis. A 
diagnosis of systemic sclerosis requires two of these three findings.

BOX 142.2 FEATURES SUGGESTIVE OF PROGRESSION OF 
RAYNAUD’S PHENOMENON

Clinical
 Older age at onset (>35 years)
 Recurrence of chilblains as adult
 Vasospasm all year round
 Asymmetric attacks (see Fig. 142.1)
 Sclerodactyly
 Digital ulceration
 Finger pulp pitting scars

Laboratory
 Increased inflammatory markers
 Detection of autoantibodies
 Increased von Willebrand factor antigen

Nail fold microscopy
 Abnormal vessels

diffuse SSc. Systemic inquiry should concentrate on the presence  
of migraine (or a family history of migraine), vasospastic angina, and 
the presence of a family history of the disorder (usually markers of 
primary Raynaud’s phenomenon). Elderly patients presenting with 
Raynaud’s phenomenon for the first time usually have underlying 
atherosclerosis.

A full physical examination should be directed to look for any 
obstructive vascular disease and for signs of associated autoimmune 
conditions. Simple blood pressure measurement in both arms will help 
to detect significant occlusive vascular disease above the brachial 
artery. Signs and symptoms of carpal tunnel syndrome should be 
actively looked for, because sometimes releasing the median nerve can 
improve the symptoms of Raynaud’s phenomenon. Livedo reticularis 
could point to cold agglutinin disease, antiphospholipid syndrome, or 
underlying connective tissue disease. Patients with abnormal nail fold 
microscopy (using a simple hand-held ophthalmoscope or DermLite 
[3Gen, San Juan Capistrano, CA]) are more likely to progress to a con-
nective tissue disease.

INVESTIGATIONS
Investigations in patients with Raynaud’s phenomenon have two func-
tions: (1) to confirm the diagnosis and (2) to look for underlying sec-
ondary causes or associated conditions.

Diagnosis of Raynaud’s phenomenon
In the majority of cases the diagnosis of Raynaud’s phenomenon can 
be made from the clinical history. However, in rare situations when 
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the patient is unable to give a clear history, in the presence of occlusive 
vascular disease when the contribution of vasospasm to the clinical 
problem needs to be determined, or for medicolegal reasons in HAVS, 
objective measures of blood flow are needed.

There are many different techniques that can be used to measure 
blood flow to the digits. In clinical practice, measurement of digital 
systolic blood pressure before and after local cooling of the hands in 
cool water at a temperature of approximately 15°C is widely used 
because of its simplicity. A decrease in pressure greater than 20 to 
25 mm Hg is usually significant. This technique, however, will give a 
significant number of false-negative responses unless certain precau-
tions are observed. First, the patient must be warm before the first 
pressure recordings and, ideally, the starting digital pressure must be 
as near brachial pressure as can be achieved. Second, in premenopausal 
women, assessment should be avoided in mid cycle, because poor blood 
flow before the start of the test can also occur at the time of ovulation. 
Third, all vasoactive medications should be stopped 24 hours before 
the test and the test should be avoided when the patient is in the reac-
tive hyperemic phase. Ideally, patients should not have had a vasospas-
tic attack on the day of the test.

Thermography, radioisotopic clearance, and laser Doppler flowme-
try are other methods used to help in the diagnosis of Raynaud’s 
phenomenon. However, these methods have their disadvantages and 
are usually unnecessary.

Investigations for secondary causes
More than 50% of patients with Raynaud’s phenomenon who are 
referred to a hospital will have an associated underlying disease; there-
fore, once the diagnosis is confirmed, it is essential to look carefully 
for any underlying cause. More importantly, early intervention in these 
patients could alleviate or resolve the problem, such as in patients with 
vibration exposure or those who take vasospastic drugs. An obvious 
associated disorder will be easily detected, but difficulty arises in diag-
nosing early connective tissue diseases.

Blood biochemistry, including thyroid function tests and a full  
blood cell count, should be performed. A normochromic, normocytic 
or microcytic anemia of chronic disease can be found in patients  
with connective tissue diseases. The inflammatory markers such  
as erythrocyte sedimentation rate, plasma viscosity, or C-reactive 
protein are usually normal in primary Raynaud’s phenomenon,  
but they may be increased in secondary disease. However, there  
might be some attenuation of the acute-phase response in patients  
with SSc. The creatinine concentration and urinalysis will help in 
detecting early renal disease in patients with connective tissue disease 
or diabetes. Thoracic outlet chest radiography will determine whether 
a bony cervical rib is present and will show if there is any basal lung 
fibrosis, which may be seen early in connective tissue diseases. 
However, because the rib may be fibrous, if there is a high clinical 
suspicion of a cervical rib despite a negative chest radiograph then it 
is usual to progress to thoracic outlet magnetic resonance 
angiography.

Immunologic tests may help to detect any immunopathologic origin 
of the secondary Raynaud’s phenomenon. Rheumatoid factor or anti-
citrullinated peptide antibodies will help in detection of early rheuma-
toid arthritis, antinuclear antibody and anti-DNA antibody levels are 
beneficial in systemic lupus erythematosus, anti-centromere antibodies 
are checked for in limited systemic sclerosis, and the anti-topoisomer-
ase antibody (formerly known as scleroderma-70 antibody) level is 
determined for diffuse SSc. The diagnosis of Sjögren’s syndrome is 
suggested by anti-La and anti-Ro antibodies, and anti-cardiolipin anti-
bodies and/or lupus anticoagulant are found in antiphospholipid syn-
drome. The presence of these antibodies early in the history of 
Raynaud’s phenomenon is linked to later progression to connective 
tissue disease. Increased von Willebrand factor antigen tends to occur 
in patients with secondary Raynaud’s phenomenon. Detection of cold-
precipitated proteins will help in the diagnosis of cryoglobulinemia and 
cryofibrinogenemia. Nail fold microscopy is useful to examine morpho-
logic and functional changes of the microcirculation and may help to 
point to Raynaud’s phenomenon secondary to connective tissue 
disease, especially when associated with positive serum antibodies (Fig. 
142.3).

Fig. 142.3 Nail fold microscopy. (a) Normal capillaries. (b) Tortuous and 
enlarged capillaries in a patient with SSc.

a

b

MANAGEMENT
Not all patients experiencing digital vasospasm require drug treatment, 
but potential prescribers should be aware that the severity of the pain 
produced by vasospastic attacks and the degree of interruption that 
patients may experience in their normal daily routine may be 
profound.

General measures
Initial treatment in mild disease is conservative, and drug treatment 
may be avoided. Education is important, and a specialist rheumatology 
nurse and occupational therapist can provide useful advice, as can 
patient self-help groups. It is important to advise patients about pro-
tecting themselves from the cold. Simple suggestions such as keeping 
the trunk warm, wearing gloves to take food from the freezer, and 
providing occupational therapy aids such as key holders to use when 
the fingers are numb can all help. Electrically heated gloves and socks 
and chemical hand warmers are the perfect solution for some patients.

Stopping smoking (including exposure to passive smoking) is benefi-
cial. In the case of HAVS, early diagnosis and early discontinuation of 
vibration exposure may resolve the problem. Withdrawal of vasocon-
strictor drugs is essential. Although the contraceptive pill has been 
linked anecdotally to the development of Raynaud’s phenomenon, this 
has never been conclusively proven in epidemiologic studies. It is our 
policy not to discontinue the contraceptive pill or hormone replace-
ment therapy unless it is clearly related to the patient’s Raynaud’s 
phenomenon.

In the management of digital ulceration in patients with severe 
Raynaud’s phenomenon, it is essential to treat any infection aggres-
sively and as soon as possible.
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Drug treatment
Patients in whom symptoms are severe enough to cause interference 
with either their social or work lifestyle should be considered for drug 
treatment (Table 142.1).

Calcium channel blockers
Nifedipine in a long-acting or other slow-release preparation has now 
become the gold standard of treatment of Raynaud’s phenomenon. Its 
mechanism of action is predominantly through vasodilation, but it also 
has antiplatelet and possibly other antithrombotic effects. The dose 
ranges from 10 to 20 mg two or three times daily and should be intro-
duced very gradually: 10 mg at night for 2 weeks, then in the morning 
for 2 weeks, then twice a day, etc. Nifedipine has been found to be 
useful in decreasing the frequency and severity of vasospastic attacks 
and improves the objective measures of blood flow after cold exposure. 
Its use, however, is limited by the vasodilatory side effects to which 
Raynaud’s phenomenon patients appear very susceptible. These effects 
usually disappear with continued treatment and, therefore, unless they 
are intolerable, the patient should persevere for at least 2 weeks before 
a decision is made to discontinue the treatment. If side effects neces-
sitate discontinuation of the treatment, other calcium-channel block-
ers such as amlodipine or lercanidipine can be tried. The other option 
is to use nifedipine capsule (not the long-acting tablet) as a rescue 
medication during a severe spastic attack; the capsule is crushed by 
the teeth and placed beneath the tongue.

Two meta-analyses looking at the efficacy of calcium-channel block-
ers in primary Raynaud’s phenomenon and that secondary to SSc have 
been published. These showed a 33% and 35% reduction in severity of 
the attacks in primary and secondary disease, respectively, as well as 
a moderate reduction in the frequency of attacks.6,7 One study in Italy 
showed that topical application of nifedipine gel to the fingers had 
modest beneficial effect in symptoms of patients with primary disease.8

Other vasodilators
The use of other vasodilators in patients with Raynaud’s phenomenon 
remains controversial, because most studies have been small or uncon-
trolled. Inositol nicotinate (a nicotinic acid derivative) and naftidrofuryl 
oxalate (a mild peripheral vasodilator with a serotonin receptor antago-
nist effect) have produced some encouraging results in mild to moder-
ate disease. This is also the case for thymoxamine. Another role of 
these medications is to use them as adjuncts to calcium-channel block-
ade when adverse effects prevent the achievement of high dosage. 

TABLE 142.1 DRUGS COMMONLY USED IN RAYNAUD’S PHENOMENON

Drug Dosage

Oral

Nifedipine Retard (or other 
calcium channel blocker)

10-20 mg bid or tid

Naftidrofuryl oxalate 100-200 mg tid

Inositol nicotinate 1 g tid or inositol nicotinate forte 1.5 g bid

Thymoxamine 40-80 mg qid (stop after 2 weeks if no response)

Intravenous infusion

Iloprost Start infusion (peripheral line) at 1 µg/hr; 
increase by 1 µg every 30 min until reach 
maximum tolerable dose (maximum dose should 
not be greater than 3 µg/hr). Infusions are given 
over 6 hr each day for 3-7 days on each occasion.

Prostaglandin E1 60 µg in 250-mL physiologic infusion over 3 hr 
daily for 5-6 days. This could be repeated every 6 
weeks to cover the cold weather in severe cases, 
especially if associated with critical ischemia or 
digital ulceration and should be given via a 
central line.

These drugs may take up to 3 months to produce their effects, sug-
gesting that their action in Raynaud’s phenomenon may be through 
other mechanisms. Moreover, their vasodilatory side effects can be a 
significant problem.

In a meta-analysis, prazosin, an α-blocker, was found to have 
modest effect in the treatment of Raynaud’s disease secondary to 
scleroderma.9 Prazosin should perhaps be considered for those with 
concomitant hypertension or as an extra option in those who cannot 
tolerate calcium-channel blockers.

Losartan, an angiotensin-II receptor antagonist, has been shown in 
a randomized controlled trial to be effective in treating Raynaud’s 
phenomenon.10

Sildenafil, a phosphodiesterase inhibitor, can also have modest 
effect in the attack severity and frequency of Raynaud’s 
phenomenon.11

Prostaglandin treatment
Prostaglandins are the metabolic products of essential fatty acids, and 
both prostacyclin (PGI2) and alprostadil (PGE1) have potent vasodila-
tory and antiplatelet properties. Treatments with both PGI2 and PGE1, 
however, require intravenous administration, and both are very unsta-
ble agents. Thus, the use of more stable analogs such as iloprost have 
been evaluated in a number of studies.

Iloprost
A number of double-blind placebo-controlled studies as well as a meta-
analysis12 of iloprost infusion given intravenously have shown benefit 
in Raynaud’s phenomenon. In addition to its vasodilatory and anti-
platelet effects, iloprost has been shown to downregulate lymphocyte 
adhesion to the endothelium. When compared with nifedipine, it was 
found to have the same effect on reducing the frequency of vasospastic 
attacks but was more effective in healing digital ulcers and appeared 
to produce fewer adverse effects. Iloprost should be considered as a 
second-line treatment in those Raynaud’s phenomenon sufferers who 
have not responded to nifedipine and is the first choice for those who 
have critical ischemia, digital ulceration, or both. It can be infused 
through a peripheral vein and can produce benefit lasting for between 
6 weeks and 6 months in most patients.

Oral and transdermal prostaglandins
Studies of orally active prostacyclin analogs have given conflicting 
results. Cisaprost proved disappointing, whereas the evidence support-
ing oral iloprost in Raynaud’s phenomenon is less clear. Neither high 
nor low doses were better than placebo at decreasing the frequency or 
severity of attacks in Raynaud’s disease secondary to SSc. The patient 
opinion, however, tended to favor high doses of iloprost when com-
pared with placebo. An SSTEP (systemic sclerosis trial of event and 
progression) study was designed to determine if oral iloprost is superior 
to placebo. The recruitment of this study has just been completed, and 
it will be interesting to see its results.

Small patient number reports of the oral use of limaprost, an 
alprostadil analog, have been encouraging. Prostaglandin delivery 
through the skin has also been studied, but no transdermally applied 
prostaglandin has achieved license status for use in Raynaud’s 
phenomenon.

Alprostadil
A recent study comparing PGE1 (alprostadil) to iloprost has shown 
similar overall benefits between the two drugs in the management of 
Raynaud’s phenomenon secondary to connective tissue diseases.13 
Alprostadil could be considered in patients who have significant side 
effects and cannot tolerate iloprost infusions. PGE1α cyclodextrin has 
been reported to improve Raynaud’s symptoms, severity of attacks, and 
healing of digital lesions in patients with SSc.

Other medical therapies
Several other therapeutic measures for the treatment of Raynaud’s 
phenomenon have been or are being studied.

Pilot studies of bosentan, an oral antagonist of endothelin, have 
shown encouraging results in the treatment and prevention of digital 
ulcers,14 and this agent also decreases the frequency and severity of 
attacks in Raynaud’s disease secondary to SSc.
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Fluoxetine, an SSRI, was studied and found to be effective in treat-
ing Raynaud’s phenomenon in a pilot study. The efficacy of another 
serotonin antagonist, ketanserin, was reviewed in a meta-analysis and 
was found not to be clinically beneficial in the treatment of Raynaud’s 
disease secondary to scleroderma.15

A pilot study showed ginkgo biloba to be effective in Raynaud’s 
phenomenon, but further studies are required. Transdermal glyceryl 
trinitrate patches may be of some help, but their use may be limited 
by the frequent occurrence of headaches. Low laser-light therapy is 
increasingly being studied for the treatment of Raynaud’s phenome-
non. Two recent randomized controlled trials reported a reduction in 
frequency and severity of attacks in primary and secondary Raynaud’s 
phenomenon. Administration of vasodilators by iontophoresis of the 
whole finger is currently being evaluated. Digital botulinim toxin injec-
tions have been shown to be effective in a few case reports when treat-
ing patients with severe Raynaud’s phenomenon and digital ulcer. 
High-dose statins have also been shown to have some effect, especially 
in elderly patients with Raynaud’s disease who mostly also have 
atherosclerosis.

Surgery
Operations to remove part of the terminal phalanx and, occasionally, 
amputation are necessary for severe ischemia, but with the advent of 
iloprost this is becoming an infrequent requirement. Patients with 
peripheral arterial disease and Raynaud’s phenomenon may benefit 
from endovascular intervention. In patients with Raynaud’s phenom-
enon secondary to carpal tunnel syndrome, surgical decompression has 
been shown to improve the symptoms significantly, but whether this 
is through decreased paresthesias or true improvement of blood flow 
is unknown.

Conventional upper limb sympathectomy via open surgery is con-
sidered invasive and gives a high relapse rate and poor response in 
patients with Raynaud’s syndrome. However, few studies suggest that 
thoracoscopic sympathectomy may be successful, particularly in resis-
tant patients with digital ulcers, despite some untoward effects and 
partial relapses. The longer-term results, however, have yet to be evalu-
ated. Chemical thoracic sympathectomy (by injecting 5% phenol to the 
second or third thoracic sympathetic ganglion) appears to be a safe, 

minimally invasive procedure with a good success rate in primary and 
secondary Raynaud’s phenomenon as reported in one series but also 
requires further evaluation.16

Localized digital sympathectomy enjoyed some support initially, 
because earlier results were encouraging; however, further work is 
required in this area because the relapse rates are high and the associ-
ated local tissue trauma can be a problem. Periarterial sympathectomy 
of the radial and ulnar arteries may have a role in refractory Raynaud’s 
phenomenon, but small case series have only been reported. However, 
it should be remembered that although upper limb sympathectomy 
may be disappointing, sympathectomy still has an important role in 
the treatment of Raynaud’s phenomenon affecting the feet.

CONCLUSION
Raynaud’s phenomenon is a common condition and, until recently, its 
management was difficult. However, with a careful clinical history and 
physical examination and with selection of specific investigations, it is 
now possible to diagnose correctly both Raynaud’s phenomenon and 
its underlying or associated conditions. When it occurs as a primary 
phenomenon, it is usually mild, with symmetric involvement and no  
laboratory abnormalities, and may need no drug treatment. Features 
suggesting secondary Raynaud’s syndrome include painful attacks, 
ischemic digital ulcers, asymmetric attacks, a positive autoantibody 
test result, abnormal nail fold capillaries, and increased inflammatory 
markers. Vasodilatory treatment is the mainstay of medical manage-
ment, and modified-release calcium channel blockers are usually the 
oral drugs of choice. Prostacyclin infusion and bosentan are other 
useful medical therapies in severe cases. Surgical treatment nowadays 
is very rarely needed. Finally, the better evaluation and understanding 
of the pathophysiology of Raynaud’s phenomenon and increasing 
knowledge of the involvement of vascular adrenoceptors and endothe-
lial products in the condition may contribute to new and better thera-
peutic approaches.
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bands of skin sclerosis, whereas morphea occurs as circumscribed oval 
plaques. A special form of linear scleroderma involving the head and 
face, scleroderma en coup de sabre, may produce severe facial and skull 
deformity, as well as neurologic abnormalities.1 Several different sub-
types of morphea have been described, the most common being plaque 
morphea, deep morphea, diffuse morphea, and pansclerotic morphea. 
Additional rare conditions that are considered within the morphea 
spectrum include keloidal or nodular morphea (sclerotic papules or 
plaques that resemble keloidal scars), atrophoderma of Pasini and 
Pierini (depressed hyperpigmented plaques with a sharp border and 
lacking inflammation and induration), and lichen sclerosus et atrophi-
cus (atrophic white or shiny plaques, which may show follicular plug-
ging).2 The epidemiology of localized scleroderma suggests that while 
linear scleroderma tends to be more common in children, morphea is 
more prevalent in adults.2 One population-based study of morphea 
from Olmsted County, Minnesota, estimated an annual age- and sex-
adjusted incidence of 2.7 per 100,000 and prevalence of 50 per 100,0000 
with a mean age of onset of 46 and a female-to-male predominance of 
2.6.3

Morphea
The most common type of morphea lesion is plaque morphea, account-
ing for approximately 50% of all cases of morphea.3 These lesions typi-
cally present with slowly enlarging single or multiple circumscribed 
plaques on the trunk or extremities. Initially they may be erythematous 
or have a violaceous border, but they typically become progressively 
more hyperpigmented over time (Fig. 143.1). Involved skin becomes 
shiny and lacks sweat glands and hair follicles. Histologically, the early 
lesions may show a dense inflammatory infiltrate composed of lym-
phocytes, macrophages, plasma cells, eosinophils, and mast cells. Sub-
sequently, the later stages are characterized by little inflammation and 
by deposition of collagen extending from the reticular dermis to more 
superficial structures—indistinguishable from the biopsy findings in 
systemic sclerosis.2

Deep morphea and morphea profunda comprise several clinical 
entities in which inflammation and sclerosis occur in the deep dermis, 
panniculus, fascia, and even superficial muscle.4 Included within this 
subtype of morphea is disabling pansclerotic morphea of children.5 This 
rare condition is the most aggressive and severe form of morphea 
because of its propensity to involve deep subcutaneous tissue, fascia, 
muscle, and bone.5-9 Frequently this condition is associated with sig-
nificant disability and deformity despite intervention.5 Chronic ulcers, 
which frequently complicate pansclerotic morphea, may evolve into 
squamous cell carcinoma.10

Generalized or diffuse morphea is characterized by widespread skin 
involvement with multiple indurated plaques, hyperpigmentation, and 
frequent muscle atrophy and accounts for approximately 15% of all 
cases of morphea (Fig. 143.2).3 Diagnostic criteria for generalized 
morphea differ among investigators. Takehara and Sato11 have sug-
gested that patients fulfill diagnostic criteria for generalized morphea 
if they possess two or more of the following criteria: (1) four or more 
lesions more than 3 cm in diameter, irrespective of whether they were 
of the morphea or linear type, and (2) involvement of two or more areas 
of the body out of seven areas, the seven areas being the head and neck, 
right upper extremity, left upper extremity, anterior trunk, posterior 
trunk, right lower extremity, and left lower extremity.

Although not considered a systemic illness, the presence of a variety 
of autoantibodies including antinuclear antibodies, antibodies to 

Localized scleroderma and 
scleroderma-like syndromes
Robert W. Simms

 Skin induration, the hallmark of systemic sclerosis, can also occur in 
localized forms of scleroderma, as well as in conditions unrelated 
to scleroderma or systemic sclerosis. These conditions can be 
classified as “scleroderma variants.”

 The “scleroderma variant” conditions are unrelated to systemic 
sclerosis but can be confused with it. This heterogeneous group 
includes diffuse morphea, eosinophilic fasciitis, scleromyxedema, 
scleredema, eosinophilia-myalgia syndrome, and nephrogenic 
systemic fibrosis.

 The etiology of most scleroderma variant conditions is unknown; 
however, some have been linked to environmental, drug, or dietary 
exposures or metabolic abnormalities.

 In contrast to systemic sclerosis, the scleroderma variant conditions 
are rarely associated with sclerodactyly or Raynaud phenomenon 
and serum autoantibodies do not occur. However, internal organ 
involvement may be present and may be associated with plasma 
cell dyscrasia and eosinophilia.

 Because the scleroderma variant conditions are clinically and 
pathologically distinct from systemic sclerosis, they require 
accurate diagnosis and different approaches to treatment. Accurate 
diagnosis may require a full-thickness skin biopsy and careful 
histopathologic examination with the use of special stains.

 In contrast to systemic sclerosis, the scleroderma variant conditions 
generally carry a good prognosis and are often self-limited.

A variety of disorders present with sclerosis and induration of the skin 
and include systemic sclerosis (systemic scleroderma), localized sclero-
derma (including the subtypes morphea and linear scleroderma), and 
conditions that mimic systemic sclerosis (Box 143.1). These so-called 
scleroderma variants may pose significant diagnostic challenges for the 
clinician and may include localized forms of skin sclerosis, scleredema, 
scleromyxedema, eosinophilic fasciitis, nephrogenic systemic fibrosis, 
and chronic graft-versus-host disease. A number of drugs (L-trypto-
phan, bleomycin, and most recently taxane) and environmental  
exposures (toxic oil syndrome) also produce mimics of scleroderma. 
Additionally, diabetes and other metabolic conditions may produce 
skin induration, which may be confused with scleroderma. These 
scleroderma-like conditions are characterized by varying degrees of skin 
thickening, although the histologic and clinical features generally differ 
from those of scleroderma. Typically the scleroderma mimics are not 
associated with Raynaud phenomenon, nailfold capillary abnormalities 
such as capillary dropout, capillary dilation or vascular ischemia, cal-
cinosis, or autoantibody formation, which are hallmarks of sclero-
derma. A careful assessment of the distribution and quality of dermal 
involvement, a history of Raynaud phenomenon, appropriate antibody 
testing, and a full-thickness skin biopsy will generally distinguish these 
conditions (Table 143.1).

LOCALIZED FORMS OF SCLERODERMA
Localized scleroderma is characterized by sclerosis, which is confined 
to the skin and occurs in two principal types that are distinguished by 
the morphology of the dermal lesions: linear scleroderma and morphea. 
Linear scleroderma is characterized by the presence of longitudinal 
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TABLE 143.1 DISTINGUISHING FEATURES OF SCLERODERMA AND SCLERODERMA-LIKE CONDITIONS

Condition Skin changes and distribution Extradermal involvement Dermatopathology Other

Localized scleroderma Amorphous plaques (morphea) 
or lines involving face (linear), 
extremities, sparing fingers

None Dermal sclerosis, mononuclear 
inflammation

Linear especially common in 
children, autoantibodies 
common

Scleredema Trunk, back, neck Rare Swollen collagen bundles; mucin 
accumulation

Scleromyxedema Induration, sclerodactyly
Limited mouth opening

Rare Excessive dermal mucin deposition Serum paraprotein (especially 
IgG-λ)

Nephrogenic systemic fibrosis Extremities, fingers, symmetric Frequent, mild (muscle, 
fascia, lungs)

Fibroblast proliferation, mucin 
deposition, dermal spindle cell 
proliferation

Requires gadolinium exposure 
in end-stage renal disease

Eosinophilic fasciitis Extremities, trunk, spares fingers Rare, low-grade myositis Dermal and hypodermal sclerosis, 
normal epidermis, muscle 
inflammation occasionally

Peripheral blood eosinophilia 
frequent, associated with

Fig. 143.1 Plaque morphea in the popliteal area.

Fig. 143.2 Generalized morphea.

BOX 143.1 CONDITIONS ASSOCIATED WITH CHRONIC SKIN INDURATION
1. Systemic sclerosis
2. Localized scleroderma
3. Scleroderma variants
Scleredema

Scleredema adultorum of Buschke
Scleredema diabeticorum
Scleredema neonatorum

Scleromyxedema
Nephrogenic fibrosing dermopathy
Eosinophilic syndromes

Eosinophilic fasciitis (diffuse fasciitis with eosinophilia, Schulman disease)
Eosinophilia-myalgia syndrome
Toxic oil syndrome

Chronic graft-versus-host disease
Pseudoscleroderma (local injection of vitamin K, bleomycin, pentazocine)
Metabolic diseases

Porphyria cutanea tarda
Phenylketonuria
Werner syndrome
Acromegaly

Pachydermoperiostitis
Polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy 

(POEMS)
Stiff skin syndrome
Reflex sympathetic dystrophy
Hemiplegia

histone, nucleosome, U3RNP, fibrillin, topoisomerase II, and cardio-
lipin have suggested that morphea is an autoimmune disorder.11 
Additionally, a number of studies have linked cytokine profiles, espe-
cially those associated with T helper cell 2 (Th2) activation and 
increased expression of profibrotic cytokines such as transforming 
growth factor beta (TGF-β) and connective tissue–derived growth factor 
(CTGF), similar to those seen in systemic sclerosis, with morphea 
lesions.2,12-14

Treatment of morphea has included a wide variety of agents includ-
ing topical tacrolimus, methotrexate, cyclosporine, imatinib, mycophe-
nolate mofetil, ultraviolet A and retinoic acid, and bosentan.15-26 
Assessment of efficacy is difficult given the rarity of the condition and 
slow progression in most cases. Methotrexate is the most widely used 
agent for progressive disease and anecdotal reports indicate that its use 
may result in regression of localized lesions.26

Linear scleroderma
Linear scleroderma is considered under some classification schemas is 
as a form of morphea (linear morphea), but is best considered a separate 
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and larger extremity joints. Systemic manifestations may result  
from mucin deposition around vessels in many organs including the 
heart and lungs.33 Dysphagia is the most common extracutaneous 
manifestation and is associated with esophageal dysmotility. Myopathy 
may occur in scleromyxedema; in one larger series it occurred in 
approximately 20% of 19 patients.36 Initial treatment typically includes 
systemic corticosteroids and melphalan, sometimes in combination 
with plasmapheresis. Second-line treatments have included isotreti-
noin and intralesional corticosteroids. Third-line therapies include 
cyclophosphamide, cyclosporine, thalidomide, autologous stem cell 
transplantation, intravenous immunoglobulin, and radiation therapy.43-

48 The outcome of scleromyxedema is variable. A chronic progressive 
course is the rule, but spontaneous improvement may occur. Occasion-
ally, severe extracutaneous involvement may result in increased 
mortality.33

Nephrogenic systemic fibrosis
Nephrogenic systemic fibrosis is a recently described progressive sys-
temic fibrotic disorder occurring in patients with end-stage renal 
disease who have undergone magnetic resonance imaging with gado-
linium salt (see Chapter 166).49

entity given its clinical and morphologic characteristics.27 Linear sclero-
derma occurs most commonly in children and adolescents and much 
less commonly in adults, accounting for most cases of localized sclero-
derma in this population.3,28 The typical lesion occurs insidiously as a 
linear band of sclerotic hypopigmented or hyperpigmented skin begin-
ning on the extremities. It may extend through to the underlying 
dermis, subcutaneous tissue, muscle, and bone producing significant 
deformity. When linear scleroderma involves the face or scalp, it is 
termed en coup de sabre and is related to Parry Romberg syndrome, a 
condition associated with hemifacial atrophy of tissue below the fore-
head with little involvement of the skin. Both en coup de sabre and 
Parry Romberg syndrome may be associated with central nervous 
system, ocular, and dental abnormalities. A retrospective study of both 
conditions at the Mayo Clinic among 54 patients seen over a 20-year 
interval from 1984 to 2004 found that both conditions frequently 
coexist and are frequently bilateral, attesting to the close relationship 
between the two conditions.29 Seizures were found to occur in 13% of 
patients with either en coup de sabre or Parry Romberg syndrome.29 
Treatment of linear scleroderma most often involves the use of metho-
trexate or antimalarial agents, but cyclosporine and tissue allografts 
have also been employed.15,22,30

CONDITIONS THAT MIMIC SCLERODERMA
Scleromyxedema
Scleromyxedema is a rare condition characterized by mucin deposition 
in the skin and other organs and typically with the production of a 
monoclonal IgG protein.31-36 The first documented cases were described 
at the turn of the 19th century by Dubreuilh and Reitmann37,38 and 
were initially described as generalized lichen myxedematosus. Another 
term formerly used to describe the condition was generalized lichenoid 
papular eruption. The condition was renamed scleromyxedema by 
Gottron in 1954.39 In Gottron’s description, the characteristic features 
consisted of generalized, waxy papules with induration and thickening. 
Other synonyms of scleromyxedema that appear in the literature 
include scleromyxedema of Arndt-Gottron, papular mucinosis, and 
lichen myxedematosus. Rongiolletti and Rebora have suggested that 
the term scleromyxedema should be applied to the generalized form of 
lichen myxedematosus, whereas papular mucinosis should be applied 
to the more localized form of the disease.32

Although pathophysiology of scleromyxedema is unknown, as is the 
case with scleroderma, fibroblasts appear to have a central role. Studies 
have shown that serum from patients with scleromyxedema stimulates 
in vitro proliferation of normal dermal fibroblasts.40 Fibroblasts 
from patients with scleromyxedema appear to synthesize high quanti-
ties of hyaluronic acid and, subsequently, greater amounts of mucin. 
Further, heparin sulfate proteoglycan obtained from scleromyxedema 
papules has been shown to promote in vitro fibroblast growth 
factor activity. Therefore fibroblasts appear to play an integral part in 
scleromyxedema.

Approximately 83% of patients with this condition have an IgG 
monoclonal protein, although there appears to be no clear quantitative 
relationship between the level of paraprotein and clinical manifesta-
tions.41 In one study of treatment with autologous stem cell transplan-
tation in five patients, only two patients had eradication of their 
monoclonal protein and there was no association with clinical improve-
ment and the presence or absence of monoclonal protein.42

The histology of scleromyxedema is characterized by a triad of 
mucin deposition, fibroblast proliferation, and fibrosis.43 This occurs 
primarily in the upper and mid reticular dermis (Fig. 143.3). Elastin 
fibers tend to be decreased in quantity and the epidermis may be thin. 
Hair follicles may be atrophic. A slight perivascular and superficial 
lymphocytic and plasmacytic infiltrate may also be present.

The clinical features of scleromyxedema are characterized by a wide-
spread symmetric eruption of small waxy papules, which are often 
linearly and closely spaced.41 They are typically 2 to 3 mm, dome 
shaped, or flat topped and may include the face, neck, distal forearms, 
and hands, typically sparing the palms, scalp, and mucous membranes 
(Fig. 143.4). The lesions are typically not pruritic; however, Koebner 
phenomenon may occasionally occur. Leonine facies may also be seen. 
Skin stiffness may decrease range of motion in the joints of the hands 

Fig. 143.3 Histologic features of scleromyxedema showing marked fibroblast 
infiltration, increased and disorganized collagen deposition, and extensive 
dermal mucin deposits.

Fig. 143.4 Typical waxy papular deposits in scleromyxedema. (Courtesy Dr. 
Alan Tyndall.)
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peripheral nerve compression, especially carpal tunnel syndrome. True 
sclerodactyly and nailfold capillary abnormalities do not occur.

Laboratory features include a peripheral eosinophilia, which may be 
present in up to 80% of cases. Laboratory findings include polyclonal 
hypergammaglobulinemia and increased acute-phase reactant such as 
the erythrocyte sedimentation rate and C-reactive protein.

Eosinophilic fasciitis has been associated with malignancy with 
especial representation by hematologic malignancies including leuke-
mia and aplastic anemia.69-74

Published series suggest that corticosteroids appear to be the first 
line of treatment for eosinophilic fasciitis. Other therapies have 
included antihistamines, D-penicillamine, antimalarials, and cytotoxic 
agents. Endo and colleagues75 recently reported a review of a large 
number of EF cases and defined the clinical variables associated with 
poorer outcome (defined as refractory disease or residual skin fibrosis 
despite prolonged treatment) and these included young age, presence 
of morphea-like skin lesions, and trunk involvement. An important 
component of treatment is physical therapy to minimize the sequelae 
of flexion contractions and their subsequent disability.

Chronic graft-versus-host
Graft-versus-host disease (GVHD) is the most common serious com-
plication of allogeneic hematopoietic stem cell transplantation. GVHD 
comes in two forms: acute and chronic. Acute GVHD induces a variety 
of clinical conditions that include dermal, gastrointestinal, and pulmo-
nary complications and occurs in approximately 30% to 50% of sibling 
donor recipients and a higher fraction of unrelated donor recipients.76 
The pathogenesis of GVHD is multifactorial, but the current accepted 
paradigm involves agreement that conditioning regimen toxicity 
exposes neoantigens, enhances cytokine release, augments antigen-
presenting cell presentation of alloantigen to incoming donor T cells, 
and initiates an immunologic storm. Infused donor T cells recognize 
alloantigenic peptides and are activated, expand, and migrate to lym-
phoid organs, allowing further peripheral expansion. This triggers the 
cytokine and cytolytic apoptotic injury manifest as GVHD.

Chronic disease (cGVHD) occurs with high likelihood after acute 
GVHD. Chronic GVHD is a distinct syndrome but shares overlapping 
features of acute GVHD. Both share features such as an erythematous 
skin eruption, nausea, vomiting, diarrhea, and cholestatic liver disease. 
Distinctive or differentiating features of chronic GVHD include sicca 
syndrome, obstructive bronchiolitis, and lichenoid or sclerotic skin 
changes that bear the closest similarity to scleroderma.77 Skin mani-
festations may also include telangiectasias, ulcers, and joint contrac-
tures, but Raynaud phenomenon is not seen. Treatment of cGVHD 
requires extended-duration immunosuppressive therapy, infection pro-
phylaxis, nutritional management, and physical therapy. Corticoste-
roids remain the mainstay of therapy, but often they are not fully 

Scleredema
Scleredema or scleredema adultorum of Buschke is a condition that 
mimics scleroderma and is characterized by firm, non-pitting edema 
that typically begins on the neck and spreads to the face, scalp, shoul-
ders, and trunk.50 The hands and feet are characteristically spared. The 
condition appears to occur in several variants, which may be associated 
with or may follow an infection or it can be associated with diabetes, 
but some cases have neither association. The condition was first 
described by Buschke in 1902, who reported a 46-year-old carriage 
varnisher who developed skin hardening on the neck, spreading to 
involve all parts of his body except the hands and thighs.51 His patient 
had the onset of symptoms following an episode of influenza. Graff 
subsequently described three variants of scleredema.52 Type I was con-
sidered the classic type identified by Buschke following an infection or 
febrile illness with resolution occurring in months to years. Type II 
had no preceding febrile illness and no apparent underlying cause and 
tended to follow a slow, progressive course with an increased risk of 
developing paraproteinemia including multiple myeloma. Type III was 
termed diabetic scleredema, given the association with diabetes.

Skin biopsies in scleredema typically show that the epidermis is not 
involved.50 The dermis tends to be thickened, up to four times normal, 
with swollen collagen fibers separated by wide spaces in which acid 
mucopolysaccharides are found.53 Although patients with scleredema 
have predominantly dermal involvement, some series have indicated 
extracutaneous involvement with mucopolysaccharide staining in one 
case within the myocardium.54 Tongue involvement causing difficulty 
swallowing and dysphagia has also been described, as has ocular bone 
marrow and salivary infiltration.43

The therapy of scleredema has included trials of pituitary extract, 
thyroid hormone, immunosuppressants, antibiotics, corticosteroids, 
and physiotherapy, but none has proven consistently effective.41 Several 
reports have suggested marked improvement following electron beam 
therapy.55

Eosinophilic fasciitis
Eosinophilic fasciitis (EF) was first reported by Shulman in 1974, 
describing two patients presenting with scleroderma-like skin changes 
with induration of subcutaneous tissue involving the extremities and 
associated with peripheral eosinophilia.56

Deep dermal biopsies showed evidence of diffuse fasciitis, and the 
condition was later termed eosinophilic fasciitis.57,58 Other terms used 
to describe this syndrome include Shulman disease and diffuse fasciitis 
with eosinophilia. Similar conditions resulting from the ingestion of 
toxic contaminants have also been reported in two epidemics, one 
termed the toxic oil syndrome in Spain and the eosinophilia-myalgia 
syndrome in the United States.59-62 The conditions were also character-
ized by eosinophilia, variable skin fibrosis, and pathologic evidence of 
fasciitis. These conditions, in some cases, resulted in severe multisys-
tem involvement and a high mortality rate, which is uncommon with 
EF.

The histopathologic features of EF are dermal and hypodermal scle-
rosis associated with fibrotic thickening of the subcutaneous adipose 
lobular septa, superficial fascia, and perimysium.63 The epidermis is 
typically normal. There may be mild inflammation in the muscle layer. 
An antecedent history of vigorous exercise or trauma may occur in up 
to 50% of patients. Toxic exposures other than aniline denatured rape-
seed oil and L-tryptophan have not been found, although several cases 
have been associated with positive serologies for Borrelia burgdorferi; 
spirochetal organisms have been identified in some patients with 
EF.64,65

The clinical manifestations of EF often evolve in three stages, the 
first being pitting and edema. The second stage is “peau d’orange” and 
induration, with the arms and legs most commonly affected, often with 
the development of the “groove sign,” a dimpled appearance of the 
medial upper arm with elevation where the collapsed branchial vein 
leaves indentation (Fig. 143.5).66,67 Involvement of the feet and hands 
is uncommon. Low-grade myositis may be present, although the serum 
creatinine kinase level is usually normal.68 The third stage may include 
periarticular involvement and atrophy of muscles and may result in 
flexion contractures and significant functional disability, as well as 

Fig. 143.5 The “groove sign” of eosinophilic fasciitis.
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has been considerable interest in strategies to prevent cGVHD by using 
ex vivo T cell–depleted allogenic bone marrow transplantation, which 
appears to be associated with lower rates of cGVHD. Similarly, in vivo 
T-cell depletion with alemtuzumab or antithymocyte globulin has been 
reported to produce low rates of cGVHD.78

effective, and long-term use leads to multiple complications. Other 
agents including calcineurin inhibitors, sirolimus, mycophenolate 
mofetil, thalidomide, pentostatin, and extracorporeal photopheresis 
have all produced responses in phase 2 trials, but no agent has been 
shown to be superior to corticosteroids in randomized trials.78 Because 
T cells are thought to play a central role as effectors of cGVHD, there 
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myopathies [IIMs] in the remainder of this chapter). The previously 
referenced Bohan and Peter criteria have been used most frequently 
(Box 144.1), with essential elements that include proximal muscle 
weakness on physical examination, increased serum muscle enzymes, 
an abnormal electromyogram (EMG), a muscle biopsy consistent with 
myositis, and (in the case of dermatomyositis) a characteristic rash. 
The sensitivity of these criteria in a number of published studies aver-
aged 70% for definite myositis, whereas their specificity in discriminat-
ing myositis patients from those with systemic lupus erythematosus 
(SLE) or systemic sclerosis (SSc) combined was 93%.7

Coupled with the description of more recent disease subsets such 
as inclusion body myositis (IBM) and amyopathic dermatomyositis 
(ADM, rash of DM but no overt muscle weakness),8 the introduction 
of novel autoantibody tests and magnetic resonance imaging has led 
current myositis investigators to pursue efforts to update the Bohan 
and Peter criteria.

Association with other disorders
PM-DM occurs in overlap with SSc more than any other connective 
tissue disease, often associated with one of several serum autoantibod-
ies such as anti-U1-RNP, anti-PM-Scl, or anti-U3-RNP.9,10 In one 
study the majority of IIM patients (60%) had overlap with another 
connective tissue disease when clinical and serologic features contrib-
uted to classification.11 Myositis has also been described in association 
with rheumatoid arthritis, systemic lupus erythematosus (SLE), Sjögren 
syndrome, Churg-Strauss arteritis, Lyme disease, localized forms of 
scleroderma, thrombotic and immune thrombocytopenic purpura, 
antiphospholipid antibody syndrome, celiac disease, and autoimmune 
thyroid disease. A disturbing association of DM with progressive mul-
tifocal leukoencephalopathy was reported in two patients.12 As with 
PM and DM, IBM may be associated with other connective tissue 
diseases, most notably Sjögren syndrome and SLE.13 Obstructive sleep 
apnea has recently been reported to be common in IIM patients, 
perhaps contributing to persistent fatigue.14

Incidence and prevalence by age, race, and sex
The overall incidence of IIM ranges from 2 to 10 new cases per million 
persons at risk per year in various populations. These rates likely 
underestimate the true incidence because all possible sources of ascer-
tainment have not been examined. Furthermore, there is a trend 
toward increasing incidence in several communities over time, prob-
ably due to increased physician awareness rather than a true increase 
in disease occurrence. The prevalence of IBM in Western Australia 
noted the highest reported figure to date, with a prevalence of 14.9 per 
million that increased to 51.3 cases per million in people older than 
the age of 50.15

Although inflammatory myopathy can occur at any age, the observed 
pattern of occurrence includes both childhood and adult peaks, with  
a relative paucity of patients experiencing disease onset in the adoles-
cent or young adult years.16 As expected, the mean age of myositis 
onset is increased when there is an associated malignancy. The  
overall female-to-male incidence ratio is 2.5:1. This ratio is lower 
(nearly 1:1) in childhood disease and with malignancy but is high (10:1) 
when there is a coexisting connective tissue disease. IIM has a 3 to 4:1 

Clinical features, classification, and 
epidemiology of inflammatory 
muscle disease
Chester V. Oddis and Dana P. Ascherman

 Chronic inflammation of striated muscle (myositis) with 
characteristic cutaneous features (rash of dermatomyositis) and a 
variety of systemic complications occur.

 Cellular and humoral immunologic features include serum 
autoantibodies that are associated with clinical syndromes. 
Myositis is a major manifestation.

 Inflammatory muscle disease is a member of the connective tissue 
disease family, as indicated by other autoimmune disease 
associations and a response to immunosuppressive therapy.

 Usually there is painless, symmetrical proximal muscle weakness 
with or without rash.

 Serum muscle enzymes are increased, most notably the creatine 
kinase.

 An abnormal electromyogram shows myopathy, and a muscle 
biopsy demonstrates inflammatory infiltrates.

 Involvement of other organ systems includes the lung, heart, 
gastrointestinal tract, and joints.

 Dermatomyositis associated with malignancy occurs in the 
middle-aged and elderly population.

HISTORY
The characteristic “heliotrope” rash of dermatomyositis was first 
described in 1875 when a 17-year-old waiter from Paris presented with 
fatigue, pain in the extremities, and erythema of the eyelids.1 Eleven 
years later Wagner coined the term polymyositis (PM) to describe a 
woman presenting with muscle weakness accompanied by diffuse 
muscle and joint pain.2 In 1888 the first American case of polymyositis 
documented by muscle biopsy was reported in New York.3 Unverricht 
introduced the term dermatomyositis (DM) in 1891 to describe a 
39-year-old pregnant woman with facial erythema and tense, swollen, 
and erythematous legs and thighs, who subsequently developed myal-
gias with muscle weakness and atrophy. Gottron, in 1930, reported on 
the skin lesions of dermatomyositis that bear his name, describing 
“rounded foci of tense atrophy over carpo-metacarpal joints.” Although 
dermatomyositis associated with carcinoma was reported in 1916, it 
was not until 1935 that Becezny, a Prague dermatologist, suggested a 
definitive relationship between dermatomyositis and cancer.4 Finally, 
the pathology of inclusion body myositis was described in 1967 and 
later named in 1971. By 1975, Bohan and Peter proposed five criteria 
for the diagnosis of PM and DM that are still used today,5 and the 
subsequent discovery of autoantibodies associated with the myositis 
syndromes has ultimately led to a different classification scheme incor-
porating serologic features.6

EPIDEMIOLOGY
Classification criteria
Many classification systems have been proposed in PM-DM (also 
referred to collectively as myositis or the idiopathic inflammatory 
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at the human leukocyte antigen (HLA) DQA1 locus has been linked 
with familial inflammatory myopathy.29 Furthermore, other autoim-
mune diseases occur four times more frequently in first-degree relatives 
of patients with IIM (21.9%) than in first-degree relatives of control 
probands (4.9%).30

Recent large U.K. and U.S.-based efforts studying Caucasian IIM 
patients have uncovered significant correlations of genotype with clini-
cal and serologic profiles in myositis.31-33 These findings emphasize the 
importance of HLA haplotypes and peptide-binding motifs in discrimi-
nating between IIM subsets. Alleles of the 8.1 ancestral haplotype 
(HLA-DRB1*03-DQA1*05-DQB1*02), for example, are important risk 
factors for the development of myositis in anti-synthetase, antibody-
positive patients, as well as those producing anti-La, anti-PM/Scl, and 
anti-Ro autoantibodies.33 Although anti-Jo-1 and anti-PM-Scl anti-
body-positive cases share the 8.1 ancestral haplotype, analysis of the 
HLA-DPB1 region has shown that DPB1*0101 is associated with anti-
Jo-1 positivity but not with formation of anti-PM-Scl antibodies.34 
Additional novel HLA susceptibility factors are associated with other 
myositis-specific and myositis-associated antibodies.

JDM has been found to be associated with HLA-DQA1*0501, and 
the closely linked DRB1*0301 allele is also a risk factor for IIM in 
white populations.35 Complementing this linkage analysis, single 
nucleotide polymorphism studies in myositis populations have identi-
fied associations in genes outside the MHC area. Genes regulating 
cytokines and their receptors—including PTPN22, interleukin (IL)-1, 
and tumor necrosis factor (TNF)-a—appear to play a role in the 
development and course of both childhood and adult-onset 
myositis.36-39

CLINICAL FEATURES
Presentation
The presenting features of the different myositis syndromes vary con-
siderably from patient to patient (Table 144.1). The most frequent 
symptom is insidious, progressive, and painless symmetric proximal 
muscle weakness over the course of 3 to 6 months before the first visit 
to a physician. Some patients, especially children and young adults 
with DM, have a more acute onset of disease, with muscle pain and 
weakness developing rapidly over the course of several weeks. In the 
latter scenario, constitutional features such as low-grade fever and 
fatigue are more common. Other patients complain of only proximal 
myalgias, without significant weakness. In contrast to these clinical 
patterns, a subset of patients (typically older men) present with slowly 
evolving, sometimes asymmetric weakness over the course of 1 to 10 
years that involves atrophy of the quadriceps muscles, weakness of the 
pelvic girdle and distal extremity muscles, and pathologic features of 
IBM on muscle biopsy.

Other early findings attributable to muscle weakness each occur in 
approximately 5% of patients. They include pitting edema of the 
extremities or eyelids as a combined result of hypoalbuminemia, capil-
lary leakage, and lack of muscle tone needed to promote central venous 
return. Pharyngeal muscle weakness may contribute to hoarseness, 
dysphagia, nasal regurgitation of liquids, or aspiration pneumonia. 
Ventilatory muscle weakness may contribute to dyspnea, though 

African American–to-white ratio of incidence. Similar to SLE and sys-
temic sclerosis, there is a younger adult-onset peak among African 
Americans.

Environmental factors
No striking associations with environmental exposures have been iden-
tified for IIM. However, the relative prevalence of IIM in Europe 
increases significantly (sevenfold) from the north (Iceland) to the south 
(Greece), which could have either an environmental or a genetic expla-
nation.17 Spatial clustering was found in one series18 but has not been 
verified in other studies. In a similar effort to assess whether pheno-
typic differences in myositis stem from ultraviolet (UV) exposure, 
investigators noted that the expression of anti-Mi-2 autoantibodies in 
women was associated with UV radiation intensity,19 demonstrating 
that UV radiation may modulate the clinical and immunologic expres-
sion of autoimmune disease in myositis.

Disease onset is more frequent in the winter and spring months, 
especially in childhood cases, consistent with triggering by infectious 
agents. In one study a history of antecedent respiratory or gastrointes-
tinal complaints, treated with antibiotics, often preceded the onset of 
juvenile dermatomyositis (JDM), but these observations were uncon-
trolled.20 Seasonal birth patterns appear to be more common in juvenile 
myositis as opposed to adult IIM, perhaps suggesting a greater influ-
ence of perinatal exposures in childhood myositis.21 Disease relapses 
were noted most frequently during summer months, perhaps precipi-
tated by infection or sun exposure.22 Lending additional support to 
possible seasonal/environmental contributions, myositis onset in anti-
synthetase, antibody-positive, non-black males was disproportionately 
more frequent in March or April.23 In addition, serum antibodies to 
Coxsackie B viruses are more prevalent in patients with JDM compared 
with controls with juvenile rheumatoid arthritis,24 supporting the pos-
sibility of an infectious trigger.

DM and PM have occurred in human immunodeficiency virus 
(HIV)-infected patients in whom the myositis was responsive to corti-
costeroids and immunosuppressive agents, with no adverse effect on 
the HIV infection.25 Myositis occurs disproportionately more frequently 
in persons with chronic graft-versus-host disease (GVHD) after hema-
topoietic stem cell transplantation, suggesting that skeletal muscle 
may be a target in some GVHD patients.26

Genetic factors
Over the past several years, a number of studies have provided consid-
erable insight regarding genetic contributions to IIM. In fact, the occur-
rence of IIM in monozygotic twins and first-degree relatives of cases 
supports a genetic predisposition in some families.27,28 Homozygosity 

TABLE 144.1 TYPES AND FREQUENCIES OF PRESENTING CLINICAL 
SYNDROMES IN POLYMYOSITIS-DERMATOMYOSITIS

Syndrome Estimated frequency (%)

Painless proximal weakness (over 3-6 mo) 55

Acute or subacute proximal pain and weakness 
(over weeks to 2 mo)

30

Insidious proximal and distal weakness (over 
1-10 yr)

10

Proximal myalgia alone 5

Dermatomyositis rash alone; extremity edema <1

BOX 144.1 BOHAN AND PETER CRITERIA FOR THE DIAGNOSIS OF 
POLYMYOSITIS AND DERMATOMYOSITIS
Individual criteria
1. Symmetric proximal muscle weakness
2. Muscle biopsy evidence of myositis
3. Increase in serum skeletal muscle enzymes
4. Characteristic electromyographic pattern
5. Typical rash of dermatomyositis

Diagnostic criteria
Polymyositis:

Definite: all of 1-4
Probable: any 3 of 1-4
Possible: any 2 of 1-4

Dermatomyositis:
Definite: 5 plus any 3 of 1-4
Probable: 5 plus any 2 of 1-4
Possible: 5 plus any 1 of 1-4

Modified from Bohan A, Peter JB. Polymyositis and dermatomyositis. N Engl J Med 
1975;292:344-347,403-407.
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Physical examination using manual muscle testing is desirable to 
confirm weakness of individual muscles or groups of muscles. Several 
different scales have been proposed to quantitate the degree of muscle 
weakness, particularly for clinical trials. Table 144.2 outlines and 
compares the most frequently used methods. The severity of weakness 
in the individual patient should be serially assessed and recorded using 
one of these scales, though a more complete assessment should 
combine muscle strength testing with functional measures. In juvenile 
myositis, the Childhood Myositis Assessment Scale has been shown 
to be reliable and valid for assessing physical function, muscle strength, 
and endurance.48 Other more quantitative means of measuring muscle 
strength are time-consuming and include the use of expensive equip-
ment, but some simpler methods using hand-held devices have been 
validated in other neuromuscular diseases.49

Unlike muscle weakness, which is a hallmark of PM-DM, muscle 
hypertrophy is more characteristic of muscular dystrophy. Muscle 
atrophy and joint contractures are sequelae of disease damage; they are 
therefore late findings in chronic PM-DM, contrasting with IBM, in 
which muscle atrophy is more common at presentation.

Skin
DM has a characteristic skin rash that may precede, develop simulta-
neously with, or follow muscle symptoms. Gottron papules and the 
heliotrope rash are considered pathognomonic cutaneous features of 
DM. Gottron papules (Fig. 144.1) are scaly, erythematous or violaceous 
papules, and plaques located over bony prominences, particularly the 
metacarpophalangeal and proximal and distal interphalangeal joints of 
the hands. Gottron sign (Fig. 144.2) is a macular erythema that occurs 
in the same distribution and over other extensor areas such as the 
elbows, knees, and ankles. One of these rashes is seen in 60% to 80% 
of patients with DM. Later in the disease course, the affected skin 
lesions may become shiny, atrophic, and hypopigmented with telangi-
ectasias. Seen in less than 50% of patients with DM, the heliotrope 
rash is purplish in color, may be edematous or scaling in nature,  
and is located in the periorbital area, especially over the upper eyelids 
(Fig. 144.3a and b). Cutaneous photosensitivity with facial erythema 
(Fig. 144.4), or a “V sign” over the anterior chest (Fig. 144.5), may 
also be seen in DM. Pruritus is common and under-recognized,50 
particularly in the scalp (Fig. 144.6), and its presence differentiates DM 
from SLE, in which pruritus is uncommon.

interstitial lung disease (ILD) is a more common cause of pulmonary 
dysfunction.

Distinctive cutaneous manifestations (described in detail later) are 
often the initial findings in IIM and may be present for a prolonged 
period of time (months) before muscle weakness is detected. In patients 
with a DM rash as the sole or predominant manifestation for more 
than 2 years, the term amyopathic or hypomyopathic DM is used. 
However, the latter patients remain at risk for fatal ILD, malignancy, 
or even delayed-onset, full-blown DM.40

Presenting clinical manifestations often “cluster” together, resulting 
in distinct syndromes. For example, patients with anti-aminoacyl-
tRNA synthetase autoantibodies such as anti-Jo-1 antibody have a 
constellation of findings in addition to myositis, including fever, 
Raynaud phenomenon, mechanic’s hands, polyarthritis, and ILD. 
When PM or DM overlaps with another connective tissue disease, 
certain combinations of findings tend to occur. When myositis overlaps 
with SSc, for example, Raynaud phenomenon, puffy fingers, sclerodac-
tyly, and distal esophageal (smooth muscle) hypomotility may be 
prominent clinical features. On the other hand, myositis overlapping 
with SLE may involve photosensitivity, malar rash, alopecia, polyar-
thralgias, pleurisy, and leukopenia. These syndromes are discussed in 
greater detail in the following section.

Constitutional
Fatigue is a prominent complaint in patients with IIM, and it may 
persist even after adequate treatment of myositis. Fever is more com-
monly observed with JDM, but adults with the anti-synthetase syn-
drome may also have fever at the onset of disease or with flares of 
active disease. Weight loss may occur in myositis patients as in any 
systemic inflammatory disorder, but if persistent and severe, associated 
malignancy should be considered. Additional factors contributing to 
weight loss include poor caloric intake associated with pharyngeal stri-
ated muscle dysfunction or esophageal dysmotility.

Skeletal muscle
In myositis, patients complain of difficulty in performing activities 
requiring normal upper or lower limb strength. The onset is typically 
insidious, bilateral, symmetrical, and painless, with involvement of 
proximal more than distal muscles. An exception is IBM, in which 
asymmetric distal weakness and atrophy are as prominent as proximal 
muscle findings. In PM-DM, the lower extremity (pelvic girdle) is often 
affected initially, resulting in difficulty walking up steps or arising from 
a chair or toilet seat. The patient may fall and be unable to arise 
without assistance. Involvement of the hip flexors correlates with 
impaired walking speed in juvenile myositis patients, and impaired 
strength in specific lower extremity muscle groups predicts gait limita-
tions in children.41

Upper extremity (shoulder girdle) symptoms follow, with patients 
experiencing difficulty raising their arms overhead or combing their 
hair. Neck flexor weakness is manifested by the inability to raise the 
head from a pillow. Muscle pain may occur and is more common in 
DM, particularly with exercise. Proximal dysphagia, with nasal regur-
gitation of liquids and pulmonary aspiration, reflects pharyngeal stri-
ated muscle involvement and is a poor prognostic sign seen with severe 
disease. Pharyngeal weakness also results in hoarseness or dysphonia, 
giving the voice a nasal quality. Ocular or facial muscle weakness is 
uncommon in PM-DM, and their presence should therefore prompt 
consideration of another diagnosis.

Both aerobic and anaerobic capacity of muscle is compromised in 
JDM and can be assessed both reliably and quantitatively.42,43 Aerobic 
exercise limitation correlates best with measures of disease damage.44 
Nevertheless, the weight of available evidence suggests that exercise 
programs do not exacerbate myositis inflammation in either adult  
or juvenile myositis. In fact, patients with chronic disease tolerate 
intensive resistance training that results in increased muscle strength 
and endurance with no evidence of increased muscle inflammation.45 
These findings are similar to results from a home exercise program  
in new-onset myositis, in which improved muscle function and  
quality of life were noted without signs of worsening muscle 
inflammation.46,47

TABLE 144.2 KEY TO MUSCLE GRADING

Function of the muscle Grade Symbol

No contraction felt in the muscle 0 0 Zero

Tendon becomes prominent or feeble contraction 
felt in the muscle, but no visible movement of the 
part

0.5 1 Trace

Movement in horizontal plane

 Moves through partial range of motion 1 2− Poor−

 Moves through complete range of motion 2 2 Poor

 Antigravity position

 Moves through partial range of motion 3 2+ Poor+

Gradual release from test position 4 3− Fair−

Holds test position (no added pressure) 5 3 Fair

Holds test position against slight pressure 6 3+ Fair+

Holds test position against slight to moderate 
pressure

7 4− Good−

Holds test position against moderate pressure 8 4 Good

Holds test position against moderate to strong 
pressure

9 4+ Good+

Holds test position against strong pressure 10 5 Normal

Adapted from Kendall FP, McCreary EK. Muscle testing and function, 4th ed. Baltimore: Williams 
& Wilkins, 1993.
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Fig. 144.1 Gottron papules. This erythematous, scaling rash over the knuckles 
and dorsum of the hand is a common early sign in dermatomyositis. It can be 
distinguished from the rash of systemic lupus erythematosus, which usually 
affects the phalanges and spares the knuckles.

Fig. 144.2 Gottron sign. Scaling, macular erythema over the extensor surface 
of the elbow in a patient with dermatomyositis.

a b

Fig. 144.3 (a) Heliotrope rash of dermatomyositis demonstrating both erythema and diffuse periorbital edema. (b) As opposed to the periorbital edema in (a), 
this patient demonstrates more erythema and scaling with less swelling.

Involvement of the nasolabial area and forehead is an additional 
distinguishing feature of DM compared with SLE. The “shawl sign” 
refers to a rash located over the nape of the neck, upper back, and 
across both shoulders (Fig. 144.7). Located on the lateral surface of the 
thighs and hips, the “holster sign” is being increasingly noted as a skin 
feature of DM (Fig. 144.8). Erythroderma refers to a generalized, con-
fluent erythema involving both sun-exposed and non–sun-exposed 
skin. Cutaneous ulceration, which occurs primarily in severe JDM, 
reflects extensive injury to the dermis or deeper tissue. Cuticular hyper-
trophy and hemorrhage with periungual erythema, telangiectasia, 
infarcts, and capillary dilation are seen in both DM and myositis in 
overlap with other connective tissue diseases (Fig. 144.9). Cracking 
and/or fissuring of the lateral and palmar digital skin pads is termed 
mechanic’s hands (Fig. 144.10) and is most frequently seen in patients 
with PM who have anti-tRNA synthetase or anti-PM-Scl 
autoantibodies.51

Other cutaneous findings seen in IIM patients are listed in Box 
144.2.52 Panniculitis may be the presenting feature and is being increas-
ingly reported in association with myositis.53 Occult magnetic 

resonance imaging (MRI) abnormalities in the subcutaneous tissue of 
JDM patients may indicate active panniculitis, which later progresses 
to clinically evident calcinosis.54 Lipodystrophy was reported in a 
cohort of JDM patients with three distinct phenotypes of generalized, 
partial, or focal features. Some of these 28 patients also demonstrated 
autoantibody associations and other clinical findings such as calcino-
sis, muscle atrophy with joint contractures, and rash.55 “Linear exten-
sor erythema” consists of non-pruritic linear streaks on the extensor 
aspects of the legs, thighs, and arms, as well as the dorsal aspects of 
the fingers, hands, and feet. Hyperkeratotic skin lesions, including 
pityriasis rubra pilaris, have been reported.56 Cutaneous necrosis, 
involving the epidermis, digits (Fig. 144.11), or multiple areas, may 
predict cancer in adult DM.57

Calcinosis
Soft tissue calcification, which can be disabling, occurs most com-
monly in chronic, childhood-onset DM and is less frequent in adult-
onset disease.58 Calcinosis may appear in well-controlled myositis but 
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Fig. 144.4 The facial rash of dermatomyositis. Note the malar-like rash of 
dermatomyositis, which also involves the nasolabial area (an area often spared 
in systemic lupus erythematosus). Patchy involvement of the forehead and 
chin is also present.

Fig. 144.5 V-neck rash in a patient with dermatomyositis demonstrating 
photosensitive nature over anterior chest.

Fig. 144.6 Scalp rash of dermatomyositis. Note the scaling erythema of the 
scalp in this patient with dermatomyositis.

Fig. 144.7 “Shawl sign” in a patient with dermatomyositis featuring an 
erythematous rash across the upper back and extending onto the neck in the 
distribution of where a shawl is worn.

Fig. 144.8 “Holster sign” in dermatomyositis patient demonstrates erythema 
on the lateral thigh adjacent to hand of same patient with Gottron erythema.

Fig. 144.9 Cuticular overgrowth with periungual erythema and capillary 
dilatation in a patient with dermatomyositis.
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more typically occurs in the setting of chronic, active disease or after 
a prolonged delay in the initiation of corticosteroid treatment. Recently, 
autoantibodies to a newly described 140-kDa antigen have been found 
in JDM with a clinical phenotype that includes calcinosis.59 The patho-
genesis of calcinosis is multifactorial but likely relates to the effects of 
cytokines found in calcinotic fluid in JDM.60 Due to the disorganized 
nature of JDM calcifications and their differing structure and composi-
tion compared with bone, it has been suggested that they do not form 
from an osteogenic pathway.61

Calcinosis may be intracutaneous, subcutaneous, fascial, or intra-
muscular in location, with a predilection for sites of repeated micro-
trauma (elbows, knees, flexor surfaces of fingers, and buttocks). 
Troubling complications of calcinosis include formation of an exoskel-
eton and cutaneous ulceration with secondary infection and joint con-
tractures. Medical therapy has been disappointing; however, 
bisphosphonates62 have led to rapid improvement in some cases, 
whereas probenecid and infliximab have been beneficial in other 
situations.63,64

Joints
Polyarthralgias or polyarthritis, if they occur, appear early in the disease 
course. The distribution is rheumatoid-like, and the symptoms are 
relatively mild. Joint findings are more common with overlap and the 
anti-synthetase syndromes but are frequently encountered in childhood 
dermatomyositis as well.65 The arthropathy associated with anti-Jo-1 
and other anti-synthetase autoantibodies can be chronic and deform-
ing,66 with interphalangeal thumb joint instability (“floppy thumb 
sign”), erosions,67 and periarticular calcifications. These “pseudorheu-
matoid” changes in a Jo-1–positive patient are shown in Figure 144.12. 
Other unusual anti-Jo-1 antibody–associated articular features have 
been described.68

Lung
The lung is the most common extramuscular target in PM-DM. Often 
overshadowing other features of myositis, pulmonary disease may be 
observed in patients without overt muscle involvement such as those 
with ADM.69-71 Dyspnea in the myositis patient has many potential 
causes (Box 144.3), including parenchymal and non-parenchymal prob-
lems such as ventilatory (diaphragmatic and intercostal) muscle weak-
ness or cardiac dysfunction (see later). However, ventilatory muscle 
weakness leading to respiratory failure or significant dyspnea is uncom-
mon, occurring in less than 5% of patients.72

The frequency of “intrinsic” pulmonary involvement has been 
reviewed.73 In 70 patients with ILD and either PM or DM,74 more than 
80% (18/22) with lung biopsies had non-specific interstitial pneumonia 
(NSIP) that was generally responsive to therapy with good survival 
(1-year: 85.8%; 3-year: 74.4%). Another retrospective study reported 36 
of 156 (23.1%) consecutive IIM patients with ILD, 25% of whom sub-
sequently deteriorated.75 A retrospective analysis of 151 PM and DM 
patients from China showed 30 (20%) developing ILD.76 Older age at 
onset, the presence of anti-Jo-1 autoantibodies, and joint symptoms 
were associated with ILD and a significantly shorter survival, as 53% 
of individuals with ILD died. In this Chinese cohort, poor survival in 
ILD correlated with male gender, a Hamman-Rich-like presentation, 
and a clinical diagnosis of acute interstitial pneumonitis. Beyond these 
factors, another study demonstrated that poorer survival corresponds 
to initial bronchoalveolar lavage (BAL) showing neutrophilic alveoli-
tis.74 A prospective study from Sweden identified 11 of 17 (65%) new 
PM and DM patients over a 2.5-year period with lung disease, 18% of 
whom had subclinical ILD.77 In another enriched population of 90 Jo-1 
antibody-positive patients with sufficient clinical, radiographic, and 
pulmonary function data, 77 (86%) met criteria for ILD.78 In contrast 
to adult PM-DM, pulmonary disease in JDM is rare, though it may be 
under-recognized.79,80

In general, the presence of a ground-glass appearance on high-reso-
lution computed tomography (HRCT) scans has been interpreted as 
alveolitis, a potentially treatment-responsive inflammatory condition 
with a more favorable prognosis.81 “Honeycombing,” on the other 
hand, corresponds to fibrosis that is less amenable to anti-inflamma-
tory or immunosuppressive therapy. Of 32 retrospectively studied 

Fig. 144.10 Mechanic’s hands. Note the erythema and hyperkeratotic changes 
and cracking of the skin on the lateral aspects of the fingers in this patient 
with the anti-Jo-1 autoantibody.

Fig. 144.11 Digital necrosis in a patient with dermatomyositis.

BOX 144.2 CUTANEOUS FEATURES OF THE IDIOPATHIC 
INFLAMMATORY MYOPATHIES
Pathognomonic signs in dermatomyositis
Gottron papules (60% to 80% of patients)
Heliotrope rash (≤50%)

Less specific signs in dermatomyositis
Gottron sign
Photosensitivity
“V” sign
Pruritic scalp involvement
“Shawl” sign
“Holster” sign
Nailfold capillary changes with cuticular overgrowth

Other skin findings in polymyositis or dermatomyositis52

Calcinosis
Mechanic’s hands
Panniculitis53,54

Linear extensor erythema
Pityriasis rubra pilaris (palmar plantar hyperkeratoses)56

Facial seborrhea
Papular mucinosis (scleromyxedema)
Acquired ichthyosis276

Vesiculobullous disorders277

Urticarial (lymphocytic) vasculitis
Acquired lipodystrophy and acanthosis nigricans55

Vitiligo
Multifocal lipoatrophy
Poikiloderma
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arterial hypertension due to hypoxemia-induced pulmonary vasocon-
striction. Diffuse alveolar hemorrhage with pulmonary capillaritis is 
uncommon but can be lethal. Pneumomediastinum, on the other 
hand, is increasingly reported and may be associated with rapidly pro-
gressive ILD in the setting of ADM.87-89 Although the potential for 
drug-induced lung injury can render some drugs like methotrexate 
hazardous, particularly in patients with known ILD and anti-Jo-1 auto-
antibodies, the use of such agents to treat myositis with non-existent 
or stable ILD is likely acceptable.

The reason for anti-Jo-1 (and other anti-synthetase) antibody-posi-
tive patients having such a high frequency of lung involvement is not 
well understood. However, one thought-provoking observation is that 
a proteolytically sensitive conformation of histidyl-tRNA synthetase 
exists in the lung, suggesting that autoimmunity to this antigen may 
be initiated and propagated in this tissue.90 Similarly, the occurrence 
of shared T-cell receptor gene segment usage in the muscle and lungs 
of a small group of IIM patients (some with the Jo-1 autoantibody) 
could indicate a common target antigen in these organs.91

Heart
Subclinical heart involvement is common in PM-DM, but the fre-
quency of reported heart abnormalities is clearly dependent on the 
aggressiveness of detection measures.92 The most common finding is 
a rhythm disturbance, presumably from inflammatory or fibrotic alter-
ation of the conducting system, and complete atrioventricular block 
has been reported.93 More ominous complications such as congestive 
heart failure (caused by myocarditis or myocardial fibrosis), pericardial 
tamponade, and restrictive cardiomyopathy are unusual.94,95 Affected 
patients complain of palpitations or dyspnea on exertion and can have 
tachycardia and other features of congestive heart failure on physical 
examination. Myocardial infarction may rarely result from coronary 
vasospasm, accelerated atherosclerosis associated with prolonged cor-
ticosteroid use, or coronary arteritis.

Gastrointestinal tract
The pharyngeal musculature is striated and thus can become inflamed 
and weak like striated muscle in other locations. The voice may become 
nasal in quality (dysphonia), and oropharyngeal swallowing dysfunc-
tion (upper dysphagia) can develop with difficulty in the initiation of 
deglutition or nasal regurgitation of liquids. If severe, aspiration of oral 
contents leads to chemical pneumonitis, sometimes complicated by 
secondary bacterial infection. Cricopharyngeal muscle dysfunction, 
more common in IBM but also occurring in other forms of IIM, can 
also result in dysphagia and the complaint of a blocking sensation with 
swallowing.96

Involvement of smooth muscle along any portion of the intestinal 
tract is possible in both overlap disorders, as well as pure PM and DM. 

patients who had chest HRCT, 15 (47%) presented acutely with respi-
ratory insufficiency, while 17 (53%) had a more gradual onset of ILD 
symptoms.82 Fever and HRCT findings of diffuse ground-glass opacities 
were common in the acute-onset group, contrasting with the gradual-
onset patients in whom neutrophil-predominant BAL fluid and non-
Jo-1 autoantibodies were characteristic. Although patients in the 
acute-onset group had a better initial treatment response at 3 months, 
they ultimately had more long-term ILD progression.

Pulmonary function testing (PFT) reveals restrictive physiology in 
myositis-associated ILD. This type of pulmonary involvement is com-
monly seen in association with anti-Jo-1 or other anti-aminoacyl-tRNA 
synthetase autoantibodies marking the anti-synthetase syndrome.

Although HRCT and PFTs provide useful information, histopatho-
logic classification may be the most critical determinant of disease 
course. In general, the progression of ILD is unpredictable, though 
some generalizations do apply. Although NSIP and the organizing 
pneumonias (see Box 144.3) represent more favorable histopathology, 
for example, usual interstitial pneumonitis (UIP) and diffuse alveolar 
damage (DAD) portend a more ominous course.72 Interestingly, DM-
associated ILD may be more commonly associated with DAD, reflect-
ing pulmonary histologic differences and HRCT findings that may 
further distinguish PM from DM.83,84 In addition, the concomitant 
finding of anti-Ro/SSA in patients with anti-synthetase autoantibodies 
may be associated with more severe and progressive ILD.85,86

Beyond these issues, parenchymal lung involvement may be associ-
ated with other less commonly considered complications. When ILD 
is advanced, for example, arterial desaturation occurs with exercise. 
Patients with progressive ILD can also develop secondary pulmonary 

a b

Fig. 144.12 Deforming arthropathy of polymyositis. (a) 
Rheumatoid-like deformities of the hand in a patient with 
the anti-Jo-1 autoantibody. (b) Radiograph of this patient’s 
hand, showing numerous subluxations but minimal bony 
erosive changes.

BOX 144.3 CAUSES OF DYSPNEA IN THE PATIENT WITH IDIOPATHIC 
INFLAMMATORY MYOPATHY
Non-pulmonary etiology
Respiratory muscle weakness
Cardiac involvement

Pulmonary etiology
Interstitial lung disease
 Non-specific interstitial pneumonitis (NSIP)
 Usual interstitial pneumonitis (UIP)
 Diffuse alveolar damage (DAD)
 Organizing pneumonias (cryptogenic organizing pneumonia—COP)
Pulmonary hypertension
Alveolar hemorrhage
Pneumomediastinum87-89

Infection (with or without aspiration)
Drug induced (e.g., methotrexate)
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by the patient but be interpreted as a symptom of depression by the 
discerning physician. Some of these non-neuromuscular causes of 
weakness and/or fatigue, separated into conditions causing episodic or 
persistent symptoms, are listed in Box 144.4.

If true muscle weakness is suspected, other medical history features 
should be elicited because of their usefulness in constructing a differ-
ential diagnosis. Importantly, some complaints are distinctly unusual 
in IIM and should suggest alternative diagnoses. For example, episodic 
weakness, especially after exercise or prolonged use of the affected 
muscles, occurs in myasthenia gravis and metabolic myopathies. 
Asymmetric or unilateral weakness, muscle cramps, and fasciculations 
suggest a primary neurologic disorder. Facial and ocular muscle weak-
ness rarely occurs in myositis but is frequent in myasthenia gravis. A 
family history of primary myopathy is common in heritable forms of 
muscle disease. Finally, a list of the patient’s medications may uncover 
an agent known to cause myopathy.

Non-inflammatory myopathies
The differential diagnosis of adult PM-DM is broad and includes 
numerous conditions capable of affecting skeletal muscle (Table 144.3). 
History, physical examination, and differences in laboratory test results 
serve as the primary features distinguishing these conditions. Although 
muscle biopsy may not be diagnostic in some patients with inflamma-
tory myopathy, it is an essential part of the evaluation and should 
include immunocytochemical and enzyme staining, as well as electron 
microscopy in selected cases.

Primary nerve diseases that potentially mimic myopathy include the 
spinal muscular atrophies, a group of autosomal recessive disorders 
leading to slowly progressive degeneration of spinal anterior horn cells 
(weakness, wasting), and amyotrophic lateral sclerosis, a disease that 
results in more rapid degeneration of both lower and upper motor 
neurons (bulbar or pseudobulbar palsy). Clouding the distinction 
between neuropathy and myopathy, bulbar-onset myositis can mas-
querade as motor neuron disease.

Myasthenia gravis is the prototypical disorder of the neuromuscular 
junction in which weakness often affects the extraocular and bulbar 
muscles, becoming worse with prolonged or repetitive use. A similar 
pattern of activity-increased weakness is found in Eaton-Lambert syn-
drome. Both of these diseases can cause proximal muscle weakness. 
Furthermore, although these conditions are distinguishable from IIM 
on the basis of characteristic electromyogram (EMG) patterns and the 
absence of increased serum muscle enzymes, a rare patient with myas-
thenia gravis may have myositis on muscle biopsy.118

The congenital myopathies, including the various forms of muscu-
lar dystrophy and nemaline myopathy, are hereditary conditions with 
onset of symptoms primarily in infancy or childhood, but occasionally 
in adulthood. Some congenital myopathies such as dysferlinopathies 
are difficult to differentiate from inflammatory myopathy; however, 
despite manifesting inflammation on muscle biopsies in a pattern 
similar to PM, they are distinguished by a slowly progressive downhill 
course generally unaffected by corticosteroid or immunosuppressive 
treatment.119 Confounding this issue, some recently described limb 

Patients note a retrosternal sticking sensation on swallowing bread or 
meat and heartburn (reflux) with esophageal body and gastroesophageal 
sphincter involvement, respectively. Postprandial symptoms of pain, 
bloating, distention (pseudo-obstruction), and/or watery diarrhea with 
weight loss (malabsorption syndrome) indicate small bowel involve-
ment. Total gut failure secondary to an atonic bowel, as well as pneu-
matosis cystoides intestinalis, have also been reported.97

Gastrointestinal mucosal ulceration and hemorrhage as a result of 
vasculitis can occur in JDM. Adult-onset DM may also have severe 
gastrointestinal manifestations including ascites.98,99 Active and quies-
cent myositis are increasingly reported in conjunction with other auto-
immune gastrointestinal disorders, including inflammatory bowel 
disease,100 primary biliary cirrhosis, sclerosing cholangitis, and celiac 
disease in adults (including IBM) and children.101-104

Peripheral vascular system
Raynaud phenomenon is observed in all IIM subsets except for malig-
nancy-associated forms. Systemic vasculitis is common in JDM but 
uncommon in adults.105 The inflammatory vascular lesions of DM 
include tender dermal and/or subcutaneous nodules, periungual 
infarcts, and digital ulcerations.

Kidney
Renal disease is considered unusual in myositis, though one study 
reported some form of kidney disease in 14 of 65 patients (21.5%). In 
this study, acute tubular necrosis with renal failure related to myoglo-
binuria was noted in four PM and five DM patients, while two addi-
tional DM patients with proteinuria had IgA nephropathy and 
membranous nephropathy on renal biopsy.106 Generalized edema and 
rhabdomyolysis with renal failure can be seen in IIM (particularly DM) 
but do not necessarily indicate primary renal disease.107,108

Miscellaneous
Visual complications have been increasingly reported in adult and 
juvenile myositis, including visual blurring and loss as a result of reti-
nopathy or retinal vasculitis.109-111 Oral manifestations include macro-
glossia,112 increased prevalence of dental caries, hyposalivation, and 
weak masticatory force.113 Thyroid disorders are relevant in IIM, as 
thyroid dysfunction (both autoimmune and non-autoimmune) can be 
associated with the onset or relapse of myositis disease activity.114 
Central nervous system (CNS) features are rare, but progressive mul-
tifocal leukoencephalopathy and CNS vasculitis have been seen in 
association with JDM and adult DM.110,115 An acute presentation of 
polymyositis and dermatomyositis with severe subcutaneous edema 
mimicking deep vein thrombosis has been reported116 along with four 
cases of hemophagocytic syndrome in both juvenile and adult DM.117

DIFFERENTIAL DIAGNOSIS
History and physical examination
Among patients with impaired muscle function, only half voluntarily 
complain about weakness. Other frequent symptoms are “tiredness” 
and “fatigue,” which must be interpreted with caution. Muscle weak-
ness, for example, refers to the inability to perform a single repetition 
of a specific task requiring muscle use. Fatigue, on the other hand, is 
the inability to continue performing a specific task after multiple rep-
etitions—features that distinguish this condition from asthenia, which 
refers to a feeling of exhaustion (often with coexisting depression) 
without specific complaints of muscle weakness. The examining physi-
cian must differentiate between muscle weakness and fatigue, as well 
as the difficulty of doing activities of daily living that primarily require 
endurance.

Muscle weakness and muscle fatigue imply primary disease of 
muscle (so-called myopathy) or the neuromuscular unit, rather than 
dysfunction due to cardiovascular, metabolic, endocrine, or psychiatric 
disorders. Of note, the patient often does not separate physical from 
mental function. For example, disinclination to interact with one’s 
family members and friends during leisure hours may be termed fatigue 

BOX 144.4 NON-NEUROMUSCULAR CAUSES OF WEAKNESS
Episodic weakness (acute attacks with recurrence)
Hypotension, cardiac arrhythmias
Hypoxia, hypercapnia
Hypoglycemia
Cerebrovascular insufficiency
Emotional states (hyperventilation, anxiety)
Persistent weakness
Anemia
Chronic or acute infection
Malignancy
Malnutrition
Advanced organ system failure (lung, heart, liver, kidney)
Metabolic disorders (hyperthyroidism, hyperparathyroidism, 

hypophosphatemia)
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to conventional therapy.123 Given these considerations, patients who 
do not have the characteristic rash of DM must have a biopsy to dis-
tinguish a non-inflammatory, metabolic, or dystrophic process from 
true PM.124 A comprehensive review on the diagnostic uncertainty 
associated with the inflammatory myopathies and the consideration of 
other myopathic syndromes has been published.125

Metabolic and mitochondrial myopathies that can be confused with 
IIM occur because of genetic defects that result in abnormal energy 
metabolism.126,127 Increasingly recognized forms of weakness that occur 
in the seriously ill patient include both critical illness polyneuropathy 
and acute myopathy of intensive care. These conditions, as well as 
drug-induced myopathies, are covered in detail in Chapter 147. Other 
causes of non-inflammatory proximal myopathy include vitamin D 
deficiency, calciphylaxis, adrenal insufficiency, hypophosphatemia, 
hypothyroidism,128 hyperthyroidism, carcinomatous neuropathy, and 
exposures to certain toxic substances.

Other inflammatory myopathies
Viral (e.g., human immunodeficiency, influenza), bacterial (e.g., staph-
ylococcal) and parasitic (e.g., trichinosis, toxoplasmosis) infections can 
mimic IIM. Focal nodular myositis presents with tumor-like masses 
and is curiously limited to one or several extremities (neck and orbital 
muscles can be affected). Although not an inflammatory condition, 
diabetic muscle infarction often presents with the abrupt onset of thigh 
pain, tenderness, a palpable mass, and an increased serum creatine 
kinase (CK) concentration.129 Giant cell myositis is rare but can be 
encountered in sarcoidosis. Regenerating muscle in other conditions 
may result in cells having a multinucleate appearance on light micros-
copy that must be distinguished from the true giant cells of a typical 
sarcoid granuloma.

Myositis with eosinophilic inflammatory infiltrates includes a het-
erogeneous group of rare conditions.130 One classification system 
divides patients into groups on the basis of whether they have focal 
eosinophilic myositis, eosinophilic polymyositis (systemic features 
including myocardial involvement), or eosinophilic perimyositis.131 
These conditions must be distinguished from eosinophilic fasciitis and 
eosinophilia-myalgia syndrome, especially because the latter may 
rarely cause myofiber necrosis, muscle weakness, or an increased CK.

Amyloidosis can mimic PM clinically and histologically when the 
only clues might be other features typical of amyloidosis and/or failure 
to respond to corticosteroid treatment. Positive Congo red staining of 
muscle tissue, with immunohistochemical analysis demonstrating vas-
cular amyloid deposition, confirms the diagnosis.132 For this reason, 
neuropathologists should always stain for Congo red.

Representing an additional mimicker of inflammatory myopathy, 
macrophagic myofasciitis is a condition first described in a number of 
French patients who presented with symptoms resembling PM or 
polymyalgia rheumatica (including prominent fatigue). Histologically, 
this entity is characterized by subcutaneous, epimysial, perimysial, and 
perifascicular/endomysial infiltration with large numbers of periodic 
acid–Schiff-positive macrophages that are primarily detected in the 
deltoid muscles.133 Interestingly, many of these biopsies demonstrated 
abundant deposition of crystalline aluminum hydroxide particles, sug-
gesting a link with recently received aluminum adjuvant-containing 
vaccines.

In terms of cutaneous abnormalities, the skin rash of multicentric 
reticulohistiocytosis is maculopapular and erythematous, occurs in a 
photosensitive distribution, and can mimic that of DM.134 Cutaneous 
sarcoidosis may resemble DM, while sarcoid myositis can mimic 
PM.135

Malignancy and myositis
There has been considerable controversy regarding the validity and 
magnitude of the relationship between malignancy and inflammatory 
myopathy. Next, we address several clinically pertinent questions 
regarding this purported association.

1.  Is there an increased risk of cancer in patients with IIM?
Some reports strongly support an increased risk of cancer in patients 
with PM-DM, including consecutive patient series, hospital-based 

girdle muscular dystrophies not only demonstrate inflammation but 
also display steroid responsiveness—making them difficult to distin-
guish from PM.120,121 In such cases, gene expression profiles from 
muscle biopsies may provide important differentiating information.122 
In general, the overdiagnosis of PM is an important issue to keep in 
mind when confronted with a “myositis” patient who follows a course 
that seems atypical for immune-mediated myositis or does not respond 

TABLE 144.3 DIFFERENTIAL DIAGNOSIS OF MUSCLE WEAKNESS

General type Subtypes/examples

Denervating conditions Spinal muscular atrophies,* 
amyotrophic lateral sclerosis*

Neuromuscular junction disorders Eaton-Lambert syndrome,* myasthenia 
gravis*

Genetic muscular dystrophies Duchenne facioscapulohumeral, limb 
girdle,* Becker, Emery-Dreifuss type,* 
distal, ocular

Myotonic diseases Dystrophia myotonica,* myotonia 
congenita

Congenital myopathies Nemaline, mitochondrial, centronuclear, 
central core

Glycogen storage diseases Adult-onset acid maltase deficiency,* 
McArdle disease

Lipid storage myopathies Carnitine deficiency,* carnitine 
palmityltransferase deficiency*

Periodic paralyses

Myositis ossificans* Generalized and local

Endocrine myopathies* Hypothyroidism, hyperthyroidism, 
acromegaly, Cushing disease, Addison 
disease, hyperparathyroidism, 
hypoparathyroidism, vitamin D 
deficiency myopathy, hypokalemia, 
hypocalcemia

Metabolic myopathies* Uremia, hepatic failure

Toxic myopathies* Acute and chronic alcoholism, drugs 
including penicillamine,* clofibrate,* 
chloroquine, emetine

Nutritional myopathies Vitamin E deficiency,* malabsorption*

Carcinomatous neuromyopathy* Carcinomatous cachexia

Acute rhabdomyolysis*

Proximal neuropathies Guillain-Barré syndrome,* acute 
intermittent porphyria,* diabetic 
lower-limb chronic plexopathies,* 
chronic autoimmune polyneuropathy

Microembolization by atheroma or 
carcinoma

Polymyalgia rheumatica*

Other collagen vascular diseases Rheumatoid arthritis, scleroderma, 
systemic lupus erythematosus, 
polyarteritis nodosa

Infections Acute viral, including influenza, 
mononucleosis, rickettsia, 
coxsackievirus, rubella and rubella 
vaccination, acute bacterial including 
typhoid

Parasites Toxoplasma, Trichinella, Schistosoma, 
Cysticercus, Sarcosporidia

Septic myositis Staphylococcus, Streptococcus, 
Clostridium perfringens (welchii), and 
leprosy

*Indicates the conditions that are most commonly confused with muscle weakness.
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extensive invasive investigations. Given the distribution of tumors 
noted earlier, an appropriate evaluation should include chest, abdomi-
nal, and pelvic CT scans, along with fecal occult blood testing and 
mammography—particularly in myositis patients with risk factors for 
malignancy that include lack of Raynaud phenomenon and a higher 
ESR or CK level.155 Because the increased risk of malignant disease 
persists long after the development of DM, careful patient follow-up 
should extend for a number of years.139 To predict the occurrence of 
malignancy, one group of investigators developed an artificial neural 
network method using detailed information from 62 IIM patients; 
although a combination of eight variables yielded a global predictive 
value of close to 93% with sensitivity of 98% and specificity of 91%, 
this model has not yet been validated.153

5.  What is the pathogenesis of malignancy-associated myositis?
Although the link between malignancy and the IIMs remains obscure, 
insights regarding the pathogenic basis of this association have emerged 
over the past several years.156 Potential mechanisms include the pres-
ence of common environmental factors serving as both carcinogens and 
triggers of inflammation, paraneoplastic phenomena in which tumor 
antigens generate an inflammatory response against muscle, and 
malignant transformation triggered by immunosuppressive agents used 
to treat IIM. The last of these putative scenarios seems unlikely con-
sidering the close temporal association of myositis with malignancy 
and the lack of increased malignancy risk in DM patients treated with 
cytotoxic drugs.157 The paraneoplastic theory, on the other hand, 
appears most plausible given the complete resolution of myositis with 
cancer resection or chemotherapy-induced remission and the recrudes-
cence of myositis with tumor recurrence.

To assess the more general overlap between malignancy and auto-
immune disease, investigators assessed the relative frequency of 
ANA positivity in a series of unselected patients with malignancy. 
There was an increased frequency of serum antinuclear antibodies 
in patients with malignancies compared with age-matched normal 
controls (28% vs. 6%), and among the ANA-positive malignancy 
patients, musculoskeletal symptoms/syndromes were more common 
than in ANA-negative malignancy cases.158 Viewed in this context, 
the reduced risk of malignancy in IIM patients with myositis-specific 
autoantibodies (e.g., anti-Jo-1 or anti-PM-Scl)152,153 appears paradoxi-
cal, particularly given the observation that myositis-specific autoan-
tigens are expressed at high levels in several cancers known to be 
associated with myositis.159 In fact, coupled with the strong temporal 
association between development of malignancy and myositis, this 
common expression of (auto)antigens in tumor and muscle tissue 
strengthens the link between paraneoplastic myopathy and solid 
tumor oncogenesis.156 The recent report that autoantibodies directed 
against 155-kDa and 140-kDa protein specificities (anti-155/140 
antibody) represent a significant risk factor for cancer-associated 
myositis exclusively in DM adds further insight into malignancy-
associated myositis.152,160

INVESTIGATIONS
General concepts
To date, no standardized methods have been used to assess patients 
for their inclusion into therapeutic trials for IIM. In response to early 
published studies in myositis that often incorporated different classi-
fication criteria, non-uniform inclusion/exclusion methods, varying 
concomitant therapies, and different trial designs, as well as outcome 
measures, standardized guidelines based on expert consensus have 
been devised and published.161,162 The International Myositis Assess-
ment and Clinical Studies (IMACS) Group and the international pedi-
atric collaborative network, PRINTO (Pediatric Rheumatology 
International Trials Organization) have developed remarkably similar 
outcome measures. Both have been nicely summarized,163 and initia-
tives from these organizations have led to the following:

1. Core set measures for disease activity assessment in myositis trials 
(Table 144.4)164

2. Consensus on the minimum percentage change in core set mea-
sures required to classify a patient as improved in a clinical trial165

analyses, national registries, and population-based cohort studies of 
biopsy-proven cases.136-142 The greatest risk of malignancy is in patients 
with DM. Standardized incidence ratios (SIRs), computed as ratios  
of observed-to-expected cases of cancer, are 3.0 to 12.6 in DM 
patients.138-140 In a pooled analysis of published national data from 
Sweden, Denmark, and Finland, 618 cases of DM were identified, 198 
of whom had cancer (SIR 3.0).139 Of these, 115 (59%) developed a 
malignancy after the diagnosis of DM was made. The strongest asso-
ciations were with ovarian, lung, pancreatic, stomach, colorectal 
cancer, and non-Hodgkin lymphoma. This same study identified a 
lower, but statistically significant, increase in cancer rates associated 
with PM (137 of 914 cases [15%], SIR = 1.4 for men and 1.2 for 
women), particularly with respect to non-Hodgkin lymphoma and lung 
and bladder cancer. In an effort to address several methodologic issues 
in earlier reports, an Australian study used a cancer registry and a strict 
histologically based definition of myositis to demonstrate an increased 
risk of malignancy in both PM-DM and IBM (SIR 2.4).136 Numerous 
case reports and larger series now suggest that ADM patients also have 
an increased risk of malignancy that approaches rates found in “classic” 
DM.143

The overall risk of cancer is greatest in the first 3 years after the 
diagnosis of myositis,144 but an increased risk of malignancy persists 
through all years of follow-up, emphasizing the importance of contin-
ued surveillance.136,139 Although older individuals with DM are at 
greater risk, the likelihood of malignancy is increased even in DM 
patients younger than 45 years.139

2.  If such an association exists, what types of malignancies  
are increased?
The sites of origin of malignancy are typical for the age of the patient. 
Ovarian cancer is overrepresented in some series,139,145 and Asian and 
Chinese patients with DM have a clear increase in nasopharyngeal 
carcinoma.138,146 Finally, many other types of cancer beyond those listed 
earlier occur coincidentally with myositis, including genitourinary 
malignancies and melanoma.

3.  Are there clinical findings that identify patients with myositis 
who are at risk for malignancy?
Clinical and histologic features that may predict the presence of a 
malignancy in a patient with DM include an elevated erythrocyte sedi-
mentation rate (ESR), epidermal necrosis, cutaneous leukocytoclastic 
vasculitis, and the presence of ADM.142,143,147,148 In one series of 11 
patients with adult DM, 6 had malignancy in conjunction with clinical 
and histologic evidence of epidermal necrosis, whereas cutaneous 
necrosis was absent in the 5 DM patients without cancer.148 Similarly, 
in a retrospective study, vasculitic skin lesions in DM predicted concur-
rent malignancy.147 In another study of ADM, malignancy was diag-
nosed in 4 of 12 (25%) patients followed for an average of 4.3 years 
after the ADM diagnosis.142

A DM case-control study suggested that an ESR result greater than 
35 mm/hr predicted the presence or imminent development of a malig-
nancy.149 Serum CA-125 screening proved useful in a separate case-
control study of 14 women with DM (4 of whom subsequently 
developed ovarian cancer) in which sensitivity was 50% and specificity 
100%.150 Employing this serologic screening is particularly important 
because pelvic examination rarely detects ovarian cancer before the 
development of metastatic disease.139,145 CA-125 and CA-19-9 may 
identify PM-DM patients with other solid malignancies.151 The pres-
ence of pulmonary fibrosis, a clinically confirmed connective tissue 
disease, or myositis-associated/specific serum autoantibodies decreases 
the likelihood of cancer,138,152,153 but malignancy in the setting of the 
antisynthetase syndrome and ILD has been reported.154

4.  Who should be screened and what is a reasonable screening 
evaluation for malignancy?
Cancer screening of high-risk patients could increase early detection 
and thus reduce mortality. Recommendations vary widely from careful 
history and physical examination (including gynecologic examination 
in women) with routine laboratory testing to age-specific studies with 
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3. Development of an international consensus on preliminary defini-
tions of improvement in adult and juvenile myositis clinical 
trials163,166

4. A consensus document on the conduct of therapeutic trials in adult 
and juvenile myositis162

5. Inclusion of assessment recommendations for non-
muscular involvement including constitutional features, as well as 
cutaneous, articular, gastrointestinal, cardiac, and pulmonary 
manifestations161,167

As a result of IMACS and PRINTO workshops, considerable prog-
ress has been made in standardizing methods of assessing disease 
activity and damage in adult and pediatric myositis—a crucial effort 
given the differing implications of disease activity versus damage. In 
muscle, for example, active inflammation may be reversible, whereas 
muscle atrophy, fatty replacement, and fibrosis are irreversible. Simi-
larly, alveolitis in the lung may be reversible but fibrosis and honey-
combing are not.

Measures of disease activity and damage developed/validated for 
cross-sectional and longitudinal assessment of patients with adult and 
pediatric IIM163,168,169 are currently being used in some of the largest 
prospective clinical trials ever performed in myositis. Data on their 
utility and validity will be forthcoming in the next couple of years but 
should assist the practitioner, who must develop an individualized plan 
to treat his or her patient, and the researcher, who must gauge treat-
ment response in patients enrolled in therapeutic trials. Many other 
tools employing newer diagnostic techniques such as changes in protein 
and gene expression patterns from affected tissues will complement 
these outcome measures, providing molecular information that is per-
tinent to disease mechanisms in myositis.170

Serum muscle enzymes
Enzymes that leak from injured skeletal muscle into the serum are 
valuable aids in detecting ongoing muscle injury.171 Although variable, 
an approximate descending order of sensitivity is CK, aldolase, aspar-
tate (AST) and alanine aminotransferases (ALT), and lactate dehydro-
genase. The finding of increased serum transaminases in a patient with 
fatigue and muscle weakness often leads to an erroneous diagnosis of 
hepatitis and an unnecessary liver biopsy. In myositis patients treated 
with immunosuppressive agents such as methotrexate, however, it is 
sometimes difficult to distinguish whether an elevated AST and ALT 
are due to muscle involvement or liver toxicity. In general, closely 

TABLE 144-4 PROPOSED PRELIMINARY CORE SET MEASURES FOR DISEASE 
ACTIVITY ASSESSMENT IN ADULT AND JUVENILE MYOSITIS CLINICAL TRIALS161,164

Domain Core set measures

Global activity Physician global disease activity assessment by 
Likert or VAS; parent/patient global disease activity 
assessment by Likert or VAS

Muscle strength MMT by a 0-10 point or expanded 0-5 point scale to 
include proximal, distal, and axial muscles (adults 
and children older than age 4); validated method for 
children younger than age 4 (to be developed)

Physical function Validated patient/parent questionnaire of activities 
of daily living (HAQ/CHAQ); validated observational 
tool of function, strength, and endurance (CMAS)

Laboratory assessment At least two serum muscle enzyme activities from 
the following: CK, aldolase, LDH, ALT, and AST

Extramuscular disease A validated approach that is comprehensive and 
assesses cutaneous, gastrointestinal, articular, 
cardiac, and pulmonary activity; Myositis Disease 
Activity Assessment Tool is being validated

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CMAS, 
Childhood Myositis Assessment Scale; CHAQ, Childhood Health Assessment Questionnaire; HAQ, 
Health Assessment Questionnaire; LDH, lactate dehydrogenase; MMT, manual muscle testing; 
VAS, visual analog scale.

correlating levels of CK and ALT provide evidence that ALT elevations 
may be of muscle origin, potentially preventing invasive investigations 
such as liver biopsy in selected patients.172

The serum CK is the most reliable enzyme test to use in routine 
patient care and predicts clinical events. During a flare of disease, the 
serum CK will usually increase weeks before overt muscle weakness 
develops. Conversely, with treatment-induced remission, concentra-
tions of this enzyme decrease to normal before objective improvement 
in strength. There are exceptions, as some patients with active biopsy-
proven myositis (DM > PM and children > adults) have a normal CK, 
while others have circulating inhibitors of CK activity. Moreover, there 
is considerable racial variation in CK concentrations, so reference 
values from white populations do not apply to persons of Afro-Carib-
bean descent in whom the upper limit of normal CK is increased.173 
Further demonstrating the need for caution in CK interpretation, a 
recent report identified 12 patients with an elevated aldolase and 
normal CK who demonstrated a distinctive perimysial pathology and 
frequent muscle discomfort with or without muscle weakness.174 
Finally, although the CK is often thought to not be elevated in steroid 
myopathy, a prospective study of JDM identified five of nine children 
receiving high-dose steroids with muscle enzyme elevation and no 
objective weakness who improved after steroid withdrawal.175

Serum myoglobin can be a useful marker of muscle damage, is 
elevated at least as frequently as the serum CK,176 and is cleared by the 
kidney. However, despite the advantage that myoglobinemia is detected 
by non-enzymatic assays, the test is cumbersome and not uniformly 
available. Urinary levels of muscle damage markers such as creatine, 
choline-containing metabolites, betaine, and citrate have been reported 
to correlate strongly with global disease damage in juvenile 
myositis.177

Electromyography
Electrical testing is a sensitive but non-specific method of evaluating 
muscle inflammation. Unlike biopsy or MRI studies, EMG enables 
several muscles to be examined. The EMG may also be useful in the 
circumstance of normal serum enzyme concentrations and a physical 
examination of muscle strength that is difficult to interpret.

Typical EMG findings include irritability of myofibrils at rest and 
on needle insertion (with fibrillation potentials, complex repetitive 
discharges, positive sharp waves), as well as short duration, low-ampli-
tude, complex (polyphasic) potentials on contraction. More than 90% 
of patients with active myositis will have an abnormal EMG, under-
scoring that a normal EMG disfavors myopathy or active disease in the 
myositis patient. Electromyography is helpful in the selection of a 
muscle for biopsy but should be performed unilaterally prior to biopsy 
of a contralateral muscle to avoid confusion resulting from inflamma-
tion artifact caused by injury from the needle itself.

Later in the disease course, EMG examination may be helpful for 
the detection of low-grade myositis in the setting of chronic damage 
from fibrosis or fatty infiltration. Corticosteroid myopathy causes some 
electromyographic changes, but the presence of fibrillation potentials 
suggests active inflammation. A new technique, electrical impedance 
myography, is painless and has the potential to non-invasively and 
quantitatively assess myopathy at the bedside. It has been piloted in a 
small number of patients with IIM178 but has not yet been incorporated 
into routine clinical care.

Muscle biopsy
Biopsy remains the gold standard for confirmation of the diagnosis  
of inflammatory myopathy. Despite the characteristic features described 
later, some patients with active myositis have a normal biopsy, for 
several reasons. First, the disease is patchy, resulting in sampling  
error that precludes 100% sensitivity. Second, the wrong muscle may 
be chosen for biopsy; typically, a weak but not end-stage, proximal 
muscle with EMG abnormalities on the opposite side is the best  
choice. Although open surgical biopsy represents the current gold stan-
dard, percutaneous needle muscle biopsy is a convenient and relatively 
inexpensive method with a high diagnostic yield in PM-DM.179,180 
Compared with open techniques, needle biopsy allows sampling of 
several muscles with EMG changes, increasing diagnostic sensitivity 
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hyperplasia of blood vessels, deposition of immune complexes in the 
vasculature, and, occasionally, frank vasculitis are noted. On quantita-
tive morphologic analysis, muscle capillary depletion and dropout are 
early findings, suggesting that myofibril damage results from an isch-
emic microangiopathy. In contrast, PM and IBM feature cytotoxic 
T-cell invasion of myofibrils (Fig. 144.15) with relative sparing of the 
vasculature. T-helper cells may also be found in the perivascular and 
perimysial areas, but unlike DM, B cells are rarely observed. A scoring 
system has been recently proposed to measure abnormalities on muscle 
biopsies from JDM patients, but this requires validation in prospective 
studies of JDM and other forms of myositis.181

Magnetic resonance imaging and ultrasound
The application of MRI techniques adds an important diagnostic 
dimension to the assessment of myositis.182 MRI is non-invasive, creat-
ing an obvious advantage over electromyography and muscle biopsy, 
particularly in children. Large areas of muscle such as both thighs can 
be visualized, assisting selection of the most abnormal site for biopsy 
and thereby increasing diagnostic yield.183 The T1-weighted image 
provides excellent anatomic detail, with clear delineation of various 
muscle groups. Normal tissue is homogeneously dark with a low signal, 
whereas fat (subcutaneous area and marrow) appears bright with cor-
respondingly high signal intensity. Although muscle is darker on 
T2-weighted images, inflammation is bright on both T1 and T2 
images. Adding fat suppression to the T2 technique in the form of 
short tau inversion recovery (STIR) sequences improves the detection 
of muscle inflammation by enhancing the bright signal of inflamma-
tion and decreasing the fat signal (dark) (Fig. 144.16). Thus T1-MRI 
demonstrates damage and chronicity, whereas STIR-MRI shows 
disease activity.

Based on these concepts, indications for MRI may include the 
following:

● documentation of myositis or a disease flare in a patient with a 
normal CK, EMG, or biopsy

● confirmation of ADM, in which case the MRI should demonstrate 
no evidence of inflammation

● distinguishing chronic active from chronic inactive myositis
● directing the site of biopsy183

● clarifying the diagnosis in atypical cases of inflammatory myopathy 
and identifying non-inflammatory mimics of myositis184,185

Limitations in usefulness remain its expense and focal assessment, 
although whole-body MRI that can quantitate the inflammatory burden 

Fig. 144.13 Longitudinal section of fresh-frozen muscle from a patient with 
polymyositis. Several areas of interstitial involvement, with myofiber 
destruction, are seen. The arrow indicates an area of degeneration and 
necrosis of myofibers in association with interstitial lymphocytic and histiocytic 
cellular infiltration (H&E, medium power). (Courtesy Dr. David Lacomis.)

Fig. 144.14 Transverse fresh-frozen section of muscle from a patient with 
chronic dermatomyositis. Note the atrophic, small fibers in the periphery of the 
fascicles (perifascicular atrophy) and the increase in fibrous tissue separating 
bundles of myofibers (Trichrome stain, low power). (Courtesy Dr. David 
Lacomis.)

Fig. 144.15 Note the lymphocytic invasion of this intact, non-necrotic 
myofiber in the muscle of a patient with polymyositis (H&E, high power). 
(Courtesy Dr. David Lacomis.)

for myositis and other myopathic conditions. Equally important, per-
cutaneous muscle biopsy can be performed concomitantly with EMG 
testing without the need for an open surgical technique to obtain 
tissue.

Degeneration and regeneration of myofibrils occur in 90% of cases. 
Chronic inflammatory cells in the perivascular and interstitial areas 
surrounding myofibrils are present in 80% of cases, but lymphocytic 
invasion of non-necrotic fibers is considered pathognomonic of poly-
myositis (Fig. 144.13). Besides lymphocytes, other cells may be present, 
including histiocytes, plasma cells, eosinophils, and polymorphonu-
clear leukocytes. In chronic myositis, macrophages are seen phagocy-
tosing necrotic fibers and muscle is replaced by fibrous connective 
tissue or fat.

Important histopathologic differences exist among DM, PM, and 
IBM. In DM, B cells and the late component of complement (C5-C9, 
membrane attack complex) predominate in the perivascular area. T 
cells are mostly CD8+ and cytotoxic, but CD4+ cells are also found. 
Perifascicular myofibril atrophy (Fig. 144.14), endothelial cell 
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injury to the microvasculature with vessel dropout may distinguish 
DM from SLE.196 Skin biopsy should therefore be performed in those 
cases in which skin findings predominate and are not classic. Other 
non-invasive studies, such as MRI, have allowed earlier detection of 
inflammatory lesions in the soft tissue that can lead to calcinosis.54

Lung
Reduced ventilatory muscle strength is determined by measuring inspi-
ratory pressures at the mouth. Impaired function results in a weak 
cough, with an increased risk of aspiration pneumonia. In the absence 
of ILD, a forced vital capacity of less than 55% of normal predicts 
carbon dioxide retention as a result of compromised ventilatory mus-
culature. ILD also shows restrictive physiology on pulmonary function 
testing but is accompanied by radiographic evidence of pulmonary 
infiltrates. More sensitive indicators of compromised gas exchange 
include a reduction in the diffusion capacity for carbon monoxide and 
a decrease in the alveolar-arterial oxygen gradient with exercise (i.e., 
desaturation).

With respect to imaging modalities, the chest radiograph is insensi-
tive compared with high-resolution CT (HRCT) scanning using 1-mm 
slices. HRCT findings consistent with inflammation include ground-
glass opacities (alveolitis), nodules, and consolidation, while features 
more consistent with fibrosis and “damage” include traction bronchi-
ectasis and honeycombing. Subpleural lines or bands and linear opaci-
ties are difficult to definitively associate with either inflammation or 
fibrosis.197

The most common HRCT pattern in PM or DM involves reticular 
and/or ground-glass opacities with or without consolidation and 
without honeycombing—correlating best with underlying NSIP histol-
ogy.72 With treatment of NSIP, serial CT scans show improvement in 
opacities and limited fibrotic progression.198 In contrast, unfavorable 
clinical evolution has been reported when honeycombing is present on 
the initial HRCT.81 However, results vary with the differing HRCT 
patterns that may be seen in PM and DM, as evidenced by a retrospec-
tive study showing a fatal outcome in DM-associated ILD characterized 
by ground-glass attenuation and reticular opacities without significant 
fibrosis.84

Over the past decade, biopsy and autopsy studies of patients with 
myositis have predominantly demonstrated NSIP199 histopathology 
with interstitial infiltrates that typically include numerous CD8+ T 
cells potentially amenable to T cell–specific immunosuppression.200-202 
However, other histologies occur, including cryptogenic organizing 
pneumonia (COP), UIP, and DAD.78,203

Bronchoalveolar lavage in the setting of myositis-associated ILD 
yields mostly CD8+ cells and a minor B-cell component,72 but this 
technique is not frequently used in the assessment of myositis-related 
parenchymal lung disease. Other peripheral blood markers indicating 
lung involvement include anti-endothelial antibodies, which were 
found in 20 of 56 patients with myositis and in 10 of 15 with ILD.204 
The concentration of KL-6, a mucinous glycoprotein expressed on type 
II pneumocytes and bronchiolar epithelial cells, decreases with treat-
ment in both adults with myositis205 and children with JDM. In the 
latter patients, serum KL-6 levels also correlated with HRCT find-
ings206 and were higher in myositis patients with DAD. Cytokeratin 
19 fragment, a cytoskeletal structural protein of bronchial epithelial 
cells, was significantly increased in the serum of myositis patients with 
ILD, also correlated with DAD, and changed with ILD progression or 
improvement.207 Serum surfactant protein D, a phospholipid and 
protein moiety that covers the alveolar surface, was found to be a useful 
marker for ILD when assayed in patients with PM and DM.208 Finally, 
the emergence of serum protein biomarker technology in the form of 
multiplex enzyme-linked immunosorbent assays (ELISAs) has demon-
strated disease-specific associations between anti-Jo-1 antibody- 
positive ILD and serum levels of interferon-γ–inducible chemokines.78

Heart
Clinically significant cardiac dysfunction is uncommon in IIM, though 
autopsy studies detect a higher than expected frequency of myocarditis. 
Electrical disturbances are commonly reported, including non-specific 
ST-T segment changes and various conduction system abnormalities.92 

in patients with PM186 is being increasingly reported.182,187 Despite 
these overall advancements, edema (inflammation on STIR images) is 
not specific for PM or DM because other inflammatory, necrotic, trau-
matic, or dystrophic processes, as well as muscle infarction or even 
metabolic myopathies, may demonstrate similar changes.

An area of recent interest is magnetic resonance spectroscopy 
(MRS), which can demonstrate bioenergetics of normal and abnormal 
muscle.182 Changes in the ratios of inorganic phosphate to phospho-
creatine in DM at rest and with varying amounts of muscle contraction 
may provide insights into metabolic abnormalities in different muscle 
diseases.188 Diffusion-weighted MRI can further quantify muscle 
inflammation and can potentially provide longitudinal monitoring of 
myositis patients.189

Beyond these magnetic resonance–based techniques, other muscle 
imaging modalities such as ultrasound and CT have some utility. 
Ultrasound is commonly available, easy to employ, relatively inexpen-
sive, and capable of imaging blood flow and detecting calcification but 
is limited by a small field of view that may not provide images deep 
within muscle.190 CT provides a larger viewing area with the ability to 
detect calcification and quantify atrophy, but it cannot assess inflam-
mation and exposes patients to both radiation and contrast-related 
adverse events.182

Skin
The characteristic cutaneous histopathologic findings of DM include 
vacuolar alteration of the epidermal basal layer, necrotic keratinocytes 
indicating apoptosis, vascular dilation, and a perivascular lymphocytic 
infiltrate.52 This “interface” pattern is similar to that seen with SLE 
and closely resembles abnormal findings of chronic graft-versus-host 
reaction,52 suggesting a potential role of microchimerism in the patho-
genesis of DM.191 The histopathology of Gottron papules is similar to 
that observed in other skin lesions of DM. In the absence of other 
cutaneous features of DM, the biopsy of Gottron lesions can be diag-
nostically useful.192 Vasculitis or vasculopathy is found in small cuta-
neous vessels. In turn, microvascular injury appears to be mediated by 
the terminal components of complement (C5b to 9) in the form of the 
membrane attack complex.

Nailfold capillary microscopy is particularly beneficial in JDM, in 
which it predicts severity and clinical course.193,194 A prospective study 
of nailfold capillary microscopy in 53 consecutive adult myositis 
patients noted 43% with relevant changes that correlated with disease 
activity and severity, particularly in DM.195 More generally, a paucicel-
lular interface dermatitis in conjunction with complement-mediated 

Fig. 144.16 Fat-suppressed magnetic resonance imaging (MRI). Note the 
inflammation (white) in the muscles of the thigh in this longitudinal fat-
suppressed MRI of a child with active dermatomyositis.



SE
C

TI
O

N
 1

0 
●

 C
O

N
N

EC
TI

V
E 

TI
SS

U
E 

D
IS

O
RD

ER
S

1452

typically associated with other connective tissue diseases may also be 
found in patients with myositis and are termed myositis-associated 
autoantibodies. Of note, a negative antinuclear antibody test does not 
exclude MSA because antigen targets of the latter antibodies are cyto-
plasmic in location with subtle immunofluorescence staining patterns. 
Ultimately, testing for MSAs and myositis-associated autoantibodies 
can both solidify the diagnosis of myositis in patients with atypical 
clinical features and provide prognostic information regarding the like-
lihood of future clinical complications.

Although a few patients have more than one serum autoantibody, 
multiple MSAs are rarely detected in the same patient.217,218 Moreover, 
the MSAs are relatively insensitive markers for myositis. Anti-Jo-1, 
directed against histidyl-tRNA synthetase, is one of a group of anti-
aminoacyl-tRNA synthetases (Table 144.6) and is the most common 
MSA, but it still occurs in only 20% to 25% of individuals with 
myositis.

The clinical associations of the various antisynthetase antibodies 
are similar and were described earlier as comprising the antisynthetase 
syndrome. The myositis in this syndrome is often severe with multiple 
exacerbations, requiring therapy with corticosteroids and other immu-
nosuppressive agents. Not all patients with an antisynthetase antibody 
will manifest every feature of the syndrome, and some will never 

Using sensitive cardiac scintigraphic techniques, increased techne-
tium-99m pyrophosphate uptake and indium-labeled antimyosin 
binding have been reported.209,210 Gadolinium-diethylenetriamine-
penta-acetic acid–enhanced MRI has documented myocardial inflam-
mation that was corroborated by endomyocardial biopsy.211

The myocardial fraction of CK (CK-MB) is increased in patients 
with myositis as a result of its release from regenerating myoblasts in 
damaged skeletal muscle. Thus assays of CK-MB are not specific for 
myocardial involvement in patients with IIM. Similarly, cardiac tropo-
nin T is found in regenerating skeletal muscle in polymyositis and 
other myopathic disorders. However, cardiac troponin I is the most 
sensitive assay available for myocardial damage and is usually not 
influenced by skeletal muscle injury.92

Intestine
In patients with pharyngeal (proximal) dysphagia, the barium swallow 
shows cricopharyngeal muscle spasm, poorly coordinated motion of 
the pharyngeal musculature, vallecular pooling of the dye, and, occa-
sionally, aspiration of barium into the trachea. Oropharyngeal ultra-
sound may also aid in serial assessment of proximal pharyngeal 
dysfunction.212 On the other hand, cinesophagram or manometry is 
most frequently used to assess distal esophageal (smooth muscle) hypo-
motility, which occurs most frequently in patients with myositis in 
overlap but can occur in IIM without another connective tissue disease 
(CTD). Delayed gastric emptying and small bowel dilation with hypo-
motility are also documented by barium studies.

Serum autoantibodies
Serum autoantibodies are commonly found in PM-DM and are useful 
in defining clinically homogeneous subsets of patients (Table 144.5). 
Antinuclear or anticytoplasmic antibodies are detected in more than 
90% of patients with myositis.213 Although some antibodies are termed 
myositis-specific autoantibodies (MSAs) on the basis of relatively exclu-
sive expression patterns in patients with features of an inflammatory 
myopathy, the specificity of MSAs is coming under closer scrutiny as 
more patients who have MSAs without an inflammatory myopathy are 
being reported.214-216 However, MSAs do remain specific for autoim-
mune illnesses because they are not associated with other neuromus-
cular disorders characterized by inflammation.214 Autoantibodies 

TABLE 144-5 MYOSITIS-SPECIFIC AND MYOSITIS-ASSOCIATED AUTOANTIBODIES IN ADULT POLYMYOSITIS AND DERMATOMYOSITIS AND JDM

Autoantibody Autoantigen Clinical features

Jo-1 Histidyl tRNA synthetase Fever, Raynaud phenomenon, mechanic’s hands, myositis, 
polyarthritis, ILD

SRP Signal recognition particle (cytoplasmic protein 
translocation)

Severe necrotizing myopathy; predominantly PM

Mi-2 Helicase DM (adult > children); “shawl sign” and other DM rashes

PM-Scl Nucleolar macromolecular complex Overlap features of myositis and SSc (or either disease alone); 
mechanic’s hands

U1RNP Small nuclear ribonucleoprotein Overlap syndromes (MCTD)

SUMO-1 (small ubiquitin-like modifier 1) Small ubiquitin-like modifier enzyme (post-
translational modification)

Adult DM, ILD

p155/140 Transcriptional intermediary factor 1-gamma (TIF1γ) Cancer-associated myositis in adults; 20+% frequency in JDM 
cohorts; severe cutaneous disease in adult DM and JDM

Anti-p140 (also anti-MJ) NXP-2 (SUMO target; possible role in SUMO-mediated 
transcriptional repression)

20-25% frequency in JDM cohorts; calcinosis; severe disease 
(atrophy/contractures)

cADM-140 RNA helicase ADM; ILD

PMS1 PMS1 (DNA mismatch repair enzyme) Myositis (specifics not known)

Ku278 70 and 80 kDa nuclear/nucleolar protein complex 
(DNA break repair and recombination)

UCTD and overlap syndromes (Raynaud phenomenon, ILD, 
myositis, arthritis)

ADM, amyopathic dermatomyositis; DM, dermatomyositis; ILD, interstitial lung disease; JDM, juvenile dermatomyositis; MCTD, mixed connective tissue disease; UCTD, undifferentiated connective tissue 
disease.

TABLE 144-6 ANTI-AMINOACYL-TRNA SYNTHETASE ANTIBODIES AND THEIR 
ASSOCIATED ANTIGENS IN POLYMYOSITIS-DERMATOMYOSITIS

Autoantibody Autoantigen (tRNA synthetase) Prevalence in IIM (%)

Jo-1 Histidyl 20-30

PL-7 Threonyl <5

PL-12 Alanyl <5

OJ Isoleucyl <5

EJ Glycyl <5

KS Asparaginyl <1

Tyr Tyrosyl <1

Zo Phenylalanyl <1
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patients.232 Finally, a novel autoantibody termed anti-CADM-140 has 
been described in adult Japanese patients with ADM and ILD.233 This 
antigenic target is distinct from the aforementioned anti-140 kDa, and 
the antigen has been identified as an RNA helicase encoded by mela-
noma differentiation-associated gene 5.233

The finding of multiple autoantigenic targets in patients with myo-
sitis has always led investigators to question their relationship to etiol-
ogy. Indeed, a significant proportion of IIM patients are characterized 
by complex associations of several different autoantibodies.234 However, 
the fact that many of the proteins targeted by these autoantibodies 
represent components of the subcellular translational protein synthetic 
pathway actually supports an underlying link between these antigens 
and pathogenesis. The association of the MSAs with certain HLA-
genotypes provides additional support that there is indeed a close 
relationship between autoantibody formation and the primary patho-
genic process.31-33,235 At the same time, the observation that fragments 
of several tRNA synthetases function as chemokines with a potential 
role in the immune response of myositis provides yet another link 
between these proteins and the immunopathogenesis of the inflamma-
tory myopathies.236-238

NATURAL HISTORY OF DISEASE
In some patients with DM (but rarely PM), a monophasic illness of 
brief duration may be followed by remission that does not require 
continued treatment. The majority of patients, however, have several 
exacerbations and remissions or persistent disease activity that neces-
sitates chronic use of corticosteroids or immunosuppressive drugs. The 
frequency of clinical and biochemical relapse was found to be 34% to 
60% in four series encompassing a total of 277 patients.239-243 The rate 
of relapse was greater in PM patients,239 but no specific features pre-
disposing to relapse were identified. Fluctuations in muscle strength 
are less dramatic in IBM, and despite the rule that muscle strength 
inexorably declines, a surprising proportion (one third) of untreated 
patients have been shown to be stable or improved after 6 months of 
observation.244

With each episode of myositis, there is the potential for absolute 
loss of muscle mass and strength. The rate of progression and amount 
of muscle loss differ according to clinical classification and serum auto-
antibody subtype. The best functional outcome occurs in DM, whereas 
the worst is in IBM and polymyositis with the anti-SRP antibody. 
Another poor prognostic feature may be an excess of muscle fibers with 
absent cytochrome oxidase staining and mitochondrial DNA deletions 
on biopsy, perhaps reflecting clinical overlap with IBM.245 Although 
ADM patients lack muscle involvement and often have a favorable 
outcome, other problems such as malignancy and aggressive ILD can 
occur in this subset.40,71,143,246

In JDM, several predictors of chronic active myositis have been 
identified, including failure to achieve normal muscle strength after 4 
months of corticosteroid treatment, continued increased serum muscle 
enzymes beyond 3 months, and increased plasma von Willebrand 
factor antigen after 10 months of treatment.247 Anasarca with hypoal-
buminemia has also been reported to be an indicator of severe disease 
in childhood-onset DM patients.248 A non-unicyclic course in JDM was 
associated with persistent nailfold capillaroscopy changes.194

Onset of IIM during pregnancy is uncommon, but fetal loss is more 
frequent with first-trimester diagnosis.249 Postpartum IIM onset is also 
rare, with four reported cases demonstrating onset 5 to 21 days after 
delivery.250 In established PM-DM, patients with childhood onset tend 
to have a higher frequency of disease flare during pregnancy compared 
with adult-onset PM-DM patients.249 On the basis of a literature review 
from 1966 to 2000,251,252 conception in the setting of active myositis 
is more commonly associated with either fetal loss, neonatal loss, 
intrauterine growth retardation, or prematurity (19/27) relative to con-
ception during a period of disease quiescence (6/22). In general, women 
with myositis in remission have uneventful pregnancies and healthy 
babies.252

PROGNOSIS
Assessment of overall prognosis in PM-DM is difficult for several 
reasons.253 First, the disease is relatively uncommon. Some studies 

develop myositis.69,143 For example, anti-PL-12 antibody-positive 
patients are more likely to have ILD without myositis, and the more 
recently described antisynthetases such as anti-KS and anti-OJ are 
associated with less frequent myositis.219,220 Thus the non-Jo-1 synthe-
tases are more commonly associated with an incomplete antisynthe-
tase syndrome or features of undifferentiated CTD. Anti-WS binds the 
L-shaped tertiary structure of tRNA and is therefore different from the 
other antisynthetases, but patients with this antibody also have recur-
rent fever, polyarthritis, and Raynaud phenomenon without myositis221 
that is similar to patients with anti-tRNA synthetases.

Antibodies to signal recognition particle (anti-SRP) comprise a sepa-
rate subgroup of MSAs targeting a ribonucleoprotein involved in trans-
location. Initially felt to identify patients with pure PM and severe, 
refractory disease, this antibody has been reported recently in patients 
with DM,214 as well as in some patients with less severe muscle weak-
ness and unanticipated extramuscular manifestations that include ILD 
and arthritis.215 Nevertheless, anti-SRP is often associated with marked 
elevation of the serum CK with severe muscle weakness, atrophy, and 
overall features reminiscent of limb-girdle muscular dystrophy. Novel 
autoantibodies against the 7SL RNA component of SRP have also been 
found, primarily in Japanese patients, two of whom had DM.222

Mi-2 is a multiunit protein complex participating in transcription 
regulation at the chromosome level.223 Anti-Mi-2 is an antinuclear 
antibody initially detected by immunodiffusion that can now be 
assessed by recombinant ELISA.214 Although thought to be exclusively 
associated with the rash of DM and a good response to immunosup-
pression, anti-Mi-2 has also been observed in patients with PM using 
the more sensitive ELISA assay noted earlier.224 Anti-Mi-2 is also seen 
in JDM and in malignancy, in which the rash can be severe.

An antibody to the DNA mismatch repair enzyme, PMS1, was 
found in 7.5% of a series of 153 myositis sera and has been proposed 
as a new MSA,225 but no unique or distinguishing clinical features have 
been identified.

Anti-PM-Scl is an antinucleolar antibody that identifies a subset of 
patients with myositis who often have features of systemic sclerosis. 
This autoantibody may occur in patients with PM-DM or systemic 
sclerosis, or an overlap of both disorders. By using the PM-Scl-75 
subunit in addition to the PM-Scl-100 epitope in ELISAs, an increased 
number of patients test positive for anti-PM-Scl autoantibodies.226,227

Although not a true MSA, anti-U1-RNP antibodies generating a 
high-titer speckled pattern on routine antinuclear antibody testing can 
be associated with myositis, often in patients with so-called “mixed 
connective tissue disease.” Individuals with this antibody specificity 
may have clinical findings of Raynaud disease, SLE, PM, DM, systemic 
sclerosis, or any combination thereof.

Antibodies to Ro/SSA are seen in at least 10% of patients with 
PM-DM and are particularly prevalent in individuals who also have 
antibodies to anti-aminoacyl-tRNA synthetases. The coexistence of 
anti-Ro/SSA and anti-Jo-1 antibodies may be associated with more 
severe ILD and a worse prognosis compared with patients with anti-
Jo-1 alone.85,86

In recent years, new autoantibody specificities have been discovered 
in adult and juvenile IIM, but follow-up studies on larger cohorts of 
patients are necessary to validate these preliminary reports. Autoanti-
bodies against a DM-specific autoantigen target—small ubiquitin-like 
modifier 1 (SUMO-1) activating enzyme—were initially found in two 
patients with DM who shared clinical features of severe rash and ILD. 
Analysis of a larger myositis cohort from the United Kingdom found 
this antibody in 8.4% of the patients, all of whom had DM.228 Auto-
antibodies against phenylalanyl tRNA synthetase, anti-Zo, represent 
the eighth antisynthetase autoantibody found in a patient with the 
antisynthetase syndrome.229

Found in adults with DM, autoantibodies directed against a 155-kDa 
protein or the 155/140 kDa doublet160,230 have proven to be highly 
specific, moderately sensitive, and highly predictive for malignancy-
associated myositis.152 Antibodies against this same p155/140 target 
have also been detected in 23% of a JDM cohort, typically correlating 
with worse skin disease and ulceration compared with anti-p155/140 
negative JDM cases.231 Autoantibodies to a distinct 140-kDa protein 
in JDM were found to be associated with calcinosis in one study,59 
while autoantibodies to the same likely target autoantigen (termed 
142 kDa anti-MJ) were associated with severe JDM in one cohort of 
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set of outcome measures for evaluation of response to treatment in 
JDM.169 The MDAAT in particular serves as a tool to longitudinally 
capture the multisystem nature of disease activity in adult and pediat-
ric myositis patients on the basis of the evaluation of constitutional, 
cutaneous, musculoskeletal (joint), gastrointestinal, respiratory, 
cardiac, and muscle symptoms. Equally important, the Myositis 
Damage Index (MDI) is currently being used in ongoing myositis trials 
to assist longitudinal functional assessment of patients.

Overall, a number of disease-related sequelae may contribute to 
functional impairment in IIM. These include calcinosis (especially in 
JDM), arthropathy, Raynaud phenomenon, pulmonary insufficiency as 
a result of interstitial fibrosis or respiratory muscle involvement, and 
myocardial involvement with congestive heart failure or ventricular 
arrhythmias. Children with DM have been shown to have decreased 
calcium absorption, especially while receiving corticosteroids,269 and 
may thus be at much greater risk for osteoporosis when they become 
adults.

In general, the contribution of corticosteroid and immunosuppres-
sive drug toxicity to long-term disability has not been adequately 
addressed, but the frequency of serious adverse reactions reportedly 
ranges from 20% to 40%.5,254,255,257 Beyond the use of corticosteroids 
and other immunosuppressive agents,270 factors predisposing to infec-
tions and their negative impact on morbidity/mortality include pha-
ryngeal muscle involvement (aspiration pneumonia), weakness of the 
respiratory muscles (difficulty with cough and handling secretions), and 
subcutaneous/intracutaneous calcinosis. Other treatment-related prob-
lems that are inconvenient and require frequent physician visits, as 
well as additional medications and toxicity monitoring, include osteo-
porosis, cataracts, infections, diabetes mellitus, hypertension, and 
peptic ulcer disease. Coupled with early cytopenias predisposing to 
septicemia, late hematologic malignancies represent a real concern in 
patients with myositis requiring traditional immunosuppressive drugs 
and/or newer biologic agents.

Given these considerations, the potential intermediate and long-
term impact of myositis and its complications on both functional 
outcome and quality of life in adults and children is significant. Current 
assessment tools include validated disability indices such as the Health 
Assessment Questionnaire (HAQ), the Childhood HAQ (C-HAQ), and 
the SF-36 instrument.240,242,261,263,271 In a 20-year follow-up study of 118 
IIM patients, 67% of the 82 survivors had no functional disability,272 
while 87% of 107 patients in a different cohort who improved with 
initial medical treatment had minimal or no disability after a mean 
follow-up of 5 years.255 More recent reports, however, note that, along 
with osteoporosis, a polyphasic or chronic, progressive disease course 
in adults predicted higher HAQ disability index (HAQ DI) scores.242 
Another long-term outcome study of 110 patients re-examined after 5 
years showed that 20% were in remission and off pharmacologic 
therapy, while 80% had a polycyclic or chronic course.263 Despite the 
level of chronicity, 65% of the patients had normal muscle strength 
and 34% had no or slight disability. In a separate prospective, longitu-
dinal study, the patient-completed HAQ was used to follow a national 
cohort of 257 patients with PM-DM during years 3 to 7 after disease 
diagnosis.273 Disability (judged by the HAQ DI) increased with disease 
duration. In individuals with increased disability early in disease, the 
DI was highly correlated with the corticosteroid treatment-related com-
plications of osteonecrosis and osteoporotic compression fractures of 
the lumbar spine.

In a small subset of JDM patients with chronically active disease, 
moderate to severe disability and growth retardation were found on 
follow-up.274 Furthermore, a short 6-month follow-up of JDM patients 
from another cohort demonstrated significant impairment of health-
related quality of life compared with healthy peers, particularly in the 
domain of physical function.271 Counterbalancing these findings, an 
aggressive treatment approach in JDM geared toward rapid disease 
control with multiple immunosuppressive drugs has been reported  
to improve functional outcome and decrease disease-related 
complications.275

involve single referral centers reporting retrospectively on small 
numbers of patients followed for brief periods of time. In turn, because 
milder, more easily controlled myositis is reported in community 
studies as compared with series based in large medical centers,254 popu-
lation bias is clearly a factor affecting the data emerging from such 
studies. Second, many reports are cross-sectional in design and combine 
patients with early and late-stage disease. Third, a classification system 
with disease subsets based on meaningful pathophysiologic and sero-
logic data has not been developed. Finally, although objective criteria 
for improvement or deterioration have been suggested, they have not 
been validated in well-characterized populations of patients.162,164,165 
Overall, long-term prospective follow-up of well-defined incident 
cohorts of patients with myositis that use validated outcome measures 
are clearly lacking but desperately needed.

Survival
Studies published before the availability of corticosteroids reveal that 
a high proportion (up to 50%) of untreated patients with PM-DM seen 
at major medical centers died of its complications.253 Although double-
blind, placebo-controlled studies are lacking, improved survival and 
functional outcome over the past 30 years has largely been attributed 
to corticosteroids. Because of this supposition, corticosteroids cannot 
be withheld in today’s controlled prospective trials on the basis of 
ethical grounds.

During the 1960s, large series described mortality rates approximat-
ing 40% after 5 years. A three-study composite of 288 patients reported 
during the 1970s revealed only 56 (19%) deaths.255-257 A more recent 
summary of mortality in IIM notes 5-year survival rates ranging from 
75% to 95%, with the variation attributed to patient selection factors.258 
Shorter survival is associated with cohorts including myositis-associ-
ated malignancy,259,260 while populations enriched with overlap myosi-
tis, juvenile myositis, and patients with a lower mean age at onset have 
better survival.261,262 The reasons for improved survival in recent years 
are unclear but likely include earlier diagnosis, detection of milder 
cases, better general medical care, and more judicious use of immuno-
suppressive drugs.

Beyond malignancy and older age at onset, factors associated with 
poor survival in these and other263 studies include delayed initiation of 
corticosteroid treatment, pharyngeal dysphagia with aspiration pneu-
monia, ILD, myocardial involvement, and complications of corticoste-
roid or immunosuppressive treatment. Additional adverse risk factors 
for survival among patients with JDM are gastrointestinal vasculitis 
and sepsis,264 but most children now survive this illness—mortality 
rates have dropped to 2% to 3%.265

Among the serum autoantibodies, anti-SRP is the worst prognostic 
marker (although variability is evident in different cohorts),6,215 fol-
lowed by the antisynthetase group in which mortality is determined 
predominantly by the severity of ILD. The best survival occurs in 
patients with anti-PM-Scl and anti-Mi-2 autoantibodies.

Disability
The determinants of functional status in PM-DM are quite different 
from those of survival. For example, IBM has the worst functional 
outlook but a good survival stemming from the lack of visceral involve-
ment. For all types of myositis, each major exacerbation likely results 
in reduced muscle strength and total body muscle mass that does not 
fully revert to baseline even after treatment. Fortunately, minor resid-
ual atrophy and weakness in one or more muscle groups most often 
do not translate into significant functional impairment.

Core sets of measures to determine functional status, define 
improvement, and assess disease activity, as well as damage, have been 
developed by international collaborative efforts for adult IIM and child-
hood-onset disease.164,166,266-268 Initial validation studies have been com-
pleted for the Myositis Disease Activity Assessment Tool (MDAAT) 
in adults,168 paralleling efforts geared toward the validation of a core 
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disease is a frequently observed extramuscular manifestation, as are 
arthritis, Raynaud phenomenon, and gastrointestinal involvement 
(Table 145.1).1,3 Moreover, myositis is often observed in patients with 
other connective tissue diseases, particularly in those with systemic 
sclerosis, mixed connective tissue disease (MCTD), and Sjögren syn-
drome, and occasionally in patients with rheumatoid arthritis (RA) or 
systemic lupus erythematosus (SLE). These observations suggest that 
the idiopathic inflammatory myopathies are systemic inflammatory 
connective tissue disorders and that there could be etiologic factors or 
pathogenic mechanisms that are shared with other connective tissue 
diseases.

MUSCLE BIOLOGY AND PHYSIOLOGY
Skeletal muscle constitutes 40% of our body weight and is instrumental 
for movements, joint protection, and keeping us in an upright position. 
Skeletal muscle is composed of striated muscle fibers, which are depen-
dent on nerve and blood supply. The striated muscle fibers are multi-
nucleated cells, and their length varies from a few millimeters to nearly 
30 cm depending on body site.4 Each fiber is surrounded by a fine layer 
of connective tissue, the endomysium (Fig. 145.1). Several fibers, up 
to 150, form a fasciculus that is surrounded by another layer of con-
nective tissue, the perimysium (see Fig. 145.1). Several fascicles form 
the muscle, which is surrounded by a fascia, epimysium.

Each muscle fiber is built up from ultrastructural functional units, 
myofibrils, that contain smaller units, myofilaments (see Fig. 145.1). 
In the myofilaments the contractile proteins myosin and actin make 
up 85% of all protein content.5 Other proteins that have structural 
functions or affect protein filament interactions are tropomyosin, tro-
ponin, desmin, and titin. The contractile unit in muscles is the sarco-
mere. The contraction is a Ca2+-dependent process. Speed of contraction 
of a muscle depends on its myosin adenosine triphosphatase (mATPase) 
activity and is also correlated with specific isoforms of the contractile 
proteins. The speed-determining enzyme, mATPase, is associated with 
the myosin molecule. There are different isoforms of myosin, with 
different contractile properties, depending on their heavy chain isoform 
and mATPase activity. In adult muscle most individual muscle fibers 
are composed of only one myosin heavy chain isoform. On the basis 
of mATPase activity or myosin heavy chain isoform expression, three 
distinct fiber types have been described: slow (type I), fast type IIA, and 
fast type IIB.6 Type IIB fibers are sometimes also named type II X or 
type IID in humans. A fourth fiber type, defined by mATPase reactiv-
ity, is an intermediate, undifferentiated, type IIC fiber. Type IIC fibers 
are regarded as transition fibers under development that can develop 
into either type I or type II fibers. Type I fibers contain the slow myosin 
heavy chain isoform and type II fibers contain fast myosin heavy chain 
isoform. Type IIC fibers contain at least two different myosin isoforms 
(fast and slow) and developmental fetal myosin. Fiber types can also 
be separated using biochemical staining for mATPase at different pH 
values depending on the varying pH sensitivity of different mATPase 
reactivity. This information is used in clinical practice for histopatho-
logic evaluation of muscle biopsies from patients with neuromuscular 
problems (Fig. 145.2a-f).

The different fiber types exhibit various physiologic properties. Thus 
type I fibers, slow twitch, are characterized by a relatively low mATPase 
reactivity and large and numerous mitochondria, making these fibers 
fatigue resistant and suitable for prolonged aerobic exercise and endur-
ance work. Type II fibers, on the other hand, have a high mATPase 
activity, rely mainly on glycolytic systems for energy supply, and are 

Inflammatory muscle disease—
etiology and pathogenesis (myositis)
Ingrid E. Lundberg

 The major clinical features of myositis are muscle weakness and 
muscle fatigue.

 The major histopathologic findings of myositis consist of focal 
inflammation with T cells, macrophages, and dendritic cells, often 
together with injury, death, and repair of muscle cells (myocytes), 
and expression of major histocompatibility complex (MHC) class I 
antigen on muscle fibers.

 Differences in the immunopathology of dermatomyositis 
(perivascular CD4+ T cells, B-cell infiltration, deposition of late 
complement components, and capillary loss) and polymyositis and 
inclusion body myositis (endomysial infiltrates and activated CD8+ 
T cells and macrophage invasion of myocytes) may reflect different 
etiologies and molecular pathways.

 Myositis-specific autoantibodies, which target cytoplasmic 
molecules involved in protein synthesis, are associated with distinct 
clinical myositis subsets.

 The mechanisms that cause impaired muscle performance are 
likely to be a combination of cell-mediated muscle fiber necrosis, 
indirect effects of inflammatory cells by secretion of molecules that 
affect muscle fiber contractility, and an acquired metabolic 
myopathy secondary to loss of capillaries and local inflammation. 
Different molecular mechanisms may predominate in various 
phases of disease.

INTRODUCTION
The idiopathic inflammatory myopathies (IIMs) encompass a group of 
heterogenous muscle disorders that share the clinical features of slowly 
progressive weakness of skeletal muscle, decreased muscle endurance, 
and muscle fatigue. Another common feature is presence of inflamma-
tory infiltrates, mainly composed of T cells, macrophages, and den-
dritic cells in muscle tissue. Autoantibodies are also frequent in patients 
with inflammatory myopathies. The presence of infiltrating lympho-
cytes in the target organ and the muscles and the presence of autoan-
tibodies suggest that the inflammatory myopathies are autoimmune 
diseases, but a target autoantigen has not been determined. On  
the basis of different clinical and histopathologic features, the IIMs  
can be subclassified into three major groups: polymyositis, dermato-
myositis, and inclusion body myositis.1 Another subclassification 
is based on the presence of autoantibodies, which are associated  
with distinctive clinical phenotypes such as the antisynthetase syn-
drome.2 The existence of these different clinical phenotypes, both those 
associated with different autoantibodies and those according to the 
classification as polymyositis, dermatomyositis, and inclusion body 
myositis, suggests that different pathogenic mechanisms are involved 
in development of inflammatory myopathies. Conversely, the predomi-
nating clinical symptoms of symmetrical muscle weakness, mainly 
affecting proximal muscles, and decreased muscle endurance are shared 
by all the subsets of myositis, indicating that some pathogenic mecha-
nisms are shared.

Although muscle symptoms predominate in myositis patients, 
other clinical manifestations are common in polymyositis and derma-
tomyositis but not in inclusion body myositis. Besides skin rash, which 
by definition is present in dermatomyositis patients, interstitial lung 
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types determines the physiologic properties of the muscle and they 
differ between muscle groups. There are large interindividual variations 
in fiber type composition.4 In athletes certain patterns of fiber type 
compositions seem to be advantageous for different purposes. For 
example, marathon runners have a predominance of slow-twitch, type 
I fibers, whereas athlete sprinters and ice-hockey players have a pre-
dominance of fast-twitch, type II fibers.4 There is a tendency to a 
gender difference with more type I fibers in women than in men, and 
with increasing age there are fewer type II fibers in both men and 
women.8

Muscle development and regeneration
During development, muscles are composed of single nucleated myo-
blasts that fuse into multinucleated myotubes, which differentiate into 
mature muscle fibers.9 The phenotype of a developing muscle fiber 
differs from mature muscle fibers concerning the expression of mole-
cules on the cell surface and in the cytoplasm or sarcoplasm. One char-
acteristic phenotype of mature, differentiated muscle fibers is absence 
of major histocompatibility complex (MHC) class I molecules (human 
leukocyte antigen [HLA] A, B, C). MHC class I molecules are expressed 
on all nucleated cells in the body with few exceptions such as nerve cells 
and muscle cells. One important function of MHC class I molecules is 
to present endogenous antigens to the immune system via interactions 
with T-cell receptors. The role of MHC class I molecules during develop-
ment of muscle fibers and why mature muscle fibers lose MHC class I 
expression during differentiation are not known.

Muscle has a regenerating capacity depending on satellite cells, a 
kind of reserve cells localized under the basal lamina of the muscle 
fiber.9 On appropriate stimuli these satellite cells can grow and fuse 
with the fiber or develop into new adult muscle cells, a process termed 
regeneration. Regenerating fibers are often found in muscle biopsies 
from patients with inflammatory myopathies. Similar to myotubes, 
regenerating fibers express MHC class I molecules on the sarcolemma 
and in the sarcoplasm.

ETIOLOGY
The etiology of myositis is likely to involve both genetic and environ-
mental factors, but their relative contribution is largely unknown 
(Table 145.2).

TABLE 145.1 AFFECTED ORGANS AND THEIR EVALUATION IN INFLAMMATORY MUSCLE DISEASE

Organ system Modalities of evaluation Pathologic processes Findings

Muscle Biopsy Myofiber degeneration-regeneration Myofiber size variation

Inflammation Mononuclear cell infiltration

Fibrosis Increased interstitium and fatty replacement of muscle

EMG Myofiber destruction Low-amplitude, short, polyphasic potential; spontaneous fibrillations; irritability

Gallium scan Inflammation Increased uptake in affected muscle

MRI

T1 image Fibrosis Atrophy of muscle, scarring

STIR image Inflammation Bright signal in inflamed muscle

Heart ECG, CXR Myocarditis, fibrosis Arrhythmias, left ventricular hypertrophy

Biopsy Myocarditis, fibrosis Myofiber size variation, mononuclear cell infiltrates, fibrosis

Lungs CXR, HRCT Inflammation, fibrosis Interstitial markings

PFTs Inflammation, fibrosis Decreased TLV and DLCO

Radionuclide scan Inflammation, fibrosis Ventilation/perfusion mismatches

BAL Inflammation, fibrosis Abnormal leukocyte numbers and differentials

Biopsy Inflammation, fibrosis Mononuclear cell infiltration, destruction of alveolar space and fibrosis

Skin Biopsy Inflammation Vacuolization of the basal layer; mononuclear cell infiltration

Gastrointestinal Radiographic studies Inflammation, fibrosis Reflux and uncoordinated peristalsis

BAL, bronchoalveolar lavage; CXR, chest radiograph; DLco, carbon monoxide diffusion; ECG, electrocardiogram; EMG, electromyogram; PFT, pulmonary function test; TLV, total lung volume.

Sarcolemma

Perimysium

Myofibril

Myofiber

Endomysium
Blood

capillary

Artery

Vein

Nerve

Lymphatic

Perimysium

SCHEMATIC DIAGRAM OF A MUSCLE BUNDLE

Fig. 145.1 Schematic diagram of a muscle bundle (fascicle). Individual 
myofibers (muscle cells or myocytes) are each surrounded by an endomysial 
membrane. Groups of myocytes are arranged into a bundle or fascicle and 
surrounded by the perimysium. Muscle fascicles are arranged together as 
functional units surrounded by a membrane known as the epimysial 
membrane. The vascular bundle consists of the artery and vein supplying the 
muscle cells.

important for quick powerful actions. The specificity of fiber type in a 
muscle is determined during development in the embryonic muscle 
and seems to be genetically determined.7

Each muscle is composed of a mixture of type I and II fibers, creat-
ing a checkerboard pattern (see Fig. 145.2). The ratio between the fiber 



CH
A

PTER 145 
● Inflam

m
atory m

uscle disease—
etiology and pathogenesis (m

yositis)

1459

interact with genetic factors, but so far there is no information on such 
interactions in myositis.

Environmental factors
The most frequently reported environmental factors associated with 
muscle inflammation are infections. In rare cases some bacteria, 
mainly Staphylococcus aureus, may cause an acute local muscle infec-
tion. Some parasites, the most common being trichinosis, may also 
directly invade muscle tissue and cause a localized myositis. There is 
no evidence that these types of infections cause a chronic myositis. 
Antibodies against some organisms, Toxoplasmosis gondii and Borrelia 
burgdorferi, have been found in sera of some patients with idiopathic 
myositis.17 Infrequently these agents have been detected in muscle 
tissue from myositis patients but their role as a cause of myositis is 
uncertain. Some viral infections, mainly with coxsackie, echo, parvo 
B19, and influenza viruses, have been described to be associated with 
a self-limiting myositis mostly seen in children.18

Cases of muscle inflammation with histopathologic resemblance to 
polymyositis have been described in patients with specific infections. 
The most frequently reported cases have been in patients with retro-
viral infections, human T-cell leukemia/lymphoma virus (HTLV-1), 
human immunodeficiency virus (HIV), and the parasite infection Try-
panosoma cruzi.19

Notably, a common feature of infections with associated myositis 
is the intracellular nature of these microorganisms. However, there has 
been no success in detecting signs of a preceding or persisting infection 
in myositis cohorts, either as increased antibody titers or detectable 
antigens in muscle biopsy specimens using sensitive polymerase chain 
reaction technique, and thereby solid evidence is still lacking for any 
role of continuing viral infections as a cause of the chronic muscle 
inflammation.

Ultraviolet light
An environmental factor that could be important in the etiology and 
pathogenesis is ultraviolet (UV) light radiation. The relative proportion 
of dermatomyositis, as well as the proportion of patients with certain 

Genetic factors
The best known genetic risk factors are certain HLA alleles, but the 
HLA genes that are associated with inflammatory myopathies vary in 
different populations around the world. HLA DRB1*0301 and the 
linked DQA1*0501 are the strongest known risk factors for all major 
forms of sporadic and familial forms of myositis in white adults and 
children in both the United States and Europe.10,11 Alleles of the 8.1 
ancestral haplotype (AH) (HLA-B*08-DRB1*03-DQA1*05-DQB1*02, 
8.1 AH) have even stronger associations with patients with certain 
autoantibodies, the antisynthetase autoantibodies, particularly anti-
histidyl-tRNA synthetase (anti-Jo-1) antibody (Table 145.3).12 Simi-
larly, the DRB1*07-DQA1*02-DQB1*02 haplotype is associated with 
dermatomyositis, but it is even more strongly associated with posses-
sion of the dermatomyositis-specific anti-Mi-2 Ab.11 Other associations 
have been reported for other ethnic groups.11 The association with 
certain HLA class II genotypes supports the role of a T cell–driven 
immune response because the only known function of MHC class II 
molecules is to present antigens to antigen-specific T-cell receptors.

There are also genetic associations between myositis and non-HLA 
genes. One of them is to the tumor necrosis factor (TNF) gene, 
-308TNFA genotype.13 The association was reported with a more severe 
disease in children with juvenile dermatomyositis.14 The -308TNFA 
gene is localized within the conserved ancestral haplotype on chromo-
some 6, mentioned earlier, and the TNF gene association is due to 
linkage disequilibrium with the extended ancestral haplotype.12 There 
are also reports of associations with a polymorphism in the interleu-
kin-1 receptor antagonist (IL-1ra) gene in children with dermatomyosi-
tis, with the IL-1RN A1 allele carrying a risk factor for juvenile 
dermatomyositis.15 Such an association has so far not been reported in 
adults with myositis. A further non-HLA gene association is a polymor-
phism in the protein tyrosine phosphatase (PTP) N22 gene for a com-
bined group of adult and juvenile polymyositis and dermatomyositis 
with a degree of risk similar to other autoimmune diseases.16

Although there is accumulating evidence for genetic factors to be 
involved in development of idiopathic inflammatory myopathies, it is 
clear that the genetics are complex as in other chronic inflammatory 
diseases. Furthermore, it is likely that environmental risk factors 

a b c

d e f

Fig. 145.2 Fiber types as defined by ATPase stainings at different pHs in m. vastus lateralis from a healthy person (a-c) and from a patient with polymyositis (d-f ). 
At pH 4.3 the type I fibers are dark and type IIA/B are unstained (a, d). At pH 4.6 the type I fibers are dark, IIA fibers are unstained, and IIB fibers are gray (b, e). At 
pH 10.3 type I fibers are unstained and type IIA/B fibers are dark (c, f ). The intermediate type IIC fibers are gray at all pHs and are only present in the biopsy from 
the patient. (Courtesy Ingela Loell.)
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inflammatory myopathies (see Table 145.2). The most common cause 
of drug-induced myopathy during recent years is lipid-lowering agents 
including statins, fibrates, and nicotinic acid.21 Predominating clinical 
features in statin-induced myopathy are muscle pain and cramps, but 
in rare cases severe rhabdomyolysis with a risk of renal failure may 
develop. Statin-induced myopathy is usually not characterized by 
inflammatory cell infiltrates in muscle tissue and is in most cases 
reversible after stopping the drug. If muscle symptoms persist after 
stopping the lipid-lowering drug, one should consider the possibility 
that the drug has triggered an underlying myopathy such as a metabolic 
myopathy. The mechanisms whereby these drugs cause myopathies 
have not been clarified, but statins are HMG-CoA reductase inhibitors 

autoantibodies, anti-Mi-2 antibodies, correlates with UV radiation 
intensity, with dermatomyositis being clearly more common close to 
the equator (Guatemala and Mexico) than close to the north pole 
(Iceland and Sweden).20 The association between UV light exposure 
and subtype of myositis suggests that UV light is an exogenous modi-
fier that can influence the clinical phenotype in two closely related 
diseases, polymyositis and dermatomyositis.

Drugs
Several drugs may induce myopathies with muscle weakness and 
increased serum levels of creatine phosphokinase (s-CK) resembling 

TABLE 145.2 POSSIBLE ETIOLOGIC FACTORS IN ACQUIRED MYOPATHY/MYOSITIS

Factor Examples Comments

Drugs and toxins Cimetidine

Chloroquine Vacuolar myopathy

Colchicine Vacuolar myopathy

Corticosteroids Type II fiber atrophy

Emetine

Ethanol Acute rhabdomyolysis and chronic myopathy

Heroin

Penicillamine Typical polymyositis

Mitochondrial myopathy

Fibrates and statins Cases of polymyositis, rhabdomyolysis, and non-inflammatory myopathies reported

Zidovudine (AZT)

(Many others reported at the case level)

Infectious agents

Bacteria Staphylococci Most common cause of pyomyositis

Clostridia

Rickettsiae

Mycobacteria

Parasites Toxoplasma

Trichinella

Schistosoma

Cysticerca

Sarcocystis

Trypanosoma

Borrelia

Viruses Coxsackievirus Serologic association with juvenile dermatomyositis

Echovirus Associated with hypogammaglobulinemia

Influenza

Adenovirus Cultured from an inclusion body myositis muscle biopsy

Mumps

Hepatitis B

HIV AIDS patients can present with polymyositis

HTLV-1 High anti-HTLV-1 antibodies in Jamaican myositis patients

Genetic factors

HLA DRB1*0301 Other HLA alleles associated with certain myositis-specific autoantibodies and other ethnic 
groups. Rare familial cases. Other genes probably important

HLA DQA1*0501

TNF2 (-308A)

IL1RN A1

PTP N22 In polymyositis and dermatomyositis grouped together
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consequence of the association, irrespective of the pathogenic mecha-
nisms, is to search for tumors in patients with dermatomyositis. 
Recently a novel autoantibody, p155/140, has been found. Its sensitiv-
ity and specificity for malignancies in dermatomyositis are unknown 
and need to be investigated in larger patient cohorts.

PATHOGENESIS
The presence of T lymphocytes in muscle tissue in a majority of 
patients with myositis and the frequently detected autoantibodies indi-
cate that immune mechanisms are involved in the pathogenesis of 
these disorders and that both T and B cells may have a pathogenic role 
in these disorders (Box 145.1). It is still not known, however, whether 
muscle-specific immune reactions are involved and whether such reac-
tions differ between various subsets of myositis.

Three major effector mechanisms have been proposed to be impor-
tant for development of chronic muscle inflammation and the major 
clinical symptoms, muscle weakness and muscle fatigue:

● direct effects of infiltrating leukocytes, mainly T lymphocytes and 
macrophages on muscle cells (e.g., by means of cytotoxicity)

● indirect effects of molecules from the immune system (cytokine 
and others) on muscle metabolism and function

● involvement of microvessels and a disturbed microcirculation, 
which could lead to acquired metabolic disturbances and thereby 
cause reduced muscle function

We could potentially learn about the operative pathogenic mecha-
nisms in human diseases in several ways, through studies on animal 
models, through in vitro studies of cell or tissue cultures, or, most 
conclusively, from studies of the disease course and of the target organ 
during therapies targeting distinct molecules or mechanisms. To date, 

and this inhibition may interfere with energy production that may give 
rise to symptoms in muscle fibers.

Other drugs that may induce myopathies are listed in Table 145.2. 
In general the drug-induced myopathies can be distinguished from 
inflammatory myopathies by the history of drugs and by absence of 
characteristic histopathologic changes in muscle biopsy and clinical 
improvement when stopping the drug. Also, corticosteroids may induce 
a myopathy that, by itself, is not associated with any histopathologic 
changes reminiscent of inflammatory myopathy. The fact that cortico-
steroid-induced myopathy may be induced also in patients with inflam-
matory myopathies during treatment with corticosteroids raises an 
obvious diagnostic problem. The diagnosis of corticosteroid-induced 
myopathy in patients with myositis can thus only be established when 
strength improves with lowered dose of prednisone.

An inflammatory myopathy with infiltration of inflammatory cells 
in muscle tissue resembling polymyositis or dermatomyositis has been 
reported in a few cases after treatment with interferon (INF)-α.22 There 
are also a few reports of signs of an inflammatory myopathy in patients 
with rheumatoid arthritis after treatment with TNF-blocking agents.23 
Whether these cases developed due to mere chance or whether the 
interference with the immune system using these agents triggered 
onset of a myositis needs to be further evaluated.

Malignancy
A strong association exists between malignancy and dermatomyositis, 
but less clearly with polymyositis.24 The increased risk involves differ-
ent types of tumors.25 Whether this association is due to a paramalig-
nant phenomenon (i.e., development of myositis subsequent to the 
malignancy) or chronic inflammation contributing to the development 
of malignancies is not clear. Circumstantial evidence exists for a  
paramalignant phenomenon from case reports where removal of the 
tumor has led to disappearance of the dermatomyositis. The clinical 

TABLE 145.3 MYOSITIS-SPECIFIC AUTOANTIBODIES AND THEIR ASSOCIATED DISEASE FEATURES

Autoanibody Autoanigen Prevalence in IIM (%) Clinical association HLA class II alleles

Antisynthetases

Anti-Jo-1 HisRS 15-40 Antisynthetase syndrome† DRB1*0301¶, DQB1*0201‡, 
DQA1*0501¶ and/or DQA1*0401¶

Anti-PL-7 ThrRS <5 Antisynthetase syndrome†

Anti-PL-12 AlaRS <5 Antisynthetase syndrome†

Anti-OJ IleRS <5 Antisynthetase syndrome†

Anti-EJ GlyRS <5 Antisynthetase syndrome†

Anti-Zo PhenylRS Antisynthetase syndrome†

Anti-KS AspRS

Anti-HA ThyRS Antisynthetase syndrome†

Anti-SRP SRP proteins <5 Acute, severe polymyositis DR5, DQA1*0301, DRw52

Anti-KJ Unidentified protein <1 Interstitial lung disease ?

Anti-Mi-2 Nuclear helicase <10 Classic dermatomyositis DRB1*07§, DQA*0201

Anti-p155/140 Transcriptional intermediary factor 1-g 
(TIF-1g)?

Juvenile dermatomyositis and 
dermatomyositis associated with 
malignancy

Anti-CADM-140 Melanoma differentiation-associated 
gene 5 (MDA5 20% of CADM)

Clinical amyopathic dermatomyositis

Anti-SAE Small ubiquitin-like modifier 1 
activating enzyme A and B subunits

Dermatomyositis with interstitial 
lung disease

Anti-p140 NXP-2—nuclear transcription 20% of JDM Juvenile dermatomyositis

Abbreviations: HisRS/ThrRS/AlaRS/IleRS/GlyRS/Phenyl/Asp/Thy histidyl-, threonyl-, alanyl-, isoleucyl-, glycyl-, phenylalanyl-, aspariginyl-, thyrosyl- tRNA synthetase respectively; IIM, idiopathic inflammatory 
myopathy; HLA, human leukocyte antigen; SRP, signal recongnition particle;  DM, clinical amyopathic dermatomyositis; SAE, small ubiquitin-like modifier activating enzyme; JDM, juvenile 
dermatomyositis.
†Antisynthetase syndrome is interstitial lung disease, fever, arthritis, Raynaud’s phenomenon and “mechanic’s hands.”
‡In white patients.
¶In black and Mexican-American patients.
§Linked alleles.
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animal models have been of limited value in studies of myositis due 
to the lack of a model with a chronic muscle inflammation and associ-
ated histopathologic and clinical features resembling human polymyo-
sitis, dermatomyositis, or inclusion body myositis. Some information 
has been gained from in vitro studies of cultured myoblasts and myo-
tubes, which have demonstrated that the responsiveness and strength 
of cultured muscle cells are diminished after exposure to some cyto-
kines, notably tumor necrosis factor (TNF).26 The most informative 
studies have been performed in carefully characterized myositis patients 
with defined different clinical phenotypes and in different phases of 
their disease, as well as after different therapies. Such studies are based 
on characterization of the phenotypes of resident and infiltrating cells 
and distribution of molecules of potential pathogenic importance, as 
discussed next.

Muscle histopathology
Characteristic histopathologic signs in patients with inflammatory 
myopathies are presence of mononuclear inflammatory cell infiltrates 
in muscle tissue and degenerating, necrotic fibers, as well as regenerat-
ing muscle fibers (Fig. 145.3a and b).1,3,27 Atrophy of muscle fibers in 
a perifascicular fashion is mainly found in patients with dermatomyo-
sitis, often in a later phase of disease (Fig. 145.3b and c). In inclusion 
body myositis, rimmed vacuoles are characteristic features that can be 
seen in a light microscope (Fig. 145.3d).1 Nuclear or cytoplasmic inclu-
sions are mainly detected by electron microscopy. None of these biopsy 
features is pathognomonic for myositis but may also occur in other 
disorders, and they are not directly linked to muscle function. Impor-
tantly, these histopathologic features are often focal and in some cases 
a muscle biopsy can look normal despite clinically evident muscle 

a b

c d

Fig. 145.3 Changes in myositis by light microscopy. Cross-sectional views of inflammatory myopathy showing variation in cell size, necrosis, regeneration, 
and inflammation (hematoxylin-eosin) in polymyositis (a) and dermatomyositis (b). Perifascicular atrophy in dermatomyositis (MHC class I antigen, 
immunohistochemistry staining) (c). Red-rimmed vacuoles, marked cell size variation, and relatively sparse inflammation in inclusion body myositis (trichrome) 
(d). (Courtesy Dr. I. Nennesmo [c].)

BOX 145.1 IMMUNOLOGIC ABNORMALITIES IN PATIENTS WITH 
INFLAMMATORY MYOPATHIES
Cellular abnormalities
T-cell receptor restriction in inflamed muscle
Activated T and B lymphocytes expressing co-stimulatory molecules: CD86/

CD80; CD28/CTLA4; CD40/CD40L in skeletal muscle
Increased peripheral mononuclear cell trafficking to muscle
Increased proportions of peripheral T and B lymphocytes bearing activation 

markers
Type I interferon gene expression in muscle tissue and peripheral blood of 

dermatomyositis and polymyositis patients
High expression of proinflammatory cytokines and chemokines in muscle tissue 

(IL-1α, IL-1β, TNF, HMGB-1, VEGF, MIP-1α)
Elevated serum IL-1α, IL-2, soluble IL-2 receptors and soluble CD8 receptors
Decreased proliferative responses of peripheral mononuclear cells to T-cell 

mitogens
Increased proliferative responses of peripheral mononuclear cells to autologous 

muscle
Increased expression of cytokines and chemokines in infiltrating mononuclear 

cells and muscle cells
Increased MHC class I (HLA-ABC), class II (HLA-DR), and ICAM-1 on skeletal 

muscle fibers

Humoral abnormalities
Immunoglobulin and complement deposition in muscle vascular endothelium
Myositis-specific autoantibodies (see Table 145.3)
Myositis-associated autoantibodies (anti-U1RNP, anti-PM/Scl, anti-Ku)
Other-autoantibodies (antithyroid, anti-Sm, anti-Ro, anti-La, etc.)
Hyper-, hypo-, and agammaglobulinemia
Monoclonal gammopathy
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Fig. 145.4 Myositis is focal microscopically. Muscle biopsy showing focal 
inflammation. (Courtesy Dr. L. Love.)

STIR Image

MAGNETIC RESONANCE IMAGES OF THE THIGH

Fig. 145.5 Magnetic resonance images of the thigh. In cross-section using the 
short tau inversion recovery (STIR) technique, atrophy of the anterior muscles 
is evident. Inflammation shows up as bright areas in the posterior muscles (a).  
(Courtesy Dr. J. Frank and Dr. D. Fraser.)

weakness (Fig. 145.4). Furthermore, the degree of histopathologic fea-
tures is not correlated with the degree of muscle weakness. The focal 
nature of inflammation is also observed by magnetic resonance imaging 
(MRI), which can detect inflammation as a bright signal using the short 
tau inversion recovery (STIR) sequence (Fig. 145.5). The reasons for 
this heterogeneity of muscle inflammation are not known, but the 
heterogeneity suggests that not only does immune-mediated muscle 
fiber damage cause impaired muscle function but that other mecha-
nisms are also important, as discussed next.

Immunopathology
Careful characterization of human muscle tissue from patients with 
myositis using immunohistochemistry has revealed that there is a 

a b

Fig. 145.6 (a) Distribution of lymphocytes in muscle 
biopsies from patients with myositis. (b) The 
complement membrane attack complex in the vessels 
of a muscle from a patient with dermatomyositis. 
Lymphocytes invading an apparently normal myocyte 
in a patient with myositis. Double immunofluorescent 
staining with anti-CD8 (green) and anti-DR (red) 
antisera. Distribution of CD4+ and CD8+ lymphocytes 
in different clinical forms of myositis. Inflammation in 
dermatomyositis consists predominantly of 
perivascular B and CD4+ T cells, and in polymyositis 
and inclusion body myositis it is mostly endomysial 
CD8+ T cells (c).  (Courtesy Dr. J. T. Kissel [a] and Dr. 
Andrew Engel [b].)

tendency for different lymphocyte subsets to accumulate in different 
regions of the muscle, suggesting that there are different targets of the 
immune reaction. The pattern of distribution of inflammatory cells 
also tends to relate to different clinical subsets of myositis.27

Basically two different patterns of inflammatory cell infiltrates are 
found in muscle tissue of adult inflammatory myopathies. One is 
predominantly localized to the endomysium, composed mainly of 
CD8+ and CD4+ T cells, macrophages, and dendritic cells.1,3,27,28 In 
some cases the infiltrates surround and seem to invade non-necrotic 
muscle fibers (Fig. 145.6).27 This feature is predominantly seen in 
polymyositis and inclusion body myositis (see Fig. 145.6).27 The other 
pattern has a perivascular and perimysial localization and is composed 
mainly of CD4+ T cells, macrophages, dendritic cells, and B cells.1,3,27 
This is seen predominantly in dermatomyositis cases.27 These different 
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and dermatomyositis.39 A majority of these cytokines are present in 
inflammatory cells, whereas some cytokines are also observed in the 
cytoplasm of muscle fibers such as TNF-α, IL-6, and IL-15, and yet 
other cytokines are mainly found in endothelial cells (e.g., IL-1α), even 
without detectable inflammatory cells in the vicinity.38 Another promi-
nent molecule in muscle tissue is transforming growth factor (TGF)-
β.36,38 TGF-β has anti-inflammatory effects and could stimulate 
development of fibrosis. Despite the different patterns of infiltrating 
inflammatory cells in different subtypes of myositis, the cytokine 
pattern in muscle tissue is with few exceptions similar in the different 
subsets of myositis.

Chemokines are inflammatory mediators that have chemotactic 
functions in attracting leukocytes to tissues. They are produced by a 
number of different cells including endothelial cells, fibroblasts, and 
lymphocytes and are secreted and bound to receptors on target cells 
(e.g., monocytes, lymphocytes). The main stimuli for chemokine pro-
duction are proinflammatory cytokines such as IL-1, TNF-α, bacterial 
products, and viral infections. Increased mRNA expression of macro-
phage inflammatory protein 1α (MIP-1α) (=CCL3) transcripts, a pre-
dominantly T- and B-cell attractant that enhances CD8+ T cell 
adhesion to extracellular matrix, has been detected in both polymyo-
sitis and dermatomyositis patients.31 Less frequently detected are MIP-
1β (=CCL4) and RANTES (CCL5), molecules that primarily attract 
CD4+ cells. Monocyte chemoattractant protein-1 (MCP-1) and its 
receptors CCR2A and CCR2B have also been detected in myositis.31 
No differences have been observed concerning chemokine expression 
in patients with polymyositis and dermatomyositis.31

Immune mechanisms and muscle function
In addition to the previously described characteristic cellular infiltra-
tions of T cells, another support for a role a T cell–mediated muscle-
specific immune reactivity is restricted T cell receptor (TCR) use by 
muscle-infiltrating cells in polymyositis and inclusion body myositis. 
This suggests that subpopulations of T cells are selected and expanded 
in muscle tissue in response to as yet uncharacterized antigens. In 
dermatomyositis the TCR patterns are more polyclonal. Although 
oligoclonal TCR patterns have been observed in polymyositis and 
inclusion body myositis, no consistent TCR repertoire has been identi-
fied to date.

The most common way to initiate an immune response is through 
professional antigen-presenting cells (APCs) (e.g., dendritic cells or 
macrophages), which capture antigens in the peripheral tissue and then 
migrate to lymphoid organs, where they present the antigenic peptides 
to antigen-specific T cells, initiating the expansion and maturation of 
helper (CD4+) and effector (CD8+) T cells.40 Both myeloid and plas-
macytoid dendritic cells have been demonstrated in muscle tissue of 
all subsets of myositis patients.41 Whether muscle fibers with MHC 
class I or class II expression may act as APCs, and thereby interact 

immunohistopathologic features suggest that different pathogenic 
mechanisms could be involved in the different subsets of myositis  
with a predominance of T cell–mediated muscle fiber damage in poly-
myositis and inclusion body myositis and a role of the microvessels in 
dermatomyositis. However, these changes are not strictly related to 
presence or absence of skin rash. Moreover, in many patients the 
inflammatory cellular infiltrates are sparse and do not correlate to the 
degree of muscle symptoms, suggesting that other components of  
the immunopathology of inflamed muscle are also important for the 
disease. In contrast, the tissue distribution of signaling molecules 
produced in inflamed muscle tissues such as cytokines and chemokines 
does not seem to differ between subsets of myositis, indicating that 
some molecular mechanisms may be shared by different subsets of 
myositis.29-31

Another feature of inflamed muscle tissue is expression of MHC 
class I and II molecules in muscle fibers, which normally do not express 
these antigens (Fig. 145.7a and b).32 MHC class I antigen expression 
is present in a majority of myositis patients both on regenerating fibers 
and on otherwise histopathologically normal-appearing muscle fibers. 
The MHC class I expression is localized to the muscle fiber membrane 
and often diffusely spread within the sarcoplasm. Furthermore, the 
MHC class I and class II expression on muscle fibers has been observed 
even in the absence of inflammatory cell infiltrates.33 The MHC class 
II molecules are less consistently expressed, mainly on scattered muscle 
fibers. The mechanisms by which MHC class I and class II expression 
are induced on muscle fibers in vivo have not been clarified, but from 
in vitro studies it has been demonstrated that proinflammatory cyto-
kines or chemokines may induce MHC class I and class II expression 
on cultured muscle cells.34 These include cytokines that have been 
detected in inflamed muscle tissue such as IFN-α and IFN-γ, IL-1α and 
β, and TNF-α. A possible role of the induced MHC class I on muscle 
fibers in the disease mechanisms of myositis is discussed as follows. 
The MHC class I expression on muscle fibers, although not specific 
for myositis, could be helpful in diagnostic evaluation for distinction 
from normal muscle.35

Cytokines and chemokines
A number of cytokines and chemokines that may play a role in the 
pathogenesis of myositis have been detected in muscle tissue from 
patients with these disorders. The most frequently reported cytokines 
in IIMs are the proinflammatory cytokines interleukin (IL)-1α, IL-1β, 
TNF-α, and IFN-α.29,30,36-38 Other cytokines that have been found 
with increased expression in muscle tissue on protein or mRNA level 
are IL-4, IL-6, IL-15, IL-17, and IL-18.38 The proinflammatory type 
I interferons (IFN-α and IFN-β), which are mainly produced by 
plasmacytoid dendritic cells (pDCs), were found with pronounced  
gene expression in muscle tissue and peripheral blood and with  
suggestive association with disease activity in polymyositis 

a b

Fig. 145.7 Major histocompatibility complex (MHC) class I antigen expression detected by immunohistochemistry in muscle tissue. (a) in normal muscle, 
positive brown staining mainly in capillaries. (b) In a patient with polymyositis, positive staining (brown) is localized to muscle fiber membranes, diffusely in 
the sarcoplasm of several fibers and on inflammatory cells localized in the endomysium.
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the observation of MHC class I expression on muscle fibers in myositis 
patients with clinical muscle weakness even without detectable inflam-
matory infiltrates.33 Another line of support comes from an animal 
model in which transgenic mice with conditional upregulation of MHC 
class I molecules on muscle fibers develop muscle weakness, which 
precedes the histopathologic inflammation.45 The mechanisms by 
which the MHC class I upregulation induces muscle weakness could 
be through endoplasmic stress affecting synthesis of proteins that are 
important for energy substrates and contractility.46

Involvement of the microvasculature in inflammatory myopathies
A third possibility for disease mechanisms that affect muscle function 
in myositis is involvement of the microvessels. Clinical signs indicat-
ing microvessel involvement such as presence of nail splinters is 
mainly found in patients with dermatomyositis. Histopathologic obser-
vations of a decreased number of capillaries in muscle tissue were 
initially reported in patients with dermatomyositis.47 This was seen 
even in early cases with muscle symptoms but without inflammatory 
cellular infiltrates. Localization of the late components of complement 
system (C5-C9, the membrane attack complex) to the areas of fewer 
capillaries suggests a vascular injury, which may even precede the 
infiltration of inflammatory cells and lead to muscle fiber damage.

Other abnormal phenotypic changes of blood vessels have been 
observed in muscle tissue not only from patients with dermatomyositis 
but also polymyositis and inclusion body myositis. These changes 
include thickening of the endothelial cells both of capillaries and 
venules, resembling the endothelial cells of high endothelium venules 
(HEVs), which have a central role in lymphocyte homing. This endo-
thelial phenotype together with increased expression of adhesion mol-
ecules ICAM-1 and vascular cellular adhesion molecule (VCAM)-1 
suggest that the endothelial cells are activated. Corresponding ligands, 
LFA-1 and VLA-4, are also present on inflammatory cells in muscle 
tissue in myositis patients. IL-1α expression, which is also seen in 
endothelial cells of microvessels in the three subsets of inflammatory 
myopathies, is another sign of endothelial cell activation.38 HEV-
resembling endothelial cells with increased expression of IL-1α expres-
sion have been observed in areas exhibiting cellular infiltration and 
areas without inflammatory cells and both in patients with new-onset 
polymyositis and dermatomyositis and in patients with chronic disease 
after immunosuppressive treatment with persisting muscle weak-
ness.38 Interestingly, these changes correlated better with the persisting 
decrease of muscle function than did the inflammatory infiltrates. The 
activated microvessels with expression of adhesion molecules could 
promote migration of inflammatory cells into the muscle tissue and 
thereby have a central role in the pathogenesis not only in dermato-
myositis, as was earlier suggested, but also in polymyositis and inclu-
sion body myositis. Adhesion molecules could also be attractive 
molecules for targeted therapies in these conditions.

Another possible consequence of microvessel involvement is a sec-
ondary metabolic disturbance and muscle tissue hypoxia. This is indi-
cated by reduced levels of adenosine triphosphate (ATP) and 
phosphocreatine (PCr) observed by magnetic resonance (MR)-spectros-
copy, reflecting an abnormal energy metabolism in muscle tissue (see 
Fig. 145.5).48 Hypoxia could also be generated in chronically inflamed 
tissue, as has been demonstrated in the synovial tissue of patients with 
RA. Low oxygen tension was also observed in vivo in muscle tissue in 
a small study with myositis patients.49 Another support for the hypoxia 
hypothesis is that two of the most frequently detected cytokines in 
muscle tissue, IL-1 and TGF-β, could be induced by hypoxia. In addi-
tion, patients with polymyositis and dermatomyositis had a high 
expression of the potent pro-angiogenic vascular endothelium growth 
factor (VEGF) both in muscle tissue and sera when compared with 
healthy controls.50 Local tissue hypoxia could contribute to mitochon-
drial dysfunctions as indicated by an increased number of ragged red 
fibers and cytochrome c oxidase–negative fibers observed in inflamma-
tory myopathies, being most pronounced in dermatomyositis and 
inclusion body myositis. In chronic polymyositis and dermatomyositis 
with persisting impaired muscle function, a low proportion of oxida-
tive, type I fibers was detected in thigh muscles, which could be a 
consequence of local tissue hypoxia.51 Interestingly, this was reverted 
by physical exercise with improved muscle performance.51 A combina-
tion of factors including both immune-mediated muscle cell death  

with T cells, is still uncertain. The muscle fibers may express addi-
tional cell surface molecules (intercellular adhesion molecule (ICAM)-1 
and CD40), but the traditional co-stimulatory molecules (CD80/
CD86) to induce an immune stimulation have not been detected con-
vincingly on muscle cells.40

Mechanisms for cell damage
The relationship between infiltrating inflammatory cells and muscle 
dysfunction is still unclear. One possibility is a T cell–mediated muscle 
fiber death, but as mentioned earlier there is no clear evidence of an 
interaction between TCRs and MHC class I or II molecules on muscle 
fibers. Furthermore, the observation that the surface membrane of 
muscle fibers in the inflamed tissue remains intact (both from light 
microscopy and electron microscopy data), despite the close localiza-
tion of the inflammatory cells, argues against a direct cytotoxic effect 
of CD8+ T cells on muscle cells. Apoptosis of the muscle fibers has 
also been proposed as a mechanism for muscle fiber degeneration, but 
despite efforts from several research groups, no one has succeeded in 
detecting signs of apoptosis of the muscle cells in muscle biopsies from 
patients with myositis.42 Some studies suggest that the resistance to 
undergo Fas/TNF-R-mediated apoptosis is due to expression in the 
muscle fibers of proteins that inhibit apoptosis, namely Fas-associated 
death domain-like IL-1-converting enzyme-inhibitory protein (FLIP), 
inhibitor of apoptosis protein (IAP)-like protein (hILP) and Bcl-2.42 
Cytotoxic mechanisms mediated by perforin and granzyme were also 
suggested as mechanisms for cell damage in myositis, and perforin-
containing granules within CD8+ T lymphocytes have been found 
oriented toward adjacent muscle fibers.43 The expected porelike struc-
tures in the sarcolemma from perforin exposure could not be detected, 
however, which is why it is still uncertain whether this mechanism 
has any role in mediating direct T cell–mediated damage in myositis 
patients.

Indirect effects of molecules from the immune system (cytokines 
and others) on muscle metabolism and function
Because patients can have muscle weakness and decreased muscle 
endurance without detectable inflammatory infiltrates and muscle fiber 
cell apoptosis or necrosis, other mechanisms than direct cell-mediated 
muscle fiber damage could be involved in the disease mechanisms that 
cause impaired muscle function. Another possibility is that soluble 
factors such as cytokines or chemokines affect muscle fibers either by 
direct toxic effects to induce fiber degeneration or through effects on 
muscle fiber metabolism or contractility. As an example, TNF-α may 
have profound effects on muscle function, acting through TNF recep-
tors causing muscle fiber contractile dysfunction.26 TNF also has a 
catabolic effect on muscle cells by mediating protein loss and insulin 
resistance; it inhibits regeneration of muscle fibers and is an important 
mediator of muscle atrophy associated with cachexia.26 IL-1α is known 
from in vitro studies to inhibit production of insulin-like growth factor, 
leading to metabolic disturbances in nutrition supply. IL-1α may also 
inhibit muscle regeneration through suppression of myoblast prolifera-
tion and myoblast fusion.

IL-1α seems to be of particular interest in myositis because this 
cytokine was consistently found in endothelial cells of microvessels in 
muscle tissue from myositis patients with muscle weakness in both 
early and late, chronic phase, with persisting muscle weakness after 
treatment with corticosteroids. Furthermore, IL-1, IFN-α, IFN-γ, and 
TNF all have the capacity to induce expression of the MHC class I and 
class II molecules on muscle fibers, a typical feature in myositis.32,33

The results of studies targeting specific molecular pathways will give 
us more information on the relative role of these molecules in disease 
mechanisms of inflammatory myopathies. The experience of using 
targeted therapies that block specific molecules in the inflammatory 
cascade is limited to date in myositis. Treatment with TNF blockade 
has had varying effects on muscle function and muscle tissue inflam-
mation, making the role of TNF in the pathogenesis of myositis uncer-
tain.44 IL-1 is clearly a potential molecule for targeted therapies in 
myositis, but limited data are available to date on the use of agents 
blocking this molecule.

The MHC class I antigen expression on muscle fibers may also have 
a direct effect on muscle function. This notion is supported both by 
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antibodies. Interestingly, presence of these autoantibodies is associated 
with different HLA class II genotypes as presented earlier in the discus-
sion on genetics. The MSAs are often present at the first visit to the 
physician. In most patients they remain present during disease course, 
although some may vary with disease activity (anti-Jo1 antibodies).53 
A common feature of these autoantigens is that they are cytoplasmic 
and thus not “antinuclear” antibodies; instead, they give a diffuse 
cytoplasmic staining pattern of target cells with sera from patients with 
some MSAs (Fig. 145.9). These autoantigens are usually part of the 
protein synthesis machinery (Fig. 145.10).

The most frequently found MSAs are those directed against the 
aminoacyl-tRNA synthetases, a group of cytoplasmic enzymes that 
attach tRNAs to the corresponding amino acids (catalyze formation of 
aminoacyl-tRNA) occurring in 16% to 26% of patients with IIM.2,52 
The most common of these is the antihistidyl-tRNA synthetase anti-
body, anti-Jo-1, targeting histidyl-tRNA synthetase, which is found in 
approximately 20% of patients with polymyositis or dermatomyositis. 
Other less common MSAs are directed toward synthetases specific for 
threonine (anti-PL-7), alanine (anti-PL-12), glycine (anti-EJ), aspara-
gine (KS), isoleucine (anti-OJ), phenylalanine (anti-Zo), and tyrosine 
(anti-YRS) (see Table 145.3).54 Presence of antisynthetase autoantibod-
ies is associated with a distinct clinical phenotype, the so-called anti-
synthetase syndrome, characterized by interstitial lung disease as the 
most prevalent clinical manifestation, myositis, arthritis, fever, 
Raynaud phenomenon, and roughened skin over the lateral and palmar 
surface of the index fingers, termed “mechanic’s hands” (see Fig. 
145.8).2

Other MSAs such as antibodies against the signal recognition par-
ticle (SRP) and anti-Mi-2 have been detected less often. The SRP 
complex is involved in the translocation of polypeptides to the endo-
plasmic reticulum.54 Muscle biopsies from patients with anti-SRP anti-
bodies often have pronounced muscle fiber necrosis and little or no 

and different molecular pathways including an acquired metabolic 
myopathy are likely to contribute to muscle weakness and fatigue in 
polymyositis and dermatomyositis. Sufficient data support this combi-
nation of pathogenic pathways to take into consideration when treat-
ment regimens are designed, but the key molecular pathways are still 
unclear and need further research.

Humoral mechanisms
Humoral mechanisms in the pathogenesis of IIMs are suggested on 
the basis of two observations. The first is the presence of autoantibod-
ies and the second is deposition of complement and immunoglobulins 
in microvessels in muscle biopsies, as described earlier. Autoantibodies 
are present in 55% to 80% of myositis patients.52 The most common 
autoantibodies may also be antinuclear antibodies (ANAs), which are 
seen in all subsets of myositis but are less common in inclusion body 
myositis (30%).52 No autoantibodies that are directed against muscle-
specific antigens have been identified in myositis patients so far. Some 
of the autoantibodies are present in other inflammatory connective 
tissue diseases, even without signs of myositis, and are often named 
myositis-associated autoantibodies (MAAs) (e.g., antiribonucleoprotein 
[anti-RNP] antibodies), whereas others are mainly found in patients 
who have myositis specific autoantibodies (MSAs).2

The MSAs are particularly interesting in a pathogenic context not 
only because they are found almost exclusively in patients with myo-
sitis but also because they are associated with distinct clinical features 
and distinct genotypes. Because certain antibodies are associated  
with distinct extramuscular clinical features, their detection can be 
helpful to confirm a diagnosis of myositis and also to classify myositis 
patients into distinct clinical subgroups (Fig. 145.8). Mainly three 
groups of MSAs are described: the antisynthetase autoantibodies,  
the anti-signal recognition particle (anti-SRP), and the anti-Mi-2 

ASSOCIATIONS OF CLINICAL ABNORMALITIES WITH MYOSITIS-SPECIFIC AUTOANTIBODIES

Anti-Mi-2Anti-SRPAntisynthetase

•Acute severe muscle
weakness
Cardiac involvement
Myalgias

•

•
•

Interstitial lung disease 
Arthritis
Mechanic’s hands
Fever

•
•
•
•

•
Classic dermatomyositis
V-sign rash
Shawl-sign rash
Cuticular 
overgrowth

•
•

Fig. 145.8 The anatomic distribution of clinical abnormalities in some groups of patients with myositis.
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The strong association between MSAs and distinct clinical features, 
as well as distinct HLA class II genotypes, implies a role for these 
autoantibodies in the pathogenesis of these subsets of myositis. 
However, some unanswered questions remain: first, how could these 
autoantigens, which are ubiquitously expressed intracellular proteins, 
elicit an immune response, and second, why are these autoantibodies 
associated with clinically distinct phenotypes? A few interesting pos-
sibilities on how these autoantigens could contribute to the immune 
response and the distinct clinical phenotypes have been suggested 
recently. The first example comes from a demonstrated variation of 
autoantigen expression between tissues. An increased expression of  
the myositis autoantigens Mi-2 and histidyl-tRNA synthetase (HRS) 
was recorded in muscle tissue from myositis patients compared  
with normal muscle.55 This seemed to be explained by higher levels of 
Mi-2 and HRS autoantigens in regenerating muscle fibers compared 
with differentiated fibers, which would suggest regenerating muscle 
fibers as a source of antigen in autoimmune myositis.55 There were 

inflammation, termed necrotizing myopathy.54 Anti-Mi-2 antibodies 
are directed against a protein complex that includes histone deacety-
lases and other proteins, often labeled nucleosome remodeling deacety-
lases. This complex is involved in DNA transcriptional control.54 The 
clinical features associated with anti-Mi-2 antibodies are the typical 
skin rashes of dermatomyositis: Gottron papules, heliotrope rash, and 
a rash on the upper chest and shoulders—the so-called V-sign and 
shawl sign (see Fig. 145.8).2,54 Another autoantibody associated with 
dermatomyositis both in adults and in children is directed against a 
p155/p140 protein and confers a high risk of malignancy in adult 
patients.54 Yet another novel autoantibody, the clinically amyopathic 
dermatomyositis (CADM)-p140 antibody, was found in about 20% of 
patients with clinical amyopathic myositis.54 The anti-SUMO-1 anti-
body, which is directed at small ubiquitin-like modifier 1 activating 
enzyme A and B subunits, is also associated with dermatomyositis, 
which is characterized by severe skin involvement and interstitial lung 
disease.54

LABORATORY DEMONSTRATION OF MYOSITIS-SPECIFIC AUTOANTIBODIES

7S-L

1 2 3 4 5 6 7

tRNA

a b

Fig. 145.9 Laboratory demonstration of myositis-
specific autoantibodies. Cytoplasmic staining of 
cultured human cells by immunofluorescence using 
serum from a patient with antiglycyl-tRNA 
synthetase antibodies. Immunoprecipitation of cell 
extract by sera from patients with some myositis-
specific autoantibodies. Only the RNA of the 
protein-RNA immunoprecipitate is shown. 1: 
normal; 2: anti-SRP; 3: antithreonyl-tRNA synthetase 
(PL-7); 4: antihistidyl-tRNA synthetase (Jo-1); 5: 
anti-isoleucyl-tRNA synthetase (OJ); 6: anti-alanyl-
tRNA synthetase (PL-12), accompanied by anti-Ro, 
anti-La, and anti-RNP; and 7: antiglycyl-tRNA 
synthetase (EJ). (Courtesy D. Gracey [a] and Dr. S. 
Cochran [b].)
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Fig. 145.10 The machinery of protein synthesis showing some of the targets of myositis-specific autoantibodies.
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phenomenon occurring as a consequence of tissue inflammation or 
damage.

INCLUSION BODY MYOSITIS
In inclusion body myositis (IBM) there are specific features such as the 
rimmed vacuoles and inclusions of amyloid-β protein (Aβ), which have 
been subject of much interest.59 Another characteristic of inclusion 
body myositis is the resistance to immunosuppressive treatment. 
Although there are some features shared with polymyositis and der-
matomyositis, as discussed earlier, there is still a debate whether inclu-
sion body myositis should be regarded as an inflammatory myopathy 
or as a degenerative myopathy with secondary inflammation.60 Recently 
there was a report that amyloid-β could stimulate human myoblasts 
to IL-6 production. This could imply that in muscle tissue of inclusion 
body myositis patients there is a continual stimulation of IL-6 produc-
tion, which could have a proliferative effect on the local immune 
response. The role of the immune response in inclusion body myositis 
is still uncertain and needs further investigation.

CONCLUSION
Both cellular and humoral immune mechanisms are important in the 
pathogenesis of myositis. Muscle weakness and muscle fatigue, the 
major clinical problem in myositis, could be caused by different mecha-
nisms in different phases of the disease. In early disease the reversible 
changes that may affect muscle metabolism could have a major role, 
and later in disease irreversible changes that could be dependent on 
muscle fiber damage and replacement of muscle tissue by connective 
tissue and fat may be predominant factors. On the basis of findings to 
date, it is likely that soluble factors such as cytokines, which are pro-
duced in muscle tissue from different cell sources such as inflammatory 
cells, endothelial cells, and muscle fibers could all affect muscle func-
tion and have important roles in pathogenesis. An increased knowledge 
of key molecular pathways and which molecules affect muscle function 
will likely lead to new and more targeted therapies.

also some quantitative tissue variations of histidyl-tRNA synthetase 
expression with a higher expression in normal lungs compared with 
other healthy organs, which could possibly explain the frequent lung 
involvement associated with anti-histidyl-tRNA synthetase antibodies 
(anti-Jo-1).

A second example is the interesting observation that the  
aminoacyl-tRNA synthetases, targeted by the immune response  
in myositis, may acquire chemotactic properties. In vitro the histidyl-
tRNA synthetase induced migration of T cells, monocytes, and imma-
ture dendritic cells via chemokine receptors expressed on these  
cells, whereas non-autoantigenic aminoacyl-tRNA synthetases did 
not.56 A possible role in vivo could be that these autoantigens may 
be exposed to the immune system during tissue damage and then  
act as chemokines to attract immune cells to assist repair as part  
of the innate immune response. Autoimmune disorders may  
develop in selected individuals who have impaired immunoregulatory 
functions. In addition, sera from patients with anti-Jo-1 antibodies  
may induce type I interferon activity similarly to SLE, which also  
could be an important mechanism to a sustained immune  
reaction.57

A third example relates to the hypothesis that autoantibodies are 
directed against modified self-proteins. Such modifications could occur 
during cell death or as a consequence of local inflammation. One such 
modification occurs through cleavage of proteins by granzyme B, a 
serine protease that is released by cytotoxic lymphocytes in order to 
kill virus-infected and tumor cells. HRS (Jo-1 antigen) becomes immu-
nogenic after cleavage by granzyme B.58 This feature unifies a majority 
of autoantigens in myositis. Whether the granzyme B/perforin pathway 
has a role in the immune response in vivo in myositis still needs to be 
clarified.

Accumulating evidence thus suggests that myositis-specific autoan-
tibodies have a role in the pathogenesis of myositis. Autoantigens and 
their cleavage products that are exposed during cell death may induce 
homing of immune cells to affected tissues through their chemokine 
properties. However, to date we do no know whether these events are 
primary in the pathogenesis of disease, or rather represent secondary 
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clinical remission, which is the elimination of all evidence of disease 
activity in all organ systems, is a realistic objective and should be 
pursued aggressively to optimize outcomes.

Ensuring an accurate diagnosis is critical to all other aspects of 
management because there are so many mimics of the inflammatory 
myopathies and because the therapeutic approaches differ greatly in 
many of them. Patients who were referred without an appropriate 
diagnostic evaluation, those who are not responding to adequate 
immunosuppressive therapy within the first several months, and those 
with atypical features should be carefully reevaluated to ensure a 
correct diagnosis. An important aspect of management involves the 
education of patients and their families about their disease. Given that 
myositis is a rare disorder, it is unlikely that patients will have much 
information about their disease; thus, spending time explaining the 
basic principles of myositis and providing appropriate literature and 
resources is an effective approach that will have important long-term 
beneficial impact (see the additional resources for patients and physi-
cians listed in Box 146.1). Because the concerns that patients and their 
families have about myositis are often related to misinformation about 
the disease and its treatment, clarifying what these concerns are and 
addressing them early may also prevent future misunderstandings.

Poor prognostic factors for myositis are not well defined but appear 
to include delay to diagnosis and therapy; severe disease at onset; 
cancer-associated myositis; polymyositis (PM) compared with derma-
tomyositis (DM); significant pulmonary, cardiac, or gastrointestinal 
involvement; older age at onset; and anti–aminoacyl-tRNA synthetase 
(anti-synthetase) or anti–signal recognition particle (anti-SRP) autoan-
tibodies (Box 146.2). Although there are few controlled studies to 
support a more aggressive approach in those with poor prognostic 
factors, anecdotal information suggests that for those with poor prog-
nostic features, adding additional immunosuppressive therapy to cor-
ticosteroids early in the disease course may improve outcomes.1,2 It is 
also important to determine all the organ systems involved in these 
systemic disorders and to assess the degree of disease activity and 
damage that is present in each. Although this can be difficult, newly 
developed tools are useful in capturing this information.3 Integrating 
this information into a cohesive whole is the most difficult part of 
developing a comprehensive treatment strategy for patients with myo-
sitis. This should include an understanding of the expectations of the 
patient as well as possible risk factors for adverse events to the thera-
pies being considered.

Different groups of myositis patients appear to have various degrees 
of disease activity at onset and to respond differently to therapeutic 
agents over time.4 Figure 146.1 gives the general disease courses for 
the major clinicopathologic and autoantibody groups of myositis and 
emphasizes that in certain groups of patients disease activity is more 
likely to increase after reducing medications—for these groups, medica-
tions should be more carefully tapered.

Most of the focus of this chapter is on adult-onset inflammatory 
myopathies, but similar approaches should be considered in juvenile-
onset disease and those with DM without significant muscle involve-
ment (DM sine myositis).5

PRIMARY DRUG THERAPIES
Although there is only limited anecdotal information available to guide 
therapy, and no consensus on the best approaches, an algorithm for 
the treatment of inflammatory myopathies based on common clinical 
practices is shown in Figure 146.2.

Management of inflammatory 
muscle disease
Frederick W. Miller

 A correct diagnosis, which almost always requires a muscle biopsy 
to rule out inclusion body and non-inflammatory myopathies, is 
central to optimal treatment.

 The therapy for myositis is based more on anecdote and custom 
than on controlled trial data.

 Clinical remission, that is, the elimination of all evidence of disease 
activity in all organ systems, is a realistic objective for most patients 
and should be pursued aggressively to optimize outcomes.

 Corticosteroids remain the most effective agents, but they should 
be supplemented by other drugs early in cases with poor 
prognostic features.

 For dermatomyositis patients, sunscreens, sun avoidance, 
minimizing photosensitizers, topical corticosteroids, and 
hydroxychloroquine can be beneficial.

 Methotrexate and azathioprine are the most frequently used 
corticosteroid-sparing agents.

 Mycophenolate, cyclosporine, tacrolimus, cyclophosphamide, 
intravenous gammaglobulin, anti-tumor necrosis factor agents, and 
rituximab benefit some patients who do not respond to 
methotrexate or azathioprine.

 Most patients benefit from a graded rehabilitation program 
instituted as early as possible.

 The treatment of inclusion body myositis is unsatisfactory and 
controversial.

 Therapy needs to be individualized to the type of myositis, medical 
history, level of disease activity and disease damage, expectations, 
prognosis, and risks for adverse events in each patient.

GENERAL PRINCIPLES
The rarity and heterogeneity of the idiopathic inflammatory myopa-
thies, along with the few validated assessment tools, have limited the 
controlled trial data available to guide therapy and management. No 
agents have been approved by the U.S. Food and Drug Administration 
for use in patients with myositis, and therapy remains challenging even 
for expert myologists. Nonetheless, a number of case series, some 
open-label trials, and a few randomized controlled studies have been 
performed in small groups of patients that can guide aspects of therapy 
(Table 146.1).

The primary goal in the management of myositis is to improve the 
patient’s function to as close to their pre-disease state as possible. This 
is accomplished by (1) making an accurate diagnosis; (2) educating 
patients and their families about myositis; (3) defining and addressing 
the patients’ and their families’ major concerns; (4) enumerating the 
prognostic risk factors; (5) defining the extent of disease activity and 
disease damage in all affected systems; and (6) developing, with the 
patient’s input, an individualized management approach incorporating 
all of the just-mentioned options as well as the patient’s expectations 
and risk factors for adverse events to therapies. It is useful to think of 
the management of myositis in terms of that used for cancer patients, 
with initial induction therapy to rapidly decrease inflammation and 
achieve remission and later maintenance therapy to minimize the 
chance of a relapse. Expert opinion is developing that, in most cases, 
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TABLE 146.1 PROSPECTIVE TRIALS IN PATIENTS WITH IDIOPATHIC INFLAMMATORY MYOPATHIES

Trial (first author and reference) Design Agents Efficacy Grade of evidence*

PM, DM

Bunch37 (1980) P, R, D-B Aza-Pred vs. placebo-Pred Possible B

Bunch10 (1981) Follow-up of Bunch37 AZA-Pred vs. placebo-Pred Yes B

Cherin12 (1991) P, open IVIG Possible B

Miller38 (1992) P, R, D-B, P-C PE vs. LPH vs. sham No A

Dalakas11 (1993) P, R, D-B, P-C, cross-over IVIG vs. placebo Yes A

Cherin40 (1995) P, retrospective PE Possible C

Villalba41 (1995) P, R, open, cross-over Oral MTX/Aza vs. IV MTX Possible B

Adams42 (1999) P, open Fludarabine Possible B

Oddis17 (1999) P, open Tacrolimus Possible C

Vencovsky43 (2000) P, R, controlled Ci-A vs. MTX Similar B

Danieli44 (2002) P, open vs. Ci-A/Pred/IVIg/PE Ci-A/Pred vs. Ci-A/Pred/IVIG Possible C

Cherin39 (2002) P, open IVIG Possible C

Levine25 (2005) P, open Rituximab Yes B

Inclusion body myositis

Leff45 (1993) P, R, open MTX/Aza vs. IV MTX Possible B

Dalakas46 (1997) P, D-B, P-C, cross-over IVIG vs. placebo Possible A

Walter47 (2000) P, D-B, P-C, cross-over IVIG vs. placebo Possible A

Dalakas48 (2001) P, R, D-B, P-C IVIG/Pred No A

Muscle study group30 (2001) P, R, D-B, P-C Avonex vs. placebo No A

Muscle study group31 (2004) P, R, D-B, P-C Avonex vs. placebo No A

Barohn23 (2006) P, open Etanercept No B

PM, DM, inclusion body myositis

Cronin16 (1989) P, R, open IV cyclo No B

Mastaglia49 (1998) P, open IVIG No C

Dastmalchi21 (2008) P, open Infliximab No C

P, prospective; R, randomized; D-B, double blind; P-C, placebo controlled; Aza, azathioprine; Pred, prednisone; IVIG, intravenous immunoglobulin; PE, plasma exchange; LPH, leukapheresis; MTX, 
methotrexate; Ci-A, cyclosporin A; Avonex, β-interferon-1a; cyclo, cyclophosphamide.
*Grade of evidence: A, randomized, controlled trial; B, observational studies; C, case series.
Data from Oddis CV. Idiopathic inflammatory myopathy: management and prognosis. Rheum Dis Clin North Am 2002;28:979-1001; and Mastaglia FL, Zilko PJ. Inflammatory myopathies: how to treat the 
difficult cases. J Clin Neurosci 2003;10:99-101.

BOX 146.1 ADDITIONAL RESOURCES FOR PATIENTS AND PHYSICIANS

The Myositis Association (http://www.myositis.org/)—The largest myositis 
patient support group with annual meetings, monthly newsletters, updates 
of recent research, and descriptions of ongoing clinical trials and research 
grants.

Muscular Dystrophy Association (http://www.mda.org/)—A patient support 
group with network of clinics, genetic testing facilities, and helpful website.

Myositis Autoantibody Testing—Oklahoma Medical Research Foundation,  
Oklahoma City, OK (http://www.omrf.org/OMRF/Core/MyositisLab.asp)—
Provides validated commercial testing for all myositis autoantibodies.

Neuromuscular Disease Center, Washington University, St. Louis, MO (http://
www.neuro.wustl.edu/neuromuscular/)—A clinically useful website for dif-
ferential diagnosis of muscle weakness with many informative tables and 
pathologic images.

International Myositis Assessment and Clinical Studies group (IMACS) (http://
www.niehs.nih.gov/research/resources/collab/imacs/main.cfm)—A multidis-
ciplinary consortium of experts interested in the assessment, treatment, and 
study of all forms of myositis.

Clinicaltrials.gov (http://clinicaltrials.gov/)—A registry of federally and privately 
supported clinical trials conducted in the United States and around the 
world.

BOX 146.2 POOR PROGNOSTIC FACTORS IN 
INFLAMMATORY MYOPATHIES

 Older age at onset
 Delay to diagnosis and treatment
 Severe myositis
 Significant pulmonary, cardiac, or gastrointestinal involvement
 Previous lack of response to immunosuppressive therapy
 Polymyositis versus dermatomyositis
 Cancer-associated myositis
 Inclusion body myositis
 Anti-synthetase or anti–signal recognition particle (SRP) autoantibodies

From Miller FW. Classification and prognosis of inflammatory muscle disease. Rheum Dis Clin 
North Am 1994;20:811-826; and Oddis CV. Idiopathic inflammatory myopathy: management 
and prognosis. Rheum Dis Clin North Am 2002;28:979-1001.

http://www.myositis.org/
http://www.mda.org/
http://www.omrf.org/OMRF/Core/MyositisLab.asp
http://www.neuro.wustl.edu/neuromuscular/
http://www.neuro.wustl.edu/neuromuscular/
http://www.niehs.nih.gov/research/resources/collab/imacs/main.cfm
http://www.niehs.nih.gov/research/resources/collab/imacs/main.cfm
http://clinicaltrials.gov/
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initial dose and route of corticosteroid administration is usually deter-
mined by the disease severity, the number of poor prognostic factors 
present, and the risk factors for adverse events in each patient. A 
common practice is to begin with prednisone at 1 to 2 mg/kg/day. 
Prednisone is often begun as a single daily dose to minimize adverse 
effects; however, if inadequate response is seen, this is often changed 
to a divided daily dose.

In cases of severe myositis, and those with significant active pul-
monary, cardiac, or gastrointestinal disease or other poor prognostic 
features, intravenous methylprednisolone, 1 g/day for 3 consecutive 
days, is often used to achieve a more rapid response and avoid any 
question of inadequate oral adsorption. How rapidly to decrease the 
corticosteroid dose is determined by the clinical response to therapy. 
A common error is to attempt too rapid a decrease in dose, which often 
results in increased disease activity requiring another course of higher-
dose corticosteroids. The dose at which the disease flare occurs is fairly 
constant and predictable for a given patient.6 To minimize the chance 
of disease flares during tapering, some investigators suggest maintain-
ing an initial dose of prednisone at 1 mg/kg/day for at least a month 
and until the creatine phosphokinase (CPK) value returns to normal, 
and then reducing the prednisone dose by 25% monthly to a mainte-
nance dose of 5 to 10 mg/day.2 Other approaches include changing the 
prednisone to an alternate-day regimen once disease control has been 
achieved. There are few data to suggest how long corticosteroid main-
tenance therapy should continue after the initial clinical response  
and CPK normalization. A conservative approach is to continue  
with prednisone at 5 to 10 mg/day for 6 months after achieving  
clinical remission.

Prolonged high-dose corticosteroid use should be avoided whenever 
possible to minimize the side effects and optimize outcomes. The 
many side effects from prolonged high-dose corticosteroid use include 
osteoporosis, with vertebral collapse and osteonecrosis, hypertension, 
hyperglycemia, Cushing’s syndrome, cataracts, more frequent infec-
tions, and steroid myopathy. Patients must be advised about these 
potential problems and carefully evaluated for their development at 
follow-up visits. Regarding steroid myopathy, patients who develop 
increasing weakness when on high-dose corticosteroid therapy with 
other evidence of decreasing disease activity should be considered for 
empirical reductions in corticosteroid dose. Calcium and vitamin D 
supplements and bisphosphonates should be prescribed for those on 
chronic corticosteroids.

Other agents
Whereas previous approaches involved reserving additional immuno-
suppressive agents for those who failed corticosteroid therapy or had 
intolerable side effects, the initial use of cytotoxic agents with cortico-
steroids in patients with poor prognostic features is becoming more 
frequent. This more aggressive strategy has the advantage of minimiz-
ing corticosteroid adverse effects and the possibility of better outcomes 
in those who would otherwise be predicted to not do well.7

Methotrexate
Because of its extensive history, safety record, and anecdotal efficacy, 
methotrexate is considered by many investigators to be the first choice 
for corticosteroid-sparing therapy in patients with an inflammatory 
myopathy.2 Retrospective data suggest that responses to methotrexate 
usually occur within 2 to 3 months and are better in men and those 
with the anti-synthetase syndrome.6 A common practice is to begin 
dosing at 10 to 15 mg/wk and increase the dose by 5 mg/wk every 
month to a maximum of 25 to 30 mg/wk as needed. For those who 
develop gastrointestinal intolerance, or when there is a question of 
adequate oral absorption, subcutaneous administration is an option to 
consider. High-dose intravenous methotrexate with leucovorin rescue 
has also benefited some patients but is more difficult to administer. 
The combination of methotrexate and azathioprine might benefit some 
patients who had not had adequate responses to either agent alone.8

The primary toxicities of methotrexate, which are dose related, are 
gastrointestinal intolerance, fatigue or malaise for several days after the 
dose, cytopenias, and hepatic toxicity. The latter can be difficult to 
assess in myositis patients in whom elevated levels of serum transami-
nases and lactate dehydrogenase, as a result of myoblast activation, are 

Corticosteroids
Daily oral corticosteroids are the primary initial therapy used to treat 
myositis. Despite the lack of controlled studies to support this conten-
tion, they are considered by most investigators to be the most effective 
treatment for PM/DM.2 Although the majority of patients have at least 
a partial response to corticosteroids, many do not respond adequately, 
many more experience disease activity increases during drug tapering, 
and most eventually suffer from the toxicities of corticosteroids. The 

GENERALIZED DISEASE COURSES FOR CLINICAL AND
AUTOANTIBODY GROUPS OF MYOSITIS PATIENTS
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 Clinical groups differ in disease course
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Fig. 146.1 Generalized disease courses for clinical (top) and autoantibody 
(bottom) groups of myositis patients. Patients with myositis in association with 
other connective tissue diseases (myositis overlap) tend to have milder 
myositis that responds relatively well to therapy and infrequently returns after 
withdrawal of therapy compared with patients with dermatomyositis. Patients 
with polymyositis have more severe disease at onset with poorer responses to 
therapy and frequent exacerbations after tapering therapy. Patients with 
inclusion body myositis have slowly progressive disease that tends to be 
unresponsive, but with some patients having the possibility of slowing of the 
rate of deterioration with therapy. A similar difference in myositis severity at 
onset, response to therapy, and disease exacerbation with withdrawal of 
therapy is seen in the serologic groups; patients with anti-Mi-2 autoantibodies 
have the best prognosis, followed by the anti-synthetase and then the 
anti–signal recognition particle (SRP) antibody groups. (Modified from Plotz PH, 
Rider LG, Targoff IN, et al. Myositis: immunologic contributions to understanding 
cause, pathogenesis, and therapy. Ann Intern Med 1995;122:715-724.)
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infections. Studies regarding the use of IVIG in inclusion body myositis 
have not shown effectiveness (see Table 146.1). Although a variety of 
doses have been used, a common approach is to give 1 g/kg/day for 2 
consecutive days every month for 3 to 6 months.

Difficulties associated with the use of IVIG include its high cost, 
occasional scarcity, tachyphylaxis, and variations in effectiveness from 
lot to lot. Side effects include headaches, aseptic meningitis, flu-like 
symptoms, rashes, blood pressure changes, and occasional thrombosis 
related to high blood viscosity. Many of these problems can be mini-
mized by ensuring good patient hydration and slowing the rate of the 
IVIG infusion.

Mycophenolate
Small case series suggest that some corticosteroid-resistant PM/DM 
patients respond to mycophenolate mofetil,14,15 although most myolo-
gists would use this agent after trials of methotrexate and azathioprine. 
Common starting doses are 500 mg twice a day, and this is often 
titrated up to 1 g twice a day. Improvements in CPK levels and strength 
often occur within 1 to 2 months. Side effects include gastric discom-
fort, diarrhea, cytopenias, and increased infections.

Cyclophosphamide
Cyclophosphamide appears to be less effective and more toxic for 
myositis than methotrexate or azathioprine, but it may be useful in 

common. Because the serum levels of these enzymes usually correlate 
with serum CPK levels, it is often useful to monitor the ratios of trans-
aminases and lactate dehydrogenase to CPK levels to assess hepatic 
toxicity. Although pulmonary toxicity from methotrexate can occur, it 
appears to be a less common problem in myositis than in rheumatoid 
arthritis. Often an empirical trial of decreasing or stopping the dose of 
methotrexate may be needed to fully assess the possible role of metho-
trexate as a contributor to new or unexplained signs or symptoms.

Azathioprine
Azathioprine is considered to be as effective as methotrexate in manag-
ing corticosteroid-resistant myositis patients, yet the time to response 
may be longer than that seen in methotrexate.7 The usual effective 
dose is 150 to 200 mg/day. Controlled studies suggest that azathioprine 
plus corticosteroids improves functional ability compared with cortico-
steroids alone at 1 and 3 years of follow-up.9,10 The most frequent side 
effects are gastrointestinal intolerance, leukopenia, and liver toxicity.

Intravenous gammaglobulin
Uncontrolled and controlled studies suggest the effectiveness of intra-
venous gammaglobulin (IVIG) in adults and children with DM and 
PM.11-13 Because of its rapid onset of action and lack of immunosup-
pression, some experts suggest that IVIG is most useful as a bridging 
therapy in DM and those with severe myositis or who have serious 

TENTATIVE ALGORITHM FOR THE MANAGEMENT OF INFLAMMATORY MYOPATHIES
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Fig. 146.2 Tentative algorithm for the management of inflammatory myopathies.



CH
A

PTER 146 
● M

anagem
ent of inflam

m
atory m

uscle disease

1475

in several patients in a pilot open-label trial in PM/DM29; interferon-β, 
with two negative trials in inclusion body myositis30,31; total body 
irradiation, with several positive and several negative case reports in 
PM, DM, and inclusion body myositis; and case reports of responses 
to autologous stem cell transplantation, thymectomy, chlorambucil, 
alemtuzumab, extracorporeal photopheresis, or leflunomide in PM or 
DM.

Few studies have attempted to understand how to best combine the 
many immunosuppressive agents often used to treat myositis. One 
open-label trial suggested that combination methotrexate and azathio-
prine may benefit patients who had not responded adequately to either 
agent alone.8 Given the complementary modes of action of many 
agents, this should be a promising area of research in the future.

NON-MEDICAL TREATMENTS
Patient and family education
Optimal therapy is based on a physicians’ thorough understanding of 
their patients and patients’ thorough understanding of their disease. 
Patients and their families should be counseled and educated about 
myositis generally, the types of disease that can develop, the range of 
treatments and adverse effects, prognoses, and the particular manifes-
tations they are likely to experience based on their disease type. Under-
standing the social and work environment of patients will also assist 
in best helping them adjust to their disease. Referrals to local and 
national myositis patient support groups should be made as early as 
possible because these can be invaluable sources of information and 
support (see Box 146.1).

Rehabilitation
A primary goal of therapy is to optimize the functional capacity of 
patients. Rehabilitation is a critical aspect of this goal, yet it remains 
underutilized by most physicians and patients.32 Graded rehabilitation 
that takes into account the stage and severity of the patient’s disease 
is the optimal approach (Box 146.3). Referring patients to physical 
therapists familiar with myositis should be done as early in the disease 
course as possible because they are trained to individualize a rehabilita-
tion program for the specific needs of each patient. If such services are 
not available, however, physicians should instruct patients in the 
general approaches that should be used.

Although bed rest may be necessary during periods of severe myo-
sitis, even then passive range of motion exercises and stretching should 
be initiated to minimize or prevent the formation of contractures. 
Massage and heat treatment for painful muscles, as well as collars, 
splints, or braces for support and assistive devices for self-care are often 
helpful. As patients respond to treatment they should increase their 
activity through four stages: active-assisted range of motion, followed 
by isometric, then isotonic, and finally aerobic exercise. If this graded 
approach is followed, there is little chance of patients developing 
disease flares.

ASSESSING DISEASE ACTIVITY AND DAMAGE
An important part of choosing appropriate therapy and monitoring 
responses to therapy in chronic systemic diseases such as myositis are 
careful assessments of all the disease manifestations over time. This 
includes determination of the type and degree of disease activity (evi-
dence of active inflammation that is potentially reversible) and disease 
damage (persistent changes, including scarring and fibrosis, that 
develop from prior active disease or complications of therapy) in all 
affected organ systems.

Evidence of disease activity includes active rashes; arthritis; elevation 
of serum CPK, other muscle enzymes, or immunoglobulin levels; and 
recent alterations in muscle strength or function, energy level, muscle 
tenderness, dyspnea, or dysphagia. Evidence of disease damage includes 
joint contractures, muscle atrophy, hyperpigmentation or hypopigmen-
tation, calcifications, and decreased serum creatinine value.

The most common way of assessing disease activity and responses 
to therapy is to follow serum CPK or other muscle enzyme levels and 
muscle strength by manual muscle strength testing (Table 146.2). 

cases with vasculitis and interstitial lung disease (ILD).2,16 Oral doses 
of 1 to 2 mg/kg/day, not to exceed 150 mg/day, are often used. Monthly 
pulse intravenous therapy may be helpful in ILD (see later).

Cyclosporine and Tacrolimus
Cyclosporine and tacrolimus work in similar ways to inhibit activation 
of CD4-positive T cells. Small case series suggest that some cortico-
steroid-resistant adult and juvenile patients may benefit from cyclospo-
rine or tacrolimus therapy.2,17 Difficulties with the use of these drugs 
include interactions with grapefruit juice and other agents that influ-
ence their metabolism, a wide range of adverse effects including renal 
dysfunction and hypertension, and a narrow therapeutic window that 
requires careful monitoring of drug levels and serum CPK levels and 
blood pressure.

OTHER DRUG THERAPIES
Antimalarial agents
Based on extensive anecdotal experience, antimalarial agents have been 
used for decades in children and adults with primary DM, DM sine 
myositis, and cancer-associated DM.18 In about one third of DM cases 
there may be an exacerbation of the skin disease after initial treat-
ment,19 but this may resolve with continued treatment over time. 
Clinical experience suggests that both PM and DM patients with other 
non-muscular manifestations of disease, including arthritis, fatigue, 
and subcutaneous inflammation (panniculitis), may benefit from anti-
malarial therapy. Most clinical reports involve hydroxychloroquine, 
usually given at 200 to 400 mg/day, but chloroquine and quinacrine 
have also been used with some benefit. One small case series suggested 
that some DM patients, whose skin lesions have been unresponsive to 
a single antimalarial agent, benefit from combination therapy using 
hydroxychloroquine and quinacrine or chloroquine and quinacrine.20

Anti–tumor necrosis factor agents
Given the possible role of tumor necrosis factor (TNF) in the patho-
genesis of myositis, a number of investigators have explored the use of 
different anti-TNF agents. Infliximab has been reported to benefit some 
juvenile DM cases as well as some adult DM and PM cases; however, 
open-label trials have not been promising. One open-label trial of 
in fliximab in 13 patients with PM, DM, and inclusion body myositis 
resulted in 9 patients completing the 14-week study. Of these, 3 
improved, 4 were unchanged, and 2 significantly worsened, suggesting 
to the authors that infliximab is not useful in treatment-resistant 
myositis.21 Another open-label trial in PM/DM with concurrent metho-
trexate therapy was discontinued prematurely owing to a low inclusion 
rate and a high dropout rate because of disease progression and the 
occurrence of an infusion reaction.22 An open-label trial of etanercept 
in 9 patients with inclusion body myositis showed no evidence of 
improvement.23

Concerns regarding anti-TNF agents as therapies in PM/DM include 
case reports of the development of myositis during their use for other 
diseases as well as exacerbation of the myositis after their use in 
patients with established myositis.24 Given the current data, more 
study is needed to determine the role, if any, of anti-TNF agents in 
myositis.

Rituximab
A number of case reports and several case series of adult and juvenile 
DM and PM have reported positive responses to rituximab.25-27 In some 
cases, re-treatment has also resulted in positive responses. Overall, 
little toxicity has been reported with this therapy and the results of a 
large ongoing phase 2 clinical trial will be available in the near future.

Other agents
A variety of other treatments have been reported, usually in small 
numbers of cases of myositis, with limited or no evidence that they 
are useful. These therapies include apheresis, with a negative con-
trolled trial in PM/DM28; fludarabine, with some evidence of response 
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Although not always available, magnetic resonance imaging (MRI) 
of the thighs can be useful in long-standing cases to quantitate the 
degree of muscle, skin, and subcutaneous disease activity and damage. 
Bright signals on the short tau inversion recovery (STIR) MR image 
represent increased water content that relates to active inflammation, 
whereas bright signals on the T1-weighted MR image represent fatty 
replacement. The T1-weighted image also allows for the quantitative 
assessment of the degree of muscle atrophy that is present.

MANAGEMENT OF EXTRAMUSCULAR 
MANIFESTATIONS
Interstitial lung disease
ILD develops in 30% to 40% of patients with PM/DM, is a major cause 
of morbidity and mortality, and is one of the most difficult myositis 
manifestations to assess and treat. ILD is most commonly seen in 
patients with inflammatory myopathies with anti-synthetase autoan-
tibodies as part of the anti-synthetase syndrome, and these patients 
may be more likely to respond to therapy than ILD patients without 
autoantibodies. The progression of ILD in myositis may be acute, 
subacute, or chronic. Different histopathologic classifications of ILD 
have been proposed, but it remains unclear how useful these are in 
determining optimal treatments and outcomes. Various approaches 
have been reported to be helpful in these patients, including high-dose 
intravenous corticosteroids, intravenous cyclophosphamide, cyclospo-
rine, and tacrolimus.34 Sequential follow-up examination with pulmo-
nary function testing, high-resolution computed tomography (HRCT) 
of the chest, and careful monitoring for bacterial and viral infections 
are essential.

Cardiac involvement
Subclinical cardiac involvement is common in myositis, although it 
may not come to clinical attention unless cardiac failure or arrhyth-
mias are present. If these occur, myocarditis should be suspected and 
may be assessed by clinical measures and evaluation of the serum 
troponin I levels. Because levels of serum troponin T and the MB 
isoenzyme of creatine kinase levels can be elevated as a result of acti-
vated myoblasts, there are better measures of disease activity rather 
than cardiac involvement. Treatment of cardiac manifestations includes 
supportive care along with corticosteroids and other immunosuppres-
sive therapy, depending on the severity of involvement.

Gastrointestinal involvement
Dysphagia, gastroesophageal reflux, abdominal bloating, and constipa-
tion or diarrhea are common problems in patients with myositis. 
Severe dysphagia may lead to aspiration and requires careful evaluation 
and aggressive therapy with pulse corticosteroids, IVIG, and other 
immunotherapy. Cricopharyngeal myotomy or percutaneous gastros-
tomy tube feeding may be needed in severe cases.

Reflux esophagitis is a frequent complication in myositis and should 
be treated by the usual approaches of elevating the head of the bed and 
prescribing antacids or H2-receptor antagonists. An unusual but life-
threatening complication, seen more commonly in children with DM, 
is mucosal ulceration or perforation of the lower gastrointestinal tract 
due to active vasculitis. This can lead to severe hemorrhage and sec-
ondary infections and often requires emergent surgery and aggressive 

Because some patients do not develop elevated muscle enzymes during 
periods of active disease, and because disease activity in all organ 
systems does not change over time in similar ways, other more com-
prehensive approaches have recently been developed. One way to sys-
tematically assess myositis disease activity and damage is through the 
use of core set measures and tools validated by the International Myo-
sitis Assessment and Clinical Studies Group (IMACS).33 Although 
these are consensus approaches developed for use in clinical trials, they 
also provide a comprehensive and sensitive way of tracking changes in 
clinical and laboratory parameters over time in the private practice 
setting. The core set disease activity measures are the patient and 
physician global assessments, manual muscle strength testing, serum 
levels of muscle enzymes, the Health Assessment Questionnaire, and 
the Myositis Disease Activity Assessment tool. Significant clinical 
improvement can be defined by three of any six of these core set mea-
sures improved by greater than or equal to 20%, with no more than 
two worse by less than or equal to 25% (which cannot include manual 
muscle testing to assess strength).3 Disease damage over time can be 
assessed in similar ways by the Myositis Damage Index (MDI).

TABLE 146.2 MANUAL MUSCLE STRENGTH TESTING GRADES

0 No muscle contraction

1 (trace) Palpable contraction, little or no motion

2 (poor) Motion possible but not against gravity

3 (fair) Motion against gravity possible

4 (good) Motion possible against natural resistance

5 (normal) Motion possible against considerable manual resistance

BOX 146.3 AN APPROACH TO REHABILITATION IN MYOSITIS

Acute phase
 Use massage and heat treatment for painful muscles.
 Fit with an appropriate collar for neck support.
 Use a balanced forearm orthosis on the wheelchair so that some indepen-

dent feeding is possible.
 Support the wrists and ankles with resting splints to prevent flexion 

contractures.
 Advise the patient to go to the rehabilitation department daily to use the tilt 

table and perform active-assisted range-of-motion exercises with gravity 
eliminated.

 Instruct the patient in the use of a long-handled comb and toothbrush and 
a sponge to assist with self-care.

 Educate the patient about the impact on function of the disease and encour-
age the patient to understand that function will gradually improve as muscle 
strength returns.

 Provide regular evaluations and treatment by a speech and language 
pathologist.

 Train nurses in proper bed positioning, the appropriate position to facilitate 
feeding and prevent aspiration, techniques to facilitate breathing, and bed-
to-chair transfers.

Early recovery phase
 Begin muscle re-education and strengthening.
 Work on improving truncal balance and strength.
 Give instructions in active range-of-motion exercises and begin a few isomet-

ric contractions to major muscle groups (deltoids, biceps, quadriceps, hip 
abductors/extensors).

 Work on standing at the parallel bars and begin ambulation training.
 Provide occupational therapy for dressing and bathroom care with appropri-

ate bathroom devices (elevated toilet seat, bars, shower chair, hand-held 
shower).

 Assess vocational abilities and advise on job retraining if necessary.
 Make appropriate recommendations for adaptations in the home setting.
 As balance improves and strength becomes good (4/5 range), ambulation 

with only a straight cane can be done; there may still be some pelvic lurching 
owing to gluteus medius muscle weakness and the gait will be slow; work 
on negotiating stairs and ramps and practice walking outdoors as well as car 
transfers.

 Work in the kitchen—practice preparing light meals and using the dish-
washer, washing machine, and dryer.

 As enzymes decrease, increase the isometric exercise program to six contrac-
tions of each muscle group daily; pool therapy with range-of-motion and 
stretching exercises is permitted.

 Help the patient to incorporate energy conservation strategies into the day.

Late recovery and chronic phase
 Prescribe isotonic exercise with low weights (2-4 kg) or pool exercises.
 Use bicycle ergometry without resistance or walking in pool or swimming.
 Start gradual aerobic exercise (starting at 15-minute sessions, increasing to 

30-minute sessions, three times a week).
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therapy is helpful in this disease. Nonetheless, anecdotal reports and 
retrospective reviews of corticosteroid and cytotoxic therapy, a prospec-
tive open-label trial of IVIG, and a randomized trial of combination 
oral methotrexate plus azathioprine versus high-dose methotrexate 
with leucovorin rescue, all provide limited evidence that the rate of 
functional deterioration may be decreased or stabilized and strength 
improved in a subset of patients (see Table 146.1). Characteristics that 
appear to identify patients with inclusion body myositis who are more 
likely to respond to immunosuppressive treatment are serum CPK 
levels greater than five times the upper limits of the normal range, 
active inflammation on MRI or muscle biopsy, disease overlaps with 
other connective tissue diseases, and those patients with autoantibod-
ies. Physical therapy and exercise, however, play the most important 
roles in long-term care of these patients.

FUTURE DIRECTIONS
Appropriately powered and long-term multicenter trials using validated 
outcome measures will be needed to define the best treatment options 
for the inflammatory myopathies. Given the growing number of dis-
tinct myositis phenotypes, each with likely different pathogeneses and 
responses to therapy, it will be increasingly important to study these 
well-defined subgroups individually. The recent advances in genetics 
and molecular biology, the initial definitions of environmental risk 
factors for myositis, novel therapies for other diseases, and new inter-
national collaborations and standards all promise not just the hope of 
inducing prolonged remissions but even the possibility of preventing 
the development of some cases of myositis in the future.

treatment with high-dose intravenous corticosteroids, IVIG, and cyto-
toxic therapy.

Skin involvement
There are a wide variety of cutaneous manifestations in myositis that 
range from asymptomatic rashes to life-threatening vasculitis and 
ulcerations.35 Many DM skin lesions are photosensitive and respond 
at least partially to first-line treatments, such as avoidance of ultravio-
let radiation and photosensitizers and the use of sunscreens or topical 
corticosteroids. Antimalarial agents are often the next therapy to con-
sider for those rashes that do not respond to first-line treatment. 
Topical tacrolimus and systemic corticosteroids, methotrexate, myco-
phenolate, and IVIG have all been reported to be useful in treating the 
more severe skin lesions of DM.36

Calcinosis
The best treatment for calcinosis is prevention through the aggressive 
evaluation of and therapy for skin and subcutaneous disease and avoid-
ance of trauma. Once established, there are no proven therapies, 
although some investigators have proposed the use of calcium-channel 
blockers, vitamin K inhibitors, aluminum hydroxide, or colchicine. In 
severe cases, in which the lesions produce chronic pain or impinge on 
critical structures, surgical removal may be necessary. When calcinosis 
lesions push out through the skin surface they may drain “milk of 
calcium” and are at risk for infection.35

Inclusion body myositis
The treatment of inclusion body myositis is controversial and unsat-
isfactory.2 Many investigators do not believe that immunosuppressive 
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CK level in the population. In a stratified random sample of the  
Netherlands population, serum CK activities, measured after 3 days of 
rest, were above the upper limit of the assay’s reference limits in 13% 
of the white Europeans, 23% of South Asians, and 49% of Africans.2 
The potential causes of an elevated CK level in a patient without overt 
muscle disease are summarized in Box 147.2. Resting CK levels are 
higher in men than in women and in African Americans than in 
whites.3 CK levels rise in relation to exercise, particularly after unac-
customed exercise and activities that involve eccentric muscle contrac-
tion (e.g., downhill running or forearm curls) in which both muscle 
lengthening and contractile process shortening occur. The evaluation 
of an elevated CK level in a patient with normal muscle strength 
requires exclusion of significant exercise or manual labor within the 
past week, muscle trauma, sustained alcohol use, medications, and 
occult thyroid disease. A family history of muscular dystrophy or 
malignant hyperthermia should be sought. If these confounding factors 
have been excluded, then a full diagnostic evaluation (Box 147.3), 
including a muscle biopsy and molecular genetic analysis, may be 
performed, although the diagnostic yield is low.4,5

Myoglobinuria is marked by urine that appears dark brown (tea to 
cola-colored) or pink due to the presence of the pigmented protein, 
myoglobin. It occurs in the setting of rhabdomyolysis with extensive 
muscle necrosis and release of myoglobin into the blood. A list of 
potential causes of myoglobinuria and rhabdomyolysis is presented in 
Box 147.4.6 Rhabdomyolysis occurs most often as a result of illicit 
drugs, alcohol, and prescribed drugs (especially antipsychotics and 
statins).7 Clinically, rhabdomyolysis may cause intense myalgia with 
muscle tenderness and swelling. Serum CK concentrations may reach 
values 2000 times the upper limit of normal (ULN). Severe rhabdomy-
olysis is a medical emergency, with the potential for causing acute renal 
failure characterized by oliguria and tubular necrosis. Other complica-
tions may include hypocalcemia, hyperkalemia, and hyperuricemia. If 
the cause or offending agent is corrected or removed, the muscle can 
heal remarkably well. Permanent weakness and atrophy are rare unless 
the rhabdomyolysis has developed in relation to a chronic myositis or 
vascular insufficiency.

DIAGNOSTIC EVALUATION
The diagnostic modalities used to evaluate patients with myopathies 
are listed in Box 147-3. Confirmation of the presence of a myopathy 
usually involves measurement of serum levels of muscle enzymes, 
electromyography (EMG), magnetic resonance imaging (MRI), and 
muscle biopsy (see Chapter 144). The evaluation of metabolic myopa-
thies often requires additional tests, including measurement of serum 
lactate and other metabolic intermediates, exercise testing, quantita-
tive analysis of enzyme activity in muscle or blood lymphocytes, and 
molecular genetic analyses. The diagnosis of an increasing number of 
metabolic myopathies and muscular dystrophies may be confirmed 
with molecular genetic testing, thereby obviating the need for a muscle 
biopsy (Table 147.2).

A muscle biopsy is often required to determine the type of muscle 
disease. The best specimen is obtained from clinically affected muscle 
that has not progressed to end-stage atrophy, fibrosis, or replacement 
by fat. Potential sites of muscle trauma, related to electromyography 
or intramuscular injections, should also be avoided. The biopsy should 
be obtained from the belly of the muscle, well away from the myoten-
dinous junction. The specimen should be kept in an isometric state 
after resection with a muscle clamp to avoid contraction and distortion 

Metabolic, drug-induced, and other 
non-inflammatory myopathies
Alan N. Baer

 The differential diagnosis of polymyositis and other inflammatory 
myopathies includes drug-induced and metabolic disorders, in 
addition to the infectious and cancer-related myopathies, the 
muscular dystrophies, and certain neurologic disorders.

 The primary metabolic myopathies are inherited disorders of 
muscle glycogen, lipid, or mitochondrial metabolism that may 
cause episodic exercise intolerance, with myoglobinuria or 
progressive proximal muscle weakness.

 Drugs can induce myopathies through direct toxic effects on 
muscle, the induction of an autoimmune-mediated inflammatory 
myopathy, or metabolic derangements.

INTRODUCTION
The myopathies are diseases of the skeletal muscle that may arise from 
autoimmune-induced inflammation, genetic defects of structural pro-
teins, inherited or acquired metabolic defects in energy production, 
infections, or the harmful effects of certain drugs or toxins. The diag-
nosis of an autoimmune-induced myopathy, the so-called idiopathic 
inflammatory myopathies (see Chapter 144) only can be established 
once other causes of myopathy, reviewed in this chapter, are excluded. 
It is thus important for rheumatologists to differentiate the various 
causes of myopathy when evaluating a patient with suspected poly-
myositis.1 A list of the major categories of myopathies is shown in 
Table 147.1.

Adults with a myopathy usually present to a rheumatologist with 
proximal and symmetric muscle weakness, myalgias at rest, exercise 
intolerance, incidental recognition of an elevated serum creatine kinase 
(CK) level, or myoglobinuria.

Myalgias most often reflect unaccustomed exercise, viral illness, or 
trauma. Muscle pain at rest is not usually a feature of the inflammatory 
or metabolic myopathies, unless there is acute muscle injury leading 
to rhabdomyolysis. The myopathies that are more commonly associ-
ated with myalgia at rest are listed in Box 147.1. In a patient with 
myalgia, the presence of weakness is an important indicator of myopa-
thy, although it may be overshadowed by the pain.

Exercise intolerance due to muscle pain or weakness may reflect the 
presence of an underlying metabolic myopathy or dystrophinopathy. 
Exercise intolerance is a key symptom of McArdle disease (myophos-
phorylase deficiency), phosphofructokinase deficiency, carnitine  
palmitoyl transferase-2 (CPT2) deficiency, and some mitochondrial 
myopathies. Exercise-induced myalgia is more likely to reflect an 
underlying metabolic myopathy if it has been present since childhood 
or early adulthood and is associated with muscle weakness, stiffness, 
cramps, or myoglobinuria during or immediately after exercise. An 
elevated CK level in a blood sample drawn over 48 hours after strenu-
ous exertion may also be an important clue. Calf pain with exercise is 
a common symptom in patients with Becker muscular dystrophy and 
may be the presenting manifestation in some patients. In contrast to 
Duchenne muscular dystrophy, this form of dystrophinopathy may not 
be symptomatic or diagnosed until adult life.

Elevations of the serum CK value (<1000 U/L) may be encountered 
in individuals with normal muscle strength and prompt concern about 
the presence of an underlying muscle disorder. This problem is com-
pounded by the absence of a physiologic basis for defining a normal 
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TABLE 147.1 DIFFERENTIAL DIAGNOSIS OF A MYOPATHY

Inflammatory Idiopathic Polymyositis
Dermatomyositis
Inclusion body myositis

Secondary Connective tissue disease
Associated malignancy
Sarcoidosis
Behçet disease

Drug- and toxin-
induced myopathies

Infections

Metabolic Primary Glycogen storage diseases
Lipid storage diseases
Mitochondrial myopathies

Secondary Nutritional toxic
Endocrine disorders
Electrolyte disorders

Muscular dystrophies Dystrophinopathies
Emery-Dreifuss muscular dystrophy
Limb-girdle muscular dystrophies
Myotonic dystrophies
Fascioscapulohumeral dystrophy
Adult-onset dystrophies

Muscle 
channelopathies

Paramyotonia congenita and other 
myotonias

Periodic paralysis syndromes
Malignant hyperthermia

Neoplasm

Miscellaneous causes Atherosclerotic emboli
Diabetic muscle infarction

BOX 147.1 MYOPATHIES ASSOCIATED WITH REST PAIN
 Childhood dermatomyositis
 Hypothyroid myopathy
 Acute alcoholic myopathy
 Drug-induced myopathies
 Infectious myopathies
 Myopathies associated with metabolic bone disease
 Carnitine palmitoyl transferase deficiency
 Rhabdomyolysis from any cause

BOX 147.2 CAUSES OF ELEVATED SERUM CREATINE KINASE LEVELS IN 
PATIENTS WITHOUT OVERT MUSCLE DISEASE
 Prolonged physical exercise
 Black race
 Frequent muscle trauma
 Sustained alcohol use
 Hypothyroidism
 Drugs causing subclinical myopathy
 Inflammatory myopathy
 Metabolic myopathy

– McArdle disease
– Acid maltase (α-glucosidase) deficiency
– Phosphorylase b kinase
– Periodic paralysis
– Mitochondrial myopathy

 Muscular dystrophy
– Dystrophinopathy
– Calpain-3 gene mutation
– Dysferlin gene mutation
– Fukutin-related protein mutation
– Malignant hyperthermia gene

BOX 147.3 DIAGNOSTIC EVALUATION OF MYOPATHIES
 Classic

– Muscle enzyme testing
– Electromyography
– Muscle biopsy

 Ancillary
– Forearm exercise testing
– Tissue biochemistry

 Newer
– MRI
– Phosphorus magnetic resonance spectroscopy
– Molecular genetic analysis

BOX 147.4 CAUSES OF RHABDOMYOLYSIS

Trauma
 Crush injury (with or without coma)
 Excessive exercise (marathon running, military training)
 Electrical shock (lightning, high voltage injury, electroshock therapy)
 Muscle activity (status epilepticus, delirium tremens)
 Ischemic injury (thromboembolism, sickle cell trait)

Drugs and toxins
 Illicit drugs/alcohol (barbiturates, heroin, cocaine)
 Prescribed drugs (antipsychotics, statins, fibrates, selective serotonin 

reuptake inhibitors, zidovudine)
 Venoms (rattlesnake, sea snake, hornet, red spider)

Infections
 Viral (influenza virus, coxsackievirus, Epstein-Barr virus, human 

immunodeficiency virus)
 Bacterial (Staphylococcus, Salmonella typhi, Legionella, Clostridium)

Metabolic causes
 Genetic (glycogen storage diseases, carnitine palmitoyltransferase 

deficiency, mitochondrial myopathies)
 Electrolyte imbalance (hypocalcemia, hypernatremia, hypophosphatemia, 

hyperosmolar non-ketotic states, acidosis)

Body temperature changes
 Fever (heat stroke, malignant hyperthermia, neurologic malignant 

syndrome)
 Hypothermia

Idiopathic inflammatory myopathies
 Polymyositis and dermatomyositis

of the tissue during fixation. Some tissue should be fixed in glutaral-
dehyde for electron microscopy. If a metabolic myopathy is suspected, 
a portion of the specimen should be snap frozen in liquid nitrogen and 
stored at −70°C for future quantitative enzyme analyses at a reference 
laboratory. The evaluation of the muscle biopsy should include a com-
prehensive panel of histochemical stains and electron microscopy.

Mitochondrial myopathies are defined by the presence of defects in 
electron transport chain function but are often associated with defects 
in related metabolic pathways, including those of glycolysis, pyruvate 
metabolism, the tricarboxylic acid (Krebs) cycle, and protein and amino 
acid metabolism. An elevated resting plasma lactate level may be a 
useful indicator of a mitochondrial myopathy but is not uniformly 
present. A decrease in blood levels of free carnitine and a relative 
increase in acyl-carnitine species are often observed in fatty acid oxida-
tion disorders and mitochondrial myopathies related to mutations in 
mitochondrial DNA. Assays of plasma, cerebrospinal fluid, and urinary 
organic acids can also provide useful information in the diagnosis of 
mitochondrial disorders.

The forearm exercise test is a useful method to screen for muscle 
glycogenoses (Table 147.3). This test was originally performed with 
tourniquet occlusion of blood flow to the forearm. Because exercise 
under such conditions of ischemia can cause painful muscle contrac-
tures and occasional rhabdomyolysis in patients with McArdle disease, 
a forearm exercise test without blood flow occlusion by tourniquet is 
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TABLE 147.2 MOLECULAR GENETIC ANALYSIS OF SELECTED ADULT MYOPATHIES*

Gene/protein Analysis of entire coding region† Targeted mutation analysis Deletion/duplication analysis

Deficiency disorders

Myophosphorylase PYGM X X

Phosphofructokinase PFKM X X

Debrancher AGL X X

Acid maltase GAA X

Myoadenylate deaminase AMPD1 X

Carnitine palmitoyltransferase II CPT2 X X

Mitochondrial myopathies

mtDNA deletion syndromes 
(KSS, PEO, Pearson syndrome)

X

MELAS, MERRF, LHON X X

Leigh syndrome, NARP X X X

Limb-girdle muscular dystrophies

LGMD1B Lamin A/C X

LGMD2A Calpain-3 X

LGMD2B Dysferlin X X

LGMD1C Caveolin-3 X

LGMD 2C, 2D, 2E, 2F α, β, δ, γ-sarcoglycans X X

LGMD2I Fukutin-related protein X

Dystrophinopathies DMD X X X

Facioscapulohumeral muscular 
dystrophy

Unknown X

Myotonic dystrophy-2 CNBP X

*The availability of these tests is increasing rapidly and listed at www.genetests.org.
†With sequence analysis or mutation scanning.
mtDNA, mitochondrial DNA; KSS, Kearns-Sayre syndrome; PEO, progressive external ophthalmoplegia; MELAS, mitochondrial encephalopathy/lactic acidosis/stroke; MERRF, myoclonic epilepsy associated 
with ragged-red fibers; LHON, Leber hereditary optic neuropathy; NARP, neurogenic muscle weakness, ataxia, and retinitis pigmentosa.

TABLE 147.3 FOREARM EXERCISE TEST

Protocol Interpretation

1. A venous catheter is placed in the median cubital vein of the dominant arm. Blood is 
drawn at baseline for ammonia and lactate, preferably without using a tourniquet.

2. The subject exercises his/her dominant hand vigorously for 1 minute, alternating 
between squeezing a ball or dynamometer for 1 second and resting for 1 second (or until 
the subject can no longer squeeze the hand).

3. Venous samples are collected for ammonia and lactate from the exercised arm 2 minutes 
after the exercise is completed. Immediately after exercise and then 1, 2, 4, 6, and 10 
minutes after exercise, additional blood samples are obtained for the measurement of 
lactate and ammonia.

 The normal response to this test is a threefold or greater increase in 
lactate and ammonia levels over baseline.

 An increase in ammonia with no increase in lactate indicates a 
disorder of glycogen metabolism.

 An increase in lactate with no increase in ammonia indicates 
myoadenylate deaminase deficiency.

 False-positive results can occur from inadequate exercise performance.

now preferred.8 Affected individuals will fail to generate lactate during 
forearm exercise. Exceptions include patients with deficiencies of acid 
maltase, brancher enzyme, and phosphorylase b kinase. The forearm 
exercise test is also abnormal in myoadenylate deaminase deficiency, 
demonstrating a release of lactate but not of ammonia into the circula-
tion after ischemic exercise.

Cycle ergometry has been used in research settings to study the 
metabolic defects of patients with mitochondrial myopathy. The char-
acteristic abnormalities include a marked limitation in oxidative or 
work capacity, impaired systemic oxygen extraction, an abnormal 
lactate response to exercise, and exaggerated circulatory and ventilatory 
responses to exercise. A standardized test to document “excessive” 
lactate production with exercise in this disease has not been 
established.9

Molecular genetic testing is now available for many of the more 
common metabolic myopathies and muscular dystrophies (see Table 
147.2). These tests are costly and are thus best used to confirm rather 
than screen for a diagnosis of a specific myopathy. The laboratories 
that offer these genetic tests are listed on the website www.genetests.
org.

METABOLIC MYOPATHIES
The metabolic myopathies are a heterogeneous group of conditions 
(Box 147.5) that have in common abnormalities in muscle energy 
metabolism that result in skeletal muscle dysfunction. Some metabolic 
myopathies should be considered primary and are associated with 
known or postulated biochemical defects that affect the ability of the 

http://www.genetests.org
http://www.genetests.org
http://www.genetests.org
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Free fatty acids are the primary fuel source for muscle at rest and 
during prolonged exercise. Muscle glycogen is the primary fuel source 
for muscle early in exercise and during high-intensity work. During 
intense exercise involving sustained isometric contraction (e.g., lifting 
a heavy object or pushing a stalled car), blood flow and oxygen delivery 
to the exercising muscles are limited and anaerobic metabolism pre-
vails. The glucose moieties, derived from muscle glycogen stores, are 
metabolized by the glycolytic pathway to produce ATP and pyruvate. 
Under these conditions, pyruvate is reduced to lactate and diffuses out 
of the muscle into the systemic circulation. During submaximal exer-
cise (e.g., walking), aerobic oxidation of pyruvate and free fatty acids is 
the source of muscle energy. With more intense exercise (e.g., jogging), 
there is a greater dependence on carbohydrate oxidation, with muscle 
glycogen stores becoming an important fuel source. As glycogen stores 
become depleted, the aerobic oxidation of free fatty acids becomes the 
source of muscle energy.

Primary metabolic myopathies
Disorders of glycogen metabolism
The muscle glycogenoses are diseases characterized by an underlying 
defect in muscle glycogenolysis or glycolysis. These enzyme deficiency 
states result in an abnormal accumulation of glycogen in skeletal 
muscle and are thus examples of the broader rubric of glycogen storage 
diseases. Eleven diseases are included in this classification (Box 147.5, 
Fig. 147.2).10,11 The most common is McArdle disease, a deficiency of 
the glycogenolytic enzyme myophosphorylase, with an estimated prev-
alence of one case in 100,000 people.12

The classic clinical manifestation of McArdle disease and certain 
other glycogenoses is exercise intolerance. This may be described by 
the patient as muscle pain, fatigue, stiffness, weakness, or intense 
cramping. The symptoms are relieved by rest. Most patients develop 
some symptoms during childhood, but severe cramping or exercise-
induced rhabdomyolysis may not develop until adolescence. Some 
patients develop progressive proximal muscle weakness with advancing 
age. Patients with this presentation may not seek medical attention 
until middle age and may be initially misdiagnosed as having 
polymyositis.

Affected individuals are generally asymptomatic as long as their 
muscles do not require glycogen stores for energy production. Accord-
ingly, most afflicted persons are asymptomatic at rest and during low 
levels of physical activity, such as walking on level ground. Symptoms 
develop after brief and intense exercise (e.g., pushing or lifting heavy 
objects) or less intense, sustained exercise (e.g., climbing stairs or 
walking uphill), times during which the majority of energy for muscu-
lar work is derived from carbohydrate. Some patients with myophos-
phorylase or debrancher enzyme deficiency experience a “second wind” 
phenomenon. With the initial onset of exercise-induced symptoms, 
patients must stop or reduce the level of their exercise; however, after 
a few minutes, they are often able to resume the same level of exercise 
with better endurance. The “second wind” occurs as a result of increased 
availability of blood glucose and free fatty acids derived from non-
muscle sources.

muscle fibers to maintain adequate concentrations of adenosine tri-
phosphate (ATP). Other metabolic myopathies may be considered sec-
ondary and are attributed to various endocrine or electrolyte 
abnormalities.

The metabolic myopathies may arise from disorders of glycogen, 
lipid, or mitochondrial metabolism. The type of exercise intolerance 
that occurs with these various disorders can be best understood in 
terms of muscle bioenergetics (Box 147.6, Fig. 147.1). The immediate 
source of energy for muscle contraction and relaxation is ATP. Because 
ATP stores are depleted after only a few forceful contractions, muscle 
fibers rely on four metabolic processes to replenish ATP stores during 
exercise: (1) the CK reaction, (2) glycogenolysis, (3) oxidative phos-
phorylation, and (4) adenylate kinase and myoadenylate deaminase 
reactions.

Oxidative phosphorylation is quantitatively the most important 
source of energy, producing 38 moles of ATP per mole of glucose. On 
the other hand, anaerobic glycogenolysis can generate ATP up to 100 
times faster than aerobic oxidation of glucose but yields only 2 moles 
of ATP per mole of glucose. The CK reaction [phosphocreatine + 
adenosine diphosphate (ADP) + H+ → creatine + ATP] provides an 
immediate but very limited source of ATP repletion and is thus impor-
tant at the onset of exercise. The adenylate kinase (2 ADP → ATP + 
AMP) reaction is not an important source of ATP generation but it is 
coupled with the myoadenylate deaminase reaction (AMP → IMP + 
ammonia), providing a rapid means for restoring ATP levels to normal 
after they have been depleted.

BOX 147.5 METABOLIC MYOPATHIES

Disordered glycogen metabolism
 Myophosphorylase deficiency (McArdle disease)
 Phosphorylase b kinase deficiency
 Phosphofructokinase deficiency
 Debrancher enzyme deficiency
 Brancher enzyme deficiency
 Phosphoglycerate kinase deficiency
 Phosphoglycerate mutase deficiency
 Lactate dehydrogenase deficiency
 Acid maltase deficiency
 Aldolase deficiency
 β-Enolase deficiency

Disordered lipid metabolism
 Carnitine deficiencies
 Carnitine palmitoyltransferase deficiency
 Fatty acid acyl-CoA dehydrogenase deficiencies

Mitochondrial myopathies
 Coenzyme Q10 deficiency
 Respiratory chain complex deficiencies

Endocrine
 Acromegaly
 Hypothyroidism
 Hyperthyroidism
 Hyperparathyroidism
 Cushing disease
 Addison disease
 Hyperaldosteronism

Metabolic-nutritional
 Uremia
 Hepatic failure
 Malabsorption
 Periodic paralysis
 Vitamin D deficiency
 Vitamin E deficiency

Electrolyte disorders
 Sodium: hypernatremia and hyponatremia
 Potassium: hyperkalemia and hypokalemia
 Calcium: hypercalcemia and hypocalcemia
 Phosphate: hypophosphatemia
 Magnesium: hypomagnesemia

BOX 147.6 CHARACTERISTICS OF EXERCISE INTOLERANCE IN THE MAJOR 
FORMS OF METABOLIC MYOPATHIES

Myophosphorylase deficiency
 Muscle pain early during exercise, especially if intense
 Ability to continue to exercise if exercise rate is lowered at onset of 

symptoms (“second wind” phenomenon)

Carnitine palmitoyl transferase (CPT) II deficiency
 Muscle pain (and often myoglobinuria) triggered by prolonged exercise 

and/or fasting

Mitochondrial myopathies
 Premature fatigue with submaximal exercise, occasionally associated with 

headache, nausea, and vomiting
 Exaggerated cardiopulmonary response
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mutations that account for up to 90% of McArdle disease can be done 
using whole blood. Similarly, the diagnosis of acid maltase deficiency 
can be confirmed by demonstrating deficient α-glucosidase activity in 
dried blood spots on filter paper or through genetic analysis of periph-
eral blood samples.

Patients with McArdle disease should avoid bursts of high-intensity 
exercise. Regular, submaximal aerobic exercise should be encouraged, 
because it increases oxidative capacity. Ingestion of sucrose before 
exercise can markedly improve exercise tolerance in McArdle disease,12 
but worsen it in patients with glycolytic defects (phosphofructokinase, 
phosphoglycerate kinase, and phosphoglycerate mutase deficiencies). A 
carbohydrate-rich diet, vitamin B6, and low-dose creatine supplementa-
tion (60 mg/kg/day) have each been shown to help some individuals 
with McArdle disease. Enzyme replacement therapy with alglucosidase 
alpha (Myozyme) is available for patients with acid maltase deficiency. 
Its benefit is well-established for infants and children with the classic 
phenotype.

Disorders of lipid metabolism
The disorders of lipid metabolism result from biochemical defects  
that occur in mitochondria (see Box 147.5).11,13 Those that are caused 
by defective fatty acid transport or defects in β-oxidation are often 
referred to as lipid storage diseases. The term mitochondrial myopathy 
(see later) refers to defects of respiratory chain function (Fig. 147.3). 
Defects in these fatty acid transport and oxidation pathways may 
interfere with energy production in most organs and are thus usually 
multisystemic. However, some disorders manifest only as skeletal 
muscle dysfunction.

Carnitine is an amino acid that is required for the transport of long-
chain fatty acids into mitochondria. Carnitine deficiency causes abnor-
mal lipid accumulation in skeletal muscle and can result from inherited 
or acquired causes. Primary carnitine deficiency is a rare autosomal 
recessive disorder due to the lack of a functional plasma membrane 
OCTN2 carnitine transporter. It may have a predominantly metabolic 

Phosphofructokinase deficiency closely resembles McArdle disease 
in its clinical presentation. However, patients with phosphofructoki-
nase deficiency typically lack the second wind phenomenon, have 
evidence of a concomitant hemolytic anemia, and do not note improve-
ment in their exercise capacity with ingestion of sucrose before 
exercise.

Four of the glycogenoses present with fixed muscle weakness, 
including acid maltase, brancher and debrancher enzyme, and aldolase 
deficiencies. In contrast to the muscle glycogenoses that cause exercise 
intolerance and myoglobinuria, these glycogenoses are due to enzyme 
defects that are not restricted to muscle. Acid maltase deficiency is the 
most prevalent of these disorders and can present in infantile, child-
hood, or adult forms. The adult form typically presents after age 20 
with proximal muscle weakness or respiratory failure. Diaphragmatic 
weakness may be disproportionately severe. Respiratory involvement 
eventually occurs in all adults and is the usual cause of death.

Serum CK levels are invariably increased at all times in McArdle 
disease and variably increased in the other muscle glycogenoses. EMG 
may be normal or show non-specific myopathic changes. Adult acid 
maltase deficiency causes characteristic electromyographic changes of 
intense electrical irritability and myotonic-like discharges in the 
absence of clinical myotonia. Periodic acid–Schiff-positive deposits of 
glycogen in the periphery of muscle fibers are the characteristic histo-
logic abnormality. These glycogen deposits may be seen in some milder 
cases only by electron microscopy or in semi-thin sections of plastic-
embedded samples. In acid maltase deficiency, electron microscopy 
shows glycogen deposits that are membrane bound within lysosomes. 
The forearm exercise test is a useful method of screening for most 
glycogenoses (see Table 147.3). Exceptions include deficiencies of acid 
maltase, brancher enzyme, and phosphorylase b kinase. Individuals 
with the other glycogenoses fail to generate lactate during ischemic 
exercise. The putative diagnosis should always be confirmed by specific 
enzyme analysis of muscle tissue whenever it is suspected by histology 
or forearm exercise testing. Testing for the more common genetic 

Glycolytic pathway Fatty acid entry into mitochondria for �-oxidation

Adenylate kinase and
myoadenylate kinase reactions

Creatine kinase reaction

Glycogen

IMP

NH3

Lactate

Glycolysis

Glucose

Pyruvate

ATP
+ AMP

ENERGY PATHWAYS IN SKELETAL MUSCLE

2 ADP

Glucose

ATP

ADP+Pi

ATP + Creatine

PCr + ADP + Pi

Fatty acyl CoA

Free fatty acid

Free fatty acid

Fig. 147.1 Energy pathways in skeletal muscle. Skeletal muscle utilizes adenosine triphosphate (ATP) as its fuel for contraction and relaxation. ATP can be 
generated via four separate metabolic pathways in skeletal muscle. The glycolytic pathway involves the metabolism of glucose, derived from the blood and from 
the breakdown of muscle glycogen. The anaerobic metabolism of glucose yields pyruvate; in the presence of oxygen, the pyruvate can enter the mitochondria and 
be metabolized further; in anaerobic conditions, the pyruvate is converted to lactate. Free fatty acids, derived from the blood, enter the mitochondria, either as 
their fatty acyl-CoA derivatives (long-chain fatty acids) or as the intact molecule (short- and medium-chain fatty acids). Within the mitochondria, the fatty acids 
undergo β-oxidation, generating acetyl-CoA, which is then metabolized by the tricarboxylic acid cycle and the electron donors NADH and FADH2. Phosphocreatine 
(PCr) is a high-energy storage compound that provides an immediate source for the regeneration of ATP via the creatine kinase reaction during the initial phases 
of muscular exertion. Creatine kinase activity is present in the inner mitochondrial membrane and in the sarcoplasma. Phosphocreatine is regenerated from 
creatine within the mitochondria via oxidative phosphorylation. The adenylate kinase reaction generates ATP and adenosine monophosphate (AMP) from 
adenosine diphosphate (ADP). As the concentration of AMP increases during muscle exercise, it is converted to inosine monophosphate (IMP) and ammonia via 
the myoadenylate kinase reaction.
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Biochemical analysis of carnitine levels in muscle is required to establish 
the diagnosis of the myopathic type of carnitine deficiency. Free and acyl-
ated plasma carnitine levels are extremely reduced. Plasma carnitine 
levels are less than 10% of normal in the systemic form of primary car-
nitine deficiency.

The carnitine palmitoyltransferase (CPT) system utilizes two dis-
tinct acyltransferases to transport the long-chain fatty acid-carnitine 
complex into mitochondria. The first, CPT1, is located on the inner 
side of the outer mitochondrial membrane, and the second, CPT2, is 
located on the inner side of the inner mitochondrial membrane. Defi-
ciencies of both CPT1 and CPT2 occur, but muscle disease is confined 
to the latter. CPT2 deficiency is an autosomal recessive disorder with 
clinical presentations in juvenile or adult life (muscle form), in infancy 
(hepato-cardio-muscular form), and at birth (hepatic form). The muscle 
form of CPT2 deficiency is the most common defect of lipid oxidation 
and cause of hereditary recurrent myoglobinuria. It occurs most often 
in adolescent or young adult men. The primary clinical feature of CPT2 
deficiency is paroxysmal rhabdomyolysis, usually precipitated by pro-
longed exercise and less often by fasting, infection, or exposure to cold. 
Patients typically notice dark urine several hours after completion of 
the exercise. Soreness of their muscles develops during the exercise but 
then persists for several days. True cramps do not occur. Serum CK 
concentrations, EMG, and muscle histology are normal, except during 
episodes of symptomatic rhabdomyolysis. The diagnosis is made by 
assaying muscle tissue for enzyme activity. Genetic analysis of whole 
blood can be used to screen for approximately 80% of known mutant 
alleles. Treatment of CPT2 deficiency requires avoidance of exercise 
during a period of fasting and exercise or superimposed infection. A 
low-fat, high-carbohydrate diet before and during exercise is recom-
mended. Dietary supplementation with medium-chain triglycerides 
and riboflavin may be beneficial. Affected patients should receive intra-
venous glucose during general anesthesia.

Deficiencies of the very long-chain, medium-chain, and short-chain 
fatty acid acyl-coenzyme A (CoA) dehydrogenase have been reported in 
adults who presented with proximal muscle weakness or exercise-
induced myalgia with or without myoglobinuria.

Mitochondrial myopathies
The mitochondrial myopathies are a clinically heterogeneous group of 
disorders that arise from a primary defect in electron transport chain 
function and oxidative phosphorylation.14 They are usually part of a 
multisystem disease with involvement of tissues that are highly depen-
dent on oxidative metabolism, such as skeletal muscle, heart, brain, 
retina, endocrine glands, and renal tubules. Mitochondrial diseases 
have an estimated prevalence of 10 to 15 cases per 100,000 persons.15 
They may present at any age. Most mitochondrial myopathies are 
caused by defects in mitochondrial DNA (mtDNA) and, as such, are 
inherited through maternal transmission. These mtDNA disorders 
present in late childhood or adult life. A smaller number are related to 
mutations of genes in the nuclear DNA that encode proteins involved 
in oxidative phosphorylation. These present in early childhood. Patho-
genic mutations of mtDNA usually affect only a proportion of the 
numerous copies of mtDNA in each cell (heteroplasmy). Because this 
proportion varies widely, there is a spectrum of clinical severity among 
individuals with a pathogenic mtDNA mutation. Additionally, the 
heteroplasmy of a mitochondrial mutation may vary within and 
between tissues, resulting in marked variation of the phenotypic mani-
festations of the mitochondrial diseases.

The clinical spectrum of these conditions is thus quite diverse. 
Muscle involvement with exercise intolerance is present in the major-
ity of mitochondrial diseases. Chronic progressive external ophthal-
moplegia and eyelid ptosis often accompany the skeletal muscle 
disease.13 Other types of organ involvement include the endocrine 
system (diabetes mellitus, short stature), central nervous system (sei-
zures, stroke-like episodes, ataxia, myoclonus, dementia, migraine, 
encephalopathy, and spasticity), peripheral nervous system (peripheral 
neuropathy), eye (pigmentary retinopathy, optic atrophy), ears (senso-
rineural hearing loss), kidney (Fanconi syndrome), and heart (conduc-
tion disorder, hypertrophic cardiomyopathy). Mitochondrial disorders 
include a number of distinct clinical syndromes, such as Kearns-Sayre 
syndrome; chronic progressive external ophthalmoplegia; myoclonic 
epilepsy associated with ragged red fibers (MERRF); mitochondrial 

or cardiomuscular presentation. The systemic type develops before 2 
years of age, with episodes of coma and hypoketotic hypoglycemia 
similar to Reye syndrome. The cardiomuscular type presents most 
often between the ages of 2 and 4, with a progressive hypertrophic  
or dilated cardiomyopathy and a myopathy. Both types respond well  
to high doses of oral l-carnitine. Carnitine deficiency may also occur 
in the setting of other metabolic disorders (fatty acid oxidation  
disorders, organic acidemias), pregnancy, long-term hemodialysis, 
renal Fanconi syndrome, and chronic treatment with valproate or 
pivampicillin.

In carnitine deficiency, serum CK concentrations are increased in 
more than 50% of patients and the EMG often reveals myopathic 
changes. Oil red O staining of muscle shows lipid accumulation. 

PATHWAYS OF CYTOSOLIC GLYCOGEN METABOLISM
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Fig. 147.2 Pathways of cytosolic glycogen metabolism. Deficiencies of 
numbered enzymes are recognized to cause a glycogen storage disease: 1, 
phosphorylase b kinase; 2, brancher enzyme; 3, myophosphorylase; 4, 
debrancher enzyme; 5, phosphofructokinase; 6, aldolase A; 7, 
phosphoglycerate kinase; 8, phosphoglycerate mutase; 9, β-enolase; 10, lactate 
dehydrogenase. Note: Acid maltase is not included because it is a lysosomal 
enzyme. P, phosphate; PLD, phosphorylase limit dextran; UDPG, uridine 
diphosphate glucose.
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infection. Some patients experience a hyperdynamic cardiopulmonary 
response to exercise, with marked tachycardia and exertional dyspnea 
during submaximal exercise.

The diagnosis of a mitochondrial disease may be based on the rec-
ognition of a characteristic phenotype, such as MELAS, with molecular 
genetic confirmation. If the clinical symptoms are non-specific but 
suggestive of a mitochondrial disease, a fasting serum lactate level 
should be measured. The serum lactate is elevated in approximately 
70% of patients.14 Other screening tests may include cerebrospinal fluid 
lactic acid levels, plasma acyl carnitines, and urinary organic acids. The 

myopathy, encephalopathy, lactic acidosis and stroke-like episodes 
(MELAS); Leber hereditary optic neuropathy; infantile subacute necro-
tizing encephalopathy (Leigh disease); and sideroblastic anemia of 
childhood with exocrine pancreatic failure (Pearson syndrome).

Symptoms of a mitochondrial myopathy are variable in adults. Mild 
weakness of the proximal limb musculature may be present. Many 
patients will report exercise intolerance, marked by premature fatigue, 
headaches, nausea, and vomiting after submaximal exercise. Rarely, 
there may be exercise-induced cramps and/or myoglobinuria. The 
muscle symptoms are often aggravated by fasting or the presence of an 

ENERGY METABOLISM IN MITOCHONDRIA
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Fig. 147.3 Pathways of energy metabolism in mitochondria. The oxidative metabolism of both glucose and 
free fatty acids depends on converging enzymatic pathways in the cellular mitochondria. The key metabolic 
intermediate is acetyl-CoA, derived both from pyruvate and as an end product of the mitochondrial 
β-oxidation of fatty acids. Pyruvate is generated from the glycolytic pathway in the sarcoplasma. It diffuses 
across the mitochondrial membrane and is then converted to acetyl-CoA by pyruvate dehydrogenase. The 
fatty acids are activated to fatty acyl-CoA derivatives, using adenosine triphosphate (ATP) as the energy 
source. This activation step occurs within the mitochondrion for short- and medium-chain fatty acids and in 
the sarcoplasma for long chain fatty acids. Short- and medium-chain fatty acids enter the mitochondrion by 
passive diffusion and long-chain fatty acids enter by facilitated transport via the carnitine shuttle. The 
carnitine shuttle transports long-chain fatty acids across the outer and inner mitochondrial membranes 
(OMM and IMM). The long-chain fatty acids are first transferred to carnitine by the enzyme carnitine 
palmitoyl transferase-I (CPT-I), located in the outer membrane space (OMS). The fatty acid is then transferred 
into the mitochondrial matrix by a carnitine acyl carnitine translocase (not shown), located in the IMM. A 
second enzyme in the IMM, carnitine palmitoyl transferase-II (CPT-II), regenerates the fatty acyl-CoA, 
releasing free carnitine. Within the mitochondrion, the fatty acyl-CoA are oxidized in a four-step cycle of 
reactions (β-oxidation) in which the β-carbon is oxidized to a ketone followed by cleavage between the 
α- and β-carbons, yielding acetyl-CoA and a fatty acyl-CoA with two fewer carbon atoms. The four enzymes 
of this cycle include one of three acyl-CoA dehydrogenases (specific for short-, medium-, and long-chain 
fatty acyl-CoAs), an enoyl-CoA hydratase, an NAD+ dependent dehydrogenase, and a thiolase. Each cycle of 
β-oxidation yields one mole each of acetyl-CoA, FADH2, and NADH; for a 16-carbon fatty acid such as 
palmitate the cycle is repeated seven times, yielding 8 moles of acetyl-CoA and 7 moles of FADH2 and 
NADH. Acetyl-CoA is oxidized in the tricarboxylic acid cycle (Krebs cycle), a series of eight enzymatic 
reactions. Each mole of acetyl-CoA yields 3 moles of NADH and 1 mole of FADH2. These reduced nucleotide 
coenzymes subsequently transfer electrons to molecular oxygen via the electron transport chain, in the 
process generating ATP from ADP. The electron transport chain consists of five large protein complexes (I-V) 
located in the IMM and two small independent components, cytochrome c and ubiquinone. Electrons move 
sequentially from one protein complex to the next (in the order of I to V) down an energy gradient. In the 
process, protons are pumped by complexes I, III, and IV across the inner mitochondrial membrane into the 
intermembrane space (IMS), creating a membrane potential. The controlled influx of protons through 
complex V (ATP synthase) powers the synthesis of ATP.
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an immune-mediated inflammatory myopathy. Thiazide diuretics and 
certain other drugs may cause electrolyte abnormalities with toxic 
effects in muscle.

Myopathy associated with lipid-lowering drugs
The statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi-
tors) and other lipid-lowering drugs, notably the fibrates and niacin, 
are associated with myotoxicity. The muscle-related adverse events 
that occur in association with statin therapy have been classified as 
myalgia (muscle ache or weakness without CK elevation), myositis 
(muscle symptoms with increased CK levels), and rhabdomyolysis 
(muscle symptoms with CK elevations typically greater than 10 × ULN 
and with evidence of acute pigment-induced renal injury).17 Although 
myalgias are reported in only 1% to 5% of patients participating in 
clinical trials of statins (a frequency that is not different from the 
placebo-treated patients), they are reported by up to 25% of patients in 
clinical practice and lead to the discontinuation of the statin therapy 
in some of these patients.18 Serious muscle toxicity occurs in only 0.1% 
to 0.5% of patients on statin monotherapy. However, the large number 
of patients taking these drugs makes statin-induced myopathy an 
important health problem.19

Symptoms of statin-induced myopathy include any combination of 
muscle aching, cramping, tenderness, or weakness.20 The pectoral, 
quadriceps, biceps, abdominal, and low back muscles appear to be 
preferentially involved. Nocturnal leg cramps may be a prominent 
feature.21 With exercise, the muscle symptoms are typically more wide-
spread and intense. Muscle weakness is usually proximal, but some 
patients describe difficulty opening jars and snapping their fingers.22 In 
some patients, muscle symptoms may persist long after the cessation 
of statin therapy, occasionally as a result of a previously unrecognized 
neuromuscular disorder. Rhabdomyolysis with myoglobinuria is the 
most serious form of myotoxicity.

The histopathology of muscle tissue from patients with myopathy 
from lipid-lowering drug use is often normal by light microscopy.23 
However, some biopsy samples will show changes indicative of mito-
chondrial dysfunction, including cytochrome c oxidase–negative ragged 
red fibers and subsarcolemmal aggregates of mitochondria.24

Myotoxicity is determined primarily by factors that alter the  
pharmacokinetics of the statins, leading to higher drug levels in the 
blood or tissues. These include drug dose, mode of metabolism, pro-
pensity for drug-drug interactions, and various host factors. A dose-
effect on myotoxicity has been observed for most of the statins, with 
the frequency of myotoxicity increasing with higher doses of the 
statin.25

The statins have a variable potential to produce myotoxicity.  
Cerivastatin has the highest, whereas fluvastatin and pravastatin  
have the lowest rates of rhabdomyolysis.26,27 These differences in myo-
toxicity are thought to arise from factors other than administered dose 
that increase the drug’s bioavailability. With the exception of pravas-
tatin and rosuvastatin, the statins are metabolized primarily by the 
hepatic cytochrome (CY) P-450 system, a group of more than 30 
enzymes that transform lipophilic drugs into water-soluble metabo-
lites. The elimination of lovastatin and simvastatin is highly depen-
dent on CYP-3A4–mediated metabolism. Approximately 20% of 
atorvastatin is also metabolized by this isozyme. Cerivastatin is metab-
olized by both the CYP-3A4 and CYP-2C8 isozymes. As much as 80% 
of fluvastatin is metabolized by CYP-2C9; the balance is metabolized 
by CYP-3A4 and CYP-2C8. In contrast, pravastatin is metabolized in 
the hepatic cytosol while rosuvastatin is excreted largely in its parent 
form. Co-administration of a statin and another drug that is metabo-
lized by the same CY P450 isozyme can lead to a clinically significant 
drug interaction, increased levels of the statin, and a heightened risk 
for myotoxicity. Some of the other drugs that are metabolized by the 
CYP-3A4 isozyme and confer risk in this manner include cyclosporine, 
erythromycin, and other macrolide antibiotics, azole antifungals, amio-
darone, diltiazem and other non-dihydropyridine calcium-channel 
blockers, ritonavir and other protease inhibitors, nefazodone, and 
grapefruit juice.

The statins are eliminated primarily via the bile into the feces. 
Because the metabolites generated by the liver may be active, obstruc-
tion of biliary flow may predispose to myotoxicity. The biliary excretion 

serum CK is usually normal or elevated by no more than 5 × ULN. 
The EMG is often normal but may show myopathic or mixed myo-
pathic and neuropathic changes. Muscle biopsy is often required for 
confirmation of the diagnosis. The characteristic findings include 
ragged red fibers (subsarcolemmal accumulation of mitochondria on 
modified Gomori trichrome stain), muscle fibers with reduced or 
absent cytochrome c oxidase activity, and accumulation of neutral 
lipids. Electron microscopy may also show mitochondria in increased 
numbers or with abnormal morphology. Deficiencies in respiratory 
chain enzyme function can be sought with biochemical assays using 
muscle tissue that was snap-frozen at the time of biopsy. Confirmation 
of a diagnosis of a mitochondrial disorder is best achieved with molecu-
lar genetic testing for mutations thought most likely to be present 
based on clinical and laboratory features.

Myoadenylate deaminase deficiency
Myoadenylate deaminase deficiency is caused by a nonsense mutation 
at codon 12 in exon 2 of the adenosine monophosphate deaminase 1 
gene and is found in 2% of the general population. This deficiency is 
not believed to cause myopathy. Almost all patients with myoadenylate 
deaminase deficiency are asymptomatic. If an individual with this 
deficiency has muscle weakness, myalgia, or fatigue, then another 
diagnosis should be sought to explain these symptoms. Patients with 
primary myoadenylate deaminase deficiency have normal serum CK 
concentrations, normal EMG, and normal muscle histology. The 
forearm exercise test is, however, abnormal, showing release of lactate, 
but not ammonia, into the circulation after exercise.

Secondary metabolic myopathies
Proximal muscle weakness may be a major feature of many endocrine 
and metabolic disorders (see Table 147.1). These include Cushing 
syndrome, hypothyroidism, hyperthyroidism, and hyperparathy-
roidism. Thyroid and parathyroid diseases may be associated with  
high concentrations of CK and myopathic changes on the EMG. Dis-
orders that cause abnormally high or low concentrations of sodium, 
potassium, calcium, magnesium, or phosphorus can cause weakness, 
fatigue, myalgias, or cramps, because normal concentrations of these 
ions are necessary for the orderly active contraction and relaxation of 
muscle.

DRUG-INDUCED MYOPATHIES
A large number of drugs can cause myotoxicity (Table 147.4), including 
many used commonly in rheumatology practice,16 such as glucocorti-
coids, colchicine, antimalarial agents, and penicillamine. Different 
mechanisms account for the muscle injury. The lipid-lowering drugs, 
antimalarial agents, and zidovudine are directly toxic to muscle and 
can result in necrosis, vacuolar changes, or mitochondrial dysfunction. 
d-Penicillamine, interferon-α, hydralazine, and procainamide induce 

TABLE 147.4 DRUG-INDUCED MYOPATHIC SYNDROMES

Type of myopathy Drugs

Necrotizing myopathy HMG CoA reductase inhibitors (statins), 
fibrates, alcohol

Inflammatory myopathy Penicillamine, interferon-α, procainamide

Mitochondrial myopathy Zidovudine

Hypokalemic myopathy Diuretics, laxatives, licorice, amphotericin 
B, alcohol

Antimicrotubular myopathy Colchicine, vincristine

Lysosomal storage myopathy Chloroquine, hydroxychloroquine, 
quinacrine, amiodarone, perhexilene

Corticosteroid myopathy Corticosteroids, especially fluorinated

Others Ipecac syrup, emetine
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Tendon reflexes are usually reduced or absent. Electrophysiologic 
studies are needed to differentiate this entity from critical illness poly-
neuropathy, although both may coexist. The characteristic findings are 
low-amplitude compound muscle action potentials with relatively pre-
served sensory nerve action potential amplitudes. The CK level is 
elevated in 50% or more of patients, particularly within the first 5 days 
after intravenous corticosteroid exposure. Muscle biopsies show pref-
erential atrophy of type 2 muscle fibers, variable degrees of fiber necro-
sis and regeneration, and loss of myosin in non-necrotic fibers. Therapy 
is supportive, with avoidance of prolonged infusions of neuromuscular 
blocking agents and tapering of corticosteroids as early as possible. 
Patients who survive their critical illness recover normal muscle 
strength over a period of several months.

Colchicine myopathy
A neuromyopathy may develop in patients taking standard doses of 
colchicine for prolonged periods, particularly if they have impaired or 
recently changed renal function. In elderly patients, a serum creatinine 
value of 1.5 mg/dL may represent sufficient impairment of renal func-
tion to lead to this form of toxicity, particularly if the daily dose of 
colchicine is the standard 1.2 mg. The concomitant use of cyclosporine 
or a statin may be a predisposing factor. Affected patients develop 
proximal muscle weakness, distal sensory loss, and areflexia. Serum 
CK levels are almost always elevated, usually in the range of 2 to 20 
times above normal.34 The myopathy improves quickly after discon-
tinuation of the colchicine, but the axonal neuropathy is slower to 
resolve. Muscle biopsy shows a vacuolar myopathy without prominent 
necrosis or inflammation. The myotoxicity of colchicine is thought to 
be related to disruption of the microtubular cytoskeletal network, 
resulting in the intracellular accumulation of autophagic vacuoles. 
Vincristine, an antineoplastic agent, may also produce a myopathy 
through the same mechanism.

Chloroquine and hydroxychloroquine myopathy
A myopathy may develop in patients treated chronically with chlo-
roquine and, to a lesser extent, with hydroxychloroquine. Patients 
develop slowly progressive muscle weakness, first in the lower extre-
mities and later in the upper limbs and rarely the face. The myopathy 
is often accompanied by a polyneuropathy, with reduced or absent 
tendon reflexes, sensory deficits, and slowed nerve conduction veloci-
ties. Muscle enzyme levels are mildly elevated, most often that of 
lactate dehydrogenase.35 Chloroquine myopathy most often develops 
with sustained use of higher doses, such as 500 mg/day for a year or 
more. The myopathy and neuropathy both resolve within several 
months after discontinuation of the antimalarial agent. The muscle 
biopsy of a patient with chloroquine and hydroxychloroquine  
myopathy demonstrates a vacuolar myopathy, often only evident with 
electron microscopy.35 The ultrastructural features of the vacuoles 
include concentric lamellar structures (myeloid bodies) and curvilinear 
bodies.

The myopathy resulting from antimalarial drugs is considered a 
prototype of that resulting from amphiphilic cationic drugs. Amphi-
philic drugs have both hydrophobic and positively charged polar ends 
and can form complexes with membrane phospholipids. These com-
plexes form lamellar, reticular, or crystalloid structures that are resis-
tant to lysosomal digestion. A lysosomal storage disease results, with 
pathologic changes in muscle, nerve, and other tissues. Perhexiline and 
amiodarone are two other amphiphilic cationic drugs that can cause 
myopathies.

Penicillamine myopathy
Penicillamine therapy may be associated with the induction of autoim-
mune syndromes, including polymyositis, dermatomyositis, myasthe-
nia gravis, systemic lupus erythematosus, and Goodpasture syndrome. 
The occurrence of myositis is not related to either the dose or the 
duration of penicillamine therapy. The myositis usually resolves after 
the discontinuation of penicillamine, but some patients require corti-
costeroid therapy. Penicillamine-induced polymyositis may be fatal 
when there is associated myocardial involvement.

of pravastatin can also be impaired by co-administration of cyclospo-
rine as a result of drug interactions at the level of efflux transporters, 
such as multidrug resistance protein-2 and P-glycoprotein.28

Myotoxicity may be more common when two classes of lipid-low-
ering drugs are taken together in an effort to optimize lipid profiles. 
Multiple cases of rhabdomyolysis and death have been reported in 
patients taking a fibrate and a statin. Gemfibrozil is the fibrate most 
commonly involved in such interactions. Gemfibrozil inhibits statin 
glucuronidation and thus may impair statin elimination.29,30 Fenofi-
brate does not have this pharmacologic effect and has been shown to 
be associated with a much lower incidence of rhabdomyolysis when 
used in combination with a statin.31

Because myotoxicity related to lipid-lowering drug therapy is a rela-
tively rare event, the existence of predisposing genetic factors has been 
postulated. A recent genome-wide association scan yielded a single 
strong association of myopathy with the rs4363657 single-nucleotide 
polymorphism located within the SLCOB1 gene on chromosome 12.32 
This gene encodes the organic anion-transporting polypeptide 
OATP1B1, which mediates the hepatic uptake of most statins and 
other drugs. Other genetic factors that have been implicated include 
polymorphisms of the cytochrome P450 isozymes and serotonin recep-
tors, heritable defects of muscle energy metabolism, and traits that 
alter fatty acid oxidative metabolism.

Several mechanisms have been postulated to underlie the myotoxic-
ity associated with statins.33 Most focus on the depletion of isoprenoid 
intermediary metabolites, which are essential for prenylation, a funda-
mental element of post-transcriptional lipid modification of proteins 
and other compounds. Important isoprenoids include isopentyl-
adenosine, a component of some transfer RNAs; dolichols, which are 
required for glycoprotein synthesis; and the electron transport chain 
proteins heme A and coenzyme Q10 (ubiquinone). The isoprenoids 
farnesyl-pyrophosphate and geranylgeranyl-pyrophosphate are addi-
tionally responsible for prenylation of up to 2% of mammalian cellular 
proteins, including small G-proteins (Rho, Ras, and Rac) involved in 
cell signaling and attenuation of apoptosis and nuclear lamins, which 
are intermediate filaments of the inner nuclear membrane. Thus, 
inhibition of mevalonic acid synthesis by the statins is expected to have 
a variety of metabolic consequences.

Corticosteroid myopathy
Weakness of the proximal muscles and neck flexors may develop  
insidiously in patients with Cushing syndrome and in those taking 
exogenous corticosteroids. The leg muscles are affected more severely 
than those of the arms. Respiratory muscle weakness may occur in 
severe cases. Cranial nerves and sphincters are spared. The majority 
of patients treated with corticosteroids may eventually develop  
some degree of muscle weakness, usually after a period of at least 4 
weeks. However, the weakness is more severe and may develop  
more rapidly in those treated with fluorinated corticosteroids, such as 
dexamethasone, triamcinolone, and betamethasone, than in those 
treated with the non-fluorinated corticosteroids, such as prednisone 
and methylprednisolone. Women are more likely than men to develop 
a myopathy. Glucocorticoid myopathy is usually accompanied by other 
features of Cushing syndrome, including moon facies, fragile skin, and 
suprascapular fat pad. Muscle enzyme levels are normal. Electromyog-
raphy shows low-amplitude motor unit potentials and the absence of 
any spontaneous electrical activity. Selective atrophy of type 2 muscle 
fibers and the absence of inflammation or muscle necrosis are charac-
teristic histologic features. The myopathy typically improves with 
tapering of the corticosteroid dose or switching to a non-fluorinated 
corticosteroid. Avoidance of starvation or protein deprivation is also 
important.

Critical illness myopathy
An acute myopathy may develop in critically ill patients who receive 
high doses of intravenous corticosteroids and neuromuscular junction 
blocking agents. This disorder has been described most often in patients 
with status asthmaticus, sepsis, or a recent liver transplant. Affected 
patients develop diffuse, flaccid weakness involving all limb muscles 
and the neck flexors and often the facial muscles and diaphragm. 
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dystrophinopathies may present later in life and have the potential to 
be confused with polymyositis. Becker muscular dystrophy usually 
presents as shoulder and pelvic girdle muscle weakness in childhood, 
but affected boys remain ambulatory beyond the age of 16 years. Some 
patients with Becker muscular dystrophy do not develop symptoms 
until after the age of 30 years and can continue to walk until the 
seventh decade of life. A dilated cardiomyopathy is a common cause 
of morbidity and mortality. A minority (<20%) of female carriers of 
both of these types of muscular dystrophies may present with muscle 
weakness in later life. CK levels are elevated in all patients with these 
dystrophies and in 30% to 50% of female carriers of the gene mutations 
for Becker muscular dystrophy and Duchenne muscular dystrophy, 
respectively. Molecular genetic analysis of the dystrophin gene is the 
first step in confirming a diagnosis of a dystrophinopathy. If no muta-
tion is found, a muscle biopsy should be performed with immunohis-
tochemical staining for dystrophin and/or Western blot analysis of the 
tissue.

Limb-girdle muscular dystrophies (LGMDs) are a heterogeneous 
group of disorders distinct from the more common X-linked dystrophi-
nopathies and characterized by progressive proximal muscle weakness. 
Affected boys and girls usually present in the second or third decade 
of life with weakness of the proximal leg muscles. Upper limb involve-
ment develops later. Because the onset may be delayed to the third or 
fourth decade of life, these disorders may be confused initially with 
polymyositis. The progression of muscle weakness is slower than in 
Duchenne muscular dystrophy. The inheritance is autosomal, most 
frequently recessive. The LGMDs are mostly related to mutations in 
structural muscle protein genes, including those for the various sarco-
glycans, dysferlin, caveolin, telethonin, and lamin. One form of LGMD 
arises from a mutation in the gene for calpain 3, a calcium-dependent 
protease.

LGMD type 2B (LGMD2B) and Myoshi distal myopathy result from 
mutations in the dysferlin gene and are known as dysferlinopathies. 
LGMD2B is characterized by weakness and atrophy of the pelvic and 
shoulder girdle muscles, developing in adolescence or young adulthood 
and progressing slowly thereafter. Physical activity before onset is 
normal. Weakness begins in the lower extremities and may not prog-
ress to the upper extremities until 10 or more years later.36 Weakness 
of the biceps muscles generally occurs first in the upper extremities. 
Some patients may have both proximal and distal muscle weakness at 
onset. Scapular winging does not occur. LGMD2B may be misdiag-
nosed as polymyositis because of its onset in adult life, marked eleva-
tion of serum CK level, and the presence of inflammatory infiltrates in 
the muscle biopsy.37,38 Confirmation of the diagnosis begins with a 
muscle biopsy, demonstrating dystrophic changes as well as reduced 
levels or absence of dysferlin in the muscle sarcolemma with immu-
nohistochemical staining. Molecular genetic studies are needed to 
confirm and define the character of the mutation.

The sarcoglycanopathies are forms of LGMD (types 2C, D, E, and 
F) caused respectively by mutations in the γ, α, ß, and δ-sarcoglycan 
genes and primarily affect whites. Onset is most often in early child-
hood and loss of ambulation generally occurs before the age of 16 years. 
However, milder phenotypes do occur, with proximal muscle weakness 
first prompting medical attention in young adulthood. Muscle weak-
ness is initially detectable in the pelvic girdle and later involves the 
shoulders, with scapular winging. Respiratory muscle involvement 
occurs late in the disease and frequently leads to respiratory failure and 
death. Serum levels of CK are elevated 10 to 100 × ULN, typically 
higher than in the other forms of LGMD.

Facioscapulohumeral muscular dystrophy (FSHD) is an autosomal 
dominant disorder that predominantly affects the facial, scapulo-
humeral, pelvic girdle, and anterior tibial muscles. Patients first develop 
symptoms in the first to fifth decades of life. Facial weakness usually 
begins first; patients are unable to close their eyes tightly or whistle. 
Medical attention is usually sought after weakness of scapular fixation 
precludes abduction of the arm beyond 90 degrees. Scapular winging 
is a prominent feature. Sensorineural hearing loss and a retinal vascu-
lopathy are frequently present. The serum CK value may be normal or 
mildly elevated. The disease arises from mutations in the 4q35 gene 
and can be confirmed by molecular genetic testing.

Proximal myotonic dystrophy, type 2 (DM2) is an autosomal domi-
nant disorder characterized by proximal muscle weakness, muscle 

Zidovudine myopathy
Zidovudine (formerly azidothymidine) is a nucleoside analog used to 
treat human immunodeficiency virus (HIV) type I infections. A mito-
chondrial myopathy related to the chronic use of zidovudine may occur 
in patients with HIV infection. Patients present with proximal muscle 
weakness and pain; CK levels are often elevated. Muscle biopsy shows 
abundant ragged red fibers; on electron microscopy abnormal mito-
chondria are evident, with marked proliferation in the subsarcolemmal 
spaces and paracrystalline inclusions. Many patients with HIV infec-
tion may also have a concomitant inflammatory myopathy. It is often 
difficult to distinguish HIV myositis from zidovudine myopathy. With-
drawal of zidovudine and institution of a different antiretroviral agent 
should result in clinical improvement in patients affected only by zid-
ovudine myopathy; in contrast, those with only HIV myositis would 
not improve after discontinuation of zidovudine.

Alcoholic myopathy
Chronic abuse of alcohol may adversely affect skeletal and cardiac 
muscle in several ways. Approximately one third to one half of  
such patients develop a chronic alcoholic myopathy, characterized by 
painless, progressive proximal muscle weakness and mild to moderate 
myopathic changes on muscle biopsy (fiber necrosis, motheaten fibers, 
fiber size variability, and type 2 fiber atrophy). Much less commonly, 
patients who abuse alcohol chronically may develop an acute necrotiz-
ing myopathy, marked by acute pain and swelling of a limb, often 
mistaken for thrombophlebitis. Myoglobinuria may be present, reflect-
ing the rhabdomyolysis, and occasionally leads to acute renal failure. 
Usually, the illness is not severe and patients note resolution of the 
muscle swelling and pain over a period of 2 weeks. Patients who 
resume drinking are particularly prone to subsequent attacks of this 
form of myopathy.

Chronic alcohol abuse may also be associated with the develop-
ment of acute muscle weakness as a result of severe hypokalemia. 
Cardiac muscle dysfunction is common in the setting of chronic  
alcoholism. It may manifest as clinically silent reduction in the ejec-
tion fraction, clinically evident dilated cardiomyopathy, or various 
arrhythmias.

MUSCULAR DYSTROPHIES
The muscular dystrophies are a group of inherited disorders charac-
terized by progressive muscle weakness and wasting. The defining 
pathologic features include variation in fiber size, areas of muscle 
necrosis and regeneration, and ultimate replacement of muscle by  
fatty and fibrous tissue. The muscular dystrophies arise primarily  
from mutations in genes encoding structural proteins of muscle. They 
are part of the differential diagnosis of polymyositis because some 
present in late adolescence or adult life with progressive muscle weak-
ness and elevated levels of serum muscle enzymes. These include 
Becker, limb-girdle, facioscapulohumeral, and myotonic dystrophies. 
Moreover, the dysferlinopathies (LGMD2B [see later]), facioscapulo-
humeral dystrophies, and dystrophinopathies may have endomysial 
inflammation.

Clinical features of the muscular dystrophies often permit their dif-
ferentiation from the idiopathic inflammatory myopathies. These 
include childhood onset of muscle symptoms, a slowly progressive 
clinical course measured in years, marked muscle wasting at presenta-
tion, a family history of a similar muscle disorder, calf hypertrophy or 
atrophy, scapular winging, facial weakness, early distal muscle weak-
ness, clinical myotonia or myotonic discharges on EMG, and marked 
elevation of serum CK (e.g., 50-100 × ULN).

Dystrophinopathies are X-linked recessive disorders stemming from 
mutations in the dystrophin gene on the X chromosome. The clinical 
spectrum of the dystrophinopathies includes Duchenne and Becker 
muscular dystrophies, patients with painful muscles, and exercise-
induced cramps (occasionally with myoglobinuria), isolated quadriceps 
myopathy, a female carrier state manifested as limb girdle weakness, 
and isolated hyperCKemia. Although Duchenne muscular dystrophy 
is diagnosed in the first few years of life and invariably results in the 
loss of the ability to ambulate before age 13 years, the other 
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BOX 147.7 INFECTIOUS CAUSES OF MYOSITIS

Viral
 Influenza A and B viruses
 Enteroviruses (coxsackieviruses, echoviruses)
 Human immunodeficiency virus
 Human T-cell lymphotrophic virus type 1
 Hepatitis B and C viruses
 Cytomegalovirus
 Epstein-Barr virus
 Adenovirus
 Varicella-zoster virus
 Parainfluenza

Parasitic
 Trichinella species
 Echinococcus species
 Schistosoma species
 Toxoplasma gondii
 Trypanosoma cruzi
 Sarcocystis species

Bacterial
 Staphylococcus aureus
 Streptococcus, groups A and B
 Aeromonas hydrophila
 Borrelia burgdorferi
 Clostridium perfringens
 Anaerobic streptococci
 Mycobacterium species
 Rickettsia species

Fungal
 Candida species
 Cryptococcus neoformans
 Microsporida
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pain, cataracts, myotonia, tremors, cardiac disturbances, and hypogo-
nadism.39 The neck flexors, hip flexors, and triceps muscles are most 
commonly affected. This disease is distinct from myotonic dystrophy 
(DM1), having no temporal atrophy, wasting of the sternocleidomas-
toid muscles, or ptosis and either minimal or no distal weakness. The 
myotonia is also atypical in DM2, being commonly asymmetric, vari-
able in severity, and intermittent in occurrence. Serum CK levels are 
elevated 2 to 4 × ULN. The muscle biopsy shows myopathic features 
but no inflammation.

INFECTIOUS MYOPATHIES
Numerous infections can cause a myopathy (Box 147.7).40 Influenza 
A and B viral myositis occurs most often in children and is charac-
terized by the sudden onset of calf pain and tenderness, often resulting 
in difficulty with walking. CK levels are elevated. The myositis  
resolves within a few days with symptomatic treatment. Rarely, influ-
enza virus, coxsackievirus, and echovirus infections can cause 
rhabdomyolysis.

Patients with HIV infection may develop a slowly progressive  
myopathy that resembles polymyositis both clinically and histologi-
cally. There is symmetric weakness of the proximal legs and arms and 
elevation of the serum CK levels. In addition to myopathic changes, 
there may be electrodiagnostic evidence of an axonal sensory neuropa-
thy. Muscle biopsies show endomysial, perimysial, or perivascular 
mononuclear cell infiltrates with muscle fiber necrosis and phagocyto-
sis. In some patients, the muscle biopsy samples show nemaline rod 
bodies (expansion of Z bands and loss of thick filaments) with variable 
amounts of inflammation. Other histologic abnormalities that are com-
monly seen in muscle biopsies from patients with HIV infections 
include “motheaten” fibers, type 2 fiber atrophy, and neuropathic 
changes (angulated fibers and type grouping). Patients with HIV infec-
tion and AIDS may also develop myopathies from drugs (e.g., zidovu-
dine) and a variety of infectious agents.

Pyomyositis is a focal bacterial infection arising from hemato genous 
spread. It is most commonly encountered in tropical zones but is 
increasing in incidence in the United States, especially among immu-
nocompromised patients.40 Abscesses, most often caused by Staphylo-
coccus aureus and group A streptococci, develop in one or more 
proximal muscles, usually in the large muscles of the lower extremities. 
Myositis can also be seen in Lyme disease. Among the parasites  
that cause myositis, Toxoplasma is the most common in the United 
States. Toxoplasmosis can cause an inflammatory myopathy in 

immunocompromised hosts, often accompanied by fever, encephalitis, 
and other organ involvement. Trichinosis occurs after ingestion of 
undercooked pork or wild animal meat. The extraocular muscles  
are usually involved first, followed by the masseters and the muscles 
of the diaphragm, neck, larynx, and limbs.40 Rarely, trichinosis 
can produce a clinical syndrome resembling polymyositis. Eosinophilia 
is an important diagnostic clue; serologic testing confirms the 
diagnosis.
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suggesting that RA-like features can, in some patients, be a feature of 
the disease itself.

Overlap syndromes defined by autoantibodies
A remarkable feature of autoimmune connective tissue diseases is that 
sera from the majority of patients contain non–organ-specific autoan-
tibodies to DNA, RNA, or proteins that bind to them.3 The antigenic 
specificity of these antibodies has done much to justify the distinctive-
ness of traditionally recognized diseases. For example, SLE is associated 
with the “markers” anti-double-stranded (ds)DNA or anti-Sm. 
However, antibody types do not always respect tradition; many coin-
cide with parts of the spectrum in which diseases overlap with each 
other. The best known examples are antibodies that react mainly with 
U1-ribonucleoprotein (RNP). These are found in patients with overlap-
ping features of SLE, systemic sclerosis, and polymyositis. Other syn-
dromes are also associated with myositis and specific antibodies; they 
include the rare syndromes closely related to MCTD with antibodies 
to U2-RNP and U3-RNA and the polymyositis/fibrosing alveolitis over-
laps found in patients with antibodies to Jo-l and the other tRNA 
synthetases. The polymyositis/scleroderma overlap associated with 
anti-Pm/Scl is rapidly becoming recognized as an important overlap 
syndrome that may be underdiagnosed.

Although previously not regarded as markers of an overlap, it is now 
generally believed that antibodies to the nuclear and cytoplasmic com-
plexes involved in RNA polymerase III transcription, Ro(SS-A) and 
La(SS-B), occur in patients with Sjögren syndrome who also have fea-
tures of SLE—that is, Sjögren/SLE overlap syndromes. Other antibodies 
have also been described as markers of overlaps. They include the 
association of anti-Ro with subacute cutaneous lupus erythematosus 
and anticardiolipin antibodies with the primary antiphospholipid syn-
drome. It is arguable that the clinical features of these diseases are not 
overlapping, more that they represent disease subsets or distinctive 
syndromes in their own right.

Almost every rheumatic disease has been described as part of an 
overlap syndrome. In this chapter, the discussion is restricted to those 
that combine features of more than one disease and are associated with 
particular antibody specificities. There are two reasons for emphasizing 
the importance of the antibodies: first, the antibody provides a refer-
ence point with which to compare one study with another and, second, 
the presence of an individual antibody implies, but by no means proves, 
common etiopathogenic mechanisms, which goes some way toward 
justifying the term diagnosis in describing these syndromes.

MIXED CONNECTIVE TISSUE DISEASE
Mixed connective tissue disease is an overlap syndrome combining 
features of SLE, systemic sclerosis, and polymyositis, together with the 
presence of antibodies to U1-RNP (Table 148.1).3 Other manifesta-
tions, notably trigeminal neuralgia and Sjögren syndrome (occurring in 
25% to 50% of patients), have also been emphasized.1 These features 
are the basis of several sets of diagnostic criteria; those proposed by 
Alarcon-Segovia and Villanreal are the simplest and most likely to be 
acceptable (Box 148.1).

History
The evolution of our concept of MCTD has depended on two factors: 
first, our understanding of the antigen recognized by the antibodies 
that define the disease and, second, by the associated clinical features. 
A complement fixation test using a saline nuclear extract, termed 
extractable nuclear antigen, represented the first stage in 

Overlap syndromes
Patrick J. W. Venables

 A combination of major features of more than one rheumatic 
disease present in the same patient and are often defined by a 
specific serologic test.

 Raynaud phenomenon, arthritis, and sclerodactyly are common to 
most overlap syndromes.

 Polymyositis and fibrosing alveolitis are frequently the more serious 
manifestations.

INTRODUCTION

A complete diagnosis of a disease depends on knowledge of its cause. 
The etiologies of all autoimmune connective tissue diseases are 
unknown, and diagnosis has depended on patterns of symptoms and 
signs, which now form the basis of internationally accepted diagnostic 
criteria. Although this approach allows for the selection of reasonably 
homogeneous patient populations for epidemiologic studies, it is of 
limited value in individual patients and inadequate for the determina-
tion of precise treatment regimens and for assessing prognosis. The 
problems in rheumatology are heightened by the tendency for one 
disease type to merge with another. This results in a continuous spec-
trum of clinical features among the rheumatic diseases, with the tra-
ditionally accepted entities such as systemic lupus erythematosus (SLE) 
or systemic sclerosis occupying only part of the continuum, with the 
overlap syndromes lying between.

DISTINCTIVENESS OF OVERLAP SYNDROMES
To define an overlap syndrome, it is necessary to identify a constella-
tion of distinctive features that constitute a true syndrome. Further-
more, these features should be sufficiently developed to be recognizable 
as known rheumatic diseases such as myositis, scleroderma, or fibros-
ing alveolitis. Patients with incomplete features (e.g., a patient with 
Raynaud phenomenon, arthralgia, and a weak positive antinuclear 
antibody) are better described as having undifferentiated connective 
tissue diseases.1 It is confusing to use the term undifferentiated con-
nective tissue disease interchangeably with overlap syndromes or 
mixed connective tissue disease (MCTD) because this assumes that 
overlap syndromes are “undifferentiated.” Although some cases of 
MCTD, for example, evolve into systemic sclerosis, many patients 
with overlap syndromes remain stable for long periods of time. True 
overlap syndromes can be defined in two ways: on the basis of clinical 
involvement and by the detection of autoantibodies.

Overlap syndromes defined by clinical features
Raynaud phenomenon, sclerodactyly, and alveolitis are common fea-
tures of a number of autoimmune rheumatic diseases and cannot be 
used on their own to define a syndrome. Other features such as thick-
ening of the skin proximal to the fingers in scleroderma or the articular 
erosions in rheumatoid arthritis (RA) are sufficiently disease specific 
to suggest that a patient having a combination of both has a true 
overlap. This may be the basis of the early descriptions of RA/systemic 
sclerosis overlaps and RA/SLE overlaps or “rupus.” Before regarding 
these as distinctive syndromes, it must be remembered that RA is a 
common disease and could occur by chance in a patient with systemic 
sclerosis or SLE. Some studies have highlighted a second consideration, 
that erosive arthritis may occur in SLE and systemic sclerosis,2 thus 
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arthritis, Raynaud phenomenon, myositis, and fibrosing alveolitis 
observed by Sharp and his colleagues.4 Opinion about the clinical dis-
tinctiveness of MCTD has been less harmonious. Arguments against 
its definition as a separate entity may be summarized as follows.

● If the disease is defined by a serologic reaction (anti-U1-RNP), it is 
a fallacy to claim that the antibody constitutes a distinctive feature 
of the disease.

● Many patients with anti-U1-RNP have typical features of relatively 
well-defined diseases such as SLE and can be diagnosed as such.1

● A substantial proportion of patients with MCTD (75% in one study)7 
evolve into typical cases of SLE or scleroderma after follow-up.

● There is no homogeneity in prognosis or in response to treatment.
● Some patients with typical features of MCTD have autoantibodies 

other than anti-U1-RNP. These include those with anti-Jo-1, other 
tRNA synthetases, and some patients with anti-La(SS-B).

Counter to these arguments is that most of the objections just listed 
are also applicable to accepted entities such as SLE and Sjögren syn-
drome. It is particularly noteworthy that serologic reactions are becom-
ing incorporated into diagnostic criteria for these diseases (see Chapters 
122 and 134).

Epidemiology and HLA associations
The prevalence of MCTD is unknown. In most studies the number of 
patients with clinical and serologic features of the syndrome are about 
fourfold fewer than patients with SLE, suggesting an overall prevalence 
in the region of 10/100,000. The female-to-male ratio is about 9 : 1 and 
the disease does not appear to show the relative preponderance of Afro-
Caribbeans seen in SLE. No particular environmental agents have been 
associated with the disease, although it is of interest that occupational 
exposure to vinyl chloride has been described.8 Several studies have 
described an association with DR4. Importantly, there has been no 
association with DR3, seen in SLE, or in DR5, seen in systemic scle-
rosis.9 One study suggested that the link with DR4 could be accounted 
for by those MCTD patients who had erosive arthritis.10 A significantly 
increased frequency of the immunoglobulin allotypes Gm1.3 and 3 has 
also been described.10

Clinical features
Being an overlap syndrome, MCTD lacks any distinctive clinical fea-
tures. Raynaud phenomenon is common and is often associated with 
edema of the hands (Fig. 148.1). This feature is often (wrongly) regarded 
as peculiar to MCTD; swollen hands also occur in early scleroderma, 
eosinophilic fasciitis, and the anti-tRNA (tRNA) synthetase antibody-
associated overlap syndromes. The appearance of the hands in MCTD 
may also reflect the overlapping diseases that constitute the syndrome 
and combine features of scleroderma, SLE, and dermatomyositis (Fig. 

the development of the serologic test. The assay became refined to a 
hemagglutination test incorporating enzymatic treatment of the 
antigen mixture, which led to the definition of MCTD as a diagnostic 
entity associated with antibodies to the ribonuclease (RNase)-sensitive 
fraction of extractable nuclear antigen.4 It was claimed that MCTD 
could be distinguished from SLE on the basis that SLE sera reacted 
with the RNase-resistant component. Using immunodiffusion,5 the 
RNase-resistant component was characterized as the previously 
described Sm antigen and the RNase-sensitive component as a nuclear 
ribonuclear protein, which was simply termed RNP or nRNP.

Further definition of the RNP and Sm antigens awaited the use of 
immunoprecipitation of [32P]-labeled cells, which showed, surprisingly, 
that both Sm and RNP were ribonucleoproteins.6 The RNP antigen 
resided on polypeptides bound to the U1 (uridine-rich) RNP complex, 
whereas the Sm antigen was present on U1, U2, U4, U5, and U6 
complexes. Analysis by immunoblotting showed that the major epi-
topes recognized by MCTD sera were a 6-kDa polypeptide bound to 
U1-RNA and those for anti-Sm antibodies were a 28-kDa doublet and 
a 16-kDa polypeptide. For this reason, the RNP antigen changed its 
name yet again, to U1-RNP, although Sm has retained its original 
name.

The clinical features of MCTD, their relationship to antibodies to 
U1-RNP, and whether they constitute a distinct entity are still debated.1 
In general, almost all reports have confirmed the high frequency of 

TABLE 148.1 CLINICAL FEATURES OF PATIENTS WITH ANTIBODIES TO U1-RNP

Clinical feature % of patients

Arthritis/arthralgia 95

Raynaud phenomenon 85

Decreased esophageal motility 67

Impaired pulmonary diffusing capacity 67

Swollen hands 66

Myositis 63

Lymphadenopathy 39

Skin rash 38

Sclerodermatous changes 33

Fever 33

Serositis 27

Splenomegaly 19

Hepatomegaly 15

Renal disease 10

Neurologic abnormalities 10

Fig. 148.1 Sausage-shaped fingers in a patient with mixed connective tissue 
disease. An identical appearance may be found in patients with early 
scleroderma and eosinopilic fasciitis.

BOX 148.1 SUGGESTED CRITERIA FOR THE DIAGNOSIS OF MCTD
1. Serologic

Positive anti-RNP at a hemagglutination titer of 1 : 1600 or higher
2. Clinical

Edema of the hands
Synovitis
Myositis
Raynaud phenomenon
Acrosclerosis

Requirements for the diagnosis: Serologic criteria plus at least three clinical. (When edema, 
Raynaud phenomenon and acrosclerosis are combined, four clinical criteria are required.)
Adapted from Alarcon-Segovia and reviewed in Von Muhlen CA, Tan EM. Autoantibodies in 
the diagnosis of systemic rheumatic diseases. Semin Arthritis Rheum 1995;24:323-358.

Adapted from Sharp GC, Irwin WS, Tan EM, et al. Mixed connective tissue disease: an apparently 
distinct rheumatic disease syndrome associated with a specific antibody to extractable nuclear 
antigen. Am J Med 1972;52:148-159.
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membranous nephritis or, less commonly, the renal vasculopathy char-
acteristic of scleroderma, leading to malignant hypertension.

Investigations
The diagnosis of MCTD is critically dependent on the demonstration 
of high-titer anti-U1-RNP antibodies. In early studies, the hemagglu-
tination assay was most commonly performed, although this test is 
subject to the criticism that the antigen mixture coating the red cells 
contained more than one RNase-sensitive antigen. For this reason, it 
is preferable to demonstrate the antibody by immunodiffusion, either 
passive double diffusion or counterimmunoelectrophoresis, with the 
antibody specificity confirmed by a precipitin line of immunologic 
identity with a reference serum. It is also possible to define the anti-
body by immunoblotting or immunoprecipitation of [32P]-labeled cell 
extracts, although these assays suffer from being rather cumbersome 
and, at best, only semiquantitative. The use of purified or cloned anti-
gens in quantitative enzyme-linked immunosorbent assay is currently 
the preferred method in most laboratories.

One of the difficulties in serologic diagnosis of MCTD is that most 
attempts at diagnostic criteria specify a “high titer.” Although cut-off 
points of 1 : 1000 or 1 : 1600 have been suggested for the hemagglutina-
tion test, there has yet to be a defined limit for other assays in more 
frequent use. The presence of anti-U1-RNP antibodies in the serum 
means that all MCTD sera will give a speckled nuclear staining pattern 
on indirect immunofluorescence (Fig. 148.3). Unfortunately, the use-
fulness of this test is limited by the fact that other autoantibodies, 
notably anti-Sm and anti-La(SS-B), give similar staining patterns.

Other investigations show features common to connective tissue 
diseases in general. The most frequent hematologic findings are leu-
kopenia, thrombocytopenia, and a high erythrocyte sedimentation rate. 
Serum immunoglobulins may be extremely high, with IgG concentra-
tions reaching more than 40 g/L in some patients. In contrast to SLE, 
in MCTD the complement concentrations are usually normal or high. 
Rheumatoid factors are increased in approximately 70% of patients. 
Important negative findings are tests for anti-Sm and anti-DNA anti-
bodies. These, if present, in the opinion of Sharp and colleagues,5 
represent exclusion criteria for the diagnosis of MCTD and suggest 
that the disease lies more firmly in the SLE part of the spectrum.

Structure and function of the U1-RNP particle
One justification for defining a disease by a serologic test is based  
on the assumption that anti-U1-RNP and its antigen are intrinsically 
involved in the pathogenesis of the disease. Although there is no 
direct evidence to support it, it is a valid hypothesis worthy of 
investigation.

The U1-RNP particle is one of a series of uridine-rich RNA particles 
that are involved in the splicing of messenger RNAs (mRNA). It is 
composed of eight polypeptides linked to RNA, of which two, 68 kDa 

148.2). Arthritis and arthralgias are also common but again lack any 
unique pattern.11 Joint disease ranging from a relatively mild SLE-like 
peripheral synovitis to erosive disease typical of RA, and even arthritis 
mutilans, has been described.12

Myositis, fibrosing alveolitis, and pulmonary hypertension are the 
most important common features of the syndrome. Little evidence 
suggests the pattern of muscle or lung involvement in MCTD differs 
from that of other diseases, although studies of patients selected purely 
on the basis of myositis or fibrosing alveolitis suggest that the prognosis 
in patients with anti-U1-RNP may be marginally better than in those 
without (Table 148.2).13 Nevertheless, both myositis and fibrosing 
alveolitis are potentially fatal and pulmonary hypertension, in particu-
lar, is a lethal complication. Some studies (reviewed by Hoffman and 
Greidinger12) have suggested that pulmonary hypertension may be 
associated with coexistent antiphospholipid antibodies. More impor-
tantly, the pulmonary artery pressure decreases with prostacyclin infu-
sions or treatment with immunosuppressive drugs.12

Other clinical features of MCTD simply reflect those of the diseases 
that it overlaps. Skin manifestations include sclerodactyly, scleroderma 
(usually relatively restricted), calcinosis, telangiectasia, photosensitiv-
ity, malar rash, and the rash of dermatomyositis. Pleurisy and pericar-
ditis occur in about 60% of patients. Radiologic evidence of esophageal 
dysmotility has long been recognized as a feature in more than 50% of 
patients. One recent study has emphasized a high frequency of heart-
burn (48%) and dysphagia (38%) in patients with MCTD, in addition 
to more rare gastrointestinal features, including malabsorption syn-
dromes and bowel perforations as a result of vasculitis.14 Sjögren syn-
drome occurs in about 50% of patients with MCTD, although the sicca 
symptoms are usually less prominent than in those with anti-La(SS-B) 
antibodies. Trigeminal neuralgia, although a recognized feature of SLE, 
is a striking feature of MCTD in about 25% of cases.

When first described, MCTD was believed to be characterized by 
good prognosis and a low frequency of cerebral and renal disease (com-
pared with SLE). This opinion has now been revised, after longer  
follow-up studies, to the view that the prognosis in MCTD is in fact 
worse than that in lupus, most of the deaths being attributable to 
pulmonary hypertension.15 When renal involvement occurs, it is either 

Fig. 148.2 Hands of a patient with mixed connective tissue disease. This shows 
features of both dermatomyositis (thickening and erythema of the dorsum of 
the fingers) and scleroderma (sclerodactyly and fixed flexion of the fingers).

Fig. 148.3 Indirect immunofluorescence on HEp-2 cells with a patient’s serum 
containing anti-Ul-RNP antibody. This shows speckled nuclear staining, with 
characteristic sparing of the nucleoli and negative staining of the 
chromosomes of the cell in early metaphase (center).

TABLE 148.2 DEATH DURING A MEAN FOLLOW-UP PERIOD OF 7 
YEARS IN PATIENTS PRESENTING WITH ALVEOLITIS AND ITS  

RELATIONSHIP TO ANTI-U1-RNP

Anti-U1-RNP negative Anti-U1-RNP positive

Polymyositis (n = 40) 5/21 (24%) 2/19 (11%)

Fibrosing alveolitis (n = 122) 32/107 (30%) 2/15 (13%)

Adapted from Venables PJW. Antibodies to nucleic acid binding proteins: their clinical and 
aetiological significance. Cambridge: MD thesis; 1986.
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by epidemiologic studies in both adults and children. Given the clinical 
and serologic overlap of MCTD with SLE, the virus could be important 
in MCTD also.

Management
There is no specific treatment for MCTD. One of the original claims 
in support of MCTD being a “distinct clinical entity” was its favorable 
prognosis and unusual responsiveness to treatment with corticoste-
roids. Like others, this observation has not stood the test of time. It is 
now agreed that the treatment depends entirely on the pattern of clini-
cal involvement. Mild disease such as arthralgia requires symptomatic 
treatment only, whereas severe complications such as myositis or 
fibrosing alveolitis need high-dose corticosteroids, often in combina-
tion with immunosuppressive drugs. It should also be borne in mind 
that MCTD can also differentiate into SLE and that potentially lethal 
complications, particularly pulmonary hypertension, can be occult at 
the time of presentation.

Management techniques
All patients with MCTD require careful, long-term follow-up. As in 
SLE, management is based on clinical assessment and laboratory tests 
for specific organ involvement. At each visit, every patient’s clinical 
evaluation should include physical examination and blood pressure; 
laboratory tests should include complete blood count, muscle enzymes, 
and urine protein. There is no single laboratory test that can be used 
for monitoring disease activity and progression, although several 
studies have suggested that an increase in anti-U1-RNP antibodies 
measured by a quantitative enzyme-linked immunosorbent assay may 
be helpful in the short term for predicting flares of the disease. In some 
patients, a decrease in total white cell count (particularly the lympho-
cyte count) or an increase in erythrocyte sedimentation rate and total 
immunoglobulin concentrations may be helpful in assessing overall 
disease activity, although these should never be relied on for dictating 
treatment options. At intervals, depending on the severity of the 
disease, a full survey of autoantibodies, including anti-Sm and anti-
dsDNA, should be performed as an early warning of those differentiat-
ing into SLE.

Pulmonary hypertension, which may or may not be associated with 
fibrosing alveolitis, is the most frequent cause of death directly attribut-
able to MCTD. This should always be anticipated, by examining 
patients for basal rales and by performing regular chest radiographs. 
Because many patients with early pulmonary involvement have no 
abnormal physical signs and normal radiographs, it is advisable to 
perform pulmonary function tests, high-resolution chest computed 
tomography (CT) scan, and echocardiograms at presentation and at 
subsequent intervals to assess progression. Drug treatment for MCTD 
depends on symptoms or the pattern of organ involvement. About 33% 
of patients have their disease adequately controlled by analgesics or 
non-steroidal anti-inflammatory drugs. Raynaud phenomenon can be 
particularly troublesome and is characteristically unresponsive to cor-
ticosteroids. Most patients derive some benefit from simple conserva-
tive treatment with electrically heated gloves and a minority respond 
to calcium channel antagonists such as nifedipine. Severe cases respond 
to infusions of prostaglandin analogs (see also Chapter 142). Arthritis 
and SLE-like skin involvement are often treated successfully with anti-
malarial agents such as hydroxychloroquine. Anecdotal evidence indi-
cates that patients with MCTD may be hypersensitive to second-line 
antirheumatic drugs; such drugs should probably be avoided. Low-dose 
corticosteroids are effective for controlling cutaneous edema, arthritis, 
and pleurisy; high-dose corticosteroids are indicated for the treatment 
of severe systemic disease such as vasculitis, myositis, or fibrosing 
alveolitis.

Myositis is a particularly important complication, requiring the 
correct use of corticosteroids. Because of the mistaken belief that 
MCTD is peculiarly corticosteroid responsive, patients may be given 
inappropriately low doses. In addition, the apparent lack of an early 
response may drive the physician into the unnecessary use of cytotoxic 
drugs. Myositis in MCTD should be treated in the same way as myo-
sitis occurring in any other context. High-dose prednisolone (about 
1 mg/kg per day) should be given for at least 6 weeks before gradual 
reduction of the dose to a maintenance level.

and 33 kDa, carry the epitopes recognized by MCTD sera. The other 
polypeptides, principally 28 kDa and 16 kDa, react with anti-Sm anti-
bodies (Fig. 148.4). The presence of both U1-RNP and Sm epitopes on 
the same molecular complex, together with the frequent coexistence 
of the two antibody specificities, is often taken as evidence for antigen 
drive by the entire molecular complex. A similar association between 
the Ro and La antigens (on the hY RNAs) has been proposed as a 
mechanism for the induction of anti-Ro and anti-La, which also tend 
to occur together.

Etiology
If the current concept of autoantigen drive is accepted, it is necessary 
to explain how an intranuclear protein becomes available to the 
immune system. Such a mechanism could be the expression of intra-
cellular ribonucleoproteins on the cell surface in apoptotic blebs.16 
Tolerance breakdown could then occur as a result of post-translational 
modification of the 70-kDa molecule17 or, conceivably, as a result of 
molecular mimicry with viral antigens. This has been proposed on the 
basis of sequence similarities between the 33-kDa polypeptide of 
U1-RNP and a consensus sequence common to a number of animal 
retroviruses (Box 148.2). Infection with a similar exogenous virus or 
expression of an endogenous retrovirus that is not normally exposed 
to the immune system could result in the induction of autoantibodies 
to U1-RNP by molecular mimicry.18 James and colleagues19 have sug-
gested that sequence similarities between a peptide from Epstein-Barr 
virus, PPPGRRP, and an immunodominant epitope on the B/B′ com-
ponent of the spliceosome, PPGMRPP, could be the basis of an etio-
logic role for Epstein-Barr virus in SLE. This hypothesis is supported 

3'

SCHEMATIC REPRESENTATION OF THE U1-RNP MOLECULE

U1-RNA
5'

68-kDa

(C)

28-kDa (B) 28-kDa (B')
(G)

(E) (F)

33-kDa (A)

16-kDa (D)

Fig. 148.4 Schematic diagram of the U1-RNP molecule showing the 
polypeptides bound to U1-RNA. Those shown in green (68 kDa and 33 kDa) 
contain the epitopes for anti-U1-RNP antibodies and those shown in yellow 
contain the epitopes for anti-Sm antibodies. The letters in parentheses refer to 
the classification proposed by Lerner and Steitz.6

BOX 148.2 U1-RNP AND RETROVIRUS P30 GAG AMINO ACID HOMOLOGY
U1-RNP ––R–––M–––K–––

–A––––––M––––
Consensus ETPEEREER*RRETPEEREERRR
Baboon EV –––––––A–LI K E Q *––––VGET
Feline LV –––––––––LWQRQ*–––DKK-H
Murine LV –––––––––I– – – – *––––––––

Homology between the 33-kDa U1-RNP polypeptide and the consensus sequence of type C 
retroviruses and known mammalian retroviruses. EV, endogenous virus; LV, leukemia virus; -, 
identical or conservative substitutions; *, skipped residue.
From Utz PJ, Anderson P. Posttranslational protein modifications, apoptosis and the bypass of 
tolerance to autoantigens. Arthritis Rheum 1998;41:1152-1160.
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antibodies to histidyl-tRNA synthetase (Jo-1) were similar to those 
with antibodies to other tRNA synthetases; these are therefore pre-
sented together in Table 148.3. Overall, the clinical features of patients 
with anti-tRNA synthetase antibodies are strikingly similar to those 
with MCTD, such that it would be difficult to predict whether an 
individual patient with Raynaud phenomenon, arthritis, myositis, and 
alveolitis would have anti-Jo-1 or anti-U1-RNP antibodies. In contrast, 
there are differences between the patients analyzed as groups. Patients 
with anti-Jo-1 antibodies have myositis and fibrosing alveolitis more 
frequently and both are more likely to give rise to the presenting symp-
toms. In addition, some evidence suggests that the prognosis of the 
alveolitis is worse in patients with tRNA synthetase antibodies com-
pared with those with anti-U1-RNP. Patients with anti-U1-RNP tend 
to have more SLE-like features and may be more likely to differentiate 
into SLE. It is noteworthy that patients with anti-Jo-1 antibodies may 
have erosive, deforming arthritis and are often diagnosed as suffering 
from RA.

Pathogenesis
Evidence that host-virus interactions on the background of genetic 
susceptibility lead to autoantibody induction is possibly more compel-
ling for the tRNA synthetase antibodies than for any other pattern of 
autoimmunity in rheumatic disease. Genetic susceptibility is well 
established, with an almost 100% association between anti-Jo-l anti-
bodies and major histocompatibility complex class II DR3 alleles. The 
function of Jo-1 and other tRNA synthetases is shown in Figure 148.5. 

Immunosuppressive drugs are used in two contexts in MCTD: for 
the induction of remission or for their corticosteroid-sparing effects. 
The most common indication for induction of remission is fibrosing 
alveolitis, although any SLE-like manifestation such as nephritis or 
systemic vasculitis may also require immunosuppression. The most 
common drug used in this context is cyclophosphamide, in a daily oral 
dose of 1 to 2 mg/kg in combination with high-dose corticosteroids. 
Cyclophosphamide may also be given as pulse therapy, either as single 
intravenous infusions of 500 mg to 1 g spaced at intervals of 2 to 4 
weeks, depending on the complete blood count, or as weekly oral pulses 
of 300 mg. Both regimens require a total dose of 3 to 6 g. Controlled 
trials comparing these treatments are urgently needed, although the 
heterogeneity of the clinical expression of MCTD poses considerable 
problems in designing an appropriate study. Azathioprine is used 
mainly as a corticosteroid-sparing drug or as maintenance treatment 
in a dose of 2 mg/kg per day after induction of a response with cyclo-
phosphamide. Methotrexate may be effective, although the similarity 
of one of its side effects to a frequent clinical feature of the disease, 
pulmonary fibrosis, may pose management problems. Nevertheless, it 
has been used successfully for the treatment of fibrosing alveolitis in 
patients with Jo-l antibody.20

Conclusions
The argument about the distinctiveness of MCTD as a clinical entity 
has now largely subsided, though there has been a revival of the debate 
in the past 5 years.1 Although objections to the concept remain valid, 
MCTD has gained historical respectability and is now a commonly 
used label for a spectrum of clinical involvement associated with an 
anti-U1-RNP. The importance of MCTD is not so much in terms of 
diagnosis but rather what the antibody tells us about patients. Particu-
larly important is the heterogeneity of the patterns of clinical involve-
ment and the need to tailor treatment accordingly. The clinician must 
anticipate the potentially lethal complications of myositis, fibrosing 
alveolitis, and pulmonary hypertension and the tendency of the disease 
to evolve into one of its sister diseases such as SLE or systemic sclero-
sis. Whether MCTD can be credited with the term diagnosis awaits 
the demonstration (or otherwise) that anti-U1-RNP antibodies and 
their associated clinical features are attributable to a single etiologic 
agent.

tRNA SYNTHETASE-ASSOCIATED 
OVERLAP SYNDROMES
History
The tRNA synthetases are a series of cytoplasmic enzymes that take 
part in protein synthesis by adding specific amino acids encoded by 
tRNA during the assembly of polypeptides. A number have been 
described as autoantigens, although histidyl-tRNA synthetase is by far 
the most common target for autoimmunity. This antigen, like other 
soluble cellular antigens, was initially defined as a precipitin reaction 
obtained with a prototype serum. The antigen, Jo-1, was named after 
the patient. When first described, anti-Jo-1 was believed to be a marker 
for myositis, being detected in 8 of 26 patients with polymyositis and 
rarely in dermatomyositis.21 Later, it was shown that patients with 
anti-Jo-1 antibodies had both polymyositis and fibrosing alveolitis; 
subsequently, other features of systemic connective tissue diseases 
were described, including Raynaud phenomenon, arthritis, and a 
number of scleroderma-like features.20 When it was definitively dem-
onstrated that the Jo-1 antigen was histidyl-tRNA synthetase, other 
tRNA synthetases, including alanyl and threonyl-tRNA synthetases, 
were also described as less common autoantigens in polymyositis-
associated overlap syndromes.

Clinical features
Several hundred patients with anti-Jo-1 antibodies have now been 
described in the literature. One of the original large series collected by 
Marguerie and colleagues20 may still be regarded as giving an accurate 
picture of the widespread patterns of clinical involvement seen in  
these patients. They found that the clinical features of patients with 

SCHEMATIC STRUCTURE OF Jo-1 CHARGING A POLYPEPTIDE

 Nascent polypeptide

Histidine 
residue

Histidyl
tRNA

synthetase

D loop

51

31

T loop

Anti-codon
loopmRNA

mRNA

tRNA

Fig. 148.5 Schematic structure of Jo-1 (histidyl-tRNA synthetase) charging a 
nascent polypeptide with histidine.

TABLE 148.3 CLINICAL FEATURES OF PATIENTS WITH 
ANTI-AMINOACYL-tRNA ANTIBODIES

Clinical feature % of patients

Raynaud phenomenon 93

Arthritis/arthralgia 90

Myositis 83

Lung fibrosis 79

Sclerodactyly 72

Sicca 59

Dermatomyositis rash 38

Facial telangiectasia 31

Dysphagia 31

Soft tissue calcification 24

Tendinitis 17

Clubbing 14

Adapted from Marguerie C, Bunn CC, Beynon HLC, et al. Polymyositis, pulmonary fibrosis and 
autoantibodies to aminoacyl tRNA synthetases. Q J Med 1990;77:1019-1038.
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respond to treatment with corticosteroids or immunosuppressive 
drugs. More than 90% of patients are HLA-DR3 positive. It is possible 
that the Pm/Scl overlap syndrome is as common as the tRNA synthe-
tase syndrome, although it may be underdiagnosed because the sero-
logic assay for it is not widely available. One clue to the presence of 
anti-Pm/Scl is that serum samples contain antinucleolar antibodies  
by immunofluorescence, reflecting the nucleolar localization of the 
antigen.

RARE OVERLAP SYNDROMES
Rare syndromes similar to MCTD are found in patients with antibod-
ies to U2-RNP, U3-RNA, and Ku. Patients with anti-U2-RNP and 
U3-RNA veer more toward polymyositis/scleroderma overlap syn-
dromes. Patients with anti-Ku antibody may also have overlap syn-
dromes. SLE tends to be the predominant part of the clinical picture, 
with scleroderma and polymyositis frequently occurring in the same 
patient.3 The immunofluorescent staining pattern for antibodies to 
U2-RNP is the same as for anti-U1-RNP; U3-RNA, nucleolar; and Ku 
as “reticular” nuclear. This suggests that serum samples giving nucleo-
lar immunofluorescence are worth sending to a reference laboratory  
for both anti-Pm/Scl and anti-U3-RNA testing, if the patient has an 
overlap syndrome.

SLE/SJÖGREN SYNDROME OVERLAP DEFINED  
BY ANTI-La(SS-B)
History
The antigen La was first reported in 1974 as a cytoplasmic antigen, 
which was a target for autoantibodies in SLE. The Sjögren syndrome 
B antigen (SS-B), described 2 years later, suggested properties that were 
apparently distinct. SS-B was nuclear, and anti-SS-B antibodies primar-
ily occurred in patients with Sjögren syndrome. When the two antigens 
were shown to be identical,26 their different cellular localizations, in 
addition to the diagnostic associations of their antibodies, suggested a 
discrepancy, which has subsequently become resolved. The La(SS-B) 
antigen is known to shuttle between nucleus and cytoplasm and its 
antibodies occur in both SLE and Sjögren syndrome, particularly when 
there are overlapping features of both diseases.26

Clinical features
Patients with anti-La antibodies have Sjögren syndrome with promi-
nent systemic features (see also Chapter 134). Most of the extraglan-
dular features are like those in SLE, with a high frequency of arthritis, 
rashes, Raynaud phenomenon, leukopenia, and thrombocytopenia. 
Characteristic of the anti-La-associated overlap syndrome are a purpu-
ric hypergammaglobulinemic rash, in about 30% of patients (Fig. 
148.7), and a relatively low frequency of nephritis compared with 

Histidyl-tRNA synthetase is known to be involved in the aminoacyla-
tion of enteroviruses and it is conceivable that the interaction of host 
plus virus complex could lead to an anti-host response. Accumulating, 
but indirect, evidence for the involvement of Coxsackie B viruses in 
myositis (see also Chapter 145) provides a further stimulus for the 
investigation of induction of anti-tRNA antibodies by a specific etio-
logic agent. Involvement of the idiotype network in the induction of 
autoimmunity was proposed in general terms by Plotz.22 This theory, 
which suggests that autoantibodies are anti-idiotypes to antiviral anti-
bodies, presupposes that the antiviral antibody reacts with the viral 
RNA at its site of binding to the host protein and that the autoantibody 
(the anti-idiotype) reacts with the host protein at its RNA binding site 
(Fig. 148.6). Some evidence in support of this hypothesis has been 
presented on the basis of data from a patient with anti-alanyl-tRNA 
synthetase antibodies.23

Diagnosis
One of the major difficulties in diagnosis of the anti-tRNA synthetase-
associated overlap syndromes is detecting the antibodies. Because the 
enzymes involved in aminoacylation by tRNA are cytoplasmic, anti-
nuclear antibodies detected by immunofluorescence are often negative. 
This means that there is no reliable screening test, although cytoplas-
mic immunofluorescence with a perinuclear distribution may alert the 
more discriminating diagnostic laboratory to look for antibodies to Jo-1 
or one of the related tRNA synthetases. Rabbit thymus extract, the 
substrate used for detecting antibodies to the so-called extractable 
nuclear antigens, may give a precipitin reaction that cannot be identi-
fied as one of the more common antibody systems such as U1-RNP, 
Sm, Ro, or La, in which case anti-Jo-1 antibodies should be measured. 
Patients with myositis, fibrosing alveolitis, and arthritis should also be 
tested, although it should be remembered that many patients with Jo-1 
antibodies do not have myositis at presentation.20

Management
The treatment is as for any other multisystem autoimmune disease, 
except that the relatively poor prognosis of the fibrosing alveolitis 
should be borne in mind and should possibly suggest earlier interven-
tion with corticosteroids and immunosuppressive drugs than would be 
applied in MCTD.

Pm/Scl-ASSOCIATED OVERLAP SYNDROME
Antibodies to Pm/Scl are part of a complex of precipitin reactions 
originally termed PM-1. Although PM-1 antibody was regarded as a 
marker antibody for polymyositis occurring in 70% of patients, anti-Pm/
Scl was found in about 15%24 and appeared to be associated with a 
polymyositis/scleroderma overlap syndrome with clinical features 
similar to those of the anti-tRNA-associated overlap syndromes (Table 
148.4).25 However, there are differences. Myositis and fibrosing alveo-
litis are described as less frequent, less severe, and more likely to 

HYPOTHETICAL GENERATION OF ANTI-La ANTIBODIES

Antiviral RNA antibody

Anti-idiotype to antiviral RNA
= anti-LaViral RNA/La complex

Viral
RNA La

Fig. 148.6 Hypothetical generation of anti-La antibodies. The hypothesis 
proposed by Plotz applied to the generation of anti-La antibodies.

TABLE 148.4 CLINICAL FEATURES OF PATIENTS WITH 
ANTI-Pm/Scl ANTIBODIES

Clinical feature % of patients

Raynaud phenomenon 100

Arthritis/arthralgia 97

Myositis 88

Lung fibrosis 78

Sclerodactyly 97

Sjögren syndrome 34

Dermatomyositis rash 38

Dysphagia 78

Calcinosis 47

Adapted from Marguerie C, Bunn CC, Copier J, et al. The clinical and immunogenetic features of 
patients with antibodies to the nucleolar antigen PM-Scl. Medicine 1992;71:327-336.



CH
A

PTER 148 
● O

verlap syndrom
es

1497

possibly, viral proteins could induce anti-La antibodies by tolerance 
bypass, possibly occurring in the salivary gland itself. In support of this 
hypothesis is the demonstration that some viruses persist within sali-
vary epithelium, although no one has convincingly demonstrated La 
antigen presentation within the glands of patients with Sjögren 
syndrome.

Management
The treatment of Sjögren syndrome associated with anti-La is largely 
symptomatic, with tear and saliva substitutes. Treatment for extra-
glandular manifestations depends on the pattern of clinical involve-
ment. Hydroxychloroquine, for example, is effective for arthralgia and 
rashes and will decrease total immunoglobulin concentrations and the 
erythrocyte sedimentation rate. Anecdotally, it seems to be effective in 
treating hypergammaglobulinemic purpura, although treatment often 
has to be maintained for more than 6 months before a clinical benefit 
is observed. Others (personal communications) have also found it 
helpful for malaise and fatigue but there are no controlled trial data to 
substantiate this. Fibrosing alveolitis and myositis both occur in asso-
ciation with anti-La, although less frequently than in MCTD, and may 
require high-dose corticosteroids and cytotoxic drugs. Similar treat-
ment may be used for systemic vasculitis, which often manifests as 
mononeuritis multiplex. A recognized presentation in the elderly is 
fever, weight loss, and lymphadenopathy, sometimes associated with 
polymyalgia. These patients often do well with a relatively modest dose 
of corticosteroids.

CONCLUSION
The concept of overlap syndromes makes many rheumatologists feel 
uneasy, although their distinctiveness is no longer the subject of the 
intense debate that it was in the past. In practice, the diagnosis of an 
overlap syndrome makes little difference to treatment, although the 
detection of an autoantibody does help the clinician to anticipate par-
ticular complications. The description of overlap syndromes in terms 
of autoantibodies is based on the assumption that the pattern of auto-
immunity reflects the underlying cause for the disease. If this proves 
to be the case, the definition of disease by an antibody will be justified. 
Knowledge of disease etiology is the ultimate justification for the use 
of the term diagnosis.

patients with typical SLE. However, renal tubular acidosis (often sub-
clinical) may occur in up to 30% of patients.

Pathogenesis
The La antigen is involved in RNA polymerase III transcription and 
binds to both host and viral RNAs in infected cells. A clue to a mecha-
nism for the induction of anti-La antibodies may lie in the observation 
that the La antigen is translocated from the nucleus to the cytoplasm 
and plasma membrane during virus infection and thus becomes avail-
able to the immune system.26 Its interaction with viral RNA and, 

Fig. 148.7 Hypergammaglobulinemic purpura with associated ankle edema in 
a patient with anti-La antibodies. In this patient there is also a vasculitis 
accounting for some of the larger, raised lesions.
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one or more of these systems are used in most of the clinical research 
conducted  in  vasculitis,  are  applied  to  treatment  guidelines,  and  are 
used in daily communication among clinicians.

HISTORY AND EVOLUTION OF VASCULITIS 
CLASSIFICATION SYSTEMS
The first classification system for the vasculitides was proposed by the 
pathologist Pearl Zeek in 1952 and included only five entities.1 Inter-
estingly, Zeek incorporated the current understanding of both patho-
physiology and association of vasculitis with other diseases. Although 
this system clearly omits many diseases now recognized as vasculitis, 
this was a major advance in the field and all subsequent attempts at 
classification have essentially evolved from her original format.

Since Zeek’s first system was published, many other vasculitis clas-
sification  schemes  have  been  proposed.2-6  Most  are  modifications  of 
prior  systems  incorporating  newly  described  separate  entities  (e.g., 
Kawasaki disease), removing entities no longer considered as vasculitis 
(e.g.,  lymphomatoid granulomatosis), or adapting  the  terminology  to 
reflect  better  understanding  of  pathophysiology  and  new  diagnostic 
tests (e.g., antineutrophil cytoplasmic antibodies [ANCA]). For example, 
“polyarteritis nodosa” was originally used to describe a broad range of 
presentations  of  vasculitis  and  has  little  by  little  evolved  to  a  much 
narrower concept. The central organizing themes of these classification 
systems vary  from predominant vessel size  to associated diseases,  to 
putative pathophysiology/causality, to clinical manifestations, or, most 
commonly, to some amalgamation of all these factors.

Over  the  past  several  years,  the  term  ANCA-associated vasculitis 
has been proposed to refer to Wegener’s granulomatosis (WG), micro-
scopic polyangiitis, and Churg-Strauss syndrome; renal-limited vascu-
litis  with  presence  of  ANCA  is  also  sometimes  included,  although 
many experts now consider this entity part of microscopic polyangiitis. 
However,  this  term may cause  confusion because patients may have 
these diagnoses even if tests for ANCA are negative (and thus the term 
ANCA-positive vasculitis  is  less  preferred).  Nonetheless,  it  is  now 
common  to  refer  to  ANCA-associated vasculitis,  and  this  group  of 
diseases has become an informal subclassification for vasculitis.

Furthermore, differentiating “primary” from “secondary” vasculitis 
is also a widely accepted approach, although at times difficult to apply 
in  a  consistent  manner.  Any  comprehensive  classification  system 
should  incorporate many more  entities  than any  system  to date has 
included.

Table  149.1  provides  an  outline  of  the  major  forms  of  vasculitis 
with reference to the factors just listed.

CONCEPT OF DEFINITIONS, CLASSIFICATION 
SYSTEMS, AND DIAGNOSTIC CRITERIA  
FOR VASCULITIS
The goals, differences, and applications of systems for disease classifi-
cation, disease definitions, and diagnostic criteria in vasculitis are areas 
of common confusion. These three components are obviously related, 
but each provides unique contributions to the field.

Classification systems  for  vasculitis  aim  to  differentiate  among 
patients  known  to  have  a  form  of  vasculitis  to  create  homogeneous 
cohorts for clinical research. Classification schemes assume the deter-
mination  that  a  patient  has  vasculitis  is  correct  and  then  sort  and 
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 The vasculitides are a heterogeneous group of diseases linked by 
common clinical, laboratory, and pathophysiologic features.

 Classification and diagnostic criteria have substantial implications 
for clinical practice and clinical research in vasculitis.

 The 1990 American College of Rheumatology (ACR) Classification 
Criteria and the 1994 Chapel Hill Consensus Conference (CHCC) 
Nomenclature of Systemic Vasculitides are widely utilized for 
clinical research in vasculitis.

 Epidemiologic studies have helped advance hypotheses regarding 
the causes of many vasculitides.

 Both genetic and environmental factors have been shown to play 
roles in the pathogenesis of vasculitis.

INTRODUCTION
The term vasculitis  refers to several diseases involving inflammation 
of blood vessels with subsequent tissue destruction and/or organ failure. 
Although  the  named  idiopathic  (primary)  systemic  vasculitides  have 
been the focus of most clinical and experimental studies in rheumatol-
ogy, vasculitis can also occur in association with multiple diseases or 
conditions  (secondary  vasculitis).  In  this  chapter  the  focus  is  on  the 
primary systemic vasculitides.

The spectrum of “vasculitis” is broad and spans many entities that, 
over  time,  were  given  individual  names  because  of  unique  clinical, 
laboratory,  or  pathologic  features.  The  systemic  vasculitides  can  be 
considered  as  a  group  of  disorders  because  they  have  in  common 
inflammatory vascular disease as the primary or a substantive patho-
logic process,  and many of  the  vasculitides have overlapping  clinical 
features.

All types of primary vasculitis are considered rare diseases. In the 
United  States,  diseases  that  affect  fewer  than  200,000  persons  are 
considered “orphan diseases,” and all the primary vasculitides fall into 
orphan status. However, the prevalences of different forms of vasculitis 
vary greatly both geographically and ethnically, thus raising intriguing 
questions about specific genetic and environmental influences on the 
pathogenesis.

Diagnostic and classification criteria have substantial implications 
for clinical practice and clinical research in vasculitis. There are close 
links between diagnostic and classification criteria and epidemiologic 
research in vasculitis. In this chapter we review the efforts to date in 
these  areas  and  discuss  the  implications  of  these  concepts  for  our 
understanding of vasculitis.

CLASSIFICATION, DEFINITIONS, AND 
DIAGNOSTIC CRITERIA FOR VASCULITIS
The increasing appreciation for the wide clinical spectrum of vasculitis, 
the expanded understanding of the histologic features of the vasculiti-
des, and a growing set of data addressing the basic pathophysiology of 
vasculitis have all led to various proposed systems for the classification 
and diagnosis of the vasculitides. It is recognized that such systems are 
imperfect and that the classification and diagnosis of vasculitis  is an 
ever-evolving process. Nonetheless, it is important to know the basic 
concepts behind the more commonly used terms and systems because 
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Diagnostic criteria for vasculitis aim to allow clinicians to determine 
if a specific disease is present and are usually more detailed than clas-
sification  criteria.  Classification  criteria  often  include  data  elements 
that are quite disease-specific and avoid elements common to diseases 
within the class, whereas diagnostic criteria may include both general 
and specific data elements. Diagnostic criteria are crucial for practicing 
clinicians to help direct diagnostic evaluations and thus provide proper 
care.

The 1990 ACR Vasculitis Classification System
By far the most widely utilized classification system is the 1990 Ameri-
can College of Rheumatology (ACR) Criteria  for the Classification of 
Vasculitis (Tables 149.2 and 149.3 [see website]).7-9 The stated purpose 
of these criteria is to provide guidance for clinical research studies of 
a selected set of seven types of vasculitis.10-16

This large undertaking involved collection and analysis of data from 
807 patients diagnosed with vasculitis submitted by 48 rheumatology 
centers in North America.8 The diagnoses of vasculitis were established 
at  the  original  institutions  and  then  confirmed  by  the  committee 
members, each of whom was a recognized clinical expert in the diag-
nosis and management of vasculitis. Using several statistical methods, 
the investigators identified sets of clinical and laboratory characteristics 
that best differentiated one type of vasculitis from the others.

The  strengths  of  the  ACR  classification  system  include  the  
imprimatur of  the ACR, the data-driven approach, and  its simplicity 
of use because the criteria are mostly based on clinically relevant and 
commonly obtained  items. The wide  adoption of  this  system  is  evi-
dence of both  its utility and  that  it addressed an unmet need  in  the 
field.

The ACR classification criteria for vasculitis also have some impor-
tant limitations:

1.  The criteria include only seven diseases and thus researchers use 
alternative systems when studying other types of primary vascu-
litis and all secondary forms.

2.  The criteria were produced without a “gold standard” for any of 
the diagnoses under study; this would be a limitation common 
to any classification system.

3.  There was no attempt to group or link diseases in any manner, 
a  feature  of  other  classification  systems  and  one  likely  more 
important  when  the  full  spectrum  of  vasculitides  are  incorpo-
rated into a single system.

There are also limitations common to any such system that is now 
20 years old, including that the criteria do not incorporate newer diag-
nostic  tests,  especially  testing  for  ANCA,  and  that  specific  forms  of 
vasculitis have since been suggested for either adoption for use in clini-
cal practice (microscopic polyangiitis) or abandoned for use (hypersen-
sitivity  vasculitis).  Cases  of  microscopic  polyangiitis  were  likely 
included in the ACR classification dataset in both the Wegener’s granu-
lomatosis or polyarteritis nodosa groups. Similarly, patients with vas-
culitis may fulfill more than one set of ACR criteria. To address some 
of these issues, a hierarchical algorithm was proposed to supplement 
the ACR criteria and Chapel Hill definitions (see  later)  that  includes 
additional  histologic  and  laboratory  data  (Fig.  149.1,  see  website).17 
Similarly, positive ANCA testing was an added item in the “modified” 
ACR criteria for Wegener’s granulomatosis used for some recent clini-
cal studies.18

Nonetheless,  the  ACR  classification  criteria  for  vasculitis  was  a 
huge  effort,  was  an  important  step  forward,  and  have  become  the  
most  commonly  applied  criteria  in  the  field.  Any  attempt  to  revisit  
the  classification  of  the  vasculitides  will  be  compared  to  the  ACR 
system.

Classification of childhood vasculitides
The  Pediatric  Rheumatology  European  Society  (PReS)  and  the  Euro-
pean League Against Rheumatism (EULAR) formed a group to develop 
separate classification criteria for five types of childhood vasculitides, 
including Kawasaki disease (not included in ACR criteria).19 The result-
ing criteria  include, but are not restricted to, data elements  found in 
both the ACR classification and the CHCC definitions (see later). The 

TABLE 149.1 THE SYSTEMIC VASCULITIDES

Predominant vessel size
ANCA-
Associated GranulomaLarge Medium Small

Primary Vasculitides

Giant cell arteritis Yes Yes

Takayasu arteritis Yes Yes

Isolated aortitis Yes

Polyarteritis 
nodosa

Yes

Kawasaki disease Yes

Wegener 
granulomatosis

Possible Yes Yes Yes

Microscopic 
polyangiitis

Possible Yes Yes

Churg-Strauss 
syndrome

Possible Yes Yes Yes

Henoch-Schönlein 
purpura

Yes

Cryoglobulinemic 
vasculitis

Yes

Behçet disease Yes Yes Yes

Goodpasture 
disease (anti-GBM 
disease)

Yes

Buerger disease Yes Yes

Cogan syndrome Yes Yes Yes

Relapsing 
polychondritis

Yes Yes Yes

Urticarial vasculitis Yes Yes

Primary angiitis of 
the central nervous 
system

Yes Yes Yes

Secondary Vasculitides

Rheumatoid 
arthritis

Yes

Systemic lupus 
erythematosus

Yes

Other connective 
tissue diseases

Yes

Infection Yes Yes Yes

Drugs Yes Yes Possible

Malignancies Yes Yes Yes

GBM, glomerular basement membrane.
Adapted from Mahr AD, Merkel PA. Vasculitis. In: Creager M, ed. Atlas of vascular medicine, 3rd 
ed. New York: Springer, 2007.

categorize among the different types of vasculitis. Classification criteria 
are not always equivalent to diagnostic criteria yet are commonly and 
perhaps inappropriately used for diagnosis.

Definitions  for  vasculitis  aim  to  provide  a  standard  name  for  a 
disease  that  is  linked  to  the  fundamental  pathology  inherent  in  the 
disease  and  aim  for  inclusion  of  pathognomonic  findings.  A  central 
aspect of  standardizing  the process of diagnosing and classifying dis-
eases includes having definitions of diseases and a nomenclature that 
are widely accepted and applied within a field of study.



CH
A

PTER 149 
● Classification and epidem

iology of vasculitis

1503

TABLE 149.2 THE AMERICAN COLLEGE OF RHEUMATOLOGY 1990 CLASSIFICATION CRITERIA FOR VASCULITIS*

Disease Criteria

Giant cell (temporal) arteritis11 (need 3 of 5 criteria for classification) Age at disease onset ≥ 50 years
New headache
Temporal artery abnormality
Elevated erythrocyte sedimentation rate
Abnormal temporal artery biopsy

Takayasu arteritis15 (need 3 of 6 criteria for classification) Age at disease onset ≤ 40 years
Claudication of extremities
Decreased brachial artery pulse
Blood pressure (BP) >10 mm Hg difference (between arms)
Bruit over subclavian arteries or aorta
Arteriogram abnormality

Polyarteritis nodosa14 (need 3 of 10 criteria for classification) Weight loss ≥ 4 kg
Livedo reticularis
Testicular pain or tenderness
Myalgias, weakness, or leg tenderness
Mononeuropathy or polyneuropathy
Diastolic BP > 90 mm Hg
Elevated blood urea nitrogen or creatinine
Hepatitis B virus
Arteriographic abnormality
Biopsy of small or medium-sized artery containing polymorphonuclear neutrophils

ANCA-associated granulomatous vasculitis (Wegener granulomatosis)16 
(need 2 of 4 criteria for classification)

Nasal or oral inflammation
Abnormal chest radiograph
Urinary sediment
Granulomatous inflammation on biopsy

Churg-Strauss syndrome10 (allergic granulomatosis and angiitis) (need 4 of 
6 criteria for classification)

Asthma
Eosinophilia
Mononeuropathy or polyneuropathy
Pulmonary infiltrates, non-fixed
Paranasal sinus abnormality
Extravascular eosinophils

Henoch-Schönlein purpura12 (need 2 of 4 criteria for classification) Palpable purpura
Age ≤ 20 years at disease onset
Bowel angina
Wall granulocytes on biopsy

Hypersensitivity vasculitis13 (need 3 of 5 criteria for classification) Age at disease onset ≥ 16 years
Medication at disease onset
Palpable purpura
Maculopapular rash
Biopsy including arteriole and venule

*For more details refer to table 149.3 on the website.

resulting overall  classification system  is outlined  in Table 149.4  (see 
website), and the detailed criteria for the five specific forms of vasculitis 
are in Table 149.5 (see website).

Although it is important to ensure that those vasculitides that are 
either unique to childhood or markedly more prevalent during child-
hood are recognized by classification and nomenclature systems, creat-
ing a  full  set of  separate criteria  for vasculitis  in childhood creates a 
new set of challenges. Most importantly, there is the potential for dif-
ferent  classification  or  diagnostic  systems  for  the  same  diseases  in 
children and adults;  this could  lead to confusion clinically and prob-
lems with including or comparing data from clinical trials across age 
groups.  The  field  should  work  toward  development  and  adoption  of 
comprehensive sets of classification and diagnostic criteria applicable 
to the range of vasculitides seen in both childhood and adulthood.

Other classification criteria for vasculitides
Many  other  systems  have  been  developed  or  proposed  to  classify  or 
diagnose single vasculitides. The International Study Group “diagnos-
tic”  criteria  (Table  149.6,  see  website)20  and  the  Japanese  Behçet’s 
Disease Research Committee criteria21,22 for Behçet disease, the Ameri-
can  Heart  Association23  “diagnostic”  criteria  for  Kawasaki  disease 

(Table 149.7,  see website),  and  classification  criteria  for mixed  cryo-
globulinemic  vasculitis,24  each  refer  to  vasculitides  that  were  not 
included in the ACR classification criteria.

Additionally, other systems are used to either complement or replace 
the  ACR  classification  criteria,  including  the  “Lanham  criteria”  for 
Churg-Strauss syndrome,25 the diagnostic criteria for Takayasu arteri-
tis  of  Ishikawa  (subsequently  revised  by  Sharma  and  colleagues),26,27 
the  criteria  for  the  diagnosis  of  Henoch-Schönlein  purpura,28,29  and 
diagnostic criteria for polyarteritis nodosa.30

The 1994 Chapel Hill Consensus  
Conference definitions
In 1994, an international group of medical experts in vasculitis, from 
various  medical  disciplines,  published  the  “Chapel  Hill  Consensus 
Conference  on  the  Nomenclature  of  Systemic  Vasculitis”  (CHCC).31 
The goals of the conference were, through a modified nominal group 
process, to agree on the names of several forms of vasculitis and “con-
struct root definitions for the vasculitides so named.” The group stated 
that  they  were  specifically  not  aiming  to  create  a  new  classification 
scheme or diagnostic criteria for vasculitis but meant to complement 
existing classification systems.
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The CHCC established a final set of names and definitions for 10 
forms of vasculitis (Table 149.8). Although these definitions emphasize 
specific  pathologic findings,  it was  recognized  that histologic  criteria 
may be appropriately substituted by surrogate indicators. For example, 
whereas  “granulomatous  inflammation  of  the  aorta  and  its  major 
branches”  is  the definition of Takayasu arteritis, angiographic abnor-
malities may be assumed to indicate such aortitis.

Important advances of the CHCC proposal included the incorpora-
tion of  the  testing of ANCA, a major biomarker  that was discovered 
in  the  previous  decade,  and  the  inclusion  of  the  name  “microscopic 
polyangiitis,”  which  helped  solidify  the  use  of  this  term  to  define  a 
disease now considered separate from polyarteritis nodosa.

The  CHCC  proposal  also  has  some  weaknesses.  The  definitions 
were derived from consensus of expert opinion without formal valida-
tion and  reliability  testing  and  still  rely  on  some partially  subjective 
data elements because even histologic findings are not fully objective. 
For example, pathologists may view the same set of slides from a lung 
biopsy  but  differ  as  to  whether  “granulomatous  inflammation”  is 
present.  Moreover,  the  report  did  not  address  many  other  types  of 
vasculitis and the defined entity cutaneous leukocytoclastic vasculitis 
is not universally considered a specific form of vasculitis.

The CHCC report has had unintended consequences in that these 
definitions  are  regularly  and many believe  inappropriately  applied  in 
clinical research studies as both classification and diagnostic criteria. 
For example, the application of either the CHCC definitions or ACR 
criteria  to  patients  with  clinical  diagnoses  of  polyarteritis  nodosa  or 
ANCA-associated vasculitides has been shown to result in substantial 
discordances in categorization.32,33

Controversy regarding the use of eponyms
The use of eponyms to name diseases occurs in vasculitis perhaps more 
so than in any other group of rheumatic diseases and has led to prob-
lems and controversies. There has been controversy over who deserves 
“credit”  for  first  describing  some  forms  of  vasculitis  (e.g.,  Takayasu 
arteritis), and these controversies can result in international ill feelings 
within  the  field  (e.g.,  “Behçet  disease”  vs.  “Adamantiades-Behçet 
disease”). The most current  issue of most concern relates to the use 
of the term WG because of Dr. Friedrich Wegener’s role in, and support 
of, the Nazi regime during World War II.34-36

Diagnostic criteria for vasculitis
Despite 50 years of increasingly intense study of vasculitis and multiple 
attempts  at  creating  systems  to  describe  these  diseases,  a  generally 
accepted cohesive and complete set of diagnostic criteria has never been 
established for the vasculitides.

Although classification systems in vasculitis were not designed for 
use  as  inclusion  criteria  for  therapeutic  clinical  trials  of  individual 
vasculitides, they have been thus applied anyway. However, neither the 
ACR criteria nor the CHCC definitions are ideal for use to establish a 
diagnosis of vasculitis. The ACR classification criteria were developed 
to  be  highly  specific  and  thus  do  not  provide  a  diagnosis  for  many 
patients within the spectrum of the named entities. For example, many 
patients with small-vessel vasculitis associated with ANCA would not 
meet  the  ACR  or  CHCC  approaches  for  a  diagnosis  of  Wegener  
granulomatosis, especially if no biopsy specimen is obtained (a biopsy 
is no longer considered required for some situations). Importantly, both 
systems apply only to a subset of vasculitides.

When  formally  tested  for  use  as  diagnostic  criteria,  the  ACR  
classification  criteria  did  not  perform  well.37  Similarly,  the  CHCC 
definitions  were  found  to  have  poor  sensitivity  for  the  diagnosis  
of WG and microscopic polyangiitis.38

Current status of classification, nomenclature, 
and diagnostic criteria for vasculitis
Classification  criteria,  disease  definitions,  and  diagnostic  criteria  for 
the vasculitides have been in a state of continued evolution for more 
than 50 years and the current systems, despite the shortcomings out-
lined  previously,  have  proved  quite  useful  for  clinicians  and  clinical 
researchers.  However,  there  is  still  room  for  progress.  The  existence 

TABLE 149.8 NAMES AND DEFINITIONS OF VASCULITIDES ADOPTED 
BY THE CHAPEL HILL CONSENSUS CONFERENCE ON THE  

NOMENCLATURE OF SYSTEMIC VASCULITIS*

Large-vessel 
vasculitis

Giant cell 
(temporal) 
arteritis

Granulomatous arteritis of the aorta and its major 
branches, with a predilection for the extracranial 
branches of the carotid artery.

Often involves the temporal artery. Usually occurs in 
patients > 50 years and often is associated with 
polymyalgia rheumatica.

Takayasu arteritis Granulomatous inflammation of the aorta and its major 
branches. Usually occurs in patients < 50 years.

Medium-sized 
vessel vasculitis

Polyarteritis 
nodosa† (classic 
polyarteritis 
nodosa)

Necrotizing inflammation of medium-sized or small 
arteries without glomerulonephritis or vasculitis in 
arterioles, capillaries, or venules.

Kawasaki disease Arteritis involving large, medium-sized, and small 
arteries, and associated with mucocutaneous lymph 
node syndrome.

Coronary arteries are often involved. Aorta and veins may 
be involved. Usually occurs in children.

Small-vessel 
vasculitis

Wegener 
granulomatosis‡

Granulomatous inflammation involving the respiratory 
tract, and necrotizing vasculitis affecting small to 
medium-sized vessels (e.g., capillaries, venules, 
arterioles, and arteries).

Necrotizing glomerulonephritis is common.

Churg-Strauss 
syndrome‡

Eosinophil-rich and granulomatous inflammation 
involving the respiratory tract, and necrotizing 
vasculitis affecting small to medium-sized vessels, and 
associated with asthma and eosinophilia.

Microscopic 
polyangiitis‡

Necrotizing vasculitis, with few or no immune deposits, 
affecting small vessels (i.e., capillaries, venules, or 
arterioles).

Necrotizing arteritis involving small and medium-sized 
arteries may be present. Necrotizing glomerulonephritis 
is very common. Pulmonary capillaritis often occurs.

Henoch-Schönlein 
purpura

Vasculitis, with IgA-dominant immune deposits, 
affecting small vessels (i.e., capillaries, venules or 
arterioles). Typically involves skin, gut, and glomeruli 
and is associated with arthralgia or arthritis.

Essential 
cryoglobulinemic 
vasculitis

Vasculitis, with cryoglobulin immune deposits, affecting 
small vessels (i.e., capillaries, venules, or arterioles) 
and associated with cryoglobulins in serum. Skin and 
glomeruli are often involved.

Cutaneous 
leukocytoclastic 
vasculitis

Isolated cutaneous leukocytoclastic vasculitis without 
systemic vasculitis or glomerulonephritis.

*Large vessel refers to the aorta and the largest branches directed toward the major body 
regions (e.g., to the extremities and the head and neck); medium-sized vessel refers to the main 
visceral arteries (e.g., renal, hepatic, coronary, and mesenteric arteries); small vessel refers to 
venules, capillaries, arterioles, and the intraparenchymal distal arterial radicals that connect 
with arterioles. Some small- and large-vessel vasculitides may involve medium-sized vessel 
vasculitides, but large and medium-sized vasculitides do not involve vessels smaller than 
arteries. Essential components are represented by normal type; italicized type represents usual, 
but not essential, components.
†Preferred term.
‡Strongly associated with antineutrophil cytoplasmic autoantibodies.

Modifed with permission from Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic 
vasculitides: proposal of an international consensus conference. Arthritis Rheum 
1994;37:187-192.

Names and definitions of vasculitides adopted by the CHCC.
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The  role  of  genetic  factors  is  indirectly  suggested  by  observations  
of  familial  cases  of  GCA60  and  by  GCA  occurring  in  monozygotic 
twins.61  There  is  also  a  well-established  association  between  GCA 
and the human leukocyte antigen (HLA) class II genes and particularly 
the  HLA  DRB1*04  allele,  which  is  carried  by  more  than  50%  of 
patients  according  to  case  series.41,56,62-67  Various  other  genetic  poly-
morphisms have been described in the context of GCA (e.g., the genes 
encoding TNF, ICAM-1, RANTES, MICA, IL-1ra, or IL-10).68,69

An  infectious  cause  for  GCA  has  been  suggested  by  periodic  and 
seasonal  variations  in  its  incidence,  as  well  as  by  the  observation  
that  the  initial  development  of  GCA  is  often  preceded  by  infectious 
episodes40,42,48,55,70; however, neither  sets of  initial findings have been 
able to be reproduced.44,55,71 Furthermore, studies seeking to identify a 
causal infectious agent for GCA have yielded mixed results.50,72-77

Other  environmental  factors  associated  with  GCA  include 
smoking,78,79 hormonal factors (as suggested by the negative association 
between number of pregnancies and GCA),80 a prior history of athero-
sclerotic vascular disease,78,79 and sun exposure.70

Takayasu arteritis
Epidemiologic data on Takayasu arteritis are scarce. The clinical obser-
vation  that  Takayasu  arteritis  might  predominantly  affect  non-white 
populations (e.g., Asians or South Americans) is not well substantiated 
by  descriptive  population-based  studies.  The  annual  incidence  of 
Takayasu arteritis has been estimated  in different geographic  regions 
quite uniformly with rates (per million inhabitants) of 0.8 in Sweden 
and in the United Kingdom,81,82 1.0 to 2.0 in Japan,83 2.2 in Kuwait,84 
and 2.6 in the United States.85

A genetic predisposition to Takayasu arteritis is suggested by find-
ings  of  an  association  between  Takayasu  arteritis  and  HLA  alleles, 
particularly  with  HLA-B52  and  HLA-B39.86,87  It  has  also  long  been 
suggested that infection with Mycobacterium tuberculosis might play 
a  role  in  pathogenesis  of  Takayasu  arteritis,88  although  this  remains 
an unproven association.

Vasculitides predominantly affecting medium-sized vessels
Polyarteritis nodosa
Epidemiologic  data  referring  to  polyarteritis  nodosa  (PAN)  must  be 
interpreted  cautiously  in  light  of  the  wide  variability  that  exists  in  
the  classification  criteria  for  PAN. These  difficulties  in  classification 
likely  explain  the  relatively  small  number  of  studies  conducted  
regarding  PAN.  The  prevalence  and  annual  incidence  of  PAN  were 
estimated,  respectively,  at  2  to  3389-93  and  from  0  to  16  per  million 
inhabitants.94-99

There  is  circumstantial  evidence  that  PAN  is  associated  with 
chronic  hepatitis  B  virus  infection,99-101  and  this  association  is 
now  well  accepted.  Data  from  case  series  suggest  that  in  the  1970s  
and  1980s  approximately  half  of  the  patients  diagnosed  with  PAN  
were  chronically  infected  with  the  hepatitis  B  virus.102  Over  the 
past  20  years,  the  percentage  of  patients  with  PAN  associated  with 
hepatitis B virus in Western nations has become much smaller, likely 
as  a  consequence  of  large  vaccination  campaigns  against  hepatitis  B 
virus.102  It  is  commonly  believed  that  PAN  affects  whites  almost 
exclusively.91

Kawasaki disease
Kawasaki disease (KD) is the most common form of vasculitis in chil-
dren. In Japan, the annual incidence is estimated at 140 per 100,000 
infants younger  than age 5 years. To date, more  than 180,000 cases 
have been  recorded  in  Japan103 with  three notable peaks  in  the  inci-
dence occurring  in 1979, 1982,  and 1986.  Seasonal  variation  in  the 
onset of KD has been described with outbreaks occurring in the winter 
and the spring.104

Outside  Asia,  KD  is  uncommon,  with  an  approximately  10-fold 
lower incidence than that reported by studies in Asia. In addition, in 
the  United  States,  KD  affects  children  of  Asian  descent  much  more 
than African-American or white children.105

A genetic predisposition to KD has not been demonstrated, and KD 
does not seem to be associated to any specific HLA antigen. However, 
one study suggested a possible role for genes involved in the synthesis 
of  immunoglobulins106  and  a  recent  genome-wide  association  study 
mapped several putative susceptibility loci for KD.107

and use of multiple such systems leads to confusion, and the resulting 
heterogeneity may hamper clinical research and comparison of clinical 
studies in vasculitis.

There  is a need to continue to work toward a set of classification 
and diagnostic criteria that are inclusive, are comprehensive, are mean-
ingful  to  both  researchers  and  clinicians,  include  both  children  and 
adult patients,  incorporate readily available and reliable clinical data, 
are derived more  through a data-driven process  than expert opinion, 
reflect  current  understanding  of  the  pathophysiology  of  the  various 
diseases, and achieve international acceptance. Furthermore, the clas-
sification  and  diagnostic  systems  should  ideally  share  common  data 
elements and avoid contradictions. The international vasculitis com-
munity  has  plans  to  readdress  both  classification  and  diagnosis  of 
vasculitis over the next several years.

EPIDEMIOLOGY OF VASCULITIS
Descriptive and analytic epidemiology
The science of epidemiology can be defined as the study of the distribu-
tion and determinants of diseases in populations. Epidemiologic studies 
are  schematically  divided  into  two  broad  investigational  categories: 
descriptive  and  analytic  epidemiology.  Descriptive  epidemiologic 
studies generate data on the burden of diseases within geographically 
and demographically well-defined populations and within selected time 
windows.  Descriptive  epidemiologic  studies  are  often  considered  a 
prerequisite stage for generating hypotheses regarding underlying etio-
logic mechanisms. Even more than for other types of studies, the use 
of standardized classification criteria is of critical importance because 
between-study differences in the criteria used could lead to a consider-
able  variability  in  their  findings.  In  contrast,  analytic  epidemiology 
aims at identifying the specific risk factors or markers, usually genetic 
or  environmental  factors  (e.g.,  infectious  agents,  occupational  or 
domestic exposures, hormonal or socioeconomic factors). Both descrip-
tive and analytic epidemiologic research techniques have been applied 
to the study of vasculitis.

Epidemiologic research in vasculitis
Several intriguing clinical observations have stimulated epidemiologic 
research  in vasculitis. Observations of  racial, geographic, periodic, or 
seasonal variations in disease frequency within some vasculitides raise 
fascinating issues and generate hypotheses about the underlying causes 
of  these  diseases.  However,  epidemiologic  research  in  vasculitis  also 
faces  several  challenges.  Because  all  vasculitides  are  rare  diseases, 
researchers are either faced with using small sample sizes or needing 
to commit substantial resources to collect larger numbers of patients. 
Therefore, the epidemiologic data accumulated for the vasculitides are 
heterogeneous. Whereas some entities have been well-studied from an 
epidemiologic standpoint, for other diseases epidemiologic characteris-
tics remain poorly understood. Furthermore, differences  in classifica-
tion, as discussed in the previous section, are also an important concern 
when studying the epidemiology of vasculitis.

The following section summarizes the knowledge on epidemiology 
for  the  most  common  vasculitides.  Some  primary  vasculitides  (e.g., 
central nervous system vasculitis or Goodpasture syndrome) and the 
secondary vasculitides are not covered.

Vasculitides predominantly affecting large-sized vessels
Giant cell arteritis
Giant  cell  arteritis  (GCA)  is  the  most  common  among  the  primary 
vasculitides with an annual incidence (in the population of individuals 
at least 50 years old) between 2.4 and 32.8 cases per 100,000 people.39-

56 Table 149.9  (see website)  summarizes  the available  incidence data 
for GCA. Studies strongly suggest that GCA primarily affects popula-
tions  with  Northern  European  ancestry,  with  GCA  rarely  occurring 
outside of white populations.47,57 There is evidence that the incidence 
of GCA has increased over the past 50 years by a factor of 2 to 5,58 a 
trend at least partly explained by an increased awareness of the disease 
by  clinicians  and  identification  of  patients  with  negative  temporal 
artery biopsies.58,59
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allele,144,145 the l-haplotype DRB1*0901-DQB1*0303,146 and killer cell 
immunoglobulin-like receptor genotypes.146 More recently, a  link has 
been shown between the number of copies of  the FCGR3B gene and 
the risks of MPA or WG.147

As is true for WG, silica exposure was shown to be a risk factor for 
MPA,132,133 although this association did not consistently reach statisti-
cal significance.133

Churg-Strauss syndrome
Churg-Strauss  syndrome  (CSS)  is  the  least  common  of  the  ANCA-
associated vasculitides. The few descriptive investigations carried out 
in Europe and Australia indicate that CSS prevalence ranges between 
2 and 22 per million inhabitants (see Fig. 149.2 and Table 149.10 [see 
website]).89-93 The annual incidence has been estimated at 0 to 2.7 per 
million  inhabitants  in  Europe43,89,95-98,115,117  and  at  4.0  per  million 
inhabitants in the United States.148

Recent genetic association studies suggest HLA-DRB1 is a potential 
susceptibility factor for CSS.149,150 Another study found an association 
of the functional variant of the IL-10 gene among ANCA-negative cases 
of CSS.151

Because CSS usually occurs in association with asthma and allergy 
symptoms, including rhinitis and sinusitis, a hypersensitivity response 
has  been  proposed  for  the  pathogenesis  of  CSS.  Many  observations 
reported  on  CSS  occurrence  after  exposure  to  various  medications, 
vaccination, or desensitization,152 but none of these findings is either 
definitive  or  accounts  for  the  majority  of  cases.  Much  attention  has 
focused  on  the  potential  causal  or  triggering  role  of  leukotriene  
receptor  antagonists  (i.e.,  montelukast,  zafirlukast,  and  pranlukast). 
However, results of recent pharmacoepidemiologic studies suggest that 
the  association  between  this  class  of  asthma  medications  and  the 
development of CSS is likely confounded by the severity of the asthma 
associated with CSS.153,154 As in the case with WG and MPA, a possible 
link also exists between CSS and exposure to silica.133

Henoch-Schönlein purpura
Henoch-Schönlein  purpura  (HSP)  is  the  most  common  vasculitis 
encountered in children in Western countries. Its annual incidence is 
estimated between 15 and 20.4 per 100,000 children.155 These studies 
suggest that HSP is more frequent among children of Asian ancestry 
(24  per  100,000  infants  per  year)  than  in  white  children  (17.8  per 
100,000  infants per  year)  or  black  children  (6.2 per 100,000  infants 
per year).155 HSP is much rarer in adults than children, with an annual 
incidence of 3.4 to 14.3 per million adults.156,157

A genetic predisposition for HSP is suggested by the unequal ethnic 
distribution and by the association of HSP with congenital complement 
deficiency (homozygous deficit at C4).158

Among environmental factors, infections are the leading presumed 
cause  of  HSP.  HSP  occurs  more  readily  during  the  winter159  and  is 
frequently preceded by an upper or lower airway infection. Several viral 
and bacterial agents have been implicated in the etiology of HSP, but 
none seems to be the universal cause.160 In addition, antigenic stimula-
tions to medications, toxins, or food products have been described as 
preceding the onset of HSP.161 In adults, an association of HSP with a 
prior or concurrent diagnosis of cancer has been described, with a rela-
tive risk of 5.3 among patients with HSP compared with the general 
population.160

Vasculitides affecting vessels of any size
Behçet disease
The epidemiology of Behçet disease (BD) is characterized by a strik ing 
geographic disparity, with more frequent occurrences in an area span-
ning from East Asia to the Mediterranean Sea. Therefore, BD is some-
times also called the “Silk Road disease” in reference to its overlapping 
distribution with this ancient trade route. However, the idea that the 
environmental or genetic cause of BD might have been disseminated 
throughout that route remains hypothetical.

Table 149.11 (see website) summarizes the many prevalence studies 
conducted in BD. The highest prevalence of BD has been reported for 
areas  in Turkey, with estimates  ranging  from 20 to 420 per 100,000 
inhabitants.162-166 Studies carried out on populations in Southeast Asia 

Several factors point strongly toward an infectious etiology of KD, 
including the onset in early childhood, the clinical manifestations, the 
existence  of  secular  peaks  in  the  incidence,  and  seasonal  variations. 
An association between KD and a past history of a respiratory infection 
has been demonstrated108; however, no specific microorganism has yet 
been linked to KD. Other associations with KD reported include expo-
sure to rug shampoo109 or a home near water.105

Vasculitides predominantly affecting small-sized vessels
Wegener granulomatosis
Among the three ANCA-associated vasculitides, WG is the best studied 
with  respect  to  epidemiology,  probably  because  it  is  more  common 
than Churg-Strauss syndrome and easier than microscopic polyangiitis 
to differentiate from other vasculitides. Prevalence and incidence rates 
for this disorder have been reported from different regions throughout 
the world but mostly  from Europe  (Fig. 149.2 and Table 149.10  [see 
website]). Prevalences and annual incidence rates have been estimated 
at 24 to 160 per million inhabitants90-93,98,110-113 and at 1.3 to 14.4 per 
million  inhabitants,43,95-98,113-116  respectively.  Some  studies  suggest  a 
rise in the frequency of WG over the past several decades, which can 
be at least partially explained by the introduction and widespread avail-
ability of ANCA testing since the late 1980s.113,116

The  results  of  descriptive  studies  support  a  decreasing  north- 
to-south gradient in the prevalence of WG in the northern hemisphere 
(see  Fig.  149.2).117,118  There  also  seem  to  be  ethnic  differences 
with  respect  to  the  risk  for  this  disorder  with  it  rarely  observed  in 
Asian  or  African  populations.91  These  interesting  geographic  data 
may  be  evidence  of  either  varying  genetic  risk  or  environmental 
impact.

A definitive genetic role in the development of WG remains unclear 
despite considerable research in this area. The strongest support for a 
genetic  link  comes  from  candidate  gene  studies.  The  most  widely 
reproduced association refers to the Z allele of the α1-antitrypsin gene 
which, compared with controls,  is  two to seven times more  frequent 
among  patients  with  WG.  However,  in  absolute  terms,  this  allele  is 
carried  by  fewer  than one  third  of  the  patients.119-128 Associations  of 
Wegener granulomatosis with HLA antigens and other genes, including 
those encoding PTPN22, proteinase 3, and CTLA-4, have been reported 
but await further confirmation.129

Compared with genetic research, the role of environmental factors 
causing WG remains relatively poorly investigated. Exposure to silica 
is the most consistently reported risk factor that confers a risk increase 
(odds ratio) between 3 and 5.130-135 The results of case-control studies 
suggested other environmental risk factors (e.g., farming and exposures 
to  livestock,  organic  solvents,  industrial  pollutants,  or  pesticides).129 
The  hypothesis  of  an  infectious  etiology  has  been  long  emphasized, 
but no causal microorganism has yet been identified. Nasal carriage of 
Staphylococcus aureus has been linked to an increased risk of disease 
relapses.136 Studies focusing on seasonal variations in the onset of the 
disease have yielded conflicting results.71,113,114,137-141

Microscopic polyangiitis
The  epidemiology  of  microscopic  polyangiitis  (MPA)  is  less  
well  described  than  that  of  WG  (see  Fig.  149.2  and  Table  149.10 
[see  website]).  Based  on  reported  estimates,  the  prevalence  of  MPA 
varies  from  0  to  94  per  million  inhabitants89,91-93,112,142  and  the 
annual  incidence  varies  from  1  to  11.6  per  million  inhabitants  in  
Europe.43,89,96-98,115,118 In Kuwait, the annual incidence of MPA has been 
estimated to be 24.5 per million inhabitants.94 A comparison of inci-
dence  rates  has  raised  the  possibility  that  MPA  follows  an  inverse 
frequency gradient to the one seen in ANCA-associated granulomatous 
vasculitis, with a greater frequency seen in the countries in the south 
of Europe (see Fig. 149.2).118 However, the existence of such a gradient 
remains to be confirmed and is called into question by recent Swedish 
studies that reported high prevalence and incidence figures for MPA.92,115

Only a few genetic studies have specifically focused on MPA. Most 
studies examined MPA together with WG, or within a combined set 
of  ANCA-positive  vasculitides  with  anti-MPO  specificity.  MPA  has 
been associated with a polymorphism of a gene coding for IL-10.143 In 
Japan, a link has been shown between MPA and the HLA-DRB*0901 
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Fig. 149.2 Population-based prevalence estimates of several types of 
systemic vasculitis. Values are per 100,000 persons within countries. 
Values represent ranges from several studies with some averaging/
rounding performed. Map is not perfectly to scale. Red boxes, 
Wegener granulomatosis (WG); blue boxes, microscopic polyangiitis 
(MPA); green boxes, Churg-Strauss syndrome (CSS); yellow boxes, 
Behçet disease.

and  the  Middle  East  show  a  prevalence  between  2.1  and  120  per 
100,000 inhabitants.167-176 In the United States and in Western Euro-
pean countries the prevalence of BD is much lower, with rates between 
0.27 and 7.50 per 100,000 inhabitants.177-185

Several studies have addressed the question of risk for BD in migrant 
populations. Among Turks living in West Berlin, Germany, the preva-
lence of BD  is  approximately 40  times higher  than  in  their  peers  of 
German descent.183,184 Similarly, in Paris, France, BD is 17 times more 
frequent among people of Northern African background  than among 
the population with French or other European origins.180 Although a 
microenvironmental or socioeconomic factor cannot be excluded, these 
observations  support  that  genetic  factors  play  a  central  role  in  the 
development of BD.

There are additional lines of evidence to support that genetic factors 
are critical in determining susceptibility to BD, including a high famil-
ial  recurrence  rate,186,187  concordance  for  BD  between  monozygotic 
twins,188,189 and the phenomenon of “genetic anticipation.”190 For pedi-
atric  BD,  results  of  a  segregation  analysis  are  in  keeping  with  an  
autosomal recessive inheritance pattern.191 Additionally, the HLA class 
I allele B51 is a well-established genetic marker tightly associated with 

BD.192,193 A recent meta-analysis found that this allele is carried by 34% 
to 64% of patients and increases the risk for developing BD by a factor 
of 5.8.192 The potential role of other genetic polymorphisms (e.g.,  for 
TAP,  intercellular  adhesion  molecule-1,  interleukins,  and  vascular 
endothelial growth factor) or chromosomal regions mapped by linkage 
analyses remains to be confirmed.

In  contrast  to  genetic  factors,  the potential  role of  environmental 
determinants  in  the  development  of  BD  remains  poorly  studied, 
although infectious causes have been proposed.194,195

Current status of epidemiologic  
research in vasculitides
In  spite  of  their  rarity,  which  considerably  hampers  the  conduct  of 
large-scale studies, there has been much progress in the field of epide-
miologic  research  for  several  of  the  vasculitides.  These  studies  have 
helped advance hypotheses regarding the causes of many vasculitides. 
It now seems clear that the different entities have different underlying 
pathogenic mechanisms that combine, to various extents, with specific 
genetic backgrounds and environmental factors. Further epidemiologic 
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studies and large genetic association studies will help discern the rela-
tive contributions and interactions of genetics and environment to the 
pathogenesis  of  these  diseases  and  help  unravel  the  relationships 

between the individual vasculitides and between the vasculitides and 
non-vasculitic disorders.
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endothelial cells, and various artery-derived endothelial cells are not 
identical to venous endothelial cells. Because various forms of vascu-
litis differ in their involvement of the vascular tree, characteristics of 
the respective endothelia may be relevant for our understanding of the 
systemic vasculitides.

Therefore, first a discussion is presented of the role of endothelial 
cells in inflammation. Next, the immunopathogenesis of the major 
vasculitides is discussed, that is, the large- and medium-sized vessel 
vasculitides in which immune deposits are generally absent, the small-
vessel vasculitides characterized by immune deposits, and the so-called 
pauci-immune small-vessel vasculitides that are frequently associated 
with antineutrophil cytoplasmic autoantibodies (ANCAs).

THE ENDOTHELIUM IN INFLAMMATION
The endothelium constitutes a single layer of cells that covers the inner 
side of blood vessels. It functions as a passive lining of the vasculature 
and is also actively involved in many physiologic and pathophysiologic 
processes. The endothelium is not a homogeneous layer of cells 
throughout the body, but its characteristics and functions differ depend-
ing on the size and localization of the vessels. In addition, it may 
change in function and activity after contact with stimuli that are 
generated locally or systemically.

Larger blood vessels consist of endothelial cells, smooth muscle 
cells, connective tissue, and elastic elements. The endothelium in 
these vessels actively participates in the regulation of vascular tone, 
which determines blood flow to specific organs. Vasodilating effects 
mostly originate from the production of prostacyclin and nitric oxide 
by endothelial cells, whereas vasoconstriction is brought about for the 
larger part by endothelin-1 and arachidonic acid metabolites, in par-
ticular thromboxane A2 and prostaglandin H2.2 Particular attention has 
been paid to dysfunction of endothelial cells in regulating vascular tone 
as an early manifestation of atherosclerosis.3 Also in systemic autoim-
mune diseases, including systemic vasculitis, endothelial cell dysfunc-
tion has been incriminated as a major factor underlying early 
atherosclerosis in these diseases.4 In-vitro studies on endothelial cell 
function in health and disease using human umbilical vein endothelial 
cells (HUVEC) are frequently used as a model for macrovascular endo-
thelium or for endothelium in general. Their characteristics and func-
tions are not always representative for endothelial cell function in vivo. 
Nevertheless, studies on HUVEC have largely contributed to our 
knowledge on the endothelium. Presently, microvascular endothelial 
cells from a different origin (e.g., glomerular endothelial cells), are 
available for in-vitro studies and may be more relevant for the study of 
endothelial function in specific disease processes.5

In the microvascular bed, endothelial cells reside on a basal lamina 
with sparsely distributed pericytes around them. These pericytes have 
important functions in maintaining the integrity of the microvascula-
ture. Loss of pericytes results in endothelial hyperplasia and increased 
permeability of the endothelium.6

The endothelium has the following main functions:

● Providing a semipermeable barrier for transport of soluble 
molecules

● Maintaining hemostatic balances
● Controlling local blood flow (e.g., via nitric oxide and 

endothelin-1)
● Regulating coordinated recruitment of leukocytes
● Participating in neovascularization

Biology and immunopathogenesis  
of vasculitis
Cees G. M. Kallenberg

 The endothelium is an active player in inflammatory processes in 
general and in the pathogenesis of vasculitis in particular.

 Cytokine-induced endothelial cell activation and leukocyte-
endothelium interaction are coordinated processes underlying 
differential leukocyte recruitment to sites of inflammation.

 Immune complex formation and deposition underlie the small-
vessel vasculitides in Henoch-Schönlein purpura and mixed 
essential cryoglobulinemia.

 Clinical and experimental data suggest but certainly do not prove 
that antineutrophil cytoplasmic antibodies (ANCAs) directed to 
proteinase-3 and myeloperoxidase are pathogenic in the ANCA-
associated small vessel vasculitides.

 Cell-mediated immunity, in particular a T-helper 1 CD4+ T-cell 
response to, as yet, undefined antigen(s), is the major pathogenic 
event in the medium- and large-vessel vasculitides.

INTRODUCTION
Vasculitis is a condition characterized by inflammation of blood vessels. 
Its clinical manifestations depend on the localization and size of the 
involved vessels as well as on the nature of the inflammatory process. 
Vasculitis can be secondary to other conditions or constitute a primary, 
in most cases idiopathic, disorder. Underlying conditions in the sec-
ondary vasculitides are infectious diseases, connective tissue diseases, 
and hypersensitivity disorders (Table 150.1). Immune complexes, 
either deposited from the circulation or formed in situ, are, in many 
cases, involved in the pathophysiology of the secondary vasculitides. 
These complexes are supposedly composed of microbial antigens in 
case of underlying infectious diseases, autoantigens in connective 
tissue diseases, and non-microbial exogenous antigens in hypersensi-
tivity disorders (see Table 150.1). Murine or chimeric monoclonal 
antibodies, eliciting an immune response that might result in serum 
sickness(–like) disease, are an example of the latter category. Although 
immune deposits can be demonstrated in the involved vessel wall by 
direct immunofluorescence of biopsy material, the specificities of the 
antigens and their corresponding antibodies have not been demon-
strated in most cases.

The primary vasculitides (Table 150.2) are idiopathic systemic dis-
eases with a variable clinical expression. At the Chapel Hill Consensus 
Conference (CHCC) in 1993 a classification of these vasculitides was 
proposed largely based on the size of the vessels involved, the histo-
pathologic features of the lesions, as well as clinical findings.1 By 
consensus, definitions were proposed for the individual diseases, but 
it was not the aim of the conference to develop classification criteria 
(see Chapter 149). Nevertheless, these definitions have been used since 
then for classifying patients with vasculitis into specific categories.

As mentioned, vasculitis concerns inflammatory reactions of the 
blood vessel wall. The vascular endothelium, being at the interface of 
the circulating bloodstream and the structural components of vascular 
and perivascular tissue, plays a major role in vasculitis. Cells from the 
innate and adaptive immune system have to adhere to and pass the 
endothelium to evoke inflammation in the vessel wall. The endothe-
lium is an active player in this process. Endothelial cells differ in 
morphology and function depending on their localization in the body. 
Macrovascular endothelial cells are different from microvascular 
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such as very late antigen (VLA)-4.7,8 In addition, endothelial-displaced 
chemoattractants, called arrest chemokines, are produced that induce 
conformational changes in certain leukocyte integrins that allow their 
interaction with endothelial adhesion molecules.9 Besides production 
and upregulation of adhesion molecules that regulate leukocyte recruit-
ment, endothelial cell–activating stimuli also affect hemostatic balance. 
In particular, they induce the production and expression of tissue factor 
by endothelial cells resulting in a procoagulant state during inflamma-
tion. During inflammation, proangiogenic factors, that is, vascular 
endothelial growth factor (VEGF) and fibroblast growth factor (FGF)-2, 
also are produced that interact with endothelial cells, resulting in 
angiogenesis, particularly during chronic inflammatory responses. 
Hypoxic conditions at the site of inflammation induce the expression 
of hypoxia-inducible factor-1 (HIF-1), a transcription factor expressed 
in many cells that leads to the expression of genes involved in angio-
genesis.10 As such, HIF-1 could be a target for treatment in chronic 
inflammatory diseases.

Several signal-transducing pathways are involved in endothelial cell 
activation, and insight into these pathways has stimulated the develop-
ment of drugs that interfere with these pathways.11,12 The in-vitro 
mostly studied pathways are the TNF-α– and IL-1–mediated signal 
transduction routes. Soluble TNF-α is released as a trimer and inter-
acts with the TNF-1 and TNF-2 receptors. The TNF-1 receptor is 
present on endothelial cells. Interaction of TNF-α with the TNF-1 
receptor results in a cascade of reactions, as shown in Figure 150.1. 
Via nuclear factor-κB (NF-κB) activation the endothelial cells express 
the adhesion molecules E-selectin, ICAM-1, and VCAM-1, the proin-
flammatory cytokine IL-6, the polymorphonuclear neutrophil recruit-
ing and activating chemokine IL-8, inducible nitric oxide synthase 
(iNOS), cyclooxygenase-2, and others. At the same time, protective 
genes are expressed with anti-apoptotic and downregulatory activity. 
This prevents the activated endothelial cells from going into 
apoptosis.

Nevertheless, activated endothelial cells, probably in an early apop-
totic state, may detach and occur in the bloodstream as circulating 
endothelial cells. Increased levels of circulating endothelial cells have 
been reported in active cytomegalovirus infection and in different forms 
of vasculitis. In ANCA-associated vasculitis their level correlates with 
disease activity.13 These circulating endothelial cells were also shown 
to inhibit endothelial progenitor cells and, as such, to contribute to 
vascular damage,14 because these endothelial progenitor cells play a 
major role in repairing injured vessels.15,16 Also, endothelial micropar-
ticles have been demonstrated in increased numbers in peripheral 
blood in patients with active vasculitis.17,18 These microparticles are 
released from endothelial cells, express E-selectin, and should be dis-
tinguished from platelet microparticles that express CD42a and are 
also increased in active vasculitis.17,18

Besides the TNF-α/TNF-R1 pathway, IL-1 is also operative in acti-
vating endothelial cells. Endothelial cells express one type of receptor 
for IL-1, the IL-R1, which binds IL-1α with higher affinity than IL-1β. 
IL-1β is the soluble form of IL-1 released by enzymatic cleavage from 
membrane-associated IL-1β. The signal transduction routes involved 
in endothelial cell activation by IL-1 largely follow the pathways as 
described for TNF-α (see Fig. 150.1).

The effects seem, however, synergistic. This may be relevant in view 
of pharmacologic intervention in both pathways, that is, TNF-α– and 
IL-1–mediated endothelial cell activation, in vasculitis.

Leukocyte-endothelium interaction
Local recruitment of cells participating in the immune response is 
essential for immune homeostasis. As mentioned earlier, the coordi-
nated upregulation of adhesion molecules on activation of endothelial 
cells is instrumental in starting an inflammatory reaction. P-selectin, 
constitutively present in Weibel-Palade granules, is rapidly translocated 
to the endothelial cell membrane. This allows the first interaction with 
circulating neutrophils via P-selectin glycoprotein ligand-1 (PSGL-1), 
the principal ligand for P-selectin on the neutrophil membrane. This 
interaction results in tethering of the polymorphonuclear neutrophil 
(PMN) on the endothelial cell surface. This is rapidly followed, within 
a couple of hours, by transcription and translation of E-selectin, which 
appears next on the endothelial cell membrane. E-selectin interacts 

Although the molecular base of these functions differs, changes in 
these functions occur in a coordinated way upon stimulation, in par-
ticular via proinflammatory cytokines, during inflammation.

Endothelial cell activation during inflammation
Local, or sometimes systemic, recruitment of proinflammatory cyto-
kines results in receptor-mediated activation of endothelial cells. The 
main representatives are tumor necrosis factor-α (TNF-α), interleu-
kin-1 (IL-1), and interleukin-17 (IL-17). In addition, thrombotic ago-
nists such as thrombin and, less frequently, oxidants and traumatic 
stimuli can activate endothelial cells. The first step that follows is the 
rapid translocation of constitutively present P-selectin from storage 
granules, the so-called Weibel-Palade bodies. The next step is the 
transcriptionally regulated synthesis of E-selectin, which is expressed 
on the endothelial cell surface. In a timely coordinated way a number 
of other adhesion molecules are produced and expressed on the endo-
thelial cell membrane that are differentially involved in the recruitment 
of various subsets of leukocytes (see later). These molecules include 
vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion 
molecules (ICAM)-1, -2, and -3, and receptors for leukocyte integrins, 

TABLE 150.1 SECONDARY VASCULITIDES: ANTIGENS PRESUMABLY INVOLVED

Exogenous antigens
Microbial antigens
Bacterial

Streptococci
Staphylococci
Mycobacterium leprae
Treponema pallidum
Others

Viral
Hepatitis B/C virus
Human immunodeficiency virus
Cytomegalovirus
Epstein-Barr virus
Others

Protozoal
Plasmodia

Non-microbial antigens
Heterologous proteins (e.g., murine or chimeric monoclonal antibodies)
Allergens
Drugs
Tumor antigens (?)
Autologous antigens
Nuclear antigens (antinuclear antibodies)
Immunoglobulin G (RF, cryoglobulins)
Others

TABLE 150.2 CHAPEL HILL CONSENSUS CONFERENCE CLASSIFICATION 
OF THE PRIMARY VASCULITIDES

Large-vessel vasculitis
Giant cell (temporal) arteritis
Takayasu arteritis
Medium-vessel vasculitis
Polyarteritis nodosa
Kawasaki disease
Small-vessel vasculitis
Wegener granulomatosis*
Churg-Strauss syndrome*
Microscopic polyangiitis*
Henoch-Schönlein purpura
Essential cryoglobulinemic vasculitis
Cutaneous leukocytoclastic angiitis

* Associated with anti-neutrophil cytoplasmic autoantibodies.
From Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic vasculitides: the proposal 
of an international consensus conference. Arthritis Rheum 1994;37:187-192.
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stimulation of endothelial cells loosens the junctions and allows the 
leukocyte to enter the space between the endothelial cells. It should be 
mentioned that PECAM-1, CD99, JAM-A, and JAM-C occur also on 
leukocytes and that homophilic interactions between leukocytes and 
endothelial cells certainly play a role in transmigration of leukocytes 
as well. This process of transmigration is an active process also for the 
endothelial cell because calcium influx in endothelial cells is required 
for effective diapedesis. Besides this so-called paracellular transmigra-
tion, recent data suggest that leukocytes may also follow a transcellular 
route of transmigration in which cytoskeletal remodeling and mem-
brane fusion events play a major role.20

Leukocyte/endothelial cell interaction preferentially occurs in post-
capillary venules. It is noteworthy that many forms of small-vessel 
vasculitis are manifested by leukocytoclastic vasculitis localized in 
postcapillary venules, particularly in the skin. Here, polymorphonu-
clear neutrophils do not pass the vascular wall but become fully acti-
vated, followed by apoptosis and necrosis within the vessel wall. The 
role of immune complexes and ANCAs in this process is discussed 
later in the section on small-vessel vasculitis.

Endothelium, coagulation, and inflammation
Tissue factor is upregulated in endothelial cells activated by, among 
others, proinflammatory cytokines. Tissue factor is a transmembrane 
protein that initiates coagulation. It can be expressed by malignant 
cells and macrophages as well and plays a role in angiogenesis, par-
ticularly in tumor development. In the resting state, endothelium 
has antithrombotic characteristics based on the expression of throm-
bomodulin, heparan sulfate proteoglycans that bind and activate 
antithrombin III, prostacyclin, ecto-adenosine diphosphatase, and 
receptors for fibrinolytic agents, such as plasminogen and tissue  
plasminogen activator. One of the first steps in endothelial cell  
activation is the translocation of P-selectin from the Weibel- 

with sialyl LewisX on the PMN. This interaction, together with the 
binding of L-selectin on PMNs to its ligands on activated endothelial 
cells, results in a state of rolling of polymorphonuclear neutrophils over 
the endothelial surface (Fig. 150.2). The rolling neutrophil is now 
locally activated by signaling molecules, produced by the locally acti-
vated endothelium, that bind to G protein–coupled receptors on the 
neutrophil. These molecules include platelet-activating factor (PAF), 
which is rapidly synthesized and has a phospholipid structure, and the 
chemokines IL-8 and epithelial neutrophil activating peptide-78 
(ENA78), in addition to the arrest chemokines mentioned earlier.9 As 
part of this activation process of polymorphonuclear neutrophils, β2-
integrins, ligands for a group of adhesion molecules that next appear 
on activated endothelial cells, undergo conformational alterations 
resulting in changes in avidity and affinity and are now able to interact 
with these adhesion molecules that 4 to 12 hours after activation 
appear on the endothelial cell membrane. The β2-integrins on leuko-
cytes include the CD11a/CD18 and LFA-1 complex that interacts with 
ICAM-1 and ICAM-2 on activated endothelial cells (see Fig. 150.2). 
Together with VCAM-1, these molecules belong to the immunoglobu-
lin superfamily. VCAM-1 is the ligand for VLA-4, also indicated as the 
α4-integrins, which is expressed on lymphocytes. After these latter 
ligand-ligand interactions, leukocytes adhere firmly to the endothelium 
in an activated state.7,8

The next step is when the leukocyte squeezes itself through the 
endothelium into the surrounding tissue where it follows its way 
guided by chemokine concentration gradients. This process of diape-
desis through the endothelium requires active involvement of mole-
cules located at the junctions of endothelial cells. At least six molecules 
are involved in junctioning two endothelial cells by homophilic interac-
tion. These include vascular endothelial cell–specific cadherin (VE-
cadherin), the junction adhesion molecules (JAM)-A, -B, and -C, 
platelet-endothelial cell adhesion molecule (PECAM)-1, and CD99.19 
Partial redistribution of these adhesion molecules induced by cytokine 

SIGNALING PATHWAYS THAT BECOME ACTIVE IN ENDOTHELIAL CELLS UPON INTERLEUKIN-1 (IL-1)
AND TUMOR NECROSIS FACTOR a (TNF-a) ACTIVATION

P
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mRNA
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Transcription
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Fig. 150.1 Signaling pathways that become active 
in endothelial cells on interleukin-1 (IL-1) and tumor 
necrosis factor (TNF)-α activation. The activation 
leads to the expression of proinflammatory genes, 
including cell adhesion molecules, cytokines and 
chemokines, and cell survival genes. Several 
pathways result in the activation of the transcription 
factor NF-κB. At the same time anti-apoptotic 
signals are generated that prevent apoptosis of the 
activated endothelial cell. IKK, IκB kinase; IκB, 
inhibitor kB; IRAK, IL-1 receptor-1 associated kinase; 
NEMO, NF-κB essential modulator; NF-κB, nuclear 
factor-κB; NIK, NF-κB inducing kinase; PI3K, 
phosphoinositol-3 kinase; PKC, protein kinase C; 
ROS, reactive oxygen species; TRAF2, TNFR 
associated factor-2. (From Kuldo JM, Ogawara KI, 
Werner N, et al. Molecular pathways of endothelial cell 
activation for [targeted] pharmacological intervention 
in chronic inflammatory diseases. Curr Vasc Pharmacol 
2005;3:11-39.)
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contributes to the recruitment of these microparticles to thrombi. 
Thus, P-selectin expression plays a major initiating role in the  
procoagulant state of endothelium in inflammation.21 The prothrom-
botic state of activated endothelial cells is further highlighted  
by the loss of thrombomodulin and heparan sulfate proteoglycans. 
Indeed, elevated levels of serum thrombomodulin occur in many 

Palade bodies to the membrane of endothelial cells. Interaction  
of P-selectin with PSGL-1 on leukocytes induces the upregulation  
of tissue factor, which initiates the coagulation cascade. In addition, 
it leads to the formation of platelet-leukocyte aggregates and the  
production of procoagulant microparticles that are tissue factor  
positive as well. Furthermore, P-selectin on activated platelets 
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LEUKOCYTE-ENDOTHELIUM CELL INTERACTION: EXPRESSION OF ADHESION
MOLECULES ON ENDOTHELIAL CELLS AND THEIR LIGANDS ON LEUKOCYTES

Fig. 150.2 Leukocyte-endothelium cell interaction: expression of adhesion molecules on endothelial cells and their ligands on leukocytes. The four distinct 
steps in adhesion that leukocytes must undergo to accumulate in a blood vessel are shown at the top of the diagram. Also shown are the predominant 
molecular determinants of each step with respect to leukocytes (middle of the diagram) and endothelial cells (bottom of the diagram). The arrows in the 
middle portion indicate the various interactions possible between molecules. Leukocytes in the bloodstream (the graduated set of arrows at the top of the 
diagram symbolize the laminar flow profile in blood vessels, where the velocity of blood is fastest in the center and approaches zero at the vessel wall) 
become tethered to endothelial cells and roll slowly downstream. Tethering is greatly facilitated by leukocyte receptors that occur at high density on the tips 
of microvillous surface protrusions (L-selectin, P-selectin glycoprotein ligand 1 [PSGL-1], and α4 integrins), whereas subsequent rolling is not influenced by the 
topography of adhesion receptors. The most efficient tethering molecules are L-selectin and P-selectin. L-selectin recognizes sulfated sialyl-Lewis(X) (sLe(X))-
like sugars, called peripheral-node addressin (PNAd), in high endothelial venules. L-selectin also interacts with other ligands on inflamed endothelial cells (not 
shown) and with PSGL-1 on adherent leukocytes (indicated by the dashed arrow). The binding of PSGL-1 to L-selectin and P-selectin requires an sLe(X)-like 
sugar to be close to an N-terminal motif containing three tyrosines (Y) that must be sulfated. E-selectin can also interact with PSGL-1, but it does not require 
tyrosine sulfation. E-selectin also recognizes other sLe(X)-bearing glycoconjugates. E-selectin and the α4 integrins can tether some leukocytes, but their 
predominant function is to reduce the velocity of rolling. Rolling leukocytes respond to chemoattractants on endothelial cells because they express specific 
receptors with seven transmembrane domains (7 TMR), which transmit intracellular signals through G proteins. The most prominent chemoattractants that 
bind to 7 TMR are listed in the figure; some of these molecules, such as chemokines, are presented on the endothelial surface; others are secreted or diffuse 
freely into the vessel lumen. The activating signal induces rapid activation of β2 integrins, α4 integrins, or both, which bind to members of the endothelial 
immunoglobulin superfamily. The α4 integrins can mediate activation-independent rolling interactions as well as arrest rolling leukocytes. However, the latter 
function requires the activation of α4 integrins (illustrated by the more open conformation of the integrin heterodimer, as compared with that of α4 integrins 
that mediate rolling). C5a, activated C5; PAF, platelet-activating factor; LTB4, leukotriene B4; MAdCAM-1, mucosal addressin-cell adhesion molecule type 1; 
VCAM-1, vascular-cell adhesion molecule 1; ICAM-1, intercellular adhesion molecule 1; ICAM-2, intercellular adhesion molecule 2. (Reprinted from von Adrian 
UH, Mackay CR. T-cell function and migration. Two sides of the same coin. N Engl J Med 2000;343:1020-1034, with permission.)
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identified: the immune complex–mediated small-vessel vasculitides 
and the ANCA-associated vasculitides. The former group encompasses 
Henoch-Schönlein purpura and cryoglobulinemic vasculitis as the two 
most prevalent conditions; the second group consists of ANCA- 
associated granulomatous vasculitis, microscopic polyangiitis, and 
Churg-Strauss syndrome.

Immune complex–mediated small-vessel vasculitides
Since 1970, immune complexes have been considered as pathogenic 
factors in many forms of vasculitis. In the secondary vasculitides in 
particular, immune complexes consisting of microbial antigens and 
their cognate antibodies may be operative in pathogenesis. Although 
immune deposits, that is, immunoglobulin and complement, have 
been detected by direct immunofluorescence in vessel walls, the 
antigen(s) supposed to be involved in the complexes have been identi-
fied only in a minority of cases. Nevertheless, small-vessel vasculitis 
in the presence of immune deposits should always raise suspicion of 
an underlying disorder, either one of the connective tissue diseases or 
an infectious disorder.25 In particular, infective endocarditis may mimic 
idiopathic small-vessel vasculitides.26 Chronic immune stimulation 
during infections may even result in polyclonal B-cell stimulation with 
production of autoantibodies such as rheumatoid factor (RF), antinu-
clear antibodies, and ANCA, the last frequently of unspecified anti-
genic specificity.26 Within the spectrum of idiopathic vasculitides, 
Henoch-Schönlein purpura (HSP) and cryoglobulinemic vasculitis are 
the two disorders that are characterized by the presence of immune 
deposits within the vessel wall.

Henoch-Schönlein purpura
HSP was defined at the CHCC as “a vasculitis with IgA-dominant 
immune deposits affecting small vessels and typically involving skin, 
gut, and glomeruli, and associated with arthralgia or arthritis.”1 This 
definition implies that IgA-containing complexes are the primary 
pathogenic factor in this disease. Indeed, deposition of polymeric IgA1 
in combination with complement C3 has been found in capillaries and 
postcapillary venules in skin, gastrointestinal tract, and glomeruli in 
HSP (Fig. 150.3).27 Within the kidney, IgA deposits are found in the 
glomerular capillary wall and in the mesangium in HSP, whereas in 
IgA nephropathy the mesangium is the main localization of IgA depos-
its.27 Data relating to the pathogenesis of HSP are derived also from 
studies on IgA nephropathy although no major biologic differences 
have been found between the two diseases.28 The origin of polymeric 
IgA1 that is deposited in the vessel wall in HSP has not been fully 
clarified. Serum IgA consists mainly of monomeric IgA1, and IgA from 
mucosal surfaces consists of 60% of polymeric IgA2 (two IgA2 

forms of vasculitis and have been proposed as markers of disease 
activity.

DAMAGE AND REPAIR: ANGIOGENESIS
In chronic inflammatory conditions such as rheumatoid arthritis 
angiogenesis is part of the inflammatory process.22 Three different 
processes are involved in angiogenesis: angiogenic sprouting, intersus-
ceptive growth, and seeding of endothelial progenitor cells in newly 
formed blood vessels.23

Sprouting from endothelial cells occurs in the presence of hypox-
emia. It first requires degradation of the endothelial cell basement 
membrane via production of metalloproteinases and gelatinases by the 
activated endothelial cell. Sprouting endothelial cells need a new base-
ment membrane as well as pericytes for their further development. 
Locally produced platelet-derived growth factor (PDGF) and transform-
ing growth factor-β (TGF-β) are major players in this process. Endo-
thelial cell proliferation itself is under control of angiogenic factors 
called angiopoietins. The best characterized are VEGF and fibroblast 
growth factor (FGF). Both factors are produced by a variety of cells, and 
HIF-1 (see earlier) is the major transcription factor involved.10 Recep-
tors for VEGF, which itself occurs in various forms, are expressed on 
endothelial cells but also on monocytes and smooth muscle cells. 
Binding of VEGF to its receptor on the endothelial cell leads to a 
cascade of signal transduction steps finally resulting in vessel hyper-
permeability via production of PAF, cell proliferation with inhibition 
of apoptosis after activation, and actin reorganization and cell migra-
tion.24 As mentioned, endothelial progenitor cells also play a role in 
neovascularization and repair. Endothelial progenitor cells, derived 
from stem cells, constitute 0.01% of peripheral blood mononuclear 
cells and are characterized by the surface markers CD34 and VEGF-R2. 
Under the influence of several factors, among which are VEGF, gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF), erythropoi-
etin, tissue ischemia, and, interestingly, HMG-CoA-reductase 
inhibitors, these cells can be mobilized and induced to proliferate. Dif-
ferent sources of endothelial progenitor cells have been identified, and 
their role in chronic inflammatory conditions is not yet well defined,11,24 
although they have been suggested to contribute to vascular repair in 
vasculitis.16

Immunopathogenesis of small-vessel vasculitides
Based on the CHCC classification,1 the small-vessel vasculitides show 
vasculitic involvement of arterioles, capillaries, or venules. Larger 
vessels may be involved as well. Within this category two groups are 

a b

Fig. 150.3 Henoch-Schönlein nephritis. (a) Renal biopsy was performed in a 45-year-old woman with recurrent cutaneous vasculitis and episodes of 
gastrointestinal vasculitis of 2 years’ duration because of recent-onset erythrocyturia and severe proteinuria. Specimen shows a focal and segmental 
extracapillary crescentic glomerulonephritis of recent origin (silver methenamine, H&E, ×50). (b) Staining with monoclonal anti-IgA1 antibodies shows diffuse 
glomerular and granular, deposits in the mesangia and locally in the capillary wall. Inset: staining for C3 shows a similar pattern (immunofluorescence, anti-IgA, 
×125).
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The etiopathogenesis of essential mixed cryoglobulinemia without 
HCV infection has not been clarified, but polyclonal B-cell activation 
and/or antigen-/superantigen-driven B-cell activation have been sug-
gested. More insight has been obtained into the etiopathogenesis of 
essential mixed cryoglobulinemia associated with HCV infection. 
Various explanations have been proposed for HCV-induced cryoglobu-
lin production. The HCV envelope protein E2 can bind to CD81, which 
is present on hepatocytes and lymphocytes as well, and trigger a poly-
clonal B-cell response. Also, IgG with anti-HCV reactivity can induce 
IgM-RF molecules with a particular cross-idiotype.40 At that stage, low-
titer type III cryoglobulins are present. Next, a single dominant clone-
producing monoclonal IgM-RF emerges, resulting in the production of 
high-titer type II cryoglobulins. This event can result in progression 
into a malignant B-cell lymphoma. B-cell proliferation particularly 
occurs within the CD5-positive subtype, which is a dominant B-cell 
type in (other) autoimmune diseases as well. Thus, it seems that IgG 
anti–HCV-core antibodies select a particular RF repertoire. This 
explains the presence of HCV-related proteins in the skin blood vessels 
of patients with type II mixed cryoglobulinemia.41

The clinical manifestations of (HCV-related) essential mixed cryo-
globulinemia comprise purpura, arthritis/arthralgia, peripheral neu-
ropathy, and nephritis. The full-blown spectrum of the disease is seen 
in association with type II cryoglobulins. HCV proteins are present in 
the dermis and epidermis, but vascular damage develops in the pres-
ence of IgM and IgG molecules only, in conjunction with complement 
deposition. Endothelial activation with upregulation of adhesion mol-
ecules will attract neutrophils, leading to leukocytoclastic vasculitis. 
Within the kidney, subendothelial cryoglobulin deposition results in 
membranoproliferative glomerulonephritis type I, occurring in 20% to 
30% of patients (Fig. 150.4). Here also, HCV core proteins can be 
detected. Vasculitis of small- and medium-sized renal arteries occurs 
in one third of them.42 Focal, immune complex–mediated glomerulo-
nephritis may occur in type III cryoglobulinemia and is much milder 
than in type II cryobulinemia. Neuropathy has been considered to 
result from vasculitis of the vasa nervorum.

ANCA-associated vasculitides
In contrast to HSP and cryoglobulinemic vasculitis, immune deposits 
in ANCA-associated vasculitis, microscopic polyangiitis (MPA), and 
Churg-Strauss syndrome (CSS) are generally, but not always, absent at 
the lesional sites.43 The latter disorders are characterized by the pres-
ence of autoantibodies against cytoplasmic constituents of neutrophils 
and monocytes, designated as ANCAs (Fig. 150.5). ANCAs in the 
vasculitides are directed either to proteinase 3 (PR3), a third serine 
protease, besides elastase and cathepsin G, in neutrophil granules or 
to myeloperoxidase (MPO).44-46 Three lines of evidence suggest, but do 
not prove, that PR3-ANCAs and MPO-ANCAs are involved in the 
pathogenesis of their associated disorders.

First, PR3-ANCA and MPO-ANCA are closely associated with WG, 
MPA, and CSS. Diagnostic sensitivity and specificity, as derived from 
several studies, are given in Table 150.3. In CSS, MPO-ANCAs are 
associated with typical vasculitic lesions, whereas in the absence of 
ANCAs, eosinophilic infiltration, generally without apparent small-
vessel vasculitis, predominates.47 Furthermore, increase in levels of 
ANCAs has been shown to precede relapses of the associated disease. 
The predictive value of an increase in ANCA titer in patients with WG 
as measured by indirect immunofluorescence (IIF) was given as 57% 
and for PR3-ANCAs measured by enzyme-linked immunosorbent 
assay (ELISA) as 71%.48 Otherwise, 43% of patients with a rise in 
ANCAs by IIF and 29% with a rise in PR3-ANCAs by ELISA did not 
relapse.48 These data have, however, not been confirmed in other 
studies.49,50 Also, patients who are persistently positive for PR3-ANCAs 
after induction of remission have a higher chance for ensuing 
relapses.51-53 Thus, PR3-ANCAs/MPO-ANCAs are certainly associated 
with WG, MPA, and, to a lesser extent, CSS, but this association, 
particularly in relation to relapsing disease, is far from absolute.

Second, in-vitro studies showed that ANCAs are able to stimulate 
neutrophils, primed with low doses of proinflammatory cytokines, to 
the production of reactive oxygen species and the release of lytic 
enzymes.54 In various in-vitro systems, ANCAs are able to induce 
adherence of neutrophils to endothelial cells and to stimulate neutro-
phils to lyse endothelial cells or to induce detachment of these cells.55 

molecules connected by a J protein). Total serum IgA is increased in 
around 50% of patients with HSP, and this increase concerns both 
monomeric IgA1 and polymeric IgA1.29 Increase in IgA has been related 
to increased production due to stimulation of the mucosal immune 
system. However, no consistent antigen(s) have been detected in the 
immune deposits.29,30 Otherwise, precipitation and induction of relapse 
of HSP has been associated with microbial infections, drugs, and food 
antigens.30

Whether primary disturbances in immunoregulation underlie 
increased IgA production in HSP is not clear. Besides increased produc-
tion, impaired clearance of IgA1 has been demonstrated.31 It should be 
noted that high levels of IgA1 in themselves do not result in HSP. In 
patients with IgA1-myeloma or HIV-infection with increased IgA, pre-
cipitation of HSP has not been observed. Abnormal glycosylation of 
IgA, particularly in the hinge region of the molecule, has been incrimi-
nated as a causal factor for abnormal clearance and formation of com-
plexes of IgA with fibronectin, lectin, IgG, and IgA1 itself (resulting in 
polymeric IgA1).32 Abnormal glycosylation of IgA is particularly present 
in patients with nephritis as part of HSP.33 It has been suggested that 
this abnormal glycosylation constitutes neoepitopes on IgA1 that 
induce IgG class antibodies that complex with abnormally glycosylated 
IgA. These complexes could be pathogenic factors in HSP nephritis and 
IgA nephropathy by activating mesangial cells.34

How do increased levels of IgA and/or abnormally structured IgA 
result in immune complex–mediated vasculitis? Both immune complex 
deposition from the circulation and in-situ complex formation may 
play a role, because in 50% of patients circulating immune complexes 
are not demonstrable. Polymeric IgA1 can interact with Fc-α receptors 
on mesangial cells and activate these cells, resulting in mesangial 
glomerulonephritis. Otherwise, subendothelial deposition or in-situ 
complex formation can result in complement activation either via the 
alternative pathway with deposition of properdin and/or via the man-
nan-binding lectin pathway.28,35 Co-precipitation of IgG and/or IgM 
may incidentally lead to complement activation via the classical 
pathway as well. Subendothelial deposition results in endocapillary 
proliferation and crescent formation in the kidneys.

Leukocytoclastic vasculitis in the skin and gastrointestinal tract in 
HSP is induced by subendothelial immune deposition, resulting in 
endothelial activation with upregulation of adhesion molecules. 
Recruitment of neutrophils is further stimulated via production of 
chemokines such as IL-8 by activated endothelial cells. Polymeric IgA 
or IgA-complexes may activate these neutrophils additionally. In this 
respect, the larger size of IgA complexes and the higher content of IgG 
in HSP as compared with IgA nephropathy might explain the systemic 
nature of the vasculitis in the former condition.36

Cryoglobulinemic vasculitis
Cryoglobulinemic vasculitis is defined according to the CHCC classi-
fication as “vasculitis with cryoglobulin immune deposits affecting 
small vessels and associated with cryoglobulins in serum.”1

The main element in the pathogenesis of this disorder is the pres-
ence of cryoglobulins that are cold-precipitable immunoglobulins. 
Three types of cryoglobulins are detectable37:

Type I, in 10% to 15% of patients, consists of monoclonal IgM-RF 
and originates in the context of a lymphoproliferative or myelo-
proliferative disease.

Type II, occurring in 50% to 60% of patients, consists of monoclonal 
IgM-RF and polyclonal IgG.

Type III, found in 30% to 40% of patients, consists of polyclonal 
IgM-RF and polyclonal IgG.

Type II and type III cryoglobulins are collectively referred to as “mixed 
cryoglobulins.” These mixed cryoglobulins have been detected during 
chronic bacterial and viral infections and as part of (systemic) autoim-
mune diseases, in particular in Sjögren syndrome. The remaining, 
idiopathic, cases were designated as “essential” mixed cryoglobuline-
mia. It became, however, apparent that many cases of essential mixed 
cryoglobulinemia were related to hepatitis C virus (HCV) infection.38 
The percentage of HCV-related cases differs between areas, ranging 
from 40% to 100%, with a 90% association in the Mediterranean 
countries.39
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controls, and within a cohort of patients with WG higher expression 
is associated with more frequent relapses.57 Thus, both availability of 
the autoantigens on the surface of neutrophils, in particular PR3, as 
well as the neutrophil activating potential of ANCA appear to be 
involved in necrotizing vasculitis as based on in-vitro studies.

The third and strongest argument for pathogenicity of ANCAs is 
derived from experimental studies in animals. Whereas prior animal 
models already suggested a pathogenic role for MPO-ANCAs,58 a more 
recent model has directly demonstrated this role.59 In this model an 
MPO-directed immune response was induced by immunizing MPO-
deficient mice with mouse MPO. IgG or splenocytes of these mice were 
transferred into immunodeficient mice or wild-type mice. This resulted 
in the development of (focal) necrotizing glomerulonephritis and pul-
monary capillaritis, which was augmented by the simultaneous injec-
tion of lipopolysaccharide (Fig. 150.6). This model strongly suggests a 
direct pathogenic effect of MPO-ANCAs. Also, a rat model of anti-
MPO–associated vasculitis demonstrated the in-vivo potential of anti-
MPO to interfere with leukocyte/endothelial interaction and to cause 
microvascular damage.60 However, a comparable approach as described 
earlier for anti-MPO–associated vasculitis but now using PR3-deficient 
mice did not result in necrotizing vasculitis but in augmentation of a 
locally induced inflammatory response only.61

In summary, although difficult to prove, the currently available data 
certainly suggest that ANCAs are pathogenic (Fig. 150.7).

The interaction between ANCAs and neutrophils occurs via binding 
of their F(ab′)2-fragment to PR3 or MPO expressed on the neutrophil 
surface as well as by binding of their Fc-fragments to Fcγ receptors on 
the neutrophils. The pathways and signal transduction routes involved 
in ANCA-induced neutrophil activation have been further elucidated 
as possible targets for treatment.56 A percentage of peripheral blood 
neutrophils express PR3, with or without priming, and this percentage 
differs between individuals and seems genetically determined. Interest-
ingly, this percentage is higher in patients with WG than in healthy 

a b

Fig. 150.4 Essential type II cryoglobulinemia. (a) Diffuse proliferation of mesangial cells and subendothelial deposition of eosinophilic material with or without 
mesangial (matrix) interposition (silver methenamine, H&E, ×125). (b) Anti-C3 polyclonal antibodies. Diffuse glomerular granular deposition of immune 
complexes consisting of IgG, IgM, and C1q (not shown) as well as C3 in the mesangial area is seen as well as subendothelial deposition and occasionally 
intracapillary aggregates (immunofluorescence, ×125).

a b

Fig. 150.5 Staining of cytoplasmic components of ethanol-fixed neutrophils by indirect immunofluorescence using a serum sample from a patient with active 
ANCA-associated granulomatous vasculitis and antibodies to proteinase 3. (a) A characteristic granular pattern of fluorescence (c-ANCA) is seen. (b) This 
fluorescence pattern is different from the perinuclear pattern that can be produced by serum samples from patients with anti-MPO antibodies (p-ANCA).

TABLE 150.3 DISEASE ASSOCIATIONS OF PR3-ANCA AND MPO-ANCA

Disease entity

Sensitivity of 

PR3-ANCA (%) MPO (%)

Wegener granulomatosis 66 24

Microscopic polyangiitis 26 58

Idiopathic crescentic 
glomerulonephritis

30 64

Churg-Strauss syndrome <5% 40
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(see Table 150.3). Recently, peptides encoded by RNA that shows 
complementarity to RNA encoding for PR3 have been shown to induce  
PR3-ANCAs by as yet unknown mechanisms.64 Peptides from this 
so-called complementary PR3 (cPR3) showed homology to several 
microbial peptides, among which are peptides from S. aureus.64 Also 
other observations connect upper airway inflammation with S. aureus 
carriage and PR3-ANCAs. Analysis of the immunoglobulin gene  
repertoire as present in granulomatous lesions in the upper airway 
showed a predominance of VH

3-positive B cells with affinity for both 
PR3 and the S. aureus–derived B-cell superantigen staphylococcal 
protein A (SPA).65 Thus, several lines of evidence suggest that upper 
airway inflammation with persistence of S. aureus may induce germi-
nal center formation with affinity maturation of PR3-ANCAs produc-
ing B cells.

PR3-ANCAs are strongly associated with WG, although MPO-
ANCAs may occur as well (see Table 150.3). Within cohorts of patients 
with ANCA-associated vasculitis, patients positive for PR3-ANCAs 
show more granulomatous inflammation, more widespread organ 
involvement, and a faster decline in renal function compared with 
patients positive for MPO-ANCAs.66 In addition, data from experimen-
tal animal experiments suggest a direct pathogenic effect of MPO-
ANCAs but not of PR3-ANCAs (see earlier).59 Thus, both clinically 
and experimentally, PR3-ANCA–associated disease differs form MPO-
ANCA–associated vasculitis. However, this clinical distinction between 
PR3-ANCA– and MPO-ANCA–associated disease is far less apparent 
in cohorts from east Asian countries.67

The granulomatous inflammatory lesions in WG indicate involve-
ment of cellular immune responses. Although the target(s) of these 
immune responses are not yet known, persistent T-cell activation with 
predominance of effector memory T cells is present in WG also during 

Recently, a new autoantibody has been described in patients with 
pauci-immune necrotizing crescentic glomerulonephritis (NCGN), the 
renal manifestation of ANCA-associated vasculitis.62 This antibody is 
directed against lysosomal membrane protein-2 (Lamp-2) and seems 
both sensitive and specific for pauci-immune NCGN, although these 
data should be confirmed.63 Anti–Lamp-2 antibodies are able to induce 
pauci-immune focal NCGN in an animal model. Furthermore, an 
epitope of human Lamp-2 shows 100% homology with a bacterial 
adhesin from gram-negative bacteria. These data suggest that bacterial 
peptides may induce a pathogenic autoantibody that results in the renal 
manifestations of ANCA-associated vasculitis (Fig. 150.8).

IMMUNOPATHOGENESIS OF MAJOR SMALL-
VESSEL VASCULITIDES
Wegener granulomatosis
The etiology of WG is not known. The initial phase of the disease is 
frequently characterized by ongoing (destructive) inflammation in the 
upper airways. This localized form of the disease may persist, but the 
disease may also progress to (or directly manifest as) a generalized 
form. Relapses also frequently start with otorhinolaryngologic symp-
toms and grumbling disease is, mostly, apparent in this region as  
well. This suggests the initial trigger to be localized in the upper 
airways. Wegener considered the disease as a pathergic reaction to an 
environmental factor. This factor has not yet been defined, but chronic 
nasal carriage of Staphylococcus aureus is present in 60% of patients 
with WG compared with 20% in controls and is associated with a 
relapsing course.51 If this association is based on a causal relationship, 
it is, presently, not clear. WG is strongly associated with PR3-ANCAs 

a b c

d e f

Fig. 150.6 Glomerular lesions in Rag2− mice 6 days after receiving anti-MPO IgG. (a) Glomerulus with no lesions. (b) Segmental fibrinoid necrosis (arrow). (c) 
Segmental fibrinoid necrosis with an adjacent small cellular crescent (arrow). (d) Large circumferential cellular crescent (between arrows) completely surrounding 
a glomerulus. (e) Immunofluorescence microscopy for fibrin showing prominent staining corresponding to segmental necrosis and crescent formation. (f ) 
Immunofluorescence microscopy for IgG showing a paucity of segmental staining corresponding to an area of segmental necrosis. Masson trichrome staining for 
light microscopy is shown. (From Xiao H, Heeringa P, Hu P, et al. Antineutrophil cytoplasmic autoantibodies specific for myeloperoxidase cause glomerulonephritis and 
vasculitis in mice. J Clin Invest 2002;110:955-963, with permission.)
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between clinical and histopathologic findings in MPA and lesion devel-
opment in in-vivo experimental models. Also, the occurrence of MPA 
in a neonate born from a mother with MPO-ANCAs strongly suggests 
that transplacental transfer of IgG-class MPO-ANCAs can induce this 
disease.72

Interestingly, anti–glomerular basement membrane (GBM) antibod-
ies are found in around 30% of patients with MPO-ANCA–associated 
vasculitis. This subset of patients has more severe renopulmonary 
disease and a poorer prognosis than patients with MPO-ANCAs only.73 
The direct pathogenic effect of anti-GBM antibodies has been proven 
in clinical and experimental studies. In all likelihood, both anti-GBM 
antibodies and MPO-ANCAs contribute to lesion development in this 
subset.

Churg-Strauss syndrome
Within the spectrum of ANCA-associated vasculitides, ANCAs occur 
less frequently in CSS. Around 40% of patients are positive, in most 
cases for MPO-ANCAs.47 The presence of ANCAs in CSS is associated 
with small-vessel vasculitis clinically apparent as purpura, mononeu-
ritis multiplex, necrotizing glomerulonephritis, and pulmonary hemor-
rhage. This suggests that CSS includes two disease entities, one 
associated with ANCA and characterized by small-vessel vasculitis and 
the other being ANCA negative and characterized by tissue infiltration 
by eosinophils (Table 150.4). In the former subset, pathogenic events 
follow pathways as mentioned for MPO-ANCA–associated MPA. The 
latter subset more resembles the hypereosinophilic syndrome in which 
clonal or T-cell–driven polyclonal expansion of eosinophils with tissue 
infiltration and release of toxic products by these cells play a major role 
in pathogenesis.47

remission.68 Relapses coincide with an increase in levels of soluble IL-2 
receptor, reflecting increase in T-cell activation. In terms of cytokine 
production, T-helper-1 cells seem to predominate, although this has 
not been consistently found.65 More recent studies show that effector 
memory T cells, probably with a cytokine pattern consistent with 
Th-17 cells, are continuously present also during quiescent disease  
and localize in target tissues such as the kidneys when the disease 
becomes active.69,70 Furthermore, functional deficiencies in regulatory 
T cells have been suggested in WG.71 In conclusion, current data 
suggest an exogenous trigger as the inducing agent in WG followed  
by immune activation with generation of PR3-ANCAs as well as 
T-effector cells.

Microscopic polyangiitis
MPA, in contrast to classic polyarteritis nodosa, is an ANCA-associ-
ated disease characterized by small-vessel vasculitis with frequent 
involvement of the kidneys (pauci-immune NCGN) and, somewhat 
less frequently, the lungs (pulmonary capillaritis). Their combined 
involvement results in a renopulmonary syndrome. ANCAs are in the 
majority of patients directed against MPO (see Table 150.3). There is 
increasing evidence from experimental animal models that MPO-
ANCAs are pathogenic, as discussed earlier.59 With respect to the 
mechanisms involved, a recent rat model of MPO-ANCA–induced 
renopulmonary syndrome showed that MPO-ANCAs induce leukocyte 
firm adhesion and transmigration, leading to microvascular injury.60 
After injection of immunoglobulin fractions with MPO-ANCAs in 
naive rats, endothelial injury with postcapillary venular hemorrhage 
was observed. All of these data strongly suggest a direct pathogenic role 
for MPO-ANCAs in MPA as based on studies that show similarities 

REPRESENTATION OF ANCA-MEDIATED NEUTROPHIL RESPONSES THAT ARE PUTATIVELY
INVOLVED IN THE PATHOGENESIS OF ANCA-ASSOCIATED SMALL-VESSEL VASCULITIS

Neutrophil

Priming

(a)

(b)

(c)

(d)

(a)

Infection ANCA

Vasculitis

Release of
proinflammatory

cytokines

+ +

ANCA antigen
CD11b
ICAM-1
Cytokine receptor
Fc receptor
Cytokine

O2*O2*O2*

O2* O2*

O2*

O2*
O2*

Fig. 150.7 Representation of ANCA-mediated 
neutrophil responses that are putatively involved in 
the pathogenesis of ANCA-associated small-vessel 
vasculitis. (a) Proinflammatory cytokines and 
chemokines (e.g., tumor necrosis factor-α) released 
as a result of local or systemic infection cause 
upregulation of endothelial adhesion molecules 
(e.g., selectins, ICAM-1, and VCAM) and prime the 
neutrophil. (b) Neutrophil priming causes 
upregulation of neutrophil adhesion molecules 
(CD11b) and translocation of the ANCA antigens 
from their lysosomal compartments to the cell 
surface. (c) Engagement of the F(ab′)2 portion of 
ANCA with ANCA antigens on the cell surface and 
interaction of the Fc part of the antibody with Fc 
receptors activates the neutrophil, causing 
increased neutrophil-vessel wall adherence and 
transmigration. (d) ANCA-mediated neutrophil 
activation also triggers reactive oxygen radical 
production and possibly causes neutrophil 
degranulation, with consequent release of 
proteolytic enzymes, leading to vasculitis. 
(Reprinted from Heeringa P, Huugen D, Tervaert JW. 
Anti-neutrophil cytoplasmic autoantibodies and 
leukocyte-endothelial interactions: a sticky 
connection? Trends Immunol 2005;26:561-564, with 
permission.)
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IMMUNOPATHOGENESIS OF VASCULITIS OF 
MEDIUM- AND SMALL-SIZED ARTERIES
Within this category, classic polyarteritis nodosa (PAN) and Kawasaki 
disease are the major constituents.

Polyarteritis nodosa
The CHCC defined classic PAN as “necrotizing inflammation of 
medium-sized or small arteries without glomerulonephritis or vasculi-
tis in arterioles, capillaries, or venules.”1 This definition excludes any 
vasculitic condition in which arterioles, capillaries, and venules are 
involved. As such, many conditions previously described as PAN are 
now designated as microscopic polyangiitis, making classic PAN a very 
rare disorder. Classic PAN is characterized by segmental necrotizing 
arterial lesions frequently with microaneurysm formation and resulting 
in ischemia, infarction, and hemorrhage.74 Not infrequently, it presents 
as an isolated finding (e.g., as small bowel infarction). Hepatitis B virus 
(HBV)–related PAN, formerly observed in one third of patients with 
PAN, is now rare. This condition presents as an acute disease occurring 
within 6 months of an HBV infection. Abdominal signs, malignant 
hypertension with renal failure, and orchitis are predominant. The 
immunopathogenesis of classic PAN, including HBV-related PAN, has 
been studied to a limited extent. ANCAs are generally absent; immune 
deposits are detected particularly in HBV-related PAN. Once viral 
replication has stopped and seroconversion has been obtained, the 
disease does not progress or relapse.75 This strongly suggests that HBV-
related PAN is caused by immune complex formation in antigen 
excess. In HBV-negative PAN, immune deposits are frequently absent 
and its immunopathogenesis is presently unclear. Shear stress at arte-
rial bifurcation points may be involved in the location of the lesions 
and microaneurysm formation.

Kawasaki disease
Kawasaki disease is an acute self-limiting form of vasculitis occurring 
in childhood. It starts with fever, conjunctivitis, erythema of lips and 
oral mucosa, and cervical lymphadenopathy, together with an acute-
phase response. Without treatment, coronary vasculitis with aneurysm 
formation develops in 25% of patients.76 Prompt treatment with intra-
venous immunoglobulin reduces this percentage to less than 5%. The 
clinical presentation as well as the epidemiology of the disease strongly 
suggests an infectious origin, but despite many efforts a particular 
microbial pathogen has not been identified. A few pathologic observa-
tions, obtained from postmortem studies, show endothelial activation 
with subendothelial infiltration of mononuclear cells, in particular 
cytotoxic T cells and monocytes/macrophages in the coronary arteries, 
which are a site of predilection in this medium-sized artery vasculitis.77 
This contrasts to the fibrinoid necrosis and neutrophil infiltration seen 
in classic PAN and suggests a viral origin. The finding of oligoclonal 
IgA-producing plasma cells around inflamed coronary arteries also sug-
gests a microbial etiology, more specifically a respiratory virus.78 Previ-
ous studies have pointed toward a role for superantigens in Kawasaki 
disease.79 Superantigens are able to crosslink major histocompatibility 
antigen (MHC) molecules on antigen-presenting cells with particular 
Vβ regions of the T-cell receptor, thereby activating subsets of T cells 
that carry that particular Vβ region. During the acute phase of the 
disease, T cells from the peripheral blood show an expansion of Vβ2- 
and Vβ8 T-cell receptor families, suggesting stimulation by staphylo-
coccal- or streptococcal-derived superantigens. These superantigens in 
vivo can bridge MHC class I– and II–expressing endothelial cells with 
CD8+ and CD4+ T cells. However, levels of antibodies to staphylo-
coccal and streptococcal superantigens did not differ between patients 
with Kawasaki disease and healthy controls.80 As mentioned earlier, 
intravenous immunoglobulin is an effective treatment in the acute 
phase to reduce the occurrence of coronary artery aneurysms. The 
efficacy of intravenous immunoglobulin might give a clue to the immu-
nopathogenesis of Kawasaki disease but no consistent explanations 
have been given. Thus, at present Kawasaki disease seems to arise from 
an aberrant immune response to as yet undefined microorganism(s) in 
a genetically susceptible host.81

PUTATIVE MECHANISM OF hLamp-2 INDUCED
GLOMERULAR ENDOTHELIAL INJURY

Infection with fimbriated
bacteria (e.g., Klebsiella, E. coli )

Molecular
mimicry

Anti-Lamp2

Glomerular
endothelium

ROS production
Degranulation

Vasculitis
Apoptosis

Lamp2 e-selectin

FimH
aa 72–80

Lamp2
P41–49
epitope

Neutrophil

Fig. 150.8 Putative mechanism of hLamp-2 induced glomerular endothelial 
injury. Infection with fimbriated bacteria induces generation of antibodies to 
an epitope shared by the bacterial adhesion FimH and human lysosomal 
membrane associated protein 2 (Lamp-2). Autoantibodies to Lamp-2 bind to 
neutrophils and activate these cells causing shape changes and degranulation. 
In addition, Lamp-2 autoantibodies bind to glomerular endothelial cells 
resulting in upregulation of E-selectin and eventually causing endothelial cell 
apoptosis. Ultimately, these processes lead to glomerular capillary injury 
progressing to focal necrotizing glomerulonephritis. (From Kallenberg CGM, 
Stegeman CA, Heeringa P. Autoantibodies vex the vasculature. Nat Med 
2008;14:1018-1019, with permission.)

TABLE 150.4 HYPOTHETICAL SPECTRUM OF CHURG-STRAUSS SYNDROME 
AS BASED ON THE PRESENCE OF ANTI-NEUTROPHIL CYTOPLASMIC  

AUTOANTIBODIES (ANCA)

ANCA-associated subset ANCA-negative subset

Clinical associations Necrotizing 
glomerulonephritis

Nasal polyposis

Purpura Pulmonary infiltrates

Pulmonary hemorrhage Cardiomyopathy

Mononeuritis multiplex Mono-/polyneuropathy

Eosinophilic gastritis/
enteritis

Histopathology Small-vessel vasculitis Tissue infiltration with 
eosinophils

Pathogenesis ANCA-related Toxic products from 
eosinophils

From Kallenberg CGM. Churg-Strauss syndrome: just one entity. Arthritis Rheum 
2005;52:2589-2593.
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PATHOGENESIS OF GIANT CELL ARTERITIS
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Fig. 150.9 Pathogenesis of giant cell arteritis. (a) Activation and trapping of dendritic cells in the arterial adventitia generate the conditions required for the 
recruitment and stimulation of antigen-specific T cells. CD4+ T cells that enter the microenvironment of the arterial wall interact with dendritic cells and begin 
secreting cytokines. Interferon-γ is a critical cytokine that regulates the differentiation and function of macrophages. The functional commitment of the 
macrophages in the vascular infiltrates is closely linked to their location in the arterial wall. Macrophages in the adventitial layer supply the inflammatory 
cytokines interleukin-1 and interleukin-6. Macrophages in the media secrete metalloproteinases and play a critical part in oxidative injury through the 
production of reactive oxygen intermediates. (b) Three aspects of oxidative damage in the media are shown. Protein nitration occurs in endothelial cells lining 
neocapillaries. Toxic aldehydes are formed in the process of lipid peroxidation, and smooth-muscle cells undergo apoptosis. In parallel, reactive oxygen 
intermediates also trigger cellular activation, as exemplified by the induction of aldose reductase. (c and d) The response of the artery to injury is shown. 
Arteritis does not necessarily result in luminal stenosis and may proceed without compromising blood flow (c). In patients with ample production of platelet-
derived growth factor and vascular endothelial growth factor, rapid and exuberant intimal hyperplasia ensues, causing lumen-occlusive arteritis (d). Accordingly, 
the clinical presentation of arteritis may or may not include ischemic complications. (From Weynand CM, Goronzy JJ. Medium- and large-vessel vasculitis. N Engl J 
Med 2003;349:160-169, with permission.)
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IMMUNOPATHOGENESIS OF LARGE- 
VESSEL VASCULITIDES
In contrast to the necrotizing small- and medium-sized vessel vascu-
litides, the large-vessel vasculitides are not dominated by polymorpho-
nuclear cell infiltration but show a cellular immune response with 
infiltration of monocytes/macrophages and T cells. The two major 
diseases in this group are giant cell arteritis (GCA), also designated as 
temporal arteritis, and Takayasu arteritis.

Giant cell arteritis
GCA is defined by the CHCC as “granulomatous arteritis of the aorta 
and its major branches, with a predilection for the extracranial branches 
of the carotid artery; it often involves the temporal artery, occurs 
usually in patients more than 50 years old and is often associated with 
polymyalgia rheumatica.”1

GCA is histopathologically characterized by mononuclear infiltrates 
in all layers of the arterial wall in conjunction with activated T cells. 
Macrophages and T cells are present in granuloma formation, and 
multinucleated giant cells are localized close to the fragmented internal 
elastic lamina. Proliferation of the intima results in occlusive 
vasculopathy.

Insight into the immunopathogenesis of GCA stems mainly from 
the pioneering work of Weyand and Goronzy.82,83 These researchers 
attributed an initiating and central role of dendritic cells in the immu-
nopathogenesis of GCA. Immature dendritic cells, lacking the co-
stimulatory molecules CD80 and CD86, are present in the adventitia 
of arteries and, by lack of co-stimulation, tolerize T cells that recognize 
(auto)antigens presented by these dendritic cells localized in the adven-
titial area.84 Immature dendritic cells can be activated, in vitro and in 
vivo, by stimulants such as lipopolysaccharide, resulting, among others, 
in the expression of co-stimulatory molecules (CD80/86) and the 
capacity to activate T cells. Whereas dendritic cells in the adventitia 
of arteries from healthy controls are immature, temporal arteries from 
patients with polymyalgia rheumatica without inflammatory changes 
display mature dendritic cells in their adventitia. These dendritic cells, 
in contrast to adventitial dendritic cells from controls, are able to acti-
vate T cells derived from GCA lesions, as shown in experiments in 
mice with severe combined immunodeficiency in which the respective 
temporal arteries were implanted and T cells adoptively transferred.85 
Thus, in-situ maturation of dendritic cells in the adventitia seems an 
initial event in the immunopathogenesis of GCA. How these dendritic 
cells get activated is presently unknown. The second element is con-
stituted by CD4+ T cells that interact with these mature DC. The 
crucial question as to what these T cells recognize has not been 
answered. Autoantigens and various microorganisms, in particular 

parvovirus, varicella-zoster virus, and Chlamydia, have been suggested 
but not substantiated. Mature dendritic cells in the adventitial layer of 
the temporal artery produce the chemokines CCL19 and CCL21 and 
express receptors for these chemokines as well.84 This keeps the den-
dritic cells in situ instead of migrating into regional lymph nodes and 
allows the local interaction with CD4+ T cells.85

Activation of T cells leads to a Th-1 type response, via dendritic 
cell–derived IL-18, with massive production of interferon-γ (IFN-γ), 
followed by the generation of granulomas that mainly localize in the 
media. Here, macrophages are activated by IFN-γ and produce reactive 
oxygen species, nitric oxide via upregulation of iNOS (inducible nitric 
oxide synthase), and metalloproteinases. Interferon-γ also induces the 
generation of multinucleated giant cells that contribute to the produc-
tion of PDGF and, in particular, VEGF.

The response to injury of the arterial vessel wall determines the 
level of occlusion in affected arteries and the occurrence of ischemic 
lesions. VEGF production results in neovascularization in the media 
and intima, allowing further proliferation of myofibroblasts, a process 
that is also dependent on PDGF production (Fig. 150.9).86

Besides this cellular immune response that results in arteritis of the 
extracranial branches of the aorta, a systemic inflammatory response 
is characteristic for GCA as well. This inflammatory response is com-
parable to that occurring in polymyalgia rheumatica in which large-
vessel arteritis is, as far as we know, lacking. It is initiated by 
proinflammatory cytokines, in particular IL-1 and IL-6, and apparent 
in the production of acute-phase proteins by the liver such as C-reactive 
protein. There is evidence that these proinflammatory cytokines are 
mainly produced by circulating monocytes, but how these cells are 
stimulated in GCA and polymyalgia rheumatica is presently unknown.87

Takayasu arteritis
Takayasu arteritis is defined by the CHCC as “granulomatous inflam-
mation of the aorta and its major branches, usually occurring in 
patients younger than 50.”1 This disease, which is in several ways 
comparable to GCA, occurs far more frequently in people from Japan, 
Southeast Asia, India, and Mexico than in whites, in whom GCA 
predominates. These racial differences suggest genetic backgrounds, 
but specific genes have not been identified besides weak human  
leukocyte antigen associations. Immunohistopathologic analysis of the 
infiltrates in acute phases of the disease points toward a cellular 
immune response with infiltration of both CD4+ T cells, natural  
killer cells, and CD8+ cytotoxic T cells.88 Further analysis shows a 
restricted usage of T-cell receptor αβ genes in lesional tissue. This may 
suggest a specific antigen or a superantigen being operative in this 
disease.89 The nature of this (super)antigen has, however, not been 
identified.
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commoner than cPAN, a disease of mainly medium-sized arteries 
rarely associated with ANCAs and not infrequently linked to hepatitis 
B infection.

In response to these evolutionary changes in our understanding of 
the vasculitides, this chapter will compare and contrast classification 
systems/criteria and epidemiology of both diseases before describing 
the clinical features and treatment first of the more common condition 
MPA and then of the rarer disease cPAN.

CLASSIFICATION
The classification of the vasculitides remains confusing and controver-
sial because there is overlap in the clinical expression of the different 
vasculitic syndromes. For practical purposes, classification generally 
reflects dominant vessel size and ANCAs (Table 151.1).4 The primary 
systemic vasculitides form a separate group because they:

● Often involve small and sometimes medium-sized arteries
● Are most frequently associated with ANCAs
● Are associated with a high risk of glomerulonephritis
● Respond well to immunosuppression with cyclophosphamide

The etiology of these diseases is probably unrelated to immune 
complex formation, in contrast to pure small vessel vasculitis such as 
Henoch-Schönlein purpura and essential mixed cryoglobulinemia. 
PAN, being predominantly a disease of medium vessels lacking associa-
tion with ANCAs, is placed in a group distinct from the primary sys-
temic vasculitides.

In 1990, the ACR produced classification criteria for seven types of 
systemic vasculitis including PAN but not MPA. These criteria are 
presented in Table 151.2. The sensitivity of these criteria was 82.2%, 
with a specificity of 86.9%.5 Application of the criteria to a series 
of patients with primary systemic vasculitides confirms the poor speci-
ficity of these criteria.6 The criteria are not without their problems; 
they were validated against patients known to have vasculitis but  
not against patients prior to the diagnosis of vasculitis or other sys-
temic illnesses. Their reliability when used in patients in whom vas-
culitis is only suspected is poor.7 Furthermore, they did not consider 
ANCAs.

The CHCC provided definitions for both cPAN and MPA (Table 
151.3). The CHCC clearly distinguished cPAN and MPA for the first 
time; cPAN was defined as a disease predominantly affecting medium 
or small arteries, whereas MPA was a condition of smaller microscopic 
vessels. A consequence of this is that cPAN has become very uncom-
mon. The CHCC only provided definitions and not formal classifica-
tion criteria; the lack of criteria for MPA has resulted in the CHCC 
definitions being used to classify patients. The application of both the 
ACR (1990) criteria and the CHCC definitions to cohorts of patients 
reveals considerable overlap, especially between MPA and the other 
AAVs (WG and CSS) (Fig. 151.1). This can lead to difficulties in com-
paring different case series. An algorithm has been developed using 
both the CHCC and ACR systems to try and reconcile these 
differences.7

A further problem is that the criteria were developed for use in 
adults. A Paediatric Rheumatology European Society/European League 
Against Rheumatism (PReS/EULAR) working group has developed pro-
posed classification criteria for pediatric PAN (Table 151.4).8 These 
criteria do not include hepatitis B virus (HBV) infection because  
HBV is rarely a cause of PAN in children with improved vaccination 
protocols.

Polyarteritis nodosa and 
microscopic polyangiitis
Richard Watts and David G. I. Scott

CLASSIC POLYARTERITIS NODOSA
 Classic polyarteritis nodosa (cPAN) is a necrotizing inflammation of 

medium-sized or small arteries, without glomerulonephritis or 
vasculitis in arterioles, capillaries, or venules.

 It presents as organ infarction, is not associated with antineutrophil 
cytoplasmic antibodies (ANCAs), often occurs secondary to 
hepatitis B virus infection, and is much less common than 
microscopic polyangiitis.

 Patients with cPAN may need treatment with antiviral therapies 
and/or plasma exchange.

MICROSCOPIC POLYANGIITIS
 Microscopic polyangiitis is a necrotizing vasculitis with few or no 

immune deposits affecting small vessels (capillaries, venules, 
arterioles). Necrotizing arteritis involving small and medium-sized 
arteries may be present. Necrotizing glomerulonephritis is very 
common. Pulmonary capillaritis often occurs.

 It may present acutely as renal failure due to rapidly progressive 
glomerulonephritis.

 Pulmonary hemorrhage is a common feature.
 Peak age at onset is 65 to 75 years.
 It is typically associated with myeloperoxidase (MPO)-ANCAs.
 It responds well to cyclophosphamide but relapse is common.

INTRODUCTION
The systemic vasculitides are a heterogeneous group of multisystem 
disorders characterized by inflammation and necrosis of small and 
medium-sized blood vessels. The first cases of vasculitis were reported 
in the mid 1800s with the description of peri(poly)arteritis nodosa 
(PAN), a term later used collectively to describe a whole spectrum of 
vasculitic diseases particularly until the mid 20th century.1 The devel-
opment during the past 30 years of different classification systems and 
the introduction of classification criteria have further developed our 
understanding of these conditions. The American College of Rheuma-
tology (ACR) classification criteria (1990),2 however, did not recognize 
microscopic polyangiitis (MPA). This is unfortunate because MPA cur-
rently has no recognized classification criteria, in contrast to most 
other vasculitides, including PAN. The introduction of antineutrophil 
cytoplasmic antibodies (ANCAs) in the late 1980s with their strong 
links to a group of vasculitides (sometimes called ANCA-associated 
vasculitis [AAV] and including MPA but not PAN) also helped develop 
our understanding of the potential for separating/classifying these 
diseases.

The Chapel Hill Consensus Conference (CHCC; 1994) defined  
the typical features of many of the vasculitides including MPA and  
also ANCA-associated granulomatous vasculitis (WG) and Churg-
Strauss syndrome (CSS) (also closely associated with ANCAs). The 
CHCC used the term classic (c) PAN to help differentiate MPA from 
cPAN,3 and in the 21st century we recognize these two diseases as very 
different clinicopathologic conditions; MPA is usually restricted to 
relatively small blood vessels, strongly linked to ANCAs and much 
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TABLE 151.1 CLASSIFICATION OF SYSTEMIC VASCULITIS

Dominant 
vessel involved Primary Secondary

Large arteries Takayasu arteritis Aortitis associated 
with RA

Giant cell arteritis Infection (e.g., 
syphilis, TB)

Medium 
arteries

Classic PAN* Hepatitis 
B–associated PAN

Kawasaki disease

Medium 
arteries and 
small vessels

ANCA-associated granulomatous 
vasculitis†

Vasculitis secondary 
to RA, SLE

Churg-Strauss syndrome† Sjögren syndrome

Microscopic polyangiitis† Drugs
Infection (e.g., HIV)

Small vessels Henoch-Schönlein purpura Drugs‡

Cryoglobulinemia Hepatitis C associated

Cutaneous leukocytoclastic angiitis Infection

PAN, polyarteritis nodosa; RA, rheumatoid arthritis; TB, tuberculosis; SLE, systemic lupus 
erythematosus; HIV, human immunodeficiency virus.
*As defined by the Chapel Hill Consensus Conference.
†Diseases most commonly associated with ANCA (antimyeloperoxidase and anti-proteinase 3 
antibodies), with a significant risk of renal involvement and that are most responsive to 
immunosuppression with cyclophosphamide.
‡E.g., sulfonamides, penicillins, thiazide diuretics, and many others.
Adapted from Scott DGI, Watts RA. Classification and epidemiology of systemic vasculitis. Br J 
Rheumatol 1994;33:897-899.

TABLE 151.2 1990 CRITERIA FOR THE CLASSIFICATION OF 
POLYARTERITIS NODOSA*

Criterion Definition

 1. Weight loss > 4 kg Loss of 4 kg or more body weight since illness 
began, not due to dieting or other factors

 2. Livedo reticularis Mottled reticular pattern over the skin of 
portions of the extremities or torso

 3. Testicular pain or 
tenderness

Pain or tenderness of the testes, not due to 
infection, trauma, or other causes

 4. Myalgias, weakness, or 
polyneuropathy

Diffuse myalgias (excluding shoulder and hip 
girdle) or weakness of muscles or tenderness 
of leg muscles

 5. Mononeuropathy or 
polyneuropathy

Development of mononeuropathy, multiple 
mononeuropathies, or polyneuropathy

 6. Diastolic BP > 90 mm Hg Development of hypertension with diastolic 
BP > 90 mm Hg

 7. Increased BUN or 
creatinine

Increase in BUN > 40 mg/dL (14.3 mmol/L) or 
creatinine > 1.5 mg/dL (132 mmol/L), not due 
to dehydration or obstruction

 8. Hepatitis B virus Presence of hepatitis B surface antigen or 
antibody in serum

 9. Arteriographic 
abnormality

Arteriogram showing aneurysms or 
occlusions of the visceral arteries, not due to 
arteriosclerosis, fibromuscular dysplasia, or 
other non-inflammatory causes

10. Biopsy of small or 
medium-sized artery

Histologic changes showing the presence of 
small or medium-sized artery containing PMN 
granulocytes or granulocytes and 
mononuclear leukocytes in the artery wall

BP, blood pressure; BUN, blood urea nitrogen; PMN, polymorphonuclear leukocytes 
(granulocytes).
*The traditional format. For classification purposes, a patient with vasculitis shall be said to have 
polyarteritis nodosa if at least 3 of these 10 criteria are present. The presence of any three or 
more criteria yields a sensitivity of 82.2% and a specificity of 86.6%.
Adapted from Lightfoot RW, Michel BA, Bloch DA, et al. The American College of Rheumatology 
1990 criteria for the classification of polyarteritis nodosa. Arthritis Rheum 1990;33:1088-1094.

TABLE 151.3 CHAPEL HILL CONSENSUS CONFERENCE DEFINITIONS FOR 
PRIMARY SYSTEMIC VASCULITIS

Classic 
polyarteritis 
nodosa

Necrotizing inflammation of medium-sized or small 
arteries without glomerulonephritis or vasculitis in 
arterioles, capillaries, or venules

Microscopic 
polyangiitis

Necrotizing vasculitis with few or no immune deposits 
affecting small vessels (capillaries, venules, arterioles). 
Necrotizing arteritis involving small and medium-sized 
arteries may be present. Necrotizing glomerulonephritis 
is very common. Pulmonary capillaritis often occurs.

Adapted from Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic vasculitides: 
proposal of an international consensus conference. Arthritis Rheum 1994;37:187-192.

APPLICATION OF ACR (1990) CRITERIA FOR
VASCULITIS AND CHCC DEFINITIONS TO A

COHORT OF PATIENTS WITH PRIMARY
SYSTEMIC VASCULITIS

22
WG/MPA

17 CSS

0

1
MPA/CSS

1
WG/CSS

33 WG23 MPA

39 MPA

2 PAN only

59 WG

19 CSS

Fig. 151.1 Application of ACR (1990) criteria for Wegener granulomatosis 
(WG), Churg-Strauss syndrome (CSS), and polyarteritis nodosa (PAN) and CHCC 
definitions for WG, microscopic polyangiitis (MPA), CSS, and classic PAN (cPAN) 
to a cohort of 99 patients with primary systemic vasculitis.

TABLE 151.4 EULAR/PReS CLASSIFICATION CRITERIA FOR CHILDHOOD 
POLYARTERITIS NODOSA

A systemic illness characterized by the presence of either a biopsy specimen 
showing small and mid-sized artery necrotizing vasculitis or angiographic 
abnormalities* (aneurysms or occlusions) (mandatory criteria), plus at least two 
of the following:
 Skin involvement (livedo reticularis, tender subcutaneous nodules, other 

vasculitic lesions)
 Myalgia or muscle tenderness
 Systemic hypertension, relative to childhood normative data
 Mononeuropathy or polyneuropathy
 Abnormal urinalysis and/or impaired renal function†

 Testicular pain or tenderness
 Signs or symptoms suggesting vasculitis of any other major organ system 

(gastrointestinal, cardiac, pulmonary, or central nervous system)

*Should include conventional angiography if magnetic resonance angiography is negative.
†Glomerular filtration rate of < 50% normal for age.
From Ozen S, Ruperto N, Dillon MJ, et al. EULAR/PReS endorsed consensus criteria for the 
classification of childhood vasculitis. Ann Rheum Dis 2006;65:936-941.
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phenotype of the patients also followed this pattern.17 There was a 
cluster of MPO-ANCA–positive cases after the Kobe earthquake in 
1995.18

In India there appears to be a different pattern with a preponderance 
clinically of WG (54%) compared with MPA (18%); however, the fre-
quencies of PR3-ANCA (48%) and MPO-ANCA (43%) were almost 
equal.19

In Australia the overall incidence of AAV is similar to that in other 
developed countries, with MPA (2.3/million) less common than WG 
(8.8/million).20

Environmental factors
Environmental factors are probably important in the etiopathogenesis 
of MPA. Two studies have shown a cyclical pattern; in northwest Spain 
periodic peaks of incidence were observed every 3 years.21 In a retro-
spective study from Scandinavia in patients with renal involvement, 
Tidman and colleagues noted peaks every 3 to 4 years.22 These findings 
suggest a possible infectious etiology, but so far no credible candidate 
organism has emerged.

Systemic vasculitis has been associated with exposures to particu-
lates such as silica, quartz, sandstone, and grain dust.23,24 A number 
of drugs have been associated with vasculitis; among those most  
commonly associated are hydralazine, propylthiouracil, allopurinol, 
penicillamine, and sulfasalazine; and many of these are associated  
with MPO-ANCA.25 The clinical phenotype is often similar to 
MPA.

We have conducted a case-control study in Norfolk (England) and 
observed an association between farming and development of AAV.26 
Farming was associated with MPA with an odds ratio of 6.3. It was 
not possible, however, to distinguish between specific farming expo-
sures, but the association was stronger with exposures to livestock than 
crops. This study also confirmed the previously observed associations 
between AAV and silica (odds ratio, 3.0) and solvent exposures23,24 in 
the year the disease developed but not with MPA specifically.

Polyarteritis nodosa
Polyarteritis nodosa is uncommon. Estimates before the introduction 
of modern classification systems showed an annual incidence in a 
general population ranging from 9.0 to 77/million.4 The highest figure 
was observed in a hepatitis B–endemic Alaskan Eskimo population.27 
These figures included MPA, cPAN, connective tissue disease–associ-
ated vasculitis, and Churg-Strauss syndrome. Classic polyarteritis 
nodosa, however, is much less common than previously reported, 
because of the current more strict CHCC definition. In the U.K. epi-
demiology studies, cPAN is very rare, occurring much less frequently 
than MPA at probably less than 1/million per year. In Kuwait the 
annual incidence was much higher at 16.4/million.15 cPAN occurs at 
all ages and is more common in men.

Environmental factors
The major environmental risk factor is HBV infection, which has been 
firmly associated with PAN for 30 years. In areas endemic for HBV 
infection up to 95% of cases are associated with HBV infection.27 In 
France, falling HBV infection rates have been correlated with a decrease 
in HBV-associated PAN.28 In Alaska, HBV-PAN has disappeared from 
the population after the introduction of a vaccination program.29 In 
this population, infection was associated with D genotype HBV.29 
Other viruses such as human immunodeficiency virus (HIV) and par-
vovirus B19 have also been associated with PAN.30,31

CLINICAL FEATURES
Microscopic polyangiitis
The AAVs share clinical features (Table 151.6), and distinguishing 
between them may be difficult. Otorhinolaryngeal involvement is more 
suggestive of WG, whereas pulmonary hemorrhage is more suggestive 
of MPA and asthma with eosinophilia is typical of CSS.

Many patients report a prodromal phase with fever (45%), weight 
loss (35%-60%), myalgia (40%), and arthralgia (30%-60%), which may 
precede the onset of fulminant disease by up to 2 years.32-34

The French study group recently developed criteria for PAN and 
have introduced exclusion or negative criteria (Table 151.5).9 Of the 
original 10 ACR criteria, only 3 were maintained (presence of hepatitis 
B virus antigen, arteriographic abnormalities, and neuropathy). The 
negative criteria were considered not to be features of PAN and if 
present to be indicative of another type of vasculitis. The sensitivity of 
these criteria was 70.6%, and the specificity was 92.3%.

It is worth stressing that there are still no validated diagnostic cri-
teria for MPA or PAN.

EPIDEMIOLOGY
Microscopic polyangiitis
The majority of the data on the incidence and prevalence of MPA has 
come from Europe with studies from the United Kingdom, Spain, 
France, Norway, Sweden, and Germany.4 There is a broad consensus 
that (1) the overall annual incidence is around 5/million, (2) the peak 
age at onset is in those aged 65 to 74 years, (3) it is more common in 
men than women, and (4) it is very rare in childhood.4,10

In a 20-year prospective study of the incidence of primary systemic 
vasculitides in a well-defined population (Norfolk, England), the annual 
incidence of MPA was 4.8/million. In the same population the annual 
incidence of WG was 10.8/million and that of CSS was 3.3/million.11 
In this study conducted between 1988 and 2007 there was no signifi-
cant change in incidence nor were any cyclical changes detected. Data 
from a large population-based study in Schleswig-Holstein (Germany) 
recorded a slightly lower but stable annual incidence of 2.6/million.12 
Comparing the incidence and prevalence in different regions suggests 
that there are some potentially significant differences between MPA 
and WG. A comparative study between groups in Norway, England, 
and Spain in which care was taken to try to classify/define the patients 
in a consistent fashion showed that MPA was more common in Spain 
compared with Norway, whereas WG was more common in Norway 
than Spain.13

Most of the populations studied in Europe have been in predomi-
nantly white patients. In France, a prevalence study from a multiethnic 
urban area reported that the prevalence of primary systemic vasculitis 
(including MPA) was twice as high in individuals of European descent 
(104.7/million) as in non-Europeans (52.5/million).14

In Kuwait, the incidence of MPA in the Kuwaiti population was 18/
million,15 higher than that seen in European populations.

In Japan, approximately 90% of patients with rapidly progressive 
glomerulonephritis are myeloperoxidase (MPO)-ANCA positive and 
79% to 93% of patients with vasculitis are MPO-ANCA positive.16 A 
comparative study of renal vasculitis between Miyasaki (Japan) and 
Norfolk (England) showed that whereas the overall incidence of AAV 
was similar, the patients in Japan were almost exclusively MPO-ANCA– 
positive MPA, with PR3-positive WG very uncommon. The clinical 

TABLE 151.5 THE FRENCH VASCULITIS STUDY GROUP MINIMAL SET OF 
LOW-REDUNDANT PAN-PREDICTIVE CRITERIA

Criterion PAN association

HBV infection Positive

ANCA positivity Negative

Asthma Negative

Ear, nose, and throat signs Negative

Cryoglobulin positivity Negative

Glomerulonephritis Negative

Arteriographic abnormalities Positive

Mono/polyneuropathy Positive

HBV, hepatitis B; ANCA, antineutrophil cytoplasmic antibody.
From Henegar C, Pagnoux C, Puechal X, et al. A paradigm of diagnostic criteria for polyarteritis 
nodosa: analysis of a series of 949 patients with vasculitides. Arthritis Rheum 
2008;58:1528-1538.
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TABLE 151.6 CLINICAL FEATURES OF MICROSCOPIC POLYANGIITIS IN 
COMPARISON WITH ANCA-ASSOCIATED GRANULOMATOUS  

VASCULITIS AND CHURG-STRAUSS SYNDROME

Classification

MPA WG CSS

No. cases 39 57 19

Systemic 92 97 95

Cutaneous 36 48 47

Mucocutaneous 31 58 16

Ophthalmic 23 46 5

Ear, nose, and throat 44 79 53

 Nasal disease 36 68 37

 Deafness/otitis media 13 30 26

Respiratory 44 66 100

 Hemoptysis 28 37 21

 Nodules/cavitation 5 26 5

 Infiltrates/effusion 21 56 21

Abdominal 10 5 16

Cardiovascular system 3 2 26

Renal 95 86 37

 Hypertension 36 28 21

Neurologic 23 26 75

 Central 5 5 21

 Peripheral 21 23 68

Figures expressed as % throughout disease course.
Data from Lane SE, Watts RA, Scott DGI. Primary systemic vasculitis: clinical features and 
mortality. Q J Med 2005;98:97-112.

Fig. 151.2 Pulmonary hemorrhage in microscopic polyangiitis.

Renal involvement
Renal involvement is seen in most patients (up to 90%) with MPA. An 
active urinary sediment may be present, with red cells and red cell casts 
characteristic of glomerular involvement. Rapidly progressive glomeru-
lonephritis is common, and at diagnosis 50% to 100% of patients have 
renal impairment leading to acute or subacute renal failure and up to 
20% require dialysis.32,33,35,36 The mean creatinine concentration at 
presentation is 220 to 574 mmol/L. Proteinuria is common, and, 
rarely, a nephrotic syndrome may develop.

Pulmonary involvement
Pulmonary involvement is common in MPA and may vary clinically 
from mild dyspnea to life-threatening massive pulmonary hemorrhage. 
Pulmonary hemorrhage occurs in up to 30% of patients with MPA33 
and is associated with a worse prognosis.37 Pulmonary fibrosis may 
develop as a consequence of pulmonary hemorrhage.34 Patients present 
with dyspnea and hemoptysis; the chest radiograph shows patchy 
alveolar shadowing (Fig. 151.2). Nodular or cavitating lesions on a 
chest radiograph suggest granulomatous lesions more typical of WG. 
Pulmonary function tests undertaken during active pulmonary hemor-
rhage show a raised transfer factor (Kco), and blood- or hemosiderin-
laden macrophages are found at bronchoalveolar lavage.

Skin involvement
Skin involvement is frequent (36% at diagnosis, 25%-60% overall),33,38 
typically a purpuric rash.33 Nail bed infarcts, splinter hemorrhages, 
livedo, infarction, or ulceration can occur.

Neuropathy
Neuropathy is considered to be less common in microscopic polyangi-
itis than in cPAN or CSS and is reported to be present in up to 30% 
of patients.33 Peripheral neuropathy is more common than a mono-
neuritis multiplex affecting either peripheral or cranial nerves. Cerebral 

vasculitis is rare but may manifest as cerebral hemorrhage, infarction, 
seizures, or headache.

Cardiac involvement
Cardiac involvement is rare (3%), but pericarditis and cardiac failure 
have been reported. This is in contrast to CSS, which is also associated 
with MPO-ANCA, in which cardiac disease is one of the predominant 
features (occurring in 26%).33

Gastrointestinal involvement
Abdominal pain, diarrhea, and gastrointestinal bleeding occur in 30% 
but are less common than in PAN.33,39

Otorhinolaryngeal involvement
Mild symptoms of rhinitis, epistaxis, and sinusitis are compatible with 
a diagnosis of MPA, but severe destructive disease or infiltrative or 
granulomatous disease is not seen and its occurrence is highly sugges-
tive of WG.

Ocular involvement
Florid uveitis, retinal vasculitis, optic neuropathy, and orbital granulo-
mas occur more commonly in WG rather than MPA, in which a mild 
episcleritis may occur in 20%.

Venous thromboembolism
Venous thromboembolism is a common occurrence in MPA, occurring 
in around 7.6% of patients within a median 5.8 months from 
diagnosis.40

Polyarteritis nodosa
There is a spectrum of severity from mild, limited disease to progres-
sive disease that may be fatal. Virtually any organ eventually may be 
affected. Typically, the patient experiences constitutional features of 
fever, malaise, weight loss, and diffuse aching, along with manifesta-
tions of multisystem involvement such as peripheral neuropathy and 
an asymmetric polyarthritis. Visceral involvement, such as the kidney 
or gut, may present coincidentally with these features or may appear 
later. Table 151.7 compares the clinical features of MPA with cPAN.

Cutaneous lesions
Cutaneous lesions include infarctions, ulcerations, livedo reticularis, 
subcutaneous nodules, and ischemic changes of the distal digits (Figs. 
151.3 and 151.4) and occur in 25% to 60% of patients.38 There is no 
difference in the frequency of skin lesions in cPAN compared with 
MPA. Biopsy does not help distinguish MPA from cPAN.38
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TABLE 151.7 DIFFERENTIATION BETWEEN MICROSCOPIC POLYANGIITIS AND POLYARTERITIS NODOSA

Criteria PAN MPA

Histology Type of vasculitis Necrotizing with mixed 
cells, granulomas rare

Necrotizing with mixed cells, not granulomatous

Size of vessels involved Medium and small 
muscular arteries

Small vessels (capillaries, venules, arterioles). Small 
and medium-sized arteries may also be affected.

Distribution and localization

 Kidney Renal vasculitis with renovascular hypertension, 
renal infarcts, and microaneurysms

Yes No

Rapidly progressive glomerulonephritis No Very common

 Lung Lung hemorrhage No Yes

Peripheral neuropathy 50%-80% 10%-30%

Relapses Rare Frequent

Laboratory data pANCA/MPO antibodies Rare (<10%) Common (50%-75%)

HBV infection Yes No

Angiography Microaneurysms, stenosis Yes No

HBV, hepatitis B virus.
Adapted from Guillevin L, Pagnoux C, Teixeira L. Polyarteritis nodosa and microscopic polyangiitis. In: Ball GV, Bridges SL, eds. Vasculitis, 2nd ed. Oxford: Oxford University Press, 2008:335-364.

Fig. 151.3 Livedo reticularis in polyarteritis nodosa. Fig. 151.4 Digital tip infarction in polyarteritis nodosa.

Musculoskeletal features
Arthralgia or arthritis is present in as many as 50% of patients. The 
patient may also present with, or have early in the course of the disease, 
a polymyalgia rheumatica–like syndrome. An asymmetric, episodic, 
non-deforming polyarthritis involving the larger joints of the lower 
extremity may occur in up to 20% of cases, most commonly early in 
the disease.

Neurologic features
Peripheral neuropathy may occur in up to 70% of cPAN and may be 
the initial manifestation. The neuropathy affects the lower extremities 
somewhat more often than the upper extremities. The onset is often 
very acute, with pain and paresthesias radiating in the distribution of 
a peripheral nerve, followed in hours by a motor deficit of the same 
peripheral nerve. This may progress asymmetrically to involve other 
peripheral nerves and produce mononeuritis multiplex or multiple 
mononeuropathy. With additional nerve damage, the final result may 
be a symmetric polyneuropathy involving all sensory modalities and 
motor functions. Less commonly, a slowly evolving distal sensory 
neuropathy or cranial nerve palsy may occur.41 Clinical manifestations 
suggestive of central nervous system (CNS) involvement are much less 
common than those of peripheral nerve involvement, but the two may 

appear together. CNS involvement includes headache, seizures, cranial 
nerve dysfunction, cerebral hemorrhage, and stroke.

Renal involvement
cPAN is usually characterized by vascular nephropathy, without glo-
merulonephritis, in about 35% of patients.42 Multiple renal infarcts, 
the consequence of vascular nephropathy, produce renal failure. Renal 
angiography will frequently show several aneurysms and infarcts. Ure-
teral stenosis and perinephric hematomas (microaneurysm rupture) 
can occur. Hypertension develops as a result of renal artery or, less 
commonly, renal parenchymal involvement. Hypertension, usually 
mild, occurs in 21% to 33% of patients and is particularly associated 
with HBV infection.42

Gastrointestinal involvement
Abdominal pain occurs in up to 70% of patients.39 Features of gastro-
intestinal involvement include abdominal pain, diarrhea, gut hemor-
rhage, and abnormal results of liver enzyme tests. Liver involvement 
is not common clinically, except if associated with hepatitis B. Gastro-
intestinal involvement is among the most serious features of cPAN 
and is associated with a poor prognosis. Abdominal pain due to vascu-
litis may be the first manifestation of vasculitis and presents a particu-
lar challenge.
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PATHOLOGY
Microscopic polyangiitis
The distinguishing features of MPA pathology are found in the kidney 
and lung. The typical renal histologic lesion is a focal and segmental 
glomerulonephritis with fibrinoid necrosis of the glomerular capillary 
wall leading to crescent formation. There is little or no endocapillary 
proliferation. Immunofluorescence shows few or absent immune 
deposits (pauci-immune). These features are similar to the picture seen 
in WG and idiopathic rapidly progressive crescentic glomerulonephri-
tis, although those in MPA tend to show a more chronic pattern with 
more interstitial fibrosis, tubular atrophy, and glomerulosclerosis. Cap-
illaritis is the underlying pathologic feature in the lung and, very 
infrequently, immune deposits are found. Interstitial fibrosis after 
recurrent episodes of alveolar hemorrhage is now well recognized, 
especially in MPO-ANCA–positive patients.37 In the skin there is a 
pauci-immune necrotizing leukocytoclastic vasculitis.

Polyarteritis nodosa
The pathology of polyarteritis consists of focal, necrotizing inflamma-
tory lesions that extend through the wall of small and medium-sized 
arteries (Fig. 151.5). The inflammation is characterized by fibrinoid 
necrosis and pleomorphic cellular infiltration, with predominantly 
macrophages and lymphocytes and variable numbers of neutrophils 
and eosinophils. A significant eosinophilic infiltrate favors the diagno-
sis of CSS. The normal architecture of the vessel wall, including the 
elastic lamina, is disrupted. There may be thrombosis or aneurysmal 
dilation at the site of the lesion. Healed areas of arteritis show prolif-
eration of fibrous tissue and endothelial cells, which may lead to vessel 
occlusion. Lesions at all stages of progression and healing may be seen 
pathologically if sufficient tissue is available for study. The focal nature 
of the inflammation increases the risk of a false-negative biopsy result 
when the tissue sample is small. The finding of a perivascular inflam-
mation or intimal proliferation without fibrinoid necrosis of the arterial 
wall suggests, but does not confirm, the diagnosis of polyarteritis. In 
autopsy studies of patients with cPAN, inflammation in the arcuate 
and interlobar arteries and arterioles of the kidney is frequently found, 
along with evidence of infarction.

LABORATORY TESTS AND ANGIOGRAPHY
The systemic inflammatory nature of MPA and cPAN is reflected in 
the non-specific findings of increased erythrocyte sedimentation rate 
and C-reactive protein, normochromic normocytic anemia, thrombo-
cytosis, and diminished concentrations of serum albumin. Eosinophilia 
is not common and is generally associated with pulmonary involve-
ment in CSS.

Cardiac involvement
Cardiac involvement is common pathologically but is recognized  
less often clinically. Myocardial infarction, when it occurs, is usually 
silent and is due to coronary arteritis. Cardiomegaly occurs in about 
20% of patients. Congestive heart failure develops as a result of coro-
nary insufficiency or severe hypertension (or both). Cardiomyopathy is 
predictive of increased mortality. Endocarditis is not observed in cPAN, 
and its occurrence should alert the clinician to an alternative 
diagnosis.42

Orchitis
Testicular involvement is manifested by pain, but clinical involvement 
indicated by swelling or induration occurs only in a small percentage 
of patients. Orchitis is one of the most characteristic features of  
cPAN42 and is more common in patients with polyarteritis complicated 
by gastrointestinal involvement, in particular, with vasculitis associ-
ated with hepatitis B. It is rarely the first manifestation of the  
disease, is usually unilateral, and is caused by ischemia of the testicular 
artery.

Other features
Pulmonary involvement is so uncommon in cPAN that other causes 
should be sought, especially infection.42 Diffuse involvement of skeletal 
muscle arteries may cause ischemic pain and intermittent claudication. 
Myalgias occur in about 50% of cases of polyarteritis, but generalized 
myopathy and increased creatine kinase concentrations are unusual. 
Venous thromboembolism is less common than in MPA, occurring in 
2.8% of patients.40

Secondary polyarteritis nodosa
Medium-sized vessel vasculitis mimicking polyarteritis may be a mani-
festation or complication of other diseases.43 This secondary vasculitis 
occurs in rheumatoid arthritis, Sjögren syndrome, hairy cell leukemia, 
myelodysplastic syndrome, and other hematologic malignancies. Sec-
ondary vasculitis is histopathologically and clinically indistinguishable 
from the primary forms. For instance, systemic rheumatoid vasculitis 
occurs in long-standing rheumatoid arthritis and is most commonly 
manifest by constitutional symptoms, skin lesions, and neuropathy but 
is becoming much less common.44

Viruses, including HIV, are particularly inclined to cause small 
vessel vasculitis, whereas bacterial infections have been associated with 
inflammation of all sizes of blood vessels.31 The association of cPAN 
with HBV is particularly strong. The clinical characteristics of HBV-
associated cPAN are similar to those observed in non–HBV-associated 
cPAN apart from more frequent gastrointestinal involvement, extraglo-
merular renovascular disease with malignant hypertension, and orchi-
tis in HBV-associated cPAN.42 The most common features of HBV-PAN 
are mononeuritis multiplex (83.5%), gastrointestinal involvement 
(57%), renal tract involvement (38%), cutaneous features (31%), and 
hypertension (31%).28 The evaluation of every patient with vasculitis 
should include hepatitis B serology. cPAN usually manifests within the 
first 6 months of HBV infection. Hepatitis is rarely diagnosed before 
the onset of cPAN, which can therefore be the first manifestation of 
HBV infection.

Limited forms of polyarteritis
Isolated polyarteritis of the appendix, gallbladder, uterus, or testis  
is well recognized although uncommon. Vasculitic peripheral neuro-
pathy can occur without other systemic or constitutional symptoms. 
A cutaneous form of polyarteritis, affecting predominantly the  
lower extremities, is distinguished from systemic polyarteritis by its 
lack of visceral involvement and benign course.45 Although the 
chronic, relapsing, non-lethal nature of the condition has been stressed 
by some, other investigators have documented the refractory nature of 
chronic cutaneous vasculitis and the significant cumulative morbidity 
related to skin, muscle, joint, and nerve involvement and effects of 
therapy.

Fig. 151.5 Medium-sized vessel arteritis in polyarteritis nodosa.
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approach is almost the same for both conditions. Goodpasture disease 
can be distinguished by the presence of anti-GBM antibodies. Henoch-
Schönlein purpura is rare in adults and is characterized by the presence 
of IgA deposits in tissue biopsy specimens. Cryoglobulinemic vasculitis 
can be recognized by the presence of cryoglobulins in both serum and 
tissues and is often associated with hepatitis C virus (HCV) infection. 
Other causes of systemic illness (infection such as endocarditis) and 
pseudovasculitic syndromes such as cholesterol emboli, atrial myxoma, 
and antiphospholipid syndrome should be excluded.

ASSESSMENT OF DISEASE  
ACTIVITY AND DAMAGE
Modern therapy for the systemic vasculitides has dramatically altered 
the prognosis from an acute fulminating life-threatening condition to 
a chronic disease, with considerable morbidity arising from either 
disease activity or therapy. Several systems have been developed to 
assess disease activity and damage.46 These include the Birmingham 
Vasculitis Activity Score (BVAS), Groningen Index, and Vasculitis 
Activity Index (VAI). The BVAS is the most widely applicable to dif-
ferent types of necrotizing vasculitis and has been systematically vali-
dated.47 The BVAS was devised by a consensus group of clinicians and 
pathologists. It is a comprehensive scoring system that includes nine 
organ systems. Clinical features that are attributable to active vasculitis 
and that have occurred anew and been present within the previous 4 
weeks are recorded. Organ involvement associated with a worse prog-
nosis is given a greater weighting. The BVAS has also been used to 
develop definitions of remission and relapse, which are now being used 
in multicenter trials.

Vasculitis results in organ damage due either to the disease itself or 
to therapy. Damage is defined as an irreversible process that is the 
result of scars and is not due to acute inflammation or grumbling 
disease activity. The Vasculitis Damage Index (VDI) is also an  
organ-based system and is scored after 3 months. The VDI is compre-
hensive, permits accumulation of damage with time, and has been 
validated.48

The final component of patient assessment is quality of life. The 
Short Form-36 (SF-36) has been validated for use in patients with 
vasculitis and is included in the Vasculitis Integrated Assessment Log 
(VITAL) for disease assessment.49

The use of these objective validated scoring systems enables accu-
rate and reliable assessments of disease activity to be made.

MANAGEMENT
Microscopic polyangiitis
There is now an evidence base from several randomized controlled 
trials for treatment of MPA, and guidelines have been developed.50,51 
These are based on the series of trials performed in Europe during the 
1990s. Many early trials included patients with PAN, and more recently 
trials have been conducted including patients with ANCA-associated 
vasculitis (usually WG and MPA). The treatment principles are, 
however, broadly similar for both MPA and WG.

Early studies of untreated systemic vasculitis reported 80% 1-year 
mortality,52 which improved to around 20% after the introduction of 
corticosteroids and cyclophosphamide (CYC).53 The standard induc-
tion regimen using CYC and corticosteroids was developed in the 
United States in the 1970s at the National Institutes of Health (NIH), 
initially in patients with WG. The NIH regimen combines low-dose 
oral CYC (2.0 mg/kg/day) with prednisolone initially at a dose of 
1.0 mg/kg/day (maximum dose, 60-80 mg/day). CYC was continued 
for at least 1 year after the patient achieved complete remission and 
was then tapered. Prednisolone was continued daily for at least 4 weeks 
and changed to alternate-day dosing before tapering. Patients were then 
maintained solely on CYC. This regimen has never been subjected to 
a randomized controlled trial. There have not been trials investigating 
the role of CYC alone. Thus, Gayraud and colleagues showed that in 
a series of trials (including patients with MPA as well as PAN and CSS) 
patients with severe disease who received CYC had a better outcome 
than those who did not.54 In a study comparing 6 or 12 pulses of 

Nearly all patients with microscopic polyangiitis are ANCA-posi-
tive. Perinuclear ANCA with an anti-MPO specificity has been found 
in 75% of patients.32 A few patients are c-ANCA positive with PR3 
specificity. ANCAs are generally considered not to be present in cPAN.

Rheumatoid factor, other than when present in rheumatoid arthri-
tis, is often associated with cryoglobulins. Low-titer antinuclear anti-
bodies are not seen often. Hypocomplementemia is more common in 
secondary polyarteritis.

Angiography is useful in patients with suspected polyarteritis, par-
ticularly if symptoms and laboratory abnormalities do not direct the 
choice of biopsy. The angiogram may be the diagnostic procedure of 
choice in hepatitis B–associated polyarteritis.39 The typical angio-
graphic appearance includes long segments of smooth arterial stenosis 
alternating with areas of normal or dilated artery, smooth tapered 
occlusions, thrombosis, and the lack of significant atherosclerosis. The 
dilated segments include saccular and fusiform aneurysms, which 
strongly suggest cPAN (Fig. 151.6). The most frequently involved 
vessels are the renal, hepatic, and mesenteric vessels. When angiogra-
phy is performed it is important that all intra-abdominal vessels are 
studied, including the celiac axis, mesenteric, renal, and hepatic arter-
ies. The angiographic appearances may regress after treatment. A 
number of uncommon conditions can mimic the visceral angiographic 
appearance of vasculitis, including bacterial endocarditis, atrial 
myxoma, drug abuse, pancreatitis, abdominal malignancy, and disor-
ders of connective tissue.

Muscle biopsy is positive in around 50% of patients with PAN who 
have muscle pain or claudication. The yield on muscle biopsy is lower 
in asymptomatic cases.

DIFFERENTIAL DIAGNOSIS
The overlap especially between MPA and WG can make the differential 
diagnosis difficult in the early stages, but, fortunately, the treatment 

Fig. 151.6 Angiogram showing microaneurysms in polyarteritis nodosa.
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The MEPEX trial compared plasma exchange and pulsed methyl-
prednisolone as adjunctive therapy in biopsy-proven AAV with acute 
renal failure (creatinine > 500 µmol/L).58 One hundred and fifty-one 
patients received either seven plasma exchanges (60 mL/kg) or three 
pulses of methylprednisolone (15 mg/kg) in addition to standard 
therapy with CYC and tapering prednisolone. Renal outcome was 
better in the plasma exchange–treated group when expressed as either 
dialysis independence in surviving patients or overall rate of dialysis-
free survival. Death rates were similar in both groups. These results 
were maintained at 1-year follow-up.

To reduce the total exposure to CYC, pulse intravenous CYC regi-
mens have been developed. A meta-analysis of patients with AAV 
concluded that pulse CYC was as effective as oral CYC in inducing 
remission and was associated with fewer side effects but had a slightly 
higher risk of relapse.60 This is probably due to the lower cumulative 
doses of CYC used in the pulse regimens. A study comparing 6 pulses 
of CYC with 12 pulses showed that the 6-pulse regimen was associated 
with a higher relapse rate.55 The recently completed European trial of 
pulse versus oral CYC in AAV (CYCLOPS) has shown no difference 
in remission rate, and now in many centers intravenous CYC is the 
standard remission induction regimen.61 The current protocol is CYC 
pulses (10-15 mg/kg with dose reductions for age and renal function) 
every 2 weeks for 6 weeks and then every 3 weeks until remission is 
obtained.

The present remission induction regimens based on the European 
trials just described are still associated with considerable toxicity. 
Patients receiving CYC should receive trimethoprim/sulfamethoxazole 
(Septrin) to prevent infection with Pneumocystis jiroveci pneumonia. 
Mesna should be used to reduce the risk of hemorrhagic cystitis and 
bladder cancer.50

Bisphosphonates should be used according to current local guide-
lines for the prevention of glucocorticoid-induced osteoporosis.50

Biologic therapies
The toxicity of current immunosuppressive regimens for both induc-
tion and remission maintenance has prompted experimental use of 
novel immunosuppressive drugs. Again, this is mainly in WG, but this 
experience may be useful in guiding development of novel treatment 
strategies in MPA.

At present, most reports of tumor necrosis factor (TNF)-α blockade 
in vasculitis relate to case series or small uncontrolled trials. Infliximab 
has been used in active disease both at first presentation and relapse, 
as well as in persistent disease. Remission was induced in 88% of 32 
patients, but there was a significant infection rate (21%) and 20% of 
patients experienced relapse.62

intravenous CYC, the same group showed that CYC was effective in 
treating MPA but that 12 pulses achieved a lower relapse rate.55

CYC is associated with significant toxicity and CYC-associated side 
effects were frequent: cystitis (43%), bladder cancer (2.8%), and myelo-
dysplasia (2%) in the NIH patients.53 Serious infections (those requiring 
hospitalization and intravenous antibiotics) occurred in 46% of patients 
(0.11 infection per patient-year). The NIH regimen is the basis against 
which further developments have been compared. Because of concerns 
regarding CYC toxicity there has been a trend toward shorter-duration 
CYC therapy.

The recently completed European randomized trials of treatment 
for systemic vasculitis (NORAM,56 CYCAZAREM,57 MEPEX58) 
included patients with both MPA and WG and provide an evidence-
based stepped approach to therapy based on the severity of disease at 
initial presentation (Table 151.8). The initial response to treatment 
with CYC and corticosteroids is similar for both conditions.

Because the majority of patients with MPA have significant renal 
failure the NORAM trial (which compared methotrexate [MTX] with 
CYC in 100 newly diagnosed patients with serum creatinine < 
150 µmol/L and no life- or organ-threatening involvement) is less rel-
evant for patients with MPA.56 At the primary endpoint (remission at 
6 months) equal numbers of patients were in remission (MTX 89.8% 
vs. CYC 93.5%). The relapse rate after 1 year (when the trial medica-
tions stopped) was unacceptably high (69.5% MTX and 45% CYC). 
Mean time to relapse was 13.5 months, suggesting that even in non-
renal AAV, therapy should not be rapidly tapered.56

The CYCAZAREM trial compared azathioprine (AZA) and CYC for 
maintenance of remission in patients with moderate renal involvement 
(creatinine <500 µmol/L).57 One hundred and fifty-five patients with 
AAV (61% WG, 39% MPA) were studied; oral CYC (2 mg/kg/day) and 
prednisolone (1 mg/kg/day tapering to 0.25 mg/kg/day by 12 weeks) 
resulted in remission in 144 patients, whereas 119 (77%) achieved 
remission by 3 months. There were seven deaths during the induction 
phase and one withdrawal. After remission induction at 3 to 6 months, 
patients were randomized to either continue CYC (1.5 mg/kg/day) for 
12 months or switched to AZA (2 mg/kg/day), with the same predniso-
lone dose (10 mg/day). At 12 months, both groups received AZA 
(1.5 mg/kg/day) and prednisolone (7.5 mg/day). There was no differ-
ence in relapse rates (15.5% in the AZA group and 13.7% in the CYC 
group) up to the end of the study at 18 months after treatment outset, 
suggesting that CYC can be safely withdrawn after induction of remis-
sion. This study also confirmed that there was no difference in response 
rate between MPA and WG. A recent French study compared AZA and 
MTX for remission maintenance and showed no difference in efficacy 
or toxicity between the two agents.59

TABLE 151.8 TREATMENT TRIALS IN MICROSCOPIC POLYANGIITIS

Trial Patient group Intervention Primary outcome Results Ref

New patients with PAN and MPA 6 pulses CYC vs. 12 pulses CYC. 
Pulses every 2 weeks for 1 
month and then monthly.

Relapse and 
mortality rate

6 pulses less effective than 12 pulses with 
higher relapse rate.

55

NORAM AAV with creatinine <150 µmol/L, 
and no critical organ involvement

Oral CYC 2.0 mg/kg/day vs. oral 
MTX 20-25 mg/wk

Remission rate at 
6 months

MTX was not inferior to CYC in inducing 
remission at 6 months. MTX less effective 
in patients with more extensive disease.

56

CYCAZEREM New-diagnosis AAV with 
creatinine < 500 µmol/L, 
entering remission after oral CYC

AZA (2.0 mg/kg/day) vs. CYC 
(1.5 mg/kg/day) for remission 
maintenance

Relapse rate Azathioprine for remission maintenance is 
not associated with an increased relapse 
rate.

57

New-diagnosis AAV entering 
remission after oral CYC

AZA (2.0 mg/kg/day) vs. MTX 
25 mg/week)

Adverse event MTX no safer than AZA for remission 
maintenance. No difference in relapse rate.

58

MEPEX AAV with severe renal vasculitis. 
Creatinine > 500 µmol/L

Adjunctive plasma exchange vs. 
IV methylprednisolone in 
addition to conventional therapy

Dialysis 
dependence at 3 
months

Plasma exchange increased rate of renal 
recovery. Survival and adverse events 
were similar in both groups.

59

CYCLOPS New-diagnosis AAV with renal 
involvement but not life-
threatening disease

Pulse CYC (15 mg/kg) every 2-3 
weeks vs. daily oral CYC (2 mg/
kg/day)

Time to remission No difference in time to remission or 
proportion reaching remission at 9 
months. Leukopenia less common in the 
pulse group.

61
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Rituximab, a chimeric monoclonal antibody, induces selective 
depletion of B lymphocytes by targeting the CD20 surface antigen. 
Several small open studies have been published suggesting that  
rituximab is useful in AAV; however, only a few patients have had 
MPA.63

Polyarteritis nodosa
The natural history of untreated PAN is of a rapidly progressive, 
usually fatal disease. The introduction of corticosteroids resulted in an 
improvement in survival in PAN to 50% at 5 years.64 A number of 
randomized controlled trials have been performed, but they include 
patients with CSS and precede the introduction of the CHCC defini-
tions for PAN and MPA.

The French group has analyzed the results from four of their pro-
spective trials including patients with PAN carried out between 1980 
and 1993.54 These four trials were:

1. Corticosteroids and plasma exchanges versus corticosteroids and 
plasma exchanges plus oral CYC in patients with PAN, CSS, or 
MPA

2. Corticosteroids alone versus corticosteroids and plasma 
exchanges in patients with PAN (without HBV), MPA, or  
CSS

3. Corticosteroids and pulse CYC versus corticosteroids and 
pulse CYC and plasma exchanges in patients with poor  
prognosis PAN (without HBV), CSS, MPA; good prognosis 
patients received corticosteroids and either pulsed or continuous 
CYC.

4. Corticosteroids and antiviral therapy in patients with PAN asso-
ciated with HBV

The 278 patients were reclassified using current definitions for PAN, 
MPA, and CSS. Overall survival was the same in the 215 patients who 
received CYC plus corticosteroids or corticosteroids alone. Stratifica-
tion for disease severity suggested that patients with more severe 
disease had prolonged survival when treated with CYC. In this analy-
sis, 15 of the 22 patients who died of severe vasculitis had not received 
corticosteroids. CYC did not, however, appear to reduce the relapse 
rate. The authors concluded that CYC should be used only for patients 
with severe disease at presentation.

The best treatment strategy for patients with systemic vasculitis 
associated with viral infection should take into account the etiology of 
the disease and be adapted to pathogenesis.65 The combination of 
plasma exchange and antiviral treatment has been shown to be effec-
tive in HBV-PAN. Although CYC and corticosteroids in the doses 
outlined earlier are also effective, they allow the virus to persist, which 
increases the chance of development of chronic hepatitis and/or liver 
cirrhosis. Antiviral drugs that have been used with benefit include 
vidarabine, interferon-α, and lamivudine,65 the last giving the best 
results. Lamivudine, 100 mg/day, is used with plasma exchange after 
a few days of corticosteroids (the dose should be reduced in patients 
with renal impairment), and this regimen is associated with 90% 
recovery and 60% seroconversion to anti-HBe. The French group used 
plasma exchange four times per week for 3 weeks, three times per week 
for 2 to 3 weeks, and then progressive lengthening between sessions. 
The response clinically can be very rapid, with recovery within 3 weeks. 
Plasma exchange should be stopped with the detection of anti–hepatitis 
B antibodies (to avoid their clearance as well).

There is little experience of TNF-α blockade or B-cell depletion in 
PAN.

PROGNOSIS
Microscopic polyangiitis
The 1-year survival in patients with a new diagnosis of MPA using the 
treatment approach described earlier is 84%, with a 5-year survival of 
76% (Fig. 151.7).34,35 Survival is lower in patients with initially raised 
creatinine concentration (Fig. 151.8) and in those with end-stage renal 
disease, at 64% at 1 year and 53% at 5 years. Pulmonary hemorrhage 
is the worst predictor of poor outcome with an eightfold relative risk 
of death.36 Relapse is higher in patients with pANCA-MPO compared 
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SURVIVAL IN ANCA-ASSOCIATED VASCULITIS

Fig. 151.7 Survival in patients with microscopic polyangiitis (MPA), ANCA-
associated granulomatous vasculitis (WG), and Churg-Strauss syndrome (CSS). 
(From Lane SE, Watts RA, Scott DGI. Primary systemic vasculitis: clinical features 
and mortality. Q J Med 2005;98:97-112.)
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SURVIVAL ACCORDING TO RENAL FUNCTION

Fig. 151.8 Survival according to renal function. (From Booth AD, Almond MK, 
Burns A, et al. Outcome of ANCA-associated renal vasculitis: a 5-year retrospective 
study. Am J Kidney Dis 2003;41:776-784.)

with cANCA-PR3 (Fig. 151.9), but ANCA specificity does not in most 
studies affect early survival or renal outcome. However, MPA has a 
worse long-term survival than either WG or CSS (see Fig. 151.7), pre-
sumably because the patients are older and have more severe renal 
disease at onset.

Relapse rates are 35% to 50% by 5 years.33,35 In the CYCAZAREM 
trial, by 18 months the relapse rate was 18% for WG and 8% for MPA. 
Relapse rates may be higher in patients with persistently high ANCA 
titers, particularly PR3-ANCA.66

The utility of serial determinations of ANCA to predict relapse and 
hence changes in therapy has been controversial.66 Overall, low 
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predictive values for relapse were found, so it is not justified to escalate 
immunosuppressive therapy solely on the basis of an increase in ANCA 
level, as determined by PR3-MPO enzyme-linked immunosorbent 
assay. An increase should be taken as a warning and the patient 
observed more closely. The aim of therapy is to induce and maintain 
remission with a minimum of tissue damage due to either disease 
activity or therapy.

Polyarteritis nodosa
Polyarteritis nodosa can be considered to be a monophasic self-limiting 
disease that tends not to recur once remission is induced. In one series 
of HBV-associated PAN, around 6% relapsed28; and the relapse rate is 
thought to be similar in non–HBV-associated PAN.

The Five Factor Score (FFS) at presentation is a useful guide to 
prognosis. The following parameters are assessed: proteinuria greater 
than 1 g/day, creatinine greater than 140 mmol/L, cardiomyopathy, 
gastrointestinal symptoms, and CNS involvement. An FFS of more 
than 2 in PAN is associated with a greatly increased mortality.28 The 
major cause of death in HBV-associated PAN is gastrointestinal tract 
involvement.28
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ANCA-ASSOCIATED RENAL VASCULITIS: 1995-2000

Fig. 151.9 Survival according to ANCA subtype. (From Booth AD, Almond MK, 
Burns A, et al. Outcome of ANCA-associated renal vasculitis: a 5-year retrospective 
study. Am J Kidney Dis 2003;41:776-784.)
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GCA  are  sequels  to  infection,  but  attempts  to  identify  an  etiologic 
agent have not yet been successful. The most significant risk factor for 
both syndromes is age;  incidence  is restricted to those aged 50 years 
and  older,  suggesting  a  critical  role  for  environmental  and  acquired 
factors in the pathogenesis of the disease.

Over  the past decade, our ability  to diagnose GCA accurately has 
improved, patient management has become more individualized, and 
the overall prognosis is good.4

POLYMYALGIA RHEUMATICA
Polymyalgia rheumatica is a syndrome of pain and stiffness, typically 
affecting  proximal  muscles  of  the  shoulder  and  pelvic  girdle.  The 
muscles supporting the neck can be involved; myalgias of the torso are 
less common. PMR is frequently encountered in patients with GCA in 
whom it may precede, follow, or accompany manifestations of vascu-
litis.  A  small  proportion  (10%-20%)  of  patients  with  PMR  and  no 
clinical  evidence  of  vasculitis  have  frank  vascular  inflammation  on 
biopsy. Laboratory tests show elevated acute-phase reactants, including 
erythrocyte  sedimentation  rate  (ESR),  C-reactive  protein  (CRP),  and 
interleukin  (IL)-6.5,6  An  almost  pathognomonic  characteristic  of  the 
disease is prompt response to corticosteroids. For most patients, treat-
ment  can  be  discontinued  after  1  to  2  years,  although  smoldering 
disease  activity  may  persist.  Careful  clinical  monitoring  of  PMR 
patients for emerging vasculitis is strongly recommended.

The  criteria  for  diagnosing  PMR  are  non-specific  (Table  152.1).7,8 
Muscle pain and stiffness, with or without laboratory signs of inflam-
mation, are frequent in the elderly, and numerous clinical conditions 
are associated with such symptoms. Particularly, patients with proxi-
mal  large  joint  synovitis or  subdeltoid and subacromial bursitis may 
present with a polymyalgic syndrome.9 It is unknown whether patients 
with synovitis/bursitis and patients lacking joint inflammation repre-
sent distinct sets of PMR.

Clinical features
Ninety percent of PMR patients present with sudden onset of muscle 
aching  and  stiffness  affecting  the  neck,  shoulders,  and  upper  arms.7 
Often, they describe the pain as severe and disabling. Isolated discom-
fort in the pelvic girdle and thighs is less frequent. Symmetry of myal-
gias  is  typical  but  not  mandatory.  Classically,  peripheral  extremities 
are not affected, but the pain can radiate to the elbow and knee regions. 
The myalgias are most severe during the early morning hours; morning 
stiffness can be long-lasting and incapacitating. Typically, the muscle 
pain is exacerbated by movement, such as using the arms or trying to 
rise from a sitting position. On clinical examination, the active range 
of motion  for  the proximal  joints  is  restricted  by pain  and  stiffness, 
but  the passive  range of motion  for  the  shoulders and hips  is main-
tained.  Little  evidence  exists  for  joint  swelling  or  tenderness.  Also, 
patients with PMR rarely  lose muscle  strength, a manifestation  that 
may, instead, warrant a workup for myositis.

Accompanying  constitutional  symptoms  are  frequent  (more  than 
50% of  patients)  and  include  fatigue, malaise,  anorexia, weight  loss, 
and  subfebrile  temperatures.1,2  Fever,  chills,  and night  sweats  should 
prompt evaluation for underlying infection, malignancy, and vasculitic 
involvement.

Some  experts  prefer  a  broad  diagnostic  definition  of  PMR  and 
include patients with seronegative polyarthritis who have arthritis of 
proximal joints or swelling and pitting edema of the dorsal hands and 
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risk for GCA.

 Laboratory abnormalities (elevated ESR, CRP, and IL-6) reflect 
activated acute-phase response. Autoantibody assays are negative. 
It should be distinguished from seronegative polyarthritis.

 Patients may have pitting edema of hands and feet. Vascular 
symptoms necessitate temporal artery biopsy.

 Small doses of corticosteroids (10-20 mg/day) are sufficient to 
induce prompt and marked improvement of stiffness and pain.

GIANT CELL ARTERITIS
 This panarteritis of medium and large arteries is combined with an 

intense systemic inflammatory syndrome. Vasculitic lesions cause 
luminal occlusion and tissue ischemia or aortic aneurysm.

 Preferentially targeted vascular beds include the branches of the 
external carotid, subclavian, common carotid, and vertebral arteries 
and aorta.

 The major risk factor is advanced age; 80% of patients are older 
than age 60 years.

 Typical features include new-onset headaches, scalp tenderness, 
jaw claudication, polymyalgia, fever, malaise, anorexia, and weight 
loss. Vascular occlusions manifest as vision loss, stroke, and 
ischemia of the upper extremities.

 Laboratory abnormalities include highly elevated acute-phase 
proteins (ESR, CRP, IL-6) and anemia.

 The diagnostic procedure of choice is a temporal artery biopsy.
 Symptoms of systemic inflammation are explicitly sensitive to 

corticosteroid therapy with dramatic improvement within 48 hours.

INTRODUCTION
Polymyalgia rheumatica (PMR) and giant cell arteritis (GCA) are two 
closely  related  inflammatory  syndromes.1,2  In  GCA,  inflammatory 
infiltrates occupy the walls of medium-sized and large arteries, causing 
mural injury, luminal occlusion, and vascular stenosis. PMR presents 
as intense muscle pain and stiffness affecting the shoulder and pelvic 
girdle; mild synovial and periarticular inflammation of proximal joints 
may be present in some patients, whereas in others the tissue site of 
inflammation remains unidentified. Both syndromes share laboratory 
abnormalities that reflect a vigorous acute-phase response and are criti-
cal for diagnosing and monitoring affected patients.3

PMR  and  GCA  occur  in  the  same  patient  population,  suggesting 
common risk factors and pathogenic pathways. Significant progress has 
been made in discerning molecular events of the vasculitic component 
of  these  diseases.  Vessel  wall  indigenous  dendritic  cells  that  sense 
immunostimulatory danger signals have checkpoint function and regu-
late the recruitment and the in-situ activation of vasculitic T cells. The 
intense acute-phase response has prompted speculation that PMR and 
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PATHOGENESIS OF POLYMYALGIA RHEUMATICA
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Fig. 152.1 Pathogenesis of polymyalgia rheumatica. 
DC, dendritic cell; IL, interleukin; MCP-1, monocyte 
chemoattractant protein-1; CRP, C-reactive protein. 
(From Weyand CM, Goronzy JJ. Giant-cell arteritis and 
polymyalgia rheumatica. Ann Intern Med 
2003;139:505-515.)

TABLE 152.1 POLYMYALGIA RHEUMATICA: DIAGNOSTIC CRITERIA

Chuang et al, 19827 Healey, 19848

 Age at onset = 50 years or older
 Erythrocyte sedimentation rate 

> 40 mm/hr
 Bilateral aching and stiffness for 

≥ 1 month and involving two of 
the following areas: neck or 
torso, shoulders or proximal 
regions of the arms, and hips or 
proximal aspects of the thighs

 Exclusion of all other diagnoses 
causing polymyalgia 
rheumatica–like symptoms

 Age at onset = 50 years or older
 Erythrocyte sedimentation rate > 

40 mm/hr
 Pain persisting for ≥ 1 month and 

involving two of the following areas: 
neck, shoulders, and pelvic girdle

 Absence of other diseases capable of 
causing the musculoskeletal symptoms

 Morning stiffness lasting more than 1 
hour

 Rapid response to prednisone 
(≤20 mg/day)

wrists.1 The clinical presentation and outcome of these individuals are 
indistinct  from patients with seronegative  rheumatoid arthritis  (RA). 
A much better understanding of  the molecular pathogenesis of PMR 
is necessary to establish objective diagnostic criteria and allow separa-
tion from other polymyalgic syndromes.

Etiology and pathogenesis
Age  is  the major  risk  factor  for PMR.  Individuals  aged 50 and older 
develop  the  disease,  and  incidence  rates  continuously  increase  with 
advancing  age.10  Two  thirds  of  the  patients  are  female.  Disease  risk 
appears to vary with geographic region, possibly reflecting environmen-
tal  factors  or  clustering  of  risk  genes  in  selected  populations.  The 
highest  incidence  rates have been  reported  for northern Europe, par-
ticularly the Scandinavian countries. In Olmsted County, Minnesota, 
a region enriched with immigrants from Scandinavia, yearly incidence 
rates have been  estimated at 59/100,000 people 50 years of  age  and 
older.10 Even higher incidence rates have been reported from the United 
Kingdom, reaching 84/100,000 person-years.11

PMR is almost certainly a multigenic disease. Association with the 
human leukocyte antigen (HLA)-DR4 haplotype has been reported for 
several  populations12,13  with  variable  results  on  whether  this  major 
histocompatibility  complex  (MHC)  class  II  haplotype  confers  only 
disease susceptibility or also plays a role in disease severity. However, 
the  lack of  objective diagnostic  criteria  and of  a pathognomonic  test 
have hampered epidemiologic and, in particular, genetic studies.

Central  for  the  pathogenesis  of  PMR  is  where  the  inflammation 
occurs.  This  issue  of  tissue  involvement  remains  unresolved.  Over-
whelmingly,  evidence  shows  that  systemic  activation  of  the  innate 
immune  system  is  a  key  component  of  PMR.  A  disease  model  of  a 

primary defect triggering innate immunity is strongly supported by the 
presence  of  highly  elevated  acute-phase  proteins  and  the  pattern  of 
organ manifestations observed (Fig. 152.1).2 PMR patients have high 
frequencies of circulating monocytes/macrophages that spontaneously 
release proinflammatory cytokines such as IL-6.14 Because the frequen-
cies of cytokine-producing monocytes/macrophages  in the circulation 
are indistinguishable from those in GCA patients, system-wide mono-
cyte  activation  is  likely  one  of  the  early  events  of  disease  and  not  a 
consequence of local inflammation. Interestingly, temporal arteries of 
PMR patients have evidence of local production of inflammatory medi-
ators such as IL-1β, TGF-β, and IL-2 even in the absence of an obvious 
inflammatory  infiltrate  by  histomorphology.15  These  PMR  patients 
may therefore have subtle vasculitis with in-situ activation of macro-
phages and T cells; however, the frequency of infiltrating cells is very 
low and the pattern of cytokines produced is also qualitatively different 
from GCA.

One  study  has  shed  further  light  on  events  in  the  vascular  wall. 
Temporal arteries contain dendritic cells (DCs), a cell type of the innate 
immune  system,  in  the  internal  adventitia  and  arranged  in  a  circle 
along the external elastic lamina.16 In healthy individuals, these imma-
ture CD11c+, fascin+ DCs do not support T-cell activation, suggesting 
a primarily anti-inflammatory role. In PMR patients, however, adven-
titial DCs are activated and differentiated.17 They secrete chemokines, 
which  are  potent  attractors  for  T  cells,  and  can  initiate  adaptive 
immune responses in the vessel wall. When normal temporal arteries, 
arteries from PMR patients, and arteries from GCA patients were co-
implanted into immunodeficient mice, vascular DCs in patients with 
PMR  recruited  and  activated  CD4  T  cells,  whereas  DCs  in  normal 
temporal arteries failed to promote T-cell stimulation, that is, T cells 
from the GCA arteries moved into the PMR arteries but avoided the 
normal arteries. These experiments suggest that activation of vascular 
DCs is an initial step in establishing vasculitis that has already occurred 
in PMR patients. The stimuli that activate vascular DCs in PMR are 
unknown, but these findings have re-initiated discussion about the role 
of infections, generally the most potent activators of DCs.18

Diagnosis
The major diagnostic challenge in PMR is the lack of a pathognomonic 
test. Diagnostic criteria (see Table 152.1) have been formulated empiri-
cally7,8  and  are  useful  in  clinical  practice.  In  many  patients,  PMR 
remains  an  exclusion  diagnosis  made  by  minimizing  the  likelihood  
of  other  inflammatory  conditions  associated  with  a  polymyalgic 
syndrome.

A critical aspect of diagnosing PMR lies in excluding GCA, because 
these  syndromes  are  so  closely  associated.  A  temporal  artery  biopsy 
should be done in patients with suspicious vascular symptoms. Find-
ings  of  GCA,  as  demonstrated  by  temporal  arteritis  upon  biopsy  or 
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Closely  related  to  PMR  is  the  remitting  seronegative  symmetric 
synovitis and pitting edema (RS3PE) syndrome, a variant of seronega-
tive RA characterized by symmetric peripheral synovitis and tenosyno-
vitis causing pitting edema of the dorsa of the hands and wrists and, 
less  frequently,  the  ankles  and  feet.30  Patients  with  RS3PE  respond 
explicitly well to low doses of corticosteroids. Imaging studies demon-
strate the intense tenosynovitic component of this polyarthritis. The 
disease usually remains non-erosive. This syndrome has no vasculitic 
component,  which  calls  into  question  its  pathogenic  relationship  to 
PMR. Instead, a role for growth factor–driven hypervascularity has been 
proposed.31

Serologic studies are most helpful in distinguishing PMR from con-
nective  tissue diseases. A combination of muscle pain, stiffness, and 
inflammatory  markers  is  fairly  common  for  patients  with  systemic 
lupus  erythematosus;  identification  of  antinuclear  antibodies  and 
organ  manifestations  typical  for  connective  tissue  disease  (especially 
skin,  lung,  or  kidney  disease) makes  it  relatively  easy  to  distinguish 
these  syndromes.  Marked  constitutional  symptoms,  including  fever, 
weight loss, depression, and malaise, in combination with muscle sore-
ness, are common in many vasculitic syndromes, including GCA.

Inflammatory myopathies typically cause loss of muscle mass and 
strength. Elevation of muscle enzymes should prompt further evalua-
tion by electromyography and muscle biopsy.

BOX 152.1 DISEASE ENTITIES WITH POLYMYALGIAS
Rheumatoid arthritis
Rotator cuff syndrome
Osteoarthritis of shoulder and hip joints
Fibromyalgia
Polymyositis/dermatomyositis
Spondyloarthritis
Systemic lupus erythematosus
Vasculitides
Paraneoplastic myalgias
Infection-associated myalgias
Statin therapy
RS3PE (remitting seronegative symmetric synovitis and pitting edema)
Parkinson’s disease
Hypothyroidism

PREDICTIVE VALUE OF CLINICAL SIGNS
AND SYMPTOMS IN SUSPECTED GIANT

CELL ARTERITIS

Positive likelihood ratio
0 2 4 6

Synovitis

Elevated ESR

Headaches

Enlarged TA

Diplopia

Jaw claudication

Fig. 152.2 Predictive value of clinical signs and symptoms in suspected giant 
cell arteritis. Jaw claudication, diplopia, and enlarged temporal arteries (TA) are 
helpful findings in distinguishing patients likely to have giant cell arteritis. 
Likelihood ratios near 1 (black dotted line) indicate that the characteristic 
occurred equally in patients with positive and negative temporal artery biopsy 
results. Synovitis occurred more frequently when biopsy specimens were 
negative. (From Smetana GW, Shmerling RH. Does this patient have temporal 
arteritis? JAMA 2002;287:92-101.)

typical vascular involvement by imaging studies, override a PMR diag-
nosis.  In  any  case,  patients  with  PMR  should  be  monitored  for  the 
emergence of vasculitis because GCA may develop even years later.

Laboratory studies
Acute-phase  responses are  examined by measuring  the ESR, CRP, or 
IL-6  levels.  Other  acute-phase  reactants  including  fibrinogen,  serum 
amyloid-A protein (SAA),19 von Willebrand factor,20 and calprotectin21 
are also elevated but have not been used for diagnostic purposes or as 
biomarkers to monitor disease activity. Not all patients display abnor-
mal  findings  using  the  standard  inflammatory  markers;  about  10% 
have  a normal ESR.6  It  is  unknown whether  any of  the  acute-phase 
markers  has  particularly  high  sensitivity  or  specificity  for  PMR  and 
could be helpful in distinguishing this syndrome from other inflamma-
tory conditions.

Most patients have mild-to-moderate normochromic or hypochro-
mic anemia. Frequently, platelet counts are elevated. Elevation of liver 
enzymes, particularly alkaline phosphatase, is part of the inflammatory 
syndrome. Serum creatinine levels and urinary sediments are usually 
normal. Despite  intense muscle pains, muscle enzymes, electromyo-
graphic  studies,  and  muscle  biopsy  do  not  show  any  evidence  for 
muscle injury.

A useful diagnostic finding is the absence of autoantibodies. Anti-
neutrophil  cytoplasmic  antibodies  are  rarely  detected.  Complement 
levels are normal. Antinuclear antibodies should prompt reassessment 
for an underlying connective tissue disease. Rheumatoid factors are not 
more  frequent  than expected  in a population of healthy elderly  indi-
viduals.  Similarly,  antibodies  to  cyclic  citrullinated  peptides  (CCPs) 
should  be  taken  as  evidence  that  the  patient  may  have  a  variant  of 
RA.22 Serum immunoglobulin concentrations are normal.

Imaging studies
Vascular imaging studies aim primarily to exclude the vasculitic mani-
festations of GCA. They are indicated only if there is clinical suspicion 
for vasculitis. The issue is particularly relevant for GCA of the distal 
subclavian  arteries.  Often,  these  patients  come  to  clinical  attention 
presenting with PMR,23 and about 50% have a negative temporal artery 
biopsy. Different imaging methods are available to detect the presence 
and  consequences  of  vascular  wall  inflammation.18F-fluorodeoxyglu-
cose  (FDG)-labeled positron  emission  tomography  (FDG-PET)  sensi-
tively demonstrates metabolic activity in the vessel wall. Enhancement 
of metabolic turnover in the aortic wall and its large branches has been 
reported for a subset of PMR patients.24,25 Although this finding empha-
sizes  vascular  inflammation as  a  component of PMR,  the  specificity 
and the clinical  implications remain unclear.  It  is unknown whether 
metabolic changes in vasculitic inflammation are sufficiently distinct 
from those in atherosclerotic disease and whether PMR patients with 
vascular involvement based on PET should be managed differently.

In  the  subset of PMR patients with  inflammation of periarticular 
structures, ultrasonography and magnetic resonance imaging (MRI) are 
sensitive diagnostic approaches.26,27 The most prominent findings are 
subdeltoid and subacromial bursitis; rarely, bicipital tenosynovitis and 
glenohumeral joint synovitis are found. Ultrasonography rapidly reveals 
fluid accumulation in the bursae. Soft tissue thickening and edema can 
be visualized by MRI, focusing on axial T2-weighted sections.

Differential diagnosis
Polymyalgic  syndromes  are  frequently  diagnosed  and  require  careful 
evaluation to identify patients with “true” PMR (Box 152.1). In a sig-
nificant proportion of patients initially presenting with polymyalgias, 
the diagnosis  is  revised on  follow-up.28 PMR and  some  forms of RA 
are particularly difficult to distinguish. However, active synovitis  is a 
negative  predictor  for GCA  (Fig.  152.2).  Patients with  late-onset RA 
tend to have preferential  involvement of proximal  joints, particularly 
in early disease stages, making it almost impossible to separate them 
from  PMR  patients.29  With  disease  progression,  these  patients  fre-
quently develop peripheral  and  erosive  arthritis. Thus, patients with 
late-onset RA may respond very well to corticosteroid therapy, thereby 
diluting that criterion’s diagnostic value.
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calcium and vitamin D supplementation and other bone-sparing treat-
ments if indicated by bone mineral density measurements.

GIANT CELL ARTERITIS
GCA  is  an  inflammatory  vasculopathy  affecting  large  and  medium-
sized arteries.39 Almost all patients have signs and symptoms of intense 
systemic  inflammation  manifesting  as  non-specific  constitutional 
symptoms. The  systemic  inflammatory  syndrome  is  associated with 
an  intense  acute-phase  response  leading  to  highly  elevated  ESR  and 
CRP  values  and  anemia.  Diagnostic  criteria  have  been  developed  to 
distinguish GCA from other vasculitides; they were intended for inves-
tigative studies and are not intended for establishing the diagnosis in 
individual patients (Box 152.2).

The  vascular  component  of  GCA  results  from  a  granulomatous 
arteritis  that elicits a  response  to  injury  in  the affected vessel wall.40 
In  medium-sized  arteries,  this  leads  to  hyperplasia  of  the  intima, 
luminal  occlusion,  and  ischemia.  In  the  aortic  wall,  inflammation 
causes structural damage that eventually results  in aneurysm forma-
tion and dissection. Selected vascular territories, such as the aorta and 
its upper branches, are most susceptible to GCA. Typically, branches 
of  the external carotid,  including  the  temporal arteries, are  involved. 
The  most  severe  complications  of  GCA  are  vision  loss  and  stroke. 
Blindness  is  potentially  preventable  if  the  disease  is  recognized  and 
promptly  treated,  emphasizing  the  need  for  a  high  index  of  clinical 
suspicion and familiarity with the typical and atypical presentations of 
this vasculitis.

The overall prognosis of GCA is good. Survival rates of patients with 
GCA are equivalent to those of an age-matched population.41 Notably, 
acceleration of atherosclerosis, which complicates the course of many 
rheumatic diseases, has not been found in GCA.42

Clinical features
GCA is a disease of the elderly and usually does not occur before the 
age of 50 years.  Its mean age at presentation  is 70  to 75 years. Two 
thirds of patients are female. Often, the disease begins insidiously with 
symptoms gradually  increasing  in severity over weeks or months.  In 
some cases,  the onset  is abrupt and the first presentation  is a major 
complication, such as loss of eyesight. Symptoms can wax and wane 
and resolve temporarily, even in the absence of treatment. The spec-
trum  of  initial  disease  manifestations  is  broad  (Table  152.2),1,2  and 
physicians need to be alert not to miss subtle manifestations of vascu-
lar insufficiency or clinical symptoms.

Most  patients  come  to  clinical  attention  with  headaches,  scalp 
tenderness, and PMR; fever, malaise, anorexia, and weight loss are also 
frequent  manifestations.43  If  arteritis  focuses  on  the  cranial  vascula-
ture,  headaches  and  ischemia  of  the  eye,  brain,  and  cranial muscles 
dominate presentation.  If extracranial arteries are  the primary  focus, 
patients often present with an aortic arch syndrome characterized by 
impaired  blood  flow  to  the  upper  extremities.23  If  the  major  disease 
component is the systemic inflammatory syndrome, vascular compli-
cations may be minimal  and  clinical  features  are  those of  a wasting 
syndrome  or  fever  of  unknown  origin.  Manifestations  of  vascular 
inflammation  are  helpful  for  the  clinician  in  predicting  whether  a 
patient has GCA. Signs of  systemic  inflammation are obviously  less 
specific but are a useful hint in screening for suspected cases (see Fig. 
152.2).

Patients presenting with diffuse muscle pain and stiffness need to 
be carefully interviewed for their medication history. One to 5 percent 
of  patients  taking  statins  (3-hydroxy-3-methylglutaryl  coenzyme  A 
reductase  inhibitors)  can  develop  myalgias,  muscle  weakness,  and 
cramping.32,33 Severe complications, such as myositis and rhabdomy-
olysis, occur infrequently. In general, the pains are more diffuse, lack 
preference for proximal muscle groups, and do not display a circadian 
rhythm; muscle enzyme levels can be normal or elevated. Myalgias can 
persist after statin withdrawal.

Physicians should be alert to the possibility of paraneoplastic myal-
gias.  Profound  weight  loss,  drenching  night  sweats,  and  incomplete 
response  to  corticosteroids  provide  clues  for  further  assessment.  An 
elevated ESR due to a paraprotein can be the first  indication of  lym-
phoproliferative disease. Also, physicians should examine for an under-
lying infection that may be causing fatigue, malaise, fever, muscle pain, 
weight loss, and inflammatory markers.

Treatment
A typical feature of PMR is a prompt, profound response to corticoste-
roids.  For  most  patients,  initial  prednisone  doses  of  10  to  20 mg  or 
equivalent  are  sufficient  to  control myalgias.5,6  Infrequently,  patients 
require  higher  doses.  Usually,  patients  experience  almost  complete 
resolution of symptoms within 2 to 3 days, but clinical responses to 
lower prednisone doses can be delayed. Incomplete responses or recur-
rence  of  symptoms  during  the  early  treatment  phase  should  raise 
suspicion about the diagnosis.

Initial doses are maintained  for 2  to 4 weeks,  followed by careful 
tapering.  Normally,  the  corticosteroid  dose  can  be  reduced  by  10% 
every 2 to 4 weeks. However, about 50% of patients experience disease 
flares as  the  corticosteroids are decreased. Monitoring ESR and CRP 
helps to assess the inflammatory burden. With improvement, the ESR 
returns to the normal range and the CRP level improves but frequently 
does  not  completely  normalize,  suggesting  continuous  smoldering 
disease activity. CRP and IL-6 appear to be the most sensitive markers 
of  systemic  inflammation.5  Patients  with  non-responsive  IL-6  eleva-
tions during the first 4 weeks of  therapy appear to have more severe 
disease.6  Even  patients  in  clinical  remission  and  off  corticosteroid 
therapy  may  have  persistently  elevated  IL-6  levels.  Two  unresolved 
questions  are  whether  smoldering  systemic  inflammation  requires 
treatment and, if so, which immunosuppressive method can be safely 
administered  long  term.  Currently,  clinical  symptoms  (especially 
muscle  soreness  and  malaise)  are  used  as  the  main  indicators  for 
therapy. It is important to note that very low doses of corticosteroids 
are often sufficient for adequate control of symptoms. Recurrent myal-
gias or a rise in acute-phase markers frequently requires only minute 
increases in corticosteroid doses.

The  use  of  methotrexate  (MTX)  as  a  corticosteroid-sparing  agent 
has  been  addressed  in  a  randomized,  doubled-blind  and  placebo- 
controlled trial.34 Prednisone (25 mg/day starting dose) was tapered off 
within 24 weeks with  dose  adjustment  in  cases  of  flare-up.  Patients 
were  randomized  to  receive 10 mg per week MTX or placebo  for 48 
weeks.  Outcome  was  assessed  after  18  months.  Significantly  more 
patients in the MTX group were off corticosteroids; significantly fewer 
experienced  any  flare-ups.  The  median  cumulative  prednisone  dose 
was 2.1 g in the MTX group and 2.9 g in the placebo group. However, 
the rate and severity of adverse effects were similar. Discussions have 
focused on whether the benefits from MTX are clinically meaningful35 
because patients managed with the prednisone/MTX combination still 
underwent  disease  recurrences,  the  corticosteroid-sparing  effect  was 
modest at best, and adverse events remained unchanged.

Currently, no evidence shows that other immunosuppressive agents 
help to manage PMR. In a long-term follow-up study, 65% of patients 
had at least one corticosteroid-related side effect.36 On the other hand, 
mortality rates in PMR patients are not increased; longer than expected 
survival has been reported for a Scandinavian cohort.37 Efforts should 
concentrate on ensuring that patients receive minimally effective cor-
ticosteroid doses. Given  the age  and  co-morbidities of  individuals  at 
risk  for  PMR,  the  use  of  aggressive  immunosuppressants  should  be 
considered with great caution.

Patients with PMR may experience  increased bone  turnover,  even 
before corticosteroid therapy.38 Management should therefore  include 

BOX 152.2 AMERICAN COLLEGE OF RHEUMATOLOGY 1990 CRITERIA FOR 
THE CLASSIFICATION OF GIANT CELL ARTERITIS
Age at disease onset ≥ 50 years
Headache of new onset or new type
Tenderness or decreased pulsation of temporal artery
Elevated erythrocyte sedimentation rate (≥50 mm/hr)
Histologic changes of arteritis (either granulomatous lesions, usually with 

multinucleated giant cells, or diffuse mononuclear cell infiltration)

From Hunder GG, Bloch DA, Michel BA, et al. The American College of Rheumatology 1990 
criteria for the classification of giant cell arteritis. Arthritis Rheum 1990;33:1122-1128.
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TABLE 152.2 CLINICAL FEATURES OF GIANT CELL ARTERITIS

Clinical feature
Overall 
frequency

Seen 
predominantly 
in:

Manifestations of vascular injury

Headaches

Different patterns; often severe, sometimes 
throbbing; can be localized

+++ CA

Scalp tenderness

Often temporal; elicited by combing or by 
touching or wearing glasses; temporal artery 
can be thickened, tender, or nodular

++ CA

Jaw claudication

Induced by chewing and prolonged talking ++ CA

Ocular symptoms

Partial or complete visual loss, amaurosis 
fugax, or ocular motor deficit

Blindness, unilateral or bilateral; usually 
permanent

+ CA

Dysphagia

Sore throat, painful swallowing + CA

Respiratory symptoms

Dry, non-productive cough + CA

Limb claudication

Ischemic pain with use of arms; paresthesias; 
color changes; seldom lower extremity 
claudication

+ LVA

Absent or asymmetric pulses + LVA

Asymmetric blood pressure readings + LVA

Ischemia of the central nervous system

Vertebrobasilar insufficiency; dizziness; 
imbalance; cortical blindness; confusion

+ CA

Tongue claudication + CA

Aortic dilation and regurgitation + LVA

Myocardial infarction +

Peripheral neuropathy +

Tissue gangrene

Scalp, tongue, or digits +

Manifestations of systemic inflammation

Intense acute-phase response

Elevated erythrocyte sedimentation rate, 
elevated levels of C-reactive protein, 
interleukin-6, and other acute-phase proteins; 
thrombocytosis; elevated results of liver 
function tests

+++ CA, SISA, LVA

Normocytic, normochromic anemia ++ SISA, CA

Polymyalgia rheumatica

Stiffness and pain in the muscles of the 
shoulders, pelvic girdle and neck; rarely torso

++ CA, SISA, LVA

Wasting syndrome

Anorexia, weight loss, fever, malaise, night 
sweats, depression

++ SISA

Synovitis of peripheral joints

Mostly wrists +

CA, cranial arteritis; LVA, large vessel arteritis; SISA, systemic inflammatory syndrome with 
arteritis.
Data from Weyand CM, Goronzy JJ. Giant-cell arteritis and polymyalgia rheumatica. Ann Intern 
Med 2003;139:505-515.

Cranial arteritis
Inflammatory stenosis of distal branches of the thoracic aorta has given 
the alternative names temporal arteritis and cranial arteritis to GCA. 
Because  the  disease  targets  branches  of  the  external  carotid  artery, 
patients complain about headaches, scalp tenderness, jaw claudication, 
and  tongue  claudication.  Blood  supply  to  the  orbit  can  be  compro-
mised, causing visual loss.44 Stenotic lesions in the vertebral and basilar 
arteries produce central nervous system ischemia, transient ischemic 
attacks, and strokes.45

Patients describe their headaches as diffuse or localized, usually in 
the temporal, occipital, or periorbital areas. Headaches can be severe, 
can be refractory to standard analgesics, and may interfere with sleep. 
Scalp tenderness is frequent, at times localized over the temporal and 
occipital  arteries,  but  can  also  be  diffusely  distributed.  The  pressure 
from wearing glasses may be intolerable. Insufficient blood flow to the 
masseter and pterygoid muscles causes jaw claudication, a rather spe-
cific  finding  suggestive  of  GCA.  Prolonged  talking  or  chewing  may 
result  in muscle  cramping  and pain,  forcing  the patient  to  interrupt 
conversations or meals. A similar mechanism can lead to tongue clau-
dication,  rarely  complicated  by  frank  gangrene.  A  sore  throat  and 
painful dysphagia may indicate ischemia of the pharynx.

The true incidence of ocular involvement in GCA is poorly defined, 
but  it  is estimated that 15% of patients experience ophthalmic com-
plications.44  Ischemia in the territory of the ophthalmic artery  is the 
leading  cause  of  ocular  problems,  but  ischemia  anywhere  along  the 
visual pathways can threaten eyesight. Visual loss is pain free, can be 
partial or complete, is unilateral or bilateral, and is usually irreversible. 
The most common cause is anterior ischemic optic neuropathy result-
ing from occlusion of the posterior ciliary arteries supplying the optic 
nerve. An ophthalmologic examination finds a pale disc edema result-
ing  from  ischemic damage  to  the optic nerve head. Preceding  symp-
toms  may  include  amaurosis  fugax  or  fleeting  visual  blurring  with 
exercise, but vision loss is frequently sudden. Patients with facial pain, 
periorbital pain, and swelling may be at higher risk for ischemic oph-
thalmic complications. Diplopia and ocular motor imbalance are rec-
ognized manifestations of GCA, estimated to occur  in 2% to 15% of 
patients,46 and sometimes precede visual loss.47 Ophthalmoplegia can 
be  unilateral  or  bilateral;  the  oculomotor  nerve  is  most  commonly 
involved, leading to third nerve palsy.

Arteritis of the vertebral and basilar arteries can cause brain stem 
ischemic episodes or strokes, often complicated by dizziness, balance 
problems,  vertigo,  and  oculomotor  defects.  Infrequent  neurologic  
manifestations  of  GCA  include  mononeuropathies  and  peripheral 
neuropathies.48

Pulmonary  symptoms  occur  less  frequently,  but  ischemia  of  the 
bronchial tree can present as a dry non-productive cough.49

Large-vessel arteritis and aortitis
A large-vessel pattern of GCA can overlap with a cranial pattern or be 
the  dominant  presentation  of  the  disease.50  Stenotic  lesions  of  the 
distal subclavian arteries, the axillary arteries, and the brachial arteries 
are typical for GCA and are relatively easy to distinguish from the more 
proximal lesions of Takayasu’s arteritis or in patients with atheroscle-
rotic disease. Lower-extremity arteries are infrequently affected.51

Large-vessel GCA  leads  to aortic arch syndrome with  ischemia of 
the  upper  extremities  sometimes  presenting  as  pulseless  disease.23 
Activities  involving  the  arms,  such  as  brushing  teeth, working  over-
head, and playing the piano, induce ischemic pain and force the patient 
to rest. Blood pressure readings may be asymmetric, bilaterally dimin-
ished,  or  absent.  Raynaud’s  phenomenon–like  symptoms  with  pale-
ness, bluish discoloration, and dysesthesias of the hands are common. 
Tissue  gangrene,  predominantly  affecting  the  fingertips,  can  occur. 
Bilateral  manifestations  are  common,  but  unilateral  involvement  or 
asymmetric patterning is possible. About 50% of patients with subcla-
vian-axillary GCA have a negative temporal artery biopsy and also lack 
cranial clinical signs and symptoms, such as headaches, jaw claudica-
tion, and visual symptoms.23

GCA  aortitis  has  been  estimated  to  complicate  this  vasculitis  in 
10%  to  20%  of  patients  but  is  likely  underestimated.  In  particular, 
subtle forms of aortic wall  inflammation remain clinically silent. For 
reasons  unknown,  the  thoracic  part  of  the  aorta  is  more  commonly 
affected  than  the  abdominal  part.51  In  contrast  to  medium-sized 
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a  common  infectious  etiology.64  No  evidence  exists  that  causatively 
links bacterial or viral agents located in the affected arteries.

Like  many  other  autoimmune  syndromes,  GCA  is  an  HLA  class 
II–associated  disease.65  PMR  and  GCA  display  a  similar  association 
with the HLA-DR4 haplotype, suggesting a role for HLA-DR4–linked 
genes  in predisposing  individuals  to  the  systemic  inflammatory  syn-
dromes but not in facilitating pathways of vessel wall inflammation.13 
The HLA-DR4 haplotype also carries disease-risk genes for RA. Inter-
estingly, in a population-based study, RA and GCA appeared to occur 
in mutually exclusive populations,65 suggesting that different immune 
response genes encoded on the HLA-DR4 haplotype confer susceptibil-
ity for the two diseases.

Pathogenic mechanisms
Over  the  past  decade,  pathogenic  pathways  in  the  vasculitic  process 
have  been  dissected.39,66  The  emerging  disease  model  proposes  three 
critical checkpoints:  innate  immune cells  in the vessel wall  facilitate 
early steps of immune activation; adaptive immune responses mediate 
in-situ CD4 T-cell stimulation; and structural parameters of the vessel 
wall provide the microenvironment for deregulated innate and adaptive 
immunity (see Fig. 152.3).

Studies  of  normal,  non-inflamed  temporal  arteries  have  demon-
strated  that  the  wall  consists  not  only  of  endothelial  cells,  vascular 
smooth  muscle  cells,  fibroblasts,  and  matrix  but  also  a  DC  popula-
tion.16  These  DCs  are  localized  in  the  adventitia  at  the  media-
adventitia  border.  They  form  a  ring-like  structure  around  the 
circumference  of  the  vessel  and  appear  in  a  discontinuous,  skipping 
pattern.  Their  phenotype  identifies  them  as  specialized  tissue  DCs 
with  both  similarities  to  and  differences  from  Langerhans  cells  and 
DCs in lymphoid tissues.

DCs  function primarily as sentinels  that sense disturbance of  the 
tissue microenvironment and report this to the immune system. DCs 
are equipped with many kinds of receptors through which they recog-
nize  molecular  patterns  shared  by  infectious  microbes.  They  also 
respond  to  tissue  damage  and  are  suspected  to  have  a  broad  role  in 
tissue  homeostasis.  Functional  properties  of  vascular  DC  have  been 
studied in an experimental model in which human temporal arteries 
are implanted into immunodeficient mice. Injection of bacterial prod-
ucts such as lipopolysaccharides into the artery-mouse chimeras trig-
gers  the vascular DCs, which  initiate production of  chemokines and 
recruit T cells to the artery wall.17 Recruited T cells undergo activation 
in  the  adventitia,67  proliferate,  and  produce  CD40L  and  inferferon 
(IFN)-γ. This model recapitulates early steps in vasculitis and defines 
the wall-residing DCs as gatekeepers. Vascular DCs emerge as a prime 
candidate  in determining why some blood vessels are more prone  to 
be  targeted  by  GCA  and  why  the  inflammatory  infiltrates  are  often 
arranged  in  a  skipped  distribution.  Each  vascular  bed  expresses  a 
unique profile of Toll-like receptors (TLRs), not only assigning patho-
gen-sensing function to arteries but also giving each vascular territory 
an immunologic identity.68

Signals recognized by vascular DC critically determine the architec-
ture of  emerging vasculitis. TLR4  ligands  induce a pattern of panar-
teritis,  whereas  stimulation  of  TLR5  results  in  a  perivasculitis.69 
Studies  of  temporal  artery  biopsies  have  also  suggested  two  distinct 
inflammatory patterns, supporting the concept of GCA subtypes related 
to differences in initial disease instigators.70

In fully developed GCA, dense infiltrates composed of CD4 T cells, 
macrophages, and dendritic cells crowd the wall structure. CD4 T cells 
are  stimulated  to  release  IFN-γ71  and undergo  clonal  expansion with 
identical T-cell clones growing in both temporal arteries of the patient.72 
T cells then orchestrate an immune response that eventually leads to 
wall  damage  and  an  arterial  response  to  injury.  Recent  studies  have 
reported that the T-cell cytokine IL-17 functions as an inflammatory 
amplifier, implicating at least two pathways, Th1 and Th17, in vascu-
litic  T-cell  responses.73  Adaptive  immune  responses  can  be  quite 
diverse. Interestingly, T-cell–derived cytokine levels, such as for IFN-γ 
and  IL-2,  correlate with  clinical manifestations.71  Patients with high 
tissue IFN-γ levels often have intense intimal hyperplasia and, accord-
ingly, present with tissue ischemia, including visual symptoms and jaw 
claudication. Patients with a predominance of systemic inflammation, 
often with minimal luminal occlusion, typically produce large amounts 
of IL-2 but less IFN-γ in the tissue.

arteries, the aorta responds to GCA with loss of the medial layer, elastic 
membrane  destruction,  luminal  dilation,  and,  eventually,  aneurysm 
formation.52  Late  clinical  features  such  as  aortic  valve  insufficiency, 
aortic dissection, and rupture of aortic aneurysm can each be the first 
sign of GCA aortitis. Histomorphology features of giant cell vasculitis 
in resected aortic aneurysms may also lead to the diagnosis.

Considering the potentially life-threatening complications of GCA 
aortitis,  it  is  routine  to  monitor  patients  with  established  GCA  for 
aortic  involvement. Modern  imaging modalities,  including computed 
tomography (CT) and MRI, offer fast information about the diameter 
of  the aorta, wall  irregularities, dissection, and wall  thickness.53-55  In 
contrast  to  Takayasu’s  aortitis,  GCA  aortitis  causes  less-pronounced 
wall thickening.

Systemic inflammatory syndrome with arteritis
Forty to 50 percent of patients with GCA have fever, malaise, fatigue, 
weakness, anorexia, weight  loss, and depression. In a patient subset, 
these constitutional symptoms, caused by excessive production of pro-
inflammatory  cytokines,  are  the  major  disease  manifestations.56,57 
Often, these patients are not initially seen by a rheumatologist but are 
referred  when  a  workup  for  malignancy  and  chronic  infection  has 
remained negative. In about 15% of cases, fever of unknown origin is 
the initial presentation. In such patients, physical examination of scalp 
arteries  may  provide  normal  results.  Nevertheless,  GCA  should  be 
suspected if the patient falls into the at-risk age group and if tests for 
underlying malignancy and infection are negative. The preferred diag-
nostic procedure  is  the  temporal  artery biopsy  even  if  clinical  symp-
toms  for  vascular  ischemia  are  lacking.  Histomorphology  may 
demonstrate  vessel  wall  inflammation  without  intimal  hyperplasia. 
Patients with this variant of GCA may be at lower risk for developing 
blindness.57

Polymyalgia rheumatica
Approximately  50%  of  GCA  patients  develop  PMR  symptoms;  25% 
already  have  proximal  myalgias  at  the  time  of  initial  diagnosis.  
An  estimated  10%  of  patients  with  isolated  PMR  will  be  subse-
quently  diagnosed  with  GCA.  Disease  flares  in  GCA  patients  on 
prednisone  taper  frequently  present  as  myalgias,  not  as  ischemic 
complications.58

In a meta-analysis examining clinical symptoms for their sensitivity 
and specificity in predicting temporal artery biopsy outcome, synovitis 
was a negative predictor of arteritis.47 This study emphasizes that joint 
inflammation is not a manifestation of GCA and indicates a different 
diagnosis.

Etiology and pathogenesis
GCA  is  an  immune-mediated  disease  with  abnormalities  in  the  
innate  and  the  adaptive  arm  of  the  immune  stystem.39  No  single 
instigator  of  the  chronic  immune  response  in  the  vascular  wall  has 
been  identified,  nor  has  a  single  abnormality  in  the  host’s  immune 
system been found. Multiple risk factors predispose individuals to this 
inflammatory vasculopathy. The major risk factor is age, and incidence 
rates  increase  after  the  age  of  50  years  over  the next  decades.59 The 
immune system changes dramatically with age, and immune regenera-
tion declines steeply during later life, a process named immunosenes-
cence.60  How  these  parameters  affect  disease  risk  for  GCA  is  not 
yet known.

Geographic variations in incidence rates point toward Scandinavian 
ancestry as an important risk factor.61 Incidence rates are the highest 
in  Iceland,  followed by Sweden, Norway,  and Denmark;  rates  in  the 
United States correlate with northern European immigration patterns. 
Disease  susceptibility  in  African-Americans  is  low.  Individuals  of 
Asian origin appear to be more  likely to develop Takayasu’s arteritis, 
another type of granulomatous vasculitis.

Efforts to identify infectious organisms in the inflamed arteries have 
not  yielded  convincing  results.62  Studies  describing  the  polymerase 
chain  reaction  identification  of  microbial  gene  sequences  in  affected 
arteries have  generally not  been  confirmed  in  subsequent  research.63 
Attempts  have  been  made  to  implicate  infections  by  examining  the 
temporal and spatial pattern of disease onsets. A cyclic pattern associ-
ated with GCA is missing for PMR, which is difficult to reconcile with 
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concept of interactions between the immune system and vascular regu-
lation.79 Also, neuroendocrine functions may contribute to the disease 
process as the neuroendocrine marker chromogranin A is elevated in 
the  blood  of  affected  patients,  particularly  those  with  refractory 
disease.80

Investigations
Pathology
Arterial  biopsy  remains  the  most  specific  diagnostic  procedure  (see  
Box  152.2).  Temporal  artery  biopsy,  if  done  correctly,  is  a  low-risk 
procedure  with  high  diagnostic  yield.  Therefore,  clinical  diagnosis 
should always be confirmed by tissue biopsy. Patients diagnosed with 
GCA based only on laboratory abnormalities and clinical presentations 
often  become  challenges  when  requiring  long-term  therapy  because 
their diagnosis remains uncertain. Guided by clinical examination, the 
side with more abnormal findings (headaches and tenderness or nodu-
larity of temporal vessels) should be sampled first. Because GCA can 
produce skipped  lesions, an arterial  segment of 2  to 3 cm should be 
harvested. Ideally, frozen sections from this segment will be immedi-
ately  evaluated  to  determine  whether  one  should  proceed  with  the 
biopsy of the second side. In select cases, the occipital artery is sampled.

Histomorphology  of  inflamed  temporal  arteries  finds  T-cell  and 
macrophage infiltrates in the wall. Lymphocytes usually accumulate in 
the media. Multinucleated giant cells occur in about 50% of cases and 
are not required for the diagnosis. Classically, such giant cells localize 
at  the  media-intima  border,  near  fragments  of  the  internal  elastic 
lamina.  Hyperplastic  intima  can  occlude  the  vascular  lumen,  but  in 
some cases it remains completely uncompromised. Isolated adventitial 
lymphocytic  infiltrates are a  significant finding and can be  sufficient 
to diagnose vasculitis. Some pathologists will describe “healed arteritis” 
when  finding  thickened  intima,  fragmented  elastic  membranes,  and 
medial scarring. Arteritis in the temporal artery may represent a vas-
culitis other than GCA.81 Fibrinoid necrosis  is unusual  for GCA and 
suggests another vasculitic entity, such as panarteritis nodosa or anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, which 
needs to be further confirmed by appropriate studies.

CD4 T cells recruited to the adventitia of the blood vessel by acti-
vated DCs are a condition sine qua non for amplifying and maintaining 
the inflammation. Depletion of T cells in mice implanted with GCA-
affected temporal arteries disrupts the disease process, inhibits macro-
phage activity, and leads to the resolution of granulomatous infiltrates.74 
DCs are necessary to continuously support T-cell activation; depleting 
DCs in GCA tissue very effectively abrogates vasculitis.17

Macrophages  settle  in  distinct  microenvironments  of  the  arterial 
wall.14  Depending  on  their  positioning  in  the  adventitia,  media,  or 
intima, they commit to different functional profiles. Adventitial mac-
rophages  specialize  in producing  IL-6  and  IL-1. Medial macrophages 
actively secrete reactive oxygen intermediates.75 Oxidative stress con-
tributes  to  endothelial  and  vascular  smooth muscle  cell  destruction. 
Medial  macrophages  also  produce  metalloproteinases,  likely  relevant 
in digesting elastic membranes, which would explain the typical finding 
of  fragmented  elastic  membranes  in  affected  arteries.  These  macro-
phages and the macrophage-derived multinucleated giant cells that are 
typically localized at the media-intima border release growth and angio-
genesis  factors,  such  as  platelet-derived  growth  factor  (PDGF)  and 
vascular endothelial growth factor (VEGF), and support the maladap-
tive arterial response that eventually results in intimal layer outgrowth 
and vessel occlusion.76

Intimal hyperplasia requires myofibroblast mobilization, migration, 
and  proliferation.  Growth  factors  facilitate  these  essential  steps  and 
thus directly  impact  the degree  of  intimal  obstruction.  Intimal  layer 
outgrowth is only possible if sufficient oxygen is supplied. Under physi-
ologic  conditions,  the  arterial  intima  and media  are  avascular  struc-
tures,  whereas  the  adventitia  contains  a  vasa  vasorum  network. 
GCA-affected temporal arteries often show a newly formed microvessel 
network77 commonly arranged in the distal intima but also extending 
into the media. The degree of neo-angiogenesis in the inflamed vessel 
wall is closely correlated with the amount of IFN-γ produced by acti-
vated CD4 T cells.77

The abnormal immune responses in GCA occur in the specialized 
microenvironment of the vascular wall. Some aspects of dysregulated 
immunity may be shared with atherosclerosis.78 Angiotensin II recep-
tors are highly expressed in inflamed temporal arteries supporting the 

PATHOGENESIS OF GIANT CELL ARTERITIS
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Fig. 152.3 Pathogenesis of giant cell arteritis.
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Critical  issues  in  the  management  of  GCA  patients  are  how  to 
quantify disease burden and activity. Much hope has been placed on 
T2-weighted MRI as a means of imaging wall thickness, wall edema, 
and, potentially, blood flow in the inflamed wall as an indirect marker 
of  inflammation.  However,  preliminary  studies  in  patients  with 
Takayasu’s arteritis have questioned the value of MRI as a means of 
measuring disease activity.85 Studies correlating MRI results with find-
ings from histomorphology, laboratory parameters of active vasculitis, 
and clinical signs are necessary to evaluate the usefulness of this tech-
nique for detecting and quantifying wall abnormalities in the vasculitic 
process.

FDG-PET reportedly  indicates  inflammatory activity  in  the vessel 
wall  in  GCA  and  PMR.24,86  Increased  uptake  of  labeled  glucose  by 
inflammatory cells provides the underlying mechanisms of detection, 
but no properly designed  studies have been  conducted  to  assess  this 
procedure’s  specificity  and  sensitivity.  Specifically,  it  is  unknown 
whether subtle inflammation in atherosclerotic lesions can be distin-
guished from active arteritis in a patient population expected to have 
widespread atherosclerosis.

Considering the accessibility of temporal vessels and aortic branch 
arteries, a role for duplex ultrasonography has been proposed in diag-
nosing GCA. It is to be expected that ultrasonography can depict severe 
stenosis of affected vessels, and a dark halo around the temporal artery 
lumen has been associated with inflammatory edema and wall thicken-
ing. However, in a prospective study, ultrasonography did not increase 
the diagnostic  accuracy of  a  careful  physical  examination,  indicating 
that it cannot replace temporal artery biopsy.87

Treatment
Corticosteroids
Corticosteroids  are  highly  effective  in  GCA  treatment,  suppressing 
both the vascular and systemic components of disease. The incidence 
of blindness, the most feared complication of GCA, declined consider-
ably  when  corticosteroid  therapy  was  introduced.  Corticosteroid 
therapy  should  be  started  promptly  on  diagnosis  and  not  delayed  in 
patients with progressive disease or impending visual  loss. In almost 
all  GCA  cases,  corticosteroids  induce  rapid  symptomatic  relief,  
such that the response to corticosteroid therapy has been considered a 
diagnostic  criterion.  Disease  manifestations  related  to  the  systemic 
inflammation  and  PMR  respond  within  48  to  96  hours,  often  with 
dramatic relief. Manifestations related to impaired blood flow, such as 
jaw claudication, extremity claudication, and visual complications may 
show delayed or no response because luminal occlusion of blood vessels 
by  intimal  hyperplasia  is  irreversible.  However,  corticosteroids  may 
reduce  tissue  edema,  enhance  some  blood  flow,  and  restore  some 
function.

Almost all patients respond to 40 to 60 mg prednisone (or equiva-
lent) per day given as a single morning dose. Higher starting doses are 
sometimes given  to patients with visual  loss or  transient amaurosis. 
Once all reversible symptoms resolve, usually after about 1 month of 
therapy, and the ESR and CRP improve by at least 50%, corticosteroid 
doses  are  tapered.  Patients  initially  need  evaluation  at  2-  to  4-week 
intervals and should be monitored for clinical symptoms and labora-
tory evidence of inflammation. Corticosteroid doses are titrated accord-
ing  to disease activity;  in nearly all  cases, prednisone can be  tapered 
by  10%  every  2  weeks.  Once  patients  reach  a  daily  dose  of  10 mg, 
further  tapering  should  be  very  gradual,  by  about  1 mg  per  month. 
Alternate-day dosing is unsuccessful, a fact that sheds some light on 
the  therapeutic  action  of  corticosteroids  in  this  vasculopathy,  and 
should  not  be  attempted.  Recurring  symptoms  and  rising  levels  of 
acute-phase proteins often complicate too-rapid corticosteroid tapers. 
Most often, disease flares only require moderate increases in cortico-
steroid doses.58 Fortunately, disease recurrence mostly manifests with 
PMR or constitutional symptoms. Once adequate corticosteroid therapy 
is implemented, the risk of visual loss is low.88

Throughout corticosteroid tapers, ESR monitoring can be helpful in 
assessing disease activity, but levels frequently remain normal even in 
a  clinical  flare  (Fig.  152.5).58  CRP  and  IL-6,  a  cytokine  upstream  of 
CRP  in  the  induction  of  the  acute-phase  response,  appear  to  detect 
inflammation more sensitively. Once cytokine measurements become 
mainstream in clinical practice, IL-6 may emerge as the best biomarker 

An important question relates to the timing of arterial biopsy and 
whether corticosteroid therapy can lead to false-negative findings. Pref-
erably, a biopsy should be obtained as early as possible in an untreated 
patient. However, therapy should not be postponed in patients at risk 
for  visual  loss  or  other  serious  complications.  Retrospective  studies 
examining biopsies from corticosteroid-treated patients have reported 
persistence  of  inflammatory  infiltrates.82  Studies  of  mice  implanted 
with inflamed temporal arteries have also demonstrated that eliminat-
ing vascular inflammation is exquisitely difficult and requires very high 
doses  of  corticosteroids.83  Biopsies  should  therefore  be  performed  in 
patients already on  therapy  if  indicated. Whether  corticosteroids  can 
lead to the resolution of more subtle findings is unknown.

Laboratory studies
Acute-phase proteins are helpful markers in diagnosing and managing 
GCA.  Although  acute-phase  proteins  are  non-specific  markers  of 
immune  activation,  high  ESR  readings  in  an  elderly  individual  can 
prompt  consideration  of  GCA.  Not  all  patients  have  high  or  even 
abnormal ESR results. Up to 25% of biopsy-confirmed GCA patients 
present with a normal ESR before corticosteroids are started.58 Normal 
ESR results do not exclude the diagnosis and the need for tissue biopsy 
in clinically suspected patients.

Other  acute-phase  reactants,  such  as  CRP,  may  be  helpful  bio-
markers. IL-6, a cytokine that induces acute-phase protein production  
in the liver, is highly elevated in GCA and PMR and may more sensi-
tively  detect  low-grade  inflammation58;  however,  circadian  rhythm 
makes it more difficult to interpret. Numerous other proteins, includ-
ing  fibrinogen,  haptoglobin,  orosomucoid,  α1-antitrypsin,  serum 
amyloid  A,  and  von  Willebrand  factor,  have  all  been  reported  to  be 
elevated  in  GCA.19,20  All  of  these  markers  appear  to  be  part  of  an 
intense acute-phase response, with no evidence for disease specificity 
for GCA itself.

A normochromic, normocytic anemia may be a presenting feature. 
Thrombocytosis  occurs  frequently.  Also,  elevation  of  liver  function 
tests, especially for alkaline phosphates, is seen in many GCA patients. 
Serum albumin levels can be decreased.

Autoantibody studies are not useful for diagnosing GCA. Rheuma-
toid factors are consistently negative. ANCAs have value in differenti-
ating GCA from other arteritides. Reports of increased frequencies of 
antiphospholipid antibodies are of unknown significance.

Imaging studies
Blood vessel imaging has gained importance as a method for assessing 
the  extent  of  vasculitis  or  even  for  making  a  GCA  diagnosis.  About 
50% of patients with extracranial distribution of GCA have a negative 
temporal  artery  biopsy.23  In  these  patients,  the  subclavian,  axillary, 
vertebral,  and,  occasionally,  carotid  arteries  are  the  primary  targets. 
Imaging of these vessels in biopsy-negative patients can establish the 
diagnosis. Detecting and monitoring aortic arch  involvement depend 
heavily on imaging procedures. Typical findings include long-segment 
narrowing of the vascular lumen of primary and secondary branches, 
often with smooth  tapering at both ends  (Fig. 152.4).55 The  involve-
ment pattern provides crucial hints. Lesions in the distal subclavian, 
axillary,  and proximal  brachial  arteries  are  typical  for GCA. Patients 
with cerebral ischemia need evaluation for stenotic lesions of the ver-
tebral  and  basilar  artery  system.  GCA  does  not  affect  intracerebral 
arteries.

Conventional radiographic angiography remains superior for detailed 
assessment of vessel anatomy and  luminal status and  is an absolute 
requirement for preoperative evaluation. Digital subtraction angiogra-
phy was  formerly used  for quick assessment, but MR angiography  is 
replacing  it.  Not  limited  by  axial,  coronal,  and  sagittal  planes,  MR 
angiography  is  the  preferred  procedure  for  assessing  aortic  branches 
and neck vessels. CT can give rapid information about aortic dimen-
sions  as  well  as  wall  irregularities  and  thickening.  Contrast  media 
nephrotoxicity is a disadvantage to this approach.

High-resolution MRI can be applied to evaluate the temporal artery 
directly for signs of inflammatory changes. However, the sensitivity of 
detecting GCA is only at about 80%,84  thus questioning the value of 
this  diagnostic  procedure.  Most  challenging  are  patients  with  subtle 
vasculitic changes that may be easily missed by imaging, thus empha-
sizing the need for temporal artery biopsy.
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[approximately 1000 mg/day for an average 70-kg patient], given intra-
venously)  on  3  consecutive  days  would  shorten  the  disease  course  
and  reduce  long-term corticosteroid  requirements. The  initial  induc-
tion regimen allowed for rapid tapering of oral prednisone to less than 
5 mg/day within 36 weeks. Most  importantly,  corticosteroid  require-
ments  were  significantly  reduced  in  the  second  year  of  follow-up  
and the percentage of patients off treatment was higher in the pulse-
corticosteroid  treatment  group,  suggesting  the  induction  of  lasting 
remissions.

Other immunosuppressive drugs
Most immunosuppressive drugs used by rheumatologists as corticoste-
roid-sparing agents have been considered  for GCA without solid evi-
dence  that  the  anti-inflammatory  activity  of  corticosteroids  can  be 
replaced. Azathioprine has been used with little success. Two studies 
have  explored  MTX  as  a  corticosteroid-sparing  therapy.  One  found 
possible  benefits  in  patients  managed  on  a  corticosteroid/MTX 

in estimating inflammatory burden; however, prospective clinical trials 
will be necessary to develop algorithms, in particular because studies 
have demonstrated that IL-6 remains elevated in many patients who 
are  clinically  asymptomatic.6,58  Thus,  mildly  elevated  acute-phase 
markers alone may not justify increased treatment.

GCA  is  not  a  self-limiting  disease;  smoldering  disease  activity  
may  persist  even  after  2  years  of  corticosteroid  treatment.  Whether 
low-grade inflammation, detected by sensitive markers such as CRP or 
IL-6, warrants continued immune suppression is unknown. Findings 
of  aortic  dissection/aneurysm  a  decade  after  initial  diagnosis  signal  
the  chronicity  of  the  disease  process  and  may  encourage  long-term 
control  of  inflammatory  activity.50  However,  the  issue  must  be 
approached  in appropriately designed clinical  trials  to weigh  its  risks 
and benefits.

A  recent  randomized  controlled  trial  examined  the  therapeutic  
efficacy  of  initial  pulse  corticosteroids.89  The  goal  was  to  explore 
whether high doses of corticosteroids  (methylprednisolone, 15 mg/kg  

a b

c d

Fig. 152.4 Imaging studies in giant cell arteritis. (a) Occlusion of the axillary-brachial junction. Angiogram showing irregularity of the right subclavian artery with 
occlusion at the axillary-brachial junction and formation of collateral vessels. (b) Digital subtraction image. (c) Magnetic resonance angiogram of the great vessels 
shows narrowing of the subclavian artery distal to the origin of the vertebral artery. (d) Contrast-enhanced CT image of the chest shows pronounced ectasia of the 
ascending aorta, minimal thickening, and irregularity of the wall.
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combination.90  However,  a  double-blind,  placebo-controlled  trial  of 
adjuvant MTX treatment for 98 patients with GCA failed to show an 
effect on disease activity control or cumulative corticosteroid doses.91

Although case reports have suggested a role for anti–tumor necrosis 
factor  (TNF)-α agents  in suppressing  inflammation in GCA, a phase 
2  study  evaluating  the  safety  and  efficacy  of  infliximab  showed  no 
significant benefit of TNF blockade. Patients receiving corticosteroids 
alone or combined with relatively high doses of  infliximab  (5 mg/kg) 
had similar  relapse  rates and similar cumulative corticosteroid doses 
over the 22-week study period.92

Experimental studies in mice implanted with inflamed human tem-
poral  arteries  have  indicated  that  acetylsalicylic  acid  may  have  anti-
inflammatory effects in GCA.93 Doses required for anti-inflammatory 
levels in GCA patients must be established in clinical trials. Retrospec-
tive  analysis  of  a  patient  cohort  has  suggested  that  low-dose  aspirin 
reduces visual loss and cerebrovascular accident rates,94 likely reflecting 
its antiplatelet action.

Adjuvant therapy
While  on  chronic  corticosteroids,  patients  should  be  monitored  for 
bone mineral density, hypertension, and diabetes mellitus. Measures 
to prevent osteoporosis  include calcium and vitamin D supplements 
and,  if necessary, bone protective therapy. Patients should be encour-
aged to remain active. In cases with prolonged corticosteroid require-
ments, an exercise program is often required  to prevent and manage 
proximal myopathy.

COURSE OF ACUTE-PHASE MARKERS IN GIANT CELL ARTERITIS
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Fig. 152.5 Course of acute-phase markers in giant cell arteritis. Patients with 
biopsy-proven giant cell arteritis were treated with corticosteroids (initial dose: 
1 mg/kg), and the acute-phase markers of erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), and IL-6 were longitudinally monitored. With 
the initial high doses of corticosteroids, all three markers improved markedly. 
Il-6 reached the normal range (shaded blue-green area) only briefly after 90 
days of therapy. With decreasing doses of corticosteroids, IL-6 and CRP 
returned to elevated levels, whereas ESR remained mostly within the normal 
range.
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HISTORY
In 1931 Heinz Klinger1 described a 70-year-old physician with consti-
tutional symptoms, joint complaints, proptosis, and widespread 
inflammation of the upper respiratory tract: pansinusitis, bloody nasal 
crusts, and otitis. As his illness evolved, the patient developed a “sad-
dle-nose” deformity, glomerulonephritis, and pulmonary lesions; he 
died of an apparent bronchopneumonia. At postmortem, Klinger 
observed crescentic glomerulonephritis and necrotizing granulomatous 
vasculitis in both the upper and lower airways. The acute and chronic 
lesions consisted of a heterogeneous population of cells: neutrophils, 
lymphocytes, macrophages, and multinucleated giant cells. Because of 
the prominent respiratory tract involvement in this index patient, 
Klinger speculated that an inhaled agent might have precipitated a 
“particular reactivity of the vessels” throughout the involved organs.1 
Several years later, Friedrich Wegener reported three patients with 
similar findings.2,3 Because of the striking nasal manifestations in his 
patients, Wegener entitled his paper “Rhinogenic granulomatosis with 
special involvement of the arterial system and kidneys.”3

EPIDEMIOLOGY
A population-based study from a predominantly Caucasian county in 
England indicated that the annual incidence of WG is at least 8.5 cases 
per million people.4 Through examinations of hospital discharge 
records, the prevalence of WG in the United States has been estimated 
to be at least 30 cases per million.5 Based on U.S. census data from 
the year 2000, this is equivalent to approximately 8400 prevalent cases. 
Despite the growing availability and improved test characteristics of 
assays for antineutrophil cytoplasmic antibodies (ANCA), the reported 
incidence of WG appears to be stable.6,7

WG afflicts males and females with essentially the same frequency. 
Some evidence indicates, however, that patients with limited disease, 
particularly those in whom the principal disease manifestations are in 
the upper respiratory tract, are more likely to be women.8 The disease 
has a strong tendency to affect Caucasians,8,9 particularly those of 
northern European origin. However, the disease is known to occur in 
persons of African-American, Hispanic, and Asian descent and prob-
ably occurs in people of all races. Patients are typically in their fourth 
or fifth decade at the time of diagnosis. WG predominantly affects older 
individuals, although 15% of cases start in childhood.

ORGAN SYSTEM INVOLVEMENT
Pattern of onset
Common individual organ manifestations of WG are depicted in Figure 
153.1. The onset of WG may be acute or insidious. With an acute 
onset the full pattern of organ involvement emerges swiftly, leading to 
rapid diagnosis. Thus the constellation of upper airway complaints, 
cavitary pulmonary lesions, and rapidly progressive glomerulonephritis 
places WG high on the differential diagnosis. When insidious, evolu-
tion to fulminant disease may occur only after months or even years 
of smoldering symptomatology, particularly in the upper respiratory 
tract. All too often, by the time clinicians recognize the pattern of  
organ dysfunction as suggestive of WG, substantial damage has already 
occurred.

WG should be suspected if comparatively mundane problems such 
as otitis, rhinitis, or sinusitis persist for unusual lengths of time, if 
destructive upper respiratory tract changes occur, or if systemic symp-
toms or signs develop (e.g., arthralgias, weight loss, elevated acute-
phase reactants). In recent years, testing for ANCA (see later) has 

Wegener’s granulomatosis
John H. Stone

 Wegener’s granulomatosis (WG) is a multiorgan system disease of 
unknown etiology, characterized by granulomatous inflammation, 
tissue necrosis, and variable degrees of vasculitis in small- and 
medium-sized blood vessels. Although distinctive patterns of organ 
involvement exist in WG, any organ system can become affected.

 WG has a predilection for causing destructive lesions in the upper 
respiratory tract, including nasal septal perforation, “saddle-nose” 
deformity, erosive sinusitis, middle ear damage, and subglottic 
stenosis.

 Classic lung lesions are pulmonary nodules that demonstrate a 
tendency to cavitation, alveolar hemorrhage, and non-specific 
pulmonary infiltrates. Venous thrombotic events, including 
pulmonary emboli, are now recognized as common complications 
of WG.

 The renal manifestation, a pauci-immune glomerulonephritis that 
leads to crescentic and segmental, necrotizing lesions, is often 
associated with rapidly progressive glomerulonephritis.

 Migratory oligoarthralgias and oligoarthritis are common, 
particularly as a presenting manifestation of the disease or as a 
herald feature of a flare. Joint destruction, however, is highly 
atypical.

 Eye manifestations of WG that require urgent treatment are orbital 
pseudotumor, necrotizing scleritis, and peripheral ulcerative 
keratitis.

 The majority of WG cases, particularly those with severe, 
widespread disease, are associated with antineutrophil cytoplasmic 
antibodies.

 Immunosuppressive therapy is effective in the induction of disease 
remissions in most cases. However, WG often flares during or after 
treatment reduction. Current therapies are associated with 
substantial morbidity.

DEFINITION
Wegener’s granulomatosis (WG) is a multiorgan system disease of 
unknown etiology characterized by granulomatous inflammation, 
tissue necrosis, and variable degrees of vasculitis in small- and medium-
sized blood vessels. Although WG may affect virtually any organ 
system, the disease has a predilection for the upper respiratory tract, 
lungs, and kidneys.

CLINICAL FEATURES
● Destructive inflammation of the nose, sinuses, ears, trachea, bronchi, 

and lungs.
● Glomerulonephritis with little or no immune complex deposition, 

typically leading to rapidly progressive renal dysfunction.
● Proptosis caused by orbital mass(es) occurring in a retrobulbar loca-

tion. Other types of ocular inflammation also occur (e.g., scleritis, 
keratitis, uveitis, episcleritis).

● Migratory oligoarthralgias and oligoarthritis are the most common 
pattern of musculoskeletal disease (polyarticular disease is also 
observed), but joint destruction is highly atypical.

● Immunosuppressive therapy is effective in the induction of disease 
remissions, but current therapies are associated with substantial 
morbidity and the disease often flares during or after tapers of 
treatment.
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keratitis (PUK). PUK is associated with the risk of “corneal melt.”11 
Orbital masses, often the most refractory of any WG lesion to treat-
ment, typically occur in a retrobulbar location, causing proptosis (Fig. 
153.4). When severe, orbital masses may result in diplopia or visual 
loss via optic nerve ischemia. These lesions may be associated with 
significant pain that sometimes persists even after the loss of vision. 
Rarely, proptosis may eventually be followed by fibrosis and contrac-
ture of the mass, resulting in enophthalmos (Fig. 153.5).12 Scleritis, 
which causes eye pain and an angry, purplish discoloration (Fig. 153.6), 
may lead to scleromalacia perforans and blindness. PUK may also 
cause visual loss, through perforation of the cornea. Other ocular 
manifestations of WG include episcleritis, keratitis, uveitis, and, occa-
sionally, occlusion of the retinal arteries or veins. Finally, because of 
nasolacrimal duct obstruction secondary to nasal disease and the con-
sequent failure of tears to drain into the nose, the eyes of patients with 
WG are typically wet, a sharp contrast to other rheumatic diseases.

Mouth
Painful tongue ulcers occur in a minority of patients (Fig. 153.7a). An 
intense gingivitis known as “strawberry gums” (Fig. 153.7b) is also 
characteristic of WG. Both of these lesions usually respond quickly to 
systemic therapy for WG.

Trachea
Subglottic stenosis, resulting from tracheal inflammation and scarring 
below the vocal cords, is a serious complication of WG that may require 

facilitated the diagnosis of WG in many cases. These assays have 
potential shortcomings, however, and their results must be interpreted 
wisely.

Upper respiratory tract and ears
Nasal, sinus, tracheal, and/or ear abnormalities comprise the initial 
symptoms in three quarters of all patients. More than 90% eventually 
develop upper airway/ear abnormalities. The nasal symptoms of WG 
include nasal pain and stuffiness, rhinitis, epistaxis, and crusts. The 
nasal crusts are characteristically brown or bloody. Nasal inflammation 
may lead to mucosal erosions, septal perforation, and, in many cases, 
to nasal bridge collapse—the “saddle-nose” deformity (Fig. 153.2). Any 
of the bony sinuses (mastoid, maxillary, ethmoid, sphenoid) may be 
involved (Fig. 153.3). With time, WG may cause erosive sinus disease, 
but these changes may not be apparent early in the disease course. 
Because damage to the sinuses heightens susceptibility to infection, 
the distinction between active WG and/or secondary infections in the 
sinuses often poses a challenge.

Two principal categories of ear disease, conductive and sensorineu-
ral hearing loss, are typical of WG. “Mixed” hearing loss (the dual 
occurrence of both types of auditory lesion) is also common. Conduc-
tive hearing loss results from involvement of the middle ear cavity, 
associated with serous otitis media. Inflammation may compress the 
seventh cranial nerve as it courses through the middle ear cavity, 
leading to peripheral facial nerve palsy. Inner ear disease in WG may 
be associated with sensorineural hearing loss and/or vestibular dysfunc-
tion (i.e., nausea, vertigo, and tinnitus). In contrast to middle ear 
disease, the mechanism of inner ear problems in WG is poorly under-
stood.10 Sometimes the cartilaginous structures of the external ears 
become inflamed, mimicking relapsing polychondritis.

Eyes
WG may affect the eyes in a variety of ways. The three most severe 
ocular manifestations are an inflammatory mass behind the globe 
(orbital pseudotumor), necrotizing scleritis, and peripheral ulcerative 

INDIVIDUAL ORGAN SYSTEM INVOLVEMENT
IN WEGENER'S GRANULOMATOSIS

Otitis
Vestibular/auditory
  nerve injury

CNS

Scleritis
Episcleritis

Proptosis
Dacryocystitis

Myocarditis
Pericarditis
Endocarditis

ANCA
Usually cytoplasmic
  pattern
Anti-PR3 >>> MPO

Skin
 Leukocytoclastic
   vasculitis
 Subcutaneous
   nodules
 Ulcers
 Gangrene

Subglottic stenosis
Endobronchial stenosis

Rhinitis/sinusitis
Septal perforation

'Saddle nose'
Oral and nasal ulcers

Pulmonary infiltrates
Nodules
Pleurisy

Glomerulonephritis
Myalgias

Arthritis/arthralgias
Peripheral neuropathy

• Brain
• Renal
• Orbit
• Lung

• Breast
• Prostate
• Ovary
• Parotid

Mass lesions due to WG

Fig. 153.1 Individual organ system involvement in Wegener granulomatosis. 
ANCA, antineutrophil cytoplasmic antibodies. (Redrawn with permission from 
Hoffman GS, Weyand C, eds. Inflammatory diseases of blood vessels. New York: 
Marcel Dekker, 2002.)

a b

Fig. 153.2 “Saddle-nose” deformity resulting from collapse of the nasal 
cartilage in Wegener granulomatosis.

a b

Fig. 153.3 Computed tomography (CT) scans of the sinuses. (a) Normal 
maxillary sinuses in a recently diagnosed Wegener granulomatosis (WG) 
patient. (b) Sinus CT scan of a patient with longstanding WG: nasal septal 
deviation to the left, destruction of the medial walls of the right maxillary 
sinus, opacification of both sinuses with soft tissue densities (arrows), and 
neo-ossification of all maxillary bony structures due to chronic inflammation.
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of flow-volume loops may only become apparent with advanced steno-
sis. The most accurate means of assessing tracheal stenosis is by direct 
laryngoscopy.13

Lungs
The pulmonary manifestations of WG range from asymptomatic lung 
nodules and fleeting pulmonary infiltrates to fulminant alveolar hem-
orrhage. The most common radiographic findings are nodules and 
non-specific infiltrates. The nodules (Fig. 153.9) are usually multiple, 
bilateral, and often cavitary, leading to confusion with mycobacterial 
or fungal infections. Nodules that have not undergone cavitation also 
raise concerns about malignancy. The infiltrates, which may wax and 
wane, are often misdiagnosed initially as pneumonia. In a significant 
subset of patients, pulmonary nodules and infiltrates are asymptomatic 
and detectable only by chest imaging.9 Pulmonary capillaritis may lead 
to alveolar hemorrhage, hemoptysis, and rapidly changing alveolar 
infiltrates (Fig. 153.10). Diffuse alveolar hemorrhage is an immediately 
life-threatening complication. Hilar and/or mediastinal adenopathy 
occur rarely in WG but are reported. Large airway disease leading to a 
cobblestone appearance of the mucosal surface and bronchial narrow-
ing (similar to subglottic stenosis) may also develop,14 sometimes 
leading to the complication of postobstructive pneumonia. Bronchial 
lesions may be more common in pediatric WG. Computed tomography 
is more sensitive than chest radiography in detecting pulmonary lesions 
in WG.

Fig. 153.4 Computed tomography scan of a patient with a left orbital mass. 
This was causing proptosis and visual loss through compression of the optic 
nerve.

a b

Fig. 153.5 (a) Exophthalmos (patient’s right eye). (b) Enophthalmos (patient’s 
left eye), both resulting from orbital pseudotumors.

a b

Fig. 153.6 Scleritis. (a) Active scleral inflammation, associated with substantial 
eye pain. (b) Healed scleritis, with resultant scleral thinning. The bluish-colored 
choroid is evident beneath the scleral layer.

a b

Fig. 153.7 Oral manifestations of Wegener granulomatitus. (a) Painful tongue ulcer. (b) “Strawberry gums” due to gingival inflammation.

tracheostomy. Subglottic involvement is often asymptomatic and may 
become apparent as hoarseness, pain, cough, or wheezing. However, 
some patients present with the subacute onset of respiratory stridor. 
With time, airway scarring and profound tracheal narrowing may occur 
(Fig. 153.8). Pulmonary function tests (flow-volume loops) may provide 
a useful, non-invasive means of quantifying both the extent of extra-
thoracic obstruction and its response to treatment. However, flattening 
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Kidneys
Renal disease is an ominous clinical manifestation of WG. Although 
less than 20% of patients with WG have renal involvement at the time 
of diagnosis, nearly 80% develop this complication at some point in 
their course.9 The clinical presentation of renal disease in WG is 
rapidly progressive glomerulonephritis: hematuria, red blood cell casts, 
proteinuria (usually non-nephrotic), and rising serum creatinine. In 
addition to glomerular disease, patients with WG often have substan-
tial interstitial kidney disease. Without appropriate therapy, irrevers-
ible loss of renal function may ensue within days to weeks. Thus the 
appearance of active urine sediment or a rise in serum creatinine in 
WG signals the need for prompt, aggressive treatment.

OTHER MANIFESTATIONS
Constitutional symptoms such as fever and weight loss, common in 
WG, serve as important indicators of an active inflammatory process. 
These symptoms, however, rarely occur in isolation. Prominent mus-
culoskeletal symptoms occur in 60% of patients. Arthralgias are more 
common than frank arthritis but true synovitis does occur. The typical 
pattern of joint involvement is migratory and oligoarticular, often 
involving large joints, but polyarthritis also occurs. In addition, cutane-
ous nodules (“cutaneous extravascular necrotizing granulomas”16 (Fig. 
153.11) may occur at sites that are also common locations for rheu-
matoid nodules. Because approximately one third of patients with WG 
are rheumatoid factor positive, rheumatoid arthritis is a common mis-
diagnosis early in the disease course. Assays for antibodies to cyclic 
citrullinated peptides, which do not occur in WG, can help distinguish 
the arthritis of WG from that of rheumatoid arthritis.

In addition to nodules (which are frequently overlooked), skin find-
ings in WG include all the potential manifestations of cutaneous 
vasculitis: palpable purpura, vesiculobullous lesions, papules, ulcers, 
digital infarctions, and splinter hemorrhages. Nervous system disease, 
though present in only a minority of patients at diagnosis, may be 
severe. Vasculitic neuropathy may lead to a devastating mononeuritis 
multiplex (Fig. 153.12) and/or a disabling sensory polyneuropathy. 
Central nervous system abnormalities occur in approximately 8% of 
patients, usually as cranial neuropathies, mass lesions, or pachymen-
ingitis (Fig. 153.13). Parenchymal brain involvement by vasculitis is 
uncommon in WG but has been described. Rare neuroendocrine com-
plications of WG include panhypopituitarism17 and diabetes insipi-
dus.18 WG may also mimic giant cell arteritis, with prominent 
headaches and symptoms that recall polymyalgia rheumatica.

Finally, with regard to pulmonary disease, clinicians must be vigi-
lant to the possibility of pulmonary embolism in WG. Patients with 
this disease are highly susceptible to deep venous thromboses and 
pulmonary emboli.15 The risk of venous thrombotic events in WG is 
believed to result from the involvement of veins by vascular inflamma-
tion, as well as the risk factors associated with debility and immobility, 
significant degrees of proteinuria, and possibly other factors.

Fig. 153.8 Subglottic stenosis. A web of scar tissue is evident just below the 
vocal chords, leading to narrowing of the subglottic area and inspiratory 
stridor.

Fig. 153.9 Computed tomography scan of the chest in Wegener 
granulomatosis. Multiple bilateral pulmonary nodules can be seen, many of 
which have cavitated.

Fig. 153.10 Alveolar hemorrhage in a patient with Wegener granulomatosis. 
This has resulted in rapidly changing pulmonary infiltrates. There is also a 
nodular lesion in the right lung.
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Fig. 153.11 Cutaneous extravascular necrotizing granulomas (“Churg-Strauss 
granulomas”) over the extensor surface of the olecranon region. These lesions 
were misdiagnosed initially as rheumatoid nodules in the Wegener 
granulomatosis patient who was positive for rheumatoid factor.

a

b

Fig. 153.12 Mononeuritis multiplex. (a) Wasting of the interosseous muscle 
between the thumb and first finger, caused by peripheral nerve infarction. (b) 
A patient with weakness bilaterally of foot dorsiflexion (“foot drop”), left 
greater than right.

Fig. 153.13 Magnetic resonance imaging study revealing pachymeningitis in a 
patient with Wegener granulomatosis.

WG rarely affects the heart, gastrointestinal tract, parotid gland, 
pulmonary artery, breast, or genitourinary organs.8,9,19 When these 
organs do become involved, comorbid processes must be excluded.

Pathology
The typical renal lesion of WG is segmental necrotizing glomerulone-
phritis, often accompanied by crescent formation (Fig. 153.14). Throm-
botic changes in the glomerular capillary loops are among the earliest 
histologic changes. Immunofluorescence studies of renal biopsies dem-
onstrate scant deposition (or complete absence) of immunoglobulin 
and complement, hence the term pauci-immune glomerulonephritis. 
This term does not imply the absence of immune-mediated renal 
injury but rather the conspicuous absence (relative, e.g., to lupus 
nephritis) of immunoglobulin and complement deposition. Although 
these renal biopsy findings alone are not diagnostic of WG (e.g., identi-
cal findings can occur in microscopic polyangiitis), the results of renal 
biopsies often clinch the diagnosis when other clinical, radiologic, and 
serologic data are compatible with WG. The finding of granulomatous 
inflammation in renal biopsies is unusual.

WG shows its fullest pathologic expression in the lung, where the 
large amounts of tissue obtained at biopsy (open or thoracoscopic) may 
capture the entire histologic spectrum of disease.20 Pulmonary vascu-
litis in WG may involve arteries, veins, and capillaries, with or without 
granulomatous features. Both the vasculitic and the necrotizing granu-
lomatous features of WG, which do not always coexist, may be con-
firmed in lung biopsy specimens. Vascular necrosis begins as clusters 
of neutrophils within the blood vessel wall, which degenerate and 
become surrounded by palisading histiocytes. This neutrophilic debris 
coalesces into irregularly bordered microabscesses that, when exten-
sive, are referred to as “geographic” necrosis (Fig. 153.15). The range 
of granulomatous inflammation includes scattered giant cells and 
either palisading or poorly formed granulomas. In addition to the more 
specific pathologic findings, pulmonary WG frequently demonstrates 
extensive areas of non-specific inflammation, such as bronchiolitis 
obliterans with organizing pneumonia (BOOP) or other areas of injury 
that fall into no specific pattern.

In contrast to biopsies of the kidney and lung, tissue samples  
from involved areas of the upper respiratory tract (nose, sinuses, and 
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subglottic region) are frequently non-diagnostic, yielding only non-
specific acute and chronic inflammation in up to 50% of biopsies. 
Upper respiratory tract biopsies demonstrate the full pathologic triad 
of granulomatous inflammation, vasculitis, and necrosis in only about 
15% of cases.21 However, provided that strongly suggestive clinical and 
radiologic disease manifestations are present, the finding of even only 
parts of this triad in an upper respiratory tract biopsy (e.g., sterile 
granulomatous inflammation, isolated vasculitis) may argue compel-
lingly for the diagnosis of WG. Similarly, in the proper setting such as 
pulmonary nodules and ANCA directed against proteinase 3 (PR3; see 
ANCA later), a skin biopsy showing leukocytoclastic vasculitis may be 
sufficient for the diagnosis.

Antineutrophil cytoplasmic antibodies
ANCA, directed against antigens within the primary granules of neu-
trophils and monocytes, was first reported in 1982.22 The antibodies 
were linked to WG in 1985.23 Two types of assays for these antibodies, 
immunofluorescence (IF) and enzyme immunoassay (EIA), are now in 
common use. The current role of ANCA in the diagnosis and manage-
ment of WG is summarized in Box 153.1.

With IF, three principal patterns of fluorescence are recognized: 
cytoplasmic (C-ANCA), perinuclear (P-ANCA), and atypical (x- or 
a-ANCA). In patients with vasculitis, the C-ANCA pattern usually 
corresponds to the presence of anti-PR3 antibodies, known as PR3-
ANCA, which can be detected by EIA. The combination of a C-ANCA 
pattern on IF and PR3-ANCA is associated strongly with WG.24 The 
P-ANCA pattern, which (in patients with ANCA-associated vasculitis) 

Fig. 153.14 Segmental necrotizing glomerulonephritis with crescent 
formation, the classic renal histopathology in Wegener granulomatosis. 
Immunofluorescence studies in this disease show a paucity of immunoglobulin 
and complement deposition.

usually corresponds to the presence of antimyeloperoxidase (MPO) 
antibodies (MPO-ANCA), occurs in approximately 10% of patients 
with WG but is more typical of microscopic polyangiitis, the Churg-
Strauss syndrome, and renal-limited vasculitis. Atypical ANCA pat-
terns are found in a wide variety of disorders, such as inflammatory 
bowel disease, systemic immune-mediated diseases, and infections.25 
These atypical patterns are frequently difficult to distinguish from the 
P-ANCA pattern. Thus regardless of the IF pattern, positive IF assays 
should be confirmed by the performance of EIAs to determine the 
specific antigen targeted by the ANCA (e.g., PR3, MPO).

Most series indicate that approximately 10% of patients with active, 
untreated WG are ANCA negative. For patients with limited WG, 
defined as the absence of an immediate threat to either the function 
of a vital organ or the patient’s life,26 30% or more lack ANCA. Thus 
a negative ANCA assay does not preclude the diagnosis of WG.

An additional shortcoming of ANCA is its unreliable correlation 
with disease activity. Titers of antibodies tend to decline following the 
institution of immunosuppressive therapy but do not always; many 
patients in complete clinical remission, at least those treated with 
conventional immunosuppression such as the combination of cyclo-
phosphamide and prednisone, remain ANCA positive. Although some 
of these patients eventually suffer flares of their disease, the period 
between the rise in ANCA titers and the appearance of renewed disease 
activity may be several years. Such intervals call into question the 
validity of relationship between the original ANCA titer elevation and 
the eventual disease flare. In the absence of clinically evident disease, 
the treatment of patients simply because of rising ANCA titers  
leads to considerable unnecessary morbidity from heavy-handed 
immunosuppression.

Despite advances in ANCA testing techniques, the cornerstone of 
diagnosis in WG remains the combination of typical clinical features 
and histopathology. When the diagnosis is uncertain, all reasonable 
attempts to obtain biopsies that confirm the diagnosis should be 
pursued. On the other hand, appropriate biopsy sites are not always 
evident. Furthermore, biopsies do not always yield diagnostic findings. 
In such settings, ANCA assays provide an important adjunct to diag-
nosis, even though they do not supplant histology in most cases.

Differential diagnosis
In 1954 Godman and Churg noted pathologic similarities among three 
clinically distinct disease entities: WG, microscopic polyangiitis, and 
the Churg-Strauss syndrome.27 These observations were insightful 
because these conditions are the cardinal forms of vasculitis now rec-
ognized to be associated with ANCA in many cases. Typical features 
of these disorders, which may be difficult to differentiate, are contrasted 
in Table 153.1.

The 1994 Chapel Hill Consensus Conference on vasculitis nomen-
clature28 defined microscopic polyangiitis as a process that:

● involves necrotizing vasculitis with few or no immune deposits (i.e., 
is pauci-immune),

● affects the smallest blood vessels (capillaries, venules, and 
arterioles),

● may also affect medium-sized vessels, and
● demonstrates tropism for the kidneys (glomerulonephritis) and lungs 

(pulmonary capillaritis).

The renal features of WG and microscopic polyangiitis are fre-
quently indistinguishable, even by histopathology. In addition, both 
microscopic polyangiitis and WG may lead to life-threatening alveolar 
hemorrhage. The essential difference between WG and microscopic 
polyangiitis is the presence of chronic upper respiratory tract inflam-
mation in the former and the absence of granulomatous inflammation 
in any organ in the latter. Because sampling error is impossible to 
exclude in some tissue biopsies, some patients initially diagnosed with 
microscopic polyangiitis subsequently develop unequivocal features of 
WG. Seventy percent of patients with microscopic polyangiitis have 
ANCA, usually MPO-ANCA, which typically produce a P-ANCA 
pattern on IF testing.

The Churg-Strauss syndrome also tends to affect the same organs 
as WG, albeit often with different manifestations and severity. Asthma 
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a patient with features of vasculitis strongly suggests Churg-Strauss 
syndrome rather than WG, particularly if the eosinophilia is greater 
than 25% of the total leukocyte count. In addition, although biopsies 
from patients with WG sometimes demonstrate mild degrees of eosino-
philia, striking tissue infiltration by eosinophils is atypical. Unlike 
WG, Churg-Strauss syndrome usually does not produce destructive 
upper airway disease or cavitary pulmonary nodules.

Henoch-Schönlein purpura (HSP) may mimic WG in its propensity 
to cause cutaneous vasculitis, arthritis, and glomerulonephritis. 
Although HSP often follows upper respiratory tract infections, these 
complaints have usually resolved by the time vasculitis appears. This 
contrasts with the persistent upper respiratory tract inflammation 
observed in WG. Pulmonary involvement in HSP is exceptional. Large, 
confluent areas of purpura favor HSP because cutaneous disease is 
usually less extensive in WG.

WG must be distinguished from pulmonary-renal syndromes such 
as Goodpasture disease. In Goodpasture disease, antibodies directed 
against the glomerular basement membrane can be measured in the 
blood or observed as linear staining in indirect IF studies of lung or 
kidney tissue. Clinical and serologic features usually distinguish WG 
from other diseases that can also produce pulmonary-renal syndromes 
such as systemic lupus erythematosus.

Limited WG may pose a difficult diagnostic problem. The destruc-
tive upper airway disease that occurs in limited WG may also be due 
to infection (mycobacteria, fungi, actinomycosis, syphilis), malignancy 
(squamous cell carcinoma, extranodal T-cell lymphoma), or illicit  
drug use (intranasal cocaine or the smoking of crack). Because 

and marked eosinophilia typically accompany this disease. More than 
90% of Churg-Strauss syndrome patients have histories of asthma, 
most often of onset within recent months or years. Rhinitis, nasal 
polyps, and sinusitis are common, but destructive sinusitis is atypical 
and more suggestive of WG. The finding of peripheral eosinophilia in 

a b

Fig. 153.15 Pulmonary pathology in Wegener granulomatosis. (a) Extensive coalescent areas of necrosis from a biopsy of a pulmonary nodule. This pathologic 
finding is termed “geographic” necrosis. (b) Numerous multinucleated giant cells surrounding an ovoid region of necrobiosis.

BOX 153.1 CLINICAL UTILITY OF ANCA TESTING
 Combined testing using immunofluorescence (IF) assays and enzyme immu-

noassays (EIAs) for antibodies to PR-3 or MPO is recommended. The most 
reliable results are positivity by both IF and EIA. However, positive serologies 
alone are not diagnostic of WG (or any other illness).

 Although the sensitivities of these two techniques are comparable, EIA has a 
higher specificity than IF.

 A host of systemic illnesses (which may mimic WG), including infections, 
malignancies, and systemic rheumatic conditions, may be associated with 
ANCA.

 Despite rigorous serologic evaluations, not all patients with WG have ANCA.
 Even in patients who are ANCA positive, the titers are unreliable indicators of 

disease activity. As a rule, predicating treatment decisions on ANCA titers is 
a mistake.

 The direct role (if any) of ANCA in the pathogenesis of WG remains unclear. 
Most current evidence suggests that ANCA may amplify inflammation. ANCA 
enhances the degranulation of cytokine-primed neutrophils in vitro, but evi-
dence of a role for these antibodies in the initiation of human disease is 
lacking.
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with active WG who lack overt pulmonary disease indicate that a 
subclinical neutrophilic alveolitis and ANCA production are present in 
many.30,31 In addition, significant abnormalities found on physical 
examination of the nasal mucosa and radiographic findings in the 
sinuses have been reported in WG patients who have no clinical symp-
toms in these organs. This provides further support for the hypothesis 
that the portal of entry for the putative pathogen(s) is the respiratory 
tract. However, attempts to identify infectious agents in lung tissue 
using both standard and novel pathologic techniques have been unre-
warding to date.

Regardless of the initiating event(s), substantial insights into the 
pathophysiology of WG have been gained in the past few years. A 
schematic representation of molecular events involved in the patho-
genesis of WG is shown in Figure 153.16. WG is associated with 
abnormalities of many pathways and cell types and numerous distur-
bances in cytokine regulation.

Animal models demonstrate that antibodies to tumor necrosis 
factor (TNF) markedly impair granuloma formation. CD4+ T cells 
from patients with WG produce elevated levels of TNF and peripheral 
blood mononuclear cells secrete increased amounts of interferon-
gamma (IFN-γ), under the direction of interleukin-12.32 Serum levels 
of soluble TNF receptors, elevated in active WG, normalize with the 
induction of remission. Finally, in vitro priming of activated neutro-
phils with TNF markedly enhances the ability of ANCA to stimulate 
neutrophil degranulation, potentially fueling the vasculitis associated 
with WG.33 Despite these observations, one large controlled trial of 
anti-TNF therapy in WG demonstrated no therapeutic effect for 
etanercept.34

● CTLA-4, a receptor for T-cell inhibition, appears to be deficient in 
some patients with WG.35 This abnormality could potentially lead 
to enhanced T-cell activity. Even during apparent clinical remissions, 
T cells maintain surface activation markers.36 This observation 
implies that CTLA-4 Ig might have therapeutic value in at least a 
subset of patients with WG.

● Monocytes and neutrophils isolated from the blood of patients with 
WG appear more activated than those isolated from controls.37 PR3 
is expressed on leukocyte membranes in WG to a greater extent than 
in controls, setting the stage for binding to ANCA and generation of 
enhanced degranulation and oxidative burst.33,38

● B-cell activation is also manifest indirectly by the production of 
ANCA in most patients. In a provocative animal model, knockout 
techniques were used to produce a mouse deficient in both T and B 
cells (RAG2-/-). The administration of ANCA to these mice (specifi-
cally anti-MPO IgG) produced pauci-immune crescentic 
glomerulonephritis.39

● Results of a randomized, double-blind, placebo-controlled trial of 
B-cell depletion therapy in WG confirmed the efficacy of rituximab 
in this disease.40 Detailed mechanistic studies performed in concert 
with this clinical trial may yield important insights into disease 
pathophysiology.

granulomatous infections of the lung (e.g., mycobacteria or fungi) may 
also cause vasculitis and necrosis, the diagnosis of WG should not be 
rendered on lung biopsy specimens until special stains and cultures for 
infection are negative.

A WG-like disease has been described in adult patients with defects 
in genes responsible for transporter function in antigen presentation 
(TAP genes).29 Mutations identified in two forms of TAP genes (1 and 
2) resulted in a marked decrease in expression of HLA class I molecules 
on the surface of antigen-presenting cells. Affected patients have had 
severe destructive upper respiratory tract disease, nasal collapse,  
recurrent bacterial infections, bronchiectasis, and cutaneous vasculitis. 
They failed to respond to therapies that are usually effective for  
WG.

Lymphomatoid granulomatosis, an angiocentric immunoprolifera-
tive disorder, may mimic WG closely in its presenting features. Once 
believed to be a form of systemic vasculitis, lymphomatoid granuloma-
tosis (LG) is now recognized to be a malignancy. Because of its pro-
pensity to cause constitutional symptoms, lung nodules, renal 
dysfunction, and a polymorphic inflammatory infiltrate associated with 
necrosis, LG may mimic WG clinically. Despite their similar names, 
however, the two diseases differ substantially in their pathologic fea-
tures. LG comprises part of a disease continuum, one end of which 
mimics systemic vasculitis clinically. At the other end of this contin-
uum, the pathologic process merges with an aggressive form of diffuse, 
large B-cell lymphoma.

Etiology and pathogenesis
Attempts to identify the etiology of WG have centered on the roles  
of genetics, environmental exposures, and microbial pathogens. The 
striking Caucasian predominance of WG indicates that genes probably 
play some role in susceptibility to this disease. However, the rarity of 
WG in more than one member of the same family suggests that heri-
table factors alone do not explain the expression of this illness. Attempts 
to identify links between WG and human leukocyte antigen (HLA) 
genes have not demonstrated any consistent associations.

Environmental exposures—perhaps the proper exposure occurring 
in a genetically susceptible individual—represent other potential etio-
logic factors in WG. Granulomas may begin around a nidus of rela-
tively insoluble material derived from inert matter (e.g., asbestos, silica, 
cement, wood dusts). Many inhaled substances are known to cause 
inflammatory airway responses, including granuloma formation. Sub-
stances such as silica stimulate giant cell formation and simultane-
ously activate neutrophils. To date, however, studies of known causes 
of granuloma formation in patients with WG are incomplete. The 
heterogeneity of WG patients with regard to age, geographic origin, and 
potential environmental exposures casts doubt on any single environ-
mental agent as the cause of WG.

Since the original descriptions of WG by Klinger1 and Wegener,2,3 
microbial pathogens have been regarded as possible precipitants of this 
disease. Analyses of bronchoalveolar lavage specimens from individuals 

TABLE 153.1 COMPARISON OF ANCA-ASSOCIATED VASCULITIDES

WG MPA CSS

ANCA positive (%) 80-90% 75% 50%

Typical results* C-ANCA/proteinase 3 P-ANCA/MPO P-ANCA/MPO

Upper respiratory tract Nasal septal perforation Usually absent or mild Nasal polyps

“Saddle-nose” deformity Allergic rhinitis

Subglottic stenosis

Lung Nodules, infiltrates, or cavitary lesions Alveolar hemorrhage Asthma infiltrates

Kidney NCGN, occasional granulomatous features NCGN NCGN

Distinguishing features Destructive upper airway disease, 
granulomatous inflammation

No granulomatous 
inflammation

Asthma, allergy, eosinophilia, granulomatous 
infiltrates—with abundant eosinophils

* These relationships are not absolute. A minority of patients with Wegener granulomatosis may be P-ANCA/MPO positive, and a minority of patients with MPA or CSS may be C-ANCA/PR3 positive.
ANCA, antineutrophil cytoplasmic antibodies; CSS, Churg-Strauss syndrome; MPA, microscopic polyangiitis; NCGN, necrotizing crescentic glomerulonephritis.
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patients treated in this fashion entered remission. The Fauci-Wolff 
regimen43 called for the continuation of daily CYC for 1 full year after 
the achievement of remission. Although this regimen was effective in 
controlling WG, patients suffered substantial treatment-related mor-
bidity (see Morbidity and Mortality later).

Clinical practice regarding the use of either daily or intermittent 
(e.g., monthly intravenous) CYC varies from center to center. In WG, 
some data suggest that daily CYC is more likely to result in durable 
remissions44,45 but daily administration is also associated with a greater 
number of side effects (see later). The CYCLOPS trial,46 which com-
pared intermittent CYC to oral CYC, demonstrated that the two  
treatment regimens were equivalent with regard to the induction of 
remission. However, intermittent CYC administration is associated 
with a smaller cumulative dose of this medication and may be associ-
ated with fewer adverse events.

Regardless of whether intermittent or daily CYC is used, meticulous 
monitoring, particularly of the white blood cell count, is essential. 
Measuring complete blood counts every 1 to 2 weeks is appropriate for 
patients treated with daily CYC. The induction of neutropenia is not 
required to achieve a therapeutic effect. With daily CYC regimens the 
avoidance of neutropenia is essential to prevent opportunistic infec-
tions. CYC should be withheld temporarily if the white blood cell count 
falls below 4.0 × 109/L. Treatment may be reinstituted at a lower dose 
after the resolution of neutropenia.

To control the disease and yet avoid the side effects of long- 
term CYC use, many centers now employ shorter courses of induction 
treatment with CYC (e.g., 3 to 6 months), followed by longer  
periods of treatment with either methotrexate (MTX)46,47 or azathio-
prine (AZA)48 to maintain disease remission. The optimal length of 
treatment with MTX or AZA is not clear, but continuation of these 
medications for at least 1 year after remission is reasonable in most 
patients. If and when maintenance therapy is withdrawn, it should 
always be during a period after unequivocal remission has been sus-
tained without dependence on glucocorticoids. Before the start of AZA 
therapy, testing for sufficient quantities of the thiopurine methyltrans-
ferase (TPMT) enzyme through either genotyping or activity studies is 
essential.49

TREATMENT
Overview
Current choices for treatment in WG are based on the classification of 
patients into the categories of either “severe” or “limited” disease. This 
is based on the clinician’s perception of the disease’s potential to cause 
major harm within a short time frame (i.e., days to weeks). Severe WG 
constitutes an immediate threat to either the function of a vital organ 
or the patient’s life. Conversely, limited WG consists of disease mani-
festations that do not pose such threats in the short term. Examples 
of severe disease manifestations that require the most aggressive treat-
ment include rapidly progressive glomerulonephritis, alveolar hemor-
rhage, intestinal ischemia, necrotizing scleritis, and vasculitic 
neuropathy. Manifestations of limited disease are conductive hearing 
loss, sinus disease, cutaneous lesions, arthritis/arthralgias, and pulmo-
nary nodules or infiltrates that do not compromise lung function 
significantly.

Data from the 1950s indicate that in the absence of appropriate 
treatment, fully expressed, generalized WG is usually fatal within a 
short time frame. In 1958 Walton41 reported a mean survival of only 
5 months and 82% mortality at 1 year. During the 1960s treatment 
with glucocorticoids appeared to increase mean survival to 12.5 
months,42 but the eventual outcome in nearly all patients was death. 
The possibility of disease remission was realized only in the 1970s, 
when cyclophosphamide (CYC) began to be used on a consistent basis 
to treat WG.43

Severe disease
Until 2009, the diagnosis of severe WG required urgent treatment with 
CYC and high doses of glucocorticoids. A longitudinal study from the 
National Institutes of Health (NIH)9 employed a combination of CYC 
(2 mg/kg daily, with doses reduced for patients with renal dysfunction) 
and prednisone (1 mg/kg daily, tapered over 6 months to a year). This 
regimen converted a once nearly always fatal disease into one that 
responded to treatment in more than 90% of cases. In fact, 75% of 

MOLECULAR EVENTS IN THE PATHOGESIS OF WEGENER’S GRANULOMATOSIS
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Fig. 153.16 Molecular events in the pathogenesis of 
Wegener’s granulomatosis, which is associated with 
an unbalanced Th1 cytokine pathway including 
increased levels of tumor necrosis factor and 
interferon-γ. These cytokines lead to activation of 
polymorphonuclear cells and monocyte/
macrophages and to granuloma formation.
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fibrosis are well established in the subglottic region, airway narrowing 
may be secondary to the progression of scar tissue rather than to WG-
related inflammation. In such cases, subglottic stenosis responds 
poorly to immunosuppressive therapy and the most effective therapeu-
tic approach to this problem is mechanical: surgical dilations of the 
airway, augmented by intralesional glucocorticoid injections.55 Serial 
procedures are often required. The use of laser tissue resection to 
restore luminal patency of the subglottic area is often followed by 
enhanced scar formation and restenosis. The use of laser in the man-
agement of subglottic stenosis has therefore been discouraged. If severe 
stenosis precludes safe dilation, a patent airway should be secured first 
by a tracheotomy.

WG often leads to chronic nose and sinus dysfunction. This problem 
results from damage caused by WG itself, superinfections of damaged 
tissue, the effects of medical therapy, and surgical procedures per-
formed for either diagnosis or treatment. Regardless of disease activity, 
most patients require daily (or more frequent) saline irrigations to 
minimize the accumulation of secretions and crusts and to reduce the 
incidence of secondary infections. Persistent or recurrent infections 
may require surgical drainage. Distinguishing between worsening sinus 
disease caused by active WG and superinfection may be difficult. Both 
may be present simultaneously. In the absence of a prompt response 
to antibiotics, surgical drainage and biopsy are often required for a more 
definitive diagnosis.

Dialysis
The requirement for acute dialysis does not necessarily indicate irre-
versible loss of renal function. With the prudent application of aggres-
sive therapy for active disease, more than 50% of patients with either 
WG or the related disease, microscopic polyangiitis, achieve recovery 
of renal function and become dialysis independent. Recovery of native 
renal function usually occurs within 2 to 3 months of starting dialysis. 
In gauging the likelihood of renal recovery, the most helpful data 
usually relate to the percentage of unaffected glomeruli and the degree 
of interstitial fibrosis.56,57 WG patients with end-stage renal disease are 
a subset of patients at enormous risk for treatment-induced complica-
tions, particularly infections. Consequently, in treating patients with 
significant declines in renal function, clinicians should remember to 
dose CYC appropriately for lower glomerular filtration rates.47,58 
Repeated disease flares with renal features pose serious threats to long-
term renal function, however, making vigilance for recurrences of the 
utmost importance.

Renal transplantation
End-stage renal disease has been estimated to occur in up to 20% of 
some WG cohorts. Although studies of WG patients who have under-
gone renal transplantation are small, results to date suggest that the 
rates of both allograft and patient survival are similar to those of the 
non-WG, non-diabetic transplant population. Allograft survival at 10 
years is approximately 65%. ANCA status at the time of transplanta-
tion is not a useful prognostic marker and its presence should not 
preclude consideration for transplant in a patient who is otherwise  
in apparent remission.59 The rate of relapse among WG patients who 
have undergone renal transplantation may also be lower than that of 
others with the disease, but this question has not been studied 
thoroughly.59,60

DISEASE ASSESSMENT
The Birmingham Vasculitis Activity Score for WG (BVAS/WG) is a 
validated, WG-specific instrument for the evaluation of disease activ-
ity.54 The BVAS/WG consists of eight groups of organ system-based 
items, a general category that includes arthritis/arthralgias and fever, 
and space for the inclusion of other disease manifestations that clini-
cians attribute to active WG. Remission is defined in the BVAS/WG 
as the absence of active disease in any organ system. The Disease 
Extent Index61 is another validated instrument in common use. Cur-
rently, there are no disease-specific instruments for the assessment of 
damage or quality of life in WG. The Vasculitis Damage Index62 has 
been applied to the study of patients with WG.

Findings from the Rituximab in ANCA-associated Vasculitis (RAVE) 
trial may alter the standard of care for WG altogether.40 In the RAVE 
trial, a non-inferiority comparison of rituximab versus CYC for the 
induction of disease remission, the combination of rituximab plus 
glucocorticoids induced disease remission at 6 months and permitted 
the discontinuation of prednisone in 64% of the patients, compared 
with 55% for CYC versus glucocorticoids. Rituximab also appeared to 
be superior with regard to the short-term occurrence of selected adverse 
events and is anticipated to be safer over the long term compared with 
CYC. The full impact of these results is still being vetted by the inter-
national community of vasculitis investigators but has the potential to 
amend the current standard of care, which has relied on CYC for 4 
decades.

Limited disease
Limited WG may respond to the combination of methotrexate (MTX) 
(up to 25 mg/week) and glucocorticoids.26,50,51 In patients with limited 
WG, complete remissions are induced in approximately three quarters 
of cases (a percentage rivaling that of patients with severe disease 
treated with CYC). Disease flares during tapers of MTX and prednisone 
are common, however. MTX is contraindicated in patients with a 
serum creatinine of greater than 2.0 mg/dL because renal dysfunction 
heightens the potential for myelotoxicity significantly.52 In a random-
ized trial, MTX and CYC were compared with regard to remission 
induction for patients with newly diagnosed “early generalized” sys-
temic vasculitis (both treatment groups also received glucocorticoids). 
At 6 months, remission was achieved in approximately 90% of patients 
in both groups. On withdrawal of therapy after remission, however, 
relapses occurred in approximately 70% of the patients in the MTX 
group and 50% of those in the CYC group within about 1.5 years of 
follow-up.

OTHER PHARMACOLOGIC TREATMENTS
Trimethoprim/sulfamethoxazole (T/S) is an important adjunct to treat-
ment for the prevention of Pneumocystis pneumonia but has limited 
to no role in the treatment of active WG. One study, a randomized 
double-blind trial of relapse prevention, suggested that T/S is useful in 
the prolongation of disease remissions.53 Chronic treatment with T/S 
(one double-strength tablet twice daily) led to fewer relapses in the T/S 
group (17% vs. 40% in the placebo group). However, the reduction in 
the risk of relapse applied only to the comparatively minor upper respi-
ratory tract disease flares, not to flares involving vital organs. In addi-
tion, because of the difficulty in distinguishing secondary bacterial 
infections from active WG in the sinuses, the reported reduction in 
upper airway relapses may actually have represented a T/S-induced 
decrease in secondary bacterial sinusitis.

A wide array of other therapies such as plasmapheresis, intravenous 
immunoglobulin, mycophenolate mofetil, and leflunomide have been 
employed in small numbers of patients, but so far insufficient data 
exist to judge their efficacy. A randomized, double-blind, placebo- 
controlled trial of etanercept (a soluble TNF inhibitor) for the mainte-
nance of disease remission showed no efficacy of the experimental 
agent compared with placebo.34 The numbers of patients achieving 
sustained remission (a Birmingham Vasculitis Activity Score/WG54 of 
0 for 6 months), the time to sustained remission, and the numbers  
of disease flares were not different between the etanercept and  
placebo groups. The presence of an increased number of malignancies 
in the etanercept group plus CYC has not been explained and is a 
potential cause for concern. In a mean follow-up of 22 months  
on treatment, less than 50% of patients in either treatment arm 
achieved and maintained disease remissions for the remainder of  
the trial, emphasizing that one of the principal problems in WG is  
the absence of a safe, effective regimen for the maintenance of 
remission.

NON-PHARMACOLOGIC INTERVENTIONS
Certain upper respiratory tract complications of WG may respond 
incompletely to immunosuppressive therapy. These complications 
include subglottic stenosis and nasosinus disease. Once scarring and 
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suffer multiple relapses. In the WGET, increases in damage scores 
correlated not only with disease activity at baseline but also with the 
number of adverse events, particularly among patients with limited 
WG.64 Items of damage caused by treatment were responsible for 
14% of all items recorded on the Vasculitis Damage Index62 in the 
trial. In the NIH series, serious infections occurred in 46% and 26% 
of the patients, respectively, in the two series. Despite the shorter 
courses of CYC employed now in the treatment of WG, herpes 
zoster infections remain a common source of morbidity.65 Other 
morbidities included drug-induced cystitis caused by CYC (43% in 
the NIH series); increased risk of malignancy (particularly bladder 
cancer, leukemia, and lymphoma); infertility (57% of women of 
child-bearing potential in the NIH series); and a host of side effects 
related to the use of glucocorticoids. The incidence of bladder injury 
(cystitis) and cancer has become much lower since numerous centers 
have adopted induction remission strategies of shorter courses of 
CYC (3 to 6 months) for patients with severe WG, followed by 
attempts to maintain remission with MTX or AZA. Damage in WG 
from both the disease and treatment correlates highly with reduc-
tions in quality of life.64

Because of the frequency of opportunistic infections with conven-
tional treatment regimens for WG, prophylaxis against Pneumocystis 
pneumonia is an essential component of WG therapy. Either single-
strength T/S daily or the double-strength formulation three times a 
week is suitable. For patients with sulfa allergies, dapsone (100 mg 
daily) is an appropriate substitute.

All patients who require chronic glucocorticoid treatment are at risk 
for osteoporosis. If bone density studies are normal when treatment 
begins, calcium and vitamin D supplements should be provided to 
diminish the risk of osteoporosis. If bone mineral density is already 
diminished when glucocorticoids are initiated, bisphosphonate therapy 
should be added to the treatment regimen.

MORBIDITY AND MORTALITY
Descriptions of several large cohorts of WG patients in the 1990s and 
first part of the current millennium (the longitudinal NIH cohort [n = 
158]),9 a series of patients from Lübeck, Germany (n = 155)63 and the 
WGET cohort (n = 180)34 confirm common themes with regard to 
morbidity and prognosis. Median follow-up times in the NIH and 
German cohorts were comparable: 8 and 7 years, respectively. The 
majority of patients in both series received daily CYC and glucocorticoids 
as treatment. As noted, 75% of patients in the NIH series achieved 
complete remission but 50% of these ultimately relapsed (at periods 
ranging from 3 months to 16 years). Among the Lübeck patients, 54% 
achieved complete remission but 60% suffered subsequent relapses. In 
the Wegener’s Granulomatosis Etanercept Trial (WGET), although 
more than 90% of all patients achieved at least a transient disease activ-
ity score (BVAS/WG) of zero, less than 50% of patients achieved and 
maintained these disease remissions over the mean 22-month course 
of follow-up on treatment.34 Thus although remissions are achieved in 
most patients with WG, relapse remains a major threat.

Deaths related to WG or its treatment occurred in 13% of the NIH 
patients and 12% of the Lübeck patients. In the WGET, six deaths 
were observed but none was due to active WG.34 Eighty-six percent of 
the NIH patients suffered permanent disease-related morbidity. This 
included chronic renal insufficiency (42%), requirement for dialysis 
(10%), hearing loss (35%), nasal deformity (28%), tracheal stenosis 
(13%), and visual loss (8%). Many patients incurred more than one 
type of permanent morbidity.9 In the WGET, 89% of the patients 
enrolled had sustained at least one item of damage from the disease 
or treatment within 1 year of enrollment.64 The most common items 
of damage recorded were hearing loss (26%) and proteinuria (19%).

Much of the morbidity in WG relates to prolonged courses of 
immunosuppression, particularly the need to retreat patients who 
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now  termed  microscopic polyangiitis,  as  compared  with  polyarteritis 
nodosa in which medium-sized, muscular arteries were involved.9 Clas-
sification  criteria  have  been  developed  by  the  American  College  of 
Rheumatology (ACR) and Lanham and associates, with sensitivities of 
85% and 95% and specificities of 99.7% and 95%, respectively, largely 
driven by the unique presence of eosinophilia in CSS (Table 154.1).10,11 
Subsequently, in 1994, the Chapel Hill consensus definitions included 
CSS within the subgroup of “small vessel systemic vasculitis”; and more 
recently CSS has been included with ANCA-associated granulomatous 
vasculitis, microscopic polyangiitis, and their organ-limited variants in 
the subgroup termed ANCA-associated vasculitis.12 However, the het-
erogeneity of CSS, the absence of ANCAs in half of CSS patients, and 
the presence of incomplete syndromes are complicating factors. Within 
CSS  the  presence  or  absence  of  ANCAs  is  associated  with  differing 
frequencies of organ involvements. Because ANCAs are of pathogenetic 
significance, this suggests that they can be used to subgroup CSS into 
two major categories: ANCA-positive and ANCA-negative.7,13

ETIOLOGY
Genetics
The human leukocyte antigen (HLA)-DRB4 gene is more common in 
CSS,  and  its  frequency  correlates  with  the  number  of  vasculitic,  as 
opposed  to  eosinophilic  infiltrative,  lesions;  it  is  associated  in  other 
studies with the presence of ANCAs.14 This has been confirmed in a 
larger cohort, and specifically the HLA-DRB1*04 and *07 alleles of the 
HLA-DRB4  gene  were  overrepresented  and  the  “protective”‘  HLA-
DRB1 *03 and *13 alleles are underrepresented in patients with CSS. 
This observation is distinct from other HLA associations identified for 
ANCA-associated  granulomatous vasculitis,  a  closely  related ANCA-
associated  vasculitis.15  The  Gly307Ser  polymorphism  of  CD226,  a 
membrane adhesion protein, associated with type I diabetes and mul-
tiple  sclerosis, has a  similar  frequency  in CSS.16 A polymorphism of 
the  IL-10  promoter  has  also  been  associated  with  ANCA-negative 
CSS.17 This haplotype has been consistently associated with increased 
IL-10 production, but it is unclear of the relevance of this observation 
to the pathogenesis of CSS.

Precipitating factors
Few  precipitating  factors  have  been  suggested,  although  an  adverse 
response  either  to  drugs  or  immunization  have  been  proposed.  The 
leukotriene antagonist montelukast has been associated with the sub-
sequent development of CSS. However, the relative risk of developing 
CSS for an asthmatic receiving montelukast is similar to that for oral 
glucocorticoids,  suggesting  that  this  association  is  due  to  increasing 
drug  use  for  deteriorating  asthma,  a  common  prodromal  feature  of 
CSS.18 A similar association has been reported with the anti-IgE thera-
peutic antibody omalizumab, and in both situations the reduction of 
glucocorticoids due to an effective alternative asthma therapy permits 
unmasking  of  CSS.19  Although  immunization  has  been  etiologically 
linked to CSS, exacerbations of established CSS have been seen after 
immunization, and thus immunization may have exposed CSS in its 
prodromal  phase.  In  view  of  the  frequency  of  allergic  reactions  to 
immunizations  and  the  scarcity  of  reports  linking  immunization  to 
CSS it seems unlikely this is an important association.20

PATHOGENESIS
The pathogenesis of CSS is incompletely understood, but key features 
are allergy with asthma, eosinophilic inflammation, and small vessel 
vasculitis.

Churg-Strauss syndrome
David Jayne

 Churg-Strauss syndrome is a primary, multisystem, eosinophilic 
vasculitis associated with upper and lower respiratory tract disease 
and antineutrophil cytoplasmic antibodies (ANCAs).

 Clinical features include asthma, rhinitis, and sinusitis, with 
eosinophilia progressing to systemic vasculitis with cutaneous, 
cardiac, neurologic, gastrointestinal, and renal disease.

 Laboratory results include eosinophilia greater than 10% of total 
white blood cell (WBC) count, ANCA positivity (usually MPO-ANCA) 
in 40%, elevated erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP).

 Subgrouping for treatment is done according to prognosis: 
prednisolone alone or with methotrexate or azathioprine is used 
for those without poor prognostic factors, with prednisolone with 
cyclophosphamide for those with poor prognostic factors.

 Relapse occurs in 75%. Intravenous methylprednisolone, 
intravenous immunoglobulin, interferon alfa, or rituximab is used 
for refractory or relapsing disease.

INTRODUCTION
Churg-Strauss syndrome (CSS) is a clinicopathologic entity character-
ized  by  respiratory  tract  and  systemic  vasculitis,  eosinophilia,  and 
extravascular  granulomas.  Also  termed  allergic granulomatosis and 
angiitis, it was first described in 13 cases by Jacob Churg and Eli Strauss 
in New York in 1951, who also noted the differences from polyarteritis 
nodosa.1 They  established histologic  criteria  for CSS, based on post-
mortem examinations of eosinophil infiltration, necrotizing vasculitis, 
and extravascular granulomas. The absence of immune complex depo-
sition,  predominant  involvement  of  microscopic  blood  vessels,  and 
presence of anti-neutrophil cytoplasmic antibodies (ANCAs) in approx-
imately one half of patients has highlighted similarities with ANCA-
associated  granulomatous  vasculitis  (formerly  called  Wegener’s 
granulomatosis)  and  microscopic  polyangiitis  and  led  to  CSS  being 
grouped with these other syndromes under the term ANCA-associated 
vasculitis.

EPIDEMIOLOGY
The incidence of CSS in Western Europe is between 1 and 4 million/
year,2  and  the  prevalence  is  10  to  15  million.3  Different  diagnostic 
criteria and study designs have influenced these results, and the pres-
ence of incomplete presentations and cases with overlapping features 
of other eosinophilic syndromes has complicated analyses.4 Real figures 
are likely to be higher. An effect of latitude has been observed for both 
ANCA-associated granulomatous vasculitis and CSS, with these syn-
dromes  being  more  common  in  Northern  Europe  and  with  reduced 
ambient ultraviolet radiation, which has been associated with immu-
nomodulatory effects of reduced vitamin D levels.5 A reduced frequency 
in Japan points to ethnic differences in susceptibility.6

The mean age at diagnosis is 55 years with an equal sex incidence.7 
CSS is rare in childhood and is an uncommon cause of ANCA-associ-
ated vasculitis, with only 2 of 117 children in a recent Canadian series 
having CSS.8

CLASSIFICATION
Shortly  after  the  description  of  CSS,  Churg  noted  similarities  with 
ANCA-associated granulomatous vasculitis and its microscopic variant, 
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activated.30  An  increased  frequency  of  thrombotic  events  is  seen  in 
CSS, and eosinophils store and release tissue factor and other cationic 
proteins and are capable of initiating coagulation, a central component 
of vasculitis.33

Vasculitis
In  all,  40%  of  CSS  patients  are  ANCA  positive,  with  90%  of  the  
ANCA  positivity  reflecting  myeloperoxidase  ANCAs  (MPO-ANCAs) 
and  10%  proteinase  3  ANCAs  (PR3-ANCAs).7,13  The  presence  of 
ANCAs is strongly associated with nephritis and lung hemorrhage and 
less  strongly  associated  with  purpura  and  neuropathy,  whereas  the 
absence of ANCAs was associated with non-hemorrhagic lung disease 
and  cardiac  involvement.7,13  Thus,  ANCAs  are  associated  with  the 
small  vessel  vasculitic  manifestations  and  the  absence  of  ANCAs  is 
associated  with  the  eosinophilic  and  granulomatous  manifestations. 
Evidence  for  the  pathogenicity  of  ANCAs  relies  on  three  sources. 
ANCAs  are  strongly  associated  with  active  glomerular  and  alveolar 
capillaritis  in primary vasculitic  syndromes. ANCAs have  the ability 
in vitro  to activate TNF-primed neutrophils and induce a respiratory 
burst  with  proteolytic  enzyme  and  superoxide  release  that  requires 
crosslinking  of  ANCAs  by  the  low-affinity  FcγRIII  receptor  on  the 
neutrophil surface.34 Finally, autoimmune-prone animal models have 
clearly  shown  the  induction  of  renal  vasculitis  by  MPO-ANCA–  or 
MPO-ANCA–secreting spleoncytes.35 A key stage is the interaction of 
activated  ANCAs  with  the  endothelium,  and  endothelial  adhesion 
ligands including P selectin are upregulated in vasculitis.36 Adherence 
and  neutrophil  degranulation  promotes  endothelial  apoptosis  and 
shedding detectable by an increase in circulating endothelial cells and 
endothelial microparticles.23,37 Despite the elucidation of this pathoge-
netic  sequence,  small  vessel  vasculitis  occurs  without  ANCAs;  and 
other  mechanisms,  which  are  less  clearly  understood,  can  result  in 
similar vessel injury.

HISTOLOGY
Eosinophil infiltrates, extravascular granulomas, and vasculitis of small 
and medium vessels are characteristic features of CSS.1 Arteries, arte-
rioles, venules, and veins may be involved in both the pulmonary and 
systemic  circulations,  and  vasculitis  can  occur  without  granulomas. 
When granulomas occur,  they are poorly  formed, up  to 1 millimeter 
in diameter, and comprise multinucleate giant cells, palisading histio-
cytes,  and  central  necrosis.  The  pulmonary  features  combine  focal 
necrotizing vasculitis with features of eosinophilic pneumonia. Trans-
mural  lymphocyte  and  giant  cell  infiltrates  and  small  extravascular 
granulomas are also seen. A similar pathology is found in the gastro-
intestinal tract and heart but not seen in the kidneys, where granulo-
mas  are  usually  absent  and  the  pathologic  process  is  a  necrotizing 
glomerular capillaritis.

CLINICAL FEATURES
Lanham and associates described three phases of CSS: an allergic pro-
dromal phase, an eosinophilic phase, and a final vasculitic phase.11 The 
prodrome  may  last  many  years  and  comprises  asthma,  nasal  allergy 
and  polyposis,  or  other  allergic  manifestations.  The  majority  of  

Allergy
Airway hyper-responsiveness in allergic asthma is associated with dys-
regulated  T-helper  cell  type  2  (Th2)  responses  to  extrinsic  antigens. 
Both  mast  cell  and  eosinophil  activation  and  IgE  levels  are  T  cell 
dependent, mediated by Th2 cytokines. Regulation of Th2 responses 
is, in part, mediated by transforming growth factor (TGF)-beta (TGF-β) 
release  from regulatory T cells.  In comparison with asthmatics, CSS 
patients  lack  seasonal  allergy  and  specific  IgE  responses  to  allergens 
are  low,  with  only  one  third  having  a  detectable  allergen.  T-cell  
interleukin-2 (IL-2) production is also reduced.21,22 However, perennial 
allergens,  such  as  Dermatophagoides,  are  more  common  in  CSS 
patients. This suggests that allergy to extrinsic antigens may be rela-
tively less important in triggering activity in CSS. The significance of 
elevated IgE levels or IgE-containing immune complexes to pathology 
is not known.

Eosinophilic inflammation
CSS  is  characterized  by  eosinophilia  and  eosinophil  infiltration  of 
affected  tissues.  IgE  levels,  “allergic  granulomatosis,”  and  eosinophil 
products such as eosinophil cationic protein (ECP), major basic protein 
(MBP),  and  eosinophil  cationic  protein,  are  raised  in  serum  and  
bronchoalveolar  lavage  fluid.23  Cardiac  and  nerve  damage  is  directly 
mediated  by  these  products  including  eosinophil-derived  neuro-
toxin,  and  ECP  and  MBP  are  detectable  at  sites  of  inflammation.24 
Although the presence of elevated IgE levels and eosinophilia points to 
Th2  type  responses,  T  cells  from  CSS  patients  produce  both  excess 
Th1  cytokines,  tumor  necrosis  factor  (TNF),  and  interferon-γ  and 
excess  Th2  cytokines,  IL-4,  IL-5,  and  IL-13,  with  reduction  in  the 
counter-regulatory  Th2  cytokine  IL-10.25  There  is  thus  evidence  of 
activation of both Th1 and Th2 responses. The eosinophilia in CSS is 
T-cell dependent, T-cell stimuli induce both IL-5 release and the eosin-
ophilia, and IL-5 levels correlate with disease activity.26,27 Activation of 
Th17 cells with increased IL-17 levels has been reported in other forms 
of  vasculitis  and  also  occurs  in  active  CSS.28  In  contrast,  regulatory 
T-cell  subsets  defined  by  CD4+,  CD25+,  which  secrete  IL-10  and 
TGF-β  (Tr1  cells)  or  FOXP3+  (Treg  cells)  were  depressed  in  active 
disease  and  increased  during  remission,  and  such  changes  were  
not  observed  in hypereosinophilic  syndrome,  further  pointing  to  the 
role  of  defective  T-cell  regulation  in  the  etiology  of  CSS.22,28  These 
observations  indicate that perturbations of T-cell activity and regula-
tion  contribute  to  the  pathogenesis  of  CSS  and  suggest  that  CSS  
is  immunologically  distinct  from  asthma  and  hypereosinophilic 
syndrome.

A group of chemokines termed eotaxins that bind to the common 
chemokines receptor 3 (CCR3) are induced by Th2 cytokines and influ-
ence eosinophil  trafficking  to  sites of  inflammation. Eotaxin-3  levels 
are elevated in CSS and correlate with disease activity.29 Eosinophilia 
and  eosinophil  infiltration  are  associated  with  the  expression  of  the 
activation  antigens  CD69  and  CD25  and  protection  against  T-cell–
induced  apoptosis.30  Resistance  to  apoptosis  has  been  linked  to 
increased  expression  of  discoidin  domain  receptor  1  and  the  TNF-
related apoptosis-inducing ligand (TRAIL) membrane receptor expres-
sion.31,32  However,  there  do  not  appear  to  be  intrinsic  defects  in 
eosinophil  apoptosis  and  proapoptotic  gene  pathways  are  also 

TABLE 154.1 CLASSIFICATION CRITERIA AND DEFINITION FOR CHURG-STRAUSS SYNDROME

Classification criteria Definition

Lanham (requires 2 of 3)11 American College of Rheumatology (requires 4 of 6)10 Chapel Hill Consensus Conference12

Asthma
Eosinophilia (>10% WBC 

count or >1.5 × 109)
Systemic vasculitis 

affecting at least two 
extrapulmonary sites

Asthma
Eosinophilia (>10% total WBC count)
Neuropathy (mono or polyneuropathy)
Pulmonary infiltrates (migratory or transitory)
Paranasal sinus abnormality (pain, tenderness or radiologic abnormality)
Extravascular eosinophils (in a biopsy including an artery, arteriole, or venule)

Eosinophil-rich and granulomatous inflammation 
involving the respiratory tract, necrotizing 
vasculitis affecting small to medium-sized vessels, 
and associated with asthma and eosinophilia

WBC, white blood cell.
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Ear, nose, and throat involvement
Nose  and  sinus  involvement  is  an  ACR  classification  criterion,  and 
symptoms of “allergic” rhinitis, nasal obstruction by polyps, deafness 
due to otitis media, and sinusitis often precede the diagnosis by several 
years.10,11  Nasal  polyposis  and  maxillary  sinusitis  of  varying  severity 
affects 70% and largely resolves with therapy.41 An inflammatory eosin-
ophilic exudate  involving the mastoid sinuses and middle ear causes 
otitis media, which may become secondarily infected, with rupture of 
the tympanic membrane and discharge.42 Sensorineural deafness either 
caused by  inner ear  inflammation or vasculitis of  the auditory nerve 
may  also  occur.  Prompt  diagnosis,  surgical  drainage,  and  infection 
control combined with conventional CSS therapy can salvage hearing, 
but  most  patients  with  ear  involvement  suffer  permanent  hearing 
deficit.43 Laryngeal involvement has been reported.44

Cardiac involvement
Cardiac involvement occurs in 50%, more frequently than with other 
vasculitides,  and  is  the  major  vasculitic  cause  of  early  death.45  It  is 
associated with a short prior CSS disease course and with the absence 
of previous cardiac or pulmonary disease. The pathogenesis is caused 
by vasculitis of myocardial or coronary vessels, eosinophilic myocardial 
infiltration, or, rarely, extravascular granuloma formation. In contrast 
to  eosinophilic  cardiomyopathy  (Löffler’s  endocarditis),  eosinophil 
infiltration and fibrosis is less intense and focal necrosis and vasculitis 
is seen. The presence of cardiac disease  is more common in ANCA-
negative  CSS  patients  and  in  those  with  a  higher  eosinophil  count, 
which  is  consistent  with  the  observation  that  such  involvement  is  
rare  in  ANCA-associated  granulomatous  vasculitis  and  microscopic 
polyangiitis.

Endomyocarditis leads to a cardiomyopathy with a restrictive, con-
gestive, or dilated pattern and myocardial infarction (Table 154.3). Left 
ventricular failure is common, and both supraventricular and ventricu-
lar dysrhythmias occur and can result in sudden death. Valvular abnor-
malities  arise  from  subendocardial  inflammation  or  fibrosis,  in 
particular mitral regurgitation, and can be associated with pulmonary 
hypertension.  Intraventricular  masses  comprising  thrombus  and 
inflammatory  tissue  may  be  seen.  Pericardial  effusion  secondary  to 
pericarditis occurs in 20% and may progress to tamponade.46,47

Electrocardiography reveals left and right bundle-branch blocks, ST-
segment  and  T-wave  abnormalities,  and  dysrhythmias.  Ventricular 

CSS patients have a history of allergy, which is familial in 25%. The 
eosinophilic  phase  comprises  a  circulating  eosinophilia  and  eosino-
philic manifestations such as eosinophilic pneumonia, endomyocardi-
tis, or eosinophilic gastroenteritis. This phase may fluctuate without 
therapy;  and  after  a  variable  period,  features  of  systemic  vasculitis 
emerge, including constitutional disturbance with fevers, weight loss, 
polyarthralgia, and polymyalgia.

In reality, most patients are now diagnosed in the eosinophilic phase 
or with both features of the eosinophilic and vasculitic phases. However, 
a careful history is most important with previous ear, nose, and throat 
(ENT) disease, especially nasal polyposis, and worsening asthma being 
valuable pointers toward a diagnosis of CSS. The frequency of systemic 
involvement is shown in Table 154.2.

Pulmonary disease
Because asthma is a diagnostic criterion, published series report pul-
monary disease in 100%, but the true frequency is  likely to be lower 
as patients present without asthma but with other characteristic fea-
tures.10  Other  pulmonary  manifestations  are  infiltrates,  caused  by 
localized  granulomatous  vasculitis,  pulmonary  hemorrhage,  pleural 
effusions, and the pulmonary consequences of cardiac disease. Other 
causes of eosinophilic lung disease include simple and chronic pulmo-
nary eosinophilia, eosinophilic pneumonia, allergic bronchopulmonary 
aspergillosis, and hypereosinophilic syndrome.

Asthma  usually  precedes  other  symptoms  and,  in  distinction  to 
common asthma, appears late, in adulthood. Some cases of CSS have 
a history of childhood common asthma that returns with progressive 
severity before CSS is diagnosed. In CSS, asthma requires glucocorti-
coid  therapy  before  diagnosis  in  77%  and  there  is  frequent  use  of 
inhaled β2 agonists and glucocorticoids and the second-line therapies 
montelukast and omalizumab.18

Chest  radiography and computed  tomographic assessment  reveals 
parenchymal  infiltrates  in  75%.  Other  abnormalities  include  small 
nodules, ground-glass opacities, bronchial wall thickening, and consoli-
dation.38 Categorization of infiltrates into airway or airspace patterns 
correlates with obstructive or restrictive pulmonary function patterns. 
Lung histology displays eosinophilic pneumonia, necrotizing granulo-
mas, and vasculitis eosinophilic bronchiolitis and bronchial wall thick-
ening with  eosinophil  and  lymphocyte  infiltration. Exudative pleural 
effusions result from pleural eosinophil infiltration, and CSS has been 
diagnosed by pleural biopsy.39

Pulmonary manifestations respond to glucocorticoid and immuno-
suppressive therapy with reduction of asthma and resolution of radio-
logic  changes;  however,  asthma  often  returns  as  glucocorticoids  are 
reduced, and one third of CSS patients have persisting glucocorticoid-
requiring asthma despite the absence of eosinophilia or other features 
of CSS activity.40

TABLE 154.2 ORGAN INVOLVEMENT AND ANCA STATUS IN 
CHURG-STRAUSS SYNDROME

System  
involvement (%)

Sable-Foutassou et al., 
200913 Sinico et al., 20057

ANCA 
positive

ANCA 
negative

ANCA 
positive

ANCA 
negative

Ear nose and throat 86 71 77 78

Lung 100 100 97 95

Heart 12 49 6 22

Gastrointestinal tract 42 26 7 33

Peripheral nerve 84 65 71 60

Brain 12 7 17 12

Kidney 35 4 51 12

Skin 53 51 50 48

ANCA, antineutrophil cytoplasmic antibody.

TABLE 154.3 FEATURES OF CARDIAC INVOLVEMENT IN 
CHURG-STRAUSS SYNDROME

Ventricular failure 25%

 Mild (LVEF 40-55%) 15%

 Moderate (LVEF 30-39%) 2%

 Severe (LVEF <30%) 8%

Valvular abnormalities Any, 35%

 Mitral 12%

 Aortic 6%

 Tricuspid 14%

Conduction disturbances 35%

 Bundle-branch block 28%

 ST-segment or T-wave abnormality 10%

 Ventricular arrhythmia 4%

Intracardiac mass 8%

Pericardial effusion 18%

Pulmonary hypertension 12%

LVEF, left ventricular ejection fraction.
Note: Cardiac involvement was noted in 22/49 patients (45%).
Data from Neumann T, Manger B, Schmid M, et al. Cardiac involvement in Churg-Strauss 
syndrome: impact of endomyocarditis. Medicine (Baltimore) 2009;88:236-243.



SE
C

TI
O

N
 1

1 
●

 T
H

E 
VA

SC
U

LI
TI

D
ES

1562

Involvement  of  the  brain  or  spinal  cord  is  uncommon.  Cerebral 
infarction can occur, but it is unclear whether this is a non-inflamma-
tory vascular event related to the prothrombotic state or caused by a 
cerebral vasculitis.55

Ophthalmologic involvement
A variety of uncommon ocular pathologic processes have been reported 
in  CSS.  Episcleritis  with  perilimbal  infiltrates  and  scleral  ulceration 
and visual loss that resulted from central artery or retinal vein occlu-
sion has been reported.56 Conjunctival nodules, dacryoadenitis associ-
ated with nasal polyposis, and vasculitis of the optic nerve, retina, and 
oculomotor muscles have occurred.

Cutaneous features
Purpura,  reflecting  small  vessel  vasculitis,  is  found  as  in  the  other 
ANCA-associated  vasculitides. A more  specific  lesion  for CSS  is  the 
subcutaneous  nodule.  These  can  affect  the  hands  or  feet,  limbs,  or 
scalp and are  tender and are 5 to 10 mm with overlying erythema.57 
Biopsy  reveals  eosinophilic  granulomas.  Less  common  cutaneous 
lesions  are  oral  ulceration,  livedo  reticularis,  urticaria,  vesicles,  and 
bullae. Digital gangrene of both the hands and feet has been seen with 
and without an associated secondary antiphospholipid syndrome.58

CSS in children
Although rare in children, more than 40 cases of pediatric CSS have 
been described.59  In  comparison with  adults,  cardiac  and pulmonary 
disease  predominated  and  neuropathy  was  less  frequent.  Disease-
related mortality was high, being 18% at 14 months.

INVESTIGATIONS
Further  investigation  of  a  patient  suspected  of  having  CSS  should 
identify  specific  diagnostic  features,  including  eosinophilia,  ANCAs, 
and  eosinophilic  vasculitis  and  granulomas  on  biopsy,  and  should 
define the extent and severity of disease.

Laboratory tests
The complete blood cell count demonstrates an eosinophilia above 10% 
of the total white blood cell count. This may be missed if the patient 
is already receiving glucocorticoids. The inflammatory markers eryth-
rocyte sedimentation rate (ESR) and C-reactive protein (CRP) are ele-
vated,  and  a  normocytic,  normochromic  anemia  can  be  present.  An 
abnormal serum creatinine value may reflect nephritis that, if present, 
is always accompanied by hematuria and proteinuria. Immunoglobulin 
levels are normal, although paraproteins are occasionally  seen. Anti-
nuclear antibodies and rheumatoid factor are also usually normal, but 
low-titer  abnormalities  may  be  present,  representing  nonspecific 
immune stimulation. Complement levels are normal and if depressed 
should  raise suspicion of cryoglobulinemia or systemic  lupus erythe-
matosus.  ANCAs  are  positive  in  around  50%  with  a  perinuclear 
(P-ANCA)  pattern  and  MPO-ANCA  positivity  by  enzyme-linked 
immunosorbent assay. Occasionally, finding of MPO-ANCAs gives  a 
cytoplasmic  (C-ANCA)  pattern,  but  a  PR3-ANCA  result  is  rare.  A 
negative ANCA assay has no diagnostic value in this setting. Serology 
for hepatitis and human immunodeficiency virus should be performed 
because  these  are  causes  of  secondary  vasculitis  and,  if  present, will 
complicate therapy.

Imaging
All patients should have a chest radiograph and preferably a pulmonary 
CT scan, which is more sensitive for detecting pulmonary infiltrates. 
Infiltrates persisting  after  therapy or  an  atypical  presentation  should 
raise suspicion of an alternative pulmonary diagnosis; and bronchos-
copy,  bronchoalveolar  lavage,  and  biopsy  may  be  indicated.  Cardiac 
imaging  and  an  electrocardiogram  should  be  performed  to  assess 
cardiac  function  and  detect  valvular  abnormalities,  intracardiac  
masses, and pericardial effusions. MRI  is providing more detail  than 

failure,  valvular  abnormalities,  intracardiac  masses,  and  pericardial 
effusions are detectable by echocardiography, whereas magnetic  reso-
nance  imaging  (MRI)  is of additional benefit  in  revealing myocardial 
edema and myocardial fibrosis and may be more sensitive than echo-
cardiography  for  intraventricular  mass  lesions.46,48  Cardiac  troponin 
levels  are  frequently  elevated,  but  coronary  angiography  is  usually 
unremarkable. Endomyocardial biopsy  typically  reveals  acute  inflam-
mation, eosinophil infiltration, necrosis, and fibrosis.

Renal disease
The kidney is affected in 27% of patients, which is markedly less than 
in patients with microscopic polyangiitis (90%) and ANCA-associated 
granulomatous  vasculitis  (70%).49  The  features  of  renal  vasculitis, 
microscopic hematuria with proteinuria, and a pauci-immune crescen-
tic,  necrotizing  glomerulonephritis  are  the  same  as  for  the  other 
ANCA-associated  vasculitides.  Less  commonly,  tubulointerstitial 
nephritis with predominant eosinophil infiltration, arteritis, mesangial 
glomerulonephritis,  or  sclerosis  without  necrosis  is  seen.  Because  of 
the  presence  of  extrarenal  disease  prompting  the  diagnosis,  renal 
involvement is usually detected before advanced renal failure develops 
and end-stage renal disease in CSS is rare (approximately 1%). A clini-
cal picture of rapidly progressive glomerulonephritis occurs in 14%.49

Ureteral involvement may be unilateral or bilateral and causes ure-
teral stenosis and hydronephrosis. It is usually asymptomatic and may 
not be detected until renal failure develops. The frequency in one series 
was 3%.49

ANCA positivity is associated with renal disease in CSS, with 75% 
of  those  with  renal  activity  being  ANCA  positive  as  compared  with 
19% of those without features of renal disease. Renal relapse appears 
rare in CSS, with most relapses in patients with previous renal involve-
ment affecting extrarenal sites.49

Gastrointestinal involvement
Intestinal involvement causes abdominal pain and can lead to perfora-
tion and peritonitis and is an adverse prognostic factor for survival.50 
Mucosal vasculitis and granulomas can occur throughout the gastro-
intestinal  tract  but  are  most  common  in  the  ileum  and  colon;  they 
result in pain, diarrhea, and hemorrhage. Extensive intestinal necrosis 
and aneurysmal involvement of larger arteries similar to that in poly-
arteritis nodosa has been seen.  In one case a small bowel  transplant 
from  an  identical  twin  was  successful.51  Several  cases  of  acalulous 
cholecystitis or sclerosing cholangitis have been reported with histology 
demonstrating eosinophil-dominant inflammation of the biliary tree.52 
Hepatitis and hepatic necrosis have also occurred, but hepatic disease 
is more  commonly  associated with  associated  chronic hepatitis  viral 
infection or liver abscesses. Esophageal involvement is rare.53

Neurologic involvement
Peripheral  neuropathy  occurs  in  over  50%  of  CSS  patients,  more  
frequent  than  in  the  other  ANCA-associated  vasculitides.  It  usually 
takes the form of an asymmetric mononeuritis multiplex with mixed 
motor and sensory involvement most commonly of the sciatic, pero-
neal,  ulnar,  or  median  nerves.  Onset  is  usually  with  sudden  motor 
deficit and can be painful. Nerve conduction studies report an axonal 
pattern  often  with  more  extensive  involvement  than  clinical  signs 
suggest,  and perineural  vasculitis with  eosinophil  infiltration  is  seen 
on  nerve  biopsy.54  Less  commonly,  peripheral  nerve  manifestations 
include  symmetric  polyneuropathy  and  a  fulminant  demyelinating 
polyneuropathy.

Neuropathy most likely results from a microvasculitis of perineural 
vessels, but a neurotoxic effect of eosinophil neurotoxins or  immune 
complex deposition may also be important and explain the increased 
frequency of neuropathy seen in CSS. The association of neuropathy 
with ANCA positivity in CSS also argues for vasculitis being the major 
pathologic mechanism. There can be a surprising degree of recovery of 
weakness with treatment but some muscle wasting, especially of the 
small  muscles  of  the  hand  or  foot,  remains  and  sensory  recovery  is 
incomplete,  with  painful  neuropathy  and  dysesthesia  persisting  for 
many years.
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ANCA-associated  granulomatous  vasculitis  but  rare  in  CSS.  Renal 
disease  is  less common and usually mild when it  is present  in com-
parison with the other ANCA-associated vasculitides.

As  in  any  vasculitis,  etiologic  or  precipitating  factors  should  be 
sought. These include chronic infections such as tuberculosis, hepati-
tis, and human immunodeficiency virus infection; malignancy; drugs; 
and environmental exposures such as to silica dusts or allergens. Vas-
culitis patients are more likely to have another autoimmune disease, 
and those with CSS are more likely to have a history or family history 
of allergy.

A major issue with CSS diagnosis is incomplete, overlapping, and 
atypical  presentations.  Thus,  overlaps  of  CSS  and  hypereosinophilic 
syndrome and overlaps between CSS and other autoimmune rheumatic 
disorders are seen. It is acceptable to qualify the diagnosis of CSS with 
the degree of certainty, that is, possible/probable/definite. The response 
to  therapy  and  absence  of  evolution  of  other  disease  processes  will 
contribute to the confidence on diagnosis.

NATURAL HISTORY
Mortality
Without treatment, CSS carries a high mortality, and subsequent use 
of glucocorticoids greatly improves survival.1 Although a 1-year mortal-
ity  rate  for CSS of 7.5% was  reported  in  the  largest  cohort  collected 
over several decades,50 current mortality may be lower. Causes of early 
death  include  cardiomyopathy  and  gastrointestinal  disease  and  the 
infective complications of therapy.45 At 10 years the reported mortality 
is  79%.50  Mortality  predictors  at  diagnosis  have  been  defined  by  the 
French Vasculitis Study Group  in  the  “five  factor  scale”: proteinuria, 
renal  impairment,  and  cardiac,  gastrointestinal,  or  central  nervous 
system involvement.50 The Birmingham Vasculitis Activity Score has 
similar predictive value, with a high score indicating a poorer outcome.50 
Renal  impairment  at  diagnosis  was  shown  in  an  Italian  study  to 
increase mortality  from 2.7%  for  those without and 11.7%  for  those 
with renal disease.49

End-organ damage
The majority of patients suffer some level of irreversible damage after 
the  diagnosis  of  CSS,  such  as  hearing  loss,  chronic  asthma,  cardiac 
failure, neuropathy, or renal failure. Painful neuropathy can be particu-
larly disabling, lasting for many years. Renal, cardiac lung, and small 
bowel  transplants  have  been  successfully  performed  in  CSS;  and 
although such patients require very careful evaluation, their diagnosis 
should  not  preclude  them  from  transplantation.51,61-63  Despite  good 
control of vasculitis, 38% experience persistent airflow limitation that 
is  usually  corticosteroid  responsive.40  Persistent  asthma  alone  is  not 
regarded as a feature of CSS activity. Chronic symptoms of rhinitis and 
sinusitis affect 75% and include nasal obstruction, anosmia, crusting, 
sneezing, nasal discharge, and epistaxis.64 Thromboembolic and throm-
botic arterial occlusive events occur at increased frequency, 3% to 18%, 
with a mean time from diagnosis of 5 months.65 Apart from the tem-
poral association with  increased disease activity and higher-dose glu-
cocorticoids,  the  mechanisms  underlying  this  increased  risk  are 
unknown.

Relapse
Relapse  in  CSS  is  frequent  and  higher  than  for  other  vasculitides.66 
With current therapies, 70% of patients experience a disease relapse, 
with many having multiple relapses. Relapses are classified as minor, 
or major if they involve the new appearance or recurrence of vital organ 
disease, such as in the heart or kidney. CSS is particularly sensitive to 
glucocorticoid  reduction,  and  patients  often  have  a  threshold  below 
which  their  symptoms  return. There  are no  good  relapse  predictors: 
ANCA positivity at diagnosis does not indicate a higher relapse rate, 
although  nasosinus  involvement  does.  Remission  is  usually  readily 
re-induced by increasing the dose of glucocorticoids. As a consequence 
of  increased  glucocorticoid  use  there  is  increased  chronic  morbidity 
through  diabetes,  hypertension,  corticosteroid-induced  bone  disease, 
and other corticosteroid-related toxicities.

echocardiography.  In  the  presence  of  neuropathy,  nerve  conduction 
studies  will  usually  demonstrate  an  axonal  pattern  with  widespread 
involvement,  including  clinically  unaffected  nerves.  If  there  is  
hematuria  and  proteinuria,  renal  ultrasonography  should  be  per-
formed,  and  renal  biopsy  is  indicated  if  the  kidneys  are  of  normal  
size.  Upper  ureteral  dilatation  or  hydronephrosis  indicates  ureteral 
involvement.

ENT disease requires evaluation by a specialist with nasal and pha-
ryngeal  endoscopy.  CT  is  useful  to  define  the  extent  of  sinus  and 
mastoid disease and  to help with differentiation  from ANCA-associ-
ated granulomatous vasculitis. Gastrointestinal ulceration may be seen 
endoscopically, but ileal involvement is harder to define. Discontinu-
ous  bowel  wall  edema  can  be  seen  on  ultrasonography  or  CT,  and 
mesenteric angiography  reveals muscular arterial aneurysmal disease 
and hepatic or splenic infarctions.

Histology
Histology,  helpful  for  the  diagnosis,  is  most  readily  obtained  from 
affected tissue in the nose, skin, or kidney. Lung biopsy is not required 
when there are sufficient other features present to permit the diagnosis. 
ENT biopsies usually demonstrate a mixed acute and chronic inflam-
matory  infiltrate  where  eosinophils  predominate,  but  vasculitis  and 
granulomas may not be seen especially if it is a small biopsy specimen 
or  treatment has  already  begun. Renal  biopsy  demonstrates  a  pauci-
immune,  necrotizing,  crescentic  glomerulonephritis  similar  to  that 
seen in the other ANCA-associated vasculitides and serves to place the 
patient  in  the  ANCA-associated  subgroup  rather  than  confirming  a 
CSS diagnosis.49

DIFFERENTIAL DIAGNOSIS
Often, suspicion of CSS is the major diagnostic problem that results 
in delay of effective therapy, and patients have already been extensively 
evaluated before the CSS diagnosis is made. The approach to differen-
tial  diagnosis  should  include  other  causes  of  eosinophilia  or  eosino-
philic  inflammation,  other  types  of  primary  systemic  vasculitis,  and 
whether the presenting syndrome is a primary process or secondary to 
an identifiable factor.

Other causes of eosinophilia include parasitic infection, malignancy, 
especially eosinophilic leukemia, allergic reactions, and other eosino-
phil  inflammatory syndromes. The latter comprise hypereosinophilic 
syndrome,  the  eosinophilic  pneumonias,  eosinophilic  gastroenteritis, 
and  eosinophilic myocarditis—Löffler’s  syndrome. Hypereosinophilic 
syndrome is distinguished from CSS by a higher level of eosinophilia 
and the absence of vasculitis or granulomas or typical diagnostic CSS 
features, although cardiac involvement occurs and some patients have 
an  identifiable  FIP1L1-PDGFRA  mutation.60  In  contrast  to  CSS,  the 
eosinophilia in hypereosinophilic syndrome is not suppressed by glu-
cocorticoids.  Some  patients’  clinical  disease  evolves  from  an  eosino-
philic  syndrome  into  CSS,  and  this  diagnosis  should  always  remain 
under consideration. There are others, particularly with hypereosino-
philic  syndrome  without  the  FIP1L1-PDGFRA  mutation,  who  have 
inflammatory features and form a clinical subgroup that overlaps with 
CSS.

CSS is readily differentiated from other vasculitic syndromes by the 
presence of eosinophilia. Where this is absent, for example, in a patient 
already  receiving glucocorticoids, problems can arise. Asthma  is also 
seen in polyarteritis nodosa; and otolaryngologic  involvement  is very 
frequent in ANCA-associated granulomatous vasculitis, which is also 
associated with bone erosions and granulomas. In contrast to ANCA-
associated granulomatous vasculitis, obstructive airways stenosis is not 
seen in CSS and cardiac involvement is rare. MPO-ANCA positivity, 
nephritis,  and  neuropathy  are  indistinguishable  from  that  of  micro-
scopic  polyangiitis  or  ANCA-associated  granulomatous  vasculitis. 
Eosinophil  infiltration  can  be  seen  on  tissue  biopsy  specimens  in 
ANCA-associated granulomatous vasculitis. Because the therapy is the 
same between these syndromes, precise subgrouping is less important, 
but observation over a period of time, especially as therapy is reduced, 
and the frequent reappearance of eosinophilia, asthma, and ENT fea-
tures often permits a later CSS diagnosis. Orbital disease, destructive 
ENT or pulmonary disease, and PR3-ANCA positivity are common in 
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trial of 18 patients.74 Particular benefit has been observed in patients 
with  neuropathy  or  cardiomyopathy  and  during  pregnancy.75,76  The 
presence of antibodies in IVIg to Siglec-8 that induce eosinophil apop-
tosis has been proposed as a therapeutic mechanism.77 Although effec-
tive  for severe ANCA-associated vasculitis with renal  involvement, a 
separate role for plasma exchange in CSS has not been determined.72 
Cohort CSS studies have employed plasma exchange, and it has also 
been considered for pulmonary hemorrhage, mononeuritis multiplex, 
and other severe presentations.50

Interferon  alfa  suppresses  T-cell–derived  IL-5–dependent  eosino-
philia.  This  was  shown  in  a  clinical  study  in  seven  of  seven  CSS 
patients  with  refractory  disease,  with  complete  remissions  in  five.78 
Outcomes of rituximab as treatment of refractory CSS appear as suc-
cessful as  in other  forms of ANCA-associated vasculitis, but only 20 
cases have been reported in 12 studies.79 Circulating IL-5 levels have 
fallen after rituximab in parallel with the clinical response.27 Reports 
of severe bronchospasm during rituximab infusion (covered with anti-
histamines  but  not  with  corticosteroids)  have  raised  concern  over  a 
possible increased risk of hypersensitivity to rituximab in CSS.80 The 
risk  for such reactions may be reduced by an  increase  in the dose of 
prophylactic  corticosteroids.  Mepolizumab,  an  anti–IL-5  therapeutic 
monoclonal  antibody,  reduces  eosinophilia  in  the  hypereosinophilic 
syndrome and is a potential alternative therapy under evaluation.81 The 
lymphocyte-depleting antibody alemtuzumab targets CD52, which  is 
also present on eosinophils, and this drug has led to sustained treat-
ment-free remissions in CSS.82

Monitoring
Regular monitoring after  the diagnosis and  initiation of  treatment  is 
necessary  to  assess  the  response  to  therapy  and detect  adverse  reac-
tions  to  the  therapeutic  agents.  Eosinophilia  promptly  responds  to 
high-dose  glucocorticoids,  but  early  disease  relapse  can  be  seen  as 
glucocorticoids  are  reduced  despite  therapy  with  cyclophosphamide 
or  another  immunosuppressive  agent.  The  inflammatory  markers 
ESR and CRP decrease as disease control is established, but absolute 
levels are not reliable  indicators of activity and  low-level activity can 
persist  with  a  normal  CRP.  The  eosinophil  count  should  be  inter-
preted  in  the  light  of  the  current  corticosteroid  dose,  and  a  high 
normal  level  in  the  presence  of  continued  glucocorticoids  suggests 
relapse may be occurring or will  occur  if  glucocorticoids  are  reduced 
further.  ANCA  persistence  or  the  return  of  a  previously  positive 
ANCA  assay  implies  an  increased  risk  of  relapse.83  Early  detection 
and  treatment  of  relapse  is  important  because  escalation  to  a major 
relapse,  such  as  mononeuritis  multiplex,  can  be  rapid.  Patients 
require  advice  on  management  of  disease-related  damage,  including 
deafness and neuropathy, and of chronic pain and also need prophy-
lactic measures to minimize treatment toxicity.

TREATMENT
Therapy  in CSS  is  suppressive  rather  than curative. The  responsive-
ness of eosinophilia and asthma to glucocorticoids underlies a central 
role  for  this  therapy.  The  combination  of  glucocorticoids  and  cyclo-
phosphamide, as in other ANCA-associated vasculitides, is the recom-
mended  combination  for  remission  induction  (Table  154.4).67  When 
adverse  predictors  are  absent,  glucocorticoids  alone  have  been  advo-
cated.  The  CHUSPAN  trial,  which  compared  glucocorticoids  alone 
with glucocorticoids plus intravenous-administered cyclophosphamide, 
demonstrated a high rate of remission with glucocorticoids alone but 
a relapse rate of 35% at 1 year; and 79% of those in longer-term remis-
sion required continued glucocorticoids.68 An alternative approach for 
patients with less severe disease is to combine glucocorticoids with a 
non-cyclophosphamide immunosuppressive agent, such as methotrex-
ate or azathioprine, which may permit  lower glucocorticoid exposure 
and relapse rates.69

In the presence of at least one adverse prognostic factor in the “five 
factor  scale,”  the  CHUSPAN  study  combined  glucocorticoids  with 
intravenous cyclophosphamide, which led to remission in 88% of sub-
jects and an 8% early mortality.66 The study compared 6- to 12-monthly 
pulses of cyclophosphamide without a maintenance immune suppres-
sive. A higher relapse rate in those with less cyclophosphamide led to 
a  recommendation  to use  the  longer  regimen. Subsequent validation 
of  regimens  that  switch  from  cyclophosphamide  to  azathioprine  or 
methotrexate at the time of remission, after 3 to 6 months,  in other 
ANCA-associated vasculitides have suggested that this should also be 
the  paradigm  for  CSS.70  Intravenous  cyclophosphamide  has  been 
shown to be as effective but safer than daily oral cyclophosphamide in 
ANCA-associated vasculitis.71

Severe presentations are treated with intravenous methylpredniso-
lone  (1000-3000 mg), and plasma exchange  is beneficial  in  the pres-
ence of severe renal disease.72 It is not known whether plasma exchange 
confers  benefit  in  other  presentations.  Intravenous  immunoglobulin 
may offer additional control in severe polyneuropathy and can also be 
used  when  either  high-dose  glucocorticoids  or  cyclophosphamide  is 
contraindicated.73

As discussed earlier, after relapse, remission can be rapidly induced 
by  increasing  the  steroid  dose,  although  cumulative  exposure  over  a 
prolonged  disease  course  becomes  an  increasing  problem.  Switching 
between  immunosuppressive  agents  may  permit  reduced  glucocorti-
coid dosing without relapse, and mycophenolate mofetil, cyclosporine, 
and  leflunomide  can  be  used  as  alternatives  to  azathioprine  or 
methotrexate.

Additional choices of therapy
Intravenous immunoglobulin (IVIg) has shown efficacy in uncontrolled 
studies  and,  in  combination  with  plasmapheresis,  in  one  controlled 

TABLE 154.4 TREATMENT OF CHURG-STRAUSS SYNDROME69

Good prognosis68

Five factor score = 0
Poor prognosis70

Five factor score ≥ 1 Fulminant disease

Induction (3-6 months) Prednisolone (with or without 
methotrexate or azathioprine)69,84

Prednisolone and 
cyclophosphamide (daily oral or 
pulsed IV)71

IV methylprednisolone
Intravenous immunoglobulin
Plasma exchange (for severe renal disease)72

Remission maintenance  
(>24 months)

Prednisolone ≤ 10 mg/day (with or 
without methotrexate or azathioprine)70

Prednisolone ≤ 10 mg/day with 
methotrexate or azathioprine

Minor relapse therapy Increase prednisolone; introduce or continue methotrexate or azathioprine; consider 
alternatives (mycophenolate mofetil, leflunomide) for multiple relapses

Major relapse therapy Increase prednisolone and cyclophosphamide

Refractory disease therapy85 Consider: IV methylprednisolone, cyclophosphamide, intravenous immunoglobulin, interferon alfa, rituximab74,78,86

Reproduced from Mukhtyar C, Guillevin L, Cid MC, et al. EULAR Recommendations for the management of primary small and medium vessel vasculitis. Ann Rheum Dis 2009;68:310-317 with permission 
from BMJ Publishing Grays Ltd.
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diminished or absent pulses, and asymmetric blood pressure measure-
ments between extremities. The remaining 80% to 90% of patients 
present as a result of symptoms that are systemic or vascular. Systemic 
symptoms include fatigue, malaise, weight loss, night sweats, fever, 
arthralgias, or myalgias but may be absent in up to 60% to 80% of 
patients (see Table 155.1).1 Vascular symptoms occur more commonly 
and are either a direct result of active vasculitis or can occur from 
vascular damage from previous disease. Active inflammation may 
result in tenderness over the vessel, and carotidynia, in particular, 
occurs in 2% to 32% of patients. Vessel inflammation typically results 
in either stenosis (Figs. 155.1 and 155.2) or aneurysm formation (Fig. 
155.3). Arterial stenosis may present as symptoms of diminished blood 
flow to regions supplied by the affected vessel, while aneurysms can 
rupture or cause valvular incompetence when affecting the aortic root. 
The frequencies of common symptoms, which vary between different 
series, are listed in Table 155.1.1-9 Decreased circulation to the extremi-
ties often presents as intermittent claudication. Stenosis or occlusion 
of the two carotid and two vertebral arteries or the vessels proximal to 
their origin may diminish perfusion and cause injury to the brain and 
central nervous system (CNS). Involvement of these vessels can be 
completely asymptomatic or present as transient ischemic attacks, 
stroke, dizziness, syncope, headache, or visual changes. Although mes-
enteric involvement is common, gastrointestinal symptoms such as 
nausea, diarrhea, vomiting, and abdominal pain occur infrequently.

Retinal disease as reported by Takayasu occurs in 14% of patients 
and results from compromise in the internal carotid circulation with 
central retinal hypoperfusion.10 Initially, generalized vasodilation 
occurs with capillary microaneurysms but with advancement of the 
disease, arteriovenous anastomosis, capillary dropout, and eventual 
blinding complications may result. Retinopathy may also develop as a 
direct complication of hypertension.

Cardiac involvement may present as dyspnea, palpitations, angina, 
myocardial infarction, heart failure, or sudden death. Most frequently 
this is related to aortic valvular regurgitation from dilation of the aortic 
root, which occurs in 5% to 55% of patients (see Fig. 155-3). Up to 
25% of patients may also develop coronary vessel stenosis6 with other 
less frequent manifestations, including mitral valve regurgitation, car-
diomyopathy, and myocarditis.

Involvement of the pulmonary artery may occur more commonly 
than is clinically apparent. By arteriographic studies, pulmonary artery 
disease may occur in 50% to 86% of patients (Fig. 155.4).7,9 Although 
this is usually mild such that most patients do not have symptoms, 
patients may present with features of pulmonary hypertension or rarely 
with hemoptysis. Ventilation/perfusion scans are often abnormal with 
pulmonary artery involvement, and such patients may be mistakenly 
diagnosed with thromboembolic disease.

Cutaneous manifestations occur in 3% to 28% of patients with 
Takayasu’s arteritis. The most commonly observed lesions include 
erythema nodosum, as well as pyoderma gangrenosum, erythema indu-
ratum, and papular and ulcerative lesions.11

Renal involvement is usually characterized by renovascular  
hypertension. Non-specific glomerular disease from arterial narrowing 
and hypertension has been observed, as well as occasional reports  
of other glomerular lesions. Renal amyloidosis has been rarely 
reported.11

INVESTIGATIONS
Diagnosis and monitoring of disease activity
Takayasu’s arteritis is diagnosed by the presence of characteristic arte-
rial lesions in the aorta and its branches, for which other causes of 

Takayasu’s arteritis
Carol A. Langford

 Takayasu’s arteritis is an inflammatory disease of unknown etiology 
characterized by granulomatous vasculitis affecting the aorta, its 
main branches, and the pulmonary arteries. It occurs most often in 
women of child-bearing age.

 Physical examination will show absent pulses, bruits, and 
asymmetric blood pressure.

 Hypertension is an important contributor to morbidity and 
mortality.

 Common presenting symptoms include claudication, headaches, 
dizziness, syncope, visual changes, dyspnea, palpitations, and 
vessel tenderness (carotidynia).

 Systemic symptoms may be absent but include fever, night sweats, 
fatigue, arthralgias, and myalgias.

HISTORY
Takayasu’s arteritis is a granulomatous vasculitis of unknown etiology 
that affects the aorta, its major branches, and the pulmonary arteries. 
The first descriptions of this disease possibly date to the 1700s and 
1800s when there were several reports of patients with pulselessness 
and aortic disease. In 1905, at a meeting of the Japanese Society of 
Ophthalmologists, Mikito Takayasu presented the case of a young 
woman with a wreath-like arteriovenous anastomosis around the  
optic disc. After Takayasu’s presentation, Onishi and Kagoshima com-
mented that they had observed similar changes in patients who also 
lacked radial pulses. Caccamise and Whitman, in 1952, referred to  
this entity as “pulseless or Takayasu’s disease,” and, in 1962, Judge 
and colleagues introduced the term Takayasu’s arteritis. Whereas 
Takayasu’s arteritis has become the most widely used nomenclature 
for this disease in the United States, it is known in other countries by 
different synonyms, including aortic-arch syndrome, pulseless disease, 
middle aortic syndrome, occlusive thromboaortopathy, and non- 
specific aortoarteritis.

EPIDEMIOLOGY
Takayasu’s arteritis has often been characterized as an illness affecting 
young women of Eastern ethnic background. However, descriptions 
from diverse regions have supported not only that it occurs throughout 
the world but also that it may have a varying demographic spectrum 
in different populations (Tables 155.1 and 155.2). Although Japanese 
series have demonstrated a female predominance of 9 : 1, nearly equal 
representation among men and women has been reported in Israel and 
India. Similarly, although Takayasu’s arteritis is most commonly diag-
nosed between the ages of 15 and 25 in Japan, patients from Italy and 
Sweden have been diagnosed at a mean age of 41 years. It is believed 
to be an uncommon disease. There are few data from Western popula-
tions, but in the United States there is an estimated incidence rate  
of 2.6 cases per million based on data from Olmsted County, 
Minnesota.

CLINICAL FEATURES
At the time of diagnosis, 10% to 20% of patients with Takayasu’s 
arteritis are clinically asymptomatic, with the disease being detected 
incidentally by abnormal vascular findings on examination.1 On physi-
cal examination, the most frequent features are hypertension, bruits, 
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TABLE 155.1 COMMON SYMPTOMS AND SIGNS (%) IN TAKAYASU’S ARTERITIS

Symptom/sign

Study

Japan3 (n = 52) India8 (n = 106) China6 (n = 530) Korea4 (n = 129) USA2 (n = 60) Mexico7 (n = 107)

Fatigue/constitutional 27 – – 34 43 78

Weight loss – 9 – 11 20 22

Musculoskeletal 6 5 – – 53 53

Claudication 13 – 25 21 90 29

Headache 31 44 – 60 42 57

Visual changes 6 12 10 20 30 8

Syncope/dizziness 40 26 14 36 35 13

Palpitations 23 19 – 23 10 43

Dyspnea 21 26 11 42 – 72

Carotidynia 21 – – 2 32 –

Hypertension 33 77 60 40 35 72

Bruit – 35 58 37 80 94

Decreased pulses 62 – 37 55 60 96

Asymmetric blood pressure – – – – 47 –

TABLE 155.2 PATTERN OF VESSEL INVOLVEMENT IN TAKAYASU’S ARTERITIS

Vessel

Study

Symptoms
Japan3 
(n = 52)

India8 
(n = 95)

China6 
(n = 105)

Korea4 
(n = 129)

USA2 
(n = 60)

Mexico7 
(n = 107)

Africa11 
(n = 272)

Italy10 
(n = 104)

Subclavian

 Right 21 28 46 41 8 13 19 52 Upper extremity claudication, Raynaud’s 
phenomenon Left 56 59 78 61 55 25 33 66

Carotid 30

 Right 31 7 23 12 7 7 – 36 Visual changes, syncope, transient ischemic 
attacks, stroke Left 40 21 26 32 27 19 – 44

Vertebral – – 13 10 35 19 – 13 Visual changes, dizziness

Ascending aorta 46 13 – 1 – 27 24 –

Aortic arch or root – 19 – 2 35 27 33 10 Aortic insufficiency, congestive heart failure

Thoracic aorta 31 26 25 37 17 – 58 11

Abdominal aorta 33 72 55 46 47 67 68 39

Celiac axis – 3 4 5 18 – – 21 Rarely abdominal pain, nausea, vomiting

Inferior mesenteric – 8 3 7 – 14 – 9 Rarely abdominal pain, nausea, vomiting

Superior mesenteric – 12 24 16 18 14 – 32 Rarely abdominal pain, nausea, vomiting

Renal

 Right 23 53 34 30 17 18 25 30 Hypertension, renal failure

 Left 15 52 32 33 2 16 19 34

Iliac 20

 Right – 15 10 – 2 1 – 18 Lower extremity claudication

 Left – 12 8 – 5 6 – 20

Pulmonary – 49 53 – – 14 9 – Atypical chest pain, dyspnea

Coronary – – – 23 – 9 – – Chest pain, myocardial infarction, dyspnea

–, not specified.
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Fig. 155.1 Magnetic resonance arteriogram demonstrating diffuse moderate 
stenosis of the proximal left common carotid and proximal occlusion of the left 
subclavian artery coming off the aortic arch with development of an extensive 
collateral network. Fig. 155.2 Irregularity and stenosis of the infrarenal abdominal aorta and right 

renal artery seen by magnetic resonance arteriography.

a

b

Fig. 155.3 (a and b) Aneurysm of the aortic root by magnetic resonance imaging (T1-weighted images). The ascending aorta measures 5.0 cm and can be 
compared against the normal diameter of the descending aorta.

large-vessel abnormalities have been excluded. The American College 
of Rheumatology in 1990 proposed classification criteria for the pur-
poses of providing a standard way to describe patients with Takayasu’s 
arteritis in studies. Diagnostic criteria based on patterns of vessel 
disease and other objective parameters have been studied by investiga-
tors from Japan and India.12

Laboratory and radiographic investigations are initially utilized diag-
nostically and thereafter for the purposes of assessing disease activity. 
The inability to accurately assess disease activity in Takayasu’s arteri-
tis has been a critical limitation in managing the individual patient 
and in evaluating therapeutic regimens. The assessment of disease 
activity is typically made by evaluating collective information from 
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Radiographic studies
Diagnostic imaging is fundamental to the diagnosis of Takayasu’s 
arteritis and plays an essential role in disease monitoring. Arteriogra-
phy using catheter-directed intravascular injection of contrast dye, 
magnetic resonance imaging (MRI), or computed tomographic angiog-
raphy (CTA) provides information on vascular luminal dimensions. 
Complete imaging of the aorta and its major branches should be per-
formed in all patients at the time of diagnosis and during serial evalu-
ations because such studies can detect clinically occult vascular disease. 
The non-invasive ability to look at vessel through MRI or CTA pro-
vides a useful means of serial monitoring. In patients without contra-
indications, such imaging is typically performed at 6- to 12-month 
intervals in patients with Takayasu’s arteritis to monitor for the devel-
opment of new vascular lesions.

Vessel stenosis occurs in 85% or more of patients at the time of 
diagnosis and is the most common arteriographic finding (see Figs. 
155.1 and 155.2). Vessel occlusion or irregularity is also frequently 
seen. Aneurysms occur less frequently than stenosis, but they have 
been reported as the predominant lesion in some series. Aneurysms 
may be saccular or fusiform and typically affect the aorta rather than 
its branches (see Fig. 155.3). Varying patterns of vessel involvement 
have been observed in different populations, with lesions of the ascend-
ing aorta and aortic arch being more common in Japanese patients, 
whereas involvement of the abdominal aorta and renal arteries are 
more typical in patients from India (see Table 155.2). Comparative 
studies of vessel disease across different regions have been aided by the 
use of arteriographic classification systems that focus on the distribu-
tion of vessel involvement (Fig. 155.5).15

After diagnosis, the subsequent development of new lesions in new 
vascular territories is considered by most investigators to be indicative 
of active disease. However, arteriographic progression of previous  
vascular lesions may result from either active vasculitis or non- 
inflammatory fibrosis.

Catheter-directed dye arteriography has remained the gold standard 
in detecting and accurately measuring luminal dimensions of involved 
vessels in Takayasu’s arteritis. It also allows assessment of central 
blood pressure, which may be important in assessing blood pressure in 
patients in whom vascular disease to the extremities does not allow 
accurate peripheral measurement. The limitations of dye arteriogra-
phy, particularly for serial monitoring, are the risks of thromboembo-
lism and significant contrast and radiation exposure.

MR angiography (MRA) and CTA are safe and noninvasive tech-
niques for assessing vessel patency in Takayasu’s arteritis.16 The use 
of CTA requires radiation exposure, and both CTA and MRA are con-
traindicated in the setting of renal insufficiency. In contrast to conven-
tional arteriography, MRI can also provide information on arterial wall 
thickness and edema using fast spin-echo sequences,16,17 although the 

Fig. 155.4 Pulmonary arteriogram in a patient with Takayasu’s arteritis. Abrupt 
termination of a proximal branch to the lingula is seen as well as a vessel with 
irregularity and narrowing.

CLASSIFICATION OF ANGIOGRAPHIC FINDINGS
IN TAKAYASU'S ARTERITIS

Type I IIa IIb III IV V

Fig. 155.5 Classification of arteriographic findings in Takayasu’s arteritis. 
(Redrawn from Hata A, Noda M, Moriwaki R, et al: Angiographic findings of 
Takayasu arteritis: new classification. Int J Cardiol 1996;54[Suppl]:S155-S163.)

imaging and clinical assessment by symptoms, signs, and laboratory 
studies. Despite this approach, active arteritis has been found in up to 
44% of surgical bypass specimens taken from patients judged to be 
quiescent by current methods.1

Laboratory investigations
There is no laboratory study that is diagnostic for Takayasu’s arteritis 
or that correlates consistently with active arteritis. The disease is not 
associated with the presence of antineutrophil cytoplasmic antibodies 
(ANCA). The most common laboratory findings are reflective of acute 
inflammation. The complete blood cell count may reveal a normochro-
mic, normocytic anemia, leukocytosis, and thrombocytosis.

Some series have found the erythrocyte sedimentation rate is a 
useful marker for assessing active inflammatory disease,13,14 whereas 
others have not found it to be uniformly reliable.1,4 In one series, a 
normal erythrocyte sedimentation rate was present in one third of 
patients who were believed to have clinically active disease, whereas 
elevated values were demonstrated in up to 56% of patients in remis-
sion.1 C-reactive protein also can be a marker of active inflammation 
in some patients, although there have been no data regarding its overall 
utility in Takayasu’s arteritis.
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limitations in accurately assessing disease activity, treatment is further 
complicated by the propensity for Takayasu’s arteritis to be a chronic 
and relapsing disease. In a series of 30 longitudinally followed patients, 
93% achieved remission but only 28% had a sustained remission, 
defined as the absence of clinical, laboratory, and radiographic evidence 
of new vascular lesions for more than 6 months, while taking less than 
10 mg prednisone daily, with relapse ultimately occurring in 96% of 
those who had achieved remission.2

To date, there have been no randomized trials conducted in Takaya-
su’s arteritis and all the therapeutic data cited comes from open-label 
trials, observational studies, and case series (grade B and C evidence). 
Given these issues, therapeutic decisions are often guided by individual 
patient variables, which include the location and severity of lesions, 
availability of collateral circulation, nature and intensity of symptoms, 
and risks of medication toxicity. Effective care of patients with  
Takayasu’s arteritis includes not only treatment of active disease but 
also non-medical management of fixed vascular lesions or aneurysms 
as well as control of co-morbid features. Establishing a team of rheu-
matologists, cardiovascular surgeons, and radiologists can be helpful 
in overall patient care.

Conventional immunosuppressive agents
Glucocorticoids are the foundation of treatment in Takayasu’s arteri-
tis. Combination therapy is primarily considered in patients who have 
severe disease or persistent disease activity despite glucocorticoid treat-
ment or when remission cannot be maintained on acceptable doses of 
glucocorticoids. Using these criteria, one study in which patients were 
followed for a median time of 5.3 years (range, 6 month to 20 years) 
observed that 52% of patients required the addition of a cytotoxic agent 
during the course of their disease, with 40% of these patients achieving 
remission at least once.1 Combination therapy increases the risk of 
infection, and care should be taken to monitor for cytopenias and 
utilize prophylactic treatment against Pneumocystis jiroveci while 
patients are receiving prednisone together with another immunosup-
pressive agent.

Glucocorticoids
Glucocorticoids are the therapeutic mainstay in Takayasu’s arteritis, 
although the data regarding their efficacy have varied. Resolution of 
systemic symptoms has been reported to occur in 25% to 100% of 
glucocorticoid-treated patients.1,8,14,29 Objectively, some reports have 
demonstrated that glucocorticoids have brought about improvement in 
arteriographic blood flow and a return of previously absent pulses.14,29

There have been no comparative trials to determine the optimal 
dose and length of glucocorticoid treatment. Retrospective series have 
utilized a broad spectrum of initial prednisone doses ranging from 20 
to 100 mg/day.7,14,29,30 The Systemic Vascular Disorders Research 
Committee of the Ministry of Health and Welfare of Japan have recom-
mended that patients with evidence of active arteritis be treated ini-
tially with prednisolone, 30 mg/day.29 In a retrospective analysis of 150 
patients who had received glucocorticoids at doses similar to those used 
in this regimen, 51% of patients had an improved quality of life, 
whereas 37% experienced no change and 12% worsened, although the 
definitions of these outcome measures were not stated.29

In the largest prospective standardized experience with glucocorti-
coids in Takayasu’s arteritis, patients initially received prednisone, 
1 mg/kg/day (60 mg daily), for the first 1 to 3 months with careful 
observation for adverse effects and response.1,31 Over the next 2 to 3 
months, when disease activity decreased, the prednisone was tapered 
to an alternate-day schedule and then decreased further toward discon-
tinuation. In 48 patients with active disease treated with this regimen, 
first-time therapy resulted in remission in 52% and 60% achieved 
remission at least once. Although such data support the use of an 
initial prednisone dose of 1 mg/kg/day, a lower starting dose may be 
considered in selected individuals at high risk for corticosteroid toxicity 
provided there is no threat of immediate tissue ischemia.

Methotrexate
Methotrexate (MTX) has been evaluated in a prospective standardized 
trial in a glucocorticoid-resistant population.32 In this regimen, MTX 
was initiated orally at a dose of 0.3 mg/kg (not to exceed 15 mg) once 

correlation between these parameters and active disease remains 
unclear.16 Because of the potential for MRI to overestimate the severity 
of vessel narrowing, the presence of new vascular lesions seen by MRI 
in the absence of other clinical features may warrant confirmation by 
dye arteriography in situations in which the findings will impact clini-
cal decision-making.

Ultrasonography has been reported to provide useful information 
about carotid lesions.18,19 This technique relies on skill and interpreta-
tion of the operator and will require additional study to determine its 
general applicability to clinical care.

Positron emission tomography (PET) is being investigated for its 
ability to provide inflammation about cellular activity within an 
inflamed arterial wall. Although recent studies have not suggested PET 
to be a useful measure of disease activity,20 investigations are ongoing 
to better define the utility of this technique in Takayasu’s arteritis.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of Takayasu’s arteritis includes diseases that 
affect the aorta, its main branches, or the pulmonary arteries. Although 
they may appear arteriographically similar to Takayasu’s arteritis, most 
of these diseases have other clinical manifestations that assist in estab-
lishing the diagnosis.

PATHOLOGY
In contrast to other vasculitides, tissue biopsies play little or no role 
in the diagnosis of Takayasu’s arteritis because histologic examination 
of the great vessels is usually possible only at the time of vascular 
procedures or post mortem. Takayasu’s arteritis is a panarteritis that 
typically occurs as focal “skip lesions.” During active disease, the 
inflammatory infiltrate is predominantly lymphoplasmacytic with 
granuloma formation and giant cells involving the media and adventi-
tia. Later, degeneration of internal elastic lamina of the media, adven-
titial fibrosis, and neovascularization are seen.

The pathophysiology remains poorly understood, and the cause of 
the disease is still unknown. The presence of granulomatous inflam-
mation, blood vessel inflammatory infiltrates consisting of T cells  
and monocyte/macrophages, and high tumor necrosis factor (TNF)– 
producing T cells suggest that Th1 mechanisms play a role in the 
disease pathogenesis.21 Analysis of cytokine gene transcription in 
peripheral blood mononuclear cells demonstrated increased constitu-
tive mRNA expression of TNF and interleukin (IL)-4 and a decrease 
in the induced expression of IL-10 mRNA in patients with Takayasu’s 
arteritis.22 In other studies, evidence of cell-mediated cytotoxicity has 
been provided by the demonstration of increased numbers of γδ T 
lymphocytes with a restricted T-cell receptor23 as well as γδ T lympho-
cytes, natural killer cells, and cytotoxic T cells in aortic tissue.24 Exten-
sion of this work has found that γδ T cells in patients with Takayasu’s 
arteritis are reactive to 60-kDa heat-shock protein (hsp60) and exhibit 
cytotoxicity to aortic endothelial cells, suggesting a role for hsp60 and 
γδ T cells in disease pathogenesis and vascular cell injury.25

Human leukocyte antigen (HLA) genes have been investigated 
because of their relevance in regulating immune responses together 
with the predilection of the disease for individuals of particular ethnic 
backgrounds. In studies from Japan and Korea, an association of 
Takayasu’s arteritis with HLA-Bw52 has been described.26,27 In Indian 
patients Takayasu’s arteritis is associated with HLA-B5,28 whereas 
analysis of HLA genes in North America has not revealed any associa-
tion.1 Because of the clinical differences observed in these populations, 
some have suggested that HLA may play a role in determining the 
pattern of Takayasu’s arteritis.

MANAGEMENT
General principles
Treatment of active disease is based on the rationale that interruption 
of active inflammation before the development of significant vessel 
damage improves prognosis. However, this has not been definitively 
proven, and the role of immunosuppressive treatment in lessening 
morbidity and mortality has been difficult to assess. In addition to 
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Other biologic agents that have prompted interest for investigation 
in Takayasu’s arteritis include a case report of the use of the anti-IL-6 
receptor antibody tocilizumab41 and an ongoing randomized trial with 
the T-cell co-stimulation modulator abatacept. There has been insuf-
ficient evidence with either of these agents to support their use in 
clinical practice.

Non-medical interventions
Non-medical interventions are important in revascularization of ste-
nosed or occluded vessels that produce significant ischemia or for the 
treatment of aneurysms. Up to 70% of Takayasu’s arteritis patients 
may require surgery, with the most frequent indications including 
cerebral hypoperfusion, renovascular hypertension, limb claudication, 
repair of aneurysms, or valvular insufficiency.2 In carefully selected 
patients, the safety and potential benefits of surgery have been  
favorable although the graft patency and complication rates vary 
greatly.13,41-44 Ideally, vascular reconstruction should be deferred until 
acute inflammation is medically controlled because aneurysm forma-
tion, graft dehiscence, or graft occlusion may be more likely in the 
setting of active arteritis.44,45 The role of perioperative glucocorticoids 
in the clinically quiescent patient remains unclear. Although it is pos-
sible that glucocorticoids may have a beneficial role if active arteritis 
is present, this must be tempered against the concern for wound 
healing, susceptibility to infection, and possible long-term effects on 
suture line weakening. The site of revascularization is also important 
in long-term outcome, and care should be taken to avoid placing surgi-
cal connections to vessels that are frequently known to become involved 
during the course of disease. Bypass grafts for involved cervicobrachial 
vessels should ideally originate from the ascending aorta because this 
segment rarely becomes stenotic.

Percutaneous transluminal angioplasty (PTCA) can be effective to 
acutely control hypertension related to renal artery stenosis. In settings 
where renal artery PTCA is undertaken, care must be taken to mini-
mize sudden drops in blood pressure in patients who have severe ste-
noses across critical vascular beds. Particularly in patients who have 
compromised blood flow to the CNS, acute hypoperfusion can result 
in ischemic events. The ability of PTCA to acutely reduce stenosis has 
ranged from 56% to 100%1,46,47 and has improved blood pressure in 
more than 85% of patients.46,47 However, the longevity of results is 
variable, with some studies suggesting a substantial restenosis rate.42 
Several reports have also found PTCA to be beneficial in treating short 
stenotic segments of other aortic branches as well as the aorta.46

Percutaneously placed stents have also been used in Takayasu’s 
arteritis. Similar to the experience with PTCA, initial results have been 
encouraging but with some series finding a substantial rate of resteno-
sis or occlusion over longer-term follow-up.42

Management of co-morbid features
Because Takayasu’s arteritis is a vascular disease that affects young 
individuals, management of co-morbid features plays an important role 
in patient care. Hypertension has been reported to occur in 32% to 
93% of patients1,3-9,48,49 and contributes to renal, cardiac, and cerebral 
injury. Because the subclavian arteries are a frequent site of vessel 
stenosis, blood pressure measurements in one or both arms may not 
be representative of aortic root pressure and four-extremity blood pres-
sure measurements should be taken at each clinic visit. When treating 
hypertension, care should be taken to avoid precipitous drops in blood 
pressure, particularly in patients who have compromised cerebral  
blood flow. Because there is evidence to support that patients with 
Takayasu’s arteritis have a high rate of plaque formation,50 proactive 
assessment and effective control of traditional atherosclerotic risk 
factors are also essential.

OUTCOME
The long-term outcome of patients with Takayasu’s arteritis has varied 
between studies. Although North American reports found overall sur-
vival to be 94% or greater,1,2 the 5-year mortality rate from other series 
has ranged from 0 to 35%.7,13,48,51 Mortality directly related to the 
disease usually occurs from congestive heart failure, cerebrovascular 

a week and increased by 2.5 mg every 1 to 2 weeks, up to a maximum 
dose of 25 mg once a week. This was administered together with pred-
nisone, 1 mg/kg/day, which was tapered after 1 month to an alternate-
day regimen within 3 to 6 months. If within 6 months of starting 
MTX, the symptoms and signs of active disease had resolved and the 
prednisone dose was able to be reduced, then the MTX was continued 
for an additional 6 months, after which time it was tapered until dis-
continuation. Of 16 patients, this regimen led to remission in 81%, 
with 25% experiencing a sustained remission for approximately 1 year 
in the absence of immunosuppressive medications. However, remis-
sion was followed by relapse in 54% and 19% of patients had progres-
sive disease. Approximately half of the patients who experienced 
relapse were re-induced into remission on the same protocol. The 
therapeutic toxicities in this study included reversible elevated hepatic 
transaminase levels (28%), nausea (22%), and stomatitis (6%) and one 
episode of Pneumocystis jiroveci pneumonia, which was successfully 
treated. Other potential side effects of MTX that were not observed in 
this study include pneumonitis and bone marrow suppression. 
Although this study has limitations, these data support that MTX may 
be an effective means of inducing remission and minimizing glucocor-
ticoid toxicity in the difficult-to-treat Takayasu’s arteritis patient.

Cyclophosphamide
Cyclophosphamide (CYC) was the first studied cytotoxic agent in 
Takayasu’s arteritis; however, the data regarding its use are limited.31 
CYC has the potential for serious short- and long-term toxicity that 
includes bone marrow suppression, infection, infertility, bladder injury, 
transitional cell carcinoma of the bladder, and myeloproliferative 
disease. Given the predilection for Takayasu’s arteritis to relapse and 
the significant side effects of CYC in this predominantly young female 
population, MTX is considered to be the preferential choice.

Azathioprine
Valsakumar and colleagues treated 15 patients with active Takayasu’s 
arteritis with azathioprine (AZA) combined with prednisolone for 1 
year.33 All patients had improvement in systemic symptoms and labo-
ratory measures of disease activity within 3 months of treatment initia-
tion, and arteriograms repeated 1 year later revealed no changes when 
compared with baseline values. AZA can be associated with cytopenias, 
infection, allergic reactions, and leukemia, but no major side effects 
were noted during the treatment period. Although the longer-term 
efficacy remains unclear, the use of AZA concomitantly with glucocor-
ticoids could be considered in patients who cannot receive MTX or 
who have experienced relapse through previous MTX treatment.

Other conventional immunosuppressive agents
Data regarding the efficacy of other agents in Takayasu’s arteritis are 
confined solely to case reports and small series. Mycophenolate 
mofetil,34,35 leflunomide,36 and minocycline37 have been used with 
reported benefit in a limited number of patients, but further study will 
be required for their efficacy and safety to be determined.

Biologic therapies
The use of TNF inhibitors in patients with Takayasu’s arteritis has 
been explored in a number of case reports and series based on evidence 
suggesting a role of Th1 mechanisms in the development of large-
vessel granulomatous vasculitis.38-40 Molloy and colleagues treated 25 
patients with refractory Takayasu’s arteritis with TNF-modulatory 
agents, of whom 9 received etanercept (later changed to infliximab in 
5 patients) and 21 received infliximab.40 Remission was achieved, and 
prednisone was discontinued in 15 patients (60%) and tapered below 
10 mg daily in another 7 patients (28%). Of 18 patients who were 
receiving a concomitant immunosuppressive agent, 9 (50%) were able 
to discontinue this therapy. Major relapses occurred in 4 patients who 
had achieved remission. Four patients experienced adverse events that 
included nausea, diarrhea, and hypertension while on etanercept; and 
abnormal results of liver function tests, histoplasmosis after travel to 
an endemic area, and one occurrence of breast cancer occurred in 
patients receiving infliximab. While the results from this pilot study 
are encouraging, further investigation through a randomized controlled 
trial will be needed to fully assess efficacy.
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events, myocardial infarction, aneurysm rupture, or renal failure.4,7,13,48,51 
In two studies, predictors of poor outcome included a progressive 
disease course and the presence of Takayasu’s retinopathy, secondary 
hypertension, aortic valve insufficiency, or aneurysms.13 Even in the 
absence of life-threatening disease, Takayasu’s arteritis can be associ-
ated with substantial morbidity. In one series, 74% of patients were 
found to have some compromise in activities of daily living and 47% 
were permanently disabled.1

Pregnancy
The safety of pregnancy is an important issue because Takayasu’s 
arteritis predominantly affects women of child-bearing age. Although 

there remains a limited amount of data, most series have reported 
favorable maternal and fetal outcomes.1,14,52 Hypertension is the most 
common cause of complications and must be closely monitored.52 Fetal 
growth retardation has been observed and appears to be influenced by 
hypertension during pregnancy and maternal vascular disease. Series 
have varied with regard to whether the presence of Takayasu’s arteritis 
is associated with any higher rate of fetal death.53 The induction of 
labor or cesarean section is not mandatory for women with Takayasu’s 
arteritis, although advanced planning for the method of delivery is 
important.52 For women not on cytotoxic therapy, pregnancy is not 
contraindicated but careful perinatal care is important in optimizing a 
successful outcome for both mother and child.
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frequency of Behçet’s syndrome among the Arabs in Israel10 might 
mean both genetic and environmental factors, with the latter perhaps 
related to lower social strata.

ETIOLOGY
Genetic and environmental factors play a role, although the exact 
contribution of each is unknown.

Genetic factors
The syndrome does not show a mendelian inheritance. The majority 
of the cases are sporadic. However, the increased prevalence of the 
disease along the “silk road,” a sibling recurrence rate (λs) of 11 to 53 
among patients in Turkey, and the involvement of another family 
member in approximately 1 in 10 families in endemic areas suggest 
that genetic factors are important. The most frequent association is 
with HLA-B51, which has been validated among various ethnic 
groups.16 On the other hand, a whole-genome analysis has identified 
16 additional loci, pointing to a true complex genetic disorder.17

Several genes that lie in proximity to the HLA-B locus, such as the 
major histocompatibility complex class I chain-related genes (MIC),18 
tumor necrosis factor (TNF),19 and the heat-shock proteins,20 have been 
suggested as implicated in the pathogenesis. Various polymorphisms 
related to the disease have been identified in these loci, but it is not 
clear whether they are in linkage disequilibrium with HLA-B51 or are 
independent factors of susceptibility. Moreover, these studies, in 
general, lack sufficient power.

Environmental factors
The most commonly studied risk factors are infectious agents. The 
hypersensitivity to Streptococcus sanguis antigens, their sequence 
homology with various heat-shock proteins, and their potential cross-
reactivity suggest that such agents may have a role in the pathogene-
sis.21 Herpes simplex virus-1, Staphylococcus aureus, and Prevotella 
species that are found in non-sterile pustular skin lesions have also 
been suggested as potential candidates.22 However, no infectious agent 
has yet been causally linked to Behçet’s syndrome. The immune activa-
tion in Behçet’s syndrome elucidated by antigens common to different 
species has suggested that the persistence of a microorganism might 
be more important than its specific category.

CLINICAL FEATURES
The manifestations of Behçet’s syndrome are protean. All symptoms 
and signs tend to recur either alone or in combinations. In many 
patients the disease usually abates with the passage of time (Table 
156.1). Mucocutaneous lesions constitute the hallmark of Behçet’s 
syndrome, whereas uveitis, neurologic, and large vessel manifestations 
are the most serious.

Mucocutaneous lesions
Oral aphthous ulcerations (Fig. 156.1a) are usually the first and the 
most frequent manifestation of Behçet’s syndrome. One study, based 
on patient histories, reported posterior lesions as more typical.23 When 
the lips are involved they only occur on the mucosal surface. Oral 
ulcers of Behçet’s syndrome are usually indistinguishable from ordi-
nary canker sores; however, they are usually multiple and recur more 
frequently. Like the former, they also heal without scarring. Minor 
aphthous ulcers (<10 mm in diameter) are the most common type 

Behçet’s syndrome
Sebahattin Yurdakul, Vedat Hamuryudan, Izzet Fresko, and Hasan Yazici

 Behçet’s syndrome is a systemic vasculitis of unknown cause that is 
characterized by recurrent mucocutaneous manifestations and 
chronic relapsing uveitis with the potential threat of blindness. It 
may involve veins and arteries of all sizes.

 A marked geographic distribution exists along the “silk route” with 
the greatest prevalences in Turkey, Iran, and Japan.

 It occurs most commonly in the second or the third decades with 
an undulating course that generally abates in intensity with the 
passage of time.

 Men and those developing the disease at a young age have a more 
severe disease course.

 Frequent recurrent oral and genital ulcerations and a variety of 
other skin manifestations occur, including the “pathergy” 
phenomenon.

 Musculoskeletal, large vessel, neurologic, and gastrointestinal 
involvement is noted.

HISTORY AND EPIDEMIOLOGY
In 1937, Hulusi Behçet, from Istanbul, described two patients with 
oral and genital ulceration, hypopyon uveitis, and erythema nodosum.1 
Additional clinical manifestations, including musculoskeletal, neuro-
logic, vascular, and gastrointestinal involvement, have been later rec-
ognized and added to the disease spectrum.2 The underlying pathology 
includes an inflammatory process of arteries and veins.

The usual onset of the syndrome is in the third decade. The onset 
of Behçet’s syndrome is rare among people aged 50 or over, and child-
hood disease remains rare. Both genders are equally affected, but the 
syndrome runs a more severe disease course among men and the 
young.3

Epidemiologic information is derived mainly from case registries 
and population surveys conducted in Turkey. The global distribution 
of reported cases suggests a geographic pattern coincident with the 
ancient “silk route,” the highest incidence being in the Middle and Far 
East. The prevalence of Behçet’s syndrome has been reported between 
20 to 421 among 100,000 adult population in five field surveys from 
Turkey,4-6 where the lowest figure comes from Thrace, the European 
region.6 No patient with Behçet’s syndrome was identified among 
47,000 children in another field survey from the same country.7 These 
figures, among adults, compare with 17 in Iraq, 80 in Iran, and 120 
per 100,000 in an Arab community in Israel.8-10 The disease is less 
frequent in the rest of the world. The estimated prevalence ranges are 
from 0.64 in the United Kingdom, 6.4 in Spain, to 5.2 in the United 
States per 100,000 population.11-13 Similar low frequencies are seen 
among the indigenous Germans (1.47/100,000), whereas Turks living 
in Berlin, Germany, still have a distinctly high rate of 77/100,000.14

Even with the quoted low figures especially among the indigenous 
populations of Europe, it is worth noting that in the suburbs of Paris 
the frequency of Behçet’s syndrome was higher (7.1/100,000) compared 
with the frequencies of Wegener’s granulomatosis, Churg-Strauss syn-
drome, and microscopic polyarteritis nodosa taken individually and 
close to the frequency of all three diseases combined (9/100,000).15

As is true for other complex genetic disorders, we have yet to discern 
the relative contributions of environment versus genetics in the patho-
genesis. As was noted earlier, the immigrant Turks in Berlin have a 
higher frequency as compared with the ethnic Germans,14 indicating a 
genetic load, but have lower frequency than that among the Turks 
living in Turkey,4-6 indicating environment. Similarly, the higher 
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TABLE 156.1 FREQUENCY OF THE CLINICAL MANIFESTATIONS OF BEHÇET’S SYNDROME AND THE INTERNATIONAL STUDY GROUP CLASSIFICATION CRITERIA

Manifestation Frequency (%)

Oral ulcers 97-99

Genital ulcers ~85

Papulopustular lesions ~85

Erythema nodosum ~50

Pathergy reaction ~60 (Mediterranean countries and Japan)

Uveitis ~50

Arthritis ~50

Subcutaneous thrombophlebitis 25

Deep vein thrombosis ~10

Arterial occlusion/aneurysm ~4

CNS involvement 10

Epididymitis ~10

Gastrointestinal lesions 1-30 (more prevalent in Japan)

In the absence of other clinical explanations, patients must have:
 Recurrent oral ulceration (aphthous or herpetiform) observed by the physician or patient recurring at least three times in one 12-month period plus two of the following:
 Recurrent genital ulceration
 Eye lesions: anterior uveitis, posterior uveitis, cells in the vitreous by slit lamp examination or retinal vasculitis observed by an ophthalmologist
 Skin lesions: erythema nodosum, pseudofolliculitis, papulopustular lesions or acneiform nodules in postadolescent patients not on corticosteroids
 Positive pathergy test read by a physician at 24-48 hours

a

b

c

d

Fig. 156.1 Mucocutaneous findings in Behçet’s syndrome. (a) Oral aphthae. (b) Genital ulceration. (c) Erythema nodosum–like nodular lesions. (d) Multiple 
positive pathergy tests.
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Fig. 156.2 Superficial thrombophlebitis.

Fig. 156.3 Hypopyon uveitis.

(~90%); major or herpetiform ulcers are less frequent. Bigger or “major” 
ulcers that can leave scars and impede food passage have occasionally 
been reported.24

Genital ulcerations (see Fig. 156.1b) typically develop on the scrotum 
(90%) and less frequently on the penis and femoral and perianal regions 
in men and on the major labia (70%) followed by the minor labia, 
vestibulum, and femoral and anal regions in women. Vaginal and cervi-
cal ulcers can, on occasion, also occur. They heal with scarring in about 
two thirds of patients when they are large (≥1 cm in diameter).25 Ure-
thritis and dysuria are not usually present unless there is secondary 
infection.

There are mainly three types of skin lesion:

1. Erythema nodosum–like lesions (see Fig. 156-1c) are confined to 
the lower extremities and heal commonly with residual pigmen-
tation as distinct from idiopathic erythema nodosum or that due 
to other causes. Histologic examination of these lesions shows 
more vasculitic elements than seen in idiopathic erythema 
nodosum or other causes.26

2. Superficial thrombophlebitis (Fig. 156.2) may also appear as a 
nodular skin lesion mimicking erythema nodosum. Super-
ficial thrombophlebitis may be associated with deep vein 
thrombosis.27

3. The acne-like lesions are usually indistinguishable from ordinary 
acne.28 They occur not only at the usual acne sites but also at 
uncommon sites such as the legs and arms.

In addition, papular lesions, consistent with cutaneous vasculitis and 
Sweet’s syndrome (neutrophilic dermatosis), can also be associated 
with Behçet’s syndrome.

The pathergy reaction
The pathergy reaction (see Fig. 156-1d) represents hyperreactivity of 
the skin to trauma, such as a needle prick. Typically, it is characterized 
by an erythematous papule or pustule formation at a skin site 24 to 
48 hours after the insertion of the needle. This phenomenon is quite 
specific for Behçet’s syndrome and represents a general hypersensitivity 
of the tissues to trauma. However, wound healing after biopsy-induced 
trauma is normal. The frequency of pathergy positivity is 60% to 70% 
in Turkey or Japan but is rarely observed in patients from northern 
Europe or the United States.29

Eye involvement
Eye involvement is observed in 50% (range, 40%-80%) of the patients. 
It is more frequent and more severe in men and among those who 
develop the disease at a young age. This chronic and relapsing uveitis 
is mostly bilateral and involves both anterior and posterior uveal tracts, 

leading to significant morbidity. Anterior uveal tract inflammation 
frequently leads to photophobia and to red eye, whereas posterior tract 
inflammation is characterized by visual loss. Hypopyon uveitis (Fig. 
156.3) is seen in 20% of the patients with eye disease and indicates a 
poor prognosis because it is almost always associated with severe 
retinal disease. Isolated anterior uveitis is infrequent, and conjunctivi-
tis is rare.

Posterior uveal inflammation with involvement of the retina can be 
severe. Retinal lesions consist of exudates, hemorrhages, papilledema, 
and macular disease. Postinflammatory structural changes, including 
synechiae and retinal scars, are important determinants of the progno-
sis of eye disease.

Musculoskeletal involvement
Behçet himself described “rheumatoid pains” in 1938, one year later 
after the original description. Seen in up to 50% of patients, the typical 
features of joint involvement include a non-deforming, non-erosive 
peripheral monarthritis or oligoarthritis that lasts not more than a few 
weeks.30 The knees are involved, most frequently followed by ankles, 
wrists, and elbows. Synovial fluid is commonly inflammatory, but a 
good mucin clot is usual. Synovial histology is non-diagnostic, non-
specific synovitis. Biopsy specimens reveal mainly the loss of the super-
ficial cell layer of the synovium, replacement by inflammatory 
granulation tissue, paucity of plasma cells, and infrequent lymphoid 
follicle formation.30 The involvement of the deeper layers of synovium, 
pannus, and erosive changes are rare.

Occasionally, chronic arthritis and osteonecrosis can be seen. Back 
pain is uncommon, and properly conducted studies of sacroiliac joint 
involvement have not demonstrated an increased prevalence in Behçet’s 
syndrome patients, suggesting that sacroiliitis is not a part of the clini-
cal spectrum.

Patients with Behçet’s syndrome and arthritis also have more acne 
lesions.31 Furthermore, patients with arthritis and acne have signifi-
cantly more enthesopathy.32 This suggests a link with the reactive 
arthritides.

Myositis is known to occur in Behçet’s syndrome but is rare. It is 
usually local and characterized by pain and swelling in both proximal 
and distal extremities. Serum muscle enzymes may or may not be 
elevated. Histologic changes are not different than that seen in idio-
pathic polymyositis.

Neurologic disease
Neurologic involvement is observed in 5% to 10% of the patients. 
Eighty percent have parenchymal involvement, commonly involving 
the brain stem. It is manifested by pyramidal, cerebellar, and sensory 
signs and symptoms along with sphincter disturbances and behavioral 
changes. Isolated cerebellar involvement is unusual. Non-parenchymal 
involvement (20%) is characterized by dural sinus thrombi, with intra-
cranial hypertension presenting as headaches and papilledema.33,34 
Simultaneous parenchymal and non-parenchymal involvement is 
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perforation. Gastrointestinal involvement is seen in about one third of 
patients from Japan but is rare among patients from the Mediterranean 
basin.

Other clinical findings
There have been sporadic reports of glomerulonephritis. Amyloidosis 
of the AA type can accompany Behçet’s syndrome and cause nephrotic 
syndrome.41 Epididymitis (10%) is a well-recognized feature of Behçet’s 
syndrome, like in other vasculitides. Bladder involvement can result in 
voiding dysfunction.42 Patients exhibiting features consistent with 
coexistent Behçet’s syndrome and relapsing polychondritis (MAGIC 
syndrome) have been described.43 These patients have various combi-
nations of oral and genital ulceration, thromboembolic disease, ocular 
inflammation, and gastrointestinal ulcerations along with nasal and 
auricular chondritis.

On the other hand, genital scarring, perhaps the most specific lesion 
for Behçet’s syndrome,25,44 is not a feature of the MAGIC syndrome. 
In addition, a chance association between the two conditions cannot 
be ruled out.

Finally, auditory and vestibular lesions, presumably due to vasculi-
tis, are more frequently recognized in Behçet’s syndrome.45

PROGNOSIS
A recent survey of the 20-year outcome of a cohort of 427 Behçet’s 
syndrome patients revealed that men and those having young age at 
the onset of the disease have a more stormy course and increased 
mortality. The mortality was highest among patients aged 14 to 24 
years at their first visit.46 It, however, decreased as time passed. The 
exacerbations in the undulating course become less frequent as the 
patients aged. On the other hand, about 60% of patients would not 
have fulfilled O’Duffy’s criteria for diagnosis47 at the end of 20 years, 
meaning the majority of patients go into a remission once they pass 
the initial, active disease years.46

Ruptured pulmonary and peripheral aneurysms and neurologic  
and gastrointestinal involvement are the major causes of mortality.46 
The Budd-Chiari syndrome and amyloidosis also carry a guarded 
prognosis.

INVESTIGATIONS
Laboratory findings are non-specific. A moderate anemia of chronic 
disease and leukocytosis are seen in about 15% of patients. The eryth-
rocyte sedimentation rate and C-reactive protein values may be mildly 
elevated. However, these parameters are not good indicators of disease 
activity. Autoantibodies such as rheumatoid factor, antinuclear anti-
body, anticardiolipin, and antineutrophilic antibodies (ANCAs) are 
absent.

DIFFERENTIAL DIAGNOSIS
A set of classification criteria has been developed (see Table 156.1).44 
Using recurrent aphthous ulceration as an obligatory feature, these 
criteria require the presence of two other sets of organ involvement for 
diagnosis.

Patients having recurrent aphthae in addition to only one organ 
manifestation are considered as having “incomplete” disease and 
present a diagnostic challenge. The diseases that should be considered 
in the differential diagnosis and their characteristic features are pre-
sented in Table 156.2. Note that the seronegative arthritides and 
inflammatory bowel disease constitute the main difficulties in differ-
ential diagnosis, especially in the West.

PATHOGENESIS
Behçet’s syndrome is an inflammatory vasculitis of unknown etiology 
that can involve all types and sizes of arteries and veins. The absence 
of typical necrotizing vasculitis or giant cell formation in the histology 
specimens coupled with the propensity for venular involvement and 
the presence of pulmonary and arterial aneurysms are unique (Fig. 
156.5).48

unusual.35 Parenchymal involvement has a more severe course. Cere-
brospinal fluid examination is non-specific, with a high protein or cell 
count implying more guarded prognosis.33 Peripheral nerve disease, 
seen frequently in other vasculitides, is uncommon.34

Venous and arterial lesions
In a fourth to one third of patients, vascular lesions are seen. They are 
more common in males. Thrombophlebitis of superficial (see Fig. 
156.2) or deep veins is most frequent in the legs. Thrombosis of the 
major vessels, such as vena caval obstruction and occlusion of the 
supra hepatic veins (Budd-Chiari syndrome), occurs less frequently. 
Despite the frequent occurrence of venous involvement, thromboem-
bolism is rare, because of the tight adherence of thrombi to the diseased 
endothelium.

The entire arterial tree can be affected, resulting in aneurysm forma-
tions and/or occlusions. Behçet’s syndrome is the only vasculitis that 
can cause pulmonary artery aneurysms. These are the leading cause of 
death.36 Recurrent hemoptysis is the main manifestation. The aneu-
rysms are seen as non-cavitating opacities on chest radiographs (Fig. 
156.4). The diagnosis can be confirmed by computed tomography or 
magnetic resonance imaging.

Cardiac involvement
There have been sporadic case reports of valvular lesions, myocarditis, 
pericarditis, coronary vasculitis, coronary and ventricular aneurysms, 
and intracardiac thrombus formation, but overall cardiac involvement 
is uncommon in Behçet’s syndrome. A study that compared the clini-
cal, electrocardiographic, and echocardiographic findings of Behçet’s 
syndrome patients and healthy control subjects did not find a difference 
between the two groups.37 Recent evidence suggests that, unlike many 
other chronic vasculitides, increased atherosclerosis is not a major 
problem in Behçet’s syndrome.38

Lung disease
Apart from the pulmonary artery aneurysms, isolated thrombosis of 
the peripheral segments of pulmonary arteries with or without aneu-
rysms can be seen.39 These are frequently confused with secondary 
infections in an immunocompromised patient. Pleural effusions are 
rare.

Gastrointestinal involvement
Mucosal ulcerations, primarily in the ileum40 and colon, cause colicky 
abdominal pain, diarrhea, and bleeding. Ileocecal lesions are prone to 

Fig. 156.4 Pulmonary artery aneurysms on chest radiograph.



CH
A

PTER 156 
● Behçet’s syndrom

e

1579

TABLE 156.2 DIFFERENTIAL DIAGNOSIS OF BEHÇET’S SYNDROME

Disease Features not seen in Behçet’s syndrome

Reactive arthritis Urethritis, penile lesions on the glans penis, 
and conjunctivitis

Seronegative arthropathies Mainly psoriatic skin lesions, aortic 
insufficiency, frequent axial involvement

Inflammatory arthropathies Serologic abnormalities

Inflammatory bowel disease Inflammatory lesions throughout the bowel

Multiple sclerosis Intranuclear ophthalmoplegia (INO) and 
optic neuritis

Sarcoidosis Bilateral hilar adenopathy and parenchymal 
pulmonary disease

Other systemic vasculitides Microaneurysms, mononeuritis multiplex, 
ANCA

Vogt-Koyanagi-Harada syndrome Peliosis, alopecia, and vitiligo

Stevens-Johnson syndrome Blisters and corneal involvement

Venereal diseases Glans lesions, specific serologic studies

Coxsackievirus and echovirus 
infections

Subacute course

Relapsing polychondritis Nasal and auricular chondritis

Fig. 156.5 This high-power photomicrograph shows fresh thrombus formation 
and prominent lymphoplasmacytic infiltration in the entire wall of the elastic 
artery. There is also perivascular inflammatory infiltration of adventitial tissue 
together with vasa vasorum arteritis (H&E, ×100). (Courtesy of Dr. Buge Oz.)

A T-helper-1 cell (Th1)-mediated immune response and hypersen-
sitivity to non-specific trauma shown with the pathergy test are char-
acteristic. A proinflammatory innate immune system–derived activation 
that is sustained by adaptive immune responses is believed to be 
important in pathogenesis.49

Venous thrombosis is one of the hallmarks of the syndrome. A 
cause for a primary thrombophilia has been extensively sought, but 
neither a hereditary nor an acquired factor that may explain the throm-
boses has been identified.50 A decrease in fibrinolysis is probably the 
most consistent finding.51

Neutrophil hyperreactivity has also been an important issue. 
However, it is not clear whether the activity is inherent to the neutro-
phil or is due to the priming cytokines that are abundant in the 
circulation.52

The lack of an obvious autoimmune pathology coupled with the 
episodic nature of the clinical manifestations have fueled a trend to 
classify Behçet’s syndrome among the autoinflammatory disorders.53 
However, except for Crohn’s disease, all autoinflammatory disorders 
are febrile syndromes of children with a well-defined genetic locus.54 
Fever and pediatric involvement are not prominent aspects of Behçet’s 
syndrome. It is apparent that Behçet’s syndrome is not a monogenic 
disease,55 whereas the CARD/NOD gene associations of Crohn’s disease 
have not been seen in Behçet’s syndrome.56 Clinical observations have 
suggested that there are clusters of disease expression in Behçet’s syn-
drome.27,57 The first of these clusters is that of superficial and deep vein 
thrombosis and dural sinus thrombi,58 and the second is that of acne, 
arthritis, and enthesitis.31,32 This suggests that more than one disease 
mechanism may be operative in pathogenesis.

MANAGEMENT
The management of Behçet’s syndrome is largely based on the sup-
pression of the individual symptoms with the goal to prevent organ 
damage. The number of controlled trials is still insufficient and the 
treatment of various manifestations, especially those involving the 
vascular, neurologic, and gastrointestinal systems, relies largely on 
uncontrolled studies. Men, especially those developing Behçet’s syn-
drome at a young age, carry the risk of developing more severe com-
plications. Early treatment with azathioprine improves the ocular and 
extraocular outcome at the long term.59 However, more prospective 
data are needed to recommend prophylactic treatment with immuno-
suppressive agents. Recently, a European League Against Rheumatism 
task force developed nine recommendations for the management of 
Behçet’s syndrome (Table 156.3).60

TABLE 156.3 EULAR RECOMMENDATİONS FOR THE MANAGEMENT 
OF BEHÇET’S SYNDROME

Manifestation Recommended therapy

Eye involvement Azathioprine and systemic corticosteroids are 
recommended as the first-line agents for all patients having 
posterior uveitis.

Refractory eye 
involvement

In case of visual loss (>2 lines drop in visual acuity on a 10 
scale chart) or retinal involvement (retinal vasculitis or 
macular involvement) the addition of cyclosporine or 
infliximab to azathioprine and corticosteroids is 
recommended. Interferon-α with or without corticosteroids 
may be considered as another alternative.

Vascular 
involvement

Immunosuppressives such as corticosteroids, azathioprine, 
cyclosporine, and cyclophosphamide are recommended for 
venous involvement. Cyclophosphamide along with 
corticosteroids is recommended for arterial involvement. 
However, firm evidence for these recommendations is 
lacking.

Thrombophilia No data, even uncontrolled, support the use of 
anticoagulants, antiplatelet, or fibrinolytic agents in the 
management of deep vein thrombosis or arterial lesions.

Gastrointestinal 
involvement

Agents such as sulfasalazine, corticosteroids, azathioprine, 
TNF-α antagonists, and thalidomide should be considered 
before surgery, except in emergencies.

Arthritis Colchicine will be effective for most patients. Azathioprine, 
interferon-α, and TNF-α antagonists may be considered for 
refractory cases.

CNS involvement There is no evidence-based treatment. For parenchymal 
involvement, corticosteroids, azathioprine, interferon-α, 
cyclophosphamide, methotrexate, and TNF-α antagonists 
are recommended. Dural sinus thrombosis can be managed 
with corticosteroids.

CNS 
involvement and 
cyclosporine

Cyclosporine should be used in patients with CNS 
involvement only when definitely necessary for ocular 
inflammation.

Mucocutaneous 
involvement

Mild oral or genital ulcers may be managed with topical 
measures (corticosteroid or lidocaine containing creams, 
sucralfate suspension). Erythema nodosum can be 
managed with colchicine. Azathioprine, interferon-α, and 
TNF-α antagonists are recommended for refractory cases.

Adapted from Hatemi G, Silman A, Bang D, et al. EULAR recommendations for the management 
of Behçet disease. Ann Rheum Dis 2008;67:1656-1662.
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involvement.60 Interferon-α, with or without corticosteroids, is a good 
alternative for refractory uveitis.68 Its effect starts rapidly and seems to 
be long-lasting even after withdrawal. However, interferon-α and aza-
thioprine should not be used simultaneously because combinations of 
both are more myelotoxic.69 Infliximab is a promising agent that is 
recommended for refractory uveitis. According to uncontrolled experi-
ence, infliximab rapidly improves the visual acuity, suppresses retinal 
vasculitis, and decreases the number of uveitis attacks but relapses 
seem to necessitate continuous treatment.70

Deep vein thrombosis is treated with immunosuppressive agents 
such as azathioprine, cyclosporine, and cyclophosphamide with or 
without corticosteroids.60 There are no data supporting the efficacy of 
anticoagulation in the management of venous involvement. Further-
more, anticoagulation carries the risk of bleeding from unrecognized 
aneurysms and is therefore not recommended.59 Cyclophosphamide 
combined with high-dose corticosteroids seems to be effective for pul-
monary artery aneurysms.36 Pulmonary aneurysms are usually bilateral 
and multiple and they recur; thus, surgery should be the last choice. 
Endovascular embolization can be lifesaving in emergent cases, but the 
high coexistence of venous thrombosis may render this intervention 
technically difficult. Peripheral aneurysms are managed surgically, but 
this should be supported with immunosuppressive agents to prevent 
relapses.

Gastrointestinal involvement not infrequently necessitates emer-
gency surgery, which requires large resections of bowel segments to 
prevent recurrences. Anecdotal reports suggest the use of sulfasalazine, 
thalidomide, azathioprine, and TNF-α antagonists for gastrointestinal 
involvement.60

Parenchymal CNS involvement is usually treated with pulsed cor-
ticosteroids. TNF-α antagonists, azathioprine, cyclophosphamide, 
methotrexate, and interferon-α can be other alternatives. Dural sinus 
involvement usually responds to treatment with corticosteroids.

Mucocutaneous lesions are treated according to how they affect the 
quality of life. Local corticosteroid creams (e.g., triamcinolone aceton-
ide cream) either alone or as an additive to systemic medications 
provide symptomatic relief. Colchicine (1-2 mg/day) is recommended 
especially when the predominating symptom is erythema nodosum, 
but it is also effective for genital ulcers among women.61 Thalidomide 
(100 mg/day) is highly effective in suppressing oral and genital ulcers 
along with follicular lesions, but these may recur when it is stopped62; 
the serious side effects of this drug, especially teratogenesis and poly-
neuropathy, prevent its routine use. Azathioprine is also effective in 
suppressing the mucocutaneous manifestations.63 Its daily dose is 
2.5 mg/kg, and a minimum of 3 months is required for its effect. 
Interferon-α is effective for oral and genital ulcers along with papulo-
vpustular lesions.64 In the only randomized controlled trial of TNF-α 
inhibitors, etanercept significantly suppressed oral ulcers and papulo-
pustular lesions of Behçet’s syndrome.65 The high costs of interferon-α 
and TNF-α antagonists hinder their routine use for this indication.

Arthritis can be often managed with colchicine. In refractory cases, 
sulfasalazine, brief courses of corticosteroids, azathioprine, interferon-α, 
and TNF-α antagonists may be tried.

For the management of eye involvement, azathioprine,63 with or 
without systemic corticosteroids, is recommended as the first choice.60 
Cyclosporine, with its rapid onset of action, is effective in reducing the 
frequency and severity of ocular attacks while improving the visual 
acuity.66 Tacrolimus may be considered as another alternative.67 The 
combination with azathioprine and corticosteroids is recommended for 
severe uveitis involving the retina and/or decreasing the visual acuity. 
The daily dose of cyclosporine should not exceed 5 mg/kg, and patients 
should be closely monitored for adverse effects, especially nephrotoxic-
ity. According to some case-control studies, cyclosporine may potenti-
ate central nervous system involvement in Behçet’s syndrome and  
thus should not be used in patients with central nervous system 
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of complete and incomplete KD are available from the American Heart 
Association (Table 157.1).19

The exanthematous rash can take many different forms but is never 
frankly bullous or vesicular (Fig. 157.1). Micropustules (<1 mm) over 
extensor  surfaces,  genitals,  and  the  upper  buttocks  can  occur.20  The 
rash is accentuated in the groin in 50% of patients.21 Unlike bacterial 
toxin-mediated illnesses such as scarlet fever, there is rarely generalized 
desquamation of the rash. In general, the rash is not pruritic except in 
children  with  a  preexisting  history  of  eczema.  Both  psoriasis  and 
eczema are associated with KD, and the first flare of these chronic skin 
conditions may occur during the convalescent phase of KD.22,23

Injection  of  the  bulbar  conjunctiva  with  associated  perilimbal 
sparing  is noted  in the majority of patients  (Fig. 157.2). Unlike viral 
conjunctivitis, there is no conjunctival inflammation and no exudate 
or tearing and both eyes become injected at the same time.24,25 Anterior 
uveitis  is seen in over 80% of patients examined by slit  lamp during 
the first week after fever onset.26

Changes in the oropharynx include the fissured, red lips, strawberry 
tongue, and oropharyngeal erythema without discrete lesions or ulcers. 
The  fissuring  of  the  lips  usually  occurs  in  the  center  portion  of  the 
vermillion border. Tonsillar exudate is not a feature of KD.27

Changes in the extremities include edema of the dorsa of hands and 
feet  and  palm  and  sole  erythema,  which  is  distinct  from  the  rash. 
Periungual desquamation in the convalescent phase may occur on the 
fingers  or  toes  or  both  and  is  noted  in  approximately  two  thirds  of 
patients (Fig. 157.3).28 Transverse grooves across the nail bed (Beau’s 
lines) appear 4 to 6 weeks after fever onset. Arthritis was prospectively 
documented in 30% to 40% of patients in the pre-immunoglobulin era 
and  more  recently  in  7.5%  of  patients  in  a  retrospective  study  from 
Canada.29,30 Arthritis of the small joints of the fingers is common and 
is often associated with a bluish discoloration over the proximal inter-
phalangeal  joints. Axial arthropathy with frank arthritis or arthralgia 
may be associated with joint effusions with a neutrophil predominance 
and  cell  counts  of  20,000  to  200,000  cells/µL.30  Arthritis  persisting 
after treatment with immunoglobulin usually responds well to naproxen 
(Naprosyn).  It  is  rare  for  patients  to  require  treatment  for  arthritis 
beyond the subacute phase.

A painful, unilateral cervical lymph node mass is noted in approxi-
mately  one  third  of  patients.27  A  misdiagnosis  of  bacterial  cervical 
lymphadenitis  frequently  delays  a  diagnosis  of  KD  and  appropriate 
treatment.31 Imaging studies show a “cluster-of-grapes” appearance of 
the  node  mass,  in  contrast  to  the  more  common  single,  hypodense 
node associated with localized bacterial  infection.32 KD patients with 
cervical node enlargement tend to be older and have higher inflamma-
tory markers than patients with bacterial infection.33

The most  serious clinical findings are associated with  the cardio-
vascular system. Although myocarditis is universally present based on 
biopsy  studies,  a  gallop  rhythm  is  only  noted  in  approximately  one 
third of patients and frank congestive heart  failure  is rare during the 
acute phase. A new clinical presentation with high-output shock asso-
ciated with hypotension has been described.34,35

Other clinical manifestations of KD include the following:

●  Gastrointestinal manifestations including hydrops of the gallblad-
der and pancreatitis

●  Urethritis
●  Facial nerve palsy (rare)
●  Sensorineural hearing loss (<1%)

Minor  associated  symptoms  are  frequent  and,  in  a  recent  series, 
included gastrointestinal symptoms (vomiting, diarrhea, or abdominal 
pain,  61%)  and  respiratory  tract  symptoms  (cough  or  rhinorrhea, 
35%).36

Kawasaki disease
Jane C. Burns

 Kawasaki disease (KD) is the most common cause of acquired heart 
disease in children in the United States and Japan.

 KD is not a rare disease, with more than 4,000 and 12,000 new 
cases diagnosed each year in the United States and Japan, 
respectively.

HISTORY
Historical  investigation suggests  that  the systemic vasculitis  that we 
now call Kawasaki disease  (KD) was new  in  the East  and old  in  the 
West.1-3 Records from Western Europe and the United States from the 
late 19th and early 20th centuries document a pathologically indistin-
guishable vasculitis in infants, which was named infantile periarteritis 
nodosa and was only diagnosed at autopsy.2,4  In 1967, Dr. Tomisaku 
Kawasaki published a series of 50 patients from Japan with a syndrome 
that  he  named  “mucocutaneous  lymph  node  syndrome.”  It  was  not 
until  a  nationwide  epidemiologic  survey  was  performed  in  1970  in 
Japan that it was appreciated that this clinical syndrome was associated 
with coronary artery aneurysms that could lead to myocardial infarc-
tion  and  death.  An  English  language  version  of  Kawasaki’s  original 
patient series was published in 1974, and the term Kawasaki disease 
was proposed in 1977 by Landing and Larson.4,5 Today, KD is the most 
common cause of acquired pediatric heart disease in nations across the 
globe and has been recognized in all ethnic groups and races.6,7

EPIDEMIOLOGY
In Japan, the country of highest incidence, there were 185 cases annu-
ally per 100,000 children (<5 years old) for the period 2005 and 2006.8 
In the United States, there is no effective active surveillance program 
and  incidence  estimates  are  extrapolated  from  insurance  databases. 
The  incidence  rate  for  the  United  States  in  2000  based  on  hospital 
discharge diagnoses was 17.1 per 100,000 children younger than age 
5  years.9  Important  regional  differences  within  the  United  States 
suggest  a  genetic  influence  on  disease  susceptibility  with  incidence 
rates  in  children  younger  than  5  years  of  197.7  among  Japanese-
American children in Honolulu, 21.7 among a largely Latino popula-
tion  in  San  Diego,  and  15.0  among  a  largely  African-American 
population  in  Detroit.10-12  Familial  occurrence  is  increasingly  being 
reported.13-15 Based on the 2005-2006 nationwide survey from Japan, 
there was a 3.7% recurrence risk, 1.3% occurrence of sibling cases, and 
0.5% occurrence of a history of KD in one or both parents.8

KD cases cluster in both time and space, which lends evidence to 
the  theory  that  there  is an  infectious  trigger  for  the disease.  In both 
Japan  and  the  United  States  there  is  a  biphasic  occurrence  of  the 
disease with peaks in the winter/spring and again in mid summer.11,16,17 
Small outbreaks in limited geographic regions have now replaced the 
larger epidemics that were observed in the 1970s and 1980s.18

CLINICAL FEATURES
No laboratory test exists to confirm the diagnosis of KD, and the clini-
cian must use clinical criteria in conjunction with supportive labora-
tory data to establish the diagnosis. Updated guidelines for the diagnosis 
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TABLE 157.1 CLINICAL CHARACTERISTICS OF CLASSIC KAWASAKI DISEASE

Fever persisting at least 5 days in the presence of four of five principal clinical 
criteria:
1. Polymorphous rash
2. Bilateral conjunctival injection without exudate
3. Changes in the oropharynx, including red, fissured lips, strawberry tongue, 

and red pharynx without exudate
4. Changes in the extremities, including edema of the dorsa of the hands and 

feet, palm and sole erythema, and periungual desquamation during the 
convalescent stage (usually 2-3 weeks after fever onset)

5. Enlarged cervical lymph node at least 1.5 cm (usually unilateral)

Fig. 157.1 Polymorphous exanthem over the limbs and trunk of an infant with 
acute Kawasaki disease.

Fig. 157.2 Conjunctival injection, red fissured lips, and left cervical 
lymphadenopathy in a patient with acute Kawasaki disease.

a

b

Fig. 157.3 Two examples of periungual desquamation of the toes.

LABORATORY AND ECHOCARDIOGRAPHIC 
ASSESSMENTS
Laboratory testing is used to document high levels of systemic inflam-
mation and to rule out other rash/fever syndromes as appropriate based 
on the history and findings of  the physical examination (Fig. 157.4). 
A minimum laboratory evaluation should include the following:

●  Complete blood cell count with manual differential count
●  Erythrocyte sedimentation rate (ESR)
●  C-reactive protein (CRP)
●  Alanine aminotransferase (ALT)
●  Gamma glutamyltranspeptidase (GGT)
●  Albumin
●  Urinalysis

Echocardiographic assessment and an electrocardiogram should be 
performed according to the guidelines of the American Heart Associa-
tion,  and  the  internal  diameter  of  the  right  coronary  artery  and  left 
anterior descending coronary artery and aortic root should be expressed 
as standard deviations from the mean normalized for body surface area 
(Z  score).19,37-39  Tissue  Doppler  imaging  is  useful  to  detect  diastolic 
dysfunction.

PATHOLOGY
KD is a systemic vasculitis that primarily affects medium-sized, extra-
parenchymal musculoelastic arteries with a predilection for the coro-
nary arteries. Destruction of the internal elastic lamina can result in 
aneurysmal dilatation of the vessel wall (Fig. 157.5). The progression 
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plasma cells have been proposed as evidence of a viral etiology.47 It is 
possible that multiple agents trigger the syndrome in genetically sus-
ceptible hosts.

Understanding  the  complex  genetics  of  KD  has  been  pursued 
through  candidate  gene  studies,  family  linkage  studies,  and,  most 
recently,  a  genome-wide association study.48-51 A  functional polymor-
phism  in  the  inositol-1,4,5-triphosphate  3-kinase  gene  that  affects 
interleukin  (IL)-2  signaling  through  the  NFAT/calcineurin  pathway 
confers  increased  susceptibility  and also  increased  risk  for  aneurysm 
formation.49 The genome-wide association study identified other genes 
in calcium signaling pathways that were implicated in disease suscep-
tibility.51 Further studies will be necessary  to capture  the sum of  the 
genetic diversity that influences KD susceptibility and outcome.

TREATMENT AND MANAGEMENT
Based  on  large-scale  clinical  trials  in  the  1980s,  the  current  recom-
mended treatment for KD patients is a single, intravenously adminis-
tered  dose  of  immunoglobulin  (IVIG,  2 g/kg)  in  conjunction  with 
high-dose aspirin (80-100 mg/kg/day).52 After cessation of fever, most 
centers reduce the aspirin dose to a low, antiplatelet dose of 3 to 5 mg/
kg/day. The aspirin is continued until the ESR and platelet count have 
returned to the normal range. This approach,  if  implemented within 
the first 10 days after  fever onset,  reduces  the  incidence of  coronary 
artery aneurysms from 25% to 3% to 5%.

IVIG resistance, defined as persistent or recrudescent fever 36 hours 
after  the  end  of  the  initial  IVIG  infusion,  is  an  increasing  problem. 
These patients are at highest risk of coronary artery damage.53 Origi-
nally  described  as  affecting  only  10%  to  15%  of  KD  patients,  IVIG 
resistance has now  increased  to 20%  to 30%  in  some  regions of  the 
United States and  Japan.53-55 Strategies  to  treat  IVIG resistance have 
included  a  second  infusion  of  IVIG,  a  single  infusion  of  infliximab, 
corticosteroids, and plasmapheresis.55-58 A large, prospective, random-
ized multicenter  trial  in  the United States  examined  the addition of 
pulsed  methylprednisolone  to  IVIG  in  the  initial  treatment  of  KD 
patients but no benefit was demonstrated.59 The use of corticosteroids 
at any point during the treatment of acute KD remains controversial.60 
A randomized, double-blind placebo-controlled trial of infliximab plus 
IVIG for initial treatment of KD patients is in progress.

Management of cardiovascular complications should be undertaken 
by a pediatric cardiologist familiar with evolving treatment guidelines. 
Studies using historical controls suggest a benefit of warfarin therapy 
(INR 2.0-2.5) for patients with giant aneurysms (≥ 8 mm in internal 
diameter).61 Antiplatelet therapy with aspirin and/or clopidogrel is rec-
ommended  for  all  patients  with  persistent  dilatation  or  aneurysms, 
although prospective trials have not been performed.

Long-term  follow-up  with  echocardiography  at  5-year  intervals  is 
currently  recommended  for  all  children  and  young  adults  after  KD 
owing to the emerging recognition of arrhythmia, sudden death, myo-
cardial fibrosis, and congestive heart failure among individuals with no 
documented  coronary  artery  lesions  during  the  acute  phase  of  the 
illness.62

of  vascular  lesions  has  been  divided  into  four  phases  based  on  the 
temporal  progression  of  the  inflammatory  process  in  untreated  KD 
patients.40,41

In stage 1, which occurs during the first 2 weeks after onset of fever, 
there  is  perivasculitis  of  the  microvessels  (arterioles,  capillaries,  and 
venules), small arteries, and veins. This is  followed by inflammation 
of the intima, adventitia, and perivascular areas of medium-sized and 
large arteries, with edema and infiltration with neutrophils and lym-
phocytes.  Myocarditis  is  universal  at  this  stage  and  can  progress  to 
fibrosis and scarring in the later stages.42

During stage 2, 2 to 4 weeks after  fever onset,  there  is a decrease 
in  the  inflammation  of  the  microvasculature  and  progression  of  the 
inflammatory  infiltrate  of  the  medium-sized  arteries  to  include  all 
layers of the vessel wall. Aneurysms with or without thrombosis can 
occur, especially affecting the coronary arteries. Immunohistochemis-
try shows a predominance of CD8+ T cells and macrophages infiltrat-
ing the vessel wall with secretion of matrix metalloproteinases during 
this stage.43,44 Infiltration of IgA-secreting plasma cells is also noted.45

During  stage 3,  4  to 7 weeks  after  fever  onset,  there  is  a  gradual 
reduction in inflammation in the vessel wall. This is followed by stage 
4 with scar formation, intimal thickening, remodeling of aneurysms, 
thrombotic occlusion, and stenosis in the medium-sized arteries.

ETIOLOGY AND PATHOGENESIS
Most investigators agree that a microbial agent is likely to trigger the 
immune response that characterizes acute KD. Many infectious agents 
have been proposed and discarded as candidates for the etiologic agent 
of KD.46 Most recently,  intracytoplasmic  inclusions that stain with a 
synthetic  antibody  constructed  from  sequences  derived  from  KD 

CRP > 3.5 mg/dl

CSF pleocytosis

GGT > 37 U/L

ALT > 50 U/L

Platelets > 450,000/ul

WBC > 15,000/ul

Anemia

ESR > 60 mm/h
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LABORATORY ABNORMALITIES DURING THE FIRST 10 DAYS AFTER FEVER
ONSET AND BEFORE TREATMENT IN PATIENTS WITH ACUTE KAWASAKI DISEASE

Fig. 157.4 Laboratory abnormalities during the first 10 days after 
fever onset and before treatment in patients with acute Kawasaki 
disease.

Fig. 157.5 Selective coronary angiography shows a giant aneurysm of the left 
coronary artery.
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95% of those with active disease had decreased carbon monoxide dif-
fusion capacity, which resolved when they recovered from the purpura.13

Recently  updated  classification  criteria  for  HSP  revised  the  1990 
criteria  by  omitting  the  age  criterion  and  including  the  presence  of 
predominant IgA deposition on biopsy (Box 158.1). Arthritis and renal 
involvement were also added to the criteria.14 The new criteria mandate 
palpable  purpura  with  the  addition  of  at  least  one  of  the  following 
additional items: diffuse abdominal pain, biopsy showing predominant 
IgA deposition, arthritis, or renal involvement. Most studies based on 
the  1990  criteria  still  apply  under  the  revised  definition,  though  an 
epidemiologic  study  in  the  Netherlands  found  that  the  new  criteria 
eliminated  19  patients  from  their  study.  They  hypothesize  that  the 
former 1990 criteria with  isolated non-thrombocytopenic purpura as 
the only criterion for diagnosis might lead to overdiagnosis and unnec-
essary follow-up.14 The new criteria are in the process of validation.

It is interesting that the clinical spectrum differs in children younger 
than 2 years of age compared with older children (Table 158.2). Renal 
disease,  arthralgias,  and GI  involvement occur  less often  in children 
younger  than  2  years  of  age,  whereas  subcutaneous  edema  is  more 
common  in  this  age  group  than  in  children  older  than  2  years.15  In 
adults, there is a trend toward more frequent and severe kidney disease. 
However, this is coupled with less abdominal pain but more diarrhea 
(with or without blood). This constellation of symptoms often requires 
a more aggressive form of treatment and longer hospital stays including 
more intensive follow-up regarding renal disease. Antecedent infections 
are also less frequently reported in adults.6,16,17 Moreover, HSP in adults 
may  be  associated  with  malignancy.  When  malignancy  occurs,  it  is 
more common in older males (with an average age of 60 years). Malig-
nancies  are  most  often  solid  tumors,  though  lymphomas  have  also 
been reported.18-19

Similar to other rheumatic conditions of childhood, HSP is a syn-
drome with  a  varying disease  course.  Similar  to  descriptors used  for 
the dermatomyositis disease course, HSP may be described as mono-
cyclic in the majority (>80%) of children, whereas the remainder will 
have multiple recurrences or a chronic persistent course. The latter is 
described  in  less  than  5%  of  children  with  HSP.  Alfredo  and  col-
leagues20 showed in a small retrospective study of 55 patients that older 
age at onset  (8.4 years vs. 5.4 years) was a significant  risk  factor  for 
recurrence and patients with recurrent purpura had an increased fre-
quency of renal involvement. Given that as high as 10% to 20% of the 
total cases could be classified as recurrent or chronic, this study sug-
gests that patients with HSP should be followed long term with annual 
blood pressure measurements and urinalysis.

Cutaneous manifestations
Palpable non-thrombocytopenic purpura  (Fig. 158.1)  is a prerequisite 
to the diagnosis and occurs in 100% of patients, but it may be a pre-
senting sign in only 50% to 70%. Dependent areas of the body such as 
the  buttocks  (Fig.  158.2)  and  the  lower  extremities  are  the  most 
common sites of the rash. Edema of the hands (Fig. 158.3), feet, scalp, 
and ears is a common (20% to 46%) early finding. Skin manifestations 
range  from  early  urticarial  maculopapular  rash  to  petechiae  to  large 
ecchymoses.12  There  have  been  case  reports  of  hemorrhagic  bullous 
lesions  as  a  skin  manifestation  of  HSP  with  typical  leukocytoclastic 
vasculitis on biopsy,  though IgG and C3 were not seen on immuno-
fluorescence studies.21 Bullous lesions are more often seen in adults.22

Joint involvement
Arthralgia or arthritis  is the second most common symptom of HSP. 
Acute  arthritis,  affecting  most  frequently  the  knees  and  the  ankles, 

Henoch-Schönlein purpura
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 Henoch-Schönlein purpura is the most common vasculitis 
syndrome of childhood.

 Clinical features include presence of purpuric rash, particularly over 
dependent areas of buttocks and lower extremities, arthritis 
affecting primarily the large joints, abdominal cramping with 
bloody stools, and microscopic and/or gross hematuria.

 The spectrum of the clinical expression of Henoch-Schönlein 
purpura (HSP) may vary from only minimal petechial rash to severe 
gastrointestinal (GI), renal, neurologic, pulmonary, and joint 
disease.

 Generally it is a benign disorder that follows an intercurrent illness, 
usually of the upper respiratory tract.

 Most children have a self-limited course, and systemic involvement 
or serious sequelae are not frequent.

HISTORY
The first description of a child with the syndrome that we now know 
as Henoch-Schönlein purpura (HSP) was published by Heberden in his 
1801 treatise On Cutaneous Diseases.1 A 5-year-old child with painful 
subcutaneous  edema,  abdominal  pain,  bloody  stools  and  urine,  and 
“bloody points” over the skin of his legs was described. It was not until 
1837 that Schönlein named the association of joint pain and purpura 
purpura rheumatica  and  noted  “frequent  precipitates  in  the  urine.”2 
Henoch, a student of Schönlein, subsequently highlighted the impor-
tance of gastrointestinal and renal involvement,3,4 and thus it is Henoch 
who is credited with the first place in the Henoch-Schönlein name. In 
1915  Frank  called  the  syndrome  anaphylactoid purpura,  a  term  no 
longer used because an allergic etiology has not been substantiated.5

EPIDEMIOLOGY
Although  cases  are well  described  in  adults, HSP  is much more  fre-
quent  in  children.  Overall  estimate  of  annual  incidence  in  children 
ranges from 10 to 20 per 100,000. In a study of childhood HSP in West 
Midlands, United Kingdom, the estimated annual incidence was 20.4 
per 100,000.6 Interestingly, in a similar epidemiologic study of children 
in  Taiwan,7  the  annual  incidence  was  12.9  per  100,000,  whereas  in 
children  with  familial  Mediterranean  fever  (FMF)  the  prevalence  of 
HSP is much higher at 130 per 1000.8-9 Boys are affected more often 
than girls (1.4 to 2), and the median age of onset is 6 years.10-12 HSP 
is  a  seasonal disorder, occurring more  commonly  in  the winter.  It  is 
preceded in 50% of the children by an upper respiratory tract infection, 
though many organisms have been implicated in triggering HSP.

CLINICAL FEATURES
Overview
The  diagnosis  of  HSP  in  children  requires  the  presence  of  palpable 
purpura and a normal platelet count. Although most children have the 
classic triad of purpura, colicky abdominal pain, and arthritis, 30% to 
50%  may  also  present  with  renal  involvement  leading  to  a  more 
recently used diagnostic  tetrad of HSP.10-11 Numerous other  systemic 
manifestations of HSP have been described including testicular swell-
ing  (which  must  be  differentiated  from  testicular  torsion),  central 
nervous  system  (CNS)  involvement,  and  pulmonary  hemorrhage, 
which, although exceedingly rare, may be fatal (Table 158.1). Of note, 
in one study of children with HSP without overt pulmonary symptoms, 
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TABLE 158.1 CLINICAL MANIFESTATIONS OF HENOCH-SCHÖNLEIN PURPURA

% at onset % during course

Purpura (nl platelet count) 50 100

Subcutaneous edema 10-20 20-50

Arthritis (large joints) 25 60-85

Gastrointestinal 30 85

Renal ? 10-50

Genitourinary (ddx torsion) ? 2-35

Pulmonary (TLCO) ? 95

Pulmonary hemorrhage ? Rare, may be fatal

CNS (headache, organic 
brain syndrome, seizures)

? Rare, may be fatal

CNS, central nervous system.

Fig. 158.1 Extensive palpable purpura over the lower extremities in a 
7-year-old girl with Henoch-Schönlein purpura.

Fig. 158.2 Purpura over the buttocks and legs in a child with Henoch-
Schönlein purpura.

Fig. 158.3 Subcutaneous edema over the wrist joint; this is a painful but 
steroid-responsive manifestation.

BOX 158.1 CLASSIFICATION CRITERIA FOR HENOCH-
SCHÖNLEIN PURPURA
Palpable purpura (mandatory criterion) in the presence of at least one of the 
following four features:
 Diffuse abdominal pain
 Any biopsy showing predominant IgA deposition
 Arthritis (acute, any joint) or arthralgia
 Renal involvement (any hematuria and/or proteinuria)

Copyright © 2009 BMJ Publishing Group Ltd & European League Against Rheumatism. Ann 
Rheum Dis 2006;65:936-941.

occurs in 60% to 80% of patients. Arthritis and arthralgia may precede 
the  rash  in 25% of  cases. The  arthritis  is  transient  and  self-limited, 
but involved joints may be painful and swollen and occasionally cause 
inability to ambulate. There are no permanent sequelae of joint space 
narrowing and erosions on imaging studies.

Gastrointestinal involvement
Gastrointestinal signs and symptoms have been reported in up to 85% 
of patients and  include colicky pain, nausea, vomiting, and gastroin-
testinal bleeding. Abdominal pain can be the presenting sign in 12% 
to 19% of  cases6,14,23  and precede  the  rash by as much as 2 weeks.11 
The  pain  is  often  periumbilical  and  epigastric  and  worsens  after 
meals.24  Endoscopic  studies  commonly  reveal  hemorrhagic,  erosive 
duodenitis. Less frequently, gastric, jejunal, colonic, and rectal erosions 
have been demonstrated. In one study,25 upper GI endoscopy revealed 
abnormalities  in  six  of  seven  children  with  HSP,  and  sigmoidoscopy 

TABLE 158.2 INFLUENCE OF AGE ON CLINICAL MANIFESTATIONS

<2 years old (% involved) >2 years old (% involved)

Renal 23 43

GI 29 75

Arthritis 56 73

Scalp edema 59 19

Other edema 71 51

Data from Allen DM, Diamond LK, Howell DA. Anaphylactoid purpura in children (Henoch–
Schönlein syndrome). Am J Dis Child 1960;99:147-168.
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progression  to  end-stage  renal  failure.  Generally,  renal  involvement 
occurs within 3 months of onset of  the rash. A systematic review of 
12 studies of HSP in 1133 children documented no renal sequelae after 
normal  urinalysis  in  any  child;  however,  the  rate  of  renal  disease 
reached 97% within 6 months after presentation, while during the first 
4 weeks of illness, only 85% of children had evidence of nephritis.35

The clinical expression of nephritis ranges from transient isolated 
microscopic  hematuria  to  rapidly  progressive  glomerulonephritis. 
Hematuria  is  detected  in  virtually  all  children  with  HSP-associated 
nephritis.  Proteinuria,  nephrotic  syndrome,  hypertension,  and  renal 
insufficiency are uncommon. If present, the combination of hematuria 
and  proteinuria  is  associated  with  15%  of  patients  with  progressive 
renal  insufficiency.  Up  to  50%  of  children  who  present  with  the 
nephrotic syndrome and evidence of renal insufficiency develop renal 
failure within 10 years.36

Similar  to  clinical  expression,  renal  histopathology  ranges  from 
minimal  change  to  severe  crescenteric  glomerulonephritis.  Electron 
microscopy  may  reveal  mesangial,  subendothelial,  and  subepithelial 
deposits. Immunofluorescence studies reveal diffuse glomerular deposi-
tion of IgA, C3, fibrin, IgG, properdin, and IgM.

HSP and IgA nephropathy
It is relevant to review the salient features of IgA nephropathy, a dis-
order described almost exclusively in young adults that appears to be 
closely related to HSP.36 For example, 30% of adult patients with IgA 
nephropathy  have  rash  and  joint  symptoms  similar  to  HSP.  An 
increased serum IgA level is seen in both disorders, and renal biopsy 
findings are identical. Both involve the alternative complement pathway 
causing glomerular damage and inflammation. Among important dif-
ferences, however,  is  that HSP  is  a  systemic  syndrome, whereas  IgA 
nephropathy  is  localized primarily  to the kidney. The age of onset  is 
different, and the prognosis remains favorable for HSP and guarded for 
IgA nephropathy. Some authors use the term HSP when IgA nephropa-
thy  is associated with systemic  features of rash and abdominal pain, 
whereas  others  do  not.37  It  is  hypothesized  that  adults  with  IgA 
nephropathy may have had undiagnosed HSP as children, although the 
more adverse natural history of IgA nephropathy suggests that it is not 
with the consequence of earlier onset HSP.39 Although follow-up of IgA 
nephropathy with hematuria and mild proteinuria at presentation has 
shown more than half with progression to nephrotic syndrome and/or 
hypertension, some long-term follow-up studies of HSP patients with 
significant renal disease at presentation have shown changes in renal 
biopsies years later consistent with IgA nephropathy.40 In a larger study 
of 52 children with HSP and a much longer follow-up period (22 to 38 
years), authors noted the same trend with no renal sequelae in initially 
well patients and significant renal impairment in others that continued 
long after systemic manifestations abated.41

In  summary,  children  with  HSP  who  present  with  significant 
nephritis/nephrosis, especially biopsy-proven crescenteric GN, have a 
high risk of ongoing chronic renal disease. Although renal biopsies are 
indistinguishable,  there  is  no  evidence  to  date  that  adults  with  IgA 
nephropathy had HSP as children.

Genitourinary involvement
Extrarenal genitourinary involvement has been described in HSP and 
may precede the rash. Acute scrotal swelling, secondary to inflamma-
tion and hemorrhage of the scrotal vessels, has been reported in 2% to 
35%  of  children.  A  frequency  of  32%  was  recently  reported  from  a 
review of the medical records of 61 children with HSP.42 Ten children 
had  scrotal  involvement  on  physical  examination,  and  one  patient 
reported purpuric lesions and scrotal edema 2 days before the onset of 
generalized  rash.  The  differentiation  of  scrotal  edema  from  acute 
torsion of the spermatic cord is a challenge in children who have scrotal 
involvement  as  the  first  sign  of  HSP.43  In  HSP,  normal  or  increased 
Doppler  and  radionuclide  flow  are  expected,  whereas  in  testicular 
torsion both the Doppler flow on the affected side and the uptake of 
radionuclide are decreased. Therefore the evaluation of boys with tes-
ticular  swelling  should  consider  HSP  and  use  these  radiographic 
imaging studies if the diagnosis is uncertain, which may avoid the need 
for  surgical  exploration.43  True  testicular  torsion  is  rare  in  HSP,  but 
when  it  occurs  it  represents  a  surgical  emergency  because  vascular 

revealed  abnormalities  in  one  quarter  of  the  patients.  The  mucosal 
changes were more marked in the second part of the duodenum, rather 
than in the bulb or in the stomach. Small intestinal villi contain loops 
of vessels with end capillaries that result  in necrosis of the villus tip 
when obstructed. The redundant circulation of other areas of  the GI 
tract  makes  it  less  susceptible  to  small  vessel  vasculitis.  A  similar 
capillary  junction  occurs  at  the  dermal-epidermal  junction  and  at 
epiphyseal  plates,  hence  the  manifestations  of  small  intestine,  skin, 
and joint findings.26

Endoscopic  findings  included  erythema,  swelling,  petechiae,  or 
hemorrhage, as well as erosions and ulceration of the mucosa. Histol-
ogy of the mucosal biopsy specimens revealed non-specific inflamma-
tion with positive staining for IgA in the capillaries but no evidence of 
vasculitis. To better investigate the extent of small bowel involvement, 
especially to assess effects of treatments or evaluate further pain, there 
are reports using wireless capsule endoscopy, though obstruction must 
be ruled out before use.27

Up to a third of patients with HSP and GI manifestations experience 
hemoptysis  and  50%  have  occult  bleeding,  but  major  hemorrhage 
occurs in only 5%, and intussusception in 2%. Most cases of abdominal 
pain are due to submucosal and intramural extravasation of fluid and 
blood into the intestinal wall, which may lead to localized ulceration 
of the mucosa and may be associated with diffuse arterial inflammation 
and fibrinoid necrosis. Radiographic findings are non-specific and may 
include  thickening of bowel wall, blurring of bowel  folds due  to wall 
edema, scalloping due to local hemorrhage of bowel wall, filling defects 
in  bowel  wall  due  to  vascular  occlusion  in  the  submucosa,  bleeding 
into  the  mesentery,  and  intussusception.  A  sudden  increase  in  the 
intensity  of  abdominal  pain  may  be  secondary  to  intussusception, 
bowel  infarct, perforation, pancreatitis, or hydrops of  the gallbladder. 
A recent case report describes a child with severe esophagitis presenting 
as  protein-losing  enteropathy.28  Another  report  documents  HSP  in  a 
child  with  multiple  and  recurrent  GI  perforations.29  Perforations  are 
usually ileal, and one report suggests that steroids may predispose to 
perforation or mask initial symptoms, though this has not been vali-
dated by studies.30 Intussusception is reported in 2% of children with 
HSP,  but  other  GI  complications  are  extraordinarily  rare.  Idiopathic 
intussusception  occurs  most  often  in  children  younger  than  2  years 
old, whereas intussusception is rarely seen younger than the age of 3 
years when related to HSP. The cause of intussusception may be bowel 
wall edema or a submucosal hematoma, more common in the small 
bowel  because  of  the  lack  of  redundant  blood  supply  as  described 
earlier. Hence HSP-related intussusception is  ileoileal  in 51% to 65% 
of  cases  compared  with  idiopathic  intussusception,  which  is  usually 
ileocolic.26 As a result, ultrasonography is more helpful in the diagnosis 
of  intussusception  in  children with HSP  than barium enema, which 
may miss the ileoileal location. In a study of 14 children with HSP and 
abdominal pain, high-resolution ultrasonography provided information 
at  three  levels: Ultrasound  identified  the  cause of  the pain,  followed 
the  evolution  of  the  disease,  and  detected  surgical  complications 
including  three  patients  with  ileoileal  intussusception  and  one  with 
perforation.31

Gunasedaran and colleagues32 described four children with duode-
nojejunitis and clinical features of HSP in whom the rash was either 
not present (three patients) or appeared much later after the illness had 
resolved, suggesting  that  there may be a variant of HSP with  lack of 
cutaneous  findings.  Subsequently,  others  have  described  additional 
children with duodenal  lesions,  identical  to  those  found  in HSP, and 
no rash.33

Renal involvement
The  incidence  of  renal  involvement  ranges  between  10%  and  50%. 
Children  older  than  9  years  of  age  develop  glomerulonephritis  more 
often than their younger peers. Children with bloody stools reportedly 
have a 7.5-fold increased risk for renal disease compared with children 
whose stools are hemoccult negative. In addition, persistent rash and 
severe abdominal pain at onset, both correlated with the presence of 
renal disease while rash persists  for more than a month alone, seem 
to be a significant predictor of  relapsing course of HSP in children.34 
The overall prognosis for renal disease is favorable, with a 1% to 4.5% 
incidence  of  persistent  involvement  and  an  approximate  1%  to  2% 
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INVESTIGATIONS
The  diagnosis  of  HSP  is  primarily  clinical  and  is  essentially  based  
on  signs  and  symptoms.  Routine  laboratory  studies  are  usually  
normal,  and  abnormalities  reflect  particular  organ  involvement  or 
bleeding.  Skin  biopsy,  if  obtained,  shows  leukocytoclastic  vasculitis 
with  neutrophils  within  vessel  walls,  necrosis  of  vessel  walls,  and 
deposits of pink amorphous fibrin within and around the walls of small 
vessels.  Immunofluorescence  studies  may  show  presence  of  IgA  
and C3 along the small vessels of the skin and in the renal glomeruli. 
There are no specific diagnostic studies, although an elevated serum 
level  of  IgA  is  found  in  50%  and  suggestive  of  HSP.  Reduction  of  
factor XIII  activity  is  a  likely  indicator of more  severe disease but  is 
not a routine test. Case reports indicate factor XIII is useful in estab-
lishing HSP in patients with severe GI manifestations before the skin 
rash and avoids unnecessary interventions.56-57 Investigation aimed at 
identifying  antecedent  group  A  streptococcal  infection  such  as  ASO 
titers,  antiDNAse  B  titers,  or  throat  cultures  have  been  widely  used 
but, because antibiotic therapy is of unproven benefit, the relevance of 
these investigations is not supported. Most laboratory evaluations are 
aimed at excluding other disorders and assessing the extent of organ 
involvement.  Urinalysis  should  be  done  to  screen  for  hematuria  or 
proteinuria. Although currently not in routine clinical use, new urinary 
markers such as protein patterns of urinary podocytes are being inves-
tigated. Preliminary studies indicate that following urinary podocyturia 
may  be  a  more  specific  noninvasive  indicator  of  glomerular  disease 
progression  and  response  to  treatment  compared  to  overall  urine 
protein excretion.58

DIFFERENTIAL DIAGNOSIS
The nonthrombocytopenic, purpuric rash is distinctive of HSP. In an 
atypical picture, other forms of vasculitis, especially small vessel vas-
culitis,  must  be  considered.  These  include  microscopic  polyarteritis, 
Wegener granulomatosis, hypersensitivity vasculitis, and isolated cuta-
neous  leukocytoclastic  vasculitis.14  Hematologic  studies  aid  in  the 
evaluation of underlying coagulation or thrombocytopenia, and proper 
cultures help  to determine  infectious  etiologies. Recently,  a  subcom-
mittee of the American College of Rheumatology (ACR) defined criteria 
for the classification of several forms of vasculitis in adults including 
hypersensitivity vasculitis (HV) and Henoch-Schönlein purpura.59 Both 
disorders  share  the  common  feature  of  leukocytoclastic  vasculitis  of 
small  vessels,  with  prominent  skin  involvement,  although  HV  may 
have other organ involvement such as pleuritis, congestive heart failure, 
pericarditis, and mucosa and muscle involvement. HV is more associ-
ated with ESR and C4 abnormalities as well.60

A consensus was reached in 2005 for a better classification of small 
vessel vasculitides in children. When faced with childhood vasculitis, 
this  consensus  suggests  first  determining  the  involved  vessel  size, 
which  narrows  the  differential  diagnoses  considerably.  Small  vessel 
disease  is  further  separated  into  either  granulomatous  or  non- 
granulomatous  vasculitis.  HSP  along  with  microscopic  polyangiitis, 
hypocomplementic urticarial vasculitis, and isolated cutaneous leuko-
cytoclastic vasculitis represent most of the non-granulomatous small 
vessel  vasculitides.  Other  vasculitis,  not  easily  classified  by  size  but 
associated with a unique pattern of symptoms, should be considered 
(e.g., Behçet disease, vasculitis secondary to drugs, malignancy, infec-
tions, connective tissue diseases) (Box 158.2).

Lastly, an entity known as acute hemorrhagic edema (AHE) of child-
hood, described almost exclusively in the European literature in chil-
dren younger than 24 months of age, may or may not represent HSP 
in  infants.61 The manifestations of AHE are  edema and ecchymotic, 
target-like purpura on the limbs and face. Most babies have a history 
of a recent illness, drug exposure, or immunizations. Systemic symp-
toms  such  as  bloody  stools  or  renal  involvement  seem  to  occur  less 
frequently  in  AHE  than  in  HSP,  although  these  symptoms  are  also 
uncommon in infants and toddlers thought to have HSP. Spontaneous 
and complete resolution occurs within 1 to 3 weeks, but one to three 
recurrences  are  frequent.  Leukocytoclastic  vasculitis  is  seen  when  a 
skin  biopsy  is  obtained.  It  is  not  known  whether  or  not  AHE  is  an 
IgA-related vasculitis.

insufficiency may lead to infarction and death of the Leydig cells within 
10 hours unless blood supply is restored. Scrotal involvement does not 
correlate  with  any  other  clinical  symptoms  or  worse  nephritis  and 
responded  equally  to  steroids,  antibiotics,  or  no  treatment  at  all.44 
Penile  involvement has also been described and may be a presenting 
sign and should not be confused with paraphimosis; this case responded 
to  glucocorticoid  therapy.45 Of  importance,  a  rare  reported  complica-
tion is severe ureteral stenosis, both unilateral and bilateral indicating 
that  not  all  abnormalities  on  urinalysis  are  solely  due  to  nephritis. 
Consider  repeat  ultrasound  to  evaluate  the  entire  genitourinary 
anatomy, especially in refractory cases.46

Central nervous system involvement
CNS involvement is exceedingly rare but has been described. The most 
common manifestation is headache followed by subtle encephalopathy 
with  minimal  changes  in  mental  status,  labile  mood,  apathy,  and 
hyperactivity. Seizures have been reported. Subdural hematomas, corti-
cal hemorrhage, intraparenchymal bleeding, and infarction have been 
documented. Peripheral neuropathy has also been reported.47 A recent 
case  of  bilateral  brachial  plexopathy  was  reported  with  temporary 
improvement  with  methylprednisolone  pulse  therapy.48  Suggestions 
have been made for immediate use of plasmapheresis in severe neuro-
logic manifestations because plasmapheresis was associated with rapid 
clinical improvement in a child with cerebral vasculitis and HSP.49

Pulmonary involvement
Chaussain13 documented impairment of lung diffusion capacity in the 
majority of children with HSP during the active phase of  the  illness. 
In a prospective study of 29 children, 28 had a significant decrease of 
lung  transfer  for  carbon monoxide  (mean 56.8% of predicted TLCO). 
During the subsequent longitudinal follow-up, TLCO normalized in all 
children who recovered completely but remained abnormal in patients 
who had evidence of persistent disease activity. The authors concluded 
that  decreased  TLCO  measurement  may  reflect  an  alteration  of  the 
alveolar  capillary  membrane  secondary  to  circulating  immune  com-
plexes and thus serves as a parameter of disease activity. None of the 
patients in this study had clinically apparent pulmonary distress. In a 
more recent, albeit retrospective, study of 124 patients with HSP, most 
of whom were adults, only 3 (2.4%) patients had clinical evidence of 
pulmonary  involvement  (diffuse  alveolar  hemorrhage  and  interstitial 
pneumonia).50  Massive  pulmonary  hemorrhage  has  been  reported  in 
several children with HSP. Olson and colleagues51 described four chil-
dren  with  severe  pulmonary  bleeding,  one  of  whom  died  during  the 
initial massive pulmonary hemorrhage. Although no autopsy was per-
formed, previous reports of postmortem pulmonary specimens revealed 
periarteriolar  infiltrates and fibrinoid necrosis of the  lungs. Given its 
high degree of mortality, treatment of pulmonary hemorrhage in chil-
dren  with  HSP  needs  to  be  aggressive.  High  doses  of  corticosteroids 
with an  immunosuppressive agent  such as cyclosporine A should be 
used. Matsubayashi52 reported a 6-year-old child with HSP who devel-
oped  acute  pulmonary  hemorrhage  following  pulse  IV  corticosteroid 
therapy and recovered completely when given IV cyclosporine A.

Cardiac involvement
Cardiac manifestations are  rare  in HSP and pertain  thus  far only  to 
adults.  Polizzotto53  describes  a  case  of  complete  heart  block  in  a 
71-year-old man with HSP responsive to steroid treatment. Two other 
arrhythmias have been reported; they were associated with endocardial 
vascular inflammation leading to myocardial necrosis and death. Post-
mortem  examinations  have  shown  extensive  vasculitis  of  the  right 
atrium including the sinoatrial node. The author suggests serial elec-
trocardiographic  tracings  to  detect  early  arrhythmias.  These  cases 
suggest  subclinical  cardiac  involvement  in  HSP.  Another  case  report 
describes myocardial infarction in a 49-year-old without risk factors 10 
years after HSP, also noting past case reports of myocardial infarction 
with  thrombosis  in  the  setting  of  active  pupura.54  Suggestions  have 
been made  regarding  the  correlation between HSP and antiphospho-
lipid  antibodies  or  polyangiitis  overlap  syndrome  in  the  previously 
mentioned case, necessitating further investigation.55
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Recently  a  study  of  56  children  with  HSP  showed  that  affected 
children had significantly more C4 null alleles compared with healthy 
controls,  indicating  that  children  with  C4  deficiency  may  be  at  an 
increased risk of developing HSP.69 Ault and colleagues70 have reported 
a significant association of C4B deficiency in a subset of patients with 
HSP-related  glomerulonephritis  (19%  of  children  with  glomerulone-
phritis had C4B deficiency vs. 3% of controls). Because the complement 
system  plays  a  crucial  role  in  the  solubilization  and  clearance  of 
immune  complexes,  deficiency of C4B  complement  component may 
predispose to renal disease.

In Chinese children with HSP there was an increased frequency of 
the TT genotype at the TGF-B-509 locus.71 An IL-8 gene polymorphism 
was associated with increased risk of nephritis  in HS.72 Renin-angio-
tensin gene polymorphism investigation indicates the angiotensinogen 
(Agt) gene having association with susceptibility  to HSP nephritis as 
well, though there does not seem to be association with the angiotensin-
converting enzyme (ACE) gene polymorphisms.73 There are also inves-
tigations into polymorphisms of VEGF in the development of nephritis,74 
and  a  Spanish  group  found  an  inducible  nitric  oxide  promoter  poly-
morphism,  which  increases  susceptibility  to  HSP.  Finally,  IL-1  beta 
and IL-1Ra polymorphisms are associated with nephritis, which may 
lead to studying IL-1 receptor antagonists as treatments.65,66 Multiple 
ongoing studies are investigating the genetic basis for HSP.

PATHOGENESIS
HSP is believed to be an immune complex–mediated small vessel leu-
kocytoclastic vasculitis. Serologic studies document elevated levels of 
IgA in 50% and activation of the alternate pathway of the complement 
system. It is hypothesized that an unknown antigen(s) stimulates IgA 
production,  activating  pathways  leading  to  necrotizing  vasculitis. 
Levels  of  C3  and  C4  complement  components  are  low  in  some 
patients23,75 but not useful as a diagnostic test. Histopathology of the 
skin  and  other  affected  organs  reveals  polymorphonuclear  cells  in 
vessel walls, with  IgA, C3, and  immune complexes  seen  in venules, 
arterioles, and capillaries.15

Using radial immunodiffusion and ELISA, Saulsbury76 investigated 
the heavy- and light-chain composition of serum IgA and IgA rheuma-
toid factors in 34 children with HSP. As expected, serum IgA concen-
trations were elevated in children with HSP compared with controls. 
The predominant subclass was IgA1, whereas levels of IgA2 remained 
normal. The majority of the patients (19/34) had circulating rheuma-
toid  factors  composed  primarily  of  IgA1.  There  were  no  IgG  or  IgM 
rheumatoid factors. The predominance of IgA1 is not surprising because 
80% to 90% of serum IgA is the IgA1 subclass. A similar finding was 
reported in patients with IgA nephropathy, highlighting the similarity 
between  the  disorders.  IgA1  contains  a  hinge  region  with  multiple 
O-linked glycosylation sites. Studies have shown diminished glycosyl-
ation of the hinge region of IgA1 in patients with HSP.77 With dimin-
ished glycosylation, the terminal glycan on the hinge region of IgA1 is 
more  recognized  by  autoantibodies,  creating  IgA1  molecules  more 
prone  to  forming  macromolecular  immune  complexes.  These  com-
plexes activate the alternative complement pathway. The kidney recep-
tors bind this type of IgA1 more readily, resulting in complex deposition. 
This poor glycosylation in IgA1 O-linked glycans is another correlation 
between IgA nephropathy and HSP nephritis. One study has completed 
preliminary  work  identifying  the  specific  galactose-deficient  sites  on 
the  IgA1  protein  that  react  with  IgG  to  form  complexes,  setting  the 
basis  for  development  of  possible  future  treatments  or  diagnostic 
assays.78

In  HSP,  these  complement-fixing  immune  complexes  (ICs)  are 
present in the circulation and deposited on the interior of blood vessels 
of the skin. ICs are capable of activating complement,  leading to the 
formation of  chemotactic  factors  such as C5a, which  in  turn  recruit 
PMN leukocytes at the site of deposition. Release of lysosomal enzymes 
follows  the  ingestion  of  immune  complexes  by  PMN,  resulting  in 
vessel damage. The C5b-9 complex, also known as membrane attack 
complex (MAC), has been co-localized with IgA and C3 on vessel walls 
of the skin and on capillary walls and mesangium of the glomeruli in 
patients with HSP-related nephritis.79 In addition, enhanced expression 
of  the  mesangial  CD71  associated  with  IgA  deposits  and  their  co-
localization in the mesangium provides evidence that CD71 may be a 

ETIOLOGY
Environmental factors
The  etiology  of HSP  remains unknown. A  large number  of  environ-
mental  triggers  have  been  postulated  including  microorganisms  and 
allergens. At least 30% to 50% of children have had a preceding upper 
respiratory tract infection. Numerous organisms have been implicated 
in  triggering  HSP,  including  streptococci,  Mycoplasma pneumoniae, 
Yersinia, Legionella, Epstein-Barr virus, hepatitis A and B, Helicopter 
pylori, varicella, adenovirus, cytomegalovirus, and parvovirus B19. The 
nephritis-associated  plasmin  receptor  (NAP1r),  one  of  the  group  A 
streptococcal  antigens,  has  been  found  recently  in  the  glomeruli  of 
children with HSP.62 One study  found 33% with elevated ASO titers 
and  17.3%  with  positive  group  A  strep  throat  culture.10  In  addition, 
several  case  reports  link vaccinations against  typhoid, paratyphoid A 
and B, measles, cholera, and yellow fever with the subsequent develop-
ment of HSP. This suggests that more than one infectious agent may 
trigger the expression of the disease. Allergens such as drugs (penicillin, 
ampicillin,  erythromycin,  quinine,  and  quinidine),  as  well  as  foods, 
exposure to cold, and insect bites, have all been implicated as potential 
triggers.63

Genetic factors
Genetic  studies  suggest  that  the  presence  of  HLA-B35  is  associated 
with worse nephritis in unselected patients with HSP and that inter-
leukin-1 (IL-1) beta gene polymorphism confers increased risk of severe 
renal manifestations and renal sequela in these patients. In a popula-
tion of patients from Northwest Spain, a significant association with 
HSP  was  seen  with  HLA-DRB1*01-positive  individuals.64-66  In  a 
Turkish population, HLA-DRB1*11/14 was seen in HSP patients and 
HLA-DRB1*13 was increased in HSP patients with nephritic protein-
uria.67 A more  recent study  found an  increase of HLA A2, A11, and 
B35  antigens  and  a  decrease  of A1, B49,  and B50. No  specific HLA 
class  I  antigens were  related  to  renal disease,  although HLA A3 and 
B44 antigens were seen more in joint involvement.68 In contradiction 
to Amoli and colleagues,64 B35 was found to be related to susceptibility 
of HSP disease but not associated with worse nephritis.

BOX 158.2 NEW CLASSIFICATION OF CHILDHOOD VASCULITIS

Predominantly large vessel vasculitis
Takayasu arteritis

Predominantly medium sized vessel vasculitis
Childhood polyarteritis nodosa
Cutaneous polyarteritis
Kawasaki disease

Predominantly small vessel vasculitis
Granulomatous
 Wegener granulomatosis
 Churg-Strauss syndrome
Non-granulomatous
 Microscopic polyangiitis
 Henoch-Schönlein purpura
 Isolated cutaneous leukocytoclastic vasculitis
 Hypocomplementic urticarial vasculitis

Other vasculitides
 Behçet disease
 Vasculitis secondary to infection (including hepatitis B–associated 

polyarteritis nodosa), malignancies, and drugs including hypersensitivity 
vasculitis

 Vasculitis associated with connective tissue diseases
 Isolated vasculitis of the central nervous system
 Cogan syndrome
 Unclassified

Copyright © 2009 BMJ Publishing Group Ltd & European League Against Rheumatism. Ann 
Rheum Dis 2006;65:936-941.
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of  26  Chinese  children  only  during  the  active  phase  of  HSP.  The 
abnormalities  resolved  during  convalescence.  Yang  and  colleagues82 
further demonstrated the activation of TGF-β secreting T cells during 
acute  HSP  (TH3),  which  is  relevant  because  TGF-β  is  important  in 
class switching to IgA. This increased circulating IgA has been found 
to bind to human umbilical venous endothelial cells and bovine glo-
merular  endothelial  cells, named  IgA anti-endothelial  cell  antibodies 
(AECAs). This binding would be enhanced by TNF-α, which is higher 
in patients with active HSP.83 Other IgA autoantibodies described have 
included  IgA  rheumatoid  factor  and  IgA  anticardiolipin  antibody, 
which  have  been  found  in  some  patients  with  HSP.  Yang  recently 
developed a hypothetic model of the development of HSP on the basis 
of  these  findings  (Fig.  158.4).84  Antigen-presenting  cells  take  up  the 
microorganisms, likely initially exposed in the respiratory mucosa and 
present epitopes to CD4+ T cells. A subset of TGF-β secreting T cells 
(TH3 cells) develops. TGF-β facilitates the IgA isotype switching. IgA 
antiendothelial cell antibodies (AECA) cross react with endothelial cells 
and damage  cells  by  activating  the  alternative  complement pathway. 
The IgA AECA also activates  IL-8, another elevated cytokine  in sera 
of patients with acute HSP.85 IL-8 is important because it recruits and 
activates PMN to cause further endothelial damage via reactive oxygen 
metabolites and granule proteases. The IgA AECA was found to directly 
stimulate  the  endothelial  cell  to  produce  IL-8  through  MEK/ERK 
pathway.86  PD98059,  an  inhibitor  of  ERK  phosphorylation,  signifi-
cantly reduced the IgA AECA–stimulated endothelial IL-8 production. 
Other markers found to be associated with acute HSP include neutro-
phil activation, protein oxidation, and nitric oxide elevation, all con-
tributing to cell damage.87-88

major  IgA  receptor  on  mesangial  cells.80  Kawana  and  Nishiyama79 
assessed  the  degree  of  in vivo  terminal  activation  by  measuring 
serum  concentrations  of  the  terminal  complement  complex  (TCC). 
Using  the  C5b-9  enzyme  immunoassay,  the  serum  concentration  of 
C5b-9 was shown to be significantly increased in most HSP patients. 
Complement activation  leading  to  terminal  complement sequence  is 
thus shown to occur in the circulation, as well as the skin of patients 
with HSP. TCC increased significantly at the time of disease flare-up 
but dropped to the normal range during remission and showed close 
correlation  with  disease  activity  during  its  course.  The  authors  con-
clude  that  the assay  for TCC should prove useful  in monitoring  the 
activity of HSP.

Immunopathology
That serum IgA levels are elevated in children with HSP is well known. 
The cause of increased IgA and the search for IgA autoantibodies and 
their antigenic epitopes is an active area of research. To investigate the 
mechanism(s) leading to this finding of elevated IgA, Kondo and col-
leagues81 studied 12 children with HSP and found that, although the 
percentage of surface IgA-bearing cells was not  increased  in the chil-
dren,  the  numbers  of  IgA-secreting  cells  were  significantly  increased 
within 2 weeks of onset. In Northern blotting experiments the secreted 
as-chain gene was well expressed compared with the membrane-bound 
am-chain  gene, within 2 weeks of  onset  of HSP. These data provide 
strong  evidence  for  a  selective  triggering  of  differentiation  of  IgA- 
secreting cells, which appears  to correlate with disease activity. Yang 
and colleagues82 reported increased TGF-β secreting T cells in the blood 

HYPOTHETIC MODEL FOR THE DEVELOPMENT OF HENOCH-SCHÖNLEIN PURPURA
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Fig. 158.4 Hypothetic model for the development of Henoch-Schönlein purpura. Antigen-presenting cells take up 
microorganisms and/or their antigens and thence migrate to localized lymphoid tissue, where they present epitopes to CD4+ 
T cells. A subset of TGF-β-secreting CD4+ T cells (TH3 cells) then develops. B cells that recognize the same antigen are 
activated, and they preferentially induce these B cells to differentiate into IgA-producing plasma cells. Some circulating IgA 
antibodies cross react with endothelial cells (IgA AECA) and damage cells by activating the alternative complement pathway. 
IgA AECA can also directly stimulate endothelial cells to produce IL-8, which recruits and activates polymorphonuclear 
neutrophils to cause further endothelial cell damage via reactive oxygen metabolites and granule proteases. (From Yang Y, 
Chuang Y, Wang L, et al. The immunobiology of Henoch-Schönlein purpura. Autoimmunity Rev 2008;7:179-184.)
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and  repair  of  leukocytoclastic  vasculitis,  thereby  contributing  to  the 
self-limited nature of the disease.102

MANAGEMENT
Treatment of HSP is  largely supportive and includes adequate hydra-
tion  and  monitoring  of  vital  signs.  Non-steroidal  anti-inflammatory 
drugs (NSAIDs) help with joint pain and do not worsen the purpura. 
However,  it may be prudent  to avoid NSAIDs  in the setting of  renal 
insufficiency, particularly in older patients. Steroids are helpful in the 
management of painful edema. Consensus regarding the treatment of 
children with HSP  includes  the use of analgesics and/or NSAIDs  for 
the  control  of  joint  pain  and  inflammation  and  corticosteroids  for 
painful cutaneous edema, less so for severe abdominal pain.15 Cortico-
steroids  are  commonly used  in  children with  all  types  of  abdominal 
pain, even though evidence for this has not been validated by controlled 
trials (see below). Ranitidine has been shown to be an effective treat-
ment  in patients with mild  to moderate GI  involvement  in one pla-
cebo-controlled  trial.103  Many  case  reports  and  short  clinical  pilots 
report improvement using fish oil, vitamin E, factor XIII administra-
tion, ACE inhibition, and tonsillectomy. Evidence-based analysis does 
not support the use of any of these treatment options, but individual 
patients may respond and physicians involved in the care of children 
with HSP must treat each patient individually.104-105

Treatment of abdominal pain with corticosteroids
There  is  some  supportive  evidence  for  the  use  of  corticosteroids  in 
severe abdominal pain that suggests faster relief of symptoms. A study 
by  Rosenblum  and  Winter106  showed  significant  improvement  in 
abdominal pain in the steroid-treated group versus the placebo-treated 
group at 24 hours, but the group results were the same at 72 hours, 
suggesting only a minor  initial benefit  in  the first day of  symptoms. 
Numerous case reports and small uncontrolled trials report improve-
ment of  abdominal pain, melena,  and massive hemorrhage with  the 
use  of  steroids,  but  to  this  day  there  is  no  conclusive  evidence  that 
corticosteroids affect the course or outcome of HSP abdominal pain or 
other gastrointestinal manifestations. Notably,  the common observa-
tion in all of these reports is that none of the patients with abdominal 
pain who received steroids developed the complication of intussuscep-
tion. Most experienced clinicians use short courses of oral steroids in 
children  with  severe  GI  symptoms  such  as  bleeding  or  intractable 
abdominal pain. A meta-analysis by Weiss suggested that early use of 
corticosteroids was beneficial with faster resolution of abdominal pain, 
reducing the odds of surgical intervention, persistent renal disease, and 
HSP recurrence,107 findings later refuted by Gibson and colleagues, who 
highlighted the study’s small sample size, as well as differing treatment 
regimens and follow-up.108 This meta-analysis did not include a more 
recent study by Dudley and colleagues,109 which again showed no dif-
ference  in  the  development  of  renal  disease  whether  or  not  steroids 
were used. It is safe to conclude that the use of steroids in the treat-
ment of HSP-related abdominal pain remains controversial, while there 
is no evidence-based support or guidelines for its use in renal disease. 
Although it has been the subject of intense investigation, there are few 
randomized controlled studies with sufficient power to confirm proven 
benefit in abdominal HSP. The limited evidence that does exist in the 
literature supporting benefit  from steroid use  is weak or equivocal at 
best with a trend toward quicker symptom resolution in patients with 
uncomplicated abdominal pain.

Prediction and management of renal disease
The controversy  regarding management of HSP nephritis  is centered 
primarily  on  children  whose  disease  is  associated  with  a  high  risk  
for  renal  insufficiency  and/or  failure.  For  the  majority  of  children  
with  HSP,  renal  involvement  is  transient  and  need  not  be  treated,  
but  for  the  1%  to  5%  who  develop  chronic  renal  disease  including  
the  1%  to  2%  who  may  go  on  to  renal  failure,  the  most  aggressive 
approaches  have  been  tried.  Although  not  proven  to  prevent  renal 
failure,  evidence  supports  the use of  these approaches.110 The ability 
to predict who comprises this 1% to 2% has been the focus of much 
research.

Adhesion molecules recruit leukocytes to the site of inflammation, 
which in turn secrete cytokines, free radicals, and destructive enzymes. 
These  adhesion  molecules  play  an  important  initial  role  in  the  
process  of  leukocytoclastic  vasculitis  such  as  HSP.  A  recent  study 
investigated different adhesion molecules with skin biopsies in active 
and  convalescent  HSP.  Though  it  was  a  small  sample,  P-selectin, 
ICAM-2,  and  ICAM-3  were  significantly  more  expressed  in  active 
HSP.89  ICAM-1  had  a  similar  trend  but  was  not  significant,  though 
ICAM-1  has  been  associated  more  with  kidney  specimens  in  HSP 
nephropathies. The P-selectin and ICAM classes of adhesion molecules 
may be areas for further study. Past studies with intracellular adhesion 
molecule-1 (ICAM-1) gene polymorphisms, specifically in HSP, showed 
that the patients who did not carry the codon known to increase sus-
ceptibility  seemed  to  be  at  a  lower  risk  of  developing  severe  GI 
complications.90

Activation of coagulation secondary to endothelial damage is also a 
typical feature of HSP. TNF-α has been shown to promote thrombotic 
processes  and  inhibit  anticoagulation,  contributing  to  the  vasculitis 
and even venous thrombosis seen in HSP. A positive correlation was 
also seen between TNF-α and von Willebrand factor antigen,  further 
substantiating and emerging interaction between cytokines and coagu-
lation.91 A group of investigators from Heidelberg, Germany,92 investi-
gated  the  possibility  that  the  local  inflammatory  and  thrombotic 
process may be regulated by increased biosynthesis of vasoactive pros-
tanoids including thromboxane A2 (TxA2), a potent vasoconstrictor and 
platelet agonist; prostacyclin, a vasodilator and platelet antagonist; and 
prostaglandin  E2,  a  mediator  of  inflammation.  The  results  of  their 
study of 14 children with HSP revealed that both thromboxane A2 and 
prostacyclin were significantly increased during the acute phase of the 
disease and again during subsequent recurrences of HSP. Of note, both 
patients with nephrotic  syndrome had  the highest  concentrations  of 
renal  thromboxane  A2.  The  enhanced  TxA2  formation  is  consistent 
with  phasic  platelet  activation  in  HSP.  The  increased  prostacyclin 
biosynthesis  probably  reflects  endothelial  cell  damage  and  may  be  a 
response of the vascular endothelium to modulate platelet-vessel wall 
and leukocyte-vessel wall interactions. In addition, plasma levels of a 
vascular  endothelial  growth  factor  (VEGF)  were  also  much  higher 
during  acute  HSP,  suggesting  that  VEGF  as  a  potent  permeability, 
chemotactic, and migratory factor may play a crucial role in the mor-
phologic and functional changes of the vascular bed and inflammatory 
reaction seen in HSP.93

Thrombocytosis is found in about 60% to 70% of HSP patients in 
the  acute  stage.  Yang  and  colleagues82  report  elevated  levels  of  IgA 
anticardiolipin  antibodies.  Indeed,  acute  and  convalescent  sera  from 
26 Chinese children with HSP showed that IgA aCL serum levels were 
significantly elevated in patients compared with either healthy controls 
or  convalescent  phase  (P  <  0.001).  These  observations  were  further 
expanded by two reports of rare thrombotic complications of HSP: One 
child had a brain  infarct,94  and another developed  thrombosis of  the 
spermatic cord.95 Both cases suggest that some signs and symptoms of 
HSP might be explained by differing pathologic mechanisms  in  indi-
vidual patients. A recent study measured the serum levels of thrombo-
poietin TPO and IL-6 in HSP patients to evaluate any relation of these 
cytokines to thrombocytosis in HSP and to support the hypothesis of 
reactive  thrombocytosis  in  HSP.  The  results  were  inconclusive,  but 
IL-6  was  found  to  be  significantly  higher  in  HSP  patients  compared 
with controls. Of note, IL-6 levels were relatively lower in HSP patients 
with renal involvement or GI hemorrhage compared with the remain-
ing HSP patients. Whether this is a consumption of IL-6 or if IL-6 truly 
has some protective effects against the nephritis or GI hemorrhage in 
HSP is yet to be studied.96

Several  reports have  characterized  the  spectrum of  antineutrophil 
cytoplasmic  antibodies  (ANCA)  associated  with  systemic  vasculitis 
syndromes including HSP. The studies suffer from inconsistencies, and 
results  vary  from  one  study  to  another.  Whether  IgA  ANCA  or  IgG 
ANCA play a role in the pathogenesis of HSP or in the pathogenesis 
of glomerular injury in IgA nephropathy is not clear.97-101

The role of apoptosis has also been examined to investigate whether 
dysregulation  and/or  defective  clearance  of  inflammatory  cells  could 
lead  to  the  persistence  of  inflammation  and  excessive  tissue  injury. 
Indeed, increased apoptosis during the acute phase of the disease may 
play an important role in the early control of the inflammatory response 
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TABLE 158.3 CORRELATIONS BETWEEN INITIAL CLINICAL MANIFESTATIONS AND RENAL OUTCOME AFTER 1 YEAR OF FOLLOW-UP

Manifestation n Clinical remission Minimal urinary abnormalities Persistent nephropathy Renal failure

Hematuria 2 2 0 0 0

Proteinuria (<1 gm/day)16 16 7 6 3 0

Proteinuria (>1 gm/day)42 42 17 10 9 6

Nephrotic syndrome 64 32 14 10 8

Nephrotic syndrome and renal failure 27 8 2 2 15

Total 151 66 32 24 29

With permission from Niaudet P, Murcia I, Beaufils H, et al. Primary IgA nephropathies in children: prognosis and treatment. Adv Nephrol 1993;2:121-140.

TABLE 158.4 CORRELATIONS BETWEEN INITIAL CLINICAL MANIFESTATIONS AND RENAL OUTCOME AFTER 1 YEAR OF FOLLOW-UP

Biopsy finding n Clinical remission Minimal urinary abnormalities Persistent nephropathy Renal failure

Mesangiopathic GN 2 2 0 0 0

Focal segmental GN 47 26 15 4 2

Proliferative endocapillary GN 13 8 3 1 1

Endocapillary and extracapillary GN
 crescents <50% 21 11 3 6 1
 crescents >50% 68 19 11 13 25

Total 151 66 32 24 29

Only children whose initial renal biopsy results were available are included.
With permission from Niaudet P, Murcia I, Beaufils H, et al. Primary IgA nephropathies in children: prognosis and treatment. Adv Nephrol 1993;2:121-140.

In the largest series to date,15 after 1 year of follow-up, 80% of the 
children who had no renal involvement at onset and 71% of children 
with only hematuria at onset remained well. In contrast, only 40% of 
those who presented with both hematuria and proteinuria were free of 
renal  findings.9  In  a  similar  long-term  study  by  Niaudet  and  col-
leagues,36 severe renal disease at presentation was more likely to pro-
gress  to  renal  insufficiency or  failure  than was mild disease at onset 
(Table 158.3). Interestingly, Coppo and colleagues,111 who followed 83 
children and 136 adults with biopsy-proven HSP nephritis for 27 years, 
also  found  that  the  risk  of  severe  nephritis  increased  in  adults  with 
renal  insufficiency,  nephritic  range  proteinuria,  hypertension,  and 
severe histologic findings on biopsy at the time of presentation, as well 
as with female gender.

Attempts  have  been  made  to  identify  other  reliable  predictors  of 
severe renal disease. Muller and colleagues,112  in a prospective study, 
measured  urinary  excretion  of  two  tubular  proteins:  N-acetyl-β-D-
glucosamine  (NAG)  and  α1  microglobulin  (α1MG).  Elevated  urinary 
levels  of  both  proteins  correlated  with  renal  disease  at  1,  6,  and  12 
months  after  onset  of  HSP.  Absence  of  both  markers  had  a  strong 
negative  predictive  value.  Per  the  earlier  discussion,  urine  podocytes 
from glomerular injury are also predictive of worsening renal disease. 
If confirmed, these findings may allow the physician to identify patients 
at risk for more aggressive renal disease.

In  summary,  increasing  proteinuria  during  the  course  is  a  more 
predictive indicator of worsening renal disease. Older age at onset is a 
consistent  predictor  as  well.  Persistent  purpura,  decreased  levels  of 
factor XIII, and renal disease at onset seem prevalent predictors in the 
literature, though the degree of severity of the renal disease at onset is 
difficult to interpret. The trend indicates that children with nephrotic-
range proteinuria, nephrotic syndrome, and signs of renal insufficiency 
should undergo renal biopsy to determine the extent of renal involve-
ment and urinalysis, specifically for proteinuria, and should be followed 
closely  long  term.  With  progression  of  renal  disease  possible  several 
years after the onset, the definition of “long term” is not clear at this 
time.  The  timing  of  the  biopsy,  earlier  versus  later  in  the  course,  is 

imperative to truly compare the research regarding histologic findings 
on  biopsy  as  a  reliable  predictor  of  severe  nephritis  or  renal  failure 
(Table  158.4).  The  good  prognostic  indicators  include  only  isolated 
microhematuria  or  complete  resolution  of  urinary  abnormalities 
because  zero  patients  in  these  categories  developed  end-stage  renal 
disease.112-113

TREATMENT OF NEPHRITIS
Delayed Henoch-Schönlein purpura nephritis
Many children with HSP develop delayed nephritis during the first 3 
months  of  their  course.  To  investigate  primary  prevention  measures 
of  delayed HSP nephritis,  three  reviewed  studies have  compared  the 
treatment with corticosteroids versus no treatment in patients without 
renal disease at initial presentation.114-116 The results were conflicting 
because  there  was  supportive  evidence  for  use  of  corticosteroids  in 
delaying nephritis  and  some data  showed no benefit. The  seemingly 
conflicting  results  regarding  the prevention of  delayed onset  of  renal 
disease with steroid therapy are difficult to interpret. One explanation 
may  be  an  inherent  flaw  in  the  design  of  each  study:  Neither  was 
placebo controlled or randomized, and two of three were retrospective 
observations. There were also inconsistencies regarding the timing of 
corticosteroid administration between the studies, further contributing 
to difficulty in interpreting the results. These studies were followed by 
Huber117  and  colleagues  and  Ronkainen118  and  colleagues,  with  pro-
spective  randomized,  placebo-controlled  studies.  They  did  not  find 
early  treatment  with  prednisone  to  reduce  the  risk  of  renal  involve-
ment,  though Ronkainen found that  it may help  in the treatment of 
nephritis when it occurs. A systematic review was done comparing all 
RCTs from 1966 to November 2007 to establish guidelines for preven-
tion or  treatment of  renal disease. Four  randomized  trials,  including 
those  mentioned  earlier,  with  initial  prednisone  therapy  for  HSP 
showed no difference in development or persistence of renal disease in 
1, 3, 6,  and 12 months. However,  it  is noteworthy  to highlight  that 
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trial evaluating cyclosporin versus methylprednisolone found that 7 or 
10  children were  in  remission  compared with 2 of  9  in  the methyl-
prednisolone group, though these findings were not statistically signifi-
cant.132 Another case report demonstrated successful use of cyclosporine 
by monitoring biopsy results in an HSP nephritis patient refractory to 
steroids  and azathioprine.133 Contrary  to  studies  showing benefits of 
combinations  with  immunosuppressants,  a  prospective  uncontrolled 
study of 56 children with severe HSP nephritis found no difference in 
outcome  in  those  who  received  a  combination  of  cyclophosphamide 
and corticosteroids compared with patients who did not.134 The merit 
of combination therapies will not be fully determined until multicenter 
prospective, placebo-controlled trials are completed. Until such time, 
we  will  continue  to  treat  individual  patients  on  the  basis  of  limited 
data.

TABLE 158.4 RENAL OUTCOME IN HENOCH-SCHÖNLEIN PURPURA: 
CONCLUSIONS FROM LITERATURE REVIEW

Reference Conclusion (study design)

Levy et al.75 Improved with steroids (pilot)

Counahan et al76 No improvement with steroids (retrospective analysis)

Mollica et al.69 Steroids prevent delayed renal disease (open, non-
randomized, controlled prospective trial)

Saulsbury70 Steroids do not prevent delayed renal disease (retrospective 
analysis)

Rostoker et al.77 High-dose IgG stabilizes poor renal function in HSP/IgA 
nephropathy (open prospective cohort study)

Oner et al.78 Triple therapy may be effective in severe HSP nephritis (see 
text, pilot)

Rostoker et al.79 Low-dose IgG slows progression of renal disease (open, 
uncontrolled, prospective trial)

there were no adverse effects in patients treated with steroids.119 The 
largest of these studies, by Dudley and colleagues, included preliminary 
results of 290 children and showed no significant benefit of prednisone 
over  placebo.109  To  summarize,  the  studies  indicate  that  there  is  no 
standard  modality  for  the  primary  prevention  of  HSP  nephritis  at 
present.

Treatment of severe HSP nephritis
Several  studies  have  recommended  various  treatment  modalities  for 
children with severe renal involvement including pulse or oral cortico-
steroids,  either  alone  or  in  combination  with  immunosuppressive 
agents  such as azathioprine,  cyclophosphamide, or  cyclosporin; plas-
mapheresis; high-dose IVIG; and danazol.120-130 The studies suffer from 
small sample size, retrospective analyses of data, and lack of placebo-
controlled groups. Most patients were not randomized, and many may 
recover without treatment. In addition, renal biopsy findings are incon-
sistently available and interventions are given at different times in the 
course of the illness. Therefore drawing meaningful conclusions from 
these reports is difficult, and additional controlled prospective studies 
are necessary.131

Although the value of renal therapy is being debated, several uncon-
trolled  trials  suggest  that  early  aggressive  treatment may  change  the 
natural  history  of  severe  nephritis.  Oner  and  colleagues121  demon-
strated  success  in  12  children  with  HSP  and  biopsy-proven  rapidly 
progressive crescenteric glomerulonephritis with combination therapy 
consisting  of  methylprednisolone  at  30 mg/kg/day  for  3  consecutive 
days,  followed  by  oral  corticosteroids  at  45 mg/m2  tapered  over  3 
months, cyclophosphamide at 2 mg/kg/day for 2 months, and dipyri-
damole at 5 mg/kg/day for 6 months. At the 3-month evaluation, GFR 
had normalized in 11/12 children. At 30 months only one patient had 
persistent  nephrotic  syndrome  and  one  child  had  developed  renal 
failure  (Table  158.5).  In  addition,  both  Iijima  and  colleagues123  and 
Foster and colleagues124 evaluated the efficacy of prednisone in combi-
nation  with  azathioprine  and  found  an  improved  outcome  in  their 
patients compared with historical controls. Regarding cyclosporine, one 
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venules of the superficial plexus, which demonstrate necrosis of endo-
thelial cells, fibrin deposits with the vessel walls, extravasation of 
erythrocytes, and infiltration of neutrophils, including their break-
down, with leukocytoclasis manifested as the presence of nuclear dust 
(Fig. 159.2). In some patients, eosinophils might also be present in the 
infiltrate, which might indicate that the disease is drug induced.

Palpable purpura
The development of palpable purpura is dynamic, often beginning as 
non-palpable purpura. As the process progresses, some lesions become 
nodular, bullous, infarctive, or ulcerative.4 The lesions fade as the 
reparative processes begin. These lesions most frequently occur on 
dependent surfaces, such as the legs. Palpable purpura is characterized 
by smooth, discrete papules with relatively uniform lesional hemor-
rhage. When the lesions are arranged in a retiform (net-like) pattern 
and are superficial purpuric plaques with multifocal areas of hemor-
rhage and necrosis, an IgA-associated vasculitis may be more common 
(Fig. 159.3).5 The lesions of vasculitis can, on occasion, become gen-
eralized; and this often correlates with severe internal involvement.

Urticarial lesions
Urticarial lesions of vasculitis are the second most common cutaneous 
manifestation (Fig. 159.4). These lesions differ from common urticaria, 
which is associated with transient pruritic lesions that last for no more 
than several hours and resolve without any residual alteration, as 
follows: the individual lesions are most often long-lived, lasting between 
6 and 72 hours; the lesions may resolve with some residual pigmen-
tation or ecchymosis (Fig. 159.5); the lesions are often characterized 
by pain or burning rather than pruritus; and the patients tend to have 
symptoms or signs of multisystem disease, such as arthralgia, fever, 
gastrointestinal pain, lymphadenopathy, or abnormal urine sediment. 
The lesions of urticarial vasculitis are usually generalized. Demon-
stration of the long-lived nature of these lesions can be achieved  
by encircling several lesions and evaluating them for the onset of 
resolution.

Other cutaneous lesions
A wide array of other cutaneous lesions can also occur and include 
erythematous plaques, erythema multiforme-like lesions (Fig. 159.6), 
annular lesions, nodules, ulcerations (Fig. 159.7), necrosis, and livedo 
reticularis. Table 159.1 demonstrates the varying, yet overlapping, 
cutaneous manifestations that occur in the traditional vasculitic syn-
dromes. The occurrence of palpable purpura, the hallmark of LCV, in 
all syndromes except large vessel vasculitis has resulted in some of the 
controversy surrounding the classification.

Systemic manifestations
The systemic manifestations correlate with the syndrome and  
the size of the vessel involved (Box 159.2). This section will focus 
on small vessel vasculitis. Henoch-Schönlein purpura is considered  
in Chapter 158, and polyarteritis nodosa, Wegener’s granulomatosis, 
and Churg-Strauss syndrome are covered in Chapters 152 through  
154.

The most common manifestation of vasculitis is involvement of 
organs with a rich vascular supply, such as the gut, the kidneys, the 
lungs, and the musculoskeletal system. In a study of 82 patients 
selected for cutaneous LCV, only about 50% had any systemic mani-
festations that were clinically evident and, in general, this group of 
patients had involvement that was not life threatening.6 Similarly, 
Blanco and colleagues7 found that a majority of patients with cutane-
ous vasculitis had a relatively benign course. However, their data for 
adults differed from those for children.

Cutaneous vasculitis and panniculitis
Jeffrey P. Callen and Luis Requena

 Cutaneous vasculitis is represented by polymorphonuclear 
inflammation of small to medium-sized vessels in the skin; and 
although circulating immune complexes are involved in its 
pathogenesis, a complex interaction of cytokines and vasoactive 
amines with endothelial cells is necessary for disease expression.

 Panniculitis represents an inflammation within adipose tissue, most 
commonly the subcutaneous fat, and is classified as septal, lobular, 
or mixed forms.

 A variety of associated systemic diseases and clinical syndromes 
occur in patients with vasculitis or panniculitis.

 Therapy is dependent on the severity of the disease and the 
presence of systemic involvement or associated conditions.

CLASSIFICATION
Vasculitis
Many classification systems have been proposed for all forms of vas-
culitis, beginning with that of Pearl Zeek in the 1950s and most 
recently by the American College of Rheumatology and a Consensus 
Conference held in Chapel Hill.1 Unfortunately, most of these do not 
satisfy the needs of dermatologists because small vessel disease may 
occur in many of the entities.2 Therefore, the presence of dermatologic 
features such as palpable purpura, urticarial lesions, nodules, ulcers, 
or livedo reticularis with histologic evidence of leukocytoclastic vascu-
litis (LCV) indicates the likelihood of a vasculitic process affecting the 
skin and possibly internal organs.

Panniculitis
Panniculitis is defined as an inflammatory reaction affecting the sub-
cutaneous tissue, which consists primarily of fat. The panniculitides 
are traditionally divided into four categories based on histopathologic 
criteria (Box 159.1): (1) mostly septal panniculitis without vasculitis, 
(2) mostly septal panniculitis with vasculitis, (3) mostly lobular pan-
niculitis without vasculitis, and (4) mostly lobular with vasculitis.3

Erythema nodosum (EN) is primarily a septal panniculitis without 
vasculitis that is a reactive process secondary to a variety of underlying 
disorders, most commonly sarcoidosis, infections, or drugs. Weber-
Christian disease is a lobular panniculitis, but this term is outmoded 
because many of the patients so described have been found to have an 
associated abnormality such as pancreatic disease or factitial disease.

PATHOLOGIC, CLINICAL, AND  
SYSTEMIC FEATURES
Cutaneous vasculitides
The lesions observed in patients with cutaneous vasculitis can vary 
from transient urticaria-like lesions to necrosis of wide areas of skin.2 
The type of lesion, in general, reflects the size of the vessel involved 
and thus varies somewhat with the specific vasculitic syndrome. The 
most common cutaneous findings in patients with vasculitis is pal-
pable purpura (Fig. 159.1), followed by urticaria-like lesions.

Histopathology
Histopathologically, in the cutaneous lesions of either palpable purpura 
or urticaria-like lesions there is involvement of the postcapillary 
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Fig. 159.1 Palpable purpura representing a small vessel vasculitis that on 
histopathologic study was shown to be a leukocytoclastic vasculitis.

a

b

Fig. 159.2 (a) Leukocytoclastic vasculitis: inflammatory reaction surrounding 
the small dermal vessels. (b) Leukocytoclastic vasculitis: fibrinoid necrosis of 
the vessel wall with a neutrophilic infiltrate; leukocytoclasis is present.

Fig. 159.3 Retiform purpuric plaques are present in this patient with Henoch-
Schönlein purpura.

BOX 159.1 CLASSIFICATION OF THE PANNICULITIDES

Mostly septal panniculitis without vasculitis
 Erythema nodosum
 Vilanova’s disease: subacute nodular migratory panniculitis

Mostly lobular panniculitis without vasculitis
 Idiopathic neutrophilic panniculitis
 Subcutaneous fat necrosis of the newborn
 Post-corticosteroid panniculitis
 Calcifying panniculitis
 Pancreatic panniculitis
 α1-Antitrypsin deficiency
 Physical or factitial panniculitis
 Histiocytic cytophagic panniculitis
 Lipodystrophy syndromes
 Connective tissue panniculitis
 Subcutaneous panniculitis–like T-cell lymphoma
 Sclerosing panniculitis: lipodermatosclerosis

Mixed panniculitis
 Lupus profundus: lupus erythematosus panniculitis
 Erythema nodosum–like lesions of Behçet’s syndrome

Panniculitis with vasculitis
 Small vessel vasculitis (postcapillary venule), also known as leukocytoclastic 

vasculitis
 Medium-sized vessel vasculitis (arterioles or small arteries): polyarteritis 

nodosa
 Erythema induratum, also known as nodular vasculitis

BOX 159.2 SYSTEMIC DISEASES ASSOCIATED WITH LEUKOCYTOCLASTIC 
VASCULITIS (SMALL VESSEL VASCULITIS)
Other vasculitic syndromes: Wegener’s granulomatosis, polyarteritis nodosa, 

microscopic polyarteritis
Rheumatic disorders: systemic lupus erythematosus, rheumatoid arthritis, 

idiopathic inflammatory myopathy, Sjögren’s syndrome
Infections: hepatitis C virus (HCV), hepatitis B virus, human 

immunodeficiency virus, β-hemolytic streptococci, subacute bacterial 
endocarditis

Paraproteins: cryoglobulinemia (usually mixed, often HCV related), 
macroglobulinemia, hyperglobulinemia

Other: inflammatory bowel disease, neoplasia (hairy cell leukemia, lymphoma 
or rarely solid tumors), cystic fibrosis, bowel bypass syndrome, deficiency of 
the second component of complement, α1-antitrypsin deficiency



CH
A

PTER 159 
● Cutaneous vasculitis and panniculitis

1599

Fig. 159.4 Hypocomplementemic urticarial vasculitis.

Fig. 159.5 Residual bruising is evident in this patient with urticarial vasculitis.

Fig. 159.6 Erythema multiforme–like lesions of leukocytoclastic vasculitis.

Fig. 159.7 Leukocytoclastic vasculitis with ulceration in a patient with 
rheumatoid arthritis.

TABLE 159.1 RELATIONSHIP BETWEEN VASCULITIC SYNDROME AND ITS 
PREDOMINANT CUTANEOUS MANIFESTATION

Clinical syndrome Predominant cutaneous morphology

Leukocytoclastic vasculitis Palpable purpura

Henoch-Schönlein purpura Retiform purpuric plaques

Hypocomplementemic urticarial 
vasculitis

Urticarial lesions of long duration that 
resolve with purpura or ecchymosis

Wegener’s granulomatosis Ulcerative nodules, palpable purpura, 
peripheral gangrene

Polyarteritis nodosa Subcutaneous nodules, livedo reticularis, 
ulcerations, peripheral gangrene

Vasculitic syndromes with prominent cutaneous disease
Acute hemorrhagic edema of infancy
Acute hemorrhagic edema of infancy is a rare condition that occurs in 
infants younger than 2 years of age.8 It has an acute onset, often fol-
lowing an upper respiratory tract infection or drug ingestion. The rash 
begins as urticarial plaques but rapidly becomes intensely purpuric (Fig. 
159.8), frequently with annular lesions. Fever and generalized edema 
are common. Acute hemorrhagic edema of infancy has been separated 

Fig. 159.8 Acute hemorrhagic edema of infancy. In this patient palpable 
purpura is accompanied by edema of the legs.

from Henoch-Schönlein purpura by clinical and immunologic 
differences.

Urticarial vasculitis
McDuffie and coworkers9 first described urticarial vasculitis when 
they reported four patients with recurrent attacks of erythematous 
urticarial and hemorrhagic skin lesions associated with synovitis and, 
sometimes, abdominal distress. Their patients did not have lupus 
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unexplained symptoms, however, should be evaluated. Lymphoreticu-
lar malignancies, in particular hairy cell leukemia and non-Hodgkin’s 
B-cell lymphoma, have been the most frequently reported type of neo-
plasia but a wide variety of solid tumors also have occurred in patients 
with vasculitis.13,15

Cutaneous polyarteritis nodosa
Cutaneous polyarteritis nodosa is characterized clinically by nodules, 
livedo reticularis, ulcerations, or a combination of these lesions (Fig. 
159.10).16 Histopathologically, the lesions are characterized by LCV of 
the arterioles, often in the subcutaneous tissue, occasionally with a 
surrounding panniculitis (Fig. 159.11). The nodular lesions must be 
differentiated from erythema nodosum or other panniculitides. Livedo 
reticularis can occur with thrombotic disorders of several causes, 
including acquired disorders such as antiphospholipid antibody syn-
drome or inherited thrombophilic disorders, including factor V Leiden 
mutation or methylenetetrahydrofolate reductase polymorphisms. 
Cutaneous polyarteritis nodosa is generally associated with a good 
prognosis, but patients with ulcerations tend to have neuropathy more 
frequently.16 Patients with cutaneous polyarteritis nodosa have been 
reported with a variety of systemic disease associations, including 
inflammatory bowel disease, rheumatoid arthritis, and paraprotein-
emia. The cutaneous and systemic forms of polyarteritis nodosa have 
been linked to several drugs, including propylthiouracil use and the 
prolonged use of minocycline.17,18 Systemic polyarteritis nodosa may 
manifest skin lesions similar to those of the cutaneous form but has 
disease involving muscular arteries in other organs. A more detailed 
discussion of systemic polyarteritis nodosa is given in Chapter 151.

Erythema elevatum diutinum
Erythema elevatum diutinum is a rare form of LCV, having its major 
manifestation in the skin.19 The lesions begin as red-purple or yellow 
papules that coalesce to form plaques. The most prominent involve-
ment occurs on the extensor surfaces, such as the knees, elbows, and 
dorsa of the hands (Fig. 159.12). The only systemic manifestation is 
arthralgia, which occurs in 20% to 40% of patients. Some of the 
patients with erythema elevatum diutinum are found to have an IgA 
paraprotein.

Cutaneous vasculitis in patients with rheumatic diseases
Cutaneous vasculitis, as manifested by palpable purpura, urticarial 
lesions, or ulcerations, is commonly observed in systemic lupus ery-
thematosus, rheumatoid arthritis, and Sjögren’s syndrome. The 
appearance of cutaneous vasculitis is usually associated with active 
systemic disease.

erythematosus or paraproteinemia but did have hypocomplementemia; 
two had nephritis.

Urticarial lesions may also be an early clinical manifestation of 
lesions that become typical palpable purpura. The spectrum of urti-
carial vasculitis has also grown, in recent years, to include the presence 
of lung disease characterized by asthma or obstructive lung disease.10 
Patients with hypocomplementemic urticarial vasculitis often have or 
develop obstructive disease, whereas most patients with normal com-
plement levels, chronic urticaria, and vasculitis have little or no sys-
temic involvement.

Vasculitis associated with paraproteinemia
Almost any clinical lesion, from urticarial lesions through palpable 
purpura to necrosis and ulceration, can occur in patients with an 
abnormal circulating protein. Patients with cryoglobulins may have a 
predilection for acral disease, affecting the toes, fingers, ears, and nose; 
otherwise these patients have similar lesions and distributions to those 
without a paraprotein. There are therapeutic implications for patients 
with vasculitis who have a paraproteinemia; and thus almost all 
patients with chronic or recurrent cutaneous vasculitis should be evalu-
ated for a paraprotein, including cryoglobulins and an immunofixation 
electrophoresis. In many of the patients with mixed cryoglobulinemia, 
a link with hepatitis C virus infection has been noted.11 These patients 
may have non-inflammatory occlusive disease or a small vessel vascu-
litis. Treatment with interferon-α-2a and/or ribavirin has led to disease 
control in many of these patients.

Hyperglobulinemic purpura has been separated from other vasculi-
tides12 because some of the lesions of hyperglobulinemic purpura are 
non-palpable (Fig. 159.9) and do not reveal LCV on biopsy. However, 
this may indicate that these lesions are early or late manifestations 
and in our experience, if timed appropriately, the skin biopsy usually 
reveals LCV. Hyperglobulinemic purpura has recently been associated 
with Sjögren’s syndrome and lupus erythematosus. These patients 
commonly demonstrate the anti-Ro (SS-A) antibody.

Paraneoplastic vasculitis
Cutaneous or systemic vasculitis, or both, has been reported on several 
occasions in patients who have or have had malignancies.13 Sanchez-
Guerrero and colleagues14 reported that 11 of a series of 222 newly 
presenting patients with all forms of vasculitis had what was judged to 
be “paraneoplastic vasculitis.” In most of these patients (9/11), the 
vasculitis was limited to the small cutaneous vessels and was histologi-
cally characterized as LCV. In 3 patients, the vasculitis was the present-
ing manifestation of neoplasia (squamous cell carcinoma of the 
esophagus, T-cell lymphoma, and myeloblastic leukemia).

The mechanisms underlying “paraneoplastic” vasculitis are 
unknown. The vasculitis can at times be directly related to tumor 
treatment, but in many cases the occurrence appears to be coincidental. 
The exact incidence of neoplasia with vasculitis is not known, and  
thus extensive evaluation of malignancy cannot be recommended; 

Fig. 159.9 Non-palpable purpura of hyperglobulinemic purpura of 
Waldenström’s hypergammaglobulinemia.

Fig. 159.10 Cutaneous polyarteritis. A hemorrhagic nodule is present, but 
there is livedo reticularis evident in the background.
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a
b

Fig. 159.11 (a) Cutaneous polyarteritis nodosa. Note that the vessel involved is in the subcutaneous tissue. It is imperative to perform a biopsy that is deep 
enough to sample the subcutaneous tissue in such patients. (b) Close-up of the affected vessel reveals vessel wall destruction with intimal proliferation and 
surrounding inflammatory reaction.

Fig. 159.12 Erythema elevatum diutinum.

Fig. 159.13 Erythema nodosum secondary to acute sarcoidosis.Panniculitides
Erythema nodosum
A relatively common process, EN is usually acute and self-limited. The 
typical clinical presentation is the sudden onset of one or more tender, 
erythematous nodules on the anterior legs that are more easily palpated 
than visualized (Fig. 159.13). The eruption is often preceded by a pro-
drome of fever, malaise, and/or arthralgias. As the lesions age they may 
develop an ecchymotic appearance. Over a 4- to 6-week period they even-
tually heal without scar formation. Ulceration of the primary process is 
rare. Although EN is usually an acute process, patients with chronic or 
recurrent disease have been described using terms such as chronic EN, 
EN migrans, subacute nodular migratory panniculitis (Vilanova’s 
disease), or septal granulomatous panniculitis. Chronic or recurrent EN 
most commonly occurs in middle-aged women. The disease is often 
present for several years and is most common on the legs.

Biopsy of characteristic, acute lesions is usually not needed to 
confirm a diagnosis but, when performed, reveals a predominantly 
septal panniculitis without vascular inflammation but with scattered 
radial Miescher’s granulomas within the connective tissue septa. The 
presence of the granulomas might be predictive of an associated granu-
lomatous disease such as sarcoidosis.

Etiologic or associated conditions are present in about 50% of 
patients with EN.20 The associated conditions can be divided into three 
broad categories: infections, drugs, or systemic diseases (usually inflam-
matory disorders). A partial list of the known associations is given in 

Box 159.3. The infectious agents associated with EN tend primarily to 
affect the respiratory or gastrointestinal tract and are most often bacte-
rial or fungal in origin. The most common drugs are antibiotics and 
oral contraceptives. Pregnancy, particularly in its second trimester, is 
a known association and the EN will recur with subsequent pregnan-
cies or with the administration of oral contraceptives. EN-like lesions 
may occur in Behçet’s disease and are accompanied by oral and genital 
ulcerations, pathergy, uveitis, and/or central nervous system (CNS) 
disease or other systemic manifestations. A specific variant of sarcoid-
osis associated with EN is known as Löfgren’s syndrome.20,21 This is 
an acute, self-resolving process in which EN occurs with bilateral hilar 
lymphadenopathy, arthritis, and anterior uveitis. Granulomatous 
colitis (Crohn’s disease), regional enteritis, and ulcerative colitis have 
been associated with EN.22 In patients with inflammatory bowel 
disease, it appears that the EN parallels the activity of the bowel 
disease. At least half of the cases of EN are not found to have an asso-
ciated or underlying process.

Idiopathic neutrophilic lobular panniculitis
This disorder was formerly known as Weber-Christian disease (WCD). 
Thus, patients with multiple recurrent subcutaneous nodules with 
accompanying fever and a biopsy specimen that reveals a lobular pan-
niculitis with an early neutrophilic infiltrate with fat degeneration, 
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Fig. 159.14 Pancreatic panniculitis manifests as erythematous tender nodules 
on the anterior legs.

a b

Fig. 159.15 (a and b) Pancreatic panniculitis with extensive necrosis and ghost lipocytes.

BOX 159.3 SOME ETIOLOGIC CAUSES OR ASSOCIATIONS WITH 
ERYTHEMA NODOSUM

Infections
 Streptococcal pharyngitis
 Tuberculosis
 Valley fever (coccidioidomycosis)
 Blastomycosis
 Histoplasmosis
 Psittacosis
 Yersinia colitis
 Salmonella gastroenteritis
 Cat-scratch fever
 Leprosy

Drugs
 Antibiotics: penicillin, sulfonamides
 Birth control pills

Systemic diseases
 Pregnancy
 Sarcoidosis
 Inflammatory bowel disease
 Collagen vascular disorders: dermatomyositis, lupus erythematosus, 

scleroderma
 Malignancy: rare
 Sweet’s syndrome
 Behçet’s disease

Idiopathic

foamy histiocytes, and giant cell formation were formerly diagnosed as 
having WCD. However, increasingly, many such patients have other 
disease associations and the number of patients with WCD has increas-
ingly lessened. White and Winkelmann23 suggest that when patients 
with WCD are observed, many can be reclassified as having another 
panniculitic syndrome.

α1-Antitrypsin deficiency–associated panniculitis
Not infrequently, patients with panniculitis have a deficiency of α1-
antitrypsin. Thus, in a study of 96 patients, Smith and associates24 
found 15 with such deficiency. These patients were more likely to have 
ulceration and drainage and correspondingly had greater amounts of fat 
necrosis and elastic tissue destruction. It was suggested that induction 
of lesions by trauma was more likely in these patients and thus débride-
ment should be avoided in such patients. They should also be evaluated 
for pulmonary and liver disease and counseled to avoid smoking; 
therapy with α1-proteinase inhibitor concentrate may be helpful.

Pancreatic panniculitis
Patients with pancreatic diseases may develop subcutaneous fat  
necrosis (lobular panniculitis) (Fig. 159.14) with accompanying poly-
arthritis and osseous intramedullary fat necrosis. A variety of pancre-
atic pathologic changes have been implicated in the development of 
this process, including pancreatitis, pancreatic carcinoma (acinar cell), 
pancreatitis secondary to cholelithiasis, post-traumatic lesions, pancre-
atic ischemia, pancreatic pseudocyst, and pancreas divisum (a congeni-
tal pancreatic abnormality).24-27 The pathogenesis of pancreatic 
panniculitis is not well understood. It is possible that pancreatic 
enzymes directly destroy fat and that the inflammation follows, as 
demonstrated by Dhawan and associates25; however, elevations of 
pancreatic enzymes, particularly lipase, do not occur in all pancreatic 
diseases that have been associated with pancreatitis. Histopatho-
logically, there is extensive fat necrosis with a basophilic alteration  
of lipocytes (Fig. 159.15). Ghost cells with absent nuclei are also 
common.
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with accompanying inflammatory panniculitis, fever, serositis, and 
“reticuloendotheliomegaly.” Craig and coworkers33 have suggested that 
there are two, perhaps distinct, patterns of disease: one that is benign 
and is termed cytophagic histiocytic panniculitis and one that is malig-
nant and is termed subcutaneous T-cell lymphoma. In both instances 
the hemophagocytic syndrome may occur, but in cytophagic histiocytic 
panniculitis there is often a response to prednisone and/or cyclospo-
rine. Some of these patients perhaps have Epstein-Barr virus within 
their lesions. There are some patients who initially appear to have a 
connective tissue panniculitis, but with time it becomes evident  
that the correct diagnosis is subcutaneous panniculitis–like T-cell lym-
phoma.34-38 The World Health Organization has recently reclassified 
subcutaneous panniculitis-like T-cell lymphoma into those with an α/β 
T-cell subtype and those with a γ/δ phenotype. The α/β subtype, when 
it occurs without an associated hemophagocytic syndrome, appears to 
be steroid-responsive and have an indolent course.39 Therefore, the 
diagnosis of subcutaneous panniculitis-like T-cell lymphoma should 
be reserved only for subcutaneous T-lymphomas with CD3+, CD4−, 
CD8+ and BetaF1+ immunophenotype (α/β T-cell subtype).

Lupus erythematosus panniculitis (lupus profundus)
Lupus erythematosus panniculitis (LEP) is a rare cutaneous manifesta-
tion of lupus erythematosus occurring in 1% to 3% of patients with 
LE.40,41 The lesions are tender, red-blue subcutaneous nodules that may 
eventually ulcerate. They tend to occur on the face (Fig. 159.17), upper 
arms, thighs, and/or buttocks. The lesions may underlie a typical lesion 
of discoid LE. Histopathologic changes include a panniculitis that is 
both lobular and septal (Fig. 159.18). When the overlying epidermis 
and/or dermis demonstrate changes of LE, the diagnosis of LEP can be 
histologically confirmed. The activity of the panniculitic lesion does 
not seem to follow the course of the systemic disease.

Sclerosing panniculitis (lipodermatosclerosis)
Jorizzo and colleagues coined the term sclerosing panniculitis to 
describe a group of patients with well-circumscribed, indurated inflam-
matory plaques of the lower extremity; others have used the term 
lipodermatosclerosis to describe these patients.42 Often the leg looks 
like an inverted soda bottle due to the sclerosis of tissue around and 
immediately above the ankle (Fig. 159.19).These lesions most fre-
quently occur in women and are usually accompanied by signs of 
venous insufficiency. Some patients have known prior thrombophlebi-
tis, and evidence of venous insufficiency may be present. Patients with 
this entity are sometimes found to have a tendency to thrombophilia, 
as evidenced by the presence of factor V Leiden mutation or methylene 
tetrahydrofolate reductase polymorphisms. Histopathologically this 
disorder is characterized by fat necrosis, sclerosis, and a lobular pan-
niculitis.43 Fat microcysts with foci of membranous fat necrosis are 

Calcifying panniculitis of renal failure
Patients with renal failure often have abnormal calcium and phospho-
rus metabolism. These patients may develop acute, erythematous, 
tender indurated nodules as a manifestation of calciphylaxis, more 
recently termed calcific uremic arteriolopathy.28 The panniculitic 
lesions can progress to necrosis (Fig. 159.16) and ulceration. The prog-
nosis is poor and treatment should consist of attempts to correct the 
calcium/phosphorus imbalance. Parathyroidectomy with or without 
renal transplantation may be helpful. Recently the use of intravenous 
sodium thiosulfate or oral cinacalcet has been reported to be of benefit 
in individual patients or small case series.29

Post-steroid panniculitis
Panniculitis after withdrawal of corticosteroid therapy is a rare entity 
that seems to be limited to children.30 Patients have been treated with 
corticosteroids for a wide array of problems, including leukemia, 
nephrotic syndrome, rheumatic carditis, and encephalopathy. Interest-
ingly, the panniculitis may clear on readministration of the corticoste-
roids. The pathogenesis of this rare complication is not understood. 
Histopathology of this condition is identical to that of subcutaneous 
fat necrosis of the newborn, which is characterized by needle-shaped 
crystals within a histiocytic infiltrate.

Lipoatrophic panniculitis
Several conditions have been described in children that often result in 
lipoatrophy after the inflammatory reaction. There exists a spectrum 
that perhaps includes lipogranulomatosis subcutanea (previously 
known as Rothman-Makai syndrome), lipoatrophic panniculitis, lipo-
phagic panniculitis of childhood, subcutaneous fat necrosis of the 
newborn, and localized lipoatrophy (atrophic connective tissue disease 
panniculitis).31 These children tend to have multiple erythematous 
lesions, most commonly on the extremities, that resolve with subcu-
taneous atrophy. The patients often also manifest fever. They may 
have associated “autoimmune” phenomena, such as juvenile rheuma-
toid arthritis, Hashimoto’s thyroiditis, or diabetes mellitus. There is 
no known effective therapy, although some patients have responded to 
oral corticosteroids, oral antimalarial agents, or oral dapsone.

Histiocytic cytophagic panniculitis/subcutaneous  
panniculitis–like T-cell lymphoma
Histiocytic cytophagic panniculitis was described by Crotty and  
Winkelmann32 as a chronic histiocytic disease of the subcutaneous fat, 

Fig. 159.16 Calciphylaxis—this patient has a reticulated necrosis.

Fig. 159.17 Lupus erythematosus panniculitis. Tender, calcified nodule on the 
cheek.
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a

b

Fig. 159.18 (a and b) Mixed lobular and septal panniculitis.

Fig. 159.19 Sclerosing panniculitis characterized by tender, indurated, 
hyperpigmented plaques overlying the medial malleoli.

a

b

Fig. 159.20 (a) Sclerosing panniculitis. Extensive lobular panniculitis with 
fibrosis. (b) Sclerosing panniculitis. Close-up of characteristic fat microcysts 
with foci of membranous fat necrosis.

also commonly observed in the later stages of the disease (Fig. 159.20). 
Sclerosing panniculitis is a manifestation of venous insufficiency, and 
thus therapy should include support stockings, elevation, and rest. 
Measures for the prevention of phlebitis are also warranted. Low-dose 
aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) may 
be helpful. In patients with factor V Leiden mutation, the use of war-
farin or heparin might be helpful, and in those with a polymorphism 
of methylene tetrahydrofolate reductase the use of folic acid and other 
B vitamins might help. Intralesional injection of triamcinolone aceton-
ide may also be beneficial.

Factitial panniculitis
Factitial panniculitis due to external trauma or from the injection of 
foreign substances is not common but should be considered in patients 
with unusual clinical or histopathologic features of panniculitis. In 
traumatic lesions there may be an organizing hematoma demonstrated 
histologically, whereas, with injections, one encounters refractile 
bodies or a “Swiss cheese” effect. Occasionally, spectroscopic and/or 
chromatographic techniques are necessary to identify the causative 
injected material.

INVESTIGATIONS
Cutaneous vasculitis
The purpose of evaluation is, first, to identify an etiology or an associ-
ated condition and, second, to assess the presence and severity of 
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emboli from a left atrial myxoma. In addition, endocarditis may mimic 
cutaneous vasculitis.44

Urticarial lesions must be differentiated from “garden variety” urti-
caria, bites, erythema multiforme, and drug eruptions. Ulcerations can 
occur from non-inflammatory vessel occlusion such as atherosclerosis, 
malignant processes, or bites or from non–vessel-based inflammatory 
conditions such as pyoderma gangrenosum. Livedo reticularis usually 
occurs with involvement of medium-sized vessels and secondary to 
atherosclerosis, emboli, or occlusive vasculopathy associated with the 
antiphospholipid antibody syndrome.

Panniculitis
The differential diagnosis of panniculitis involves distinguishing it 
primarily from insect bites, thrombophlebitis, or cellulitis. Insect bites 
may be tender, red, infiltrated lesions. The distribution is dependent 
on the type of bite, and in general the patient is otherwise asymptom-
atic. Often there is a puncture site within the lesion. Cellulitis rarely 
manifests as subcutaneous nodules. When the diagnosis is in question 
a wedge biopsy or deep punch biopsy that includes subcutaneous fat 
will be helpful.

MANAGEMENT
Cutaneous vasculitis
The treatment of cutaneous vasculitis depends on whether there is 
clinical evidence of systemic disease or on the severity of the cutaneous 
disease. Table 159.2 highlights some of the treatments that might be 
considered for various cutaneous vasculitic syndromes. The patient 
with severe systemic necrotizing vasculitis should be treated rapidly 
and aggressively with systemic corticosteroids and possibly an immu-
nosuppressive agent. Pulsed treatment with either methylprednisolone 
or cyclophosphamide can result in a rapid control of the disease.

Patients with chronic cutaneous vasculitis tend to be frustrated and 
frequently desire treatment for symptomatic relief or for cosmetic 
reasons. In some cases, small recurrent purpuric lesions with superfi-
cial ulceration can compromise the patient’s ability to work. In patients 
with acute disease such as Henoch-Schönlein purpura, it may not be 
necessary for any treatment other than agents for symptomatic relief.

It is important to identify and remove any offending antigen that 
may be present. Some examples are the identification of an ingestant 
such as a drug, food, or food additive that can be removed. Lunardi 
and colleagues45 described five patients with chronic cutaneous vascu-
litis in whom dietary factors were found to be causative. Some patients 
with “paraneoplastic” vasculitis whose tumors are removed will resolve 
their vasculitis. Patients with paraproteinemia may be good candidates 
for treatment with an immunosuppressive agent to suppress the forma-
tion of the abnormal protein; or, in the case of hepatitis C virus–
associated cryoglobulinemic purpura, interferon-α-2a with or without 
ribavirin has been useful.46 Patients with erythema elevatum diutinum 
seem to respond extremely well to oral dapsone therapy. Finally, 
patients with a lymphoma or a history of a lymphoma may respond to 
rituximab.

Patients without an identifiable cause or associated phenomenon 
who require therapy can be treated with a variety of agents. A thera-
peutic ladder can be designed from which treatment can be sequentially 
selected until an appropriate and effective agent is located. Because  
the postulated mechanism for cutaneous vasculitis involves immune 
complex–mediated disease, complement activation, chemotaxis of 
polymorphonuclear leukocytes, lysosomal release, and resultant cell 
destruction, modulated by vasoactive substances, agents that interfere 
with any of these processes may be beneficial. Agents such as antihis-
tamines, NSAIDs, antimalarials, and sulfones have been reported to 
be therapeutic in individual cases, but they have not been uniformly 
effective in my experience. Corticosteroids, if given in a sufficiently 
high dosage, are almost always effective. In open-label trials, colchicine 
was effective for 75% to 80% of patients with cutaneous vasculitis47; 
however, in the only published double-blind, placebo-controlled trial, 
colchicine failed to demonstrate efficacy.48 In my view, that trial was 
compromised by biases that favored a response in the placebo group. 
Immunosuppressive agents such as azathioprine, cyclophosphamide, 

systemic involvement.44 The evaluation begins with a careful history 
and physical examination. Box 159.4 presents the basic workup that 
is recommended for patients with vasculitis. In patients with acute 
disease, in whom there is an obvious etiology such as a drug or infec-
tion, the evaluation is streamlined and need not assess all possible 
causes. Skin biopsy of an early lesion is necessary to confirm the pres-
ence of LCV but is often not performed in children with typical lesions.7 
In patients with chronic disease or in whom there is not an obvious 
etiology, the workup is more extensive. An assessment for paraproteins 
is necessary in this group of patients, but evaluation for malignancy is 
probably not necessary unless there are other symptoms or signs. 
Cutaneous immunofluorescence biopsy can be useful when Henoch-
Schönlein purpura is considered.

Panniculitis
As with cutaneous vasculitis, the evaluation of the patient with pan-
niculitis should include a careful history and physical examination. 
The possibility of infection of the upper respiratory tract should be 
considered and a throat swab for a rapid streptococcal screen, skin tests 
for tuberculosis, and a chest radiograph should be obtained. In general, 
neither inflammatory bowel disease nor infectious enteritis is asymp-
tomatic and thus it is not necessary to perform endoscopic or radio-
graphic procedures in these patients. Tests for enzymatic abnormalities, 
such as amylase, lipase, or α1-antitrypsin deficiency, should be ordered. 
The possibility of a coexistent collagen vascular disease should also be 
considered.

DIFFERENTIAL DIAGNOSIS
Cutaneous vasculitis
The differential diagnosis of cutaneous vasculitis differs with each 
clinical lesion. Palpable purpura must be differentiated from traumatic 
purpura, capillaritis (also known as chronic pigmented purpura), insect 
bites, embolic phenomena, and a variety of infections. Embolic pro-
cesses that can mimic vasculitis include atheromatous emboli or 

BOX 159.4 EVALUATION OF THE PATIENT WITH CUTANEOUS VASCULITIS

History
 Infections?
 Drug ingestion?
 Prior history of one of the associated disorders?
 Are there any systemic symptoms?

Physical examination
 General appearance
 Vital signs
 Type and distribution of lesions
 Evidence of arthritis?

Skin biopsy
 Routine skin biopsy should be performed on a fresh lesion in “all” patients
 Immunofluorescence microscopy is optional; may be useful when 

Henoch-Schönlein purpura is considered

Laboratory studies
Necessary
 Complete blood cell count
 Urinalysis
 Chest radiograph
 Tests for collagen vascular diseases: antinuclear antibody, anti-Ro (SS-A), 

rheumatoid factor
 Hepatitis C antibody, hepatitis B surface antigen
 Tests for paraproteins: cryoglobulin, immunofixation electrophoresis
 Antineutrophil cytoplasmic antibodies
When appropriate or under special circumstances
 Total hemolytic complement
 Circulating immune complexes
 Erythrocyte sedimentation rate and/or C-reactive protein
 Blood cultures
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TABLE 159.2 TREATMENT OF CUTANEOUS VASCULITIS, BASED ON SYNDROME

Syndrome First choice Alternative choice Comments

Hypersensitivity vasculitis Identify and remove the antigen.
Consider dietary therapy.
Treat any associated disorder.

Colchicine, dapsone, 
immunosuppressive agent 
(methotrexate, azathioprine, 
etc.), rituximab, corticosteroids

A thorough evaluation is needed to exclude other 
vasculitic syndromes that may manifest as palpable 
purpura.

Henoch-Schönlein purpura Observation Corticosteroids, 
immunosuppressive agent, or 
both

There are no data that demonstrate that treatment alters 
the outcome. Often this condition is self-limiting. 

Hypertension, pre-eclampsia in women, and renal failure 
are possible as long-term sequelae.

Urticarial vasculitis– 
normocomplementemic

Antihistamines Colchicine, dapsone, 
corticosteroids, 
immunosuppressive agents, 
intravenous immune globulin

Chronic urticaria, particularly when associated with 
vasculitis, is probably an immune-mediated disorder.

Urticarial vasculitis– 
hypocomplementemic

Dapsone, corticosteroids, 
immunosuppressive agents

Intravenous immune globulin This disorder is difficult to treat. Associated pulmonary 
disease may occur and there is no known effective 
therapy.

Vasculitis with hepatitis C virus Interferon with or without ribavirin Corticosteroids Suppression of the viral load may decrease the 
manifestations of vasculitis.

Vasculitis in a patient with a 
B-cell lymphoma (or a 
history of lymphoma)

Colchicine, dapsone Rituximab, intravenous immune 
globulin

Cutaneous polyarteritis nodosa Corticosteroids or 
immunosuppressive agents 
(methotrexate or azathioprine)

Intravenous immune globulin Although there is a primary focus on the skin, patients 
may develop ulcers or may have associated 
inflammatory bowel disease, mononeuritis multiplex, 
and/or arthritis.

Erythema elevatum diutinum Dapsone Corticosteroids

methotrexate, mycophenolate mofetil, or cyclosporine are also often 
effective. Recently developed biologic agents such as rituximab have 
benefited some patients.49

The burning or itching of the lesions most often irritates  
patients with urticarial vasculitis. The patient should be first treated 
with antihistamines. Histamine-1 (H1) receptor antagonists can be 
combined with H2 antagonists, but the doses required often result in 
drowsiness. In some cases, the use of doxepin, which has effects on 
both H1 and H2 receptors, is effective. Lastly, the newer, less-sedating 
agent cetirizine or non-sedating agents such as fexofenadine or lorata-
dine can be used during waking hours and a soporific agent given before 
retiring.

Panniculitis
There are few randomized, controlled clinical trials to guide treatment 
decisions in this group of disorders. The treatment of EN and other 
panniculitides first involves assessment of a causative disease and its 
treatment. In the absence of a treatable disorder, therapy is symptom-
atic. Acute EN is often self-limited; thus, non-toxic therapies are 
advised. Bed rest and leg elevation are very helpful in controlling symp-
toms. In patients who need to be ambulatory, support stockings or 
tights may be helpful. Aspirin or other NSAIDs may be effective. 
Sometimes, however, treatment with aspirin does not produce results 
before toxicity, and oral indomethacin (25-75 mg/day) is therefore 
recommended.

In patients with chronic EN or frequent recurrences, oral potassium 
iodide (300-900 mg/day) has been useful in open clinical trials.  
When the drug is stopped or the dose is lowered the disease often 
relapses, only to respond again with re-institution of therapy. Other 
therapies that may be considered include oral corticosteroids, colchicine, 

hydroxychloroquine, or an immunosuppressive agent. Cyclosporine has 
been used successfully in some patients. One adjunctive therapy that 
can be helpful is intralesional injection of triamcinolone acetonide.

There is no specific therapy for those patients with idiopathic neu-
trophilic lobular panniculitis. Reports have centered on the use of 
anti-inflammatory agents (aspirin, NSAIDs), oral corticosteroids, anti-
malarial agents, and immunosuppressive agents (cyclophosphamide 
and cyclosporine). In addition, colchicine, dapsone, and potassium 
iodide may be effective in some individual cases. There is no informa-
tion regarding the role of biologic therapy for these patients.

Patients with α/β subcutaneous panniculitis-like T-cell lymphoma 
who do not have an associated hematophagocytic syndrome are often 
steroid responsive and generally have a good prognosis. Those with a 
γ/δ phenotype have a more aggressive form and referral to oncology is 
recommended.

Patients with LEP may respond to antimalarial agents or to intra-
lesional injections of triamcinolone. Corticosteroids and/or immuno-
suppressive agents are rarely necessary for LEP.

CONCLUSION
The cutaneous vasculitides and panniculitides form a wide array of 
syndromes that often can be separated on the basis of clinical features, 
associated disorders, and/or histopathologic findings. The newest 
lesion should be sampled. Evaluation for an underlying process should 
include ingestants, infections, malignancy, and autoimmune disorders. 
Treatment, in the absence of an underlying disease, is aimed at control 
of the inflammatory reaction with NSAIDs, corticosteroids, dapsone, 
potassium iodide, antimalarial agents, colchicine, or cytotoxic/immu-
nosuppressive agents.
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However, the frequent finding of liver involvement in patients with 
mixed cryoglobulinemia, which is much less common in other immune 
complex–mediated diseases, suggested the hypothesis that an environ-
mental factor, possibly a hepatotropic virus, might be the actual trigger 
of  the  disease.  An  association  with  the  hepatitis  B  virus  (HBV)  was 
suggested, but this was not confirmed by subsequent studies in which 
HBV  antigenemia  was  only  occasionally  detected  in  subjects  with 
antibodies against the HBV surface antigen. At the same time, analysis 
of large groups of patients with mixed cryoglobulinemia made it pos-
sible to define more clearly the organ involvement associated with the 
disease. The main clinical features are purpura, arthralgias, and renal 
and liver involvement, together with a benign lymphoproliferative dis-
order taking the form of lymphoid aggregates in the spleen and bone 
marrow.4

Studies  in  the 1990s on  large  series of patients with mixed  cryo-
globulinemia definitively eliminated hepatitis B virus (HBV) as a caus-
ative agent in most cases of mixed cryoglobulinemia, and the hypothesis 
of a hepatotropic virus became less convincing.5

Subsequently, however, the identification of hepatitis C virus (HCV) 
as the main causative agent of non-A, non-B hepatitis6 provided fresh 
support for this hypothesis. Because HCV is a hepatotropic virus that 
can cause chronic infection with liver involvement, its prevalence was 
evaluated  in a  small  series of patients with mixed cryoglobulinemia. 
With  the  use  of  first-generation  tests,  antibodies  against  HCV  were 
initially demonstrated in 30% to 54% of all patients with mixed cryo-
globulinemia.7-9 With  the  introduction of  second-generation enzyme-
linked  immunosorbent  assays  and  recombinant  immunoblot-based 
assays, the prevalence was found to be even higher, ranging from 70% 
to 100%;  there was  a  comparable prevalence of HCV viremia  in  the 
same subjects. Increasing evidence suggested that this association also 
has pathogenetic significance. In particular, the demonstration of the 
specific concentration of HCV in type II cryoglobulins, immunohisto-
chemical evidence of HCV-associated antigens in vasculitic skin biopsy 
specimens,  and  the  presence  of  HCV  RNA  in  serum  and  plasma 
samples and of HCV infection in the peripheral mononuclear cells of 
patients with mixed cryoglobulinemia all lend support to the etiopatho-
genetic role of HCV in mixed cryoglobulinemia. Because this role has 
been universally accepted, the term essential mixed cryoglobulinemia 
should be dropped and, in the majority of cases, the disease should be 
referred as to HCV-related mixed cryoglobulinemia.2,10

EPIDEMIOLOGY
The prevalence of mixed cryoglobulinemia varies widely from country 
to country;  it  is more  frequent  in southern Europe  than  in northern 
Europe or North America. On the whole, this disease is considered to 
be relatively rare, but its frequency may be underestimated because of 
its clinical polymorphism. The geographic distribution of mixed cryo-
globulinemia  seems  to  be  closely  related  to  the  endemic presence of 
HCV infection. Among the different HCV genotypes, genotype 2a has 
been described to be more frequent in patients with mixed cryoglobuli-
nemia than in chronic HCV carriers without mixed cryoglobulinemia. 
In Table 160.2 the main epidemiologic findings in patients with mixed 
cryoglobulinemia.10  Different  prevalences  of  serum  cryoglobulins, 
ranging from 19% to 50%, have been reported in HCV-infected patients. 
Clinical overt cryoglobulinemic syndrome seems to be evident in 15% 
to 30% of these subjects and in 5% to 10% of all HCV-infected patients.11

CLINICAL FEATURES
Mixed  cryoglobulinemia  is  a  viral-triggered,  immune  complex– 
mediated disease. The disease generally shows a slow progression with 

Cryoglobulinemia
Alessandra Della Rossa, Antonia Tavoni, and Stefano Bombardieri

  Cryoglobulinemia is characterized by the presence in the serum of 
one or more immunoglobulins that precipitate at temperatures 
below 37° C and redissolve on rewarming.

  Three types of cryoglobulins are recognized: type I, an isolated 
monoclonal immunoglobulin; type II, IgG and an IgM rheumatoid 
factor (RF) of monoclonal origin; and type III, IgG and a polyclonal 
IgM RF. Types II and III are considered mixed cryoglobulinemia.

  This disease predominantly affects middle-aged women. A 
hepatitis C virus (HCV) infection is the etiologic agent in the 
majority of mixed cryoglobulinemia cases (60%-90%).

  Histologically this is a small vessel leukocytoclastic vasculitis.
  Clinically, dependent purpura is evident in almost all patients. 

Other common features include weakness, arthralgias, liver 
involvement, Raynaud’s phenomenon, and multiplex mononeuritis.

HISTORY
The term cryoglobulinemia refers to the presence in the serum of one 
or  more  immunoglobulins  that  precipitate  at  temperatures  below  
37°  C  and  redissolve  on  rewarming.  This  phenomenon  was  first 
described in 1933 by Wintrobe and Buell in a case of multiple myeloma. 
The history of the disease is summarized in Table 160.1. Lerner and 
Watson,  in  1947,  first  referred  to  the  cryoprecipitable  molecules  as 
cryoglobulins  and  described  them  in  association  with  purpura,  glo-
merulonephritis, and urticaria. The presence of cryoglobulins had by 
then been reported in a wide array of disorders, ranging from neoplastic 
to inflammatory and infective conditions.

According to Brouet and associates,1 the cryoglobulins can be sub-
divided into three subgroups: type I contains an isolated monoclonal 
immunoglobulin; type II comprises IgG and an IgM rheumatoid factor 
(RF) of monoclonal origin, and type III comprises IgG and a polyclonal 
IgM RF.

Type  I  cryoglobulins  are  frequently  of  the  IgG  isotype;  less  fre-
quently they may be composed of IgG, IgA, or light chains. They are 
present in high concentrations (up to 8 g/L) and do not interfere with 
complement-mediated functions in vitro. They promptly precipitate at 
low  temperatures,  and  this  feature  is  not  affected  by  warming  to  
56° C or by cycles of freezing and thawing. An explanation on a molecu-
lar level of this temperature-dependent solubility is still lacking, but it 
is probably linked to an excess of hydrophobic residues.2 Type I cryo-
globulinemia  is  frequently  associated  with  immunoproliferative 
disorders.

Mixed cryoglobulins (types II and III) are composed of IgG, plus an 
IgM (rarely of either IgA or IgG) with RF activity. They represent up 
to 80% of all cryoglobulins and are generally present in lower concen-
trations than monoclonal cryoglobulins; they precipitate after a longer 
period of exposure to low temperatures (from 24 hours to over 1 week 
at 4° C); they have strong anti-complement activity; and, unlike mono-
clonal  cryoglobulins,  repeated  freezing  and  thawing  cycles  reduce  or 
abolish  their  cryoprecipitability.  Mixed  cryoglobulinemia  has  been 
described  in  association  with  chronic  infections  and  autoimmune 
disorders.3

In  1966,  Meltzer  and  Franklin  described  for  the  first  time  a  syn-
drome characterized clinically by the triad of weakness, arthralgias, and 
Raynaud’s  phenomenon  and  by  the  presence  of  mixed  cryoglobulins 
without  any  known  precipitating  factor;  this  condition  was  termed 
essential mixed cryoglobulinemia.2

160
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Renal involvement
Renal involvement is one of the most serious complications of mixed 
cryoglobulinemia and affects approximately one third of patients. His-
tologically, it almost invariably takes the form of a membranoprolifera-
tive glomerulonephritis with a varying degree of interstitial and vascular 
damage. Clinically, renal involvement ranges from isolated proteinuria 
to nephritic  syndrome. The disease  course  is  generally  characterized 
by periods of remission and exacerbation and, if not adequately treated, 
may eventually lead to renal failure.14

Peripheral nerve involvement
Another common feature in patients with mixed cryoglobulinemia is 
peripheral neuropathy. However, the real frequency of this manifesta-
tion is often underestimated, owing to its smoldering clinical course. 
In mixed cryoglobulinemia this manifestation generally seems to take 
the form of an impairment of the sensory fibers. Subjective symptoms 

periods  of  exacerbation  and  remission  and  rare  acute  flares.  Figure 
160.1  shows  the  spectrum  of  disease  manifestations  characterizing 
mixed cryoglobulinemia.2

Purpura
Purpura  almost  always  occurs  in  patients with mixed  cryoglobuline-
mia, most commonly as the presenting feature. It is characteristically 
non-pruritic, is intermittent, and typically involves the lower extremi-
ties, because venous stasis favors the precipitation of cryoglobulins. In 
widespread and severe forms of the disease, however, it can also involve 
the  abdomen  and  chest  (Figs.  160.2  and  160.3).  Histologically,  it  is 
characterized  by  dermal  vasculitis  with  a  variable  degree  of  involve-
ment  of  the  subcutaneous  interstitium.  An  association  of  leg  ulcers 
with  purpura  is  the  presenting  symptom  in  22%  of  patients  (Fig. 
160.4).4  Immunohistochemical  evidence  of  HCV-associated  antigens 
in vasculitic skin biopsy specimens suggests that HCV-containing cir-
culating immune complexes play a major role  in the pathogenesis of 
cryoglobulinemic purpura.2

Raynaud’s phenomenon
Raynaud’s  phenomenon  is  present  in  25%  of  patients  at  diagnosis. 
Symptoms are mild, involve all of the extremities, and are usually not 
associated with trophic derangement.

Joint involvement
Arthralgias are present in the majority of cases and usually recur inter-
mittently during the course of the disease. The most frequently involved 
joints are the hands, knees, ankles, and elbows. Occasionally, the same 
joints show the presence of frank arthritis.4 During chronic HCV infec-
tion two different clinical subsets of arthritis have been described: (1) 
a monarticular/oligoarticular intermittent arthritis, involving large and 
medium-sized joints, almost invariably associated with the presence of 
cryoglobulins, and (2) a polyarticular symmetric arthritis closely resem-
bling rheumatoid arthritis (RA). Differential diagnosis between true RA 
and  HCV-related  RA-like  arthritis  could  be  particularly  challenging 
because  there  are no  reliable  clinical  parameters  able  to differentiate 
between the two conditions. Recently, anti-cyclic citrullinated peptide 
antibodies  (ACPA), which are  always  absent  in mixed  cryoglobuline-
mia, have been suggested as being useful in distinguishing between the 
two disorders.12,13

TABLE 160.1 THE HISTORY OF MIXED CRYOGLOBULINEMIA

Date Discovery

1933 Cryoprecipitable molecule in a case of multiple myeloma

1947 Cryoglobulins

1962 Mixed cryoglobulinemia

1964 Clinical picture of essential mixed cryoglobulinemia

1974 Classification of cryoglobulins

1977 Association with HBV antigenemia

1979-1980 Role of HBV infection in most cases of mixed 
cryoglobulinemia disproved

1990-1991 Association of HCV infection with mixed cryoglobulinemia

TABLE 160.2 EPIDEMIOLOGY OF MIXED CRYOGLOBULINEMIA

Peak age (years) 42-52

Sex distribution (F : M) 3 : 1

Geography Southern Europe

Genetic association Controversial

THE SPECTRUM OF CLINICAL MANIFESTATIONS
IN MIXED CRYOGLOBULINEMIA

Weakness RF1

LowC4

HCV markers

Low CH50

Anti - GOR

ASMA2

AMA3

ANA4

ENA5

Cryoglobulins

Arthralgias

Purpura

Liver involvement

Sensitive neuropathy

Lung involvement

Fever

Kidney involvement

Splenomegaly

Sicca syndrome

Motor neuropathy

Cytopenia

100

0

Clinical % Serological 
Manifestations

1 RF = Rheumatoid factor 
2 ASMA = Anti-smooth muscle antibodies 
3 AMA = Anti-mitochondrial antibodies 
4 ANA = Antinuclear antibodies 
5 ENA = Anti-extractable nuclear antigen antibodies 

Fig. 160.1  The spectrum of clinical manifestations in mixed cryoglobulinemia.
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suggesting peripheral neuropathy were present in over 90% of patients 
with  mixed  cryoglobulinemia,15  whereas  objective  manifestations  as 
well as sensory motor conduction velocity abnormalities were detected 
in  half  the  patients.  There  were  electrophysiologic  abnormalities  in 
82%. The finding of pure motor neuropathy is a rarer (about 5%) but, 
when present, disabling condition.

The nerve injury may have a number of underlying causes, includ-
ing  immunologically  mediated  demyelinization,  vasculitis,  or  occlu-
sion  of  the  vasa  nervorum  by  cryoglobulin  precipitation.  Histologic 
studies have shown inflammatory vessel damage with axonal degenera-
tion.  The  correlation  found  between  serum  cryoglobulin  levels  and 
various neurologic findings suggests  that an  immune complex–medi-
ated mechanism might be responsible for this nerve damage.2,10,16

Liver involvement
Liver involvement is present in more than two thirds of patients with 
mixed cryoglobulinemia and is predominantly revealed on biochemis-
try. Clinically, it is generally asymptomatic and the laboratory evidence 
of  cell  damage  is  usually  mild  or  absent.  However,  the  correlation 
between clinical  liver disease and histology  is  low, because  the  latter 
shows in all instances various degrees of periportal inflammation, with 
fibrosis,  architectural  derangement,  and  evidence  of  cirrhosis  in  one 
third of cases.2,4

Lymphoproliferative disorders
HCV infection, independent of concomitant mixed cryoglobulinemia, 
carries an increased risk of developing a lymphoma,17 but this risk is 
higher  in  patients  with  HCV-positive  mixed  cryoglobulinemia  syn-
drome.18  Some  of  these  appear  to  be  highly  responsive  to  antiviral 
therapy,  providing  clinical  evidence  for  a  pathogenetic  association. 
HCV-associated lymphomas represent a variety of histologic subtypes, 
most frequently non-Hodgkin B-cell lymphomas (B-NHL). HCV-posi-
tive individuals have a greater than 2-fold increased risk for B-NHL.17 
Mixed  cryoglobulinemia  is  thus  frequently  associated  with  a  benign 
lymphoproliferative  disorder,  taking  the  form  of  distinct  lymphoid 
infiltrates  with  B  cells  bearing  surface  monoclonal  rheumatoid  
factor (IgMκ) in the portal tracts, spleen, and bone marrow. This dis-
order, which is responsible for the monoclonal RF in type II cryoglobu-
lins,  can  evolve  in  5%  to  10%  of  patients  to  a  frank  non-Hodgkin  
B-cell lymphoma. The risk of developing lymphoma is about 35 times 
higher  in  patients  with  mixed  cryoglobulinemia  than  in  the  general 
population. Comparison of North American and European series show 
a clear-cut south-north gradient of prevalence (reflecting the prevalence 
of HCV infection), which suggests the intervention of further environ-
mental and/or genetic factors.19

Fig. 160.2  Patient with cryoglobulinemic purpura involving the lower limbs. 
The right limb is more involved than the left, because venous stasis favors the 
precipitation of cryoglobulins (the patient had venous insufficiency on the 
right side).

Fig. 160.3  In widespread cutaneous vasculitis the purpura involves limbs, 
abdomen, and chest. In this photograph the dorsum of a patient with diffuse 
purpura is shown.

Fig. 160.4  Skin ulceration is the final result of severe cutaneous vasculitis.
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involvement,  intestinal  vasculitis,  widespread  vasculitis,  and  type  of 
cryoglobulins are generally associated with poorer outcome.23

INVESTIGATIONS
The key laboratory parameters for the diagnosis of mixed cryoglobuli-
nemia, as specified in the GISC (Italian Study Group on Cryoglobuli-
nemia) diagnostic criteria24 (Table 160.5), are (1) cryoglobulins; (2) RF; 
(3) C4 and/or CH50; and (4) anti-HCV antibodies and HCV RNA in 
the patient’s sera.

The laboratory hallmark of mixed cryoglobulinemia is the presence 
of  type  II  or  type  III  cryoglobulins  with  RF  activity.  High  levels  of 
circulating immunocomplexes and low levels of complement (primarily 
via  activation  of  the  classical  pathway)  are  characteristic  findings  in 
MC.  Patients  with  mixed  cryoglobulinemia  may  have  a  monoclonal 
component in their serum, usually IgMκ; this reflects the presence of 
clones of  lymphoid  cells  in  the portal  tracts of  the  liver,  spleen,  and 
bone marrow. It has already been demonstrated that HCV participates 
in  the production of both cryoglobulins and  immune complexes and 
probably plays a major role in the pathogenesis of mixed cryoglobuli-
nemia. In particular, the demonstration of the concentration of HCV 
specifically in type II cryoglobulins and the presence of HCV RNA in 
serum and plasma samples2,7-11 point to the relevance of HCV in the 
pathogenesis of mixed cryoglobulinemia.

Detection of cryoglobulins
A  20-mL  blood  sample  should  be  stored  at  37°  C  until  completely 
coagulated, centrifuged at 37° C at 2500 rpm for 5 minutes, and then 
stored at 4° C for 1 week. A white precipitate in the bottom of the tube 
indicates the presence of cryoglobulins. When the tube is rewarmed to 
37° C, the precipitate will dissolve.

To  quantify  the  amount  of  cryoglobulins  present  in  the  serum 
sample a cryocrit should be performed. Briefly, the serum is centrifuged 
in a graduated tube at 4° C and 2500 rpm and the percentage of cryo-
globulins is calculated.

To characterize the cryoglobulins, a variety of immunologic methods 
can  be  used,  although  immunofixation  and  immunoblotting  are  the 
methods of choice for the typing of cryoglobulins and for the accurate 
assessment  of  clonality.  Combining  the  two  procedures  may  be  par-
ticularly helpful in determining the oligoclonality of each component 
of the complex.25

In  clinical  practice  it  is  possible  to  observe  a  sudden  decrease  or 
disappearance  of  serum  cryoglobulins  or  RF,  sometimes  associated 
with abnormally high levels of C4, as the presenting symptom of com-
plicating B-cell malignancy.20

Hyperviscosity syndrome
Although increased blood viscosity and reduced blood filtration can be 
demonstrated in a high percentage of patients with mixed cryoglobu-
linemia,  a  frank  hyperviscosity  syndrome  is  relatively  uncommon. 
Indeed, the trend toward an increase in blood viscosity is compensated 
for  by  a  parallel  decrease  in  the  hematocrit  in  patients  with  mixed 
cryoglobulinemia.21

Other manifestations
Other manifestations are dryness of eyes and mouth, bilateral parotid 
swelling, generalized lymphadenopathy, recurrent abdominal pain, and 
central  nervous  system  involvement.4  In  some  patients  with  acute 
abdomen, laparoscopy will disclose a vasculitis of the small mesenteric 
vessels. Lung  involvement has been  frequently observed,  particularly 
at the level of the small airways and the pulmonary interstitial spaces.22 
Possibly  related  to  immune  complex  deposition,  this  involvement  is 
generally mild.2,22

OUTCOME
Mortality
Patients with mixed cryoglobulinemia have higher mortality rates com-
pared  with  the  general  population.23,24  Table  160.3  shows  the  acute 
causes  of  death  in  patients  with  mixed  cryoglobulinemia,  the  most 
frequent being renal involvement and widespread vasculitis (most often 
involving the gastrointestinal tract). Other frequent causes of death are 
liver involvement and infections. In a significant number of cases, the 
causes of death remain unknown.23

No  comparison with  standardized  data  is  available  except  for  the 
study of Ferri and associates.24 In this study, survival curves were sig-
nificantly  lower when  compared with  the  general  Italian population. 
Table 160.4 shows the hazard ratio of clinical and epidemiologic vari-
ables according to this study.

On the whole, data on mortality in patients with mixed cryoglobu-
linemia give heterogeneous results, which might be explained by meth-
odological  differences,  such  as  the  differences  in  the  stages  of  the 
patients  recruited,  time  of  enrollment,  and  length  of  follow-up. 
However, a number of prognostic factors have been almost invariably 
associated with a higher mortality: in particular, increasing age, renal 

TABLE 160.3 ACUTE CAUSES OF DEATH IN MIXED CRYOGLOBULINEMIA

Mortality rate 16-66%

Acute cause of death %

Stroke 5-25%

Hepatocellular carcinoma 10-12%

Liver involvement 13-18%

Lymphoma 13-21%

Pulmonary involvement 10-21%

Renal involvement 21-33%

Gastrointestinal involvement 12.5%

Infection 25-26%

Vasculitis 13-31%

More than one cause 25-36%

Miscellaneous 25%

Unknown 18-43%

TABLE 160.5 GISC CLASSIFICATION CRITERIA

Six months’ duration of symptomatic cryoglobulinemia
plus

The presence of at least two of the following symptoms:
Purpura
Arthralgias
Weakness
Detection of high rheumatoid factor activity and/or low complement factor (C4)
Exclusion criteria: coexistence of autoimmune, lymphoproliferative, or other 
infectious disease except hepatitis C virus infection

TABLE 160.4 HAZARD RATIO OF CLINICAL AND EPIDEMIOLOGIC DATA 
CORRELATED TO MORTALITY

Factor Ratio

Age 1.086

Male sex 1.978

Renal involvement 2.967

Data from Ferri C, Sebastiani M, Giuggioli D, et al. Mixed cryoglobulinemia: demographic, 
clinical and serological features and survival in 231 patients. Semin Arthritis Rheum 
2004;6:355-374.



CH
A

PTER 160 
● Cryoglobulinem

ia

1613

anti-Ro/SSA and anti-La/SSB autoantibodies, and a milder expression 
of  lymphocytic  infiltrates  on  the  salivary  glands  in  HCV-positive 
patients  (Table  160.6).13,30,31  Recently,  the  new  diagnostic  criteria  for 
primary Sjögren’s syndrome have included HCV infection as an exclu-
sion criterion.32

ETIOPATHOGENESIS
Mixed cryoglobulinemia is a complex disorder with a broad spectrum 
of clinical manifestations representing an interaction between autoim-
mune  disorders,  immune  complex-mediated  disorders,  and  lympho-
proliferative processes. It is now clear that HCV plays a central role in 
the etiopathogenesis of mixed cryoglobulinemia: the immediate patho-
genesis arises either from autoantibody production through molecular 
mimicry (i.e., GOR, LKM1) or from the deposition of HCV-containing 
immune complexes in the vascular system and tissues. The immune 
complex  behavior  depends  on  many  variables.  The  antigen/antibody 
ratio, the action of RF that constantly modifies complement-mediated 
functions, and the heterogeneity of the immunocomplex types, some 
of which are cryoprecipitable, all influence the pathogenicity and pre-
cipitability of circulating immune complexes.2,10,19 By contrast, vascu-
litic  lesions  are  not  identical  in  different  organs  as  far  as  their 
pathogenetic  mechanisms  are  concerned.  Whereas  palpable  purpura 
results  from  the  deposition  of  complexes  of  HCV,  IgM-RF,  IgG,  and 
complement components, which are all easily detectable in cutaneous 
vasculitis, HCV-related proteins are,  respectively,  less often  found  in 
the kidney and, as well, have never been demonstrated  in peripheral 
neuropathy.  In  particular,  in  the  pathogenesis  of  cryoglobulinemic 
renal involvement it has been shown that the IgMκ RF component of 
type II cryoglobulins plays a pivotal role by binding with high affinity 
to  fibronectin,  a  multifunctional  glycoprotein  of  the  glomerular 
matrix.33,34

Detection of rheumatoid factor
Rheumatoid factor may be detected either by means of a latex fixation 
test or  laser nephelometry,26 although the first one  is generally more 
commonly used.

Detection of C3 and C4
Antigenic analysis of complement proteins makes use of several tests, 
such as electrophoresis, immunofixation, immunoelectrophoresis, and 
nephelometric quantification. At present, laser nephelometric analysis 
is the most commonly employed technique.

The CH50 titer is the reciprocal of the dilution of the patient’s sera, 
yielding  50%  lysis  of  sheep  erythrocytes  sensitized  with  an  optimal 
amount  of  rabbit  anti-Forssman  antibody.  Immune  hemolysis  is  the 
result of a complex series of reactions that occur on the cell surface. 
Photometric  measurements  indicate  the  proportion  of  cells  lysed  by 
this series of reactions.27

Detection of HCV
Anti-HCV antibodies can be detected in the sera of cryoglobulinemia 
patients  by  means  of  commonly  employed  third-generation  enzyme-
linked immunosorbent or immunoblotting methods. The presence of 
HCV  antigens  and  HCV  genotypes  should  be  detected  using  
polymerase  chain  reaction  tests  or,  alternatively,  using  “branched 
DNA” amplifiers.28

DIFFERENTIAL DIAGNOSIS
Systemic vasculitides
HCV infection may be associated with different types of systemic vas-
culitides. Polyarteritis nodosa (PAN), although most frequently associ-
ated with hepatitis B  infection,  can  in  a  limited number of  cases be 
associated with HCV. However,  because  the prevalence of  this  infec-
tion  among  PAN  patients  is  low  (5%-10%),  the  significance  of  the 
association  is unclear. Moreover,  in a small number of patients with 
PAN, cryoglobulins are also detectable and this makes the differential 
diagnosis  with  mixed  cryoglobulinemia  even  more  difficult.  Patients 
with PAN present more often with life-threatening systemic vasculitis, 
malignant  hypertension,  cerebral  angiitis,  and  ischemic  abdominal 
pain compared with patients with mixed cryoglobulinemia. Moreover, 
kidney and liver microaneurysms involving the medium-sized vessels 
are a hallmark of PAN, compared with the small vessel  involvement 
in  mixed  cryoglobulinemia.  Finally,  peripheral  nerve  involvement 
almost always takes the form of a severe multifocal sensorimotor neu-
ropathy  in  PAN,  compared  with  the  more  frequent  distal  moderate 
sensory neuropathy of mixed cryoglobulinemia.28

Leukocytoclastic  vasculitis  has  been  claimed  to  be  associated  
with  HCV  infection.  Whether  this  condition  is  a  separate  entity  
or represents an incomplete form of cryoglobulinemia is an unresolved 
issue.  However,  the  presence  of  HCV  infection  in  a  patient  affected  
by  leukocytoclastic  vasculitis  makes  the  search  for  cryoglobulins 
mandatory.29

Sjögren’s syndrome
Mixed  cryoglobulinemia  and  Sjögren’s  syndrome  share  a  number  of 
clinical  and  serologic  features  (see  Table  160.5).  The  prevalence  of 
HCV infection among European patients with primary Sjögren’s syn-
drome ranges from 5% to 19%. A small number of patients with mixed 
cryoglobulinemia have anti-Ro/SSA and anti-La/SSB antibodies. There-
fore, at least in some instances, a true overlap between the two condi-
tions  may  exist.  In  the  other  cases,  differentiating  between  the  two 
disorders  can  be  unusually  difficult.  Moreover,  it  should  be  stressed 
that HCV is a sialotropic virus and can cause a true Sjögren’s syndrome 
secondary to the infection, even in the absence of cryoglobulins. Dis-
tinguishing  features  between  the  primary  disorder  and  HCV-related 
Sjögren’s syndrome might include a lower prevalence of symptoms of 
dryness, a significant increase in the prevalence of liver involvement, 
cryoglobulinemia,  and  hypocomplementemia,  a  lower  prevalence  of 

TABLE 160.6 COMPARISON OF THE DEMOGRAPHIC, CLINICAL, AND 
LABORATORY FEATURES OF PRIMARY SJÖGREN’S SYNDROME (SS)  

AND MIXED CRYOGLOBULINEMIA (MC)

Primary SS MC

Sex ratio (M : F) 1 : 10 1 : 3

Keratoconjunctivitis sicca +++ +

Xerostomia +++ +

Arthralgia ++ ++

Raynaud’s phenomenon + +

Renal involvement Interstitial Glomerular

Lung interstitial involvement + ++

Liver involvement + +++

Purpura + ++

Peripheral neuropathy + +

Lymphoproliferative disorder + +

Antinuclear antibodies +++ +

Anti-Ro/La antibodies ++ −

Rheumatoid factor +++ +++

Hypergammaglobulinemia +++ +++

Reduced C4 level + +++

Circulating immune complexes ++ ++

Cryoglobulins + +++

Monoclonal gammopathy + ++

HLA association ++ −

HLA, Human leukocyte antigen.
Data from Chevaliez S, Pawlotsky JM. Hepatitis C: Virology, diagnosis and management of 
antiviral therapy. World J Gastroenterol 2007;13:2461-2464.



SE
C

TI
O

N
 1

1 
●

 T
H

E 
VA

SC
U

LI
TI

D
ES

1614

The discovery of the association with HCV infection has raised great 
expectancy  of  a  role  for  antiviral  medications.  Hypothetically,  there-
fore, eradication of the virus would lead to cure of the disease, and to 
this  end  there  have  been  a  number  of  clinical  trials.  The  most  fre-
quently studied molecule since the 1990s has been interferon alfa, but 
results have been controversial. Thus, there are reports of relapses after 
the  cessation  of  therapy  in  parallel  with  an  increase  in  viral  RNA. 
Moreover, despite complete viral eradication, an increasing number of 
cases have been reported with relapses of the disease or, alternatively, 
of  worsening  or  new  onset  of  some  manifestations  (e.g.,  peripheral 
neuropathy,  skin ulcers) during antiviral  treatment.11,19  Success  rates 
might be improved by modification of the frequency or adjustment of 
the dose or, alternatively,  the administration of  combination  therapy 
could be tried.1 Several studies indicate that interferon-ribavirin com-
bination therapy may have beneficial effects in patients with sympto-
matic  cryoglobulinemia  who  are  unresponsive  to  interferon  and,  in 
particular,  in  those  with  liver  disease.  Recently  the  use  of  Peg-inter-
feron,  with  or  without  ribavirin,  has  been  suggested.  In  summary, 
because  HCV  is  the  triggering  factor  in  the  majority  of  cases,  viral 
eradication  should  be  attempted,  although  such  antiviral  treatment 
sometimes has limited efficacy on certain clinical manifestations and 
alternative strategies are needed in these cases.

The presence of a chronic infection poses the question as to whether 
immunosuppression  might  be  contraindicated  in  these  patients. 
However,  the  use  of  aggressive  chemotherapy  treatments  in  the  era 
preceding  HCV  discovery  has  not  been  associated  with  significant  
liver toxicities, and standard chemotherapy during HCV-related  lym-
phoma caused an unexpected low rate of severe  liver damage.35 Data 
on liver transplant suggest that it is advisable to spare or avoid corti-
costeroids and to prefer selected immunosuppressives  (e.g., cyclospo-
rine, azathioprine, or mycophenolate mofetil) for a favorable profile on 
HCV infection.36 Experience  in HCV-positive RA, although there are 
no  controlled  studies,  suggests  that  an  immunosuppressive  therapy, 
including methotrexate, is not detrimental for the progression of liver 
damage. On  the  other hand, medications  regarded  as  relatively  safe, 
such as antimalarial agents, could bring unexpected high rates of liver 
toxicity.37

Non-steroidal  anti-inflammatory  drugs  can  help  to  relieve  symp-
toms for patients with non-erosive polyarthritis or in whom arthralgia 
predominates. Medium to low doses of corticosteroids (0.1-0.3 mg/kg/
day) are usually sufficient to control most of the minor symptoms of 
mixed  cryoglobulinemia,  such  as  purpura,  arthralgias,  arthritis,  and 
weakness. Larger doses (0.5-1.5 mg/kg/day) are necessary for the man-
agement of renal involvement, peripheral neuropathy, and serositis.

A  low  antigenic  diet  has  been  proposed  as  a  potentially  effective 
supportive measure  for  the management of mixed  cryoglobulinemia. 
This diet is based on the hypothesis that the immune complex clear-
ance  competes  with  other  inputs  to  the  mononuclear  phagocytic 
system.  Under  normal  conditions  these  inputs  consist  primarily  of 
blood-borne  constituents  and  high-molecular-weight  exogenous  sub-
stances that cross the mucosal barrier of the gut and enter the circula-
tion  through  the  lymph and portal  vein. A  low antigen  content  diet 
that  reduces  the  levels  of  these  components  could  help  to  restore  a 
saturated  mononuclear  phagocytic  system,  freeing  it  to  remove  the 
immune  complexes.  A  short-term  placebo-controlled  study  demon-
strated a beneficial effect in patients with mixed cryoglobulinemia in 
terms of both clinical and  laboratory parameters. However, owing  to 
the  difficulties  in  maintaining  this  diet,  long-term  studies  have  not 
been conducted and thus long-term effects are uncertain.

Aggressive therapies, such as plasma exchange, are to be used exclu-
sively  in  cases  of  life-threatening  or  disabling  conditions.  Plasma 
exchange,  with  or  without  immunosuppressive  drugs,  has  been  suc-
cessfully  employed  to  treat  rapidly  progressive  glomerulonephritis, 
motor  neuropathy,  and  hyperviscosity  syndrome.  Double-filtration 
plasmapheresis seems to be as effective as conventional apheresis but 
reduces the need for the substitution of proteins and fluids.38

Selective B-cell blockade with anti CD-20 (Mabthera) has been sug-
gested as a potential disease-modifying therapy in mixed cryoglobuli-
nemia  and  represents  a  safe  and  effective  alternative  to  standard 
immunosuppressive therapy.39  Indeed, recently, a protocol combining 
antiviral  treatment  with  Peg-interferon  and  anti-CD20  has  been 
proposed.40

HCV,  similarly  to  other  RNA  viruses,  is  characterized  by  a  high 
degree of genetic heterogeneity and may occur either spontaneously or 
as  a  result  of host  immune pressure. Mutation of  the HCV genome 
during  replication  in  a  single  infected  individual  results  in  a  quasi-
species genotype distribution with a master sequence and a large series 
of  related  variants,  and  the  accumulation  of  mutations  during  the 
evolution of the virus has led to the emergence of several viral geno-
types.2 The mutation of HCV during replication favors the escape from 
the  immune  system  and  the  persistence  of  the  virus  in  the  host. 
Chronic HCV infection represents, in turn, a chronic stimulus for the 
immune system and is one of the main pathogenetic steps for mixed 
cryoglobulinemia.

The mechanism leading to the formation of autoantibodies during 
HCV infection remains obscure. The interaction between HCV and B 
lymphocytes is mediated by a tetraspanin (CD81) expressed mainly on 
B lymphocytes, as well on hepatocytes that is thought to behave as a 
receptor for the HCV envelope protein. The engagement of HCV with 
CD81 lowers the B-cell threshold for polyclonal activation, which leads 
to the  formation of autoantibodies and cryoglobulins; however, other 
factors  must  also  be  involved  because  a  large  proportion  of  patients 
with autoantibodies do not have cryoglobulins. A different mechanism, 
involving intracellular B-lymphocyte infection by HCV seems to under-
lie HCV-associated monoclonal gammopathy and non–Hodgkin B-cell 
lymphoma.19

A number of studies have shown that  the B-cell clonal expansion 
typical of mixed cryoglobulinemia is associated with bcl2/JH rearrange-
ment. In this regard, several studies highlighted the elevated frequency 
of T 14/18 translocation in subjects affected by HCV infection. This 
translocation  was  consistently  more  evident  in  patients  with  mixed 
cryoglobulinemia,  with  consequent  overexpression  of  Bcl-2  anti- 
apoptotic protein in B cells and altered bcl2/bax balance.1

The  possible  etiopathogenesis  of  mixed  cryoglobulinemia  may  be 
summarized as follows. Among the different possible noxious agents, 
HCV either alone or in combination with other still unknown factors 
plays an important role. Autoimmunity may be a virus-triggered epi-
phenomenon  perpetuated  by  a  variety  of  factors,  including  genetic 
susceptibility,  environmental  factors, and host and viral  factors  (e.g., 
genotype,  superinfection  with  unrelated  strains,  escape  from  the 
immunological system). The viral persistence represents a continuous 
challenge  for  the  host,  and  the  chronic  stimulation  of  the  immune 
system  on  the  one  hand  triggers  the  appearance  of  autoantibodies 
through molecular mimicry or other unidentified mechanisms and, on 
the other hand, favors the emergence of clones protected against apop-
tosis, possibly maintaining in this way the pathway of autoimmunity 
through a vicious circle.2,10,13 The vascular deposition of immunocom-
plexes  composed  of  cryoglobulins,  with  the  involvement  of  viral 
markers and autoantigens, is responsible for the organ damage observed 
in mixed cryoglobulinemia and in the vasculitis associated with HCV 
infection.  HCV  imposes  a  chronic  stimulus  on  the  immune  system 
and infects blood mononuclear cells. Monoclonal or polyclonal B-cell 
expansion is the most important consequence of this process. Autoan-
tibody production is another result. The activation of oncogenes leads 
to the emergence of clones protected against apoptosis. This, as previ-
ously mentioned, possibly favors the persistence of autoreactive clones 
and the promotion of lymphoproliferative disorders.2,10,11,19,34

MANAGEMENT
The  spectrum  of  disease  manifestations  is  characterized  by  a  broad 
polymorphism, and the clinical picture may vary from very mild symp-
toms  (e.g.,  weakness  and  arthralgias)  to  life-threatening  conditions 
(including  rapidly  progressive  glomerulonephritis).  Furthermore,  the 
clinical course is characterized by alternating periods of remission and 
exacerbation. Serologic parameters, however, cannot be used as guides 
to  therapy  because  none  of  these  correlates  with  clinical  activity  or 
disease severity. Therefore, no single treatment schedule can be estab-
lished for this complex multisystem disease, and management is gener-
ally  aimed  at  controlling  the  key  symptom,  chiefly  the  extent  and 
severity of organ involvement. Moreover, given the lack of robust trial 
evidence, the choice of treatment chosen is often based on the results 
of uncontrolled studies or experience gained during clinical practice at 
single tertiary care centers.
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3.	 Exclusion	of	systemic	inflammation,	vasculitis,	or	infection
4.	 Leptomeningeal/parenchymal	 biopsy	 demonstrating	 vascular	

inflammation	and	exclusion	of	alternate	diagnoses

PACNS	 remains	 a	 diagnostic	 challenge.	 The	 clinical	 syndrome	 is	
rare,	with	poorly	defined	risk	factors	and	varied	clinical	symptoms	that	
may	 be	 identical	 to	 those	 produced	 by	 infection,	 occlusive	 vascular	
disease,	and	malignancy.	The	CSF	and	brain	MRI	findings	support	the	
diagnosis	 of	 PACNS,	 but	 neither	 laboratory	 tests	 nor	 neuroimaging	
findings	allow	a	definite	diagnosis.

CLINICAL SYNDROMES OF  
CEREBRAL VASCULITIS
When	vasculitis	is	clinically	and	pathologically	restricted	to	the	CNS,	
it	 is	 referred	 to	as	primary	CNS	vasculitis	or	primary	angiitis	of	 the	
CNS	(PACNS)	and	secondary	when	associated	with	various	other	dis-
orders	(Table	161.1).	PACNS	is	recognized	as	an	inflammatory	granu-
lomatous	disorder	of	the	small	and	medium	blood	vessels	of	the	arterial	
and	 the	venous	 system	 (angiitis)	 of	 the	brain	or	 the	 spinal	 cord	 and	
does	not	 involve	blood	vessels	or	organs	beyond	the	CNS.	The	CNS	
may	also	be	involved	in	widespread	systemic	vasculitis,	usually	Behçet	
disease,	polyarteritis	nodosa,	or	ANCA-associated	granulomatous	vas-
culitis;	systemic	lupus	erythematosus	and	other	connective	tissue	dis-
eases;	 HIV	 and	 cutaneous	 herpes	 zoster	 infections;	 illicit	 drug	 use;	
lymphoma;	amyloid	angiopathy;	and	graft-versus-host	disease.

PRIMARY CNS VASCULITIS
Clinical features
The	epidemiology	of	PACNS	is	poorly	understood,	occurring	predomi-
nantly	in	men	in	the	fourth	and	fifth	decades;	however,	it	may	involve	
patients	 of	 all	 ages	 ranging	 from	 children	 to	 the	 elderly.	 PACNS	 in	
children	is	not	addressed	in	this	chapter.	Most	of	the	case	reports	and	
clinical	series	of	PACNS	have	described	the	presentation	to	be	progres-
sive,	 cumulative,	 and	 associated	with	multifocal	 neurologic	 dysfunc-
tion.8,9	At	times,	the	mode	of	onset	is	acute	or	subacute.

The	 typical	 presentation	 is	 of	 non-focal	 symptoms	 such	 as	 head-
ache,	 intermittent	 confusion,	 and	 focal	 neurologic	 symptoms	 with	
hemiparesis.	Ataxia	of	limbs	or	gait,	focal	cortical	dysfunction	includ-
ing	 aphasia,	 and	 seizures	 are	 frequent.	 Virtually	 every	 neurologic	
symptom	 has	 been	 reported	 at	 least	 once.	 Non-specific	 visual	 com-
plaints	occur	in	approximately	15%	of	patients,	but	disorders	of	specific	
ocular	motor	nerves,	the	optic	nerve,	or	visual	field	defects	are	much	
less	common.	Systemic	symptoms	are	generally	absent.

Stroke	occurs	in	approximately	15%	of	patients	at	one	point	of	time	
of	illness	and	is	mainly	of	intracerebral	hemorrhage.8	The	disease	rarely	
causes	ischemic	strokes	or	transient	attacks	with	absence	of	widespread	
inflammation,	 verified	 by	 CSF	 studies	 (pleocytosis).	 The	 occasional	
patient	 may	 present	 with	 a	 multiple	 sclerosis–like	 course	 of	 early	
relapses	 and	 partial	 remissions	 involving	 the	 spinal	 cord	 or	
cerebellum.10

Although	there	are	no	specific	cognitive	domain	abnormalities	asso-
ciated	with	PACNS,	standard	neuropsychological	tests	by	experienced	
neuropsychologists	may	be	administered	to	examine	mood	and	cogni-
tive	 dysfunction	 and	 assess	 the	 extent	 of	 cognitive	 damage	 seen	 in	
PACNS	patients.

Primary angiitis of the central 
nervous system
Jamal A. Mikdashi

 Primary angiitis of the central nervous system (PACNS) is a rare 
syndrome characterized by inflammatory cell infiltration and 
necrosis of the small- and medium-sized blood vessel wall of the 
brain parenchyma, spinal cord, and the leptomeninges.

 Headache, seizure, and cognitive impairment are the predominant 
symptoms, although various multifocal or diffuse neurologic 
symptoms, including ischemic strokes or hemorrhage, with 
remitting or progressive course may be present.

 The diagnosis is confirmed by either brain biopsy or cerebral 
angiography. Angiographic changes indicating an irregular course 
of vessels with characteristic segmental narrowing can be 
observed, but the angiogram is normal at times and may not 
predict pathologic findings. The cerebrospinal fluid (CSF) and 
magnetic resonance imaging (MRI) findings support the diagnosis 
of PACNS.

HISTORY
The	first	report	of	cerebral	vasculitis	was	described	in	1922	by	Harbitz	
as	an	unusual	type	of	arteritis	associated	with	multinucleated	giant	cell	
arteritis	of	the	small	meninges	and	the	cerebrum.1	Other	documented	
cases	of	cerebral	vasculitis	were	described	in	association	with	polyar-
teritis	nodosa,	uncertain	cases	of	thromboendarteritis	obliterans,	and	
arterial	 infection	 of	 the	 central	 nervous	 system	 (CNS)	 by	 syphilis,	
tuberculosis,	or	pyogenic	leptomeningitis.	In	the	description	of	cases	by	
Newman	and	Wolf	in	1952,2	and	later	by	Cravioto	and	Fegin	in	1959,3	
non-infectious	granulomatous	angiitis	was	described	with	predilection	
to	the	nervous	system.	In	1966,	Hughes	and	Brownell	described	a	pro-
gressive	 fatal	 form	 of	 vasculitis	 that	 is	 limited	 to	 the	 CNS	 and	 was	
named	primary	angiitis	of	the	CNS	of	unknown	etiology.4

CASE DEFINITION AND CRITERIA
Problems	 with	 nomenclature	 and	 case	 definitions	 (isolated,	 primary,	
granulomatous	 angiitis)	 have	 evolved	 since	 the	 early	 description	 of	
cerebral	 vasculitis.	 There	 were	 difficulties	 in	 separating	 polyarteritis	
and	syphilitic	endarteritis	because	of	the	occasional	findings	of	vascular	
necrosis,	giant	cells,	and	epithelioid	cells	in	these	disorders.	The	granu-
lomatous	formation	may	also	occur	in	association	with	varicella-zoster	
virus	 (VZV)	 infection,	 lymphoma,	 sarcoidosis,	 giant	 cell	 arteritis,	
amyloid	angiopathy,	and	human	immunodeficiency	virus	(HIV)	infec-
tion.	In	addition,	the	heterogeneity	of	the	clinical	syndromes	and	their	
clinical	presentation	based	on	their	predilection	for	vessels	of	varying	
sizes,	from	small	leptomeningeal	to	large	cerebral	vessels,	and	the	lack	
of	accurate	and	sensitive	diagnostic	tests	has	made	the	categorization	
of	these	disorders	uncertain.

There	 is	 no	 valid	 classification	 for	 the	 diagnosis	 of	 PACNS.	 The	
following	diagnostic	criteria	for	the	diagnosis	of	PACNS5-7	include:

1.	 Clinical	pattern	of	headaches	and	multifocal	neurologic	deficits	
that	may	remit	or	present	for	at	least	6	months,	unless	the	defi-
cits	are	severe	at	onset	or	rapidly	progressive

2.	 Cerebral	angiography	demonstrating	segmental	arterial	narrow-
ing	and	vessel	occlusion
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limited	brain	tissue	obtained	from	patients	has	limited	the	progress	in	
this	 complex	 syndrome.	 Understanding	 the	 role	 of	 triggering	 factors	
such	 as	 infections	 and	 drugs	 may	 help	 identify	 specific	 clues	 that	
mediate	neuroinflammation	in	PACNS.

Pathology
The	 characteristic	 pathologic	 findings	 include	 multiple	 small	 foci	 of	
infarction	and	hemorrhage	with	segmental	necrotizing	granulomatous	
inflammation	of	small	and	medium	leptomeningeal	and	cortical	arter-
ies	with	Langhans	or	foreign-body	giant	cells,	necrotizing	vasculitis,	or	
lymphocytic	vasculitis.7,14,15	Amyloid	deposition	is	reported.	A	mixture	
of	epithelioid	cells,	plasma	cells,	macrophages,	scattered	granulomas,	
and	giant	cells	 is	often	present	 (Fig.	161.1).	Acute	 lesions	 frequently	
coexist	with	healing	or	healed	lesions.	Fibrinoid	necrosis	and	eosino-
philic	infiltration	may	occur.	Although	present	in	most	autopsy	cases,	
giant	 cells	 are	 not	 required	 to	 make	 a	 diagnosis	 of	 PACNS.	 The	
inflamed	vessels	may	become	narrowed,	occluded,	and	thrombosed	and	
are	associated	with	tissue	ischemia	and	necrosis	of	the	regions	of	the	
involved	vessels	(Fig.	161.2).	Veins	are	also	affected.	Rupture	of	dilated	
arteries	with	aneurysmal	formation	may	lead	to	intracerebral	or	sub-
arachnoid	hemorrhage.

Laboratory investigations
There	 are	 no	 laboratory	 data	 that	 are	 specific	 for	 PACNS.	 General	
medical	laboratory	data	are	unremarkable,	including	acute-phase	reac-
tants	 such	 as	 erythrocyte	 sedimentation	 rate	 or	 C-reactive	 protein.	
Inflammatory	 markers	 of	 systemic	 vasculitis	 such	 as	 antineutrophil	
cytoplasmic	antibodies	(ANCAs)	may	be	encountered	and	may	indicate	
systemic	 vasculitis	 with	 CNS	 disease.	 Examination	 of	 the	 CSF	 is	
essential,	given	that	it	is	abnormal	in	most	of	the	documented	autopsy	
cases	of	PACNS.7,16	The	characteristic	findings	of	the	CSF	in	PACNS,	
although	nonspecific,	are	those	of	aseptic	and	chronic	meningitis,	with	
mild	lymphocytic	pleocytosis	and	mild	to	moderate	protein	elevation.	
Eosinophilic	 pleocytosis	 is	 rarely	 seen.	 The	 presence	 of	 oligoclonal	

Spinal	 cord	 involvement	 is	 uncommon	 in	 PACNS.11	 Spinal	 cord	
involvement	 may	 occur	 before	 cerebral	 symptoms	 and	 may	 coincide	
with	 cortical	 involvement	but	may	present	 as	 an	 isolated	neurologic	
syndrome	of	inflammatory	myelopathy.	Progressive	paraparesis,	acute	
transverse	 myelitis,	 and	 subdural	 hemorrhage	 secondary	 to	 multiple	
microaneurysms	is	reported.	Most	of	reported	cases	are	diagnosed	post	
mortem	and	are	associated	with	granulomatous	histopathology.	MRI	
of	the	spinal	cord	may	reveal	enhanced	lesions	over	the	thoracic	and	
lumbar	regions	and	the	conus.	Spinal	cord	involvement	with	PACNS	
features	 has	 also	 been	 reported	 in	 patients	 with	 Hodgkin	 disease,	
Behçet	 syndrome,	 systemic	 lupus	 erythematosus,	 and	 sarcoidosis.	
Thorough	evaluation	of	the	spinal	cord	is	recommended	in	all	patients	
with	PACNS.

A	tumor-like	mass	 lesion	has	been	recognized	 in	PACNS.12,13	The	
clinical	presentation	includes	headache,	focal	and	non-focal	neurologic	
syndromes,	and	seizure.	The	mass	lesions	are	identified	on	brain	MRI,	
and	most	 patients	have	 abnormal	findings	 on	CSF	 studies.	Cerebral	
angiography	is	indicative	of	mass	effect	and	not	of	cerebral	vasculitis.	
Excision	biopsy	is	required	for	the	diagnosis.	The	histopathologic	find-
ings	of	 the	mass	 lesion	are	described	 as	 granulomas,	 granulomatous	
angiitis,	 lymphocytic	 angiitis,	 and	amyloid-related	angiitis.	Although	
excision	of	 the	mass	 lesion	may	be	curative,	aggressive	 immunosup-
pressive	therapy	is	associated	with	a	favorable	outcome.

Pathogenesis
Despite	the	advances	in	cellular	and	molecular	immunology	and	genet-
ics	 in	 the	understanding	of	 cerebral	blood	vessel	damage,	 the	patho-
genic	mechanism	of	PACNS	remains	unknown.	There	is	little	support	
for	an	immune	complex	process.	The	infiltrating	cells	have	been	CD4+	
T	 lymphocytes	 in	 the	 few	 cases	 in	which	 leukocyte	 typing	has	 been	
done.14	The	role	of	innate	immune	cells,	including	monocytes,	macro-
phages,	and	dendritic	cells,	in	the	CNS	vascular	wall	inflammation	of	
patients	 with	 PACNS	 is	 not	 yet	 clear.	 The	 rarity	 of	 PACNS	 and	 the	

TABLE 161.1 CLINICAL SYNDROMES OF CEREBRAL VASCULITIS

Primary CNS vasculitis/primary angiitis of the nervous system
Granulomatous angiitis of the CNS
Secondary CNS vasculitis
Systemic vasculitis
Behçet disease
Necrotizing arteritis of the polyarteritis type
Systemic granulomatous vasculitis/antineutrophil cytoplasmic antibody—

associated vasculitis
Giant cell arteritis
Hypersensitivity vasculitis and cryoglobulinemic vasculitis
Connective tissue diseases
Systemic lupus erythematosus
Sjögren syndrome
Rheumatoid arthritis
Mixed connective tissue disease/overlap syndrome
Scleroderma
Sarcoidosis
Infection-associated cerebral vasculitis
Virus (varicella-zoster virus, West Nile virus, cytomegalovirus, hepatitis B and C 

viruses)
Retroviral infection/HIV-1
Spirochete (Treponema pallidum, Borrelia burgdorferi)
Fungi (Aspergillus, Coccidioides, Histoplasma)
Bartonella
Rickettsia
Bacterial meningitis
Mycoplasma
Mycobacterium tuberculosis
Protozoal (amebiasis, cysticercosis)
Cerebral vasculitis associated with amyloidosis
Amyloid angiitis
Cerebral vasculitis associated with paraneoplastic disorders
Paraneoplastic angiitis

Fig. 161.1 Pathology of the brain in PACNS. A section of the neocortex, white 
matter, and leptomeninges demonstrates vascular inflammatory infiltrates that 
are largely mononuclear with some epithelioid histiocytes. The cerebral 
parenchymal tissue shows reactive astrocytosis with endothelial hyperplasia. 
The findings of granulomatous inflammation within the small arteries and 
arterioles are compatible with PACNS.
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histopathologically	documented	PACNS	have	an	entirely	normal	angi-
ography	or	non-specific	vascular	findings.19

Biopsy findings
Brain	 and	 leptomeningeal	 biopsy	 remains	 the	 gold	 standard	 for	 the	
diagnosis	of	PACNS.	The	procedure	of	 choice	 is	open-wedged	biopsy	
of	the	tip	of	the	non-dominant	temporal	or	frontal	lobe	with	excision	
of	1	cm3	of	the	overlying	leptomeninges	and	gray	and	white	matter	of	
underlying	cortex.	Directing	 the	biopsy	 in	an	area	of	 leptomeningeal	
enhancement	or	a	focal	or	mass	lesion	when	present	may	increase	the	
diagnostic	yield.	False-negative	biopsy	findings	occur	in	up	to	25%	of	
autopsy	cases	because	of	focal	lesions	and	sampling	errors.20

bands	 with	 elevated	 IgG	 index	 is	 reported.	 The	 major	 role	 of	 CSF	
examination	 is	 to	 exclude	 infections	 and	 malignancy	 infiltration.	
Abnormal	CSF	studies	are	an	indication	for	angiography	studies.

Brain imaging
There	are	no	typical	electroencephalographic	or	computed	tomographic	
(CT)	findings	 in	PACNS.	Brain	MRI	 is	more	 sensitive	 than	CT,	 but	
both	methods	 lack	specificity	 in	histopathologically	 confirmed	cases.	
The	most	common	MRI	findings	include	multiple	and	often	bilateral	
infarcts	 of	 various	 ages	 in	 more	 than	 one	 vascular	 territory,	 mural	
thickening,	 hemorrhages,	 leukoencephalopathy,	 and	 gadolinium-
enhanced	meninges	in	the	cortex,	deep	white	matter,	or	leptomeninges	
and	are	thought	to	be	suggestive	of	a	vascular	inflammatory	disease.17	
A	single	tumor-like	lesion	or	isolated	myelopathies	are	also	described	
on	 MRI.	 Brain	 MRI	 is	 almost	 always	 abnormal	 in	 PACNS	 but		
lacks	 specificity	 in	 distinguishing	 vascular	 from	 parenchymal	
inflammation.

Magnetic	resonance	angiography	(MRA)	and	functional	imaging	of	
the	 brain	 provide	 complementary	 findings	 to	 the	 conventional	 MRI.	
MRA	is	the	principal	modality	for	the	investigation	of	patients	believed	
to	have	intracranial	stenosis,	but	only	in	large	brain	arteries	that	can	
be	imaged	with	a	high	diagnostic	accuracy,	and	is	generally	of	little	use	
in	small-vessel	PACNS	disease.	Intra-arterial	digital	subtraction	angi-
ography	remains	an	 important	 tool	 for	 the	 investigation	of	medium-	
and	 small-artery	 stenosis	 in	 the	 brain.	 Abnormal	 diffuse	 and	 focal	
perfusion	patterns	seen	on	single-photon	emission	computed	tomog-
raphy	 (SPECT)	or	 18F-fluorodeoxyglucose	positron	emission	tomogra-
phy	(FDG-PET)	do	not	always	correlate	with	neurologic	symptoms	or	
distinguish	vasculitis	from	non-vasculitic	vasculopathy.

Currently,	 cerebral	 angiography	 demonstrating	 bilateral	 large-	 or	
small-vessel	changes	consistent	with	angiitis	is	frequently	used	as	the	
basis	for	establishing	the	diagnosis	of	PACNS.	The	“typical”	findings	
of	 cerebral	 vasculitis	 on	 four-vessel	 catheter	 angiography	 are	 wide-
spread	segmental	changes	of	large,	intermediate,	and	small	arteries	of	
several	 territories	 of	 the	 cerebral	 circulation,	 aneurysmal	 dilatation,	
vessel	 irregularities,	 and	 multiple	 occlusions	 with	 sharp	 cutoffs	 (Fig.	
161.3).	Occlusion	of	 large	 cerebral	 vessels	 is	 rare	 (Fig.	 161.4).	 Small	
aneurysms,	usually	on	the	vessel	more	distal	than	those	bearing	con-
genital	 saccular	 aneurysms,	 are	 occasionally	 present	 but	 cannot	 be	
distinguished	from	aneurysms	complicating	atrial	myxoma	or	infective	
endocarditis.

The	“typical”	angiographic	features	of	cerebral	vasculitis	are	of	low	
sensitivity	 and	 specificity.	 Such	 features	 are	 found	 in	 approximately	
one	 third	of	patients	with	histopathologically	confirmed	PACNS	and	
may	be	seen	in	patients	with	CNS	infection,	atherosclerosis,	cerebral	
embolism,	 and	 vasospasm	 of	 diverse	 causes.18	 Many	 patients	 with	

a b

Fig. 161.2 Foreign-body giant cells in PACNS. (a and b) Granulomatous inflammation is seen in association with foreign material in the brain leptomeninges.

Fig. 161.3 Cerebral angiography of PACNS. Diffuse irregularity and severe 
multifocal narrowing in the distribution of large, intermediate, and small 
arteries. Typical PACNS features include beading, segmental narrowing, and 
dilatation (arrow), aneurysmal dilatation, circumferential or eccentric vessel 
irregularities, and multiple occlusions with sharp cutoffs.
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secondary	to	thrombotic	microangiopathy	rather	than	active	vasculitis	
causing	occlusion.22

Neurologic	 involvement	 occurs	 in	 approximately	 one	 third	 of	
patients	with	ANCA-associated	vasculitis,	including	ANCA-associated	
granulomatous	vasculitis,	microscopic	polyangiitis	(MPA),	and	Churg-
Strauss	 syndrome/allergic	 granulomatosis	 and	 angiitis	 (CSS),	 with	
mononeuritis	 multiplex	 and	 cranial	 neuropathies	 being	 the	 most	
common	manifestations.	These	complications	may	result	 from	com-
pression	or	infarction	due	to	granulomatous	invasion	or	be	a	result	of	
focal	vasculitis.23

The	CNS	may	be	 involved	 in	2%	 to	8%	of	 patients	with	ANCA-
associated	granulomatous	vasculitis,	and	confirmed	vasculitis	of	CNS	
on	neuroimaging	is	rare.	Strokes	and	seizures	due	to	cerebral	vasculitis	
are	frequent,	followed	by	headache,	confusion,	or	transient	neurologic	
events,	such	as	paresis	and	blackouts	or	visual	 loss.	Pachymeningitis	
may	also	occur	in	the	setting	of	early	active	disease,	where	ANCA	titers	
are	detected	in	the	CSF,	and	may	disappear	after	treatment.

In	CSS,	granulomatous	disease	may	erode	the	nasopharynx	and	lead	
to	 basilar	 meningitis,	 dural	 venous	 thrombosis,	 or	 optic	 neuropathy	
due	 to	 compression.	 Optic	 neuritis	 and	 asymptomatic	 anterior	 isch-
emic	optic	neuropathy	during	active	disease	has	been	reported.

A	known	complication	of	giant	cell	arteritis	is	vision	loss	caused	by	
optic	nerve	ischemia	from	arteritis	involving	vessels	of	the	ocular	cir-
culation.	Cranial	nerve	palsies,	in	particular	oculomotor	palsy,	related	
to	aneurysm	formation	and	involvement	of	peripheral	nervous	system	
is	frequent.	Stroke	has	been	reported	to	occur	in	3%	to	4%	of	patients,	
often	within	days	of	glucocorticoid	therapy	initiation,	and	is	attributed	
to	atherosclerosis.	Intracranial	vasculitis	is	rarely	observed.24

Cryoglobulinemic	vasculitis	most	commonly	occurs	 in	the	setting	
of	chronic	hepatitis	C	but	may	also	be	seen	with	plasma	cell	or	lym-
phoid	 neoplasm,	 infections,	 inflammatory	 diseases,	 or	 rarely	 as	 an	
idiopathic	 process.	 Ischemia	 of	 the	 affected	 arterioles	 and	 capillaries	
results	from	cryoprecipitation,	hyperviscosity,	and	intravascular	activa-
tion	 of	 complement	 and	 the	 clotting	 cascade,	 aggregating	 immuno-
globulin	 and	 immune	 complexes,	 cold	 agglutination,	 local	 tissue	
reaction,	secondary	wall	damage,	and	vascular	endothelial	proliferation	
and	luminal	narrowing.	Peripheral	neuropathy,	cognitive	impairment,	
ischemic	strokes,	and	cerebral	vasculitis	are	reported.

Connective tissue diseases
The	 CNS	 vasculitis	 manifestations	 of	 connective	 tissue	 diseases		
may	be	described	as	a	focal	or	generalized	vasculopathy.	A	focal	cerebral	
vasculitic	 event	 may	 result	 in	 (1)	 a	 stroke-like	 presentation	 with		
an	acute	neurologic	deficit,	 (2)	a	severe	headache	due	to	hemorrhage	
(e.g.,	 subarachnoid	 hemorrhage	 in	 vasculitis),	 (3)	 focal	 seizures,	 or		
(4)	 optic	 neuropathy.	 A	 generalized	 vasculitic	 event	 may	 result	 in	
diffuse	cognitive	changes,	headache,	or	seizures.	The	spinal	cord	may	
also	be	a	target	of	vasculitic	event	with	resulting	paraparesis,	bowel	or	
bladder	dysfunction,	or	sensory	disturbances.	The	attribution	of	infec-
tions,	adverse	events	of	immunosuppressive	therapies,	opioid	analge-
sics,	 or	 metabolic	 disturbances	 are	 to	 be	 carefully	 considered	 when	
approaching	neurologic	dysfunction	in	patients	with	connective	tissue	
diseases.

The	 histopathologic	 abnormalities	 affecting	 the	 CNS	 in	 systemic	
lupus	 erythematosus	are	 characterized	by	 “bland	vasculopathy”	with	
microvascular	 infarcts,	 perivascular	 microglia,	 vascular	 necrosis,	 and	
scarce	 perivascular	 infiltrate.	 Cerebral	 vasculitis	 in	 lupus	 is	 rare.25	
Patients	with	Sjögren	syndrome,	 like	those	with	Behçet	disease,	may	
have	 symptoms	 that	 mimic	 multiple	 sclerosis,	 and	 up	 to	 40%	 of	
patients	 with	 Sjögren	 syndrome	 may	 have	 white	 matter	 changes	 on	
brain	MRI	compatible	with	demyelinating	disorders.26	 In	addition	 to	
cognitive	 impairment	of	 subcortical	 type,	most	CNS	 involvement	 in	
Sjögren	 syndrome	 is	 frequently	 focal	 disease	 with	 multiple	 ischemic	
infarcts	or	cranial	nerve	palsies	(trigeminal	and	optic	neuritis).	Senso-
rimotor	axonal	polyneuropathy	and	affective	and	personality	disorders	
are	frequent	in	patients	with	Sjögren	syndrome.

Rheumatoid	 vasculitis	 affecting	 the	CNS,	with	 or	without	 pachy-
meningitis,	is	rare	and	may	present	as	seizures,	dementia,	hemiparesis,	
cranial	 nerve	 palsy,	 blindness,	 hemispheric	 dysfunction,	 cerebellar	
ataxia,	 or	 dysphagia.27	 However,	 vasculitic	 neuropathy	 is	 the	 most	
common	 neurologic	 manifestation	 of	 rheumatoid	 vasculitis.	

Findings	 on	 brain	 or	 leptomeningeal	 biopsy	 suggestive	 of	 non-	
specific	gliosis,	perivascular	inflammation,	and	parenchymal	ischemic	
damage	 should	 be	 interpreted	 with	 caution	 and	 correlated	 with	 the	
clinical	 context	 and	 imaging	 studies.	 Although	 tissue	 biopsy	 is	 the	
most	reliable	approach,	the	presence	of	vasculitis	on	the	biopsy	speci-
men	may	reflect	a	primary	infectious	process	with	secondary	vascular	
inflammation.	 A	 negative	 culture	 of	 tissue	 biopsy	 remains	 a	 crucial	
element	for	the	diagnosis	of	PACNS.

SECONDARY CENTRAL NERVOUS  
SYSTEM VASCULITIS

The	 diagnosis	 of	 secondary	 CNS	 vasculitis	 is	 based	 on	 the	 clinical	
features	of	infections,	rheumatic	diseases,	and	neoplasm,	where	CNS	
involvement	 is	considered	based	on	neuroimaging	findings,	CSF	cul-
tures,	and	viral	titers,	and,	if	possible,	pathologic	abnormalities.	There	
are	various	secondary	causes	of	CNS	vasculitis	(see	Table	161.1).

Systemic vasculitis
The	CNS	may	 be	 affected	 in	20%	 to	40%	of	 patients	with	 systemic	
vasculitis,	resulting	in	stroke,	cerebral	hemorrhage	(intracranial,	sub-
arachnoid),	 encephalopathy,	 seizure,	 and	 meningitis	 or	 meningoen-
cephalitis.	 Global	 CNS	 symptoms	 may	 also	 result	 from	 metabolic	
dysfunction.	In	general,	the	CNS	manifestations	are	believed	to	occur	
later	in	the	disease	as	a	result	of	accumulation	of	inflammatory	changes.

The	CNS	may	be	affected	 in	10%	to	49%	of	patients	with	Behçet	
disease,	resulting	either	from	primary	inflammation	of	CNS	tissue	or	
from	vasculitis	with	a	venous	predominance:	changes	leading	to	isch-
emic	 stroke.	 The	 most	 common	 presentation	 of	 parenchymal	 CNS	
involvement	is	subacute	brain	stem	syndrome	with	cranial	nerve	find-
ings,	dysarthria,	and	cerebellar	or	corticospinal	tract	signs.	More	infre-
quent	 presentations	 include	 a	 stroke-like	 presentation,	 psychiatric	
features	such	as	psychosis,	sinus	venous	thrombosis,	headache,	menin-
goencephalitis,	and	cognitive	impairment.21

Cerebral	angiitis	has	been	observed	in	polyarteritis	nodosa	since	the	
early	description	of	vasculitis.	Peripheral	neuropathy,	CNS	manifesta-
tion	of	 ischemic	stroke,	cerebral	hemorrhage,	diffuse	encephalopathy	
accompanied	 by	 seizure	 disorder,	 and	 acute	 myelopathy	 are	 seen	 in	
polyarteritis	 nodosa.	 Mononeuritis	 multiplex	 caused	 by	 involvement	
of	 the	 vasa	 nervorum	 and	 epineurial	 arteries	 is	 the	 most	 frequent	
finding	in	polyarteritis	nodosa.	Lacunar	strokes	syndromes,	the	most	
common	 stroke	 subtype	 in	 patients	 with	 polyarteritis	 nodosa,	 may	
occur	 within	 8	 months	 of	 disease	 onset	 and	 are	 postulated	 to	 be	

Fig. 161.4 Large vessel occlusion in PACNS. Absence of flow-related signal in 
the left internal carotid artery bulb to the supraclinoid portion is consistent 
with vessel occlusion. A 2-mm outpouching is arising from the A1 segment at 
the expected origin of the anterior communicating artery suggestive of an 
aneurysm.
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tuberculosis, Taenia	species,	Borrelia burgdorferi,	and	Bartonella	injure	
the	cerebral	blood	vessels	and	induce	a	vasculitis-like	picture.	Although	
most	 of	 these	 chronic	 infections	 present	 as	 unexplained	 neurologic	
deficits,	 including	 meningitis/encephalitis	 and	 cranial	 nerve	 palsies,	
cerebral	vasculitis	remains	rare.

Amyloid angiitis
Cerebral	amyloid	angiopathy	is	a	non-vasculitic	inflammatory	disorder	
defined	 by	 the	 accumulation	 of	 amyloid	 in	 the	 walls	 of	 small-	 and	
medium-sized	cerebral	arteries.	It	is	often	recognized	with	spontaneous	
and	recurrent	hemorrhage	in	the	brain,	spinal	cord,	and	leptomeninges.	
The	intracerebral	lobar	hemorrhage	is	sometimes	silent,	and	patients	
may	 present	 with	 progressive	 dementia	 and	 spastic	 paraparesis.	
Recently,	a	few	case	reports	have	described	granulomatous	angiitis	in	
patients	 with	 sporadic,	 amyloid-β	 peptide–related	 cerebral	 amyloid	
angiopathy.33

The	inflammatory	amyloid	angiopathy	is	associated	with	subacute	
cognitive	 decline,	 headaches,	 seizures,	 focal	 neurologic	 deficits,	 and	
hallucinations.	 Most	 patients	 have	 white	 matter	 hyperintensities		
and	microhemorrhages	on	imaging	studies	that	are	of	similar	appear-
ance	to	those	in	PACNS.	CSF	findings	usually	show	modest	elevation	
of	protein	and	lymphocytic	pleocytosis;	rarely	is	eosinophilic	pleocyto-
sis	 reported.	 The	 histopathology	 of	 brain	 lesions	 includes	 vasculitic	
features	with	angiodestructive	inflammation	that	is	often	granuloma-
tous	 and	 is	 associated	 with	 meningeal	 lymphocytosis.	 Amyloid-β	
peptide	 is	 consistently	 present	 in	 abundance	 in	 affected	 blood		
vessels	 but	 is	 usually	 scanty	 within	 the	 parenchyma	 of	 the	 cerebral	
cortex.

Paraneoplastic angiitis
Hodgkin	disease,	 non-Hodgkin	 lymphoma,	 intravascular	 lymphoma-
tosus,	and	angioimmunolymphoproliferative	diseases	may	present	as	
paraneoplastic	 angiitis	 manifested	 as	 granulomatous	 angiitis	 of	 the	
CNS	 or	 recurrent	 cerebral	 venous	 thrombosis34	 and	 have	 a	 poor	
outcome.	 CNS	 lymphomas	 may	 present	 as	 imaging	 studies	 that	 are	
characteristic	of	vasculitis	of	the	CNS	and	the	spinal	cord	and,	histo-
logically,	may	be	indistinguishable	from	vasculitis.	Necrotizing	arteritis	
and	microvasculitis	have	 also	 been	described	 in	patients	with	breast	
cancer	and	occult	small	cell	lung	cancer	with	related	anti-Hu	associated	
paraneoplastic	 encephalomyelitis	 and	 sensory	 neuropathy.	 Molecular	
genetic	 testing	 and	 immunohistochemistry	 staining	 verification	 are	
indispensable	diagnostic	tools.

Reversible cerebral vasoconstriction syndromes
Reversible	 cerebral	 vasoconstriction	 syndromes	 (RCVS)	 comprise	 a	
group	of	disorders	characterized	by	reversible	segmental	vasoconstric-
tion	 of	 the	 cerebral	 vessels	 and	 lack	 of	 vasculitic	 changes	 on	 brain	
biopsy.35,36	The	presenting	 feature	of	RCVS	 is	acute	 severe	“thunder-
clap”	headache,	 followed	at	 times	by	 focal	neurologic	symptoms	and	
seizures.	Posterior	circulation	 ischemic	stroke	or	microscopic	hemor-
rhage	may	occur.	RCVS	include	the	Call-Fleming	syndrome,	thunder-
clap	headache,	postpartum	angiopathy,	migraine	cerebral	vasospasm,	
benign	 angiopathy	 of	 CNS,	 and	 drug-induced	 cerebral	 vasospasm	
including	 sympathomimetics	 or	 serotonergic	 drugs	 and,	 less	 com-
monly,	 occur	 with	 uncontrolled	 hypertension,	 pheochromocytoma,	
metabolic	disorders,	brain	tumors,	and	brain	surgery.	The	pathogenic	
mechanism	of	reversible	cerebral	vasoconstriction	is	largely	unknown;	
in	very	rare	 instances,	vasculitis	 is	described	with	amphetamine	and	
cocaine	use.37,38

The	 diagnosis	 of	RCVS	 should	 be	 suspected	when	 acute	 onset	 of	
symptoms	is	present	in	a	specific	clinical	setting	such	as	in	the	post-
partum	period	or	in	the	context	of	migraine	headache	or	after	a	drug-
induced	cerebral	vasospasm.	The	CSF	examination	is	normal.	There	
are	 no	 specific	 brain	 MRI	 findings	 in	 RCVS;	 watershed	 infarcts	 or	
posterior	reversible	leukoencephalopathy	may	occur.	The	key	diagnos-
tic	element	 is	 the	 reversibility	of	 the	angiographic	changes	 typical	of	
RCVS,	within	days	to	weeks	after	the	onset.	When	cerebral	vasculitis	
resolves	spontaneously	or	with	short	course	of	glucocorticoid	therapy,	
then	a	form	of	RCVS	should	be	suspected.

Atlantoaxial	subluxation,	vertebral	collapse,	and	canal	stenosis	result-
ing	from	extradural	pannus	may	lead	to	spastic	quadriparesis.

Cerebral	and	ocular	vasculitis	has	been	reported	in	association	with	
limited	 scleroderma	 and	 the	 en	 coup	 de	 sabre	 type	 of	 linear	 sclero-
derma.28	Other	neurologic	syndromes	include	epileptic	seizure,	head-
ache,	 vascular	 malformation,	 and	 peripheral	 neuropathy.	 Thorough	
evaluation	 of	 extracutaneous	 manifestations	 is	 recommended	 in	
patients	with	juvenile	limited	and	linear	scleroderma.

Antiphospholipid	syndrome	is	a	thrombotic	condition	often	marked	
by	 neurologic	 syndromes	 that	 mimic	 cerebral	 vasculitis.29	 Although	
chorea/ballismus,	epileptic	seizures,	headache,	cognitive	 impairment,	
transverse	 myelopathy,	 Devic	 syndrome,	 and	 multiple	 sclerosis-like	
presentations,	 among	 others,	 occur	 in	 antiphospholipid	 syndrome,	
only	stroke	is	well	established	and	accepted	as	a	diagnostic	criterion.

Neurologic	 complications	 occur	 in	 approximately	 5%	 of	 patients	
with	sarcoidosis	and	occur	in	around	50%	of	patients	at	the	time	sar-
coidosis	is	diagnosed.	Granulomatous	inflammation	is	associated	with	
cranial	 nerve	 palsy,	 and	 polyuria	 is	 associated	 with	 neuroendocrine	
dysfunction	due	to	hypothalamic	inflammation,	generalized	seizures,	
encephalopathy,	 cognitive	or	behavioral	problems,	 aseptic	meningitis	
or	 chronic	 meningitis,	 myelopathy	 or	 radiculopathy,	 hydrocephalus,	
axonal	neuropathy,	mononeuritis	multiplex,	Guillain-Barré	syndrome,	
carpal	 tunnel	 syndrome,	 and	 acute	 or	 chronic	 myopathy.	 The	 CNS	
sarcoid	vasculopathy	is	difficult	to	distinguish	from	syphilis	or	PACNS.	
The	diagnostic	accuracy	of	the	CSF	angiotensin-converting	enzyme	for	
CNS	neurosarcoidosis	is	not	clearly	established.30	Meningeal,	brain,	or	
spinal	cord	biopsy	is	indicated	to	establish	the	diagnosis.

Infection-associated CNS vasculitis
Many	infectious	agents	have	been	recognized	to	be	responsible	for	CNS	
vasculitis	 affecting	 cerebral	 vessels	 of	 different	 sizes.	CNS	 infections	
can	be	 responsible	 for	myelitis,	meningitis/encephalitis,	ventriculitis,	
and	 large-	 and	 small-vessel	 vasculitides	 that	 mimic	 PACNS.	 Brain	
imaging,	CSF	analyses,	and	stereotactic	brain	biopsy	will	help	to	verify	
the	diagnosis	of	infection-associated	CNS	vasculitis.

VZV-associated	 CNS	 vasculopathy	 occurs	 usually	 in	 the	 elderly.	
Large-vessel	 disease	 (stroke)	 is	 most	 common	 in	 immunocompetent	
individuals,	whereas	small-vessel	disease	usually	develops	in	immuno-
compromised	patients.	The	neurologic	features	are	protean	and	often	
occur	months	after	zoster	infection.	Herpes	zoster	ophthalmicus	caused	
by	VZV	infection	is	associated	with	headache	and	delayed	contralateral	
hemiparesis	as	a	result	of	granulomatous	vasculitis	ipsilateral	to	skin	
lesions.	The	zoster	rash	or	CSF	pleocytosis	is	not	required	to	diagnose	
VZV	 vasculopathy.	 Detection	 of	 anti-VZV	 antibody	 in	 CSF	 with	
reduced	serum/CSF	ratio	of	VZV	IgG	is	a	more	sensitive	indicator	of	
VZV	vasculopathy	than	detection	of	VZV	DNA	by	polymerase	chain	
reaction.31

CNS	 necrotizing	 vasculitis	 and	 granulomatous	 angiitis	 in	 HIV-
infected	 patients	 is	 rare	 but	 can	 arise	 as	 a	 result	 of	 opportunistic		
infection	 with	 a	 known	 pathogen	 or	 in	 response	 to	 a	 triggering		
factor	including	lymphoma,	or	it	may	also	arise	in	the	absence	of	any	
identifiable	 cause.	 Ischemic	 stroke	 may	 be	 fatal	 when	 attributed	 to	
vasculitis	 or	 hypercoagulopathy	 associated	 with	 protein	 S	 deficiency		
or	 antiphospholipid	 syndrome.	 Performing	 a	 brain	 biopsy	 is	 often	
needed	to	confirm	the	diagnosis	in	patients	with	rapidly	deteriorating	
neurologic	conditions	or	dementia.	Immune	reconstitution	inflamma-
tory	syndrome	is	an	increasingly	recognized	phenomenon	of	paradoxi-
cal	 worsening	 of	 patients	 with	 acquired	 immunodeficiency		
syndrome	 (AIDS)	on	 initiation	of	highly	active	antiretroviral	 therapy	
(HAART),	 characterized	 by	 CD8+	 T-cell	 infiltration	 consistent	 with	
vasculitis.32

The	most	 frequent	neurologic	 complication	of	hepatitis	C	 is	 sub-
acute,	distal,	symmetric,	sensorimotor	polyneuropathy	in	the	presence	
of	 mixed	 cryoglobulinemia.	 In	 hepatitis	 C	 virus–infected	 patients	
without	 mixed	 cryoglobulinemia,	 mononeuropathy	 or	 mononeuritis	
multiplex	is	more	common.	Both	ischemic	and	hemorrhagic	strokes,	
transverse	 myelopathy,	 cognitive	 impairment,	 and	 encephalomyelitis	
probably	 related	 to	mixed	cryoglobulinemia	and	vasculitis	have	been	
described.

Various	other	infections	including	those	caused	by	herpes	simplex	
virus,	 Treponema pallidum, Aspergillus	 species,	 Mycobacterium 
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testing	by	polymerase	chain	reaction	and	brain	biopsy	requires	with-
drawal	of	immunosuppressive	therapy.44

Reversible	 posterior	 leukoencephalopathy	 syndrome	 (RPLS)	 is	 a	
clinical	syndrome	of	altered	mental	status,	seizure,	and	reversible	white	
matter	 edema	 involving	 most	 commonly	 the	 posterior	 CNS	 circula-
tion.	 Associated	 risk	 factors	 include	 malignant	 hypertension,	 acute	
renal	failure,	and	recent	treatment	with	cyclophosphamide,	cyclospo-
rine,	or	methylprednisolone.45

DIAGNOSTIC APPROACH
The	major	consideration	in	approaching	a	patient	presenting	with	pos-
sible	PACNS	is	to	decide	whether	the	nervous	system	manifestations	
are	restricted	to	the	nervous	system	or	whether	they	are	part	of	a	more	
active	systemic	disease.	A	careful	history	and	physical	examination	of	
the	skin,	eyes,	paranasal	sinuses,	testes,	kidneys,	and	lungs	is	essential	
for	the	differential	diagnosis	of	PACNS.

Next,	the	symptoms	should	be	categorized	by	the	anatomic	regions	
of	the	nervous	system	and	the	vascular	territory	that	are	affected	(e.g.,	
anterior,	posterior,	cranial	nerve,	and	spinal	cord)	and	by	the	extent	of	
disease	 involvement	 (e.g.,	 cortical,	 subcortical,	 single	 or	 multiple	
lesions)	and	damage	assessment	(e.g.,	subcortical	white	matter	lesions	
and	 cortical	 atrophy).	 As	 with	 other	 systemic	 vasculitis,	 a	 specific	
diagnosis	 of	 PACNS	 is	 essential	 for	 planning	 therapeutic	 options.	
Correct	diagnosis	of	PACNS	requires	a	high	index	of	suspicion	coupled	
with	 knowledge	 of	 disorders	 that	 may	 masquerade	 as	 PACNS.	 An	
algorithmic	approach	with	a	flow	sheet	containing	questions	has	been	
described	when	encountering	the	possible	diagnosis	of	PACNS	(Table	
161.3),	 in	 which	 the	 definite	 diagnosis	 is	 made	 only	 after	 extensive	
investigation.45-48

PACNS	 should	 be	 suspected	 in	 the	 setting	 of	 chronic	meningitis,	
recurrent	 focal	 neurologic	 symptoms	 such	 as	 atypical	 strokes,	 unex-
plained	 diffuse	 neurologic	 symptoms	 such	 as	 headache,	 seizure	 and	
cognitive	abnormalities,	or	spinal	cord	dysfunction	not	associated	with	
systemic	disease	or	any	other	process.

Miscellaneous disorders
Certain	disorders	that	are	not	vasculitic	in	origin	but	that	mimic	the	
syndromes	described	earlier	and	that	pose	a	challenge	to	the	diagnosis	
of	PACNS	are	listed	in	Table	161.2.

Intracranial	 atherosclerosis,	 manifested	 by	 transient	 ischemic	
attacks,	 stroke,	 and	 vascular	 cognitive	 impairment,	 can	 mimic	 the	
angiographic	findings	of	PACNS.

Cerebral	embolism	is	the	major	mechanism	of	stroke	in	the	United	
States,	accounting	for	60%	of	all	ischemic	strokes.	Patients	at	high	risk	
for	cardioembolism	have	a	distinctive	pattern	of	multiple	 infarctions	
in	more	than	one	vascular	territory	and	are	more	likely	to	have	large	
infarcts	that	involve	deep	and	superficial	structures.

Intracranial	 vertebral	 artery	 dissection	 occurs	 spontaneously	 or	 is	
related	 to	 trauma.	 The	 most	 common	 symptoms	 are	 headache	 and	
neck	pain;	ischemic	symptoms	may	develop	at	the	same	time	or	after	
a	 delay	 of	 hours	 to	 few	 days.	 Conventional	 angiography	 accurately	
defines	 the	 level	 and	arterial	 territory	of	dissection	and	pseudoaneu-
rysm,	double	lumen,	and	clot	formation.

Susac	syndrome	is	an	autoimmune	endotheliopathy	with	a	clinical	
triad	 of	 subacute	 encephalopathy,	 sensorineural	 hearing	 loss,	 and	
visual	 loss	 caused	 by	 branch	 retinal	 artery	 occlusions	 and	 is	 due	 to	
microangiopathy	affecting	the	precapillary	arterioles	of	the	brain,	inner	
ear,	and	the	retina.	The	distinctive	pattern	on	brain	MRI,	in	the	white	
and	gray	matter,	the	leptomeninges,	and	the	central	corpus	callosum,	
is	pathognomonic	for	Susac	syndrome.39

Cerebral	autosomal	dominant	arteriopathy	with	subcortical	infarcts	
and	leukoencephalopathy	(CADASIL)	is	a	heritable	non-inflammatory	
vasculopathy	 resulting	 from	 mutations	 in	 the	 gene	 for	 the	 protein	
Notch	3.40	The	demonstration	of	granular	osmiophilic	material	within	
the	vascular	basal	 lamina	of	arteries,	arterioles,	and	precapillaries	on	
skin	biopsy	is	diagnostic.

Moyamoya	disease	 is	 an	unusual	 form	of	 chronic	 cerebrovascular	
occlusive	disease	that	is	characterized	by	angiographic	findings	of	bilat-
eral	stenosis	or	occlusion	of	the	terminal	portion	of	the	internal	carotid	
artery	together	with	abnormal	vascular	network	at	the	base	of	the	brain.	
The	 guidelines	 for	 the	 diagnosis	 of	 moyamoya	 disease	 have	 been	
established.41

Acute	multifocal	placoid	pigment	epitheliopathy	(AMPPE)	is	a	cho-
rioretinal	disease	that	causes	acute	visual	symptoms,	permanent	visual	
loss,	 and	 characteristic	 fundus	 findings.	 AMPPE	 is	 associated	 with	
various	 CNS	 involvement,	 including	 headache,	 aseptic	 meningitis,	
panencephalitis,	ischemic	stroke,	and	cerebral	vasculitis.42

Mitochondrial	 encephalopathy,	 lactic	 acidosis,	 and	 stroke-like	
illness	(MELAS)	is	a	mitochondrial	genetic	disorder	caused	by	a	point	
mutation	 A3243G	 that	 occurs	 in	 young	 patients	 and	 may	 mimic	
PACNS.	 Other	 frequent	 secondary	 manifestations	 include	 short	
stature,	 seizure,	 cognitive	 impairment,	 migraines,	 cardiomyopathy,	
and	cardiac	conduction	defects.	Genetic	testing	and	finding	of	ragged-
red	fibers	on	muscle	biopsy	are	diagnostic.43

Progressive	multifocal	leukoencephalopathy	is	a	rapidly	progressive,	
generally	fatal	disease	due	to	reactivity	of	JC	polyoma	virus	that	may	
occur	in	patients	with	connective	tissue	diseases,	in	particular	systemic	
lupus	erythematosus	and	ANCA-associated	granulomatous	vasculitis,	
after	 immunosuppressive	 therapy.	 Confirming	 for	 JC	 virus	 on	 CSF	

TABLE 161.2 DISORDERS THAT MIMIC PACNS

Reversible cerebral vasoconstriction syndromes
Intracranial atherosclerosis
Cerebral embolism
Intracranial vertebral artery dissection
Susac syndrome
Cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (CADASIL)
Moyamoya disease
Acute multifocal placoid pigment epitheliopathy (AMPPE)
Mitochondrial encephalopathy, lactic acidosis, and stroke-like illness (MELAS)
Progressive multifocal leukoencephalopathy (PML) and reversible posterior 

leukoencephalopathy syndrome (RPLS)

TABLE 161.3 AN ALGORITHMIC APPROACH TO THE DIAGNOSIS OF PACNS

1. Is there a known systemic disease?
a. Systemic vasculitis, connective tissue diseases
b. Infection: HIV, viral, bacterial, Lyme, syphilis, mycobacterial, fungal, 

protozoal
c. Malignant hypertension, eclampsia, infective endocarditis, atrial myxoma/

thrombus, patent foramen ovale, disrupted carotid plaques
d. Neoplasm: intravascular lymphoma, lymphoid granulomatosus
e. Drug exposure and illicit drug use
f. Recent trauma, neurosurgery, intracranial dissection

2. Is there abnormal MRI (brain, leptomeninges)?
a. Vasculitis, vascular disorders including stroke syndrome or arterial venous 

malformation, demyelinating syndrome, sarcoidosis, infection, neoplasm
3. Is there abnormal cerebrospinal fluid (pleocytosis)?

a. Acute, recurrent, and chronic meningitis; partially treated bacterial 
(pyogenic), HIV, viral, syphilis, Lyme, mycobacterial, fungal, protozoal

b. Non-infectious: PML, sarcoidosis, Behçet disease, neoplasm
4. Is there abnormal conventional cerebral angiography?

a. True vasculitis: PACNS, systemic vasculitis
b. Infection
c. RCVS
d. Neoplasm
e. Subarachnoid hemorrhage
f. Trauma

5. Is there abnormal biopsy with inflammation?
a. True vasculitis: PACNS, secondary vasculitis
b. Perivascular inflammation: demyelinating syndrome, undersampled 

vasculitis, infection (PML, SSPE, VZV), lymphoma
c. Neoplasm: lymphoma, metastatic malignancy

MRI, brain magnetic resonance imaging; HIV, human immunodeficiency virus; PML, progressive 
multifocal leukoencephalopathy; RCVS, reversible cerebral vasoconstriction syndrome; SSPE, 
subacute sclerosing panencephalitis; VZV, varicella-zoster virus.
Small vessel PACNS may have normal cerebral angiography. However, PACNS is unlikely in the 
context of normal brain MRI and normal cerebrospinal fluid studies.
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the	majority	of	patients	with	PACNS	have	abnormal	CSF	findings	and	
from	cases	with	confirmed	PACNS	by	histopathology	that	continue	to	
have	never	completely	normal	CSF	studies	on	repeated	examination.

Cerebral	angiography	with	its	good	safety	profile	is	generally	required	
for	 confirmation	 of	 cerebral	 vasculitis	 before	 initiating	 immunosup-
pressive	therapy	and	when	CT	angiography	and	brain	MRI	findings	are	
suggestive	of	angiitis	in	conjunction	with	clinical	history.	Repeat	angi-
ography	 is	 indicated	 before	 brain	 biopsy	 if	 angiographic	 findings	 are	
suggestive	of	RCVS.

The	 indication	 of	 brain	 biopsy	 is	 recommended	 when	 patients	
present	with	chronic	meningitis	and	there	is	suspicion	for	an	infectious	
process	or	malignancy;	a	brain	biopsy	is	necessary	when	there	is	a	focal	
inflammatory	 lesion	 or	 mass	 effect	 on	 neuroimaging	 studies.	 The	
confirmation	of	diagnosis	by	brain	biopsy	is	crucial	before	the	use	of	
immunosuppressive	therapy	with	cyclophosphamide.

TREATMENT
There	are	no	treatment	recommendations	based	on	reliable	prospective	
clinical	trials.	Initial	reports	described	the	clinical	course	of	PACNS	as	
progressive	associated	with	serious	morbidity.	In	most	cases	it	is	fatal.	
The	 treatment	 with	 cyclophosphamide	 and	 glucocorticoids	 achieves	
remission	 and	 disease	 control	 in	 many	 patients,	 but	 some	 patients	
respond	 to	 prednisone	 alone	 as	 well.	 Given	 the	 aggressive	 course		
based	on	historical	cases	 in	 the	 literature,	 the	current	 recommended	
therapy	 should	 follow	 the	 general	 treatment	 guidelines	 for	 systemic	
vasculitis.49

In	documented	cases	of	PACNS,	the	combination	of	oral	glucocor-
ticoids	and	oral	cyclophosphamide	is	suggested	for	at	least	6	months.	
The	 recommended	 initial	prednisone	dose	 to	achieve	disease	control	
is	at	1	mg/kg/day.	Intravenous	methylprednisolone	at	15	mg/kg/day	for	
3	to	5	days	may	be	used,	and	daily	prednisone	is	then	to	be	initiated.	
Cyclophosphamide	 induction	 therapy	 is	 recommended,	 with	 either	
oral	daily	intake	at	a	starting	dose	of	1.5	to	2.0	mg/kg/day	or	intermit-
tent	 monthly	 intravenous	 dose	 of	 600	 to	 750	mg/m2	 for	 a	 6-month	
period.	The	cyclophosphamide	dose	should	be	adjusted	to	avoid	severe	
leukopenia,	and	thus	close	monitoring	of	the	white	blood	cell	count,	
serum	creatinine	value,	and	findings	of	urinalysis	is	emphasized.	The	
white	blood	cell	count	should	be	kept	above	3500/µL.

In	case	of	clinical	remission,	treatment	should	be	switched	to	anti-
metabolite	therapy	such	as	methotrexate	or	azathioprine	or	mycophe-
nolate	for	the	duration	of	therapy.	Similarly,	oral	glucocorticoids	should	
be	 tapered	 to	a	 smaller	daily	dose	at	4	 to	6	weeks	after	 initiation	of	
treatment.

There	 is	no	 recommended	optimal	 treatment	duration,	and	man-
agement	of	relapse	is	not	well	studied.	The	role	of	antiplatelet	therapy,	
vasodilators,	calcium-channel	blockers,	plasma	exchange,	intravenous	
immunoglobulin	therapy,	or	other	immunomodulatory	therapy	awaits	
clinical	prospective	multicenter	studies	in	biopsy-proven	patients	with	
PACNS.

There	are	no	recommended	clinical	response	endpoints	in	PACNS.	
Frequent	neurologic	evaluation	 for	 clinical	 response	 is	 recommended	
on	a	monthly	 basis	 in	 the	 early	 treatment	 course.	Clinical	 improve-
ment	may	be	suggested	with	improved	headache,	a	fall	in	acute-phase	
response,	lack	of	new	lesions	on	repeated	MRI,	or	resolution	of	prior	
inflammatory	lesions.

CSF	abnormalities	serve	as	a	useful	indicator	of	decreased	disease	
activity	 and	 should	 be	 done	 after	 12	 weeks	 of	 therapy.	 Disease		
activity	and	damage	can	also	be	monitored	with	 serial	brain	MRI	at	
every	 3	 months	 during	 the	 first	 year	 and	 at	 every	 6	 months	 during		
the	 second	 year	 to	 assess	 resolution	 of	 infarcts,	 but	 also	 to	 detect		
silent	new	ischemic	lesions	during	the	tapering	period	of	immunosup-
pressive	treatment.	Advanced	functional	neuroimaging	techniques	may	
assess	 functional	 brain	 disease	 activity	 and	 recovery.	Repeat	 cerebral	
angiography	may	be	 indicated	 if	 the	diagnosis	 is	not	clear,	 there	 is	a	
poor	response	to	treatment	or	relapse	of	symptoms,	or	when	a	suspi-
cious	lesion	of	a	scar	tissue	or	mass	lesion	is	present	on	MRI.50	Stan-
dard	 neuropsychological	 testing	 to	 assess	 cognitive	 impairment	 and	
damage	 is	 recommended	 on	 an	 annual	 basis	 for	 at	 least	 2	 years	 of	
therapy.

Routine	 vaccination	 against	 influenza	 and	 pneumonia,	 as	 well	 as	
antimicrobial	 prophylaxis	 with	 trimethoprim-sulfamethoxazole	 to	

General	laboratory	and	serologic	evaluations	are	helpful	in	the	dif-
ferential	 diagnosis	 of	 PACNS	 (Table	 161.4).	 CSF	 analysis,	 electroen-
cephalography,	and	neuroimaging	studies	are	integral	to	the	diagnostic	
evaluation	 of	 most	 CNS	 disorders,	 including	 vasculitis.	 Molecular	
genetics,	 immunoassays,	 and	 direct	 staining	 techniques	 to	 exclude	
spirochetal,	fungal,	mycobacterial,	and	viral	infection	as	well	as	malig-
nancy	should	be	performed.

Although	neuroimaging	plays	a	crucial	role	in	the	differential	diag-
nosis	of	PACNS,	these	studies	remain	not	specific	or	sufficient	for	the	
diagnosis	 of	 PACNS.	 CT	 of	 the	 head	 is	 sufficient	 to	 exclude	 brain	
edema,	hydrocephalus,	 and	 skull	 base	 pathology.	Brain	MRI/MRA	 is	
superior	 in	 depicting	 hemorrhage,	 empyema,	 and	 large-	 to	 medium-
vessel	vasculitis.	Diffusion-weighted	 imaging	 (DWI)	 is	helpful	 in	 the	
differentiation	 of	 enhancing	 lesions	 from	 non-enhancing	 lesions.	
Proton	 resonance	 spectroscopy	 can	produce	 specific	peak	patterns	 in	
cases	of	abscess	and	lymphoma.	CT	angiography	is	helpful	in	the	dif-
ferential	 diagnosis	 of	 intra-arterial	 atherosclerosis	 and	 dissection.	 In	
rare	cases,	PET	may	highlight	otherwise	occult	areas	of	inflammation	
that	might	be	amenable	to	biopsy.	Standard	neuropsychological	testing	
will	characterize	cognitive	abnormalities	and	mood	disorders.

CSF	studies	are	crucial	 to	eliminate	 infections,	malignancy,	or	an	
alternative	process.	In	such	circumstances,	absent	CSF	abnormalities	
and	 normal	 brain	 MRI	 studies	 are	 associated	 with	 a	 high	 negative	
predictive	 value	 for	 the	 development	 of	 PACNS,	 which	 may	 obviate	
the	need	to	perform	cerebral	angiography	or	blind	brain	biopsy.	This	
assumption	is	based	on	the	observation	of	different	case	series	in	which	

TABLE 161.4 LABORATORY EVALUATION OF SUSPECTED PACNS

General studies
 Complete blood cell count
 Complete metabolic panel and hepatic function test
 Erythrocyte sedimentation rate
 C-reactive protein
 Lipid panel
 Urinalysis and urine microalbumin level
 Urine toxicology screen
 Prothrombin and thromboplastin time
 Proteins S and C
 Serum and urine protein electrophoresis and serum immunoglobulin 

electrophoresis
 Quantitative immunoglobulin
 Acute hepatitis panel for hepatitis B and C virus
 HIV
Serology panel
 Rheumatoid factor
 Antinuclear antibody
 Antibodies to Ro/SSA, La/SSB, Sm, and RNP antigens
 Anticardiolipin antibody and lupus anticoagulant
 Serum complement level: C2, C3, C4 and CH50

 Antibody to double-stranded (ds)-DNA
 Antineutrophil cytoplasmic antibody
 Angiotensin-converting enzyme
 Lyme titer (enzyme-linked immunosorbent assay and Western blot)
 Serum cryoglobulins
 Treponema pallidum, rapid plasma reagent (RPR), and fluorescent treponemal 

antibody (FTA)
CSF studies
 Protein
 Glucose
 Cell count
 IgG level and index
 Oligoclonal bands
 Venereal Disease Research Laboratory (VDRL)
 Viral antibodies and antigens and polymerase chain reaction (PCR) for West 

Nile virus, cytomegalovirus, herpes simplex and herpes zoster, and HIV
 Lyme titer
 Antineutrophil cytoplasmic antibody titer
 Angiotensin-converting enzyme level
 India ink, Gram stain, and routine cultures including acid-fast Bacillus stain
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limit	accelerated	atherosclerosis	through	aggressive	control	of	diabetes	
mellitus,	blood	pressure,	and	dyslipidemia	and	with	smoking	cessation	
are	emphasized.

prevent	Pneumocystic jiroveci	pneumonia	is	suggested.	Close	monitor-
ing	of	treatment	adverse	events	including	infection,	osteoporosis,	and	
other	complications	related	to	the	disease	process	is	critical.	Efforts	to	
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examples are now available documenting systemic vasculitis in cases 
of typical Cogan’s syndrome.

EPIDEMIOLOGY
Cogan’s syndrome occurs primarily in young adults, with no striking 
gender predisposition. Mean age of onset is 29 years based on most of 
the case series of Cogan’s syndrome.8-12 Cogan’s syndrome has been 
infrequently described in children13 and the elderly.14 There have been 
no population studies of the incidence or prevalence of Cogan’s syn-
drome, and this diagnosis is made rarely even at tertiary medical 
centers.

PATHOPHYSIOLOGY
Eye disease
The defining ocular manifestation of Cogan’s syndrome is interstitial 
keratitis, a corneal inflammatory disease. The cornea is a domelike 
structure on the anterior surface of the eye. Ordinarily it is transparent 
and non-vascular, acting as the primary refractive structure of the eye. 
The cornea is composed of five layers: epithelium (external) and base-
ment membrane, Bowman layer, stroma, Descemet membrane, and 
endothelium. Innervation of the cornea comes from the trigeminal 
nerve. In Cogan’s syndrome, the inflammatory process in the cornea 
initially involves the superficial and middle layers and then affects the 
deeper layers. Histopathologic studies of this lesion are limited. Corneal 
tissue from a single autopsy specimen has shown focal thickening of 
the epithelium, destruction of Bowman membrane, a lymphocytic 
stromal infiltrate, and neovascularization.7

Hearing loss and vestibular dysfunction
Cogan’s syndrome damages the inner ear structures, causing sensori-
neural hearing loss and vestibular dysfunction. The inner ear is embed-
ded in the temporal bone and consists of the osseous labyrinth, 
membranous labyrinth, and the endolymphatic duct and sac. The 
endolymphatic sac and duct communicate with both the cochlea and 
the vestibular apparatus. The osseous labyrinth houses the cochlea and 
its organ of Corti, the semicircular canals, and the saccule and utricle. 
The membranous labyrinth forms an interconnected network of spaces 
bathed in potassium-rich endolymph. This fluid provides a suitable 
physiologic environment for normal inner ear function. The endo-
lymph is produced by the stria vascularis, the richly vascularized epi-
thelial lining of the cochlear wall.

The cochlea is a prime target in Cogan’s syndrome. Auditory func-
tion requires an intact cochlea, which is a coiled duct with nerve fibers 
and specialized cells. Sound reaches the cochlea via mechanical trans-
mission through the external auditory canal, the tympanic membrane, 
and the ossicles (malleus, incus, and stapes) of the middle ear. The 
ossicular chain vibrates the oval window and displaces the endolym-
phatic fluid of the cochlear duct. The fluid displacement moves the 
hair cells of the organ of Corti, which in turn converts the mechanical 
energy into neural stimulation. The nerve impulses are conveyed to 
the brain stem through the afferent cochlear nerve fibers of cranial 
nerve VIII and then relayed to the speech centers of the brain.

The semicircular canals, the maculae of the utricle, and the sacculae 
are affected in Cogan’s syndrome. These structures detect angular and 
linear acceleration of the body, delivering nerve impulses through the 
cochlear branch of cranial nerve VIII to the ipsilateral and contralateral 
vestibular nuclei of the brain stem. These nuclei also receive major 
neural input from the muscles of the trunk and extremities, the 

Cogan’s syndrome
E. William St. Clair and Rex M. McCallum

 Cogan’s syndrome is a rare, chronic inflammatory disease of 
unknown cause affecting the eye and inner ear.

 The hallmarks of Cogan’s syndrome are interstitial keratitis and 
recurrent Ménière-like episodes often leading quickly to deafness.

 Cogan’s syndrome may also be accompanied by systemic vasculitis.
 The differential diagnosis of Cogan’s syndrome includes a variety of 

infectious and inflammatory diseases with ocular and inner ear 
manifestations.

 Auditory outcomes may benefit from prompt initiation of 
corticosteroid therapy.

HISTORY
In 1945 David Cogan, an ophthalmologist, described four patients with 
non-syphilitic interstitial keratitis and vestibuloauditory symptoms.1 
The ocular and inner ear symptoms had begun in each case within a 
few days to weeks of each other. Cogan had discovered an earlier report 
describing a young man with similar eye and inner ear manifestations 
characterized by interstitial keratitis, iritis, and Ménière-like attacks.2 
Three of Cogan’s cases were young women with severe vestibuloaudi-
tory symptoms whose course was marked by rapidly progressive, bilat-
eral deafness. The other case, a man, had relatively mild vestibuloauditory 
symptoms and transient hearing loss. All of the patients had bilateral 
eye redness, photophobia, and reduced vision. Cogan’s examination 
revealed a yellowish-white, nodular, patchy infiltrate in the deep 
corneal stroma, with a paucity of inflammatory reaction in the anterior 
chamber and no abnormality of the iris. Each of the cases exhibited a 
“nerve type” hearing loss with hypoactive or absent vestibular function. 
Serologic studies for syphilis were uniformly negative. The only labora-
tory abnormality was mild leukocytosis.

Cogan distinguished this new syndrome from the interstitial kera-
titis and hearing loss of congenital and tertiary syphilis. In syphilis, 
Cogan explained, the cornea has a ground-glass or opalescent opacity, 
often associated with iridocyclitis; the disease begins abruptly, peaks 
within 1 to 2 weeks, and then vascularizes with corneal thickening, 
followed by gradual improvement. In contrast, the eye disease in 
Cogan’s cases began slowly and the cornea showed little change in 
appearance even after months of follow-up. Cogan also stressed that 
deafness from syphilis usually occurs with severe interstitial keratitis 
and a dearth of vestibular symptoms; it “comes on slowly, and does 
not begin for months or years after the ocular signs.”1

Multiple case reports and small case series subsequently illuminated 
in more detail the features of Cogan’s syndrome and established a link 
between Cogan’s syndrome and systemic vasculitis.3-7 In 1980 Haynes 
and colleagues8 described 13 new cases of Cogan’s syndrome seen at 
the National Institutes of Health (NIH) and reviewed the literature up 
to that point. This contribution afforded new insights into the clinical 
manifestations of Cogan’s syndrome and for the first time provided a 
conceptual framework for effective management. In this review, the 
authors divided Cogan’s syndrome into “typical” and “atypical” forms, 
the latter distinguished by the occurrence of more serious inflamma-
tory disease of the eye, such as scleritis and posterior uveitis, and 
higher rate of association with systemic vasculitis. In 1986 Vollertsen 
and colleagues9 described 18 additional cases of Cogan’s syndrome 
from the Mayo Clinic. Finally, in a retrospective review, the Mayo 
Clinic characterized the original 18 patients with Cogan’s syndrome 
and reported 42 additional patients in 2006.10 The division of Cogan’s 
syndrome into two forms no longer appears valid because many 
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Histopathologic analysis of the valve leaflets has revealed patchy infil-
tration with mononuclear cells, fibrinoid necrosis, myxomatous degen-
eration, and irregular thickening of the endocardium.18,19,21-23 Two 
patients with Cogan’s syndrome have been reported with aneurysmal 
dilatation of the descending thoracic and abdominal aorta.24 Histopa-
thology of the aorta from one of these cases showed a dense lympho-
cytic infiltrate of the media and adventitia, with marked destruction 
of the medial elastic lamina.

Etiology
Infection has long been suspected as a trigger for Cogan’s syndrome, 
but proof of a microbial etiology has been elusive. The resemblance of 
this disorder to the ocular and vestibuloauditory manifestations of 

cerebellum, and the visual cortex to maintain the body’s balance and 
equilibrium and coordinate the eyes in such a way to keep images 
focused on the retina. Dyscoordinated inputs from the inner ear can 
provoke vertigo, oscillopsia (perception of objects jiggling back and 
forth), and nystagmus, typical features of Cogan’s syndrome. The ves-
tibular system has the ability to repair itself through the reorganization 
of synaptic contacts to preserve the symmetry of input required for 
equilibrium, a process termed vestibular compensation. After an acute 
inflammatory episode, vestibular function usually improves because of 
this compensatory mechanism.

Histopathologic analysis of the inner ear has been limited to tem-
poral bone specimens from autopsies of four patients who died with 
Cogan’s syndrome. In these cases, inner ear pathology has shown 
lymphocytic and plasma cell infiltration of the spiral ligament, endo-
lymphatic hydrops, degenerative changes in the organ of Corti, neo-
osteogenesis, and demyelination and atrophy of the vestibular and 
cochlear branches of cranial nerve VIII.7,15-17 New bone formation 
appears to be a late finding. No trace of vasculitis has been found.

Vasculitis
In Cogan’s syndrome, the vascular involvement resembles that seen 
with polyarteritis nodosa and Takayasu arteritis affecting both medium 
and large arteries. The walls of affected medium-sized muscular arter-
ies show typical histopathologic changes of polyarteritis, including 
infiltration with lymphocytes and plasma cells, intimal thickening and 
fibrosis, and aneurysmal dilatation (Fig. 162.1).8,18 The inflammatory 
process may also involve veins in a manner similar to microscopic 
polyangiitis.7 Large artery involvement takes the form of a Takayasu-
like arteritis and is characterized by infiltration of the walls with poly-
morphonuclear cells, mononuclear cells and multinucleated giant cells, 
intimal proliferation, fibrinoid necrosis, and disruption of the elastic 
lamina.19,20

The aorta can be affected in up to 10% of patients with Cogan’s 
syndrome. Proximal aortitis may cause enlargement of the ascending 
aorta. The inflammatory process can extend to the coronary ostia  
and aortic valve, leading to coronary stenosis and valvular regurgitation 
(Fig. 162.2).7,20,21 Defective aortic valves removed from patients 
with Cogan’s syndrome have shown cusp detachments, outpouchings, 
fenestrations, thinning, thickening, and retraction.18,19,21,22 

a
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V

Fig. 162.1 Histology of vascular and 
splenic inflammation in a patient 
with Cogan’s syndrome. (a) 
Inflammatory cells infiltrating and 
surrounding the wall of a medium-
sized vessel in the dermis (arrow). V, 
vessel lumen (hematoxylin and 
eosin). (b) Inflammatory infiltrate in 
the lumen (V), as well as infiltrating 
and surrounding the wall of an 
artery in the gastric serosa 
(hematoxylin and eosin). (c) Giant 
cells (arrows) within the 
granulomatous inflammatory 
infiltrate in the spleen (hematoxylin 
and eosin). (d) A splenic muscular 
artery with inflammatory cells 
infiltrating the vessel wall and 
within the intraluminal thrombus 
(arrows) (hematoxylin and eosin). 
(With permission from Allen NB, Cox 
CC, Cobo M, et al. Use of 
immunosuppressive agents in the 
treatment of severe ocular and 
vascular manifestations of Cogan’s 
syndrome. Am J Med 
1990;88:296-301.)
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Fig. 162.2 Cogan syndrome and aortitis. Low-power view of the 
histopathology of the aorta. The inflammatory response is characterized by 
intimal proliferation and an acute inflammatory infiltrate. a, adventitia; m, 
media; i, intima. Hematoxylin and eosin.
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preparation of inner ear antigens.31 These studies suggest that autore-
active T cells can mediate vestibuloauditory inflammation. Regardless 
of the insult, however, animal studies show that immunologic reac-
tions culminate in rapid accumulation of dense extracellular matrix. 
The inner ear is incapable of clearing this matrix, leading to endosteal 
cell activation, neo-osteogenesis, and irreversible injury.

Organ-specific immunity
Relatively little evidence can be found to substantiate a role for organ-
specific autoimmunity in the pathogenesis of Cogan’s syndrome. 
Although serum IgG antibodies to corneal antigens have been associ-
ated with Cogan’s syndrome,32-35 these studies have been difficult to 
interpret because of the small numbers of patients in these studies, the 
absence of controls, and the poorly characterized antigen preparations. 
Investigators have also searched for serum antibodies to inner ear 
antigens. Moscicki and colleagues36 found serum antibodies to a 
68-kDa inner ear protein in 42 (58%) of 72 patients with idiopathic, 
progressive bilateral sensorineural hearing loss. However, these auto-
antibodies were absent in sera from all eight patients with Cogan’s 
syndrome used as controls in this study. Using affinity-purified IgG 
from pooled sera of eight patients with Cogan’s syndrome, Lunardi and 
colleagues37 screened a random peptide library to identify potentially 
relevant autoantigens. This approach resulted in the identification of 
an immunodominant peptide with sequence homology to the SSA/Ro 
protein, the major core protein lambda 1 of Reovirus III, DEP-1 (density 
enhanced protein tyrosine phosphatase-1)/CD148, and connexin 26 (a 
gap junction protein associated with congenital hearing loss). The 
affinity-purified IgG antibodies from Cogan’s sera were also shown to 
react with native SSA/Ro protein and the homologous viral sequence. 
DEP-1 is expressed on endothelial cells, as well as supporting cells of 
the sensory epithelia of the inner ear. Studies also demonstrated that 
the antibodies from Cogan’s sera bound to DEP-1 on the surface of 
human umbilical endothelial cells and human cochlear tissue. Finally, 
evidence for antibody pathogenicity was provided by experiments in 
BALB/c mice showing that passive transfer of Cogan’s antibodies pro-
duced hearing loss in the animals. Also, mice injected with the Cogan’s 
peptide developed antibodies against the immunizing peptide together 
with hearing impairment and vasculitis.

CLINICAL FEATURES
Ocular manifestations
Cogan’s syndrome is commonly heralded by ocular signs and symp-
toms (Table 162.1). Although ocular pain, redness, and photophobia 
are the dominant complaints, blurry vision, tearing, diplopia, foreign-
body sensation, and visual field defects have also been described at 
presentation.8-11,32 In the Duke series, the ocular diagnoses were varied 
and included interstitial keratitis (72%) (Fig. 162.3), conjunctivitis 
(34%), iridocyclitis (32%), scleritis/episcleritis (20%) (Fig. 162.4), 
corneal ulceration (4%), vitritis, choroiditis and subretinal neovascular 
membrane (2%), pars planitis (2%), orbital pseudotumor (2%), and cot-
tonwool spots (2%).11 The ocular manifestations may be fleeting and 
repetitive eye examinations may be required to document ocular 
inflammatory disease, particularly interstitial keratitis.9,10,38-40

The earliest corneal findings in patients with Cogan’s syndrome and 
interstitial keratitis are faint cornea infiltrates, measuring 0.5 to 
1.0 mm in diameter. They mimic the lesions seen in adenoviral or 
chlamydial keratitis.40 For this reason, the initial diagnosis may be viral 
keratitis, particularly in the absence of vestibuloauditory symptoms. 
These early corneal lesions resolve promptly with topical or systemic 
corticosteroid therapy. Approximately 15% of patients acquire faint 
subepithelial scars and less than 5% of patients develop corneal ero-
sions.40 Later, these early findings evolve into the classic “granular type 
of corneal infiltrates,” with progressive neovascularization (Fig. 
162.5).3,39 Scarring and vascularization opacify the cornea and reduce 
visual acuity, but these complications are unusual for patients appro-
priately treated with topical or systemic corticosteroids.1,40

Conjunctivitis and anterior uveitis may occur with or without inter-
stitial keratitis in Cogan’s syndrome.9-11,40 Other types of eye disease 
have been associated with Cogan’s syndrome and include posterior 

congenital and tertiary syphilis has stimulated ongoing interest in a 
possible infectious cause, starting with its first description more than 
5 decades ago. Several attempts have been made to link Cogan’s syn-
drome with a variety of infectious agents, including Borrelia burgdorferi 
and various chlamydial species, but with inconsistent and largely nega-
tive results.

Because Chlamydia trachomatis causes a chronic eye infection, 
evidence of this pathogen has been frequently sought in Cogan’s syn-
drome. For example, IgM and IgG antibodies to C. trachomatis were 
detected at the NIH in sera from 4 of 13 and 9 of 13 patients with 
Cogan’s syndrome.8 Other studies have found positive and negative 
serologic evidence of chlamydial infection in this disease population. 
There have been repeated failures to directly isolate the organisms from 
affected eyes. However, an interesting case of a 15-year-old girl has 
been described with sudden onset of interstitial keratitis, sensorineural 
hearing loss, aortic valve thickening, and coronary vasculitis in which 
Chlamydia psittaci was isolated from the conjunctiva.25 At present, 
no evidence supports a direct link between infection and Cogan’s 
syndrome.

On the basis of a case series from the Mayo Clinic, Gluth and col-
leagues10 found a possible association between cigarette smoking and 
Cogan’s syndrome. Among the 60 cases seen between 1940 and 2002, 
31 (52%) of the patients were smokers, a rate approximately twice that 
of the general population. An association with smoking has also been 
observed with rheumatoid arthritis.10

IMMUNOLOGIC MECHANISMS
Immune mechanisms probably play an important role in the patho-
genesis of Cogan’s syndrome. Once considered immunologically privi-
leged sites, the cornea and the inner ear are both capable of mounting 
an immune response. Ordinarily, the cornea and anterior chamber of 
the eye produce factors that suppress delayed-type hypersensitivity, a 
process termed anterior chamber-associated immune deviation. 
However, infection, trauma, or toxins can set in motion a robust 
inflammatory response. For example, herpes simplex keratitis and 
corneal allograft rejection, widely studied immune disorders of the 
cornea, are characterized by an influx of CD4 and CD8 T cells and 
activated Langerhans cells (antigen-presenting cells of the eye) and 
secretion of interleukin (IL)-1 and tumor necrosis factor (TNF)-α.26 An 
experimental model of autoimmune keratitis has been developed in the 
rat.27 In this model, transfer of corneal-specific activated T cells into 
irradiated rats produces a severe keratitis, with T-cell and macrophage 
infiltration of the cornea.

The inner ear can generate a vigorous immune response to an array 
of insults (Box 162.1).28 This appears to depend on the integrity of the 
endolymphatic sac. During periods of quiescence the endolymphatic 
sac contains antigen-presenting cells, T and B cells, and IgM, IgG, and 
IgA. IL-1, IL-2, and transforming growth factor-β are produced during 
an immune response. The spiral modular vein is important for traf-
ficking leukocytes to sites of inflammation.29 It acquires the morphol-
ogy of high endothelial venules (HEV), which function to recruit 
leukocytes into inflamed tissue. In experimental models, antigenic 
challenges upregulate the expression of intracellular adhesion molecule 
(ICAM)-1 and vascular cell adhesion molecule (VCAM)-1 on the 
surface of the spiral modular vein.30 In a rat model, labyrinthitis can 
be induced by transfer of T-cell lines reactive with a heterologous 

BOX 162.1 IMMUNOLOGIC’S MECHANISMS OF THE INNER EAR
 Endolymphatic sac contains antigen-presenting cells, T cells, B cells, IgM, IgG, 

and IgA
 IL-1, IL-2, and transforming growth factor-β produced with immune response
 Spiral modular vein acquires morphology of high endothelial venules and 

expresses intracellular adhesion molecule (ICAM)-1 and vascular cell adhe-
sion molecule (VCAM)-1 during immune response, leading to recruitment of 
leukocytes
– Transfer of T-cell lines reactive with heterologous preparation of inner 

ear antigen produces experimental labyrinthitis in rat model
– Antibodies to “Cogan peptide” induce features of Cogan syndrome in 

mice
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manifestations of large-vessel vasculitis are diverse and reflect the 
ischemic territory of the affected vessel. Angiograms have shown occlu-
sive disease of the major branches of the aorta.11,20 Varied clinical 
presentations have resulted from mesenteric insufficiency,7,48 sponta-
neous rupture of a renal artery,7 or renal artery stenosis (see Fig. 
162.6).49 Medium-sized vasculitis has manifested as gastrointestinal 
bleeding,50 proteinuria and microscopic hematuria,9,11 ischemic loss of 
limb,7 coronary arteritis20,45 (see Fig. 162.6), muscle involvement,6 and 
testicular pain.7 Neurologic involvement is relatively uncommon in 
Cogan’s syndrome, but it can result in meningismus, encephalitis, 
psychosis, seizures, cerebral infarction, cavernous sinus thrombosis, 
and trigeminal neuralgia.7-11,51 Cutaneous vasculitis may present as 
palpable purpura, urticaria, or nodules.8-11,51

Other systemic features
Patients with Cogan’s syndrome often develop non-specific systemic 
symptoms (Table 162.2), including fever, weight loss, fatigue, head-
ache, arthralgia, and myalgia.8-12,52 One of the authors has seen 
a patient with Cogan’s syndrome and persistent oligoarthritis. Also, 
Crohn disease,8,49 ulcerative colitis,53 sarcoidosis,8 hypothyroidism,8 
and interstitial nephritis54 have occurred in association with Cogan’s 
syndrome.

uveitis, vitritis, retinochoroiditis, papillitis, vitreous hemorrhage, con-
junctival nodule, central venous occlusion, and retinal arterial 
disease.8-12

Vestibuloauditory manifestations
Vestibuloauditory dysfunction develops abruptly in Cogan’s syndrome, 
with Ménière-like attacks of vertigo, nausea, emesis, tinnitus, and 
hearing loss.8,11,12,41 Vestibuloauditory manifestations include Ménière-
like attacks with hearing loss (92%), nystagmus (32%), and oscillopsia 
(15%), Ménière-like attacks without hearing loss (4%), and hearing loss 
only (4%).11 Disease exacerbations can produce down-fluctuations in 
hearing and eventually deafness in many cases. The sudden Ménière-
like attacks are incapacitating and may require hospitalization for acute 
management.

Vasculitis
Vasculitis occurs in 15% of patients with Cogan’s syndrome.8-11 It can 
be divided into three categories: aortitis, large-vessel vasculitis involv-
ing the aorta and great vessels (Takayasu-like), and medium-sized 
arteritis (polyarteritis-like) or other vasculitic syndrome.42

Aortitis develops in 10% of patients with Cogan’s syndrome, typi-
cally within weeks to a few years of disease onset. Proximal aortic 
inflammation can dilate the aortic ring and damage the heart valves, 
producing aortic regurgitation. The symptoms of aortitis range from 
an asymptomatic murmur to exertional dyspnea, chest pain, and con-
gestive heart failure, with severe aortic regurgitation.9,18,20,43-46 Associ-
ated findings include coronary arteritis,20,45 myocardial infarction,3 
pericarditis,46,47 left ventricular hypertrophy,9 and arrhythmias.9

Large-vessel vasculitis (Takayasu-like) is the most common type  
of vasculitis in Cogan’s syndrome (Fig. 162.6). The presenting 

Fig. 162.3 Slit-lamp findings from a patient with Cogan’s syndrome and 
interstitial keratitis. Subtle stroma infiltrate (arrow) typical of early interstitial 
keratitis is demonstrated in the narrow band of light. (With permission from 
McCallum RM, St. Clair EW, Haynes BF. Cogan’s syndrome. In: Hoffman GS, Weyand 
CM, eds. Inflammatory diseases of blood vessels. New York: Marcel Dekker, 
2002:491-509.)

TABLE 162.1 MAJOR CLINICAL FEATURES OF COGAN SYNDROME

Manifestations Proportion of cases (%)

Inflammatory eye disease 100

Interstitial keratitis 70

Conjunctivitis 35

Iridocyclitis 30

Episcleritis/scleritis 30

Papillitis 5

Posterior uveitis 5

Retinal vasculitis 5

Vitritis 5

Exophthalmos <5

Vestibuloauditory dysfunction 100

Hearing loss 95

Vertigo 90

Tinnitus 75

Nausea and vomiting 65

Ataxia 45

Nystagmus 30

Oscillopsia 15

Systemic vasculitis 15

Aortitis with or without aortic insufficiency 10

Large vessel vasculitis 10

Medium vessel vasculitis <5

With permission from McCallum RM, St. Clair EW, Haynes BF. Cogan’s syndrome. In: Hoffman GS, 
Weyand CM, eds. Inflammatory diseases of blood vessels. New York: Marcel Dekker, 
2002:491-509.
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ophthalmic photography.39 Fluorescein angiography is useful 
for diagnosing and monitoring patients with retinal vasculitis or 
retinochoroiditis.55

Audiometry
More than 95% of patients with Cogan’s syndrome have an abnormal 
audiogram.8-11,52,56 Hearing loss is most pronounced at the highest and 
lowest frequencies, with relative sparing of the midrange (Fig. 162.7), 
a pattern similar to that of Ménière syndrome. Cochlear damage causes 
abnormalities in brain stem auditory evoked potentials. Vestibular 
injury results in absent or abnormal caloric responses.9

Brain imaging
In some patients with Cogan’s syndrome, brain magnetic resonance 
imaging (MRI) and computed tomography (CT) have shown soft tissue 
and calcified obliteration of vestibular and cochlear structures.57,58 MRI 
scans with gadolinium have revealed enhancement of vestibular and 

INVESTIGATIONS
Blood and cerebrospinal fluid
Patients with Cogan’s syndrome frequently have abnormal hemato-
logic parameters and occasionally laboratory evidence of immune dys-
regulation (Table 162.3). Direct Coombs tests and assays for serum 
anti-DNA antibodies, anti-smooth muscle antibodies, anti-Ro anti-
bodies, anti-La antibodies, and hepatitis B surface antigen have been 
uniformly negative in Cogan’s syndrome.8,9 Approximately 25% of 
patients with Cogan’s syndrome show abnormalities of cerebrospinal 
fluid, including pleocytosis,8,9,12,52 elevated protein,54 and increased 
γ-globulins.8,9

Ocular procedures
Slit-lamp examinations are routinely performed to evaluate the  
corneal and anterior segment of the eye. Changes in the cornea and 
other diseased segments may be documented during follow-up using 

Fig. 162.4 Severe posterior scleritis in a patient with Cogan’s syndrome. 
Computed tomography scan of the orbits reveals thickening of the posterior 
sclerae, compatible with posterior scleritis. (With permission from McCallum RM, 
St. Clair EW, Haynes BF. Cogan’s syndrome. In: Hoffman GS, Weyand CM, eds. 
Inflammatory diseases of blood vessels. New York: Marcel Dekker, 2002:491-509.)

Fig. 162.5 Cornea from the right eye of a patient with a 29-year history of 
Cogan’s syndrome. Note the formation of ghost vessels, remnants of 
neovascularization. (With permission from Haynes BF, Kaiser-Kupfer MI, Mason P, 
et al. Studies in thirteen patients, long-term follow-up, and a review of the 
literature. Medicine 1980;59:426-441.)

a b c d

Fig. 162.6 Large-vessel vasculitis in Cogan’s syndrome. (a) Stenotic lesion of the left subclavian artery (arrow). (b) Stenotic lesions in the left anterior 
descending coronary artery (arrows) with post-stenotic dilatation. (c) Stenotic lesions in the right innominate artery (left arrow) and the left subclavian artery 
(right arrow). (d) Multiple lesions in the single right and duplicated left renal arteries (arrows). (With permission from Allen NB, Cox CC, Cobo M, et al. Use of 
immunosuppressive agents in the treatment of severe ocular and vascular manifestations of Cogan’s syndrome. Am J Med 1990;88:296-301.)
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TABLE 162.2 SYSTEMIC MANIFESTATIONS OF COGAN SYNDROME

Manifestations % of cases

Fever 25

Fatigue 20

Arthralgias/myalgias 15

Arthritis 15

Weight loss 15

Abdominal pain 10

Gastrointestinal bleeding 10

Lymphadenopathy 10

Hepatomegaly 10

Splenomegaly 10

Central nervous system findings 5

Cutaneous nodules 5

Pleuritis 5

Rash 5

Peripheral nervous system findings <5

Polychondritis <5

With permission from McCallum RM, Haynes BF. Cogan syndrome. In: Pepose JS, Holland GN, 
Wilhelmus KR, eds. Ocular infection and immunity. St Louis: Mosby-Year Book, 1996:446-459.

TABLE 162.3 LABORATORY ABNORMALITIES IN COGAN SYNDROME

Laboratory study % of cases Mean Range

White blood cell count 75 13,700/mm3 1600-47,000/mm3

Neutrophilia 50

Relative lymphopenia 25

Eosinophilia (mild)17

Leukocytosis >24,000 cells/mL 10

Erythrocyte sedimentation rate >20 mm/hr 75 40 mm/h 3-128 mm/h

Hemoglobin/hematocrit (anemia)33

Platelet count (thrombocytosis)30

Cerebrospinal fluid 25

Cryoglobulins 17-23

Decreased C3 21

Decreased total hemolytic complement 17

Decreased C4 17

Antinuclear antibodies (low titer)17

Rheumatoid factor (low titer)14

With permission from McCallum RM, St. Clair EW, Haynes BF. Cogan’s syndrome. In: Hoffman GS, Weyand CM, eds. Inflammatory diseases of blood vessels. New York: Marcel Dekker, 2002:491-509.

cochlear structures, implying disruption of the blood-labyrinthine 
barrier.42 MRI is important in ruling out a cerebropontine angle tumor.

Cardiovascular procedures
Echocardiographic abnormalities have been described in patients  
with Cogan’s syndrome and include aortic regurgitation such as  
“fluttering” of the anterior mitral valve leaflet,9 thickening of the valve 
cusps,9,59 paradoxical movement of the ascending aorta during systole,20 
and left ventricular enlargement.9,20,59 Cardiac catheterization has 
been useful for diagnosing aortic valvular disease and evaluating hemo-
dynamics.19,20,39 Coronary angiography has shown ostial coronary 

stenosis18,46 and distal coronary arteritis.32 Visceral angiography has 
revealed the typical lesions of Takayasu-like or polyarteritis-like 
vasculitis.9,19,20,59,60

Diagnosis
The differential diagnosis of Cogan’s syndrome is broad and varies 
depending on clinical presentation. Several disorders produce ocular 
inflammation and vestibuloauditory dysfunction similar to Cogan’s 
syndrome (Table 162.4). Examples include syphilis, Lyme disease, 
Vogt-Koyanagi-Harada (VKH) syndrome, toxic exposures, and Ménière 
disease. VKH syndrome causes panuveitis, vitiligo, poliosis, aseptic 
meningitis, and, in 75% of cases, hearing loss. Although interstitial 
keratitis may occur in VKH syndrome, ocular inflammation predomi-
nates beyond the cornea and threatens vision.47

MANAGEMENT
Assessment
The care of patients with Cogan’s syndrome requires close coordina-
tion among ophthalmologists, otolaryngologists, audiologists, and 
rheumatologists. The rheumatologist often organizes the care. The 
ophthalmologist is instrumental for evaluating the cornea, other parts 
of the anterior segment, and the vitreous, choroid, and retinal vascu-
lature. A skilled otolaryngologist, and sometimes a neurologist, can aid 
in localizing the site of the vestibuloauditory lesion. Hearing loss is 
quantified using pure tone audiograms. An MRI scan is typically done 
to exclude the possibility of an acoustic neuroma or other brain stem 
lesion.

The laboratory studies are directed toward identifying sites of sys-
temic involvement and excluding other diagnoses. They include a 
complete blood count and urinalysis and measurement of serum elec-
trolytes, creatinine, liver transaminases, and erythrocyte sedimenta-
tion rate. Serologic tests are routinely performed to exclude syphilis 
and Lyme disease. Because of the prevalence of aortitis in Cogan’s 
syndrome, 2D echocardiography should be done at the time of diagno-
sis to evaluate for aortic valvular dysfunction. Cardiac catheterization 
may be indicated for hemodynamically significant valvular disease. 
When performing cardiac catheterization for this reason, coronary 
angiography should also be done to identify coronary ostial lesions or 
more distal artery involvement. Coronary angiography is also war-
ranted if there are signs or symptoms of ischemic heart disease. Patients 
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CORTICOSTEROIDS IN COGAN'S SYNDROME
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Fig. 162.7 Corticosteroids in Cogan’s syndrome. Serial pure tone audiograms 
over an 8-year period. Note the higher hearing thresholds at the upper and 
lower frequencies. (a) 2 months after onset of Cogan’s syndrome while on daily 
corticosteroid therapy. (b) 4.5 years later on alternate-day corticosteroid 
therapy. (c) 3 years later, demonstrating stable to improved hearing over the 
period of the tests. (O-O, right ear; X-X, left ear). (With permission from Haynes 
BF, Kaiser-Kupfer MI, Mason P, et al. Studies in thirteen patients, long-term 
follow-up, and a review of the literature. Medicine 1980;59:426-441.)

with suspected vasculitis elsewhere should undergo the appropriate 
angiographic studies or tissue biopsy for diagnostic purposes.

Eye
Interstitial keratitis and iridocyclitis are treated with topical ocular 
corticosteroids and mydriatics to control inflammation and prevent 
synechiae (grade C).61 Low-potency topical corticosteroids are often 
adequate for treating interstitial keratitis. Systemic corticosteroids are 
not generally indicated for the treatment of interstitial keratitis or 
iridocyclitis. However, they may be used in these settings for the rare 
case failing topical therapy.8,61 If interstitial keratitis does not improve 
with topical corticosteroid therapy, then chlamydial infection should 
be considered as a possible cause of the inflammation and consider-
ation given to treatment with a tetracycline antibiotic (grade C).62 In 
Cogan’s syndrome the ocular signs and symptoms of interstitial kera-
titis usually respond within 3 to 7 days of starting therapy.8,9 Only 
rarely is the course complicated by the development of corneal opacity 
and visual loss.63 Cataracts may develop secondary to chronic inflam-
mation or corticosteroid therapy. Surgical extraction of the cataracts 
and lens implantation may be necessary to restore satisfactory vision. 
Vision is particularly important for deaf individuals who must rely on 
lip reading and sign language for communication.

Conjunctivitis, scleritis, and episcleritis are also treated with topical 
corticosteroids. Alternatively, episcleritis and scleritis can be managed 
with topical or systemic non-steroidal anti-inflammatory therapy 
(grade B).61 Nodular scleritis warrants more aggressive therapy with 
systemic corticosteroids or other potent immunosuppressive drug 
(grade B) (Fig. 162.8).64 Posterior segment ocular inflammation calls 
for systemic corticosteroid therapy if the inflammation is progressive, 
persistent, or interferes with vision (grade B).8,61 Progression of poste-
rior ocular inflammation despite systemic corticosteroids may require 
the addition of methotrexate, azathioprine, cyclophosphamide, or 
cyclosporine (grade C).18,61

Vestibuloauditory
A trial of systemic corticosteroid therapy is indicated for a patient 
newly diagnosed with Cogan’s syndrome and hearing loss (grade  
C).8,10-12,61,65 The severity of hearing loss should be quantified using 
audiometry (Fig. 162.9). After establishing the degree of auditory dys-
function, systemic corticosteroids are initiated at a dose of 1 to 2 mg/
kg/day of prednisone (or its equivalent).8,61 Corticosteroids are usually 
begun in divided doses for the first 3 to 7 days, with subsequent con-
solidation to a single morning dose.61 If adequate improvement occurs 
over 10 to 14 days, then prednisone is continued at that dose for 2 to 
4 weeks. Every effort should be made to taper the prednisone therapy 
to an alternate-day regimen within 6 to 8 weeks. The dose can then 
be tapered to discontinuation over the next 3 to 4 months, provided 
auditory acuity remains stable. Certain patients with recurrent epi-
sodes of hearing loss may require long-term daily corticosteroid therapy 
to maintain auditory function.11 If possible, the dose of prednisone 
should be kept to 10 mg/day or less in these cases.

Some patients may fail to improve following a 14-day course of 
prednisone 1 to 2 mg/kg/day. In these instances the dose should be 
rapidly tapered to discontinuation and the patient considered a treat-
ment failure. Anecdotal evidence suggests that other immunosuppres-
sive drugs may be effective for treating corticosteroid-resistant hearing 
loss (grade C).61 Cyclophosphamide 1 to 2 mg/kg/day has been used 
most often in this situation. The length of treatment and threshold for 
response should be predefined to avoid a prolonged course of immu-
nosuppression with low likelihood of benefit. For example, an adequate 
response to cyclophosphamide therapy might be defined as a minimum 
of 10-dB improvement in hearing after 8 weeks of treatment.

Some patients with Cogan’s syndrome may not be able to reduce 
the prednisone dose below 10 mg/day without experiencing a disease 
flare. If so, then an empiric trial of another immunosuppressive agent 
should be considered for steroid-sparing effects.61 Methotrexate, aza-
thioprine, and cyclophosphamide have been successfully used under 
these circumstances (grade C).10,12,42 Methotrexate has been used with 
variable results to treat autoimmune hearing loss and Cogan’s syn-
drome.12 Notably, in a double-blind, placebo-controlled, randomized 
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TABLE 162.4 DIFFERENTIAL DIAGNOSIS OF COGAN SYNDROME

Disorder Eye manifestations Ear manifestations Other features

Chlamydia infection Conjunctivitis, IK Otitis media, CHL Respiratory tract symptoms

Lyme disease Conjunctivitis, episcleritis, uveitis, IK, 
choroiditis, retinitis, optic neuritis

Erythema, migraines, meningitis, carditis, arthritis

Congenital syphilis IK SNHL +FTA-ABS

Whipple disease Uveitis, vitritis SNHL Diarrhea, weight loss, fever, arthritis, skin 
hyperpigmentation

Sarcoidosis Conjunctivitis, IK, anterior uveitis, 
retinitis, keratoconjunctivitis sicca

SNHL Hilar adenopathy, pulmonary fibrosis, CNS 
involvement, skin lesions, parotid gland  
enlargement

Vogt-Koyanagi-Harada Panuveitis, iridocyclitis Vertigo, SNHL Aseptic meningitis, vitiligo, alopecia, poliosis

KID syndrome (congenital) Keratoconjunctivitis, corneal 
vascularization

SNHL Ichthyosis

Sjögren syndrome Keratoconjunctivitis sicca SNHL Xerostomia, parotid gland enlargement, serum ANA

Rheumatoid arthritis Episcleritis, scleritis SNHL Arthritis, serum rheumatoid factor

SLE Retinitis, optic atrophy SNHL (mild) Skin rash, arthritis, pleurisy, glomerulonephritis, 
cytopenias, serum ANA

APA Retinal vascular occlusion SNHL Deep vein thrombosis, pulmonary emboli, arterial 
thrombosis, thrombocytopenia, serum APA

Polyarteritis nodosa Retinal vasculitis SNHL Renal failure, hypertension, arthritis, skin lesions, 
neuropathy, CNS involvement, elevated ESR

Wegener granulomatosis Conjunctivitis, episcleritis, scleritis, 
uveitis, retinitis

Otitis media (CHL), SNHL Sinusitis, pulmonary infiltrates, glomerulonephritis, 
serum ANCA

Relapsing polychondritis Conjunctivitis, IK, scleritis, uveitis SNHL Auricular, nasal and laryngotracheal chondritis, 
systemic vasculitis

Behçet syndrome Anterior uveitis, episcleritis, IK, retinal 
vasculitis, chorioretinitis

Vertigo, SNHL Oral and genital ulcers, CNS involvement, arthritis, 
skin lesions

Ulcerative colitis Anterior uveitis SNHL Colitis

Crohn disease Anterior uveitis SNHL Enterocolitis

CNS lymphoma Corneal, anterior chamber and vitreous 
opacities, sub-RPE infiltrates

SNHL Cerebellopontine mass

CLL Optic neuropathy Otitis media, SNHL CNS involvement, CSF lymphocytosis

Retinocochleocerebral vasculopathy Retinal arteriolar occlusions SNHL CNS microangiopathy

ANA, antinuclear antibodies; ANCA, antineutrophil cytoplasmic antibodies; APA, antiphospholipid antibody; CHL, conductive hearing loss; CLL, chronic lymphocytic leukemia; CNS, central nervous system; 
CSF, cerebrospinal fluid; FTA-ABS, fluorescent treponemal antibody absorption; IK, interstitial keratitis; KID, keratitis, ichthyosis and deafness; RPE, retinal pigment epithelium; SLE, systemic lupus 
erythematosus; SNHL sensorineural hearing loss.
From McCallum RM, St. Clair EW, Haynes BF. Cogan’s syndrome. In: Hoffman GS, Weyand CM, eds. Inflammatory diseases of blood vessels. New York: Marcel Dekker, 2002:491-509.

Fig. 162.8 Nodular scleritis seen laterally in a patient with Cogan’s syndrome. 
Note nodule under the light reflex. This finding is an indication for aggressive 
therapy of eye inflammation.

trial, methotrexate therapy showed no significant efficacy for amelio-
rating autoimmune hearing loss.66 Although cyclophosphamide therapy 
is another option, its use for more than 1 year increases the risk for 
bladder cancer and hematopoietic malignancy and should be avoided 
if possible.67 Infliximab has also been effective in some cases for the 
treatment of hearing loss secondary to Cogan’s syndrome.68 The rela-
tive efficacy of corticosteroids and other immunosuppressive drugs in 
Cogan’s syndrome is unclear. However, in the Duke series a hearing 
threshold of less than 60 dB was noted in 16 of 22 (73%) patients 
treated with corticosteroids alone, and in 9 of 11 (81%) patients treated 
with corticosteroid plus other immunosuppressive therapy.11

Persistent or recurrent inner ear disease may lead to cochlear 
hydrops.8,69 Cochlear hydrops produces short-lived hearing fluctuations 
ranging in duration from hours to 3 to 5 days. Such down-fluctuation 
may be associated with the menstrual cycle in women, eating salty 
foods, allergies, or upper respiratory illnesses. Cochlear hydrops cannot 
be reliably distinguished from a bout of inner ear inflammation. 
However, an inflammatory process can be suspected, with concomitant 
ocular inflammation, vestibular symptoms, or elevation in sedimenta-
tion rate. Hearing fluctuations due to cochlear hydrops may be observed 
or treated with a diuretic (grade C).61 If the hearing fails to improve 
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data) had a visual acuity of less than 20/30 in either eye, the worst 
being 20/60.11 At the Mayo Clinic, blindness occurred in 5% of eyes.9 
In a literature review, severe visual loss was described in only 4% of 
patients with Cogan’s syndrome and ocular inflammation beyond the 
anterior segment.8

Deafness is a frequent outcome in Cogan’s syndrome, occurring in 
25% to 50% of cases.8-12 Hearing loss is the major debilitating 
sequela of Cogan’s syndrome. Bilateral deafness developed in 31 of 60 
(52%) patients from the Mayo Clinic.10 In the Duke series, 26 (70%) 
of 37 patients with Cogan’s syndrome had a pure tone audiometry 
threshold of less than 60 dB (severe hearing loss) after a median follow-
up of 72 months.11 A retrospective analysis of patients with Cogan’s 
syndrome at Duke suggests that corticosteroid therapy may improve 
auditory outcomes. Auditory acuity was less than 60 dB in one (17%) 
of six patients without corticosteroid therapy and 25 (81%) of 31 
patients who received systemic corticosteroid therapy.8 Vestibular 
manifestations improve for most patients with Cogan’s syndrome. 
However, in the Duke series 15% of patients had persistent 
oscillopsia.9

Systemic vasculitis has been successfully treated in four of five 
patients from the Duke series.11 A large-vessel vasculitis developed in 
a patient who was receiving cyclosporin A therapy who was later suc-
cessfully treated with cyclophosphamide.11 Another patient who had 
persistent vasculitis died despite aggressive therapy with several differ-
ent immunosuppressive agents.10

CONCLUSION
The diagnosis of Cogan’s syndrome depends on the presence of inter-
stitial keratitis and vestibuloauditory neuronitis, usually occurring for 
the first time within a few weeks to months of each other. Some 
patients with Cogan’s syndrome can develop more serious inflamma-
tory eye disease or systemic vasculitis. Thus ophthalmologists, oto-
laryngologists, and rheumatologists must be alert for this constellation 
of clinical features. The cause of this disease is unknown, but its 
pathogenesis appears to involve immunologic mechanisms. Although 
controlled studies are lacking, experience suggests that prompt initia-
tion of corticosteroid therapy offers the best opportunity to restore 
acute hearing deficits. Cochlear implants can improve auditory func-
tion and quality of life for those patients with permanent and severe 
hearing loss.

within 3 to 5 days of a down-fluctuation, then consideration should be 
given to an empiric trial of prednisone therapy or an increase in pred-
nisone dose. Finally, permanent deafness can be treated with cochlear 
implants (grade B).42

Cardiovascular
The presence of aortic insufficiency implies aortitis and should be 
treated with high doses of corticosteroids in a manner similar to a 
systemic vasculitis (grade C).20 If aortic insufficiency develops or 
worsens during corticosteroid therapy, then other immunosuppressive 
agents should be added to the treatment regimen (grade C).20 For 
example, cyclophosphamide 2 mg/kg/day has been useful for treating 
potentially serious or life-threatening cases of vasculitis.61 Patients with 
Cogan’s syndrome have successfully undergone aortic valve replace-
ment soon after the discovery of aortic insufficiency.8,9,52 Aortic insuf-
ficiency may also stabilize with aggressive medical therapy.20

Systemic vasculitis is treated with prednisone 1 mg/kg/day, either 
alone or in combination with another immunosuppressive agent. 
Among the other immunosuppressants, cyclosporine 2 to 4 mg/kg/day 
has been the most effective for the treatment of large-vessel vasculi-
tis,20,61 and cyclophosphamide 2 mg/kg/day has produced beneficial 
results for patients with polyarteritis-like disorders (grade C).8,46 When 
using prednisone in combination with another immunosuppressive 
agent, the prednisone dose should be converted from a daily to an 
alternate schedule within 3 months to minimize toxicity. With disease 
control, the prednisone dose may then be gradually tapered to discon-
tinuation. Typically, cyclosporin A or cyclophosphamide is adminis-
tered for 1 year after the onset of complete remission.20,61 More recent 
approaches for the treatment of systemic vasculitis suggest switching 
from cyclophosphamide after 3 to 6 months of initial therapy to aza-
thioprine or methotrexate, providing the patient has achieved a clinical 
remission. Surgery may be indicated for bypass of obstructed vessels. 
Vascular stenoses can produce ischemic symptoms or threaten viability 
of an organ or tissue. Ideally, surgical procedures are carried out when 
the disease is under control.

PROGNOSIS
Ocular outcomes in patients with Cogan’s syndrome are excellent. In 
the Duke series only 6% of patients (2 of 31 patients with visual acuity 
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Fig. 162.9 Corticosteroids in Cogan’s syndrome (CS). Audiometry demonstrating response to therapy with corticosteroids in a patient with CS. (a) Hearing 
thresholds before therapy. (b) Hearing thresholds after therapy for active CS. (With permission from McCallum RM, St. Clair EW, Haynes BF. Cogan’s syndrome. In: 
Hoffman GS, Weyand CM, eds. Inflammatory diseases of blood vessels. New York: Marcel Dekker, 2002:491-509.)
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familial  cold urticaria or FCU), Muckle-Wells  syndrome  (MWS), and 
neonatal  onset  multisystem  inflammatory  disease  (NOMID;  also 
known  as  chronic  infantile  neurologic  cutaneous  and  articular  syn-
drome [CINCA]). These conditions have sometimes been called peri-
odic to describe the attacks, but sometimes they do not occur at regular 
intervals, and,  in  the case of NOMID/CINCA,  inflammation  is con-
tinuous with exacerbations. Deficiency of the IL-1 receptor antagonist 
(DIRA),  although not  formally  a  fever  syndrome,  is  included  in  this 
discussion  because  of  its  phenotypic  and  molecular  relationship  to 
NOMID/CINCA and its recessive inheritance. Antigen-specific T cells 
and  high-titer  autoantibodies  appear  not  to  play  a  major  role  in  the 
pathogenesis of these illnesses, and thus they are termed autoinflam-
matory diseases.1-3 Because these diseases often present in childhood, 
the differential diagnosis includes juvenile idiopathic arthritis (JIA) and 
the syndrome of periodic fever with aphthous stomatitis, pharyngitis, 
and cervical adenopathy (PFAPA).

Based on their often dramatic clinical presentation, the hereditary 
recurrent fevers have long been viewed as potential keys to understand-
ing  how  inflammation  and  innate  immunity  are  regulated.  Each  of 
these  conditions  segregates  as  a  single-gene disorder  in  families,  but 
until the 1990s the nature of the proteins encoded by these genes was 
purely a matter of conjecture. With the advent of the Human Genome 
Project and positional cloning techniques, it became feasible to search 
systematically  for  these  genes.  In  1992  the  FMF  gene,  designated 
MEFV, was mapped to the short arm of chromosome 16,4 and subse-
quently the genes underlying all seven of the illnesses described in this 
chapter were identified.

MEFV, the first of these genes to be cloned,5,6 encodes a previously 
unknown protein called pyrin (or marenostrin) that is predominantly 
expressed  in  leukocytes. The N-terminal 92 amino acids  (aa) of  this 
protein form a 6α-helix homotypic interaction motif (the pyrin domain 
[PYD])7 that defines a family of more than 20 proteins involved in the 
regulation of inflammation and apoptosis. Mutations in one of these 
proteins,  cryopyrin,  encoded  by  NLRP3,  have  been  found  to  cause 
FCAS,8 MWS,8 and NOMID/CINCA.9,10 In 1999 a group of somewhat 
heterogeneous families with dominantly inherited periodic fevers were 
found to harbor mutations in TNFRSF1A, which encodes the 55-kDa 
TNF receptor.1 This permitted a major reclassification of these condi-
tions into a single entity, TRAPS. Shortly thereafter two independent 
groups reported that HIDS is caused by mutations in a key enzyme in 
cholesterol biosynthesis,11,12 underscoring the fact that seemingly diver-
gent  molecular  lesions  can  sometimes  lead  to  a  similar  phenotype. 
Most  recently,  DIRA  has  been  described  in  individuals  with  loss-of-
function mutations of IL1RN, which encodes the IL-1 receptor antago-
nist (IL-1ra).13,14

The impact of these discoveries on the practice of clinical medicine 
is still evolving. Genetic tests are now available for all seven of these 
disorders. Indications for genetic testing, as well as the sensitivity and 
specificity of various laboratory methods, are still being worked out and 
there is lively debate over the use of clinical versus genetic criteria in 
the diagnosis  of  these  conditions. Mutational  analysis  of  the known 
recurrent  fever  genes  does  not  account  for  all  persons  with  clinical 
disease.  For  example,  some  cases  of  clinical  FMF,  HIDS,  NOMID/
CINCA, or TRAPS-like disease are mutation-negative  for the respec-
tive genes. This raises the possibility of yet more genes to be identified. 
Currently, no mutation can be found in over half of the recurrent fever 
patients seen in a  large referral clinic at the U.S. National Institutes 
of Health.

As genotyping becomes more prevalent, questions will arise about 
interpretation  of  sequencing  results.  These  may  include  questions 
regarding the clinical significance of single mutations in genes associ-
ated  with  recessively  inherited  diseases.  In  addition,  the  known 
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 The hereditary recurrent fevers are a group of inherited systemic 
illnesses characterized by episodes of fever with localized 
inflammation, often affecting serosal membranes, joints, and skin.

 Hyperimmunoglobulinemia D with periodic fever syndrome (HIDS, 
hyper-IgD syndrome) is recessively inherited. Familial 
Mediterranean fever (FMF) has been classified as recessive 
inheritance, but two mutations are not always found with current 
methods. There are four dominantly inherited periodic fevers: the 
tumor necrosis factor (TNF) receptor–associated periodic syndrome 
(TRAPS), familial cold autoinflammatory syndrome (FCAS), Muckle-
Wells syndrome (MWS), and neonatal-onset multisystem 
inflammatory disease (NOMID; also known as chronic infantile 
neurologic cutaneous and articular syndrome [CINCA]). The newly 
described deficiency of the interleukin (IL)-1 receptor antagonist 
(DIRA) bears some phenotypic similarities to NOMID/CINCA but 
often does not manifest fever and is recessively inherited.

 FMF is caused by mutations in pyrin, whereas FCAS, MWS, and 
NOMID/CINCA are all caused by mutations in cryopyrin. These two 
proteins share a common N-terminal domain and regulate cytokine 
production through a protein complex called the inflammasome.

 TRAPS is caused by mutations in the 55-kDa TNF receptor, whereas 
HIDS is caused by mutations in mevalonate kinase, a key enzyme in 
the synthesis of cholesterol and non-sterol isoprenes.

 DIRA is caused by mutations in IL-1 receptor antagonist (IL-1Ra).
 Clinical features include episodes of fever and localized 

inflammation, the duration and details of which vary with the 
specific disorder but can include abdominal pain, pleuritic chest 
pain, arthritis or arthralgia, myalgia, rash, and conjunctivitis.

 NOMID/CINCA is also characterized by inflammation of the central 
nervous system.

 Systemic AA amyloidosis can occur in any of these illnesses, but 
particularly with FMF, TRAPS, and NOMID/CINCA.

 Colchicine prevents the attacks and amyloidosis of FMF. Etanercept 
may reduce the frequency and severity of attacks in TRAPS. There is 
no consensus on the optimal treatment for HIDS. Various forms of 
IL-1 inhibition appear remarkably effective in the treatment of 
FCAS, MWS, NOMID/CINCA, and DIRA.

INTRODUCTION
The hereditary recurrent fevers (Table 163.1) are a group of inherited 
systemic disorders characterized by episodes of fever with a variety of 
localized  inflammatory  manifestations,  often  including  arthralgia  or 
arthritis. A subset of patients also develops secondary AA amyloidosis. 
The hereditary recurrent fevers can be thought of as inborn errors of 
inflammation.

Familial Mediterranean fever (FMF) is the prototype of this family 
of diseases, both because of its prevalence in certain populations and 
the  degree  to which  it  has  been  studied. Whereas  FMF was  initially 
described as recessively inherited, more recent data indicate that, under 
some circumstances, a single mutant allele may be sufficient for clini-
cal illness. The other hereditary recurrent fevers include the recessively 
inherited hyperimmunoglobulinemia D with periodic fever syndrome 
(HIDS, hyper-IgD syndrome) and four dominantly inherited illnesses: 
the tumor necrosis factor (TNF) receptor–associated periodic syndrome 
(TRAPS),  familial  cold  autoinflammatory  syndrome  (FCAS;  formerly 
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TABLE 163.1 THE HEREDITARY RECURRENT FEVERS

Familial Mediterranean 
fever (FMF)

TNF receptor–
associated periodic 
syndrome (TRAPS)

Hyper-IgD syndrome 
(HIDS)

Familial cold 
autoinflammatory 
syndrome (FCAS)

Muckle-Wells 
syndrome 
(MWS) NOMID/CINCA

OMIM # 249100 142680 260920 120100 191100 607115

Inheritance Has been considered 
autosomal recessive; up 
to 50% have only one 
demonstrable MEFV 
mutation

Autosomal dominant Autosomal recessive Autosomal 
dominant

Autosomal 
dominant

Autosomal dominant

Ethnic distribution Jewish, Arab, Armenian, 
Turkish, Italian

Broad ethnic 
distribution; originally 
Irish/Scottish

Dutch, Northern 
European

Primarily 
European

Northern 
European

Any ethnicity

Gene 
(chromosome)

MEFV (16p13.3) TNFRSF1A (12p13) MVK (12q24) NLRP3 (1q44) NLRP3 (1q44) NLRP3 (1q44)

Protein Pyrin (marenostrin) 55-kDa TNF receptor Mevalonate kinase (MK) Cryopyrin (NLRP3) Cryopyrin 
(NLRP3)

Cryopyrin (NLRP3)

Typical attack 
length

1-3 days >7 days 3-7 days 30 min-72 hr 1-2 days Continuous, with 
exacerbations

Serosal 
manifestations

Mild abdominal pain → 
peritonitis; pleurisy; 
pericardial involvement 
usually asymptomatic; 
acute scrotum

Mild abdominal pain 
→ peritonitis; pleurisy; 
pericarditis; scrotal 
pain

Abdominal pain, but 
peritonitis uncommon; 
pleurisy rare

Absent Abdominal pain; 
pleurisy rare

Not common

Musculoskeletal 
manifestations

Exercise-induced 
myalgia; protracted 
febrile myalgia (rare); 
monarticular arthritis; 
chronic arthritis of hip; 
sacroiliitis

Migratory myalgia; 
arthralgia more 
common than arthritis; 
when present, arthritis 
is monarticular or 
pauciarticular

Myalgia uncommon; 
self-limited symmetric 
polyarticular non-
destructive arthritis

Polyarthralgia, 
myalgia

Myalgia, 
arthralgia 
common; large 
joint 
oligoarticular 
arthritis

Epiphyseal 
overgrowth, 
contractures, 
intermittent or 
chronic arthritis

Cutaneous 
manifestations

Erysipelas-like erythema 
(ELE); Henoch-Schönlein 
purpura in 5% of 
children

Migratory erythema 
often accompanying 
myalgia

Erythematous macules 
and papules most 
common; aphthous 
ulcers of mouth, vagina

Urticarial rash 
(granulocytes 
predominate)

Urticarial rash 
(granulocytes 
predominate)

Urticaria-like rash

Lymphadenopathy Uncommon Sometimes found Cervical adenopathy 
common during attacks

Absent Can occur Hepatosplenomegaly, 
adenopathy

Neurosensory Aseptic meningitis (rare) Conjunctivitis, uveitis, 
periorbital edema

Uncommon Headache, 
conjunctivitis

Sensorineural 
deafness; 
conjunctivitis, 
episcleritis; 
elevation of 
optic disc

Sensorineural 
deafness, chronic 
aseptic meningitis, 
mental retardation, 
headache, uveitis, 
conjunctivitis, 
progressive vision loss

Amyloidosis risk Varies according to 
genotype, environment

∼14% of cases Infrequent Infrequent (∼2%) ∼25% of cases May develop in 
adulthood

Genotype-
phenotype 
associations

M694V/M694V 
associated with 
amyloidosis, arthritis, 
ELE, possibly other 
severe manifestations; 
E148Q low penetrance 
mutation/polymorphism

Cysteine mutations 
associated with 
increased penetrance, 
amyloidosis; R92Q, 
P46L are low 
penetrance mutations/
polymorphisms

Nearly all cases have at 
least one copy of V377I; 
HIDS-associated 
mutations distributed 
throughout the gene

L353P None to date Y570C, F309S, F523L

Treatment Daily oral colchicine Prednisone, 
etanercept, anakinra

NSAIDs for fever; 
statins, etanercept, 
anakinra, montelukast 
investigational

Anakinra, 
rilonacept, 
canakinumab

Anakinra, 
rilonacept, 
canakinumab

Anakinra; rilonacept, 
canakinumab 
investigational

recurrent fever genes and their biochemical partners may also have a 
role  in  the  more  prevalent  complex  inflammatory  diseases,  just  as 
mutations in CARD15/NOD2 cause both Blau’s syndrome (a rare gran-
ulomatous disorder) and the much more common Crohn’s disease.15-17 
In the  following pages we summarize the current state of knowledge 
for each of the hereditary recurrent fevers and highlight the questions 
yet to be answered in this rapidly advancing field.

FAMILIAL MEDITERRANEAN FEVER
Background, basic genetics, and epidemiology
Although the earliest recognizable description of FMF appeared in the 
medical literature in 1908,18 the first series of cases was not reported 
until  1945.19  Shortly  thereafter,  detailed  descriptions  were  published 
by  clinicians  in  France  and  Israel,  and  the  current  name,  familial 
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in  the  peritoneum,  probably  representing  the  inflammatory  exudate. 
Patients who remain undiagnosed after several attacks frequently avoid 
medical  attention  in  subsequent  episodes  out  of  frustration;  these 
patients often give a history of staying at home in bed for the duration 
of  their  attacks.  It  should,  however,  be  emphasized  that  even  those 
patients  who  experience  attacks  of  the  severity  just  described  some-
times have milder  abdominal  episodes  that do not preclude work or 
school activities.

Pleural attacks are also common in FMF, either alone or in combi-
nation with abdominal attacks. Pleurisy may be more frequent among 
Armenians  than  in  other  populations.28  Pleural  attacks  are  usually 
unilateral. A pleural effusion may be present and thoracentesis reveals 
an  exudative  fluid  rich  in  neutrophils,  but  frequently  no  effusion  is 
detectable on upright or lateral decubitus films.

Symptomatic  non-uremic  pericarditis  is  relatively  rare  in  FMF, 
although it has been reported, even with tamponade.31,32 Nevertheless, 
small pericardial effusions with mild or no symptoms can sometimes 
be detected by echocardiography (Fig. 163.1).

The  incidence  of  arthritis  in  FMF33  varies  considerably  among 
ethnic groups. Individuals carrying two copies of the M694V mutation 
have been shown to be at increased risk for arthritis,34-37 and the inci-
dence  of  arthritis  roughly  parallels  the  population  frequency  of  this 
mutation. In the North African Jewish population, where this muta-
tion  is  very  common,  as  many  as  75%  of  FMF  patients  experience 
synovial  attacks  at  some  point  in  their  illness.22,33  FMF  arthritis 
often  first  presents  in  childhood.  The  most  frequent  presentation  is 
monarticular,  commonly  affecting  the  knee  or  ankle,  followed  by  
symmetric  two-joint  arthritis;  other  patterns,  such  as  polyarticular 
symmetric  arthritis  and  oligoarticular  asymmetric  arthritis,  are  less 
frequent.29  During  the  acute  arthritic  attacks  of  FMF,  there  may  be 
large sterile synovial effusions with neutrophil counts of the magnitude 
seen in septic arthritis. Despite this, the natural history of the acute 
arthritis of FMF  is usually  complete  resolution with no  radiographic 
residua. In patients not treated with colchicine, chronic monarticular 
arthritis can develop and, when located in the hip, this can eventually 
necessitate joint replacement.33,38 FMF patients may also be at increased 
risk  of  sacroiliitis,  irrespective  of  HLA-B27  status  or  colchicine 
prophylaxis.39

The most characteristic skin  lesion of FMF, considered pathogno-
monic by some, is a tender erythematous plaque on the dorsum of the 
foot, ankle, or lower leg and termed erysipelas-like erythema (ELE). An 
early case report of the histology of this lesion described a perivascular 
infiltrate that was primarily polymorphonuclear,40 consistent with the 
composition of serosal and synovial fluids from FMF patients. A larger, 
more recent study showed a more mixed cellular infiltrate (Fig. 163.2)41; 
possibly,  colchicine  prophylaxis  alters  the  histology.  Deposits  of  C3 

Mediterranean  fever, was proposed.20-22 Other synonymous terms are 
still occasionally found in the literature, including recurrent polysero-
sitis, recurrent hereditary polyserositis, familial paroxysmal polysero-
sitis, and periodic peritonitis.

FMF is generally thought of as a recessively inherited disorder most 
frequent in individuals of non-Ashkenazi Jewish, Armenian, Arab, and 
Turkish  ancestry.  The  availability  of  genetic  testing  has  led  to  the 
realization that FMF is also relatively common among individuals of 
Ashkenazi  (Eastern  European)  Jewish  and  Italian  ancestry,23,24  often 
with less severe clinical manifestations than in the populations where 
it was initially described. DNA analysis has also confirmed the pres-
ence of FMF in individuals with no known Mediterranean or Middle 
Eastern ancestry. In the past, two MEFV mutations were thought to be 
necessary  for  genetic  diagnosis  of  FMF.  There  has  been  a  growing 
realization that a substantial percentage of patients with clinical FMF 
have only a single demonstrable MEFV mutation despite complete gene 
sequencing.25,26 This suggests that polymorphisms of other genes and 
environmental  conditions  impact  the phenotype of FMF. Particularly 
in countries where smaller families predominate, it is not at all uncom-
mon for there to be no family history of FMF in individuals with clini-
cally  typical,  genetically confirmed disease. DNA studies have  raised 
the possibility that at least for certain relatively rare MEFV mutations, 
dominant inheritance is possible.27

Based  on  large  case  series  reported  before  the  cloning  of  MEFV, 
approximately 90% of patients with FMF exhibit their first symptoms 
by the age of 2022,28 and thus the diagnosis is most frequently made by 
pediatricians  or  pediatric  rheumatologists.29  Increasingly,  however, 
genetic testing has allowed the recognition of relatively mild disease in 
adults, who on  close questioning often  give  a history dating back  to 
childhood. There is an excess of male cases over females (usually with 
an M : F ratio of about 1.5-2.0 : 1), which may be due to a number of 
factors, including the misdiagnosis of FMF abdominal attacks as gyne-
cologic disease, possible hormonal effects on FMF symptoms (in some 
women symptoms begin at menarche, and pregnancy may be associ-
ated with an amelioration or  remission of  febrile attacks),22,28  and/or 
under-reporting by females for social/cultural reasons. Despite the pos-
sibility  of  underdiagnosis,  the  incidence  of  clinically  diagnosed  FMF 
has been found to be as high as 1 : 248 in the Libyan Jewish popula-
tion,26,30 implying a carrier frequency of at least 1 : 8, assuming a simple 
recessive model of inheritance.

Clinical features and laboratory findings
Acute attacks
The acute attacks of FMF are typically characterized by fever and either 
serositis,  synovitis, or  rash. The duration of attacks  is usually 24  to 
72 hours, although arthritic attacks sometimes last up to 1 week. The 
attacks can occur as often as once a week or as  infrequently as once 
every few years, and even for a given patient the frequency may vary 
greatly over time, for no apparent reason. Physical exertion, emotional 
stress,  and  menses  have  all  been  associated  with  attacks  in  some 
patients,  but  in  many  cases  there  is  no  obvious  provocation.  Some 
patients experience a prodromal sensation for several hours before the 
onset of the attack, and chills often herald the onset of fever.

The  magnitude  of  temperature  elevation  can  vary  greatly  among 
individuals and even from one episode to the next in a given individual. 
Fevers are generally higher  in children  than  in adults and, especially 
in  infants  and  toddlers,  fever  may  be  the  only  finding.29  During  an 
episode, antipyretics may ameliorate the fever and help prevent febrile 
seizures in infants, but, if no treatment is given the temperature gener-
ally stays elevated throughout the episode.

Abdominal pain is the second most common manifestation of FMF 
and  occurs  at  some  time  in  over  90%  of  patients.  At  its  worst,  the 
abdominal  pain  of  FMF  mimics  an  acute  surgical  abdomen,  with 
absence of bowel sounds, board-like rigidity, and rebound tenderness. 
Many patients who present in this way early in their disease undergo 
one  or  more  exploratory  laparotomies,  which  usually  reveal  sterile 
peritonitis and sometimes unexplained adhesions but no evidence of 
appendicitis.  After  the  attack  subsides,  upper  gastrointestinal  series, 
barium enema, and endoscopic investigations are normal unless amy-
loidosis  is present. Computed tomography (CT) of the abdomen per-
formed during an acute attack may reveal a small amount of free fluid 

Fig. 163.1 Small posterior pericardial effusion (arrow) in a young woman with 
FMF as shown on a two-dimensional echocardiogram, parasternal long-axis 
view.
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Systemic amyloidosis
Systemic amyloidosis is an extremely serious manifestation of FMF.22 
It  is  caused  by  the  deposition  of  a  degradation  product  of  SAA,  an 
acute-phase reactant made by the liver, in a number of different organs. 
The most common sites of amyloid deposition in FMF are the kidneys, 
liver, spleen, gastrointestinal tract, lungs, testes, thyroid, and adrenals. 
Before the advent of colchicine prophylaxis, amyloidosis was a frequent 
cause of kidney failure and death in FMF patients. Amyloid deposits 
in FMF seldom occur in the heart, peripheral nerves, or joints (except 
in the setting of chronic hemodialysis). Amyloidosis usually occurs in 
patients who are already experiencing the acute febrile episodes of FMF 
(phenotype I) but rarely occurs as the first manifestation of FMF (phe-
notype II).

There are a number of factors that determine the risk of amyloidosis 
for a given patient. The older literature notes ethnic differences in the 
risk of amyloidosis, with North African Jews having a higher risk than 
Iraqi Jews, who in turn have a higher risk than Ashkenazi Jews.54 With 
the cloning of MEFV, most series indicate an increased risk of amyloi-
dosis in patients who are homozygous for the M694V mutation.34-37,55-58 
The differences in amyloid risk among Jewish subpopulations roughly 
parallel  the  M694V  mutation  frequencies.  Although  there  are  fewer 
data, the M694I mutation and the V726A-E148Q complex allele may 
also confer increased amyloid risk.57,59 These mutations tend to associ-
ate with other more severe manifestations of FMF, suggesting a con-
nection between disease severity and amyloidosis. There is an excess 
of M694V homozygotes  even among  the phenotype  II  patients,  sug-
gesting that phenotype II may be explained by asymptomatic episodes 
of severe “biochemical inflammation.” However, it should be empha-
sized that even among patients with milder, relatively low risk MEFV 
mutations, amyloidosis has been observed.

Over  and  above  the  effect  of  specific  MEFV  mutations,  a  positive 
family history of amyloidosis confers increased amyloid risk. The SAA1 
α/α  genotype  and  male  gender  may  account  for  at  least  part  of  this 
risk,60 whereas the role of polymorphisms at the major histocompati-
bility  complex  (MHC)  class  I  chain-related  gene  A  (MICA)  remains 
controversial.61,62 An excess of amyloidosis among untreated Armenian 
FMF patients in Armenia, relative to Armenian-Americans before the 
use of colchicine, suggests an additional role for environmental factors, 
and a recent epidemiologic study relates amyloid risk with infant mor-
tality rates in the patient’s country of origin.63

All  FMF patients  should  be  regularly  screened  for  amyloidosis  by 
urinalysis. Patients who have significant proteinuria on repeated uri-
nalyses performed between febrile attacks may require tissue diagnosis. 
Renal biopsy has  the highest sensitivity, with rectal biopsy a slightly 
less sensitive but also less invasive alternative.64 Bone marrow biopsy 
is less often undertaken but also has a high sensitivity. Aspiration of 
the abdominal  fat pad, while  less  invasive,  is not a sensitive  test  for 
amyloidosis in FMF.65 If not treated, the natural history of amyloidosis 

can be demonstrated in vessel walls, but vasculitis is not observed. A 
number  of  other  rashes,  most  notably  Henoch-Schönlein  purpura,22 
can present as non-specific manifestations of FMF.

Attacks  of  FMF  can  involve  other  anatomic  compartments.  Exer-
tional  myalgia  of  the  lower  extremities,  usually  without  fever  and 
lasting from a few hours to 2 to 3 days, occurs in about 20% of patients, 
and  a  shorter-lasting,  mild  myalgia  can  sometimes  occur  without  
strenuous  exercise.29  In  a  small  percentage  of  patients  there  can  be 
prolonged  (up  to 6 weeks)  episodes of  severe,  debilitating myalgia of 
the extremities, with fever, accelerated erythrocyte sedimentation rate 
(ESR),  and  a  normal  creatine  kinase  (CK).42  This  “protracted  febrile 
myalgia” is thought to be due to vasculitis. A small percentage of boys 
with FMF develop acute scrotal pain  resulting  from inflammation of 
the tunica vaginalis, an embryologic remnant of the peritoneal mem-
brane.43 There have also been isolated reports of aseptic meningitis in 
FMF.44

Laboratory investigations
Laboratory studies performed during FMF attacks show a non-specific 
acute phase response, including leukocytosis, an accelerated ESR and 
elevations  in  the  C-reactive  protein  (CRP),  serum  amyloid  A  (SAA), 
fibrinogen,  and  haptoglobin  values.45  Patients  may  have  moderate 
hypergammaglobulinemia irrespective of whether they are in an attack, 
and serum IgD levels can be moderately elevated, especially in patients 
homozygous for the M694V mutation.46 As noted previously, autoan-
tibodies,  including  the antinuclear  antibody,  rheumatoid  factor,  anti-
cardiolipin antibodies (ACA), and antineutrophil cytoplasmic antibodies 
are usually negative or present only in low titer.

Between  their  attacks  FMF  patients  have  no  residual  symptoms. 
Nevertheless, many FMF patients show persistent elevations of their 
acute-phase  reactants,  especially  the CRP and SAA,  even when  they 
are between attacks.47,48 Moreover, obligate carriers of FMF mutations 
have also been shown to have increased acute-phase reactants relative 
to non-carriers.47,48 Taken  together,  these data  suggest  that  the acute 
attacks of FMF probably represent the tip of the inflammatory iceberg.

Associated disorders
Several other inflammatory/rheumatologic disorders have been observed 
in association with FMF. As noted earlier, the protracted febrile myalgia 
of FMF is thought to be due to vasculitis; and two other vasculitides, 
Henoch-Schönlein  purpura22  and  polyarteritis  nodosum,49  are  seen 
more frequently in FMF patients than in the general population. There 
are  data  that  non-amyloid  glomerulitis  may  present  at  an  increased 
frequency in FMF patients. Although not an inflammatory disease in 
its own right, fibromyalgia is seen in association with FMF, just as it 
is seen in the setting of other inflammatory diseases.50 There have also 
been  studies  showing  an  association  of  mutated  MEFV  alleles  with 
Behçet’s disease51,52 and palindromic rheumatism.53

a b

Fig. 163.2 (a) Skin biopsy specimen taken from the site of erysipelas-like erythema (ELE) in a young man with FMF. Note the predominantly perivascular 
distribution of the inflammatory infiltrate (H&E, ×40). (b) Higher magnification demonstrates a mixed, predominantly mononuclear infiltrate (×1000).
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form  their own “inflammasome complex” with  caspase-1  to activate 
IL-1β, as has been demonstrated in vitro.85,86 As yet unpublished data 
from  a  mouse  model  in  which  human  pyrin  mutations  have  been 
genetically introduced supports this latter view, as does the paucity of 
null  mutations  in  FMF  patients  and  the  observation  of  biochemical 
inflammation in MEFV heterozygotes. The specific effects of pyrin on 
various  inflammatory pathways may therefore be context dependent, 
but the disease phenotype indicates that the net effect of FMF muta-
tions  is  an  autoinflammatory  state.  Whether  due  to  a  reduction  in 
anti-inflammatory  regulation or  an accentuation of proinflammatory 
signaling, or both, FMF-associated mutations may permit the amplifi-
cation of otherwise innocuous stimuli.73 There may also be other roles 
for pyrin besides inflammasome regulation, as suggested by its localiza-
tion in the nucleus or with actin filaments.

Currently, more than 50 FMF-associated MEFV mutations are listed 
in  the  INFEVERS  (http://fmf.igh.cnrs.fr/infevers/)  online  database  of 
periodic  fever  mutations,  although  the  total  number  of  reported 
sequence variants exceeds 150. Almost half of  the known mutations 
are  in  exon  10,  encoding  the  B30.2  (SPRY)  domain.  Exon  10  also 
includes two mutational “hot spots” (M680 and M694) that have more 
than one known mutation. The structure of the B30.2 domain of pyrin 
(also named TRIM20) has been determined by crystallography87 and is 
similar  to  the  B30.2  domain  of  Ro52  (also  named  TRIM21).  The 
amino  acids  mutated  in  FMF  are  surface  exposed  with  potential  for 
ligand-binding. A second major cluster of MEFV sequence variation is 
in exon 2. In contrast to the exon 10 mutations, these sequence vari-
ants, such as E148Q, are of uncertain significance and at most are less 
pathogenic mutations, although they may simply be  functional poly-
morphisms that alone are usually insufficient to cause FMF but may 
non-specifically affect the overall severity of inflammation.88 The over-
whelming majority of FMF-associated MEFV mutations represent mis-
sense single amino acid substitutions, whereas in-frame deletions and 
truncations are  rare. The preponderance of missense mutations may 
explain the episodic nature of FMF, because these mutations may lead 
to subtle functional changes and a delicate equilibrium state.5

As previously noted, M694V homozygotes have an  increased  risk 
of  amyloidosis,34-37,55-58  and  some  studies  additionally  associate  this 
genotype  with  an  earlier  age  at  onset,  greater  frequency  of  attacks, 
arthritis, and ELE.34-37 M694I, M680I, and the V726A-E148Q complex 
allele may also confer a more severe phenotype. There is evidence that 
the deletion mutation at  codon 694 and  the M694I-E148Q complex 
allele are dominantly inherited.27 As noted earlier, the E148Q substitu-
tion is usually found in FMF patients who are compound heterozygotes 
for  E148Q  and  an  exon  10  mutation.  E148Q  can  also  be  seen  as  a 
complex allele in cis with an exon 10 mutation.24,89 Similar to E148Q, 
the P369S and R408Q substitutions, which are encoded in exon 3, are 
of uncertain significance. They are frequently inherited in cis and are 
associated with atypical FMF symptoms.90 The relative frequencies of 
various  MEFV  substitutions,  especially  M694V  and  V726A,  may 
explain some of the differences in FMF severity among ethnic groups.

Identification  of  MEFV  has  permitted  the  direct  enumeration  of 
mutation  carriers  in  high-risk  populations  and  has  indicated  carrier 
frequencies  as  high  as  1 : 3  to  1 : 5  in  certain  ethnic  groups.24,91,92  To 
put these figures in perspective, the carrier frequency for cystic fibrosis, 
the most common lethal recessive disorder in North American whites, 
is  only  about  1 : 25.  Such  high  FMF  carrier  rates  strongly  suggest  a 
selective  advantage,  perhaps  resistance  to  one  or  more  infectious 
agents, for heterozygous carriers of MEFV mutations. The number of 
FMF patients diagnosed, however, is less than would be predicted based 
on  the  carrier  frequency  of  mutations,  assuming  a  simple  recessive 
model of inheritance. It is likely that there are significant numbers of 
non-penetrant/undiagnosed individuals carrying two MEFV mutations 
who do not fulfill clinical criteria for the diagnosis of FMF.24,93 Certain 
mutations in MEFV may also increase the previously noted increased 
risk  of  other  inflammatory  disorders,  including  Behçet’s  disease,52 
inflammatory bowel disease,94 and secondary amyloidosis.88

Diagnosis
At the time MEFV was cloned, many expected that FMF would become 
purely a genetic diagnosis, particularly  in  light of  the high  frequency 
of  just  four  mutations  in  the  initial  panels  of  families.  However,  as 

in FMF  is progression  to  renal  failure usually within 3  to 5 years of 
diagnosis. In those patients who undergo dialysis or renal transplanta-
tion who are not adequately treated, amyloid deposition will continue 
in the transplanted kidney and other organs, leading to amyloid goiter, 
malabsorption,  and  diarrhea  due  to  gastrointestinal  deposition  and, 
occasionally, cardiac involvement.

Molecular genetics
The  FMF  gene,  MEFV,  was  identified  by  positional  cloning  by  two 
independent groups in 1997.5,6 It is a 10-exon gene spanning approxi-
mately 15 kb of genomic DNA, and it encodes a 781-aa protein product 
that  has  been  named  pyrin,  to  connote  its  relationship  to  fever,  or 
marenostrin,  after  the  Latin  name  for  the  Mediterranean  sea  (mare 
nostrum,  “our  sea”),  by  the  two  teams.  Four  missense  mutations  in 
exon 10—the substitution of isoleucine for methionine at codon 680 
(M680I),  the  substitution  of  valine  for  methionine  at  codon  694 
(M694V), the substitution of isoleucine for methionine at codon 694 
(M694I),  and  the  substitution  of  alanine  for  valine  at  codon  726 
(V726A)—were found in absolute association with disease in two large 
panels of families. Moreover, M694V and V726A were found in several 
populations,  each  associated  with  a  unique  haplotype  (essentially  a 
genetic fingerprint),  suggesting  that present-day carriers of  these  two 
mutations  are  respectively  descended  from  two  different  common 
ancestors.  Based  on  the  histories  of  the  populations  involved,  the 
ancestral  mutations  probably  arose  2500  or  more  years  ago.  Similar 
findings have  subsequently been  reported  for  the E148Q variant24  in 
exon 2.

Pyrin is expressed in neutrophils, eosinophils, monocytes, dendritic 
cells, and synovial fibroblasts but not at significant levels in lympho-
cytes.66,67  Initial  computational  analyses  of  the  coding  sequence  sug-
gested that pyrin might be a transcription factor. Although transfected 
full-length pyrin is cytoplasmic when examined by fluorescence micros-
copy,68 more recently endogenous pyrin has been shown to localize in 
the nucleus in several cell types, including synovial fibroblasts, neutro-
phils, and dendritic cells but not monocytes.67 The factors controlling 
pyrin’s  subcellular  localization are  still  incompletely understood, but 
may include alternative splicing,69 phosphorylation status,70 and pro-
teolytic  cleavage.71  When  transfected  in  HeLa  cells,  full-length  pyrin 
associates with microtubules68 but endogenous pyrin in human mono-
cytes co-localizes with actin filaments and not with microtubules.72 It 
is therefore unclear whether the association of pyrin with the cytoskel-
eton does or does not bear on the possible mechanism by which col-
chicine exerts its therapeutic effect in FMF.

Since  the positional  cloning of MEFV,  a number of other proteins 
have been identified that are homologous to the N-terminal ∼92 aa of 
pyrin,7,73  encoded  by  exon  1.  NMR  structural  studies74-76  have  con-
firmed  computational  predictions77,78  that  this  domain  (PYD)  is  the 
fourth member of  a  superfamily  that  includes death domains,  death 
effector domains, and caspase recruitment domains (CARD). Each has 
a  six  α-helical  configuration  that  promotes  homotypic  interactions: 
death  domains  associate  with  death  domains,  pyrin  domains  with 
pyrin domains, and so on.

Recognition  of  the  N-terminal  PYD  is  the  basis  for  two  working 
hypotheses  on  pyrin  function  (Fig.  163.3).  Pyrin  has  been  shown  to 
bind  an  adaptor  protein  called  ASC  (apoptosis-associated  speck-like 
protein with a caspase recruitment domain)77 that consists of an N-ter-
minal PYD and a C-terminal CARD. The PYD of pyrin binds the PYD 
of ASC, whereas the CARD of ASC is able to bind certain other CARD 
proteins, which are known to regulate cytokine production, apoptosis, 
and NF-κB activation. By one hypothesis,  the pyrin-ASC  interaction 
may  inhibit  the  assembly  of  the  inflammasome,  a  macromolecular 
complex that includes ASC and cryopyrin79-81 and is known to activate 
IL-1β  and  IL-18.  Evidence  cited  in  favor  of  this  view  includes  the 
observation that mice expressing a truncated pyrin are more sensitive 
to  endotoxin,  with  increased  caspase-1  activation,  increased  IL-1β 
maturation, and a defect  in macrophage apoptosis.82 Moreover, pyrin 
appears  to  have  an  additional  inhibitory  effect  on  IL-1β  production 
through its C-terminal B30.2 (SPRY) domain83,84 and, consistent with 
this  proposed  anti-inflammatory  role  for  pyrin,  the  use  of  siRNA  to 
knock  down  pyrin  in  a  human  monocytic  cell  line  increased  IL-1β 
production  in vitro.83  Alternatively,  pyrin  and  ASC  may  themselves 
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high pretest probability of FMF and restricted number of founder muta-
tions,  but  they  are  still  under  evaluation  in  more  heterogeneous 
Western European and North American populations. Moreover, with 
the advent of DNA testing for MEFV mutations there are patients with 
inflammatory  episodes  that  do  not  conform  with  the  Tel  Hashomer 
criteria but who have two mutant alleles at MEFV. These cases broaden 
the clinical spectrum of MEFV-associated illness23,97 and may eventu-
ally lead to a somewhat revised set of clinical criteria.

For patients from high-risk populations with typical clinical mani-
festations  of  FMF,  the  diagnosis  can  still  be  made  with  confidence 
without the use of DNA studies. Genetic testing, however, can play an 
important adjunctive role in more heterogeneous populations, particu-
larly for physicians with little experience with this disorder. The finding 
of two MEFV mutations may add certainty to the diagnosis in such a 
setting,  whereas  the  absence  of  any  mutations  may  help  refute  the 
diagnosis  in  a  dubious  case.  However,  particularly  in  those  circum-
stances where only one mutation is found by genetic testing, clinical 
judgment will continue to have an important place in the diagnosis of 
FMF.

experience  has  broadened,  it  has  become  clear  that  the  diagnosis  of 
FMF cannot be made or refuted on the basis of genetic testing alone. 
Because of the aforementioned issue of non-penetrance, the identifica-
tion of two MEFV mutations in the absence of clinical information is 
of  limited  value.  Conversely,  it  is  widely  recognized  that  current 
methods of mutation detection, usually based on sequencing of genomic 
DNA, do not detect all of the mutations that “should” be present.25,26,95 
Thus, some patients with FMF diagnosed on the basis of clinical find-
ings have only one demonstrable mutation (rather than the expected 
two), and a small number of patients will have no identifiable muta-
tions. This suggests that either current methods do not identify puta-
tive  non-coding  MEFV  mutations  in  the  populations  studied  or  that 
there are other  loci, perhaps encoding pyrin homologs or proteins  in 
the same pathway, that may interact with MEFV to produce the signs 
and symptoms of FMF.

The most frequently employed clinical criteria for FMF were estab-
lished at  the Tel-Hashomer Medical Center  in  Israel96  and  include a 
schema of major, minor, and supportive criteria. These criteria perform 
well in a number of Middle Eastern populations, with their relatively 
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demonstrate a  significant  therapeutic  effect,122  and  there are no data 
on the efficacy of interferon in preventing amyloidosis.

Given the cytokine patterns reported in FMF and the major interac-
tions of pyrin and IL-1β, treatments that target IL-1 have been utilized 
in patients unresponsive  to or  intolerant of  therapeutic doses of  col-
chicine. Case reports have described improvement of FMF using IL-1 
blockade with  anakinra,123-126  and a multicenter  trial  of  rilonacept,  a 
recombinant  IL-1  receptor  fusion  protein,  is  ongoing.  There  is  also 
anecdotal evidence supporting the use of TNF inhibitors in FMF.127,128

It should also be noted that certain manifestations or complications 
of  FMF  require  treatments  other  than  colchicine.  Most  notably,  the 
protracted  febrile  myalgia  of  FMF,42  as  well  as  Henoch-Schönlein 
purpura, requires the use of corticosteroids and polyarteritis nodosum 
often requires both corticosteroids and cyclophosphamide.

TNF RECEPTOR–ASSOCIATED  
PERIODIC SYNDROME
The  TNF  receptor–associated  periodic  syndrome  (TRAPS)  subsumes 
those  dominantly  inherited  periodic  fevers  that  are  caused  by muta-
tions in TNFRSF1A, the gene encoding the 55-kDa receptor for TNF. 
In  contrast  to  FMF, where  there  is  an  evolving  relationship  between 
clinical criteria and MEFV mutational status, TRAPS was first proposed 
as  a  genetic  diagnosis. Thus,  only  those patients with demonstrable 
TNF receptor mutations should be included as having TRAPS.

Before this terminology was proposed, there had been a number of 
case descriptions of dominantly inherited periodic fever in families of 
diverse ethnic backgrounds. Perhaps the best characterized of these was 
a large pedigree of Irish-Scottish ancestry first described by Williamson 
and colleagues in 1982129 as familial Hibernian (Irish) fever (FHF). The 
inflammatory attacks observed in this family resembled FMF in some 
respects, including the presence of abdominal pain, pleurisy, joint pain, 
an accelerated ESR, and neutrophilia. However, there were important 
differences,129,130  including a much longer duration of attacks, migra-
tory areas of erythema, swelling and myalgia, conjunctivitis and peri-
orbital  edema,  a  dominant  pattern  of  inheritance,  poor  response  to 
colchicine, and a relatively prompt response to corticosteroids.

There  were  a  number  of  other  reports  of  families  with  similar, 
although  not  identical,  dominantly  inherited  periodic  fevers.  They 
included  a  large  Australian  family  of  Scottish  ancestry  with  benign 
autosomal dominant familial periodic fever (FPF)131 as well as smaller 
families of Swedish, Spanish, German, Finnish, Dutch, Austrian, and 
mixed Irish/English/German ancestry. Although each of these families 
exhibited  dominant  inheritance  and  attacks  generally  lasting  longer 
than 7 days,  there were a number of differences,  including ethnicity, 
the type of rash, and the presence or absence of systemic amyloidosis. 
Therefore,  it  was  not  clear  whether  these  cases  represented  a  single 
disease with varying severity and manifestations or completely differ-
ent disorders.

There  were  two  key  breakthroughs  that  led  to  the  emergence  of 
TRAPS as a unique diagnostic  entity. The first was  the discovery  in 
1998 that both FPF and FHF map to the same region of the short arm 
of chromosome 12,131,132 thus suggesting that mutations at a common 
locus might account for FHF, FPF, and perhaps even some of the other 
dominant families and laying to rest any possibility that either FHF or 
FPF is caused by mutations in MEFV. Based on this linkage informa-
tion, genes from the pertinent region of chromosome 12 were screened 
for disease-associated mutations. Among the possibilities on the trans-
cript map was TNFRSF1A, the gene encoding the 55-kDa receptor for 
TNF. It was an attractive candidate both because of the central role of 
TNF  in  inflammation  and  because  of  the  observation  of  abnormal 
levels  of  soluble  55-kDa  receptor  in  patients’  blood.  Remarkably,  in 
seven  families  of  varied  ethnic  background,  an  international  team 
found  six  different  mutations  in  TNFRSF1A  that  segregated  with 
disease.1 This second advance led to the proposal of a common nomen-
clature  for  families  with  TNFRSF1A  mutations.  Although  historical 
names such as FHF might still be used to denote individual variants, 
it  seemed  likely  that  perpetuating  a  classification  scheme  based  on 
ethnicity might delay appropriate genetic studies for some patients.

In the subsequent years the concept of TRAPS has been vindicated 
as  a  distinct  clinical  entity  with  a  broad  ethnic  distribution.133 

Treatment
The mainstay of treatment for FMF is daily oral prophylactic colchi-
cine. There is solid evidence that 1 to 2 mg/day of colchicine prevents 
both the acute inflammatory attacks of FMF98-100 and the development 
of systemic amyloidosis.101 Intermittent dosing at the time of attacks 
is  not  nearly  as  effective  in  controlling  symptoms,  and  there  is  no 
evidence that such a regimen prevents amyloidosis. The major limiting 
toxicities  of  colchicine  are  gastrointestinal—diarrhea,  cramping,  and 
bloating. These side effects can be minimized by starting at a low dose 
and  gradually  advancing  the  dose  as  tolerated,  by  dividing  the  daily 
dose, by using simethicone for flatulence, and by treating the lactose 
intolerance  that  can  develop.  With  attention  to  these  details,  most 
adults  can  tolerate  1.2 mg/day  and  many  can  tolerate  1.8 mg/day. 
Dosages  above  2 mg/day  are  rarely  tolerated  for  prolonged  periods. 
Young children may require lower dosages, but children older than the 
age of 5 years often require the same dose as adults. Colchicine induces 
a near cessation of FMF attacks in about 70% of patients and provides 
at least some relief in over 90%.

Rarer  side  effects  of  colchicine  include  bone  marrow  suppression 
and a myoneuropathy  that  is most often  seen  in  elderly  adults with 
renal  insufficiency.102  There  are  anecdotal  reports  of  male  infertility 
due to colchicine,103 but most men with FMF are able to father children 
without discontinuing the drug. It should also be noted that there are 
no controlled studies of sperm count or function before and after start-
ing colchicine and that the amyloidosis of FMF may itself cause tes-
ticular dysfunction.104

There is a slight increase in the risk of trisomy 21 (Down syndrome) 
in  children  born  to  couples  in  which  either  parent  has  been  taking 
colchicine.105,106  If  the  affected  parent  discontinues  the  drug  through 
the time of conception, febrile attacks may ensue that diminish oppor-
tunities for intercourse and reduce the sperm count in men or induce 
early miscarriages in women. The risk of developing amyloidosis may 
also be increased while not taking colchicine. After conception, colchi-
cine at the doses taken for FMF is not teratogenic. Many centers rec-
ommend that the prospective parent(s) remain on colchicine throughout 
conception and pregnancy and that an amniocentesis be performed to 
rule  out  Down  syndrome.  Of  course,  the  acceptability  of  this  plan 
depends on how the expectant parents would act on the possible pre-
natal diagnosis of Down syndrome, which is a highly personal matter. 
Colchicine can be  found  in  the breast milk of  lactating women with 
FMF but at levels that appear to be safe for the infant.107

Patients  taking  colchicine  should  have  regular  measurements  of 
their blood cell counts and serum chemistries. Oral colchicine should 
be continued if possible even in the presence of an FMF attack. Patients 
on daily oral colchicine should not be given intravenous colchicine in 
the event of an attack because the concomitant administration of oral 
and intravenous colchicine is the one setting that has most often been 
associated with fatal toxicity.108-110

In FMF patients who already have amyloidosis, intensive treatment 
with at least 1.5 mg of colchicine per day may arrest the progression 
of amyloid nephropathy.111 Regardless of the colchicine dose, the prog-
nosis is much worse in patients who already have renal insufficiency. 
Recent data indicate that the total amyloid burden may be reduced in 
patients in whom the circulating SAA levels are lowered to normal.112,113 
In patients who progress to renal failure, renal transplantation confers 
a better prognosis than chronic hemodialysis. At  least 1.5 mg of col-
chicine per day should be given to minimize the risk of amyloid deposi-
tion  either  in  the  transplanted  kidney  or  other  organs.111  Because 
cyclosporine  inhibits  the  multidrug  resistance  (MDR1)  transport 
system, which  is  important  in hepatic and  renal  excretion of  colchi-
cine,114-118 the concomitant administration of the two drugs raises the 
risk of colchicine toxicity.114,119,120

For patients who have an unsatisfactory response  to colchicine or 
are  unable  to  tolerate  the  drug,  multiple  other  immunosuppressive 
treatments  have  been  tried.  Corticosteroids  are  ineffective  in  either 
treating or preventing the acute attacks of FMF, and there are anecdotal 
data that they may even accelerate the amyloidosis of FMF. Interferon-
α2b,  at  a  dose  of  3  million  units  subcutaneously,  may  abort  FMF 
attacks  if  given  at  the  first  sensation  of  an  attack.121  However,  any 
beneficial effect must be weighed against the transient fever and flu-like 
syndrome  induced  by  interferon.  A  double-blinded  study  failed  to 
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Mutations  have  been  reported  among  patients  of  African-American, 
Puerto  Rican,  French,  Belgian,  Dutch,  Portuguese,  Italian,  Arabic, 
Czech, Mexican, Jewish, German, and Finnish background. With these 
reports, the clinical spectrum of TRAPS has broadened but a number 
of common themes have endured.

Clinical features and laboratory findings
Acute attacks
As  noted  earlier,  an  attack  duration  of  greater  than  7  days  was  a 
common feature of the first families identified with TRAPS. As more 
cases have been diagnosed and the inventory of mutations has grown 
from 6 to more than 60 at this writing, the usual duration of episodes 
in TRAPS remains substantially  longer  than  for  the other hereditary 
periodic fevers. However, shorter attacks can occur in TRAPS, and the 
occasional  patient  may  only  experience  episodes  lasting  less  than  7 
days.  The  interval  between  attacks  in  TRAPS,  as  in  FMF,  is  highly 
variable between patients and over time in any given patient. Although 
episodes sometimes develop with no apparent provocation, physical or 
emotional stress, physical trauma, and menses are sometimes associ-
ated with attacks; and pregnancy may be associated with an ameliora-
tion of symptoms. A small minority of patients experience waxing and 
waning  symptoms  on  a  nearly  daily  basis.  Fever  usually  heralds  the 
onset of inflammatory episodes and is sometimes the sole manifesta-
tion  of  TRAPS,  especially  in  children.  The  median  age  at  onset  of 
TRAPS attacks is 3 years.133

Pleuritic  chest  pain  and  severe  abdominal  pain,  with  or  without 
peritoneal  signs,  occur  in  TRAPS,  as  they  do  in  FMF.  Early  in  their 
disease  patients  may  undergo  exploratory  laparotomy,  and  it  is  not 
unusual  for patients  to develop peritoneal adhesions, which presum-
ably are the sequelae of recurrent peritoneal inflammation. Also similar 
to FMF,  symptomatic pericardial  involvement  is much  less  common 
than peritoneal or pleural inflammation. Scrotal pain, presumably due 
to inflammation of the tunica vaginalis, is another uncommon feature 
of both illnesses. Arthralgia is more frequent than arthritis in TRAPS. 
When present, arthritis is usually non-erosive and monarticular, most 
frequently involving the hips, knees, or ankles. Chronic arthritis of the 
type seen in FMF has not been observed in TRAPS.

Among  the  features  that  distinguish  TRAPS  from  FMF  are  the 
characteristic migratory myalgia and rash that are seen at some time 
in nearly all TRAPS patients. Typically, this occurs as a localized area 
of cramping muscle pain, often with warmth and tenderness to palpa-
tion,  and  an  overlying  erythematous,  blanchable  rash  (Fig.  163.4), 
usually on the torso or the extremities. When it occurs on the limbs, 
the  area  of  inflammation  migrates  centrifugally  over  the  course  of 
several days and  is often associated with synovitis and effusion as  it 
crosses a  joint. Muscle enzymes are not elevated and magnetic reso-
nance imaging (MRI) demonstrates edema in discrete muscular com-
partments and  intramuscular septa  (Fig. 163.5). Consistent with  the 
normal muscle enzymes, a  full-thickness biopsy  in one patient dem-
onstrated  predominantly  panniculitis,  fasciitis,  and  perivascular 
inflammation but not involvement of the myofibrils themselves.134 In 
the  skin  there  is  a  superficial  and  deep  perivascular  and  interstitial 
infiltrate of lymphocytes and monocytes.135 It is possible that the cen-
trifugal migration represents propagation along fascial planes.

Ocular  involvement  is  another  feature  that  distinguishes  TRAPS 
from FMF.133 Approximately 80% of patients experience conjunctivitis, 
periorbital edema, or periorbital pain. Much less commonly, patients 
may develop iritis or uveitis.

Laboratory investigations
As is the case for FMF, the acute attacks of TRAPS are associated with 
a  neutrophilia  and  thrombocytosis  (particularly  in  children)  and  a 
global acute-phase response, including an accelerated ESR and elevated 
CRP, SAA, haptoglobin, and fibrinogen values. Although these param-
eters  may  fluctuate  with  attacks,  they  often  remain  elevated  even 
between attacks. Many patients exhibit an anemia of chronic disease, 
polyclonal hypergammaglobulinemia, and low-titer IgM and IgG anti-
cardiolipin  antibodies.  The  ANA,  RF,  and  ANCA  tests  are  usually 
negative. When measured, soluble 55-kDa TNF receptor levels tend to 
be subnormal between attacks and, in contrast to other inflammatory 
disorders, increase only modestly during active disease.1

Fig. 163.4 Migratory erythematous lesion on the trunk of a patient with 
TRAPS.

Fig. 163.5 Sagittal STIR MR image of the proximal thighs of a patient with 
TRAPS. Note the edematous changes within muscle compartments, intraseptal 
regions, and extension to the skin.

Systemic amyloidosis
As noted earlier, systemic amyloidosis was one of the features that was 
observed  in only a subset of  the  families  in  the  initial description of 
TRAPS. An analysis of cases followed at the U.S. National Institutes 
of Health or compiled from the literature found that 14 of 100 patients 
with TRAPS had evidence of systemic amyloidosis.136 The series was 
almost evenly divided between patients with nine different mutations 



CH
A

PTER 163 
● H

ereditary recurrent fevers

1645

have  been  reported  with  transmembrane  or  intracellular  TNFRSF1A 
mutations,  truncations,  null  mutations  (in  which  the  protein  is  not 
expressed), or mutations in the p75 TNF receptor, encoded on chromo-
some 1. As noted previously, systemic amyloidosis in TRAPS is seen 
more  frequently  in  the  patients  with  cysteine  substitutions  than  in 
those with the other mutations.

The R92Q (glutamine for arginine at codon 92) TNFRSF1A variant 
is seen in 1% to 4% of white control chromosomes,25,136 whereas the 
P46L (leucine for proline at codon 46) variant is found in approximately 
2% of African-American  and Arab  control  chromosomes136,138  and  at 
an  even  higher  frequency  among  some  sub-Saharan  African  popula-
tions.139 Both R92Q and P46L, therefore, meet the formal definition of 
polymorphisms,  and  their  pathologic  significance  is  controversial, 
because they are found at similar frequencies in patients presenting to 
periodic  fever  clinics  and  the  general  populations  from  which  these 
clinics  are  drawn.  Assuming  that  these  two  substitutions  do  confer 
susceptibility to autoinflammatory disease, their penetrance (the prob-
ability of having disease if an individual has a mutation) must be low, 
since  the  frequency  of  TRAPS  does  not  approach  1%  of  the  general 
population.  Patients  with  R92Q  have  a  wider  spectrum  of  clinical 
manifestations  than  other  TRAPS  patients.133  Their  phenotype  is 
milder  with  an  older  age  at  onset,  shorter  duration  of  flares,  lower 
frequency of  familial cases, and absence of amyloidosis.140 R92Q has 
been observed at  increased  frequency  in a non-TRAPS early arthritis 
clinic,136  in  association  with  atherosclerosis,141  and  in  patients  with 
systemic amyloidosis complicating juvenile idiopathic arthritis,142 sug-
gesting  that  R92Q  may  have  a  more  general  role  in  inflammatory 
disease.

The mechanism by which p55 mutations cause a hyperinflamma-
tory phenotype is still under investigation. The first proposed explana-
tion, sometimes called the “shedding hypothesis,” was suggested at the 
time of the initial discovery of TRAPS. In normal individuals, stimula-
tion through TNF receptors leads both to the activation of inflamma-
tory cellular pathways and to the metalloprotease-mediated cleavage of 
the receptors from the cell surface. This is thought to have a negative 
homeostatic effect on  inflammation, both because  receptor clearance 

involving cysteine residues and seven non-cysteine mutations, yet 13 
of the 14 patients with amyloidosis had cysteine mutations.

As is the case for FMF, the amyloidosis of TRAPS is secondary to 
the deposition of a presumed cleavage product of SAA (Fig. 163.6) and 
the  tissue distribution of  amyloid deposits  is  similar  in  the  two dis-
eases. The most frequent complication of TRAPS amyloidosis is renal 
failure,  although  hepatic  failure  has  also  been  observed.  All  TRAPS 
patients,  but  particularly  those  with  cysteine  mutations,  should 
undergo  regular urinalyses  to monitor  for albuminuria, an early  sign 
of renal amyloidosis.

Molecular genetics
There  are  two  receptors  for  the  proinflammatory  cytokine  TNF,  a 
55-kDa molecule  (p55) encoded by TNFRSF1A on chromosome 12p, 
and a 75-kDa receptor  (p75) encoded by TNFRSF1B on chromosome 
1p. The p55 receptor is expressed on most cell types, whereas expres-
sion of the p75 receptor is restricted to leukocytes and endothelial cells. 
TRAPS is caused by mutations in the p55 receptor; to date there are 
no known periodic fever patients with mutations in the p75 receptor.

Both TNF receptors belong to a family of membrane proteins with 
repeating  cysteine-rich  extracellular  motifs.  By  X-ray  crystallography, 
each  cysteine-rich  domain  (CRD)  comprises  a  loop  structure  con-
strained by three disulfide bonds (Fig. 163.7).137 The p55 receptor has 
four of  these extracellular CRDs, a  transmembrane segment, and an 
intracellular C-terminal death domain (similar in structure to the pyrin 
domain) that is actually a cognate interaction motif. Nearly all of the 
TRAPS  mutations  catalogued  on  the  INFEVERS  web  site  (http://fmf
.igh.cnrs.fr/infevers/) are found in the first two CRDs, at the N-terminus 
of the protein.

Of the first six TRAPS mutations described, five involved substitu-
tions at cysteines participating in disulfide bonds: the substitution of 
arginine for cysteine at codon 30 (C30R), the substitution of tyrosine 
for cysteine at codon 33 (C33Y), the substitution of phenylalanine for 
cysteine at codon 52 (C52F), and the substitution of either arginine or 
tyrosine for cysteine at codon 88 (C88R, C88Y). All five of these muta-
tions would disrupt the disulfide bonding of the extracellular portion 
of p55. The sixth mutation was a substitution of methionine for threo-
nine at codon 50 (T50M), which would disrupt a conserved hydrogen 
bond in CRD1.

Figure 163.7 depicts the 26 known mutations at cysteine residues 
in CRDs 1 and 2, as well as 12 of the other mutations not occurring 
at  cysteine  residues. As noted  earlier, more  than 60 mutations have 
been  listed on  the  INFEVERS database. To date, no TRAPS patients 

Fig. 163.6 Glomerular and vascular amyloid deposition in a renal biopsy 
specimen from a patient with TRAPS. The specimen has been stained with an 
enzyme-conjugated monoclonal antibody against AA amyloid (×400). 
(Courtesy of Drs. Charles Alpers and James E. Balow.)
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Fig. 163.7 Molecular genetics of TRAPS.
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TNF-induced  apoptotic  signaling,148,153  since  only  the  p55  receptor 
and  not  the  p75  receptor  delivers  apoptotic  signals,  and  this  could  
lead  to  prolonged  inflammatory  responses.  The  latter  effect  may  be 
accentuated by  the reduction  in  ligand-binding  that appears  to occur 
for certain TRAPS-associated p55 mutations.150 It is noteworthy that 
it has been difficult to document functional abnormalities in vitro for 
the R92Q substitution,  either  in  shedding assays or  in  trafficking or 
ligand-binding assays. In contrast, abnormalities in activation-induced 
cleavage  have  been  documented  for  the  other  polymorphic  variant, 
P46L.

Initially, the dominant inheritance of TRAPS was thought to be a 
consequence of the fact that p55 receptors trimerize on the cell surface. 
Even  though  patients  with  TRAPS  inherit  one  normal  copy  of 
TNFRSF1A and one abnormal copy, assuming that both gene products 
were found at equal concentrations, 1 in 8 trimers on the cell surface 
would comprise only normal p55 molecules, and 7 of 8 trimers would 
include at least 1 abnormal p55. By this reasoning, if in fact one abnor-
mal  receptor  were  enough  to  affect  the  function  of  the  trimer,  then 
most of the trimers in a heterozygote would be dysfunctional. However, 
in light of the more recent findings that substantial amounts of mutant 
TNF receptor are retained in the endoplasmic reticulum and thereby 
induce  ligand-independent cellular activation,  the dominant mode of 
inheritance could also be because one abnormal allele would be enough 
to set this latter process in motion.

Diagnosis
The  diagnosis  of  TRAPS  is  established  by  identifying  a  mutation  in 
TNFRSF1A  in a patient with unexplained  recurrent  fever. Because of 
the large and still-growing number of TRAPS mutations, the preferred 
method is genomic DNA sequencing. To date nearly all of the TRAPS-
associated mutations have been in CRD1 and CRD2, encoded by exons 

reduces the chances of repeated stimulation and because shed receptors 
can bind soluble ligand and thereby act as competitive antagonists. In 
patients  with  the  C52F  TNFRSF1A  mutation,  activation-induced 
receptor  cleavage  was  found  to  be  markedly  diminished,  leading  to 
higher levels of membrane p55, lower levels of soluble p55, and poten-
tially impaired homeostasis.1 Rarely, p55 mutations may occur within 
the cleavage site,143,144 impairing metalloprotease recognition, but gen-
erally  the  effect  is  indirect.  Impaired  cleavage  has  not  been  demon-
strated  for  all  of  the  TNFRSF1A  mutations  examined2,136,145  and  in 
some cases may be cell  type dependent,146  suggesting  that additional 
mechanisms must be operative.

The  TNF  receptor  has  a  cytoplasmic  death  domain  that  signals 
through two pathways, one leading to NF-κB activation and inflamma-
tion and another  leading to caspase activation and apoptosis. Altera-
tion  of  these  pathways  provides  another  possible  mechanism  for 
hyperinflammation. NF-κB activity has been measured in mononuclear 
cells  from  patients  with  the  C73R  mutation  and  shown  to  be  ele-
vated,147 possibly because of increased levels of p55 on the cell surface 
and hypersensitivity to TNF stimulation. TNF-induced apoptosis has 
been  measured  for  neutrophils  from  TRAPS  patients  with  cysteine 
mutations and shown to be decreased,148 thereby potentially interfering 
with a normal homeostatic mechanism.

An emerging body of data indicates yet another possible mechanism 
for  inflammation  in  TRAPS.  For  those  mutations  likely  to  cause 
protein misfolding, especially those at cysteine residues, there is abnor-
mal  intracellular trafficking, retention in the cytoplasm, and reduced 
cell surface expression.149-151 Mutant receptors appear to be retained in 
the  endoplasmic  reticulum  (ER)  as  abnormal  disulfide-linked  oligo-
mers,150 which may trigger a ligand (i.e., TNF)-independent proinflam-
matory state through constitutive activation of NF-κB,152 the ER stress 
response,  or  mitogen-activated  protein  (MAP)  kinase  (Fig.  163.8). 
Diminished trafficking to the cell surface may also  lead to decreased 

PROPOSED TRAPS PATHOPHYSIOLOGY
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Fig. 163.8 Proposed TRAPS pathophysiology.



CH
A

PTER 163 
● H

ereditary recurrent fevers

1647

For  these  reasons  van  der  Meer  and  colleagues168  correctly  proposed 
that the condition they had described was different from FMF.

In  the  ensuing  15  years  this  clinical  syndrome  was  extensively 
characterized169 and was shown to segregate in families as an autoso-
mal recessive trait. Most of the families identified continued to cluster 
in the Netherlands, France, or neighboring areas of northern Europe. 
Initial  genetic  studies  ruled  out  linkage  to  MEFV  on  chromosome 
16p,170 substantiating the concept  that HIDS is not simply a variant 
of FMF.

In  1999  two  independent  groups  from  the  Netherlands  demon-
strated that HIDS is caused by mutations in MVK, a gene on the long 
arm  of  chromosome  12  that  encodes  an  enzyme  in  the  cholesterol/
isoprenoid  biosynthetic  pathway.11,12  The  first  group,  specializing  in 
disorders of metabolism, measured levels of organic acids in the urine 
of  Dutch  patients  with  periodic  fever  and  found  increased  urinary 
mevalonic  acid  during  febrile  crises.11  This  prompted  sequencing  of 
MVK  in  the  patients  and  the  discovery  of  three  disease-associated 
mutations. The second group used a positional cloning strategy, first 
establishing linkage to chromosome 12q24 and then focusing on MVK, 
which is encoded in this region of the genome.12 MVK was deemed an 
interesting  candidate  gene  because  mevalonic  aciduria,  the  complete 
deficiency of this enzyme, presents as periodic fever as well as a number 
of developmental anomalies that are not seen in HIDS.171 The discov-
ery of HIDS-associated mutations in MVK was therefore plausible but, 
to most observers, quite unexpected.

To  date  more  than  60  MVK  mutations  have  been  listed  on  the 
INFEVERS  web  site  in  patients  with  HIDS.11,12,172-174  Even  with  a 
greater  awareness  among  clinicians,  HIDS  remains  a  relatively  rare 
condition,175,176  occurring  at  a  much  lower  frequency  than  FMF  or 
TRAPS in the mixed population of the United States. Approximately 
0.6% of the population in the Netherlands are carriers for V377I muta-
tion, with haplotype data supporting a founder effect.176,177 Analysis of 
the MVK genotypes of HIDS patients indicates an under-representation 
of V377I homozygotes, relative to the expected Hardy-Weinberg distri-
bution, suggesting a milder phenotype or reduced penetrance for V377I 
homozygotes.177

In general, elevations in serum IgD and mutations in MVK correlate 
well. However,  there are occasional patients with periodic  fevers and 
HIDS-associated MVK mutations who have normal  IgD levels11,178,179 
and, conversely, there is a significant number of patients with periodic 
fever  and  elevated  serum  IgD  and  no  demonstrable  MVK  muta-
tions.174,180 These observations suggest a somewhat more complicated 
picture than would be predicted by a simple equivalence of HIDS with 
specific  MVK  mutations,181  raising  the  possibility  that  one  or  more 
additional HIDS genes or modifiers will eventually be found.

Clinical features and laboratory findings
Acute attacks
Typically, HIDS presents very early in life, with a median age at onset 
of 6 months.169 It is not unusual for childhood vaccinations to precipi-
tate febrile episodes. Other provocative factors include infections, emo-
tional stress, trauma, and surgery, but in many instances there is no 
obvious  trigger.  Patients  frequently  report  some  type  of  premonitory 
symptoms; and the usual attacks of HIDS last 3 to 7 days, intermediate 
in length between the typical attacks of FMF and TRAPS. Headache is 
a frequent but non-specific concomitant of HIDS attacks. As with the 
other recurrent fever syndromes, the attacks are usually not truly peri-
odic, but rather episodic, and the interattack interval can vary greatly 
both  between  patients  and  over  time  for  any  given  patient.  With 
increasing age there  is a  tendency  for  the attacks to become less  fre-
quent and less severe.169

Although the abdominal attacks reported in the initial description 
of HIDS were somewhat less dramatic than those often seen in FMF, 
the majority of HIDS patients have attacks of abdominal pain, some-
times severe enough to warrant exploratory laparotomy. Unexplained 
adhesions are sometimes found, consistent with a history of peritoneal 
inflammation.169 In contrast to FMF, diarrhea is often seen with HIDS 
attacks,  usually  toward  the  end  of  the  episode.  Vomiting  is  also 
common. Scrotal pain, presumably due to inflammation of the tunica 
vaginalis,  has  been  reported.179  Pleurisy  and  pericardial  involvement 
are rare in HIDS.

2 to 5, and most laboratories that perform mutational analysis focus 
on this region. Genetic analysis should be considered in patients with 
unexplained  recurrent  fevers  even  if  there  is  no  family  history,  both 
because of the phenomenon of reduced penetrance and the reports of 
de novo TNFRSF1A mutations.138,145 The R92Q and P46L substitutions 
are  the  most  frequent  variants  reported  in  whites  and  African  
Americans, respectively, but, as previously noted, the associated phe-
notypes are less typical of TRAPS and the significance of these variants 
is controversial.

It should also be emphasized that TRAPS has been found in many 
ethnic  groups,  including  those  with  a  high  frequency  of  FMF.136,138 
Although it may be cost effective to screen recurrent fever patients of 
Mediterranean ancestry for FMF first, those patients who test negative 
for  MEFV  mutations  should  be  considered  for  TNFRSF1A  screening. 
Some centers perform an initial screen for subnormal soluble p55 levels 
in the serum. The sensitivity and specificity of this approach, relative 
to  mutational  screening,  especially  for  the  more  recently  identified 
mutations, has not been established.145

Treatment
As previously noted, colchicine is ineffective in preventing the febrile 
attacks of TRAPS and it is now apparent that it does not prevent the 
development  of  systemic  amyloidosis,  either.  Corticosteroids  can  be 
used  to  treat  the  attacks  of  TRAPS,  but  patients  frequently  require 
escalating  dosages  with  time,  often  with  diminishing  efficacy  and 
serious  toxicity.  Azathioprine,  cyclosporine,  thalidomide,  cyclophos-
phamide,  chlorambucil,  intravenous  immunoglobulin,  dapsone,  and 
methotrexate have all been tried empirically but have not been found 
effective.

There has  been  a  growing  experience with  etanercept,  the p75:Fc 
fusion protein. Initial studies were favorable and reported a reduction 
in the frequency and severity of TRAPS attacks.2,133,154-156 An open-label 
study  with  comparison  of  parameters  between  3-month  baseline, 
twice-weekly treatment, thrice-weekly treatment, and washout phases 
demonstrated  a  significant  overall  improvement  in  both  clinical  and 
laboratory outcomes.157 Other case reports have also documented that 
etanercept reverses or slows the clinical progression of renal amyloido-
sis in TRAPS.158 One patient with the C33Y mutation and amyloidosis 
was found to have a marked reduction in proteinuria and regression of 
amyloid as demonstrated on serum amyloid P scanning.159 However, 
a different patient with the C52F mutation experienced the new onset 
of proteinuria, with amyloid on renal biopsy, while taking etanercept.160 
In TRAPS patients at high risk for amyloidosis, it may be appropriate 
to use SAA levels in the serum to guide therapy. There have recently 
been reports of  initial response to etanercept that later declines,161,162 
and of  limited success  in other patients.162,163 Of greater  concern are 
reports  of  a  paradoxical  inflammatory  reaction  in  TRAPS  patients 
receiving infliximab.161,163 Reduced apoptosis with increased secretion 
of proinflammatory cytokines has been observed when patient mono-
nuclear cells are treated with infliximab.162

Given  the  recent data  suggesting  that  there are TNF-independent 
pathways  of  cellular  activation  in  TRAPS,  it  is  not  surprising  that 
etanercept  often  does  not  completely  normalize  acute-phase  reac-
tants164 and that other cytokine inhibitors may be efficacious in at least 
some patients. In a growing number of cases, anakinra has been found 
effective  both  in  controlling  the  symptoms  and  acute-phase 
reactants.165-167

HYPERIMMUNOGLOBULINEMIA D WITH 
PERIODIC FEVER SYNDROME
The  hyperimmunoglobulinemia  D  with  periodic  fever  syndrome 
(HIDS;  hyper-IgD  syndrome)  is  a  recessively  inherited  disorder  first 
described  in  six  Dutch  patients  in  1984.168  Although  these  patients 
manifested some findings that were consistent with FMF, their abdom-
inal pain was less severe than that usually seen in FMF and they had 
much more significant  lymphadenopathy.  In addition,  they had con-
stant  elevations  in  serum  IgD  and  large  numbers  of  IgD-positive 
plasma  cells  in  the  bone  marrow,  findings  not  usually  seen  in  FMF. 
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Fig. 163.9 Diffuse erythematous maculopapular rash in a young child with 
HIDS.
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Fig. 163.10 Urinary mevalonate levels, measured 
by isotope dilution, in a patient with HIDS, 
demonstrating a close correlation with clinical 
symptoms. (Courtesy of Dr. Richard I. Kelley.)

Arthralgia is very common with HIDS episodes, and arthritis was 
documented in nearly 70% of patients  in one series,169 with children 
more frequently affected than adults. Large joints, especially the knees 
and ankles,  tend  to be most  commonly  involved  and,  in  contrast  to 
FMF, HIDS arthritis  is  often polyarticular,  sometimes  accompanying 
abdominal pain. Synovial fluid leukocyte counts are high, with a pre-
dominance of granulocytes, but cultures are sterile.

Mucocutaneous  lesions  are  common  during  HIDS  attacks.169,182 
Crops of erythematous macules, ranging from 0.5 to 2.0 cm in diam-
eter  and  sometimes  affecting  the  palms  and  soles,  are  the most  fre-
quent  skin  manifestation  of  HIDS  (Fig.  163.9).  Other  dermatologic 
findings include erythematous papules and nodules, urticaria, annular 

erythema, and purpura. A large series of HIDS skin biopsies reported 
swelling  of  endothelial  cells,  perivascular  edema,  and  mixed  cellular 
perivascular  infiltrates.182  Painful  aphthous  ulcers  of  the  mouth  or 
vagina are also sometimes seen in HIDS.175

Diffuse lymphadenopathy is one of the clinical features that is much 
more common in HIDS than the other hereditary recurrent fevers.169,175 
Swelling of the cervical nodes fluctuates with attacks; inguinal, axillary, 
and mesenteric adenopathy may also be present. Histologic examina-
tion shows non-specific reactive  lymphadenitis. Splenomegaly  is also 
frequently found in children with HIDS. A comprehensive overview of 
a large cohort of HIDS patients begun in 1994 was recently published 
by  the  International  HIDS  Study  Group.183  The  clinical  findings  we 
usually associate with HIDS actually correlate better with the presence 
of MVK mutations than with high IgD levels.184

Laboratory investigations
During their febrile episodes, HIDS patients manifest the same vigor-
ous but non-specific acute phase response seen in the other hereditary 
recurrent  fevers. This  includes acceleration of  the ESR and elevation 
of  the  levels of CRP, SAA, haptoglobin, and fibrinogen. There  is also 
a leukocytosis with left shift. Several cytokines, including interferon-γ, 
TNF, and IL-6, are increased in the serum during attacks.185,186 Urinary 
neopterin, a marker  for cellular  immune activation,  is also  increased 
during febrile attacks.186 Urinary mevalonate levels correlate well with 
HIDS attacks (Fig. 163.10). Autoantibodies are generally not found in 
HIDS.

Prior to the identification of the underlying gene, measurement of 
elevated  serum  IgD  (>100 IU/mL  or  >  10 mg/dL)  on  more  than  one 
occasion  at  least  1  month  apart  was  required  for  the  diagnosis  of 
HIDS.169  Levels  do  not  fluctuate  with  attacks,  nor  do  they  correlate 
with  overall  disease  severity  between  individuals  or  in  a  given  indi-
vidual  over  time.  IgA  levels  (primarily  of  the  IgA1  subclass)  are  also 
increased in over 80% of patients with HIDS.

Systemic amyloidosis
In  contrast  with  the  other  hereditary  periodic  fevers,  amyloidosis  is 
uncommon in HIDS patients175 and has only recently been reported.187,188 
It is unlikely that this difference in the frequency of amyloidosis rep-
resents  a  difference  in  the  severity  of  inflammation  integrated  over 
time,  because  SAA  levels  are  markedly  elevated  during  attacks,  and 
many  patients  exhibit  subclinical  inflammation  even  between  their 
attacks.189 Moreover, there appears not to be a predominance of non-
amyloidogenic SAA genotypes among HIDS patients.189 In the absence 
of amyloidosis, the overwhelming majority of patients with HIDS have 
a normal life expectancy.169
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Two major hypotheses have been proposed to explain the pathogen-
esis of HIDS. The first suggests that a proinflammatory state is induced 
by the accumulation of mevalonic acid.192 The second advocates that 
inflammation is caused by a shortage of isoprenoids, with the subse-
quent decrease in post-translational prenylation of signaling molecules 
involved in inflammation, such as the Ras and Rho family of guanosine 
triphosphate-binding  proteins.193,194  These  signaling  pathways  affect 
multiple  cellular  processes,  including  caspase-1  activation.  In vitro 
data  utilizing  leukocytes  of  HIDS  patients  suggest  that  farnesol  or 
geranyl-geraniol compounds can reverse accentuated IL-1β secretion195 
and that inhibitors of sterol biosynthesis, which favor non-sterol iso-
prenoid  biosynthesis,  also  reduce  IL-1β  secretion  by  HIDS  leuko-
cytes.196 Other in vitro experiments demonstrate that inhibition of the 
enzymes involved in geranylgeranylation of proteins leads to a marked 
increase in the lipopolysaccharide-induced secretion of IL-1β by periph-
eral blood leukocytes from healthy control individuals.196 Whether due 
to  mevalonate  excess  or  isoprenoid  deficiency,  there  is  a  defect  in 
apoptosis in the peripheral blood leukocytes of HIDS patients.197

A  mouse  model  of  HIDS  has  been  generated  by  deleting  a  single 
MVK allele. This resulted in increased mevalonate and IgD levels.198 It 
is unlikely, however, that elevations in IgD itself are the cause of fever 
and inflammation. Besides the fact that the frequency and severity of 
attacks do not correlate with IgD levels, there are a number of other 
conditions,  including  diabetes  mellitus,  pregnancy,  and  cigarette 
smoking,  in which IgD levels are modestly  increased169 but there are 
no symptoms compatible with HIDS.

Diagnosis
Before  the  discovery  of  MVK  mutations,  the  diagnosis  of  HIDS  was 
established by the reproducible demonstration of elevated serum IgD 
in a patient with  compatible  clinical findings. Based on  the  genetics 
and biochemistry of MVK,  additional  approaches are possible: muta-
tional screening, quantitation of urinary mevalonic acid, and measure-
ment of MK activity in cultured fibroblasts or leukocytes.

The genomic structure of MVK facilitates use of genomic DNA for 
mutation detection, rather than relying on technically more demanding 
cDNA assays. Because a large percentage of HIDS patients have at least 
one copy of either the V377I or I268T mutation, it is cost effective to 

Molecular genetics
There  is now abundant  evidence  that HIDS  is  caused by  recessively 
inherited  mutations  in  MVK,  the  gene  for  mevalonate  kinase 
(MK),11,12,172-174  which  catalyzes  the  conversion  of  mevalonic  acid  to 
5-phosphomevalonic acid (Fig. 163.11). The first papers reporting the 
HIDS gene enumerated a total of four missense mutations, one dele-
tion and one null allele. At this writing, over 60 HIDS-associated MVK 
mutations,  most  of  them  missense  substitutions,  are  listed  on  the 
INFEVERS web site. Nearly all mutation-positive HIDS patients harbor 
at least one copy of the substitution of isoleucine for valine at residue 
377  (V377I),172,173 and the substitution of  threonine  for  isoleucine at 
position 268 (I268T) is the second most common mutation.173

Lymphocytes  and  fibroblasts  from  HIDS  patients  exhibit  reduced 
but not absent MK enzymatic activity.  In contrast, patients with the 
much more severe mevalonic aciduria have almost no residual enzy-
matic activity. These latter patients experience many of the inflamma-
tory  manifestations  of  HIDS  but  also  develop  dysmorphic  facies, 
cataracts, cerebellar ataxia, cerebral atrophy, mental retardation, hypo-
tonia, and failure to thrive.171,190 Their urinary mevalonic acid concen-
trations are constitutively elevated at levels much higher than are seen 
in HIDS. The MVK mutations causing HIDS are largely distinct from 
those  causing  mevalonic  aciduria,  although  there  is  some  overlap 
owing to the fact that an individual’s MK enzymatic activity is deter-
mined  by  the  combination  of  two  mutant  alleles.  HIDS-associated 
mutations  are  mainly  missense  variants  distributed  throughout  the 
coding  region  of  the  gene,  whereas  mevalonic  aciduria–associated 
mutations are concentrated between residues 243 and 334.173

Although the residual MK enzymatic activity correlates with whether 
a patient has HIDS or mevalonic aciduria, among HIDS patients there 
is no correlation between MK activity and severity of disease.180 More-
over, the biochemical connection between MK mutations and inflam-
mation is still unclear. The crystal structure of rat MK has been solved, 
and V377I, the most common mutation, is spatially far removed from 
the catalytic site of the enzyme.191 However, there is evidence that this 
mutation  may  destabilize  the  protein  and  thereby  lead  to  reduced 
enzyme activity.11 Cholesterol  levels  in HIDS patients are usually  in 
the  low-normal  range,  suggesting  that unavailability of cholesterol  is 
not the mechanism of inflammatory episodes.190
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Fig. 163.11 Pathway for the synthesis of sterols 
and non-sterol isoprenoids. Mevalonate kinase, 
which is encoded on chromosome 12q, catalyzes 
the conversion of mevalonate to mevalonate 
phosphate. In HIDS, activity of this enzyme is 
reduced. In mevalonic aciduria, which is more 
severe, enzyme activity is almost absent.
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autoinflammatory  syndrome-1)  before  standardization  of  nomencla-
ture.206  These  disorders  include  the  familial  cold  autoinflammatory 
syndrome  (FCAS;  formerly  familial  cold  urticaria  [FCU]),  Muckle-
Wells syndrome (MWS), and the neonatal onset multisystem inflam-
matory disease (NOMID), also known as chronic infantile neurologic 
cutaneous  and  articular  (CINCA)  syndrome.8-10,207,208  Each  of  these 
three distinct entitities  can present as  fevers, urticarial  rash, varying 
degrees of arthralgia/arthritis, neutrophil-mediated inflammation, and 
an intense acute-phase response.

The cryopyrinopathies are distinguished by the frequency and sever-
ity of joint involvement, neurosensory manifestations, and amyloido-
sis.  In  general,  patients  with  FCAS  have  the  least  severe  clinical 
phenotype,  with  MWS  intermediate  and  NOMID/CINCA  the  most 
severe.  FCAS  has  a  very  clear  cold-induced  episodic  quality.209,210 
NOMID/CINCA, distinguished by involvement of the central nervous 
system (CNS) and a unique arthropathy, presents as nearly continuous 
clinical symptoms that wax and wane in severity.211-214 There  is con-
siderable blurring of the clinical boundaries between FCAS and MWS 
and  between  MWS  and  NOMID/CINCA.  Because  the  cryopyrinopa-
thies  represent  a  spectrum  of  autoinflammatory  disease  caused  by 
mutations in a single gene, the molecular genetics and pathophysiology 
of these disorders are discussed as a group.

Molecular genetics and pathophysiology
NLRP3, the gene that is mutated in the cryopyrinopathies, is encoded 
on  chromosome  1q44  and  expressed  in  monocytes,  granulocytes,  T 
cells, and chrondrocytes.8,9,209,215 The protein product, variously named 
cryopyrin,8  PYPAF1,215  NALP3,208  and  CATERPILLER1.1,216  has  a 
number  of  alternative  splice  forms,  the  largest  of  which  consists  of 
1034  amino  acids  with  a  predicted  size  of  118 kDa  without  post-
translational  modifications.  Cryopyrin  has  three  distinct  motifs:  an 
N-terminal  pyrin  domain  (PYD),  a  nucleotide-binding  site  (NBS, 
NACHT  subfamily)  domain,  and  a  leucine-rich  repeat  (LRR)  region. 
This arrangement of PYD, NACHT, and LRR domains is present in a 
family  of  14  human  proteins  denoted  the  NLRP  (NACHT,  LRR, 
PYRIN; formerly, NALP) family.217

As  is  the  case  for  the  homologous  domain  of  pyrin,  the  PYD  of 
cryopyrin  has  been  shown  to  interact  specifically  with  the  PYD  of 
ASC.215,218,219  The  macromolecular  complex  of  cryopyrin,  ASC,  and 
caspase-1, possibly with a fourth protein called CARDINAL, has been 
referred to as the inflammasome,79,80,217,220 depicted in Figure 163.12. 
Inflammasome assembly  is mediated by oligomerization of  the cryo-
pyrin NACHT domain and leads to the activation of procaspase-1 and 
resultant  cleavage  of  pro-IL-1β  and  pro-IL-18  into  their  biologically 
active forms. In some systems pyrin may compete with cryopyrin for 
binding  to  ASC,221  preventing  formation  of  the  cryopyrin  inflamma-
some.  In various  transfection  systems  it  appears  that  cryopyrin may 
also regulate NF-κB activation215,216,218,219,221,222 and apoptosis219 through 
ASC,  although  it  is  unclear  whether  the  regulation  of  NF-κB  occurs 
under physiologic conditions.85,223

The C-terminal LRRs of cryopyrin are thought to play a role in the 
intracellular  sensing of bacterial products, most  likely  through  inter-
mediary molecules  (the so-called guard hypothesis3). LRRs are  found 
in the extracellular domains of Toll-like receptors (TLRs) and the Nod 
family of cytosolic proteins, in which they have been shown to regulate 
inflammation by their interactions with pathogen-associated molecular 
patterns (PAMPs), such as bacterial peptidoglycan and lipopolysaccha-
ride.224-226 Directly or indirectly, the LRRs of cryopyrin detect a number 
of  bacterial  products  and/or  intracellular  “danger”  signals  (see  Fig. 
163.12) to permit the assembly of the inflammasome complex. Studies 
of LRR deletion mutants of cryopyrin79,80 suggest that the LRRs may 
also  have  an  autoinhibitory  function,  maintaining  the  protein  in  an 
inactive state. On interacting with intracellular bacteria or their down-
stream intermediaries, the LRRs may undergo conformational changes 
that allow subsequent formation of the cryopyrin inflammasome.

Studies  of  cryopyrin  knockout  mice  confirm  an  essential  role  for 
cryopyrin in the processing of the 31 kDa pro-IL-1β to its biologically 
active  17-kDa  fragment.223,227-229  In  various  experimental  systems, 
cryopyrin-deficient mice were shown to have impaired IL-1β responses 
to bacterial RNA,223 bacterial toxins, Staphylococcus aureus, and Lis-
teria monocytogenes,228  viral  RNA,230  contact  sensitizing  agents,229 

screen for these mutations first before undertaking a more comprehen-
sive sequencing effort.

Urinary mevalonate levels can be measured by routine gas chroma-
tography/mass spectroscopy or by isotope dilution methods.178,190 The 
former approach is usually sensitive enough to detect the elevations in 
urinary mevalonate that occur during HIDS attacks. The latter method 
detects the elevations that are present in HIDS patients between their 
attacks but is only available in specialized centers. Enzymatic assay in 
cultured  cells  is  probably  the  most  technically  demanding  of  these 
approaches.

In the majority of patients, all of these assays, if performed, would 
be in agreement. However, as noted earlier, there are a small number 
of patients who have MVK mutations but normal IgD levels11,178 and 
there are somewhat larger numbers who have increased serum IgD but 
no MVK mutations.174,180,181 These latter patients tend to have a nega-
tive family history, lower IgD levels, fewer symptoms, and lower ESR; 
it  is currently not known if these patients have some other defect in 
cholesterol/isoprenoid synthesis, and it is also possible that they rep-
resent  a  heterogeneous  group  of  disorders.  Further  complicating 
matters, there can be modest elevations in the serum IgD in a minority 
of patients with FMF46,199 and TRAPS,130 as well as some patients with 
the syndrome of periodic fever, aphthous stomatitis, pharyngitis, and 
cervical adenopathy (PFAPA).200

The  differential  diagnosis  for  HIDS  is  broad  and  includes  FMF, 
TRAPS, PFAPA, adult-onset Still’s disease,  juvenile  idiopathic arthri-
tis, rheumatic fever, and Behçet’s disease.183 When confronted with a 
patient with unexplained  recurrent  fever  in whom FMF and TRAPS 
are unlikely or have been ruled out,  it  is advisable  to test  the serum 
IgD in conjunction with either MVK mutational analysis or one of the 
biochemical assays. Two clinical criteria that can be used as a screen 
for HIDS are age at onset younger than 5 years and length of attacks 
less than 14 days.201 The molecular basis for recurrent fever and IgD 
elevation in the absence of MVK mutations remains unclear. There is 
currently no agreement on a  term  for patients with MVK mutations 
but normal IgD levels, although some have advocated the term Dutch 
type periodic fever (DPF) for patients with periodic fever and reduced 
MK activity, irrespective of the IgD.181 Patients with elevated IgD levels 
and  evidence  for  MVK  mutations  and/or  MK  dysfunction  are  some-
times said to have classic-type HIDS,180 and the designation DPF would 
also apply.

Treatment
There is currently no proven treatment for HIDS. Non-steroidal anti-
inflammatory drugs  (NSAIDs) may help control  fever and arthralgia. 
Corticosteroids may help to control attacks in some patients, but long-
term  toxicity  is  a  major  concern,  especially  in  children.  There  have 
been mixed results with colchicine, intravenous gamma globulin, and 
cyclosporine.175  A  small  double-blind  crossover  trial  of  thalidomide 
demonstrated modest decreases  in acute-phase reactants, without an 
effect on the attack rate.202

Current therapeutic strategies in HIDS have focused on the meva-
lonate pathway and on cytokine  inhibition. An open-label use of  the 
TNF  inhibitor  etanercept  provided  substantial  improvement  in  two 
patients with HIDS,203 although such a response is not universal.204,205 
Paradoxically,  trials  of  3-hydroxy-3-methylglutaryl  (HMG)-coenzyme 
A reductase inhibitors (statins) have suggested a potential benefit, most 
notably  with  simvastatin.175,192  The  clinical  effect  of  IL-1  inhibitors 
may represent yet another possible strategy.204 Finally, there are anec-
dotal data suggesting that the leukotriene inhibitor montelukast may 
be effective in HIDS. With larger numbers of HIDS patients there have 
been  mixed  results  using  prednisone,  a  statin,  etanercept,  and 
anakinra.183 Certainly more trials will be needed to address the relative 
usefulness of these agents in HIDS.

THE CRYOPYRINOPATHIES
The cryopyrinopathies, or the cryopyrin-associated periodic syndromes 
(CAPS), are a group of autosomal dominant autoinflammatory disor-
ders caused by mutations in NLRP3  (NLR family, pyrin domain con-
taining  3),  a  gene  that  encodes  a  PYD-containing  protein  called 
cryopyrin.8  NLRP3  was  previously  named  CIAS1  (cold-induced 
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The  R260W,  A352V,  and  L353P  mutations  have  been  introduced 
into mouse Nlrp3.237-239 Consistent with human disease, a neutrophilic 
rash was observed. The mice harboring the A352V and L353P muta-
tions had much greater systemic inflammation than might be expected 
based  on  their  associated  FCAS/MWS  phenotype  in  patients.  For 
human  mutations,  only  limited  genotype-phenotype  correlations  are 
observed. Certain NLRP3 mutations, such as R260W, have been asso-
ciated  with  both  FCAS  and  MWS,  at  the  milder  end  of  the  severity 
spectrum,8,207,208,240 whereas D303N and T348M have been associated 
with both MWS and NOMID/CINCA, at the more severe end of the 
spectrum.9,10,207,240 The Y570C, F309S, and F523L mutations have all 
been associated with severe disease.10,240 The L353P mutation has been 
associated with a common ancestral founder haplotype noted in four 
different  North  American  families  with  FCAS.241  Moreover,  disease 
severity does not segregate among clusters of mutations. Within indi-
vidual clusters, there can be great phenotypic variability. For example, 
D303G/N, Q306L, and F309S are all associated with the severe end of 
the phenotypic  spectrum, while L305P,  in  the  same cluster,  is  found 
in  FCAS.  Although  the  cryopyrinopathies  will  be  described  as  three 
distinct clinical entities, there are patients and families that suggest a 
more continuous spectrum of phenotypes.

FAMILIAL COLD AUTOINFLAMMATORY 
SYNDROME
In 1940, Kile and Rusk reported a 47-member pedigree, 23 of whom 
exhibited  a  dominantly  inherited  form  of  cold  urticaria.242  Typically, 
in cold weather the affected members of this family developed urticaria 
within  30  minutes  to  1  hour  of  going  outdoors.  Other  concomitant 
symptoms  included  fever,  chills,  headache,  and  joint  stiffness.  The 
duration of attacks ranged from 6 to 8 hours to 48 hours, depending 
on  the degree of  cold exposure.  In  the propositus  case,  experimental 
immersion of the arm in a 50° F (10° C) water bath caused pain and 
erythema within 2 minutes, with urticaria appearing 4 hours later.

Over 20 families have been reported in the literature with similar 
findings and the disorder has variously been called familial cold urti-
caria, familial polymorphous cold eruption, cold hypersensitivity, cold 
pathergy,  and  cold-specific  vasomotor  neuropathy.  The  currently 
accepted nomenclature, FCAS, was proposed by the group that mapped 
and  cloned  the underlying  gene.8,209,243 This  term  recognizes  the  fact 
that the rash is not true urticaria (mast cells are not part of the dermal 
infiltrate and tissue histamine levels are normal) and emphasizes the 
systemic autoinflammatory nature of  the  illness.  In 95% of patients, 
the age at onset is within the first 6 months of life.209

In 2000 Hoffman and colleagues performed a genome-wide screen 
in five FCAS families that established linkage to chromosome 1q44,244 
the same region that had been implicated the previous year in MWS.245 
About  1  year  later  this  group  found  that  FCAS/FCU  and  MWS  are 
caused by mutations in the same gene.8 This gene, which they denoted 
CIAS1  but  is  now  known  as  NLRP3,  was  screened  for  mutations  in 
part because it encodes a protein with an N-terminal PYD, as does the 
FMF protein. The FCAS/MWS protein has been named “cryopyrin” to 
connote its relationship both to cold and to fever, although two other 
names,  PYPAF1  and  NALP3,  are  also  found  in  the  literature  and 
sequence databases.

Clinical features and laboratory findings
Acute attacks
An analysis of six American FCAS families, comprising 45 affected and 
68 unaffected members, found that rash was the most common feature 
of acute episodes, occurring in 100% of affected individuals.209 Other 
findings included arthralgia (96%), fever and chills (93%), conjunctivitis 
(84%),  profuse  sweating  (78%),  drowsiness  (67%),  headache  (58%), 
extreme thirst (53%), and nausea (51%).

In  this  study  the  average  duration  of  cold  exposure  required  to 
provoke  an  attack  was  52  minutes,  although  at  colder  temperatures 
shorter  exposures  were  required  and  the  severity  of  symptoms  was 
proportionate to the length and degree of cold exposure. The delay of 
symptoms after cold exposure averaged 2.5 hours and the mean dura-
tion of attacks was 12 hours, with a range of up to 72 hours. Symptoms 

monosodium  urate  (MSU)  and  calcium  pyrophosphate  dehydrate 
(CPPD) crystals,227 asbestos,231 and necrotic cells.232 Such endogenous 
signals as MSU and CPPD may be derived from damaged or apoptotic 
cells  that  are  sensed  by  the  cryopyrin  inflammasome  as  “danger 
signals.”233 Stimuli of the NLRP3 inflammasome are diverse and may 
have common pathways such as reactive oxygen species, cathepsin B, 
and pannexin-1 (see Fig. 163.12).

Over 80 disease-associated  cryopyrin mutations  are  catalogued  in 
the  INFEVERS web site. Rarely with FCAS and MWS, however,  and 
more commonly with NOMID/CINCA, no mutation in NLRP3 can be 
found.  This  has  led  to  searches  for  alternative  genes  and  modes  of 
inheritance.  Recently,  mutations  in  NLRP12  were  reported  in  two 
families  with  an  FCAS-like  picture.234  Somatic  mosaicism  of  NLRP3 
mutations in monocytes has also been proposed in mutation-negative 
NOMID/CINCA  patients.235  Although  mosaicism  and  mutations  of 
other  NLR  family  members  are  possible,  their  frequencies  are  not 
known.

Of  the NLRP3 mutations  found  in CAPS, nearly  all  are missense 
changes in the NACHT domain, encoded by exon 3. Multiple substitu-
tions have been noted at residues 260, 262, 264, 303, 436, 439, 523, 
569, and 570. Although the crystal structure of cryopyrin has not been 
solved,  computational  modeling  suggests  that  many  of  the  disease-
causing  mutations  are  located  on  a  common  surface  that  may  be 
involved in intramolecular interactions, perhaps with the LRR.236 Dis-
ease-associated mutations may allow cryopyrin to more easily undergo 
the conformational changes needed for inflammasome assembly, pos-
sibly  induced by cold temperatures, small amounts of bacterial prod-
ucts,  or  endogenously  produced  “danger  signals.”  The  expression  of 
mutant cryopyrin in leukocytes may lead to IL-1β–mediated systemic 
inflammation, while its expression in chondrocytes may explain some 
of the bony abnormalities of NOMID/CINCA.9

ACTIVATION OF THE NLRP3 INFLAMMASOME
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Fig. 163.12 Activation of the NLRP3 inflammasome.
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Treatment
Before the advent of biologic agents there was no consistently effective 
treatment for FCAS.209 NSAIDs have a modest effect, particularly on 
arthralgia. High-dose corticosteroids are effective in some patients but 
carry with them side effects that many find unacceptable. A number 
of other agents have been tried, including gold salts, anabolic steroids, 
colchicine,  and  antihistamines,  but  none  has  produced  consistent 
therapeutic benefits.

Based on an emerging body of data linking cryopyrin to the activa-
tion of IL-1β, Hoffman and colleagues have conducted careful monitor-
ing of clinical and laboratory parameters in four FCAS patients treated 
with  the  IL-1  receptor  antagonist  anakinra.243,246  In  an  experimental 
cold  challenge  protocol,  FCAS  patients  developed  rash,  fever,  and 
arthralgia, as well as leukocytosis, increased serum IL-6, and increased 
IL-1 protein and mRNA in the skin. Pretreatment with anakinra effec-
tively blocked signs and symptoms, as well as the leukocytosis and the 
increased  serum  amount  of  IL-6.246  Overall,  patients  with  FCAS 
respond very well to daily subcutaneous injections of anakinra, which 
prevent cold-induced febrile episodes.

Recently, longer-acting inhibitors of IL-1 have been shown effective 
in FCAS and MWS and have received approval from the U.S. Food and 
Drug Administration (FDA).247-249 Rilonacept is a fusion protein of the 
extracellular domains of human type I IL-1 receptor and IL-1 receptor 
accessory  protein  with  the  Fc  portion  of  human  IgG1.  Dosing  for 
rilonacept  is  once  per  week.  Canakinumab  is  a  human  monoclonal 
antibody to IL-1β and is given every 8 weeks.

MUCKLE-WELLS SYNDROME
In 1962 two English physicians described a large Derbyshire family in 
which  several  members  were  affected  with  an  apparently  new  syn-
drome  consisting  of  episodes  of  rigors,  malaise,  limb  pains,  and  an 
urticaria-like skin.250 These “aguey bouts” were relatively brief, usually 
lasting 36 hours at most, and were not ameliorated by antihistamines 
or  low doses of corticosteroids. Several members of  the  family devel-
oped nephropathy, with  renal  amyloidosis proven at  autopsy  in  two; 
and sensorineural hearing loss developed in association with nephropa-
thy in five members of the family. Although there was some variability 
in  the  constellation  of  findings  manifested  in  individual  family 

tended to be worse in the evening, often with resolution by the morning. 
Patients had a diurnal variation in minor symptoms nearly every day, 
with superimposed cold-induced exacerbations. Neither consumption 
of cold beverages nor localized exposure to cold (such as holding an ice 
cube to the skin) provokes attacks.

The  rash  of  FCAS  usually  begins  on  the  extremities  or  face  and 
generalizes to the remainder of the body over the course of the episode. 
It  should  be  emphasized  that  the  rash  occurs  both  on  cold-exposed 
areas  and  areas  of  the  skin  that  are  covered  by  clothing.  Skin  
biopsy during an attack demonstrates an  intense polymorphonuclear 
leukocyte  infiltrate,  with  moderate  edema  in  the  upper  dermis.  The 
infiltrate  includes  neutrophils,  eosinophils,  and  lymphocytes  and  is 
concentrated around  the walls  of  dilated  capillaries. Vasculitis  is not 
present.

Polyarthralgia is often severe, most commonly affecting the hands 
(88%),  knees  (68%),  and  ankles  (54%).  Frank  arthritis  is  rare,  but 
myalgia may occur. Ocular findings include red eyes, increased water-
ing,  blurred  vision,  and  pain.  Periorbital  edema  appears  to  be 
uncommon.

Hearing loss and amyloidosis
Hearing  loss  is not  a  feature of  FCAS. Systemic  amyloidosis  is  rare, 
but  has  been  reported,  in  FCAS.  Several  members  of  a  large  Indian 
family  with  an  MWS/FCAS  overlap  have  developed  amyloidosis;  the 
susceptibility locus in this family also maps to chromosome 1q44, and 
a missense mutation in NLRP3 was identified in affected members of 
the family.208

Laboratory findings
During their attacks FCAS patients often have a marked polymorpho-
nuclear leukocytosis, with white blood cell counts sometimes exceed-
ing  30,000/mm3.  The  ESR  is  accelerated  and  the  CRP,  haptoglobin, 
and  other  acute-phase  reactants  are  also  elevated.  Serum  IL-6  and 
granulocyte colony-stimulating factor levels are elevated during attacks, 
and  IL-1  protein  and  mRNA  are  markedly  increased  in  the  skin.246 
Kinins, histamine, and other mast cell mediator levels are normal, and 
neither cold agglutinins nor cryoglobulins are present.

Molecular genetics
As noted earlier, mutations in NLRP3 cause FCAS, MWS, and NOMID/
CINCA. Although several FCAS-associated mutations are listed in the 
INFEVERS database, a large percentage of the FCAS cases reported in 
the  literature have the L353P mutation, which occurs on a common 
haplotype  apparently  descended  from  a  common  ancestor.241  Addi-
tional details on this gene and its protein product are summarized in 
the molecular  genetics and pathophysiology of  the  cyropyrinopathies 
section above.

Diagnosis
Clinical criteria for FCAS have recently been proposed209 and include 
the following:

●  Recurrent  intermittent episodes of  fever and  rash after  generalized 
cold exposure

●  Autosomal dominant pattern of inheritance
●  Age at onset less than 6 months
●  Duration of attacks less than 24 hours
●  Conjunctivitis associated with attacks
●  Absence  of  deafness,  periorbital  edema,  lymphadenopathy,  and 

serositis

Besides  the other hereditary periodic  fevers,  the major differential 
diagnostic consideration is acquired cold urticaria (ACU). Features that 
distinguish FCAS from ACU are summarized in Table 163.2.

With  the  discovery  of  NLRP3  mutations  in  FCAS,  molecular 
diagnosis  is  also  possible  and  has  rapidly  become  the  standard  of  
care  among  patients  in  whom  this  diagnosis  has  been  entertained. 
Nevertheless,  there  remain  a  few  patients  with  clinical  FCAS  who  
do  not  have  demonstrable  NLRP3  mutations.  At  least  some  NLRP3 
mutations  appear  to  be  associated  with  more  than  one  of  the 
cryopyrinopathies.9,10,207,236

TABLE 163.2 COMPARISON OF FAMILIAL COLD AUTOINFLAMMATORY 
SYNDROME WITH ACQUIRED COLD URTICARIA

Familial cold 
autoinflammatory 
syndrome (FCAS)

Acquired cold 
urticaria (ACU)

Inheritance Autosomal dominant Sporadic

Age at onset Infancy, early childhood Usually adulthood

Prognosis Lifelong episodes Spontaneous 
resolution in 
months to years

Type of cold exposure 
that provokes an attack

Generalized Localized (ice cube 
diagnostic test)

Delay of symptoms 
after cold exposure

∼2.5 hr Minutes

Duration of symptoms 30 min-72 hr Minutes to several 
hours

Rash Maculopapular rash with 
perivascular infiltrate of 
polymorphonuclear 
leukocytes

Urticaria, with 
mast cells present

Other symptoms 
during attacks

Fever, arthralgia, 
conjunctivitis

Angioedema, 
wheezing, 
hypotension

Laboratory findings Polymorphonuclear 
leukocytosis

Increased serum 
histamine level
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The rash of MWS is composed of erythematous geographic plaques 
ranging  from 1  to 7 cm  in diameter. They are described as  “aching” 
but usually are not pruritic. There have only been a few reports of skin 
biopsies taken from MWS patients, with the histology showing sparse 
perivascular infiltrates of neutrophils or lymphocytes.252

Arthralgia  is  more  common  than  arthritis,  but  some  patients 
develop  transient  synovitis  with  their  attacks  and,  less  commonly, 
persistent neutrophil-rich effusions.253 Knees and ankles are most fre-
quently involved.

As with the other recurrent fevers, there is an acute-phase response 
during  febrile  episodes,  but  many  patients  have  evidence  of  ongoing 
inflammation, with an accelerated ESR, even between attacks. Persis-
tent hypergammaglobulinemia is also common. Fluctuations in serum 
IL-6 levels with attacks have been documented in one patient.254

Sensorineural hearing loss
In a compilation of 78 cases of MWS, 55 (70%) had progressive sen-
sorineural  hearing  loss.253  Audiography  demonstrates  a  downsloping 
curve when the hearing  level  is plotted against  tonal  frequency, with 
the air and bone conduction giving nearly identical results (Fig. 163.14). 
Postmortem examinations in the original MWS family showed absence 
of the organ of Corti and vestibular sensory epithelium, atrophy of the 
cochlear nerve, and ossification of the basilar membrane, but no amy-
loidosis in the inner ear.250

Amyloidosis
Systemic amyloidosis has been observed in about one fourth of cases 
of MWS and is not required for the diagnosis.251 Most cases develop in 
middle age. Deposits occur in the kidneys, adrenals, spleen, and testes, 
and,  consistent  with  this  distribution,  the  deposits  are  composed  of 
AA fibrils.

Molecular genetics
As noted  earlier, mutations  in NLRP3  cause MWS,  as well  as FCAS 
and NOMID/CINCA.8 Additional details on this gene and its protein 
product are summarized in the molecular genetics and pathophysiology 
of the cyropyrinopathies section (see earlier).

Diagnosis
Until  late 2001,  the diagnosis of MWS was purely clinical, based on 
the presence of typical febrile episodes. The presence of sensorineural 
hearing loss, although not required, greatly increases diagnostic confi-
dence. Overlap syndromes between MWS and FCAS, or between MWS 
and NOMID/CINCA, have been observed, consistent with the concept Fig. 163.13 Urticarial rash in a patient with Muckle-Wells syndrome.
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AUDIOGRAMS IN A YOUNG WOMAN WITH MUCKLE-WELLS SYNDROME

Fig. 163.14 Audiograms in a young woman with Muckle-Wells syndrome demonstrating markedly downsloping hearing levels with increasing frequency. This 
finding is consistent with sensorineural hearing loss; air conduction and bone conduction are nearly identical.

members, there was a clear four-generation dominant pattern of inheri-
tance. Over time a number of other similar kindreds, as well as a few 
sporadic cases, were described with what came to be known as Muckle-
Wells syndrome (MWS), in recognition of the original describers.

In 1999 a large collaborative group reported the results of a genome-
wide search for linkage in a panel of three large families with MWS.245 
The results clearly excluded linkage to chromosomes 16p13, 12p13 or 
12q24, where the genes for FMF, TRAPS, and HIDS had already been 
respectively  identified.  Instead,  the  causative  locus was mapped  to  a 
relatively broad region on the distal part of  the  long arm of chromo-
some  1.  The  following  year  Hoffman  and  colleagues244  mapped  the 
FCAS susceptibility  locus  to  the  same  region of  chromosome 1,  and 
about  1  year  later  this  group  found  that  both  MWS  and  FCAS  are 
caused by mutations in what they called CIAS1,8 as noted earlier.

Clinical features and laboratory findings
Acute attacks
MWS  attacks  have  a  variable  age  at  onset,  ranging  from  infancy  to 
adolescence, and last from 12 to 48 hours.250,251 Some patients give a 
history  that  temperature  change  (cold  for  some  patients,  heat  for 
others),  fatigue,  or  emotion  exacerbates  attacks. Besides  chills,  fever, 
and malaise, attacks are composed of urticaria-like rash (Fig. 163.13), 
arthralgia, arthritis, aching limb pain and sometimes abdominal pain, 
conjunctivitis, or episcleritis. Lymphadenopathy may also be present.
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NOMID/CINCA  is  caused  by  de novo  mutations  in  what  was  then 
called  CIAS1.  Owing  to  the  combination  of  de novo  mutations  and 
decreased reproductive fitness, NOMID/CINCA often gives the appear-
ance of being a sporadic disorder.

Clinical features and laboratory findings
Acute attacks
The clinical manifestations of NOMID/CINCA have a variable course, 
often with daily flares associated with fever. In 75%, the urticarial rash 
is seen within the first few days of life. The rash is migratory, is usually 
non-pruritic,  and  is  nearly  always  present.  Fever  or  sunlight  may 
induce exacerbations with pruritis.260 Histologically,  the epidermis  is 
normal, with mild inflammation in the dermis and a mostly polymor-
phonuclear perivascular infiltrate.211 Headache and conjunctivitis may 
also occur.

Laboratory findings
Laboratory findings include leukocytosis with a predominance of poly-
morphonuclear leukocytes and eosinophils, anemia of chronic disease, 
thrombocytosis,  and a brisk acute-phase  response. As  is  the case  for 
FCAS  and  MWS,  high-titer  autoantibodies  are  not  usually  seen  in 
NOMID/CINCA.

Neurosensory manifestations
The neurosensory manifestations of NOMID/CINCA are highly vari-
able and result from non-specific meningeal inflammation. Neurologic 
features are rarely identified during the first month of  life. Headache 
is  common,  and  smaller  numbers  of  patients  may  develop  seizures, 
hypotonia, or hemiplegia.211 The majority of patients have evidence of 
aseptic meningitis, with increased cerebrospinal fluid (CSF) pressure, 
pleocytosis  (predominantly  polymorphonuclear  leukocytes),  and  ele-
vated  CSF  protein.261  Electroencephalographic  abnormalities  are  also 
common.260 Imaging studies may demonstrate prominent sulci, cere-
bral atrophy, ventricular dilatation, and, in older patients, calcification 
of  the  falx  cerebri  and  dura.211  MRI  with  fluid-attenuated  inversion 
recovery  (FLAIR)  sequences demonstrate meningeal  inflammation.267 
Although some children with NOMID/CINCA perform well academi-
cally,  a  significant  number  have  learning  disabilities  or  are  mentally 
retarded.261,268

As in MWS, progressive high-frequency sensorineural hearing loss 
often  occurs.261  Coexistent  eye  involvement  is  also  identified  and 
includes conjunctivitis, keratitis, anterior uveitis, and posterior segment 
abnormalities.268  Optic  disc  changes,  including  edema,  pseudopapill-
edema, and atrophy, were observed in over 80% of patients in one large 
series.268 Visual impairment is common, and some patients eventually 
become blind.

Articular manifestations
As is the case for the neurosensory involvement, there is a great deal 
of  patient-to-patient  variability  in  the  joint findings of  patients with 
NOMID/CINCA.211,212,260 The degree of  severity  is  dependent on  the 
age  of  the  child  at  the  onset  of  articular  involvement,  with  severe 
disease  usually  associated  with  onset  within  the  first  year  of  life. 
Articular manifestations are not usually present at birth. With milder 
cases, some patients may experience arthralgia with mild swelling but 
no radiographic changes. However,  the more severe cases, about half 
of  the  patients,  exhibit  a  severe  symmetric  arthropathy,  which  can 
involve  the  knees,  ankles,  elbows,  wrists,  hands,  and/or  feet.  The 
shoulders, hips, or cervical spine are rarely involved. Bony deformities 
(Fig. 163.15) result from epiphyseal and growth cartilage overgrowth. 
Synovial proliferation is much less common, although sterile effusions 
are sometimes seen, probably as a local reaction to epiphyseal distur-
bances. Synovial biopsy demonstrates mild inflammation with perivas-
cular neutrophilic, eosinophilic, and mast cell infiltration, but without 
a proliferative pannus.269 Progressive  contractures, particularly of  the 
knees, can also occur.

In  patients  with  the  more  severe  form  of  arthropathy,  premature 
patellar  ossification  and  overgrowth  is  common.211,212,260,261,270  The 
epiphyses of  the  long bones, particularly  the proximal portion of  the 
tibias, as well as the femur and radius, can enlarge with irregular ossi-
fications that give a “bread crumb” (en mie de pain) appearance. Flaring 

that the cryopyrinopathies represent a spectrum of disease. The iden-
tification of NLRP3 has permitted genetic diagnosis of MWS, but there 
remain  some  patients  with  clinical  MWS  who  do  not  have  demon-
strable NLRP3 mutations.

Treatment
Prior to the discovery of cryopyrin and recognition of its role in IL-1β 
activation, a number of agents were used in MWS with varying degrees 
of success, including high-dose corticosteroids, colchicine, chlorambu-
cil,  antihistamines,  dapsone,  azathioprine,  mycophenolate  mofetil, 
etanercept, and infliximab.245,255 The first report of the use of the IL-1 
receptor  antagonist  in  MWS  demonstrated  remarkable  efficacy,  both 
in  relieving  symptoms and  in normalizing acute phase proteins  that 
were  dramatically  increased  before  treatment.256  Subsequent  experi-
ences have been similarly favorable.256,257 Anakinra has a half-life of 4 
to  6  hours  and,  thus,  a  daily  dosing  schedule.  Rilonacept  and 
canakinumab, which are longer-acting blockers of IL-1, have received 
FDA approval for the treatment of FCAS and MWS, thus giving three 
options for inhibition of IL-1.247-249

NOMID/CINCA
This condition, known as NOMID in the United States and CINCA 
syndrome in Europe, is a rare, dominantly inherited autoinflammatory 
disorder  characterized  by  urticarial  rash,  chronic  meningitis,  and  a 
highly  characteristic  symmetric  arthropathy  with  overgrowth  of  the 
epiphyses  and  growth  cartilage.  The  latter  two  features  differentiate 
NOMID/CINCA from FCAS and MWS.

Although NOMID/CINCA has only recently been recognized as a 
distinct  nosologic  entity,  descriptions  of  patients  likely  to  have  had 
NOMID/CINCA date back over 150 years. In 1835, Thomas Brayne, 
an English surgeon, published a report accompanied with a sketch of 
a 7-year-old with marked enlargement of the epiphyses, non-closure of 
the anterior fontanelle, and a rash.258 The first account in the current 
literature  was  published  in  1950,  a  report  of  a  family  with  “adult  
toxoplasmosis.”259 Several case studies during the 1980s further char-
acterized this peculiar syndrome with descriptions of persistent macu-
lopapular skin lesions present since birth; enlargement of lymph nodes 
and spleen; and arthritis with uniquely abnormal epiphyseal and patel-
lar ossifications. These reports also noted a diffuse and chronic infiltra-
tion  by  neutrophils  and  eosinophils  of  the  skin,  lymph  nodes,  and 
synovial  and  cerebrospinal  fluids.211-214  In  1981  Prieur  and  Griscelli 
reported  three  additional  cases  and  proposed  that  this  represented  a 
distinct  clinical  entity213;  in  1984  Hassink  and  Goldsmith  proposed 
the term NOMID for this condition.214

NOMID/CINCA is the most severe of the cryopyrinopathies. Pro-
found growth delay and  reduced  reproductive potential are common. 
About 20% of patients die, mainly of infection or neurologic complica-
tions, before reaching adulthood. Vasculitis,  thrombosis, and amyloi-
dosis are potentially life-threatening complications.212,260

Clinical  findings  suggestive  of  an  ongoing  inflammatory  process 
include lymphadenopathy, splenomegaly, a prolonged ESR, leukocyto-
sis, eosinophilia, and hyperglobulinemia. Although serologic evidence 
of autoimmunity (i.e., antinuclear antibodies, rheumatoid factor, and 
immune  complexes)  is  usually  absent,  other  abnormalities  of  the 
immune  system  have  been  found.  In  a  review  of  9  cases,  44%  had 
functional  T-cell  abnormalities.261  Polyclonal  elevation  of  IgG,  IgM, 
and IgA is common.

It  is  unclear  whether  the  bone  and  cartilage  abnormalities  of 
NOMID/CINCA  are  due  to  the  systemic  inflammatory  milieu  or  to 
the effects of NLRP3  expression  in  chondrocytes. Histologic  sections 
of biopsy specimens show disorganized chondrocyte columns, suggest-
ing a derangement of endochondral bone formation.9,262,263 Against the 
view that the bony abnormalities of NOMID/CINCA are due to IL-1β–
dependent  inflammatory  pathways,  treatment  with  anakinra  for  12 
months does not prevent continued growth of bony lesions.264

A  few  families  with  more  than  one  affected  member  have  been 
described.259,265,266  Intrafamilial  recurrence,  although much more  rare 
than sporadic cases, is consistent with an autosomal dominant inheri-
tance  pattern.  In  2002,  two  independent  groups9,10  reported  that 
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symptoms, acute-phase reactants, and rash in both mutation-positive 
and negative patients  treated.255,271,274-276 Recently, a  larger experience 
with 18 NOMID/CINCA patients showed marked improvement in a 
broad  range  of  disease  manifestations,  including  those  of  the  CNS, 
with  prompt  return  of  symptoms  on  drug  withdrawal.267  Long-term 
outcomes of treatment with anakinra in children will be important to 
follow to assess mental and physical development. There are no pub-
lished  data  regarding  rilonacept  or  canakinumab  for  treatment  of 
NOMID/CINCA.

DEFICIENCY OF THE IL-1 RECEPTOR ANTAGONIST
Deficiency of IL-1-receptor antagonist (DIRA) is a recessively inherited 
condition  that,  similar  to NOMID/CINCA, has prominent  skin  and 
bone manifestations and represents an independent molecular  lesion 
in the IL-1 pathway. Whereas CAPS is a disorder of excessive inflam-
masome activation, DIRA is a defect in IL-1 regulation. Mutations in 
IL1RN result in the absence of functional IL-1Ra. In the cases reported 
thus  far, patients have been homozygous  for  frameshift or non-sense 
mutations or genomic deletions of IL1RN.13,14,277 Both CAPS and DIRA 
result in excessive IL-1 signaling, but their distinct molecular mecha-
nisms  result  in  important  clinical  differences  that  may  provide  new 
insights into the role of IL-1 in human biology.

IL1RN is encoded on chromosome 2q along with other IL-1 family 
members, including IL1A, IL1B, IL1F5, IL1F6, IL1F7, IL1F8, IL1F9, and 
IL1F10.  The  protein  IL-1Ra  was  purified  and  the  gene  IL1RN  was 
cloned in 1990.278-280 IL-1Ra is structurally similar to IL-1α and IL-1β 
with a six-stranded β-barrel.281

There  are  three  splice  variants  for  IL-1Ra,  one  secreted  and  two 
intracellular.  Secreted  IL-1Ra  is  a  competitive  inhibitor of  IL-1α  and 
IL-1β for binding to IL-1 receptor type I (IL-1RI). When IL-1 binds to 
IL-1RI  and  IL-1  receptor  accessory  protein  (IL-1RAcP),  downstream 
signaling  leads  to  activation  of  NF-κB  and  c-Jun  transcription  path-
ways. This results in increased production of inflammatory cytokines, 
including TNF-α, IL-1, IL-6, and interferon-α. IL-1ra has pure antago-
nist  activity  and  does  not  associate  with  IL-1RAcP.  Normally,  the 
effects of IL-1 are balanced by IL-1Ra, but with DIRA the IL-1 signaling 
is unopposed and proinflammatory cytokines are overproduced. Con-
sistent with a role  for  IL-1Ra in modulating  inflammation,  it  is pro-
duced  as  an  acute-phase  protein  by  hepatocytes  stimulated  with 
inflammatory cytokines.282

Mice  that  lack  IL-1Ra  have  decreased  body  mass  and  increased 
susceptibility  to  administration  of  lipopolysaccharide.283  IL-1Ra–defi-
cient mice on a BALB/cA background develop an inflammatory poly-
arthritis.284  Another  mouse  model  of  IL-1Ra  deficiency  develops 
arteritis, most commonly of the aorta and coronary arteries.285 Other 
BALB/c mouse strains  lacking  IL-1Ra manifest  cutaneous  inflamma-
tion  with  neutrophil-rich  microabscesses286  and  impaired  wound 
healing.287  Recombinant  IL-1Ra  is  beneficial  in  a  number  of  human 
illnesses with an inflammatory component, including CAPS, rheuma-
toid arthritis, and type 2 diabetes mellitus.288

Patients  with  homozygous  inactivating  mutations  in  IL1RN  were 
described by  two  independent  groups. The first  paper  identified  four 
distinct mutations in nine patients with a constellation of findings that 
included pustulosis, cystic bone lesions, periostitis, osteomyelitis, and, 
in one patient, vasculitis.13 The initial discovery was based on a can-
didate gene analysis that was informed by the clinical features and the 
dramatic  response  of  the  propositus  patient  to  anakinra.  Genomic 
sequencing led to the identification of frameshift and non-sense muta-
tions,  and  the  inability  to  amplify  IL1RN  from  genomic  DNA  of  a 
Puerto  Rican  patient  ultimately  prompted  the  discovery  of  a  large 
genomic deletion. The second team evaluated an infant with pustular 
skin lesions,  lytic bone lesions, thrombosis, and neutrophilic alveoli-
tis.14 A consanguineous family history prompted a genome-wide single 
nucleotide polymorphism (SNP) analysis  for regions of homozygosity 
and  led  to  the  independent  discovery  of  the  same  175-kb  genomic 
deletion identified by the first group.

Clinical features and laboratory findings
DIRA patients present extremely early, within the first 3 weeks of life. 
Presenting  features  include  pustular  rash,  joint  swelling,  and  oral 

of  the  metaphyses  may  also  occur.  Premature  growth  plate  closure 
leads  to  shortening  of  the  long  bones  and  growth  retardation.212 
Increased  cranial  volume,  frontal  bosselation,  and delayed  closure of 
the anterior fontanelle are sometimes seen on skull films.

Diagnosis
The  clinical  diagnosis  of  NOMID/CINCA  is  usually  made  based  on 
the presence of episodic fever with at  least two elements of the triad 
of early-onset urticarial rash, chronic meningitis, and the characteristic 
arthropathy.211,212,240  Over  25  NLRP3  mutations  associated  with 
NOMID/CINCA  have  been  catalogued  on  the  INFEVERS  web  site. 
However, only 50% to 60% of patients diagnosed with NOMID/CINCA 
by physicians familiar with the condition have identifiable mutations 
in NLRP3.9,10,240 It is possible that NLRP3-negative patients may have 
mutations in other proteins associated with the inflammasome or that 
are upstream or downstream in the IL-1β signaling pathway. It should 
also be noted that diagnostic laboratories often focus their sequencing 
efforts on exon 3, where nearly all of the known mutations reside. It 
is  possible  that  some  mutation-negative  patients  may  prove  to  have 
mutations elsewhere  in  the gene, and,  in  fact,  two mutations  in  the 
LRR have been reported in NOMID/CINCA.271,272 Somatic mosaicism 
is also possible.235

Treatment
Until  the  advent  of  biologic  therapies,  attempts  to  treat  NOMID/
CINCA  were  disappointing.211,212  NSAIDs  and  high-dose  corticoste-
roids have usually provided only symptomatic relief. Physical therapy 
and  splinting  play  an  important  role  in  preventing  contractures. 
However, these modalities do not have significant effects on the cuta-
neous, CNS, or  joint manifestations. Cytotoxic agents have not only 
been ineffective but also may have the potential to induce malignancy 
in these patients.213,273

Based on the recognition of the role of cryopyrin in IL-1β activation, 
and  the  demonstration  of  constitutive  IL-1β  production  in  a  patient 
with NOMID/CINCA,10 there has been great interest in the potential 
role for anakinra, the IL-1ra, in this condition. Case reports have dem-
onstrated  rapid  and  dramatic  effects  primarily  on  constitutional 

Fig. 163.15 The arthropathy of NOMID. (Courtesy of Dr. Raphaela 
Goldbach-Mansky.)
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Diagnosis
A diagnosis of DIRA is made by identifying two mutations of IL1RN 
in a patient with systemic  inflammation. The periostitis, pustulosis, 
and elevated inflammatory markers may be confused with the findings 
of NOMID/CINCA. DIRA can be considered in patients responding to 
anakinra but who do not have mutations of NLRP3. Although the cases 
thus far are homozygous, it may be a matter of time before a compound 
heterozygous case is identified. Carriers of the mutations described to 
date do not manifest bone and skin inflammation.

Treatment
DIRA  results  from  an  absence  of  functional  IL-1ra.  As  might  be 
expected,  replacing  IL-1ra  with  anakinra  is  highly  effective.  Patients 
with non-sense mutations of IL1RN had complete remission of bone 
and  skin  changes  and  normalization  of  inflammatory  markers  in 
response to anakinra.13 For patients with the 175-kb genomic deletion, 
there is an absence not only of IL-1ra but also the interleukin-1 family 
agonists IL-1F6, IL-1F8, and IL-1F9, as well as the interleukin-1 family 
antagonists IL-1F5 and IL-1F10, which share structural homology with 
IL-1ra.294  Not  surprisingly,  the  picture  is  more  complex  in  these 
patients and the therapeutic response to anakinra is not as complete 
as in the patients with point mutations.13,14

mucosal lesions. Skin lesions progress to severe pustulosis and hyper-
keratosis. Skin biopsy shows extensive  infiltration of  the dermis and 
epidermis  with  neutrophils,  and  connective  tissue  biopsy  may  show 
vasculitis with neutrophilic infiltration of the vessel wall. Nail changes 
with separation of the nail from the nail bed can occur.

A variety of bone abnormalities is present. Most common is widen-
ing  of  the  anterior  ribs  and  clavicle,  periosteal  elevation  of  the  long 
bones, multifocal osteolytic lesions, and heterotopic ossification of the 
proximal  femurs.  Metaphyseal  erosions  of  long  bones  and  cervical 
vertebral  fusion due  to  collapse  of  vertebrae may  also  be  seen. Bone 
biopsy shows sterile osteomyelitis, fibrosis, and osteosclerosis.

Other clinical features seen in at least 1 of the 10 described cases 
are hepatosplenomegaly and interstitial lung disease. Laboratory values 
include  elevated  values  of  C-reactive  protein,  ESR,  white  blood  cells 
and  platelets.  Fever  is  not  usually  detected  despite  the  presence  of 
systemic  inflammation.  Before  the  diagnosis,  patients  were  treated 
with antibiotics, oral corticosteroids, and NSAIDs.

Molecular genetics
As with TRAPS, DIRA is a genetic diagnosis. An absence of functional 
IL-1ra results in unopposed stimulation of IL-1 receptors by IL-1α and 
IL-1β. The non-sense or frameshift mutations resulting in DIRA must 
occur  early  enough  in  the  sequence  to  disrupt  formation  of  the  six-
stranded  β-barrel  and  its  interactions  with  IL-1RI.  The  spectrum  of 
known mutations includes a 2-bp deletion in the coding sequence that 
results in a frameshift (N52KfsX25), two truncating non-sense muta-
tions (Q54X and E77X), and a 175-kb genomic deletion that subsumes 
IL1RN  and  the  neighboring  IL1F5, IL1F6, ILF8, IL1F9,  and  IL1F10 
genes on chromosome 2q. Population genetic data indicate a founder 
effect for the N52KfsX25, E77X, and genomic deletion in the popula-
tions  of  Newfoundland,  the  Netherlands,  and  Puerto  Rico, 
respectively.

Full-length IL-1ra is 177 amino acids, and thus the frameshift and 
non-sense mutations could result in a secreted product missing many 
of  the  residues  interacting  with  IL-1  receptor.289  In  fact,  very  little 
mutant protein is secreted, either by LPS-stimulated patient leukocytes 
or  in  a  transfection  system.13  This  results  in  a  different  molecular 
pathophysiology from that seen in CAPS. In DIRA, the near-complete 
absence of IL-1ra leads to unopposed signaling by both IL-1α and IL-1β 
at the cell membrane, whereas CAPS results in inflammasome activa-
tion that, in turn, produces excessive IL-1β (but not IL-1α), as well as 
possible increases in IL-18, IL-33, and other proteins that are activated 
by caspase-1. In addition, it is possible that DIRA may cause autoin-
flammation through effects on the two intracellular isoforms of IL-1ra, 
the  biology  of  which  is  poorly  understood.  Table  163.3  summarizes 
some of the key mechanistic and clinical differences between NOMID/
CINCA and DIRA.

Consistent  with  the  severe  bone  and  skin  changes  seen  in  DIRA 
patients, IL-1 has an important role in maintaining bone and skin. IL-1 
stimulates  bone  resorption  by  osteoclasts.290  IL-1ra  suppresses  bone 
erosion in mice with collagen-induced arthritis291 and has been shown 
to  protect  ovariectomized  mice  from  bone  resorption.292  IL-1α  and 
IL-1ra are expressed  in keratinocytes.293 Mice without IL-1ra develop 
abundant IL-1β expression in the dermis and increased neutrophils and 
macrophages in the skin.286

TABLE 163.3 COMPARISON OF NOMID/CINCA AND DIRA

NOMID/CINCA DIRA

OMIM # 607115 612852

Inheritance Autosomal dominant; de 
novo mutations

Autosomal recessive

Gene 
(chromosome)

NLRP3 (1q44) IL1RN (2q14)

Protein Cryopyrin (NLRP3) IL-1 receptor antagonist 
(IL-1ra)

Molecular 
mechanism

Increased inflammasome 
activation, increased 
caspase-1 activation 
(increased IL-1β, IL-18, IL-33)

Decreased inhibition of IL-1α 
and IL-1β at the cell 
membrane; role of icIL-1ra 
poorly understood

Fever Daily, if untreated Infrequent

Cutaneous 
manifestations

Urticarial rash Pustulosis, ichthyosiform 
lesions

Bone 
manifestations

Epiphyseal overgrowth Widening of anterior ribs, 
periosteal elevation along 
long bones, osteolytic lesions, 
multifocal osteomyelitis

CNS 
manifestations

Sensorineural deafness, 
chronic aseptic meningitis, 
mental retardation, 
headache, uveitis, 
progressive loss of vision

Perhaps CNS vasculitis or 
developmental delay but rare
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CLINICAL FEATURES
Sarcoidosis is a systemic inflammatory disorder. The clinical spectrum 
is protean, ranging from an abnormal chest radiograph in an asymp-
tomatic individual (up to 50% of patients) to severe multiorgan involve-
ment.2,3 Because there is no specific test for sarcoidosis, the diagnosis 
is established when well-recognized clinical and radiographic findings 
are supported by histologic evidence of widespread epithelioid granu-
lomas in more than one organ system.5 Other granulomatous diseases 
caused by mycobacterial infection, fungal infection, berylliosis, drugs, 
and local reaction to tumors or lymphoma must be excluded. The 
presenting manifestations and cumulative organ involvement in sar-
coidosis patients are shown in Table 164.1. Recently, A Case Control 
Etiologic Study of Sarcoidosis (ACCESS trial) evaluating 736 sarcoid-
osis patients confirmed that 95% of patients had thoracic involvement, 
50% had extrathoracic involvement, and only 2% had isolated extra-
thoracic sarcoidosis. Notably, there were significant differences in clini-
cal findings between groups on the basis of race, sex, and age.6

Respiratory tract involvement
The entire respiratory tract from sinuses (2%-18%) to lungs can be 
involved in sarcoidosis. Pulmonary involvement is the most common 
visceral manifestation, occurring in 95% of patients.7 The clinical 
spectrum ranges from asymptomatic hilar adenopathy (50%-60%) to 
an interstitial lung disease with alveolitis. Pleural effusions are rare 
(<5%). Endobronchial involvement is found on biopsy in 50% and may 
lead to airway stenosis (10%). Symptoms of lung disease include dry 
cough (30%), dyspnea (28%), and chest pain (15%). Wheezing can occur 
in patients with endobronchial involvement. Hemoptysis is rare and 
occurs primarily in patients with fibrosis and cavitation filled with 
aspergillomas. Lung crackles are heard in only 20%, and clubbing is 
rare.

For chest radiographs the modified Scadding staging system is used: 
stage 0, normal; stage I, bilateral hilar adenopathy; stage II, adenopathy 
with pulmonary infiltrates; stage III, pulmonary infiltrates only; and 
stage IV, end-stage pulmonary fibrosis (Fig. 164.1). Notably, the stages 
are not chronologic and do not indicate disease chronicity or correlate 
with changes in pulmonary function. High-resolution computed 
tomography (HRCT) scans of the lungs may show abnormalities when 
chest radiographs are normal (Fig. 164.2). Pulmonary function testing 
shows restricted lung volumes and loss of diffusing capacity. Obstruc-
tion of large and small airways can also be seen, indicating endobron-
chial granulomas and/or bronchiolitis, and is a poor prognostic sign, 
suggesting extensive and progressive disease.

Bronchoalveolar lavage (BAL) fluid shows an elevated lymphocyte 
percentage with predominantly CD4+ T cells. Transbronchial biopsy 
usually consists of six specimens from the upper and lower lobes. With 
an abnormal chest radiograph the diagnostic yield is over 90%.

Ophthalmologic involvement
Eye involvement occurs in 25% to 50% of patients and can be the  
major clinical manifestation.8 It can be the initial manifestation (5%) 
or occur at any time during the disease course. Because the disease 
may be asymptomatic, all patients with sarcoidosis should have a 
baseline slit lamp and funduscopic eye examination. Any area of the 
eye may be involved. Acute anterior uveitis is the most common pre-
sentation, manifested by blurred vision, eye redness, photophobia, 
pain, and “mutton fat” keratic precipitates on slit lamp examination. 
However, up to a third can be asymptomatic. Involvement is usually 
bilateral, which distinguishes it from the unilateral uveitis seen in 

Sarcoidosis
Sterling G. West

  Sarcoidosis is a systemic inflammatory disorder of unknown 
etiology characterized by non-caseating, granulomatous 
inflammation that can affect virtually any organ.

  Acute and chronic forms of inflammatory arthritis particularly 
involve the ankles and knees.

  Cystic bone lesions may produce dactylitis or rarely involve the 
skull, vertebrae, ribs, or pelvis.

  Muscle involvement is usually asymptomatic but may cause acute 
or chronic myopathies or nodular masses.

  Non-musculoskeletal features are common and include bilateral 
hilar adenopathy, pulmonary infiltrates, uveitis, cardiac and 
neurologic involvement, and skin lesions such as erythema 
nodosum and lupus pernio.

HISTORY
Sarcoidosis derives from Greek sarco, meaning “flesh,” eidos, meaning 
“like,” and osis, meaning “condition.”1 In 1877, Jonathan Hutchinson 
described the first case at King’s College Hospital in London. Ernest 
Besnier, in 1889, described lupus pernio, the cutaneous hallmark of 
chronic sarcoidosis. Later, Caesar Boeck advanced the description of 
sarcoidosis by emphasizing the granulomatous inflammation charac-
teristic of this disease. He was first to use the term sarkoid (sarcoid) 
because he believed the lesions resembled sarcoma but were benign. 
With the introduction of skeletal radiography in the late 1890s, bone 
involvement by sarcoidosis was soon recognized. In 1903, Karl Kreibich 
found the classic pattern of radiolucencies in the distal ends of the 
second phalanges of a patient with sarcoidosis. Later, he associated 
these bony lesions with lupus pernio and concluded that sarcoidosis 
represented a distinct granulomatous process not related to tuberculo-
sis. Kuznitzky and Bittorf, in 1915, emphasized internal organ involve-
ment; and in 1935 the Kveim-Siltzbach skin test for diagnosis was 
introduced. One year later, Burman and Mayer described chronic 
sarcoid arthropathy. In 1953, Sven Löfgren described the acute sarcoid-
osis syndrome of bilateral hilar adenopathy and erythema nodosum, 
frequently associated with arthritis, fever, and uveitis. Over the past 
century, sarcoidosis has become recognized as a multisystem granulo-
matous disorder with protean manifestations that may affect any 
organ.2,3

EPIDEMIOLOGY
Sarcoidosis occurs worldwide. In most series it affects females slightly 
more often than males. People of all ages can be affected, but it par-
ticularly occurs in young adults 20 to 40 years old (over 70% of cases). 
Sarcoidosis has been reported in all races and ethnic groups, but with 
marked variations. Prevalence estimates range from 1.4/100,000 
(Japan) to 64/100,000 (Sweden). In the United States the age-adjusted 
annual incidence rates are three times higher for African Americans 
(35.5/100,000) than for whites (10.9/100,000) with a lifetime risk of 
sarcoidosis for U.S. African Americans of 2.4% and for U.S. whites of 
0.85%.4

Clinical evidence indicates that the presentation and severity of 
sarcoidosis vary according to race and ethnicity. Whites are more likely 
to have erythema nodosum, less extrapulmonary involvement, and less 
age-adjusted mortality than other racial groups. The Japanese may 
have more cardiac and ocular involvement, and African Americans 
have the most severe disease with higher mortality rates.
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TABLE 164.1 CLINICAL FEATURES OF SARCOIDOSIS

Manifestation Presenting (%) Cumulative (%)

Pulmonary 25-50 95

Constitutional 25 33-70

Adenopathy 10-20 40

Joint disease 1-14 4-38

Uveitis 5 10-20

Hepatosplenomegaly 4 5-20*

Cutaneous 3 15-30

Other 4

  Heart <1 5-10*

  Neurologic <1 5-10

  Muscle <1 1-5*

  Bone <1 1-13

*At autopsy, 20%-67% have heart involvement; on biopsy, 50%-80% have muscle and liver 
involvement.

Fig. 164.1  Pulmonary sarcoidosis. Chest radiograph demonstrating bilateral 
hilar adenopathy.

a

b

Fig. 164.2  Pulmonary sarcoidosis. (a) Radiograph of patient with pulmonary sarcoidosis showing minimal changes. (b) CT scan of the chest done at the same 
time shows extensive changes.

HLA-B27–associated spondyloarthropathies. Other ophthalmologic 
manifestations include interstitial keratitis, posterior uveitis, pars pla-
nitis (“snowballing” on slit lamp examination), scleral plaques, lacri-
mal gland enlargement (15%-28%), optic neuropathy, and corneal/
conjunctival nodules. Approximately 20% of patients with uveitis will 
suffer some visual loss.

Cutaneous involvement
Skin involvement occurs in up to 30% of cases, can be of a variety of 
morphologies, and may be present at disease onset.9 Skin lesions can 

be divided into specific and non-specific categories. Specific lesions 
demonstrate granulomatous inflammation on biopsy. The most 
common specific skin manifestation is hyperpigmented maculopapular 
lesions (2-5 mm) commonly located on the face, nape of the neck, and 
upper back. Other specific lesions include skin plaques and annular 
lesions, which are associated with chronic disease and a poor prognosis 
when they occur on the head and neck. Scars and tattoos can become 
infiltrated with sarcoidosis. Subcutaneous sarcoidosis of Darier and 
Roussy presents as nodules deep in the dermis and subcutaneous tissue 
and can remit spontaneously. Lupus pernio has a predilection for 
African-American women and is the most characteristic specific skin 
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predilection for the left ventricular free wall. Cardiac sarcoidosis is 
more common in patients with neurosarcoidosis and is indicative of 
severe disease.

Nervous system involvement
Symptomatic involvement of the central or peripheral nervous systems 
occurs in approximately 5% to 10% of patients, although it is three 
times more common at autopsy.13 Up to 75% of patients who develop 
neurosarcoidosis present with neurologic manifestations either preced-
ing the disease or at the time sarcoidosis is first diagnosed. Neurosar-
coidosis has a predilection for the base of the brain and can occur 
without pulmonary or systemic features of sarcoidosis. Unilateral 
cranial nerve palsy, most frequently of the seventh nerve, is the most 
common (50%) presentation. Heerfordt’s syndrome is the combination 
of fever, parotid enlargement, arthritis, uveitis, and facial nerve palsy. 
It occurs most commonly in males and usually has a poor prognosis. 
Other features of neurosarcoidosis include leptomeningeal involve-
ment (25%), other cranial neuropathies (optic neuropathy), hypotha-
lamic and pituitary lesions, localized mass lesion, myelopathy, seizures, 
and psychiatric and cognitive dysfunction, as well as other less common 
manifestations. Peripheral neuropathy occurs in 8.5% to 24% of 
patients with neurosarcoidosis. Chronic sensorimotor polyneuropathy 
is the most common presentation, although mononeuritis multiplex, 
pure sensory neuropathy, intercostal neuritis, small fiber neuropathy, 
and acute Guillain-Barré syndrome may occur.

MRI with gadolinium enhancement is the best imaging technique 
to evaluate sarcoid involvement of brain parenchyma, meninges, or 
spinal cord, as well as response to therapy.14 PET may be useful to 
identify areas of activity to biopsy. Cerebrospinal fluid (CSF) analysis 
can show elevated opening pressure (10%), elevated protein up to 
250 mg/dL (70%), normal or low glucose concentration (20%), lympho-
cytic pleocytosis (50%), high IgG index, and oligoclonal bands (≥50%). 
The CSF can have an elevated angiotensin-converting enzyme (ACE) 
level, mostly due to secretion by central nervous system granulomas. 
Brain biopsies are invasive and may not reveal definitive pathologic 
changes. The prognosis of neurosarcoidosis is guarded, and symptoms 
can be chronic or relapsing. Mortality can be as high as 10% to 15%.

Musculoskeletal involvement
Joints
Musculoskeletal manifestations, including arthritis and periarthritis, 
occur in 4% to 38% of patients. Arthralgias are considerably more 
common (70%). Arthritic involvement is generally divided into acute 
and chronic types. The most common form of joint involvement is an 
acute polyarthropathy/periarthritis. This type of arthritis may be migra-
tory, resembling rheumatic fever; intermittent, resembling palindromic 
rheumatism; or additive, resembling rheumatoid arthritis. It can 
precede other manifestations of sarcoidosis by several months. More 
commonly, however, it is non-migratory and accompanied by other 
features of acute sarcoidosis. In patients with acute sarcoidosis present-
ing with bilateral hilar adenopathy and erythema nodosum (Löfgren’s 
syndrome), 70% will have this form of poly/periarthritis, often associ-
ated with fever and uveitis (Fig. 164.4).15,16 This presentation most 
commonly occurs in young white women and is rare in African  
Americans. Large joints, especially the ankles and knees, are most 
frequently affected, although other peripheral large and small joints 
may also be involved. Palpation of periarticular tissues elicits severe 
tenderness, indicating that this process is mostly a periarthritis. Joint 
radiographs and ultrasonography show soft tissue swelling without 
bony changes. Arthrocentesis reveals no or only minimal synovial 
fluid, which is mildly inflammatory with a lymphocyte predominance. 
Synovial biopsies show mild, non-specific synovitis without granuloma 
formation.

Patients presenting with acute polyarthropathy have or will develop 
erythema nodosum in 50% to 75% of cases. Bilateral hilar adenopathy 
is present in over 90% of these individuals at disease onset but in some 
patients it will not develop for several weeks, making the diagnosis of 
sarcoidosis difficult. The acute form of joint involvement is usually 
associated with a benign course. Joint pain may resolve within weeks 
or persist for several months (average, 3 months); however, 10% to 

manifestation of sarcoidosis (Fig. 164.3). Lesions are indurated and 
violaceous, occurring primarily on the nose, cheeks, ears, lips, and 
fingers. They tend to be slowly progressive and can be disfiguring. 
Lupus pernio has a significant association with chronic upper respira-
tory tract involvement, pulmonary fibrosis, and bony lesions of the 
phalanges. Conversely, non-specific skin lesions are inflammatory but 
do not demonstrate granulomas on histology. Erythema nodosum is 
the most common non-specific skin manifestation, occurring in 10% 
of patients with sarcoidosis. It occurs more commonly in young white 
and Puerto Rican females and usually is associated with an acute pre-
sentation and benign course. A variety of atypical lesions also may be 
seen. In general, chronic sarcoid skin lesions do not ulcerate, itch, or 
cause pain.

Cardiac involvement
Symptomatic cardiac involvement occurs in 5% of sarcoidosis patients 
but is considerably more common at autopsy (20% [U.S.] to 67% 
[Japan]).10 Sarcoidosis may affect any part of the heart except the valves. 
Manifestations include sudden death, conduction disturbances, papil-
lary muscle dysfunction, infiltrative cardiomyopathy with congestive 
heart failure, cor pulmonale due to severe restrictive lung disease, and 
pericarditis.

All sarcoidosis patients should have a baseline electrocardiogram 
(ECG). Over 50% of sarcoidosis patients with cardiac involvement will 
have ECG abnormalities. Holter monitoring and exercise electrocardi-
ography should be performed on all patients with suspected cardiac 
sarcoidosis. Echocardiography can show granulomatous inflammation 
in the myocardium, manifesting as hyperechogenicity (previously 
“snowstorm”) of the ventricular septum. Other findings include left 
ventricular hypertrophy and dysfunction, papillary muscle involve-
ment, and asymptomatic pericardial effusions (20%), which are usually 
associated with myocardial involvement. Myocardial scintigraphy with 
thallium-201 can show areas of decreased uptake at rest, corresponding 
to granulomatous/fibrous infiltration. These areas decrease in size with 
stress imaging (i.e., reverse distribution), separating it from ischemic 
coronary artery disease.11 Magnetic resonance imaging (MRI) with 
gadolinium enhancement, gallium-67 scans, and fasting 18F-fluorode-
oxyglucose–labeled positron emission tomography (FDG-PET) can 
show increased uptake, which may predict a response to immunosup-
pressive therapy.11,12 Endomyocardial biopsies are often negative (80%), 
because cardiac sarcoid lesions tend to be heterogeneous and have a 

Fig. 164.3  Lupus pernio. Violaceous nodular and plaque-like eruptions on the 
nose, cheeks, and forehead in a patient with chronic sarcoidosis.
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reveals a mildly inflammatory fluid (5000 cells/mm3) with a mono-
nuclear cell predominance. In contrast to acute sarcoid arthritis, syno-
vial biopsies in chronic sarcoid arthropathy characteristically show 
granulomatous inflammation. Tenosynovitis of the wrist, ankle, 
patella, or Achilles tendons can also occur (5%-13%).

Bone
The frequency of bone involvement ranges from 3% to 13%.16,18 Bone 
changes may be present at disease onset but are more frequently seen 
in patients with chronic and established disease. Women are affected 
more than men (2 : 1), and African Americans are affected more than 
other racial groups. Bone lesions occur frequently in patients with 
lupus pernio and/or other granulomatous skin lesions and predict a 
poor prognosis with excessive mortality. There is a predilection for the 
phalanges of the hands and feet. Other bones can be involved, particu-
larly the nasal bones in patients with lupus pernio (Fig. 164.6) and the 

15% will have several recurrences or persistently active joint disease. 
Patients with a normal serum ACE level (70%-85% of patients) at 
diagnosis are most likely to have complete resolution of their disease 
without recurrences.

Chronic sarcoid arthritis without involvement of adjacent bone is 
most likely to occur in African-American patients (Fig. 164.5).16,17 This 
type of joint involvement is uncommon (<10%) and usually accompa-
nies the slower onset, more chronic and systemic form of sarcoidosis 
with cutaneous lesions, parenchymal pulmonary disease, and elevated 
ACE levels. The arthritis may be mild and transient and recurrent or 
protracted. It is usually a non-destructive oligoarthritis or monarthritis 
involving the shoulders, wrists, knees, ankles, and/or small joints of 
the hands and feet. A chronic polyarthritis resembling rheumatoid 
arthritis and sacroiliitis mimicking a spondyloarthropathy or mycobac-
terial infection are rare presentations. Radiographs typically show soft 
tissue swelling, but bony destruction is uncommon. Arthrocentesis 

Fig. 164.4  Löfgren’s syndrome. The patient presented with knee arthritis, 
erythema nodosum, and bilateral hilar adenopathy evident on a chest 
radiograph.

Fig. 164.5  Chronic polyarthritis. The patient presented with long-standing 
sarcoidosis and involvement of the interphalangeal joints and nails.

a b

Fig. 164.6  Sarcoidosis involving the nasal bones. (a) 
Stage I nasal involvement in a patient with sarcoidosis 
and lupus pernio. (b) The same patient shown after 
treatment with oral prednisolone for 1 year.
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calcaneus, causing heel pain mimicking a spondyloarthropathy. The 
skull, vertebrae, ribs, pelvis, sternum, maxilla, and the distal ends of 
long bones are rarely affected.19 Sclerotic lesions of the axial skeleton 
occur mainly in middle-aged African-American patients and may 
mimic metastatic disease.

Bone lesions of the phalanges can be lytic, permeative, and/or 
destructive and tend to be bilateral in distribution. Lytic lesions are 
rounded, “punched-out” bone defects on radiographs and are most 
frequently located at the ends of the proximal and middle phalanges 
(Fig. 164.7). Permeative lesions reflect granulomatous involvement of 
cortex and trabeculae of the phalangeal shafts, resulting in a reticular, 
lace-like appearance on radiographs. This may result in the phalangeal 
shafts becoming tubular. In advanced cases sclerosis or fractures may 
develop or joints may be affected owing to subchondral bony involve-
ment and collapse. Notably, sarcoid bone lesions are not associated 
radiographically with periostitis and rarely sequestra, helping to  
separate sarcoidosis from chronic osteomyelitis. Bone scans with  
technetium-99 diphosphonate, MRI, and PET scans can detect unsus-
pected osseous involvement because over 50% of bony lesions are 
asymptomatic.

It is not known why sarcoidosis has a predilection for the phalanges. 
Pathologically, granulomatous infiltration into the marrow results in 
rarefaction of the trabeculae. In the cortical bone there is irregular 
resorption, with enlargement of haversian canals containing granulo-
mas. Occasionally, granulomatous inflammation can extend into sur-
rounding tissues, causing infiltration of tendon sheaths. MRI can 
distinguish soft tissue involvement from bony lesions. Granulomatous 
involvement of tendon sheaths can result in sarcoid dactylitis, with 
swelling over the affected digits associated with pain and stiffness (Fig. 
164.8). The overlying skin can be erythematous, and when the termi-
nal phalanges are involved the nails may become thickened and dys-
trophic. Clubbing involving one or more digits has been described.

Osteopenia and osteoporosis due to dysregulated calcium metabo-
lism and medications used in therapy can occur in up to two thirds of 
patients. All sarcoidosis patients on corticosteroids or who are post-
menopausal should have bone density measurements.

Muscle
Asymptomatic muscle involvement is common (20%-80%), whereas 
symptomatic involvement occurs in less than 3% of patients.16,20,21 A 

a

b

c

Fig. 164.7  Bone cysts and sarcoid dactylitis. (a) Radiograph of small bones of the hand showing bone cysts in an 
asymptomatic patient with bilateral hilar adenopathy. (b) Dactylitis with underlying bone cyst. (c) Resolution of dactylitis 
after treatment with oral prednisolone.

Fig. 164.8  Sarcoid dactylitis. Soft tissue swelling of the digits in a patient with 
long-standing sarcoidosis.

random muscle biopsy in a sarcoidosis patient without myopathic 
symptoms will show granulomas in up to 80% of cases and can be used 
for tissue diagnosis. There are three forms of symptomatic muscle 
disease. The most common form is a chronic myopathy. This evolves 
slowly over several years, resulting in symmetric proximal muscle 
weakness and wasting, similar to muscular dystrophy. Neurogenic 
atrophy due to granulomatous infiltration of nerves can occur. In 
patients with muscle involvement, electromyography shows myopathic 
changes but muscle enzymes are frequently normal or only minimally 
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methotrexate are the treatment of choice for children with severely 
symptomatic or progressive disease.

SARCOIDOSIS IN PREGNANCY
Sarcoidosis may improve in some women during pregnancy, possibly 
owing to physiologic increases in corticosteroids. Occasionally, sarcoid-
osis may relapse in the postpartum period, especially in patients who 
have had their corticosteroid therapy tapered during pregnancy. Overall, 
sarcoidosis has no adverse effect on pregnancy or fetal outcome.

SARCOIDOSIS ASSOCIATIONS
A variety of autoimmune disorders that may occur in association with 
sarcoidosis have been described in case reports.27 These include rheu-
matoid arthritis, scleroderma, systemic lupus erythematosus, Sjögren’s 
syndrome, spondyloarthropathies, inflammatory bowel disease, primary 
biliary cirrhosis and other autoimmune liver diseases, autoimmune 
cytopenias, autoimmune thyroiditis alone or as part of polyglandular 
autoimmune syndrome type III, polymyositis, insulin-dependent  
diabetes mellitus, dermatitis herpetiformis, vitiligo, and pernicious 
anemia. Sarcoidosis has also been associated with common variable 
immunodeficiency and has been reported to occur before or simultane-
ously with various malignancies or after chemotherapy. Malignant 
lymphoma, lung cancer, testicular cancer, and lymphoproliferative dis-
orders have been reported most often. Medication-induced sarcoidosis 
has been described after interferon-α therapy and anti-TNF therapy for 
various diseases.

INVESTIGATIONS
The diagnosis of sarcoidosis is made by the combination of clinical, 
radiologic, and laboratory findings and confirmed by characteristic 
histology.5 Patients with a classic presentation such as Löfgren’s syn-
drome may not need tissue biopsy. However, in all doubtful cases and 
in cases in which immunosuppressive treatment is likely to be needed, 
histologic confirmation of one organ is essential. The requirement for 
more than one organ to be involved to confirm the diagnosis of sar-
coidosis does not require a second organ to be sampled. Clinical criteria 
for organ involvement without a biopsy have been published.28 Once 
the diagnosis is established, the American Thoracic Society recom-
mends the comprehensive baseline evaluation listed in Box 164.1.29

Laboratory findings
Laboratory evaluation of patients with sarcoidosis shows many abnor-
malities.2,3 Most patients will have anemia of chronic disease and 
lymphopenia. Some may have eosinophilia (up to 25%). Leukocyte and 
platelet counts are normal (95%) unless there is significant bone 

elevated. Concurrent cardiac muscle involvement is often seen in 
patients with this type of myopathy.20

Acute granulomatous myositis and muscle nodules are the other 
two types of symptomatic muscle involvement but are rare manifesta-
tions. Acute sarcoid myositis has been reported in fewer than 20 cases, 
mostly in African-American females. Patients present similarly to poly-
myositis with myalgias, proximal muscle weakness, muscle tender-
ness, high levels of muscle enzymes, and muscle necrosis/granulomatous 
inflammation on biopsy. Many patients have fever and an elevated 
erythrocyte sedimentation rate at the time of presentation. Palpable 
granulomatous nodules and mass or tumor-like lesions may cause 
pain, stiffness, and cramping of the involved muscle.20 Muscle MRI 
shows a characteristic “dark star” sign on axial images.

The response of acute granulomatous myositis to treatment with 
corticosteroids is good, and the course is usually benign. However, in 
chronic myopathy and nodular disease the response to therapy is 
unpredictable, with variable remissions and exacerbations requiring 
continued immunosuppression and adjustments of the corticosteroid 
dose.

An association of myasthenia gravis (MG) with sarcoidosis has  
been reported in rare patients. Sarcoidosis has developed during remis-
sion of MG in some patients and during recurrences in others. Regres-
sion of MG and sarcoidosis after thymectomy has been reported, 
whereas in other patients the MG improves but the sarcoidosis does 
not.

Other organ system involvement
Constitutional symptoms of fever, fatigue, weight loss, and/or malaise 
occur in over a third of patients. Sarcoid granulomas have been reported 
to involve virtually any organ.3 Peripheral lymphadenopathy is common 
and usually non-tender. Sarcoidosis of the upper respiratory tract 
(SURT) can involve the oral, pharyngeal, and nasal mucosa, leading to 
obstruction, anosmia, and sometimes disfigurement.22 Parotid and 
minor salivary gland enlargement occurs in 6% and can cause sicca 
symptoms, mimicking Sjögren’s syndrome.23 The thyroid can be infil-
trated, and antithyroid antibodies have been reported. The liver and 
spleen show granulomas on biopsy in 50% to 80% of patients.24 The 
alkaline phosphatase level is frequently elevated (33%), but significant 
liver dysfunction is unusual. Cholestasis can result from granuloma-
tous cholangitis or hepatic hilar adenopathy. Hepatosplenomegaly can 
occur and is associated with progressive fibrotic disease in other organs. 
Portal hypertension has been reported as a result of granulomatous 
phlebitis of hepatic or portal veins.

Sarcoidosis can cause granulomatous ulcers or masses in the gas-
trointestinal tract from the esophagus to the rectum. Pancreatic and 
peritoneal sarcoidosis are rare. Renal involvement is also rare. Over-
production of 1,25-dihydroxyvitamin D can lead to increased intestinal 
absorption of calcium, causing hypercalcemia (10%-15%), hypercalci-
uria (40%-60%), nephrocalcinosis, nephrolithiasis (10%), and renal 
insufficiency. The risk of nephrolithiasis is 20% greater than in the 
general population. Granulomatous interstitial nephritis, glomerulone-
phritis, and amyloidosis may also occur. All areas of the male and 
female genitourinary tract have been reported to be involved in case 
series. Sarcoidosis has been rarely associated with vasculitis, and all 
sizes of blood vessels can be involved.25 African-American and Asian 
children are more likely to have large vessel involvement that can 
resemble Takayasu’s arteritis.

CHILDHOOD SARCOIDOSIS
Children of both sexes develop sarcoidosis less commonly than adults. 
The clinical manifestations in older children are similar to those in 
adults. However, in children younger than 5 years old the characteristic 
presentation includes mild constitutional symptoms; painless, boggy, 
and effusive large joint polyarthritis and tenosynovitis; skin lesions; 
uveitis; and lymphadenopathy/splenomegaly without typical lung 
disease.26 This presentation must be differentiated from the rare auto-
somal dominant familial granulomatous disorder Blau’s syndrome, 
which is due to a genetic mutation of the CARD15 protein. Children 
with sarcoidosis usually have a spontaneous resolution of disease, but 
some suffer residual complications. Corticosteroids with or without 

BOX 164.1 RECOMMENDED INITIAL EVALUATION IN SARCOIDOSIS
  History of environmental/occupational/medication exposure
  Physical examination
  Chest radiography
  Pulmonary function testing including spirometry and DLco
  Blood cell count
  Serum chemistries (creatinine, calcium, and liver-associated enzymes)
  Creatine kinase level
  Urinalysis
  24-Hour  urine  collection  for  determination  of  calcium  and  creatinine 

concentrations
  Electrocardiogram
  Ophthalmologic evaluation including slit lamp examination
  Tuberculin skin test
  Biopsies of affected organs with special stains and cultures
  Other tests depending on organ system presentation

From Statement on Sarcoidosis. Joint statement of the American Thoracic Society (ATS), the 
European Respiratory Society (ERS) and the World Association of Sarcoidosis and other 
Granulomatous Disorders (WASOG) adopted by the ATS Board of Directors and by the ERS 
Executive Committee, February 1999. Am J Respir Crit Care Med 1999;160:736-755.
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emerging as a sensitive test for detecting sarcoid involvement of mul-
tiple tissues and showing organs that are candidates for diagnostic 
biopsy.35

Physiologic testing
Up to 70% of patients with abnormal chest radiographs will have 
airflow abnormalities at presentation. Pulmonary function tests typi-
cally show a restrictive pattern, with a reduction in vital capacity, 
residual volume, and total lung capacity.2,7 The loss of diffusing capac-
ity is the most common abnormality. Obstructive airway disease also 
occurs in 50% of patients due to obstruction of large and small airways 
from endobronchial granulomas or bronchiolitis. Two-dimensional 
and M-mode echocardiography in patients with cardiac sarcoidosis can 
show pericardial effusions, concentric left ventricular hypertrophy with 
hyperechogenicity of the ventricular septum, or left ventricular free 
wall due to granulomatous infiltration of myocardium, restrictive car-
diomyopathy, ventricular dyskinesis, and valvular incompetence due 
to papillary muscle dysfunction.

Biopsy
Tissue biopsy is the gold standard for confirming a clinicoradiographic 
diagnosis of sarcoidosis. Tissue biopsy should be performed on any 
patient with an atypical presentation or, if therapy is being considered, 

marrow involvement (5%), hypersplenism, or another associated auto-
immune disease. Chemistries are obtained to rule out diabetes insipi-
dus due to pituitary involvement or renal insufficiency due to 
nephrocalcinosis. Hypercalciuria occurs three times more commonly 
than hypercalcemia. Both are due to a non-suppressible sarcoid alveolar 
macrophage secretion of 1,25-dihydroxyvitamin D3 caused by an 
increase in 1α-hydroxylase activity.30 Notably, patients with normal 
serum calcium levels may have elevated 1,25-dihydroxyvitamin D 
levels, which can cause increased calcium absorption from the gastro-
intestinal tract and hypercalciuria, placing the patient at risk for neph-
rolithiasis and renal insufficiency. Liver-associated enzymes may be 
abnormal in up to one third of patients, showing elevations in alkaline 
phosphatase and γ-glutamyl transferase more often than elevated ami-
notransferase levels.

Serologic abnormalities, including elevations of erythrocyte sedi-
mentation rate, C-reactive protein, and hypergammaglobulinemia 
(30%-80%), are common during active sarcoidosis. Low-titer rheuma-
toid factor is seen in up to 38% of patients, depending on the method 
used, and is more likely in those with chronic lung disease. A positive 
antinuclear antibody test with a speckled pattern of immunofluores-
cence in low titer is seen in up to 34% of patients. Antibodies against 
specific nuclear antigens are typically negative, although an occasional 
patient (6%) has been reported to have elevated antibodies against 
double-stranded DNA. Antiphospholipid antibodies have been reported, 
particularly in patients with extrathoracic organ involvement.

ACE levels are elevated in 40% to 90% of sarcoidosis patients. Eleva-
tions correlate with active pulmonary disease and will normalize with 
successful therapy. This enzyme is produced by epithelioid cells and 
alveolar macrophages at the periphery of granuloma in response to an 
ACE-inducing factor released by T lymphocytes. ACE may contribute 
to the formation of granulomas by producing angiotensin II locally, 
which is chemotactic for macrophages and enhances phagocytosis. 
Elevated ACE levels are not specific for sarcoidosis and may be due to 
other diseases, such as hyperthyroidism, Gaucher’s disease, diabetes 
mellitus, leprosy, α1-antitrypsin deficiency, Kaposi’s sarcoma in human 
immunodeficiency virus–infected patients, silicosis, hypersensitivity 
pneumonitis, cirrhosis, histoplasmosis, and asbestosis. Additionally, 
ACE levels are influenced by ACE gene polymorphisms.31 Therefore, 
an elevated ACE level may be supportive, but not diagnostic, of 
sarcoidosis.

Radiology
Chest radiographs are abnormal in 90% of patients. The radiographic 
staging system has been described earlier (see Respiratory involve-
ment). Hilar adenopathy is noted in 50% to 85% of patients. In the 
majority of patients hilar node enlargement is bilateral, but unilateral 
hilar (usually right-sided) and/or unilateral paratracheal adenopathy is 
present in up to 4% of patients. Parenchymal changes occur in 25% to 
60% of cases, have a mid to upper zone predominance, and typically 
are located along the bronchovascular bundle. The HRCT scan is more 
sensitive than the chest radiograph and may show mediastinal node 
involvement and/or unexpected parenchymal disease in patients with 
normal chest radiographs.32 Moreover, HRCT scan changes correlate 
with histologic abnormalities and may match pulmonary function 
dysfunction more closely than a plain chest radiograph.

Gallium-67 citrate scanning may reveal a characteristic pattern of 
uptake in sarcoidosis (Fig. 164.9).33 The “panda” sign is the image of 
a panda bear produced by parotid and lacrimal gland uptake by sarcoid 
granulomas. The lambda sign is absorption by paratracheal and bilat-
eral hilar lymph nodes, forming the Greek letter lambda (λ). It is 
important to note that gallium-67 is also taken up by tissues in other 
inflammatory and malignant diseases, including fungal infection, 
tuberculosis, and lymphomas. Consequently, gallium scans are not 
routinely recommended for the diagnosis of sarcoidosis.

Other radiographic tests have been used, including MRI with gado-
linium enhancement for brain involvement, myocardial disease, muscle 
disease, and bone involvement.34 Myocardial scintigraphy with thal-
lium-201 and technetium-99 pertechnetate reveals defects but is not 
specific for sarcoidosis. Technetium-99 diphosphonate scanning can 
be used to detect bone lesions. Technetium-labeled depreotide, which 
binds to somatostatin receptors, is under investigation. FDG-PET is 

Fig. 164.9  Abnormal gallium scan in sarcoidosis. The scintiscan shows uptake 
in the lacrimal, parotid, and salivary glands (panda sign) as well as mediastinal 
lymph nodes (lambda sign) and lungs.
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Three tests that should be done as a baseline in all patients  
are an electrocardiogram, an ophthalmologic examination with a  
slit lamp to rule out asymptomatic abnormalities, and a 24-hour  
urine collection for calcium to rule out hypercalciuria. Electrocardio-
graphic abnormalities can occur in 20% to 30% of patients, including 
various dysrhythmias, conduction disturbances, and non-specific  
ST and T wave changes. A 24-hour Holter monitor should be done  
in patients with arrhythmias, conduction disturbances, or palpi-
tations. Fluorescein angiography is helpful to document posterior 
uveitis.

DIFFERENTIAL DIAGNOSIS
Several diseases can result in similar clinical presentations and granu-
lomas on biopsies, resembling sarcoidosis. Acute histoplasmosis can 
simulate Löfgren syndrome and must be excluded by serologic studies 
and cultures. Acute arthritis with erythema nodosum, but without 
hilar adenopathy, can occur in inflammatory bowel disease, coccidioi-
domycosis, histoplasmosis, psittacosis, and reactions to various medi-
cations. The pattern of arthritis in these patients is also similar to that 
seen in sarcoidosis.

In patients with more insidious presentations other diseases need 
to be considered, depending on the organ involved. Patients with pul-
monary disease should have chronic berylliosis excluded by clinical 
history of exposure and a beryllium lymphocyte proliferation test. 
Hypersensitivity pneumonitis is ruled out by a history of occupational 
and environmental exposure and results of serologic precipitins. Other 
inorganic agents, such as metals, silica, and talc, are excluded by a good 
history. Fungal serologic studies or stains/cultures for organisms rule 
out fungal and mycobacterial disease. Wegener’s granulomatosis is 
excluded by the absence of a positive antineutrophil cytoplasmic anti-
body (ANCA) test and the absence of vasculitis on biopsy. Churg-
Strauss syndrome patients have a history of asthma and prominent 
eosinophilia. Tissue biopsy will exclude lymphoma and eosinophilic 
granuloma. Patients with cutaneous granulomatous lesions should 
have treponemal infections, leprosy, tularemia, and leishmaniasis 
excluded by serologic studies and/or cultures. Granuloma annulare and 
granulomatous rosacea are ruled out clinically by lack of systemic 
involvement. Lupus vulgaris due to mycobacterial infection may mimic 
cutaneous plaques of sarcoidosis. Primary biliary cirrhosis can cause 
liver granulomas but is associated with antimitochondrial antibodies. 
Fungal or mycobacterial infections and brucellosis should be  
considered in patients with monarticular, axial, or peripheral arthritis. 
Fungal and mycobacterial infections, leprosy, brucellosis, syphilis, 
Wegener’s granulomatosis, eosinophilic granuloma, multiple myeloma, 
and lymphoma can cause bony lesions similar to those due to sarcoid-
osis. Toxoplasmosis can mimic acute and chronic sarcoid myopathy, 
and various neoplasms and infections need to be excluded in  
patients with a muscle mass. Finally, granulomas in a single organ 

to exclude infection or malignant disease. Transbronchial, lymph node, 
and skin biopsies are the most common, but a specimen can be 
obtained from any clinically involved organ.36 The diagnostic yield is 
as follows:

● Transbronchial lung biopsy with normal chest radiograph, 30% 
to 50%

● Transbronchial lung biopsy with abnormal chest radiograph, 
greater than 90%

● Endobronchial biopsy, 40% to 60%
● Lymph node, greater than 90%
● Endoscopic ultrasound-guided fine needle aspiration of intratho-

racic lymph nodes, 82%
● Minor salivary gland, 36%
● Parotid, 93%
● Muscle, 50% to 80%
● Liver, 50% to 80%
● Synovium in chronic arthropathy, 80%
● Conjunctival nodules, 67%; and lacrimal gland, 10% to 55%
● Skin, greater than 90%
● Endomyocardial biopsy, 20%

The characteristic histologic finding is that of well-circumscribed 
non-caseating granulomas of the epithelioid type (Fig. 164.10). 
However, the presence of non-caseating granulomas is not diagnostic 
of sarcoidosis until other granulomatous diseases are excluded (see 
Differential Diagnosis).

The Kveim-Siltzbach skin test is rarely used. It consists of an intra-
dermal injection (0.2 mL) of a 10% saline suspension of lymph node 
or spleen homogenate from a known sarcoid patient into the skin of a 
patient being evaluated for sarcoidosis. If the patient has sarcoidosis, 
biopsy of a papule 4 to 6 weeks after the injection shows characteristic 
non-caseating granulomas. The test is positive in 50% to 70% of 
patients, particularly with early disease. However, it is not well stan-
dardized, not widely available, has a 5% false-positive rate, and is gener-
ally not recommended.

Additional tests
Bronchoalveolar lavage abnormalities are common. Although not diag-
nostic, a characteristic BAL fluid cell differential shows greater than 
30% to 50% lymphocytosis with a CD4/CD8 T-cell ratio greater than 
3.5 (94% specific, 52% sensitive).37 The lymphocytes in the BAL fluid 
are in an activated state (HLA-DR positive, interleukin [IL]-2R positive 
and CD45RO positive). Notably there are variations in lymphocyte 
subsets depending on the radiographic stage, with the number of cells 
exhibiting cytotoxic activity (CD8 T cells, NK cells, and NK T cells) 
increasing progressively between stages I and IV.38 Tuberculin and 
anergy skin testing show that many patients with active disease are 
anergic.

a b

Fig. 164.10  Sarcoid granulomas. (a) Histology of lymph node showing non-caseating epithelioid and giant cell granulomas. (b) Histology from patient with 
acute sarcoidosis showing non-caseating granulomas with central eosinophilic necrosis of collagen. There was subsequent natural resolution without 
treatment in this case.



CH
A

PTER 164 
● Sarcoidosis

1667

Step 1: lymphocytic alveolitis
The initial event in sarcoidosis is thought to be the uptake and process-
ing of a triggering antigen by antigen-presenting cells (type II alveolar 
epithelial cells, alveolar macrophages, and dendritic cells) bearing HLA 
class II molecules in the lower respiratory tract. The recognition of 
antigen by CD4+ T cells is considered to be a critical event in the 
development of disease. Alveolar macrophage secretion of IL-8, IL-12, 
IL-15 and RANTES, and the alveolar epithelial cell secretion of IL-16, 
increases the recruitment of inflammatory cells and lymphocytes. 
Additionally, the upregulation of endothelial cell adhesion molecules 
(ICAM-1, VCAM-1, LFA-3, and selectins) caused by lymphocyte- and 
macrophage-derived cytokines, including TNF-α, interferon (IFN)-γ, 
IL-1, and IL-15, is central to the marked accumulation of inflammatory 
cells in the lung alveoli. Studies indicate that inflammatory alveolitis 
precedes granuloma formation and is composed primarily of CD4+ T 
lymphocytes and mononuclear phagocytes. In patients with established 
disease the accumulation of CD4+ T cells in the lung (and BAL fluid) 
includes oligoclonal expansions of T cells bearing particular T-cell 
receptors, indicative of oligoclonal expansion caused by a specific 
antigen.

Step 2: granuloma formation
The accumulation and activation of antigen-specific T helper 1 (Th1) 
lymphocytes is a critical event in the development of granulomatous 
inflammation. The alveolar macrophage/dendritic cell cytokine IL-12 
is critical to the differentiation of naive CD4+ T lymphocytes into Th1 
cells. The Th1 cells secrete the Th1 cytokines IL-2 and IFN-γ. IL-2 
acts synergistically with IL-15 and TNF-α from macrophages to stimu-
late further T-lymphocyte proliferation and differentiation. Other 
T-lymphocyte cytokines stimulate macrophage recruitment, activa-
tion, and proliferation (granulocyte-macrophage colony-stimulating 
factor [GM-CSF] and MCP-1) as well as B-cell growth and differentia-
tion (IL-2, BCGF, and BCDF). The Th1 cytokine IFN-γ amplifies the 
immune response through its effects on multiple target cells and is 
critical to granuloma formation.

The sarcoid granuloma is well circumscribed, round or oval, and 
non-caseating and made up of compact, radially arranged epithelioid 
cells with pale nuclei. The typical giant cell is of the Langerhans type, 
in which the nuclei are arranged in an arc or circular pattern around 
a central granular zone. Stellate asteroids (entrapped collagen) and blue 
Schaumann inclusion bodies (altered lysosomes in giant cells) are 
occasionally observed. The center of the granuloma is composed of 
macrophage-derived cells and CD4+ Th1 lymphocytes, whereas the 
outer zone contains many CD4 and CD8+ T lymphocytes, fibroblasts, 
and interdigitating antigen-presenting cells entwined in bands of col-
lagen. The initial events leading to this granuloma formation involve 
the local proliferation of the Th1 T-cell subset and reciprocal suppres-
sion of the Th2 subset. Macrophage-derived IL-1β, IL-12, and IL-15 
promote Th1 proliferation. IL-12 and IL-18, in turn, specifically upreg-
ulate IFN-γ from Th1 lymphocytes, which enhances macrophage func-
tion. Both IL-1β and IFN-γ are important in the early recruitment stage 
of granuloma formation, and TNF-α may be particularly important in 
the later maintenance of granuloma formation and perpetuation of 
inflammation. Many other macrophage-derived cytokines also contrib-
ute to granuloma formation and tissue damage, including the CXC 
chemokine IFN-γ inducible protein (IP-10), which is produced by epi-
thelioid cells and macrophages within granulomas and is a powerful 
stimulus to the direct migration of activated T cells to the periphery 
of granulomas.

Step 3: granuloma resolution
The immunologic factors that determine the ultimate fate of sarcoid 
granulomas are poorly understood. If the granuloma does not resolve 
spontaneously or with therapy, it becomes converted into fibrotic scar. 
The alveolar macrophages and mast cells probably contribute to this 
fibrotic process by releasing profibrotic growth factors. Macrophages 
promote fibroblast recruitment through the secretion of TNF-α. Once 
attracted to this site, fibroblasts proliferate in response to several  
macrophage-derived cytokines, including transforming growth factor 

(examples: idiopathic granulomatous hepatitis or panuveitis) without 
evidence of other organ involvement should not be diagnosed as 
sarcoidosis.

ETIOLOGY
The cause of sarcoidosis is unknown. Multiple environmental agents 
and genetic associations have been reported. Owing to the lung being 
most commonly involved, exposure to an airborne antigen is postu-
lated. The ACCESS trial reported an increased risk of sarcoidosis in 
people with exposure to insecticides, agricultural employment, or 
moldy environments.39 Occupational exposures included workers with 
industrial organic dust exposures; workers for suppliers of building, 
gardening, or hardware materials; and educators of children.40 Earlier 
studies have reported other associations. Notably, chronic beryllium 
disease causes lesions in the lung that are histologically identical to 
sarcoidosis. Interestingly, multiple studies have shown that cigarette 
smoking decreases the probability of developing sarcoidosis. It is pos-
tulated that the acrolein (breakdown product of cyclophosphamide) in 
cigarette smoke is cytotoxic to lymphocytes trying to enter the lungs, 
accounting for the decreased prevalence of sarcoidosis in cigarette 
smokers.

Infectious agents have been associated with sarcoidosis. Mycobacte-
rial and proprionibacterial nucleic acid have been recovered from 
sarcoid granulomas. Other infectious agents have also been reported. 
However, the inability of any of these agents to cause sarcoidosis in 
animal models, the diversity of tissues involved in sarcoidosis that are 
not typically involved by some of these organisms, the lack of response 
to antibiotics but improvement with immunosuppressive agents, and 
the failure to decrease the prevalence of sarcoidosis in countries where 
bacille Calmette-Guérin vaccination is used are all evidence against a 
single infectious agent causing sarcoidosis.

Genetic factors also play a role in the racial and ethnic variations 
in prevalence, clinical presentations, and severity of sarcoidosis.41 
Reports of several hundred families with two or more affected  
members are considered the strongest evidence for a genetic compo-
nent to this disease. The ACCESS study showed that first-degree  
relatives of sarcoidosis patients had over a five times increased relative 
risk for developing sarcoidosis.42 In addition, the concordance rate 
is reported to be two to four times higher in monozygotic than in 
dizygotic twins. Overall, the absolute risk for a sibling or parent  
of a sarcoidosis patient to develop sarcoidosis is approximately 1%. 
Despite this increased risk for sarcoidosis within families, affected 
sibling pairs show minimal concordance in clinical manifestations and 
outcomes.

The intraracial heterogeneity of clinical manifestations and progno-
ses makes it unlikely that a single gene is responsible for sarcoidosis. 
Studies have shown that the HLA-A1, B8, DR3 haplotype and HLA-
DR17 (a subset of DR3) are associated with an increased risk of devel-
oping sarcoidosis in whites, whereas HLA-DR11 confers increased risk 
in white, African-American, and Japanese patients. HLA-DR3 and 
DQ2 are associated with a Löfgren syndrome presentation. In contrast, 
HLA-DR5 was associated with chronic disease in Japanese patients. 
Non-HLA candidate genes suggested to be associated with disease in 
specific ethnic groups of sarcoidosis patients include certain alleles of 
cytokine genes (tumor necrosis factor [TNF]-α, interferon-α) and recep-
tor genes (c-c chemokine receptors). Recently another receptor gene, 
butyrophilin-like 2 (BTNL2), has been associated with sarcoidosis in 
whites. This gene on chromosome 6p functions as a negative co-
stimulatory molecule. Genome-wide sibling pair analyses have been 
performed showing additional susceptibility on chromosome 5 in 
African Americans and chromosome 6 in Germans.

In summary, because of the multiple reported associations, sarcoid-
osis most likely represents the end result of an immune response to 
various ubiquitous environmental agents in a genetically predisposed 
host.

IMMUNOPATHOGENESIS
The non-caseating epithelioid granuloma is the histologic hallmark of 
sarcoidosis and is formed by a stepwise series of events.43,44
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Pulmonary disease
Two prospective randomized studies showed short-term benefit of 
corticosteroid therapy for patients with deteriorating lung function or 
serious extrapulmonary disease.51 For the 10% to 30% of patients who 
develop progressive lung involvement, current guidelines suggest the 
use of 40 to 60 mg (1 mg/kg/day) of prednisone daily for 8 to 12 weeks, 
with a gradual tapering of the dose to 30 mg every other day by 6 
months, 20 mg every other day by 9 months, and 10 mg every other 
day by 12 months. Other regimens have been published.52,53 Cortico-
steroid therapy often lasts for 2 or more years. More than 70% of 
patients respond favorably, but relapses occur in 25% to 50% after 
tapering or discontinuation of corticosteroids so patients need to be 
monitored closely. Some patients need 10 to 20 mg every other day 
indefinitely to prevent relapses.

A variety of other medications have been tried to reduce oral corti-
costeroid dependence and in patients who do not respond or have 
intolerable side effects.54 Two double-blind randomized studies failed 
to demonstrate that inhaled corticosteroids were more efficacious than 
placebo for preventing pulmonary deterioration. A randomized trial of 
chloroquine (750 mg/day, tapering by 250 mg every 2 months) showed 
benefit in 23 patients with symptomatic advanced pulmonary disease. 
In a randomized controlled trial, methotrexate showed a corticosteroid-
sparing effect in patients with acute sarcoidosis. In an uncontrolled 
report, 70% of 50 patients with chronic sarcoidosis treated with metho-
trexate were able to reduce their prednisone use after 6 months. 
However, relapses were frequent after methotrexate was discontinued. 
Experience with other immunosuppressive medications, including aza-
thioprine, leflunomide, cyclophosphamide, chlorambucil, and cyclo-
sporine has been limited to small, uncontrolled trials and anecdotal 
case reports. Of these, azathioprine is used most often, whereas cyclo-
sporine has been less effective. Recently, infliximab has been reported 
to be effective (see Refractory disease).

In patients for whom corticosteroids and immunosuppressive drugs 
have failed, mechanical dilation of bronchial stenosis can be effective 
but often needs to be repeated. In patients with end-stage pulmonary 
fibrotic disease, lung transplantation offers a potential cure, although 
asymptomatic recurrence of sarcoidosis in the allograft has been 
observed.55

Ophthalmic disease
Eye manifestations are treated with topical, injectable, and systemic 
corticosteroids. Topical corticosteroids and cycloplegics are usually 
sufficient for anterior uveitis, although granulomatous involvement of 
ocular structures and posterior segment inflammation require oral 
corticosteroid or periocular steroid injections. Azathioprine, metho-
trexate, and infliximab have been effective for corticosteroid-refractory 
chronic uveitis.8

Cutaneous disease
Topical corticosteroids and monthly intralesional injections of triam-
cinolone are often effective therapy for small sarcoid papules or plaques. 
Larger, disfiguring skin lesions require systemic corticosteroid therapy 
(30 mg every day to every other day). Several small studies have found 
chloroquine (500 mg/day for 2 weeks, then 250 mg/day) and hydroxy-
chloroquine (200-400 mg/day) to be useful in the treatment of skin 
disease, with an overall 35% response rate. Mucosal lesions of the 
upper respiratory tract have also been reported to respond to antima-
larial therapy. Methotrexate and infliximab have been reported to be 
effective corticosteroid-sparing agents for severe cutaneous sarcoid. 
Thalidomide, allopurinol, minocycline, psoralens/ultraviolet A therapy, 
and retinoids have been anecdotally successful in a few patients with 
refractory sarcoid skin lesions.9,56

Cardiovascular disease
Cardiac and neurologic sarcoid are uncommon but are important 
causes of mortality and must be treated early and aggressively. Heart 
failure and/or sudden cardiac death due to conduction block or ven-
tricular arrhythmias account for 75% of deaths due to cardiac 

(TGF)-β, basic fibroblast growth factor, insulin-like growth factor-1, 
platelet-derived growth factor, and prostaglandin E. Additionally, IL-8, 
leukotriene B4, and other macrophage-derived chemokines recruit neu-
trophils from the blood, which may participate in fibrosis by producing 
superoxide radicals and matrix metalloproteinases. This is reflected in 
the association of lung fibrosis and a worse prognosis with neutrophilia 
in BAL fluid.

Recent clinical observations of sarcoidosis developing in certain 
patient populations may provide further insight into the immuno-
pathogenesis of this disease. Sarcoidosis has been reported to occur in 
patients after treatment of HIV infection with highly active antiretro-
viral therapy (HAART), hepatitis C with interferon-α, and renal cell 
carcinoma with IL-2.45,46 It is postulated that treatment with IFN-α 
increases IFN-γ and IL-2, promoting granuloma formation. Sarcoidosis 
has also been reported to recur in the lung of patients who have had a 
lung transplantation. Recent studies have shown that the recurrence is 
due to recipient cells at the sites of granulomatous inflammation.47

NATURAL HISTORY AND PROGNOSIS
The natural history of untreated sarcoidosis is difficult to predict in an 
individual patient.48 The ACCESS study showed that the extent of 
organ involvement in most cases is defined at presentation with less 
than 25% of patients developing new organ involvement within 2 years 
of follow-up.49 Most patients (60%) undergo spontaneous remission, 
with an additional 10% to 20% resolving with corticosteroid therapy. 
However, in 10% to 30% the course is chronic. Of those having a 
chronic course, half will have progressive pulmonary disease and half 
will display involvement of critical extrapulmonary organs, such as the 
eye, brain, and heart.

The probability of a spontaneous remission can be predicted by the 
patient’s clinical and radiologic presentation. Up to 80% of patients 
presenting with hilar adenopathy alone (radiographic stage I disease) 
have a spontaneous resolution, and patients with Löfgren’s syndrome 
have the best overall prognosis for full remission within 2 years. Fifty 
to 60 percent of patients with radiographic stage II disease experience 
remission, in contrast to fewer than 30% of those with stage III disease. 
The mortality rate of patients with pulmonary fibrosis (radiographic 
stage IV with vital capacity less than 1.5 L) is 25% to 40%. Although 
the overall prognosis for sarcoidosis is good, at least 50% of patients 
have some degree of permanent organ dysfunction. In addition, there 
is a 5% mortality rate, with progressive pulmonary disease accounting 
for half and cardiac/neurologic disease causing the other half of all 
deaths from sarcoidosis. Of patients with cardiac or neurologic mani-
festations, up to 10% will die of organ failure. In Japan, patients die of 
cardiac complications, whereas in the United States pulmonary disease 
causes most of the deaths.

In general, the more severe the involvement and the more organ 
systems (greater than or equal to three) involved at the time of diag-
nosis, the worse the prognosis. Cutaneous sarcoidosis and pulmonary 
hypertension are poor prognostic signs, as are African-American race, 
disease onset after 40 years of age, and symptoms lasting longer than 
6 months.2,50

MANAGEMENT
Because the cause of sarcoidosis is unknown, therapy is empirical. 
Whenever possible, patients with good prognostic signs should be 
observed for the first 3 to 6 months without immunosuppressive 
therapy because of the potential for spontaneous resolution. In patients 
with progressive disease, the recommended doses of corticosteroids and 
adjunctive therapies vary, depending on the organ system involved. 
There have been few controlled, randomized trials to establish the 
appropriate dose and duration of any therapy for sarcoidosis. Despite 
a lack of well-controlled clinical trials proving that corticosteroids 
improve long-term outcome, oral corticosteroids are used as first-line 
treatment for symptomatic and progressive stage II and III lung disease 
(a decrease in total lung capacity of 10% or more, a decrease in forced 
vital capacity of 15% or more, a 20% or greater decrease in lung diffu-
sion of carbon monoxide, or progressive radiographic changes), malig-
nant hypercalcemia, and severe ocular, neurologic, cardiac, skin, and 
musculoskeletal involvement.
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of 20 to 40 mg/day of prednisone.58 Both hypercalcemia and hypercal-
ciuria usually respond rapidly within 7 to 10 days. Chloroquine and 
ketoconazole act more slowly but produce a more sustained lowering 
of calcium level after cessation of therapy.3,30 A low-calcium diet, avoid-
ance of vitamin D supplements, and limited exposure to sunlight are 
helpful adjunctive measures. Patients should keep well hydrated to 
help prevent nephrolithiasis.

Refractory disease
Recently, anti-TNF-α biologic agents, particularly infliximab, have 
been reported in uncontrolled case series and controlled studies to be 
effective for pulmonary and extrapulmonary sarcoidosis refractory  
to corticosteroid and other immunosuppressive therapies.59,60 The 
relative success of infliximab over etanercept may be due to the higher 
serum anti-TNF-α levels that can be achieved with its intravenous 
administration.

FUTURE THERAPY
New therapies for sarcoidosis will depend on a better understanding of 
its cause and immunopathogenesis. TNF-α, IL-12, and other cytokines 
involved in the Th1 response have been shown to be increased in active 
sarcoidosis. Pentoxifylline (400 mg tid) inhibits the synthesis of TNF-α 
and has been reported to reverse the loss of pulmonary function. Newer 
analogs of thalidomide that block TNF-α more effectively and with 
fewer side effects are in development. Finally, IL-4 and IL-10, which 
are potent suppressors of Th1 activity and granuloma formation, may 
be useful as future therapies.

MONITORING THERAPY
Many tests have been used to determine disease activity and response 
to therapy. However, no serologic test, including the ACE level, has 
proved to be a reliable marker. The best assessment is through longi-
tudinal observation of symptoms and signs every 3 months. Testing 
including chest radiographs, HRCT scans, and measurement of pul-
monary function tests and other parameters reflecting internal organ 
involvement should be tailored to the patient. A response to therapy 
is defined as a decrease in symptoms, a reduction in radiographic 
abnormalities, and physiologic improvement (10%-15% increase in 
forced vital capacity/total lung capacity, a 20% increase in DLco, or an 
improvement in gas exchange). Gallium scans, MRI with gadolinium, 
and PET may be useful in assessing activity in some organs that are 
difficult to access, such as heart, brain, and bone. As therapy is tapered 
or discontinued, the physician must remain vigilant, given the ten-
dency of sarcoidosis to relapse (50%) and/or affect new organs.
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sarcoidosis. Therefore, large doses of prednisone (60 mg/day or greater) 
should be initiated in patients with ventricular arrhythmias or cardio-
myopathy.3,10 Antiarrhythmic agents and medications for heart failure 
should be used as adjunctive therapies. MRI of the heart, myocardial 
scintigraphy, and PET may be useful in monitoring the response to 
therapy. In patients with severe or refractory disease, high-dose pulse 
methylprednisolone, azathioprine, methotrexate, chlorambucil, and 
cyclophosphamide have been used with some success. Implantable 
pacemakers and heart transplantation have been used for patients in 
whom medical management failed. Sarcoid vasculitis is uncommon 
and may require treatment with immunosuppressive drugs.

Neurologic disease
Neurologic sarcoidosis is treated with oral prednisone (60-80 mg/
day).3,13 Antiseizure medications are used as adjunctive therapy in 
patients with seizures. Patients with severe and refractory disease have 
been treated with immunosuppressive therapy, similar to cardiac sar-
coidosis. Uncontrolled reports have also suggested that antimalarial 
agents, methotrexate, azathioprine, cyclophosphamide (oral and 
monthly pulse), cyclosporine, infliximab, and cranial irradiation may 
be effective.13,51 Surgical intervention is necessary for hydrocephalus 
and mass lesions that are expanding or causing increased intracranial 
pressure. Because of the possibility of devastating sequelae and the 
reactivation of neurosarcoidosis, most patients are maintained on low-
dose prednisone and a second immunomodulatory medication for life.

Arthritis
Acute sarcoidosis with arthritis/periarthritis (Löfgren’s syndrome) 
requires no specific therapy other than analgesics or non-steroidal  
anti-inflammatory drugs (NSAIDs) such as indomethacin, because 
spontaneous resolution is the most likely outcome. Colchicine appears 
to shorten attacks in some patients. For chronic synovitis, low- 
dose corticosteroids may be helpful if NSAIDs or analgesics fail.  
Chloroquine, hydroxychloroquine, azathioprine, leflunomide, metho-
trexate (7.5-20 mg/wk), and infliximab have been used successfully in 
patients with severe musculoskeletal manifestations refractory to 
corticosteroids.3,15-17,20,57

Bone and muscle disease
Osteosarcoidosis responds poorly to therapy.16,17,20 Corticosteroids will 
decrease swelling but will not completely normalize bony destruction. 
Hydroxychloroquine, chloroquine, and methotrexate have been reported 
anecdotally to be helpful adjunctive therapies. Acute sarcoid myositis 
responds well to corticosteroids, but chronic myopathy and mass 
lesions respond much less well. Bisphosphonates are beneficial in 
preventing osteoporosis.

Calcium metabolism
Hypercalcemia (>11 mg/dL), elevated serum creatinine concentration, 
and nephrolithiasis are indications for corticosteroid therapy at doses 
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CLINICAL FEATURES
Otorhinolaryngeal disease
The classic clinical manifestation of RP is an acute unilateral or bilat-
eral auricular chondritis. The onset is characteristic: warmth, swelling, 
and a red or violaceous discoloration of the cartilaginous portion of the 
pinna, sparing the ear lobe (Fig. 165.1a). The episode lasts days to 
weeks and resolves with or without treatment. Over time, and with 
repeated attacks, the pinna loses its firmness and becomes soft and 
flops over (see Fig. 165-1b) or assumes a knobbly, cauliflower appear-
ance. In a series of 112 patients at the Mayo Medical School, this was 
the presenting feature in 39% and ultimately developed in 85% of 
patients.3 Inflammation of the nasal cartilage causes the saddle-nose 
deformity (Fig. 165.2) and can also result in septal perforation. Hearing 
abnormalities occur in up to 30% of patients and can be caused by 
swelling of the external auditory canal, leading to conductive deafness 
or vasculitis of the internal auditory artery resulting in neurosensory 
hearing loss (Table 165.1).4 Involvement of the inner ear structures 
can also result in vertigo.

Respiratory disease
Respiratory symptoms in RP are common and can be lethal. At  
onset, 25% of patients present with these, although ultimately 50% 
develop them. A recent, large, retrospective chart review from an RP 
referral center found the prevalence of airway involvement to be 21%.5 
Tenderness of the thyroid cartilage and the anterior trachea, hoarse-
ness, persistent cough, choking spells, wheezing, and dyspnea on exer-
tion can occur. Inflammation of the tracheobronchial tree leads to 
varying degrees of localized (Fig. 165.3) or diffuse obstruction, and 
damage to the cartilaginous rings can cause a dynamic obstruction 
leading to respiratory difficulty. Strictures usually form in the sub-
glottic region, causing increased susceptibility to secondary infections. 
The reported mortality from respiratory complications varies from 10% 
to 50%, but the lower figure is probably more realistic.3,4,6-9 Moreover, 
the influence of newer immunomodulatory agents, including biologic 
therapies, on the progression of the respiratory disease in RP is 
undocumented.

Musculoskeletal symptoms
The arthritis of RP is episodic, seronegative, asymmetric, and oligoar-
ticular or polyarticular. It can occur before, during, or after the diagno-
sis is established and is a presenting feature in 30% of cases, ultimately 
developing in 75%. The episodes may last weeks to months, but the 
arthritis is non-deforming and non-erosive and may not correlate with 
the extra-articular disease manifestations. The joints most commonly 
involved are the ankles, followed by the wrists, proximal interphalan-
geal and metacarpophalangeal joints, elbows, and metatarsophalangeal 
joints. The hips, knees, and sacroiliac joints are involved less fre-
quently. Inflammation of the costochondral cartilages may lead to a 
pectus deformity. Because RP may accompany another connective 
tissue disease, the patient may have the musculoskeletal manifesta-
tions of the associated disease as well.2-4,6,10

Cardiovascular disease
The cardiovascular system is involved in less than 10% of cases. The 
spectrum of vasculitis is broad, with small vessel disease presenting as 
cutaneous leukocytoclastic vasculitis and large vessel disease present-
ing as Takayasu arteritis. Systemic polyarteritis nodosa has been 
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 Relapsing polychondritis is a rare autoimmune disease of unknown 
etiology with episodic but potentially progressive inflammatory 
manifestations.

 Cartilaginous structures throughout the body are primarily 
involved, including the ears, nose, eyes, laryngotracheobronchial 
and costal cartilage, and joints, in a heterogeneous pattern and 
sequence.

 It may be associated with other autoimmune diseases and the 
myelodysplastic syndrome and varies in its manifestations, course, 
and response to therapy.

 Clinical features include inflammation of the auricular, nasal, 
laryngotracheal, costal, and articular cartilage and ocular and inner 
ear inflammation.

 Involvement of the laryngotracheobronchial tree can lead to 
life-threatening airway compromise, and an associated systemic 
vasculitis may contribute significantly to morbidity and premature 
mortality.

HISTORY
Relapsing polychondritis (RP) is a rare disease of unknown etiology. 
The first clinical description of it is attributed to Jaksch-Wartenhorst, 
who, in 1923, reported the case of a 32-year-old brewer with fever, 
asymmetric polyarthritis, and pain and swelling of his external ears.1 
This patient went on to develop external auditory canal stenosis, 
diminished hearing, and a saddle-nose deformity. A biopsy of the nasal 
septum showed a hyperplastic mucous membrane and the absence of 
cartilage. Jaksch-Wartenhorst called it “polychondropathia” and con-
sidered it to be a degenerative disorder. In 1960, Pearson and coworkers 
coined its currently accepted name, “relapsing polychondritis,” in a 
description of four cases and review of 12 previous reports.2 Dr. Pearson 
and his colleagues correctly identified RP as an intense inflammatory 
condition of both cartilaginous and non-cartilaginous structures and 
recognized the severe pulmonary complications that can accompany 
this disease.

EPIDEMIOLOGY
RP is a rare disease, as demonstrated by the estimated annual  
incidence rate of 3.5/million in Rochester, Minnesota (personal  
communication to Dr. Harvinder S. Luthra, C. J. Michet). The peak 
age at onset is between 40 and 50 years, but cases have been observed 
in children and in the elderly (>80 years). It occurs with equal fre-
quency in both sexes and all racial groups. Over 30% of the cases  
are associated with an existing autoimmune or hematologic disease 
(Box 165.1), with the chondritis usually occurring after the onset of 
the associated condition. One transplacental case has been observed, 
but there are no documented reports of familial RP. The life expectancy 
of RP patients is reduced, with an estimated 5-year survival of 74%  
in one large series. In the subgroup of patients with systemic vasculitis 
the estimated survival is similar to that of patients with polyarteritis: 
45% at 5 years. Infection and respiratory involvement are frequent  
and contribute to reduced survival.3 The impact of modern therapies 
for rheumatic diseases, such as biologic agents and small molecule 
immunosuppressants, on these mortality figures has not been well 
documented.
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observed in 9% of cases. Aneurysms of the thoracic and abdominal 
aorta can occur. Aortitis causes thinning of the media and leads to 
dilatation of the root of the aorta and leakage of the aortic valve. The 
aortic and mitral valves can be sites of inflammation as well, with 
incompetence of the valve developing because of aortic root dilation, 
valvulitis, or papillary muscle dysfunction. Recurrent aneurysms and 
valvular dysfunction can occur despite treatment.11 Arrhythmias, heart 
block, and supraventricular tachycardia, owing to myocarditis and 
involvement of the conduction system, occur rarely. Frank myocarditis 
and pericarditis are infrequent.

Ocular symptoms
The eye is a frequent site of involvement. Initially, 19% of patients 
have eye symptoms but eventually about 50% are affected. Episcleritis 
and scleritis can occur at onset or during the course of this disease. 
Keratitis, thinning of the cornea, and corneal melt have been reported 
but are rare. Iridocyclitis, chorioretinitis, retinal hemorrhages, and 
retinal vasculitis have been observed.4 Periocular involvement also 
occurs and includes periorbital edema, tarsitis, chemosis, proptosis, 
and palsies of the extraocular muscles.

a b

Fig. 165.1 Otorhinolaryngeal disease in relapsing polychondritis. (a) The pinna 
of the ear becomes inflamed: note the sparing of the non-cartilaginous 
portion of the ear. (b) Recurrent attacks cause loss of cartilage, with the ear 
flopping over.

Fig. 165.2 Otorhinolaryngeal disease in relapsing polychondritis. The 
saddle-nose deformity is caused by damage to the nasal bridge.

TABLE 165.1 CLINICAL MANIFESTATIONS OF RELAPSING POLYCHONDRITIS

Findings

Frequency (%)

Initial Total

Auricular chondritis 39 85

Saddle-nose deformity 18 29

Hearing loss 9 30

Arthritis 36 52

Costochondral cartilage 2 2

Nasal cartilage 24 54

Ocular inflammation 19 51

Scleritis/episcleritis 19 47

Laryngotracheal—bronchial disease 26 48

Laryngotracheal stricture 15 23

Systemic vasculitis 3 10

Valvular dysfunction 0 6

Cutaneous features 7 28

Modified from Isaak BL, Liesegang TJ, Michet CJ Jr: Ocular and systemic findings in relapsing 
polychondritis. Ophthalmology 1986;93:681-689.

a b

Fig. 165.3 Localized tracheobronchial obstruction due to relapsing 
polychondritis. (a) The radiograph shows narrowing in both the larynx above 
the tracheostomy tube and the tracheal stenosis below (arrowheads). (b) CT 
scan of the trachea shows the thickening of the tracheal wall due to 
inflammatory changes (arrowheads). Note how the posterior, non-cartilaginous 
portion of the trachea is spared.

BOX 165.1 CONDITIONS ASSOCIATED WITH 
RELAPSING POLYCHONDRITIS
 Rheumatoid arthritis
 Systemic lupus erythematosus
 Scleroderma
 Sjögren syndrome
 Overlap connective tissue disease
 Ankylosing spondylitis and sacroiliitis
 Psoriatic arthritis
 Reactive arthritis
 ANCA-associated granulomatous vasculitis
 Polyarteritis nodosa
 Churg-Strauss vasculitis
 Behçet disease
 Myelodysplastic syndromes
 Lymphoma
 Inflammatory bowel disease
 Primary biliary cirrhosis



CH
A

PTER 165 
● Relapsing polychondritis

1673

early disease, or if another disease is high in the differential diagnosis, 
it may be required.

All patients should be evaluated for laryngotracheal disease because 
of the potential for serious, life-threatening airway involvement (see 
Fig. 165.3a). Pulmonary function tests, including inspiratory and expi-
ratory flow-volume curves, as well as a radiologic assessment by com-
puted tomography (CT) are both necessary, because either test alone 
may not reveal the full functional impact of airway disease.7-9 Combi-
nations of intrathoracic and extrathoracic airway involvement with 
expiratory and inspiratory obstruction can occur. In general, there is a 
good correlation between CT findings and direct visualization of the 
tracheobronchial tree by bronchoscopy. However, the latter, more inva-
sive procedure should be considered in the evaluation of patients with 
RP and pulmonary symptoms because nearly 25% of patients may have 
additional important findings identified by bronchoscopy. Moreover, in 
experienced hands, interventional procedures can be performed during 
bronchoscopy to alleviate airway obstruction.5 Laryngotracheal biopsy 
should be considered with caution because it may lead to acute respira-
tory distress in cases with stenotic or collapsing airways.

The usual findings on CT of the trachea include wall thickening, 
or luminal collapse, caused by edema or granulation tissue (see Fig. 
165.3b), fibrosis, and calcification of the tracheal wall. A thickened 
anterior and lateral tracheal wall with sparing of the posterior non-
cartilaginous membrane is considered pathognomonic for RP.19 CT of 
the chest may also demonstrate flaccidity and dynamic collapse of the 
airway with expiration (tracheomalacia), as well as bronchial strictures, 
leading to air trapping within the lung parenchyma itself. The radiolo-
gist should be specifically instructed to obtain CT images during expi-
ration, because over half of RP patients referred for airway imaging will 
only have abnormalities during this phase of the respiratory cycle.19

Renal status should be investigated to exclude the possibility of an 
accompanying glomerulonephritis.12 Echocardiography may be indi-
cated to evaluate the valves, and CT/magnetic resonance angiography 
(MRA) is useful to assess large vessel involvement. Non-specific param-
eters of inflammation are often observed, including an elevated eryth-
rocyte sedimentation rate, anemia of chronic disease, leukocytosis, 
thrombocytosis, and hypergammaglobulinemia. If a macrocytic anemia 
is present, the possibility of an early myelodysplastic syndrome should 
be considered.

Positive serologic tests, such as rheumatoid factor and antinuclear 
antibodies, are observed in the setting of RP associated with rheuma-
toid arthritis or other connective tissue diseases. Complement levels 
are usually normal in RP. A non-erosive process resulting in juxta-
articular osteopenia and uniform joint space narrowing characterizes 
the arthropathy of polychondritis. The antineutrophil cytoplasmic 
antibody (ANCA) has been reported with RP. However, because ANCA-
associated granulomatous vasculitis and microscopic polyangiitis are 
occasionally accompanied by RP, it is possible that this reflects this 
disease association. Anti–type II collagen antibody tests are not rou-
tinely available and, when they are undertaken, these antibodies are 
not observed in all cases. Currently, there are no clinically available 
laboratory markers for ongoing cartilage damage.

Renal disease
Although up to 26% of RP patients have abnormal results of urinalysis, 
the creatinine concentration is elevated in only 10%.12 A few patients 
have had renal biopsy specimens that show segmental proliferative 
glomerulonephritis with crescent formation. Immunoglobulin (IgG or 
IgM) and C3 component of complement deposited in a granular 
pattern, or as subendothelial and mesangial deposits, have been 
observed on electron microscopy. Renal involvement by an associated 
autoimmune disease, for example, systemic vasculitis, ANCA- 
associated granulomatous vasculitis, or systemic lupus erythematosus, 
has also been observed.

Dermatologic disease
The skin manifestations of RP are variable. They can occur as an initial 
manifestation in 15% of patients, although up to 35% ultimately 
develop skin involvement. The presence of skin changes does not have 
any prognostic significance, although it appears to occur more com-
monly in patients who develop RP in association with myelodysplastic 
syndrome.4,13 The presence of palpable purpura, subcutaneous nodules, 
sterile pustules, urticaria, and angioedema has been observed. Livedo 
reticularis, migratory superficial thrombophlebitis, erythema nodosum, 
erythema multiforme, and panniculitis are rare but known. Of course, 
patients who develop RP in association with another connective tissue 
disease may manifest skin changes of their underlying illness.

Neurologic disease
Vasculitis involving the central and peripheral nervous system is seen 
in some patients who develop cranial neuropathies, headaches, enceph-
alopathy, aseptic meningitis, hemiplegia, and ataxia. Transverse myeli-
tis, mononeuritis multiplex, and temporal artery non-granulomatous 
vasculitis have been observed.14

Miscellaneous features
Fever has been observed in 22% of RP patients at presentation and in 
up to 44% during the course of the illness. The pattern is variable, and 
a few patients have presented with fever of unknown origin. Cases of 
the coexistence of RP with Behçet syndrome (Mouth And Genital 
ulcers with Inflamed Cartilage [MAGIC] syndrome) have been  
reported. This interesting presentation of two rare diseases occurring 
together suggests a shared pathogenic mechanism. Elastin was sug-
gested as a common antigen.15 However, whether this is indeed a bona 
fide syndrome, or simply Behçet syndrome complicated by RP mani-
festations, has been debated in the literature.16 Lastly, many cases of 
RP associated with the myelodysplastic syndrome have been described. 
Dermatologic manifestations of RP occur prominently in this subset 
of patients.13,17

DIAGNOSIS AND INVESTIGATIONS
Although the diagnosis of RP is relatively easy, many conditions can 
mimic the initial changes or an associated disease may confuse the 
clinical picture. McAdam and associates18 used the following criteria, 
requiring three or more of these clinical features to confirm the 
diagnosis:

● Bilateral auricular chondritis
● Non-erosive, seronegative inflammatory polyarthritis
● Nasal chondritis
● Ocular inflammation (conjunctivitis, keratitis, scleritis and/or 

episcleritis, uveitis)
● Respiratory tract chondritis (laryngeal and/or tracheal cartilages)
● Cochlear and/or vestibular dysfunction (neurosensory hearing 

loss, tinnitus, and/or vertigo)
● Cartilage biopsy confirmation of a compatible histologic picture

Biopsy of auricular chondritis is performed to confirm the diagnosis 
of polychondritis (Fig. 165.4). In patients in whom the presentation is 
characteristic, such as simultaneous chondritis in both auricles or 
chondritis in multiple sites, a biopsy may not be necessary. If there is 

Fig. 165.4. Biopsy of the ear shows perichondritis with presence of 
mononuclear cells and occasional polymorphonuclear leukocytes at the 
fibrochondral junction (H&E, original magnification ×200). (Courtesy of Dr. 
Lester E. Wold.)
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MANAGEMENT
The initial management of acute RP has been established empirically. 
In situations of mild auricular and/or nasal chondritis or arthritis, 
many clinicians initially employ non-steroidal anti-inflammatory drugs 
or low-dose prednisone. For cases with serious manifestations, such as 
laryngotracheal or ocular symptoms, inner ear inflammation, severe 
auricular or nasal chondritis, systemic vasculitis, aortitis, or glomeru-
lonephritis, prednisone at a dose of 1 mg/kg or higher may be indicated. 
Our clinical experience suggests that the acute inflammation often 
responds well and the corticosteroid dosage can be gradually tapered. 
However, if relapses occur with dose reduction, patients may require 
maintenance doses of prednisone and/or a corticosteroid-sparing agent 
to control their disease.

Strategies for refractory disease or frequent relapses during tapering 
of the corticosteroid dose are less certain. Because RP is so rare, con-
trolled therapeutic trials have not been performed. The literature is 
replete with successful anecdotes of therapies ranging from dapsone 
and colchicine to immunosuppressants and biologic agents. The former 
two may be useful in milder disease as corticosteroid-sparing agents, 
whereas immunosuppressants are reserved for those with corticoste-
roid-refractory or corticosteroid-dependent disease. Azathioprine, 
cyclophosphamide, chlorambucil, leflunomide, mycophenolate mofetil, 
and cyclosporine, as well as plasmapheresis and intravenous immuno-
globulins, have all been reported to be beneficial.32-34 Successful treat-
ment of recalcitrant RP complicated by tracheal stenosis and malacia, 
chondritis, and scleritis with biologic agents, including IL-1, IL-6, and 
tumor necrosis factor antagonists, has recently been described as 
well.5,35-44 Taken together, these case reports suggest that the therapeu-
tic armamentarium available to the modern rheumatologist can be 
employed to treat RP. However, the relative efficacy of these agents 
among one another and for specific manifestations of RP is unknown. 
Interestingly, high-dose chemotherapy with autologous stem cell trans-
plantation induced complete remission in one RP patient with chon-
dritis, scleritis, and aortitis who had previously failed treatment with 
multiple biologic and cytotoxic agents.45 Treatment of RP is usually 
monitored by clinical response. The erythrocyte sedimentation rate 
and C-reactive protein may be useful in some cases if these markers 
portend a patient’s disease activity. Multiple other biomarkers for 
disease activity have been proposed. These include assays for urinary 
levels of glycosaminoglycans and type II collagen cleavage products,46 
serum anticollagen antibodies, and antibodies to a 148-kDa non- 
collagenous cartilage matrix protein. The role of these assays in moni-
toring individual RP patients, however, has not been satisfactorily 
established.

Laryngotracheal involvement presents special management issues 
in following the activity of the disease and dealing with the conse-
quences of a structurally impaired airway. Direct laryngoscopy and 
serial CT of the trachea can be used to monitor disease activity.5,19 
Bronchoscopic ultrasound evaluation has also been recently described 
in two patients.47 Once flow-limiting airway damage has occurred, 
tracheostomy is necessary to treat a symptomatic subglottic stenosis. 
If diffuse airway involvement with flaccid collapse has occurred, effec-
tive therapies are limited. However, a recent retrospective case series 
suggests that tracheal stents may be useful in the management of some 
patients.5 Nasal continuous positive airway pressure can be tried at 
night to assist the patient in keeping the airway open while recumbent 
and asleep. Surgical correction of subglottic stenosis and collapsed 
nasal cartilage can be performed once the disease is quiescent. Recur-
rent postobstructive pulmonary infections occur and obviously require 
antibiotic and respiratory care treatment.

Heart valve replacement and aortic graft surgery have been success-
ful. Surgical failure has been observed, though likely due to continued 
annular inflammation leading to perivalvular leaks, as well as recurrent 
aortitis adjacent to grafts. In a recent large surgical series, postoperative 
corticosteroid use was associated with valvular complications.48 
Whether this represents the effect of corticosteroids on wound healing 
or reflects more severe underlying disease pathology requiring cortico-
steroid use is not clear. Regardless, immunosuppressive medications 
should be considered after surgical intervention for the valvular com-
plications of RP in an attempt to limit corticosteroid use and decrease 
inflammation.48

DIFFERENTIAL DIAGNOSIS
Although the clinical manifestations of this disease are characteristic, 
there are circumstances when the diagnosis may be difficult. The pinna 
of the ear is exposed and readily injured by trauma, chemicals, or 
frostbite. The trachea is similarly liable for injury during prolonged 
endotracheal intubation. Acute streptococcal infection, fungal infec-
tion, syphilis, and leprosy all may lead to perichondritis that may be 
mistaken for RP. Although sparing of the ear lobe is characteristic, 
sometimes the only way to make a definite diagnosis is to perform a 
biopsy. Nasal damage can occur as a result of several different condi-
tions, including drug abuse (e.g., cocaine), local infections from fungi, 
tuberculosis, syphilis and leprosy, or granulomatous lesions, such as 
ANCA-associated granulomatous vasculitis, lymphomatoid granulo-
matosis, and lethal midline granuloma. Eye involvement by RP or the 
associated disease can be difficult to separate. Necrotizing scleritis and 
keratitis can occur with rheumatoid arthritis, ANCA-associated granu-
lomatous vasculitis, polyarteritis nodosa, Behçet syndrome, or Cogan 
syndrome. Other features of these associated diseases may aid in the 
differential diagnosis. Systemic vasculitis with pulmonary, renal, 
central nervous system, and other organ involvement can occur. 
Involvement of the root of the aorta by other diseases should be con-
sidered, especially Ehlers-Danlos syndrome, Marfan syndrome, idio-
pathic medial cystic necrosis, or ankylosing spondylitis.

STRUCTURE AND PATHOGENESIS
Cartilage is an avascular structure made up of chondrocytes, type II 
collagen, proteoglycan aggregates, and non-collagenous matrix pro-
teins. It is an immunologically privileged site, and thus tolerance does 
not develop to these antigens. For this reason it is a target for autoim-
mune responses. RP should be classified as an inflammatory, autoim-
mune disorder for the following reasons:

1. RP is associated with other well-established autoimmune diseases.
2. RP is associated with the HLA-DR4 allele.20

3. The pathology of RP lesions shows collections of lymphocytes 
and plasma cells, as well as deposition of immunoglobulin and 
complement at the fibrocartilaginous junction.21

4. Elevated levels of chemokines, such as monocyte chemotactic 
protein (MCP)-1, macrophage inflammatory protein (MIP)-1β, 
and interleukin (IL)-8, can be identified in the sera of RP patients 
and suggest a state of macrophage activation.22

5. Humoral immunity to cartilage antigens such as type II collagen 
and matrilin-1 can be identified in clinical samples from patients 
with RP.23

6. Immunization of rodents with these same cartilage-derived anti-
gens reproduces the disease.

Animal models of this disease have suggested a direct role for auto-
immunity to cartilage components in the pathogenesis of RP. Chon-
dritis can be induced in rats by immunization with native type II 
collagen.24,25 In addition, mice transgenic for either human HLA-DQ8, 
or both human HLA-DQ6 and HLA-DQ8, develop chondritis and 
arthritis after type II collagen immunization.26,27 Interestingly, the 
double transgenic mice develop spontaneous polychondritis, with a 
relapsing-remitting course, starting at 6 months of age, the mouse 
equivalent of middle age.28 Chondritis can also be induced in mice by 
injection of the cartilage matrix protein, matrilin-1.29 This model is 
dependent on particular major histocompatibility complex haplotypes, 
immunoglobulin, and the C5 component of complement connecting 
adaptive and innate immune responses with disease pathogenesis.30,31 
Moreover, mice deficient in the anti-inflammatory cytokine IL-10 
develop more severe matrilin-1–induced chondritis, implicating this 
molecule as a suppressor of cartilage inflammation.30 Taken together, 
these rodent models suggest that RP develops when immunologic toler-
ance to cartilage antigens is broken. The role of enzymatic cartilage 
destruction is probably just as important, and local release of protein-
ases and oxygen metabolites may contribute to tissue damage. Whether 
the immune system initiates a process that is perpetuated by enzy-
matic damage or whether enzymatic damage exposes privileged anti-
gens that activate the immune system, thus allowing the disease to 
develop and progress, is not known.
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full description of the details of this association is beyond the scope of 
this chapter; however, among patients with either polymyositis or 
dermatomyositis, the incidence of malignancy is increased, particularly 
that of solid tumors. Polymyositis and dermatomyositis are associated 
with a significantly increased risk of developing lung cancer among 
men; in men, dermatomyositis is associated with a significantly 
increased risk of developing pancreatic carcinoma, and in women it is 
an associated risk for colon, breast, and ovarian carcinomas.3 In addi-
tion, cases have been reported in which the inflammatory myopathy 
resolved after curative resection of the malignancy. Thus, adults with 
polymyositis or dermatomyositis should be evaluated for evidence of 
an underlying malignancy; however, beyond age-appropriate screening 
tests, the extent of such an evaluation has not been clarified.

Another such definite association is that between rheumatoid 
arthritis or Sjögren’s syndrome (primary and secondary) and non- 
Hodgkin’s lymphoma. Among patients with rheumatoid arthritis, the 
incidence of non-Hodgkin’s lymphoma (primarily B-cell lymphomas) 
is twofold to threefold that of the general population.4 Among patients 
with Sjögren’s syndrome, lymphocyte proliferation becomes more oli-
goclonal over time and the incidence of non-Hodgkin’s lymphoma is 
fourfold to sixfold that of the general population. These associations 
are confounded by the possible increased risk of lymphoma conferred 
by some of the drugs used to treat these diseases, such as methotrexate, 
azathioprine, cyclosporine, cyclophosphamide, and tumor necrosis 
factor (TNF) antagonists. However, insufficient data exist to establish 
a causal relationship between treatments for rheumatoid arthritis and 
the development of lymphoma.4

Small observational studies suggest an association between systemic 
lupus erythematosus and malignancy, with an increased risk of devel-
oping breast, lung, and cervical carcinomas and lymphoid malignancies 
such as non-Hodgkin’s lymphoma that is unrelated to the use of cyto-
toxic agents. Although a retrospective study suggested an increased risk 
of lung carcinoma among patients with scleroderma and interstitial 
pulmonary fibrosis, this observation was not confirmed in a popula-
tion-based cohort study.

Other conditions that present to the rheumatologist also may be 
associated with malignancy. Patients with Paget’s disease of bone have 
an increased risk of developing osteogenic sarcoma, primarily in 
involved long bones. Both relapsing polychondritis and Sweet’s syn-
drome are associated with myeloproliferative disorders, especially 
myelodysplasia. Patients with multicentric reticulohistiocytosis may 
develop solid tumors. Additionally, acute gouty arthritis can complicate 
any hyperproliferative disorder, especially accompanying the aggressive 
treatment of leukemia and other malignancies, with or without tumor 
lysis syndrome.

Metastatic disease
Metastasis of lung or breast carcinoma and, infrequently, of kidney or 
prostate cancer to the proximal or distal end of long bones can present 
as joint or periarticular swelling (Fig. 166.1). This typically occurs 
around the knee but may occur elsewhere, even in the small joints of 
the hands. Very infrequently, multiple metastatic lesions result from 
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 Localized arthritis can be caused by metastatic disease, 
cartilaginous tumors, foreign body synovitis, synovial 
osteochondromatosis, pigmented villonodular synovitis, synovial 
sarcomas, and palindromic rheumatism.

 Polyarthritis can be caused by carcinomatous polyarthritis, bypass 
arthritis, hypertrophic osteoarthopathy, intermittent hydrarthrosis, 
multicentric reticulohistiocytosis, SAPHO syndrome, and Whipple’s 
disease.

 Systemic syndromes can be associated with angioimmunoblastic 
T-cell lymphoma, Castleman’s disease, and leukemia.

 Musculoskeletal complications of chronic kidney disease are 
frequently faced by clinicians caring for these patients; apatite 
(basic calcium phosphate) disease are the most common.

 Nephrogenic fibrosing dermopathy is a severe fibrosing condition 
affecting patients with chronic kidney disease after exposure to 
gadolinium-containing contrast agents during magnetic resonance 
imaging (MRI).

 Medications used to manage musculoskeletal conditions, such as 
colchicine and allopurinol, require significant scrutiny and dose 
adjustment in the context of dialysis and renal transplantation.

BYPASS ARTHRITIS
Patients who underwent jejunal ileal (but not gastric) bypass surgery 
for weight reduction frequently suffered from an intermittent polyar-
thritis with constitutional symptoms.1 This procedure now is rarely 
performed because of these complications. Occasionally, papular skin 
lesions with leukocytoclastic vasculitis and immune complexes evident 
on skin biopsy would accompany attacks of joint inflammation. These 
were thought to result from blood-borne dissemination of bacterial 
debris or immune complexes from the blind loop created by the surgery. 
The arthritis and skin lesions both were exquisitely painful, similar to 
those of the gonococcal arthritis/dermatitis syndrome. Patients also 
could develop other symptoms of immune complex disease, such as 
polyserositis and mild glomerulonephritis. Synovial fluid typically was 
inflammatory, but no specific abnormalities were evident on laboratory 
testing. Antibiotic treatment for blind loop syndrome often led to 
improvement of symptoms. Notwithstanding, some patients needed to 
have the jejunal ileal bypass reversed because of persistent articular 
and cutaneous inflammation.

CANCER-RELATED ARTHROPATHIES
Cancer associations
An association between malignancy and autoimmune disease has been 
demonstrated for several rheumatologic disorders and has been hypoth-
esized for others.2 The strongest association is that between adult-
onset polymyositis or adult-onset dermatomyositis and malignancy. A 
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deposits in biopsy specimens. However, because of its resemblance to 
RSD, others consider it to be a variant of RSD. Palmar fasciitis may 
improve with chemotherapy or surgery to treat the underlying malig-
nancy, but many patients have widespread metastatic disease at the 
time of initial presentation.

Malignant conditions that mimic  
rheumatic disease
Childhood acute lymphoblastic leukemia (ALL) is the malignancy that 
is most difficult to distinguish from a rheumatic disease and can be 
misdiagnosed as systemic-onset juvenile inflammatory arthritis (JIA).7 
Bone pain, often in a distribution that suggests juvenile rheumatoid 
arthritis, can be difficult to distinguish from joint pain. Fever, consti-
tutional symptoms, rash, and anemia may occur both in childhood 
ALL and in systemic-onset JIA. Clinical features that prompt consid-
eration of ALL include severe night pain, tenderness to palpation over 
long bones, lack of improvement with NSAID therapy, and the pres-
ence of leukopenia rather than leukocytosis. On plain radiography, 
radiolucent lines near the epiphyses suggest the diagnosis of ALL. If 
there is any indication of ALL, examination of bone marrow is manda-
tory. In adults, both leukemia and lymphoma can mimic adult-onset 
Still’s disease; the presence of bone pain and lytic lesions prompt con-
sideration of a hematologic malignancy.

When a patient with an underlying malignancy presents with poly-
arthralgia and constitutional symptoms in the setting of circulating 
antinuclear antibodies or rheumatoid factor, this occasionally can be 
confused with the presentation of a systemic rheumatic disease. Gen-
eralized aching, constitutional symptoms, and an elevated sedimenta-
tion rate, mimicking polymyalgia rheumatica, can occur with a variety 
of cancers; however, the subacute onset of these paraneoplastic symp-
toms helps to differentiate between these conditions. Infrequently, 
neoplasms that present as an asymmetric neuromyopathy may mimic 
dermatomyositis or polymyositis. However, these conditions usually 
can be distinguished by electromyography and muscle biopsy. Cavitary 
pulmonary nodules in patients with lung cancer can be mistaken for 
those of ANCA-associated granulomatous vasculitis.

Cutaneous leukocytoclastic vasculitis is associated more with the 
presence of hematologic malignancies than with solid tumors.8 Some 

disseminated carcinoma. Cancer metastatic to the synovium has been 
reported infrequently.

Carcinomatous polyarthritis
Solid tumors, particularly of the breast and lung, are occasionally 
accompanied by an asymmetric inflammatory polyarthritis involving 
large and small joints. This non-erosive seronegative arthritis fre-
quently remits upon treatment of the underlying malignancy; other-
wise, it can be treated with non-steroidal anti-inflammatory drugs 
(NSAIDs). Very infrequently, it can be an early clue to the presence of 
an occult malignancy.

Patients with pancreatitis, and occasionally those with pancreatic 
carcinoma,5 may develop a large joint arthritis, often involving the 
ankles, accompanied by intensely inflamed subcutaneous nodules that 
resemble erythema nodosum. These nodules, which are often several 
centimeters in diameter, may ulcerate and drain. Biopsy of the nodule 
reveals septal panniculitis similar to that seen in erythema nodosum 
but accompanied by fat necrosis that presumably results from release 
of pancreatic lipase. Synovial or bursal fluid obtained from these 
patients can appear milky because of large numbers of fat droplets that 
result from necrosis of the fatty synovium.

Hypertrophic osteoarthropathy
The reader is referred to Chapter 168.

Palmar fasciitis syndrome
Two publications in 1982 reported the novel association of palmar 
fasciitis (Fig. 166.2) and ovarian carcinoma. These reports and subse-
quent case series described a syndrome that occurs in patients with a 
variety of neoplastic diseases: primarily ovarian, but also breast, lung, 
pancreatic, and gastric carcinomas; Hodgkin’s disease; and chronic 
myelogenous leukemia.6 This syndrome may be difficult to distinguish 
from reflex sympathetic dystrophy (RSD), but it generally spares the 
shoulders and, unlike RSD, may be associated with synovitis. Biopsy 
of the palmar fascia reveals nodules or whorls of fibroblasts surrounded 
by dense connective tissue with fibrous septa. Some have suggested an 
autoimmune etiology, based on the presence of immunoglobulin 

a b

Fig. 166.1 (a) Radiograph of digit of a patient with 
metastatic lung cancer shows destructive changes. (b) 
Inflammatory appearance of the same finger.
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Multiple myeloma
Multiple myeloma may present as a variety of musculoskeletal prob-
lems, including carpal tunnel syndrome, destructive arthritis, or sclero-
derma-like skin changes due to AL amyloidosis, bone pain, and 
pathologic fractures, primarily in elderly individuals. Other features of 
myeloma that suggest rheumatic disease include erythrocyte sedimen-
tation rate (ESR) elevation, cryoglobulinemia with crystalline arthropa-
thy, and polyneuropathy. Demonstration of lytic lesions on skeletal 
plain radiographs and of an increased number of plasma cells on bone 
marrow examination usually is sufficient to make the diagnosis of 
multiple myeloma.

CARTILAGINOUS TUMORS
The reader is referred to Chapter 208.

CASTLEMAN’S DISEASE
Castleman’s disease, also known as giant lymph node hyperplasia, was 
first described in 1956 among 13 patients with mediastinal lymphade-
nopathy characterized by germinal-center formation and marked capil-
lary proliferation. Its pathology can be divided into two groups: a 
hyaline vascular type (90%) and a plasma cell type (10%). Patients 
frequently are asymptomatic, but some patients with the plasma cell 
variant may have diffuse, extrathoracic lymphadenopathy accompanied 
by a variety of systemic symptoms. This multicentric form of Castle-
man’s disease is often accompanied by anemia, an elevated ESR, and 
polyclonal hypergammaglobulinemia. In the presence of autoimmune 
serology, it may mimic a systemic autoimmune disease such as sys-
temic lupus erythematosus or Sjögren’s syndrome. About half of 

patients with hairy cell leukemia, a rare B-cell lymphoproliferative 
disorder that usually presents as massive splenomegaly and pancyto-
penia, develop a cutaneous small-vessel vasculitis. Antiphospholipid 
antibodies, with or without vasculitis, may be present in patients with 
malignancy.

Angioimmunoblastic T-cell lymphoma
Angioimmunoblastic T-cell lymphoma (AITL), formerly called angio-
immunoblastic lymphadenopathy with dysproteinemia, is a lympho-
proliferative disorder that can be mistaken for an autoimmune disease 
because of its presentation with generalized lymphadenopathy, hepa-
tosplenomegaly, fever, a maculopapular or urticarial rash, and consti-
tutional symptoms. Occasionally, patients may develop a seronegative 
symmetric peripheral polyarthritis that usually does not respond to 
NSAIDs.9 Polyclonal hypergammaglobulinemia, Coombs-positive 
hemolytic anemia, and other autoantibodies may be present. The diag-
nosis of AITL is based on its characteristic histologic appearance in 
which the lymph node architecture is partially to completely effaced 
by an infiltrate of lymphocytes, immunoblasts, and plasma cells that 
occupy predominantly the paracortical areas. Neoplastic T cells display 
clonal T-cell receptor gene rearrangements and express CXCL13, a 
chemokine involved in migration of B cells into germinal centers, and 
CD10, a cell surface metallopeptidase. Cytogenetic studies reveal 
abnormalities of trisomy 3, trisomy 5, or gain of an X chromosome in 
approximately 70% of patients with AITL. Marked proliferation of 
small vessels, often with arborization, occurs within lymph nodes in 
AITL. The prognosis of AITL is poor, compared with other forms of 
non-Hodgkin’s lymphoma, with a 7-year survival of 30% despite com-
bination chemotherapy.10

a b

c d

Fig. 166.2 Palmar fasciitis. (a and b) Two views of the hands of a patient with palmar fasciitis secondary to a non-malignant ovarian cyst. (c and d) Two views 
of the hands of the same patient after removal of the ovarian cyst demonstrating resolution of the findings.
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white blood cells/mm3 and a predominance of polymorphonuclear neu-
trophils. Cultures are usually sterile, although, on rare occasions, the 
foreign material may introduce infection and cause a coexisting septic 
arthritis. Radiographs are sometimes helpful in diagnosing foreign-
body synovitis. Radiopaque foreign material can be identified by plain 
radiography; however, the vast majority of vegetable material is radio-
lucent. Standard radiographs usually show only soft tissue swelling, 
but erosive changes have been observed.

The inflammatory reaction to a sterile foreign body typically  
produces a non-specific granulomatous synovitis that can be demon-
strated on synovial biopsy, performed by either a closed or open tech-
nique. This histology can be mistaken for that of a variety of other 
granulomatous diseases, such as sarcoidosis. Thus, when a foreign 
body is suspected as the cause of synovitis, the pathologic specimen 
should be examined using polarizing microscopy, which often  
reveals a birefringent structure suggestive of plant material. Appropri-
ate treatment requires excision of the foreign body and involved 
synovium.

SILICONE SYNOVITIS
Silicone-containing joint prostheses, typically used in metacarpopha-
langeal and metatarsophalangeal joints, often fracture and generate 
wear particles. These wear particles are ingested by macrophages and 
generate an inflammatory response. This reaction can be debilitating, 
requiring removal of the prosthesis.16 Other than removal of the pros-
thetic joint, treatment of this inflammatory condition is directed 
toward control of symptoms.

INTERMITTENT HYDRARTHROSIS
Intermittent hydrarthrosis is an uncommon syndrome affecting women 
that is characterized by symmetric joint effusions, predominantly 
involving the knees, and that does not result in joint destruction. 
These effusions occur periodically, often monthly at or around the 
menses. Patients with intermittent hydrarthrosis experience mild to 
moderate joint pain and stiffness when the disease is active. Aspirated 
synovial fluid is either bland or reflects mild inflammation. Low-dose 
colchicine has prevented recurrent attacks of intermittent hydrarthro-
sis.17 Recently, heterozygous disease-associated mutations in the MEFV 
gene, which encodes the pyrin/marenostrin protein, were identified in 
three patients with intermittent hydrarthrosis but without other fea-
tures of familial Mediterranean fever.18 This suggests that intermittent 
hydrarthrosis might be a mild, localized inflammatory disease that is 
part of the spectrum of periodic fever syndromes.

PALINDROMIC RHEUMATISM
A palindrome is a word or phrase that is arranged symmetrically about 
an axis. The most famous palindrome is the sentence attributed to 
Napoleon: “Able was I ere I saw Elba.” Palindromic rheumatism is an 
intermittent inflammatory condition that affects one or, at most, a few 
joints in an unpredictable pattern that lasts for hours to several days. 
Affected joints are swollen, warm, and tender; may exhibit overlying 
erythema; and yield inflammatory joint fluid when aspirated.19 Palin-
dromic rheumatism may affect the same or different joints with 
repeated attacks. Acute-phase reactants may be elevated during attacks, 
but not in the intercurrent period. Between attacks, affected joints are 
normal and joint damage never develops.

Attacks of palindromic rheumatism may persist or resolve sponta-
neously, but approximately one third of patients (especially those with 
circulating rheumatoid factor) evolve to develop conventional rheuma-
toid arthritis. Patients may be treated with NSAIDs or glucocorticoids 
during attacks, but these medications do not shorten the duration of 
joint inflammation. Hydroxychloroquine and other disease-modifying 
antirheumatic drugs have been used to prevent attacks but have not 
been evaluated systematically.

Crystal arthropathies and other intermittent disorders, such as 
familial Mediterranean fever, should be considered in the differential 
diagnosis. Recently, as in several patients with intermittent hydrar-
throsis, disease-associated mutations in the MEFV gene were identified 
in 8 (12.3%) of 65 patients with palindromic rheumatism.20

patients with multifocal Castleman’s disease die, most commonly of 
sepsis or malignant transformation of the lymph node hyperplasia into 
lymphoma, with a median survival of 26 months.

B cells in the germinal centers of affected lymph nodes in patients 
with the plasma cell variant of Castleman’s disease produce increased 
amounts of interleukin (IL)-6, and these patients have elevated serum 
IL-6 levels. Treatment of patients with Castleman’s disease with 
monoclonal antibodies to IL-6 can ameliorate the disease process. 
Administration of tocilizumab, a monoclonal antibody to the IL-6 
receptor, effectively reverses the signs and symptoms of multicentric 
Castleman’s disease.11

POEMS SYNDROME
Patients with the rare POEMS syndrome present with a slowly progres-
sive demyelinating polyneuropathy, organomegaly, a variety of endo-
crinologic features including diabetes and hypogonadism, monoclonal 
gammopathy, skin changes, and sclerotic bone lesions.12 Some patients 
with clinical features of the POEMS syndrome may have histologic 
features of Castleman’s disease. Proinflammatory cytokines such as 
IL-1β, TNF-α, and IL-6 and growth factors such as vascular endothelial 
growth factor mediate this syndrome, which may mimic systemic 
rheumatic disease. Although controlled trials of therapy have not  
been conducted, successful treatments have included irradiation of 
osteosclerotic lesions, corticosteroids, alkylating agents such as  
melphalan, and high-dose chemotherapy with autologous stem cell 
transplantation.13

FOREIGN-BODY SYNOVITIS
This unusual form of arthropathy has been described primarily as 
monarticular arthritis occurring after a penetrating injury from a 
foreign object.14 These foreign objects can be categorized as either 
organic objects (usually plant thorns, sea urchin spines, and seashell 
fragments) or inorganic material (natural or manufactured) (Table 
166.1). The typical patient who develops synovitis from an organic 
foreign body is a young man engaged in a pastime, such as an agricul-
tural or marine activity, that puts him at risk for penetrating injury. 
Involved joints include those that are most susceptible to penetrating 
injuries, predominately the hands and knees. Fragments of inorganic 
material resulting from wear of prosthetic joints (predominantly poly-
ethylene, metallic particles, and acrylic cement) may cause synovitis 
around a prosthetic joint.15

Foreign-body synovitis generally presents as an acute or subacute 
monarticular arthritis, but inflammation may be episodic. Synovial 
fluid is inflammatory, typically revealing between 5000 and 50,000 

TABLE 166.1 REPORTED ASSOCIATIONS OF FOREIGN BODY SYNOVITIS

Organic Inorganic

Plant Natural

Date palm Stone

Sentinel palm Gravel

Blackthorn Man-made

Rose Glass

Cactus Rubber

Citrus Fiberglass

Mesquite Plastic

Toxic Iatrogenic

Wood splints Starch

Animal Talc

Sea urchin spine Methylmethacrylate

Fish bone Silicone

Sea shell Teflon

Bee stinger Metal
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adjacent bone can be damaged, but generally this is neither excessive  
nor disabling. As a rule, excision is curative and recurrences are  
rare.

The diffuse form of PVNS presents as slowly progressive, painful 
swelling of a single joint.23 The knee is the joint most commonly 
affected, with the hip and ankle being the next most often involved. 
Rarely, it can occur in other appendicular joints or in the spine. This 
form of PVNS damages joints with a tight capsule, such as the hip or 
zygapophyseal (facet) joints of the spine. It often generates the charac-
teristic radiographic appearance of scalloped erosions, usually with a 
sclerotic margin, that is believed to result from pressure on or direct 
invasion of bone by the mass. Associated joint effusions can be brown 
or hemorrhagic.

Localized PVNS is the least frequently occurring form. It projects as 
a pedunculated nodule into the synovial cavity, often of the knee, 
where it can cause signs and symptoms of a loose body. Patients with 
the localized form of PVNS typically experience mild pain and locking 
of the affected joint.

PVNS is not visible on plain radiographs.23 However, on magnetic 
resonance imaging (MRI), it is seen as a soft tissue mass, often with 
altered signal secondary to hemosiderin deposition that results in a 
black appearance on T2-weighted images.

The etiology of PVNS is unknown, but the histology of all three 
types is identical and all are thought to share a common pathogenesis. 
Microscopically, there is a proliferation of sheets of pale-staining syno-
vial cells, foam cells that contain lipid and hemosiderin, and multi-
nucleated giant cells resulting in a hypertrophic red-brown and 
occasionally yellow-hued tissue.24 Hemophilia, hemosiderosis from 
recurrent hemarthroses, and hemochromatosis can also produce iron-
pigmented tissue. Thus, not all brown-stained proliferative synovitis 
is PVNS. By and large, this appearance is more consistent with that of 
a benign proliferative and inflammatory process than with that of a 
neoplastic one, which is borne out by the lack of examples of PVNS 
that degenerated to a malignancy. PVNS might be thought of as being 
analogous to pannus in rheumatoid arthritis. Some investigators 
propose that hemorrhage into the joint plays a role in the pathogenesis 
of the lesion. However, attempts to reproduce the lesion by injecting 
blood into the joint cavity of animals have resulted in an inflammatory 
synovitis that most closely resembles the arthropathy that accompa-
nies hemophilia rather than PVNS.

MULTICENTRIC RETICULOHISTIOCYTOSIS
Multicentric reticulohistiocytosis (Fig. 166.3) is a rare disorder charac-
terized by the insidious onset of polyarthritis, which often evolves into 
a severe erosive deforming arthritis, and distinctive small, firm cutane-
ous papules and nodules on the skin. Skin lesions are pleomorphic, 
may be pruritic, and often occur around the joints. The most typical 
lesions are arranged in a “string of pearls” or “coral bead” pattern at 
the base of the nails. Joint involvement is symmetric and similar in 
distribution to rheumatoid arthritis, except that distal interphalangeal 
joints are frequently involved. If left untreated, this arthritis is very 
destructive. Multicentric reticulohistiocytosis occurs predominantly, 
but not exclusively, in adults and three times as often in women than 
in men.

There are no characteristic laboratory findings, although most 
patients have a mild anemia, 30% to 60% have hyperlipidemia, and up 
to 50% display reactivity to purified protein derivative. The diagnosis 
is confirmed by biopsy of skin lesions or synovium, which reveal lipid-
laden histiocytes and multinucleated giant cells. Interestingly, some 
patients also have a coexisting autoimmune disease or malignancy. 
The mechanism of disease is unknown, but increased synovial macro-
phage and endothelial cell staining for TNF-α, IL-1β, and IL-12 has 
been described.21

Although no treatment is consistently effective for multicentric 
reticulohistiocytosis, methotrexate and cyclophosphamide have been 
used with success. Recently, TNF antagonist therapy has resulted in 
improvement in both skin and joint involvement.22

PIGMENTED VILLONODULAR SYNOVITIS
Pigmented villonodular synovitis (PVNS) (Fig. 166.4) is a benign pro-
liferation of synovial tissue that usually presents as an indolent, pro-
gressive monoarticular arthritis or tenosynovitis. Clinically it is divided 
into three forms: (1) an isolated tenosynovitis that often involves the 
hand, (2) a diffuse form commonly found in the knee, and (3) a local-
ized form that moves freely in the joint.

Pigmented villonodular tenosynovitis typically presents as an  
enlarging mass adherent to a tendon, usually in adults and more  
commonly in women than in men. Its appearance is similar to  
that of a ganglion and it never becomes malignant. Tendon and  

a b

Fig. 166.3 Multicentric reticulohistiocytosis. (a) Finger 
with glistening pearly white nodules (“string of pearls” 
sign). (b) Radiographic appearance of digits showing 
destructive arthropathy.
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population, the hallmarks of which include osteosclerotic bone lesions 
with sterile osteomyelitis and a variety of skin lesions. Approximately 
half of patients with the SAPHO syndrome have palmoplantar pustu-
losis; the others have a variety of skin manifestations that include 
psoriasis, hidradenitis suppurativa, severe acne, and, infrequently, 
Sweet’s syndrome. The bone lesion typical of the SAPHO syndrome  
is osteosclerotic hyperostosis, which often involves the acromioclavicu-
lar and sternoclavicular joints. Other sites where these bone lesions 
typically develop include the anterior chest wall, sternum, clavicle, 
symphysis pubis, thoracic and cervical spine, and mandible. These 
sclerotic bone lesions demonstrate increased radionuclide uptake on 
technetium-99m bone scanning; cultures of bone biopsy specimens 
usually are sterile but occasionally grow Propionibacterium acnes. 
A sterile, but erosive, inflammatory synovitis can develop in joints 
adjacent to bone lesions. The SAPHO syndrome can be considered to 
be a spondyloarthropathy: approximately 13% of patients have the 
HLA-B27 gene, and about one third of patients have sacroiliitis or 
spondylitis. Around 10% of patients with the SAPHO syndrome also 
have inflammatory bowel disease, with a predominance of Crohn’s 
disease.26

Patients are likely to remain symptomatic; however, the SAPHO 
syndrome does not appear to be overwhelmingly disabling. This disor-
der is typically characterized by sporadic outbreaks or attacks during 
which new osteosclerotic bone lesions develop. Skin lesions tend to be 
more persistent and less responsive to therapy than osteoarticular 

PVNS is treated by thorough surgical excision. This usually cures 
pigmented villonodular tenosynovitis and the localized pedunculated 
form of PVNS, but surgery is substantially less effective and less sat-
isfactory when treating the diffuse form. Arthroscopic resection alone 
is inadequate therapy for diffuse PVNS. It is quite difficult to achieve 
an adequate resection of diffuse PVNS in the knee or hip. This techni-
cal consideration, combined with the bony destruction caused by the 
lesion, makes synovectomy combined with total joint arthroplasty the 
most successful approach to treating diffuse PVNS.25

It is particularly difficult to perform a curative resection of PVNS 
in the vertebral column. Radiotherapy long has been attempted to treat 
non-resectable and recurrent disease. Both yttrium-90 silicate and dys-
prosium-65 ferric hydroxide macroaggregate have been used with some 
success, often in combination with extensive surgical débridement. 
External irradiation is not commonly used to treat PVNS.

SAPHO SYNDROME
SAPHO is an acronym for a syndrome that contains some or all of the 
following clinical features: synovitis, acne, pustulosis, hyperostosis, 
and osteitis. This uncommon disorder that usually affects young adults 
has been observed in patients of all ages, including children and the 
elderly, and has been known by a variety of names, including recurrent 
multifocal osteomyelitis and acne-induced arthritis. However, the term 
SAPHO was coined in 1987 and refers to a heterogeneous patient 

a

b

c

Fig. 166.4 Pigmented villonodular synovitis. (a) MR image of knee. Short wide 
arrows indicate joint effusion in the suprapatellar pouch, and there is a lobulated 
mass with a typical dark image on T2-weighted scans in the popliteal fossa just 
below the long arrow. (b) Photomicrograph shows clusters of cells with large 
pale nuclei and foamy cytoplasm, giant cells, and hemosiderin in the right lower 
corner. (c) Gross appearance of synovium with pigmented nodules.
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synovium.29 Although this tumor occurs most commonly between the 
third and fifth decades of life, it also may develop in children and 
adolescents. It generally presents as a mildly to moderately painful 
mass on a limb, more often on the leg, but it can be painless. These 
tumors adhere to adjacent structures, and symptoms are a consequence 
of local invasion. The average time from onset to diagnosis ranges from 
months to years, and these lesions are often misdiagnosed as benign 
growths before histologic analysis demonstrates them to be synovial 
sarcomas.

Radiographs may reveal a well-circumscribed soft tissue mass that 
frequently contains calcifications; however, in about half of synovial 
sarcomas, plain radiographs are normal. Occasionally, periosteal reac-
tion and even bone invasion is evident. Bone scans and computed 
tomography demonstrate the extent of the lesion and associated bony 
reaction. Angiograms reveal typical neovascularization and tumor 
blush. However, MRI is the imaging procedure of choice because it 
shows the full extent of the lesion and the degree to which adjacent 
soft tissue structures, such as vessels and nerves, are involved. Addi-
tionally, MRI can help to localize the optimal site for biopsy, which 
should include the tumor and its margin, if possible.30

Grossly, the tumor is a circumscribed mass that adheres to the 
underlying tissue and to adjacent tissue structures. It is usually solid, 
but, occasionally, cystic changes may be noted. Because histologic 
evaluation of synovial sarcomas is difficult, expertise should be sought 
and diagnoses are not infrequently changed on re-review of the tissue. 
Other tumors that may be confused with synovial sarcoma include 
epithelioid sarcomas, clear cell sarcomas, and fibrosarcoma.

The typical histologic pattern of synovial sarcomas is biphasic with 
two distinct cell types: fibrosarcoma-like spindle-shaped cells and epi-
thelial cells. Spindle cells usually are the predominant cell type and 
have a characteristic swirling appearance with large nuclei and scant 
cytoplasm. These swirls appear to make clefts, at the border of which 
epithelial cells are often arranged. The more frequently that mitotic 
figures are seen, the more dedifferentiated the tumor, with a greater 
likelihood for vascular invasion and poorer prognosis. The epithelial 
cell component is occasionally sparse but can be visualized by silver 
stains that identify reticulin within the cytoplasm. The spindle cells 
have keratin, which can be identified by immunohistochemistry. Occa-
sionally, only a single cell type (most often spindle cells) is seen, creat-
ing difficulties in diagnosis.

Overall, the prognosis of synovial sarcomas is very poor. At the time 
of presentation, the tumor frequently has metastasized: often widely 
by hematogenous spread, most often to the lungs, and less frequently 
by local lymphatic spread. The 5-year survival is about 50%, with the 
prognosis being better for younger patients and for those with localized 
disease, tumors less than 5 cm in diameter, or calcification of the 
lesion.30

Treatment consists primarily of surgical resection, which usually 
achieves good results for small localized tumors with favorable 

manifestations. It is not known if aggressive treatment of the skin 
disease ameliorates the bone disorder.26

NSAIDs and intra-articular corticosteroid injections provide  
effective treatment for about two thirds of patients with the SAPHO 
syndrome.26 The majority of those failing NSAID therapy will respond 
to systemic corticosteroids. Despite this, some patients require metho-
trexate to treat progressive disease. Several patients have been given 
prolonged courses of doxycycline empirically to treat a presumed  
infectious agent, even when biopsy shows no evidence of infection;  
this has been associated with improvement in a few cases. TNF antago-
nist treatment has improved both skin and osteoarticular disease.27 
Several patients with the SAPHO syndrome also have been treated 
successfully with bisphosphonates, including pamidronate, zoledronic 
acid, and alendronate.

SYNOVIAL OSTEOCHONDROMATOSIS
Synovial osteochondromatosis (Fig. 166.5) is an uncommon condition 
that results from metaplasia of synovial tissue into cartilage, which can 
subsequently calcify or ossify.28 However, the factors that precipitate 
the development of synovial osteochondomas are incompletely under-
stood. Patients present with joint pain, swelling, and tenderness, 
usually in a monarticular distribution, and may experience locking of 
the affected joint. Over half of cases occur in the knee; the hip and 
elbow are also commonly affected, but involvement of many other 
joints also has been described. Although it occurs in children, most 
patients with synovial osteochondromatosis are older, with an average 
age around 50 years. Men are slightly more often affected than women.

The pathogenesis of synovial osteochondromatosis is unknown, but 
the synovium is strikingly hypertrophied with numerous villi. Carti-
laginous nodules are present both within the synovium and free within 
the synovial cavity. Interestingly, although these lesions represent 
metaplastic tissue, this disorder has not been reported to undergo 
malignant transformation.

Plain radiographs show the characteristic radiographic appearance 
of “popcorn” within the joint cavity, if the lesions are calcified. Uncalci-
fied lesions can be visualized by MRI. The differential diagnosis 
includes loose bodies from trauma and tumoral calcinosis. No detailed 
analyses of synovial fluid have been reported, but calcium pyrophos-
phate dihydrate (CPPD) crystals have been described in association 
with synovial osteochondromatosis.

NSAIDs are typically administered for pain control. Operative man-
agement involves removal of loose bodies and synovectomy, either by 
an open arthrotomy or using an arthroscope.

SYNOVIAL SARCOMA
Synovial sarcoma is an uncommon tumor that is misnamed because 
it arises from tissue adjacent to the joint but rarely, if ever, from the 

a b

Fig. 166.5 Synovial osteochondromatosis. (a) 
Radiograph of knee with typical “popcorn”-shaped 
calcification. (b) Synovial biopsy showing 
osteochondrometaplasia on the left (H&E).
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reactive oxygen species that cause additional edema and compartment 
syndrome with further muscle damage.35

Laboratory testing may reveal elevation of creatine phosphokinase 
or the ESR. Electromyography demonstrates non-specific abnormali-
ties. MRI is the imaging technique of choice to evaluate diabetic muscle 
infarction and demonstrates hyperintense signal of infarcted muscle, 
muscle enlargement, and subcutaneous and subfascial edema on 
T2-weighted images.36 Biopsy usually is not necessary and, because of 
potential infectious and wound healing complications, should be 
reserved for cases in which the diagnosis is uncertain or pyomyositis 
is suspected.

Patients should rest and take analgesic medications. Treatment 
with antiplatelet agents and anti-inflammatory medications may 
hasten recovery.36 Conversely, surgical resection may delay recovery 
and increase the risk of recurrence and of mortality from complications 
of diabetic macrovascular disease, compared with medical or conserva-
tive therapy.

FIBROBLASTIC RHEUMATISM
Fibroblastic rheumatism is a rare syndrome characterized by multiple 
firm skin nodules and a symmetric polyarthritis with a distribution 
similar to that of rheumatoid arthritis, but also involving the distal 
interphalangeal joints, that often results in sclerodactyly and joint 
contractures.37 The arthritis has been described as inflammatory and 
may be erosive, even mimicking that of multicentric reticulohistiocy-
tosis. Biopsies of skin nodules demonstrate fibroblasts or myofibro-
blasts and thickened collagen fibers but no mucin deposition. Some 
have described lymphocytic infiltrates in the early lesions. Occasional 
synovial biopsies have shown similar findings. Fibroblastic rheuma-
tism may remit spontaneously, but subsequent exacerbations often 
occur. Various anti-inflammatory and antirheumatic drugs have been 
used, but there is no known effective therapy. The differential diagnosis 
includes scleroderma, palmar fasciitis with contractures that occurs in 
the setting of various carcinomas, and pachydermodactyly, which is 
benign localized fibrosis around the proximal interphalangeal finger 
joints.

RETROPERITONEAL FIBROSIS
Idiopathic retroperitoneal fibrosis typically presents as a periaortic 
mass with associated back or abdominal pain, often with obstructive 
nephropathy due to encasement of the ureters. This rare disease, with 
an incidence of less than 1 per 100,000 population, occurs more com-
monly in older males.38 In most cases, the fibrosis occurs between the 
renal artery and the bifurcation of the aortic aorta, but it may extend 
superiorly or inferiorly. Extraperitoneal fibrosis, such as Riedel  
thyroiditis, mediastinal fibrosis, sclerosing pancreatitis, and orbital 
pseudotumor, occurs in a minority of patients with retroperitoneal 
fibrosis.

Retroperitoneal fibrosis has been described in association with a 
number of rheumatic diseases, including ankylosing spondylitis, sys-
temic lupus erythematosus, polyarteritis nodosa, and ANCA- 
associated granulomatous vasculitis. Its occurrence in the setting of 
treatment with certain medications, such as methysergide and other 
ergot derivatives, has suggested a causative role for these drugs. Ath-
erosclerotic plaque extruded from the aorta also has been proposed as 
a potential etiology, in which the immunogenic material appears to be 
ceroid and oxidized low-density lipoproteins. Most patients with retro-
peritoneal fibrosis have elevation of the ESR or C-reactive protein 
value, and many have circulating antinuclear antibodies.39 The finding 
of increased numbers of IgG4-positive plasma cells in biopsy samples 
of idiopathic retroperitoneal fibrosis, as well as in those of some extra-
peritoneal fibrosing syndromes, has prompted grouping these condi-
tions as “hyper-IgG4 disease.”40

Biopsy of retroperitoneal fibrosis is appropriate to assess the degree 
of inflammation and to exclude the diagnosis of sarcoma or lymphoma 
(Fig. 166.6). MRI is the imaging procedure of choice to diagnose (Fig. 
166.7a) and follow the response of retroperitoneal fibrosis to treatment. 
(see Fig. 166.7b)

Initial treatment usually involves stenting or surgery to relieve ure-
teral obstruction. Medical therapy consists of high-dose corticosteroid 

histologic features. Radical resection, with or without amputation, is 
performed for larger, less well-differentiated tumors. Unfortunately, 
distant metastases are often discovered subsequently. Radiation therapy 
(5000 to 7000 rad) is often administered after surgical resection, result-
ing in fewer relapses and better survival than among those treated with 
surgery alone. Combination chemotherapy with cyclophosphamide, 
doxorubicin, and dacarbazine (with or without vincristine) may be 
given, before surgery and irradiation, to improve survival and lengthen 
the disease-free interval.

WHIPPLE’S DISEASE
In 1907, Dr. George Hoyt Whipple, Nobel laureate in medicine and 
physiology, described a 36-year-old physician who had been working 
as a medical missionary in Constantinople and developed cough, short-
ness of breath, and periodic arthritis. The patient experienced episodes 
of joint inflammation that lasted for 6 to 8 hours. Many different joints 
were affected and he gradually lost weight and developed chronic diar-
rhea with fat malabsorption. Later, he developed dark skin and abdomi-
nal swelling, with probable ascites. Joint radiographs revealed only soft 
tissue swelling. In spite of being force-fed a diet that included four raw 
eggs a day, the patient lost weight and died. On autopsy a peculiar 
“intestinal lipodystrophy” was observed. These findings characterize a 
rare disease, which was named Whipple’s disease.

In 1961, the cause of Whipple’s disease was identified by electron 
and light microscopy as a periodic acid–Schiff (PAS)–staining organism; 
this fastidious bacterium was subsequently named Tropheryma whip-
pelii and grown in culture. T. whippelii has been detected in synovial 
fluid and tissue by polymerase chain reaction (PCR),31 even in individu-
als lacking characteristic PAS staining of tissue.

Whipple’s disease is uncommon, with an estimated 2000 cases 
since its original description, and occurs primarily in middle-aged 
white males. Individuals who work on farms or have immunodefi-
ciency syndromes or renal disease may be more susceptible. A migra-
tory arthritis affecting predominantly large joints occurs in about 75% 
of patients with Whipple’s disease and often is the initial clinical 
manifestation. Some patients may develop a spondyloarthropathy and 
are found to be HLA-B27 positive. Other clinical features include 
uveitis, cardiac involvement, and a pathognomonic central nervous 
system manifestation known as oculofacioskeletal (or oculomastica-
tory) myorrhythmia. Late manifestations include dementia and cere-
bellar dysfunction. Most patients with Whipple’s disease demonstrate 
evidence of an acute-phase response, with anemia, thrombocytosis, 
and ESR and C-reactive protein elevation.

The diagnosis is confirmed by endoscopic biopsy of thickened duo-
denal mucosal folds demonstrating PAS-positive inclusions within 
macrophages of the lamina propria.32 T. whippelii can be detected by 
PCR testing of body fluids or tissue, if the diagnosis is equivocal. Celiac 
disease and tuberculosis, which enter the differential diagnosis of 
Whipple’s disease, should be excluded.

Most patients do well with antibiotic treatment, although the time 
to response is variable and the optimal antibiotic regimen is unknown. 
Recommended treatment is trimethoprim/sulfamethoxazole or tetra-
cycline given for 1 to 2 years, often preceded by 2 weeks of parenteral 
streptomycin and penicillin G or ceftriaxone.33

DIABETIC MUSCLE INFARCTION
Diabetic muscle infarction is an infrequent complication of long- 
standing diabetes mellitus that also has been called aseptic myonecro-
sis and ischemic myonecrosis. It presents as the acute onset of muscle 
pain and swelling, most commonly in the thigh, and may be accom-
panied by mild constitutional symptoms. Both patients with type 1 
and type 2 diabetes mellitus are affected, usually after more than 10 
years of disease; most also have diabetic microvascular complications, 
such as nephropathy, neuropathy, and retinopathy.34 Diabetic muscle 
infarction probably occurs as the result of an initial small thromboem-
bolic event that causes ischemia because of impaired collateral circula-
tion in the setting of diabetic microvascular disease with resulting 
edema and compartment syndrome that causes further muscle isch-
emia; however, the hypoxic muscle damage results in a significant 
inflammatory response, hyperemia, and reperfusion with generation of 
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of the U.S. population had stage 5 chronic kidney disease treated with 
dialysis. If only half of those patients who receive chronic hemodialysis 
in the United States have musculoskeletal symptoms, then a conserva-
tive estimate of the prevalence of musculoskeletal conditions among 
patients with stage 5 chronic kidney disease is comparable to that of 
systemic lupus erythematosus in the general population.

Arthritis and periarthritis among patients with 
chronic kidney disease
Arthritis, tendinitis, and enthesitis among patients receiving chronic 
dialysis frequently prompt the request for rheumatologic consultation. 
Although common in patients with chronic kidney disease before the 
initiation of dialysis treatment, acute attacks of gouty arthritis are 
uncommon among hyperuricemic individuals with uremia. The 
inflammatory response to monosodium urate crystals is diminished in 
patients receiving chronic hemodialysis, with decreased monocyte 
release of IL-1β, IL-6, and TNF-α, when compared with individuals 
with normal renal function. In patients in whom acute gouty arthritis 
antedated stage 5 chronic kidney disease, symptoms are typically 
milder once dialysis has been initiated.

Joint and periarticular inflammation caused by apatite (basic calcium 
phosphate) crystals occur more commonly than acute gouty arthritis 
among these patients, especially when the serum calcium/phosphorus 
product exceeds 75 mg/dL. Other calcium-containing crystals may 
deposit in and around articular tissue: CPPD crystals may cause either 
an acute, robust inflammatory arthritis, similar to that of acute gout, 
or a chronic, smoldering synovitis. Calcium-containing crystals most 
commonly deposit around the shoulder; deposits also may occur 
around the small joints of the hand, the hip, the wrist, the ankle, and 
the elbow. These deposits, which appear on radiographs of the shoulder 
as “multiloculated,” nodular, periarticular calcifications, may enlarge 
to become palpable and visible masses (called “tumoral calcinosis”). 
Limited calcification in tendons, ligaments, and the joint capsule may 
be associated with acute attacks of painful periarticular inflammation 
(Fig. 166.8). Partial or complete tendon ruptures may also occur, often 
without antecedent symptoms, especially in the setting of uncontrolled 
secondary hyperparathyroidism. However, with better control of  

therapy, often with the addition of steroid-sparing immunosuppressive 
drugs. Both azathioprine and cyclophosphamide have been used with 
success.41 Treatment with either the estrogen receptor antagonist 
tamoxifen or mycophenolate mofetil,42 in combination with corticoste-
roids, has resulted in regression of retroperitoneal fibrosis in some 
patients.

MUSCULOSKELETAL CONDITIONS OCCURRING 
IN PATIENTS WITH CHRONIC KIDNEY DISEASE
Musculoskeletal complications are reported to occur in more than half 
of patients undergoing chronic hemodialysis, but the studies investigat-
ing the prevalence of these conditions are limited by the relatively small 
number of patients examined.43 In 2006, the most recent year for 
which figures are available from the U.S. Renal Data System, 0.11% 

Fig. 166.6 Retroperitoneal fibrosis. Biopsy of the affected area demonstrates 
extensive fibrosis and lymphocytic inflammatory infiltrate.

Fig. 166.7 Retroperitoneal fibrosis. (a) At the time of presentation for back pain, patient had extensive fibrosis in the retroperitoneum, as seen in this CT 
image. The fibrosis encases the paravertebral muscles. (b) After several months of corticosteroid therapy (1 mg/kg/day of prednisone), the patient’s fibrosis had 
improved significantly.
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those who received chronic hemodialysis. β2-microglobulin is an 11.8-
kDa protein that is required for expression of HLA class I molecules, 
to which it is non-covalently bound, on the surface of nucleated cells. 
Usually cleared by renal filtration, β2-microglobulin was inadequately 
cleared by traditional dialysis modalities, especially hemodialysis using 
low-flux bioincompatible cellulose-derived membranes that are poorly 
permeable to “middle molecules” of 0.3 to 5 kDa and to low-molecular 
mass proteins. However, since the early 1990s, coincident with the 
widespread use of biocompatible synthetic dialysis membranes such as 
polysulfone and polyacrylonitrile, new cases of β2-microglobulin amy-
loidosis have not been reported.

Although β2-microglobulin amyloid deposits have been detected in 
joint tissue within 2 years of the initiation of hemodialysis treatment, 
this disease usually did not become clinically evident until a patient 
had received chronic dialysis treatment for 8 years or longer. The 
characteristic triad of shoulder periarthritis, carpal tunnel syndrome, 
and flexor tenosynovitis was pathognomonic of β2-microglobulin amy-
loidosis in a patient receiving chronic dialysis treatment.43 Other skel-
etal manifestations included rapidly enlarging bone cysts of 
β2-microglobulin amyloid, which most often occurred in the carpal 
bones and in the femoral neck, and a destructive spondyloarthropathy, 
with a radiographic appearance resembling that of discitis in the lower 
cervical spine. In some patients receiving long-term dialysis treatment, 
β2-microglobulin amyloid deposited in the extradural space, sometimes 
causing spinal cord compression, and around the odontoid process of 
C2, forming a cervico-occipital pseudotumor. Systemic deposition of 
β2-microglobulin amyloid in the gastrointestinal tract has resulted in 
malabsorption and colonic ulceration in patients who had undergone 
hemodialysis for 10 years or longer.

Serum β2-microglobulin levels decrease rapidly and joint pain and 
stiffness improve after renal transplantation. Bone cysts no longer 
enlarge and β2-microglobulin amyloid deposits regress in patients with 
functioning renal allografts; however, the destructive spondyloarthrop-
athy progresses. Short of renal transplantation, hemodialysis with a 
biocompatible synthetic membrane should be performed to optimize 
β2-microglobulin clearance. Because no medical treatment has altered 
the course of this disease, individual manifestations should be managed 
separately. The pain of shoulder periarthritis and carpal tunnel syn-
drome may be treated with intermittent local corticosteroid injection. 
Neutral resting wrist splints may be worn to improve symptoms of 
carpal tunnel syndrome. When necessary, carpal tunnel release and 
hand flexor tenosynovectomy surgery may be performed. At the time 
of surgery, tissue should be obtained for confirmation of the diagnosis 
by Congo red staining and by immunohistochemical techniques using 
antibodies to β2-microglobulin.

Nephrogenic systemic fibrosis
Nephrogenic systemic fibrosis (NSF), originally called nephrogenic 
fibrosing dermopathy, was first observed in 1997 among renal trans-
plant recipients and first described in 2000 as a condition that resem-
bled scleromyxedema among 14 patients with stage 5 chronic kidney 
disease who were receiving hemodialysis.45 However, unlike scleromyx-
edema, NSF spares the face and is not associated with circulating 
paraproteins. Once significant visceral involvement was recognized, its 
name was changed to NSF. Subsequently, many additional cases of 
NSF have been identified.

All patients identified to date with NSF have had underlying renal 
dysfunction. Most have had stage 5 chronic kidney disease (glomerular 
filtration rate [GFR] < 15 mL/min/1.73 m2 or requiring dialysis) and 
most had been receiving hemodialysis. However, cases of NSF have 
been reported to develop in patients after successful renal transplanta-
tion, in several individuals after recovery from acute renal failure, and 
even in patients with lesser degrees of chronic kidney disease. Thus, 
although underlying kidney disease appears to be a feature common to 
most patients with this disease, NSF is not a complication of renal 
replacement therapy alone.

In 2006, after observing 5 of 9 patients with stage 5 chronic kidney 
disease undergoing chronic hemodialysis to develop skin changes of 
NSF within days to weeks after receiving gadodiamide contrast during 
MRI, Grobner proposed that NSF might result from exposure to gado-
linium.46 Subsequently, exposure to gadolinium-containing contrast 

hyperphosphatemia and hyperparathyroidism in recent years, calcific 
periarthritis no longer is as prevalent as it was earlier.

Calcium oxalate crystals can cause acute and chronic synovitis. 
Although small joints of the distal extremities are more commonly 
affected, large joints also may become inflamed. Chondrocalcinosis 
may be evident on radiographs of involved joints. Calcium oxalate 
crystals may also deposit in vascular smooth muscle, resulting in acro-
cyanosis and livedo reticularis. Because ascorbic acid (vitamin C) is 
metabolized to oxalate, caution should be observed in prescribing 
vitamin C supplementation for these patients.44

Monosodium urate, CPPD, and calcium oxalate crystals can be 
identified without difficulty by compensated polarizing light micros-
copy; however, the identification of apatite and basic calcium phos-
phate crystals is more difficult, because they are not birefringent. In 
synovial fluid, alizarin red S (0.1% w/v in water, titrate to pH 6.4 with 
0.1N formic acid, prepared freshly every few months) will stain apatite 
and other calcium-containing crystals. A small drop of the stain should 
be placed on the edge of the wet mount coverslip should an initial 
examination of the preparation fail to reveal birefringent crystals. The 
dye will diffuse across the slide within several seconds and stain cal-
cium-containing crystals bright red while the background remains rea-
sonably clear.

Bacterial infections of bursae and joints occur among individuals 
undergoing hemodialysis in whom percutaneous vascular access is 
established several times each week. The most common pathogenic 
organism is Staphylococcus aureus. Diagnosis, by joint aspiration with 
examination and culture of synovial fluid, and treatment are as for 
non-uremic patients.

Initial clinical laboratory evaluation of the patient with chronic 
kidney disease and articular or periarticular inflammation should 
include assessment of serum calcium, phosphate, albumin, uric acid, 
and intact parathyroid hormone. Determination of vitamin D levels is 
not helpful, because patients with stage 5 chronic kidney disease typi-
cally receive most of their vitamin D from pharmacologic supplements. 
Phosphatonins, such as fibroblast growth factor-23 (FGF23) and matrix 
extracellular phosphoglycoprotein (MEPE), are phosphaturic factors 
that mediate forms of hypophosphatemic rickets and oncogenic osteo-
malacia. FGF23, levels of which are elevated in patients with chronic 
kidney disease, is an important inhibitor of renal 1α-hydroxylation of 
25-hydroxyvitamin D and thus of phosphate absorption from the gas-
trointestinal tract. Although measurement of phosphatonins remains 
investigational, understanding how to modulate these factors should 
allow for more effective control of calcium and phosphate levels in 
patients with stage 5 chronic kidney disease.

β2-Microglobulin amyloidosis
β2-Microglobulin amyloidosis is a systemic infiltrative disease that 
affected patients with severe chronic kidney disease, predominantly 

Fig. 166.8 Periarticular calcium hydroxyapatite deposition in the hands of a 
patient receiving chronic hemodialysis.
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plasma mass spectrometry provides further support for the diagnosis 
of NSF.

No laboratory test is diagnostic of NSF. Circulating antinuclear 
antibodies and antibodies to Scl-70, which are detected in many 
patients with scleroderma, are not typically present in patients with 
NSF. Circulating paraproteins, which often are present in patients with 
scleromyxedema, are not associated with NSF.

NSF almost always progresses relentlessly and does not usually 
regress spontaneously. Among patients with stage 5 chronic kidney 
disease, those with cutaneous changes of NSF have a threefold increased 
risk of dying within 2 years of the diagnosis of NSF.47

No therapy has been demonstrated to be universally effective for the 
treatment of NSF. Various treatments, including topical and oral cor-
ticosteroids, selective histamine-2 blockers, cyclosporine, other immu-
nosuppressive therapy, and plasmapheresis, have been attempted but 
have been ineffective. Anecdotal reports have been published of variable 
subjective improvement in signs and symptoms of NSF with several 
other treatments, including thalidomide, pentoxifylline, intravenous 
sodium thiosulfate, and extracorporeal photopheresis with ultraviolet-
A light. Treatment of several NSF patients with oral imatinib mesylate, 
400 mg daily, has resulted in objective improvement in clinical mea-
sures of skin tethering and joint mobility and in the histologic appear-
ance of fibrosis.49

Because essentially all cases of NSF have developed after exposure 
to gadolinium-containing contrast agent, prevention of this devastating 
condition involves the careful avoidance of administering these  
agents to individuals at risk. Patients with stage 4 or stage 5 chronic 
kidney disease (eGFR < 30 mL/min/1.73 m2) should not be adminis-
tered a gadolinium-containing contrast agent. For individuals with 
lesser degrees of renal dysfunction the diagnostic benefit of using a 
gadolinium-containing contrast agent in an imaging study must be 
weighed very carefully against the potential risk of the patient develop-
ing NSF.

Use of antirheumatic drugs in patients  
receiving dialysis
All NSAIDs inhibit renal prostaglandin production and thus have the 
potential to cause reduced glomerular filtration, salt retention, and 
hyperkalemia, all of which may be important in dialysis patients with 
residual renal function. Because they are highly bound to proteins, 
NSAIDs are removed poorly by dialysis; post-dialysis supplemental 
doses are unnecessary. NSAIDs are metabolized primarily by the liver; 
however, 40% to 95% of NSAID metabolites are excreted in the urine, 
as glucuronide conjugates or other compounds. Because few data are 
available about the bioactivity and toxicity of these metabolites, manu-
facturer product labeling suggests that NSAIDs be used with caution 
and at reduced doses in patients with renal failure. Patients undergoing 
chronic dialysis are especially susceptible to gastrointestinal bleeding, 
and consideration should be given to the concurrent use of a proton 
pump inhibitor or of a prostaglandin analog such as misoprostol when 
treating with NSAIDs.

The doses of drugs used to treat gout must be adjusted in patients 
with chronic kidney disease. Both allopurinol and its active metabolite 
oxypurinol, as well as uric acid, are cleared by dialysis. Because oxypu-
rinol is excreted primarily by the kidney, allopurinol should be started 
at lower initial doses in patients with chronic kidney disease; however, 
the dose may need to be increased cautiously to achieve adequate 
serum urate lowering markedly reduced in patients undergoing dialy-
sis.50 The half-life of colchicine is prolonged, and toxicity occurs more 
frequently in individuals with compromised renal function. Because its 
bioavailability is extremely variable in stage 5 chronic kidney disease 
and it is not cleared by dialysis, use of colchicine should be avoided. 
Prolonged administration of colchicine to patients with chronic kidney 
disease has caused a severe lysosomal, vacuolar myopathy with marked 
elevation of serum creatine kinase levels and, occasionally, severe heart 
failure.

agents has been demonstrated to be very strongly associated with the 
subsequent development of NSF among individuals with stage 5 
chronic kidney disease.47

Cutaneous features of NSF typically first involve the distal lower 
extremities and subsequently extend proximally.48 Initially, patients 
typically report itching or burning and may notice cutaneous erythema. 
Some patients may present with superficial skin changes, in which 
hypopigmented, pink or flesh-colored macules or papules coalesce into 
patches or thin plaques, usually on the upper extremities. As the 
disease progresses, red to violaceous or hypopigmented fixed plaques 
may develop in a reticular pattern on the extremities or trunk. Dim-
pling of skin around hair follicles may create a peau d’orange appear-
ance. Deep induration may develop over the upper arms, back, or 
thighs, creating a “cobblestone”-like uneven texture.

Similar to scleroderma, the skin on the legs and arms becomes 
markedly indurated, such that it cannot be pinched between the thumb 
and forefinger, often with associated hyperpigmentation (Fig. 166.9). 
However, facial involvement has not been observed among patients 
with NSF and Raynaud phenomenon does not usually occur.  
Decreased mobility of periarticular skin typically results in fixed  
flexion deformities, with limited finger, elbow, and knee extension. 
These joint contractures may progress to compromise performance of 
activities of daily living and to make it impossible for the patient to 
walk.

As more cases of NSF have appeared, prominent systemic involve-
ment has become evident. Many patients with NSF have yellow plaques 
on the sclera of their eyes, nasal and temporal to the iris. Visceral 
fibrosis involving the heart, lungs, skeletal muscle, gastrointestinal 
tract, genitourinary tract, thyroid, lymph nodes, and dura mater has 
been identified in patients with NSF. Although often asymptomatic, 
visceral fibrosis may contribute to the development of cardiomyopathy, 
pulmonary hypertension, and skeletal muscle weakness, among other 
clinical manifestations.

NSF is diagnosed when characteristic clinical features are present; 
the diagnosis is confirmed by histologic examination of a deep skin 
biopsy. Increased number of dermal fibroblasts is the most character-
istic histologic feature of NSF. Collagen deposition is increased in  
the dermis, and interlobular septa and collagen bundles are surrounded 
by clefts. In the dermis, mucin deposition is increased and CD34+ 
fibrocytes, presumably originating from the circulation, are arranged  
in a reticular pattern or with their dendritic processes flanking  
intact elastic fibers. Cells of monocyte-macrophage lineage, which 
stain for factor XIIIa and CD68, also may be present in the dermis. 
Demonstration of gadolinium in tissue by inductively coupled  

Fig. 166.9 Nephrogenic systemic fibrosis.
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disorders, and type 2 diabetes mellitus, which are beyond the scope of 
this chapter.

PATHOGENESIS OF AMYLOID
Amyloidosis defies the dogma that tertiary structure of proteins is 
determined solely by primary amino acid sequence. Amyloid-forming 
proteins can adopt two completely different stable structures, the trans-
formation involving massive refolding of the native form into one that 
predominantly comprises β-sheet and which can auto-aggregate with 
like molecules in a highly ordered manner to produce characteristic, 
rigid, non-branching amyloid fibrils of 10 to 15 nm in diameter and 
indeterminate length.2 Acquired biophysical properties that are 
common to all amyloid fibrils include insolubility in physiologic solu-
tions, relative resistance to proteolysis, and ability to bind Congo red 
dye in a spatially ordered manner that produces the diagnostic green 
birefringence under cross-polarized light (Fig. 167.1).3

Amyloid deposition occurs in several circumstances. The first is a 
consequence of a sustained, abnormally high concentration of certain 
proteins that are normally present at low levels such as serum amyloid 
A protein (SAA) in chronic inflammation and β2-microglobulin in renal 
failure, which underlie susceptibility to AA and Aβ2M amyloidosis, 
respectively. A second situation is when there is a normal concentra-
tion of a normal, but to some extent inherently amyloidogenic, protein 
over a prolonged period such as transthyretin in senile amyloidosis 
(ATTR) and β-protein in Alzheimer disease. The third situation 
requires the presence of an acquired or inherited variant protein with 
an abnormal and markedly amyloidogenic structure such as certain 
monoclonal immunoglobulin light chains in AL amyloidosis and the 
genetic amyloidogenic variants of transthyretin, lysozyme, apolipopro-
tein AI, and fibrinogen A α-chain in hereditary amyloidosis. The 
genetic and/or environmental factors that influence individual suscep-
tibility to and the timing of amyloid deposition remain unclear, but 
once the process has begun, further accumulation of amyloid is unre-
mitting so long as the supply of the respective precursor protein con-
tinues. Although it is not clear why only the 20 or so known 
amyloidogenic proteins adopt the amyloid fold and persist as fibrils in 
vivo, a major unifying theme is that amyloid precursors are relatively 
unstable. Even under physiologic conditions they populate partly 
unfolded states involving loss of tertiary structure but retention of β-
sheet secondary structure, which can auto-aggregate into protofila-
ments and thence form mature amyloid fibrils. Seeding may play a 
facilitating role, consistent with observations that accumulation of 
amyloid can be remarkably rapid following its initiation.

Amyloid deposits consist mainly of these protein fibrils, but they 
also contain some common minor constituents, including certain gly-
cosaminoglycans (GAGs) and the normal circulating plasma protein 
serum amyloid P component (SAP), as well as various other trace pro-
teins. SAP binds in a specific calcium-dependent manner to a ligand 
that is present on all amyloid fibrils but not on their respective precur-
sor proteins.4 This phenomenon is the basis for the use of SAP scin-
tigraphy in some centers for diagnostic imaging and quantitative 
monitoring of amyloid deposits. Studies in knockout mice indicate that 
SAP contributes to amyloidogenesis.

Amyloid fibril-associated GAGs mainly comprise heparan and der-
matan sulfates.5 Their universal presence, restricted heterogeneity, and 
intimate relationship with the fibrils suggest that they may also con-
tribute to the development or stability of amyloid deposits, a possibility 
that has lately been supported by the inhibitory effect of low-molecular-
weight GAG analogs on the experimental induction of AA amyloidosis 
in both mice and patients.6

Amyloidosis
Philip N. Hawkins

  Systemic and localized forms of amyloidosis exist.
  The clinical features of AA, AL, and Aβ2-microglobulin amyloidosis 

are superadded on those of the underlying disorder, i.e. infection 
and/or inflammation, multiple myeloma, and renal failure, 
respectively.

  Mutations in the amyloid precursor protein transthyretin (TTR), 
gelsolin, cystatin (C), lysozyme (Lys), fibrinogen (Fib), 
apolipoprotein A1 (apoA1), and apolipoprotein A2 (apoA2), cause 
autosomal dominant systemic amyloidosis, which has various but 
overlapping phenotypes.

  The formation of some types of amyloid is associated with aging.
  The manifestations of the amyloidoses are determined by the site, 

extent, and rate of formation of the deposits as well as the nature 
of the underlying disorder.

  Clinical presentations include renal disease (AA, AL, AApoA1, 
AApoA2, ALys, AFib); heart disease, predominantly in AL and ATTR; 
peripheral and autonomic neuropathy (AL and ATTR); and bruising 
and hemorrhage due to widespread amyloid infiltration of blood 
vessels.

INTRODUCTION
Amyloidosis is a disorder of protein folding in which normally soluble 
proteins are deposited in the extracellular space as insoluble fibrils that 
progressively disrupt tissue structure and function.1 More than 25 dif-
ferent unrelated proteins can form amyloid in vivo, and clinical amy-
loidosis is classified according to the fibril protein type (Table 167.1). 
The term amyloid is erroneously derived from the Greek for “starch-
like,” but the term has been retained despite the protein nature of the 
deposits having been recognized more than 100 years ago. Protein 
misfolding and aggregation have increasingly been recognized in the 
pathogenesis of various other diseases, but amyloidosis, the disease 
directly caused by extracellular amyloid deposition, is a precise term 
with critical implications for patients with a specific group of life-
threatening disorders.

Amyloid deposition is remarkable in its diversity; it can be systemic 
or localized, acquired or hereditary, life threatening or merely an inci-
dental finding. Clinical consequences occur when accumulation of 
amyloid is substantial enough to disrupt the structure of tissues or 
organs, leading to impairment of their function. The pattern of organ 
involvement varies within and between types of amyloidosis, but clini-
cal phenotypes overlap greatly. In systemic amyloidosis, virtually any 
tissue may be involved and the disease is often fatal, although progno-
sis has improved as the result of increasingly effective treatments for 
many of the conditions that underlie it. Greater understanding of the 
pathogenesis of the disease allowing for improved diagnosis and clinical 
characterization, along with rational therapies and better supportive 
care including hemodialysis and solid organ transplantation, have also 
favorably influenced the prognosis. Localized amyloid deposits are con-
fined to a particular organ or tissue and range from being clinically 
silent to having serious consequences such as hemorrhage in the respi-
ratory or urogenital tracts or space-occupying effects. In addition to the 
disorders that are classified as a type of amyloidosis, local amyloid 
deposition is a pathologic feature of uncertain significance in various 
other important diseases including Alzheimer disease, the prion 
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amyloid deposited and the degree of associated organ dysfunction 
differs greatly between individuals and between different organs, and 
there is a strong impression that the rate of new amyloid deposition 
may be as important a determinant of progressive organ failure as the 
absolute amyloid load.

Treatments that substantially reduce the supply of amyloidogenic 
precursor proteins frequently result in stabilization or regression of 
existing amyloid deposits and are often associated with preservation or 

TABLE 167.1 CLASSIFICATION OF AMYLOIDOSIS*

Type Fibril precursor protein Clinical syndrome

AA Serum amyloid A protein Systemic amyloidosis usually with predominant renal involvement associated with 
acquired or hereditary chronic inflammatory diseases. Formerly known as secondary or 
reactive amyloidosis

AL Monoclonal immunoglobulin light chains Systemic amyloidosis potentially involving many organ systems associated with 
myeloma, monoclonal gammopathy, and occult B-cell dyscrasias. Formerly known as 
primary amyloidosis

ATTR Normal plasma transthyretin Senile systemic amyloidosis with predominant cardiac involvement (senile cardiac 
amyloidosis)

ATTR Genetic variants of transthyretin (e.g., ATTR Met30, Ala60, Ile122) Familial amyloid polyneuropathy (FAP), often with prominent amyloid cardiomyopathy. 
Predominant cardiac involvement without neuropathy with certain mutations (e.g., TTR 
Ile122)

Aβ2M β2-Microglobulin Dialysis-related amyloidosis (DRA) associated with renal failure and long-term dialysis. 
Predominant articular and periarticular involvement

Aβ β-Protein precursor (and rare genetic variants) Cerebrovascular and intracerebral plaque amyloid in Alzheimer disease. Occasionally 
familial

AApoAI
AApoAII

Genetic variants of apolipoprotein AI (e.g., AApoAI Arg26, Arg60)
Genetic variants of apolipoprotein AII

Autosomal dominant systemic amyloidosis. Predominantly non-neuropathic with 
prominent visceral involvement, especially nephropathy. Minor wild-type ApoAI 
amyloid deposits may occur in the aorta in aging individuals

Autosomal dominant systemic amyloidosis with predominant renal involvement

AFib Genetic variants of fibrinogen A α-chain (e.g., AFib Val526) Autosomal dominant systemic amyloidosis. Non-neuropathic with predominant 
nephropathy

ALys Genetic variants of lysozyme (e.g., ALys His67) Autosomal dominant systemic amyloidosis. Non-neuropathic with predominant renal and 
gastrointestinal involvement. Rarely presents with hepatic rupture

ACys Genetic variant of cystatin C (ACys Gln68) Hereditary cerebral hemorrhage with cerebral and systemic amyloidosis, in Icelandic 
subjects

AGel Genetic variants of gelsolin (e.g., AGel Asn187) Autosomal dominant systemic amyloidosis. Predominant cranial nerve involvement plus 
lattice corneal dystrophy. Described and most common in Finland

* Not exhaustive and amyloid composed of peptide hormones, prion protein, and unknown proteins not included.

a b

Fig. 167.1  Appearance of amyloid in a renal biopsy. (a) Congo red stain showing amorphous pink material restricted to the glomeruli of a patient with 
hereditary fibrinogen A α-chain amyloidosis. (b) Same section under high-intensity, cross-polarized light showing pathognomonic apple-green birefringence.

Many of the pathologic effects of amyloid can be attributed to its 
physical presence. Extensive deposits, which may amount to kilo-
grams, are structurally disruptive and incompatible with normal func-
tion, as are strategically located smaller deposits (e.g., in glomeruli or 
nerves). It remains possible that amyloid fibrils or prefibrillar aggre-
gates may also be directly cytotoxic in some circumstances, but curi-
ously amyloid deposits appear to evoke little or no local inflammatory 
reaction in the tissues. The relationship between the quantity of 
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occasionally neoplasms, all of remarkable variety. In Western Europe 
and the United States the most frequent predisposing conditions are 
idiopathic rheumatic diseases. The lifetime incidence of AA amyloido-
sis in patients with rheumatoid arthritis and juvenile idiopathic arthri-
tis in Europe is up to 1% to 5%, although for reasons that are not clear 
the incidence appears to be lower in the United States and may gener-
ally be decreasing. Amyloidosis is exceptionally rare in systemic lupus 
erythematosus and related connective tissue diseases, as well as in 
ulcerative colitis because these conditions provoke only a modest 
acute-phase response. Tuberculosis and leprosy are important causes 
of AA amyloidosis in some parts of the world. Chronic osteomyelitis, 
bronchiectasis, chronically infected burns and decubitus ulcers, and the 
chronic pyelonephritis of paraplegia are other well-recognized associa-
tions. Hodgkin disease and renal carcinoma, which often cause a major 
acute-phase response, are the malignancies most commonly associated 
with systemic AA amyloid. Curiously, about 7% of patients with AA 
amyloidosis do not have a clinically obvious chronic inflammatory 
disease, and these patients are prone to be assumed to have AL amy-
loidosis in error. Although it remains impossible to identify the etiology 
of the causative acute-phase response in many such patients, the com-
monest identifiable pathologies in such cases in our own series have 
been hitherto undiagnosed inherited periodic fever syndromes and 
cytokine-secreting Castleman disease tumors of the solitary plasma cell 
type, located in either the mediastinum or gut mesentery.

The clinical features of AA amyloidosis are dominated by renal 
involvement, although histologically AA amyloid deposits are widely 
distributed. More than 90% of patients present with non-selective 
proteinuria due to glomerular deposition, and nephrotic syndrome may 
develop before progression to end-stage renal failure. Hematuria, iso-
lated tubular defects, nephrogenic diabetes insipidus, and diffuse renal 
calcification occur rarely. Kidney size is usually normal but may be 
enlarged, or, in advanced cases, reduced. End-stage chronic renal failure 
is the cause of death in 40% to 60% of cases, but acute renal failure 
may be precipitated by hypotension and/or salt and water depletion 
following surgery, excessive use of diuretics, or intercurrent infection 
and may be associated with renal vein thrombosis. The second most 
common presentation is with organ enlargement such as hepatospleno-
megaly or occasionally thyroid goiter, with or without overt renal 
abnormality, but in all cases amyloid deposits are widespread at the 
time of presentation, which is the basis for diagnosis through random 
rectal and other biopsies. Histologic involvement of the heart is fre-
quent but rarely results in cardiac failure. Gastrointestinal dysfunction 
is common in advanced disease, presenting predominantly with diar-
rhea and occasional bleeding.

AA amyloidosis can present clinically early in the course of an 
associated inflammatory disease, but the incidence increases over time. 
The median duration of chronic inflammatory disease before diagnosis 
of amyloid is about 20 years, though it can be as little as just 1 year.9 
Prognosis is closely related to the degree of renal dysfunction and the 
effectiveness of treatment for the underlying inflammatory condition. 
In the presence of persistent, uncontrolled inflammation, 50% of 
patients with AA amyloidosis die within 10 years of diagnosis, whereas 
if the causative acute-phase response can be persistently suppressed, 
proteinuria can resolve, renal function may be retained, and the prog-
nosis is much better (see Treatment of Amyloidosis later). Availability 
of hemodialysis and renal transplantation prevents early death from 
uremia per se, and despite amyloid deposition in extrarenal tissues the 
prognosis is quite similar to other causes of end-stage renal failure.

Amyloidosis associated with immunocyte 
dyscrasia, AL amyloidosis
Systemic AL, formerly known as “primary amyloidosis,” occurs in 
about 2% of individuals with monoclonal B-cell dyscrasias.11 AL fibrils 
are derived from monoclonal immunoglobulin light chains, which are 
unique in each patient and which explains the substantial heterogene-
ity of AL amyloidosis in terms of organ involvement and overall clinical 
course. Virtually any organ other than the brain may be directly 
affected, but involvement of the kidneys, heart, liver, or peripheral 
nervous system is most often associated with clinical consequences. 
Early symptoms are often non-specific, including marked fatigue. The 

improvement in the function of organs infiltrated by amyloid,7,8 
although the mechanisms by which amyloid deposits can be cleared 
are little understood at present.

ACQUIRED AMYLOIDOSIS
Acquired systemic amyloidosis is thought to be the cause of death in 
about 1 in 1300 patients in the United Kingdom and is probably much 
underdiagnosed among elderly individuals, who are likely to be at great-
est risk of developing it. Systemic AL amyloidosis is the most serious 
and commonly diagnosed type and presently outnumbers referrals of 
AA amyloidosis to the U.K. National Amyloidosis Centre by a factor 
of 7:1. Although less serious, dialysis-related β2-microglobulin amyloi-
dosis affects about 1 million patients receiving long-term renal replace-
ment therapy worldwide and causes much suffering. Senile transthyretin 
amyloidosis, which predominantly involves the heart, occurs in about 
one quarter of individuals older than the age of 80 years, a sector of 
the population that is ever rising.

Reactive systemic amyloidosis, AA amyloidosis
AA amyloidosis is a complication of chronic infections and inflamma-
tory diseases or indeed any condition that gives rise to overproduction 
of the acute-phase reactant, serum amyloid A protein (SAA). The 
amyloid fibrils are composed of AA protein, an N-terminal fragment 
of SAA. AA amyloidosis occurs in up to 1% to 5% of patients with 
rheumatoid arthritis, juvenile idiopathic arthritis, and Crohn disease 
and more frequently in those with lifelong autoinflammatory diseases 
such as familial Mediterranean fever.9 Most patients present with 
proteinuric renal disease, and although liver and gastrointestinal 
involvement may occur at a later stage, clinically significant involve-
ment of the heart and nerves is rare.

The AA fibril protein is a single non-glycosylated polypeptide chain 
usually of mass 8000 Da comprising the 76 residue N-terminal portion 
of the 104 residue SAA. Smaller and larger AA fragments, even whole 
molecules, sometimes occur. SAA is an apolipoprotein of high-density 
lipoprotein particles and is the polymorphic product of a set of genes 
located on chromosome 11. SAA is highly conserved in evolution and 
is a major acute-phase reactant. Most of the SAA in plasma is produced 
by hepatocytes under transcriptional regulation by cytokines, especially 
interleukin 1 (IL-1), interleukin 6 (IL-6), and tumor necrosis factor. 
After secretion, SAA rapidly associates with high-density lipoproteins 
from which it displaces apolipoprotein AI. The circulating concentra-
tion can rise from normal levels of up to 3 mg/L to more than 1500 mg/L 
within 24 to 48 hours of an acute stimulus and can remain persistently 
high in the presence of chronic inflammation.

The AA protein is derived from circulating SAA by proteolytic cleav-
age, which can be produced by macrophages and a variety of protein-
ases. However, it is not known whether cleavage of SAA occurs before 
and/or after aggregation of monomers during AA fibrillogenesis. Over-
production of SAA in the long term is a prerequisite for deposition of 
AA amyloid, but it is not known why the latter only occurs in some 
individuals in this situation. In mice, only one of the three major 
isoforms of murine SAA is the precursor of AA amyloid fibrils. Human 
SAA isoforms are more complex, but homozygosity for particular types 
seems to favor amyloidogenesis, although there may also be ethnic 
differences in susceptibility.

The functions of SAA are not known but may include modulating 
effects on reverse cholesterol transport and on lipid functions in the 
microenvironment of inflammatory foci. Regardless of its physiologic 
role, the behavior of SAA as an exquisitely sensitive acute-phase protein 
with an enormous dynamic range makes it an extremely valuable 
empirical clinical marker. It can be used to objectively monitor the 
extent and activity of all manners of infective, inflammatory, necrotic, 
and neoplastic diseases. Frequent long-term monitoring of SAA is vital 
in the management of all patients with AA amyloidosis because control 
of the primary inflammatory process sufficient to reduce SAA produc-
tion is essential if amyloidosis is to be halted or enabled to regress. 
Automated immunoassay systems for SAA are available standardized 
on a World Health Organization International Reference Standard.10

AA amyloidosis occurs in association with chronic inflammatory 
disorders, chronic local or systemic microbial infections, and 
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prognosis. Skin involvement takes the form of papules, nodules, and 
plaques usually on the face and upper trunk, and involvement of 
dermal blood vessels results in purpura occurring either spontaneously 
or after minimal trauma and is quite common. Articular amyloid is 
rare but may superficially mimic acute polyarticular rheumatoid arthri-
tis, or it may present as asymmetric arthritis affecting the hip or 
shoulder. Infiltration of the glenohumeral joint and surrounding soft 
tissues occasionally produces the characteristic “shoulder pad” sign 
(Fig. 167.2b). A rare but serious manifestation of AL amyloid is an 
acquired bleeding diathesis that may be associated with deficiency of 
factor X and sometimes also factor IX, or with increased fibrinolysis. 
It does not occur in AA amyloidosis, although in all types of systemic 
amyloidosis there may be serious bleeding in the absence of any iden-
tifiable factor deficiency due to widespread vascular deposits.

Dialysis-related amyloidosis,  
β2-microglobulin amyloidosis
β2-microglobulin amyloid deposition occurs in patients with dialysis-
dependent chronic renal failure and predominantly in articular and 

underlying monoclonal gammopathy is often missed by routine screen-
ing techniques with potential to further delay the diagnosis, which even 
under favorable circumstances tends to be made at an advanced stage 
when the deposits are extensive. This emphasizes the need to consider 
AL amyloidosis as a potential diagnosis in a range of vague clinical 
presentations and the need for prompt appropriate investigations such 
as biopsy of affected organs and sensitive, serum-free, light chain 
analysis to identify associated subtle B-cell dyscrasias.8

AL amyloid fibrils are derived from the N-terminal region of mono-
clonal immunoglobulin light chains and consist of the whole or part 
of the variable (VL) domain. The molecular weight of the fibril subunit 
protein therefore varies between about 8000 and 30,000 Da. Monoclo-
nal light chains are unique to each individual, and the propensity for 
some to form amyloid fibrils is inherent to their particular structure. 
Only a small proportion of monoclonal light chains are amyloidogenic, 
but it is not possible to identify these with any certainty from their 
class or abundance.

The inherent “amyloidogenicity” of certain monoclonal light chains 
has been demonstrated in an in vivo model in which purified Bence 
Jones proteins were injected into mice.12 Animals receiving light chains 
from patients with AL amyloid developed typical amyloid deposits 
composed of the human protein, whereas animals receiving light 
chains from myeloma patients without amyloid did not. AL fibrils are 
more commonly derived from λ than κ light chains, despite the fact 
that κ isotypes predominate among both normal immunoglobulins and 
monoclonal gammopathies. Some amyloidogenic light chains have 
distinctive amino acid replacements or insertions compared with non-
amyloid monoclonal light chains, including replacement of hydrophilic 
framework residues by hydrophobic ones, changes that can promote 
aggregation and insolubility. Certain light-chain isotypes, notably VλVI, 
are especially amyloidogenic, and there is a degree of concordance 
between some isotypes and their tropism for being deposited as amyloid 
in particular organ systems. For example, the VλVI isotype often pre-
sents with dominant renal involvement, whereas the VλII isotype fre-
quently involves the heart.

The associated B-cell dyscrasias in systemic AL amyloidosis are 
heterogeneous and include almost any clonal proliferation of differenti-
ated B lymphocytes, including multiple myeloma, Waldenström mac-
roglobulinemia, and occasionally other malignant lymphomas or 
leukemias. However, more than 80% of cases are associated with low-
grade and otherwise “benign” monoclonal gammopathies that are often 
difficult to demonstrate. Histologic studies indicate that an element of 
minor and clinically insignificant amyloid deposition occurs in up to 
about 10% of patients with myeloma and similarly in a smaller propor-
tion of patients with monoclonal gammopathy of undetermined sig-
nificance (MGUS). The cytogenetic abnormalities that commonly 
occur in multiple myeloma and MGUS such as 14q translocations and 
13q deletion have also been observed in AL amyloidosis, but their 
prognostic significance has not been fully elucidated.

Systemic AL amyloidosis accounts for about 1 in 1500 deaths in 
Great Britain and occurs equally in men and women. The age-adjusted 
incidence of AL amyloidosis in the United States is estimated to be 
between 5.1 and 12.8 per million persons per year, which is equivalent 
to approximately 3000 new cases per year. The median age at presenta-
tion is 65 years, but it can sometimes occur in young adults and is 
probably underdiagnosed in the elderly, in whom monoclonal gam-
mopathies have the highest prevalence.

The clinical features of AL amyloidosis are protean.13 The heart is 
affected in 90% of AL patients, in 30% of whom restrictive cardiomy-
opathy is the presenting feature, and in up to 50% of whom it is ulti-
mately fatal. Other cardiac presentations include arrhythmias and 
angina. Renal AL amyloid has the same manifestations as renal AA 
amyloid, but the prognosis is worse. Gut involvement may cause motil-
ity disturbances (often secondary to autonomic neuropathy), malab-
sorption, perforation, hemorrhage, or obstruction. Macroglossia occurs 
rarely but is almost pathognomonic of AL type (Fig. 167.2a). Hyposplen-
ism sometimes occurs in both AA and AL amyloidosis. Painful sensory 
polyneuropathy with early loss of pain and temperature sensation fol-
lowed later by motor deficits is seen in 10% to 20% of cases and carpal 
tunnel syndrome in 20%. Autonomic neuropathy leading to orthostatic 
hypotension, impotence, and gastrointestinal disturbances may occur 
alone or together with the peripheral neuropathy and has a poor 

a

Fig. 167.2a  Macroglossia in a patient with AL amyloidosis, demonstrating 
peripheral ridging due to teeth indentation.

b

Fig. 167.2b  Shoulder pad arthropathy. (Reproduced with permission from the 
American College of Rheumatology clinical slide collection.)



CH
A

PTER 167 
● A

m
yloidosis

1693

in the bronchial tree is virtually always localized AL type, as are soli-
tary or multiple amyloid nodules within the lung tissue. If accessible, 
bronchoscopic lasering of stenotic lesions can relieve symptoms. In 
contrast, diffuse alveolar-septal parenchymal deposition is commonly 
a manifestation of systemic AL amyloidosis. Anecdotal reports indi-
cate that inhaled steroids may benefit pulmonary symptoms. Breast 
amyloidosis is associated with Sjögren syndrome in some cases, and 
MALT lymphoma should be excluded. Lichenoid and macular forms 
of cutaneous amyloid are distinct and are thought to be derived from 
keratin or related proteins, whereas nodular cutaneous amyloidosis 
deposits are generally localized AL type, but the latter can sometimes 
be a manifestation of systemic AL amyloidosis. Localized urogenital 
AL deposits are often incidental findings but may present with hema-
turia or, less commonly, obstruction. They can occur anywhere from 
the renal collecting system to the urethra but are most usually identi-
fied within the bladder. Management is conservative or with trans-
urethral laser resection when symptoms occur; cystectomy is rarely 
required.

HEREDITARY SYSTEMIC AMYLOIDOSIS
Hereditary systemic amyloidosis is caused by deposition of amyloid 
fibrils derived from genetically variant proteins and is associated with 
mutations in the genes for transthyretin, cystatin C, gelsolin, lyso-
zyme, fibrinogen A α-chain apolipoprotein AI, and in just a few fami-
lies apolipoprotein AII. These diseases are all inherited in an autosomal 
dominant pattern with variable penetrance, and they present clinically 
at various times from teenage to old age, though usually in midadult 
life. By far the commonest hereditary amyloidosis is caused by trans-
thyretin variants, which usually presents as the syndrome of familial 
amyloid polyneuropathy with peripheral and autonomic neuropathy. 
Cystatin C amyloidosis presents as cerebral amyloid angiopathy with 
recurrent cerebral hemorrhage and clinically silent systemic deposits 
and has been reported only in Icelandic families. Gelsolin amyloidosis 
presents with cranial neuropathy but is also extremely rare. Apolipo-
protein AI, lysozyme, and fibrinogen A α-chain amyloidosis present as 
non-neuropathic systemic amyloidosis that can affect any or all of the 
major viscera, with renal involvement usually being prominent. 
Because a family history is often absent, these latter conditions are 
readily misdiagnosed as acquired “primary” AL amyloidosis and are 
less rare than previously thought. Indeed, recent routine use of DNA 
analysis suggests that 5% to 10% of patients presenting with systemic 
amyloidosis of non-AA type have hereditary forms of the disease.15 It 
is imperative that hereditary amyloidosis is identified correctly because 
prognosis, treatment, and implications for family members differ sub-
stantially as compared with acquired amyloidosis.

Familial amyloidotic polyneuropathy, variant 
transthyretin (ATTR) amyloidosis
Familial amyloidotic polyneuropathy (FAP) is associated with hetero-
zygosity for point mutations in the gene for transthyretin (TTR). It is 
an autosomal dominant syndrome with peak onset between the third 
and seventh decades.16 More than 100 variant forms of TTR are associ-
ated with FAP, and the amyloid fibrils are derived from a mixture  
of variant and wild-type TTR protein. Several thousand patients  
worldwide probably have FAP. The disease is characterized by progres-
sive and disabling peripheral and autonomic neuropathy and varying 
degrees of visceral amyloid involvement, prominently including cardiac 
amyloidosis, which can be the sole clinical feature in some cases. 
Deposits within the vitreous of the eye are well recognized and are 
pathognomonic, whereas deposits in the kidneys, thyroid, spleen,  
and adrenals are usually asymptomatic. Well-characterized foci of FAP 
are associated with the most common variant, substitution of methio-
nine for valine at residue 30 (TTR Met30), in Portugal, Japan, and 
Sweden, but FAP has been reported in most ethnic groups around  
the world. There is considerable phenotypic variation in the age of 
onset, rate of progression, involvement of different systems, and disease 
penetrance generally, even sometimes within a given family. Typically 
the disease progresses inexorably, causing death within 5 to 15  
years.

periarticular structures.14 The amyloid fibril precursor protein is β2-
microglobulin, which is the invariant chain of the MHC class I mol-
ecule and is expressed by all nucleated cells. It is synthesized at an 
average rate of 150 to 200 mg per day and is normally filtered freely 
at the glomerulus and then reabsorbed and catabolized by the proximal 
tubular cells. Decreasing renal function causes a proportionate rise in 
concentration. β2-microglobulin amyloidosis was first described in 
1980 and occurs in patients who have been on dialysis for several years 
or occasionally those with longstanding severe chronic renal impair-
ment. Dialysis-related amyloidosis (DRA) has mostly been recognized 
in the hemodialysis population, but it also occurs in patients on con-
tinuous ambulatory peritoneal dialysis. Relatively few patients are 
maintained on peritoneal dialysis for the 5 to 10 years required to 
develop symptomatic β2-microglobulin amyloid, but histologic studies 
of early subclinical deposits suggest that the incidence of DRA is 
similar among patients receiving the two modalities of dialysis. Indeed, 
β2-microglobulin amyloid deposits are present in 20% to 30% of 
patients within 3 years of commencing dialysis for end-stage renal 
failure.

The clinical features are largely confined to the locomotor system. 
Carpal tunnel syndrome is usually the first clinical manifestation of 
β2-microglobulin amyloidosis. Some individuals develop symptoms 
within 3 to 5 years and by 20 years the prevalence is almost 100%. 
Older patients appear to be more susceptible to the disease and tend 
to exhibit symptoms more rapidly. Amyloid arthropathy tends to occur 
a little later but eventually affects most patients on dialysis. The 
arthralgia of β2-microglobulin amyloidosis affects the shoulders, knees, 
wrists, and small joints of the hand and is associated with joint swell-
ing, chronic tenosynovitis, and, occasionally, hemarthroses. Spondylo-
arthropathies are also recognized, as is cervical cord compression. 
β2-microglobulin amyloid deposition within the periarticular bone pro-
duces typical appearances of subchondral erosions and cysts, which can 
contribute to pathologic fractures, particularly of the femoral neck, 
cervical vertebrae, and scaphoid. Although β2-microglobulin amyloido-
sis is a systemic form of amyloid, manifestation outside the musculo-
skeletal system is rare, but there have been reports of it causing 
congestive cardiac failure, gastrointestinal bleeding, perforation, and 
pseudo-obstruction.

Senile transthyretin (ATTR) amyloidosis
Microscopic, clinically silent systemic deposits of wild-type “senile” 
transthyretin (TTR) amyloid are common in the elderly, involving the 
heart and blood vessel walls, smooth and striated muscle, fat tissue, 
renal papillae, and alveolar walls. In contrast to most other forms of 
systemic amyloidosis, including hereditary transthyretin amyloid 
caused by point mutations in the transthyretin gene, the spleen and 
renal glomeruli are rarely affected. The brain is not involved. Senile 
transthyretin amyloidosis almost always presents clinically with 
restrictive cardiomyopathy, and deposits in other tissues rarely ever 
attain clinical significance. About one quarter of patients can be dem-
onstrated to have gastrointestinal amyloid deposits on rectal biopsy. 
Most patients are at least 70 years of age, and there is a strong male 
preponderance.

Localized AL amyloidosis
Localized deposits of AL amyloid can occur almost anywhere in the 
body and are consequent on the presence of a focal monoclonal B-cell 
dyscrasia within the affected tissue, which is hard to demonstrate. 
Characteristic sites include the skin, airways, conjunctiva, and uro-
genital tract. They may be nodular or confluent and are associated with 
a usually inconspicuous focal infiltrate of clonal B cell–producing amy-
loidogenic light chains. Progression of localized AL amyloid into a truly 
systemic disease is exceedingly rare, and conservative management is 
usually appropriate. It is also rare for the focal B-cell dyscrasia to 
become systemic and to require treatment in its own right.

Localized orbital AL amyloid presents as mass lesions, which can 
disrupt eye movement and the structure of the orbit. Localized laryn-
geal AL amyloidosis is a well-recognized syndrome that is often ame-
nable to direct or laser excision, but hereditary systemic ApoAI 
amyloidosis can also present in this manner. Amyloidosis presenting 
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DIAGNOSIS AND INVESTIGATION  
OF AMYLOIDOSIS
The diagnosis of amyloidosis generally requires histologic confirma-
tion, although the mere demonstration of amyloid deposition does not 
by itself establish that it is clinically significant. Although amyloidosis 
does not occur in the absence of amyloid deposits, the latter may be 
an incidental histologic finding, especially in older subjects. The 
pathognomonic tinctorial property of amyloid deposits in tissue is 
apple green/red birefringence when stained with Congo red dye and 
viewed in intense light through cross-polarized filters. Immunohisto-
chemical staining of amyloidotic tissue sections is the most accessible 
method for characterizing amyloid fibril protein type (Fig. 167.3), but 
it does not always produce definitive results, especially in AL type. 
Amyloid deposits can be quite patchy and histology can never provide 
information about the overall whole body load or distribution of 
amyloid deposits, nor does it permit monitoring of the natural history 
of amyloidosis or its response to treatment. In order to overcome these 
problems we developed radiolabeled human SAP as a specific, non-
invasive, quantitative in vivo tracer for amyloid deposits and have used 
it as a routine tool in our clinical practice for 20 years. We have per-
formed some 10,000 studies, and scintigraphy and metabolic turnover 
studies with labeled SAP have contributed greatly to knowledge of 
amyloidosis and especially its diagnosis, monitoring, and response to 
treatment.

Histologic diagnosis of amyloid
The diagnosis of amyloid is most frequently made following biopsy of 
the kidneys, liver, heart, gut, peripheral nerve, lymph node, skin, 
thyroid, or bone marrow. When a possible diagnosis of amyloidosis has 
already been considered, biopsy of subcutaneous fat or rectum is less 
invasive and is positive in about 50% to 80% of patients with systemic 
AA or AL types. Biopsies of affected organs have a higher yield but a 
greater risk of hemorrhage and other complications.

The Congo red stain and its resultant green birefringence when 
viewed with high-intensity polarized light is the pathognomonic histo-
chemical test for amyloidosis,22 although other fluorochromes and 
metachromatic stains continue to be used quite widely. Congo red is 
unstable and must be freshly prepared every 2 months or less. Thick 
sections of 5 to 10 µm and inclusion in every staining run of a positive 
control tissue containing modest amounts of amyloid are critical.

Immunohistochemistry is the most accessible method for character-
izing the type of amyloidosis, although its success varies with fibril 
type and it depends on availability of a suitable tissue sample that 
contains neither too little nor too much amyloid.23 Antibodies to serum 
amyloid A protein are commercially available and virtually always stain 
AA deposits, as is the case with antibodies to β2-microglobulin in 
hemodialysis-associated amyloid. In AL amyloid, the deposits in fixed 
specimens are stained convincingly with antibodies to κ or λ immu-
noglobulin light chains in only about two thirds of cases because the 
technique is hampered by abundant polyclonal immunoglobulin back-
ground and because the light-chain fragments in AL fibrils are predomi-
nantly variable domain and are unique for each monoclonal protein. 
Immunohistochemical staining of transthyretin and other hereditary 
amyloid fibril proteins may require pretreatment of sections with 
formic acid, alkaline guanidine, or deglycosylation and even then does 
not always yield definitive results.

Electron microscopy identifies amyloid as straight, rigid, non-
branching fibrils; of indeterminate length; and 10 to 15 nm in diam-
eter. A diagnosis of amyloidosis made through electron microscopy 
alone should be regarded with caution because other fibrillar deposition 
diseases occur. Immunogold staining of amyloidotic biopsies can some-
times be diagnostic of fibril protein type when standard immunohisto-
chemistry under light microscopy has not produced definitive results.

Problems of histologic diagnosis include inadequate tissue samples 
(e.g., the failure to obtain submucosal vessels in a rectal biopsy), and 
indeed the failure to identify any amyloid in a target organ biopsy never 
completely excludes the diagnosis. The unavoidable sampling problem 
means that biopsies cannot reveal the extent or distribution of amyloid 
generally. Experience with Congo red staining is required if clinically 

Familial amyloid polyneuropathy with 
predominant cranial neuropathy
This is a rare dominant form of hereditary amyloidosis that presents 
in mid to late adult life with cranial neuropathy, lattice corneal dys-
trophy, and a mild distal peripheral neuropathy.17 It was originally 
described in Finland but has since been reported in other ethnic groups. 
There may be skin, renal, and cardiac manifestations but these are 
usually covert and life expectancy approaches normal. There is no 
specific treatment and the disorder is progressively disfiguring and 
distressing in its late stages. The mutant gene responsible encodes a 
variant form of gelsolin, which is an actin-modulating protein. The 
functional role of circulating gelsolin is unknown but may be related 
to clearance of actin filaments released by apoptotic cells.

Non-neuropathic hereditary  
systemic amyloidosis
A physician in Germany named Ostertag first described the syndrome 
of hereditary systemic amyloidosis in 1932. He reported two families 
with dominantly inherited renal amyloidosis without neuropathy. This 
syndrome is now known to be caused by mutations in the genes for 
lysozyme, apolipoprotein AI and AII, and fibrinogen A α-chain. 
Although previously thought to be exceedingly rare, it has lately been 
demonstrated that many affected patients do not have a family history 
and up to 5% of patients presenting with systemic amyloidosis have a 
hereditary non-neuropathic type. This has led to widespread use of 
DNA screening in specialist amyloidosis centers.

Hereditary lysozyme systemic amyloidosis has been described in 
association with six lysozyme variants, all of which are extremely rare. 
Most patients present in middle age with proteinuria and slowly pro-
gressive renal impairment.18 There are usually substantial amyloid 
deposits in the liver, spleen, and upper gastrointestinal tract; dry eyes 
due to lacrimal gland involvement is an early diagnostic clue. Curi-
ously, some patients with the least rare histidine 67 variant present as 
young adults with hepatic rupture,19 while most present later with 
renal dysfunction. Cutaneous petechial hemorrhage from a young age 
is a peculiar feature in patients with the threonine 56 variant. Many 
patients suffer few symptoms despite substantial amyloid deposits, but 
acute gastrointestinal hemorrhage or perforation is a frequent cause of 
death.

Apolipoprotein AI is a major constituent of high-density lipoprotein. 
Fourteen amyloidogenic variants are known, 11 of which are single 
amino acid substitutions, 2 are deletions, and 1 is a deletion/insertion. 
The resulting clinical syndromes vary but are often associated with 
substantial amyloid deposits in the liver, spleen, and kidneys. Some 
mutations are associated with predominant cardiomyopathy and, in 
the case of the arginine 26 variant, an FAP-like syndrome.20 Several 
C-terminal variants are associated with hoarseness due to laryngeal 
amyloid deposits. Other clinical consequences associated with particu-
lar mutations include male infertility and skin lesions. The majority 
of patients eventually develop renal failure, but liver function usually 
remains well preserved despite extensive hepatic amyloid deposition. 
Normal wild-type apolipoprotein AI amyloid is itself weakly amyloido-
genic and is the precursor of small amyloid deposits that occur quite 
frequently in aortic atherosclerotic plaques.

Hereditary fibrinogen A α-chain amyloid was first identified in a 
family in 1993, and since then eight further amyloidogenic mutations 
have been described. These include five single amino acid substitu-
tions, three frame-shifting deletion mutations, and a deletion-insertion 
mutation. The most common mutation results in the substitution of 
valine for glutamic acid at position 526, which most often presents in 
the absence of a family history due to low penetrance. Indeed, nearly 
5% of patients referred to the U.K. National Amyloidosis Center with 
a presumed diagnosis of acquired AL amyloidosis have had hereditary 
fibrinogen A α-chain amyloidosis.21 Most patients present in late 
middle age with proteinuria or hypertension and progress to end-stage 
renal failure during the following 5 years or so. Amyloid deposition 
occurs in the kidneys, spleen, and sometimes the liver, but it is usually 
asymptomatic in the latter two sites. The majority of patients have an 
excellent outcome with renal replacement therapy.
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Proteomic analyses of amyloidotic material are increasingly being 
used in specialist centers, enabling amyloid deposits in ever smaller 
samples to be characterized.26

Radiolabeled serum amyloid P  
component scintigraphy
The universal presence in amyloid deposits of SAP, derived from cir-
culating SAP, is the basis for use of radioiodine-labeled SAP as a diag-
nostic tracer in amyloidosis.27 No localization or retention of labeled 
SAP occurs in healthy subjects or in patients with diseases other than 
amyloidosis. Radioiodinated SAP has a short 24-hour half-life in the 
plasma and is rapidly catabolized with complete excretion of the iodin-
ated breakdown products in the urine. However, in patients with 
amyloidosis, the tracer rapidly and specifically localizes to the deposits, 
in proportion to the quantity of amyloid present, and persists there 
without breakdown or modification. Most experience has been gained 
with SAP labeled with the pure gamma emitter 123iodine. The associ-
ated dose of radioactivity is less than 4 mSv and well within accepted 
safety limits for diagnostic nuclear medicine imaging. The uptake of 
tracer into various organs can be precisely and repeatedly quantified.

Important observations regarding amyloid, which have been made 
for the first time in vivo, include the following: the different distribu-
tion of amyloid in different forms of the disease; amyloid in anatomic 
sites not available for biopsy (adrenals, spleen); major systemic deposits 
in forms of amyloid previously thought to be organ-limited; a poor 
correlation between the quantity of amyloid present in a given organ 
and the level of organ dysfunction; a non-homogeneous distribution of 
amyloid within individual organs; and evidence for surprisingly rapid 
progression and regression of amyloid deposits with different rates in 
different organs (Fig. 167.4). The long-held belief that amyloid deposi-
tion is irreversible and inexorably progressive is evidently incorrect and 
simply reflects the persistent nature of the conditions that underlie it. 
Many case reports have described improvement in amyloidotic organ 
function when underlying conditions have been controlled, suggesting 
regression of amyloid, and serial SAP scintigraphy provided the means 
to prove this is indeed the case. Regression of amyloid has been 
observed when the supply of amyloid fibril precursor proteins has been 
reduced in AA amyloidosis by vigorous control of rheumatic inflam-
mation, in AL amyloidosis by suppression of the clonal plasma cell 
disease by cytotoxic drugs, in hemodialysis-associated amyloidosis 
after renal transplantation, and in hereditary transthyretin and fibrino-
gen A α-chain amyloidosis following liver transplantation. It is now 
clear that amyloid deposits exist generally in a state of dynamic turn-
over, with encouraging implications for patient management. Labeled 

important false-negative and false-positive results are to be avoided. 
Immunohistochemical staining requires positive and negative controls, 
including demonstration of specificity of staining by absorption of 
antisera with the respective antigens.

Non-histologic investigations
Myocardial amyloid deposits cause a restrictive type of cardiomyopa-
thy.24 Two-dimensional echocardiography showing small, concentri-
cally thickened ventricles; diastolic dysfunction with or without various 
degrees of global systolic impairment; dilated atria; homogeneously 
echogenic valves; and “sparkling” echodensity of ventricular walls is 
virtually diagnostic of cardiac amyloidosis. However, clinically signifi-
cant diastolic impairment may be difficult to detect even by compre-
hensive Doppler and other functional studies and can sometimes occur 
in the absence of left ventricular wall thickening. Newer echocardio-
graphic techniques such as strain and strain rate measurements can 
be helpful. Cardiac magnetic resonance imaging is emerging to be of 
value, including the peculiar phenomenon of diffuse subendocardial 
late gadolinium enhancement, which appears to be strongly suggestive 
of amyloid. Electrocardiography characteristically shows reduced volt-
ages, presumably reflecting replacement of myocardium by amyloid, 
although this finding is less common in cardiac amyloid of TTR type 
than AL type. Localization of isotope-labeled calcium-seeking tracers 
in the heart has poor sensitivity and specificity and is of no routine 
clinical value.

Elevation of serum N-terminal pro brain natriuretic peptide (NT-
proBNP) and cardiac troponin concentrations occurs in many types of 
cardiac dysfunction and in chronic kidney disease. However, significant 
cardiac AL amyloidosis is excluded by normal values of NT-proBNP.25 
Cardiac troponin and NT-proBNP concentrations appear to be power-
ful predictors of prognosis and survival after chemotherapy in AL 
amyloidosis, and a staging system for newly diagnosed AL amyloidosis 
patients using these two biomarkers has been proposed.

In cases of known or suspected hereditary amyloidosis the gene 
defect must be characterized. If amyloidotic tissue is available, the  
fibril protein may be identified immunohistochemically and the cor-
responding gene can then be studied, but when no tissue is available, 
screening of the genes for known amyloidogenic proteins must be 
undertaken.

Biochemical and immunochemical analyses for the presence in the 
plasma of genetically variant amyloidogenic variant proteins also exist, 
but DNA analysis is the most direct approach. However, it remains 
essential to corroborate DNA findings by confirming one way or 
another that the respective protein is indeed the main constituent of 
the amyloid.

a b

Fig. 167.3  Immunohistochemical typing of amyloid deposits. (a) Congo red stain of a renal biopsy showing amyloid deposits in the glomeruli and blood 
vessels in a patient with rheumatoid arthritis. (b) Immunospecific staining of the amyloid deposits with a monoclonal anti-SAA antibody demonstrated that the 
amyloid deposits are of AA type.
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Systemic AL amyloidosis is not only the commonest type but is the 
most heterogeneous in its organ involvement, presentation, and clini-
cal course. Half of deaths are due to cardiac involvement, and in 
patients in whom heart failure is evident at presentation, median sur-
vival is 6 months. There has been much recent effort to define prog-
nostic factors in AL amyloidosis, and staging systems are in 

SAP studies thus make a valuable contribution to the diagnosis and 
management of patients with systemic amyloidosis and are performed 
routinely at the National Health Service National Amyloidosis Centre 
at the Royal Free Hospital in London.

Assessment of organ involvement by amyloid
Internationally agreed consensus criteria for defining organ involve-
ment in systemic amyloidosis were published in 2005 (Table 167.2).28 
Organ involvement by amyloid is variously defined clinically, histologi-
cally, and according to organ function and through other specialized 
investigations. Electrocardiogram and two-dimensional Doppler echo-
cardiography are the mainstays for assessing cardiac involvement, as 
are estimates of glomerular filtration and proteinuria for renal involve-
ment. Liver size and serum alkaline phosphatase provide simple and 
accessible, but not overly sensitive, measures of liver involvement. In 
contrast, amyloid involvement of the gastrointestinal tract, lungs, soft 
tissues, and nervous system is much less amenable to precise defini-
tions and is even more challenging to monitor quantitatively over time.

Natural history and prognostic factors
Systemic amyloidosis is almost always a progressive disease, which 
without successful treatment usually results in death within months 
to several years. Median survival of patients with AA amyloidosis 
whose underlying inflammatory disease is not well suppressed is on 
the order of 5 to 10 years. The prognosis in familial amyloid polyneu-
ropathy is similar but is usually much better in non-neuropathic hered-
itary types (i.e., those associated with mutations in apolipoprotein AI, 
fibrinogen A α-chain, and lysozyme). The prognosis of systemic AL 
amyloidosis is generally worse than AA and hereditary types, and 
median survival in some quite recent series was only 12 to 15 months. 
Important factors that influence prognosis are the extent and severity 
of organ involvement, availability of supportive measures including 
renal dialysis and organ transplantation, and the potential for and 
effectiveness of reducing the supply of the respective amyloid fibril 
precursor protein through intervention.

a b

Fig. 167.4  Anterior whole-body, radiolabeled serum amyloid P component 
(SAP) scintigraphs demonstrating regression of AL amyloid deposits following 
chemotherapy. (a) At diagnosis the SAP tracer localized to AL amyloid 
deposits in the liver, spleen, and bones of this patient who presented with 
hepatomegaly. (b) A follow-up scan 5 years later following successful 
chemotherapy shows that there has been regression of amyloid in all sites, 
most marked in the liver, which has returned to a normal size.

TABLE 167.2 DIAGNOSTIC CRITERIA FOR ORGAN INVOLVEMENT BY AMYLOID

Organ involvement Consensus criteria reported by Gertz and colleagues* 

Heart Echocardiogram demonstrates a mean wall thickness 
>12 mm, no other cardiac cause found

Kidney Proteinuria >0.5 g/24 hr, predominately albumin

Liver Total liver span >15 cm in the absence of heart failure 
or alkaline phosphatase >1.5 times the institutional 
upper limit of normal

Nerve Peripheral: clinical; symmetric lower-extremity 
sensorimotor peripheral neuropathy

Autonomic: gastric-emptying disorder, pseudo-
obstruction, voiding dysfunction not related to 
direct organ infiltration

Gastrointestinal tract Direct biopsy verification with symptoms

Lung soft tissue Direct biopsy verification with symptoms
Interstitial radiographic pattern
Tongue enlargement, clinical
Arthropathy
Claudication, presumed vascular amyloid
Skin
Myopathy by biopsy or pseudohypertrophy
Lymph node (may be localized)
Carpal tunnel syndrome

* From Gertz MA, Comenzo R, Falk RH, et al. Definition of organ involvement and treatment 
response in immunoglobulin light chain amyloidosis (AL): a consensus opinion from the 10th 
International Symposium on Amyloid and Amyloidosis. Am J Hematol 2005;79:319-328.
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usually the most effective means for evaluating the early effects of 
chemotherapy and the need for ongoing treatment.8 Chemotherapy 
must be tailored to the individual patient, balancing the ideal for com-
plete remission of the clonal disease with the need to minimize treat-
ment toxicity and indeed treatment-related mortality. Certain organs 
affected by amyloid tend to fare better than others following treatment. 
Proteinuria and liver function often improve when the clonal disease 
is adequately suppressed, whereas cardiac disease, macroglossia, and 
peripheral nerve function tend to improve extremely slowly, if at all.

Many different chemotherapy regimens are in current use, ranging 
from low-intensity oral melphalan and prednisolone through various 
intermediate dose drug combinations to high-dose chemotherapy with 
autologous peripheral stem cell rescue. The new agents bortezomib and 
lenalidomide, recently introduced for myeloma, are also showing great 
promise in AL. Some of the more commonly used regimens are 
reviewed briefly as follows.

Autologous peripheral blood stem cell transplantation (ASCT), also 
known as high-dose melphalan therapy, was first reported in AL amy-
loidosis in 1996, and several series have reported clinical benefit in up 
to 80% of patients who survived this arduous procedure. In the largest 
reported series, comprising 394 patients, complete clonal disease 
responses occurred in 41%, and median survival of such patients had 
not been reached after 10 years of follow-up.30 However, treatment-
related mortality associated with ASCT has been consistently problem-
atic and substantially greater than in multiple myeloma, reflecting the 
compromised function of multiple organ systems by amyloid. Even 
stem cell mobilization entails significant risks in patients with AL 
amyloidosis. Causes of death include cardiac arrhythmias, intractable 
hypotension, multiple organ failure, and gastrointestinal bleeding. 
Patient eligibility criteria for ASCT have been developed, favoring those 
without overt cardiac involvement, two or fewer vital organ systems 
clinically involved by amyloid, no history of gastrointestinal bleeding, 
and age younger than 65 years. Despite this, treatment-related mortal-
ity remains up to about 13% even in the most experienced centers. 
The role of ASCT in AL amyloidosis remains controversial and its 
apparently good outcome may reflect selection of fitter good-prognosis 
patients.31 Only one randomized trial has been performed, in France, 
using oral melphalan and dexamethasone (Mel-Dex) as the compara-
tor; no difference in response rates were demonstrated and treatment-
related mortality at 24% was significantly higher within the ASCT 
arm.32 This study was, however, relatively small.

Oral melphalan and dexamethasone (Mel-Dex) has been used widely 
during the past 10 years, having been shown in open studies to be rela-
tively well tolerated and associated with combined complete and partial 
clonal response rates of around 67% and median overall survival of 
about 5 years.32 However, median time to hematologic response is slow 
at over 4 months and its potential for depleting bone marrow stem cell 
reserve is an issue in patients who may subsequently be considered for 
ASCT. Renal dose adjustment is required and long-term leukemogen-
esis of this regimen has yet to be excluded.

An oral combination of cyclophosphamide, thalidomide, and dexa-
methasone (CTD) has emerged as the most commonly used first-line 
treatment for AL amyloidosis in the United Kingdom.33 Thalidomide 
has been used extensively in combination therapies for myeloma, but 
typical doses above 200 mg daily are poorly tolerated in AL amyloido-
sis, especially in patients with cardiac involvement or autonomic/
peripheral neuropathy. However, the CTD regimen comprising daily 
low-dose thalidomide, weekly oral cyclophosphamide, and intermittent 
pulses of dexamethasone, which can be risk-adapted using still lower 
doses of thalidomide and dexamethasone in high-risk patients, is rea-
sonably well tolerated and associated with a combined partial and 
complete clonal response rate of around 75%. Fatigue and fluid reten-
tion remain troublesome toxicities of this regimen. Patients with 
nephrotic syndrome are at particular risk of venous and arterial throm-
bosis and should receive thromboprophylaxis. CTD has the advantages 
of being a stem-cell sparing oral regimen that does not require dose 
adjustment in renal impairment and being more rapidly acting than 
Mel-Dex.

Bortezomib is a proteasome inhibitor developed for myeloma that 
is emerging as one of the most effective and rapidly acting therapies in 
the treatment of AL amyloidosis. Partial or complete clonal responses 
following bortezomib-based therapy were recently reported in 70% of 

development. Symptomatic or substantial echocardiographic evidence 
of cardiac amyloid is associated with a prognosis of only 6 to 12 
months. Patients with liver involvement and hyperbilirubinemia above 
35 µmol/L rarely survive more than 4 months. Significant autonomic 
neuropathy, progressive clonal disease unresponsive to chemotherapy, 
and a bone marrow plasmacytosis of more than 20% are also associated 
with poor outcomes. A large whole body amyloid load on SAP scintig-
raphy and evidence of accumulation of amyloid on follow-up SAP scans 
are further poor prognostic features. A better prognosis is associated 
with proteinuria or peripheral neuropathy as the dominant clinical 
feature, substantial suppression of underlying clonal disease by chemo-
therapy, and regression of amyloid deposits on serial SAP scintigraphy. 
Elevated serum concentrations at diagnosis of the cardiac biomarkers 
troponin and B-natriuretic peptide (BNP) or its more stable precursor, 
NT-proBNP, are associated with a poor outcome, as is the absence of 
any early fall in their concentrations following chemotherapy.29

TREATMENT OF AMYLOIDOSIS
Localized amyloid masses can only be treated surgically. The twin aims 
of management in systemic amyloidosis are reduction of the supply of 
amyloid fibril precursor proteins so that amyloid deposition diminishes 
and gradual regression of existing deposits may occur and scrupulous 
general care, including dialysis and organ transplantation if necessary, 
to keep patients alive long enough for this to take effect. Awareness of 
the compromised functional reserve of amyloidotic organs and extreme 
care to protect renal function are critically important. Rational manage-
ment has been greatly assisted by the recent availability of routine 
assays for circulating SAA in AA amyloidosis and serum-free light 
chains in AL type, and outcomes are much better in centers with spe-
cialist expertise.

Treatment of AA amyloidosis
Treatment of the chronic inflammatory conditions responsible for AA 
amyloidosis, to reduce production of SAA, ideally to normal healthy 
baseline levels, dramatically improves survival and is associated with 
arrest of amyloid deposition and frequently regression of deposits. 
Plainly, treatment varies depending on the nature of the inflammatory 
disorder, but successful pharmacologic approaches have ranged from 
non-specific immunosuppression in inflammatory arthritis using chlo-
rambucil to highly specific inhibition of interleukin-1 in patients with 
periodic fever syndromes.9 Inflammatory arthritis underlies AA amy-
loidosis in two thirds of cases, and biologic agents targeting the key 
cytokine mediators of inflammation, TNF-α, interleukin-1, and inter-
leukin-6, potently suppress the acute phase response in many patients 
with rheumatoid arthritis, juvenile idiopathic arthritis, and seronega-
tive spondyloarthropathies. These drugs can also be effective in some 
patients with Crohn disease. Regular prophylactic treatment with col-
chicine is highly effective in suppressing inflammatory disease activity 
in familial Mediterranean fever, in which it substantially prevents 
development and/or progression of AA amyloidosis.

Surgical treatments include excision of solitary cytokine secreting 
Castleman tumors and amputation of osteomyelitic limbs and, rarely, 
excision of other inflammatory lesions.

A surprising finding among patients with AA amyloidosis is that of 
clinically covert inflammatory disease, which cannot be characterized, 
in about 7% of patients. Many such patients are presumed to have 
primary AL amyloidosis at presentation, emphasizing the need to 
perform confirmatory immunohistochemistry in all cases. Anti-inflam-
matory treatment must be empiric in such cases but should be guided, 
as is the case in all patients with AA amyloidosis, by frequent SAA 
measurements.

Treatment of AL amyloidosis
The objective of treatment in AL amyloidosis is to suppress production 
of the amyloidogenic monoclonal light chains in the hope that progres-
sion of the disease will be slowed down, halted, or reversed. However, 
many patients have advanced multisystem disease at diagnosis and 
tolerate chemotherapy poorly. Quantitative measurements of serum-
free light chains using the robust, sensitive, Freelite immunoassay are 



SE
C

TI
O

N
 1

2 
●

 O
TH

ER
 S

YS
TE

M
IC

 IL
LN

ES
SE

S

1698

kidney transplantation was dramatically successful36,41 and several 
more AFib patients have now received liver transplants. These opera-
tions have demonstrated that the liver is the sole site of synthesis of 
plasma fibrinogen, but clinical outcomes in the long term following the 
combined transplant approach have not yet been shown to be superior 
over solitary renal transplantation. Patients with apolipoprotein AI 
amyloidosis can develop kidney, liver, and cardiac amyloidosis, and 
various organ transplants have been performed, with generally excel-
lent results in this particular type of amyloidosis.42

Supportive treatment
Supportive therapies remain a critical component of management of 
amyloidosis. For cardiac amyloidosis, the mainstay of treatment is 
diuretics coupled with fluid restriction, daily weighing, and a low-salt 
diet, while vasodilating drugs and β-blockers are generally best avoided.43 
Refractory edema may respond well to the addition of spironolactone 
and intermittent doses of metolazone. Salt-poor albumin infusions can 
also be occasionally helpful. Dysrhythmias may respond to amiodarone 
or to pacing. In renal amyloidosis, rigorous control of hypertension is 
vital and angiotensin-converting enzyme inhibition and/or angiotensin 
II blockade is often recommended in the context of proteinuria. Renal 
dialysis may be necessary and is usually both feasible and acceptably 
tolerated. In autonomic neuropathy, fludrocortisone 100 to 200 µg/day 
can be helpful in some patients but may simply exacerbate fluid reten-
tion. Midodrine is an effective pressor agent, starting at a dose range 
of 2.5 mg building up to 15 mg three times daily. Midodrine exerts its 
actions via activation of the alpha-adrenergic receptors of the arteriolar 
and venous vasculature, producing an increase in vascular tone and 
elevation of blood pressure. Its chief adverse effect is supine hyperten-
sion, and other pressor agents must be coadministered with caution. 
Gastroparesis causing symptoms of early satiety and nausea can be 
managed with prokinetic agents such as metoclopramide, along with 
advice about small, frequent meals of soft consistency. Diarrhea due 
to amyloid gut involvement or autonomic neuropathy may respond to 
loperamide and codeine phosphate. Malnutrition is not uncommon 
and is often underestimated. Significant weight loss should be treated 
with protein and vitamin supplementation and the patient should be 
reviewed by an experienced dietitian. Feeding via gastrostomy may 
occasionally be required. Amyloid- and chemotherapy-related periph-
eral neuropathy can be disabling and difficult to treat. Analgesia includ-
ing opioids and non-steroidal anti-inflammatory drugs, amitriptyline, 
venlafaxine, antiepileptics, transcutaneous electrical nerve stimula-
tion, and/or gabapentin/pregabalin have all been used, although anec-
dotal reports suggest limited efficacy. Withdrawal or dose reduction of 
any neurotoxic chemotherapies such as thalidomide or bortezomib 
should be considered.

New treatments and future directions
Elucidation of aspects of the molecular pathogenesis of amyloid and 
amyloidosis has led to the development of various novel approaches to 
therapy. These include treatments developed to stabilize and maintain 
circulating amyloid precursor proteins in their normal conformation, 
agents that inhibit the interaction between amyloid fibrils and glycos-
aminoglycans, immunotherapy approaches, and depletion of SAP. All 
of these potential new therapies have entered clinical testing, offering 
real promise that specific antiamyloid therapies may become available 
within the next few years.

94 patients with relapsed or refractory hematologic disease, including 
complete responses in 25%.34 Furthermore, median time to clonal 
response was only 1 month and this subsequently translated into 
improved amyloidotic organ function in 30% of cases. Major toxicities 
included peripheral and autonomic neuropathy, but unlike myeloma, 
cytopenias were rare, most likely due to the smaller plasma cell burden 
in the bone marrow. Optimal dosing, long-term efficacy, and use of 
other agents in combination with bortezomib are being investigated.

Lenalidomide is a new thalidomide analog that has lately also been 
investigated in several small studies in AL amyloidosis.35 Maximum 
tolerated dose is typically about 15 mg daily. Efficacy is markedly 
improved when it is administered with dexamethasone, producing 
associated clonal response rates of about 67%, including complete 
responses in about 29%. Toxicity from infections, even without neu-
tropenia, appears to be surprisingly high, especially in patients with 
severe renal or cardiac impairment. Time to hematologic response is 
relatively slow, but lenalidomide remains an attractive treatment 
option in patients with severe neuropathy in whom thalidomide or 
bortezomib is relatively contraindicated. Use of lenalidomide in com-
bination regimens and its potential as a maintenance therapy are cur-
rently being studied.

Melphalan and prednisolone given in oral cycles was the first treat-
ment shown to have efficacy in AL amyloidosis,36 but because responses 
are slow and occur in only about 20% of cases, this approach has gener-
ally been superseded. Other therapies that are occasionally used include 
intermediate-dose intravenous melphalan (12.5 to 25 mg/m2), princi-
pally in patients who cannot tolerate dexamethasone, and allogeneic 
bone marrow transplantation, which is associated with treatment-
related mortality of 40% and for which there is little knowledge as yet 
regarding long-term benefit.37

Treatment of hereditary amyloidosis and  
organ transplantation
At present, other than transplantation to replace failed organs and in 
certain cases liver transplantation to remove the source of amyloido-
genic proteins of hepatic origin, treatment of hereditary systemic amy-
loidosis is limited to managing symptoms. The liver is the source of 
plasma TTR and more than 700 liver transplants have been performed 
for treatment of hereditary TTR amyloidosis because this “surgical 
gene therapy” approach was introduced in 1991.38 In younger patients 
carrying the common Met30Val amyloidogenic mutation the outcome 
is generally good, with arrest of neuropathy and regression of visceral 
amyloid, but vitreous amyloid may subsequently progress, perhaps 
because some TTR is also produced within the eye. Cardiac amyloid 
may also progress, due to accumulation of wild-type TTR on the exist-
ing myocardial deposits. In some older Met30Val patients and in 
patients with other amyloidogenic TTR mutations, liver transplanta-
tion has failed to arrest either amyloid deposition or progression of 
clinical disease. The livers of patients with hereditary TTR amyloidosis 
contain only microscopic amyloid deposits in the blood vessels and 
interstitial tissues and retain normal liver function. A large number of 
domino liver transplants have therefore been conducted in recipients 
with various terminal liver diseases for whom normal livers were not 
available.34,39 This has certainly prolonged their lives, but the first such 
recipient has now developed symptomatic systemic TTR amyloidosis 
8 years after transplantation.40

In an AFib patient who had received two consecutive renal trans-
plants and then developed amyloidotic liver failure, combined liver and 
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prominent in the lower extremities, and aggravated by dependency of 
the limbs.

Physical examination is of foremost importance in diagnosis, 
because the bulbous deformity of the fingertips is unique (Fig. 168.2). 
The nail becomes convex (watch-crystal nail), and the skin overlying 
its base becomes thin and shiny, with disappearance of the normal 
creases. The edema and increased soft tissue produce rocking of the 
nail bed on palpation. Toes are also affected, but early changes are more 
difficult to discern here because of the splaying of the normal toe tip.

The Digital Index provides a practical method to measure clubbing 
(Fig. 168.3). With the use of a non-elastic string, the perimeter of each 
finger is measured at the distal interphalangeal (DIP) joint and at the 
nail bed (NB). If the sum of the 10 NB : DIP ratios is more than 10, 
clubbing is probably present. There is variation in the prominence of 
clubbing, and the Digital Index serves to assess the severity of the 
deformity or to compare groups of patients or responses to treatment.6 
The most advanced stages, with a Digital Index greater than 11, are 
seen predominantly among patients with cyanotic heart diseases or 
primary HOA.

It is worth noting that, in the majority of cases, clubbing is the only 
manifestation of the syndrome. When the complete features of HOA 
are present, however, skin hypertrophy may be evident at other levels, 
with coarsening of the facial features or non-pitting cylindrical soft 
tissue swelling at the ankles (“elephant legs”). Thickening of the 
tubular bones may be evident in areas of the extremities not covered 
by muscles, such as the ankles and wrists.

Periostosis may be accompanied by tenderness on palpation of the 
involved area but in some instances is asymptomatic. Effusions into 
the large joints are frequently observed and are more easily detected in 
the knees and wrists. At the ankle they are more difficult to detect 
because of the surrounding soft tissue swelling. On palpation there is 
no hypertrophy of the synovial membrane. The range of motion of the 
joints may be slightly decreased. Arthrocentesis yields a very thick fluid 
with tendency to spontaneous clotting. There is little inflammatory 
cell exudation, and the white blood cell count is usually less than 500/
mm3 in the synovial fluid.7 All these features reflect the fact that HOA 
is not a proliferative synovial disease. Effusions are most likely a sym-
pathetic reaction to the nearby periostosis.

There are other clinical findings associated with particular types of 
HOA that echo the involvement of an internal organ. Cyanosis is 
prominent in heart malformations associated with right-to-left shunts 
of blood. These patients present the prototype of HOA, because almost 
all have life-long presence of clubbing and more than 33% display the 
fully developed syndrome.8 No other internal illness is so closely asso-
ciated with HOA. A lesser degree of cyanosis is seen when the acro-
pachy is associated with cystic fibrosis, pulmonary fibrosis, or chronic 
infections. Jaundice, ascites, and palmar erythema are common find-
ings when the syndrome is secondary to liver cirrhosis. Chronic diar-
rhea is a constant finding in intestinal HOA.

Thyroid acropachy is a rare manifestation of Graves’ disease and is 
independent of the state of thyroid function. Clubbing usually coexists 
with exophthalmos and pretibial myxedema. The myxedema bears 
resemblance to the “elephant legs” described in other types of HOA. 
Thyroid acropachy is characterized by an exuberant periosteal prolifera-
tion, located mostly at the small tubular bones of the hands and feet.9 
Patients with the POEMS syndrome (polyneuropathy, organomegaly, 
endocrinopathy, monoclonal proteins, and skin changes) often display 
features of HOA, such as digital clubbing, skin thickening, and 
hyperhidrosis.10

Digital clubbing and 
hypertrophic osteoarthropathy
Manuel Martínez-Lavín and Carlos Pineda

 Hypertrophic osteoarthropathy (HOA) is a syndrome characterized 
by abnormal proliferation of the skin and osseous tissues at the 
distal parts of the extremities.

 Three features are typically present: a peculiar bulbous deformity 
of the tips of the digits conventionally described as “clubbing,” 
periostosis of the tubular bones, and synovial effusions.

HISTORY
Digital clubbing is one of the oldest clinical signs in medicine. Its 
original recognition has been attributed to Hippocrates (circa 450 bc).1 
Marie, in 1890,2 and Bamberger, in 1891,3 described the fully devel-
oped syndrome. Marie distinguished it from acromegaly and suggested 
the term pulmonary hypertrophic osteoarthropathy (HOA). Paleo-
pathologic studies have demonstrated changes consistent with HOA 
in human skeletal remains from pre-Hispanic Mesoamerica.1

EPIDEMIOLOGY
There are no systematic studies of the prevalence of digital clubbing 
in either the general population or hospital inpatients. The deformity 
is associated with a variety of internal illnesses, so that most clinicians, 
regardless of their specialty, have frequent encounters with patients 
who display this abnormality.

The veterinary literature contains reports of this illness in different 
species of mammals, in which the syndrome appears in response to 
the same illnesses as those reported for humans. HOA has been arti-
ficially produced in dogs by surgically caused right-to-left shunts of 
blood or by chemically induced lung cancer. Nevertheless, a stable 
animal model of the syndrome, accessible for systematic studies, has 
not been developed.4

CLASSIFICATION
Classification of HOA is outlined in Figure 168.1. There is now evi-
dence to sustain the belief that clubbing and HOA represent different 
stages of the same disease process.5 In the overwhelming majority of 
cases, the finger deformity is the first manifestation and, as the syn-
drome progresses, periostosis becomes evident. The degree of associa-
tion of clubbing with the diverse illnesses varies from it being a constant 
finding, as in cases with cyanotic heart diseases, to being a rare mani-
festation, as in patients with cancer of the lung, liver cirrhosis, or 
Graves’ disease.

Synonyms for the deformity, besides clubbing, include drumstick, 
pendulum, and hippocratic fingers. Primary HOA is also known as 
pachydermoperiostosis. The term acropachy is etymologically the most 
appropriate and has been used to describe either clubbing or the fully 
developed syndrome.

CLINICAL FEATURES
In HOA there is a spectrum of symptoms. At one extreme, patients 
may be asymptomatic and unaware of the deformity of their digits. 
Other patients, in particular those with malignant lung tumors, may 
notice a burning sensation of the fingertips and may also suffer inca-
pacitating bone pain. Characteristically, this pain is deep seated, more 
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asymptomatic patient: long-standing clubbing is characterized by a 
bone remodeling process that usually takes the form of acro-osteolysis 
(Fig. 168.4) and, more rarely, tuftal overgrowth (Fig. 168.5). Charac-
teristically, the bone changes of clubbing are observed first at the toes; 
fingers are affected in more advanced cases.15 Periostosis is an orderly, 
evolutionary process that depends on the chronicity of the illness and 
the intensity of the underlying stimuli. It progresses in three dimen-
sions: in the number of affected bones, in the site of involvement of a 
given bone, and in the shape of the periosteal apposition. In mild cases, 
few bones are affected (usually tibias and fibulas); periostosis is limited 
to the diaphysis and it has a monolayer configuration (Fig. 168.6). In 
advanced cases, all tubular bones are affected: in addition to the diaphy-
sis, the metaphysis and epiphysis are also involved and the periostosis 
takes on an irregular configuration (see Fig. 168.4).

Periostosis has a symmetric distribution and evolves in a centripetal 
fashion. It is independent of the underlying illness; primary and sec-
ondary cases feature similar changes.15 Typical of HOA is preserva-
tion of joint space and the absence of erosions or para-articular 
osteopenia.

Radionuclide bone scanning is a sensitive method for demonstrating 
periosteal involvement. There is hyperconcentration of the bone-seek-
ing tracer at the periosteum. Using this method, the diagnosis of HOA 
is sometimes made serendipitously in patients with known malignant 
disease who develop bone pain, the study being requested in the evalu-
ation of metastatic cancer.

DIFFERENTIAL DIAGNOSIS
When HOA is fully expressed, the “drumstick fingers” are so unique 
that its recognition poses no dilemma. Nonetheless, there are border-
line cases in which neither a careful examination nor the Digital Index 

Forms of HOA localized to one or two limbs may be seen. Most of 
them occur as a result of a prominent endothelial injury of that par-
ticular limb, such as in cases of arterial aneurysms or endothelial 
infections. A growing number of cases with localized HOA secondary 
to infection of an arterial graft have been reported. These are character-
ized by painful swelling of the affected limb, associated with radio-
graphic periostosis; clubbing has been reported in a minority of such 
cases.11 Another form of localized HOA is secondary to patent ductus 
arteriosus complicated by pulmonary hypertension. In these instances, 
clubbing and sometimes periostosis are limited to the cyanotic limbs.12

Primary HOA is characterized by a clear-cut hereditary predisposi-
tion, with 33% of cases having a close relative with the same illness. 
The male : female ratio is 9 : 1. Primary cases are prone to display a 
more disseminated skin hypertrophy, hence the term pachydermoperi-
ostosis. This overgrowth roughens the facial features and it can reach 
the extreme of cutis verticis gyrata, the most advanced stage of cutane-
ous hypertrophy. In such cases, the scalp takes on a cerebroid appear-
ance. Another cutaneous alteration more frequently seen in idiopathic 
cases is glandular dysfunction, manifested as hyperhidrosis, seborrhea 
or acne, or combinations thereof. A variety of associated abnormalities 
have been described in primary HOA: cranial suture defects, males 
with female escutcheon, and hypertrophic gastropathy.13 In primary 
HOA, the activity of the illness is usually limited to the growth period, 
with adults becoming asymptomatic. There are cases of primary HOA 
that show an enigmatic clinical palindrome. Such cases display, as late 
manifestation, diseases that in other circumstances are known causes 
of HOA. In this palindrome, persistent ductus arteriosus, Crohn’s 
disease, or myelofibrosis can be the cause or the effect of HOA.14

INVESTIGATIONS
At the present time there are no useful serologic tests for HOA. An 
array of biochemical abnormalities, however, may be found, reflecting 
the underlying illness.

Of utmost importance for the correct assessment of HOA are plain 
radiographs of the extremities, which may detect abnormalities in an 
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CLASSIFICATION OF HYPERTROPHIC OSTEOARTHROPATHY

Fig. 168.1 Classification of hypertrophic 
osteoarthropathy. AV, arteriovenous; POEMS, 
polyneuropathy, organomegaly, endocrinopathy, 
monoclonal proteins, and skin changes.

Fig. 168.2 Clubbing deformity. The finger on the right is clubbed compared 
with the normal finger shape on the left.

MEASUREMENT OF THE DIGITAL INDEX

DIP Nail bed

Fig. 168.3 The Digital Index. The perimeter of each of the 10 fingers is 
measured at the nail bed (NB) and at the distal interphalangeal joint (DIP). If 
the sum of the 10 NB : DIP ratios is more than 10, clubbing is probably present.



CH
A

PTER 168 
● D

igital clubbing and hypertrophic osteoarthropathy

1703

Some patients with HOA have an exuberant skin hypertrophy that 
may resemble acromegaly. The presence of clubbing and periostosis, 
plus the absence of prognathism, enlarged sella turcica, or abnormal 
circulating concentrations of growth hormone should lead to the 
correct diagnosis. A patient should be classified as having the primary 
form of the syndrome only after a careful scrutiny fails to reveal an 
underlying illness.

The importance of recognizing HOA cannot be overstated. If, in a 
previously healthy individual, any of the manifestations of the syn-
drome become evident, a thorough search for an underlying illness 
should be undertaken. Special attention must be directed to the chest, 
because nowadays the most frequent cause of an “acute” onset of HOA 
in adults is malignant lung tumor, either primary or metastatic. Con-
versely, if a patient previously diagnosed with any of the chronic ill-
nesses outlined in Figure 168.1 develops clubbing, this alone is an 
unfavorable prognostic sign, indicating that the disease has reached an 
advanced stage.

In some clinical situations, the presence of acropachy signals a 
serious but treatable complication. If clubbing appears in a patient with 
known rheumatic heart disease, infective endocarditis should be 
strongly suspected. A similar consideration applies to patients with 
prior history of prosthetic vascular surgery who develop periostosis of 
a limb.

STRUCTURE
The bulbous deformity of the digits is secondary to excessive laying 
down of collagen fibers and interstitial edema. There is also vascular 
hyperplasia and thickening of the vessel walls, with a perivascular 
infiltrate of lymphocytes.

Electron microscopic studies have confirmed the structural vessel 
damage demonstrated by the presence of Weibel-Palade bodies and the 
prominence of Golgi complexes.17 Similar changes have been observed 
in the bones. At this level, excessive connective tissue elevates the 
periosteum and new osteoid matrix is deposited beneath.

Histologic studies of the joints have found minimal synovial cell 
proliferation but a prominent artery wall thickening, with intravascular 
deposition of electron-dense material.7

ETIOLOGY AND PATHOGENESIS
Significant advances in the understanding of HOA have been made in 
recent decades.18 Any valid theory attempting to unravel its pathogen-
esis must explain the peculiarities of the syndrome, namely, how such 
different illnesses can induce so unique a deformity. It must also 
explain the reason for the acropachy—why the syndrome begins at the 
most distal parts of the extremities, evolving in a centripetal fashion. 

would clarify the situation. The most appropriate approach for such 
cases is to assume the presence of clubbing and to search for an under-
lying illness.

Diagnostic criteria for HOA are the combined presence of clubbing 
and radiographic evidence of periostosis of the tubular bones. Synovial 
effusion is not essential for the diagnosis. Nevertheless, it should be 
emphasized that in some patients, particularly those with malignant 
lung tumors, painful arthropathy may be the presenting manifestation 
of the syndrome, in advance of clubbing. Such cases could be misdiag-
nosed as suffering from an inflammatory type of arthritis.16 Here, 
important clinical features in the differential diagnosis are the location 
of pain (in HOA not only the joint but also the adjacent bone are 
involved) plus the fact that rheumatoid factor is usually absent and 
synovial fluid is “non-inflammatory.”

Fig. 168.4 Hypertrophic osteoarthropathy. Wrist radiograph showing 
periostosis at the distal ends of the radius and ulna. The coarse, layered 
appearance is most evident along the diaphyses. The relative sparing of the 
radial epiphyses is characteristic.

Fig. 168.5 Clubbing and hypertrophic changes. Anteroposterior view of the 
foot of a 34-year-old man with primary HOA, demonstrating marked clubbing 
and hypertrophic changes, with “mushrooming” of the tufts.

Fig. 168.6 Monolayer periostosis. Typical location of the early periosteal 
changes of HOA. A monolayer type of periostosis is seen in this anteroposterior 
view of the ankle of a 20-year-old woman with tetralogy of Fallot.
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Recent genomic evidence proposes that prostaglandins may play a 
role in the pathogenesis of HOA. Study of two families with primary 
HOA disclosed a mutation in the 15-hydroxyprostaglandin dehydroge-
nase gene. Affected individuals had chronically elevated prostaglandin 
E2 levels.26 It seems unlikely, however, that prostaglandins could play 
a key role in the pathogenesis of HOA. No evidence exists that  
the skeletal syndrome regresses with the use of non-steroidal anti-
inflammatory drugs. Rather, prostaglandin E2 may act as “facilitator” 
for VEGF action on osteoblasts.18 It has been shown that the action of 
prostaglandins on bones is mediated precisely through VEGF 
expression.26

MANAGEMENT
Apart from its unsightliness, clubbing is usually asymptomatic and 
does not require treatment. For patients with painful osteoarthropathy, 
non-steroidal anti-inflammatory drugs are effective in alleviating pain 
in most patients. There are isolated case reports from different parts 
of the world stating that intravenous infusions of pamidronate are 
effective in HOA cases with refractory bone pain.27 Pamidronate is not 
only an osteoclastic bone resorption antagonist but also a VEGF 
inhibitor.

Removal of a lung tumor, correction of a heart malformation, or 
successful treatment of infective endocarditis is followed by a dramatic 
regression of all features of the syndrome.

Lastly, it must also account for the pathologic features of edema, local-
ized endothelial hyperplasia, and excessive collagen deposition. Several 
hypotheses that have been proposed to explain these peculiarities are 
now supported by experimental data.5,18,19

The majority of illnesses associated with HOA have, in common, 
alteration of lung function. Such an alteration may be the result of 
exclusion of this organ from part of the circulation, a phenomenon 
evident in cyanotic heart diseases but also present to a lesser degree in 
some cases of cancer of the lung, intestinal polyposis, or the hepato-
pulmonary syndrome of liver cirrhosis. In the last condition there is 
an “intrapulmonary” shunting of blood.20 A particularly strong argu-
ment in favor of the key role of lung bypass in the development of 
HOA is the existence of patients with patent ductus arteriosus com-
plicated by pulmonary hypertension in whom the acropachy is limited 
to the cyanotic limbs.12 Another form of alteration of lung function 
results from a direct injury to the lung parenchyma from an assortment 
of diffuse interstitial illnesses listed in Figure 168.1.

The lack of inflammatory and autoimmune phenomena by conven-
tional serology, in addition to the excessive collagen deposition evident 
in histologic studies, led to a proposal that a fibroblast growth factor 
could be at the epicenter of the syndrome.5 This factor would normally 
be present in the central venous circulation and removed in the lung. 
A platelet-derived growth factor was chosen on the basis of a mathe-
matical model, suggesting that, in normal circumstances, large plate-
lets are fragmented in the pulmonary circulation. It was suggested that, 
in the patients with right-to-left shunts of blood, large thrombocytes 
that escaped fragmentation in the lung would enter the systemic cir-
culation and reach its most distal parts on axial streams, there releas-
ing growth factors and inducing acropachy.19

Studies of patients with HOA associated with cyanotic heart dis-
eases are consistent with these explanations. It has been found that 
these patients have a bizarre platelet population, characterized by the 
presence of macrothrombocytes with aberrant volume-distribution 
curves.21 Such cyanotic patients also display alterations in another 
distal part of the circulation—the renal glomeruli. Histologic studies 
have disclosed glomerular enlargement, with trapped megakaryocyte 
nuclei inside.22 These features concur with the theory of platelet frag-
mentation in the lung. Furthermore, it has also been demonstrated 
that these cyanotic patients, and patients with primary HOA, have 
increased circulating concentrations of von Willebrand factor antigen, 
an abnormality that reflects activation of the platelet/endothelial cell.23 
There are theoretical grounds to suggest that similar mechanisms may 
be operative in other illnesses associated with acropachy. Endothelial 
cell activation is a prominent feature of endarteritis and endocarditis 
of infective etiology.

These data suggest that localized activation of the platelet/endothe-
lial cells, with the subsequent release of growth factor(s), has a key role 
in the development of HOA (Fig. 168.7). Recent evidence suggests that 
vascular endothelial growth factor (VEGF) may play a key role in the 
pathogenesis of HOA. VEGF is one of the platelet-derived growth 
factors released during platelet-endothelial cell activation. It is also 
produced by malignant tumors as a mechanism of cancer growth. 
Furthermore, VEGF is a hypoxia-induced agent. These peculiarities 
may explain how different hypoxic and malignant illnesses may induce 
VEGF overexpression. On the other hand, VEGF induces vascular 
hyperplasia, new bone formation, and edema, which are precisely HOA 
histologic abnormalities. These theoretical considerations are now sup-
ported by experimental data. Plasma and serum concentrations of 
VEGF are significantly greater in patients with primary HOA and with 
HOA associated with lung cancer, compared with those in normal 
controls.24 Histology has shown that VEGF is overexpressed in the 
stroma of clubbed digits.25

PATHOGENESIS OF HOA

Megakaryocyte

Large
fragments

Pulmonary fibrosis

Growth
factors

Cancer
of the
lung

In tetralogy

Growth factor

Endothelial
cell

Fibroblasts

Finger clubbing
Large

platelet
Growth
factors

Fig. 168.7 Theoretical HOA. Megakaryocytes emerge from the bone marrow 
and, in normal circumstances, are fragmented in the lung microvasculature. In 
individuals with cyanotic heart disease (in this case tetralogy of Fallot), the 
large fragments would not enter the pulmonary circulation; instead they 
would directly enter the systemic circulation, reach its most distal sites, release 
growth factors, activate endothelial cells, and thus induce finger clubbing. In 
individuals with lung cancer, a growth factor derived from abnormal tissue 
would enter the systemic circulation and induce clubbing.
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ignore the more common situation of overlapping etiologies. The 
American College of Rheumatology classification of OA is shown in 
Box 169.1.7

This chapter discusses the following:

● Definitions of OA: radiographic, clinical, symptomatic
● Prevalence of radiographic OA
● Incidence and progression of radiographic OA
● Symptomatic OA
● Mortality in OA

DEFINITIONS OF OSTEOARTHRITIS
OA can be defined pathologically, radiographically, or clinically. The 
American College of Rheumatology criteria for the classification of OA 
of the hand, hip, and knee are shown in Table 169.1.7-9 OA definitions 
for epidemiologic investigation are evolving in recognition of the lack 
of perfect congruence between radiographic and clinical definitions,10,11 
the variation in frequencies of and risk factors for OA in different joint 
sites, and new and more sensitive metrics to determine disease such 
as magnetic resonance imaging (MRI) and biochemical markers. The 
presence of radiographic OA usually requires the presence of a definite 
osteophyte with or without joint space narrowing on plain radiograph. 
Clinical OA is usually defined by abnormalities on physical examina-
tion consistent with OA such as Heberden or Bouchard nodes in the 
hand or limited and painful range of motion on internal rotation of the 
hip. Symptomatic OA is usually defined as pain or other symptoms 
such as aching or stiffness in a joint with radiographic OA. Definitions 
can vary according to joint site, frequency or intensity of symptoms, 
and time span over which symptoms are assessed. Definitions of inci-
dent OA and progression of OA may also vary according to joint site, 
individual radiographic features assessed, and original metric used to 
define OA.

Definitions of radiographic osteoarthritis
Radiographic OA has long been considered the “gold standard,” and 
multiple ways to define radiographic disease have been devised. The 
Kellgren-Lawrence (KL) radiographic grading scale and atlas have been 
in use for more than 4 decades. This overall joint scoring system grades 
OA in five levels from 0 to 4, defining OA by the presence of a definite 
osteophyte, and more severe grades by the presumed successive appear-
ance of joint space narrowing, sclerosis, cysts, and deformity (Table 
169.2, Fig. 169.1).12,13 The KL scoring system has been used extensively 
but has been criticized by some because of its reliance on the presence 
of a definite osteophyte to define a case, as well as inconsistencies in 
interpretation across studies.14,15 The classification of individuals with 
KL grade 1 as unaffected has also been challenged; one study reported 
that 62% of women with grade 1 or “doubtful” knee OA went on to 
develop definite radiographic knee OA of grade 2 or more over 10 years, 
compared with only 22% of those with normal or grade 0 knees at 
baseline.16

Joint-specific atlases and scoring systems have also been developed 
to allow separate semiquantitative evaluation of individual radiographic 
features, including osteophytes and joint space narrowing (usually 
scored individually from 0 to 3), sclerosis, cysts, and deformity of the 
hand, knee (including both tibiofemoral and patellofemoral joints),  
hip, and spine.17-20 For the most part, each has been shown to have 
acceptable interrater and intrarater reliabilities. Algorithms using 

Osteoarthritis: epidemiology  
and classification
Amanda E. Nelson and Joanne M. Jordan

 Osteoarthritis is the most common form of arthritis. It is strongly 
associated with aging and typically affects the knee, hip, spine, 
great toe, the first carpometacarpal joint, and the proximal and 
distal interphalangeal joints of the hand.

 Racial and ethnic differences in frequency of osteoarthritis have 
been observed, with African Americans more likely to have knee 
osteoarthritis than whites. Hip and hand osteoarthritis are rare in 
Chinese individuals.

 Osteoarthritis can be defined by radiographs, clinical examination, 
or symptoms. Symptoms are more common with more severe 
radiographic OA, but the association between radiographic 
changes and symptoms is not absolute.

 Mortality is increased among individuals with osteoarthritis 
compared with the general population.

 As more sensitive measures of osteoarthritis such as magnetic 
resonance imaging and other biomarkers are developed and 
validated, definitions of osteoarthritis may change.

INTRODUCTION
Osteoarthritis (OA) is a condition found worldwide, is strongly associ-
ated with aging, and is the most common type of arthritis, affecting 
27 million adults in the United States in 2005.1 Because of its effect 
on ambulation and mobility, OA of the knee and hip has significant 
functional impact and is associated with considerable medical costs, 
accounting for 97% of the 455,000 total knee replacements and 83% 
of the 233,000 total hip replacements for arthritis in 2004.2 Because 
of the aging of our society and the obesity epidemic, the burden of OA 
can only be expected to increase over the next 20 years.3

The joint degeneration in OA affects all structures in the joint and 
should be considered a failure of the total joint. It is characterized by 
thinning and fibrillation of the cartilage with loss of joint space, osteo-
phyte formation, subchondral bony sclerosis, cysts, and deformity. 
Clinically, this can be accompanied by pain on use of the joint, stiffness 
particularly after inactivity, bony enlargement and tenderness, synovial 
hypertrophy and effusion, limited range of motion, and decreased joint 
function. Whereas previous investigations have emphasized the para-
mount importance of cartilage degeneration, more recent research has 
expanded this view to recognize the involvement of the subchondral 
bone, synovium, ligaments/tendons/meniscus, muscle, and neurologic 
structures in the disease process as well.4,5 OA may represent not so 
much a single entity but may be the final common pathway of a variety 
of conditions “with distinct etiologies but with similar biologic, mor-
phologic, and clinical outcomes.”6

OA typically affects the knees, hips, hands, spine, and feet. Clas-
sifications can differentiate between OA that is localized and OA that 
is generalized and affects multiple joint groups. It can also be classified 
as hypertrophic or atrophic or primary or secondary to other conditions 
such as metabolic disorders including ochronosis or hemochromatosis, 
anatomic abnormalities including slipped capital femoral epiphysis or 
chondrodysplasias, trauma or joint surgery, or previous inflammatory 
arthritis. This type of classification can be useful in clinical care and 
in development of inclusion and exclusion criteria for epidemiologic 
studies and clinical trials, but the distinctions can be artificial and 
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BOX 169.1 AMERICAN COLLEGE OF RHEUMATOLOGY CRITERIA FOR 
CLASSIFICATION OF OSTEOARTHRITIS
I. Idiopathic

A. Localized
1. Hands: (e.g., Heberden and Bouchard nodes [nodal], erosive interpha-

langeal arthritis [non-nodal]), scaphometacarpal, scaphotrapezial
2. Feet: (e.g., hallux valgus, hallux rigidus, contracted toes [hammer/

cock-up toes]), talonavicular
3. Knee

a. Medial compartment
b. Lateral compartment
c. Patellofemoral compartment (e.g., chondromalacia)

4. Hip
a. Eccentric (superior)
b. Concentric (axial, medial)
c. Diffuse (coxae senilis)

5. Spine (particularly cervical and lumbar)
a. Apophyseal
b. Intervertebral (disc)
c. Spondylosis (osteophytes)
d. Ligamentous (hyperostosis [Forestier disease or DISH])

6. Other single sites: (e.g., shoulder, temporomandibular, sacroiliac, ankle, 
wrist, acromioclavicular)

B. Generalized: includes three or more areas listed above (Kellgren-Moore)
1. Small (peripheral) and spine
2. Large (central) and spine
3. Mixed (peripheral and central) and spine

II. Secondary
A. Posttraumatic
B. Congenital or developmental diseases

1. Localized
a. Hip diseases: (e.g., Legg-Calvé-Perthes, congenital hip dislocation, 

slipped capital femoral epiphysis, shallow acetabulum)
b. Mechanical and local factors: (e.g., obesity [?], unequal lower  

extremity length, extreme valgus/varus deformity, hypermobility 
syndromes, scoliosis)

2. Generalized
a. Bone dysplasias: (e.g., epiphyseal dysplasia, spondylo-apophyseal 

dysplasia)
b. Metabolic diseases: (e.g., hemochromatosis, ochronosis, Gaucher 

disease, hemoglobinopathy, Ehlers-Danlos disease)
C. Calcium deposition disease

1. Calcium pyrophosphate deposition disease
2. Apatite arthropathy
3. Destructive arthropathy (shoulder, knee)

D. Other bone and joint disorders: (e.g., avascular necrosis, rheumatoid 
arthritis, gouty arthritis, septic arthritis, Paget disease, osteopetrosis, 
osteochondritis)

E. Other diseases
1. Endocrine diseases: (e.g., diabetes mellitus, acromegaly, hypothyroid-

ism, hyperparathyroidism)
2. Neuropathic arthropathy (Charcot joints)
3. Miscellaneous: (e.g., frostbite, Kashin-Beck disease, caisson disease)

DISH, diffuse idiopathic skeletal hyperostosis.
From Altman R, Asch E, Bloch D, et al. Development of criteria for the classification and 
reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and 
Therapeutic Criteria Committee of the American Rheumatism Association. Arthritis Rheum 
1986;29:1039-1049.

TABLE 169.1 AMERICAN COLLEGE OF RHEUMATOLOGY CRITERIA FOR 
OSTEOARTHRITIS OF THE HAND, HIP, AND KNEE

Items required for presence of OA

Hand

Clinical

1. Hand pain, aching, or stiffness for most 
days of prior month

1, 2, 3, 4 or 1, 2, 3, 5

2. Hard tissue enlargement of ≥2 of 10 
selected hand joints*

3. MCP swelling in ≤2 joints

4. Hard tissue enlargement of ≥2 DIP 
joints

5. Deformity of ≥1 of 10 selected hand 
joints*

Hip

Clinical and radiographic

1. Hip pain for most days of the prior 
month

1, 2, 3 or 1, 2, 4 or 1, 3, 4

2. ESR ≤20 mm/hr (laboratory)

3. Radiographic femoral and/or 
acetabular osteophytes

4. Radiographic hip joint space narrowing

Knee

Clinical

1. Knee pain for most days of prior month 1, 2, 3, 4 or 1, 2, 5 or 1, 4, 5

2. Crepitus on active joint motion

3. Morning stiffness ≤30 min in duration

4. Age ≥38 yr

5. Bony enlargement of the knee on 
examination

Clinical and radiographic

1. Knee pain for most days of prior month 1, 2 or 1, 3, 5, 6 or 1, 4, 5, 6 *

2. Osteophytes at joint margins 
(radiograph)

3. Synovial fluid typical of OA (laboratory)

4. Age ≥40 yr

5. Morning stiffness ≤30 min

6. Crepitus on active joint motion

* 10 selected hand joints include bilateral second and third proximal interphalangeal joints, 
second and third distal interphalangeal joints, and first carpometacarpal joints.

From Altman R, Asch E, Bloch D, et al. Development of criteria for the classification and reporting 
of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria 
Committee of the American Rheumatism Association. Arthritis Rheum 1986;29:1039-1049; 
Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology criteria for the 
classification and reporting of osteoarthritis of the hip. Arthritis Rheum 1991;34:505-514; and 
Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology criteria for the 
classification and reporting of osteoarthritis of the hand. Arthritis Rheum 1990;33:1601-1610.

combinations of radiographic features and their severity have been 
devised to define OA in some joint sites such as the hip.19-21

Lastly, direct measurement of the interbone distance as an indicator 
of the joint space width in the knees and hips has been proposed as a 
more powerful tool to define OA and to investigate progression in 
epidemiologic studies and clinical trials of disease-modifying thera-
pies.22-24 There are considerable methodologic issues regarding the 
most appropriate radiographic view to minimize measurement error in 
longitudinal image acquisition, use of fluoroscopy in some protocols, 
and manual- versus computer-based measurement of the radio-
graph.25-27 Standardized protocols for radiographic image acquisition 

and methods for scoring have been devised with good reliability, and 
use of digitized images and computer scoring can decrease error.22,28 
These issues are discussed further in Chapter 175.

Studies have compared several of these scoring systems in measur-
ing prevalence of radiographic OA and its association with symptoms 
and other OA outcomes. Investigators using data from the literature 
and from the Rotterdam study found that the minimal joint space 
width and the KL grade had the strongest associations with hip pain 
and evidence of hip pathology on examination, and the KL grade had 
the strongest predictive power for reception of total hip replacement at 
follow-up.29,30 In the Osteoarthritis Sub-study of the Copenhagen City 

DIP, distal interphalangeal; ESR, erythrocyte sedimentation rate; MCP, metacarpophalangeal.
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Caucasians than in blacks in Africa or the Caribbean.35 Later 
hospital-based studies in the United States showed that African Ameri-
cans were much less likely than Caucasians to undergo total hip 
replacement for OA,36 suggesting that African Americans might be less 
likely to have hip OA than their Caucasian counterparts. Two popu-
lation-based studies in the United States have suggested, however, that 
blacks may not be spared from radiographic hip OA. The first National 
Health and Nutrition Examination Survey (NHANES I), done in 1971-
1975, reported no difference in the prevalence of hip OA, defined by 
KL scale, between blacks and whites.37 Second, the Johnston County 
Osteoarthritis Project, a study of OA in African Americans and Cau-
casians aged 45 and older in North Carolina, found that African Ameri-
cans were at least as likely as Caucasians to have radiographic hip 
OA.38 In that study, the prevalence of radiographic hip OA among 
Caucasian participants was 27%, compared with 32% for African 
Americans; the frequency of severe radiographic hip OA (KL grade 3 or 
4) was 2.4% for Caucasians and 3.1% for African Americans.38

Hip OA is unusual in Chinese individuals.39 A comparison study using 
the same radiographic methods and x-ray readers among individuals 
in Beijing, China, and Caucasians in the United States confirmed that 
hip OA was rare in the Chinese participants.40 The prevalence of radio-
graphic hip OA, defined by minimal joint space of 2.5 mm or less, is 
higher in Iceland, present in about 8% of those aged 35 years or older, 
compared with other Scandinavian countries; a strong genetic compo-
nent is felt to be responsible for this difference.41

Prevalence of radiographic knee osteoarthritis
NHANES I also reported data on radiographic knee OA, with preva-
lence higher in black women than white women, after controlling for 
age, body mass index (BMI), education, income, and other confound-
ers.42 More recently, a subset of individuals aged 60 years and older, 
participating in NHANES III, conducted from 1991-1994, were evalu-
ated for radiographic knee OA. Prevalence overall was 37%, which was 
significantly higher than in the earlier NHANES I and again was higher 
in African Americans than in Caucasians. This study also included 
Mexican Americans who had prevalence between that of the African 
Americans and Caucasians, in which 36% of non-Hispanic white par-
ticipants, 52% of non-Hispanic blacks, and 40% of Mexican Americans 
had radiographic knee OA.43

Other studies in the United States have examined the prevalence 
of radiographic knee OA with some variation in results, perhaps based 
on cohort effects and differences in study design, radiographic reading 

TABLE 169.2 RADIOGRAPHIC GRADING SYSTEM FOR OSTEOARTHRITIS

Grade Classification Description

0 Normal No features of osteoarthritis

1 Doubtful Minute osteophyte, doubtful significance

2 Minimal Definite osteophyte, unimpaired joint space

3 Moderate Moderate diminution of joint space

4 Severe Joint space greatly impaired with sclerosis of 
subchondral bone

Adapted from Kellgren JH, Lawrence JS, eds. The epidemiology of chronic rheumatism, atlas of 
standard radiographs. Oxford: Blackwell Scientific, 1963.

Heart Study, investigators reported that minimum joint space width 
of 2 mm or less was the radiographic feature most closely associated 
with hip pain.31 In knee OA, LaValley and colleagues found definitions 
of KL grade, osteophytes, and joint space narrowing to each be related 
to the development of knee pain.32 A recent study by Neogi and col-
leagues,33 which controlled for confounding by examining knee pain 
and radiographic OA features within individuals with knees discordant 
for pain, found strong correlations between radiographic measures (KL 
grade, osteophytes, or joint space narrowing) and pain. The authors 
state that confounding in between-person studies, as well as use of 
nonstandardized films, may have contributed to the lack of correlation 
in prior studies.

Prevalence of radiographic osteoarthritis
Although OA affects individuals worldwide, some geographic variation 
in disease does exist and can inform investigations into etiology and 
pathogenesis. The following will include data on radiographic OA of 
the hip, knee, and hand, with a mention of other sites that have been 
less well characterized.

Prevalence of radiographic hip osteoarthritis
The overall prevalence of radiographic hip OA varies widely, from less 
than 1% to 27%, depending on the population being studied.34 Early 
studies found OA of the hip to be much more common in European 

a b

Fig. 169.1 Examples of semiquantitative radiographic 
assessment with use of the Kellgren-Lawrence and 
Osteoarthritis Research Society International (OARSI) 
grading schemes. (a) Kellgren-Lawrence grade 3. No 
lateral femoral and tibial osteophytes are seen (OARSI 
grade 0). A medial femoral osteophyte OARSI grade 1 
(white arrow), a medial tibial osteophyte OARSI grade 2 
(white arrowhead), lateral tibiofemoral joint-space width 
OARSI grade 0, and medial tibiofemoral joint-space 
narrowing OARSI grade 2 (black arrows) are depicted. (b) 
Kellgren-Lawrence grade 2. A lateral femoral osteophyte 
OARSI grade 2 (white arrow), a lateral tibial osteophyte 
OARSI grade 2 (white arrowheads), a medial femoral 
osteophyte OARSI grade 3 (black arrows), a medial tibial 
osteophyte OARSI grade 2 (black arrowhead), a normal 
lateral tibiofemoral joint-space width (OARSI grade 0), and 
medial tibiofemoral joint-space width (OARSI grade 1) 
(gray arrows) are shown. (From Guermazi A, Hunter DJ, 
Roemer FW. Plain radiography and magnetic resonance 
imaging diagnostics in osteoarthritis: validated staging and 
scoring. J Bone Joint Surg Am 2009;91[Suppl 1]:54-62.)
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of statin use and hip OA using data from the Study of Osteoporotic 
Fractures (SOF), reported development of incident OA in 566 of 4933 
women who did not have OA at the baseline evaluation 8 years prior 
(11% incidence), using a composite definition. Arden and colleagues, 
again using data from the SOF, recently reported that composite defini-
tions based on the presence of more than one individual radiographic 
feature had the strongest associations with pain and future need for 
hip replacement and recommended the use of such composites to 
define incident hip OA in epidemiologic studies.21 Progression of hip 
OA over 8 years was defined by an increase in the summary radio-
graphic grade, increase in total osteophyte score, decrease in minimal 
joint space of at least 0.5 mm, total hip replacement, or increase in 
lower-extremity disability score.63 Sixty-five percent of hips with radio-
graphic OA at baseline demonstrated radiographic progression by these 
criteria or were replaced, with risk of progression higher in those with 
hip symptoms at baseline. These figures, while appearing to be quite 
high, are actually lower than seen in hospital- or clinic-based samples. 
A group of experts reviewed the literature on hip OA progression and 
concluded that manual or automated measurement of minimal joint 
space width provided the most appropriate measure for progression, 
with progression defined as 0.5 mm or greater loss in minimum joint 
space width, yielding a clinically relevant metric and accounting for 
error in reading and variation in imaging technique.22

For radiographic knee OA, incidence is commonly defined as the 
development of KL grade 2 or more from a baseline grade of 0 or 1, or 
alternatively by the development of a definite osteophyte. Felson and 
colleagues64 reported that 15.6% of elderly Caucasian Framingham 
study participants developed incident radiographic knee OA over an 
8-year follow-up period, with women at higher risk than men.

Progression of radiographic knee OA can be defined as an increase 
in KL grade in those with prevalent radiographic knee OA at baseline. 
In such analyses, those with KL grade 4 cannot progress. Alternatively, 
progression could also include an increase in grade of semiquantita-
tively defined osteophyte or joint space narrowing grade. LaValley and 
colleagues32 assessed the validity and discriminant power of several 
definitions of radiographic knee OA for known risk factors of OA. 
Definitions incorporating both osteophytes and joint space narrowing, 
but not ordinal assessment of joint space narrowing alone, yielded the 
most precise estimates of radiographic knee OA worsening in relation-
ship to known risk factors.32 Particularly for the purpose of clinical 

protocols, and population studied. Radiographic knee OA was present 
in 33% of older Caucasian participants, aged 63 to 93 years, in the 
Framingham Osteoarthritis Study.44 Twenty-eight percent of partici-
pants in the Johnston County Osteoarthritis Project aged 45 years and 
older had radiographic knee OA, with slightly more African Americans 
affected than Caucasians.45 In a study of perimenopausal women aged 
40 to 53 years old from southeast Michigan, 23% of black women and 
8.5% of white women had radiographic knee OA.46 In the Beijing 
Osteoarthritis Study, radiographic knee OA was more common in 
Chinese women than in Caucasian women from Framingham, despite 
the Chinese women’s having a lower BMI.47

Many studies of radiographic knee OA are limited to the tibiofemoral 
joint and thereby underestimate the prevalence of radiographic knee 
OA and symptomatic knee OA by omitting the patellofemoral joint 
(PFJ). Much of PFJ OA coexists with tibiofemoral OA, but it can exist 
as an isolated phenomenon in up to about 13% of individuals, particu-
larly in younger populations,48-51 has been associated with significant 
pain and disability, and may have unique biomechanical or other risk 
factors.52

Prevalence of radiographic hand osteoarthritis
Radiographic hand OA is usually defined by KL grade of 2 or more in 
specific joints, namely, the distal interphalangeal (DIP) joints, the 
proximal interphalangeal (PIP) joints, and the carpometacarpal (CMC) 
joints or thumb base. Involvement of the metacarpophalangeal (MCP) 
joints in OA is increasingly recognized as important53 but has received 
less study. Criteria for case definitions may include the presence of 
radiographic hand OA in any hand joint or in a selected subset of hand 
joint sites, usually including the DIPs, PIPs, and CMCs.9 Radiographic 
hand OA is extraordinarily common, particularly in older age groups. 
The Framingham Osteoarthritis Study observed radiographic OA in 
22.1% of hand joints of older men and in 32.7% of hand joints of older 
women.54

Radiographic hand OA involving any hand joint was present in 
25.5% of black women and 19.2% of white women in the Southeast 
Michigan cohort of perimenopausal women.46 The Rotterdam study 
reported that 67% of women and 55% of men aged 55 years and older 
had radiographic hand OA in at least one joint and 28% had radio-
graphic hand OA in at least two of three hand joint sites (DIP, PIP, 
CMC).55 The age-specific frequency of involvement in hand joint 
groups in this study is displayed in Figure 169.2. Radiographic hand 
OA is uncommon in Chinese residents of Beijing and in Japanese 
adults, compared with Caucasians in Framingham.56,57

Prevalence of radiographic osteoarthritis in other sites
OA in other common sites such as the spine and first metatarsopha-
langeal joints is less well studied. A recent report on facet joint OA in 
the Framingham Heart Study showed a high prevalence (60% in men 
and 67% in women) of this condition by CT imaging, although no 
association with pain was identified.58 Degenerative disc disease of the 
lumbosacral spine is also extremely common, with anterior osteo-
phytes and disc space narrowing present in 91% and 68%, respectively, 
of women in a population-based study,59 although the relationship of 
this entity to OA is controversial. OA of the joints of the feet is also 
common but understudied; one estimate reports a prevalence of 42% 
in the first metatarsophalangeal joint in an elderly population with a 
high prevalence of OA at other joints.60

Incidence and progression of radiographic  
osteoarthritis: definitions
Incidence and progression of radiographic OA are defined separately 
for individual joint groups and, increasingly, for the individual radio-
graphic features of osteophytes and joint space narrowing or their 
combination.22,28

First, development of KL grade 2 or more from a baseline of 0 or 1 
can be used to define incident hip OA; other definitions using algo-
rithms such as the Croft scale, or the development of a minimum joint 
space of 2.5 mm or less, consider the development of specific radio-
graphic features. From the Rotterdam study, after a mean follow-up 
time of 6.6 years, incident hip OA was identified in 3.9% of 5481 hips 
with KL grade 1 or less at baseline.61 Beattie and colleagues,62 in a study 
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Fig. 169-2 Age-specific frequency (%) of involvement of hand joint groups 
with radiographic osteoarthritis (Kellgren-Lawrence grade ≥2) in the Rotterdam 
study. CMC1, first carpometacarpal joint; DIPs, distal interphalangeal joints; 
MCPs, metacarpal phalangeal joints; PIPs, proximal interphalangeal joints;  
TS, trapezioscaphoid joint. (From Dahaghin S, Bierma-Zeinstra SM, Ginai AZ, et al. 
Prevalence and pattern of radiographic hand osteoarthritis and association with 
pain and disability [the Rotterdam study]. Ann Rheum Dis 2005;64:682-687.)
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were more common in older age groups. Of the men with radiographic 
KL grade greater than or equal to 2, 2.1% of the men younger than the 
median of 65.2 years reported hip pain, with 17% of the older men, 
36% of younger women, and 32% of older women reporting hip pain.29 
Using data from the NHANES I, the National Arthritis Data Work-
group (NADW) estimated the prevalence of symptomatic hip OA to be 
0.7% in adults aged 55 to 74 in the United States.73 However, these 
are likely to be gross underestimates because the NHANES I dataset 
had very few cases of radiographic hip OA and the symptoms question 
inquired about daily pain and not about pain on most days, less fre-
quent pain, or intermittent pain. A recent analysis of data from the 
Johnston County Osteoarthritis Project identified hip symptoms in 
36% of the nearly 3000 individuals studied, with 10% meeting criteria 
for symptomatic hip OA (defined as the presence of symptoms in a hip 
with KL grade ≥2).38 The frequency of symptomatic hip OA was higher 
among women and African Americans and increased with age.38 Similar 
to studies of radiographic hip OA, symptomatic hip OA is infrequent 
in Chinese individuals; a recent review reports frequencies ranging 
from 0.03% to 2%, from five different studies.74

Prevalence of symptomatic knee osteoarthritis
The prevalence of symptoms in those with radiographic knee OA varies 
depending on definitions of radiographic OA, definitions of pain and 
symptoms, and population studied. Using data from the NHANES III, 
the prevalence of symptomatic knee OA is estimated to be 12% in 
adults 60 years old and older.1,43 The Framingham Osteoarthritis Study 
showed that 9.5% of persons aged 63 to 93 had symptomatic knee OA; 
prevalence was higher in women (11.4%) than in men (6.8%).44 More 
recently, the Rotterdam study reported that 25% of individuals aged 
55 years and older had knee pain, with half of them having radiographic 
knee OA, yielding about 12.5% with symptomatic knee OA.75 The 
prevalence of symptomatic knee OA in adults aged 45 years and older 
in The Johnston County Osteoarthritis Project was 16%.45

Whereas joint space width in the hip has been associated with hip 
pain,22,30 the radiographic feature in the knee that seems to be associ-
ated with pain is the osteophyte.50 Lanyon and colleagues50 reported 
that the presence of an osteophyte of at least grade 1 in any compart-
ment of the knee, including the patellofemoral compartment, was 
associated with pain, while definitions including measurement or 
grading of joint space were less efficient. Further, they concluded that 
joint space loss at the knee did not necessarily occur with normal aging 
and that there was no threshold of joint space width at which the 
frequency of pain increased dramatically.50

Several investigators have begun to examine features on MRI that 
might be associated with pain, including bone marrow edema, effusion, 
synovial thickening, and periarticular lesions, which were more likely 
in symptomatic knee OA than in asymptomatic knee OA in a study 
of older individuals with radiographic knee OA.76-79 Meniscal tears were 
common and did not differentiate those with painful versus painless 
knees, or those with radiographic knee OA from those without.67 In 
perimenopausal women, the presence of full-thickness cartilage defects, 
bone marrow edema, and subchondral cortical bone defects on MRI 
was much more likely in those with painful knee OA than painless 
knee OA.77

Prevalence of symptomatic hand osteoarthritis
Radiographic OA in at least one hand joint is almost universally 
present in older age groups, but not all is symptomatic. Most studies 
examining symptoms in the hand may not require symptoms and 
radiographic evidence of OA in the same joint, but symptoms may be 
in the hand in general or in any joint of a specific hand joint group; 
the carpometacarpal joint may contribute more strongly to hand symp-
toms than other hand joints.80 Symptomatic hand OA, with pain in a 
specific hand joint on most days and radiographic OA in that same 
joint, was present in 26% of older women in the Framingham Study 
and 13% of men81 and was associated with significant self-reported and 
observed disability. In the Rotterdam study, in which the frequency of 
radiographic hand OA was more than 60%, the frequency of hand pain 
was 14%, with slightly stronger associations with the most severe 
radiographic grades and with the number of joints affected with OA.55 
Dillon and colleagues,82 using data from NHANES III, reported a 
prevalence of 8% for symptomatic hand OA, defined according to ACR 

trials of structure-modifying interventions, progression in knee OA is 
more sensitively captured by a change in the minimal joint space width 
from baseline.28 A group of experts defined the best radiographic pro-
tocol to determine knee OA progression, especially for use in ran-
domized controlled clinical trials for structure modification in OA.28 
Mazzuca and colleagues65 noted that quantitative measurements were 
more sensitive to change than dichotomous measures in a structure 
modification trial of doxycycline in knee OA.

New MRI measures are being developed and validated and will 
require updated definitions of OA incidence and progression.66 MRI 
technology allows assessment of not only the bone but also of articular 
cartilage, menisci, osteophytes, subchondral bone, and ligamentous 
and synovial structures, using both qualitative and quantitative 
methods. Semiquantitative scoring systems encompassing many of 
these features have been developed for the knee, although issues such 
as optimal sequence and image quality, time for scoring, and necessary 
reader expertise and training have yet to be fully addressed (Table 
169.3).13 It also remains unclear what constitutes a pathologic lesion 
versus an incidental finding because of the high sensitivity of MRI.67 
Although MRI is attractive as a new “platinum standard” measure in 
knee OA, barriers such as high price to obtain and operate the equip-
ment, length of time required for obtaining and interpreting the images, 
and contraindications to the procedure have limited its use in large, 
longitudinal cohort studies.13 However, MRI may well be the modality 
of choice in future clinical trials of structure-modifying drugs and epi-
demiologic studies, provided its reach can be extended beyond tertiary 
research centers.

Symptomatic osteoarthritis: definitions
The likelihood of symptoms, variously defined as pain, aching, and 
stiffness, is higher with more severe radiographic grades of OA.68 It has 
long been recognized, though, that there is a lack of perfect congruence 
between radiographic findings of OA and clinical symptoms.10 Up to 
60% of individuals with radiographic knee OA may not complain of 
pain. The apparent lack of symptoms in this case may be at least partly 
dependent on radiographic severity and ascertainment and definitions 
of symptoms because recent studies have shown a closer relationship 
between radiographic findings and symptoms.33 Individuals with radio-
graphic knee OA, but without frequent pain, may still have quadriceps 
weakness69,70 and have a higher likelihood of disability or dependence 
on others to perform tasks of daily living.71 This suggests that individu-
als may curtail symptom-inducing activities and that even “asymptom-
atic” radiographic OA is not without consequence.

Nonetheless, in recognition that OA that causes symptoms and 
disability is more significant in determining the need for medical care 
and services than asymptomatic OA, epidemiologic definitions of OA 
that incorporate symptoms and impact are of increasing importance. 
Symptomatic OA is usually defined as the presence of symptoms in a 
joint with radiographic OA. Incidence of symptomatic OA would be 
defined as the development of radiographic OA in someone with symp-
toms, of symptoms in someone with radiographic OA, or of both 
symptoms and radiographic OA in someone without either at baseline. 
Progression of symptomatic OA would involve progression of either 
radiographic OA or symptom severity or both.

Another potential definition of symptomatic knee and hip OA pro-
gression not captured in these definitions is joint failure leading to total 
joint replacement. Because many factors such as country of residence, 
health care system factors, demographic factors, comorbidities, willing-
ness for surgery, and psychological factors influence reception of a joint 
replacement, perhaps a more appropriate metric in this regard would 
be progression leading to the need for total joint replacement; how this 
would be defined for research and policy purposes is currently the 
subject of considerable attention in the epidemiologic research com-
munity.72 A summary of prevalence estimates for symptomatic OA at 
the hands, knees, and hips is presented in Table 169.4.1

Prevalence of symptomatic hip osteoarthritis
Exact figures for this in the population are difficult to derive from 
studies in the literature to date. In the Rotterdam study, KL grade 2 or 
more in the hip was present in 7.8% of men and 6.4% of women. 
Women reported hip pain more frequently than men, and symptoms 
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TABLE 169.3 COMPARISON OF SEMIQUANTITATIVE MRI SCORING SYSTEMS FOR KNEE OSTEOARTHRITIS*

Scoring systems

BLOKS KOSS WORMS

MRI protocol of original 
publication (all publications 
used 1.5-tesla systems)

Sag/cor T2w FS, sag T1 SE, axial/cor 3D 
FLASH

Cor/sag T2w and PDw, sag 3D SPGR, 
axial PD, and axial T2w FS

Axial T1 SE, cor T1 SE, sag T1 SE, sag T2 FS, 
sag 3D SPGR

Subregional division of knee 9 subregions: medial and lateral aspect 
of patella, medial and lateral aspect of 
trochlea, medial and lateral weight-
bearing aspect of femur, medial and 
lateral weight-bearing aspect of tibia, 
subspinous aspect of tibia

9 subregions: medial aspect of patella, 
patellar crest, lateral aspect of patella, 
medial and lateral aspect of trochlea, 
medial and lateral aspect of femoral 
condyle, medial and lateral aspect of 
tibial plateau

15 subregions: medial and lateral aspect 
of patella, medial and lateral aspect of 
femur (anterior, central, or posterior parts), 
medial and lateral aspect of tibia (anterior, 
central, or posterior parts), subspinous 
aspect of tibia

Cartilage Two different scores. Score 1: 
subregional approach. Score 2: 
site-specific approach. Scoring of 
cartilage thickness at 11 specific 
locations (not subregions) from 0 
(none) to 2 (full-thickness loss)

Subregional approach: focal and diffuse 
defects are differentiated. Depth of 
lesions is scored from 0-3. Diameter of 
lesions is scored from 0-3

Subregional approach: scores from 0-6, 
depending on depth and extent of 
cartilage loss. Intrachondral cartilage 
signal additionally scored as present or 
absent

Bone-marrow lesions Scoring of individual lesions. 3 different 
aspects of BMLs are scored: a. size of 
BML scored from 0-3. b. percentage of 
surface area adjacent to subchondral 
plate. c. percentage of BML that is 
non-cystic

Scoring of individual lesions from 0-3 
with regard to maximum diameter of 
lesion

Summed BML size and volume for 
subregion from 0-3 with regard to 
percentage of subregional bone volume

Subchondral cysts Scored together with BMLs Scoring of individual lesions from 0-3 
with regard to maximum diameter of 
lesion

Summed cyst size and volume for 
subregion from 0-3 with regard to 
percentage of subregional bone volume

Osteophytes Scored at 12 sites from 0-3 Scored from 0-3 Scored at 16 sites from 0-7

Bone attrition Not scored Not scored Scored in 14 subregions from 0-3

Effusion Scored from 0-3 Scored from 0-3 Scored from 0-3

Synovitis Scoring of size of signal changes in 
Hoffa fat pad

Synovial thickening scored as present 
or absent

Combined effusion and synovitis score

Meniscal status Anterior horn, body, and posterior horn 
scored separately in medial and lateral 
meniscus

No subregional division of meniscus 
described

Anterior horn, body, and posterior horn 
scored separately in medial and lateral 
meniscus from 0-4

Meniscal extrusion Scored as medial and lateral extrusion 
on coronal image and anterior 
extrusion for medial and lateral 
meniscus on sagittal image from 0-3

Scored on coronal image from 0-3 Not scored

Ligaments Cruciate ligaments scored as normal or 
complete tear. Associated insertional 
BMLs are scored in tibia and in femur

Not scored Cruciate ligaments and collateral 
ligaments scored as intact or torn

Periarticular features Patellar tendon: signal normal or 
abnormal. Pes anserine bursitis, iliotibial 
band signal, popliteal cyst, infrapatellar 
bursa, prepatellar bursa, ganglion cysts 
of the TFJ, meniscus, ACL, PCL, and 
others are scored as present or absent

Only popliteal cysts scored from 0-3 Popliteal cysts, anserine bursitis, 
semimembranosus bursa, meniscal cyst, 
infrapatellar bursitis, prepatellar bursitis, 
tibiofibular cyst scored from 0-3

Loose bodies Scored as absent or present Not scored Scored from 0-3

* BLOKS, Boston Leeds Osteoarthritis Knee Score; KOSS, Knee Osteoarthritis Scoring System; WORMS, Whole-Organ Magnetic Resonance Imaging Score.

From Guermazi A, Burstein D, Conaghan P, et al. Imaging in osteoarthritis. Rheum Dis Clin North Am 2008;34:645-687; with permission from Elsevier. Adapted from Guermazi A, Hunter DJ, Roemer FW. 
Plain radiography and magnetic resonance imaging diagnostics in osteoarthritis: validated staging and scoring. J Bone Joint Surg Am 2009;91(Suppl 1):54-62.

ACL, anterior cruciate ligament; BML, bone-marrow lesion; Cor, coronal; MRI, magnetic resonance imaging; PCL, posterior cruciate ligament; PDw, proton density-weighted; Sag, sagittal; TFJ, tibiofemoral 
joint; T2w FS, T2-weighted fat-suppressed sequence; T1 SE, T1-weighted spin-echo sequence; 3D FLASH, three-dimensional fast low-angle shot sequence; 3D SPGR, three-dimensional spoiled gradient-echo 
sequence.
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using an administrative database in British Columbia, Canada, reported 
trends in standardized incidence rates for osteoarthritis in any joint 
site over an 8-year period (Fig. 169.4). Another recent study used a 
military database to assess incident hip OA and found an overall inci-
dence rate of 35 cases per 100,000 person-years, with higher rates 
among women and African Americans (54 cases per 100,000 person-
years for women, and 51 cases per 100,000 person-years for African 
Americans).85

Progression of symptomatic OA is also understudied, despite sig-
nificant impact. In the Study of Osteoporotic Fractures, of approxi-
mately 6000 women followed over 8 years, 12.6% had radiographic hip 
OA at baseline, with almost half of them symptomatic. At follow-up, 
almost a quarter of hips with symptomatic OA at baseline had pro-
gressed to total joint replacement.63 A different way of assessing the 
burden of symptomatic OA is by considering the lifetime risk, which 
represents the probability of developing the condition over the course 
of a lifetime. Using data from the Johnston County Osteoarthritis 
Project, Murphy and colleagues86 recently reported a lifetime risk for 
symptomatic knee OA of 45%, with higher risk among those with  
prior injury and the obese. The lifetime risk of symptomatic hip  
OA was 27% and was higher in women than in men (31% and  

TABLE 169.4 PREVALENCE OF SYMPTOMATIC OA IN THE HANDS, KNEES, AND 
HIPS, FROM POPULATION-BASED STUDIES*

Anatomic site, 
age, years Source (ref.)

% with symptomatic OA

Male Female Total

Hands, ≥26 Framingham OA study81 3.8 9.2 6.8

Knees

≥26 Framingham OA study44 4.6 4.9 4.9

≥45 Framingham OA study44 5.9 7.2 6.7

≥45 Johnston County OA Project45 13.5 18.7 16.7

≥60 NHANES III43 10.0 13.6 12.1

Hips, ≥45 Johnston County OA Project38 8.7 9.3 9.2

* Adjusted to the projected 2000 population age ≥18 years except for National Health and 
Nutrition Examination Survey III (NHANES III) estimates, which were adjusted to the 1980 Census 
population.

From Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the prevalence of arthritis and 
other rheumatic conditions in the United States. Part II. Arthritis Rheum 2008;58:26-35.

INCIDENCE OF OA BY AGE
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Fig. 169.3 Incidence of symptomatic osteoarthritis of the hand, knee, and hip 
by age. (Data from Fallon Community Health Plan; Oliveria SA, Felson DT, Reed JI, 
et al. Incidence of symptomatic hand, hip, and knee osteoarthritis among patients 
in a health maintenance organization. Arthritis Rheum 1995;38:1134-1141.)

clinical criteria; they estimated that 1 in 12 older adults in the United 
States may be affected by symptomatic hand OA.

Incidence and progression of  
symptomatic osteoarthritis
Longitudinal studies of incident symptomatic OA in the community 
are few and are often done using large administrative databases, which 
have inherent limitations including diagnostic and coding errors. Oli-
veria and colleagues83 reported age- and sex-standardized incidence 
rates of symptomatic hip, knee, and hand OA of 88, 240, and 100 per 
100,000 person-years, respectively, in participants in a Massachusetts 
health maintenance organization (Fig. 169.3). Kopec and colleagues,84 

AGE-SPECIFIC INCIDENCE RATES OF OSTEOARTHRITIS
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Fig. 169.4 Age-specific incidence rates of osteoarthritis in British Columbia, 
Canada, from 1996-1997 to 2003-2004 for men (a) and women (b). (From Kopec 
JA, Rahman MM, Sayre EC, et al. Trends in physician-diagnosed osteoarthritis 
incidence in an administrative database in British Columbia, Canada, 1996-1997 
through 2003-2004. Arthritis Rheum 2008;59:929-934. Reprinted with permission 
of John Wiley & Sons.)

OA, osteoarthritis.
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through a review of nine studies, appeared to be primarily due to  
cardiovascular and gastrointestinal causes. This increased risk is  
likely due to a combination of reduced physical activity among  
individuals with OA, the presence of comorbid conditions, and/or 
adverse effects of medications such as non-steroidal anti-inflammatory 
drugs.91

CONCLUSION
In summary, osteoarthritis is a common condition that is only increas-
ing in frequency as the population ages and the obesity epidemic 
worsens. The prevalence of OA at different joint sites varies by age, 
race, and gender. New modalities such as MRI will likely have a promi-
nent role, as the definitions of OA change to identify cases earlier in 
hopes of preventing some of the many consequences of this debilitating 
process.

20%, respectively).87 Assessment of incidence and progression of symp-
tomatic OA is another area that will likely benefit from the increasing 
use of MRI because this modality provides a greater sensitivity to 
change compared with conventional radiography.88 Changes in the size 
of bone marrow lesions and in semiquantitative measures of synovitis 
predicted changes in knee pain in two recent longitudinal studies.89,90

MORTALITY IN OSTEOARTHRITIS
Hochberg recently published a systematic review that revealed moder-
ate evidence of increased mortality in individuals with OA compared 
with the general population.91 One study showed an increased mortal-
ity risk with increasing numbers of joint groups affected by OA, as well 
as reduced survival in individuals with hand, bilateral knee, or cervical 
spine involvement, but not in those with hip, foot, or lumbar spine 
involvement.92 This modestly increased mortality risk, determined 
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There are other epidemiologic and statistical reasons why risk 
factors for progression are especially difficult to detect in OA even 
ignoring malalignment (Box 170.1). Studies of risk factors for progres-
sion compare only knees with disease. To get disease, knees had to 
have had risk factors for disease development. A putative risk factor 
for progression affecting one knee would be to compare risk factors in 
other knees that already have disease and that, because they have 
disease already, have risk factors for disease. For example, one osteo-
arthritic knee may be in a person who is obese. Another person may 
have genetic or injury-related risk factors for knee OA. None of the 
knees affected by disease is without risk factors for progression. This 
is different from studies of incidence in which some knees will never 
get OA and have no risk factors for disease. Although some of these 
progression risk factors can be adjusted for in analyses, there are likely 
to be risk factors for disease incidence and progression that are not yet 
identified, so that even adjusting for known risk factors in studies of 
progression will not adequately adjust for the constellation of risk 
factors that is almost certainly present in knees with disease. Failure 
to adjust for these factors in analyses would bias the study findings, 
often toward the null, producing a failure to find risk factors for disease.

At least two other factors make studies of progression of risk factors 
challenging. First, there are time effects. For example, when the follow-
up time is long, for example, 4 years, knees with a risk factor for 
progression may reach the end stage of disease within 2 years and knees 
without that risk factor arrive at the same stage in 3 years. However, 
at 4-year follow-up, those knees would be considered the same, pro-
gressed knees. Therefore, a long-term study may allow for knees with 
risk factors for rapid progression to be equated to risk factors for slower 
progression, making the two impossible to distinguish. Unlike a ran-
domized clinical trial in which OA severity between comparison groups 
is evenly distributed, in studies of OA progression, disease severity may 
be different for knees with and without possible risk factors for progres-
sion. Thus, a knee with progression from stage 0 to 1 disease would 
be considered the same as a knee with progression at either more severe 
or more stages, for example, from 1 to 2 or from 2 to 3.

Relative risks (or other measures of association used to quantify risk) 
are ratio measures in which the denominator is the risk of disease in 
those without a risk factor. Progression is far more common among 
knees with OA than incidence is in knees without disease. Therefore, 
even in diseased knees without known risk factors, progression risks 
are high and the denominator in a relative risk will be high. Therefore, 
even if a risk factor increases the risk of disease over and above this 
baseline risk, the baseline risk in a group of knees with extant disease 
is higher than in knees without disease, making the ratio measure less 
elevated for progression risk factors than for risk factors for incidence.

Paradoxically, the failure of studies of progression to detect risk 
factors does not mean there are no such risk factors. A risk factor for 
incident disease likely increases the risk of disease progression, too. 
Because treatment to modify a risk factor for progression may lower 
risk back to no risk at all (a situation akin to comparing knees with 
no disease), treatments that focus on progression risk factors may actu-
ally be effective even if the progression studies show no association of 
the risk factor with progression.

In this chapter the focus is primarily on risk factors for incidence 
assuming that they also affect progression risk. The one exception will 
be malalignment, which appears to primarily affect progression.

Local and systemic risk factors 
for incidence and progression 
of osteoarthritis
David T. Felson and Yuqing Zhang

INTRODUCTION
From cholesterol and heart disease to estrogen deprivation and osteo-
porosis, appreciating risk factors has provided opportunities to prevent 
and treat chronic diseases. Similarly, an appreciation for risk factors 
that lead to osteoarthritis (OA) may provide insights not only into 
disease pathogenesis but also into opportunities for disease prevention 
and treatment.

The focus of this chapter is on risk factors for knee, hip, and hand 
OA, the joints most commonly affected by symptomatic disease. 
Because most studies have focused on OA of the knee, the joint in 
which involvement is most commonly disabling, the majority of this 
review will cover knee studies. When there are specific relevant risk 
factors for hip or hand OA, they will be discussed.

THE CHALLENGE OF STUDYING INCIDENCE 
VERSUS PROGRESSION IN OSTEOARTHRITIS
Epidemiologists generally distinguish between the new onset of disease 
(incidence) and worsening of disease in persons who already have it 
(progression). In OA this distinction is generally applied to radiographi-
cally evident disease in which incident disease is defined in persons 
who initially have no radiographically evident disease and develop it. 
Subjects who already have radiographically evident disease are observed 
for disease progression. Natural history studies and clinical trials focus 
almost solely on disease progression because subjects with clinical 
symptoms usually have radiographically evident OA.

Although the distinction between incidence and progression has 
been useful for OA research, any distinction is artificial because there 
is no clear-cut time when disease suddenly occurs. OA is an evolving 
disease of insidious onset. Structural changes and symptoms often do 
not occur all of a sudden but rather develop gradually from mild and 
occasional to worse and persistent. Any threshold beyond which a 
person is labeled as having disease divides a continuum of both struc-
tural change and pain evolution into categories that are, to some 
extent, artificial. Furthermore, depending on the particular radiographic 
feature and the definition of pain that constitutes the threshold, OA 
may be defined differently by different investigators in different studies.

Studies of risk factors for incidence and progression have produced 
fundamentally different findings even with respect to the same risk 
factor. In general, risk factors for incidence have been easily detected. 
In contrast, risk factors for progression have been extraordinarily dif-
ficult to detect; even obesity, a potent risk factor for knee OA incidence 
does not, in most studies, increase the risk of progressive radiographi-
cally evident disease. The discordance between incidence and progres-
sion of risk factors has been seen solely with knee OA, although it is 
likely to be present regardless of the joint studied.

One reason for this distinction between detectable risk factors for 
incidence and difficult to detect ones for progression is that incident 
disease develops in knees that are undamaged and not malaligned. 
Malalignment develops in the majority of diseased knees in the patel-
lofemoral or tibiofemoral compartments or both and creates excessive 
transarticular load that may be sufficient by itself to propel disease 
progression. In a malaligned knee, it appears that few risk factors are 
important in causing progression other than the malalignment.

170



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1718

A FRAMEWORK FOR UNDERSTANDING 
SYSTEMIC AND LOCAL RISK FACTORS  
FOR OSTEOARTHRITIS
As shown in Figure 170.1, OA is caused by a combination of systemic 
factors and factors in the local joint environment. Many systemic 
factors may cause disease by affecting the vulnerability of the joint 
within the local environment (e.g., muscle weakness, neurologic 
response times). Because they operate on all joints that might be vul-
nerable to OA we think of systemic factors as having systemic effects, 
but the mechanisms underlying their effects on specific joints are, in 
fact, local.

Systemic risk factors
As reviewed in Chapter 169, OA occurs primarily as people get older. 
Changes to the joint environment with aging have a combined effect 
on the joint, making it vulnerable to the development of OA. Cartilage 
gets thinner with age, and this may increase the laxity of the joint, 
making it more vulnerable to injury, and increases cartilage susceptibil-
ity to shear stress at the basal levels where cartilage attaches to bone; 
early lesions of cartilage damage show clefts at this basal level, sug-
gesting shear stress damage.2 With age, cartilage also becomes less 
responsive to regulatory growth factors in the cartilage matrix environ-
ment, factors that might otherwise stimulate the synthesis of matrix.

The local joint environment changes with age in ways that make 
the joint vulnerable to injury. With age, muscles become weaker and 
less well conditioned. Reaction times slow so that incipient injury to 
a joint from an oncoming weight-bearing load may not be buffered or 
there may not be as much shock absorption in an older joint as in a 
younger one. Aging assumes such a major place as a risk factor for OA 
because, in aging, more than one of these explanations operates at the 
same time to increase disease risk.

Much less well understood is the increase in OA risk that occurs in 
women compared with men, especially in women after menopause. 
Some of the changes in local joint environment may be more promi-
nent in women (e.g., loss in strength and conditioning), and hormone-
related changes that occur in postmenopausal women may increase 
disease risk, although the data on estrogen loss and its relation to the 
development of OA are mixed.3

The relation of such systemic factors as genetic and ethnic predis-
position are covered elsewhere (see Chapters 169 and 174) but, like 
other systemic factors, it is likely that these operate by making the 
local joint environment more vulnerable to disease.

Another set of systemic factors that may influence the risk of 
disease are nutritional deficiencies. For a number of vitamin and other 

Intrinsic joint vulnerabilities
(local environment):

Previous damage
(e.g., meniscectomy; ACL tear)
Bridging muscle weakness
Cartilage not responsive
Malalignment
Proprioceptive deficiencies

Use (loading) factors
acting on joints:

Systemic factors
affecting joint
vulnerability

Age
Female gender
Race
Genetic susceptibility
Nutritional factors

Obesity
Injurious physical activities

Osteoarthritis or
its progression

Susceptibility
to OA

A FRAMEWORK FOR UNDERSTANDING SYSTEMIC
AND LOCAL RISK FACTORS FOR OSTEOARTHRITIS

Fig. 170.1 A framework for understanding systemic and local risk factors for 
osteoarthritis. Systemic risk factors can act both systemically and, more 
often, by affecting elements of the local joint environment that increase the 
susceptibility of the joint for development of osteoarthritis.

BOX 170.1 BARRIERS TO DETECTING RISK FACTORS FOR PROGRESSION 
OF OSTEOARTHRITIS BUT NOT INCIDENCE

Disease related
 Malalignment develops with disease and drives disease progression 

independent of risk factors.

Epidemiologic
 Unmeasured risk factors cause incident and progressive disease. All 

diseased knees have risk factors for progression so risk factors are being 
compared among groups of knees that all have risk factors.

Statistical
 End-stage (ceiling) and time effects (risk factors with rapid and slow effects 

equated) are noted.
 Relative risks are ratio measures with denominator of ratio consisting of risk 

in those without risk factors. In diseased knees, those without risk factors 
show a high rate of progression, raising denominator rate; hence the 
relative risk falls.

THE DISCORDANCE BETWEEN 
RADIOGRAPHICALLY EVIDENT  
OSTEOARTHRITIS AND JOINT PAIN
Many persons with radiographically evident disease have little if any 
joint pain, and many persons with joint pain do not have OA. Further-
more, radiographic changes of OA occur fairly late in the development 
of disease. What is most important from a clinical and public health 
perspective is joint pain, which causes suffering and disability. Even 
though there is a discordance between radiographically evident disease 
and joint pain, radiographically evident knee OA is a very strong risk 
factor for knee pain (e.g., those with grade 3 Kellgren and Lawrence 
OA in the knee have a ninefold risk of knee pain compared with those 
who have grade 0).1 Although not a focus of this chapter, structural 
factors that may mediate the relationship between disease and pain are 
abnormal findings in pain-sensitive structures in the joint, including 
bone marrow lesions, synovitis, and distention of the joint capsule 
from an effusion.

Because the literature on risk factors for OA contains a mixture of 
studies of radiographically evident disease (most studies) and studies 
of symptomatic disease, we also will mix them here. There is no evi-
dence yet that specific risk factors affect pain and not structural disease 
represented by radiographs, although, for some risk factors such as 
muscle weakness, there appears to be a much stronger relation with 
symptoms than structure.
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The optimal way to assess medial/lateral loading of the knee is 
during walking, so-called dynamic alignment. The key measure is the 
adduction moment, an estimate of the load across the medial compart-
ment of knee during walking.15 High adduction moments are a feature 
of medial knee OA and markedly increase the risk of further medial 
disease progression.16 It is easier to assess malalignment on a radio-
graph, but the downside is that the radiograph only measures malalign-
ment in one static position. Loading across the knee is determined by 
where the muscles that move the joint come from; the origin of the 
muscles that move the knee from above start around the hip joint and 
from below come from the area of the ankle. Thus, the mechanical 
axis around the knee is determined by a line from the femoral head to 
the knee (the femoral mechanical axis) and the angle it forms with the 
tibial mechanical axis (from ankle to knee). Full limb films that assess 
the mechanical axis loading the knee from the hip to the knee and 
knee to ankle are the ideal static measure of malalignment. Limbs with 
varus mechanical axes are at high risk for progression of medial knee 
OA,17,18 measured either as medial joint space loss on radiographs or 
of medial cartilage loss,19 and valgus limbs have an increased risk of 
lateral joint space loss and commensurate cartilage loss. On knee 
radiographs one can assess the femoral and tibial shaft angles coming 
into the knee, creating an angle called the anatomic axis that is an 
imperfect measure of the mechanical alignment across the knee. The 
anatomic axis has been used to study whether malalignment increases 
the risk of new-onset or incident disease, but studies using these mea-
sures have not been consistent in their findings.12,13 The relation of 
malalignment with incident disease is not clear, but moderate to severe 
malalignment is rare in normal non-diseased knees and occurs only 
with the development of disease.14

Because varus malalignment is extremely common in advanced OA, 
it is sometimes conceptually not clear whether it simply represents one 
element of disease occurrence or should be regarded as a risk factor. 
The truth is that it is both, but its presence in severe disease makes it 
difficult to disentangle whether severe disease propels progression by 
itself or whether it does so only in the presence of malalignment. 
Regardless, malalignment, when present, is such a potent risk factor 
for disease progression in knee OA that other known risk factors 

micronutrient deficiencies, there is now conflicting evidence on their 
association with disease. For example, vitamin D deficiency was tied 
to progressive knee OA in one study4 and incident hip OA in another,5 
but subsequent studies of knee OA in which radiographs and/or MRIs 
were used to evaluate incidence or progression have shown no relation 
of vitamin D deficiency with disease risk.6 Despite one report suggest-
ing vitamin E deficiency may be related to OA progression risk,7 trials 
testing vitamin E supplementation showed no effect on OA.8

Even if it does not have direct effects on joint structure, vitamin D 
deficiency may have indirect effects on joint health by lowering the 
threshold for joint pain. Vitamin D deficiency has been associated with 
generalized pain, and vitamin D deficiency may impair muscle func-
tion, making rehabilitation difficult for those affected with knee OA.

Vitamin K deficiency, due to inadequate intake of cruciferous veg-
etables, is common in older people. Vitamin K is a critical cofactor 
involved in enzymes that are active metabolically both in cartilage and 
bone, and its deficiency may impair the actions of these enzymes, 
making cartilage and underlying bone vulnerable. In one large study, 
vitamin K deficiency was associated with hand and, to a lesser extent, 
knee OA9; and a clinical trial for hand OA,10 although not formally 
positive, suggested in subgroups in whom vitamin K deficiency was 
corrected by supplementation that joint space loss was prevented. A 
more definitive study of the effect of vitamin K on OA is needed.

That systemic predilection is an important element of OA risk 
stems from studies showing that a person with OA in one joint is at 
high risk of getting it in others, even other joints distant from the first. 
For example, those with hand OA have a high risk of getting knee or 
hip OA11 and persons with meniscal tears, already at high risk of knee 
OA, are at even higher risk if they have hand OA.

Factors in the local joint environment
The physiologic distribution of load across a joint conforms with 
normal joint anatomy when the joint is healthy. For example, the 
medial compartment of the knee is designed to carry more load than 
the lateral compartment based on its larger size and concave/convex 
tibiofemoral condylar shape. In all joints, cartilage and other structures 
in the joint are designed to bear a certain amount of stress (force per 
unit area) during loading and joint use. When the direction of the 
transarticular load changes or when the joint becomes misshapen, 
altering loading patterns inside the joint, focal loads within the joint 
transcend physiologic parameters and joint damage can occur. This 
damage usually occurs focally at the site of excess load. For example, 
when the knee becomes varus malaligned in the frontal plane (bow-
legged), excess load is transmitted through the medial compartment of 
the knee and areas within the medial compartment experience cartilage 
loss and bony change. Such changes can be induced in rabbits just by 
putting a spring across the proximal and distal medial knee compart-
ment, increasing load medially.

In the hip, abnormal joint shapes may develop during childhood but 
may not be clinically manifest until adult years because the excess 
loads conferred by these abnormal joint shapes are tolerated until adult 
years when compensatory joint protective mechanisms do not work as 
well. Any combination of different directions of load or abnormal focal 
stresses because of abnormal joint shape accelerates the development 
and progression of OA and can be among the strongest risk factors for 
disease.

For knees, malalignment in the frontal plane (varus or valgus) is the 
most powerful known risk factor for disease progression. Its relation 
to disease incidence is far less clear.12,13 In nonosteoarthritic knees, 
there is usually at most a trivial amount of malalignment, because 
malalignment usually develops as a consequence of disease.14 Malalign-
ment, because it is mild in nondiseased knees, may be a relatively 
unimportant risk factor for incident disease, but as disease develops, 
the knee tilts and bony remodeling occurs. Osteoarthritis, a disease 
with focal involvement within the joint, may cause isolated medial loss 
of cartilage, producing a tilted joint (Fig. 170.2). With a little bit of 
varus malalignment comes increasing medial loading and more damage 
to the medial side of the knee, leading to yet more tilting of the joint 
and more malalignment. In this way, malalignment contributes to a 
vicious cycle of focal joint damage, leading to increased focal stress and 
further joint damage.

INCIPIENT MALALIGNMENT IN THE KNEE

Normal alignment Malaligned

Fig. 170.2 Incipient malalignment in the knee. The left side is normal with 
loading occurring physiologically. With early medial disease there is a tilting of 
the joint so that focal load (stress) increases medially (depicted by line with 
two arrows), leading to further focal medial load. A vicious cycle of increased 
medial joint damage, more tilting, and further increased medial stress 
develops.



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1720

joint is essentially without a functioning meniscus. This extrusion, 
which can be partial or complete, is itself a major risk factor for disease 
progression.26

Neuromuscular factors and osteoarthritis
The local joint environment includes structures outside the articular 
surface, including muscles and the nervous system that controls those 
muscles. Healthy muscles and their coordinated movements during 
loading, weight bearing, and joint excursion are critical to joint protec-
tion. To the extent that joints move beyond physiologic range of 
motion because of a tear in a ligament limiting excursion, joints can 
be put in positions in which protective mechanisms do not work opti-
mally, and this can lead to joint injury. This could be one reason why 
women with hyperlaxity of their joints may be at increased risk of OA, 
although the effect of hyperlaxity on OA is by no means clear.27 Perhaps 
more importantly, muscle conditioning and the spinal reflex system in 
the nervous system that coordinates muscular movement smoothly 
through joint excursion must function normally for the joint to be 
protected during use. Muscles move in a coordinated fashion thanks 
to nervous system organs inside periarticular muscle, ligament, and 
skin, which provide instantaneous spinal cord–based feedback on the 
position and movement of muscles across the joint, constituting the 
system of proprioception across the joint. Studies suggest that those 
with knee OA have impaired proprioception compared with those of a 
similar age without knee OA.28 Proprioception can be measured in a 
number of ways, each of which does not provide the same physiologic 
information. One method is to assess a person’s ability to detect trivial 
passive movement of the joint and another to evaluate a person’s 
ability to reproduce a particular knee flexion angle after the person has 
used the muscles to generate that flexion angle. If the person cannot 
reproduce that flexion angle, then his or her proprioceptive acuity is 
poor. One large longitudinal study of reproduced knee flexion angle 
suggests that this measure of proprioceptive acuity is not an important 
predictor of what happens to a person’s knee later.29 In this study, more 
than 2000 subjects with and without knee OA were observed and those 
with poor accuracy of reproduced knee flexion angle had a slightly 
greater functional decline and slightly worse pain than those with 
better accuracy but did not have an increased risk of incident or pro-
gressive radiographically evident knee OA. Measuring proprioceptive 
acuity is fraught with problems of poor reproducibility, and different 
ways of measuring can sample different physiologic phenomena, only 
some of which may be relevant to a person with knee OA. Thus, 
further data are needed on the impacts of different neurosensory inputs 
that are part of proprioceptive pathways on OA.

As the coordination of muscle activity should influence loading 
across the knee, so, too, should muscle strength be optimal so that 
muscles can stabilize the joints during activity, preventing them from 
moving beyond the normal physiologic excursion limits, and should 
contract in such a way that load is distributed broadly across the joint. 
In theory, persons whose muscles bridging the joint are strong should 
have less risk of developing knee OA and a lower risk of progression if 
they have disease.

Despite the conceptual appeal of invoking muscle strength as an 
important factor related to the development of knee OA, longitudinal 
studies have not shown a relation of muscle strength with the deve-
lopment of knee OA nor with its progression, although there are 
notable exceptions. Despite a promising preliminary study suggesting 
that in women there may be a modest relation of quadriceps weakness 
with the development of radiographically evident disease,30 subsequent 
larger scale studies of strength have not shown any relation of quadri-
ceps muscle weakness or of the ratio of quadriceps/hamstring strength 
with the development of knee OA.31 In addition, among those 
with knee OA, quadriceps weakness does not appear to predispose to 
radiographic progression or to cartilage loss on magnetic resonance 
imaging (MRI).32,33 Quadriceps strength may pull the patella laterally 
and thereby avoid lateral patellar cartilage loss, but that possibility 
raised in one study needs to be confirmed in others.34 Whereas studies 
have failed to find a relationship of quadriceps weakness to radio-
graphic or MRI evidence of progression, persons who are weak have 
worse pain and function in their diseased joint than those who are 
strong.35,36 This relationship is even present if those who have pain 
during the muscle strength examinations are excluded.31

assume less prominence when compared with it. For example, obesity 
is a potent risk factor for the onset of knee OA, but in knees with 
established disease, obesity’s effect on progression varies depending on 
the limb’s alignment.14 Only in neutrally aligned knees is there an 
effect of obesity on disease progression.20 In knees with disease and 
varus malalignment, obesity has no significant effect on the risk of 
progression, suggesting that the effects of malalignment are dominant. 
This potent effect of malalignment constitutes one major reason why 
risk factors for progression of knee OA have been hard to identify.

Previous joint injury
In some joints such as the ankle and the wrist, which are only rarely 
affected by OA, most disease is caused by major joint injury. For 
example, a plafond fracture of the ankle inevitably causes OA there. In 
joints more commonly affected, such as the knee, hip, and perhaps 
even the hands, major joint injuries, perhaps even unrecognized ones, 
are likely to be major causes of disease. Even though such injuries 
originate outside the joint, we place them in the category of local joint 
environmental factors because they ultimately alter the joint environ-
ment in ways that dictate what happens to the joint. In the knees, the 
common joint injuries with important effects on subsequent joint func-
tion and disease are anterior cruciate ligament (ACL) tears and menis-
cal tears.

An ACL tear is increasingly common in young athletes, especially 
girls. It may be in part because girls in high school and later years 
participate increasingly in organized sports activities that require 
running, jumping, and changing direction. Jumping and landing with 
an internally rotated femur is a major precipitant of tearing the ACL, 
an injury that is often accompanied by other internal derangements, 
such as meniscal and medial collateral ligament tears. A large percent-
age of girls who have sustained ACL injuries in their teenage years and 
early 20s develop symptomatic OA in the injured knee within 10 or 
15 years, giving them disease at a young adult age.21

Even graft surgeries to repair the ACLs or reconstitute them do not 
decrease the later risk of OA, in part because the grafts do not re-
establish normal knee biomechanics. It is not clear how much of the 
OA risk is caused by the biomechanical abnormalities of the ACL tear 
versus the other injuries that occur during the ACL tear, such as menis-
cal injuries.

Menisci, fibrocartilaginous structures sitting between the femur and 
tibia in the medial and lateral knee compartments, distribute weight-
bearing load widely throughout the knee; they also serve as spacers 
between the femur and the tibia so that ligaments do not become lax. 
Meniscal tears are a major cause of knee OA. Tears occur either acutely 
or chronically. Young and middle-aged persons can sustain acute tears 
during sports and other activities sometimes during twisting injuries. 
These tears are often operated on and repaired with the meniscus 
partially resected. Knees that have undergone these partial meniscec-
tomies are at high risk of later knee OA,22,23 and this high rate of OA 
has led to concerns that perhaps menisci should not be even partially 
removed because of the important biomechanical functions they serve. 
However, in a longitudinal study of persons with and without inciden-
tal meniscal tears none of whom had undergone surgery, those with 
meniscal tears had a much higher risk of later knee OA than those 
without such tears.24 Thus, when the meniscus is torn (symptomati-
cally or not), operated or not, this tear increases markedly the risk of 
later knee OA. Chronic meniscal tears are common incidental findings 
in middle-aged and older people (occurring in 20% to 40% of middle-
aged and older men and women) and are not strongly associated with 
knee pain.25 Thus, not only are meniscal tears, even incidental ones, 
potent risk factors for later OA of the knee but they also are common 
findings. This suggests that much of the knee OA that occurs in 
middle-aged and older people may be a consequence of a meniscal tear. 
In middle-aged persons, incidental tears may occur in already degen-
erating meniscal tissue and such degenerative changes may precede 
changes in hyaline cartilage; these changes make the meniscus highly 
susceptible to tears with minor injury, which then cause disease else-
where in the joint.

Those with OA who have concurrent meniscal tears are also at high 
risk of experiencing disease progression.26 Menisci are tethered to a 
variety of other structures within the joint; and when these connec-
tions get torn, menisci get extruded outside the joint margin and the 
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evident disease, although there is no significant or consistent relation-
ship of obesity with the development of unilateral OA of the hip.42,43 
The weaker relationship of obesity with hip than with knee OA may 
be because hip OA is often due to hip shape abnormalities and weight 
may play less of a role, therefore, in hip disease.

Whereas obesity may be an important cause of knee and hip OA, 
it does not necessarily increase the risk of disease progression at least 
for knee OA.14 Specifically, radiographic or MRI evidence of structural 
deterioration in persons with knee OA is not more accelerated in those 
who are obese than those who are not.

Obese persons have more severe pain than non-obese persons with 
the same level of radiographically evident disease, and they tend to be 
more functionally limited also. Weight loss studies suggest a modest 
effect at best on improvement of symptoms for those with knee OA, 
although the amount of weight loss achieved in these trials has been 
relatively small (5-10 kg). Studies of persons undergoing bariatric 
surgery, which results in large quantities of weight loss, have shown a 
dramatic improvement in knee OA symptoms, suggesting that if 
weight loss were sufficient, patients would improve.44

Obesity could cause disease through two different mechanisms. 
First and most obviously, it could produce excessive load that then 
leads to joint deterioration. In fact, each pound of increased weight 
increases loading across the knee by 3 to 6 pounds.42 However, com-
pared with persons who are not obese, studies also suggest that obese 
persons are at a higher risk of hand OA. In all likelihood, there is no 
increase in load across hand joints in persons who are obese. Therefore, 
another explanation for obesity’s effect on OA is that obesity may have 
metabolic effects on joints that, in turn, produce some joint degenera-
tion, including cartilage loss. While both loading and metabolic expla-
nations are tenable, the effect of obesity on knee OA is far greater than 
any effect that has been shown of obesity on hand OA, suggesting that 
most of the effect of obesity can be explained by its effect on excess 
load. Studies so far have failed to identify a metabolic factor that affects 
OA occurrence that is independent of the excess load conferred by 
weight.42

Physical activity: injurious or protective?
Physical activity is greatly varied and so are its effects on the joint. 
Furthermore, at different stages of disease the effects of physical activ-
ity may differ, so that in a normal joint, activity and loading across the 
knee might have trophic effects on joint cartilage and other structures, 
whereas in joints that are damaged particular types of physical activity 
might be injurious. It is not surprising that given the complexity of 
physical activity and its likely different effects at different stages of joint 
diseases that the results of studies evaluating effects of physical activity 
on OA vary tremendously. Some study findings are reassuring, suggest-
ing that physical activity might actually protect against the occurrence 
of disease, whereas others point to an accelerated risk of development 
of disease or progression in those who engage in particular types of 
physical activity and who have diseased joints. It should be noted that 
there is no single answer to the relationship of physical activity to OA. 
It depends on the specific activity and on the stage of disease.

In non-diseased joints in middle-aged women, physical activity has 
been associated with increased joint space width and in one study of 
persons who had experienced injury but did not have OA, physical 
activity actually led to an improved biochemical profile within cartilage 
as documented by biochemical imaging of cartilage (dGEMRIC).45 Fur-
thermore, in recreational runners, running marathons, at least occa-
sionally, does not increase the risk of getting knee OA. Additionally, 
in older persons, self-reported, heavy levels of activity and walking 
several miles a week did not increase joint space loss or MRI findings 
of cartilage loss. This was even true in a group of persons with knee 
OA, suggesting that walking may be an exercise that, even in vulner-
able knees, is not risky.46

So, if physical activity can be safe or even healthy to joints, when 
and in whom might it pose a risk? First, as noted earlier, elite marathon 
runners, those on Olympic teams and who run professionally, are at a 
high risk of getting knee and hip OA at a relatively early adult age in 
their 30s or 40s.41 Second, persons whose jobs have required manual 
labor with repetitive activities that load a specific joint excessively 
repeatedly tend to get OA in the overused joint (e.g., cotton pickers in 
hand joints; miners in backs and knees), suggesting that even normal 

Ironically, in hand joints, high levels of grip strength may act like 
a vise to excessively increase joint loading and thereby increase the risk 
of OA in proximal hand joints. Thus, metacarpophalangeal joints of 
the hands and the base of the thumb joints are at high risk of OA when 
grip strength is increased.37 It is not clear whether this same relation-
ship exists for other joints.

Hip osteoarthritis and abnormalities of joint shape
When the proximal and distal side of a joint fit beautifully together, 
load is distributed physiologically. When in development or as a result 
of injury, one of the bones is misshapen, this can introduce increased 
levels of focal load (stress) across the joint. The increase may be 
modest, and effects of it may not be immediate; it may take many years 
for that increased loading to generate the joint injury that represents 
OA. Abnormal bone shape likely accounts for a large percentage of hip 
OA in the community. A variety of shape abnormalities can occur. One 
is hip dysplasia in which there is an underdevelopment of the acetabu-
lum, leading to undercoverage of the femur and excess focal stress 
where the edge of the acetabulum contacts the femur. Others include 
a non-spherical femoral head or an acetabulum that extends too far 
around the femoral head; both of these latter problems can cause femo-
roacetabular impingement,38 a recently recognized cause of early hip 
OA. The consequences of any of these abnormalities generally are that 
the person is at high risk of developing hip OA; the age at which disease 
develops is a consequence of the severity of these abnormalities and 
may be a consequence of use-related factors, particular sports activities, 
or others.

Although the impingement syndrome is slightly more common in 
men than women, the presence of hip dysplasia in early childhood is 
far more common in girls than boys and can sometimes be identified 
and corrected at birth. Milder forms of dysplasia of the acetabulum are 
likely not identified at birth and survive into adolescence and adult-
hood, causing later hip OA.

Risk factors relating to loading of the joint
Osteoarthritis develops as a consequence of impaired joint physiology 
on which is superimposed excess loading. In the context of a phy-
siologically normal joint without a previous injury, normal levels of 
human physical activity are unlikely to cause disease. For example, 
marathon runners who do not run professionally do not appear to  
be at any increased risk of knee OA.39 Osteoarthritis occurs when 
that loading occurs in an environment in which the joint is already 
injured or impaired or when the loading is so excessive or injurious 
that even a normal, well-functioning joint cannot tolerate it without 
injury. For example, marathon runners who have sustained previous 
meniscal tears are at extremely high risk of later OA of the knee. Also, 
Olympic team marathoners and professional runners who probably 
subject their knees and hips to a quantity of loading that may be 
beyond normal physiologic adaptation are at high risk of later hip and 
knee OA.39-41

Loading is not a simple construct. There is the quantity of a given 
load during a step or use of a joint, a quantity that might be affected 
by the strength of muscle contraction; the load borne by a weight-
bearing joint would be increased in an obese person, for example. Then 
the joint might be at risk based on the speed with which that load was 
applied (e.g., a runner would subject more load to the knee than a 
walker). Understanding the effect of loading on the development of OA 
will necessitate disentangling different types of load and their relative 
effects on joint function, especially in an environment in which joint 
protective mechanisms might be impaired.

Obesity
Being overweight increases a person’s risk of getting knee OA. For 
women the risk of disease increases monotonically with weight. This 
may or may not be true for men, because there are conflicting results 
of studies on this matter, but among men it is clear that being obese 
or very overweight increases the risk of knee OA.14,42 The relationship 
of obesity with knee OA is, in general, stronger in women than in men.

For hip OA the relation of obesity is less strong and less clear. The 
development of new-onset symptomatic OA is increased in persons 
who are obese, as is the risk of developing bilateral radiographically 
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The peculiar case of bone density:  
is it systemic or local?
High bone density increases the risk of knee and hip OA independently 
of other factors such as obesity and strength. The relation of high bone 
density to hand OA is less consistently reported, and bone density 
probably has no effect on the risk of progressive OA.48

One explanation for the relation of high bone density with knee and 
hip OA could be that high bone density in the legs reflects long-
standing high levels of physical activity and obesity, both of which load 
these bones. The same factors may be tied to increased risks of knee 
and hip OA. However, that would not explain any relation of high bone 
density with hand OA, which has been shown in some studies.49 This 
well-known association of high bone density with OA risk remains a 
mystery.

joints can get OA if these joints are forced to do the same laboring task 
for hours every day, many weeks each year over many years. Lastly, 
marathon runners who have already had meniscal tears are at high risk 
of advanced OA if they continue to run.47 Our ability to identify par-
ticular types of physical activities that may be injurious or even to 
determine whether heavy physical activity in general might be risky in 
those who already have disease has been greatly limited by the chal-
lenge in accurately assessing physical activity patterns in people. 
Surveys that measure physical activity are highly imprecise and may 
not identify those who are especially active in ways that might be 
dangerous to their knees or hips. In the meantime those with disease 
are at a heightened risk of disease progression if they continue to 
engage in impact-loading activities that might have led to the joint 
injury in the first place; thus, football players with knee injuries will 
get worse disease if they continue to play.
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SYMPTOMS
Pain
Pain is the most common reason why a patient with OA seeks the help 
of a physician.10 Pain of OA is variable and has been demonstrated to 
vary 20% within the week and from week to week.11 Pain in OA is also 
influenced by pain at other sites and by adaptation and avoidance 
strategies by the patient, and it is inextricable from function.12 The 
pain of OA relates to poor sleep, fatigue, changes in mood, and impaired 
quality of life. Trying to determine the cause of pain is difficult because 
there are few clinical, laboratory, or imaging findings that separate 
those with from those without pain. The stimulus for pain in OA has 
many potential mechanisms, based on the anatomic structures around 
the joint (Table 171.1).13 Pain is often difficult to localize to an area 
within the joint. In knee OA, patients may localize the pain to a com-
partment of the knee but will commonly describe their pain as involv-
ing the entire joint or being distal to the joint. In one study, medial 
knee pain was reported in 34% of patients with OA of the knee, as 
compared with 52% reporting “generalized” knee pain.14 Joint pain may 
be referred proximally but is more commonly referred distally, for 
example, hip pain referred into the thigh and knee pain referred to the 
anterior or medial upper tibia. Anterior knee pain may represent patel-
lofemoral (anterior compartment) OA or chondromalacia. Patients 
often ascribe increasing pain and stiffness to changes in weather, par-
ticularly with changes in barometric pressure and ambient tempera-
ture.15 OA knee pain has been related to the tendency to trip on an 
obstacle; indeed, the greater the pain, the greater the difficulty with 
obstacle avoidance.16 OA has been associated with both insomnia as 
well as insufficient sleep independent of other factors.17

The severity of pain should be noted and, ideally, measured at each 
visit. The two most commonly used pain scales are the five-point 
Likert scale (0 = none; 1 = mild; 2 = moderate; 3 = severe; 4 = very 
severe) or a 100-mm visual analog scale (from 0 mm = no pain to 
100 mm = the most pain possible). An alternative to the visual analog 
scale is an 11-point numerical rating scale (from 0 = no pain to 10 = 
the most pain possible).

Pain can also be quantified through standardized testing. For the 
hip or knee, the Western Ontario McMaster Universities (WOMAC) 
Osteoarthritis Index pain subscale quantifies five measures of pain. It 
also measures stiffness and function in separate subscales. The algo-
functional scale of Lequesne is also a reliable and validated instrument 
that combines pain and function. For the hand, the Australian- 
Canadian Hand Osteoarthritis Index (AUSCAN), similar to the 
WOMAC, measures pain, stiffness, and function on separate sub-
scales. Judging pain in cognitively impaired individuals presents unique 
problems, and behavior patterns can serve as alternatives to verbal 
reports of pain.18

The quality of the pain may hint as to its pathologic origin. Pain 
that occurs after exercise is often caused by subchondral ischemia—so-
called bone angina. This pain is often aching and deep seated. Pain 
along the joint margin, with tenderness at the site, may indicate peri-
osteal pain from stretching of the capsule or ligaments or overgrowing 
osteophytes. The sudden onset of pain with a catching sensation of the 
knee may be associated with a torn meniscus or a loose body inside 
the joint. Knee pain accentuated by sitting in a low chair or couch is 
often patellofemoral in origin. In a survey of individuals 50 years of 
age or older, 57% with knee pain had pain in at least two other joint 
areas.19

There has been considerable progress in the understanding of  
pain mechanisms (see Chapter 22).20 Although pain in OA is 
generally considered to be nociceptive in origin, there is a greater 
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 Osteoarthritis (OA) is the most common articular disease.
 About 50% of persons with radiographically evident OA have 

symptoms.
 Pain is the most common reason why the patient consults a 

physician.
 Pain in OA has many potential sources. There is no direct pain from 

cartilage, synovial fluid, or the inner two thirds of menisci. Pain 
fibers are present in the remaining tissues surrounding the joint.

 A variety of other symptoms can result from OA that impact on 
function and quality of life.

 Signs of OA can be absent, subtle, or severe.
 Although OA can involve virtually any joint in the body, the most 

commonly involved joints are hands and feet, hips, and knees.

INTRODUCTION
Osteoarthritis (OA) is the most common form of arthritis, accounting 
for 30% of physician visits.1 It may be defined as a “heterogeneous 
group of conditions that lead to joint symptoms and signs which are 
associated with defective integrity of articular cartilage, in addition to 
related changes in the underlying bone and at the joint margins.”2 It 
is usually classified as either primary (idiopathic) or secondary (associ-
ated with a known condition). Although OA is present by histologic or 
radiographic criteria in nearly 80% of people by the age of 80 years, at 
any age only half have symptoms.3 Symptoms are often variable and 
intermittent. OA affects as many as 12% in the U.S. population 
between the ages of 25 and 74 years.4 There is a modest correlation 
between the presence of symptoms and the severity of anatomic or 
radiographic changes.

Although variable in its presentation and course, OA often carries 
significant morbidity. In addition to the effects on the individual,  
the cost of OA to society is also significant,1 related to its high preva-
lence, the reduced ability of those affected to perform both occupational 
and non-occupational activities, the occasional loss of a patient’s 
ability to undertake self-care, and the related drain on health care 
resources.5

OA is no longer considered a “degenerative” or “wear and tear” 
arthritis but rather involves dynamic biomechanical, biochemical, and 
cellular processes.6 Indeed, the joint damage that occurs in OA is, at 
least in part, the result of active remodeling involving all the joint 
structures. Although articular cartilage is at the center of change, OA 
is currently viewed as a disease of the entire joint and, therefore, the 
failure of the joint as an organ.7

Although OA is almost always bilateral, there is a tendency for one 
side to be more symptomatic than the other. The symptomatic side 
often alternates over time. The presence of unilateral disease may 
suggest OA secondary to trauma. In contrast to systemic inflammatory 
arthritides, OA lacks constitutional symptoms.

When symptomatic, the most prominent complaint is pain. It 
remains unclear why fewer than 50% of persons with severe radio-
graphic OA (Kellgren and Lawrence grade III and IV8) report pain.9 
Most often, symptoms of OA are insidious in onset, but flares can 
occur. Symptoms and signs of OA are listed in Box 171.1.

171
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appreciation that OA often leads to a chronic pain syndrome that 
includes nociceptive pain, neurogenic pain, and central neurogenic 
sensitization. In addition, there is increasing evidence that the indi-
vidual’s experience of pain is significantly mediated by genetics.21,22 
The COMT gene functional polymorphisms Met/Val and Met/Met are 
significantly related to hip pain in women with radiographic OA of the 
hip in contrast to radiographic hip OA in the absence of pain, with an 
odds ratio of almost 5.22

An understanding of pain mechanisms with a thorough history and 
physical examination may help direct symptomatic treatment of OA 

TABLE 171.1 RELATIONSHIP BETWEEN ANATOMIC SITE AND POSSIBLE 
PHYSIOLOGIC MECHANISM FOR PAIN IN OSTEOARTHRITIS

Anatomic site Mechanism

Cartilage 
(defective  
or loss)

Synovial: inflammation induced by cartilage “char” fragments, 
cartilage crystal shedding, cartilage release of cytokines 
(e.g., interleukin-1), enzymes (e.g., metalloproteinases)

Subchondral bone: mechanical stress (see below)
Instability: stress on capsule

Menisci Tear or degeneration: stretch at insertion to the joint 
capsule, catch between surfaces

Synovial cavity Stretch of joint capsule, transport of inflammatory mediators 
between synovium and cartilage

Synovium Inflammation, hypertrophy

Subchondral 
bone

Ischemia with increased subchondral pressure, decreased 
oxygen tension, and increased pH

Avascular necrosis
Regeneration or repair of infarcted bone

Osteophytes Periosteal elevation
Neural impingement

Joint capsule Stretch from joint distention
Stress at insertion to periosteum and bone

Ligaments Stress at insertion to periosteum and bone

Bursae Inflammation, with or without calcification

Muscle Spasm, contracture
Nocturnal myoclonus

Central nervous 
system

Depression, anxiety, fibromyalgia, non-restorative sleep 
system

General Ethnic, cultural, coping skills, prior pain experience, abuse
Altered function placing stress on other areas of the 

musculoskeletal system

BOX 171.1 SYMPTOMS AND SIGNS OF OSTEOARTHRITIS

Symptoms
 Pain
 Discomfort
 Depression
 Stiffness
 Reduced function
 Weakness
 Grinding or clicking
 Instability/buckling

Signs
 Altered gait
 Tenderness
 Hard tissue enlargement
 Swelling with/without effusion
 Crepitus
 Limitation of motion
 Deformity
 Ligamentous instability

by identifying the source of the pain. This then allows the physician 
to target the intervention. The contributions of the different tissues to 
pain are discussed next.

Damage to articular cartilage
Damage to articular cartilage is the hallmark of OA; yet articular car-
tilage is not a direct source of pain because it lacks nerve endings.23,24 
Menisci, similarly, do not contain nerves in their weight-bearing sur-
faces (i.e., the inner two thirds) and cannot directly account for pain. 
Teleologically, it makes evolutionary sense that compressive or shear 
forces on cartilage would not elicit pain, because weight-bearing pain 
would make ambulation problematic. Nevertheless, abnormalities in 
articular cartilage, menisci, and even synovial fluid can indirectly cause 
pain in OA.

Damaged articular cartilage causes symptoms that derive from loss 
of its structural integrity, alteration in biomechanics, cartilage debris, 
release of inflammatory mediators, and absence of cartilage. Structur-
ally damaged cartilage loses the ability to allow the even gliding that 
usually occurs across smooth cartilage surfaces. Movement across 
uneven surfaces results in a grinding or clicking sensation felt by the 
patient and crepitus on examination. These sensations can be accom-
panied by pain.

When damaged cartilage “char” fragments are released into the 
synovial cavity, the synovium attempts to clear them, precipitating an 
inflammatory synovial response. Other microscopic and submicrosco-
pic particulate material released from damaged articular cartilage, such 
as collagen, proteoglycans, and crystals as well as proteolytic enzymes 
and cytokines, triggers a synovial inflammatory response. Although 
inflammation of the synovium in joints affected by OA is most often 
less severe than in the traditional “inflammatory” arthritides (e.g., 
rheumatoid arthritis and gout), activation of inflammatory responses 
always occurs in OA joints, at both the synoviocyte and chondrocyte 
level (justifying the term osteoarthritis).25,26

Abnormal cartilage may contain a variety of calcium crystals, 
including calcium pyrophosphate dihydrate, hydroxyapatite, and basic 
calcium phosphate. Surface disruption may allow “crystal shedding” 
into the joint cavity, stimulating varying degrees of inflammation.27 In 
cases in which cartilage is fissured and the subchondral bone is exposed, 
hydroxyapatite crystals from bone or cartilage may leach or be sheared 
into the synovial cavity. These crystals stimulate intracellular mecha-
nisms of inflammation. In addition, the absence of articular cartilage 
allows loosening and instability of the joint.

Other loose bodies in the joint, such as “joint mice” or osteochon-
dromatosis, are potential indirect causes of pain. The disrupted portion 
of torn menisci can be displaced and inserted between normally 
smooth, gliding articular surfaces, stretching the joint capsule. Pain 
can sometimes be elicited on examination when the torn meniscus is 
stressed at its outer one third or when partially torn menisci “catch” 
between cartilage surfaces. Meniscal horizontal fissures do not usually 
cause symptoms, but fragments of the defective menisci may elicit an 
inflammatory response or act as loose bodies in the joint cavity.

Role of synovial fluid
Synovial fluid can indirectly cause pain by serving as a transport 
medium, distending the joint capsule, or limiting joint function. The 
synovial fluid shuttles inflammatory mediators in both directions 
between cartilage and synovium. In OA the synovial fluid may act as 
a reservoir for inflammatory cytokines, cells, and crystals. Further-
more, synovial fluid distends the joint, potentially compressing syno-
vial blood vessels and stimulating pressure receptors in the capsule.28-30 
A distended joint compromises the normal transport of nutrition and 
gases by synovial fluid between cartilage and synovium. The residual 
waste products linger in the synovial space and perpetuate inflamma-
tion. After adjusting for radiographically evident OA, the finding of 
moderate or large effusions and synovial thickening is associated with 
pain in knee OA.31

The synovium contains nerve fibers. These include Aβ (large 
myelinated mechanoreceptor), Aδ (large myelinated mechanoceptor/
nociceptor), and C (small non-myelinated nociceptor) fibers.20 The 
latter nociceptors can release both substance P and calcitonin  
gene–related peptide. Substance P stimulates both the pain response 
and infla mmation.32 These pain receptors may also be activated 
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Stiffness
Stiffness may be defined as a sensation of a “gelling” or tightening of 
the involved joint that usually occurs after inactivity, such as in the 
morning or when arising after sitting for a prolonged period. In contrast 
to inflammatory arthritides (e.g., rheumatoid arthritis), stiffness in OA 
usually lasts only a few minutes and almost always less than 30 
minutes. In contrast to the diffuse stiffness of rheumatoid arthritis, 
that of OA is usually confined to the symptomatic joints.

Other symptoms
The patient may have a sensation of fullness and swelling about the 
joint. There may be associated warmth. Weight-bearing joints that are 
inflamed or contracted, or both, are associated with gait disturbance, 
increased muscle spasm, and reduced quality of life. A contracted knee 
or hip can produce a prominent limp (see later). Aids to ambulation 
may reduce the severity of altered function.

Impaired function of a weight-bearing joint places stress on the 
contralateral weight-bearing joints. It is not uncommon for the patient 
with impaired right knee function (perhaps with pain) to have difficulty 
with the left hip and vice versa.

Hypertrophic bone formation in interphalangeal joint OA may con-
tribute to reduced dexterity and difficulty performing fine motor move-
ments, such as knitting, sewing, or playing a musical instrument. OA 
of the first carpometacarpal (CMC) joint may make it difficult to 
perform many activities of daily living, such as holding a pen.

Inactivity secondary to pain may lead to significant weakness and 
can be compounded by periarticular muscle atrophy.

Patients may complain of enlargement of the joints of the hands or 
knee. They may also complain of increasing deformity of the knees, 
such as knock knees (valgus) or bowing (varus). There may be a click 
or grinding sensation with joint motion, and this grinding may be 
associated with pain. Finally, the sensation of instability may cause 
the patient to seek assistance in ambulation, such as with a cane or 
crutch. In the knee, instability is often associated with a feeling that 
the knee is “giving out.”

SIGNS
Gait
Osteoarthritis of weight-bearing joints leads to altered gait patterns, 
mostly by a conscious or subconscious attempt to protect the joint. 
Hip, knee, ankle, and foot arthritis provide distinctive gait patterns. 
Alterations in gait aggravate pain in other weight-bearing joints and 
the low back. One should note the patient’s gait pattern and make 
appropriate use of aids to ambulation.

Tenderness
There may be tenderness of soft tissues (e.g., synovium, capsule, 
bursae, periarticular muscles) or periosteum at the insertion of capsule 
or ligaments.

Joint swelling
There may be enlargement of the joint from synovitis, synovial effu-
sion, or bony enlargement. Effusions are usually cool or slightly warm 
to palpation. The distal interphalangeal joint (DIP) swelling may 
present as a cystic herniation (Fig. 171.1); aspiration often reveals a 
jelly-like material reminiscent of a ganglion cyst. Swelling of the joint 
from an effusion frequently leads to loss of extension. This is in con-
trast to a periarticular bursitis or tendinitis, in which the joint is 
splinted, often in full extension.

Crepitus
Crepitus over a joint with OA may be of soft tissue or bony origin. It 
may be localized (e.g., chondromalacia patellae and anterior compart-
ment crepitus of the knee). Grinding, crunching, or cracking may be 
present over a joint with OA. This represents uneven surfaces moving 

through peripheral mechanical, thermal, and noxious stimuli. These 
noxious stimuli include bradykinin, histamine, prostaglandins, and 
leukotrienes.33

Role of subchondral bone
Subchondral bone is directly related to pain in OA.34 When subchon-
dral ischemia or increased venous pressure occurs, peptides such as 
substance P and calcitonin gene–related peptide are released from the 
nerve endings in bone.35 The pain of ischemic bone is aching and deep 
seated. When bone death occurs (osteonecrosis), there is a pain-free 
period. Pain recurs with bone repair and remodeling. In OA, subchon-
dral cysts and sclerosis are the eventual radiographic evidence that 
localized osteonecrosis has taken place. Providing relief from the pain 
of ischemic bone has not been specifically studied. It is uncertain 
whether there is a neurogenic pain component to the bone pain of OA. 
Bone marrow lesions adjacent to the knee, which may represent areas 
of trabecular remodeling and are detected by magnetic resonance 
imaging, are associated with knee pain and compartment-specific 
structural deterioration.36,37

Osteophytes are the most consistent pathologic and radiographic 
finding associated with the presence of pain.38 The mechanisms are 
not clear, but osteophytes may cause pain directly by distending the 
periosteum; pain can sometimes be elicited by applying pressure over 
an osteophyte about the knee or interphalangeal joint of the hand. Pain 
from osteophytes may be due to concomitant inflammation. Osteo-
phytes in the spinal facet joints are often an indirect cause of pain and 
other symptoms by compressing nerves as they traverse the spinal 
foramina (e.g., cervical, lumbar lateral recess) or within the spinal canal 
(e.g., lumbar spinal stenosis).

Damage to meniscus, capsule, and related tissues
Damaged menisci of the knee change the biomechanics of gait, alter 
the normal joint incongruity, catch between joint surfaces, and stretch 
the joint capsule. Indeed, the abnormal meniscus may be the more 
important predictor of OA disease progression.39

The joint capsule and periarticular ligaments are stretched by syno-
vial effusions, abnormal menisci, or instability and may cause pain 
through mechanoreceptors and nociceptors. Stress at the ligamentous 
insertion on the periosteum stimulates nociceptors. When the joint 
periarticular tissues are distorted, the ligaments may be abnormally 
stressed or may be understressed (e.g., varus deformity of the knee 
stresses the lateral ligaments and fully relaxes the medial ligaments). 
This “stress enhancement” and “stress deprivation”40 result in contrac-
tures of the capsule and ligaments. Contractures result in decreasing 
function and increasing pain from stress at ligamentous insertions and 
periarticular muscle spasm.

Periarticular bursae may become inflamed and, hence, be a source 
of pain. Bursal inflammation is sometimes associated with calcium 
formation (e.g., calcific bursitis). Muscle spasm is probably a common 
source of pain in OA. Muscle spasm may occur in the form of nocturnal 
myoclonus, altering sleep patterns and resulting in fibromyalgia-like 
symptoms.41 In a study of 429 patients older than 65 years with OA 
of the knee, there were problems with sleep onset (31%), sleep main-
tenance (81%), and early morning awakening (51%).42 This was influ-
enced by additional psychosocial and medical co-morbidities. Muscle 
spasm of the lower extremities must be differentiated from pain of 
vascular (e.g., night cramps) restless leg syndrome or spinal radicular 
origin. Joint contractures in OA can cause pain on stretching of the 
periarticular muscles.

Psychological factors and pain
The severity of joint pain is modulated by the individual’s perception 
of pain and unique ethnic, cultural, and personal circumstances. It 
tends to be more severe in the evenings, on weekends, and early in the 
work week.43 Pain is complicated by the presence of coexistent or 
induced psychological distress, such as depression. Pain is also influ-
enced by anxiety and secondary gains. Psychological evaluation may be 
needed to determine the overlying psychological and coping effects on 
the pain response. In knee OA, a passive coping style that led to resting 
was found to predict a higher level of disability.44 Self-efficacy beliefs 
appear to relate to functional decline when associated with lower 
extremity muscular weakness.45
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deficiency) or in the mediolateral planes (loss of meniscus, collateral 
ligament laxity, loss of medial compartment bony stock).

CLINICAL PRESENTATIONS
Osteoarthritis may involve virtually any joint in the body. Because 
there is usually an insidious onset of symptoms, an acute presentation 
suggests a concomitant inflammatory component (e.g., crystalline 
synovitis). OA is most often monarticular in presentation, slowly 
evolving to the contralateral side.

There are patterns to joint involvement. In general, OA of the knees 
and of the hips occurs in different patient populations. OA of the hands 
and feet is generally present in the same individual, to varying degrees. 
There is also a subset of patients who have OA of both central and 
peripheral joints, which is known as “generalized” OA.49 The charac-
teristics of OA at individual sites are discussed next.

Shoulder
Shoulder pain is sometimes related to glenohumeral OA. Pain is typi-
cally aching and associated with the extremes of motion or after activ-
ity of the shoulder. There is not usually much loss of function, unless 
there is associated rotator cuff abnormality, but crepitus can be found 
on examination. OA of the shoulder usually coexists with, and is dif-
ficult to differentiate from, other abnormalities of the shoulder (e.g., 
rotator cuff abnormalities, adhesive capsulitis, bursitis). Shoulder OA 
appears to be more common than previously recognized. A peculiar 
destructive arthropathy (Milwaukee shoulder) is associated with per-
sistent shoulder pain, large synovial effusions, and demonstration of a 
variety of synovial fluid calcium crystals (Fig. 171.2) (see Chapter 187).

Acromioclavicular joint OA can produce pain that can be aggravated 
by weight bearing or other stressful activities. Painless enlargement  
of the acromioclavicular joint is common and may be associated  
with reduced shoulder motion. Loss of motion of the glenohumeral 
shoulder joint tends to mobilize and enlarge the ipsilateral sternocla-
vicular joint.

Hands
Patients often present with unsightly enlargement of digits or pain at 
the base of the thumb. Examination demonstrates bony enlargement 
and deformities of the interphalangeal joints. There may be tenderness 
and occasionally other signs of inflammation. There is often a partial 
loss of range of motion. The European League Against Rheumatology 
(EULAR) has developed diagnostic criteria for hand OA.50

Distal interphalangeal joints are typically involved, with slow bony 
enlargement over a period of years (Heberden nodes) (Fig. 171.3). 
Heberden nodes are more common in women than in men and are 
often present in more than one family member. They often appear 
around the time of the menopause, but a clear relation to reduced 
estrogen concentrations has not been established. The genetics of hand 
OA suggest site-specific differences, as well as an association with 
lumbar spondylosis. The enlargement is not confined to any one aspect 
of the joint, although there is a predilection for the radiodorsal and 
ulnodorsal aspects of the joints. Involvement of the second and third 
DIPs is particularly common. Enlargements are often more severe in 
the dominant hand. There is often associated deformity, with radial, 
ulnar, or palmar deviations; these are most often unsightly rather than 
painful. A predominant palmar subluxation may have the appearance 
of a “mallet” finger. There may be some loss of dexterity. OA of the 
DIPs may result in vertical ridges on the adjacent fingernails. There 
may be an acute swelling of the DIP, with cystic herniation of the 
capsule (see Fig. 171.1). Aspiration of these cysts yields a jelly-like 
material. Microscopic examination reveals large polymorphonuclear 
leukocytes, with many refractile inclusion cysts that stain for fat (remi-
niscent of the fluid extracted from a wrist ganglion).

There are often associated hard or soft tissue changes in the  
PIP joints (Bouchard nodes) and central erosive changes radiographi-
cally. Deformities of the PIP joints are particularly common  
(see Fig. 171.3). The second and third PIP joints are most commonly 
involved. Involvement of the MCP joints occurs but is decidedly less 
common.

across each other. Although present with passive joint motion, it is 
most often best demonstrated with active motion of the joint. This 
should be contrasted to the benign “cracking” of the metacarpophalan-
geal (MCP) and proximal interphalangeal (PIP) joints that occurs when 
smooth cartilage surfaces are separated, creating a vacuum sound.

Needle arthroscopy has been used to define the origin of crepitus of 
the knee.46 Transmitted bony crepitus was a specific finding for bone-
on-bone in the compartment being assessed. Added tibiofemoral stress 
was 65% sensitive and 94% specific for cartilage disruption in the 
compartment assessed.

Limitation of motion
There may be loss of function with reduced motion as a result of 
synovitis/effusion or periarticular soft tissue contractures. When there 
is limitation of motion of a weight-bearing joint, it places additional 
stress on ipsilateral and contralateral weight-bearing joints.

As mentioned earlier, performance measures can be assessed on 
examination.46 The WOMAC physical function subscale score corre-
lates with several performance measures such as walking speed, stair 
climbing, rising from a chair, and range of motion in OA of the knee 
and hip.47 There is a strong correlation between pain and reduced 
physical function.

Reduced function is particularly common in hand OA with grip 
strength and pain with resistive activities.48

Deformity
Deformity may be present in any of the peripheral joints with OA. 
However, it is most notable in the interphalangeal joints of the hands 
with enlargement and subluxation, the first CMC joint, the knees 
(varus/valgus), or the hips (shortened extremity). Bony enlargement is 
a form of deformity. Deformity may be associated with joint fusion or 
instability.

Instability
Taking joints through their arc of movement may reveal instability in 
various planes of motion. For example, instability of the knee may be 
demonstrated in the anteroposterior planes (cruciate ligament laxity or 

Fig. 171.1 Interphalangeal osteoarthritis of the hand, with cystic herniation of 
the fifth proximal interphalangeal joint.
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indistinguishable from early-onset rheumatoid arthritis or a spondylo-
arthritis, particularly psoriatic arthritis.

Hips
Patients most often present with groin or anterior hip pain that radiates 
into the thigh. Pain is associated with weight bearing and is relieved 
by rest. Examination most often reveals difficulty rising from a seated 
position, altered gait favoring the arthritic hip, and reduced range of 
motion on examination, with pain on motion.

Hip OA is most commonly associated with an insidious onset of 
pain (malum coxae senilis, coxarthropathy). Pain is noted on weight-
bearing activity and must be distinguished from referred lumbar pain. 
In contrast to hip pain, low back pain is most often aggravated by 
prolonged sitting and improves with ambulation. Both lumbar and hip 
OA may be painful when the patient rises from a seated or reclined 
position and during early ambulation. Pain from lumbar stenosis often 
has its onset after ambulating for a distance and is more suggestive of 
claudication (pseudoclaudication). More symptomatic hip OA may be 
painful at all times, even at rest. Pain is usually localized to the groin 
or medial thigh but may be lateral, suggesting (and associated with) 
trochanteric bursitis and/or meralgia paresthetica. Hip pain may also 
be referred posteriorly or distally toward the knee.

Hip OA is associated with a particular gait, one in which the patient 
overshifts the weight while walking to reduce the pain (antalgic gait). 
There is loss of extension that often goes unnoticed. Loss of hip flexion/
rotation is noticed by the patient, because of difficulty while attempting 
to put on socks or shoes. When severe, flexion contracture is associated 
with a prominent limp (Fig. 171.4). Significant OA of the hip is associ-
ated with a loss of internal rotation (<15 degrees) on examination.52 
The severely involved hip is flexed, externally rotated, and adducted. 
The Trendelenburg sign may be present: standing on the involved 
extremity leads to a drop in the contralateral hip from weakening of 
the ipsilateral hip abductors. Another late sign is shortening of the 
extremity as the femoral head migrates superiorly into the acetabulum, 
in association with a flexion contracture of the hip.

Most hip OA is slowly progressive. However, there is a subset of 
patients, estimated at 10%, with a rapidly progressive form of hip OA 
that evolves over a few months. Unfortunately, at this time, there is 
no particular clinical characteristic or set of characteristics that can at 
onset separate those with rapidly progressive OA from the less aggres-
sive forms.

Hip pain must be distinguished from referred lumbar spine pain, 
trochanteric bursitis, meralgia paresthetica, avascular necrosis, and hip 
fractures, which can be difficult to detect on routine radiography. 

The first CMC (trapeziometacarpal and trapezioscaphoid) joints are 
commonly involved. There is a tendency for osteophytes to develop on 
the distal ulnar surface of the trapezoid, associated with subluxation 
and radial deviation of the proximal head of the first metacarpal. This 
gives the base of the thumb a “knobby” clinical appearance (see Fig. 
171.3). In contrast to PIP and DIP involvement, this deviation is com-
monly associated not only with pain but also with disability. Increasing 
radiographic evidence indicates that the severity of hand OA is associ-
ated with reduced grip and pinch strength.51 Pain at the base of the 
thumb may be on the radial side of the joint or on the palmar aspect 
of the joint at the proximal insertion of the thenar muscles.

Although the course is usually insidious and not very inflammatory, 
in a subset of these patients the disease may have an aggressive and 
destructive course. This has suggested classification into a nodal (non-
inflammatory) and non-nodal (inflammatory) or erosive interphalan-
geal OA. At this time it is unclear if nodal and erosive interphalangeal 
arthritis are separate entities or different presentations of the same 
condition. On occasion, the evolution of interphalangeal OA may be 

a

b

Fig. 171.2 Destructive arthropathy (Milwaukee) of the shoulder. A large synovial effusion is apparent (a) over the lateral aspect of 
the humerus or (b) anteriorly in front of the glenohumeral joint.

Fig. 171.3 Interphalangeal osteoarthritis of the hands. Knobby, hard tissue 
changes of the distal interproximal joints are seen as well as hard and soft 
tissue changes of the proximal interphalangeal joints, with deformity. The 
metacarpophalangeal joints and wrists are spared. There is knobby deformity 
at the base of the left thumb, reflecting radial subluxation of the first proximal 
metacarpal at the first carpometacarpal joint.
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may be present. There may also be herniation or rupture of the bursa 
into the thigh or leg (herniated or ruptured popliteal cyst) reminiscent 
of thrombophlebitis (pseudothrombophlebitis syndrome). Marginal 
osteophytes, intrasynovial loose bodies (joint mice), or moveable bodies 
(osteochondromas) may be palpable. There may be a loss of full exten-
sion, aggravating the limp. Medial joint space narrowing may lead to 
or aggravate a varus deformity, whereas lateral joint space narrowing 
may lead to a valgus deformity. Varus deformity with valgus deformity 
of the contralateral knee gives the patient a “wind-swept” appearance. 
There is often associated quadriceps weakness and atrophy.

Additional differential considerations include transient osteoporosis of 
the hip, non-displaced fracture (e.g., femoral neck or intertrochanteric), 
and osteonecrosis.

Knee
Patients often present with an insidious onset of pain about the knee, 
particularly with weight bearing and ascending and descending stairs. 
They may have noticed knee enlargement, swelling, and varus/valgus 
deformity. Examination sometimes reveals swelling with loss of the 
usual crease in the skin over the inner (null) facet between the patella 
and the condyle, in addition to a bulging suprapatellar sac. When 
present, the effusions are usually cool to palpation. There may be 
tenderness, but redness is uncommon. Reduced function may be seen 
with a flexion contracture (also known as extension lag, unable to 
extend to 0 degrees) and sometimes an extension contracture (unable 
to flex to 115 degrees). The flexion contracture is noticeable by a 
prominent limp. The extension contracture causes difficulty rising 
from a seated position. There is often tenderness of the anserine bursa 
and crepitus on active motion of the knee.

Knee OA is also associated with pain on weight bearing (gonarthri-
tis). There is often pain when rising from a seated position. It may be 
aggravated with climbing stairs or bending. The most common form 
of symptomatic OA of the knee is from medial tibiofemoral compart-
ment involvement. Pain is often along the medial joint margin and 
associated with tenderness and may radiate along the upper medial leg. 
Pain also may be felt distally along the anterior proximal tibia. A knee 
limp may be present. The knee may be unsteady on weight bearing, 
causing the patient to complain of a feeling that the knee is buckling 
or “giving out.” A flexion contracture may be demonstrated (Fig. 171.5).

There is often crepitus on motion that is best detected on active 
joint motion. A usually cool, palpable effusion may be present. Occa-
sional distention of the popliteal semitendinosus bursa (Baker cyst) 

a b

Fig. 171.4 Osteoarthritis of the hips. Severe osteoarthritis secondary to pelvic Paget disease causes medial migration of the femoral 
heads into the acetabuli, resulting in hip flexion contractures. The patient stands with a bent-forward posture that is apparent from 
a lateral (a) or anterior (b) view.

Fig. 171.5 Osteoarthritis of the knee. This morbidly obese woman has an 
enlarged knee with a flexion contracture. Lack of mobility is reflected by her 
use of a wheelchair. Synovial effusion of the knee is difficult to detect by 
inspection or palpation in a knee distal to a thigh of this size.
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Temporomandibular joint
Temporomandibular joint OA is often associated with hyperextensibil-
ity, perhaps with recurrent subluxations. However, most temporoman-
dibular joint OA is associated with meniscal tears or malalignment 
between mandible and maxilla.

EVALUATION
Laboratory tests
There are no laboratory tests that are diagnostic of OA. Low-grade 
inflammation in OA can be detected by measurement of serum acute-
phase reactants. Increases in erythrocyte sedimentation rate are more 
often attributable to age or other conditions than to OA. Subtle but 
definite increases in C-reactive protein are present in patients with 
active OA and appear to predict disease progression.59

Synovial fluid and serum markers of OA are being investigated as 
tools to detect the presence of OA or to predict disease progression. To 
date, no individual marker has accomplished either of these goals and 
a combination of markers may be needed.

Synovial fluid from patients with OA is usually clear and colorless 
or with a slight yellow tinge. The mucin content may be normal or 
reduced, as demonstrated with acetic acid 3% (Ropes test). The poly-
morphonuclear leukocyte content is usually less than 2000 cells/mL. 
More inflammatory synovitis in OA may demonstrate inflammatory 
synovial effusions, particularly in the presence of calcium crystals. 
Synovial fluid from a DIP cyst is often jelly-like and contains large 
polymorphonuclear leukocytes with several refractile inclusion cysts. 
Synovial fluid from a joint with osteochondromatosis is often very 
viscous and relatively acellular. It should be pointed out that normal 
synovial fluid contains fewer than 100 cells/mL; hence, the modest 
increase in synovial fluid leukocytes in OA is reflective of low-grade 
inflammation.

Crystals may be present in as many as 70% of synovial fluid speci-
mens from patients with OA.60 Although all calcium crystals have been 
shown to precipitate inflammation, the relationship between hydroxy-
apatite and several forms of basic calcium phosphate to the synovitis 
that is present in patients is not well established.

Knee OA may be associated with pain at the distal medial joint 
margin (anserine bursitis at the insertion on the pes anserinus of the 
tibia). This is particularly common in the elderly with significant varus 
deformity. Both varus malalignment and standing balance correlate 
with the severity of knee OA.53 Thus, knee OA has been associated 
with quadriceps weakness, reduced knee proprioception, and increased 
postural sway.54 When present, reduced proprioception was present in 
the contralateral knee.55 It was believed that both pain and muscle 
weakness influenced postural sway. Although quadriceps strength was 
significantly lower in patients with OA of the medial compartment of 
the knee, the hip adductor muscles were actually stronger, perhaps 
compensating for the varus deformity.56

Meniscal tears may be difficult to determine on physical examina-
tion of patients with knee OA. A positive McMurray test is the only 
true predictor of an unstable meniscal tear.57 A history of swelling and 
synovial effusion is not helpful. Cruciate ligament deficiency can be 
detected by an anterior or posterior drawer sign. In presentations with 
acute hemarthrosis, cruciate ligament injury should be suspected.

Patellofemoral OA is not commonly symptomatic. There is a variant 
of patellofemoral OA in young women (chondromalacia patellae). 
Anterior compartment pain is aggravated by sitting in low chairs (e.g., 
movie theaters) and can be precipitated by pressure with mediolateral 
movement of the patella in the intercondylar groove. Symptoms from 
patellofemoral OA are usually self-limiting, resolving in a period of 
several months.

OA of the knee may be associated with varying degrees of subchon-
dral osteonecrosis. This is suspected in patients with a rather abrupt 
onset of particularly severe pain refractory to the usual therapy. In early 
phases, it is best detected by magnetic resonance imaging. Uncom-
monly, there is a destructive arthropathy associated with a variety of 
calcium crystals.

Ankle
Talonavicular and subtalar joint osteoarthritis is often secondary to 
trauma with or without ligamentous damage or to an old ankle frac-
ture. Patients complain of ankle pain on weight bearing. Examination 
reveals synovitis of the ankle that must be distinguished from a variety 
of conditions, such as Achilles bursitis, plantar fasciitis, talocalcaneal 
coalition, post-traumatic osteoarthritis (e.g., after calcaneal fracture), 
painful os trigonum, talonavicular osteoarthritis, posterior tibial ten-
dinitis, and pedal edema.

Feet
Patients most often present with pain and enlargement of the first 
metatarsophalangeal (MTP) joint, particularly with walking. Examina-
tion commonly reveals an enlarged joint, with medial subluxation and 
lateral deviation of the big toe. There are sometimes signs of inflam-
mation over the involved joint, with tenderness and loss of dorsiflex-
ion. There are commonly abnormalities of additional toes.

The same processes that occur in the hands can occur concomi-
tantly in the feet. Different members of the same family may have 
predominant hand or foot involvement.

The typical pattern of involvement of the feet includes the first MTP 
joint, commonly called the bunion joint (hallux valgus) (Fig. 171.6). 
The joint enlarges medially, with a lateral drift of the first toe, often 
overlapping with the second toe.

There may be loss of function of the first MTP (hallux rigidus), 
usually occurring without drifting of the great toe but limiting toe  
off with ambulation. In this condition, the enlargement is usually 
dorsal.

There is often painful and tender swelling of foot joints. Associated 
contractures of additional (cock-up) toes with loss of plantar fat pads 
are often seen. Disabling painful ambulation may ensue. Pes planus, 
with relaxation of the transtarsal ligament and a pronator forefoot 
deformity, aggravates the symptoms. The patient may find it difficult 
to wear certain types of shoes, particularly those with high heels.

The talonavicular joint is at the pinnacle of the arch of the foot and 
is particularly prone to OA in the dorsal portion of the joint. This form 
of OA is aggravated by pes planus. Midfoot OA is associated with a 
short first metatarsal and/or a long second metatarsal bone.58

Fig. 171.6 Metatarsophalangeal (MTP) and interphalangeal osteoarthritis of 
the feet. There is bilateral enlargement of the first MTP joint, with medial 
subluxation of the phalanx. Flexion contraction of toes (particularly of the right 
second digit), with subluxation of the MTP, has caused an associated callus 
over the dorsum of the proximal interphalangeal joint. The right third digit is 
subluxed under the second digit. There is relaxation of the transtarsal 
ligament, with medial subluxation of the MTP and bony enlargement of the 
fifth MTP joints (tailor bunion, bunionette).
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those older than 50 years of age. Although OA can affect nearly any 
joint in the body, OA of the weight-bearing joints leads to the most 
disabling symptoms. Hip and knee OA can cause significant morbidity, 
disability, and impairment. Pain is the most common complaint that 
brings the patient to seek a physician’s assistance. Examination often 
reveals loss of function and may reveal some of the signs of inflamma-
tion. The findings on careful history and physical examination should 
lead to the formulation of an individualized program of therapy.

IMAGING
A detailed description of the imaging characteristics of OA is given in 
Chapter 175.

CONCLUSION
Symptomatic OA of the proximal and distal joints of the extremities 
is common and affects a large segment of the population, particularly 
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to be a significant risk factor for the development of knee OA. Based 
on these observations, two investigators, Pond and Nuki, were the first 
to introduce this dog model, created by experimentally transecting the 
ACL in normal mongrels using a closed surgical procedure (stab inci-
sion).6 A variant of this model involves an open surgical procedure.7 
Moreover, this latter model was further modified by performing a 
dorsal root ganglionectomy before the surgery, the aim of which was 
to accelerate the development of structural lesions by creating a neu-
ropathic arthropathy.8

The morphologic changes and the cartilage biology in the dog ACL 
model have been extensively studied by a large number of investigators. 
The histologic and matrix biochemical changes were reported to be 
analogous to those observed in the naturally occurring disorder.9 In-
depth analyses have been done of the metabolic and structural changes 
in the articular cartilage, the synovial membrane, and the subchondral 
bone in this model of induced OA. The macroscopic changes in the 
cartilage are first seen as a yellowish discoloration of the surfaces, 
particularly in the weight-bearing areas of the condyles and plateaus, 
with some cartilage swelling seen in the adjacent area in the early phase 
of the disease (Fig. 172.1). These early lesions lead to fibrillation and 
a progressive erosion of the cartilage down to the subchondral bone 
over the months after the surgery. Several factors can influence the rate 
of progression of these lesions, such as the weight of the dog and 
amount and type of exercise. A comprehensive review of these changes 
has been recently published.5 From a histologic point of view, addi-
tional changes include a reduction in safranin-O staining, indicating a 
loss of proteoglycan content in the cartilage, and hypertrophy and 
cloning of chondrocytes, which eventually progresses to hypocellularity 
of the tissue in the more severe stages. Also observed in the later stages 
is a thinning of the calcified cartilage layer and invasion of the tidemark 
by blood vessels.10

The OA cartilage lesions are associated with abnormal biochemical 
pathways, in which there is an increased level of proteoglycan and col-
lagen type II synthesis with a breakdown of the collagen network and 
reduced aggrecan size.11,12 An increase in the level of proteases capable 
of degrading the extracellular matrix macromolecules was also found, 
including the matrix metalloproteinases (MMP-1, MMP-3, and MMP-
13), cathepsin K, and ADAMTS-4 and -5.13 The upregulation of MMP 
synthesis was mediated via an activation of several key intracellular 
signaling pathways in which the mitogen-activated protein kinases 
(MAPKs) play an important role. The increased level of the inducible 
form of nitric oxide synthase (iNOS) induces the NO level, which, in 
turn, mediates chondrocyte apoptosis, cartilage degradation, and syno-
vial inflammation. There is also an increase in local production of 
leukotrienes. More specifically, leukotriene B4 has been found to be 
among the factors that mediate the increased levels of MMP, ADAMTS, 
and iNOS in cartilage and of interleukin (IL)-1β in the synovium.13,14

In the dog ACL model, synovitis is present at all times after surgery 
and is of significant severity.11,14 In the early phase it is likely to origi-
nate from the postsurgical reaction and intra-articular bleeding, whereas 
in the long term it would seem to be part of the global disease process. 
Macroscopically, it is characterized by a thickening of the synovium 
with a yellowish discoloration and increased vascularity of the tissue. 
Histologically, the main changes are hyperplasia and hypertrophy of 
the lining cells with mononuclear cell infiltrate of the sublining tissue.14 
This diseased tissue is also the site of the production of cytokines, 
inflammatory mediators, and proteases that contribute to cartilage 
degradation.1,12,14

The subchondral bone is made up of a subchondral plate and, 
beneath it, the trabecular bone. In the first few months after ACL 
transection, the subchondral bone is the site of intense remodeling, 
predominantly resorptive in nature, with thinning of the subchondral 

Animal models of osteoarthritis
Jean-Pierre Pelletier, Christelle Boileau, Roy D. Altman, and Johanne Martel-Pelletier

INTRODUCTION
Osteoarthritis (OA) is the most common form of arthritis. It is widely 
believed that aging, a complex process we still know very little about, 
is the most common predisposing factor to the development of OA. A 
number of risk factors that can induce or accelerate the development 
of OA have also been identified; these are reviewed in Chapters 169 
and 170. In brief, in addition to aging, other factors include genetic 
predisposition, high body mass index (BMI), joint injury, joint instabil-
ity, malalignment, and meniscal lesion/extrusion in the knee. These 
factors can independently or together induce structural changes in the 
joint that are known characteristics of the disease.

The joint tissues are the sites of abnormal pathophysiologic path-
ways responsible for the development and progression of OA; this has 
been extensively reviewed in Chapter 173 and elsewhere.1,2 In brief, 
these consist of the progressive degradation of articular cartilage char-
acterized by fibrillation and erosion with the cloning of chondrocytes, 
the remodeling of the underlying subchondral bone with the appear-
ance of bone marrow lesions, including edema and cysts, the presence 
of synovial inflammation characterized by the hyperplasia of the syno-
vial lining cells, a mononuclear cell infiltrate of the sublining soft 
tissue, and the growth of osteophytes at the margin of the joint, which 
represents an endochondral ossification process.

The evolution of structural changes in OA occurs over an extended 
period; this makes it very difficult to study the etiopathogenesis of the 
disease process. Hence, the development of experimental models that 
are capable of reproducing the disease changes could be valuable, espe-
cially for studying these alterations in a time-wise fashion with the 
possibility of sequential evaluation of the disease lesions. This repre-
sents very significant advantages for the exploration of the different 
aspects of the morphologic changes and pathophysiologic pathways of 
the disease. A large number of models have been developed and studied, 
some of which are spontaneous and others induced. Animals of differ-
ent sizes are used for these models, from small animals such as mice 
to larger ones such as dogs and sheep. The majority of these models 
have been the subject of several very comprehensive reviews.3-5

This chapter concentrates on the experimental OA models that 
have been most commonly used for the identification and study of 
therapeutic targets and for the development of disease-modifying osteo-
arthritis drugs (DMOADs). More specifically, we will review these 
models, examine their similarities to the natural disease, and identify 
the potential therapeutic targets that have been evaluated. For practical 
purposes, this review is arbitrarily divided according to the size of the 
animals used, which is large, medium, and small.

LARGE ANIMAL MODELS
Among the large animal models of OA, two have been found to be of 
particular interest. The first is the dog anterior cruciate ligament (ACL) 
model, which has been extensively studied from a morphologic  
and pathophysiologic point of view and has demonstrated some inter-
esting similarities to the human disease. Moreover, this model is the 
most commonly used to test the efficacy of DMOADs. The second 
model of interest is the sheep meniscectomy model. Although not 
widely used, interest in this model again derives from the fact that a 
number of DMOADs tested have also been subject to clinical 
investigations.

Dog ACL model
The traumatic rupture of the ACL is a frequent musculoskeletal patho-
logic process, both in dogs and in humans, and has been demonstrated 
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which makes it an attractive model to test the effects of therapeutic 
interventions. The dog model also allows evaluation of the progression 
of structural changes through several types of imaging technologies. In 
contrast to smaller animals, the joint size of the dog allows for a large 
number of analyses to be performed to study the effect of DMOAD 
interventions on joint structure as well as disease pathways.

Sheep models
Sheep have been commonly used for the study of OA pathogenesis and 
the effect of treatment with potential DMOADs. This species offers 
the advantage of being large animals with biomechanics closer to that 
of humans. As with the dog, the size of the sheep’s joints enables 
numerous outcome measures, including routine arthrocentesis and 
synovial fluid collection, imaging such as radiography/computed 
tomography/MRI, gait analysis, arthroscopic joint examination, topo-
graphic evaluation of lesions, and histologic, biochemical, and molecu-
lar analyses.

Spontaneous OA, although rare in sheep, may occur in the unpro-
tected region of the tibial plateaus. The main OA models in sheep  
are surgically induced, with the most common involving partial or  
total meniscectomy. In contrast to other species (e.g., dog, rabbit), the 

plate and an increase in the trabecular space (Fig. 172.2).10,15 There is 
an abundance of resorption units associated with an increase in the 
local production of bone resorption biomarkers such as MMP-13, 
cathepsin K, and urokinase (uKA).10

The evolution of the disease over time has been well documented 
in this model. It has been demonstrated that the cartilage changes, 
studied by different imaging technologies including magnetic reso-
nance imaging (MRI), evolve over a long period; and Brandt and col-
leagues reported a progression up to 4 years after the surgery.15 A recent 
study using quantitative MRI, in which a progressive loss and erosion 
of cartilage was documented up to 6 months after the surgery, is also 
supportive of the previous findings (Fig. 172.3).16 Moreover, the study 
revealed the presence of bone marrow lesions (a hypersignal), which 
increased in size gradually over time. These are, in general, topographi-
cally associated with cartilage lesions as seen macroscopically. These 
findings raise possibility that the subchondral bone changes may have 
a role in the genesis of cartilage lesions. Such MRI hypersignal lesions 
were recently studied histologically and correspond mainly to fibrosis, 
myxedematous degeneration, and/or cellular infiltrate of the bone 
marrow.17

In summary, the OA morphologic, biochemical, and structural 
changes in this model reveal several similarities to the human disease, 

Normal OA OA + licofelone

Fig. 172.1 Representative pictures showing the macroscopic and histologic appearance of knee cartilage in the dog. Normal 
and osteoarthritic (OA) knee cartilage at 8 weeks after surgical section of the anterior cruciate ligament (ACL) treated with 
placebo (OA) or with OA + licofelone at therapeutic concentration (5 mg/kg/day). Licofelone treatment reduced the severity 
of cartilage lesions; this is indicated by the circles showing macroscopic areas of cartilage lesions and histologically. (Reprinted 
with permission from Jovanovic DV, Fernandes JC, Martel-Pelletier J, et al. The in-vivo dual inhibition of cyclooxygenase and 
lipoxygenase by ML-3000 reduces the progression of experimental osteoarthritis: suppression of collagenase-1 and interleukin-1beta 
synthesis. Arthritis Rheum 2001;44:2320-2330.)

Normal OA OA + licofelone

Fig. 172.2 Representative pictures of the histologic appearance of osteoarthritic calcified cartilage and subchondral bone in 
the dog. Calcified cartilage and subchondral bone from a normal knee and from osteoarthritic (OA) knees 8 weeks after 
surgical section of the anterior cruciate ligament (ACL) in a dog treated with placebo (OA) or with OA + licofelone at 
therapeutic drug concentration (5 mg/kg/day). The decrease in both calcified cartilage thickness and subchondral bone 
surface seen in the OA dog was reduced by licofelone treatment. Arrows indicate calcified cartilage thickness.
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Large animal model limitations
In conclusion, interesting information about the OA disease process 
has been generated from studies with large animal models (see summary 
in Table 172.1). The striking concordance in the disease pathways 
between these OA models and the natural disease, the parameters that 
can be evaluated in these models, and their use in DMOAD studies in 
vitro and in vivo make them quite attractive. However, one must 
remember that these models are, for the most part, driven by mechani-
cal factors. In naturally occurring (idiopathic) OA, various etiologic 
factors join forces to bring about the structural and molecular changes 
typical of the disease. Therefore, it is likely that some factors contribut-
ing to the natural human disease may not be affected in these models.

The findings regarding the correlation existing between the DMOAD 
effects of certain drugs/agents (see summary in Table 172.1) in these 
models and the clinical trials in humans are most interesting. In 
general, a good correlation exists for both positive and negative find-
ings. Obvious limitations of the preclinical studies arise from the vari-
ability in experimental protocols from one study to another. Moreover, 
the level of effectiveness of the treatment is rather difficult to compare 
between human and animal model studies owing to the methodologic 
differences. For the most part, preclinical studies have been of short 
duration, which is an obvious additional limitation.

MEDIUM ANIMAL MODEL
Among the many intermediate-sized animals used in OA research, the 
rabbit has been the most popular. Common rabbit models of OA are 

sheep ACL transection has not been commonly reported as an OA 
model.

The most frequently used sheep model is the total unilateral medial 
and/or lateral meniscectomy model.3,5,18,19 The lesions in the lateral 
meniscectomy model are generally more severe than those in the 
medial meniscectomy model.20 The evolution of cartilage lesions is 
progressive over time after surgery. Mild lesions are observed at 3 
months after surgery, and significant changes are seen between 6 to 9 
months, which progress to full cartilage thickness erosion by 24 
months. Cartilage lesions are associated with other joint structural 
changes, such as osteophytes and subchondral bone remodeling. The 
histologic cartilage changes are similar to those reported with the OA 
dog models, including fibrillations, cell death and cloning, reduced 
toluidine blue staining, and invasion of the calcified cartilage and tide-
mark by blood vessels.5,18,19 There is also a thickening of the subchon-
dral cancellous bone with an increase in bone mineral density.21 
Exercise involving weight bearing accelerates the progression rate of 
lesions.22 The biochemical cartilage changes, including a reduction in 
the level of matrix macromolecules such as aggrecan, are associated 
with preferential increase in the synthesis of dermatan sulfate proteo-
glycans (decorin), particularly in zones of cartilage subjected to high 
mechanical stress. Aggrecan fragments released from the cartilage in 
both in-vitro and in-vivo experiments correlate with the levels of active 
MMPs found in the tissue and the proteolytic cleavage occurs in the 
interglobular domain. The synovial membrane also undergoes histo-
logic changes characterized by synoviocyte hyperplasia but without 
evidence of subsynovial tissue inflammation.
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Fig. 172.3 Comparative assessment of cartilage lesions by MRI and macroscopic grading in an osteoarthritic (OA) dog knee. The 
technology of this 3D reconstruction of femoral condyles and tibial plateau cartilage thickness from MRI acquisition can precisely 
detect and quantify the severity of the macroscopic cartilage lesions, as shown in this OA knee 26 weeks after ACL section. A, 
anterior; P, posterior; M, medial; L, lateral. Circles indicate areas of cartilage lesions corresponding to the macroscopic findings. 
(Modified from Boileau C, Martel-Pelletier J, Abram F, et al. Magnetic resonance imaging can accurately assess the long-term progression of 
knee structural changes in experimental dog OA. Ann Rheum Dis 2008;67:926-932. BMJ Publishing Group Ltd. license 2157120542227.)
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developed by Moskowitz and colleagues.23 After an incisional exposure 
to the medial compartment of the stifle joint (knee), the anterior horn 
of the meniscus is freed from its lateral attachment on the tibial 
plateau. A small portion is removed from the lateral part of the anterior 
horn of the freed meniscus. There is relatively little bleeding, in con-
trast to a cruciate transection technique. Once the wound is closed, 
the freed meniscus appears to act similarly to a torn meniscus in 
humans, altering joint mechanics and inducing a traumatic model of 
OA.

The cruciate deficiency model also requires open surgery, because 
the cruciate ligament must be visualized before transection.24 Bleeding 
is common, because there is an artery that is severed when transecting 
the ligament. The procedure is similar to the dog ACL model (open 
surgery) described earlier.

Advantages of the rabbit models include facility in handling, inex-
pensive cost of purchase and maintenance, ease of surgery, relatively 
small cage requirement, and rapid development of OA. Disadvantages 
include the small volume of cartilage to be removed from the joint, 
often requiring pooling of specimens; the anatomic differences between 
rabbit and human cartilage and subchondral bone; the difficulty in 
mobilizing rabbits (they tend to be inactive); and the number of animals 
needed for any given experiment. In contrast to the human joint, rabbit 
cartilage is normally thinner and more cellular, the subchondral bone 
is stiffer, and the epiphyses are not closed unless older rabbits are 
selected for study.

After the procedure, rabbits are allowed to move freely in their cages 
and OA develops insidiously over a period of 6 to 12 weeks; 8 weeks 
is suggested for early OA and 16 weeks for late OA (Fig. 172.4).25 
Changes in the operated joint are often compared with the contralateral 
stifle or to sham surgery. A few studies have used models operated on 
both stifles, using one as the control for the treated contralateral joint.

Studies of the stifle joints have included gross and microscopic 
anatomy. Synovial fluid and synovium can also be examined. On gross 
examination, the cartilage lesion depth and size can be measured and 
the osteophytes examined. Microscopic examination can evaluate pro-
teoglycan content with safranin-O or toluidine blue and cartilage 
changes graded by a standardized scale, such as the one developed by 
Mankin and coworkers.26 Similar to the dog OA model, abnormalities 
have been demonstrated in the synovium and cartilage. The cartilage 
and the joint can be studied by gait analysis,27 biochemical methodolo-
gies (immunohistochemistry, real-time polymerase chain reaction), 
and MRI.28 Bone mineral density has also been used in a DMOAD 
study.23 With the use of video imaging and India ink, cruciate ligament 
transection tended to induce lesions on the posteromedial aspects of 
the joint, particularly the covered, but not the uncovered, areas of the 

TABLE 172.1 SUMMARY OF DRUGS/AGENTS EVALUATED IN VIVO IN SOME OF 
THE LARGE ANIMAL MODELS OF OSTEOARTHRITIS FOR DMOAD EFFECT

Model Tested drug Effect of treatment

Dog ACL Corticosteroids Reduced OA cartilage degradation and 
osteophyte formation

NSAIDs Protection (licofelone, tenidap) or acceleration 
(indomethacin) of OA cartilage degradation

iNOS inhibitor Reduced OA cartilage degradation and 
synovial inflammation

IL-1ra Reduced OA cartilage degradation

Diacerein Reduced OA progression

Doxycycline Reduced OA development and progression

Bisphosphonate 
(NE-10035)

Reduced subchondral bone turnover; no effect 
on osteophytes or cartilage degradation

Calcitonin Reduced cartilage damage, protection against 
cartilage degradation and subchondral bone 
changes

PPARγ agonist 
(pioglitazone)

Protective effect against the development of 
OA lesions

Hyaluronan No effects on OA progression

Avocado/
soybean 
unsaponifiables

Reduced OA cartilage lesion development and 
subchondral bone remodeling

Sheep Hyaluronan Reduced OA progression, improved 
subchondral bone remodeling

Avocado/
soybean 
unsaponifiables

Reduced OA progression, prevented 
subchondral bone remodeling

Diacerein Improved OA cartilage lesions and 
subchondral bone parameters in lesional areas

OANormal 100 mg/kg 200 mg/kg

OA + glucosamine sulfate

Fig. 172.4 Representative pictures and histologic sections of cartilage of the femoral condyles of rabbit from normal and the 
hemi-meniscectomy model of OA. Normal (unoperated) and osteoarthritic rabbit 12 weeks after surgery treated with placebo 
(OA) or with OA + glucosamine sulfate at 100 mg/kg/day and 200 mg/kg/day. Glucosamine sulfate reduced the severity of 
cartilage lesions; this is indicated by the circles showing macroscopic areas of cartilage lesions and histologically. (Internal 
observations from Dr. Altman’s laboratory.)

created chemically, by repetitive trauma, patellar impact, or after surgi-
cal alteration of joint mechanics. The two most studied models are the 
ACL transection and partial meniscectomy models.

Rabbit model
The most frequently used medium-sized animal models of OA are New 
Zealand white rabbits. The hemi- or partial meniscectomy model was 
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The morphologic changes include cartilage fibrillation, subchondral 
bone remodeling, synovial membrane hyperplasia, and osteophyte for-
mation53 as well as an increase in collagen turnover and proteoglycan 
loss.

Induced models
OA can be induced in small animals, particularly in the knee joint, 
after different types of interventions that produce metabolic and/or 
mechanical changes in the joint and create OA-like modifications at 
the cartilage, synovial, and subchondral bone levels. The most common 
induced models are produced by intra-articular injections of chemicals 
or proteases, by surgery, or by genetic modification.

Intra-articular injections
One of the intra-articular knee injections is mono-iodoacetate (MIA), 
an inhibitor of glycosis.54 MIA induces chondrocyte biology alterations, 
as opposed to the mechanical models in which joint instability is 
created. This model has been induced mainly in the rat, mouse, and 
guinea pig. The severity of joint alterations from MIA injection is dose 
dependent and generates pain and structural and biochemical altera-
tions associated with OA.55-58 In cartilage, the changes are characterized 
by proteoglycan depletion and degradation in which aggrecanase- and 
MMP-generated catabolic epitopes have been detected.38 Moreover, the 
hyperalgesia induced by MIA injection makes this model an attractive 
one to study pain.

The cartilage lesions develop rapidly after MIA injection. The classic 
duration for this model is 28 to 30 days, but it has been studied for 
up to 56 days.54 Cartilage surface irregularities are present 7 days after 
injection, and the lesions reach maximal intensity between 14 and 21 
days, depending on the dose injected. Changes in chondrocyte mor-
phology are observed as early as 1 day after MIA injection and loss of 
chondrocytes starting at day 7. MIA injection also resulted in subchon-
dral bone remodeling 5 to 7 days after injection, evolving into bone 
sclerosis.54 The eburnation of subchondral bone is usually found at day 
28. Synovial membrane hyperplasia and fibrosis are also seen, but only 
with the high doses. The highest doses of MIA (up to 3 mg/knee in 
rats) led to total loss of cartilage in 15 days.59 This model also induced 
osteophyte formation.

Other attempts to create OA models have been made through the 
intra-articular knee injection of different proteolytic enzymes, such as 
papain, trypsin, hyaluronidase, and collagenase, in mice and rats.60 
Convincing results were obtained with the collagenase, which induced 
not only cartilage damage but also joint instability, synovial membrane 
inflammation, subchondral bone remodeling, and osteophyte forma-
tion.61 In addition, this model was demonstrated to be associated with 
an excess production of prostaglandin E2, an important feature of 
human OA.62 However, no correlation was found between the amount 
of collagenase injected and the level of cartilage damage.

Surgically induced models
A significant number of models have been developed using different 
surgical procedures. The most common are those induced by joint 
instability, including ACL transection with or without partial or com-
plete ablation of the meniscus, or by artificially inducing metabolic and/
or hormonal changes.

Meniscectomy and/or anterior cruciate ligament transection
OA was surgically induced by meniscectomy or ACL transection first 
in guinea pigs63 (Fig. 172.5), then in rats.64 Recently, a model has also 
been developed in mice that consists of different combinations of 
meniscectomy and ligament transection.65,66 The latter produced 
various degrees of OA severity depending on the extent of joint instabil-
ity.67 Another model, produced by a surgical tear in the medial menis-
cus in rats, was demonstrated to induce consistent and reproducible 
lesions mimicking many of the human OA features.68,69

In these surgical models, the structural changes, including cartilage 
lesions and osteophyte formation, have been documented up to 10 
weeks after surgery. These models generally offer the advantage of OA 
lesions developing faster than in large and medium-sized animals. The 
interventions induce cartilage changes that are typical of OA, including 

tibial plateau. This suggests that these cartilage areas are the most 
prone to change and hence are the specific areas of the joint to be 
studied.29 Interestingly, findings from 4 and 8 weeks after ACL transec-
tion revealed that the expression of MMP-1 in synovium lagged behind 
its expression in cartilage, suggesting the pathologic process was initi-
ated in the cartilage.30

Medium animal model limitations
In summary, the rabbit has proven to be an easy model in which to 
explore potential DMOAD therapies for OA. Several promising agents 
in the rabbit models have been disappointing in humans. The discrep-
ancies in findings of the therapeutic effects of these agents between the 
rabbit models and human disease are not fully explained. It could be 
that the therapeutic agent may not be effective in humans or there may 
be problems with dosing. It could also be that the medium-sized 
models only reflect subsets of human OA, not the full spectrum of 
human disease. Despite these drawbacks, until an effective therapy is 
available, the rabbit models of OA will continue to be useful in preclini-
cal studies using animal models.

SMALL ANIMAL MODELS
Many small animal OA models have been developed and generally 
involve the mouse, the rat, and the guinea pig. Some are spontaneous 
in nature, whereas others are induced through various interventions. 
In contrast to the large and medium-sized animal models in which 
induction is almost always performed by mechanical means, in small 
animals it can also be induced by biochemical joint alterations.31 Small 
animal models can reproduce important features that mimic human 
OA, including cartilage destruction,32 osteophyte formation,33 and 
synovial inflammation,34 and have been valuable research tools in 
exploring the pathophysiology and treatment of OA. They can allow 
for the evaluation of various catabolic and anabolic pathways highly 
relevant to the disease process.35-38 For example, some models such as 
the STR/ort mouse have helped to demonstrate the cleavage site of 
aggrecan by proteases.39 Moreover, these models are most useful in 
gaining insight into many angles of the pathophysiology of OA because 
they provide the unique possibility to perform, in a large number of 
animals, studies aimed at a comprehensive evaluation of the disease 
process. Furthermore, imaging technologies for small animals have 
also been developed that can be used to assess disease progression and 
quantify structural changes.40,41

In this section we summarize some of the different possibilities that 
these small animal models of OA offer in exploring the disease process.

Spontaneous models
Mouse
It is well known that OA can occur naturally in a number of mouse 
strains, such as the STR/ort, BALB/c, DBA/1, and C57BL/6.42,43 These 
models present many of the human OA features, including the occur-
rence of joint space narrowing, cartilage lesions, alterations in cartilage 
matrix molecules, and osteophyte formation. Although it is well known 
that the development of OA structural changes is age-related, these 
small animal models have helped to determine other factors that influ-
ence the disease development. These include a loss of innervation,43 
anatomic abnormalities,44 the roles played by many important cata-
bolic factors, cytokines, and proteases,39,45-48 and, importantly, the role 
of genetics.47,49 However, in contrast to humans, in which OA is more 
prevalent in females, in STR/ort and DBA/1 mice the higher prevalence 
is in males.

Guinea pig
OA changes were also shown to be spontaneous in Hartley guinea 
pigs,50-52 developing preferentially in the medial compartment. As in 
some mouse strains, the male guinea pig is more prone to the develop-
ment of rapidly progressive OA than the female. Changes can be seen 
as early as 3 months of age, with lesions of mild to moderate severity 
found on the medial tibial plateaus of most of the animals by 6 months; 
and at 1 year, severe lesions are present in the medial compartment. 
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Small animal model limitations
Small animal models are particularly helpful in the exploration of very 
specific pathways involved in the pathophysiology of OA and for testing 
specific DMOAD strategies (Table 172.3). They offer several advan-
tages, including the low cost of such investigations and the wide variety 
of studies that can be performed. However, there are only a limited 
number of studies in small animal OA models from which results were 
directly extrapolated to humans. This being stated, the variety of OA 
models available in small animals presents many opportunities to 
study the wide range of disease features as well as offers the great 
advantage of rapid disease development compared with human pathol-
ogy, which takes decades to develop. These models also provide the 
opportunity to study structural changes in the different joint tissues at 
the same time, including the cartilage, synovial membrane, and sub-
chondral bone (Fig. 172.6). Genetically modified models can be used 
to validate specific therapeutic targets. Small animal models also allow 
the comparison of results obtained from spontaneous versus induced 
models to study key phenomena of OA development.

Although they are useful tools for research, it is important to under-
stand the limitations imposed by these models in the planning of such 
studies. For instance, the sample material from the articulation and, 
more precisely, from each tissue is very limited. Moreover, differences 
exist in the severity of structural changes in certain models with regard 
to gender (male vs. female) and body weight, as in the spontaneous OA 
guinea pig model,102 as well as in the degree of joint stability. Therefore, 
one must also take into account the influence of the body mass and 
level of physical activity in the planning of experimental protocols. 
There are some particularities of certain species to be kept in mind. 
For example, mice do not express or produce MMP-1103 and ADAMTS-5 
was shown to be of pivotal importance in this model, whereas in 
humans this is not clear. Therefore, conclusions from studies done 
with small animal OA models must be drawn in the context of their 
intrinsic limitations.

CONCLUSION
Animal models of OA have been shown quite convincingly to be useful 
in the study of the evolution of joint structural changes that occur 
during OA and in the exploration of the different pathophysiologic 
mechanisms responsible for those changes. Obviously, there are a 

the histologic changes in cartilage and depletion of cartilage matrix 
components that can progress to a total loss of articular cartilage. 
Moreover, in the rat model, the early lesions are also characterized by 
subchondral bone resorption followed by increased formation of this 
tissue, which is associated with the development of osteophytes in the 
periarticular zones.70

Ovariectomy
Another surgically induced OA model is the ovariectomy in the Sprague 
Dawley rat. The hypothesis supporting this model is that estrogen 
deficiency in postmenopausal women is believed to be a risk factor for 
the disease progression. Thus, it consists of a “postmenopausal-like” 
model induced by estrogen deficiency71 and is characterized by mild 
erosion of knee cartilage starting 9 weeks after surgery. This model is 
influenced by the age of the animal at the time of surgery. Animals of 
5 to 7 months old should be used because the intensity of the cartilage 
lesions and bone degradative biomarkers are more pronounced in the 
older rats. Moreover, the joint lesions are compartment specific, with 
lesions preferentially in the femur. The cartilage lesions are similar to 
those seen in the early stages of OA in other models, with changes in 
cellularity and loss of cartilage matrix integrity including alteration in 
collagen fibers and structure. Subchondral bone resorption is also 
observed and believed to contribute to the disease process.

Genetic models
Genetically modified mice are valuable tools to study the role of dif-
ferent molecular processes and key mediators involved in OA patho-
physiology. These models allow the identification of target genes  
and/or genes of interest.72-75 The global evaluation of gene expression 
in experimental OA has mainly been done using the ACL transection 
model combined with the partial medial meniscectomy model.

Genetic modification can consist of gene shutdown by mutation/
deletion or overexpression. Table 172.2 summarizes some of the 
most common genetic modifications related to OA that have been 
studied65,76-100 and shows that, in addition to the musculoskeletal con-
sequences of these genetic modifications, OA changes are also induced. 
Some of these studies have been particularly useful in identifying the 
roles played by the matrix components in the development of OA 
cartilage changes.101

Normal OA OA + pioglitazone

60 µm 60 µm 60 µm

Fig. 172.5 Representative pictures showing the macroscopic and histologic appearance of knee cartilage in the guinea pig. 
Normal and an OA knee cartilage at 4 weeks after surgical medial meniscectomy in guinea pigs treated with placebo (OA) or 
with OA + PPARγ agonist pioglitazone at 20 mg/kg/day. Pioglitazone treatment reduced the severity of OA lesions; this is 
indicated by the circles showing macroscopic areas of cartilage lesions and histologically. (Reprinted with permission from 
Kobayashi T, Notoya K, Naito T, et al. Pioglitazone, a peroxisome proliferator-activated receptor gamma agonist, reduces the 
progression of experimental osteoarthritis in guinea pigs. Arthritis Rheum 2005;52:479-487.)
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TABLE 172.2 SUMMARY OF GENETIC MODIFICATIONS IN MICE TO STUDY OSTEOARTHRITIS PATHOPHYSIOLOGY

Targeted gene Results References

Collagen

Type II: deletion Alteration of collagen network; chondrodysplasia in young animals; OA-like lesions in older 
animals: cartilage degradation, bone sclerosis, degeneration of menisci, cyst formation, and 
subchondral bone exposure

76, 77, 86, 
87, 91

Type II: overexpression Thick, abnormal collagen fibrils in knee cartilage 77

Type IX: truncated α1 chain or knockout Mild chondrodysplasia; joint and intravertebral disc degeneration with age 79-83

Type IX: mutation Degradation of type II collagen 95

Non-collagenous molecules

SLRP deficiency Early-onset OA in temporomandibular joint and gait impairment, ectopic ossification, severe 
premature OA

89, 90, 99

Tissue-specific BMP receptor deletion Premature OA features in articular cartilage 96

Integrin deficiency Age-dependent appearance of OA (cartilage degradation, GAG depletion, synovial hyperplasia) 94

MMPs and aggrecanases

Conditional expression of MMP-13 Cartilage lesions 88

MT1-MMP deficiency Craniofacial dysmorphism, arthritis, osteopenia, dwarfism, and fibrosis of soft tissue 85

ADAMTS-5 deletion Prevention of knee OA development in meniscectomy model 65, 98

Cytokines and inflammatory mediators

IL-6 knockout Promotion of severe spontaneous knee OA development with aging 97

Gene deletion of IL-1β, ICE, iNOS, MMP-3 Acceleration of OA development after ACL and partial meniscectomy 92

Truncated kinase defective TGF-β type II receptor Promotion of chondrocyte differentiation and joint degeneration resembling OA 84

Others

Disruption of gene mig6 Early onset of cartilage degeneration in multiple joints 100

cho gene expression OA-like degenerative changes in knee 93

TABLE 172.3 SUMMARY OF DRUGS/AGENTS EVALUATED IN VIVO IN SOME OF THE SMALL ANIMAL MODELS OF OSTEOARTHRITIS FOR DMOAD EFFECT

Model Species Tested drug Effect of treatment

Spontaneous Mouse MMP inhibitor Prevention of structural changes in both cartilage and subchondral bone

Glucosamine sulfate Delay of OA development

Guinea pig Hyaluronan Protection against cartilage degradation and subchondral bone remodeling

Bisphosphonates

 Alendronate Acceleration of cartilage degradation and subchondral bone thickening

 Risedronate Reduction in OA progression

 Diacerein Reduction in OA severity

Chemically 
induced

Rat (MIA) Corticosteroids and non-steroidal 
anti-inflammatory drugs (NSAIDs)

Reduction in OA severity

MMP inhibitor Reduction in cartilage degradation

Glucosamine sulfate Reduction in cartilage damage

Surgically 
induced

Guinea pig PPARγ agonist (pioglitazone) Protective effect against the development of OA lesions

MMP inhibitor Lack of efficacy

Rat Alendronate Reduction in cartilage degradation

FGF18 Stimulation of cartilage repair

Estrogen Reduction in cartilage lesions

Diacerein Prevention of OA development

Mouse Osteoprotegerin Reduction in OA progression



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1738

planned for a drug development program, with long-term confirmatory 
studies included in the experimental planning. This is important 
because some studies, in which DMOAD effects have been shown in 
the early stages of the disease, were found not to be predictive of the 
effects at a later stage. Models in which non-invasive joint imaging 
such as MRI can be done over time and joint tissue structural changes 
reliably quantified represent a significant advantage in observing the 
disease process and the effects of DMOAD treatment, not only because 
the same animals can be observed at different time periods but also for 
a longer duration.

Treatment dosages and route of administration in animal models 
are also of the utmost importance, because they should aim at mimick-
ing clinical conditions. The therapeutic regimen should therefore target 
drug blood levels and exposure that are similar to those targeted in a 
human clinical setting. This is not always feasible, especially with 
smaller animals. However, this particular aspect in the evaluation of 
a DMOAD is important for the validation of study results.

The previous statements are obviously representative of only a few 
of the issues to be dealt with when conducting DMOAD studies using 
animal models. Despite the limitations of using animal models reported 
in this chapter, a number of drugs/agents tested in different models 
have shown consistent DMOAD effects and some have been positively 
translated into humans when clinical studies were conducted. They 
clearly demonstrate that DMOAD studies using animal models are 
useful. This, however, does not answer definitively the questions as to 
which model should be used preferentially or the number of studies 
that need to be conducted and conclusive before a drug can be qualified 
as a DMOAD.

number of limitations with OA models. For instance, the advantages 
of spontaneous versus induced models and large versus small animal 
models are still under debate and the mechanisms leading to the struc-
tural changes observed in spontaneous models remain largely unknown.

There is, so far, no clear evidence for the superiority of one particu-
lar species over another for testing DMOAD effects. There is a general 
feeling that larger animals provide the opportunity for a more global 
exploration of the effects of drugs on the different OA processes through 
clinical evaluation and quantification of OA changes by imaging and 
anatomic examination. These large animals also provide greater 
amounts of sample tissue, allowing for extensive exploration of the 
biochemical and molecular mechanisms of the disease and the effects 
of drugs. Moreover, larger animals are an absolute requirement for 
pharmacokinetics and pharmacotoxicology studies according to the 
different regulatory agencies.

In the context of using animal models to study DMOADs, the 
timing of therapeutic intervention during the disease process may also 
be of importance. The questions remain as to whether the data from 
some experiments performed under therapeutic conditions are more 
meaningful than those from studies conducted under prophylactic 
conditions, as well as their importance when extrapolated to the clini-
cal situation. However, studies using animal models have shown that 
compounds demonstrating DMOAD effects were most often found to 
be active under both conditions (prophylactic and therapeutic). Quite 
often, and this is particularly true with induced models, the experi-
mental observational time is relatively short, a matter of a few weeks 
or months. Because the natural evolution of OA is chronic, it would 
seem logical and relevant that when OA animal model studies are 

STR/ort - placebo STR/ort - glucosamine sulfate

Fig. 172.6 Histologic appearance of knee articular structures in osteoarthritic STR/ort mice (9-month old). Animals were 
treated with placebo (vehicle) or with glucosamine sulfate. Glucosamine sulfate reduced the severity of OA lesions and 
osteophyte formation. (Courtesy of Lucio Rovati, Rottapharm, Monsa, Italy.)
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progression, research in OA pathogenesis, biomarkers, and treatment 
has broadened immensely and many new potential therapeutic targets 
have emerged over the past years.

THE NORMAL JOINT: ANATOMY— 
PHYSIOLOGY—FUNCTION
Understanding of  joint dysfunction  requires  some knowledge of nor-
mality and the comparison of the diseased state to the physiologic situ-
ation (Fig. 173.2). The most important requirements for normal joint 
function are the freedom of the opposed articular surfaces to move pain 
free—and  largely  frictionlessly—over  each  other  within  the  required 
range of motion as well as the correct distribution of load across joint 
tissues. Thus, pathology  in many cases might be caused by acute or 
chronic  mechanical  overloading,  systematic  mal-loading,  or  habitual 
underloading, leading to disuse atrophy.

The  correct  functioning  of  the  joint  is  largely  dependent  on  its 
design. Joints are highly specialized organs whose properties are pro-
vided by the articular cartilage and its extracellular matrix that, under 
physiologic  conditions,  is  capable  of  sustaining  high  cyclic  loading. 
Articular cartilage covers the joint surfaces and is mainly responsible 
for  the  unique  biomechanical  properties  of  the  joints.  Joints  are, 
however,  complex  composites  of  different  types  of  connective  tissue, 
including subchondral bone, cartilage surfaces, ligaments, and the joint 
capsule.  The  bony  backbone  defines  the  shape  of  the  joint  and  the 
articulating  surfaces—in  combination  with  the  articular  cartilage—
determine the absorption properties during movement. Also, the syno-
vial capsule and, in particular, the synovial membrane (i.e., the synovial 
lining cell layer) vastly contribute to the physiologic functioning of the 
articulating  joints.  It  is  the  synovial  capsule  together  with  the  liga-
ments  that  provides  the  mechanical  stability  of  the  joints  and  ulti-
mately determines their flexibility and range of motion. The synovial 
membrane,  containing  high  metabolically  active  surface  cells,  the  
synoviocytes,  plays  a  crucial  role  in  nourishing  the  chondrocytes  as 
well as maintaining the normal metabolic milieu within the joints by 
removing metabolites and matrix degradation products from the syno-
vial  space.  Also,  synoviocytes  produce  large  amounts  of  important 
mediators  (cytokines and growth factors), matrix degrading enzymes, 
as well as hyaluronic acid and other factors such as lubricin/superficial 
zone  protein,  which  provide  the  joint  surfaces  with  its  lubrication 
capacity. All  these  factors enable maintaining  the  local milieu of  the 
synovioarticular joint organ.

Together  all  different  tissues  with  their  own  functional  capacities 
permit correct functioning and integrity of the joints.

PATHOLOGY
Macroscopically, normal hyaline articular cartilage is a rather unruffled 
white to yellowish overlay coating the articulating joint surface (Figs. 
173.3e and 173.4a). The synovial fluid makes it to appear slippery and 
provides  its gliding properties. Microscopically, hyaline cartilage con-
sists of evenly stained (“hyaline”) collagen- and proteoglycan-rich extra-
cellular matrix with sparsely distributed cartilage cells (“chondrocytes”). 
The cells represent less than 5% of the total volume of articular carti-
lage but are of obvious importance for the maintenance of the tissue. 
Chondrocytes are surrounded in most parts by a specialized pericellular 
matrix forming a biomechanical and biochemical interface between the 
rigid interterritorial matrix and the cells. The mechanical properties of 
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 Osteoarthritis (OA) is pathologically primarily characterized by focal 
cartilage damage, bone sclerosis, and some sort of synoviopathy.

 Osteoarthritic changes within the articular cartilage can be 
categorized by typing, staging, and grading of the lesions.

 OA is strongly associated with age, but bone and cartilage changes 
in OA are different from those of normal aging.

 There are many different hypotheses trying to explain cartilage and 
joint degeneration, including chronic mechanical (over)load, matrix 
proteolysis, age-induced changes of the cartilage matrix and the 
chondrocytes, as well as increasing damage to the genomic DNA of 
the chondrocytes, leading to a deranged cellular phenotype.

 Proinflammatory cytokines as well as the activation of cellular 
inflammatory signaling pathways including interleukin-1 and the 
MAP kinases likely play an important role in OA pathogenesis.

 Biomechanical factors are essential in the pathogenesis of OA. 
Altered joint biomechanics are generated by joint incongruity, 
laxity, muscle weakness, and impaired proprioception in addition 
to trauma and heavy physical load.

 Despite the fact that presumably a high variety of different 
phenomena contribute to the pathogenesis of OA, premature 
aging of the chondrocytes and the matrix presumably plays a 
crucial role in its initiation and progression; thus, OA might be in 
analogy the “Morbus Alzheimer” of the joint.

INTRODUCTION
Osteoarthritis (OA), also known as degenerative joint disease or osteo-
arthrosis, is the most common form of arthritis and the leading source 
of physical disability with severely impaired quality of life in people in 
industrialized nations. Although derived from the Greek words osteon 
for bone, arthron  for  joint,  and  the  suffix  -itis  for  inflammation,  the 
site of most pronounced structural alterations is not the bone but the 
joint cartilage, and severe inflammation is seen in only few patients. 
OA  is  generally  considered  as  a  disease  of  the  elderly,  progressively 
causing  loss of  joint  function, but although it  is  true that OA preva-
lence  increases  sharply with age  it  is not part of normal  aging. Very 
little is known about the underlying causes of OA, and many hypoth-
eses regarding its pathogenesis have been proposed over time. Genetic 
defects causing malfunction of structural genes give rise to premature 
and often severe OA in certain families, but in the majority of OA cases 
no  such  defects  have  been  identified.  A  number  of  risk  factors  are 
known  that  apart  from  age  include  heredity,  malalignment  of  the 
articulating  surfaces,  obesity,  metabolic  diseases,  and  joint  trauma. 
Each  can  make  contributions  to  the  initiation  and  progress  of  the 
disease in different compartments of the joint. Biochemical processes 
involving cartilage, bone, and synovium eventually intertwine and col-
lectively damage all three joint compartments. This results in articular 
cartilage breakdown, osteophyte formation, subchondral bone sclerosis, 
bone marrow  lesions, and alterations of  the  synovium on both mor-
phologic and biochemical  levels, often causing,  for example, episodic 
synovitis (Fig. 173.1). Advances in molecular biology raise hopes that 
new therapeutic targets will be identified that will allow more than just 
symptomatic therapy. Joint replacement is still the unsurpassed therapy 
for advanced and incapacitating OA. However, with increasing appre-
ciation of the contribution of all three joint compartments to disease 
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Articular cartilage

SCHEMATIC VIEW OF THE MAIN STRUCTURES 
OF A HEALTHY (LEFT) AND DEGENERATE OA (RIGHT) JOINT

Joint capsule

Synovial
membrane

(Subchondral) bone

Destructed 
cartilage

Capsular fibrosis

Synovial 
hyperplasia

Osteophyte
formation

(Subchondral)
bone remodelling
and sclerosis

Fig. 173.1 Schematic view of the main structures of a healthy (left) and 
degenerated OA (right) joint. In OA the articular cartilage is lost or severely 
thinned, the (subchondral) bone is sclerotic, the joint capsule is thickened, and 
the synovial membrane is activated. (Courtesy of E. Bartnik, Frankfurt.)

Fig. 173.2 The images show coronal magnetic resonance imaging datasets of the knee acquired using a fast 
low-angle shot (FLASH) or spoiled gradient-recalled-echo sequence (SPGR). This imaging sequence has been 
extensively validated for detecting cartilage lesions and for performing quantitative measures of cartilage 
volume and thickness. The left image shows a healthy knee with normal cartilage thickness, the right image a 
knee with OA. Note the osteophytes and the extensive cartilage loss in the lateral femorotibial compartment. 
(Courtesy of Felix Eckstein, Salzburg, Austria.)

articular  cartilage  largely  depend  on  the  biochemical  composition  of 
the extensive interterritorial (extracellular) cartilage matrix.

Macroscopically,  OA  cartilage  is  often  yellowish  or  brownish,  is 
typically soft, and is often swollen. The surface shows roughening in 
the early stages and overt fibrillation and matrix loss in the later stages 
until the eburnated subchondral bone plate is visible (see Fig. 173.3f, 
g).  These  changes  can  be  seen  and  graded  radiographically  (see  Fig. 
173.3a-d) and can be visualized in more detail on the histologic level 
(see Fig. 173.4). Thus, microscopically, the surface shows undulations 
(roughening) in the early and overt fissures and splits as well as matrix 
loss in the later disease stages (see Fig. 173.4b) until the subchondral 
bone plate becomes visible (see Fig. 173.4e). Besides the total destruc-
tion of matrix areas, also the degradation of matrix molecules plays an 
important  role  preceding  and  driving  the  final  loss  of  the  respective 

matrix areas (see Fig. 173.4d, e: loss of toluidine blue staining reflecting 
the loss of proteoglycans in damaged cartilage areas). Apart  from the 
degradation of molecular components, destabilization of supramolecu-
lar structures also takes place. For example, destabilization of the col-
lagen network results in microscopically and, finally, macroscopically 
visible matrix destruction. Both mechanical wear and enzymatic deg-
radation  appear  to  play  a  pivotal  role  during  the  disease  process. 
Together,  these  cause  the  destruction  of  the  cartilage  matrix  on  the 
molecular (e.g., proteoglycan depletion) and the macromolecular (e.g., 
network  loosening),  explaining  the  changes  observed  on  the  micro-
scopic (e.g., fissures) and the macroscopic level (e.g., cartilage tear).

At the margins of joints frequently (osteo)cartilaginous outgrowths 
appear (chondro-osteophytes). They are best considered as a process of 
secondary  chondroneogenesis  in  the  adult.  Osteophytes  derive  from 
mesenchymal precursor cells within periosteal or synovial tissue and 
often merge with or overgrow the original articular cartilage. Thus, in 
this process, mesenchymal precursor cells differentiate into chondro-
cytes. A similar, but less structured process is observed in the areas of 
the eburnated bone, in which the articular cartilage is completely torn 
off. Here, mesenchymal multipotential stem cells of the bone marrow 
undergo  also  chondrogenic  differentiation:  metaplastic  cartilage  in 
forms of nodules or “tufts” is found either within the bone marrow or 
at the naked bone surface.

Osteophytes could be considered as endogenous repair attempts in 
degenerating joints and might be a physiologic response to mechanical 
overloading by increasing the articulating joint surface, thus having a 
supportive  function. However,  they are mainly  found in non–weight-
bearing  areas  and  their  mechanical  stability  and  biologic  benefit  are 
questionable. To date, the molecular mechanisms in the development 
of osteophytes are largely unknown. Mechanical or biochemical stimuli 
could play a central role. However, most osteophytes do not take part 
in the articulating process and are subsequently not exposed to major 
mechanical  load.  Thus,  it  is  more  likely  that  growth  factors  play  a 
dominant  role  in  the  induction and promotion of osteophyte  forma-
tion. For example,  the exogenous application of  transforming growth 
factor-β (TGF-β) and bone morphogenetic protein-2 (BMP-2) into knee 
joints of adult mice leads to significant osteophyte formation.

TYPING, STAGING, AND GRADING OF JOINT 
CARTILAGE ALTERATIONS IN OSTEOARTHRITIS
Overall,  the  classification  of  OA  cartilage  degeneration  is  rather 
complex because all patients present with at least to some extent dif-
ferent histories, symptoms, and morphologic changes. Common to all 
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Fig. 173.3 Knee: (a) grade 0 normal, (b) grade 1 lateral tibiofemoral narrowing, (c) grade 3 lateral tibiofemoral narrowing, and 
(d) grade 3 lateral tibiofemoral narrowing. (e, f ) Macroscopic appearance of femoral condyles of a normal (e) and severely 
damaged (f ) knee. (g) Arthroscopic image of a cartilage defect of the femoral condyle within the knee joint. (a-d, from Altman 
RD, Gold GE. Atlas of individual radiographic features in osteoarthritis, revised. Osteoarthritis Cartilage 2007;15[Suppl A]:A1-A56; g, 
courtesy of Dr. W. Eger, Rummelsberg.)

of them is some sort of structural  joint (cartilage) damage, pain, and 
limitation in joint movement.

Obviously, many other tissues apart from the articular cartilage are 
involved in this process, but, traditionally, the cartilage has been used 
to score OA severity (at least as long as structural changes are assessed). 
In general, the process of joint destruction can always be evaluated for 
the pathogenesis (“typing”), for its extent (“staging”), and for the degree 
of the most extensive focal damage (“grading”).

“Typing”  is mostly related to “primary”  (i.e.,  idiopathic) and “sec-
ondary” (i.e., “caused by”) OA. Primary OA is most frequently observed. 
Whereas the addition “primary” implies that there is no obvious cause, 
still minor preexisting conditions also exist in this condition (i.e., “pre-
conditions” or “risk factors”). The major causes leading to secondary 
OA  joint  degeneration  are  listed  in  Table  173.1.  “Grading”  and 
“staging” have been much more under debate, also regarding the basic 
meaning  of  both  words:  “grading”  should  refer  to  the  evaluation  of 
histologic  changes  at  one  (or  the  worst)  site  of  joint  destruction, 
whereas “staging” should refer to the overall disease process (in analogy 
to  “grading”  and  “staging”  in  tumor  pathology).  Both  represent  an 
attempt to score processes relevant to the disease.

The grading system most commonly used (partly with minor modi-
fications)  is  the  histochemical-histologic  grading  system  by  Mankin 
and  coworkers  in  1971  (Table  173.2;  Fig.  173.5).1  Despite  repetitive 
criticism that the Mankin score shows a high interindividual variabil-
ity, this might be related to the training status of the involved scoring 
people. However, clearly some of the subcategories of the Mankin score 
do not belong to primary cartilage degeneration but describe  features 
observed in secondary cartilage formation (i.e., osteophyte formation: 
see Table 173.3) and should be excluded in future scoring attempts. A 
staging  system  used  internationally  is  that  of  Outerbridge  (Table 
173.4), while another has been established in Germany by Otte (Table 
173.5; see Fig. 173.5).2 The Outerbridge system was primarily described 
for  the patella but  later successfully applied  to other  joints. Whereas 
Mankin  addresses  the  piece  of  cartilage  under  the  microscope,  the 

TABLE 173.1 TYPING OF JOINT DESTRUCTION

Primary
No (major) causative reason known

Secondary
Articular gout
Bone infarction
Endocrine disorders (e.g., hyperparathyroidism)
Hemophilia
Intra-articular infections
Joint instability (e.g., meniscus lesions)
Neuropathy (e.g., Charcot’s joint)
Overload causing excessive wear (work, sport, varus or valgus deformity)
Paget’s disease
Psoriatic arthritis
Rheumatic disease
Trauma

staging systems look at the whole joint surface mostly macroscopically 
(but if needed the worst lesion can be evaluated histologically). At the 
site  of  the  highest  cartilage  damage,  grading  and  staging  are  closely 
correlated. Clearly, a pure macroscopic staging system is too rough for 
scientific purposes and, thus, a new staging system has been proposed 
by  Pritzker  and  colleagues  (Table  173.6)3  that  combines  histopatho-
logic grading parameters with the extension of the lesions. Doubtless, 
along  with  new  scientific  insights  and  more  extensive  and  specified 
medical options, we will need more elaborated and validated “grading” 
and “scoring” systems, and this will be a major task in the near future.

Of  crucial  importance  will  be  the  use  of  a  defined  and  unified 
nomenclature  to make studies, descriptions, and results comparable, 
whereas  at  the  moment  many  similar-sounding  terms  are  used  for 
partly  different  phenomena  and  differently  sounding  words  for  the 
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OA
Mankin 6–7 Mankin 8–10 Mankin >10
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Fig. 173.5 The grading system according to Mankin and colleagues (1971)1 compared with the staging system 
according to Otte (1969).2
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Fig. 173.4 Conventional histology shows fibrillation and matrix loss in OA cartilage (b) compared with normal cartilage (a). In 
severely damaged areas nearly all articular cartilage is destroyed (e). Also a moderate (d) to severe (e) loss of proteoglycans is 
found, as visualized by toluidine blue staining. Besides changes in articular cartilage, also changes in the subchondral bone 
are prominent, namely, thickening of the subchondral bone plate (f, OA; c, normal).
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TABLE 173.2 GRADING OF OSTEOARTHRITIS ACCORDING TO 
MANKIN AND COLLEAGUES (1971)

Feature Score Histologic feature

Cartilage structure 0 Normal

1 Superficial fibrillation

2 Pannus and superficial fibrillation*

3 Fissures to the middle zone

4 Fissures to the deep zone

5 Fissures to the calcified zone

Chondrocytes 0 Normal

1 Diffuse hypercellularity

2 Cell clusters

3 Hypocellularity

Safranin-O staining 0 Normal

1 Slight reduction

2 Moderate reduction

3 Severe reduction

4 No staining

5 Total disorganization*

Tidemark 0 Intact

1 Tidemark penetrated by vessels†

*Might best be removed (relates to osteophyte formation).
†Might best be supplemented with “or duplicated tidemark.”
From Mankin HJ, Dorfman H, Lippiello L, et al. Biochemical and metabolic abnormalities in 
articular cartilage from osteoarthritic human hips. J Bone Joint Surg Am 1971;53:523-537.

TABLE 173.3 STAGING OF OSTEOPHYTE DEVELOPMENT ACCORDING 
TO GELSE AND AIGNER (2003)

Stage 0 
(normal)

Normal periosteum

Stage I Slight thickening of the periosteum
Incipient formation of fibrocartilage (some round cells, some 

metachromatic tissue staining of the extracellular matrix)
No/slight active bone formation
Molecular markers:

Focal collagen type II expression
No collagen type X

Stage II Pronounced thickening of the periosteal layers
Well-established formation of fibrocartilage (many round cells, 

strong metachromatic tissue staining of the extracellular matrix)
Some/moderate bone formation
Molecular markers:

Distinct collagen type II expression
No collagen type X

Stage III Pronounced thickening of the periosteal layers
Well-established formation of fibrocartilage (many round cells, 

strong metachromatic tissue staining of the extracellular matrix, 
formation of lacunae)

Strong active bone formation
Molecular markers:

Distinct collagen type II expression
Collagen type X expression in basal areas
Collagen type VI: intermixed with collagen types I, III, and V in 

the intercellular matrix

Stage IV Significant thickening of the periosteal layer
Apparent formation of fibrocartilage with partial hyalinization of 

the extracellular matrix (chondrocyte-like cells in lacunae, 
strong metachromatic tissue staining of the extracellular matrix)

Some active bone formation
Molecular markers:

Ubiquitous presence of collagen type II
Collagen type X in basal areas
Collagen type VI: mostly pericellular

From Gelse K, Soeder S, Eger W, et al. Osteophyte development-molecular characterization of 
differentiation stages. Osteoarthritis Cartilage 2003;11:141-148.

TABLE 173.4 GRADING SCHEME ORIGINALLY SUGGESTED BY OUTERBRIDGE 
FOR MACROSCOPIC CHANGES SEEN ON THE PATELLA

Grade I Softening and swelling of the cartilage

Grade II Fragmentation and fissuring in an area ≤ 0.5 inch in diameter

Grade III Area more than half an inch in diameter is involved

Grade IV Erosion of cartilage down to bone

From Outerbridge RE. The etiology of chondromalacia patellae. J Bone Joint Surg Br 
1961;43:752-757.

TABLE 173.5 STAGING OF JOINT DESTRUCTION ACCORDING TO OTTE (1969)

Grade Morphology

0 Normal

I Superficial fibrillation, no cartilage loss

II Cartilage lesions (without full-thickness defects): deep fibrillation, 
fissures to middle zone and/or partial cartilage matrix loss

III Cartilage lesions (without full thickness defects): fissures to deep zone 
and partial cartilage matrix loss

IV Complete cartilage loss (at least focally)

From Otte P. Die konservative Behandlung der Hüft-und Kniearthrose und ihre Gefahren. Dtsch 
Med Jahresschr 1969;20:604-609.

TABLE 173.6 SCORING OF OSTEOARTHRITIS ACCORDING TO 
PRITZKER AND COLLEAGUES (2006)

Grade Histologic properties

0 Matrix: surface intact (normal architecture)
Cells: intact, appropriate orientation

1 Matrix: superficial zone intact, edema and/or superficial fibrillation 
(abrasion), focal superficial matrix condensation

Cells: cell death, proliferation (cluster formation), hypertrophy

2 As above:
Matrix: discontinuity at superficial zone (deep fibrillation)
± Loss of proteoglycan staining in upper third of cartilage
± Focal perichondral increased proteoglycan stain in middle zone
± Disorientation of chondron columns

3 As above:
Matrix: vertical fissures into middle zone and branched fissures
± Loss of proteoglycan staining into lower two thirds of cartilage
± New collagen formation cells: cell death, regeneration, 

hypertrophy in cartilage domains adjacent to fissures

4 As above:
Cartilage matrix loss with delamination of superficial zone
Excavation with matrix loss from superficial to middle zone
± Formation of cysts in the middle layer

5 Complete matrix loss with denudation of the sclerotic subchondral 
bone or fibrocartilage

± Microfracture with repair limited to bone surface

6 Bone remodeling (more than osteophyte formation only) with 
microfracture, fibrocartilage, and osseous repair above the 
previous surface

From Pritzker KP, Gay S, Jimenez SA, et al. Osteoarthritis cartilage histopathology: grading and 
staging. Osteoarthritis Cartilage 2006;14:13-29.
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TABLE 173.7 OARSI TERMINOLOGY OF OSTEOARTHRITIC JOINT DEGENERATION—A PROPOSAL FOR A CONSENSUS

Preferred term Definition Synonym

Superficial zone Includes the surface and upper zones

Surface zone Cartilage zone immediately subjacent to the joint surface.
Collagen fibers are aligned parallel to surface (without cells)
This zone might be not present in normal cartilage samples/in some species.

Lamina splendens

Upper zone Collagen fibers are aligned parallel to surface. Chondrocytes, elongated and 
flattened, are aligned parallel to collagen fibers and to joint surface.

Horizontal zone/layer
Tangential zone/layer
Superficial zone/layer

Middle zone Zone subjacent to upper zone.
Collagen fibers are aligned intermediately between upper and deep zone alignments. 
Chondrocytes present in groups (chondrons) aligned parallel to collagen fibers.

Transitional zone/layer
Intermediate zone/layer
Middle zone

Deep zone Zone subjacent to mid zone and above calcified cartilage. Radial zone/layer

 Upper deep Collagen fibers are aligned predominantly perpendicular to joint surface.

 Lower deep Chondrocytes within chondrons are aligned parallel to collagen fibers and 
perpendicular to joint surface.

Tidemark
Penetration
Advancement
Duplication/multiplication

Zone of increased calcification at border of uncalcified and calcified cartilage Calcification front
Ligne bordant (increased basophilic stain)

Calcified cartilage Zone between tidemark and the subarticular bone plate Calcified zone

Surface undulations Surface irregularities that do not involve discontinuity of articular surface Roughening
Unevenness

Fissure Vertical cracks, irregularities or discontinuities of cartilage matrix Cleft
Crack

 Superficial Restricted to surface and the superficial zone Flaking
Fraying

 Middle Restricted down to the middle zone Fibrillation

 Deep Restricted down to the deep zone Fissuring

Simple Unbranched fissure

Complex Branched fissure

Split/Splitting Horizontal (0°-60° to cartilage surface) matrix cleft/separation

Erosion
Surface
Into the superficial zone
Into the middle zone
Into the deep zone
Full depth

Loss of articular cartilage tissue including superficial and at least portions of deeper 
cartilage layers

Loss
Ulceration
Abrasion
Delamination
Flaking
Spallation
Excavation

Eburnation Smooth shiny bone surface indicative of exposed bone at articular surface Denudation

From Pritzker K, Aigner T, in press.

same (e.g., fissuring, clefting, flaking). Therefore, a consensus nomen-
clature is proposed by the Osteoarthritis Research Society International 
(OARSI) (Table 173.7).4

TYPING AND GRADING OF SYNOVIAL 
MEMBRANE ALTERATIONS IN OSTEOARTHRITIS
Clinically relevant OA joint disease is invariably associated with some 
sort of synovial pathology. This reflects the notion that there is a direct 
relation between clinical  symptoms and  the  synovial  reaction  in OA 
and most likely these changes in the synovial membrane are at  least 
partly involved in the progression of the disease. In OA synovial speci-
mens, in principle, four different types of OA synoviopathies are found: 
hyperplastic,  inflammatory,  fibrotic,  and  detritus-rich  synoviopathy 
(Table 173.8).5

Detritus-rich synovitis, which is found in end-stage OA disease, is 
due to abundant macromolecular cartilage and bone detritus (i.e., bone 
and cartilage  fragments attached to or  incorporated  into the synovial 

membrane;  Fig.  173.6h,  i)  in  addition  to  abundant  molecular  debris 
that  is  not  visible  microscopically.  Besides  the  debris,  a  significant 
amount  of  fibrinous  exudate  is  found  at  the  surface  of  the  synovial 
membrane. This exudate may be combined with  incorporated fibrin, 
reflecting  longer ongoing fibrinous exudation already being organized 
(i.e.,  resorbed).  Detritus-rich  synoviopathy  usually  contains  a  minor 
inflammatory cell infiltrate consisting of lymphocytes and granulocytes 
as well as some foreign-body giant cells.

Another  form  of  OA  synoviopathy  found  in  late-stage  disease, 
fibrotic OA synoviopathy (capsular fibrosis) (see Fig. 173.6e),5 is mainly 
characterized  by  the  shortening  and  thickening  of  the  joint  capsule, 
which  is  partly  responsible  for  some  symptoms,  in  particular  joint 
stiffness, seen in OA patients.

The most interesting of the OA synoviopathies in terms of patho-
genesis is the inflammatory OA synoviopathy, which displays moder-
ately extensive lymphocytic infiltrates (see Fig. 173.6f, g). It is intriguing 
to speculate whether this condition reflects some kind of autoimmune 
aspect  that may be occurring, at  least  in  this  subset of OA patients. 
Interestingly,  the  lymphocytic  infiltrate  in  the  subsynovial  stroma 
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although  it  is  clear  that  osteophyte  development  is  a  continuous 
process and many osteophytes show different steps in various portions 
at  the  same  time,  one  can  define  basic  steps  based  on  the  cellular 
phenotype  and  the  matrix  composition  of  the  predominating  tissue 
(Fig. 173.7; see Table 173.3).7,8 Initially, mesenchymal precursor cells 
derived either from periosteum or synovium initiate chondrogenic dif-
ferentiation. This results in fibrocartilage composed of both fibrous and 
cartilaginous matrix components. In early osteophytes, endochondral 
ossification  is  initiated. The deepest  cell  layer  becomes hypertrophic 
and  resembles  very  much  the  lowest  cells  found  in  the  fetal  growth 
plate. Mature osteophytes are characterized by the predominance of a 
hyaline-cartilage-like  extracellular  matrix.  At  a  first  glance,  mature 
osteophytes can, macroscopically and histologically, easily be mistaken 
for original articular cartilage. Although hyaline zones in osteophytes 
resemble articular cartilage  in  terms of structural composition,  there 
are, nevertheless,  certain differences such as a more  random cellular 
arrangement,  the  lack  of  a  distinct  tidemark,  and  a  missing  linear 
subchondral bone plate.

Understanding osteophyte formation and classifying its maturation 
stage is on the one hand interesting per se for understanding changes 
going on  in the chondro-osseous department  in OA joints, but addi-
tionally osteophyte formation represents an interesting in-vivo model 
system  to  understand  and  evaluate  processes  occurring  after  many 
modern cartilage  repair  strategies  (e.g.,  transplantation of mesenchy-
mal precursor cells for filling up cartilage defects).

ANIMAL MODELS OF OSTEOARTHRITIS
Animal model systems represent an important adjunct and substitute 
for studies of OA in humans. They provide means to study OA patho-
physiology as well  as assist  in  the development of disease-modifying 
therapeutic agents and biologic markers for diagnosing and construct-
ing a prognosis for the disease. OA is a heterogeneous condition leading 
to pain and reduced joint function due to a structurally damaged joint. 
Not  surprisingly,  for  such  a  heterogeneous  disorder,  identification  of 
an optimal model system for the human disease is difficult or impos-
sible and a number of models employing various species are currently 
in use. These include spontaneous as well as induced (surgically, enzy-
matically/chemically,  mechanically,  and  genetically)  models  (see 
Chapter  172).  Unfortunately,  all  the  models  differ  somehow  and  no 
gold  standard  has  yet  been  identified.  Different  subsets  of  human 
patients have disease etiologies that vary, for instance, genetic versus 
traumatic  causes,  and,  in  this  regard,  can manifest  different mecha-
nisms of disease. Given this heterogeneity of the OA disease process, 
identification  of  an  appropriate  disease-mechanism–oriented  model 
may be a more realistic goal and better suited to a particular investiga-
tion  than  the  “universal  model”  that  has  not  yet  been  identified. 
Rather, as a consequence of this disease heterogeneity in the human, 
a plethora of models is required.

appears  to  correlate  directly  with  interleukin  (IL)-1β  in  the  synovial 
fluid  as  well  as  matrix  metalloproteinase-1  (MMP-1)  expression  by 
synoviocytes, suggesting a direct stimulatory role of the inflammatory 
cells on the activity of the synovial lining cells. In any case, the pres-
ence  of  inflammation  in  a  significant  portion  of  OA  patients  clearly 
points  to  the  option  of  anti-inflammatory  therapy  at  least  for  some 
subsets of OA patients.

In early OA, mostly hyperplastic OA synoviopathy is found (see Fig. 
173.6d). This pattern shows only moderate synovial hyperplasia with 
or without cellular activation but without significant capsular fibrosis 
or thickening and without significant inflammatory infiltrates or mac-
romolecular detritus. Overall, three forms of alterations of the synovial 
surface can be observed:

1.  Increased cytoplasmic volume of the usually flat synovial lining 
cells. These cells may even become cuboidal or even cylindrical, 
suggesting that they have been activated  in some way (see Fig. 
173.6c).

2.  The under normal conditions single  (flat) cell  layer of synovial 
lining cells (see Fig. 173.6a, b) can proliferate to form as many 
as five cell layers

3.  The  whole  synovial  surface,  including  the  underlying  stroma, 
can become hyperplastic and form the classic synovial villi.

Synovial hyperplasia per se can be found in all forms of OA synovi-
opathy and in chronic synovitis. Thus, villous hyperplasia is largely a 
non-specific feature of chronic synovial alteration and activation.

So  far,  no  well-established  scoring  system  is  available  for  human 
OA synoviopathy. Recently, a simple scoring system was proposed by 
Krenn and colleagues to separate inflammatory and non-inflammatory 
synovial  alterations  mainly  based  on  the  intensity  of  inflammatory 
infiltrates,  synovial  and  stromal  activation.6  In  2002  we  proposed  a 
scoring system specifically for OA synoviopathy basically dividing the 
OA-associated  synoviopathies  into  four  categories  (see  Table  173.7): 
hypertrophic,  fibrotic,  inflammatory,  and  detritus-rich.  These  can 
always  be  subdivided  into  mild,  moderate,  and  strong  depending  on 
the intensity of changes present.5 This presumably reflects the different 
roles of OA synoviopathy and its implications for the clinical picture. 
Whatever scoring system is used, importantly one should average the 
changes present in the overall joint and not just rely on one particular 
region, because synovial changes are notoriously heterogenous within 
affected joints.

EVALUATION OF REGENERATIVE CARTILAGE 
FORMATION IN OSTEOARTHRITIC JOINTS 
(CHONDRO-OSTEOPHYTE FORMATION)
Central for the basic understanding of osteophytic tissue is the analysis 
of  the  developmental  steps  during  osteophyte  formation.  Thus, 

TABLE 173.8 MAJOR HISTOPATHOLOGIC FEATURES OF THE FOUR PATTERNS OF OA-ASSOCIATED SYNOVIOPATHY IN 
COMPARISON TO EACH OTHER AND TO NORMAL SYNOVIAL MEMBRANE

Normal
Hyperplastic 
synoviopathy

Inflammatory 
synoviopathy

Fibrotic 
synoviopathy

Detritus-rich 
synoviopathy

Villous hyperplasia − ++(+) ++(+) ++(+) ++(+)

Synovial lining—proliferation − + ++ ++ ++(+)

Synovial lining—activation − + ++ + +

Fibrinous exudate − − (+) + ++(+)

Capsular fibrosis − − (+) +++ +++

(Macromolecular) cartilage and bone debris − − (+) − +++

Granulocytic infiltrate − − − − +

Lymphoplasmocellular infiltrate—diffuse − − ++ (+) +(+)

Lymphoplasmocellular infiltrate—Aggregates/follicles − − ++ (+) (+)

Bold italics = key diagnostic criteria.
From Oehler S, Neureiter D, Meyer-Scholten C, et al. Subtyping of osteoarthritic synoviopathy. Clin Exp Rheumatol 2002;20:633-640.
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a b c

d e f
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Fig. 173.6 (a, b) Normal synovial membrane shows a rather flat surface with a flat layer of inactive, non-proliferated layer of 
synoviocytes. In contrast, OA synoviocytes are at least in some cases severely activated and proliferated (c) similar to the 
situation found in rheumatoid arthritis. Most cases of late-stage OA synovial specimens show a moderate to abundant 
synovial hyperplasia (d, e) and often some sort of capsule thickening (e). A minority of cases of OA synovial membranes show 
mild to moderate (f, g) inflammatory infiltrates usually lying in aggregates around blood vessels (f ). In part of the cases 
lymphoid follicles also are found (g). End-stage rapid progressive cartilage destruction leads to detritus-rich synovitis with 
cartilage and bone fragments incorporated in fibrinous exudate (i, van Gieson stain) or the synovial stroma (h). (Reprinted with 
permission from Aigner T, van der Kraan P, van den Berg W. Osteoarthritis and inflammation—inflammatory changes in 
osteoarthritic synoviopathy. In: Buckwalter JA, Lotz M, Stoltz JF, eds. Osteoarthritis, inflammation and degradation: a continuum. 
Amsterdam: IOS Press, 2007:219-230.)
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Fig. 173.7 Osteophyte development can be 
subdivided into four stages with different structural 
organization although many osteophytes show 
different stages simultaneously in different areas. 
Stage I (early chondrophytes) shows first chondrocytic 
differentiation of previously undifferentiated 
mesenchymal precursor cells (b, g, k). Stage II 
(chondrophytes) shows extensive areas of newly 
formed cartilage, but no (endochondral) bone 
formation is observed (c, h, k). Stage III (early 
osteophytes) shows an arrangement as the fetal 
growth plate cartilage with hypertrophic 
differentiation in the deepest cartilage layers and 
active bone formation underneath (d, i, k). Stage IV 
(mature osteophytes) shows a structure most 
resembling hyaline articular cartilage physiologically 
covering the joint surfaces (e, j, k). Normal periosteum 
is shown in a and f (a to e, H&E; f to j, toluidine blue 
staining). (Reprinted with permission from Gelse K, 
Soeder S, Eger W, et al. Osteophyte development-
molecular characterization of differentiation stages. 
Osteoarthritis Cartilage 2003;11:141-148.)

Extracellular matrix
functional element

Chondracytes
reactive elementArticular cartilage

Fig. 173.8 Articular cartilage mainly consists of extracellular matrix (more than 
95% of tissue volume), its functional element. Interspersed in between the 
abundant matrix are the cells, the chondrocytes, which are, however, the living 
(i.e., reacting) element of the articular cartilage tissue. (Reprinted with 
permission from Aigner T, Sachse A, Gebhard PM, et al. Osteoarthritis: 
pathobiology—targets and ways for therapeutic intervention. Adv Drug Deliv Rev 
2006;58:128-149.)

PATHOGENETIC CONCEPTS OF OSTEOARTHRITIS
OA is a heterogeneous condition and most likely many different causes 
exist  that  initiate  or  at  least  promote  the  disease  process.  Conse-
quently, many different hypotheses  for  the  pathogenesis  of OA have 
been  brought  forward.  Presumably,  many  of  them  reflect  part  of  the 
mechanisms  important  for  the  initiation  and  progression  of  joint 
degeneration. Here a rough overview of the relevant pathogenetic con-
cepts is provided.

The articular cartilage and the  
extracellular matrix
Articular cartilage is a highly specialized and uniquely designed bioma-
terial (see Chapter 8). It is largely an avascular, aneural, and alymphatic 
matrix that is synthesized by the sparsely distributed resident cells—
the chondrocytes. The cartilage matrix can be subdivided according to 
different cartilage zones based on the arrangement of the cells and the 
matrix  fibrils  (i.e.,  superficial,  radial,  deep,  and  calcified).  Also,  the 
cartilage matrix can be split up in different compartments depending 
on its relationship to the cells: whereas the pericellular matrix is imme-
diate  to  the  cells,  the  interterritorial matrix  compartment  represents 
the major portion of the cartilage matrix far off the cells and the territo-
rial matrix  the  (not  really well defined and characterized) cell-associ-
ated compartment in between (Fig. 173.8).

At  the  supramolecular  level,  the  interterritorial  cartilage  matrix 
consists of two basic components: a fibrillar and an extrafibrillar matrix 
(see Fig. 173.8). The fibrillar matrix is a network consisting mainly of 
collagen  II  together with  other  collagens,  predominantly  IX, XI,  and 
XVI (Fig. 173.9). Collagen XI is located in the core of the collagen II 
fibrils  and  is  thought  to  be  involved  in  fibril  initiation  and  limiting 
fibril diameter. Collagen IX is located periodically along the surface of 
collagen II fibrils in antiparallel direction and might be responsible for 
crosslinking  the  collagen network with  itself  but  also  to  the noncol-
lagenous matrix. The function of collagen XVI, which is also present 
in  articular  cartilage,  is  so  far  unknown.  Of  note,  the  so-called  type 

collagen II fibrils also contain many non-collagenous protein compo-
nents such as small proteoglycans and cartilage matrix proteins. The 
non-fibrillar component of hyaline articular cartilage consists predomi-
nantly of highly sulfated aggrecan monomers (Fig. 173.10), which are 
attached to hyaluronic acid and form very large aggregates. In terms of 
the physical properties of the cartilage matrix, tensile strength comes 
from the collagen network, which hinders expansion of the viscoelastic 
aggrecan component and,  thus, provides compressive stiffness of  the 
tissue.  On  the  other  hand,  the  aggrecan-hyaluronan  aggregates  bind 
high  amounts  of  intercellular  water  owing  to  their  extensive  fixed 
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COOH
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Type XI

Type IX

Type X
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NH2
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CARTILAGE COLLAGENS

Fig. 173.9 Cartilage collagens. The different collagen types synthesized by 
chondrocytes. The chondrocyte, depicted on the left side of the figure, 
constitutively produces three collagen types: type II, type XI, and type IX. These 
three collagens, shown inside the bracket, are incorporated into the same 
collagen fibril. The proportions of these collagens in the fibrils change with 
age. The other two collagen types, type X and type VI (marked with dashed 
arrows), are not made by all chondrocytes. Type X collagen is synthesized only 
by the hypertrophic chondrocytes in growth-plate cartilage or in articular 
cartilage near the tidemark and through the calcified cartilage. Type VI 
collagen is not synthesized in embryonic cartilage but appears in mature 
cartilage. The levels of both type X and type VI collagen in articular cartilage 
appear to increase in OA. All the cartilage collagens are synthesized as 
molecules containing at least two different kinds of domains, triple helical and 
non-helical. The helical regions are depicted as three-chained coils, and the 
non-helical regions are contiguous small boxes. In some collagen types (II and 
XI) the non-helical regions (yellow) are removed as fibrils are formed. The other 
collagen types (IX, X, and VI) retain their non-helical regions and are shown as 
one solid color through the entire molecule. Type IX collagen is also a 
proteoglycan and contains one glycosaminoglycan chain (small orange kinked 
chain). Disulfide bonds between two collagen chains are shown as red boxes. 
All the molecules and their domains are drawn approximately to scale as a 
linear representation of their respective molecular weights.

THE STRUCTURE OF AGGRECAN

Proteoglycan
tandem repeat 

G1 E1 G2
KS- rich
domain E2 (C5- rich domain) G3

Link protein

Keratan sulfate O-linked oligosaccharides

N-linked oligosaccharides Chondroitin sulfate

Lectin
binding

NH2

NH2 COOH

Ig fold 

Fig. 173.10 The structure of aggrecan. In aggrecan 
the three globular domains (G1, G2, and G3) are 
separated by two extended segments (E1 and E2), 
which carry the glycosaminoglycans chondroitin 
sulfate (CS, in the CS-rich domain) and keratan 
sulfate (KS, in the KS-rich domain, but some also in 
the E1 segment and within the CS-rich domain). 
Furthermore, the core protein is substituted with 
N- and O-linked oligosaccharides. The G1 and G2 
domains, as well as the link protein (LP), contain a 
double loop structure (proteoglycan tandem repeat 
[PTR]). In addition, both G1 and LP show an 
additional loop structure (immunoglobulin fold [Ig 
fold]) that can selectively interact with H hyaluronic 
acid to form aggregates. The G3 domain contains a 
lectin-binding region.

charges and are responsible for the elasticity of the tissue. Thus, under 
compression, the cartilage matrix is compliant but rapidly regains its 
elasticity as water molecules are drawn back into the matrix on unload-
ing by the strongly hydrophilic aggrecan aggregates.

The territorial matrix is defined as the cell-associated matrix located 
between the pericellular and the interterritorial matrix compartments, 
but  no  real  specific  biochemical  characterization  is  available  so  far. 

Clearly, it shares most of its basic composition with the interterritorial 
matrix to which it shows no clear border separating them from each 
other.

The pericellular cartilage matrix demonstrates  in many respects a 
very distinct  composition compared with  the  territorial  and  interter-
ritorial  cartilage  matrices.  In  terms  of  structural  collagens,  type  VI 
collagen (see Fig. 173.9) is the predominant collagen present, which in 
hyaline  articular  cartilage  is  concentrated  within  the  pericellular 
matrix. Ultrastructural  studies have  shown a physical overlap of  the 
type  VI  collagen  network  with  the  type  II  collagen  positive  matrix, 
which supports the concept that type VI collagen is a central molecular 
component  forming a mechanical  interface between  the  rigid  type  II 
matrix and the (softer) cells. Additionally, type VI collagen presumably 
plays some role in cell anchoring and cell-matrix interaction and signal-
ing together with other molecules present in the pericellular cartilage 
matrix.

Most of the cartilage matrix is formed during fetal development and 
the phase of skeletal growth until the closure of the growth plates at 
the end of adolescence. In fact, the collagen backbone appears to show 
virtually no turnover during life at least in the (inter)territorial matrix 
compartments. However, other matrix components, namely, the large 
aggregating proteoglycan aggrecan and the small proteoglycans as well 
as some collagen types (e.g., types VI and IX) show a significant turn-
over  throughout  life. This physiologic  turnover  is highly  relevant  for 
the maintenance of the cartilage matrix integrity on the molecular, and 
in particular also the macromolecular, level.

Pathologic matrix degradation
One major threat to the cartilage matrix and thus to the  integrity of 
articular cartilage are matrix-degrading enzymes destroying the colla-
gen  network  as  well  as  the  interlying  proteoglycans  (Fig.  173.11). 
Besides direct degradation of molecular components, destabilization of 
the supramolecular structures also takes place and plays an important 
role in the loosening of the overall matrix architecture.

The destruction of articular cartilage and the loss of its biomechani-
cal  function  is  largely  due  to  the  destruction  and  loss  of  the  (inter)
territorial cartilage matrix. So far, our knowledge focuses on degrada-
tion  processes  of  the  two  major  components  of  the  interterritorial 
cartilage matrix, the collagen network and the interwoven proteoglycan 
aggregates. Loss of aggrecan and its fixed (negative) charges is charac-
teristic of the early stages of cartilage degeneration, whereas the overall 
content  of  collagen  remains  rather  constant  nearly  throughout  the 
disease  process.  Still,  loosening  of  the  collagen  network  is  a  major 
feature also in early cartilage degeneration. So far, it is unknown what 
happens first—the loss of proteoglycans or the loosening of the collagen 
network—because both do eventually influence the other as well. Loos-
ening of  the collagen network  leads to a  loss of proteoglycans, and a 
loss of proteoglycans leads to a mechanical overload and, thus, damage 
and loosening of the collagen network. In particular, the latter appears 
to  be  responsible  for  the  hyperhydration  of  articular  cartilage  in  the 
early phases of the disease process, macroscopically visible as softening 
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microfracturing  during  compression  and,  thus,  molecular  disintegra-
tion. Also,  the aggrecan molecules change over age. Aggrecan mono-
mers  and  polymers  get  smaller  and  have  fewer  sugar  side  chains. 
Interestingly,  this  is not only related to accumulating molecular deg-
radation but also newly synthesized aggrecan aggregates appear to be 
smaller in the aged tissue, thus carrying less fixed charges. Although 
the  molecular  mechanisms  driving  this  decline  are  so  far  unclear, 
severely  reduced  sugar  side  chains  significantly  limit  the  ability  of 
aggrecan  to  bind  water  and,  thus,  to  maintain  the  elasticity  of  the 
articular cartilage matrix.

The time-dependent formation of advanced glycation end products 
is another interesting phenomenon involving post-translational, non-
enzymatic protein and lipid modifications that contribute to changes 
in matrix biochemistry and chondrocyte biology in aging cartilage. The 
accumulation of advanced glycation end products has been shown to 
increase the stiffness of the collagen network and can downregulate the 
anabolic activity of chondrocytes, further imbalancing cartilage tissue 
homeostasis.

Crystal deposition disease
One interesting phenomenon frequently observed within the articular 
tissues of degenerated joints is the deposition of anorganic crystals. In 
general, there are two major forms of crystal deposition disease in the 
articulating joints: deposition of sodium urate crystals (i.e., gout [see 
Chapter 183]) and the deposition of basic calcium phosphate (BCP) or 
calcium  pyrophosphate  dihydrate  (CPPD)  (so-called  pseudogout  or 
chondrocalcinosis [see Chapters 186 and 187]). Both forms can cause 
significant  symptomatic  disease,  but  gout  is  clearly  usually  sympto-
matic and pseudogout, in most cases, a clinically silent process. Pseu-
dogout is strongly associated with (OA) cartilage degeneration and can 
be  detected  on  routine  radiography  and  by  conventional  polarizing 
microscopy. Several studies have demonstrated a relation between the 
prevalence of crystal occurrence and severity as well as progression of 
OA. So far four factors have been identified that play a role in this type 
of  crystal  formation:  (1)  overproduction  of  the  anionic  component 
pyrophosphate by the chondrocytes,  (2)  increased calcium concentra-
tion  in  the  cartilage  of  OA  patients,  (3)  changes  in  the  pericellular 
matrix  milieu,  and  (4)  the  involvement  of  matrix  vesicles  that  have 
been shown to produce CPPD crystals in vitro.10 Overall, the cause and 
the relevance of chondrocalcinosis continue to be ambiguous: clearly, 
it is well correlated to the degeneration of the articular cartilage and it 
is thought to be related to a metabolic imbalance within the cells and 
the  tissue,  most  likely  the  articular  cartilage  and  the  chondrocytes. 
However, so  far  it  remains  largely unclear what comes first—the cell 
and  matrix  degradation  or  the  crystal  formation.  Most  likely  they 
promote  each  other  with  metabolic  disturbance  leading  to  cellular 
degeneration and vice versa.

Role of biochemical differences
An interesting feature of OA is that not all joints are affected equally. 
Although knee and hip joints are most often involved, ankles are gener-
ally spared in symptomatic OA. Although it is obvious that there are 
anatomic differences between the ankle and knee joint, this alone does 
not explain why the knee is more susceptible to OA. Studies comparing 
knee and ankle cartilage have identified several biochemical differences 
that might be of additional relevance (Table 173.9):  (1) differences in 
biochemical composition and biomechanical properties of  the matrix 
resulting in higher dynamic stiffness of the ankle cartilage, (2) decreased 
response to catabolic factors such as interleukin-1 (IL-1), and (3) more 
efficient  synthetic  matrix  repair  with  an  increase  in  collagen  type  II 
synthesis and aggrecan turnover seen in ankle lesions.11 Taken together 
it seems that there are differences not only in the anatomy and mor-
phology of the joints and its cartilage but also in the cellular phenotype 
chondrocytes themselves, which may explain why some joints are less 
prone to develop OA than others.

The articular cartilage and chondrocytes
The  articular  cartilage  consists  mostly  of  extracellular  matrix.  This 
matrix  is  the  functional  element  of  the  cartilage  tissue,  that  is,  the 

and  swelling  of  the  OA  articular  cartilage.  Degradation  processes 
appear to be specifically prominent in the surface zone and around the 
chondrocytes in OA cartilage. Enhanced levels of many metalloprotein-
ases including matrix metalloproteinases (MMPs), as well as adamaly-
sins  such  as  ADAMs  (a  disintegrin  and  metalloproteinase)  and 
ADAMTSs (a disintegrin and metalloproteinase with thrombospondin 
type-1 motifs) are  the most  likely candidate enzymes  responsible  for 
the  increased matrix degradation  in OA cartilage.9 So  far  it  is  rather 
enigmatic which proteases are really crucial for the degradation of the 
various cartilage matrix components, although MMP-13 is certainly a 
top  candidate  for primary  collagen  type  II fibril  degradation, MMP-2 
(gelatinase A) is a good candidate for subsequent cleavage of denatured 
collagen fibrils (“gelatins”), whereas ADAMTS-4 and ADAMTS-5 are 
favored to be the major aggrecanases responsible for the proteoglycan 
breakdown.

Age-induced degenerative changes of the 
cartilage matrix
Clearly, the extracellular cartilage matrix is different depending on the 
age of  the  individual. One obvious  reason  for  this  is  the  continuous 
loading and intermittent overloading during life. Thus, damaged matrix 
molecules due  to continuous mechanical  forces, but also degradative 
enzymatic  activity,  which  are  not  sufficiently  replaced  as  part  of  a 
permanent physiological turnover, accumulate over time in any tissue, 
but in particular in the mechanically heavily challenged articular car-
tilage. These damaged components threaten the functional integrity of 
the extracellular matrix and the articular cartilage, in particular if chal-
lenged by further mechanical stress. However, beyond the classic wear 
and tear concept, which certainly holds true for some aspects of OA, 
a second theory for explaining the association between cartilage degen-
eration  and  aging  of  its  matrix  focuses  on  well-known  age-related 
changes  in  the  extracellular matrix  of  articular  cartilage, modulating 
its biomechanical properties and integrity.

Besides  pure  degradation  of  matrix  components,  also  molecular 
modifications are of high relevance for the functional integrity of the 
cartilage matrix:  thus,  the collagen network stiffens due to  increased 
covalent cross-linking of the single collagen chains (pyridinium cross-
linking). This makes the fibrillar network more rigid and less flexible 
for physiologic deformation occurring during (physiologic) joint loading 
and  movement.  In  consequence,  the  collagen  network  is  prone  to 

THE HALLMARK OF OA CARTILAGE DEGENERATION IS
A LOSS OF CARTILAGE MATRIX HOMEOSTASIS

Osteoarthritis:
Imbalance of cartilage matrix turnover
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Fig. 173.11 The hallmark of OA cartilage degeneration is a loss of cartilage 
matrix homeostasis. The insufficiency of anabolic factors such as insulin-like 
growth factor-I (IGF-I) and BMPs in combination with an increased influence of 
catabolic factors such as IL-1β and TNF-α result in an overexpression of matrix 
degrading proteases (collagenases, aggrecanases, and gelatinases). The 
catabolic activity of these enzymes cannot be compensated by the concurrent 
increase in anabolic activity (i.e., expression of aggrecan and collagen types II, 
VI, and others).
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TABLE 173.9 DIFFERENCES BETWEEN KNEE AND ANKLE JOINT STABILITY, 
MOTION, AND CARTILAGE

Feature Knee Ankle

Joint stability Relatively unstable Highly stable

Non-congruent Highly congruent

Joint motion Flexion/extension Flexion/extensor

Rotation

Cartilage

 Cellularity Same Same

 Cartilage thickness 2-6 mm 1-1.5 mm

 Superficial chondrons Single cells Clusters of 2-4 cells

 Sulfated glycosaminoglycan 
content

Lower Higher

 Water content Higher Lower

 Collagen content Same Same

 Dynamic stiffness Lower Higher

 Hydraulic permeability Higher Lower

 Peak stress with 65% final 
strain

11 MPs 16 MPs

Glycosaminoglycan synthesis

 In explants Higher Lower

 In alginate Same Same

Proteoglycan half-life 22.68 days 16.58 days

Protein synthesis Lower Higher

IC30 for IL-1 reduction of 
proteoglycan synthesis

 In alginate 11 pg/mL 56 pg/mL

 In explants 6 pg/mL 35 pg/mL

Influence of Fn-fs on

 Proteoglycan synthesis 
(anti-anabolic)

Low dose (1 nM) High dose (100 nM)

 Proteoglycan loss 
(catabolic)

Significant at 7 days Not significant 
after 28 days

Attempted repair No significant rebound Significant rebound

(Response to anabolic factors 
after catabolic stimulation)

Response to degeneration Upregulation of 
collagen degradation

Upregulation of 
matrix synthesis

From Eger W, Schumacher BL, Mollenhauer J, et al. Human knee and ankle cartilage explants: 
catabolic differences. J Orthop Res 2002;20:526-534.

matrix  provides  the  mechanical  properties  of  the  cartilage  tissue. 
However,  the  cells  (i.e.,  the  chondrocytes)  represent  the  only  vital 
element of the cartilage tissue, although they represent only about two 
to three volume percent of  the articular cartilage  in the adult. Thus, 
besides  changes  in  the  extracellular  matrix  changes  within  the  cells 
also are obviously potential causes of the OA disease process and the 
study  of  the  chondrocyte  cell  phenotype/behavior  (Fig.  173.12)  can 
provide  substantial  scientific  insights  into  the  disease  mechanisms  
of OA.

The developmental history as a model of 
chondrocyte reactivity in the adult
A very important and interesting aspect of cellular behavior in the adult 
organism is the recapitulation of molecular mechanisms that occurred 
during fetal development (Fig. 173.13). This phenomenon is also true 

for OA chondrocytes. In fact, many of the biologic changes that occur 
in OA cells mimic a differentiation pattern characteristic of fetal skel-
etogenesis. This includes changes not only in cellular phenotypes and 
in anabolic and catabolic events but also  in other basic mechanisms 
during the disease process such as matrix calcification, apoptosis, and 
proliferation.  Thus  these  (evolutionary  and  developmental)  compari-
sons  are  attractive  for  explaining  chondrocyte  behavior  and  disease 
pathways in the adult, but uncoordinated degenerative events should 
not  be  mistaken  for  tightly  regulated  developmental  processes  (Fig. 
173.14).  Both  scenarios  presumably  involve  similar  molecular  and 
regulatory  events,  but  just  as  in  a  jigsaw puzzle  the  assembly  is  the 
challenge.

The OA chondrocyte phenotype
Chondrocytes  in  normal  adult  articular  cartilage  are  stable,  postmi-
totic, differentiated cells that maintain tissue homeostasis by synthe-
sizing  very  low  levels  of  extracellular  matrix  components  to  replace 
damaged  molecules,  thus  preserving  the  structural  integrity  of  the 
cartilage matrix. The cells are the major regulators of matrix anabolism 
and catabolism of articular cartilage. One well-documented change in 
OA cartilage is the induction of an activated cellular phenotype within 
the  chondrocytes  whereby  matrix  anabolism  is  strongly  stimulated. 
Nevertheless, the chondrocytes fail to compensate for matrix damage 
induced externally (e.g., by mechanical stress or enzymatic degradation 
through synovial proteases). Additionally, the chondrocytes do play an 
active  role  in  the  degradative  process  themselves,  a  phenomenon 
termed chondrocytic chondrolysis.12 During chondrocytic chondrolysis, 
OA chondrocytes activate or upregulate the expression of many matrix-
degrading proteases such as the MMPs, which are largely responsible 
for  the  breakdown  of  the  collagenous  and  non-collagenous  cartilage 
matrix components. This elevated proteolytic activity is not sufficiently 
counterbalanced by an increase of  the chrondrocyte anabolic activity. 
This is particularly true for the upper zones of damaged cartilage (the 
“progression  zone”),  in which  the  anabolic  activity  even drops  again 
severely.13

Activation of inflammatory signaling
In addition to local and/or general inflammatory responses within the 
synovial membrane,  the activation of  inflammatory  (signaling) path-
ways within the chondrocytes themselves appears to play a crucial role 
in OA disease progression. Activation of such processes is independent 
of direct inflammatory cell infiltrates (i.e., lymphocytes, granulocytes, 
plasma cells), which are not present in OA articular cartilage. Activated 
inflammatory signaling pathways have been shown to induce catabolic 
responses  in  chondrocytes,  namely,  matrix  degrading  proteases  such 
as MMP-13, MMP-1, and others. One of the most prominent catabolic 
cytokines in OA is the proinflammatory cytokine IL-1. Elevated levels 
of IL-1 are found in synovial fluids of patients suffering from rheuma-
toid arthritis and, to a lesser extent, in synovial fluid from OA patients. 
Although  polymerase  chain  reaction  (PCR)-based  studies  could  not 
confirm an increased expression of IL-1 mRNA in OA chondrocytes,14 
there might still be increased levels of IL-1 protein diffused into carti-
lage from the synovial space. IL-1 significantly affects gene expression 
patterns within articular chondrocytes via multiple intracellular path-
ways, particularly the MAP kinases and NF-κB pathways (Fig. 173.15).15 
IL-1 downregulates the expression of the major cartilage matrix com-
ponents,  aggrecan  and  collagen  type  II,  and,  thus,  counteracts  the 
effects  of  anabolic  factors  on  matrix  synthesis.  Additionally,  IL-1 
induces the expression of matrix degrading enzymes such as MMP-1, 
MMP-3,  MMP-13,  or  ADAMTS-4,  which  are  all  potential  major 
players  in  the  destruction  of  cartilage  matrix  components.  Besides 
these direct effects, IL-1 also induces other cytokines with synergistic 
(catabolic)  effects  such  as  IL-6  and  leukemia  inducing  factor  (LIF), 
further expanding its versatile effects on cartilage tissue homeostasis.

Oxygen, reactive oxygen species, and reactive 
nitrogen species
Articular  cartilage  is  an  avascular  tissue  and  its  nutrition  is  mainly 
supplied  by  the  synovial  fluid.  Because  of  the  rather  long  diffusion 
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CELL BIOLOGY OF OA

Synovial factors Matrix alterations

• Dedifferentiated cells
• Hypertrophic cells
• Precursor cells

Changes in phenotype to:

Autocrine and
paracrine factors
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(apoptotic) death
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Anabolic
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Catabolic activation
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Fig. 173.12 Cell biology of OA: how do chondrocytes react? 
OA chondrocytes are exposed to severely abnormal 
extracellular stimuli, including autocrine and paracrine 
factors, synovial factors, and altered matrix constituents, that 
induce a plethora of abnormal cellular responses made 
apparent by the changes in anabolism, catabolism, and 
phenotype that have been demonstrated in the cells. Also, 
chondrocyte numbers are modified by proliferation or 
apoptosis. In addition, cells might become presenescent, 
leading to an overall loss of chondrocyte function. In this 
schematic, an OA chondrocyte is embedded in a 
cartilaginous extracellular matrix of type II collagen, 
aggrecan, and fibronectin, for simplicity. Other collagens, 
proteoglycans, and noncollagenous proteins are also present 
at varying levels. (Reprinted with permission from Aigner T, 
Soder S, Gebhard PM, et al. Mechanisms of disease: role of 
chondrocytes in the pathogenesis of osteoarthritis—structure, 
chaos and senescence. Nat Clin Pract Rheumatol 
2007;3:391-399.)

THE DEVELOPMENTAL MODEL OF CHONDROCYTE BEHAVIOR
APPLIED TO OA IN THE ADULT

Osteoarthritis Developmental model: endochondral ossification

Pathomechanisms Development steps Marker genes

Differentiation Chondrogenesis
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Fig. 173.13 The developmental model of chondrocyte behavior applied to OA in the adult. One way to 
interpret cellular behavior in adult disease is to investigate whether it shows similarities to developmental or 
evolutionary processes. Several processes that occur in OA are also known to have occurred during fetal 
chondroneogenesis, including changes in the chondrocytic phenotype (differentiation), matrix anabolism 
and catabolism, (apoptotic) cell death, proliferation, and matrix calcification. The analysis of events during 
fetal development allows us to identify marker genes that can assist in the identification of the molecular 
context of a gene in the adult chondrocyte. For example, expression of Sox9 indicates differentiation to the 
chondrocyte phenotype, type IIA collagen (COL2A) is a chondroprogenitor cell marker, and type X collagen 
(COL10) is a marker of hypertrophic chondrocytes. Ki-67 indicates cell proliferation whereas the onset of 
MMP-13 expression suggests increased matrix catabolism potentially linked to hypertrophic differentiation. 
ssDNA indicates apoptotic DNA fragmentation, whereas aggrecan, COL2, COL9, and COL11 indicate anabolic 
cell activity (the synthesis of new cartilage matrix). Despite the appeal of a comparative approach, one 
should be cautious not to mistake uncoordinated degenerative processes for highly structured 
developmental processes. COL2/2A/9/10/11, collagen type II/IIA/IX/X/XI; MMP, matrix metalloproteinase; 
ssDNA, single-stranded DNA. (Reprinted with permission from Aigner T, Soder S, Gebhard PM, et al. Mechanisms 
of disease: role of chondrocytes in the pathogenesis of osteoarthritis-structure, chaos and senescence. Nat Clin 
Pract Rheumatol 2007;3:391-399.)
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still hypothetical. NO inhibits actin polymerization, which affects cell 
adhesion,  signaling  from extracellular matrix,  and phagocytosis. Fur-
thermore, it has been found that NO can inhibit matrix synthesis and 
promote cell death of chondrocytes mediated by caspase-3 and tyrosine 
kinase activation. However, the concept that NO is a promoter of cell 
death  itself so  far remains unproven. Thus, RNS as well as ROS are 
exciting  areas  of  future  research  in  the  pathogenesis  and  molecular 
biology of OA.

Obesity and adipokines
Being overweight  is  a  strong  risk  factor  for  the development of knee 
OA and less so for the hand and the hip. Two main theories have been 
proposed to explain this association between obesity and OA: the bio-
mechanical and the systemic/metabolic.

The  biomechanical  hypothesis  proposes  that  obesity  leads  to  an 
increased loading of the (knee) joints beyond their capabilities (due to 
the increased body weight). Although it is known that moderate loading 
is beneficial for chondrocyte physiology and cartilage (matrix) integrity, 
excessive stress disrupts the homeostasis of the cartilage matrix. Obvi-
ously,  mechanical  overload  represents  a  direct  physical  insult  to  the 
cartilage matrix. Additionally, mechanical forces are transmitted to the 
cells and transformed into intracellular signals. Sensitive mechanore-
ceptors such as integrins initiate intracellular signaling cascades, trig-
gering a variety of cellular responses, including the release of paracrine 
or  autocrine  factors.  With  increased  mechanical  stress  through,  for 
example, being overweight, cells are overstrained and  fail  to perform 
adequately. Although this theory sounds like a straightforward explana-
tion,  epidemiologic  studies have also  shown a  significant  correlation 
between hand OA and obesity, which cannot be completely explained 
by  mechanical  stress.  Therefore,  the  systemic/metabolic  hypothesis 
proposes that metabolic factors related to obesity act directly or indi-
rectly  on  chondrocytes  leading  to  the  increased  risk  for  developing 
OA.19 Several studies suggest that so-called adipokines, which are pro-
teins  synthesized  and  secreted  mostly  by  adipocytes,  are  the  major 
factors  linking  obesity  to  OA.  Leptin,  the  prototypic  adipokine,  has 
been found in cartilage of OA patients and shows biologic activity on 
chondrocytes. It has been shown to act as a proinflammatory cytokine 
and a catabolic factor in cartilage metabolism via induction of MMPs. 
Conversely,  it  might  also  demonstrate  anabolic  effects  through  the 

RNA IN SITU HYBRIDIZATION FOR MARKER GENES AND
OA RELEVANT PROTEASES IN THE TIBIA OF NEWBORN MICE
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Fig. 173.14 RNA in-situ hybridization for marker genes and OA relevant proteases in the tibia of newborn mice. Anabolic and 
catabolic events in the growth plate of the primary ossifying skeleton are at least in part separated. Sox9 mRNA expression 
marks the zone of proliferation, which differs from the region of terminal chondrocyte maturation characterized by the 
expression of Ihh as a marker for the prehypertrophic chondrocyte and Col10A1 as a specific marker for the entire 
hypertrophic cartilage. (Reprinted with permission from Aigner T, Gerwin N. Growth plate cartilage as developmental model in 
osteoarthritis research—potentials and limitations. Curr Drug Targets 2007;8:377-385.)

distance the partial pressure of oxygen is very low in healthy cartilage 
and  presumably  even  further  decreased  in  OA.  Thus,  chondrocytes  
live  in  a  hypoxic  environment  with  an  O2  tension  around  6%  at 
the  joint  surface  to  as  low  as  1%  in  the  deep  layers  of  the  articular 
cartilage. Even though the oxygen level in articular cartilage is physi-
ologically very low, a certain level of oxygen availability appears to be 
essential also for chondrocytes. One major factor in the chondrocytes’ 
adaption  to  hypoxia  has  been  found  to  be  the  transcription  factor 
hypoxia-inducible factor-1α (HIF-1α), which has key functions in con-
trolling  energy  generation,  cell  survival  and  even  influences  matrix 
synthesis.16

During  normal  (oxygen)  metabolism  so-called  reactive  oxygen 
specias (ROS) are formed as natural byproducts.17 They are involved in 
the control of various aspects of biologic processes, including cell acti-
vation, proliferation, and  (apoptotic)  cell death. Especially,  low  levels 
of ROS have been reported to act as a second messenger in (physiologic) 
intracellular cell signaling involved in the regulation of the expression 
of a wide variety of gene products, including cytokines, MMPs, adhe-
sion molecules, and matrix components. However, in pathologic condi-
tions,  including  inflammatory  joint  diseases,  elevated  production  of 
ROS in combination with depletion of antioxidants has been observed 
within  the  cells  and  causally  implicated  in  the  progression  of  these 
diseases. Such an imbalance between oxidants and antioxidants leading 
to cellular or  tissular structural and/or  functional changes  is  referred 
to as “oxidative stress.” At this time, our knowledge on the redox state 
of cartilage in pathologic circumstances remains fragmented. However, 
ROS have been implicated—besides metalloproteinases—in the process 
of matrix  and  cell  component degradation  in OA. ROS may directly 
oxidize nucleic acids, transcriptional factors, membrane phospholipids, 
intracellular and extracellular components leading to impaired biologic 
activity,  cell  death,  and  breakdown  of  matrix  components.  Perhaps 
most  importantly, ROS are  the major  cause of DNA damage within 
the genome.

Besides ROS, reactive nitrogen species (RNS) also might be impor-
tant  in  the pathogenesis  of OA.18 RNS are  derived  from nitric  oxide 
(NO),  which  is  produced  in  small  amounts  by  nitric  oxide  synthase 
(NOS)  and  performs  important  functions  in  many  physiologic  proc-
esses. Human chondrocytes cultured from OA patients express induc-
ible  NOS  (iNOS)  and  produce  significant  amounts  of  NO.  The 
mechanisms  by  which  NO  could  contribute  to  OA  pathogenesis  are 
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emptying of cellular lacunae (within the cartilage matrix) is a seemingly 
obvious histologic feature of OA cartilage.21 However, opinions on the 
prevalence  and  importance  of  chondrocyte  death  for  OA  pathology 
differ  widely,22  and  most  likely  apoptotic  cell  death  is  a  rather  rare 
event.23,24  Also,  lacunar  emptying  appears  to  be  largely  a  technical 
artifact (mainly due to cell shrinkage) except in late-stage disease when 
in fact there is enhanced cell loss.23

Apoptosis is a complex cellular process, and the factors responsible 
for  apoptotic  cell  death  in  articular  cartilage  are  largely  unknown.25 
Because β1-integrin–mediated cell-matrix interactions provide survival 
signals for chondrocytes, reduction in extracellular matrix integrity due 
to degradation may be partly responsible for chondrocyte death in vivo. 
In cultured chondrocytes, treatment with Fas ligand (or anti-Fas), NO 
donors, tumor necrosis factor-α (TNF-α) or IL-1, taurosporin, ceramide, 
or retinoic acid has been shown to induce apoptosis, but it is uncertain 
to which of these factors articular chondrocytes are sufficiently exposed 
to in the body. Certainly, chondrocytes become somewhat fragile if the 
(peri-)cellular matrix  is removed or deranged26 as  in OA cartilage.27,28 
In  fact,  degradation  products  of  pericellular  matrix  components  
such  as fibronectin might  directly  induce  cellular  death programs  in 
chondrocytes.

Altogether, the experimental evidence clearly suggests that apopto-
sis occurs in OA cartilage, but at a very low rate at least in the earlier 
stages. The relative contribution of apoptotic cell death to the patho-
genesis of OA is difficult to assess because of the chronic nature of the 
disease  process.  Also,  it  is  difficult  to  assess  whether  apoptosis  is 
primary or secondary to cartilage matrix destruction. There is a good 
likelihood that, at  least  in  later-stage disease, chondrocyte death and 
matrix loss form a vicious cycle, the progression of one having promot-
ing effects on the other.

The aging chondrocyte: genomic integrity and 
the chaotic phenotype
It has been known for a very long time that age is the most prominent 
risk  factor  for  OA,  but  the  explanations  for  this  clear  and  strong  
association  have  changed  over  time.29  Besides  the  classic  hypothesis 
of  continuing  wear  and  tear,  the  aging  of  matrix  and  cells  are  pre-
sumably  very  important  etiopathogenetic  factors  for  explaining  this 
relationship.

The  senescence  theory  of  OA  postulates  that  the  chondrocytes 
become  senescent  due  to  cellular  stress  and/or  (focal)  proliferation, 
finally leading to a failure of the cells to fulfill their essential functions 
(e.g.,  in  maintaining  proper  matrix  turnover).  In  general,  cellular  
aging is associated with a number of changes that may undermine the 
ability of cells to maintain tissue homeostasis and culminate in cellular 
senescence.  Senescence  occurs  in  cultures  of  continuously  dividing 
somatic  cell  populations,  including  chondrocytes,  after  a  limited 
number  of  population  doublings  and  is  presumably  due  to  telomere 
erosion (replicative senescence). In post-mitotic cells such as chondro-
cytes in vivo obviously classic cellular (replicative) senescence does not 
play a role in general. More attractive, however, is the concept of “pro-
gressive” cellular senescence, which is precipitated by steadily increas-
ing damage to the genomic DNA mostly due to oxidative stress. Thus, 
oxidatively  damaged  molecules  (DNA,  proteins,  lipids)  accumulate 
with  aging  and  are  thought  to  gradually  derange  cellular  functions. 
Accumulation  of  damaged  molecules  is  usually  of  only  limited  rele-
vance for cells if they are proliferating, because a large portion of these 
molecules  are  re-synthesized  during  replication.  However,  this  con-
stant molecular  renewal  is missing  in post-mitotic cells. Thus, post-
mitotic cells accumulate (oxidatively) damaged molecules significantly 
with time.

Substantial DNA damage in addition to other cellular degenerative 
alterations  is  known  to  occur  in  OA  chondrocytes.30  These  effects 
would be expected to lead to apoptotic cell death in most cell types. As 
alluded to earlier, however, apoptosis appears to occur rather rarely in 
OA cartilage.  Instead,  the chondrocytes  remain  in a pre-apoptotic or 
para-apoptotic state with an uncoordinated pattern of gene expression, 
as shown in many in-vivo studies of chondrocyte behavior (Fig. 173.16). 
In  this  respect,  the  downregulation  of  molecules  that  are  usually 
responsible for regulating cell integrity and/or removal after non-accept-
able cell damage may be an important permissive factor at this stage. 

stimulation of proteoglycan and collagen synthesis and the induction 
of growth factors.

A third (indirect) effect of obesity is certainly also the induction of 
a  (latent)  diabetic  metabolic  state  in  the  obese  patients  over  time, 
enhancing,  for  example,  advanced  glycation  end  products  formation 
within  the  cartilage  matrix  and  leading  to  all  their  detrimental  
effects  on  matrix  mechanoproperties  and  cell  behavior  as  discussed 
earlier.

The concept of progressive (apoptotic) cell loss
One  of  the  most  simple  explanations  for  OA  cartilage  degeneration 
would be a mere loss of viable chondrocytes due to cell death during 
the disease process. Because  the chondrocytes are  the only source of 
matrix component synthesis in articular cartilage, any significant cell 
loss  would  immediately  result  in  a  distortion  of  cartilage  matrix 
homeostasis. Cell death can, in principle, be divided into apoptosis and 
necrosis. Apoptosis has evolved as a mechanism to eliminate surplus, 
abnormal, or dysfunctional cells whose survival and proliferation would 
be  detrimental.  Apoptosis  is  thus  normally  a  beneficial  process, 
although aberrant apoptosis can occur in pathologic states and apop-
tosis  is  clearly  disadvantageous  when  it  leads  to  the  elimination  of 
healthy cells.

Many studies have addressed whether cell death plays a role in the 
pathology  of  OA,20  because  articular  chondrocytes  cannot  self-renew 
and  cell  loss  would  therefore  be  permanent  and  detrimental.  Also 

SCHEMATIC REPRESENTATION OF THE INTERLEUKIN-1 (IL-1)
SIGNALING PATHWAY
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Fig. 173.15 Schematic representation of the interleukin-1 (IL-1) signaling 
pathway. IL-1 signals through four major cellular signaling pathways including 
the three major MAP kinases (ERK, JUN, and P38) as well as the NF-κB cascade. 
This explain the high pleomorphism of genes influenced by IL-1 stimulation in 
chondrocytes. (Reprinted with permission from Aigner T, van der Kraan P, van den 
Berg W. Osteoarthritis and inflammation—inflammatory changes in osteoarthritic 
synoviopathy. In: Buckwalter JA, Lotz M, Stoltz JF, eds. Osteoarthritis, inflammation 
and degradation: a continuum. Amsterdam: IOS Press, 2007:219-230.)
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The synovial membrane
The two main clinical symptoms of OA, pain and joint stiffness, are 
both significantly related to synovial inflammation and capsular fibro-
sis.  However,  although  its  clinical  importance  is  clear,  the  role  of 
synovial inflammation in the pathogenetic process of cartilage destruc-
tion remains largely unknown (Fig. 173.17).32

The synovial (inflammatory) reaction observed in OA joint disease 
has been primarily considered to be a secondary effect resulting from 
the release of cartilage debris from the damaged articular cartilage. This 
is in contrast to the situation found for example in rheumatoid arthri-
tis,  which  is  considered  to  originate  from  a  synovial  inflammatory 
autoimmune reaction with secondary cartilage destruction. However, 
inflammatory  reactions  in  the  synovial membrane do occur  to  some 
degree  in all OA joints. Also,  the  fact  that most OA patients display  
a  minor  elevation  of  C-reactive  protein  within  the  serum  suggests  
that the inflammatory component plays some role within the disease 
process.

Synoviocyte activation and proliferation as well as synovial hyper-
plasia presumably all represent reactive changes responding to increased 
demands for clearance of molecular debris in the synovial fluid of the 
joint. This also explains the increase in the amount of CD68-positive 
type A synoviocytes, which have phagocytic capacity,  in  the synovial 
lining layer.

Although a cellular inflammatory component is missing in particu-
lar cases of early OA, synovial hyperplasia and activation  is  likely  to 
generate  significant  problems  for  the  articular  cartilage  homeostasis. 
Synoviocytes  are  able  to  secrete  not  only  matrix-degrading  proteases 
(e.g., MMPs) but also catabolic cytokines (e.g., IL-1, TNF-α), inducing 
inflammatory signaling pathways within the chondrocytes themselves 
(see Fig. 173.15).

Many studies have found elevated MMP levels in synovial fluid of 
OA patients, namely, collagenase and stromelysin. Davidson and asso-
ciates33 showed upregulation in OA synovium compared with synovium 
from patients with fracture of the femoral neck of MMP-9, MMP-11, 
MMP-13, MMP-16, and MMP-28 and ADAMTS-2, ADAMTS-10, and 
ADAMTS-16.

Not  only  proteases,  cytokines,  and  growth  factors  but  also  other 
factors  are  expressed  by  inflamed  OA  synovium.  OA  synovium  pro-
duces  increased  amounts  of  ROS,  such  as  NO,  peroxynitrite,  and 
superoxide anion.

IL-1  is  also  synthesized  in  substantial  quantities  in  OA  synovial 
tissues, and this may be a major source of the increased IL-1 levels in 

For  example,  the  expression  of  the  small  GTPase  RhoB,  a  molecule 
that  is  constitutively  expressed  by  normal  articular  chondrocytes,  is 
significantly  downregulated  in  OA  cartilage.31  RhoB  is  involved  in 
cytoskeletal organization, cell transformation, and survival, but, most 
importantly, appears to be required for the apoptotic response at least 
in some cell types. One intriguing speculation is that the downregula-
tion of RhoB in OA chondrocytes might be a prerequisite for the sus-
tained pre-apoptotic or para-apoptotic phenotype of OA chondrocytes 
despite the substantial DNA damage that in normal cells would lead 
to apoptotic cell death.

Clearly, aging chondrocytes differ from normal cartilage cells, and, 
to a greater degree, chondrocytes from OA cartilage are likely to show 
signs of degeneration. However, aging does not inevitably lead to OA 
and not all aged chondrocytes show losses of  function. On the other 
hand, even in “normal” joints of elderly people the cartilage no longer 
looks juvenile. The major difference between normal aged cartilage and 
OA cartilage is that lesions do not progress and do not result in symp-
tomatic disease  as  in OA cartilage. Although all  individuals  are  sus-
ceptible to the same age-related changes, these appear to progress faster 
in some individuals (i.e., patients with primary OA) than others. Thus, 
OA shows “premature” or accelerated degeneration of articular carti-
lage due to a premature senescence of the chondrocytes that maintain 
its structural integrity. By analogy to neurodegenerative disorders one 
could  name  OA  the  “Morbus  Alzheimer”  of  articular  cartilage  and 
chondrocytes.29

This analogy is particularly intriguing as OA, and to a lesser extent 
aged  chondrocytes  show  discoordinate  reaction  patterns  (see  Fig. 
173.16),  which  are  most  likely  to  be  related  to  a  disturbance  of  the 
“cellular  brain,”  the  gene  regulation  machinery.  Also,  cartilage  and 
brain  share  an  important  similarity:  both  have  “(very)  old”  largely 
postmitotic  cells  (i.e.,  basically  no  cell  supply  and  proliferation  after 
puberty)  and,  thus,  show hardly  any  regeneration  capacity. However, 
cartilage has an additional problem in that it lacks the plasticity of the 
neuronal network. As discussed earlier, a functionally intact chondro-
cyte cannot adequately replace a dysfunctional chondrocyte located at 
a  distance  from  it.  Obviously,  additional  research  will  be  needed  to 
determine  whether  accelerated  cell  aging  processes  account  for  the 
phenotype of the disease or, as is the case in Alzheimer’s disease, there 
are additional  features  that would allow one to  take new therapeutic 
approaches. Even if cell aging is an inevitable feature of OA (e.g.,  for 
limiting tumorigenic capacity), these processes can be used to identify 
and manipulate the causes of premature chondrocyte degeneration.

CHONDROCYTE BEHAVIOR

Coordinated processes

Functional Dysfunctional

Matrix
turnover – repair

Cellular dysfunction
Cell death/apoptosis

Un-coordinated

Fig. 173.16 Chondrocyte behavior. Articular chondrocytes in the normal joint behave in a 
very structured manner: they react to extracellular stimuli (e.g., joint loading, matrix 
changes, and exposure to cytokines and growth factors) according to their internal, 
predetermined program. In OA cartilage degeneration, chondrocytes are exposed to 
abnormal stimuli such as non-physiologic loading conditions, byproducts of matrix 
destruction (e.g., fibronectin and collagen fragments), and cytokines and growth factors 
that are not normally expressed in normal cartilage. This exposure leads to structured/
deterministic cellular reactions, some of which are functionally positive for the tissue (e.g., 
anabolism), others of which are dysfunctional/detrimental (e.g., increased matrix 
catabolism and cell death). Potentially even more problematic for preserving tissue 
homeostasis are the unstructured/stochastic reaction patterns typically seen in OA 
chondrocytes, which lead to a significant microheterogeneity of cellular reaction patterns.
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formation  as  well  as  subchondral  stiffening,  which  as  such  has  the 
potential to enhance the progression of cartilage destruction.

One interesting notion that would fit the mechanical interrelation 
between cartilage and subchondral bone outlined earlier is the inverse 
correlation  of  osteoporotic  bone  changes  and  OA.  Whereas  this  was 
supported by data of several initial studies, more recent work reported 
partly contradicting (supporting and rejecting) data. Therefore, future 
more  extensive  studies  have  to  be  done  to  further  elucidate  this 
phenomenon.

Continuous loading and mechanic stress?
The  most  long-standing  theory  in  the  pathogenesis  of  primary  OA 
involves the cumulative (detrimental) effects of continuous mechanical 
wear and tear on articular cartilage. Joints and, in particular, the articu-
lar  cartilage  are  always  exposed  to  mechanical  stress  from  loading, 
shearing, stretching, or hydrostatic pressure. This results in continu-
ous microtrauma to the cartilage and repetitive damage to the cartilage 
extracellular matrix (see Chapter 6). Actually, pathologically increased 
mechanical stress has been linked to decreased matrix synthesis and 
the  induction of proinflammatory genes. This might be explained by 
the fact that mechanical signals are directly transmitted to the chon-
drocytes via mechanoreceptors (e.g., integrins) and thus transmitted to 
the intracellular compartment. Here they can trigger a variety of cel-
lular  responses  by modulation of  gene  expression. One  factor  in  the 
pathogenesis  might  be  oxidants  produced  by  chondrocytes  in  that 
process  that  causes  oxidative  damage  accumulating  over  a  lifetime. 
Thus, either cellular overstress or just continuous loading cycles might 
result in the loss of extracellular matrix integrity and function and in 
slowly progressing destruction of the tissue and the cells.

A more sophisticated explanation of the involvement of loading in 
the  degeneration  process  is  based  on  the  fact  that  joints  and  joint 
geometry are remodeled over one’s lifetime and a redistribution of load 
might  lead  to  increased  stress  in  formerly  unloaded  and,  therefore, 
atrophic cartilage areas. This age-related load redistribution could also 
explain  why  cartilage  in  the  elderly  is  incapable  of  withstanding 
mechanical forces.

Neuromuscular function and proprioception—
roles in joint homeostasis
Joint stability is dependent on several neuromuscular factors, including 
strength and coordination of  the  joint-related muscles as well as  the 
ability to sense the position and movement of the limb, the so called 
proprioception.35 The quadriceps femoris is one of the major muscles 

OA synovial fluid. The fact that TNF-α is less abundant is in line with 
the observation that TNF-α can be found only in a limited number of 
OA cases. Also, members of the TGF-β superfamily are found in OA 
synovium. Synovial tissues from patients with OA express and secrete 
TGF-β, mainly TGF-β1. Expression of BMP-2 and BMP-4 was reduced 
in  OA  synovial  tissue  compared  with  controls.  Vascular  endothelial 
growth factor (VEGF) as well as basic fibroblast growth factor (bFGF) 
have been detected in OA synovium, and immunoreactivity increased 
with higher histologic inflammation grade.

Altogether, the synovial reaction is clearly of major  importance to 
the symptoms of OA but also  involved  in  its progression. The  latter 
effect is presumably most of all mediated by the secretion of cartilage 
matrix  degrading  proteases  as  well  as  chondrocyte-modulating  cata-
bolic cytokines.

The subchondral bone
Another important tissue, which is often neglected in OA research, is 
the subchondral bone,34 which undergoes severe thickening (sclerosis), 
in particular in the subchondral bone plate (compare Fig. 173.4f with 
normal bone shown in Fig. 173.4c). Although it is not yet clear whether 
changes  within  this  tissue  precede  changes  in  the  articular  cartilage 
(i.e., increased subchondral bone mass or stiffness as a risk factor for 
OA)  or whether  subchondral  bone  changes  are  secondary  adaptation 
processes after changes in the biomechanical properties of the overlying 
articular cartilage. That both are closely related is suggested by the fact 
that the cartilage marker cartilage oligomeric matrix protein (COMP) 
and the bone marker bone sialoprotein (BSP) increased concomitantly 
in persons with early stages of what later developed into radiographic 
OA. Already in early stages this tissue compartment shows significant 
changes in terms of increased thickness of the subchondral bone plate 
as well as of adjacent bone trabeculae. In later stages, severe remodeling 
processes take place in particular in areas of advanced cartilage destruc-
tion:  apart  from  extensive  bone  sclerosis,  significant  aseptic  bone 
necrosis is a common feature of late-stage OA joints. In areas of total 
cartilage destruction (i.e., the eburnated bone plate), synovial fluid gets 
access  to  the  bone  marrow  and  presumably  leads  to  the  bone  cysts 
frequently seen in late stage disease. Growth factors from the synovial 
fluid  are  probably  involved  in  inducing fibrocytic  and  even  chondro-
metaplastic changes, which  lead  to  the “cartilage nodules” or “tufts” 
characteristic for  late-stage disease. At least  in moderate to advanced 
lesions,  the  changes  in  the  subchondral  bone  represent  one  tissue 
responsible for the joint pain and, thus, are an interesting target tissue 
for  symptomatic  treatment  in  these  patients.  Also,  modification  of 
bone  remodeling  might  be  an  interesting  way  to  prevent  osteophyte 
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Fig. 173.17 Interaction action between synovium and cartilage in OA. 
Molecular detritus from the cartilage activates the synovial lining cells. 
The synovial lining cells produce cytokines, growth factors, and (latent) 
enzymes. Synoviocyte-derived cytokines and growth factors further 
activate the chondrocytes. Enzymes produced by the synovial lining cells 
can directly degrade matrix molecules if not inactivated by inhibitors in 
the synovial fluid. Latent enzymes can be activated in the milieu of the 
OA cartilage. (Reprinted with permission from Aigner T, van der Kraan P, van 
den Berg W. Osteoarthritis and inflammation—inflammatory changes in 
osteoarthritic synoviopathy. In: Buckwalter JA, Lotz M, Stoltz JF, eds. 
Osteoarthritis, inflammation and degradation: a continuum. Amsterdam: 
IOS Press, 2007:219-230.)
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process. It is the molecular phenotype of the resident chondrocytes that 
determines the homeostasis of the cartilage matrix. The cellular reac-
tion pattern of the chondrocytes in OA cartilage degeneration, however, 
is poorly understood, mainly because many of the involved genes are 
not yet identified and characterized. This exactly is one of the strengths 
of the gene expression chip technology.41,42 In fact, a lot of studies have 
been performed during the past decade using the array-chip technology 
and quite a few interesting genes and gene clusters were found42: this 
included in addition to known candidate gene groups such as anabolic 
and catabolic genes also new gene networks, such as a cluster of oxida-
tive  defense  genes  (e.g.,  superoxide  dismutase-2  [SOD2]—the  major 
mitochondrial  ROS  scavenger)  and  others.  Further  studies  have  to 
validate the relevance of these findings for understanding and manipu-
lating these molecular networks in the context of OA.

Epigenetics
Clearly, one major issue during disease progression is a severe altera-
tion of  the  gene  expression phenotype  of  the  articular  chondrocytes. 
Besides  gene  regulation  by  ordinary  transcription  factors,  epigenetic 
gene regulation may play an important role in determining gene expres-
sion levels, namely, methylation of genes coding for cytokines, growth 
factors, and so on.43 In fact, first experimental data indicate that dif-
ferences  in  the methylation status within disease-relevant promoters 
are  likely  to  induce/repress  respective  gene  expression.44,45  This  is, 
however, not true for all genes. Thus, for example, no changes in the 
methylation levels of the aggrecan gene in aged and diseased chondro-
cytes were  found.46 Also, no de novo methylation of  the p21(WAF1/
CIP1)-promoter-CpG  island  is  involved  in  this  process,  although 
p21(WAF1/CIP1) is known to be regulated by methylation, for example, 
in oncogenesis.47 The overall genome-wide methylation level remains 
unchanged  between  normal  and  diseased  and  aged  chondrocytes, 
although  this  does  not  exclude  differences  in  methylation  levels  for 
selected promoter  regions. Altogether data  are  sparse  so  far  and  epi-
genetic  disregulation  in  OA  chondrocytes  is  clearly  one  potentially 
important new research topic for understanding the cellular (dis)behav-
ior during the disease process.

CONCLUSION
The  most  common  and  generally  accepted  theory  of  the  pathogenic 
mechanisms of primary OA involves the cumulative effects of continu-
ous mechanical wear and  tear on articular cartilage.  In  the model of 
biochemical  cartilage  degeneration,  the  initiation  and  progression  of 
primary  OA  is  linked  to  time/age-related  modifications  of  resident 
cartilage matrix components as well as age-dependent changes in the 
properties  of  newly  synthesized  and  secreted  matrix  components, 
which  together  culminate  in  a  structurally  and  functionally  inferior 
cartilage matrix.  In addition to the extracellular cartilage matrix,  the 
chondrocytes are viewed as major contributors to disease, progression 
and premature aging of  the chondrocytes appears  to be  important  in 
the pathogenesis of OA. Unfortunately, the underlying causes of pre-
mature  aging  are  largely  unknown  at  the  moment  and  are  therefore 
important areas for future research. Of interest, modern aging research 
points out that aging is not an inevitable event, at least not with respect 
to the period between 50 and 70 years of age, but rather an interesting 
target  for  therapeutic  intervention. Thus,  anti-aging  strategies might 
well complement present therapeutic approaches related to anabolism, 
catabolism,  apoptosis,  and  inflammation  processes,  all  of  which  are 
known to be relevant in OA.

involved in providing knee joint stability. An association of weak quad-
riceps and radiographic as well as symptomatic OA has been demon-
strated, which most likely results from increased load being applied to 
articular  cartilage  in  case  of  muscular  weakening.  Thus,  muscle-
strengthening seems to have a preventive effect for OA. Whether the 
knee joint also benefits from quadriceps strengthening after the onset 
of OA remains so far unclear. Another important factor for joint stabil-
ity is the proprioception. It is based on specialized nerve endings known 
as mechanoreceptors, which are  located  in the muscles and the  liga-
ments and are essential  for fine  tuning of muscular movement. Pro-
prioception declines with age, and a further decrease is seen in patients 
with OA. However,  it  is unclear whether  impaired proprioception  in 
OA contributes or results from the disease.

GENETICS, FUNCTIONAL GENOMICS,  
AND EPIGENETICS
Genetics
No doubt, OA, like nearly all other diseases, is initiated and progresses 
dependent on the genetic background of the individual. Therefore, the 
potential  of  genetics  for  elucidating  the  pathogenesis  of  OA  is  the 
subject  of  intensive  investigation  at  the  moment  (see  Chapter  174). 
Clearly, tools have been emerging rapidly in this area of research and 
the  first  hot  candidate  genes  have  been  identified,  such  as  frizzled 
related protein 336 and asporin.37 However, clear-cut pathogenetic con-
cepts have not  emerged  for  any of  the  suggested  genes. Methods  for 
dissecting the complex interplay between genes and environment are 
still  to  be  developed  and  refined. One major  difficulty  is  to  separate 
genes  that  influence  the development of  the  joints  (thus  leading,  for 
example, to a mechanical weakness) from genes leading to an insuffi-
ciency of the cells to maintain adequate repair and joint homeostasis 
later in life, which are finally relevant for preventing and treating OA. 
Another reason for the complexity of the interpretation of genetic data 
is that many of the genes detected are likely to be linked to other organ 
systems such as neuronal  crosslinking, muscle  strength, and mental 
perception. All  these will have  roles  in OA development and disease 
manifestation  without  being  related  to  cartilage  physiology  and 
pathobiology.

It has been known for some time that “OA runs in families,” but 
to what extent this is due to shared genetic influences or shared family 
environment is still uncertain. The disease is clearly multifactorial and 
polygenetic, that is, it results from the interaction of several, possibly 
many, genes. This  fact,  combined with  the  late onset of  the disease, 
which makes linkage studies almost impossible, has made the task of 
identifying susceptibility genes very difficult. Classic twin studies have 
estimated the influence of genetic factors to be 39% to 65% for radio-
graphic OA of the hand and knee, about 60% for OA of the hip, and 
up to 70% for OA of the spine.38 In contrast, the Farmington study, a 
multigenerational cohort study of hand OA, estimated heritability  to 
be  only  28%  to  34%.39  Overall,  the  strongly  varying  results  of  these 
studies  point  to  a  considerable  heterogeneity  of  the  genetics  of  OA. 
Also,  it  seems  that  different  combinations  of  different  susceptibility 
genes may apply to different forms of OA.40

Functional genomics
One major change  in OA research  in recent years has been the shift 
from investigating primarily biochemical aspects of articular cartilage 
matrix  destruction  to  studying  the  molecular  aspects  of  the  disease 
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These early studies, therefore, suggested that specific forms of 
common OA cluster within families. Lindberg7 further supported this 
observation in a retrospective radiographic analysis of hip OA in which 
siblings of patients who had undergone total hip replacement were 
noted to have twice the incidence of radiographic hip OA than age- and 
gender-matched controls. Similarly, two other studies found an overall 
increase in the rate of joint replacement among the patients’ siblings 
compared with their spouses.8,9 In the Icelandic population, it was 
found that patients seeking medical services for hand osteoarthritis are 
more related to each other than matched controls, supporting the role 
of a genetic component in the disease.10 This study suggested that the 
genetic influence in both interphalangeal OA and first carpometacarpal 
OA appeared to be similar and increased with increasing severity of 
the disease. It has also been shown that Icelandic patients with total 
hip replacement for OA are significantly more related to each other 
than are matched controls.11 These studies demonstrate that relatives 
of individuals with OA have higher rates of OA than the general popu-
lation. Clustering within families may be explained by related individu-
als inheriting the same OA-predisposing DNA variants or alleles from 
their parents, or they share similar environmental influences.

Several studies have examined the inheritance of genetic markers 
in individuals with primary generalized OA and their relatives with no 
disease. A genetic predisposition to primary generalized OA has also 
been suggested by the association with HLA haplotypes and with α1 
antitrypsin isoform.12 However, not all studies have found this associa-
tion13 and whether there is a true relationship, or even whether primary 
generalized OA is a distinct entity, remains unclear.

Twin and family studies
The relative contribution of genetic and environmental factors to 
common forms of OA affecting the hands and knees remains unclear. 
A classic twin study is a useful design to determine the extent to which 
genetic factors determine variation in the measures of OA because 
twins are uniquely matched for age and for many known and unknown 
environmental factors. Because monozygotic (MZ) twins are com-
pletely concordant for germline genetic factors, any intrapair variation 
is assumed to be due to environmental factors, whereas dizygotic (DZ) 
twins share on average half their genes and thus any intrapair variation 
is due to both environmental and genetic factors. A comparison of  
the similarities in MZ and DZ twins allows us to estimate the extent 
to which genetic factors determine variation in the measures of OA 
(Fig. 174.1).

Lawrence14 reported data from a small study of 10 twin pairs that 
suggested increased concordance in identical pairs at a number of joint 
sites. Using a cohort of 130 MZ and 120 DZ female twin pairs, Spector 
and colleagues15 observed higher intraclass correlations among MZ 
twins than in DZ twins for several clinical and radiographic features 
of hand and knee OA (Fig. 174.2). The influence of genetic factors was 
estimated to be between 39% and 65%, independent of known envi-
ronmental or demographic confounders. This genetic effect was con-
sistent whichever radiographic diagnosis of OA was used (i.e., 
osteophyte or joint space narrowing) and was also found using a clinical 
definition based on knee pain or Heberden nodes. There was a genetic 
influence at both the tibiofemoral and patellofemoral joints of the knee, 
though not at the proximal interphalangeal joints of the hands. A 
similar effect of inheritance was seen when the analyses were limited 
to osteophytes or narrowing scores separately or to the knee joint alone. 
The same group carried out a similar study on radiographic hip OA in 
female twins and found familial clustering attributable to genetic 
factors for joint space narrowing. The number of pairs concordant for 
definite osteophytes in the sample was too low to assess this feature. 

Genetics of osteoarthritis
Frances M. K. Williams, Guangju Zhai, and Tim D. Spector

 Evidence suggests that genetic factors play a major role in 
osteoarthritis (OA), although they may be site and sex specific.

 This genetic influence has now been estimated to be on the order 
of 39% to 65%, and first-degree relatives have a twofold to 
threefold increased risk of disease.

 The nature of the genetic influence in OA is still unclear but is likely 
to involve a combination of effects on structure (i.e., collagen), 
alterations in cartilage, bone metabolism, and/or inflammation.

 Mutations in collagen genes have been identified in some rare 
familial forms of OA that segregate as a simple Mendelian genetic 
trait.

 A number of genes of small effect (e.g., GDF5) have now been 
identified that influence the common forms of OA, although most 
are as yet unknown.

 Finding the genes involved is likely to lead to important 
therapeutic and diagnostic advances in this most common 
disabling rheumatic disease.

INTRODUCTION
The multifactorial nature of osteoarthritis (OA) is well recognized, with 
a number of environmental risk factors such as obesity,1 previous 
injury, and menisectomy2 being strongly associated with its develop-
ment (see Chapter 170 for a full discussion of this topic). The role of 
genetic factors in the development of OA has received considerable 
attention, aided by our rapidly expanding knowledge of molecular 
biology. This chapter reviews the data that support the role of genetic 
variation in the common, as well as rare, forms of OA.

EVIDENCE FOR INHERITANCE  
OF OSTEOARTHRITIS
A strong genetic component to certain forms of OA has been recog-
nized for more than 60 years (Table 174.1). In 1941 Stecher3 demon-
strated that Heberden nodes of the fingers were three times more 
common in the sisters of 64 affected subjects as in the general popula-
tion. Subsequently, in 1944 Stecher and colleagues4 concluded that 
these lesions were inherited as a single autosomal dominant gene with 
a strong female predominance.

The most common form of inherited OA is primary generalized OA, 
which was first described as a clinical entity by Kellgren and Moore  
in 1952.5 This form is characterized by the presence of Heberden 
and Bouchard nodes and premature degeneration of articular cartilage, 
often in a concentric pattern in many joints. Family studies performed 
in the early 1960s in the United Kingdom of 20 male and 32 female 
probands with generalized OA, based on the presence of five radiologi-
cally affected joint groups, suggested that first-degree relatives were 
twice as likely to have radiographic generalized OA.6 Subsequent 
studies provided additional evidence for the familial occurrence of 
Heberden and Bouchard nodes and of osteoarthritis involving multiple 
joints.6 In a study of 391 cases of OA, 120 mostly middle-aged women 
were identified as having a polyarthritis characterized by signs of 
inflammation and acute onset of symptoms. Of these patients, 20% 
gave a family history of similar joint disease.5 This and other studies 
suggested a polygenic form of inheritance rather than a single gene 
defect to primary generalized OA.5,6
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TABLE 174.1 CLINICAL STUDIES EXAMINING THE INHERITANCE OF OSTEOARTHRITIS PLUS RELATED PHENOTYPES

Study Subjects Conclusions

Stecher4 Hand OA (64 cases) Frequency of Heberden nodes 3 times greater in sisters of cases compared 
with general population

Kellgren and Moore5 Generalized OA (391 cases) 20% family history of OA

Kellgren et al6 Generalized OA (20 men + 32 women) First-degree relatives 2-fold increased risk of generalized radiologic OA

Lawrence14 Radiologic OA (10 twin pairs) Increased concordance in identical pairs at a number of joint sites

Spector et al15 500 normal female twins (age 45-70 yr) Heritability of radiologic knee and hand OA 39-65%

Hirsch et al23 167 families Familial aggregation of OA

MacGregor et al16 135 MZ and 277 DZ female twin pairs, aged 50 yr or older Significant heritability of 64% for joint space narrowing and a heritability 
of 58% for OA overall at the hip joint

Felson et al26 337 families studied for hand and knee OA Segregation analysis showed Mendelian recessive model to be the best fit

Page et al17 1224 MZ and 1137 DZ male pairs, aged 70-80 yr Heritability of x-ray determined primary hip OA was 61%

Bijkerk et al21 118 radiographic OA probands and 257 sibs Combined heritability for hip, knee, hand, and spine OA of 78%

Antionades et al19 111 MZ pairs and 120 DZ pairs Genetic factors account for hip joint space narrowing

Neame et al22 490 knee OA cases and 737 sibs Estimated heritability for knee OA of 62%

Zhai et al38 115 sib pairs (mean age 45 yr) Adjusted heritability estimates for the change in cartilage volume were 
73% for medial and 40% for lateral

Riyazi et al24 191 sib pairs Familial aggregation of hand and hip but not of knee OA

Williams et al46 160 MZ and 349 DZ female twin pairs Heritability for serum levels of COMP 40%

Zhat et al20 114 MZ and 195 DZ female twin pairs aged 40 or older at baseline Heritability estimates 62% and 72% for progression of knee osteophyte 
and JSN, respectively

Zhai et al52 114 MZ and 195 DZ female twin pairs aged 40 or older Heritability for knee alignment 66%

Fig. 174.1 The right hands of a pair of identical twins: note the similarities in 
Heberden and Bouchard nodes.

A significant heritability of 64% for joint space narrowing and a heri-
tability of 58% for OA overall at the hip joint was calculated.16 The 
results were confirmed in an independent twin study.17 Acetabular 
dysplasia has been shown to be associated with a modestly increased 
risk of incident hip OA.18 A subsequent twin study has also shown that 
genetic factors account for most of the variation in acetabular anatomy 
at the hip joint.19 More recently, a longitudinal twin study of knee OA 
progression was conducted.20 A cohort of 114 MZ and 195 DZ female 
twin pairs were followed up for a period of 7.2 years on average. Tet-
rachoric correlation among MZ twins was significantly higher than 
that among DZ twins for progression of both osteophytes and joint 
space narrowing (JSN). The heritability was estimated to be 62%  
for progression of osteophytes and 72% for progression of JSN, 

independent of age and body mass index. This genetic effect on progres-
sion of knee OA was seen mostly in the medial compartment.

These results demonstrate a clear genetic effect for primary OA of 
the hand and knee in women, with a heritability of up to 65%, inde-
pendent of environmental or demographic confounders (see Fig. 174.2). 
However, there is as yet no clear evidence to support generalized OA 
as a separate genetic entity.

Large population-based family studies have now confirmed the find-
ings of the twin studies with similar heritability estimates for all forms 
of common OA. Investigators from the Rotterdam study21 found a 
strong genetic effect for hand OA and degenerative disc disease in 
enrolled sibling pairs. The estimated heritabilities were 56% for hand 
OA and 75% for disc degeneration. In a sibling study, Neame and col-
leagues22 documented a heritability estimate of 62% for knee OA. 
Hirsch and colleagues23 found a significant correlation for OA with 
regard to joint location and number of affected joints, as well as sever-
ity, when they examined sibling pairs in the Baltimore Longitudinal 
Study of Aging cohort. Although no direct estimation of heritability 
was done, the risk was estimated at between 0.33 and 0.81. Similar 
relative risks were reported in the Genetics, Arthrosis, and Progression 
Study (the GARP study).24 Livshits and colleagues25 conducted a seg-
regation analysis of hand OA, and the results suggested a major gene 
effect plus multifactorial component. The contribution of the putative 
major gene on age- and sex-adjusted hand OA phenotype variation was 
55%. Analysis of the Framingham cohort by Felson and associates26 
suggested a major genetic component for generalized OA that best fits 
a Mendelian recessive model with a multifactorial component (either 
polygenic or environmental factors), although others have interpreted 
the data differently.27 The most likely conclusion is that many genes 
are involved.

Genetic contribution to structural  
components at the knee
The work examining the inheritance of knee OA has been based on 
using knee radiographs as the method for assessing knee OA. However, 
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of chondral defects, and muscle strength have been shown to have a 
high heritability.38 All estimates were independent of radiologic OA 
and most likely reflect a strong genetic component. Subchondral bone 
marrow lesions, which can be assessed on MRI but not x-ray and have 
been reported to be associated with knee pain,39-41 also have a signifi-
cant genetic component with heritability estimates of 53% to 65%.42 
Markers of bone and cartilage turnover that have been shown to be 
important in progression of knee OA43,44 have also been shown to be 
heritable.45 A recent twin study46 documented a significant genetic 
component for serum levels of cartilage oligomeric matrix protein 
(COMP) with a heritability estimate of 40%.

Genetic contribution to biomechanical factors
Interest in the role of biomechanical factors in knee OA is increasing. 
Evidence indicates that reduced muscle strength is a risk factor for 
incident knee OA.47 There is also evidence that increased muscle mass 
protects against cartilage loss in healthy subjects.48 Increased adductor 
moment has been shown to be a risk factor for knee OA.49 A sib pair 
study has shown that muscle strength is a heritable trait with heritabil-
ity of 42%.37 It may be that one mechanism for the expression of the 
genetic component of knee OA is via inheritance of muscle or biome-
chanical abnormalities during gait. Using a population-based case 
control study where the cases, who were offspring of subjects who had 
undergone a knee replacement, were compared with age- and sex-
matched controls, cases were found to have weaker lower limb muscles 
independent of knee pain.50 A study has also shown that there are 
significantly different gait patterns in the healthy offspring of subjects 
with severe tibiofemoral knee OA compared with the healthy age- and 
gender-matched controls.51 However, a recent classical twin study has 
shown that knee alignment is heritable but unlikely to share a common 
genetic control with knee OA.52

FAMILIAL DISORDERS ASSOCIATED  
WITH OSTEOARTHRITIS
A number of rare subtypes of OA have a genetic basis and have been 
described as secondary familial forms of OA (Table 174.2).

Familial calcium pyrophosphate  
deposition disease
Familial calcium pyrophosphate deposition disease (CPPD) is charac-
terized by the deposition of calcium-containing crystals in and around 
hyaline articular cartilage and fibrocartilage, and is associated with OA. 
Early-onset CPPD has been described in several large families in which 
the disease progresses to severe OA.53 In these families an autosomal 
dominant mode of inheritance is observed, with an age at onset between 
the second and fifth decades.53 An autosomal recessive form of familial 
CPPD leading to precocious OA has been described in 13 pedigrees.54 
Genetic linkage analysis has been undertaken to map the disease 

radiographs provide only a broad-brush view of joint pathology because 
of their two-dimensional nature and the use of semiquantitative 
grading scales. Magnetic resonance imaging (MRI) allows better visu-
alization of joint structures and provides accurate and reproducible 
quantitative estimates of cartilage volume and bone area/volume28,29 
and thus has the potential to be a quantitative trait for linkage analysis. 
Measurement of knee cartilage volume has been shown to be valid and 
reproducible,28,30,31 to correlate with radiographic assessment of the 
joint32 and to predict the clinically important outcomes of pain33 and 
joint replacement34 in longitudinal studies. Also, increasing attention 
has recently been given to the role of bone in the pathogenesis of knee 
OA.35 Cartilage and bone can both be measured using MRI and have 
the potential for quantitative trait loci (QTL) analysis (Fig. 174.3).

A classical twin study was performed to assess the relative contribu-
tion of genetic and environmental factors to cartilage volume.36 The 
intraclass correlations for all of the cartilage volumes assessed were 
higher in MZ than DZ twin pairs. The heritability estimates were 61% 
for femoral, 76% for tibial, 66% for patella, and 73% for total cartilage 
volume. These results were supported by a study using a sib pair design 
where significant heritability estimates were shown for cartilage volume 
(65% for medial tibial, 77% for lateral tibial, and 84% for patellar) and 
for bone size (85% for medial tibial bone area, 57% for lateral tibial 
bone area, and 70% for patella bone volume).37 Furthermore, early 
longitudinal changes in knee structures of relevance to later OA such 
as medial tibial cartilage volume, lateral tibial bone size, progression 

SIMILARITY BETWEEN TWINS FOR OSTEOARTHRITIS

Osteophytes

Monozygotic               Dizygotic
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correlation
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Fig. 174.2 Similarity between twins for osteoarthritis. Correlations between 
130 identical monozygotic and 120 non-identical dizygotic female twin  
pairs for the presence of osteophytes and joint space narrowing at  
different joint sites. CMC, first carpometacarpal; DIP, distal interphalangeal;  
PFJ, patellofemoral joint; PIP, proximal interphalangeal; TFJ, tibiofemoral joint. 
(From Spector TD, Cicuttini F, Baker J, et al. Genetic influences on osteoarthritis in 
women: a twin study. BMJ 1996;312:940-943.)

a b

Fig. 174.3 (a) T1-weighted fat suppressed sagittal knee MRI. (b) Individual 
cartilage plates demonstrated (patella, femoral, and tibial).
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development of articular and growth plate cartilages. The most common 
is achondroplasia, which has a frequency of 1 in 50,000 births and 
represents the classic form of “short-limb” dwarfism. Although this 
often occurs sporadically, it may also be inherited as an autosomal-
dominant trait. Mutations have been identified in the fibroblast growth 
factor gene.69 Many laboratories have examined a variety of chondro-
dysplasias in attempts to link their phenotype with an abnormal 
genetic locus. Linkage to COL2A1, the gene for type II procollagen, has 
been demonstrated in some cases but excluded in others.70

Spondyloepiphyseal dysplasias
The spondyloepiphyseal dysplasias (SEDs) comprise a heterogeneous 
group of disorders characterized by abnormal development of the axial 
skeleton and severe alterations of the epiphyses of the long bones, often 
resulting in dwarfism. This group of disorders includes autosomal-
recessive, autosomal-dominant, and X-linked patterns of inheritance. 
The epiphyseal abnormalities often result in severe, disabling OA in 
both weight-bearing and non-weight-bearing joints at a very early age.

Genetic studies reported in 1989 and 1990 showed a linkage 
between the phenotype of precocious OA/late-onset SED and a muta-
tion in the COL2A1 gene.71,72 The first report of a COL2A1 mutation 
in a kindred with SED was a heterozygous Arg519-Cys base substitu-
tion.73 Four additional families with an identical mutation have now 
been identified.74

A second dominant Arg-Cys base substitution at position 75 of the 
type II collagen triple helix has been identified in another kindred with 
precocious OA and mild SED.75

Multiple epiphyseal dysplasias
The multiple epiphyseal dysplasias (MEDs) are a heterogeneous group 
of disorders characterized by alterations in epiphyseal growth that 
cause irregularity and fragmentation of the epiphyses of long bones. 
There is minimal or no spinal involvement. The epiphyseal abnormali-
ties result in precocious, crippling OA of both weight-bearing and 
non-weight-bearing joints. Multiple joints are involved in a symmetric 
fashion, particularly the knees, hips, hands, wrists, and shoulders. 
Affected individuals typically present in childhood with pain and stiff-
ness in multiple joints and an abnormal gait. The symptoms progress 
and evolve into severe osteoarthritis (Fig. 174.4). There are no ocular 
or retinal abnormalities. MED is inherited in an autosomal dominant 
pattern with high penetrance.

Six genes responsible for MED have been identified, including 
COMP, COL9A1, COL9A2, COL9A3, DSTDT, and MATN3. MATN3 
encodes matrilin-3, a cartilage-specific extracellular matrix protein. 
Linkage analysis of some families with MED have excluded the genes 
for collagen types II and VI.76 However, close linkage to the pericen-
tromeric region of chromosome 19 was observed in some families.77 
Subsequent studies identified mutations in the gene encoding the car-
tilage oligomeric protein (COMP) in three patients affected with MED 
and clinically related pseudoachondroplasia.78 There is now evidence 
from linkage analysis that a mutation in COL9A1 gene causes MED.79 
This group also found that the phenotypic heterogeneity of MED may 
be due to locus heterogeneity; the study of four MED families showed 
recombination between the candidate genes COL9A1, COL9A2, 
COL9A3, and COMP and the MED phenotype. To date, seven differ-
ent MATN3 mutations have been identified; all are located within the 
beta-sheet regions of the von Willebrand factor type A (vWFA) domain, 
which is encoded by exon 2.80

Kniest dysplasia
Kniest dysplasia is an extremely rare disorder characterized by shorten-
ing of the trunk and limbs, flattening of the face and bridge of the nose, 
protuberance of the eye globes, and severe joint abnormalities. This 
condition has an autosomal dominant pattern of inheritance. The 
joints are usually very large at birth and continue to enlarge during 
childhood and early adolescence. The majority of affected individuals 
develop severe premature osteoarthritis, particularly involving the 
knees and hips. The articular cartilage is soft and has decreased resil-
ience. Histologically the articular cartilage has large cystic lesions, 

gene(s) for familial CPPD. A study conducted on a British family with 
the phenotype of primary chondrocalcinosis and childhood seizures 
demonstrated genetic linkage to a region of chromosome 5p.55 A study 
of a large family from Maine excluded linkage to the COL2A1 locus; 
in this family, genetic linkage was demonstrated between CPPD and 
chromosome 8q.56 The arthropathy of CPPD has a distinct distribu-
tion: It occurs in sites less commonly involved in the usual form of 
generalized OA such as the metacarpophalangeal, radioscaphoid, and 
patellofemoral joint articulations.57 For further details on this syn-
drome, see Chapter 186.

Hydroxyapatite arthritis
Another form of inherited crystal deposition disease is associated with 
the deposition of basic calcium phosphate, also known as hydroxyapa-
tite crystals, in articular cartilage. The clinical features and pathologic 
manifestations of this disease are similar to those of CPPD, except for 
the nature of the crystals deposited. From the published pedigrees it is 
clear that this disease also has an autosomal-dominant inheritance 
pattern with full penetrance.58 This disorder results in periarticular 
disease in the form of tendinitis or bursitis and, less frequently, true 
articular disease.59,60 Genetic linkage analyses in families with hydroxy-
apatite deposition disease have been more limited. A linkage study of 
an Argentinian family with hydroxyapatite arthritis associated with 
spondyloepiphyseal dysplasia (SED) excluded several candidate genes, 
including types II and X collagens.61

Stickler syndrome
The classic form of Stickler syndrome was originally described in 1965 
by Gunnar Stickler and was termed hereditary progressive arthro-
ophthalmopathy.62 It is characterized by prominent ocular involvement 
and severe OA, which develops in the third or fourth decades. This 
syndrome is a relatively common autosomal dominant disorder with 
a prevalence of approximately 1 in 10,000 births. Associated clinical 
symptoms include myopia, progressive sensorineural hearing loss, cleft 
palate, mandibular hypoplasia, and epiphyseal dysplasia.

Stickler syndrome is increasingly classified into clinical subtypes 
that generally reflect the disorder’s underlying genetic basis. COL2A1 
was a likely candidate gene in early studies because of its expression 
in both articular cartilage and the vitreous of the eye. Linkage analysis 
of several Stickler syndrome kindreds showed that the disease is linked 
to COL2A1 in some, but not all, affected families.63-65 Patients with 
Stickler syndrome who lack eye involvement have mutations in the 
COL11A2 gene, consistent with this gene’s lack of expression in the 
vitreous of the eye.66 Furthermore, Stickler syndrome patients with 
more severe hearing impairment tend to have COL11A1 or COL11A2 
mutations rather than COL2A1 mutations.67,68

Chondrodysplasias
The chondrodysplasias are a group of clinically heterogeneous heredi-
tary disorders characterized by abnormalities in the growth and 

TABLE 174.2 HEREDITARY FORMS OF OSTEOARTHRITIS

Primary OA

Secondary familial Familial calcium pyrophosphate deposition disease

Familial hydroxyapatite deposition disease

Hereditary arthro-ophthalmopathy (Stickler 
syndrome)

Chondrodysplasias (e.g., achondroplasia)

Spondyloepiphyseal dysplasias

Multiple epiphyseal dysplasias

Kniest dysplasia

Blount disease
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Alkaptonuria
Ochronosis (alkaptonuria) is described fully in Chapter 182. It is one 
of the classic “inborn errors of metabolism” and is inherited as an 
autosomal recessive disorder. It leads to the deposition of homogentisic 
acid pigment in the connective tissues.87 One of the effects of this is 
premature OA with an unusual joint distribution, which includes 
many sites rarely affected by idiopathic OA, including the shoulders 
and the lateral compartments of the knees.

NATURE OF THE GENETIC INFLUENCE  
IN OSTEOARTHRITIS: A ROLE FOR  
TYPE II PROCOLLAGEN
The nature of the genetic influence in the rarer subtypes of OA dis-
cussed earlier confirms the importance of the integrity of collagen and 
cartilage, as well as bone metabolism in normal healthy joints. Altera-
tions in the structure and function of these tissues undoubtedly pre-
dispose to OA, which is often severe. The abnormal bone and joint 
anatomy characteristic of these disorders (epiphyseal and metaphyseal 
dysplasia, genu varum and valgum, coxa vara and valga) predisposes 
to the biomechanical overload of some joints. The cartilage and sub-
chondral bone are often defective, especially as a result of mutations 
in the collagen genes, particularly COL2A1.88,89 Several other factors 
are considered, suggesting that the failure of the collagenous compo-
nent of articular cartilage may be responsible for the degeneration of 
joint tissue in OA:

● Collagen plays an important role in the maintenance of the bio-
mechanical properties of cartilage.

● In normal assembly of cartilage, collagen serves as a mechanical 
constraint to prevent the expansion of the highly hydrated pro-
teoglycans into the large hydrodynamic domains that are charac-
teristic of proteoglycans free in solution.

● Articular cartilage contains a remarkable degree of molecular 
complexity with regard to the number of biochemical species of 
collagen.

● A failure of normal assembly of cartilage collagen, the main com-
ponent of the organic matrix of articular cartilage, would result 
in increased hydration of the tissue, softening of the matrix, and 
cartilage degradation.

OTHER CANDIDATE GENES
New genetic and molecular biologic research might enable a better 
understanding of some forms of idiopathic OA. Although the available 
studies provide conclusive evidence that mutations in COL2A1 are 
present in affected individuals from some families who display the 
phenotype of primary generalized OA and mild spondyloepiphyseal 

giving an appearance that has been compared to Swiss cheese. It has 
been suggested that this disease may result from abnormalities in the 
processing of type II procollagen because large inclusions, containing 
the carboxyl propeptide of type II procollagen, have been found in the 
dilated rough endoplasmic reticulum.81 Most of the cases of Kniest 
dysplasia studied to date demonstrate mutations in the type II procol-
lagen gene.82,83

Blount disease
Blount disease is a rare disorder of the knee joint seen mostly in African 
and Arab children. Also known as tibia vara or osteochondrosis defor-
mans tibiae, it occurs in two forms: an infantile form, which is usually 
bilateral and develops during the first 3 years of life, and an adolescent 
form, often unilateral, that develops between the ages of 8 and 15 years. 
There is local disturbance of growth of the medial aspect of the proxi-
mal tibial epiphysis, thought to be due to a combination of growth 
arrest and trauma and resulting in severe deformities (Fig. 174.5). 
Although early walking and obesity have been blamed for causing 
damage to the epiphysis, Sibert and Bray84 provided evidence for a 
probable dominant inheritance with variable penetrance.

Blount disease predisposes to OA of the knees.85 Classic Blount 
disease is both an obvious and a rare cause of OA. However, it is of 
interest in that it has been suggested that more minor forms of local 
dysplasias of the knee or hip could be a common cause of OA in these 
joints.86

a b

Abnormal
ossification
of acetabulum

Deformed
femoral head

Short femoral
neck

c

Fig. 174.4 Epiphyseal dysplasia. (a) A 24-year-old woman with multiple epiphyseal dysplasia who is developing premature osteoarthritis of the hips. (b) Hip 
radiograph from another patient with epiphyseal dysplasia showing severe deformation of the acetabulum and femoral head.

Fig. 174.5 Blount disease: note the marked varus deformity of the knee joints 
due to underdevelopment of the medial tibial condyle.
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OA.106 FRZB was also found to be associated with knee OA in 
women but not men.107 Valdes and colleagues108 showed an associa-
tion with specific candidates with progression of knee OA, which, 
given that OA is nearly universal in the elderly, may be a more 
revealing phenotype. The genes implicated were disintegrin and 
metalloproteinase domain 12 (ADAM12), cartilage intermediate-layer 
protein (CILP), osteoprotegerin (OPG), and tetranectin (TNA).108 
These genes have recently been replicated in an independent sample 
with clinical knee OA.109 The most convincing association study per-
formed to date has been in Japanese patients in whom the gene that 
encodes for Asporin (ASPN), an extracellular matrix protein, was 
associated in two populations with knee OA.110 The same group 
found the gene calmodulin 1 (CALM1) to be associated with Japa-
nese hip OA.111 A meta-analysis suggested that an ASPN allele is 
protective against the risk of knee OA in Caucasians, but CALM1 
appears not to be responsible in Caucasians.107 Spector and col-
leagues112 reported that the gene leucine-rich repeats and calponin 
homology containing 1 (LRCH1) is consistently associated with knee 
OA in three samples of pooled DNA from two populations with 
northern European ancestry, but this has not been replicated inde-
pendently.112 Using 2170 patients with OA and 2849 controls, 
Valdes and colleagues113 found that three SNPs in the ANP32A gene 
were significantly associated in hip OA, but not knee OA.

All these previous candidate gene studies have to be interpreted with 
extreme caution, however, because most are likely to be false positives. 
Recent large meta-analyses of published candidates in diabetes114 and 
osteoporosis115 have suggested that less than 10% of reported published 
associations are real. A large meta-analysis from the Treat-OA consor-
tium did, however, confirm the association of the gene GDF-5 but not 
FRZB despite many publications on the latter.116

GENOME-WIDE ASSOCIATION STUDIES  
IN OSTEOARTHRITIS
To date, four large case-control association scans have been reported. 
Mototani and coworkers117 tested 72,000 markers for association 
with hip OA and identified a variant in the CALM1 gene to be 
strongly associated in the Japanese population. However, studies in 
U.K. samples failed to show an association of this variant with hip118 
or knee OA.119 Spector and coworkers120 examined 25,000 SNPs for 
association with radiographic knee OA in Caucasians and identified 
an SNP in a gene of unknown function. However, association with 
this gene, LRCH1, failed to be replicated in two sufficiently powered 
large studies from East Asia of knee and hip OA samples from China 
and Japan.121 The previous studies have used suboptimal numbers of 
markers. A pooled, large-scale (500,000 markers) genome-wide asso-
ciation study on knee OA has been published by our group.122 The 
variants identified by this scan, which were subsequently replicated 
in independent cohorts, fell in the 5’ region of the gene encoding the 
COX-2 and the cytosolic phospholipase enzymes (both involved in 
prostaglandin synthesis), in the 2q33 linkage region, and near a gene 
involved in transcriptional repression of thyroid hormone receptors. 
Using a two-stage approach to genome-wide association, our group 
identified that the SNP rs716508 located in A2BP1 gene was associ-
ated with hand radiographic OA. The same allele of the SNP was 
also associated with reduced bone density at both the hip and lumbar 
spine, suggesting that the potential mechanism of the gene in hand 
OA might be via effects on subchondral bone.123 A recent GWAS 
study124 tested 500,510 SNPs in 1341 Dutch Caucasian OA cases 
and 3496 Dutch Caucasian controls. SNPs associated with at least 
two OA phenotypes (knee, hip, or hand OA) were analyzed in 14,938 
OA cases and 39,000 controls. They found that a novel common 
variant on chromosome 7q22 that influences susceptibility to preva-
lence and progression of OA. Another recent GWAS study done in 
Japan125 found that two SNPs (rs7775228 and rs10947262) associ-
ated with susceptibility to knee OA. The two SNPs were in a region 
containing HLA class II/III genes, suggesting that immunologic 
mechanism is implicated in the etiology of OA. A large worldwide 
consortium (Treat-OA) with GWAS data is under way to determine 
variants associated with hip and knee OA in up to 15,000 cases. 
Because GWAS is a position-based approach, many genes will hold 

dysplasia, other studies have shown that COL2A1 is not the disease 
locus in other families with OA.88 Primary generalized OA may be a 
heterogeneous disease at the genetic level, and mutations in genes 
other than COL2A1 are likely to be responsible for this phenotype. For 
example, yet to be fully explored is the role of mutations in the genes 
encoding the minor collagen types (e.g., types IX, X, XI).

LINKAGE STUDIES
Several genome-wide linkage studies have been conducted on humans 
to identify QTL for OA. One study suggested weak evidence of linkage 
disequilibrium between hand osteoarthritis and the proximal part  
of the 11q 12-13 chromosomal segment.90 Hunter and colleagues91 
reported four significant linkage regions (LOD score >3) for the hand 
when the individual joints were treated separately, suggesting that a 
splitting rather than a lumping approach may be more successful. 
Livshits and colleagues92 using twin sibpairs have shown a replication 
of QTLs on chromosome 2 (LOD score 2.9) and 19 (LOD score 4.26) 
for hand OA, which have been reported by other teams in other 
samples.93-96 A genome-wide linkage scan was done to identify suscep-
tibility loci for total hip replacement, using DNA from a large Icelandic 
family with a high prevalence of primary hip OA. A genome locus with 
an LOD score of 2.58 was identified on chromosome 16p.97 A similar 
locus has been reported on from England.98 This is the first instance 
in which what may be the same susceptibility locus for OA is indepen-
dently described in two different populations with hip OA. Transgenic 
mouse models with a central deletion in the α1 chain of the type IX 
collagen gene suggest that this gene may be important, as heterozygous 
mice develop OA with no signs of chondrodysplasia.99 Linkage studies 
are of limited future value for common OA because it does not allow 
the clear identification of genes.

CANDIDATE GENES
A number of candidates have been reported with OA, although many 
early studies were based on small numbers and were not replicated. 
One of the most consistent has been the vitamin D receptor gene (a 
candidate gene for osteoporosis), although size and direction of 
results differed when subjects were defined by osteophytes or joint 
space100,101 or site of OA (Box 174.1).102 Another potential candidate 
related to bone is transforming growth factor (TGF)-β and an asso-
ciation with disc degeneration.103 Lumbar disc degeneration has also 
been associated with mutations in the gene for collagen type IX in 
the Finnish population.104 Other candidate genes include estrogen 
receptor genes, aggrecan, cartilage link protein 1 (CRTL1), tumor 
necrosis factor (TNF), and the interleukin (IL)-1 gene cluster, which 
has been validated in several populations of OA knee.105 Another is 
the gene frizzled motif associated with bone development (FRZB) 
implicated in linkage studies and associated in females with hip 

BOX 174.1 MAJOR POSTULATED CANDIDATE GENES IN OSTEOARTHRITIS
 Vitamin D receptor
 Estrogen receptor
 Collagen genes: COL2A1, COL9A2, COL11
 Aggrecan
 Matrix metalloproteinase-3
 Interleukin-1 gene cluster polymorphisms
 CILP
 CALM1
 Asporin
 ADAM12
 BMP-2
 FRZB
 LCRH 1
 A2BP1
 ANP32A
 PTGS2
 GDF5*

* Only gene replicated in large-scale meta-analysis.
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development of our musculoskeletal system.128 In fact, all three 
“subtypes” are likely to be determined by both genetic and envi-
ronmental influences (e.g., it may be that the risk for OA is 
increased through inheritance of biomechanical factors such as 
abnormalities during gait) that interact with overweight, and 
together they contribute to the risk of OA. The genes across the 
three “subtypes” of OA are likely to be different and may also be 
site specific. They may also differ by ethnicity and gender.

CONCLUSION
The recent rapid improvement in genetic techniques has enabled us to 
identify a number of genes predisposing to OA. There have been tre-
mendous efforts directed to finding genes that confer risk for both rare 
and common forms of OA. The study of the genetics of OA is likely 
to be beneficial in several ways.

● First, the study of OA associated with simple Mendelian genetic 
disease phenotypes will help confirm the role of a gene or protein 
whose importance has been suspected.

● Second, the study of these heritable disorders will help identify 
new genes, proteins, and biologic pathways that are essential to 
normal skeletal growth and function.

● Third, genetic studies will identify patients and families at highest 
risk for the development of OA because they segregate a disease-
predisposing allele. Because of clinical homogeneity, these indi-
viduals with disease-predisposing mutations can assist the 
evaluation of new biologic markers that are being developed as 
measures of disease status. Validating the usefulness of a biologic 
marker in a well-defined population at highest risk of developing 
OA may hasten the marker’s application among individuals at low 
or moderate risk of development of common OA. The presymptom-
atic diagnosis of individuals at high risk of developing OA has 
practical importance with respect to genetic and occupational 
counseling.

● Lastly, uncovering genes for OA is likely to lead to discoveries of 
novel pathways that might provide new therapeutic tools for 
preventing or treating OA. The next decade will use genomic 
tools, such as rapid cheap genotyping on a massive scale, which 
means that genes will be much cheaper to screen than hormones 
or biochemical markers, and this will assist our ability to study 
complex skeletal diseases such as common OA, in which the 
phenotype may be subtle and the number of contributing genes 
large.

no prior association with OA. These genes might be developmental 
and not disease specific. A greater understanding of the pathogenesis 
of OA is not the only valuable contribution of GWAS results. To 
date, no single large genetic effect has been found. Rather, the 
increased risks for carrying a predisposing gene variant are likely to 
be modest (odds ratio < 1.3). However, studies of other complex 
traits like osteoporosis and height have shown that hundreds of 
genes of small effect are operating. Combinations of large numbers 
of risk alleles may have diagnostic value.126

EVIDENCE FOR GENETIC ABNORMALITIES IN 
COMMON FORMS OF OSTEOARTHRITIS
There is currently little evidence that the common forms of OA are 
due to rare collagen mutations. Ritvaniemi and colleagues89 evaluated 
COL2A1 in 45 patients with familial OA and found a single putative 
mutation. This result suggests that among patients with common OA, 
the incidence of COL2A1 mutations is low, probably below 2%. 
Another study used gene-specific highly polymorphic markers and 
affected sibling pair analyses and failed to investigate genetic linkage 
between generalized OA (GOA) and three cartilage matrix genes: 
COL2A1, which encodes type II collagen; CRTL1, which encodes the 
cartilage link protein; and CRTM, which encodes the cartilage matrix 
protein.127 These small studies do not, however, rule out the possibility 
that common variants of the structural genes may play a role.

HETEROGENEITY OF OSTEOARTHRITIS
Previous chapters have stressed the heterogeneity of the expression of 
OA. In this context it is interesting to note that rare genetic causes, 
such as families with a defect of COL2A1, or those with alkaptonuria, 
develop a different disorder from that commonly seen in idiopathic 
OA. The distribution of joints affected is different (e.g., with early 
involvement of the shoulders and predominant lateral tibiofemoral 
disease at the knee), and the condition starts much earlier in life than 
in the majority of sporadic cases. This has led to the suggestion that 
there are three distinct forms of OA:

● When trauma to a single site is the major cause, resulting in 
premature disease of a single site.

● When a genetic defect is the major cause, resulting in a general-
ized condition at a number of sites.

● Sporadic disease of the elderly, which is age related and in which 
distribution is determined by evolutionary aspects of the 

KEY REFERENCES
3. Stecher R. Heberden’s nodes. Heredity in hypertrophic 

arthritis of the finger joints. Am J Med Science 
1941;201:801.

15. Spector TD, Cicuttini F, Baker J, et al. Genetic influences 
on osteoarthritis in women: a twin study. BMJ 
1996;312:940-943.

16. MacGregor AJ, Antoniades L, Matson M, et al. The 
genetic contribution to radiographic hip osteoarthritis 
in women: results of a classic twin study. Arthritis 
Rheum 2000;43:2410-2416.

20. Zhai G, Hart DJ, Kato BS, et al. Genetic influence on the 
progression of radiographic knee osteoarthritis: a 
longitudinal twin study. Osteoarthritis Cartilage 
2007;15:222-225.

21. Bijkerk C, Houwing-Duistermaat JJ, Valkenburg HA,  
et al. Heritabilities of radiologic osteoarthritis in 
peripheral joints and of disc degeneration of the spine. 
Arthritis Rheum 1999;42:1729-1735.

25. Livshits G, Kalichman L, Cohen Z, Kobyliansky E. Mode 
of inheritance of hand osteoarthritis in ethnically 
homogeneous pedigrees. Hum Biol 2002;74:849-860.

33. Wluka AE, Wolfe R, Stuckey S, Cicuttini FM. How does 
tibial cartilage volume relate to symptoms in subjects 
with knee osteoarthritis? Ann Rheum Dis 2004;63: 
264-268.

34. Cicuttini FM, Jones G, Forbes A, Wluka AE. Rate of 
cartilage loss at two years predicts subsequent total 
knee arthroplasty: a prospective study. Ann Rheum Dis 
2004;63:1124-1127.

36. Hunter DJ, Snieder H, March L, Sambrook PN. Genetic 
contribution to cartilage volume in women: a classical 
twin study. Rheumatology (Oxford) 2003;42:1495-1500.

37. Zhai G, Stankovich J, Ding C, et al. The genetic 
contribution to muscle strength, knee pain, cartilage 
volume, bone size, and radiographic osteoarthritis: a 
sibpair study. Arthritis Rheum 2004;50:805-810.

38. Zhai G, Ding C, Stankovich J, et al. The genetic 
contribution to longitudinal changes in knee structure 
and muscle strength: a sibpair study. Arthritis Rheum 
2005;52:2830-2834.

39. Felson DT, Chaisson CE, Hill CL, et al. The association of 
bone marrow lesions with pain in knee osteoarthritis. 
Ann Intern Med 2001;134:541-549.

42. Zhai G, Stankovich J, Cicuttini F, et al. Familial, 
structural, and environmental correlates of MRI-
defined bone marrow lesions: a sibpair study. Arthritis 
Res Ther 2006;8:R137.

43. Bettica P, Cline G, Hart DJ, et al. Evidence for increased 
bone resorption in patients with progressive knee 
osteoarthritis: longitudinal results from the Chingford 
study. Arthritis Rheum 2002;46:3178-3184.

45. Hunter DJ, Hart D, Snieder H, et al. Evidence of altered 
bone turnover, vitamin D and calcium regulation with 
knee osteoarthritis in female twins. Rheumatology 
(Oxford) 2003;42:1311-1316.

46. Williams FM, Andrew T, Saxne T, et al. The heritable 
determinants of cartilage oligomeric matrix protein. 
Arthritis Rheum 2006;54:2147-2151.

50. Jones G, Ding C, Scott F, Cicuttini F. Genetic  
mechanisms of knee osteoarthritis: a population  
based case-control study. Ann Rheum Dis 
2004;63:1255-1259.

67. Annunen S, Korkko J, Czarny M, et al. Splicing 
mutations of 54-bp exons in the COL11A1 gene cause 
Marshall syndrome, but other mutations cause 
overlapping Marshall/Stickler phenotypes. Am J Hum 
Genet 1999;65:974-983.

68. Melkoniemi M, Brunner HG, Manouvrier S,  
et al. Autosomal recessive disorder 
otospondylomegaepiphyseal dysplasia is associated 
with loss-of-function mutations in the COL11A2 gene. 
Am J Hum Genet 2000;66:368-377.

71. Palotie A, Vaisanen P, Ott J, et al. Predisposition to 
familial osteoarthrosis linked to type II collagen gene. 
Lancet 1989;1:924-927.

72. Knowlton RG, Katzenstein PL, Moskowitz RW, et al. 
Genetic linkage of a polymorphism in the type II 
procollagen gene (COL2A1) to primary osteoarthritis 
associated with mild chondrodysplasia. N Engl J Med 
1990;322:526-530.

73. Ala-Kokko L, Baldwin CT, Moskowitz RW, Prockop DJ. 
Single base mutation in the type II procollagen gene 
(COL2A1) as a cause of primary osteoarthritis 
associated with a mild chondrodysplasia. Proc Natl 
Acad Sci U S A 1990;87:6565-6568.

79. Czarny-Ratajczak M, Lohiniva J, Rogala P, et al. A 
mutation in COL9A1 causes multiple epiphyseal 



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1768

dysplasia: further evidence for locus heterogeneity. Am 
J Hum Genet 2001;69:969-980.

80. Mabuchi A, Haga N, Maeda K, et al. Novel and 
recurrent mutations clustered in the von Willebrand 
factor A domain of MATN3 in multiple epiphyseal 
dysplasia. Hum Mutat 2004;24:439-440.

91. Hunter DJ, Demissie S, Cupples LA, et al. A genome 
scan for joint-specific hand osteoarthritis susceptibility: 
The Framingham Study. Arthritis Rheum 2004;50: 
2489-2496.

92. Livshits G, Kato BS, Zhai G, et al. Genomewide linkage 
scan of hand osteoarthritis in female twin pairs 
showing replication of QTLs on chromosome 2 and 19. 
Ann Rheum Dis 2006;66:623-627.

93. Stefansson SE, Jonsson H, Ingvarsson T, et al. 
Genomewide scan for hand osteoarthritis: a novel 
mutation in matrilin-3. Am J Hum Genet 
2003;72:1448-1459.

94. Demissie S, Cupples LA, Myers R, et al. Genome scan 
for quantity of hand osteoarthritis: the Framingham 
Study. Arthritis Rheum 2002;46:946-952.

95. Leppavuori J, Kujala U, Kinnunen J, et al. Genome scan 
for predisposing loci for distal interphalangeal joint 
osteoarthritis: evidence for a locus on 2q. Am J Hum 
Genet 1999;65:1060-1067.

96. Greig C, Spreckley K, Aspinwall R, et al. Linkage to 
nodal osteoarthritis: quantitative and qualitative 
analyses of data from a whole-genome screen identify 
trait-dependent susceptibility loci. Ann Rheum Dis 
2006;65:1131-1138.

97. Ingvarsson T, Stefansson SE, Gulcher JR, et al.  
A large Icelandic family with early osteoarthritis  
of the hip associated with a susceptibility locus on 
chromosome 16p. Arthritis Rheum 2001;44: 
2548-2555.

98. Forster T, Chapman K, Marcelline L, et al. Finer linkage 
mapping of primary osteoarthritis susceptibility loci on 

chromosomes 4 and 16 in families with affected 
women. Arthritis Rheum 2004;50:98-102.

104. Paassilta P, Lohiniva J, Goring HH, et al. Identification of 
a novel common genetic risk factor for lumbar disk 
disease. JAMA 2001;285:1843-1849.

106. Loughlin J, Dowling B, Chapman K, et al. Functional 
variants within the secreted frizzled-related protein 3 
gene are associated with hip osteoarthritis in females. 
Proc Natl Acad Sci U S A 2004;101:9757-9762.

107. Valdes AM, Loughlin J, Oene MV, et al. Sex and ethnic 
differences in the association of ASPN, CALM1, 
COL2A1, COMP, and FRZB with genetic susceptibility to 
osteoarthritis of the knee. Arthritis Rheum 
2006;56:137-146.

108. Valdes AM, Hart DJ, Jones KA, et al. Association study 
of candidate genes for the prevalence and progression 
of knee osteoarthritis. Arthritis Rheum 2004;50: 
2497-2507.

109. Valdes AM, Van OM, Hart DJ, et al. Reproducible 
genetic associations between candidate genes and 
clinical knee osteoarthritis in men and women. 
Arthritis Rheum 2006;54:533-539.

110. Kizawa H, Kou I, Iida A, et al. An aspartic acid repeat 
polymorphism in asporin inhibits chondrogenesis and 
increases susceptibility to osteoarthritis. Nat Genet 
2005;37:138-144.

111. Mototani H, Mabuchi A, Saito S, et al. A functional 
single nucleotide polymorphism in the core promoter 
region of CALM1 is associated with hip osteoarthritis 
in Japanese. Hum Mol Genet 2005;14:1009-1017.

112. Spector TD, Reneland RH, Mah S, et al. Association 
between a variation in LRCH1 and knee osteoarthritis: 
a genome-wide single-nucleotide polymorphism 
association study using DNA pooling. Arthritis Rheum 
2006;54:524-532.

113. Valdes AM, Lories RJ, van Meurs JB, et al. Variation at 
the ANP32A gene is associated with risk of hip 

osteoarthritis in women. Arthritis Rheum 
2009;60:2046-2054.

114. Goulart AC, Rexrode KM, Cheng S, et al. Association of 
genetic variants with the metabolic syndrome in 
20,806 white women: The Women’s Health Genome 
Study. Am Heart J 2009;158:257-262.

116. Evangelou E, Chapman K, Meulenbelt I, et al. 
Large-scale analysis of association between GDF5 and 
FRZB variants and osteoarthritis of the hip, knee, and 
hand. Arthritis Rheum 2009;60:1710-1721.

117. Mototani H, Mabuchi A, Saito S, et al. A functional 
single nucleotide polymorphism in the core  
promoter region of CALM1 is associated with hip 
osteoarthritis in Japanese. Hum Mol Genet 
2005;14:1009-1017.

118. Loughlin J, Sinsheimer JS, Carr A, et al. The CALM1  
core promoter polymorphism is not associated  
with hip osteoarthritis in a United Kingdom  
Caucasian population. Osteoarthritis Cartilage 
2006;14:295-298.

121. Jiang Q, Shi D, Nakajima M, et al. Lack of association of 
single nucleotide polymorphism in LRCH1 with knee 
osteoarthritis susceptibility. J Hum Genet 2008;53: 
42-47.

122. Valdes AM, Loughlin J, Timms KM, et al. Genome-wide 
association scan identifies a PTGS2 (prostaglandin-
endoperoxide synthase 2) variant involved in risk of 
knee osteoarthritis. Am J Hum Genet 2008;82: 
1231-1240.

123. Zhai G, van Meurs JB, Livshits G, et al. A genome-wide 
association study suggests that a locus within the 
ataxin 2 binding protein 1 gene is associated with 
hand osteoarthritis: the Treat-OA consortium. J Med 
Genet 2009;46:614-616.

126. Valdes AM, Doherty M, Spector TD. The additive effect 
of individual genes in predicting risk of knee 
osteoarthritis. Ann Rheum Dis 2008;67:124-127.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 175 
● Im

aging of osteoarthritis
O

STEO
A

RTH
RITIS A

N
D

 RELATED
 D

ISO
RD

ERS
 

Im
aging of osteoarthritis

SECTION 13 OSTEOARTHRITIS AND RELATED DISORDERS

1769

and precede radiographic joint space narrowing (Fig. 175.2), which 
occurs at a later stage of the disease.1 Importantly, it is the range of 
anatomic changes, rather than the presence of any one single item, 
that assists in the confirmation of a diagnosis.

RADIOGRAPHIC FEATURES OF OSTEOARTHRITIS
Osteophytes
Osteophytes form as outgrowths at sites where mechanical load is 
minimal, appearing at articular margins, capsular insertions, and 
central articular regions in the unloaded region of joints (Fig. 175.3). 
The periarticular osteopenia adjacent to sites of osteophyte formation 
is due to an increased vascular supply associated with new bone forma-
tion (see Fig. 175.2; Fig. 175.4).

Subchondral bone changes
Increased subchondral cortical plate thickness and subjacent trabecular 
sclerosis are among the earliest changes of OA. Sclerosis is greater at 
concave than at convex articular surfaces and increases in extent and 
density with disease progression. Subchondral bone also demonstrates 
trabecular loss, which becomes marked with advancing disease (see Fig. 
175.2). Increased local bone turnover results in younger, less highly 
mineralized bone and a 5% to 7% reduction in bone mineral density.2

Radiolucencies in the subchondral bone are a frequent finding and 
fall into two main categories:

● juxta-articular radiolucencies, or erosions
● Subchondral cysts tend to occur in more advanced OA at sites of 

increased mechanical load and frequently communicate with the 
articular surface (see Fig. 175.1d).

Joint space narrowing
The “interbone” distance was traditionally thought to represent articu-
lar cartilage thickness in load-bearing views of the joint. However, we 
now recognize from MRI studies that mechanisms other than thinning 
of the articular cartilage can contribute to joint space loss such as 
meniscal degeneration and extrusion in the knee joint.3 On CR, joint 
space narrowing is focal and not uniform, reflecting asymmetric carti-
lage loss across the articular surface.1,4 This feature can prove useful 
in distinguishing early OA from other arthritides such as rheumatoid 
arthritis. Marked joint space narrowing is more typical of later stages 
of the disease (see Figs. 175.1 and 175.2b).1

Bone remodeling and attrition
Subchondral bone in OA patients is mechanically “weaker” than in 
those with non-arthritic joints.2 It is detected radiographically as flat-
tening and increased congruity between the articular surfaces (Fig. 
175.5). With cartilage loss in the load-bearing compartment, tongue 
and groove corrugation may develop as a manifestation of this weak-
ness in the bone. With complete loss of cartilage the subchondral bone 
is further flattened, acquiring greater articular congruence (see Fig. 
175.5b). Ultimately, the surfaces become deformed, with the collapse 
of the bone leading to altered limb alignment and deformity—such 
malalignment can be assessed by use of long leg films (Fig. 175.6).

RADIOGRAPHIC PROCEDURES
The absence of standardization, either in personnel or in radiographic 
method, leads to errors in the assessment of the severity and 
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 Plain radiography is the most common method of imaging in 
clinical practice, for diagnosis, grading severity, and assessing 
disease progression. However, there may be discordance between 
the radiographic changes and clinical symptoms.

 Ultrasound allows dynamic assessment of joints and can assess 
erosions, synovial hypertrophy, and effusions as well as other soft 
tissue changes.

 Magnetic resonance (MR) imaging can assess the joint as a whole 
organ, improving understanding of the pathology, natural history, 
and potential sources of pain in osteoarthritis (OA). It is not yet 
used routinely for the diagnosis or clinical assessment of OA.

 Other imaging modalities (radionucleotide scintigraphy, 
computerized tomography [CT], positron emission tomography 
[PET]) may be used on a case-by-case basis but do not yet have a 
routine role in OA investigation or management.

Osteoarthritis (OA) is the most prevalent joint disease worldwide and 
is increasingly common in aging Western populations. The use of 
imaging should be considered in its particular context. Conventional 
radiography (CR) plays an important role in the routine clinical diag-
nosis of OA, but treatment is symptomatic and symptoms are not 
generally well correlated with severity of radiographic features of OA 
in an individual. It is accepted that the OA disease process involves all 
tissues of the joint including the subchondral bone, synovium, and 
periarticular tissues, and this has led to the increasing use of advanced 
imaging techniques such as ultrasound (US) and magnetic resonance 
imaging (MRI) for evaluating the disease, particularly in the research 
environment.

It should be noted that CR has the longest history in imaging of 
OA, and that there is a predominance of knee studies in the literature 
for both CR and modern imaging studies.

PLAIN RADIOGRAPHS IN OSTEOARTHRITIS
Plain radiographs remain fundamental in the diagnosis and manage-
ment of OA. They are inexpensive, widely available, and easily 
understood.

X-rays have several roles:

● To confirm the diagnosis and assess the structural severity of OA
● To assess for structural progression over time
● To identify complications of OA or its treatment

Good-quality radiographs are essential to detect the small anatomic 
changes characteristic of the disease process. Radiographic image 
quality is influenced by the sensitivity of the imaging system and the 
radiographic view. The latter is the most important because failure to 
standardize the radioanatomic positioning of the joint between exami-
nations will lead to distortion in the features recorded in the radiograph 
and reduce the sensitivity of the technique to change over time (Fig. 
175.1).1

X-ray features of OA in the early stages of the disease are difficult 
to distinguish from age-related changes in joint anatomy that may not 
alter greatly over time; this highlights the difficult issue of definition 
of OA onset. Such early changes include a degree of subchondral tra-
becular condensation; the presence of small hard spurs at the joint 
margin; and, in the knee, spiking of the tibial spines. In contrast in 
OA, subchondral sclerosis and osteophytosis are generally the earliest 
radiographic features. They increase with time in both extent and size 
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a b

c d

Fig. 175.1 Differences in joint position at radiography affect joint space 
assessment. With the knee extended (top row), radiography does not reveal 
joint space narrowing, but in the semiflexed position (bottom row) joint space 
narrowing is detected. With advanced disease, lateral radiographs in the 
standing extended knee view (a) show the femoral condyle resting on the 
anterior rim of the tibia, producing a gap visible as a joint space in the 
anteroposterior view (b). Conversely, in the semiflexed view of the same knee, 
the femoral condyle occupies the central region of the tibial plateau (c) with 
no cartilage present. No joint space is visible in the anteroposterior view (d).

a b

Fig. 175.2 Radiographic progression of osteoarthritis. Part of 
macroradiographs (reduced) showing the medial compartment in 
osteoarthritic knees. (a) Early disease: joint space width greater than 3 mm.  
(b) Definite disease: joint space width less than 3 mm. With progressive joint 
space loss, note the increase in subchondral cortical plate thickness and 
subjacent horizontal trabeculae, resulting in a ladder-like appearance that is 
enhanced by subarticular osteoporosis. Periarticular osteopenia in (a) adjacent 
to the developing marginal osteophyte is not visible in (b), as osteophytic 
growth appears to have halted. Osteophytes at the tibial spines appear as 
irregular outgrowths in (a) and (b). A marginal osteophyte is visible at the 
posterior rim of the tibia in (b).

Narrowing of joint space
due to cartilage
compression

Early disease
Bone alters early in the disease

due to the blood supply

Later disease stage
Biomechanically weaker bone

Early disease stage
Cartilage biomechanically weaker

Later disease stage
Focal loss and removal of cartilage

Radiology

Increased subchondral
cortical plate and

trabecular thickness

Increased subarticular
trabecular osteoporosis

Osteophytosis

Remodelling of joint
surfaces, cyst formation,

and later altered joint
alignment

Loss of joint space

Pathology

Increased activity of
subchondral bone

Increased activity at
the articular margins

Altered bone
biochemistry

Altered articular
cartilage biochemistry

Cartilage fissuring
and rupture

THE PATHOLOGY OF OSTEOARTHRITIS DETERMINES THE CHARACTERISTIC
RADIOGRAPHIC FEATURES

a

b

c

Fig. 175.3 The pathology of osteoarthritis determines the characteristic radiographic features, listed in (a) that are visualized in the plain radiograph of joints 
with early- and late-stage disease. (b) Radiograph of a healthy knee and (c) with late disease showing most of the features listed in (a).

progression of OA.4,5 The implementation of validated procedures for 
the radiographic assessment of OA joints has largely overcome these 
difficulties. Standardized radiographic procedures minimize any distor-
tion in the radiographic image of the joint by positioning the joint so 
that the central ray of the x-ray beam passes between the margins of 
the joint space. The result is that the margins and the space are opti-
mally defined when the joint is in a position consistent with weight 
bearing, as during normal activity (Fig. 175.7).

Imaging the knee
The most reliable and reproducible method for imaging the tibiofe-
moral compartment is the standing semiflexed view. Fluoroscopic 

guidance, which ensures that the center of the x-ray beam is parallel 
to the tibial plateau, can be used to ensure correct positioning before 
obtaining the radiograph (Fig. 175.8).

The patellofemoral compartment can be assessed using either a 
lateral or a “skyline” (axial) view (Fig. 175.9). In the axial view the film 
is placed on a step and the knee flexed to 30 degrees from the vertical. 
The axial view can give a false impression of the patellofemoral align-
ment if it is undertaken non–weight bearing.

Imaging the hip
Hip radiographs are conventionally taken in 15 to 20 degrees of inter-
nal rotation. Studies indicate that unlike knee examination there is no 
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assumption that radiographic changes are linear over the course of the 
disease and that the relation among these features is constant. In 
contrast, the Osteoarthritis Research Society International (OARSI) 
atlas classification grades tibiofemoral joint space narrowing and osteo-
phytes separately in each compartment of the knee.7

USING RADIOGRAPHY TO DETECT  
STRUCTURAL PROGRESSION
At the present time, there is no consensus on the optimal radiographic 
technique to evaluate structural severity in knee OA. Researchers gen-
erally agree that weight-bearing views, particularly semiflexed views, 
are best because supine views may not demonstrate joint space nar-
rowing evident on weight-bearing views. Among semiflexed views, 
there are also various techniques available.

advantage to obtaining the radiograph in a standing position.6 A lateral 
oblique view may be used to detect anterior or posterior joint space 
loss.

Imaging the hand
The optimal view is a dorsopalmar (DP) view with the fingers in line 
with the forearm when laid flat on the x-ray film holder.4

RADIOGRAPHIC GRADING SYSTEMS
The Kellgren-Lawrence (K/L) grading system remains the most widely 
used scale to quantify radiographic OA pathology. The K/L system 
grades radiographs on a scale of 0 to 4 by assessing the presence and 
severity of osteophytes, joint space width, subchondral bone sclerosis, 
and deformity of bone contour. It has limitations based on the incorrect 

a b

c d

Fig. 175.4 Radiographic changes in osteoarthritis (OA). (a) “Hypertrophic” OA 
of the hip, where joint space narrowing is concentric and extensive 
osteophytosis and subchondral sclerosis characteristic of the marked bony 
reaction, compared with (b) “atrophic” or destructive OA of the hip showing 
destruction of subchondral bone, with a relative paucity of osteophyte 
formation associated with joint space narrowing. (c) “Secondary” OA of the hip, 
here caused by a dysplastic hip. The shallow acetabulum and uncovering of 
the head of the femur results in OA of the upper pole of the joint, with joint 
space narrowing, subchondral sclerosis, cysts, and osteophytosis. (d) “Erosive” 
OA at this distal interphalangeal joint: apart from joint space narrowing, 
subchondral sclerosis, and osteophytosis, there is loss of the cortical margin, 
central erosions, and marked soft tissue swelling.

a b

Fig. 175.5 Articular bone distortion and flattening in osteoarthritis (OA), 
caused by weaker bone. (a) OA knee in the standing extended view showing 
marked subchondral sclerosis with tongue-and-groove corrugations on the 
femoral and tibial articular surfaces of the medial compartment. (b) The same 
knee 21 months later. The corrugations visible in (a) are reduced or absent, 
resulting in a flattened articular surface.

Fig. 175.6 Long leg film of the right leg demonstrating lateral joint space loss 
and osteophytosis resulting in valgus angulation of the knee.
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Assessment of changes in joint space width by plain radiography is 
the current primary outcome measure to assess the efficacy of possible 
disease-modifying OA drugs, as recommended by the U.S. Food and 
Drug Administration (FDA) and European Medicine Evaluations 
Agency (EMEA). The response to treatment is measured as the differ-
ence in the rate of change in the joint space width (JSW) measurement 
between groups of patients receiving the agent and the control. A recent 
large study of this approach suggests that semiflexed views may present 
advantages over extended views.8 Modern understanding of the mul-
tiple constructs involved in the JSW measurement (hyaline cartilage 
loss, meniscal degeneration, and extrusion) make it a complex outcome 
to understand.

Methods of measurement
Joint space width (JSW) can be measured manually using calipers or  
a graduated ruler and a micrometric eyepiece, or it can be assessed 
using semiautomated computer software, with a number of automated 
reading systems in development. The smallest standard deviation of 
the difference between test-retest measurements of minimum JSW in 
pairs of radiographs reaches approximately 0.1 mm in the most repro-
ducible methods.9 This indicates a smallest detectable difference of at 
least 0.2 mm, which remains relatively large considering the expected 
average annual joint space narrowing in OA knees is 0.10 to 0.15 mm.10

CORRELATION OF RADIOGRAPHY  
WITH SYMPTOMS
There is notable discordance among radiographic change, clinical 
symptoms, and the degree of disability experienced by patients. In 
general, as the severity of radiographic OA increases, so does the  
likelihood of a patient experiencing pain. In a 2007 study of more than 
700 patients with knee pain, the presence of radiographic OA, as 
defined by the K/L score, was consistently associated with the severity 
of pain, stiffness, and physical function.11 However, other studies 
suggest that only around half of those with radiographic knee OA 
report knee pain.12

Likewise, not all patients with knee pain demonstrate radiographic 
OA. A 2008 literature review reported that the proportion of patients 
with knee pain found to have radiographic OA ranged from 15% to 
76%.13 This lack of consistency across the data might be due to studies 
not using x-ray views of all three compartments of the knee, although 
even when a range of radiographic views are employed, the highest 
proportion of people with pain who have radiographic knee OA is 

b

PLANE FOR MEASUREMENT OF MINIMUM JOINT WIDTH

C
X-ray beam T

F F'
T'

a

Fig. 175.7 Plane for minimum joint space width measurement in the 
tibiofemoral compartment (a) is taken in the middle of the joint, coincident 
with load transmission (arrows), perpendicular to the central ray (C) of the 
x-ray beam and parallel to the film. (b) Arrowheads identify the corresponding 
site in the anteroposterior radiograph of an osteoarthritic knee. F, femur;  
T, tibia; F’ and T’, their projection onto the x-ray film.

EVALUATION OF KNEE OA

Film

Fluoroscopy
tube

Reference ball

a

b

Fig. 175.8 Reproducible radiographic methods for reliable evaluation in knee 
osteoarthritis. (a) The patient stands in the semiflexed position; both knees are 
bent and in contact with the film cassette, and the feet are slightly externally 
rotated (about 15 degrees). The first metatarsophalangeal joint of each foot 
(arrow) is positioned immediately below and in line with the front edge of the 
film cassette. The x-ray beam is directed midway between the knees, and the 
tube’s positioning light is aligned with the horizontal plane of the joint.  
(b) The semiflexed view of the knee can also be positioned reproducibly by 
using fluoroscopy to position the tibial plateau horizontally and parallel to  
the x-ray beam. A metallic reference ball is used to correct for radiographic 
magnification.

Fig. 175.9 Axial or skyline method for imaging the patellofemoral joint. The 
film is placed on a step and the knee is flexed to 30 degrees from the vertical. 
This view provides a reliable assessment of the interbone distances at the 
medial and lateral compartments.
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Limitations of ultrasound
US is highly operator dependent and lacks standard diagnostic criteria, 
although semiquantitative scoring techniques have been proposed in 
the assessment of the US findings of hip, knee, and hand OA.22,23 The 
current roles of US in OA may be acting as a tool for guiding intra-
articular injections, helping to differentiate OA from inflammatory 
diseases (e.g., in detecting erosions, which may be more characteristic 
of inflammatory disease such as rheumatoid arthritis), and confirming 
the presence of osteophytes to support a diagnosis of OA. The potential 
for US to be used as a biomarker for OA has not yet been fully 
investigated.

76%.14 Earlier radiographic studies of OA, which excluded the patel-
lofemoral joint, may have underestimated the contribution of struc-
tural pathology to pain and disability. Duncan and colleagues15 
demonstrated that a posteroanterior view alone identifies around half 
of the cases of radiographic OA in patients with knee pain; this 
increased to 87% with two views and 98% with all three views (pos-
teroanterior, supine skyline, and supine lateral).

With regard to individual radiographic pathologic features, the pres-
ence of osteophytes has been shown to be associated with knee pain 
possibly due to distention of the periosteum, although MRI studies 
have not confirmed this. The association of joint space narrowing with 
pain is inconsistent.

ULTRASOUND
Introduction
Ultrasound (US) is a real-time imaging modality that allows dynamic 
assessment of joints and provides a dimensional aspect that is not 
achieved with plain radiography. It is a non-invasive, widely available, 
and cost-effective technique. It can be performed in the examining 
room, minimizing discomfort and inconvenience to the patient, and 
involves no radiation, which makes repeated evaluation of peripheral 
joints more feasible. Most work assessing the validity of ultrasound 
has focused on inflammatory arthritis, and the small amount of work 
in OA has concentrated on larger joints. Ultrasound has been shown 
to be more accurate than radiography at detecting cortical lesions (ero-
sions) in inflammatory arthritis16; thus US should also be able to detect 
cortical bone changes in OA. Recent work in hand OA has demon-
strated that US detected more osteophytosis (especially at the MCP 
joints) and joint space narrowing than plain radiographs, suggesting 
that US is a useful tool for hand OA research.17

What structures can ultrasound assess?
US can demonstrate a wide spectrum of structures including the bony 
cortex, tendons, ligaments, bursae, and peripheral aspect of the menisci. 
Although articular cartilage can be identified, US is handicapped by its 
inability to “see” through bone structures. Thus, demonstrating carti-
lage throughout a joint in the mature skeleton is rarely, if ever, pos-
sible. Indeed, the hardest area of cartilage to examine is in the central 
load-bearing areas of a joint where the cartilage is particularly affected 
in the OA process. US can detect early bone changes in OA as a hyper-
echoic signal in the area of the attachment of the joint capsule to the 
bony cartilaginous margin. This corresponds with the eventual appear-
ance of osteophytes seen on the conventional radiograph.18 However, 
visualization of pathologies deep to the cortex such as subchondral 
bone changes (e.g., bone marrow lesions) cannot be visualized. US 
readily demonstrated joint effusion and synovitis, although this is 
easier in some joints than others (Figs. 175.10 and 175.11). Deeply 
placed joints and those masked by bone structures can be a particular 
problem. For instance, while the posterior joint line of the shoulder 
can be readily assessed, views of the anterior joint line are limited by 
its depth, obliquity, and the overlying coracoid process.

Correlation with symptoms
Synovitis and effusion, or both, are commonly detected in patients with 
OA, with between 47% and 100% of patients having synovitis/effusion 
on US examination of the symptomatic knee.19 US is more sensitive 
than clinical examination at detecting synovial hypertrophy and effu-
sions, and ultrasound-detected gray-scale synovitis has been validated 
against arthroscopy and MRI of large-joint OA.

Generally symptomatic OA is associated with more US-detected 
pathologic findings than in asymptomatic or control joints.20 Recent 
work has demonstrated that painful hand joints are more likely to 
demonstrate US pathology than non-painful joints, in particular the 
demonstration of synovitis using gray-scale and power Doppler imaging, 
osteophytes, and joint space narrowing.21 Although the association 
between US-detected pathology and symptoms is generally weak, US-
detected synovitis or joint effusion has been shown to correlate with 
painful knee OA.20

Eff

Fig. 175.10 Ultrasound of the knee joint (longitudinal through the 
suprapatellar pouch). The anterior cortex of the femur is shown (black 
arrowheads). A knee joint effusion (Eff) and synovitis exist in the suprapatellar 
pouch (arrows).

Tib

Tal

Fig. 175.11 Longitudinal ultrasound across the anterior ankle joint. There is 
severe synovitis filling the anterior joint space (arrowheads). Tal, talus; Tib, tibia.
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short-tau inversion recovery (STIR) sequences and has been referred to 
as a bone marrow lesion. The presence of these bone marrow lesions 
has been associated both with pain and structural progression in the 
OA knee.24,25 Cysts are also seen in the subchondral bone and may be 
seen to develop with time on a background of a bone marrow lesion 
(Figs. 175.12 and 175.13).

Bone attrition
Bone attrition is thought to represent remodeling of the subchon-
dral bone and is represented by a flattening or depression of the  
articular bone cortex. It is commonly seen in conjunction with bone 
marrow lesions (BMLs) and effusions. Typically seen in advanced OA, 
it might occur in milder OA and earlier in the disease than previously 
thought.26

Osteophytes
Although marginal osteophytes might be visualized better with con-
ventional radiography than with MRI, central osteophytes are more 
easily detected on MRI. MRI has also demonstrated that osteophytes 
are common in people with no knee symptoms (up to 25%), even in 
the absence of CR changes.27

Erosion
Although classically considered a feature of the inflammatory arthrit-
ides, bone erosion may be demonstrated in osteoarthritis. An erosive 
form of the disease is recognized on CR, but MRI evidence suggests 
that in the small joints of the hand, erosions may be seen even in the 
absence of CR evidence of erosion.28

Synovitis and joint effusion
Joint effusion is best detected on fat-suppressed proton-density or 
T2-weighted fast-spin echo sequences. It is possible to calculate the 
volume of joint effusions using semiautomated volume analysis. Quan-
titative MRI markers of synovitis include synovial membrane thick-
ness, synovial fluid volume, and the rate of synovial enhancement after 
intravenous injection of contrast agent (Fig. 175.14). Authors have 
demonstrated that accurate quantification of synovitis can be achieved 

MAGNETIC RESONANCE IMAGING
Introduction
MRI offers outstanding soft tissue contrast in a tomographic presenta-
tion. It provides sections in any plane prescribed by the operator. The 
technique allows visualization of articular cartilage, fibrocartilage such 
as the menisci, synovium, bone contours, bone marrow, and ligaments. 
As it is now clear that OA is a disease of the whole joint, MRI has 
become invaluable for improving our understanding of the disease, also 
allowing us to fully analyze the structure-pain relationship. MRI is able 
to detect pathologic change at a much earlier stage of the disease than 
CR. An increasing number of studies are documenting the frequency 
of occurrence of multiple structural abnormalities in OA joints. Gener-
ally, MRI abnormalities are seen more frequently with increasing K/L 
grade.

What abnormalities can magnetic resonance 
imaging detect in osteoarthritis?
Subchondral bone marrow changes
The most common MRI-detected subchondral bone abnormality  
represents a high signal area seen on fat-suppressed T2-weighted or 

Figs. 175.12 and 175.13 Sagittal T2 weighted fat-suppressed magnetic 
resonance images of the knee. Figure 175.12 demonstrates bone marrow 
lesions (BMLs) with an edematous pattern (arrow) on the anterior lateral 
trochlea. Imaging taken 6 months later (Fig. 175.13) shows that these lesions 
have become cystic in nature (arrows). Note also articular cartilage loss 
overlying the BMLs.

*

*

*

*
*

Fig. 175.14 Axial T1 fat-suppressed magnetic resonance image of the knee, 
with gadolinium contrast. The high-signal synovitis is well demonstrated in the 
suprapatella pouch and intercondylar notch.* Osteophytes are also seen 
(arrows).

175.13

175.12
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the pain in OA is associated with subchondral BML24 and the presence 
of synovitis.38 Another recent paper showed that MRI may be of value 
in predicting progression of hip OA on the basis of the pattern of sub-
chondral BMLs in that joint at clinical presentation.39 The presence of 
bone attrition has also been associated with knee pain, as has enlarge-
ment of BMLs over time.40,41 MRI studies to investigate the association 

without using contrast,29 and recent concerns over potential toxicity of 
gadolinium-based contrast in patients with severe renal impairment 
means this may warrant further development.

Fibrocartilage and ligament abnormalities
Meniscal tears and extrusion are common in OA (Fig. 175.15). The 
frequency of MRI-detected meniscal tears increases as the K/L grade 
increases.30 Fibrocartilage in other joints such as the labrum of the hip 
and shoulder and the triangular fibrocartilage of the wrist may also 
show degeneration and tearing, which can be detected with MRI. 
Studies have suggested that ligament abnormalities seen on MRI may 
be an early feature of the disease, and this has been shown in both the 
knee31 and small joints of the hand.32 The association of anterior cruci-
ate ligament (ACL) tears and subsequent development and progression 
of radiographic OA is well described. A high incidence of ACL changes 
is seen in MRI studies of OA patients, with the occurrence of complete 
ACL tear occurring in up to 20% of patients.33

Cartilage abnormalities
With the increasing sophistication of MR sequences available and 
improved spatial resolution of modern scanners, MRI can demonstrate 
changes in the morphology of articular cartilage previously impossible 
to show non-invasively (Figs. 175.16 and 175.17). To evaluate cartilage 
loss in longitudinal studies, sophisticated techniques have been devel-
oped to measure cartilage loss including measurements of articular 
volume and sensitive measures of cartilage thickness.34 These have 
been studied by individual compartment and for different cartilage 
plates and annualized rates of loss reported.

In addition, modern techniques have allowed examination of the 
cartilage quality. Different techniques such as delayed gadolinium-
enhanced MRI of cartilage (dGEMRIC) and T2 and T1rho mapping can 
provide information on the composition and structure of the cartilage 
matrix.35,36

Cartilage defects can be demonstrated that include subtle intra-
substance change through to deep ulceration and full-thickness carti-
lage loss with exposure of subchondral bone. These defects are highly 
prevalent in MRI studies of OA knees and tend to progress in patients 
with symptomatic OA (Fig. 175.18).37

Association with symptoms
A growing number of publications are exploring structural associations 
of MRI abnormalities with clinical aspects of OA. It is now clear that 

Fig. 175.15 Coronal T2 fat-suppressed magnetic resonance image of the knee, 
demonstrating BML and cartilage loss on both sides of the medial joint. The 
medial meniscus is markedly degenerate with maceration and abnormal 
increased signal (arrow) compared with the normal lateral meniscus (curved 
arrow). There is also abnormal increased signal seen on both sides of the 
medial collateral ligament (arrowheads).

Fig. 175.16 Axial T2 fat-suppressed magnetic resonance image of the knee 
demonstrating cartilage loss over the crista and medial facet of the patella 
(arrow).

Fig. 175.17 Coronal oblique T1 fat-suppressed magnetic resonance 
arthrogram of the shoulder with intra-articular gadolinium, demonstrating a 
large osteophyte (black arrow) and areas of cartilage damage to both the 
glenoid and humeral head (white arrows).
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can be suppressed by intra-articular injection of corticosteroid and 
presumably reflects inflammation rather than increased subchon-
dral blood flow.

● “Tramline” activity along the joint margins: This correlates with 
subchondral bone sclerosis and may also reflect active osteophytic 
growth.

● “Extended” activity in the subchondral bone: This shows some 
correlation with clinical and radiographic evidence of severe 
disease and may indicate progressive disease.

Early studies using scintigraphy in nodal hand OA have demon-
strated increased activity in the subchondral bone, before any typical 
radiographic changes in OA. A later study, in patients with chronic 
knee pain, has compared scintigraphy findings with MRI imaging and 
demonstrated good correlation between MRI-detected subchondral 
bone lesions and isotope uptake.46 Scintigraphy (through detecting 
these BMLs of MRI) has predicted disease progression in OA. A normal 
bone scan at baseline in individuals with established OA was highly 
predictive for a lack of radiographic disease progression (as measured 
joint space width) at 5 years.47

In summary, scintigraphy can help to localize and assess pathologic 
changes in OA. It has the advantages of being inexpensive and readily 
clinically available. However, despite the sensitivity of the technique, 
it shows low specificity and carries a significant radiation dose. For 
these reasons it has limited clinical applicability in OA.

of pain with the presence of osteophytes and meniscal tears have been 
conflicting, but studies of ACL tears in OA have shown no association 
with pain.42 It is also worth noting that patients with no knee symp-
toms might also demonstrate MRI-detected structural changes. In a 
study of 44 asymptomatic volunteers, average age 41, the majority 
demonstrated meniscal abnormalities and a quarter had osteophytosis 
(most of which were not visualized on plain radiograph).27

Limitations of magnetic resonance imaging
MRI studies are complex and have a broad range of variables including 
magnet strength, different acquisition sequences, and use of contrast 
agent or not. Quantification of MR images is improving, and most of 
the improvements are related to improved accuracy and reliability in 
measurements of cartilage volume and thickness. There are no well-
validated quantitative measures for assessing non-cartilage features, 
although a number of semiquantitative scores have been designed for 
evaluating knee MRI.43-45 Each of these measurement tools divides the 
knee into various anatomic subregions and uses categoric scales to 
describe the extent of a number of multiple pathologic features within 
these subregions. Currently there are only limited data on the perfor-
mance metrics of these tools.

In summary, the ability of MRI to image the joint as a whole organ 
has been invaluable for improving the understanding of the pathology 
and potential sources of pain in OA. Although not yet used routinely 
for the diagnosis or clinical assessment of OA, it is an invaluable 
research tool. It is likely that the results from large MRI cohorts in the 
near future will improve our understanding of this complex area.

Scintigraphy
Bone scintigraphy is an imaging modality that reflects alterations in 
the metabolic activity of bone. Bone scintigraphy uses radiopharma-
ceutic agents, commonly 99mTechnetium-labeled methylene diphos-
phonate (MDP). This compound accumulates rapidly in bone by 
adsorption to the mineral phase of bone. Imaging with a gamma 
camera detects areas of isotope accumulation representing points of 
high skeletal bone turnover. Imaging is performed several hours after 
intravenous administration of the isotope, which allows clearance of 
the isotope from soft tissue and vasculature, resulting in improved 
visualization of bone (Fig. 175.19).

Radioisotope studies in knee OA reveal three main categories of 
abnormality:

● Generalized activity: This correlates best with pain and with 
evidence of effusions on plain radiographs. This type of activity 

Fig. 175.18 T2 Mapped magnetic resonance image of the knee demonstrating 
early intrasubstance degeneration of the patellar cartilage seen as prolonged 
T2.

a b

c d

Fig. 175.19 Scintigraphy indicates the “phasic” nature of osteoarthritis (OA) 
and can predict subsequent radiographic changes. These films show the plain 
radiographs and late-phase scans of the same patient, taken 2 years apart. The 
initial radiograph (c) shows early OA of some of the interphalangeal joints, 
whereas on the scan (a), the thumb base and index proximal interphalangeal 
joint (PIP) are most active. Two years later, the radiograph (d) shows 
progression of changes at the “hot” interphalangeal joint and the appearance 
of changes at the thumb base. The second scan (b) shows that the activity in 
the index PIP is now subsiding, but the ring finger PIP is now becoming more 
active.
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cartilage.50 This may be particularly useful where MR imaging is 
unavailable or contraindicated. The technique gives no information on 
the intrinsic structure of the cartilage and can only demonstrate defects 
extending to the superficial surface of the cartilage. CT does not yet 
have an established role in OA trials or clinical practice and has the 
drawbacks of low soft tissue contrast and radiation exposure.

SUMMARY
Radiography is still the primary imaging investigation for evaluating a 
person with known or suspected OA because of its low cost, availabil-
ity, and ease of interpretation. It is still a valuable tool for classifying 
patients into different categories for OA trials. The abilities of MRI to 
evaluate the knee as a whole organ and to assess cartilage composition 
have made it invaluable, both for understanding the natural history of 
the disease and in guiding future treatments. Ultrasound can play an 
important role in diagnosis of OA and in monitoring synovitis and 
response to treatment. The other modalities discussed may be used on 
a case-by-case basis but do not yet have a routine role in OA investiga-
tion or management.

Positron emission tomography
Positron emission tomography (PET) demonstrates metabolic changes 
in target tissues and reflects glucose metabolism in different tissues. 
The role of PET for assessing OA is not yet established, although a 
pilot study in knees with medial OA showed increased uptake in peri-
articular regions and areas of subchondral bone marrow corresponding 
with MRI-detected BMLs.48 The limitations of PET scanning include 
its cost and exposure to ionizing radiation.

Computed tomography and computed 
tomography arthrography
Computed tomography (CT) is a cross-sectional digital imaging method 
based on advanced radiographic technology. It is particularly effective 
at depicting cortical bone and may be useful when detailed presurgical 
planning is required. CT has an established role in assessing facet joint 
OA of the spine.49 CT arthrography, using contrast medium, has the 
ability to clearly image the articular surface of a joint, and this tech-
nique is comparable with MRI for qualitative assessment of knee 

KEY REFERENCES
1. Buckland-Wright JC, MacFarlane DG, Jasani MK, et al. 

Quantitative microfocal radiographic assessment of 
osteoarthritis of the knee from weight bearing tunnel 
and semiflexed standing views. J Rheumatol 
1994;21:1734-1741.

2. Li B, Aspden RM. Mechanical and material properties of 
the subchondral bone plate from the femoral head of 
patients with osteoarthritis or osteoporosis. Ann Rheum 
Dis 1997;56:247-254.

3. Hunter DJ, Zhang YQ, Niu JB, et al. The association of 
meniscal pathologic changes with cartilage loss in 
symptomatic knee osteoarthritis. Arthritis Rheum 
2006;54:795-801.

4. Buckland-Wright J. Quantitation of radiographic 
changes. In Brandt K, Lohmander S, Doherty M, eds. 
Osteoarthritis. Oxford: Oxford University Press, 1998.

5. Buckland W. Radiographic assessment of osteoarthritis: 
comparison between existing methodologies. 
Osteoarthritis Cartilage 1999;7:430-433.

6. Auleley GR, Rousselin B, Ayral X, et al. Osteoarthritis  
of the hip: agreement between joint space width 
measurements on standing and supine conventional 
radiographs. Ann Rheum Dis 1998;57:519-523.

7. Altman RD, Gold GE. Atlas of individual radiographic 
features in osteoarthritis, revised. Osteoarthritis 
Cartilage 2007;15(Suppl A):A1-A56.

8. Gossec L, Jordan JM, Mazzuca SA, et al. Comparative 
evaluation of three semi-quantitative radiographic 
grading techniques for knee osteoarthritis in terms of 
validity and reproducibility in 1759 X-rays: report of the 
OARSI-OMERACT task force. Osteoarthritis Cartilage 
2008;16:742-748.

9. Buckland-Wright JC, Ward RJ, Peterfy C, et al. 
Reproducibility of the semiflexed (metatarsophalangeal) 
radiographic knee position and automated 
measurements of medial tibiofemoral joint space width 
in a multicenter clinical trial of knee osteoarthritis.  
J Rheumatol 2004;31:1588-1597.

10. Guermazi A, Burstein D, Conaghan P, et al. Imaging in 
osteoarthritis. Rheum Dis Clin North Am 2008;34: 
645-687.

11. Duncan R, Peat G, Thomas E, et al. Symptoms and 
radiographic osteoarthritis: not as discordant as they are 
made out to be? Ann Rheum Dis 2007;66:86-91.

12. Lanyon P, O’Reilly S, Jones A, et al. Radiographic 
assessment of symptomatic knee osteoarthritis in the 
community: definitions and normal joint space. Ann 
Rheum Dis 1998;57:595-601.

13. Bedson J, Croft PR. The discordance between clinical 
and radiographic knee osteoarthritis: a systematic 
search and summary of the literature. BMC 
Musculoskelet Disord 2008;9:116.

14. McAlindon TE, Snow S, Cooper C, et al. Radiographic 
patterns of osteoarthritis of the knee joint in the 
community: the importance of the patellofemoral joint. 
Ann Rheum Dis. 1992;51:844-849.

15. Duncan RC, Hay EM, Saklatvala J, et al. Prevalence of 
radiographic osteoarthritis—it all depends on your 
point of view. Rheumatology (Oxford) 2006;45:757-760.

16. Wakefield RJ, Gibbon WW, Conaghan PG, et al. The value 
of sonography in the detection of bone erosions in 

patients with rheumatoid arthritis: a comparison with 
conventional radiography. Arthritis Rheum 
2000;43:2762-2770.

17. Keen HI, Wakefield RJ, Grainger AJ, et al. Can 
ultrasonography improve on radiographic assessment in 
osteoarthritis of the hands? A comparison between 
radiographic and ultrasonographic detected pathology. 
Ann Rheum Dis 2008;67:1116-1120.

18. Moller I, Bong D, Naredo E, et al. Ultrasound in the study 
and monitoring of osteoarthritis. Osteoarthritis Cartilage 
2008;16(Suppl 3):S4-S7.

19. D’Agostino MA, Conaghan P, Le Bars M, et al. EULAR 
report on the use of ultrasonography in painful knee 
osteoarthritis. Part 1: prevalence of inflammation in 
osteoarthritis. Ann Rheum Dis 2005;64:1703-1709.

20. de Miguel Mendieta E, Cobo Ibanez T, Uson Jaeger J,  
et al. Clinical and ultrasonographic findings related to 
knee pain in osteoarthritis. Osteoarthritis Cartilage 
2006;14:540-544.

21. Keen HI, Wakefield RJ, Grainger AJ, et al. An 
ultrasonographic study of osteoarthritis of the  
hand: synovitis and its relationship to structural 
pathology and symptoms. Arthritis Rheum 
2008;59:1756-1763.

22. Keen HI, Lavie F, Wakefield RJ, et al. The development of 
a preliminary ultrasonographic scoring system for 
features of hand osteoarthritis. Ann Rheum Dis 
2008;67:651-655.

23. Qvistgaard E, Torp-Pedersen S, Christensen R, et al. 
Reproducibility and inter-reader agreement of a scoring 
system for ultrasound evaluation of hip osteoarthritis. 
Ann Rheum Dis 2006;65:1613-1619.

24. Felson DT, Chaisson CE, Hill CL, et al. The association of 
bone marrow lesions with pain in knee osteoarthritis. 
Ann Intern Med 2001;134:541-549.

25. Felson DT, McLaughlin S, Goggins J, et al. Bone marrow 
edema and its relation to progression of knee 
osteoarthritis. Ann Intern Med 2003;139:330-336.

26. Reichenbach S, Guermazi A, Niu J, et al. Prevalence of 
bone attrition on knee radiographs and MRI in a 
community-based cohort. Osteoarthritis Cartilage 
2008;16:1005-1010.

27. Beattie KA, Boulos P, Pui M, et al. Abnormalities 
identified in the knees of asymptomatic volunteers 
using peripheral magnetic resonance imaging. 
Osteoarthritis Cartilage 2005;13:181-186.

28. Grainger AJ, Farrant JM, O’Connor PJ, et al. MR imaging 
of erosions in interphalangeal joint osteoarthritis: is all 
osteoarthritis erosive? Skeletal Radiol 2007;36:737-745.

29. Pelletier JP, Raynauld JP, Abram F, et al. A new 
non-invasive method to assess synovitis severity in 
relation to symptoms and cartilage volume loss in knee 
osteoarthritis patients using MRI. Osteoarthritis 
Cartilage 2008;16(Suppl 3):S8-S13.

30. Bhattacharyya T, Gale D, Dewire P, et al. The clinical 
importance of meniscal tears demonstrated by 
magnetic resonance imaging in osteoarthritis of the 
knee. J Bone Joint Surg Am 2003;85-A:4-9.

31. Wen DY, Propeck T, Kane SM, et al. MRI description of 
knee medial collateral ligament abnormalities in the 
absence of trauma: edema related to osteoarthritis and 

medial meniscal tears. Magn Reson Imaging 
2007;25:209-214.

32. Tan AL, Toumi H, Benjamin M, et al. Combined 
high-resolution magnetic resonance imaging and 
histological examination to explore the role of 
ligaments and tendons in the phenotypic expression  
of early hand osteoarthritis. Ann Rheum Dis 2006;65: 
1267-1272.

33. Hill CL, Seo GS, Gale D, et al. Cruciate ligament integrity 
in osteoarthritis of the knee. Arthritis Rheum 2005;52: 
794-799.

34. Eckstein F, Glaser C. Measuring cartilage morphology 
with quantitative magnetic resonance imaging. Semin 
Musculoskelet Radiol 2004;8:329-353.

35. Bolbos RI, Link TM, Ma CB, et al. T1rho relaxation time of 
the meniscus and its relationship with T1rho of adjacent 
cartilage in knees with acute ACL injuries at 3 T. 
Osteoarthritis Cartilage 2009;17:12-18.

36. Stahl R, Blumenkrantz G, Carballido-Gamio J, et al. 
MRI-derived T2 relaxation times and cartilage 
morphometry of the tibio-femoral joint in subjects with 
and without osteoarthritis during a 1-year follow-up. 
Osteoarthritis Cartilage 2007;15:1225-1234.

37. Wluka AE, Ding C, Jones G, et al. The clinical correlates 
of articular cartilage defects in symptomatic knee 
osteoarthritis: a prospective study. Rheumatology 
(Oxford) 2005;44:1311-1316.

38. Hill CL, Gale DG, Chaisson CE, et al. Knee effusions, 
popliteal cysts, and synovial thickening: association with 
knee pain in osteoarthritis. J Rheumatol 2001;28: 
1330-1337.

39. Boutry N, Paul C, Leroy X, et al. Rapidly destructive 
osteoarthritis of the hip: MR imaging findings. AJR Am J 
Roentgenol 2002;179:657-663.

40. Felson DT, Niu J, Guermazi A, et al. Correlation of the 
development of knee pain with enlarging bone marrow 
lesions on magnetic resonance imaging. Arthritis 
Rheum 2007;56:2986-2992.

41. Hernandez-Molina G, Neogi T, Hunter DJ, et al. The 
association of bone attrition with knee pain and other 
MRI features of osteoarthritis. Ann Rheum Dis 
2008;67:43-47.

42. Amin S, Guermazi A, Lavalley MP, et al. Complete 
anterior cruciate ligament tear and the risk for cartilage 
loss and progression of symptoms in men and women 
with knee osteoarthritis. Osteoarthritis Cartilage 
2008;16:897-902.

43. Hunter DJ, Lo GH, Gale D, et al. The reliability of a new 
scoring system for knee osteoarthritis MRI and the 
validity of bone marrow lesion assessment: BLOKS 
(Boston Leeds Osteoarthritis Knee Score). Ann Rheum 
Dis 2008;67:206-211.

44. Kornaat PR, Ceulemans RY, Kroon HM, et al. MRI 
assessment of knee osteoarthritis: Knee Osteoarthritis 
Scoring System (KOSS)—inter-observer and intra-
observer reproducibility of a compartment-based 
scoring system. Skeletal Radiol 2005;34:95-102.

45. Peterfy CG, Guermazi A, Zaim S, et al. Whole-Organ 
Magnetic Resonance Imaging Score (WORMS) of the 
knee in osteoarthritis. Osteoarthritis Cartilage 
2004;12:177-190.



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1778

46. Boegard T, Rudling O, Dahlstrom J, et al. Bone 
scintigraphy in chronic knee pain: comparison with 
magnetic resonance imaging. Ann Rheum Dis 
1999;58:20-26.

47. Dieppe P, Cushnaghan J, Young P, et al. Prediction of the 
progression of joint space narrowing in osteoarthritis of 
the knee by bone scintigraphy. Ann Rheum Dis 
1993;52:557-563.

48. Nakamura H, Masuko K, Yudoh K, et al. Positron 
emission tomography with 18F-FDG in osteoarthritic 
knee. Osteoarthritis Cartilage 2007;15:673-681.

49. Hechelhammer L, Pfirrmann CW, Zanetti M, et al. 
Imaging findings predicting the outcome of cervical 
facet joint blocks. Eur Radiol 2007;17:959-964.

50. Daenen BR, Ferrara MA, Marcelis S, et al. Evaluation of 
patellar cartilage surface lesions: comparison of CT 
arthrography and fat-suppressed FLASH 3D MR 
imaging. Eur Radiol 1998;8:981-985.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 176 
● A

ssessm
ent of the patient w

ith osteoarthritis and m
easurem

ent of outcom
es

O
STEO

A
RTH

RITIS A
N

D
 RELATED

 D
ISO

RD
ERS

 
A

ssessm
ent of the patient w

ith osteoarthritis and m
easurem

ent of outcom
es

SECTION 13 OSTEOARTHRITIS AND RELATED DISORDERS

1779

be “direct,” for example, by impacting self-esteem or health behaviors 
(e.g., adherence to therapy), and/or “indirect” (i.e., a buffering effect 
may reduce stress, which positively impacts health).7,11 Furthermore, 
the link between social support and health is believed to be stronger 
for women than men.12 Consistent with this thinking, better coping 
in OA has been linked to reduced pain and fewer symptoms of depres-
sion and anxiety,13-15 whereas greater self-efficacy has been shown to 
predict higher thresholds for and tolerance to pain.16,17 Altogether, 
studies performed to date in OA suggest a relationship between OA 
pain and mood that is mediated by factors such as self-efficacy and 
coping strategies and modified by social support, age, and gender. Using 
such a biopsychosocial perspective implies that our assessment of the 
patient with OA, whether in clinical practice or in clinical research, 
should ideally incorporate the evaluation of all these factors.

FUNDAMENTAL DIFFERENCES BETWEEN 
PATIENT ASSESSMENT IN CLINICAL RESEARCH 
VERSUS ROUTINE CLINICAL PRACTICE
The requirements for assessments of health status in clinical research 
are similar to those in clinical practice. In both environments, health 
status measures are required to be ethical, and their scores valid, reli-
able, and responsive, as is described in more detail in Chapter 2. There 
are, however, several important differences, the most important being 
that the focus in routine clinical care is on individual patients, rather 
than on groups of patients. This focus on the individual requires higher 
standards of reliability18 to ensure that measurement error is mini-
mized such that clinicians can be confident in the estimates of health 
status measure scores and, consequently, their ability to quantify 
change in status. In contrast, clinical research most often focuses on 
groups. For the remainder of this chapter, we will focus on evaluation 
of individuals with OA in the context of clinical research.

THE WORLD HEALTH ORGANIZATION’S 
INTERNATIONAL CLASSIFICATION OF 
FUNCTIONING, DISABILITY AND HEALTH
The use of a conceptual framework to guide one’s selection of measures 
is increasing. The International Classification of Functioning, Disabil-
ity and Health (ICF),19 developed by the World Health Organization, 
is a conceptual model that has been widely adopted in rheumatol-
ogy.20,21 The ICF model espouses a biopsychosocial perspective; it pro-
poses complex interactions between biologic impairments (loss or 
abnormality in body structure or physiologic function, including mental 
functions, e.g., joint pain, fatigue, and mood in OA), activity limita-
tions (difficulties an individual may have in executing activities, e.g., 
walking in OA), participation restriction (problems an individual may 
experience in involvement in life situations, e.g., community mobility 
in OA), and key contextual factors, both personal (e.g., age, gender, 
and coping behaviors) and environmental (e.g., use of arthritis health 
care services and social support), which may facilitate or hinder per-
formance across ICF components (Fig. 176.1).

Regardless of the intent of evaluation, whether clinical practice or 
research, use of a framework like the ICF ensures that important 

Assessment of the patient with 
osteoarthritis and measurement 
of outcomes
Gillian Hawker and Aileen Davis

 In clinical practice, the need to perform quantitative assessments is 
driven by requirements to describe current clinical status, detect 
change in clinical status, and quantify response to treatment and 
symptom state attainment.

 Establishment of current clinical status is important, particularly 
when assessing new patients or those not seen for some time. It 
provides a quantification of an individual’s disease burden and 
serves to describe the consequence of the disease.

 Detection of change in status provides evidence for worsening or 
improvement over time.

 Quantification of response to therapy facilitates decision-making as 
to whether the therapeutic objective has been achieved and 
whether further intervention is required.

 Quantification of the symptom state attained with therapy 
facilitates decision-making as to whether the therapeutic objective 
has been achieved, whether the patient has attained an acceptable 
level of symptom severity, and whether further intervention is 
required.

INTRODUCTION
Osteoarthritis (OA) can be considered an illness—that is, the clinical 
manifestations of the disease for which people seek care—and a dis-
ease—that is, the structural changes at a joint level that are associated 
with OA. The focus of this chapter is the assessment of the “illness” 
aspect of OA; specifically, we will discuss the assessment of clinical 
severity and the consequences of OA from the patient’s perspective.

BIOMEDICAL VERSUS BIOPSYCHOSOCIAL 
PERSPECTIVE IN ASSESSMENT OF  
PATIENTS WITH OA
To address this topic appropriately, we have adopted a biopsychosocial 
model, which focuses on health as an interaction of individual, social, 
and environmental factors,1 rather than a biomedical perspective of 
OA, which views disease as a malfunction of the physical body or a 
somatic pathologic process and includes the presence of the related 
somatic signs and symptoms. For example, using a strictly biomedical 
model, OA pain results from a nociceptive transmission arising from 
the inflamed or damaged joint and surrounding soft tissues.2,3 However, 
by using such a model it is difficult to explain a number of clinical 
observations in OA, such as why people with similar OA severity as 
shown radiographically may experience very different levels of pain or 
other symptoms.4,5 This imperfect correlation between disease and 
illness in OA is largely due to the well-documented influence of not 
only biologic and physiologic factors on OA symptoms but also social, 
cultural, and personal factors and individual subjectivity.4,6 For example, 
a large body of work has shown that more supportive relationships are 
associated with positive psychological and physical health7-9 and that 
the reverse is also true.7,10 The impact of social support on health may 
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laptop computers has further facilitated the process of questionnaire 
completion and data entry when such measures are used, improving 
data quality in clinical research. Administration of these tools also 
needs to be standardized for optimal data quality. For example, atten-
tion must be paid to standardization of the timing and/or order of 
questionnaire administration and standardization of physical assess-
ments because variability may affect the results obtained.

ASSESSMENT OF IMPAIRMENTS  
IN OSTEOARTHRITIS
For the purpose of this chapter, we will focus on assessment of impair-
ments from the patient’s perspective. These assessments may be 
broadly grouped as (1) clinical examination for physical signs of OA 
and (2) elicitation of OA-related symptoms through patient standard-
ized measures or interview. In OA, the latter have largely been devel-
oped with a view to assessing the lower extremity (hips and knees) or 
the hands.

Examination of physical signs of osteoarthritis
The skill, knowledge, and ability to conduct a thorough interview and 
physical examination are generic requirements in rheumatology (see 
Chapter 27). Through a combination of verbal, tactile, and visual cues, 
an impression is gained regarding the nature, severity, and conse-
quence of the condition. Chapter 171 provides a detailed review of the 
clinical features of OA. As in the clinic, in clinical research the follow-
ing features should be assessed: bony enlargement, tenderness on pal-
pation, pain on motion, presence of erythema, and effusion or soft 
tissue swelling. Joint instability or malalignment, indicating biome-
chanical abnormality, may also be assessed. However, although the 
specifics of the examination are unchanged, as noted already, standard-
ization of the assessment is key in the clinical research setting.23 
Training of joint assessors is therefore generally required before study 
initiation to ensure high agreement within and between assessors on 
joint findings (i.e., high intra-rater and inter-rater reliability).

The distribution and number of involved joints in OA is often 
recorded on a joint homunculus, indicating, for example, involvement 
of the distal interphalangeal (DIP), proximal interphalangeal (PIP), and 
first carpometacarpal (CMC) joints of the hands, first metatarsopha-
langeal joints of the feet, and hip or knee joints. Pain in the lower back 
is also often documented. Separate homunculi may be used to indicate 
tender and/or painful joints versus those that are stiff and/or swollen. 
This simple descriptive exercise provides a basis for tracking the dis-
order’s evolution, for example in longitudinal observational studies, 
and in clinical trials in OA, to assess the number of “other painful 
joints” as a covariate to consider in evaluating response to a therapeutic 
intervention of an “index” or specifically targeted single painful joint.

Symptom reporting using  
standardized questionnaires
Among people living with OA, pain, stiffness, fatigue, and associated 
changes in mood (particularly symptoms of depression and anxiety) 
and sleep are key concerns.2,13,16,24-26 Recently, there has been increased 
attention paid to better understanding these symptoms in OA with a 
view to evaluating the adequacy of existing measures, and, when 
needed, developing new measures. This work has identified some limi-
tations to the current tools available to clinicians and researchers to 
evaluate these symptoms in OA,27,28 many of which were not developed 
specifically for use in this condition but rather either as generic mea-
sures of these constructs and/or for use in other clinical conditions. As 
a result, new OA-specific measures are currently under develop-
ment.29,30 Although a detailed review of all measures available to evalu-
ate pain, fatigue, stiffness, sleep, and mood in the context of OA is 
beyond the scope of this chapter, we will discuss here the most com-
monly used measures to date in OA clinical research. Table 176.1 
provides a summary of selected generic, arthritis-specific, and osteoar-
thritis-specific measures, whereas Table 176.2 shows the ICF domains 
that are assessed by commonly used measures. Many of these mea-
sures may also be suitable for use in clinical practice.

variables are measured, provides a framework for analysis of the data 
collected, and aids in interpreting outcomes. Explicit in the model is 
the need to clearly evaluate OA at all three levels: impairment, activity 
limitations, and participation restrictions.

SELECTION OF MEASURES FOR EVALUATION OF 
PATIENTS WITH OSTEOARTHRITIS
The selection of specific measures depends on the measurement objec-
tive. Measurement may be conducted at the level of an individual joint 
(e.g., left knee) or anatomic region (e.g., lower extremity or hands), the 
disease in its entirety (e.g., overall OA), or the person as a whole (e.g., 
health status or health-related quality of life [HRQOL]). Furthermore, 
one or more aspects of the condition may be the focus of assessment 
(e.g., pain, fatigue, and/or function). In general, different types of mea-
surements are complementary and a battery of measures, used in 
combination, may provide a more robust approach. The general mea-
sures of HRQOL provide an excellent appreciation of an individual’s 
overall condition. However, these measures lack the necessary content 
and attribution to understand the specific status of the musculoskeletal 
condition, because health status and HRQOL scores are often influ-
enced by co-morbidities. For this reason, it is generally recommended 
that generic health status or HRQOL measures be used together with 
disease-specific measures.22

In clinical research, as in practice, the use of standardized question-
naires, ideally completed by the patient, is highly recommended when-
ever possible. Such patient-reported outcomes are much less labor 
intensive than those that require administration by an interviewer. The 
availability of electronic data capture, touch-screen technology, and 

THE INTERNATIONAL CLASSIFICATION OF FUNCTIONING,
DISABILITY AND HEALTH IN OSTEOARTHRITIS

Health condition
(OA)

Activity
limitation

Self-care
Walking

Activities of
daily living

Impairment of structure
and function

Joint space narrowing etc.
Pain, fatigue, stiffness,

mood, sleep

Contextual factors:

Personal              Age, gende r, socioeconomic status        
              Attitudes/tolerance to pain              Self-management

Environmental Health care Housing/transportation
              Medication             Family/community situation

              Assistive devices                            Social support

Participation
restriction

Community mobility
Employment

Social and leisure

Coping behaviors

Fig. 176.1 The International Classification of Functioning, Disability and Health 
in Osteoarthritis. Signs and symptoms of disease, both primary and secondary, 
would include joint space narrowing and other structural features of OA, as 
well as pain, stiffness and fatigue, and other aspects of health, including sleep 
disruption. Activity limitation is referred to as “function” or “physical disability” 
in arthritis measures. (From World Health Organization. International 
classification of functioning, disability and health. Geneva: World Health 
Organization, 2001.)
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TABLE 176.1 SELECTED OUTCOME MEASURES FOR USE IN OSTEOARTHRITIS CLINICAL RESEARCH

Construct

Measures to consider

Generic Arthritis-Specific

OA-Specific

Hip/Knee Hand

Health-related quality 
of life (HRQOL)

SF-36
Health Utilities Index (HUI)

AIMS-2
Health Assessment Questionnaire (HAQ)

OAKHQOL

Pain Visual Analog Scale
Numeric Rating Scale
SF-36 Bodily Pain
McGill Pain Questionnaire
Chronic Pain Grade Scale

AIMS-2-pain
Joint homunculus

WOMAC Pain
Lequesne Indices
ICOAP

AUSCAN
Cochin

Fatigue Visual Analog Scale
Numeric Rating Scale
Profile of Moods—Fatigue
Functional Assessment of Chronic Illness Therapy
Multidimensional Fatigue Symptom Inventory

Subjective sleep 
quality

Visual Analog Scale
Numeric Rating Scale
Pittsburgh Sleep Quality Index
Sleep Disorders Questionnaire
Chronic Pain Sleep Inventory

Mood SF-36 Mental Component Score
Centre for Epidemiologic Studies Depression (CES-D)
Beck Depression Inventory
Hospital Anxiety and Depression Scale (HADS)

Physical functioning SF-36 Physical Component Score
50-foot walk time
Timed Chair Stand test
Timed Up and Go test
Jebsen-Taylor Hand Function test

AIMS-2
HAQ

WOMAC function
Lequesne Indices
HOOS/KOOS

DASH
AUSCAN
Cochin
FIHOA

TABLE 176.2 INTERNATIONAL CLASSIFICATION OF FUNCTIONING, DISABILITY AND HEALTH (ICF) DOMAINS ASSESSED BY SELECTED OUTCOME MEASURES*

Measure

ICF domain

Impairments Activity limitations Participation restrictions

Generic Measures

SF-36 Pain
Mental health
General health
Vitality

Physical functioning Social functioning

Arthritis-/Osteoarthritis-Specific Measures

AIMS Pain
Depression
Anxiety

Mobility/Physical activity/ADL++ Mobility/Physical activity/ADL+
Social activity

WOMAC Pain+
Stiffness

Pain++
Physical function

KOOS/HOOS Symptoms
Stiffness
Pain†

Quality of life++

Pain†

Function, daily living
Function, sports and recreational activities

Quality of life+

Lequesne Indices Pain+
Stiffness

ADL Knee
ADL Hip++
Pain++
Walking

ADL Hip+

OAKHQOL Pain/sleep
Mental health

Physical activity Social activities

*Scales within some measures include items that assess more than one ICF domain; where this is the case, + and ++ refer to the distribution of the items, such that ++ indicates the domain assessed by 
most items within the scale, whereas + indicates that some items additionally assess this domain.
†For the HOOS and KOOS, the pain subscale includes approximately equal number of items for impairments assessment and activity limitations.
(From World Health Organization. International classification of functioning, disability and health. Geneva: World Health Organization, 2001.)
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disorders from those without. For example, a cutoff score of more than 
5 on the PSQI is associated with 98.7% sensitivity and 84.4% specific-
ity to discriminate individuals with insomnia from controls.83 Several 
of these measures have now been validated for use in hip and knee 
OA.

Assessment of mood
Depressed and/or anxious mood are common among people living with 
chronic, painful OA. This has relevance for the assessment and inter-
pretation of scale scores for OA pain and fatigue because both these 
outcomes may be strongly influenced by the presence of mood disor-
ders.89 Although a number of measures are available, mood has been 
most often evaluated in clinical studies of OA using the Centre for 
Epidemiologic Studies Depression Scale (CES-D),90 the Beck Depres-
sion Inventory,91 and the widely validated92-94 Anxiety or Depression 
Subscales of the Hospital Anxiety and Depression Scale (HADS).92 Of 
note, the CES-D measures depressive symptomatology; age- and sex-
adjusted normative values are available, and scores greater than or 
equal to 16 are considered indicative of significantly depressed mood.

ASSESSMENT OF ACTIVITY LIMITATIONS  
AND PARTICIPATION RESTRICTIONS  
IN OSTEOARTHRITIS
Measures of joint tenderness and/or swelling, muscle strength, and 
joint range of motion provide information about impairment but not 
about activity limitations or participation restriction, which are the 
consequence to the individual of these impairments. Thus, these mea-
sures generally require supplementation with specific measures of 
activity limitations and participation restrictions.

Measurement of activity limitations using 
standardized questionnaires
Standardized questionnaires, many of which are patient self-report as 
opposed to interviewer administered, have also been developed to eval-
uate activity limitations or physical functioning. Although many of 
these measures have been developed with the idea that the content 
reflects functioning of a specific joint and hence are considered to be 
joint-specific measures, the items often reflect activities that involve 
the entire extremity or functional unit (e.g., walking). Although mea-
sures that assess activity limitations due to hand OA are different from 
those used to evaluate hip or knee OA, overlap in content of measures 
used for OA of joints within an extremity does occur (e.g., hip and 
knee).

The most commonly used generic measure for hip and knee OA is 
the physical function subscale of the SF-36.34-38 This 10-item measure, 
however, does include some upper extremity items and represents the 
physical function of the person more globally. As noted previously, 
such generic measures should be used in concert with disease-specific 
measures. Arthritis-specific measures such as the Arthritis Impact 
Measurement Scale (AIMS) also have been used.95 The AIMS includes 
subscales related to lower extremity activity limitations: mobility, 
physical activity, household activities, and activities of daily living. 
Each subscale has a summated score, and reliability and validity have 
been reported.95

More commonly used are the so-called joint-specific measures. For 
the hip these include the WOMAC,44-47,96 the Lequesne Indices of 
Clinical Severity—Hip,97 and the Hip Disability and Osteoarthritis 
Outcome Score (HOOS).98,99 For the knee, the WOMAC, the Lequesne 
Indices of Clinical Severity—Knee, and Knee Injury and Osteoarthritis 
Outcome Score (KOOS)100,101 are most commonly used. The WOMAC 
physical function subscale includes the same 17 items for the hip and 
knee, and a summated score is created. The measure has been exten-
sively evaluated across the spectrum of severity of hip and knee 
OA.47,96,102 Developed in the 1980s, there has been recognition, however, 
that the WOMAC may not represent the spectrum of activities impor-
tant to people 2 decades later, particularly in that it may not include 
items of sufficient difficulty.103 To address this limitation, the HOOS98 
and KOOS101 were developed. The HOOS and KOOS are inclusive of 
the 17 physical function items of the WOMAC Likert 3.0 (referred to 

Assessment of pain
The instruments most often used to date to evaluate pain in OA 
include both generic pain measures, most notably a visual analog scale 
(VAS)31 or numeric pain rating scale (NRS),32 the McGill Pain Ques-
tionnaire,33 and the SF-36 bodily pain scale,34-38 and arthritis-specific 
measures, including the Arthritis Impact Measurement Scale39 pain 
subscale, the arthritis Health Assessment Questionnaire (HAQ),40-43 
the Western Ontario McMaster Universities OA Index (WOMAC) pain 
scale (specific to hip and knee OA),44-47 and the Australian/Canadian 
Hand Osteoarthritis index (AUSCAN; specific to hand OA).48 Of the 
listed arthritis-specific measures, only the WOMAC and AUSCAN, 
which are both composed of subscales evaluating pain, stiffness, and 
physical functioning, were developed specifically for use in OA. A 
number of other pain measures exist but have been less often applied 
to the OA population.

However, recent qualitative research in hip, knee, and hand OA, 
which has elucidated the key elements of the OA pain experience, has 
raised concerns about the adequacy of these measures to evaluate pain 
in OA.27,49,50 These studies have found that the OA pain experience is 
characterized by the intensity or severity of the pain, the quality or 
characteristics of the pain (e.g., burning, stabbing, aching), the relation 
of the pain to activity and thus the impact on functioning and partici-
pation, the effect on sleep, and the psychological consequences (e.g., 
frustration because of the inability to do things that were valued as well 
as worry about the future).27,49 Review of the items and domains of 
existing pain measures, both generic and OA specific, indicates that 
most widely used measures do not fully capture the OA pain experi-
ence. To address this gap, a new measure of OA pain, the OARSI-
OMERACT measure of Intermittent and Constant OA Pain (ICOAP) 
has been developed and is undergoing psychometric evaluation30; early 
evidence suggests this new measure is reliable, valid, and responsive 
to change.

Another recent development in OA is the mounting evidence to 
suggest that people with chronic, painful OA may experience sensitiza-
tion of the central pain pathways termed central sensitization.51-57 This 
phenomenon may lead to neuropathic-type pain in a subset of people 
with painful OA.58-61 Research evaluating the discriminatory symptom 
profile suggesting central sensitization in OA is ongoing; we await 
results of this research before recommendations may be made regard-
ing the use of “neuropathic pain” measures in our OA population.62

Assessment of fatigue
Emerging research indicates that fatigue is as common a complaint in 
OA as in inflammatory arthritis63-70 and has a similar negative impact 
on health-related quality of life.64,69,71,72 Others have acknowledged the 
multidimensionality of fatigue in OA—physical, emotional, and mental 
fatigue73,74—and the relationship of OA fatigue to OA pain and pain 
medications, aging, and poor sleep. Currently, no OA-specific fatigue 
measures exist. The available generic measures of fatigue that might 
be used to evaluate fatigue in OA clinical research include those that 
conceptualize fatigue as unidimensional—they provide a single evalu-
ation of overall or “general fatigue”—and those that consider fatigue 
multidimensional. The former include the VAS or NRS and two other 
measures, the Profile of Mood States—fatigue scale (POMS-fatigue)75 
and the Functional Assessment of Chronic Illness Therapy—fatigue 
scale (FACIT-fatigue),73,76 all of which have been used in the setting of 
inflammatory arthritis.76-78 In comparison, the Multidimensional 
Fatigue Symptom Inventory (MFSI)79 assesses the many aspects of 
fatigue that have been identified as important in focus groups of people 
with OA,73,80 including both mental and physical fatigue, and has good 
psychometric properties. To date, none of these measures, however, 
has been validated for use specifically in OA.

Assessment of sleep
A number of self-completed measures are now being applied in the OA 
population to evaluate subjective sleep quality among people with this 
condition. These include the Pittsburgh Sleep Quality Index (PSQI),81-83 
the Sleep Disorders Questionnaire,84,85 the Chronic Pain Sleep Inven-
tory,86 which has been validated for assessment of sleep disturbances 
in individuals with chronic pain,87,88 and the use of sleep diaries. Many 
of these measures incorporate a cut-point score that may be used to 
discriminate individuals with “poor sleep” or possible underlying sleep 
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However, to date, assessment of the impact of OA has largely focused 
on the impact of the disease on impairment-level variables (e.g., pain) 
and discrete activities (e.g., dressing, walking); there remains signifi-
cant under-representation of participation in existing OA measures (see 
Table 176-2).135,136 Arthritis-specific measures of participation restric-
tions are under development. Until these newer measures become 
available, assessment of participation restrictions may rely on use of 
the Jette Late Life Disability Measure, which evaluates difficulty with 
and frequency of performing various social and community tasks, such 
as participation in organized social activities and providing care or 
assistance to others.137,138

EVALUATION OF KEY CONTEXTUAL FACTORS
As noted earlier, it should be appreciated that a number of contextual 
factors, including but not limited to the patient’s sociodemographic 
characteristics, education and income, coping style, self-efficacy, social 
support, and access to and use of health care strategies for arthritis, 
influence OA impairments, activity limitations, and participation 
restrictions. Standardized, valid and reliable measures exist to evaluate 
these constructs,139 and, depending on the intent of the research, these 
factors may also warrant evaluation to aid in interpretation of your 
findings.

RESPONSIVENESS AND INTERPRETING  
CHANGE IN PATIENT STATUS
Longitudinal assessment of patients, whether in the context of a clini-
cal trial or an observational cohort study, implies the need for measures 
that can detect meaningful changes in clinical status (i.e., responsive-
ness to change) as well as an understanding of what a measured change 
means for the patient (i.e., interpretation of the measured change). 
Differentiating real change from change occurring within measurement 
error can also be difficult. It is critical to remember that responsiveness 
and the interpretation of change are, like reliability and validity, a 
function of the measure “score” and context interaction. As such, the 
responsiveness metrics and interpretation for a measure are repre-
sented by a range of values based on the varying contexts (e.g., it will 
differ by the patient sample and type of intervention).

Responsiveness of measure scores
The responsiveness of a measure is evaluated by an estimate of the 
effect size. It can be calculated to reflect within-subject change, between-
subject change, or both.110 In the case of paired observations, this effect 
size is called a standardized response mean. The calculation reflects 
the nature of the paired or unpaired data.140

Interpreting changes in measure scores
There are numerous approaches to interpreting change. These include 
the minimally clinically important difference (MCID), threshold 
methods such as the patient acceptable symptom state (PASS), and 
responder criteria. The essence of the issue for interpreting change 
relates to whether measured change reflects meaningful change to 
patients. Thus, OA researchers have sought to determine the MCID 
for various generic and OA-specific measures commonly used in OA 
clinical research, using a variety of approaches, and for different clinical 
research settings, such as in randomized trials of rehabilitation141 and 
pharmacologic treatments in OA142-144 and following total joint replace-
ment surgery of the hip or knee.145-147 The MCID represents the 
minimum amount of improvement that patients perceive as beneficial 
and may be used to determine whether changes in scores on a measure 
are clinically meaningful.110,148

Both distribution-based and anchor-based methods have been used 
to establish clinically meaningful change. Using a “distribution-based 
method,” the effect size (ES) may be used to define MCID. Here, treat-
ment effects are expressed as standard deviation (SD) units of change 
scores (difference between baseline and follow-up); an effect size of 0.2 
(or 0.2 SD units) is generally considered a “small” or minimal clinically 
important difference.149 Anchor-based methods rely on determining the 
relationship of the amount of change with an external indicator of 
change. This external indicator is usually a patient global rating of 

as the Function, daily living subscale) but also include a subscale of 
higher demand function, sport and recreational activities (Function, 
sports and recreational activities). The HOOS and KOOS scores have 
demonstrated reliability, validity, and responsiveness.98,101,104,105 The 
HOOS and KOOS physical function subscales also are available as 
short measures that were developed in people with a spectrum of OA 
severity.100,104-106

Finally, a relatively new measure in OA is the OsteoArthritis Knee 
and Hip Quality Of Life instrument (OAKHQOL)28,107; this measure 
has been developed specifically to evaluate HRQOL in individuals with 
hip and knee OA. The OAKHQOL has demonstrated reliability and 
validity29 and has been found to better capture the ICF domains than 
other measures commonly used to evaluate HRQOL in OA, including 
the SF-36, WOMAC, Lequesne, AIMS2-SF, and HAQ.107

For OA of the upper extremity, generic upper extremity measures, 
such as the Disabilities of the Arm, Shoulder, and Hand (DASH),108-111 
have been used to evaluate OA-related hand function.112,113 The mea-
surement properties of the DASH have been evaluated in hand OA,111 
and a shorter version, the quick DASH, has also been developed.114

Arthritis-specific upper extremity and/or hand measures have also 
been developed. The AIMS has a dexterity subscale that can be used 
to evaluate one aspect of hand function, but the more specific measures 
of hand function for OA include the Cochin,115 the Australian/Cana-
dian Hand Osteoarthritis index (AUSCAN),48 and the Functional Index 
for Hand OA (FIHOA).116-118 The Cochin hand functional disability 
scale, originally developed for people with rheumatoid arthritis, has 
been evaluated in people with hand OA and found to be reliable, valid, 
and responsive.115 The AUSCAN was specifically developed to evaluate 
hand OA and has been evaluated for reliability, validity, and respon-
siveness in this condition.48 The FIHOA evaluates 10 daily activities 
involving the hands and was developed as a clinical tool for evaluation 
and symptomatic follow-up of patients with hand OA. This tool has 
also been evaluated for reliability, validity, and responsiveness.116-118 
The above represent a sampling of the most frequently used question-
naires for evaluation of physical functioning/activity limitations in hip, 
knee, and hand OA.

These questionnaires rely on the patient’s self-assessment of his or 
her functional ability or capacity; and, as with any measure, scores 
inherently include sources of measurement error. When someone no 
longer engages in an activity, whether due to a disease, lack of neces-
sity, or personal choice (e.g., heavy housework), responses to questions 
may easily be overestimated or underestimated. For this reason, per-
formance-based measurement may also be useful.

Performance-based assessment of Impairments 
and activity limitations
Performance-based measures provide different information than that 
provided by patient self-report and may substantially augment the 
assessment of physical functioning in subjects with OA.119 These per-
formance-based measures assess performance of a standardized maneu-
ver, such as walking or rising from a chair, in a controlled setting. 
Results of such assessments generally correlate only moderately at best 
with assessment of similar constructs using self-report measures.27,120

For evaluating lower extremity performance, the 50-foot (or other 
specific distance) walk time, the Timed Chair Stand test, and the 
Timed Up and Go (TUG) test121 are most frequently used in clinical 
trials and observational studies of hip and knee OA. The Timed Chair 
Stand test evaluates lower extremity body strength as an indicator of 
functional status and has been assessed for reliability and validity.122,123 
The TUG assesses basic mobility skills and has been validated for use 
in hip and knee OA patients awaiting joint replacement surgery. Stan-
dardized grip strength and pinch grip measurements are useful assess-
ments in hand OA, in addition to more comprehensive generic hand 
function tests, such as the Jebsen-Taylor Hand Function test.124 These 
measurements can be performed reliably by trained assessors.121

Assessment of participation restrictions
The impact of arthritis on diverse social roles such as relationships 
with others, occupation, leisure, and community involvement has been 
identified as a key area of importance in research and practice.125-135 
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hip and knee OA. These criteria require a certain minimum score prior 
to intervention; otherwise it is impossible for the patient to improve 
sufficiently to be designated a “responder,” even if improvement 
occurs.152 Comparable criteria for hand OA, including MCID, PASS, 
and responder criteria have not yet been developed.

Changes in patient status over time can be monitored, over an 
extended period, using a combination of responder and state attain-
ment criteria. The relationship between responder criteria and state 
attainment criteria can be best exemplified by the statement that “it 
is good to be better, but better to be good.”144 In addition to the 
OMERACT-OARSI responder criteria, additional responder criteria 
that have been proposed for OA include Minimum Perceptible Clinical 
Improvement (MPCI),143 Minimum Clinically Important Improvement 
(MCII),153 and WOMAC 20-50-70 Responder Criteria.154

CONCLUSION
An essential element in the evaluation of individuals with OA, whether 
in clinical practice or clinical research, is the need for reliable, valid, 
and responsive outcome measurement tools. Although many such 
tools exist for our use, the sophistication with which these tools are 
used has increased substantially. This is attributable largely to increased 
reliance on conceptual models, such as the ICF, to inform our selection 
and interpretation of measures and potentially their interrelationships, 
and an increased emphasis on identifying and measuring constructs 
that are important and meaningful to individuals living with OA.

whether he or she perceives the condition to be better, the same, or 
worse and then indicating on either a five- or seven-point scale how 
much better or worse he or she is ranging from “slightly” to “a great 
deal” better/worse.148,150 The MCID is often defined as the difference 
in the mean change score for patients who rated themselves as “slightly 
better” from treatment and those who rated themselves as “equal” to 
their pretreatment level. However, for interventions in which the effect 
should be very large, such as in the case of hip or knee joint replace-
ment surgery, a rating more than “slightly” may be used. Using this 
approach, varying MCID definitions for the commonly used OA mea-
sures, such as the WOMAC pain and function subscale scores,44-46 have 
been recommended.

A threshold approach has also been used to interpret change in OA 
symptoms and functioning over time. This approach considers that 
small or large change may occur but that it is not important change if 
it has not reached a critical threshold value or “state.”144 This threshold 
may be determined by various methods, such as a known population 
value (e.g., reaching the minimal required of physical activity for energy 
output that has a positive health effect) or a patient determined value 
of a “patient acceptable symptom state,” as has been done in hip and 
knee OA.144

Finally, “responder criteria” have been developed to evaluate mean-
ingful change in pain, function, and patient global assessment using 
available OA measures. The Outcome Measures in Rheumatology 
Clinical Trials—Osteoarthritis Research Society International (OMER-
ACT—OARSI) Responder Criteria151 have been developed for use in 
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Thus, what follows is a description of the principal methodologies used 
to monitor structure in clinical research. As outlined in Chapter 175, 
OA radiography does play a role in defining the presence of disease, 
determining the compartment or compartments of the joint that are 
affected, and categorizing its severity. Thus, conventional radiography 
is commonly used in clinical practice because radiographs are easily 
interpreted.

REGULATORY REQUIREMENTS
Radiographic measurement of joint space narrowing is currently rec-
ommended in the U.S. Food and Drug Administration (FDA) and 
European Agency for the Evaluation of Medicinal Products (EMEA) 
guidance documents as the imaging endpoint for clinical trials of disease- 
modifying OA drugs (DMOADs). At present, an alteration in structural 
progression would likely be determined by plain radiography, but it is 
possible that newer technologies may include MRI or even ultrasonog-
raphy once appropriately validated. Currently, the approval of potential 
therapies in OA requires that this structural alteration be linked to 
some clinical benefit either at the time when the structure was mea-
sured or at a later time point. With this concept in mind it is obviously 
important that improvements in OA structural features are ascertained 
that are more likely linked to the clinical symptoms experienced by 
patients or, alternatively, can serve as a surrogate for a clinically mean-
ingful outcome.

PLAIN RADIOGRAPHY
Conventional radiography is the least expensive method for imaging 
joint structure in OA. The presence and severity of disease is typically 
classified using the Kellgren and Lawrence grading system,12 which is 
heavily dependent on the osteophyte for classification of disease, 
among other limitations. Because of the inherent limitations of the 
Kellgren and Lawrence grading system, individual grading systems for 
the different disease features including osteophytes and joint space 
narrowing have been developed. These are site-specific ordinal scales 
(0-3) categorizing the feature according to its severity with published 
atlases that provide images that represent the specific grades.13 Obser-
vational studies show a weak relation between individual radiographic 
features of structural change, pain, and function in OA.14 Further con-
founding this relationship are data suggesting that knee pain itself can 
modify the appearance of joint space width in weight-bearing extended-
view radiographs.15 Progression of the ordinal joint space narrowing 
scale is a commonly used criterion for the assessment of OA progres-
sion, and the complete loss of joint space characterized by bone-on-
bone contact is one of the factors considered in the decision for joint 
replacement.16

Radiographic joint space width
Progression of knee OA is typically assessed by measuring changes in 
the width of the space between the medial femoral condyle and medial 
tibial plateau on plain radiographs,17 as the medial tibiofemoral com-
partment is the most common site of involvement in knee OA. This 
generates a continuous measure of joint space width, and a reduction 
in this space is termed joint space narrowing (not to be confused with 
the ordinal measure just described). From the reduction in this space 
the health, integrity, and thickness of hyaline articular cartilage are 
inferred.17,18

Assessment of imaging outcomes 
in osteoarthritis
David J. Hunter

INTRODUCTION
Osteoarthritis (OA) is the clinical and pathologic outcome of a range 
of disorders that result in structural degradation and functional  
failure of synovial joints.1 This prevalent disease occurs when the 
dynamic equilibrium between the breakdown and repair of joint  
tissues becomes unbalanced, typically in a situation in which the 
mechanical loads applied exceed those that can be tolerated by the joint 
tissues.2 The consequent progressive joint failure may cause pain and 
disability and is ranked as the leading cause of disability in the elderly 
population. Current estimates suggest OA affects an estimated 21 
million Americans3 and that symptomatic knee OA occurs in 6% of 
adults aged older than 30 years4 and 13% of persons aged older than 
60 years.5

Despite this extraordinary prevalence, OA remains a condition that 
is poorly understood and for which few, if any, effective therapeutic 
options are available for modifying structural progression.6 However, 
further definitive structure-modifying therapeutic development is con-
strained by the need for long-term follow-up to observe changes in 
structure (and potential therapeutic effects on it). Furthermore, thera-
peutic development is also constrained by the heterogeneous clinical 
manifestations of OA and the unclear relationship between structural 
progression and clinical endpoints. Therefore, accurate and highly 
reproducible markers that measure the rate of progression in individu-
als are a prerequisite for assessing structural change in clinical trials. 
Once we have an agent we can claim is disease modifying we will also 
need this measure for patients in clinical practice.

Traditionally, measurement of OA structural change (usually 
defined as cartilage loss) has been performed using plain radiographs. 
Standardized techniques for measuring joint space width in the medial 
tibiofemoral compartment, using standardized radiographic protocols, 
have become accepted for quantifying tibiofemoral progression in knee 
OA. Newer methods including magnetic resonance imaging (MRI), a 
non-invasive three-dimensional (3D) method for assessing joint mor-
phology, may eventually supplant the widespread use of plain radio-
graphs in clinical trials.7 However, although MRI has enormous 
potential, methods of analyzing MR images of joints are in their 
infancy and recent studies provide a note of caution for its immediate 
ability to supersede the weight-bearing radiograph.8-10 Furthermore, 
these measures of quantitative cartilage morphometry appear most 
useful (sensitive to change) in persons with late-stage disease (e.g., 
those with established joint space narrowing or with extensive areas of 
denuded cartilage).11 If the pathologic changes of cartilage loss are 
irreversible and we focus especially on those at the end stage of the 
disease we may not be able to accomplish our goal of modifying the 
progress of the condition because a drug may not produce cartilage in 
an already denuded area.

The focus of this discussion is on the imaging assessment of OA 
outcomes. In most of the chapter we will highlight the tibiofemoral 
compartment of the knee and specifically radiographic and MRI devel-
opments in measuring OA progression. The interpretation of these 
measures will be considered along with proposals for directions for 
future research and development.

ROLE IN RESEARCH VERSUS CLINICAL PRACTICE
In the absence of a therapeutic intervention that can irrefutably modify 
structural progression, the role for monitoring disease progression 
(either via plain radiography or MRI) in OA clinical practice is limited. 
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least 0.2 mm, which remains relatively large considering the 0.10 to 
0.15 mm expected average annual joint space narrowing of OA knee 
joints. Recent analyses have suggested that measuring joint space 
width at fixed locations along the joint (i.e., the JSW[x] coordinate 
system) is both more reliable and sensitive to change than minimum 
joint space width (Fig. 177.1).24

The accuracy of the joint space width measurement and therefore 
the sensitivity for the detection in changes in joint space width in serial 
radiographs have been shown to be improved with the use of radio-
graphs acquired with protocols of the knee in flexion that enable the 
alignment of the medial tibial plateau (Fig. 177.2).18 Long-term repro-
ducibility of knee positioning, assessed by the variability in the inter-
rim distance (also termed the inter-margin difference), the distance 
between the anterior and posterior rims of the medial tibial plateau in 
serial radiographs, was shown to be significantly less satisfactory in 
medial tibial plateau and fixed flexion radiographs compared with 
semi-flexed anteroposterior and Lyon-Schuss radiographs.27,28

MRI
Although yet to be formally accepted by regulatory authorities, MRI 
has several advantages for monitoring progression of OA of the knee.29 
There is a significant body of supporting data on the longitudinal 
change in cartilage morphology (thickness, volume) as a primary end-
point to reflect OA progression/cartilage loss.29 MRI of the knee can 
directly visualize articular cartilage and cover the whole joint in three 
dimensions in one examination, meaning that the cartilage, its defects, 
and other joint tissue involvement can be visualized directly, regardless 
of their location.29

Methods of MR image analysis
Broadly stated, MRIs of OA features can be measured semi-quantita-
tively or quantitatively and either morphologic or compositional mea-
surements of articular cartilage can be obtained.

Observer-dependent semi-quantitative image analysis
Semi-quantitative scoring of MR images is a valuable method for  
performing multiple-feature assessment of the knee using conventional 
MRI acquisitions.30-32 Such approaches score, in an observer-dependent 
semi-quantitative manner, a variety of features that are currently 
believed to be relevant to the functional integrity of the knee and/or 
potentially involved in the pathophysiology of OA. These articular 
features can include articular cartilage integrity, subarticular  
bone marrow lesions (Fig. 177.3), subarticular cysts, subarticular bone 

The identification of measurement errors related to the variability 
in knee positioning required considerable effort for the standardization 
of radiographic protocols, including the use of fluoroscopy, which has 
limitations, including a lesser availability of the equipment and greater 
radiation exposure to patients. Progression in loss of joint space width 
also reflects OA changes in joint tissues other than articular cartilage, 
particularly extrusion and degenerative changes of the menisci associ-
ated with OA development and progression.19 Importantly, radio-
graphic protocols have been standardized for the optimization of the 
measurement of OA progression only in the medial tibiofemoral 
compartment.20

Radiographic protocols
Radiographs are a two-dimensional projection of a 3D joint structure 
subject to problems with variability in joint repositioning. The conven-
tional standing anteroposterior protocol of the knee in the weight-
bearing position was the most commonly used technique and continues 
to be the usual approach for diagnosis. However, this protocol is not 
recommended for monitoring disease progression because there is no 
attempt to standardize the degree of knee rotation, flexion, or the 
radiographic beam for optimizing alignment of the medial tibial 
plateau.21

Standardized radiographic protocols of the flexed knee for measuring 
joint space width in the medial tibiofemoral compartment have  
become accepted for quantifying changes in tibiofemoral knee OA. 
Recent analyses suggest that the better the positioning in terms of 
medial tibial rim alignment (or interim distance) with the radiograph 
beam, the greater is the sensitivity to detect OA progression and the 
more accurate the identification of the location of joint space narrow-
ing.22 There remains, however, considerable controversy over the pre-
ferred method of knee radiographic acquisition17 and joint space width 
measurement.18

Methods of joint space width measurement
Methods of measurement of joint space width (JSW) can be either 
manual using calipers or a simple graduated ruler and a micrometric 
eyepiece or semi-automated using computer software.23-25 The most 
common metric that is generated is the minimum joint space width, 
which constitutes the smallest distance between the medial femoral 
condyle and medial tibial plateau. The smallest standard deviation of 
the difference between test-retest measurements of minimum JSW in 
pairs of radiographs reaches about 0.1 mm in the most reproducible 
methods,25,26 indicating a smallest detectable difference (SDD) of at 

a

Y-axis

X-axis

Medial
compartment

Lateral
compartment

x = 1.0

{X0,Y0} (origin)

b

Medial comparment

x = 0.2 x = 0.25

x = 0.225 x = 0.275

mJSW

Fig. 177.1 (a) Landmarks and definition of coordinate system. (b) Location-specific measurement of joint space width (JSW[x]) (x = 0.2, x = 0.225, x = 0.25, and 
x = 0.275) in the medial compartment. Measurements of JSW(x) are made at the x-locations (vertical line segments) defined by the coordinate system. 
(Reproduced with permission from Duryea J, Zaim S, Genant HK. New radiographic-based surrogate outcome measures for osteoarthritis of the knee. Osteoarthritis 
Cartilage 2003;11:102-110.)
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attrition, marginal and central osteophytes, anterior and posterior cru-
ciate ligament integrity, medial and lateral collateral ligament integrity, 
synovitis/effusion (Fig. 177.4), medial and lateral meniscal integrity, 
intra-articular loose bodies, and periarticular cysts/bursitis. These 
instruments for scoring MRI on OA have shown adequate reliability, 
specificity, and sensitivity and ability to detect lesional progression over 
1 to 2 years,33 but the sensitivity to change observed has been relatively 
small.34

Quantitative measurements using computer-aided image 
processing to assess whole-joint quantification  
(e.g., cartilage, bone, synovium)
The 3D coverage of an entire cartilaginous region by MRI allows for 
the direct quantification of cartilage volume, surface areas, and thick-
ness. Quantitative analysis of cartilage morphometry from MRI is 
becoming widely used for the assessment of OA.29 Measurements of 
cartilage volume via MRI have been previously shown to correlate well 
with the ex-vivo assessments of cartilage volume (stripped away from 
bone).35,36 The measurement of cartilage volume or thickness provides 
quantitative data with which to monitor the progression of OA.37 The 
ideal segmentation strategy is one that produces accurate and precise 
results in a reasonable amount of time with minimal subjectivity (Fig. 
177.5). These methods are described in more detail elsewhere.29 Car-
tilage morphology can be quantitatively assessed as can other struc-
tures such as bone marrow lesion volume and synovial volume.

Compositional measures of articular cartilage
Although quantitative measurement of morphology can be used to 
monitor loss of cartilage tissue, there is interest in using MRI to detect 
changes that precede gross tissue degradation. Applications of paramet-
ric mapping techniques sensitive to early cartilage damage including 
T2 mapping, dGEMRIC, and T1rho imaging have been extensively 
reviewed elsewhere.7,38 Intuitively compositional measures may have a 
great role to play in examining changes that occur in early disease 
before gross defects are apparent, whereas morphologic measures—
both semi-quantitative and quantitative—may have a greater role in 
later stages of disease. Particularly for supposedly “early” changes of 
OA, however, the natural course of these changes and the relationship 
with clinical outcome remains to be established.

a

b

c

Fig. 177.2 (a) Positioning of the subject for the fixed flexion (FF) and Lyon-
Schuss (LS) radiographs and examples of good and poor alignment of the 
medial tibial plateau (MTP) with the radiograph beam. The FF protocol uses a 
fixed 10-degree caudal radiograph beam and positions the thighs, patellae, 
and pelvis flush with the film cassette and co-planar with the tips of the great 
toes, resulting in fixed knee angulation of approximately 20 degrees of flexion. 
In the LS protocol, positioning is identical to that for an FF view. However, the 
angle of the radiograph beam is not fixed but is adjusted for each examination 
to align the MTP with the radiograph beam. Alignment is achieved by using 
fluoroscopy to superimpose (within 1.5 mm) the anterior and posterior 
margins of the plateau. (b) Good alignment, as defined by virtual 
superimposition of the anterior and posterior margins at the center of the 
plateau (arrow). (c) Poor alignment, as depicted by the wide separation (>1.5 
mm) of the anterior and posterior margins of the MTP (arrows). (Reproduced 
with permission from Hellio Le Graverand MP, Vignon E, Brandt KD, et al. Head-to-
head comparison of the Lyon-Schuss and fixed flexion radiographic techniques: 
long-term reproducibility in normal knees and sensitivity to change in 
osteoarthritic knees. Ann Rheum Dis 2008;67:1562-1566.)

Fig. 177.3 Sagittal fat-suppressed intermediate-weighted MR image depicts 
diffuse ill-defined hyperintense signal (arrows) abutting the subchondral plate 
in the weight-bearing lateral tibia and femur characteristic of bone marrow 
lesions. There is also an extensive osteophytosis and cartilage defect of the 
lateral tibial plateau and femoral condyle and bone attrition of the tibial 
plateau. Note the oblique tear of the partially macerated posterior horn of the 
lateral meniscus (arrowhead).

Fig. 177.4 Sagittal fat-suppressed intermediate-weighted MR image shows 
knee joint effusion (arrow) and infrapatellar synovitis (arrowheads). On this 
non-contrast MRI, the magnitude of synovitis is difficult to determine.
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Semi-quantitative progression
Some recent studies have used the assessment of semi-quantitative 
cartilage morphology on MRI as the outcome to ascertain important 
risk factors for disease progression. The menisci have many functions 
in the knee, including the equal distribution of stress between the rela-
tively incongruous femorotibial joint surfaces, stability enhancement, 
and lubrication. Damage to the morphology of the meniscus and altera-
tion in its position appear to be potent risk factors for progression of 
cartilage lesions measured semi-quantitatively on MRI.39 Bone marrow 
lesions have also been found to be associated with compartment- 
specific OA cartilage progression measured semi-quantitatively.40

Mechanical factors are the dominant risk factor for structural pro-
gression, and, recently, varus malalignment was shown to predict 
medial tibiofemoral progression measured both quantitatively and 
semi-quantitatively after adjusting for other local factors (meniscal 
damage and extrusion, laxity).8 Interestingly, in this cohort the quan-
titative measurement of cartilage appeared to demonstrate greater 
responsiveness than the semi-quantitative measurement; however, 
many of the subjects who progressed had late stage of disease when 
morphometric measures appear to demonstrate their greatest 
responsiveness.

Quantitative MRI-based cartilage measurements evaluating 
longitudinal change in cartilage morphometry
More extensive discussion of the technical validity, precision, and 
sensitivity to change of quantitative measures of cartilage morphology 
can be found elsewhere.33 Early longitudinal studies suggested that 
changes of cartilage volume or thickness of 4% to 6% (SD, ~5%) occur 
per year in OA in most knee compartments observed for periods up to 
3 years.29 The annual changes in cartilage volume/thickness exceeded 
the precision errors and appeared to be associated with clinical symp-
toms as well as with time to knee arthroplasty.29,41 One study detected 
cartilage volume loss in the absence of change in radiographic joint 
space width, suggesting that MRI has greater sensitivity to change than 
radiography.42

More recent studies, however, observed smaller rates of change than 
those quoted earlier with rates of 1% to 3% and standardized response 
mean (SRMs) of 0.3 to 0.5 per year (including The Mechanical Factors 

a

b

Fig. 177.5 (a) Axial (top) and coronal (bottom) images in 
a patient with knee osteoarthritis with segmentation of 
the cartilage. Note that the total subchondral bone area 
(tAB) is segmented also in areas where the cartilage has 
been lost (green line). In this way not only cartilage 
volume (VC) and thickness (ThC) but also the denuded 
area (dAB) can be computed. (b) Segmented cartilage 
model. The patellar cartilage is in purple, the femoral 
(trochear) cartilage in turquoise, and the lateral femoral 
condyle in red. The tibial cartilages display thickness 
maps, with the thickest regions in red and the thinnest in 
blue. (a, Courtesy of Institute of Anatomy and 
Musculoskeletal Research, Paracelsus Medical University, 
Austria, under the supervision of Felix Eckstein; b, courtesy of 
Jan Hohe, PhD, Chondrometrics GmbH, Ainring, Germany.)

in Arthritis of the Knee study8 and, more recently, data from the 
Osteoarthritis Initiative [OAI]9,10). These more conservative recent esti-
mates have important implications for planning of future clinical trials 
of disease-modifying treatments for OA using MRI techniques.

Conservative study designs based on MRI progression currently 
require large sample sizes, if quantitative cartilage morphometry mea-
sures are used as the endpoint. If one could confidently design studies 
based on smaller sample sizes and/or shorter study durations, this 
would, however, greatly reduce the resource implications for MRI-
based interventional studies. Several studies have suggested that  
baseline clinical, biomarker, and imaging features are predictive of 
progression of cartilage loss in the medial compartment of the knee 
and could be used to provide greater study power by selecting a popula-
tion at greater risk for more rapid progression.

Issues in interpreting progression of quantitative measures
Unfortunately, although MRI has great promise, we are struggling to 
appreciate its value to predict progression in clinical trials. Further-
more, it is unclear which of the multiplicity of cartilage morphometry 
measures is most responsive or most valid.43 Some attempt has been 
made to develop nomenclature for the regions of the knee and the dif-
ferent measures that can be performed (from volume to thickness to 
denuded area and beyond), but there is likely great redundancy in many 
of these measures and the field would benefit from simplifying the 
terminology and identifying those that are most responsive to change 
and/or most highly correlated with clinical outcome.43

A substantial percentage of the variability in cartilage volume is 
determined by joint surface area.44 Wang and colleagues45 demon-
strated that the medial and lateral tibial plateau area increased over a 
2-year period (2.2% and 1.5% per year, respectively), with increases at 
the medial (but not lateral) tibia being larger in males, in participants 
with high body mass index, and in subjects with higher baseline grade 
of medial joint space narrowing. Metaphyseal enlargement with age 
and OA46 might create problems for a measure of cartilage volume 
measurements that did not adjust for bone size, and either adjustment 
for subchondral bone area or the direct measurement of cartilage thick-
ness has thus been recommended.44

In early OA, cartilage may not be thin but rather thicker and swollen 
with water, which is imbibed by cartilage when the collagen network 
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Other imaging modalities have potential to monitor structure in 
OA, including scintigraphy, fluorodeoxyglucose-labeled positron emis-
sion tomography, and computed tomography. At present, their role in 
monitoring progression remains to be realized.49

CONCLUSION
OA is the most common form of arthritis and one of the leading causes 
of disability in the elderly population. With little currently available in 
the treatment of this disease, better understanding of responsive and 
valid structural endpoints is essential to identifying potential new 
interventions for treatment of this disease. The measures of progres-
sion we are currently using are optimal in late stages of disease but not 
early disease, where intervention may be more rational. There are cur-
rently a large number of epidemiologic and clinical trials underway in 
OA collecting both plain radiographic and MRI data. Investigations to 
identify the most valid and responsive set of endpoints are ongoing for 
these studies. Before recommending the widespread use of one particu-
lar imaging construct in structure-modifying clinical trials it is essen-
tial that we have this information as well as an established relationship 
with clinical endpoints, such as pain, function, and need for joint 
replacement.

is disrupted and the role of proteoglycans is altered.47 Thus, measuring 
cartilage volume in regions of the knee (e.g., medial tibia) and regional 
mean thickness as distinct from focal measures of change (region of 
interest analysis centered around focal defects48) and measures of 
denuded cartilage may provide very different measurements about the 
important pathologic changes occurring in early disease. Distinguish-
ing what measures are most discriminatory at each stage of the disease 
process is essential for utilizing these measures appropriately.

OTHER IMAGING MODALITIES
Ultrasonography has some advantages over other imaging techniques. 
Primarily, these include the ability to image soft tissue structures in 
multiple planes in real time without exposure to radiation.49 It is rela-
tively inexpensive and does not require contrast agents to detect syno-
vial pathology. Limitations exist, principally that ultrasonography 
remains a user-dependent technique and that the physical properties 
of sound somewhat limit its application. Although ultrasonography has 
the capability to detect osteophytes and peripheral cartilage lesions, its 
ability to detect synovial pathology is perhaps the major advantage over 
radiography. The potential for ultrasonography to be utilized as a bio-
marker in OA has not been fully investigated, and at present its role 
as a measure of progression in clinical studies is limited.
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the European League of Associations of Rheumatology (EULAR).6-8 The 
National Institute for Clinical Excellence in the United Kingdom and 
the American Academy of Orthopaedic Surgeons also published recom-
mendations for the management of OA of the knee in 2008 and 2009, 
respectively;  these  will  not  be  reviewed  in  detail  in  this  chapter.9,10 
Finally, the ACR is currently revising its recommendations for manage-
ment of OA of the hand, hip, and knee, with publication expected in 
autumn 2010.

TREATMENT MODALITIES
Objectives
Treatment  aims  at  (1)  educating  the  patient  about  OA,  (2)  reducing 
pain,  (3)  optimizing  and maintaining physical  function,  and  (4)  pre-
venting or retarding progression of adverse structural damage affecting 
the joint tissues (cartilage, bone, ligament, muscle). Currently available 
treatments include a wide range of non-pharmacologic, pharmacologic, 
and  surgical  modalities.  Based  on  a  combined  evidence-based  and 
experts’  consensus  opinion  approach,  an  OARSI  task  force  proposed 
recommendations  for  the  management  of  hip  and  knee  OA  (Box 
178.1).2  These  recommendations  emphasize  the  different  treatment 
modalities and also, because of the specificity of the treatment modali-
ties with regard to localization, they are joint related; furthermore, they 
extend  recommendations  proposed  by  EULAR  for  hip  and  knee  OA 
(Boxes 178.2 and 178.3).5,6 Recommendations for the management of 
hand OA are  currently available  through EULAR only  (Box 178.4)11; 
those from the ACR will be published in autumn 2010. We will focus 
first on the OARSI recommendations for the management of hip and 
knee OA and then review the EULAR recommendations for the man-
agement  of  hand  OA.  Treatment  of  OA  at  other  sites  will  not  be 
discussed.

The  basic  premise  for  the  management  of  patients  with  sympto-
matic OA is that it involves a combination of both non-pharmacologic 
and pharmacologic modalities that are individualized to the patient’s 
values and preferences. We first review the non-pharmacologic modali-
ties  that  serve  as  the  basis  for  the  patient’s  treatment  and  then  the 
pharmacologic modalities that can be added as necessary for additional 
symptom control.

Non-pharmacologic modalities
Patient education
This  treatment modality  is well  recognized  and  included  in  all  pub-
lished  recommendations.  Despite  the  widespread  recommendation 
that patient education be part of the basic program for management of 
patients with symptomatic OA, the supporting evidence suggests only 
a  weak  effect  of  patient  education,  including  cognitive  behavioral 
therapy, on pain and functional limitation.12,13 Two important factors 
are  the  content  of  the  educational  program and how  the program  is 
administered.

The content should include information concerning the pathophysi-
ology,  the  clinical  presentation  and  the  different  potential  investiga-
tions of OA, the natural course of the disease, and also the indications 
and expected results of the different treatment modalities. The objec-
tives of  such a  treatment are, first,  to  improve patient knowledge  to 
include  the  patient  in  the  decision-making  team  and,  second,  to 
improve treatment adherence/compliance. Patient education often has 
a goal of promoting techniques of self-management,  including cogni-
tive behavioral and coping skills.

Obviously,  the  route  of  administration  of  this  treatment  is  not  
well  established  and  can  include  the  information  obtained  during  

Management of osteoarthritis
Maxime Dougados and Marc C. Hochberg

 Osteoarthritis (OA) is the most common form of arthritis, and pain 
is the most common symptom.

 Distinguishing articular from periarticular sources of pain is 
important in designing an appropriate therapeutic strategy.

 Currently, the aims of treatment are to reduce pain and improve 
function and health-related quality of life.

 The management of OA should be individualized and requires a 
combination of non-pharmacologic and pharmacologic modalities.

 Patient education, weight control, and exercise are the 
cornerstones of the successful non-pharmacologic management  
of OA.

 Systemic and topical pharmacologic therapies including 
acetaminophen, non-steroidal anti-inflammatory drugs, and 
non-opioid analgesics are often effective in relieving pain.

 Intra-articular agents include corticosteroids and hyaluronate 
products and may be useful in the symptomatic treatment of knee 
OA.

 The adverse event profile of the therapeutic plan should be 
minimized whenever possible and be consistent with the values 
and preferences of the patient.

 Pharmacologic structure-modifying interventions are currently 
under active investigation.

 Surgical interventions are available for those patients whose 
disease fails to respond to the non-pharmacologic interventions.

INTRODUCTION
Osteoarthritis  (OA)  is  a  heterogeneous  group  of  conditions  with  a 
variety  of  patterns  of  expression.1-3  OA  can  be  conceptualized  as  an 
illness with a constellation of symptoms including pain, aching, dis-
comfort, stiffness, fatigue, and sleep disturbance; the symptoms of OA 
are  reviewed  in Chapter  171. OA also  can  be  described  as  a  disease 
characterized by pathologic changes in articular cartilage and subchon-
dral bone with variable degrees of local synovitis; the pathology of OA 
is  reviewed  in  Chapter  173.  Presently,  the  management  of  patients 
with OA is focused on the following goals:

●  Relief of symptoms, including pain
●  Maintaining or improving joint mobility
●  Limiting physical dysfunction
●  Improving health-related quality of life

Management of OA comprises two aspects:

●  The first is the assessment of OA patients: What data should be 
collected  to help  in  the  therapeutic decision? How should  such 
data be collected?

●  The second is the treatment of OA: What are the available thera-
peutic modalities? What are their optimal indications?

The assessment of patients with OA in both clinical practice and 
clinical  research  is  reviewed  in  Chapter  176.  The  remainder  of  this 
chapter  will  focus  on  the  non-pharmacologic  and  pharmacologic 
modalities available  for use  in patients with symptomatic OA in the 
context  of  recommendations  for  management  of  these  patients  pub-
lished  by  the  Osteoarthritis  Research  Society  International  (OARSI)  
in 2008 (Table 178.1).4,5 The reader should be aware of other recom-
mendations reviewed by OARSI in 2007, including, but not limited to, 
those published by the American College of Rheumatology (ACR) and 

178
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TABLE 178.1 MODALITIES EVALUATED BY OARSI IN THE PROCESS 
OF DEVELOPING THE OARSI RECOMMENDATIONS FOR  

MANAGEMENT OF HIP AND KNEE OA

Non-pharmacologic therapies
 Patient education
 Self-management
 Aerobic exercise
 Strengthening exercise
 Water-based exercise
 Weight loss
 Insoles
 Braces
 Patellar taping
 Cane/stick
 Telephone contact
 Massage
 Local heat/ice
 Acupuncture
 Transcutaneous electrical nerve stimulation
 Yoga
 Low-energy lasers
 Ultrasound

Pharmacologic therapies
 Acetaminophen (paracetamol)
 Non-steroidal anti-inflammatory drugs
 COX-2 selective inhibitors
 Topical NSAIDs
 Topical capsaicin
 Opioid analgesics
 Diacerein
 Glucosamine sulfate
 Chondroitin sulfate
 Avocado/soybean unsaponifiables
 Intra-articular corticosteroids
 Intra-articular hyaluronic acid preparations
 Herbal compounds
 Oral corticosteroids

Surgical intervention
 Joint lavage
 Arthroscopic débridement
 Osteotomy
 Total articular replacement
 Knee fusion

contralateral hand. Frames or wheeled walkers are often preferable for 
those with bilateral disease.

8. In patients with knee OA and mild/moderate varus or valgus instability, a 
knee brace can reduce pain, improve stability, and diminish the risk of 
falling.

9. Every patient with hip or knee OA should receive advice concerning 
appropriate footwear. In patients with knee OA, insoles can reduce pain 
and improve ambulation. Lateral wedged insoles can be of symptomatic 
benefit for some patients with medial tibiofemoral compartment OA.

10. Some thermal modalities may be effective for relieving symptoms in hip 
and knee OA.

11. Transcutaneous electrical nerve stimulation (TENS) can help with 
short-term pain control in some patients with hip or knee OA.

12. Acupuncture may be of symptomatic benefit in patients with knee OA.
13. Acetaminophen (up to 4 g/day) can be an effective initial oral analgesic 

for treatment of mild to moderate pain in patients with knee or hip OA. In 
the absence of an adequate response, or in the presence of severe pain 
and/or inflammation, alternative pharmacologic therapy should be 
considered based on relative efficacy and safety, as well as concomitant 
medications and comorbidities.

14. In patients with symptomatic hip or knee OA, non-steroidal anti-
inflammatory drugs (NSAIDs) should be used at the lowest effective dose, 
but their long-term use should be avoided if possible. In patients with 
increased gastrointestinal risk, either a COX-2 selective agent or a 
non-selective NSAID with co-prescription of a proton pump inhibitor or 
misoprostol for gastroprotection should be considered, but NSAIDs, 
including both non-selective and COX-2 selective agents, should be used 
with caution in patients with cardiovascular risk factors.

15. Topical NSAIDs and capsaicin can be effective as adjunctives and 
alternatives to oral analgesic/anti-inflammatory agents in knee OA.

16. Intra-articular injections with corticosteroids can be used in the treatment 
of hip or knee OA and should be considered particularly when patients 
have moderate to severe pain not responding satisfactorily to oral 
analgesic/anti-inflammatory agents and in patients with symptomatic 
knee OA with effusions or other physical signs of local inflammation.

17. Injections of intra-articular hyaluronate may be useful in patients with 
knee or hip OA. They are characterized by delayed onset, but prolonged 
duration, of symptomatic benefit when compared with intra-articular 
injections of corticosteroids.

18. Treatment with glucosamine and/or chondroitin sulfate may provide 
symptomatic benefit in patients with knee OA. If no response is apparent 
within 6 months, treatment should be discontinued.

19. In patients with symptomatic knee OA, glucosamine sulfate and 
chondroitin sulfate may have structure-modifying effects whereas 
diacerein may have structure-modifying effects in patients with 
symptomatic OA of the hip.

20. The use of weak opioids and narcotic analgesics can be considered for 
the treatment of refractory pain in patients with hip or knee OA, when 
other pharmacologic agents have been ineffective, or are contraindicated. 
Stronger opioids should be used only for the management of severe pain 
in exceptional circumstances. Non-pharmacologic therapies should be 
continued in such patient and surgical treatments should be considered.

21. Patients with hip or knee OA who are not obtaining adequate pain relief 
and functional improvement from a combination of non-pharmacologic 
and pharmacologic treatment should be considered for joint replacement 
surgery. Replacement arthroplasties are effective and cost-effective 
interventions for patients with significant symptoms and/or functional 
limitations associated with a reduced health-related quality of life despite 
conservative therapy.

22. Unicompartmental knee replacement is effective in patients with knee 
OA restricted to a single compartment.

23. Osteotomy and joint-preserving surgical procedures should be 
considered in young adults with symptomatic hip OA, especially in the 
presence of dysplasia. For the young and physically active patient with 
significant symptoms from unicompartmental knee OA, high tibial 
osteotomy may offer an alternative intervention that delays the need for 
joint replacement for possibly 10 years.

24. The role of joint lavage and arthroscopic débridement in knee OA is 
controversial. Although some studies have demonstrated short-term 
symptom relief, others suggest that improvement in symptoms could be 
attributable to a placebo effect.

25. In patients with OA of the knee, joint fusion can be considered as a 
salvage procedure when joint replacement has failed.

BOX 178.1 OARSI RECOMMENDATIONS FOR THE MANAGEMENT OF 
PATIENTS WITH HIP OR KNEE OSTEOARTHRITIS

1. Optimal management of OA requires a combination of non-
pharmacologic and pharmacologic modalities.

2. All patients with hip and knee OA should be given information access 
and education about the objectives of treatment and the importance of 
changes in lifestyle, exercise, pacing of activities, weight reduction, and 
other measures to unload the damaged joint(s). The initial focus should 
be on self-help and patient-driven treatments rather than on passive 
therapies delivered by health care professionals. Subsequently, emphasis 
should be placed on encouraging adherence to the regimen of non-
pharmacologic therapy.

3. The clinical status of patients with hip or knee OA can be improved if 
patients are contacted regularly by telephone.

4. Patients with symptomatic hip and knee OA may benefit from referral to 
a physical therapist for evaluation and instruction in appropriate exercises 
to reduce pain and improve functional capacity. This evaluation may 
result in provision of assistive devices such as canes and walkers, as 
appropriate.

5. Patients with hip and knee OA should be encouraged to undertake, and 
continue to undertake, regular aerobic, muscle strengthening, and 
range-of-motion exercises. For patients with symptomatic hip OA, 
exercises in water can be effective.

6. Patients with hip and knee OA, who are overweight, should be 
encouraged to lose weight and maintain their weight at a lower level.

7. Walking aids can reduce pain in patients with hip and knee OA. Patients 
should be given instruction in the optimal use of a cane or crutch in the 
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Choosing  the  route  of  administration  is  one  of  the  key  consider-
ations  for  the  patient  and  the  health  care  provider.  Two  important 
questions are:

1.  What  is  the  optimal  mode  of  administration  to  educate  the 
patients, so that they perform the exercises adequately?

2.  What is the optimal mode of administration to improve patient 
adherence with such exercise therapy?

Whatever  the mode of  administration,  the  exercises must be per-
formed at least three to seven times a week. Efficacy is better in com-
pliant patients. Therefore, it seems that regular interventions, such as 
telephone calls and visits by nurses or physiotherapists, are important 
to ensure long-term adherence with the exercises.

Weight loss
This treatment modality has been evaluated only in patients with knee 
OA. There has been one systematic review that pooled data from four 
randomized  controlled  trials.20  The  interventions  in  the  individual 
studies included cognitive behavioral therapy and nutritional counsel-
ing with or without supervised exercise. Overall,  there was moderate 
evidence that weight loss of at least 5% of body weight was associated 
with a small improvement in both pain and physical function. Obvi-
ously, because of the common occurrence of co-morbid cardiovascular 
and metabolic conditions such as hypertension, diabetes mellitus, and 
coronary artery disease, weight reduction is important not only for the 
patient’s  knee  OA  but  also  for  his  or  her  general  health  and 
well-being.

BOX 178.2 EULAR RECOMMENDATIONS FOR MANAGEMENT OF 
KNEE OSTEOARTHRITIS

1. The optimal management of knee OA requires a combination of 
non-pharmacologic and pharmacologic treatment modalities.

2. The treatment of knee OA should be tailored according to:
(a) Knee risk factors (obesity, adverse mechanical factors, physical 

activity)
(b) General risk factors (age, co-morbidity, polypharmacy)
(c) Level of pain intensity and disability
(d) Sign of inflammation (e.g., effusion)
(e) Location and degree of structural damage

3. Non-pharmacologic treatment of knee OA should include regular 
education, exercise, appliances (stick, insoles, knee bracing), and weight 
reduction.

4. Paracetamol (acetaminophen) is the oral analgesic to try first and, if 
successful, the preferred long-term oral analgesic.

5. Topical applications (NSAIDs, capsaicin) have clinical efficacy and are safe.
6. NSAIDs should be considered in patients unresponsive to paracetamol 

(acetaminophen). In patients with an increased gastrointestinal risk, 
non-selective NSAIDs and effective gastroprotective agents or selective 
COX-2 inhibitors should be used.

7. Opioid analgesics, with or without paracetamol (acetaminophen), are 
useful alternatives in patients in whom NSAIDs, including COX-2 selective 
inhibitors, are contraindicated, ineffective, and/or poorly tolerated.

8. SYSADOA (glucosamine sulfate, chondroitin sulfate, ASU, diacerein, 
hyaluronic acid) have symptomatic effects and may modify structure.

9. Intra-articular injection of a long-acting corticosteroid is indicated for 
flare of knee pain, especially if accompanied by effusion.

10. Joint replacement has to be considered in patients with radiographic 
evidence of knee OA who have refractory pain and disability.

OA, osteoarthritis; NSAIDs, non-steroidal anti-inflammatory drugs; SYSADOA, symptomatic 
slow-acting drugs for osteoarthritis.
Adapted from Jordan K, Arden NK, Doherty M, et al. EULAR recommendations 2003: an 
evidence based approach to the management of knee osteoarthritis: report of a Task Force of 
the Standing Committee for International Clinical Studies Including Therapeutic Trials 
(ESCISIT). Ann Rheum Dis 2003;62:1145-1155.

BOX 178.3 EULAR RECOMMENDATIONS FOR MANAGEMENT OF 
HIP OSTEOARTHRITIS

1. The optimal management of hip OA requires a combination of non-
pharmacologic and pharmacologic treatment modalities.

2. The treatment of hip OA should be tailored according to:
(a) Hip risk factors (obesity, adverse mechanical factors, physical activity, 

dysplasia)
(b) General risk factors (age, gender, co-morbidity, co-medications)
(c) Level of pain intensity, disability, and handicap
(d) Location and degree of structural damage
(e) The wishes and expectations of the patient

3. Non-pharmacologic therapy of hip OA should include regular education, 
exercise, appliances (stick, insoles), and weight reduction if obese or 
overweight.

4. Because of its efficacy and safety, paracetamol (acetaminophen, up to 
4 g/day) is the oral analgesic of first choice for mild-to-moderate pain 
and, if successful, is the preferred long-term oral analgesic.

5. NSAIDs, at the lowest effective dose, should be added or substituted in 
patients who respond inadequately to paracetamol (acetaminophen). In 
patients with increased gastrointestinal risk, non-selective NSAIDs plus a 
gastroprotective agent or a selective COX-2 inhibitor should be used.

6. Opioid analgesics, with or without paracetamol (acetaminophen), are 
useful alternatives in patients in whom NSAIDs, including COX-2 selective 
inhibitors, are contraindicated, ineffective, and/or poorly tolerated.

7. SYSADOA (glucosamine sulfate, chondroitin sulfate, diacerein, ASU and 
hyaluronic acid) have symptomatic effect and low toxicity but effect sizes 
are small, suitable patients are not well defined, and clinically relevant 
structure modification and pharmacoeconomic aspects are not well 
established.

8. Intra-articular steroid injections (guided by ultrasound or radiography) 
may be considered in patients with a flare that is unresponsive to 
analgesics and NSAIDs.

9. Osteotomy and joint-preserving surgical procedures should be 
considered in young adults with symptomatic hip OA, especially in the 
presence of dysplasia or varus/valgus deformity.

10. Joint replacement has to be considered in patients with radiographic 
evidence of hip OA who have refractory pain and disability.

OA, osteoarthritis; NSAIDs, non-steroidal anti-inflammatory drugs; SYSADOA, symptomatic 
slow-acting drugs for osteoarthritis.
Adapted from Zhang W, Doherty M, Arden N, et al. EULAR evidence based recommendations 
for the management of hip osteoarthritis: report of a task force of the EULAR Standing 
Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 
2005;64:669-681.

one-to-one discussions with health care professionals or using book-
lets, videos, CDs, or web sites. The use of education courses for groups 
of  patients  remains  to  be  further  investigated  but  may  be  a  cost-
effective way of delivering this type of therapy.

Exercise
A physical exercise program should increase or maintain the range of 
articular  motion,  increase  or  maintain  sufficient  muscular  strength, 
increase  articular  stability  and  decrease  biomechanical  constraints, 
increase  the  resistance  during  physical  activities,  and  decrease  pain. 
There  have  been  numerous  systematic  reviews  of  randomized,  con-
trolled trials of different exercise programs in patients suffering  from 
hip  or  (more  frequently)  knee OA.14-18 These  reviews  concluded  that 
there is high-quality evidence that programs of exercise therapy, be they 
aquatic (water-based), aerobic (land-based), or resistance in nature, are 
able to decrease pain and improve functional capacity in patients with 
OA.  Observed  treatment  effects  (i.e.,  improvement  over  the  control 
group) are usually moderate (effect sizes ranging from 0.3 to 0.6) and 
are observed usually after 3 to 6 months of therapy. Numbers needed 
to treat are in single digits. The evidence is stronger in knee OA when 
compared with hip OA because few studies have evaluated the effects 
of exercise therapy specifically in patients with hip OA.18

Theoretically,  exercise  therapy  programs  should  include  manual 
therapy such as stretching exercises and soft tissue mobilization aimed 
at maintaining or improving the range of motion along with exercises 
aimed at  improving muscle performance  in  terms of  dimension and 
strength.19 Such exercises should be adapted according to the presence 
or absence of a painful episode of OA. In painful episodes,  isometric 
exercises such as quadriceps contraction or exercises in a non-loading 
position (cycling, rowing with adapted tools) or in a partial non-loading 
position (aquatic exercises) should be proposed. In painless (or at least 
less painful) periods, the exercise program could include stretching and 
muscle performance exercises.
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included only two published randomized controlled trials of bracing for 
knee  OA;  hence,  not  only  is  there  little  evidence  on  which  to  base 
recommendations but  this  evidence  is  conflicting.21,23,24 Brouwer and 
colleagues23 failed to demonstrate that use of a commercially available 
brace plus standard care was superior to standard care alone for relief 
of pain and improvement in function, whereas Kirkley and colleagues24 
showed that use of a custom-made brace with standard care was supe-
rior to standard care alone for relief of pain and improvement in func-
tion. The American Academy of Orthopaedic Surgeons was unable to 
recommend for or against the use of a brace for symptomatic treatment 
of knee OA.10 Medial patellar taping, however, is efficacious for relief 
of pain, although it is frequently accompanied by minor skin irritation 
from the tape itself.25 The patient should be instructed in taping by a 
physical therapist.

Use of a cane
In cases of chronic mechanical pain, the appropriate use of a cane could 
be  a  useful  adjuvant  therapy.  The  cane  should  be  held  in  the  hand 
contralateral to the affected hip or knee and should be advanced with 
the affected limb when walking. A useful approximation of an appropri-
ate cane size is the length from the floor to the patient’s greater tro-
chanter. Ideally, the patient should be fitted for a cane and instructed 
in its use by a physical therapist.

Other non-pharmacologic interventions
The usefulness of other non-pharmacologic interventions, even popular 
ones,  is  not  well  demonstrated.  This  is  particularly  the  case  for  
yoga-based  therapies  including  Tai-Chi,  transcutaneous  electrical 
nerve  stimulation  (TENS),  pulsed  electromagnetic  therapy,  and 
balneotherapy.26,27

Traditional  Chinese  acupuncture  has  been  the  subject  of  many 
studies  with  different  study  designs.  Several  systematic  reviews  and 
meta-analyses confirm the efficacy of adding traditional Chinese acu-
puncture as adjunctive therapy for relief of pain in patients with knee 
OA.28,29

Pharmacologic treatment modalities
Topical agents
The two most widely used topical agents are preparations containing 
capsaicin and those containing non-steroidal anti-inflammatory drugs 
(NSAIDs). Capsaicin preparations have been shown to be efficacious 
in controlled double-blind studies in OA of the hand and knee. Topical 
NSAIDs have also been shown to be effective in double-blind placebo-
controlled trials.30 Furthermore,  topical NSAIDs have been shown to 
be  as  efficacious  as  orally  administered  NSAIDs  and  with  a  lower 
incidence  of  bothersome  upper  gastrointestinal  side  effects.31,32  It  is 
clear that topical agents should be considered as a useful if not first-line 
option in patients with symptomatic knee OA.9

Oral Analgesics
Acetaminophen (paracetamol)
Acetaminophen  (paracetamol)  is  recommended  as  a  first-line  symp-
tomatic  treatment  of  OA  patients  with  mild  to  moderate  pain  by 
various  rheumatology societies owing  to  its efficacy,  safety, and cost. 
Two  systematic  reviews  and  meta-analyses  of  randomized  placebo-
controlled trials of acetaminophen for knee OA showed a small signifi-
cant  effect  for  pain  relief  without  an  accompanying  effect  on  either 
functional improvement or stiffness.31,33

The  safety  profile  of  acetaminophen  has  also  been  revisited,  in 
particular when considering the 4-g/day dose. Results of an epidemio-
logic study suggest that high (≥3 g) doses of acetaminophen may convey 
the  same  risk  for  upper  gastrointestinal  complications  as  traditional 
NSAIDs.34  Similarly,  results  of  observational  studies  suggest  that 
chronic use of acetaminophen may convey the same risk for hyperten-
sion as traditional NSAIDs.35 The mechanism of high-dose acetamino-
phen’s apparent upper gastrointestinal and renovascular toxicity may 
be related to its ability to function as a weak inhibitor of both cyclo-
oxygenase (COX)-1 and -2 when used in high doses.36

Another  particular  concern  is  the  patient’s  potential  concomitant 
use  of  over-the-counter  products  containing  acetaminophen.  Indeed, 

BOX 178.4 EULAR RECOMMENDATIONS FOR MANAGEMENT OF 
HAND OSTEOARTHRITIS

1. Optimal management of hand OA requires a combination of non-
pharmacologic and pharmacologic treatment modalities individualized to 
the patients’ requirements.

2. Treatment of hand OA should be individualized according to:
(a) Localization of OA
(b) Risk factors (age, sex, adverse mechanical factors)
(c) Type of OA (nodal, erosive, traumatic)
(d) Presence of inflammation; severity of structural change
(e) Level of pain, disability and restriction of quality of life
(f ) Co-morbidity and co-medication (including OA at other sites)
(g) The wishes and expectations of the patient

3. Education concerning joint protection (how to avoid adverse mechanical 
factors) together with an exercise regimen (involving both range of 
motion and strengthening exercises) are recommended for all patients 
with hand OA.

4. Local application of heat (e.g., paraffin wax, hot pack), especially before 
exercise, and ultrasound are beneficial treatments.

5. Splints for thumb base OA and orthoses to prevent/correct lateral 
angulation and flexion deformity are recommended.

6. Local treatments are preferred over systemic treatments, especially for 
mild to moderate pain and when only a few joints are affected. Topical 
NSAIDs and capsaicin are effective and safe treatments for hand OA.

7. Because of its efficacy and safety paracetamol (acetaminophen) (up to 
4 g/day) is the oral analgesic of first choice and, if successful, is the 
preferred long-term oral analgesic.

8. Oral NSAIDs should be used at the lowest effective dose and for the 
shortest duration in patients who respond inadequately to paracetamol 
(acetaminophen). The patient’s requirements and response to treatment 
should be re-evaluated periodically. In patients with increase 
gastrointestinal risk non-selective NSAIDs plus a gastroprotective agent, 
or a selective COX-2 inhibitor should be used. In patients with increased 
cardiovascular risk, selective COX-2 inhibitors are contraindicated and 
non-selective NSAIDs should be used with caution.

9. SYSADOA (e.g., glucosamine, chondroitin sulfate, avocado soybean 
unsaponifiables, diacerein, intra-articular hyaluronan) may give 
symptomatic benefit with low toxicity, but effect sizes are small, suitable 
patients are not defined, and clinically relevant structure modification and 
pharmacoeconomic benefits have not been established.

10. Intra-articular injection of a long-acting corticosteroid is effective for 
painful flares of OA, especially trapeziometacarpal joint OA.

11. Surgery (e.g., interposition arthroplasty, osteotomy or arthrodesis) is an 
effective treatment for severe thumb base OA and should be considered 
in patients with marked pain and/or disability when conservative 
treatments have failed.

OA, osteoarthritis; NSAIDs, non-steroidal anti-inflammatory drugs; SYSADOA, symptomatic 
slow-acting drugs for osteoarthritis.
Adapted from Zhang W, Doherty M, Leeb BF, et al. EULAR evidence based recommendations 
for the management of hand osteoarthritis: report of a task force of the EULAR Standing 
Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 
2007;66:377-388.

Orthotics
Orthotics  are  mainly  used  to  improve  patient’s  symptoms  but  also 
might help to correct abnormal articular biomechanical forces operat-
ing across the joint. The type of orthotic used is obviously joint related. 
In knee OA, studies of orthotics have demonstrated that lateral wedged 
insoles with a subtalar strap provide symptomatic relief to those with 
medial compartment knee OA and/or result in less symptomatic (e.g., 
NSAIDs)  treatment  intake,  whereas  medial  wedged  insoles  provide 
symptomatic  relief  to  those  with  lateral  compartment  knee  OA.21,22 
There  is  no  compelling  evidence  at  this  time  that  use  of  orthotics 
reduces structural progression in patients with knee OA.

Braces and patellar taping
Braces are mainly used to improve patient’s symptoms but also might 
help  to  correct  abnormal  articular  biomechanical  forces  operating 
across  the  joint.  There  has  been  only  one  systematic  review  that 
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total  joint  arthroplasty.  All  these  agents  have  potential  side  effects, 
including nausea, dizziness, somnolence, and constipation, which are 
of clinical relevance particularly in elderly patients. The use of opioid 
analgesics is reviewed in Chapter 49. The American Academy of Pain 
Management  and  American  Pain  Society  recently  published  recom-
mendations for the use of opioid analgesics in chronic non-cancer pain; 
these should be followed by all practitioners who consider use of opioid 
analgesics in their patients with OA.42

Intra-articular therapy
Corticosteroids
Intra-articular  corticosteroids  are  recommended  in  several  guidelines 
for the management of patients with peripheral joint OA. Several sys-
tematic  reviews and meta-analyses support  the efficacy and safety of 
intra-articular  steroids  in  knee  OA.43  Onset  of  efficacy  is  rapid  with 
maximal  efficacy  reached  in  less  than 1 week;  response  lasts  only 4 
weeks  in  randomized  controlled  trials  but  often  up  to  3  months  in 
clinical practice. There is limited evidence that the presence of an effu-
sion is a predisposing factor for a better response to the intra-articular 
injection  of  corticosteroids.  However,  in  our  opinion,  knee  effusion 
may reflect the presence of inflammatory synovitis, justifying the intra-
articular injection of these agents.

The question commonly raised by the patient is the potential delete-
rious (local and/or systemic) effect of repeated intra-articular injections 
of  corticosteroids.  In  a  placebo-controlled  trial  of  repeated  intra- 
articular steroid injections every 3 months for up to 2 years there was 
no particular detectable side effect observed in the active group when 
compared with placebo.44 Patients with poorly controlled diabetes mel-
litus  should  be  counseled  that  blood  glucose  values  may  rise  after 
intra-articular  corticosteroid  injections  and  that  insulin  dosage  may 
need to be adjusted.45

Hyaluronate preparations
Viscosupplementation refers to the intra-articular injection of prepara-
tions of hyaluronic acid, a high-molecular-weight polysaccharide that 
is  a major  component of  synovial fluid  and  cartilage,  to  relieve pain 
and  improve  function.  Several  hyaluronic  acid  preparations  are  cur-
rently  available;  these  can  be  classified  into  two  categories  based  on 
molecular weight and crosslinkage: low molecular weight (0.5-2 MDa) 
and high molecular weight (crosslinked, 6-7 MDa).

There are several  systematic  reviews  that have evaluated  the  ran-
domized controlled trials of intra-articular hyaluronan preparations.46-49 
Most studies in humans have been carried out in patients with knee 
OA. The main conclusion is that a course of three to five injections at 
weekly  intervals has a weak but statistically significant symptomatic 
effect compared with saline placebo injections for a period of up to 26 
weeks. A review of six of  these systematic reviews conducted  for  the 
Agency for Healthcare Research and Quality concluded that the mag-
nitude of this effect on symptoms was of unclear clinical significance 
because of considerable uncertainty in the reliability of the underlying 
evidence.50  Based  largely  on  this  systematic  review,  the  American 
Academy of Orthopaedic Surgeons decided not  to  recommend either 
for  or  against  the use  of  intra-articular hyaluronates  in  the manage-
ment of patients with mild-to-moderate symptomatic knee OA.10

Slow-acting symptomatic osteoarthritic drugs
Other drugs beside analgesics and NSAIDs have been licensed for the 
management of OA patients in Europe. The main differences between 
these compounds and NSAIDs are as follows.

●  A slightly lower symptomatic treatment effect
●  A delayed onset of action
●  A carryover effect
●  The  fact  that  the  NSAID-sparing  effect  of  symptomatic  drug 

intake  might  be  an  indication  of  the  efficacy  of  such 
compounds

●  A potential beneficial structural effect

Diacerein
Diacerein  is  an  anthraquinone  derivative  that  has  been  shown  to 
inhibit  the  production  of  interleukin-1  (IL-1)  and  reduce  cartilage 
breakdown  and  the  development  of  cartilage  lesions  in  preclinical 

acetaminophen is the most common cause of drug-induced liver failure, 
resulting in the need for hepatic transplantation in the United States. 
A meeting was convened by the U.S. Food and Drug Administration 
(FDA) in June 2009 to review the safety of acetaminophen, and it was 
recommended that the maximal single daily dose should be lowered to 
3 g/day and that combination products containing acetaminophen and 
opioid analgesics be removed from the market.

Non-steroidal anti-inflammatory agents
NSAIDs are used widely for the management of OA. A detailed descrip-
tion of their mechanism of action and potential gastrointestinal, renal, 
and cardiovascular toxicity observed in clinical trials and observational 
studies can be found in Chapter 50.

A systematic review of randomized placebo-controlled clinical trials 
evaluating NSAIDs in OA clearly demonstrates a short-term sympto-
matic effect, although this appears somewhat magnified by the use of 
the  “flare”  design.31  However,  several  questions  remain  and/or  have 
been recently revisited.

●  Is their therapeutic effect better than that observed with simple 
analgesics?

●  Is  their  therapeutic  effect  maintained  when  using  COX-2 
selective  inhibitors  as  compared  with  traditional  non-selective 
NSAIDs?

●  Is  a  systematic  daily  intake  of  more  benefit  than  “on  demand” 
intake?

NSAIDs versus acetaminophen
Two systematic reviews and meta-analyses clearly found that NSAIDs 
were more efficacious than acetaminophen for OA pain yet the risk of 
discontinuing therapy for gastrointestinal adverse events was approxi-
mately  50%  higher  with  NSAIDs  than  acetaminophen.31,33  Further-
more,  the  majority  of  patients  with  OA  expressed  a  preference  for 
NSAIDs over acetaminophen.

COX-2 selective inhibitors versus NSAIDs
A  systematic  review  of  randomized  trials  in  OA  comparing  the  
COX-2 selective inhibitors celecoxib, rofecoxib, valdecoxib, etoricoxib, 
and  lumiracoxib  with  one  of  the  conventional  NSAIDs  (most  often 
diclofenac, naproxen, ibuprofen) concluded that symptomatic improve-
ment  was  comparable  between  these  two  subclasses  of  NSAIDs.37 
COX-2  selective  inhibitors  remain  indicated  primarily  for  patients  
who  are  at  increased  risk  of  symptomatic  ulcers  and  complicated  
upper  gastrointestinal  events,  including  perforations  and  bleeding. 
Their use in patients either receiving concomitant antiplatelet therapy 
or  with  cardiovascular  risk  factors  has  been  the  subject  of  several  
published  recommendations  by  specialty  societies.38-40  Perhaps  the 
safest and most cost-effective approach for the patient at risk of com-
plicated upper gastrointestinal events because of a combination of risk 
factors  and  the  use  of  concomitant  antiplatelet  therapy  is  to  use  a 
COX-2  selective  inhibitor  in  combination  with  a  proton  pump 
inhibitor.

Systematic versus “on demand” intake of NSAIDs
Because  of  the  potential  side  effects  of  NSAIDs,  the  current  recom-
mendation from both professional societies and health agencies  is to 
take  such  drugs  for  the  shortest  period  of  time  at  the  lowest  dose. 
However, to our knowledge, there are no data comparing the effective-
ness of these two modes of intake. This is important because the poor 
quality  of  life  observed  in  painful  OA  patients  who  are  not  able  or 
allowed  to  take  efficient  symptomatic  treatments  might  result  in  a 
decrease  in  physical  activities  and  thereafter  in  an  increased  risk  of 
co-morbidities  (e.g.,  falls,  infections,  cardiovascular  disease).  Thus, 
patients  are  counseled  to  take  NSAIDs  for  symptom  control  when 
needed.

Opioid analgesics
Tramadol  and  other  opioid  analgesics  have  been  shown  to  be  effica-
cious  for  short-term  pain  relief  in  patients  with  OA  but  are  rarely 
indicated  for  long-term  therapy.41  Indeed,  long-term  use  should  be 
restricted  for patients who continue  to have moderate-to-severe pain 
with OA and are either not candidates for or are unwilling to undergo 
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Chondroitin sulfate
Chondroitin sulfate is a macromolecule that provides (like hyaluronic 
acid) the framework for collagen formation. The rationale for use and 
the information concerning the available data for symptomatic efficacy 
are similar to those discussed for glucosamine except that a systematic 
review of well-conducted placebo-controlled trials suggested that chon-
droitin  sulfate was not  efficacious  for  relief  of  symptoms  in patients 
with  knee  OA.50,62  Nevertheless,  a  systematic  review  of  randomized 
double-blind  placebo-controlled  trials  did  demonstrate  a  significant 
positive effect on  the  rate of decline  in  joint  space width  in patients 
with knee OA.63 This result was robust to the inclusion of data from 
GAIT, even though the  latter study did not demonstrate significance 
by  itself. As with  glucosamine,  chondroitin  sulfate  seems  to  be  very 
safe.

Avocado/soybean unsaponifiables (ASU)
ASU can be considered as either a diet supplement or a drug. Despite 
the  fact  that  ASU  is  commonly  used  for  both  hip  and  knee  OA  in 
Europe,  the  evidence  of  its  efficacy  is  only  fair  and  the  effect  size  is 
small.64

Surgical interventions
Surgical  interventions  in  OA  can  be  categorized  in  three  groups  
based on the rationale and/or the main objective of the treatment: (1) 
improving current symptoms (e.g., lavage and joint débridement); (2) 
preventing the risk of structural progression (e.g., osteotomy); and (3) 
improving  the  symptoms  related  to  advanced  disease  (e.g.,  joint 
replacement).

Arthroscopic and/or tidal lavage and joint débridement
In theory, lavage of the joint (through a large needle or by arthroscopy) 
removes debris such as microscopic or macroscopic fragments of car-
tilage or calcium pyrophosphate crystals that may induce synovitis, a 
likely source of pain. Tidal irrigation is a similar process but using only 
one entry site. Arthroscopic débridement consists of smoothing rough, 
fibrillated articular and meniscal surfaces, shaving tibial spine osteo-
phytes  that  interfere  with  the  motion  of  the  joint,  and  removing 
inflamed synovium. Several randomized controlled trials of arthroscopic 
débridement  with  lavage  have  not  demonstrated  efficacy  compared 
with either sham surgery or usual care.50,65-67

The exact place of arthroscopic débridement and lavage in knee OA, 
if any, remains to be established. Perhaps this procedure  is  indicated 
only  in  patients  with  symptoms  and  signs  of  internal  derangement, 
including meniscal tears.

Osteotomy
Malalignment has been recognized as the most important predisposing 
factor  for  further  structural  progression.  Therefore,  the  correction  of 
this abnormality is tempting. Observational studies suggest that oste-
otomy could be  considered  in patients with  either mild  to moderate 
medial tibiofemoral OA with varus malalignment or moderate supero-
lateral  hip  OA  occurring  in  a  patient  with  evident  hip  dysplasia.68 
However,  the  lack  of  evaluation  of  the  safety/efficacy  profile  of  this 
treatment  modality  precludes  any  formal  recommendation,  which 
explains  the  huge  intercountry  variability  of  the  use  of  this 
treatment.

Total articular replacement
Articular  replacement  is considered  the “gold standard” because  it  is 
very effective in providing pain relief and restoring function in many 
patients  with  OA.  Hip  and  knee  joint  replacement  are  the  most 
common. The main question remaining is that related to the optimal 
time  for  surgery.  Consensus  conferences  sponsored  by  the  National 
Institutes  of  Health  have  proposed  sets  of  criteria  for  total  articular 
replacement in patients with hip and knee OA; generally, the indica-
tion  for  surgery  is  based  on  the  severity  of  the  patient’s  pain  and 
functional  limitation,  the  impact of  their OA on  their health-related 
quality of life, and the presence of radiographic features of OA. In daily 
practice at  the  individual  level,  the decision should at  least be based 
on the following criteria: level of symptomatic severity, level of struc-
tural severity, co-morbid medical conditions and need for concomitant 
therapy, and patient’s willingness to undergo the procedure.

models  of  OA.  Two  systematic  reviews  of  randomized  placebo- 
controlled  trials demonstrate  efficacy  compared with placebo, with a 
small  effect  size;  the  major  adverse  event  is  diarrhea,  which  is  dose 
dependent.51,52

The potential structural effect was investigated in a 3-year placebo-
controlled  trial  in 507 patients suffering  from painful hip OA.53 The 
occurrence  of  radiographic  progression  (i.e.,  a  change  in  joint  space 
width of at least 0.5 mm during the study) was significantly lower and 
occurred later in the diacerein-treated group compared with the placebo 
group. This was observed in both the intention-to-treat and the com-
pleter  population.  This  reduction  in  radiographic  progression  was 
accompanied by a 25% reduction in the occurrence of total hip replace-
ment;  this  did  not  reach  statistical  significance,  perhaps  because  of 
small  numbers  of  events.  A  question  remains  regarding  the  clinical 
relevance of the observed treatment effect.54

Glucosamine sulfate
Glucosamine is commercially derived from chitin, the specially proc-
essed exoskeleton of shrimps, lobsters, and crabs. There are no dietary 
sources of glucosamine, and it is available commercially as a pharma-
ceutical drug in Europe and as a nutritional supplement in the United 
Kingdom and United States. For several years, the counter anion of the 
glucosamine salt (i.e., chloride or sulfate) was not considered likely to 
play a role in the action or pharmacokinetics of glucosamine. However, 
evidence  from  systematic  reviews  of  randomized  placebo-controlled 
trials suggests that glucosamine sulfate, marketed as a pharmacologic 
agent in Europe, is efficacious for the treatment of knee OA whereas 
glucosamine hydrochloride and glucosamine preparations available as 
nutritional supplements in the United Kingdom and the United States 
are not.50,55,56

Concerning the structural effect, two placebo-controlled randomized 
trials  have  been  conducted  in  painful  knee  OA.57,58  Both  showed  a 
statistically  significant  reduction  in  radiologic  joint  space  narrowing 
with glucosamine sulfate when compared with placebo. The validity of 
these results has been questioned because measurement of joint space 
width was based on fully extended weight-bearing radiographs instead 
of semiflexed or fixed flexion radiographs; the latter are considered the 
gold  standard  for  measuring  joint  space  width  for  clinical  trials  of 
structure-modifying OA drugs for regulatory purposes. A follow-up of 
patients who had participated in these trials suggested that 3 years of 
glucosamine  therapy might  result  in a  reduced  requirement  for knee 
surgery.59

Because of these findings (on one hand, positive symptomatic effect, 
positive structural effect and  long-term clinically relevant effect such 
as the requirement for surgery and, on the other hand, potential biases 
of  the  reported  studies)  and  also  because  of  the  importance  of  the 
consequences for management of patients in daily practice, the National 
Institutes of Health decided to sponsor a large (3238 patients) multi-
center U.S.  study  in painful  knee OA  (the GAIT  trial).60 This  study 
was a priori designed to be split into two parts: the first 6 months to 
evaluate the symptomatic effect and the following 24 months to evalu-
ate both the symptomatic and structural effects. The study had a design 
including five arms: placebo, celecoxib 200 mg daily (the active control), 
glucosamine  hydrochloride  500 mg  three  times  a  day,  chondroitin 
sulfate 400 mg three times a day, and the combination of glucosamine 
plus chondroitin sulfate. Compared with placebo, there was a statisti-
cally  significant  difference  in  the  primary  outcome  variable  (i.e., 
response defined by an improvement of at least 20% in pain) in favor 
of celecoxib (70.4% vs. 60.1% responder rate) but no statistically sig-
nificant difference in favor of glucosamine, chondroitin sulfate, or the 
combination  (percentage  responders:  64.0%,  65.4%,  66.6%,  respec-
tively).  However,  a  predefined  subgroup  analysis  performed  in  the 
patients with severe pain at entry did demonstrate a statistically sig-
nificant difference of  the combination  (glucosamine plus chondroitin 
sulfate) versus placebo (percentage responders 79.2% vs. 54.3%, respec-
tively) but not for celecoxib versus placebo. The results concerning the 
long-term structural effects failed to demonstrate significant differences 
in change in decline in joint space width over 2 years between groups.61 
Hence,  if  a  practitioner  decides  to use  glucosamine  sulfate  for  treat-
ment of symptoms and structure modification  in patients with knee 
OA,  this  should be done with  the preparation  approved  for use  as  a 
pharmaceutical agent in Europe.
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topical  therapies,  including  capsaicin,  trolamine  salicylate,  and 
NSAIDs; oral NSAIDs  including COX-2 selective  inhibitors; occupa-
tional therapy; and bracing for the first carpometacarpal (CMC) joint. 
Hydroxychloroquine may be efficacious for patients with inflammatory 
interphalangeal joint OA who have not adequately responded to topical 
and/or oral NSAIDs. Trials of intra-articular hyaluronate preparations 
for  OA  of  the  first  CMC  joint  are  in  progress  (L.  Mandl,  personal 
communication).

Recommendations for the management  
of hand OA
Recommendations for the management of hand OA were published by 
EULAR in 2007 (see Box 178.4).11 Towheed has published two system-
atic  reviews  of  non-surgical  therapies  for  hand  OA;  the  most  recent 
included literature published through February 2008 and was used to 
inform the recommendations for hand OA developed by the ACR.69,70 
The data suggest that there is some evidence to support the efficacy of 
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formation to bridge four contiguous vertebral bodies in the absence of 
degenerative disc disease and the absence of inflammatory sacroiliac 
or facet joint changes.20 These criteria therefore define DISH unasso
ciated with another disorder. In routine clinical practice it is more 
common to see significant agerelated disc or facet joint degenerative 
change occurring in conjunction with changes of DISH. Thus study 
populations of “pure” DISH may differ in clinical characteristics from 
DISH in which it occurs with other common degenerative spinal 
conditions.

The condition is characterized by widespread new bone formation, 
with an increase in the amount of normal new bone, heterotopic bone 
formation, and specifically, the presence of new bone growth into the 
entheseal regions (Fig. 179.2). The enthesis is that region where the 
tendon, ligament, joint capsule, or annulus fibrosus fibers insert into 
bone.21 Although it was the prominent new bone growth in the antero
lateral entheseal regions along the thoracic spine that first brought 
attention to this condition, it may affect any skeletal structure to dif
fering degrees.

DISH changes are most characteristic in the thoracic spine, where 
uninterrupted new bone may “flow” from one vertebra to another. It 
is more prominent on the right side of the thoracic vertebra, thought 
to be a consequence of the pressure effect of the leftsided aorta. The 
presence of the anterior longitudinal ligament over the anterior two 
thirds of the vertebral bodies dictates the distribution of the new bone 
formation. There is often a gap in the new bone adjacent to the inter
vertebral disc or between the new bone and the intact original cortex. 
When disc changes are absent, the new bone formation may be applied 
closely to the vertebral bodies and can, at times, mimic an inflamma
tory spondylitis. In DISH the original cortex remains under the ossified 
ligament, whereas in spondylitis erosion of the cortex is characteristic, 
particularly at the vertebral corners, with underlying sclerosis being 
present when the inflammation is active. DISH may coexist with 
spondylitis or any other condition. In particular, because the condition 
is more prominent with increased age, it commonly coexists with 
intervertebral disc change and in such situations the bulging of the disc 
material anteriorly may give rise to spectacular anterior spinal hyper
ostotic change. In the more mobile cervical and lumbar spine regions, 
hyperostotic changes are more characteristic than simple bridging, and 
spinal stenosis may result.

There is a spectrum of spinal new bone formation with increasing 
amounts laid down with increasing duration.13 The welldefined condi
tion occurs over several years, but regression of new bone growth over 
a short time period has been noted in the context of pressure effect 
from an enlarging aortic aneurysm.22 The new bone formation appears 
to be a dynamic process, with deposition and remodeling occurring as 
in other areas of the skeleton. Peripheral new bone formation is also 
more prominent in the entheseal areas, particularly around heels, 
knees, and elbows, among other regions. Such changes also occur on 
a spectrum ranging from minor to quite marked hyperostosis.23 Pro
nounced peripheral hyperostosis may precede spinal changes diagnostic 
of DISH. All of these changes appear to be part of the one condition; 
however, the diagnosis of DISH currently rests on characteristic find
ings in the spine and not in the periphery.

The “diffuse hyperostosis” of DISH includes increased bone  
formation as demonstrated by phalangeal tufting, increased cortical 
thickness of tubular bones of the hand, and an increase in the  
size of the sesamoid bones.24 In addition, there is an increase in 
bone mineral density,25 indicating a lowered risk of osteoporotic 
fracture.

Diffuse idiopathic skeletal 
hyperostosis
Geoffrey Littlejohn

 This chronic, age-related condition is characterized by new bone 
growth, especially at entheses.

 Radiologic findings are characteristic.
 Hyperostosis generally results in an increase in bone mass.
 Few symptoms are related to diagnostic changes in the thoracic 

spine.
 Hyperostosis carries the risk of important cervical and lumbar 

arthropathy, enthesopathy, and neural impingement.
 Stiffening peripheral arthropathy occurs.
 An association has been made with obesity, type 2 diabetes, gout, 

dyslipidemia, hypertension, hyperinsulinemia, and other features of 
metabolic syndrome.

 Growth factors, particularly insulin, are implicated in the diagnosis.

HISTORY
Diffuse idiopathic skeletal hyperostosis (DISH), also known as  
ankylosing hyperostosis or Forestier disease, is a ubiquitous skeletal 
condition, affecting many species and most human populations  
studied. Thus hyperostosis of the spine, typical of that seen in DISH, 
has been observed in dinosaurs, prehistoric reptiles, and present 
day cetaceans (whales, dolphins), as well as dogs, horses, monkeys,  
and bears. Paleopathologic studies have identified DISH in Egyptian 
mummies,1 Roman Britons and Saxons,2 and medieval and postmedi
eval skeletons).3

In 1824 Wenzel4 described irregular bony outgrowths “immobiliz
ing” two or more adjacent vertebrae in elderly subjects’ spines, with 
similar findings subsequently reported by others (Table 179.1).59 Over 
a century later, Forestier and RotesQuerol10 presented comprehensive 
anatomic, radiologic, and clinical data on the disorder, which was then 
termed ankylosing hyperostosis. The condition was thus seen as a well
defined syndrome with both axial and peripheral manifestations. The 
diffuse nature of the condition later led to the term diffuse idiopathic 
skeletal hyperostosis.11

EPIDEMIOLOGY
There is a 2 : 1 reported male predominance in DISH with the preva
lence in both sexes rising with age and weight (Fig. 179.1)12,13; the 
condition is uncommon before the age of 45 years.14

Although diagnostic criteria vary, population surveys indicate that 
this is a common condition. In Scandinavia the annual cumulative 
incidence is estimated to be 7 per 1000 in men and 4 per 1000 in 
women beyond the age of 30.15 Prevalence rates vary in different popu
lations but are consistent with these findings.16 Approximately 10% to 
15% of men and 5% to 10% of women older than the age of 65 have 
DISH, although some populations have an increased predisposition for 
the disorder (Table 179.2).17,18 It is possible that the prevalence is 
increasing in some of these populations.19 It is thus not only perhaps 
the oldest known rheumatic disorder but also one of the most common.

CRITERIA AND CHARACTERISTIC DESCRIPTION
Criteria for the diagnosis of DISH rely principally on radiologic appear
ances in the thoracic spine. These typically require the new bone 
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biomechanical stress causing injury to the enthesis. However, although 
the majority of such extraspinal entheseal changes are asymptomatic, 
adequate controlled studies are lacking.

Important clinical features arise when new bone growth obstructs 
or impinges on other tissues. In the cervical spine DISH may give rise 
to dysphagia32 or cervical myelopathy.33 Association with ossification 
of the posterior longitudinal ligament34 can result in myelopathy and 
even quadriplegia. In the lumbar spine, spinal stenosis may occur 
secondary to posterior osteophytic ridges and facet arthropathy with 
marked hyperostosis.

Uncommonly, fractures through bony bridges may occur; if so, they 
may be difficult to diagnose and treat.

DISH is associated with a particular type of degenerative hip 
disease35 and increased prevalence of Heberden nodes.36 The elongated 
tibial spines common in obesityrelated knee osteoarthritis are ossifica
tions of the entheseal attachments of the cruciate ligaments.23

INVESTIGATIONS
DISH cannot be diagnosed without radiologic evaluation. Although it 
is often first identified on a routine PA chest radiograph (Fig. 179.3), 
the appropriate view is a posteroanterior and lateral radiograph of the 
thoracic or dorsal spine.37 Computed tomography (CT) will provide 

Heterotopic new bone formation after surgical procedures, such as 
total hip replacement, may occur in DISH.26

DISH may coexist with inflammatory joint diseases such as rheu
matoid arthritis, psoriatic arthritis, spondyloarthropathies, or gout. It 
has been shown to modify the radiologic reaction to rheumatoid arthri
tis, with less destructive bone disease and a tendency to heal erosions 
more quickly (RADISH).27 There is an increased prevalence of DISH 
in patients with gout and Paget disease,18,28 resulting in exuberant new 
bone formation.

CLINICAL FEATURES
The process of new bone deposition in DISH is asymptomatic. However, 
the consequences of new bone growth in areas described earlier may 
cause increased stiffness in neck, back, or peripheral joints.29,30

In peripheral joints, a stiffening arthropathy due to thickening and 
shortening of ligaments has been described long before the character
istic spinal changes and identified by association with hyperinsu
linemia.29 Clinically, there is painless reduction of internal rotation of 
shoulders and hips and reduced flexion of fingers and knees. This may 
change the biomechanics of joint action and lead to osteoarthritis.31

Pain may be present in some patients who have peripheral enthe
sopathy (e.g., from a calcaneal spur), most likely because of abnormal 

TABLE 179.1 HISTORY OF DIFFUSE IDIOPATHIC 
SKELETAL HYPEROSTOSIS TERMINOLOGY

Reference Year Name used

Wenzel4 1824 Spinal bony outgrowths

Rokitansky5 1856 Pathologic spinal variants

Von Bechterew6 1899 Pathologic spinal variants

Meyer & Forster7 1938 Hyperostose moniliforme du flanc droit 
de la colonne dorsale

Oppenheimer8 1942 Spondylitis ossificans ligamentosa

Lacapère9 1948 Vertebral melorheostosis

Forestier & Rotés-Querol10 1950 Senile ankylosing hyperostosis of spine

Resnick et al11 1975 Diffuse idiopathic skeletal hyperostosis

<45
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0

Age group

45–54 55–64 65–74 >75

Mild Moderate Severe

PREVALENCE AND SPECTRUM OF CHANGES OF
DISH IN THE THORACIC SPINE

Fig. 179.1 Prevalence and spectrum of changes of diffuse idiopathic skeletal 
hyperostosis (DISH) in the thoracic spine. Data from 296 subjects at autopsy.13 
Mild: entheseal new bone present at two or more levels; moderate: continuous 
new bone spanning at fewer than four levels; severe: continuous new bone 
spanning of four or more levels (typical DISH). See also Fig. 179.6.

TABLE 179.2 PREVALENCE OF DIFFUSE IDIOPATHIC SKELETAL HYPEROSTOSIS

Population Prevalence

Caucasian populations (various studies)14-16 Men 10%

Women 8%

Pima Indians17 Men 54%

Women 14%

Men with gout18 58%

The table gives the prevalence of diffuse idiopathic skeletal hyperostosis at age 65 years or older 
(selected studies14-18).
Diagnostic criteria vary slightly.

Fig. 179.2 Hand of patient with diffuse idiopathic skeletal hyperostosis 
demonstrates the full spectrum of bone and entheseal changes in this 
disorder. Note prominent phalangeal enthesopathy (second and third proximal 
phalanx), “arrow heading” (tufts of terminal digits), exostoses (second and fifth 
metacarpophalangeal heads), capsule bone (fourth proximal phalangeal joint), 
cortical thickening (tubular bones), and enlargement of sesamoid bones. The 
soft tissues and joint spaces are normal.24
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Peripheral enthesopathy of DISH shows welldefined and often 
prominent new bone growth, usually, but not always, connected to the 
subjacent bony mass. It lacks the erosions or periosteal proliferation 
seen in the B27related inflammatory arthropathies and is distinct 
from the linear calcifications that may be seen in calcium pyrophos
phate crystal deposition disease.42

more spectacular images (Fig. 179.4), but is not necessary unless the 
presence of conditions such as spinal stenosis is being sought. Mag
netic resonance imaging (MRI) shows the ligamentous thickening that 
precedes ossification.38 Plain films of peripheral areas will show vari
able degrees of peripheral enthesopathy (see Fig. 179.2). Bone scans 
show no change in the involved area but may help identify an associ
ated process such as osteoarthritis, spinal fracture, or mechanically 
induced inflammatory entheseal changes.

Routine biochemical studies and erythrocyte sedimentation rate are 
normal. There are often abnormalities associated with hyperinsu
linemia, maturityonset diabetes, dyslipidemia, gout, and the meta
bolic syndrome.3941

DIFFERENTIAL DIAGNOSIS
One of the most important differentials is that of ankylosing spondy
litis or related conditions. The new bone formation in DISH may be 
smooth and tightly fused to the underlying cortex, thus mimicking 
ankylosing spondylitis. Usually, however, exuberant and bumpy bony 
change within the anterior longitudinal ligament, with preservation of 
the original cortex, is characteristic of DISH. This problem is occasion
ally compounded by anterior osteophytosis of the sacroiliac joints, 
which may lead to a change falsely interpreted on plain PA films as 
postinflammatory “fusion” of the joints. In this situation, CT scan of 
sacroiliac joints shows the anterior fusion with no inflammatory 
change in the joint itself, and MRI scan confirms lack of any inflam
matoryrelated bone edema.

Degenerative disc disease characteristically gives disc space narrow
ing with horizontal osteophytes, prominent anteriorly. Facet joint 
hypertrophic changes are commonly seen and narrow the intervertebral 
neural foramina, as well as the spinal canal. The hyperostotic periph
eral joint changes of DISH resemble primary osteoarthritis in distribu
tion but are distinguished by early stiffening and relative preservation 
of joint space in the early stages.24,29

a

b

Fig. 179.3 Typical radiographic findings in the thoracic spine on routine chest x-ray ([a] posteroanterior and [b] lateral), with “flowing” new bone formation 
linking four contiguous vertebrae, predominantly right-sided, in absence of intervertebral disc change.

Fig. 179.4 Computed tomography reconstruction of thoracic spine of patient 
with diffuse idiopathic skeletal hyperostosis. There is prominent new bone 
deposition on the right anterolateral thoracic spine.
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and cause changes to the surrounding matrix that favor subsequent 
ossification (Fig. 179.5). Later, vascular invasion occurs from the adja
cent cortical haversian canals and preferential ossification occurs at, or 
close to, the enthesis (Fig. 179.6).13,44 The resultant entheseal bone 
deposition is further modified by local mechanical factors.

The propensity to deposit new bone has an underlying metabolic 
cause. Since the early reports of Forestier, an association between 
obesity and DISH has been noted.10 Subsequently a link was observed 
with impaired glucose tolerance and related adultonset type 2 diabe
tes.39,45 The prevalence of these abnormalities in patients with DISH 
reportedly ranges from 17% to 60% and thus is much higher than the 
general population. Conversely, the prevalence of DISH in patients 
with adultonset type 2 diabetes ranges from 13% to 50%. These find
ings are greatly in excess of nondiabetic controls. Glucose intolerance 
and obesity seem to act as independent factors in their association with 

Acromegaly is also characterized by new bone formation, but in 
addition subcutaneous soft tissue and cartilage thickening are promi
nent. In early acromegaly, there is hypermobility in striking contrast 
to the stiffening characteristic of DISH. The bony spurs and hyperos
tosis of DISH may at times be identical to those seen in acromegaly, 
and both conditions associate with hyperostosis frontalis interna.43 
There is no increase in joint space or in soft tissue thickness in DISH.24 
Repetitive trauma, fluorosis, hypervitaminosis A, or retinoid therapy 
may all produce enthesopathy, which may require differentiation from 
DISH.

ETIOLOGY AND PATHOGENESIS
The principal changes in DISH occur at the enthesis. Chondrocytes 
lying in the entheseal region bordering the bony interface are activated 

a

b

Fig. 179.5 Histopathologic (a) and radiologic (b) changes in intervertebral disc in patient with diffuse idiopathic skeletal hyperostosis.

a b c

Fig. 179.6 Progressive spinal entheseal changes in diffuse idiopathic skeletal hyperostosis. The earliest change is shown in (a), with ossification at the site of 
attachment of the anterior longitudinal ligament to the middle of the vertebral body, well away from the annulus. Note the separation of the ossification from 
the intact cortex, except at the site of attachment. Moderately advanced changes are seen in (b), with ossification bridging the disc space but still firmly attached 
to cortex at the middle of the vertebral body. Advanced changes, typical of established DISH, are shown in (c), with smooth attachment of the new bone to the 
original cortex. The ossified ligament is much thickened and interrupted at the lower level.
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entheseal regions influence the clinical expression. The resultant 
changes occurring over several years eventually lead to the wellchar
acterized syndrome.

MANAGEMENT
Prevention
A high risk of DISH may be anticipated in largeboned, largemuscled 
subjects with abdominal obesity and the metabolic syndrome. Thus 
patients with gout, hypertension, and peripheral enthesopathies and 
stiffness of hips and shoulders or large, stiff fingers may have this 
disorder. Abnormal lipids characteristic of the metabolic syndrome and 
abnormal glucose metabolism including hyperinsulinemia may be 
found.29 The best therapy at this stage is weight reduction, ideally with 
a fitness program (Table 179.3).

Specific interventions
There is no specific treatment available for established DISH. However, 
the patient should be carefully assessed and treated for components of 
the metabolic syndrome, namely diabetes, dyslipidemia, gout, and 
hypertension.

Physical therapy may help patients with stiffened spinal regions and 
help relieve symptoms in peripheral joint areas, although no published 
literature is available.

Surgical interventions may rarely be necessary for complications 
such as osteophytic dysphagia or spinal stenosis.

Peripheral entheseal pain, usually induced by microtrauma, may be 
helped by careful placement of local anesthetic and corticosteroid 
injections.

Peripheral osteoarthropathy may be preceded by asymmetric accel
eration of capsular thickening and new bone formation around the 
joint, with stiffening further increasing the crushing forces through the 
joint.31 Anecdotally, local cortisone injections may improve range of 
motion and relieve pain.

The risk of heterotopic bone formation following hip arthroplasty, 
although uncommon, may be reduced by nonsteroidal antiinflamma
tory medications.55

Insulin
(pmol/l)

0
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1200

0 30 60 120 180

Time (minutes)

HYPERINSULINEMIA IN NONDIABETIC SUBJECTS WITH DISH

DISH Control

1000

800

Fig. 179.7 Hyperinsulinemia during a standard glucose tolerance test in 
non-diabetic subjects with DISH, as compared with controls matched for age, 
gender, and body mass index.42 Values are mean ± standard error in pmol/L.

DISH, although there is no relationship between the degree of hyper
glycemia and the severity of the bony change. No patients with juve
nileonset type 1 or insulindeficient diabetes have been found to have 
DISH.

Candidate bone growth factors such as growth hormone and somato
medin (insulinlike growth factor) are not consistently abnormal in 
DISH. In contrast, insulin, which also has a growth factor, activity29 
has been found to be significantly higher in DISH subjects (Fig. 
179.7).46,47 Hyperinsulinemia is seen in Pima Indians who have a high 
prevalence of DISH,17 and it is also associated with hyperostosis fron
talis interna and ossification of the posterior ligament (OPPL).48 Insulin 
promotes endochondral ossification by entheseal chondrocytes.48 The 
hyperinsulinemia likely relates to the documented association among 
DISH, central obesity, hypertension, lipid abnormalities, and increased 
risk of vascular disease, all of which are components of the metabolic 
syndrome.40

The causal role of molecular abnormalities in bone mineralization 
in DISH has yet to be determined.47 OPLL, more common in Japan, 
shares many features with DISH but is predominantly present in the 
cervical spine. Patients with OPLL also have increased rates of type 2 
diabetes and, additionally, involvement of bone growth factors such as 
bone morphogenic proteins and transforming growth factorβ has been 
demonstrated in various histochemical and cytochemical analyses.49

Chronic vitamin A toxicity in animals and humans will produce 
DISHlike changes.50 Studies of vitamin A and metabolites in stimu
lated states indicate an increased level of these retinoids in patients 
with DISH,51 but the significance of this remains speculative.

Familial clustering52,53 and association with the COL6A1 gene in 
some populations54 suggest that genetic factors are also likely to be 
involved in DISH.

In summary, it seems likely that a systemic metabolic factor, pos
sibly hyperinsulinemia, causes the new bone growth through action on 
entheseal growth plates and osteoblasts. Mechanical forces acting at 

TABLE 179.3 MANAGEMENT ISSUES IN DIFFUSE 
IDIOPATHIC SKELETAL HYPEROSTOSIS

Issue Management

Spinal and peripheral enthesopathy

Asymptomatic (usual) Encourage exercise and ideal body weight, 
assess cardiovascular risk factors

Symptomatic As above; plus physical therapy, local injection 
therapy, analgesic/anti-inflammatory agents

Complications

Facet arthritis Physical therapy, injection

Spinal stenosis Exercise, injection, surgery

Dysphagia Conservative, surgery

Osteoarthritis Standard approaches

Associated metabolic syndrome

Hypertension, diabetes, 
dyslipidemia, gout, obesity

Treat vigorously
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diabetes.10 The incidence of diabetes has risen steadily so that it is now 
overwhelmingly the major cause of NA and is likely to increase further. 
NA in diabetes is frequently associated with neuropathic ulcers and 
ischemic lesions in the feet, as well as other evidence of microangiopa-
thy (retinal, nephropathy).

Syringomyelia
An estimated 20% to 25% of patients with syringomyelia develop neu-
roarthropathy.5 The disease is more common in men, with onset 
between the ages of 20 and 40 years, and it usually progresses slowly. 
It typically affects joints of the upper extremity, especially the gleno-
humeral (Fig. 180.1), elbow, wrist (Fig. 180.2a and b), fingers, and, 
more rarely, the cervical spine. Approximately 75% to 80% of syringo-
myelia patients with NA demonstrate abnormalities in one or more of 
these sites. Bilateral and symmetric involvement is less frequent in 
syringomyelia than in tabes dorsalis. Neurologic manifestations due to 
spinal cord damage include loss of pain and temperature sensation, 
although tactile and postural sensitivity is preserved; wasting of the 
intrinsic muscles of the hand (see Fig. 180.2c); and amyotrophic paraly-
sis in the upper limb. Magnetic resonance imaging (MRI) (Fig. 180.3) 
can demonstrate spinal cord enlargement,11 especially in the cervical 
region.

Tabes dorsalis
Of patients with tertiary syphilis, 5% to 10% develop NA.12 It is still 
the classic model for neuropathic joint disease despite its decreasing 
incidence. Both sexes are equally affected. The onset is usually in adult-
hood. The lower limb joints are affected in 60% to 75% of cases, with 
involvement of knee, hip, ankle, shoulder, and elbow in descending 
order of frequency (Fig. 180.4). Other joints involved are the forefoot, 
midfoot, vertebral column, and sternoclavicular. Monoarticular involve-
ment predominates but is not universal. Diagnosis requires identifica-
tion of specific antitreponemal antibodies in blood and cerebrospinal 
fluid.

Leprosy
Leprotic patients develop peripheral neuropathy with a variety of sec-
ondary changes in the feet. NA can result from long-standing neuropa-
thy, with little evidence of active leprosy.4 The disease alters the shape 
of the hands and feet owing to subluxation of individual joints. In the 
feet the changes usually start in the medial arch and later involve the 
lateral arch, talus, and calcaneus. In extreme cases, dissolution of  
the midfoot results in separation of the forefoot and the hindfoot, and 
the tibia is driven downward to become weight bearing. The pathogen-
esis in this type seems to be mainly direct trauma to the forefoot.

Congenital indifference to pain
This group includes congenital insensitivity to pain and hereditary 
sensory neuropathies types I to IV. The pathogenesis appears to be the 
same as that in other causes of NA. Often, there is marked dispro-
portion between the severity of the disease process and clinical 
symptoms.6

Meningomyelocele (spinal dysraphism)
Neuropathic changes in childhood raise the possibility of congenital 
indifference to pain or meningomyelocele. Principally the ankle and 
tarsal articulations are affected. In active children changes may appear 

Neuropathic arthropathy
Dimitrios G. Kassimos and Paul Creamer

 Neuropathic arthropathy is a progressive, destructive joint disease 
associated with sensory loss.

 It is characterized by relative lack of pain and by atrophic changes 
on plain radiography.

 It is relatively painless due to sensory neuropathy.
 Bony swelling and soft tissue enlargement, effusion, laxity, 

instability, and deformity occur.
 Common sites of joint involvement are the midfoot, ankle, and 

knee and, less commonly, the hip, spine, shoulder, and wrist.
 Joint destruction, subluxation, heterotopic new bone formation, 

and recurrent or persistent joint effusion are involved.

HISTORY
Neuropathic arthropathy (NA) is a relatively painless, progressive, 
destructive arthropathy caused by a neurologic deficit. The first descrip-
tion was probably by William Musgrave (1655-1721), a physician from 
the West of England. The American physician J.K. Mitchell (1798-
1858) described cases secondary to spinal tuberculosis in 1831, but it 
was the French neurologist Jean-Martin Charcot (1825-1893)1 who 
gave his name to the condition. In 1868 he described “l’arthropathie 
des ataxiques” developing over 11 days in a French soldier with tertiary 
syphilis who had been marching 25 km each day. He believed that the 
“bag of bones” represented spontaneous fractures as a result of nerve 
degeneration and bone atrophy. Sir James Paget named the condition 
after Charcot in 1881, but in this chapter the term neuropathic 
arthropathy is used throughout. In 1917 Eloesser assessed the role of 
trauma in the development of neuropathic joints by cutting the poste-
rior roots of the spinal cord in cats, resulting in analgesia, anesthesia, 
and ataxia. His work was used to support the neurotraumatic theory 
of pathogenesis. In 1936 Jordan2 gave the initial description of NA 
associated with diabetes: This is now the most common cause of NA, 
accounting for two thirds of all cases in the lower limb.3 Leprosy4 is a 
common cause in endemic areas.

NA can complicate a variety of sensory neurologic disorders. In 
addition to tabes dorsalis (syphilis), diabetes, and leprosy, NA has been 
described in syringomyelia,5 multiple sclerosis, amyloidosis, congenital 
insensitivity to pain,6 spinal cord trauma and tumors, arachnoiditis 
after spinal anesthesia or meningitis, familial dysautonomia (Riley-Day 
syndrome), familial and other polyneuropathies,7 peroneal muscular 
atrophy (Charcot-Marie-Tooth disease), and neurofibromatosis.8 In 
childhood the most common cause is spina bifida with meningomy-
elocele. NA has been described secondary to the neuropathy of HIV 
infection9 (which may be exacerbated by use of nucleoside reverse 
transcriptase inhibitors); the success of HAART therapy means that 
prolonged life span may result in more HIV-associated NA in the 
future. In up to 30% cases of NA no apparent neurologic disorder is 
found.

ETIOLOGY
Diabetes mellitus
Sensory neuropathy is a complication seen in up to 60% of subjects 
with diabetes mellitus, especially if long-standing or poorly controlled. 
NA occurs in 0.1% to 0.5% of diabetic patients, with an approximately 
equal sex ratio.3 Typically patients have severe distal symmetric neu-
ropathy, are 50 to 60 years old, and have at least a 10-year history of 
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Fig. 180.1 Syringomyelia with neuropathic disease of the shoulder, showing 
atrophic changes and soft tissue calcification. (Courtesy Dr. I. Watt.)

a b c

Fig. 180.2 Syringomyelia. (a) A neuropathic 
wrist joint in a patient with mild 
syringomyelia. Note the swelling and 
deformity of the joint. (b) Radiograph 
showing the gross destruction of the 
proximal carpal row with attrition and 
simplification of the bony margins. Residual 
fragments of bone and considerable soft 
tissue swelling can also be seen. (c) Wasting 
of the intrinsic muscles of the hand and 
“claw” deformity.

Fig. 180.3 Magnetic resonance imaging of cervical spine in syringomyelia, 
showing the fluid-filled syrinx in the center of the spinal cord.

in the first 3 years of life and include osteoporosis, diaphyseal and 
metaphyseal fractures, injuries of the growth plate, epiphyseal separa-
tions, persistent effusions, articular destruction, and soft tissue 
ulcerations.

CLINICAL FEATURES
The distribution of joint involvement depends on the underlying neu-
ropathy (Table 180.1). Monoarticular or oligoarticular involvement is 
most common, but polyarticular forms do occur.

Early NA is characterized by an acute inflammatory phase with 
erythema, warmth, swelling, and edema.13 Pain is prominent despite 
sensory neuropathy. Pedal pulses are typically easily palpable, and a 
temperature gradient of 2°C to 5°C between the affected and contra-
lateral foot might be noted. There may be a history of trauma. Radio-
graphs may be normal at this stage,14 but MRI may suggest NA.15 The 
differential diagnosis includes infection, sprain, or cellulitis (see also 
later). Correct diagnosis is vital because delay and continued weight 
bearing leads to increased bone destruction and major deformities. 
Untreated, the disease progresses to chronic NA.

In diabetes the midtarsal joint is most commonly affected, resulting 
in midfoot collapse and a valgus forefoot (Fig. 180.5). The marked 
subluxation or dislocation of joints that have ligament-dependent 
mechanical stability (such as the midtarsal joint) suggest that the 
integrity of the ligaments is affected by the processes driving NA—
notably inflammation. The hindfoot may also be affected, and patho-
logic fracture of the fibula can occur. Tarsometatarsal joint involvement 
is associated with edema of the dorsum of the foot and bony deformi-
ties, with dorsal prominence or plantar protrusion. On examination, 
the range of motion is usually subnormal but may even be excessive 
as a result of laxity and subluxation (Fig. 180.6). Instability becomes 
permanent and deteriorates with time. Downward collapse of the tarsal 
bones may produce abnormal convexity of the plantar surface, with the 
end result being a rigid “rockerbottom” foot. Trophic skin lesions and 
ulcers frequently accompany the articular disorder on the sole of the 
foot.

Neuropathic arthropathy at the knee is usually of gradual  
onset, though it may be subacute or even acute, occurring within a  
few hours (“pseudoinflammatory”). The knee becomes warm and 
swollen, with signs of joint effusion. As at other locations, because 
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Although abnormalities are gross and the clinical picture even alarm-
ing, the joint may be painless and the patient is able to walk, albeit 
with a limp.

A similar clinical picture is seen in other major limb joints. When 
the hip is affected (Fig. 180.7) there is often extensive joint destruction, 
shortening of the leg, severe loss of function, and a limp. The hand is 
rarely involved, and the manifestations in general are less severe. They 
include vasomotor problems, digital ulcers, thickening of the fingers, 
and painless subluxation of the finger joints. In the spine localization 
is most frequent in the lumbar region, although the cervical and dorsal 
spine may also be involved. Severe deformity (kyphosis, scoliosis) may 
result despite normal mobility and relative absence of pain. Because of 
this paucity of symptoms, the condition is often first discovered during 
routine examination. Occasionally, signs of nerve root compression are 
present.

The belief that neuropathic joints are painless is probably untrue. 
Arthralgia is well documented in up to 50% of patients,13 though the 
symptoms are usually less than expected from the degree of joint 
destruction.

there is relatively little pain and functional disability, patients often  
do not seek medical consultation until progressive deterioration  
has occurred. The knee may become permanently symptomatic and 
swollen, with instability leading to valgus, varus or recurvatum defor-
mities, and enlargement of the articular bones and periarticular tissues. 

Fig. 180.4 Syphilitic Charcot knee joints showing gross destructive changes.

TABLE 180.1 JOINT INVOLVEMENT IN NEUROPATHIC ARTHROPATHY

Disease Site of involvement

Diabetes mellitus Midtarsal, metatarsophalangeal, tarsometatarsal

Syringomyelia Shoulder, elbow, wrist

Amyloidosis Knee, ankle

Congenital sensory 
neuropathy

Knee, ankle, intertarsal, metatarsophalangeal

Tabes dorsalis Knee, hip, ankle

Leprosy Tarsal, tarsometatarsal

Fig. 180.5 Diabetic neuropathy of the hindfoot. Destruction of the joint with 
collapse and fragmentation.

Fig. 180.6 Neuropathic ankle. Marked instability of the subtalar and midtarsal 
joints is seen with collapse on weight bearing.

Fig. 180.7 Neuropathic hip secondary to tabes dorsalis. (Courtesy Dr. I. Watt.)
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IMAGING
Plain radiography
In the early stages, radiographs may be normal or show only soft tissue 
swelling. Other early features include periosteal calcification and joint 
effusion. The presence of an enlarging and persistent effusion, minimal 
subluxation, fracture, and fragmentation suggests the possibility of 
neuroarthropathy. After a few weeks the calcification becomes more 
dense and the bone margin less well defined.14

Radiographs in established NA (Fig. 180.8) show a disorganized 
joint, characterized by bone resorption and formation occurring simul-
taneously. Fractures may occur and free fragments of bone may be seen 
in the joint cavity. The degree of sclerosis, osteophytosis, and fragmen-
tation in this articular disorder is greater than that in any other process. 
The bone fragments and irregular articular surfaces resulting from the 
osseous destruction are generally well defined and sharp: Poorly mar-
ginated, ill-defined bone contours, as occur in septic arthritis, are not 
evident unless infection has become superimposed on the neuropathic 
process. This latter complication, however, is not infrequent, especially 
in diabetic patients and in the more superficial joints (e.g., metatarso-
phalangeal) (see later). Intra-articular bony fusion is an uncommon 
manifestation of neuroarthropathy at any site, with the exception of 
the spine (Fig. 180.9).14

Progression from the early stage can be rapid, suggesting that micro-
fractures evolve quickly into gross fragmentation, with complete 
destruction of the articulation within a few weeks.

Other imaging techniques
Bone scintigraphy (late phase) appears to allow detection before radio-
graphs become abnormal. MRI is also abnormal before radiographic 
change has occurred,15 the primary abnormality at this stage being 
extensive bone marrow edema. Although there are other causes for 
this, including infection, joint trauma, seronegative arthritis, reflex 
sympathetic dystrophy (RSD), and transient bone marrow edema, early 
NA could be differentiated from these various other conditions on the 
basis of the clinical history and presence of peripheral neuropathy. 
Given the importance of early diagnosis in preventing chronic NA, 
early use of MRI may have a valuable role.

MRI also allows the extent of the soft tissue lesions to be defined 
and may be of value in the difficult, but clinically vital, differentiation 
of neuropathic arthritis from infection (though of course both may 

a b

Fig. 180.8 Neuropathic disease of the left knee 
(tabes dorsalis). (a) Advanced form of the disease in 
the knee. (b) The same knee 13 years previously 
showing partial fracture of the tibial epiphysis.

Fig. 180.9 Neuropathic disease of the lumbar spine (tabes dorsalis). Lateral 
radiograph of the lumbar vertebra showing partial destruction of L2 and 
diffuse exuberant osteophytes.

coexist, especially in the diabetic foot).16 Infection results in high signal 
on T2 and STIR, low on T1. Acute NA is similar, but chronic NA has 
normal marrow signal or low signal on T1 and T2. Other features that 
may help differentiate include distribution, deformity, and soft tissue 
changes.

Low-signal intensity areas on MRI have been reported in the medul-
lary cavity of the bone on both T1- and T2-weighted spin-echo images 
in syringomyelia (see Fig. 180.3) even before the actual resorptive 
process.17
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to a neuropathic joint. In fact, it is clear that even extensive deaffer-
entation of a joint does not necessarily lead to joint pathology in  
the absence of trauma or infection. Attempts to create NA in cats, 
rabbits, and dogs have met with limited success. The effect of denerva-
tion at the dorsal root ganglion on the development of osteoarthritis 
(OA) has been studied in the canine anterior cruciate ligament (ACL) 
transection model. ACL transection inevitably led to OA in active  
dogs, but denervation of the limb alone did not lead to OA or NA  
even if the dogs were allowed to remain active.22 However, the com-
bination of ACL transection and denervation led to more severe  
OA than ACL transection alone.23 These results suggest that intact 
peripheral nerves are not important in preventing joint destruction in 
stable knees but may have a protective role in preventing the unstable 
joint from destruction.24 The model of accelerated OA above differs 
from the conventional ACL transection model in the neurologically 
intact dog in a number of ways: Osteophytes are more prominent, a 
detritic synovitis is present,24 and periosteal new bone formation is 
seen.25 This suggests that interruption of sensory input from the limb 
may affect the regulation of osteogenesis in the mechanically unstable 
joint.

Although these experiments strictly examined the role of nerve 
section in the development of OA rather than neuropathic arthritis, 
the conclusions are likely to be relevant, particularly as some forms of 
OA such as those associated with apatite deposition bear a marked 
clinical and radiographic resemblance to neuropathic joints.

These experiments refute the theory that neuropathic joints result 
from a peripheral sensory neuropathy in the presence of normal activ-
ity, although they would explain the development of joint destruction 
in the presence of neuropathy and instability.

Recently an attempt to link these findings has been made by sug-
gesting a role for inflammation and, in particular, proinflammatory 
cytokines.20 Inflammation is undoubtedly a key feature of NA, to the 
extent that the main differential diagnosis is acute infection. The cause 
of inflammation is unknown but may result from microtrauma or 
fracture (perhaps unnoticed by the patient), though a role has also been 
suggested for ulceration, infection, and local surgery including ortho-
pedic procedures26 or revascularization.21 The acute inflammatory 
response stimulates production of tumor necrosis factor-α and inter-
leukin-1 b. In turn, these trigger expression of the receptor activator 
nuclear factor-kappa B ligand (RANKL) and, hence, activation of 
nuclear factor-kappa B (NF-kb). In turn, this causes activation of osteo-
clasts and increased bone resorption, leading to further fracture and 
potentiation of the inflammatory cycle.

Stimulation of the RANKL-NF-kB axis is part of the normal response 
to fracture, allowing lysis of bone fragments before new bone forma-
tion. Normally, however, the process is switched off, perhaps by pain 
and immobilization. Loss of the normal pain response in NA may 
cause the lytic process to continue. It is also possible that the RANKL 
system may be primed in diabetes27 because it is potentiated by free 
radicals and hyperglycemia. Neuropathy itself may further activate the 
system due to loss of neurally derived antagonists of RANKL such as 
calcitonin gene-related peptide (CGRP).

Inflammation therefore may have a key role in pathogenesis of NA. 
It is relevant that, although blood flow is generally increased in periph-
eral neuropathy, patients with NA show an ability to increase flow still 
further, whereas neuropathic controls without NA do not.28 The ability 
to mount increased blood flow and an inflammatory response is there-
fore critical to the development of NA.

Clearly such a hypothesis has implications for clinical practice—
inhibitors of inflammation such as high-dose steroids or TNF antago-
nists may break the vicious cycle, though benefit would have to be 
weighed against risk—especially of infection.

In summary, neuropathic joints are best explained by a theory pro-
posing that inflammation, perhaps resulting from trauma, results in 
worsening hypervascularity and active bone resorption by osteoclasts, 
mainly driven by activation of the RANKL-NF-kB axis. This theory is 
supported by the finding of increased blood flow to affected joints seen 
on bone scans and angiography and by histologic evidence of hypervas-
cularity of bone, osteoclastic activity, and dilation of Haversian canals. 
It also explains the clinical observation that bony destruction may 
progress despite complete bed rest or total paralysis. There may or may 
not be a secondary pathologic fracture and subsequent productive repair 

LABORATORY INVESTIGATIONS AND HISTOLOGY
The synovial fluid may be serous, serosanguinous, or frankly hemor-
rhagic, and lipid crystals secondary to subchondral bone lesions may 
be seen. Bone biopsy may sometimes be useful to exclude other diag-
noses such as osteosarcoma, metastatic carcinoma, or osteomyelitis. 
The most common histologic findings are fibrosis with cartilaginous 
and bony metaplasia and embedded fragments of necrotic or viable 
bone (“detritic synovitis”). Necrotic and reactive cartilage and rice 
body–like articular fibrinous material have also been described in the 
joint. Laboratory evidence of an acute-phase response or systemic dis-
turbance is lacking.

DIFFERENTIAL DIAGNOSIS
Typical presentation is a red, swollen joint with mild discomfort in a 
patient with known neuropathy. The combination of marked clinical 
manifestations in the presence of relative lack of pain and good func-
tional capacity, together with a typical radiographic picture, suggests 
the diagnosis. If a neurologic disorder is not readily apparent or if the 
clinical or radiographic appearances are unusual, then the diagnosis 
may be more difficult, especially in early disease. Differential diagnosis 
includes infection (joint or bone); crystal disease (gout, calcium pyro-
phosphate deposition disease, or hydroxyapatite arthropathy); other 
inflammatory arthritis including rheumatoid arthritis18; tumor; and 
thrombophlebitis. Bony fragmentation and collapse are also manifesta-
tions of osteonecrosis. Similar appearances have been reported in post-
traumatic osteoarthritis and after repeated intra-articular corticosteroid 
injections.

A careful neurologic examination should be carried out because this 
should identify a sensory neuropathy. In practice, the most important 
differential is septic arthritis and if there is any clinical doubt one 
should aspirate the involved joint and send synovial fluid for micros-
copy and culture.

PATHOGENESIS
The pathogenesis of neuropathic arthropathy remains controversial.19 
Although sensory impairment, overuse, and trauma are recognized as 
predisposing factors, these are neither necessary nor sufficient to 
account for the observed clinical and pathologic features.

Any theory of pathogenesis must take account of those features that 
distinguish NA from other forms of destructive arthritis. These include 
peripheral neuropathy, abnormal mechanics, and marked destructive 
changes with fracture and loss of bone. It must also explain asymmetry; 
relative rarity (only a small minority of patients with sensory neuropa-
thy develops NA) and the fact that chances of developing NA do not 
appear to relate to either the severity of neuropathy or the degree of 
physical activity.20 Finally, a satisfactory theory should explain why the 
condition is self-limiting.

Traditionally, two theories have been proposed. The first, or “neu-
rotraumatic,” theory suggests that somatic muscular reflexes that nor-
mally protect the joint from exceeding certain “safe” limits in range of 
movement are lost in the presence of neuropathy, leading to repeated 
trauma and ultimately joint destruction. Volkmann and Virchow 
described the changes as resulting from “a multiplicity of subclinical 
traumas, which are unperceived because of the insensitivity of the 
affected joints.”

The second, or “neurovascular,” theory states that NA develops as 
a result of increased blood flow, the relative hyperemia resulting in 
active resorption of bone. There is good evidence that blood flow is 
increased in peripheral neuropathy, due to loss of sympathetic innerva-
tion and reduced peripheral vascular resistance.13,20 Also, cases have 
been described where NA in diabetes developed only after reconstruc-
tive vascular surgery.21 A potential problem with this theory is that 
autonomic neuropathy, suggested as a major determinant of NA, is not 
invariably present in conditions such as leprosy or hereditary sensory 
neuropathies, which nevertheless cause NA. Loss of peripheral noci-
ceptive fibers (A delta and C) may be more important.

Implicit in both these theories is the notion that peripheral sensory 
nerves actively prevent development of NA in normal joints, and  
disruption of these nerves should lead inevitably with normal use  
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anti-inflammatory drugs (NSAIDs) to control pain, but there is no 
evidence of an effect on progression.

Chronic CN
Once neuropathic arthritis is established in the foot, the goals of treat-
ment are primarily to reduce the risk of foot ulceration, a complication 
increased by 3.5-fold in the presence of NA. Reduction of plantar pres-
sure, preservation of skin integrity, and support for the foot are impor-
tant aims. Input from an expert orthotist is vital: Provision of a good 
foot orthosis or rocker soles in adapted footwear may be all that is 
required.

NA elsewhere is treated with similar principles: supports, splinting, 
orthosis, and preservation of skin integrity. Pain needs to be managed 
with analgesia or NSAIDs. Ulcers require rigorous hygiene: disinfec-
tion, sterile bandaging, and antibiotic treatment of any superimposed 
infection.

Indications for surgery in neuropathic arthropathy include ulcer-
ation and unacceptable deformity because these increase the risk of 
further bony breakdown. Surgical options vary by site. At the knee 
arthrodesis is the preferred option. The risk of non-union may be 
reduced by careful technique; firm fixation of the bones, using an 
intramedullary rod or other device; and débridement of all synovial 
tissue and scarred capsule. Neuropathic knees36 and hips37 can be 
treated by total joint arthroplasty, though this can be challenging tech-
nically and have a high rate of reoperation.

In the foot, surgery is again best avoided if possible due to risk of 
worsening of the condition, non-union, infection, and precipitation of 
acute NA in the contralateral limb. Sometimes simple excision of 
abnormally weight-bearing bone may be all that is required,26 but for 
marked instability or a fixed deformity open reduction and arthrodesis 
may be indicated. In one series of 29 patients treated with arthrodesis 
of the foot or ankle, fusion was successful in 19 patients at an average 
of 5 months, while 10 developed a pseudarthrosis.38

Unfortunately, the combination of marked joint destruction and, 
not infrequently, superimposed infection can make amputation the 
only viable option. In cases of neuropathic disease of the lumbar  
vertebrae leading to nerve root compression, laminectomy has given 
satisfactory results. Spinal arthrodesis has also reportedly been 
successful.39

CONCLUSION
Apart from an association with diabetes, NA is a rare condition. It is, 
however, important to consider because early recognition and treat-
ment may significantly alter the prognosis. It enters the differential 
diagnosis of monoarthritis and, in an appropriate clinical setting, 
should prompt a careful neurologic examination.

The mechanism by which sensory changes result in such gross 
destructive arthritis is unclear but may relate to production of cyto-
kines consequent to low-grade trauma and inflammation. The disease 
bears a marked resemblance to certain forms of atrophic OA; this, 
combined with recent animal experiments, raises the intriguing pos-
sibility that neurologic factors may play a role in OA. Future targets 
for research might include further evaluation of the role of bisphospho-
nates in acute NA and the effect of targeting inflammation, either by 
non-specific inhibitors such as steroids or specific antagonists of, for 
example, TNF-α or RANKL (such as denosumab). The rarity of the 
condition makes it an ideal subject for international collaborative 
research.40

depending partially on whether the joint is insensitive or whether it is 
subjected to continued weight bearing.

MANAGEMENT
The treatment of the neuropathic joint depends on the joint involved 
and the stage of the disease. Despite progress in our understanding of 
the disease, curative treatment of established neuropathic arthropathy 
remains impossible. Treatment of the neurologic disorder, such as 
surgical repair of syringomyelia, is indicated when possible but will not 
reverse established arthropathy. Management is further hampered by 
a paucity of randomized controlled trials and by the lack of consensus 
on disease definition. There is agreement that the key to successful 
conservative treatment is early recognition in order to prevent joint 
destruction.29

Acute neuropathic arthritis
The aims of early treatment are to arrest the acute process and prevent 
deformity. Clearly early diagnosis is vital in this regard, making the 
early stages of NA a true medical emergency.

Reduction of weight bearing
Immobilization of the joint and, with lower limb involvement,  
cessation of weight bearing is important during periods of apparent 
flare in activity. Joint immobilization with a plaster cast may be 
required for up to 6 months, aiming to stabilize the joint and  
improve the osteoarticular lesion. Such prolonged periods of immo-
bilization require clear explanation to the patient, especially because 
they may be relatively asymptomatic at the time. Orthotic devices  
such as the Charcot Restraint Orthotic Walker (CROW),30 crutches, 
stabilizing splints, or braces are used as required to permit limited 
mobilization. A balance has to be struck between restricting mobility 
and allowing a return to weight-bearing ambulation, and some  
studies suggest that, if immobilization is good, weight bearing can  
be permitted without detriment.31 Recently pneumatic walking 
braces have been introduced for ankle and foot arthritis, which reduce 
weight bearing but are comfortable, lightweight, and removable at 
night.32

Bisphosphonates
Because excess osteoclastic activity is believed to be responsible for the 
destruction in neuropathic joint disease, therapies that inhibit osteo-
clasts, such as bisphosphonates, may be helpful, especially if given 
early.33 Recently the bisphosphonate pamidronate has been used in an 
attempt to halt underlying bone resorption. A 12-month randomized, 
double-blind, placebo-controlled trial of a single IV infusion of pami-
dronate 90 mg or placebo in 39 patients with diabetic NA showed an 
improvement in symptoms, markers of bone turnover, and skin tem-
perature in both treated and control subjects at 1 year, though the 
response was greater in the active group.34 It is possible that larger 
doses such as two infusions of 90 mg would be more effective. A ret-
rospective study (n = 23) in feet compared IV pamidronate with tra-
ditional immobilization techniques and found a significant reduction 
in temperature and bone turnover as judged by alkaline phosphatase 
activity.35

Other treatments that have been used in the acute stage  
include low-intensity ultrasound, magnetic fields, and nonsteroidal 
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Corticosteroids
Accumulated data from numerous clinical reports and risk factor 
studies provide strong evidence for a causal relationship between cor-
ticosteroid exposure and development of osteonecrosis. However, indi-
viduals who develop osteonecrosis having been exposed to corticosteroids 
often have several risk factors for this disorder, so the level of risk 
attributable specifically to corticosteroids is difficult to evaluate. Also, 
as a provoking factor for osteonecrosis, the extent of corticosteroid 
exposure in terms of both dose and duration is reportedly highly vari-
able. The incidence (or cumulative prevalence) rates of osteonecrosis 
among different cohorts exposed to corticosteroids ranges from 0.6% 
to 38%, presumably because of widely varying exposures and host 
factors. Although there is a general trend in the more systematic analy-
ses for increased risk of osteonecrosis with greater dose and duration 
of corticosteroid use,4 the identification of individuals at particular risk 
from corticosteroids is clearly difficult.

Alcohol
Alcohol consumption is also considered to be an established risk factor 
for osteonecrosis. One case-control study demonstrated a dose-response 
relationship of alcohol for osteonecrosis, with risk ratios of 3, 10, and 
18 for those regularly consuming less than 400, 400 to 1000, and 
greater than or equal to 1000 mL per week compared with non- 
drinkers.6 One theory suggests that altered fat metabolism secondary 
to alcohol use may lead to adipocyte hypertrophy and subsequent 
microvascular compression with resulting increased intraosseous pres-
sure.7 Other studies point toward direct cytotoxic effects of alcohol.8

Systemic lupus erythematosus
Osteonecrosis occurs frequently in SLE, with clinically apparent disease 
in up to 15% of patients and even higher prevalence when asymptom-
atic disease is detected using magnetic resonance imaging (MRI). Much 
of this risk is mediated by corticosteroid treatment. However, attempts 
to determine which patient characteristics mediate this risk have  
produced inconsistent results.9-12 It is likely that multiple factors in 
patients with SLE interact with or contribute to the development of 
osteonecrosis, including procoagulant factors such as anticardiolipin 
antibodies.13

Coagulopathies and hemoglobinopathies
Osteonecrosis appears to be associated with a range of coagulation 
disorders and with hemoglobinopathy, most notably sickle cell disease 
and sickle-C (hemoglobin SC) disease. Among patients with sickle cell 
disease the prevalence of symptomatic osteonecrosis is 3% to 5% and 
10% to 41% when asymptomatic osteonecrosis is included.14,15 In sickle 
cell disease, the risk of osteonecrosis is related to measures of disease 
process including frequency of crises, hematocrit levels, and mean 
corpuscular volume.14 These clinical observations suggest that throm-
bosis and vaso-occlusion participate in the development of osteonecro-
sis. Studies of hypofibrinolysis and thrombophilia in osteonecrosis 
have found increased plasminogen activator inhibitor activity and poly-
morphism of the plasminogen activator inhibitor-1 gene in certain 
patients.13,16-18

Bisphosphonate-induced osteonecrosis of the jaw
Bisphosphonates represent the most clinically important class of anti-
resorptive agents and are the mainstay for treatment of osteoporosis. 

Osteonecrosis
Timothy McAlindon and Robert J. Ward

  Osteonecrosis is cell death in components of bone: hematopoietic 
fat marrow and mineralized tissue.

  Osteonecrosis is not a specific disease entity. It is the final common 
pathway of a number of conditions, most of which lead to 
impairment of the blood supply to the femoral head; this explains 
the frequently used terms avascular necrosis and aseptic necrosis.

  The femoral head is the most common and severely affected site of 
osteonecrosis. However, it may also develop in other locations 
(including the distal femur, humeral head, and small bones of the 
wrist and foot).

  Radiologic changes are typical at the late stages of the disease, but 
radiographs can be normal at early stages. Magnetic resonance 
imaging is especially useful in these stages.

  Predisposing factors (mainly corticosteroids and alcoholism) should 
be carefully sought.

INTRODUCTION
Osteonecrosis is a general term that refers to a clinical syndrome in 
which regional death of the cellular elements of bone, typically in a 
subchondral location, leads to trabecular and subchondral collapse with 
consequent pain, impairment, and long-term joint damage. Osteone-
crosis can occur in a variety of clinical settings and skeletal sites, with 
or without apparent predisposing factors. Although a number of syn-
onyms have historically been used to refer to this disorder (such as 
aseptic necrosis and avascular necrosis), the commonalities among 
these suggest that osteonecrosis is the endpoint of a number of condi-
tions that impair blood supply to regions of bone. However, within the 
clinical spectrum of osteonecrosis there exist distinct subsets with 
unique features that suggest rather specific etiologies (e.g., bisphospho-
nate-associated osteonecrosis of the jaw, transient osteoporosis of the 
hip in pregnancy, and spontaneous osteonecrosis of the knee). The 
condition is of clinical importance because there is often a lag in diag-
nosis, and early intervention may be necessary.

EPIDEMIOLOGY
The true incidence and prevalence of osteonecrosis are unknown. The 
most reliable data relate to the hip joint and are inferred from the 
number of hip arthroplasties performed each year for this specific 
indication. Recent estimates suggest that osteonecrosis accounts for up 
to 10% of hip arthroplasties.1 From this it is assumed that there are 
approximately 10,000 to 20,000 new patients diagnosed each year in 
the United States with osteonecrosis.2 The condition affects both 
genders and all age groups but with a substantially greater prevalence 
among males.3 Patients with osteonecrosis tend to be younger than 50 
years in age3; however, the demographic characteristics of patients with 
osteonecrosis vary among the different subtypes.

Osteonecrosis is associated with a variety of clinical settings such 
as systemic lupus erythematosus (SLE) and chemical exposures such 
as corticosteroids and alcohol (Box 181.1).4 Indeed, recent epidemio-
logic studies of osteonecrosis have tended to focus on specific subsets 
or exposures such as patients with renal transplantation or those 
receiving intravenous zoledronic acid.5 Factors that have received most 
scrutiny include corticosteroids, alcohol use, systemic lupus erythe-
matosus, coagulopathies, and bisphosphonates, zoledronic acid in 
particular.4
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In 2003 the first report of osteonecrosis of the jaw associated with 
bisphosphonate use was published, stimulating numerous further 
reports and speculation on the etiology of this disorder. Most instances 
occurred in association with intravenous (IV) bisphosphonates accom-
panying a chemotherapeutic regimen for multiple myeloma or breast 
or prostate cancer. The risk of osteonecrosis of the jaw related to oral 
bisphosphonate used for osteoporosis is estimated at 0.01% to 0.04%.19 
The risk is higher for those with Paget disease, or those being treated 
for malignancy, and the event is often triggered by a dental work or 
trauma that leads to exposed bone.19 In patients treated with zoledro-
nate and/or pamidronate for myeloma, breast cancer, or prostate cancer 
the overall prevalence is about 5%.5 Etiologic theories include increased 
susceptibility of bone to infection and necrosis caused by decreased 
bone turnover20 and direct toxicity of high potency bisphosphonates to 
bone cells.5

PATHOLOGY
Necrosis of all cellular components of bone, both in hematopoietic fat 
marrow and mineralized tissue, is the hallmark of osteonecrosis. Death 
of the cellular components of bone results in destruction of the osseous 
components of bone with structural consequences (Fig. 181.1).

In the early (prenecrotic) stage, there is interstitial edema and plas-
mostasis confined to the bone marrow, with occasional foam cells. The 
primary indication of necrosis of bone tissue is disappearance of osteo-
cytes, the cavities of which are empty and often enlarged. As the sever-
ity progresses, the medullary spaces become filled with necrotic tissue, 
which is subsequently associated with trabecular necrosis and empty-
ing of the lacunae. The bone sequestrum is composed of dead trabecu-
lae without osteocytes but maintained architecture. The bone marrow 
tissue exhibits disappearance of stem cells, adipocyte nucleolysis, and 
membrane loss, often without persistence of recognizable cell rem-
nants. Subchondral fracture, when present, is usually located in the 
dead bone typically somewhat parallel with the edges of the epiphysis, 
resulting in the characteristic radiologic “crescent sign.” Around the 
dead bone tissue is usually a zone of repair comprising fibrovascular 
proliferation, bone resorption, and new bone apposition on the remains 
of the old dead trabeculae.

At a macroscopic level, osteonecrosis is regional and highly circum-
scribed. It can be confined to a medullary section of bone or involve a 
periarticular segment such as the subcortical femoral head. The bio-
mechanical consequences of osteonecrosis are largely contingent on its 
anatomic location and extent of involvement. Areas confined to a 
medullary location can be asymptomatic, whereas involvement of the 
subcortex adjacent to a joint surface leads to articular collapse and joint 
destruction. For individuals with polyarticular osteonecrosis, as can be 
seen in sickle cell (SC) disease, the condition can have devastating 
functional consequences.

Fig. 181.1  Coronal section of a femoral head taken from total hip replacement. 
The cartilage above the sequestrum is of irregular height. Osteophytes of the 
superior and inferior aspects of the femoral head are present. There is a 
sclerotic border delineating the sequestrum. The trabecular architecture is 
otherwise preserved.

BOX 181.1 EXPOSURES AND MEDICAL CONDITIONS ASSOCIATED 
WITH OSTEONECROSIS
Trauma
Dysbaric osteonecrosis
Radiation
Corticosteroids
Alcohol use
Bisphosphonates
Hyperlipidemia
Legg-Calvé-Perthes disease
Congenital dysplasia of the hip
Slipped capital femoral epiphysis
Systemic lupus erythematosus
Coagulopathies
Hemophilic disorders
Hemoglobinopathy
Pregnancy
Gaucher disease
Human immunodeficiency virus (HIV)

Pathogenesis
In its simplest characterization, focal bone death results from a com-
promised arterial blood supply, a paradigm best exemplified by the 
posttraumatic form of osteonecrosis. However, in the spontaneous 
forms of osteonecrosis a pathologic basis for interruption of the blood 
supply is rarely clear. This conundrum has led to speculation about 
processes that could compromise the health of affected regions of bone 
and result from exposures known to be associated with osteonecrosis. 
Most of these involve a proposed vascular mechanism:

● disturbances of fat metabolism
● intravascular coagulation
● elevated intraosseous pressure
● intramedullary hemorrhage
● osteocytotoxicity

Other processes that might participate in the overall extent of 
destruction include the following:

● the reparative response itself
● mechanical stress
● inhibition of angiogenesis

Altered fat metabolism
Evidence indicates that increases in the amount of fat within the 
femoral head elevate intracortical pressure and lead to sinusoidal col-
lapse.21 Numerous studies in rabbits have confirmed that corticoste-
roids increase the fat content of the femoral head and that this increase 
correlates with an increase in intraosseous pressure and decreased 
blood supply.22-26 Interestingly, this effect has been abrogated by the 
administration of clofibrate, a lipid-lowering agent.27 Steroids have also 
been shown to be capable of causing fat emboli in animal models.22 
Overall, these studies implicate an abnormality of fat metabolism  
and/or morphology that may compromise blood flow to the affected 
area through an increase in intraosseous pressure.

Although most of these studies originated in pursuit of a corticoste-
roid effect, it is pertinent that abnormalities of lipid metabolism have 
also been observed in patients with osteonecrosis attributed to alcohol. 
Patients with alcohol-associated osteonecrosis frequently have elevated 
serum cholesterol and triglyceride levels,28 and the cholesterol content 
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DIAGNOSIS
The clinical diagnosis of osteonecrosis is often substantially delayed. 
The primary reason for this is insensitivity of the radiograph for its 
earliest features. Radiography may instead reveal minor osteoarthritic 
changes, to which the pain is often misattributed. Indeed, the develop-
ment of osteonecrosis in a joint with a prior diagnosis of osteoarthritis 
poses a particular clinical conundrum. Thus the presence of “red flag” 
clinical features should prompt a more sensitive imaging investigation, 
currently MRI.

A history of use of specific medications should heighten the  
prior probability for this diagnosis in patients with known risk  
factors. These include exposures such as alcohol and corticosteroids 
and diagnoses such as systemic lupus erythematosus or hemoglobin 
SC disease. Certain clinical scenarios should also increase vigilance  
for osteonecrosis such as patients with SLE on high-dose corticoste-
roids, women in the third trimester of pregnancy with acute hip pain, 
individuals with knee osteoarthritis, and a dramatic escalation of  
knee pain.

In general, the diagnosis of osteonecrosis is made through clinical 
evaluation and imaging tests. Blood tests may contribute information 
through establishing the presence of predisposing factors such as auto-
immune disease, hemoglobinopathies, dyslipidemias, and the presence 
of systemic inflammatory disorders.

DIFFERENTIAL DIAGNOSIS
Among the subtypes of osteonecrosis are a small number that can be 
differentiated through their distinctive manifestations and which may 
represent separate disease entities. These include spontaneous osteo-
necrosis of the knee, subchondral fractures, osteonecrosis of pregnancy/
transient osteoporosis of the hip, and transient regional osteoporosis. 
Other diagnoses that should be considered in the evaluation of severe 
joint pain include acute synovitis, soft tissue trauma (e.g., tear of the 
hip joint labrum), severe osteoarthritis, algodystrophy, and referred 
pain.

Bone infarct
Osteonecrosis is referred to as a bone infarct when it occurs within  
the diaphysis or metadiaphysis of the bone. The characteristics of  
bone infarcts differ somewhat from typical epiphyseal osteonecrosis  
but otherwise share many of the predisposing factors. Epiphyseal 
lesions occur in non-metabolically active yellow marrow regions of 
bone. The MRI appearance of focal bone infarcts contrasts with epi-
physeal osteonecrosis because of differences between yellow and red 
marrow. Bone infarcts tend to reflect the characteristic bone marrow 
edema pattern seen in epiphyseal osteonecrosis (dark on T1 and  
bright on T2-weighted sequences, with a geographic morphology). The 
T2 signal heterogeneity typical of epiphyseal osteonecrosis is not 
evident in bone infarcts. Radiographically, bone infarcts demonstrate 
a lytic appearance with serpiginous, well-defined geographic sclerotic 
borders.

Spontaneous osteonecrosis of the knee
Typically involving the medial or lateral tibial plateau and associated 
with severe knee pain, spontaneous osteonecrosis of the knee (SONK) 
has been viewed as sharing the same pathologic basis as osteonecrosis 
of the femoral head (Fig. 181.2).40 However, the syndrome may be 
somewhat heterogeneous in its manifestations41 and may lack the 
typical features of epiphyseal osteonecrosis, which include a demarca-
tion rim or reactive interface.42 Recent scrutiny of histologic sections 
following knee arthroplasty performed for SONK revealed that the 
pathology may originate as a form of subchondral stress fracture.42 
Subchondral fractures could result in infiltration of joint fluid into the 
trabecular space, causing a localized increase in medullary pressure and 
osteonecrosis. Some cases of SONK have resolved without surgical 
intervention. Features on MRI that may indicate a benign course 
include the absence of focal epiphyseal contour depression or lines of 
low signal intensity deep in the condyle.42

of bone samples from patients with osteonecrosis has been found to 
be elevated.29 Abnormalities of trabecular fat cell size and bone marrow 
pressure have also been demonstrated in an alcoholic rabbit model.30

Intravascular coagulation
Intravascular coagulation of the intraosseous microcirculation, pro-
gressing to more generalized thrombosis, is a strong contender as a 
process leading to osteonecrosis. Many of the conditions reported to 
be associated with osteonecrosis have attributes capable of triggering 
intravascular coagulation. This could occur as a primary event (as in 
antiphospholipid antibody syndrome13) or as a secondary reaction to 
some other process (such as thrombosis secondary to fat embolism). 
Several studies of coagulation factors have found abnormalities relating 
to plasminogen activator inhibitor in patients with osteonecrosis, sug-
gesting reduced fibrinolysis as a potential risk factor.13,16-18 In sickle cell 
disease, the risk of osteonecrosis is related to the frequency of crises, 
hematocrit levels, and low mean corpuscular volume.14

Elevated intraosseous pressure
As a non-distensible structure with a cortical shell, bone has limited 
capacity to accommodate an increase in space occupied within. Any 
such changes may elevate intracortical pressure and compromise blood 
flow.31

Intramedullary hemorrhage
Intramedullary hemorrhage is frequently present in the vicinity of 
osteonecrotic lesions and is generally considered to be a secondary 
phenomenon. However, examination of osteonecrosis zones with 
recent hemorrhage has shown arteriopathy, suggesting that recurrent 
intramedullary hemorrhage may contribute to the pathogenesis of 
osteonecrosis.32,33

Osteocytotoxicity
The histologic observations of absent or nonviable osteocytes in tra-
becular samples without osteonecrosis generate the possibility that 
osteocyte death may be a primary rather than secondary event in its 
development. Toxic accumulation of lipid droplets within the osteo-
cytes apparently occurs with high-dose steroids and alcohol and can 
damage the cell membrane and lead to cell death.29,34

Other participatory processes
A number of other processes including attempts at repair may have 
sequelae that contribute to the progression of osteonecrosis. The pres-
ence of necrotic bone stimulates a number of cellular activities aimed 
at replacing necrotic bone with new bone. However, this process can 
be counterproductive in various situations such as when the remodel-
ing leads to a shift to compact bone or interrupts blood supply and 
attempts at revascularization.35-37 Mechanical stress may also contrib-
ute to the progression of osteonecrosis. Two animal studies of osteo-
necrosis found a greater extent of osteonecrosis in the animals that 
were allowed to bear weight compared with those that could not.38,39

CLINICAL FEATURES
The clinical presentation of osteonecrosis is quite variable, with char-
acteristics tending to reflect the anatomic region of localization. Osteo-
necrosis in the femoral head, for example, usually causes pain in the 
groin or anterior thigh. However, osteonecrosis can be asymptomatic, 
especially when confined to medullary bone. The pain from acute 
osteonecrosis can also be especially intense and may require opioid 
analgesics. It is differentiated from ordinary joint pain by its severity, 
presence at rest, lack of relationship to weight bearing, and (in early 
stages) preservation of joint range of motion. These clinical character-
istics can be viewed as “red flags” for the possibility of osteonecrosis. 
With the development of articular collapse and secondary osteoarthri-
tis, an osteoarthritic constellation of symptoms supervenes. Osteone-
crosis is usually a unilateral phenomenon but can be bilateral and even 
multifocal.

Typical sites of involvement by osteonecrosis include the femoral 
head (the most common), the femoral condyles of the knee, proximal 
tibia, humeral head, small bones of the foot and ankle, the wrist and 
hand bones, the vertebrae, and (less commonly) the facial bones.4
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osteonecrosis (e.g., the crescent sign) are highly specific late in the 
disease but insensitive during the early phase (Fig. 181.4). Before the 
widespread availability of MRI, bone scintigraphy was advocated as a 
more sensitive test for early osteonecrosis. The technique offered 
advantages over plain radiography55 and with optimal conditions may 
be more sensitive than conventional MRI, albeit less specific.56 
However, the technique is cumbersome, exposes people to ionizing 
radiation, provides low resolution, and discriminates poorly among 
osteonecrosis, fractures, transient osteoporosis, and other conditions. 
Current practice in the diagnosis of early-stage osteonecrosis requires 
an MRI scan. MRI scans have the greatest detection sensitivity for 
osteonecrosis and are less hazardous than radionuclide bone scans.

The American College of Radiology (ACR) recommends anteropos-
terior and frog leg radiography for initial evaluation of osteonecrosis of 
the hip.57 These two views provide an approximation of orthogonal 

Osteonecrosis during pregnancy
Osteonecrosis of the hip occurring in pregnancy in women without any 
traditional risk factors for the disease is a rare but recognized phenom-
enon.43-46 No clear clinical patterns or associations are evident from 
the small number of cases described in the literature. The problem 
manifests as hip pain and is diagnosed using an MRI scan, or later it 
becomes apparent on radiographs with clinical progression. Many cases 
have been treated with surgical intervention. Osteonecrosis during 
pregnancy can be confused with transient osteoporosis of the hip 
during pregnancy.43

Idiopathic transient osteoporosis of the hip
Transient osteoporosis of the hip is a self-limiting skeletal disorder, 
usually affecting women in their third trimester of pregnancy, which 
resolves spontaneously within 12 months postpartum.47 It has been 
viewed as a variant of Sudeck atrophy,47 but the exact cause remains 
unknown. It is characterized by disabling pain in the hip without prior 
trauma and by striking radiographic evidence of osteopenia that is 
limited to the hip. MRI shows bone marrow edema and occasionally 
joint effusion (Fig. 181.3). Bone mineral density is reduced and this 
can be systemic.48,49 Clinical and radiographic findings regress sponta-
neously after pregnancy and generally without late sequelae. However, 
there are reports of cases complicated by pathologic fracture.50 Tran-
sient osteoporosis of the hip has been described postpartum51 and in a 
nonpregnant woman.52 The condition has many clinical similarities to 
another rare disorder, transient regional osteoporosis, in which local-
ized pain and osteopenia migrate from one skeletal site to another.53 
Treatment for idiopathic transient osteoporosis of the hip consists of 
joint protection with limited weight bearing, range-of-motion exercise, 
progressive ambulation, and analgesics. Antiresorptive agents have 
been used in some cases with reported benefit.54

IMAGING
Historically, radiographs have been widely used for the diagnosis  
and evaluation of osteonecrosis. Definitive radiographic features of 

Fig. 181.2  A coronal proton density of the shoulder illustrates collapse of the 
articular surface with a characteristic subchondral, low-signal, linear 
geographic pattern and adjacent marrow signal abnormality that was found to 
be osteonecrosis on pathology. (Image courtesy of Christopher G. Roth, M.D.)

Fig. 181.3  A sagittal proton density image of the ankle demonstrates marked 
marrow signal change within the head of the talus. Differential considerations 
include fracture and osteonecrosis. This patient’s follow-up plain film indicated 
avascular necrosis. (Image courtesy of Christopher G. Roth, M.D.)

a

Fig. 181.4a  Single view of the pelvis demonstrates vague increased density of 
the left femoral head suspicious of osteonecrosis. Magnetic resonance imaging 
was recommended for both hips to confirm the finding on the left and 
potentially identify early osteonecrosis in the contralateral femoral head before 
collapse.
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misregistration of adjacent fluid and fat voxels owing to their slightly 
differing precessional frequencies. As the lesion evolves, it is common 
to identify subchondral fracture just before collapse. The subchondral 
fracture line may appear bright on T2- and dark on T1-weighted 
images. The signal characteristics of the lesion are highly variable. 
Over time, the lesion, if not revascularized, will appear dark on both 
T1- and T2-weighted images. Additionally, researchers have identified 
effusion in approximately 60% of cases.59

MRI has its greatest utility in the early diagnosis of osteonecrosis 
in a variety of anatomic locations (Figs. 181.6, 181.7; see Figs. 181.2 
and 181.3) and detects a variety of disorders that can cause diagnostic 
confusion such as spontaneous osteonecrosis of the knee (Fig. 181.8) 
and idiopathic transient osteoporosis of the hip (Fig. 181.9), as well as 
bone infarcts (Fig. 181.10).

Several different staging classifications have been used to evaluate 
osteonecrosis. The most widely used system for the projectional radio-
graph is the Ficat Staging System described by Ficat and Arlet (Table 
181.1).60 Over time this classification system has been modified by 
other groups to assist classification of patients into one of two arms of 
therapy, intraosseous pressure reduction, or joint reconstruction. 
Steinberg proposed a classification system that refines the Ficat system 

views with which to evaluate the morphology and quality of the femoral 
head. If collapse is identified and immediate surgery is contemplated, 
the ACR recommends MRI to evaluate for the occult osteonecrosis of 
the contralateral hip. In cases where the morphology of the affected 
side is maintained but the head appears sclerotic or mottled, an MRI 
should be performed to confirm the diagnosis of osteonecrosis. Nega-
tive radiographs in the setting of suspicion for femoral head osteone-
crosis should always prompt an MRI. In the absence of a contraindication 
to MRI, the ACR does not recommend the use of radionuclide bone 
scan for the evaluation of osteonecrosis of the hip.

Radiography
In the early stages of osteonecrosis plain radiographs are typically 
normal or negative. The earliest radiographic changes include diffuse 
osteopenia, serpiginous areas of radiolucency with a sclerotic border, 
and linear sclerosis typically adjacent to the joint margin. Later the 
subchondral radiolucency can organize into a “crescent sign,” and 
appearance is pathognomonic for osteonecrosis (see Fig. 181.4). Later 
changes include flattening of the articular surface and sometimes gross 
collapse (see Fig. 181.4). Initially the joint space is normal, but struc-
tural collapse adjacent to articular cartilage typically leads to secondary 
osteoarthritis. In some cases this process leads to total destruction of 
the involved structure such as the femoral head or humeral head.

Radionuclide bone scan
Radionuclide bone scans were used to detect early osteonecrosis before 
the advance of clinical MRI. Bone scans using methylene bisphospho-
nate labeled with technetium 99m were useful because they can exhibit 
increased uptake in the region of osteonecrosis before changes emerge 
on the radiograph. Bone scans may still have utility in situations where 
MRI is contraindicated. However, the changes on bone scan are some-
what non-specific, are not as sensitive as MRI, and expose the patient 
to radiation hazard.

Computed tomography
CT scans offer advantages to radiography due to multiplanar reformat-
ting and greater contrast. CT is useful in defining the extent of cortical 
collapse in late disease. CT may be used in the setting of potential 
acute on chronic osteonecrosis to evaluate new onset subtle articular 
collapse.

Magnetic resonance imaging
The characteristic appearance on MRI varies according to location. 
Within epiphyseal lesions, such as osteonecrosis of the hip, a typical 
area of normal marrow signal on T1 and T2 is bordered by a dark line 
or rim (Fig. 181.5). The line has been described as having a geographic 
appearance because it mimics the morphology of a coastline with its 
interstices. Over time T2 bright signal parallels the inside margin of 
the lesion. This is often referred to as the characteristic double line 
sign. The double line sign is seen in approximately 75% of cases.58 The 
double line sign likely represents chemical shift artifact related to the 

b

Fig. 181.4b  Coronal STIR image (left) confirms 
avascular necrosis on the left characterized by a 
geographic lesion on the weight-bearing surface of 
the left femoral head. Coronal T1-weighted image 
(right) illustrating the typical pattern of bilateral 
geographic lesions low in signal. Of interest is the 
early osteonecrosis involving the radiographically 
normal right femoral head.

Fig. 181.5  Axial STIR demonstrating bilateral avascular necrosis (AVN). Bilateral 
AVN is apparent on this coronal STIR image. A double line sign is apparent on 
the right. Recent thinking attributes the sign to chemical shift artifact, a 
phenomenon that owes itself to misregistration of adjacent fat and water due 
to slightly differing processing frequencies at a given field strength.



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1820

Fig. 181.6  Bright signal within the lunate on this proton density coronal image 
of the wrist in conjunction with the T1-weighted image (not shown) suggests a 
diagnosis of Kienböck disease. (Image courtesy of Christopher G. Roth, M.D.)

Fig. 181.7  Sagittal T1-weighted image of the ankle 
(left) with marked diffuse low signal of the 
navicular. The sagittal T2 fat saturated image (right) 
demonstrates corresponding diffuse high signal of 
the navicular, suggesting osteonecrosis. (Image 
courtesy of Christopher G. Roth, M.D.)

TABLE 181.1 FICAT STAGING SYSTEM

Stage I Normal radiographs

Stage II Sclerotic or cystic lesions

Stage III Subchondral collapse

Stage IV Osteoarthritis with articular collapse

BOX 181.2 INTERNATIONAL CLASSIFICATION OF OSTEONECROSIS OF 
THE FEMORAL HEAD (ASSOCIATION RESEARCH CIRCULATION OSSEUS)
Stage 0—Bone biopsy results consistent with osteonecrosis; other test results 

normal
Stage I—Positive findings on bone scan, magnetic resonance imaging (MRI), 

or both
A—<15% involvement of the femoral head (MRI)
B—15% to 30% involvement
C—>30% involvement

Stage II—Mottled appearance of femoral head, osteosclerosis, cyst formation, 
and osteopenia on radiographs; no signs of collapse of femoral head on 
radiographic or CT study; positive findings on bone scan and MRI; no 
changes in acetabulum
A—<15% involvement of the femoral head (MRI)
B—15% to 30% involvement
C—>30% involvement

Stage III—Presence of crescent sign lesions classified on basis of appearance 
on AP and lateral radiographs
A—<15% crescent sign or <2-mm depression of femoral head
B—15% to 30% crescent sign or 2- to 4-mm depression
C—>30% crescent sign or >4-mm depression

Stage IV—Articular surface flattened; joint space shows narrowing; changes in 
acetabulum with evidence of osteosclerosis, cyst formation, and marginal 
osteophytes

by including bone scan and MRI, as well as emphasis on volumetric 
assessment of femoral head involvement (Table 181.2). The Interna-
tional Classification of Osteonecrosis of the Femoral Head has also 
recently adopted an osteonecrosis staging system (Box 181.2).

MANAGEMENT
Although it is prudent to avoid risk factors such as glucocorticoid use 
and weight bearing on the affected limb, no conservative medical 
approaches are known to influence the outcome of osteonecrosis.4 
Medical treatment options are also limited in scope. There is a long-
standing view that the affected region should be offloaded for 4 to 8 

TABLE 181.2 STEINBERGER STAGING SYSTEM

Stage I Normal radiograph; abnormal bone scan and/or MRI
A.  Mild (<15% of head affected)
B.  Moderate (15-30% of head affected)
C.  Severe (>30% of head affected)

Stage II Lucent and sclerotic changes in the femoral head
A.  Mild (<15% of head affected)
B.  Moderate (15-30% of head affected)
C.  Severe (>30% of head affected)

Stage III Subchondral collapse without flattening
A.  Mild (<15% of head affected)
B.  Moderate (15-30% of head affected)
C.  Severe (>30% of head affected)

Stage IV Flattening of the femoral head
A.  Mild (<15% of head affected)
B.  Moderate (15-30% of head affected)
C.  Severe (>30% of head affected)

Stage V Joint narrowing and/or acetabular changes
A.  Mild
B.  Moderate
C.  Severe

Stage VI Advanced degenerative changes
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been tested in clinical trials and are advocated when the involved 
segment involves less than 15% of the articular margin and is remote 
from the weight-bearing region.61-63 However, these conservative 
approaches do not generally prevent disease progression, which is the 
primary goal of any osteonecrosis intervention therapy. Overall, the 
clinical trials and retrospective observational studies comparing con-
servative treatment to surgical interventions of various types for hip 

weeks. Crutches can be prescribed in order to accomplish this, but their 
effectiveness is unclear. Other suggested interventions include physical 
therapy to maintain muscle strength and prevent contractures and 
judicious use of analgesics.

Thus the critical management decisions for an individual with 
freshly diagnosed osteonecrosis relate to whether to intervene surgi-
cally and which procedure to deploy. Conservative approaches have 

Fig. 181.8  The TI-weighted coronal of the knee (left) demonstrates subchondral linear dark signal with associated ill-defined low signal representing marrow 
edema. The proton density fat-saturated coronal image demonstrates (right) marked marrow signal abnormality involving the medial femoral condyle with 
subchondral dark signal paralleling the articular surface. These findings indicate the now controversial entity known as spontaneous osteonecrosis of the knee.

Fig. 181.9  The baseline magnetic resonance image (MRI, left) shows increased signal in the left femoral head in a 30-year-old, 3-month postpartum woman 
with idiopathic transient osteoporosis of the hip. An MRI taken 3 months later (right) shows resolution of those changes.
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Arthroplasty
The development of substantial joint damage and secondary osteoar-
thritis leaves arthroplasty as the treatment of choice. The stage and 
extent of disease, as well as the age of the patient, all predicate the type 
of arthroplasty procedure. Unfortunately patients with osteonecrosis 
have poorer outcomes following total hip arthroplasty than individuals 
with osteoarthritis.65

Experimental therapies
Various efforts have been made in an attempt to enhance the healing 
of osseous defects in the femoral head before collapse occurs. Examples 
of non-invasive treatment modalities include pharmacologic measures, 
electrical stimulation, shock wave therapy, and electromagnetic field 
therapy.66 Clofibrate is capable of abrogating the increase in fat content 
in the femoral head that precedes the development of osteonecrosis in 
a rabbit model.27 The cholesterol-lowering agent lovastatin has also 
shown promise in vitro and in vivo for preventing the development of 
steroid-induced osteonecrosis.26,67 Puerarin, a compound with antioxi-
dative and antithrombotic effects, has been proposed as preventative 
for alcohol-induced adipogenesis and osteonecrosis.68 Future directions 
may include growth and differentiation factors, cytokines, angiogenic 
factors, and bone morphogenic proteins.

joint osteonecrosis indicate that surgically treated joints generally have 
better outcomes.

Core decompression
The goals of core decompression are to reduce elevated intramedullary 
pressure, improve oxygenation of the ischemic region of the bone, and 
allow adjacent living bone to contribute to the reparative process. The 
procedure provides swift pain relief and appears to yield favorable 
results when performed at an early stage of osteonecrosis development. 
However, a meta-analysis of core decompression clinical trials sug-
gested that this intervention was superior to conservative treatment 
only when used to treat stage I lesions.64 The procedure also carries 
risks that include hip fracture, postoperative infection, and suboptimal 
results.

Other orthopedic interventions for osteonecrosis
A variety of bone graft procedures, often in combination with other 
operative techniques, can be performed with the intent of delaying the 
need for arthroplasty. Various types of osteotomies are also performed 
with the aim of shifting the necrotic bone segments away from the 
weight-bearing zone. Long-term outcome data for these procedures are 
scarce.

Fig. 181.10  The T1-weighted coronal of the knee (left) illustrates a geographic lesion in the tibial metaphysis consistent with a bone infarct. Notice the 
characteristic double line sign on the coronal proton density magnetic resonance image (right) suggesting focal osteonecrosis. (Image courtesy of Christopher 
G. Roth, M.D.)
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Rare osteoarthritis: ochronosis, 
Kashin-Beck disease, and Mseleni 
joint disease
Virginia Byers Kraus

OSTEOARTHRITIS
 Osteoarthritis (OA) comprises a heterogeneous group of joint 

diseases, some of common and others of rare occurrence. Although 
the rare forms discussed here affect individuals infrequently or in 
specific and circumscribed geographic regions, an understanding 
of these rare forms of OA may provide useful insights into the 
nature and pathogenesis of the more common varieties of OA. 
These rare forms of OA are thought to derive from diverse causes 
that include genetic (ochronosis), biogeochemical (Kashin-Beck 
disease), and a combination of genetic and nutritional (Mseleni 
joint disease) etiologies. This diversity of etiologies is itself 
illustrative of the multiple pathways to the syndrome of joint 
failure that we recognize as OA. Although each of these diseases 
presents clinically as a form of OA, there are differentiating 
manifestations by which these arthropathies can be distinguished 
from one another. An appreciation of these subtleties is key to the 
recognition and management of these disorders.

OCHRONOSIS
 Ochronosis is a rare autosomal recessive disorder resulting from a 

constitutional lack of homogentisic acid oxidase.
 Homogentisic acid undergoes autoxidation, enzymatic oxidation, 

and polymerization to form an ochronotic pigment that 
accumulates in cartilage and connective tissues.

 The endogenous form of ochronosis as described here may be 
confused with exogenous ochronosis, a limited hyperpigmentation 
of skin due to various drugs and chemicals.

 Ochronosis is characterized by homogentisic aciduria, 
pigmentation of cartilages and other connective tissues, and in 
later years, generalized osteoarthritis of the spine and large joints, 
termed ochronotic arthropathies.

KASHIN-BECK DISEASE
 Kashin-Beck disease is a severe progressive osteoarthropathy of 

unknown etiology and is endemic to China and Tibet, with onset in 
childhood.

 Three interacting causal mechanisms have been proposed: a 
deficiency in trace elements (selenium and iodine), exposure to 
organic matter in contaminated drinking water, and contamination 
of food by noxious mycotoxins.

 Necrosis and remodeling of cartilage including growth plates are 
characteristic.

 Generalized osteoarthropathy involves the ankles, knees, 
interphalangeal joints, wrists, and elbows with foreshortened 
phalanges. More severe involvement of distal and lower limbs is 
noted, as well as short stature.

MSELENI DISEASE
 A severely disabling and progressive osteoarthropathy, Mseleni 

disease has an unknown etiology and is endemic to Africa, with 
onset in childhood.

 It is possibly a form of generalized epiphyseal dysplasia, to which 
manganese deficiency may contribute.

 It is characterized by osteoarthropathy of the hip joints followed by 
the ankles, knees, and less commonly, the wrists, shoulders, and 
elbows and is associated with mild stunting of growth.

182

OCHRONOSIS
History
Ochronosis  and  alkaptonuria  are  two  names  that  refer  to  different 
manifestations of  the same condition  resulting  from an  inborn error 
of  tyrosine  metabolism—a  deficiency  of  the  enzyme  homogentisate 
1,2-dioxygenase  (HGO)  (Fig.  182.1).  The  connection  between  these 
two entities was recognized by Albrecht in 1902.1 Simultaneously, this 
was  the  first  human  disorder  found  to  conform  to  the  principles  of 
Mendelian autosomal recessive inheritance.2 In 1908 the term inborn 
errors of metabolism  was  first  coined  by  Sir  Archibald  Garrod  to 
describe  this  and  three  other  diseases.3  The  absence  of  the  HGO 
enzyme, normally highly expressed in hepatocytes,4 leads to the accu-
mulation of metabolites of homogentisic acid in connective tissues of 
individuals who are affected; this deposition causes an ochre-like pig-
mentation  in  the skin,  sclera, and cartilages of  the body  (Fig. 182.2) 
and is the characteristic for which the disease was named ochronosis 
by Virchow. Only a small proportion of the homogentisic acid formed 
endogenously is normally retained in the body because of its high renal 
clearance5; the absence of the HGO enzyme leads to abundant urinary 
excretion of homogentisic acid, which darkens slowly on oxidation by 
prolonged exposure to air. The darkening is hastened by the addition 
of alkali to the urine and is reflected in the original term for homogen-
tisic acid, alkapton, which refers to its avidity for alkali. The distinc-
tiveness of alkaptonuria accounts for reports of dark urine,  including 
urine “as black as ink,” dating as far back as the Middle Ages.1 There 
has  even  been  biochemical  confirmation  that  ochronotic  pigment  in 
the bone and articular hip cartilage of an Egyptian mummy originated 
from homogentisic acid, demonstrating that this disorder has afflicted 
man since ancient times.6

Epidemiology
According to the World Health Organization, approximately 5000 rare 
diseases  affect  human  beings  on  a  worldwide  scale7;  one  of  these  is 
alkaptonuria/ochronosis.  In  the  United  States,  alkaptonuria  has  a 
prevalence of 1 case per 250,000 to 1 million live births.8 This disorder 
occurs  worldwide,  with  the  highest  frequency  in  Slovakia  and  the 
Dominican Republic,  in which  the prevalence approaches 1  case per 
19,000 inhabitants.9

Clinical features
The  patient  with  ochronosis  is  distinguished  by  the  triad  of  dark  
urine  on  addition of  alkali,  ochronotic  pigmentation,  and  arthritis.10 
Alkaptonuria is present at birth and is often diagnosed, as was the first 



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1826

case ever described in the modern scientific literature by Dr. Garrod,5 
by discoloration of the diapers. This is the only sign of the disorder in 
the pediatric age group,11 and many patients remain undiagnosed until 
adulthood because one quarter do not have the characteristic dark urine 
staining.12 The reasons for these differences in the clinical manifesta-
tions of the disease are not understood. It is possible that many of the 
early manifestations of this disorder may go unnoticed by the patient. 
These include dark urine and dark cerumen at birth, axillary pigmenta-
tion  at  puberty,  ear  lobe  skin,  and  scleral  pigmentation  at  20  to  40 
years  of  age.13  Those  who  escape  detection  in  childhood  are  usually 
diagnosed on the basis of chronic joint pain that typically develops in 
the  third  decade  of  life.2  The  delay  in  appearance  of  the  ochronotic 
arthropathy until after midlife is often ascribed to a waning efficiency 
of the renal clearance of homogentisic acid, leading to an accelerated 
accumulation of homogentisic acid oxidation byproducts with aging.14

The arthropathy that develops affects the spine and large joints. The 
low back is frequently the signal anatomic site. The spine involvement 
resembles  ankylosing  spondylitis  but  differs  in  sparing  the  sacroiliac 
joints.2  The  pattern  of  spine  involvement  is  reported  to  differ  from 
typical  osteoarthritis  in  that  thoracolumbar  changes  predominate  in 
contrast to lumbosacral degeneration,14 although the severity of lumbar 
spine involvement had the greatest correlation with disability measures 
in a study of 53 patients.15 Narrowing and dense, wafer-like calcifica-
tion  of  the  intervertebral  discs  are  the  most  characteristic  findings  
in the spine (Fig. 182.3) and osteophytes are said to be usually absent 
or of small size.16,17 Another clinical clue may be degenerative changes 
of  the  spine  that  are  far  more  advanced  than  would  be  expected  for  
a  patient’s  age.  The  peripheral  arthritis  closely  resembles  that  of  
osteoarthritis; however, hands and feet are usually spared.18 Arthritis 
of  the  peripheral  joints  is  generally  observed  about  10  years  after  
spinal  changes  (Fig.  182.4).  The  main  differences  among  ochronotic 
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Fig. 182.1 Ochronosis. Pathways leading to pathologic manifestations of ochronosis (alkaptonuria). (Adapted from Keller,8 Forslind,18 and Phornphutkul.2)

Fig. 182.2 Ochronosis. Black-gray pigmentation of the ear cartilage in a 
patient with ochronosis.



CH
A

PTER 182 
● Rare osteoarthritis: ochronosis, Kashin-Beck disease, and M

seleni joint disease

1827

and minimal pigmentation is seen in the venous circulation, a role has 
been posited  for blood pressure and hemodynamic  factors  to  explain 
the  differential  tissue  susceptibility  to  ochronotic  pigmentation  and 
pathology.22

Investigations
Non-invasive
The diagnosis of alkaptonuria/ochronosis is suspected on the basis of 
bluish-black pigmentation of sclerae and the cartilages of the ears and 
nose and darkening of urine on standing in air or with the addition of 
alkali  (10  drops  of  10%  NaOH  to  20 mL  urine  per  Zhao23).  The 

arthropathy,  idiopathic  osteoarthritis,  and  ankylosing  spondylitis  are 
summarized  in  Table  182.1.  Tendon  involvement  is  typically  sym-
metric  and  involves  traction  tendons  and  their  insertion  sites  with 
characteristic changes of enthesopathy, in general sparing tendons with 
synovial sheaths.19 Tendon and ligament ruptures are reported to occur 
with minimal provocation.2,20 Pain, stiffness, crepitation, flexion con-
tractures,  and  limitation  of  motion  are  the  most  common  clinical 
features.17  Loose  (osteochondral)  bodies  may  cause  joint-locking 
episodes.17

Increased  bone  resorption  and  osteoporosis  have  also  been  docu-
mented in association with ochronosis, even in the absence of immo-
bility.21 Other disease manifestations include renal and prostate stones, 
aortic  valve  calcification  and  stenosis,  and  coronary  artery  calcifica-
tion.8 Because  intense pigment deposition is  found in the aortic root 

a b

Fig. 182.3 Ochronosis. Radiographs of the spine 
showing narrowing and calcification of the 
intervertebral discs.

Fig. 182.4 Ochronotic arthritis of the shoulder demonstrating characteristic 
osteoarthritis pathology including narrowing of the joint space, marked 
subchondral sclerosis, and small osteophytes.

TABLE 182.1 STAGING SYSTEMS FOR KASHIN-BECK DISEASE

Ochronosis
Osteoarthritis 
(Idiopathic)

Ankylosing 
Spondylitis

Joints Involved Spine+++ Spine+++ Spine+++

Knees+++ Knees++ Knees+

Hips++ Hips++ Hips+

Shoulders+ Hands+++

Distinguishing Spine 
Features

Sacroiliac joints Spared Spared Involved

Osteophytosis Sparse Prominent None

Disc calcification Dense/wafer-like Mild-Moderate Mild-Moderate

Multiple vacuum discs Common Rare Rare

Syndesmophytes Broad None Thin + vertical

Apophyseal facet joint 
disease

Mild Mild-Severe Severe

Ligamentous 
ossification

Prominent Scarce Scarce

Adapted from Konttinen YT, Hoikka V, Landtman M, et al. Ochronosis: a report of a case and a 
review of literature. Clin Exp Rheumatol 1989;7:435-444.
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indicating  that mineralization of  the  collagen fibers  in vivo  prevents 
deposition of ochronotic pigment.30 Synovial effusions are reported in 
about half the cases with cell counts of 100 to 700 cells/mm,3 consist-
ing primarily of mononuclear cells.14,17 In one report, an aspirate from 
an  affected  joint  yielded  a  synovial  fluid  with  a  speckled  “ground 
pepper” appearance and dark cytoplasmic inclusions in mononuclear 
and polymorphonuclear cells.10 Unlike urine, synovial fluids reportedly 
have  low  concentrations  of  homogentisic  acid  and  fail  to  darken  on 
addition  of  alkali.10  Homogentisic  acid  and  its  oxidation  byproduct, 
benzoquinone acetic acid, react positively with nile blue sulfate variant 
I  stain,  originally  developed  for  identification  of  melanin,31  and  also 
turn black when stained with methylene blue or cresyl violet.17

Differential diagnosis
Alkaptonuria may be confused with several other conditions that cause 
dark urine  including porphyrias,  the  ingestion of  indole  compounds, 
myoglobinuria,  hemoglobinuria,  hematuria,  bilirubinuria,  and  uro-
bilinogen when oxidized to urobilin.17 The endogenous form of ochro-
nosis as described here may also be confused with exogenous ochronosis. 
Exogenous  ochronosis  refers  to  ocher-like  pigment  deposition  in  the 
skin, and sometimes in cartilages or other organs, as a result of expo-
sure to a variety of exogenous compounds. Compounds implicated as 
causative agents of exogenous ochronosis include topical phenol,  for-
merly used as an antiseptic;  topical hydroquinone bleaching  creams; 
quinine  injections;  oral  antimalarials;  amiodarone;  cytotoxic  drugs; 
minocycline32; and levodopa and methyldopa used in the treatment of 
Parkinson disease.33 In most cases, chronic long-term exposure to the 
inciting  agent  is  necessary  for  development  of  hyperpigmentation. 
Reversibility  is  slow  or  non-existent.  These  cases  are  distinguished 
from  endogenous  ochronosis  by  lack  of  urinary  homogentisic  acid 
excretion, genetics, and in some cases, biopsy findings. No clear clinical 
effects, beyond cosmetic, have been delineated for exogenous ochrono-
sis. Thus it  is necessary to appropriately distinguish exogenous from 
endogenous ochronosis, both from the perspective of the more favor-
able prognosis of exogenous ochronosis, as well as from the prospect 
of recommending appropriate therapy, as described later, for the indi-
vidual with endogenous ochronosis.

diagnosis  is confirmed by 24-hour urinary excretion of homogentisic 
acid,  measured  by  gas  chromatography  or  high-performance  liquid 
chromatography, that is higher than 0.030 to 0.040 mmol/mmol cre-
atinine for children aged 1 to 6 years, or 0.017 mmol/mmol creatinine 
from the age of 7 years to adulthood.24 In addition, one of the signifi-
cant laboratory artifacts in alkaptonuria is a false-positive urine Clini-
test for sugars caused by the reduction of copper by homogentisic acid.17

The extent of arthropathy is typically documented radiographically 
and  is  characterized  by  profound  osteoarthritic  changes  in  the  large 
joints and the spine with extensive calcification of intervertebral discs. 
Magnetic resonance imaging can readily detect ligamentous lesions.25 
Bone turnover and bone mass can be determined by quantification of 
N-telopeptides of type I collagen in the urine and by dual x-ray absorp-
tiometry (DXA) of the femur, but not by DXA of the spine where bone 
mineral  density  measurements  are  spuriously  overestimated  due  to 
intervertebral disc calcification and osteophyte formation.21

Invasive
Macroscopic  inspection  of  the  joint  during  surgery  shows  darkened 
cartilage.  Biopsy  of  affected  tissues  reveals  the  characteristic  yellow-
brown  pigment  in  unstained  sections,  both  free  and  intracellularly, 
typically in macrophages, but researchers have also found pigment in 
chondrocytes, osteocytes, osteoblasts, osteoclasts, and fibroblasts.26 In 
cartilage the ochronotic pigmentation is most severe in the deep layers 
of cartilage while the articular surface shows little pigmentation (Fig. 
182.5a).  Ochronotic  fragments  of  cartilage  are  found  embedded  in 
synovium, where  they evoke  foreign body reactions with multinucle-
ated giant cells.27 Ochronotic fragments of cartilage are also found in 
the joint cavity, where they form a nidus for the development of osteo-
chondral  bodies.10  Although  the  molecular  basis  for  this  is  as  yet 
unclear, by electron microscopy, ochronotic pigment has been observed 
deposited on collagen fibrils of  joint capsule and cartilage, often  in a 
distinctive pattern with some association with  the periodicity of col-
lagen cross banding (Fig. 182.5b).28 This distinct pattern of ochronotic 
pigment  deposition  can  be  reproduced  by  7  days  in vitro  culture  of 
osteoblasts  and  chondrocytes  in  culture medium supplemented with 
homogentisic acid.26,29 Interestingly, bone collagen is largely unaffected, 

a

b

Fig. 182.5 Ochronosis. (a) Photomicrograph showing the presence of ochronotic pigment in the cartilage from a femoral condyle 
of a patient with alkaptonuria. Pigmentation appears as a gradient and most severe in the deep layers of cartilage; the articular 
surface shows little pigmentation (H&E, ×4). Inset: Chondrocytes located on the border between dense and light extracellular 
pigment. Chondrocytes show intracellular pigmentation and in some instances signs of necrosis (H&E, ×10). Evidence suggests 
that pigmentation occurs initially at the deep layers of cartilage before progressing toward the articular surface. (b) Transmission 
electron micrograph showing collagen fibers of ligamentous capsule from a patient with alkaptonuria. Collagen fibers show 
numerous electron-dense deposits of ochronotic pigment located along the fiber body. Deposits show some association with 
collagen cross banding. Not all fibers have deposits (stained using 1% aqueous osmium tetroxide solution and 5% alcoholic uranyl 
acetate. Poststained using lead citrate and uranyl acetate, magnification ×60,000). (Courtesy Dr. Adam M. Taylor, findAKUre project, 
University of Liverpool.)
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higher  vitality,  physical  role,  and mental health  scores  on  the SF-36 
general health survey. On the basis of this study, treatments likely to 
benefit the physical function of these individuals include regular swim-
ming,  spine mobilization,  and development of  good  truncal  strength 
initiated  early  in  the  disease  process.15  Finally,  there  has  been  one 
report of the disappearance of alkaptonuria and the cessation of ochro-
notic pathology following liver transplantation for hepatitis B–related 
cirrhosis.4

Although  no  specific  pharmacologic  therapy  yet  exists,  the  com-
pound  nitisinone  (Orfadin)  [2-(2-nitro-4-trifluoromethylbenzoyl)—1, 
3-cyclohexanedione]  is  currently  under  investigation  for  prevention 
and  treatment  of  ochronosis.2,42  This  drug  inhibits  the  enzyme 
4-hydroxyphenylpyruvic acid dioxygenase, which produces homogen-
tisic  acid  (see  Fig.  182.1).  The  U.S.  Food  and  Drug  Administration 
approved nitisinone in 2002 for the treatment of the orphan disease, 
tyrosinemia  type  1,  which  causes  fatal  liver  disease  in  infants  and 
children.43 Through this mechanism, nitisinone has become available 
for the treatment of alkaptonuria.

In patients with alkaptonuria, low-dose (<3 mg/day), short-term (up 
to 15 weeks) treatment with nitisinone has led to marked reductions 
in urinary homogentisic acid excretion. Although elevations of plasma 
tyrosine concentrations were a  consequence of  this  therapy,  few side 
effects  have  been  reported.2,42  Side  effects  have  included  mild  liver 
transaminase elevations, mild anemia, and dry skin, but no evidence 
of the types of ophthalmic or neurologic symptoms seen in association 
with metabolic diseases characterized by high tyrosine levels.2 On the 
basis of promising initial reports in humans and animals,42 a phase II 
randomized  long-term clinical  trial  (NCT00107783) was  initiated  in 
January 2005 (estimated study completion date July 2009) to examine 
the  safety and efficacy of  long-term use of nitisinone  (2 mg/daily  for 
up to 3 years) for treating patients with alkaptonuria and hip involve-
ment  at  baseline44  with  a  primary  outcome  of  hip  range  of  motion. 
Although designed to be a double-blind trial, patients may discern the 
treatment assignment on the basis of the disappearance of dark urine. 
If proven effective, the estimated half-life of nitisinone of 54 hours may 
ultimately permit even less frequent dosing than once daily.

Other  treatments  have  included  dietary  restriction  of  protein  to 
limit  tyrosine  and phenylalanine  intake.  In  combination with nitisi-
none,  a  protein-restricted  diet  reduced  mean  plasma  tyrosine  levels 
from 755 to 603 µmol/L. Compliance with these restrictions is reported 
to be difficult for adults, and long-term clinical trials of dietary therapy 
for  alkaptonuria/ochronosis  have  not  been  conducted.  Antioxidants 
have also been proposed for the treatment of alkaptonuria on the basis 
of the ability to counteract both the polymerization and accumulation 
of homogentisic acid and the deleterious effects of free radicals gener-
ated  in  the  course  of  homogentisic  acid  oxidation.1  Antioxidants 
studied to some extent to date include N-acetylcysteine, vitamin E, and 
vitamin C (ascorbic acid).

For many years ascorbic acid was considered a potential therapy for 
ochronosis based on a mechanism of action of inhibition of homogen-
tisic acid polyphenol oxidase45 responsible for producing the oxidized 
and  polymerized  byproducts  of  homogentisic  acid  (see  Fig.  182.1). 
Consistent  with  this  proposed  mechanism  of  action,  ascorbic  acid 
inhibited the binding of a radiolabel, derived from a homogentisic acid 
precursor, to connective tissues in a rat model of alkaptonuria,46 and 
decreased the excretion of benzoquinone acetic acid in the urine.47 In 
one report, transient (about 12-day) enhancement of homogentisic acid 
urinary excretion was achieved by ascorbic acid  (500 mg twice daily) 
in two of three patients.18 As a cautionary note, ascorbic acid may serve 
as  a  cofactor  for  4-hydroxyphenylpyruvic  acid  dioxygenase  (see  Fig. 
182.1) and therefore may increase production of homogentisic acid in 
alkaptonuria through this mechanism.48 Clinical outcomes have varied 
with  long-term  treatment  with  ascorbic  acid  (0.25  to  4 gm/day)  and 
overall it has not been dramatically effective. However, controlled trials 
have never been conducted.

KASHIN-BECK DISEASE
History
Kashin-Beck disease (KBD) was first reported in Siberia in 1849 by a 
Russian surveyor, M. Jurenskij, who noted that some residents of the 

Pathogenesis
The tissue accumulation of homogentisic acid and its oxidation byprod-
uct,  benzoquinone  acetic  acid,  is  believed  to  be  responsible  for  the 
clinical manifestations and severe arthropathy of ochronosis.34 Homo-
gentisic  acid  can  undergo  autoxidation,  enzymatic  oxidation,  and 
polymerization to form an ochronotic pigment in the presence of the 
enzyme  homogentisic  acid  polyphenol  oxidase,  present  in  skin  and 
cartilage  (see  Fig.  182.1).34  High  levels  of  homogentisic  acid  perturb 
collagen  assembly  in vitro.28  The  infiltrated  cartilaginous  tissues 
become brittle and fissure and fragment readily. In addition, benzoqui-
none acetic acid may inhibit lysyl hydroxylase,1 thereby reducing cross-
linking of types I and II collagen and further  impairing the ability of 
menisci  and  articular  cartilage  to  resist  stress  and  shearing  injury. 
Finally, homogentisic acid also inhibits cell growth in vitro in a dose-
dependent  manner.1  The  concentrations  of  homogentisic  acid  (1  to 
5 µg/mL)  that  proved  to  be  cytotoxic  in  one  in vitro  study35  corre-
sponded  to  plasma  concentrations  (3.0  to  27.8 µg/ml)  reported  for 
patients with alkaptonuria.2 Injected in high concentrations into joints 
of  rabbits,  homogentisic  acid  caused  swelling,  limitation  of  motion, 
and articular cartilage necrosis.36

Genetics
In 1901 Garrod suggested an inherited cause of alkaptonuria5 on the 
basis of a  family with  two affected siblings and consanguinity of  the 
parents. In 2007 clinical images of the eye, ear, and spine of historic 
interest were published, representing the progression to ochronosis by 
age 60 of Garrod’s  original  infant with  alkaptonuria.5  It  is now well 
established that the accumulation of homogentisic acid and its oxida-
tion products  occurs  through a deficiency of  the HGO enzyme. The 
HGO enzyme is a hexamer consisting of two trimeric subunits.1 The 
proper folding or association of the HGO subunits can be readily abol-
ished by nonsynonymous (affecting a change in an amino acid) point 
mutations in the HGO gene on chromosome 3q, thus abolishing the 
function of the HGO enzyme at the sites of its tissue expression (liver, 
kidney,  small  intestine,  colon,  and prostate).37 To date,  a  total  of 71 
different HGO mutations have been reported.2,38-40 With the exception 
of  several  mutations  affecting  individuals  from  the  high  prevalence 
areas  of  Slovakia  and  the  Dominican  Republic,  most  of  these  HGO 
mutations are unique and specific to particular families with the dis-
order. The occurrence of  a  few specific mutations  in  the high preva-
lence areas  is  taken as  evidence  for mutational hot  spots within  the 
HGO gene or founder effects,2,9 the consequence of a population arising 
from a small number of genetically isolated individuals, one or more 
of  whom  had  the  gene  mutation.  To  date,  there  have  been  no  clear 
correlations  between  specific  genotypes  and  clinical  manifestations, 
including age of onset of symptoms2; however, an evaluation of geno-
type-phenotype relationships is ongoing.1

Animal models
The  mouse  gene  homologue  of  human  alkaptonuria  was  mapped  in 
1994 through creation of a mutant mouse strain.41 In another animal 
model, an arthropathy resembling ochronosis was  induced in rats by 
feeding a diet with 8% L-tyrosine for 9 or more months starting from 
1 month of age.31 In a third animal model, injection of homogentisic 
acid into the joints of rabbits produced joint lesions that were similar 
to those of ochronosis including the deposition of pigment within the 
synovium, synovial thickening, and granulomatous reaction in response 
to embedded fragments of damaged cartilage or tendon. This pathology 
could  be  ascribed  directly  to  homogentisic  acid  rather  than  acidity 
because similar results were observed with both unbuffered and buff-
ered  (pH7) homogentisic acid solutions.36 These animal models may 
be of use for studies of the pathogenesis of this disorder and provide 
model systems in which to evaluate potential therapies.

Management
The  current  approach  to  the  treatment  of  alkaptonuria  consists  of 
standard therapy of osteoarthritis with judicious use of  joint replace-
ment when warranted. In one prospective study of the natural history 
of the ochronotic disease process, the average age of joint replacement 
in patients was younger (53 years) than the national mean (67 years).15 
In  this  study  they  also  noted  that  a  history  of  regular  swimming  
correlated with less kyphosis and scoliosis, as well as a trend toward 
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levels  were  found  to  be  40%  lower  in  KBD-affected  compared  with 
KBD-unaffected  children.64  Although  iodine  deficiency  doubled  the 
odds of KBD in this Chinese cohort, selenium deficiency was associ-
ated with a 61-fold increased odds of KBD.

In China,  foodstuffs  such as  corn have  commonly been  stored  in 
cave dwellings, where it  is believed mycotoxins enter the food chain. 
In Tibet, too, a striking association was found between KBD and moldy 
grain from storage in a tent out of doors, further suggesting a patho-
genic role for mycotoxins.54 Fungal contamination of barley grain was 
related to the highest percentage of KBD cases. Three fungal taxa iso-
lated  from  barley  samples  were  independently  associated  with  KBD 
(Trichothecium roseum, Alternaria sp., and Dreschlera sp.). The KBD 
prevalence rate increased dramatically from 13% if none of these taxa 
were isolated, to 51% if one taxa was found, and 89% if two or more 
taxa were isolated. This study provided strong support for a multifacto-
rial etiology of KBD in Tibet.

Evidence  for  hyposelenosis  in  non-KBD  areas  suggests  that  other 
risk  factors,  in  addition  to  selenium  deficiency,  contribute  to  the  
pathogenesis of KBD. For  instance, hyposelenosis exists  in non-KBD 
areas  such  as  Scandinavia,  New  Zealand,65  Poland,66  Central  Africa, 
and  the  Democratic  Republic  of  the  Congo,58,67  although  the  degree 
of  deficiency  in  these  areas  may  not  be  as  profound  as  in  the  
KBD  endemic  areas.67  Nevertheless,  recent  data  suggest  that  milder 
degrees of selenium deficiency are associated with deleterious muscu-
loskeletal  consequences.  In  a  population  based  study  in  Johnston 
County,  N.C.,  low  selenium  levels  have  been  associated  with  
increased odds of knee and hip OA.68  In  this  regard,  it  is  interesting 
to  note  an  observation  attributed  to  Kravencho  in  1959,  that  an  
inordinate  degree  of  OA  developed  in  individuals  who  moved  into 
endemic areas of KBD after the age of 25.69 In addition, selenium levels 
were  found  to  be  significantly  lower  in  men  than  in  women  in  this 
American cohort.68 As for many essential nutrients, the RDA for sele-
nium  is  higher  for  men  than  women  to  compensate  for  their  larger 
body mass. Thus it is possible that selenium levels in men may more 
readily fall below a critical level necessary for joint tissue health under 
conditions of severely limited intake. The possibility that insufficient 
selenium  intake  may  impact  men  more  readily  suggests  a  possible 
rationale  for  the consistent  reports of a higher prevalence of KBD in 
males.

Clinical features
KBD usually becomes evident  in children between 5 and 15 years of 
age.63 Joint pain is the earliest symptom. For purposes of epidemiologic 
studies, a diagnosis of KBD has required symptom onset before the age 
of 30 years in order to exclude idiopathic osteoarthritis.70 An increasing 
number of joints are involved from childhood to the age of 25 years in 
a slowly progressive osteoarthropathy.71 The particular manifestations 
of  the  disease  are  symmetric  and  may  vary  with  the  time  in  life  of 
exposure to the endemic environment. The arthropathy progresses to 
severe  joint  dysfunction,  enlargement,  and  deformity.  The  Chinese 
characters  for  this disease, when  literally  translated, mean “big  joint 
disease” (Fig. 182.6).51 The most distal  joints of the upper and lower 
limbs  are  most  often  and  most  severely  affected,72,73  including  the 
ankles,  knees,  interphalangeal  joints,  wrists,  and  elbows.70  The  foot 
and  ankle  are  involved  in  90%  of  cases.  In  fact,  it  is  said  that  the 
absence of talus involvement in an adult is cause to reject the diagnosis 
of  KBD.71  The  hand  develops  enlargement  of  interphalangeal  joints 
reminiscent  of  Heberden  and  Bouchard  nodes;  however,  the  middle 
and distal phalanges are shortened, termed brachydactyly  (Fig. 182.7 
showing a photograph and an x-ray of a hand with KBD) and resemble 
the foreshortened distal and middle phalanges from frostbite injury to 
children.74 The carpal bones, in particular the capitate and hamate, are 
more likely to be involved with worsening severity of KBD involvement 
of the hand.75 Short stature is one of the main features of the disease 
(Fig. 182.8) and dwarfism is sometimes marked, involving a dispropor-
tionate shortening of the extremities.69

Standardized national clinical and radiologic diagnostic criteria for 
KBD have been available in China since 1995 (clinical GB16003-1995) 
(Table 182.2) and 2001 (radiologic W/T 207-2001) (Table 182.3); their 
correlation  with  other  features  of  KBD  including  brachydactyly  has 
been evaluated.76 In addition, other staging systems have been devised 

Urov  River  Valley  of  Russia  had  shortened  fingers,  a  characteristic  
gait, and could neither walk nor work properly.49 In 1859 the physician 
Nikolai Kashin, assigned to a Cossack brigade, was ordered to investi-
gate  the disease causing deformities  that prevented a segment of  the 
local population from serving in the army.49 He concluded that “goiter, 
rheumatic  pain  and  cretinism”  was  an  endemic  disease  that  came  
to be known as “Urov disease.” Evgeny Beck later added a systematic 
epidemiologic  survey  of  this  disorder  in  1906  noting  a  morbidity  
prevalence  of  6%  to  46%  (mean  32%).  KBD  was  first  reported  in  
China  in 1908.50 The world’s  literature on this disease was summa-
rized  in  1994  by  Allander.51  Since  then  a  growing  body  of  litera-
ture  describes  this  disease,  but  its  etiology  is  yet  to  be  definitively 
revealed.  Skeletal  remains  indicate  that  it  goes  back  to  at  least  the  
16th century.51

Epidemiology
KBD  is  endemic  in  a  region  extending  diagonally  from  northeastern 
China to Tibet  in the southwest, with additional endemic regions in 
neighboring areas of Russia and some regions of Vietnam and Korea.52 
According to the 2008 Health Statistics issued by the Chinese Ministry 
of Health, there are currently 714,822 individuals affected by KBD in 
2253 villages of 366 of the total 571 counties in China; this represents 
a  KBD  prevalence  of  0.2%  in  the  endemic  villages  (http://www.moh
.gov.cn/publicfiles/business/htmlfiles/zwgkzt/ptjty/200805/35671.htm). 
A total of 18,478 of the affected individuals are children (2.6% of total 
affected).  In  non-governmental  reports,  the  prevalence  of  KBD  is 
reported to be 8% to 43% in heavily affected areas.53 KBD is mainly a 
disease of poor farming families54 on whom it imposes a severe socio-
economic stress.55 These endemic regions are known for especially low 
environmental  levels  of  the  essential  trace  element  selenium56  and, 
consequently, low selenium levels in the blood and tissues of the native 
peoples consuming food from these areas. The low selenium content 
of grains and drinking water in KBD-affected areas of China is said to 
have been accidentally discovered through rat feeding experiments in 
1973.57 The population mean  serum selenium concentration  in  this 
region is less than 0.020 mg/L,58 whereas serum selenium concentra-
tions  in  healthy  persons  have  been  found  to  average  0.066  to 
0.104 mg/L.59  In  China,  the  geographic  distribution  of  KBD  corre-
sponds most closely to the areas of lowest selenium in water, soil, and 
food grains,56,60 and fluctuations in disease status are reported to cor-
respond  to  fluctuations  in  serum  selenium  concentration,56  the  so-
called “wave character” in morbidity.49 The daily intake of selenium in 
the  Shaanxi  Kashin-Beck  endemic  area  of  China  was  quantified  as 
4.6 µg/day compared with 10.5 µg/day  for non-endemic areas.61 Both 
levels are well below the U.S. Recommended Daily Allowance (RDA) 
of 70 µg  for men and 55 µg  for women. Within  low selenium areas, 
the  reliance  on  river  water  for  drinking  has  been  associated  with 
increased risk of disease in KBD areas, although selenium levels of the 
various water sources under study were not cited.62 Eating corn, wheat, 
and  barley  has  also  been  associated  with  KBD,  whereas  eating  rice 
appears  to  be  protective54,56;  interestingly,  rice  grown  in Kashin-Beck 
endemic areas has a higher selenium content and selenium bioavail-
ability than corn or wheat, possibly accounting for its apparent protec-
tive effect.

Although a geographic association between KBD and selenium defi-
ciency  has  been  reported,  KBD  does  not  occur  in  every  selenium- 
deficient  area  of  China.58  Therefore  to  gain  a  comprehensive 
understanding of risk factors for KBD, a cross-sectional epidemiologic 
study was conducted of 12 rural villages in Tibet in which 575 children 
aged 5 to 15 years were examined. The variables independently associ-
ated with KBD were  found to be higher age, male gender,  low socio-
economic  status,  a  poorly  diversified  diet,  iodine  deficiency,  and  the 
use of smaller water containers.54 Individuals were at greatest risk for 
KBD  if  they  had  a  sibling  with  the  disease.  In  this  study,  selenium 
deficiency was severe in both KBD-affected and KBD-unaffected chil-
dren,  whereas  low  urinary  iodine,  high  serum  thyrotropin,  and  low 
serum  thyroxine-binding  globulin  values  were  associated  with  an 
increased risk of KBD. Goiter secondary to iodine deficiency was found 
more  often  in  villages  affected  by  KBD  than  in  control  villages.63  In 
general, selenium deficiency is closely associated with iodine deficiency 
in  KBD  areas.58,63  In  a  KBD  endemic  area  of  China,  urinary  iodine 

http://www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/ptjty/200805/35671.htm
http://www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/ptjty/200805/35671.htm
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a

b

Fig. 182.6 Kashin-Beck disease manifested as bony enlargement of the (a) elbows and (b) knees exemplifying the characteristic for which the disease is 
named “large joint disease” in China. (Courtesy Drs. Virginia Byers Kraus and Junling Cao.)

a

b

Fig. 182.7 Kashin-Beck disease of the hand. (a) Photograph of a hand with the brachydactyly of Kashin-Beck disease (on left) 
compared with a reference hand of a Chinese individual without Kashin-Beck disease (on right). (Courtesy Dr. Junling Cao). (b) 
Hand radiograph demonstrating shortened middle and distal phalanges, cone-shaped metaphyses, and “pumice stone” deformity 
of carpal bones. (Courtesy Dr. Xiong Guo.)

for this disorder on the basis of clinical51,70,77 or radiologic71,72,75 features 
(see Tables 182.1 and 182.2). A significant correlation has been shown 
between the clinical classification system of Mathieu70 and the radio-
logic classification system of Hinsenkamp.72 Although the clinical cri-
teria  are  more  sensitive,  the  radiologic  criteria  are  more  specific  for 
KBD.72

Clinical investigations
Non-invasive
The  abnormalities  of  growth,  development,  and  the  radiographic 
appearance of this disease have been ascribed to pathologic endochon-
dral growth at epiphyseal and acrophyseal sites.78 The radiologic  fea-
tures of KBD have been reported to resemble lesions of osteochondrosis,51 
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Fig. 182.8 Short stature characteristic of patients with Kashin-Beck disease (on 
right). For comparison, Dr. Cao, who is the same age as the patient, is shown 
on the left. (Courtesy Drs. Junling Cao and Bruce Caterson.)

TABLE 182.2 STAGING SYSTEMS FOR KASHIN-BECK DISEASE

Clinical staging system based on the Chinese National Criteria

Stage Signs

Early Flexion of the terminal part of the fingers or crooked fingers and arthritis pain in knee and ankle joints without enlarged finger joints

First Stage Enlarged finger joints and clinical symptoms of the early stage

Second Stage Shortened fingers and clinical symptoms of the first stage

Third Stage Retarded growth or dwarfism and clinical symptoms of the second stage

Clinical staging system of Mathieu

Stage Age
Joint enlargement (due to 
metaphyseal widening) Joint pain

Severity of motion restriction 
of most affected joint Associated symptoms*

I <15 yr − + Grade 0 −

I All ages + − Grade 0 −

II All ages + + Grade 1-2 −

III All ages + + Grade 1-2 +

Clinical staging criteria of Beck

Stage Severity Joint Pathology Joint pain Range of motion Other findings

I Mild Deformation/thickening fingers 2-4 + (AM and 
with activity)

Slight limitation of IP and fine crepitation of 
larger joints (elbow, knee, ankle)

−

II Moderate Deformation/thickening all fingers, elbow, knee, 
ankle, wrist, and 1-2 large joints, brachydactyly

+ Limited wrist motion and finger extension Intraarticular loose 
bodies, muscle atrophy

III Severe Marked deformation/thickening finger joints; 
distinct brachydactyly

+ Unable to make a fist; very limited motion or 
fused large joints

Platypodia (splay foot); 
short/deformed sole

*Associated symptoms are tiredness, muscle weakness, inability to work, pes planus, waddling gait, and dwarfism.
Clinical staging systems based on the Chinese National Criteria found at document GB16003-1995,146 Mathieu,70 and Beck criteria (1906).49

a group of diseases of children and adolescents due to insufficient blood 
supply  to  the  epiphyses  leading  to  localized  tissue  necrosis  at  the 
growing  ends  of  bones  during  the  years  of  rapid  bone  growth.  The 
radiologic joint features deemed diagnostic of KBD include irregulari-
ties of bony margins, sclerosis, and a cone-shaped, fused, or fragmented 
metaphysis.72  Several  serum  and  urine  OA-related  biomarkers  have 
been  shown  to  be  associated  with  the  presence  or  severity  of  KBD 
including chondroitin sulfate and proteoglycan-related epitopes, pyridi-
noline,79 serum nitric oxide,80 and serum CD44, IL-1β, and MMP-1.81 
A  recent  proteomics  study  comparing  KBD  and  control  sera  yielded 
several preliminary but promising differentially expressed peptides.82

Invasive
The initial pathologic change in KBD is necrosis of cartilage and sec-
ondary  repair  and  remodeling  of  cartilages  of  the  metaphyses,  bone 
ends, epiphyses, and carpal bones71 leading to disturbed mineralization, 
impaired  skeletal  development,  disfiguration  of  joints,  and  chronic 
deforming  osteoarthritis.77,83  Because  the  metaphyseal  side  of  the 
growth plate is the most active site of bone growth and development 
during  childhood,  it  is  the  most  frequently  and  earliest  affected  site 
with cartilage necrosis (chondronecrosis).71 Apoptotic chondrocytes are 
more  frequent  in  KBD  than  control  cartilage84  and  comparable  with 
OA. The histology of Kashin-Beck lesions has included the absence of 
vascularization  within  the  proximal  cartilage  end  plate.85  In vitro 
studies  of  cartilage  or  chondrocytes  have  demonstrated  increased 
hydroxyproline  content,  decreased  thermal  stability  of  collagen  II, 
increased  precursor  collagen  (procollagen  II)  thought  possibly  due  to 
inhibition of conversion to the mature collagen II,52 as well as decreased 
collagen  II,  increased  collagens  I,  II,  X,  increased  MMP-13,86,87  and 
increased  aggrecanase-generated  proteoglycan  loss  from  cartilage.81 
These  effects were  ascribed  to  fulvic  acid  toxicity  and possibly other 
environmental exposures.

Differential diagnosis
Selenium and iodine deficiency are linked geographically. Distinguish-
ing between the radiologic features of hypothyroidism and KBD can be 
difficult.58  It  has  been  thought  that  some  of  the  musculoskeletal 
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Selenomethionine is 50% more bioavailable than selenite.97 Brief (24-
hour)  exposure  of  chondrocytes  in vitro  to  selenomethionine  (0.5  to 
1.0 µM) has been shown to block IL-1–mediated inhibition of cartilage 
matrix  macromolecule  (collagen  II,  aggrecan)  synthesis  and  TGF-βII 
receptor synthesis,98 as well as iNOS and COX-2 expression and nitric 
oxide and PGE2 production.93

Some  chondrotoxic  effects  and  other  pathologic  effects  have  been 
attributed  to  mycotoxins  and  fulvic  acid.  Nivalenol,  a  mycotoxin  
produced  by  Fusarium,  inhibits  protein  synthesis  by  binding  to  the 
ribosome. Added to cartilage grafts  in vitro, nivalenol inhibits glycos-
aminoglycan synthesis and retention in the extracellular matrix, overall 
reducing the chondroitin sulfate content of cartilage.99,100  It has been 
hypothesized that mycotoxins may inhibit angiogenesis,72 block thyroid 
hormone function,54 and bind thyroid receptors in bone cells.54 Added 
to the diet of  rats,  fungal extracts  inhibit glutathione peroxidase and 
superoxide  dismutase  activities  and  accelerate  lipid  peroxidation.72 
Similarly, it is hypothesized that organic matter in the form of fulvic 
acid may accumulate in musculoskeletal tissues and induce superoxide 
production  via  its  semiquinone  radicals101  and  lipid  peroxidation.102 
These in turn would be poorly scavenged in a selenium-deficient host 
with low levels of glutathione peroxidase activity. In vitro, fulvic acid 
stimulates the generation of H2O2 by chondrocytes and increases col-
lagen secretion in an H2O2-dependent manner.103 Fulvic acid has also 
been shown to inhibit the conversion of procollagen II to mature col-
lagen II.52 However, the levels used in these experiments have not been 
equated  to  blood  or  tissue  levels  of  affected  individuals  in  endemic 
areas. Finally, this family of organic acids may interfere with selenium 
absorption from the intestine.104

Genetics
As described earlier, hyposelenosis may be necessary but not sufficient 
to  cause  disease.  Within  the  low  selenium  belt  in  China,  there  are 
some places and individuals without KBD even though selenium con-
centrations in the soil, food grains, and hair are low.105,106 The “mosaic 
character” of disease prevalence (affected villages next to healthy ones) 
was noted as early as 1939.49 In his extensive review of the Kashin-Beck 

pathology of KBD may be related to thyroid dysfunction early in life63 
because hypothyroidism in children is associated with epiphyseal dys-
genesis, delay of bone development, and reduced endochondral ossifica-
tion. Of note, selenium plays an indispensable role in thyroid hormone 
synthesis because  it  is  required  for  iodothyronine deiodinase activity 
that  coverts  thyroxin  (T4)  to  triiodothyronine  (T3).66  Thus  a  closer 
examination of the role of thyroid hormone abnormalities in the patho-
genesis of KBD would appear to be warranted.

Pathogenesis
To date, no consensus has been reached on the etiology of KBD. Early 
residents  of  the  Urov  River  Valley  associated  it  with  “bad”  drinking 
water and had a notion  that  the disease could be passed down  from 
generation to generation in “diseased families.”49 Three causal mecha-
nisms have  been proposed  to  interact  to  cause KBD:  a  deficiency  in 
trace elements (selenium and iodine)88; the presence of organic matter 
in  drinking  water  (fulvic  and  humic  acid  produced  by  chemical  and 
microbial  decomposition of  plants  and  animals)56,62;  and  contamina-
tion  of  food  by  noxious  mycotoxins.89-91  Cold  exposure  and  occupa-
tional microtrauma have also been implicated in disease severity.73 In 
this model, low selenium is an essential but insufficient condition for 
forming KBD.56 It is posited that free radicals, generated by mycotoxins 
and  fulvic acid or other environmental  factors, damage chondrocytes 
under conditions of inadequate antioxidant defense, iodine deficiency, 
and  possible  protein-calorie  malnutrition.54  Inadequate  antioxidant 
defense derives from a lack of selenoprotein antioxidants such as glu-
tathione peroxidase and thioredoxin reductase. Selenium can partially 
counteract adverse effects of the fungal toxin T-292 and IL-1.93 In the 
absence  of  adequate  selenium  and  antioxidant  defense,  the  final 
common pathway of pathogenesis is necrosis of the hypertrophic chon-
drocytes at the base of the articular and growth plate cartilages.94

Selenium is necessary for the growth of cells in tissue culture65 and 
commonly used (in the form of selenite) as a supplement for chondro-
cyte culture  in combination with  insulin and  transferrin.95 Selenium 
bioavailability  ultimately  depends  on  both  intestinal  absorption  of  
selenium  and  its  conversion  into  a  biochemically  active  form.96 

TABLE 182.3 RADIOLOGIC STAGING SYSTEMS FOR KASHIN-BECK DISEASE

Radiologic staging system of Chinese National Criteria

Grade Basis for grade (features scored below)

Normal 0 points

Mild 1-4 points

Moderate 5-7 points

Severe 8-10 points

Possible Points Radiologic Features

3 Osteophyte: absent = 0, <2 mm = 1, 2-<4 mm = 2, 4 mm = 3

3 Joint space narrowing: absent = 0, narrowed by > 1
2  normal joint space = 1; < 1

2  normal joint space but the joint surfaces did not contact = 2; joint 
surfaces contacted or found loose bodies in the joint = 3

1 Sclerosis of bony margins: absent = 0, present = 1

1 Depression of bony margins: absent = 0, present = 1

1 Transverse deformation of joint: absent = 0, present = 1

1 Cysts under bony articular surface: absent = 0, present = 1

Radiologic staging system of Hinsenkamp

Grade Radiologic feature Total score Stage

Grade 0 No radiologic change 0 0

Grade 1 Radiologic changes of the epiphysis or metaphysis 1-10 I

Grade 2 Radiologic changes of the epiphysis or metaphysis without fusion 11-20 II

Grade 3 Local fusion of the metaphyseal growth plate 21-36 III

Radiologic staging systems based on the Chinese National Criteria found at document WS/T 207-2001146 and Hinsenkamp,72 wherein 6 sites (hands/wrists, elbows, shoulders, ankles, knees and hips) are 
graded on the 0-3 scale above yielding a total score of 0-36 and then assigned a stage of disease.
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spine  size,  and  disproportionate  widening  of  the  epiphyseal  growth 
plates. They die by 7 weeks of age because of respiratory distress from 
tracheomalacia.

Management
Individuals with radiologic  lesions have more advanced stages of  the 
disease and are expected to be less influenced by selenium treatment 
than  individuals  without  radiologic  lesions.88  Therefore  the  key  to 
managing  KBD  is  to  prevent  its  occurrence.  The  strategy  of  supple-
menting  selenium  is  considered  the mainstay of  therapy  for KBD  in 
China. Daily intakes of selenium below 20 µg are considered insuffi-
cient.111 The U.S. RDA is based on optimization of plasma glutathione 
peroxidase  concentrations; however,  the  amount  of  selenium needed 
to  optimize  selenoprotein  P  may  be  greater  than  the  current  U.S. 
RDA.97  The  plasma  selenium  concentration  is  often  used  to  assess 
selenium  nutritional  status.  At  plasma  concentrations  of  about 
0.08 mg/L  (0.4 µM),  the  selenoproteins,  glutathione  peroxidase  and 
selenoprotein  P,  are  considered  optimized.97  Selenium  supplementa-
tion in China has been effected through the distribution of selenium-
enriched table salt,  the distribution of selenium tablets to children,60 
and  the use of  selenium-enriched  fertilizer  (Table 182.4).51,61  Seleno-
methionine,  the  major  form  of  selenium  found  in  food,  has  almost 
twice the bioavailability of selenium in the form of selenite.97 The use 
of  selenium-enriched  fertilizer  in  selenium-deficient  areas  has  been 
shown  to  increase  the  average  daily  intake  of  selenium  as  much  as 
fourfold to 16.8 µg/day.61 An excellent meta-analysis has summarized 
all  the known selenium supplementation  trials performed  to date  (5 
randomized, 10 non-randomized) for KBD, conducted in China from 
1982-1994.53  These  trials  involved  2216  participants  ranging  in  age 
from birth to 16 years with 10 months to 6 years of follow-up. On the 
basis of x-ray and physical examination outcomes (National KBD Cri-
teria), selenium reduced KBD manifestations by 80% (odds ratios 0.13 
to 0.16  for  the  randomized  trials and non-randomized  trials,  respec-
tively). Although few of these trials reported adverse effects, one trial 
that  used  1  to  2 mg/day  (rather  than  per  week)  for  the  first  week 
reported  nausea  and  vomiting  at  the  beginning  of  the  trial.  Excess 
selenium is toxic, so doses must be carefully regulated. Both selenium-
deficient and selenium-excess diets have adverse effects on the mechan-
ical properties of bones.83 Other toxic effects of selenium excess include 
hair and nail loss,119 neurologic dysfunction and respiratory distress,120 
and death.59 The toxicity limit is estimated at 600 to 800 µg/day.111,119

In KBD areas of Tibet, where both selenium and iodine deficiency 
are endemic, supplementation of iodine over 12 months was primarily 
responsible  for stimulating the growth of a population of 10-year-old 
children.88 As described earlier, a 12-month study of Tibetan children 
showed the beneficial effects of repleting iodine in cases of KBD associ-
ated with both iodine and selenium deficiency. Because selenium reple-
tion  may  aggravate  hypothyroidism,88  iodine  must  be  administered 
before  selenium  in  cases  where  both  are  deficient.88  This  study  has 
suggested the importance of iodine deficiency as an etiologic factor for 
KBD manifestations in some areas. In this study, new radiologic lesions 
occurred  only  in  the  placebo-iodine  group  and  not  in  the  selenium-
iodine supplemented group, suggesting a potential  role,  too,  for sele-
nium therapy.

literature from 1849-1992,51 Allander noted instances of Chinese vil-
lages where KBD was endemic within 30 to 50 miles of villages where 
KBD was non-existent. This suggests the requirement for other envi-
ronmental or as yet unknown genetic factors for full manifestation of 
the syndrome. Clustering within families has been noted.54,94 Genetic 
factors,  common  environmental  risk  factors,  or  a  combination  of  
both could account for this clustering. A 2006-2007 survey of 212 case 
and  212  control  families  (total  3848  individuals)  reported  that  river 
water use as the main source of drinking water clustered in KBD fami-
lies and accounted for sixfold increased odds of KBD.62 The proportion 
of affected (KBD) relatives among the probands’ families was substan-
tial and significantly higher than that of the controls (55.4% vs. 10.2%, 
P  =  0.0001).62  Neither  drinking  river  water  alone  nor  other  dietary 
factors fully explained the familial aggregation of KBD. In a companion 
study,  the  heritability  of  KBD  was  estimated  to  be  29%  in  Linyou 
County, China.107 These observations suggest that other factors influ-
ence  the  development  of  disease.  Nevertheless,  the  possibility  of  a 
genetic  component  of  disease  susceptibility  has  generally  been  over-
looked in favor of environmental risk factors until recently.108 A study 
from Shaanxi Province evaluated allele frequencies for polymorphisms 
on chromosome 12p13, comparing 57 KBD patients with 48 controls 
within the KBD area and 48 controls living outside the KBD area. This 
study  reported  a  significant  difference  in  allele  frequencies  between 
KBD  patients  and  controls  for  one  locus  (D12S1725)  of  the  six  loci 
evaluated. Among other genes, this region encompasses several fibro-
blast  growth  factors,109  members  of  a  family  of  proteins  involved  in 
skeletal  development.  Given  the  association  of  selenium  deficiency 
with  KBD,  the  possibility  of  genetic  variation  regulating  selenium 
absorption and metabolism would also be of  interest.  It  is estimated 
that there are 25 selenoproteins in the human genome.65,110 Several of 
these selenium-containing proteins have known and crucial functions 
in vivo: Glutathione peroxidase protects tissues against reactive oxygen 
damage;  iodothyronine  deiodinase  converts  thyroxine  to  the  biologi-
cally active form, 3,4,3’-triiodothyronine101; and selenoprotein P, pro-
duced primarily in the liver,97 plays a key role in whole-body selenium 
metabolism65  and carries 60%  to 70% of  the  circulating  selenium.111 
Moreover, selenoprotein P is a negative acute-phase protein,111 leading 
possibly to further limitation of selenium bioavailability during periods 
of  acute  illness,  thus  possibly  potentiating  KBD.  Analysis  of  the  
known and putative  selenoproteins,  their  tissue  expression patterns, 
physiologic functions, and effects on chondrocytes may provide insights 
into the possible pathways involved in the pathology of KBD, as well 
as  the  osteoarthritis  associated  with  milder  forms  of  selenium 
deficiency.

Animal models
Mice fed for two generations on a selenium-deficient diet supplemented 
with fulvic acid in the drinking water demonstrated disturbed develop-
ment of the articular space and meniscus, disturbed subchondral ossi-
fication,  overly  hydroxylated  collagens  I  and  II  with  less  thermal 
stability, and low bone formation activity.101,112 Second-generation rats 
fed a  selenium-deficient diet  showed growth  retardation,  a  reduction 
in pituitary growth hormone and plasma insulin-like growth factor I, 
and  impaired bone metabolism and osteopenia.113 Chronic  selenium 
deficiency in rats was also associated with abnormalities of chondro-
cytes in the deep cartilage layers consisting of nuclear degeneration and 
ballooning of  the endoplasmic reticulum.114 Combined selenium and 
iodine deficiency in rats significantly impaired the growth of bone and 
cartilage.115 Rats  fed a  selenium-deficient diet  for 2 months  followed 
by a 1-month oral challenge with bacterial A-1 toxin (from a bacterial 
contaminant of local grain) developed chondronecrosis.116 Conversely, 
mice prone to OA (the STR/1N strain) were protected from disease on 
a diet enriched for vitamins C, E, A, and B6 and selenium.117 The role 
played by muscle in this disease has also been questioned. Severe white 
muscle  pathology  develops  in  sheep  in  response  to  low  selenium. 
Therefore  the possibility has been  raised  that muscle weakness may 
contribute directly to the musculoskeletal pathology of KBD.51

Strong support  for a definitive role of selenium deficiency in KBD 
has recently been provided by a mouse model in which the gene encod-
ing  the  selenocysteine  tRNA,  essential  for  selenoprotein  expression, 
has been deleted  from chondrocytes.118 The mice display chondrone-
crosis of articular cartilage, ear cartilage and tracheal cartilage, small 

TABLE 182.4 METHODS OF SELENIUM SUPPLEMENTATION 
OF POPULATIONS IN CHINA

Form of selenium Dose or concentration

Sodium selenite (oral)* 1 mg/week for children aged 3-10 yr

2 mg/week for children aged 11-13 yr

Selenized table salt 16.7 mg/kg salt, which provided a calculated 
average intake of 50 µg selenium/day

Sodium selenite (fertilizer spray) 15 gm/hectare

*Representative of the most common selenium dosage regimen of the clinical trials performed 
to date in China for Kashin-Beck disease per Zou.53

Adapted from Allander51 and Xia.97 The U.S. recommended daily allowance of selenium for 
adults is 70 µg/day for men and 55 µg/day for women.
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Other preventive efforts include better storage of crops, the drying 
of corn, the shifting to other crops less susceptible to fungal contamina-
tion  and  with  greater  bioavailability  of  selenium  (e.g.,  from  corn  to 
rice),51,72  and  improving  the  quality  of  drinking  water.52  Standard 
therapy  of  osteoarthritis,  including  physical  therapy,  can  also  be  of 
benefit in cases of established KBD.121 Some individuals undergo oste-
otomy122  or  extraction  of  loose  bodies  and  joint  lavage  by  arthros-
copy,123  but  currently  joint  replacement  is  uncommon  due  to  cost 
barriers.

MSELENI JOINT DISEASE
History
This disease came to medical attention during a malaria survey in 1969 
and was first reported in the scientific literature in 1970.124 A medical 
missionary  at  the  rural  hospital  in  Mseleni  in  Northern  Zululand, 
South Africa noted numerous crippled persons  living  in the environs 
of the mission hospital.125

Epidemiology
Extensive epidemiologic surveys were conducted in 1973126 and 1981127 
to assess prevalence and socioeconomic impact of Mseleni joint disease 
(MJD).  The  latest  study  reported  an  overall  prevalence  rate  in  the 
sampled area of 5.1%  (7.4%  in  females, and 3%  in males). The geo-
graphic  distribution  of  the  disease  in  1981  was  wider  than  initially 
thought in 1973, although the area around the Mseleni Mission Station 
was still the most affected with prevalence rates of 15% in females and 
6%  in  males.127  The  prevalence  increased  steadily  with  age.  In  the 
subpopulation of  individuals 70 years  and older,  prevalence  rates  for 
the entire sample were 46% in females and 25% in males. Prevalence 
rates were higher in relatives of affected interviewed individuals (9% of 
males and 16% of females) than in relatives of unaffected interviewed 
individuals (2% of males and 3% of females); however, this information 
is  confounded  by  common  environmental  exposures  in  families  and 
recall  bias  by  MJD-affected  individuals,  who  may  be  more  likely  to 
know of other affected relatives. The number of severely affected indi-
viduals in the sampled area was estimated to be 1500 to 3000, although 
reports of allied health officials suggest that MJD may be prevalent over 
an even  larger area than that encompassed by the 1981 survey.127  In 
families affected with MJD, cases with dwarfism are also seen, although 
the basis for this association is not understood.

The endemic area is known for polygamy but not consanguinity. A 
number  of  lifestyle  factors  are  thought  to  contribute  to  the  higher 
prevalence  of  disease  in  women.  Females  older  than  age  13  do  not 
consume  milk  or  animal  protein  due  to  tribal  taboos.128  Women 
perform the majority of manual labor, which includes the necessity of 
walking  for more than an hour to obtain water.129 Girls are the ones 
mainly employed for the heavy load-bearing chores, which may explain 
the greater frequency of protrusio acetabuli in women than in men.130 
Men  tend  to  spend  more  time  outside  of  the  endemic  area  than 
women,126 resulting in less exposure to an external etiologic agent, if 
one exists. Water  samples  from the endemic area are  low  in magne-
sium and sulphate, appear to entirely lack manganese, and have higher 
silica  content  than water  from control  areas.128,131 Palm wine  (2%  to 
4% alcohol) is consumed widely and may contribute to the bone dis-
order seen in association with MJD.132

Clinical features
The manifestations of  this disease begin  in midchildhood with  large 
joint  discomfort.133  It  progresses  into  a  severe  degenerative  osteoar-
thropathy, affecting first the hip joints followed by the ankles, knees, 
and  less  commonly,  the  wrists,  shoulders,  and  elbows.  By  the  third 
decade, 50% of  affected  individuals  are only  capable of walking with 
two sticks or crawling ambulation (Fig. 182.9).133 Some mild stunting 
of  growth  is  also  observed  in  MJD-affected  individuals.133  As  men-
tioned, cases of dwarfism are also seen (Fig. 182.10). Those with dwarf-
ism suffer from classic MJD joint symptoms along with brachydactyly 
and some long bone shortening.125,134 The main features of MJD have 
been equated with tarda  forms of multiple epiphyseal dysplasia.135,136 

Fig. 182.9 Mseleni joint disease. An affected woman near her home in 
Northern Zululand. Owing to painful hips, she walks with the aid of a stick. 
Deformity at the knees is evident. (Courtesy Dr. Peter Beighton and Wiley 
Publishers.)

Fig. 182.10 Mseleni joint disease. Two adults with Mseleni joint disease and 
severe dwarfism; both were shorter than 130 cm in height. (Courtesy Dr. Peter 
Beighton and Wiley Publishers.)



SE
C

TI
O

N
 1

3 
●

 O
ST

EO
A

RT
H

RI
TI

S 
A

N
D

 R
EL

AT
ED

 D
IS

O
RD

ER
S

1836

of the local water supply and the minimal dietary intake of manganese 
supplied by a diet consisting mainly of maize and peanuts.131 Chon-
drocytes  have  been  shown  to  grow  similarly  when  co-cultured  for  4 
days  with  MJD  sera  or  control  sera.144  Although  this  experimental 
design has great merit, a 4-day culture period is likely inadequate for 
exposing  a  serum  deficiency  deleterious  to  chondrocyte  growth.  Fur-
thermore, any etiologic agent may only have been operative well before 
the blood sampling.

A screen of 50 patients with MJD compared with 50 healthy con-
trols revealed no pathologic autoantibodies including rheumatoid factor 
and no differences in C-reactive protein, serum immunoglobulins, or 
α-1-anti-chymotrypsin.129 Dietary taboos imposed on girls older than 
the age of 13 (not allowed to eat eggs, milk, and chicken among other 
things)  likely  lead  to  severe  calcium depletion during pregnancy  and 
lactation  that  may  cause  osteomalacia,  thereby  contributing,  along 
with  heavy  load  bearing,  to  the  occurrence  of  protrusio  acetabuli  in 
women.135

Genetics
An interaction of genetics and environmental  risk  factors may  influ-
ence the penetrance and severity of  the disease manifestations. MJD 
has been noted  to cluster  in  families.125 The pathogenic  relationship 
between MJD and dwarfism is unknown,134 but most of  the Mseleni 
dwarfs have first-degree relatives with MJD, but without dwarfism.135 
A radiologic survey of two affected families led to the suggestion that 
MJD is a form of generalized epiphyseal dysplasia with dwarfs repre-
senting the homozygous form of the disorder and cases without dwarf-
ism,  the heterozygous  form.136 The spondyloepiphyseal and multiple 
congenital epiphyseal dysplasias comprise a heterogeneous group and 
predispose to severe osteoarthritis.141 So far, variations of HLA class II 
alleles  are  not  associated  with  MJD  and  collagen  II  mutations  have 
only been studied in a precursory fashion.140

Animal models
To examine the role of nutritional and toxic factors in MJD, rats were 
fed for 2 years with maize and groundnuts grown from MJD endemic 
areas and control areas.145  Irrespective of  the source of  the  food, this 
diet induced severe bone changes consisting of fibrous osteodystrophy 
and  secondary  hyperparathyroidism  along  with  nephrolithiasis.  In 
some cases, the subchondral bone was replaced by fibrous tissue and 
associated with “focal collapse of articular cartilage.” Arthrosis of hip 
and knee joints was observed. These bone changes could be overcome 
by high levels of calcium supplementation. However, because calcium 
deficiency  is widespread  in African groups  that do not develop MJD, 
the  authors  concluded  that nutritional  deficiencies were  either more 
severe  in  Mseleni  or  additional  factors  were  involved  including  the 
possibility of hereditary factors. These experiments did not support the 
involvement of a mycotoxin in MJD; however, it has been noted that 
the staples used to create the rat  food were collected during a period 
of drought143 and may therefore have been less subject to fungal con-
tamination than usual.

Management
Current  management  typically  consists  of  analgesia  and  total  hip 
replacement,  although  the  need  for  arthroplasty  far  exceeds  current 
capacity.129  Some  of  the  features  of  the  disease  may  be  mitigated 
with improved nutrition, decreased mechanical stress of load bearing, 
and  early  and  ongoing  physical  therapy.  Potential  manganese  defi-
ciency is readily counteracted with daily intake of a few cups of tea and 
a little brown bread or oatmeal.131 Confident and specific therapy will 
only be forthcoming when the etiology of the disease is unequivocally 
revealed.
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Finally,  poor  bone-growing  capacity  in  affected  individuals  may  con-
tribute to more rapid progression of joint disease.132

Investigations
Non-invasive
The first radiologic manifestation of disease in children is irregularity 
of the surface and density of the epiphyses with deformed epiphyseal 
shape.133  The  femoral  capital  epiphyses  are  typically  flattened  and 
irregular starting in midchildhood. The hips and other affected joints 
develop  progressive  and  severe  sclerosis  and  joint  space  narrowing 
characteristic of osteoarthritis. Protrusio acetabuli of  the hips occurs 
in  some  cases,125  although  it  has  been  suggested  that  this  may  be  a 
distinct  entity  from  hip  dysplasia  and  be  caused  by  environmental 
factors  as  described  earlier.130  Radiographic  spinal  abnormalities  are 
found in association with hip dysplasia consisting of mild to moderate 
vertebral  flattening,  occasional  anterior  wedging,  irregularity  of  the 
superior and inferior surfaces of the vertebral bodies, multiple Schmorl 
nodes,  and  osteophyte  formation.136  Dwarfism  is  associated  with  an 
earlier  and more  pronounced  radiographic  osteoarthropathy,  in  addi-
tion to marked epiphyseal dysplasia of the hips, knees, and ankles with 
flared epiphyses, short and thick metacarpals and metatarsals,135 and 
platyspondyly.136

Invasive
Serum  abnormalities  reported  in  association  with  MJD  have  been 
somewhat conflicting and consist of low alkaline phosphatase, normal 
calcium, and slightly low phosphate in some cohorts137; high alkaline 
phosphatase and low serum calcium in other cohorts132; and low serum 
calcium and magnesium in still other cohorts.138 The majority of these 
findings  are  consistent  with  malnutrition,  protein  deprivation,  and 
secondary hyperparathyroidism. Proteoglycan profiles from MJD carti-
lage specimens resemble those of cartilage with advanced osteoarthri-
tis.139 Type VI collagen is overabundant in degenerated MJD hip joint 
cartilage.140  Histomorphometric  analyses  of  bone  have  demonstrated 
decreased trabecular bone volume,  increased resorption surfaces, and 
decreased bone formation,132 as well as mild osteomalacia in one third 
of MJD-affected individuals.132,141 Femoral head specimens taken at the 
time of joint replacement revealed entire articular surfaces covered by 
abnormal cartilage with a paucity of eburnation compared with con-
ventional osteoarthritis.141 The authors hypothesized that severe limi-
tation  of  joint  motion  may  have  been  responsible  for  the  failure  of 
eburnation to develop.

Differential diagnosis
MJD has been compared and contrasted with other rare forms of osteo-
arthritis including KBD,135 hemochromatosis,133 and Handigodu joint 
disease of southern India.125 In contrast to KBD, MJD usually affects 
the  hip  joints.135  Cases  of  MJD  lack  the  characteristic  findings  of 
hemochromatosis including the pattern of joint involvement and chon-
drocalcinosis.133 However, the possibility has been raised of syndromic 
identity of MJD with Handigodu joint disease,125 thought possibly to 
be an inherited epiphyseal dysplasia. Like epiphyseal dysplasias, MJD 
begins in childhood or adolescence, is associated with mild stunting of 
growth, and has characteristic radiologic abnormalities of the epiphyses 
(reviewed by Lockitch133). Epiphyseal dysplasias are typically character-
ized by symmetric shortening of long bones, whereas another proposed 
etiology, manganese deficiency,  results  in  similar  but not necessarily 
symmetric  abnormalities.131  In  some  cases,  the  forearm  and  hand 
abnormalities  of  MJD  are  asymmetric,136  although  the  large  joint 
disease is typically bilateral and symmetric.

Pathogenesis
The etiology of MJD is unknown. Investigations to identify an infec-
tious,142  nutritional,137  or  environmental  factor135,143  have  been unre-
vealing.  Although  the  local  environment  and  conditions  for  storing 
peanuts are conducive to the growth of mold, this staple food item is 
consumed equally in affected and unaffected areas and prolonged inves-
tigations have so far failed to implicate toxic fungi as a risk factor for 
this  disease.135  Manganese  deficiency  causes  a  chondrodystrophy  in 
animals  resulting  in  skeletal  lesions  said  to  be  similar  to  those  of 
MJD.131 Evidence to support manganese deficiency as a possible etio-
logic or contributing factor for MJD include the low manganese levels 
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Nevertheless, failure of gout management, either in the form of 
repeated attacks of acute gout1 or progression to chronic deforming 
disease,2-4 appears to be increasingly common in recent years. This 
reflects increased longevity with greater prevalence of co-morbidities 
and medical regimens likely to promote hyperuricemia.5 Moreover, 
poor patient adherence2,6,7 to treatment and incomplete physician and 
patient familiarity with specific means to achieve the distinct aims of 
gout management2,7-9 have been documented. Thus there is need to 
emphasize education regarding gout diagnosis and management and 
the profiles of persons at increased risk for expression and progres-
sion of the disease. Among such persons are immunosuppressed 
organ transplant recipients; patients with coexisting severe heart 
failure or chronic renal disease in whom sufficient urate-lowering 
therapy is not or cannot be given; allopurinol-intolerant individuals; 
elderly persons, especially women (in whom the diagnosis of gout is 
often not considered); and patients of Filipino or Polynesian 
ethnicity.

URATE PHYSIOLOGY
Gout is ultimately the crystal deposition–mediated result of inflamma-
tory responses to one or more derangements in the physiology of urate. 
In contrast to the case in most mammals, urate is the final oxidative 
degradation product of purine metabolism in humans and higher 
primate species in which the gene encoding the enzyme urate oxidase 
(uricase) has been mutationally silenced.10 Urate is the most abundant 
natural antioxidant in the human body (Box 183.1). In this capacity it 
is believed to remove reactive oxygen species (ROS),11 possibly provid-
ing protection against oxidant-induced neurologic and cardiovascular 
degenerative processes.

Urate may also have an important role in immune surveillance; 
distressed and dying cells produce locally high urate concentrations as 
a “danger” signal, which acts as an endogenous adjuvant to help trigger 
inflammatory and both innate and specific immune responses (dis-
cussed in more detail later).

Forms of uric acid
Uric acid (C5H4N4O3; 2,6,8-trioxypurine) is a weak organic acid ionized 
at position 9 with a functional pKa1 in serum of 5.75 and existing in 
biologic systems in two forms with limited solubility (Fig. 183.2). At 
the pH 7.4 of most body fluids, urate ion levels exceed those of un-
ionized uric acid in a ratio of approximately 50 : 1. Because of the high 
concentration of sodium in extracellular fluid, urate functions as 
monosodium urate (MSU), one consequence of which is that the high 
solubility of urate ion (120 mg/dL, 7 mM) is replaced by the much 
lower solubility of MSU (≈6.8 mg/dL or 400 µM).

Serum urate concentrations exceeding 6.8 mg/dL are saturating in 
both men and women, and this condition is referred to as hyperurice-
mia. Persistent hyperuricemia reflects extracellular fluid urate satura-
tion. Increasing levels of hyperuricemia impart increasing (but not 
linearly related) risk for urate crystal deposition and the associated 
clinical consequences.12

In acidic body fluids, un-ionized uric acid predominates. For 
example, at pH 5.0, a value not uncommon in urine, the solubility of 
uric acid is only approximately 10 to 15 mg/dL (≈600–900 µM), a 
concentration range often exceeded in the urine of normal and gouty 
individuals. These considerations explain the presence of uric acid 
crystals in stones formed in the urinary tracts of some gouty (and non-
gouty) individuals, in distinction to the MSU monohydrate crystals 
that deposit in the joints, tophi, renal interstitium, and other tissues 
in gouty patients.

Etiology and pathogenesis of gout
Lachy McLean and Michael A. Becker

 Gout (monosodium urate crystal deposition disease) is an 
inflammatory and destructive arthritis resulting from the 
deposition of crystals from extracellular fluids saturated with urate, 
the end product of human purine metabolism.

 Acute gout is a severe but self-limited arthritis caused by the 
inflammatory response to urate crystals; repeated acute attacks 
and persistent crystal deposition can lead to chronic arthropathy 
and deforming tophaceous gout.

 Gout is the most common inflammatory arthritis in men.
 Hyperuricemia is a serum urate concentration exceeding 

approximately 6.8 mg/dL (≈400 µM) and reflects the tissue urate 
saturation that is the central biochemical precursor for gout.

 Defects in purine metabolic enzymes (such as HPRT and PRPP 
synthetase 1) are well-characterized causes of gout with urate 
overproduction but account for less than 1% of gout cases.

 In most patients with gout, hyperuricemia results from impaired 
renal uric acid excretion, often exacerbated by dietary excess, 
diuretics, and/or alcohol.

 The molecular basis of the renal defect(s) underlying most 
hyperuricemia and gout remains incompletely understood, but 
recent advances in defining renal uric acid transport at genetic and 
molecular levels provide a promising basis for resolving this 
problem. Defects in one or more of the proximal tubular urate 
transporters may be involved.

 Acute gouty inflammation is initiated by resident synovial cells, 
including phagocytes, which secrete chemokines and cytokines to 
attract and activate the neutrophils that predominate in acute 
gout.

 Urate crystal surfaces interact directly with lipid membranes and 
signaling proteins to cause cell activation and phagosome lysis, 
activating the inflammasome complex and leading to secretion of 
a potent mix of proinflammatory messengers.

 Alcohol excess; medications used in treatment of hypertension, 
heart failure, and organ transplant immunosuppression; intolerance 
to or inadequate dosing with urate-lowering agents; and Filipino or 
Polynesian ethnicity are often associated with severe gout.

 Hyperuricemia, independent of urate crystal deposition, is 
associated with a number of important diseases, including 
hypertension; chronic renal functional impairment; cardiovascular 
disease and stroke; and manifestations of the metabolic syndrome 
such as hypertriglyceridemia, obesity, and insulin resistance. A 
direct pathogenic role for hyperuricemia in these disorders remains 
to be established.

INTRODUCTION
Gout is a painful and potentially destructive rheumatic disorder arising 
in the setting of hyperuricemia, a condition defined by saturation of 
serum with urate, the obligatory end product of human purine metabo-
lism. The clinical manifestations of gout arise as a consequence of 
urate or uric acid crystal deposition and include acute gouty arthritis, 
chronic gouty arthropathy, tophi, renal functional impairment, and 
urolithiasis. Knowledge about the pathogenesis and pathophysiology of 
gout is extensive (Fig. 183.1), and effective and safe long-term disease-
modifying therapy has been available for most affected individuals for 
several decades.
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Renal, diet, metabolic, drugs

HyperuricemiaExcessive urate pool size

Phagocyte activation

Urate crystal formation 

Microcrystal release

Inflammation

PATHOGENESIS OF GOUT

Mediator release

Fig. 183.1 Pathogenesis of gout: simplified version. Many hyperuricemic 
subjects do not form crystals, and phagocytes can ingest urate crystals without 
necessarily triggering inflammation. Hyperuricemia is the easily measured 
manifestation of an expanded systemic urate pool.

URIC ACID AND THE URATE ANION
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Fig. 183.2 Uric acid and the urate anion. At physiologic pH (7.4), urate 
predominates at about 50 : 1 over un-ionized uric acid. Urate ion solubility is 
functionally reduced at the high sodium concentration of extracellular fluids, 
so monosodium urate and uric acid have relatively low solubilities in biologic 
fluids.

FACTORS AFFECTING URATE BALANCE

Intestinal excretion
Glomerular filtration
Urate lowering drugs, diet
Weight reduction 
Renal tubular secretion
(e.g. ABCG2, NPT1, NPT4)

Reduce
urate pool

Raise
urate pool

Dietary purines, alcohol 
Metabolic disorders, insulin resistance
Purine salvage pathways 
ATP turnover (e.g. ethanol, fructose, illness)
Renal tubular reabsorption (e.g. URAT1, Glut9)

Fig. 183.3 Factors affecting urate balance. The systemic urate pool and the 
likelihood of gout are determined by the dynamic balance among dietary 
purines, endogenous synthesis and recycling, and disposal by the kidney and 
gut.

BOX 183.1 PHYSIOLOGIC FUNCTIONS OF PURINES
Antioxidation (urate)
Nucleotide building blocks for nucleic acids (DNA and RNA)
Nucleotide components of co-enzymes (e.g., Co-enzyme-A, FAD, NAD)
High-energy phosphate donors in enzyme reactions (e.g., ATP)
Metabolic regulators (e.g., cyclic AMP, cyclic GMP)
Neurotransmitters
Extracellular messengers (e.g., adenosine, ATP)
Intracellular second messengers (e.g., G-protein–coupled receptors)
Immunologic adjuvants, endogenous “danger” signal for innate immunity
Maintenance of extracellular volume, vascular tone (urate) (hypothesized)

Urate balance
Diet contains little urate, which is, in any event, poorly absorbed. 
Ingestion of other purines, endogenous synthesis of purines from small 
molecule non-purine precursors, and reutilization of preformed body 
purine compounds are more important sources of urate.13 Purines other 
than urate are more abundant in foods and beverages and can, along 
with dietary non-purine components (discussed later), contribute sig-
nificantly to purine disposition (Table 183.1).14,15 Nevertheless, the 
bulk of urate usually derives from endogenous synthesis, which occurs 
largely in the liver with a smaller contribution by the small intestine. 
Urate released from the cytoplasm of synthesizing cells circulates rela-
tively free (<4%) of serum protein binding,13 so all or nearly all circulat-
ing urate is filtered at the glomerulus.

Under steady state conditions, urate production is balanced by uric 
acid disposal, largely through renal excretion (equivalent to about two 
thirds of daily production), a process discussed later. Urate secretion 
into the small intestine, with breakdown of urate by gut bacteria (intes-
tinal uricolysis), accounts for nearly all the rest of urate disposal. The 
body pool of urate is normally composed entirely of soluble urate but 
is invariably expanded in hyperuricemic states resulting from urate 
overproduction or impaired renal uric acid disposal.

Urate pools in normal men and women range from about 800 to 
1500 mg and 500 to 1000 mg, respectively. Daily turnover of the urate 
pool (balanced production and disposal) is considerable, averaging 0.6 
to 0.7 pools (≈0.5 to 1 g) every day. Urate saturation of extracellular 
fluids (for which hyperuricemia is a surrogate marker) predisposes to 
urate/uric acid crystal formation and deposition, events required for 
clinical expression of gout.

Serum urate concentrations in children are lower than those in 
adults. During male puberty, values increase into the adult male range, 
but serum urate levels remain lower in women of reproductive age than 
in their male counterparts.16 This gender difference results from the 
action of estrogenic compounds,17 which likely reduce the activity of 
key renal urate transporters. This results in lesser renal tubular uric 
acid reabsorption and thus increased urate clearance in women of 
childbearing age.18 With the onset of menopause, serum urate values 
in women increase and approach or equal those of men of correspond-
ing age. This physiologic change in women is partly reversed by estro-
gen-containing hormone replacement therapy19 and is accompanied by 
increases in the incidence of hyperuricemia and, over the succeeding 
2 to 3 decades, gout.20

HYPERURICEMIA
Conditioning factors
Several genetic and physiologic circumstances predispose all humans 
to the development of hyperuricemia and gout: the species-wide defi-
ciency of uricase (urate oxidase), the enzyme catalyzing conversion of 
uric acid to the much more soluble excretory product allantoin; net 
reabsorption of 90% of urate filtered at the glomerulus; and, as dis-
cussed earlier, the limited solubility of both uric acid and MSU in body 
fluids. Despite these conditioning factors, most individuals do not 
display the sustained hyperuricemia that reflects extracellular fluid 
saturation, and even fewer develop MSU crystal deposition disease. 
The many processes influencing development of hyperuricemia among 
those who do (see Table 183.1; Fig. 183.3) ultimately operate through 
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TABLE 183.1 FACTORS INFLUENCING HYPERURICEMIA AND GOUT

Dietary influences*

Chemical 
composition

Total caloric intake (obesity,  
leptin)

Triglycerides
Carbohydrates (insulin)
Protein (aspartate, glutamine,  

glycine)
DNA (cellularity, nucleus/ 

cytoplasm ratio)
RNA (transcriptional activity,  

messengers)

Specific food 
examples

Red meat†

Beer
Liver
Shellfish
Thymus, pancreas
Yeast extracts

Associated with 
lower urate level

Dairy products
Vitamin C

Clinical associations

Age
Male or postmenopausal female gender
Direct causal link X chromosome–linked enzyme defects

HPRT deficiencies:
Complete (Lesch-Nyhan syndrome)
Partial (Kelley-Seegmiller syndrome)

PRPP synthetase overactivity
Autosome-linked enzyme defects

Glucose-6-phosphatase deficiency
Fructose-1-P aldolase deficiency

Myogenic glycogenoses (types III, V, VII)
Uromodulin-associated kidney disease

FJHN
MCKD Types I & II

Hemolytic disorders
Hemopoietic malignancies; tumor lysis
Lactic or keto acidosis; hypoxemic states
Lead nephropathy, chronic low  

level exposure
Preeclampsia‡

Renal impairment§

Systemic inflammatory conditions  
(including psoriasis)

Vasopressin-resistant diabetes insipidus
Bartter, Gitelman, Down syndromes
Hypothyroidism; hyperparathyroidism

Associated 
disorders¶

Hypertriglyceridemia
Hypertension
Hypothyroidism
Obesity
Cardiovascular disease

Acute Precipitants Aggressive introduction of  
hypouricemic therapy

Alcohol or shellfish binges
Sepsis, myocardial infarction,  

acute severe illness
Sudden cessation of hypouricemic  

therapy
Trauma, surgery, dehydration,  

parenteral nutrition

Drugs

Induce or worsen 
hyperuricemia or 
precipitate acute 
gout

Aspirin (low dose)
Chemotherapeutic  

cytotoxics
Diuretics (especially  

thiazides)
Ethambutol
Ethanol
Levodopa
Nicotinic acid
Pyrazinamide
Cyclosporine
Tacrolimus

Urate lowering or 
antihyperuricemic 
xanthine oxidase 
inhibitors

Allopurinol,  
oxypurinol,  
febuxostat,  
niraxostat

Uricosuric agents Benzbromarone,  
sulfinpyrazone,  
losartan,  
fenofibrate,  
leflunomide

Uricase preparations Uricozyme,  
rasburicase,  
pegloticase,  
uricase-PEG 20

Other mechanisms Sevelamer

Role of alcohol
Effects of lactate on  

transporters
Direct renal tubular  

effect by ethanol?
Hypertension
Adenosine  

triphosphate  
turnover

Guanosine  
content (beer)

Poor compliance  
with therapy

*In addition to the direct contributions of dietary purines and protein as uric acid precursors, diet can adversely influence renal urate excretion. The renal actions of insulin, leptin, and other systemic 
factors may mediate some of these effects.
†Intake of purine-rich vegetables is not associated with gout.
‡Hyperuricemia is a sensitive indicator of both effective volume status and tubular dysfunction.
§Uremia appears to blunt the inflammatory response to urate crystals, so gout is less common than might be expected for a given degree of hyperuricemia in patients with advanced renal dysfunction.
¶A causal relationship has not been established with many of the associated disorders (see text).

impaired renal uric acid excretion (most commonly), excessive urate 
production, or a combination of these two mechanisms.21

Deficits in intestinal urate disposal and uricolysis are not known to 
exist when the gut is intact. In fact, under circumstances of increased 
urate production or decreased renal uric acid excretion, intestinal uri-
colysis increases to as much as half of total urate disposal.13

Classification of hyperuricemia
Hyperuricemia and gout may arise in the presence or absence of under-
lying clinical disorders or toxic or drug exposures. When a process 
resulting in hyperuricemia is identifiable, hyperuricemia is said to be 
secondary (see Table 183.1). When no such process is evident, hyper-
uricemia is termed primary or idiopathic. Some diseases or toxic states 
or, in some cases, medication regimens lead to hyperuricemia as a 
result of urate overproduction. Foremost among these are diseases 
associated with cellular proliferation and destruction such as acute 
leukemias and lymphomas, tumor lysis syndromes, hemolytic states, 
and psoriasis. However, hyperuricemia (whether primary or secondary 

in origin) in the majority of affected persons results from impaired 
renal uric acid excretion rather than from urate overproduction.

Asymptomatic hyperuricemia
Asymptomatic hyperuricemia is common (estimated at 5% to 8% of 
adult Caucasian males in the United States, and considerably more 
common amongst certain ethnicities) but most often does not evolve 
into clinical gout. Hyperuricemia is, however, associated with a number 
of highly prevalent chronic disorders, as discussed later. Although tophi 
may be demonstrable in the synovium at the time of the first gout 
attack,22 there are only limited data for subclinical urate crystal deposi-
tion23,24 or urate-induced joint damage in most individuals with asymp-
tomatic hyperuricemia.

Nevertheless, the risks for gouty arthritis12 and uric acid urolithia-
sis13 increase with increasing severity and duration of hyperuricemia. 
Among other less well-characterized factors predisposing to urate 
crystal formation and deposition are prior joint damage or trauma; 
reduced joint temperature, pH, or hydration; altered local cation and 
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diets are unpalatable and require substitution by potentially athero-
genic dietary components in order to maintain caloric balance. Chronic 
dietary purine restriction is seldom successfully employed as a first-line 
of therapy for the hyperuricemia of gout. On the other hand, diets high 
in fructose, meat, and fish content,14 as well as increased beer and 
distilled alcohol intake,15 promote hyperuricemia and increase the risk 
for gout, whereas vitamin C and a uricosuric component of bovine milk 
reduce these.

The pathways of purine metabolism and their regulation are dis-
cussed in detail elsewhere.25-27 The only endogenous pathway of net 
purine production (Fig. 183.6) is called purine synthesis de novo and 
involves 10 steps in which the purine ring is synthesized on a backbone 
of ribose-5-phosphate donated by the key regulatory substrate, 5-phos-
phoribosyl 1-pyrophosphate (PRPP). The end product of this pathway 
is the nucleotide inosine monophosphate (IMP). IMP serves as a 
branch point in the conversion of new purines into the adenylate and 
guanylate classes of purine nucleotides or, alternatively, into the purine 
degradation pathway culminating in urate formation.

Purine synthesis de novo is an energy-costly process. Considerable 
saving in cellular energy expenditure is achieved by an extensive 
network of reactions that interconvert and salvage purine nucleotides, 
nucleosides, and bases. This provides flexibility in the provision of 
specific purine compounds for the wide array of differentiated cellular 
functions.

Degradation of purines to urate
Degradation of purine nucleotides and nucleosides to purine bases 
culminates in the key urate precursors hypoxanthine and guanine, 
which are ordinarily largely reused in salvage reactions with PRPP. 
These processes are catalyzed by the enzyme hypoxanthine-guanine 
phosphoribosyltransferase (HPRT). The remainder of guanine is deam-
inated to xanthine. Unsalvaged hypoxanthine is oxidized to xanthine, 
which undergoes further oxidation to urate. The enzyme xanthine 
oxidase (XO; xanthine oxidoreductase) catalyzes both the conversions 
of hypoxanthine to xanthine and xanthine to urate.

XO is a molybdenum-pterin and iron sulfide cluster-containing 
flavoprotein that exists in interconvertible forms: an oxidase form 
using O2 to convert hypoxanthine and xanthine to urate and an NAD± 
using dehydrogenase form.28,29 The catalytic events in purine base 
conversion in vivo involve binding and oxidation of the base substrate 
at the active site of the oxidase form of XO. This is accompanied by 
reduction of the molybdenum moiety (valence +6) to reduced molyb-
denum+4 by purine substrate-donated electrons, which are then trans-
ferred to the iron-sulfide cluster and then to the flavin center. 
Reoxidation of the flavin moiety by O2 is accompanied by product 
release, including generation of H2O2 and superoxide (O2·

−).
Inhibition of XO activity is the major action of the most commonly 

employed class of agents used for urate lowering in patients with 
gout.1,29,30 Roles for XO in protection from infection but also in tissue 
injury (due to unstable oxygen radical generation) during and after 
ischemia have been proposed.28,29

proteoglycan concentrations, and the presence of promoters or absence 
of inhibitors of crystal nucleation and growth (Table 183.2).

Some of the clinical manifestations of gout may be managed by 
transient suppression of the acute inflammatory reaction, by longer-
term alterations in diet or body weight, or by changes in hyperuricemia-
inducing drug regimens. Reversal of hyperuricemia by means of 
urate-lowering pharmacotherapy is, however, often necessary to prevent 
recurrence or progression of gouty manifestations or to reverse prior 
gouty damage such as chronic gouty arthropathy or tophi. Because 
rational strategies for urate lowering are appropriate for therapy and 
are often embarked upon for the lifetime of the patient, it is useful to 
review the pathogenic bases of hyperuricemia.

PURINE METABOLISM: PATHWAYS AND 
REGULATION OF URATE PRODUCTION
Purines are compounds possessing the nine-member purine nucleus 
composed of fused pyrimidine and imidazole rings (Fig. 183.4). Purines 
fulfill essential functions in all living cells (see Box 183.1). Most func-
tions of purines are carried out by nucleotide and nucleoside derivatives 
of the purine bases adenine, hypoxanthine, and guanine. Representa-
tive structures of purine bases, nucleosides, and nucleotides are shown 
in Fig. 183.5.

Purine synthetic pathways
The sole sources of new purines in the body are the diet and endoge-
nous synthesis of purines from non-purine precursors (see Fig. 183.4). 
Under ordinary nutritional conditions, the dietary contribution to 
urate production and turnover is significant. Removal of purines from 
the diets of normal individuals for 10 days results in reduction in 
serum urate levels by an average of about 25% and reduction in urinary 
uric acid excretion by as much as 50%. Purine-free or purine-restricted 

TABLE 183.2 GOUT PROMOTERS AND INHIBITORS

Crystal formation Seed nucleus (particulate)

Immunoglobulin

Phagocytes

Low temperature

Low pH

Cation concentration

Intra-articular dehydration

Other (unknown) macromolecules

Triggering the acute 
flare (local factors)

Rapid change in urate level

Microcrystal release

IgG coat (apolipoproteins B, E inhibitory)

Complement activation (classical, alternate, MAC)

Inflammasome activation

Cytokine and chemokine release

Endothelial activation (e-selectin, ICAM-1, VCAM-1)

Local trauma?

Presence of susceptible 
phagocytes, mast cells 
(systemic events)

Surgery, trauma

Infections, other intercurrent systemic illness

Alcohol, dietary intake

Drugs that raise or lower circulating urate level

A diverse array of proteins and other mediators have been identified on the surfaces of urate 
crystals. In addition to their proinflammatory effect through opsonizing existing crystals, IgM 
and IgG antibodies may promote crystal formation by providing a stable molecular platform for 
crystal nucleation and growth. Apolipoproteins are the best characterized of the anti-
inflammatory molecules that coat crystals. The characteristics of the phagocytes encountering 
the crystals may be crucial; macrophages that are more differentiated are less likely to elicit 
proinflammatory cytokines.

MOLECULAR CONTRIBUTORS TO PURINE RING SYNTHESIS

N

C

N

GlutamineGlutamine

GlycineCO2

N

N

C

C

C fTHF
fTHF

Aspartate

C

Fig. 183.4 Molecular contributors to purine ring synthesis. Purine ring atoms 
are derived from amino acids (glutamine, glycine, and aspartate); carbon 
dioxide; and formyl groups. fTHF, N10formyl-tetrahydrofolate.
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nucleotide and urate production. This occurs in the two rare X chro-
mosome–linked disorders, deficiency of the salvage enzyme HPRT26,32 
and overactivity of PRS1.25 Similarly, excessive cellular adenosine tri-
phosphate (ATP) depletion (e.g., in tissue hypoxia or acute alcohol 
intoxication) can lead to reduced inhibitory nucleotide concentrations 
and consequent urate overproduction.33

Other states of excessive urate production among patients with gout 
are not as well characterized; however, primary or secondary disruption 
of the regulatory mechanism involving the antagonistic interaction of 
PRPP and purine nucleotides on amidoPRT is likely in most of these 
instances.

Regulation of purine synthesis
Purine nucleotide synthesis and degradation are both regulated  
processes. The major purine synthetic steps targeted by regulation  
are the synthesis of PRPP in the PRPP synthetase (PRS) reaction and 
the utilization of PRPP in the first step of purine synthesis de novo in 
the amidoPRT reaction (Fig. 183.7).25 AmidoPRT is allosterically 
inhibited by purine nucleotide products of the pathway and activated 
by PRPP.31

When this antagonistic control mechanism is rendered dysfunc-
tional, increased cellular levels of PRPP result in accelerated purine 

PURINE STRUCTURES
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Fig. 183.5 Purine structures. Purine ring atoms are 
numbered 1 to 9 as shown in the upper left panel. 
Pentose sugar carbon atoms are numbered 1′ to 5′, 
as shown in the lower left panel. In purine 
nucleosides, a purine base is joined to a pentose 
ring through an N-glycoside bond between the 
purine 9 and pentose 1′ atoms. The lower left panel 
illustrates a ribose form, the lower right 
deoxyribose. Nucleotides are phosphate esters of 
the nucleoside, containing one, two, or three 
phosphate groups (nucleoside mono-, di-, or 
tri-phosphates, respectively) attached at the 5′ 
carbon of the sugar. Nucleotidases remove 
phosphate groups. Phosphorylases remove both the 
phosphate group(s) and the sugar. Kinases transfer 
a high-energy phosphate group (usually donated by 
adenosine triphosphate). The nucleoside of 
hypoxanthine is known as inosine, and the 
respective nucleotide is inosine monophosphate.
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PURINE SYNTHESIS, INTERCONVERSION AND DEGRADATION IN HUMANS

ND

Fig. 183.6 Purine synthesis, interconversion, and 
degradation in humans. The gene for uricase (urate 
oxidase) has been inactivated in man and other 
primate species, so urate is the end product of 
purine metabolism. Intermediates and enzymes 
not pertinent to hyperuricemia and gout have 
been omitted for simplicity. APRT, adenine 
phosphoribosyltransferase; ADA, adenosine 
deaminase; PNP, purine nucleoside phosphorylase; 
AMPD, AMP deaminase; GMP, guanosine 
monophosphate; ND, 5′-nucleotidase; XMP, 
xanthosine monophosphate; XO: xanthine oxidase 
(oxidoreductase). For other abbreviations see text.
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These properties are compatible with a role for URAT1 as a major 
determinant of net urate reabsorption from the proximal tubular 
lumen. Affected persons in families with mutations in the SLC22A12 
gene (resulting in decreased URAT1 expression) show hypouricemia 
and hyperuricosuria, as well as exercise-induced renal functional 
impairment.39 This suggests that URAT1 is important in renal regula-
tion of serum urate levels in normal individuals.36 The uricosuric drugs 
probenecid and benzbromarone increase urate excretion by inhibiting 
URAT1 and other OATs.36,40 Additional roles for urate transporters in 
urate metabolism (e.g., in the transport of urate across hepatic cell 
membranes) have been suggested.41

Two lines of study indicate that these insights into the mechanisms 
of renal uric acid handling and renal control of serum urate levels are 
incomplete but show that progress is being made. First, Endou and 
Anzai42 have described a series of studies confirming that URAT1 
interacts with the PDZ domain-containing scaffolding protein  
PDZK1 to increase the activity of URAT1. The urate transporters 
OAT4 and NPT1 (discussed later) also have PDZ motifs, suggesting 
that a more extensive multiprotein complex (the “urate transporta-
some,” containing transport and transport regulatory molecules, 
hormone receptors and intracellular signaling elements) may be 
involved in bidirectional urate transport across the renal tubular  
epithelial cell.

Second, the finding that the fractional renal excretion of urate (FEur 
= uric acid clearance/creatinine clearance) in URAT1 knockout mice43 
remains substantially less than 1.0 suggests that mechanisms of uric 
acid reabsorption other than URAT1 contribute to this proximal 
tubular process. In support of this view, a large, well-powered human 
genome-wide scan revealed associations of three genes encoding renal 
urate transporters (SLC2A9, ABCG2, and SLC17A3) other than 
SLC22A12 with serum urate concentrations.44 Of the known urate 
transporter genes, SLC2A9 has the strongest effect on serum urate 
levels.45

Urate transporters—GLUT9
The product of the SLC2A9 gene is glucose transporter 9 (GLUT9), a 
voltage-driven urate transporter that mediates urate reabsorption from 
the tubular cell to the circulation. In man GLUT9 exists in two iso-
forms: GLUT9L, identified on the basolateral aspects of the proximal 
renal tubular epithelial cell, and GLUT9S on the apical side.37,38,46 As 
with URAT1, the reabsorption of urate by GLUT9 is inhibited by the 
uricosuric agents probenecid and benzbromarone.

GLUT9 also transports the sugars glucose and fructose, which may 
be pertinent to the dietary influences of these compounds on hyperuri-
cemia and gout. A substantial role for SLC2A9 in the physiologic regu-
lation of serum or plasma urate levels is further suggested by the results 
of genome-wide association and genotyping studies confirming that the 
SLC2A9 locus and certain polymorphisms in SCL2A9 are associated 
with an increased risk for hyperuricemia and gout.18,44,47,48 Mutations 
of GLUT9 have also been linked with renal hypouricemia, particularly 
in patients with intact URAT1.46

Other urate transporters
Additional urate transporters involved in renal tubular urate efflux 
(luminal secretion) have been described. Among these transporters are 
apical membrane transporter ATP-binding cassette, subfamily G, 2 
(ABCG2), which is associated with hyperuricemia and gout49; sodium-
dependent phosphate co-transporters type 1 and type 4 (NPT1 and 
NPT4; encoded by SLC17A1 and SLC17A3, respectively), which are 
located at the luminal membrane of the proximal tubule and mediate 
net tubular urate secretion50; and UAT-1.35,43

UAT-1 is one of a family of exchangers mediating voltage-dependent 
urate transport in transfected cells and artificial membranes. UATs 
exist in a number of isoforms and have a broader in-tissue distribution 
than URAT1 or SLC2A9. UAT-1 has been identified as galectin-9, one 
of a family of proteins that also have a number of putative non- 
transport functions. Association at a genetic level with gout or hyper-
uricemia and a functional role for UAT-1 in renal tubular secretion of 
uric acid remain to be established. UATs and certain other urate trans-
porters may act more in a “housekeeping” capacity, enabling the 

RENAL URIC ACID EXCRETION
Models of renal uric acid handling
Despite nearly complete filtration of urate at the glomerulus, uric acid 
clearance in adults averages only 7% to 12% that of creatinine clear-
ance, reflecting net renal tubular reabsorption of about 90% of filtered 
urate. Over several decades, multiple processes mediating proximal 
convoluted tubule handling of filtered urate were identified by studying 
the effects of inherited mutations and pharmacologic agents on renal 
uric acid excretion and by applying the classical methods of renal 
physiology.34 An operationally derived, four-compartment model for 
renal uric acid handling was thus generated (Fig. 183.8).

This model incorporated glomerular filtration and three proximal 
tubular processes: urate reabsorption; secretion of reabsorbed urate; 
and postsecretory reabsorption. Although the model did account for 
the discrepancy between filtered urate and excreted uric acid, it did not 
achieve consensus,34 in part because the agents employed to analyze 
component mechanisms (especially the use of drugs like pyrazinamide 
and probenecid) proved not to have unique sites of action.

Urate transporters—URAT1
Application of molecular biologic and genomic approaches to the study 
of renal uric acid transport in the past decade have resulted in the 
identification of several transporters involved in renal uric acid excre-
tion including some with substantial specificity for urate.35-38 Two of 
these transporters, URAT1 and GLUT9, are members of the organic 
acid transporter (OAT) family and have predominant effects on serum 
urate level.

URAT136 is encoded by the SLC22A12 gene and has a typical OAT 
structure. URAT1 is highly specific for urate and mediates solute 
concentration-dependent bidirectional exchange of urate for a variety 
of endogenous and drug anions known to affect renal uric acid trans-
port. URAT1 localizes to the apical brush border membrane (urine 
side) of renal proximal tubular epithelial cells and mediates a sodium 
but non-voltage-dependent exchange of urate for several organic anions.

REGULATION OF PURINE NUCLEOTIDE SYNTHESIS

PRPP
Synthetase

Amido PRT

Adenine

Purine
Nucleotides

Hypoxanthine
GuanineHPRTAPRT

PRPP

–
+

–

ATP + Rib-5-P 

Fig. 183.7 Regulation of purine nucleotide synthesis. Rates of the 10-step de 
novo pathway of purine nucleotide synthesis (vertical arrows) are regulated by 
the activity of the enzyme AmidoPRT, which catalyzes the first step. AmidoPRT 
activity is allosterically controlled by the antagonistic interaction of pathway 
purine nucleotide products that inhibit the enzyme and the regulatory 
substrate PRPP that activates⊕ AmidoPRT. Purine nucleotides also inhibit PRPP 
synthetase, the enzyme catalyzing synthesis of PRPP. Regulation directed at 
these sequential reactions provides a flexible means to control purine 
nucleotide production in an economical manner, a process potentiated by 
preferential single-step salvage of preformed purine bases in reactions with 
PRPP catalyzed by the phosphoribosyltransferase enzymes HPRT and APRT 
(depicted by the curved arrows). Rib-5-P, ribose-5-phosphate.
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IMPAIRED RENAL URIC ACID  
EXCRETION IN GOUT
Most persons with hyperuricemia resulting from impaired renal uric 
acid excretion show normal amounts of uric acid in the daily urine but 
have selectively reduced uric acid clearance.21,52 Excretion of normal 
amounts of uric acid is accomplished by most gout patients only when 
serum urate levels are 2 to 3 mg/dL (120 to 180 µM) higher than in 
normal persons excreting comparable amounts of uric acid. The con-
sequent hyperuricemia, of course, constitutes a prime risk factor in the 
development of gout.

efficient efflux of urate produced by intracellular purine metabolism in 
hepatic and other cells.

The importance of other organic anion transporters (OATs) and 
additional exchangers43,51 in human renal urate handling is also uncer-
tain. For example, OAT4, encoded by SLC22A11 and localized at the 
apical membrane of the proximal tubules, is also associated with serum 
urate level.45 The currently known transporter gene polymorphisms 
account for a small proportion of the population variation in urate 
level,18,44 indicating the potential for many other transporters to play 
significant roles in urate excretion.

RENAL HANDLING OF URATE

Others

NPT1
NPT4

OATs ABCG2 URAT 1 Glut9 Proximal
tubular

cell

Apical brush border

Basolateral membrane

Peritubular capillary

Proximal tuble lumen Na+ / anion
cotransporter

Na+ Anions

OATs

Pre-secretory
reabsorption

99%

Secretion
50%

Post-secretory
reabsorption

40–50%

Excretion
5–10%

Filtration
100%

Glut9

Others

Fig. 183.8 Renal handling of urate. The upper panel illustrates renal urate movement as historically divided into four 
physiologic compartments: glomerular filtration, tubular reabsorption, tubular secretion, and a second round of 
“postsecretory” reabsorption. The existence of a discrete fourth compartment of postsecretory reabsorption for fine-tuning of 
net urate excretion was controversial, and the anatomic correlates of these four compartments were uncertain. This classical 
model will likely decline in significance as the mechanisms underlying renal urate handling become better understood at a 
molecular level (see text and lower panel).

The lower panel indicates some of the key players in reabsorption and secretion of urate across the proximal tubule 
epithelial cell. Exchange of urate for other anions is mediated by specialized channels and transport proteins embedded in 
the tubular cell membrane. URAT1 and GLUT9 are significant contributors to urate absorption (such that defective function is 
associated with hypouricemia), whereas ABCG2, NPT1, and NPT4 are associated with net urate excretion. Urate transport is 
driven in part by a pH gradient produced by active sodium/hydrogen ion exchange. Several other organic acid transporters 
(OATs) have been implicated in urate transport. Transporters may be linked with each other and with regulatory and 
signaling elements by PDZK1 scaffolding proteins, comprising the urate transportasome. Many of the drugs and endogenous 
mediators that affect renal urate disposition interact with these proteins (e.g., uricosuric drugs probenecid and 
benzbromarone inhibit urate reabsorption by URAT1).
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URATE CRYSTAL FORMATION
The formation of monosodium urate crystals requires sustained high 
(supersaturated) concentrations of urate. Crystal formation is influ-
enced by many other factors including the presence of particulate seed 
nuclei such as cartilage debris, collagen, chondroitin, and hyaluronate 
released by joint trauma or osteoarthritis; local cation concentrations; 
pH, temperature, and dehydration; and the balance between macromo-
lecular inhibitors and promoters of crystal formation (see Table 
183.2).68 IgG and IgM may also aid crystal formation and growth in 
gout patients.69,70

One reason why most persistently hyperuricemic people do not get 
gout may lie in individual variation in the propensity for forming 
crystals.

INFLAMMATORY RESPONSE TO  
URATE CRYSTALS
The acute gout attack occurs when urate microcrystals interact with 
host cells to initiate an inflammatory response (Fig. 183.9). The crys-
tals triggering the acute gout flare are most likely shed from small 
preexisting synovial tophi rather than by crystals freshly formed in situ. 
Whether crystals initiate clinically significant inflammation depends 
on multiple factors including crystal size, the proteins and other mol-
ecules coating them, and on which cells they first encounter. In vitro 
and animal model data suggest that urate crystals can activate the 
inflammatory response through several pathways. Which pathway pre-
dominates in vivo in acute gouty inflammation is uncertain.

In acute gout the predominant inflammatory cell in the synovial 
fluid and synovial membrane is the neutrophil, and activation of neu-
trophils seems to contribute the bulk of the proinflammatory stimulus. 
However, healthy joints do not contain a significant resident popula-
tion of neutrophils. Urate crystals have their initial interaction with 
cells normally resident in the tissue.71,72

Synovial cells implicated in the initial stages of gouty inflammation 
include cells of monocyte-macrophage lineage (type A synoviocyte), 
fibroblast-like (type B) synoviocytes, antigen-presenting dendritic cells 
(DC), and possibly endothelial and mast cells.

Crystal phagocytosis
Despite potent proinflammatory potential, urate crystals do not neces-
sarily trigger acute inflammation. Gout patients often have urate crys-
tals in clinically uninvolved joints. Heavily crystal-laden fluids (“urate 
milk”) are sometimes found in relatively uninflamed bursae and joints. 
The dense masses of urate crystals in tophi can reach massive dimen-
sions (Fig. 183.10) often with little apparent inflammatory response. 
In confined spaces such as in axial or visceral sites, tophi can enlarge 
progressively without eliciting symptoms until there is critical com-
pression of neighboring tissues.

Similarly, patients with intercritical and chronic gout may have 
prolonged periods with absent or relatively low-grade synovitis despite 
the ongoing presence of urate crystals in the synovial environment. 
Thus for urate crystals to trigger acute inflammation, additional deter-
minants such as crystal size, crystal coatings, the local cytokine milieu, 
and encounters with particular cell types are likely necessary.

Some crystals may be too large to interact with cells. For the  
initiation of the acute gout attack, microcrystals need to be released 
from larger crystals or tophi (Fig. 183.11). The latter mechanism is 
consistent with the clinical observation that gout flares are associated 
more closely with rapid changes in urate concentration than with 
absolute serum urate levels. For example, rapid and extensive urate 
reduction with intensive antihyperuricemic therapy is more likely to 
precipitate acute flares than slower and lesser degrees of urate 
lowering.73-75

This may be because a rapid reduction in the urate concentration 
in the microenvironment around a large urate mass partially redis-
solves the margins of the deposit, releasing fresh microcrystals. Crys-
tals located within synovial tophi are surrounded by a protein coat, and 
progressive dissolution of a tophus may serve to expose uncoated 
crystal surfaces.

Renal hyperuricemia may be primary (idiopathic) and unassociated 
with an identifiable specific disorder or drug; or secondary to any of 
the broad array of disorders, treatments, or toxic states affecting renal 
uric acid excretion (see Table 183.1). Examples of renal hyperuricemia 
resulting from systemic states include reduced glomerular filtration 
rate (e.g., hypothyroidism), increased tubular urate reabsorption (e.g., 
insulin resistance, diuretic induction), and reduced tubular secretion 
(e.g., keto- or lactic acidosis) have been identified. Although some 
patients with primary hyperuricemia and gout may be relatively 
impaired in tubular urate secretory capacity,13 many mechanisms con-
tribute to urate excretion. It seems unlikely that a single mechanism 
for renal hyperuricemia explains the majority of primary renal gout.

Regulation of urate excretion
In fact, further insight into determinants of impaired renal uric acid 
processing in primary gout has already come from molecular and 
genetic analyses such as those to evaluate the role of genetic variants 
in the GLUT9 and URAT1 transporter genes in gout patients53 and as 
determinants of serum urate and/or renal uric acid excretion in normal 
individuals.44,46,48,54-57 Alterations in urate movement may be due to 
changes in the transporter itself, to changes in associated proteins or 
ion co-transporters, or to regulation of transport function.

Potential endogenous regulators of urate transport include insulin, 
leptin, adiponectin, estrogens, and a hypothesized hepatic effector of 
renal uric acid reabsorption (“uratin”).41 In addition, the likelihood that 
renal urate transport normally regulates serum urate levels36,39,47 sug-
gests that new classes of uricosuric agents acting specifically on a 
functionally significant urate transporter or a transporter activity- 
associated molecule could emerge as targeted treatments for the hyper-
uricemia of gout. For example, a specific inhibitor of URAT1 is in 
clinical development for gout.

Familial juvenile hyperuricemic nephropathy  
and medullary cystic kidney disease
Additional insight into mechanisms affecting renal uric acid excretion 
has been provided by studies of familial juvenile hyperuricemic 
nephropathy (FJHN) and medullary cystic kidney disease (MCKD). 
These autosomal dominantly inherited disorders are characterized by 
early onset of hyperuricemia (with or without gout), hypertension, and 
progressive tubulointerstitial inflammation and fibrosis. This culmi-
nates in end-stage renal disease, often by age 40.58-60

Severely impaired FEur appears early in FJHN,58 but the ensuing 
progressive nephropathy is not dependent on urate or uric acid crystal 
deposition.60 Many affected families show mutation in the chromo-
some 16p13-p11 UMOD gene,56,61,62 usually affecting exons encoding 
cysteine-rich regions63 of uromodulin, long known as the Tamm-
Horsfall protein or THP.

THP is an abundant disulfide bond–rich urinary protein with several 
putative proinflammatory and antioxidant properties. This protein is 
hypothesized to play a role in maintaining the structural and functional 
integrity of the ascending loop of Henle, perhaps by forming a protec-
tive gel-like lattice. Mutant THPs traffic normally and anchor through 
phosphatidylinositol linkage to the apical membrane of ascending loop 
epithelial cells. However, they are secreted from the cell at reduced 
rates, with consequent accumulation of the protein in the endoplasmic 
reticulum.62,64

Alteration in the protective lattice as a result of deficient apical THP 
secretion may reduce Na+ and Cl− reabsorption. This results in con-
tracted extracellular volume and compensatory enhancement of 
sodium-dependent urate transport in the proximal tubule.65 It is pos-
sible that more subtle defects in UMOD structure and expression could 
contribute to some instances of familial or even sporadic gout.

Disorders phenotypically resembling FJHN and MCKD type 2 have 
been associated with other loci in the genome,66,67 potentially broaden-
ing the opportunities to search for salient genetic loci among families 
affected with renal hyperuricemia and gout. It has been suggested56 that 
the term “uromodulin-associated kidney diseases” may be an apt 
overall description of the group of disorders that include FJHN; MCKD, 
type 1 and type 2; and phenotypically similar but genetically distinct 
syndromes.67
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These pathways promote further opsonization via deposition of the 
complement split product C3b on the crystal exterior. C3b decays to 
iCb and interacts with complement receptor CR3 (CD11b/CD18).

Soluble complement split products C3a and C5a act as additional 
chemoattractants. The complement “membrane attack complex” 
(MAC), comprising terminal complement components C5b through 
C9, may play an important role; rabbits lacking the MAC component 
C6 have significantly reduced neutrophil inflammatory responses to 
urate crystals.76

Proteins binding to urate crystals
Monosodium urate crystals are composed of a highly ordered, regular 
array of urate and sodium ions and water molecules. Although the 
MSU crystal surface has a net negative charge, some positive charges 
are also exposed. MSU crystal surfaces can bind a variety of proteins 
including immunoglobulin G (IgG), which attaches through both 
charge interactions and hydrogen bonding. The resulting conforma-
tional change in IgG is analogous to that produced by antigen binding 
or immunoglobulin aggregation and encourages phagocytosis by cells 
with Fcγ receptors (e.g., FcγRIII, CD16).

The complement system is involved in acute gout inflammation at 
several levels. In addition to promoting inflammation by interacting 
with Fc receptors, the crystal-bound IgG activates the classical comple-
ment pathway. Urate crystals also activate complement directly 
through both the classical and alternative complement pathways. 

Acute inflammatory mediators
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macrophages
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Resolution

Adhesion molecules
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Fig. 183.9 Pathophysiology of gout. Many signals impact at the critical points 
in this pathway. Hyperuricemic patients do not necessarily form urate crystals. 
Crystals ingested by phagocytes sometimes elicit remarkably little 
inflammation, and inflammation is often low grade or clinically inapparent in 
chronic gout, indicating robust regulation of the pathways shown. Purple 
boxes: factors favoring hyperuricemia, crystal formation, inflammation; orange 
boxes: inhibitory factors. The factors leading to the spontaneous termination 
of the acute gout attack are incompletely understood. MCR, melanocortin 
receptor; PPAR, peroxisome proliferator-activated receptor; Tlr, toll-like 
receptors.

Fig. 183.10 Giant tophaceous pseudotumors. Coronal magnetic resonance 
imaging, distal thighs to proximal calves of a 33-year-old Polynesian man with 
Gitelman syndrome and severe polyarticular tophaceous gout who presented 
with gradual bilateral calf swelling. Massive tophaceous deposits (arrows) 
distend the knee joints and bursal synovial cavities, with intraosseous 
involvement as well. Maximum dimensions of the lesions are 8 × 12 cm on the 
right; together the lesions are estimated to contain over 1 kg of monosodium 
urate. Markers: 1 cm. Large tophi often elicit little inflammatory response 
(Courtesy Drs. Peter Gow and Sunil Kumar.)

Fig. 183.11 Monosodium urate crystals from tophus. Crystals aspirated from a 
subcutaneous tophus. The patient was still hyperuricemic but had not had an 
acute gout attack for several months and had no local inflammatory symptoms 
associated with the tophus. Few inflammatory cells were present. One factor in 
the failure of some crystals to trigger acute gout may be their size. These 
relatively large (20 µm+) crystals are eliciting a minimal inflammatory response. 
The protein coat surrounding the crystal and the age and type of the 
responding phagocyte are other crucial factors. Polarized transmission white 
(halogen) light; 90-degree extinction filter; 530 nm first-order compensator.
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Apolipoprotein coating of MSU crystals can counter the opsonic 
effects of IgG Fc and complement by decreasing the attractiveness of 
urate crystals to phagocytes. In particular, ApoB is a major component 
of the serum low-density lipoprotein (LDL) fraction. It can coat crystals 
and inhibit the stimulation of neutrophils. ApoE has similar effects 
and can be made locally by synovial macrophages.

Other proteins detected on urate crystal surfaces include further 
complement activation products, lysosomal enzymes, and the anti-
inflammatory cytokine TGF-β. The inflammatory potential of MSU 
crystals reflects the balance between proinflammatory and anti-inflam-
matory elements of this coating.

Phagocyte responsiveness
In addition to crystal size and coating, the host cell making first contact 
with the crystal is a crucial determinant of the inflammatory response 
(Box 183.2, Figs. 183.9 and 183.12). Synovial fluid phagocytes from 
non-inflamed joints often contain urate crystals77; one study found 
crystals in synovial fluid from all of 43 intercritical gout patients not 
on treatment with hypouricemic drugs.78 This indicates that crystals 
in the synovial compartment do not necessarily elicit overt inflamma-
tion, despite active engagement with phagocytes. Immature macro-
phages and blood monocytes mount a vigorous response to urate 
crystals. In contrast, more differentiated macrophages, which release 
TGF-β1, show a greatly reduced proinflammatory mediator response 
despite equally efficient crystal internalization.79 Although crystals can 
be present in non-inflamed joints from gout patients, most phagocytes 
in such joints are macrophages rather than neutrophils.80

Some mature phagocytes residing in human synovium may thus be 
able to ingest MSU crystals without triggering acute synovitis, whereas 
the entry of fresh monocytes or neutrophils into the joint may be more 
conducive to triggering an acute gout attack.

Other indirect evidence for the crucial role of phagocyte responsive-
ness comes from the observation that acute gout is relatively rare in 
patients with end-stage renal disease despite severe hyperuricemia in 
many. Monocytes from patients with renal failure produce lower levels 
of the cytokines interleukin (IL)-1, IL-6, and TNF after stimulation in 
vitro with MSU crystals.81

ACUTE ATTACK OF GOUT
Urate crystals are a highly potent inflammatory stimulus, with mul-
tiple mechanisms for interacting with cells. MSU crystal interaction 
with phagocytes involves two broad mechanisms, depending on crystal 
concentration and surface reactivity. First, crystals can activate cells 
through the “conventional” route as opsonized and phagocytosed par-
ticles, analogous to the response seen with phagocytosed microorgan-
isms. This process elicits the stereotypical phagocyte response of 
lysosomal fusion, respiratory burst, and the release of inflammatory 
mediators.

Phagocytosis by
leukocyte, interaction

with membrane receptors
and signaling molecules

Shedding of
preformed

crystals from
tophi

Inflammation

Monosodium
urate

crystallization

Fusion of vacuolar and
lysosomal membranes

Phagolysosome rupture,
activation of

inflammasomes
in cytoplasm

Cleavage of pro-IL1,
signalling, transcription

and synthesis
of mediators

Release of multiple
pro-inflammatory

mediators

ACTIVATION OF PHAGOCYTE BY MEMBRANE-ACTIVE CRYSTALS

Fig. 183.12 Activation of phagocyte by membrane-active crystals. Crystals interact with cell surface receptors and their associated signaling complexes and are 
phagocytosed by the cell. Rupture of the phagolysosome releases the crystals into the cytoplasm, allowing interaction with the inflammasome, leading to 
activation and release of IL-1. Signaling protein kinases and promoters for cytokines and other proinflammatory genes are activated, with the release of a diverse 
array of inflammatory mediators (see text). Urate and other crystals also interact with lipid membranes and bind to cytosolic and membrane-bound proteins, 
acting directly at important steps controlling proinflammatory signaling.

BOX 183.2 INFLAMMATORY EVENTS IN THE ACUTE GOUT ATTACK
a. Sequence of cellular events

1. Deposition and release of urate microcrystals
2. Proinflammatory coating (e.g., IgG, complement)
3. Initial interaction with resident cells: tissue macrophages ± fibroblasts, 

mast cells, others
4. Activation of membrane signaling molecules (Tlr, CD14, TREM)
5. Release of cytokines, especially IL-1, TNF-α, and chemokines
6. Activation of endothelial cell adhesion molecules
7. Emigration, attraction, and activation of neutrophils
8. Phagocytosis of crystals by neutrophils
9. Delayed neutrophil apoptosis

10. Cross-linking of inflammatory signaling proteins
11. Removal of crystal coating, membrane damage, phagolysosome rupture
12. Activation of NALP-3 inflammasome, production of active IL-1 and IL-18
12. Enzyme and mediator release
13. Resolution—cytokines (e.g. TGFβ,) MC-R and PPAR-γ ligands, mature 

macrophages
b. Membrane mediators

Fcγ receptors (FcγRIII/CD16) Complement receptors
GPCRs (e.g., chemokine receptors) Integrins
Toll-like receptors (Tlr-2, Tlr-4)

c. Intracellular signaling
NALP-3 inflammasome
Tyrosine kinases (Syk, Src, Pyk-2)  Lipid kinase PI3K
Mitogen-activated protein kinases (p38, JNK, ERK-1, ERK-2)
Downstream Tlr pathway (Myd88, IRAK-1, TRAF-6, IK-κB)
Nuclear factors (NF-κB, AP-1)

d. Soluble mediators released
Chemokines: CXCL (e.g., IL-8), CCL (e.g., MCP-1) IL-1
Complement split products Endothelins
TNF-α IL-6
Kinins Leukotrienes
Metalloproteineases Reactive oxygen species
Reactive nitrogen species (NO) Prostaglandins
S100 proteins (S100A8/9; MRP 8/14) Substance P
TGF-β

Urate crystals can activate many cell types and trigger the release of a diverse 
array of proinflammatory mediators. Multiple pathways have been implicated 
in different experimental systems and based on the detection of mediators in 
gout patients, and it is likely that some of these mechanisms operate in 
parallel. The clinical efficacy of the inhibition of prostanoids has established 
their role beyond doubt, and biologic IL-1 inhibitors reduce inflammation in 
patients with gout. Intervention in vivo with selective inhibitors of other 
mediators to “prove” their significance in man has not been reported, and it is 
more difficult to be certain of the size of their contribution.
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Danger signals from urate crystals and from other purines (e.g., 
ATP) may also help trigger the adaptive immune response by activating 
antigen-presenting dendritic cells (DCs).88 This DC-activating property 
is reportedly not shared by other particles and depends on adhesion 
between the crystals and membrane cholesterol of the DC rather than 
on membrane proteins or phospholipids.89 The tyrosine kinase Syk is 
also involved in the binding of urate crystals by DCs, with Syk activa-
tion promoting stronger adhesion; cells without prominent Syk expres-
sion do not bind urate crystals as strongly. How central a role this plays 
in the adaptive immune response is uncertain.

Acute inflammatory mediators
Activation of resident cells by urate microcrystals leads to the produc-
tion of a diverse array of mediators. The S100 protein heterodimer 
formed by the calgranulin proteins S100A8 and S100A9 (formerly 
“myeloid release proteins” MRP8 and MRP14) is among the earliest 
inflammatory mediators produced in the response to urate crystals. 
S100A8/9 is one of the most abundant proteins in the neutrophil 
cytoplasm.

S100A8/9 is also elevated in synovial fluid and serum during acute 
gout and may be an important initial stimulus to attract and activate 
other cells.90 Release of S100A8/9 involves the Src tyrosine kinase, Syk 
tyrosine kinase, and PI3 kinase pathways and also appears to be depen-
dent on the CD11b and FcRγIII (CD16) receptors.

IL-1, IL-6, chemokines (see later), granulocyte-macrophage colony 
stimulating factor (GM-CSF), and tumor necrosis factor-α (TNF-α) are 
among the mediators released starting within 30 minutes after expo-
sure of cells to MSU crystals.

An early response to cytokine release is increased expression of 
E-selectin on nearby vascular endothelial cells. A further mediator 
involved in experimental crystal-induced inflammation is endothe-
lin-1, a peptide modulator of neutrophil migration, produced by vas-
cular endothelium.91 These factors contribute to massive neutrophil 
migration toward the triggering MSU crystals.

Chemokines
Chemokines of the CXC family are important for attracting and acti-
vating neutrophils and are major cytokines in acute gouty synovial 
fluid. Mice with a targeted disruption (“knockout”) in the gene for the 
chemokine receptor CXCR2 have a reduced neutrophil component in 
the response to MSU crystals,92 suggesting a dominant role for chemo-
kine-induced neutrophil recruitment in gouty synovial fluid (Figs. 
183.12 and 183.13 and Box 183.2). In addition, CXCL-8, CXCL-1 
(Gro-α), CXCL-2 (MIP-2α, Gro-β), and CXCL-3 (MIP-2β, Gro-γ) have 
been implicated. The chemokine CCL-2 (monocyte chemotactic factor-
1, MCP-1) aids recruitment of monocytes to sites of inflammation 
induced by urate crystals.93

Assigning relative significance to individual mediators is difficult: 
The chemokine family is large and there is substantial overlap between 
the various chemokines binding a given receptor, redundancy in the 
functions assigned to different chemokines and receptors, and incom-
plete translation between chemokine actions in animal models and 
their functions in man.

Other mediators
MSU crystals activate de novo synthesis of inducible cyclo-oxygenase 
(COX-2) and phospholipase-A2, producing the inflammatory pros-
tanoids prostaglandin-E2 and thromboxane-A2 in phagocytes.94 Prosta-
glandin-E2 causes vasodilatation, edema, and further leukocyte 
immigration. The clinical efficacy of COX inhibition in treating acute 
gout confirms a significant role for prostanoids in urate crystal 
inflammation.95

Urate crystals stimulate neutrophils to undergo the respiratory burst 
and produce ROS, particularly superoxide (O2·

−).96,97 Urate crystals also 
incite nitric oxide production.87,98 NO synthesis by the inducible 
isoform of nitric oxide synthetase (iNOS; NOS2) has been demon-
strated in cells relevant to the inflammation of acute gout including 
macrophages, fibroblasts, chondrocytes, and endothelia. The release of 
NO in response to urate crystals appears to involve signaling pathways 

A second and perhaps predominant mechanism involves the par-
ticular properties of the negatively charged MSU crystal surface and its 
direct interactions through electrostatic and hydrogen bonds with lipid 
membranes and a variety of proteins involved in triggering and signal-
ing the inflammatory cascade.

Strong surface reactivity enables MSU crystals to cross-link mem-
brane glycoproteins and directly activate proinflammatory signaling 
pathways at several levels within the phagocyte. Urate microcrystals 
interact directly with certain signaling proteins in the cell membrane 
(see Box 183.2, Fig. 183.12), bypassing the mechanisms that should 
normally regulate these pathways. These include integrins such as the 
CD11b/CD18 complex on leukocytes and αIIβ3 on platelets, the Fcγ 
receptor CD16,82 CD14, phospholipases, and chemokine receptors.

Although the phagocyte toll-like receptors Tlr-2 and Tlr-4 (impor-
tant in the triggering of innate immune responses via the adaptor 
protein Myd88) may also be involved in urate crystal inflammation, 
their exact role has been contentious.71,83 MSU crystals also interact 
with lipids and are able to perturb both the plasma membrane and the 
membranes of intracellular organelles.

Intracellular messengers
After internalization into a phagocyte, urate crystals damage the phago-
some membrane and lead to its rupture. The released phagosome 
contents then activate the nucleotide-binding oligomerization domain-
like receptor (NLR) Nalp3 inflammasome. The inflammasome is a 
multiprotein cytoplasmic complex that senses cell damage and the 
presence of microbial products. It comprises the sensor protein NALP3 
(also known as cryopyrin, encoded by the NLRP3 gene) and adaptor 
proteins Cardinal/TUCAN (encoded by the CARD8 gene) and ASC, 
which convert procaspase 1 into its active form.

Caspase 1 then cleaves pro-IL-1β and pro-IL-18 into their active, 
inflammation-promoting forms. Release of IL-1 and IL-18 is in turn 
modulated by interactions between extracellular ATP and purinergic 
receptors on the cell surface. Further support for the importance of the 
inflammasome/IL-1 pathway comes from the reported efficacy of IL-1 
antagonists such as anakinra, rilonacept, and canakinumab in both 
treating and preventing acute gout flares.

The ability to activate the inflammasome is shared with crystals of 
silica, calcium pyrophosphate dihydrate (CPPD; the causative crystal 
in pseudogout), and aluminum salts,84 a property that is used to advan-
tage in alum-based vaccine adjuvants. Perturbation of the lysosomal 
membrane by crystals and other particles to activate inflammasomes 
in phagocytes may be a relatively general “irritant” effect rather than 
a unique and specific property of the monosodium urate monohydrate 
lattice.

For most external stimuli that activate inflammatory cells, signal 
transduction from receptors on the cell surface requires a carefully 
coordinated cascade of tyrosine kinase phosphorylation and intercon-
nections with other messenger systems. MSU crystals can bypass these 
“normal” routes and directly activate second messenger systems.85

As with other steps in crystal-induced inflammation, multiple intra-
cellular signaling pathways have been implicated (see Box 183.2). It is 
likely that these operate in parallel. The p38 mitogen-activated protein 
(MAP) kinase is a key regulatory point for many of the cytokines impli-
cated in gout (as in other forms of inflammatory arthritis) and is 
involved in cell activation by MSU crystals.86 Both MSU and CPPD 
crystals also activate the kinases JNK, ERK-1 and ERK-2.

These pathways lead to the binding of NF-κB and AP-1 nuclear 
factors to the promoter regions of genes encoding proinflammatory 
cytokines, chemokines, inducible nitric oxide (NO) synthase, and 
metalloproteinases.87 Similarly, activation through Tlr proteins pro-
ceeds via Myd88 and a chain of intracellular mediators (see Box 183.2) 
that also converge on NF-κB. Other adaptor molecules in the Tlr2 and 
Tlr4 signaling pathways (e.g., CD14) may also play a role. Although 
the inflammation that urate crystals trigger via the inflammasome is 
clearly detrimental in the context of acute gout, it may play an impor-
tant physiologic role in activating the innate immune response by 
providing a “danger” signal. Cell injury results in the release of urate, 
which accumulates in the microenvironment. The high local urate 
concentrations may be sufficient to form crystals. Free urate or MSU 
crystals can then stimulate phagocytes and other resident cells.
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neutrophil cytoplasm (see Fig. 183.12). Phagosome lysis allows the 
urate crystals to interact with the inflammasome but can also lead to 
death of the phagocyte; this releases the lysosomal contents together 
with any newly synthesized acute inflammatory mediators into the 
local microenvironment.

According to the intensity of the response and the size and number 
of joints affected, cytokines including S100A8/9, IL-1, IL-6, IL-8, 
MCP-1, and TNF-α are produced in sufficient quantity to enter the 
circulation and stimulate an acute-phase response. Patients with acute 
gout are often systemically unwell, with fever and leucocytosis, and in 
some cases display a systemic inflammatory response syndrome easily 
confused with sepsis. The clinical response of acute gout to COX-2 
inhibitors and IL-1 antagonists suggests that prostanoids and IL-1 are 
prominent mediators of the intense acute inflammation characteristic 
of acute gout. Other pain mediators include kinins, neuropeptides such 
as substance P, and mast cell products. Metalloproteinases are also 
released and may be important in the matrix damage (bone and carti-
lage loss) that can occur in chronic gout.

Termination of the acute attack
Even without medical intervention, acute gout is almost always self-
limiting. The classic attack resolves spontaneously within a week or 
two. This is an intriguing paradox, given the overlap between gout and 
other arthropathies at the level of the molecular mediators involved 
and the persistence of the crystals that initiated the attack. The increase 
in vascular permeability once acute synovitis has begun allows increased 
entry of anti-inflammatory crystal-coating macromolecules from 
plasma, such as ApoB. Increasing urate crystal coating with ApoB and 
locally produced ApoE and TGF-β can inhibit neutrophil activation.

Systemic anti-inflammatory mediators include the melanocortins, 
products of the hypothalamic-pituitary axis including adrenocorticotro-
phin (ACTH) and melanocyte stimulating hormone (MSH). ACTH 
stimulates the release of corticosteroids from the adrenal cortex. Mela-
nocortins also have a direct anti-inflammatory effect on macrophages 
in the inflamed joint via macrophage melanocortin receptors (MCRs).99

Other specific anti-inflammatory mediators are produced locally 
within the inflamed joint: TGF-β; IL-10; ApoE; and inducers of the 
nuclear hormone receptors PPARα and PPARγ, which in turn inhibit 
transcription of TNF-α, IL-1, IL-6, NOS2, MMPs, and COX-2 (see Fig. 
183.9; reviewed in reference 100).

Resolution of the acute attack may be aided by apoptosis of the 
infiltrating neutrophils, and by the progression to a population of more 
differentiated macrophages. These have a non-inflammatory pheno-
type and arise in response to the local cytokine milieu.101 Other studies 
suggest that mature resident tissue macrophages are as capable as the 
newly-arrived blood monocytes of initiating responses to urate 
crystals.72

INTERCRITICAL AND CHRONIC GOUT
Other than the serum urate level, the risk factors for recurrence during 
the intercritical phase have not been studied in detail but are likely to 
be similar to those for the initial gout incidence. Hyperuricemia, syno-
vial membrane microtophi, and synovial fluid crystals persist in a large 
proportion of these patients. At a clinical level some chronic gout 
patients have no overt synovitis, whereas in others there is ongoing 
but relatively low-grade inflammation.

Persistent nests of crystals are enveloped by a granuloma-like 
chronic inflammatory response, with a corona zone of differentiated 
macrophages and multinucleate giant cells surrounded in turn by a 
fibrous layer. Although most gout patients are thought to have synovial 
microtophi, the presence of tophi that are large enough to be evident 
on clinical examination attests to a greatly enlarged urate pool in 
patients with chronic tophaceous gout.

Erosion of bone occurs frequently in chronic gout, particularly in 
proximity to intra-articular or peri-articular tophi, and generally has a 
radiographic appearance that is distinct from that seen with the ero-
sions of rheumatoid arthritis. Patients with severe erosive and topha-
ceous gout have elevated circulating levels of receptor activator of 
nuclear factor-kappa B ligand (RANKL) and macrophage colony- 
stimulating factor (M-CSF), factors that aid the maturation of 

similar to those implicated in the release of proinflammatory cytokines 
(see earlier).

Depending on its concentration and microenvironment, NO can 
mediate regulatory or direct toxic effects and can influence neutrophil 
activation and apoptosis.

Neutrophil activation
Resident synovial cells and trafficking monocytes contribute to the 
initial burst of proinflammatory mediators important in the initiation 
of gouty arthritis. Much of the full-blown response observed clinically 
is mediated by neutrophils. Synovial fluid aspirated during attacks of 
acute gout reveals neutrophil counts in a range up to that seen in acute 
pyogenic septic arthritis.

Neutrophils initially attach to the synovial vascular endothelium 
through their selectin ligands. Stronger neutrophil adhesion occurs 
when the vascular endothelia express integrin molecules in response 
to chemokines and cytokines produced in adjacent tissues. The neu-
trophils then exit the synovial capillaries and migrate through the 
synovial matrix to the joint cavity, aided by the chemotactic gradient. 
In addition to upregulating the vascular endothelial adhesion mole-
cules, proinflammatory cytokines prime the neutrophil for an amplified 
oxidative and degranulation response to crystals.

Neutrophils have a shorter half-life (hours) than any other circulat-
ing leukocyte. Unless they are activated, normal neutrophils soon die. 
Inflammatory mediators implicated in gout, particularly colony stimu-
lating factors, IL-1, IL-6, chemokines, and prostaglandins, prolong 
neutrophil survival by inhibiting spontaneous apoptosis.

Neutrophils and macrophages within the synovial fluid avidly engulf 
urate crystals. Lysosomal enzymes then remove the protein coating 
that the crystal has acquired in the synovial membrane and cavity. In 
the uncoated state, MSU crystals have increased reactivity with pro-
teins and membranes. Neutrophil activation is marked by activation 
of phospholipases and by inositol triphosphate production leading to a 
cytoplasmic calcium flux. Urate crystals also induce leukotriene (LT) 
production.

Depending on crystal concentration and coating, MSU crystals can 
then lyse the phagolysosomal membrane, spilling the phagocytosed 
crystals and the toxic lysosomal contents (proteases, ROS) into the 
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Fig. 183.13 Inflammatory mediators induced by urate crystals. Urate crystals 
can stimulate a variety of cells to produce a diverse array of inflammatory 
mediators, depending on the coating of the crystal and the receptiveness of 
the cell. Many mediators have been implicated in experimental settings, but 
the dominant mediators in human gout are uncertain; the clinical response of 
acute gout to NSAIDs/coxibs and to specific IL-1 antagonists supports key roles 
for prostanoids and for IL-1, respectively. CCL2: MCP-1, macrophage 
chemotactic factor 1; CXCL8: IL-8; N, nitrogen; O, oxygen.
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in the coding sequence) that result in defective function of GLUT9 and 
abolish both renal uric acid reabsorption and hepatic conversion of 
urate to allantoin.107 This model of altered uric acid metabolism 
strongly supports the likelihood of an important role for GLUT9 in 
human uric acid disposal (discussed earlier).

Urate crystal injection models
Injection of MSU crystals allows the study of crystal-induced inflam-
mation under more controlled circumstances than exist in spontane-
ous episodes. Urate crystals have been injected locally in several species 
including rodents, rabbits, pigs, guinea pigs, dogs, and man and provoke 
a transient dose-dependent acute inflammatory response.76,90,92,108,109 
Injection routes include intradermal, subcutaneous, palatal, intraperi-
toneal, intra-articular, and subcutaneous pouches produced by repeated 
injection of air.

Although crystal injection models have allowed exploration of 
certain aspects of the inflammatory response, there are important 
caveats. In addition to the usual limitations on extrapolating between 
induced preclinical models and spontaneous human disease, synthetic 
crystal preparations cannot easily mimic the protein coatings acquired 
when urate crystals form in vivo. Injection into sites other than joints 
means an initial encounter with responding cells that are unlike those 
in the synovium, and it is clear that this can have a critical impact on 
the inflammatory response (discussed earlier).

An example of the use of urate crystals to study human inflamma-
tion is shown in Figure 183.14. Inflammation becomes apparent clini-
cally within 2 to 4 hours of intradermal injection, peaks at 8 to 24 
hours, and then subsides spontaneously leaving no significant sequelae. 
This and similar models provide safe and reasonably predictable 
systems to study aspects of cell trafficking, inflammatory regulation, 
and mediator release under controlled circumstances in vivo.

GENETICS OF GOUT
A familial diathesis to gout was first noted by Seneca 2 millennia ago. 
A positive family history has been reported in as little as 10% or as 
much as 80% of gout patients. This range reflects differences in the 
populations studied, the definitions used, and the vigor applied to 
ascertainment. Genetic influences on hyperuricemia and gout are, in 
most instances, multigenic.110

Environmental factors are often required to exacerbate an underly-
ing predisposition. For example, gout in Tokelau Islanders increased 
ninefold after migrating to New Zealand and adopting aspects of a 
Western industrialized lifestyle.111 Assessing the relative contributions 
of genes and environment is difficult. Nevertheless, contemporary esti-
mates of the heritability of serum uric acid levels have ranged from 
40% to 63%.44,112

By comparison with other common rheumatic diseases, the herita-
bility of gout is at least as strong as that of RA, broadly in line with 
nodal osteoarthritis but less marked than ankylosing spondylitis.

Genetic contribution to gout
Genes that influence gout can act at any one of several levels (Box 
183.3). For example, they could affect urate production, renal handling 
of urate, crystal nucleation and enlargement, the nature of the coat on 

bone-resorbing osteoclasts.102 Urate crystals also reduce the expression 
of osteoprotegerin, a decoy receptor that inhibits osteoclastogenesis by 
preventing the binding of RANKL to its ligand.

Imaging with magnetic resonance imaging and ultrasound suggests 
that a high proportion of patients with gout and normal plain radio-
graphs have occult joint damage.103 If crystals persist in the joints of 
hyperuricemic chronic gout patients, it is possible that their joints may 
be subject to ongoing progressive damage even in the absence of acute 
flares.

MODELS OF GOUT
Hyperuricemia models
There are no naturally occurring mammalian models for gout because 
most non-primate mammalian species have urate oxidase activity and 
maintain much lower urate levels than humans, and urate oxidase-
lacking non-human primates are vegetarians. Rodents, the most used 
source of animal models of arthritis, do not suffer spontaneous gout, 
but urate balance has been manipulated in several models.

Mice with a homozygous targeted urate oxidase gene disruption 
(“knockout”) have severe hyperuricemia. Half die before 4 weeks of age 
as a result of renal failure and nephrogenic diabetes insipidus resulting 
from uric acid crystal deposition within the kidneys.104 Surviving 
animals do not develop gout. Mice deficient in HPRT (the enzyme 
defect underlying Lesch-Nyhan and Kelley-Seegmiller syndromes in 
humans) or in both HPRT and APRT have normal urate excretion rates 
and no overt behavioral changes.105

Oxonic acid, an inhibitor of urate oxidase, has been used to study 
the direct effects of urate on the vasculature (discussed later). Treating 
rats with oxonate produces elevations in plasma urate levels that are 
modest by human standards and are not associated with overt tissue 
deposition of urate crystals or with gout-like inflammation.

Non-rodent animal models
Other species with spontaneous hyperuricemia have not provided  
faithful models for gout. One reason is that visceral urate deposition 
is more common than articular deposition in these animals. Geneti-
cally gout-prone strains of chicken have been reported and have a 
selective defect in tubular urate excretion.106 Crocodiles have been 
noted to suffer a spontaneous gouty arthritis of peripheral joints, espe-
cially with cooler environments, but this is not a widely exploited labo-
ratory model.

Dalmatian coach hounds have defective renal and hepatic transport 
of urate ions.41,107 The uptake of urate by hepatocytes is impaired, 
promoting an elevated plasma urate level (relative to other dogs) as a 
consequence of restricted substrate access to urate oxidase. However, 
this defect is partially offset by markedly reduced renal uric acid reab-
sorption in the Dalmatian proximal renal tubule. The resulting hyper-
uricosuria, accompanied by net renal tubular secretion of urate, 
underlies the development of urinary tract stones in Dalmatians (see 
Fig. 183.8).

The genetic basis of this syndrome of hyperuricemia and hyperuri-
cosuria has recently been explained by the demonstration that all 
Dalmations carry homozygous mutations in the SLC2A9 transporter 
gene (two mutations in the promoter region and a missense mutation 

a b

Fig. 183.14 Crystal-induced experimental inflammation. Example of a model system for studying inflammatory events triggered by monosodium urate 
crystals in human volunteers. (a) Erythema visible 8 hours after intradermal injection of graded doses of crystals (from left: 2.5, 1.25, 0.63, 0.32, and 0.16 mg, 
and saline control). (b) Measurement of increased skin blood flow in this subject using laser Doppler flux. Urate crystals have been injected to skin and other 
accessible sites in humans and experimental animals to provide models of acute inflammation driven by cytokines (particularly IL-1, IL-6, and TNF-α), 
chemokines (particularly IL-8), and prostanoids.
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metabolic genes have effects that are less direct and less dramatic. 
There is an association between serum urate level and GCKR that 
encodes glucokinase regulatory protein, a regulator of glucokinase.45 
Glucokinase is an important enzyme in the glycolytic pathway and acts 
as a glucose sensor. GKCR has in turn been linked with metabolic 
traits associated with gout including insulin resistance and hyperlipid-
emia.114 A variety of glycolytic pathway polymorphisms have also been 
implicated in small groups of gout patients.

Other genes involved in the metabolic syndrome may contribute to 
the genetic load for hyperuricemia and gout. For example, a polymor-
phism in the adiponectin gene has been associated with the metabolic 
syndrome, and lower adiponectin levels correlated significantly with 
higher urate level.115 Additional genes influencing uric acid metabolism 
may contribute by increasing purine synthetic pathway activity or 
indirectly, or through the effects of insulin, leptin, and other systemic 
metabolic mediators on renal urate excretion.

X chromosome genes
With the strong male predominance of gout, it is tempting to speculate 
that a defective gene on the X chromosome might be involved.  
However, an analysis of urate levels in 196 families (obese but other-
wise well and stratified for body mass index) found no segregation of 
X chromosome microsatellite markers with plasma urate levels.116 
Recent genome-wide association scans have not indicated any strong 
associations with X chromosome genes.44,45 Hormonal differences 
currently provide more attractive explanations for the gender pattern 
of gout.

Genes influencing crystal formation and  
crystal-triggered inflammation
Although hyperuricemia and an increased body urate pool are key 
prerequisites for gout, many hyperuricemic people do not develop 
gout.12,117 Moreover, the genes currently known to influence urate 
level account for only a small proportion of the genetic component  
of gout. Published genome-wide association scans44,45 have been 
powered to detect other genes with strong effects (odds ratios of > 1.5), 
suggesting that many other individually “weak” genes contribute to the 
genetic predisposition to gout. Individual genetic propensity for gout 
at a given urate level could also be mediated by genetic factors  
that influence crystal formation or change inflammatory trigger 
thresholds.

Numerous polymorphisms have been identified in the promoter  
and structural regions of genes for inflammatory cytokines, cytokine 
receptors, and cellular signaling molecules including NALP-3 and 
members of the IL-1 family. Expression of one or more of these  
genes might modulate the inflammatory response to urate crystals. 
Associations between gout and cytokine gene polymorphisms have  
not been explored as robustly as, for example, the URAT1 and GLUT9 
associations.

Of note given the role of IL-1 in acute gout, a study of Taiwanese 
gout patients did not find an association between gout susceptibility 
and a polymorphism in the IL-1 receptor antagonist gene.118 The same 
group found a significant association with a polymorphism in the 
promoter for the TNF-α gene.119

HYPERURICEMIA AND ASSOCIATED DISEASES
Before the advent of effective urate-lowering therapy, impaired renal 
function was reported in up to 40% of patients with gout, with death 
from renal failure in 18% to 25%.13 Hyperuricemia and gout were 
widely regarded as causal risk factors for chronic kidney disease. As a 
result, urate-lowering treatment was instituted in many individuals 
with asymptomatic hyperuricemia after the introduction of uricosuric 
agents and allopurinol. Several epidemiologic studies published in the 
late 1970s120,121 cast doubt on an independent role for hyperuricemia 
in chronic kidney disease. For example, Fessel120 suggested that hyper-
uricemia in itself is of no clinical importance with respect to renal 
outcomes, at least at serum urate concentrations (<13 mg/dL in men; 
<10 mg/dL in women) commonly encountered.

BOX 183.3 POSSIBLE GENETIC FACTORS IN GOUT

Sites of genetic influence
Promotion of hyperuricemia
Defects in purine and other intermediary metabolism enzymes

Excessive urate synthesis
(e.g., HPRT deficiencies; PRS overactivity; glycogen storage diseases, types 

I, III, V, VII; fructose-1-P aldolase deficiency)
Impaired renal uric acid excretion
(e.g., polymorphisms in OATs and other tubular urate transporters [ABCG2, 

GLUT-9, NPT1 & 4, URAT-1, UATs, other OATs] and PDZ scaffolding, UMOD 
mutations [FJHN, MCKD type 2])

Lowered inflammatory threshold (hypothesized)
(e.g., NLRP, caspase, and Myd88 variations; cytokine gene promoter and 
structural region polymorphisms; increased expression of crystal seeding 
factors/deficiency of crystal seeding inhibitors; deficiency of regulatory/
anti-inflammatory mediators; promotion of phagocyte activation)

Expression of associated syndromes
(e.g., obesity; insulin resistance; tubulo-interstitial renal disorders)

Other genes affecting urate physiology (hypothesized)
(e.g., satiety and other “nutritional” genes)

The strong familial nature of gout has been recognized since the 1st 
century ad. Despite the obvious contributions of environmental factors such 
as diet and alcohol, heredity is thought to contribute substantially (≈50%) to 
urate levels. The defect in renal urate handling that underlies gout in most 
patients may have a genetic basis, perhaps in altered function of genes 
encoding for tubular urate transporters. Behavioral traits contributing to 
alcohol and nutritional intake and to metabolic syndrome also have a 
significant genetic component.

the exterior of the crystal, or the cellular and mediator components of 
the acute response when cell meets crystal. Hyperuricemia reflects the 
increased body urate pool that is the obvious biochemical precursor 
and has strong epidemiologic links with gout.

The predominant defect in most gout patients is absolute or, more 
often, relative impairment of renal uric acid excretion, and much of 
the genetic component of gout and hyperuricemia acts at the level of 
renal urate disposition. Monozygotic twins show a higher concordance 
than dizygotic twins for fractional renal uric acid clearance,113 compat-
ible with a strong genetic contribution to impaired renal excretion in 
the majority of persons with gout and hyperuricemia.

As discussed earlier, gout and/or hyperuricemia have been associ-
ated with several renal urate transporter genes including SLC22A12 
(encoding URAT1), SLC2A9 (GLUT9), ABCG2, SLC17A1 (NPT1), 
SLC17A3 (NPT4), SLC22A11 (OAT4), and SLC16A9 (monocarboxylic 
acid transporter 9, MCT9). Genetic associations between serum urate 
level and the PDZK1 gene45 further support the importance of the 
URAT1-PDZ-NPT complex in controlling net urate reabsorption/
secretion.

Consistent with a significant role in urate excretion, homozygosity 
for a loss-of-function mutation in the gene for the renal urate-anion 
exchanger URAT1/SLC22A12 (see earlier) is the most common cause 
of renal hypouricemia (OMIM 607096, 220150) in Japanese patients.39 
This polymorphism is more common in healthy Japanese than in gout 
patients, suggesting that it provides protection against gout.53 The 
associations of URAT1 and GLUT9 with gout and hyperuricemia have 
been confirmed in several populations.

Some of these genes have a pronounced gender-specific impact, with 
GLUT9 having a stronger effect in women than in men and ABCG2 
a stronger effect in men.18,45 The promoter regions for some of the urate 
transporter genes contain hormone-responsive elements, and this may 
underlie these gender effects. The mechanisms for these gender effects 
are unclear. The roles of these urate transporters, as well as that of the 
UMOD gene in FJHN, are further discussed earlier.

Polymorphism in metabolic genes
Several well-defined purine metabolic enzyme defects lead to urate 
overproduction (see Table 183.1), but these are uncommon. Other 



CH
A

PTER 183 
● Etiology and pathogenesis of gout

1855

colleagues124,128,130,131,165-167 have reviewed in detail the evidence for a 
role of high urate levels in human hypertension.

Hyperuricemia is also associated with cardiac failure, an effect that 
seems to be independent of hypertension, renal impairment, and 
diuretic therapy, and the urate level is predictive of adverse cardiac 
failure outcomes including death.168 As with the association between 
hyperuricemia and hypertension discussed earlier, it is unclear whether 
urate plays a direct adverse role in pathogenesis, is an innocent 
bystander, or may even have beneficial effects through its antioxidant 
effects.169 A clinical trial of the XO inhibitor oxypurinol showed no 
benefit in patients with moderate to severe heart failure (NYHA classes 
III and IV), although a subset analysis showed a favorable response in 
patients with a baseline serum urate of greater than 9.5 mg/dL 
(>≈570 µM).170

Hyperuricemia and chronic renal disease
Evidence for a pathogenetic role of hyperuricemia in the initiation or 
progression of chronic renal impairment comes mainly from animal 
studies. Oxonate-induced increases in serum urate levels in Sprague-
Dawley rats result in glomerular hypertension, hypertrophy, and ulti-
mately sclerosis; renin-dependent systemic hypertension and afferent 
arteriolosclerosis; and interstitial renal inflammation, terminating in 
fibrosis.122,163,164,171,172

These changes occur at high but subsaturating urate levels and are 
independent of urate crystal deposition. A role for increased urate levels 
in worsening structural and functional renal disease has also been 
demonstrated in the cyclosporine-induced173 and remnant kidney122 
models of chronic renal disease in rats.

Few studies in humans are available to confirm the potential impli-
cations of the experimental data.123,162 Correlations between serum 
urate levels and the development of chronic renal insufficiency in 
patients with hypertension have been reported in two studies.174,175 
In addition, the incidence of end-stage renal disease developing over  
7 years among Okinawan women with serum urate levels 6.0 mg/dL 
or greater (≈350 µM) at baseline was significantly higher than 
among their counterparts with lower urate levels.123 A reciprocal rela-
tionship between serum urate levels and renal vascular responsiveness 
to angiotensin II administration has been reported,176 suggesting that 
increased urate levels may, as in rats, activate the renin-angiotensin 
system.

There is controversy regarding the contention that allopurinol treat-
ment of patients with FJHN retards or prevents progression to end-
stage renal disease.59,60 Because there is little evidence for crystal 
deposition as a mediator of renal impairment in FJHN,60 confirmation 
of a beneficial effect of urate-lowering therapy is quite important in 
assessing the role of hyperuricemia in the renal disease, for which 
alternative mechanisms have been proposed.63 The identification of 
UMOD gene mutations in FJHN may allow early identification of 
at-risk family members in whom the benefits of early urate-lowering 
therapy on the course of FJHN can be prospectively assessed.

Hyperuricemia and the metabolic syndrome
Complexity in defining the role of hyperuricemia in chronic diseases 
such as hypertension and atherosclerotic cardiovascular disease is 
underlined by additional associations of hyperuricemia126,141-144,146 
with the clinical and biochemical abnormalities of the highly preva-
lent177 metabolic syndrome: central obesity, hyperlipidemia, and 
insulin resistance.178 Emmerson141 has reviewed evidence supporting 
inclusion of hyperuricemia due to impaired renal uric acid clear-
ance143,179 as an intrinsic component of the metabolic syndrome of 
hyperinsulinemia and resistance to insulin action.180 The fact that 
acute elevations of serum triglycerides, plasma free fatty acids, or 
serum insulin do not affect serum urate levels in healthy volunteers 
support this view.143

The inverse correlation of serum urate and insulin sensitivity and 
the positive correlation of urate and triglyceride levels are estimated to 
explain up to 50% of serum urate variation, and hyperuricemia has 
been proposed as a simple marker of insulin resistance.143 In addition, 
weight loss–inducing medications like sibutramine181 and orlistat182 
reduce serum urate levels, as well as all of the features of metabolic 

Nevertheless, recent epidemiologic confirmation of associations of 
hyperuricemia (independent of crystal deposition) with chronic kidney 
disease122-124 and other important disorders, in conjunction with pro-
vocative experimental data in rats, has mandated re-examination of 
pathogenic roles for hyperuricemia in chronic renal disease; hyperten-
sion; cardiovascular disease (coronary heart disease, stroke, peripheral 
artery disease, and congestive heart failure); and the metabolic syn-
drome and its component states of obesity, hyperlipidemia, and insulin 
resistance.124-126

The issue, still unresolved, is whether hyperuricemia (or even “high 
normal” serum urate levels) plays a causal role or is simply a marker 
arising in the course of each of these disorders. For example, the gen-
eration of the ROS superoxide (O2·

−) and hydrogen peroxide (above) in 
the xanthine oxidase reaction raises the possibility that an increase in 
urate level may be an indirect reflection of oxidative events that con-
tribute to the associated disorders. In the case of some of the associa-
tions with urate levels (e.g., early-onset hypertension,127,128 cardiovascular 
disease124,126,129), a new definition of “high serum urate,” as distinct 
from hyperuricemia, may be appropriate.

This section briefly reviews current knowledge regarding associa-
tions of hyperuricemia with hypertension and chronic renal disease 
and evidence supporting inclusion of hyperuricemia as a feature of the 
metabolic syndrome. The reader is referred to recent reviews for infor-
mation concerning clinical, epidemiologic, and experimental studies 
relating hyperuricemia and gout to cardiovascular disease124-126,130-140 
and for further discussion of hyperuricemia and the metabolic syn-
drome and its components.124,126,141-146

Hyperuricemia and hypertension
An epidemiologic association of hyperuricemia and hypertension has 
long been recognized,147 but conflicting results of epidemiologic studies 
and the existence of multiple potentially confounding variables have 
precluded establishment of a cause-effect relationship in either direc-
tion. Recently, prospective evidence has been presented148 confirming 
that hypertension is associated with an increased risk for gout inde-
pendent of diet, obesity, renal impairment, and diuretic use. In other 
longitudinal studies, serum urate levels correlate with the risk for 
future hypertension147,149,150-155 and remain significantly associated with 
systolic and diastolic blood pressures over years.149

In the effort to distinguish between causal and incidental bases  
for the hyperuricemia/hypertension association, increasing attention 
has been devoted to mechanistic and experimental studies. One  
result has been the discovery of selectively increased renal vascular 
resistance and total peripheral resistance in subjects with hyperurice-
mia and essential hypertension156 and FJHN,60 raising the possibility 
that, in these instances, hyperuricemia is a consequence of early 
nephrosclerosis.

In contrast, a causal role for hyperuricemia in hypertension is 
implied by the results of other experimental and clinical studies. Urate 
stimulates production of MCP-1 and platelet-derived growth factor in 
vascular smooth muscle cells via MAP kinase and cyclo-oxygenase 2, 
an action that may contribute to vascular changes associated with 
hypertension and vascular disease.157-159 In addition, increasing urate 
levels have been correlated with increasing endothelial dysfunction160,161 
and plasma renin activities in humans.162

In Sprague-Dawley rats with serum urate levels raised to approxi-
mately 2 to 3 mg/dL (120 to 180 µM) by oxonate treatment, a direct 
correlation was observed between serum urate level and the develop-
ment of salt-resistant, allopurinol-reversible hypertension.163 Increased 
juxtaglomerular renin content and decreased macula densa neuronal 
nitric oxide synthase content were also demonstrated, implicating the 
respective mediator systems in the dysregulation of blood pressure. 
Preglomerular arteriolopathy164 accompanying these changes may 
account for the subsequent development of a salt-sensitive hyperten-
sive state, not reversible by lowering serum urate levels.159

Of great interest in this regard, a linear relationship between serum 
urate levels and systolic blood pressure (r = 0.8, P < 0.001) was dem-
onstrated in adolescents with new-onset hypertension.127 This finding 
is made more pertinent by a recently published clinical trial in which 
allopurinol administration to such individuals resulted in both urate 
lowering and normalization of blood pressure.128,165 Johnson and 
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syndrome, and an independent association of serum urate and leptin 
levels has been reported.183,184 A corollary of these observations is that 
hyperuricemic, hyperlipidemic individuals, particularly those with 
abdominal obesity, may be in a high-risk group with respect to the 
cardiovascular correlates of insulin resistance.

FUTURE DIRECTIONS IN THE STUDY  
OF THE PATHOGENESIS OF GOUT
As in any field of study, additions to knowledge create new questions 
to be answered and issues to be resolved. With regard to the pathogen-
esis of gout, Box 183.4 lists some of the clinical and basic scientific 
issues that are now under study and will serve as foci for study in years 
to come.

BOX 183.4 SOME ISSUES IN THE PATHOGENESIS OF HYPERURICEMIA 
AND GOUT

Nature of the association with hypertension, chronic renal insufficiency, 
cardiovascular disease, and metabolic syndrome?

Genetic basis of primary gout: which other genes are involved?
Are the same genes involved in Polynesian and Filipino gout?
How much do the renal effects of insulin, leptin, and “uratin” contribute?
Importance of the antioxidant role of uric acid?
Inhibitors and promoters of crystal formation and of crystal phagocytosis?
Further molecular characterization of renal urate transport, particularly 

tubular secretion
Relative contributions of the hemodynamic and direct tubular effects of 

drugs affecting urate excretion
What are the dominant cytokines, chemokine(s), and other mediators of 

acute gouty inflammation in man?
Why is renal impairment relatively “protective” with respect to expression 

of gout?
Why is acute gout so painful?
How do endogenous anti-inflammatory responses work?
How does acute gout resolve spontaneously?
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its  Place.  Nor  is  the  tossing  of  the  whole  Body,  which  always 
accompanies  the  Fit,  but  especially  at  its  coming,  less  than  the 
continual Agitation and Pain of the tormented Member: There are 
a Thousand fruitless Endeavours used to ease the Pain, by changing 
the Place continually, whereon the Body, and the affected Members 
lie, yet there is no ease to be had.

This chilling remembrance of a gouty attack by Sydenham remains the 
classic description of acute night-time podagra.

Long before overindulgence and obesity became as common in the 
poorer class as it historically had been in the wealthier class, gout was 
considered  a  disease  of  the  rich  and  powerful  and  was  frequently 
referred to as “the disease of kings.” So powerful was this link to aris-
tocracy that in the 17th and 18th centuries even the affluent without 
gout would feign the disease for the added social status.6

The causative agent of gout had been speculated for many centuries 
when a Dominican monk, Randolphus of Bocking (1197 to 1258), first 
used  the  term  gutta  (or  “drop”)  to  describe  podagra.  The  “drop”  is 
referring to the Medieval belief that humors from the circulation would 
drop  into  the  joint,  causing  pain.1  Anton  van  Leeuwenhoek  (1632-
1723), the inventor of modern microscopy, first recognized the crystal-
line depositions of the gouty tophus. In 1679 he wrote, “I observed the 
solid matter which to our eyes resembles chalk … it consists of nothing 
but long, transparent little particles, many-pointed at both ends. …”7 
The  chemical  composition  of  the  tophus  was  determined  to  be  uric 
acid by the English chemist W. H. Wollaston in 1787 using material 
from  his  own  ear.8  In  1848,  Sir  Alfred  Baring  Garrod  published  his 
“thread  test”  for quantifying uric acid  in blood and urine of  subjects 
with gout.9 This simple test is considered to be the first chemical test 
used in medicine. It was more than 100 years later that McCarty and 
Hollander described the use of the polarized, compensated light micros-
copy  to  definitively  identify  monosodium  urate  crystals  in  synovial 
fluid of gouty patients.10 This landmark test remains the gold standard 
of diagnosis for gout to this time.

The victims of gout have  included many of  the most  famous and 
powerful figures in history. Three of the most influential scientists of 
all times, Galileo Galilei, Sir Isaac Newton, and Charles Darwin, were 
all  afflicted.1,11,12  Similarly,  the  world  of  art  and  culture  had  many 
notable gout sufferers, including Michelangelo Buonarroti and several 
members of the Medici family from Italy.13-15

Throughout history, gout is thought to have affected the tempera-
ment of rulers, the outcomes of battles, and even the course of revolu-
tions. The excesses of Henry VIII and his resulting gout may have had 
a substantial impact in the early 1500s. In the 18th century, Benjamin 
Franklin’s  well-publicized  struggles  with  gout  may  have  helped  him 
form  political  alliances  throughout  Europe  and  to  help  his  nascent 
country.  In  the  same  chapter  of  history,  it  was  the  gouty  attacks  of 
William Pitt the Elder that kept him from Parliament on several crucial 
votes  that  imposed  taxes  on  the  American  colonies  and  ultimately 
precipitated the Revolution in the American colonies.6

CLINICAL STAGES OF GOUT
Gout is a clinical disease associated with hyperuricemia and caused by 
the deposition of monosodium urate crystals in and around the tissues 
of  joints.  Gout  is  frequently  epitomized  as  the  acutely  painful  and 
swollen toe or foot. This is, however, only a single stage in the progres-
sion of urate deposition disease in the soft tissues and joints. Typical 
gout progresses from a usually prolonged initial period of asymptomatic 
accumulation of monosodium urate crystals in and around joints to a 
phase  of  acutely  painful  but  self-limited  episodes  of  monarthritis  or 
oligoarthritis  to  a  final  phase  of  chronically  painful,  deforming,  and 

Clinical gout
N. Lawrence Edwards

 Gout has an abrupt initial onset involving, most commonly, the big 
toe, ankle, or other joints of the foot.

 Upper limbs are affected in chronic tophaceous or recurrent acute 
gout, especially the distal interphalangeal joint.

 Men in middle life who are obese and drink alcohol regularly are 
the most susceptible.

 Women, when affected, are most commonly on diuretics or heavy 
alcohol drinkers.

 Hypertension, hypertriglyceridemia, and mild renal impairment can 
be associated.

 HPRT deficiency, PRPP synthetase overactivity, or hereditable renal 
disease should be suspected in children, adolescents, or young 
adults with gout.

HISTORY OF GOUT
Gout has one of  the most colorful and well-documented histories of 
any medical disease and has been well reviewed in a recent publication 
by Nuki and Simpkin.1 The condition has been recognized and written 
about for over four millennia, beginning with the ancient Egyptians in 
2640 bc.2 In the fifth century bc, Hippocrates made many insightful 
observations  about  gout,  which  he  called  the  “unwalkable  disease.” 
These aphorisms remain true nearly 2500 years later and recognize the 
hormonal control of susceptibility to gout (VI-21 “Eunuchs do not take 
the gout or become bald”);  (VI-29 “A woman does not take the gout, 
unless  her  menses  be  stopped”);  (VI-30  “A  youth  does  not  take  the 
gout before sexual intercourse”), the self-resolving nature of gout (VI-40 
“In  gouty  affections,  inflammation  subsides  within  40  days”),  and  a 
seasonal  predilection  for  the  gouty  attacks  (XI-55  “Gouty  affections 
become active in the spring and in autumn”).3 Hippocrates also recog-
nized the impact of lifestyle on the development of gout, as did Galen 
6  centuries  later.  But,  whereas  Galen  considered  gout  a  disease  of 
excess and intemperance, he also recognized that heredity also played 
a role.4

Certainly one of the most compelling descriptions of the acute gouty 
flare comes from the famous British physician, author, and gout suf-
ferer Thomas Sydenham.5 In 1683 Sydenham wrote:

He  goes  to  Bed  and  sleeps  well,  but  about  Two  a  Clock  in  the 
morning,  is  waked  by  the  Pain,  seizing  either  his  great  Toe,  the 
Heel,  the  Calf  of  the  Leg,  or  the  Ankle;  this  Pain  is  like  that  of 
dislocated Bones, with  the Sense as  it were of Water almost cold, 
poured upon the Membranes of the parts affected, presently shivering 
and  shaking  follow  with  a  feverish  Disposition;  the  Pain  is  first 
gentle, but increases by degrees, (and in like manner the shivering 
and shaking go off) and that hourly, till towards Night it comes to 
its height, accompanying itself neatly according to the Variety of the 
Bones  of  the  Tarsus  and  Metatarsus,  whose  Ligaments  it  seizes, 
sometimes  resembling  a  violent  stretching  or  tearing  those 
Ligaments, sometimes gnawing of a Dog, and sometimes a weight; 
moreover,  the  Part  affected  has  such  a  quick  and  exquisite  Pain, 
that  it  is not  able  to  bear  the weight  of  the Cloaths upon  it, nor 
hard walking in the Chamber; and the Night is not passed over in 
Pain  upon  this  Account  only,  but  also  by  reason  of  the  restless 
turning of the part hither and thither, and the continual Change of 
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maintain  this  level  throughout  life  with  modification  only  by  diet, 
disease, and medications. When the percentage of the population over 
the age of 65 increases, as it has done in most industrialized nations, 
then the prevalence of hyperuricemia will also increase. The effect of 
longevity on the prevalence of hyperuricemia is even more profound in 
women.24 Women’s serum urate levels remain relatively low through-
out most of their adult lives because of the uricosuric effect of estro-
gens. After menopause, the gap between male and female urate levels 
narrows and a far higher percentage of elderly women have hyperuri-
cemia and gout than is seen in young adult women.

Obesity is another major risk factor for the increasing prevalence of 
hyperuricemia and gout. In fact, the obesity epidemic in most Western 
countries is closely paralleled by the increased prevalence of hyperuri-
cemia and gout.25 Uric acid  levels are raised  in the setting of obesity 
because of both diminished renal elimination of uric acid and increased 
production of uric acid in the body.26

A  number  of  medications  in  common  use  also  contribute  to  the 
higher prevalence of hyperuricemia. Low-dose aspirin and diuretics are 
ubiquitous  in  adults  with  hypertension  or  at  risk  for  cardiovascular 
disease. Aspirin doses as low as 75 mg/day have been shown to have 
an impact on serum urate levels27 and are taken by more than half of 
all persons at high risk for cardiovascular events.28 Similarly, thiazide 
diuretics  alone  or  in  combination  with  other  antihypertensives  are 
among the most commonly prescribed of all medications. The rising 
frequency of  solid organ  transplantation and  the  survival  of  patients 
with severe chronic kidney disease also contribute to the higher preva-
lence  of  hyperuricemia.  The  calcineurin  inhibitors  cyclosporine  and 
tacrolimus have potent effects on serum urate levels by preventing uric 
acid  secretion  by  transporters  in  the  proximal  convoluted  tubules  of 
the kidney and by diminishing glomerular filtration.29,30 In one study 
of renal transplant patients on prednisone and either cyclosporine or 
azathioprine,  those  taking  cyclosporine  had  an  84%  prevalence  of 
hyperuricemia whereas those taking azathioprine had a prevalence of 
30%.31 Patients with advanced kidney disease have a high  likelihood 
of being hyperuricemic even if they do not undergo renal transplanta-
tion. The survivorship of these patients has greatly improved over the 
past 4 decades and, therefore, the contribution of kidney failure to the 
rising  prevalence  of  hyperuricemia  over  the  same  period  of  time  is 
substantial.

Dietary trends have also been part of this epidemic of hyperurice-
mia.  Western  countries  consume  more  meat  and  seafood,  less  dairy 
products,  and  a  greater  proportion  of  beer  compared  with  other  
alcoholic beverages than in decades past. All of these dietary changes 
promote higher uric acid levels.32 Serum urate levels have been shown 
to  independently  predict  the  development  of  hypertension,33  as  well 
as cardiovascular disease, cardiac failure, stroke, and kidney disease.34,35 
Thus  this  period  of  asymptomatic  hyperuricemia  may  not  be  the  
quiescent  and  benign  initial  phase  to  clinical  gout  that  it  was  once 
considered.  Similarly,  the  requisite  changes  in  the  joints  and  soft 
tissues of hyperuricemic patients that will ultimately go on to develop 
gout are taking place during this time of asymptomatic hyperuricemia. 
The supersaturation of urate in synovial fluid will lead to crystalliza-
tion  of  monosodium  urate,  and  these  crystals  gradually  form  small 
microtophi  on  the  cartilage  surface  and  in  the  synovium  years  to 
decades  before  the  first  clinical  attack  of  gout.  The  presence  of  
these preexisting microtophi has been demonstrated directly by arthros-
copy36  and  indirectly  by  ultrasonography  and  magnetic  resonance 
imaging.37,38

Although  the  initial  stage  of  gout,  asymptomatic  hyperuricemia, 
goes unrecognized clinically in the vast majority of gout patients, it is 
an  important period  in altering  structural  anatomy and  for  fostering 
the development of the co-morbid medical conditions associated with 
gout.  The  period  of  asymptomatic  hyperuricemia  typically  lasts  for 
several  decades  but  may  be  considerably  shorter  in  patients  with 
marked elevations of serum urate levels. This is especially true in the 
setting of certain inborn metabolic errors or in subjects using cyclospo-
rine where the period of hyperuricemia preceding clinical gout may be 
as  short  as  several  years.39  Not  everybody  with  hyperuricemia  will 
eventually get gout. In the Framingham study, gout developed in only 
12% of  patients with urate  levels  between 7.0  and 7.9 mg/dL over  a 
14-year period.40 Values  greater  than 9.0 mg/dL had a  sixfold  greater 
likelihood to progress to clinical gout.

debilitating  polyarthritis  associated  with  the  presence  of  soft  tissue 
crystal deposits known as tophi (Fig. 184.1).

The duration of each stage of gout can vary greatly from one person 
to another depending on numerous endogenous and exogenous factors. 
The most important of these factors is the degree of hyperuricemia.

Asymptomatic hyperuricemia
Hyperuricemia is a common biochemical abnormality that has become 
much  more  common  over  the  past  40  years.  In  extracellular  fluids, 
98% of uric acid  is  in the  form of  the urate  ion at pH 7.4. Thus we 
conventionally refer to the serum and synovial fluid forms as urate but 
the urinary form as uric acid. The physiologic definition of hyperuri-
cemia is a concentration of serum urate above 6.8 mg/dL (402 µmol/L) 
because this level defines the saturation point of the sodium urate salt 
in biologic fluids at physiologic pH and temperature.16 Far  too often, 
commercial medical laboratories defined the “normal” range of serum 
urate based on the population mean and its 95% confidence intervals. 
This definition of hyperuricemia clearly has no bearing on the patho-
logic potential of uric acid.

The prevalence of hyperuricemia varies from country to country but 
worldwide  the  percentage  of  adults  with  hyperuricemia  has  been 
increasing over the past 4 decades. In the United States, the Framing-
ham  study  demonstrated  an  adult  prevalence  of  serum  urate  levels 
greater than 7.0 mg/dL to be 4.8% in the early 1970s with follow-up 
data in the mid 1980s showing this percentage had increased to 9.3%.17 
Similarly,  the  National  Health  Interview  Survey  (NHIS)  showed  an 
overall  doubling  of  the  prevalence  of  hyperuricemia  in  the  United 
States adult population from the late 1960s to the mid 1980s.18 Recent 
prevalence  reports of hyperuricemia  in Thailand19 and Turkey20 were 
18.4% and 19.0%, respectively, similar to the reported prevalence for 
the United States and the United Kingdom in recent studies.21 In other 
populations, the prevalence of hyperuricemia may be much higher. A 
study  of  the  Seychelles  Islands  reported  a  35%  prevalence  in  men,22 
and a  coastal  community of China  reported a 32% prevalence  in  its 
male population.23

Many factors contribute to this observed rise in serum urate levels 
around  the world,  and  the  importance of  individual  factors  can vary 
between countries and populations. Age is by far the most important 
risk factor  in the rising tide of hyperuricemia and gout. Men usually 
attain  their  “adult”  serum  urate  level  shortly  after  puberty  and 

Asymptomatic
hyperuricemia

Acute intermittent gout Advanced
gout

Intensity
of pain

THE STAGES OF GOUT

Years

Fig. 184.1 The stages of gout. A period of asymptomatic hyperuricemia is an 
obligatory precursor to clinical gout. The duration of this initial phase varies 
directly with the degree of serum urate elevation. A period of acute 
intermittent gout, lasting a decade or more, is characterized by acute flares 
separated by asymptomatic intervals. If the disease is not treated, the majority 
of subjects progress to a chronic debilitating arthritis with clinically apparent 
soft tissue tophi—collectively referred to as advanced gout.
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or systemic acidosis associated with surgery can both change the intra-
articular pH enough to foster a flare. Similarly, any condition or medi-
cation  that  dramatically  raises  or  lowers urate  levels  in  the  synovial 
fluid  will  also  destabilize  the  microtophi,  resulting  in  “mobilization 
flares.” Dietary indiscretions with meat, seafood (especially shellfish), 
and  alcohol  (especially  beer)  will  raise  urate  levels  and  cause  crystal 
shedding. The opposite is also true. Any form of urate-lowering therapy 
if  initiated without anti-inflammatory prophylaxis can precipitate an 
acute  gout  flare.  Interestingly,  factors  that  cause  sudden  lowering  of 
serum urate  levels  are more  likely  to  trigger  attacks  than  those  that 
raise urate levels.

One of the hallmarks of the acute gout flare is its self-limited nature. 
In fact, a clear and detailed history of an acute arthritic attack followed 
by a completely asymptomatic intercritical period before a recurrence 
of a similar attack is valuable  in pointing toward a clinical diagnosis 
of gout. The initial attacks themselves will last between 5 and 10 days. 
The  intercritical  period  separating  early  attacks  may  last  several 
months or up to several years with a mean duration of 11 months. As 
the  disease  progresses  in  the  untreated  patient,  acute  attacks  occur 
with increasing frequency and are often oligoarticular or polyarticular, 
more severe, and longer lasting (see Fig. 184.1). The corollary to this 
pattern of flares is that the length of the intercritical period becomes 
progressively shorter. Even when the acute gouty flare has completely 
subsided,  monosodium  urate  crystals  remain  in  the  synovial  fluid,44 
and low-grade inflammation persists within the joint, as evidenced by 
white blood cell counts in the 1000 to 2000/µL range. Thus, the entire 
stage of acute intermittent gout is one of persistent low-grade inflam-
mation with relatively short periods of acute severe inflammation. This 
stage usually  persists  for  10 or more  years  before  progression  to  the 
chronically symptomatic stage of advanced gout. However, depending 
on the cause and degree of hyperuricemia, the acute intermittent stage 
of gout may last for as little as 3 to 4 years or as long as 20 or more 
years.

Advanced gouty arthritis
The transition from acute intermittent gout to advanced gout occurs 
when the intercritical period between the flares is no longer free of pain 
(see Fig. 184.1). This stage was previously called chronic tophaceous 
gout; however, although the subcutaneous tophus is the most charac-
teristic  lesion  of  advanced  gouty  arthritis,  it  is  not  always  present. 
Additionally,  patients  have  been  reported  with  tophi  as  their  initial 
clinical manifestation.45  In  this stage of gout,  the  involved  joints are 

This necessary  initial stage of gout ends with the development of 
severe, acute episodes of arthritis as described by Thomas Sydenham 
in  the  previous  section  or  with  the  development  of  uric  acid 
nephrolithiasis.

Acute intermittent gout
The  initial  attack  of  acute  gout  usually  occurs  in  men  between  the 
fourth and sixth decades of life. In women, the age at onset is later and 
varies with several factors, the most important of which is the age of 
menopause. The typical gouty attack is usually heralded by the rapid 
development of warmth, swelling, erythema, and exquisite pain in the 
affected joint. These symptoms can appear at any time of the day, but 
there is a slightly higher incidence of onset during the sleeping hours.41 
Pain escalates from its faintest twinges to its most intense level over 
a short 4- to 12-hour period. The initial attacks are usually monarticu-
lar, and in approximately half of the cases the arthritis will involve the 
first metacarpophalangeal joint. Eventually this joint is affected in 90% 
of  individuals with  gout. Other  joints  that  are  frequently  affected  in 
the early phase of acute intermittent gout are the midfoot, ankle, heel, 
and  knees.  After  the  first  five  to  eight  episodes  of  acute  gout,  other 
joints,  including the fingers, wrists, and elbows, can also be affected. 
Classically, patients cannot stand even the lightest of touches or bed 
sheets on the affected joint, and most patients find walking difficult or 
impossible when  lower  extremity  joints are  involved. A  recent  study 
attempted  to  identify  the  most  important  elements  to  define  a  gout 
flare  from  the  perspective  of  gout  experts  and  patients  alike.42  In 
general,  the  description  clusters  of  classic  joint  inflammation,  the 
marked severity of joint symptoms, and the stereotypical nature of the 
onset  and  resolution  of  an  acute  attack  were  found  to  be  the  most 
meaningful  clinical  clues  that  can help distinguish a gout flare  from 
other forms of acute monarthritis (Table 184.1).

The  initial  flares  of  gout  occur  with  explosive  suddenness,  and 
within 4 to 12 hours the gouty subject is not capable of walking. The 
skin  over  the  affected  joint  soon  becomes  reddened  and  warm  with 
extreme tenderness to touch or movement of the joint (Fig. 184.2). Sir 
William Osler believed that a distinguishing characteristic between the 
acute gouty joint and a septic joint was the appearance of the overlying 
skin. He thought that shiny, tense skin with a cyanotic or mauve hue 
was more characteristic of the gouty inflammation whereas a fiery red 
color was more characteristic of a septic joint. These observations have 
not been subjected to evidence-based scrutiny, but Dr. Osler was a very 
good observer. Systemic symptoms such as fevers, chills, and malaise 
may also accompany acute gout and may lead to some confusion when 
trying to distinguish acute gout from a septic joint.

The  previous  clinical  descriptions  are  the  classic  presentation  of 
acute  gout.  McCarty  described  a  much  milder  variation  with  trivial 
episodes of pain  (“petite attacks”)  lasting only minutes  to hours and 
sometimes recurrent over several years before the first dramatic gouty 
attack. Another unusual presentation of acute gout is seen in elderly 
women, whereas in most postmenopausal females acute podagra is still 
the most common initial manifestation. Early onset of upper extremity 
involvement and the occurrence of oligoarticular or polyarticular flares 
are seen more commonly in women than in men.43

Factors  capable  of  provoking  an  acute  flare  include  anything  that 
can alter the usual stable microenvironment surrounding the microto-
phi  in the  joint space. The physical  factors that are most commonly 
altered  to provoke  an attack  are  the pH of  the  surrounding  synovial 
fluid and the concentration of urate. Destabilizing the microtophi leads 
to shedding of crystals into the joint space and initiation of the acute 
attack.  Trauma  to  the  joint  with  or  without  intra-articular  bleeding  

TABLE 184.1 KEY COMPONENTS OF GOUT FLARES

 Marked tenderness and swelling of affected joint
 Acute onset with maximum pain in 4-12 hours
 Recurrent pattern of similar attacks
 Marked impairment of physical function
 Resolution of symptoms within 3-14 days

Fig. 184.2 Podagra or acute gout of the first metatarsophalangeal (MTP) joint 
is shown. The hyperintense erythema with a dusky hue is characteristic. The 
area of inflammation usually extends beyond the area of the involved joint.
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Early-onset gout
Approximately  5%  of  all  patients  with  gout  have  the  onset  of  their 
symptoms before  age 25. These patients with  early-onset  gout  are  a 
special  subset  who  usually  do  not  suffer  from  obesity  or  the  co- 
morbidities of gout, have a more accelerated clinical course, generally 
have a strong family history, and require more aggressive antihyperuri-
cemic therapy than do typical individuals with gout. In large epidemio-
logic studies, a family history of gout and/or nephrolithiasis is present 
in 25% to 30% of cases of classic gout.  In early-onset gout, a  family 
history is found in about 80%. In this younger group, detailed question-
ing about the kindred over several generations may yield enough infor-
mation  to  suggest  a  mode  of  inheritance  (X-linked  or  autosomal 
dominant or recessive). The measurement of a 24-hour urine uric acid 
excretion and calculation of the urate clearance is also very helpful in 
classifying  these  early-onset  gout patients  into  the  subgroups of uric 
acid  overproducers  and  those  with  diminished  fractional  uric  acid 
excretion  (uric  acid  underexcreters).  Diseases  associated  with  urate 

now persistently uncomfortable and swollen, although the intensity of 
these symptoms is much less than during the acute flares. Flares can 
continue to occur against this painful background, and without therapy 
they will  recur as often as every  few weeks. The  level of background 
pain may also steadily increase with time if appropriate therapies are 
not instituted. Macrotophi or clinically evident tophi may or may not 
be detected on physical examination  in the early phases of advanced 
gout,  but  bony  or  periarticular  tophi  are  almost  always  detected  by 
ultrasonography  or  magnetic  resonance  imaging.38  Polyarticular 
involvement becomes much more frequent at this time. With diffuse 
and  symmetric  involvement  of  small  joints  in  the  hands  and  feet, 
advanced gout can occasionally be confused with the symmetric poly-
arthritis of rheumatoid arthritis (Fig. 184.3). The severity and disability 
associated with the erosions and bony destruction of advanced gouty 
arthritis are similar to those observed with rheumatoid arthritis.46

Subcutaneous tophus is a well-organized collection of monosodium 
urate  crystals  and  is  pathognomonic  for  gout,  as  is  the  destructive 
arthritis of advanced gout. Tophi can lead to pain and dysfunction in 
their  own  right.  Similar-appearing  nodules  are  clinically  observed  in 
other rheumatic disorders such as rheumatoid arthritis and multicen-
tric reticulohistiocytosis and may lead to diagnostic confusion. Besides 
their  appearance,  there  are  other  parallels  between  gouty  tophi  and 
rheumatoid nodules. The nodular aspects of both diseases are generally 
observed in the most chronic and severe cases but are not a universal 
consequence  of  the  disease  process.  The  presence  of  both  types  of 
nodules  is  also  closely  correlated  with  high  titers  of  their  respective 
serologic  markers:  serum  urate  in  the  case  of  gout  and  rheumatoid 
factor in the case of rheumatoid arthritis.

Subcutaneous  gouty  tophi  may  be  found  anywhere  over  the  body 
but  occur  most  commonly  in  the  fingers  (Fig.  184.4),  wrists,  ears, 
knees, olecranon bursae, and pressure points such as the ulnar aspect 
of the forearm (Fig. 184.5) and the Achilles’ tendon. In patients with 
nodal osteoarthritis, tophi have a propensity for forming in Heberden’s 
nodes (Fig. 184.6). Tophi may also occur in connective tissues at other 
sites such as the renal pyramids, heart valves, and sclerae.47

Before  the  advent  of  urate-lowering  therapies  in  the  1950s  and 
1960s,  as  many  as  50%  of  patients  with  gout  eventually  developed 
clinical evidence of  tophi.48 With  the  introduction of allopurinol and 
probenecid, the incidence of tophaceous gout has declined.

The descriptions of the three stages of classic gout in the previous 
section are most relevant to the typical middle-aged man who is obese 
and has one or more of the co-morbid medical conditions associated 
with gout, such as hypertension, cardiovascular disease, renal insuffi-
ciency, or dyslipidemia. There are other presentations of gout that do 
not fit this profile and whose manifestations are atypical enough that 
the clinician may miss the diagnosis.

Fig. 184.3 Advanced gout of the hands and wrists demonstrates an 
asymmetric arthritis with articular and interarticular tophi. The large tophus 
involving the distal left fourth digit shows very superficial crystalline deposits.

Fig. 184.4 Subcutaneous tophi in the palmar creases of the distal 
interphalangeal joints are an uncommon finding but an easy source of crystals 
for the diagnostic confirmation of gout.

Fig. 184.5 Tophaceous masses along the ulnar ridge and over the olecranon 
process are characteristic of early urate deposition.
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hypertriglyceridemia, and fasting hypoglycemia. The reason for hyper-
uricemia in these children is an accelerated degradation of adenosine 
triphosphate in the liver. In the other forms of GSDs the hyperuricemia 
is  a  less  consistent  finding,  and  documented  cases  of  childhood  or 
adolescent  gout  are  much  more  rare.  Type  III  disease,  or  Con’s  or 
Forbes’  disease,  has  a  clinical  picture  very  similar  to  that  of  type  I 
disease except that serum urate and lactate levels are generally normal 
in the very young and the non-exercising older children. The glycogen 
debrancher enzyme is deficient in GSD type III. GSD type V (McArdle’s 
disease) and the very rare GSD type VII (Tarui’s disease) are enzymatic 
deficiencies in which the primary disturbance in glycogen homeostasis 
occurs in skeletal muscle. In McArdle’s disease, the deficient enzyme 
is muscle glycogen phosphorylase, which manifests as exercise-induced 
cramps that can lead to rhabdomyolysis and renal failure. Accelerated 
adenosine triphosphate breakdown and enhanced lactic acid formation 
can lead to hyperuricemia and gout. Tarui’s disease, on the other hand, 
is  caused  by  phosphofructokinase  deficiency  that  leads  to  enhanced 
purine nucleotide formation and turnover.

Although any form of childhood kidney disease that leads to reduced 
glomerular filtration rate can cause hyperuricemia, there are only two 
diseases  that  consistently  lead  to gout  in  subjects  in  their  teens and 
20s.  Familial  juvenile  hyperuricemic  nephropathy  (FJHN)  is  a  rare, 
autosomal dominant trait that inevitably causes childhood hyperurice-
mia,  frequently  resulting  in  gout  in  postpubertal  adolescents.56  The 
functional reason for hyperuricemia in children with FJHN is that the 
fractional excretion of urate by their kidneys is only half of that seen 
in  normal  kidneys.  In  time,  this  deficiency  leads  to  end-stage  renal 
disease—usually  by  midlife.  Autosomal  dominant  medullary  cystic 
kidney  disease  (MCKD)  is  another  inherited  nephropathy  that  fre-
quently  results  in  gout.  The  gout  associated  with  MCKD  typically 
occurs in the third and fourth decades of life and therefore much later 
than  FJHN.  Multigenerational  linkage  analysis  of  MCKD  shows  at 
least two genetic abnormalities: one on chromosome 1 and the other 
on chromosome 16. Interestingly, the abnormal genetic loci on chro-
mosome  16  found  in  some  patients  with  MCKD  is  the  same  loci 
associated with FJHN. The chromosome 16p12 locus that contains the 
candidate  intervals  for FJHN and MCKD type II represent six genes, 
including the uromodulin gene  (UMOD). The precise mechanism by 
which  the  uromodulin  gene  and  its  product,  the  Tamm-Horsfall 
protein, could cause hyperuricemia remains unclear.

Female gout
Gout is considered a disease of men, and in most epidemiologic studies 
women  represented  only  5%  of  the  total  gout  population.57,58  There 
has, however, been a doubling of the incidence of gout in women over 
the past 20 years with the incidence in postmenopausal women equal-
ing  that  of  similarly  aged  men.59  Premenopausal  levels  of  estrogen 
promote an increased fractional excretion of uric acid by the kidneys.60,61 
Natural and surgical menopause are associated with increased uric acid 
levels,61  and  the  use  of  estrogen  replacement  therapy  in  postmeno-
pausal women is associated with decreased uric acid levels.61

The  clinical  features  of  female  gout  have  been  examined  in  four 
small studies that compare male and female gout patients.57,58 All agree 
that women develop gout at a  later age  (approximately 7 years  later) 
and have more co-morbidities, especially hypertension and renal insuf-
ficiency.24 Two of  the  studies  found  that women were more  likely  to 
have  advanced disease  at  the  time of presentation,  as manifested by 
more tophi and polyarticular disease and a greater frequency of upper 
extremity  gout  involvement.  Several  associated  conditions  are  seen 
almost twice as frequently in female gout patients than in their male 
counterparts.  These  include  diuretic  use  (95%),  hypertension  (73%), 
renal  insufficiency  (50%),  and  preexisting  osteoarthritis  (38%).  The 
relationship of nodal osteoarthritis of the hands is interesting because 
there  have  been  many  clinical  reports  of  the  initial  presentation  of 
postmenopausal gout occurring as a tophus developing in a preexisting 
Heberden node or Bouchard node (see Fig. 184.4).58

Women who develop gout before menopause frequently have hyper-
tension  and  use  diuretics  with  or  without  renal  failure.62  The  rare 
woman with premenopausal  gout who  is not on a diuretic  and does 
not have renal failure should be evaluated for the autosomal inherited 
causes of early-onset gout discussed in the preceding section.

overproduction  in  children  and  young  adults  include  the  enzymatic 
defects in the purine pathway, glycogen storage diseases, some genetic 
errors of urate transport in the kidney, as well as hematologic disorders 
such as hemoglobinopathies and leukemias.

The two inborn areas of purine metabolism that are associated with 
urate overproduction are both X-linked and both have severe pheno-
types where very early–onset gout and kidney stones are combined with 
neurobehavioral  and  neurodevelopmental  impairments.  Both  enzy-
matic  abnormalities  also  have  milder  phenotypes  with  slightly  later 
onset of gout and nephrolithiasis and milder or no neurologic impair-
ments. A complete deficiency of hypoxanthine-guanine phosphoribos-
yltransferase  (HPRT)  is  an  X-linked,  inherited  condition  with  the 
characteristic presentation known as the Lesch-Nyhan syndrome.49,50 
These boys develop gout and kidney stones in the first decade of  life  
if not treated very early. They also develop severe neurologic manifes-
tations  in  infancy  or  early  childhood  consisting  of  variable  mental 
retardation,  dystonia,  and  compulsive  self-mutilating  behavior.  A 
milder phenotype is found in boys with partial deficiency of the HPRT 
enzyme. This usually manifests as male teenagers presenting with gout 
and/or  kidney  stones  and  free  of  neurologic  abnormalities.  This 
X-linked partial deficiency of HPRT is referred to as Kelley-Seegmiller 
syndrome.51

The other purine enzyme abnormality associated with early-onset 
gout  is  PRPP  synthetase  overactivity.52  The  two  phenotypes  of  this 
X-linked disease are the infantile onset form where gout and uric acid 
nephrolithiasis  are  combined  with  neurodevelopmental  impairment, 
including sensorineural hearing loss. This is caused by a point muta-
tion in the PRPP synthetase gene that makes it insensitive to allosteric 
downregulation by purine nucleotides. The milder phenotype of  this 
enzyme overactivity  can be  seen  in  older  children with  gout,  kidney 
stones,  and  either  mild  or  no  neurologic  impairment.  This  form  of 
PRPP synthetase overactivity is caused by overexpression of a normal 
(non-mutated) PRPP synthetase gene.53

Glycogen storage disease (GSD) types I, III, V, and VII are associated 
with  early-onset  gout  and  are  inherited  as  autosomal  recessive  
diseases.54,55 In the hepatic form of von Gierke’s disease (GSD type Ia) 
or  glucose-6-phosphatase  deficiency,  childhood  hyperuricemia  can  
lead  to  acute  and  chronic  gout  in  the  adolescent  years.  The  other  
components  of  this  phenotype  include  short  stature,  hepatomegaly, 

Fig. 184.6 Large tophi involving the distal interphalangeal joints are 
commonly seen in gouty patients with preexisting Heberden’s nodes. This is 
particularly characteristic of late-onset gout.
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production  of  “moonshine”  was  found  to  be  the  source  of  lead  con-
tamination.  The  distillation  of  this  “backwoods  whiskey”  using  old 
automobile radiators as condensers resulted in high lead concentration. 
Of all patients with gout admitted to the Birmingham (Alabama) Vet-
erans Administration Hospital between 1970 and 1976, 36% had evi-
dence of chronic lead poisoning from moonshine.56 Recent studies have 
looked at the effect of long-term low levels of lead contamination as a 
cause of hyperuricemia and gout. Data from the Veterans Administra-
tion Normative Aging Study showed an association with low levels of 
blood lead and hyperuricemia but not with gouty arthritis.77 Aborigi-
nals from Taiwan had slightly higher blood levels than those observed 
in the Normative Aging Study. In these subjects, hyperuricemia, gout, 
and  renal  dysfunction  were  significantly  correlated  with  blood  lead 
levels.78

CO-MORBID DISEASES ASSOCIATED WITH 
HYPERURICEMIA AND GOUT
For more than a century, gout has been known to be associated with 
hypertension,  diabetes,  obesity,  cardiovascular  disease,  and  kidney 
disease. In fact, the prevalence of gout and the prevalence of these co-
morbid conditions have risen in parallel over the past 100 years and 
have spread from one culture to the next in a linked fashion.79 More 
recently,  the  dyslipidemia,  obesity,  and  insulin  resistance  that  make 
up the metabolic syndrome have been directly tied to both hyperurice-
mia and gout.80

Hypertension
Studies  from  the  1950s  and  1960s  established  a  close  link  between 
hypertension and both hyperuricemia and gout.81-83 The prevalence of 
hyperuricemia in subjects with hypertension is between 20% and 40%, 
whereas the prevalence of gout in the same hypertensive people is 2% 
to 12%. Similarly, the prevalence of hypertension in patients with gout 
is  25%  to 50%.84 There have  been  seven  large  epidemiologic  studies 
since  2003  that  have  demonstrated  serum  urate  to  be  a  consistent 
predictor of the later development of hypertension.85-91 The Normative 
Aging  Study  showed  that  serum  urate  independently  predicted  the 
development of hypertension when using age-adjusted and multivari-
ate  models  that  included  body  mass,  abdominal  girth,  alcohol  use, 
serum lipids, plasma glucose, and smoking status.91  In  fact,  the pre-
ponderance of recent epidemiologic studies looking at the link between 
hypertension and hyperuricemia conclude that uric acid is an indepen-
dent risk for the development of hypertension.

Kidney disease
Aside from the musculoskeletal system, the deleterious effect of hyper-
uricemia is most often manifested in the kidneys. Significant impair-
ment of renal function was reported in up to 40% of patients with gout 
in studies conducted before the advent of effective urate-lowering thera-
pies.92,93 Two large prospective studies  from Japan  looked at  the rela-
tionship between baseline serum urate and the eventual development 
of  end-stage  renal  disease  (ESRD)94  or  renal  failure.95 The  calculated 
incidence  of  ESRD  per  thousand  subjects  was  1.2  for  men  without 
hyperuricemia  and  4.6  for  men  with  hyperuricemia.  The  effect  was 
even more dramatic in women.95 Several recent studies have demon-
strated the ability of urate-lowering therapies to either improve renal 
function or slow the progression of chronic kidney disease.96-98

Cardiovascular disease
Hyperuricemia and gout are recognized as a significant risk factor for 
atherosclerotic  disease  in  general  and  for  coronary  artery  disease  in 
particular.99,100 The National Health Nutrition Examination Survey III 
(NHANES-III) showed that serum urate in excess of 6 mg/dL was an 
independent risk factor for coronary artery disease and that serum urate 
above 7 mg/dL was an  independent risk  factor  for stroke.101 Multiple 
studies have now confirmed this relationship between hyperuricemia, 
gout, and cardiovascular disease, although a direct causal mechanism 
has yet to be determined.100

Transplantation gout
Solid-organ transplantation is a field of medicine that has blossomed 
in  the  25  years  since  the  introduction  of  the  calcineurin  inhibitor 
cyclosporine as an anti-rejection medication. Heart, kidney, and liver 
transplantations  have  improved  and  saved  many  lives,  but  the  drug 
cyclosporine and its newer relative tacrolimus have also created many 
problems.  Both  drugs  can  cause  renal  dysfunction  and  hypertension 
and can dramatically reduce the kidney’s ability to excrete uric acid.63,64 
Hyperuricemia develops in 75% to 80% of heart transplant recipients 
who  routinely  take  cyclosporine  to  prevent  allograft  rejection.65  A 
slightly lower frequency (approximately 50%) of kidney and liver trans-
plant patients develop hyperuricemia, presumably because lower doses 
of cyclosporine are used.

The clinical course of gout associated with organ transplantation is 
markedly  accelerated when  compared with  the  classic progression of 
primary gout.66 The stage of asymptomatic hyperuricemia lasts for 20 
to 30 years in classic gout but is present for only 6 months to 4 years 
in  cyclosporine-induced  disease.  Similarly,  the  duration  of  the  acute 
intermittent  gout  stage  is  only  1  to  4  years  in  transplant  recipients 
whereas it may last 8 to 15 years in classic gout. Because other anti-
inflammatory and immunosuppressive medications such as systemic 
corticosteroids  and  azathioprine  are  commonly  co-administered  to 
organ transplant patients, the acute gouty symptoms are frequently less 
dramatic than those seen in classic gout. In fact, visible tophi occurring 
before  any  other  gouty  symptoms  have  been  reported  in  transplant 
patients.67

Saturnine gout
Hyperuricemia and gout are well-recognized complications of chronic 
lead  intoxication.  The  mechanism  of  lead-induced  hyperuricemia  is 
poorly  understood  but  does  appear  to  involve  diminished  uric  acid 
excretion by the renal tubule.68 This form of secondary gout caused by 
excessive  lead  ingestion  is  referred  to  as  saturnine  gout.  The  term 
saturnine  is derived from the word saturnus,  the ancient alchemist’s 
term  for  lead,  which  was  considered  to  be  very  cold  like  the  planet 
Saturn.69

The clinical features of saturnine gout are reported to be similar to 
those of primary gout, although some authors draw distinctions. One 
review noted that acute saturnine gout flares were more likely to affect 
the  knees  than  the  first  metatarsal  phalangeal  joint  and  were  more 
likely to be polyarticular. They also reported that tophi were uncom-
mon in this population.70 Three great epidemics of saturnine gout are 
described  in  the  literature  and  involved  ancient Rome, 18th  century 
England and Europe, and modern-day southeastern United States.

Much has been written about the source and impact of lead intoxi-
cation in the Roman Empire. In fact, in a 1983 article, Jerome Nriagu 
argued that “lead poisoning contributed to  the decline of  the Roman 
Empire.”71 This premise was refuted a year later in another authorita-
tive article.72 However many first-hand documentations exist of a high 
prevalence of gout in the Roman forum. Celsus (25 bc to ad 50) noted 
that  most  Roman  emperors  had  suffered  gout  and  that  the  counsel 
Agrippa committed suicide because of the pain of his gout.73 Members 
of  the  Cursus Honorum  and  the  literati  of  Rome,  including  Virgil, 
Seneca, Ovid, Pliny, Martial, and Galen, all referred to their sufferings 
with  gout  in  their  own  writings.4  Although  lead  pipes  were  used  in 
some Roman aqueducts, it appears that the main source of lead ingested 
by Roman aristocrats was a sugary concentrate of unfermented grape 
juice (mustum) used to flavor and preserve foods.74

The second epidemic of saturnine gout occurred throughout Europe 
but especially in England in the 18th century.75 Lead contamination of 
alcoholic beverages apparently had its origin in the practice of storing 
brandy in lead casks. A favorite drink of the wealthier class of London 
during this time was port (fortified) with brandy. Lead poisoning and 
gout were also observed in the working class.76 Ellwanger believed that 
the third most common cause of gout behind “hereditary predisposi-
tion” and “patients’ mode of life” was lead poisoning. He observed this 
in “typesetters, plumbers, housepainters and workers in lead mills” and 
believed this was most prominent in London.

The most recent “epidemic” of saturnine gout was observed in the 
middle 20th century in the southeastern United States where the illicit 
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population  in  the United States  suffers  from metabolic  syndrome,102 
one study showed that 86% of gout patients met criteria for metabolic 
syndrome.103  In another  recent  study, non-obese  subjects who devel-
oped metabolic syndrome were 10 times more likely to be hyperurice-
mic  than  a  body  mass  index–matched  cohort  without  metabolic 
syndrome.80

Metabolic syndrome
Hyperuricemia  and  gout  are highly  correlated with body mass  index 
for both men and women. The metabolic syndrome is a constellation 
of  disorders  characterized  by  insulin-resistant  hyperglycemia,  hyper-
triglyceridemia,  and  obesity.102  Although  20%  to  25%  of  the  adult 
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evidence based, an issue due to intrinsic self-limitation of acute gout 
flares. Acute  gouty  arthritis  generally  responds well  to  each  of  these 
options, with selection of the appropriate option based partly on thera-
peutic index on an individual basis, influenced by factors such as renal, 
cardiac,  hepatic,  or  gastrointestinal  disease,  coagulation  status,  and 
numbers and accessibility to injection of joints involved. Polyarticular 
gout  attacks  require  more  intensive  therapy  than  monarthritis.  The 
typical response of acute gout to NSAIDs, including cyclooxygenase-2 
(COX-2)  selective  inhibitors,  systemic  glucorticosteroids,  and  colchi-
cine,  is  rapid  but  incomplete,  such  that  approximately  50%  of  pain 
reduction is achieved by 2 to 3 days.8 With substantial renal dysfunc-
tion, when NSAIDs and high doses of colchicine are not viable options, 
corticosteroids become the first-line treatment option.5,6

NSAIDs and COX2-selective inhibitors
Multiple NSAIDs (see Table 185.1) have been demonstrated, in appro-
priately  designed  clinical  trials,  to  be  effective  in  acute  gout  treat-
ment.4-6,8  Headache  and  gastrointestinal  side  effects  often  limit 
indomethacin  use;  I  prefer  to  treat  acute  gout  with  naproxen,5  with 
sulindac and ibuprofen among the effective alternatives.4 Less prefer-
able for rapidity of onset of treatment of acute gout is an NSAID with 
a  relatively  long  half-life  such  as  piroxicam.  Etoricoxib  is  the  best-
studied COX-2 selective inhibitor in gout,8 but cardiovascular safety of 
COX2-selective  inhibitors  remains  a  concern.  Non-acetylated  salicy-
lates are not recommended. They have not been formally evaluated for 
gout and have the capacity to induce substantial fluctuation in serum 
urate, which is undesirable in acute gouty inflammation owing to pos-
sible inflammatory effects through remodeling of tophi.

Glucocorticoids
The evidence basis  for  systemic glucocorticoids  is  that prednisolone, 
30  to  35 mg  daily  for  5  days,  is  at  least  comparable  in  efficacy  and 
tolerance to NSAID treatment of acute gout.5,6 Observations such as 
breakthrough gout flares in patients with transplant-associated gout on 
maintenance  low-dose  prednisone  have  indicated  that  the  starting 
doses of systemic anti-inflammatory doses of corticosteroids5,6 need to 
be robust  in acute gout (e.g., at  least 0.5 mg/kg daily for oral predni-
sone).  In  severe  cases  of  acute  polyarticular  gout,  a  short  course  of 
intravenous methylprednisolone at up to double such prednisone doses 
is  a  useful  option.4  Triamcinolone,  60 mg IM  once,  also  has  been 
reported to be effective for acute gout.

The effectiveness of  intra-articular  injection of a depot glucocorti-
coid  for gout affecting one or  two  large  joints has been supported by 
small,  open  studies.4  Intra-articular  glucocorticoids  are  effective  for 
gout  in  individual  joints  when  feasible.  Initiation  of  adjunctive  low-
dose daily prophylactic colchicine at the same time as systemic gluco-
corticoids  can  inhibit  rebound  gout  flares  after  cessation  of 
glucocorticoids.4,7

Adrenocorticotropic hormone
Adrenocorticotropic hormone  (ACTH), which  induces adrenal  gluco-
corticoid production,  is an effective option  for acute gout  in patients 
without preexisting adrenal suppression, particularly for acute polyar-
ticular gout.4 Synthetic ACTH is preferred because the risk of hyper-
sensitivity is diminished. A series of observations, including inhibition 
of  experimental  urate  crystal-induced  inflammation  by  a  melanocor-
tin-3 receptor (MR3) agonist,9 suggest that peripheral effects of ACTH 
via  phagocyte  MR3  activation  likely  contribute  to  the  rapidity  (e.g., 
marked efficacy within 12 hours) of the therapeutic action of ACTH.

The management of gout 
and hyperuricemia
Robert Terkeltaub

 Therapeutic strategies in gout involve three distinct but closely 
linked arms, with attention to safety and cost-effectiveness of 
treatment and improved quality of life as a central outcome.

 The specific treatment arms include:
– Anti-inflammatory treatment of gouty arthritis. Treatment 

options are designed to either prevent acute gout flares or treat 
active inflammatory manifestations of acute and chronic gouty 
arthritis.

– Serum urate lowering. Treatment options are designed to not 
only lower serum urate but also achieve ultimate resolution of 
tophi and prevent disabling tissue consequences of 
monosodium urate crystal deposition. In addition, prevention of 
urolithiasis is an objective of serum urate–lowering therapy in 
some patients.

– Treatment of identified, significant co-morbidities in patients 
with gout in a manner that brings about improved health status 
and potentially serum urate lowering. Direct, pharmacologic 
treatment of asymptomatic hyperuricemia is not yet evidence 
based. Nevertheless, other measures to prevent or suppress 
hyperuricemia are appropriate.

TREATMENT OF ACUTE GOUTY INFLAMMATION
Therapeutic targets
The pathogenesis of acute gouty arthritis involves the initial activation 
of resident cells such as mast cells and synovial  lining cells and cul-
minates  in  monocyte  ingress  and  a  continuing  cycle  of  neutrophil 
ingress and intra-articular neutrophil activation.1 Selective targets for 
anti-inflammatory agents in gouty arthritis include histamine, comple-
ment  C5b-9,  the  NALP3  inflammasome,  interleukin  (IL)-1β,  tumor 
necrosis factor (TNF)-α, and the chemokines CXCL1 and CXCL8 and 
their shared receptor, CXCR2.1,2 The most clinically investigated target 
of  these  has  been  IL-1.3  However,  current  evidence-based  treatment 
strategies rely on broad-based  inhibition by nonsteroidal anti-inflam-
matory drugs (NSAIDs), glucocorticosteroids, and colchicine (see later) 
of different combinations of cell adhesion, chemotaxis, and activation 
and on inflammatory cytokine expression and signaling.1

Primary treatment objectives
The principal  immediate therapeutic goal  in acute gout is rapid, safe 
resolution  of  pain  and  inflammation.  Closely  related,  but  distinct, 
objectives when managing gout are to limit recurrences of acute gouty 
arthritis and to inhibit chronic gouty synovitis and associated connec-
tive tissue destruction. Analgesics such as opiates and acetaminophen 
can be employed as adjunctive  therapies, but  treatment of both pain 
and inflammation of acute gout is driven by anti-inflammatory thera-
pies. There  is  insufficient  evidence  to assess  the value of  alternative 
analgesic approaches such as topical ice as supplemental therapy.

Choice of drug and treatment regimens
Multiple options and dosing regimens for anti-inflammatory treatment 
exist  for  acute  gout  (Table  185.1),4-7  but  not  all  cited  are  adequately 
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Colchicine
Clinical pharmacology and drug-drug interactions
Colchicine is an alkaloid derived from the lily family plant Colchicum 
autumnale and has been used in gout treatment for about 2 millennia. 
Via uptake in the jejunum and ileum, colchicine is readily bioavailable 
after oral administration. The lipophilic nature of colchicine facilitates 
cell uptake, allowing colchicine to bind tubulin, its primary target and 
also a reservoir of colchicines.7 Colchicine is predominantly eliminated 
by biliary excretion and in the feces, and extrusion of colchicine from 
cells  (including  gut  lining  cells),  enterohepatic  recirculation,  and 
marked drug enrichment in bile  is critical  for drug elimination, with 
the  ABCB1  (P-glycoprotein  [P-gp])  multidrug  resistance  transporter 
playing a central role (Fig. 185.1).7 Plasma membrane ABCB1 pumps 
multiple classes of substrates out of cells in an adenosine triphosphate 
(ATP)-mediated  manner,  mediating  multiple  drug-drug  interactions 
(Fig. 185.2) that can develop even on relatively  low-dose regimens of 
colchicines.7

Cyclosporine  and  clarithromycin  are  prime  examples  of  potent 
ABCB1 inhibitors.7 Both these drugs also inhibit cytochrome P450 3E4 
(CYP3A4),  which  carries  out  hepatic  demethylation  of  colchicine  to 
inactive metabolites before hepatobiliary excretion of colchicines.7 Col-
chicine neuromyopathy can rapidly develop (in weeks) after initiation 
of  cyclosporine.7  Because  cyclosporine  can  delay  colchicine-induced 
diarrhea, cyclosporine could mask gastrointestinal side effects of col-
chicine  that  might  otherwise  point  to  emerging  systemic  colchicine 
toxicity.  Among  macrolide  antibiotics,  clarithromycin  and  another 
potent  ABCB1  inhibitor,  erythromycin,  promote  serious  colchicine 
toxicity, including death.7 In contrast, azithromycin, which only weakly 
inhibits ABCB1, does not significantly increase plasma concentration 
of colchicine in healthy volunteers.10

CYP3A4  is  the  most  abundant  human  P450  isoenzyme  and  is 
involved in many drug-drug interactions, but demethylation of colchi-
cine plays a much lesser role than does ABCB1 in colchicine disposi-
tion.7  Both  renal  disposition  of  colchicine  and  CYP3A4  metabolism 
become more important in aging (due to decreased ABCB1 expression); 
CYP3A4 dysregulation can occur by not only erythromycin, clarithro-
mycin,  and  cyclosporine but  also  the  statins  lovastatin,  simvastatin, 
atorvastatin.7 Both colchicine and multiple statins have the potential 
to synergistically potentiate myopathy (including rhabdomyolysis).7

Mechanism of action
Colchicine binds tightly to unpolymerized tubulin, forming a tubulin-
colchicine complex (TC-complex) that regulates microtubule function 
and  the  cytoskeleton.7  The  TC-complex  bound  at  the  ends  of 

TABLE 185.1 THERAPEUTIC OPTIONS FOR ACUTE GOUTY INFLAMMATION

Drug option Typical regimens

Non-selective 
NSAIDs

 Naproxen, 500 mg PO bid for 5 days (or 750-100 mg PO 
daily for 3 days, then 500-750 mg total daily for 4-7 days)

 Sulindac, 300-400 mg daily for 7-10 days
 Indomethacin, 150-200 mg PO daily for 3 days, then 

75-100 mg PO daily for 4-7 days

Off-label use:
COX-2 selective  
NSAIDs

 Celecoxib, 200 mg PO bid for 3 days, then 200 mg daily for 
4-7 days

Systemic 
glucocorticoids

 Prednisone, 30-60 mg daily for 3 days, then taper by 
10-15 mg/day every 3 days to discontinuation

 Oral prednisolone, 35 mg PO daily for 5 days
 Medrol dose pack (for less severe flares)
 Intravenous methylprednisolone, 100-150 mg for 1-2 days
 Triamcinolone, 60 mg IM as a single dose

Intra-articular 
glucocorticoids

 Particularly useful for flares of a single large joint
 Triamcinolone preparations are particularly useful.
 Dose is titrated to size of joint.

Off-label use:  
Synthetic ACTH

 25 USP units synthetic ACTH subcutaneously for less 
severe flares

 Synthetic ACTH, 40 USP units IM or IV, once for more 
severe flares (including larger joint flares and polyarticular 
gout)

 One to two repeat doses of synthetic ACTH at intervals of 
12 hours are often required with each of these regimens.

Oral colchicine  Dose: 0.5 mg tid for 1-2 days
 To treat acute gout within the first 12 hours of the flare: 

1.2 mg once followed by 0.6 mg in 1 hour
 After the acute attack, oral low dose colchicine can be 

used for prophylaxis of acute gout, particularly before 
starting antihyperuricemic therapy, with dosing guidelines 
titrated to creatinine clearance as discussed in the text

 Oral colchicine treatment of acute gout should be avoided 
in those already on maintenance low-dose colchicine.

Off-label use: 
IL-1 
antagonism

 Use of anakinra (e.g., 100 mg SC daily for 3 days) and 
other IL-1 antagonists for human gouty inflammation 
treatment and prophylaxis remains experimental at this 
time.

OVERVIEW OF COLCHICINE METABOLISM

Hepatic:
ABCB1 (P-gp)
CYP 3A4

Small intestine:
ABCB1 (P-gp)
CYP 3A4

Renal
colchicine
elimination
Normally
only 10%-20%
of total

Fecal eliminaton:
Majority of dose

ABCB1 (P-gp)
High bile to
blood ratio

Enterohepatic
recirculation:
ABCB1 (P-gp)

Systemic
circulation:
Colchicine
into leukocytes,
endothelium

++++
Colchicine
into bile

Renal:
ABCB1 (P-gp)

Fig. 185.1 Overview of colchicine metabolism. Colchicine is readily 
bioavailable after oral administration via uptake in the jejunum and 
ileum, and the lipophilic nature of colchicine allows it to be absorbed 
readily by multiple cell types and to bind to its primary target tubulin, 
serving as a reservoir of the drug. Colchicine is predominantly 
eliminated by biliary excretion and through the stool, with a major 
role played by extrusion of colchicine from cells mediated by the 
multidrug resistance transporter molecule ABCB1 (P-glycoprotein 
[P-gp]). Enteric and hepatic cytochrome P450 3A4 (CYP3A4) catalysis 
of demethylation of colchicine to inactive metabolites and renal 
elimination normally play lesser but significant roles (<10% and 
10-20%, respectively) in colchicine metabolism. However, CYP3A4 and 
renal disposition of colchicine become more critical with certain 
drug-drug interactions that affect ABCB1 and with aging and 
hepatobiliary dysfunction. Importantly, colchicine undergoes 
hepatobiliary excretion against the bile-to-blood concentration 
gradient, mediated in part by ABCB1, and normally achieving at least 
70:1 enrichment in bile relative to blood. Colchicine elimination driven 
by hepatic metabolism and intestinal excretion follows a first-order 
process, with enterohepatic circulation playing a substantial role. 
(Adapted with permission from Terkeltaub RA. Colchicine update: 2008. 
Semin Arthritis Rheum 2009;38:411-419.)
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inflammatory muscle disease. Colchicine is not dialyzable, and severe 
cases of colchicine intoxication are treated by supportive care and can 
be lethal. Because of multiple deaths reported with intravenous colchi-
cine and  inappropriate uses of  intravenous colchicine,  the U.S. Food 
and  Drug  Administration  (FDA)  ordered  cessation  of  marketing  of 
injectable colchicine in 2008.

Colchicine and other anti-inflammatory drugs in 
prophylaxis of acute gout
The most common adverse event of initiation of serum urate-lowering 
therapy is acute gout flare.4, 4 More intense serum urate-lowering regi-
mens  precipitate  more  acute  flares  in  early  therapy,  likely  owing  to 
local  inflammatory  effects  of  tophus  remodeling.  For  prophylaxis  of 
acute gout,  low-dose colchicine therapy is begun 1 to 2 weeks before 
initiation  of  serum  urate-lowering  treatment  and  continued  for  6 
months or until  visible  tophi  resolve.4,15 The  evidence basis  for  low-
dose colchicine prophylaxis of acute gout flares  remains  limited  to a 
randomized, placebo-controlled study of 43 patients starting allopuri-
nol. Both suppression of  subclinical  inflammation and prevention of 
its  augmentation  appear  to  contribute,  because  total  leukocyte  and 
absolute  neutrophil  counts  in  asymptomatic  gouty  knee  joints  are 
significantly reduced by prophylactic colchicine treatment.7 Colchicine, 
0.6 mg  twice  daily,  is  the  recommended  guideline  for  dosing  in  the 
average-sized  younger patient with preserved  renal  and hepatobiliary 
function and no predicted drug-drug interactions.7 A conservative set 
of low-dose prophylactic colchicine dosing recommendations calibrated 
to  renal  function  and  with  maximal  attention  to  drug  safety  is  pre-
sented in Table 185.2. Low-dose NSAID therapy is not evidence-based 
for gout prophylaxis. Low-dose prednisone therapy should be avoided 
but  is  sometimes  employed  as  a  last  resort,  and  IL-1  antagonism  is 
under investigation for gout prophylaxis.

Cytokine antagonism
In  refractory chronic gouty arthritis, off-label use of  IL-1 antagonists 
(e.g.,  using  soluble  IL-1  receptor  antagonist  anakinra  at  a  dose  of 
100 mg  daily  subcutaneously  for  3  days)  appears  promising.16  IL-1β 
plays a more  central  role  than TNF-α  in murine  experimental urate 
crystal-induced  inflammation.16  TNF-α  antagonist  therapy  has  been 
reported to be beneficial for human gouty arthritis but only in anecdotal 
reports.17

TREATMENT OF HYPERURICEMIA
Asymptomatic hyperuricemia is not yet an evidence-based indication 
for  treatment,  except  in  the  setting  of  prevention  of  tumor  lysis 

microtubules  physically  acts  on  the  elongation  of  the  microtubule 
polymer.7 Colchicine thereby regulates cell proliferation, signal trans-
duction,  gene  expression,  chemotaxis,  and  neutrophil  secretion  of 
granule  contents,  although  colchicine  binding  to  certain  leukocyte 
membrane  proteins  also  may  contribute.7  Colchicine  acts  dispropor-
tionately  on  cells  with  high  proliferative  rates  such  as  bone  marrow 
and gastrointestinal tract lining cells.7 Colchicine also concentrates in 
neutrophils, possibly related to low ABCB1 expression.7

Nanomolar  concentrations  of  colchicine,  achievable  in  plasma  at 
low daily prophylactic doses of colchicine, suppress E-selectin redistri-
bution in the endothelial cell plasma membrane, thereby suppressing 
neutrophil adhesion.1 Micromolar concentrations of colchicine inhibit 
urate  crystal–induced  NALP3  inflammasome  activation  in  macro-
phages.11 Colchicine also modulates pyrin, but significance of pyrin in 
gouty inflammation is not yet clear.7

Dosing guidelines and evidence basis
Oral colchicine appears more effective when given in the first 36 hours 
of  gout flares.7 With older oral  colchicine  regimens,  in which  typical 
cumulative doses of 4 to 7 mg were delivered over 5 to 12 hours, the 
majority of colchicine recipients suffered gastrointestinal toxicity before 
achieving  optimal  reduction  in  pain.7  Hence,  the  European  League 
Against Rheumatism (EULAR) consensus guidelines for use of colchi-
cine in acute gout are for a maximum of three colchicine 0.5 mg tablets 
per 24-hour period.12 Moreover, a large, randomized, controlled multi-
center trial supported a low-dose colchicine regimen of 1.2 mg followed 
by  0.6 mg  in  1  hour  (1.8 mg  total),  patient  administered  within  12 
hours  of  flare  onset,  as  being  as  effective  and  better  tolerated  than 
higher-dose colchicine for acute gout.13

Side effects
Gastrointestinal toxicity (diarrhea [sometimes severe], nausea, and to 
a lesser degree vomiting) is the most common adverse event with oral 
colchicines.7 Bone marrow depression  is common in colchicine over-
dose, with nadir in cell counts at 1 week after drug initiation. Cardiac 
toxicity in more severe overdose can include arrhythmia, and cardio-
vascular  collapse  can  occur.  Colchicine  overdose  also  is  hepatotoxic 
and can cause alopecia. Colchicine myopathy, affecting proximal more 
than  distal  muscles,  and  accompanied  by  elevated  creatine  kinase 
levels  in  the  early  phase  and  with  varying  neuropathy,  can  mimic 

SCHEMATIC OF ACTIVE COLCHICINE EXPORT
FROM CELLS DRIVEN BY ABCB1 (P-gp)

ABCB1 (P-GP) modulators:
Erythromycin
Clarithromycin
Cyclosporine
Tacrolimus
Verapamil
Multiple statins
Fexofenadine
H2 blockers
Fenofibrate
Multiple antineoplastics
Tricyclics
HIV-1 protease inhibitors
Corticosteroids

Colchicine

Colchicine

Cytosol

ATP

ABCB1

Fig. 185.2 Schematic of active colchicine export from cells driven by ABCB1 
(P-gp). The multidrug transporter ABCB1, localized in the plasma membrane, 
actively transports multiple classes of substrates out of cells in an ATP-driven 
manner. Changes in intestinal ABCB1 expression and activity alter absorption 
of drugs transported by ABCB1 and can therefore critically regulate 
bioavailability and plasma concentrations, leading to suboptimal therapeutic 
effects or, alternatively, to drug toxicity. ABCB1 also clearly participates in 
removal of drug metabolites into bile, the intestinal lumen, and urine. The 
schematic is a partial listing of the drugs that modulate ABCB1 activity and can 
thereby lead to adverse drug-drug interactions with colchicine. (Figure adapted 
and legend reprinted with permission from Terkeltaub RA. Colchicine update: 2008. 
Semin Arthritis Rheum 2009;38:411-419.)

TABLE 185.2 LOW DOSE ORAL COLCHICINE GOUT PROPHYLAXIS THERAPY 
DOSING GUIDELINES

 Colchicine, 0.6 mg PO bid with creatinine clearance (CrCl) > 60 mL/min
 Colchicine, 0.6 mg PO daily with CrCl 40-59 mL/min
 Colchicine, 0.6 mg every 2 days with CrCl 30-39 mL/min
 Colchicine, 0.6 mg every 3 days with CrCl 11-29 mL/min
 Avoid colchicine therapy in patients with CrCl ≤ 10 mL/min or on 

hemodialysis.
 Further reduce daily colchicine dose by up to 50% in patients older than age 

70, because of impaired colchicine disposition in the elderly.
 Use colchicine with caution and regular monitoring for toxicity in patients on 

statins.
 Due to altered pharmacokinetics mediated by dysregulation of ABCB1 (P-gp):

– Avoid concomitant colchicine use (or reduce dose by two thirds) with 
cyclosporine, clarithromycin, or erythromycin.

– Avoid concomitant colchicine use (or reduce dose by half ) with 
ketoconazole or ritonavir.

Note: These are conservative, non–evidence-based guidelines based on clinical trial experience 
and practice experience of the author and systematic literature review (references 7,10) and are 
designed to avoid serious drug toxicity while taking into consideration that the minimum 
effective dose of prophylactic colchicine for gout is not yet known.
CrCl estimated by Cockroft-Gault equation should be corrected for ideal body weight.
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an acute flare of gout but once established should not be interrupted 
during  acute  gout  flares.  Some  make  urate-lowering  treatment  deci-
sions on the underlying basis for hyperuricemia and use 24-hour urine 
uric acid levels to distinguish overproducers and underexcreters of uric 
acid.4 Although  such  a  strategy  can point  to  the  risk  of  urolithiasis, 
consistency and reliability of the test is suspect if not done on a con-
trolled low purine diet, and the test does not directly identify combined 
uric  acid  overproduction  and  underexcretion  and  is  not  useful  with 
substantially impaired glomerular filtration rate (GFR).4

Evidence basis for achieving a target serum  
urate concentration
Because  solubility  of  urate  in  physiologic  solutions  is  low  (i.e.,  6.7-
7.0 mg/dL), current guidelines for reduction of total body urate stores, 
debulking of tophi, reducing the ultimate frequency of gout flares, and 
decreasing  the  risk  for  ongoing  precipitation  of  supersaturated  urate 
into  monosodium  urate  crystals  support  achievement  of  continuing 
(lifelong) reduction of serum urate to less than 6 mg/dL (ideally in the 
5- to 6-mg/dL range).22 There may be salutary effects on renal function 
of achieving this target level in gout patients, although reduced NSAID 
use  may  partially  contribute.23,24  Allopurinol  also  may  have  a  mild 
antihypertensive effect,25 potentially mediated by allopurinol antioxi-
dant  effects  and/or  serum  urate  lowering.  A  more  aggressive  serum 
urate lowering level (e.g., to 3-5 mg/dL) appears appropriate for more 
expeditious tophus debulking with marked tophaceous gout.26 Multiple 
objectives of  serum urate–lowering  therapy beyond  tophus debulking 
and reduced flares, such as improved quality of life, and reduction in 
functional, occupational, and social disability are ultimately achieved 
with effective urate-lowering therapy.26,27

Strategies in treatment-refractory hyperuricemia
When  available,  the  xanthine  oxidase  inhibitor  febuxostat  appears 
useful  for  allopurinol-refractory  hyperuricemia,14,28-30  especially  in 
chronic kidney disease when the safety of “standard doses” of allopu-
rinol  is  not  well  established.7  A  currently  investigational,  and  more 
intensive  and  expensive  “biologic”  strategy,  appropriate  for more dif-
ficult cases of severe or treatment-refractory tophaceous disease, is to 
employ intravenous uricase treatment to directly degrade urate.31 This 
approach has the potential to rapidly decrease miscible urate pool size 
and  debulk  tophi  in  weeks  to  months,  rather  than  months  to  years 
with xanthine oxidase inhibitors.32

Uricosurics
Mechanism of action
Potent  uricosurics  (probenecid  or  benzbromarone)  act  primarily  by 
inhibiting  proximal  renal  tubule  epithelial  cell  reabsorption  of  urate 
anion  and  increase  renal  excretion  of  uric  acid,33,34  an  attractive 
approach  in  principle  because  reduction  in  urate  stores  is  initiated 
rapidly and this targets uric acid underexcretion that drives hyperuri-
cemia in the majority of patients.4,35 The primary uricosurics, proben-
ecid, benzbromarone, and sulfinpyrazone, and certain other drugs with 
less potent uricosuric activity (including losartan and high-dose salicy-
lates),  inhibit the urate anion exchanger URAT1 (SLC22A12), which 
is localized at the apical (brush border) membrane of the renal proximal 
tubule epithelial cell (Fig. 185.4).33 Probenecid and benzbromarone also 
inhibit voltage-dependent urate anion reabsorption into the peritubular 
interstitium by GLUT9 (SLC2A9, URATv1) at  the basolateral mem-
brane of the proximal renal tubular epithelial cell.34

Dosing recommendations and side effects
Benzbromarone is titrated up from 50 mg daily to 100 mg twice daily, 
according  to  responses  of  serum urate,  and probenecid  is  starting  at 
250 mg orally twice daily and titrated up to 1000 mg twice daily. Pro-
benecid, like all uricosurics, can promote urolithiasis. Inhibition of uric 
acid urolithiasis by urine alkalinization adds undesired complexity to 
the  treatment  regimen.  All  patients  should  be  able  to  adequately 
hydrate and to increase oral hydration, particularly in the early stages 
of  treatment.  Probenecid  modifies  renal  clearance  of  methotrexate, 
penicillins  and  cephalosporins,  salicylates,  indomethacin,  ketorolac, 

syndrome. Asymptomatic hyperuricemia, particularly at  lower  levels, 
does not inevitably lead to development of gout. Moreover, in certain 
patients,  typically  with  only  moderate  hyperuricemia,  serum  urate 
concentrations can be normalized by measures such as substitution of 
alternative antihypertensives  to  thiazides, better control of hyperten-
sion, reduction of obesity, and appropriate changes in diet and alcohol 
consumption.12  Increased  consumption  of  ascorbate  and  coffee  and 
decreased consumption of high fructose corn syrup–sweetened bever-
ages (e.g., soft drinks, energy drinks) have potential salutary effects for 
hyperuricemia.18-20 A  low-carbohydrate weight  reduction diet  tailored 
to treat metabolic syndrome can lower the serum urate concentration 
but only by about 15% at most21; purine-restricted diets are typically 
even  less  effective  and  largely  unpalatable.4  Last,  in  patients  with 
advanced  chronic  kidney disease,  it  is noteworthy  that hemodialysis 
significantly reduces body urate stores and gouty arthritis often quiets 
down clinically in hemodialysis patients.

Indications for pharmacologic serum  
urate lowering in gout and choice of 
pharmacologic strategy
Presented in Figure 185.3 is an algorithm for serum urate lowering in 
patients  with  gout  that  presents  indications  and  addresses  choices 
between the pharmacologic options. Antihyperuricemic therapy in gout 
is most effective when continued  lifelong, and therapy goals and the 
predicted benefit-to-risk ratio of treatment should be considered indi-
vidually.4 Serum urate lowering therapy should not be initiated during 

Frequent gout attacks (≥2/year)
or
Overproducer of uric acid or uric 
acid urolithiasis
or
Tophi
or
Severe, difficult to treat, or 
refractory attacks
or
Chronic persistent gouty arthritis

• START ALLOPURINOL
   with upward dose titration

• Allopurinol-intolerant

• Uricosuric treatment failure
• START FEBUXOSTAT

• Adequate renal function for
   uricosuric response
• Uric acid underexcretion
• START PROBENECID OR
   BENZBROMARONE

• START 
   FEBUXOSTAT

EXPERIMENTAL

Severe, incapacitating
tophaceous chronic polyarthritis
• CONSIDER LIMITED-TERM,
   TOPHUS DE-BULKING
   URICASE THERAPY, 
   FOLLOWED BY SWITCH
   TO CONVENTIONAL
   MAINTENANCE ORAL
   URATE-LOWERING DRUG

• Allopurinol treatment failure
   at appropriate maximum
   tolerated dose
• START FEBUXOSTAT (OR
   CONSIDER NON-EVIDENCE
   BASED ALTERNATIVE OF
   ADDITION OF URICOSURIC
   TO ALLOPURINOL)

Alternatives weighed on
factors including cost of

treatment

SERUM URATE-LOWERING TREATMENT ALGORITHM FOR 
HYPERURICEMIA IN PATIENTS

WITH A CONFIRMED DIAGNOSIS OF GOUT

Fig. 185.3 Serum urate-lowering treatment algorithm for hyperuricemia in 
patients with a confirmed diagnosis of gout.
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Allopurinol
Clinical pharmacology and mechanism of action
Allopurinol (Fig. 185.5) is the first-line drug for serum urate lowering. 
Allopurinol undergoes hepatic conversion to the active metabolite oxy-
purinol, whose half-life is normally 24 hours. This allows allopurinol, 
at doses up to 300 mg/day, to be given once daily.25 Because of primary 
renal clearance of oxypurinol, the half-life of oxypurinol rises substan-
tially with renal dysfunction.25 Allopurinol and oxypurinol lower serum 
urate levels not only by inhibiting xanthine oxidase but also by compet-
ing  for  phosphoribosylpyrophosphate  (PRPP)  in  the  salvage  pathway 
and  by  suppressive  effects  of  drug  nucleotides  on  amidotransferase 
activity, the rate-limiting step in purine synthesis.

Side effects
Five  to  10  percent  of  allopurinol-treated  patients  develop  significant 
drug intolerance, including gastrointestinal side effects such as nausea 
or diarrhea that are dose dependent, elevated liver function tests (trans-
aminitis), and variable central nervous system side effects.25 Allopuri-
nol  induces  rash,  typically  maculopapular,  in  approximately  2%  of 
patients. Pruritus  is  classically  the premonitory  sign of  rash  and,  by 
itself,  is  an  indication  to  stop  allopurinol.25  Oral  desensitization  to 
allopurinol  for  rash  is  slow and  cumbersome and  also  fails  in  about 
50% of patients within 1 year.25

Severe  cutaneous  adverse  reactions  to  allopurinol  (e.g.,  Stevens-
Johnson syndrome or toxic epidermal necrolysis) or major allopurinol 
hypersensitivity syndrome (AHS) are contraindications to rechalleng-
ing the patient with allopurinol. AHS can present as severe multiorgan 
disease, including combinations of rash, hepatic and renal dysfunction, 
eosinophilia,  and  vasculitis,  and  has  a  20%  to  25%  mortality.25  The 
incidence of AHS is 0.1% to 0.4%, and risk factors include recent ini-
tiation  of  allopurinol  (weeks-months),  chronic  kidney  disease,  and 
concurrent use of thiazide diuretics, which may act partly by increasing 
renal oxypurinol  reabsorption.25 Direct,  toxic effects of accumulation 
of oxypurinol and T-cell activation responses  to allopurinol and oxy-
purinol appear to contribute to the pathophysiology of AHS.25 In recent 
pharmacogenomic  studies  of  severe  cutaneous  adverse  reactions  to 
allopurinol,  100%  of  Han  Chinese  were  HLA-B5801  positive,  and 
HLA-B58 has also been  linked to severe cutaneous adverse reactions 
to  allopurinol  in  cohorts  of  European  and  Japanese  ancestry.25,38 
Nevertheless,  HLA-B58  is  a  common  allele  and  many  HLA-B58– 

heparin, zidovudine, nitrofurantoin, and certain other drugs. Low-dose 
acetylsalicylic  acid  does  not  appear  to  block  the  antihyperuricemic 
action of probenecid.

When comparable levels of serum urate reduction are achieved by 
dose  titration, benzbromarone and allopurinol give comparably  rapid 
tophus  size  reduction  and  serum  urate  reduction,36  as  has  been  the 
case for comparisons of allopurinol to other urate-lowering drugs (see 
later).  However,  uricosuric  therapy  is  limited  or  contraindicated  by 
significant  decreases  in  GFR,  by  uric  acid  overproduction,  or  by  a 
history of urolithiasis. For example, probenecid is not effective with a 
creatinine clearance less than 60 mL/min (chronic kidney disease stage 
III).4,35 Benzbromarone  retains efficacy with a  creatinine  clearance of 
30 to 60 mL/min, but this drug is not available in the United States 
and  is  restricted  in many other countries owing  to  risk of  fulminant 
hepatotoxicity.35 Hence, the first line of pharmacologic therapy to lower 
serum urate  for most  individuals with  chronic  kidney  disease  and  a 
reduced GFR  is  targeting uric  acid  formation by  suppression of  xan-
thine oxidase using allopurinol.4,12

Uricosurics  can  increase  renal  excretion  of  the  active  allopurinol 
metabolite  oxypurinol,  but  allopurinol  treatment  lowers urinary uric 
acid  clearance;  and  addition  of  uricosuric  therapy  to  submaximal 
therapy  with  allopurinol  provides  an  additive  serum  urate-lowering 
effect.37 Nevertheless, such polypharmacy is generally inferior to opti-
mization of allopurinol by judicious upward dose titration.

Clinical utility of uricosurics other than  
probenecid and benzbromarone
Sulfinpyrazone has an unacceptable side effect profile4 and is no longer 
commonly  employed  as  a  uricosuric.  Uricosuric  effects  of  losartan 
(which are essentially maximal at 50 mg losartan per day) can be tran-
sitory.4 Typically, losartan does not lower serum urate more than 10%. 
Fenofibrate can induce serum urate  lowering by up to 20%, an effect 
less potent than that of primary uricosurics but potentially useful as 
an  adjunct  in  patients  with  hypertriglyceridemia.  Clinical  impact  of 
the moderate uricosuric effect of atorvastatin is not adequately estab-
lished. Estrogen is uricosuric, in part by suppression of URAT1 expres-
sion. Postmenopausal  estrogen use may  lower  serum urate  by up  to 
20%,38 but hyperuricemia is not an appropriate indication for estrogen 
in postmenopausal women.

MAJOR THERAPEUTIC TARGETS OF THE URICOSURICS PROBENECID 
AND BENZBROMARONE ON URATE ANION REABSORPTION

BY THE RENAL PROXIMAL TUBULE EPITHELIAL CELL

Basolateral
membrane
(interface with peritubular
interstitium and entry to
the circulation)

Renal proximal tubule epithelial cell

Tubule
lumen

Probenecid
Benzbromarone

Urate

+–

Urate
anion

Urate
anion

Urate
anion

GLUT9

Organic anions,
Moncarboxylates

Organic anions,
Moncarboxylates

Probenecid
Benzbromarone

Apical (brush
border)

membrane

URAT1

Fig. 185.4 Major therapeutic targets of the uricosurics probenecid and 
benzbromarone on urate anion reabsorption by the renal proximal tubule 
epithelial cell. The schematic illustrates that probenecid and benzbromarone 
are examples of uricosurics that suppress urate anion reabsorption at the 
apical membrane of the renal proximal tubule epithelial cells by inhibition of 
the anion exchanger URAT1 (SLC22A12). Acting at the basolateral membrane, 
probenecid and benzbromarone also suppress electrogenic urate anion 
resorption by the glucose and fructose transport facilitator GLUT9 (SLC2A9).

COMPARISON OF ALLOPURINOL, OXYPURINOL,
PURINE BASE, AND FEBUXOSTAT STRUCTURES
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Fig. 185.5 Comparison of allopurinol, oxypurinol, purine base, and febuxostat 
structures. The purine base hypoxanthine, and subsequently xanthine, is 
oxidized by xanthine oxidase in the chemical reactions that generate uric acid. 
Xanthine oxidase is inhibited by allopurinol and its major, long-lived active 
metabolite oxypurinol, which has a half-life much longer than allopurinol (up 
to 24 hours in subjects with normal renal function; longer with renal 
impairment). Febuxostat is a xanthine oxidase inhibitor that, unlike allopurinol 
and oxypurinol, does not have a purine-like backbone.
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Febuxostat  is  labeled  for  use  in  the  United  States  at  40 mg  once 
daily; and if the serum urate concentration is not normalized after at 
least 2 weeks of therapy, the dose is increased to 80 mg once daily. In 
Europe, febuxostat is approved for doses of 80 and 120 mg once daily. 
The  efficacy  of  febuxostat  has  been  examined  in  randomized,  con-
trolled clinical trials using a maximum dose of 300 mg allopurinol as 
a  comparator.14,28,29  In  the  first,  pivotal  randomized  double-blind 
52-week  multicenter  trial,  in  which  about  30%  of  the  patients  had 
tophi,  febuxostat  80  and  120 mg  both  achieved  the  target  level  of 
serum urate concentration less than 6 mg/dL more often than 300 mg/
day of allopurinol.14  Increased early gouty arthritis flares occurred  in 
association with the most intense serum urate–lowering effect in the 
febuxostat and allopurinol recipients, because prophylactic colchicine 
was  stopped at 8 weeks  into  treatment,  although gout flares  tapered 
off later in this study.14 In a second, large phase 3 trial of 40 and 80 mg/
day of febuxostat in comparison to 300 mg/day of allopurinol, results 
for serum urate lowering were comparable overall for 300 mg/day allo-
purinol and 40 mg/day febuxostat, but 80 mg/day febuxostat was supe-
rior to allopurinol and to 40 mg/day febuxostat in achieving a serum 
urate  target  level  of  less  than  6 mg/dL,  with  comparable  drug  toler-
ance.29 In subjects with stage II-III chronic kidney disease, 80 mg/day 
febuxostat  achieved  a  serum  urate  target  level  of  less  than  6 mg/dL 
approximately twice as frequently as did renal-dose–adjusted allopuri-
nol (200-300 mg/day).29 Side effects of febuxostat include rash in less 
than 2% and elevation of hepatic enzymes, diarrhea, and non-specific 
arthralgias  in  a  small  proportion  of  treated  patients.29  Via  xanthine 
oxidase inhibition by febuxostat there is the potential for major drug 
interactions with azathioprine, 6-mercaptopurine, and theophylline.

Outcomes on febuxostat compared with allopurinol
At 1 year, gout flare rates decline comparably in patients treated with 
allopurinol  300 mg/day  and  febuxostat  80  to  120 mg/day.14  Tophus 
size is reduced by 50% to 80% after 1 year of either of such treatments, 
with better ultimate gout flare reduction linked to greater serum urate 
lowering,  irrespective  of  any  urate-lowering  drug.30  Of  patients  with 
tophi remaining on febuxostat, approximately half achieve elimination 
of tophi by 2 years and two thirds do so by 5 years.30

Uricases for refractory hyperuricemia in gout
Mechanism of action
Uricases directly degrade relatively insoluble uric acid, catalyzing con-
version to highly soluble allantoin,45,46 although, in so doing, uricases 
generate one mole of the oxidant hydrogen peroxide for each mole of 
uric acid degraded (Fig. 185.6).47 Uricase is the final catalyst of purine 
degradation in non-primate mammals and lower primates, but uricase 
expression  was  lost  in  humans  and  higher  primates  in  evolution.45 
Significantly,  the  normal  serum  urate  in  rodents  is  approximately 
1 mg/dL, whereas in uricase knockout mice it is approximately 10 mg/
dL; and such mice die of  renal  failure  in early  life due to severe uric 
acid urolithiasis.

Status of evidence for efficacy
The  non-PEGylated  recombinant  fungal  enzyme  rasburicase  is  FDA 
approved  for  short-course  therapy  to  prevent  tumor  lysis  syndrome. 
However, rasburicase is highly immunogenic and the plasma half-life 

positive patients tolerate allopurinol. There is no evidence that restrict-
ing  the  initial  and  maintenance  doses  of  allopurinol  to  low  levels 
prevents severe cutaneous reaction or AHS.25

Major  drug  interactions  of  allopurinol  exist  with  azathioprine, 
6-mercaptopurine, and theophylline, whose metabolism is mediated by 
xanthine oxidase. Patients on warfarin need careful observation of their 
anticoagulation status. In addition, ampicillin and amoxicillin trigger 
a rash in at least 20% of allopurinol-treated patients.

Bone marrow suppression is uncommon with allopurinol but may 
occur at higher doses. Severe allopurinol-associated hepatic disease can 
occur but is rare.25 Granulomatous hepatitis, cholestatic jaundice, and 
severe liver necrosis have been described. Appropriate clinical practice 
is to regularly monitor the liver panel, chemistry profile, and blood cell 
counts in conjunction with serum urate before and after allopurinol is 
initiated. Trough levels of oxypurinol can be helpful in guiding allopu-
rinol dosing when considering upward dose titration because of insuf-
ficient  lowering of serum urate. Because compliance with allopurinol 
is often poor in clinical practice,39 the measurement of serum oxypu-
rinol  levels  can  be  helpful  to  confirm  suspected  noncompliance. 
However,  oxypurinol  levels  in  some patients,  particularly  those with 
chronic kidney disease, often need  to be  supratherapeutic  to  achieve 
adequate serum lowering.40

Dosing and adjustments with chronic kidney disease
Allopurinol  is  FDA-approved  for  doses  up  to  800 mg/day.25  Current 
EULAR and FDA dosing guidelines  for patients with preserved  renal 
function are to  initiate allopurinol at 100 mg/day and titrate upward 
by 100 mg every few weeks until a target serum urate level of less than 
6 mg/dL is achieved or the maximum appropriate dose of allopurinol 
is reached.12,25 Allopurinol is given once daily in the morning at doses 
of  300 mg/day  or  less  and  divided  into  two  daily  doses  to  improve 
gastrointestinal tolerance for amounts above 300 mg daily. FDA dosing 
guidelines are for up to 300 mg daily in most patients with mild gout, 
and doses up to 600 mg daily are required to control hyperuricemia in 
moderately severe tophaceous disease.25 Data from large, recent clinical 
trials indicated that allopurinol at a dose of 300 mg/day lowered serum 
urate by about 33% in a population of gout patients in whom 25% to 
30% had detectable tophi, serum urate was 9.5 to 10 mg/dL, and renal 
function was largely intact.14,28,29 Daily doses of allopurinol needed to 
normalize serum urate in patients with preserved renal function appear 
to be close to 400 mg.39 Nevertheless, FDA dosing guidelines for allo-
purinol are for a maximum allopurinol dose to 200 mg/day with cre-
atinine clearance at 10 to 20 mL/min, and 100 mg daily with creatinine 
clearance less than 10 mL/min.25 Reduced allopurinol doses in chronic 
kidney disease have been supported by retrospective analysis of renal 
function–adjusted dosing and allopurinol toxicities.40

In clinical practice, it appears that allopurinol is underdosed in the 
majority  of  cases,  and  particularly  so  with  chronic  kidney  disease.41 
The  vast majority  of  allopurinol  prescriptions  are  for  300 mg/day  or 
less, which reflects the influence of maintenance dosing guidelines for 
allopurinol in chronic kidney disease (calibrated for estimated GFR) by 
Hande  and  associates  from  1984.25,42  These  guidelines,  designed  to 
help prevent AHS, are now recognized to not be evidence based, to fail 
to adequately control hyperuricemia, and also to fail to prevent many 
cases of AHS.25,42 It is recommended to increase allopurinol slowly in 
patients in chronic kidney disease. The safety and tolerability, beyond 
simple  dose-dependent  adverse  events,  of  allopurinol  maintenance 
doses  above  those  previously  calibrated  for  serum  oxypurinol  levels 
related to creatinine clearance40 is not yet defined.12,25,42

Febuxostat
Febuxostat  is  a  selective  inhibitor  of  xanthine  oxidase  that  occupies 
the  access  channel  to  the  molybdenum-pterin  active  site  of  the 
enzyme.43 Unlike allopurinol and oxypurinol, febuxostat does not have 
a  purine-like  backbone  (Fig.  185.5).  Furthermore,  febuxostat,  unlike 
allopurinol, is primarily metabolized by oxidation and glucuronidation 
in the liver, and renal elimination only plays a minor role in febuxostat 
pharmacokinetics.44  Febuxostat,  unlike  allopurinol,  does  not  affect 
pyrimidine metabolism, and it is not re-incorporated into nucleotides, 
distinctions  that  have  the  potential  to  avoid  certain  allopurinol 
toxicities.

URICASE (URIC ACID OXIDASE) THERAPEUTIC ACTION

H2O + O2 H2O2

URIC
ACID

URICASE
(URIC ACID OXIDASE)

ALLANTOIN
+

CO2

Fig. 185.6 Uricase (uric acid oxidase) therapeutic action. Uricases degrade 
sparingly soluble uric acid to highly soluble allantoin. This chemical reaction 
generates 1 mole of hydrogen peroxide per mole of uric acid degraded.
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Moderate  to  severe  infusion  reactions  were  seen  in  8%  to  11%  of 
pegloticase infusions.49,50 Flushing, urticaria, and hypotension occurred 
in  some  and  anaphylaxis  in  about  2%.49,50  Pegloticase  infusion  reac-
tions  also  can  include  severe  muscle  pain  or  cramping,  driven  by 
undefined mechanisms.

All uricase therapies have the potential to induce oxidative stress, 
likely  triggered  by  hydrogen  peroxide  generation  and  possibly  also 
modulated by  altered nitric  oxide bioavailability  and profound,  rapid 
drops  in  the  serum  antioxidant  activity  normally  exerted  by  serum 
urate.52,53 The unequivocal footprint of uricase-induced oxidative stress 
is the development of clinically detectable methemoglobinemia and/or 
hemolysis, seen in less than 1% of rasburicase therapy and linked to 
G6PD  deficiency  in  some  but  not  all  affected  subjects.  The  normal 
abundance of erythrocyte catalase likely serves to limit uricase-induced 
oxidative stress.45 We do not yet know whether uricase induces poten-
tially clinically significant oxidative stress at the tissue level rather than 
simply  erythrocytes,  but  caution  appears  prudent  in  patients  with 
potential concomitant oxidative stress due to certain co-medications, 
congestive heart failure, anemia, and chronic kidney disease.

At the time this is written, uricase therapy for tophaceous gout that 
has failed treatment remains an unapproved, experimental approach. 
I believe such expensive  therapy  is best  considered only  for  carefully 
selected  patients  who  would  benefit  from  accelerated,  finite-term 
tophus  debulking  to  address  incapacitating  tophi  linked  with  active 
synovitis and when other serum urate–lowering therapies have failed 
or cannot achieve this objective.

is  only  approximately  24  hours.  Typically,  tolerability  and  sustain-
ability of off-label rasburicase treatment beyond a few months is poor 
for treatment of refractory hyperuricemia in gout.48

PEGylation of uricases has brought about decreased immunogenic-
ity and a markedly longer circulating half-life of days to weeks.45,46 In 
clinical trials, intravenous administration of the recombinant porcine-
baboon uricase pegloticase consistently produced marked initial reduc-
tion  of  serum  urate  concentrations  but  serum  urate  levels  began  to 
increase over several months in a substantial fraction of patients.49,50 
Before infusion, an antihistamine, acetaminophen, and hydrocortisone 
(200 mg) are employed to decrease infusion reactions to pegloticase.50 
In  a  cohort with  severe  gout  (~70% with  visible  tophi),  intravenous 
pegloticase (8 mg every 2 weeks) lowered the serum urate concentra-
tion  to  less  than  6 mg/dL  in  approximately  42%  of  subjects  by  6 
months.50 Significantly, such treatment promoted complete resolution 
of tophi in 20% by 13 weeks and in approximately 40% by 25 weeks.50

Antibodies to pegloticase
The PEG multimers used in pegloticase do not prevent drug antigenic-
ity.51 As with other uricase treatment regimens, antibodies can emerge 
to  pegloticase  as  treatment  evolves  over  months.51  For  pegloticase, 
these  include  IgM and IgG antibodies  that do not directly neutralize 
the uricase enzymatic activity but adversely alter pharmacokinetics and 
pharmacodynamics.51  Such  antibodies,  seen  in  elevated  titers  in 
approximately 60% of non-responders but only 1% of responders, are 
associated with infusion reactions (in 52% to 67%).51

Side effects
Acute gout flares were seen in up to 80% of pegloticase patients in the 
first  few  months  of  treatment,  with  flares  tapering  off  later  on.49,50 

KEY REFERENCES
1. Cronstein BN, Terkeltaub R. The inflammatory process of 

gout and its treatment. Arthritis Res Ther 2006;8(Suppl 
1):S3.

2. Martinon F, Pétrilli V, Mayor A, et al. Gout-associated uric 
acid crystals activate the NALP3 inflammasome. Nature 
2006;440:237-241.

3. So A, De Smedt T, Revaz S, Tschopp J. A pilot study of 
IL-1 inhibition by anakinra in acute gout. Arthritis Res 
Ther 2007;9:R28.

5. Janssens HJ, Janssen M, et al. Use of oral prednisolone 
or naproxen for the treatment of gout arthritis: a 
double-blind, randomised equivalence trial. Lancet 
2008;371:1854-1860.

6. Man CY, Cheung IT, Cameron PA, Rainer TH. Comparison 
of oral prednisolone/paracetamol and oral 
indomethacin/paracetamol combination therapy in the 
treatment of acute goutlike arthritis: a double-blind, 
randomized, controlled trial. Ann Emerg Med 
2007;49:670-677.

7. Terkeltaub RA. Colchicine update: 2008. Semin Arthritis 
Rheum 2009;38:411-419.

8. Rubin BR, Burton R, Navarra S, et al. Efficacy and safety 
profile of treatment with etoricoxib 120 mg once daily 
compared with indomethacin 50 mg three times daily 
in acute gout: a randomized controlled trial. Arthritis 
Rheum 2004;50:598-606.

9. Getting SJ, Lam CW, Chen AS, et al. Melanocortin 3 
receptors control crystal-induced inflammation. FASEB J 
2006;20:2234-2241.

10. Terkeltaub R, Furst DE, DiGiacinto JL, et al. A one 
sequence, two-Period pharmacokinetic drug-drug 
interaction study with colchicine reveals profound 
effects of clarithromycin (a macrolide antibiotic) on the 
pharmacokinetic profile of colchicine in healthy adults 
[Abstract]. Arthritis Rheum 2008; Supplement S881.

11. Martinon F, Pétrilli V, Mayor A, et al. Gout-associated uric 
acid crystals activate the NALP3 inflammasome. Nature 
2006;440:237-241.

12. Zhang W, Doherty M, Bardin T, et al. EULAR evidence 
based recommendations for gout: II. Management. 
Report of a task force of the EULAR Standing Committee 
for International Clinical Studies Including Therapeutics 
(ESCISIT). Ann Rheum Dis 2006;65:1312-1324.

13. Terkeltaub R, Furst D, Bennett K, et al. Low dose (1.8 mg) 
vs high dose (4.8 mg) oral colchicine regimens in 
patients with acute gout flare in a large, multicenter, 
randomized, double-blind, placebo-controlled, parallel 

group study [Abstract]. Arthritis Rheum 2008; 
Supplement S879.

14. Becker MA, Schumacher HR Jr, Wortmann RL, et al. 
Febuxostat compared with allopurinol in patients with 
hyperuricemia and gout. N Engl J Med 
2005;353:2450-2461.

15. Borstad GC, Bryant LR, Abel MP, et al. Colchicine for 
prophylaxis of acute flares when initiating allopurinol 
for chronic gouty arthritis. J Rheumatol 
2004;31:2429-2432.

16. So A, De Smedt T, Revaz S, Tschopp J. A pilot study of 
IL-1 inhibition by anakinra in acute gout. Arthritis Res 
Ther 2007;9:R28.

17. Tausche AK, Richter K, Grässler A, et al. Severe gouty 
arthritis refractory to anti-inflammatory drugs: 
treatment with anti-tumour necrosis factor alpha as a 
new therapeutic option. Ann Rheum Dis 
2004;63:1351-1352.

18. Choi HK, Curhan G: Soft drinks, fructose consumption, 
and the risk of gout in men: prospective cohort study. 
BMJ 2008;336:309-312.

19. Hak AE, Choi HK. Lifestyle and gout. Curr Opin 
Rheumatol 2008;20:179-186.

20. Choi HK, Gao X, Curhan G. Vitamin C intake and the risk 
of gout in men: a prospective study. Arch Intern Med 
2009;169:502-507.

21. Dessein PH, Shipton EA, Stanwix AE, et al. Beneficial 
effects of weight loss associated with moderate calorie/
carbohydrate restriction, and increased proportional 
intake of protein and unsaturated fat on serum urate 
and lipoprotein levels in gout: a pilot study. Ann Rheum 
Dis 2000;59:539-543.

22. Perez-Ruiz F, Lioté F: Lowering serum uric acid levels: 
what is the optimal target for improving clinical 
outcomes in gout? Arthritis Rheum 2007, 57:1324-1328.

23. Perez-Ruiz F, Calabozo M, Herrero-Beites AM, et al. 
Improvement of renal function in patients with chronic 
gout after proper control of hyperuricemia and gouty 
bouts. Nephron 2000;86:287-291.

24. Siu YP, Leung KT, Tong MK, Kwan TH. Use of allopurinol 
in slowing the progression of renal disease through its 
ability to lower serum uric acid level. Am J Kidney Dis 
2006;47:51-59.

25. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on 
blood pressure of adolescents with newly diagnosed 
essential hypertension: a randomized trial. JAMA 
2008;300:924-932.

26. Edwards NL: Treatment-failure gout: a moving target. 
Arthritis Rheum 2008;58:2587-2590.

27. Singh JA. Quality of life and quality of care for patients 
with gout. Curr Rheumatol Rep 2009;11:154-160.

28. Schumacher HR Jr, Becker MA, Wortmann RL, et al. 
Effects of febuxostat versus allopurinol and placebo in 
reducing serum urate in subjects with hyperuricemia 
and gout: a 28-week, phase III, randomized, double-
blind, parallel-group trial. Arthritis Rheum 
2008;59:1540-1548.

29. Becker MA, Schumacher HR, Espinoza LR, et al. The 
urate-lowering efficacy and safety of febuxostat in the 
treatment of the hyperuricemia of gout: the CONFIRMS 
trial. Arthritis Res Ther 2010 Apr 6;12(2):R63. [Epub 
ahead of print]

30. Schumacher HR Jr, Becker MA, Lloyd E, et al. Febuxostat 
in the treatment of gout: 5-yr findings of the FOCUS 
efficacy and safety study. Rheumatology (Oxford) 
2009;48:188-194.

31. Sundy JS, Becker MA, Baraf HS, et al. Reduction of 
plasma urate levels following treatment with multiple 
doses of pegloticase (polyethylene glycol-conjugated 
uricase) in patients with treatment-failure gout: results 
of a phase II randomized study. Arthritis Rheum 
2008;58:2882-2891.

32. Baraf HS, Becker MA, Edwards NL, et al. Tophus response 
to pegloticase (PGL) therapy: pooled results from 
GOUT1 and GOUT2, PGL phase 3 randomized, double 
blind, placebo-controlled trials. [Abstract, S176]. Arthritis 
Rheum 2008;58.

33. Endou H, Anzai N. Urate transport across the apical 
membrane of renal proximal tubules. Nucleosides 
Nucleotides Nucl Acids 2008;27:578-584.

34. Anzai N, Ichida K, Jutabha P, et al. Plasma urate level is 
directly regulated by a voltage-driven urate efflux 
transporter URATv1 (SLC2A9) in humans. J Biol Chem 
2008;283:26834-26838.

35. Terkeltaub R, Bushinsky DA, Becker MA. Recent 
developments in our understanding of the renal basis 
of hyperuricemia and the development of novel 
antihyperuricemic therapeutics. Arthritis Res Ther 
2006;8(Suppl 1):S4.

36. Perez-Ruiz F, Calabozo M, Pijoan JI, et al. Effect of 
urate-lowering therapy on the velocity of size reduction 
of tophi in chronic gout. Arthritis Rheum 2002;7:56-60.

37. Reinders MK, van Roon EN, Houtman PM, et al. 
Biochemical effectiveness of allopurinol 



SE
C

TI
O

N
 1

4 
●

 C
RY

ST
A

L-
RE

LA
TE

D
 A

RT
H

RO
PA

TH
IE

S

1874

and allopurinol-probenecid in previously 
benzbromarone-treated gout patients. Clin Rheumatol 
2007;26:1459-1465.

38. Hak AE, Choi HK. Menopause, postmenopausal 
hormone use and serum uric acid levels in US 
women—the Third National Health and Nutrition 
Examination Survey. Arthritis Res Ther 2008;10:R116.

39. Perez-Ruiz F, Alonso-Ruiz A, Calabozo M, et al. Efficacy of 
allopurinol and benzbromarone for the control of 
hyperuricaemia: a pathogenic approach to the 
treatment of primary chronic gout. Ann Rheum Dis 
1998;57:545-549.

40. Perez-Ruiz F, Hernando I, Villar I, Nolla JM: Correction of 
allopurinol dosing should be based on clearance of 
creatinine, but not plasma creatinine levels: another 
insight to allopurinol-related toxicity. J Clin Rheumatol 
2005;11:129-133.

41. Sarawate CA, Brewer KK, Yang W, et al. Gout medication 
treatment patterns and adherence to standards of care 
from a managed care perspective. Mayo Clin Proc 
2006;81:925-934.

42. Dalbeth N, Stamp L. Allopurinol dosing in renal 
impairment: walking the tightrope between adequate 
urate lowering and adverse events. Semin Dial 
2007;20:391-395.

43. Okamoto K, Nishino T. Crystal structures of mammalian 
xanthine oxidoreductase bound with various inhibitors: 
allopurinol, febuxostat, and FYX-051. J Nippon Med Sch 
2008;75:2-3.

44. Becker MA, Schumacher HR, Macdonald PA, et al. 
Clinical efficacy and safety of successful long-term urate 
lowering with febuxostat or allopurinol in subjects with 
gout. J Rheumatol 2009; Mar 13. [Epub ahead of print]

45. Sundy JS, Hershfield MS. Uricase and other novel agents 
for the management of patients with treatment-failure 
gout. Curr Rheumatol Rep 2007;9:258-264.

46. Sherman MR, Saifer MG, Perez-Ruiz F. PEG-uricase in the 
management of treatment-resistant gout and 
hyperuricemia. Adv Drug Deliv Rev 2008;60:59-68.

47. Terkeltaub R. Learning how and when to employ uricase 
as bridge therapy in refractory gout. J Rheumatol 
2007;34:1955-1958.

48. Richette P, Brière C, Hoenen-Clavert V, et al. Rasburicase 
for tophaceous gout not treatable with allopurinol: an 
exploratory study. J Rheumatol 2007;34:2093-2098.

49. Sundy JS, Becker MA, Baraf HS, et al. Reduction of 
plasma urate levels following treatment with multiple 
doses of pegloticase (polyethylene glycol-conjugated 
uricase) in patients with treatment-failure gout: results 
of a phase II randomized study. Arthritis Rheum 
2008;58:2882-2891.

50. Sundy JS, Baraf HS, Becker MA, et al. Efficacy and safety 
of intravenous (IV) pegloticase (PGL) in subjects with 
treatment failure gout (TFG): Phase 3 results from 
GOUT1 and GOUT2. [Abstract, S400], Arthritis Rheum 
2008;58.

51. Becker MA, Treadwell EL, Baraf HS, et al. 
Immunoreactivity and clinical response to pegloticase 
(PGL): pooled data from GOUT1 and GOUT2 PGL phase 
3 randomized, double blind, placebo-controlled trials. 
[Abstract S990] Arthritis Rheum 2008;58.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 186 
● Calcium

 pyrophosphate crystal-associated arthropathy
CRYSTA

L-RELATED
 A

RTH
RO

PATH
IES

 
Calcium

 pyrophosphate crystal-associated arthropathy
SECTION 14 CRYSTAL-RELATED ARTHROPATHIES

1875

classification of “pseudogout” (type A); “pseudorheumatoid arthritis” 
(type B); “pseudo-osteoarthritis” (with acute attacks, type C; without 
inflammation, type D); “lanthanic or asymptomatic” (type E); and 
“pseudoneuropathic” (type F), to which other forms were later added.2 
In an attempt to simplify matters, the term calcium pyrophosphate 
dihydrate crystal deposition disease was introduced to incorporate all 
instances of CPP crystal deposition. The term pyrophosphate arthropa-
thy was later used, particularly in Europe, for cases with accompanying 
arthritis. Currently the European League Against Rheumatism is devel-
oping a revised and simplified terminology for CPP crystal deposition. 
However, for clarity here we use the following definitions:

● Chondrocalcinosis (CC)—calcification of articular fibro- or 
hyaline cartilage identified by imaging or histology due to CPP, 
basic calcium phosphates, or both.

● CPP deposition (CPPD)—an umbrella term for all instances of 
CPP crystal deposition.

● Pyrophosphate arthropathy—structural abnormality of cartilage 
and bone (cartilage loss, osteophyte, cysts—i.e., changes of osteo-
arthritis) together with intra-articular CPP crystal deposition (pre-
viously termed calcium pyrophosphate dihydrate crystal deposition 
disease types C and D).

● Acute CPP crystal arthritis—the clinical syndrome of acute syno-
vitis associated with intra-articular CPPD deposition (previously 
termed “acute pseudogout”).

EPIDEMIOLOGY
Prevalence
Data on CC, derived from radiographic and pathologic surveys, are 
sparse and largely confined to the knee (Table 186.1).2-6 CC is strongly 
associated with age, the prevalence being low in those younger than 
age 50 but rising from 10% to 15% in those aged 65 to 75 and 30% to 
60% in those older than 85. Previous reports suggested a female pre-
ponderance, but more recent community studies have shown that this 
is due to confounding by age and that the age-specific prevalence in 
men and women does not differ.4-6 CC is reported from most countries 
and racial groups. The only community-based study of the prevalence 
of OA with CPPD gave an estimate of 2.4%, age, sex, and knee pain 
standardized for Nottingham, U.K. residents older than age 40.7

Predisposing factors
Age
This appears to be a major predisposing factor but the mechanism is 
not known. Levels of inorganic pyrophosphate (PPi) in synovial fluid 
from normal knees show no increase with age,8 suggesting that age-
related alteration in matrix factors may be more important than altera-
tion in PPi metabolism. An indirect association with OA seems unlikely 
because CC commonly occurs in otherwise normal cartilage.

Heredity
Several reports indicate an increased familial risk, as well as ethnic 
variation in occurrence,2,3,9-12 both of which support a genetic predis-
position. The pattern of inheritance varies, though autosomal domi-
nance is usual. Within families two clinical phenotypes have been 
emphasized, the first characterized by early onset in the third to fourth 
decades, florid polyarticular CC, and variable severity of arthropathy 
ranging from mild to destructive,9,10,12 and the second characterized by 

Calcium pyrophosphate crystal-
associated arthropathy
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 Calcium pyrophosphate crystal-associated arthropathy comprises 
arthropathy and other locomotor conditions associated with 
calcium pyrophosphate (CPP) crystal deposition.

 Sporadic, familial, and metabolic disease–associated forms have 
been recognized.

 It is predominantly a disease of the elderly.
 It includes:

– An acute, self-limiting synovitis (acute CPP crystal arthritis or 
“pseudogout”).

– Chronic arthropathy which shows an association and an overlap 
with osteoarthritis.

 The target joints are knees, wrists, shoulders, and hips.

HISTORY AND NOMENCLATURE
Adams (1857) is credited with the first description of articular cartilage 
calcification (chondrocalcinosis) in pathologic specimens. With the 
advent of skeletal radiography, it soon became apparent that chondro-
calcinosis is a common phenomenon, occurring either alone or in 
association with arthritis. Mandl (1927) was the first to emphasize the 
clinical and pathologic diversity of chondrocalcinosis at the knee, dis-
tinguishing primary (asymptomatic, bilateral, no cartilage damage) 
from secondary chondrocalcinosis (symptomatic, localized, often post-
traumatic, with cartilage fibrillation). In 1957 Sitaj and Zitnan used 
chondrocalcinosis as a diagnostic feature for arthritis in five Czech 
families and coined the term chondrocalcinosis polyarticularis. The 
observation that chondrocalcinosis often preceded the development of 
radiographic damage in these families reinforced previous contentions 
(Werwath 1928, Harman 1944) that chondrocalcinosis was a cause of 
arthritis. Undoubtedly a major milestone, however, was when, in 
1961, McCarty and Hollander introduced compensated polarized 
microscopy as a technique to identify monosodium urate crystals in 
patients with gout. Within a year McCarty and colleagues discovered 
non-urate crystals, identified by x-ray diffraction as calcium pyrophos-
phate (CPP) dihydrate (Ca2P2O7.2H2O) in knee fluids from patients 
with acute synovitis and chondrocalcinosis. The clinical similarity to 
gout prompted the term pseudogout for this new “crystal-induced 
arthropathy.”1 It was soon realized that chondrocalcinosis polyarticu-
laris was also caused by CPP crystal deposition. Cadaveric studies 
subsequently established CPP as the most common, but not exclusive, 
cause of knee chondrocalcinosis, resulting in the term chondrocalcino-
sis often being used synonymously with CPP crystal deposition. The 
perspective of CPP crystals as primary, causal agents in joint disease 
was readily supported by the demonstration of CPP crystals in acute 
arthritis, the in vitro evidence that CPP crystals are potent inflamma-
tory agents, and the induction of synovitis by injection of CPP crystals 
into normal canine or human joints. The finding of metabolic disease 
associations and varying forms of familial predisposition further rein-
forced the analogy to monosodium urate crystals in gout. Conse-
quently, CPP arthropathy was separated into hereditary, metabolic 
disease–associated, or sporadic/idiopathic forms.

Following initial descriptions of pseudogout, a variety of other clini-
cal settings for CPP deposition were reported. Many presentations 
appeared to mimic other forms of arthritis, encouraging the prolifera-
tion of numerous “pseudo” syndromes and a complex clinical 
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of premature CC in just a few cases.17 Hemochromatosis is the one 
metabolic disease that causes structural arthropathy rather than just 
CC and acute CPP crystal arthritis. A recent population-based study 
suggests that CC may be more frequent in H63D homozygotes (age 
younger than 65 years) and H63D C282Y compound heterozygotes 
(age older than 65 years) than in C282Y homozygotes of the high fer-
ritin gene.20 This suggests that factors other than iron overload may 
be responsible for CC and the arthropathy of hemochromatosis.

Associations with metabolic disease are explained through putative 
effects on PPi metabolism, extrapolated largely from in vitro data. Sug-
gested mechanisms include the following:

● Reduced breakdown of PPi by alkaline phosphatase due to
● reduced levels of PPi (hypophosphatasia)
● The presence of inhibitory ions (calcium, iron or copper in 

hyperparathyroidism, hemochromatosis, Wilson disease, 
respectively)

● Impaired complexing with magnesium (hypomagnesemia)
● Enhanced nucleation of CPP crystals by increased iron (hemo-

chromatosis) or copper (Wilson disease)
● Increased calcium concentration (hyperparathyroidism)
● Increased PPi production through parathyroid hormone (PTH) 

stimulation of adenylate cyclase (hyperparathyroidism)

Effects on PPi metabolism are supported by the finding of elevated 
synovial fluid PPi in asymptomatic, structurally normal knees of 
patients with untreated hyperparathyroidism, hemochromatosis, or 
hypomagnesemia21 and elevated urinary and blood levels in hypophos-
phatasia.22 Mechanisms other than effects on PPi metabolism may also 
operate. Bone and cartilage changes may be marked in these disorders, 
and CPPD may be mediated via alterations in cartilage matrix factors.

ASSOCIATION WITH OSTEOARTHRITIS  
AND JOINT INSULT
The relationship between CPP crystals and osteoarthritis (OA) remains 
unclear. The strong overlap with OA has led many to consider pyro-
phosphate arthropathy as a “subset” of OA.3 The dose-response rela-
tionship between concentration of knee synovial fluid CPP crystals and 
severity of radiographic OA (Fig. 186.1) also supports this view.23 
However, this relationship is complex because CPPD and OA both 

late onset in the sixth to seventh decades, oligoarticular CC mainly 
confined to the knees, and arthritis resembling sporadic OA with 
CPPD.11,12 The latter familial form may be more common than is 
recognized, the late onset of disease expression and geographic disper-
sal of families posing difficulties in this respect. Recombination 
mapping in British, French, and Argentinian families with CC due to 
CPPD has identified the CC gene 2 (CCAL2), located to chromosome 
5p15.13,14 The other reported locus (CCAL1), in an American family 
with premature OA and associated CPPD, is on chromosome 8q.15 
Although CCAL 2 has been identified as the ANKH (Ankylosis human) 
gene, no specific gene has been identified at the CCAL1 locus, which 
spans a genetic interval of 30 cM (a physical distance of 25 Mbp). 
Further exploration of the genetic basis of CPPD due to CCAL1 is 
hindered by the lack of additional family members from the original 
kindred and by the absence of additional reports of CPPD phenotype 
linked to the CCAL1 locus. A community-based sibling study sug-
gested that there is no significant heritable contribution to apparently 
sporadic CC or pyrophosphate arthropathy.7 However, one case control 
study suggests that inheritance of a -4bp G-to-A 5’-UTR transition in 
ANKH that upregulates expression of ANKH gene and increases extra-
cellular PPi may confer an increased risk of apparently sporadic CC.16

Association with metabolic diseases
Numerous metabolic disease associations have been suggested (Table 
186.2; Jones and colleagues17,18), but many reflect a chance concurrence 
of common age-related conditions, as suggested by the negative results 
from controlled studies looking for previously reported associations 
with diabetes, hypothyroidism,18 uremia, and Paget disease.17 The 
strongest evidence for an association relates to hyperparathyroidism 
and hemochromatosis. There is also good evidence that hypomagne-
semia due to chronic renal loss (predominantly Gitelman’s variant of 
Bartter syndrome), short bowel syndrome, and intestinal failure associ-
ates with CC.19 However, for rarer metabolic conditions such as hypo-
phosphatasia or Wilson disease, evidence is limited to the occurrence 

TABLE 186.1 EPIDEMIOLOGY OF CPPD CRYSTAL DEPOSITION

Age association Rises with age

Sex distribution (F : M) 1 : 1

CC prevalence 8.1% (age range 63-93)

Pyrophosphate 
arthropathy prevalence

3.4% (age range 40-89)

Geography Appears ubiquitous

Genetic associations Mutations of ANKH gene on chromosome 5p (CCAL2) 
and unknown genes on chromosome 8q (CCAL1)

TABLE 186.2 METABOLIC DISEASES PREDISPOSING TO CPPD DEPOSITION

CC Pseudogout Chronic PA

Hemochromatosis Yes Yes Yes

Hyperparathyroidism Yes Yes No

Hypophosphatasia Yes Yes No

Hypomagnesemia Yes Yes No

Hypothyroidism No No No

Gout Possibly Possibly No

Acromegaly Possibly No No

Ochronosis Yes Yes No

Familial hypocalciuric hypercalcemia Possibly No No

X-linked hypophosphatemic rickets Possibly Possibly Possibly

CC, chondrocalcinosis; PA, pyrophosphate arthropathy.

'Hypertrophic' OA 'Atrophic' OA

CPPD +++ + −

ASSOCIATION OF CPPD WITH HYPERTROPHIC OSTEOARTHRITIS

Fig. 186.1 Association of calcium pyrophosphate deposition with hypertrophic 
osteoarthritis.
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factors. The glenohumeral joint, for example, may appear to be a target 
site for pyrophosphate arthropathy because it only becomes a common 
site for OA in elderly people.

Several observations support a relationship between preceding joint 
insult and the subsequent development of CC (e.g., the high frequency 
of CC [often localized, premature]) in knees that have undergone 
surgery for osteochondritis dissecans or total meniscectomy; the fre-
quency of CPPD in lumbar disc fibrocartilage removed at revision 
surgery; and reports of localized pyrophosphate arthropathy as a late 
complication of juvenile chronic arthritis, joint instability, or trauma.3

CLINICAL FEATURES
CC can be an incidental finding, but the two common presentations 
are acute synovitis and chronic arthritis.2,3,29 Other presentations are 
rare.

Acute CPP crystal arthritis
This classic presentation is the most common cause of acute monoar-
thritis in the elderly. Acute attacks may be the only manifestation of 
otherwise asymptomatic CC or pyrophosphate arthropathy. In older, 
mainly female patients, however, they often superimpose on chronic 
symptomatic arthropathy. Any joint may be involved, including the 
first metatarsophalangeal simulating gout (“pseudopodagra”), but the 
knee is by far the commonest site (Fig. 186.3), followed by the wrist, 
shoulder, ankle and elbow. Concurrent attacks in more than one joint 
are unusual (<10% of cases) and polyarticular attacks are rare. The 
typical attack develops rapidly, with severe pain, stiffness, and swelling, 
maximal within just 6 to 24 hours of onset. As with gout, the patient 
may describe pain as the “worst ever” and be unable to tolerate even 
light pressure from clothing or bedding. Overlying erythema is common 
and examination reveals a tender joint, with signs of marked synovi-
tis—increased warmth, a large or tense effusion, joint line tenderness, 
and restricted movement with stress pain. Fever is common and occa-
sionally marked. Elderly patients may appear unwell and mildly con-
fused, especially with knee or multiple joint involvement.

Acute attacks are self-limiting and usually resolve within 1 to 3 
weeks. Transient, less severe “petit” attacks are probably common but 
difficult to confirm. Most episodes develop spontaneously, but several 
provoking factors may precede the attack by 1 to 3 days (Box 186.1), 
the commonest being stress response to intercurrent illness or surgery.

Chronic pyrophosphate arthropathy
Symptomatic patients with this common condition are mainly elderly 
and female. Like acute CPP crystal arthritis, it principally targets  
large and medium-sized joints, the knees being the most common  
and severely affected sites, followed by wrists, shoulders, elbows,  
hips, and midtarsal joints (Figs. 186.4 and 186.5). In the hand, the 

associate with age, which could be a confounding factor for this rela-
tionship, and each can occur without the other. Nevertheless, there is 
convincing evidence for a strong positive association, at least at the 
knee. A U.K. study, for example, confirmed an increased rate of radio-
graphic OA in those with CC (age-sex adjusted odds ratio [OR] 2.1 at 
the patellofemoral joint and 2.0 at the tibiofemoral joint).6 This 
appeared to operate principally through an association with osteophyte 
rather than joint-space narrowing. Such observations have prompted 
the hypothesis that CPPD in the context of OA may act as a marker 
for individuals with a “hypertrophic” and thus potentially reparative 
tissue response to joint injury. That this may be a generalized skeletal 
response with predisposition to both osteophyte and enthesophyte 
formation is suggested by two small, uncontrolled case series that 
report a higher than expected concordance of CC and vertebral hyper-
ostosis.24,25 Basic calcium phosphate crystal deposition also associates 
with OA (see Chapter 187) and cartilage mineralization due to deposi-
tion of both CPP, and basic calcium phosphate crystals (“mixed crystal 
deposition”) in varying proportion is common in end-stage OA. Indeed, 
one recent study found basic calcium phosphate, particularly apatite, 
to be universal in end-stage OA while CPP crystals were present in 
18% of joints analyzed.26

Mechanism
The mechanisms that may link CPPD and osteophyte formation 
remain speculative but may include shared chemical and/or mechani-
cal predisposing factors. For example, Transforming Growth Factor-β 
(TGF-β) stimulates osteophyte formation and also enhances elabora-
tion of extracellular PPi by hypertrophic chondrocytes, thus predispos-
ing to pericellular CPP crystal formation.27 Controlled radiographic and 
synovial fluid surveys suggest an inverse correlation between CPPD 
and rheumatoid arthritis (RA).28 The occurrence of atypical osteoar-
thritic radiographic features in patients with coexistent disease further 
suggests that the primary association of CPP is with hypertrophic 
tissue response and/or OA.

The “amplification loop” hypothesis may explain the variable inter-
relationship between OA and CPPD (Fig. 186.2). This suggests that 
CPPD may be enhanced by the tissue changes that accompany OA and 
that, once formed, the CPP crystals hasten further joint damage via 
inflammatory and mechanical effects.3 CPPD may be moderated by 
aging, familial factors, and metabolic disease.

The characteristic distribution of chronic pyrophosphate arthropa-
thy, compared with OA, remains unexplained. Age and gender, 
however, could be important confounders in that the prevalence of both 
OA at different joint sites and CPPD varies markedly according to these 

THE ‘AMPLIFICATION LOOP’ HYPOTHESIS FOR CPPD AND OA

Crystal depositionSynovitis

OA

Trauma

Other insults

Mechanical
wear

Crystal 'shedding'

Cartilage damage Arthritis

Age

Heredity

Metabolic
disease

Fig. 186.2 The “amplification loop” hypothesis for calcium pyrophosphate 
deposition and osteoarthritis.

Fig. 186.3 Acute CPP crystal arthritis affecting the knee. Seen here in an 
elderly woman with background chronic pyrophosphate arthropathy. 
Bloodstaining of synovial fluid is common in this situation.
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and clinical deterioration,31 suggesting that CPPD is a marker for poor 
prognosis in knee OA. Against this is a more recent report suggesting 
that the presence of CC in patients with knee OA has a protective 
effect on joint space narrowing over a 2.5- to 3-year period.32 This 
observation might be expected if the association between CC and OA 
is mediated by predisposition to osteophytosis, as suggested by a com-
munity survey.6 Nevertheless, the occasional development of rapidly 
progressive arthropathy, particularly at the knee, shoulder, or hip, is 
well recognized. Such “destructive pyrophosphate arthropathy” (“pseu-
doneuropathic joint”)2 is virtually confined to elderly women, usually 
accompanied by severe night and rest pain, and associated with a poor 
outcome.33 Some such patients have problematic recurrent hemarthro-
sis, particularly of the shoulder and knee; joint leakage may cause 
extensive bleeding, swelling, and bruising of adjacent tissues. Interest-
ingly, the occurrence of rapidly destructive apatite-associated arthritis 
at the hip (without local CPPD) appears more common in patients 
with CC or pyrophosphate arthropathy at other sites, though the 
mechanism for this is obscure.3 Again, such rapidly progressive 
arthropathy is virtually confined to elderly women (see Chapter 187).

Incidental finding
Because isolated CC is a common age-associated phenomenon, it is 
often observed as an incidental radiographic finding in elderly subjects. 
Though less well documented, it is likely that asymptomatic pyrophos-
phate arthropathy is also common in the eighth and ninth decades,4 
as is asymptomatic OA.

metacarpophalangeal joints (particularly the second and third) are the 
most severely affected sites. Presentation is with chronic pain, early 
morning and inactivity stiffness, limitation of movement, and func-
tional impairment. Acute attacks may be superimposed on this chronic 
history. Symptoms are often restricted to just a few joints, though 
single or multiple joint involvement also occurs.

Affected joints usually reveal typical signs of OA—bony swelling, 
crepitus, restricted movement—with varying degrees of synovitis. 
Synovitis, represented by increased warmth, joint line and/or capsular 
tenderness, stress pain, effusion, and soft tissue thickening, may be 
marked and is usually most evident clinically at the knee, radiocarpal, 
or glenohumeral joints.

Examination, particularly of elderly women, often reveals more 
widespread but asymptomatic arthropathy. Generalized OA with 
Heberden nodes, for example, is a common accompaniment. It is sug-
gested that pyrophosphate arthropathy may be clinically distinguished 
from non-crystal-associated OA by: (1) the pattern of involvement 
(wrists, shoulder, ankles, and elbows are less commonly affected in OA 
and knee involvement usually predominates in the medial compart-
ment); (2) the often marked inflammatory component; and (3) the 
superimposition of acute attacks.

NATURAL HISTORY OF CHRONIC 
PYROPHOSPHATE ARTHROPATHY
The natural history of chronic pyrophosphate arthropathy is poorly 
documented. However, despite often severe symptoms and structural 
change at presentation, one 5-year hospital-based study30 suggests that 
most patients have a benign course, particularly with respect to small 
and medium-sized joint involvement. As expected, most symptom 
progression in this study occurred in large lower limb joints, but even 
in severely affected knees (the usual site of presentation), 60% showed 
stabilization or improvement of symptoms. However, in a second 
hospital-based prospective study of 350 OA knees, the presence of 
synovial fluid CPP crystals or CC was associated with radiographic 
progression, especially bone attrition (OR 3.44, 95% CI 1.97 to 6.02) 

Fig. 186.4 Chronic pyrophosphate arthropathy.

Very common Common

SITES OF INVOLVEMENT OF 
CHRONIC ARTHROPATHY

Fig. 186.5 Chronic arthropathy. Common sites of involvement of chronic 
pyrophosphate arthropathy.

BOX 186.1 SITUATIONS THAT MAY TRIGGER ACUTE CPP 
CRYSTAL ARTHRITIS
Definite
Direct trauma to joint
Intercurrent medical illness (e.g., chest infection, myocardial infarction)
Surgery (especially parathyroidectomy)
Blood transfusion, parenteral fluid administration
Joint lavage

Possible
Institution of thyroxine replacement therapy
Intra-articular injection of hyaluronan
Bisphosphonate treatment

Note: Most cases of pseudogout develop spontaneously.
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positive birefringence and inclined extinction (15 to 20 degrees) under 
compensated polarized microscopy (Fig. 186.6). “Twinning” of crystals, 
leaving a chip at one corner, is occasionally seen. Crystals of CPP are 
less readily identified and often less numerous than monosodium urate 
crystals, and they can often be missed. A careful search in areas of 
cellular debris and fibrin, as well as examination of a spun deposit, 
may both increase detection. Although the crystals are robust, early 
examination of fresh fluid avoids problems of dissolution and post-
aspiration artifact. The Diff Quik stain using eosin G and thiazine is 
as effective as wet mount examination for detecting CPP crystals and 
can facilitate delayed examination of stained slides, for example for 
quality control checks, for up to 12 months after the initial staining.39 
For histologic samples, neutral buffers should be used to avoid dissolu-
tion: crystals may readily be lost during decalcification (often done for 
tissue submitted with bone). Stains such as Alizarin red S improve 
detection. As with other synovial fluid particles, identification by polar-
ized light microscopy is associated with both false positives and false 
negatives. Identification using more definitive analytical means (e.g., 
infrared spectrophotometry, electron microscopic methods, x-ray dif-
fraction) is ideal. However, such methods often require a high crystal 
load for analysis, are expensive, and take time. Therefore for routine 
clinical purposes polarized microscopy of fresh fluid represents a con-
venient, rapid, and adequate compromise.

Imaging
Plain radiographic features
Radiographic aspects relate to both the calcification and arthropathy 
associated with CPPD.3,40

Calcification
CC most commonly affects fibrocartilage (particularly knee menisci, 
wrist triangular cartilage, symphysis pubis) but also occurs in hyaline 
cartilage (particularly knee, glenohumeral joint, hip) as thick linear 
deposits, parallel to and separate from subchondral bone (Fig. 186.7). 
Although occasionally localized to a single joint such as one knee, CC 
usually affects several joints: If absent from knees, wrists, or symphysis 
pubis it is unlikely to be present elsewhere. Capsular and synovial 
calcification is less common than CC and is usually most obvious at 
metacarpophalangeal joints (Fig. 186.8) and the knee. Florid synovial 
calcification occasionally simulates synovial osteochondromatosis. 
Deposition in tendon insertions particularly favors the Achilles (Fig. 
186.9), triceps, and obturators and is typically linear and extensive 
compared with the discrete nummular calcification of apatite. Diffuse 
calcification of bursae and ligaments41 may occur. Both CC and calci-
fication are dynamic and may increase or decrease with time. CC may 
become less evident, particularly if cartilage thickness is lost or if crys-
tals are “shed” from cartilage during acute or recurrent inflammatory 
episodes.30,42

CC and calcification may be readily visible on standard radiographs, 
though meticulous technique using optimal resolution undoubtedly 
enhances detection. CT and MRI imaging are relatively insensitive41 
and detect only sizable CPP deposits. However, high-frequency ultra-
sonography may be more sensitive than plain radiography.43,44 

Uncommon presentations
Atypical arthropathic and axial presentations
Marked proximal stiffness accompanying glenohumeral and polyarticu-
lar involvement may rarely suggest polymyalgia rheumatica. Severe 
spinal stiffness, particularly in Czech, Chilean, and other familial 
forms, may present as “pseudoankylosing spondylitis”; indeed, spinal 
ankylosis may occur in Chilean families.10 The putative association 
with diffuse idiopathic skeletal hyperostosis (DISH)24 may further com-
plicate this issue. Acute attacks in axial joints are difficult to confirm, 
and some self-limiting spinal syndromes, described in relation to the 
periodontoid (crowned dens syndrome),34 cervical and lumbar regions, 
may reflect acute CPP crystal attacks. Certainly in elderly subjects 
acute self-limiting meningitic episodes may occur in relation to CPPD 
in degenerative ligamenta flava and cervical discs; such deposits rarely 
associate with chronic myeloradiculopathy. Preferential deposition of 
CPP in ligamenta flava at C3-C6 remains unexplained but corresponds 
to the level of greatest mobility.

Tendinitis and tenosynovitis
Acute inflammatory episodes relating to CPPD in tendons are described 
for triceps, flexor digitorum, and Achilles tendons, and tenosynovitis 
is reported for hand flexors and extensors.35 Tendinitis and tenosyno-
vitis usually, but not inevitably, occur in patients with accompanying 
CC or pyrophosphate arthropathy. Flexor tendon involvement may 
associate with carpal tunnel syndrome and, less frequently, with com-
bined median and ulnar nerve entrapment at the wrist,35 the entrap-
ment appearing to relate more to soft tissue factors than structural 
arthropathy. Tendon rupture (hand extensors, Achilles) is a rare 
complication.

Bursitis
Olecranon, infrapatellar, and retrocalcaneal bursitis is a rare clinical 
manifestation, again predominating in patients with widespread pyro-
phosphate arthropathy. It is thought most likely that CPP crystals 
migrate to bursal tissues from adjacent cartilage and capsule of tendon 
rather than deposit de novo in soft tissues.

Tophaceous CPPD
Tophaceous (“tumoral”) CPPD is rare but reported in intra-articular or 
periarticular sites that include the knee, elbow, finger, jaw, acromio-
clavicular joint, and hip.36 Lesions are solitary and usually develop in 
areas of chondroid metaplasia without predisposing metabolic abnor-
mality or evidence of CPPD elsewhere. Malignancy is often suspected 
and the diagnosis follows examination of excised material. Rarely bone 
erosion may occur with tophaceous CPPD at the temporomandibular 
joint.37

INVESTIGATIONS
Central investigations for diagnosis are (1) fluid and tissue analysis 
(primarily synovial fluid, rarely bursal or tenosynovial aspirate, biopsy 
material) for the presence of CPP crystals and (2) plain radiographs. 
Other investigations may be undertaken to exclude alternative or coex-
isting arthropathy, and once the diagnosis is confirmed further inves-
tigation for predisposing metabolic disease may be indicated.

Fluid and tissue analysis
In acute CPP crystal arthritis, aspirated fluid is often turbid or blood-
stained, with diminished viscosity and greatly elevated cell count 
(usually >90% neutrophils). Macroscopic appearance, viscosity, and cell 
counts in chronic arthropathy are more variable and range from 
“inflammatory” to “non-inflammatory.” The initial search for CPP 
crystals should be carried out under light microscopy (400× or 1000×); 
a large proportion of CPP crystals may not be visualized under non-
compensated polarized light microscopy. However, once a crystal is 
identified by its morphologic characteristics, it should be examined 
under polarized light for positive identification, remembering that only 
a minority (one fifth) of CPP crystals show positive birefringence.38

CPP crystals are recognized by their morphology (usually rhomboids 
or rods, occasionally acicular, ≈2 to 10 µm long) and show weak 

Fig. 186.6 Synovial fluid calcium pyrophosphate crystals.
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Detectable calcification is not a prerequisite for diagnosis of CPPD-
associated syndromes.

Structural changes
The changes of pyrophosphate arthropathy are those of OA, namely 
cartilage loss, sclerosis, cysts, and osteophytes.3,40 Characteristics pur-
ported to aid distinction, however, include the following:

● joint distribution and involvement within articulations that are 
atypical of OA (e.g., glenohumeral, metacarpophalangeal, ankle 
or elbow disease; isolated or predominant involvement of patel-
lofemoral compartment; radiocarpal joint [sometimes with char-
acteristic scapho-lunate dissociation]; mid foot (Fig. 186.10) or 
talocalcaneo-navicular articulation)

● often prominent, exuberant osteophyte (see Fig. 186.10, Fig. 
186.11) and cyst formation (Fig. 186.12), particularly at the knee 
and wrist.

Fig. 186.7 Knee radiograph showing chondrocalcinosis of both fibrocartilage 
(meniscus) and hyaline cartilage.

Fig. 186.8 Calcification affecting metacarpophalangeal joints.

Fig. 186.9 Achilles tendon calcification.

Fig. 186.10 Midfoot radiograph showing hypertrophic osteoarthritis features. 
Note prominent osteophytosis, typical of pyrophosphate arthropathy.

Fig. 186.11 Knee radiograph showing hypertrophic osteoarthritis features. 
Note prominent patellofemoral involvement, typical of pyrophosphate 
arthropathy.
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Fig. 186.12 Hand radiograph showing typical radiocarpal involvement. Note 
prominent cyst formation, chondrocalcinosis of the triangular ligament, and 
“pressure erosion” of the distal radius.

Fig. 186.13 Rapidly destructive knee arthropathy in an elderly woman. Note 
marked bone attrition, bony “loose bodies,” and chondrocalcinosis.

a b

Fig. 186.14 Knee radiograph of patient with coexistent 
rheumatoid arthritis (RA) and calcium pyrophosphate 
deposition. On the anteroposterior view (a) there is 
widespread cartilage loss, but the lateral view (b) shows 
marked new bone formation atypical of RA.

Many cases of pyrophosphate arthropathy, however, appear not dis-
similar to “uncomplicated” OA regarding structural change (and vice 
versa). Sequential radiographic changes are variable. The few patients 
with destructive arthropathy show marked attrition of cartilage and 
bone, with occasional fragmentation and loose osseous bodies that may 
resemble the “disorganization” of a Charcot joint; such cases may show 
rapid, progressive change (Fig. 186.13).

Marginal erosions are not a feature of pyrophosphate arthropathy, 
though smooth “pressure” erosions (reflecting chronic effusions or 
bone “wear”) are not infrequent, particularly on the anterior distal 
femur and around the distal inferior radioulnar and radiocarpal joints. 
In patients with coexistent RA and CPPD, a modified radiographic 
appearance may occur (Fig. 186.14), characterized by retained bone 
density, prominent osteophytes, prominent well-corticated cysts, and 
paucity of erosion—in other words, predominance of reparative OA 
rather than atrophic destructive change.28

Hemochromatosis may present radiographic changes similar to 
those of sporadic pyrophosphate arthropathy, although possible dif-
ferentiating features include more widespread metacarpophalangeal 
involvement with the greatest difference in involvement occurring in 
the fourth and fifth digits, radial hook osteophytes at the metacarpo-
phalangeal joints, the absence of scapholunate dissociation, involve-
ment of metacarpophalangeal joints in the absence of radiocarpal 
arthropathy, more frequent multiple “ring cysts” in large joints, and 
subchondral bone fragmentation at the hip.40,45

Other imaging methods
Axial CT
Computed tomography (CT) is particularly useful in the evaluation of 
CPPD in the spine. CT of the cervico-occipital junction may show 
periodontoid calcification, subchondral cysts, and erosion in cases with 
crowned dens syndrome. MRI may be used for further evaluation of 
any patient with neurologic symptoms.

Ultrasound
High-frequency ultrasound examination can demonstrate CPPD in 
hyaline cartilage, fibro-cartilage, and in and around tendons. CC 
appears as isolated or extensive linear hyperechoic deposits within the 
substance of hyaline articular cartilage and as rounded or amorphous 
deposits in fibrocartilage. In contrast, urate crystals are seen as hyper-
echoic linear deposits on the surface of articular cartilage. Articular 
CPP deposits are generally not dense enough to cast an acoustic 
shadow. Tendinous CPPD is linear and sometimes casts an acoustic 
shadow.46 Musculoskeletal ultrasound has been reported to have a high 
specificity (96.4% to 97.6%) and moderate to high sensitivity (68.7% 
to 86.7%) for the detection of CC at the knee and, although not directly 
compared, may be more sensitive than plain radiography.43,47
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a marked inflammatory component, polyarthritis with metacarpopha-
langeal involvement, and modest elevation of ESR may lead to consid-
eration of RA (“pseudorheumatoid arthritis”),2 particularly as large 
joint involvement may predominate in elderly patients with RA. Nev-
ertheless, with pyrophosphate arthropathy the following considerations 
usually permit distinction: infrequency of metatarsophalangeal arthrop-
athy; infrequency of tenosynovitis; absence of extra-articular features; 
lack of juxta-articular osteopenia and marginal erosions; lack of strong 
seropositivity for rheumatoid factor and anti-CCP antibodies; and  
positive joint fluid and radiographic findings for pyrophosphate 
arthropathy.

Patients with marked proximal stiffness and elevated ESR are dif-
ferentiated from those with polymyalgia rheumatica mainly by careful 
locomotor examination and by positive joint fluid and radiographic 
findings. Oral corticosteroids often improve symptoms in such patients 
but rarely give the rapid “cure” of polymyalgia: response to local intra-
articular corticosteroid may be more impressive.

Differentiation from uncomplicated OA is often by the different 
pattern of distribution between and within articulations; the more 
florid inflammatory component; the presence of superimposed acute 
attacks; radiographic findings of atypical distribution for OA, CC, and 
prominent osteophyte and cyst formation; and synovial fluid CPP 
crystals.

Although destructive pyrophosphate arthropathy may radiographi-
cally resemble a neuropathic joint, such joints are severely sympto-
matic and arise in the absence of overt neurologic or serologic 
abnormality.

Although the description of clinical presentations by the addition 
of “pseudo” to other diagnostic labels suggests the close mimicry of 
other joint disease, the diagnosis is usually suspected on clinical 
grounds alone and confirmed by the synovial fluid and radiographic 
findings. However, CPPD commonly coexists or is superimposed on 
other recognizable joint disease, making the prefix pseudo- clearly inap-
propriate.3 The commonest associated condition is OA (generalized, 
pauciarticular, or post-traumatic) affecting the same or distant joints, 
though coexistent gout, sepsis, RA, apatite-associated destructive 
arthropathy, or true Charcot arthropathy may all occur. In such  
cases the diagnostic label should reflect both conditions, though the 
relative contribution of each may vary at different sites in the same 
individual.

Although rare, tophaceous CPPD should be considered with malig-
nancy and tophaceous gout in the differential diagnosis of calcified 
lesions involving periarticular soft tissues. Examination of biopsy 
material is required for correct diagnosis.36

STRUCTURE AND FUNCTION
Pyrophosphate metabolism
Inorganic pyrophosphate (PPi) is a byproduct of multiple intracellular 
biosynthetic reactions throughout the body.48 Despite high turnover 
(estimated in kg/day) both intracellular and extracellular con-
centrations are maintained at a generally low level by ubiquitous 
pyrophosphatases that metabolize PPi (complexed to magnesium)  
to orthophosphate. Despite its high-energy phosphoester bond (impli-
cated in the biochemical origin of life), PPi is not known to be an  
energy source in mammals, nor is it known to be synthesized  
de novo.

Numerous biologic roles for PPi are now recognized including par-
ticipation in intracellular Ca2+ traffic, mediation of nucleotide and iron 
transport, modulation of enzyme systems, storage of molecules in cel-
lular granules, and effects on mitogenesis.48 In locomotor tissues, 
however, an important role derived from the study of matrix vesicles 
is modulation of apatite mineralization.49 A certain level of PPi is 
required for the initial nucleation of apatite from amorphous calcium 
phosphate and for subsequent crystal growth. Paradoxically, higher 
levels of PPi inhibit these processes by preventing nucleation and 
adsorbing to the surface of apatite crystals, preventing further crystal 
growth and acting as a crystal poison.50 PPi inhibits abnormal calcifica-
tion in the vasculature, saliva, and the urinary tract. It is because of 
its calcium crystal inhibitory properties that PPi is used industrially as 
a water softener.

Additional investigations
In acute CPP crystal arthritis, Gram stain and culture should always 
be performed on aspirated fluid. Septic arthritis is the principal dif-
ferential diagnosis, and concurrence with acute CPP crystal arthritis 
occasionally occurs. Other synovial fluid investigations are of little 
diagnostic value in this situation. Acute CPP crystal arthritis com-
monly triggers a moderate acute-phase response, with elevation of 
plasma viscosity, erythrocyte sedimentation rate (ESR), acute-phase 
reactants (e.g., C-reactive protein), and peripheral white cell count 
(predominantly neutrophils). Such changes are occasionally impres-
sive, particularly with attacks affecting multiple large joints and in 
patients with triggering intercurrent illness.

In chronic arthropathy, mild anemia with a modest elevation of 
plasma viscosity and acute-phase reactants (including ferritin) is not 
uncommon. The frequency of other biochemical and serologic abnor-
malities, however, is no different from that in other subjects of the 
same age.

Screening for predisposing metabolic disease
Metabolic predisposition is rare, and routine screening of all patients 
with CPPD is unrewarding. Nevertheless, CC and arthritis may be the 
presenting feature of metabolic disease (see Table 186.2), and screening 
tests (Box 186.2) are warranted in the following circumstances:

● Early-onset arthritis (younger than 65 years)
● Florid polyarticular, as opposed to pauciarticular, CC
● Recurrent acute attacks more than chronic arthropathy
● Presence of additional clinical or radiographic clues that suggest 

the diagnosis

DIFFERENTIAL DIAGNOSIS
Acute CPP crystal arthritis
The occurrence of acute synovitis in one or a few joints, overlying 
erythema, pyrexia, systemic upset, and purulent joint fluid (particularly 
in the setting of preceding surgery, trauma or infective illness) should 
always lead to the consideration and exclusion of septic arthritis. 
Because septic arthritis may coexist with crystal synovitis, Gram stain 
and culture of joint fluid should always be undertaken in an ill patient 
in a hospital setting (culture of blood and other body fluids may also 
be appropriate), even once CPP crystals are identified or radiographic 
CC demonstrated. Gout is the other principal condition to consider, 
with the diagnosis again resting on synovial fluid analysis. Occasion-
ally heavy blood-staining of joint fluid may lead to consideration of 
other causes of hemarthrosis, especially bleeding disorder (low vitamin 
C levels in the elderly may encourage hemarthrosis) or subchondral 
fracture (particularly with preceding, provoking trauma). However, if 
CPP crystals are identified, the clotting screen is normal, there is no 
lipid in the aspirated fluid, and there is no radiographic fracture, the 
diagnosis of acute CPP crystal arthritis alone can be accepted. If local-
ized tenderness and pain on weight bearing persist following resolution 
of synovitis, repeat radiographs (±subsequent bone scan) may be justi-
fied to detect missed fracture.

Chronic pyrophosphate arthropathy
In most cases the characteristic distribution, radiographic features, and 
joint fluid findings permit a ready diagnosis. In older patients, however, 

BOX 186.2 SCREENING BLOOD TESTS FOR METABOLIC DISEASES 
ASSOCIATED WITH CALCIUM PYROPHOSPHATE CRYSTAL DEPOSITION
Calcium
Alkaline phosphatase
Magnesium
Ferritin
Liver function
Thyroid-stimulating hormone
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can readily cross membranes. In organ culture adult hyaline and fibro-
cartilage, but not synovium or bone, elaborate extracellular PPi. 
Increased production of PPi is observed in growth plate cartilage and 
human OA cartilage. The addition of ATP to cultured articular carti-
lage encourages CPP crystal formation, particularly around articular 
chondrocyte vesicles (ACVs).56 These vesicles, analogous to matrix 
vesicles of growing cartilage, are trilaminar, phospholipid membrane-
limited structures adjacent to chondrocytes. They avidly bind calcium 
and are rich in all the enzymes that generate PPi and orthophosphate. 
Cultured ACVs mineralize in the presence of calcium and ATP.58 
Depending on the ratio of PPi to orthophosphate (excess ATP produc-
ing a high, and in restricted ATP a low, ratio), ACVs produce either 
CPP or basic calcium phosphate or both.58 However, factors other than 
ATP concentration can influence extracellular PPi elaboration in car-
tilage. For example, transforming growth factor-β (TGF-β) stimulates 
PPi elaboration from hyaline cartilage, fibrocartilage, and ligament (but 
not synovium), whereas insulin-like growth factor (IGF)-1 inhibits this 
effect.27,59 CILP inhibits the effect of IGF-1 on PPi secretion by chon-
drocytes, raising extracellular PPi.60 Aging also influences the elabora-
tion of extracellular PPi by chondrocytes. For example, TFG-β increases 
PPi levels to a greater extent in chondrocytes from older subjects, 
whereas the stimulus to cell proliferation from IGF is attenuated in 
such cells.61 Several cell signaling pathways may be of relevance in 
moderating such responses—protein kinase C activation stimulates 
and adenyl cyclase stimulation diminishes PPi elaboration.62 Type 2 
transglutaminase and factor XIIIa, both expressed in chondrocytes, 
increase CPP crystal formation.63 This may be due to transglutamin-
ase-mediated incorporation of latent TGF-β in the extracellular matrix 
and its activation, post-translational modification of extracellular 
matrix favoring crystal formation, stimulation of phospholipase A2 
leading to increased cartilage degradation, and inhibition of tissue non-
specific alkaline phosphatases.64,65 Dexamethasone increases transcrip-
tion of transglutaminase XIIIa leading to CPP crystal formation by 
cultured ACVs.66 Osteopontin, a calcium-binding matricellular protein 
present in the pericellular location, also increases CPPD by activating 
transglutaminases.67

Compared with normal knees, elevated synovial fluid concentra-
tions of PPi are reported in both chronic pyrophosphate arthropathy 
and uncomplicated OA,48 the normal plasma and urinary concentra-
tions in such cases supporting increased intra-articular production. 
Less impressive synovial fluid elevations are seen in acute CPP crystal 
arthritis, with subnormal levels in RA.48 These lower levels perhaps 

The source of extracellular PPi remains uncertain. As the substrates 
for its formation are nucleoside triphosphates (NTP), the majority of 
PPi derived from NTP-dependent biosynthetic reactions probably origi-
nates intracellularly. As a phosphate ester, however, PPi cannot pas-
sively cross membranes. The multipass membrane-transporter protein 
ANK regulates the passage of PPi to the exterior of the cell.51 Defects 
in the ANK protein can result in high intracellular but low extracellular 
levels of PPi (Fig. 186.15). The subsequent low extracellular PPi levels 
and reduced inhibition of apatite formation and growth may then result 
in abnormal mineralization of locomotor tissues. This results in the 
“ankylosis” mouse phenotype from which the gene and its protein were 
first determined.51 The ANKH gene (H = human) lies near one candi-
date region for familial CPPD (CCAL2) previously identified by recom-
binant mapping. Several ANKH mutations have now also been reported 
in five kindreds with familial CPPD in whom it is proposed that the 
abnormality, instead of reducing, increases the activity of the ANKH 
protein to result in high extracellular PPi levels (see Fig. 186.15).52-54

The family of phosphodiesterase nucleotide pyrophosphatase 
(PDNP) enzymes includes plasma cell membrane glycoprotein 1 (PC1, 
located on the membrane of cells and matrix vesicles), autotaxin 
(secreted from cells), and PDNP3 (intracellular). All these PDNP 
enzymes hydrolyze the phosphodiesterase 1 bond of purine and pyrimi-
dine NTPs and thus have NTP pyrophosphohydrolase (NTPPPH) 
activity.55 The ectoenzyme PC1 appears particularly important in gen-
erating PPi from extracellular NTP at sites of CPPD in cartilage.55 The 
activity of surface 5′nucleotidase may influence this reaction in favor 
of PPi production (Fig. 186.16). The principal extracellular NTP sub-
strate for PC1 is adenosine triphosphate (ATP). ATP is released from 
chondrocytes, particularly following mechanical loading, during 
increased cell activity, cell division and injury, and possibly during 
vesicular extrusion of matrix components and other products.48 Extra-
cellular ATP may have cell signaling functions, activating P2 purino-
ceptors of chondrocytes to raise intracellular calcium levels, and also 
directly activate pain fibers. The level of extracellular ATP, however, 
together with PC1 activity, is also important in determining extracel-
lular PPi levels and hence possible CPP crystal formation.48,56 Further-
more, in sporadic CPPD upregulated ANKH and CILP (cartilage 
intermediate-layer protein) expression results in increased levels of 
extracellular PPi.57

Extracellular PPi, complexed with magnesium, is normally rapidly 
processed by surface alkaline phosphatase to orthophosphate, which 

PPi can not readily pass out
of chondrocyte

ROLE OF ANK PROTEIN

Mutant ANK (mouse)
-loss of function

[PPi] high

ANK

[PPi] low

Uninhibited mineralization
with apatite

PPi can pass out
of chondrocyte

Normal ANK

[PPi] normal

ANK
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Inhibition of
calcium crystal formation
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ANK

[PPi] high

Uninhibited mineralization
with CPP

Fig. 186.15 The role of ANK protein in regulating the exit of pyrophosphate 
from cells with subsequent inhibition of apatite mineralization.

Nucleation

Adenosine
+

Phosphate

AMP + PPi

ATP

Ca2+

Mg2+

NTP
pyrophosphatase

5'-nucleotidase

Alkaline
phosphatase

CPP

Extracellular

Intracellular

EXTRACELLULAR PYROPHOSPHATE METABOLISM

Fig. 186.16 Extracellular pyrophosphate metabolism. Outline of main factors 
relating to extracellular pyrophosphate metabolism. AMP, adenosine 
monophosphate; for other abbreviations, see text.
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association is reported with hypertropic or metaplastic chondrocyte 
phenotypes containing Sudan-positive lipid granules,68 and similar 
lipid may occur around CPP crystals, the involved matrix often being 
proteoglycan deplete and degenerate. Such findings support the impor-
tance of tissue (“soil”) factors, implying that reduction of inhibitors 
(e.g., proteoglycan) and an increase in promoters (e.g., lipid) combine 
to co-promote CPP crystal formation. Conversely, elevation of synovial 
fluid PPi, perhaps released from hypertrophic and metabolically active 
chondrocytes, argues in favor of “seed” components. The relative 
importance of these multiple factors may vary in different clinical set-
tings. With respect to dissolution, CPP crystals are extremely insoluble 
but can, however, be dissolved by alkaline phosphatase. Magnesium 
enhances dissolution via both enzyme stimulation and enhanced 
release of PPi ions from the crystal surface, whereas calcium slows 
dissolution via enzyme inhibition.

PATHOGENESIS
Crystal-associated inflammation
Crystals of CPP, as with MSU, have been studied mainly in respect of 
acute inflammation.69 In general, laboratory-prepared CPP crystals are 
markedly phlogistic particles in a wide variety of in vitro and in vivo 
systems, though less so on an equal-weight comparison, than MSU.

Effects on humoral mediators, cytokines, cell-derived mediators and 
cell membranes have all been demonstrated.69 For example, CPP crys-
tals activate complement in vitro via effects on both classic and alterna-
tive pathways. As a consequence greatly elevated synovial fluid 
complement breakdown products (C3dg) occur in acute CPP crystal 
arthritis, though interestingly not in chronic pyrophosphate arthropa-
thy despite the presence of often marked clinical inflammation. 
Hageman factor is also activated in vitro, leading to the generation of 
kallikrein, bradykinin, plasmin and other soluble mediators. A dra-
matic effect of CPP crystals is marked perturbation of plasma mem-
branes which causes membranolysis (neutrophils, lysosomes, red cells) 
as well as non-lytic platelet and neutrophil secretory responses. Crys-
tals of CPP induce superoxide production by neutrophils and the 
release of lysosomal enzymes, chemotactic factor and lipoxygenase-
derived products of arachidonic acid, including leukotriene B4, follow-
ing phagocytosis. CPP crystals engage the caspase-1 activating NALP 
3 inflammasome, resulting in the production of active IL-1β and IL18. 
This is mediated by increasing the intracellular maturation of pro IL-1β 
and pro IL-18 to IL-1 and IL-18, respectively. CPP crystals appear 
equipotent to MSU crystals in activating NALP 3 inflammasome.70 
The IL-1β stimulates TNF-α secretion and is chemotactic to neutro-
phils. Other CPP-cell interactions include the release of newly synthe-
sized IL-6 from synoviocytes and monocytes (in accord with the high 
synovial fluid IL-6 levels demonstrated in acute CPP crystal arthritis). 
CPP crystals stimulate extracellular signal-regulated kinase 1 and 2 
(ERK1/2), and p38 mitogen-activated protein kinase pathways resulting 
in secretion of IL-8, which is important in neutrophil recruitment and 
activation. CPP crystals inhibit neutrophil apoptosis by inhibiting pro-
apoptotic cysteine protease caspase-3 and activating ERK1/2, p38, and 
Akt.71 This may explain the prolonged neutrophilic inflammatory 
response seen in patients with acute CPP crystal arthritis.

Many of these effects result from direct crystal contact, though some 
(e.g., classic pathway complement activation) may be enhanced or 
mediated via IgG adsorbed on to the crystal surface (Fig. 186.18). In 
biologic systems CPP crystals avidly attract both anionic and cationic 
proteins, with some preferential selection for immunoglobulin, espe-
cially IgG. Although the altered stereochemical configuration of 
adsorbed IgG may be pro-inflammatory, other protein binding may be 
inhibitory. Of most interest in this respect are apo B–containing low-
density and high-density lipoproteins, binding with which, for example, 
inhibits CPP-induced cytolysis of neutrophils.

Certain physical characteristics of CPP and other crystals appear to 
relate to inflammatory potential. In general, smaller crystals are more 
inflammatory than large ones and m-CPP crystals are more inflamma-
tory than t-CPP crystals; this may result from mechanical effects (e.g., 
greater ease of phagocytosis) or merely reflect the greater surface area/
weight presented for protein or membrane interaction. “Roughness” 
and net negative surface charge are also important. Crystal surfaces of 

reflect increased clearance of PPi in inflamed states. Extracellular ATP, 
the major substrate for PPi, has been found in synovial fluid, with 
higher levels in pyrophosphate arthropathy than in OA or RA.48 
However, correlation among PPi levels and NTPPPH, alkaline phos-
phatase, and 5-nucleotidase activities is inconsistent, and no clear-cut 
pattern of altered enzyme activity has emerged.

CPP crystal formation
Factors likely to affect the formation, growth, and dissolution of CPP 
crystals are outlined in Fig. 186.17. The formation of CPP crystals 
appears restricted principally to fibro- and hyaline cartilage (less com-
monly capsule, tendon) with only 2 of 12 known crystallographic forms 
occurring—the triclinic (t-CPP) and monoclinic (m-CPP) dimorphs. 
Unlike monosodium urate (MSU), CPP crystals require exacting physi-
cochemical conditions for formation, and crystals resembling those 
occurring in vivo are difficult to manufacture from solution systems. 
To date no animal model has been developed, and most knowledge 
derives from model systems employing gels (non-biologic, gelatin, or 
native collagen gels). From these the following generalities are implied.

In addition to the product (Ca2+ × PPi), local magnesium concentra-
tion importantly influences CPPD by inhibiting nucleation and growth 
and by enhancing dissolution. Orthophosphates, chondroitin sulfate, 
and proteoglycan are also inhibitory to nucleation and growth. With 
proteoglycan this effect depends on the spatial arrangement of carbox-
ylate ligands, which may operate via calcium binding or spatial regula-
tion of Mg2+, phosphate, or unidentified small-molecular-weight 
promoters and inhibitors.

Conversely, nucleating and growth-promoting factors include iron 
(Fe3+ > Fe2+) and seeded MSU crystals. Interestingly, seeded apatite has 
little epitaxial effect but efficiently traps PPi, leading to more stable 
CPP growth. A possible promoting role for collagen and acidic phos-
pholipid has been suggested.

Formation of m-CPP and t-CPP is slow, occurring via intermediate 
crystal species, with t-CPP being the final, most stable form. Such 
formation-dissolution-reformation facilitates a localized ionic concen-
trating process.

Histologic studies suggest that CPP crystals always form extracel-
lularly in pericellular sites, usually the collagenous matrix outside the 
lacunar area, in the midzone of fibro- and hyaline cartilage.68 A close 

POSSIBLE FACTORS INFLUENCING CPP CRYSTAL FORMATION
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Fig. 186.17 Possible factors influencing CPP crystal formation.
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More direct evidence comes from the reduction in radiographic CC 
documented during acute CPP crystal arthritis and during follow-up of 
pyrophosphate arthropathy patients.30,42

Shedding from cartilage deposits might expose previously protected 
“naked” crystals to soluble mediators and cells and thus trigger the 
acute attack (Fig. 186.19). The CPP crystals are subsequently taken up 
and processed by neutrophils and synoviocytes; such “trafficking” 
through the joint, however, is slow, and CPP crystals are still identifi-
able in synovial fluid as the attack settles. What “turns off” the attack 
and permits inflammatory crystals to reside in synovial fluid during 
non-inflamed intercritical periods remains unexplained. Nevertheless, 
coating by inhibitory proteins (some acute-phase reactants?) appears 
more plausible than altered responsiveness or changes in the physical 
properties of CPP crystals.

PATHOLOGIC CHANGES
Unlike MSU, CPP crystals do not deposit in all connective tissues but 
are virtually confined to locomotor structures. Pathologic data largely 
support primary deposition in cartilage (less commonly, capsule, 
tendon, ligament) with secondary release and uptake by synovium, 
tenosynovium, or bursae.

Microscopy of cartilage usually shows rounded, sharply demarcated 
crystal deposits within a granular matrix in the midzone.68 The earliest 
lesions are perilacunar, but with widespread CC superficial cartilage 
may be involved, with tophus-like deposits predominating in the 
midzone. Electron microscopy studies may dislodge CPP crystals, and 
those visualized often appear vacuolated and “foamy” (artifactual) with 
a bumpy contour, perhaps representing adsorbed protein. Surrounding 
cartilage may appear normal or show loss of metachromasia, chondro-
cyte cloning, or fibrillation; occurrences of associated lipid-laden hyper-
trophic metaplastic chondrocytes have been particularly emphasized.68 
With severe cartilage changes subchondral bone may show thickened 
trabeculae with multiple cysts; cyst fracture occasionally results in 
bone fragmentation and collapse. In synovium, CPP crystals usually 
occur superficially in the interstitial space and synoviocyte vacuoles, 
often surrounded by fibrocytes and connective tissue; neutrophil and 
lymphocyte infiltrates may be present, but the prominent response  
is lining cell hyperplasia. Tophus-like deposits, surrounding giant  
cell reactions and osteochondral bodies, are occasional findings. In 
advanced disease, masses of CPP crystals may virtually replace  
ischemic-appearing villi. Changes in bursae and tendon sheaths resem-
ble those in synovium.

inflammatory membranolytic crystals (MSU, CPP) are irregular and 
possess a high density of charged groups that give a high negative zeta 
potential, whereas surfaces of non-inflammatory crystals (diamond, 
stishovite) are smooth, with low or zero zeta potential; brushite and 
apatite are intermediate in these respects and are associated with more 
modest inflammatory effects.

Less is known of chronic CPP-induced tissue damage, though pos-
tulated mechanisms include matrix metalloproteinase expression, NO 
release, persistent synovial inflammation, altered cell metabolism, 
prostaglandin E2 release, and altered osteoblast activity.71 Intradermal 
injection of CPP causes a chronic “granulomatous” reaction lasting 
several weeks; unlike acute inflammation, CPP is more potent than 
MSU in this respect.

Mechanical effects of crystals
There are few data on the possible mechanical effects of crystals in 
joints. Deposition of hard CPP crystals within the cartilage matrix 
might theoretically be disadvantageous for cartilage but equally might 
facilitate impact force transmission, depending on the shape, size, 
extent, and orientation of the crystals.72 However, the occurrence of 
free crystals at the cartilage-cartilage interface is likely to be damaging 
through their effects as “wear” (abrasive) particles.73 Although usually 
quickly cleared from synovial fluid, the presence of even small amounts 
of CPP crystals may thus be more harmful than much larger deposits 
within cartilage.

Crystal shedding
Given the difficult physicochemical requirements of in vitro manufac-
ture, nucleation and growth of CPP crystals in synovial fluid would 
seem unlikely and the preferred mechanism to explain the occurrence 
of CPP crystals within synovial fluid is “shedding” from preformed 
deposits within cartilage.42 This could be accomplished by a reduction 
in crystal size, fissuring of cartilage, or alteration in cartilage matrix 
that allows the easier escape of crystals. Circumstantial evidence to 
support each of these includes the following:

● Provocation of acute attacks by joint lavage with crystal solubiliz-
ing agents, or by situations (acute stress response, parathyroidec-
tomy) associating with reduction in ionized calcium (reduced 
crystal size)

● Provocation of acute attacks by trauma (microfissuring, “shaking 
loose”)

● Concurrence of acute CPP crystal arthritis and sepsis (“enzymatic 
strip mining” of crystals)

● Provocation of acute attacks by thyroxine replacement (change in 
cartilage gel matrix)
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Fig. 186.18 Crystal surface activity. Potential interactions and blocking at the 
crystal surface.

IL1
IL18

Neutrophil
recruitment

Protein

Coated crystals Complement
Hageman factor

Inflammatory
mediators

Inflammasome

Synovium
Cartilage

SHEDDING OF CPPD CRYSTALS INTO THE JOINT SPACE

Fig. 186.19 “Shedding” of calcium pyrophosphate (CPP) crystals into the joint 
space. The preformed CPP crystals initiate an acute attack but then become 
protein coated and processed by synoviocytes and inflammatory cells.



SE
C

TI
O

N
 1

4 
●

 C
RY

ST
A

L-
RE

LA
TE

D
 A

RT
H

RO
PA

TH
IE

S

1886

response to individual treatments for OA, however, has not been for-
mally examined in clinical trials.

General principles
All patients should receive the following:

● Education concerning the nature of their arthritis
● A prescription of exercise—both local strengthening and aerobic/

fitness exercise
● Reduction of adverse mechanical factors—for example, reduction 

of obesity, “pacing” of activities through the day, use of a cane or 
other walking aid, and appropriate footwear

● Simple analgesia—paracetamol is the oral drug of first choice; 
topical non-steroidal anti-inflammatory drugs (NSAIDs) and cap-
saicin cream are also both safe and often effective, especially for 
knee and hand involvement

In discussion with the patient, a variety of other options may then 
be selected according to individual patient beliefs and requirements, 
disease severity, and the coexistence of any comorbidity and chronic 
therapy. Recognition and management of depression and the use of 
coping strategies are as applicable to elderly patients with pyrophos-
phate arthropathy as to young patients with RA.

Control of chronic synovitis
Despite the presence of often marked structural abnormality, intra-
articular corticosteroid injection often greatly improves symptoms. 
Though often temporary, this may improve the patient’s optimism, 
encourage adherence in other aspects of treatment, and provide a useful 
interval for effective physiotherapy or enjoyment of an important life 
event (e.g., holiday).

A double-blind controlled study of intra-articular radiocolloid 
(yttrium-90) for pyrophosphate arthritis of the knee showed efficacy 
even in cases with gross structural change.75 Radiosynovectomy is also 
useful for recurrent hemarthrosis, presumably by induction of synovial 
fibrosis.

Other treatments
Stronger analgesics such as opioids, NSAIDs, coxibs, and tramadol 
may be required but carry an appreciable incidence of side effects and 
drug interactions. As for acute attacks, such drugs are used with 
caution in the elderly. The patient should be clearly informed regarding 
optimal usage, the requirement for oral drugs should be regularly 
reviewed, and “repeat” prescribing avoided. Two small, double-blind, 
placebo-controlled studies report clinical benefit from oral magne-
sium76 and hydroxychloroquine.77 In a retrospective review of patients 
with chronic CPP arthritis, methotrexate (median dose 12.5 mg 
weekly) was reported to reduce symptoms, clinically assessed joint 
inflammation, ESR, and CRP with a mean time to improvement of 7 
to 8 weeks.78 However, similar retrospective studies have not shown 
benefit from methotrexate79 and results of prospective trials are awaited. 
Rilonacept (IL1 Trap) has recently been shown to be beneficial in the 
treatment of patients with chronic gouty arthritis and may be effective 
in patients with CPP crystal–related arthritis refractory to other 
measures.80

Surgery
Patients with progressive or destructive large joint arthropathy who 
require replacement appear to derive benefits equal to those with 
uncomplicated OA, without any increased risk of prosthetic failure.

MANAGEMENT
Unlike gout, currently there is no treatment to reduce the CPP crystal 
load, reduce the frequency of acute attacks, or slow the progression of 
structural changes. Lavage with calcium-chelating agents provokes 
acute CPP crystal arthritis, perhaps through partial dissolution that 
then encourages crystal shedding, and no compounds capable of dis-
solving CPP have come into clinical use.

Treatment of any underlying metabolic disease is clearly appropri-
ate. However, other than possibly for correction of hypomagnesaemia, 
such treatment does not influence the outcome of CPP crystal–associ-
ated disease.

Acute CPP crystal arthritis
The aims of management for acute CPP arthritis are to reduce symp-
toms; identify and treat triggering illness; and rapidly mobilize as 
inflammation settles. Rapid mobilization is particularly important 
because many patients are elderly and especially prone to complica-
tions due to prolonged immobility. Many also have coexisting medical 
problems and are especially at risk from drug side effects and interac-
tions. In general, therefore, local rather than systemic therapy is pre-
ferred, particularly because acute CPP arthritis affects usually only one 
or a few joints.

Aspiration and injection
In most cases aspiration alone greatly relieves symptoms and may  
be the only treatment required. Fluid reaccumulation, however, is 
common, particularly early in the attack. Therefore for florid attacks 
intra-articular injection of a long-acting corticosteroid is appropriate, 
either at the time of initial aspiration or as a second procedure follow-
ing reaccumulation (some prefer the reassurance of a negative Gram 
stain and/or culture before injecting). Joint lavage (normal saline, room 
temperature) can help settle attacks but is usually reserved for trouble-
some relapsing or prolonged episodes unresponsive to corticosteroid 
injection. The evidence for these treatments is anecdotal.

Other treatments
Ice packs may be applied for simple, safe symptomatic relief. Simple 
analgesic and non-steroidal drugs may have additional benefits. Oral 
colchicine may be effective but is rarely warranted: if used it should be 
given at low dose (e.g., 0.5 or 0.6 mg once or twice daily) to reduce the 
incidence of gastrointestinal side effects, especially in elderly or debili-
tated patients. Colchicine, a microtubule assembly inhibitor, may work 
by inhibiting CPP crystal endocytosis or its presentation to the inflam-
masome.70 For severe polyarticular attacks unresponsive to aspiration 
and injection of the largest affected joints, oral, intravenous, or intra-
muscular corticosteroid may be considered. The evidence for these 
treatments is from observational and small controlled studies. Recently, 
successful use of anakinra (IL-1 receptor antagonist) has been described 
in the treatment and prophylaxis of acute CPP arthritis resistant to 
non-steroidal drugs and oral prednisolone.74

Chronic pyrophosphate arthropathy
The aims of management are the same as those for OA: educate and 
advise the patient, reduce and control symptoms, and retain or improve 
function. The choice of interventions is also the same as for OA and 
a variety of strategies may be beneficial, although evidence for these 
measures is extrapolated from OA trials (see Chapter 178). Whether 
the presence of CC or synovial fluid CPP crystals is a predictor of 
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French literature, the terms les caries séniles hémorragique de l’épaule 
and l’arthropathie destructrice rapide de l’épaule have been used,8 and 
in the English literature, terms such as cuff-tear arthropathy appear.9 
All early descriptions stress the involvement of older females and the 
localization to the shoulder joint.10

The association of intra-articular deposits of BCP crystals with joint 
disease is much more recent. The presence of solid deposits of BCP 
crystals in the menisci of postmortem knees was noted in 1966,11 but 
it was not until 1976 that the first description of BCP crystals in degen-
erative joint diseases was recorded. Clumps of BCP crystals were discov-
ered in the synovial fluids of patients with osteoarthritis (OA) using 
analytical electron microscopy,12 a finding that was confirmed by 
others.13,14 In 1981 McCarty’s group described a similar large joint 
destructive arthropathy, seen most commonly in the shoulder joints of 
elderly women; called it Milwaukee shoulder; and noted the presence of 
large quantities of BCP crystals associated with collagenase in the syno-
vial fluid. They hypothesized that the BCP crystals caused the associated 
joint destruction.15 Subsequently, others noted that many large joints 
could be involved and terms such as apatite-associated destructive arthri-
tis and idiopathic destructive arthritis of the shoulder were added to the 
list of names. BCP crystals were also described in the joint fluids of a 
few patients with acute synovitis and other forms of arthropathy.14

EPIDEMIOLOGY
Calcific periarthritis
Few systematic studies of the incidence or prevalence of juxta-articular 
deposits of BCP crystals have been done. These deposits are often 
asymptomatic and are most commonly noted by chance on a radiograph 
taken for other reasons (Fig. 187.1). In a unique, large study of office 
workers published in 1941, a 2.7% prevalence of shoulder deposits was 
noted in a North American, predominantly Caucasian population, 34% 
to 45% of which were associated with clinical problems.16 Females were 
affected more commonly than males, and the prevalence was highest in 
those aged between 31 and 40 years (19.5%). No comparable epidemio-
logic data have been reported subsequently, although a number of 
smaller pathologic or radiographic studies have documented the rela-
tively high frequency of periarticular calcification. Calcific periarthritis 
has been reported in children as young as 3 years old but appears to be 
relatively uncommon in the elderly. This suggests that many of the 
deposits seen in young adults must disappear spontaneously.

Articular calcification
The prevalence of intra-articular BCP crystal deposition has not been 
established. Apatite crystals are found in up to 60% of synovial fluid 
samples from patients with knee joint OA.17,18 The prevalence of BCP 
crystals in approximately 50% of 53 preoperative OA knees has been 
noted recently.19 The prevalence in normal joints at different ages is 
not known. The Milwaukee shoulder syndrome and related BCP crys-
tal–associated destructive arthropathies are uncommon, tend to occur 
in elderly individuals, and are of unknown prevalence.

CLINICAL FEATURES
Calcific periarthritis
Periarticular calcific deposits are often asymptomatic. However, they 
are also associated with a number of clinical syndromes (Table 187.1). 

Basic calcium phosphate crystal 
deposition disease
Geraldine McCarthy 

 Calcific periarthritis consists of periarticular deposits of calcific 
material (hydroxyapatite). It may result in calcific periarthritis, 
tendinitis, or bursitis.

 Intra-articular deposits of basic calcium phosphate (BCP) crystals may 
be found in joint fluid, as well as articular cartilage and synovium.

 In calcific periarthritis, the shoulder is the main site affected but 
deposits have been described near many other joints.

 Deposits are often inert and asymptomatic.
 Deposits can rupture, causing a local acute, crystal-induced 

inflammation.
 Deposits may also be associated with local chronic pain and 

functional impairment.
 In intra-articular deposition, deposits are often inert and 

asymptomatic.
 Deposits often occur in patients with osteoarthritis.
 Crystals can occasionally be shed into the joint, resulting in an 

acute synovitis resembling gout.
 BCP crystals are also found in abundance in the joints of older 

patients with large joint destructive arthropathies such as the 
Milwaukee shoulder syndrome.

HISTORY
Calcific periarthritis
Calcific scapulohumeral periarthritis was first described in 1870, and 
radiographic demonstration of periarticular shoulder calcifications was 
accomplished by 1907.1 These calcifications were initially regarded as 
having arisen in the subdeltoid bursa but were subsequently demon-
strated to occur chiefly in the supraspinatus tendon or the shoulder 
joint capsule. Thirty years later, renewed interest in periarthritis of the 
shoulder led to further descriptions of the phenomenon and also the 
recognition of periarticular calcifications at other sites.2 After another 
30 years, it was recognized that the calcific material consisted of 
hydroxyapatite3 and the pathophysiologic theory of primary tendon 
necrosis leading to secondary calcification followed.4 Subsequently, 
aggregates of basic calcium phosphate (BCP) crystals with their various 
crystalline structures and chemical compositions have been further 
defined using ultrastructural and physical microanalysis techniques, 
including analytical electron microscopy, x-ray diffraction, and Fourier 
transformation infrared spectroscopy.5 The term BCP includes crystals 
of partially carbonate substituted hydroxyapatite, octacalcium phos-
phate, and rarely found tricalcium phosphate.

Intra-articular BCP crystal deposition
The earliest description of the pathoanatomic features of the conse-
quences of intra-articular BCP crystal deposition appears to have been 
by Robert Adams in 1857 and called “chronic rheumatic arthritis of 
the shoulder.”6 In his 1934 monograph, Codman reported the case of 
a 51-year-old woman who had what he called subacromial space 
hygroma. He described recurrent swelling of the shoulder, absent 
rotator cuff, cartilaginous bodies attached to the synovial tissue, and 
severe destructive glenohumeral arthritis.7 These clinical descriptions 
were made without the benefit of modern diagnostic tests. The condi-
tion has subsequently been known by many different names. In the 
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appear fluffy with poorly defined margins. Ultimately, there is a reduc-
tion in the size of the deposit seen radiographically and it may disap-
pear completely.

Calcific deposits in the periarticular tissues are also associated with 
chronic pain syndromes. However, in the shoulder, because both 
chronic shoulder pain and calcification are common and because prior 
damage to tendons may predispose to the calcification, it is difficult to 
define what contribution, if any, the deposits themselves make to the 
clinical findings. Moderate to severe pain is described, with varying 
degrees of tenderness and restriction of motion. Pain usually radiates 
to the insertion of the deltoid and sometimes beyond to the forearm. 
Lying on the affected shoulder is painful and may interfere with sleep. 
In some patients, recurrent acute attacks around the shoulder, sepa-
rated by pain-free periods of months or years, are followed by the 
development of chronic pain. Damage to the tendons and muscles of 
the rotator cuff may result and may lead to total disruption of the cuff 
apparatus.

The shoulder is the most commonly affected site, followed by the 
hip, knee, elbow, wrist, and ankle joints. The joints of the feet and 
toes are less commonly involved (<1% of all reported cases), as are 
those of the hands and fingers.20 Hydroxyapatite pseudopodagra is a 
term used to describe acute calcific arthritis at the first metatarsal 
phalangeal joint, usually in young women.21 Acute neck pain attributed 
to calcifications surrounding the odontoid process has been described 
and called the crowned dens syndrome. Calcifications appear to be 
composed of apatite or calcium pyrophosphate dihydrate, or a combina-
tion of both.22

Some patients with multifocal deposits develop symptoms at several 
sites, suggesting a more generalized condition rather than a chance 
localized process with resultant calcification. This manifestation can 
cause diagnostic confusion and may even mimic a seronegative poly-
arthritis. Several reports describe familial occurrences of calcific 
periarthritis.23

Intra-articular basic calcium phosphate crystals
Our understanding of the exact relationship between intra-articular 
BCP crystals and joint pathology is incomplete, especially because 
special techniques are required to identify the crystals. Nonetheless, 
current data support the pathogenic role of BCP crystals in articular 
tissue degeneration (Fig. 187.3). BCP crystals have been linked with 
several different diseases.

The most striking clinical presentation is acute calcific periarthritis, 
which most commonly involves the shoulder but can occur in associa-
tion with almost any joint. The episode may be preceded by mild 
trauma or overuse, but most cases present with a spontaneous onset.

Patients present with sudden onset of severe pain and, within hours, 
the affected part is usually swollen with redness and warmth of the 
overlying skin. There is extreme local tenderness and associated loss 
of function. At the shoulder, the pain is most marked around the 
subacromial region, radiating down the outside of the arm. Glenohu-
moral movement is usually severely restricted. Severe pain may last 
for several days, but symptoms then usually resolve slowly over a 
period of 2 to 3 weeks. A “frozen shoulder” may result.

Calcific periarthritis is thought to result from rupture of a calcific 
deposit into an adjacent soft tissue space or bursa initiating an acute 
inflammatory reaction. In the shoulder, the crystals may induce intense 
inflammation in the subacromial bursa (Fig. 187.2). Radiographically, 
calcium deposits appear dense with well-defined borders before an 
attack. With the onset of an attack, however, these calcific deposits 

Fig. 187.1 Anteroposterior radiograph of the shoulder joint showing a large 
calcific deposit in the supraspinatus tendon. The deposit is dense, 
homogenous, and well defined, findings characteristic of inert periarticular 
deposits of calcific material.

TABLE 187.1 CLINICAL SYNDROMES THAT CAN BE ASSOCIATED WITH THE 
DEPOSITION OF BCP CRYSTALS IN AND AROUND JOINTS

Subcutaneous deposits (e.g., 
calcification of hands in 
scleroderma)

Asymptomatic chance finding

Acute and chronic inflammation

Skin ulceration

Secondary infection

Pressing necrosis of surrounding tissues

Mechanical interference with function

Periarticular deposits (e.g., 
calcification of supraspinatus 
tendon)

Asymptomatic chance finding

Acute calcific periarthritis

Chronic periarticular pain and/or 
dysfunction

Intra-articular deposits (e.g., 
synovial and cartilage deposits in 
damaged joints)

Asymptomatic chance finding

Acute synovitis

Severe osteoarthritis

Destructive arthropathies of older people

BCP, basic calcium phosphate.

Fig. 187.2 Anteroposterior radiograph of the shoulder during an attack of 
severe acute calcific periarthritis. The deposit has become indistinct and ill 
defined as the crystals have shed into the surrounding tissues. In this elderly 
patient, the communication between the shoulder joint and the subacromial 
bursa led to a large effusion of the glenohumoral joint and a huge extension 
of the bursa into the upper arm, as shown by the soft tissue swelling seen in 
the radiograph.
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subchondral bone on both sides of the joint. There is a reduced active 
range of motion in all affected joints, sometimes associated with pro-
nounced joint instability. Crepitation and pain may be noted, espe-
cially when the humerus is grated passively against the glenoid. The 
rotator cuff is generally completely destroyed. Joint effusion is typically 
present and may be massive, extending into the subdeltoid region. 
Aspiration of affected shoulder joints routinely yields 3 to 160 mL of 
synovial fluid that is frequently blood tinged and has a low, predomi-
nantly mononuclear cell count (Fig. 187.4b). Rupture of the effusion 
can lead to a massive extravasation of blood and synovial fluid into the 
surrounding tissues.30 Although the shoulder predominates, knees, 
hips, elbows, and other joints may be involved.31

The natural history of the condition is unclear, but many cases seem 
to stabilize after a year or two, with reduction of symptoms, joint effu-
sions, and no further radiographic changes.

Associated diseases and other  
clinical presentations
A number of secondary forms of BCP crystal–associated arthropathies 
have been described. BCP crystal deposits have been reported in the 
joints and periarticular tissues of renal failure patients, mostly when 
undergoing dialysis. Renal failure also predisposes to calcium oxalate, 
monosodium urate, calcium pyrophosphate dihydrate (CPPD), and 
aluminum phosphate crystal deposition.32 The intra-articular injection 
of triamcinolone hexacetonide has been associated with the formation 
of periarticular calcifications along the injection tract, which may 
become apparent months after the injection. Such calcification may be 

ACUTE SYNOVITIS
Acute attacks of arthritis associated with intra-articular BCP crystals 
in relatively young individuals have been described in the knee, as well 
as other sites. Pain, swelling, and erythema resembled gout.24 These 
attacks appear to be rare, and the diagnosis is difficult to establish. 
Occasionally, crystals from a periarticular deposit can rupture into the 
joint itself, causing acute synovitis. This can occur in some older indi-
viduals who have a direct communication between the subacromial 
bursa and the glenohumoral joint.

CHRONIC MONOARTHRITIS, WITH  
OR WITHOUT EROSIONS
A chronic, sometimes erosive, monoarthritis has been linked with 
intra-articular BCP crystals. BCP crystals have been particularly impli-
cated in finger joint arthropathies, including erosive or inflammatory 
forms of OA.25 However, this appears to be a rare phenomenon and 
the direct contribution of BCP crystals to the observed pathology 
remains to be established.

OSTEOARTHRITIS
Concurrence of BCP crystals and OA is well established. It has been 
suggested that many OA joint fluids contain clusters of BCP crystals 
that are too small or too few in number to be identified by conventional 
techniques.26 Ample data support the role of BCP crystals in cartilage 
degeneration because their presence correlates strongly with severity of 
radiographic OA,27 and larger joint effusions are seen in affected knee 
joints when compared with joint fluid from OA knees without crys-
tals.28 Although the basis of cartilage damage by BCP crystals has been 
the subject of numerous investigations, there are ongoing controversies 
concerning the relationship between calcium-containing crystals and 
OA and whether the crystals cause cartilage damage or are present as 
a result of joint damage.

LARGE JOINT DESTRUCTIVE ARTHROPATHIES
A distinctive type of destructive arthropathy has been described in 
elderly individuals and is associated with rotator cuff defects and 
numerous aggregates of BCP crystals in the fluids of affected joints.15

The clinical picture is characteristic (Fig. 187.4a). Patients are 
nearly always 70 years or older, and approximately 90% are females. 
They usually present with a history (months or years) of increasing 
pain, swelling, and loss of function of the affected joint, usually the 
shoulder. The dominant side is usually involved initially, although 
60% have bilateral involvement.29 The pain may be mild but is usually 
most apparent at night and on joint use. Examination reflects extensive 
damage to the periarticular soft tissues, as well as to cartilage and 

SCHEMATIC REPRESENTATION OF THE POSSIBLE ASSOCIATIONS
BETWEEN BCP CRYSTALS AND ARTHRITIS

Mitogenesis, PG and MMP synthesis

Articular tissue degeneration

Fibroblasts Chondrocytes

Cytokines

Monocytes/macrophages
Neutrophils

BCP crystals

Fig. 187.3 Schematic representation of the possible associations between 
basic calcium phosphate crystals and arthritis. MMP, matrix metalloproteases; 
PG, prostaglandins.

BCP CRYSTAL-ASSOCIATED DESTRUCTIVE ARTHRITIS

a

b

Fig. 187.4 Basic calcium phosphate crystal–associated destructive arthritis 
(Milwaukee shoulder syndrome). This elderly patient has visible swelling in 
both shoulders (a). Aspiration revealed a large amount of blood-stained fluid 
(b) that contained numerous particles of basic calcium phosphates.
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Calcification around joints is sometimes mistaken for ossification, 
although the presence of trabeculae in the latter should allow differen-
tiation. The only other differential diagnosis on the images is with the 
very rare formation of periarticular deposits of CPPD. They occasion-
ally occur in periarticular tendons, but, as in joints, they usually appear 
as linear rather than nummular shadows.

Intra-articular BCP deposits are rarely visible with any of the con-
ventional imaging procedures. Occasionally, articular calcifications of 
a nummular sort are seen, contrasting with the linear deposits of 
chondrocalcinosis due to CPPD crystals. However, pathologic studies 
indicate that individual aggregates of crystals in cartilage synovium or 
synovial fluid are generally tiny and well below the size that gives any 
chance of their being visible on a radiograph.

Radiographs in Milwaukee shoulder syndrome are striking (Fig. 
187.7), showing upward subluxation of the humeral head or arthro-
graphic evidence of rotator cuff defects in the majority of patients. 
Other findings may include cystic degeneration of the humeral tuber-
osities, erosions of cortical bone at the site of insertion of the rotator 

gradually resorbed over a period of months to years. Occasionally, 
severe neurologic damage has been followed by heterotopic ossification 
in periarticular tissues that may mimic arthritis.

BCP deposition is also associated with the connective tissue dis-
eases, particularly scleroderma and dermatomyositis. Following derma-
tomyositis in childhood, massive sheets of fascial calcification can 
occur. In scleroderma, the deposits are usually subcutaneous. They are 
associated with the CREST syndrome, but in some patients there is 
extensive calcification with little in the way of other features of the 
disease (calcinosis cutis) (Fig. 187.5). Occasionally the hand calcifica-
tion occurs on its own.

Tumoral calcinosis is a rare condition characterized by the progres-
sive deposition of calcified masses in cutaneous and subcutaneous 
tissue. It is typically associated with chronic renal failure and hyper-
parathyroidism. Familial tumoral calcinosis is a heritable disorder 
characterized by hyperphosphatemia, normal or elevated serum 
1,25-dihydroxyvitamin D, and often severe ectopic calcifications. 
Mutations in both fibroblast growth factor-23 and GALNT3, which 
encodes a glycosyltransferase responsible for initiating mucin-type 
O-glycosylation, have been found in familial tumoral calcinosis. Finally, 
calciphylaxis is a dreaded complication of renal failure characterized by 
nodular subcutaneous calcification and painful tissue necrosis often 
leading to ulceration, secondary infection, and high mortality rates.

INVESTIGATIONS
Imaging
The plain radiograph is the easiest method with which to detect and 
describe the calcific material of calcific periarthritis (Fig. 187.6). 
Anteroposterior and lateral radiographs are usually sufficient, but 
special views, with internal or external rotation of the shoulder, may 
be necessary to visualize retrohumeral deposits. The deposits are 
usually visualized in the rotator cuff, particularly the supraspinatus 
tendon a few centimeters from its insertion, but may also be seen in 
the subacromial bursa. Various appearances have been described with 
size varying from a few millimeters to several centimeters across. Other 
imaging investigations are rarely helpful in calcific periarthritis, 
although arthrography can be used to confirm cuff rupture and tech-
niques such as computed tomography (CT) or magnetic resonance 
imaging (MRI) may help demonstrate small deposits or other changes 
in the tissues around the lesion. Because bilateral calcification is 
common, a radiograph of the contralateral side (usually the shoulder) 
may be warranted. Radiographs of other sites (pelvis, knees, wrists, and 
hands), even if asymptomatic, will sometimes reveal multiple deposits. 
During acute attacks of periarthritis, the deposits may change and 
disappear, only to reappear again subsequently.

Fig. 187.5 Anteroposterior radiograph of the hands of a patient with severe 
subcutaneous calcification associated with mild scleroderma.

Fig. 187.6 Anteroposterior radiograph of the shoulder joint showing a small 
periarticular calcific deposit. Other views may be necessary to identify small 
deposits and the site of deposition.

a b

Fig. 187.7 Anteroposterior radiographs of a shoulder joint affected by basic 
calcium phosphate crystal–associated destructive arthritis (Milwaukee 
shoulder syndrome). The extensive destruction of periarticular tissues, 
including the rotator cuff, has led to instability of the shoulder. The upward 
subluxation (a) of the humerus can be overcome by traction on the shoulder 
(b). Note the extensive atrophic destruction and loss of bone of both the 
acromion and the glenohumeral joint.
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long, cannot be resolved by light microscopy and are randomly oriented 
in the much larger aggregates (2 to 19 µm) in which they are usually 
found. Plain and polarized light microscopy of samples containing 
apatite may show globular clumps of crystals, which can look like shiny 
coins, but the usual appearance of these crystals is nondescript.

Calcium stains such as Alizarin red S have been used by some 
investigators to identify BCP crystals.33 Clumps of crystals show up 
with a “halo” of stain (Fig. 187.9). Alizarin red S is highly sensitive, 
but frequent false-positive results suggest that it lacks sufficient speci-
ficity to qualify for the routine identification of BCP crystals without 
some other type of confirmatory testing.

A semiquantitative binding assay for BCP crystals that uses [14C]
ethane-1-hydroxy-1,1-diphosphonate (EHDP)13 has been described. 
Diphosphonates are analogs of inorganic pyrophosphate that adsorb to 
the surface of BCP crystals but not to monosodium urate, CPPD, car-
tilage fragments, or any other known particulates in joint fluid. This 
method is performed on a synovial fluid pellet resuspended in phos-
phate-buffered saline, and the results are expressed as µg/mL of 
hydroxyapatite standard. The limit of sensitivity is approximately 2 µg/
mL standard hydroxyapatite.

Electron microscopy can be used to visualize the crystals in synovial 
fluid pellets, and if elemental analysis or electron diffraction is possible, 
their identity can be confirmed (Fig. 187.10). If sufficient material is 
available, for example, from surgical specimens, other analytical 

cuff, degenerative changes of the humeral head and/or glenoid of the 
scapula, degenerative changes of the acromioclavicular joint, and cal-
cification of the tendinous rotator cuff. Pseudarthrosis formation 
between the humeral head and the acromion and clavicle is common.

MRI can be used to further define the anatomic changes associated 
with Milwaukee shoulder syndrome including loss of cartilage, periar-
ticular bone marrow edema, rupture of the rotator cuff, synovial hyper-
trophy, and joint effusion (Fig. 187.8).

Metabolic
Apatite deposition usually occurs in the absence of any detectable 
metabolic abnormality. However, if multiple deposits are detected or 
if the deposits are unusually large or in unusual sites, the calcium and 
phosphate levels, as well as renal function, should be checked. High 
serum phosphate levels seem more likely to predispose to deposition 
than abnormalities of calcium alone.

Synovial or bursal fluid
In acute calcific periarthritis, it is sometimes possible to aspirate a 
mixture of calcium deposits and inflammatory matter from the bursa 
or periarticular tissues. This may look like toothpaste, or be a creamy 
fluid, obviously full of “chalk.” In cases of intra-articular BCP deposi-
tion, the synovial fluid findings vary. Usually the fluids that contain 
BCP have a low cell count, are viscous, and are much the same as 
fluids from any patient with OA. In the destructive arthropathies of 
the elderly, there is frequent blood staining of the fluid. In addition, 
there may be numerous cartilage fragments and other debris, although 
the cell count is low.

Identification and characterization of basic 
calcium phosphate crystals
The study of BCP crystal–associated arthritis has been relatively dif-
ficult because of the lack of a simple, easily accessible, reliable diag-
nostic test.5 BCP crystals are not birefringent. Therefore polarized light 
microscopy is not useful for their detection. This is because individual 
BCP crystals, which are usually needle shaped and less than 0.1 µm 

Fig. 187.8 Axial T2-weighted magnetic resonance imaging scan of a shoulder 
joint affected by basic calcium phosphate crystal–associated destructive 
arthritis (Milwaukee shoulder). There is advanced glenohumeral joint 
degeneration with loss of articular cartilage, truncation of the anterior and 
posterior labrum, narrowing of the joint space, osteophyte formation, muscle 
atrophy, and joint effusion.

Fig. 187.9 Alizarin red S stain of a basic calcium phosphate particle isolated 
from the synovial fluid of a patient with osteoarthritis.

Fig. 187.10 High-magnification transmission electron micrographs of basic 
calcium phosphate crystals. The crystal lattice structure and morphology of the 
crystals are apparent.
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patients. Typically, they include compounds of varying crystallinity 
ranging from amorphous BCP to well-structured stable elements, 
similar to those of bone and tooth, but with a larger crystal size than 
most of those seen in bone. In bone, poorly crystalline partially carbon-
ated crystals of hydroxyapatite, each about 500 Å in length, are the 
main mineral phase. The crystals of periarticular deposits are often 
more carbonated than bone crystals, and high-resolution electron 
microscopy suggests that some of them are coated with electron-dense 
material.

In synovial fluid samples, mixed populations of BCP crystals have 
been reported, including partially carbonate-substituted hydroxyapa-
tite, octacalcium phosphate (Ca8H2[PO4]6·5H2O), and rarely, tricalcium 
phosphate (Ca3[PO4]2). They frequently coexist with CPPD crystals and 
are associated with particulate collagens.38 One recent report suggested 
that crystals extracted from the synovial fluid were more like those 
found in periarticular calcific deposits than in bone crystals, suggesting 
that they were derived from newly formed deposits and not from sub-
chondral bone.39

Another form of BCP, magnesium whitlockite, has been identified 
in the superficial region of articular cartilage. Recent studies suggest 
that it may be a frequent finding in normal and diseased hyaline car-
tilage.40 This observation, coupled with the identification of some 
hydroxyapatite crystals in normal cartilage, has led to speculation  
that some BCP minerals may have a physiologic, rather than a patho-
logic, role in cartilage homeostasis. However, whitlockite crystals  

techniques such as x-ray powder diffraction or Fourier transformation 
infrared spectroscopy (FTIR) can be used to identify the material. The 
latter has shown that BCP crystal deposits consist of mixtures of 
hydroxyapatite, octacalcium phosphate, and rarely, tricalcium phos-
phate crystals. Combinations of both BCP and CPPD are not 
infrequent.

Atomic force microscopy has been applied to the identification of 
synovial fluid microcrystals and is capable of achieving subnanometer 
resolution of crystal surface topology and measurement of lattice unit 
cell dimensions.34

More novel methods of identifying BCP crystals from synovial fluid 
include isolation using bisphosphonate-modified superparamagnetic 
beads35 and identification using oxytetracycline staining, which fluo-
resces under UV light.36 Synchrotron FTIR can accurately distinguish 
between CPPD and BCP crystals.37

The ability to identify apatite is less crucial than the identification 
of monosodium urate or calcium pyrophosphate dihydrate crystals 
from a clinical perspective because no drug has as yet been identified 
that specifically inhibits the pathologic effects of BCP crystals in vivo.

DIFFERENTIAL DIAGNOSIS
Acute calcific periarthritis
The differential diagnosis of acute calcific periarthritis should include 
gout, pseudogout, and sepsis. However, the distribution of the lesions 
and acute onset are often characteristic. Radiographs showing the 
evolution of the calcific deposit are virtually pathognomonic. The diag-
nosis can be confirmed if material can be aspirated from the area.

Chronic periarticular syndromes
The usual features are those of a tendinitis, and the only way of impli-
cating crystal deposition in the diagnosis is through visualizing the 
deposit on the radiograph. Other causes of tendinitis such as trauma, 
impingement, and inflammatory arthritis are possible differential 
diagnoses.

Acute and chronic arthritis
Acute inflammatory arthritis that may mimic gout, pseudogout, or 
other systemic inflammatory rheumatic disease has been attributed to 
BCP crystals.12,24 BCP crystals are often detected in osteoarthritic joints 
and appear to promote the degenerative process because their presence 
is associated with more advanced radiographic change and larger joint 
effusions than in joints without BCP crystals.27,28 Erosive arthritis with 
recurrent episodes of pain and swelling involving the wrists and the 
finger joints has been associated with BCP crystal deposition.25

Destructive arthropathies of the elderly
The main differential diagnoses include neuropathic or Charcot joints, 
chronic sepsis, advanced rheumatoid disease, osteonecrosis, and CPPD 
deposition disease. Radiographic involvement of both sides of the joint 
helps differentiate this condition from osteonecrosis. The absence of 
any neurologic deficit distinguishes it from Charcot arthropathy. Syno-
vial fluid examination and culture will aid the differentiation from 
CPPD deposition disease and sepsis.

STRUCTURE AND FUNCTION
Nature of the crystals
Hydroxyapatite is a form of calcium phosphate represented by the 
formula Ca5(PO4)3OH2H2O and is usually found in partially substi-
tuted carbonated form. In periarticular calcific deposits, light micros-
copy usually shows multifocal aggregates of crystals separated by 
fibrocollagenous tissue. By the transmission electron microscope, the 
deposits appear as rounded aggregates with isolated crystals in a matrix 
of fragmented collagen fibers (Fig. 187.11). In scanning electron micros-
copy, they look like rocky bulks embedded in mortar (Fig. 187.12). The 
crystals are heterogeneous both within the sample and in different 

Fig. 187.11 Transmission electron micrograph of basic calcium phosphate 
crystals from a tendon deposit. This shows the clumps of crystals, dense 
globular structures of various sizes, and isolated crystals.

Fig. 187.12 Scanning electron micrograph of a calcific deposit isolated from a 
tendon.
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Relationship with osteoarthritis and  
destructive arthropathies
Crystals of BCP are frequently found in OA cartilage, synovium, and 
synovial fluid. Evidence suggests that human osteoarticular cartilage 
contains matrix vesicles, which are capable of progressive mineraliza-
tion and can generate either BCP or CPPD in vitro.46 However, more 
than one source of formation is likely. For example, the ANK gene 
product, a cell membrane protein that regulates extracellular inorganic 
pyrophosphate (ePPi), has recently been identified. ePPi is an important 
inhibitor of nucleation and growth of BCP. This investigation has led 
to the concept of ANK-mediated control of ePPi levels as a possible 
mechanism of regulation of tissue calcification.47 In support of this 
concept, the roles of the ANK gene and the TNAP gene, the product 
of which also regulates ePPi, have been recently investigated in patients 
with cuff-tear arthropathy. Variant genotypes for both were observed 
more frequently in cases compared with controls.48

The degree of damage that can occur in apatite-associated destruc-
tive arthropathies is marked (Fig. 187.13). The basis of cartilage 
damage by calcium-containing crystals is still somewhat speculative. 
Theoretically, crystals in cartilage may directly injure chondrocytes. 
However, in pathologic specimens crystals are rarely seen in immediate 
contact with chondrocytes and even less frequently found engulfed by 
chondrocytes.

It is more likely that cartilage damage ultimately results from effects 
of the crystals on synovial lining. In vitro properties of BCP crystals 
that emphasize their pathogenic potential have been observed. The first 
is their ability to induce mitogenesis, a characteristic that presumably 
leads to synovial proliferation, characteristic of both Milwaukee shoul-
der syndrome and apatite-associated OA.49,50 Increased cell numbers in 
the synovial lining enhance the capacity for secretion of cytokines, 
which may promote chondrolysis. The second is their ability to induce 
the secretion of proteolytic enzymes leading to degradation of intra-
articular collagenous structures, an observation that correlates with  
the detection of collagenase and neutral protease activities in  
synovial fluid from patients with Milwaukee shoulder syndrome.51 BCP 
crystals induce production of collagenase 1, stromelysin, and 92 kDa 
gelatinase from human fibroblasts and collagenases-1 and -3 from 
porcine chondrocytes.50 Lastly, BCP crystals induce cyclooxygenase-1 
and cyclooxygenase-2 followed by increased prostaglandin E2 in human 
fibroblasts.52,53

Despite the association of BCP crystals with OA and joint destruc-
tion and the biologic effects noted in vitro, the specific role of the 
crystals in joint degeneration is controversial. Some hypothesize that 
BCP crystal aggregates found in association with destructive arthropa-
thies actually originate from damaged subchondral bone and are merely 
an epiphenomenon. A study of joint fluid from OA patients was per-
formed to investigate the frequency and timing of the appearance of 
apatite and CPPD crystals in an attempt to clarify whether these crys-
tals are the effect of or the promoters of OA or both.54 In the 26 
sequentially examined patients, hydroxyapatite crystals were present 
in 23% at the first visit and 58% at the last visit. The time between 
the first and final aspiration ranged from 2 to 5 years. The frequency 
of development, with time, of apatite crystals in knee joints of OA 
patients initially found to be negative was 35%. There was a correlation 
between crystal frequency and higher radiographic grade of OA. This 
observation unfortunately does not resolve the issue of whether the 
crystals contribute directly to the severity of OA or whether their pres-
ence is simply a result of more severe disease. More studies will be 
necessary to further differentiate between crystals as a cause of cartilage 
damage and crystals as a result of cartilage damage. An improved 
understanding of the biologic effects of BCP crystals is essential to the 
ultimate prevention or reversal of the consequences of deposition.

MANAGEMENT
Calcific periarthritis
Asymptomatic deposits require no treatment. Acute attacks of calcific 
periarthritis have been treated successfully with immobilization and a 
variety of nonsteroidal anti-inflammatory drugs (NSAIDs) or colchi-
cine. Most patients have markedly reduced symptoms within 5 days 

elicit biologic cellular responses including mitogenesis and matrix 
metalloprotease production in vitro that suggest potential pathogenic-
ity in arthritis.41

ETIOLOGY
The mechanism of periarticular calcification is largely unknown, 
although periarticular intratendinous deposits have been thought to be 
due to ectopic calcification of damaged tendons. In most patients, no 
obvious local, metabolic, or genetic cause for the calcification is found. 
The frequent occurrence of bilateral and multifocal deposits suggests 
the operation of a generalized predisposition, as well as local factors. 
This is supported by the fact that the sites of deposition in sporadic 
cases of calcific periarthritis are the same as those associated with a 
known systemic predisposition such as diabetes mellitus, hyperthy-
roidism, or parathyroid disorders. The classic description of a relation-
ship between repetitive shoulder use and the formation of calcific 
deposits has not been established. There is no known relationship with 
any HLA specificity or other genetic marker, in spite of the known 
occurrence of familial cases.

PATHOGENESIS
Calcific periarthritis
Pathologic assessments have shown that the calcific deposits are 
located in tendons, peritendinous tissues, bursae, or ligaments. Origi-
nal studies suggested that “dystrophic” tendon calcification occurs as 
a consequence of local trauma, ischemia, and necrosis of tendons. 
Calcific periarthritis frequently localizes to the supraspinatus tendon 
in a poorly vascularized area of the tendon sheath known as the “criti-
cal zone,” at a distance of a few millimeters from the bone insertion. 
Similarly, calcification in other tendons seems to occur preferentially 
in hypovascular segments, suggesting local necrosis followed by ectopic 
calcification.

Some evidence has indicated that calcifying tendinitis is an active, 
cell-mediated process in which local vascular and mechanical changes 
result in focal transformation of tendinous tissues into fibrocartilagi-
nous material containing chondrocytes. This is followed by local depo-
sition of hydroxyapatite crystals within extracellular matrix vesicle-like 
structures derived from these chondrocytes.42

No good animal or in vitro model is available to study the formation 
of periarticular or intra-articular deposits. Aging and degeneration of 
collagen fibers do not seem to be sufficient explanations for the 
phenomenon.

The frequent tolerance of deposits without any apparent inflamma-
tion or other response is difficult to explain. The absence of any phago-
cytic cells in the calcified area may be significant, although the 
formation of granuloma-like reactions has been reported.

Acute calcific periarthritis appears to be induced by rupture of the 
deposit and the shedding of crystals into more cellular vascular areas. 
BCP crystals have been shown to be intrinsically phlogistic. They are 
phagocytosed in vitro, resulting in the release of inflammatory media-
tors.43 Similarly, in vivo models of inflammation show a brisk inflam-
matory reaction to apatite and injection into the tissues of human 
volunteers results in an inflammatory response.44 Phagocytosis may be 
one of the main ways in which the crystals are removed.

Evidence indicates that coating of the crystals, which have highly 
adsorptive surfaces, can either stimulate or suppress the inflammatory 
response depending on the nature of the proteins that attach to the 
crystals.45 Immunoglobulins, for example, may activate inflammatory 
responses, whereas coating of apolipoproteins on the crystal surfaces 
will suppress it.

Tumoral calcinosis
Light microscopic and immunohistochemical studies have indicated 
that the calcifying process in tumoral calcinosis and calciphylaxis 
involves histiocytes and osteoclast-like giant cells of histiocytic origin. 
Hydroxyapatite crystal formation and calcification appeared to develop 
predominantly from intracytoplasmic membrane-bound vesicles and 
also from mitochondria.
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Articular BCP crystals
Currently, patients with OA complicated by BCP crystal deposition 
should be treated in the same manner as if they had simple OA. Hope-
fully, ongoing research endeavors will ultimately lead to the develop-
ment of more specific treatment for apatite deposition. For example, 
phosphocitrate, a potent inhibitor of hydroxyapatite crystal formation 
and a relatively non-toxic compound, inhibits BCP crystal–induced cell 
activation in vitro.58,59 This compound may ultimately prove useful in 
protecting articular tissues from the harmful biologic effects of BCP 
crystals.

At the time of diagnosis of BCP crystal–associated destructive 
arthropathies such as Milwaukee shoulder syndrome, advanced 
destructive changes are usually present and may even be asympto-
matic. The treatment of symptomatic disease is generally unsatisfac-
tory. A conservative approach including analgesics and NSAIDs, 
repeated shoulder aspirations, and decreased joint use has sometimes 
controlled symptoms satisfactorily. In theory, non-selective COX inhi-
bition would be more effective because BCP crystals induce both 
COX-1 and COX-2. Surgical therapy is sometimes successful for relief 
of pain and restoration of function but may be difficult because of the 
extent of damage to the joint and periarticular tissues. Surgical pro-
cedures include arthroscopic lavage and/or débridement, humeral 
tuberoplasty, arthrodesis, arthroplasty, or hemiarthroplasty.7 Some 
patients have responded to closed-needle tidal-joint irrigation followed 
by injection of methylprednisolone acetate (40 mg) and tranexamic 
acid (0.5 gm).60 Other pain-relieving measures such as suprascapular 
nerve blocks for shoulder disease, or transcutaneous nerve stimula-
tion, have been used with some success. Pain may subside with time 
alone.

and virtual complete resolution within 1 to 3 weeks. Untreated attacks 
may last several weeks. Needle aspiration of the pastelike calcific 
deposits with or without irrigation may be helpful. The use of cortico-
steroids is controversial; local corticosteroid injections will help the 
acute attacks to resolve but may possibly make further calcification 
and recurrent attacks more likely.

For patients with chronic periarticular syndromes, the treatment is 
in general much the same as it would be whether the deposit was there 
or not. In chronic calcific tendinitis, ultrasound treatment helps resolve 
calcifications and is associated with short-term clinical improvement.55 
Recently, treatment with disodium ethylenediamene tetraacetic acid 
resulted in a significant improvement in shoulder function and pain 
levels and the disappearance of calcifications with no adverse effects.56

If the problem persists and large calcific deposits are present, other 
treatments can be considered. Local corticosteroid therapy should be 
used with caution because of the risk of disrupting the deposit or 
seeding further calcification. Needle aspiration is usually difficult in 
chronic cases, but arthroscopic or surgical removal may provide per-
manent symptomatic relief in refractory cases.

Tumoral calcinosis
Recently, successful treatment of both tumoral calcinosis and calciphy-
laxis with intravenous sodium thiosulphate has been reported.57 The 
beneficial effect of sodium thiosulphate has been ascribed to the 
extremely high solubility of calcium thiosulphate salts resulting in 
inhibition of precipitation of calcium salts and dissolution of calcium 
deposits with resultant mobilization of tumor-like masses. Whether 
this is in fact the mechanism of action is unknown, as is the optimal 
duration of treatment.

a b

Fig. 187.13 Bones from a patient with advanced 
basic calcium phosphate crystal–associated 
destructive arthritis. The humerus (a) shows 
extensive bony attrition characteristic of this 
condition. The tibial condyles (b) show the 
characteristic destruction of the lateral tibiofemoral 
joint, with extensive loss of subchondral bone.
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smaller  rod-like  ones  can  have  positive  elongation  that  could  cause 
confusion  with  calcium  pyrophosphate  dihydrate  (CPPD).  Most  also 
stain brightly with calcium stains such as alizarin red S, which might 
cause further confusion with the various apatite-like crystals or CPPD. 
It is important to search carefully for those with the classic bipyramidal 
shape.  Under  electron  microscopy,  oxalates  are  electron  dense  and 
foamy and are  thus  indistinguishable  from CPPD without elemental 
analysis, which shows that the oxalates contain calcium but no phos-
phorus. X-ray or electron diffraction, infrared spectroscopy with Fourier 
transformation,  or  Raman  spectroscopy  can  be  helpful  in  diagnosis 
when available and used by experienced operators.

Radiographs  of  joints  can  be  helpful  in  suggesting  a  diagnosis  of 
oxalosis. The opacification of  articular  structures  seen  from oxalates 
can be found in cartilage or soft tissue and can mimic either CPPD or 
apatite-associated diseases. Some patients with articular oxalates will 
have no calcification visible on radiographs. Oxalate-infiltrated bones 
show varying patterns, including sclerosis and demineralization.

Depot corticosteroid crystals
The obvious clinical clue to this phenomenon is known or suspected 
recent intra-articular or bursal injection.9,10 If an inflammatory reaction 
occurs it is most frequent during the first 8 hours after injection. This 
tends to help distinguish this phenomenon from an infection, which 
generally develops considerably more slowly.

Depot  corticosteroid  crystal-induced  inflammation  appears  to  be 
more common with triamcinolone hexacetonide than with other prepa-
rations. This preparation is also less soluble, which may increase the 
chance of producing acute inflammation. Inflammatory responses have 
been shown to vary among the different depot steroids after injection 
into rat air pouches.11 The inflammation may be transient because the 
steroid suppresses the inflammation as it dissolves in the joint. Even 
joints  in  patients  with  osteoarthritis  that  are  dramatically  improved 
promptly  after  corticosteroid  injection  may  transiently  show  depot 
corticosteroid crystal phagocytosis and mildly increased synovial fluid 
leukocyte counts.12 Diagnosis can be supported by aspiration and iden-
tification of pleomorphic  crystals  that  include  irregular  shapes,  rods, 
and squares with intense positive or negative birefringence (Fig. 188.2). 
Crystals can be seen to be phagocytosed by neutrophils and mononu-
clear cells.13 It may be necessary to perform a Gram stain and obtain 
cultures to exclude infection. Radiographs are not helpful. Depot cor-
ticosteroids  can also be artifacts because  specimens  can be  contami-
nated  during  handling  if  a  corticosteroid  injection  is  given  after  the 
arthrocentesis.

Lipid crystals: cholesterol, lipid liquid crystals, 
and others
Lipids,  as  pathogenic  or  potentially  confusing  factors  in  rheumatic 
diseases, should be considered in several clinical settings.

Cholesterol crystals
Cholesterol crystals (Fig. 188.3) are seen most commonly as a compli-
cation of joint effusions resulting from rheumatoid arthritis (Fig. 188.4) 
as  well  as  other  known  causes  of  arthritis,  including  osteoarthritis. 
They  are  also  found  in  sites  such  as  olecranon  bursae.  Cholesterol 
crystals  are  most  often  seen  as  broad  plates  with  a  notched  corner. 
Needle-shaped crystals with negative elongation (which are not mono-
sodium urate crystals) may also be seen in cholesterol-laden fluids.14 
Such fluids may have a glossy golden appearance. Cholesterol crystals 
may  develop  in  rheumatoid  nodules  and  gouty  tophi  and  have  been 
found in rheumatoid pericarditis.

Other crystal-related arthropathies
H. Ralph Schumacher, Jr. and Lan X. Chen

 The clinical significance of joint crystals other than monosodium 
urate monohydrate, calcium pyrophosphate dihydrate (CPPD), and 
hydroxyapatite varies widely depending on the crystal.

 Oxalate and depot corticosteroid crystals have established 
pathogenic potential.

 Other crystalline material with possible pathogenic implications 
include liquid lipid crystals, cholesterol, other lipids, hematoidin, 
immunoglobulins, Charcot-Leyden crystals, and foreign bodies.

 Crystal-like artifacts are potential sources of confusion.

HISTORY
The identification of infrequently found joint, bursal, or subcutaneous 
crystals remains an evolving topic. This has largely been stimulated by 
techniques of polarized light microscopy introduced by Hollander and 
McCarty  in the early 1960s and by the expanded use of microscopic 
examination of joint fluids as part of the routine diagnostic evaluation 
of arthritis. Oxalate crystals in joint fluids were first reported in 1982,1 
and depot corticosteroids have, since their introduction in 1951, been 
known to be able to cause occasional inflammation.2

In  this  chapter  the  suggestive  clinical  features  and  appropriate  
investigations  will  be  described  for  these  and  several  less  common 
crystals.

CRYSTAL TYPES
Oxalate crystals
To  date,  oxalate  crystals  have  only  been  described  in  the  joints  of 
patients with renal failure1,3 and should be considered primarily in this 
setting. Oxalate deposition has also been noted complicating amyloid-
induced renal failure in patients with rheumatoid arthritis.4 Acute or 
chronic  arthritis  resulting  from  oxalate  deposition  can  occur  in  a 
variety  of  joints,  with  the  sites  most  frequently  involved  being  the 
knees  and  hands.  There  are  also  reports  of  involvement  of  wrists, 
ankles, feet, tendon sheaths, and bursae. Synovial fluid total leukocyte 
and differential  counts have varied, but  there are  generally  less  than 
2000/mm.3

Inflammatory reactions in tissue may be absent, or there may be a 
granulomatous  response  around  the  crystals.  Oxalates  may  also  be 
found  in  intervertebral  discs  and  contribute  to  disc  destruction  in 
dialysis patients.5 Because oxalosis is also generalized in many of these 
patients,  crystal  deposition  may  also  occur  at  other  sites,  including 
bone  marrow.6  Oxalosis  can  thus  cause  vascular  insufficiency,  with 
gangrene,7 cardiomegaly, heart block, miliary skin deposits, peripheral 
neuropathy,  and  aplastic  anemia.3  Oxalosis  can  occur  as  a  primary 
disease with stone formation but, to date, bone and articular oxalosis 
have  only  been  diagnosed  after  renal  failure  is  established.  Thus, 
although oxalosis  can occur with  small  bowel  resection or  intestinal 
disease, oxalate arthritis has not yet been reported as a complication 
of  these.  Birefringent  oxalate  crystals  have  been  described  in  a  foot 
infected with Aspergillus niger8 in a patient with normal serum oxalate 
levels.

Definitive diagnosis  is by crystal  identification in  joint fluid or by 
biopsy of joints, bones, or other tissues. Synovial fluid crystals can be 
pleomorphic but characteristically  include at  least some with bipyra-
midal  or  envelope-like  shapes  (Fig.  188.1).  Sizes  range  from  5  to 
30 mm. Most crystals are strongly birefringent, although some of the 
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have  also  been  described,17  and  the  sites  involved  may  be  related  to 
repeated local microtrauma. Recent hemarthrosis or trauma followed 
by joint inflammation is another clinical setting in which lipids might 
be considered.

Lipid liquid crystals
Lipid  liquid crystals are caused by  lipid states with characteristics of 
both liquids and solids forming layered arrays that appear as birefrin-
gent microspherules.18,19 These form from phospholipids released from 
red blood cells or other cells. Trauma has not been evident in all cases, 
so that other sources of these lipid spherules, such as other antecedent 
inflammatory exudation, should be considered. When present in large 
numbers,  lipid  liquid  crystals  resembling  Maltese  crosses  may  be 
phagocytosed and associated with acute joint symptoms. Most patients 
have a monarthritis. The knees are most frequently involved, but cases 
with wrist  involvement  and  even polyarthritis, with possibly  similar 
mechanisms, have been reported. Synovial fluids have been inflamma-
tory and contain 10,000 to 40,000 leukocytes/mm3 with intracellular 
“Maltese crosses” identified in many samples. Polymorphonuclear leu-
kocytes or macrophages are the predominant cells.

Lipid liquid crystals are readily identified under compensated polar-
ized  light as 2-  to 20-mm Maltese cross–like spherules with the two 
blue parts of the cross lined up parallel to the axis of slow vibration of 
the compensator (positive elongation) (Fig. 188.5). Rare Maltese crosses 
are not clinically significant, but when they are frequent and intracel-
lular they should be considered as possible causes of arthritis if no other 
explanation  is  evident. Lipid  liquid  crystals need  to be distinguished 

There  is some debate  that, although cholesterol crystals are often 
too  large  to  be  phagocytosed,  they  may  contribute  in  some  way  to 
perpetuation  of  inflammation.  For  example,  injection  of  cholesterol 
crystals subcutaneously stimulated inflammation15 and injection into 
guinea pig gallbladders caused  increases  in  interleukin  (IL)-1, myelo-
peroxidase,  prostaglandin  E2,  and  prostaglandin  F  in  luminal  fluid.16 
Cholesterol-containing  subcutaneous  tophi  or  ganglion-like  nodules 

Fig. 188.1 Oxalate crystals from synovial fluid seen with regular, unpolarized 
light. Note that some crystals have the characteristic bipyramidal shape (×400).

Fig. 188.2 Bright, irregular, depot corticosteroid crystals. Crystal morphology 
can vary widely with preparation, batch, and duration of storage 
(compensated polarized light, ×400).

Fig. 188.3 Classic cholesterol plates with overlapping and some corner 
notching (compensated polarized light, ×400).

Fig. 188.4 Red tender swelling at first metatarsophalangeal joint in a patient 
with rheumatoid arthritis from which fluid with large numbers of cholesterol 
crystals was aspirated.

Fig. 188.5 Positively birefringent Maltese cross–like lipid microspherules from 
the synovial fluid of a patient with otherwise unexplained acute arthritis 
(compensated polarized light, ×1000).
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regular  light  microscopy.  Other  golden  debris  and  stellate  arrays  are 
rarely seen but have been  identified as hematoidin at other sites.29,30 
Their  identification  and  possible  modes  of  formation  have  been 
reviewed.29,31 Because hematoidin and Charcot-Leyden crystals can be 
phagocytosed, they may have phlogistic potential. Hemoglobin has also 
rarely been noted to crystallize out as rods in dried smears containing 
red cells.30

Crystalline and poorly crystalline foreign material
Foreign  bodies  can  cause  acute  or  recurrent  arthritis  that  is  usually 
monarticular. The penetrating injury may not be recalled. Most foreign 
bodies become embedded or sequestered in synovial tissue and so are 
not  seen  in  synovial  fluid. Thus,  arthroscopy  or  arthrotomy may  be 
required for diagnosis. Plant thorns can show dramatic packing of cells 
and cellulose that is accentuated with polarized light. Calcium carbon-
ate  from  sea  urchin  spines  is  birefringent  and  irregular;  fiberglass 
birefringent fibrils or polyethylene and methacrylate  in patients with 
replacement  joints  have  also  been  described  in  joints.  Silicone  wear 
particles can produce granulomatous reactions in synovium in patients 
with failure of finger implants.32 Wear particles from prostheses can be 
dark  metal  shards33  or  birefringent  if  methacrylate.  These  can  be 
phagocytosed  and  a  cause  of  low-grade  inflammation.34  Aluminum 
crystals have been reported in joints in patients with systemic alumi-
num  toxicity. Most  foreign bodies  are not  radiopaque,  and magnetic 
resonance imaging may help identify some of these. Patients with the 
rare  inflammatory  reactions  after  hylan  GF  20  injections  may  have 
shiny, non-birefringent inclusions in synovial fluid cells.35

from starch from gloves, which has a more polygonal outline, and from 
rare urate microspherules that have negative birefringence.

Other lipids
There  is  interest  in  whether  lipid  crystals  can  explain  some  of  the 
arthritis  and  tenosynovitis  reported  to  complicate  types  II  and  IV 
hyperlipoproteinemias.  Incompletely  characterized  brightly  positively 
birefringent rod-like crystals have been described in a tendon of a man 
with hypercholesterolemia with Achilles tendinitis,20 but most hyper-
lipidemic patients do not have lipid crystals. Non-birefringent droplets 
composed  largely  of  neutral  lipids  are  common  after  trauma,  with 
lymphatic obstruction, in pancreatic disease, and occasionally in type 
IV hyperlipoproteinemia. Chylous effusions due to lymphatic obstruc-
tion  can  be  milky  with  chylomicrons.21  Needle-shaped  crystals  with 
negative elongation can precipitate in these droplets, especially during 
storage, and can be a source of confusion with urates. Uricase digestion 
can be used to see if urate crystals are present, although this may be 
difficult  to  interpret  if only  rare urates are mixed with  lipid crystals. 
Crystalline  lipids generally do not stain with fat stains as do neutral 
fat droplets.

Protein crystals
There is one interesting case report of a patient who had chronic poly-
arthritis that appeared to be due to massive intra-articular crystalline 
precipitates of an IgG cryoprecipitable paraprotein.22 This patient had 
an  erosive  arthritis  with  inflammatory  synovial  fluid  (30,000  leuko-
cytes/mm3, 90% polymorphonuclear neutrophil leukocytes) and chronic 
inflammation  in  the  synovium  surrounding  deposits  of  crystals. 
Another patient with multiple myeloma had polyarthritis with weakly 
birefringent rhomboid crystals that were not noted until the synovial 
fluid cooled.23 Other patients with cryoglobulinemia may have arthritis 
without synovial fluid crystals. In vessels, crystallized cryoglobulin or 
myeloma proteins can cause vascular obliteration. Cryoglobulin crys-
tals have been emphasized as causes of both destructive arthritis and 
vasculopathy.24 A mouse model for IgG3 cryocrystal globulinemia has 
been reported with deposits in kidneys.25

Immunoglobulin crystals are pleomorphic and may be over 60 mm. 
However,  they  can  also  appear  as  smaller  squares,  hexagons,  rhom-
boids,  or  rods  and  be  potentially  confused  with  known  pathogenic 
crystals. Because they are proteins they will stain with methylene blue 
(Fig.  188.6).  Some  crystals  are  negatively  birefringent.  Monoclonal 
antibodies  can  provide  specific  identification.  Other  protein  crystals 
described  in  synovial  fluid  and  other  sites  include  Charcot-Leyden 
crystals,26-28 which are believed  to be composed of  lysophospholipase 
in eosinophil-laden fluids, hemoglobin, and hematoidin. Charcot-Ley-
den crystals have a  characteristic  spindle  shape and are weakly bire-
fringent, with positive or negative elongation (Fig. 188.7). Hematoidin 
crystals  (Fig. 188.8), derived  from the breakdown of hemoglobin, are 
rhomboids  very  similar  to  CPPD,  except  for  their  golden  color  on 

Fig. 188.6 Myeloma protein crystals (compensated polarized light, ×100).
Fig. 188.7 Charcot-Leyden crystals (regular light microscopy, ×400).

Fig. 188.8 Golden rhomboid-shaped hematoidin crystal along with many 
monosodium urate crystals (Regular light microscopy, ×400).
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roles of crystals such as cholesterol, the lipid liquid crystals, and hema-
toidin and also to investigate prosthetic wear particles and polymethyl-
methacrylate cement that may produce inflammation in ways similar 
to crystals.37 Injection of polymethylmethacrylate cement into rat air 
pouches37 does produce inflammation. Cholesterol crystals can activate 
complement,38 suggesting a process that might be involved in athero-
sclerotic plaques as well as in joints or bursae. Surface charge, binding 
properties,  and  activation  of  the  inflammasome  can  also  be  studied 
with other crystal or crystal-like particles. An organic matrix is associ-
ated with oxalate stones, and proteins may well also bind to oxalates 
in joints.

The  reasons  why  only  very  few  individuals  have  deposits  of  the 
crystals discussed earlier despite apparent similar risks are also poten-
tial areas for investigation. Some investigations suggest direct mecha-
nisms for crystal production. Thus, lipid liquid crystals were shown to 
result  from  hemarthrosis,  after  blood  was  injected  into  joints  and 
Maltese cross-like particles developed.39

INVESTIGATIONS AND  
DIFFERENTIAL DIAGNOSIS
Methods for investigation and differential diagnosis span the variety of 
techniques in use for the more commonly recognized crystal-associated 
syndromes. These can include regular and polarized light microscopy, 
electron microscopy, elemental analysis, x-ray or electron diffraction, 
Fourier transformed infrared analysis, and atomic force microscopy. In 
addition, monoclonal antibodies can be used to stain immunoglobulin 
crystals and the Fouchet stain can probably help identify hematoidin.29 
To  exclude  the  more  common  diseases,  uricase  or  pyrophosphatase 
digestion may be attempted. Artifacts seen on wet preparations with 
regular or polarized  light  frequently have been a source of diagnostic 
confusion (Box 188.1).36 Figures 188.9 to 188.12 illustrate some of the 
artifacts found.

ETIOLOGY AND PATHOGENESIS
As each new crystal of suspected pathogenic significance has been sug-
gested, new techniques have been used by investigators to help estab-
lish their identity and to test their phlogistic potential. Crystals can be 
tested for inflammatory properties by intra-articular injection, injection 
into the pleural space, or injection into air pouches on the dorsum of 
the  rat  that  produce  a  synovial-like  space.37  In-vitro  incubation with 
various cells and chemotactic assays are also used. Some crystals may 
not  produce  acute  readily  detectable  inflammation  but  may  interact 
with  chronic  inflammatory  cells  and  still  have  a  long-term  impact. 
Studies may well  be worth  extending  to  better  define  any  important 

Fig. 188.9 Slivers of glass from coverslips can be needle shaped and mimic 
monosodium urate crystals even to the point of having negative elongation in 
compensated polarized light (×400).

Fig. 188.10 Starch from gloves produces Maltese cross–like particles that are 
more angular than liquid lipid crystals. Calcium phosphates stained here with 
alizarin red S are also present in some powders (compensated polarized light, 
×400).

Fig. 188.11 Negatively birefringent needles precipitate in synovial fat droplets 
during storage. When these are released into the joint fluid they can mimic 
monosodium urate crystals (polarized light, ×400)

Fig. 188.12 As fluid dries, birefringent salts precipitate (compensated 
polarized light, ×100).

BOX 188.1 CRYSTAL-LIKE ARTIFACTS SEEN IN SYNOVIAL FLUID 
WET PREPARATIONS
 Depot corticosteroid crystals
 Glass fragments
 Nail polish from sealed coverslip edges
 Wood fragments from sticks used in transport
 Starch from gloves
 Anticoagulant crystals—sodium oxalate, lithium, heparin
 Precipitates from storage—calcium phosphates, oxalates, hemoglobin, 

hematoidin, lipids, unidentified material
 Dust
 Lens paper fibrils
 Polyester from yellow serum separator tube
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crystal-induced  inflammation.  Measures  to  deplete  the  crystals  dis-
cussed  here  are  not  known.  Oxalate  accumulation  in  hemodialysis 
patients  may  be  slowed  by  avoiding  the  use  of  vitamin  C,  which  is 
metabolized to oxalate. Cryoglobulins can be decreased by treating the 
underlying disease. In a patient with Waldenström’s cryoglobulinemic 
vasculitis, rituximab initially increased cryoglobulin levels but then led 
to a response.40 Foreign bodies, of course, are best managed by removal.

MANAGEMENT
Treatment  of  inflammatory  episodes  related  to  these  less  common 
crystals has not been studied systematically. When the clinical situa-
tion permits, non-steroidal anti-inflammatory drugs are generally used 
for oxalate-associated inflammation or to temporarily help with depot 
corticosteroid-induced bouts. Rarely, depot corticosteroid crystals have 
to  be  aspirated  from  unusually  prolonged  iatrogenic  corticosteroid 
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periosteal fibrocartilaginous attachments hypertrophy and ossify. These 
changes account for the clinical features of acromegaly: large bones 
with remodeled shafts, thickened cartilage, tendon and capsule attach-
ments, and large marginal osteophytes (Fig. 189.1). The second stage 
consists of the development of specific cartilage ulcers at weight-bearing 
sites, presumably due to unequal cell proliferation and matrix formation 
in the cartilage midzone, creating stress in the inter-territorial areas 
and ultimately cartilage fissuring and ulceration. In the third stage there 
is a localized loss of cartilage substance. As a repair mechanism, the 
resultant regenerating fibrocartilage layer is excessive and striking, 
forming a layer covering the old hyaline cartilage on the exposed bone. 
These structural alterations result in subchondral bone eburnation and 
cyst formation resembling severe forms of osteoarthritis.

CLINICAL FEATURES
Joint pain is a common finding in acromegaly (Box 189.1). Affected 
joints include the jaw, hands, shoulders, hips, knees, and the cervical 
and lumbar spines (Fig. 189.2). Joint effusions are uncommon; rarely 
some patients may experience episodes of pseudogout. On physical 
examination there is evidence for bony enlargement and soft tissue 
prominence surrounding affected joints. Radiographs demonstrate 
widened joint spaces with chondrocalcinosis, osteophyte formation, 
and calcification of ligamentous insertions. There is vertebral enlarge-
ment, with widened intervertebral spaces and osteophyte formation, 
but facet joint hypertrophy is unusual.6 Prognathism is commonly seen 
and is usually accompanied by widening of the interdental spaces.6 
Raynaud phenomenon has been described in about one quarter of 
patients.2 Carpal tunnel syndrome is often symptomatic at presenta-
tion.7 Magnetic resonance imaging7 has demonstrated increased edema 
of the median nerve in the carpal tunnel rather than extrinsic 
compression.

DIABETES MELLITUS
Diabetes mellitus is associated with a range of musculoskeletal and 
rheumatologic problems (Table 189.1). Many studies have observed 
that symptoms of hand pain and dysfunction occur more frequently in 
diabetic patients.8 Longer duration of diabetes rather than hemoglobin 
A1C levels appears to correlate with a higher frequency of hand and 
shoulder syndromes.8 A study of adolescents with type I diabetes mel-
litus found that plantar fascia thickness, as measured by ultrasound 
imaging, was a significant predictor of the subsequent development of 
complications in type I diabetes mellitus, suggesting that glycation and 
oxidation of collagen in soft tissues may be independent risk factors 
for microvascular complications.9 Similarly the finding of limited joint 
mobility of the hands in patients with type I diabetes may indicate an 
increased risk for microvascular disease.10 Patients with limited joint 
mobility typically have limited extension of the metacarpophalangeal, 
proximal interphalangeal, and distal interphalangeal joints, generally 
beginning in the ulnar digits and spreading radially.11 The patient is 
asked to hold his or her hands opposed to one another with the wrists 
extended and the elbows flexed [prayer sign]; a positive test is indicated 
by the inability of the patient to completely approximate the palmar 
surface of the digits. Dupuytren contracture consists of palmar and 
digital nodules and cords, palmar skin tethering, and digital contrac-
tures.11 In contrast to non-diabetics, the condition is milder, the ring 
and middle digits are predominantly involved as opposed to the small 
and ring digits, and few patients complain of symptoms.12 Carpal 

Rheumatoid manifestations of 
endocrine and lipid disease
Simon M. Helfgott*

 Musculoskeletal abnormalities occur commonly in association with 
endocrine disease.

 Glandular dysfunction involving the adrenal, pituitary, pancreas, 
parathyroid, and thyroid may present with rheumatologic 
disorders.

 Nonspecific rheumatic manifestations and more characteristic 
abnormalities may occur.

 Musculotendinous and/or bone and/or joint abnormalities are 
more likely after periods of metabolic imbalance.

 Specific clinical problems exist (i.e., widened joint spaces, 
Dupuytren contracture, osteonecrosis, periosteal bone resorption, 
and muscle weakness) should prompt the exclusion of particular 
disorders.

 Resolution or improvement in clinical manifestations of rheumatic 
disease may occur with restoration of metabolic balance.

 Primary hyperlipidemias (hyperlipoproteinemias) result from 
abnormal metabolism of lipoproteins with an increase in their 
blood levels.

 Six types of hyperlipoprotein, which differ on the basis of 
lipoprotein profiles and musculoskeletal manifestations, exist.

 Tendon xanthomas comprise lipid infiltrates, which result in 
irregular thickening of the involved tendon.

 They can be observed in types IIa and III hyperlipoproteinemia and 
be associated with or preceded by episodes of acute tendinitis, 
particularly in type IIa.

 Arthralgias and/or arthritis can be a feature of type IIa and type IV 
hyperlipoproteinemia.

 Tendon xanthomas are observed in types IIa and III and may be 
associated with acute tendinitis, particularly in type IIa.

 Osseous xanthomas, aggregates of spumous macrophages, are rare 
and have been reported mainly in type III hyperlipoproteinemia.

 Hyperuricemia and gout can be associated with the 
hypertriglyceridemia of types I, IV, and V.

 Sicca-like syndromes, probably due to fatty infiltration of lacrimal 
and salivary glands, with subsequent enlargement of parotids, can 
develop in patients suffering from types II, IV, and V 
hyperlipoproteinemia,

ACROMEGALY
The articular manifestations of acromegaly are a leading cause of mor-
bidity and functional disability in these patients.1,2 At the time of 
diagnosis most patients have signs or symptoms of joint disease.3-5 The 
duration of acromegaly does not appear to correlate with the severity 
of the arthropathy.3 There are three stages leading to joint damage in 
acromegaly. In the first there is continued, excessive proliferation and 
regeneration affecting chondrocyte activity and cartilage matrix growth. 
Hyaline cartilage becomes thickened with clusters of large active basal 
chondrocytes; marginal osteophyte formation becomes excessive and 
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*The author would like to acknowledge the contributions of Greg Dennis, who was the 
author of this chapter in the last edition.
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Soft tissue
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joint
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APPEARANCE OF THE HAND IN ACROMEGALY

a b

Fig. 189.1 Appearance of the hand in acromegaly. (a) Apart from the soft tissue thickening of the hand, this radiograph also shows the increased joint space 
and enlargement and tufting of the terminal phalanges. (b) Examination of the hand is important for the diagnosis of acromegaly.

New bone
formation

on anterior
surface

Ligamentous
calcification

Increased
Intervertebral space

APPEARANCE OF THE LUMBAR SPINE IN ACROMEGALY

Scalloping of
posterior margin

a b

Fig. 189.2 The appearance of the lumbar spine in 
acromegaly. (a) Typical changes including 
scalloping of the posterior margin of the vertebrae, 
new bone formation on the anterior surfaces, and 
increased intervertebral space. (b) Radiograph of 
the lumbar spine showing the decrease in disc 
height due to late degenerative disease.

tunnel syndrome presents with similar findings in diabetic and non-
diabetic patients. However, many authors believe that diabetic patients 
have poorer outcomes following carpal tunnel release than non-diabetic 
patients.13

There may be subtle distinctions between the clinical manifesta-
tions of stenosing, tenosynovitis [trigger finger] and diabetic versus 

nondiabetic patients. Compared with a non-diabetic population, trigger 
finger in diabetics is more commonly seen in females, more often  
bilateral, and involves multiple digits with relative sparing of the index 
and small fingers.14 Corticosteroid injection is less effective in diabet-
ics, and more often these patients require surgery. Adhesive capsulitis 
of the shoulder can be defined as unilateral shoulder pain of greater 
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TABLE 189.1 RHEUMATOLOGIC MANIFESTATIONS OF DIABETES

Disorder Special features

Adhesive 
capsulitis

Unilateral shoulder pain
Therapies include intra-articular corticosteroids, physical 

therapy

Limited joint 
mobility

Painless, “prayer sign”
Occasionally associated with hand weakness
Correlation with microvascular disease

Dupuytren 
contracture

Ring, middle finger involvement is more common
May be less painful in patients with diabetes

Stenosing 
tenosynovitis

More common in females
Bilateral, multidigit involvement with relative sparing of 

the index and small fingers.

Carpal tunnel 
syndrome

Similar presentation to non-diabetics
Bilateral involvement
Surgical release may be less effective than in non-diabetics

Calcific 
tendonitis

Basic calcium pyrophosphate crystal deposition
Acute and intensely painful
Radiographs may demonstrate calcium deposition within 

tendons and soft tissues

Diffuse idiopathic 
skeletal 
hyperstosis 
[DISH]

Seen more commonly in diabetics
Generally an asymptomatic finding
Anterior ligament ossification on radiographs
Peripheral joint calcific enthesopathy

Charcot 
arthropathy

Unilateral foot involvement; usually midfoot
Seen in context of severe peripheral neuropathy
Osteolysis, joint destruction
Role of proinflammatory cytokines?

Muscle infarction Associated with long-standing disease
Pain swelling and induration of the thigh
High signal intensity noted on T2-weighted MRI images
Resolves over time

Stiff person 
syndrome

Progressive axial stiffness may lead to appearance 
mimicking spine ankylosis

“Startle” response present in most patients
Association with raised titers of anti-GAD antibody

GAD, glutamic acid decarboxylase; MRI, magnetic resonance imaging.

BOX 189.1 MUSCULOSKELETAL FEATURES OF ACROMEGALY
Clinical features of acromegaly include large bones with remodeled shafts, 
thickened cartilage, enlarged tendon and capsule attachments, and large 
marginal osteophytes.

Pain and crepitus are common but rarely accompanied by restricted 
motion.

Despite frequent back pain, back mobility is maintained even with aging. 
This is because the thickened intervertebral disc cartilage, together with lax 
hypertrophied paraspinal ligaments, contribute to increased spinal mobility.

Adapted from Bluestone R, Bywaters E, Hartog M, et al. Acromegalic arthropathy. Ann Rheum 
Dis 1971;30:243-258.

TABLE 189.2 RHEUMATOLOGIC MANIFESTATIONS THYROID DISORDERS

Manifestation Hypothyroidism Hyperthyrodism

Arthralgias, myalgias 
achiness and 
stiffness

PMR-like presentation
Delayed resolution

Seen at onset
Resolves with treatment

Arthritis Polyarticular MCP, MTP 
involvement

Acropachy
Clubbing

Cutaneous Raynaud phenomenon Pretibial myxedema

Myopathy Proximal, resolves slowly
EMG: sensorimotor axonal 

neuropathy
Rarely  “pseudohypertrophy”

Proximal, resolves 
quickly

Sensorimotor xonal 
neuropathy

Carpal tunnel 
syndrome

Improve with treatment Not observed

Vasculitis Not observed Rarely seen with 
propylthiouracil use

Bone metabolism Not observed Increased bone turnover 
and bone loss

ANA positivity Occasionally seen Occasionally seen

ANA, antinuclear antibody; EMG, electromyogram; MCP, metacarpophalangeal;  
MTP, metatarsophalangeal; PMR, polymyalgia rheumatica.

than 3 months’ duration with associated reduction of range of motion 
in all planes by at least 50%.8 Neuropathic (Charcot) arthropathy typi-
cally presents with pain and swelling of the midfoot in a patient with 
underlying peripheral neuropathy. Over time there may be evidence of 
severe osteolysis, and bone and joint destruction may follow. The 
condition is sometimes self-limiting and one sided even though the 
neuropathy is permanent and symmetric.15 It has been proposed that 
activation of proinflammatory cytokines including TNF-α and IL-1β, 
together with RANKL-NF-κ-B signaling, may result in bone lysis and 
calcification of the media of the arterial walls of the blood vessels sup-
plying the feet.15

Stiff-person syndrome is an uncommon disorder seen in some type 
I diabetic patients. The condition is characterized by progressive muscle 
stiffness, rigidity, and spasm involving the axial muscles with severe 
impairment of ambulation. In severe cases there is a fixed spinal defor-
mity with a pronounced lordosis. The hallmark feature is the presence 
of superimposed, severe, episodic muscle spasm precipitated by sudden 
movement, noise, or emotional upset (startle reflex). Stiff person syn-
drome and type I diabetes share some immunologic features including 
the presence of antibodies to glutamic acid decarboxylase [GAD], 
though the magnitude of the antibody response and the selected epit-
opes that are recognized differ in these two diseases.16

THYROID DISEASE
Disorders of thyroid function can be associated with a variety of rheu-
matologic symptoms ranging from arthralgias and myalgias to 

weakness and digital vasospasm (Table 189.2). Thyroid deficiency is 
more frequently associated with musculoskeletal symptoms than 
hyperthyroidism. In older patients, hypothyroidism may mimic a poly-
myalgia rheumatica (PMR)-like disorder with proximal achiness around 
the shoulder and pelvic girdle muscles and generalized stiffness. In 
other patients, there may be an associated myopathy17 with findings 
ranging from mild (delayed tendon reflex response) to severe (weakness, 
cramps, and severe stiffness). The latter has been termed Hoffman 
syndrome. In this disorder there may also be muscle hypertrophy 
(pseudohypertrophy). Most symptoms improve or resolve following 
correction of the hypothyroidism.17 Carpal tunnel syndrome may also 
be associated with hypothyroidism and generally improves with thyroid 
hormone replacement.18 Myoedema may occasionally be noted when 
the muscles of affected individuals are tapped using a reflex hammer; 
the resulting induration persists for several seconds. In rare cases there 
may be a symmetric polyarthritis involving the metacarpophalangeal 
and metatarsophalangeal joints, wrists, and knees resembling sero-
negative rheumatoid arthritis. Synovial fluid analysis has demonstrated 
low white blood cell counts and normal fluid viscosity.18

Hyperthyroidism due to Graves disease is associated with an 
unusual cutaneous manifestation known as pretibial myxedema. This 
dermopathy is an uncommon and late manifestation of Graves disease 
and is often seen concurrent with the development of Graves ophthal-
mopathy.19 It is generally asymptomatic, presenting as skin induration 
over the pretibial area, although other areas can be involved as well. 
The lesion is associated with elevated levels of serum TSH receptor 
antibodies; it has been suggested that the TSH receptor found in the 
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developing calciphylaxis. The lesions begin as painful, symmetric, vio-
laceous discoloration and evolve into well-demarcated, non-healing 
skin ulcers that become necrotic and gangrenous with eschar forma-
tion. More distal lesions have been described to involve the calves, 
forearms, acral areas, and genitalia. The presence of lesions more 
proximally located on the shoulders, trunk, buttocks, and thighs 
portend a worse prognosis. Biopsy of the skin demonstrates extensive 
calcification of small- to medium-sized arteries and/or arterioles with 
intimal proliferation. The calcium deposition may be either segmental 
or circumferential and the lumen is usually preserved. Management 
includes treatment of the ulcers, and judicious use of antibiotics. Para-
thyroidectomy may improve survival.32

In the classic form of pseudohypoparathyroidism (PHP), resistance 
to the effects of parathyroid hormone is seen in both the skeleton and 
kidney. The somatic features of Albright hereditary osteodystrophy 
may accompany the hormonal resistance.33,34 This peculiar phenotype, 
reported in subjects with pseudohypoparathyroidism type Ia (PHP-Ia), 
is caused by mutations in the GNAS gene (guanine nucleotide-binding 
protein α-stimulating polypeptide that encodes for Gs-α protein), 
which encodes for the α-subunit of the stimulatory G protein (Gs-α). 
Somatic features of Albright hereditary osteodystrophy including a 
short stature, short digits, and subcutaneous calcifications or ossifica-
tions may be present. Brachydactyly, classically described as shortening 
of III, IV, and V metacarpals and I distal phalanx, is the typical and 
most specific sign of Albright hereditary osteodystrophy. It has been 
reported in 70% of PHP subjects from routine radiologic 
examinations.34

ADRENAL DISORDERS
Cushing syndrome is a clinical syndrome caused by excessive produc-
tion of cortisol by the adrenal glands. Proximal lower extremity weak-
ness may be one of the presenting clinical symptoms. There is generally 
proximal leg weakness on clinical examination. Electromyographic 
studies typically demonstrate myopathic changes. On muscle biopsy, 
predominantly type II muscle fiber atrophy has been noted.35

Adrenal insufficiency (Addison disease) leading to hypocortisolism 
has been linked with chronic fatigue and weakness.36 Contractures as 
a consequence of tendon or skeletal muscle shortening have been 
reported in individuals with adrenal insufficiency.

LIPID DISORDERS
Heterozygous familial hypercholesterolemia is an autosomal dominant 
disorder with a prevalence of approximately 1 in 500 individuals, 
whereas the homozygous form is rarer, involving 1 in 1 million indi-
viduals (Table 189.3).37 Abnormal or absent low-density lipoprotein 
(LDL) receptors cause the accumulation of cholesterol-rich LDL par-
ticles. These particles accumulate in tendons, particularly the Achilles, 
where they are metabolized into oxidized LDL, which is then actively 
taken up by macrophages within the tendon37,38 to form the xanthoma 
(Fig. 189.3). These are structures composed of lipid and collagen; 
detailed analysis has demonstrated that the lipid composition is similar 
to the core of advanced atherosclerotic plaques.37 In fact, there appears 
to be a correlation between Achilles tendon thickness evaluated by 

affected skin may serve as the antigen driving this immune response.19 
In some patients with untreated hyperthyroidism, Raynaud phenom-
enon may be seen.20

Thyroid acropachy is an unusual manifestation of hyperthyroidism 
that is always seen in the context of the dermopathy and ophthalmopa-
thy. It presents with clubbing of the fingers and toes. The overlying 
skin may be swollen and tight. Rarely, there may be radiographic evi-
dence of a periosteal reaction involving the distal digital bones.21 
However, unlike pulmonary osteoarthropathy, which it resembles, the 
bony reaction has a spiculated lacy appearance and is limited to the 
midportion of the diaphysis with sparing of the long bones.

A myopathy may be present in about 20% of the patients in the 
early stages of hypothyroidism. There may be proximal weakness, and 
electromyographic studies have demonstrated a sensorimotor axonal 
neuropathy.17 Unlike the myopathy seen with hyperthyroidism, these 
signs and symptoms resolve immediately with correction of the hypo-
thyroidism. There is also increased bone turnover and net loss of bone 
mineral density in patients with hypothyroidism,22 which resolves with 
therapy. The drug propylthiouracil, which is often used to treat hyper-
thyroidism, has been associated with the development of an ANCA-
associated vasculitis.23 The ANCA titers are generally markedly 
elevated and show a perinuclear (p-ANCA) staining pattern. The vas-
culitis generally resolves with discontinuation of the drug, though there 
are several reports of patients requiring systemic immunosuppressive 
therapy.24

HYPERPARATHYROIDISM
Primary hyperparathyroidism is now most commonly diagnosed before 
the onset of overt symptoms; clinically apparent bone disease is uncom-
mon. Parathyroid hormone increases the rate of bone turnover, and its 
effects on bone may be catabolic or anabolic, depending on the age of 
the patient, skeletal site, and pattern of serum concentrations of the 
hormone over time.25,26 In general, persistently high serum parathyroid 
hormone concentrations have catabolic effects on bone, whereas inter-
mittent mild increases have anabolic effects. On balance, the effects of 
mild primary hyperparathyroidism on bone seem to be slightly ana-
bolic.27 However, the disorder can cause a demineralization of bone, 
distributed variably between cortical sites (i.e., mainly long bones) and 
trabecular sites (i.e., mainly vertebrae).28,29

With longstanding, untreated severe forms of this disease, there 
may be osteitis fibrosa cystica. This condition is characterized by bone 
cysts, brown tumors, fractures, and skeletal deformity. The classic 
radiographic finding of osteitis fibrosa cystica is subperiosteal resorp-
tion of the radial aspect of the index and long fingers. Histologic 
abnormalities include extensive cortical resorption and tunneling 
defects lined with osteoclasts. Following successful parathyroidectomy, 
most of the manifestations of primary hyperparathyroidism including 
the skeletal disease are readily reversed.

Bone disease in patients with chronic renal disease is caused by both 
hyperparathyroidism and other factors.30 Some patients with chronic 
renal disease have hyperparathyroid uremic bone disease, which is 
characterized by an activation of osteoblasts and osteoclasts with 
excess bone resorption. Other patients have an adynamic bone disease 
or osteomalacia. Adynamic bone disease is characterized by low activity 
of the bone cells, no excess accumulation of matrix, and little parathy-
roid hypersecretion.30,31 Osteomalacia in renal failure is characterized 
by excess accumulation of osteoid and a minimal degree of hyperpara-
thyroidism and has been associated with the accumulation of alumi-
num in bone. This disorder has become less common as a result of 
the minimization of use of products with high concentrations of alu-
minum, such as are found in some antacids and dialysis fluids.30,31 The 
frequency of hyperparathyroid bone disease among patients with 
uremia is similar to the frequency of adynamic bone diseases.30,31 
Uremic hyperparathyroid bone disease is best treated by raising serum 
calcium concentrations and thereby decreasing parathyroid hormone 
secretion. The cause of adynamic bone disease is not known, and there 
is no specific treatment.32

Calciphylaxis or calcific uremic arteriolopathy is a serious complica-
tion of end-stage renal disease that is thought to be due to hyperpara-
thyroidism. Female gender, hyperphosphatemia, and increased serum 
calcium phosphate product are associated with an increased risk of 

TABLE 189.3 CAUSES OF XANTHOMAS SEEN WITH NORMAL LIPID STATES

Apolipoprotein E No. 3 deficiency
Hypolipoprotein A-I variant
Overproduction of apolipoprotein B

Associated with high-density 
lipoprotein defects

Cerebrotendinous xanthomatosis
Hyper-B-sitosterolemia
Rheumatoid arthritis, gout, trauma

Autosomal recessive lipid storage 
disease

Inherited sterol storage disease
May lead to Achilles tendon 

thickening, mimicking xanthoma 
on imaging studies

Adapted from Tsouli SG, Kiortsis DN, Argyropoulou MI, et al. Pathogenesis, detection and 
treatment of Achilles tendon xanthomas. Eur J Clin Invest 2005;35:236-244.
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and consisting of monohydrate cholesterol or (2) rod-shaped helical 
birefringent crystals ranging from 2 to 20 µm long, consisting of anhy-
drate cholesterol.41

STATIN DRUG–ASSOCIATED  
MUSCLE SYNDROMES
Myopathic syndromes associated with statin therapy range from myal-
gias to myositis to overt rhabdomyolysis, which may be associated with 
acute renal failure.42

Experience in clinical practice suggests that muscle side effects 
including side effects requiring discontinuation of statin therapy are 
relatively common. The onset of muscle symptoms is usually within 
weeks to months after the initiation of statin therapy but may occur 
at any time during treatment. Myalgias and weakness resolve and 
serum creatine kinase concentrations return to normal over days to 
weeks after discontinuation of the drug.43

Statin-induced myalgia typically presents as proximal, symmetric 
muscle weakness and soreness. There may be muscle tenderness and 
there may be functional impairments such as difficulty raising the arms 
above the head, arising from a seated position, or climbing stairs. Less 
often the discomfort is asymmetric. Other reported symptoms include 
cramping and tendon pain. Clinically significant myopathy, defined as 
a serum CK elevation more than 10 times normal in association with 
muscle symptoms, occurred in less than 0.5% of patients in the large 
clinical trials.44 The mechanism by which statins cause muscle toxicity 
is not well understood. They inhibit the conversion of HMG-CoA to 
mevalonic acid, which is an important early step in cholesterol syn-
thesis. Statins can also decrease the synthesis of coenzyme Q10 
(CoQ10, ubiquinone), which plays an important role in muscle cell 
energy production. It has been speculated that the reduction in CoQ10 
may contribute to statin-induced muscle injury. Some studies have 
found that statins decrease plasma concentrations of CoQ10.45

In large clinical trials, massive rhabdomyolysis with acute renal 
failure was not seen in patients who did not have other risk factors 
such as renal failure, concurrent use of cyclosporine, gemfibrozil, mac-
rolide antibiotics, digoxin, antifungal medications, and warfarin. Other 
possible predisposing factors include hypothyroidism and inflamma-
tory myopathies.46

ultrasonography with carotid intima-media thickness in patients with 
familial hypercholesterolemia.39 Ultrasonography has a fairly high sen-
sitivity for revealing subclinical xanthomas in some individuals with 
heterozygous familial hypercholesterolemia for which the diagnosis 
cannot be established by other means. Xanthomas appear as focal or 
confluent regions.37,38

A transient polyarthritis involving the knees, ankles, and hands has 
been described in some patients with familial forms of hyperlipi-
demia.40 There is moderate pain and swelling and occasional redness 
of the affected joints. None of these patients had gout. Synovial fluid 
analysis demonstrated non-inflammatory features including white 
blood cell counts of less than 200 cells per mm3 and no crystals were 
seen. The erythrocyte sedimentation rate was always normal.

Rarely, cholesterol crystals may be seen in the synovial fluid of 
patients with longstanding, severe rheumatoid arthritis. The synovial 
fluid has a characteristic milky appearance. The crystals may appear 
in two morphologic forms: (1) flat, rectangular plates that are nega-
tively birefringent with notched corners ranging from 8 to 100 µm long 

Fig. 189.3 Xanthomatosis of the Achilles tendon. (Courtesy Professor A.F. Lant.)
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(HIV) type 1 infection in patients treated with blood products between 
1980 and 1985. The advent of synthetic factor VIII and IX concen-
trates, together with donor screening and heat treatment of naturally 
obtained concentrates, has almost completely prevented this problem, 
but the recombinant products are still very expensive and not available 
in most developing countries.

Epidemiology
Hemophilia A has an incidence of 1/5000 male births, and in hemo-
philia B this incidence is 1/30,000. The distribution is generally 
uniform in the world, and there are no obvious associations with 
human leukocyte antigens.1 Because it is X-linked recessive, it is a 
disease seen almost exclusively in males. However, symptomatic 
hemophilia may occur in females due to X-chromosome inactivation 
at an unusually early stage of embryogenesis. This will lead to low 
levels of factor VIII. In addition, if an affected male and a carrier female 
have offspring, 50% of the resultant female children will be homozy-
gous for hemophilia.

Classification
In primary hemophilia inherited deficiencies of any of the factors 
involved in hemostasis can result in bleeding disorders. The most well 
known are deficiencies in factors VIII (hemophilia A) and IX (hemo-
philia B).

In secondary hemophilia, factor deficiencies are caused by decreased 
synthesis, increased clearance, or destruction of clotting factors. The 
most common mechanism is antibodies (inhibitors) directed against 
factor VIII, although antibodies can develop to other factors, such as 
IX, X, or von Willebrand factor (VWF). In 50% of cases there is no 
underlying pathologic process. Autoantibodies can develop postpartum 
or be associated with a range of diseases, most commonly autoimmune 
conditions such as rheumatoid arthritis, systemic lupus erythemato-
sus, and other connective tissue disorders. They can also occur with 
skin diseases, lymphoproliferative disorders, other tumors, and drugs. 
The clinical features are similar to those of inherited hemophilias.

Clinical features
Mild, moderate, and severe forms of the hemophilias are defined by 
plasma coagulation factor levels corresponding to 5% to 40%, 1% to 
5%, and 1% or less of normal, respectively. Hemophilic arthropathy is 
the most important cause of morbidity in patients with severe hemo-
philia. Bleeding into muscle occurs, with about one-tenth the frequency 
of joint hemorrhages.

Some female carriers of the hemophilia genes have relatively low 
factor levels and may have problems during menstruation and with 
hemostasis during surgery and dental extractions, but bleeding into the 
joints is exceptionally uncommon.

Acute hemarthrosis
This is the initiating event in hemophilic arthropathy, frequently 
occurring spontaneously or in response to minor trauma in severe or 
moderate disease. It is characterized by prodromal stiffness, acute pain, 
warmth, and swelling. The rising intra-articular pressure eventually 
terminates bleeding, and resolution occurs slowly, accompanied by 
bruising. Milder bleeding episodes may present less dramatically and 
be limited to the subsynovium or be unrecognized, as is apparently the 

Hemophilia and von 
Willebrand disease
John R. York and Jane F. Bleasel

HEMOPHILIA
 Hemophilia is a sex-linked inherited disorder of blood coagulation 

producing a deficiency of factor VIII (hemophilia A) or IX 
(hemophilia B).

 Widespread hemorrhage, either spontaneously or with minor 
trauma, occurs. Recurrent hemarthroses with subsequent 
progressive arthropathy particularly affecting ankles, knees, and 
elbows are evident.

 Treatment involves adequate factor replacement. Prophylactic 
blood factor treatment from a young age is beneficial in preventing 
hemorrhage.

 Chemical or radioactive synoviorthesis can be done for recurrent 
bleeding/synovitis. Joint replacement or fusion is possible for 
treatment of chronic, severe arthritis.

 Viral transmission of blood-borne viruses is virtually eliminated 
with the use of recombinant factor.

 Inhibitor development occurs in about 30% of hemophilia A and 
5% of hemophilia B patients and is associated with worse joint 
outcome and quality of life compared with hemophilic patients 
without inhibitors.

VON WILLEBRAND DISEASE
 The most common of the bleeding disorders is von Willebrand 

disease.
 It is caused by deficiency in von Willebrand factor and 

characterized by mucocutaneous bleeding.
 Severe forms are associated with hemarthroses

HEMOPHILIA
History
The term hemophilia (Gk: “love of blood”) is attributed to Schönlein 
in 1818, although his pupil Hopf first referred to it in a dissertation.1 
The disease was well recognized and documented by Jewish religious 
writers in the 5th century AD because of the hazards of circumcision 
in hemophilic infants. Albucasis, who documented the deaths of men 
and boys in a certain Spanish village from uncontrollable hemorrhage 
after trivial wounds and bleeding, recorded the first published medical 
recognition of the disorder some 500 years later.

Joint disease due to chronic intra-articular bleeding was increasingly 
noted from the early 19th century onward.1 The appearance of hemo-
philia in the British royal family in Queen Victoria’s offspring, and its 
transmission to several of the royal families of Europe during the late 
19th and early 20th centuries, spurred on research. The young tsarov-
ich Alexei’s severe hemophilia and the resultant established chronic 
joint disease distracted his parents and almost certainly significantly 
altered the course of history in Russia, leading up to the revolution of 
1917. The elucidation of the underlying coagulation defect and the 
advent of effective clotting factor replacement during the 20th century 
revolutionized the management of hemophilia in general and allowed 
the potential prevention of joint disease and the surgical correction of 
established deformity. Early therapeutic optimism was unfortunately 
diminished by the high incidence of human immunodeficiency virus 
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conservatively with immobilization and adequate factor replacement. 
Alternative treatment options include surgical removal, radiation 
therapy, or embolization. The latter modality may be useful before 
surgery to decrease the size and vascularity of the pseudotumor.

Diagnosis
Family history is important because in the majority of cases the mother 
will be identified as the carrier. In one third of cases there will be no 
family history. This can be due to a spontaneous mutation in the factor 
VIII or IX gene or multiple generations of female carriers without an 
affected male. Initial screening tests with platelet count, prothrombin 
time (PT), and activated partial thromboplastin time (APTT) are 
required. Normal platelet count, normal PT, and prolonged APTT are 
characteristic of hemophilia A and B. Mild hemophilia B may have a 
normal APTT; and if there is uncertainty, factor IX assays should be 
performed. Specific factor assays confirm and quantify the deficiency. 
In previously undiagnosed cases of joint swelling, joint aspiration will 
almost certainly be necessary to confirm the presence of blood in the 
joint.

Imaging
Characteristic radiologic changes described in hemophilic arthropathy 
are listed in Box 190.1. Many are not specific and occur in other 
arthropathies, especially those of childhood, most notably in juvenile 
chronic arthritis.

The most widely used classification of the radiologic changes in 
hemophilic arthropathy is that of Pettersson and coworkers,5 with 
subsequent classifications including clinical criteria.6 When surgery is 
contemplated in patients with pseudotumors, computed tomography 
and magnetic resonance imaging (MRI) are indicated to determine the 
extent of bone and soft tissue involvement and regional angiography 
is used to define the vascular supply to the lesion (Fig. 190.5).

case when established arthritis develops in a joint where there has been 
no history of bleeding.

The age at onset and frequency of acute hemarthroses depend 
mainly on the severity of the factor deficiency. Levels of 5% of normal 
or less are almost invariably associated with recurrent hemarthroses, 
and established arthritis may less frequently occur with levels up to 
20%.2 Weight-bearing joints on the dominant side are more commonly 
affected, coinciding with the child beginning to walk. The joints tradi-
tionally affected in decreasing order of frequency are the knees, elbows, 
and ankles. However, there is a changing pattern of joint involvement 
with prophylactic treatment, with the ankle surpassing the knee as the 
most common site of bleeding. Avascular necrosis of the femoral head 
due to hemorrhage into the hip joint may also occur, with clinical and 
radiologic features resembling Perthes disease.

Differential diagnosis of acute hemarthroses
Occasionally musculoskeletal hemorrhage is the first indication of the 
underlying condition, which, if not recognized, can result in major 
morbidity or mortality. In this event the differential diagnoses include 
other causes of hemarthrosis, such as joint trauma including intra-
articular fractures, bleeding disorders such as platelet deficiencies or 
anticoagulant therapy, other blood dyscrasias, villonodular synovitis, 
acute inflammatory arthritides such as pyrophosphate arthropathy in 
older patients, and, rarely, joint neoplasms.

Subacute arthropathy
This usually follows repeated hemarthroses and often targets one or 
several joints, in which bleeding is more frequent (“target joint”). A 
persistent boggy synovitis with synovial thickening, chronic joint effu-
sion, and variable levels of pain in the absence of recent hemorrhage 
is seen. Muscle weakness and joint laxity contribute to further bleeding 
from the friable, thickened synovium, causing continuing damage. The 
hyaline articular cartilage is progressively eroded by the inflammation 
associated with iron deposition. Ultimately, deep pits occur in the 
cartilage filled with friable blood clot and a surviving plateau of less 
damaged articular cartilage. Subarticular cyst formation is common, 
and cartilage collapse may result in large bony defects.

Chronic arthropathy
The end result after several months to years is a disorganized joint 
exhibiting bony thickening, deformity, loss of movement, and coarse 
crepitus due to loss of articular cartilage and sclerosis of subchondral 
bone. Joint contracture due to fibrosis or ankylosis is common. Soft 
tissue swelling and effusions are rare at this stage, and pain is fluctuat-
ing and variable but at times severe.3

Muscle hemorrhage
Muscle hemorrhage may be potentially crippling, such as bleeding into 
the psoas muscle leading to hip contractures and femoral nerve palsy. 
Bleeding into the forearm can cause acute compartment syndromes 
and subsequent ischemic muscle atrophy and nerve damage. At times 
large hemocysts develop within muscle (Fig. 190.1).

Hemophilic pseudotumors
Hemophilic pseudotumors may develop in bone, causing locally 
destructive lesions4; one type occurs in peripheral long bones, and the 
second type is observed around the pelvis. They are rare with a fre-
quency of about 1% in hemophiliacs. The majority of pseudotumors 
are due to repeated hemorrhage, either subperiosteally or into adjacent 
muscle. Subsequently, the hematoma becomes encapsulated and calci-
fied with progressive enlargement. These events are postulated to be 
due to osmotic gradients across the fibrous capsule of the lesion. In 
children they tend to be distally situated and result from trauma.

The second type occurs more often in adults in the pelvic region 
and originates in the soft tissues. They may cause pressure on intra-
abdominal or intrapelvic structures and can also cause bony erosion of 
the pelvic bones. They do not invade surrounding tissues, thus the 
name “pseudotumor.” Complications of pseudotumors include fistuli-
zation to skin or intra-abdominal organs, infection, internal bleeding, 
and even death.

The management depends on the size and location of the pseudo-
tumor. Some distally situated lesions in children are treated 

Fig. 190.1 Hemocyst of left upper arm.
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Fig. 190.2 Radiograph showing subacute hemophilic arthropathy. 
There is synovial thickening and radiologic density due to iron 
deposition.

Fig. 190.3 Hemophilic arthropathy of the knee. MRI-sagittal proton density–
weighted image. There is extensive synovitis in the suprapatellar recess of very 
low signal intensity consistent with hemosiderin from recurrent hemarthroses 
(horizontal arrow). There is also full thickness cartilage loss and subchondral 
cysts in the lateral compartment of the knee (vertical arrow).

BOX 190.1 RADIOLOGIC CHANGES OF HEMOPHILIC ARTHROPATHY
Early
 Periarticular soft tissue swelling
 Periarticular demineralization
 Increased radiodensity of thickened synovium* (Fig. 190.2)

Intermediate
 Harris (growth arrest) lines
 Epiphyseal widening and/or premature fusion
 Widening of femoral and humeral intercondylar notches*
 Squaring of inferior border of patella
 Ankle deformities—tibiotalar slant (Fig. 190.4a)
 Flattening of talus
 Proximal radial head enlargement* (see Fig. 190.4b)

Late
 Cartilage irregularity and narrowing; central and marginal erosions
 Incongruity of joint surfaces
 Subarticular sclerosis and osteophyte formation
 Subarticular bone cysts
 Subluxations; joint disorganization
 Bony ankylosis

*Considered to be specific for hemophilic arthropathy.

MRI has the capacity not only to confirm the presence of blood 
within the joint cavity or subsynovium but also to detect early hyaline 
cartilage changes not apparent on conventional radiographs and to 
assess the degree of synovial hypertrophy (see Fig. 190.3). Gradient-
echo T2-weighted images can demonstrate iron in the synovium, a 
hallmark of previous joint hemorrhages. In some countries, MRI is 
considered the method of choice for assessing children for early joint 
changes, and a number of scoring systems for hemophilic arthropathy 
have been developed to standardize reporting of joint and soft tissue 
abnormalities. The expense of MRI and its lack of availability in many 
less-affluent countries limits its potential usefulness at present. In  
such cases ultrasonography may give information about soft tissue 
structures.

Etiology
Bleeding occurs in hemophilia due to failure of secondary hemostasis. 
The formation of the platelet plug (primary hemostasis) is normal, but 
stabilization of the plug by fibrin is abnormal because of inadequate 
thrombin generation.7 Tissue factor VIIa is of critical importance in 

the initiation of coagulation by activating factors IX and X through the 
tissue factor VIIa pathway. In addition, its role in the interactions 
involving factors VIII and IX appears to result in a burst of thrombin 
generation on the activated platelet surface, leading to effective blood 
clotting.

Hemophilia is inherited as an X-linked recessive trait and occurs in 
two forms—hemophilia A (factor VIII deficiency) and hemophilia B or 
Christmas disease (factor IX deficiency)—with the ratio of type A to B 
being approximately 6 : 1. Deficiencies of other clotting factors are very 
rare, although described. The factor VIII gene is situated on the long 
arm of the X chromosome and is one of the largest genes, comprising 
0.1% of the X chromosome. It is made up of 26 exons that span 186 kb. 
The factor VIII gene defects associated with hemophilia can be divided 
into three groups: (1) gross gene rearrangements, (2) insertions or 
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tissue more susceptible to bleeding. Thus, a vicious cycle is established 
with repeated bleeding after minimal trauma.

Blood in the joint has a direct harmful effect on the cartilage by 
inhibiting proteoglycan synthesis and increasing degradation of the 
cartilage matrix. Chondrocyte apoptosis is increased via the production 
of toxic hydroxyl radicals induced by cytokines from mononuclear cells. 
Iron plays a central role in that it catalyzes the formation of oxygen 
metabolites. In-vivo studies utilizing a beagle model, in which one knee 
was injected with blood on days 0 and 2, demonstrated that early 
cartilage changes appear by day 4, before the synovial inflammation 
was established. The cartilage of young adult dogs was more susceptible 
than that of older animals.12 When blood was injected into the joint 
repeatedly and the joint was loaded, the cartilage showed features of 
degeneration and synovial inflammation. Ultimately, repeated hemor-
rhage into a joint leads to dense fibrosis.

Management
The concept of a hemophilia center providing multidisciplinary exper-
tise has been a major advance in hemophilia care. Such centers provide 
a wide spectrum of medical, nursing, surgical, and allied health profes-
sional skills.

Prophylactic factor treatment
There is a direct relationship between the number of joint hemorrhages 
and joint damage. Fischer and colleagues13 studied 117 hemophiliacs 
with severe disease and demonstrated that radiographic scores of joint 
damage began to rise after the age of 5 years and increased steadily, 
dependent on the number of joint hemorrhages. Moderate hemophili-
acs with factor levels of 1% to 4% rarely develop chronic arthropathy. 
Prophylactic treatment with factor VIII or IX is given two to three times 
weekly to prevent bleeding in severe hemophiliacs. This increases their 
factor level to more than 1%, converting them into the phenotype of 
moderate hemophiliacs.

Prophylactic treatment can be begun at an early age as either primary 
prophylaxis or secondary prophylaxis. Primary prophylaxis is defined 
as starting before the age of 2 years and before the first hemorrhage or 
after the first joint hemorrhage, presumptively before the development 

deletions, and (3) single base substitutions resulting in amino acid 
replacement, premature peptide chain termination, or mRNA splicing 
defects. Approximately 45% of severe hemophilia A is caused by a 
major inversion of a section of the tip of the long arm of the X chromo-
some, with one breakpoint occurring in intron 22, the so-called flip-tip 
mutation.8 This mutation arises almost exclusively in the male germ-
line. It is now possible to detect the causative mutation in more than 
95% of cases of hemophilia A.

The factor IX gene is also situated on the long arm of the X chromo-
some and spans 33.5 kb with eight exons and seven introns. Hemo-
philia B is genetically heterogeneous, with most affected families 
having a unique (private) mutation. Two thirds of the gene mutations 
are missense mutations (changing amino acids), with a range of other 
types of mutation accounting for the other third.7,9 Knowledge of the 
causative gene mutation has increased the accuracy of carrier detection 
and prenatal diagnosis within families and has made genetic counsel-
ing more accurate. Also, fetoscopy and chorionic villous sampling, 
available in several highly specialized centers, has enabled prenatal 
detection of hemophilia, thus providing the option of termination if 
acceptable to the parents. It is also possible to undergo in-vitro fertiliza-
tion treatment to select genetically normal embryos, although the 
successful pregnancy rate is still relatively low. Preimplantation genetic 
diagnosis offers families at risk the opportunity to give birth to an 
unaffected child.10 Despite these advances, there is still up to 25% of 
hemophiliacs who have de novo cases, not detected by genetic screen-
ing in previously unaffected families.

Pathogenesis
There are two main characteristic features of hemophilic arthropathy: 
chronic synovitis and cartilage degeneration. Iron deposition appears 
to be critical in the production of the synovitis (Fig. 190.6).11 The 
synovium plays a major role in absorption of blood from the joint after 
a hemorrhage, with progressive accumulation of hemosiderin in syno-
vial tissue. This leads to chronic inflammatory changes with produc-
tion of collagenases, proteolytic enzymes, and proinflammatory 
cytokines, which cause cartilage destruction. There is proliferation of 
the synovium, with neovascularization leading to an inflamed, friable 

a b

Fig. 190.4 Hemophilic arthropathy. 
(a) Radiograph of ankle showing 
tibiotalar slant. (b) Radiograph of 
elbow showing enlarged radial head.
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a

b

Fig. 190.5 Pseudocyst of femur. (a) CT scan of pseudocyst of right femur. (b) 
Femoral angiogram showing large pseudocyst of femur.

of synovitis. Secondary prophylaxis is defined as starting after a number 
of hemorrhages have occurred and joint damage has already developed. 
Nilsson and associates14 reported that if primary prophylaxis was begun 
at the age of 1 to 2 years, with factor given at high doses on alternate 
days (factor VIII) or twice weekly (factor IX), virtually no bleeding 

occurred and the boys maintained normal joints. This is considered 
“gold standard” therapy.

A landmark randomized study of prophylactic treatment using 
recombinant factor VIII versus enhanced episodic treatment in young 
boys with severe hemophilia demonstrated that prophylactic therapy 
prevented joint damage and decreased the frequency of joint and other 
hemorrhages.15 There was an 83% reduction in joint damage as assessed 
by MRI in the group receiving prophylactic therapy. Prophylactic treat-
ment for severe hemophilia has been recommended by multiple world-
wide health organizations. A Canadian survey in 2006 of the use of 
prophylaxis in 2663 children and adults with hemophilia revealed that 
69% and 32% of individuals with severe hemophilia A and B, respec-
tively, were on prophylaxis.16 Although this is the ideal management, 
many countries cannot afford the huge cost of this treatment.

Acute hemarthroses
Prompt and adequate treatment of acute hemarthroses is vital. Factor 
replacement with plasma-derived concentrates, or preferably recombi-
nant factor VIII or IX, is essential. In developed countries such as 
Australia, newly diagnosed boys who have not previously received any 
human plasma products are provided with recombinant factor VIII or 
IX. This favorable situation is unfortunately not realized for up to 80% 
of the world’s hemophilia patients who do not receive adequate treat-
ment. Replacement protocols are summarized in Table 190.1.

Although aspiration of all the blood from the affected joint would 
seem logical given the role of iron in the pathophysiology of hemophilic 
synovitis and cartilage damage, it is often impractical. Many patients 
have already received home-based factor replacement, and aspiration 
may be difficult and, for young patients, quite traumatic. Conservative 
treatment is usually adequate and aspiration only indicated if the joint 
is very distended or if infection is suspected.

Local treatment initially with rest, ice packs, and analgesics, fol-
lowed by graduated physiotherapy and factor replacement for 48 hours, 
is usually effective. Isometric exercises should be begun the next day, 
and graduated active physiotherapy should be encouraged after the first 
24 hours, with prophylactic factor replacement if necessary.

Because blood is an excellent culture medium, associated bacterial 
infection must be considered and, if in doubt, aspiration and culture 
of the synovial fluid must be undertaken. If aspiration of the joint is 
indicated, it should immediately be followed by appropriate factor 
replacement.

In the past, HIV-1–positive patients had a significantly increased 
risk of infection associated with low CD4 counts.17 With the advent 
of highly active retroviral therapy for HIV-1, the incidence of joint 
sepsis has decreased.

Subacute hemophilic arthropathy
The subacute stage of the disease, with the development of a “boggy 
synovitis” and characteristic radiographic changes, indicates potential 
permanent joint damage and necessitates carefully planned manage-
ment. Prompt treatment of joint bleeding is again vital; and where 
target joints are emerging, secondary prophylaxis with factor replace-
ment should be initiated. The usual regimen is three times weekly 
treatments, elevating factor VIII or IX levels to 20%, which may be 
effective in breaking the cycle of recurrent hemarthroses and the devel-
opment of synovitis and damage.

Physiotherapy to maintain strong muscles around joints is an 
important component of treatment to minimize bleeding. Non-steroi-
dal anti-inflammatory drugs, specifically the cyclooxygenase-2 inhibi-
tors, are used because they do not cause platelet dysfunction. 
Intra-articular corticosteroids may provide short-term benefit, when 
total-joint replacement surgery is not yet indicated.18

Radionuclide synovectomy utilizing intra-articular agents such as 
yttrium (90Y) and rhenium (186Re) is easy to perform and is effective in 
reducing the frequency of intra-articular bleeding in the knee, elbow, 
shoulder, and ankle.18 The success rate is reported to be approximately 
80%, particularly with appropriate selection of patients. The ideal situ-
ation is when a target joint is developing with recurrent hemorrhages 
and synovitis, without radiologic evidence of damage. Synoviorthesis 
is particularly useful in patients with inhibitors, because it avoids  
the risk of recurrent bleeding and costly consumption of factor 
concentrate.19
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less of a clinical problem in the future. Pain relief is essential with 
simple analgesia and non-steroidal anti-inflammatory drugs such as 
cyclooxygenase-2 inhibitors. Physiotherapy is part of the routine man-
agement of all patients with chronic joint disease to maintain muscle 
strength and prevent contractures.

Exercise and sport
Physiotherapy, exercise, and sport are essential in the maintenance of 
physical condition and improvement in the quality of life of individuals 
with hemophilia.21 Improving muscle strength and stability around a 
joint will prevent injury and bleeding. Exercise may also prevent osteo-
porosis, which has been shown to be associated with hemophilia. 
Sporting activity that may lead to joint hemorrhaging should be pre-
ceded by prophylactic therapy.

Management of specific sites
The knee is commonly severely damaged in patients who have had 
recurrent hemorrhages followed by chronic synovitis and secondary 
osteoarthritis. When pain, fixed deformities, and disabilities interfere 
with the patient’s life and work, joint stabilization or total-joint replace-
ment should be considered. Arthrodesis of the knee in the hemophilia 
patient remains a sound procedure, with predictable, lasting results 
and few complications.

Total-knee replacement has been used successfully (Fig. 190.7), 
particularly in patients with severe bony changes; but it is a technically 
difficult operation because of soft tissue contractures, subchondral 
bone loss, and deformity. Continuous passive mobilization is generally 
begun postoperatively. Continuous intravenous infusion of factor VIII 
or IX before surgery to raise factor levels to around 100% is recom-
mended, maintaining the factor level at around 60% of normal for 10 
to 14 days postoperatively. The improvement in range of movement 
after total-knee replacement is generally not as significant as in the 
non-hemophiliac, but a reduction in the almost invariable preoperative 
fixed flexion deformity and decrease in pain makes this a very effective 
procedure.

In a study reporting results of 116 primary knee replacements in 
hemophiliacs, with a median duration of follow-up of 5.1 years, 93% 
achieved an excellent or good result. If measurements of range of 
motion and flexion contracture were included in the assessment, then 
70% were rated as successful. At the end of the follow-up period, 83% 
of prostheses were still in place with a 7-year removal-free survival of 
81%. Results were significantly lower in hemophiliacs with inhibitors 
compared with those without (44% vs. 87%, respectively).22 The 

Yttrium is favored for the knee and shoulder and rhenium for elbows 
and ankles. One to three intra-articular injections can be given into 
any one joint at an interval of at least 3 months. The needle position 
should be confirmed by performing a fluoroscopic arthrogram if there 
is any doubt about its position. A corticosteroid plus local anesthetic 
should be injected after the radioisotope, to wash out the needle track 
and prevent potential burn of soft tissues by the radioisotope. The joint 
should be rested for 24 hours after the procedure, with adequate factor 
cover both before and after the procedure. There are a number of 
studies demonstrating the safety of this therapy even in young 
patients.20

Intra-articular sclerosants have been widely used in countries where 
radiocolloids are not available and include rifampicin, ethanolamine 
(Ethamolin), and tetracyclines.

Arthroscopic synovectomy is sometimes beneficial where medical 
synovectomy has failed. Open surgical synovectomy is rarely performed 
because it is invasive and associated with reduction in the range of 
motion of the joint.

Chronic arthropathy
Chronic arthropathy represents a failure of conservative treatment. 
With the advent of primary prophylaxis, the hope is that it will become 

a b

Fig. 190.6 Hemophilic synovitis. (a) Synovial 
hypertrophy, monocyte infiltration (arrow), heavy 
synovial and subsynovial deposition of hemosiderin 
(arrow), and new vessel formation (H&E, original 
magnification ×100). (b) Iron deposition (Prussian blue, 
original magnification, ×100).

TABLE 190.1 REPLACEMENT PROTOCOLS

Indication for 
treatment

Factor VIII or IX 
elevation (IU/dL) Frequency/day

Duration of 
therapy (days)

Hemarthrosis 30 1 1-2

Hematoma 30 1 1-2

Surgery 100 3 2-3

50 2 3-4

30 1 2-3

or by continuous 
infusion

Prophylaxis (rFVIII) 25-40 IU/kg 3/week Indefinitely

Adapted from York JR. Musculoskeletal disorders in the haemophilias. In: Sturrock RD, ed. 
Hematological disorders and rheumatic disease. Baillières Clin Rheumatol Int Pract Res 
1991;5:197-220.
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arthropathy has been reported.25 Effective therapeutic agents such as 
the bisphosphonates are available for the treatment of this condition. 
Prophylactic factor treatment from an early age may prevent the devel-
opment of osteoporosis.

Chronic pain
Pain control in chronic hemophilic arthropathy is often a significant 
problem. Pain can be severe and persistent, and narcotic addiction in 
severely affected hemophiliacs is not uncommon and is best managed 
in a consultative situation. The cooperative efforts of the pain clinic, 
liaison psychiatrist, social worker, family members, and, most impor-
tantly, the patient, are essential.

Blood product–transmitted infections
The hazards of the transmission of infective agents, including HIV-1 
infection, via blood products are well known. Nearly all of these HIV-
infected individuals are co-infected with hepatitis C, and liver failure 
has now surpassed AIDS-related conditions as the leading cause of 
mortality. In hemophilic patients, progressive chronic liver disease 
appears to be more prevalent in those who are co-infected with HIV, 
compared with those infected with hepatitis C alone.26

New synthetic factor replacements should prevent these and other 
rarer infective complications.

Coagulation factor inhibitors
Coagulation factor inhibitors occur in 20% to 30% of patients with 
severe hemophilia A and 5% of patients with hemophilia B. There are 
two varieties of inhibitors: low-titer inhibitors that are often overcome 
by increasing the dose of factor VIII or IX replacement or high titer, 
highly responding antibodies that react with factor VIII or IX to render 
it ineffective.7 Patients with inhibitors have worse joint outcomes and 
quality of life than those without inhibitors owing to more joint hemor-
rhages and the development of chronic joint disease.

Treatment of patients with inhibitors involves two aspects: the 
management of acute bleeding episodes and attempts to reduce inhibi-
tor production by induction of immune tolerance. The treatment of 
bleeding episodes involves the use of agents that “bypass” the need for 
factor VIII or IX, such as activated prothrombin complex concentrates 
(APCC). The alternative is recombinant activated factor VIIa (rFVIIa), 
which avoids the use of pooled plasma. Both agents can be used for 
acute hemorrhages, prophylaxis, or major surgery in hemophilia A and 
B patients with inhibitors.18 Secondary prophylaxis using rFVIIa has 
been shown to reduce the frequency of hemorrhages and decrease hos-
pital admissions and days absent from work or school.27 A meta-
regression in 2009 comparing the efficacy of rFVIIa and APCC in 
hemophilia patients with inhibitors suggested that rFVIIa resolved 
joint hemorrhages more effectively than APCC after 12, 24, and 36 
hours.28

infection rate was 8%, and aseptic loosening occurred in 6%, with the 
presence of inhibitors as the major risk factor for infection. The experi-
ence and skill of the surgeon was also critical.

The ankle joint is rapidly overtaking the knee joint as a source of 
disability in hemophilia. The development of tibiotalar slant (see Fig. 
190.4a) from medial tibial overgrowth results in valgus tilt at the ankle. 
Avascular necrosis of the talus may also occur, producing dome flat-
tening and collapse, followed by advanced radiologic changes of second-
ary osteoarthritis. These changes are associated with severe symptoms 
and often occur despite few documented episodes of intra-articular 
bleeding. The subtalar joint is affected later in the disease process.

Conservative treatment includes the use of shock-absorbing insoles 
or heel pads, suitable footwear, and avoidance of sports that place a 
high impact on the ankle. There may be a role for arthroscopic débride-
ment or removal of osteophytes at the anterior aspect of the distal tibia 
in patients with secondary degenerative changes. Ankle arthroplasty is 
available in limited units around the world with only short-term fol-
low-up. Ankle fusion remains the most reliable form of surgery for 
chronic arthritis. Usually the range of motion in the ankle at this stage 
is limited to a few degrees of painful movement, so that pain relief at 
the cost of little increased disability is beneficial.

The elbow is a relatively common target joint for bleeding and 
chronic joint disease. It is often associated with flexion deformities, 
limited pronation/supination, and marked wasting of surrounding 
muscles. Radionuclide synovectomy is an option using image intensi-
fier or CT-guided injection. Arthroscopic synovectomy of the elbow 
and excision or trimming of the often enlarged radial head can also be 
done. Total-elbow replacement is the final solution for severely arthritic 
joints.

The hip is rarely affected (approximately 4% of patients). However, 
should the hip be severely arthritic, total-joint arthroplasty is indicated 
and results have been good.

Despite the potential problems with joint replacement surgery, such 
as bleeding, infection, and restricted range of movement, satisfaction 
with this procedure by hemophiliacs is high.23 Studies of HIV-infected 
patients receiving total-joint replacement have not demonstrated 
increased risk of prosthetic joint infection compared with HIV-negative 
hemophiliacs.24

It is essential that orthopedic surgery in hemophilia patients be 
performed in major hemophilia centers by operators experienced in the 
surgery of the condition and with the full back-up of expert hematologic 
support, adequate laboratory facilities, and secure supplies of appropri-
ate factor replacement.

Complications
Osteoporosis
Although periarticular demineralization is a radiologic feature of hemo-
philic joints, generalized osteoporosis as a result of chronic hemophilic 

a b

Fig. 190.7 Chronic hemophilic arthropathy. Radiographs showing chronic hemophilic arthropathy and joint destruction of the knee (a) and the consequent 
arthroplasties (b).
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still many issues related to optimal treatment for hemophilic synovitis 
and new developments in orthopedic surgery for elbow and ankle 
joints. The development of inhibitors has become an increasing issue, 
with worse joint outcome and great expense involved in the use of 
bypassing agents.

This chapter has been written from the perspective of the treatment 
available in affluent, largely Western societies and paints a very favor-
able prognosis for the young hemophilia patient in that situation. 
Hemophilia is ubiquitously distributed, and the reality of the situation 
is that probably 80% of those with the condition worldwide do  
not receive adequate treatment, if any, even if the diagnosis has been 
made.

VON WILLEBRAND DISEASE
Von Willebrand disease (VWD) is the most common of the  
bleeding disorders, occurring in approximately 1% of the population. 
Many of these individuals do not come to clinical attention because 
they fall in the mild end of the disease spectrum. It is caused by  
deficiency in von Willebrand factor (VWF), which has an important 
role in both primary hemostasis and formation of the fibrin plug. VWF  
binds to both platelets and the endothelium at sites of injury, forming 
an important bridge to aid in platelet clotting. It is also bound to  
factor VIII as a carrier protein. In the absence of VWF, factor VIII has 
a markedly reduced half-life with decreased measurable factor VIII 
levels.

VWD occurs in males and females with a frequency of 1 : 1000, with 
variable inheritance patterns depending on the subtype. The clinical 
features of VWD are primarily mucocutaneous bleeding. Certain more 
severe forms of VWD can also result in joint hemorrhages indistin-
guishable from those of hemophilia A and B.

Patients with highly responding inhibitors can also undergo induc-
tion of immune tolerance using high doses of factor VIII/IX, sometimes 
in combination with cyclophosphamide, high-dose immunoglobulin, 
protein A immunoadsorption, or rituximab, with success rates on 
inhibitor eradication using rituximab ranging from 50% to 80%.29 The 
induction of immune tolerance has been limited because of cost and 
some doubts about long-term efficacy.

Future treatment options
The ideal treatment for hemophilia would involve the in-vivo synthesis 
of adequate amounts of factor VIII or IX. Genetic engineering resulting 
in gene insertion therapy, in which suitable cells containing the appro-
priate portion of the normal X chromosome are introduced into the 
body, is technically feasible but still elusive despite recent optimism. 
In animal studies, therapeutic levels of factor VIII and IX have been 
achieved in mice, dogs, and monkeys using either mammalian cell 
lines or viruses as vectors to introduce appropriate genetic material.30 
Clinical trials have failed to achieve significant factor VIII expression 
in hemophilia A patients, whereas one trial showed transient increased 
expression of factor IX in hemophilia B patients.31

The inconvenience and hazards of repeated intravenous infusion 
mean that any non-invasive method of delivery would be a major 
advantage. The search for alternative non-venous routes of access for 
coagulation proteins has a long history, but so far novel techniques 
such as the oral administration of factor VIII trapped in liposomes have 
not proved therapeutically effective and subcutaneous bolus injections 
have similarly been ineffective.31

Summary
The prevalence of severe hemophilic arthropathy has decreased since 
the introduction of prophylactic therapy from an early age. There are 

REFERENCES
1. York JR. Musculoskeletal disorders in the haemophilias. 

In: Sturrock RD, ed. Hematological disorders and 
rheumatic disease. Baillières Clin Rheumatol Int Pract 
Res 1991;5:197-220.

2. Steven MM, Yogarajah S, Madhok R, et al. Hemophilic 
arthritis. Q J Med 1986;58:181-197.

3. Arnold WD, Hilgartner MW. Hemophilic arthropathy: 
current concepts of pathogenesis and management. J 
Bone Joint Surg Am 1977;59:287-305.

4. Espandar R, Heidari P, Rodriguez-Merchan EC. 
Management of haemophilic pseudotumours with 
special emphasis on radiotherapy and arterial 
embolization. Haemophilia 2009;15:448-457.

5. Pettersson H, Ahlberg A, Nilsson IM. A radiological 
classification of hemophilic arthropathy. Clin Orthop 
Relat Res 1980;233:149-183.

6. Kilcoyne Rd, Nuss R. Radiological evaluation of 
haemophilic arthropathy. Semin Thromb Hemost 
2003;29:43-48.

7. Bolton-Maggs PHB, Pasi KJ. Haemophilias A and B. 
Lancet 2003;361:1801-1809.

8. Antonarakis SE, Rossiter JP, Young M, et al. Factor VIII 
gene inversions in severe hemophilia A: results of an 
international consortium study. Blood 
1995;86:2206-2212.

9. Green P. Haemophilia B mutation database version 13, 
2004: a database of point mutations and short additions 
and deletions in the factor IX gene. Available at http://
www.kcl.ac.uk/ip/petergreen/haemBdatabase.html.

10. Oyesiku JO, Turner CF. Reproductive choices for couples 
with haemophilia. Haemophilia 2002;8:348-352.

11. Rosendaal G, Jansen NWD, Schutgens R, Lafeber F. 
Haemophilic arthropathy: the importance of the earliest 
haemarthroses and consequences for treatment. 
Haemophilia 2008;14:4-10.

12. Rosendaal G, TeKoppele JM, Vianen ME, et al. 
Blood-induced joint damage: a canine in-vivo study. 
Arthritis Rheum 1999;42:1033-1039

13. Fischer K, van der Bom JG, Mauser-Bunschoten EP, et al. 
The effects of postponing prophylactic treatment on 
long-term outcome in patients with severe hemophilia. 
Blood 2002;99:2337-2341.

14. Nilsson IM, Berntorp E, Logqvist T, Pettersson H. Twenty 
five years’ experience of prophylactic treatment in 
severe haemophilia A and B. J Intern Med 
1992;232:25-32.

15. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. 
Prophylaxis versus episodic treatment to prevent joint 
disease in boys with severe hemophilia. N Eng J Med 
2007;357:535-544.

16. Biss TT, Chan AK, Blanchette VS, et al. The use of 
prophylaxis in 2663 children and adults with 
haemophilia: results of the 2006 Canadian National 
Haemophilia Prophylaxis Survey. Haemophilia 
2008;14:923-930.

17. Ragni MV, Handley EN. Septic arthritis in hemophilic 
patients and infection with human immunodeficiency 
virus. Ann Intern Med 1989;110:69-170.

18. Bossard D, Carrillon Y, Stieltjes N, et al. Management  
of haemophilic arthropathy. Haemophilia 2008;14: 
11-19.

19. Pasta G, Mancuso M, Perfetto OS, et al. Synoviorthesis in 
hemophilia patients with inhibitors. Haemophilia 
2008;14:52-55.

20. Rodriguez-Merchan EC. Radionuclide synovectomy 
(radiosynoviothesis) in hemophilia: a very efficient and 
single procedure. Semin Thromb Hemost 
2003;29:97-100.

21. Gomis M, Querol F, Gallach JE, et al. Exercise and sport 
in the treatment of haemophilic patients: a systematic 
review. Haemophilia 2009;15:43-54.

22. Solimeno LP, Mancuso ME, Pasta G, et al. Factors 
influencing the long-term outcome of primary total 
knee replacement in haemophiliacs: a review of 116 
procedures at a single institution. Br J Haematol 
2009;145:227-234.

23. Luck JV, Silva M, Rodriguez-Merchan EC, et al. 
Hemophilic arthropathy. J Am Acad Orthop Surg 
2004;12:234-245.

24. Powell DL, Whitener CJ, Dye CE, et al. Knee and hip 
arthroplasty infection rates in persons with 
haemophilia: a 27 year single center experience  
during the HIV epidemic. Haemophilia 2005;11: 
233-239.

25. Barnes C, Wong P, Egan B, et al. Reduced bone density 
among children with severe hemophilia. Pediatrics 
2004;114:177-181.

26. Hoots WK. Transfusion-transmitted disease: history of 
epidemics (focus on HIV). In: Lee CA, Berntorp EE, Hoots 
WK, eds. Textbook of hemophilia. New York: Blackwell 
Publishing, 2005:200-206.

27. Konkle BA, Ebbesen LS, Erhardtsen E, et al. Randomized, 
prospective clinical trial of recombinant factor VIIa for 
secondary prophylaxis in hemophilia patients with 
inhibitors. J Thromb Haemost 2007;5:1904-1913.

28. Treur MJ, McCracken F, Heeg B, et al. Efficacy of 
recombinant activated factor VII vs. activated 
prothrombin complex concentrate for patients suffering 
from haemophilia complicated with inhibitors: a 
Bayesian meta-regression. Haemophilia 
2009;15:420-426.

29. Franchini M, Mengoli C, Lippi G, et al. Immune tolerance 
with rituximab in congenital haemophilia with 
inhibitors: a systematic literature review based on 
individual patients’ analysis. Haemophilia 
2008;14:903-912.

30. Roth DA, Tawa NE, O’Brien JM, et al. Nonviral transfer of 
the gene encoding coagulation factor VIII in patients 
with severe hemophilia A. N Engl J Med 
2001;344:1735-1742.

31. Lozier J. Gene therapy of the hemophilias. Semin 
Hematol 2004;41:287-296.

REFERENCES
Full references for this chapter can be found on www.expertconsult.com.

http://www.expertconsult.com


CH
A

PTER 191 
● Joint and bone lesions in hem

oglobinopathies
EN

D
O

CRIN
E A

N
D

 H
EM

O
G

LO
BIN

-RELATED
 A

RTH
RITIS A

N
D

 STO
RA

G
E D

ISEA
SES

 
Joint and bone lesions in hem

oglobinopathies
SECTION 15 ENDOCRINE AND HEMOGLOBIN-RELATED ARTHRITIS AND STORAGE DISEASES

1921

the only feature. Often multiple sites are involved, sometimes in a 
symmetric fashion; the pain may spread from one area to another in 
an additive or migratory pattern. Localized swelling may be pronounced, 
especially at the tibial epiphysis. Rib involvement causes a pleuritic 
chest pain. During the painful crisis one or more joints may become 
inflamed.2 The duration of the painful crisis varies from 10 minutes 
to several weeks, but persistence of pains beyond 2 weeks is rare in 
uncomplicated painful crises.

A severe painful crisis usually consists of four distinct clinical 
phases. During the prodromal phase, the patient becomes restless and 
experiences vague feelings of being unwell. The second phase (initial 
phase) is characterized by sudden pain of increased intensity reaching 
its maximum during the established phase. Clinical evidence of 
increased jaundice may be noted. During the resolving phase the pains 
gradually decrease, and by 2 weeks the steady state is restored in most 
of the patients.

Factors precipitating painful crises include dehydration, infections, 
exposure to cold, pregnancy, emotional stress, and traveling at high 
altitude. Painful crises are less frequent in female than in male patients; 
in the latter, a strikingly steep increase in incidence is seen between 
the ages of 15 and 25 years (Fig. 191.1). Pain frequency correlates with 
high total hemoglobin levels and low fetal hemoglobin.3 SS patients 
older than 20 years of age with a high frequency of painful crises show 
a higher mortality than SS patients with a fewer number of painful 
episodes.3 Occasionally myonecrosis and myofibrosis have been 
observed.

Dactylitis
In young children, the vaso-occlusions frequently occur in the bones 
of hands and feet, leading to dactylitis (also called hand-foot syndrome). 
This complication typically occurs between 6 months and 2 years, but 
cases have been described up to 7 years of age. Clinical examination 
reveals an acute, painful, and non-pitting swelling of hands and feet. 
Symptoms may improve after 1 week, but recurrences are common. 
Dactylitis usually heals without sequelae, but occasionally the necrosis 
of the central part of the epiphysis may lead to premature fusion and 
shortened digits (Fig. 191.2). This results in disruption of the continu-
ity of alignment of the metacarpophalangeal joints.

Osteonecrosis
Osteonecrosis of the femoral head occurs in up to 20% of patients with 
SS disease and has been diagnosed as early as 5 years of age. At onset 
the pains are indistinguishable from a painful crisis, but the symptoms 
do not disappear after 2 weeks and usually get worse on walking and 
at night. With continued weight bearing the pain increases because of 
the progressive collapse of the femoral head. The final outcome is 
related to the age of the patient, the timing of diagnosis, and subse-
quent management. Children may retain normal hip function despite 
flattening of the femoral head, whereas adults tend to show a progres-
sive deterioration of joint function. Initially hips affected by osteone-
crosis may be asymptomatic. However, 91% of these asymptomatic 
hips become painful and 77% show collapse. Therefore early surgical 
treatment and physiotherapy should be recommended.4 Osteonecrosis 
of the femoral head due to hemoglobinopathy is virtually absent in 
patients with Hb SC disease and S-β-thalassemia who are younger than 
the age of 15 years. In contrast the rate of osteonecrosis in Hb SC 
disease in older patients (older than 35 years) is striking.

Joint and bone lesions in 
hemoglobinopathies
Karlene Hagley and Karel De Ceulaer

 Hemoglobinopathies result from a defect in synthesis and structure 
of hemoglobin.

 Rheumatic manifestations occur in homozygous sickle cell (SS) 
disease, Hb SC disease, and S-β-thalassemia.

 Sickle cell trait does not cause rheumatic disease.
 Hemolytic anemia is present, as well as systemic and 

rheumatologic manifestations.
 Specific bone and joint lesions include painful crisis, dactylitis, and 

osteonecrosis.
 Other features include osteomyelitis and gout.

INTRODUCTION
Specific rheumatic complaints are mostly caused by sickle hemoglo-
binopathies. Other hemoglobinopathies (e.g., α-thalassemia, Hb CC) 
will rarely cause joint disease, mainly through hemochromatosis. 
Sickle cell (SS) disease results from a single nucleotide substitution in 
the β-globin gene (the normal codon group-specific antigen gene at 
position β6 has been replaced by GUG); this results in the substitution 
of valine for glutamic acid. In hypoxic conditions the hemoglobin S 
forms liquid crystals, deforming the erythrocytes into rigid sickle-
shaped cells. Vaso-occlusion of the microvasculature caused by sickled 
red blood cells may lead to a variety of joint and bone abnormalities, 
among which painful crisis, dactylitis, and osteonecrosis are the most 
common. Other major complications include osteomyelitis and gout. 
Although most frequent in homozygous SS disease, all these complica-
tions may also occur in the other sickle hemoglobinopathies such as 
S-β-thalassemia. Osteonecrosis is as common in sickle cell hemoglobin 
C (SC) disease as in homozygous SS disease.

In sickle cell trait, red cell sickling only occurs in non-physiologic 
conditions. Therefore rheumatic complaints should never be ascribed 
to the presence of the sickle cell trait. Many patients with fibromyalgia 
or connective tissue diseases (CTDs) believe that their sickle cell trait, 
discovered during routine blood checks, is the cause of their symptoms. 
Media reports on the frequency of sickle cell traits in various popula-
tions have contributed to this false impression.

It is a common misconception that the sickle hemoglobin only 
occurs in people of African ethnicity; it is also found in people from 
Southern Italy, Northern Greece, Southern Turkey, Saudi Arabia, and 
Central and Southern India. In cases of unexplained bone pains and 
avascular necrosis, screening with the sickle cell test should be per-
formed on a wide variety of patients. If positive, this should be followed 
up with a hemoglobin electrophoresis.

CLINICAL FEATURES
Painful crisis
The painful crisis is the most characteristic musculoskeletal complica-
tion of sickle cell hemoglobinopathies1 and accounts for the majority 
of all presentations for acute medical care and admissions. The event 
is caused by vaso-occlusion in the bone marrow. The pains occur most 
frequently in the juxta-articular areas of the long bones, but also in the 
back, ribs, and occasionally the abdomen. Acute low back pain may be 
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PAINFUL CRISIS FREQUENCY AND AGE

Fig. 191.1 Painful crisis frequency and age. The figure shows the incidence of 
painful crises according to age in male patients and non-pregnant female 
patients. In female patients there is little age-related change, whereas in male 
patients the incidence increases dramatically between 15 and 25 years and 
falls again after the age of 32 years. (Adapted from Baum KF, Dunn DT, Maude 
GH, Serjeant GR. The painful crisis of homozygous sickle cell disease. Arch Intern 
Med 1987;147:1231-1234.)

Fig. 191.2 Shortened fingers due to premature fusion of the epiphyses of two 
metacarpal bones. Careful examination of the position of the 
metacarpophalangeal joints will reveal which bone is affected.

a

b

Fig. 191.3 Chronic osteomyelitis with periosteal 
reaction, sclerosis, and sequestrate. Some sclerosis may 
be due to previous ischemic crises.

Osteonecrosis is not limited to the hip joint. Shoulders affected by 
osteonecrosis tend to show limited function, rather than pain, because 
of the absence of weight bearing. Multifocal osteonecrosis may occur 
in more than 25% of patients. Therefore it is important to perform 
radiographs or magnetic resonance imaging (MRI) of any symptomatic 
joint in a patient who has osteonecrosis of the hip. It is also good 
practice to order radiographs of the hips in any sickle cell patient diag-
nosed with joint osteonecrosis.5

Osteomyelitis and septic arthritis
Osteomyelitis, when it occurs, usually follows an episode of painful 
crisis. It should be suspected if there are marked signs of inflammation, 
a sharp rise in temperature, and a corrected white blood cell count 

greater than 28,000. It is also a prime consideration if the crisis lasts 
longer than 2 weeks. Multiple sites of involvement may occur and may 
present with a symmetric pattern. Soft tissue swelling and persistent 
pyrexia are frequently noted. Osteomyelitis may be complicated by 
osteonecrosis of the adjacent joint, adhesive capsulitis of the shoulder, 
and pathologic fractures. The development of chronic osteomyelitis 
(Fig. 191.3) significantly increases the morbidity of affected patients. 
Salmonella remains the most common organism causing osteomyelitis 
in SS disease.6 The second most frequently seen organism is Staphy-
lococcus aureus, with Pseudomonas aeruginosa being third.7 It is pos-
sible that chronic sickling of the intestine’s vasculature predisposes the 
devitalized bowel to invasion by enteric bacteria.

Septic arthritis is uncommon in SS disease. It may occur in  
the presence of acute osteomyelitis, but more commonly it occurs  
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to be defined. The coexistence of SS disease and systemic lupus ery-
thematosus (SLE) is not frequent enough to allow speculation about 
complement abnormalities in SS disease leading to the development 
of SLE.

INVESTIGATIONS
The hemoglobin and reticulocyte count should be checked with every 
painful crisis because of possible associated aplastic crisis. An aplastic 
crisis can be caused by concomitant parvovirus infection. Determining 
white blood cell counts by Coulter counter methods can be misleading 
as immature nucleated red blood cells are detected and read as leuko-
cytes. Therefore a corrected white cell count should be obtained. An 
increasing ESR and leukocytosis with left differential shift might 
suggest osteomyelitis. In uncomplicated SS patients the erythrocyte 
sedimentation rate (ESR) is usually low, due to the unique rheology of 
sickled red blood cells. However, it rises during the resolving phase of 
the painful crisis and to a greater extent if infection is present. Plasma 
viscosity and C-reactive protein (CRP) determinations are more reliable 
than the ESR when monitoring an inflammatory process.

Radiographs of affected bones are not helpful at the early stages of 
osteomyelitis, as even periosteal reaction can be seen in uncomplicated 
painful crisis. Blood cultures should be performed if the patient’s tem-
perature exceeds 38° C. Joint aspiration is necessary in painful crisis 
with associated arthritis. In uncomplicated arthritis, the synovial fluid 
is non-inflammatory, straw colored, and sterile. Blood cultures are 
always indicated in dactylitis because Salmonella infections have been 
documented in this complication.10

Patients with osteonecrosis of the femoral head can be radiographi-
cally staged by the Steinberg classification system.11 At the early stages 
plain radiographs are normal, but the hip is symptomatic with groin 
or thigh pain, which is worse at night (Steinberg stage 1). However, at 
this stage MRI can detect abnormalities, even where bone scans fail. 
The overall reported sensitivity is 91%. Therefore MRI should be per-
formed if avascular necrosis is suspected. Stage 2 hips show sclerosis 
and radiolucent areas on radiographs (Fig. 191.5), while the patient has 
similar symptoms as in stage 1. In stage 3 plain films show a lucent 
subchondral line, followed by a cortical discontinuity (crescent sign) 
(Fig. 191.6); it appears only after several weeks of illness. At this stage 
the pains and limitation have increased and ambulation may only be 
possible with a cane. In stage 4, there is segmental flattening of the 
femoral head without radiologic evidence of acetabular involvement 

secondary to hematogenous spread. Gram-negative infections predomi-
nate, especially Salmonella. Because of the usually associated bone 
pains and general ill feeling, septic arthritis may proceed for days 
without being attended to, despite marked joint swelling and 
tenderness.

Patients with known osteonecrosis of the hip who experience a 
sudden increase of hip pain and disability should be investigated for 
superimposed infection.

The diagnosis of tuberculous arthritis of the hip affected by avascu-
lar necrosis is particularly difficult due to its insidious onset and the 
radiographic changes of the preexisting disease. A positive skin test for 
tuberculosis may be suggestive, but synovial biopsy and culture are 
mandatory when the diagnosis is suspected.

Gout
Gouty arthritis is rare in SS disease,8 despite the fact that hyperurice-
mia occurs in more than 40% of these patients. In contrast with 
primary gout, the involvement of the big toe is less frequently seen 
than arthritis of knees, wrists, and small finger joints. Tophaceous gout 
is extremely uncommon.

Miscellaneous
A chronic arthritis with rapid chondrolysis of the hip may be related 
to the increased phagocytic activity in some sickle cell patients.9 Occa-
sionally chronic synovitis with pronounced lymphocytic and plasma 
cell infiltration of the synovium and early cartilage destruction have 
been noted. Bilateral protrusio acetabuli may result from osteoporosis 
due to the expanded marrow. Arthritis of the ankle may develop in 
association with an ischemic ulcer at the medial or lateral malleolus.2 
The arthritis tends to occur at the early stages of impending leg ulcer-
ation, when the skin surface is still intact, but the tissues look shriveled 
and hyperpigmented. The ankle suddenly becomes stiff and tender 
with impaired gait; non-steroidal anti-inflammatory drugs result in a 
fast improvement of function. When left untreated, the pains and 
dysfunction of the ankle lessen when the leg ulceration develops, but 
persistent limitation is common as long as the ulcer persists.

Patients with SS disease rarely develop rheumatoid arthritis  
(Fig. 191.4), but it is not clear if this is caused by early mortality or 
ischemic factors preventing synovial proliferation. SS patients may 
develop a chronic asymmetric seronegative oligoarthritis, which needs 

a

b

Fig. 191.4 Rheumatoid erosion of the lateral condyle of 
the knee in a patient with sickle cell disease.
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gadolinium-enhanced MRI are the best imaging techniques to suggest 
bone infection, although the exact specificity of these investigations is 
not yet clear. With ultrasound, a finding of a 4-mm depth or more of 
subperiosteal fluid is highly suggestive of osteomyelitis.13 On gadolin-
ium-enhanced MRI acute infarcts demonstrate thin, linear rim 
enhancement, whereas osteomyelitis shows a more geographic and 
irregular marrow enhancement.14

The diagnosis of gouty arthritis should only be made after identifica-
tion of urate crystals in the joint fluid. Indeed, hyperuricemia is 
common in uncomplicated SS disease and therefore cannot be used as 
a criterion for the presence of gouty arthritis. Also, intermittent joint 
swelling may be only a part of a painful crisis, rather than of a gouty 
attack.

(Fig. 191.7). Stage 5 shows progressive destruction of the hip joint with 
joint space narrowing, cyst sclerosis, and osteophytes (Fig. 191.8). 
Stage 6 includes advanced degenerative joint disease with extreme nar-
rowing or obliteration of the joint space. It is important to recognize 
that the correlation between the clinical symptoms and radiologic 
features of osteonecrosis is poor.

Osteomyelitis should be suspected if the patient’s temperature 
exceeds 38° C, when there is bone pain and swelling affecting one 
single site, or if the painful crisis lasts longer than 2 weeks.12 Salmo-
nella and Staphylococcus aureus are the commonest organisms. Radio-
graphic changes are only apparent after weeks of illness. Plain 
radiographs and bone scans are unable to differentiate between painful 
crisis and osteomyelitis. At present soft tissue ultrasound and 

Fig. 191.5 Very early osteonecrosis of the femoral 
head (Steinberg stage 2). The femoral head shows 
sclerotic and radiolucent areas.
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Infectious processes of joints and bones should be considered in 
each case because patients with hemoglobinopathies are more suscep-
tible to infections, especially with Haemophilus influenzae, Streptococ-
cus pneumoniae, and Salmonella. This is compounded by their 
susceptibility to encapsulated organisms due to their functional 
asplenia.

A chronic destructive synovitis has been described in SS disease and 
needs to be differentiated from rheumatoid arthritis.

Although there is no evidence for an increased frequency of SLE in 
SS disease, SS patients may be frequently positive for low-titer ANA 
and antiphospholipid antibodies. It needs to be established if the latter 
antibodies are contributing to the acute chest syndrome, strokes, and 
recurrent miscarriages, which are common complications of SS disease.

PATHOGENESIS
The occlusion of the small blood vessels of the active bone marrow by 
sickled erythrocytes is the cause of many complications such as the 
painful crisis, dactylitis, and osteonecrosis. Factors disrupting the 
microcirculation leading to a painful crisis include polymerization of 
hemoglobin S in a deoxygenated state, which leads to decreased red 
blood cell deformability.15 The polymerization of Hb S is influenced by 
various factors including the intracellular concentration of Hb S and 
the concentrations of Hb F and C. Others are the oxygen saturation of 
the blood, pH, ionic strength, temperature, and 2,3-DPG. Once a suf-
ficient number of rigid sickled cells with polymerized hemoglobin are 
created, microvascular occlusion will occur. Subsequent hypoxia of the 
tissues supplied causes tissue damage. After the initial ischemia, a 
secondary inflammatory reaction mediated by K+, H+, histamine, bra-
dykinin, and prostaglandins occurs, causing increased intramedullary 
pressure and bone pains.

The increased incidence of salmonella osteomyelitis in SS disease 
remains unexplained but is also affected by organism endemicity. Bone 
damage due to vaso-occlusion seems to be a necessary condition. The 
blockage of the reticuloendothelial system by erythrocyte fragments, 
the iron overload, and a defect in the alternative pathway of comple-
ment have been implicated in the increased susceptibility.

Hyperuricemia and gout are caused by a decreased renal tubular 
excretion of urate, rather than urate overproduction secondary to 
increased purine turnover. Hyperuricemia may contribute to the 

DIFFERENTIAL DIAGNOSIS
The painful crisis can mimic attacks of rheumatic fever, which typi-
cally starts as a migratory polyarthritis. In both diseases, cardiac 
murmurs are extremely common (SS patients often have left ventricu-
lar hypertrophy) and mild antistreptolysin O elevations are frequently 
seen. Of note these conditions may also coexist, especially in develop-
ing countries where rheumatic fever is not uncommon.

Fig. 191.6 Early osteonecrosis of the femoral head (Steinberg stage 3). There is 
a short break in the cortical line of the superolateral segment of the femoral 
head.

Fig. 191.7 Osteonecrosis of the femoral head (Steinberg stage 4). Mild 
flattening of the superolateral part of the femoral head despite long-standing 
disease.

Fig. 191.8 Advanced osteonecrosis of the femoral head (Steinberg stages 5-6). 
Gross destruction and remodeling of the femoral head. Osteoarthritic changes 
are significant.
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If osteonecrosis of the femoral head is documented, the patient 
should be on complete bed rest and totally avoid weight bearing. In 
children this can be achieved by casting, immobilizing the knee at a 
30-degree angle. Another option to avoid bearing weight is crutches. 
Only when severe chronic hip pain is not controlled by medical treat-
ment and when the femoral head is severely damaged (Steinberg stage 
5 or 6) is a total hip replacement indicated. Indeed, the results of total 
hip replacement in SS patients are much less favorable than in patients 
with osteoarthritis. Apart from perioperative complications, prosthesis 
loosening and infection cause poor long-term replacement outcome 
compared with primary degenerative hip disease.22,23 However, in a 
more recent study the postoperative infections were reduced to 3% and 
the long-term loosening of the prosthesis was reduced to 8% for the 
cup and 5% for the stem.24 Despite an improved outcome of the total 
hip arthroplasty, attention should be directed to the detection of osteo-
necrosis at an early stage and prevention of progression with conserva-
tive treatment or core decompression. The latter, however, is only 
superior to conservative treatment in early osteonecrosis (Steinberg 
stage I).22 Physical therapy alone seems to be as effective as core decom-
pression followed by physical therapy in reducing the need for total hip 
replacement, at least in the short term.25 If a total hip replacement has 
become unavoidable, a non-cemented hip arthroplasty, preferably with 
custom-made stems, is probably the best present choice.23

When osteomyelitis is suspected, traditional treatment tended to 
include the use of ampicillin or trimethoprim/sulphamethoxazole 
because Salmonella is the main cause of this complication. However, 
emerging resistance is decreasing its potential efficacy and the spec-
trum of causative organisms widening. Newer β-lactams and third-
generation cephalosporins, sometimes in combination with an 
aminoglycoside, may be suitable alternatives.7 Quinolones are rela-
tively contraindicated in children because of their potential for chon-
drotoxicity, arthropathy, and tendon rupture. Resistance to 
ciprofloxacillin has already been described.26 In established osteomy-
elitis, antibiotic therapy is usually continued for at least 3 months.

Septic arthritis needs early surgical drainage, débridement, and 
splinting in order to prevent ankylosis. This complication carries a poor 
prognosis.27

Recurrent gouty arthritis is treated with non-steroidal anti-inflam-
matory drugs and allopurinol. Patients with SS disease and gout are 
likely to have renal impairment and a challenged liver function. There-
fore 4-monthly checks of renal and liver function are indicated.

When SS disease is associated with rheumatoid arthritis and other 
CTDs, the classical treatment may lead to severe and possibly life 
threatening complications.28 Anti-inflammatory drugs may cause acute 
renal failure. Corticosteroids have been associated with avascular joint 
necrosis. Some authors have observed a prolonged painful crisis with 
oral and intra-articular corticosteroids. There is concern with the use 
of weekly methotrexate and leflunomide. Hepatotoxicity is difficult to 
monitor in SS patients who invariably have abnormal liver function 
tests. In those with active CTDs corticosteroids and methotrexate have 
been associated with more severe SCD-related outcomes, including 
more severe infections and a 20% overall patient-mortality rate due to 
sepsis, stroke, or acute chest syndrome.28 Anti-malarial therapy seems 
to be the least toxic DMARD therapy but its chronic use is precluded 
by a possible retinopathy. Sulphasalazine may be effective in reducing 
both the rheumatoid inflammation and the sickling process.29

Tumor necrosis factor (TNF) is important in the pathophysiology 
of both vaso-occlusive crises and rheumatoid arthritis. There is a 
limited but promising experience with anti-TNF therapy and with 
rituximab in SS disease, suggesting a good efficacy and tolerance in 
patients with SS disease and connective tissue disorders.28

decreased renal function observed in sickle cell patients older than 40 
years of age.

MANAGEMENT
The management of the acute painful crisis depends on the patient’s 
response to analgesics during previous crises, the severity and extent 
of the painful episode, and the presence of complications such as acute 
chest syndrome and paralytic ileus.16

Because of the associated dehydration, the treatment of painful 
crises starts with the administration of large amounts of fluids. Intra-
venous administration of 3 to 4 L/24 hr with unlimited amounts orally 
has been the standard. However, it has been shown that the majority 
of uncomplicated painful crises can be effectively managed by oral 
hydration and analgesia alone. Mild painful crises respond to simple 
analgesics such as acetaminophen (paracetamol), but in the case of 
severe crisis, narcotic analgesics are necessary. In the presence of 
normal gastrointestinal motility, oral, controlled-release morphine is a 
reliable, non-invasive, and preferred alternative.17 Narcotic analgesics 
should be prescribed in the full therapeutic doses at regular 2- to 4-hour 
dosing intervals to relieve pains and not be restricted to an as-needed 
basis. Smaller additional doses should be prescribed for breakthrough 
pains. The pain severity and its response to treatment should be reas-
sessed frequently. Non-steroidal anti-inflammatory drugs, sedatives, 
and antihistamines may reduce the amount of narcotics needed in the 
treatment of a painful crisis and can be used in combination with 
narcotics. Tramadol, a centrally acting analgesic that is administered 
orally, induces minimal respiratory depression and is useful in the 
outpatient management of vaso-occlusive crises. Antisickling agents 
and pentoxyphylline have shown disappointing results once the pains 
have begun.

Because of the recurrent nature of the pains, sickle cell patients are 
at risk of addiction and drug dependence, which is much lower than 
expected. Paranoia about this issue has often led to the suboptimal 
treatment of sickle cell painful crises with unnecessary suffering by the 
patients. Reluctance of hospital staff to prescribe and administer nar-
cotic analgesia is seen by the patients as a sign of indifference and 
perpetuates a lack of confidence in the caregivers.

Although in the past most patients with moderate or severe painful 
crisis were treated as inpatients in the hospital, recent studies have 
shown that day care centers may provide an adequate alternative way 
of treating patients with SS crisis.18 Hospitalization has been suggested 
because of concern for undetected infection and SS-related complica-
tions. In addition, there is the perception that adequate pain relief 
rarely can be obtained on an outpatient basis. However, a specialized 
day care unit will be able to assess patients more rapidly and titrate 
the analgesia to individual needs. It may avoid the suboptimal treat-
ment, which commonly occurs on hospital wards. However, when 
systemic infections are suspected, the patient should be admitted for 
intravenous antibiotic treatment, in addition to the analgesic medica-
tion. Another indication for hospitalization is extensive associated 
chest syndrome, where early exchange transfusion could be life saving.

Attention should be paid to prevention of painful crises. These 
include lifestyle changes (avoidance of stress, alcohol, overexertion, 
swimming, getting caught in the rain, high altitudes) and medications. 
Hydroxyurea increases the hemoglobin F concentration, with a moder-
ate reduction of neutrophils, reticulocytes, and young, low-density SS 
red cells. Clinically hydroxyurea has shown to reduce the frequency of 
painful crises in adult SS patients and is cost-effective.19 Oral magne-
sium pidolate supplements prevent erythrocyte dehydration and hence 
reduce sickling.20 Intravenous magnesium sulfate may shorten the 
duration of the painful crisis.21
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also be caused by multiple blood transfusions, iron injections, and 
prolonged oral iron intake.12 The classic picture of “bronze diabetes” 
is not a representative description of hemochromatosis today; instead, 
this rare manifestation should be regarded as a diagnostic failure.  
The arthropathy associated with hemochromatosis13 is a much more 
common manifestation than skin pigmentation, diabetes, hypogonad
ism, or cardiomyopathy14 and can be a presenting symptom (Fig. 
192.3). Screening studies using phenotypic iron tests have shown that 
mildly affected cases are common,11,15 observations recently confirmed 
in large genotype screenings.8,9 Even if these reports indicate a low 
penetrance, there remain 1 in 400 to 500 of northern European popula
tions who express the disease. Physicians serving such populations 
have to maintain a diagnostic awareness of the disease. If an early 
diagnosis is made, effective treatment can be instituted.

Signs and symptoms usually appear between the ages of 40 and  
60 years. A rare fraction express a more “malignant” form, develop
ing the fullblown clinical picture at 20 years of age. This juvenile 
hemochromatosis is caused by mutations in the hepcidin gene 
(HAMP) on chromosome 19 or in the hemojuvelin gene (HJV) on 
chromosome 1.1

It is useful to consider hemochromatosis as an “a” disorder, with 
asthenia, arthropathy, and alanine aminotransferase (ALT) elevations 
as the most common manifestations.14 Asthenia, however unspecific,8 
may lead to diagnosis in a paradoxical way, with iron tests being taken 
because of suspected iron deficiency.

Liver abnormalities are the most constant manifestation,8,9,14,16 
most often presented accidentally at health checks. All patients with 
“transaminitis” should be considered for investigation of iron overload, 
enabling early diagnosis before the establishment of liver cirrhosis.16 
Treatment started in the precirrhotic stage often means an excellent 
prognosis; however, those with cirrhosis run an increased risk of devel
oping hepatocellular carcinoma.1,2

The skin pigmentation is seldom diagnostic. Diabetes is a late and 
rare manifestation like cardiomyopathy caused by iron. Hypogonadism 
with decreased libido, impotence, amenorrhea, and sparse body hair is 
caused by gonadotrophic insufficiency and is usually a late manifesta
tion of iron overload.

Arthropathy
Arthropathy can be the first manifestation of the ironloading process 
(see Fig. 192.3), although more often it occurs later, even after treat
ment.13 Most joints can be affected, but osteoarthritislike changes of 
the metacarpophalangeal joints of the second and third fingers are the 
most characteristic (Figs. 192.4 and 192.5).17,18 The disease can also 
affect other joints17 and may be a prominent factor affecting quality of 
life.19 Sometimes acute episodes of inflammatory arthritis occur, owing 
to deposition of calcium pyrophosphate dehydrate (Fig. 192.6).18

The reported frequencies of arthropathy associated with hemochro
matosis are variable12,1820 and probably influenced by biased ascertain
ment. Its specificity has been questioned in three large screening 
studies using controls.8,9,15

In one study of 65,238 Norwegians, 16% of men with hemochro
matosis had osteoarthritis as compared with 7.6% in controls.15 In a 
California genotype study of 41,038 individuals, selfreported arthropa
thy was present in 36% of C282Y homozygotes and 42.9% of C282Y/
H63D, no different from controls at 41.6%.8 A recent genotype study 
of 99,711 participants in the United States and Canada gave similar 
results; selfreported arthritis in C282Y homozygotes was not different 
from controls.9 A small followup interview study21 of 17/124 (13.7%) 
C282Y homozygotes from the California study8 seemed to indicate a 
higher frequency of symptoms in the fingers and hands in C282Y 

Hemochromatosis
Elena M. Massarotti* 

  Hemochromatosis refers to a general increase in body iron stores 
with resultant tissue damage that is most often the result of a 
genetically inherited defect with abnormal iron absorption caused 
by mutations of the HFE gene on chromosome 6.

  Treatment by phlebotomy can prevent organ damage.
  The severity of the disease varies. Liver disease in middle-aged 

patients is the most common presentation. Symmetric arthropathy 
may also be an early feature.

  The classic clinical picture is found in only a small fraction of 
homozygotes.

HISTORY
The term hemochromatosis was first used by von Recklinghausen in 
1889, for a condition first described by Trousseau in 1865. In 1927, 
Sheldon suggested that the disease was the result of an inborn error of 
metabolism.1 By 1955, Finch and Finch showed that classic hemochro
matosis was caused by abnormal iron absorption.2 These authors also 
confirmed that the excess iron could be removed by phlebotomy. In 
1975, Simon and associates3 showed that the defect gene was HLA 
related. The mutant gene, HFE, was identified in 1996 by Feder and 
colleagues.4 A new diagnostic test was thus available, replacing liver 
biopsy for the diagnosis of hemochromatosis and simplifying family 
studies and screenings of populations.

GENETICS AND EPIDEMIOLOGY
Epidemiologic data for hemochromatosis are shown in Table 192.1. 
Simon and associates postulated that the defect gene should be found 
on chromosome 6 close to the HLA locus.3 This mutant gene, HFE, 
was then identified 5 Mb distal to the HLAA locus (Fig. 192.1).4 One 
mutation resulted in a cysteinetotyrosine substitution at amino acid 
282, C282Y, and another caused a histidinetoaspartic acid substitu
tion at position 63, H63D. More than 90% of patients with hereditary 
hemochromatosis in northern Europe are C282Y/C282Y, and 5% are 
C282Y/H63D.1 These compound heterozygotes have a very mild phe
notypic expression.

The original mutation occurred in a person who lived in northern 
Europe about 2000 years ago5 (even if more recent studies have sug
gested an older age).6 This ancestor carried HLAA3, and about half of 
the descendants still carry the same conserved haplotype in linkage 
with the mutation (Fig. 192.2). Others carry different HLA marker hap
lotypes resulting from recombinations between HLAA and HFE. The 
C282Y mutation is common, about 10%, and reaches its highest preva
lence in Ireland, Brittany, the United Kingdom, Norway, Denmark, 
and Sweden6,7 and in emigrants of those origins.810 The geographic 
distribution suggests an early migration with the Vikings.11 The preva
lence declines, like that of nutritional iron deficiency of the past,2,11 as 
one travels south across Europe and is absent from the original popula
tions of Australia, Asia, and so on.6 A selective advantage might explain 
the commonness of the mutation in former irondeficient areas.

CLINICAL FEATURES
Hereditary hemochromatosis is a recessively inherited disease with 
iron overload caused by abnormal iron absorption. Iron overload can 
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*The author would like to acknowledge the contributions of K. Sigvard Olsson, who was 
the author of this chapter in the last edition.
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TABLE 192.1 EPIDEMIOLOGY OF HEMOCHROMATOSIS

Peak age (years) 40-60

Sex distribution (F : M) 1 : 4

Prevalence 10-60/10,000

Annual incidence 1-4/100,000

Geographic distribution Most prevalent in northern European 
populations

Genetic associations Most cases caused by a point mutation, C282Y, of 
the HFE gene on chromosome 6, distal to the 
HLA-A locus

THE ANCESTOR’S HAPLOTYPE
ON CHROMOSOME 6

0

14

5

Mb

3

HLA

HLA Chromosome 6

6p21.3

HFE

B

A

+

Fig. 192.1  The ancestor’s haplotype on chromosome 6. The ancestor’s 
haplotype starts centromeric of the HLA-A locus and extends telomerically for 
more than 5 Mb, including HFE and its mutation C282Y (+). He or she probably 
carried A3-B7 or A3-B14.3

A PEDIGREE OF A FAMILY WITH HEMOCHROMATOSIS

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

Female,  non-affected or not alive

Male,  affected, HLA not determined

Male, affected carrying A3-B14 (  ) and A3-B7 (  )

Female, heterozygote carrying a recombination + C282Y

++ ++ ++++ ++ ++ ++-+

++++ ++

++ ++ ++-+

Fig. 192.2  A pedigree of a family with 
hemochromatosis. Ten “unrelated” families with 
hereditary hemochromatosis were found to have 
the ancestor’s HLA-A3 in common (red). A family 
investigation had fortunately been done, revealing 
that all the patients could be traced to common 
ancestors 11 generations earlier in the late 17th 
century. Homozygosity for the HFE mutation C282Y 
is marked with ++ below the individuals. Black 
symbols indicate affected members not available 
for HFE genotype testing. Half-filled symbols are 
heterozygotes (they carry only one mutation). 
Filled symbols indicate homozygotes or carriers of 
two haplotypes. Those with A3-B14 are shown in a 
warmer red and those with A3-B7 in bluish red. 
(Adapted from Ritter B, Safwenberg J, Olsson KS. HLA 
as a marker of the hemochromatosis gene in Sweden. 
Hum Genet 1984;68:626; and Raha-Chowdhury R, 
Gruen JR. Localization, allelic heterogeneity and 
origins of the hemochromatosis gene. In: Barton JC, 
Edwards CQ, eds. Hemochromatosis. Cambridge: 
Cambridge University Press, 2000:75-90.)

Arthropathy
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Liver cirrhosis
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OUTCOME AND CLINICAL FEATURES IN
A FAMILY WITH HEMOCHROMATOSIS
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Fig. 192.3  Outcome and clinical features in a family with hemochromatosis. A 
record from 1936 showed that the father (VIII:3 on Fig. 192.2) had suffered 
from “polyarthritis” from age 48. He died at age 49 from “diabetes bronze and 
myocarditis” proven by autopsy. Fifty years later his eldest daughter developed 
arthropathy and underwent total hip replacement. Child No. 4, a son, died 
from a hepatoma. Child No. 7, the youngest son, has had arthropathy from age 
26, abdominal pains from age 30, a diagnosis of “seronegative polyarthritis” at 
age 39, hypogonadism at age 44, and the diagnosis of “hemochromatosis with 
cirrhosis” at age 46. Children Nos. 3, 5, and 6 were mainly free of symptoms, 
despite being homozygous. (Adapted from Ritter B, Safwenberg J, Olsson KS. HLA 
as a marker of the hemochromatosis gene in Sweden. Hum Genet 1984;68:626.)
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homozygotes. A critical review of this study and other studies on 
arthritis in hemochromatosis has been performed.22

Even if the penetrance of the C282Y/C282Y genotype is low, it is 
nevertheless important that a primary care physician who sees a patient 
who has trouble gripping and holding on to things and difficulty in 
unscrewing jar lids, turning the ignition key, changing gears, and so 
on considers the diagnosis of iron overload. These patients may avoid 
shaking hands because of pain. Slight bony swellings and inability to 
extend and flex the second and third metacarpophalangeal joints may 
be seen. Erythema or increased warmth is seldom present, the eryth
rocyte sedimentation rate is often normal, and the rheumatoid factor 
is negative. In one publication, anticitrullinated peptide antibodies 
were shown to be absent in the sera of patients with hereditary hemo
chromatosis.23 Some hereditary hemochromatosis sufferers who have 
had arthropathy for several years have reported being reassured that 
“this is not rheumatoid arthritis.” However, the correct diagnosis was 
not considered.

Radiographs may show cystic lesions with sclerotic walls, joint 
space narrowing, sclerosis, osteophytes, and osteoporosis (see Fig. 
192.5).18

Even if the arthropathy is most often noninflammatory, it is a 
prominent clinical factor affecting the quality of life of a person with 
hemochromatosis.19

INVESTIGATIONS
Diagnosis of hereditary hemochromatosis is simple, provided that it  
is considered. The screening tests are transferrin saturation, expressed 
as the serum iron concentration divided by the ironbinding capacity 
multiplied by 100, which is elevated (>45%), in combination with 
increased serum ferritin concentration (>200 µg/L in males; >100 mg/L 
in females). If an inflammatory condition is superimposed, the percent
age transferrin saturation drops (Fig. 192.7). If the screening tests are 
abnormal, they should be followed by the HFE genotype test. A finding 
of homozygosity for C282Y or compound heterozygosity for the  
two mutations C282Y/H63D confirms the diagnosis. If the liver test 
results are abnormal and serum ferritin signals severe iron overload 

Fig. 192.4  The hands of a patient with hemochromatosis. The bony swelling of 
the metacarpophalangeal joints is apparent.

Fig. 192.5  Radiograph of the hand of a 45-year-old man with 
hemochromatosis. There are cystic lesions of the metacarpal heads, joint space 
narrowing, and osteophytes at the second and third metacarpophalangeal 
joints.
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Fig. 192.6  Investigational screening in 
hemochromatosis. Findings from a broad 
biochemical laboratory profile show constantly 
abnormal transferrin saturation and elevated 
transaminase levels in a 44-year-old man with 
pseudogout as the presenting symptom. Liver 
biopsy confirmed the diagnosis of 
hemochromatosis in the cirrhotic stage. The effect 
of phlebotomy is obvious. TIBC, total iron-binding 
capacity; ALAT, alanine-aminotransferase; ASAT, 
aspartate aminotransferase.
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(>1000 mg/L), a liver biopsy is recommended.1 Once the diagnosis is 
established, all firstdegree relatives should be screened with genotype 
and iron tests.1 Population screening is no longer recommended 
because of the low penetrance of the genotype.1,8,9

DIFFERENTIAL DIAGNOSIS
Secondary iron overload, which sometimes produces arthropathy, is 
excluded by a patient history that does not include blood transfusions, 
parenteral iron administration, and anemia (βthalassemia, sideroblas
tic anemia). Porphyria cutanea tarda also presents as elevated percent
age transferrin saturation, increased serum ferritin concentration, and 
abnormal liver tests. However, these patients have more intense pig
mentation, skin fragility, blisters, and hirsutism.1 Interestingly, the 
C282Y mutation has been found in 40% of cases of porphyria cutanea 
tarda.24

Alcoholic liver disease might be associated with increased serum 
ferritin concentration and elevated transferrin saturation. Abstinence 
often results in a rapid drop of these parameters.

PATHOGENESIS
In hemochromatosis there is an increased absorption of iron from the 
diet. Because iron excretion is minimal, the result is progressive iron 
loading of parenchymal tissues, particularly the liver.1 Studies have 
identified several new genes along the iron pathway through the major 
cell types involved (Fig. 192.8).25 It seems as if the iron hormone hep
cidin has a central role in regulating the influx of iron into plasma from 
the red cell breakdown in macrophages and the ironabsorbing gut cell. 

50

40

30

20

10

0

1 2 3 4 5 6 7
Day

Serum total iron-binding capacity

Serum iron

µmol/L

CHANGES IN TRANSFERRIN SATURATION INDUCED
BY AN INFLAMMATORY REACTION

↑

Fig. 192.7  Changes in transferrin saturation induced by an inflammatory 
condition. The patient, aged 69, suffered a myocardial infarction on day 4 
(arrow) while hospitalized because of hemochromatosis. The remarkable drop 
in plasma iron is probably an effect of increased hepcidin activity.1,24
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THE IRON DELIVERY TO PLASMA FROM  THE ENTEROCYTE AND THE MACROPHAGE
IS REGULATED BY THE IRON HORMONE HEPCIDIN PRODUCED BY THE HEPATOCYTE

Fig. 192.8  The iron delivery to plasma from the enterocyte and the macrophage is regulated by the iron hormone hepcidin produced by the hepatocyte. When 
the hepcidin activity is inappropriately low, the plasma iron increases as in hemochromatosis. The opposite situation is seen in inflammation (see Fig. 192.6) and 
the anemia of chronic disease. (From Fleming RE, Bacon BR. Orchestration of iron homeostasis. N Engl J Med 2005;352:1741-1744.)
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fertile areas.14,17,19 Excessive alcohol intake has an additive influence 
on the liver damage, and iron tablets may worsen the phenotype.

MANAGEMENT
Excess iron is removed from the body by weekly phlebotomy. Each  
unit of blood (450 cm3) contains 200 to 250 mg of iron, and this 
quantity is mobilized from storage sites to compensate for the blood 
loss. Blood letting is well tolerated and is continued until the serum 
ferritin level indicates iron depletion (3040 mg/L). Maintenance phle
botomy, three to six times a year, is then required to prevent iron 
reaccumulation. Dietary restrictions are not needed. Liver function 
improves during phlebotomy (see Fig. 192.6), abdominal pains disap
pear, and there is a general increase in wellbeing. Even the cardiomy
opathy is reversible, but diabetes and hypogonadism are not usually 
affected by iron removal.

Arthropathy does not usually improve with phlebotomy.17 Treat
ment with nonsteroidal antiinflammatory drugs is helpful in the 
majority of patients.

The importance of an early diagnosis and start of phlebotomy 
therapy is now questioned because of the low penetrance of the genetic 
defect.8 Because phlebotomy is a safe and simple way to avoid iron 
overload, blood donation can be widely recommended. This is easily 
accomplished because several countries have begun to accept blood for 
transfusion purposes from these still healthy individuals.

At low hepcidin expression, plasma iron increases as in hemochroma
tosis. When an inflammation takes place, hepcidin activity increases 
and plasma iron is reduced (see Fig. 1927). Hemochromatosis thus 
seems to be the opposite condition to anemia of chronic disease. How 
the defective C282Y protein interacts with hepcidin is not yet clear.

Within the cell, extra iron is stored in lysosomes as ferritin and 
hemosiderin. Iron may be toxic to the cell by free radical production, 
causing lipid peroxidation and weakening of lysosomal membranes. An 
iron load of no more than 3 g (only four times normal) can affect the 
liver cell with release of transaminases.16 There is no clear relationship 
between iron load and the effect on the synovium.17,18,26 Biopsies have 
demonstrated hemosiderin granules in type B synovial cells rather than 
in macrophagelike type A cells, as seen in rheumatoid arthritis and 
hemarthrosis. Synovial inflammation is scarce.13 Ferritin particles have 
been identified in intact chondrocytes together with calcium pyrophos
phate dehydrate crystals in the cartilage.26 Osteoporosis associated with 
hemochromatosis is usually a late manifestation.

Environmental factors
Several factors other than age can influence the phenotypic expression 
of the disease such as blood donation and menstrual blood loss. Dietary 
factors, such as high intake of dairy products, may explain why heredi
tary hemochromatosis patients in Scandinavia are less iron loaded than 
their genetic relatives living in Germany, Australia, or other more 
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HISTORY
Historically, the term osteoporosis first entered medial terminology in 
France in the 19th century. Jean Lobstein, a French pathologist, used 
the  term  to  emphasize  the  porosity  of  the  histologic  appearances  of 
aged human bone (porosis = porous bone). Around the same time, Sir 
Astley  Cooper,  an  English  surgeon,  suggested  that  certain  types  of 
fracture  may  occur  due  to  age-related  reduction  in  bone  mass  or 
quality.1 He described  the original classic epidemiologic hallmarks of 
these  fractures:  incidence  rates  that  increase with age;  rates  that are 
higher among women than men; and fractures that are associated with 
only moderate trauma at sites containing large amounts of trabecular 
bone.  Little  attention  was  paid  to  the  disease  until  the  1940s  when 
Fuller Albright, an American endocrinologist, attributed the disease to 
the loss of estrogen after the menopause. He later demonstrated that 
the  negative  calcium  balance  could  be  reversed  if  postmenopausal 
women were treated with estrogen. Unfortunately at that time a reli-
able test  for  the diagnosis of osteoporosis was not available, so most 
patients  only  came  to  attention  after  fracture.  It  was  not  until  the 
1960s,  with  the  introduction  of  bone  densitometry,  that  a  greater 
understanding  of  the  association  between  osteoporosis  and  certain 
fractures became known and an insight into the potential public health 
burden of  the condition became apparent. Since the 1980s there has 
been much progress in terms of therapeutic developments for osteopo-
rosis prevention with the introduction of bisphosphonates and, more 
recently, strontium ranelate and teriparatide.

OSTEOPOROSIS
Definition
The definition of osteoporosis  remains difficult. Dual x-ray absorpti-
ometry (DXA) is currently the gold standard tool for measuring bone 
mass;  and  from  this,  bone  mineral  density  (BMD)  can  be  obtained. 
There is a strong correlation between BMD and the strength at which 
bones break  in vitro; however, BMD does not completely explain the 
architectural changes in bone that lead to skeletal fragility. Nonetheless 
it  is  recognized  that  BMD  is  strongly  predictive  of  fracture  risk.  In 
1994,  an  expert  panel  convened  by  the  World  Health  Organization 
(WHO)2 established the most widely used definition that encompasses 
both  BMD  and  previous  fracture.  They  defined  osteoporosis  when 
BMD measurements in women fall more than 2.5 standard deviations 
(SD) below the young adult mean. This definition, however, only takes 
into  account  the  deterioration  in  bone  mineralization  and  does  not 
consider any of the microarchitectural changes that may weaken bone 
independently of any effect on BMD. Recently, there has been a move 
toward assessing an individual’s 5- or 10- year absolute risk of osteo-
porotic  fracture.  An  example  of  such  a  model  is  the  FRAX  model,3 
which will be discussed later.

Classification
Osteoporosis can develop as a primary disorder or secondarily to other 
factors,  such  as  associated  medical  diseases,  surgical  procedures,  or 
medications known to accelerate bone loss. It is important to note that 
both categories are not completely independent of each other and may, 
on  occasion,  be  additive;  for  example,  in  individuals  with  primary 
osteoporosis,  secondary  causes  may  further  aggravate  bone  loss  and 
increase fracture risk.

Epidemiology and classification of 
metabolic bone disease
Christopher Holroyd, Elaine Dennison, and Cyrus Cooper

 Osteoporosis is a systematic skeletal disorder characterized by low 
bone mass, micro architectural deterioration of bone tissue, and 
susceptibility to fracture. It can be divided into primary and 
secondary forms.

 It has been estimated that 10 million Americans over the age of 50 
years have osteoporosis and a further 34 million are at risk of the 
disease.

 The most widely used definition of osteoporosis is that of the 
World Health Organization; bone mineral density >2.5 standard 
deviations or more below the young normal mean.

 Although there is a strong correlation between BMD and bone 
strength other factors may weaken bone independently of BMD, 
hence recently there has been a move toward assessing an 
individual’s 5 or 10 year risk of osteoporotic fracture. An example of 
such a model is the FRAX model.

 Risk factors for low bone mineral density relate to either 
inadequate bone formation during growth or to excessive bone 
loss thereafter, but the underlying pathogenesis remains somewhat 
obscure.

 Fractures, the clinical manifestation of osteoporosis, increase 
dramatically with aging and are more frequent in women than 
men and in whites than in other races.

 Hip fractures are most devastating in terms of mortality, morbidity, 
and cost, but other types of fracture contribute substantially to the 
social burden of osteoporosis.

 Although all fractures are related to bone density, hip and forearm 
fractures are usually precipitated by a fall whereas vertebral 
fractures commonly result from excessive spinal loads imposed by 
everyday activities.

 Because of the dramatic growth of the elderly population 
worldwide, the number of osteoporotic fractures will increase 
substantially in future years unless cost-effective control programs 
can be implemented.

INTRODUCTION
Osteoporosis is a systematic skeletal disorder characterized by low bone 
mass and microarchitectural deterioration of bone tissue that increase 
the  fragility  of  bone  and  hence  susceptibility  to  fracture.  Although 
initially  thought  a  problem  of  the  developed  world,  osteoporosis  is 
becoming increasingly recognized as a global concern and remains the 
most  common  metabolic  bone  disease,  affecting  both  sexes  and  all 
races. Osteoporotic fractures are not only common but also may have 
devastating  consequences.  They  represent  a  major  public  health 
problem  because  not  only  do  they  increase  patient  morbidity  but 
certain fractures (e.g., of the hip and vertebrae) also are associated with 
significant mortality. The public health burden of the disease is likely 
to rise in future generations, owing in part to an increase in life expec-
tancy with a growing elderly population. Understanding the epidemiol-
ogy of the disease is crucial in trying to develop strategies to help reduce 
this load.
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If  there  is a maternal history of  fracture,  the  individual’s  risk of hip 
fracture  is doubled.7 Protective  factors  found  included greater height, 
weight, and strength, increased dietary calcium, greater physical activ-
ity, later age at menopause, and estrogen use.

Prevalence and incidence
It has been estimated that 10 million Americans older than 50 years 
of  age  have  osteoporosis  and  a  further  34  million  are  at  risk  of  the 
disease. This is likely to increase to over 14 million in 2020.8 Whereas 
most American women younger than the age of 50 have normal BMD, 
by the age of 80 years 27% are osteopenic and 70% are osteoporotic at 
the hip, lumbar spine, or forearm.9

Epidemiologic studies from North America have estimated that the 
remaining lifetime risk of osteoporotic fracture is 40% in white women 
aged 50 years  (Table 193.1). Broken down according to  fracture type, 
the  risks  are  17.5%  for  hip  fracture,  15.6%  for  clinically  diagnosed 
vertebral fracture, and 16% for distal forearm fracture. Corresponding 
risks among men are 6%, 5%, and 2.5% (13.1% overall risk of osteo-
porotic fracture). Data from the General Practice Research Database in 
the United Kingdom (which includes 6% of the U.K. population)10 has 
indicated that the risk is similar in the United Kingdom. Roughly one 
in two women and one in five men who are 50 years of age will have 
an osteoporotic fracture in their remaining lifetime. Projected risks of 
fracture at various ages are displayed in Table 193.2. Among women, 
the 10-year risk of any fracture increased from 9.8% at age 50 years to 
21.7% at age 80 years, whereas among men the 10-year risk remained 
fairly stable with advancing age. Our knowledge of the epidemiology of 
childhood fractures in the United Kingdom has recently been expanded 
by  interrogation  of  the  same  database;  at  their  childhood  peak,  the 
incidence of fractures (boys 3%, girls 1.5%) is only surpassed at 85 years 
of age among women and never among men (Fig. 193.2).

Health impact of osteoporotic fracture
All osteoporotic fractures are associated with significant morbidity, but 
both  hip  and  vertebral  fractures  are  also  associated  with  excess 

Primary osteoporosis accounts  for more  than 95% of osteoporosis 
in women and 70% to 80% in men. Generally this occurs in postmeno-
pausal women and older men. In the past, terms such as senile, invo-
lutional,  and  age-related osteoporosis  have  been  used.  Idiopathic 
osteoporosis  is  included  in  this  category  and  is  used  to  describe  the 
uncommon forms of osteoporosis found in children and young adults 
with normal gonadal function and no detectable secondary cause. The 
pathogenesis of this remains unclear. Secondary osteoporosis accounts 
for less than 5% of osteoporosis in women but up to 20% of osteopo-
rosis in men. The causes are listed in Box 193.1.

Risk factors
There  are  numerous  constitutional  and  lifestyle  risk  factors  for  low 
BMD, although none of them has a high enough sensitivity to confirm 
or exclude the diagnosis. Factors that influence BMD exert their effect 
in two ways—through either inadequate peak bone mass development 
or an excessive rate of bone loss (or a combination of the two). Genetic 
factors are thought to be very important in the attainment of peak bone 
mass: family studies have examined the parent-offspring and sibling-
sibling correlations in BMD, giving correlation coefficients of 0.28 to 
0.59,4,5 and twin studies have shown much closer concordance of bone 
density in monozygotic than dizygotic twins.6 However, environmental 
factors such as hormonal status, physical activity, and calcium intake 
are also important in attaining peak bone mass. Environmental influ-
ences  are  thought  to  be  more  important  than  genetic  factors  in  the 
determination of bone loss.

Increasing  age  is  an  important  risk  factor.  Peak  bone  mass  is 
achieved  in  men  and  women  by  the  mid  20s.  It  then  plateaus  for 
around 10 years before falling at a rate of 0.3% to 0.5% each year. At 
menopause the rate of bone loss in women accelerates to around 3% 
to 5% per year for 5 to 7 years before returning to the previous rate of 
decline  (Fig.  193.1).  This  accounts  for  the  increasing  incidence  of 
osteoporosis with age. Female gender is also important; men naturally 
have higher bone mass  than women and do not have an accelerated 
rate of bone  loss corresponding to  that  in women around the meno-
pause. Other risk factors include low body weight and weight loss, late 
age  at  menarche,  early  age  at  menopause,  physical  inactivity,  low 
calcium intake, smoking, and increased alcohol and caffeine intake. A 
previous fracture or maternal history of fracture are further risk factors. 
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Fig. 193.1 Changes in bone mass over time in women and men.

BOX 193.1 SECONDARY CAUSES OF OSTEOPOROSIS
 Immobilization
 Malignancy
 Chronic renal failure
 Gastrointestinal disease:

– Malabsorption syndrome
– Liver disease
– Inflammatory bowel disease

 Rhematologic disease:
– Rheumatoid arthritis
– Systemic lupus erythematosus

 Genetic conditions:
– Cystic fibrosis
– Osteogenesis imperfecta
– Ehlers-Danlos syndrome
– Glycogen storage diseases

 Prolonged weightlessness
 Chronic obstructive pulmonary disease
 Endocrine disease:

– Cushing’s disease
– Hyperparathyroidism
– Hyperthyroidism
– Hypogonadism
– Hyperprolactinemia
– Diabetes mellitus (type 1)

 Drugs:
– Corticosteroids
– Ethanol
– Antiepileptics
– Heparin
– Tobacco

TABLE 193.1 LIFE-TIME RISK OF OSTEOPOROTIC FRACTURE AT AGE 50 YEARS

Women Men

United Kingdom 53.2 20.7

Sweden 46.4 22.4

Australia 42.1

United States 39.7 13.1

Reproduced with permission from Johnell O, Kanis J: Epidemiology of osteoporotic fractures. 
Osteoporos Int 2005;16:S3-S7.
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that only 25% of deaths from hip fracture are due to the fracture itself, 
or complications such as infection, thromboembolism, and subsequent 
surgery.12 The rest of the mortality reflects coexisting morbidities due 
to  underlying  disease.  In  individuals  sustaining  a  vertebral  fracture 
these comorbidities probably play an even larger role in mortality rates. 
Fractures of the forearm tend not to be associated with increased mor-
tality except in elderly men, where a slight excess mortality has been 
observed.

It has been estimated that 8% of men and 3% of women older than 
age 50 years die while hospitalized for their hip fracture. Mortality rates 
after hip fracture continue to rise over the subsequent months and peak 
at 1 year with a rate of 36% for men and 21% for women.13 Mortality 
rates  then  tend  to  decline  after  the  first  year.  Recent  data  from  the 
Dubbo Epidemiology Study of community-dwelling women and men 
aged 60 years and older suggests that elevated mortality persists for up 
10 years for hip fracture.14

After  a  vertebral  fracture  the  excess  mortality  appears  to  remain 
present  for up  to 5 years  in both sexes.14 This has been observed  in 
studies  using  both  clinically  diagnosed  vertebral  deformities  and  in 
those using  radiologic morphometric  approaches  to  classify  vertebral 
deformity. Impaired survival is more pronounced for vertebral fractures 
that follow moderate trauma, rather than severe trauma, of which only 
8% are actually attributable to osteoporosis. Five-year survival appears 
to be worse for men (72% 5-year survival) than for women (84% 5-year 
survival). In women, as the number of vertebral fractures increases, an 
increased risk of death from cardiovascular and pulmonary disease has 
been observed.15

Overall the four main predictors for higher mortality after fragility 
fracture appear to be male sex, increasing age, coexisting illness, and 
poor  pre-fracture  functional  status.  Smoking  and  low  bone  mineral 
density may also be predictors in women.14

mortality.  In  the  year  2000  there  were  an  estimated  9  million  new 
osteoporotic fractures, of which 1.6 million were at the hip, 1.7 million 
were at the forearm, and 1.4 million were clinical vertebral fractures.11

It has been estimated that there are around 740,000 deaths per year 
associated with hip fracture. Worldwide, osteoporotic fractures account 
for 0.83% of the global burden of non-communicable disease and 1.75% 
in  Europe,  where  osteoporotic  fractures  account  for  more  disability-
adjusted  life years  (DALYs)  than many other  chronic non-communi-
cable diseases (Fig. 193.3).11

Mortality
Previous studies have shown clear evidence of excess mortality associ-
ated with hip and vertebral fracture in both sexes. It has been estimated 

INCIDENCE OF FRACTURES AMONG CHILDREN FROM THE GPRD
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Fig. 193.2 Incidence of fractures among children from the General Practice 
Research Database in the United Kingdom. (Reproduced with permission of 
John Wiley & Sons, Inc. Cooper C, et al. J Bone Miner Res 2004;19:1976-1981.)

THE BURDEN OF DISEASES ESTIMATED AS DISABILITY-ADJUSTED
YEARS (DALYs) IN 2002 IN THE AMERICAS AND EUROPE
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Fig. 193.3 The burden of diseases estimated as disability-adjusted years 
(DALYs) in 2002 in the Americas and Europe combined. (Reproduced from 
Johnell and Kanis (2006, available at http://who.int/chp/topics/Osteoporosis.pdf), 
with permission.)

TABLE 193.2 ESTIMATED RISKS OF FRACTURES AT VARIOUS AGES

Current 
age (yr)

Any 
fractures

Radius/
ulna

Femur/
hip Vertebral

Life-time risk

Women 50 53.2% 16.6% 11.4% 3.1%

60 45.5% 14.0% 11.6% 2.9%

70 36.9% 10.4% 12.1% 2.6%

80 28.6% 6.9% 12.3% 1.9%

Men 50 20.7% 2.9% 3.1% 1.2%

60 14.7% 2.0% 3.1% 1.1%

70 11.4% 1.4% 3.3% 1.0%

80 9.6% 1.1% 3.7% 0.8%

10-Year risk

Women 50 9.8% 3.2% 0.3% 0.3%

60 13.3% 4.9% 1.1% 0.6%

70 17.0% 5.6% 3.4% 1.3%

80 21.7% 5.5% 8.7% 1.6%

Men 50 7.1% 1.1% 0.2% 0.3%

60 5.7% 0.9% 0.4% 0.3%

70 6.2% 0.9% 1.4% 0.5%

80 8.0% 0.9% 2.9% 0.7%

Reproduced by permission from Van Staa TP, Dennison EM, Leufkens HGM, Cooper C. 
Epidemiology of fractures in England and Wales. Bone 2001;29:517-522.

http://who.int/chp/topics/Osteoporosis.pdf
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There is also some evidence to suggest a definite inverse correlation 
between BMD and the severity of fracture. Recent data from the United 
Kingdom evaluating distal radial fracture observed an increased rate of 
early instability, malunion, and carpal malalignment after fracture in 
patients with reduced BMD.21

Although it has its  limitations, bone density measurement is cur-
rently the best available method of predicting future fracture. Appropri-
ate  cutoff  values  have  been  defined  by  the  WHO  so  as  to  direct 
intervention toward “at risk” individuals (Table 193.3). The relation-
ship  between  BMD  and  osteoporosis  can  be  compared  with  that 
between  blood  pressure  and  stroke.  Although  hypertension  is  a  risk 
factor  for  stroke,  stroke  can  occur  in  individuals  with  normal  blood 
pressure. Likewise, fractures can occur in the absence of osteoporosis. 
Of note  in  the Rotterdam study, only 44% of non-vertebral  fractures 
occurred in women with a T-score of less than −2.5 (the WHO defini-
tion of osteoporosis); in men this percentage was even lower at 21%. 
This highlights  the presence of other known risk  factors  for  fracture 
that  are  independent  of  BMD:  family  history  of  fracture,  cigarette 
smoking,  excess  alcohol  consumption,  and  low  body  weight.  Thus, 
BMD alone cannot reliably predict all  individuals who will sustain a 
fracture from those who will not.

Falls and fracture
Fractures  occur  due  to  an  interaction  between  bone  fragility,  largely 
determined by bone mass, and trauma (usually due to a fall). Only 1% 
of falls, however, lead to a hip fracture. This is mainly due to the ori-
entation of  the  fall, which has been  found to be the most  important 
predictor  of  hip  fracture  after  a  fall.  Most  hip  fractures  result  from 
individuals falling sideways from standing height, failing to break their 
fall with an outstretched hand and directly impacting on their greater 
trochanter. The  likelihood of  fall  increases with age and is greater  in 
women than men. In one British study based in Oxford, one in three 
women aged 80 to 84 had experienced a fall in the previous year. Above 
this age half the women and a third of the men had experienced a fall 
in the previous year.22

There  are  multiple  factors  that  increase  the  likelihood  of  a  fall. 
These include use of psychotropic medications such as antidepressants 
and  benzodiazepines  and  possibly  cardiovascular  medications  (espe-
cially  those  with  hypotensive  effects).  Coexistent  illness  is  another 
strong risk factor for falling. Physical activity may be protective against 
falls, because it is thought to result in improved gait, balance, coordina-
tion,  proprioception,  and  muscle  strength.  There  is  little  evidence, 
however, to suggest that such improvements lead to a beneficial reduc-
tion in fracture risk.

FRACTURE EPIDEMIOLOGY
It is estimated that there are 1.5 million fragility fractures every year.9 
Fracture  incidence  in  the community  is bimodal, with a peak  in  the 
young  and  elderly.  In  young  people,  fractures  are  usually  associated 
with substantial trauma, occur in the long bones, and are seen more 
frequently in males than females. In this group the question of bone 
strength rarely arises. Osteoporotic fractures characteristically occur in 
those areas of the skeleton with high amounts of trabecular bone after 

Morbidity
In 2004 a Swedish study weighted osteoporotic  fracture according  to 
morbidity  (in  terms  of  cumulative  loss  of  quality  of  life)  to  try  and 
obtain an accurate definition of  the  true burden of osteoporotic  frac-
ture.16 To obtain  the  true morbidity of osteoporotic  fractures  in men 
between  the  ages  of  50  and  54  years,  the  incidence  of  hip  fractures 
should be multiplied by 4.48. Thus, for a man between 50 and 54 years 
of age the disability caused by osteoporotic fractures is 4.48 times that 
accounted for by hip fracture alone. The cumulative loss of quality of 
life tends to reduce with age; for example, in men aged 80 to 84 years, 
the incidence of hip fracture should be multiplied by 1.5. Four vertebral 
fractures appear  to have  the same morbidity as one hip  fracture. For 
women of the same age, the incidence of hip fractures should be mul-
tiplied by a factor of 6.07 to obtain the true morbidity.

In the United States about 7% of survivors of all types of  fragility 
fractures have a degree of permanent disability and 8% end up requiring 
long-term  nursing  home  care.  Overall,  after  any  type  of  fracture,  a 
50-year old white American woman has a 13% chance of experiencing 
attributable functional decline.17 Hip fracture invariably requires hos-
pitalization, and patients are prone to developing acute complications 
such  as  pressure  sores,  bronchopneumonia,  and  urinary  tract  infec-
tions. The degree of functional recovery after hip fracture is age depen-
dent. Data published  in 1996  from the United States suggested  that 
14% of patients with hip fracture in the 50- to 55-year age group were 
discharged to nursing homes versus 55% of those aged older than 90 
years.17 Length of hospital stay was also age related.

Hip  fracture  has  a  significant  effect  on  an  individual’s  ability  to 
walk; 40% of individuals are still unable to walk independently 1 year 
after fracture, with 60% requiring assistance with at least one essential 
activity  of  daily  living  (e.g.,  dressing,  bathing);  80%  are  unable  to 
perform  at  least  one  instrumental  activity  of  daily  living,  such  as 
driving or shopping.13

Despite  only  a  minority  of  vertebral  fractures  coming  to  clinical 
attention, they account for around 52,000 hospital admissions in the 
United  States  and  over  2,000  in  England  and  Wales  each  year  in 
patients aged 45 years or over. The impact of a single vertebral fracture 
can often be  low, but multiple  fractures  lead  to  a progressive  loss of 
height and kyphosis and severe back pain in both the acute and chronic 
stages.15 The resultant loss of mobility can further exacerbate underly-
ing osteoporosis,  leading  to  increased  risk of  further  fractures.16 The 
psychological  impact  of  functional  loss  can  lead  to  depression  and 
social isolation as well as loss of self-esteem. Participants in the Euro-
pean Prospective Osteoporosis Study (EPOS) with radiologically identi-
fied vertebral fracture at baseline had repeat radiographs performed 3 
years  later.  Women  who  had  suffered  a  further  fracture  during  this 
period experienced substantial levels of disability with impairment in 
key physical functions of independent living.18

Wrist fractures do not seem to increase mortality. They may impact 
on some activities such as writing or meal preparation, but few patients 
are  completely  disabled.  Over  50%,  however,  still  report  only  fair  to 
poor function at 6 months, often owing to complications such as reflex 
sympathetic dystrophy, neuropathies, and post-traumatic arthritis.15

Bone mineral density and fracture
There have been several prospective and cross-sectional epidemiologic 
studies showing that BMD is a strong predictor of fracture independent 
of age. The risk of osteoporotic fracture increases continuously as bone 
mineral density declines, with a 1.5- to 3-fold increase in risk of frac-
ture for each standard deviation fall in BMD.2 There is no convincing 
evidence of a threshold in the relationship between BMD and fracture; 
the  relationship  appears  continuous.  In  the  Rotterdam  study,  a  pro-
spective population-based cohort study of 7806 men and women aged 
55  years  or  older,  the  age-adjusted  hazard  ratio  for  all  non-vertebral 
fractures  per  standard  deviation  decrease  in  femoral  neck  BMD  was 
1.5 for women and 1.4 for men.19 For hip fractures, the hazard ratios 
were 2.1 for women and 2.3 for men. A meta-analysis of the prospec-
tive studies from 1996 found that for each standard deviation decrease 
in hip BMD,  the  risk of hip  fracture  increases by 2.6-fold.20 Thus, a 
woman at the age of menopause whose hip BMD is one standard devia-
tion below average will have a greater than 30% remaining lifetime risk 
of hip fracture.

TABLE 193.3 DIAGNOSTIC CATEGORIES FOR OSTEOPOROSIS BASED 
ON WORLD HEALTH ORGANIZATION CRITERIA

Category Definition

Normal A value for BMD that is not more than 1 SD below the 
young adult mean value.

Low bone mass 
(osteopenia)

A value for BMD that lies between 1 and 2.5 SD below 
the young adult mean value.

Osteoporosis A value for BMD that is more than 2.5 SD below the 
young adult mean value

BMD, bone mineral density; SD, standard deviation.
From World Health Organization data, 1994.
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of age and 80% occur in women (because there are more elderly women 
than men).24 Hip fractures are seasonal, with an increase in winter in 
countries in a temperate climate. They occur mainly indoors, therefore 
suggesting that the increase is not caused by slipping on icy pavements. 
It may be related to slowed neuromuscular reflexes and lower sunlight 
in winter as well as to seasonal changes in vitamin D levels and bone 
turnover.

Incidence rates vary considerably according to geographic area and 
race (Table 193.4) and may vary widely even within the same country 
and within populations of a given sex and race. In Europe, hip fracture 
rates  vary  sevenfold  between  northern  and  southern  countries.23  In 
general, people who live in latitudes farther from the equator seem to 
have a higher incidence of fracture and in all countries fracture rates 
seem to be lower in rural than in urban areas. The highest rates of hip 
fracture are seen in whites living in northern Europe, especially Scan-
dinavians. A study from 1989 found the age-adjusted cumulative yearly 
incidence of hip fracture in Norway was 903/100,000 for women and 
384/100,000 for men.25 The rates are intermediate in Asians, China, 
and Kuwait and lowest in black populations.26 Data from the Middle 
Eastern and African countries is limited owing to the absence of frac-
ture  registries.  A  study  of  hip  fractures  in  Morocco  suggested  that 
fragility  fractures occur  in North Africa  less  frequently  than  in most 
European, North American, and Asian countries but more frequently 
than in sub-Saharan African countries.27 Many of the lower incidence 
rates seen in these developing countries can be partially explained by 
lower life expectancy; in Latin America only 5.7% of the population is 
older than 65.

Genetic  factors may play an  important  role  in  the etiology of hip 
fracture, as well as environmental factors. Those factors studied so far, 
such  as  alcohol  consumption,  smoking,  activity  levels,  obesity,  and 
migration status, have not explained  these  trends, however. The dif-
ferences may be related to differences in risk of falling, because BMD 
measurements  are  similar  in white  and non-white women and men 
after  correction  for  bone  size.  Further  research  is  clearly  needed  to 
explain these important environmental factors.

Vertebral fracture
Only  a  fourth  of  vertebral  fractures  result  from  falls,  and  most  are 
precipitated by routine daily activities such as bending or lifting light 
objects. Until recently, accurate epidemiologic studies of vertebral frac-
ture had been limited, partly due to the often asymptomatic nature of 
the fracture and additionally to a lack of consensus regarding the tech-
niques that should be used to define vertebral deformity. However, the 
advent of morphometric and semi-quantitative visual techniques has 
now enabled a number of studies to report on the prevalence of verte-
bral fracture. Only about a third of all vertebral deformities noted on 

low or moderate trauma. The “classic” osteoporotic fragility fractures 
are  hip,  vertebral,  and  wrist  fractures,  although  prospective  studies 
have shown an increased risk of almost any type of fracture. The fre-
quency of fracture increases with age in both sexes, reflecting a com-
bination of  lower bone density  and  the  increased  tendency  to  fall  in 
the elderly (Fig. 193.4). Racial variation does exist, with lower fracture 
rates observed in black than in white or Asian populations. Geographic 
variations in fracture rates have been demonstrated even within coun-
tries, suggesting that environmental  factors  (including dietary  factors 
and  vitamin  D  levels)  are  important  in  the  pathogenesis  of  hip 
fracture.

Hip fracture
Hip fractures represent the most devastating consequence of osteopo-
rosis. It has been estimated that worldwide there were 1.7 million hip 
fractures  in  1990,  representing  1,197,000  fractures  in  females  and 
463,000  among  males.23  In  Western  populations,  among  individuals 
older  than  50  years  of  age,  there  is  a  female  preponderance  of  hip 
fracture with a female-to-male incidence ratio of approximately 2 to 1. 
Overall, 90% of hip fractures occur among people older than 50 years 

AGE-SPECIFIC AND SEX-SPECIFIC INCIDENCE OF RADIOGRAPHIC
VERTEBRAL, HIP AND DISTAL FOREARM FRACTURE
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Fig. 193.4 Age- and sex-specific incidence of radiographic vertebral, hip, and 
distal forearm fracture. (Reproduced with permission from Van Staa TP, Dennison 
EM, Leufkens HGM, Cooper C. Epidemiology of fractures in England and Wales. 
Bone 2001;29:517-522.)

TABLE 193.4 ESTIMATED NUMBER OF OSTEOPOROTIC FRACTURES 
IN MEN AND WOMEN AGED OLDER THAN 50 YEARS IN 2000  

BY WORLD HEALTH ORGANIZATION REGION

Expected number of fractures by site 
(thousands)

All osteoporotic 
fractures

WHO region Hip Spine
Proximal 
humerus Foream No. %

Africa 8 12 6 16 75 0.8

Americas 311 214 111 248 1406 15.7

South-East Asia 221 253 121 306 1562 17.4

Europe 620 490 250 574 3119 34.8

Eastern 
Mediterranean

35 43 21 52 261 2.9

Western Pacific 432 405 197 464 2536 28.6

Total 1672 1416 706 1660 8959 100

From Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated 
with osteoporotic fractures. Osteoporos Int 2006;17:1726-1733.
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when aged 35 years or older (and excluding fractures that occurred on 
the  same  day  as  the  index  forearm  fracture),  hip  fracture  risk  was 
increased  1.4-fold  in  women  (95%  confidence  interval  [CI],  1.1-1.8) 
and  2.7-fold  in  men  (95%  CI,  0.98-5.8).  Excess  risk  in  women  was 
confined to those individuals who sustained their first forearm fracture 
at age 70 years or greater. By contrast, vertebral fracture was increased 
at  all  ages, with a 5.2-fold  (95% CI, 4.5-5.9)  increase  in  risk among 
women and a 10.7-fold (95% CI, 6.7-16.3) increased risk among men. 
This increased risk was more marked in subjects with vertebral defor-
mities associated with moderate or minimal trauma than with severe 
trauma.

Regarding  vertebral  fracture  data  from  the  European  Prospective 
Osteoporosis  Study  (EPOS),36  prevalent  vertebral  deformity was  seen 
to predict incident hip fracture with a rate ratio of 2.8 to 4.5, and this 
increases  with  the  number  of  vertebral  deformities.  In  the  United 
States,  data  from  the  Study  of  Osteoporotic  Fractures  (a  prospective 
study of 9704 US women aged 65 years or older)38 have demonstrated 
that prevalent vertebral deformity was associated with a 5-fold increased 
risk of sustaining a further vertebral deformity; the risk of hip fracture 
was increased 2.8-fold (95% CI, 2.3-3.4) and the risk of any non-ver-
tebral fracture was 1.9-fold (95% CI, 1.7-2.1) after adjustment for age 
and calcaneal BMD. Although there was a small increased risk of wrist 
fracture,  this was not  significant after adjustment  for age and BMD. 
In the United Kingdom a study has recently shown that 25% of patients 
with a new low-trauma non-vertebral fracture had evidence of a previ-
ous vertebral fracture.39 The greatest risk of subsequent fracture appears 
to be soon after a fracture, particularly in the first year, with an inci-
dence  of  a  new  vertebral  fracture  at  19.2%.40  This  increased  risk  of 
virtually all clinical fractures may persist for up to 10 years.41

There is some evidence to suggest that individuals aged 50 years or 
older  who  sustain  a  rib  fracture  (as  recalled  from  memory)  have  an 
increased risk of future limb fracture. The predictive risk was particu-
larly marked for subsequent hip (relative hazard [RH] of 7.7; 95% CI, 
2.5-25.9) and humerus fracture (RH = 4.5; 95% CI, 1.4-14.6).42

Economic cost
A conservative  estimate  of  the worldwide  direct  and  indirect  annual 
costs of hip fracture for the year 1990 was $34.8 billion. This is set to 
rise to 131.5 billion in U.S. dollars by 2050 (at a cost of $21,000 per 
patient).43  The  costs  associated  with  other  fractures  are  less  well 
defined. In the United States, the cost of osteoporotic fracture for 2005 
was  estimated  at  $19  billion44  and  at  $30  billion  in  the  European 
Union.  In  the  United  Kingdom,  the  annual  cost  to  the  health  care 
system from osteoporotic fracture has been estimated at £1.7 billion. 
Hip fractures account for over a third of the total figure. Expenditures 
are rising faster than the general rate of inflation and are a major source 
of concern to governmental leaders. Much research is currently focus-
ing on  the  cost-effectiveness of  treatment programs  for osteoporosis. 
At  present  this  still  remains  difficult  to  assess,  and  in  addition  the 
widespread  use  of  expensive  drugs  may  not  be  affordable  in  many 
countries. The cost of various fractures is illustrated in Table 193.5.

FUTURE PROJECTIONS
Osteoporotic  fractures  represent  a  significant  public  health  burden, 
which will rise in future generations owing to an aging population. Life 
expectancy is increasing around the globe, and the number of elderly 

radiographs come to medical attention, and less than 10% necessitate 
admission to hospital.28 Data from the United States (Rochester, Min-
nesota) suggest that the prevalence of any vertebral deformity is 25.3% 
per 100 women aged 50 years and younger, whereas the incidence of 
a  new  deformity  in  this  group  was  estimated  at  17.8  per  thousand 
person-years.29  By  contrast,  in  the  European  Vertebral  Osteoporosis 
Study, one in eight women and men aged 50 years and older had evi-
dence  of  vertebral  deformity.30  Prevalence  of  vertebral  deformity 
increased  steadily with age  in both  sexes,  although  the  gradient was 
steeper  for  women.  There  is  a  threefold  variation  in  occurrence  of 
deformity across Europe and up to a twofold variation in centers within 
individual countries, perhaps reflecting a combination of environmen-
tal and genetic factors. The risk of vertebral deformity among men was 
significantly elevated in those with high levels of physical activity, sug-
gesting  the  importance of  trauma  (possibly occupational)  as a  cause. 
By contrast, women with higher levels of customary physical activity 
may have a reduced risk of deformity.31

The prevalence of vertebral fractures varies less across regions than 
for  hip  fractures.  For  example,  the  risk  of  vertebral  fractures  among 
postmenopausal women in Beijing is only 25% lower than that among 
women in the United States, despite much lower hip fracture rates in 
the  former.32  Recent  data  from  the  EPIDOS  study  have  yielded  esti-
mates of prevalence of vertebral  fractures: 19% of women aged 75 to 
79 years, 21.9% of women aged 80  to 84 years,  and 41.4% of  those 
aged 85 years and older would be expected to sustain a vertebral frac-
ture. These observations are broadly  in keeping with estimates  from 
other populations.33

Wrist fracture
Distal forearm fracture almost always results as a consequence of a fall 
from standing height onto an outstretched hand. These fractures show 
a  steep  rise  in  incidence  during  the  perimenopausal  period  among 
women but tend to plateau thereafter. In men, the incidence remains 
constant between 20 and 80 years. A much stronger  sex  ratio exists 
for this fracture than for most others, and this has been estimated to 
be  4 : 1  in  favor  of  women.  Recent  data  from  Dorset  in  the  United 
Kingdom showed  that, among women,  the  incidence of distal  radius 
fracture rose  from a premenopausal baseline of 10 per 10,000 of  the 
population per year to a peak of 120 per 10,000 of the population per 
year  over  85  years.34  Although  geographic  variation  exists,  a  partial 
explanation  may  be  methodologic  considerations  of  case  ascertain-
ment, because  less  than 20% of patients with a  forearm  fracture are 
hospitalized.  A  winter  peak  is  again  demonstrated,  but,  unlike  hip 
fractures,  this  probably  is  due  to  falls  outside  on  icy  surfaces.  The 
plateau with age in women may be due to mode of falls because later 
in life a woman is more likely to fall onto a hip than an outstretched 
hand owing to a deterioration in neuromuscular coordination.

Other fractures
The  incidence  rates of proximal humeral, pelvic, and proximal  tibial 
fractures also rise steeply with age and are greater in women than men. 
There is some direct evidence that these fractures are associated with 
low BMD.35 Three fourths of all proximal humeral fractures are due to 
low-to-moderate trauma, typically a fall from standing height or less, 
and  tend  to  be  more  common  in  women  with  poor  neuromuscular 
function.

Clustering of fractures
There is evidence from several epidemiologic studies that patients with 
different types of fragility fractures are at an increased risk of develop-
ing  further osteoporotic  fractures, both at the same site and at other 
sites. In general, the presence of previous vertebral deformities has been 
shown to increase the risk of subsequent vertebral deformities by 7- to 
10-fold.36  This  is  comparable  to  the  increase  in  risk  of  second  hip 
fracture observed among those who have already sustained their first 
hip  fracture.  In  Rochester,  Minnesota,  residents  aged  70  years  or 
younger  with  radiologically  diagnosed  vertebral  deformities  were 
observed  to  assess  the  development  of  subsequent  limb  fractures.37 
Among  residents  who  experienced  their  first  distal  forearm  fracture 

TABLE 193.5 COSTS ASSOCIATED WITH OSTEOPOROTIC FRACTURE

Site Cost (US $)

Hip (first year) 21,000

Vertebral deformity 500

Clinical vertebral fracture 1,200-3,600

Data from Johnell O, Kanis J: Epidemiology of osteoporotic fractures. Osteoporos Int 
2005;16:S3-S7.
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regarding which skeletal sites to study, the lack of generalization to the 
non-white population, and the fact that it evaluates BMD as the only 
risk factor for fracture.

Given the  increasing evidence now suggesting that T-scores alone 
are insufficient predictors of fracture risk, the WHO convened a scien-
tific group to develop more accurate ways to assess fracture risk. The 
use of  clinical  risk  factors  together with age and BMD  increases  the 
sensitivity  of  fracture  prediction  still  further  without  a  sacrifice  in 
specificity. From this, multivariate models have been created that allow 
the 10-year probability of hip and other fractures to be predicted. For 
example, a woman aged 60 with an average BMD (T-score = −1.4) has 
a 10-year probability of hip fracture at 2.4%. The risk doubles to 4.8% 
if a previous fragility fracture is included.

An example of such a model is the FRAX model49 recently developed 
in  the  United  Kingdom  by  the  WHO.  Clinicians  can  input  easily 
obtained clinical data to estimate 10-year probability of hip and major 
osteoporotic fracture (which include forearm, hip, spine, and humerus) 
for men and women aged between 40 and 90 years. The estimate can 
be used alone or with BMD to enhance  fracture risk prediction. The 
10-year probability of fracture was preferred to life-time risk for several 
reasons, namely, treatments are not given for a life time, the 10-year 
interval  accommodates  clinical  trial  experience of  interventions,  and 
the long-term prognostic value of some risk factors may decrease with 
time. Using cost-effectiveness analysis, intervention thresholds for use 
in  clinical  practice  within  the  United  Kingdom  concerning  when  to 
commence treatment (or perform BMD testing, if this has not yet been 
performed) have also recently been added to the model. These thresh-
olds  are  in  accordance  with  recent  National  Osteoporosis  Guideline 
Group (NOGG) guidance. This model has now been calibrated to the 
epidemiology  of  11  other  countries  (including  four  different  races 
within the United States), allowing risk to be calculated in other popu-
lations outside the United Kingdom. It is important to note that any 
intervention thresholds developed in one country may not be applicable 
to other countries. Intervention thresholds have been developed in the 
United  States  by  the  National  Osteoporosis  Foundation  and  suggest 
that persons with a 10-year risk of major osteoporotic fracture of 20% 
or above or of hip fracture of 3% or above should receive pharmacologic 
treatment to reduce this risk.

CONCLUSION
Osteoporosis is a disease that has a huge effect on public health owing 
to its association with fracture. The impact of osteoporotic fracture is 
far reaching, not only for the individual but also for the health service, 
economy,  and  population  as  a  whole.  Osteoporotic  fractures  are 
expected to rise in subsequent generations owing to an increase in life 
expectancy  and  a  higher  proportion  of  elderly  individuals  in  most 
countries. Recently, several of the risk factors for this disease have been 
elucidated and models have been developed to allow a more accurate 
assessment of fracture risk in patients so as to implement preventative 
and therapeutic measures appropriately.

individuals is rising within every geographic region. The world popula-
tion is expected to rise from the current 323 million individuals aged 
65  years  or  over  to  more  than  1.5  billion  by  the  year  2050.  These 
demographic changes alone can be expected to increase the number of 
hip fractures occurring worldwide. The incidence is estimated to rise 
from 1.66 million in 1990 to 6.26 million in 2050.45 On the basis of 
current  trends,  assuming a  constant age-specific  rate of  fracture, hip 
fracture  rates would  be  expected  to  increase  in  the United Kingdom 
from  46,000  in  1985  to  117,000  in  2016.  Likewise,  in  the  United 
States, as the population older than age 65 increases from 32 million 
in 1990 to 69 million in 2050, the number of hip fractures is expected 
to triple.20 In the United States in 2005, the total number of estimated 
incident fractures was more than 2 million, with 72% of the costs being 
accounted for by hip fracture alone. By 2005, annual fractures and costs 
were predicted to rise by almost 50%, with the most rapid growth in 
the 65- to 74-year age group rising by 87% and that in Hispanic and 
other non-white subpopulations increasing by 175%.44

Although half of all hip fractures among elderly people in 1990 took 
place in Europe and North America, by 2050 the increasingly elderly 
population in Latin America and Asia could lead to a shift in the geo-
graphic distribution of hip  fractures, with only a  fourth occurring  in 
Europe and North America.45

Although  the  increasing  elderly  population  will  have  a  dramatic 
effect  on  fracture  incidence,  it  is  also  important  to  consider  secular 
trends  adjusted  for  the  aging  population  when  predicting  future  hip 
fracture incidence. From the 1930s until the mid 1980s, age- and sex-
specific hip  fracture  incidence  rates  rose  across  the United Kingdom 
and Scandinavia. In the United States, data from Rochester showed a 
similar trend in age-adjusted rates for men whereas in women the rate 
increased until the 1960s and then plateaued until the 1980s.46 Since 
then  the age-adjusted  incidence  rate of hip  fracture has  fallen across 
most of Northern Europe and North America, possibly reflecting the 
implementation of osteoporosis screening and treatment programs. In 
the  United  Kingdom  the  rate  has  fallen  by  0.5%  between  the  years 
1992 and 199847; and in the United States the rate has fallen by 1.4% 
over the years 1980 to 2006.48 The rate in southern Europe and parts 
of  Asia  continues  to  rise,  however,  with  observed  age-adjusted  hip 
fracture incidence rate increases of 3% and 3.8% in Spain and Japan, 
respectively. These discrepancies in secular trends by race, gender, and 
age might help identify novel public health measures.

Assessment of fracture risk
Since 1994, osteoporosis has been defined in terms of BMD. Generally, 
the clinical development of pharmacologic agents has focused on the 
selection of patients on the basis of low BMD with or without prevalent 
vertebral deformities for inclusion into trials of efficacy. Thus, guidance 
on  whom  to  treat  has  emphasized  the  assessment  of  BMD.  Using 
T-scores  has  many  benefits  because  it  is  simple  and  widely  used,  is 
strongly  correlated with  fracture  risk,  and  can detect  some high-risk 
patients.2  However,  shortcomings  include  lack  of  standardization 
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CLINICAL PRESENTATION OF FRACTURES
Fractures are the expression of failure of bone to resist fracturing, but 
the clinical presentation differs between fractures.1

Non-spine fractures
Almost all non-spine fractures are the result of trauma and are easy to 
diagnose clinically. Fractures of long bones commonly result in acute 
pain with one or more clinical signs of fracture (swelling, hematoma, 
deformation,  local  crepitations,  localized  pain  on  pressure)  and  are 
easily confirmed radiographically.

Vertebral fractures
In contrast to non-spine fractures, the clinical presentation of vertebral 
fractures is variable. Radiographically evident vertebral fractures are the 
most common fractures in women and men,1 but most morphometric 
vertebral fractures do not present as the acute signs and symptoms of 
a  fracture,  are  not  the  result  of  an  overt  trauma,  and  are  therefore 
clinically  underdiagnosed.  Of  radiographically  evident  vertebral  frac-
tures only about one third are diagnosed clinically.2,3 The reasons for 
the low rate of diagnosis are not fully understood but may be related 
to the variable degree of preceding trauma,4,5 the variable degree of pain 
intensity  and  duration,6,7  and  the  frequency  of  other  causes  of  back 
pain  in  the  population.2  However,  diagnosing  vertebral  fractures  is 
clinically relevant because vertebral fractures, whether clinical apparent 
or silent, are associated with increased morbidity,8-11 increased mortal-
ity,12-14  and  increased  risk  of  subsequent  vertebral  and  non-vertebral 
fractures.15-19 When an acute vertebral fracture is suspected, radiogra-
phy can confirm its presence, but many radiographic vertebral fractures 
are not diagnosed, even when good-quality radiographs of the spine are 
available.20,21 One  reason  for  this  is  that  interpreting  radiographs  for 
the presence of vertebral fractures needs expertise with a combination 
of  visual  inspection  for  differential  diagnosis  (the  so-called  semi- 
quantitative approach), eventually followed by quantification of verte-
bral  heights  to  determine  the  number  and  severity  of  vertebral 
fractures.21

In patients with severe osteoporosis, vertebral fractures often occur 
after minimal trauma and thus may present as apparently unexplained 
new  back  pain.  Even  in  patients  with  clinically  diagnosed  vertebral 
fractures,  only  14%  followed  severe  trauma  whereas  83%  followed 
moderate  or  no  trauma  (the  remaining  3%  were  pathologic).3  The 
trauma may be of minor significance, with vertebral fracture occurring 
after an accident at home (e.g., a fall or stumble) in 13% of cases, after 
lifting a heavy load in 24% of cases, and without any evident reason 
in 44% of cases.22 The speed of pain onset may be a useful marker of 
fracture: pain onset was sudden in 73% of women with vertebral frac-
ture, compared with 21% in women with chronic low back pain without 
fractures.22 A total of 19% of women reported a more gradual beginning 
of  complaints.22  Severe  back  pain  (71%)  and  height  reduction  (10%) 
were  the most  common events  that  triggered  further  investigation.22 
As  a  consequence,  even  in  those  with  a  clinically  apparent  fracture, 
diagnosis is often delayed. The pain can be sufficiently severe to cause 
breathlessness,  pallor,  nausea,  and  vomiting  and  is  exacerbated  by 
coughing or  sneezing. The pain often  radiates  laterally  following  the 
dermatomal distribution and  is often accompanied by spasms of  the 
paraspinal muscles.

On clinical examination, tenderness can be elicited over the affected 
vertebrae and paraspinal muscles and mobility of the spine is restricted 
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of osteoporosis
Piet Geusens

 The clinical presentation of fractures, which are the expression of 
failure of bone to resist breaking, differs between fracture locations. 
Almost all non-spine fractures occur in the context of trauma and 
are clinically easy to diagnose. In contrast, most morphometric 
vertebral fractures do not present as the acute signs and symptoms 
of a fracture, are not the result of an overt trauma, and are 
underdiagnosed.

 The multitude of clinical risk factors for the presence of low bone 
mineral density (BMD) and for fractures reflects the multifactorial 
origin of fractures, which are related to failure of the quality of 
bone, including osteoporosis and BMD-independent components 
of bone quality, and to the frequency, severity, and impact of 
trauma.

 Clinical risk factors can be integrated in case-finding strategies to 
predict the presence of low BMD, to calculate the individual’s 
10-year risk of a first or subsequent fracture (with and without 
results of bone densitometry), to identify contributors to secondary 
osteoporosis, and to help in treatment decisions.

 The clinical outcome of fractures includes increased morbidity, 
increased risk for subsequent fracture, and increased mortality, all 
of which are highest within the first years after a fracture. Patients 
presenting with a fracture therefore deserve immediate attention 
to timely minimize these complications.

INTRODUCTION
Fractures are the expression of failure of bone to resist breaking when 
loaded and are the result of bone- and fall-related risk factors. They are 
related  to  an  increased morbidity,  increased mortality,  and  increased 
risk of subsequent fractures, resulting in a vicious cycle of new fractures 
and increasing morbidity (Fig. 194.1 and Table 194.1).

Recognizing  the  clinical  features  of  osteoporosis  and  its  resulting 
fractures  in  terms  of  clinical  presentation,  clinical  risk  factors,  and 
clinical  outcome  contributes  to  case  finding,  diagnosis,  differential 
diagnosis, and treatment decisions in patients at high risk for first or 
subsequent fractures.

First, fractures are the expression of failure of bone to resist fractur-
ing, but the clinical presentation differs between fractures. In contrast 
to  non-spine  fractures,  vertebral  and  stress  fractures  often  lack  the 
signs and symptoms of an acute fracture. They are, therefore, under-
diagnosed and their clinical significance can be underestimated because 
of their subclinical presentation.

Second, fractures are related to the many qualities of bone, including 
osteoporosis and bone mineral density (BMD)-independent factors, and 
to  the  frequency,  severity,  and  impact  of  trauma  (Fig.  194.2).  The 
multitude of clinical risk factors for osteoporosis and fractures reflects 
their multifactorial etiology and has allowed the development of clini-
cal  algorithms  to  identify  subjects  at  highest  risk  for  low  BMD  and 
fractures,  which  can  help  the  clinician  in  diagnosis  and  treatment 
decisions.

Third, the clinical outcome of fractures consists of short- and long-
term increased morbidity, mortality, and risk for subsequent fracture, 
depending on location, number, and severity of fractures and on patient 
characteristics. Patients presenting with a fracture deserve immediate 
attention to timely minimize these complications.
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CLINICAL FEATURES OF OSTEOPOROSIS

Fig. 194.1 Clinical features of osteoporosis include the clinical bone- and 
fall-related predisposition for osteoporosis and fractures (clinical risk factors), 
the clinical signs of fractures, and the clinical consequences of fractures 
(clinical outcome). The clinical consequences of fractures in survivors include 
physical and functional limitations, reduced quality of life, and an increased 
risk for subsequent fractures, resulting in a vicious circle of new fractures and 
increasing morbidity.

TABLE 194.1 CLINICAL CONSEQUENCES OF HIP, VERTEBRAL, 
AND WRIST FRACTURES

Hip

Vertebrae

WristClinical Radiographic

Excess mortality ++ + + −

Increased fracture risk + + + +

Pain

Acute + + + or − +

Chronic − + + or − +

Functional decline

 Short-term +++ + + +

 Long-term ++ + + +

Psychosocial decline ++ + + −

Quality of life +++ ++ + +

+, Yes; −, No.

Falls
Bone

Bone mass
Architecture
Microarchitecture
Macroarchitecture
Secondary mineralization
Bone turnover
Smoking
Calcium intake
   Weight
   Glucocorticoids
   Vitamin D

Age
Gender
Hyperthyroidism
Genetics
Medication
Familial fractures
Previous fracture
Length
General health

Neuromuscular function
Cognitive functions
Vision
Fall mechanisms
Energy absorption
Balance
Gait
Mobility

RISK FACTORS FOR HIP FRACTURE

Fig. 194.2 Selected risk factors for hip fracture.94,108,109

a

b

Fig. 194.3 Dowager’s hump. (a) Marked thoracic kyphosis due to multiple 
osteoporotic fractures in an elderly woman. (b) Corresponding radiograph.

and painful. However, pain is sometimes diffuse and not localized to 
the  fractured  vertebra.  Variable  degrees  of  kyphosis  of  the  thoracic 
spine  can  be  found  in  the  case  of  a  thoracic  vertebral  fracture  (Fig. 
194.3), and flattened (reduced) lumbar lordosis is evident in the case 
of a lumbar vertebral fracture. This acute, severe pain episode usually 
gradually  subsides  within  2  to  6  weeks  but  can  persist  longer  after 
severe fractures.

Other clinical features of vertebral fractures have been documented 
that  enable  clinical  suspicion  of  the  presence  of  vertebral  fractures. 
These  include  chronic  back  pain,  hyperkyphosis,  loss  of  standing 
height, reduced iliac crest-rib distance, loss of spinal mobility, decreased 
general health, impaired functioning, psychosocial repercussions, and 
decreased quality of life (QoL).

Stress fractures
Stress fractures can also be difficult to diagnose, and local clinical signs 
can  be  confounded  by  arthritis  or  tendinitis.23  Stress  fractures  (also 
called fatigue fractures) are a particular presentation of fractures related 
to fatigue damage of bone (Fig. 194.4).23 There are two types of stress 
fracture. Insufficiency fractures occur in diseased bone that is involved 
in  routine  activity.  There  are  several  reports  of  these  fractures  in 
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osteoporosis has therefore been extended by the National Institutes of 
Health  to  a  bone  disease  characterized  by  decreased  bone  strength 
resulting  in an  increased  risk of  fracture,  thus  recognizing  the many 
other aspects of bone than low BMD that are involved in fracture risk 
and referred to as bone quality.33 Bone quality is, however, mostly used 
as an umbrella term for the many characteristics of bone that contrib-
ute to bone’s resistance to fracture, including its structural and mate-
rial  components  and  bone  turnover,  some  of  which  are  clinically 
measurable (e.g., BMD, cortical bone size, vertebral deformities, bone 
markers) but many are not (e.g., material properties).34

In  addition—and  independent  of  bone-related  risks—extraskeletal 
risk factors such as fall risks contribute to fracture risk, especially for 
hip and other non-spine fractures,35 and are present in the majority of 
patients older than 50 years presenting with a clinical fracture.36

Before the first fracture occurs, bone loss is asymptomatic; this fact 
has  led  to  the  description  of  osteoporosis  as  a  “silent  thief.”37  This 
asymptomatic nature of bone loss also could suggest that osteoporosis 
cannot  be detected  clinically  before  the first  fragility  fracture  occurs, 
unless bone density is measured. Clinical signs and symptoms, together 
with anthropometric characteristics of the patient, have limited value 
in estimating women’s actual bone density, but clinical risk factors are 
now considered essential for case finding and treatment decisions.24-29,38 
The  clinical  question,  then,  is  how  to  identify  patients  at  risk  for 
osteoporosis and for a first or subsequent fracture, to select the right 
patients  for  bone  densitometry,  diagnosis,  and  differential  diagnosis 
and treatment decisions.28,29

Questionnaires for identifying subjects with low BMD
Several  questionnaires  focusing  on  the  clinical  recognition  of  risk 
factors for osteoporosis have been studied. The purpose of these indices 
is  not  to  diagnose  osteoporosis  or  low  BMD  but  rather  to  identify 
women who are more likely to have low BMD and hence are suitable 
for BMD screening for a definitive assessment. The simplest question-
naire is the Osteoporosis Self-assessment Tool (OST), which is based 
on  age  and  weight.39  Other  indices,  such  as  the  Simple  Calculated 
Osteoporosis  Risk  Estimation  (SCORE),40  the  Osteoporosis  Risk 
Assessment  Index  (ORAI),41  and SOFSURF  (derived using data  from 
the Study of Osteoporotic Fractures [SOF])42 involve one to four other 
risk factors in addition to age and weight. They are based on a combi-
nation of risk factors selected on the basis of the available evidence of 
their relationship to osteoporosis and fracture risk. The clinical appli-
cation of OST in consecutive postmenopausal women consulting their 
general practitioner resulted in tripling of referral for DXA,43,44 but the 
clinical value of OST in daily practice is still a matter of debate because 
of lack of specificity and sensitivity.45

FRAX algorithm for case finding and therapeutic decisions
Large-scale prospective population studies have enabled the identifica-
tion  of  clinical  risk  factors  for  fractures  that  are  independent  of  low 
BMD  and  to  quantify  their  relative  risks  (RR)  for  predicting  frac-
tures.15,38,46 Thus, many aspects of osteoporosis and  fracture  risk are 
easily  clinical  recognizable,  even  before  a  first  fracture  has  occurred. 
However, RRs  are  difficult  to  apply  in  daily  clinical  practice  because 
their clinical significance depends on the prevalence of fractures in the 
general population. From this observation and for the purpose of clini-
cal application, the concept of the absolute risk (AR) of fractures has 
emerged and refers to the individual’s risk for fractures over a certain 
time period, such as over the next 10 years.46,47

During the past decade, the development of the FRAX algorithm as 
a clinical tool for selecting subjects for BMD measurement, for calcula-
tion  of  the  absolute  fracture  risk  in  the  individual  patient  (with  or 
without BMD), and to make adequate treatment decisions is a major 
achievement in the field of case finding (Fig. 194.5).46-48 The FRAX tool 
is  based  on  large-scale  prospective  population-based  studies  and 
includes age, sex, body weight and body mass index, a history of frac-
ture, hip fracture in parents, current smoking, excessive alcohol intake, 
rheumatoid arthritis (RA), glucocorticoid use, and other forms of sec-
ondary osteoporosis (Box 194.1).48 The WHO has developed this FRAX 
tool,  especially  for  primary  care  physicians,  for  calculating  the  indi-
vidual’s 10-year  risk of hip and major osteoporotic  fractures  (defined 
as clinical spine, forearm, hip, or shoulder fracture) in daily practice in 
women  and  men,  based  on  the  just-mentioned  clinical  risk  factors, 

rheumatoid  arthritis,  some  of  which  are  associated  with  the  use  of 
methotrexate.23 Fatigue fractures occur in normal healthy bone repeat-
edly subjected to high-level stress. Fatigue fractures typically occur after 
repetitive strain, such as walking, jogging, and jumping, especially in 
young  healthy  persons  involved  in  new  activities  (e.g.,  military 
recruits).23  Clinical  recognition  of  stress  fractures  is  often  difficult, 
because they can occur in skeletal sites that are unexpected for classic 
osteoporosis.  They  often  are  difficult  to  diagnose  clinically  and  not 
readily  recognizable on plain radiographs. Other  imaging  techniques, 
such as nuclear bone scintigraphy, computed tomography, or magnetic 
resonance imaging, may be needed to identify stress fractures.

CLINICAL RISK FACTORS FOR OSTEOPOROSIS 
AND FRACTURES
Osteoporosis, falls, and fractures
Osteoporosis  increases  the  risk  of  fractures,  just  as  hypertension 
increases the risk of stroke. The estimated lifetime risk of fracture is 
50% in 50-year-old white women and 13% in 50-year-old white men.1 
Patients can benefit from early case finding and diagnosis of osteopo-
rosis, because effective  therapies are available  for  the prevention and 
treatment  of  osteoporosis  and  associated  fragility  fractures.24-26  For 
example, the risk of additional fractures can be reduced in patients with 
a prevalent vertebral or hip fracture, in patients with low bone density, 
and in patients with a high fracture risk based on the presence of clini-
cal bone-related risk factors, even without including BMD.

The measurement of BMD with dual x-ray absorptiometry  (DXA) 
is the gold standard for the diagnosis of osteoporosis.1,27 Although there 
is no justification for screening the whole population using densitom-
etry,28,29  it  is  still  one of  the hallmarks  in  guidelines on case finding 
and treatment decisions.28,29

The  term  osteoporosis  originally  refers  to  “porosity  of  bone”  and 
first appeared in German and French dictionaries in the early 1830s, 
based  on  the  observation  by  the  Alsatian  pathologist  Lobstein  that 
certain patients had cavities in their bones, one of the characteristics 
of bone that contributes to its failure to resist fracturing.30 The defini-
tion  of  osteoporosis  was  specified  in  1994  by  a  working  group  of  
the  World  Health  Organization  (WHO)  as  a  metabolic  bone  disease 
characterized  by  a  decreased  bone  mass  and  a  deterioration  of  bone 
microarchitecture  resulting  in an  increased  risk of  fracture.31 For  the 
purpose  of  determining  the  prevalence  of  disease,  the  WHO  defined 
osteoporosis as generalized bone mineral density (BMD) 2.5 standard 
deviations or more below the mean peak BMD in young healthy adults 
and  severe  osteoporosis  as  the presence of  low BMD and a  fracture. 
The  microarchitectural  aspect  of  the  WHO  definition  was,  however, 
not measurable until a bone biopsy was performed with cumbersome 
histomorphometric analysis, which is not a common approach in daily 
clinical  practice.  In  addition,  most  patients  with  a  fracture  do  not  
have osteoporosis based on measurement of BMD.32 The definition of 

Fig. 194.4 Stress fractures of the distal tibia in a patient with rheumatoid 
arthritis during methotrexate therapy.



SE
C

TI
O

N
 1

6 
●

 M
ET

A
BO

LI
C 

BO
N

E 
D

IS
EA

SE

1948

the NOS,  together with  the National Osteoporosis Guideline Group 
(NOGG)  and  the  Royal  College  of  Physicians  (RCP),  determined  
treatment  thresholds  at  which  fracture  prevention  became  cost- 
effective29,47:

1.  Postmenopausal women with a history of fractures.  The  NOS 
advocates drug treatment in all postmenopausal women with a 
history of any fragility fracture (defined as distal radius, proximal 
humerus,  spine  [including  morphometric  vertebral  fracture], 
pelvis, tibia, and ankle).49 The NOF advocates drug treatment in 
postmenopausal women with a vertebral or hip fracture; but after 
a non-vertebral/non-hip fracture, NOF suggests measuring BMD 
and  starting  drug  treatment  in  patients  having  either  a  BMD 
T-score of −2.5 or greater or a 10-year absolute fracture risk of 
20% or above for major osteoporotic fractures or 3% or above for 
hip  fractures  based  on  the  FRAX  calculator.28  Thus,  in  post-
menopausal women with a history of  fracture, both guidelines 
consider a fracture history as a starting point for case finding and 
treatment decisions and the NOF guidelines use the FRAX algo-
rithm for making treatment decisions.28,29

2.  Postmenopausal women without a fracture history.  The  NOS 
advocates  applying  the  FRAX  tool  (without  BMD)  in  all  post-
menopausal  women.29  Women  at  high  risk  according  to  the 
FRAX algorithm without BMD are  then  considered  candidates 
for drug treatment. Women with an intermediate risk according 
to the FRAX tool without BMD are advised to have a DXA mea-
surement;  and  when  the  FRAX  algorithm  with  BMD  shows  a 
result  that  is  above  the  intervention  threshold  according  to 
NOGG, drug treatment should be considered. The NOF advo-
cates DXA in all women older than 65 years and in postmeno-
pausal women younger than 65 years in whom there is concern 
about  their  fracture  risk  based  on  the  presence  of  clinical  risk 
factors.28 Treatment is then advocated in patients with osteopo-
rosis,  in  patients  with  low  BMD  when  the  FRAX  assessment 
indicates  a  10-year  risk  of  more  than  3%  for  hip  fractures  or  
more  than  20%  for  major  osteoporotic  fractures,  and  in  other 
patients  considered  at  high  risk  (on  glucocorticoids,  total 
immobilization).

These updated guidelines  indicate  that  the FRAX algorithm  is an 
emerging  tool  in  the  clinical  decisions  about  case  finding,  selecting 
patients for DXA, and treatment decisions in postmenopausal women 
without a  fracture history. Patients with certain  types of  fracture are 
considered at high enough risk to make treatment decisions without 
additional need for using the FRAX tool. It is expected that the FRAX 
algorithm  will  also  be  helpful  in  reimbursement  issues  in  some 
countries.

with  and  without  results  of  BMD  measurement  (in  the  femoral  
neck).

The FRAX algorithm has meanwhile been included in guidelines as 
a tool for case finding for identifying postmenopausal women at high 
risk for fractures and for treatment decisions. The National Osteopo-
rosis Foundation (NOF,  in the United States) and National Osteopo-
rosis Society (NOS, in the United Kingdom) have recently updated their 
guidelines  on  postmenopausal  osteoporosis  in  this  context  (Fig. 
194.6).28,29 They integrate the FRAX tool and BMD for case finding of 
individuals at high risk for fracture and for treatment decisions.

In  randomized  clinical  trials  on  fracture  prevention  with  drugs, 
patients  were  selected  on  the  basis  of  low  BMD  and/or  a  prevalent 
vertebral  fracture.49 Therefore, most earlier guidelines  restricted drug 
treatment to subjects with these characteristics.49 The NOF and NOS 
guidelines make a  clear distinction between postmenopausal women 
with and without a  fracture history. This  is  a major  step  forward  in 
the  clinical  applicability  in  the  context  of  post-fracture  treatment  in 
patients presenting with a fracture. Based on the fracture risk profile, 
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Fig. 194.5 The clinical use of the FRAX algorithm. (a) After the assessment of fracture risk using clinical risks factors of 
the FRAX in the absence of BMD, the patient may be classified to be at low, intermediate, or high risk. (b) After the 
recalculation of fracture probability with the additional input of femoral neck BMD, the individual’s risk may lie above 
or below the intervention thresholds for major osteoporotic fracture and/or hip fracture. (Data from World Health 
Organization. WHO Risk Fracture Assessment Tool. Available at http://www.shef.ac.uk/FRAX.)

BOX 194.1 CLINICAL RISK FACTORS INCLUDED IN THE FRAX CASE 
FINDING ALGORITHM
 Age (50 to 90 years)
 Sex
 Weight (in kg) and height (in cm). BMI is automatically computed from 

height and weight.
 A prior fragility fracture (yes/no)
 Parental history of hip fracture (yes/no)
 Current tobacco smoking (yes/no)
 Ever long-term use of oral glucocorticoids (yes/no)
 Rheumatoid arthritis (yes/no)
 Daily alcohol consumption of 3 or more units daily (yes/no)
 Other causes of secondary osteoporosis (yes/no)

– Untreated hypogonadism in men and women (e.g., bilateral 
oophorectomy or orchidectomy, anorexia nervosa, chemotherapy for 
breast cancer, hypopituitarism)

– Inflammatory bowel disease (e.g., Crohn’s disease and ulcerative colitis)
– Prolonged immobility (e.g., spinal cord injury, Parkinson’s disease, stroke, 

muscular dystrophy, ankylosing spondylitis)
– Organ transplantation
– Type I diabetes
– Thyroid disorders (e.g., untreated or overtreated hypothyroidism)

From World Health Organization. WHO Risk Fracture Assessment Tool. Available at http://
www.shef.ac.uk/FRAX

http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX
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factors  that are not considered  in FRAX. An example of case finding 
for fractures that takes into account the dose of glucocorticoids and fall 
risk has been proposed in patients treated with glucocorticoids.56 Based 
on a large population of glucocorticoid users, including 7412 patients 
with  fractures,  individual  risk  factors  for  osteoporotic  fractures  were 
identified and combined in a predictive model for 5- and 10-year abso-
lute fracture risk. Clinical risk factors included dosing of glucocorticoid 
therapy,  age,  gender,  fall  history,  fracture  history,  body  mass  index, 
smoking,  previous  diagnoses  of  diseases,  use  of  medication,  recent 
hospitalization, and indication for glucocorticoid treatment. However, 
this  algorithm  did  not  include  BMD,  which  was  not  available  for 
analysis.

Secondary osteoporosis
Randomized  controlled  trials  on  fracture  prevention  in  postmeno-
pausal women excluded patients with secondary osteoporosis, except 
in studies in glucocorticoid users. However, patients with osteoporosis 
and/or  presenting  with  a  clinical  fracture  often  have  contributors  to 
secondary osteoporosis.

The FRAX tool includes a long list of causes of secondary osteopo-
rosis  that  contribute  to  fracture  risk  independently  of  other  clinical 
risks and BMD (see Box 194.1).46-48 Differential diagnosis in the context 
of case finding therefore includes a thorough medical history and clini-
cal examination. Based on the FRAX assessment, laboratory investiga-
tions  that  contribute  to  case  finding  include  thyroid-stimulating 
hormone in patients receiving thyroid hormone replacement therapy, 

Limitations of FRAX assessment
In spite of the clinical attraction and strong scientific background, the 
FRAX algorithm suffers  from several  clinical  limitations.  It does not 
take into account the “dose effect” of some risk factors, such as gluco-
corticoid use (dose and duration)50 or characteristics of previous frac-
tures  (location, number, and severity).51  It also does not consider the 
fluctuation over time of subsequent fracture risk, the so-called cluster-
ing of fractures.15-19,52-55

Fall-related  risks were  explicitly  excluded  from  the FRAX calcula-
tions but are recognized as risk factors for fractures independently of 
bone-related  risks,  especially  for  non-vertebral  fractures  such  as  hip 
fractures.  In  an  integrated bone-  and  fall-related  risk  evaluation  tool 
for estimation of the 5- and 10-year AR for fractures in patients using 
glucocorticoids, a history of falls had a greater impact on fracture risk 
than any other evaluated risk and its contribution to fracture risk was 
similar—and  independent—to  using  a  high  dose  of  glucocorticoids 
(prednisone  >  15 mg/day).56  Thus,  using  the  FRAX  assessment  tool, 
fracture risk calculation could be underestimated in patients with fall 
risks. It is unclear whether and to which degree FRAX would overes-
timate fractures in patients without fall risks.

Case finding in patients using glucocorticoids
The use of glucocorticoids increases the risk of osteoporosis and frac-
tures and is included in FRAX as “ever use of long-term glucocorticoid 
use.” The deleterious effects of glucocorticoids on fracture risk depend 
on the dose and duration of treatment and, mainly during treatment, 
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Fig. 194.6 Algorithms for case finding and drug treatment decisions in postmenopausal women with and 
without a history of fractures according to the National Osteoporosis Foundation (NOF, in the United States) and 
the National Osteoporosis Society (NOS, in the United Kingdom).28,29 The involvement of clinical features in the 
process of case finding and treatment decisions are colored orange. (a) In postmenopausal women with a 
fracture history. (b) In postmenopausal women without fracture history. *Fragility fractures: distal radius, 
proximal humerus, spine (including morphometric vertebral fracture), pelvis, tibia and ankle.48 **Specified by the 
National Osteoporosis Guideline Croup (NOGG).
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identify  subjects  at  highest  risk  of  falls  and  fractures,  independent  
of  bone-related  risks.74  However,  although  meta-analyses  indicate 
that  targeted or broad-spectrum  fall  prevention  strategies  can  reduce 
the  risk  of  falls,  no  studies  indicate  that  fall  prevention  decreases  
the  risk  of  fractures.76-78  Fall  prevention  is  therefore  no  substitute 
for  fracture  prevention  by  drugs  that  have  been  shown  to  reduce  
the  risk  of  fractures  in  high-risk  patients.24-29  Indeed,  it  has  been 
shown  that  risedronate  decreased  the  risk  of  hip  fracture  in  elderly 
postmenopausal  women  known  to  have  osteoporosis,  but  no  effect 
could  be  found  in  elderly  postmenopausal  women  with  mainly  fall-
related  clinical  risk  factors  for hip  fracture without proven  low bone 
density in the hip.79

Clinical consequences and outcome of fractures
The  clinical  consequences  of  fractures  are  related  to  the  short-  and 
long-term outcomes and differ according to fracture location (see Table 
194.1) and patient characteristics. Clinical consequences include mor-
bidity (which results in medical, hospital, and institutional care), mor-
tality, and risk for subsequent fractures.

Evaluation of morbidity after fracture: quality of life in osteoporosis
Emphasis on the number of fractures provides an incomplete account-
ing of the clinical consequences of osteoporosis, given the many non-
skeletal  consequences  of  fracture.  As  discussed  earlier,  common 
physical and social outcomes, such as loss of height, kyphosis, chronic 
back  pain,  digestive  problems,  decreased  mobility,  loss  of  indepen-
dence, fear of falling, and depression lead to a chronic decrease in QoL. 
QoL measures can therefore be helpful in clinical studies and are appli-
cable in daily clinical practice.80

QoL  includes  the  functioning  and  performance  of  individuals  in 
their daily lives and their subjective perception of well-being.81 These 
aspects can be assessed by performance measures and questionnaires 
(self-reporting or by interview).

Several disease-targeted measures of QoL in osteoporosis are avail-
able  (Table  194.2).  These  include  the  Osteoporosis  Functional  Dis-
ability Questionnaire (OFDQ),82 the QoL Questionnaire for Osteoporosis 
(OPTOQLQ),40,83  the  Osteoporosis  Assessment  Questionnaire 
(OPAQ),81 and the QoL Questionnaire of the European Foundation for 
Osteoporosis (QUALEFFO).84 The use of QoL measures in osteoporosis 
was reviewed by a working group of the Outcome Measures in Rheu-
matology Clinical Trials  (OMERACT).84-87 Several of these QoL mea-
sures have been shown to have discriminant value (see Table 194.2). 
Studies on minimal clinically  important differences  (MCID) of  these 
measures are in progress.87 Only limited prospective data are available 
on  validated  multidimensional  QoL  measures  in  the  natural  course 
and during therapy of osteoporosis.81,85-87

and testosterone (in men), but the FRAX tool does not give instructions 
on how to exclude other contributors to secondary osteoporosis.

Only  limited  studies  have  been  published  during  the  past  decade 
about  the  prevalence  of  secondary  osteoporosis  in  daily  practice.  In 
patients referred for DXA, contributors to secondary osteoporosis were 
already  documented  in  one  of  three  postmenopausal  women  with 
osteoporosis.57,58  In  addition,  in  the  group  of  otherwise  presumably 
healthy women, previously undiagnosed contributors were found in an 
additional  30%  of  women.57  In  women  and  men  presenting  with  a 
clinical fracture at the emergency department and having osteoporosis, 
42%  had  contributors  to  secondary  osteoporosis,  mainly  vitamin  D 
deficiency.58

Vitamin D deficiency is a worldwide endemic59 but is not included 
in the FRAX algorithm. Vitamin D deficiency was found to be the main 
contributor to secondary osteoporosis in postmenopausal women with 
osteoporosis,57 in women and men presenting with a clinical fracture 
and having osteoporosis,58 and in patients presenting with a hip frac-
ture.60 Recent data indicate that low levels of vitamin D are an inde-
pendent risk for fractures,61 and meta-analyses indicate that correction 
of vitamin D deficiency results in a decreased fall and fracture risk,62,63 
but  the  effects  depend  on  dose  of  vitamin  D  and  the  target 
population.64

Lifelong milk intake is not related to fracture risk,65 but in several 
reviews the necessity of addition of calcium to vitamin D for fracture 
prevention was stressed and a dose of calcium of 1000 to 1200 mg/day 
has been advocated.66 When intake of vitamin D3 is sufficient, the need 
for  calcium  intake  is  considered  to  be  lower.67-69  Indeed,  if  dietary 
calcium  is  a  threshold  nutrient,  as  suggested  by  Heaney,  then  that 
threshold  for optimal  calcium absorption may be at a  lower calcium 
intake when vitamin D nutrition is higher.68

It is generally considered that secondary causes of osteoporosis are 
more common in men than women, with the exception of sex hormone 
deficiency, which is the characteristic after menopause, whereas andro-
pause,  depending  on  its  definition,  is  only  found  in  a  subgroup  of 
elderly men or men with osteoporosis.70 Hypogonadism resulting from 
the treatment of breast and prostate cancer is recognized as an emerg-
ing clinical problem.71 Cancer treatment–induced bone loss with adju-
vant  endocrine  therapy  with  an  aromatase  inhibitor  or  androgen 
deprivation can be considered a risk factor for the development of low 
BMD,  osteoporosis,  and  bone  fracture,  which  can  be  mitigated  by 
appropriate bisphosphonate therapy.71

Other, less common risk factors for osteoporosis and fractures but 
commonly  present  in  patients  with  low  BMD  or  presenting  with  a 
fracture and that are not part of the FRAX assessment include the use 
of  medications  (e.g.,  anticonvulsants,  antidepressants,  proton  pump 
inhibitors), primary hyperparathyroidism, renal insufficiency, gastrec-
tomy,  Cushing’s  syndrome,  and  chronic  pulmonary  and/or  liver 
diseases.72

In patients with osteoporosis and/or presenting with a clinical frac-
ture, it is proposed that differential diagnosis is necessary and should 
include  laboratory  examinations  of  serum  25-hydroxyvitamin  D, 
calcium,  creatinine,  thyroid-stimulating  hormone,  testosterone  (in 
men),  and  24-hour  urine  calcium  and  creatinine  evaluations.57,58 
According to the clinical picture and suspicion, other serum measure-
ments,  such as plasma cortisol, hemoglobin, white  cell  blood  count, 
protein electrophoresis, parathyroid hormone, and serum protein elec-
trophoresis, might be considered.

The role of recognizing the risk for falls
The incidence of falls increases with age, more so in women than in 
men.35,73  A  fracture  is  the  result  of  an  overload  of  the  mechanical 
competence of the skeleton.34 This is best illustrated in studies of risk 
factors for hip fracture.73-75 These studies have shown that some risk 
factors are associated with low bone density, others with trauma, and 
others  with  both.  Furthermore,  it  has  been  demonstrated  that  the 
number  of  clinical  risk  factors  is  associated  with  hip  fracture  risk, 
independent of  and  in addition  to bone density  (Fig. 194.7).74 Of  all 
clinical  fractures  in  women  and  men  presenting  at  the  emergency 
department with a clinical  fracture, 80% of  fractures occurred after a 
fall or lesser trauma.54 Clinical fall risk evaluation is not well standard-
ized46 and not well validated, and extensive testing of fall risk is cum-
bersome  and  time  consuming.54  Fall  risk  evaluation  contributes  to 
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Subsequent fractures cluster in time after a first fracture
A history of non-vertebral fracture is associated with a doubling of the 
risk of a subsequent fracture, and the subsequent fracture risk is even 
quadrupled after a vertebral fracture.15 However, this refracture risk is 
not constant over time and is driven by the high, threefold to fivefold 
increase  in the years  immediately after a first  fracture,  followed by a 
gradual waning off later on (Fig. 194.8).16-19,52-55,94 This has been shown 
for repeat morphometric vertebral fractures, subsequent clinical spine, 
forearm and hip  fractures after hospitalization because of a vertebral 
fracture, repeat low trauma fractures in subjects older than 60 years, 
repeat  clinical  vertebral  and non-vertebral  fractures  from menopause 
onward,  and  repeat  hip  fractures.  As  a  result,  it  has  been  shown  in 
long-term follow-up studies that 40% to 50% of all subsequent fractures 
occur within 3 to 5 years after a first fracture. The clinical implication 
is that patients older than age 50 years presenting with a fracture need 
immediate attention to reduce the risk of a subsequent fracture. It is 
a strong support  for taking immediate care in fracture patients, such 
as the Fracture Liaison Service and other initiatives in the field of post-
fracture  care.95,96  It  also  indicates  that  in  such  patients  treatment 
should be started that has been shown to reduce fracture risk within 
a short term.

Post-fracture mortality
An increased risk of mortality has been found after hip, vertebral, and 
several  non-hip/non-vertebral  fractures.14  As  for  subsequent  fracture 
risk, this increase in mortality is higher immediately after fracture than 

TABLE 194.2 DISEASE-SPECIFIC MEASURES TO EVALUATE QUALITY OF LIFE

Instrument*
No. of 
questions

Time to 
complete (min)

Reliability 
to clinical

Longitudinal 
correlation

OFDQ63 56 25 Yes NA

OPAQ102 71 30 Yes NA

QUALEFFO103 54 20 Yes Yes

OPTOQOL60,62 26 NA Yes NA

OFDQ, Osteoporosis Functional Disability Questionnaire; OPAQ, Osteoporosis Assessment 
Questionnaire; QUALEFFO, QoL Questionnaire of the European Foundation for Osteoporosis; 
OPTOQOL, QoL Questionnaire for Osteoporosis; NA, Not available.
*Disease-targeted questionnaires for clinical evaluation of quality of life in osteoporosis.
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Fig. 194.8 Fractures cluster in time.52,55,149 (a) Repeat clinical fractures after menopause. (b) Repeat hip fractures. (c) Repeat vertebral fractures.

QUALEFFO was shown to be more discriminative than the SF-36 
for pain and social function, indicating that this questionnaire is useful 
in osteoporosis patients with vertebral fracture.84 Postal administration 
of  the QUALEFFO has been shown to be  reliable and comparable  to 
nurse-supported administration.88 QUALEFFO has been shown to be 
a valuable tool in clinical practice89 and is related to the number and 
severity of prevalent vertebral fractures,90 deteriorates in patients with 
incident  fractures,91,92  and  can  ameliorate  with  therapy  such  as 
teriparatide.93
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HOSPITALIZATION FOR HIP FRACTURE
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Fig. 194.9 Hospitalization for hip fracture. Number of bed-days for hip fracture 
or other diseases in women older than age 40 years.106 COLD, chronic 
obstructive lung disease; MI, myocardial infarction.
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Fig. 194.10 Long-term effects of hip fracture. (a) 
Proportion of subjects able to perform each activity 
independently before hip fracture and at 6 months 
after sustaining a hip fracture.110 (b) Activities of 
daily living (ADL) during 1 year.112

later on.  In women and men older  than age 60 years, nearly 90% of 
excess  deaths  related  to  fracture  over  the  18  years  of  observation 
occurred in the first 5 years. Of the 5-year excess mortality, hip, ver-
tebral, and non-hip/non-vertebral fractures were each associated with 
approximately  one  third  of  deaths.  The  major  causes  of  death  were 
related to cardiovascular and respiratory co-morbidity.14

Hip fractures
Hip  fractures  are  the  most  serious  consequence  of  osteoporosis  in 
terms  of  disability,  mortality,  and  use  of  hospital  and  institutional 
care.97 Hip fractures usually occur after a fall to the side,98 but only 1% 
of  falls  among  the  elderly  result  in  a  hip  fracture.  The  frequency  of 
spontaneous  insufficiency hip  fractures  is  low  (0.27%  in  a  survey  in 
nursing homes).99 Clinical  signs of hip  fracture  include severe, acute 
functional restriction, resulting in immobilization and hospitalization. 
Typically, the leg is shortened and in external rotation. Almost all hip 
fractures require urgent surgical intervention for optimal recovery.100

The  immediate  clinical  consequences  of  hip  fracture  can  be  dra-
matic. Many patients are unable to move or summon help after falling 
and  may  be  hypothermic  when  found.  Hospital  complications  are 
common (occurring in more than 30% of patients)101,102 and are often 
related to the surgery and its consequences, including such factors as 
the  implants used  (dislocation, fixation  failure,  infection) or  to anes-
thetic stress.

Patients with hip  fracture are particularly prone  to complications. 
General  complications  (cardiovascular, pulmonary and cerebral prob-
lems, and  infections) and  local  complications  (wound and prosthetic 
problems) also occur in the post-fracture period. These complications 
have been reported to affect more than 30% of patients 4 months after 
hip fracture and more than 10% of patients 1 year after hip fracture.101 
Similar data are available from a 2-year follow-up study.102

Mortality after hip fracture
In-hospital  mortality  ranges  between  1%  and  9%103,104  but  can  be  as 
high  as  55%  in  patients  with  end-stage  dementia  or  pneumonia.105 
Twenty to 25 percent of hip fracture patients die within the first year,106 
and 19% more hip fracture patients than control subjects die within 5 
years.12  After  adjustment  for  many  other  predictors  of  hip  fracture, 
women with a hip fracture are still 2.4 times more likely to die than 
women without fracture.12,16

Hospitalization and institutionalization after hip fracture
The number of hospital bed days for patients with hip fracture is higher 
than  that  for patients with stroke, diabetes, or myocardial  infarction 
in at least one survey (Fig. 194.9).106 The combined costs of hospitaliza-
tion and medical  care during  the 12 months  after  a hip  fracture  are 
approximately  three  times  higher  than  for  patients  without  hip 
fractures.107

The wide variation in practice patterns and availability of services 
makes it difficult to estimate the proportions of patients who are trans-
ferred to nursing homes. The duration of stay in nursing homes after 
hip fracture was 1 month in 24% of patients, 6 months in 10%, and 
more than 1 year in 34%.108

Morbidity after hip fracture
Substantial  short-  and  long-term morbidity has been documented  in 
survivors of a hip fracture, both in terms of suffering and cost. Func-
tional  competence  and physical  functioning markedly diminish after 
hip  fracture.102-104,109-115  After  3  months,  physical  performance  had 
decreased by 51%, vitality by 24%, and social  function by 26% com-
pared with pre-fracture levels.115 After 6 months, only 24% of patients 
had  returned  to  pre-fracture  walking  competence  and  only  43%  had 
returned to pre-fracture basic activities of daily living.109 Little further 
improvement occurred after 1 year.101,112

Of the women who could dress independently before fracture, only 
60% were able to do so after hip fracture; and only two thirds were able 
to resume independent transferring (from bed to chair or standing from 
chair) (Fig. 194.10).110 The proportion of women who could walk across 
a room independently dropped from 75% before the hip fracture to 15% 
6 months after the fracture. Similarly, the proportions of women able 
to  walk  one-half  mile  dropped  from  41%  before  fracture  to  6%  6 
months after fracture whereas the proportion of women able to climb 
stairs dropped from 63% to 8%.110 Only 38% of women reporting inde-
pendence  in  several  activities  of  daily  living  and  basic  mobility 
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than women, on average.97,102,103 Longer hospital stay is associated with 
older age, male sex, and poorer general health.103 Patients living in an 
institution have a higher risk for pressure sores, surgical complications, 
and  pulmonary  and  urinary  infections  than  patients  living  indepen-
dently before the fracture.102 Morbidity after hip fracture is higher after 
an intertrochanteric fracture than after a fracture of the femoral neck, 
but the reason for this is uncertain.103 Although the level of prefracture 
condition  of  the  patient  is  a  major  determinant  for  recovery,  even 
patients  with  good  prefracture  functioning  often  recover  only 
partially.110

Wrist fractures
Wrist  fractures  occur  after  a  fall.  In  women,  the  incidence  of  wrist 
fracture increases from approximately 1/1000 per year below age 45 to 
approximately  7/1000  per  year  at  ages  65  and  older.116  Functional 
outcome after fracture has been studied in case series ranging in dura-
tion from weeks up to a decade.117-120 Persisting hand pain (29-44% of 
patients),  weakness  (36-40%),  and  algodystrophy  are  the  most  com-
monly  reported  consequences.117-120  Mortality  is  not  increased  after 
wrist fracture.12

Impairment of activities of daily living is reported in one population-
based cohort.10 Seven years after a wrist fracture, women with fracture 
were  three  times more  likely  than women without  fracture  to  report 
difficulty in shopping for groceries or clothing.10 They were nine times 
more likely to report difficulty in cooking and two to three times more 
likely to report difficulty in getting in and out a car or descending stairs 
than women who had never fractured their wrist.10 The true frequency 
of reported algodystrophy is unknown, with reports varying from 0.1% 
to 47%. This high variability is due to differences in diagnostic criteria, 
patient  selection,  and  measures.121  Prospective  studies  indicate  that 
several symptoms of algodystrophy still persist after 10 years.21,23

Patients with a wrist fracture have an increased likelihood of having 
osteoporosis  and  approximately  twice  the  risk  for  sustaining  other 
fractures compared with patients without wrist fractures.15 The risk is 
highest within the first months to years and remains thereafter higher 
than in the control population.122 However, only a small proportion of 
women with a wrist  fracture currently  receive osteoporosis  follow-up 
care or treatment.123

measures (including transfer  from bed to chair and toilet, putting on 
socks  and  shoes,  and  indoor  walking)  recovered  independence  in  all 
functions  after  a  hip  fracture.111  Further  limitations  were  found  in 
cooking,  performance  of  housework,  use  of  transportation,  grocery 
shopping, carrying bundles, taking medication, visiting friends, manag-
ing money, and engaging in community activities.29,112

Indirect  evidence  for  morbidity  comes  from  a  prospective  case-
controlled study of survivors of hip fracture.107 The medical and non-
medical  needs  were  significantly  higher  in  fracture  patients  than  in 
age-  and  sex-matched  controls.  These  needs  were  reflected  in  an 
increased number of physician contacts,  increased use of physiother-
apy, more days of new hospitalizations and home care,  and a  longer 
stay in nursing homes (Fig. 194.11).107

Subsequent fracture risk after hip fracture
Patients with a hip fracture have approximately twice the risk for future 
fractures,  including  a  second  hip  fracture,  compared  with  patients 
without a fracture.15,17 In one study, over 10% of patients developed a 
new clinical fracture within 2 years, including a second hip fracture.54 
The risk of repeat hip fractures is especially increased within the first 
year after hip fracture.16,55

Predictors of mortality and morbidity after hip fracture
Many of the predictors of death and long-term physical disability after 
hip  fracture  include  clinical  features  related  to  the  patient’s  health 
before the fracture occurs.

The elderly tend to have co-morbid conditions (other diseases and 
functional limitations); thus, hip fracture is not the sole factor leading 
to mortality and functional decline.101 Indeed, outcome depends largely 
on the prior condition of individuals who suffer the fracture. Mortality 
is higher in patients who are living in an institution102 than in other 
patients.  Most  studies  evaluate  physical  function  or  mortality  sepa-
rately, but it appears that pre-fracture level of function may influence 
both outcomes. In a study adjusting for known risk factors, mortality 
at 6 months after fracture was significantly associated with pre-fracture 
locomotion, a score of health evaluation, and the use of paid help at 
home  before  the  fracture.104  Furthermore,  mortality  and  functional 
recovery differed between hospitals, probably because of differences in 
the type of care provided to patients.104 Men have more complications 

NEEDS FOLLOWING HIP FRACTURE

0 3 6 9 12
0

50

150

100

200

0 3 6 9 12
0

500

1500

1000

2000

0 3 6 9 12
0

100

300

200

400

Hip fracture Controls

Contacts/
100 women

0 3 6 9 12
0

25

75

50

100

0 3 6 9 12
0

250

750

500

1000

0 3 6 9 12

Months

0

250

750

500

1000Days/
100 women

GP contacts Physiotherapy Home care

New hospitalizations Revalidation home Institutions

Fig. 194.11 Needs after hip fracture. The medical 
and non-medical needs during 12 months after a 
hip fracture in women were significantly higher 
than in age-matched controls. These needs included 
increased number of physician contacts, increased 
use of physiotherapy and home care, and more days 
of new hospitalizations and stay in nursing 
homes.107



SE
C

TI
O

N
 1

6 
●

 M
ET

A
BO

LI
C 

BO
N

E 
D

IS
EA

SE

1954

Increased mortality is observed shortly after the fracture and has been 
attributed  to  poor  physical  condition  and  acute  medical  conse-
quences.12,125  However,  an  increased  risk  of  death  compared  with 
people  without  vertebral  fracture  persists  for  at  least  5  years  after  a 
vertebral  fracture.125  In  one  study,  the  increased  risk  of  death  was 
associated  with  clinical  problems  such  as  pulmonary  disease  and 
cancer.145 The rate of death among vertebral  fracture cases  is highest 
in  patients  with  multiple  vertebral  fractures145  and  in  patients  who 
required hospitalization because of vertebral fracture.18

Subsequent fracture risk after vertebral fracture
Patients with a prevalent (preexisting) vertebral fracture have approxi-
mately 4  times greater  risk  for new vertebral  fracture148,149 and  twice 
the  risk of hip  and other non-vertebral  fractures  as patients without 
prevalent  fracture15,16,150,151;  this  relationship  is  independent  of  bone 
density. Thus, patients who have both low bone density and an existing 
vertebral fracture have a higher risk of subsequent fractures than those 
with only low bone density or only an existing vertebral fracture, who 
in  turn  have  a  higher  risk  than  those  without  either  low  BMD  or 
prevalent vertebral  fracture.15,148 The risk of additional vertebral  frac-
ture is extremely high among those patients with multiple past verte-
bral  fractures.136,148  For  example,  the  risk  of  an  additional  vertebral 
fracture  is 12  times higher  among  those with  two or more  vertebral 
fractures at baseline, compared with women without existing vertebral 
fracture.148 More than half of women with five or more vertebral frac-
tures  at  baseline  experienced  additional  fractures  within  the  subse-
quent  3.8  years  of  observation.136  Importantly,  after  experiencing  an 
initial vertebral fracture, additional vertebral fractures will occur within 
1  year  in  one  in five  postmenopausal women with  osteoporosis  (see 
Fig. 194-8).149 Osteoporosis is, therefore, a rapidly progressive disease 
in many postmenopausal women. The clinical message is that verte-
bral fracture should be recognized and treated early to prevent future 
fractures  with  drugs  that  rapidly  decrease  the  risk  for  vertebral 
fractures.152

Back pain, trauma, and vertebral fracture
Only one third of vertebral fractures results in an acute pain episode, 
as discussed earlier. Restoration of normal spinal anatomy is not pos-
sible after vertebral fracture. Therefore, even vertebral fractures without 
acute symptoms contribute to chronic morbidity.153 Patients with clini-
cal vertebral fracture are at increased risk for chronic back pain.137 Pain 
is  most  commonly  reported  as  deeply  localized  and  bone  or  muscle 
related.5 Compared with patients with chronic low back pain without 
fractures, chronic back pain after a vertebral fracture is more effectively 
relieved by lying down, is more aggravated by doing housework, and is 
more  frequently  present  only  during  physical  activity.5  No  specific 
circadian rhythm of pain is found. The chronic phase of back pain after 
an acute pain episode can last  for many years, although its  intensity 
may,  but  not  always,  decrease  over  time.5,141  One  study  surveyed 
patients with chronic back pain 4 years after an acute painful fracture; 
back pain was mild  in 27%, moderate  in 44%, and severe  in 29% of 
these patients.77 In another study, half of the patients with symptom-
atic clinically diagnosed vertebral fracture reported slight to moderate 
chronic pain after 4 years; the other half reported severe to intolerable 
pain.5

In  clinical  cases,  the  chronicity  of  the  back pain  is  related  to  the 
number and severity of vertebral fractures,5,82,133 although this does not 
include small reductions in vertebral height (minor vertebral deformi-
ties).89  In some studies, pain was related to the degree of kyphosis139 
and height loss.154,155 In cross-sectional population studies measuring 
vertebral dimensions on radiographs, chronic back pain was related to 
the  number  and  severity  of  vertebral  fractures.7,137,140  Other  studies, 
however, failed to detect an association, perhaps because of methodo-
logic problems such as less stringent morphometric vertebral fracture 
criteria138  or  a  relatively  small  number  of  women  with  severe 
deformities.155

In prospective studies using serial radiographs to detect new verte-
bral fractures, a single new vertebral fracture increased the odds three-
fold for new back pain (reported at the end of the study, not at the time 
of the vertebral fracture), whereas two and three fractures increased the 
odds of back pain by 8 and 22 times, respectively.133,142 The pain fre-
quency index increased approximately threefold relative to pre-fracture 

Other sites of limb fracture
With  the  exception  of  fractures  in  patients  with  metastatic  bone 
disease, almost all fragility fractures occurring after the age of 40 years 
are associated with the presence of osteoporosis.3 Apart from fractures 
of the vertebrae, wrist, and hip, the most frequent other fracture sites 
are  the ribs, proximal humerus, pelvis, and  lower  legs.10 Mortality  is 
increased  after  major  fractures  (pelvis,  distal  femur,  proximal  tibia, 
three  or  more  simultaneous  ribs,  and  proximal  humerus)  and  after 
minor  fractures  (all  other  osteoporotic  fractures).14  Morbidity  can  be 
substantial in the elderly and is associated with complications of the 
fracture, such as soft tissue lesions and incomplete recovery of adjacent 
joint  function  (e.g.,  in  the  shoulder  after  fracture  of  the  proximal 
humerus).106 Furthermore, the risk for new fractures is approximately 
twice as high in patients with these fractures than in patients without 
a history of fracture15 and cluster in time.16,52-55

Vertebral fractures
Hippocrates  discussed  the  diagnosis  and  treatment  of  vertebral  frac-
tures  approximately  2000  years  ago,  but  the  fractures  he  described 
presumably occurred after severe trauma.124,125 It was only in the 1940s 
that  Albright  and  associates  reported  that  the  majority  of  vertebral 
fractures  in  postmenopausal  women  are  a  result  of  only  relatively 
minor trauma.4

The  clinical  features  of  osteoporotic  vertebral  fractures  are  quite 
different from other osteoporotic fractures. Only one in three vertebral 
fractures comes to clinical attention and is diagnosed (Fig. 194.12).3,125

An evaluation of the clinical outcomes of vertebral fracture is further 
complicated  by  differences  in  the  criteria  for  defining  a  prevalent  or 
incident  vertebral  fracture  and differences  in  study populations.  Fur-
thermore,  “wedge”  vertebral  fractures  are  sometimes  difficult  to  dif-
ferentiate  from  vertebral  deformities  associated  with  other  diseases 
such  as  Scheuermann’s  disease,  remodeling  in  osteoarthritis,126  and 
metastatic bone disease.3

The  consequences  of  vertebral  fracture  have  been  extensively 
reviewed127-130  and  studied  from  two  perspectives:  studies  in 
patients  with  clinical  fractures  with  or  without  controls  (clinical 
cases)3,40,82,83,131-135  or  surveys  of  radiographic  deformities  in  which 
patients  with  vertebral  fractures  were  compared  with  those  without 
such  fractures.7,8,136-144  A  limited  number  of  prospective  studies  are 
available using serial spine radiographs.6,136,141,143 Many studies used a 
variety of measures that are not specific for evaluation of the outcomes 
of vertebral  fractures. Recently, however, more uniform evaluation of 
outcomes  was  introduced  with  the  development  of  osteoporosis-spe-
cific measures of QoL (see Table 194.2).

Mortality after vertebral fracture
Mortality is increased after vertebral fractures by 19% compared with 
the  general  population12  and  by  23%  to  60%  compared  with  people 
without  vertebral  fractures  in  other  studies.13,145-147  The  age-adjusted 
relative  risk  for  dying  after  vertebral  fracture  is  as  high  as  8.6.13 
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Fig. 194.12 Osteoporotic vertebral fractures. In population-based studies of 
patients with radiographically identified vertebral fractures, 50% have back 
pain and only one in three come to clinical attention and diagnosis.130



CH
A

PTER 194 
● O

steoporosis: clinical features of osteoporosis

1955

protruding  abdomen  that  makes  fitting  clothes  difficult  and  detracts 
from  appearance.130  Loss  of  spinal  mobility  due  to  vertebral  fracture 
has  been  associated  with  difficulty  in  dressing,  fixing  hair,  standing, 
lying down, moving in bed, doing housework, walking, climbing stairs, 
washing, bathing, using the toilet, and getting to the floor.5,130,133 Lung 
function  progressively  decreases  with  increasing  number  of  vertebral 
fractures and the degree of kyphosis, perhaps as a result of  increased 
abdominal pressure.164,165

Functional disability is higher in patients with two or more vertebral 
fractures  and  related  to  height  reduction,  kyphosis,  and  distance 
between ribs and iliac crest.5 Functional performance measures (level 
of assistance, pain on activity, and difficulties with activities) are sig-
nificantly reduced in patients with vertebral fracture.132

As  a  consequence,  in  patients  with  vertebral  fracture,  general  
health  status measures  and  activities  of  daily  living  are  significantly 
affected.5,22,131,132  Balance  capability,  an  important  risk  factor  for  hip 
fracture,73 may also be affected.129 Physical performance measures such 
as functional reach, mobility skills, and 6-minute walk132 and muscle 
strength132 are also significantly decreased. Increased dependency with 
need for help in self-care is associated with moderate and severe ver-
tebral fractures.22,131

In general, the same physical and functional outcomes as in clinical 
cases  are  reported  in  population  and  case-controlled  radiographic 
surveys.7,129,133,137,166 In the Study of Osteoporotic Fractures (SOF), the 
odds  of  impaired  function  (difficulty  with  more  than  two  activities  
of  daily  living)  was  2.3  times  higher  among  elderly  women  with  a 
history  of  clinically  diagnosed  vertebral  fracture.166  New  vertebral 
fractures,  even  those  not  recognized  clinically,  are  associated  with 
substantial increases in functional limitation due to back pain in older 
women.8

A multidimensional and validated osteoporosis-targeted quality of 
life questionnaire  (QUALEFFO) has been used in another population 
study to assess the impact of vertebral fractures.140 Patients with ver-
tebral fracture had a higher QUALEFFO score than patients with low 
BMD without a vertebral fracture. The total score and its subdomains 
(pain, physical function, general health, and physical mobility) corre-
lated with the number of vertebral fractures.140 Lumbar vertebral frac-
tures  led  to  greater  impairment  of  physical  function  than  thoracic 
vertebral  fractures and were associated with  lower physical  function, 
lower general health, and a lower total QUALEFFO score.140

Psychosocial outcomes of vertebral fractures
Psychosocial  consequences  may  not  be  evident  clinically  or  may  be 
excluded  from  the  medical  history  because  patients  are  reluctant  to 
discuss  or  complain  about  them.140  Psychosocial  outcome  has  been 
studied  using  a  variety  of  measures,  including  individual  questions, 
general  measures,  or  osteoporosis-specific  measures  of  psychosocial 
status.140 Unfortunately, many studies did not include a control group.

Psychiatric symptoms were significantly worse after vertebral frac-
ture  in one  study,132  but no  effect of  vertebral  fracture on  social  and 
mental function was found in another study.140 As is the case for pain 
symptoms, psychosocial  outcomes vary with  the  time after  vertebral 
fracture. Social extroversion and well-being were significantly decreased 
during the first 2 years after a new vertebral fracture than later on, in 
spite  of  similar  spine  deformity  index  and  height  reduction.135  Even 
patients with a diagnosis of osteoporosis before fracture have a higher 
incidence of fear of falling (38% vs. 2% in controls), and a higher pro-
portion of patients said that they limited their activities in an attempt 
to avoid falling (24% vs. 2%) after vertebral fracture.102,167

Depression  is  the most  prevalent mental health problem of  older 
adults and can be a major problem in osteoporosis.140,168 Depression is 
associated  with  low  bone  mass  throughout  the  skeleton.169  Some 
patients  feel angry or depressed because  the physical deformity  from 
hyperkyphosis detracts  from their appearance. Women with osteopo-
rosis  have  a  higher  prevalence  of  depression  compared  with  those 
without osteoporosis.169 Depression score is related to the number and 
severity of vertebral fractures,82 and parameters of mood are related to 
the  severity of  vertebral  fracture.5 Loss of  self-esteem can occur, pre-
sumably as a  result of deformity, disability, and pain, but no studies 
are available on the prevalence and relation of self-esteem to vertebral 
fracture.168 Many patients with vertebral fractures reported emotional 
problems, but no comparison with a control group was reported.131

levels,  and pain was  long  lasting  (twofold  increase of pain  frequency 
index after 3.5 years).138 New vertebral fractures, even those not recog-
nized clinically, are associated with substantial increases in back pain 
in older women (Fig. 194.13).8

In contrast to these studies in which radiographic deformities were 
meticulously  documented,  radiographic  vertebral  fractures  are  often 
overlooked in daily clinical practice. A survey of 934 hospitalized older 
women  with  an  available  chest  radiograph  was  used  to  evaluate  the 
frequency with which vertebral fractures were identified and treated by 
clinicians.156 Moderate-to-severe vertebral  fractures were  identified in 
132 (14.1%) of the study subjects, but only 1.7% had a discharge diag-
nosis of vertebral fracture.156 Of these, 50% were recorded in the radiol-
ogy reports and only 17% had a fracture noted in the medical record 
or discharge summary.156

Physical and functional outcomes of vertebral fractures
Pain,  hyperkyphosis,  and  loss  of  spinal  mobility  result  in  multiple 
forms  of  disability.  Pain  and  disabilities  cause  a  spiraling  decline  in 
function, mobility, and muscle strength.132,135,157 This decline in func-
tion,  in  turn, contributes  to pain and  to an  increased  risk of  falls,158 
bone loss,159 fractures,15,16 and loss of independence (see Fig. 194.1).5,22 
These complications are seen both  in case series as well as  in  those 
identified from radiographic screening.

Vertebral fractures are associated with increased kyphosis in several 
studies,22,160-162  although  not  in  one  study  that  analyzed  only  severe 
vertebral  fractures.7 Hyperkyphosis  results  in  the  typical  clinical pre-
sentation of a “dowager’s hump”  (see Fig. 194.3). Vertebral  fractures 
are also associated with height loss.22,129 During a follow-up period of 
8 years,  standing height decreased by approximately 1 cm with each 
new  wedge  or  crush  vertebral  fracture  but  not  with  endplate  frac-
tures.144 Significant height loss has also been described in women with 
postmenopausal  osteoporosis  in  control  groups  of  clinical  trials  and 
was  three  times  greater  (4.6 mm/yr)  in  women  with  new  vertebral 
fractures than in women without vertebral fracture (1.8 mm/yr).163

Hyperkyphosis and height loss also reduce the distance between the 
iliac  crest  and  ribs,5  resulting  in  problems  with  digestion  and  a 

BACK PAIN AND FUNCTIONAL LIMITATION WITH
VERTEBRAL FRACTURES
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Fig. 194.13 Back pain and functional limitation with vertebral fractures. New 
vertebral fractures (VFC), even those not recognized clinically, are associated 
with substantial increases in (a) back pain and (b) functional limitation due to 
back pain in older women.8



SE
C

TI
O

N
 1

6 
●

 M
ET

A
BO

LI
C 

BO
N

E 
D

IS
EA

SE

1956

CLINICAL FEATURES OF OSTEOPOROSIS IN MEN
Osteoporosis  and  fractures  are  less  frequent  in  adult  men  than  in 
women because men develop a higher peak bone mass, lose less bone 
during later life than women, differ from women in macro- and micro-
architecture, and have  fewer  falls  than women.170,171 However, osteo-
porotic fractures in men are far from uncommon. The clinical features 
of osteoporosis in men are less well documented than those in women. 
The available data indicate that osteoporosis in men has some specific 
features  that  are  different  from  osteoporosis  in  women,  including  a 
higher  frequency  of  secondary  causes  of  osteoporosis  (Box  194.2). 
However, as  in women, clinical  risk  factors  for  fractures can be used 
to  calculate  the  10-year  absolute  fracture  risk  using  the  FRAX 
algorithm.29

BOX 194.2 CAUSES OF OSTEOPOROSIS IN MEN
 Endocrine diseases: hypogonadism*
 Cushing’s syndrome
 Hyperthyroidism
 Primary hyperparathyroidism
 Hyperprolactinemia
 Idiopathic renal hypercalciuria*
 Accompanying osteomalacia
 Neoplastic disease: multiple myeloma
 Myelo- and lymphoproliferative disease
 Systemic mastocytosis
 Diffuse bony metastases*
 Drugs/toxins: glucocorticoids*
 Alcohol abuse*
 Excessive thyroid hormone replacement
 Heparin
 Anticonvulsants*
 Genetic collagen disorders: osteogenesis imperfecta
 Ehlers-Danlos syndrome
 Marfan’s syndrome
 Homocystinuria
 Hemochromatosis
 Other disorders: skeletal sarcoidosis
 Gaucher’s disease
 Adult hypophosphatasia
 Hemoglobulinopathies
 Other factors: chronic inflammatory diseases (rheumatoid arthritis, 

ankylosing spondylitis)
 Prolonged immobilization
 Malnutrition (including calcium deficiency and scurvy)
 Gastrectomy*
 Chronic liver or kidney disease*

*Most frequent causes.
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inevitable loss of bone tissue with age. Therefore, both peak bone mass 
and the duration and degree of bone loss contribute to fracture risk.

Peak bone mass
Bone mass peaks by the early 20s and is principally determined by 
genetic factors, although lifestyle and environmental factors can also 
exert an influence. At skeletal maturity, men have 5% to 10% greater 
bone mass than women.1 This is due to sexual dimorphism in perios-
teal bone apposition at puberty, with higher androgen levels causing 
greater periosteal apposition in boys, whereas estrogen inhibits this 
process in girls.2

Genetic factors
Numerous genes regulate skeletal growth, peak bone mass, and body 
size, whereas others control skeletal structure and density. Peak bone 
mass is lower in persons with a family history of osteoporosis, and 
twin studies suggest heritability estimates of 50% to 80% for different 
skeletal sites.3 The candidate genes include those encoding collagen 
type 1α, the estrogen and vitamin D receptors, transforming growth 
factor-β, insulin-like growth factor, apolipoprotein E, interleukin-6, 
and bone morphogenetic protein, among others. However, there is little 
consistency regarding the magnitude of importance of each of these 
genes and the extent to which their contribution can be generalized to 
all populations.4 Recently, a so-called high bone mass gene was identi-
fied as a mutation in the low-density lipoprotein receptor-related 
protein (LRP-5) that is involved in Wnt signaling in osteoblasts.5

The effects of genes are modulated by hormonal factors, which in 
themselves are probably genetically mediated. For example, in one 
study, 33% of the variance in peak bone mass was explained by varia-
tions in endogenous growth hormone production, even when adjusted 
for height.6

There are also significant racial differences in peak bone mass, with 
blacks having 5% to 10% greater bone mass than whites and, conse-
quently, lower fracture risk. This is despite the fact that blacks have 
serum 25-hydroxyvitamin D levels that are lower than whites at all 
stages of life and also have lower average calcium intakes as well as 
higher parathyroid hormone (PTH) levels. The explanation for this 
apparent discrepancy is that the skeleton in blacks is resistant to the 
bone-resorbing effects of PTH, presumably an adaptive response to 
reduced cutaneous vitamin D production.7

Environmental factors
Nutrition
Charles Dent said that “senile osteoporosis is a pediatric disease,” 
meaning that failure to achieve adequate peak bone mass during ado-
lescence increases the risk of osteoporosis in later life. Unlike genes, 
nutrition is a modifiable factor that plays an important role in deter-
mining peak bone mass. A number of nutrients play a key role in 
skeletal development, including calcium, phosphorus, and vitamin D. 
Of these, however, calcium and vitamin D are the only nutrients that 
are commonly deficient in the diet of modern Western children and 
adolescents. Higher lifetime calcium intakes are inversely correlated 
with hip fracture rates, and milk consumption in youth is related to 
bone density in young adult women and men.8 In 2008, the American 
Academy of Pediatrics increased the recommended intake of vitamin 
D for infants, children, and adolescents to 400 IU/day, a doubling of 
the intake recommended in 2003.9 While sunlight exposure can 
produce vitamin D endogenously and compensate for dietary vitamin 
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 Osteoporosis is a disease characterized by reduced bone strength 
and increased susceptibility to fractures. The reduction in bone 
strength is a function of reduced bone mass and abnormal bone 
quality, including bone microarchitecture, bone turnover, damage 
accumulation, mineralization, and osteocyte viability.

 Peak bone mass is lower in persons with a family history of 
osteoporosis, and twin studies suggest heritability estimates of 
50% to 80% for different skeletal sites. Candidate genes include 
those encoding for body composition and fat mass as well as 
collagen type 1α, the estrogen and vitamin D receptors, 
transforming growth factor-β, insulin-like growth factor, 
apolipoprotein E, interleukin-6, and bone morphogenetic protein, 
among others.

 Vitamin D deficiency (serum 25-hydroxyvitamin D levels < 20 ng/
mL) is believed to play a strong role in osteoporosis, both as a 
result of increasing rates of bone loss and possibly contributing to 
muscle weakness, impaired balance, and thus increased risk of 
falling.

 Bone remodeling describes the process by which old bone is 
continuously replaced by new. The balance between the volume of 
bone replaced during osteoblastic bone formation relative to that 
removed during osteoclastic bone resorption, when integrated 
over a number of remodeling cycles, determines whether there is 
net loss or gain of bone tissue at a particular skeletal site.

 Osteoclasts are activated by membrane signaling through RANK, 
the cognate receptor for RANKL, which is a member of the family 
of tumor necrosis factor ligands expressed on marrow stromal cells 
and osteoblasts. The RANKL/RANK interaction promotes the 
differentiation of osteoclast precursors and increases the activity 
and lifespan of mature osteoclasts.

 The majority of osteoporosis-related fractures are secondary to a 
fall. The incidence of falls increases with age, and prior falls greatly 
increase the risk of subsequent falls.

 Although aging and menopause are universal risk factors for bone 
loss, many other factors play an important role, including chronic 
diseases, genetics, medications, and lifestyle choices.

INTRODUCTION
Osteoporosis is a disease characterized by reduced bone strength and 
increased susceptibility to fractures secondary to minor or no trauma. 
The reduction in bone strength is a function of reduced bone mass and 
abnormal bone quality, including bone microarchitecture, bone turn-
over, damage accumulation, and mineralization. Osteoporosis is gener-
ally asymptomatic until the clinical sequelae (fractures) occur. These 
fractures and their consequences cause pain, disability, deformity, and, 
sometimes, premature death. The ability to measure bone mass non-
invasively and with relative ease has shed significant light on the 
pathogenesis of osteoporosis, which is multifactorial, involving genetic, 
endocrine, and lifestyle influences. In this chapter we briefly review the 
role of these factors in the earlier gain and later loss of bone mass as 
well as the cellular mechanisms responsible for the latter.

DETERMINANTS OF BONE MASS
Bone mass at any time of life is the integral of the amount of bone 
accrued during growth and consolidation (peak bone mass) and the 
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increase in the risk of hip fracture in some studies.24 Elevated serum 
homocysteine levels, possibly associated with vitamin B deficiencies, 
may be associated with bone loss and increased fracture risk.25 
Unfortunately, there are, however, no data to support beneficial  
skeletal effects of specific supplementation with any of these 
micronutrients.26,27

Alcohol and smoking
Excessive alcohol consumption increases the risk of osteoporosis by 
inhibiting bone formation and results in an increase in the risk of hip 
fracture.28 The concomitant nutritional deprivation in alcoholics con-
tributes to its toxic effects on bone as well as in other organ systems. 
Alcohol abuse also increases the risk of falling. Smoking exerts a toxic 
effect on osteoblasts, leads to premature menopause, and reduces the 
production while accelerating the degradation of estrogen. As a result, 
smokers often have low bone mass.29 Smokers also generally weigh less 
than non-smokers and are less physically active, further increasing the 
risk of falls and fracture.

Physical inactivity
Immobilization results in rapid and profound bone loss. In contrast, 
weight-bearing and resistance exercise are associated with increased 
bone mass or slowed rate of bone loss.30 Higher lifetime physical activ-
ity is associated with reduced risk of fracture.31

Chronic diseases and medications
There are many chronic diseases and disorders associated with enhanced 
bone loss and increased risk of osteoporosis.32,33 These include endocrine 
diseases, such as hyperthyroidism, hyperparathyroidism, rheumatologic 
conditions (e.g., rheumatoid arthritis and ankylosing spondylitis), 
chronic lung disease, gastrointestinal conditions associated with mal-
absorption (celiac disease or inflammatory bowel disease), eating disor-
ders, neurologic diseases (e.g., Parkinson disease, multiple sclerosis, and 
spinal cord injury), hematologic/oncologic diseases (most notably mul-
tiple myeloma), and organ transplantation. Bone loss associated with 
these diseases is due to a variety of reasons, including nutritional factors 
and the diminished ability to perform physical activity, in addition to a 
direct effect on bone remodeling.

Some of the effects may be a consequence of drug therapy, given the 
large number of agents known to alter bone metabolism and have 
detrimental effects on the skeleton. Glucocorticoids, for example, pro-
foundly inhibit bone formation by promoting osteoblast apoptosis. 
They also reduce calcium absorption, increase renal calcium excretion, 
and have multiple other adverse effects on bone and mineral metabo-
lism. Other medications that adversely affect the skeleton include 
anticonvulsants, excessive thyroid hormone replacement, chemother-
apy, and gonadotropin-releasing hormone antagonists. In addition, 
selective serotonin reuptake inhibitors, proton-pump inhibitors, and 
thiazolidinediones have also recently been associated with exacerbated 
bone loss and increased fracture risk.34-36

PATHOGENESIS OF BONE LOSS
The effects of these risk factors on increasing bone loss are mediated 
through changes in the bone remodeling cycle. The cellular mecha-
nisms underlying bone loss differ significantly between the sexes (see 
later).

Bone remodeling
Bone remodeling describes the process by which the resorption of old 
bone is continuously replaced by the formation of new bone. The 
balance between the volume of bone replaced during formation relative 
to that removed during resorption, when integrated over a number of 
remodeling cycles, determines whether there is net loss or gain of bone 
tissue at a particular skeletal site. Bone remodeling is accomplished by 
the osteoclasts and osteoblasts, together with various accessory cell 
types, which in combination are referred to as bone remodeling units 
(BRUs).37 The three-dimensional geometry of the newly modeled bone 
occurs in discrete entities, called osteons or packets. The structures are 
distinctly different between cortical and cancellous bone (Figs. 195.1 
to 195.3), but the cellular processes are essentially the same.

D deficiency, use of sunblocks and excessive avoidance of sun exposure 
are contributing to an epidemic of vitamin D inadequacy in the young 
and old.

Exercise
According to Wolff ’s law, bone adapts to the applied load, and the 
higher mechanical loads experienced during exercise lead to an increase 
in bone density, particularly during childhood.10 The types of exercise 
that result in high impact force being applied to the bones appear to 
confer the greatest benefit. Weight-bearing exercise is associated with 
higher peak bone mass in both sexes. Among different active sports 
participants, gymnasts have greater bone density than runners, whereas 
swimmers and cyclists have the lowest bone density.11 Most interven-
tion studies of the effects of exercise have been confined to volunteers, 
restricting their extrapolation to the general population. However, in 
a recent study, a 2-year school-based exercise program increased bone 
density and bone size in 7- to 9-year-old girls.12 Exercises that involve 
jumping may be particularly efficient in maximizing peak bone mass.

Constitutional factors
Menstrual function
Alterations in ovarian function can adversely affect attainment of peak 
bone mass. Studies have demonstrated reduced bone mass in women 
with amenorrhea due to a number of different primary conditions, 
including excessive exercise, anorexia nervosa, and hyperprolactinemia. 
This deficit in bone mass is partially reversible if normal ovarian func-
tion is resumed, but the longer the duration of amenorrhea, the less 
likely that bone mass can be completely regained.13 Depot medroxy-
progesterone acetate, a commonly used birth control method that 
suppresses endogenous estrogen production, appears to be associated 
with a small but reversible decrease in bone mass.14

Bone loss
Age-related bone loss is a universal phenomenon, occurring at almost 
all skeletal sites, in all races and cultures, and in both men and women. 
The cellular mechanisms responsible for bone loss are reviewed later. 
As with bone gain during growth and early adulthood, the rate of age-
related bone loss is influenced by similar genetic, endocrine, and envi-
ronmental factors, although there are some important differences that 
are described below.

Nutrition: calcium and vitamin D
Ensuring adequate calcium intake, by calcium supplementation if  
necessary, retards bone loss in postmenopausal women. Some but not 
all studies have shown that calcium plus vitamin D supplementation 
reduces fracture risk.15 Vitamin D deficiency and/or insufficiency 
(serum 25-hydroxyvitamin D levels <20 ng/mL) are believed to play an 
important role in osteoporosis. They also possibly contribute to muscle 
weakness, impaired balance, and thereby increased risk of falling 
leading to fracture.16 A recent study suggested that approximately 50% 
of patients receiving treatment for osteoporosis had suboptimal circu-
lating levels of 25-hydroxyvitamin D.17 The new National Osteoporosis 
Foundation guidelines suggest a daily vitamin D intake of at least 800 
to 1000 IU, but many individuals require higher intakes to achieve the 
current target level for serum 25-hydroxyvitamin D of 30 ng/mL or 
greater. There is growing evidence that adequate vitamin D nutrition 
can impart significant health benefits in addition to those on the 
skeleton.18

Nutrition: other dietary factors
Low protein intake can have deleterious effects in the elderly. Hip 
fracture patients are frequently malnourished, with inadequate protein 
intakes, and supplementation with protein has been found to reduce 
complications after hip fracture.19 There are possibly important contri-
butions from a number of micronutrients. Dietary phosphate or mag-
nesium deficiency as a consequence of chronic illness or malabsorption 
may both accelerate bone loss.20,21 Similarly, several studies have 
shown that vitamin C and vitamin K deficiencies may reduce bone 
density level and increase fracture risk.22,23 By contrast, excess vitamin 
A may cause bone loss, with high intakes associated with a twofold 
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The formation, activation, and activity of osteoclasts are all regu-
lated by local cytokines such as receptor activator of nuclear factor-κB 
ligand (RANKL), interleukins-1 and -6 (IL-1 and IL-6), colony-stimu-
lating factors (CSFs), and systemic hormones such as PTH, 1,25-dihy-
droxyvitamin D3, and calcitonin.39 However, the ultimate regulation of 
osteoclastic resorption is achieved by signaling through RANK, the 
cognate receptor for RANKL, which is a member of the family of tumor 
necrosis factor ligands expressed on marrow stromal cells and osteo-
blasts. The RANKL/RANK interaction promotes the differentiation of 
osteoclast precursors and increases the activity and lifespan of mature 
osteoclasts. Osteoprotegerin (OPG), a member of the superfamily of 
tumor necrosis factor receptors, is a decoy receptor for RANKL. The 
binding of RANKL to OPG results in inhibition of the differentiation 
and activity of osteoclasts.40

Osteoclast activation and resorption
The first event in the cycle is activation. This occurs about 360 times 
an hour in the normal adult. During activation, mononuclear osteo-
clast precursors, derived from circulating monocytes or bone marrow 
macrophage precursors, meet on the bone surface and fuse to form 
multinucleated osteoclasts. It is not clear why certain pieces of bone 
are “targeted” for remodeling, but one hypothesis is that this is under 
the control of signaling from osteocytes (see later).38 The differentiated 
osteoclasts degrade both the organic and inorganic components of the 
bone matrix. In cancellous bone and on the endosteal and periosteal 
surfaces of cortical bone, the osteoclasts move along the bone surface, 
leaving a divot behind them. In cortical bone they tunnel through the 
bone to make a cylindrical hole. Although the process is initiated by 
multinucleated osteoclasts, there is evidence that the last part of the 
cavity is excavated by mononucleated osteoclasts, possibly derived 
through fission of the osteoclasts.

CROSS-SECTIONAL DIAGRAMS OF EVOLVING BRU IN CANCELLOUS BONE (UPPER)
AND CORTICAL BONE (LOWER)

Cancellous bone remodeling unit

Resorption Reversal Formation

Cortical bone remodeling unit

Fig. 195.1 Cross-sectional diagrams of evolving 
bone-remodeling unit in cancellous bone (upper) 
and cortical bone (lower). The arrow indicates the 
direction of movement through space. Note that 
the cancellous bone-remodeling unit is essentially 
one half of the cortical bone-remodeling unit. 
(From Dempster DW. New concepts in bone 
remodeling. In: Seibel MJ, Robins SP, Bilezikian JP, eds. 
Dynamics of bone and cartilage metabolism. San 
Diego: Academic Press, 1999:261-273.)

a b

Fig. 195.2 An intact bone packet in human cancellous bone (a) and an intact haversian system in human cortical bone (b). Note the osteons that have been 
partially replaced by prior remodeling events. (From Dempster DW. Bone remodeling. In: Coe FL, Favus MJ, eds. Disorders of bone and mineral metabolism, 2nd ed. 
Philadelphia: Lippincott Williams & Wilkins, 2002:315-343.)
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bone loss experienced after menopause is not the result of osteoblast 
insufficiency but rather is due to enhanced osteoclast activity. The 
number of resorption sites that are active per unit time is increased 
and the osteoclasts dig further into the trabeculae and often perforate 
them and, ultimately, remove them (Fig. 195.4). The consequence is 
a greater age-related loss of trabecular number and connectivity in 
women than in men.

The reason why osteoclasts gain the ability to perforate trabecular 
plates after menopause is thought to be due to an increase in their 
lifespan as a result of decreased estrogen levels and an accompanying 
increase in RANKL production.50 Estrogen has been shown to promote 
osteoclast apoptosis, whereas RANKL stimulates osteoclast recruit-
ment and prolongs osteoclast lifespan. Bone loss by trabecular disap-
pearance is much more harmful to bone strength than an equivalent 
amount of loss through trabecular thinning.51 Trabecular perforation 
is difficult to observe directly, but a significant increase in resorption 
cavity depth has been observed in early postmenopausal women. Tra-
becular perforation can occur when a trabecular plate is subject to 

Reversal and formation
The resorption phase is followed by the reversal phase. The osteoclasts 
and mononucleated resorbing cells die by apoptosis and are replaced 
by osteoblasts as the cycle progresses into the formation phase.41 
Squads of osteoblasts track after osteoclasts as they traverse the bone 
surface or tunnel through the cortex. On the bone surfaces, they refill 
the trench with a new unit of lamellar bone, which is referred to as an 
osteon or, more commonly, a packet (see Fig. 195.2). Within the 
cortex, the osteoblasts have to refill a tunnel and they do this by depos-
iting concentric lamellae, starting on the wall of the tunnel and working 
inward. As a result, cross sections of cortical osteons, or haversian 
systems, are reminiscent of a cross section of a tree trunk.

During the formation phase of the remodeling cycle, osteoblasts are 
buried in the matrix, becoming osteocytes. Although incarcerated in 
the matrix, the osteocytes maintain intimate contact with one another, 
as well as with the cells on the bone surface, by means of gap junctions 
between the cytoplasmic processes that extend through canaliculi. Each 
osteocyte becomes part of a large, three-dimensional, functional syn-
cytium, which can “sense” a change in the mechanical properties of 
the surrounding bone and transmit this information to the cells on the 
surface to initiate or regulate bone remodeling when necessary. It has 
therefore been suggested that, from this perspective, bone cells behave 
like a neuronal network.42-45

Recent progress has been made in our understanding of how the 
osteocyte regulates bone remodeling. Osteocytes produce sclerostin, 
the protein product of the SOST gene, the loss of which leads to the 
sclerosing bone disorders, sclerosteosis, and Van Buchem disease.46 
Sclerostin antagonizes Wnt/Lrp5 receptor signaling, a pathway that is 
known to play an important role in the mechanical stimulation of bone 
formation by the osteoblast. Robling and colleagues showed that 
mechanically unloading bone increases SOST expression by osteocytes 
and that loading has the opposite effect.47 These experiments delineate 
an elegant mechanotransduction mechanism by which the osteocyte 
is able to act as a mechanosensor and to regulate surface bone forma-
tion by modulation of SOST expression.

Gender and other influences on remodeling
In men, aging results in a gradual decrease in the efficiency with which 
the osteoblasts refill the resorption cavities. Consequently, the thick-
ness of the cancellous bone packets gradually decreases, which, in turn, 
leads to trabecular thinning with a linear reduction in cancellous bone 
volume with age (see Fig. 195.3). Although the individual trabeculae 
are thinner, trabecular connectivity is generally preserved.48

Women also experience gradual trabecular thinning until meno-
pause when there is an abrupt acceleration in the rate of bone loss. 
This accelerated loss persists for 5 to 10 years (see Fig. 195.3) and is 
accompanied by a dramatic increase in bone turnover rate.49 The rapid 
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THE RELATIONSHIP BETWEEN CANCELLOUS BONE VOLUME AND AGE IN THE HUMAN
ILEUM IN MEN (BLUE) AND WOMEN (RED)

Fig. 195.3 The relationship between cancellous 
bone volume and age in the human ileum in men 
(blue) and women (red). (From Meunier P, Courpron 
P, Edouard C, et al. Physiological senile involution and 
pathological rarefaction of bone: quantitative and 
comparative histological data. Clin Endocrinol Metab 
1973;2:239-256.)

Figure 195.4 Scanning electron micrograph of a trabecular plate in human 
iliac cancellous bone. Osteoclasts have perforated the plate from the top and, 
a few millimeters to the left, from underneath. (From Dempster DW. Bone 
remodeling. In: Coe FL, Favus MJ, eds. Disorders of bone and mineral metabolism, 
2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2002:315-343.)
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Effects on long bones
With aging, long bones increase in diameter and their cortex gets 
thinner. This is the result of small differences in the amount of bone 
removed and replaced in each remodeling cycle. The balance is negative 
on the inner, endosteal surface and positive on the outer, periosteal 
surface. Furthermore, within each remodeling unit, more bone is lost 
at the endosteal surface than is gained at the periosteal surface. 
Although these differences are very small in each remodeling unit,  
their effects accumulate throughout life. The endosteal surface moves 

simultaneous osteoclastic attack from both sides or by particularly 
destructive one-sided resorption (see Fig. 195.4).

Recent research has revealed strong bidirectional links between bone 
and energy metabolism. The first important link is that osteoblasts 
and adipocytes share a common progenitor cell, the mesenchymal stem 
cell, which can differentiate into either cell type depending on local 
stimuli. In addition, adipocytes secrete the hormone leptin, which 
inhibits osteoblast activity. Leptin deficiency leads to increased  
bone formation and increased bone mass. On the other hand, osteo-
blasts secrete the hormone-like substance osteocalcin, which regulates 
the secretion of insulin by the pancreas and adiponectin by 
adipocytes.52,53

Strength of cancellous bone
At weight-bearing sites, such as the vertebral body and the proximal 
femur, the trabeculae have a specific orientation, with the weight-
bearing struts aligned in the direction of the primary load axis and 
these in turn being supported by trabeculae that are oriented perpen-
dicular to the load axis and which therefore serve as cross-ties. Several 
studies have shown that with aging and in osteoporosis, there is pref-
erential loss of these cross-ties,54 which has serious penalties for 
strength (Fig. 195.5). According to Euler’s theorem, the buckling load 
of a weight-bearing trabecula decreases inversely with the square power 
of its unsupported length. Thus, loss of two cross-ties will triple the 
effective length of the trabecula to which it was connected but the load 
that the trabecula can support will decrease by a factor of nine.

In support of this concept, Ciarelli and coworkers55 showed that 
cancellous bone in the proximal femora of women with hip fracture 
has significantly greater anisotropic (oriented) structure than control 
samples, even when the samples were matched for the total amount 
of cancellous bone. The greater anisotropy was thought to be the result 
of preferential loss of cross-ties. This is just one of several studies that 
have revealed compromised cancellous bone microarchitecture in both 
men and women with osteoporosis-related fractures when compared 
with controls with the same bone mass.56-58

The loss of cross-ties leaves the load-bearing struts vulnerable to 
failure, and this is compounded by the increase in bone turnover, for 
example, in postmenopausal women. Each resorption cavity acts as a 
stress concentrator or weak point on the trabecular surface, increasing 
the probability of failure at that site (Fig. 195.6).59 This is analogous 
to filing a tiny scratch on a glass rod prior to breaking it. The mass of 
the rod barely changes, but when force is applied the rod dutifully 
breaks exactly at the location of the scratch. Rapid reduction in the 
number of stress-concentrating resorption cavities may explain why 
antiresorptive agents cause an early decrease in fracture risk that is 
disproportionately greater than that predicted by the improvements in 
bone density.

a b

Fig. 195.5 Scanning electron micrographs of normal (a) and osteoporotic (b) human cancellous bone from the iliac crest. Note that in osteoporosis the sturdy, 
interconnected trabecular plates have been replaced by thin rod-like structures. A disconnected trabecula is seen at lower right. (From Dempster DW, Shane E, 
Horbert W, Lindsay R. A simple method for correlative light and scanning electron microscopy of human iliac crest bone biopsies: qualitative observations in normal 
and osteoporotic subjects. J Bone Miner Res 1986;1:15-21.)

THEORETICAL EXPLANATION FOR THE BONE FRAGILITY ASSOCIATED
WITH ENHANCED REMODELING AND WHY TREATMENT WITH AN

AGENT THAT REDUCES BONE TURNOVER MAY BE BENEFICIAL
WITHOUT CHANGING BONE MASS SIGNIFICANTLY

N OP RX

Fig. 195.6 Theoretical explanation for the bone fragility associated with 
enhanced remodeling and why treatment with an agent that reduces bone 
turnover may be beneficial without changing bone mass significantly. In a 
normal subject (N) the two resorption cavities do not represent a threat to the 
stability of the trabecula because it is stabilized by the two horizontal 
trabeculae. In an osteoporotic individual (OP) the same two cavities 
significantly increase the chance of failure at these stress-concentrating loci. 
Reducing the number of resorption cavities by treatment (Rx) decreases the 
risk of failure. (From Parfitt AM. Use of bisphosphonates in the prevention of bone 
loss and fractures. Am J Med 1991;91:42S-46S.)



SE
C

TI
O

N
 1

6 
●

 M
ET

A
BO

LI
C 

BO
N

E 
D

IS
EA

SE

1964

Falls
The majority of osteoporosis-related fractures are secondary to a fall.62 
Thus, a consideration of the pathogenesis of osteoporotic fracture 
needs to include those factors that increase the risk of falling in addi-
tion to those related to bone loss. Approximately 30% of free-living 
(i.e., non-institutionalized) elderly individuals fall at least once per year 
and this number is even higher in institutionalized individuals. The 
incidence of falls increases with age, and a history of prior falls greatly 
increases the risk of subsequent falls. Risk factors for falling can be 
separated into intrinsic and extrinsic factors. Intrinsic factors include 
underlying disorders that impair balance and ambulation and may be 
associated with the clinical syndrome of frailty. External factors include 
the use of medications, such as anxiolytics, opioid analgesics, antipsy-
chotics, and hypoglycemic, hypotensive, and diuretic agents and alcohol 
abuse, as well as environmental hazards. There is also a strong associa-
tion between inadequate vitamin D intake/production and fall risk, 
with data supporting an effect of vitamin D replacement on reduction 
in fall risk.63

outward at a greater rate than the periosteal surface and, as a result, 
the cortex gets thinner. Here, too, there is a difference between men 
and women, with women losing more bone than men from the end-
osteal surface.60 Some studies also suggest that men compensate for 
this endosteal loss by laying down more bone on the periosteal surface 
than do women.2 The result is a greater loss in the cross-sectional 
moment of inertia with age in women and, consequently, a greater 
increase in fracture risk. Within the cortex, there is an age-related 
decline in the area occupied by circumferential lamellar bone and an 
increase in the number of haversian systems and their fragments, 
confirming continuous remodeling throughout life. Aging also results 
in a decrease in the radial closure rate of osteons, an increase in the 
diameter of the haversian canals, a decrease in osteon wall thickness, 
and an increase in the number of resorption cavities that are aborted 
in the reversal phase and remain unfilled. Each of these contributes to 
an increase in cortical porosity, which occurs to a greater extent in 
women than men61 and, as for trabecular thinning in cancellous bone, 
is the result of an age-related decline in osteoblast recruitment and/or 
activity.
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adequate  prospective  studies.  In  this  chapter  we  review  the  recent 
development  in bone marker  technology and then discuss  the use of 
these markers for the management of osteoporosis, Paget’s disease of 
bone, and osteoarthritis (OA).

ESTABLISHED AND NOVEL BIOCHEMICAL 
MARKERS OF BONE TURNOVER
The detailed description of the different assays for biochemical markers 
of  bone  turnover  has  been  reviewed  in  several  recent  articles.1-3  At 
present,  in  postmenopausal  osteoporosis  the  most  sensitive  markers 
for bone formation are serum total osteocalcin, bone alkaline phospha-
tase  (bone  ALP),  and  the  procollagen  type  I  N-terminal  propeptide 
(PINP)  (Table  196.1).  For  the  evaluation  of  bone  resorption,  most 
assays are based on the detection in serum or urine of type I collagen 
fragments. These include the crosslinks pyridinoline (PYD) and deoxy-
pyridinoline (DPD), cathepsin K (CTX, NTX) and matrix metallopro-
teases  (MMPs)–generated  (CTX-MMP  or  ICTP)  telopeptides,  and 
fragments of the helical portion of type I collagen molecule.

Novel biochemical markers and novel assay technology are continu-
ously being developed to provide additional information on bone turn-
over  abnormalities,  monitor  efficacy  of  treatment,  and  improve 
precision, practicability, and output. These markers include the mea-
surements in serum or urine of non-collagenous bone matrix proteins, 
osteoclastic  enzymes,  regulators  of  osteoblastic  and  osteoclastic  dif-
ferentiation,  and  markers  reflecting  bone  matrix  maturation  (Table 
196.2).4

Although  the  vast majority  of  bone matrix  is  composed  of  type  I 
collagens, about 10% of the organic phase is constituted of non-collag-
enous proteins, some of them being almost specific for bone tissue. It 
has  been  suggested  that  the  measurement  of  these  proteins  or  frag-
ments  thereof  could  represent  specific  biochemical  markers  of  bone 
turnover. Among them, bone sialoprotein (BSP), an acidic, phosphory-
lated glycoprotein of 33 kDa  (glycosylated: 70-80 kDa)  that  contains 
an  RGD  integrin  binding  site,  has  been  suggested  to  provide  useful 
information  on  bone  turnover,  particularly  in  malignant  bone  dis-
eases.5 Unfortunately, its wide use is currently impaired by the lack of 
sensitive and reproducible assays.

Although most of newly synthesized osteocalcin is captured within 
bone matrix, a small  fraction  is  released  into  the blood where  it can 
be detected by  immunoassays. Circulating osteocalcin comprises dif-
ferent  immunoreactive  forms,  including  the  intact molecule  (peptide 
of 49 amino-acids) and fragments of different sizes, including the large 
N-terminal mid molecule (sequence 1 to 43).6 Measurements of serum 
intact osteocalcin and its N-terminal mid fragment are currently rec-
ognized as being the most sensitive and precise assay. Some of these 
fragments have been suggested to reflect osteoclastic bone resorption7 
and are excreted in the urine. Elevated urinary osteocalcin levels were 
reported in osteoporotic postmenopausal women, and values decreased 
after  1  month  of  treatment  with  the  bisphosphonate  alendronate,8 
contrasting to the absence of change in serum total osteocalcin levels. 
A recent study showed that urinary osteocalcin levels were associated 
with bone mineral density (BMD) loss at the spine and the hip evalu-
ated  over  5  years  in  601  postmenopausal  women  ages  75  years  and 
older.9 In the same population, high levels of urinary—but not serum—
osteocalcin  were  associated  with  a  greater  risk  of  clinical  vertebral 
fracture  independently  of  BMD.10  Theoretically,  urinary  osteocalcin 
fragments may constitute a specific bone resorption marker, although 
the  value  of  its  measurement  in  osteoporosis  remains  to  be  further 
evaluated. Other non-collagenous proteins include osteopontin and the 
glutamic-acid  binding protein periostin, which has  been  found  to  be 

Biochemical markers in bone disease
Patrick Garnero

 Specific and sensitive assays reflecting skeletal changes in bone 
formation and bone resorption are available on both manual and 
automated platforms.

 In postmenopausal osteoporosis, the current most useful 
biochemical markers are serum osteocalcin, bone alkaline 
phosphatase, the N-propeptide of type I collagen for bone 
formation, and the C-terminal (serum and urine CTX) and 
N-terminal (urine NTX) crosslinked telopeptides of type I collagen 
for bone resorption.

 New biochemical markers reflecting post-translational 
modifications of collagen (e.g., isomerization of CTX, non-
enzymatic glycation end products) may prove to be useful for 
assessing alterations in bone matrix properties.

 In postmenopausal osteoporosis the main clinical applications of 
bone markers are to help in treatment decision-making by 
improving the identification of individuals at increased risk of 
fracture, together with bone mineral density and clinical risk 
factors, and in monitoring efficacy of treatments. They may also 
prove to be useful in promoting adherence to therapy.

 In Paget’s disease, the most sensitive markers are bone alkaline 
phosphatase and PINP for bone formation and the urinary 
excretion of NTX or the non-isomerized CTX (αCTX) for bone 
resorption. These new biochemical markers are particularly useful 
in patients with monostotic disease in which the standard total 
alkaline phosphate activity lacks sensitivity.

 In osteoarthritis, bone turnover markers are of limited interest 
because they do not adequately reflect focal alteration in 
subchondral bone remodeling. Biochemical markers of cartilage 
turnover, including the new assays for type II collagen synthesis 
and degradation, appear to be the most promising for assessing 
progression of the disease.

INTRODUCTION
Bone turnover is characterized by two opposite activities: the formation 
of new bone by osteoblasts  and  the  resorption of old bone by osteo-
clasts.  The  rate  of  formation  or  degradation  of  bone  matrix  can  be 
assessed either by measuring an enzymatic activity of the bone-forming 
or bone-resorbing cells (e.g., alkaline and acid phosphatase) or by mea-
suring  bone  matrix  components  released  into  the  circulation  during 
formation or resorption. These bone turnover markers have been sepa-
rated  into  markers  of  formation  and  resorption,  but  it  should  be 
remembered that in disease states where both events are coupled and 
change in the same direction (e.g., osteoporosis), any marker will reflect 
the overall  rate of bone turnover. Bone turnover markers cannot dis-
criminate between turnover changes in a specific skeletal envelope (i.e., 
trabecular  vs.  cortical  versus  periosteal  bone)  but  reflect  whole-body 
net changes. Although bone turnover markers might be useful in the 
management of a variety of metabolic bone diseases, most studies have 
focused on their potential use in women with postmenopausal osteo-
porosis. Bone turnover markers may be used to predict the occurrence 
of osteoporotic fractures. In addition, they may have a role in monitor-
ing the efficacy of treatment, especially antiresorptive agents (hormone 
replacement therapy [HRT], bisphosphonates, and calcitonin), but also 
more  recently  anabolic  treatment  (e.g.,  parathyroid  hormone).  The 
hope was that measurement of bone turnover before treatment might 
be useful to select the optimal type of therapy (antiresorptive or bone-
stimulating  agent);  however,  this  has  not  been  substantiated  by 
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TABLE 196.1 ESTABLISHED BIOCHEMICAL MARKERS FOR BONE 
REMODELING AND ABBREVIATIONS

Serum
Formation
 Intact and total osteocalcin (OC)
 Total and bone alkaline phosphatase (bone ALP)
 Procollagen type I C- and N-propeptides (PICP and PINP)

Resorption
 C-terminal crosslinking telopeptide of type I collagen generated by MMPs 

(CTX-MMP)
 N-terminal (S-NTX) and C-terminal (S-CTX) crosslinking telopeptide of type I 

collagen

Urine
 Free pyridinoline (PYD) and deoxypyridinoline (DPD)
 N-terminal (U-NTX) and C-terminal (U-CTX) crosslinking telopeptide of type I 

collagen
 Type I collagen helicoidal peptide 620-633

The markers with the best performance characteristics in studies in patients with osteoporosis 
are in bold type.

TABLE 196.2 NOVEL BIOCHEMICAL MARKER CANDIDATE OF BONE METABOLISM

Non-collagenous proteins of 
bone matrix and fragments

Osteoclastic 
enzymes

Regulators of osteoclast-osteoblast 
differentiation/activity Markers of bone matrix properties

Bone sialoprotein
Osteopontin
Periostin
Urinary mid-molecule 

osteocalcin fragments

TRAPC 5b
Cathepsin K

OPG/ RANKL (osteoclast)
Wnt signaling molecules (Dkk1/sFRP)
Sclerostin (osteoblast)

Non-enzymatic glycation-mediated modifications of collagen (e.g., pentosidine, 
vesperlysine, GOLD, MOLD, CML)

Type I collagen C-telopeptide isomerization (α/β CTX ratio)
Post-translational modifications of non-collagenous proteins (e.g., carboxylation 

and isomerization of osteocalcin)

TRACP 5b, tartrate- resistant acid phosphatase isoenzyme 5b; OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor κB ligand; Wnt, Wingless; Dkk-1, Dickkopf-1; sFRP, soluble Frizzled-related 
protein; GOLD, glyoxal-derived lysine dimer; MOLD, methylglyoxal-derived lysine dimer; CML, carboxymethyllysine.

more  concentrated  in  the  periosteum.11  Increased  serum  periostin 
levels have been reported in women with breast cancer and bone metas-
tases,11 but no data have yet been reported in women with osteoporosis 
and other metabolic diseases of bone.

Newer markers also include the osteoclastic enzyme tartrate-resis-
tant acid phosphatase (TRACP) and cathepsin K. Sensitive immunoas-
says for the 5b isoenzyme of TRACP, which is the osteoclastic specific 
subform, are now available,12,13 but reliable assays for cathepsin K are 
still  lacking.  Serum  TRACP  5b  reflects  mainly  the  number  and  the 
activity of the osteoclasts. It may thus provide information on the bone 
resorption process, which is complementary to that given by collagen-
related markers. Another advantage of serum TRAPC 5b relates to its 
limited diurnal variation and negligible effect of food intake.14

The measurements of the regulators of osteoclastic and osteoblastic 
differentiation  and  activity  have  more  recently  been  suggested  to  be 
useful in the assessment of bone metabolism in osteoporosis, arthritis, 
and metastatic bone disease. The RANKL/RANK/OPG system is one 
of the main regulators of osteoclast formation and function.15 Although 
the major contribution of this pathway in postmenopausal bone  loss 
has been clearly established in various animal and clinical models, the 
serum  measurement  of  receptor  activator  of  NF-κB  ligand  (RANKL) 
and osteoprotegerin (OPG) remains difficult. Indeed, it remains unclear 
what proportion of circulating OPG is monomeric, dimeric, or bound 
to RANKL and which of these forms is the most biologically relevant 
to measure. The same issues arise for the measurements of circulating 
RANKL, which,  in  its  free  form,  is barely detectable  in healthy  indi-
viduals. It is also unlikely that circulating levels of OPG and RANKL 
reflect  adequately  local  bone  marrow  production.  These  limitations 
probably  explain  the  conflicting  data  available  on  the  association  of 
circulating OPG and RANKL with BMD and biochemical markers of 
bone turnover in postmenopausal women and elderly men.16

The Wnt signaling pathway plays a pivotal role in the differentiation 
and  activity  of  osteoblastic  cells.17  The  primary  receptors  of  Wnt 

molecules  are  the  seven-transmembrane  Frizzled  related  proteins 
(FRP), each of which interacts with a single transmembrane low density 
lipoprotein  (LDL)  receptor-related  protein  5/6  (LRP5/6).  Different 
secreted proteins,  including soluble FRP-related proteins  (sFRP), Wnt 
inhibitory factor-1 (WIF1), and Dickkopfs (Dkk) 1 to 4, prevent ligand-
receptor  interactions  and  consequently  inhibit  the  Wnt  signaling 
pathway. Alterations of the Wnt signaling pathway and its regulatory 
molecules  including  Dkk-1  and  sFRP  have  been  shown  to  play  an 
important role in bone turnover abnormalities associated with osteo-
porosis, arthritis, multiple myeloma, and bone metastases from pros-
tate  and  breast  cancer.18  Immunoassays  for  circulating  Dkk-1  have 
recently been developed.19 Serum Dkk-1 levels have been reported to 
be  increased  in  clinical  situations  characterized  by  depressed  bone 
formation  such  as  multiple  myeloma.20  Circulating  levels  are  also 
higher  in  diseases  characterized  by  focal  osteolysis  such  as  multiple 
myeloma,21 bone metastases from breast or lung cancer,22,23 and rheu-
matoid arthritis.24 Conversely, in patients with OA of the hip, a clinical 
situation  characterized  by  focal  sclerosis  of  subchondral  bone,  lower 
serum Dkk-1 levels were shown to be associated with a decreased risk 
of joint destruction.25 Currently there are no data on serum Dkk-1 in 
postmenopausal  osteoporosis.  As  for  the  assessment  of  OPG  and 
RANK-L  it  is  possible  that  circulating  Dkk-1  does  not  reflect  ade-
quately  local bone contribution. From a practical point of view, mea-
surement of Dkk-1 in plasma is recommended, because platelets that 
are  activated  during  the  clotting  process  are  a  major  contributor  of 
circulating Dkk-1.26

Finally,  one  of  the  most  interesting  developments  in  the  field  
of  biochemical  markers  of  bone  metabolism  is  that  related  to  post-
translational  modifications  of  type  I  collagen,  especially  the  non- 
enzymatic ones (Fig. 196.1). Indeed, recent studies suggest that some 
of  them may be associated with aging and biomechanical properties. 
One  of  the  most  investigated  is  the  advanced  glycation  end  product 
(AGE) pentosidine that makes crosslinks between collagen molecules 
in the presence of sugars. In-vitro and ex-vivo studies using animal and 
human tissue samples have shown that pentosidine markedly increases 
with aging and that high levels are associated with decreased fracture 
resistance.4  A  clinical  situation  in  which  AGEs  may  be  particularly 
relevant  is  type 2 diabetes, a disease characterized by altered glucose 
metabolism and increased bone fragility despite increased BMD. Recent 
studies have shown an association between increased serum and urine 
pentosidine  levels and prevalent27 and incident vertebral  fracture28  in 
older women with type 2 diabetes. This association was independent 
of  potential  confounding  factors  such  as  serum  glycated  albumin, 
BMD, and renal function. It has, however, been recognized that pen-
tosidine is only one of the several AGEs present in bone matrix and is 
not specific for this tissue. The identification of the major AGE of bone 
tissue  that  directly  alters  mechanical  properties  would  be  extremely 
useful.

β-Isomerization  of  the  aspartate  (D)  residue  within  the  (1209) 
AHDGGR (1214) sequence  (CTX) of  the C-telopeptide of  type I col-
lagen is another non-enzymatic post-translational modification believed 
to reflect bone matrix maturation (see Fig. 196.1). In newly synthesized 
type I collagen molecules, the peptide bond between the aspartic acid 
residue  and  the  adjacent  glycine  (G)  involves  the  carboxyl  group  in 
position α of  the aspartic acid. Thus,  this native sequence  is named 
αCTX.  With  maturation  of  type  I  collagen,  there  is  a  spontaneous 
translocation of the peptide bond from the carboxyl group in position 



CH
A

PTER 196 
● Biochem

ical m
arkers in bone disease

1967

maturation  of  collagen  matrix  consistent  with  the  anabolic  effect  of 
this treatment.37

Altogether, these data indicate that the extent of post-translational 
modifications of collagen and, more specifically, those related to non-
enzymatic processes can contribute to the biomechanical properties of 
bone tissue. At present, the urinary α/β CTX ratio appears as the most 
promising  non-invasive  biomarker  to  assess  these  changes  in  bone 
matrix maturation, although further studies are necessary to confirm 
its clinical utility in the assessment of postmenopausal osteoporosis.

Current  bone  markers  have  been  developed  using  a  conventional 
candidate–based  approach  on  known  physiopathologic  pathways  and 
proteins purified from bone matrix. First assays were manual immu-
noassays,  which  have  limited  reproducibility  and  low  output.  More 
recently,  however,  the  individual  measurement  of  most  biochemical 
markers, including osteocalcin, bone ALP, PINP, CTX, and NTX, can 
be  achieved  with  high  throughput  and  analytical  precision  on  auto-
mated  platforms.38,39  It  is  likely  that  the  improvement  of  proteomic 
technologies  such  as  Surface  Enhanced  Laser  Desorption  Ionization 
(SELDI)  and  matrix-assisted  laser  desorption  Time-of-Flight  Mass 
Spectrometry (MALDI-TOF) coupled with bioinformatics will provide 
means to analyze a broad array of proteins and identify novel markers. 
Such strategy has recently been applied  to define a serum biomarker 
profile that was able to differentiate postmenopausal women with high 
or low bone turnover.40 Ultimately, such strategy will result in identify-
ing a panel of a few independent markers, which when combined may 
improve the sensitivity and specificity to detect patients at high risk of 
fracture. Multiplex automated technologies allowing the simultaneous 
measurement of  these biochemical markers  in a  low sample volume 
will  then be required for easy use. One of such automated platforms 

α to the carboxyl group in position β of the aspartic acid residue leading 
to the so-called βCTX isomerized sequence.29 Isomerization alters the 
three-dimensional  conformation  of  type  I  collagen  by  introducing  a 
kink  in  the  peptide  backbone.  The  structure  of  bone  matrix  can  be 
altered in certain clinical situations (e.g., Paget’s disease or bone metas-
tases) characterized by a very high bone remodeling  in  localized area 
of bone tissue, leading to the so-called woven bone or genetic disorders 
caused by mutations of type I collagen genes (e.g., osteogenesis imper-
fecta [OI]). It is possible to detect alterations of type I collagen isom-
erization in vivo by measuring the urinary excretion of native (α) and 
isomerized (β) CTX fragments using specific immunoassays. In patients 
with  Paget’s  disease  of  bone,  urinary  αCTX  is  markedly  increased 
compared with that of βCTX, resulting in an abnormally high α/β CTX 
ratio.30 The relationships between these two isoforms can be normal-
ized  after  treatment  with  bisphosphonate.31,32  More  recently,  we 
reported increased urinary α/β CTX ratio in adults with osteogenesis 
imperfecta, suggesting altered bone collagen maturation.33

The  investigation of  type  I  collagen  isomerization may also be of 
clinical relevance in postmenopausal osteoporosis. In the OFELY pro-
spective study, it was found that increased urinary α/β CTX ratio was 
significantly  associated  with  increased  fracture  risk  independent  of 
both the level of hip BMD and of overall bone turnover.34 The effects 
of  antiresorptive  therapies  and  parathyroid  hormone  (PTH)  on  the 
non-enzymatic  modifications  of  collagen  have  recently  been  investi-
gated.  In  postmenopausal  women,  oral  alendronate  and  ibandronate 
induced a decrease in urinary α/β CTX ratio, suggesting increased col-
lagen maturation, but raloxifene, 17β-estradiol, and calcitonin had no 
significant  effect.35,36 Conversely, women  receiving  intermittent PTH 
demonstrated  an  increased  urinary  α/β  CTX  ratio,  suggesting  lower 
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Fig. 196.1 Schematic representation of the extracellular post-translational modifications of type I collagen in bone matrix. 
Type I collagen is constituted by the association in triple helix of two α1 and one α2 chains except of the two ends (N- and 
C-telopeptides). In bone matrix, type I collagen is subjected to different post-translational modifications: the mature trivalent 
crosslinks including pyridinoline (PYD), deoxypyridinoline (DPD), and pyrrole that make bridges between two telopeptides 
and the helicoidal region of another collagen molecule. These molecules result from the maturation of divalent crosslinking 
molecules (dihydroxylysinonorleucine [DHLNL] and hydroxylysinonorleucine [HLNL]) whose synthesis requires an enzymatic 
process (lysyl oxidase); the advanced glycation end products (AGEs) are formed by non-enzymatic glycation when sugar (e.g., 
glucose) is present in the extracellular matrix. Some AGEs, such as pentosine, are crosslinking molecules, although their 
precise location remains to be determined; the non-enzymatic isomerization of aspartic acid (D) occurs in the C-telopeptides 
of α1 chains.
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CLINICAL USES OF BONE MARKERS IN 
POSTMENOPAUSAL OSTEOPOROSIS
In postmenopausal osteoporosis, biochemical markers of bone turnover 
have been proposed  to be useful  in  the  following applications:  (1)  to 
predict  individuals  at  increased  risk  of  fracture,  (2)  to  predict  which 
patients will benefit from treatment, (3) to assess efficacy of treatment, 
and (4) to promote adherence to therapy. Biochemical markers do not 
have any  role  in  the diagnosis of osteoporosis  and cannot  substitute 
for BMD assessment by dual x-ray absorptiometry (DXA).

Markers of bone turnover to predict individuals 
at increased risk of fracture
With the emergence of effective—but rather expensive—treatments, it 
is essential  to detect  those women at higher  risk of  fracture.  Indeed, 
although several prospective studies have demonstrated a strong asso-
ciation  between  BMD  measurements  and  the  risk  of  hip,  spine  and 
forearm fractures, about half of the patients with incident fractures have 
baseline BMD above the diagnostic threshold of osteoporosis, defined 
as  a  T-score  of  −2.5  SD  or  more  below  the  average  value  of  young 
healthy women. There is a need for improving identification of patients 
with increased bone loss and ultimately a higher risk for fracture.

Several  studies  have  examined  the  association  between  baseline 
levels  of  biochemical  markers  and  the  rate  of  subsequent  bone  loss 
estimated by changes in BMD by DXA over periods ranging from 1 to 
10 years at various skeletal sites, such as the spine, hip, forearm, and 
whole  body,  and  in  elderly  or  younger  postmenopausal  women.44 
Although most studies found a significant relationship, with high bone 
turnover being associated with faster subsequent bone loss, the associa-
tion was modest  and  inconsistent between  skeletal  sites. This  could 
partly be explained by the imprecision in estimating rate of bone loss 
from longitudinal assessments of BMD. Thus, a single measurement 
of bone markers cannot identify accurately individuals with rapid bone 
loss.  A  recent  study  suggests,  however,  that  serial  measurements  of 
bone turnover may improve the prediction of bone loss over 5 years in 
elderly  women  included  in  the  subgroup  of  osteopenic  subjects  (Fig. 
196.2).45

Prospective  studies  investigating  the  relationships  between  bone 
formation markers and fracture risk have yielded conflicting and incon-
sistent data.46 Five prospective population-based studies have consis-
tently reported that a high level of bone resorption assessed by urinary 
or serum CTX, urinary free DPD, serum TRACP 5b, or urinary osteo-
calcin  fragments  (only  one  study  for  these  two  latter  markers)  was 
associated  with  about  a  twofold  higher  risk  of  hip,  vertebral,  and 
non-hip/non-vertebral  fractures  over  follow-up  periods  ranging  from 
1.8 to 5 years (Table 196.4).46 In all these analyses, the odds ratios of 
fracture  were  not  modified  after  adjusting  for  potential  confounding 
factors such as mobility status and were only marginally decreased after 
adjusting for BMD measured by DXA. Based on data from a large study 
of  postmenopausal  women  (EPIDOS)  and  a  large  study  of  healthy 
premenopausal  women  (OFELY),  it  was  found  that  combining  data 
from urinary CTX with BMD or history of previous fracture results in 
a 10-year probability of hip fracture that was 70% to 100% higher than 
that  associated  with  low  BMD  alone.47  The  use  of  bone  markers  in 
individual patients may be appropriate  in some situations, especially 
in women who are not detected at risk using BMD measurement alone. 
In a study of younger postmenopausal women from the OFELY cohort, 
half  of  all  incident  fractures  actually  occurred  in  osteopenic  women 
(BMD T-score between −1.0 and −2.5).48 Among  these women, high 
levels of bone ALP were significantly associated with increased fracture 
risk. Combination of high bone ALP with a history of prior  fracture 
was very effective to identify women who experienced fracture in the 
following 9.1 years with a sensitivity of 70% and a specificity of 69%.48 
Thus, bone turnover markers may be used in the assessment of fracture 
risk in selected cases when BMD and clinical risk factors are not suf-
ficient to make a treatment decision.

Bone markers to identify which patients will 
benefit from treatment
It  has  long  been  suggested  that  pretreatment  levels  of  biochemical 
markers  may  be  useful  to  select  the  most  appropriate  therapy. 

has been recently developed for the simultaneous measurements with 
high analytical precision of osteocalcin, CTX, PINP, and PTH in only 
20 µL of serum.41

VARIABILITY OF BIOCHEMICAL MARKERS  
OF BONE TURNOVER
As discussed earlier, automated assays with high analytical precision 
are now available for most established markers. In addition to control-
ling for analytical precision error, the biologic variability of biochemical 
markers  needs  to  be  taken  into  account  when  making  clinical  deci-
sions. Indeed, the serum and urinary concentrations of bone markers 
are  dependent  on  their  production,  volume  of  distribution,  half-life, 
and clearance. These parameters, which depend on factors such as age, 
gender, body weight, ethnicity and geography, pregnancy and lactation, 
diet,  exercise  and  mobility,  menstrual  and  seasonal  cycles,  previous 
fracture,  the  type of metabolic bone disease,  and hepatic and kidney 
function will impact the overall variability.42 Some biochemical markers 
also exhibit a marked circadian variability that does not appear to be 
altered by gender, menopausal status, postmenopausal osteoporosis, or 
presence  of  bone  metastases.  Finally,  the  concentration  of  some 
markers, including serum CTX, is markedly affected by food intake,43 
an  effect  that  is  mediated  in  part  by  the  gastrointestinal  hormone 
glucagon-like peptide-2 (GLP-2).43

In  an  individual  patient,  some of  these  factors,  such  as  circadian 
rhythms, fasting and menstrual status, diet, and exercise are control-
lable by standardizing the timing and conditions of sample collection 
(see Table 196.2). Other factors such as age, ethnicity and geographic 
location,  previous  fractures,  season,  pregnancy  and  lactation,  drugs, 
immobility,  and  co-morbidities  cannot  be  controlled  but  need  to  be 
considered when  interpreting  the data of biochemical markers  (Table 
196.3).  Taken  together  when  sampling  is  standardized,  the  biologic 
intra-patient  variability  is  10%  to  15%  for  serum  bone  formation 
markers but higher for type I collagen–related resorption assays, espe-
cially  when  measured  in  urine.  However,  this  biologic  intra-patient 
variability  is  often  of  lower  magnitude  than  the  changes  that  are 
observed during  treatment with antiresorptive  therapies or PTH (see 
later). Thus, measurements of bone markers allow for documentation 
of  changes  of  bone  turnover  that  are  related  to  the  pharmacologic 
intervention  (and  not  only  to  physiologic  variation)  in  a  majority  of 
subjects.

TABLE 196.3 SOURCES OF PREANALYTICAL VARIABILITY OF 
BONE TURNOVER MARKERS

Uncontrollable factors
Age

Menopausal status
Gender
Ethnicity
Recent fractures (up to 1 year)
Pregnancy and lactation
Renal and hepatic function
Drugs

Antiresorptives
Bone anabolics
Glucocorticoids
Anticonvulsants
GnRH agonists

Diseases
Metabolic bone diseases
Diabetes
Thyroid diseases
Arthritic diseases (e.g., rheumatoid arthritis; osteoarthritis)

Immobility
Seasonal changes
Diurnal (circadian) variability

Controllable factors
Diet
Exercise
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one  fracture during 1 and 3 years of  treatment with  risedronate was 
significantly lower in patients with high baseline turnover as compared 
with  women  with  low  baseline  values.  In  the  Fracture  Intervention 
Trial (FIT) of alendronate, which includes a larger number of incident 
fractures, it was reported that women with high pretreatment levels of 
serum PINP or bone ALP had a greater reduction in non-spine fracture 
than women with lower turnover.53 However, because the association 
in these just-described studies was modest and may vary according to 
the drugs even  in  the same class,  it  is  still unclear whether baseline 
assessment of biochemical markers will be of clinical value to predict 
which individual patients will benefit more from anticatabolic therapy.

Anabolic treatments including PTH have been viewed as a particu-
larly attractive therapeutic agent for patients with low bone turnover. 

Conceptually,  there  is a belief  that patients with high bone  turnover 
are more likely to respond from anticatabolic agents whereas patients 
presenting with low bone turnover would benefit more from anabolic 
treatments.  Several  studies  found  that  among  estrogen-,49,50  calcito-
nin-,51  and  bisphosphonate-treated  women,52  higher  pretreatment 
levels of bone turnover were associated with greater increases in spine 
BMD after 1 to 3 years. Conversely, few data exist on the relationship 
between  pretreatment  levels  of  bone  turnover  and  the  anti-fracture 
efficacy  of  anticatabolic  treatments.  In  a  pooled  analysis  of  several 
placebo-controlled trials of risedronate, Seibel and associates52 reported 
that the spine fracture risk reduction was similar among women with 
low and high pretreatment bone turnover as assessed by urinary DPD. 
However,  the number  of  patients who needed  to  be  treated  to  avoid 
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STANDARDIZED LINEAR REGRESSION COEFFICIENTS (�std) BETWEEN BONE MARKERS AND 5-YR CHANGE IN TOTAL BODY BMD

Fig. 196.2 Standardized linear regression coefficients (bstd) between bone markers and 5-year change in total-body bone mineral density (BMD). Results are 
shown for the following: (a) serum intact osteocalcin (S-OC[1-49]); (b) serum total osteocalcin (S-TotalOC); (c) serum carboxylated osteocalcin (S-cOC); (d) serum 
bone alkaline phosphatase (S-boneALP); (e) serum C-terminal crosslinked telopeptide of type I collagen (S-CTX-I); (f ) serum tartrate-resistant acid phosphatase 
(S-TRACP 5b); (g) urinary osteocalcin mid fragment (U-MidOC/creat); and (h) S-CTX-I also after adjustment to baseline total body BMD, baseline body weight, and 
storage time and after excluding women with incident fractures. Bone markers were used as single measurements (baseline = 0) or average of two (0 + 1), three 
(0 + 1 +3), or four measurements (0 + 1+ 3 + 5). In addition, slopes over 1 year (0-1), 3 years (0-1-3), or 5 years (0-1-3-5) were analyzed. Squares indicate the value 
for b, and the whiskers represent 95% confidence interval. The P values are indicated with asterisks: *, P < .05; **, P < .01; ***, P < .001; ns, not significant. (From 
Ivaska KK, Lenora J, Gerdhem P, et al. Serial assessment of serum bone metabolism markers identifies women with highest rate of bone loss and osteoporosis risk. J Clin 
Endocrinol Metab 2008;93:2622-2632.).
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K  inhibitors  induces  a  prompt  decrease  of  bone  resorption  markers 
observed  within  a  few  weeks,  with  a  plateau  reached  after  3  to  6 
months.3 The decrease of bone formation markers is delayed, reflecting 
the physiologic coupling of  formation  to  resorption, and a plateau  is 
usually achieved after 6 to 12 months of treatment. With inhibitors of 
cathepsin K, however, current evidence suggests only small changes in 
bone formation markers during the first year of therapy. The onset and 
magnitude of the decrease of bone markers with antiresorptive thera-
pies depend on the route of administration (faster for intravenous than 
oral  bisphosphonates),  the  mechanism  of  action  of  the  therapy,  and 
the marker investigated.

The relationship between bone markers’ changes and fracture risk 
with antiresorptive  therapy has been  investigated  in several post-hoc 
analyses of randomized controlled trials. It was found that the changes 
of serum osteocalcin, bone ALP, and PINP with raloxifene were associ-
ated  with  the  subsequent  risk  of  vertebral  fractures  in  osteoporotic 
women participating in the MORE study whereas changes in hip BMD 
were  not  predictive.57  In  postmenopausal  women  with  osteoporosis 
treated with oral risedronate, changes of urinary CTX and NTX after 
3 to 6 months predicted the risk of subsequent incident vertebral frac-
tures at 3 years.58,59 A significant association between changes of bone 
ALP  and  vertebral,  hip,  and  non-spine  fracture  was  also  found  in 
women treated with alendronate participating in the FIT trial.60 Alen-
dronate-treated women with at least a 30% reduction in bone ALP at 
1 year had a lower risk of non-spine (RH 0.72; CI: 0.55-0.92) and hip 
fractures  (RH: 0.26; CI:  0.08-0.83)  relative  to  those with  reductions 
lower than 30%. More recently in a subanalysis of the zoledronic acid 
HORIZON trial, a significant association between changes  in serum 
PINP  at  1  year,  and  vertebral  and  hip  fracture  risk  at  3  years  was 
observed  (Table  196.5),  contrasting  to  a  non-consistent  predictive 
value of changes in BMD.61 In the risedronate study, it was shown that 
the relationship between vertebral fracture risk and the levels of CTX 
reached after 3  to 6 months was not  linear and  that  there may be a 
level  of  bone  resorption  reduction  below  which  there  are  no  further 
fracture benefits.58,59 Although optimal cutoffs still need to be validated 
in prospective studies, it has been proposed that the goal of antiresorp-
tive therapy is to reduce bone turnover markers within the lower half 
of the reference range for healthy young premenopausal women.59 This 
requires the determination of accurate reference intervals for the lower 
limit of bone turnover markers in healthy premenopausal women, data 
that  have  been  recently  published  for  different  countries  (Table 
196.6).62-64 It has to be recognized, however, that reference ranges are 
highly dependent on  the  type of  assays  (e.g., manual  vs.  automated) 
because they are not yet cross-calibrated.

Bone turnover markers may also be useful to monitor the effects of 
anabolic treatments, including intermittent administration of PTH. In 
the PaTH study with rhPTH 1-84 and in the Fracture Prevention Trial 
with teriparatide,54,55 it was shown that PTH produces a marked and 
rapid (within a month) increase in markers of bone formation followed 
by  a  delayed  increase  in  bone  resorption  markers.  In  this  situation, 
bone  formation markers,  especially  serum PINP,54,55 appear  the most 

Recent studies with both teriparatide (rhPTH 1-34) and recombinant 
human  full-length  PTH  1-84  indicate  that  PTH  therapy  increases 
BMD and reduces fracture risk whether or not bone turnover is low or 
high before  treatment.54,55 Actually, with both  agents  the  increase  in 
spine BMD was  larger  in  those with higher pretreatment bone  turn-
over. The teriparatide-mediated absolute  risk of spine  fracture  reduc-
tion was also greatest in those women with higher pretreatment levels 
of bone markers, although the relative risk reduction was independent 
of pretreatment bone turnover.56

Bone markers for monitoring treatment  
of osteoporosis
Monitoring the efficacy of treatment of osteoporosis is a challenge. The 
goal of treatment is to reduce the occurrence of fragility fractures, but 
the incidence of fractures is low and the absence of events during the 
first  year(s)  of  therapy  does  not  imply  necessarily  that  treatment  is 
effective. Thus, the use of surrogate markers with a more rapid response 
is clearly needed for an efficient monitoring of treatment in osteopo-
rosis. A surrogate marker can be defined as a laboratory measurement 
or a physical sign used as a substitute  for a clinical meaningful end-
point that measures directly how a patient feels, functions, or survives. 
Changes induced by a therapy on a surrogate endpoint are expected to 
reflect changes in a clinical meaningful endpoint, that is, incidence of 
fracture.

Measurement of BMD is a surrogate marker of  treatment efficacy 
that has been widely used in clinical trials. Its use in the monitoring 
of treatment efficacy in the individual patient, however, has not been 
validated.

Several  randomized,  placebo-controlled  studies  have  shown  that 
treatment  of  postmenopausal  women  with  antiresorptive  therapies 
including bisphosphonates, estrogens, selective estrogen receptor mod-
ulators (SERMs), the anti-RANKL antibody denosumab, and cathepsin 

TABLE 196.4 RELATIONSHIPS BETWEEN INCREASED BASELINE LEVELS OF 
BONE RESORPTION MARKERS AND FRACTURE RISK IN PROSPECTIVE  

STUDIES OF UNTREATED POSTMENOPAUSAL WOMEN

Study cohort 
(reference) Age (yr)

Fracture 
type

Biochemical 
marker

Relative risk 
(95 CI) of 
incident 
fracture for 
high levels 
of markers

EPIDOSa 
(Garnero, 1996)

>75 Hip Urinary CTX 2.2 (1.3-3.6)*

Urinary-free DPD 1.9 (1.1-3.2)*

Rotterdamb 
(Well, 1999)

>75 All Urinary-free DPD 1.7 (1.1-2.6)†

Malmöc 
(Gerdhem, 2004)

>75 All Serum TRACP-5b 2.2 (1.2-4.2)‡

Urinary-OC 2.1 (1.1-4.1)‡

OFELYd (Garnero, 
2000)

Mean: 64 All Urinary-CTX 2.3 (1.3-4.1)*

Serum-CTX 2.1 (1.1-3.6)*

HOSe (Ross, 2000) Mean: 69 All Urinary-CTX 1.5 (1.2-2.0)§

*Above the upper limit of premenopausal range.
†Upper two tertiles.
‡Upper quartile.
§Per SD increase.

aGarnero P, Sornay-Rendu E, Chapuy MC, Delmas PD. Increased bone turnover in late 
postmenopausal women is a major determinant of osteoporosis. J Bone Miner Res 
1996;11:337-349.
bWeel AEAM, Seibel MJ, Hofman A, et al. Which fractures are associated with high bone 
resorption in elderly women: The Rotterdam study. J Bone Miner Res 1999;10(Suppl 1):S160.
cGerdhem P, Ivaska KK, Alatalo SL, et al. Biochemical markers of bone metabolism and prediction 
of fracture in elderly women. J Bone Miner Res 2004;19:386-393.
dGarnero P, Sornay-Rendu E, Claustrat B, Delmas PD. Biochemical markers of bone turnover, 
endogenous hormones and the risk of fractures in postmenopausal women: The OFELY study. J 
Bone Miner Res 2000; 15:1526-1536.
eRoss PD, Kress BC, Parson RE, et al. Serum bone alkaline phosphatase and calcaneus bone 
density predict fractures: a prospective study. Osteoporos Int 2000;11:76-82.

Sources:

TABLE 196.5 ASSOCIATION BETWEEN CHANGES OF SERUM PROCOLLAGEN 
TYPE I N-TERMINAL PROPEPTIDE (PINP) AND THE RISK OF FRACTURE IN 
POSTMENOPAUSAL WOMEN WITH OSTEOPOROSIS RECEIVING ANNUAL  

INFUSION OF ZOLEDRONIC ACID, 5 MG: THE HORIZON TRIAL

Fracture category
Adjusted hazard ratio (95% CI) of fracture at 
3 years per SD of changes in PINP at 1 year

Any clinical 0.76 (0.59-0.96)*

Non-vertebral 0.73 (0.56-0.95)*

Hip 0.36 (0.20-0.63)†

Morphometric vertebral 0.60 (0.39-0.99)*

*P < .05,
†P < .01.
From Delmas PD, Munoz F, Cosman F, et al. Relationship of bone turnover marker (PINP) and 
changes in femoral neck bone mineral density to fracture risk in women with postmenopausal 
osteoporosis treated with once-yearly zoledronic acid 5 mg (ZOL): the Horizon-PFT study. J Bone 
Miner Res 2008;23(Abstract):S9.
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TABLE 196.6 GEOMETRIC MEAN AND 95% REFERENCE INTERVALS FOR BONE TURNOVER MARKERS IN 637 HEALTHY PREMENOPAUSAL 
WOMEN 30 TO 39 YEARS OF AGE (MEAN: 34.6 YEARS) FROM UNITED KINGDOM, FRANCE, BELGIUM, AND THE UNITED STATES

Measurement Assay Median 95% Reference Interval Lower limit, 90% CI Upper limit, 90% CI

Serum bone ALP (ng/mL) Ostase, Access (Beckman-Coulter) 8.68 5.15-15.32 4.48, 5.92 13.33, 17.61

Serum P1NP (ng/mL) Total PINP, Eleccys (Roche Diagnostics) 36.0 16.3-78.2 15.5, 17.3 74.0, 82.7

Serum CTX (ng/mL) Serum Crosslaps Eleccys (Roche Diagnostics) 0.299 0.114-0.628 0.100, 0.131 0.548, 0.721

Urinary NTX/Cr (nmol BCE/mmol Cr) Osteomark, Viros (Ortho-Clinical Diagnostics) 24.80 9.22-51.81 8.03, 10.57 45.16, 59.44

From Glover S, Gall M, Schoenborn-Kellenberger O, et al. Establishing a reference interval for bone turnover markers in 637 healthy, young, pre-menopausal women from UK, France, Belgium and the USA. 
J Bone Miner Res 2009;24:389-397. Reprinted with permission of John Wiley & Sons, Inc.
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PREDICTION OF CHANGES IN BMD AT 1 YEAR BY CHANGES OF SERUM PINP AT 3 MONTHS IN
119 POSTMENOPAUSAL WOMEN WITH OSTEOPOROSIS RECEIVING DAILY SUB-CUTANEOUS 

INJECTION OF FULL-LENGTH PTH (1–84): THE PaTH STUDY

Fig. 196.3 Prediction of changes in BMD at 1 year by changes of serum PINP at 3 months in 119 postmenopausal women 
with osteoporosis receiving daily subcutaneous injection of full-length PTH (1-84): The PaTH Study. The graphs show the mean 
(95% confidence interval) percentage changes in spine and hip BMD assessed by DXA or quantitative computed tomography 
(QCT) according to tertile of change of PINP at 3 months. (From Bauer DC, Garnero P, Bilezikian JP, et al. Short-term changes in 
bone turnover markers and bone mineral density response to parathyroid hormone in postmenopausal women with osteoporosis. J 
Clin Endocrinol Metab 2006;91:1370-1375.)

useful  to  predict  latter  gain  of  BMD  (Fig.  196.3).  The  use  of  bone 
markers  to  predict  anti-fracture  efficacy  of  PTH  remains  to  be 
investigated.

Strontium  ranelate  has  a  unique  mechanism  of  action  because  it 
both  moderately  stimulates  bone  formation  and  at  the  same  time 
decreases bone resorption, as documented by changes of biochemical 
markers. However, because the magnitude of these variations is small,65 
bone markers are not useful to monitor efficacy of strontium ranelate 
in  individual  patients.  Conversely,  changes  of  hip  BMD  have  been 
shown to be strong predictors of its anti–vertebral fracture efficacy.66

It  remains  to be  investigated whether bone  turnover markers will 
be  useful  to  predict  fracture  efficacy  of  other  types  of  antiresorptive 
therapies currently in development such as denosumab and cathepsin 
K inhibitors.

Bone markers to promote adherence to therapy
Failure  to  respond  to  treatment  in  osteoporosis  may  be  due  to  poor 
adherence (probably the most important single factor), to poor intesti-
nal absorption (i. e., oral bisphosphonates), to other factors contribut-
ing to bone loss, or to other unidentified factors. Using a decision tree 
and  Markov  modeling,  Chapurlat  and  Cummings67  compared  two 
strategies:  treatment  of  a  woman  without  specific  monitoring  and 
treatment of this woman with measurement of a serum marker of bone 
resorption  after  3  months,  with  change  of  treatment  if  response  to 
treatment assessed was not satisfactory. From this analysis it has been 
suggested  that  monitoring  patients  with  bone  markers  may  increase 

effectiveness  of  bisphosphonate  treatment  on  quality  of  life.  Clowes 
and colleagues68 randomized 65 postmenopausal women to three dif-
ferent groups: (1) no monitoring, (2) monitoring by nurse visit, and (3) 
monitoring  by  regular  assessment  of  bone  markers.  After  1  year  of 
treatment  with  raloxifene,  the  monitored  groups  (nurse  or  marker) 
showed a significant 57% increased cumulative adherence to therapy 
compared  with  no  monitoring,  although  there  was  no  difference 
between  the  types  of  monitoring.  In  the  larger  IMPACT  study  with 
oral risedronate, 2302 postmenopausal women with osteoporosis were 
randomized in either a reinforcement group based on the feedback by 
the  physician  of  the  bone  marker  results  (urinary  NTX)  or  with  no 
reinforcement.69 Compared with women with no reinforcement, in the 
subgroup of patients who received a positive message based on a sig-
nificant  decrease  of  NTX,  persistence  was  significantly  improved. 
However  persistence  was  decreased  in  women  receiving  a  negative 
message  (increase  of  urinary  NTX).  Although  the  total  number  of 
incident fractures after 1 year was limited, it was significantly lower (8 
patients with 9 fractures vs. 17 subjects with 18 fractures, odds ratio 
[95% CI]: 0.4 [0.2-1.0]) in the bone marker reinforcement group. Thus, 
if confirmed by additional studies, monitoring using bone markers may 
improve adherence to treatment and ultimately be beneficial for optimal 
fracture reduction.

BONE MARKERS IN PAGET’S DISEASE OF BONE
Paget’s disease of bone (see Chapter 202) is a localized disorder char-
acterized  by  a  marked  increase  of  bone  turnover,  leading  to 
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Use of bone markers in monitoring treatment
As bisphosphonates have become more potent,  the aim of treatment 
has shifted toward achievement of a rate of bone turnover in the lower 
part of the reference range. Zoledronic acid was shown to induce a very 
rapid and marked decrease in the markers of bone resorption, especially 
urinary αCTX, followed by a delayed response of the formation markers’ 
total ALP and PINP.74 Histologic studies have shown that after a few 
months of treatment there is formation of normal lamellar bone, sug-
gesting  that  treatment  restores  bone  quality.  In  patients  with  active 
Paget’s disease, a single injection of zoledronate, 200-400 µg, induces 
a  significant  decrease  of  the  urinary  αCTX/βCTX  ratio,  which  was 
three times higher than in controls before treatment and which returned 
to the reference range in most patients after 2 months of treatment.31 
A study using a new two-site immunoassay also found a larger decrease 
of urinary α-αCTX compared with β-βCTX after  treatment with  the 
bisphosphonate  tiludronate,  resulting  in a normalization of  the  rela-
tionship between these two isoforms.32 These observations suggest that 
bisphosphonate  treatment  induced  the  progressive  replacement  of 
woven bone by lamellar bone with a higher degree of β-isomerization 
of  type  I  collagen,  although  this  remains  to  be  confirmed  by  direct 
histologic  evidence.  Thus,  the  urinary  αCTX/βCTX  ratio  may  be  a 
novel index of bone quality that might be useful for monitoring pagetic 
patients.

BONE MARKERS IN OSTEOARTHRITIS
Although the hallmark of osteoarthritis (OA) is abnormal and degraded 
cartilage, OA is also characterized by altered remodeling and structure 
of the subchondral bone, which is believed to be an important factor 
in disease initiation and/or progression and synovial tissue inflamma-
tion  in  some  patients  and  at  a  certain  phase  of  the  disease.  Plain 
radiography, the reference technique for the diagnosis and for assessing 
the severity of joint destruction, is characterized by limited sensitivity 
to detect early joint damage, predict disease progression, and monitor 
treatment effects. Magnetic resonance imaging, which provides direct 
information on the alterations of the different joint tissues, is currently 
being  optimized  in  OA.  Given  the  limitation  of  currently  available 
investigations  there  has  been  considerable  interest  in  exploring  the 
potentials  of  specific  biologic  markers  that  reflect  quantitative  and 
dynamic variations in joint tissue remodeling. Although bone turnover 
markers  may  reflect  the  focal  abnormalities  of  subchondral  bone 
metabolism  in  OA,  circulating  and  urinary  levels  are  more  likely  to 
reflect  the  overall  skeletal  turnover,  which  may  be  influenced  by  a 
variety of conditions, including age, menopausal status, osteoporosis, 
and other bone diseases. These confounding factors are likely to obscure 
an  adequate  assessment  of  the  subtle  abnormalities  of  subchondral 
bone  turnover  in  OA  and  explain  the  lack  of  sensitivity  of  systemic 
bone markers in OA.75

the  overproduction  of  poor-quality  bone  responsible  for  hypertrophy, 
osteosclerosis,  and  bone  fragility.  The  architecture  of  the  lamellar 
texture of pagetic bone matrix is disorganized, with a predominance of 
woven bone that is characterized by an irregular and patchy arrange-
ment  of  collagen  fibers.  Biochemical  markers  of  bone  turnover  are 
routinely used for assessing the disease activity and for monitoring the 
efficacy of bisphosphonate  therapy.70 Because of  the marked  increase 
in bone turnover, serum total ALP activity is the most commonly used 
bone marker in Paget’s disease of bone for both applications. Although 
serum  total  ALP  is  adequate  to  monitor  most  patients  with  active 
disease, this marker may lack sensitivity in two clinical presentations: 
in  patients  with  monostotic  disease  affecting  a  small  bone  and  in 
patients with purely osteolytic lesions.

Newer markers
The newer markers described earlier and validated in osteoporosis have 
been studied in patients with Paget’s disease of bone. However, because 
a  given  marker  may  not  perform  equally  well  in  different  metabolic 
bone diseases, they must be tested independently in pagetic patients. 
A study comparing a panel of different markers of bone formation and 
bone resorption in 43 patients with Paget’s disease, including 16 with 
monostotic lesions and 27 with polyostotic disease, showed that bone 
ALP  and  PINP  were  the  most  sensitive  bone  formation  markers  for 
assessing disease activity.71 These  two markers might be particularly 
interesting  in  patients  with  monostotic  disease.  Interestingly,  both 
markers also demonstrated a more pronounced decrease than total ALP 
activity  after  treatment  with  the  bisphosphonates  pamidronate  and 
tiludronate.72

For  bone  resorption,  the  type  I  collagen-related  markers  have 
replaced  urinary  hydroxyproline.  Among  these,  urinary  NTX  and 
urinary  non-isomerized  αCTX  (see  later)  currently  appear  to  be  the 
most  sensitive  bone  resorption  markers  both  for  assessing  disease 
activity and for monitoring efficacy of bisphosphonate therapy.31,32 The 
highest diagnostic sensitivity and the greatest response to ibandronate 
for bone ALP, PINP, and NTX have also been reported in more recent 
studies (Table 196.7).73

As discussed earlier, the pagetic bone matrix is characterized by an 
impaired degree of β-isomerization of type I collagen molecules. This 
lower proportion of β-isomerized type I collagen in pagetic bone probably 
explains the poor sensitivity of urinary βCTX for assessing disease activ-
ity  in these patients.31,32  In 26 patients with active Paget’s disease of 
bone,  the  urinary  excretion  of  non-isomerized  αCTX  was  markedly 
increased (13.5-fold vs. controls) compared with βCTX (3.5-fold vs. con-
trols),  resulting  in a urinary αCTX/βCTX ratio  that was  three  times 
higher than in controls. These data suggest that the woven bone matrix 
synthesized  by  pagetic  osteoblasts  is  characterized  by  an  altered 
β-isomerization of the CTX that can be detected in vivo by measuring 
the urinary degradation products arising from bone collagen resorption.

TABLE 196.7 PERFORMANCE CHARACTERISTICS OF BONE MARKERS FOR THE DIAGNOSIS AND THE MONITORING OF 
BISPHOSPHONATE THERAPY IN PATIENTS WITH PAGET’S DISEASE

Marker Inter-assay CV* In-vivo CV†
Abnormal at 
baseline (% subjects)

Abnormal after 
IBN (% subjects)

% Decrease 
in marker‡ P§

Mean change, 
IBN|

Mean change, 
placeboe

Total AP 2% 10% (7-18) 100 30 70 <.0001 −275.4 (37.9) 11.1 (30.0)

Bone AP 8-10% 17% (13-35) 100 25 80 .0005 −73.4 (14.8) 12.3 (10.5)

Osteocalcin 3-6% 9% (6-16) 68 25 33 .0035 −25.2 (6.3) 1.3 (1.8)

PINP 2-5% 10% (7-17) 100 25 80 .0003 −265.8 (47.2) 21.7 (6.4)

NTX 11% 35% (29-82) 95 15 81 .017 −317.6 (65.3) −45.8 (79.9)

fDPD 13% 17% (12-31) 22 6 36 .054 −5.1 (1.2) −1.3 (1.3)

βCTX 5-16% 9% (7-17) 50 5 50 .0003 −540.4 (91.6) −9.9 (43.8)

*Range of values results from assessments at different marker concentrations.
†Based on repeated measures in the placebo group 6 months apart with 95% CI in parentheses.
‡Calculated in individual subjects. Osteocalcin and DPD were significantly different from total AP, bone AP, P1NP, and NTX. βCTX was different from P1NP, bone AP, and NTX.
§Comparison of changes in treated subjects with those in placebo group.
|In absolute units.
CV, coefficient of variation; IBN, ibandronate.
From Reid IR, Davidson JS, Wattie D, et al. Comparative responses of bone turnover markers to bisphosphonate therapy in Paget’s disease of bone. Bone 2004;35:224-230.
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proportion  of  the  inter-individual  variance  of  progression  assessed 
either by  radiographs76 or magnetic  resonance  imaging of knee carti-
lage.77  Recent  studies  indicate,  however,  that  combinations  of  bio-
chemical markers  reflecting different  aspects of  cartilage metabolism 
could improve prediction of disease outcome.76,78

The use of biochemical markers to predict treatment efficacy in OA 
is currently impaired by the lack of treatments with proven efficacy on 
disease progression. There are, however, promising studies in rheuma-
toid  arthritis  and  in  subgroups  of  patients  with  OA  who  received 
risedronate  that  suggest  that  early  changes  in  specific  biochemical 
marker of cartilage destruction, including urinary CTX-II, may predict 
long-term radiologic progression.79,80

Several  cross-sectional  studies  have  compared  levels  of  different 
bone, cartilage, and synovial tissue markers between patients with knee 
or hip OA and healthy age-matched controls. Although there are dis-
crepancies between the studies, all consistently show the limited diag-
nostic  sensitivity  of  currently  available  markers.75  One  of  the  most 
promising uses of biologic markers is to predict the progression of joint 
destruction, which is highly variable  from patient to patient. Among 
the currently available biologic markers, most consistent associations 
have been observed for the cartilage turnover markers cartilage oligo-
meric matrix protein (COMP) and urinary type II collagen C-terminal 
crosslinked telopeptide (CTX-II).75 However, when used alone, a single 
baseline  assessment  of  biochemical  markers  explains  only  a  small 
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T-score, and risk factors but were limited in that they addressed only 
postmenopausal women, not men; lacked weighting of risk factors; did 
not  adequately  account  for  the  effect  of  age  on  fracture  risk;  and 
expressed future fracture risk as increased “relative risk” and not “abso-
lute  risk.”  Because  at  least  50%  of  all  fractures  occur  in  individuals 
who have low BMD (osteopenia = T-score between −1.0 and −2.5) but 
not osteoporosis, the addition of risk factors to BMD is a method to 
select higher-risk patients within this category who need treatment.

The 2008 NOF guidelines5  (NOF’s Clinician Guide to Prevention 
and Treatment of Osteoporosis available at http://www.nof.org/profes-
sionals/Clinicians_Guide.htm)  are  based  on  the  FRAX  calculator, 
which expresses  fracture  risk as a 10-year probability of  fracture and 
uses  an  economic  analysis  for  cost-effective  treatment  thresholds. 
Treatment  is  recommended  if  BMD T-score  is  less  than  −2.5  at  the 
hip or lumbar spine, if the patient has had a hip or vertebral fracture, 
or with a T-score between −1.0 and −2.5 at the femoral neck, total hip, 
or  spine  with  a  10-year  fracture  risk  as  assessed  by  FRAX  of  3%  or 
more for a hip fracture or 20% or more for a major osteoporosis-related 
fracture (humerus, forearm, hip, or clinical vertebral fracture). The goal 
is to identify the fracture probability in patients in whom treatment is 
cost-effective. The WHO FRAX tool allows individual assessment for 
race in the United States, has multiple geographic databases, and cal-
culates fracture risk on the basis of sex, height, previous fragility frac-
ture  as  an  adult,  family  history  of  a  parent  with  a  hip  fracture, 
glucocorticoid use,  rheumatoid arthritis,  secondary osteoporosis,  and 
alcohol use. The NOF guidelines and FRAX are applicable to previously 
untreated  postmenopausal  women  and  men  older  than  age  50  (Fig. 
197.1).

Although the new guidelines offer clearer recommendations on the 
basis  of  specific  fracture  risks  for  each  individual  patient,  there  are 
limitations  to  the  FRAX  model.  Not  all  significant  risk  factors  are 
considered  (such  as  bone  turnover markers). There  is no  dose  effect 
(the risks represent averages and are yes/no) for previous fracture (one 
vs.  multiple),  steroids  (low  vs.  high),  smoking  (number  of  packs  per 
day), and rheumatoid arthritis severity (mild, moderate, severe). Family 
history of osteoporosis is limited to hip fracture, rheumatoid arthritis 
diagnosis may not be accurate, and the model is hip centric (does not 
include lumbar spine).6 The effect of rapid bone loss of fracture risk is 
not modeled. However, taken together, the FRAX and 2008 NOF treat-
ment guidelines for osteoporosis offer a significant advance by provid-
ing healthcare providers with treatment recommendations on the basis 
of BMD (or BMI if BMD not measured) and clinical risk factors that 
are  based  on  specific  races  and  geographic  populations  and  predict 
absolute, not relative, risk. However, the importance of clinical  judg-
ment in the individual patient is, as in all patient care, paramount.

EVALUATION FOR SECONDARY OSTEOPOROSIS
The management of a patient with osteoporosis first requires attention 
to possible secondary causes. Studies show that many individuals with 
low bone mass have diseases (Table 197.1) or take medications affect-
ing  bone  metabolism  (Table  197.2),  which  may  increase  the  risk  of 
osteoporosis,  and  a  careful  history  and  physical  examination  will 
uncover many of them.7-10 Switching medications to alternatives that 
do not adversely affect bone quality or providing appropriate preventive 
therapy should be considered. Some disorders adversely affecting  the 
skeleton may be asymptomatic in some individuals. Laboratory inves-
tigation is an appropriate part of  the evaluation in patients with  low 
bone mass as, depending on the patient population studied, up to 50% 
may have underlying disorders such as vitamin D deficiency or hyper-
calciuria.11,12 Some authors have suggested that persons with Z scores 
less than 2.0 (the number of standard deviations below the age-specific 
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 A woman’s lifetime risk for fracture is 40%, so strategies to evaluate 
and treat women at risk are critical in order to reduce fracture 
burden.

 Effective evaluation and treatment includes a workup for 
secondary causes of low bone mass, lifestyle modification, fall 
prevention, calcium and vitamin D supplementation, and when 
appropriate, therapy with an antiresorptive or anabolic agent.

 Antiresorptive agents include the bisphosphonates, which are 
available in oral and intravenous forms, estrogens and selective 
estrogen receptor modulators (SERMs), and strontium ranelate 
outside the United States. The only anabolic agent approved in the 
United States is teriparatide (parathyroid hormone).

 A new antiresorptive therapy called denosumab, a monoclonal 
antibody against rank ligand, has been recommended for approval 
for treatment of women with postmenopausal osteoporosis in the 
United States.

INTRODUCTION
A  comprehensive  management  plan  for  osteoporosis  should  include 
assessment of fracture risk, interventions that reduce the risk for future 
fracture,  and  treatment  in patients with acute  fractures. Assessment 
of fracture risk is critical for making cost-effective treatment decisions 
in individual patients. Because a woman’s lifetime risk for fracture is 
40% and hip fracture 16%,1 strategies to prevent the first fracture are 
important. Low bone mass increases fracture risk; risk factors that are 
independent of bone mass also contribute to fracture risk. These risk 
factors  include poor bone quality,  as well  as  older  age  and  falls  (and 
risk  factors  for  falls).  This  chapter  focuses  on  the  management  of 
osteoporosis and covers guidelines for treatment, pretreatment evalu-
ation  including  exclusion  of  secondary  causes  for  low  bone  mass, 
nonpharmacologic therapies including exercise, fall prevention, calcium 
and vitamin D supplementation, drug  therapies,  emerging  therapies, 
and treatment for the fracture patient. Identification of subjects at risk 
of fracture based on their bone mineral density (BMD) is discussed in 
Chapter 194.

RECOMMENDATIONS FOR TREATMENT
Estimation  of  absolute  risk  is  important  for  calculating  the  number 
needed to treat (NNT) (NNT = 100/absolute risk reduction) and cost-
effectiveness of an intervention. This is important for health systems 
in making decisions on resource allocation. For example, a woman aged 
50 with a total hip BMD T-score of −3.0 has a 10-year absolute risk 
for hip fracture of 2.8%.2 If an intervention reduces the risk for fracture 
by 50%,  the absolute  risk reduction would be 1.4% and the NNT to 
prevent one fracture over 10 years would be 71.4. A woman aged 75 
with the same BMD T-score has a 10-year absolute risk of 17.9%; the 
same intervention results  in an NNT of 11.2. The cost  to prevent a 
hip fracture would be more than six times as great for treatment of all 
50-year-old women.

In February 2008 the World Health Organization opened the online 
fracture risk assessment calculator (FRAX) (World Health Organization 
fracture  risk  assessment  tool,  http://www.shef.ac.uk/FRAX/),  and  the 
National Osteoporosis Foundation (NOF) released new guidelines for 
the  prevention  and  treatment  of  osteoporosis  in  the  United  States. 
Previous guidelines  from the NOF3 and the American Association of 
Clinical  Endocrinologists4  were  based  on  previous  fracture,  BMD 
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excretion (Table 197.3). Correction of the underlying cause may sub-
stantially  impact  BMD  and  fracture  risk  and  needs  to  be  corrected 
before institution of any pharmacologic therapy.

TREATMENT: NON-PHARMACOLOGIC THERAPY
This section focuses on evidence-based approaches or, in the absence 
of evidence, where general consensus or abundant literature exists.

Patient and physician education
Education  strategies  coupled  with  appropriate  follow-up  and  re- 
enforcement can increase adherence and therapeutic effectiveness.14,15 
Academic  detailing  to  physicians  and  educational  material  given  to 
patients during office visits can increase the rate of bone density testing 
and treatment in patients with a previous fracture or at risk for frac-
ture.16,17  However,  successful  programs  may  require  substantial 
resources and a structured health care delivery system that allows ready 
communication  with  hospital,  physician,  and  patient.  Education  on 
fall risk, exercise programs, dietary advice including adequate calcium 
and vitamin D intake, and other lifestyle modifications are an impor-
tant first step for those at risk. Physician assessment of  fracture risk 
and propensity to fall should be undertaken, with modification of such 
risk factors through effective intervention where possible. Use of assis-
tive devices and a multidisciplinary team approach for fall and fracture 

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

D:M:Y:
Date of birthAge

1. Age (between 40-90 years)
   or date of birth

2. Sex
3. Weight (kg)
4. Height (cm)
5. Previous fracture
6. Parent fractured hip
7. Current smoking
8. Glucocorticoids
9. Rheumatoid arthritis

iAbout the risk factors
Country: US (Caucasian)
Name / ID:

Questionnaire:

convert
inch:

Height
Conversion

convert
pound:

Weight
Conversion

FRAXTM QUESTIONNAIRE

FemaleMale

10. Secondary osteoporosis

11. Alcohol 3 or more units
     per day

12. Femoral neck BMD (g/cm2)

Yes

Yes

No

No

T-Score
Select DXA
GE-Lunar
Hologic
Norland
T-Score

ar Calculate

Fig. 197.1 FRAX questionnaire.

TABLE 197.3 RECOMMENDED LABORATORY INVESTIGATIONS FOR 
INDIVIDUALS WITH OSTEOPOROSIS

Recommended screen in all patients Other testing if appropriate

Serum calcium, albumin, phosphorus*,†,‡,§ Biochemical markers of bone
Turnover*,†,‡,§

Serum creatinine*,†,‡,§

Liver function tests* Other*,†,‡

Bicarbonate*

Complete blood count*

24-hr urinary calcium level*,†,‡,§ Cortisol levels*,‡

25-hydroxy vitamin D level*,†,‡,§ Protein electrophoresis*,†,§

Thyroid-stimulating hormone level*,†,‡,§ Parathyroid hormone level*,§

*AACE Guidelines.
†National Osteoporosis Foundation Physician’s Guide.
‡U.S. Surgeon General’s Report.
§American College of Obstetricians and Gynecologists.

TABLE 197.1 SECONDARY CAUSES OF LOW BONE MASS

Category Specific examples

Inflammatory diseases Rheumatoid arthritis

Ankylosing spondylitis

Psoriatic arthritis

Malabsorption syndromes Celiac disease

Short bowel syndrome

Cystic fibrosis

Endocrine diseases Hypogonadism

Hyperparathyroidism

Hyperthyroidism (exogenous and endogenous)

Deficiency states Vitamin D deficiency

Malnutrition

Excessive weight loss

Renal diseases Renal insufficiency

Renal osteodystrophy

Renal tubular acidosis

Idiopathic hypercalciuria

Bone marrow disorders Multiple myeloma

Thalassemia

Genetic diseases Osteogenesis imperfecta

Ehlers-Danlos syndrome

Turner syndrome

Prolonged immobilization Stroke

Quadriplegia

Space flight

From references 3, 4, 7, 10, 12, and 249.

TABLE 197.2 MEDICATIONS KNOWN TO CAUSE OR ACCELERATE BONE LOSS

Category Name

Steroids Glucocorticoids

Endocrine/hormonal Depo-Provera, GnRH analogs, LHRH

Therapies Analogs, excess thyroid replacement

Diuretics Furosemide

Chemotherapy Cyclosporine, methotrexate, tacrolimus

Transplant Cyclosporine

Aromatase inhibitors Exemestane, anastrozole

Seizure medications Phenytoin, phenobarbital

Psychotropic Lithium, neuroleptics

Other Heparin

LHRH, luteinizing hormone-releasing hormone.
From references 7-9.

mean) may be more likely to have secondary causes for low bone mass, 
whereas others have shown no increase in identified secondary causes 
in  this group.13 A set of  routine  laboratory  tests  to  identify common 
causes of secondary osteoporosis includes a complete blood count and 
differential, erythrocyte sedimentation rate, routine chemistry profile, 
25-hydroxyvitamin D level, thyroid-stimulating hormone, parathyroid 
hormone  (iPTH),  and  24-hour  urine  for  measurement  of  calcium  



CH
A

PTER 197 
● M

anagem
ent of osteoporosis

1977

with  increasing 25(OH) vitamin D  levels  (P = 0.0001  for  trend)  and 
vitamin D  seemed  to  be  the dominant  predictor  of BMD  relative  to 
calcium intake.50

Vitamin D promotes calcium absorption from the gut, retention in 
the body, and  incorporation  into bone. Dietary sources of vitamin D 
are  rare,  limited  to  certain  fish  products.  Supplementation  of  food 
sources  such as milk  and orange  juice  is  thus becoming more wide-
spread, particularly in the United States, but the actual quantity varies. 
Most of our vitamin D comes from dermal synthesis after ultraviolet 
light  exposure.51-53  Thus  dietary  supplementation  is  often  essential. 
Guidelines  for  supplementation  are  presented  in  Table  197.4—
currently  accepted  recommendations  are  not  ideal  and  in  need  of 
readjustment, and in some instances larger doses may be necessary.54 
Care should be taken to adequately assess vitamin D status by measur-
ing serum 25-hydroxy vitamin D levels in order to determine whether 
patients are vitamin D replete.

Vitamin D deficiency is common, particularly in elderly or institu-
tionalized individuals and in elderly patients with hip fracture.55 Severe 
vitamin D deficiency may result in osteomalacia and weakened under-
mineralized  bone.  Vitamin  D  deficiency  results  in  secondary  hyper-
parathyroidism, decreased intestinal calcium absorption, and increased 
skeletal loss as the body attempts to maintain normal calcium homeo-
stasis.51 When vitamin D levels are below the normal reference range, 
vitamin D should be repleted either with over-the-counter vitamin D3 
or prescription vitamin D2.  If  the deficiency  is severe and secondary 
hyperparathyroidism is present, higher doses of vitamin D2, 50,000 IU 
twice per week, may be required. Vitamin D levels should be rechecked 
after  about  8  to  12  weeks  of  replacement  therapy.56  Stabilization  of 
bone mass appears  to be mediated through the reversal of secondary 
hyperparathyroidism. Failure to reach normal ranges may necessitate 
higher  or  more  prolonged  dosing.  Adequate  correction  of  vitamin  D 
deficiency  (high  normal  vitamin  D,  normal  alkaline  phosphatase,  
PTH levels, and 24-hour urine calcium) should be undertaken before 
institution of pharmacologic  therapy  for osteoporosis.4 Striking gains 
in BMD may be seen in individuals with correction of severe deficiency 
within several months. Skeletal muscle also has receptors for vitamin 
D,  and one  study  showed  that  elderly  institutionalized  subjects  ran-
domized  to  supplemental  vitamin  D  significantly  lowered  their  fall 
risk.57 In some situations such as renal osteodystrophy, more extensive 
evaluation and complex replacement therapy with calcium and vitamin 
D may be necessary (see Chapter 201). Referral to a physician experi-
enced in the management of complex metabolic bone diseases is appro-
priate under such circumstances.

prevention have been shown to be efficacious and should be considered 
for  appropriate  individuals.18-23  Such  simple  measures,  coupled  with 
careful observation and  reassurance, may be all  that  is necessary  for 
many individuals with low BMD who are felt to have low absolute risk 
for fracture and who do not have osteoporosis or a prior fracture.

Exercise
Molecular mechanisms  that  result  in  skeletal mechano-transduction 
are complex. Regular exercise increases bone strength by creating small 
gains  in bone mass.24 Exercise  in children,  especially  combined with 
calcium intake, appears to be most effective before attainment of peak 
bone mass.25 Moderate, regular weight-bearing exercise is essential for 
skeletal health, both for direct effects on bone strength and fall preven-
tion. Intensive regular weight-bearing exercise increases BMD, at least 
transiently, though the effect tends to wear off after cessation of such 
a  regimen.26,27  Devices  that  deliver  a  specific  mechanical  simulation 
may also have a similar effect.28 Exercises to increase muscle strength 
result in better conditioning and balance, helping reduce fall risk.20,29-32 
Although regular weight-bearing exercise has been shown to increase 
or preserve BMD in young and middle-aged individuals, exercise alone 
does not prevent postmenopausal bone loss.33 Bone loss associated with 
bed rest has been shown to be prevented with intravenous (IV) pami-
dronate.34 Combining exercise programs with calcium or estrogen or 
other therapeutic interventions may be more effective at maintaining 
bone mass than either intervention alone.35

Smoking, alcohol, and caffeine
Smoking  is directly  toxic  to bone cells,  and population studies  show 
that smokers have lower hip BMD and a higher prevalence of osteopo-
rosis  than  nonsmokers.  In  postmenopausal  women,  bone  density  in 
the radius, lumbar spine, femoral neck, and total body has been shown 
to be inversely correlated to pack-years of smoking exposure and annual 
rate of bone loss was greater in smokers. Serum vitamin D levels were 
lower  in  smokers  and  estradiol  levels  lower  in  patients  on  estrogen 
replacement  therapy.  Current  smokers  have  been  shown  to  have  an 
increased risk of hip fracture compared to never-smokers.36 Although 
limited data are available on the benefits of smoking cessation, discon-
tinuation of tobacco use has shown favorable effects on bone metabo-
lism  in  some  small  trials.37,38  The  Nurses’  Health  Study  found  that 
fracture  risk  fell  but  only  after  10  or  more  years  of  abstinence  from 
smoking.39

Discontinuation of smoking should thus be encouraged. Although 
alcohol in moderation may have a positive effect on BMD, overindul-
gence  defined  as  three  or  more  drink  equivalents  per  day  should  be 
discouraged  given  its  association  with  increased  fall  propensity  and 
fracture  risk.  A  meta-analysis  demonstrated  a  J-shaped  relationship 
between alcohol consumption and hip fracture risk, with persons con-
suming up to 1 drink per day having a lower risk for fracture, with up 
to 2 drinks per day linearly associated with higher bone density. More 
than two drinks per day was associated with higher hip fracture risk.40 
Excessive  caffeine  use  has  been  associated  with  decreased  intestinal 
calcium  absorption  and  lower  dietary  calcium  intake.  It  may  induce 
hypercalciuria  and  has  been  linked  to  an  increased  risk  of  fracture 
requiring moderation or cessation of intake in those at risk.41 However, 
all studies linking caffeine intake as a risk facture for osteoporosis have 
been made in populations with suboptimal calcium intake.42

Calcium and Vitamin D
The effect of calcium supplementation on bone growth was highlighted 
most strikingly in a study by Johnston and colleagues43 showing that 
prepubertal  twins  randomized  to  calcium  supplements  had  signifi-
cantly greater gains in BMD over a 3-year period than those random-
ized  to  placebo.  Calcium  alone  is  not  sufficient  to  prevent  early 
postmenopausal bone loss but may slow the rate of loss.44-46 Combining 
calcium  supplementation  with  exercise  or  estrogen  is  more  effective 
than either strategy alone,35 and in combination with vitamin D it is 
particularly effective.47-49 In the US NHANES III survey, higher calcium 
intake was associated with higher BMD in women (P = 0.005 for trend) 
but not  in men.  In men and women, BMD was shown to be higher 

TABLE 197.4 RECOMMENDED SUPPLEMENTATION OF 
CALCIUM AND VITAMIN D

Individual age 
categories Elemental calcium

Vitamin D* 
(international units)

Birth-6 mos 400 mg 200 IU

6-12 mos 600 mg 200 IU

1-10 yr 800 mg 200 IU

11-24 yr 1200-1500 mg/day 400 IU

Women and men 
25-65 yr: premenopausal 
or postmenopausal 
taking estrogen

1000 mg/day 400-600 IU

Postmenopausal 
woman, no estrogen

1500 mg/day 400-600 IU Men and 
women > 65 yr

Pregnant and lactating 
women

1200-1500 mg/day 400 IU

National Osteoporosis 
Foundation Guidelines

1200 mg 800-1000 IU

*These recommendations are guidelines and may be sufficient for healthy individuals with 
normal 25-hydroxy vitamin D levels. In many circumstances they are insufficient.
From references 43, 50, 51.
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reduce  fall-related  injuries.72  Assessing  all  factors  that  influence  fall 
propensity  may  be  better  accomplished  using  more  comprehensive 
methods,  and  a  multidisciplinary  team  approach  can  be  effective.66 
Vitamin D supplementation reduced nursing home residents’ fall rate 
by  almost  50%  in  one  study,  presumably  mediated  through  vitamin 
D’s action on skeletal muscle receptors.57

Home  visits  by  a  therapist  or  nurse  specialized  in  fall  risk  can 
provide a baseline comprehensive home assessment with recommenda-
tions for modifications that can be tailored to each individual’s needs. 
Adjustments  to  flooring  and  lighting,  footwear,  showers,  bathtubs, 
staircases,  and providing  appropriate  assistance when needed  should 
also be emphasized. Sinaki and colleagues29 showed that combining a 
spinal exercise program with a weighted orthosis significantly improved 
balance, gait, and fall risk within a few weeks. Other assistive devices 
may  be  useful  for  fall  prevention,  such  as  canes,  walkers,  and  other 
gait  stabilizers.  Some  evidence  indicates  that  using  certain  spinal 
orthoses may improve posture and balance, decrease pain and fall risk, 
and potentially even increase lung capacity in individuals with osteo-
porotic  vertebral  fractures.73  Further  studies  are  necessary  to  verify 
these initial positive results, and such simple, safe, and relatively cheap 
interventions warrant such investigation. Controlled studies evaluating 
Tai Chi show that this particular type of exercise reduces falls and fear 
of  falling  and  improves  muscle  strength  and  activity  among  elderly 
persons.32,33  Many  physical  therapy  departments  now  offer  excellent 
fall prevention programs or have access to such programs.

Hip pads and other assistive devices
Hip protectors have been shown to prevent hip fractures in compliant 
subjects at significant risk of falling.21 It has been estimated that the 
number needed to treat to prevent one hip fracture is less than 50.3 A 
study  in  18  nursing  homes  randomized  patients  to  hard  or  soft  hip 
protectors  and  showed  a  60%  reduction  in  hip  fractures  in  patients 
using protectors.74 However, not all devices are  the same and not all 
studies show an effect.75 Although compliance is poor and the effective-
ness  remains  unclear,  high-risk  individuals  who  wear  hip  pads  may 
reduce  their  risk  for  proximal  femoral  fracture.76  Given  the  benign 
nature of this intervention, it is worth considering in elderly osteopo-
rotic patients at increased risk for falls.

PHARMACOLOGIC INTERVENTIONS
Hormone replacement therapy
The  major  cause  of  postmenopausal  osteoporosis  is  estrogen  defi-
ciency. With declining  levels  of  estrogen  in postmenopausal women, 
bone turnover  increases,  the rate of bone resorption exceeds the rate 
of  bone  formation,  and  bone  density  decreases.77  Hormone  therapy 
with exogenous estrogens is now used less often for the prevention and 
treatment  of  postmenopausal  osteoporosis.78  Estrogen  had  been  the 
most frequently prescribed medication worldwide, with 38% of Ameri-
can postmenopausal women using estrogen in 1999.79 A meta-analysis 
of  57  randomized  placebo  controlled  trials  reported  significantly 
increased  bone  density  in  patients  on  hormone  therapy.80  Estrogen 
therapy decreased the risk of hip fractures by 25% to 30% and the risk 
of vertebral fractures by approximately 50% in observational studies.81,82 
In the Women’s Health Initiative (WHI)-EPT trial of women unselected 
for osteoporosis randomized to estrogen plus progesterone or placebo, 
there was a  reduction of all  fractures by 24% and a  reduction of hip 
fractures by 33% compared with placebo.83 In the WHI trial of unop-
posed estrogen in postmenopausal women with a prior hysterectomy, 
the patients  taking unopposed estrogen demonstrated a  reduction  in 
the risk of hip fracture by 39% and of vertebral fracture by 38%.84 The 
fracture risk reduction associated with hormone therapy (HT) dimin-
ishes after hormone therapy is stopped.85,86 In the National Osteopo-
rosis Risk Assessment observational trial, women who used HT for 5 
to  10  years  after  menopause  and  then  discontinued  its  use  had  no 
greater  bone  density  at  the  heel  or  radius  at  the  age  of  70  than  the 
women who never used HT.87

In addition to increasing BMD, reducing fracture risk, and alleviat-
ing symptoms of menopause, hormone therapy may decrease the risk 
of colon cancer by 8% to 33%.88,89 However, unopposed estrogen therapy 

Both  calcium and  vitamin D  stabilize BMD,  at  least  temporarily, 
and  have  favorable  effects  on  biochemical  markers  of  bone  turnover 
and reduce the risk of fracture. Chapuy and colleagues47,48 have dem-
onstrated in two large randomized, placebo-controlled trials that elderly 
institutionalized individuals with osteoporosis randomized to a com-
bination  of  calcium  and  vitamin  D  significantly  reduced  the  risk  of 
vertebral, non-vertebral,  and hip  fractures. Similar observations have 
been noted by other investigators.58 Recent studies have questioned the 
true efficacy of this therapy in some populations; however, it is unclear 
if adherence was adequate in these studies.59,60 A meta-analysis of the 
effect  of  oral  vitamin  D  in  the  prevention  of  non-vertebral  fractures 
concluded  that  fracture  efficacy  is  dose dependent with higher doses 
reducing fractures by at least 20%.61 Supplementation should be con-
sidered for all those with increased propensity for bone loss and frac-
ture.  Definitive  studies  evaluating  a  life-time  intake  of  calcium  and 
vitamin D and their true effect on bone health are necessary.

Fall prevention
Almost one third of persons aged 70 years and older will sustain a fall 
each year, with higher numbers reported in women, older individuals, 
and nursing home residents. Falls are a major source of morbidity and 
increased  mortality,  and  about  5%  result  in  a  fracture.62,63  Nursing 
home residents are three times more likely to fall, in part due to their 
increased frailty, and they sustain a higher number of hip fractures and 
have a poorer prognosis following fracture than community dwellers. 
In the Dubbo Osteoporosis Epidemiology Study, falling in the previous 
year was the factor most highly correlated with the risk of incident hip 
fracture in more than 1600 non-osteoporotic men and women followed 
for  15  years  (hazard  ratio  1.9  and 2.1,  respectively).64 Most  falls  are 
predictable, with readily identifiable risk factors (Table 197.5).63

Interventions to prevent falls are an important first step for fracture 
prevention and maintaining independence.65 Studies show that fall risk 
is  related  to  a history of  falls; use of medications or  conditions  that 
predispose to falls including cognitive, visual, or auditory impairments; 
decreased  muscle  strength;  increased  body  sway;  and  poor  balance. 
Such conditions are more prevalent in older individuals, and the pro-
pensity to fall increases as the number of risk factors rises.66,67

Randomized controlled trials examining the effect of various exer-
cise  prescriptions  on  falls  have  yielded  contradictory  results.68-71  A 
thorough  evaluation  of  fall  risk  and  careful  clinical  assessment  of 
medications  and  conditions  that  may  contribute  to  fall  risk  or  bone 
loss can be readily performed by a trained health care provider in the 
office. Modifiable risk factors should be identified and corrected includ-
ing poor vision, hearing or cognition, and myopathies. Diseases includ-
ing  alcoholism,  neuromuscular  disorders,  and  dementia  should  be 
treated appropriately, further reducing fracture risk. Avoiding medica-
tions  like  sedatives  and  hypnotics  in  elderly  patients  is  encouraged. 
Use of assistive devices is appropriate. Dissemination of evidence about 
fall prevention, along with interventions to affect clinical practice, may 

TABLE 197.5 FACTORS PREDISPOSING TO FALLS

Chronic conditions Acute conditions

Arthritis and other musculoskeletal 
disorders

Infections

Visual impairment Strokes/cardiovascular events

Hearing impairment Medications—sedatives, psychotropic 
and other drugs including alcohol

Proprioceptive impairment Postural hypotension

Previous history of falls Stairs, restraints, lack of support rails

Poor gait Poor lighting

Poor balance Delirium

Dementia or confusion Wet floors or uneven surfaces

From references 62, 63, 250, 251.
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Several  agents  like  clomiphene  and  tamoxifen  were  developed  for 
the  treatment of non-skeletal  conditions. Tamoxifen,  for  example,  is 
currently used for the treatment and prevention of breast cancer and 
acts  as  an  estrogen  receptor  antagonist  in  breast  tissue,  but  it  was 
recognized to possess estrogen agonist effects on the endometrium and 
weak estrogen agonist activity in bone, although the increases in bone 
density  in  patients  on  tamoxifen  therapy  are  minimal  (Table  197.6) 
and the effects on fracture risk are variable. The mechanisms for these 
differential effects on estrogen receptors that result in the tissue speci-
ficity can be explained by differential gene expression in a given target 
tissue, differential  estrogen-receptor  conformation on  ligand binding, 
and  differential  expression  and  binding  to  the  estrogen  receptor  of 
coregulator proteins.98

Raloxifene is a SERM specifically developed to have antiresorptive 
effects on bone  in postmenopausal women. In a multinational study 
of  601 postmenopausal women,  raloxifene was  demonstrated  to  sig-
nificantly increase BMD in the lumbar spine, hip, and total body when 
compared with placebo.99 Reduction in vertebral fracture risk was dem-
onstrated in the Multiple Outcomes of Raloxifene Evaluation (MORE) 
study  that  included 7705 postmenopausal women with  and without 
prevalent  vertebral  fracture.  In  this  study,  raloxifene  was  shown  to 
decrease markers of bone turnover and increase bone density at several 
skeletal sites, including the spine and femoral neck. The incidence of 
vertebral  fracture was decreased by 30%  in  subjects with a prevalent 
fracture  and  55%  in  subjects  without  a  prevalent  fracture.  However, 
the  incidence of non-vertebral  fracture  including hip  fracture did not 
differ  significantly  between  the  treatment  and  placebo  groups.  The 
women receiving raloxifene had a higher  risk of venous  thromboem-
bolism, leg cramps and hot flashes versus placebo. The potential for a 
beneficial effect on breast tissue was demonstrated in this study because 
the women in the treatment group exhibited a lower incidence of inva-
sive breast cancer.100,101 The Continuing Outcomes Relevant to Evista 
(CORE)  trial assessed  the effects of  raloxifene on breast  cancer  for 4 
additional years beyond the 4-year MORE osteoporosis trial.102 After 8 
years of  follow-up,  the  risk of  invasive breast  cancer was  reduced by 
66% in patients treated with raloxifene. The incidence of non-vertebral 
factures was similar in the placebo and raloxifene groups.103 In a trial 
comparing  tamoxifene and raloxifene  in women at  increased risk  for 
breast cancer (Study of Tamoxifene and Raloxifene, STAR), raloxifene 
was  as  effective  as  tamoxifene  in  reduction  of  the  risk  of  invasive  
breast  cancer;  raloxifene-treated  patients  had  38%  fewer  cases  of  
uterine  cancer  and  significantly  fewer  thromboembolic  events  than 

is  associated with  an  increased  risk of  endometrial  cancer  and  com-
bined  estrogen-progesterone  HT  is  associated  with  increased  risk  of 
breast cancer.90

Worldwide patterns of estrogen use have changed radically since the 
publication of results from the Women’s Health Initiative.90 As noted 
earlier,  the WHI  study demonstrated  significant  reductions  in osteo-
porotic fractures with hormone therapy but raised concerns regarding 
increased risks of cardiovascular disease, stroke, pulmonary embolism, 
and breast cancer with combined estrogen and progesterone therapy.83 
The WHI study of unopposed estrogen also showed significant reduc-
tions in osteoporotic fractures with hormone therapy, but with increased 
risks of stroke and pulmonary embolism, although not cardiovascular 
disease or breast cancer.84

Several randomized controlled trials documented additional risks of 
hormone therapy including stroke and venous thromboembolism and 
possibly gallbladder disease.91-93 The effect of hormone therapy on the 
risk  of  cardiovascular  disease  is  currently  controversial  because  the 
observed differences in the results of previous randomized trials may 
be related to the type of progestin used in the trials.94 Additional studies 
on  cognitive  dysfunction,  ovarian  cancer,  and  other  conditions  have 
yielded  inconsistent  results. Concerns about  these non-skeletal  risks 
have led to treatment with low or “ultra-low”-dose therapy with con-
jugated estrogens.95-97 However, the lack of demonstrated antifracture 
efficacy with these “low-dose” agents, as well as the availability of other 
more potent agents, to prevent and treat postmenopausal osteoporosis 
has limited the role of hormone therapy in the management of post-
menopausal bone health.

Estrogen agonist-antagonists (selective estrogen 
receptor modulators)
Although  estrogen  therapy  has  been  demonstrated  to  increase  BMD 
and  decrease  fracture  risk,  the  recognition  of  risks  and  toxicities  of 
estrogen therapy has directed research on compounds that can selec-
tively act as either agonists or antagonists on various estrogen target 
tissues. Estrogen agonist-antagonists (selective estrogen receptor mod-
ulators or SERMs) are compounds that possess  tissue specificity and 
bind to estrogen receptors. Depending on the target organ, these com-
pounds  may  demonstrate  estrogen  antagonist  or  estrogen  agonist 
effects. These agents represent a group of compounds that can inhibit 
bone  resorption  through  mechanisms  similar  to  estrogens  without 
stimulating other tissues such as breast or uterine tissue.98

TABLE 197.6 RCTS OF SERMS AND BONE DENSITY

Trial Study subjects
Duration 
(months)

Change in bone density as 
compared with placebo group (%)

Total body bone mineral Lumbar spine Proximal femur

Tamoxifen (20-30 mg/day)

Love et al252 140 postmenopausal women with breast cancer 24 — 1.6* —

Grey et al253 57 normal late-postmenopausal women 24 0.5† 2.1† 0.6

Powles et al254 179 healthy women in chemoprevention trial for 
breast cancer:

54 postmenopausal women 36 — 4.7* 3.6†

125 premenopausal women 36 — −2.6* −4.3†

Raloxifene (60 mg/day)

Delmas et al255 302 normal postmenopausal women 24 2.0* 2.4* 2.4*

Lufkin et al256 143 postmenopausal women with osteoporosis 
and vertebral fractures

12 −0.1 1.8† 1.0†

Ettinger et al86,100 5140 postmenopausal women with osteoporosis 36 — 2.6* 2.1*

Johnston et al43,257 576 health early-postmenopausal women 36 1.7* 2.6* 2.5*

*P < 0.05 for the comparison with placebo.
†P < 0.005 for the comparison with placebo.
RCT, randomized controlled trial; SERMS, selective estrogen receptor modulators.
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crest biopsies to evaluate the microarchitectural effect of nasal calcito-
nin, individuals treated with nasal spray calcitonin exhibited preserva-
tion of trabecular microarchitecture at the distal radius and trochanter 
of the hip as compared with patients on placebo, although site-specific 
variability was noted in other skeletal sites.122

Calcitonin has analgesic effects on bone pain in patients with osteo-
porosis, which has been noted in clinical trials leading to a reduction 
in conventional analgesia and a reduction in disability.123,124

Bisphosphonates
Introduction and mechanism of action
Bisphosphonates are the most common pharmacologic therapy for the 
treatment  of  osteopenia  and osteoporosis. Their  efficacy  is  based  on 
both their ability to bind avidly to bone and to inhibit osteoclast func-
tion. The relative potency of the different bisphosphonates is a function 
of differences  in side chain structure among the compounds.125 Both 
oral and IV preparations of bisphosphonates are currently FDA approved 
for the prevention and treatment of  low bone mass, and the data on 
mode  of  action,  antifracture  efficacy,  and  safety  are  reviewed  in  this 
section.

Bisphosphonates are stable synthetic analogs of pyrophosphate (Fig. 
197.2). Their  primary  effect  is  to  suppress  osteoclast-mediated  bone 
resorption.  They  bind  avidly  to  bone,  a  property  that  is  primarily 
related to the R1 side chain (Table 197.7) (an OH group for nitrogen-
containing bisphosphonates), which functions as a “bone hook.” The 
R2 side chain determines the compound’s potency as an antiresorptive 
agent and contains the nitrogen group common to all potent bisphos-
phonate  compounds.  Non-nitrogen-containing  bisphosphonates  (eti-
dronate,  tiludronate  and  clodronate)  are  metabolized  to  cytotoxic 
ATP-bisphosphonate analogs, which  inhibit  cell  function and  lead  to 
apoptosis  and  cell  death  of  osteoclasts.  The  nitrogen-containing 
bisphosphonates (alendronate, risedronate, ibandronate, pamidronate, 
and zolendronate) interfere with the mevalonate pathway by inhibiting 
the enzyme farnesyl pyrophoshate (Fig. 197.3). This prevents protein 
prenylation, the attachment of a lipid anchor in the membrane, which 
inhibits osteoclast recruitment, differentiation, formation of the ruffled 

tamoxifene-treated patients.104 Raloxifene is approved for the reduction 
in risk of invasive breast cancer in postmenopausal women with osteo-
porosis and in postmenopausal women at high risk for invasive breast 
cancer. Comprehensive reviews of raloxifene’s use in the prevention of 
breast cancer and clinical efficacy and safety have been published.105,106 
In  patients  with  osteoporosis  or  low  BMD,  raloxifene  significantly 
reduced the risk of new vertebral and new clinical vertebral fractures.107 
Maricic and colleagues demonstrated that early fracture risk reduction 
with raloxifene is similar to other antiresorptive agents,108 although it 
did not reduce the risk of non-vertebral fractures.

Raloxifene therapy for 4 years did not significantly affect the risk of 
cardiovascular events, although a posthoc analysis suggested a reduc-
tion in all cardiovascular events in a subset of women at high risk for 
cardiovascular  events.109  Invasive  breast  cancer  cases,  however,  were 
reduced by 46%.110

Third-generation  SERMs  such  as  lasofoxifene  and  bazedoxifene 
with antiresorptive properties in bone are in development. Lasofoxifene 
has been demonstrated to increase lumbar spine and hip BMD relative 
to placebo in postmenopausal women with  low or normal BMD and 
to significantly reduce biochemical indices of bone turnover.111 Lasofox-
ifene was also associated with a significant reduction in a number of 
lipoprotein  risk  factors  for  atherosclerotic  disease  including  reduced 
LDL-C, TC, and TC/HDL-C ratio.112 The postmenopausal evaluation 
and risk reduction with lasofoxifene study (PEARL) showed significant 
reductions in vertebral fractures at 3 years (42%), non-vertebral fracture 
at 5 years  (24%),  stroke  (36%),  and major  coronary  events  (32%),  as 
well as estrogen receptor (ER)+ breast cancer. Venous thromboembolic 
events, endometrial thickening, uterine polyps, and fibroids were more 
common  but  with  no  increase  in  endometrial  cancer.113  In  another 
trial, bazedoxifene was compared with raloxifene and placebo; increases 
in  lumbar  spine  bone  density  for  bazedoxifene  were  comparable  to 
raloxifene  (about  1%)  and  were  significantly  greater  than  placebo.114 
Reductions in markers of bone turnover were similar, and the overall 
incidence of adverse events was comparable between the two SERMs. 
A  3-year  study  in  6847  postmenopausal  women  with  osteoporosis 
treated with basedoxifene 20 or 40 mg,  raloxifene 60 mg, or placebo 
showed a 42% reduction in new vertebral fractures with basedoxifene 
20 mg and raloxifene. The treatment effect of both drugs was similar 
among subjects with or without prevalent fractures. A posthoc analysis 
in women with a femoral neck T-score less than or equal to −3.0 and 
vertebral  fractures  found  a  lower  incidence  of  nonvertebral  fractures 
with basedoxifene compared with raloxifene or placebo (44% and 50% 
reduction, P = 0.05 and 0.02,  respectively).115 The drug has  received 
marketing approval from the European Commission but not from the 
U.S. Food and Drug Administration (FDA) for the treatment of post-
menopausal osteoporosis in women at increased risk of fracture. Other 
SERMS  in  development  include  ospemifene,  toremifene,  pipendoxi-
fene, fulvestrant, and arzoxifene (development halted in 2009).116,117

Calcitonin
Calcitonin, a naturally occurring 32-amino acid polypeptide hormone 
produced by parafollicular “C” cells of the thyroid, pituitary, and neu-
roendocrine cells, is secreted in response to high plasma calcium levels. 
Although  it  does  not  play  a  significant  regulatory  role  in  calcium 
balance  in  normal  individuals,  increases  in  calcitonin  secretion  are 
seen during pregnancy and lactation, indicating a possible physiologic 
role in maternal skeletal protection.118

Therapeutically, salmon calcitonin, administered parenterally or as 
a nasal spray, is used as therapy for the treatment of postmenopausal 
osteoporosis, as well as Paget disease of bone and hypercalcemia. It is 
an  antiresorptive  agent  that  inhibits  bone  resorption  by  binding  to 
receptors on osteoclasts. A number of studies suggest that it is effective 
in  spinal  osteoporosis  by  inhibiting  bone  loss  and  reducing  incident 
vertebral  fractures  in  women  with  prevalent  vertebral  fractures.119-121 
In this latter study, nasal calcitonin at a dose of 200 IU per day reduced 
the incidence of vertebral compression fractures by 33%, although there 
was  no  significant  reduction  in  hip  fracture  or  other  non-vertebral 
fractures in the study. There was a high dropout rate, and the lack of 
a  dose-response  in  vertebral  fracture  reduction  limits  the  validity  of 
this  trial  (no  vertebral  fracture  reduction  was  seen  with  the  400 IU 
dose).  In  a  recent  study using magnetic  resonance  imaging  and  iliac 
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STRUCTURE OF BISPHOSPHONATES

Fig. 197.2 Structure of bisphosphonates.

TABLE 197.7 CHEMICAL FORMULA FOR BISPHOSPHONATES

Non-nitrogen bisphosphonates R1 R2

Etidronate OH CH

Clodronate Cl Cl

Tiludronate H SC6H3Cl

Nitrogen bisphosphonates R1 R2

Pamidronate OH CH2CH2NH2

Alendronate OH CH2CH2CH2NH2

Risedronate OH CH2-3-PYRIDINYL

Zolendronate OH CH2C3N2H3

Ibandronate OH (CH2)2N(CH3)(CH2)5
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Pharmacologic properties
The potency of  a drug  is usually measured by  its  ability  to decrease 
bone  turnover.  In cell  and organ cultures and  in animal models,  the 
relative  in vivo  potency  of  the  bisphosphonates  is  shown  in  Table 
197.8. The in vivo potency, as measured by markers of bone resorption 
such as n-telopeptide of type 1 collagen (NTx), is greater for alendro-
nate  than  risedronate. The  reported  retention of  bisphosphonates  in 
the skeleton is significantly different. For risedronate the terminal half-
life is reported to be 480 hours (which represents its dissociation from 
bone), and 85% of an intravenous dose is recovered in the urine in 28 
days. The terminal half-life of alendronate is reported to be 10 years. 
Although this marked difference is in part related to the methods for 
measuring  half-life,  there  are  probably  real  differences  between  the 
drugs. Potency may be related in part to a property of the drug called 
reversibility, the ability of the drug to dissociate from bone once bound. 
Risedronate appears to have a weaker uptake in bone, a higher desorp-
tion (off bone), a lower rate of reattachment, and more diffusion into 
bone than alendronate.

Orally administered bisphosphonates are poorly absorbed; less than 
0.7% of the administered dose is absorbed into the bloodstream. Food 
and liquids (except plain water) inhibit the absorption within the first 
120 minutes after dosing. Alendronate absorption is 40% to 50% less 
when food is consumed 30 to 60 minutes after a dose compared with 
120 minutes after dosing. A meal 2 hours before dosing also results in 
poor absorption, so it is recommended that these agents be taken after 
an overnight fast with no food or liquid other than water for a minimum 
of 30 minutes.

For alendronate, approximately 50% of the dose is retained in the 
skeleton and the remainder is excreted unchanged in the urine. Patients 
with impaired renal function with a creatinine clearance under 30 mL/
min retain a greater amount of  the dose  in  the skeleton. This could 
reduce  turnover  to  a  degree  that  would  impair  the  ability  to  repair 
microdamage. A subset of patients with renal impairment have renal 
osteodystrophy and adynamic bone disease, characterized by a marked 
decrease in bone turnover; the use of bisphosphonates in this setting 
theoretically could further decrease turnover and cause the accumula-
tion of microcracks and increase skeletal fragility. Analysis of risedro-
nate patients with various degrees of renal impairment concluded that 
no adjustment in dose was needed with a creatinine clearance of greater 
than  20 mL/min.129  Similar  data  for  other  orally  administered  N-
containing bisphosphonates, including alendronate and ibandronate, is 
reviewed in Chapter 201.

After 3 months of oral bisphosphonate therapy, turnover is reduced 
to the middle to lower range of normal premenopausal turnover. With 
continued  treatment  and  incorporation  into  the  skeleton, no  further 
reduction in turnover occurs, suggesting that the accumulated drug is 
buried in bone and becomes inactive. For the vast majority of patients 
bone  turnover  is  not  reduced  to  a  level  such  that  accumulation  of 
microdamage  occurs,  which  might  increase  fracture  risk.  Histomor-
phometric  data  does  sometimes  show  marked  inhibition  of  skeletal 
turnover  with  these  drugs,  but  biopsy  data  in  a  small  number  of 
patients treated for up to 10 years with alendronate and 5 years with 
risedronate  are  available  and  do  not  show  significant  microdamage 
accumulation.130  There  are  recent  reports  of  fractures  occurring  in 
patients treated with long-term therapy who have severely suppressed 

border,  and  acid  production.  It  also  induces  apoptosis. Although  eti-
dronate  is  deposited  diffusely  on  bone  surfaces,  nitrogen-containing 
bisphosphonates  are  preferentially  deposited  in  areas  under 
osteoclasts.

The suppression of osteoclasts decreases bone turnover, decreasing 
the  number  and  activity  of  the  bone  remodeling  units  (BMUs),  the 
functional units responsible for the continuous process of bone resorp-
tion  followed  by  formation.  Bone  remodeling  is  important  for  both 
maintaining serum levels of ionized calcium and removing microdam-
age  that  accumulates  in  the  skeleton.  Bone  remodeling  sites  are  a 
source  of  trabecular  perforations,  as  well  as  microcracks  and  stress 
risers, weak areas that can propagate in bone and result  in increased 
fragility and fractures. The decrease in bone resorption with bisphos-
phonate therapy occurs quickly, within 1 month. Because of the cou-
pling of formation and resorption, the inhibition of resorption results 
in a decrease in bone formation, which is maximal at 6 to 12 months. 
Inhibition  of  resorption  before  formation  allows  the  “remodeling 
space,” the cavities created by the BMUs, to fill, which increases bone 
mass. The increase in bone mass created by this uncoupling of bone 
resorption and formation results in a brisk rise in BMD in the first 1 
to 2 years of therapy. Subsequent increases in BMD occur at a slower 
rate,  approximately  0.8%  per  year  through  10  years  for  alendronate, 
and are a consequence of  (1) an  increase  in matrix mineralization, a 
result of the decrease in turnover that allows more complete secondary 
mineralization of bone, and (2) a decrease in cortical porosity.

The mechanism of fracture reduction with bisphosphonates is mul-
tifactorial.  It  is  estimated  that  approximately  25%  of  the  observed 
fracture  risk  reduction  is  related  to  BMD  increases.126  Other  factors 
that may be important include decreased bone turnover, altered micro-
architecture,  changes  in  mineralization,  and  other  cellular  effects.127 
There is conflicting evidence that there may be a threshold effect for 
the degree of decrease  in turnover beyond which no further vertebral 
fracture reduction occurs128; however, there is no evidence to support 
such a potential threshold effect for reduction in risk of non-vertebral 
fractures.

HMG-CoA

NITROGEN-CONTAINING BISPHOSPHONATES
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Nitrogen-containing
biophosphonates inhibit FPPS

Fig. 197.3 Nitrogen-containing bisphosphonates such as risedronate sodium, 
zoledronic acid, disodium pamidronate, alendronic acid, and ibandronic acid 
work predominantly by inhibiting the enzyme FPPS, which catalyzes a step in 
the mevalonate pathway and inhibits protein prenylation. Protein prenylation 
involves the transfer of a farnesyl or geranylgeranyl isoprenoid lipid group 
onto the C-terminus of small GTPases. The GTPases are critical for osteoclast 
proliferation, apoptosis, membrane ruffling, and membrane trafficking. Loss of 
these prenylated proteins in cell membranes results in loss of osteoclast 
function. FPP, farnesyl pyrophosphate; FPPS, farnesyl pyrophosphate synthase; 
GGPP, geranylgeranyl diphosphate; GTP, guanine triphosphate; HMG-CoA, 
hydroxyl-3-methylglutaryl coenzyme A.

TABLE 197.8 IN VITRO POTENCY OF BISPHOSPHATES

Drug Potency

Etidronate 1

Tiludronate, clodronate 10

Pamidronate 100

Alendronate 100-1000

Risedronate 1000-10,000

Ibandronate 1000-10,000

Zolendronate >10,000
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2. Alendronate
Alendronate was approved for prevention and treatment of osteoporosis 
in the United States in 1995. Alendronate was shown to increase BMD 
in a dose-dependent fashion in postmenopausal women without osteo-
porosis.140,141 Current practice is to use weekly doses of 35 mg or 70 mg 
for prevention and treatment, respectively, which were shown to result 
in increases in BMD equivalent to 5 mg or 10 mg per day.142 In post-
menopausal women with low BMD (femoral neck T-score of −1.6 and 
below)  and  prevalent  vertebral  fracture  (Fracture  Intervention  Trial 
Vertebral Fracture Arm [FIT 1]) treated for 3 years, alendronate signifi-
cantly reduced vertebral, hip, and wrist fractures by approximately 50% 
and multiple vertebral fractures by 89%.143 In women without vertebral 
fractures but with low BMD treated for 4 years (FIT Clinical Fracture 
Arm  [FIT 2]),  a 44%  reduction  in vertebral  fractures was noted  (P = 
0.001).144 A posthoc analysis of patients with either prevalent vertebral 
fractures or a  femoral neck BMD T-score of −2.5 or below showed a 
significant 36% reduction in clinical osteoporotic fractures and a 50% 
reduction in risk of hip fractures.145

The  rapid  onset  of  fracture  reduction  was  demonstrated  in  the 
Fosamax International Trial (FOSIT). Patients with a T-score less than 
−2.0 had a significant 47% reduction in clinical non-vertebral fractures 
by 12 months146 and, in posthoc analysis, significant reduction in clini-
cal vertebral  fractures at 12 months in women with a prior vertebral 
fracture or femoral neck T-score less than −2.5.147 In a meta-analysis 
of  several alendronate  trials,  clinical vertebral  fractures were  reduced 
at 1 year and hip fractures by 18 months.147 Treatment with alendro-
nate for 7 years resulted in a continuous increase in bone mass during 
the 7 years; however, the effect on fractures beyond 3 years could not 
be assessed because of the lack of a placebo control group beyond that 
interval.148

Ten  years  of  treatment  with  alendronate  10 mg  increased  spine 
bone density by 14% with the greatest rate of rise early.149 In patients 
treated  for  5  years,  BMD  in  the  spine  was  stable  for  up  to  5  years  
after  discontinuation  while  hip  density  began  to  decline.  FLEX  (FIT 
long-term extension trial) enrolled 1099 women treated with alendro-
nate for an average of 5 years into a 3-year extension. After 8.6 years 
the average increase in bone mass was 12.9%. After 3 years off alen-
dronate,  spine  density  declined  −0.42%  and  hip  density  declined 
−2.39%.150

In men treated for 2 years with 10 mg of alendronate, bone mass 
increased in both the spine and hip and a significant reduction in new 
vertebral fractures was demonstrated.151

3. Risedronate
Risedronate was approved for prevention and treatment of osteoporosis 
in the United States in 2000. In a trial of women ages 40 to 60 with 
normal bone density and in women with  low bone mass 5 mg, once 
daily of  risedronate  for 2 years was  shown  to  increase bone mass  in 
the spine and hip.152,153 Once-weekly dosing with 35 mg was shown to 
have equivalent BMD increases to 5 mg per day.154 In pivotal placebo-
controlled clinical trials in postmenopausal women with previous frac-
tures  treated with 5 mg per  day  for  3  years,  vertebral  fractures were 
reduced by 41% and 49% and nonvertebral fractures were reduced by 
33% (P = .06) and 39% (P = .02), respectively, in the North American 
and  multinational  studies  (VERT-NA  and  VERT-MN).155,156  Multiple 
vertebral fractures also were reduced by 77% and 96%, respectively. An 
extension  of  the  VERT-MN  trial  followed  patients  (with  a  placebo 
control) an additional 2 years (5 years total) and demonstrated a 50% 
reduction in vertebral fractures in years 3 to 5.157 During years 3 to 5 
there was a 59% reduction in vertebral fractures (P = 0.01) and a 41% 
reduction in non-vertebral fracture (P = ns). A further 2-year extension 
without a placebo group showed an  increased BMD of 11.5% over 7 
years.158

A  randomized  controlled  trial  with  hip  fracture  as  a  primary  end 
point showed a reduction in hip fracture of 30% (P = 0.02).159 In those 
aged 70 to 79 with osteoporosis, a 40% reduction was seen, whereas 
in those older than 80 who were enrolled primarily on the basis of risk 
factors for falling, a non-significant 20% reduction in hip fractures was 
seen. A 1-year observational study in which men were randomized to 
risedronate or alfacalcidol showed that risedronate reduced new verte-
bral fractures by 60% compared with alfacalcidol.160

bone  turnover  by  biopsy  (markers  of  turnover  were  in  the  normal 
range);  however,  most  patients  were  receiving  concomitant  therapy 
with glucocorticoids or hormones and some had mild degrees of renal 
insufficiency.131 Low-energy  femoral  shaft  fractures have been associ-
ated with long-term bisphosphonate use; among 70 patients with this 
fracture pattern, the odds ratio for bisphosphonate use was 15.3.132,133

Bone  biopsies  from  alendronate-treated  patients  compared  with 
placebo-treated patients demonstrate decreased cortical porosity (7.5% 
in placebo and 4% in alendronate) and increased uniformity of miner-
alization with a slight increase in mineral per unit volume.134 Because 
the cortical shell provides most of the bending strength of bone, this 
observed reduction in porosity could account for a portion of the anti-
fracture  efficacy  of  alendronate.  Bone  biopsies  in  risedronate-treated 
patients  show  preservation  of  skeletal  microarchitecture  with  an 
increase  in  trabecular  bone  volume,  trabecular  thickness,  trabecular 
number, and connectivity.135

Clinical trials
The  clinical  trial  experience  of  bisphosphonates  is  summarized  in 
Table 197.9. Bisphosphonates decrease fracture risk in patients at high 
risk  for  fracture  including  those  with  prevalent  vertebral  fractures  
and/or  low  BMD.  Details  of  the  individual  agents  are  discussed  
later.

1. Etidronate
Etidronate  is  the  oldest  bisphosphonate  in  use  and  is  approved  for 
treatment  of  postmenopausal  osteoporosis  in  27  countries  although 
not  in the United States. Trials have demonstrated vertebral  fracture 
reduction  in  high-risk  populations.136,137  The  weight  of  the  evidence 
supports  its  efficacy  in  reducing  vertebral  fractures  in  patients  with 
osteoporosis;  a  meta-analysis  reported  a  37%  reduction  in  vertebral 
fracture.138  Etidronate  has  also  been  shown  to  prevent  bone  loss  in 
steroid-treated men and women.139 It is given at a dose of 400 mg/day 
for 14 days every 3 months instead of continuously in order to avoid 
a mineralization defect. Etidronate has not been shown to reduce the 
incidence of non-vertebral fractures, including hip fractures.

TABLE 197.9 BISPHOSPHONATE PIVOTAL TRIALS

# Prev Fx Duration Fx reduction

1. Vertebral fractures

Alendronate FIT1 2027 Y 3 yr 47%

FIT2 4432 N 4 yr 44%

Risedronate VERT-NA 1628 Y 3 yr 41%

VERT-MN 814 Y 3 yr 49%

Etidronate 423 Y 2 yr 56%

Ibandronate MN, NA 2946 Y 3 yr 62%, 50% (a)

Zoledronate Horizon 7765 Y/N 3 yr 70%

Zoledronate RFT 2127 Y/N 3 yr 46%

2. Hip fractures

Alendronate FIT1 2027 Y 3 yr 51%

FIT2 4432 N 4 yr 56% (b)

Risedronate HIP 9331 3 yr 30% (c)

5455 3 yr 40% (d)

1128 3 yr 60% (e)

3886 3 yr 20% (f )

Zolendronate Horizon 7765 3 yr 41%

a, combined multinational, North American, daily and intermittent dosing; b, posthoc analysis 
hip T-score <−2.5; c, intention to treat analysis; d, age 70-79 yr, hip T-score <−2.5; e, posthoc 
analysis with vertebral fracture; F, older than 80 yr with risk factors.
From references 136, 137, 144, 147, 155, 156, 159, 161, 164, 165.
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HORIZON trial, neither an electrocardiogram substudy nor the second 
HORIZON-RFT detected an increased risk of atrial fibrillation or other 
cardiovascular events associated with zoledronic acid. There were two 
cases of osteonecrosis of the jaw seen in the HORIZON trial, one in 
the treatment and one in the placebo group.

Two  studies  suggest  that  zoledronic  acid  has  a  longer  course  of 
action than previously suggested. Continued inhibition of bone turn-
over was observed at 12 months with evidence of continued suppres-
sion  and  gains  in  BMD  after  18  months.168  In  another  study,  the 
antiresorptive effects of a single dose of zoledronic acid were sustained 
for at least 2 years with comparable effects on markers of bone turnover 
at 12 and 24 months.169 It is unclear whether dosing at less frequent 
intervals would be as efficacious as once-year dosing.

Zoledronic acid should be considered in patients who are not can-
didates for oral bisphosphonates such as those with esophageal stric-
tures or dysfunction or who are unable to remain upright, but it should 
be avoided in patients with a creatinine clearance under 35 mL/min. 
Vitamin  D  should  be  repleted  before  the  zoledronate  infusion,  and 
patients should be monitored for hypocalcemia. Both serum creatinine 
and calcium should be measured before each infusion.

6. Other bisphosphonates
Other IV bisphosphonates have been used “off label” in patients who 
are unable to tolerate oral bisphosphonates because of gastrointestinal 
(GI) side effects (vide infra). Pamidronate was studied in a small trial 
at a dose of 30 mg IV every 3 months. BMD was stable or increased 
in  84%  of  patients  in  the  lumbar  spine  and  73%  in  the  femoral 
neck.34,170  No  fracture  data  are  available  to  support  the  use  of 
pamidronate.

Side effects with bisphosphonates
Shortly after release of alendronate, numerous reports of severe GI side 
effects were published, primarily esophageal erosions and stricture.171,172 
Patients  with  esophageal  motility  disorders  and  esophageal  stricture 
are at greater risk for toxicity. In clinical trials, between 20% and 40% 
of patients report GI side effects, but the rate is equal to that seen in 
the placebo group. Rechallenge studies with alendronate show no dif-
ference in alendronate or placebo for GI symptoms. The highest level 
of evidence, randomized controlled trials, suggest little or no increase 
in risk of upper GI tract problems if bisphosphonates are administered 
properly. Upper GI tract symptoms have a high background incidence 
in patients with osteoporosis, making a causal relationship to therapy 
difficult  to  ascertain.173  Generic  alendronate  became  available  in  the 
United States in 2008. A study that compared bone density gains at 1 
year with branded versus generic alendronate versus risedronate show 
that  lumbar  spine  BMD  gains  were  40%  to  50%  less  with  generic 
alendronate, GI adverse events were greater, and persistence was lower 
with generic alendronate.174

Administration of IV bisphosphonates is associated with the influ-
enza-like  illness  for  24  to  48  hours  after  infusion,  characterized  by 
fever, myalgia, arthralgia, and nausea.167 Rapid infusion of pamidronate 
and zoledronic acid has been reported to cause renal  failure. Skeletal 
side  effects  include  impaired  mineralization  with  etidronate  but  not 
with  nitrogen-containing  bisphosphonates.  Some  patients  may  have 
severe bone pain with bisphosphonates that may be related to the small 
decrease in serum calcium and subsequent rise in PTH values. Osteo-
necrosis of the  jaw (ONJ) with bisphosphonates was first reported in 
2003, usually in cancer patients treated with high doses of IV bisphos-
phonates  in high dose.175 There  is no universally accepted definition 
of ONJ, but it usually appears as an area of exposed alveolar bone in 
the mandible or maxilla that does not heal within 8 weeks. A system-
atic  review  to 2006  revealed 368  reported cases  (many cases are not 
reported); 94% were with IV bisphosphonates usually in patients with 
multiple  myeloma  or  metastatic  cancer.176  About  65%  were  in  the 
mandible, one third were painless, 60% occurred after a tooth extrac-
tion  or  other  surgery,  and  the  rest  were  spontaneous.  Although  the 
incidence of ONJ with oral bisphosphonates is much less, by mid 2006 
there were approximately 30 cases in patients receiving oral bisphos-
phonates.177  The  ASBMR  task  force  identified  57  cases  of  ONJ  in 
patients treated with bisphosphonates for osteoporosis and 7 cases who 
had Paget disease. The risk of ONJ in non-cancer patients is estimated 
to be less than 1 in 100,000.178 Canadian consensus practice guidelines 

4. Ibandronate
The  BONE  trial  (Oral  Ibandronate  Osteoporosis  Vertebral  Fracture 
Trial in North America and Europe) assessed the effect of 2.5 mg oral 
ibandronate (and 20 mg every other day for 12 doses every 3 months). 
After 3 years, new morphometric vertebral  fractures were reduced by 
62% in the 2.5 mg/day group (P = 0.0001). Clinical vertebral fractures 
were  also  reduced  (49%,  P  =  0.01);  however,  non-vertebral  fractures 
were not  reduced compared with placebo.161  In a posthoc analysis of 
women  with  a  femoral  neck  T-score  less  than  −3.0,  non-vertebral 
fractures were reduced by 69%. Ibandronate is approved for postmeno-
pausal osteoporosis orally in doses of 2.5 mg per day and 150 mg per 
month on the basis of a bridging study that showed that the 150-mg 
dose increased bone density in the lumbar spine and total hip signifi-
cantly more (P < 0.05) than 2.5 mg daily.162 The Dosing Intravenous 
Administration  trial  (DIVA)  compared  ibandronate 2 mg given  every 
2 months, 3 mg every 3 months, and 2.5 mg per day for 1 year. The 
increases in lumbar spine BMD were 5.1% for 2 mg IV, 4.8% for 3 mg 
IV, and 3.8% for 2.5 mg oral daily (IV groups > oral, P < 0.001).163 The 
doses used in the clinic were either 150 mg orally per month or 3 mg 
IV every 3 months.

5. Zoledronate
IV  zoledronic  acid  was  FDA  approved  in  2007  for  (1)  treatment  of 
postmenopausal osteoporosis,  (2)  treatment and prevention of gluco-
corticoid-induced osteoporosis in patients expected to be on glucocor-
ticoids  for  at  least 12 months,  (3) men,  to  increase bone mass with 
osteoporosis in a once-yearly dosing, and (4) treatment of osteopenia 
in  a  biannual  dosing  regimen.  Zoledronic  acid  is  a  potent  nitrogen-
containing  bisphosphonate  that  was  used  for  the  treatment  of  the 
hypercalcemia  of  malignancy,  as  well  as  Paget  disease  before  its 
approval for osteoporosis and osteopenia.

In  the  Health  Outcomes  and  Reduced  Incidence  with  Zoledronic 
Acid Once Yearly (HORIZON) pivotal fracture trial of 7736 postmeno-
pausal women, those taking zoledronate had a significantly lower rate 
of  new morphometric  fractures  (relative  risk  reduction RRR  =  70%), 
non-vertebral  fractures  (RRR = 25%), and hip  fractures  (RRR = 41%) 
with an increase of lumbar bone density of 6.7% over 3 years.164 In the 
first  osteoporosis  randomized  controlled  trial  (RCT),  to  examine  the 
post–hip  fracture  population,  the  HORIZON  recurrent-fracture  trial 
(HORIZON-RFT),  once-yearly  zoledronic  acid  was  administered  to 
1065 women and men after an initial hip fracture. The IV zoledronic 
acid–treated  patients  had  a  significantly  reduced  risk  of  new  clinical 
vertebral fracture (RRR = 46%) and a reduced risk of any clinical frac-
ture (RRR = 35%). In addition, all-cause mortality was reduced by 28% 
in  this post–hip  fracture population.165 There was no  impairment of 
fracture  healing  in  those  patients  treated  when  zoledronic  acid  was 
administered within 90 days of hip fracture. A posthoc analysis divided 
the population into 2-week intervals (calculated from the surgical repair 
to the first infusion); patients who received the infusion in the first 2 
weeks did not show a significant reduction in fractures or mortality.166

In both HORIZON trials, IV zoledronic acid was well tolerated and 
serious  adverse  events  did  not  differ  significantly  from  the  placebo 
group.  However,  almost  20%  experienced  an  acute-phase  reaction 
(APR) characterized by low-grade fever, myalgia, headache, arthralgia, 
bone  pain,  and  nausea  with  symptoms  generally  resolving  within  3 
days of dosing but possibly lasting up to 7 to 14 days. The APR is more 
likely  to  occur  in  patients  who  have  not  been  previously  exposed  to 
bisphosphonates and is less likely to recur with subsequent dosing.167 
In  the studies of  IV zoledronic acid 5 mg used  in osteoporosis,  little 
risk was seen in patients with creatinine clearances over 35 mL/min. 
In the phase 3 HORIZON trials, the 15-minute infusion of zoledronic 
acid  once  yearly  was  associated  with  no  increased  risk  of  renal  side 
effects compared with placebo, and no patients had acute renal failure. 
Although a small percentage of patients had small though significant 
increases in serum creatinine in an assessment 9 to 11 days after the 
infusion, these levels returned to baseline in all patients. IV zoledronic 
acid may have a greater risk for decline  in renal  function in patients 
with  creatinine  clearances  less  than  30  to  35 mL/min  than  oral 
bisphosphonates.

Although  atrial  fibrillation  was  detected  in  2.5%  of  the  patients 
receiving  zoledronic  acid  versus  1.9%  in  the  placebo  group  in  the 
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the PTH group, 6.1% in the combination group, and 4.6% in the alen-
dronate group. Volumetric density (QCT) increased 25.5% in the PTH 
group, 10.5% in the alendronate group, and 12.9% in the combination 
group.  The  authors  concluded  that  there  is  no  evidence  of  synergy 
between PTH and alendronate, and concurrent use of alendronate may 
reduce the anabolic effect of PTH. No data are available on the most 
important outcome, fracture reduction.

A trial  in 83 men with  low BMD using simultaneous teriparatide 
and  alendronate  demonstrated  similar  results  to  PaTH.193  At  30 
months spine BMD increased 8% in the alendronate group, 18% in the 
PTH group, and 15% in the combination therapy group. Deal and col-
leagues194  compared  teriparatide  (rhPTH  1-34)  plus  raloxifene  with 
teriparatide alone and showed that raloxifene did not inhibit the ana-
bolic effect of teriparatide on the basis of bone density or markers of 
bone turnover. In rats, large single IV doses of bisphosphonates did not 
blunt subsequent response to PTH as measured by pQCT. This method 
of administration of bisphosphonate may have less inhibition of bone 
lining cells to become active osteoblasts under PTH stimulation.195

Two  trials  have  examined  the  use  of  sequential  PTH  followed  by 
alendronate.196,197 In the PaTH trial, PTH for 1 year followed by alen-
dronate  for  1  year  increased  BMD  by  31%  (QCT),  compared  with 
PTH-placebo patients who gained 14%. Thus treatment with an anti-
resorptive agent is required to maintain the bone mass gains with PTH.

The  effect  of  previous  treatment  with  an  antiresorptive  agent  on 
PTH response has been evaluated. In 2004 Ettinger and colleagues198 
published an open-label, non-randomized study comparing the effects 
of teriparatide following 18 to 36 months of therapy with either raloxi-
fene or alendronate in postmenopausal women with a T-score less than 
or  equal  to  −2.0.  After  18  months,  patients  previously  treated  with 
raloxifene had a greater increase in lumbar spine BMD in response to 
teriparatide than patients previously treated with alendronate (10.2% 
vs.  4.1%,  respectively,  P  <  0.05).  Although  there  was  no  treatment 
naïve group in this trial, the increase in bone mass in the raloxifene-
pretreated  group  was  similar  to  that  in  the  teriparatide  pivotal  trial 
(9.7%  at  19  months).182  These  findings  suggest  that  blunting  of  the 
anabolic  effect  of  teriparatide  may  occur  not  only  with  concomitant 
therapy  as  illustrated  in  the  PaTH  trial,  but  also  with  sequential 
therapy in which teriparatide is administered after alendronate. It did 
not appear that raloxifene blunted the BMD response to teriparatide. 
No data on fracture reduction are available from this study.

It is possible that other bisphosphonates may have a different effect 
when  used  in  combination  with  teriparatide.  The  OPTAMISE  study 
examined  the  effect  of  previous  risedronate  or  alendronate  on  PTH 
response and showed that previous alendronate therapy blunted both 
bone density and bone marker response to PTH significantly more than 
prior risedronate therapy.199 After 12 months of therapy with teripara-
tide  subjects  who  received  prior  risedronate  showed  a  76%  greater 
increase in QCT of trabecular bone at the spine compared with those 
who previously received alendronate (24% vs. 13.7%, P = 0.023).

A  prospective  randomized,  double-blind,  placebo-controlled  trial 
compared the BMD response to teriparatide in postmenopausal women 
with  osteoporosis  who  previously  received  a  bisphosphonate  versus 
those who were bisphosphonate naïve. After 24 months of treatment 
with  teriparatide,  lumbar spine BMD increased significantly more  in 
the  treatment  naïve  group  than  in  the  bisphosphonate  inadequate 
responders  (P  <  0.001).  Although  previous  bisphosphonate  therapy 
blunts PTH response, treatment with teriparatide for 24 months was 
associated with  robust and statistically  significant  increases  in BMD 
regardless  of  prior  bisphosphonate  therapy.200,201  Similar  results  were 
noted when Cosman and colleagues202 used either daily continuous or 
cyclic  administration  of  PTH.  At  the  end  of  15  months  there  were 
comparable increases in BMD measured by DXA at the lumbar spine 
with either the continuous or cyclic hPTH. The BMD increases in both 
PTH  treatment  arms were  significantly  greater  than  subjects  treated 
with alendronate alone. Unlike the PaTH trial, in which combination 
therapy  with  alendronate  and  rh  PTH  1-84  resulted  in  declines  in 
markers of bone turnover, in this study there were robust increases in 
bone turnover markers; the reasons for this difference are not clear but 
could be related to differences in baseline bone turnover. Cosman also 
evaluated  the  effect  of  adding  teriparatide  to  ongoing  antiresorptive 
therapy  (alendronate  or  raloxifene)  versus  starting  teriparatide  and 
stopping the antiresorptive agent.203 At 6 months, adding teriparatide 

for patients treated for osteoporosis recommend no dental examination 
before therapy in the presence of good oral hygiene, stopping smoking, 
limiting alcohol intake, and maintaining good oral hygiene.179,180 The 
AAOMS  has  published  a  comprehensive  position  paper.181  No  pub-
lished data support a recommendation of discontinuation of bisphos-
phonate  therapy  once  ONJ  develops,  but  most  patients  are  likely  to 
stop therapy at least for several months.

Parathyroid hormone
Anabolic therapy with teriparatide (rhPTH 1-34) has been available in 
the United States since 2002 and is also available in the EU—as is the 
full-length  rhPTH  1-84.  Recombinant  human  parathyroid  hormone, 
rhPTH 1-34, was used  in  the  largest  trial  to date.182  Subjects  in  the 
pivotal  trial  with  the  full  84-amino  acid  recombinant  human  PTH 
molecule, rhPTH 1-84, had a higher than expected incidence of hyper-
calcemia, and the trial program was discontinued in the United States; 
rhPTH 1-31 is currently under evaluation.

Teriparatide was evaluated  in a randomized controlled trial  (RCT) 
of  1637  postmenopausal  women  with  at  least  one  moderate  or  two 
mild prior vertebral fractures and a T-score in the hip or spine of less 
than −1.0. Subjects were randomized to 20 or 40 mcg of daily rhPTH 
1-34 or placebo. Treatment averaged 19 months  in the three groups. 
Compared with the placebo, BMD increased by 9.7% and 13.7% in the 
lumbar spine and by 2.8% and 5.1% in the femoral neck in the 20 and 
40 mcg  groups  (P <  0.001). Vertebral  fracture  incidence was  reduced 
by 65%, and the risk of two or more fractures was reduced by 77% with 
the 20 mcg dose. Moderate and severe vertebral fractures (26% to 40% 
and  >40%  height  reduction,  respectively)  were  reduced  by  90%.183 
Women  in  the 20-mcg  treatment group were 35%  (all non-vertebral) 
and 53% (traumatic non-vertebral) less likely to have one or more new 
non-vertebral fractures. This trial used only semiquantitative reading 
(SQ) to identify vertebral fractures, whereas most registration studies 
have used a combination of SQ and quantitative morphometry (QM). 
Reanalysis of  the original x-rays using QM+SQ methodology showed 
vertebral fracture reduction of 84% and multiple fracture reduction of 
94%.184 In an 11-month RCT of 437 men with osteoporosis, patients 
were  randomized  to  placebo  or  treatment  with  20  or  40 mcg/day  of 
rhPTH 1-34; the relative risk of new vertebral fractures was 0.5 for the 
combined  20  and  40 mcg  PTH-treated  group  (P  =  0.086).185  The 
planned 36-month study was stopped early because of the development 
of osteosarcoma in a rat toxicology study.

Teriparatide is indicated for postmenopausal women and men who 
are at high risk for fracture and for glucocorticoid-induced osteoporosis. 
Although the indications give general guidelines for patient selection, 
they leave the physician with a large amount of discretion and many 
questions about which patients are most appropriate. Patients with one 
or more of the following characteristics may be appropriate for teripa-
ratide therapy:

●  Those who have a significant decline in BMD on antiresorptive 
therapy.

●  Those  who  are  unable  to  take  antiresorptive  agents  because  of 
side effects.

●  Those who sustain a fracture on antiresorptive therapy.
●  Patients  who  are  treatment  naïve  and  at  very  high  risk  for 

fracture.

There are few data directly comparing bisphosphonates with teripa-
ratide in women with postmenopausal osteoporosis; none of the studies 
report fracture outcomes.186-188 McClung186,187 compared BMD response 
of  teriparatide  20 mcg  and  alendronate  10 mg  daily.  At  18  months 
areal BMD (DXA) increased 10.3% in the teriparatide group (n = 96) 
and 5.5% in the alendronate group (n = 91). Volumetric density (QCT) 
increased 19% in the teriparatide group (n = 26) and 3.8% in the alen-
dronate group (n = 23). A finite element analysis using QCT scans of 
the L3 vertebral body showed significantly greater increase in compres-
sive strength at 18 months in patients treated with teriparatide (21.1% 
vs. 3.7%, P < 0.001).188 One study comparing teriparatide and alendro-
nate in the treatment of glucocorticoid-induced osteoporosis is reviewed 
in Chapter 198.189,190

The effect of simultaneous use of PTH 1-84 and alendronate was 
examined in the PaTH trial.191,192 BMD in the spine increased 6.3% in 
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previous fractures, very low BMD, and those who lose bone mass and 
suffer fracture while on antiresorptive therapy. It appears that sequen-
tial  use  of  PTH  followed  by  a  bisphosphonate will  result  in  a  larger 
increase in BMD than either agent alone, but whether the increase in 
bone mass will translate into great fracture reduction is not known.

The duration of  treatment may depend on  the  initial  bone mass, 
prevalent and incident fractures, other factors that contribute to frac-
ture risk, and the drug used for treatment. Therapy may or may not 
need  to  be  lifelong.  A  65-year-old  woman  with  an  initial  T-score  of 
−2.3 with no fractures who is treated with a bisphosphonate and has 
a 11% increase in BMD after 3 to 5 years to a T-score of −1.3 may be 
able to discontinue therapy or be given a drug holiday for a period of 
time. This may be an option, especially because bisphosphonates have 
a long skeletal half-life and an antiresorptive effect that may persist for 
years  after  drug  discontinuation.  This  might  not  be  the  case  with 
SERMs and estrogen because their skeletal half-life is short and bone 
loss would be likely to occur immediately after discontinuation.

NOVEL AND NON-TRADITIONAL THERAPIES
Strontium ranelate
Strontium occurs naturally as a non-radioactive element and was first 
isolated in 1808. Although used and studied for other purposes includ-
ing evaluation of calcium metabolism, recently heightened interest on 
its  skeletal effects have  led  to studies evaluating  its potential benefit 
as a therapeutic agent for human diseases. Strontium competes with 
calcium  for  intestinal  absorption  and,  once  absorbed,  incorporation 
into bone and dental tissues. Renal excretion accounts for the majority 
of  elimination  from  the body,  but  smaller  amounts  are delivered via 
sweat  and  the  gut.209,210  Strontium-rich  diets  can  induce  “strontium 
rickets”  in  animal models.211,212 This phenomenon  is  exacerbated by 
renal  insufficiency  in a dose-dependent manner,  and  investigators  in 
these  studies have  also  found high bone  strontium  levels  in dialysis 
patients with osteomalacia. Mechanistically, in addition to competing 
with  calcium  absorption,  strontium  can  block  the  hydroxylation  of 
25-hydroxyvitamin  D  to  1,25-hydroxyvitamin  D.  Correction  can  be 
achieved either by addition of 1,25-hydroxyvitamin D supplementation 
or  a high  calcium diet.211 At  low doses,  however,  strontium  ranelate 
administration results in uncoupling of bone turnover with stimulation 
of  osteoblastic  activity  and  decreasing  osteoclastic  activity.  The  net 
result is that it may act as an anabolic agent, by increasing formation 
and reducing resorption of bone. Human and animal studies of stron-
tium ranelate demonstrate  it  to be an effective  therapy  for  the  treat-
ment of osteoporosis.

Two  large  multicenter,  randomized,  placebo-controlled  trials  in 
postmenopausal  osteoporotic  women  treated  with  oral  strontium 
ranelate at a dose of 2 gm daily have been published: the Spinal Osteo-
porosis Therapeutic  Intervention  (SOTI)  trial, which had more  than 
1600 subjects, and the Treatment of Peripheral Osteoporosis (TROPOS) 
study, which enrolled more than 5000 participants.213,214 Both showed 
that  strontium  ranelate  significantly  increased  bone  formation  and 
decreased  bone  resorption,  increased  BMD,  and  reduced  the  risk  of 
vertebral fracture by between 39% and 45% after 3 years. In TROPOS, 
patients treated with strontium had a small but significant 16% reduc-
tion in non–spine fractures (P = 0.04). Although there was no overall 
reduction in hip fractures, there was a significant reduction (36%) in 
the risk of hip fracture over a 3-year period in those considered high 
risk:  age  older  than  74  years  and  femoral  neck  T-score  less  than  or 
equal  to −3. A preplanned analysis  that pooled data  from SOTI and 
TROPOS  evaluated  1488  women  80  to  100  years  old  and  showed 
significant  reductions  in  vertebral  (32%,  P  =  0.013),  non-vertebral 
(31%,  P  =  0.011),  and  symptomatic  fractures  (22%,  P  =  0.040).215 
Strontium has also been shown to reduce the risk of vertebral fractures 
in postmenopausal women with osteopenia in the spine.216 Biochemi-
cal markers of bone  turnover with  strontium show  less  reduction  in 
resorption markers  than bisphosphonates,  although markers of  bone 
formation  increase.  The  increase  in  bone  mass  with  strontium  is 
greater  than  antiresorptive  agents  (+14.4%  in  the  lumbar  spine  at  3 
years  in SOTI), but a significant portion of  the  increase  is  related to 
the replacement of calcium with strontium, which has a higher atomic 
number.217 Fourteen sets of bone biopsies from the SOTI trial did not 

to ongoing antiresorptive therapy resulted in a blunting of markers of 
bone turnover compared with using teriparatide and stopping the anti-
resorptive  agent.  However,  adding  teriparatide  resulted  in  greater 
increases  in bone density versus switching to teriparatide alone. The 
trials by Cosman challenge the dogma that antiresorptive agents blunt 
the response to teriparatide and should be discontinued when teripa-
ratide  is  initiated.  However,  because  there  was  no  treatment-naïve 
group treated with rhPTH 1-34 alone, it is possible that a larger BMD 
response may have been seen if this group had been studied. The trial 
by Cosman and colleagues is unique in that it reintroduces the concept 
of intermittent PTH therapy, given in on/off cycles.

The effect of PTH results in periosteal bone formation and a change 
in  bone  size.  This  geometric  effect  increases  strength  by  increasing 
diameter  and  is  likely  to  explain  a  portion  of  the  effect  of  PTH  on 
fracture reduction. The earlier rise in markers of bone formation than 
in markers of  resorption with PTH treatment provide a rationale  for 
the observed increases in bone density. Formation markers peak at 1 
month, whereas resorption markers peak at 6 months, indicating early 
osteoblast  stimulation  and  bone  formation  with  a  delayed  effect  on 
osteoclasts and bone resorption.

Side effects
Adverse effects from the use of rhPTH 1-34 have been relatively infre-
quent and have not been serious, only rarely resulting in cessation of 
treatment.  In  the pivotal phase  III  fracture prevention trial,  the only 
significant side effects were dizziness and leg cramps.204 Mild hypercal-
cemia was common (11%), but treatment was discontinued only rarely. 
There was an increase in uric acid levels of 13% to 25% during treat-
ment with rhPTH 1-34, but no gout attacks occurred. Uric acid levels 
returned to baseline at the end of treatment.

The  planned  36-month  pivotal  rhPTH  1-34  trial  was  terminated 
early due  to  the development of  osteosarcoma  in  rat  studies.205 Rats 
have open epiphyses and growing bones throughout most of their lives 
and have an exaggerated skeletal response to PTH, which may increase 
the risk for the development of cancer. One case of osteosarcoma has 
been reported to the FDA in a patient treated with PTH (this would 
be  less  than  the  expected  occurrence  by  chance  on  the  basis  of  the 
number of patients treated with PTH and the background incidence of 
osteosarcoma).206,207  No  data  raise  a  concern  that  PTH  is  a  risk  in 
patients  with  non-skeletal  malignancies.  Teriparatide  should  not  be 
prescribed  in  populations  at  higher  risk  for  osteosarcoma  including 
patients  with  Paget  disease  of  bone,  patients  with  prior  radiation 
therapy  to  the  skeleton  or  with  implants  that  deliver  radiation,  and 
pediatric populations  (and young adults) with open epiphyses. Eleva-
tions of alkaline phosphatase should be evaluated before using teripa-
ratide  because  of  the  possibility  of  Paget  disease  and  bone  tumors. 
Patients who have bone metastases or a history of skeletal malignan-
cies  should  not  be  treated.  Patients  with  hypercalcemia  should  be 
evaluated,  and  those with hyperparathyroidism and bone metastases 
should  not  receive  teriparatide.  It  would  also  be  prudent  to  check  a 
serum calcium level after 1 month of therapy, avoiding a measurement 
in the first 12 hours after a dose, because a rise in serum calcium occurs 
in the first 4 to 6 hours. The approved duration of  therapy with ter-
aparatide  is  24  months.  It  seems  reasonable  to  measure  BMD  12 
months after initiation of therapy, if possible. For those patients previ-
ously  treated with alendronate,  the bone density  response, especially 
in  the  hip,  may  be  disappointingly  small.  However,  therapy  should 
probably continue in these patients for the full 24 months.

SUMMARY
The use of antiresorptive therapy has proven benefits in reducing recur-
rent vertebral  fractures by about 40% to 50% when added to a back-
ground  of  calcium  and  vitamin  D  supplementation;  it  does  not 
eliminate the risk for new vertebral fractures.208 Hormone therapy and 
the nitrogen-containing bisphosphonates alendronate and risedronate 
have been shown to reduce the risk of non-vertebral fractures including 
hip fractures. PTH has been shown to reduce vertebral and non-verte-
bral fractures. Such evidence of antifracture efficacy for non-spine sites 
is  not  available  for  raloxifene,  calcitonin,  or  ibandronate.  The  most 
appropriate  patients  for  PTH  treatment  are  likely  to  be  those  with 
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continued  alendronate  or  denosumab  60 mg  subcutaneous  every  6 
months.229  At  12  months  there  were  significant  gains  in  BMD  with 
denosumab  versus  continued  alendronate  at  the  lumbar  spine,  total 
hip, and radius. The pivotal phase III trial, fracture reduction evalua-
tion  of  denosumab  in  osteoporosis  every  6  months  (FREEDOM), 
enrolled  7868  postmenopausal  women  with  osteoporosis  who  were 
randomized to receive subcutaneous denosumab 60 mg every 6 months 
or  placebo.230  Subjects  treated  with  denosumab  demonstrated  a  68% 
reduction  in  spine  fractures  (denosumab 2.3% vs.  placebo 7.2%, P < 
0.001), a 40% reduction  in hip  fractures  (0.7% vs. 1.2%, P < 0.036), 
and  a  20%  reduction  in  non-vertebral  fractures  (6.5%  vs.  8.0%,  P  < 
0.011). As an antiresorptive agent, denosumab differs from the bisphos-
phonates: bone turnover markers (BTM) decline rapidly, as soon as 12 
hours after an injection, and have a more rapid recovery after discon-
tinuation;  furthermore,  there  is  no  accumulation  in  bone  as  with 
bisphosphonates. Several of the trials of denosumab reported numeric 
increases in infections and malignancies. Bone biopsy data revealed the 
absence  of  tetracycline  labeling  in  30%  of  tested  subjects  (www.fda.
gov). In animal models, the addition of OPG to PTH therapy has addi-
tive effects on bone density response, in contrast to bisphosphonates, 
which  blunt  PTH  response.231  The  augmentation  of  PTH  response 
with  denosumab  is  being  evaluated  in  an  ongoing  trial.  Denosumab 
has been recommended for approval by an FDA Advisory Committee 
in the United States.

Calcium-sensing receptor
The  calcium-sensing  receptor  (CaSR)  is  a  G  protein–coupled,  seven-
pass  transmembrane molecule present  in  the parathyroid gland  (and 
kidney) that functions to monitor and control calcium homeostasis by 
releasing PTH.232 Manipulation of the receptor by small-molecule allo-
steric modulators can affect PTH secretion. Positive allosteric modula-
tors  (agonists,  calcimimetics)  are  used  to  lower  PTH  secretion  in 
patients with renal disease and hyperparathyroidism (see Chapter 200). 
Negative allosteric modulators (antagonists, calcilytics) are in develop-
ment and block receptor function, resulting in a PTH pulse with each 
dose  (Fig.  197.5).  These  agents  can  be  given  orally  and  would  not 
require daily injections as with teriparatide. Several important features 
of calcilytics are required to make them useful anabolic agents. They 
must stimulate the release of sufficient PTH to be anabolic. Anabolic 
action would  require  a  short half-life  and  transient  activation  of  the 
receptor  because  prolonged  activation  would  result  in  a  catabolic- 
state–like hyperparathyroidism. The molecule should not exhaust the 
parathyroid  gland  or  result  in  hyperplasia.  A  proof  of  concept  study 
with  a  calcilytic,  SB-751689  (ronacaleret),  has  shown  a  robust  PTH 
response, short half-life, increases in both cortical and trabecular bone 

show evidence of osteomalacia or other mineralization defects in stron-
tium treated subjects.213 A 2-year extension (5-year duration treatment 
with 5 years of placebo) showed reductions in vertebral, non-vertebral, 
and  hip  fractures.218  As  a  result,  strontium  ranelate  (Protelos)  has 
received approval for use in more than 90 countries in 2009 at a dose 
of one 2-gm sachet  to be  taken before bedtime at  least 2 hours after 
eating  with  an  8-oz  glass  of  water.  It  is  not  approved  in  either  the 
United States or Canada.

Denosumab
Our understanding of bone remodeling has advanced rapidly in more 
recent times (see Chapter 195). A critical breakthrough came with the 
unraveling of the essential pathways and critical interactions occurring 
at  the  cellular  level.  Receptor  activation  for  nuclear  factor-kappa-B 
ligand (RANKL), a member of the tumor necrosis factor (TNF) family, 
is  an  important  mediator  of  bone  remodeling  and  is  expressed  by  a 
number  of  cell  types  including  osteoblasts,  synovial  fibroblasts,  and 
activated  T  cells.  RANKL  binds  to  RANK,  a  receptor  on  osteoclast 
membranes,  and  induces  differentiation,  activation,  and  survival  of 
osteoclasts.  A  regulator  of  RANK-RANKL  interaction  is  the  soluble 
cytokine osteoprotegerin (OPG). OPG is a naturally occurring member 
of  the  TNF  receptor  family,  which  functions  as  a  decoy  receptor  by 
competing  for binding  to RANK  (Fig. 197.4).219,220 Failure of RANKL 
to bind to RANK results in apoptosis of osteoclast precursors. In certain 
diseases such as rheumatoid arthritis, there is upregulation of RANKL-
RANK  system  resulting  in  excessive  osteolysis.221,222  Murine  models 
with genetic alterations of  their RANKL gene or OPG-deficient mice 
have severe osteoporosis, which can be prevented or reversed by admin-
istration of OPG.223,224  Excessive OPG can  result  in  an osteopetrotic 
phenotype.225

Denosumab is a fully human monoclonal IgG2 antibody that binds 
selectively and with high affinity to RANKL, and it mimics the effect 
of OPG on RANKL. A phase-2, randomized, dose-ranging trial evaluat-
ing denosumab has been reported.226,227 A 1-year, double-blind RCT in 
1189 postmenopausal women with lumbar spine or total hip T-score 
less  than  −2.0  compared  denosumab  60 mg  subcutaneous  every  6 
months, alendronate 70 mg weekly, or placebo.228 At 12 months BMD 
was significantly greater with denosumab compared with alendronate 
in the total hip, as well as the lumbar spine, femoral neck, and radius 
(P < 0.0002 for all sites). Another 1-year, double-blind RCT random-
ized  504  postmenopausal  women  receiving  ongoing  alendronate  to 
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Fig. 197.4 Proposed mechanism of action for denosumab. Denosumab is an 
investigational, fully human monoclonal antibody that binds with high affinity 
to and inhibits the activity of human RANKL, a key mediator of osteoclast 
activity. RANKL is an essential mediator of the formation, activation, and 
survival of osteoclasts. Denosumab does not bind to other TNF receptors 
including TRAIL. OPG, osteoprotegerin; RANK, receptor activator of nuclear 
factor κ B; RANKL, receptor activator of nuclear factor-κB ligand; TRAIL, 
TNF-related apoptosis-inducing ligand.
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formation. A human disease with high bone mass, sclerosteosis, is the 
result of a homozygous mutation in the SOST gene that encodes for 
sclerostin.236  Patients  with  a  deficiency  of  sclerostin  have  increased 
Wnt signaling and high bone mass, which is especially significant in 
the skull, resulting in entrapment of cranial nerves, increased intracra-
nial pressure, and stroke. Heterozygous mutations in the SOST gene 
result in moderate increases in bone mass and fewer skeletal complica-
tions. Because sclerostin is a protein that is nearly an exclusive product 
of osteocytes, antibodies to sclerostin offer a way to specifically target 
bone formation. Antibodies to sclerostin have been shown to increase 
bone formation in osteopenic estrogen-deficient rats. A single subcu-
taneous dose  in postmenopausal women resulted  in an increase  in a 
marker of bone formation, no increase in a marker of bone resorption, 
and a 6% increase in lumbar spine bone density.237

Gain-of-function mutations of LRP5/6 lead to increased bone mass. 
These  mutations  impair  binding  of  Dkk1  (another  inhibitor  of  Wnt 
signaling) to LRP5/6 and allow increased Wnt signaling and bone for-
mation. Dkk1 antibodies prevent binding of Dkk1 to LRP5/6 and have 
been shown to increase bone mass, bone volume, and bone formation 
in rodents. Dkk1 antibodies are under development as anabolic agents 
for the treatment of low bone mass.

Cathepsin K inhibitors
Cathepsin K is a cysteine protease selectively expressed by osteoclasts 
and is able to degrade key bone matrix proteins including collagen.238 
Elimination of cathepsin K in osteoclasts results in inhibition of bone 
resorption. Some researchers have suggested that these inhibitors may 
have  less  effect  on  osteoclast/osteoblast  interaction,  resulting  in  less 
inhibition of bone  formation  than available bisphosphonates.  Inhibi-
tion of cathepsin K in humans using orally bioavailable inhibitors has 
been  evaluated  in  several  ongoing  trials.  The  first  demonstration  of 
bone density effect in humans was with balicatib; lumbar spine density 
increased 4.4% and total hip, 2.2%.239,240 Skin reactions including pru-
ritus  and  morphea-like  changes  were  noted  in  a  small  number  of 
patients. Because of side effects, especially skin reactions, drug develop-
ment  has  been  suspended  with  all  cathepsin  K  inhibitors  except  for 
odanacatib  (formerly  MK-822).  Results  of  a  24-month  dose-ranging 
study  showed  increases  in  spine  (+5.5%)  and  hip  density  (+3.2%), 
whereas urine NTX declined 52% and BSAP only 13%, indicating pos-
sibly less inhibition of bone formation.241

MANAGEMENT OF VERTEBRAL FRACTURES
Acute pain after a vertebral fracture usually resolves in 4 to 6 weeks. 
Standard measures of pain relief including the use of simple and nar-
cotic analgesics, muscle relaxants, calcitonin, short periods of bed rest, 
and  physical  therapy  are  employed.  Spinal  orthotics  are  three-point 
hyperextension  contact  braces  (sternum,  pubic  symphysis,  lumbar 
spine) (e.g., Jewitt and Cash orthoses). Semirigid braces with shoulder 
straps are more restrictive and used in patients with greater degrees of 
kyphosis.  Postural  training  support  devices  are  designed  to  decrease 
kyphosis, move the center of gravity backward, and encourage the use 
of back extensor muscles. There are no  long-term controlled  studies 
with these devices.242

Operative management
Two percutaneous treatment options for painful vertebral compression 
fractures,  vertebroplasty  and  kyphoplasty,  involve  the  injection  of  
polymethylmethacrylate  (PMMA)  into  a  compressed  vertebral  body. 
Studies show that  the procedures may  restore vertebral height, espe-
cially if performed within 6 to 12 weeks of the fracture, and that treated 
vertebral  bodies  have  increased  stiffness  and  load-bearing  capacity,  
all mechanical advantages that could relieve pain and reduce the risk 
for  additional  fracture.243  Kyphoplasty  employs  a  balloon  tamp  to 
create a cavity into which the PMMA is injected. Compared with ver-
tebroplasty,  which  does  not  use  a  balloon,  kyphoplasty  allows  for 
greater fill of the vertebral body and height restoration with lower risk 
of  PMMA  extravasation  (the  balloon  creates  a  cortical  shell  that 
impedes  extravasation  and  the  PMMA  is  injected  under  lower  pres-
sure). The mechanism of  pain  relief  is not  known,  but  reduction  in 

formation in animals, and significant (and equivalent to teriparatide) 
increases  in  markers  of  osteoblast  function  (P1NP,  osteocalcin,  and 
BSAP).  However,  a  recent  dose-ranging  clinical  trial  in  humans  was 
discontinued because of poor BMD response.

Wnt signaling: sclerostin and Dkk 1
Wnt  proteins  comprise  a  large  family  of  extracellular,  cysteine-rich 
glycoproteins  that  help  regulate  embryogenetic  bone  remodeling  and 
are involved in many cellular processes.233-235 Some Wnt proteins acti-
vate an intracellular pathway that results in accumulation of B-catenin. 
The  pathway  is  initiated when  Wnt  allows  association  of  the  mem-
brane receptors frizzled (Fzd) and lipoprotein receptor–related protein 
(LRP5/6) and activation of a protein complex consisting of axin, adeno-
matous polyposis coli, and glycogen synthase kinase 3 (GSK3). In the 
absence  of  Wnt,  GSK3  phosphorylates  B-catenin,  which  is  then 
degraded  via  the  ubiquitin/proteosome  pathway.  In  the  presence  of  
Wnt  activation  the  protein  complex  is  disrupted  and  GSK3  cannot 
phosphorylate  B-catenin.  B-catenin  accumulates,  translocates  to  the 
nucleus, and binds to transcription factors that affect gene transcrip-
tion important in bone formation (Fig. 197.6). Inhibitors of Wnt signal-
ing  can  bind  to  Wnt  (Wnt  inhibitory  factors),  Fzd  (serum  frizzled 
related proteins), and LRP5/6  (sclerostin and Dkk 1). These proteins 
prevent  Wnt  from  activating  the  Frizzled-LRP5/6  receptor  signaling 
pathway  and decrease  bone  formation. Deficiencies  of  the  inhibitors  
or  antibodies  to  them  result  in  increased  Wnt  signaling  and  bone 
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Fig. 197.6 Simplified view of Wnt and beta-catenin signaling. (a) Without Wnt, 
the scaffolding protein axin assembles a protein complex, β-catenin is 
phosphorylated, ubiquitinated, and degraded by the proteosome. (b) With 
Wnt, beta-catenin is not phosphorylated and is instead translocated to the 
nucleus, where it binds to the TCF transcription factor, activating Wnt-
responsive genes. Two membrane proteins, Fz and LRP5/6, can associate in the 
presence of Wnt, which leads to formation of the protein scaffolding complex, 
accumulation or degradation of β-catenin, and gene transduction. Apc, 
antigen-presenting cell; β-Cat, beta-catenin; β-TRCP, transducin repeat-
containing protein; Ck1, casein kinase 1; Dvl, disheveled; Fz, Frizzled protein; 
GsK3, glycogen synthase kinase 3; LRP, lipoprotein-receptor-related protein; 
TCF, T-cell factor. (Reproduced with permission of the Company Biologists.)
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12 months in duration show increased vertebral height, reduced pain, 
and improved mobility compared with medical management alone.245 
A prospective, comparative, and randomized trial comparing vertebro-
plasty and kyphoplasty showed little difference between the two pro-
cedures  and  recommended  vertebroplasty  on  the  basis  of  the  higher 
cost of kyphoplasty.246 Two recently published high-quality trials com-
pared  vertebroplasty  with  sham  procedures  and  found  no  beneficial 
effect in pain and pain-related disability at any time points to 3 to 6 
months.247,248 Hence on the basis of evidence, we are unable to recom-
mend either of these procedures in patients with acute vertebral frac-
tures for pain reduction.

micromotion of fractured vertebral bodies after the procedure has been 
hypothesized.

Complications include PMMA extravasation (up to 30% with ver-
tebroplasty and 10% with kypoplasty), which can result in neurologic 
sequelae,  embolization  to  the vertebral  venous plexus and  to distant 
sites, and possibly adjacent vertebral fractures. Some but not all studies 
have shown an increased rate of adjacent fractures, and one suggested 
an  increased  incidence  of  subsequent  fractures  in  steroid-induced 
osteoporosis  but  not  primary  osteoporosis.244  Although  kyphoplasty 
appears  to  be most  effective  if  performed  soon after  fracture,  a non-
randomized trial in patients with painful vertebral fractures more than 
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transcription  mechanisms  and  inhibit  IGF-2  receptor  expression  in 
osteoblasts.2 Glucocorticoids have also been shown to decrease mRNA 
levels encoding for osteoblast products such as osteocalcin.

Enhanced osteocyte apoptosis has also been implicated as an impor-
tant  mechanism  of  glucocorticoid-induced  osteoporosis.4  Glucocorti-
coids  have  been  shown  to  reduce  the  formation  of  osteoblasts  and 
osteoclasts and cause earlier death of osteoblasts3 and reduced osteo-
cyte viability.5

Although  there  have  been  many  reports  that  bone  resorption  is 
increased in glucocorticoid-treated patients, this is probably true only 
during  the  first  6  to  12  months  of  therapy.  This  early,  temporary 
increase  in  bone  resorption  is  probably  due  to  increased  osteoclast 
production  by  effects  of  glucocorticoids  on  osteoprotegerin  and  its 
ligand,6  and osteoclast  apoptosis may be postponed,7  contributing  to 
rapid bone loss. In some patients, secondary hyperparathyroidism may 
increase bone turnover and expand the remodeling space, but this does 
not  usually  persist.  Indeed,  with  long-term  glucocorticoid  use,  bone 
turnover is reduced.

The direct  inhibitory effects of  glucocorticoids on bone  formation 
have also been documented  in histomorphometric  studies. Although 
an increase in eroded surface is observed with glucocorticoid bone loss 
compared with postmenopausal bone  loss,8  this does not mean bone 
resorption remains increased but rather is the result of the long delay 
between completion of resorption and onset of formation in each basic 
multicellular unit  (Fig. 198.3).  Indeed,  activation  frequency,  the best 
index  of  the  overall  intensity  of  bone  remodeling,  is  decreased  with 
chronic glucocorticoid therapy. At any time during the  lifespan of an 
osteoid seam, the number of osteoblasts depends on both the number 
initially assembled and the number that have escaped entrapment as 
osteocytes or death by apoptosis. Even with fewer cycles of remodeling, 
significant  loss  after  each  remodeling  cycle  leads  to  progressively 
degraded microarchitecture.

These changes are associated not only with trabecular thinning but 
also  with  perforation  and  major  loss  of  trabecular  connectivity  (Fig. 
198.4) in some patients,9 suggesting that changes in microarchitecture 
may be just as important as loss of absolute bone mass in determining 
fracture risk in glucocorticoid-treated patients.

Another effect of glucocorticoids is to decrease intestinal absorption 
of calcium.10 Glucocorticoids increase urinary phosphate and calcium 
loss  by  direct  effects  on  the  kidney,11  which,  together  with  impaired 
calcium absorption, may lead to secondary hyperparathyroidism11 and 
increased bone resorption as an early but probably temporary phenom-
enon (see Fig. 198.2).

EPIDEMIOLOGY
Glucocorticoids are effective, widely used agents that mediate impor-
tant immunosuppressive and anti-inflammatory effects, but glucocor-
ticoid-induced osteoporosis is a common associated problem. The risk 
of developing osteoporosis with glucocorticoid therapy remains unclear 
but has been reported  to occur  in up  to 50% of persons who require 
long-term therapy. Fractures can occur rapidly with a predilection for 
sites rich in trabecular bone such as the spine and ribs; however, pro-
spective  epidemiologic  fracture  data  in  glucocorticoid  bone  loss  are 
generally lacking. A large retrospective cohort study compared 244,236 
subjects on oral glucocorticoids identified from the U.K. General Prac-
tice Research Database with matched controls12 and observed that the 
relative risk was 2.6 for clinical vertebral fracture, 1.6 for hip fracture, 
and 1.3 for non-vertebral fracture (Fig. 198.5). Fracture risk increased 
with increasing daily doses of glucocorticoids. Furthermore, when glu-
cocorticoids were discontinued, the fracture risk appeared to return to 
baseline.12

Glucocorticoid-induced osteoporosis
Philip N. Sambrook

 Glucocorticoids are effective agents in many inflammatory 
rheumatic diseases, but associated bone loss is common owing to 
complex effects of glucocorticoids on gene expression in 
osteoblasts and to negative effects of glucocorticoids on bone 
formation and enhanced bone resorption.

 Glucocorticoids can cause rapid bone loss and increase the risk of 
fracture throughout the skeleton but especially in trabecular-rich 
sites such as the spine and ribs.

 Glucocorticoid bone loss can be effectively prevented or reversed 
by therapy with bisphosphonates and teriparatide.

PATHOPHYSIOLOGY OF GLUCOCORTICOID  
BONE LOSS
It is currently believed that most of the biologic activities of glucocor-
ticoids are mediated via binding to the glucocorticoid receptor (GR). By 
this classic genomic mechanism, lipophilic glucocorticoid passes across 
the cell membrane and attaches to the cytosolic GR. After dimerization 
(Fig. 198.1), the GR binds to conserved sequence motifs (glucocorticoid 
response elements [GREs]) to positively or negatively regulate specific 
gene  transcription.1  However,  it  is  also  now  recognized  that  certain 
biologic  activities  of  glucocorticoids  may  also  be  mediated  via  other 
transcription  factors,  such  as  activated  protein-1  (AP-1)  and  nuclear 
factor-kappaB (NF-κB), independent of GR binding to DNA but depen-
dent on interaction with these factors.1 Both genomic and non-genomic 
pathways  may  be  relevant  to  bone  metabolism  in  the  presence  of 
glucocorticoids.

Glucocorticoids  affect  bone  metabolism  through  multiple  effects, 
influencing aspects of both bone formation and bone resorption in the 
remodeling  cycle  (Fig.  198.2);  however,  their  most  important  effects 
appear to be on bone formation. For the most part, the decreased bone 
formation  is due  to direct effects on cells of  the osteoblastic  lineage, 
although indirect effects related to reduced sex steroid production also 
influence  bone  formation.  Glucocorticoids  have  complex  actions  on 
gene  expression  in  bone  cells,  dependent  on  the  stage  of  osteoblast 
growth  and  differentiation.2  Glucocorticoids  decrease  cell  replication 
and repress type I collagen gene expression by osteoblasts by decreasing 
the  rates  of  transcription  and  destabilizing  type  I  collagen  mRNA. 
Glucocorticoids also have complex and unique effects on collagen deg-
radation and regulate the synthesis of matrix metalloproteinases.

Two  isoenzymes of 11β-hydroxysteroid dehydrogenase, 11β-HSD1 
and 11β-HSD2, catalyze the interconversion of hormonally active glu-
cocorticoids  (e.g.,  cortisol)  and  inactive  glucocorticoids  (e.g.,  cortico-
sterone  or  cortisone).  The  11β-HSD1  is  an  activating  route  and  the 
11β-HSD2 is an inactivating one. Any tissue expressing 11β-HSDs can 
regulate  the  exposure of  resident  cells  to  active  glucocorticoids,3  and 
this appears to be the case in bone, where the 11β-HSD enzymes are 
expressed. Glucocorticoids are actively generated within osteoblasts by 
the 11β-HSD1 enzyme, and this generation increases with proinflam-
matory cytokines, with exogenous glucocorticoids, and probably with 
age.

In addition, glucocorticoid effects on skeletal cells may be indirect 
and  involve  effects  on  the  synthesis,  release,  receptor  binding,  or 
binding proteins of locally produced insulin-like growth factors (IGF). 
IGF-1  and  IGF-2  are  among  the  most  important  local  regulators  of 
bone cell function because of their abundance and anabolic effects to 
increase type I collagen synthesis by the osteoblast and, hence, bone 
formation. Glucocorticoids decrease IGF-1 synthesis in osteoblasts by 
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22%  in  the first year of  therapy. The  incidence of vertebral  fractures 
appears to be lower in men and premenopausal women.

From a clinical point of view,  fracture  risk with glucocorticoids  is 
determined by several factors19 (Fig. 198.6):

●  Bone mineral density (BMD), with important contributions from 
both  the  initial  value before  starting glucocorticoid  therapy and 
the subsequent post-treatment loss. Thus, bone loss of 10% from 
a baseline T score of zero (e.g., as in a premenopausal woman) is 
associated  with  a  lower  fracture  risk  compared  with  the  same 
bone loss from a baseline T score of −2 (e.g., as in a postmeno-
pausal woman).

●  Age. The greatest risk of vertebral fracture is in older postmeno-
pausal  women,  and  age  is  a  risk  factor  for  vertebral  fracture, 
independent of BMD.14

●  Dose of glucocorticoid. Bone loss is dependent not only on cumu-
lative dose (see later) but also on the daily dosage.12

●  Duration of exposure. A short course of glucocorticoids will cause 
bone loss that is largely reversible, but long-term therapy causes 
a  sustained  reduction  in BMD,  increasing  the  likelihood  that  a 
fracture will occur eventually.

●  Underlying disease for which glucocorticoids are used. Conditions 
such as rheumatoid arthritis and polymyalgia rheumatica may be 
independently associated with increased fracture risk.20,21

BMD and fracture risk
The fracture risk from glucocorticoids is not entirely explained by their 
effect on BMD. Thus, some studies13,22,23 have suggested that vertebral 
fractures due to glucocorticoids occur at higher BMD values than those 
observed in other types of osteoporosis. For example, Luengo and asso-
ciates22  compared  fracture  thresholds  between  32  asthma  patients 
with glucocorticoid-related vertebral fractures and 55 postmenopausal 
patients  with  vertebral  fractures.  Fracture  thresholds  were  1.17  and 
0.98 g/cm2, respectively, suggesting that glucocorticoid-treated patients 

The  overall  prevalence  of  vertebral  fracture  in  patients  currently 
treated with glucocorticoids  is approximately 28%.13,14 However, esti-
mates of vertebral fracture incidence with glucocorticoids, derived from 
the calcium-treated control arms of randomized trials,15-18 are highest 
in postmenopausal women, with estimates ranging between 13% and 
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Fig. 198.1 Mechanisms of the cellular actions 
of glucocorticoid. As lipophilic substances, 
glucocorticoids pass easily through the cell 
membrane into the cell, where they bind with 
ubiquitously expressed cytosolic glucocorticoid 
receptors (cGCR). This is followed by either classic 
cGCR-mediated genomic effects (I) or cGCR-
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in the treatment of rheumatic diseases—an update on 
mechanism of action. Arthritis Rheum 
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sustained  fractures at  significantly higher BMD values. Peel and col-
leagues13  examined  vertebral  deformity  prevalence  in  patients  with 
rheumatoid arthritis treated with low-dose glucocorticoids. There was 
a 0.8 SD reduction in BMD values but a sixfold increase in the preva-
lence of  vertebral  fractures  (27.6%  in  rheumatoid  arthritis  compared 
with  5.8%  in  the  age-matched  controls).  Van  Staa  and  associates23 
similarly  reported  higher  fracture  risks  in  postmenopausal  women 
taking glucocorticoids at similar BMD levels to postmenopausal women 
not taking glucocorticoids. In contrast, Selby and coworkers24 observed 
no increased risk of vertebral fracture in glucocorticoid-treated patients 
compared with other causes of osteoporosis when cumulative fracture 
prevalence  was  compared  with  BMD.  However,  most  clinical  guide-
lines suggest an intervention threshold T score of −1.5 in glucocorticoid 
osteoporosis compared with −2.5 in postmenopausal osteoporosis.

Influence of dose
Bone loss with glucocorticoids is most rapid in the first 6 to 12 months 
after  starting  therapy,  followed  by  a  slower  decline  in  patients  on 
longer-term  therapy.15-18  In  a  serial  histomorphometric  study,  treat-
ment with prednisone (10-25 mg/day) resulted in a 27.1% decrease in 
iliac crest cancellous bone volume by 6 months; however, no  further 

EFFECTS OF GLUCOCORTICOIDS ON BONE REMODELING CYCLE
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Fig. 198.3 Schematic diagram of the effects of 
glucocorticoids on the bone remodeling cycle. A 
trabecular basic multicellular unit is depicted in a 
longitudinal section (top panel) and at selected 
transverse sections (lower panels). Successive stages 
of quiescence, activation, resorption, formation, and 
quiescence occur. Corticosteroids may enhance 
activation early but later delay the interval between 
completion of resorption and onset of formation. 
Histomorphometric studies, being cross-sectional, 
would show an apparent increase in resorptive 
surfaces, in this situation when resorption is, in fact, 
reduced owing to decreased recruitment of 
osteoclast precursors and enhanced osteoblast 
apoptosis.
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Fig. 198.4 Histomorphometry of glucocorticoid 
effects on trabecular connectivity. (Adapted from 
Chappard D, Legrand E, Basle MF, et al. Altered 
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bone histomorphometric study. J Bone Miner Res 
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glucocorticoids and risk of fractures. J Bone Miner Res 2000;15:993-1000.)
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of bone  formation such as serum osteocalcin  fall within a  few hours 
of treatment with glucocorticoids (Fig. 198.7) to as low as 30% of their 
pretreatment level11 with the degree of suppression significantly related 
to glucocorticoid dose.30 Markers of bone resorption have been shown 
to  rise  after  acute  glucocorticoid  administration  and  return  toward 
normal with glucocorticoid dosage reduction.11 However, the exact role 
of such markers in diagnosis and management remains unclear.

decline  was  observed  at  re-biopsy  after  19  months.25  In  patients  on 
chronic low-dose therapy, continuing but much slower or even no bone 
loss may occur.18 However, the overall reduction in BMD and change 
in microarchitecture with chronic glucocorticoid therapy still increases 
the likelihood that a fracture will occur eventually. Glucocorticoid bone 
loss appears reversible on stopping therapy, at least in part, in young 
patients; and recovery in BMD has been reported after successful treat-
ment of Cushing’s syndrome.26

When high-dose glucocorticoids are used, rates of bone loss in the 
spine range between 5% and 10% per year.27 Although glucocorticoid 
osteoporosis  is  dose  dependent,12  “low-dose”  glucocorticoid may  still 
cause  rapid  initial  bone  loss  in  some  patients.  A  longitudinal  study 
observed loss averaging 9.5% over 20 weeks from spinal trabecular bone 
in patients receiving a mean dose of 7.5 mg prednisone per day.25

Inhaled corticosteroids are less likely to have systemic effects than 
oral glucocorticoids but in higher doses they result in adrenal suppres-
sion,  growth  impairment,  and  reduced BMD. Wong and  colleagues28 
reported a  large  cross-sectional  study  in patients  receiving  long-term 
inhaled  glucocorticoids  for  asthma.  They  found  a  significant  inverse 
relationship between glucocorticoid dose and duration of glucocorticoid 
therapy and BMD at the spine and hip. Analysis of 170,818 users of 
inhaled  glucocorticoids  from  the  United  Kingdom  General  Practice 
Research Database matched  against  an  equal number  of  controls28,29 
showed that the relative risks of vertebral, hip, and total non-vertebral 
fracture  were  1.5,  1.2,  and  1.2,  respectively,  but  no  differences  were 
found  between  inhaled  glucocorticoid-treated  and  bronchodilator-
treated groups.

INVESTIGATIONS
Bone mineral density
Effects of glucocorticoids on BMD can be measured precisely and accu-
rately  using  dual-energy  x-ray  absorptiometry  (DXA)  of  the  lumbar 
spine, hip,  and distal  forearm or  quantitative  computed  tomography 
(QCT)  for  the  lumbar  spine.  The  earliest  changes  of  glucocorticoid-
induced  bone  loss  are  seen  in  the  lumbar  spine  because  of  its  high 
content of trabecular bone. Because the radiation exposure with QCT 
is higher than with DXA, it is recommended that physicians obtain a 
DXA  measurement  of  the  lumbar  spine  (anteroposterior  scan)  and 
femoral neck when subjects are initiating glucocorticoid treatment or 
soon thereafter. Lateral DXA measurement is not recommended owing 
to  positioning  issues  and  its  poorer  precision  and  accuracy.  Repeat 
DXA scans generally are recommended at 12-month intervals, at least 
for the first year or if high doses continue.

Biochemical markers
The  effects  of  glucocorticoids  on  bone  metabolism  are  reflected  in 
profound changes  in biochemical markers of bone  turnover. Markers 

RISK FACTORS FOR BONE LOSS AND FRACTURE
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Fig. 198.6 Schematic diagram of how the degree of 
bone loss and risk of fracture from glucocorticoids 
varies according to age, dose, and underlying 
disease. The case for early intervention (primary 
prevention) is strongest in postmenopausal women 
and older men with low BMD. Because fracture risk 
is a function of time on glucocorticoid therapy, 
secondary prevention is appropriate to consider in 
men and pre- and postmenopausal women on 
long-term glucocorticoid therapy with low BMD.
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patients  treated with either calcitriol or calcitriol plus calcitonin  lost 
at a much reduced rate (−1.3% and −0.2% per year, respectively). Both 
groups  were  significantly  different  from  the  calcium  group.  Another 
randomized double-blind controlled trial in 145 patients starting glu-
cocorticoids compared alfacalcidol with calcium.38 After 12 months the 
change  in  spinal  BMD  with  alfacalcidol  was  +0.4%  compared  with 
−5.7% with calcium. Hypercalcemia occurred in only 6.7% of alfacal-
cidol-treated patients38 compared with 25% with calcitriol.34

Whether  active  vitamin  D  metabolites  are  superior  to  simple 
vitamin D in the treatment of established glucocorticoid osteoporosis 
remains controversial, with both positive and negative studies.39,40 The 
mechanism of any possible benefit of active metabolites compared with 
simple vitamin D for primary prevention is unclear but could relate to 
reversal of early temporary secondary hyperparathyroidism. However, 
it seems clear that active vitamin D metabolites are not as effective as 
bisphosphonates in glucocorticoid osteoporosis.41

Calcitonin
Calcitonin  has  been  studied  in  patients  starting  glucocorticoids  and 
receiving  chronic  glucocorticoids.  In  two  primary  prevention  studies 
there was a trend but no statistically significant additional benefit of 
adding calcitonin to calcitriol or cholecalciferol.34,42

Bisphosphonates
Antiresorptive  agents  such  as  the  bisphosphonates  have  generally 
shown consistent efficacy in clinical trials of glucocorticoid osteoporo-
sis. Although the effects of glucocorticoids on bone formation appear 
more important than those on bone resorption, antiresorptive agents 
reduce glucocorticoid effects on bone remodeling and preserve micro-
architecture. Bisphosphonates may also act to decrease glucocorticoid-
induced osteoblast and osteocyte apoptosis.43

A number of trials have examined the efficacy of bisphosphonates 
on  glucocorticoid-induced  bone  loss  and  vertebral  fractures.  In  141 
patients initiating glucocorticoids who received prophylaxis with either 
cyclical  etidronate  or  500 mg  calcium,15  mean  lumbar  BMD  change 
with etidronate was +0.6% compared with −3.2% in the calcium group 
at the end of 12 months. For postmenopausal women only, there was 
also a significant difference in the incidence of new vertebral fractures, 
favoring etidronate (21.9% vs. 3.2%).

The combined results of two trials with alendronate in 477 gluco-
corticoid-treated subjects who also received prophylaxis with calcium/
vitamin  D  (800-1000 mg  daily  plus  250-500 IU  daily,  respectively) 
have been reported.16 Patients were stratified according to the duration 
of their prior glucocorticoid treatment. Over 12 months of follow-up, 
the  mean  change  in  lumbar  spine  BMD  in  patients  in  the  primary 
prevention group (i.e., those who received glucocorticoids for less than 
4 months) was +3.0% for alendronate 10 mg/day compared with −1% 
in the placebo group. In those who had received chronic glucocorticoids 
for  more  than  12  months,  the  increase  in  lumbar  spine  BMD  with 
alendronate was +2.8% but also +0.2% for calcium. These latter data 
indicate  that calcium/vitamin D may be able  to help prevent  further 
bone  loss  in patients on  chronic  low-dose  glucocorticoids  (secondary 
prevention). A post hoc analysis of incident vertebral fractures favored 
alendronate  over  placebo  in  postmenopausal  women  only  (13%  vs. 
4.4%).

The  effect  of  alendronate  on  bone  histomorphometry  has  been 
assessed in 88 patients (52 women and 36 men aged 22-75 years) from 
the just detailed studies.43 Iliac crest bone biopsies were obtained after 
tetracycline double  labeling at  the end of  the first year of  treatment. 
Osteoid thickness and volume were significantly lower in alendronate-
treated patients, irrespective of the dose; however, mineral apposition 
rate  was  not  altered.  Significant  decreases  of  mineralizing  surfaces, 
activation  frequency,  and  bone  formation  rate  were  also  noted  with 
alendronate treatment.

The results of a primary prevention trial with risedronate compared 
with calcium, 500 mg daily, in 224 glucocorticoid-treated subjects have 
been  reported.17  Risedronate,  5 mg/day,  prevented  spinal  bone  loss 
(+0.6%)  compared  with  calcium  (−2.8%)  over  12  months.  Incident 
vertebral  fracture rates were higher at 17.3% with calcium compared 
with  5.7%  for  risedronate  5 mg  (P  =  .072);  vertebral  fractures  were 

MANAGEMENT OF GLUCOCORTICOID 
OSTEOPOROSIS
The most rapid bone loss occurs in the first 6 to 12 months in patients 
beginning high-dose glucocorticoids, so it is important to consider two 
different  therapeutic  situations:  (1)  primary  prevention  in  patients 
starting glucocorticoids who have not yet lost bone and (2) treatment 
(or secondary prevention)  in patients on chronic glucocorticoids who 
will almost certainly have some significant degree of existing glucocor-
ticoid-related bone loss, with or without fractures.

Current therapeutic approaches to glucocorticoid-induced bone loss 
include:

●  Use of the lowest glucocorticoid dose possible
●  Minimizing  lifestyle  risk  factors  (e.g.,  smoking,  low  dietary 

calcium intake, high dietary salt intake)
●  Considering individualized exercise programs with the help of a 

physical therapist to prevent muscle loss and falls
●  Use  of  agents  that  have  been  investigated  for  potential  benefit, 

including hormone replacement therapy, calcium, vitamin D and 
its metabolites, calcitonin, bisphosphonates, and teriparatide.

Hormone replacement therapy
Hormone  replacement  therapy  is  often  recommended  for  glucocorti-
coid-treated  patients,  but  the  evidence  supporting  its  use  is  limited. 
There have been only two controlled trials in men and one in women. 
In  a  crossover  study  of  15 men  receiving  chronic  glucocorticoids  for 
asthma,  after  12  months,  testosterone,  250 mg/month,  increased 
lumbar BMD by 5%, which was significant compared with the calcium 
group,  which  had  no  significant  loss.31  Similarly,  testosterone  was 
superior to both nandrolone and placebo in a trial of 51 men, increasing 
lumbar BMD by 5.6% over 12 months.32  In a randomized controlled 
trial  in  postmenopausal  women  with  rheumatoid  arthritis,  a  small 
subgroup  receiving  chronic  low-dose  glucocorticoids  plus  estrogen 
increased lumbar BMD by 3.8% over 2 years compared with 0.6% loss 
in the calcium-treated control group.33 No  fracture data are available 
from  these  studies.  No  randomized  trials  have  been  performed  in 
glucocorticoid-treated premenopausal women.

Calcium and vitamin D
Several studies suggest a benefit of calcium supplementation for sec-
ondary  prevention  in  patients  receiving  chronic  low-dose  glucocorti-
coids.  However,  primary  prevention  trials  in  patients  starting 
glucocorticoids, where calcium alone was used in the control arm, have 
observed rapid rates of loss.18,34 Therefore, calcium alone is not suffi-
cient  to prevent rapid bone  loss  in patients starting high-dose gluco-
corticoids. Calcium  is often used  in  combination with vitamin D  in 
glucocorticoid osteoporosis based on older studies that were not ran-
domized, measured only forearm bone mass, and studied patients on 
chronic glucocorticoid treatment.35 The only primary prevention study 
of combination calcium and vitamin D examined the use of 1000 mg 
of calcium daily plus 50,000 units of vitamin D weekly against placebo 
over 3 years in 62 patients starting glucocorticoids.36 Bone loss at the 
lumbar spine was not significantly different between calcium/vitamin 
D and placebo-treated groups, and the amount of bone loss observed 
in the first year with the calcium/vitamin D combination (4.9%) was 
similar  to  that  seen  in  the  calcium-treated  control  groups  in  other 
primary prevention studies.18,34 However, a secondary prevention study 
in patients receiving chronic low-dose glucocorticoids for rheumatoid 
arthritis37  showed  an  annual  spinal  loss  of  2%  in  placebo-treated 
patients  compared  with  a  0.7%  gain  in  calcium/vitamin  D3-treated 
patients (1000 mg plus 500 IU/day, respectively).

The term vitamin D is sometimes used to include both the calcif-
erols and active metabolites, but they have quite distinct therapeutic 
effects. The most commonly used active hormonal  forms of vitamin 
D  are  calcitriol  (1,25-dihydroxyvitamin  D)  and  alfacalcidol 
(1α-hydroxyvitamin D). A number of studies have examined their use 
in primary prevention of glucocorticoid osteoporosis. One study exam-
ined the effect of 12 months of calcium, calcitriol, or calcitonin in 103 
patients  starting  glucocorticoids.34  Patients  treated  with  calcium  lost 
bone  rapidly  at  the  lumbar  spine  (−4.3%  in  the  first  year),  whereas 
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importance,  teriparatide-treated  patients  had  a  significant  reduction 
the  incidence  of  new  vertebral  fractures  compared  with  alendronate 
over 18 months (0.6% vs. 6.1%). There was no difference in the rate 
of non-vertebral fractures.48

Suggested management strategy
Based on the summary evidence reviewed above, an algorithm for the 
diagnosis and management of glucocorticoid osteoporosis is shown in 
Figure 198.8.

Evidence from randomized controlled trials suggests that postmeno-
pausal women receiving glucocorticoids are at the greatest risk of rapid 
bone  loss  and  consequent  vertebral  fracture  and  should  be  actively 
considered  for prophylactic measures. By contrast,  in premenopausal 
women and men receiving glucocorticoids, the decision to use osteo-
porosis prophylaxis is less straightforward and will depend on a number 
of factors, including BMD, anticipated dose and duration of glucocor-
ticoids,  and  other  risk  factors.  Based  on  available  evidence,  the  first 
choice for prevention would be a potent oral bisphosphonate such as 
alendronate  or  risedronate  or  intravenous  zoledronate.  In  patients 
intolerant of oral bisphosphonates, intravenous zoledronate should be 
considered (see Fig. 198.8). Calcium alone appears unable to prevent 
rapid  bone  loss  in  patients  starting  glucocorticoids,  but  calcium and 
vitamin D are appropriate adjunctive therapy. Testosterone should be 
considered  in  males  if  hypogonadism  is  present.  Most  trial  data  are 
limited to 1 to 2 years, but it is likely that prophylactic therapy needs 
to be continued while patients continue significant doses of glucocor-
ticoids.  In  patients  receiving  chronic  low-dose  glucocorticoids,  treat-
ment with calcium and vitamin D may be sufficient to prevent further 
bone loss. However, if BMD is already substantially reduced or fragility 
fractures  have  occurred,  parathyroid  hormone  should  be  considered 
before  bisphosphonate  therapy,  because  fracture  risk  is  a  function of 
multiple factors, including the degree of reduction in BMD as well as 
the duration of exposure to glucocorticoids.

seen only in postmenopausal women and men, not in premenopausal 
women.  The  effects  of  risedronate  in  290  patients  receiving  chronic 
glucocorticoid  treatment  (prednisone  >  7.5 mg/day  for  >  6  months) 
have  also  been  reported.18  Approximately  one  third  of  patients  had 
vertebral  fractures  at  baseline.  The  control  group,  who  were  treated 
with calcium (1000 mg) plus vitamin D (400 IU) daily, showed a stable 
BMD over 12 months; however, treatment with risedronate, 5 mg/day, 
significantly increased lumbar spine (+2.9%) and femoral neck (+1.8%) 
BMD. Although not powered to show fracture efficacy, 15% of patients 
in the control group versus 5% in the risedronate groups sustained new 
vertebral fractures, suggesting a reduction in fracture rate. A post hoc 
combined  analysis  of  both  studies  indicated  a  reduction  of  70%  in 
vertebral fracture risk with risedronate, 5 mg daily, compared with the 
placebo group (P = .01).44

Intermittent  intravenous  pamidronate  and  ibandronate  have  also 
been  reported as  effective  alternatives  to oral  bisphosphonates.45,46 A 
trial  comparing a  single dose of  zoledronate, 5 mg, with  risedronate, 
5 mg,  daily  in  833  glucocorticoid  treated  subjects  showed  that  the 
BMD changes with zoledronate were superior to those of risedronate 
at the spine in both the primary prevention and secondary prevention 
(treatment)  settings.47  Bisphosphonates  are  more  effective  in  the 
prevention of glucocorticoid-induced bone loss than active vitamin D 
metabolites.41,46

Parathyroid hormone
The anabolic actions of teriparatide include direct stimulation of osteo-
blastogenesis and inhibition of osteoblast apoptosis, counteracting two 
of  the key  inhibitory  effects of  glucocorticoids on bone  formation. A 
randomized  controlled  trial  of  teriparatide  versus  alendronate  was  
performed in 428 patients on chronic glucocorticoids with low BMD 
or a prevalent fracture, and it was reported that treatment with teripa-
ratide  was  significantly  better  than  alendronate  in  terms  of  BMD 
response at both the lumbar spine and hip over 18 months.48 Of clinical 

AUTHOR’S RECOMMENDATIONS

Treatment of osteoporosis
1st line therapy:
Teriparatide for 18-24 months
followed by alendronate,
risedronate or zoledronate
2nd line therapy:
• Bisphosphonate alone
• Vitamin D metabolites (e.g.,
1,25[OH]2 D)
• Hormone replacement Rx
(HRT)

Prevention of bone loss or
zoledronate

1st line: alendronate,
risedronate or zoledronate

2nd line: etidronate,  HRT or
vitamin D metabolite

Calcium and vitamin D
supplementation, repeat BMD
in 12 months if glucocorticoid
therapy ongoing

Other Risk Factors
• Postmenopausal female
• Prior low trauma fracture
• Low body weight
• Male > 50 years  
• High dose glucocorticoids
• Low calcium intake 
• Immobilization due to
 underlying disease 
• Underlying disease associated
 with rapid bone loss,
 e.g rheumatoid arthritis 
• Family history of osteoporosis 

T Score below –2.5
or prior fragility fracture

T Score –1.5 to –2.5

T Score above –1

A BMD test is useful for
monitoring bone loss due
to steroids and response

to treatment:

Glucocorticoids in doses
equivalent to    7.5mg prednisone

 daily for    3 months

Fig. 198.8 Algorithm for the diagnosis and 
management of glucocorticoid osteoporosis.
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Vitamin D is converted in the liver by a vitamin D-25-hydroxylase 
(25-OHase) to form the major circulating form of vitamin D, 
25-hydroxyvitamin D [25(OH)D]. There have been at least four differ-
ent 25-OHases identified both in mitochrondia and in microsomes.1,2 
25(OH)D is, however, biologically inert and requires hydroxylation in 
the kidneys on carbon 1 by the CYP27B mitrochondrial enzyme 
25-hydroxyvitamin D-1α-hydroxylase (1-OHase). This results in the 
formation of 1α,25-dihydroxyvitamin D [1,25(OH)2D] which is the 
biologically active form of vitamin D responsible for regulating calcium 
and phosphorus homeostasis.1,2 1,25(OH)2D enters the circulation and 
is bound to the DBP and travels to its target tissues. In the small 
intestine, 1,25(OH)2D interacts with its vitamin D nuclear receptor 
(VDR) that results in the expression of several gene products including 
the epithelial calcium channel, calbindin9k, and a calcium dependent 
ATPase (see Figure 199-1).1,2,4 1,25(OH)2D increases the efficiency of 
intestinal calcium absorption. In a vitamin D deficient state, the small 
intestine is able to passively absorb about 10% to 15% of dietary 
calcium. Vitamin D sufficiency enhances the absorption of calcium in 
the small intestine to about 30% to 40%.1

1,25(OH)2D enhances the efficiency of intestinal calcium absorp-
tion principally in the duodenum and to less of a degree in the jejunum 
and ileum. 1,25(OH)2D also stimulates phosphate absorption in the 
jejunum and ileum. The small intestine passively absorbs about 60% 
of dietary phosphate. 1,25(OH)2D enhances the efficiency of phosphate 
absorption by an additional 20% to about 80%.1 When there is adequate 
calcium and phosphate in the diet and vitamin D sufficiency is present, 
the serum calcium normal range is approximately 8.6 to 10.2 mg/dL 
(mg%) and the serum phosphate level is approximately 2.5 to 4.5 mg/
dL. It is the calcium × phosphate product in the circulation and in the 
extravascular space that plays a major role in the normal mineraliza-
tion of osteoid laid down by osteoblasts.

Vitamin D effect on bone metabolism
It is known that both in rodents and humans that vitamin D is not 
necessary for the mineralization of the osteoid matrix.5,6 This was 
demonstrated when vitamin D–deficient rats were either infused with 
calcium and phosphorus to maintain a normal calcium-phosphate 
product in the circulation or when they received a high-calcium lactose, 
high-phosphorus diet that maintained a normal serum calcium- 
phosphate product. In both circumstances, bone histology revealed that 
the mineralization occurred normally without any significant unmin-
eralized osteoid. Vitamin D–resistant rickets patients have a mutation 
of their VDR and have severe rickets and osteomalacia. When these 
patients were infused with calcium and phosphorus to maintain a 
normal calcium-phosphate product, the unmineralized osteoid was 
mineralized.6

1,25(OH)2D interacts with its VDR in osteoblasts to increase the 
expression of alkaline phosphatase, osteocalcin, and receptor activator 
of NFκB ligand (RANKL).7 Alkaline phosphatase produced by osteo-
blasts is important in bone mineralization because patients with a 
decrease in the bone-specific alkaline phosphatase known as hypophos-
phatasia suffer from a mineralization defect of the osteoid.8,9 Osteocal-
cin is the major noncollagenous protein in the skeleton. Although its 
function is not well understood, it appears to have a role in osteoclastic 
activity.10

RANKL, once expressed on the surface of an osteoblast, interacts 
with its receptor RANK on osteoclast precursors. This intimate interac-
tion leads to signal transduction that results in the formation of mul-
tinucleated mature osteoclasts (Fig. 199.2).1,7,10 These osteoclasts 
under the direction of a variety of cytokines10 increase the resorption 
of bone in the skeleton by releasing hydrochloric acid to dissolve the 

Osteomalacia and rickets*
Michael F. Holick

 Rickets is a defect of mineralization affecting the growing skeleton, 
whereas osteomalacia is a defect of mineralization of the mature 
skeleton.

 The most common causes of both conditions is vitamin D or 
calcium deficiency.

 Other causes include hypophosphatemia, either inherited or 
acquired, renal tubular acidosis resulting in renal phosphate 
wasting, and inherited abnormalities of vitamin D metabolism.

 The clinical features of rickets include growth failure, skeletal 
deformity, and proximal myopathy. In osteomalacia the main 
features are bone pain, fracture, and muscle weakness.

 The radiologic appearance of rickets, with widening of the 
epiphyses and loss of distinction of the growth plate, is 
pathognomonic. In osteomalacia diagnosis may require bone 
biopsy, but the characteristic radiologic lesion is the Looser zone.

 Treatment of vitamin D deficiency is based on replacement of 
physiologic amounts of native vitamin D. Hypophosphatemia 
requires the use of phosphate supplements with vitamin D 
supplementation and an active vitamin D. Osteomalacia due to 
systemic acidosis may respond to treatment of the underlying 
metabolic abnormality.

INTRODUCTION
Osteomalacia by definition means that osteoblasts have laid down a 
collagen matrix, but there is a defect in its ability to be mineralized. 
In children, a defect in the mineralization of the osteoid in the long 
bones and the failure or delay in the mineralization of endochrondal 
new bone formation at the growth plate leads to the classic skeletal 
deformities of rickets. However, in adults, the mineralization defect 
takes on a different character due to the failure of mineralization of 
newly formed osteoid at sites of bone turnover of periosteal or endosteal 
apposition. Several causes of poor or absent skeletal mineralization can 
lead to both rickets and osteomalacia, which are reviewed in this 
chapter.

CALCIUM, PHOSPHORUS, AND  
VITAMIN D METABOLISM
The major components of skeletal mineral are calcium and phosphate. 
Thus any alteration in the calcium-phosphate product in the circula-
tion can result in a mineralization defect of the skeleton. Vitamin D 
plays a critical role in maintaining both serum calcium and phosphate 
concentrations.1 Vitamin D is obtained by exposure of the skin to 
sunlight resulting in the conversion of 7-dehydrocholesterol to previ-
tamin D3 (Fig. 199.1). Previtamin D3 being thermodynamically unsta-
ble is rapidly converted to vitamin D3. Once formed, vitamin D3 is 
ejected out of the epidermal cell into the extracellular space and, by 
diffusion, enters the circulation bound to the vitamin D binding protein 
(DBP).2 Vitamin D3 and vitamin D2 (D represents D2 or D3) in the diet 
are ingested, and the fat-soluble vitamins are incorporated into chylo-
microns and absorbed into the lymphatics. The lymphatic drainage 
into the thoracic venous system permits the entrance of vitamin D 
into the circulation, where it is bound to the DBP and lipoproteins.2,3
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mineral matrix and collagenases and cathepsin K to dissolve the  
matrix.

Thus vitamin D’s effect on bone metabolism is to maintain a 
normal serum calcium and phosphorus levels. It accomplishes this by 
increasing intestinal calcium and phosphorus absorption and by mobi-
lizing calcium and phosphorus from the skeleton.

CAUSES OF OSTEOMALACIA/RICKETS
Consequences of vitamin D deficiency  
on bone mineralization
It is usually assumed that when vitamin D deficiency occurs, it leads 
to hypocalcemia, which is therefore responsible for causing rickets in 
children and osteomalacia in adults. When a child or adult becomes 
vitamin D deficient, there is a decrease in the efficiency of intestinal 
calcium absorption that causes a transient decrease in the ionized 
calcium. This is recognized by the calcium sensor in the parathyroid 
glands, resulting in an increase in the expression and production of 
parathyroid hormone (PTH) (see Fig. 199.1).1,2,11 PTH conserves 
calcium by increasing tubular reabsorption of calcium throughout the 
proximal tubule and finely controls tubular reabsorption in the distal 
convoluted tubule.12,13 PTH stimulates the kidneys to produce 
1,25(OH)2D, which in turn increases the efficiency of the intestinal 
calcium absorption.2,13 When these actions are inadequate to maintain 
the blood ionized calcium levels, the PTH and 1,25(OH)2D will inter-
act with their receptors on osteoblasts to increase the expression of 
RANKL, which in turn mobilizes osteoclast precursors to become 
mature osteoclasts to remove calcium and phosphorus from the skel-
eton (Fig. 199.3).1,2,12,13 Thus unless there are no longer any calcium 
deposits in the skeleton that can be mobilized to satisfy the body’s 
requirement, the blood level of calcium is usually normal or low normal 
in both vitamin D–deficient children and adults. Only when the adult 
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Fig. 199.1 Schematic representation of the synthesis and metabolism of 
vitamin D for regulating calcium, phosphorus, and bone metabolism. During 
exposure to sunlight, 7-dehydrocholesterol (7-DHC) in the skin is converted to 
previtamin D3 (preD3). PreD3 immediately converts by a heat-dependent 
process to vitamin D3. Excessive exposure to sunlight degrades previtamin D3 
and vitamin D3 into inactive photoproducts. Vitamin D2 and vitamin D3 from 
dietary sources are incorporated into chylomicrons, transported by the 
lymphatic system into the venous circulation. Vitamin D (D represents D2 or D3) 
made in the skin or ingested in the diet can be stored in and then released 
from fat cells. Vitamin D in the circulation is bound to the vitamin D binding 
protein, which transports it to the liver, where vitamin D is converted by the 
vitamin D-25-hydroxylase (25-OHase) to 25-hydroxyvitamin D [25(OH)D]. This is 
the major circulating form of vitamin D that is used by clinicians to measure 
vitamin D status (although most reference laboratories report the normal 
range to be 20 to 100 ng/mL, the preferred healthful range is 30 to 60 ng/mL). 
25(OH)D is biologically inactive and must be converted in the kidneys by the 
25-hydroxyvitamin D-1α-hydroxylase (1-OHase) to its biologically active form 
1,25-dihydroxyvitamin D (1,25[OH]2D). Serum phosphorus, calcium, fibroblast 
growth factor (FGF-23), and other factors can either increase (+) or decrease (−) 
the renal production of 1,25(OH)2D. 1,25(OH)2D feedback regulates its own 
synthesis and decreases the synthesis and secretion of parathyroid hormone 
(PTH) in the parathyroid glands. 1,25(OH)2D increases the expression of the 
25-hydroxyvitamin D-24-hydroxylase (24-OHase) to catabolize 1,25(OH)2D and 
25(OH)D to the water-soluble biologically inactive calcitroic acid, which is 
excreted in the bile. 1,25(OH)2D enhances intestinal calcium absorption in the 
small intestine by stimulating the expression of the epithelial calcium channel 
(ECaC, also known as transient receptor potential cation channel sub family V 
member 6 [TRPV6]) and the calbindin 9K (calcium-binding protein; CaBP). 
1,25(OH)2D is recognized by its receptor in osteoblasts causing an increase in 
the expression of receptor activator of NFκB ligand (RANKL). Its receptor RANK 
on the preosteoclast binds RANKL, which induces the preosteoclast to become 
a mature osteoclast. The mature osteoclast removes calcium and phosphorus 
from the bone to maintain blood calcium and phosphorus levels. Adequate 
calcium and phosphorus levels promote the mineralization of the skeleton and 
maintain neuromuscular function. (From Holick MF. Copyright 2007. Reproduced 
with permission.)
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Fig. 199.2 Both PTH and 1,25(OH)2D interact with their receptors to increase 
the expression of RANKL. Once the RANK on the preosteoclast binds RANKL, 
signal transduction results in the formation of a mature osteoblast. (From 
Holick MF. Copyright 2006. Reproduced with permission.)
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blood chemistries show a low serum 25(OH)D (<20 ng/mL), elevated 
PTH, elevated or normal alkaline phosphatase level, and normal or 
low-normal serum calcium and phosphate levels. In young children 
with rickets due to vitamin D deficiency, they have 25(OH)D less than 
20 ng/mL, elevated PTH, and alkaline phosphatase levels with low-
normal or low serum calcium and phosphate (Table 199.1).8,14

Calcium deficiency
It is well documented especially in Africa, where children are exposed 
to sunlight daily, that they develop rickets caused by calcium defi-
ciency.15 A diet poor in calcium will result in an increase in PTH levels, 
which causes hyperphosphaturia. Thus children living in Africa, India, 
and Bangladesh who ingest approximately 200 mg of calcium daily and 
who have a diet high in phytates and oxalates, which irreversibly bind 
calcium in the gut, preventing its absorption, will develop rickets and 
osteomalacia.15-23 They are usually vitamin D sufficient due to ade-
quate sun exposure.

Phosphate deficiency, heritable  
and acquired disorders
Nutritional phosphate deficiency is uncommon because our diet is rich 
in phosphate. Human breast milk, cow’s milk, and infant formulas 
have enough phosphate to satisfy an infant’s requirement. However, 
several acquired and inherited disorders cause phosphate wasting into 
the urine and can lead to severe hypophosphatemia resulting in rickets 
and osteomalacia.15

X-linked hypophosphatemic rickets and autosomal dominant phos-
phatemic rickets are caused by either an increase in the production of 
fibroblast growth factor 23(FGF23) and other phosphatonins or a 
decrease in their catabolism resulting in severe phosphate wasting into 
the urine. FGF23 produced by osteocytes causes an internalization of 
the Na-Pi co-transporter and phosphaturia.14 In addition, the elevated 
blood level of FGF23/phosphatonins inhibits the renal production of 
1,25(OH)2D, thus diminishing both the efficiency of intestinal calcium 
and phosphate absorption.14,24-27

Oncogenic osteomalacia is due to a benign or malignant tumor pro-
duction of FGF23/phosphatonins.28 The result is increased phosphate 
wasting into the urine causing severe hypophosphatemia. Because this 
disease is often seen in adults, no overt clinical skeletal manifesta-
tions of the osteomalacia occur other than the complaint of aches and 
pains in the bones and muscles and clinical observation of periosteal 
discomfort by applying pressure on the periosteum of sternum, radius, 
ulna, and anterior tibia. An x-ray of the skeleton may show osteope-
nia, and low bone mineral density is often detected by bone 
densitometry.8,29

Fanconi syndrome and renal tubular acidosis
Fanconi syndrome is a disorder of the renal proximal tubules resulting 
in decreased reabsorption of phosphorus, glucose, and amino acids.30 
These findings are accompanied by metabolic acidosis secondary to 
proximal tubular bicarbonate wasting (type II renal tubular acidosis).31 
Typically these patients have hypophosphatemia, hyperphosphaturia, 
and a low tubular maximum for inorganic phosphate. In addition, they 
have glycosuria and generalized amino aciduria, hypobicarbonatemia, 
and excessive bicarbonate excretion in the urine. The serum calcium 
is usually normal with an elevated alkaline phosphatase and a normal 
PTH and 25(OH)D but an inappropriately low or low-normal serum 
1,25(OH)2D (see Table 199.1).29,30-32 Children with Fanconi syndrome 
have classic x-ray evidence of rickets, whereas adults have radiographic 
changes consistent with osteomalacia.33

As noted in Box 199.1, a multitude of acquired and heritable disor-
ders can cause Fanconi syndrome.30 Patients who have hypophospha-
temia in a fasting blood specimen should be evaluated for Fanconi 
syndrome and the underlying cause identified and either appropriately 
treated or the offending agent removed.30

Aluminum
Aluminum-containing antacids were routinely used to prevent phos-
phate absorption in patients with chronic kidney disease. It was 

Normal

Secondary hyperparathyroidism

Osteomalacia/rickets

Unmineralized matrix

a

b

c

Fig. 199.3 Bone histology demonstrating (a) increased osteoclastic bone 
resorption due to secondary hyperparathyroidism, (b) normal mineralized 
trabecular bone, and (c) osteomalacia with widened, unmineralized osteoid 
(lighter areas). (From Holick MF. Copyright 2009. Reproduced with permission.)

skeleton is completely depleted of calcium or the child has minimum 
calcium intake or absorption will hypocalcemia be observed.1,2,14

PTH has an additional effect on the kidneys. It causes the internal-
ization of the sodium-dependent phosphate co-transporter (NaPi-2A) 
resulting in the loss of phosphate into the urine.1,2,12,13 This ultimately 
causes a lowering of the blood phosphorus level to a degree that the 
calcium-phosphate product is no longer adequate to mineralize the 
osteoid matrix (see Fig. 199.3).

Thus the major cause of osteomalacia is due to secondary hyper-
parathyroidism and the low-normal or low serum phosphate level. In 
adults with osteomalacia due to vitamin D deficiency, their fasting 
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TABLE 199.1 BIOCHEMISTRIES OF OSTEOMALACIA/RICKETS

Ca PO4 25(OH)D 1,25(OH)2D PTH Other

Deficiencies

Vitamin D deficiency ≈↓ or N ≈↓ or N ↓↓ ↑ or N ↑

Calcium-deficiency diet ↓ ↓ or N ↓ or N ↑ or N ↑ ↑Alk Phos

Kidney disease ↓ ↑ N or ↓ ↓ or N ↑ or N

1α hydroxylase deficiency pseudo vitamin D deficiency rickets ↓ ↓ N ↓↓ ↑ ↑Alk Phos

VDR defect vitamin D resistant rickets ↓ ↓ N ↑↑↑ ↑ ↑Alk Phos

Hypophosphatemia

X-linked hypophosphatemic rickets N ↓↓ N ↓ or low N N ↑FGF23/phosphatonins
↑Urine phosphate

Autosomal-dominant hypophosphatemic rickets N ↓↓ N ↓or low N N ↑ FGF23/Phosphatonins
↑Urine phosphate

Autosomal-recessive hypophosphatemic rickets N ↓↓ N ↓ or low N N ↑FGF23/ phosphatonins
↑Urine phosphate

Oncogenic osteomalacia N ↓↓ N ↓ or low N N ↑FGF23/phosphatonins
↑Urine phosphate

“Hereditary hypophosphatemic rickets with hypercalciuria,” 
NaPi2c mutation

N ↓↓ N ↑ or N N ↑Urine calcium
↑Urine phosphate

Renal phosphate loss (including Fanconi syndrome, Dent 
disease, cadmium toxicity, heavy metal poisoning)

N ↓↓ N N or low N N ↑Urine phosphate
↑Urine amino acids
↑Urine bicarbonate
↑Alk phos

Toxicities

Fluoride N N N N N ↑Fluoride bone bx

Etidronate N or low-N N N N N

Parenteral aluminum N N N N or ↓ N or ↑↓ Aluminum staining bone box

Hypophosphatasia N N N N N ↓↓Alk phos

Acidosis N N N N or low N Low N ↓Bicarbonate in urine

BOX 199.1 DISORDERS ASSOCIATED WITH FANCONI SYNDROME

Acquired
Vitamin D deficiency
Multiple myeloma
Lymphoma
Light chain nephropathy
Amyloidosis
Sjögren syndrome
Nephrotic syndrome
Renal transplantation
Balkan nephropathy
Paroxysmal nocturnal hemoglobinuria
Interstitial nephritis/uveitis syndrome
Renal vein thrombosis

Heritable
X-linked hypophosphatemic rickets
Autosomal dominant hypophosphatemic rickets
Cystinosis
Lowe syndrome
Hereditary fructose intolerance
Tyrosinemia
Galactosemia
Glycogen storage disease
Wilson disease
Cytochrome oxidase deficiency
Subacute necrotizing encephalomyelopathy
Alport syndrome
Leigh syndrome
Franconi-Bickel syndrome

Dent disease
GRACILE syndrome
Rod-cone dystrophy, sensorineural deafness, and renal dysfunction
Pearson syndrome

Drugs
Ifosphamide
Methy-3-chromone
6-Mercaptopurine
Gentamicin
Valproic acid
Streptozocin
Isophthalanilide
Cephalothin
Outdated tetracycline

Heavy metals
Cadmium
Lead
Mercury
Uranium
Platinum
Copper
Bismuth

Other
Paraquat
Lysol
Toluene inhalation
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Thus antiseizure medications, glucocorticoids, and other medications 
will enhance the destruction of 25(OH)D and 1,25(OH)2D, resulting 
in vitamin D deficiency and its consequences on skeletal 
mineralization.

Patients with Paget disease have an increase in bone remodeling 
activity (see Chapter 202). In the 1970s, a new class of drugs known 
as bisphosphonates were introduced as an effective treatment for 
Paget’s disease. The first bisphosphonate that was used was etidronate. 
The drug was typically given at a dose of 400 mg/day. Within a few 
months, there was a marked reduction in Pagetic bone activity, sug-
gesting that this would be a safe and effective method for treating this 
metabolic bone disease. However, many patients who were on the 
medication for more than 6 months began developing bone pain. Bone 
biopsies revealed that they were suffering from osteomalacia.1,8,15,46 To 
prevent this complication, patients with Paget disease took the medica-
tion for several months and then stopped the medication for several 
months and restarted it again to control the Paget’s disease but prevent 
the side effect of osteomalacia.8,15

When it was realized that bisphosphonates inhibited bone resorp-
tion, several pharmaceutic companies began developing bisphospho-
nate analogs that had much higher potency in inhibiting osteoclastic 
activity while having minimum negative effects on skeletal mineraliza-
tion. As a result, the new class of bisphosphonates was effective in 
treating Paget’s disease when given either daily, weekly, or monthly 
without any evidence of osteomalacia on the basis of bone biopsies. 
These potent bisphosphonates are also used for the prevention and 
treatment of osteoporosis and do not cause osteomalacia.

Ifosfamide, a drug used to treat solid tumors, has been associated 
with renal Fanconi syndrome and hyperphosphaturia.15,30,47,48 Saccha-
rated ferric oxide used intravenously can cause transient proximal renal 
tubular damage leading to phosphaturia.15,30,49 A wide variety of other 
drugs have been associated with hypophosphatemia, osteomalacia, and 
rickets (Boxes 199.1 and 199.2).8,15

observed in patients who were taking aluminum antacids or who were 
being dialyzed with water containing a high aluminum content that 
they developed osteomalacia.15, 34 Aluminum is a trivalent cation that 
in low concentrations stimulates osteoblastic activity. However, at 
higher concentrations, it will inhibit PTH release and 1-OHase activ-
ity. It also inhibits osteoblastic activity at high concentrations and is 
deposited on the mineralizing surface of the skeleton, preventing 
further mineralization of osteoid. These patients often have little osteo-
blastic or osteoclastic activity resulting in inactive bone remodeling or 
complete absence of bone remodeling known as adynamic bone disease 
(see Chapter 201). A bone biopsy that demonstrates stainable alumi-
num on the mineralization surface helps to make the diagnosis of 
aluminum-induced osteomalacia.8,15,34

Patients who are on total parenteral nutrition (TPN) or hemodialy-
sis where the water is not monitored for aluminum content are at  
high risk for this aluminum metabolic bone disease. In addition, 
patients on TPN have been exposed to high aluminum from casein 
hydrolysate solutions. As a result, hemodialysis baths are now free of 
aluminum contamination, as are TPN solutions. Aluminum-based 
phosphate binding agents for patients with chronic kidney disease  
have been replaced with either calcium carbonate or resins that bind 
phosphate.8,15,34

Heavy metals
Several heavy metals can cause phosphaturia.8,15,35,36 Cadmium 
exposure causes Itai-Itai disease (see http://www.kanazawa-med
.ac.jp/~pubhealt/cadmium2/itaiitai-e/itai01.html accessed October 2, 
2009). High cadmium exposure has wide-ranging pathologic effects on 
the body including the damage of the glomerulus and renal tubular 
function. Besides leading to renal failure, it initially causes proteinuria 
and phosphaturia.15

Fluoride
Fluoride is well known to stimulate osteoblastic activity in low  
concentrations. Fluoride has been effective in preventing dental caries 
in part because the fluoride is incorporated into the dentin, reducing 
dental caries activity.15 At high concentrations, however, fluoride 
not only stimulates osteoblastic activity but gets incorporated into  
the skeleton as a calcium fluoride hydroxyapatite crystal. Because fluo-
ride has a larger atomic weight than the OH that it replaces, the skel-
eton appears on x-ray to be hyperdense and there is a substantial 
increase in bone mineral density on bone densitometry. It is well docu-
mented that ingestion of food and water with a high fluoride content 
between 3 and 16 ppm is associated with increased bone mineral 
density that leads to stiffness, rigidity, and limitation of movement  
at the spine and can also lead to skeletal deformities and fractures  
(Fig. 199.4).8,15,37-39

Certain populations including children in India who are exposed to 
high dietary fluoride and are on a low-calcium diet can develop severe 
skeletal deformities.15,40-42 These children have classic features of 
rickets at their epiphyseal plates and osteomalacia with Looser zones. 
Histologically, the bone biopsy shows widened osteoid seams, poorly 
mineralized new bone formation, and areas of hypermineralization.15

Drugs
A wide variety of drugs can cause rickets and osteomalacia.1,8,15 Chil-
dren and adults who are institutionalized and on several antiseizure 
medications often develop rickets/osteomalacia.1,14,15,43,44,45 It is now 
recognized that not only antiseizure medications but glucocorticoids, 
medications used to treat infection with human immunodeficiency 
virus (HIV), and even St. Johns Wort can cause vitamin D deficiency 
and resulting rickets and osteomalacia. It has been demonstrated that 
antiseizure medications, HIV medications, glucocorticoids, and other 
drugs interact with the steroid xenobiotic receptor, which binds to  
retinoic acid X receptor. This complex is recognized by the vitamin  
D responsive element for the 25-hydroxyvitamin D-24 hydroxylase 
[24-OHase]. The 24-OHase introduces a hydroxyl group on carbons 23 
and 24, resulting in cleavage at carbon 23 to form a water-soluble inac-
tive vitamin D metabolite for both 25(OH)D and 1,25(OH)2D.1,14,45 

a

b

c

Fig. 199.4 This child has fluorosis with classic skeletal (a), dental (b), and 
radiologic (c) abnormalities. (From Holick MF, Harayan. Copyright 2009. 
Reproduced with permission.)

http://www.kanazawa-med.ac.jp/~pubhealt/cadmium2/itaiitai-e/itai01.html
http://www.kanazawa-med.ac.jp/~pubhealt/cadmium2/itaiitai-e/itai01.html
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Fig. 199.5 Radiograph of the femur demonstrating a radiolucent line 
perpendicular to the shaft known as a Looser zone.

a

b

c

Fig. 199.6 Radiographs of a child with vitamin D 
deficiency rickets demonstrating bowing of the femurs 
and tibias (a) and widened, frayed, demineralized 
epiphyseal plates (b and c).

BOX 199.2 CAUSES OF OSTEOMALACIA/RICKETS
Vitamin D deficiency
Calcium deficiency
Hypophosphatemia
Fanconi syndrome
Pseudovitamin D–deficiency rickets, vitamin D–dependent rickets type 1
Vitamin D–resistant rickets, vitamin D–dependent rickets type 2
X-linked hypophosphatemic rickets
Autosomal dominant hypophosphatemic rickets
Oncogenic osteomalacia
Hypophosphatasia
Malabsorption syndrome
Hypokalemic distal renal tubular acidosis
Wilson disease
Rentan failure, chronic
Cystinosis
Phenytoin
Glucocorticoids
HAART
Etidronate
Glutethimide
Heavy metals
Cancer drugs

X-RAY AND BIOCHEMICAL MANIFESTATIONS  
OF OSTEOMALACIA AND RICKETS
It is not possible to distinguish osteomalacia from osteopenia and 
osteoporosis either by x-ray examination or by bone densitometry. The 
only exception is if the x-ray examination reveals Looser zones (Fig. 
199.5). These are radiolucent lines that are often penetrating through 
the cortex perpendicular to the shaft and are most often seen in the 
medial cortices of the femurs and in the pelvis and ribs. In children, 
rickets/osteomalacia is easily detected because the epiphyseal plates 
have not closed. There is widening of the physis with fraying, cupping, 
and splaying of the metaphases (Fig. 199.6). The diaphyses of the long 
bones often appear to be less dense (i.e., osteopenic and show thinning 
of the cortices with periosteal new bone formation).8,15

Rickets and osteomalacia are associated with a variety of abnormali-
ties on blood biochemistries. However, it is often the presenting symp-
toms or manifestations of osteomalacia that will prompt the diagnosis 

before the biochemical abnormalities are appreciated. The reason for 
this is that depending on the cause, the abnormal biochemistries can 
vary. For example, in children with severe vitamin D deficiency, there 
will be a low-normal or low serum calcium with a low-normal or low 
fasting serum phosphorus with an elevated alkaline phosphatase and 
a 25(OH)D less than 15 ng/mL. If the child has been vitamin D defi-
cient for a prolonged period of time or there is little calcium intake, 
then the biochemical presentation is often hypocalcemia associated 
with all of the other biochemical abnormalities. An adult with vitamin 
D deficiency will present with a normal or low-normal serum calcium, 
a low-normal or low serum fasting phosphorus, a normal alkaline 
phosphatase, an elevated PTH, and a 25(OH)D less than 20 ng/mL. 
However, if the cause is due to an acquired disorder that causes severe 
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phosphate wasting in the urine, these patients present with a normal 
or low-normal serum calcium, elevated PTH, low serum phosphorus, 
elevated alkaline phosphatase, and a normal 25(OH)D. The distin-
guishing features of the various causes of osteomalacia based on bio-
chemistries are summarized in Table 199.1.1,8,15

Clinical findings
Children with rickets often have skeletal abnormalities including a 
rachitic rosary, bowed or knocked knees, frontal bossing, soft fontanels, 
delayed tooth eruption, dental caries, and severe muscle weakness (Fig. 
199.7). The more serious consequences include grand mal seizures, 
carpal pedal spasms (Fig. 199.8), and upper respiratory tract infec-
tions.14 Often children with rickets have other subtle symptoms as 
noted in Box 199.3.

In adults, osteomalacia does not present with any overt skeletal 
signs. However, patients with osteomalacia complain of throbbing, 
aching bone discomfort. They often note that the bone discomfort is 
worse when sitting or lying in bed. They also have proximal muscle 
weakness and aching in their muscles.1,8,15,29,50 To make the diagnosis, 
pressing with thumb or forefinger with some force on the sternum, 
radius, ulna, or anterior tibia will often result in wincing bone discom-
fort. Often physicians conclude that pressing on the skeleton resulting 
in discomfort is consistent with a trigger point leading to the diagnosis 
of fibromyalgia. In many cases these patients are suffering from peri-
osteal bone discomfort consistent with osteomalacia.50

Although the exact cause of the muscle weakness and bone discom-
fort is not fully understood, it is believed that because the major cause 
of osteomalacia is vitamin D deficiency and because skeletal muscle 
has a VDR, the lack of 1,25(OH)2D interacting with the skeletal muscle 
VDR increases muscle weakness.1,2 Osteoblasts laying down the col-
lagen matrix on the periosteal surface with no mineralization provides 
little structural support for the periosteal covering that is heavily inner-
vated with sensory fibers. Thus pressing on the periosteal covering 
causing deformation leads to immediate bone discomfort. In addition, 
the collagen matrix acts like JELL-O and, once hydrated, expands. As 
a result, the outward pressure on the periosteal covering gives the 
sensation of throbbing, aching bone discomfort.50

Fig. 199.7 Child with vitamin D deficiency rickets with muscle weakness.

Fig. 199.8 Sister (left) and brother (right) ages 10 months and 2.5 years with 
the enlargement of the ends of the bones at the wrist, carpopedal spasm,  
and a typical “tailorwise” posture of rickets. (From Holick MF. Copyright 2006. 
Reproduced with permission.)

BOX 199.3 CLINICAL MANIFESTATIONS OF RICKETS
Restlessness/irritability
Head sweating
Skeletal signs approximately 6 to 9 months
Head somewhat square
Fontanels opened
Frontal bossing
Osseous borders soft (craniotabes)
Teething delayed
Enlargement of costochondral junctions
Muscles flabby
Upper respiratory tract infections
Anemia (Von Jacksch–Luzet syndrome)
Carpal pedal spasms
Seizure

STRATEGIES FOR THE TREATMENT AND 
PREVENTION OF OSTEOMALACIA/RICKETS
The major cause of osteomalacia/rickets is vitamin D deficiency. 
Vitamin D deficiency is defined as a serum 25(OH)D less than 20 ng/
mL. However, to maximize intestinal calcium absorption and to mini-
mize circulating PTH levels, it is desirable to maintain a 25(OH)D 
greater than 30 ng/mL.1,51 To achieve this, at least 1000 to 2000 IU of 
vitamin D daily or its equivalent is necessary.1 For every 100 IU of 
vitamin D2 or vitamin D3 ingested, the blood level of 25(OH)D increases 
by 1 ng/mL.52 Healthy adults at the end of the winter in Boston receiv-
ing 1000 of vitamin D2 or 1000 IU of vitamin D3 per day or 500 IU 
vitamin D2 and 500 IU vitamin D3 per day were unable to achieve a 
sustained blood level of 25(OH)D greater than 30 ng/mL (Fig. 199.9). 
Most children and adults have a circulating blood level of 25(OH)D 
between 15 and 25 ng/mL.1 Thus to achieve a blood level of 25(OH)D 
greater than 30 ng/mL, it has been recommended that both children 
and adults take at least 1000 IU of vitamin D daily along with a mul-
tivitamin containing 400 IU of vitamin D. For obese children and 
adults, the amount of vitamin D ingested should be increased by two- 
to threefold because body fat will sequester vitamin D and obese chil-
dren and adults need at least two times more vitamin D to sustain 
their blood level of 25(OH)D greater than 30 ng/mL.1,2
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To treat vitamin D deficiency, 50,000 IU of vitamin D2 once a week 
for 8 weeks will often fill the empty vitamin D tank and raise the blood 
level above 30 ng/mL.53 Patients who are severely vitamin D deficient 
with a 25(OH)D less than 10 ng/mL or who are on medications that 
would enhance vitamin D destruction or obese may require an addi-
tional 8 weeks of therapy with 50,000 IU of vitamin D2. Once the 
blood level of 25(OH)D is above 30 ng/mL, vitamin D sufficiency can 
be maintained by giving patients 50,000 IU of vitamin D once every 
2 weeks. In our clinic, we have found over a 5-year period that the 
blood levels are sustained between 40 and 50 ng/mL on this regimen. 
Alternatively, to treat vitamin D deficiency with vitamin D supplemen-
tation, 5000 IU of vitamin D daily for 2 months followed by 2000 IU 
of vitamin D daily will treat vitamin D deficiency and maintain vitamin 
D sufficiency in most adults.

The American Academy of Pediatrics recommends that all infants 
and children receive 400 IU of vitamin D per day.54 This will prevent 
rickets in children.

Children and adults who have calcium-induced rickets/osteomalacia 
should be treated with the adequate intake recommendation for 
calcium, which is 800 milligrams per day for children younger than 
the age of 12 years, 1300 milligrams per day for teenagers, 1000 mil-
ligrams for adults aged 19 to 50 years, and 1200 milligrams per day 
for adults older than the age of 50.55 They should also be taking an 
adequate amount of vitamin D to maximize the benefit of the calcium.

Patients with phosphate wasting need to take either Neutra-Phos 
or sodium phosphate in amounts of 250 mg to 500 mg 3 to 5 times a 
day along with 1,25(OH)2D3 (calcitriol) 0.5 to 1.0 mg twice a day.1,15,24 
It should be noted that the more frequent dosing of phosphate at  
lower doses to help maintain the serum levels of phosphate is desirable 
for two reasons. The first is that maintaining a more normal calcium-
phosphate product will help in the mineralization of osteoid. Secondly, 
taking large amounts of phosphate orally results in a transient decrease 
in serum ionized calcium, which stimulates the parathyroid glands  
to produce and secret PTH. The chronic stimulation of the parathyroid 
glands by transient hypocalcemia can result in tertiary 
hyperparathyroidism.56

MEAN (± SEM) SERUM 25-HYDROXYVITAMIN D LEVELS AFTER ORAL
ADMINISTRATION OF VITAMIN D2 AND/OR VITAMIN D3

Placebo D2

Serum
25(OH)D

(ng/ml)

Time (weeks)

16

20

24

28

14

18

22

32

26

30

6 7 8 9 10 11 121 2 3 4 5

D3 D2/D3

*
*
*

Fig. 199.9 Mean (±SEM) serum 25-hydroxyvitamin D levels after oral 
administration of vitamin D2 and/or vitamin D3. Healthy adults recruited at the 
end of the winter received either placebo ([n = 14; ···•···]), 1000 IU of vitamin D3 
(D3, n = 20; [--]), 1000 IU of vitamin D2 (D2, n = 16; [--]), or 500 IU of vitamin 
D2 and 500 IU of vitamin D3 (D2 and D3, n = 18; [-♦-]) daily for 11 weeks. The 
total 25-hydroxyvitamin D levels are demonstrated over time. *P = 0.027 
comparing 25(OH)D over time between vitamin D3 and placebo. †P = 0.041 
comparing 25(OH)D over time between 500 IU vitamin D3 + 500 IU vitamin D2 
and placebo. ‡P = 0.023 comparing 25(OH)D over time between vitamin D2 and 
placebo. (From Holick MF. Copyright 2008. Reproduced with permission.)
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CURRENT MODE OF PRESENTATION
Most patients with primary hyperparathyroidism are women in their 
postmenopausal years.8 The serum calcium concentration is typically 
within 1 mg/dL above the upper limit of normal, and the parathyroid 
hormone concentration is usually 1.5 times above the upper limit of 
normal.8 Hypercalciuria is seen in approximately 40% of patients. 
Hypophosphatemia, reflecting the physiologic actions of PTH to cause 
phosphaturia, is seen in less than 25% of patients. Overt hyperpara-
thyroid bone disease with specific radiologic findings is vanishingly 
rare. The incidence of kidney stone disease has diminished to approxi-
mately 15% to 20% of all patients, although it remains the most 
common complication of primary hyperparathyroidism.9 Consistent 
with this modern presentation, patients rarely have overt neuromus-
cular disease but may still complain of vague muscle weakness and 
easy fatigability. Rheumatologic manifestations that can be ascribed 
specifically to the articular system, and which are reviewed here, are 
uncommon and have been relegated to case reports. These manifesta-
tions can be divided into the impact on crystal-related arthropathies 
(gout and pseudogout) and non-specific effects on bones and joints.

CRYSTAL ARTHROPATHIES
Gout
The incidence of gout appears to be increased in patients with pri-
mary hyperparathyroidism who have hyperuricemia.10 Rather dramatic 
radiologic manifestations can sometimes be seen, as in the case report 
of an individual who presented with a lytic lesion initially assumed to 
be a brown tumor but which was found on joint aspiration to contain 
urate deposits.11 A possible explanation for the association of gout and 
primary hyperparathyroidism is the increased levels of serum uric acid 
that have been described in some,3 but not all,9 cohorts of patients with 
primary hyperparathyroidism. Data on serum uric acid in primary 
hyperparathyroidism are limited. However, in one study, 53 subjects 
with primary hyperparathyroidism had significantly higher serum  
uric acid levels, along with a reduction in the clearance of uric acid3 
as compared with age- and sex-matched control subjects. Within 6 
months after successful parathyroid surgery in 26 subjects, serum uric 
acid levels declined significantly. It has been suggested that PTH might 
inhibit uric acid excretion in the proximal renal tubule. Pseudohypo-
parathyroidism, a disease associated with renal resistance to PTH, was 
found in one kindred to be associated with hypouricemia and an  
increase in the fractional excretion of uric acid, therefore suggesting an 
important role for PTH in the renal handling of urate.12

Calcium pyrophosphate dihydrate crystal 
deposition disease (pseudogout)
Primary hyperparathyroidism and CPPD crystal deposition have been 
associated in numerous reports.13,14 As is the case for CPPD in general, 
aging confers greater risk for radiographic evidence of CPPD in primary 
hyperparathyroidism. Mechanisms other than chronic hypercalcemia 
might be particularly relevant to the process of CPPD crystal deposition 
in joints of subjects with primary hyperparathyroidism. It has been 
speculated that the function of proteoglycans that normally inhibit 

Primary hyperparathyroidism: 
rheumatologic manifestations 
and bone disease
Natalie E. Cusano, Shonni J. Silverberg, and John P. Bilezikian

 Classic primary hyperparathyroidism (PHPT) has been associated 
with rheumatologic manifestations.

 PHPT is now generally an asymptomatic disorder with 
rheumatologic manifestations seen only rarely and as the subject 
of case reports.

 The incidences of gout and calcium pyrophosphate dihydrate 
deposition (CPPD) or pseudogout were previously found to be 
increased in patients with PHPT.

 Pseudogout was also described in the past in patients with PHPT 
after successful parathyroid surgery.

 Primary metabolic conditions such as PHPT, although uncommon, 
should be considered in patients with CPPD crystal deposition 
disease.

 Skeletal involvement in PHPT is detected with dual-energy x-ray 
absorptiometry, with preferential involvement of cortical sites such 
as the distal third of the radius.

 PHPT is diagnosed on the basis of an elevated serum calcium 
concentration and a parathyroid hormone (PTH) level that is either 
elevated or inappropriately normal.

 Parathyroidectomy is indicated in patients with PHPT who meet 
surgical criteria.

 Medical treatments for PHPT including alendronate, raloxifene, and 
calcimimetics might be beneficial but have not been studied 
conclusively.

INTRODUCTION AND HISTORY
The effects of parathyroid hormone (PTH) on its major target organs, 
the skeleton and the kidneys, gave rise to the original description of 
primary hyperparathyroidism more than 70 years ago as a disease of 
“bones, stones and groans.”1 The classic bone disease, osteitis fibrosa 
cystica, included degranulation of the skull (or “salt and pepper skull”), 
distal tapering of the clavicles, subperiosteal bone resorption (particu-
larly in the phalanges), brown tumors, and bone cysts. In addition to 
these skeletal manifestations, rheumatologic manifestations of primary 
hyperparathyroidism were described commonly.2 Gout with elevated 
serum uric acid concentrations3 and pseudogout caused by CPPD 
crystal deposition in joints were appreciated as classic manifestations 
of primary hyperparathyroidism.4 Gout or pseudogout occasionally 
developed even after successful parathyroid surgery.5 Patients also peri-
odically complained of non-specific arthralgia symptoms. A neuromus-
cular disorder with atrophy of type II muscle fibers was sometimes 
featured as a major manifestation of the disease.6 These aspects of 
primary hyperparathyroidism were consistent with the traditional idea 
that parathyroid hormone in excess can affect organ systems besides 
the skeleton and the kidneys.

Over the past 30 years, this traditional description of primary hyper-
parathyroidism has been replaced by a presentation that is primarily 
asymptomatic. The shift in the presentation from a symptomatic to 
an asymptomatic clinical phenotype has been due to the widespread 
use of the multichannel autoanalyzer that typically includes the serum 
calcium measurement.7
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specific. Bone mineral density (BMD) is reduced at the distal third of 
the radius, a site that reflects mainly cortical bone. In the lumbar 
skeleton, enriched in cancellous bone, skeletal mass is relatively well 
preserved in patients with primary hyperparathyroidism with only 
small reductions from age- and sex-specific norms.26,27 Bone mineral 
density of the hip region, which contains a more even admixture of 
cortical and cancellous elements, is intermediate between cancellous 
and cortical sites (Fig. 200.1).

This pattern of bone loss in postmenopausal women with primary 
hyperparathyroidism differs from the usual pattern of the early post-
menopausal years, when cancellous bone of the lumbar spine is lost 
preferentially. In estrogen-deficient postmenopausal women with 
primary hyperparathyroidism, bone density at the lumbar spine is 
generally well preserved, emphasizing a protective effect of PTH against 
the loss of cancellous bone (Fig. 200.2). On the other hand, although 
a pattern of selective cortical bone loss is most commonly seen in 
primary hyperparathyroidism, about 15% of patients will demonstrate 
substantial reductions in bone density at the lumbar spine.28

These observations suggest that patients with primary hyperpara-
thyroidism should not be at risk for fractures of the axial skeleton 
where bone mass is relatively well preserved, whereas they might be 
expected to show an increase in fracture incidence of the appendicular 
skeleton where bone mass is preferentially reduced. Unfortunately, few 
studies confirm this expectation and fracture data are conflicting.29-30

Parathyroid hormone therapy  
and joint manifestations
It is also important to consider the rheumatologic consequences of 
“medical” hyperparathyroidism as a consequence of therapy with PTH. 
Teriparatide (recombinant human PTH 1-34, brand name Fortéo) 
increases BMD and reduces fracture incidence in postmenopausal 
women with osteoporosis (Fig. 200.3).31,32 Teriparatide also increases 
BMD in men with primary or hypogonadal osteoporosis.33 In compari-
son to alendronate, it has a greater effect to reduce vertebral fractures 
in glucocorticoid-induced osteoporosis.34 As opposed to primary hyper-
parathyroidism, in which exposure to elevated PTH is continuous, 
once-daily administration of teriparatide stimulates new bone forma-
tion on trabecular and cortical surfaces by preferential stimulation of 
osteoblast activity.35 Although it is theoretically possible that adverse 
rheumatologic effects, formerly seen frequently in primary hyperpara-
thyroidism, could be experienced in some PTH-treated patients, this 
has not been noted clinically. Clinical trials have shown that treatment 
with teriparatide resulted in 3% of patients with serum uric acid 

calcium pyrophosphate crystallization15 might be impaired by elevated 
calcium levels in serum and in joint fluid.14 It has also been postulated 
more recently that hyperparathyroid patients with CPPD have abnor-
mal local cartilage metabolism of pyrophosphate.16 The nucleoside 
triphosphate pyrophosphohydrolase (NTPPH) enzymes, which nor-
mally catalyze the production of pyrophosphate, appear to be overac-
tive.17 Excess NTPPH activity could promote the formation and 
ultimate deposition of calcium- and pyrophosphate-containing mate-
rial in the joints.

The clinical event of pseudogout is an uncommon complication of 
CPPD disease, although this is true for both patients with primary 
hyperparathyroidism and those without. Metabolic conditions such as 
PHPT, although an uncommon cause, should be considered in CPPD 
occurring before age 55 and can be considered in patients presenting 
after age 55.18 Interestingly, pseudogout has been described in patients 
with primary hyperparathyroidism after successful parathyroid surgery 
when the serum calcium has returned to normal.5,19,20 In one series 
published in 1989 in which 20 patients with primary hyperparathyroid-
ism and pseudogout were described,21 eight had previously been 
diagnosed with CPPD and the remainder were diagnosed after parathy-
roidectomy. In another report, three hyperparathyroid patients with 
radiographic CPPD received immediate, aggressive vitamin D treat-
ment after parathyroidectomy in an attempt to prevent postoperative 
pseudogout.22 There was no occurrence of pseudogout after parathy-
roidectomy in these patients. However, without a control group, one 
cannot be certain that attacks would have occurred if they had not been 
treated with vitamin D.

The episode of pseudogout after parathyroid surgery appears to be 
triggered by the fall in serum calcium. As the serum calcium falls, it 
is presumed that the synovial fluid calcium concentration also falls, 
rendering the pyrophosphate crystals more soluble and thus released 
into the synovial space. The idea that a rapid reduction in the serum 
calcium is primarily responsible for an attack of CPPD and not the 
primary hyperparathyroidism per se comes from other reports in which 
pseudogout has been precipitated after medical treatment that leads to 
hypocalcemia. One report describes a case of pseudogout in the setting 
of mithramycin treatment for hypercalcemia23 and another in the 
setting of hypocalcemia after pamidronate treatment.24 Similarly, injec-
tion of the joint space with hyaluronate can precipitate pseudogout, 
possibly because the phosphate in the hyaluronate preparation may 
lower intra-articular calcium concentrations, leading to crystal 
shedding.25

PRIMARY HYPERPARATHYROIDISM  
AND THE SKELETON
Evidence indicates that excess PTH may have an adverse effect on 
joints in addition to the specific situations mentioned earlier. These 
rheumatologic effects are consistent with the classic notion that PTH 
is catabolic at skeletal sites. However, our understanding of the skeletal 
effects of PTH has changed along with the evolving clinical profile of 
primary hyperparathyroidism. Thus in the series of Silverberg and col-
leagues,26 less than 2% of patients with primary hyperparathyroidism 
had specific skeletal manifestations of hyperparathyroidism by conven-
tional x-ray examination. Along with the rarity of overt skeletal disease 
in primary hyperparathyroidism, other less common target organs of 
the primary hyperparathyroid state including the articular system have 
also become rare manifestations. The effects on the skeleton of mild 
primary hyperparathyroidism are therefore the key consequence to be 
considered.

Skeletal effects of mild primary 
hyperparathyroidism
With primary hyperparathyroidism now commonly presenting as an 
asymptomatic disorder, it has been possible to address a far more subtle 
but critically important question: Do patients with asymptomatic 
primary hyperparathyroidism have evidence for skeletal involvement? 
Using dual-energy x-ray absorptiometry (DXA), Silverberg and col-
leagues have provided evidence that in asymptomatic primary hyper-
parathyroidism, there is skeletal involvement,26 although this is site 
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Fig. 200.1 Bone densitometry in primary hyperparathyroidism. Data are 
shown in comparison with age- and sex-matched normal subjects. Divergence 
from expected values is different at each site (P = 0.0001). (From Silverberg SJ, 
Shane E, De La Cruz L, et al. Skeletal disease in primary hyperparathyroidism. J 
Bone Miner Res 1989;4:283-291. Reprinted with permission of John Wiley & Sons, 
Inc.)
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DIAGNOSIS AND TREATMENT OF PRIMARY 
HYPERPARATHYROIDISM
The diagnosis of primary hyperparathyroidism is made on the basis of 
an elevated serum calcium concentration and a parathyroid hormone 
level that is either elevated or inappropriately normal. When the  
parathyroid hormone level is elevated in a patient with hypercalcemia, 
the differential diagnosis includes use of thiazide diuretics or lithium, 
familial hypocalciuric hypercalcemia, and the tertiary hyperparathy-
roidism associated with end-stage renal disease. Humoral hypercalce-
mia of malignancy should not be a consideration when the parathyroid 
hormone level is high because the hypercalcemic agent in this  
condition, parathyroid hormone-related protein, is not detected by  
the currently available immunoradiometric assays for parathyroid 
hormone.

concentrations above the upper limit of normal compared with 1% of 
placebo patients. However, the hyperuricemia did not result in an 
increase in episodes of gout.31,33,34 Moreover, gout attacks were not 
increased in patients with mild or moderate renal impairment whose 
uric acid concentration increased.36

Transient increases in serum calcium concentration have been 
noted in controlled trials, but articular cartilage calcification has not 
been reported as an adverse event.31-34 The incidence of pseudogout in 
patients treated with teriparatide is not increased as compared with 
patients treated with placebo. There is much less information about 
PTH (1-84), the full-length recombinant human parathyroid hormone 
molecule, due, in part, to the fact that it is not approved in the United 
States for the treatment of osteoporosis. The experience in Europe, 
where it is approved in many countries for the treatment of osteopo-
rosis, does not suggest that the data reviewed earlier for teriparatide 
with regard to rheumatologic manifestations are any different from that 
of teriparatide.37
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Fig. 200.2 (a) Scanning electron micrographs of iliac crest biopsies of a patient with primary hyperparathyroidism (top) and an age- and sex-matched control 
subject (bottom). Note the thinning of cortices in the patient with primary hyperparathyroidism, as well as the preserved cancellous bone microarchitecture 
and trabecular connectivity. (b) Correlation between age and trabecular number in patients with primary hyperparathyroidism and controls.48 Note that 
trabecular number (Tb.N) has less of a decline with age in primary hyperparathyroid patients as compared with controls. (Reprinted with permission from 
Parisien M, Silverberg SJ, Shane E, et al. The histomorphometry of bone in primary hyperparathyroidism: preservation of cancellous bone structure. J Clin Endocrinol 
Metab 1990;70:930-938.)
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postmenopausal women with primary hyperparathyroidism.42 Bisphos-
phonates have also been considered as a possible medical approach to 
primary hyperparathyroidism. Alendronate has been shown to increase 
lumbar spine bone mineral density in patients with primary hyperpara-
thyroidism by approximately 4% to 6%.43-45 In most studies, serum 
calcium and parathyroid hormone levels do not change significantly.

The calcimimetic drug cinacalcet HCl has been investigated in 
patients with primary hyperparathyroidism46 and was approved by the 
Food and Drug Administration for use in patients with secondary 
hyperparathyroidism on dialysis and in patients with parathyroid 
cancer. It has become available in Europe for the management of 
primary hyperparathyroidism. This drug binds to the calcium receptor 
on the surface plasma membrane of the cell and thus increases the 
affinity of this receptor for its cognate ligand, calcium. The subsequent 
increase in intracellular calcium leads to a reduction in parathyroid 
hormone synthesis and secretion. With this drug, patients with primary 
hyperparathyroidism have sustained normalization of serum calcium 
levels for up to 3 years.47,48 No improvement in bone density was noted 
in conjunction with the reduction in calcium.

CONCLUSION
In the past, symptomatic primary hyperparathyroidism was associated 
with abnormalities of the articular system. Now that primary hyper-
parathyroidism is generally asymptomatic in the United States and in 
most of the developed world, rheumatologic manifestations are mainly 
of historical interest only. Primary metabolic conditions such as PHPT, 
although uncommon, should be considered in CPPD occurring before 
age 55 and can be considered in patients presenting after age 55. In 
patients who present with rheumatologic manifestations along with 
primary hyperparathyroidism, a search for other conditions should be 
undertaken before concluding that the patient might be unusually 
affected in this way by the hyperparathyroid state.

Surgical treatment
Surgery is indicated in patients with overt symptoms of classic disease 
(i.e., kidney stones, osteitis fibrosa cystica). In patients with few if any 
symptoms, guidelines to aid clinical decision making are based on the 
Third International Workshop on the Management of Asymptomatic 
Primary Hyperparathyroidism (Table 200.1).38 Patients who undergo 
successful parathyroidectomy show rapid normalization of serum 
calcium and PTH levels. Improvement in bone mineral density at the 
spine and hip follows over a 3- to 4-year period after surgery.9 Most 
patients who are asymptomatic and do not meet surgical criteria do 
well without evidence for progressive disease. However, approximately 
37% of patients will experience progressive disease.39 Only age appears 
to be predictive of progression; patients younger than 50 years of age 
are approximately three times more likely to experience worsening 
disease, than patients older than age 50.40

Medical treatment
Development of a medical approach to asymptomatic primary hyper-
parathyroidism has attracted considerable interest. The use of estrogen 
therapy in postmenopausal women with primary hyperparathyroidism 
is associated with small reductions in the serum calcium concentration 
and increases in bone density, along with stable parathyroid hormone 
levels.41 Raloxifene, a selective estrogen receptor modulator, is a poten-
tial alternative, with calcium-lowering effects similar to estrogen in 
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Fig. 200.3 Reduction in the risk of new morphometric vertebral fractures in 
postmenopausal women with severe osteoporosis after PTH(1-34) 20 mg/day, 
over a median treatment period of 19 months, compared with placebo. 
(Reprinted with permission from Hodsman AB, Bauer DC, Dempster DW, et al. 
Parathyroid hormone and teriparatide for the treatment of osteoporosis: a review 
of the evidence and suggested guidelines for its use. Endocr Rev 2005;26:688-703.)

TABLE 200.1 CRITERIA FOR PARATHYROID SURGERY IN PATIENTS WITH 
ASYMPTOMATIC PRIMARY HYPERPARATHYROIDISM*

Variable Guideline

Serum calcium concentration 1.0 mg/dL above upper limit of normal

24-hr urinary calcium excretion Not indicated† (change from prior 
guidelines)

Creatinine clearance (calculated) Reduced to < 60 mL/min

Bone mineral density T-score below −2.5 at any site and/or 
previous fragility fracture

Age <50 yr

*Surgery is also indicated in patients for whom medical surveillance is neither desired nor 
possible.
†Some physicians still regard 24-hour urinary calcium excretion > 400 mg as an indication for 
surgery.
From Bilezikian JP, Khan AA, Potts JT Jr; Third International Workshop on the Management of 
Asymptomatic Primary Hyperthyroidism. Guidelines for the management of asymptomatic 
primary hyperparathyroidism: summary statement from the third international workshop. J Clin 
Endocrinol Metab 2009;94:335-339.
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whose GFR is reduced due to intrinsic parenchymal damage as opposed 
to age-related reductions in GFR without another specific intrinsic 
renal diagnosis.

At each level of CKD there may exist a specific form of renal osteo-
dystrophy. The earliest form of renal bone disease (secondary hyper-
parathyroidism) may be defined by quantitative histomorphometry 
and/or biochemical profiling (elevated 1-84 intact parathyroid hormone 
[PTH]) as early as stage 3 CKD (GFR 30 to 60 mL/min). Even though 
there is an exponential relationship between the declining level of GFR 
and the height of the endogenous PTH, elevated PTH levels (secondary 
hyperparathyroidism) may also be seen in patients with various forms 
of osteoporosis due to many other possible causes that may not be 
related to reduced GFR (e.g., low 25-hydroxyvitamin D levels, calcium 
malabsorption, hypercalciuria). Only after correcting other reversible 
factors that may also lead to secondary hyperparathyroidism while the 
PTH remains elevated in association with reduced GFR can the  
secondary hyperparathyroidism be attributed to the reduction in renal 
function.

The KDOQI guidelines (both opinion- and evidence-based) provide 
suggestions concerning the management of secondary hyperparathy-
roidism when due to intrinsic renal damage.3 In addition, there are 
published suggestions for the management of patients with postmeno-
pausal, male, and glucocorticoid-induced osteoporosis who have sec-
ondary hyperparathyroidism not related to reduction in renal 
function.5-11

The other forms of renal bone disease (osteomalacia, mixed renal 
osteodystrophy, adynamic renal bone disease, and aluminum bone 
disease) are rare until stage 5 CKD (end-stage renal disease with GFR 
less than 15 mL/min or on dialysis). The classification of renal bone 
disease is most objectively defined by double tetracycline-labeled quan-
titative histomorphometry, and quantitative histomorphometric crite-
ria for defining the specific form of renal bone disease (standardized 
nomenclature) have been published.12 Hence, here the means by which 
renal osteodystrophy is first defined is divided into quantitative bone 
histomorphometry, then biochemical profiling, and, finally, clinically. 
In addition, the challenge of defining osteoporosis, a common meta-
bolic bone disease in the CKD population, will be discussed. Finally, 
the therapeutic options that are available to treat specific forms of  
renal bone disease and osteoporosis associated with CKD will be 
presented.

QUANTITATIVE BONE HISTOMORPHOMETRY
Double tetracycline-labeled quantitative bone histomorphometry is the 
gold standard for defining the specific forms of renal osteodystro-
phy.1,2,12,13 Recently, several comprehensive atlases of renal bone disease 
have been published that describe in depth the normal bone remodeling 
process as measured by histomorphometry and then show examples of 
bone biopsies with detailed descriptive analysis of each form of renal 
osteodystrophy.1,2 In addition, these atlases deal with histomorphomet-
ric data in postrenal transplantation bone disease and also provide 
histologic and clinical guidance for the diagnosis of osteoporosis in 
patients with CKD. The following is a brief description of the forms 
of renal osteodystrophy.

Although, in general, the classification is divided into high or 
normal bone turnover versus low bone turnover forms by biochemical 
markers of bone turnover,14-16 the specific diagnosis is based on specific 
quantitative double tetracycline-labeled bone histology.1,2,12,13 
The KDOQI was the first attempt to provide broad guidelines for 
management of calcium, phosphorus, PTH, and bone abnormalities 
accompanying CKD,3 but more recently a working group of the Kidney 
Disease Improving Global Outcomes (KDIGO) has expanded the 
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 Renal bone disease is a heterogeneous group of metabolic bone 
disorders that accompany chronic kidney disease (CKD).

 The specific diagnosis of the type of renal bone disease that a 
patient may have is most objectively made by double tetracycline-
labeled quantitative bone histomorphometry (biopsy).

 All forms of renal bone disease may have low bone mineral density 
(BMD) or fragility fractures. The World Health Organization (WHO) 
criteria, well accepted for the diagnosis of osteoporosis in 
postmenopausal women or elderly men, cannot be used to 
diagnose osteoporosis in CKD (stages 4-5/5D) but can be used to 
make the diagnosis in early (stage 1-3) CKD.

 There are specific approaches to treating specific forms of renal 
bone disease (e.g., hyperparathyroidism, aluminum bone disease, 
chronic metabolic acidosis).

 Osteoporosis has many potential causes in CKD.
 The diagnosis of osteoporosis in CKD is made by excluding other 

forms of renal bone disease in the setting of low BMD or fragility 
fractures. Exclusions can be made by biochemical profiling (if the 
laboratory abnormalities are definitive) or by bone 
histomorphometry.

 Based on post-hoc analysis, oral bisphosphonates in doses 
approved by the U.S. Food and Drug Administration (FDA) for the 
treatment of postmenopausal, glucocorticoid, or male osteoporosis 
seem to be safe in patients with stage 4 CKD, at least for a 2- to 
3-year period of use. There are no data on the efficacy or safety of 
bisphosphonates in stage 5/5D CKD. Intravenous bisphosphonates 
are safe in usual doses from stage 1-3 CKD; slowing the infusion 
time to 30 to 60 minutes seems to be safe for off-label use of 
zoledronic acid in stage 4-5/5D CKD. Intravenous ibandronate does 
not seem to require a slower rate of injection in stage 4-5/5D CKD.

 More data are needed to define the relationship between low BMD 
and fracture risk in the various heterogeneous forms of renal bone 
disease and whether bisphosphonates reduce fracture risk in 
osteoporotic patients with severe stage 5/5D CKD or in those with 
severe secondary hyperparathyroidism.

 Bisphosphonates are contraindicated in osteomalacia and 
adynamic renal bone disease.

INTRODUCTION
Renal osteodystrophy constitutes a heterogeneous group of metabolic 
bone disorders that accompany declining glomerular filtration rate 
(GFR) (Box 201.1).1,2 Whereas one of these forms of renal bone disease 
may be present in patients at different stages of chronic kidney disease 
(CKD), patients may also move from one form to another, either as a 
process of the natural biology of renal bone disease or as a result of the 
treatments that are used to manage a specific form of renal bone 
disease.

The National Kidney Foundation’s (NKF) Disease Outcome Quality 
Initiative (KDOQI) has classified the degrees of CKD according to GFR 
in patients with known intrinsic renal disease (Table 201.1).3 In addi-
tion, aging is also associated with a reduction in GFR even without 
any known intrinsic renal disease. The third U.S. National Health and 
Nutrition Examination Survey (NHANES III) has reported that 25% of 
otherwise healthy adults have GFR levels less than 25 mL/min (Table 
201.2).4 It is not known whether bone metabolism differs in patients 
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BOX 201.1 HISTOMORPHOMETRIC FORMS OF RENAL BONE DISEASE
High or normal bone turnover
Osteitis fibrosa cystica: increased osteoclast and osteoblast activity and peritra-

becular fibrosis
Bone biopsy: increased bone turnover, increased number and activity of 

osteoblasts and osteoclasts, and variable amounts of peritrabecular 
fibrosis; increased osteoid, with “woven” pattern (as opposed to normal 
“lamellar” pattern)

Etiology: secondary hyperparathyroidism

Low bone turnover
Osteomalacia: defective mineralization of newly formed osteoid

Bone biopsy: increased osteoid seam width, increased trabecular surface 
covered with osteoid, and decreased bone mineralization

Etiology:
Vitamin D related:

Vitamin D deficiency
Resistance to vitamin D

Non–vitamin D related:
Chronic metabolic acidosis: excess H+ ions are buffered by bone HCO3

−, 
which leads to release of calcium and a gradual reduction in bone 
calcium stores, resulting in bone demineralization and eventual osteo-
penia; associated with increased risk of recurrent fractures

Aluminum accumulation: most commonly related to aluminum-containing 
phosphate binder therapy, and, recently, aluminum-containing antacids

Phosphate depletion
Adynamic or aplastic bone disease: most commonly seen in continuous ambu-

latory peritoneal dialysis patients; although characterized by low bone turn-
over, as in osteomalacia, there is no increase in osteoid formation
Bone biopsy: normal or decreased osteoid volume and reduced bone 

formation rate; reduced numbers of osteoblasts and osteoclasts
Etiology:

Sustained:
Total parathyroidectomy

Corticosteroid-induced osteoporosis
Diabetes mellitus: in patients with type 1, plasma parathyroid hormone 

levels tend to be lower than normal, probably accounting for the lower 
than normal bone formation rate (speculative); lack of insulin may con-
tribute by diminishing bone turnover, in the uremic setting

Reversible:
Calcitriol and vitamin D analogs used to suppress production of parathy-

roid hormone
Possibly oversuppression of parathyroid hormone production by 

cinacalcet
Exogenous calcium loading
Immobilization
Aluminum toxicity
Strontium

Diagnosis: aluminum loading must be excluded; bone biopsy is definitive.

Low to high bone turnover
Mixed uremic osteodystrophy
Calcific uremic vasculopathy
Dialysis-related β2-microglobulin amyloidosis (not exactly a metabolic bone 

disease)
Post-transplant bone disease
Osteoporosis

Age related
Hypogonadism
Corticosteroids
Heparin
Chronic acidosis
Poor nutrition
Vitamin D deficiency
Calcineurin inhibitors

TABLE 201.1 STAGES OF CHRONIC KIDNEY DISEASE

Stage Description
Glomerular filtration rate
(mL/min/1.73 m2)

1 Kidney damage with normal or increased 
GFR

>80 mL/min

2 Kidney damage with mild decreased GFR 80-60 mL/min

3 Kidney damage with moderate 
decreased GFR

60-30 mL/min

4 Kidney damage with severe decreased 
GFR

30-15 mL/min

5 Kidney failure <15 (or dialysis)

From Massry SG, Coburn JW. K/DOQI clinical practice guidelines for bone metabolism and 
disease in chronic kidney disease. Am J Kidney Dis 2003;42(Suppl 3):S10-S135.

TABLE 201.2 PREVALENCE OF GFR < 30 mL/min IN NHANES 
III POPULATION STUDY

Age group Prevalence (%)

20-29 0.0

30-39 0.0

40-49 0.0

50-59 0.0

60-69 7.3

70-79 21.3

80+ 53.9

From Coresh J, Astor BC, Greene T, et al. Prevalence of chronic kidney disease and decreased 
kidney function in the adult US population: Third National Health and Nutrition Examination 
Survey. Am J Kidney Dis 2003;41:1-12.

understanding of the link between bone turnover, mineralization, and 
volume to the systemic vascular calcification that leads to the most 
prevalent cause of death in CKD patients, termed chronic kidney 
disease/mineral and bone disorder (CKD/MBD).17

Bone biopsy should be considered in the following special clinical 
circumstances in patients with CKD.1,2,6-8,13,18-23

● In patients with fragility fractures, because patients with all forms 
of renal osteodystrophy may fracture and making the correct 

diagnosis is paramount to choosing the correct treatment. As will 
be discussed in the section on biochemical markers of bone turn-
over (BTM), there is a great deal of overlap in biochemical markers 
that limit their specificity in discriminating between the hetero-
geneous forms of renal osteodystrophy.14-16 Furthermore, the diag-
nosis of osteoporosis, a very prevalent metabolic bone disease in 
patients with CKD, cannot be made in patients with stage 4-5/5D 
CKD by BMD (WHO) criteria established for postmenopausal 
osteoporosis, nor by the presence of fragility fractures.5-8,18

● In patients with unexplained elevation of bone-specific alkaline 
phosphatase to exclude osteomalacia

● In patients with severe secondary (e.g., tertiary) hyperparathyroid-
ism before parathyroidectomy to be certain that there is no alu-
minum in bone. Parathyroidectomy before aluminum is removed 
will mitigate the ability of deferoxamine (DFO) to chelate and 
remove bone aluminum.

● Before initiating DFO chelation to remove bone aluminum in 
patients with suspected aluminum renal bone disease to be abso-
lutely certain that aluminum is present in bone. Serum alumi-
num levels may not always reflect the presence of bone 
aluminum.

● In patients with suspected adynamic renal bone disease based on 
biochemical profiles (hypercalcemia, low bone-specific alkaline 
phosphatase [BSAP] levels, lower intact PTH levels [100 to 
500 pg/mL] or a ratio of 1-84/7-84 [scantibodies] PTH < 1.0).19

● Before treating stage 5/5D (dialysis) CKD patients with osteopo-
rosis-specific pharmacologic agents for suspected osteoporosis 
because both osteomalacia and adynamic renal bone disease are 
diseases in which bisphosphonates and other agents that reduce 
bone turnover are not recommended.

Transiliac bone biopsies are safe procedures that, in experienced  
hands, are associated with a very low morbidity and minimal postop-
erative pain. By utilizing minimal-awareness conscious sedation and 
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renal bone disease may be due, for example, to oversuppression of PTH 
by a vitamin D analog or cinacalcet (Sensipar), it may be simpler to 
discontinue or reduce the dosage of the vitamin D analog or cinacalcet, 
allowing the endogenous PTH to increase. However, clinical questions 
still remain unanswered if these modifications are made to allow the 
PTH level to rise. For example, does the increase in PTH translate into 
an improvement in bone turnover or fracture risk reduction in patients 
with iatrogenically induced adynamic renal bone disease? Bone histo-
morphometry, measuring bone formation rates and mineral apposition 
rates both before and after modification of factors that might be associ-
ated with adynamic bone disease, might be the most objective means 
by which to monitor the influence of any modification designed to alter 
rates of bone turnover.25

Patients with renal osteodystrophy may move from one form of 
renal bone disease to another, and accompanying these transitions are 
distinct biochemical as well as histomorphometric changes that reflect 
the transition.14-17 For example, as CKD progresses through stages 3 to 
5, there is progressive development of secondary hyperparathyroidism 
that often resolves after renal transplantation and may then return 
again if there is a transplant rejection and a return to dialysis.16,17,20 
Management decisions surrounding renal transplantation have been 
the topic of recently published texts.15,26

Using biochemical tests to manage individual derangements in 
chemical values that develop during the progression of CKD is a 
common means by which clinical nephrologists attempt to prevent the 
consequences of the development of hyperphosphatemia, metabolic 
acidosis, hyperparathyroidism, osteomalacia, and aluminum bone 
disease. The reader is referred to previously published details on the 
management of the metabolic derangements that are seen in the pro-
gressive stages of CKD.3,16,17,20

HYPERPHOSPHATEMIA
Hyperphosphatemia occurs as GFR declines due to the restricted capac-
ity of the renal tubule to increase absolute urinary phosphorus excre-
tion. The tubular reabsorption of phosphorus (TRP) decreases as the 
filtered phosphorus load decreases to maintain the absolute urine phos-
phorus excretion and prevent hyperphosphatemia. The mediators of 
the decrease in the TRP are the rising PTH and osteocyte-derived 
fibroblast growth factor-23 (FGF23).27,28 However, the TRP can only 
decline to a limited degree even though the serum PTH and FGF23 
levels continue to rise.

In the original description of the “trade-off hypothesis,” one of the 
causes of the progressive rise in endogenous PTH as GFR declined is 
the retention of phosphorus and the subsequent adaptation to main-
tain a normal serum phosphorus (to keep the calcium × phosphorus 
product normal so as to mitigate soft tissue calcification). The trade-off 
is the development of progressive secondary hyperparathyroidism.23 
Hence, in an ideal CKD management scenario, one restricts dietary 
phosphorus intake at certain levels of GFR to prevent the subsequent 
development of secondary hyperparathyroidism (which is now known 
to be related to multifactorial cascades: hypocalcemia, reduced renal 
production of 1,25-dihydroxyvitamin D, and a direct effect of elevated 

appropriate cardiopulmonary monitoring, using frequently sharpened 
trocars, and with careful postoperative care, the proportion of patients 
having any postoperative pain is very small.

BIOCHEMICAL PROFILING
The laboratory tests that should routinely be measured in renal disease, 
especially from stage 3 CKD onward, include serum calcium, phospho-
rus, PTH, BSAP, creatinine, chloride, carbon dioxide, and 25-hydroxyvi-
tamin and 1,25-dihydroxyvitamin D levels.3,14-17 Many of these tests 
are measured annually in patients with stage 1-3 CKD, quarterly in 
patients with stage 4 CKD, and often monthly in patients with stage 
5/5D CKD. The reason for measuring these biochemical profiles is to 
detect when the serum phosphorus concentration begins to rise or 
when metabolic acidosis or secondary hyperparathyroidism begins to 
appear. Because secondary hyperparathyroidism may be due to defi-
ciency of either vitamin D metabolites, correlating the PTH levels to 
vitamin D levels allows discrimination between rising PTH due to 
vitamin D deficiency and PTH elevation that might rise due to hyper-
phosphatemia and/or reduced GFR.20-23

Biochemical tests are done for two distinctly separate reasons: (1) 
to try to predict the histomorphometry in patients with CKD and (2) 
to make clinical management decisions to prevent the development of 
hyperphosphatemia, metabolic acidosis, and hyperparathyroidism.

The utilization of biochemical profiling for characterizing the type 
of renal bone disease as defined by histomorphometry has value in 
groups of patients but loses both sensitivity and specificity in individual 
patient management. Table 201.3 condenses the generalities of bio-
chemical findings in CKD.14 Previous publications defined these bio-
chemical-histologic relationships in much greater detail.3,17

In general, patients with intact PTH (1-84) levels six times the 
upper limit of normal have a high probability of having osteitis fibrosa 
cystica. In turn, patients who have low levels of PTH and BSAP have 
a higher probability of having renal-related very low bone turnover or 
even adynamic or aluminum bone disease or low bone turnover osteo-
porosis.3,16,20 Hence, while the biochemical profiles are helpful in groups 
of patients, there is enough overlap such that biochemical profiles may 
not accurately reflect the bone histology in individual patients to make 
bone biopsy a necessity to achieve the correct diagnosis before specific 
management decisions are made. For example, as stated, although 
PTH levels are ordinarily lower (<150 pg/mL) in patients with ady-
namic renal bone disease,3,17 published data suggest that as many as 
50% of patients with biopsy-proven adynamic renal bone disease have 
intact PTH levels greater than 500 pg/mL.19 These situations may be 
associated with higher levels of a catabolic parathyroid hormone (7-84 
PTH) and a ratio of 1-84 to 7-84 of less than 1.0. Although it is bio-
logically reasonable to assume that a patient having a 1-84/7-84 ratio 
of less than 1.0 and a low BSAP has a higher probability of having 
adynamic renal bone disease, the data validating this are lacking, 
making biopsy a necessity before major management decisions are 
made.

There are non-modifiable as well as modifiable causes of adynamic 
bone disease (see Box 201.1).24 If the clinician suspects that adynamic 

TABLE 201.3 RELATIONSHIP BETWEEN BIOCHEMICAL PROFILES AND KEY QUANTITATIVE HISTOMORPHOMETRICS 
IN RENAL OSTEODYSTROPHY IN CERTAIN GROUPS OF PATIENTS

iPTH ALP/BSAP BFR/BS OV/BV O.Th

High bone turnover >10 times normal Normal to increased Increased Variable, <15% Normal to increased

>3 times normal

Low bone turnover

Osteomalacia Variable Variable, increased Reduced >15% Increased

Adynamic bone disease < 2 times to reduced Normal to reduced Reduced to absent <15% Normal to reduced

Mixed Variable increased Variable increased Variable >15% Normal to increased

Osteoporosis Normal (variable) Normal (variable) Normal <15% Normal

From Miller PD, Lerma E. Renal bone diseases. In: Kleerekoper M, Siris E, McClung M, eds. The bone and mineral manual, vol II. San Diego, CA: Academic Press, 2004.
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disease (ESRD) patients with severe secondary hyperparathyroidism. 
Although current guidelines suggest reducing PTH levels to less than 
250 pg/mL in ESRD patients, there is a concern about oversuppression 
of bone turnover that may lead to the development of adynamic bone 
disease if PTH levels are reduced too low.24,25 There is currently no 
universal consensus about the safe level of reduction of PTH. The 
KDIGO suggests watching the trend of PTH rather than making a 
clinical decision based on a single determination.

Surgical parathyroidectomy is indicated in patients with stage 5 
CKD who have severe hyperparathyroidism not manageable by vitamin 
D analogs or cinacalcet. Parathyroidectomy (PTX) is suggested in 
ESRD patients with persistent elevations of PTH levels greater than 
800 pg/mL associated with persistent hypercalcemia, bone fractures, 
soft tissue calcification, or hyperphosphatemia.3,17

OSTEOMALACIA
Osteomalacia, another form of low bone turnover, may also be seen in 
CKD and has a variety of causes (Fig. 201.1). Whereas aluminum 
accumulation on the surfaces of osteoid is one of the reversible causes 
of osteomalacia, this disease may also be seen in the absence of alu-
minum accumulation and be related to either deficiency or insuffi-
ciency of 25-hydroxyvitamin D levels, low 1,25-dihydroxyvitamin D 
levels, chronic hypophosphatemia, or chronic metabolic acidosis.

There are specific quantitative histomorphometric criteria for the 
classification of osteomalacia.1,2,13 Although low bone turnover may be 
seen in a variety of disease states, including osteoporosis, osteomalacia 
per se has very specific diagnostic criteria.

Because all forms of osteomalacia have a distinct treatable etiology, 
the correct diagnosis is essential for effective therapy. In clinical prac-
tice, osteomalacia is suspected when there is an elevation of the BSAP. 
Nevertheless, in renal osteodystrophy the BSAP may also be elevated 
in hyperparathyroid bone disease. The BSAP may also be elevated in 
some patients with postmenopausal or age-related osteoporosis. 
Patients with osteomalacia and osteoporosis may develop fragility frac-
tures. As will be discussed, bisphosphonates are contraindicated in 
patients with osteomalacia. Thus, it becomes especially important to 
differentiate osteoporosis from osteomalacia, especially in an ESRD 
patient who has fragility fractures. Here, too, double tetracycline-
labeled bone biopsy is the single most objective means to make the 
differential diagnosis.

Osteomalacia is treatable and if due to very low and sustained levels 
of 25-hydroxyvitamin D, increasing the 25-hydroxyvitamin D levels to 
more than 30 ng/mL will be accompanied by a reduction and ulti-
mately a normalization of the BSAP. To increase vitamin D levels to 
normal in the elderly population, it often requires 50,000 units of 
vitamin D2 per week for a period of time to be effective. Monitoring 
the BSAP, 25-hydroxyvitamin D, PTH, and serum calcium levels  
must be done periodically, titrating the vitamin D replacement 
accordingly.

serum phosphorus level and FGF23 to reduce PTH production). 
Restriction of dietary phosphorus is difficult because phosphorus is 
ubiquitous in the food chain. In addition, serum phosphorus concen-
trations may vary because of the cellular shifts in phosphorus that 
occur after a glucose load or change in acid-base status. Thus, mild 
and intermittent hyperphosphatemia may not be recognizable in stage 
1 to 3 CKD. Persistent elevation of serum phosphorus may only be 
seen in stage 4 to 5 CKD; yet, secondary hyperparathyroidism often 
precedes this development. Hence, in both the KDOQI and KDIGO 
guidelines, the recommendation is to restrict dietary phosphorus and, 
if this is ineffective, to use one of the vitamin D analogs to suppress 
PTH values in stage 3 and 4 CKD when PTH levels rise to more than 
70 pg/mL (stage 3 CKD) or 110 pg/mL (stage 4 CKD) on more than 
two consecutive measurements. The purpose is to mitigate the effects 
of chronic elevation of PTH on skeletal health.

Even though the KDOQI and KDIGO guidelines suggest early inter-
vention with vitamin D analogs to suppress PTH values, a fundamen-
tal question is raised: Is there enough evidence that mild elevations of 
PTH induce sufficient negative skeletal consequences to justify inter-
ventions to reduce the PTH levels? The evidence supporting this 
hypothesis is weak, although there are preliminary data suggesting a 
greater skeletal fragility even in early CKD.29,30 The acknowledged 
evidence that specific vitamin D analogs suppress PTH levels drives 
the opinion that early reduction of PTH is beneficial. Limited data from 
paired bone biopsies suggest improvement in hyperparathyroid histo-
logic features by early suppression of PTH, but there are no data on 
the effect of such early intervention on fragility fracture risk or on 
changes in BMD. In addition, use of the vitamin D analogs (calcitriol 
0.25 mg/day; α-calcidiol 0.25 mg/day; or doxercalciferol 2.5 mg 3 
times a week), although capable of lowering serum PTH levels also 
requires close safety monitoring for potential harmful effects of these 
potent agents: the induction of hypercalcemia or hyperphosphatemia 
or lowering GFR.

Although there is greater consensus in the nephrology community 
with regard to suppressing PTH in patients with CKD stage 5/5D, with 
the use of vitamin D analogs or cinacalcet, especially in patients with 
clear-cut clinical abnormalities related to their excessive PTH (hyper-
calcemia, radiographic evidence of osteitis fibrosa cystica, elevated 
BSAP levels, soft tissue calcification, fragility fractures, or decline in 
BMD), there is less consensus about suppressing PTH in patients with 
stage 3 or 4 CKD. The use of the pharmacologic modalities designed 
to suppress PTH levels in patients with CKD is probably best directed 
by either nephrologists or specialists with a keen interest in metabolic 
bone diseases. In patients with CKD, before or during  
the use of vitamin D analogs it is also very important to maintain the 
serum phosphorus concentration in a normal range to mitigate the 
potential for soft tissue calcification. As discussed later, one potential 
advantage of using cinacalcet as opposed to vitamin D analogs to sup-
press PTH levels are the data that cinacalcet does not increase serum 
phosphorus or calcium in CKD patients.31

HYPERPARATHYROIDISM
As GFR declines in progressive CKD, PTH levels rise. There is increased 
PTH production as GFR declines due to hypocalcemia, hyperphospha-
temia, and/or reduced renal production of 1,25-dihydroxyvtamin D. 
This GFR/PTH relationship becomes exponential as GFR falls to levels 
under 30 mL/min. As previously discussed, control of the serum phos-
phorus and calcium concentrations as well as vitamin D analogs is one 
approach to preventing secondary hyperparathyroidism. In stage 5 
CKD, PTH levels may often be very elevated and the clinical conse-
quences from secondary hyperparathyroidism more severe as well. The 
highest PTH levels seen in human biology are in stage 5 CKD and may 
lead to severe hypercalcemia, soft tissue calcifications, high bone turn-
over with associated elevated BSAP, severe osteitis fibrosa cystica, loss 
of BMD, and fragility fractures.

Cinacalcet (initially at a dose of 30 mg/day with the dosage titrated 
to achieve an intact PTH level < 250 pg/mL) normalized serum calcium 
and BSAP levels and, in contrast to the hyperphosphatemia that may 
be seen with the use of vitamin D analogs, lowered the serum phos-
phorus concentrations as well. Careful monitoring of PTH values is 
important if inhibitors of PTH production are used in end-stage renal 

Fig. 201.1 Osteomalacia: osteoid (pink) surface % > 80; osteoid thickness > 
12 µm; mineralization lag time > 100 days. (From Miller PD, Huffer W. Renal 
osteodystrophy. In: Schrier RW, Bennett W, eds. Essential atlas of nephrology and 
hypertension, 2nd ed. Philadelphia: Current Medicine LLC, 2004.)
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PTH level has been more than 500 pg/mL in biopsy-proven adynamic 
bone disease.19 Thus, bone histomorphometry becomes a necessity in 
these patients.

In patients with severe CKD who are experiencing fractures and 
have low BMD and clinical reasons suggesting osteoporosis, biopsy is 
often a necessity before initiating bisphosphonates to reduce fracture 
risk. Bisphosphonates are relatively contraindicated in adynamic bone 
disease. Use of an agent that reduces bone turnover in patients who 
already have preexisting low bone turnover could possibly be detrimen-
tal.34,35 The hypothesis remains untested, although plausible, that 
bisphosphonates could make adynamic bone disease worse and increase 
bone fragility. Oversuppression of bone turnover leading to bone fragil-
ity that might be induced by bisphosphonates has been suggested by 
anecdotal data but remains an unproven hypothesis.34-37 It is also 
plausible that bisphosphonates mitigate vascular calcification.38-40 
However, in those ESRD patients in whom adynamic bone disease  
is defined by quantitative bone histomorphometry (see Fig. 201.2),1 
bisphosphonates should not be given to augment bone strength.

A biochemical profile that has been suggested to provide a possible 
enhanced sensitivity to the non-invasive diagnosis of adynamic bone 
disease is the ratio of 1-84/7-84 PTH (scantibodies).19 The PTH 
sequence of 7-84 is catabolic to bone turnover and may be secreted 
from the parathyroid cell through its own genomic pathway. There is 
a good correlation between the quantitative bone histomorphometry 
findings of ESRD with the 1-84/7-84 ratio, if the ratio is less than 1.0. 
It is hypothesized that those patients with adynamic bone disease who 
have high levels of PTH may have adynamic bone disease because of 
higher levels of 7-84 PTH. If these preliminary observations are sub-
stantiated by future data, it may explain why some patients with 
adynamic renal bone disease have elevated (rather than suppressed) 
1-84 PTH levels. There are also published data suggesting that the 
ratio of 1-84/7-84 PTH may not be as sensitive for diagnosing ady-
namic bone disease as earlier data suggest.17,41,42 A bone biopsy is 
therefore still necessary to be certain.

METABOLIC ACIDOSIS
Patients with CKD develop metabolic acidosis, most commonly due to 
the accumulation or reduced excretion of organic anions. This is most 
often seen when the GFR reaches less than 30 mL/min. A non-anion 
gap metabolic acidosis (renal tubular acidosis [RTA]) may be seen at 
any level of GFR and in patients without any reduction in renal func-
tion. Either proximal (rare) or distal (common) RTA can lead to either 
osteomalacia or osteoporosis. The reader is referred to more in-depth 
literature on this subject.43,44 In patients with CKD, the serum CO2 
level should be measured and, if necessary, maintained at more than 
22 mmol/L with alkali salts. However, it is important not to use citrate 
as the alkali salt because this enhances the intestinal absorption of 
aluminum. In clinical practice it is important to confirm that the low 
CO2 is due to a metabolic acidosis and not a respiratory alkalosis by 
arterial blood gas analysis.

OSTEOPOROSIS
Although osteoporosis is not listed in the literature as a form of renal 
osteodystrophy, the consideration that some form of osteoporosis 
rather than a renal-related metabolic bone disease is causing fractures 
will take on more significance in clinical practice. There are many 
reasons why CKD patients may develop osteoporosis.6-8,11 As patients 
with CKD live longer, more will also have an increased risk for the 
development of osteoporosis.

How does one make the diagnosis of osteoporosis in patients with 
CKD? All forms of renal bone disease may be associated with fragility 
fractures or low BMD. Therefore, neither fractures nor the WHO cri-
teria (BMD T-score of −2.5 or below) can be used with certainty to 
make a diagnosis of osteoporosis in patients with stage 4-5/5D CKD. 
The recent KDIGO working group does support the use of the WHO 
criteria for the diagnosis of osteoporosis in stage 1 to 3 CKD.17 Because 
biochemical profiling cannot clearly discriminate among the various 
forms of renal osteodystrophy with certainty, it also cannot be used to 
make a diagnosis of osteoporosis. Hence, it becomes a necessity to 
differentiate between the renal osteodystrophies and osteoporosis by 

Although the prevalence of aluminum bone disease has decreased 
with the less frequent use of aluminum-containing phosphate binders, 
it is still surprisingly common. The KDOQI guidelines suggest main-
taining the dialysate fluid aluminum concentration at less than 
10 mg/L. In addition, KDOQI guidelines recommend treating symp-
tomatic ESRD patients with basal serum aluminum levels greater than 
60 mg/L or observing a rise of serum aluminum of 50 mg/L or more 
after a DFO challenge test. The treatment for aluminum bone disease 
or aluminum-induced dementia is long term (4 to 6 months) at DFO 
doses of 5 mg/kg intravenously over 1 hour before hemodialysis, one 
to two times per week.

DFO has risks: in patients with high basal (>200 mg/L) serum alu-
minum levels, DFO-induced redistribution of aluminum from bone 
may induce neurotoxicity. In such cases it is suggested that intensive 
(6 days/week) high-flux hemodialysis be performed first to achieve pre-
dialysis serum aluminum levels less than 200 mg/mL before DFO 
initiation. In addition, the risk of certain fungal infections, including 
rapidly progressive mucormycosis, may exist, especially in diabetics. 
Hence, one should be as certain as possible that aluminum bone 
disease is present before initiating the potentially toxic DFO therapy. 
Here again, bone biopsy with aluminum staining is diagnostic. In addi-
tion, a repeat bone biopsy after the completion of the DFO treatment 
course is the most sensitive way to be certain that the aluminum has 
been removed. It is not uncommon to have normal basal and post-DFO 
challenge serum aluminum levels and yet still have abundant alumi-
num covering osteoid surfaces.

ADYNAMIC RENAL BONE DISEASE
Adynamic renal bone disease is an increasingly prevalent form of renal 
osteodystrophy that may be associated with fragility fractures and low 
BMD and variable biochemical profiles (Fig. 201.2).13,16,17,19,25 Ady-
namic bone disease was initially seen predominantly in diabetic 
patients with ESRD on peritoneal dialysis, even in patients who had 
not received interventions to reduce PTH levels. However, the preva-
lence of this disease seems to be increasing.

Although there are forms of adynamic bone disease that have no 
apparent cause, there may be modifiable as well as non-modifiable 
forms.24 It is probable that oversuppression of PTH, whether by vitamin 
D analogs, cinacalcet, or parathyroidectomy, may lead to some forms 
of adynamic bone disease. In theory, those forms of adynamic bone 
disease that are induced by pharmacologic suppression of PTH may 
become reversible once the responsible agent is removed. However, 
there are situations in which adynamic bone disease is seen without 
an identifiable etiology and these recalcitrant forms are very problem-
atic because many of these patients develop severe fragility fractures.32,33 
In addition, as previously stated, biochemical profiling may not be 
sensitive or specific enough to make a diagnosis of adynamic bone 
disease in the individual patient. In fact, in some reports the intact 
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Fig. 201.2 (a-d) Adynamic renal bone disease. (From Miller PD, Huffer W. Renal 
osteodystrophy. In: Schrier RW, Bennett W, eds. Essential atlas of nephrology and 
hypertension, 2nd ed. Philadelphia: Current Medicine LLC, 2004.)
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the risk of both non-vertebral as well as vertebral fractures in patients 
with stage 1 to 3 CKD. Even in women and men with osteoporosis, 
teriparatide seems effective in elderly patients who may often have 
secondary hyperparathyroidism due to vitamin D insufficiency. Most 
clinicians do not measure PTH levels at baseline before initiating 
teriparatide, yet elevations are common in the elderly who often also 
have reductions in GFR. It is certainly not suggested that patients with 
stage 4-5/5D CKD should receive teriparatide for severe osteoporosis. 
I believe that in patients with these degrees of severe CKD, bisphos-
phonates should be used for patients who have osteoporosis and 
fractures.

Recent post-hoc data from the teriparatide fracture prevention trial 
suggest that teriparatide is also safe and effective down to GFR levels 
of 30 mL/min.50 Efficacy was measured by improvements in BMD and 
osteoblast activity markers (pro-peptide type I collagen). If there is a 
reversible cause of an elevated PTH in a patient with stage 3 CKD, 
these abnormalities should be corrected first, to see the effect on the 
serum intact PTH before initiating teriparatide. Even if the patient’s 
PTH does not normalize and seems to be elevated due to CKD alone, 
there may be a very different effect on bone strength by administering 
PTH in “pulses” even in bone exposed to chronic elevations of PTH. 
To the extent that teriparatide is safe down to GFR levels of 30 mL/
min, it should be considered as a possible therapy in very specific 
circumstances.

CONCLUSION
Renal osteodystrophy is a heterogeneous group of metabolic bone dis-
eases associated with declining GFR values. There are many causes 
and clinical presentations that often cannot be distinguished from one 
another without quantitative bone histomorphometry, especially in 
stage 4-5/5D CKD. Once the diagnosis is clear, all forms of renal 
osteodystrophy have many reversible causes; some remain “idiopathic.” 
Newer therapies with vitamin D analogs or cinacalcet can mitigate one 
form of renal osteodystrophy: secondary hyperparathyroidism. Osteo-
porosis also occurs in CKD patients and has a clinical presentation not 
easily indistinguishable from “renal bone disease,” fractures, and low 
bone mass. Nevertheless, osteoporosis does occur in CKD and may be 
amenable to interventions designed to reduce fracture risk in patients 
with osteoporosis with normal renal function. The recent KDIGO 
report has expanded the relationships between bone mineralization, 
turnover, and volume to link the bone derangements in CKD to the 
systemic vascular calcification (CKD/MBD). Physicians need guidance 
on how to diagnose and treat osteoporosis in their CKD patients, 
especially stage 4-5/5D CKD for which evidence-based data are nearly 
non-existent.

quantitative bone histomorphometry. This is especially true if the 
physician believes that the patient has osteoporosis and contemplates 
the use of osteoporosis-specific pharmacologic agents designed to 
improve bone strength and reduce the risk of fracture.45 Although 
hormone replacement therapy (HRT), selective estrogen receptor mod-
ulators (SERMs), and calcitonin can reduce fracture risk in postmeno-
pausal women, older men, or patients with glucocorticoid-induced 
osteoporosis, they may have limitations in patients with CKD. HRT 
and SERMs increase the risk for venous thromboses, and there is no 
evidence that calcitonin reduces the risk of non-vertebral or hip frac-
tures. These latter forms of fragility fractures are common in patients 
with CKD. Thus, physicians caring for patients with CKD who also 
have fragility fractures often ask about the use of bisphosphonates or 
even teriparatide (rh1-34 PTH) for patients with CKD.

The FDA suggests not using bisphosphonates in patients with cre-
atinine clearances less than 30 to 35 mL/min. This warning is not a 
contraindication to bisphosphonate use in patients with stage 4 to 5 
CKD but is mostly based on the lack of evidence of safety in patients 
with more severe CKD and on data from animal studies indicating that 
much higher oral doses of bisphosphonates may induce a renal lesion 
and reduced GFR.

Recent post-hoc pooled analyses obtained from the risedronate clini-
cal trial dataset indicate that daily doses of risedronate (5 mg/day) are 
safe (do not alter serum creatinine concentrations) and effective (reduc-
tion in incident vertebral fracture risk) in patients with GFR levels 
between 15 and 30 mL/min.46 In addition, a post-hoc analysis from 
the alendronate postmenopausal registration trials also demonstrated 
that the daily formulations of alendronate are also safe and effective to 
reduce all clinical fractures in women with an estimated GFR (eGFR) 
as low as 15 mL/min.47 Similar post-hoc data has also been reported 
from the raloxifene postmenopausal registration trial.48 These post-hoc 
analyses need to be confirmed by prospective studies; however, the data 
do suggest that FDA-approved doses of oral bisphosphonates are safe 
and effective even in patients with stage 4 CKD.49 These data may not 
apply to patients with stage 5/5D CKD, those with ESRD, or the post–
renal transplant population.

The clinical question often arises about what dose of oral bisphos-
phonates should be considered in patients with stage 5 CKD or on 
dialysis. Here we have no evidence and only opinion exists. Because of 
the known pharmacokinetics of oral bisphosphonates, using 50% of 
the dose prescribed for patients with normal GFR in stage 4 CKD 
seems reasonable, recognizing that bone affinities, bone retention time, 
and bone accumulation may be very different in patients with GFR 
values less than 15 mL/min or even among the various oral 
bisphosphonates.

What about the use of teriparatide in patients with CKD? There 
should be no reason why teriparatide should not be effective to reduce 
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slightly more than females, with a ratio of 1.4 : 1.6,7 More recent epi-
demiologic data suggest a decline in both the prevalence and severity 
of this disease.8-10

PATHOGENESIS
Etiology
Paget’s disease is thought to reflect a genetic disorder that is autosomal 
dominant in transmission with variable penetrance. The environmen-
tal determinants that contribute to this gene expression remain unde-
fined. Although paramyxoviruses have been implicated as permissive 
in Paget’s disease, it is clear that they are not the sole determinant. 
Other exogenous factors and/or intrinsic perturbations in aging bone 
must play a role.11

Genetic factors
In 2002, scientists studying a French-Canadian cohort of patients  
with Paget’s disease described a mutation in the gene sequestosome 1 
(SQSTM1) on chromosome 5q35, which occurred in 46% of patients 
with familial Paget’s disease and in 16% of patients with sporadic 
Paget’s disease.12 SQSTM1 encodes a 62-kDa protein, p62, that has 
been implicated in signal pathways mediating osteoclastogenesis and 
skeletal reorganization. The most common mutation, P392L, occurred 
in the ubiquitin-associated (UBA) domain of p62.13 The P392L 
mutation was due to a C to T transition at base 1215 in both sporadic 
and familial PDB and, although less prevalent, has been identified  
in patients with Paget’s disease in other countries.14-16 There are 
now more than 12 mutations described, most clustering near the UBA 
domain of the SQSTM1 gene.17 These mutations seem to occur 
on a limited number of shared haplotypes, suggesting a founder  
effect,18 and prompting speculation that within this stable genetic 
background is a mutational hot spot. Support for this comes from  
the recent publication by Merchant and colleagues in which somatic 
mutations in SQSTM1 were detected in the pagetic bone of individuals 
with sporadic Paget’s disease and no evidence of germline mutations.19 
In this study, laser capture microdissection was used to collect  
the samples for mutational screening from primary affected bone. In 
another recent small study done by Matthews and associates  
using cultures of osteoblasts and bone marrow cells from patients with 
sporadic Paget’s disease, no somatic mutations in SQSTM1 were 
identified.20

Work is underway to understand how these mutations in SQSTM1 
affect ubiquitin binding and promote dysregulation of osteoclasts.21 
The initial p62 knockout models and transgenic mice with P392L 
mutations expressed in osteoclasts suggest that this mutation alone is 
more likely permissive to abnormalities in bone remodeling rather than 
causative of Paget’s disease. In the clinical realm, efforts to correlate 
genotype with phenotype suggest that truncating mutations in patients 
with Paget’s disease may result in more severe disease, characterized 
by earlier onset and more affected bones.22 It is difficult to know what 
accounts for the distinct phenotype of Paget’s disease without a clear 
understanding of what modulates the phenotypic expressions and why 
aging seems to play such a role in this disorder.

A recent publication from England suggests a new genetic locus  
on chromosome 10p13 may predispose some patients to Paget’s  
disease who do not carry an SQSTM1 mutation.23 Paget’s disease 
also occurs in conjunction with inclusion body myopathy and fronto-
temporal dementia, a rare disease in which mutations in the VCP 
gene result in disruption of the ubiquitin-proteosome degradation 
pathways.24

Paget’s disease of bone
Margaret Seton

 Paget’s disease of bone is a focal disorder of bone remodeling 
characterized by accelerated bone resorption coupled to formation 
that results in enlargement and deformity of bone.

 This disease may occur in one or more bones, has a predilection for 
the skull, spine, pelvis, and lower extremities, and is a disease of 
the adult skeleton, increasing in prevalence with aging and marked 
by a slight male predominance.

 Familial and sporadic cases are reported. Geographic prevalence of 
the disease varies throughout the world.

 The pathogenesis is unknown. Although there are now 
acknowledged genetic determinants, the environmental triggers 
remain undefined.

 Clinical complications include pain, deformity, fracture, and nerve 
compression syndromes; metabolic consequences are reported. 
Rarely, an osteosarcoma arises in pagetic bone.

HISTORY
In 1876, Sir James Paget presented a paper entitled “On a Form of 
Chronic Inflammation of the Bones (Osteitis Deformans)” in which he 
detailed the progressive, crippling deformity of bone that would be 
called Paget’s disease of bone.1 That it existed before this time is evi-
denced by paleoarcheologic findings of thickened skulls consistent with 
Paget’s disease in some Neanderthal remains. More recently, pagetic 
bones were unearthed in early Anglo-Saxon graveyards in northern 
England and reference has been made to findings of Paget’s disease in 
ancient Egyptian and Native American skeletal remains.2

EPIDEMIOLOGY
Paget’s disease of bone is a disorder of the adult skeleton and is not 
seen in children. This observation was confirmed in autopsy series in 
Germany (Schmorl, 1932) and England (Collins, 1956); these physi-
cians reported a prevalence in persons older than age 40 years of 3.0% 
and 3.7%, respectively. Population studies undertaken since that time 
to determine the prevalence of this disease have depended largely on 
screening radiographs and questionnaires. Because of the predilection 
for the axial skeleton and proximal femurs, radiographs of the kidney/
ureter/bladder, taken as routine admission films or for other indica-
tions such as abdominal pain or kidney stones, formed the basis of 
many population studies to determine prevalence. Using this protocol 
in England, the radiographic prevalence of Paget’s disease was 5.4% in 
persons aged 55 and older.3 In the United States, using the National 
Health and Nutrition Examination Survey (NHANES)-I database,  
the prevalence of radiographic Paget’s disease of the pelvis in the popu-
lation aged 55 to 74 years was reported to be around 2% and more 
frequent in residents of northeastern states and in whites.4 In 1982 in 
a postal survey across western Europe, Detheridge and colleagues 
mapped the prevalence of Paget’s disease from 1416 replies; they noted 
it was most prevalent in Great Britain, where geographic clusters 
occurred.5 In addition, Paget’s disease is common in regions of France, 
Spain, Italy, and other western European countries and in Australia 
and New Zealand. It is unusual in Norway and Sweden and rarely 
reported in India and the Far East. The prevalence of Paget’s disease 
increases with age. Between 10% and 40% of persons with Paget’s 
disease report a family history of this disorder. Males are affected 
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becular fibrosis, and loss of normal marrow elements over  
time (Fig. 202.2). Although there are large fluxes of calcium in and 
out of bone, there tend to be no perturbations in the measured  
serum calcium or phosphate concentrations in otherwise healthy 
individuals.29

CLINICAL FEATURES
Presentation
Sir James Paget wrote of the clinical expression of Paget’s disease of 
bone by stating, “It begins in middle age or later, is very slow in prog-
ress, may continue for many years without influence on the general 
health, and may give no other trouble than those which are due to the 
changes of shape, size and direction of the diseased bones.”1 Many 
patients with Paget’s disease of bone are asymptomatic and diagnosed 
incidentally because of an isolated elevation in the serum alkaline 
phosphatase level or because pagetic bone is noted in a screening 
radiograph ordered for other reasons. Other patients with Paget’s 
disease may suffer crippling deformities of bone (Fig. 202.3), disfigure-
ment (Fig. 202.4), pain, fracture, nerve compression syndromes, and 
impaired quality of life on the basis of the bones affected. Pain in 
Paget’s disease of bone is derived from several sources: from the bone 
itself, from the consequence of encroachment on proximal structures, 
and from secondary osteoarthritis of joints provoked or in part driven 
by the pagetic bony overgrowth.30

Skeletal sites
Paget’s disease of bone may affect any bone and may be monostotic or 
polyostotic. There is a predilection for the skull, thoracolumbar spine, 
pelvis, and femur, but it is commonly noted in other bones of the 
appendicular skeleton as well. When the disease affects the skull, 
hearing loss, headache, and visual disturbance may ensue; the skull 
may “settle,” softening in a “tam-o-shanter” shape that can result in 
basilar invagination, cord compression, and hydrocephalus (Fig. 202.5). 
Vertebral involvement with overgrowth of bone and/or compression 
fractures may present as spinal cord lesions, isolated radiculopathy, 
spinal stenosis, and cauda equina syndromes (Fig. 202.6). The height-
ened vascularity of bone has also been reported to cause vascular steal 
syndromes (Fig. 202.7). When Paget’s disease of bone involves bone 
proximal to a joint, patients usually present with pain, limitation of 
motion, and early osteoarthritic changes at that site (Fig. 202.8). The 
consequence of bowing deformities of limbs is often shown as degen-
erative changes at multiple sites due to misalignment of joints and 
altered weight bearing. Clinical consequences of these problems include 
instability of gait, falls, and fracture.

Environmental factors
A number of environmental factors have been proposed to be of impor-
tance in Paget’s disease of bone. The most persuasive of these is expo-
sure to paramyxoviruses, specifically canine distemper virus and 
measles. In 1981, Rebel and colleagues demonstrated intranuclear 
inclusions in pagetic osteoclasts that suggested a viral etiology to this 
disease.25 Over the next 25 years, data have accumulated pointing to 
measles virus or canine distemper virus as important in the pathogen-
esis of Paget’s disease. Immunohistochemical studies showed antibod-
ies to these viruses binding to the nuclear inclusion particles; measles 
virus nucleocapsid protein (MVNP) was found to be expressed by some 
investigators within osteoclasts and precursors; and osteoclasts trans-
fected by MVNP expressed a partial pagetic phenotype.26,27 Although 
these findings have been contested by others, a transgenic mouse 
expressing MVNP in osteoclasts has been created that shows early 
increases in bone formation. More recently, evidence of MVNP expres-
sion was found in affected tissue of some but not in all patients with 
sporadic Paget’s disease and pagetic osteosarcoma.19 Pet ownership, 
exposure to well water, urban versus rural upbringing, and sibship size 
are proving inconsistent determinants of Paget’s disease at this time.28 
Paget’s disease of bone is not expressed in dogs or other animals.

Histopathology
Paget’s disease of bone is mediated largely by abnormal osteoclasts. It 
is postulated that the primary lesion resides in the osteoclast, but the 
role of the bone microenvironment in driving this lesion remains 
unclear. Evidence that the osteoclast plays a pivotal role in the patho-
genesis of Paget’s disease is based on the following:

● Pagetic osteoclasts express a bizarre phenotype, contain intra-
nuclear inclusions, and are hypersensitive to physiologic amounts 
of vitamin D.

● The earliest clinical lesion is lytic.
● Treatment of the osteoclast is sufficient to restore normal rates 

of bone remodeling.

The accelerated rate of bone resorption seen in patients with Paget’s 
disease is accompanied by bone formation, resulting in pagetic bone 
that is thickened but structurally compromised. This structural incom-
petence is due to the abnormal deposition of both woven and lamellar 
bone. The woven bone is weaker than normal; although the units of 
lamellar bone increase the bone mass, they are deposited in an archi-
tectural pattern that is biomechanically unsound. Histologically, this 
manifests as randomly arranged units of lamellar bone delineated by 
cement lines that form the pathognomonic “mosaic” pattern (Fig. 
202.1). Other secondary changes include increased vascularity, peritra-

Fig. 202.1 Histopathology of pagetic bone. Irregular cement lines (arrow) 
formed by the disorganized deposition of bone result in a characteristic 
mosaic pattern.

Fig. 202.2 Histopathology of pagetic bone. Note the numerous, large, 
multinucleated osteoclasts (arrowhead) active in bone resorption, while 
osteoblasts (arrow) respond with bone formation. Highly vascular fibrous 
connective tissue is present and replaces normal marrow.
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IMAGING
Radiography and bone scintigraphy record the abnormal bone turnover 
and selective bony involvement so characteristic of Paget’s disease. 
Bone scintiscans are particularly useful in defining extent of disease 
(Fig. 202.9), whereas conventional radiographs define important infor-
mation about the anatomy of the pagetic bone. Classic radiographic 
features of Paget’s disease include thickened cortical bone and mixed 
lytic-sclerotic lesions that evolve over time, resulting in the distortion 
and overgrowth of affected bone. Lesions usually begin in the subchon-
dral area and are continuous, progressing without skip lesions through 
that bone; cortical tunneling and trabecular thickening may be present 
(Fig. 202.10).31 Plain films are diagnostic in most instances and are 
useful in assessing the complications of Paget’s disease and in evaluat-
ing whether the disease is in its incipient lytic phase or has progressed 
(Fig. 202.11). As the weight-bearing bones bow, small fissure fractures 
may occur in cortical bone (Fig. 202.12). These usually occur on the 
convex portion of the femur, in contradistinction to the pseudofrac-
tures of osteomalacia (Looser’s zones) that occur on the concave. 
Paget’s disease of bone does not cross normal articular surfaces, 
although it may bridge bony calluses. It does not metastasize, and it 
is distinctly unusual to identify new bony involvement with Paget’s 
disease over time. The environmental or genetic determinants of this 
remain unclear. Also unexplained is the increasing prevalence of radio-
graphic Paget’s disease noted with aging. Serial bone scintiscans and 
radiographs have been reported to improve with treatment of Paget’s 
disease of bone and may be useful in following some patients with 
pagetic lesions and normal biochemical parameters and those with 
predominantly lytic lesions of bone (Fig. 202.13).

LABORATORY FINDINGS
The serum alkaline phosphatase remains a useful measure of Paget’s 
disease of bone when its origin has been identified as bone. Histori-
cally, an elevated serum alkaline phosphatase level reflects the extent 
and activity of skeletal disease, although there are caveats to this. 
Paget’s disease of the skull may produce marked elevations in this level, 
whereas monostotic Paget’s disease may produce little or no perturba-
tion in this enzyme. Some patients with long-standing Paget’s disease, 
usually evident in the pelvis, will have little or no elevation in the 
serum alkaline phosphatase value or uptake by bone scintigraphy, sug-
gesting end-stage Paget’s disease that is sclerotic and biochemically 
quiescent. Recent studies suggest that other markers of bone forma-
tion, including bone-specific alkaline phosphatase and procollagen type 
I N-terminal propeptide (PINP), may prove useful in monitoring 
therapy with the bisphosphonates. The urinary marker of bone resorp-
tion, N-telopeptide (NTx), also appears to be sensitive in assessing both 

Fig. 202.3 Bowing of the right femur. A forward and lateral deformity 
provoking excruciating pain is due to varus osteoarthritis of the knee and 
shortening of the right lower limb.

Fig. 202.4 Paget’s disease of the maxilla resulting in the characteristic facial 
deformity known as leontiasis ossea. Note also the hypertrophy of the right 
temporal artery, which can potentially be mistaken for temporal arteritis.

Fig. 202.5 This MR image shows a grossly thickened pagetic skull, with 
evidence of basilar invagination and compression of the lateral ventricle of the 
brain.
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a b

Fig. 202.6 Paget’s disease of the spine. (a) Slipped pagetic vertebra narrowing the neuroforamen. (b) Bulging of intervertebral disc leading to spinal stenosis; 
the stenosis is less severe at the level of the pagetic vertebra.

Fig. 202.7 Paget’s disease producing a right deformity of the skull, deafness 
(see hearing amplifier device in the right ear), and apathy due to vascular steal 
syndrome.

Fig. 202.8 Standing anteroposterior radiograph of knees taken in a flexed 
position. There is marked pagetic involvement of the left tibia that has resulted 
in end-stage degenerative changes to that knee. Note the thickened bone, 
mixed lytic and sclerotic lesions, and heightened trabecular markings. The 
right lower extremity and left fibula are unaffected.
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Fig. 202.9 99mTc-MDP bone scan shows polyostotic Paget’s disease involving 
the sternum, right scapula, two lumbar vertebral bodies, and right hemipelvis. 
There may be early pagetic disease in the right skull as well.

Fig. 202.10 Lateral radiograph of the lower extremity. Classic changes of 
Paget’s disease are present in the bowing deformity of the tibia, with marked 
cortical thickening and mixed lytic and sclerotic lesions. The fibula is spared.

Fig. 202.11 This lateral radiograph of the skull shows the early, lytic phase of 
Paget’s disease known as osteoporosis circumscripta (arrows mark the leading 
edge).

a b

Fig. 202.12 Lateral radiographs of the left femur before (a) and after (b) 
fracture. (a) Cortical incongruities or fissure fractures are present on the convex 
surface of this pagetic femur. These were asymptomatic for 15 years and 
showed no resolution with bisphosphonate treatment. (b) In 2005, the patient 
suffered an atraumatic fracture at this site. The fracture is a classic “chalk stick” 
fracture characteristic of Paget’s disease.
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early (e.g., 10-14 days) and late responses to therapy.32,33 Whether any 
of these biologic markers of bone turnover offer an advantage over that 
of serum alkaline phosphatase remains debatable. The benefit of the 
urine NTx value is that it is the earliest marker of response to treat-
ment (reflecting osteoclast activity), whereas the serum alkaline phos-
phatase value (a measure of osteoblast function) may take months to 
normalize.

DIFFERENTIAL DIAGNOSIS
Paget’s disease is usually well defined by the clinical picture and the 
classic findings in bone scans, radiographs, and computed tomography. 
In the age group affected by this disease, osteoporosis and cancer are 
also prevalent and it is prudent to remember that these diseases may 
coexist and affect skeletal health. Because of the variable presentation 
of Paget’s disease in both lytic and blastic phases there are a few cir-
cumstances in which a tissue biopsy may be required to prove the 
diagnosis.34 New lesions noted by bone scintiscan at any site, not 
present or suspected on earlier bone scans, require further evaluation. 
Metastases rarely occur in sites of pagetic bone, so comparison of a 
new bone scintiscan with a baseline bone scintiscan may prove useful. 
In cases in which the diagnosis of Paget’s disease of bone remains 
unclear, and in cases in which a pagetic osteosarcoma is suspected on 
the basis of increasing pain and soft tissue swelling, magnetic reso-
nance imaging may better define the anatomy of soft tissue and address 
whether there is effacement of normal marrow/structures or cortical 
disruption by a mass.

COMPLICATIONS AND NATURAL HISTORY
The most devastating long-term complication of Paget’s disease of bone 
is osteosarcoma. This is a rare complication, occurring in perhaps 1% 
of persons with known disease and accounting for 30% or so of sarco-
mas in the elderly. Curiously, the distribution of the sarcoma in Paget’s 
disease does not correspond to the preferential location of pagetic 
bones; the spine is seldom affected, whereas the humerus is commonly 
affected. Outcomes are invariably poor and have not been improved 
with recent therapies.35 Other complications include neurologic com-
pression syndromes caused by overgrowth of pagetic bone, disfigure-
ment or periodontal complications due to Paget’s disease affecting the 
mandible or maxilla, vascular steal syndromes, high-output heart 
failure, and hearing loss. In addition, patients with Paget’s disease 
seem more vulnerable to osteoarthritis and its attendant morbidity, 
hyperparathyroidism, renal stones, and gout.36 Anecdotal reports 
suggest that angioid streaks and Peyronie’s disease may be more 
common in persons with Paget’s disease. A recent paper suggested that 
all-cause mortality in patients with Paget’s disease may also be 
increased compared with age-matched controls,37 although this has not 
been corroborated.38

Fig. 202.13 Sequential radiographs of a pagetic tibia demonstrating the 
natural progression of the advancing osteolytic fronts within the bone.

TREATMENT
Treatment should be undertaken with the aim of easing pain, prevent-
ing disease progression, and improving the quality of bone. Treatment 
may also be indicated in patients with Paget’s disease who require 
prolonged bed rest or are immobilized in a cast for other reasons, a 
state that may exacerbate lytic lesions in bone and lead to hypercalce-
mia and hypercalciuria with risk of stone formation. Anti-resorptive 
agents are the mainstay of therapy.

Calcitonin
Calcitonin has been widely used in the treatment of Paget’s disease 
since the 1970s. It is given by subcutaneous injection, often at night 
to minimize the flushing and nausea associated with higher doses. It 
has proved effective in reducing the serum alkaline phosphatase value, 
easing pain, and healing lytic lesions in bone. Waning efficacy over 
time, the absence of a durable remission, and the discomfort of the 
injection limited the wider use of calcitonin. It is, however, safe and, 
apart from the injection discomfort, is well tolerated in the elderly. 
Calcitonin continues to have a role in the infirm geriatric patient in 
whom transient relief from Paget’s disease is sought. Nasal sprays are 
now available, and early studies suggest that 400 IU daily is effective 
treatment.

Bisphosphonates
With the development of the bisphosphonates and their promise of a 
sustained clinical remission, these drugs have become agents of choice 
for the treatment of Paget’s disease. Etidronate was the first bisphos-
phonate studied for the treatment of this disease. When taken orally 
for 6 months at 200 to 400 mg daily, it was soon discovered that eti-
dronate impaired mineralization at the same doses required to suppress 
bone resorption. It was also associated in some with bone pain, worsen-
ing lytic lesions in weight-bearing limbs, and fractures.

The newer generation of nitrogen-containing bisphosphonates 
reflect a trend toward more potent suppression of bone resorption 
without impairment of mineralization at therapeutic doses. The mech-
anism of action is inhibition of farnesyl diphosphate synthase, an 
enzyme in the mevalonate pathway critical in prenylation of small 
proteins that facilitate cytoskeletal reorganization and bone resorp-
tion.39 The newer bisphosphonates include pamidronate, alendronate, 
risedronate, ibandronate, and zoledronate, with increasing potency of 
the more recent bisphosphonates in terms of suppressing bone resorp-
tion. Tiludronate and clodronate are also bisphosphonates that work 
through another mechanism of action to promote osteoclast apoptosis 
and inhibit bone resorption; they are less potent, yet effective in treat-
ing Paget’s disease. Clearly, the newer bisphosphonates are advanta-
geous in suppressing disease activity, as measured by the percent 
reduction in serum alkaline phosphatase, and rarely show impairment 
in bone mineralization at therapeutic doses. These bisphosphonates 
are variably accessible in countries around the world, their distribution 
determining in large part choice and utilization. In this regard, if eti-
dronate is the only available agent it should be used in small doses, 
not to exceed the recommended dose of 5 mg/kg per day for 6 months. 
This is reasonable provided therapy is not prolonged and there are no 
osteolytic lesions present, especially in the lower limbs.

Two recently published trials compared the newer-generation 
bisphosphonates with each other.40,41 These newer agents, particularly 
zoledronate, may be more effective in securing a durable remission of 
Paget’s disease, which is achieved by suppression of serum alkaline 
phosphatase levels and biochemical markers of bone turnover into the 
normal range. Whether this will prove useful in terms of long-term 
outcomes in the lives of patients with Paget’s disease is less clear.42 A 
third study comparing the intravenous bisphosphonates used in the 
treatment of Paget’s disease—pamidronate, zoledronate, and neridro-
nate—showed a clear advantage of the latter two agents in achieving 
and maintaining a biochemical remission.43 There are reports of resis-
tance to the bisphosphonates, defined as a failure to suppress markers 
of bone turnover toward normal. The mechanism of resistance is not 
understood but may frequently be overcome by choosing another 
bisphosphonate.44
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one or many bones in a given person. The geographic and familial 
clusters of the disease have led to the identification of environmental 
(i.e., nutritional, infectious, toxic) and genetic determinants of Paget’s 
disease. There is no cure, but there is effective treatment, which 
includes easing of pain and nerve compression syndromes caused by 
pagetic bone, normalization of the serum alkaline phosphatase value, 
and prevention of disease progression. Therapeutic advances in the 
past 25 years have made these goals feasible.
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All the aminobisphosphonates may cause a flu-like syndrome on 
initial treatment, with fever and myalgias/arthralgias; this is more 
common with intravenous administration. Generally, these symptoms 
resolve over 2 to 3 days and do not recur with subsequent therapy. 
Other adverse events associated with the bisphosphonates include 
gastrointestinal distress (esophageal or gastric ulcers with oral admin-
istration), renal insufficiency or failure, and osteonecrosis of the jaw 
(mostly reported with intravenous therapy for metastatic cancer and 
multiple myeloma),45 bone pain, and, occasionally, iritis. Osteomalacia 
may be seen at higher doses of the bisphosphonates, particularly eti-
dronate, and there is evolving concern about the long-term effects of 
suppression of bone turnover as these drugs increase in potency.46 
There are no data from randomized controlled trials in either Paget’s 
disease or osteoporosis, however, to support this concern. As a class, 
however, the bisphosphonates tend to be well tolerated and should be 
used in the doses and manner prescribed for Paget’s disease. Patients 
should be treated with vitamin D and calcium concurrently.

Supportive therapy
Failure of the bisphosphonates to ease pain may not signify resistance 
to the drug but may indicate pain originating from other sources. Many 
patients afflicted with Paget’s disease of bone are elderly, suffering from 
arthritic pain, loss of hearing, sciatica, and instability of gait from other 
causes. Analgesics, bracing, gait training, and walking aids may be 
beneficial when treatment of the pagetic bone fails to ease their dis-
tress. Hearing aids and glasses are prescribed when appropriate. Physi-
cal therapy and therapy aimed at psychosocial issues of aging may also 
prove useful.30

Surgery
When end-stage degenerative disease of the hip or knee occurs, ortho-
pedic surgery may prove beneficial in restoring independence and 
easing pain. There are distinct orthopedic issues presented by Paget’s 
disease, including the quality and vascularity of bone, the bowing 
deformity in the long limbs, or distortion of the acetabulum with or 
without protrusio. Anticipating surgery by pretreating patients with 
bisphosphonates is thought to improve outcomes by diminishing the 
vascularity of bone, restoring normal lamellar bone formation, and 
preventing postoperative lysis of bone (Fig. 202.14). Clinical data are 
sparse, and there are no randomized controlled trials evaluating blood 
loss, healing, or bony ingrowth in patients pretreated with bisphospho-
nates compared with controls. Heterotopic bone formation may be 
more common in patients with Paget’s disease undergoing total hip 
replacement, but generally the outcomes are excellent for both total-hip 
and total-knee replacement.47 Satisfaction with corrective osteotomies 
for severe limb deformity in Paget’s disease is less consistent, but the 
surgery may be beneficial for some.48

CONCLUSION
Paget’s disease of bone is a focal disorder of the aging skeleton that 
may be expressed as familial or sporadic disease and that may affect 

a b

Fig. 202.14 Lateral radiographs of the right femur before (a) and after (b) 
bisphosphonate therapy. (a) Postoperative lytic lesions are seen in the pagetic 
bone around the rod placed to stabilize the fracture site. (b) Note the 
radiographic evidence of healing after therapy with alendronate.
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about 96% homologous with the active gene and which may complicate 
the pattern of mutations.2 Mutations include both insertional and 
point mutations, as well as crossover mutations with the pseudogene. 
There are four common mutations in 96% to 98% of the Ashkenazi 
Jewish population1,2: the most common is an A→G point mutation at 
nucleotide 126, resulting in an asparagine (370) to serine substitution, 
a decreased catalytic activity of the enzyme, and a mild phenotype. 
This mutant allele is not observed in patients with neuronopathic type 
2 or 3 forms. Other common mutations include (1) insertion of a 
guanine at nucleotide 84, inducing a shift in the reading frame with 
no enzyme production and a severe phenotype; (2) a T→C mutation 
at nucleotide 1448, producing a leucine (444) to proline substitution, 
with a severe loss of activity, and a severe phenotype (homozygous 
patients have a neuronopathic form); and (3) a G→A mutation at 
nucleotide 1604, resulting in an arginine (496) to histidine substitu-
tion, with a very mild phenotype.1

PATHOGENESIS
Tissue changes are multifocal and located around clusters of storage 
cells, suggesting that tissue injury results from physical crowding or 
blood flow impairment.1 The absence of correlation between pathologic 
or clinical features with the distribution of Gaucher cells, the tissue 
levels of glucosylceramide, or spleen and liver blood flow rules against 
this hypothesis, except for the genesis of bone ischemia.

Gaucher cells express macrophage markers, and the excess accumu-
lation of glucosylceramide could trigger macrophage activation,2 with 
the release of lysosomal enzymes, chemokines, interleukins (IL-1 and 
IL-6), tumor necrosis factor (TNF)-α, and other macrophage-derived 
factors, which all could be involved in the pathogenesis of osteolytic 
bone lesions.1 Both the alteration of macrophage function and the local 
release of such agents may have deleterious effects on neighboring cells 
and tissues, which could take place in any tissue (spleen, liver, bone, 
central nervous system), and contribute to the variety of the disease 
features.1 An alternative mechanism is through abnormal folding of 
mutant proteins in the endoplasmic reticulum, which could trigger an 
unfolded protein response and subsequent apoptotic or inflammatory 
pathways in various tissues.2

CLINICAL FEATURES
Type 1 Gaucher’s disease, the most common form of the disorder 
(MIM# 230800), is very heterogeneous as far as age at presentation 
and severity of clinical expression are concerned.

Hematologic manifestations and  
other extraskeletal disorders
The principal presenting feature is splenomegaly, which is usually 
painless. Splenic rupture is rare, but infarction may occur, sometimes 
as the initial complaint. Primary hypersplenism with thrombocytope-
nia, anemia, and leukopenia is frequent. In most patients these abnor-
malities are not life threatening and may go unrecognized for many 
years. Hepatomegaly is also common but occurs later in the disease 
course. A moderate increase of cholestatic enzymes is frequent; cytoly-
sis, however, is rare but when present may be associated with the 
development of an irreversible fibrosis. Liver failure has been reported 
in a few patients with portal hypertension and extensive fibrosis.

Several other extraskeletal disorders have been described in Gau-
cher’s disease patients, especially pulmonary involvement, in the form 
of interstitial lung disease or pulmonary vascular disease (severe pul-
monary hypertension and/or hepatopulmonary syndrome). Recently, 
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 Gaucher’s disease results from the accumulation of 
glucosylceramide in organs and tissues throughout the body in 
characteristic storage cells, namely “Gaucher cells.”

 The most common inherited glycolipid storage disease, it is a 
heterogeneous disorder, with three clinical phenotypes:
– Type 1, the adult, non-neuronopathic chronic form, characterized 

by organomegaly, hematologic disorders secondary to 
hypersplenism, bone lesions attributable to the medullary 
infiltration by Gaucher cells, and no central nervous system 
involvement

– Type 2, the infantile, neuronopathic acute form, which manifests 
as early involvement of brain and cranial nerves and is fatal by 2 
years of age

– Type 3, the juvenile, neuronopathic subacute form, in which 
there is involvement of visceral organs, bone, and central 
nervous system with neurologic symptoms that appear later and 
are less severe

EPIDEMIOLOGY
Type 1 is the most common form of Gaucher’s disease (Table 203.1). 
It is more frequent in persons of Ashkenazi Jewish heritage but is 
panethnic. Types 2 and 3 are rarer and predominantly involve non-
Jewish patients. A genetic isolate of type 3 has been identified in 
northern Sweden (so-called Norrbottnian Gaucher’s disease). No family 
has been reported with more than one type of the disease, suggesting 
that the three types of Gaucher’s disease are genetically distinct. Each 
type is inherited as an autosomal recessive trait without sex preponder-
ance. The peak age is variable: any age from birth to elderly for type 
1, usually before 6 months of age for type 2, and juvenile (teenage) for 
type 3.1,2

An international registry database has been organized by the Inter-
national Collaborative Gaucher Group and presently enrolls around 
5000 patients worldwide.2-6 It allows a genotype reference resource and 
several clinical investigations on different aspects of the disease (e.g., 
evaluation of bone response by densitometry, enzyme replacement 
therapy dose schedule, pulmonary involvement).

ETIOLOGY
Biochemistry
Gaucher’s disease arises from an inherited deficiency of the activity of 
glucocerebrosidase,1,2 a membrane-associated monomeric glycoprotein 
with a molecular weight of 65 kDa. This enzyme hydrolyzes β-glucosidic 
ester bonds and is specialized for complex lipid substrates. Impairment 
of its activity results in the accumulation of glucosylceramide, linked 
by a β-glucosidic bond. Glucosylceramide is at the end of the glyco-
sphingolipid catabolic pathway and is normally catabolized into 
ceramide and glucose by glucocerebrosidase.1 The compounds that 
contribute to the pool of glucosylceramide are derived from the degra-
dation of membranes, particularly those of white blood cells (Fig. 
203.1).

Molecular biology and genetics
More than 300 discrete mutant alleles have been identified in the 
β-glucocerebrosidase gene 1q21.2 There is also a pseudogene that is 
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several authors have reported an association of sporadic Parkinson’s 
disease with heterozygous variants in the glucocerebrosidase gene7,8 or 
with type 1 Gaucher’s disease. Although this association remains con-
troversial, it has been suggested that the abnormal protein folding 
could contribute to a vulnerability to parkinsonism.2 In contrast to 
earlier studies, a recent analysis of cancer incidence showed that the 
number of cancers identified among patients in the international reg-
istry was comparable with that expected in the reference population, 
except for multiple myeloma (estimated relative risk of 5.9, 95% con-
fidence interval: 2.8, 10.8).6 A 16% prevalence of monoclonal gam-
mopathy in 107 patients was observed recently.9

Bone involvement
Skeletal involvement, which is the major complication of Gaucher’s 
disease leading to pain and disability, affects 50% to 75% of patients 
with type 1, and up to 20% of patients have impaired mobility.10 
Although it is the consequence of bone marrow infiltration, bone 
involvement correlates only poorly with visceral and hematologic 
disease.4 However, bone features are often worsened after 
splenectomy.

Before any treatment, 63% of patients complain of bone pain, in the 
back, hips, legs, and shoulders.3 Osteopenia, present in 42% of cases,3 
is characterized by a decreased bone mineral density (BMD, as assessed 
by osteodensitometry)11 and thinning of the cortices. Fractures may 
occur, most frequently in the vertebral spine, with intraosseous discal 
displacement, compression fractures, or vertebra plana. Neurologic 

TABLE 203.1 EPIDEMIOLOGY OF GAUCHER’S DISEASE TYPE 1

Peak age Any age from birth to old age

Sex distribution 1 : 1

Prevalence rate (/100,000), 
incidence, geography

15-40 in Ashkenazi Jews, rare (<1) in other 
populations; about 1 in 800 live births; 
panethnic

Genetic association Association of sporadic Parkinson’s disease with 
heterozygous variants in the glucocerebrosidase 
gene

Transmission Autosomal recessive

GLYCOSPHINGOLIPID CATABOLISM

Glucosylceramide � glucocerebroside

Glucocerebrosidase
(lysosomal β-glucosidase)

Glucose Ceramide 
Sphingosine 
fatty acid

Catabolic pathway 
(macrophage)

Glycosphingolipids
•  Globoside, globotriose, lactosylceramide
• Degradation products of cell membranes (white blood cells)

Fig. 203.1 Glycosphingolipid catabolism. The impaired activity of the 
lysosomal enzyme glucocerebrosidase results in the accumulation in 
macrophages of glucosylceramide, which is normally catabolized into 
ceramide and glucose.

a b

HL CHL

Fig. 203.2 (a) Severe compression fracture of the T12 vertebra, with 
subsequent hyperkyphosis. The T10 vertebra is also crushed, with a grade 2 
fracture. (b) In the same patient, the MRI of the spine shows a spinal cord 
compression and angulation, although the patient remained free of neurologic 
complication, and a diffuse heterogeneous low intensity signal of all vertebrae 
on this T1-weighted sequence.

Fig. 203.3 Radiograph of the distal femur and proximal tibia of a 31-year-old 
man, illustrating the typical Erlenmeyer flask deformity on the distal femur. 
Note the expansion of the contour of the long tubular bones with convexity of 
the osseous margins, typical but not pathognomonic of Gaucher’s disease.

compression and thoracic hyperkyphosis have been reported as conse-
quences of severe vertebral fractures (Fig. 203.2).12 Fractures of the ribs 
or long bones are less common.

The failure of modeling during growth is the most characteristic 
skeletal abnormality.10 It develops progressively throughout the period 
of rapid skeletal growth, being manifest in about 80% of adults with 
the disease. Expansion of the contours of long tubular bones results in 
cortical thinning and loss of the normal concavity of the bony  
outline, particularly medially (Figs. 203.3 and 203.4d). The so-called 
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a b

c d

Fig. 203.4 Typical features of ischemic bone complications in Gaucher’s 
disease. Standard radiograph (a) and MR image (b) of the proximal femur 
showing osteonecrosis of the left femoral head. (c) Radiograph of the right 
femoral diaphysis of a second patient shows bony infarction with an 
heterogeneous condensation of the diaphyseal bone and a cortical reaction 
producing a cortical splitting, so-called bone-within-bone appearance. (d) 
T1-weighted MR image of both femora in a third patient shows ischemic 
features on both the left femoral head and the lower diaphysis of the femur. 
Note the Erlenmeyer flask deformity of both femora.

TABLE 203.2 DIFFERENTIAL DIAGNOSIS OF RADIOLOGIC 
FEATURES OF TYPE 1 GAUCHER’S DISEASE

Diffuse or localized osteopenia

Osteoporosis (idiopathic, corticosteroid)
Hyperparathyroidism
Hemoglobinopathies
Neoplastic disorders (multiple myeloma)

Osteosclerosis

Osteosclerotic skeletal metastasis
Phakomatosis (tuberous sclerosis)
Osteopetrosis
Mastocytosis
Osteomyelofibrosis
Hodgkin’s disease
Hemoglobinopathies

Osteonecrosis

Hemoglobinopathies (sickle cell anemia)
Hypercorticism
Caisson disease
Collagen vascular disorders
Hyperlipemia
Pancreatitis

Erlenmeyer flask deformity

Niemann-Pick disease
Pyle disease
Fibrous dysplasia
Hyperthyroidism
Hemolytic anemias (thalassemia)
Leukemia
Osteopetrosis (Albers-Schönberg disease)
Heavy metal poisoning
Rachitism sequelae
Fracture sequelae

Erlenmeyer flask deformity is very suggestive of Gaucher’s disease, 
although not pathognomonic (see Differential Diagnosis and Table 
203.2). Vertebral bodies sometimes show step-like depressions of the 
superior and inferior margins. This deformity, which has been termed 
H vertebra, is identical to that observed in sickle cell anemia.

Osteonecrosis and bony infarctions are the most common bone 
complications in Gaucher’s disease and the most frequent cause of 
chronic pain and functional limitation. Both are the consequences of 
sudden ischemia in an infiltrated bone area, resulting in acute-onset 
episodes (bone crisis). All bones may be involved, including flat bones. 
Symptoms include acute pain, tenderness, and fever, simulating those 
of osteomyelitis or septic arthritis.10 The typical radiographic appear-
ance of bony infarctions consists of serpiginous osteosclerotic areas, 
corresponding to the calcified scar of the perimeter of ischemia, located 
nearby or within lytic lesions, and associated with periostitis (see Fig. 
203.4c). In the cortex, an inner layer of new bone formation, which 
does not merge with the overlying cortical bone, produces a cortical 
splitting or “bone-within-bone” appearance. Epiphyseal osteonecrosis 
is frequently multiple, affecting femoral heads (see Fig. 203.4a, b), 
humeral heads, and, less commonly, femoral condyles and the tibial 
plateaus. Radiographic changes are similar to those seen in other forms 
of osteonecrosis.10 Secondary cartilage destruction often appears sub-
sequently, resulting in a disabling arthropathy that may require total 
arthroplasty.10

An increased susceptibility to bone infections has been reported. 
Septic arthritis is rare, but osteomyelitis occurs in less than 5% of 
affected patients.10 Clinical features may simulate those of bone crisis. 
Bacteriologic findings, short-term repeated bone scintiscans, tomoden-
sitometry, and magnetic resonance imaging (MRI) facilitate the proper 
diagnosis.
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clinical bone crisis. A decrease in bone mineral density has been 
reported to correlate with the severity of the skeletal involvement and 
may be useful to monitor bone changes.11 Combining CT and techne-
tium-99m methylene-bisphosphonate bone scintigraphy helps in the 
differential diagnosis between osteonecrosis and osteomyelitis in the 
clinical setting of sudden bone crisis. The presence of a necrotic soft 
tissue swelling adjacent to the affected bone is suggestive of an infec-
tious complication. An increased uptake on a bone scintiscan per-
formed a few days after the onset of a bone crisis suggests an acute 
osteomyelitis, whereas its absence makes an ischemic bone crisis more 
likely.

Histology
Demonstration of Gaucher cells in bone marrow biopsy specimens is 
key to the diagnosis1 but is not required in most patients when clinical 
and biochemical features are characteristic. These large mononucleated 
or multinucleated cells have characteristic cytologic features with a 
typical “wrinkled tissue paper” appearance of the cytoplasm (Fig. 
203.6). Bone tissue alterations are highly variable, but one study sug-
gests that bone turnover might be increased.

DIFFERENTIAL DIAGNOSIS
Bone features of Gaucher’s disease are not specific and may be observed 
in other disorders (see Table 203.2), particularly the hemoglobinopa-
thies (see Chapter 191). The diagnosis should be considered in a 
patient with hepatosplenomegaly who exhibits widespread osteopenia 
with a coarsened trabecular pattern, focal osteosclerosis, osteonecrosis 
of the proximal femoral epiphyses, and Erlenmeyer flask deformities 
of the distal portions of the femur.

MANAGEMENT
Current recommendations for the initial evaluation (Table 203.3) and 
monitoring of type 1 Gaucher’s disease in adult patients have been 
elaborated by the registry coordinators.16

Therapeutic goals
Following a consensus conference, held in Amsterdam in October 
2003, therapeutic goals have been proposed for each specific involve-
ment of the disease.17 The goals for the skeletal involvement are:

● Lessen or eliminate bone pain within 1 to 2 years
● Prevent bone crises
● Prevent osteonecrosis and subchondral joint collapse
● Improve BMD: for pediatric patients, attain normal or ideal peak 

skeletal mass and increase cortical and trabecular BMD by year 
2; for adult patients, increase trabecular BMD by 3 to 5 years.

INVESTIGATIONS
Biochemical studies
The current recommendations for the initial assessment of Gaucher’s 
disease include a confirmation of β-glucocerebrosidase deficiency and 
the measurement of biochemical markers of the disease. Enzyme activ-
ity could be measured in circulating lymphocytes or on fibroblast 
cultures. Biochemical markers reflecting overloading of activated mac-
rophages, such as plasma tartrate-resistant acid phosphatase, angioten-
sin-converting enzyme, ferritin, chitotriosidase, and, more recently, 
chemokine CCL18/PARC, are useful for evaluating disease activity and 
monitoring response to therapy.2,13

Imaging
Radiologic bone manifestations are found in more than 95% of patients, 
with features and frequency depending on the imaging method used.

Plain radiology makes it possible to view the basic lesions. As a 
result of bone marrow infiltration with Gaucher cells, radiographs 
show an increased radiolucency of bone and cortical scalloping and 
thinning. These abnormalities predominantly involve the axial skele-
ton and proximal long bones, where they are often symmetric. They 
are prominent in the distal portion of the femur and tibia (Fig. 203.5). 
In some cases they appear as limited massive osteolytic lesions in a 
metaphysis, resembling a tumor or aneurysmal bone cyst and are called 
a “gaucheroma”.

The extent and severity of the disease vary and are poorly evaluated 
by radiography, computed tomography (CT), or bone scintigraphy. MRI 
has been shown to be the most sensitive technique for detecting early 
bone marrow changes and for assessing the extent and severity of 
marrow involvement.14,15 Many sites in the marrow are characterized 
by a signal of abnormally low intensity, on both T1- and T2-weighted 
sequences (see Figs. 203.2 and 203.4d). The distribution of the abnor-
mality is heterogeneous: vertebrae are consistently involved, but in the 
lower extremity the femoral areas are affected more frequently than the 
tibial sites. The epiphyses are generally spared unless the involvement 
of bone is extensive. Quantification of the infiltrate using scoring 
systems in conventional MRI or experimental MRI techniques are now 
being developed.15 MRI allows early detection of ischemic bone lesions 
with a high intensity signal on T1-weighted sequences at the time of 

Fig. 203.5 Radiograph of the right tibial diaphysis of a 52-year-old man, 
showing osteopenia, osteolytic lesions, cortical thinning, and scalloping.

Fig. 203.6 Light microscopy of Gaucher cells in bone marrow. Note the typical 
“wrinkled tissue paper” appearance of the cytoplasm (May-Grünwald-Giemsa, 
original magnification ×160). (Prepared by Dr. Mallarmé.)
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Substrate reduction therapy
Miglustat is an iminosugar that decreases substrate synthesis. It has 
shown decreases in hepatic and splenic volumes and in incidence of 
bone pain and increases in platelets.23,24 It is approved by the U.S. Food 
and Drug Administration and European Medicines Agency in patients 
with mild to moderate type 1 Gaucher’s disease who are intolerant to 
imiglucerase or unwilling to take enzyme replacement therapy.23

Symptomatic treatments
Bisphosphonates
Antiresorptive therapy with high-dose alendronate in addition to 
enzyme replacement therapy increases BMD at 24 months without 
radiologic modification of focal lesions.25 The effect on fracture risk is 
unknown.

Splenectomy
Enzyme replacement therapy has considerably limited the indications 
for splenectomy, because glucocerebrosidase infusions commonly 
reverse hematologic disorders associated with hypersplenism13 and 
because splenectomy has been shown to accelerate the skeletal 
involvement.

Orthopedic treatments
Relief of bone and joint pain may require strong analgesics. Osteone-
crosis or pathologic fractures often require surgery. Improved surgical 
techniques have increased good results and decreased postoperative 
complications, which were reported in historical series: bleeding, infec-
tion, and prosthetic loosening. For example, first hip arthroplasty takes 
place at 43.8 years, 20 years earlier as in the general population, with 
as good results.26,27 Infectious complications (e.g., osteomyelitis) require 
both careful bacteriologic studies, because of the frequency of atypical 
organisms and prolonged antibiotic therapy.

Experimental therapies
Marrow transplantation has been shown to be curative in some 
patients, but the risks, which increase with the severity of the disease, 
do not justify this procedure in patients with relatively mild disease, 
especially with the development of enzyme replacement therapy.2 An 
exception may be patients with neuronopathic disease. Somatic cell 
gene therapy is currently under investigation.

The treatment and management of Gaucher’s disease is a rapidly 
growing area. It now appears possible to prevent and reverse some of 
the most devastating and disabling complications of this disease, but 
multiple-compartment initial evaluation and monitoring are necessary 
to better achieve more therapeutic goals. Prevention and treatment of 
bone complications will lead to a much higher quality of life for all 
patients with Gaucher’s disease.

Enzyme replacement therapy
Macrophage-targeted glucocerebrosidase is now produced by recombi-
nant DNA technology (imiglucerase [Cerezyme], Genzyme Corpora-
tion, Cambridge, MA). Glucocerebrosidase infusions reverse 
hematologic complications and hepatosplenomegaly within 12 to 20 
weeks,14,16 although bone response requires a longer period.16 Bone pain 
and bone crises statistically decrease rapidly, with an improvement at 
3 months continuing progressively; and this reduction is maintained 
for at least the first 3 years with a significant positive impact on quality 
of life.2,4,18-20 Imaging features improve after 1 to 2 years with an 
increase in BMD.4,11,19 Currently recommended therapeutic regimens 
start with 2-hour intravenous infusions of 60 IU/kg every 2 weeks.1,13 
Even if there is a dose-response relationship for enzyme replacement 
therapy in type 1 Gaucher disease, optimal management is not well 
defined and some patients experienced ongoing bone disease despite 
increased dose regimens.2,21 Low-dose or intermittent dosing regimens 
fail to achieve a sustained improvement of bone lesions/symptoms, and 
treatment for 2 to 3 years (lifelong in severely affected patients) is cur-
rently recommended. MRI scores have been recently proposed for 
evaluating the therapeutic response.15 Chitotriosidase activity in the 
serum is useful as an indicator of enzyme replacement therapy efficacy 
and as an early indicator of a relapse after dose reduction or therapeutic 
interruption.17

Clinical studies of GA-GCB, human glucocerebrosidase produced 
by gene activation in a selected human cell line, are ongoing with good 
safety profile and no antibody formation.22

TABLE 203.3 INITIAL ASSESSMENT OF TYPE 1 GAUCHER’S DISEASE PATIENTS

1. History and pedigree
2. Comprehensive physical examination
3. Quality of life questionnaire
4. β-Glucocerebrosidase activity and genotyping
5. Primary blood tests: hemoglobin, platelet count
6. Biochemical markers of the disease: chitotriosidase, angiotensin-converting 

enzyme, TRAP
7. Additional blood tests: white blood cell count, hemostasis testing, serum 

immunoelectrophoresis, liver enzymes, calcium and phosphorus values
8. Assessment of visceral involvement: spleen and liver volume (MRI or CT)
9. Assessment of skeletal involvement:

a. Radiographs of femora (posteroanterior view) and spine (lateral view)
b. MRI of the entire femora (coronal T1- and T2-weighted images)
c. Dual x-ray absorptiometry of lumbar spine and hip

10. Assessment of pulmonary involvement: electrocardiogram, chest 
radiograph, Doppler echocardiogram for right ventricular systolic pressure 
measurement
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are enlarged, with typical tilting of the distal radius and ulna toward 
each other, together with coxa valga. The epiphyses and carpal and 
tarsal bones are small and irregular. The iliac wing is small, and sub-
luxation of the femoral head is frequent. The phalanges and metacarpal 
bones are shortened and enlarged, and the pointed proximal end of the 
metacarpals gives the characteristic “sugar loaf” appearance.15

Type II
Mucopolysaccharidosis type II is an X-linked recessive disorder. Clini-
cal and radiologic manifestations are similar to Hurler’s disease but are 
often more slowly progressive (Fig. 204.4) and the cornea is clear.

Type III
In mucopolysaccharidosis type III (Sanfilippo’s disease), the facial fea-
tures and skeletal deformities are much milder than those in Hurler’s 
syndrome (Fig. 204.5). However, the mental and motor deterioration 
are precocious and severe.

Type IV
In type IV (Morquio’s disease), dwarfism is severe, with short trunk, 
kyphosis at the thoracolumbar junction, pectus carinatum, and knock 
knees (Fig. 204.6). Intelligence is normal, and no visceral storage is 
observed (only minimal corneal clouding). Universal platyspondyly 
with small odontoid processes, coxa valga, irregularities of the epiphy-
ses and metaphyses, small and irregular carpal bones, and pointed 
proximal ends of the metacarpals are the more typical radiologic mani-
festations. The spinal cord compression due to atlantoaxial dislocation 
must be prevented by surgical intervention. The Morquio type B syn-
drome is similar but with milder deformities.

Type VI
In type VI, the facies is less grotesque than in Hurler’s disease. The 
cornea is cloudy, but mental development remains normal. Skeletal 
changes and dwarfism are variable but often severe.

Type VII
Mucopolysaccharidosis type VII (Sly’s disease) is very rare. There are 
considerable phenotypic and bone deformity variations.16

HISTOLOGIC MANIFESTATIONS
In type I and type II diseases, vacuolated lymphocytes are found with 
metachromatic inclusions in the vacuoles (Gasser cells). In addition, 
reticular cells of the bone marrow contain inclusions that vary from 
moderately coarse to very thick black-violet (type II Gasser cells).17 In 
type II, lymphocytes have also been described with pink-ringed vacu-
oles.18 In mucopolysaccharidosis type III, the Gasser cells are more 
numerous and plasmocyte cells containing vacuoles with metachro-
matic inclusions (Buhot cells) are found in the bone marrow. Alder’s 
anomaly is seen in type VI and is evident as coarse, dense granules  
in granulocytes and monocytes and in a large proportion of 
lymphocytes.

BIOCHEMICAL MANIFESTATIONS
There is increased urinary elimination of dermatan sulfate and heparan 
sulfate in type I and type II diseases. Heparan sulfate is elevated in 

Mucopolysaccharidoses
Marwan A. S. Bukhari

  Mucopolysaccharidoses are lysosomal storage diseases.
  The lysosomal defect is responsible for the deficient degradation of 

glycosaminoglycans.
  This complex group of mucopolysaccharidoses has several 

well-defined types; the most frequent forms are Hurler’s disease 
(type I) and Morquio’s disease (type IV).

  The main clinical features of the most common 
mucopolysaccharidosis (type I) are facial dysmorphism, visceral and 
corneal storage abnormalities, and skeletal disorders (dysostosis 
multiplex). Neurologic abnormalities are present in several types

HISTORY
In 1917, Hunter reported the cases of two brothers with coarse facies, 
mental retardation, and bone disorders.1 However, the first detailed 
description of mucopolysaccharidosis was that of Gertrud Hurler in 
1919, inspired by Pfaundler.2 In 1929, Morquio and Brailsford gave 
a precise description of type IV mucopolysaccharidosis, and in  
1963 Sanfilippo defined type III and Maroteaux and Lamy defined type 
VI diseases.3-7

In 1952, Brante reported the identification of the material stored in 
these patients as mucopolysaccharides.8 Dorfman and Lorincz docu-
mented increased urinary excretion of mucopolysaccharides, and Van 
Hoof and Hers demonstrated that mucopolysaccharides are stored in 
lysosomes.9,10 The corrective factors were then purified and their 
enzyme functions identified (Table 204.1). In 1962 Scheie described a 
patient with corneal clouding, skeletal dysplasia, and coarsening of the 
features, and this was initially referred to as mucopolysaccharidosis V 
until it was discovered that this was a milder form of type I.11,12

CLINICAL FEATURES
Type I
Hurler’s disease (mucopolysaccharidosis type IH) is the most typical 
of these disorders. It usually presents by 2 years of age with facial 
dysmorphism, dorsal kyphosis, or mental retardation. The craniofacial 
morphology is typical, with macrocephaly, broad nasal bridge, full 
cheeks, thick lips, enlarged tongue, coarse hair, and hirsutism (Fig. 
204.1). Joint movements are limited, with claw hands (Fig. 204.2). 
Lumbar kyphosis is frequent. The abdomen is protuberant, with hepa-
tosplenomegaly and hernias. Corneal opacities are visible with slit 
lamp examination. Cardiomyopathies have also been reported.13 Pro-
gressive mental and physical deterioration leads to death, often between 
10 and 15 years of age.

Scheie’s disease (mucopolysaccharidosis type IS) is detected later, 
usually in childhood, and has a slow evolution.11,12 Joint stiffness, claw 
hands, heart murmurs, and corneal clouding are the main clinical 
manifestations of this form. Intermediate manifestations are frequently 
called Hurler/Scheie disease.14 Some of the milder forms of disease are 
usually only picked up later in life because patients can have normal 
features and may just report Achilles tendon shortening or joint 
contracture.14

Radiographic features
Radiographs show macrocephaly, sagittal craniosynostosis, and an 
enlarged sella turcica. The ribs are wide, with an “oar-shaped” defor-
mity. The vertebral bodies are ovoid, and hook-like dysplasia is visible 
at the apex of the gibbus (Fig. 204.3). The midshafts of the long bones 
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TABLE 204.1 SUMMARY OF THE MAIN TYPES OF MUCOPOLYSACCHARIDOSIS

Skeletal 
dysplasia

Corneal 
opacities

Mental 
degradation Inheritance

Urinary 
glycosaminoglycans

Enzymatic 
deficiency

Gene 
localization

Type IH (Hurler’s 
disease)

+ + + Autosomal recessive Heparan sulfate α-l-iduronidase 4p16.3

Dermatan sulfate

Type IS (Scheie’s 
disease)

± + − Autosomal recessive Heparan sulfate α-l-iduronidase 4p16.3

Dermatan sulfate

Type II (Hunter’s 
disease)

− − + ± X-linked recessive Heparan sulfate Iduranidate-2-sulfate 
sulfatase

Xq27.3q28

Dermatan sulfate

Type III 
(Sanfilippo’s 
disease)

± − ++ Autosomal recessive Heparan sulfate (a) Heparan sulfatase 17q25.3

Autosomal recessive (b) N-acetyl-d-
glucosaminidase

17q21.1

Autosomal recessive (c) α-glucosaminide 
N-acetyl-transferase

14p13

Autosomal recessive (d) N-acetyl-
glucosamine-6- 
sulfate sulfatase

12q14

Type IV (Morquio’s 
disease)

++(a) + − Autosomal recessive Keratan sulfate (a) N-acetyl-
glucosamine-6-
sulfate sulfatase

16q24.3

+(b) + − Autosomal recessive (b) β-galactosidase 3p21p33

Type VI 
(Maroteaux-Lamy)

+/++ + − Autosomal recessive Dermatan sulfate Arylsulfatase B 5p11p13

Type VII (Sly) + + + Autosomal recessive Chondroitin sulfate β-glucuronidase 7q11.21q11.22

Fig. 204.1  Hurler’s disease. Typical facial dysmorphism.

Fig. 204.2  Hurler’s disease. Claw hands are a common feature.

Fig. 204.3  Hurler’s disease. Note the hook-like deformity of the second lumbar 
vertebral body.
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subunits for reuse or excretion. The deficiency of these enzymes results 
in the intracellular accumulation and the increased urinary excretion 
of the products of incomplete catabolism. As a result, cellular function 
is altered in the cartilage, connective tissues, heart, and central nervous 
system.

At the present time, the genes of these deficient enzymes have been 
mapped and cloned (see Table 204.1). There are several mutations for 
each gene. The mutation 1113F is common and produces a severe 
phenotype, whereas the mutation T312S is found in milder patients.19 
However, a significant interpopulation variation is observed.20

MANAGEMENT
The treatment of choice in type I disease has been hematopoietic cell 
transplantation. With this therapy there is regression of hepatomegaly 
and splenomegaly, improvement of the respiratory and cardiac func-
tion, and protection of the brain if transplantation is performed early 
in life. Recently, guidelines on the treatment have been published and 
advocate a combined approach with multidisciplinary care, stem cell 
transplantation, and treatment with recombinant human α-l-
iduronidase (laronidase), 100 units/kg weekly by infusion.21 Recombi-
nant human iduronate-2-sulfatase infusions (0.5 mg/kg weekly or 
every other week) have been tried in type II disease with similar 
improvements in walking distance and breathing capacity seen in the 
treated groups.22 In type VI, treatment involves recombinant human 
N-acetylgalactosamine 4-sulfatase (recombinant human arylsulfatase-
B [rhASB]), which has resulted in improved walking time and increased 
motor abilities.23

The other focus of management of patients with mucopolysacchari-
doses is orthopedic. Procedures include treatment of the lumbar kypho-
sis by bracing or posterior fusion and decompression of the carpal 
tunnel syndrome, often reported in types I, II or VI, whereas in type 
IV correction of genu valgum is required.24 In type IV and in patients 
with a hypoplastic odontoid process with other types of mucopolysac-
charidosis, surgical stabilization of atlantoaxial instability and sublux-
ation is necessary.

type III, keratan sulfate in type IV, and dermatan sulfate in type VI. 
These diseases arise from an inherited deficiency of the activity of 
lysosomal enzymes. For example, in type I there is an inherited defi-
ciency of a-l-iduronidase (see Table 204.1).

PATHOGENESIS
The mucopolysaccharidoses are caused by deficiency of specific lyso-
somal enzymes that catabolize glycosaminoglycans into shorter 

Fig. 204.4  Hunter’s disease. Note that the facial dysmorphism is milder than in 
Hurler’s disease.

Fig. 204.5  Sanfilippo’s disease. There is mild coarsening of the facial features.

Fig. 204.6  Morquio’s disease in a brother and sister. Note the short trunk with 
pectus carinatum and knock knees.
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INTRODUCTION
In the past 20 years, dramatic progress has been made in understanding 
the molecular genetics of heritable connective tissue disorders. Various 
types of osteogenesis imperfecta (OI) have been shown to be caused by 
abnormalities of type I collagen or deficiency of proteins involved in 
collagen modification. Ehlers-Danlos syndrome (EDS) types have been 
shown to be caused by abnormalities of types I, III, or V collagen; some 
chondrodystrophies have been associated with abnormal type II col-
lagen; and Marfan syndrome, long classified as a “collagen disorder,” 
has been associated with abnormality of fibrillin, a component of 
extracellular matrix.

These discoveries have served to highlight the basic principles that 
distinguish these disorders. First, they are primary connective tissue 
disorders in which there is a heritable defect in a gene coding for a 
component of matrix. The mutation affects that protein’s synthesis, 
structure, or function in the extracellular matrix directly. The “collagen 
vascular” disorders exert their effect on connective tissue indirectly, 
through autoimmune mechanisms. Second, the pattern of heritability 
of these disorders is influenced by the multimeric structure of collagen, 
so that a defect in one allele can inactivate up to 93% of the total 
product of both alleles. In contrast, enzymatic metabolic disorders are 
usually symptomatic only when both alleles of a gene are defective. 
Third, as is true for many genetic disorders, the connective tissue 
disorders display variability, differences in phenotypic expression 
among individuals with the same mutation and heterogeneity, and 
different mutations in one gene (or a different gene) causing the same 
phenotype in different individuals.

OSTEOGENESIS IMPERFECTA
History
The term osteogenesis imperfecta was first used by Vrolik in 1849. 
The division of OI into congenita and tarda forms by Looser in 1906 
has fallen into disuse since the 1979 Sillence genetic classification.1 In 
the early 1980s, the Prockop and Byers laboratories demonstrated that 
OI was caused by abnormalities in type I collagen.2,3 Recently, discover-
ies in the Marini and Lee laboratories have identified long-sought 
causes of recessive OI, namely, deficiency of proteins involved in col-
lagen prolyl 3-hydroxylation.4

Epidemiology
The overall frequency for OI identifiable at birth is about 1 per 20,000 
to 30,000, based on birth record surveys in Australia and Scotland.3 
The frequency of mild type I OI has been estimated at 1 in 30,000 in 
Australia3; this is a minimal estimate, because some individuals do not 
come to medical attention. The prevalence and severity are not influ-
enced by gender, race, or ethnic origin. Recessive OI comprises 5% to 
7% of total OI, with higher frequencies in people of West African origin 
or in consanguineous marriages.

Heritable connective tissue disorders
Joan C. Marini

OSTEOGENESIS IMPERFECTA
 Osteogenesis imperfecta is a genetic syndrome of abnormal bone 

matrix with secondary osteoporosis.
 This generalized connective tissue disorder has variable non-

osseous features and is associated with abnormalities of structure 
or synthesis of type I collagen or with deficiency of any of the three 
components of the prolyl 3-hydroxylation complex.

 “Brittle bone disease” is susceptibility to fractures from mild 
trauma.

 Non-osseous involvement may include abnormal scleral hue, 
hearing loss, dentinogenesis imperfecta, short stature, 
macrocephaly, joint laxity, and easy bruising.

 Forms of osteogenesis imperfecta range from lethal in the perinatal 
period to barely detectable.

EHLERS-DANLOS SYNDROME
 Ehlers-Danlos is a genetic syndrome affecting primarily joints, skin, 

and blood vessel walls.
 It is a heterogeneous group of generalized connective tissue 

disorders associated with multiple modes of inheritance and 
abnormalities of types I, III, or V collagen or fibronectin, enzyme 
deficiencies, or abnormalities of copper metabolism.

 Joint involvement may include hyperextensibility of large or small 
joints and joint dislocations.

 Skin involvement may include soft, velvety texture, 
hyperextensibility, and fragility with stretched or “cigarette paper” 
scars.

 Vascular and visceral involvement ranges from easy bruising to 
life-threatening arterial rupture and rupture of the colon or uterus.

MARFAN SYNDROME
 Marfan syndrome is a genetic syndrome with abnormalities of the 

musculoskeletal, cardiovascular, and ocular systems.
 It is a generalized connective tissue disorder with variability of 

clinical expression associated with abnormality of fibrillin, an 
extracellular matrix protein found in microfibrils.

 Musculoskeletal involvement may include tall stature, 
dolichostenomelia (long, thin extremities), arachnodactyly, 
scoliosis, and chest deformities.

 Cardiovascular manifestations include aortic root dilation and 
mitral valve prolapse.

 Ocular manifestations include lens dislocation or subluxation and 
myopia.

CHONDRODYSTROPHIES
 Chondrodystrophies are a large and strikingly heterogeneous 

group of heritable skeletal dysplasias with abnormal proportions of 
limbs, trunk, and/or skull and often short stature.

 Disorders are classified according to the Paris nomenclature of 
1976.

 Some chondrodystrophies are associated with an abnormality of 
type II collagen. However, in most chondrodystrophies the 
abnormality of extracellular matrix is unknown.

 Skeletal involvement may include short or disproportionate stature 
and joint and skull abnormalities. Non-skeletal involvement may 
affect cardiac, ocular, or auditory systems.
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 Achondroplasia, the most common chondrodystrophy, is evident at 
birth with rhizomelic shortening of limbs, large calvaria with 
prominent forehead, trident hand, and lordosis.

 Stickler’s syndrome presents as ocular, facial, and joint involvement.
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Investigations
The diagnosis of OI can usually be made clearly on clinical and radio-
logic bases. The initial radiologic survey should include all long bones, 
thorax, pelvis, and lateral views of skull and vertebral column. Normal 
or elevated serum alkaline phosphatase, calcium, and phosphate con-
centrations can rule out metabolic mineralization disorders. In moder-
ate and severe OI, periodic radiographs of lower long bones and vertebral 
bodies are useful for surgical and rehabilitation management. Dual 
x-ray absorptiometry (DEXA) is useful to follow osteoporosis progres-
sion. Audiologic evaluation and pulmonary function tests every other 
year starting in childhood allow anticipatory management.

Prenatal detection of OI by ultrasound is possible in types II and 
III. For pregnancies at risk of recurrence, biochemical analysis of col-
lagens from cultured chorionic villi has been accurate in OI types II, 
III, and IV and allows detection by 12 to 15 weeks’ gestation.7 Cultured 
amniotic fluid cells may yield false-positive biochemical diagnoses.

Identification of the specific collagen CRTAP, P3H1, or PPIB muta-
tion is useful for accurate genetic counseling and for establishing the 
diagnosis in ambiguous or mild cases. Biochemical analysis of dermal 

Clinical features
Sillence classification
The Sillence classification of OI (Table 205.1)1 is based on genetic, 
clinical, and radiographic data. Type II OI is lethal in the perinatal 
period. The overwhelming majority of cases are associated with new 
dominant mutations; most recurrences to clinically normal parents are 
due to germline mosaicism in one parent. A few exceptional cases 
appear to be recessive. Type III, the most severe form compatible with 
long-term survival, has a natural history characterized by extreme short 
stature, progressive scoliosis, and deformity of long bones. Type IV is 
moderately severe in skeletal features with significant short stature; 
this form is compatible with assisted ambulation and is probably 
genetically heterogeneous. Individuals with type I OI have mild skeletal 
disease and often have blue sclerae.

The Sillence classification has now been extended to types V to IX. 
Types V and VI have been classified based on distinctive bone histol-
ogy; their etiology has not yet been determined. Types VII, VIII, and 
IX have recessive inheritance. They are caused by null mutations in 
the genes coding for cartilage-associated protein (CRTAP), prolyl 
3-hydroxylase-1 (P3H1), and cyclophilin B (CyPB),5 components of the 
collagen prolyl 3-hydroxylation complex. Types VII and VIII have a 
severe to lethal phenotype that clinically overlaps types II and III with 
some distinctive features, especially white sclerae.

Skeletal dysplasia
Although fracture susceptibility is extremely variable, the skeletal 
system in OI is characterized by osteoporosis secondary to osseous 
matrix abnormality, bowing of long bones, compression of vertebral 
bodies, and characteristic triangular facies. Individuals with type II OI 
(Fig. 205.1a) have prenatal fractures of ribs and long bones, with severe 
limb shortening and deformity. There is relative macrocephaly, soft 
membranous skull, and wormian bones. Individuals with type III OI 
(see Fig. 205.1b) experience frequent fractures, progressive scoliosis, 
long bone deformity, and metaphyseal flaring with “popcorn” forma-
tion. In type IV (see Fig. 205.1c,d) and type I long bones are generally 
well modeled, although relatively osteoporotic. Fractures usually occur 
after ambulation, are related to some degree of trauma, heal with 
minimal deformity, decrease dramatically in number after puberty, and 
recur after menopause.4 The skeletal dysplasia of recessive OI is 
extremely severe with DEXA z-scores below −6 and the development 
of metaphyseal “popcorn” in mid childhood.

Ocular features
Blue sclerae, caused by decreased scleral thickness, is a common finding 
in classic dominant OI and occurs in all types, especially types I and 
II. Some individuals with dominant OI have white or blue-tinged 
sclerae. However, the occurrence of white sclerae in severe or lethal  
OI is strongly associated with the recessive forms. Ocular rigidity is 
lower than normal in OI patients but is unrelated to myopic refractive 
error.

Dental features
Dentinogenesis imperfecta, with grayish opalescent or brown-yellow 
dentition, may be present. Some dentinogenesis imperfecta leads to 
easy crumbling and wearing of dentition. Generally, the permanent 
dentition is less severely affected than the primary dentition.

Other systems
Hearing loss is a common feature of OI, occurring in about 50% of 
patients over their lifetime and being especially prevalent in type I.6 It 
generally presents as a conductive or mixed hearing loss in the early 
adult years. Pulmonary complications may be a significant source of 
morbidity and mortality. Infants with type II OI generally die of respira-
tory insufficiency. In types III and IV OI, pectoral deformities, scoliosis, 
and flaring and softness of the rib cage may predispose to frequent 
pneumonia or eventual cor pulmonale. Mitral valve prolapse may be 
present. Growth impairment4 affects virtually 100% of type III and IV 
patients, unrelated to fracture frequency or location. Type I patients 
are shorter than family members. Neurologically, children with types 
III and IV often have ventriculomegaly and sulcal prominence, even 
without macrocephaly. This does not indicate hydrocephalus and is 
not associated with intellectual impairment.

TABLE 205.1 SILLENCE CLASSIFICATION (MODIFIED) OF 
OSTEOGENESIS IMPERFECTA SYNDROMES

Type Genetics Description

I Autosomal 
dominant

Mildest form of OI
Mild-to-moderate bone fragility without deformity
Associated with blue sclerae, early hearing loss, easy 

bruising
May have mild-to-moderate short stature
Type IA: dentinogenesis imperfecta absent
Type IB: dentinogenesis imperfecta present

II Autosomal 
dominant

Perinatal lethal or recessive
Extreme fragility of connective tissue, multiple in utero 

fractures, usually intrauterine growth retardation
Soft, large cranium
Micromelia, long bones crumpled and bowed, ribs 

beaded

III Autosomal 
dominant

Progressive deforming phenotype
Severe fragility of bones, usually have in-utero fractures
Severe osteoporosis
Relative macrocephaly with triangular facies
Fractures heal with deformity and bowing
Associated with white sclerae and extreme short 

stature, scoliosis

IV Autosomal 
dominant

Skeletal fragility and osteoporosis more severe than 
type I

Associated with bowing of long bones; light sclerae, ± 
moderate short stature, ± moderate joint 
hyperextensibility

Type IVA: dentinogenesis imperfecta absent
Type IVB: dentinogenesis imperfecta present

V Autosomal 
dominant

Moderate fragility
Hypertrophic callus
Dense metaphyseal bands
Ossification of interosseous membrane
“Mesh-like” bone histology

VI Autosomal 
recessive

Moderate to severe osteopenia due to mineralization 
defect

“Fish-scale” lamellae on bone histology

VII Autosomal 
recessive

Perinatal lethal or severe dysplasia
Due to null (lethal) or hypomorphic (surviving) defects 

in CRTAP

VIII Autosomal 
recessive

Perinatal lethal or severe bone dysplasia
West African founder mutation 1%-2% prevalence
Due to null mutations in LEPRE1/P3H1

IX Autosomal 
recessive

Lethal to moderate
Mutations in PPIB (CyPB)

Data from references 1 and 9.
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amino terminus, with glycine residues occupying the core positions 
inside the helix. Concomitant with synthesis and helix formation, 
lysine residues are hydroxylated and glycosylated and proline residues 
are 4-hydroxylated. This modification occurs to multiple residues in 
the helical region; once the chains have folded into the triple helical 
configuration they are no longer accessible to these modifying enzymes. 
A substitution of a charged or a polar amino acid for a glycine residue 
in one chain will result in a temporal delay of helix propagation. The 
portions of all three chains in the helix that are amino-terminal to the 
substitution will then be exposed to the modifying enzymes for a longer 
period of time and a greater proportion of potential sites will be glyco-
sylated. Thus, overmodification is a helical process and does not iden-
tify the mutant chain. The regional location of the mutation along the 
helix can be learned by determining the gradient of overmodification 
of the cyanogen bromide peptides of the collagen chains.

Recent discoveries have shown that recessive OI is caused by defects 
in a second collagen modification system. The prolyl 3-hydroxylation 
complex in the endoplasmic reticulum 3-hydroxylates a single residue 
(Pro986) on each α1(I) chain. Deficiency of any of the components of 
this complex, CRTAP, P3H1, or CyPB causes the severe or lethal reces-
sive forms of OI.

The terminal extensions of the helix are cleaved by specific pepti-
dases in the extracellular space. The mature collagen molecules then 
assemble into fibrils and higher-order structures, which provide 
strength and stability to tissues.

Molecular defects and phenotypic correlations
The full range of OI phenotype, from lethal to mild, is associated with 
defects in type I collagen. These can be broadly divided into quantita-
tive and structural defects. Type I OI, the mildest form, is caused by 

fibroblast collagen is less sensitive for mutations in the amino third of 
the α chains. It is most useful for detecting the increased ratio of types 
III/I collagen that is characteristic of type I OI. Biochemical analysis of 
collagen in recessive OI shows full overmodification of collagen chains. 
Direct sequencing at the DNA or complementary DNA (RNA) levels 
is more sensitive for the most common structural changes in collagen 
associated with types II, III, and IV OI. Overall, the diagnostic tests 
demonstrate a type I collagen abnormality in about 85% of OI patients. 
Recessive OI comprises 5% to 7% of total OI; biochemical analysis of 
collagen should be followed by mutation identification in CRTAP, 
LEPRE1, which encodes P3H1, and PPIB encoding CyPB.

Etiology and pathogenesis
Structure and function
Dominant OI has been associated with defects in the structure or 
synthesis of type I collagen (Fig. 205.2).2,3 Type I collagen2 is the major 
protein of human extracellular matrix and plays a crucial scaffolding 
role in bone, skin, ligaments, tendons, sclerae, and blood vessel walls. 
This wide distribution accounts for the generalized nature of OI.

Type I collagen is a heterotrimer, composed of two α1(I) chains and 
one α2(I) chain twisted around each other in a long, right-handed helix. 
Each chain is synthesized as a propeptide, with globular extensions at 
both ends and a central helical domain of 1014 amino acids. The 
helical domain is composed of repeating triplets of the sequence Gly-
X-Y, in which X and Y are often proline and hydroxyproline, respec-
tively. The exons of the genes encoding these chains code for an even 
multiple of triplets; each exon begins with a glycine and ends with a 
Y codon.

The three chains of the helix initially associate through the globular 
carboxyl extension. Helix formation then proceeds linearly toward the 

a b

c d

Fig. 205.1 Features of osteogenesis imperfecta. (a) 
Type II: short, crumpled long bones and rib 
fractures. (b) Type III: progressive deformity and 
osteoporosis of long bones. (c and d) Type IV: 
triangular facies, frontal bossing, and shallow orbits, 
with long bones with moderate deformity and 
osteoporosis.
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cases, respectively. There is no correlation between severity of bone 
dysplasia and extent of collagen helix overmodification. Modeling of 
lethal and non-lethal mutations in the two chains reveals different 
correlations, supporting a distinct role for each chain in extracellular 
matrix. Most cases of classic OI are caused by new dominant muta-
tions. However, 5% to 7% of dominant cases are caused by parental 
germline mosaicism,3 placing that family at high risk for a recurrence 
in a subsequent child. This factor should be considered in genetic 
counseling and molecular testing.

Some patients previously classified as having type IV OI have been 
shown to have distinctive bone histology and been classified as types 
V and VI OI. Type V OI is also characterized by hypertrophic callus 
formation, calcification of the interosseous membrane of the forearm, 
and a radiodense metaphyseal band.9 No collagen mutations have been 
demonstrated in these patients.

Finally, the etiology of the recessive form of OI postulated by  
Sillence in his 1979 classification has been recently delineated. The 
recessive form of OI is caused by deficiency of one of the post-transla-
tional modification systems of collagen (see earlier). The patients have 
null mutations in CRTAP, P3H1, or PPIB and clinically have an 
extremely severe or lethal form of OI. Suspected patients can be 
screened for gene expression by real-time polymerase chain reaction or 
sequencing. There is an increased risk of the recessive form for African 
Americans who may have inherited a West African founder mutation.

Management
Rehabilitation
The goal of physical rehabilitation in OI is to attain age-appropriate 
physical skills as a child and to retain maximum physical skills in the 
adult. The specific goals range widely with age and severity and include 
independent or assisted ambulation, transfer ability, and wheelchair-
assisted mobility.

Active physical therapy, with an OI-experienced therapist, should 
begin in infancy.10 To prevent deformities and assist respiratory effort, 
severely affected infants may require a custom-molded seating insert 
for proper positioning of the head, spine, and pelvis. Hydrotherapy10 
should begin in the bath in infancy and continue through life as swim-
ming and water exercises. This improves general conditioning as well 
as muscular strength for head and trunk control and independent 
extremity movements.

Children who are not expected to walk should be provided with a 
powered wheelchair for independent mobility in the preschool years. 
Children with ambulation potential should receive regular physical 
therapy to strengthen abdominal, pelvic girdle, and lower extremity 
musculature and to prevent contractures.10 Some children may require 
surgical correction of lower limb deformities before weight bearing is 
attempted. When they are ready to pull to standing, they progress 
through ambulation aids such as walkers and crutches to independent 
ambulation. Women with even mild OI may experience a postmeno-
pausal exacerbation of osteoporosis. Physiologic estrogen provides 
some protection during the postpubertal years and is a good postmeno-
pausal therapeutic choice in many cases.

Orthopedic management
An orthopedic surgeon experienced with OI is essential to a successful 
physical outcome. Even in severely affected individuals, fractures 
should not be allowed to heal without proper alignment and reduction. 
Fracture healing is generally normal in OI patients; the period of 
immobilization should be minimized to avoid worsening osteoporosis 
by disuse.

Intramedullary placement of rods in the long bones, using the mul-
tiple osteotomy procedure of Sofield and Millar,3 is used to interrupt 
refracture sequences, correct deformity, and support the bone for 
weight bearing. Extensible telescoping rods such as the Bailey-Dubow 
and, more recently, the Fassier-Duval models are most often employed. 
They have the advantage of extending with bone growth. Unfortu-
nately, they have a high rate of migration into a joint space. Further-
more, because the rod is much stiffer than normal bone, it bears a 
disproportionate share of the gravity load and causes significant cortical 
atrophy. To circumvent the problems of rod migration and bone 
atrophy, a straight Sofield rod or a Rush rod with a crook may be used 

quantitative defects8; that is, patients secrete about half the normal 
amount of type I collagen but all the collagen they synthesize is struc-
turally normal. Most commonly, this is caused by non-sense or frame-
shift mutations in one allele of COL1A1 that lead to premature chain 
termination of the α1(I) chain. Non-sense–mediated decay of mRNA 
from the mutant allele reduces the steady-state mRNA level for mutant 
collagen. Biochemically, these patients manifest an increased ratio of 
types III/I collagen.

Types II, III, and IV OI are caused by structural defects in either 
the α1(I) or α2(I) chains of type I collagen. Most (80% to 85%) of these 
structural defects are substitutions of another amino acid for one of 
the invariant glycine residues that occur in every third position along 
the chain. Fifteen to 20 percent of defects involve splice junctions and 
result in exon skipping or intronic inclusion. The genotype-phenotype 
relationships of mutations in the two α chains are complex. Mutations 
in the α1(I) and α2(I) chains are lethal in one third and one fifth of 
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Fig. 205.2 Type I collagen synthesis: organization of type I collagen genes and 
protein. Assembly of heterotrimer containing a mutant chain, its effect on 
glycosylation, and cyanogen bromide mapping are shown.
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to stabilize a healing osteotomy in the lower limb. Generally, rods 
require replacement several times during childhood. The use of plates 
and screws to stabilize an osteotomy has resulted in increased osteo-
porosis of bone with poorly healed screw holes and cannot be 
recommended.

The scoliosis of moderate and severe OI is not responsive to Mil-
waukee bracing. When scoliosis exceeds 40 degrees, spinal fusion with 
Harrington instrumentation generally provides good stabilization.

Management of generalized connective tissue symptoms
Use of the bisphosphonate drugs for OI became widespread based on 
observational trials. The consensus of three recent controlled trials in 
OI children11 is that bisphosphonates are more beneficial for vertebrae 
than long bones. Treatment for 1 to 2 years increases L1-L4 DEXA 
scores and, more importantly, improves vertebral compressions and 
area, which may prevent or delay the scoliosis of OI. The relative risk 
of long bone fractures is somewhat decreased, in agreement with 
increased load to fracture in animal studies. However, treatment 
weakens long bone material properties and increases the risk of oste-
otomy non-union. The consensus of the controlled trials is that 
bisphosphonate treatment does not affect muscle strength, ambulation 
status, or bone pain. Maximum benefit may be obtained from 2 to 3 
years of treatment in mid childhood; benefits appear to persist for 
several years after treatment stops.

Growth deficiency is the most consistent secondary feature of OI. 
In a treatment trial of recombinant growth hormone (rGH) in children 
with types III and IV OI, half of the children (mostly type IV OI) 
responded with more than a 50% increase in linear growth rate, 
increased vertebral bone mineral density, and positive changes in bone 
histology. The effect of rGH therapy on final adult stature is unknown, 
as is the possible synergy between rGH and bisphosphonates.

Severely affected infants may have multiple bouts of pneumonia in 
the first years of life and should be treated promptly with antibiotics. 

If early signs of desaturation appear, patients should be given oxygen 
as needed to forestall development of pulmonary hypertension and cor 
pulmonale.

The high-frequency hearing loss characteristic of OI can usually be 
overcome with amplification. If conductive hearing loss is severe, sta-
pedectomy requires an OI-experienced surgical team to avoid fracturing 
the stapes or creating a “floating footplate.”

EHLERS-DANLOS SYNDROME
History
Ehlers and Danlos each made a contribution to the associations of this 
syndrome shortly after 1900. Molecular work by Byers, De Paepe, Pope, 
Steinmann, Ramirez, and others has described defects in types I, III, 
and V collagen in EDS patients. In addition, defects in tenascin-X, lysyl 
hydroxylase, and the zinc transporter gene SLC39A13 have been identi-
fied in patients with EDS findings.12 The Villefranche nosology updates 
the recognized genetic heterogeneity of the syndromes, grouping them 
into six types and eliminating rare forms.13

Epidemiology
The genetic inheritance and incidence of EDS vary widely with type.13 
Fortunately, severe type IV EDS is rare and occurs in less than 1 in 
100,000 births; the diagnosis is often made in childhood. Milder domi-
nant forms of EDS are much more common, with an estimated preva-
lence of 1 in 20,000 for EDS type I.

Clinical features
The different types of EDS and main clinical features13 are listed in 
Table 205.2.

TABLE 205.2 TYPES OF EHLERS-DANLOS SYNDROME

Type Name Genetics Etiology Clinical features

EDS I Gravis AD 30% of cases caused by null allele Soft skin with scars for COL5A1 or COL5A2
Hypermobile joints
Easy bruising

EDS II Mitis AD 30% of cases caused by null allele for COL5A1 or COL5A2 Less severe form of type I EDS

EDS III Hypermobile AD Unknown Soft skin without scars
Marked mobility of large and small joints

EDS IV Vascular AD (AR) Defects of type III collagen Translucent skin
Marked bruising
Ruptured arteries, uterus, bowel
Normal joint mobility

EDS V X-linked XL Unknown Similar to EDS II

EDS VI Ocular-scoliotic AR Skin soft and extensible

VIA—decreased lysyl hydroxy case type Defects in lysyl hydroxylase Scoliosis
Ocular fragility

VIB—decreased lysyl hydroxy case type Unknown Hypermobile joints

EDS VII Arthrochalasis multiplex congenita

VIIA—α1(I) type AD α1(I) DE6 Congenital hip dislocation

VIIB—α2(I) type AD α2(I) DE6 Hypermobile joints

VIIC—enzyme deficiency AR Deficient procollagen N-proteinase Skin soft without scars

EDS VIII Periodontitis type AD Unknown Generalized periodontitis
Skin soft and extensible
Easy bruising
Hypermobile joints

EDS X Fibronectin AR Fibronectin Mild joint hypermobility
Easy bruising
Abnormal platelet aggregation

AD, autosomal dominant; AR, autosomal recessive.
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a b

Fig. 205.3 Features of Ehlers-Danlos syndrome. (a) 
Hyperextensibility of small joints. (b) Cigarette-paper 
scarring. (Courtesy of Dr. D. K. Grange.)

Types I and II are the classic forms. Type I EDS is the gravis variant. 
Patients have velvety and hyperextensible skin, marked joint extensi-
bility, “cigarette paper” scars, and easy bruising (Fig. 205.3). Many are 
born prematurely or have mitral valve prolapse.

Type II EDS has a less severe presentation of type I clinical associa-
tions, except that premature degenerative arthritis may develop. In type 
III EDS, joints dislocate repeatedly and are associated with degenerative 
joint disease. Scars form normally.

Type IV EDS, the severest form, includes complications that reduce 
adult life expectancy (median survival, 48 years), such as rupture of 
arterial walls, colon, or pregnant uterus. There is a characteristic facies 
with large eyes and thin nose and lips. Patients have marked bruis-
ability, an aged skin appearance on hands and feet, and joint hyper-
mobility limited to the small joints of the hands.

Type VII EDS presents predominantly with joint symptoms, begin-
ning with congenital hip dislocations, usually bilateral, and continuing 
with striking joint laxity and multiple dislocations. There may be 
moderate short stature and mild skin bruising and extensibility.

Diagnostic studies
Biochemical studies of types I and III collagen from patient fibroblasts 
are important to establish the genetics of the EDS and to identify those 
patients with EDS type IV for anticipatory management. Fibroblast 
lysyl hydroxylase deficiency and reduction of collagen cross-links in 
urine can be demonstrated in EDS type VI.14

Differential diagnosis
The features of EDS overlap with those of other connective tissue 
disorders, especially the marfanoid hypermobility syndrome, cutis laxa, 
and mild OI. Neuromuscular disorders, especially Ulrich congenital 
muscular dystrophy, and Menkes syndrome are in the differential 
diagnosis of some childhood EDS features.

Etiology and pathogenesis
Type III collagen
Type III collagen is a homotrimer encoded by a gene on chromosome 
2q31. The constituent α1(III) chains share with type I collagen their 
general exon organization and Gly-X-Y repeats. Type III collagen is 
located in skin, blood vessel walls, and pleuroperitoneal lining; bone 
has a minimal amount of type III collagen.

Molecular defects in types I, III, and V collagen in EDS
The most consistent molecular correlations in EDS have been of type 
IV EDS with type III collagen and of type VII EDS with type I collagen 

defects. Type IV EDS results from defects in the structure or synthesis 
of type III collagen which dramatically decrease type III collagen secre-
tion. Some defects are similar to those in OI, in which a bulky amino 
acid replaces a glycine; others have been point mutations causing aber-
rant splicing of one or more exons. At the molecular level, all cases 
have been dominant heterozygous lesions, consistent with the fact that 
a mutation in one allele will result in 93% of homotrimers containing 
at least one mutant chain.

Type VII EDS involves defects in the processing of the N-terminal 
peptide of type I collagen. Type I collagen, which retains its N-terminal 
peptide, forms abnormal fibrils. Most cases are dominant structural 
defects in the type I collagen substrate (EDS types VIIA and VIIB), 
involving skipping of exon 6, which contains the N-proteinase cleavage 
site. More recently, the occurrence of the human equivalent of dermato-
sparaxis has been documented. In this recessive form of EDS type VII, 
there is a deficiency of the N-terminal proteinase.

The classic types I and II EDS have been demonstrated to have 
defects in type V collagen, a quantitatively minor fibrillar collagen of 
skin. The great majority of these mutations cause haploinsufficiency 
of the α1(V) chain.15 However, only 30% of classic EDS is clearly caused 
by type V defects, so there is genetic heterogeneity of these EDS forms 
as well. Defects in tenascin-X interfere with deposition of collagen and 
elastin fibrils in dermis and cause a recessive form of classic EDS. In 
addition, some classic EDS is caused by defects in type I collagen, 
specifically homozygous defects resulting in total absence of the α2(I) 
collagen chain and heterozygous defects resulting in Arg > Cys substi-
tutions in the helical region of α1(I). Persons with classic OI caused 
by defects in type I collagen also may have a range of vascular 
problems.

Management
Joint hypermobility generally decreases with age; sports that hyperex-
tend or otherwise stress joints should be discouraged in childhood. 
Joint surgery may be performed for pain, instability, or poor range of 
motion. Success in terms of joint stability and pain relief is limited in 
about half of cases.16 Joint effusions and hemarthrosis may occur from 
cumulative minor trauma and require intervention to maintain 
ambulation.

Skin fragility in EDS necessitates particular attention to closure in 
even minor surgical procedures. Sutures should be more closely spaced 
and left in place for a longer period than normal.

Patients with the EDS type IV diagnosis should be taught to com-
municate all appropriate vascular and visceral symptoms to their physi-
cian. The natural history of EDS type IV necessitates prompt evaluation 
of even vague complaints in pertinent systems, with echocardiography, 
computed tomography, or laparoscopy as indicated.17,18 If pregnancy is 
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Cardiovascular features
Mitral valve prolapse and dilation of the ascending aorta are the most 
common cardiovascular features. Mitral or aortic regurgitation may 
develop. Histologically, the aorta demonstrates cystic medial necrosis. 
Dilation of the aortic root occurs in 60% to 80% of adults with  
Marfan syndrome and is the most common cause of morbidity and 
mortality.

Infantile Marfan syndrome
There is a severe perinatal subset of Marfan syndrome patients. Pro-
gressive cardiovascular abnormalities and pulmonary disease cause 
increased morbidity and mortality in the childhood years.

Ghent nosology
The prior diagnostic criteria for Marfan syndrome were revised to 
reflect more stringent criteria for diagnosis of Marfan syndrome in 
relatives of affected patients and the potential contribution of molecu-
lar diagnosis.20 This Ghent nosology (Box 205.1) uses skeletal features 
as major criteria if at least four of eight typical skeletal features are 
present. A diagnosis of Marfan syndrome in the index case requires 
meeting major criteria in at least two organ systems (skeletal, ocular, 
cardiovascular, skin, family history) and having involvement of a third 
system. Relatives of an individual with a confirmed case require major 
criteria in one system and involvement of a second system.

Prognosis
In the past, cardiovascular complications reduced the mean lifespan of 
Marfan syndrome patients by 30% to 40%. The mean lifespan is now 
approaching normal,21 with aggressive and anticipatory management 
of aortic root dilation helping the majority of patients to have a lifespan 
in the 50- to 70-year range.

Diagnostic studies
Studies essential to establishing the Marfan diagnosis include a slit 
lamp examination, with fully dilated pupils and echocardiography 
focused on mitral valve and aortic root. A radiographic skeletal survey 
should include limbs, spine, skull, and chest. Detection of a fibrillin 
mutation contributes to the diagnostic criteria, especially in children, 
but the diagnosis is primarily clinical.

attempted in severe EDS, elective cesarean section through the lower 
uterine segment is essential because it will stress the uterus less than 
spontaneous vaginal delivery and prevent delivery-related tears.

MARFAN SYNDROME
History
This syndrome, first reported by Marfan in 1896, was the first heritable 
disorder of connective tissue to be described. Marfan syndrome type 1 
is caused by heterozygous mutations in FBN1, which encodes the 
matrix protein fibrillin-1. A mouse model that has been useful for 
translational studies was generated by Ramirez.19 Cumulative survival 
probability has been increased from 48 years in 1972 to 72 years in 
1995 due to surgical advances in the prophylactic repair of the dilated 
aortic root.

Epidemiology
Marfan syndrome is characterized by autosomal dominant inheritance. 
Advanced paternal age has been associated with sporadic cases. One of 
the most common connective tissue disorders, Marfan syndrome has 
an approximate prevalence of 1 in 5000 to 10,000.18 There is no racial 
or gender bias on prevalence.

Clinical features
Skeletal features
Musculoskeletal features,19 such as stature greater than the 95th per-
centile and limbs disproportionately long for trunk size (arachnodac-
tyly), may first bring the patient to medical attention. Other skeletal 
aspects of the Marfan syndrome include scoliosis, pectus excavatum 
(Fig. 205.4) or carinatum, a high-arched narrow palate, and laxity of 
joints, including flatfeet. There may be limited extension of some 
joints.

Ocular features
Non-progressive subluxation of the lens is present in about 60% of 
cases. It is most commonly bilateral, with the lens displaced upward. 
Myopia is frequent and may be severe because of increased axial length 
of the globe.

Fig. 205.4 Marfan’s syndrome: pectus excavatum. (Courtesy of Dr. K. 
Rosenbaum.)

BOX 205.1 GHENT NOSOLOGY OF MARFAN’S SYNDROME
For index case: diagnosis requires major criteria in at least two different organ 

systems and involvement of a third organ system.
For a relative of an index case: diagnosis requires major criterion in one organ 

system and involvement of a second organ system.

Major criteria, skeletal system (4 or more of)
 Pectus carinatum
 Pectus excavatum
 Span to height > 1.05
 Wrist and thumb signs
 Scoliosis > 20 degrees
 Elbow extension < 170 degrees
 Pes planus
 Protrusio acetabuli

Dura
 Lumbosacral dural ectasia evident on computed tomography or magnetic 

resonance imaging

Ocular system
 Ectopia lentis

Cardiovascular system
 Dilation of ascending aorta involving at least sinuses of Valsalva
 Dissection of ascending aorta

Family/genetic history
 First-degree relative with Marfan syndrome
 Presence of FBN1 mutation
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Differential diagnosis
Several other conditions should be considered when making a diagnosis 
of Marfan syndrome. Marfan syndrome type 2, now termed Loeys-
Dietz syndrome, shares many features of type 1 usually with absence 
of ocular involvement; Loeys-Dietz syndrome is much less frequent 
than Marfan syndrome and is caused by mutations in the TGFBR1 and 
TGFBR2 genes. Homocystinuria has similar ocular and skeletal mani-
festations but has a positive urine cyanide-nitroprusside test and down-
ward lens dislocation. Congenital contractural arachnodactyly shares 
Marfan skeletal traits. In the “marfanoid” hypermobility syndrome, the 
lens and aorta are normal and skin and joints are more extensible than 
in Marfan syndrome. In the vascular types of Ehlers-Danlos syndrome, 
skeletal proportions are normal.

Etiology and pathogenesis
Classic Marfan syndrome is caused by mutations in fibrillin-1, a 
350-kDa glycoprotein discovered in 1986 and abundant in aortic tunica 
media, ciliary zonules, periosteum, and skin. Decreased microfibrils 
were demonstrated in Marfan syndrome patients, followed by assign-
ment of both fibrillin and the Marfan locus to chromosome 15q15. 
Mutation screening of all 65 exons of the FBN1 gene is available and 
can detect the majority of mutations.22 A genotype-phenotype compari-
son has been done in over 1000 patients. FBN1 mutations producing 
premature termination cause more severe skeletal and skin phenotype 
than in-frame mutations. Mutations causing severe neonatal Marfan 
syndrome as well as high risk for cardiac manifestations usually occur 
in the epidermal growth factor–like sequences in exons 24 to 32, 
whereas mutations in the last seven exons are associated with milder 
phenotypes. Patients with a missense mutation producing a cysteine 
have higher probability of ectopia lentis. The pathophysiology of the 
disorder has been proposed to follow either a dominant negative mech-
anism or to involve dysregulation of transforming growth factor-β 
signaling.

Management
Marfan syndrome patients are best managed at a tertiary center by a 
multidisciplinary team. Cardiovascular care includes annual echocar-
diography and electrocardiography until the aortic root exceeds 40 mm 
and more frequently thereafter. Prophylactic aortic surgery is now 
usually done at aortic root diameter about 50 mm. The Bentall proce-
dure used a composite graft to replace aortic valve, root, and proximal 
ascending aorta, with over 90% survival but a life-long need for anti-
coagulation.21 In the early 1990s, a valve-sparing approach was devel-
oped by David with excellent results. Treatment with β-adrenergic 
blockers or angiotensin-converting enzyme inhibitors is standard, but 
whether this decreases the rate of aortic dilation or dissection is con-
troversial.21 Losartan restored the cardiovascular phenotype in the 
Marfan mouse model, and early results in children are encouraging; a 
long-term trial is ongoing through the National Heart, Lung and Blood 
Institute. There is a high risk of a catastrophic cardiovascular event 
during and after pregnancy even for women with moderate aortic dila-
tion. Management also includes annual ophthalmology and semian-
nual orthopedic evaluation. Surgery may be needed when scoliosis 
exceeds 45 degrees. Because deformity may recur, pectus correction  
is best postponed until growth stops. Bone mineral density may be 
reduced in the hip but not in the spine.

BOX 205.2 PARIS NOMENCLATURE OF CHONDRODYSTROPHIES

Osteochondrodysplasias
I. Defects of growth of tubular bones and/or spine

II. Disorganized development of cartilage
III. Abnormalities of density of cortical diaphyseal structure and/or metaphy-

seal modeling

Dysostoses
I. With cranial and facial involvement

II. With predominant axial involvement
III. With predominant involvement of extremities

Idiopathic osteolysis
Primary metabolic abnormalities

I. Calcium and/or phosphorus
II. Complex carbohydrates

III. Lipids
IV. Nucleic acids
V. Amino acids

VI. Metals

From Rimoin DL, Lachman RS. The chondrodysplasias. In: Emery AE, Rimoin DL, eds. Principles 
and practice of medical genetics. Edinburgh: Churchill Livingstone, 1983:703-735.

CHONDRODYSTROPHIES
The chondrodystrophies are classified according to the Paris nomen-
clature of 1976 using clinical and radiographic criteria, such as differ-
ent part of long bone involved (epiphyses, metaphyses, or diaphyses) 
and presence of spinal involvement (Box 205.2).23 The genetic defects 
responsible for these conditions are wide ranging and include signaling 
defects and matrix structural proteins.24

Stickler’s syndrome presents as ocular, facial, and joint involve-
ment. It is one of the milder phenotypes resulting from mutations in 
the gene that encodes type II collagen. The mutations in type II col-
lagen that cause Stickler’s syndrome result in premature termination 
codons and presumably in haploinsufficiency. About 25% of Stickler’s 
patients have mutations in the genes encoding type XI collagen. Mani-
festations of the syndrome include myopia, retinal detachment, midface 
hypoplasia, midline clefting, and hearing loss, but their expression is 
highly variable. Progressive osteoarthritis of large joints may develop 
in the third or fourth decade.

History
Several studies have revealed the familial nature24 and, more recently, 
the underlying molecular defect in this group of disorders. These 
advances have led to an attempt to classify the disorders (see Box 
205.2).

Epidemiology
The most common chondrodystrophy, achondroplasia, occurs in about 
1 per 40,000 live births. However, some recessive disorders, such as 
McKusick-type metaphyseal dysplasia, are comparatively common 
among the relatively inbred Old Order Amish in Pennsylvania.
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Hypermobility syndrome is diagnosed using the 1998 “Brighton crite-
ria,”9 which provides for the inclusion of relevant symptoms, a low 
Beighton score, and other phenotypic features (Box 206.2).

JHS patients often also display increased skin stretchiness, mar-
fanoid habitus, and other manifestations, overlapping with other heri-
table disorders of connective tissue (HDCTs). Rheumatologists need 
to be aware of the distinctive features of true Marfan syndrome (MFS) 
and the other major forms of EDS, notably the classic form (EDS type 
I/II) and the life-threatening vascular form (EDS type IV), and ever 
vigilant of their possible appearance. In this regard the Ghent10 and 
Villefranche11 criteria for MFS and EDS, respectively, are essential 
reading.

CLINICAL PRESENTATION
Musculoskeletal
Once perceived as a trivial ailment causing minor joint and spinal pain 
after exercise with the occasional occurrence of joint dislocation pre-
disposing in some cases to premature osteoarthritis, it is now regarded 
as a forme fruste of an HDCT with overlap features with other HDCTs. 
In practice, JHS may present as (1) almost any soft tissue injury or 
overuse lesion affecting ligament, tendon, muscle, enthesis, or joint; 
(2) recurrent joint instability, subluxation, or dislocation; (3) chronic 
non-inflammatory joint or spinal pain without apparent structural 
abnormality; and (4) secondary osteoarthritic or spondylotic changes 
in peripheral or spinal joint(s), respectively. What sets JHS patients 
apart from others is the range and frequency of the manifold varieties 
of acute and chronic painful episodes occurring over the course of their 
lives, with the intensity of pain seemingly increasing inexorably over 
time from childhood to adolescence and through adult life. Avoidance 
of (painful) movement as a strategy of avoiding pain (described as 
kinesiophobia) leads inevitably to muscle deconditioning, the develop-
ment of adverse postures, and loss of function, which serve only to 
aggravate a fraught situation and diminish the ability to lead a normal 
active life and to sustain a reasonable quality of life.

Extra-articular manifestations
Mechanical failure of connective tissue beyond the locomotor system 
will be expected to manifest clinically. The dermis of the skin, being 
70% dry weight collagen, is abnormal in JHS. The texture is soft or 
silky, thickness is palpably reduced, and it may be visibly transparent 
and skin stretch is increased. Scar formation is impaired, giving rise to 
characteristically paper-thin scars. Stretch marks (striae atrophicae) 
due to internal slipping of dermal collagen bundles usually appear 
around the time of puberty and, by contrast, striae gravidarum are often 
paradoxically absent (Fig. 206.1).

Visceral complications arise from weakness affecting the supporting 
structures such as the diaphragm, abdominal wall, and the pelvic floor. 
Thus, hiatus hernia (with the closely associated gastroesophageal 
reflux) and abdominal wall hernias occur. In later life parous women 
with JHS may develop uterine and/or rectal prolapse, rectocele, and/or 
cystocele (with or without stress incontinence). Varicose veins are also 
a common occurrence in JHS. Mitral valve prolapse and spontaneous 
pneumothorax are rarer manifestations.

Depression and anxiety are frequent accompaniments of chronic 
pain in JHS, but the connection may be more fundamental. A link 
between hypermobility and panic attacks and phobias due to a  
chromosomal duplication has been postulated but so far is 
unconfirmed.12

Hypermobility syndrome
Rodney Grahame and Alan J. Hakim

INTRODUCTION
Hypermobility denotes an increased range of joint movement. Joint 
mobility is pronounced at birth but declines thereafter. It is greater in 
females and people of Asian or African descent. Hypermobility syn-
drome, also now known as the (benign) joint hypermobility syndrome 
(JHS), is a common disorder. Originally defined as “the occurrence of 
symptoms in otherwise healthy hypermobile individuals,”1 it is now 
seen as a complex genetic disorder with manifestations that permeate 
well beyond the confines of the musculoskeletal system. Most authori-
ties regard it as being the same as the Ehlers-Danlos Syndrome—
hypermobility type (EDS-HT), formerly EDS type III (see Chapter 
205).2

MOLECULAR BASIS, HERITABILITY, 
PATHOGENESIS, AND EPIDEMIOLOGY
Hypermobility is strongly “heritable”; one twin study showed 70% of 
its variance to be accounted for by genetic factors.3 Racial differences 
in prevalence also implicate genetic influences. There is a higher preva-
lence of hypermobility among Asian and Afro-Caribbean populations 
when compared with whites. The heritability of JHS has not been 
determined; however, anecdotal observations suggest a dominant 
inheritance with variable penetrance. Both hypermobility and JHS are 
three times more common in females than males. Hormonal influ-
ences may play a role, although the mechanisms have not been identi-
fied. Anecdotally, individuals with JHS observe that their symptoms 
are often worse immediately before menstruation, a point when serum 
estrogen levels peak in the cycle.

Collagen is abundant in virtually all connective tissues. Ultrastruc-
tural abnormalities of the collagen fibril and mutations in collagen-
modifying enzymes have been found in all subtypes of EDS with the 
exception of EDS-HT. Like EDS-HT, mutations involved in the pathol-
ogy of JHS remain obscure. Linkage analysis in two large families with 
JHS failed to show any association with COL1, COL3, COL5, or COL6 
as causative genes.4 Other candidate genes for proteins involved in 
collagen fibrillogenesis, in particular the family of small leucine-rich 
proteoglycans (SLRPs), have also not shown associations. Of note, 
deficiency in tenascin-X, an extracellular matrix glycoprotein, results 
in a phenotype similar to classic EDS. Haploinsufficiency of the gene 
for tenascin-X has been found to account for some of the disorder’s 
presence in families with EDS-HT and may in part explain the nature 
of the molecular disturbance in JHS.5

The epidemiology of JHS is in its infancy. However, surveys con-
ducted in the United Kingdom and in Chile suggest that the JHS 
phenotype may be identifiable in over 40% of patients attending routine 
community hospital rheumatology clinics.6

RECOGNITION, DIFFERENTIAL  
DIAGNOSIS, DIAGNOSTIC CRITERIA
Various scoring systems for hypermobility have been devised. The 
most widely used is the 9-point Beighton scale (Table 206.1).7 Intro-
duced in 1973, it has stood the test of time. However, it is an “all or 
none” criterion that gives no indication of severity. Sampling only five 
body sites, it can lead to hypermobility being missed, especially in the 
pauciarticular variety. Hypermobility may be uncovered by a person’s 
response to a validated 5-point questionnaire. Two affirmative answers 
would suggest an 85% chance of being hypermobile (Box 206.1).8 
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a

b

c

d

Fig. 206.1 (a and b) Skin stretch in JHS. (c) Papyraceous scar after patellar tendon operation. (d) Lumbar region of JHS patient showing characteristic striae 
atrophicae together with papyraceous scar from spinal surgery.

TABLE 206.1 THE NINE-POINT BEIGHTON HYPERMOBILITY SCORE

The ability to: Right Left

1. Passively dorsiflex the fifth metacarpophalangeal joint to  
≥90°

1 1

2. Oppose the thumb to the volar aspect of the ipsilateral 
forearm

1 1

3. Hyperextend the elbow to ≥ 10° 1 1

4. Hyperextend the knee to ≥ 10° 1 1

5. Place hands flat on the floor without bending the knees 1

Total 9

One point may be gained for each side for maneuvers 1 to 4 so that the hypermobility score will 
have a maximum of nine points if all are positive.
From Beighton PH, Solomon L, Soskolne CL. Articular mobility in an African population. Ann 
Rheum Dis 1973;32:413-417.

BOX 206.1 A FIVE-PART QUESTIONNAIRE FOR 
IDENTIFYING HYPERMOBILITY
1. Can you now (or could you ever) place your hands flat on the floor without 

bending your knees?
2. Can you now (or could you ever) bend your thumb to touch your forearm?
3. As a child did you amuse your friends by contorting your body into strange 

shapes or could you do the splits?
4. As a child or teenager did your shoulder or kneecap dislocate on more than 

one occasion?
5. Do you consider yourself double-jointed?

Answer in the affirmative to 2 or more questions suggests hypermobility with 
sensitivity 80% to 85% and specificity 80% to 90%.

From Hakim AJ, Grahame R. A simple questionnaire to detect hypermobility: an adjunct to the 
assessment of patients with diffuse musculoskeletal pain. Int J Clin Pract 2003;57:163-166.

Pain, fatigue, and dysautonomia
Pain, fatigue, depression, and anxiety are common in JHS. Pain is both 
acute and chronic. The chronic pain of JHS is best likened to that seen 
in patients with widespread chronic pain syndrome or fibromyalgia. 
Fatigue is often a severely disabling complaint. The cause for this 
remains elusive.

Perhaps most surprising is the recent observation that up to 60% of 
JHS patients have symptoms suggestive of autonomic disturbance. 
These include presyncope, syncope, and palpitations as a consequence 
of orthostatic hypotension, orthostatic intolerance, and postural ortho-
static tachycardia syndrome. Bowel disturbance akin to irritable bowel 
syndrome is also reported.13,14 Vascular disturbance may be related to 
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spinal column descending inhibitory pain pathways. Similarly, such 
agents may have a place in JHS patients in controlling autonomic 
disturbances of the bowel.

β-Blockade may relieve the symptoms of postural orthostatic 
tachycardia syndrome. Nonpharmacologic interventions such as  
attention to salt and fluid balance are likely to be most effective in 
managing orthostatic hypertension and orthostatic intolerance in  
these patients.

New physiotherapeutic approaches
Conventional physiotherapy has often been deemed unhelpful (or 
counterproductive) by patients with JHS. However, a new approach  
has been developed adapting physiotherapeutic methods to the needs 
of patients with lax tissues, which lack the normal tensile strength  
by:

● Seeking to build up those muscles responsible for joint and core 
stability

● Restoring diminished proprioceptive acuity; several studies have 
shown that proprioception is impaired in the hypermobile joint 
and can be improved by exercise and training.19

● Avoiding harmful postures (e.g., resting at the end of the hyper-
mobile range)

● Applying mobilizing techniques to restore to their natural 
hypermobile range those areas (e.g., the dorsal spine) that tend to 
stiffen up to the detriment of the non-stiffened hypermobile 
segments20

● Working with clinical psychologists enabling patients with chronic 
pain to acquire pain management techniques such as pacing, 
relaxation, and so on.

● Educating patients about JHS and encouraging self-management

Occupational therapy and podiatry
Occupational therapists provide splints to protect unstable finger joints 
and advise on joint protection in general. Specific devices (e.g., fat pen 
handles) can be an invaluable aid to writing.

Flatfoot on weight bearing (which disappears when not weight 
bearing) is a common finding in JHS, as is forefoot pronation and 
hindfoot valgus deformity. These deformities can produce discomfort 
and difficulty on walking. A podiatrist can provide moulded orthoses 
(insoles) capable of relieving such symptoms in JHS patients.

THE POTENTIAL ASSOCIATION BETWEEN HYPERMOBILITY, ANXIETY,
FATIGUE, CHRONIC WIDESPREAD PAIN, AND AUTONOMIC DYSFUNCTION

Autonomic
Dysfunction

Anxiety and
Fatigue

Chronic
Widespread

Pain

Hypermobility

Deconditioning 

Fig. 206.2 A diagram illustrating the potential association between 
hypermobility, anxiety, fatigue, chronic widespread pain, and autonomic 
dysfunction. Primary autonomic disturbance may add to anxiety and fatigue. 
Secondary autonomic disturbance may be a consequence of anxiety driven by 
pain and disability. (Reproduced by kind permission of the publishers of Best 
Practice & Research Clinical Rheumatology.)

BOX 206.2 THE 1998 BRIGHTON REVISED DIAGNOSTIC CRITERIA FOR THE 
BENIGN JOINT HYPERMOBILITY SYNDROME (BJHS)

Major criteria
1. A Beighton score of 4/9 or greater (either currently or historically)
2. Arthralgia for longer than 3 months in 4 or more joints

Minor criteria
1. A Beighton score of 1, 2 or 3/9 (0, 1, 2, or 3 if aged 50+)
2. Arthralgia in one to three joints or back pain or spondylosis or spondylolysis/

spondylolisthesis
3. Dislocation in more than one joint, or in one joint on more than one 

occasion
4. Three or more soft tissue lesions (e.g., epicondylitis, tenosynovitis, bursitis)
5. Marfanoid habitus (tall, slim, span > height; upper segment:lower segment 

ratio less than 0.89, arachnodactyly)
6. Skin striae, hyperextensibility, thin skin, or abnormal scarring
7. Eye signs: drooping eyelids or myopia or antimongoloid slant
8. Varicose veins or hernia or uterine/rectal prolapse.

The BJHS is diagnosed in the presence of two major criteria or one major and 
two minor criteria or four minor criteria. Two minor criteria will suffice where 
there is an unequivocally affected first-degree relative. BJHS is excluded by the 
presence of Marfan or Ehlers-Danlos syndromes (other than the EDS Hypermo-
bility type formerly EDS III) as defined by the Ghent 199610 and Villefranche 
199811 criteria, respectively. Major and minor criteria 1 and 2 are mutually 
exclusive.

From Grahame R, Bird HA, Child A, et al. The revised (Brighton 1998) criteria for the diagnosis 
of benign joint h ypermobility syndrome (BJHS). J Rheumatol 2000;27:1777-1779.

increased reactivity of α- and β-adrenoreceptors in the vasculature and 
vagal hyperactivity.13 Recent studies have shown a significant associa-
tion between JHS and the occurrence of gastrointestinal symptoms 
comprising bloating, reflux, constipation, and diarrhea. Functional 
studies on individual patients reveal a panintestinal dysmotility, which 
may result from laxity of the intestinal connective tissues.15

The combination of all these symptoms is a common encounter  
in the clinic. It is likely that their interactions are linked in a complex 
manner, each potentially “fueling” the other. This is depicted in  
Figure 206.2. Here injury can lead to pain and maladaptive function, 
both physical and psychological. Likewise primary psychological trig-
gers may lead to anxiety and fatigue. Both of these phenomena interact 
with each other and may also account for secondary autonomic symp-
toms. In the presence of a primary autonomic disturbance the scene 
is set for a cycle of insults each driving other components in the 
pyramid.16

MULTIDISCIPLINARY MANAGEMENT
Drug treatment
Simple analgesics and anti-inflammatory drugs have an important 
place in the management of acute and acute-on-chronic pain from soft 
tissue injuries and degenerative disease, as with any other condition. 
The majority of patients report, however, that these agents are of little 
benefit in the control of chronic pain.

Local injection of corticosteroid may also be of value in treating 
isolated soft tissue lesions. Theoretically, although there is no evidence 
base to favor or refute it, the risk of tendon rupture may be greater in 
JHS patients than in the general population. Corticosteroid inhibits 
fibroblast formation, and this may add to the risk of delayed or poor 
healing of soft tissue already inherent in JHS.17 The clinician should 
also be aware of poor efficacy of local anesthetics. Up to 60% of patients 
with JHS report failure or the need for additional local anesthetic. The 
mechanisms behind this are unclear.18

JHS patients are similar to patients with fibromyalgia and wide-
spread chronic pain with respect to the phenomenon of chronic pain 
amplification in the absence of chronic tissue injury. Serotonergic and 
noradrenergic agents can be used in this context, although for JHS 
there are no randomized controlled trials. It is speculative as to how 
much such agents influence central pain processing, mood, and con-
sequent behavior and how much they influence the stimulation of 
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FUTURE TRENDS IN RESEARCH
There remains much to be understood of this common and debilitating 
condition. Identification of causative genes will lead to greater under-
standing of the pathogenesis of the condition. Neurophysiologic mech-
anisms leading to impaired proprioception, autonomic disturbance, 
local anesthetic failure, and pain amplification also warrant further 
investigation.

At a therapeutic level, randomized controlled trials of pharmaco-
logic, physical, and psychology techniques are lacking. Before these can 
be done there is a need to identify good objective, subjective, and 
patient-centered outcome measures.

Self-management
The nature and impact of JHS is not well appreciated by the medical 
community at large, and for this reason patients often remain undiag-
nosed and untreated for years, forced to rely, to a large extent, on their 
own devices. It is not surprising that patient self-help groups have been 
formed and run by people who are also sufferers. In the United Kingdom 
self-help groups play an important role in providing information and 
support for their members distributing leaflets, books, and newsletters; 
holding study days; and maintaining interactive websites. In the United 
Kingdom active groups include the Hypermobility Syndrome Associa-
tion (HMSA), the Ehlers-Danlos Support Group, and the Marfan Asso-
ciation. Details are available through the Internet.
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Skeletal dysplasias
SECTION 17 HERITABLE DISEASE AND TUMORS OF BONE AND CONNECTIVE TISSUE
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dysplasia, metaphyseal dysplasia (of Schmid), and diaphyseal dysplasia 
(of Camurati-Engelmann).

Recent advances in identifying the molecular pathogenesis of many 
skeletal dysplasias have led to a molecular classification of these dis-
orders.3  Increasingly,  the  skeletal  dysplasias  are  defined  molecularly, 
according  to  the  involved  metabolic  or  molecular  pathway  affecting 
connective  tissue  structure or  function. One group of disorders with 
specific radiographic features known as “dysostosis multiplex” are now 
known to be due  to glycosaminoglycan-processing abnormalities and 
are called mucopolysaccharidoses and mucolipidoses, whereas another 
large group of skeletal dysplasias are due to underlying collagen abnor-
malities and are referred to as collagenopathies.

MOLECULAR ASPECTS OF  
LIMB MORPHOGENESIS
The characteristic histologic appearance of  the developing  limb  from 
the  limb bud stage  to  skeletal maturation has been known  for  some 
time, but the increasing knowledge of the timing and position of gene 
expression in long bone, epiphyseal, and joint development has led to 
a  deeper  understanding  of  the  molecular  events  driving  the  many 
complex processes involved.

Molecular  analysis  of  the  skeletal  dysplasias  has  taught  us  much 
about the role of specific genes in skeletal development. Many specific 
aspects  of  craniofacial,  axial,  and  appendicular  skeletal  growth  and 
development can now be correlated with expression of genes encoding 
specific molecules such as growth factors and structural proteins. The 
complex process of bone growth at the epiphyses has been dissected at 
a molecular level. Multiple different molecular abnormalities can have 
major negative effects on the timing of development and shape of the 
epiphyses,  leading  to  angular  deformity  and  joint  incongruity. Other 
mutations  impact  the  structural  integrity  of  the  articular  cartilage, 
leading  to  increased  risk  of  early  osteoarthritis.  The  most  recently 
published  international  nosology  and  classification  of  constitutional 
disorders of bone1 includes 33 groups of osteochondrodysplasias as well 
as three groups of genetically determined dysostoses. Table 207.1 out-
lines some of the mutations detected in skeletal dysplasia syndromes; 
new information is accumulating rapidly.4,5

HISTOPATHOLOGY
Histopathologic  analysis  of  the  skeletal  dysplasias  is  challenging 
because of the difficulties inherent in sectioning and staining cartilage 
and  calcified  bone.  As  a  result,  pathologic  analysis  has  not  played  a 
prominent role in the classification and clinical diagnosis of the skel-
etal dysplasias. Nonetheless, many studies show specific chondrocyte 
and matrix pathology in animal models and human tissue from patients 
with skeletal dysplasias.

At  the  ultrastructural  level,  changes  in  chondrocyte  endoplasmic 
reticulum include massive dilation with retention of an electron-dense 
homogeneous  material  (as  in  osteogenesis  imperfecta  and  spondylo-
epiphyseal  dysplasia),  alternating  electron-dense  and  electron-lucent 
whorled lamellae (as in pseudoachondroplasia),6 and alternating elec-
tron-dense and electron-lucent parallel lamellae (as in multiple epiphy-
seal  dysplasia  [EDM3])  (Fig.  207.1).7  These  changes  are  reflective  of 
abnormal intracellular protein processing. Matrix studies have shown 
early abnormal aggregation of type II collagen fibrils within the cartilage 
matrix in diastrophic dysplasia, which is a precursor finding to cartilage 
stiffness with diminished physeal growth and premature articular car-
tilage degeneration (Fig. 207.2).8 An overview of these features has been 
presented elsewhere.9

Skeletal dysplasias
Clair A. Francomano

 Skeletal dysplasias are a heterogeneous group of inherited 
disorders associated with structural abnormalities of the skeletal 
system. They can affect the bones of the spine as well as those of 
the appendicular skeleton; most patients present with short 
stature.

 Skeletal dysplasias can be classified based on their molecular 
pathogenesis according to the involved metabolic or molecular 
pathway affecting connective tissue structure and/or function.

 Achondroplasia is the most common skeletal dysplasia; it is due to 
a mutation in the gene encoding fibroblast growth factor receptor 
3 (FGFR3).

 Medical management is largely symptomatic.
 Surgical management, including osteotomy to restore anatomic 

alignment, distraction osteotomy to lengthen limbs, and total joint 
arthroplasty, has significantly improved functional ability and 
quality of life in some patients with skeletal dysplasias.

INTRODUCTION
The term skeletal dysplasias refers to a clinically and molecularly het-
erogeneous  group  of  inherited  disorders  primarily  associated  with 
structural anomalies of  the skeletal  system. More  than 200 develop-
mental  disorders  of  the  skeletal  system  have  been  described.1  If  one 
includes the broader spectrum of disorders  in which there are multi-
system abnormalities including bone, joint, and limb malformations, 
as  many  as  450  different  syndromes  have  been  described.2  A  brief 
overview of  the  skeletal  dysplasias  is provided here  that will  include 
molecular  abnormalities,  their  translation  into  structural  abnormali-
ties  of  the  skeleton,  the  prominent  role  of  imaging  in  both  defining 
syndromes and assessing clinically significant deformity, and a discus-
sion of those deformities in specific syndromes that have a dispropor-
tionately high incidence of rheumatologic sequelae.

As primary disorders of skeletal development, the skeletal dysplasias 
have a high frequency of rheumatologic complications involving both 
the axial and appendicular skeleton. Patients with disorders character-
ized by angular deformities of the long bones, joint surface irregularity, 
joint contractures, and joint instability are at particularly high risk of 
rheumatologic problems. Those patients with disorders characterized 
by  structural  anomalies  of  the  articular  cartilage  are  at high  risk  for 
secondary osteoarthritis.

CLASSIFICATION
Skeletal  dysplasias  have  been  recognized  since  antiquity,  primarily 
because  many  are  associated  with  profound  short  stature.  However, 
efforts at categorizing these conditions began much more recently, in 
the mid-20th century. Classification criteria have been based on clini-
cal, radiographic, and molecular approaches. Early clinical distinctions 
were made between “short-limbed” dwarfism (of which achondroplasia 
was the most common example) and “short-trunk” dwarfism (initially 
represented  by  Morquio’s  syndrome).  Radiographic  classification  has 
centered on the anatomic location of the radiographic anomalies, that 
is,  epiphyseal,  metaphyseal,  diaphyseal,  or  in  the  spine  (spondylo-); 
hence, the terms spondyloepiphyseal dysplasia, metaphyseal dysplasia, 
epimetaphsyeal dysplasia,  among  others.  A  number  of  disorders  are 
defined by these localized affected regions, such as multiple epiphyseal 

207
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TABLE 207.1 PARTIAL OUTLINE OF MUTATIONS IN SKELETAL 
DYSPLASIA SYNDROMES

1. Fibroblast growth factor receptor (FGFR) mutation group
a) FGFR3

Thanatophoric dysplasia, types I and II
Achondroplasia
Hypochondroplasia

b) FGFR2
Crouzon’s syndrome
Apert’s syndrome
Jackson-Weiss syndrome
Pfeiffer syndrome

c) FGFR1
Pfeiffer syndrome

2. Collagen mutation group
a) Type I collagen

COL1A1
Osteogenesis imperfecta
COL1A2
Osteogenesis imperfecta

b) Type II collagen
COL2A1
Achondrogenesis type II
Hypochondrogenesis
Spondyloepiphyseal dysplasia congenita (SEDC)
Kniest’s dysplasia
Stickler’s dysplasia type I
Spondyloepimetaphyseal dysplasia (SEMD)
Strudwick’s dysplasia

c) Type IX collagen
COL9A2
Multiple epiphyseal dysplasia type 2
COL9A3
Multiple epiphyseal dysplasia type 3

d) Type X collagen
COL10A1
Schmid’s metaphyseal dysplasia

e) Type XI collagen
COL11A1
Otospondylomegaepiphyseal dysplasia, dominant and recessive
COL11A2
Stickler’s syndrome type II

3. Diastrophic dysplasia sulfate transporter (DTDST) mutation group
Achondrogenesis type 1B
Atelosteogenesis type 2
Diastrophic dysplasia

4. Arylsulfatase gene mutation family (ARSE)
Chondrodysplasia punctata, X-linked recessive

5. Lysosomal enzyme gene mutation family
Mucopolysaccharidoses (MPS I-VI)
Mucolipidoses

6. Cartilage oligomeric matrix protein (COMP) mutation group
Multiple epiphyseal dysplasia type I (EDM 1)
Pseudoachondroplasia

7. Parathyroid hormone/parathyroid hormone-related peptide receptor 
(PTHrPR) mutation group

Jansen’s metaphyseal dysplasia
Blomstrand’s lethal chondrodysplasia

8. SOX mutation family (SOX9)
Campomelic dysplasia

9. Short-stature-homeobox (SHOX)-containing mutation family
Leri-Weill dyschondrosteosis
Langer’s mesomelic dysplasia

10. Cartilage-derived morphogenic protein (CDMP1) mutation family
Grebe’s dysplasia
Hunter-Thompson dysplasia
Brachydactyly type C

11. Cell-surface heparan sulfate proteoglycan mutation group (EXT1, EXT2)
Hereditary multiple exostoses

Fig. 207.1 Electron micrograph of iliac crest chondrocyte from biopsy in a 
10-year-old boy with multiple epiphyseal dysplasia shows dilated rough 
endoplasmic reticulum (arrow) containing parallel lamellae of alternating 
electron-dense and electron-lucent material. There is also the pathologic 
presence of a circular fat inclusion. Studies identified a mutation of the α3 
chain of type IX collagen. The material in the rough endoplasmic reticulum 
represents abnormally processed protein.

Fig. 207.2 Electron micrograph of iliac crest cartilage from a skeletally 
immature patient with diastrophic dysplasia. Large accumulations of 
abnormally thickened and aggregated type II collagen can be seen. The 
cross-banding was due to the thickened type II, since no type I was identified 
on testing. Type II collagen is normally present in the cartilage matrix as thin, 
10- to 15-nm wide fibrils, but the molecular abnormalities in diastrophic 
dysplasia cartilage allowed fibrils to aggregate.
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SPECIFIC REGIONAL SKELETAL ABNORMALITIES
Abnormalities of the spine (axial abnormalities)
Cervical spine
The possibility of spinal abnormalities should always be considered in 
assessing a patient with skeletal dysplasia.2 Cervical abnormalities can 
be associated with, or easily lead to, neurologic compromise. Anesthe-
siologists in particular must bear this in mind because of the extreme 
head and neck manipulation often needed for intubation. Abnormali-
ties of the cervical spine were reported to occur in approximately 35 of 
the 150 defined dysplasia syndromes recognized in 1997.13 Symptoms 
generally develop slowly and often do not appear until adulthood even 
though  the deformity has been present  since birth. The clinical pre-
sentation  is  that  of  a  high  cervical  myelopathy,  with  elements  of 
increased  fatigability,  motor  weakness,  sensory  diminution,  and 
hyperreflexia.

Maldevelopment of the odontoid process with atlantoaxial instabil-
ity14  predisposes  to  anterior  subluxation of  the first  cervical  vertebra 
on the second (C1-C2 subluxation) with spinal cord compression (Fig. 
207.3).  When  identified,  treatment  is  generally  by  C1-C2  posterior 
fusion or occiput-C2 fusion  (Fig. 207.4). This finding  is seen almost 
invariably  with  Morquio’s  disease  (mucopolysaccharidosis  type  IV, 
MPS  IV)  and  is  also  very  common  in  the  type  II  collagenopathies 
(including  spondyloepiphyseal  dysplasia  [SED]  and  congenital  and 
Kniest’s  dysplasia),  pseudoachondroplasia,  Larsen’s  syndrome,  dia-
strophic dysplasia, and spondylometaphyseal dysplasia.

Midcervical kyphosis is seen commonly with diastrophic dysplasia 
and occasionally in some of the type II collagenopathies. Some cases 
resolve with growth in the first few years of life, but those that do not 
can lead to progressive deformity with stretching and compression of 
the spinal cord.

Other  complications  involving  the  cervical  spine  include  cervical 
spina bifida occulta, cervical spinal cord stenosis (usually accompanied 
by foramen magnum stenosis in achondroplasia), and nerve root com-
pression by exostoses in hereditary multiple exostoses.

Thoracolumbar spine
The  thoracic  and  lumbar  spine  are  affected  in  many  of  the  skeletal 
dysplasias,  with  scoliosis,  kyphosis,  or  a  combined  kyphoscoliosis. 
Flattening or irregularity of the vertebrae and/or the intervertebral discs 

IMAGING
All  the  most  frequently  used  modalities  of  imaging  currently  
available play a major role in assessments of patients with a skeletal 
dysplasia.

Ultrasonography
Ultrasonography  is particularly valuable  for  intrauterine assessments 
in the fetal period. Charts are available from 12 weeks to birth indicat-
ing  the  normal  ranges  of  developing  bone  lengths  for  the  humerus, 
radius, ulna,  femur,  tibia, and fibula.10 The ultrasound studies docu-
ment length from one metaphyseal end of the bone to the other. These 
lengths can serve as an early (16th week on) indicator of a syndrome 
with short bones. A fetal ultrasound evaluation may also identify major 
angular deformity or the presence of missing or extra digits. Ultraso-
nography is particularly valuable in diagnosing lethal perinatal dyspla-
sias in the second trimester owing to the severity of the rib and long 
bone abnormalities in this group.

In  the  postnatal  period,  ultrasonography  is  helpful  in  assessing  
the  position  and  shape  of  the  cartilaginous  epiphyses  before  the  
formation of  secondary ossification centers and  in assessing  the  size  
of  the  cerebral  ventricles  in  an  infant  with  open  sutures  in  the  
skull.

Plain radiography
Plain  radiography  remains  the most  frequent and  important method 
for assessing a patient with a suspected skeletal dysplasia. The skeletal 
survey, including radiographs of the skull, anteroposterior and lateral 
chest, thoracic and lumbar spine, anteroposterior pelvis, and upper and 
lower  extremities,  can  be  diagnostic,  based  on  characteristic  radio-
graphic  changes  in  specific  bones.  It  will  also  assess  the  extent  of 
deformity of the spine or appendicular skeleton and indicate the pres-
ence of osteoarthritis or inflammatory arthritis in specific joints. Radio-
graphs of the cervical spine in flexion and extension are used to assess 
cervical stability, which may be compromised in the presence of odon-
toid hypoplasia.

Computed tomography
Computed  tomography  (CT)  is  most  valuable  for  outlining  three-
dimensional relationships in the skeleton. These can be significantly 
altered,  for  example,  in  the  hip,  where  acetabular  dysplasia,  sublux-
ation,  protrusio  acetabuli,  and  coxa  vara  can  occur,  and  in  the  
cervical  spine,  where  C1-C2  subluxation  is  common  in  disorders  
affecting  odontoid  development.  CT  may  also  be  used  as  a  quicker 
alternative to magnetic resonance imaging (MRI) when there is a ques-
tion of  enlarged cerebral ventricles  in an older child or an adult  (see 
later).

Magnetic resonance imaging
MRI is of extreme importance in assessing patients with skeletal dys-
plasias owing to its ability to detect and differentiate such soft tissue 
components as muscle, fibrous connective tissue, cartilage, and blood 
vessels.11,12 Joint structure, which is often abnormal in the dysplasias, 
can be assessed  in terms of articular cartilage structure,  ligamentous 
continuity, capsular position, meniscal pathology, and even the vascu-
larity of the epiphyseal cartilage. Efforts are now under way to assess 
chondrocyte  viability  in  the  epiphyseal  cartilage  and  in  the  articular 
cartilage using diffusion-weighted imaging. Gadolinium enhancement 
is particularly valuable in determining the vascularity of cartilaginous 
regions.

MRI may  also  be used  to  assess  the  impact  of  skeletal  deformity  
on other organ systems, most commonly the central nervous system. 
In  young  children  with  achondroplasia,  the  most  common  human 
skeletal  dysplasia,  a  small  foramen  magnum,  may  impinge  on  the 
cervicomedullary  junction  and  cause  a  high  cervical  myelopathy.  
Cine-MRI  to  assess  cerebrospinal  fluid  flow  through  the  foramen 
magnum  is  a  crucial  tool  in  assessing  the  need  for  surgery  in  these 
children.

Fig. 207.3 Lateral cervical radiograph from a patient with spondyloepiphyseal 
dysplasia congenita with quadriparesis, showing C1 subluxation anteriorly 
(arrow) on C2.
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which  can  predispose  to  early  osteoarthritis  as  a  result  of  abnormal 
weight bearing.

Abnormalities of the hip
A large number of skeletal dysplasias present with hip abnormalities, 
which predispose to early osteoarthritis, often necessitating total joint 
arthroplasty  in  early  to  mid-adult  life.  Many  pediatric  orthopedic 
centers employ femoral and acetabular osteotomies during the growing 
years  in  an  effort  to  forestall  degenerative  changes.  These  surgeries 
often improve the structural relationship of the hip bones and the gait. 
However, many of the abnormalities involve the shape of the femoral 
head, including the articular surface and the structure of the cartilage 
matrix, so that premature osteoarthritis is still destined to occur.

Multiple  epiphyseal  dysplasia,  one  of  the  most  common  of  the 
skeletal dysplasias,  frequently  leads to hip and knee  joint arthroplas-
ties. Mutations in the type II collagen gene, COL2A1, have been found 
in several families with isolated osteoarthritis.15 There remains a rea-
sonable  conjecture  that many  cases of  isolated or  idiopathic  familial 
osteoarthritis  will  eventually  be  associated  with  other,  as  yet  unde-
tected, mutations of genes expressing cartilage matrix proteins.

Structural  defects  of  the  hip  in  skeletal  dysplasias  with  a  known 
predisposition  to  osteoarthritis  include  congenital  hip  dislocation, 
acetabular dysplasia, coxa vara, hip contractures, and primary lack of 
sphericity of the femoral head.

Abnormalities of the knee
The knee is another joint commonly affected by the skeletal dysplasias, 
often  predisposing  to  early  degenerative  changes  (Fig.  207.6).  As 
in  the  hip,  both  structural  abnormality  leading  to  abnormal  weight 
bearing  and  inherent  cartilage  abnormality  of  shape  and  molecular 
matrix  composition  predispose  to  arthritic  change.  Genu  varum  or 
genu  valgum  deformity  is  common  in  many  syndromes,  frequently 
with  associated  rotational  and  flexion-extension  components.  These 
are  due  to  epiphyseal  abnormalities  of  the  distal  femur  or  proximal 
tibia  or  both,  including  asymmetric  growth  plate  involvement, 

may be observed. Affected persons may require spinal fusion in child-
hood or adolescence, but if untreated by surgery the spinal deformity 
may increase in adulthood, unlike the idiopathic scoliosis observed in 
persons of average stature, which usually stabilizes once adult height 
is reached. Mid- to late-life osteoporosis may exacerbate this process.

Lumbar spine
Lumbar  spinal  stenosis  may  lead  to  nerve  root  compression  com-
pounded by intervertebral disc herniation in mid-adult life. In achon-
droplasia,  caudal  narrowing  of  the  interpedicular  distance  almost 
inevitably  leads  to  symptomatic  spinal  stenosis  in  adulthood  (Fig. 
207.5). Two other  common  skeletal  dysplasias,  diastrophic  dysplasia 
and  pseudoachondroplasia,  are  also  typified  by  symptomatic  spinal 
stenosis.

Abnormalities of the extremities  
(appendicular abnormalities)
Abnormalities  of  the  extremities  are  seen  almost  invariably  in  the 
skeletal dysplasias, even in those conditions in which the trunk is more 
profoundly  involved  than  the  limbs. Shortening of  the  long bones  is 
common, and most children with skeletal dysplasias come to medical 
attention because of short stature. In most dysplasias, the shortening 
is symmetric and one of four clinical patterns generally predominates. 
Thus the shortening can be:

●  Micromelic, in which all parts of the limb are short
●  Rhizomelic,  in  which  there  is  proportionally  greater  proximal 

shortening (humerus and femur)
●  Mesomelic, in which shortening is concentrated in the mid-limb 

regions (radius, ulna, tibia, fibula)
●  Acromelic,  in  which  the  most  marked  shortening  is  distally  in 

the hands and feet

Lower-extremity  length  discrepancy  with  asymmetric  shortening 
does occur and  is seen most often  in Ollier ’s enchondromatosis and 
hereditary  multiple  exostoses.  Other  types  of  extremity  deformity 
include angular bone deformity due to growth associated with asym-
metric physeal involvement leading to varus, valgus, flexion, extension, 
or rotational malposition; limb deformity due to unequal growth rates 
of paired long bones in forearm and leg; and joint contractures, insta-
bility,  or  articular  cartilage/epiphyseal  cartilage  malformation,  all  of 

Fig. 207.4 Lateral cervical radiograph after occiput-C2 fusion showing reduced 
position of C1 on C2 and posterior bone and wire fusing occiput, C1 and C2. 
Symptoms resolved almost fully in association with the repair.

Fig. 207.5 Anteroposterior radiograph of lumbar spine in a patient with 
achondroplasia, showing progressive narrowing of interpedicular distance 
from L1 above to S1 below. The distance should normally increase with each 
descending level.
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fingers  (brachydactyly),  shortened  metacarpal  bones,  nail  dysplasias, 
and loose or stiffened interphalangeal and metacarpophalangeal joints.

MANAGEMENT
Medical management
Despite recent advances in understanding the molecular pathogenesis 
of the skeletal dysplasias, management is still limited to symptomatic 
treatment and surgical correction of disabling deformities. It is impor-
tant  to  know  whether  the  disorder  in  question  affects  the  articular 
cartilage  surface  either  directly  or  indirectly.  In  many  disorders,  for 
example, achondroplasia, which is the most common of the dysplasias, 
there is rarely any arthritis because the epiphyseal ends of the bone are 
of normal or at least mutually congruent shape and the articular car-
tilage has no molecular matrix abnormalities. In other conditions, such 
as diastrophic dysplasia, secondary osteoarthritis is almost invariable 
in all joints and the combination of epiphyseal malformation, flatten-
ing  and  irregularity  of  the  articular  cartilage  surface,  fibrosis  of  the 
cartilage,  and  joint  contractures  renders  many  patients  either  non-
ambulatory or ambulatory with extreme difficulty by their late teenage 
years, even with intensive orthopedic management. The type II colla-
genopathies and multiple epiphyseal dysplasias are commonly associ-
ated with early-onset osteoarthritis.

Preventive measures  for persons at high risk of early  joint disease 
include an emphasis on  low-impact aerobic exercise, such as aquatic 
aerobics and elliptical trainers. Treatment for the painful joint or joints 
in patients with a skeletal dysplasia  includes such conservative mea-
sures as decreased use, rest, crutches, splints, and anti-inflammatory 
medications.

Surgical treatment
Surgical treatment involving the extremities can be of great help even 
in the growing years before skeletal maturity. These procedures include 

underdevelopment  or  overdevelopment  of  condylar  cartilage  shape, 
cruciate  ligament and meniscal abnormalities, and capsular  laxity. A 
tendency to lateral patellar subluxation or full dislocation, often with 
underdevelopment of the lateral femoral condyle, may be observed.

Ankle and foot abnormalities
Ankle and foot abnormalities are common in some dysplasias but in 
general are not as problematic as hip or knee involvement. Some dis-
orders, such as hereditary multiple exostosis, have unequal growth of 
the distal tibia and fibula, with the shorter fibula leading to an ankle 
valgus  that  may  require  surgical  correction  (Fig.  207.7).  The  equin-
ovarus  deformity  of  diastrophic  dysplasia  is  notoriously  difficult  to 
correct surgically. It is not uncommon for the bones of the foot to be 
affected by the dysplastic process, resulting in a foot that is shorter and 
wider  than  normal.  This  can  make  it  difficult  to  find  shoes  that  fit 
appropriately.

Upper extremity abnormalities
The upper extremities are also the site of structural defects of bone in 
many  dysplasias,  but  the  symptoms  are  often  less  frequent  and/or 
severe than in the lower extremities because of the lack of requirement 
for weight bearing. Osteoarthritis is a common complication of those 
conditions  in which  the underlying gene defect affects  the structural 
integrity of the articular cartilage. The type II collagenopathies are the 
most widely represented of this group. Patients may also present with 
stiffness  of  finger  joints  and  problems  at  elbow  and  wrist,  owing  to 
asymmetric bone segment growth or ligamentous laxity. In hereditary 
multiple  exostosis  there  can  be  dislocation  of  the  radial  head  at  the 
elbow and dorsal prominence and shortening of  the distal ulna with 
ulnar  angulation of  the hand  (Madelung deformity). Wrist  and hand 
involvement  runs  a  wide  gamut  of  possibilities,  including  shortened 

Fig. 207.6 Anteroposterior radiograph of the knee in a patient with 
pseudoachondroplasia, illustrating the severe structural abnormalities that can 
occur in some dysplasias. Note the irregular surfaces of distal femur and 
proximal tibia, varus angulation with lateral subluxation of tibia and fibula, and 
irregular ossification of medial tibial secondary ossification center and adjacent 
metaphysis (arrow). The lateral view showed a small, irregularly shaped patella.

Fig. 207.7 Anteroposterior radiograph of the ankle in a boy with hereditary 
multiple exostosis. The distal fibula is shorter than the distal tibia, allowing for 
lateral displacement and lateral tilt of the talus. Osteochondromas of the fibula 
are present. The pressure of tethering due to abnormal asymmetric growth 
rates has caused underdevelopment of the secondary ossification center in the 
epiphysis of the distal lateral tibia.
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epiphyseal  dysplasia  comprise  the  most  common  diagnostic  group 
undergoing  total  joint arthroplasty. The pattern of  joint  involvement 
varies  in  the  different  subtypes  of  multiple  epiphyseal  dysplasia. 
Involvement  is  often  limited  to  the  hips,  and  this  tends  to  be 
bilateral.

The radiographic appearance in those with hip involvement in the 
first  decade  superficially  resembles  the  appearance  in  Legg-Calvé-
Perthes disease. There are several notable differences.  In comparison 
with  Legg-Calvé-Perthes  disease,  children  with  multiple  epiphyseal 
dysplasia  are  usually  minimally  symptomatic  or  asymptomatic,  the 
range of motion is good, and the bilateral appearance is close to sym-
metric. In Legg-Calvé-Perthes disease, however, bilateral  involvement 
occurs in only about 20%, with second-side involvement occurring 18 
to  24  months  later  than  the  first  side.  Molecular  abnormalities  in 
multiple  epiphyseal  dysplasia  include  mutations  in  genes  encoding 
cartilage oligomeric protein (COMP) and collagen type IX.

Spondyloepiphyseal dysplasia
Radiographic features including involvement of the epiphyses and flat-
tening of the vertebrae typify this class of dysplasia, which has a wide 
range of severity. Mutations in type II collagen are seen in the autoso-
mal dominant forms of this condition. The more severe variants have 
extreme short stature, with short trunk and relatively long arms and 
legs. There is a high incidence of bilateral coxa vara and a high inci-
dence of C1-C2 subluxation due to hypoplasia of the odontoid, associ-
ated with an increased risk of neurologic deficits (see Figs. 207.3 and 
207.4). Cleft palate is observed in a minority of affected persons. Non-
skeletal features include vitreoretinal degeneration with retinal detach-
ments and progressive sensorineural hearing loss.

Kniest’s dysplasia
This  disorder  is  also  associated  with  mutations  in  type  II  collagen  
and  tends  to  be  on  the  more  severe  end  of  the  spectrum  of  type  II  
collagenopathies.  Profound  skeletal  abnormalities  are  evident  at  
birth. There  is a high incidence of a depressed nasal bridge and cleft 
palate. Many patients develop hearing problems in the second decade, 
and others develop severe eye problems, including myopia, glaucoma, 
and  retinal  detachment,  which  eventually  may  lead  to  blindness.  
Skeletal  deformity  is  marked  and  progressive.  Moderate  to  severe 
kyphoscoliosis  is  seen.  The  joints  are  characterized  by  dramatic  
widening of the epiphyses. Contractures can develop and, by the late 
second or early third decade, there may be marked clinical and radio-
graphic osteoarthritis. The hips, knees, and ankles have considerable  
involvement.  Procedures  such  as  realignment  osteotomy,  patellar 
realignment, and knee joint débridement have been helpful in alleviat-
ing symptoms.

Diastrophic dysplasia
This disorder is one of the most deforming of the skeletal dysplasias, 
with severe short stature exacerbated by a high incidence of scoliosis, 
kyphosis, and fixed flexion contractures of hips, knees, and feet/ankles 
(equinus  and/or  metatarsus  adductus).  Deformity  correction  often 
requires osteotomy, but even this can be followed by relentless recur-
rence. The disorder is further worsened by osteoarthritis with degenera-
tion  of  articular  cartilage  due  to  misshapen  epiphyses  and  inherent 
structural  abnormality  of  the  cartilage  matrix,  which  is  excessively 
fibrotic, thus limiting normal growth and function.

Diastrophic dysplasia is due to mutation in the gene encoding the 
diastrophic dysplasia sulfate transporter (DTDST), which also causes 
two lethal dysplasias, atelosteogenesis type 2 and achondrogenesis type 
1B. Growth plate cartilage is characterized histologically by increased 
deposition of fibrous tissue. Electron microscopy shows huge aggregates 
of cross-banded collagen in the cartilage matrix due to excess aggrega-
tion of type II fibrils normally kept apart from one another by surface 
deposition of normal type IX collagen (see Fig. 207.2).8

There  is  a high  incidence  of  thoracolumbar  scoliosis, midcervical 
kyphosis,  and posterior  cervical  spina bifida, which  is  asymptomatic 
but  must  be  noted  if  cervical  fusion  is  performed.  Many  patients 
become non-ambulatory by the end of the second decade.

osteotomies to restore anatomic bone alignment, patellar realignment, 
and  arthroscopy  or  open  arthrotomy  to  remove  degenerative  debris 
from affected  joints. On the other hand,  it  is generally not advisable 
to operate on joints that appear structurally abnormal but are asymp-
tomatic in the hope of preventing or retarding osteoarthritic changes. 
Many patients with dysplasia  tolerate apparently abnormal  structure 
for decades because the surrounding musculature and soft tissues have 
developed in that position from the fetal period onward and are often 
stressed pathologically by radical surgical repositioning.

Total joint arthroplasty is a frequent intervention for patients with 
these disorders in the adult years. Orthopedists are generally reluctant 
to  insert  prosthetic  implants  in  young  and  even middle-aged  adults, 
because the likelihood of need for replacement of a prosthesis increases 
the longer it is in place. These decisions are based on patient tolerance 
for  ongoing  pain,  physical  dysfunction,  and  reduced  health-related 
quality of life as well as current practice standards. The initial results 
are  generally  favorable  because  the  bone  tissue  is  normal  and  the 
patients are otherwise healthy.

The most commonly indicated spinal surgery in this population is 
the laminectomy, which is performed for correction of lumbar stenosis 
in persons with achondroplasia. Those taking care of any patient with 
a skeletal dysplasia when general anesthesia is being given must bear 
in mind the high incidence of cervical C1-C2 abnormalities, which are 
often asymptomatic,  even  into adulthood. Extreme neck movements 
in the anesthetized patient may cause neurologic damage. Some centers 
perform lateral neck radiographs  in skeletal dysplasia patients before 
general anesthesia even if no symptoms have been elicited by history.

Over the past two decades the practice of distraction osteotomies, 
or limb-lengthening procedures, has become more widely accepted as 
an  approach  to  increasing height  for  persons of  short  stature. There 
has  been  considerable  controversy  about  the  advisability  of  adopting 
this procedure as a standard of care, and there is extensive experience 
in only a few of the most common skeletal dysplasias. The complica-
tion rate, once extremely high, has improved with experience.

OVERVIEW OF THE MORE COMMON  
SKELETAL DYSPLASIAS
Achondroplasia
Achondroplasia, the most common of the skeletal dysplasias,  is seen 
in all races. The disorder is due to mutation in the gene expressing the 
fibroblast growth factor receptor 3 (FGFR3).5,6 Other disorders caused 
by mutations in the same gene include the lethal thanatophoric dys-
plasia and the much milder hypochondroplasia.

In more than 98% of cases, the mutation causing achondroplasia is 
a glycine to arginine substitution at amino acid 380. The diagnosis is 
frequently made in the first few days of life by an astute pediatrician 
or radiologist. The anteroposterior radiograph of the spine and pelvis 
is  characteristic  for  a  progressively  narrowed  interpedicular  distance 
from L1 to S1 (see Fig. 207.5;  it should widen with each descending 
vertebra),16  a  horizontal  acetabulum,  and  a  small  sciatic  notch.  The 
childhood appearance is frequently characterized by genu varum requir-
ing tibial osteotomies. A thoracolumbar gibbus deformity is not uncom-
mon  in  infancy  but  usually  resolves  with  weight  bearing.  Extreme 
lumbar lordosis is common. There is little evidence of osteoarthritis, 
even in adult life.

Limb lengthening involving bilateral femoral and tibial distraction 
osteotomies may add up to 12 inches to the adult height. Patients with 
achondroplasia are usually good candidates for this procedure because 
their joints are normal. Joint deformity may limit the effectiveness of 
limb lengthening because of the increased stresses placed on the inter-
vening  joint  cartilage  surfaces.  The  procedures  are  best  done  in  the 
second decade.

Multiple epiphyseal dysplasia
This disorder has many subtypes in the clinicoradiographic classifica-
tions,  and,  not  surprisingly,  a  number  of  different  genes  have  been 
found to underlie it. Although the condition is a true skeletal dysplasia, 
not all patients are of short stature and many with severe joint involve-
ment are normal to tall in terms of overall height. Those with multiple 
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exposes bone tissue to surrounding tendon. Surgical excision is often 
necessary.  Asymmetric  growth  of  paired  long  bones  because  of  the 
presence of osteochondromas can contribute  to angular deformation, 
leading to genu valgum (knee), ankle tilt into valgus (relatively shorter 
fibula), dislocation of the radial head at the elbow, and wrist deforma-
tion with dorsally displaced and shortened ulna (Madelung deformity). 
Disorders occurring  toward  the end of growth and early  in  the adult 
time  period  can  include  pain  and  swelling  behind  the  knee  due  to 
pseudoaneurysm of  the popliteal artery caused by a pointed postero-
medial exostosis, weakness of  the  foot/ankle due to stretching of the 
peroneal nerve by fibula osteochondroma, and radicular nerve symp-
toms due to an intraspinal osteochondroma growing to press against 
a nerve root.

CONCLUSION
This  brief  overview  of  the  skeletal  dysplasias  has  highlighted  the 
increasing knowledge gained from gene and molecular findings in the 
various  syndromes.  Awareness  of  clinical  complications  associated 
with these disorders is important because many impact negatively on 
the musculoskeletal system and may compromise neurologic function. 
Osteoarthritis, a common feature of many dysplasias, is often respon-
sive  for  a  considerable  time  to  non-surgical  management,  but  many 
patients with progressive osteoarthritis eventually benefit from arthro-
plasty.  The  disorders  represent  a  highly  active  field  of  investigation 
concerning the interplay between molecular and clinical pathology.
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Morquio’s disease
Morquio’s  disease  (mucopolysaccharidosis  [MPS]  IV)  is  the  most 
common MPS syndrome compatible with longevity. The major enzyme 
deficiency is of galactose-6-sulfatase, leading to imperfect processing of 
keratan  sulfate.  The  patients  are  mentally  normal  and  physically 
healthy but suffer from severe short stature, marked bilateral hip coxa 
vara,  and  acetabular  dysplasia  with  a  waddling  gait,  genu  valgum 
(knock-knees), a shortened spine with platyspondyly  (flattened verte-
brae), and an almost invariable incidence of odontoid hypoplasia of C2, 
leading to C1-C2 instability with cervical myelopathy. Surgical stabi-
lization of the C1-C2 junction is often required.17

Hereditary multiple exostoses
In  this  autosomal  dominant  disorder,  multiple  exostoses,  or  osteo-
chondromas,  are  present  at  the  periphery  of  the  growth  plates  and 
metaphyses.  They  grow  from  cartilage  caps  via  the  endochondral 
sequence and the bone of the exostosis is continuous with the metaph-
yseal bone with no cortical bone interposition.

Three genes have been associated with multiple exostoses: EXT1, 
EXT2, and EXT3. EXT1 and EXT2 are proteins with glycosyltransferase 
activities needed  for  the  synthesis of heparan  sulfate,  a proteoglycan 
present both on cell surfaces and in the extracellular matrix. Growth 
of  the exostoses  is normally  controlled  such  that  it  ceases when  the 
adjacent physeal growth stops. Recurrence of growth in adulthood in 
any of the osteochondromas is usually a sign of malignant transforma-
tion of persisting cartilage, usually an chondrosarcoma. The frequency 
of malignant transformation is estimated to be in the range of 3% to 
5% of patients.18

The osteochondromas themselves can cause discomfort, especially 
at  or  near  skeletal  maturation,  when  involution  of  the  cartilage  cap 
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bone-forming tumors, (2) cartilage-forming tumors, (3) vascular 
tumors, and (4) other connective tissue tumors. The Musculoskeletal 
Tumor Society (MSTS) staging system provides important prognostic 
findings based on histologic and radiographic findings (Box 208.1).4

How to stage bone tumors
Several modalities can be used in the staging of bone tumors:

● Plain radiography: most useful imaging in diagnosing bone tumors
● Magnetic resonance imaging (MRI) or computed tomography 

(CT): determines local extent of tumor
● Bone scintigraphy: determines single versus multiple bone 

involvement and activity of the lesion (cold, intermediate, hot)
● Chest CT: obtained in malignant tumors and giant cell tumor to 

evaluate metastasis

BENIGN BONE-FORMING LESIONS
Fracture callus
Fracture callus can be easily mistaken for osteosarcoma. Patients with 
motion at the fracture site can lay down abundant callus that presents 
as a large bone-forming mass. Abundant callus can also be seen in 
patients with metabolic bone disease and osteogenesis imperfecta. 
These findings are similar to an injury lesion of soft tissue: myositis 
ossificans. In these cases, detailing the clinical presentation is critical. 
Close observation and, if required, biopsy may be performed.

Radiographically, periosteal reaction may be seen early and callus 
late in fracture. Histologically, the new bone formation of fracture 
callus at 7 to 14 days appears ominous. The lesion produces osteoid 
in a bed of rapidly growing, plump spindle cells and resembles osteo-
sarcoma. Mitotic activity may be present. However, at 3 to 4 weeks, 
biopsy reveals maturation of the fracture and accurate diagnosis can 
be easily confirmed.

Even more difficult, radiographic features of a malignant tumor may 
be obscured by pathologic fracture. Such cases present as a rapidly 
growing mass 2 to 3 months into healing. Biopsy readily confirms the 
diagnosis.

Important factors in diagnosis of fracture include:

1. Early radiographs can mimic Ewing sarcoma, infection, and 
osteosarcoma. The history is critical in diagnosis.

2. Do not immediately perform a biopsy on the fracture (7 to 14 
days); the pathologist may diagnose osteosarcoma in fracture 
healing.

3. After 3 to 4 weeks, histologic maturation can distinguish fracture 
healing from osteosarcoma.

Osteoma
Osteoma is a slow-growing benign tumor consisting of mature (lamel-
lar) bone often involving the skull and flat bones. Patients may develop 
symptoms if they involve the sinuses. Osteoma may be considered 
conventional, juxtacortical, or intramedullary. Osteoma is most com-
monly seen in the second to fourth decades. Radiographs often reveal 
a blastic lesion that is best seen with CT. Histology may vary from 
fibrous to mature lamellar bone. Treatment is indicated for symptom-
atic patients, or mass and local excision is performed.

Intramedullary osteomas are also termed enostosis or bone island. 
They are found incidentally and are asymptomatic. Radiographs reveal 
displaced cortex within the medullary canal that may be active on bone 
scintigraphy. Treatment is observational.

Important diagnostic points to consider include:

Bone tumors
Earl W. Brien

 The revised World Health Organization classification lists four types 
of bone tumors: bone-forming tumors, cartilage-forming tumors, 
vascular tumors, and other connective tissue tumors.

 The most common benign tumors in children and young adults are 
osteochondroma and nonossifying fibroma. In adults, the most 
common benign tumor is enchondroma and subchondral cysts. 
The most common malignant tumor of childhood is osteosarcoma.

 Myeloma is the most common malignant bone tumor; it may occur 
as a solitary plasmacytoma or as multiple myeloma.

 The most common benign cartilage tumor is an enchondroma; 
chondrosarcoma is the most common malignant cartilage tumor.

INTRODUCTION
Rheumatologic conditions may have similar clinical presentations of 
tumor and infection. Pigmented villonodular synovitis and synovial 
chondromatosis are the most common soft tissue tumors involving the 
joint and both may involve the bone as well.1,2 Anatomically, long bone 
tumors are classified into three locations: epiphyseal, metaphyseal, and 
diaphyseal. Tumors about the epiphysis and metaphysis may present 
similar to joint conditions, which include swelling, pain, and loss of 
joint motion.

Bone tumors are difficult to diagnose because of the rarity of cases 
and the overlap of clinical, radiologic, and histologic findings between 
benign and malignant tumors. A unique finding in diagnosing bone 
tumors is that, in some cases, the clinical and radiologic findings are 
more important than the histologic findings. This is best exemplified by 
the low-grade parosteal osteosarcoma. Histologically, in this lesion there 
is a lack of anaplasia and mitotic activity and the findings are consistent 
with a benign fibro-osseous process. However, this juxtacortical, extra-
medullary lesion is a slow-growing malignancy capable of stepping up in 
grade and spreading to the lungs. Conversely, the cellularity and mitotic 
activity of non-ossifying fibroma looks more ominous than many malig-
nant bone tumors. These histologic findings are not unique to the 
fibrous lesion. The cells of a low-grade chondrosarcoma, particularly on 
high-power microscopy, are bland and lack anaplasia and mitotic activ-
ity. In fact, in enchondroma of the hand of patients with multiple 
enchondroma (Ollier’s disease) cytologic features are more ominous than 
in some low-grade chondrosarcoma of the long bones.

Radiographs are essential in differentiating benign from malignant 
bone tumors. Because of histologic similarities between parosteal 
osteosarcoma and fibrous dysplasia, radiographs are essential in con-
firming the correct diagnosis. Fibrous dysplasia is intramedullary, 
whereas parosteal osteosarcoma is juxtacortical. Similarly, enchon-
droma and chondrosarcoma may be best distinguished by radiographic 
and clinical findings.

Radiographs may also be misleading. Giant cell tumor, eosinophilic 
granuloma, and aneurysmal bone cyst may be more radiographically 
aggressive than many sarcomas. It is important to understand that the 
diagnosis is made based on clinical, radiologic, and histologic features 
(Jaffe’s diagnostic triangle). If one of these findings is incorrect, misdi-
agnosis is often made. Consequently, it is best for such cases to be 
evaluated in programs specializing in musculoskeletal tumors.

CLASSIFICATION OF BONE TUMORS
The Revised World Health Organization (WHO) Classification of  
Bone Tumors3 is based on histologic criteria and is divided into (1) 
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Fig. 208.1 Osteoid osteoma: CT scan of the tibia reveals a lucency in the 
cortex, surrounding sclerosis, and thickening of the cortex. These patients have 
characteristic night pain that is relieved by nonsteroidal anti-inflammatory 
medication. Treatment is radiofrequency ablation or local excision.

BOX 208.1 MUSCULOSKELETAL TUMOR SOCIETY 
STAGING CLASSIFICATION

Classification of benign bone tumors
1. Latent (present but not actively growing)

Non-ossifying fibroma, unicameral bone cyst
2. Active (growing but slowly)

Chondromyxoid fibroma, osteoid osteoma
3. Aggressive (destroying the bone)

Giant cell tumor, aneurysmal bone cyst, chondroblastoma

Classification of malignant bone tumors
I. Histologically low grade (i.e., chondrosarcoma)

a. Intracompartmental
b. Extracompartmental

II. Histologically high grade (i.e., osteosarcoma)
a. Intracompartmental
b. Extracompartmental

III. Metastatic disease (lungs)
a. Intracompartmental
b. Extracompartmental

1. Excision of osteoma of the skull may be required if the sinus 
passage becomes blocked or nerve irritation occurs.

2. Biopsy of enostosis may be required to rule out blastic osteosar-
coma, lymphoma, or sclerosing osteomyelitis.

3. Osteopoikilosis is multiple enostosis (rare).
4. Gardner’s disease is a familial autosomal dominant disease in 

which patients have osteomas, premalignant polyposis, fibro-
mas/desmoids of soft parts, and sebaceous cysts.

Osteoid osteoma
Osteoid osteoma is a benign osteoblastic lesion with a sclerotic nidus 
measuring less than 1 cm within a peripheral lucency commonly sur-
rounded by reactive bone. It typically occurs in childhood, is more 
common in males than females, and most commonly involves the femur 
and tibia. Clinically, patients present with bone pain, aggravated at night 
time and at rest and relieved by nonsteroidal anti-inflammatory medica-
tion. Radiographs show a small lucency of bone with surrounding new 
bone formation. This lesion is best seen on CT, which may reveal a 
thickened cortex and reactive bone sclerosis surrounding a central 
lucency (Fig. 208.1). Bone scintigraphy is intensely active, and MRI may 
reveal significant bone marrow edema. Histology demonstrates a central 
cellular vascular spindle cell lesion with occasional giant cells. The 
periphery reveals a characteristic zonal maturation of woven bone. Treat-
ment includes CT-guided thermal ablation or excision.

The following are important factors to consider:

1. Osteoid osteoma may cause scoliosis in the spine similar to 
osteoblastoma.

2. The lesion may have similarities clinically and radiographically 
to Brodie’s abscess.5

3. Epiphyseal osteoid osteoma may mimic joint pain and cause 
reactive effusion.

Osteoblastoma
Osteoblastoma is a blastic lesion of bone greater than 2 cm that most 
often affects the spine. It classically occurs in young adult males, who 
complain of pain. Radiographically there is a mixed lytic/blastic lesion of 
bone without the characteristic well-marginated sclerosis seen with 
osteoid osteoma. Bone scintigraphy reveals increased activity, and MRI 
reveals an aggressive lesion of bone.6 Histologically, osteoblastoma 
resembles osteoid osteoma; however, the zonal maturation may not be 
readily seen as in osteoid osteoma. Treatment is local or wide excision.

MALIGNANT BONE-FORMING TUMORS
Osteosarcoma
Osteosarcoma (conventional high grade) is a malignant cell-producing 
osteoid.7 It is the most common primary malignant tumor of childhood 

and occurs more commonly in males between the second and third 
decades. There is a second peak incidence that commonly results from 
preexisting disease such as Paget’s disease, radiation exposure, and 
osteonecrosis. The metaphysis of the femur, tibia, and humerus are 
most commonly involved. Clinically, patients often present with a 
painful mass in close proximity to the joint. The majority of patients 
present without radiographic evidence of lung meta stasis; however, 
from historical cases, prior to chemotherapy, micrometastasis occurs 
in 80% to 90% of cases at presentation.

Radiographs vary according to predominant cell type. Mixed lytic 
and blastic findings are most common (Fig. 208.2). Osteoblastic osteo-
sarcoma occurs in predominantly bone-producing variants, and osteo-
lytic osteosarcoma occurs primarily in fibrous or telangiectatic variants. 
The majority have broken out into the soft tissue, which is best dem-
onstrated on MRI. The periosteum is often elevated, producing a 
Codman triangle; however, this can also be seen in several other 
tumors and infection. Biopsy of this area should be avoided because it 
demonstrates normal, reactive bone. The entire bone should be visual-
ized as well as the adjacent joint to identify the small incidence of skip 
metastasis. In rare cases, high-grade osteosarcoma may originate on 
the surface of bone. CT of the lungs and bone scintigraphy complete 
the staging workup.

Histology can mimic nearly any tumor type, and a skilled bone 
tumor pathologist is essential in distinguishing benign from malignant 
tumors resembling osteosarcoma. Examples of such histologic variants 
include giant cell–rich osteosarcoma, chondromyxoid fibroma–like 
osteosarcoma, telangiectatic osteosarcoma, chondroblastic osteosar-
coma, and many others. As discussed previously, fracture callus at 1 
to 2 weeks may reveal more mitotic activity and cellularity than con-
ventional osteosarcoma. Treatment includes preoperative and postop-
erative chemotherapy and limb salvage surgery. Survival rates range 
from 60% to 85%, and limb salvage approximates 90%.

Juxtacortical parosteal and  
periosteal osteosarcoma
Juxtacortical parosteal and periosteal osteosarcoma involve the surface 
of the bone. These tumors usually occur in the third and fourth 
decades. Parosteal osteosarcoma is commonly found pasted to the 
surface of the bone. It is characterized radiographically as a juxtacorti-
cal blastic lesion; however, in over 40% of cases, intramedullary exten-
sion is seen.8 It has similar histologic features as fibrous dysplasia or 
intramedullary low-grade osteosarcoma. Parosteal osteosarcoma may 
have only subtle anaplasia and nearly always lacks mitotic activity. Its 
benign appearance microscopically may lead to a grave diagnostic error 
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a b

Fig. 208.2 Plain radiograph (a) and MR image (b) of an 
osteosarcoma of the distal femur.

because these tumors require wide en-bloc excision. If appropriate 
surgery is performed, survival rates are greater than 80% and limb 
salvage is greater than 90%.

Periosteal osteosarcoma may mimic malignant cartilaginous tumors 
microscopically and radiographically. Similar to parosteal osteosar-
coma, it is a relatively slow-growing tumor that presents as a mass or 
vague periarticular joint pain. Radiographically it commonly has a “sun 
burst” appearance and is usually meta/diaphyseal. Some authors believe 
it is important to differentiate periosteal osteosarcoma from low- to 
intermediate-grade chondrosarcoma because periosteal osteosarcoma 
may respond to chemotherapy. Wide excision remains the cornerstone 
of treatment for periosteal osteosarcoma (Fig. 208.3).

a

b

Fig. 208.3 (a and b) Parosteal osteosarcoma treated with surgical resection and endoprosthesis.

BENIGN CARTILAGE-FORMING TUMORS
Chondroma
Chondroma is a benign mature, hyaline cartilage-producing tumor. 
Enchondroma occurs within the medullary cavity of the bone with a 
predisposition for the hands,9 feet, femur, and proximal humerus. Jux-
tacortical (periosteal) chondroma is a surface cartilage tumor that most 
commonly occurs about the distal femur. Ollier ’s disease is character-
ized by multiple enchondromas, and Maffucci’s syndrome includes mul-
tiple enchondromas with vascular malformations of soft tissue. Both 
Ollier ’s and Maffucci’s syndromes have a higher incidence of malignant 
degeneration into chondrosarcoma than solitary enchondromas.
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Enchondroma is most often asymptomatic. It is commonly found 
incidentally because of shoulder bursitis/tendinitis or knee arthritis. In 
addition, patients receiving bone scintigraphy for staging of carcinoma 
may reveal moderate uptake in an area of enchondroma. In some cases, 
biopsy is required because imaging findings of enchondroma may 
overlap with those of bone-forming cancers such as breast and prostate 
metastases. Symptomatic patients are a result of fracture associated 
with enchondroma.

Radiographs in enchondroma reveal a lucent lesion with speckled 
calcification most commonly in the metaphysis and rarely in the 
epiphysis of long bones. Subtle endosteal erosion in long bones may 
be seen; however, short tubular bones of the hands, feet, and fibula 
may reveal bone expansion (Fig. 208.4a).

Histologically, enchondromas reveal hyaline cartilage with plates of 
lamellar bone encasing the cartilage. Between the islands of cartilage, 
normal marrow is present, unlike chondrosarcoma.

The radiographic differential diagnosis includes low-grade chondro-
sarcoma, bone infarct, and bone-producing metastatic disease. Histo-
logically, differentiating enchondroma from chondrosarcoma requires 
clinical, radiographic, and histologic interpretation.

Treatment generally is observational, but after fracture the lesion 
should be sampled and curetted and a bone graft performed. Patients 
are observed for several years to confirm the absence of malignant 
transformation.

Chondroblastoma
Chondroblastoma is an epiphyseal lesion that commonly occurs in the 
second decade. Patients often present with periarticular pain and occa-
sionally swelling. In approximately 10% of patients chondroblastoma 
may be aggressive, particularly when associated with an aneurysmal 
bone cyst (20% to 30%).

Radiographs reveal a lytic, epiphyseal lesion with or without calci-
fications that is either subchondral or apophyseal (Fig. 208.5a). MRI 
delineates the extent of the lesion and may also reveal synovitis of the 
joint. The most common location is about the knee and proximal 
humerus. In the humerus this has been described as Codman tumor.10

Histology demonstrates highly cellular, plump polygonal cells 
(chondroblast) associated with multinucleated giant cells and areas of 
chondroid (pink) (see Fig. 208.5b). Chicken-wire calcification may also 
be seen.

Aggressive chondroblastoma may look ominous radiographically 
and histologically and must be distinguished from osteosarcoma.  

The radiographic differential diagnosis includes giant cell tumor,  
epiphyseal enchondroma, clear cell chondrosarcoma, and joint lesions 
(pigmented villonodular synovitis, inflammatory arthritis, and atypical 
infections).

Treatment includes curettage and bone grafting. Local recurrence is 
particularly high in patients with associated aneurysmal bone cyst and 
local adjuvant therapy (i.e., cryotherapy or phenol) should be 
considered.

Chondromyxoid fibroma
Chondromyxoid fibroma is a rare tumor, localized in the metadiaphy-
seal region of long and flat bones. Patients often present with local pain 
and occasionally a mass. Approximately 25% of these tumors may 
occur about the foot and ankle; however, any bone can be involved.

Radiographs reveal an eccentric lesion with cortical expansion and 
may extend into the soft tissue. A subtle rind of bone is usually seen, 
and it may have a lobular appearance. Bone scintigraphy is active as 
well (Fig. 208.6).

Histologically, chondromyxoid fibroma has spindle and stellate cells 
in a chondromyxoid background with occasional giant cells. A patholo-
gist untrained in bone tumors often mistakes this lesion for grade II 
chondrosarcoma.

Treatment is excision and bone grafting. Adjuvant therapy is also 
used in these lesions to reduce the risk of local recurrence.

Osteochondroma
Osteochondroma is a common bony projection capped by cartilage that 
occurs as a result of an abnormality of the epiphyseal plate cartilage.11 
It is identified in the first or second decade and may affect long bones 
(primarily femur, tibia, and humerus) or flat bones. Young patients 
often present with a painless mass, frequently after a growth spurt. 
Occasionally, patients may have pain that is usually associated with 
tendinitis, bursitis, nerve irritation, or fracture. Infrequently, multiple 
osteochondromas may occur. Hereditary exostosis is an autosomal 
dominant disease and should be ascertained in the history.

Radiographs reveal a broad- or narrow-based bone protrusion ema-
nating from the cortex with the cortex in continuity with the lesion. 
The mass is directed away from the joint. CT or MRI reveals continuity 
of the normal marrow into the lesion. MRI is best to distinguish the 
size of the cartilaginous cap. If the cap is greater than 1.5 to 2 cm, 
malignant degeneration must be considered.

a b

Fig. 208.4 (a) Enchondroma of the proximal phalanx of the 
foot with bone expansion. (b) Chondrosarcoma of the distal 
femur with mixed lytic/blastic lesion, cortical thinning, and 
soft tissue mass.
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a b

Fig. 208.5 (a) Lytic, epiphyseal lesion with areas of calcification in the proximal tibia. (b) Histology reveals giant cells and 
pink chondroid with numerous polygonal cells diagnostic of chondroblastoma.

a

b

Fig. 208.6 (a) Lytic lesion of the distal tibia with cortical irregularity in an adult. (b) Bone scintiscan is active. Biopsy confirmed 
chondromyxoid fibroma.

Histologically, mature bone with normal marrow fat is seen up to 
the cartilaginous cap. The cap reveals mature hyaline cartilage with 
plump chondrocytes.

Generally, osteochondromas can be observed. In some cases, par-
ticularly in patients with pain or deformity, osteochondroma should 
be excised. Biopsy should be performed to evaluate the cap and must 
be orientated from superficial to deep. If a biopsy is given to the 
pathologist that shaves the cap, it may appear to have a thickened cap 
of cartilage. This would be misleading and may lead to an incorrect 
diagnosis. One should consider removing osteochondromas about the 
pelvis and scapula early, particularly if their growth cannot be moni-
tored clinically, because delay in diagnosing malignant degeneration 

may occur and a high-grade, dedifferentiated sarcoma may develop 
from such low-grade chondrosarcoma.

MALIGNANT CARTILAGE-FORMING TUMORS
Chondrosarcoma
Primary chondrosarcoma is the most common malignant tumor of flat 
bones. Low-grade chondrosarcoma commonly occurs in the fourth and 
fifth decades of life. Night pain is an early presentation that may occur 
with a mass lesion. Low-grade intramedullary chondrosarcoma may be 
primary or secondary. Both may occur in flat, long or short tubular 
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bones. Secondary chondrosarcoma arises most commonly from enchon-
dromas or osteochondromas. For a diagnosis to be made of secondary 
chondrosarcoma, either radiographs or histology must reveal a prior 
benign cartilaginous lesion.

Intramedullary chondrosarcoma must be diagnosed clinically, radio-
graphically, and pathologically. Radiographic features of chondrosar-
coma include a mixed lytic/blastic lesion, cortical thickening, and 
overall enlargement of the long bone and/or soft tissue extension (see 
Fig. 208.4b). Malignant degeneration of an osteochondroma is best 
evaluated by MRI, which reveals a cartilaginous cap of 2 cm or larger. 
Infrequently, bursal fluid can mimic an enlarged cap and may require 
biopsy.

Histology in cartilaginous tumors varies. Benign cartilaginous 
tumors may look more cytologically ominous than low-grade chondro-
sarcomas. Intramedullary chondrosarcoma should be histologically 
evaluated on low power. Mirra and colleagues12 were able to distinguish 
low-grade chondrosarcoma from enchondroma by describing four 
pathologic features characteristic of chondrosarcoma, including a per-
meation pattern, marrow with bands of fibrosis, invasion of the  
haversian canal, and extraosseous involvement. Synovial chondroma-
tosis, enchondroma of the hand, and juxtacortical chondroma may be 
misdiagnosed as chondrosarcoma because of their cytologic features 
alone.

Treatment of low-grade chondrosarcoma is wide excision only. 
These tumors are not sensitive to irradiation or chemotherapy.

Dedifferentiated chondrosarcoma occurs approximately 10 years 
after the peak incidence of low-grade chondrosarcoma (sixth decade). 
It arises from undiagnosed low-grade chondrosarcoma. Radiographi-
cally, the lesion looks more permeative than low-grade chondrosar-
coma and nearly always appears as a soft tissue mass. Patients require 
chemotherapy and wide excision. Prognosis is poor because patients 
are often unable to tolerate the high doses of chemotherapy required.

Clear cell chondrosarcoma is a rare variant of chondrosarcoma. 
Radiographically, the lesion extends to the subchondral surface and is 
termed epiphyseal. It is often confined to bone and has a well-margin-
ated border. Histologically, clear, plump cells are seen. Osteoid produc-
tion is common and may mimic osteosarcoma, but osteoblastic 
rimming is usually present, indicating reactive bone production. Clear 
cell chondrosarcoma should be distinguished from melanoma and 
renal cancer because they may have similarly clear cells. Treatment is 
wide excision only (Fig. 208.7).

Extraskeletal myxoid chondrosarcoma is another rare variant of 
chondrosarcoma. This tumor is unique because it may present as 
multiple bone or soft tissue lesions. It may reveal calcifications radio-
graphically. Histologically, poorly differentiated cartilage, round cells, 
and “staghorn” vessels admixed with spindle cells are unique to this 
malignancy. Surgical excision is recommended, and close observation 
of the entire body should be performed.

BONE MARROW TUMORS
Ewing’s sarcoma
Ewing’s sarcoma is a rare, malignant round cell tumor most commonly 
involving flat bones and long bones within the first 3 decades of life. 
A painful mass is the most common presentation. Systemic findings 
include fever and anemia, and elevated levels of liver enzymes may be 
noted.

Radiographic findings include a permeative lesion of bone, often in 
the diaphysis of long bones with periosteal layering called “onion skin-
ning.” The majority of cases reveal a soft tissue mass. Bone scintigra-
phy is active and should be performed to rule out additional bone 
lesions. The radiologic differential diagnosis includes eosinophilic 
granuloma, infection, neuroblastoma, and osteosarcoma. Lung CT 
may reveal metastatic disease.

Histologically, sheets of round cells must be distinguished from 
other round cell malignancies and infection. Ewing’s cells stain positive 
for periodic acid–Schiff (PAS) and MIC2 gene. Genetic chromosomal 
translocation (11,22) may also be identified. Immunostains can distin-
guish Ewing’s sarcoma from lymphoma, neuroblastoma, primitive neu-
roectodermal tumors, round cell osteosarcomas, rhabdomyosarcoma, 
and other lesions characterized by round cells.

Treatment includes chemotherapy, irradiation, and wide excision 
(Fig. 208.8). These lesions often affect patients in their first and second 
decades and may require unique reconstructions for limb salvage. An 
expandable prosthesis has improved function from earlier reconstruc-
tion and amputation. Although these tumors are highly responsive to 
chemotherapy and irradiation, survival rates vary between 45% and 
75%. Proximal lesions (spine and pelvis) have the worst prognosis.13 
Metastatic disease to distant sites other than the lung is more common 
in Ewing’s sarcoma than osteosarcoma. Close monitoring for spread of 
disease should be performed.

a

b

Fig. 208.7 (a) Clear cell chondrosarcoma of the femoral head extending to the subchondral bone on T1-weighted MR image. 
(b) Surgical treatment involved proximal femoral replacement, constrained total hip replacement, and reconstruction of the hip 
abductors. Patient is able to ambulate without an assistive device.
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a b c

Fig. 208.8 (a) Plain radiograph in a 5-year-old boy reveals a lytic lesion of the proximal diaphysis of the tibia. (b) MR image shows a soft tissue mass 
with extensive periosteal edema. Pathology confirmed Ewing’s sarcoma. The patient was treated with preoperative chemotherapy, irradiation, and 
wide excision. (c) Reconstruction with allograft and internal fixation was performed followed by postoperative chemotherapy.

Lymphoma
Lymphoma is a rare round cell tumor that is a localized solitary bone 
lesion. These have been characterized in the past as reticulum cell 
sarcoma. A complete workup includes bone marrow aspiration and 
should be considered before diagnosing primary lymphoma of bone. 
Pain is the most common symptom, but a mass or swelling often 
occurs. Joint pain and swelling may also be present. The femur and 
pelvis are the most common sites. Lymphoma usually presents after 
the second decade.

Radiographs may reveal either lytic or blastic changes with subtle 
periosteal reaction. In the spine, a blastic or “ivory” vertebra may be 
seen. Similar to Ewing’s sarcoma, lymphoma has a propensity for the 
diaphysis of long bones but also may be seen in any bone. The dif-
ferential diagnosis includes sclerosing osteomyelitis of Garré, eosino-
philic granuloma, and osteosarcoma. MRI is useful to determine the 
extent of tumor in bone and soft tissues.

On histology and cytology, lymphoma must be distinguished from 
other round cell tumors, particularly Ewing’s sarcoma. Glycogen should 
not be present in lymphoma; however, immunostains are most helpful 
in distinguishing round cell tumors. Chronic osteomyelitis, eosino-
philic granuloma, Ewing’s sarcoma, and myeloid leukemia should be 
considered in the differential diagnosis.

Treatment includes irradiation and chemotherapy. The prognosis is 
excellent, with more than 90% survival. Surgery is generally not indi-
cated for primary lymphoma of bone unless pathologic fracture occurs.

Neuroblastoma (metastatic)
Similar to lymphoma and Ewing’s sarcoma, metastatic neuroblastoma 
is a round cell tumor. It is not surgically treated but managed with 
chemotherapy and radiation therapy. Neuroblastoma should be strongly 
considered in patients younger than 5 years old with a round cell 
malignancy. It usually presents as a multifocal lesion and may be 
mistaken clinically for infection or eosinophilic granuloma. Special 
stains are again useful distinguishing these lesions from other round 
cell tumors.

Plasmacytoma/multiple myeloma
Myeloma is the most common primary bone malignancy affecting 
either single or multiple bones. It is a tumor of plasma cells that causes 

osteolytic bone destruction and is associated with anemia, hypercalce-
mia, and bone pain. Any bone may be involved (the spine, rib, and 
pelvis are most common), and average age at onset is between 40 and 
60 years. Laboratory findings include an elevated erythrocyte sedimen-
tation rate (ESR) and serum and urinary protein immunoelectrophore-
sis abnormalities.

Myeloma is characterized radiographically as a lytic (“punched 
out”), sometimes expansile lesion with associated soft tissue mass. 
MRI is best used to evaluate the spine to differentiate the lesion from 
osteoporosis. Myeloma appears as an infiltrating lesion of bone with 
abnormal signal intensity changes of the marrow, unlike osteoporosis 
(Fig. 208.9). A skeletal survey is important because bone scintigraphy 
may not reveal activity in involved bones. Impending fractures, particu-
larly in the spine, femur, and humerus, are common.

Histologically, large plasma cells characterized by round cells, eccen-
tric nuclei with abundant chromatin, and abundant cytoplasm can 
distinguish it from other round cell tumors and infection.

Treatment includes chemotherapy, radiation therapy, bone marrow 
transplant, and surgical stabilization of long bones and vertebrae. In 
cases where it is isolated to a single bone, I have treated plasmacytoma 
as a primary bone tumor with wide excision after chemotherapy and 
irradiation. Although this is commonly a systemic disease, survival 
varies from months to years dependent on chemotherapy response. 
New drug therapies such as bortezomib, thalidomide, and others have 
lengthened survival times. Studies evaluating cyclooxygenase-2 inhibi-
tors such as celecoxib in the treatment of multiple myeloma are also 
underway.

VASCULAR TUMORS
Hemangioma and lymphangioma
Hemangioma and lymphangioma are benign lesions that consist of 
blood vessels and lymphatic vessels, respectively.14 Hemangioma is 
most often found in the spine on incidental evaluation for patients 
with back pain. The majority of hemangiomas are painless; however, 
occasionally aggressive hemangiomas may expand the bone and extend 
in the soft tissues. This can lead to neurologic impairment and may 
require excision and decompression. “Disappearing Bone Disease” or 
Gorham’s disease is an aggressive vascular tumor producing massive 
osteolysis of bone. Most case occur in patients under the age of 40. 
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a

b

Fig. 208.9 (a and b) Infiltrative lesion in adjacent vertebrae of the lumbar spine with impending pathologic fracture consistent 
with multiple myeloma as opposed to a compression fracture secondary to osteoporosis with normal signal in the marrow. This 
can be more difficult to differentiate immediately after a fracture because of bone edema and bleeding.

Radiographic bone loss can be dramatic with significant variability. 
Resection, embolization, and radiation may control disease progression.

Radiographs of the spine may reveal coarsened trabeculae, which on 
CT reveals a classic “polka dot” sign. MRI most commonly shows a 
round to ovoid lesion with areas of bright and low signal within the 
vertebrae. Bone scintigraphy is usually not active. Long bone involve-
ment is uncommon but, if present, may reveal aggressive findings such 
as periosteal reaction associated with mixed lytic/blastic findings.

Histology may reveal either small- or large-lumen blood vessels with 
benign stromal cells. In children, cellularity may be more ominous, but 
I have not seen angiosarcoma in a patient younger than 25 years old 
and cellular hemangioma is not uncommon particularly in soft tissues.

Treatment is observational and compression should be performed 
if there is involvement of the extremities. Biopsy, curettage, and graft-
ing may be required in symptomatic cases. Irradiation can be reserved 
in aggressive cases when surgery cannot be performed.

Glomus tumor
Glomus tumor is derived from neuromyoarterial structures and con-
tains uniform round, blue cells associated with vascular structures. It 
erodes the terminal phalanx by direct extension. Clinically, patients 
present with exquisite sensitivity and cold intolerance. Radiographs 
reveal a lytic, expansile well-demarcated lesion of the distal phalanx. 
The differential diagnosis includes inclusion cyst, metastatic lung 
cancer, and melanoma. Treatment is surgical excision. Irradiation can 
also be used for local control.

Hemangiopericytoma
Hemangiopericytoma rarely occurs in bone but is characterized as a 
low-grade malignant tumor of vascular origin. The malignant cells lie 
adjacent to the endothelial cells and have a characteristic vascular 
pattern most commonly seen in soft parts. Local excision is recom-
mended. Antiangiogenesis drugs may be indicated.

Angiosarcoma
Angiosarcoma is a malignant vascular tumor originating from endo-
thelial cells that may shed into the blood vessel lumen. Adults and 
elderly patients may be afflicted with this disease, and the entire limb 
may be involved. The aggressive nature of this disease is unique and 

may involve any bone. Pain and swelling is most common, and lym-
phatic vessels may be involved. Radiographically, multiple punched-
out lesions extending proximally with associated soft tissue mass may 
be seen. Amputation is generally the treatment of choice; however, 
prognosis is poor. Antiangiogenesis drugs have reduced morbidity and 
increased life expectancy.

BENIGN FIBROUS TUMORS
Fibrous dysplasia
Fibrous dysplasia is a bone-forming developmental anomaly of fibro-
osseous mesenchymal tissue. The most common sites include the rib, 
femur, and tibia. Polyostotic fibrous dysplasia may be associated with 
skin pigmentation, endocrine abnormalities, and abnormal growth. It 
is first identified commonly in the second decade and associated with 
injury that may result in pathologic fracture. Radiographs often reveal 
a ground-glass appearance with sharp borders involving the metadi-
aphyseal region. In weight-bearing bones, deformity may occur (i.e., 
“shepherd’s crook deformity of the femur”). Lucency surrounded by 
sclerosis gives a characteristic “bull’s eye” appearance. Histologic 
examination is characterized by fibrous stroma, small blood vessels, 
and woven bone production (“C &Y” shape). Osteoblastic rimming is 
minimal, unlike osteofibrous dysplasia. Cystic degeneration may be 
present and exhibit multinucleated giant cells. Fibrous dysplasia in rare 
cases can become malignant.15

Differential diagnosis includes low-grade osteosarcoma and ossify-
ing fibroma (osteofibrous dysplasia). Treatment is observational; 
however, if pathologic fracture or impending fracture is imminent, 
internal fixation may be needed.

Ossifying fibroma
Ossifying fibroma is a fibro-osseous lesion that occurs primarily in the 
jaw or tibia. It often leads to a characteristic bowing of the tibia and 
may be associated with pain during activities. The majority of patients 
are identified in the first decade of life. Radiographic appearance reveals 
an intracortical osteolytic lesion with scalloping of the cortex that may 
progress to frank bowing of the tibia. It must be distinguished from 
adamantinoma of the tibia. Histology reveals fibrous dysplasia–like 
bone with osteoblastic rimming. Epithelial cells may be seen with 
keratin staining. Diagnosis may require biopsy, and bracing is 
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a primary malignancy of bone. Most malignant fibrous histiocytomas 
are primary (70%), but secondary tumors may also occur. It most often 
presents as a painful mass in middle-aged adults. The femur and pelvis 
are the most common bones involved. Radiographs reveal a lytic, 
destructive lesion that is often poorly demarcated. Secondary tumors 
must have evidence of prior disease such as Paget’s disease, osteone-
crosis, giant cell tumor, or prior radiation therapy.

Malignant fibrous histiocytoma is characterized histologically by 
malignant spindle cells in a storiform pattern.

Fibrosarcoma
Fibrosarcoma is a rare bone tumor and can be distinguished histologi-
cally from malignant fibrous histiocytoma by its “herringbone” histo-
logic pattern. The differential diagnosis includes metastatic disease, 
osteosarcoma, and lymphoma. In patients from Avellino, Italy, giant 
cell tumor may be seen as a secondary lesion of Paget’s disease and 
may have a similar aggressive appearance as malignant fibrous histio-
cytoma but is managed with corticosteroids. Treatment of malignant 
fibrous histiocytoma includes chemotherapy and wide excision. Some 
may also consider radiation therapy. Prognosis is poor with less than 
50% survival rates. Cahan and coworkers initially described postirra-
diation sarcoma in 1948; in the patients who received radiation, the 
tumor developed within the radiation field after several years.16 Osteo-
sarcoma and malignant fibrous histiocytoma are the most common 
sarcomas arising from prior radiation treatment.

OTHER BONE TUMORS
Giant cell tumor
Giant cell tumor is an aggressive benign tumor that occurs in the 
epiphysis or apophysis. It has a peak incidence in the third decade and 
is most common in the distal femur, proximal tibia, and radius. It may 
also occur in the sacrum. Clinically, pain, swelling, warmth, and ten-
derness about the joint is most common. Findings mimic those of 
osteosarcoma and hyperparathyroidism.

Imaging reveals a lytic, permeative, epiphyseal lesion extending into 
the metaphysis and may be associated with a soft tissue mass. Bone 
scintigraphy is active and is important in distinguishing a giant cell 
tumor (single) from Brown’s tumors of hyperparathyroid (multiple). 
Chest radiography and CT of the chest may be performed to evaluate 
lung involvement. If this is present, observation is recommended and 
significant progression is uncommon.

recommended. Surgery should be considered for significant deformity 
after skeletal maturity.

Non-ossifying fibroma and benign fibrous 
histiocytoma of bone
Non-ossifying fibroma and benign fibrous histiocytoma of bone occur 
in children and young adults and usually affect the metaphysis of the 
distal femur, proximal tibia, and distal tibia or fibula. It is most com-
monly identified on radiography after a joint injury; however, patho-
logic fracture is not uncommon when more than 50% of the diameter 
of bone is involved.

Radiographs demonstrate an eccentric lesion that is longer than it 
is wide with a sclerotic border (Fig. 208.10). It appears bubbly, charac-
teristic of fibrous-producing tumors. It may start as a small defect in 
the cortex with erosion of the bone from the periosteum referred to as 
a fibrous cortical defect. This is an injury lesion where the periosteum 
responds by laying down abundant fibrous tissue. Such a lesion may 
have typical mitotic figures and may be highly cellular. In many cases, 
giant cell tumor and non-ossifying fibroma are difficult to distinguish 
histologically and radiography is essential.

Treatment generally is observational; however, if more than 50% of 
the diameter of a weight-bearing long bone is seen, curettage and graft-
ing should be considered.

Desmoplastic fibroma
Desmoplastic fibroma is a rare benign tumor that may aggressively 
destroy the bone. It most commonly occurs in the metaphysis of the 
femur and presents as pain, swelling, or pathologic fracture. Radio-
graphs reveal a lytic, bubbly destructive lesion without discrete borders. 
Histology lacks the cytologic atypia or mitotic activity of malignant 
spindle cell tumors and should not reveal any bone formation. Treat-
ment is wide excision, and local recurrence is not uncommon. Its 
counterpart in soft tissues is the desmoid tumor, which currently is 
being treated with low-dose chemotherapy (methotrexate and vinblas-
tine) or with imatinib mesylate (Gleevec).

MALIGNANT FIBROUS TUMORS
Malignant fibrous histiocytoma
Malignant fibrous histiocytoma is a spindle cell tumor and considered 
the most common soft tissue sarcoma; however, it may also occur as 

a b

Fig. 208.10 (a and b) Plain radiographs reveal a bubbly 
lesion of the distal femur with a sclerotic border. The lesion 
is longer than it is wide and is eccentric. These features are 
most characteristic of non-ossifying fibroma. Lesions 
involving more than 50% of bone are at greater risk for 
pathologic fracture, and curettage and grafting should be 
considered.
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observation is indicated; however, biopsy may be performed to rule out 
neoplasm.

Chordoma
Chordoma is a malignant disease of neuroectoderm and involves the 
midline from the spheno-occipital region to the tip of the coccyx, with 
involvement of the sacrum being most common. Presentation is long-
standing, insidious low back pain. Patients in their fifth to seventh 
decades are most often affected.

Radiographic findings reveal a destructive lesion of the sacrum with 
a soft tissue mass. It may be difficult to visualize the skeletal abnormal-
ity on plain radiography because of overlying bowel; however, CT or 
MRI is excellent in delineating tumor size, location, and the presence 
of calcification.

Chordoma is a lobulated, low- to intermediate-grade tumor charac-
terized histologically by physaliferous cells and vacuolated cytoplasm. 
It produces mucin and may be difficult to distinguish from metastatic 
disease with clear cells and chondrosarcoma. A new entity, giant noto-
chordal hamartoma, also must be ruled out, particularly if the lesion 
has not broken through the cortex.

Treatment is wide excision. Preoperative or postoperative irradia-
tion is considered when wide excision is difficult to achieve. If the 
tumor is not completely removed, local recurrence is inevitable and 
subsequent hematogenous spread to the lungs will follow. Bowel, 
bladder, and erectile function may be maintained if one side of S2 and 
S3 nerve roots can be preserved. Radiation therapy may reduce the risk 
of local recurrence; however, chordoma is not exquisitely radiosensi-
tive. Standard chemotherapy has not been successful.

Lipoma
Lipoma of bone is uncommon but may occur in any bone and has a 
predilection for the os calcis. It may be found as an incidental finding 
or after pathologic fracture particularly in the os calcis. It is a well 
demarcated lytic lesion with a central island of calcification. This is 
best seen on MRI because on T2-weighted images the lesion has a low 
signal and a bright signal on T1-weighted images. Diagnosis may be 
difficult with histology because of the presence of fat in normal bone. 
However, lobules of fat are characteristic of this lesion and should be 
correlated with the imaging studies. Treatment in symptomatic 
patients is curettage and grafting.

Grossly, giant cell tumor is hemorrhagic in color mixed with yel-
lowish fleshy areas. Histologically there are plump spindle cells, blood 
vessels, and giant cells with focal areas of reactive bone. Aneurysmal 
bone cyst may occur in 15% to 20% of cases as well as a cystic com-
ponent. Local recurrence has been reported as high as 50% when a 
secondary aneurysmal bone cyst is present.

Treatment includes curettage, adjuvant therapy (cryotherapy or 
phenol), and cementation. Infrequently, wide excision and endopros-
thetic reconstruction is performed when the host bone cannot be sta-
bilized with bone filler and internal fixation (Fig. 208.11). Recent drug 
clinical trials focusing on attacking the giant cell population have been 
promising. Radiation therapy is rarely used because of the increased 
risk of malignant degeneration.

ADAMANTINOMA
Adamantinoma is a rare, low-grade malignant tumor nearly always 
involving the tibia. It must be distinguished from another rare but 
benign bone tumor called osteofibrous dysplasia. Adamantinoma 
usually presents as pain and swelling and occurs commonly in skel-
etally mature patients (third decade). Radiographically, adamantinoma 
may reveal a lytic or “shark bite” lesion of the tibia, with coarsened 
trabeculae and periosteal new bone formation. It commonly involves 
the metadiaphysis of the tibia and must be distinguished from osteo-
fibrous dysplasia (Fig. 208.12). There may be histologic overlap 
between adamantinoma and osteofibrous dysplasia as well, yet the 
adamantinoma has a nest or clusters of keratin-positive epithelial 
cells. Treatment is surgery. Although systemic disease is less common 
than high-grade sarcomas, adamantinoma may spread to lymph 
nodes.

Giant notochordal hamartoma
Giant notochordal hamartoma is an incidental finding seen in the 
workup for back pain or nerve compression.17 Plain radiographs are 
unremarkable. MRI reveals extensive involvement of the vertebral 
body; however, the lesion is always confined to the bone. Pathology 
lacks anaplasia and normal fat may be seen. CT may show coarsened, 
thickened trabeculae and bone scan is not active. Histology reveals 
bubbly bland cells (physaliferous cells) with islands of normal fat and 
marrow elements and thickened trabeculae without mitotic activity or 
necrosis. Vertebrectomy is not required, but close serial MRI 

a

b

Fig. 208.11 (a) Destructive lesion of the distal radius consistent with aggressive giant cell tumor. (b) Distal radius resection with 
osteoarticular allograft reconstruction achieves a functional result.
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b

c

Fig. 208.12 Adamantinoma. (a) Plain radiograph reveals a lytic, permeative lesion of the tibia with periosteal reaction seen 
laterally. (b) MR image reveals soft tissue edema and a heterogeneous lesion of the tibia filling the bone. (c) The patient was 
treated with composite reconstruction after wide excision for adamantinoma. No chemotherapy or radiation therapy was given, 
and the patient is disease free after 10 years.

Langerhans’ histiocytosis
Langerhans’ histiocytosis is a proliferative abnormality of Langerhans’-
like histiocytes. It may be single or multiple, and patients present with 
bone pain usually in the first year of life. At this time hepatospleno-
megaly and other systemic manifestations may be life threatening 
(Letterer-Siwe disease). Hand-Schüller-Christian disease is character-
ized by diabetes insipidus, exophthalmos, and eosinophilic granuloma 
of bone.

Radiographic features include lytic “punched-out” lesions with sig-
nificant surrounding edema. In the spine, a classic flattening of the 
spine is common. The differential diagnosis includes infection, lym-
phoma, Ewing’s sarcoma, and lytic osteosarcoma.

Histologic features include histiocytes admixed with eosinophils, 
lymphocytes, and plasma cells. Identifying the histiocytes that have rac-
quet-shaped inclusions on electron microscopy confirms the diagnosis.

Treatment is curettage and grafting. In patients who have been 
previously diagnosed with eosinophilic granuloma, corticosteroid injec-
tion should be considered. Lesions about the spine and pelvis that are 
not readily amenable to these techniques can also be treated with low-
dose radiation between 300 and 600 cGy.

Cystic lesion of bone
Simple bone cyst or unicameral bone cyst is a fluid-containing lesion 
occurring primarily in the humerus and femur in skeletally immature 
patients (Fig. 208.13). Patients most commonly present with a patho-
logic fracture. Radiographic findings include an intramedullary cen-
trally positioned lytic to bubbly lesion of the metadiaphysis. In some 
cases, the fractured bone may fall to the bottom of the lesion giving a 
characteristic “fallen leaf” sign. Soft tissue involvement is not seen 
with unicameral bone cyst, and a thin cortex can nearly always be seen 
unless fracture has occurred. Differential diagnosis includes aneurys-
mal bone cyst, non-ossifying fibroma, and fibrous dysplasia. Histologic 
findings reveal a single cystic lining of fibrous tissue, occasional giant 
cells, and bone spicules surrounding cystic spaces. In 10% of cases, 
cementum-like material may also be identified that is a pink, fibrin-like 
material laid down in clumps throughout the cyst wall. Treatment 
varies from observation, injection with corticosteroids, and bone graft-
ing to bone marrow curettage with grafting. Prognosis in healing the 
cyst is determined by the size of the lesion (smaller > larger), proximity 
to the growth plate (farther away > closer), and age of patient (older > 
younger).
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Fig. 208.13 (a) Plain radiograph of unicameral bone cyst of 
the humerus. (b) T1-weighted MR image of an expansile, 
aneurysmal bone cyst of the tibia breaking through the 
cortex.

Aneurysmal bone cyst
Aneurysmal bone cyst may occur as a primary or secondary bone tumor 
characterized by an expansile lesion commonly in the second decade 
of life. It may affect any bone, and the pathogenesis is thought to be a 
result of an intraosseous blood vessel injury with hemorrhage into the 
bone. Over 40% of aneurysmal bone cysts are secondary and occur 
within nearly all tumors, with the most common being giant cell 
tumor, chondroblastoma, and osteosarcoma. Radiographs reveal an 
expansile lytic lesion with thinning or loss of cortex.18 Periosteal reac-
tion is common with intralesional bone formation. MRI commonly 
reveals fluid-fluid levels. The histology is similar to that of unicameral 
bone cyst because there are walls of spindle cells, giant cells, hemosid-
erin, and woven bone. It is important to evaluate all tissues in detail 
to determine if there is a primary neoplasm admixed with the aneu-
rysmal bone cyst. This is particularly important with osteosarcoma. 
Telangiectatic osteosarcoma may be difficult to diagnose because tissue 
is scant and malignant cells are scattered throughout the wall of the 

cyst. Treatment of primary aneurysmal bone cyst is curettage, adjuvant 
therapy, and bone grafting.

CONCLUSION
Diagnosis of bone tumors can be complex and requires a comprehen-
sive review of the clinical, radiologic, and histologic findings before 
treatment. Mankin and colleagues19,20 have identified the hazards of 
biopsy by physicians not specializing in bone tumors that led to sig-
nificant complications and, in some cases, amputation. Tertiary centers 
specializing in bone tumors routinely identify patients misdiagnosed 
from outside institutions because clinicians and pathologists are 
unaware of the numerous pitfalls of bone lesions. Furthermore, high-
grade sarcomas are treated with combination chemotherapy, which is 
critical in the outcome for the patient. It is for this reason that a mul-
tidisciplinary approach is recommended for the management of bone 
tumors at a specialized center to optimize patient care.

REFERENCES
1. Brien EW, Sacomen D, Mirra J. Pigmented villonodular 

synovitis of the foot and ankle. J Foot Ankle Int 
2004;25:908-913.

2. Murphy RP, Dahlin DC, Sullivan CR. Articular synovial 
chondromatosis. J Bone Joint Surg Am 1962;44:77-86.

3. Schajowis F. Tumors and tumorlike lesions of bone, 2nd 
ed. Berlin: Springer-Verlag, 1994.

4. Enneking WF, Spanier SS, Goodman MA. A system for 
the surgical staging of musculoskeletal sarcoma. Clin 
Orthop Relat Res 1980;153:106.

5. Jaffe HL, Lichtenstein L. Osteoid-osteoma: further 
experience with this benign tumor of bone. J Bone Joint 
Surg 1940;22:645-682.

6. Dorfman HD, Weiss SW. Borderline osteoblastic tumors: 
problems in the differential diagnosis of aggressive 
osteoblastoma and low-grade osteosarcoma. Semin 
Diagn Pathol 1984;1:215-234.

7. Dahlin DC, Coventry MB. Osteogenic sarcoma: a study of 
six hundred cases. J Bone Joint Surg Am 
1967;49:101-110.

8. Picci P, Campanacci M, Bacci G, et al. Medullary 
involvement in parosteal osteosarcoma: a case report. J 
Bone Joint Surg Am 1987;69:131-136.

9. Takigawa K. Chondroma of the bones of the hand: a 
review of 110 cases. J Bone Joint Surg Am 
1971;53:1591-1600.

10. Codman EA. Epiphyseal chondromatous giant cell 
tumors of the upper end of the humerus. Surg Gynecol 
Obstet 1931;52:543-548.

11. D’Ambrosia R, Ferguson A. The formation of 
osteochondroma by epiphyseal cartilage 
transplantation. Clin Orthop Relat Res 1968;61:103.

12. Mirra J, Gold R, Downs J, Eckardt J. A new histologic 
approach to the differentiation of enchondroma from 
chondrosacoma of the bones: a clinicopathologic 
analysis of 51 cases. Clin Orthop Relat Res 1985;201:214.

13. Li W, Lane J, Rosen G, et al. Pelvic Ewing’s sarcoma: 
advances in treatment. J Bone Joint Surg Am 
1983;65:738-747.

14. Dorfman HD, Steiner GC, Jaffe H. Vascular tumors of 
bone. Hum Pathol 1980;2:349-376.

15. Ruggieri P, Sim F, Bond J, Unni K. Malignancies in fibrous 
dysplasia. Cancer 1994;73:1411-1424.

16. Cahan WG, Woodward H, Higinbotham N, et al. Sarcoma 
arising in irradiated bone. Cancer 1948;1:329.

17. Mirra J, Brien E. Giant notochordal hamartoma of 
intraosseous origin: a newly reported benign entity to 
be distinguished from chordoma: report of two cases. 
Skeletal Radiol 2001;30:698-709.

18. Freiberg A, Loder R, Heidelberger K, Hensinger R. 
Aneurysmal bone cysts in young children. J Pediatr 
Orthop 1994;14:86-91.

19. Mankin HJ, Lange TA, Spanier SS. The hazards of biopsy 
in patients with malignant primary bone and soft tissue 
tumors. J Bone Joint Surg Am 1982;64:1121-1127.

20. Mankin HJ, Mankin CJ, Simon MA. The hazards of 
biopsy, revisited: Members of the Musculoskeletal 
Tumor Society. J Bone Joint Surg Am 1996;78:656-663.



I1

IN
D

EX

INDEX

A

Abatacept (CTLA4-Ig)
clinical trials of, 560-561

phase 1, 560
phase 2, 560-561, 560t
phase 3, 560-561

for juvenile idiopathic arthritis, 1018t, 
1020t-1021t, 1022, 1025f

methotrexate combined with, 512-
513

modulation of T-cell co-stimulation, 
552, 557, 559f

pharmacodynamics of, 560
pharmacokinetics of, 560
in pregnancy, 613t, 615
for psoriatic arthritis, 1208
for rheumatoid arthritis

infection risk with, 609
lessons from, 932
optimal dose of, 560
synovitis indications and strategies 

for, 950f, 954
target of, 608-609, 902, 902t
vs. infliximab, 561

safety of, 561-562
structure of, 557, 559f

ABCG2 gene, 1854
Abdominal aorta

calcification of, DEXA imaging of, 
403-404

scoring systems for, 403, 404t
with vertebral fracture assessment, 

403, 404f-405f
Takayasu’s arteritis involvement of, 

1567, 1568t, 1569f, 1570
Abdominal aortic aneurysm

HIV infection associated with, 1088
lumbar spine pain with, 667
in relapsing polychondritis, 1671-

1672, 1674
in Takayasu’s arteritis, 1567, 1569f

Abdominal fat pad, fine-needle 
aspiration of, 275, 275f

Abdominal pain, with systemic lupus 
erythematosus, 1239

Abductor muscles, of hip, 719, 720f
testing of, 722-723, 722f

Abductor pollicis brevis (APB), 716
Abductor pollicis longus (APL), 714-715
Abetimus (LJP 394), 1312
Ability/disability

emotional, 16
functional (See Functional capacity/

status)
impaired (See Impairments)
labor and delivery consideration of, 

1337
measures of, 15-16

capacity-based, 16
in juvenile idiopathic arthritis, 

991, 1006
for rehabilitation, 1045

performance-based, 15-16
in rheumatoid arthritis, 835

with myositis, 1454
patient education on, 965-967, 966t
public health initiatives for, 431
rehabilitation for, 441-442, 447t (See 

also Rehabilitation)
in juvenile idiopathic arthritis, 

1024, 1048-1050

spinal enthesis and, 1218
for work, 446-447
in wrist and hand disorders, 713, 715t

A2BP1 gene, 1766-1767
Abscess(es)

with subacute osteomyelitis, soft 
tissue, 1058, 1058f, 1060-
1061, 1061f

with tuberculous arthritis
paravertebral, 1069, 1069f
soft tissue, 1068, 1068b, 1069f

Abstracts, of medical literature, 219
Abuse, of opioids, 470t
Acanthocytes, in urine microscopy, 

332, 332f
ACCESS trial, on sarcoidosis, 1659, 

1667-1668
Accuracy, definition of, 943t
Aceclofenac, 1160, 1164t
Acetabulum

abnormal shape of, as osteoarthritis 
risk, 1721

ankylosing spondylitis of, imaging of, 
1152-1153, 1152f

in children, 977
in developmental dysplasia of hip, 

725
in femoroacetabular impingement, 

725-726
in hip joint, 719, 720f

head thickness variations of, 719, 
720f

in idiopathic chondrolysis, 984
in Legg-Calvé-Perthes disease, 982-

983, 982f
Acetaminophen, 485-487, 486t, 491

for ankylosing spondylitis, 1165
for fibromyalgia, 780
for juvenile idiopathic arthritis, 

1023-1024
for lumbar spine disorders, 678
for neck pain, 654
opioid therapy and, 473
for osteoarthritis, 1796-1797

NSAIDs vs., 1797
renal complications of, 341

Acetylcholine, in neuroendocrine 
system, 212f

N-Acetylgalactosamine 4-sulfatase, 
recombinant human, 2039

Acetylsalicylic acid. See Aspirin
Achilles reflex, in lumbar spine 

disorders, 662
Achilles tendinopathy, 85f
Achilles tendon

in ankle anatomy, 749, 750f
arthritis involvement of, 254

imaging of, 1152
assessment of, in children, 978
enthesis of, 1212, 1212f, 1215-1216

biomechanics of, 1212-1213
histologic section of, 1212-1213, 

1213f
imaging of, 1216, 1217f

pathology as source of pain, 755
rupture, 818
in spondyloarthropathies, 1214-1215

juvenile-onset, 1030
systemic lupus erythematosus 

involvement of, 1233
xanthomatosis of, 1911f

Achilles tendonitis, 819
Achondroplasia, 2048, 2060
Acid maltase deficiency, myopathy 

related to, 1481t, 1482b, 
1483, 1484f

Acidosis
metabolic, in renal insufficiency, 

1331, 1332t
renal tubular, tests for, 335

ACL. See Anterior cruciate ligament 
(ACL)

ACL test, 1354
Acne

in Behçet’s syndrome, 1577
in psoriatic arthritis, 1187

Acoustic enhancement, 379, 379t
Acoustic shadowing, 379, 379f, 379t
ACPAs. See Anti-citrullinated protein 

antibodies (ACPAs)
A1298C polymorphism, in drug 

response, 207, 207f, 208t, 
221

Acquired immunity, in ankylosing 
spondylitis, 1136-1137. See 
also Innate immunity

ACR. See American College of 
Radiology (ACR); American 
College of Rheumatology 
(ACR)

Acromegaly
cartilage in, 1889-1890
clinical features of, 1889-1890
diffuse idiopathic skeletal 

hyperostosis vs., 1804
digital clubbing vs., 1701
hand in, 1890f
joint damage in, 1889-1890
lumbar spine in, 1890f

Acromioclavicular joint, 683
aspiration/injection of, e70f, 623
functional anatomy of, 683, 685
injuries to, 686, 810-811
neck pain referred from, 647
physical examination of, 686-687

for pain localization, 687, 687f, 
689t

SAPHO syndrome and, 1682
Acromioclavicular ligament, 684f
Acromioclavicular pain syndrome, 695-

696
acute vs. chronic, 695
osteoarthritis and, 696

clinical features of, 696
degenerative pathology of, 696
investigations of, 696
management of, 696

osteolysis of distal clavicle and, 696, 
696f

trauma and, 695-696
clinical features of, 695
injury mechanisms of, 695
late sequelae of, 696
management of, 695-696

Acromion, 810f
in rotator cuff tendinitis, 690-691
in shoulder anatomy, 683-685,  

684f
Acropachy, 1701, 1703-1704
Actin, 73-74, 1457
Actin rings, 73-74
Action potentials, sensory transduction 

and, 201-202

Ability/disability (Continued)

Note: Page numbers followed by b indicate boxes; f, figures; t, tables.

Activated prothrombin complex 
concentrates (APCC), 1919

Activation-formation-resorption (A-F-R) 
sequence, of bone modeling, 
77-78, 78f

Activation-resorption-formation (A-R-F) 
sequence, of bone 
remodeling, 77-79, 79f

in fracture healing, 80
Active compression test, 807t
Activities of daily living (ADLs)

adaptive rehabilitation approaches to, 
444-447

self-management instruction as, 
445-446, 446t-447t

assistive devices for, 444-445, 445t, 
969, 970f

basic vs. instrumental, 444
hip mobility for, 719, 721
juvenile idiopathic arthritis and, 

1024
functional evaluation of, 1047-

1048
rehabilitation implications of, 1046

myositis impact on, 1441, 1454, 
1475-1476

in osteoarthritis outcomes, 1780f, 
1781t, 1783

Activity limitations, in outcome 
assessment, 1779, 1780f

of osteoarthritis, 1781t, 1782
performance-based, 1783
using standardized questionnaires, 

1782-1783
Activity modifications

for pain control, 463
for rotator cuff tendinitis, 690
for wrist and hand disorders, 714-

716
Acupuncture, 450t, 451

for complex regional pain syndrome, 
802t, 803

evidence for, 451-453
for fibromyalgia, 780, 780b
licensing and training for, 457t
for psoriatic arthritis, 1208

Acute cutaneous lupus erythematosus 
(ACLE)

lesions with, 1229, 1230f
toxic-epidermal necrolysis (TEN)-

like, 285, 286b
Acute hemorrhagic edema of infancy, 

1599, 1599f
Acute lymphoblastic leukemia (ALL), 

1678
Acute multifocal placoid pigment 

epitheliopathy (AMPPE), 
1622, 1622t

Acute-phase proteins (APP)
in adult-onset Still’s disease, 854-856
in innate immunity, 92, 143-144

Acute-phase reactants, 260-261, 260t
in primary angiitis of central nervous 

system, 1618-1619
as scleroderma biomarker, 1370
screening for, in children, 979

Acute renal failure (ARF)
from calcineurin inhibitors, 341-342
gout and, 340
NSAIDs and, 341, 487-489, 489t, 

491
signs and symptoms of, 329



I2

IN
D

EX
Acute rheumatic fever

acute-phase reactants in, 1099
antimicrobial therapy for, 1100
arthritis in, 1097
articular involvement, 1096
cardiac involvement in, 1095-1096
carditis in, 1097-1098
chest radiography in, 1099
clinical manifestations of, 1097-1098
corticosteroids for, 1100
diagnosis guidelines, 1099t
diagnosis of, 1099-1100
echocardiography in, 1099
electrocardiography in, 1099
endocarditis in, 1096
epidemiology of, 1093
erythema marginatum in, 1098
group A streptococcus in, 1093-1094
heart failure in, treatment of, 1100
host factors in, 1095
immune response in, 1095
investigations for, 1099
myocarditis in, 1095-1096
nodules in, 1096, 1097f, 1098
NSAIDs for, 1100
organism factors in, 1094-1095
pathogenesis of, 1094-1095
pathology of, 1095-1096
pericarditis in, 1096
prevention of, 1101-1102
streptococcal antibody tests for,  

1099
Sydenham’s chorea in, 1098, 1101
throat cultures in, 1099
treatment of, 1100-1101
vaccines for, 1101-1102

Acyl-coenzyme A (CoA) dehydrogenase 
deficiency, myopathies 
related to, 1484, 1485f

ACZ885 antibody. See Canakinumab 
(Ilaris)

Adalimumab (Humira), 580-581
for ankylosing spondylitis

biologic basis of, 1167
impact on active inflammation on 

MRI, 1170f, 1171
long-term efficacy of, 1168f, 1170-

1171, 1175
short-term efficacy of, 1167f, 1170

availability of, 580
indications for, 577, 579-580, 579t
for juvenile idiopathic arthritis, 

1018t, 1020t-1021t, 1021-
1022, 1025f, 1026-1027

molecular structure of, 578f
pharmacology of, 580
for psoriatic arthritis, 1207
for rheumatoid arthritis

infection risk with, 605-606
pivotal trials of, 581, 581t
synovitis indications and strategies 

for, 952t, 953-954
safety of, 589-595, 591t

Adamantinoma, 2072-2074, 2073f
ADAM12 gene, 1766, 1766b
ADAM proteinase family, in tissue 

destruction, 156, 158f
ADAMTS proteinase family

in cartilage turnover, 58
in joint osteoarthritis

animal models of, 885
dog model of, 1731
genetically modified mice models 

of, 1736, 1737t
transgenic KO mice model of, 160

in rheumatoid arthritis, 927
in tissue destruction, 156-158, 158f

Adaptation, vs. injury, in spine health, 
29, 34-35

Adapter proteins
in innate immunity, 147-148
in signal transduction, 122, 123f
of TNF receptors, 94-95, 94f, 97t-98t

Adaptive immunity, 133-140
autoimmunity and tolerance in, 133, 

136, 139-140
idiotype network theory of, 1495-

1496, 1496f
B cells in, 133-136

activation and functions of, 136
development of, 133, 135-136, 

135f
conclusions of, 140
establishment over time, 141, 146
innate immunity vs., 133-134, 136, 

141, 142t
introduction to, 133
system of, 133-135

antigen receptors of lymphocytes 
in, 133-134, 134f

clonal selection and expansion of 
lymphocytes in, 134

generation of diversity of antigen 
receptors in, 134-135, 135f

T cells in, 133-139
activation of, 138-139, 146, 

146f-147f
B-cell activation role, 136
cytotoxic, 133, 139
development of, 133, 138, 138f
function of, 139
helper, 139, 146
processing of antigens for 

presentation to, 136-138, 
137f

recognition of peptide and lipid 
antigens by, 136

regulatory, 139
Adaptive rehabilitation, 441, 444-447

assistive devices as, 444-445, 445t
fatigue and, 446, 447t
impairment levels in, 444
orthotic devices and splints as, 442, 

445
self-management instruction as, 445-

446, 446t
for work, 446-447

Addison disease, 1910
Addressins, 54
Adduction deformity, of hip, 724, 724f
Adduction tests

of hip, 722-723
of shoulder, 686-687, 687f

Adductor muscles, of hip, 719, 720f, 
722-723

tendonitis of, 728
Adenine, 105, 1845f
Adenosine

angiogenesis mediation by, 906,  
907t

extracellular concentrations, 
methotrexate and, 511f

in fibrosis, 1398
in purine metabolism, 1845f

Adenosine deaminase, in tuberculous 
arthritis, 1069

Adenosine monophosphate, cyclic 
(c-AMP)

in mechanical stress response, G 
protein–coupled receptor 
signal transduction 
pathways and, 47

nociceptors and, 201
Adenosine triphosphate (ATP)

calcium pyrophosphate crystal-
associated arthropathy and, 
1883

IL-1 secretion and, 91-92

in mechanical stress response, 48
connexins and, 47
G protein–coupled receptor signal 

transduction pathways and, 
47

ion channels and, 46-47
in metabolic myopathies, 1481-1482
in muscle energy metabolism, 1482, 

1483f
in purine metabolism, 1845, 1845f, 

1851
S-Adenosyl-methionine (SAM-e), 456
Adenylate kinase, in muscle 

bioenergetics, 1482, 1483f
ADEPT trial, on TNF-α inhibitors, 

1207
Adherence to treatment, during 

juvenile idiopathic arthritis 
rehabilitation, 1050

Adherens junctions, 75
Adhesion molecules. See specific type, 

e.g., Cellular adhesion 
molecules (CAM)

Adhesive capsulitis, in shoulder, 1908-
1909

Adipokines, osteoarthritis and, 1754-
1755

Adjunctive therapies
for panniculitis, 1606
for sarcoidosis, 1668-1669

Adjuvant-induced arthritis (AA), 879, 
880f

features of, 884t-885t, 898-899
histology of, 880, 881t
nitric oxide in, 194
pristane arthritis and, 879-880

Adolase
deficiency of, myopathy related to, 

1481t, 1482b, 1483, 1484f
in myositis, 1449, 1449t

Adolescents/adolescence
knee disorders in, 736-739

late, 739-742
Osgood-Schlatter disease in, 736-

737, 736f-737f
osteochondritis dissecans in, 737-

738, 737f-739f
painful, 735t, 736
physeal injuries and fractures in, 

738
distal femoral, 738-739, 739f

proximal tibial fractures in, 739
Sinding-Larsen-Johansson 

syndrome in, 737
sports-related injuries in, 736
tibial spine fracture and ACL 

rupture in, 739, 739f
late, knee disorders in, 739-742

anterior knee pain in, 740
chondromalacia patellae in, 741
medial plica syndrome in, 741
painful disorders of, 735t, 739
patellofemoral maltracking, 

subluxation, and dislocation 
in, 740-741, 740f-741f

traumatic ligamentous injuries in, 
741-742

of anterior cruciate ligament, 
741-742, 742f

of lateral collateral ligament, 742
of medial collateral ligament, 

742
of posterior cruciate ligament, 

742, 742f
musculoskeletal complaints/

conditions in, 975
age of onset of, 980-984, 980t

anatomy variations and, 977-979
arthritic disorders related to, 980
diagnosis of, 975

maneuvers for, 975, 976t
differential diagnosis of, 975, 976t, 

979, 979b
diseases associated with, 975, 976t
history taking for, 975-976
introduction to, 975
non-inflammatory disorders vs., 

979, 980t
physical examination of, 976-978, 

977t
regional syndromes associated 

with, 981
rheumatic diseases in (See Juvenile 

entries)
Adrenal disorders, 1910
Adrenal failure/insufficiency, 636-637, 

1244
Adrenal hormones, in neuroendocrine 

system, 211, 212f
immune/inflammatory response 

effect on, 211, 213f
Adrenoceptors, in Raynaud’s 

phenomenon, 1427
Adrenocorticotropic hormone (ACTH), 

211, 212f
glucocorticoids impact on, 501
for gout, 1867
in gout, 1852
influence on immune system, 211-

213
Adson maneuver, 783, 784f
Adult-onset Still’s disease (AOSD), 

849-858
classification of, 849, 850t
clinical presentations of, 849-854

arthritis as, 849, 852f
detailed overview of, 849, 851t
fever as, 849, 850f, 850t
hepatosplenomegaly as, 853-854
infrequent, 854
lymphadenopathy as, 853, 853f
other frequent, 853-854
pleural and pericardial, 853-854
rash as, 852, 852f-853f
skin lesions as, 294
throat soreness as, 853

diagnostic criteria sets for, 849, 850t
disease course of, 854

early complications as, 854
long-term, 854, 855t
mortality as, 854, 855t

epidemiology of, 849, 850t
etiopathophysiology of, 854-856

acute-phase response in, 854-856, 
856f

autoimmune factors in, 854
cytokines in, 856
genetic predisposition in, 854

IL-18 levels in, 601
introduction to, 849
laboratory findings with, 854, 855t
management of, 856-857

for acute disease, 850f, 856
anakinra for, 573t, 575
for chronic disease, 856-857, 857f
multidisciplinary approaches to, 

856
for relapsing disease, 856

pattern recognition in, 253, 255
rheumatoid arthritis vs., 834

Adult respiratory distress syndrome 
(ARDS), 639

Adults/adulthood
early, knee disorders in, 739-742

anterior knee pain in, 740

Adenosine triphosphate (ATP) 
(Continued)

Adolescents/adolescence (Continued)



IN
D

EX

I3

chondromalacia patellae in, 741
medial plica syndrome in, 741
painful disorders of, 735t, 739
patellofemoral maltracking, 

subluxation, and dislocation 
in, 740-741, 740f-741f

traumatic ligamentous injuries in, 
741-742

of anterior cruciate ligament, 
741-742, 742f

of lateral collateral ligament, 742
of medial collateral ligament, 

742
of posterior cruciate ligament, 

742, 742f
juvenile idiopathic arthritis persisting 

into
joint replacements for, 1017
rehabilitation implications of, 

1046-1047
transition issues with, 1006, 1050

knee disorders in, 735t, 743-745
bursitis in, 743
early, 739-742
extensor mechanism injuries in, 

745, 745f
iliotibial band syndrome in, 743
meniscal injuries in, 744-745,  

745f
patellar tendonitis in, 743
pigmented villonodular synovitis 

in, 744, 744f
popliteal cysts in, 743
synovial chondromatosis in, 743-

744, 744f
Advanced glycation end products 

(AGEs), 69-70
Adverse effects/events (AEs)

of abatacept, 561
of corticosteroid injections, in 

juveniles, 1019, 1020f
of glucocorticoids, 500-502, 500f
with herb-drug interactions, 453, 

454t
of leflunomide, 523, 524t-525t
of NSAIDs, in juveniles, 1018-1019
in research, ethics and, 228-229
of rofecoxib, 1018
of sulfasalazine, 1021
of TNF inhibitors, 589-595, 590b, 

591t, 594b, 1171
in juveniles, 1022

of treatment, 13, 16-17, 19, 26
Adynamic bone disease, 1910, 1999-

2001
Aedes albopictus, 1091-1092
Aerobic capacity/fitness

multidisciplinary approach to, 967-
968

myositis and, 1441
remedial rehabilitation approach to, 

443-444, 447t
for juvenile idiopathic arthritis, 

1024
Aerobic exercise, 443-444, 446
Aerobic oxidation, in metabolic 

myopathy, 1482-1483
Affective disorders

fibromyalgia vs., 770f, 775
spectrum of, 771

Afferent nerve fibers/system
pain transduction and, 199, 

200f-201f, 201-202
sensitized, 202

sensory, in neuroendocrine system, 
211, 212f

AFF3 gene, genome-wide association 
studies of, 129, 129f-130f

Affymetrix GeneChip 100K arrays, 
1014

Affymetrix GeneChip 500K Mapping 
Array Set, 129

Agarose gel electrophoresis, 106f
Age-adjusted disease occurrence, of 

psoriatic arthritis, 1179-
1180

Age/aging
bone mass and, 1960, 1962f, 1963-

1964
as calcium pyrophosphate crystal-

associated arthropathy 
predisposing factor, 1875

as osteoarthritis risk, 1718, 1718f
osteocyte apoptosis and, 76-77
painful crisis in sickle cell anemia 

and, 1922f
urate balance and, 1842, 1843t

Age-induced degeneration of cartilage 
matrix, 1751

Age-specific disease occurrence
burden of illness and, 9
of enthesitis, 1214
of juvenile idiopathic arthritis, 989, 

990t
of myositis, 1439-1440
of osteoarthritis, 1715, 1715f

in hand, 1712, 1712f
of rheumatoid arthritis, 823-824, 

825f
of scleroderma/systemic sclerosis, 

1362-1363, 1362f
of systemic lupus erythematosus, 

1223-1224
Age-specific disease susceptibility, 7-8
Agglutination techniques, for 

rheumatoid factor, 887
Aggrecan

in articular cartilage, 57-58, 59f, 61f
in connective tissue, 153

proteinase destruction of, 156, 
158f

degradation of, 153
in joint osteoarthritis

dog model of, 1731
genetically modified mice models 

of, 1736, 1737t
sheep model of, 1733
small animal models of, 1735
transgenic KO mice model of, 160

in rheumatoid arthritis, 897-898, 
927

in tendinopathy, 86t
Aggrecanases

in cartilage turnover, 58
in tissue destruction, 156, 158f

Agility training, 444, 447t
AG4263 peptide, 553
Agranulocytosis, from dapsone, 540, 

540t
AIDS. See Human immunodeficiency 

virus (HIV) infection
AIM trial, on abatacept, 560-561,  

560t
Airway management, difficult, during 

surgery, 632, 640
Airway manifestations. See Respiratory 

system/tract
Airway obstruction

in Sjögren’s syndrome, 1340-1341
upper

in rheumatoid arthritis, 842, 843f
in Wegener granulomatosis, 1548-

1549, 1550f
Alanine aminotransferase (ALT), 264

in hemochromatosis, 1929, 1931f
leflunomide elevation of, 525-526
in myositis, 1449, 1449t

Albumin
in proteinuria, 331
serum, 264

in nutritional assessment, 435, 437
Alcohol consumption

bone mass and, 1960
gout associated with, 1841, 1843t
hemochromatosis related to, 1932-

1933
myopathies related to, 1486t, 1488
osteonecrosis associated with, 1815, 

1816b
osteoporosis and, 1977
rheumatoid arthritis and, 826
systemic lupus erythematosus risk 

related to, 1225
Alcohol withdrawal, 638
Alder’s anomaly, 2037
Alefacept, 1203, 1208
Alendronate, 1982

for Gaucher’s disease, 2035
for osteoarthritis, small animal 

models of, 1737t
for osteoporosis, in renal 

osteodystrophy, 2018
Alexander technique, for low back pain, 

457
Alginate, in tissue engineering, 165
Aliasing artifact, 380
Alignment/malalignment, of knee

examination of, 732-733, 1719
valgus, Q angle in, 732, 732f
varus, osteoarthritis and, 1725-1726, 

1728-1729
as risk factor, 1719-1720, 1719f

Alkaline phosphatase, 264
in bone matrix, 71, 75
neck pain and, 651
in Paget’s disease, 2023-2026

Alkaptonuria
animal models of, 1829
biochemical pathways leading to, 

1826f
clinical features of, 1825-1827
differential diagnosis of, 1828
epidemiology of, 1825
genetics in, 1829
history of, 1825
investigations for, 1827-1829
management of, 1829
osteoarthritis associated with, 1765
pathogenesis of, 1829
spine in, 1827f

Alkylating agents. See also specific agent, 
e.g., Cyclophosphamide 
(CYC, CTX)

gonadal toxicity of, 1314
for systemic lupus erythematosus, 

1311
Alleles

of FcγRII receptors, 1267, 1267f
in systemic lupus erythematosus, 

1268
treatment considerations of, 1269

as genetic marker, of rheumatic 
diseases, 127

in host-to-pathogen interactions, 
1105-1108

juvenile idiopathic arthritis risk and, 
990-991, 991t

GWAS of, 1013-1014
rheumatoid arthritis risk and, 826

HLA typing detection of variations, 
869, 870f

shared epitope hypothesis of, 869-
871

amino acid sequence 
comparisons, 869-870, 871f

biologic functions in, 870, 872f

variation of
in drug response, 205-206, 208-

209
methotrexate efficacy and, 1020

Allen’s test, 711
Allergic granulomatosis, renal features 

of, 339
Allergic reactions

to leflunomide, 524t-525t
to NSAIDs, 341

Allergies, in fibromyalgia, 770f, 778
Allodynia, 199-200

in complex regional pain syndrome, 
798b, 799, 799t, 801

Allopurinol, 1687, 1854-1855, 1871-
1872

Alopecia, with systemic lupus 
erythematosus, 288, 1230-
1231, 1231f

juvenile-onset, 1036
α-Blockers, 802t, 803
α-Chains, in adaptive immunity, 134-

136, 134f, 138
Alpha intrusions, in fibromyalgia, 776
Alphaviruses, 1090-1092, 1091t
ALPL gene, in bone mineralization, 

71
Alport syndrome, 2000b
Alprostadil, 1431, 1431t
Alternate-day therapy, for 

glucocorticoids, 501-502
Alternative medical systems, 449-457, 

450t. See also 
Complementary and 
alternative medicine (CAM)

Aluminum, adynamic bone disease 
and, 1999-2001, 2000t

Aluminum toxicity
bone disease related to, 342-343

in renal osteodystrophy, 2016-
2017

myopathy due to, 344
Alveolar damage, diffuse, in interstitial 

lung disease, 315
hemorrhage with, 318-319

Alveolar hemorrhage
diffuse (See Diffuse alveolar 

hemorrhage (DAH))
fulminant, in Wegener 

granulomatosis, 1549,  
1550f

Alveolitis
lymphocytic, in sarcoidosis, 1667
in overlap syndromes, 1491-1493, 

1493t, 1496
management of, 1494-1497

Ambrisentan, 1422t
Ambulation potential. See also Gait 

entries
with osteogenesis imperfecta, 2044

American College of Radiology (ACR), 
on hip evaluation, for 
osteonecrosis, 1818-1819

American College of Rheumatology 
(ACR)

on juvenile idiopathic arthritis
classification criteria, 987, 988t, 

993, 994t
treatment outcome measures, 

1017, 1018t
on liver toxicity in methotrexate 

therapy, 514t
osteoarthritis classification criteria, 

1709, 1710b, 1710t
polyarteritis nodosa classification 

criteria, 1523, 1524t
on psoriatic arthritis severity, 1205-

1206, 1206b

Adults/adulthood (Continued) Alleles (Continued)
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classification criteria, 823, 824t

clinical features in, 829, 830f, 
834

disease activity assessment, 836
synovitis treatment and, 949-951

on rituximab efficacy trials, 565, 567
scleroderma/systemic sclerosis 

classification criteria, 1364-
1365, 1365t

systemic lupus erythematosus 
classification criteria, 1223, 
1224t

juvenile-onset, 1036
revisions in progress, 1301
treatment considerations of, 1307

systemic vasculitis classification 
criteria, 1523, 1524f

American Society of Anesthesiologists 
(ASA), Physical Status Scale 
of

Americans with Disabilities Act (ADA) 
of 1990, 431

Title I, 446
AMG-108 antibody, as IL-1 inhibitor, 

573t, 574
Amikacin, 1071
Amino acids

in adaptive immunity, 134
in ELR motif of chemokines, 

angiogenesis mediation by, 
906, 907t

inhibition of, 907t
in innate immunity, 141-142, 143f
in mitochondrial myopathies, 1480
in rheumatoid arthritis, 900, 900f

shared epitope hypothesis of, 869, 
871f

Aminoglycosides, 488t, 1073
Amitriptyline, 1023-1024
Amniotic fluid analysis, for 

osteogenesis imperfecta, 
2042

Amoxicillin, 1083-1084, 1084b
Amphotericin B, 1073
“Amplification loop” hypothesis, 1877
Amplification test. See Nucleic acid 

amplification tests (NAATs)
Amputation

complex regional pain syndrome and, 
801

digital, for Raynaud’s phenomenon, 
1432

Amygdala, in fibromyalgia, 774-775, 
777

Amyloid angiitis, cerebral vasculitis 
associated with, 1617-1618, 
1618t, 1621

Amyloid-β protein (Aβ)
in amyloidosis, 1689, 1690t
in inclusion body myositis, 1468

Amyloid β2-microglobulin (Aβ2M)
in amyloidosis, 1689, 1690t, 1692-

1693
clinical features of, 342-343
in inclusion body myositis, 1468
renal failure factors of, 342

Amyloidosis (AL), 1689-1700
acquired, 1691-1693

β2-microglobulin as, 1692-1693
dialysis-related as, 1692-1693
immunocyte dyscrasia as, 1691-

1692, 1692f
localized as, 1693
reactive systemic as, 1691
senile transthyretin as, 1693

in Behçet’s syndrome, 1578

cardiac, 1691-1692, 1695-1696, 
1696t

in rheumatoid arthritis, 308
supportive treatment of, 1698

carpal tunnel syndrome associated 
with, 788, 788t

classification of, 1689, 1690t
description of, 1689
diagnostic investigations of, 1694-

1697
histological, 1694-1695, 1695f
non-histological, 1695
radiolabeled scintigraphy for, 1696-

1697, 1696f
dialysis-related, 1692-1693
in familial cold autoinflammatory 

syndrome, 1652
in familial Mediterranean fever, 

1640-1641
fluorescent microscopy of, 275f
in hereditary recurrent fevers, risk of, 

1638t
hereditary systemic, 1693-1694

non-neuropathic, 1694
polyneuropathy, variant 

transthyretin, 1693
polyneuropathy with predominant 

cranial neuropathy, 1694
in hyper-IgD syndrome, 1648
introduction to, 1689
in juvenile idiopathic arthritis, 1005, 

1017
β2-microglobulin (See β2-

Microglobulin amyloidosis)
in Muckle-Wells syndrome, 1653
natural history and prognostic factors 

of, 1696-1697
organ involvement of, 1696, 1696t
pathogenesis of, 1689-1691, 1690f
pattern recognition in, 254, 256
polymyositis vs., 1447
renal, 337, 338t, 340

with ankylosing spondylitis, 1173
with rheumatoid arthritis, 846, 

846f
in rheumatoid arthritis, 308, 846

renal, 846, 846f
secondary

renal features of, 337, 338t, 340
in rheumatoid arthritis, 308

in TNF receptor-associated periodic 
syndrome, 1644-1645

treatment of, 1690-1691, 1697-1698
hereditary systemic, 1698
immunocyte dyscrasia (AL), 1697-

1698
new and future directions for, 

1698
organ transplantation and, 1698
reactive systemic (AA), 1697
supportive, 1698

Amyloid protein, deposition of. See also 
Amyloidosis (AL)

components of, 1689
systemic vs. localized, 1689

Anabolism, protein metabolism and, 
434, 436

Anaerobic capacity, myositis and, 1441
Anakinra (Kineret), 93

for adult-onset Still’s disease, 573t, 
575, 856

for ankylosing spondylitis, 573t,  
574

for crystal-induced arthritis, 573t, 
575

for familial cold autoinflammatory 
syndrome, 1638t

for hyper-IgD syndrome, 1638t

for juvenile idiopathic arthritis, 
1018t, 1020t-1021t, 1022-
1023

for Muckle-Wells syndrome, 1638t
for NOMID/CINCA, 1638t
for osteoarthritis, 573t, 575

large animal model of, 1734t
for periodic fever syndromes, 573t, 

575
for psoriatic arthritis, 573t, 574, 1208
for rheumatoid arthritis, 573-574, 

573t
infection risk with, 609
synovitis indications and strategies 

for, 950f, 952t, 953-954
for systemic lupus erythematosus, 

573t, 574
for systemic-onset juvenile idiopathic 

arthritis, 573t, 575
for TNF receptor-associated periodic 

syndrome, 1638t
Analgesia. See also Pain management

for ankylosing spondylitis, 1160-
1165

for complex regional pain syndrome, 
802t, 803

for fibromyalgia, 773-774, 780
for hypermobility syndrome, 2053
for lumbar spine pain, 678
for neck pain, 654
NSAIDs efficacy for, 487
patient-controlled, 632
postoperative, 632, 637-638
randomized controlled trials of, 221

Analgesic nephropathy, 341
Analysis of covariance (ANCOVA), of 

imaging for outcomes, 415
Analytical epidemiology, 3, 4t
Anaphylactic reactions, to TNF 

inhibitors, 590
Anaphylatoxins, in complement 

system, 174t, 175f, 177
Anastomoses

arteriovenous, of retinal artery, 
vasculitis related to, 301

Martin Gruber, 790
ANCA-associated granulomatous 

vasculitides. See also 
Wegener granulomatosis 
(WG)

epidemiology of, 1420
immunopathogenesis of, 1514, 

1515t, 1516-1517
laboratory tests for, 261t, 264

ANCA-associated vasculitides (AAVs)
cerebral vasculitis associated with, 

1620
classification of, 1523-1525, 1524f, 

1524t
immunopathogenesis of, 1514-1516, 

1515f-1518f, 1515t
introduction to, 1509, 1523, 1523b
lung features of, 319
microscopic polyangiitis vs., 1525, 

1526t
ocular features of, 299, 301-302
pattern recognition in, 253
pharmacologic therapies for

immunosuppressives as, 533, 535
methotrexate as, 515-516
rituximab as, 563, 569
TNF inhibitors as, 587

in relapsing polychondritis, 1673-
1674

renal features of, 338-339, 338t
systemic (See Microscopic 

polyangiitis (MPA); 
Polyarteritis nodosa (PAN))

systemic lupus erythematosus vs., 
1255, 1256f

Takayasu’s arteritis vs., 1570
Wegener granulomatosis vs., 1552-

1554, 1554t
Ancestral haplotype, 109
Andersson lesions, in 

spondyloarthropathies
imaging of, 1149-1150
surgical interventions for, 1174, 

1174f
Androgens

adrenal gland production of, 213f
chronic inflammatory diseases and, 

215-216
deficiency of, osteocyte apoptosis 

and, 76
immune/inflammatory response 

effect on, 211, 213f, 214
influence on immune system, 213-

215
rheumatoid arthritis and, 826
systemic lupus erythematosus risk 

related to, 1224
Androstenedione (ASD), in 

neuroendocrine system, 211, 
212f

immune/inflammatory response 
effect on, 213f

Anemia
in adult-onset Still’s disease, 854-

856, 855t
aplastic, from parenteral gold, 505
autoimmune (See Hemolytic anemia)
iron-deficiency, in systemic lupus 

erythematosus, 1240
in juvenile idiopathic arthritis, 993, 

997t, 998
laboratory tests for, 260
leflunomide risk for, 526
in lupus nephritis, 1330, 1332t
in Raynaud’s phenomenon, 1430
in rheumatoid arthritis, 839
in sarcoidosis, 1664-1665
sickle cell (See Sickle cell anemia)
in systemic lupus erythematosus

of chronic disease, 1240
complement system and, 180
iron-deficiency, 1240
treatment of, 1312

TNF inhibitors risk for, 594
Anergen, 553
Anesthesia

for arthroscopic biopsy, 280
choice of, 632
in complex regional pain syndrome 

prevention, 802
epidural, 639
general, 632
monitoring techniques for, 632
postoperative analgesia vs., 632
regional, 632
spinal, 639

Anesthetic agents
injections of, for lumbar spine pain, 

674-675, 679
local (See Local anesthetics)

Aneurysmal bone cyst, 2074
Aneurysms

aortic (See Abdominal aortic 
aneurysm)

in Behçet’s syndrome, 1578, 1578f
management of, 1580

coronary artery
in Kawasaki disease, 308
in systemic lupus erythematosus, 

1243

American College of Rheumatology 
(ACR) (Continued)

Amyloidosis (AL) (Continued) Anakinra (Kineret) (Continued) ANCA-associated vasculitides (AAVs) 
(Continued)
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large vascular, HIV infection 
associated with, 1088

in relapsing polychondritis, 1671-
1672, 1674

in Takayasu’s arteritis, 1570, 1572-
1573

of aorta, 1567, 1569f
Angiitis

allergic, renal features of, 339
amyloid, cerebral vasculitis associated 

with, 1617-1618, 1618t, 
1621

cerebral
primary, 1617-1624 (See also 

Primary angiitis of central 
nervous system (PACNS))

secondary causes of, 1620-1622
leukocytoclastic, 1524t (See also 

Leukocytoclastic vasculitis 
(LCV))

microscopic (See Microscopic 
polyangiitis (MPA))

paraneoplastic, cerebral vasculitis 
associated with, 1617, 
1618t, 1621

Angiogenesis, 905-909
abstract for, 905
corneal, in Cogan syndrome, 1627, 

1629f
introduction to, 905
methotrexate and, 510t
in peripheral spondyloarthritis, 1136
process of, 905, 906f
in rheumatoid arthritis, 905

inhibition for treatment of, 907-
908, 908t

process of, 1513-1516
synovial

mediators of, 905-906, 907t
regulation of, 906-907, 907f

in vasculitis, 1513-1516
Angiogenesis inhibitors, 907-908, 

907t-908t
Angiogenin, 906, 907t
Angiography

cerebral
for primary angiitis of central 

nervous system, 1619, 
1619f-1620f, 1623

for systemic lupus erythematosus, 
1236-1237, 1237f

for Cogan syndrome, 666, 1630-1631
coronary (See Cardiac 

catheterization)
for hemophilic arthropathy, 1914, 

1917f
in kidney function testing, 335, 340
nuclear (See Computed tomographic 

angiography (CTA); 
Magnetic resonance 
angiography (MRA))

for polyarteritis nodosa, 1527t, 1529, 
1529f

spinal, for lumbar spine disorders, 
666

for Takayasu’s arteritis, 1570-1571
Angioimmunoblastic T-cell lymphoma 

(AITL), 1679
Angioplasty, percutaneous 

transluminal, for Takayasu’s 
arteritis, 1572

Angiopoietin-1 (Ang1)/Tie-2 complex, 
905-906, 907t

Angiosarcoma, 2070
Angiostatin, 908, 908t
Angiotensin-converting enzyme (ACE), 

in sarcoidosis, 1661-1662, 
1665, 1669

Angiotensin-converting enzyme (ACE) 
inhibitors

for hypertension
in lupus nephritis, 1330
in scleroderma heart disease, 311-

312
for systemic sclerosis, 1403, 1411

and musculoskeletal complications, 
1408-1409

and Raynaud’s phenomenon, 1407, 
1408t

and renal hypertension, 1410-1411
Angiotensin II, in Raynaud’s 

phenomenon, 1428
Angiotensin receptor blockers

for hypertension, in lupus nephritis, 
1330

for systemic sclerosis
and Raynaud’s phenomenon, 1407, 

1408t
and renal hypertension, 1410-1411

Angiotropin, 906, 907t
Animal models/studies, 879-886

of anterior cruciate ligament 
transection, 1735-1736, 
1811

of arthritis, 879-884, 881t
of complement targeted 

immunotherapy, for 
rheumatoid arthritis, 554

cytokines as targets, 884-886
arthritis susceptibility, 884-885, 

885t
cartilage and bone destruction, 

885-886
of gout, 1853
of HPG axis influence on immune 

system, 215
of hyperuricemia, 1855
introduction to, 879
mechanisms of induction, 879-884

autoimmunity to cartilage 
components, 879, 880f

components of infectious agents, 
880-882, 881f

gene manipulation and transgenic 
models, 883-884, 884t

immune complex arthritis, 881t, 
882-883

response to non-specific 
immunologic stimuli, 879-
880, 880f, 881t

of myeloperoxidase-ANCA–associated 
vasculitides, 1515, 1516f

of osteoarthritis, 1731-1740
antibody-induced, transgenic KO 

mice model of, 160
conclusions of, 1736-1738
with denervation, 1811
DMOADs development with, 

1731-1732
evidence for, 1736-1738
large animal effects, in vivo, 

1733, 1734t
medium animal effects, 1734-

1735
small animal effects, in vivo, 

1736, 1737t
for gene transfer, 167
introduction to, 1731
large, 1731-1733

dog ACL model, 1731-1732, 
1732f-1733f

limitations of, 1733, 1734t
sheep models, 1732-1733

medium, 1733-1735
limitations of, 1735
rabbit model, 1734-1735,  

1734f

small, 1735-1736
genetic models, 1736, 1737t
guinea pig model, 1735, 1736f
induced models, 1735-1736

with anterior cruciate ligament 
transection, 1735-1736, 
1811

with intra-articular injections, 
164, 1735

with meniscectomy, 1735-
1736, 1736f

with ovariectomy, 1736
with surgical procedures, 

1732f, 1735-1736
limitations of, 1736, 1737t, 

1738f
mouse model, 1735
spontaneous models, 1735

of psoriatic arthritis, 1202-1203
of reactive arthritis, 1108-1109
of rheumatoid arthritis, 914-915, 

930
of tissue engineering, 164
of Wegener granulomatosis, 1554

Anion gap, urinary, 335
Anisotropy

artifact, 379, 379f, 379t
of cartilage, 42f

Ankle
acute injury to, 818-819
aspiration/injection of, e71f, 618f, 

624
for ganglia, e73f, 626
for myofascial syndromes, 627
posterior tibialis tendon sheath, 

626, 626f
retrocalcaneal bursa indications 

for, 625-626, 625f
subtalar joint indications for, 625

bones, 750f
braces, 758-759
in children

anatomy of, 977
examination of, 978

chronic injuries to, 819
clinical evaluation of, 750-752
complex regional pain syndrome 

affecting, 798, 798f-800f
diagnostic injections for, 752
differential diagnoses in, 753-758
dorsiflexion range of, 752f
functional anatomy of, 749, 

750f-751f
hemophilic arthropathy of, 1919
hypertrophic osteoarthropathy of, 

1702, 1703f
imaging of, for 

spondyloarthropathies, 1153
injury to, as osteoarthritis risk, 1720
juvenile idiopathic arthritis 

involvement of, 1001, 
1001f-1002f

movements of, 749
muscles of, in tarsal tunnel 

syndrome, 793, 794f
neuropathic arthropathy of, 1808, 

1809f, 1809t
osteoarthritis in, 1729
palpation of, 753f
physical examination of, 248-249, 

249f
in children, 978

plantarflexion range of, 752f
radiography of, 350b
ranges of motion in, 752f
rheumatoid arthritis in, 829, 833
in skeletal dysplasia, 2059
in sports medicine, 818-819

sprains, 818
treatment of, 758-760

Ankle-foot orthosis (AFO), 758-759
Ankle pain

corticosteroids for, 758-759
differential diagnosis of, 753-755
lateral, 755-756

Ankylosing spondylitis (AS), 1135-1140
atlantoaxial subluxation in, 1131
back pain in, 1129
bone loss risk with, 170
cardiac manifestations in, 1131
chest involvement in, 1129
classification of, 1132-1133, 1132b
clinical trials on, 14t, 17t-18t, 18
criteria for

evolution of, 1123, 1124t
inflammatory back pain in, 1123-

1125, 1124t, 1125f
New York, 1132b

diagnosis of, 1132-1133
diffuse idiopathic skeletal 

hyperostosis vs., 1803
disability in, 1133
disease activity of, in treatment 

response, 1157-1158, 
1158t-1159t, 1160f-1161f

enteropathic arthropathy vs., 1130t
enthesitis in, 1129-1130
enthesitis leading to, 1211, 1215, 

1216t, 1217f
evolutionary concept of, 1123
extra-articular manifestations of, 

1130-1132
fatigue in, 1132
gastrointestinal manifestations in, 

1130
gender and, 1125-1126
genetics of, 1141-1144

conclusions of, 1143
epidemiology of, 1123, 1125-1126, 

1141-1143, 1142t
linkage studies of, 126-127, 1143
major histocompatibility complex 

genes in, 1141-1143
HLA-B27 and B27 subtypes, 

1125-1126, 1141, 1142f
non–HLA-B genes vs., 1141-

1143
other, 1141-1142

non-MHC genes in, 1142-1143
ERAP1 as, 1142
IL23R as, 1142
KIR genes as, 1143
TH17 activity and, 1142

subclassification studies in, 1135
twin and family studies of, 125, 

126t
heart disease with, 312
hip involvement in, 1129
HLA-B27 in, 7, 1001, 1123, 1125, 

1141
as diagnostic criteria, 1124-1125, 

1125f
imaging of, 1145-1156

18F-FDG-PET in, 396
introduction to, 1145
as outcome measure, 421-423, 

421t-423t, 422f
in peripheral joints, 1151-1153

hip, 1152-1153, 1152f-1153f
shoulder, 1153, 1153f

in sacroiliac joint, 1145, 
1146f-1147f

in spine, 1148-1149, 1149f
for disease evaluation, 1150-

1151
for treatment response, 1159

Aneurysms (Continued) Animal models/studies (Continued) Ankle (Continued)
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associated with, 323-324

introduction to, 1135
investigations in, 1132
juvenile-onset, 1031-1032, 1032f

enthesitis-related arthritis evolving 
into, 1001, 1001f

TNF inhibitors for, 1171
laboratory tests for, 260t
life span in, 1133
lumbar pain related to, 672
management of, 1157-1178

ASAS/EULAR recommendations 
for, 1157, 1158f, 1158t

biologic agents for, 1167
current perspectives of, 1157
early diagnosis importance in, 

1174-1176, 1175f-1176f
efficacy assessment of, 1157-1159

ASAS criteria for, 1157, 
1158t-1159t

Bath criteria for, 1158, 1158t, 
1160f-1161f

imaging in, 1159
laboratory tests in, 1158
spinal mobility in, 1158-1159, 

1159t, 1162f-1163f
for extra-articular manifestations, 

1173
historical perspectives of, 1157
non-biologic pharmacologic therapy 

in, 1160-1173
physical therapy in, 1159, 

1163f-1164f
socioeconomic aspects of, 1176
summary of, 1157
surgical interventions in, 1173-

1174
hip replacement as, 1173-1174, 

1173f
for spine, 1174, 1174f-1175f

measures of activity and severity in, 
1133

natural history of, 1133
neurologic manifestations in, 1131-

1132
osteoporosis in, 1131
outcome assessment of

in clinical trials, 14t, 17t-18t, 18
imaging for, 421-423, 421t-423t, 

422f
pathogenesis of

HLA-B27 role, 1137-1138
joint inflammation in, 1137
joint remodeling in, 1138

pathophysiology of
acquired immunity and, 1136-

1137
axial, 1135-1136
gut, 1136
innate immunity and, 1137
peripheral, 1136

pattern recognition in, 253
peripheral arthritis in, 1129
pharmacologic therapies for

anakinra as, 573t, 574
analgesics as, 1165
biologic agents as, 1167
methotrexate as, 515
non-biologic, 1160-1173
NSAIDs as, 487, 1157, 1160-

1165, 1164t
TNF inhibitors as, 577, 585-586, 

586b
adverse events of, 1171
ASAS recommendation for 

continuing, 1172, 1172f

ASAS recommendation for 
starting, 1171-1172, 1172f

biologic basis of, 1167
early diagnosis and, 1174-1176
efficacy of, 1167-1173, 

1167f-1170f
general treatment considerations 

of, 1171
historical perspectives of, 1157, 

1158f
with inflammatory bowel 

disease, 1171
juvenile, 1171
osteoporosis indications for, 

1173
patient selection for, 1171-1172
with peripheral arthritis and 

enthesitis, 1171
prediction of response to, 1172-

1173, 1172f
prevention of radiographic 

damage/progression by, 1171
with psoriasis, 1171
uveitis indications for, 1173

trends in, 1157, 1158f
physical examination in, 1130
prevalence of, 1125
proteoglycan autoimmunity in, 897-

898
psoriatic arthritis associated with, 

1186-1187, 1208
psoriatic arthritis vs., 1130t, 1189-

1190, 1191t
psychosocial dimensions in, 1132
pulmonary involvement in, 1129, 

1131
reactive arthritis vs., 1130t
renal features of, 338t, 339
renal manifestations of, 1131
screening for, 1175-1176
shoulder involvement in, 1129
socioeconomic impact of, 1133
spondylodiscitis in, 1131
uveitis in, 1130
in women, 1132

Ankylosing Spondylitis spine Magnetic 
Resonance Imaging–activity 
(ASspiMRI-a) score, 422-
423, 422t

Berlin modification of, 422-423, 422t
Ankylosing Spondylitis spine Magnetic 

Resonance Imaging–
chronicity (ASspiMRI-c) 
score, 422t, 423

Ankylosing tarsitis, juvenile-onset, 
1032, 1033f

Ankylosis, bony, in juvenile idiopathic 
arthritis, 995-996, 996f, 
1002

Ankylosis protein, 1883f
Annexin 1, 497, 498f
Anoikis, 75
ANP32A gene, 1766, 1766b
Anserine bursa, 731
Antalgic gait, 722t, 750, 1727, 1728f
Antepartum monitoring, of fetus, for 

antiphospholipid antibody 
syndrome, 1337

Anterior cruciate ligament (ACL)
of knee, 729

stability assessment of, 733-734, 
734f

transection for osteoarthritis 
induction, in small animals, 
1735-1736

genetically modified, 1736
neuropathic arthropathy and, 1811

Anterior cruciate ligament (ACL) tears
in children, 978
degeneration relationship to, 746
dog model of, 1731-1732

cartilage lesions in
biochemical pathways of, 1731
macroscopic and histologic 

changes, 1731, 1732f
MRI of evolution of, 1732, 

1733f
subchondral bone and, 1731, 

1732f
synovitis with, 1731

surgical procedures in, 1731-1732, 
1733f

in late teens/early adulthood, 741-
742, 742f

meniscal tears with, 741-742, 744-
745

as osteoarthritis risk, 1720, 1729
rabbit model of, surgical procedures 

in, 1734-1735
tibial spine fracture vs., 739, 739f

Anterior drawer test
for children, 976t, 978
for glenohumeral instability, 687, 

688f
of knee

for injury, 1729
for stability, 733-734

Anterior draw sign, 756f
Anterior interosseous nerve syndrome, 

786, 787f
Anterior slide test, 807t
Anterior tibial spur, 754f
Anterior tibial syndrome, 795
Anterior translation stress test, of knee, 

733, 734f
Anthelix, inflammation of, with 

relapsing polychondritis, 
294, 294f

Anthropometric measurements, 433-
435, 434t

anabolism vs. catabolism and, 434
in body composition assessment, 

434, 435f
in growth assessment, 433-434
techniques for, 435

Anti-aminoacyl-tRNA synthetase 
antibodies, in myositis, 
1441, 1452-1453, 1452t

humoral mechanisms of, 1466, 
1467f, 1468

Antibiotics. See also specific 
classification or agent, e.g., 
Tetracyclines

for acute rheumatic fever, 1100
angiogenesis inhibition with, 908, 

908t
drug-induced lupus and, 1298t
for gonococcal arthritis, 1065
for joint replacement, prophylactic 

recommendations for,  
638

for Lyme disease, 544, 1083-1084
prophylactic, 1084
regimens for, 1083, 1084b

for osteoarthritis prevention, 161
for osteomyelitis, 1062

in sickle cell anemia, 1926
for reactive arthritis, 1119, 1119t
for rheumatoid arthritis, 544-548
for septic arthritis, 1061, 1062t
for syphilitic arthritis, 1065
for systemic sclerosis, 1407-1409, 

1410t
Antibodies (Ab)

in antibiologic response, to TNF 
inhibitors, 593

antinuclear
in adult-onset Still’s disease, 854, 

855t
in dermatomyositis, 289, 1448
double immunomodification for, 

1279
in fibromyalgia, 775, 777-779
fluorescence assay for, 1279, 1280f
immunoprecipitation assays for, 

1281
in juvenile idiopathic arthritis, 

987, 989-990, 990t, 993
differential diagnosis with, 998
pathogenic role, 1011
with subtypes, 1000

in lupus, 1279-1281
in malignancy-associated myositis, 

1448
multiplex bead assays for, 1280-

1281
in myositis, 1466
positivity, to TNF inhibitors, 593
in Raynaud’s phenomenon, 1430
in rheumatoid arthritis, 890-891
in scleroderma/systemic sclerosis, 

1364-1366
management considerations of, 

1403
screening for, in children, 979
serology test for, 262

disease associations, 262, 262t
frequency findings, 262, 262t
staining patterns, 262, 263f

in Sjögren’s syndrome, 1342-1343, 
1346-1347

in uveitis, 297-298
Western blot test for, 1280f, 1281

autoreactive (See Autoantibodies)
in Cogan syndrome, 1627, 1629, 

1630t
measles virus nucleocapsid protein, 

in Paget’s disease, 2022
in parvovirus B19 infection, 1088-

1089
pathogenic (See specific disease or 

antibody, e.g., Anti-
citrullinated protein 
antibodies (ACPA))

protective effector functions of, 136
in Raynaud’s phenomenon, 1430
in relapsing polychondritis, 1673-

1674
in sarcoidosis, 1665
in systemic lupus (See Systemic 

lupus erythematosus (SLE))
therapeutic applications of (See 

Monoclonal antibodies 
(mAbs))

in vasculitis, 1509
Antibody-dependent cellular 

cytotoxicity (ADCC), B-cell 
function and, 136

Antibody-induced arthritis (AbIA), 
transgenic KO mice model 
of, 160

Anti-CADM-140 antibodies, in 
myositis, 1452t, 1453

Anti-carbonic anhydrase II antibodies, 
in Sjögren’s syndrome, 
1343, 1346-1347

Anticardiolipin antibody, 264, 337, 
1262

Anti-CCP antibodies. See Anticyclic 
citrullinated protein 
antibodies (CCPs)

Anti-CD20 antibody. See Rituximab
Anti-CD22 antibody, for Sjögren’s 

syndrome, 1349

Ankylosing spondylitis (AS) 
(Continued)

Ankylosing spondylitis (AS) 
(Continued)

Antibodies (Ab) (Continued)
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Anti-CD20 B-lymphocyte depletion 
agent, 608-609. See also 
Rituximab

Anti-CD4 mAb. See Centocor
Anti-CD5 mAb, 551-552
Anti-CD7 mAb, 551-552
Anti-CD28 mAb, 553

clinical trial ethics of, 229b, 230
Anti-CDw52 mAb, 551-552
Anti-centromere antibodies, 263

in scleroderma/systemic sclerosis, 
1363, 1365

Anticholesterolemics, drug-induced 
lupus and, 1298t

Anti-citrullinated protein antibodies 
(ACPAs)

anticylic (See Anticyclic citrullinated 
protein antibodies (CCPs))

in hemochromatosis, 1931
in juvenile idiopathic arthritis, 993, 

1011
in psoriatic arthritis, 1188-1189
in rheumatoid arthritis, 887-890, 

888t, 889f-891f, 890t
animal models of, 879, 882
B cells and, 563-564
cellular immunity and, 897-898, 

899f
as classification criteria, 823, 826, 

829
clinical features related to, 834
detection in synovial tissue, 889, 

890f
as diagnostic and prognostic 

marker, 889-890, 890t,  
891f

EBV infection and, 899-900
genetics of, 870, 875
pathogenic involvement of, 889, 

893, 916, 930
peptidyl arginine deaminase and, 

888, 889f
as radiographic damage predictor, 

837
type II collagen and, 897

serology test for, 261-262, 823, 826, 
834

sensitivity compared to rheumatoid 
factor, 261-262, 262t

in systemic lupus erythematosus, 
1232

Anti-C5 mAb, 554
Anticoagulation therapy

for heart disease, in systemic lupus 
erythematosus, 309-310

for lupus anticoagulant, with 
pregnancy, 1336-1337

for neuropsychiatric systemic lupus 
erythematosus, 1313-1314

NSAIDs interaction with, 488t,  
489

perioperative management of, 638-
639

for thrombi, in Behçet’s syndrome, 
1579t, 1580

Anti-complement therapy, 554
for rheumatoid arthritis, 554

animal models of, 554
Anticonvulsants, drug-induced lupus 

and, 1298t
Anticyclic citrullinated protein 

antibodies (CCPs), 261
in interstitial lung disease, 841-842
in rheumatoid arthritis, 563-564, 

846, 888-890, 1550
in systemic lupus erythematosus, 

1232
Anticytoplasmic antibody (p-ANCA), in 

rheumatoid arthritis, 846

Antidepressants
for complex regional pain syndrome, 

802t, 803
drug-induced lupus and, 1298t
for fibromyalgia, 779, 779b
for juvenile idiopathic arthritis, 

1023-1024
for lumbar spine pain, 679
for myofascial pain disorder, 767
for neck pain, 654
perioperative management of, 638

Anti-DNA antibodies, 260t, 262, 262t
in Cogan syndrome, 1629
in lupus nephritis, 1319

Anti-double-stranded (ds) DNA 
antibodies, 262

in systemic lupus erythematosus, 
1223, 1241, 1251, 1302

Anti-EJ antibodies, in myositis, 1466, 
1467f

Anti-endothelial antibodies, in 
myositis, 1451

Anti-epileptic drugs, 679, 779b, 780
Anti-fibrillarin antibodies, in 

scleroderma/systemic 
sclerosis, 1363, 1365

Antifibroblast antibodies, in systemic 
sclerosis, 290-291

Antifibrotic agents, 1406-1407, 1406t
Antifungals, drug-induced lupus and, 

1298t
Antiganglioside antibody, in 

fibromyalgia, 775
Anti-GBM antibodies, 1529

in myeloperoxidase-ANCA–associated 
vasculitis, 1517

Antigen-induced arthritis (AIA)
animal models of, 882, 884t
transgenic KO mice model of, 160

Antigen-presenting cells (APCs)
in ankylosing spondylitis, 1138
autoimmune disease initiation role, 

215
B cells as, 136
circadian rhythm of, 217
in humoral immunity, 1264, 1269
in innate immunity, 141, 146, 147f
in Kawasaki disease, 1518
in lupus, 1289-1290
in myositis, 1464-1465
in reactive arthritis, 1104
in sarcoidosis, 1667
in Sjögren’s syndrome, 1347-1348
in T-cell co-stimulation, 557-560, 

558f-559f
abatacept effect on, 557, 559f

in T cell-mediated immunity, 136 
(See also CTLA-4)

Antigen receptor genes, somatic 
recombination of, in 
adaptive immunity, 134-
135, 135f, 141

Antigen receptors, of lymphocytes
in adaptive immunity, 133-134, 

134f, 141
generation of diversity of, 134-135, 

135f
clonal selection and expansion of, 

134
recognition phases of, 133

Antigens
in anti-complement therapy, 554
in arthritogenic autoimmune 

response, 893-894, 894f
in autoimmune disease, 215 (See 

also Autoantigens)
in brucellosis, 1072
cell membrane, 1285
clearance of, complement role, 179

exogenous (See Exogenous antigens)
immunologic tolerance to, 553
in Lyme disease development, 1080-

1081
in mixed connective tissue disease, 

1491-1493
in myositis, 1445, 1452-1453

humoral mechanisms of, 1466-
1468, 1467f

phospholipid-dependent, 1285
processing for presentation, in T cell-

mediated immunity, 136-
138, 137f

in reactive arthritis, 1105-1106
persistence in joint tissue, 1110-

1111, 1110f
recognition of, 1104, 1111f

recognition of
in T-cell co-stimulation, 557, 

558f-559f
in T cell-mediated immunity,  

136
in rheumatoid arthritis, 551, 897

as immune response target, 897-
900

autoantigens, 897-899, 898t, 
899f

exogenous, 897, 899-900, 900f
in Sjögren’s syndrome, 1347-1348

SS-A/SS-B, 1346-1347
in systemic lupus erythematosus, 

1263t, 1264
SS-A/SS-B

neonatal considerations of, 
1337-1338

photosensitivity related to, 1231
during pregnancy, 1335, 1337

target, in rheumatoid arthritis, 887, 
888t, 891

in tuberculosis screening tests, 592
in viral-associated arthritis, 1088-

1090
Antigen transporter genes, Wegener 

granulomatosis and, 1554
Anti-glomerular basement membrane 

(anti-GBM) disease, 336, 
1529

Anti-GPI antibodies, in arthritis, 882-
883

Antihistamines
for cutaneous vasculitis, 1605-1606, 

1606t
for systemic sclerosis, 1409

Anti-histidyl-tRNA synthetase 
antibodies, in myositis, 
1445, 1452, 1452t

humoral mechanisms of, 1466-1468, 
1467f

Antihypertensive agents, 486, 488t
drug-induced lupus and, 1298t

Anti-inflammatory agents
drug-induced lupus and, 1298t
glucocorticoids as, 496-498, 

497f-498f
herbals as, 453, 455f

mechanisms of, 453, 455t
for hypermobility syndrome, 2053
non-steroidal (See Non-steroidal anti-

inflammatory drugs 
(NSAIDs))

nutrition as, 438
perioperative management of, 640
for systemic sclerosis, 1408
tetracyclines as, 544-545
for wrist and hand disorders, 714-

716
Anti-inflammatory lipids, in 

inflammation, 193

Anti-iRNA polymerase III antibodies, 
in scleroderma/systemic 
sclerosis, 1365-1366

Anti-Jo-1 antibodies. See also 
Antisynthetase syndrome

interstitial lung disease and, 318
in myositis, 1440, 1444-1445, 1445f, 

1451-1453, 1452t
humoral mechanisms of, 1466, 

1467f, 1468
juvenile, 1038

in overlap syndromes, 1495-1496, 
1495f

Anti-kDa antibodies, in myositis, 
1452t, 1453

Anti-155 kDa protein antibodies, in 
myositis, 1452t, 1453

Anti-keratin antibodies (AKA), 261
Anti-KS antibodies, in myositis, 1452-

1453, 1452t, 1466
Anti-Ku antibodies

in myositis, 1452t, 1453
in overlap syndromes, 1491, 1496

Anti-LAMP-2 antibodies, in 
glomerulonephritis, 1516, 
1518f

Anti-La (SS-B) antibodies, 263
in Cogan syndrome, 1629
hypothetical generation of, 1495-

1496, 1495f
in Sjögren’s syndrome, 1339, 1343-

1344, 1347-1348
SLE/Sjögren’s syndrome overlap 

defined by, 1496-1497, 
1497f

in systemic lupus erythematosus, 
285-287

neonatal considerations of, 1038, 
1337-1338

photosensitivity related to, 1231
pregnancy and, 1315, 1335,  

1337
Antimalarial agents

for cutaneous lupus erythematosus, 
1313

for cutaneous vasculitis, 1605-1606
efficacy of, 506, 1308-1309
introduction to, 505-506
for mixed connective tissue disease, 

1494
mode of action, 506
for myositis, 1474f, 1475
for panniculitis, 1606
pharmacology of, 506
in pregnancy, 506, 612, 613t, 616t, 

1315
for sarcoidosis, 1669
side effects of, 1308
for synovitis, 950f
for systemic lupus erythematosus, 

1308-1309, 1309t
toxicity of, 506, 1308

Anti-Mi-2 antibodies, in myositis, 
1452t, 1453-1454

disease courses related to, 1473f
humoral mechanisms of, 1466-1468, 

1466f
juvenile, 1038

Antineutrophil cytoplasmic antibodies 
(ANCAs), 264, 264f

in Churg-Strauss syndrome, 1517, 
1518t

in primary angiitis of central nervous 
system, 1618-1619

in relapsing polychondritis, 1673
vasculitides associated with, 1523, 

1529 (See also ANCA-
associated vasculitides 
(AAVs))

Antigens (Continued)



I8

IN
D

EX in Wegener granulomatosis, 1547, 
1552, 1553b, 1554, 1555f, 
1556

Antinuclear antibodies (ANA)
in adult-onset Still’s disease, 854, 

855t
in dermatomyositis, 289, 1448
double immunomodification for, 

1279
in fibromyalgia, 775, 777-779
fluorescent assay for, 1279, 1280f
immunoprecipitation assays for, 

1281
in juvenile idiopathic arthritis, 987, 

989-990, 990t, 993
differential diagnosis with, 998
pathogenic role, 1011
with subtypes, 1000

in lupus, 1279-1281
in malignancy-associated myositis, 

1448
multiplex bead assays for, 1280-1281
in myositis, 1466
positivity, to TNF inhibitors, 593
in Raynaud’s phenomenon, 1430
in rheumatoid arthritis, 890-891
in scleroderma/systemic sclerosis, 

1364-1366
management considerations of, 

1403
screening for, in children, 979
serology test for, 262

disease associations, 262, 262t
frequency findings, 262, 262t
staining patterns, 262, 263f

in Sjögren’s syndrome, 1342-1343, 
1346-1347

in uveitis, 297-298
Western blot test for, 1280f, 1281

Anti-OJ antibodies, in myositis, 1466, 
1467f

Antioxidant nutrients
for complex regional pain syndrome, 

802-803
inflammatory arthritis and, 436

supplements of, 433, 438
for Raynaud’s phenomenon, 1407, 

1408t
systemic lupus erythematosus risk 

and, 1225
Antiparasitic agents, 1076t, 1077
Anti-perinuclear factor (APF), 261
Anti-phenylalanyl-tRNA synthetase 

antibodies, in myositis, 
1452t, 1453

Antiphospholipid antibodies (aPL, 
APAs), 263-264

blocking binding of, 1358
in fibromyalgia, 775
maternal

as fetal injury predictor, 1336-1337
during pregnancy, 1335-1336

oral contraceptives and, 1338
in sarcoidosis, 1665
in systemic lupus erythematosus, 

1223, 1236-1237, 1238f, 
1239-1240, 1242, 1244, 
1302

microvasculopathy and, 1330
thrombotic diathesis and, 1330

Antiphospholipid syndrome (APS), 
1351

aCL test for, 1354
arterial thrombosis in, 1352-1353, 

1352f
βGPI-mimicking peptides for, 1357t, 

1358

cardiac valve abnormalities in, 1353
catastrophic, 1354
cerebral vasculitis associated with, 

1621
cerebrovascular accidents and, 1353
classification of, 1352b
clinical features of, 1351-1354
definition of, 1351
diagnosis of

functional assays, 1355
laboratory, 1354-1355

dilazep hydrochloride for, 1357
epidemiology of, 1351
hemolytic anemia in, 1354
history of, 1351
hydroxychloroquine for, 1357t, 1358
laboratory test for, 261t
leg ulcers in, 1353-1354
lupus anticoagulant test in, 1355
management of, 1355-1356
nervous system abnormalities in, 

1353
ovulation induction and, 211
perioperative management of, 639
pregnancy and, 1336-1337, 1353, 

1356
renal manifestations in, 1354
rituximab for, 1357t, 1358
serologic assays in diagnosis of, 

1354-1355
skin problems in, 1353-1354
statins for, 1357
systemic lupus erythematosus and, 

288, 1237, 1238f, 1241-
1242

heart disease related to, 309-310, 
1227

immunopathology of, 1262
laboratory findings of, 1241
nephropathy related to, 1330
as subphenotype, 1223

thrombocytopenia in, 1354
thrombosis prevention in, 1355-1356
tissue factor upregulation and, 1357

inhibition of, 1357-1358
venous thrombosis in, 1352
venous thrombosis sites in, 1352f

Anti-p155/140 kDa antibodies, in 
myositis, 1448, 1452t, 1453

juvenile, 1038
Anti-PL-7 antibodies, in myositis, 

1466, 1467f
Anti-PL-12 antibodies, in myositis, 

1452-1453, 1452t, 1466, 
1467f

Antiplatelet therapy
perioperative use of, 633-634

intracoronary stents and, 634
for primary angiitis of central 

nervous system, 1623
Anti-PMS1 antibodies, in myositis, 

1452t, 1453
Anti-PM-Scl antibodies

in myositis, 1440, 1452t, 1453-1454
juvenile, 1038

overlap syndrome associated with, 
1496, 1496t

Antipsychotics, drug-induced lupus 
and, 1298t

Antiresorptive agents, for osteoporosis 
of hip, 727

Antiresorptive therapy. See 
Alendronate; 
Bisphosphonates

Anti-Ro (SS-A) antibodies, 263
in Cogan syndrome, 1627, 1629
in myositis, 1453

in Sjögren’s syndrome, 291-292, 
1339, 1343-1344, 1347-
1348

in systemic lupus erythematosus, 
285-287

neonatal considerations of, 1337-
1338

photosensitivity related to, 1231
pregnancy and, 1315, 1335,  

1337
as subphenotype, 1223

Antiseizure medications, 1669
Antiserotonin antibody, in 

fibromyalgia, 775
Antisignal recognition particle. See 

Anti-SRP antibodies
Anti-Sm antibodies, 262

in mixed connective tissue disease, 
1491-1493

Anti-SRP antibodies, in myositis, 
1452t, 1453-1454

humoral mechanisms of, 1466-1467, 
1466f-1467f

Anti-SSA antibodies. See Anti-Ro (SS-
A) antibodies

Anti-SSB antibodies. See Anti-La (SS-B) 
antibodies

Anti-streptolysin O titer, for rheumatic 
fever, 979

Anti-SUMO-1 antibodies, in  
myositis, 1452t, 1453, 
1466-1467

Anti-synthetase antibodies, in myositis, 
1445, 1448, 1452-1454, 
1452t

disease courses related to, 1441, 
1473f

humoral mechanisms of, 1466-1468, 
1466f-1467f

juvenile, 1038
Anti-synthetase syndrome, 288-289, 

289f
interstitial lung disease associated 

with, 318
tRNA synthetases in, 1495-1496, 

1495f-1496f, 1495t
Anti-T cell agents. See T-cell targeted 

immunotherapies
Anti-Th/To antibodies, in scleroderma/

systemic sclerosis, 1365
Antithymocyte globulin (ATG), 1405t, 

1406
Anti-thyroid agents, drug-induced lupus 

and, 1298t
Anti-TNF agents. See Tumor necrosis 

factor (TNF) inhibitors
Anti-TNF-α therapy. See Tumor 

necrosis factor-α (TNF-α) 
inhibitors

Anti-topoisomerase-1 (Scl-70) 
antibodies, 263

in scleroderma/systemic sclerosis, 
1363, 1365-1366

in systemic sclerosis, 1403
Antitussive effects, with narcotic 

therapy, 475t
Anti-type II collagen antibodies, in 

relapsing polychondritis, 
1674

Anti-U1-ribonucleoprotein (RNP) 
antibodies, 263

in mixed connective tissue disease, 
1491, 1492t

clinical features related to, 1493, 
1493t

serologic tests for, 1491-1493
structure and function of, 1493-

1494, 1494f

in myositis, 1452t, 1453
in scleroderma/systemic sclerosis, 

1365
Anti-U2-ribonucleoprotein (RNP) 

antibodies, in overlap 
syndromes, 1491, 1496

Anti-U3-ribonucleoprotein (RNP) 
antibodies, in scleroderma/
systemic sclerosis, 1363, 
1365

Anti-U3-RNA antibodies, in overlap 
syndromes, 1491, 1496

Anti-WS antibodies, in myositis, 1452-
1453, 1452t

Anti-YRS antibodies, in myositis, 1466, 
1467f

Anti-Zo antibodies, in myositis, 1452t, 
1453, 1466

Anus, systemic sclerosis involvement 
of, 1409-1410, 1410t

Anxiety/anxiety disorders
fibromyalgia associated with, 770f, 

776, 777f
history taking for, 238
with hypermobility syndrome, 2051-

2053, 2053f
with osteoarthritis, 1725, 1781t, 

1782
and pain, 462
with scleroderma, 1370

Aorta
abdominal (See Abdominal aorta)
Cogan syndrome involvement of, 

1626, 1626f, 1628, 1630, 
1633

diffuse idiopathic skeletal 
hyperostosis and, 1801

disease of, perioperative management 
of, 634

insufficiency of, with ankylosing 
spondylitis, 1173

Marfan syndrome involvement of, 
2047-2048

neck pain referred from, 646t
systemic lupus erythematosus 

involvement of, 1244
Takayasu’s arteritis involvement of, 

308, 1567, 1569f, 1570, 
1572

management of, 308
Aortic root

in relapsing polychondritis, 1671-
1672, 1674

in spondyloarthropathies, 312
in Takayasu’s arteritis, 1567, 1568t, 

1569f, 1572
APAs. See Antiphospholipid antibodies 

(aPL, APAs)
Apatite, in synovial fluid, 269, 270f. 

See also Hydroxyapatite
Apheresis, for myositis, 1475
Aphthous ulcers

in Behçet’s syndrome, 1578
with inflammatory bowel disease, 

321, 322f, 323, 323t
oral, with systemic lupus 

erythematosus, 285, 286f
Apical membrane transporter ATP-

binding cassette, 1846, 
1847f

Apley’s grinding test, 744
APL receptor, of IL-1 family, 92f, 94
Apnea. See Sleep apnea
Apolipoprotein A1 amyloidosis, 1690t, 

1693-1694, 1696, 1698
Apolipoproteins, in gout, 1849f, 1850, 

1852, 1852f

Antineutrophil cytoplasmic antibodies 
(ANCAs) (Continued)

Antiphospholipid syndrome (APS) 
(Continued)

Anti-Ro (SS-A) antibodies (Continued) Anti-U1-ribonucleoprotein (RNP) 
antibodies (Continued)
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Aponeurosis, plantar, 
spondyloarthropathies of, 
1152, 1152f

Apophyseal avulsion injuries, 813
Apophyseal joints

arthritis involvement of, 253
cervical, fusion of, with juvenile 

idiopathic arthritis, 1002, 
1002f

computed tomography of, 362-363
imaging of, for 

spondyloarthropathies, 1150
injury to, 32-33
osteoarthritis in, 35
in spine biomechanics, 31-32

Apoptosis
in arthritogenic autoimmune 

response, 893-894, 894f
inhibition of, as gene transfer target, 

166t
in juvenile-onset systemic lupus 

erythematosus, 1035
of mineralized tissue (See 

Osteonecrosis)
in myositis, 1465
of osteoblasts, 75

regulation of, 75-76
of osteoclasts, 74
of osteocytes, 76

aging and, 76-77
re-stimulation–induced, 96
in rheumatoid arthritis, 901
in Sjögren’s syndrome, 1346-1348
in synovial fluid, 269-270, 270f
TNF receptors and, 96, 97t-98t

Apoptotic cell loss, osteoarthritis and, 
1755

Appendicular sites, imaging of, for 
spondyloarthropathies, 
1151, 1153

Apprehension tests, 807t
of hip, 723-724
of patella, 740, 740f

APRIL receptors, in B cell development, 
136, 564f

APT070 complement antagonist, 554
Aquatic exercise programs, 444
Arachidonic acid derivatives, in 

inflammation, 191, 192f
Arachidonic acid metabolites, in 

rheumatoid synovium, 924
Arboviruses, 899-900
Arcalyst. See Rilonacept (Arcalyst)
Arcuate ligament, of knee, 729, 731f, 

734
Arginine

citrulline from, 261, 1011
in collagen fibers, 69-70
deamination of, citrullinated proteins 

derived from, 888, 889f
Arm. See also Upper extremities

screening examination of, 235
ARMADA trial, on adalimumab, 581, 

581t
Armor criteria, for spondyloarthritis, 

1123, 1124t
Arrhythmias

glucocorticoids risk for, 501
patient evaluation for, 305-306
perioperative management of, 635
with polymyositis, 310
with relapsing polychondritis, 1671-

1672
with sarcoidosis, 310, 1661, 1665

management of, 311, 1668-1669
with spondyloarthropathies, 312
with systemic lupus erythematosus, 

309, 1243
with systemic sclerosis, 311, 1410

Arterial thrombosis, in 
antiphospholipid syndrome, 
1352-1353, 1352f

Arterioles, vasculitis of. See Small-
vessel vasculitis

Arteriovenous anastomoses, of retinal 
artery, vasculitis related to, 
301

Arteritis
in Cogan syndrome, 1628, 1629f, 

1633
coronary, in rheumatoid arthritis, 

843-844, 843f
giant cell (See Giant cell arteritis 

(GCA))
pulmonary, in rheumatoid arthritis, 

842
Takayasu’s, 1567-1574 (See also 

Takayasu’s arteritis (TA))
Arteritis temporalis, biopsy for, 275-

276, 276f
Artery(ies). See also named artery, e.g., 

Vertebral artery
computed tomography of, 363
lesions of

with Behçet’s syndrome, 1578
with rheumatoid arthritis, 846, 

846f-847f
Arthralgias

arthritis vs., 251
inflammatory bowel disease 

associated with, 324
with polyarteritis nodosa, 1527
with sarcoidosis, 1661
with Wegener granulomatosis, 1550

Arthritis. See also specific type, e.g., 
Crystal-induced arthritis/
arthropathies

in acute rheumatic fever, 1097
adjuvant-induced, 879, 880f, 898-

899
nitric oxide in, 194-195
pristane arthritis and, 879-880, 

880f
with adult-onset Still’s disease, 849, 

851t, 852f
advanced gouty, 1861-1862
animal models of, 879-884, 881t 

(See also Animal models/
studies)

features of, 884t-885t
in ankle, diffuse, radiography of, 754f
antigen-induced

animal models of, 882
transgenic KO mice model of, 160

basic calcium phosphate crystal 
deposition disease vs., 1894

bypass, 1677
calcium pyrophosphate crystal-

associated arthropathy and, 
1876-1877

celiac disease–associated, 325
in children, 980
chronic

in Behçet’s syndrome, 1577
management of, 1579t, 1580

juvenile, 987, 988t, 989, 993 (See 
also Juvenile idiopathic 
arthritis (JIA))

skin lesions with, 294, 294f
with chronic kidney disease, 1685-

1686, 1686f
collagen-induced, 879, 881t
early

concept of, 935
criteria for, 935
differential diagnosis of, 936-937
disease-modifying anti-rheumatic 

drugs for, 939

evaluation of, 936-937
extra-articular clinical signs in, 

936-937
glucocorticoids for, 939
history in, 936-937
imaging studies in, 937
laboratory studies in, 937
methotrexate for, 939
NSAIDs for, 938
patterns of joint involvement in, 

937, 938f
synovitis detection in, 936
treatment of, 938-939

18F-FDG-PET imaging of, 394-396, 
395f-397f

of fingers, injection for, 620
general, outcome assessment for, 14t, 

15f
gouty, 1233, 1233f, 1843-1844 (See 

also Gout)
HCV-associated, 1090

in HCV-associated mixed 
cryoglobulinemia, 1090, 
1090f

IFN-α–induced, 1475
immune complex, 881t, 882-883
infectious (See Septic arthritis)
inflammatory

in hip, 725
osteoarthritis vs., 1724-1725, 1727
psoriatic arthritis association with, 

1183-1184, 1184t
inflammatory bowel disease 

associated with
axial manifestations of, 323-324
peripheral manifestations of, 323

with juvenile-onset 
spondyloarthropathies

peripheral, 1030, 1030f
sacroiliac, 1030
spinal, 1030

KRN-GPI model of, 882-883, 884t
with Lyme disease, 1082, 1082f

chronic, 1083-1084
microscopic colitis presenting as,  

326
patient education on, 427-432 (See 

also Patient education)
pattern recognition in, 251-257

clinical value of, 256-257
duration of symptoms and, 251
introduction to, 251, 257
joint involvement and

axial, 253-254
localization of, 253-255
local pattern of, 255-256
number of affected joints, 251-

252
peripheral, 254-255
sequence of, 255
symmetric vs. asymmetric, 252-

253, 253f, 253t
mode of onset and, 251

peripheral
in psoriatic arthritis, 1179-1180, 

1180t
TNF inhibitors for, 1171

physical examination for, 251, 252t, 
257

proteoglycan-induced, 879, 881t
with reactive arthritis, 1116, 1116f, 

1116t
treatment of, 1118-1119, 1119t

with sarcoidosis, 1661, 1662f, 1666
management of, 1669

with Sjögren’s syndrome, 1340
with systemic lupus erythematosus, 

1232, 1232f

gouty, 1233, 1233f
treatment of, 1313

undifferentiated, in children, 1001
Whipple disease presenting as, 325

ARTHRITIS acronym, for diagnosis of 
rheumatic features in 
children, 979, 979b

Arthritis Impact Measurement Scales 
(AIMS), 13, 14t, 461, 464

in osteoarthritis outcomes, 1781t, 
1782

Arthritis mutilans, in psoriatic 
arthritis, 1179-1181, 1180b, 
1186, 1186f

imaging of, 1189, 1190f
Arthritis Self-Management Program 

(ASMP), 464
Arthritogenic autoimmune response, in 

lymph node, 893-894, 894f
Arthritogenic peptide hypothesis, 1137
Arthrocentesis, 273

for myofascial pain disorder, 767-768
for sarcoidosis, 1661-1662

Arthrodeses
of cervical apophyseal joints, for 

juvenile idiopathic arthritis, 
1002, 1002f

in midfoot arthritis, 759, 760f
for neuropathic arthropathy, 1812
spinal, for ankylosing spondylitis, 

1174, 1175f
Arthrography

of capsulitis, 695
computed tomography, of 

osteoarthritis, 1777
of rheumatoid arthritis, 863-864
of rotator cuff tears, 691-692, 691f

Arthropathy(ies), 1677
amyloid, pattern recognition in, 254
bypass arthritis as, 1677
cancer-related, 1677-1679

angioimmunoblastic T-cell 
lymphoma as, 1679

associations of, 1677
carcinomatous polyarthritis as, 

1678
hypertrophic osteoarthropathy as, 

1678, 1701-1705
malignant conditions that mimic 

rheumatic disease, 1678-
1679

metastatic disease as, 1677-1678, 
1678f

multiple myeloma as, 1679
palmar fasciitis syndrome as, 

1678, 1679f
cartilaginous tumors as, 1679-1680 

(See also Cartilage-forming 
lesions of bone)

benign, 2065-2067
malignant, 2067-2068

Castleman’s disease as, 1679-1680
with chronic kidney disease, 1685-

1687, 1686f-1687f. (See also 
Chronic kidney disease 
(CKD))

with corticosteroid injections, 619
crystalline (See Crystal-induced 

arthritis/arthropathies)
destructive

articular cartilage mechanisms in, 
57

neuropathic arthropathy vs., 1811
with psoriatic arthritis, 1189, 

1190f
of shoulder, 1726, 1727f

diabetic, 256
with muscle infarction, 1684

Arthritis (Continued) Arthritis (Continued)
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diagnostic features of, 251, 252t
in dialysis patients, 343-344
enteropathic, 1145

in peripheral joints, 1152
in sacroiliac joint, 1145

fibroblastic rheumatism as, 1684
foreign-body synovitis as, 1680, 

1680t
in hemochromatosis, 1929-1931, 

1930f-1931f
pattern recognition in, 254

of hemophilia
chronic, 1914

management of, 1918
radiologic changes of, 1914-1915, 

1915b
subacute, 1914

management of, 1917-1918
with hepatitis C infection, 1089t, 

1090
hypertrophic (See Hypertrophic 

osteoarthropathy (HOA))
inflammatory (See Joint 

inflammation)
intermittent hydrarthrosis as, 1680
Jaccoud’s, 1232, 1232f-1233f
multicentric reticulohistiocytosis as, 

1677, 1681, 1681f
neuropathic (See Neuropathic 

arthropathy (NA))
oxalate, 343
palindromic (See Palindromic 

rheumatism)
pathogenesis of, 159-160, 160f, 551, 

554
pattern recognition in, 251-257 (See 

also Pattern recognition)
pigmented villonodular synovitis as, 

1681-1682, 1682f
knee pain related to, 744, 744f

POEMS syndrome as, 1680
in renal transplant patients, 344
retroperitoneal fibrosis as, 1684-

1685, 1685f
of rotator cuff, 691-692
SAPHO syndrome as, 1682-1683
with sarcoidosis, 1661-1662
silicone synovitis as, 1680
of spine (See 

Spondyloarthropathy(ies))
synovial fluid in, 267

chemical changes in, 271, 271t
synovial osteochondromatosis as, 

1683, 1683f
knee pain related to, 743-744,  

744f
synovial sarcoma as, 1683-1684
Whipple’s disease as, 1684

Arthroplasty. See also Joint 
replacement

economic evaluation of, 27
excision, for acromioclavicular 

osteoarthritis, 696
for juvenile idiopathic arthritis, 1017, 

1024-1025
operative risk assessment for, 632
for osteonecrosis, 1822

Arthroscopic lavage, for osteoarthritis, 
1798

Arthroscopy
for capsulitis, 695
for femoroacetabular impingement, 

725-726
for glenohumeral joint instability, 

697
for joint lavage, 280
for myofascial pain disorder, 767- 

768

needle
intra-articular pathology seen at, 

280, 280f-282f
of synovium, 279-280, 279f

for osteochondritis dissecans lesions, 
737, 738f

for rotator cuff tears, 691-692
for synovectomy

in juvenile idiopathic arthritis, 
1024

in subacute hemophilic 
arthropathy, 1918

Arthus reaction, reverse passive, 1268
Articular calcification, epidemiology of, 

1889
Articular capsule, in elbow, 701
Articular cartilage, 57-66

aggrecan in, 57-58, 59f, 61f
in ankylosing spondylitis, 1136

remodeling of, 1138
chondrocyte nutrition and, 55
collagen fibrillar networks in, 58-64, 

58f
biglycan as, 64-65
collagen type II, 59, 59f-60f
collagen type VI, 64
collagen type IX, 59f, 60
collagen type XI, 59-60

as minor constituent, 59
decorin as, 64
function of, 58-59
matrillins as, 64
module crosslinking to other 

matrix constituents, 59, 59f, 
64

molecules regulating assembly of, 
61-64

enthesis fibrocartilage vs., 1213
function of, 57
introduction to, 57
of knee, pathologic conditions of (See 

Knee)
lubrication, 39f
mechanical stress response in, 45

connexins and, 47
dynamic compression and, 45-46
prostaglandins and, 48

molecular indicators of disease of, 66
molecules interacting at cell surface 

in, 64-65
chondroadherin as, 64-65
discoidin receptors as, 65
fibronectin as, 65
hyaluronan as, 58, 65
integrin binding proteins as, 64-65
ligands for heparin sulfate/

syndecans as, 65
molecules regulating collagen fiber 

assembly in, 61-64
asporin as, 63
COMP as, 57, 59f, 61-62
decorin as, 59f, 61f-62f, 62-63
epiphycan as, 63
fibromodulin as, 59f, 63, 65
heparin/heparan sulfate as, 63-64
lumican as, 59f, 63
mimecan as, 63
opticin as, 63
PRELP as, 63

in osteoarthritis, 1723, 1749-1750
pain relationship to, 1724, 1724t
schematic illustration of, 57, 58f
type II procollagen and, 1765

other molecular functions in, 65-66
fibroblast growth factor and, 65
GP-39 and, 66
growth factor binding and 

sequestering as, 65

low-molecular-weight proteins and, 
66

perlecan and, 65-66
transforming growth factor-β and, 

65
tissue organization of, 57-66, 58f, 

60f
Articular chondrocyte vesicles (ACVs), 

1883
Articular mechanisms

of hip pain, 720-721, 721t, 724-725
of wrist and hand pain, 713, 715t

Articular presentations
of ankylosing spondylitis (See 

Peripheral spondyloarthritis)
of arthritis, as diagnostic, 251
of rheumatoid arthritis

onset of, 835
patterns of, 835

monocyclic, 835, 835f
polycyclic, 835, 835f

progression of, 835, 835f
of virus-associated rheumatic 

syndromes, 1087, 1088t, 
1089

Articular replacement, for 
osteoarthritis, 1798

Articular tissues, microenvironment of, 
56

Articulations. See Joint(s)
Artifacts, ultrasound, 378-380, 379f
ARTS1 gene

in ankylosing spondylitis, 1125-1126
HLA-B27 and, 1137

in juvenile-onset 
spondyloarthropathies,  
1029

Aryl hydrocarbon receptor (AHR),  
119

AS. See Ankylosing spondylitis (AS)
ASAS. See Assessment of Ankylosing 

Spondylitis (ASAS) working 
group

Ascites, 305
ASC protein, IL-1 secretion and, 91-92
Ash bark, 453, 455t
Aspartate aminotransferase (AST),  

264
in hemochromatosis, 1931f
as methotrexate adverse effect, 

elevated, 513
in myositis, 1449, 1449t

Aspartate proteinases, in tissue 
destruction, 154f

Aspen leaf/bark, 453, 455t
Aspergillosis, 606-607, 1075
Aspiration

of abdominal fat pad, with fine-
needle, 275, 275f

aftercare for, 617
of ankle, e71f, 618f, 624

posterior tibialis tendon sheath, 
626, 626f

retrocalcaneal bursa indications 
for, 625-626, 625f

contraindications for, 618
corticosteroid injections vs., 619
of elbow region, e70f, 622, 622f
equipment for, 617, 618t
esophageal, interstitial lung disease 

related to, 317
of foot, metatarsophalangeal joints, 

e72f, 625, 625f
for hemophilia, 1914, 1917
of hip joint, 618f-619f, 623

for iliopsoas bursitis, 624
for pain relief, 624, 724-725

indications for, 617

of knee, 624, 624f, 731, 746
for Baker cyst, 624, 624f

for pleurisy, with interstitial lung 
disease, 318-319

procedure for, 617, 619f
of rheumatoid nodules, 830
of septic arthritis, 1059-1061

in children, 980
with fine-needle, 1059-1061

of shoulder region, 622-623
of synovial fluid

for brucellosis, 1073
for tuberculous arthritis, 1069

ultrasound-guided, 387
of wrist and hand

for ganglions, 716
radiocarpal joint, e68f, 620

ASPIRE trial, on infliximab, 584t, 585, 
588, 590-591

Aspirin, 486t
adverse effects of, 491-492, 1017-

1018
for atherosclerosis prevention, 

perioperative use of, 634
for coronary vasculitis

with Kawasaki disease, 308
with Takayasu’s arteritis, 308

hyperuricemia and, 1860
for juvenile idiopathic arthritis, 

1017-1018, 1019t
low-dose

for lupus anticoagulant, with 
pregnancy, 1336-1337

NSAIDs interaction with, 486-487, 
488t

for panniculitis, 1606
pharmacogenetics of, 206-207
in pregnancy, 611-612, 613t
reversible vs. irreversible inhibition of 

platelet activity by, 490, 
490f

for rheumatoid vasculitis, 847
for synovitis, 950f
for thromboembolism prevention, 

perioperative use of, 638-
639

ASPN gene, 1766, 1766b
Asporin, 63
Assays. See also specific test, e.g., 

Immunofluorescence (IF) 
assays/microscopy

for Lyme disease, 1083
for TB screening, 607, 1068-1069

Assessment of Ankylosing Spondylitis 
(ASAS) working group

inflammatory back pain criteria, 
1124-1125, 1124t, 1125f

treatment recommendations, 1157, 
1158f, 1158t, 1171-1172, 
1172f

treatment response criteria, 1157, 
1158t-1159t, 1172, 1172f

Assignment, random, in research, 228
Assistive devices

in adaptive rehabilitation, 444-445, 
445t, 447t

for rheumatoid arthritis, 969, 970f
Association studies

for identification of rheumatic 
disease genes, 127

analysis and interpretation of 
results, 128

case and control selection, 127
genetic markers in, 127-128
genotyping in, 128
power/effect size, 127
successful examples of, 128-129, 

128t

Arthropathy(ies) (Continued) Arthroscopy (Continued) Articular cartilage (Continued) Aspiration (Continued)
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whole genome, 129-130, 129f-130f 
(See also Genome-wide 
association studies (GWAS))

of juvenile idiopathic arthritis, 1012
in pharmacogenomics, 205-206, 209
of rheumatoid arthritis, 875
of systemic lupus erythematosus, 

1247-1248, 1248t
findings of, 1248-1250, 1249f, 

1250t
ASSURE trial, on abatacept, 561
Asthenia, in hemochromatosis, 1929
Asthma

from NSAIDs, 491-492
perioperative management of, 635

Astrocytoma, 670t
Asymmetric dimethylarginine (ADMA), 

in Raynaud’s phenomenon, 
1428

Asymptomatic hyperuricemia, 1860-
1861

Atherosclerosis
cardiac (See Coronary artery disease 

(CAD))
cerebrovascular (See Cerebral 

vascular disease)
glucocorticoids risk for, 501
gout and, 1864
intracranial, cerebral vasculitis vs., 

1622, 1622t
in lupus nephritis, 1330
psoriasis and, 312
in rheumatoid arthritis, 307, 843-

844, 847
in systemic lupus erythematosus

accelerated, 1227, 1244
complement system and, 180
coronary artery, 310, 1243
immunopathology of, 1262
as outcome measure, 1305
subclinical, 1227

detection of, 1244
Athletes

bicipital tendinitis in, 692
femoroacetabular impingement in, 

725-726
glenohumeral joint instability in,  

697
rotator cuff tendinitis prevention in, 

691
Athletic pubalgia, 814
Atlantoaxial joint (AAJ)

imaging of, for 
spondyloarthropathies, 
1150, 1150f

range of movement examination of, 
649

referral patterns of pain from, 647, 
647f

rheumatoid arthritis in, 832, 
832f-833f

subluxation of
in ankylosing spondylitis, 1174
in juvenile-onset 

spondyloarthropathies,  
1032

in rheumatoid arthritis, 845
Atlantoaxial subluxation, in ankylosing 

spondylitis, 1131
Atlanto-occipital joint (AOJ)

range of movement examination of, 
649

referral patterns of pain from, 647, 
647f

subluxation of, in ankylosing 
spondylitis, 1174

Atorvastatin, 307
Atrial fibrillation, 635

Atrophy
connective tissue, with 

immobilization, 45
fat, with corticosteroid injections, 619
muscle (See Muscle atrophy)
skin, with corticosteroid injections, 

619
ATTAIN trial, on abatacept, 560t, 561
ATTEST trial, on abatacept, 561
Attitude, spontaneous movement and, 

242
ATTRACT trial, on infliximab, 584, 

584t, 585f, 590-591
Attributable risk, 8-9

population fraction, 9
Attrition

of bone (See Bone erosion)
in clinical research, 219, 221, 223-

224
Auditory canal

Cogan syndrome involvement of, 
1628

investigations of, 1629, 1631f
management of, 1631-1633, 1633f
prognosis of, 1633

relapsing polychondritis involvement 
of, 1671, 1672t

Auditory tones
responses to, in fibromyalgia, 773
transmission through ear canal, 1625

Auranofin, methotrexate combined 
with, 512

Auricular cartilage, inflammation of, 
with relapsing 
polychondritis, 294, 294f, 
1671, 1672f, 1672t

biopsy for, 1673-1674, 1673f
Auscultation, in cardiovascular 

examination, 305, 631
Australian-Canadian Osteoarthritis 

Hand Index (AUSCAN), 13, 
14t, 1781t, 1782-1783

pain quantification with, 1723
Autoantibodies

in arthritogenic autoimmune 
response, 893-894, 894f

in autoimmune disease, 215, 897
idiotype network theory of, 1495-

1496, 1496f
tolerance and, 215

in CREST syndrome, 1283t
in dermatomyositis, 289
in fibromyalgia, 775-776
formation of, bone marrow niche for, 

171-172, 171f
in hemophilia, 1913
in juvenile idiopathic arthritis, 987, 

989-991, 998
in mixed connective tissue disease, 

1283t, 1491, 1492t
serologic tests for, 1491-1493

in morphea, 1433-1434
in myositis, 1440, 1452-1453, 1452t

disease courses related to, 1451, 
1471, 1473f

juvenile, 1038-1040
pathogenic role, 1466-1468, 

1466f-1467f
overlap syndromes defined by, 1491
in parvovirus B19 infection, 1088-

1089
in polymyositis, 1283t
production of, in lupus, 1285-1287
in relapsing polychondritis, 294
in rheumatoid arthritis, 887-896, 

916, 930-932, 1283t (See 
also Rheumatoid arthritis 
(RA))

as outcome predictors, 950

of rheumatoid factors, 563-564, 897
B cells and, 563-564
in rheumatoid arthritis, 897-898 

(See also Cell-mediated 
immunity (CMI))

animal models of, 882-883
in scleroderma/systemic sclerosis, 

1363-1365
as biomarker, 1370
classification based on, 1365-1366, 

1365t
human leukocyte antigen 

associations of, 1364, 1366
serology tests for, 261, 261t
in Sjögren’s syndrome, 1283t, 1339, 

1342-1343, 1345
polyclonal hyper-reactivity of, 

1346-1347
in systemic lupus erythematosus, 

285-287 (See also Systemic 
lupus erythematosus (SLE))

assessment of, 1302
juvenile-onset, 1035
murine mouse models of, 1251

in systemic sclerosis, 290-291, 1399
Autoantigens

in autoimmune disease, 215
in lupus, 1282-1285
in rheumatoid arthritis, 897-899

immune response driven by, 897, 
898t

joint components of, 897-898
chondrocyte proteins as, 897-

898
proteoglycans as, 897-898
type II collagen as, 897, 899

non-joint components of, 898-899, 
898t, 899f

citrullinated proteins as, 897-
898, 899f

glucose-6-phosphate isomerase 
as, 898, 898t

heat-shock proteins as, 898-899
unidentified self antigens as, 899

RNP, 1282
Sm, 1282

Autocrine signaling, intracellular, in 
mechanotransduction, 46f, 
48

Autogenic training, 462, 464
Autoimmune diseases

adult-onset Still’s disease as, 854
B cell–mediated

antibiotic inhibition of, 541
vitamin D and, 217

cancer associations with, 1677
chronic inflammatory (See also 

Inflammatory diseases)
HPA axis and, 211-212
HPG axis and, 213f, 215-216
IL-1 inhibitors for, 573t, 575

chronic Lyme disease as, 1080
circadian rhythms and, 216-217, 

216f
female sex hormones and, 211, 215
inflammatory, 150
juvenile idiopathic arthritis as, 987, 

990-991, 999, 1009-1010, 
1013-1014

juvenile idiopathic arthritis vs., 997t, 
998

morphea as, 1433-1434
organ specific vs. systemic, 1253, 

1254f
pattern recognition receptors and, 

148-150, 150f
psoriatic arthritis as, 1179
Raynaud’s phenomenon and, 1429

reactive arthritis as, 1110-1111, 
1110f-1111f (See also Host-
pathogen interactions)

relapsing polychondritis occurring 
with, 1671, 1672b, 1674

rheumatoid arthritis as, 897, 898t, 
1103-1104

autoantibodies role, 887, 893-894, 
893f-894f

unifying hypothesis of, 932-933, 
932f-933f

sarcoidosis association with, 1664
scleroderma/systemic sclerosis as, 

1363, 1365
Sjögren’s syndrome as, 1345, 1345f

environmental triggers in, 1345-
1346, 1346f

immunogenetics of, 1346
serologic profile of, 1346-1347

susceptibility loci in, GWAS 
discovery of, 130, 130f

in synovium, 56
systemic lupus erythematosus as, 

1253-1270, 1254f (See also 
Systemic lupus 
erythematosus (SLE))

juvenile-onset, 1035
treatment considerations of, 1307

viral infections associated with, 
1089-1090

Autoimmune-induced myopathy, 1439, 
1479, 1488. See also 
Myositis

juvenile, 1038-1042, 1041t
organs affected by, 1457, 1458t

Autoimmune regulator (AIRE), 139
Autoimmune response/phenomena

in adaptive immunity, 133, 136, 
139-140

idiotype network theory of, 1495-
1496, 1496f

in Behçet’s syndrome, 1579
to cartilage components, 879, 880f
in Cogan syndrome, 1627
in relapsing polychondritis, 294, 1674
to TNF inhibitors, 593-595

in juveniles, 1022
Autologous chondrocyte implantation 

(ACI), 163
for osteochondritis dissecans, 163

in knee, 738, 739f
Autologous stem cell transplantation 

(ASCT)
for amyloidosis, 1697
GVHD complication of, 1436-1437
with immunoablation therapy, for 

systemic sclerosis, 1405, 
1405t

for juvenile idiopathic arthritis, 1023
for lupus nephritis, 1333
for mucopolysaccharidoses, 2039
for relapsing polychondritis, 1674

Autonomic nervous system
in fibromyalgia, 772
in hypermobility syndrome, 2052-

2054, 2053f
management of, 2053

inflammation and, 195-196
postoperative inhibition of, 637
in systemic lupus erythematosus, 

1237, 1243
Avascular necrosis (AVN)

of femoral head, 719-720, 724-725
of hip, 726

in children, 979b, 982f-983f, 983-
984

with osteonecrosis, 1818f-1819f
of talus, 755f

Association studies (Continued) Autoantibodies (Continued) Autoimmune diseases (Continued)
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Avocado/soybean unsaponifiables (ASU), 

for osteoarthritis, 1798
Axial features

of arthritis patterns, 253-254, 253t
of brucellosis, 1072, 1072f
of inflammatory bowel disease, 323-

324, 324f
Axial joints, computed tomography of, 

362-363
Axial spondyloarthritis, 1135-1136

acquired immunity and, 1136-1137
ankylosing (See Ankylosing 

spondylitis (AS))
classification criteria for, 1124-1125, 

1125f, 1125t, 1133b
concept of, 1123, 1124f

unifying, 1174-1175, 1175f
diagnosis of, 1124-1125, 1124t
imaging of, 1123, 1124f-1125f, 

1125t, 1148-1150 (See also 
Spine/spinal column)

in juvenile-onset 
spondyloarthropathies, 
1030, 1032

peripheral vs., 1135
probabilities of presence of, 1174-

1175, 1176f
with psoriatic arthritis, 1179-1181, 

1180b
Ayurveda, 450t, 453
Azathioprine (AZA)

for Behçet’s syndrome, 1579-1580, 
1579t

for Cogan syndrome, 1631-1632
efficacy of, 531-532
for interstitial lung disease, 317, 319
for juvenile-onset systemic lupus 

erythematosus, 1037
for lupus nephritis, 1323, 1325-

1327, 1327t
for flares, 1329, 1330t

mechanism of action, 529, 530t
for membranous lupus nephropathy, 

1328
methotrexate combined with, 512
methotrexate vs., 512
for microscopic polyangiitis, 1530, 

1530t
for myositis, 1474, 1474f

combined with methotrexate, 
1475, 1477

in juveniles, 1040-1041
pharmacogenetics of, 208
pharmacokinetics of, 530, 530t
in pregnancy, 613t, 614, 1330, 1335, 

1336t
recommendations for, 616, 616t, 

1310
for retinal vasculitis, 300
for rheumatoid arthritis, synovitis 

indications and strategies 
for, 950f, 953

for sarcoidosis, 1668-1669
for systemic lupus erythematosus, 

1310
for Takayasu’s arteritis, 1572
therapeutic use of, 532, 532t
toxicity of, 531-532, 532t
for Wegener granulomatosis, 1555

Azithromycin
for mycobacterial infections, 1071
for reactive arthritis, 1118, 1119t
for syphilitic arthritis, 1065

Azotemia, from NSAIDs, 341

B

B7-1. See CD80
B7-2. See CD86

Babinski reflex, in lumbar spine 
disorders, 661-663

Bacille Calmette-Guérin (BCG) vaccine, 
607, 1070

PPD testing and, 1068-1069
Back pain

in ankylosing spondylitis, 1129
biomechanics of, 29
in children, juvenile idiopathic 

arthritis vs., 987-988, 997t, 
998, 1001

inflammatory
criteria for, 1123-1125, 1124t, 

1125f
mechanical vs., 1130t

low (See Low back pain)
lumbar (See Lumbar spine disorders)
mechanical vs. inflammatory, 

1130t
with regional radiation, 677-678, 

677f
sclerotomal referral of, 660

Baclofen, intrathecal, for complex 
regional pain syndrome, 
802t, 803

Bacteria. See also Bacterial infections
cell wall of, non-DNA components 

of, 1104
pathogenic role, 1104

colonization of, in rheumatoid 
synovium, 899

Bacterial arthritis. See also specific 
microorganism, e.g., 
Gonococcal arthritis

animal models of, 879-882, 884t
with chronic kidney disease, 1686
microbiology of, 1055-1056, 1056t
synovial fluid in, 267, 269

vs. non-bacterial, 270-271, 271f
Bacterial enteritis, 324, 324t
Bacterial infections. See also specific 

bacteria, e.g., Staphylococcus 
aureus

in anti-TNF-treated patients
intracellular pathogens and, 608
prevention of, 607

arthritis related to (See Bacterial 
arthritis)

corneal, peripheral ulcerative keratitis 
vs., 302

entheses related to, 1215, 1215f
Felty syndrome associated with, 840-

841
innate immunity recognition of, 142-

143
juvenile idiopathic arthritis and, 987, 

991, 1011-1012
juvenile-onset spondyloarthropathies 

associated with, 1029
Lyme disease resulting from, 544, 

1012, 1079-1080, 1080f
myopathies related to, 1489, 1489b
myositis associated with, 1459, 

1460t
peripheral spondyloarthritis 

associated with, 1137-1138
reactive arthritis related to, 324, 

324t, 987, 1113, 1114t
in children, 980
host-pathogen interactions in, 

1110-1111, 1110f-1111f
innate immunity response in, 

1108-1110
in juveniles, 1032

rheumatoid arthritis associated with, 
827, 916, 1103-1104

autoantigens of, 897, 899
molecular mimicry of, 898-900, 

900f, 1104

Bacteriophage λ, in molecular biology, 
106-107

Baker’s cyst
of knee, aspiration of, 624, 624f
with osteoarthritis, 1728
popliteal, 833

Balanced steady-state free precession 
(bSSFP) imaging, in MRI, 
371, 371f-372f

Balance evaluation, in nutritional 
assessment, 435

Balance training, 444, 447t
Balanitis, circinate, in reactive arthritis, 

1116-1117, 1119
Balf2 protein, in juvenile idiopathic 

arthritis, 1012
Balkan nephropathy, 2000b
Balneotherapy, 968, 1208-1209
Band cell, 185f
Bankart’s defect, 683
BANK1 gene, 1250
Barnett’s sign, 1376f
Barrett’s metaplasia, 1410
Baseline-observation-carried forward 

(BOCF), 224
Basic calcium phosphate crystal 

deposition disease
arthritis vs., 1894
associated diseases, 1891-1892
clinical features of, 1889-1890
crystal identification and 

characterization in, 1893-
1894

differential diagnosis of, 1894
epidemiology of, 1889
etiology of, 1895
fluid investigations in, 1893
history of, 1889
imaging for, 1892-1893
investigations for, 1892-1894
large joint destructive arthropathies 

in, 1891-1892
management of, 1895-1896
metabolic investigations for, 1893
microscopy in, 1893-1894
osteoarthritis in, 1891
pathogenesis of, 1895
radiography in, 1892
structure and function in, 1894- 

1895
syndromes associated with, 1890t
synovitis in, 1891

Basic fibroblast growth factor (bFGF), 
in tissue destruction/repair, 
157, 159f, 161-162

Basilar invagination
with Paget’s disease, 2022, 2023f
in rheumatoid arthritis, 845, 845f

Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI), 
1141, 1157-1158, 1160f

Bath Ankylosing Spondylitis Functional 
Index (BASFI), 1141, 1158, 
1161f

Bath Ankylosing Spondylitis Metrology 
Index (BASMI), 1158-1159, 
1159t

Bath Ankylosing Spondylitis 
Radiological Index (BASRI), 
421, 421t

Bayesian principles, for laboratory tests, 
259, 260t

B cell-activating factor of TNF family 
(BAFF), 94-96, 97t-98t

antagonists of, for Sjögren’s 
syndrome, 1349

in B-cell maturation, 136, 564, 564f
in rheumatoid synovium, 919-920
in Sjögren’s syndrome, 1348

B-cell depletion therapy
anti-CD20 as, 608-609
for interstitial lung disease, 319
for juvenile dermatomyositis, 1041
for lupus nephritis, 1332-1333, 

1333t
for polyarteritis nodosa, 1531
for rheumatoid vasculitis, 847
rituximab as, 563, 569-570 (See also 

Rituximab)
second-generation, for rheumatoid 

arthritis, 955
for Wegener granulomatosis, 1554

B-cell lymphoma
diffuse large, in systemic lupus 

erythematosus, 1244
in Sjögren’s syndrome, 1342
vasculitis associated with, 1605, 

1606t
B-cell receptor (BCR), in adaptive 

immunity, 134
B-cell maturation and, 135
generation of diversity of, 134-135
schematic structure of, 134, 134f

B cells/lymphocytes
activation factors for maturation of, 

136
in adaptive immunity, 133-136, 141, 

142t
activation and functions of, 136
development of, 133, 135-136, 

135f
in adjuvant-induced arthritis, 880, 

880f
in arthritogenic autoimmune 

response, 893-894, 894f
autoimmune disease initiation role, 

215
GWAS analysis of, 130

in axial spondyloarthritis, 1135-1136
bone loss and, 170
in Cogan syndrome, 1627, 1627b
development of, expression of surface 

markers during, 564, 564f
differentiation of, bone marrow niche 

for, 171-172, 171f
dyscrasia of, amyloidosis associated 

with, 1691-1692
expansion of, T-helper cell-mediated

antibiotic inhibition of, 541, 544
vitamin D and, 217

HPA axis influence on, development, 
212

HPG axis influence on
in chronic inflammatory diseases, 

215-216
development, 215
function, 215

in juvenile idiopathic arthritis, 1011
in juvenile-onset systemic lupus 

erythematosus, 1035
in lupus, 1290-1292
mesenchymal stem cells modulation 

of, 166
in myositis, 1461, 1462b
in peripheral spondyloarthritis, 1136-

1137
principal function of, 136
in reactive arthritis, molecular 

mimicry and, 1104
receptors for (See B-cell receptor 

(BCR))
in rheumatoid arthritis, 551

autoantibodies and, 887, 888f, 
893, 894f

B-cell depletion therapy and, 563-
564

targeting CD20 with, 564-567, 
564f
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collagen-specific, 897
infection and, 566, 566f, 899

in rheumatoid factor response, 887, 
888f

in rheumatoid synovium, 916-919
as scleroderma biomarker, 1370
in Sjögren’s syndrome, 1343, 1347-

1348, 1348f
as therapy target (See B-cell depletion 

therapy)
transitional, 135-136
in Wegener granulomatosis, 1554, 

1555f
BCG. See Bacille Calmette-Guérin 

(BCG) vaccine
bcl-2

in rheumatoid arthritis, 901
in systemic lupus erythematosus, 

1251
Beam width artifact, 380
Beck Depression Inventory, 1781t, 

1782
Becker’s muscular dystrophy, 1479, 

1488
Bed rest

for lumbar spine disorders, 678
for myositis, 1475

Behavioral factors
of fibromyalgia, 776-777, 776f
of rehabilitation, 441

Behavior change/modification
cognitive (See Cognitive behavioral 

therapy (CBT))
for fatigue reduction, 446
for myofascial pain disorder, 767
for pain management, 462, 463t
in patient education, 428-429, 428f, 

429t
effectiveness of, 430

Behçet’s syndrome, 1575-1582
cerebral vasculitis associated with, 

1620
clinical features of, 1575-1578, 1576t

arterial lesions as, 1578
cardiac, 1578
eye, 1577, 1577f
gastrointestinal, 325-326, 1578
history of, 1575
investigations of, 1578
lung disease as, 1578
mucocutaneous lesions as, 1575-

1577, 1576f-1577f
musculoskeletal, 1577
neurologic disease as, 1577-1578
other findings, 1578
pathergy reaction as, 1576f, 1577
pathogenesis of, 1578-1579,  

1579f
prognosis of, 1578
relapsing polychondritis associated 

with, 294-295
renal, 337, 338t
retinal vasculitis associated with, 

300, 300f
summary of, 1575
TNF inhibitors for, 587
uveitis associated with, 298
venous lesions as, 1578

clinical trials on, 18
diagnostic criteria for, 1578
differential diagnosis of, 1578, 1579t
epidemiology of, 1424, 1575
etiology of, 1575

environmental factors in, 1575
genetic factors in, 1575

evolutionary concept of, 1123
genetics of, 1579
histology of, 1577-1578, 1579f

management of, 1579-1580
EULAR recommendations for, 

1579, 1579t
outcome assessment of, 18
relapsing polychondritis with, 1673
vasculitis in, 1578

Beighton score, for hypermobility, 
2051, 2052t

in children, 981
Belatacept, 557, 560
Belimumab, 1312, 1349
Belly press test, 686-687, 807t
Belmont Report, 227
Benchmark trial, in rheumatoid 

arthritis, 220
Bending, as loading, 40f
Bending movements, acting on spine, 

29, 30f
injuries related to, 32-33, 33f
measurement of, 31
resistance to, 32

Bengal staining, for keratoconjuctivitis 
sicca, 302-303

Benign lesions, of bone
bone-forming, 2063-2064
cartilage-forming, 2065-2067
fibrous, 2070-2071
lumbar pain related to, 670t

Benzbromarone, 1870-1871
Beraprost, 1422t
Berlin criteria, for inflammatory back 

pain, 1124t
Berlin modification, of ASspiMRI-a 

score, 422-423, 422t
Berlin questionnaire, for sleep apnea, 

635
Berylliosis, chronic, 1666-1667
β-Blockers, 488t

for hypermobility syndrome, 2053
perioperative use of, 633-634

β-Chains, in adaptive immunity, 134-
136, 134f, 138

βGPI-mimicking peptides, for 
antiphospholipid syndrome, 
1357t, 1358

Beta carotene, 436, 438
βc receptor subunit, cytokines utilizing, 

98t, 99
Betaglycan, 70, 71f
Betamethasone

methotrexate combined with, 512
in pregnancy, 1335

Bias (systemic error), 11, 12f
left-censorship, 223
longitudinal, 223
right-censorship, 223
selection, 223

Biceps femoris muscle/tendon, 729, 
731f, 734

Biceps muscle/tendon, 683, 684f, 685
injuries to, 686-687
physical examination of, 686-687, 

687f
Biceps tendon

disorders of proximal, 811
ruptures of distal, 812

Bicipital tendinitis, 692-693
clinical presentation and features of, 

686, 689t, 692-693
investigations of, 693f
management of, 693
pain with, 693
pathology of, 692
rotator cuff tendinitis with, 690, 

692-693
Bicipital tendinosis, e71f, 623
Bicipital tendon pathology, on 

ultrasound, 386

Bicitra (citric acid/sodium citrate), 1331
Bicyclam, 908, 908t
Biglycan

in articular cartilage, 64-65
in bone matrix, 70, 71f
in rheumatoid arthritis, 897-898

BILAG study, of rituximab, 569
Bioactive stimuli, in tissue engineering, 

163, 164f-165f, 166
Biobank study, U.K., 130
Biochemical abnormalities

in fibromyalgia, 776
in Gaucher’s disease, 2031, 2034
in mucopolysaccharidoses, 2037-

2039
Biochemical markers, in bone turnover, 

1965-1968
Biochemistry tests, 264-265

alkaline phosphatase, 264
calcium, 265
of joint osteoarthritis, 1723

in dog model, 1731
in rabbit model, 1734-1735

liver function tests, 264
in molecular biology, 114, 117
in nutritional assessment, 434t, 435
of osteogenesis imperfecta, 2042-

2043
prenatal, 2042

of renal osteodystrophy, 2013-2015, 
2015t, 2017

of synovial fluid, 271
uric acid, 264-265, 265f
vitamin D, 265

Bioenergetics, of muscle, 1482, 1482b, 
1483f

Biofeedback, 450t, 456-457
for pain control, 462

evidence base for, 463-464
with rheumatoid arthritis, 969

Biological effect level, minimal 
anticipated, 230

Biologic impairments, 1779, 1780f
Biologic therapy(ies)

for adult-onset Still’s disease, 856
for amyloidosis, 1697
angiogenesis inhibition by, 908, 908t
for ankylosing spondylitis, 1167
anti-TNF agents as (See Tumor 

necrosis factor (TNF) 
inhibitors)

clinical trial ethics of, 229b, 230
for cutaneous vasculitis, 1605-1606, 

1606t
disease-modifying drugs as (See 

Disease-modifying 
antirheumatic drugs 
(DMARDs))

drug-induced lupus and, 1298t
introduction to, 605, 609
for juvenile dermatomyositis, 1041-

1042
for juvenile idiopathic arthritis, 1017, 

1021-1023
for juvenile-onset systemic lupus 

erythematosus, 1038
for microscopic polyangiitis, 1530-

1531
nutritional (See Nutriceuticals)
pharmacogenetics of, 208-209
in pregnancy, 1335, 1336t
for psoriatic arthritis, 1207-1208, 

1209f
for relapsing polychondritis, 1674
for rheumatoid arthritis

abatacept as, 609
anakinra as, 609
anti-TNF therapy as, 605-606
extra-articular features, 839

immune dysfunction and, 605-608
infections and, 605, 609 (See also 

Infection(s))
with leflunomide, 523
rituximab as, 608-609

for Sjögren’s syndrome, 1349
for systemic lupus erythematosus, 

1268-1269
Biology

cellular, of immunoregulation, 119, 
120f

molecular (See Molecular biology)
systems, 130
of vasculitis, 1509

angiogenesis in, 1513-1516
endothelium in, 1509-1513, 

1511f-1512f
Biomarkers

of articular cartilage breakdown, 66
of atherosclerosis, in systemic lupus 

erythematosus, 1244
of Gaucher’s disease, 2034
of joint disease, in synovial fluid, 271
of lung disease, in myositis, 1451
of Paget’s disease, 2023-2026
of relapsing polychondritis, 1673-

1674
of rheumatoid arthritis

ACPAs as, 889-890, 890t, 891f
hnRNP-A2 as, 891
rheumatoid factors as, 887-888, 

888t
of scleroderma, 290-291, 1370

Biomaterials, in tissue engineering, 
163, 164f. See also Scaffolds

Biomechanical engineering, 37
Biomechanical stress

entheses related to, 1212-1213, 1215
osteoarthritis related to, 1723
peripheral spondyloarthritis 

associated with, 1137
Biomechanics

future of, 44
joint abnormalities of, examination 

for, 241
of knee movement, 732, 732f

genetic contribution to 
osteoarthritis, 1763

injury impact on, 746
of neck movement, 649
of shoulder, 683-686

with rotator cuff tendinitis, 690
of spine, 29-36 (See also Spine/spinal 

column)
of tendons, 1212-1213
of tissues, 39-44
of whiplash, 33, 34f, 655, 656f
of whole joints, 37-39

Biomedical model
of osteoarthritis outcomes, 1779
of pain, 461

Biopsychosocial model
of back pain, 29
of osteoarthritis outcomes, 1779
of pain, 461
for rehabilitation, 441-442, 444-446, 

447t
Biopsy(ies), 273-280

abdominal fat pad fine-needle 
aspiration as, 275, 275f

for amyloidosis, 1694-1695
for arteritis temporalis, 275-276, 

276f
arthroscopic, 279-280, 279f-282f
bone (See Bone biopsy)
bone marrow, for iron deficiency, 437
brain (See Brain biopsy)
bronchial (See Bronchial biopsy)

B cells/lymphocytes (Continued) Behçet’s syndrome (Continued) Biologic therapy(ies) (Continued)
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ear (auricular) cartilage, for relapsing 
polychondritis, 1673-1674, 
1673f

fascia, 276-277, 277f
kidney (See Renal biopsy)
leptomeningeal, for primary angiitis 

of central nervous system, 
1619-1620, 1623

lip, 277, 277f
liver, for adult-onset Still’s disease, 

853-854
lung (See Lung biopsy)
lymph node, for sarcoidosis, 1666
muscle (See Muscle biopsy)
for mycobacterial infections, 1071
myocardial (See Endomyocardial 

biopsy)
for myositis, 1457-1458 (See also 

Myositis)
parotid, 278-279
of retroperitoneal fibrosis, 1684, 

1685f
salivary gland, 1666

for Sjögren’s syndrome, 277-279, 
277f, 1344-1345

for sarcoidosis
miscellaneous tissue, 1664b, 1666-

1667, 1666f
specific organ/site, 1659, 1661, 

1663-1664, 1666
skin (See Skin biopsy)
subcutaneous tissue, 273-275
synovial (See Synovial biopsy)
temporal artery, 275-276, 276f
ultrasound-guided, 388

Birmingham Vasculitis Activity Score 
(BVAS), 1529, 1556-1557

Birth, musculoskeletal disorders 
presenting at, 979-980

Birth weight, rheumatoid arthritis and, 
826

Bismuth, 2000b
Bisphosphonates

for adynamic renal bone disease, 
2017

bone resorption and, 2001
for complex regional pain syndrome, 

802t, 803
for corticosteroid-induced myopathy, 

1473
flu-like syndrome associated with, 

2027
for Gaucher’s disease, 2035
for juvenile idiopathic arthritis,  

1024
for neuropathic arthropathy, 1812
for osteoarthritis, animal models of, 

1734t, 1737t
for osteogenesis imperfecta, 2045
for osteoporosis, 1980-1984

glucocorticoid-induced, 1993-1994
for osteoporosis prevention

in microscopic polyangiitis,  
1530

in renal osteodystrophy, 2018
for Paget’s disease, 2026-2027,  

2027f
for slipped capital femoral epiphysis, 

984
Bi syndrome, 451
Black currant leaf/seed, 453, 455t
Bladder cancer, 533
Bladder infection/inflammation. See 

Cystitis
Bland and Altman plot, of imaging 

reader agreement, 413-414, 
414f

Blastemal cells, 51

Blastocysts
antiphospholipid antibody impact on, 

1337
in genetic manipulation of mice, 

114-115, 115f
Blastomycosis, 1074

TNF inhibitors risk for, 608
treatment of, 1074

Blau’s syndrome, 997t, 998
sarcoidosis vs., 1664
uveitis associated with, 298

Bleeding
clotting factor deficiencies associated 

with, 1913 (See also 
Hemophilia)

hemodialysis risk for, 344
kidney biopsy risk for, 335-336
local, with corticosteroid injections, 

619
upper gastrointestinal, from NSAIDs, 

487-490, 489f, 489t
Blinding, random, in research, 228
Blinding time sequence, in imaging for 

outcomes, 414
Blindness, with systemic lupus 

erythematosus, 1237
BLK gene, 1250, 1251t
BLOKS scoring system, for knee 

osteoarthritis, 1714t
Blood cellular elements, in Raynaud’s 

phenomenon, 1428
Blood flow, endothelial determinants 

of, 1509
Blood letting, for hemochromatosis, 

1929, 1931f, 1933
Blood pressure

in cardiovascular examination, 305
elevated (See Hypertension)
systolic, in Raynaud’s phenomenon, 

1429-1430
Blood products, for hemophilia, 

infections transmitted by, 
1913, 1919

Blood supply. See Vasculature
Blood urea nitrogen, in lupus nephritis, 

1319
Blooming artifact, 380
Blount disease, 1765, 1765f
BLys activation factor. See B cell-

activating factor of TNF 
family (BAFF)

Body cell mass (BCM)
loss of, 434-435
of standard man, 433-434, 435f

Body composition, anthropometric 
assessment of, 434-435, 
435f

Body fat. See Fat mass
Body mass

peak, in juvenile idiopathic arthritis, 
1003

in sarcopenic obesity, 438
Body mass index (BMI)

in nutritional assessment, 437
preoperative evaluation of, 631

Bolf1 protein, 1012
Bone angina, 1723, 1725
Bone biopsy

for neuropathic arthropathy, 1811
for renal osteodystrophy, 343, 2014-

2015, 2014b, 2017
Bone cells, 73-77. See also specific cell, 

e.g., Osteoblasts
coupling of, during remodeling, 78

Bone cysts, 2073, 2074f
aneurysmal, 2074
β2-microglobulin amyloid and, 342-

343
with sarcoidosis, 1663, 1663f

Bone densitometry. See also Dual-
energy x-ray absorptiometry 
(DEXA)

history of, 399
repeatability/reproducibility of, 401

Bone development
chondrodystrophies and, 2048, 

2048b
critical components of, 70-73, 71f
dynamic process of, 67, 77-78, 77t, 

78f
Gaucher’s disease impact on, 2032-

2033, 2032f
normal variations of, 977-979
osteogenesis imperfecta impact on, 

2042, 2043f
management of, 2044-2045

Bone disease
adynamic (aplastic), 343
with aluminum toxicity, 342
matrix degradation process with, 153
Paget’s disease as, 2021-2028 (See 

also Paget’s disease)
primary, lumbar pain related to, 672-

673, 672t
renal, 343

adynamic, 2014, 2017, 2017f
modifiable vs. non-modifiable 

causes of, 2014b, 2015
“brown tumors” as, 342-343
osteodystrophy as, 343, 2013-2019 

(See also Renal 
osteodystrophy)

scintigraphy of (See Bone 
scintigraphy)

sclerosing, 1962
Bone erosion

in arthritis, animal models of, 885-
886, 885t

bone cell coupling during, 78
cartilage and synovium interplay 

with, 159-160, 160f
in gout, 1852-1853
in juvenile idiopathic arthritis, 995, 

995f, 1003, 1009, 
1010f-1011f

of odontoid, in rheumatoid arthritis, 
845, 845f

in osteoarthritis, imaging of
MRI in, 1774
radiography in, 1769, 1771f

osteoimmunology of
cellular mechanisms of, 169-170, 

170f
molecular mechanisms of, 169-170
osteoclasts as triggers in, 169, 170f
periarticular mechanisms of, 170
systemic mechanisms of, 170

in psoriatic arthritis, as therapeutic 
target, 1208

in rheumatoid arthritis, 927-928, 
928f-929f

MRI measurement of, 418, 419t
synovitis treatment and, 949-950

on ultrasound, 382-383, 384f
Bone formation

enthesitis and, 1218
genetic factors of, 70-73, 75, 77
growth factors critical for, 70-73, 71f
hypertrophic, in osteoarthritis, 1725-

1726
in juvenile idiopathic arthritis, 995, 

995f, 1003
markers of, 72-73
matrix composition in, 69-72, 69f, 

71f
mechanical stimulation for, 45
methotrexate and, 510t
osteoblasts role, 75-76

osteocytes regulation of, 76-77
osteoimmunologic aspects of,  

171
in psoriatic arthritis, 1197f
TNF-α suppression of, 171
in transgenic KO mice model, of 

osteoarthritis, 160
Bone grafts, 1062, 1822
Bone histomorphometry, quantitative, 

for renal osteodystrophy, 
2013-2015, 2017

Bone marrow
B-cell differentiation in, 135-136, 

135f, 170-172, 171f
biopsy of, for iron deficiency, 437
cell death in, 1815-1817, 1816f (See 

also Osteonecrosis)
disorders of, lumbar pain related to, 

672, 673f
in hematology tests, 259-260
in rheumatoid arthritis, MRI of,  

865
in sickle cell anemia, 1921
subchondral, in osteoarthritis, 

imaging of, 1774, 
1774f-1775f, 1777

tumors of, 2068-2069
Ewing’s sarcoma as, 2068, 2069f
lymphoma as, 2069
neuroblastoma (metastatic) as, 

2069
plasmacytoma/multiple myeloma 

as, 2069, 2070f
Bone marrow cells (BMC)

of standard man, 433-434, 435f
in transgenic KO mice model, of 

osteoarthritis, 160
Bone marrow transplantation, 1698, 

2035
Bone mass

determinants of, 1960-1964
age as, 1960, 1962f, 1963-1964
alcohol and smoking as, 1960
chronic diseases as, 1960
constitutional factors, 1960
drug therapy as, 1960
environmental factors, 1959- 

1960
exercise as, 1960
genetic factors, 1959
menstrual function as, 1960
nutrition as, 1959-1960
physical inactivity as, 1960

mechanical loading and, 45, 153
peak, 1959
quantitative measurement of, 399-

400, 408
of standard man, 433-434, 435f

Bone matrix
composition of, 69-72, 69f, 71f
degradation process of, with 

mechanical stress, 153
growth factors sequestered within, 

72-73
osteoblasts synthesis of, 75
osteocytes distribution throughout, 

76
Bone metabolism, 1997-1998
Bone mineral content (BMC), 399
Bone mineral density (BMD)

in DMOAD studies, rabbit model of, 
1734-1735

glucocorticoids impact on, 500
in hyperparathyroidism, 2008
in juvenile idiopathic arthritis, 1003, 

1024
functional implications of, 1046, 

1049

Biopsy(ies) (Continued) Bone formation (Continued)
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measurement of
current technology for (See Dual-

energy x-ray absorptiometry 
(DEXA))

historical technologies for, 399
indications for, 409-410, 410t

osteoarthritis risk and, 1722
osteoporotic fractures and, 1940
questionnaires for, 1947
in renal osteodystrophy, 2014, 2016-

2018
of vertebrae

for fracture assessment, 402-403, 
403b, 403f-405f

mechanical loading and, 36, 153
Bone modeling

cellular mechanisms of, 72-73, 76
process of, 77-78, 77t, 78f

Bone morphogenic proteins (BMPs)
antagonists of, for enthesitis, 1213
bone formation role, 72-73, 75-76, 

171
in psoriatic arthritis, 1201-1202
in tissue matrix repair, 161

Bone multicellular unit (BMU), 74, 
1960, 1961f

in long bones, 1963-1964
in remodeling process, 74, 78-79, 79f

Bone pain, localized, 672-673, 672t
therapy for, 673

Bone remodeling
cellular mechanisms of, 73, 2022
with digital clubbing, 1702, 1703f
Euler’s theory of bone fragility with, 

1963, 1963f
in mechanical stress response, 45
in osteoarthritis, radiography of, 

1769, 1771f
in osteoporosis, 1960-1964

cancellous bone strength and, 
1963, 1963f

cortical vs. cancellous bone, 1960, 
1961f-1962f

description of, 1960
effects on long bones, 1963-1964
energy metabolism and, 1963
gender influence on, 1962-1963, 

1962f
menopause and, 1962-1963, 1963f
osteoclast activation and 

resorption, 1961
reversal and formation, 1962-1964

in Paget’s disease, 2022
process of, 77-79, 77t, 79f
in psoriatic arthritis, 1200-1202
regulation of, 74-75
in renal osteodystrophy, 2013

Bone repair/regeneration
cellular mechanisms of, 72-73, 76
dynamic mechanisms of, 77, 77t, 

79-80, 80f
stages of, 77, 77t, 79-80, 80f

Bone resorption, 157, 159f
osteoclastic, 73-75, 153, 157, 159f
in Paget’s disease, 2022-2026,  

2022f
as treatment target, 2026

physiology of, 69, 77
Bone(s)

adaptation to load, 67
connexins and, 47
dynamic processes in, 77, 77t
Euler’s theory of, 1963, 1963f
G protein–coupled receptor signal 

transduction pathways and, 
47-48

integrins in, 46

main phases of, 45, 46f
osteocytes role, 1962
Wolff ’s law of, 45, 1960

composition of, 69-72
alkaline phosphatases in, 71
collagen and mineral composite in, 

69-70, 69f
mineralization proteins in, 72
non-collagenous proteins in, 70
osteocalcin in, 70
osteonectin in, 71
osteopontin in, 70-71
proteoglycans in, 70, 71f
thrombospondin 1 & 2 in, 71-72

computed tomography of, 362
destruction of (See Bone erosion)
dysplasia of (See Skeletal dysplasia)
edema of, MRI measurement of, 418, 

419t
in entheses, 1212-1213

deposition in diffuse idiopathic 
skeletal hyperostosis, 1803-
1805, 1803f-1804f

description of, 1801-1802
fragility of, with bone remodeling, 

1963, 1963f
Gaucher’s disease involvement of, 

2032-2033, 2032f-2033f
therapeutic goals for, 2034

glucocorticoids adverse effects on, 
500-501

growth of (See Bone development; 
Bone formation)

healing of (See Bone repair/
regeneration)

as hematopoietic organ, 171-172
of hip

functional anatomy of
blood supply, 719-720
bony structures, 719, 720f
bursae, 719
musculature, 719, 720f

lesions of
femoroacetabular impingement 

related to, 725
pain related to, 721t, 725,  

727
infarct of, osteonecrosis vs., 1817
infections of (See Osteomyelitis)
inflammation of (See Osteitis)
of knee, 729

distal femur as, 729, 730f
patella as, 729
proximal tibial plateau as, 729, 

730f
sagittal section of compartments, 

729, 730f
localized pain in, 672-673, 672t

therapy for, 673
long (See Long bones)
loss of (See Bone erosion)
macroscopic (organ level) 

organization of, 67-69, 68f
Marfan syndrome features in, 2047, 

2047f
Ghent nosology of, 2047, 2047b

mechanocoupling in, 45
microscopic (tissue level) 

organization of, 67-69, 68f
osteonecrosis involvement of, 1816f, 

1817
pannus interface with, 913, 914f, 

916
psoriatic arthritis in, 1189, 1192f
sarcoidosis in, 1662-1663, 

1662f-1663f
management of, 1669

of shoulder, 683

structure and function of
cells in, 73-77
components in, 69-72
growth and repair processes in, 

77-80, 77t, 78f-80f
growth factors in, 70-73, 71f
organization levels in, 67-69
summary of, 67

subchondral
composition of, 153
destruction of, 153

of wrist and hand, 712f
lesions of, pain related to, 713, 

715t
Bone scintigraphy, 391-392

of capsulitis, 695
of cervical spine, 650-651, 650f
of complex regional pain syndrome, 

800, 800f
of diffuse idiopathic skeletal 

hyperostosis, 1802-1803
of digital clubbing, 1702
of enthesitis, 1217, 1218f
of Gaucher’s disease, 2034
introduction to, 391
of Legg-Calvé-Perthes disease, 979, 

982-983, 982f
of lumbar spine disorders, 664, 664f
of neuropathic arthropathy, 1810
of osteitis pubis, 727
of osteoarthritis, 1776, 1776f, 1791
of osteochondritis dissecans lesions, 

737
of osteonecrosis, 1819
of Paget’s disease, 2023, 2025f, 2026
of peripheral joints

for sarcoidosis, 1663
for spondyloarthropathies, 1153, 

1153f
principles of, 391-392
of prosthetic joint infections, 1058-

1059, 1059f
of sacroiliac spondyloarthropathies, 

1147
single-photon emission computed 

tomography vs., 391
tracers used in, 391-392, 396

increased uptake of, 391-392, 392f, 
392t

of tuberculous arthritis, 1069
for tumor staging, 2063
uses of, 391-392, 392f, 392t

Bone tumors, 2063-2074
adamantinoma as, 2072-2074, 2073f
aneurysmal bone cyst as, 2074
benign bone-forming lesions, 2063-

2064
fracture callus as, 2063
osteoblastoma as, 2064
osteoid osteoma as, 2064, 2064f
osteoma as, 2063-2064

benign cartilage-forming lesions, 
2065-2067

chondroblastoma as, 2066, 2067f
chondroma as, 2065-2066, 2066f
chondromyxoid fibroma as, 2066, 

2067f
osteochondroma as, 2066-2067, 

2067f
benign fibrous, 2070-2071

desmoplastic fibroma as, 2071
fibrous dysplasia as, 2070
histiocytoma as, 2071
non-ossifying fibroma as, 2071, 

2071f
ossifying fibroma as, 2070-2071

chordoma as, 2072
classification of, 2063, 2064b

conclusions of, 2074
cystic lesions as, 2073, 2074f

β2-microglobulin amyloid and, 
342-343

with sarcoidosis, 1663, 1663f
diagnostic complexity of, 2063,  

2074
fibrous

benign, 2070-2071
malignant, 2071

giant cell, 2071-2072, 2072f
giant notochordal hamartoma as, 

2072
imaging of, 2063

for staging, 2063
introduction to, 2063
Langerhans’ histiocytosis as, 2073
lipoma as, 2072
malignant bone-forming, 2064-2065

in children, 984
osteosarcoma as, 2064, 2065f

juxtacortical, 2064-2065
periosteal, 2065, 2065f

malignant cartilage-forming, 2067-
2068

chondrosarcoma as, 2066f, 2067-
2068

clear cell chondrosarcoma as, 
2068, 2068f

dedifferentiated chondrosarcoma 
as, 2068

extraskeletal myxoid 
chondrosarcoma as, 2068

malignant fibrous, 2071
fibrosarcoma as, 2071
histiocytoma as, 2071

of marrow, 2068-2069
Ewing’s sarcoma as, 2068, 2069f
lymphoma as, 2069
neuroblastoma (metastatic) as, 

2069
plasmacytoma/multiple myeloma 

as, 2069, 2070f
primary spinal, lumbar pain related 

to, 670t
staging of, 2063, 2064b
of vasculature, 2069-2070

angiosarcoma as, 2070
glomus tumor as, 2070
hemangioma and lymphangioma 

as, 2069-2070
hemangiopericytoma as, 2070

Bone turnover (BTM)
biochemical markers of, 1965-1968

variability of, 1968
in osteoporosis, clinical uses of, 

1968-1971
overview of, 1965
pentosidine in, 1966
RANKL and, 1966
in renal osteodystrophy, 2013-2014, 

2014b
biochemical profiling for, 2015, 

2015t
osteomalacia as, 2016-2017,  

2016f
tartrate-resistant acid phosphatase in, 

1966
Wnt signaling pathway and, 1966

Bonferroni correction, 128
Bony spurs

in enthesopathies, 1211-1212
osteophyte formation and, 171

Borage seed, 453, 455t
Borrelia burgdorferi

Cogan syndrome associated with, 
1626-1627

genome for, 1080

Bone mineral density (BMD) 
(Continued)

Bone(s) (Continued) Bone(s) (Continued) Bone tumors (Continued)
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infections of, 544, 1012, 1079-1080, 
1080f (See also Lyme 
disease)

myositis associated with, 1459, 
1460t

Borrelia lonestari infections, 1079
Borrelia spp.

surface proteins differentiation of, 
1080

varying antigen presentations to, 
1081

Bortezomib, 1697-1698
Bosentan, 1042, 1407, 1408t, 1422t, 

1431
Boston Weighted Criteria, for systemic 

lupus erythematosus,  
1307

Botulinum toxin (Botox), injections  
of

for myofascial pain disorder, 767
for piriformis syndrome, 792
for Raynaud’s phenomenon, 1407-

1408
digital, 1432

Bouchard’s nodes, 242f
with osteoarthritis, 1726, 1761, 

1762f
Boundary lubrication, 38
Boutonnière deformity, 242f

of fingers, 714f, 830-831, 831f
of thumb, 831, 832f

Bow legs (genu varum), 977
Bow string sign, 661t
Braces/bracing

ankle, 758-759
custom, 758-759
for osteoarthritis, 1796
for osteogenesis imperfecta, 2045
for patellofemoral dysfunction, 741, 

743
pneumatic walking, for neuropathic 

arthropathy, 1812
Brachial neuritis, 686
Brachial plexus

blockade of, for complex regional 
pain syndrome, 802t, 803

in thoracic outlet syndrome, 783, 
784f, 785

Brachydactyly, 995f, 1002
Bradykinin, nociceptors and, 200-202
Braggard maneuver, 662-663
Brain

sarcoidosis involvement of, 1661, 
1669

structure of, in fibromyalgia, 776
systemic lupus erythematosus and

immunopathology of, 1262
neuropathologic findings of, 1236-

1237, 1237f
Brain biopsy

for primary angiitis of central 
nervous system, 1619-1620, 
1623

for sarcoidosis, 1661
Brain imaging

for Cogan syndrome, 1629-1630
for fibromyalgia

abnormalities on, 773-776
MRI in, 775, 775f, 777

for neuropsychiatric lupus, 1239
for primary angiitis of central 

nervous system, 1617-1619, 
1619f-1620f, 1623

for systemic lupus erythematosus, 
1237, 1238f

Brain natriuretic peptide, N-terminal
in amyloidosis, 1695-1697
as scleroderma biomarker, 1370

Brain stem
Behçet’s syndrome involvement of, 

1577-1578
pain transduction and, 199-200, 

200f-201f, 202
Brancher enzyme deficiency, myopathy 

related to, 1481t, 1482b, 
1483, 1484f

Breakthrough pain, 479
Breast cancer, 1677-1678
Breastfeeding

drug therapy concerns regarding, 
613t, 1335, 1336t

immunosuppressive therapy and, 532
juvenile idiopathic arthritis and, 991
rheumatoid arthritis and, 826
systemic lupus erythematosus and, 

1224-1225
neonatal considerations of, 1337-

1338
TNF inhibitors and, 594

Breast implants, silicone, 1225
Brighton criteria, for hypermobility 

syndrome, 2051, 2053b
British Isles Lupus Assessment Group 

(BILAG) score, 1036, 1302-
1303, 1307

British Lupus Integrated Prospective 
System (BLIPS), 1302

Brodie’s abscess, 1058, 1058f
Bromelain, 453
Bronchial biopsy. See also Broncho-

alveolar lavage (BAL)
for interstitial lung disease, 317
for sarcoidosis, 1659, 1666

Bronchiectasis, 318, 1242
Bronchiolitis obliterans, 842, 1242
Broncho-alveolar lavage (BAL)

for interstitial lung disease, 317
with myositis, 1444-1445, 1451

for sarcoidosis, 1659, 1666
Brown syndrome, in rheumatoid 

arthritis, 845
“Brown tumors”, 342-343
Brucellosis, 1071-1073

clinical features of, 1072-1073, 
1072b, 1072f

diagnosis of, 1073
epidemiology of, 1071
microbiology of, 1071-1072
pathogenesis of, 1072
prevention of, 1073
treatment of, 1073

Bruxism, 765-766, 766b
BSAP, in renal osteodystrophy, 2015-

2016, 2015t
Btk kinase, in B-cell activation and 

function, 136
BTNL2 (butyrophilin-like 2) receptor 

gene
in sarcoidosis, 1667
in systemic lupus erythematosus, 

1249
Bucillamine, 544

structure of, 544, 544f
Budd-Chiari syndrome, 1578
Buford complex, 683
Buhot cells, 2037
Bulge sign, 833

in knee, 241f
Bulla, 286b
Buprenorphine, 477
Burden of illness, 9, 1367

in juvenile idiopathic arthritis, 1017
in rheumatoid arthritis, 950

Bursae
of hip, 719

disorders of, 727-728
of knee, 731

olecranon, rheumatoid arthritis in, 
832

periarticular, osteoarthritis pain 
relationship to, 1724t, 1725, 
1728

retroachilleal, 750f-751f
retrocalcaneal, 750f-751f
of shoulder, 686
subacromial (See Subacromial bursa)
subscapularis, 686
synovial, shear force impact on, 51
in tendon biomechanics, 1212-1213

Bursal fluid, in basic calcium phosphate 
crystal deposition disease, 
1893

Bursitis
of hip, 727-728

iliopsoas, 624, 727-728
investigations of, 727-728
ischiogluteal, 728
trochanteric, 720-721, 727

intermetatarsal, e72f, 626
of knee, 743
non-spinal, lumbar pain related to, 

677-678
olecranon, e70f, 622, 704-705,  

704f
pes anserine, in children, 984
retrocalcaneal, 625-626, 625f
septic, 1056, 1059, 1060f
of shoulder

scapulothoracic, 697
subacromial, e71f, 623, 693

on ultrasound, 385
Buttock pain

low back pain vs., 660, 677-678
posterior, 720-721

Bypass arthritis, 1677

C

C3a
in inflammation, 189
in innate immunity, 144, 145f
in rheumatoid synovium, 925, 925f, 

932
in systemic lupus erythematosus, 

1264, 1265f
C5a

in inflammation, 189
in innate immunity, 144, 145f
in rheumatoid synovium, 925, 931-

932
in systemic lupus erythematosus, 

1264, 1265f
CA-19-9, in dermatomyositis, 1448
CA-125, in dermatomyositis, 1448
Cachexia. See Rheumatoid cachexia
Cadherins

osteoblasts expression of, 75
in synovium, 51, 56

rheumatoid, 916
Cadmium, 2000b, 2001
Caffeine, osteoporosis and, 1977
Calcaneal enthesis, plantar fascia, e72f, 

626
Calcaneus

in ankle anatomy, 750f
assessment of, in children, 978
bursitis of, 1154
in foot anatomy, 752f
imaging of, for 

spondyloarthropathies,  
1152

Calcifications
in calcium pyrophosphate crystal-

associated arthropathy, 
imaging of, 1879-1880

with enthesitis, 1218
intra-articular, secondary to 

corticosteroid injections, 
1019, 1020f

in scleroderma, 1892f
Calcific periarthritis

in chronic pain syndromes, 1890
clinical features of, 1889-1890
differential diagnosis of, 1894
epidemiology of, 1889
history of, 1889
joints commonly affected in, 1890
management of, 1895-1896
non-steroidal anti-inflammatory 

drugs for, 1895-1896
pathogenesis of, 1895

Calcific tendinitis
of shoulder, 696-697

acute vs. chronic, 696-697
clinical presentations of, 689t, 

696, 697f
investigations of, 696-697, 697f
management of, 697
pathophysiology of, 696
prevalence of, 696

on ultrasound, 386
Calcific uremic arteriolopathy, 1603, 

1603f
Calcineurin, in signal transduction, 

121, 121f
Calcineurin inhibitors

FDA advisories regarding, 535
hyperuricemia and, 1860
for interstitial lung disease, 319
for lupus nephritis, 1324

controlled studies of, 1321-1322
mechanism of action, 529, 530t
renal complications of, 341-342

Calcinosis
of cartilage, ultrasound-guided biopsy 

view of, 280f-282f
with myositis, 1477

in juveniles, 1041-1042, 1041f
with systemic sclerosis, 1409
tumoral, 1895-1896

Calcinosis cutis, 289-290, 291f
Calciphylaxis, 343-344, 1910
Calcitonin

for complex regional pain syndrome, 
802t, 803

for lumbar spine pain, 679
for osteoarthritis, large animal model 

of, 1734t
for osteoporosis, 1980

glucocorticoid-induced, 1993
in renal osteodystrophy, 2017-

2018
for osteoporosis of hip, 727
for Paget’s disease, 2026

Calcitonin gene-related peptide 
(CGRP), 199, 201-202

in central sensitization, 203
in fibromyalgia, 774, 774f
in inflammation, 197, 197t
in neuroendocrine system, 212f
osteoarthritis pain and, 1724-1725

Calcium, 265
bone storage of, 67
deficiency, 1999, 2000t
glucocorticoid-induced osteoporosis 

and, 1993
in hyperparathyroidism, 2007
imbalance of, 436

nephrolithiasis associated with, 
341

renal failure and, 342
in sarcoidosis, 1663-1665

management of, 1669

Borrelia burgdorfer (Continued) Bursae (Continued) Calcifications (Continued)
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intake of
bone mass and, 1959-1960
recommendations for, 436, 438

metabolism, 1997-1998
mobilization of

in B-cell activation and function, 
136

in Paget’s disease, 2022
osteoporosis and, 1977-1978
parathyroid hormone and, 1998- 

1999
in renal osteodystrophy, 2015-2016
in signal transduction, 123
supplements of

for corticosteroid-induced 
myopathy, 1473

for juvenile idiopathic arthritis, 
1003, 1024

Calcium carbonate, 1331
Calcium channel blockers

for scleroderma heart disease, 311-
312

for systemic sclerosis, 1403, 1411
and Raynaud’s phenomenon, 1407, 

1408t, 1431, 1431t
in children, 1042

and renal hypertension, 1410-1411
Calcium hydroxyapatite crystal 

arthropathy, 343
in osteoarthritis, 1724, 1729, 1764

Calcium oxalate deposition
arthropathy associated with, 343, 

1686
renal failure and, 342

Calcium phosphate crystal deposition 
disease, basic

arthritis vs., 1894
associated diseases, 1891-1892
clinical features of, 1889-1890
crystal identification and 

characterization in, 1893-
1894

differential diagnosis of, 1894
epidemiology of, 1889
etiology of, 1895
fluid in, 1893
history of, 1889
imaging for, 1892-1893
investigations for, 1892-1894
large joint arthropathies in, 1891-

1892
metabolic investigations in, 1893
microscopy in, 1893-1894
osteoarthritis in, 1891
pathogenesis of, 1895
radiography in, 1892
structure and function in, 1894-1895
syndromes associated with, 1890t

Calcium phosphate crystals, 1894-1895
Calcium-phosphate product, 342-343
Calcium pyrophosphate crystal 

arthritis, 1877. See also 
Calcium pyrophosphate 
crystal-associated 
arthropathy

Calcium pyrophosphate crystal-
associated arthropathy

analgesics in, 1886
aspiration for, 1886
axial presentation of, 1879
blood tests in, 1882b
calcification in, imaging of, 1879-

1880
cartilage in, 1885
clinical features of, 1877f
colchicine for, 1886
crystal formation in, 1884
crystal shedding in, 1885

CT in, 1881
definitions in, 1875
differential diagnosis of, 1882
epidemiology of, 1875-1876
fluid analysis in, 1879
heredity in, 1875-1876
history of, 1875
ice packs for, 1886
imaging in, 1879-1881
inflammation in, 1884-1885
injection for, 1886
investigations in, 1879-1882
joint insult and, 1876-1877
management of, 1886
mechanical effects of crystals in, 

1885
metabolic diseases and, 1876, 1876t, 

1882b
natural history of, 1878-1879
nomenclature in, 1875
osteoarthritis and, 1876-1877
pathogenesis of, 1884-1885
pathologic changes in, 1885
predisposing factors for, 1875
prevalence of, 1875
radiography in, 1881f
structural changes in, imaging of, 

1880-1881
surgery for, 1886
tendinitis and, 1879
tenosynovitis in, 1879
tissue analysis in, 1879
tophaceous, 1879
ultrasound in, 1881
uncommon presentations of, 1879

Calcium pyrophosphate crystal 
deposition (CPPD)

definition of, 1875
epidemiology of, 1876t
hyperparathyroidism and, 2007- 

2008
hypertrophic osteoarthritis and, 

1876f
metabolic diseases and, 1876t

Calcium pyrophosphate crystal 
formation, 1884

Calcium pyrophosphate dihydrate 
(CPPD) crystals, 1851

arthritis related to, 1686 (See also 
Pseudogout)

in osteoarthritis, 1724, 1729
in synovial fluid, 268-269, 270f
ultrasound-guided synovial biopsy 

view of, 280f-282f
Calcium pyrophosphate dihydrate 

deposition (CPPD) disease
diffuse idiopathic skeletal 

hyperostosis vs., 1803
familial, osteoarthritis associated 

with, 1763-1764
nephropathy associated with, 343
pattern recognition in, 251, 254-257

Calcium-sensing receptor, 1986-1987
Calin criteria, for inflammatory back 

pain, 1123, 1124t
Callus

in bone regeneration/repair, 79-80, 
80f

fracture, 2063
CALM1 gene, 1766-1767, 1766b
Calmodulin 1, in osteoarthritis, 1766
Calnexin, 136-137, 137f
Caloric intake, juvenile idiopathic 

arthritis and, 1003
Calpastatin antibodies, in rheumatoid 

arthritis, 888t, 893

Calreticulin, 136-137, 137f
Campath-1H, 551-552
Campylobacter jejuni, in bacterial 

enteritis, 324, 324t
Campylobacter spp., reactive arthritis 

associated with, 980, 1032, 
1109-1110, 1113-1115, 
1114t-1115t

treatment of, 1118, 1119t
Camurati-Engelmann disease (CED), 

72-73
Canakinumab (Ilaris), 573t, 574-575

for familial cold autoinflammatory 
syndrome, 1638t

for juvenile idiopathic arthritis, 
1018t, 1022-1023

for Muckle-Wells syndrome, 1638t
for NOMID/CINCA, 1638t

Cancellous (trabecular) bone, 67, 68f, 
78f, 79

bone remodeling in, 1960, 
1961f-1962f

influences on, 1962f, 1963-1964
strength of, 1963, 1963f

Cancer-associated dermatomyositis 
(DADM)-p140 antibody, 
1466-1467

Cancer pain, 467
Cancer-related arthropathies, 1677-

1679, 1678f-1679f
angioimmunoblastic T-cell 

lymphoma as, 1679
associations of, 1677
carcinomatous polyarthritis as, 1678
hypertrophic osteoarthropathy as, 

1678, 1701-1705
malignant conditions that mimic 

rheumatic disease, 1678-
1679

metastatic disease as, 1677-1678, 
1678f

multiple myeloma as, 1679
palmar fasciitis syndrome as, 256, 

256f, 1678, 1679f
Cancer(s)

abatacept risk for, 561-562
bladder, 533
breast, 1677-1678
carcinomatous polyarthritis, 1678
genetic risks for, 93
lung (See Lung cancer)
myositis associated with, 1447-1448, 

1471
palmar fasciitis associated with, 256, 

256f
rheumatic disease vs., 1678-1679
transitional cell, hematuria with,  

329
Candidate genes, 206

bone mass and, 1959
in hypermobility syndrome, 2051
in osteoarthritis

major postulated, 1766
other, 1765-1766

positional cloning for analysis of, 
109, 109f

studies of (See Association studies)
Candidiasis, 1075-1076
Cane, in osteoarthritis, 1796
Canine distemper virus, 2022
Capacity-based measures, of ability/

disability, 16
Capillaries

dilatation/dropout of, with 
dermatomyositis, 1441, 
1443f, 1444b, 1451

in juveniles, 1038-1039
formation of new (See Angiogenesis)
in synovium, 53-54, 54f

Capillaritis. See also Small-vessel 
vasculitis

in interstitial lung disease, 319
pulmonary, in Wegener 

granulomatosis, 1549, 1550f
Capitellum, osteochondritis dissecans, 

812
Caplan syndrome, 318, 841, 842f
Capsaicin (cayenne), 453, 455f

for complex regional pain syndrome, 
802t, 803

for osteoarthritis, 1796
Capsular fibrosis, 1747t
Capsulitis

of hip, adhesive, 725
of shoulder, 693-695

adhesive phase of, 694
clinical examination of, 694
clinical presentations of, 686, 688, 

689t, 690, 692
description of, 693-694
investigations of, 694-695
management of, 695
painful phase of, 694
pathology of, 694
primary vs. secondary, 694
resolution phase of, 694

Carbamazepine (Tegretol), 679
drug-induced lupus and, 1296f, 1297, 

1297t
Carbohydrates, in metabolic myopathy, 

1482-1483
Carbonic anhydrase II, in bone erosion, 

927, 928f
Carcinomas. See Cancer(s)
Carcinomatous polyarthritis, 1678
CARD domain, IL-1 secretion and, 

91-92
Cardiac catheterization

for Cogan syndrome, 1630-1631
indications for, 306, 633
for systemic lupus erythematosus, 

1243
Cardiac manifestations, in ankylosing 

spondylitis, 1131
Cardiac risk index, revised, for surgery, 

631-632, 632t, 636
Cardiolipin, high titer antibody to

oral contraceptives and, 1338
during pregnancy, 1336-1337

Cardiomyopathy. See Myocardium
Cardiopulmonary disease, in systemic 

lupus erythematosus
maternal, during pregnancy, 1335, 

1337
neonatal, 1337

Cardiotropin-1 (CT-1), 97, 921
Cardiovascular endurance, juvenile 

idiopathic arthritis effect on, 
1045-1046

rehabilitation strategies for, 1049, 
1049f

Cardiovascular examination
laboratory tests for, 305-306
physical, 305

Cardiovascular system. See also Heart/
heart disease

Cogan syndrome involvement of
investigations of, 1630
management of, 1633

glucocorticoids adverse effects on, 
501

juvenile idiopathic arthritis 
involvement of, 998-999

leflunomide effect on, 524t-525t, 525
lupus nephritis co-morbidities of, 

1330, 1332
Marfan syndrome features in, 2047-

2048

Calcium (Continued) Calcium pyrophosphate crystal-
associated arthropathy 
(Continued)
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microscopic polyangiitis involvement 
of, 1526, 1526t

myositis involvement of, 1041-1042, 
1476

NSAIDs effect on, 489t, 490-491, 
490f-491f

in juveniles, 1018-1019
perioperative care of, 634-640 (See 

also specific disease, e.g., 
Hypertension)

polyarteritis nodosa involvement of, 
1528

psoriatic arthritis involvement of, 
1208

reactive arthritis features in, 1117
relapsing polychondritis involvement 

of, 1671-1672
evaluation of, 1673

systemic lupus erythematosus 
involvement of, 1227, 1243-
1244, 1243f, 1262

antimalarials impact on, 1309
assessment of, 1303-1304, 1304t
mortality risk associated with, 

1226-1227, 1332
systemic sclerosis involvement of, 

1363
management of, 1409

Carditis
in acute rheumatic fever, 1097-1098
in Lyme disease, 1080f, 1082

CARD/NOD gene association, in 
Crohn’s disease, 1579

CARD15 protein, genetic mutation of, 
1664

C5a receptor antagonists, 554
Carnitine deficiency, 1483-1484
Carnitine palmitoyltransferase-2 

(CPT2) deficiency
genetic testing for, 1481t
myopathy related to, 1479-1480, 

1482-1484
Carotid arteries

intima-media thickness of, with 
atherosclerosis, 1244

neck pain referred from, 646t
Takayasu’s arteritis involvement of, 

1567, 1568t, 1569f
Carpal compression test, 789
Carpal joints

adult-onset Still’s disease 
involvement of, 856-857

tuberculous arthritis in, 1069f
Carpal ligaments, in carpal tunnel 

syndrome, 787, 788f, 789, 
790f

surgical release of, 791
Carpal tunnel syndrome (CTS), 787-

791
in amyloidosis, 1693
anatomy of, 787, 788f
clinical presentation of, 789, 789f, 

789t
description of, 716, 787
in diabetes, 1909t
diagnosis of, 790
in dialyzed patients, 342
etiology of, 787-789, 788t, 1480
in hypothyroidism, 1909
median nerve course in, 787, 788f
pronator teres syndrome vs., 786-787
Raynaud’s phenomenon with, 1428-

1429, 1432
rheumatoid arthritis and, 831
tests for, 789, 790f
treatment of, 790-791

choice of, 790
corticosteroids in

injection of, e69f, 621, 621f, 
790, 791f

oral, 791
NSAIDs in, 791
splinting in, 790
surgery in, 791

Carpometacarpal (CMC) joints, 712f
dislocation of, 831
first, injection of, 620, 620f
osteoarthritis in, 1725-1727, 1727f

radiographic prevalence of, 1712, 
1712f

symptomatic prevalence of, 1713-
1715

physical examination of, 711-712
Cartilage

in acromegaly, 1889-1890
age-induced degenerative changes of, 

1751
anisotropy of, 42f
articular (See Articular cartilage)
in calcific tendinitis, 696, 697f
in calcium pyrophosphate crystal-

associated arthropathy,  
1885

collagens, 1750f
composition of, 153

autoimmunity to, 879, 880f
degradation/destruction of

animal models of, 885-886
bone and synovium interplay with, 

159-160, 160f
in hemophilia, 1916
in juvenile idiopathic arthritis, 

995-996, 996f, 1009,  
1011f

mechanisms of, 57
model systems of, 157-160, 158f, 

160f
in osteoarthritis, 1787

animal models of, 1731-1740 
(See also Animal models/
studies)

as risk factor, 1718, 1718f
physiology of, 153
proteinase inhibition for prevention 

of, 161
in rheumatoid arthritis, 902, 925, 

927
of ear (See Auricular cartilage)
erosion vs. overgrowth of, 

ultrasound-guided biopsy 
view of, 280f-282f

fibrous (See Fibrocartilage)
in hip joint, 719, 720f

degradation of, 725
hyaline

bone growth and, 77-78
synovial surface proximity to, 55

implantation of (See Autologous 
chondrocyte implantation 
(ACI))

inflammation of, mice model of, 
1674

inhomogeneity of, 42f
matrix degeneration, in 

osteoarthritis, 1750-1751
MRI advantages for imaging of

with advanced methods, 370-371
with contrast-enhancement, 373-

374, 374f-375f
with conventional methods, 369, 

369f-370f
in osteoarthritis, 1775, 

1775f-1776f
for thickness and volume mapping, 

372-373, 373f

of nose (See Nasal cartilage)
in psoriatic arthritis, resorption of, 

1200
regenerative, in osteoarthritis, 1747
in relapsing polychondritis, 1674
restoration of

gene transfer strategies for, 164f, 
166-167, 166t

tissue engineering for, 163, 
164f-165f

in rheumatoid synovium, 600-601
in synovial fluid, 268-269, 269f-270f

nutrition for, 55
turnover of, 58
on ultrasound, 385

Cartilage-associated protein (CRTAP), 
2042

Cartilage-forming lesions of bone
benign, 2065-2067

chondroblastoma as, 2066, 2067f
chondroma as, 2065-2066, 2066f
chondromyxoid fibroma as, 2066, 

2067f
osteochondroma as, 2066-2067, 

2067f
malignant, 2067-2068

chondrosarcoma as, 2066f, 2067-
2068

clear cell chondrosarcoma as, 
2068, 2068f

dedifferentiated chondrosarcoma 
as, 2068

extraskeletal myxoid 
chondrosarcoma as, 2068

Cartilage intermediate layer protein 
(CLIP), 57, 58f

Cartilage matrix
cellular repair mechanisms of, 161
immobilization impact on, 45
synthesis of, as gene transfer target, 

166t
Cartilage matrix protein (CMP)

in articular cartilage, 64
chondritis induced by, 1674
in relapsing polychondritis, 1674

Cartilage oligomeric matrix protein 
(COMP), 1763

in articular cartilage, 57, 59f, 61-62
Case ascertainment

in epidemiology, 6, 6f
for genetic association studies, 127

Case-control studies, 3, 4f
pros and cons of, 8, 8t

Case definition, in epidemiology, 4
CASPAR criteria, for psoriatic arthritis, 

1181, 1184, 1184b
Caspase-1

in gout, 1850b, 1851
as IL-1 inhibitor, 573t, 574
as IL-18 inhibitor, 600-601
IL-1 secretion and, 91-92, 92f

Caspase inhibitors, in gene transfer, 
166t

Caspases
in signal transduction, 122, 123f
in tendinopathy, 87t
TNF receptors and, 95

Castleman’s disease, 1679-1680
Casts, in urine microscopy, 332-333, 

332f
Catabolism

protein metabolism and, 434
in rheumatoid cachexia, 436

Cataracts
glucocorticoids risk for, 502
with uveitis, 297-298

Catastrophic antiphospholipid 
syndrome, 1354

Catastrophic events, fibromyalgia 
associated with, 772, 772b

Catastrophizing
in fibromyalgia, 777, 777f
and pain, 461, 463

Catecholamines, urinary, in children, 
979

β-Catenin, osteophyte formation and, 
72-73, 171

Cathepsin B, 154f, 156-157, 927
Cathepsin D, 154f, 156-157
Cathepsin G, 154f, 156
Cathepsin K

in bone resorption, 157, 159f
in joint osteoarthritis, dog model of, 

1731-1732
in tissue destruction/repair, 153, 

154f, 156-157, 927
Cathepsin K inhibitors, 1987
Cathepsin L, 154f, 156-157, 927
Cathepsins

in bone resorption, 157, 159f
cysteine, in synovium, 56

rheumatoid, 927
in matrix degradation, 153, 154f, 

156
Catheter-based interventions, for 

coronary disease
with Kawasaki disease, 308
with Takayasu’s arteritis, 308, 1572

Cauda equina syndrome, 661, 667, 
2022, 2024f

Caudal nerves, fibromas of, 670t, 671f
Causalgia, 745, 797, 798b
Causation, of disease, 8, 8t
Cayenne. See Capsaicin (cayenne)
C3b

in innate immunity, 144, 145f
in systemic lupus erythematosus, 

1266
C5b, in innate immunity, 144, 145f
C4-binding protein, 191t
CC. See Chondrocalcinosis (CC)
CC chemokine ligand 2 (CCL2), 102
CC chemokine ligand 19 (CCL19), 

101-102
CC chemokine ligand 21 (CCL21), 

101-102
CC chemokine ligand 25 (CCL25), 102
CC chemokine ligand receptor 2 

(CCR2), 102
CC chemokine ligand receptor 4 

(CCR4), 102
CC chemokine ligand receptor 5 

(CCR5), 102
CC chemokine ligand receptor 6 

(CCR6), 102
CC chemokine ligand receptor 7 

(CCR7), 101-102
CC chemokine ligand receptor 9 

(CCR9), 102
CCL21 gene, 876
CD1, in T cell-mediated immunity, 

136, 138
CD2, in T-cell co-stimulation, 557-560
CD3+, in synovium, 54
CD4+

in adaptive immunity, 133, 146, 
147f

in cell-mediated immunity, 139, 557
effector, 102

in rheumatoid arthritis, 902, 902t
17β-estradiol influence on, 215
in giant cell arteritis, 1519f, 1520
in juvenile idiopathic arthritis, 1009-

1010
in myositis, 1463-1464, 1463f
regulatory (See Regulatory T cells 

(Treg))

Cardiovascular system (Continued) Carpal tunnel syndrome (CTS) 
(Continued)

Cartilage (Continued)
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in rheumatoid arthritis, 551, 898-
899, 901-902

in rheumatoid synovium, 916-917
in sarcoidosis, 1659, 1666-1667
in spondyloarthritis

axial, 1135-1136
gut/joint axis and, 1136-1137

in synovium, 54
in T cell-mediated immunity, 136, 

137f
developmental role, 138, 138f

in Wegener granulomatosis, 1554, 
1555f

CD6, in T-cell co-stimulation, 557- 
560

CD8+
in adaptive immunity, 133
mesenchymal stem cells modulation 

of, 166
in myositis, 1463-1465, 1463f

immune mechanisms of, 1464-
1465

in reactive arthritis, 1107-1108
in spondyloarthritis

axial, 1135-1136
gut/joint axis and, 1136-1137
HLA-B27 and, 1137

in synovium, 54
in T cell-mediated immunity, 136, 

137f, 138
developmental role, 138, 138f

CD19, in B-cell activation and 
function, 136

CD20, as rituximab target, 564-567, 
564f

CD21, in B-cell activation and 
function, 136

CD25
in juvenile idiopathic arthritis, 1009-

1010, 1014
in rheumatoid arthritis, 898-899, 

902, 902t
CD27, as TNF receptor, 96, 97t-98t
CD28

B-cell function and, 136
in immunotherapy, 553
in rheumatoid arthritis

infection predisposition related to, 
605

pathogenesis of, 551, 901
in T-cell co-stimulation pathway, 

557, 558f-559f
abatacept effect on, 557, 559f
for adaptive immunity, 138-139

CD30, as TNF receptor, 96, 97t-98t
CD35, 191t
CD40

in rheumatoid arthritis, 876
in Sjögren’s syndrome, 291
in T-cell co-stimulation, 96, 97t-98t, 

557-560
CD44

in bone matrix, 70
in synovium, 51, 53

CD45
in juvenile idiopathic arthritis, 1009
in rheumatoid arthritis, 901

CD46, 191t
CD55

in inflammation, 191t
in synovium, 51-54, 52f

CD59, 191t
CD60, in T-cell co-stimulation, 557-

560
CD68, in synovium, 52-53, 52f
CD69

in juvenile idiopathic arthritis, 1009
in rheumatoid arthritis, 901

CD80
B-cell function and, 136
in immunotherapy, 552
in rheumatoid arthritis, 551
in T-cell co-stimulation pathway, 

138-139, 557, 558f-559f
abatacept effect on, 557, 559f

CD86
B-cell function and, 136
in immunotherapy, 552
in rheumatoid arthritis, 551
in T-cell co-stimulation pathway, 

138-139, 557, 558f-559f
abatacept effect on, 557, 559f

CD95, as TNF receptor, 96, 97t-98t
CD99, in endothelial inflammation, 

1511, 1512f
CD106, in T-cell co-stimulation, 557-

560
CD154, in T-cell co-stimulation, 96, 

138-139, 557-560
CD11a/CD18, in T-cell co-stimulation, 

557-560
CD4+CD25+

in cell-mediated immunity, 139
in rheumatoid arthritis, 902

CD4+CD25+Foxp3+regulatory cells
in cellular immunity, 898-899, 902
in juvenile idiopathic arthritis, 1010

CD4+CD28null T cells, coronary artery 
disease associated with, 
843-844

CDKNIA expression, in Sjögren’s 
syndrome, 1345-1346

CD163-positive macrophages, in gut 
spondyloarthritis, 1136

CDP263 peptide, 553
CD131 receptor, cytokines utilizing, 99
CD132 receptor, cytokines utilizing, 99
CDR3 sequence, in rheumatoid 

arthritis, 901
CD28 superagonists, 553
Cefixime, 1065
Cefotaxime, 1065, 1083, 1084b
Cefoxitin, 1071
Cefpodoxime, 1065
Ceftriaxone

for gonococcal arthritis, 1065
for Lyme disease, 1083-1084, 1084b
for septic arthritis, 1062t
for syphilitic arthritis, 1065

Cefuroxime axetil
for Lyme disease, 1083-1084, 1084b
for septic arthritis, 1062t

Celecoxib, 486-487, 486t, 489-490
for ankylosing spondylitis, 1160-

1161, 1164t, 1165f
cardiac illness risks with, 306
for juvenile idiopathic arthritis, 

1017-1019, 1019t
pharmacogenetics of, 207, 207t

Celiac disease, 324-325
arthritis associated with, 325
histologic findings of, 324-325, 325f

CellCept. See Mycophenolate mofetil 
(MMF, CellCept)

Cell death. See Apoptosis
in bone components (See 

Osteonecrosis)
Cell debris clearance, in lupus, 1289-

1290
Cell-mediated immunity (CMI)

B cells and, 135-136
activation and functions of, 136
development of, 135-136, 135f

in reactive arthritis, 1106
molecular mimicry and, 1104

response to E. coli, in juvenile 
idiopathic arthritis, 1012

in rheumatoid arthritis, 897-904
antigenic targets of, 897-900
conclusions of, 902
introduction to, 897
T cells and

antigen-dependent effects of, 
897-899, 898t, 899f

antigen-independent effects of, 
897, 900

collagen-specific, 897, 899
hsp-specific, 898-899
molecular mimicry at level of, 

900, 900f
properties of synovial, 897, 900-

902
proteoglycan-specific, 897-898
regulatory, 898-899, 902, 902t

in systemic sclerosis, 1392-1394
T cells and, 136-139

activation of, 133, 138-139, 557
antigen constituents of, 1264, 

1269
processing for presentation, 136-

138, 137f
recognition of peptide and lipid 

antigens, 136
cytotoxic, 139
development of, 138, 138f
function of, 139
helper, 139
regulatory, 139

T-helper cell-mediated B-cell 
expansion in

antibiotic inhibition of, 541, 544
vitamin D and, 217

Cell membrane antigens, 1285
Cells

bone, 73-77 (See also specific cell, 
e.g., Osteoclasts)

coupling of, during remodeling, 78
in inflammation, 183-189
of standard man, 433-434, 435f
synovial (See Synoviocytes)
in tissue engineering, 163, 164f-165f 

(See also Mesenchymal stem 
cells)

in urinary space of glomeruli, 337
Cell surface molecules

B-cell function and, 136
B-cell maturation and, 135
interacting in articular cartilage, 

64-65
chondroadherin as, 64-65
discoidin receptors as, 65
fibronectin as, 65
hyaluronan as, 58, 65
integrin binding proteins as, 64-65
ligands for heparan sulfate/

syndecans as, 65
in signal transduction, 123
T-cell maturation and, 138, 138f

Cellular adhesion molecules (CAM)
angiogenesis mediation by, 905-906, 

906f, 907t
inhibition of, 908

in antiphospholipid antibody 
syndrome, fetal demise 
related to, 1337

in rheumatoid arthritis, 901
in sarcoidosis, 1667
in signal transduction, 119
in synovium, 51-54

tissue-specific, 54
Cellular mechanisms

of bone resorption, 72-77 (See also 
specific cell, e.g., 
Osteoclasts)

of connective tissue matrix repair, 
161

of glucocorticoids action, 496-498, 
497f

of immunoregulation, 119, 120f
of inflammation in acute gout attack, 

1850b
of inflammatory bone erosion, 169-

170, 170f
of leflunomide, 519, 520f, 521
of myositis, 1465
of osteoarthritis, 1723
of rheumatoid synovium, 915-919

Censorship, in longitudinal studies, 8
Censorship bias, in observational 

studies, 223
Center anterior angle, vertical, in 

developmental dysplasia of 
hip, 725

Center edge (CE) angle of Wiberg, 
vertical, in developmental 
dysplasia of hip, 725

Centocor
in cM-T412 therapy, 551-552
non-depleting, 552
in OKT4-cdr4a therapy, 552

Central nervous system (CNS)
Behçet’s syndrome involvement of, 

1577-1578
management of, 1579t, 1580

in fibromyalgia, 772, 774, 774f, 776
juvenile idiopathic arthritis 

involvement of, 998-999
leflunomide effect on, 523, 524t-525t
Lyme disease and, 1081t, 1082
microscopic polyangiitis involvement 

of, 1526, 1526t
myositis involvement of, 1446
in neuroendocrine system, 211, 212f
NSAIDs impact on, 489t

in juveniles, 1018-1019
osteoarthritis pain and, 1723-1724, 

1724t
polyarteritis nodosa features in, 

1526t
primary angiitis, 1617-1624 (See also 

Primary angiitis of central 
nervous system (PACNS))

Raynaud’s phenomenon and, 1427-
1428

relapsing polychondritis involvement 
of, 1673

rheumatoid arthritis features in, 845, 
845f-846f

sarcoidosis involvement of, 1661
management of, 1669

systemic lupus erythematosus 
involvement of (See also 
Neuropsychiatric systemic 
lupus erythematosus 
(NPSLE))

assessment of, 1302, 1304t
clinical features of, 1236-1237, 

1236t, 1237f-1238f
complement system and, 180-181
18F-FDG-PET imaging of, 394
immunopathology of, 1262
treatment of, 1313-1314

Takayasu’s arteritis and, 1567, 
1568t, 1569f, 1572

vasculitis of (See Cerebral vasculitis)
Wegener granulomatosis features in, 

1550, 1551f
Central pain syndrome, 781
Central sensitivity syndromes, 771
Central sensitization, of pain, 202

in chronic pain evaluation, 777-778, 
777f

CD4+ (Continued) Cell-mediated immunity (CMI) 
(Continued)

Cellular mechanisms (Continued)
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801

in fibromyalgia, 774, 774f, 781
molecular mechanisms of, 201f, 202-

203
neuronal systems influencing, 202
in osteoarthritis, 1782
peripheral mechanisms of, 201-202, 

201f
spinal cord transmitters in, 202- 

203
Centre for Epidemiologic Studies 

Depression Scale (CES-D), 
1781t, 1782

Cephalosporins, 1062t, 1065
Cephalothin, 2000b
Cerebral amyloid angiopathy, 1621
Cerebral autosomal dominant 

arteriopathy with subcortical 
infarcts and 
leukoencephalopathy 
(CADASIL), 1622, 1622t

Cerebral vascular disease
with microscopic polyangiitis, 1526, 

1526t
with Sjögren’s syndrome, 1342
with systemic lupus erythematosus, 

310, 1227, 1236, 1236t, 
1237f, 1244

immunopathology of, 1262
Cerebral vasculitis

clinical syndromes of, 1617, 1618t
history of, 1617
primary, 1617-1620 (See also 

Primary angiitis of central 
nervous system (PACNS))

secondary, 1620-1622
in systemic lupus erythematosus, 

1236, 1236t, 1237f
Cerebrospinal fluid (CSF) analysis

for Cogan syndrome, 1629, 1630t
for fibromyalgia, 772, 774
for neuropsychiatric lupus, 1238, 

1302
for primary angiitis of central 

nervous system, 1618-1619, 
1623, 1623t

for sarcoidosis, 1661
Cerebrovascular accidents (CVAs)

abdominal aortic calcification and, 
403-404

antiphospholipid syndrome and, 
1353

with cerebral vasculitis, 1617, 1620-
1622

with systemic lupus erythematosus, 
1236, 1236t

Certolizumab pegol, 578f, 588-589, 
1208

Cervical collar, 655-656
Cervical dorsal rami, articular vs. 

medial branches of, 651-
652, 652f

diagnostic blocks of, 652, 653f
Cervical medial branch block, 652, 

653f
Cervical nerve root compression, 645, 

655
clinical features of, 648
natural history of, 655
treatment of, 655

corticosteroid injections in, 655
surgery in, 655

Cervical spine
arthritis involvement of, 253-254
biomechanics of, 31
in children, examination of, 978

disc pain in, 647, 647f (See also 
Neck pain)

pathogenesis of, 653-654
treatment of, 655

forces acting on, injuries related to, 
33

imaging of, for 
spondyloarthropathies, 
1150f

instability of, perioperative 
management of, 640

juvenile idiopathic arthritis 
involvement of, 1000

growth disturbances with, 1002, 
1002f

lordosis of, 31
physical examination of, 244, 244f

in children, 978
radiculopathy of

neck pain related to, 646-647, 
646t

significance of site and radiation 
of, 647, 647f

surgery for, 655
radiography of, 350b
rheumatoid arthritis in, 832, 832f

features of, 845, 845f
radiography of, 862-863

in skeletal dysplasia, 2057
spondylosis of, shoulder pain referred 

with, 686-688, 689t, 690
whiplash injuries of, 33, 34f, 645, 

655-656, 656f
Cervino genome scan, 1250, 1250t
Cestode infections, 1076t, 1077
Channelopathies, muscle, 1480t
Chapel Hill Consensus Conference 

(CHCC), on vasculitides, 
1523, 1524t, 1531

classification of, 1509, 1510t, 1513
Charcot arthropathy, in diabetes,  

1909t
Charcot-Marie-Tooth disease, 

neuropathic arthropathy 
associated with, 1807, 
1809f, 1812

CH50 assay, 264
Cheek biting, with myofascial pain 

disorder, 765-766, 766b
Cheilectomy, 759
Chelation therapy, 2014
Chemical agents, intra-articular 

injection of, as 
synovectomy, 627, 1918

Chemical exposures, osteonecrosis 
associated with, 1815, 
1816b

alcohol as, 1815
bisphosphonates as, 1815-1816
corticosteroids as, 1815

Chemical noxious stimuli, nociception 
and, 200, 200f

Chemoattractants, in inflammatory 
activation of endothelial 
cells, 1510-1511, 1512f

Chemokine antagonists
ligand and receptor-specific, 101-102
for lupus nephritis, 1333t
for rheumatoid synovitis, 924

Chemokine receptor gene, sarcoidosis 
associated with, 1667

Chemokine receptors, 101
angiogenesis mediation by, 905-906, 

907t
leukocyte recruitment by, 101-102
ligand relationships with, 101 (See 

also CC chemokine entries; 
CXC chemokine entries)

in rheumatoid synovitis, 913, 918, 
924

signaling by, 101
structure of, 101

Chemokines, 101-103
angiogenesis mediation by, 905-906, 

907t
inhibition of, 907-908

arrest, in inflammatory activation of 
endothelial cells, 1510-
1511, 1512f

family members and their actions, 
101-102

other, 102
in gout, 1850b, 1850f, 1851, 1852f
inflammation induction and, 146, 

146f
ligand and receptor structure, 101
in myositis, 1464
in relapsing polychondritis, 1674
in rheumatoid arthritis, 901
in rheumatoid synovium, 917t, 923-

924, 924t
signaling by, 102-103
in Sjögren’s syndrome, 1347-1348
sphingosine-1-phosphate as, 102
in tissue destruction/repair, 156
TNF inhibitors effect on, 578, 578b

Chemosensitivity, of nociceptors, 201
Chemotherapy

for amyloidosis, 1697-1698
antimicrobial, for reactive arthritis, 

1119, 1119t
high-dose, for relapsing 

polychondritis, 1674
for synovial sarcoma, 1683-1684

Chest, in ankylosing spondylitis, 1129
Chest expansion, as ankylosing 

spondylitis measurement, 
1158-1159, 1162f-1163f

Chest pain
differential diagnosis of, 305
management of, with rheumatoid 

arthritis, 307
noncardiac, in fibromyalgia, 770f, 

778-779
Chest radiography

in acute rheumatic fever, 1099
in cardiovascular examination, 306
for interstitial lung disease, 315-316, 

318-319
Raynaud’s phenomenon and, 1430
for sarcoidosis, 1659, 1660f, 1664b, 

1665, 1669
Sjögren’s syndrome and, 1341

Chest wall, arthritis involvement of, 
253

Chikungunya virus (CHIKV), 
rheumatic effects of, 1090-
1092, 1091t

clinical presentations of, 1091t, 1092
laboratory investigations of, 1091t, 

1092
Chilblain lupus erythematosus, 286b, 

287, 287f, 1037f
Child abuse, 975
Child Behavior Checklist, in arthritis 

evaluation, 1047-1048
Child Health Assessment 

Questionnaire (CHAQ), 
1006

Child Health Questionnaire (CHQ) 
Parent-Form 50, 1047-1048

Childhood Arthritis Health Profile, 
1047

Childhood Health Assessment 
Questionnaire (CHAQ), 
1047

Childhood Health Assessment 
Questionnaire (C-HAQ)

for juvenile-onset 
spondyloarthropathies,  
1031

for myositis, 1039-1040, 1454
Childhood Myositis Assessment Scale 

(CMAS), 1039-1040, 1047
Children/childhood

Behçet’s syndrome in, 1579
benign limb pain in, 981
chronic/rheumatoid arthritis in (See 

Juvenile idiopathic arthritis 
(JIA))

Churg-Strauss syndrome in, 1562
connective tissue disease in, 1035-

1044
heritable, 2041-2049 (See also 

Heritable disorders of 
connective tissue (HDCTs))

inflammatory myopathies as, 
1038-1042, 1039f-1040f, 
1041t

introduction to, 1035
neonatal lupus syndrome as, 1038
scleroderma as, 1042, 1042t
systemic lupus erythematosus as, 

1035-1038, 1036t, 1037f
constitutional symptoms in, 975
dermatomyositis in (See Juvenile 

dermatomyositis (JDM))
disorders presenting at birth

skeletal dysplasias as, 980
talipes equinovarus (clubfoot) as, 

979-980
foot and ankle anatomy in, 977
glucocorticoid therapy in, 502
hip disorders in

developmental dysplasia as, 721-
722, 725, 725f, 981, 981f

idiopathic chondrolysis as, 984
Legg-Calvé-Perthes disease as, 981-

983, 982f, 997, 997t
slipped capital femoral epiphyses 

as, 983-984, 997
transient (toxic) synovitis as, 981, 

982f, 994, 997, 997t, 998f
joint assessment of, 977-978
joint hypermobility in, 977, 979f, 

981
joint pain in, 975-976
joint stiffness in, 976
joint swelling in, 976-977
knee deformities in, 977
knee disorders in, 734, 984

diagnostic maneuvers for, 976t, 
978, 978f

examination of, 976t, 978, 978f
hematologic conditions in, 736
inflammatory diseases in, 736
Lyme disease in, 736
malignancies in, 736
osteomyelitis in, 735
painful disorders of, 734, 735t
referred hip pain in, 734-735
septic arthritis in, 735

leflunomide dosing for, 519
lupus nephritis in, 1331
malignancies in, 976t, 979

acute lymphoblastic leukemia as, 
1678

of bone, 984
of knee, 736

musculoskeletal complaints in, 980-
984, 980t

anatomy variations and, 977-979
arthritic disorders related to, 980
beginning during childhood, 980-

984, 980t

Central sensitization, of pain 
(Continued)

Cervical spine (Continued) Chemokine receptors (Continued)
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diagnosis of, 975
maneuvers for, 975, 976t

differential diagnosis of, 975, 976t, 
979, 979b

diseases associated with, 975, 976t
history taking for, 975-976
introduction to, 975
non-inflammatory disorders vs., 

979, 980t
physical examination of, 976-978, 

977t
presenting at birth or in neonatal 

period, 979-980
regional syndromes associated 

with, 981
musculoskeletal system examination 

for, 977-978
of cervical spine, 978
of elbows and shoulders, 978
of feet and ankles, 978
of gait, 978, 979f
of hands and wrists, 978
of hips, 978
imaging in, 978-979, 979f
joint assessment in, 977-978, 977t
of knees, 976t, 978, 978f
laboratory studies in, 979
of spine, 978
of temporomandibular joints, 978

nephrotic syndrome in, 329
Osgood-Schlatter disease in, 984
outcome measurement in, 19
patella disorders in, 984
reactive arthritis in, 980
regional syndromes in, 981
in research, ethics of, 227
rheumatic diseases in, 339

end-stage renal disease with, 339
sarcoidosis in, 1664
septic arthritis in, 980, 1057

of long bones, 1058, 1058f
skeletal development in, normal 

variations of, 977-979
spondyloarthritides in (See Juvenile-

onset spondyloarthropathies 
(JSPAs))

systemic lupus erythematosus in (See 
Juvenile-onset systemic 
lupus erythematosus (JSLE))

use of TNF inhibitors in, 588
Children’s Assessment of Participation 

and Enjoyment (CAPE), 
1048

Chinese medicine. See Traditional 
Chinese medicine (TCM)

Chiropractic therapies. See Therapeutic 
manipulation

Chitosan, in tissue engineering, 165
Chlamydia spp.

Cogan syndrome associated with, 
1627

reactive arthritis associated with, 
1032, 1109-1110, 1113, 
1114t, 1116, 1117f, 1118

diagnostic tests for, 1103, 1117-
1118

infection mechanism of, 1104-
1110

prophylaxis for, 1119
treatment of, 1118-1119, 1119t

screening for, with gonococcal 
arthritis, 1065

Chlorambucil (CHL)
efficacy of, 532
for juvenile idiopathic arthritis, 1021
mechanism of action, 529, 530t
pharmacokinetics of, 530, 530t
in pregnancy, 613t, 615

for retinal vasculitis, 300
for sarcoidosis, 1668-1669
therapeutic use of, 532t, 533
toxicity of, 532t, 533, 1314

Chloroquine (CQ)
efficacy of, 506
introduction to, 505-506
mode of action, 506
myopathies related to, 1486t, 1487
pharmacology of, 506
for sarcoidosis, 1668-1669
for systemic lupus erythematosus, 

1308-1309, 1309t
toxicity of, 506

Cholangitis, primary sclerosing, with 
inflammatory bowel disease, 
323, 323t

Cholesterol crystals, 1899-1900
Cholesterol intake, recommendations 

for, 438
Cholestyramine prophylaxis, with 

leflunomide, 525-526
Chondritis, 1674
Chondroadherin, 64-65
Chondroblastoma, 2066, 2067f
Chondrocalcinosis (CC), 280f-282f. See 

also Calcium pyrophosphate 
crystal-associated 
arthropathy

calcification in, 1879-1880
as incidental finding, 1878
prevalence of, 1875

Chondrocalcinosis polyarticularis, 
1875. See also Calcium 
pyrophosphate crystal-
associated arthropathy

Chondrocyte proteins, in rheumatoid 
arthritis, 897-898

Chondrocytes
aging of, 1755-1756
in animal models of arthritis, as 

targets in susceptibility and 
destruction, 885-886, 885t

in cartilage physiology, 55, 58
developmental history as model of 

reactivity, 1752
in diffuse idiopathic skeletal 

hyperostosis, 1804
implantation of (See Autologous 

chondrocyte implantation 
(ACI))

in joint osteoarthritis
dog model of, 1731
transgenic KO mice model of, 160

in mechanical stress response, 45-46
G protein–coupled receptor signal 

transduction pathways and, 
47-48

integrins and, 46
primary cilia and, 47

in rheumatoid synovium, 600-601, 
918-919

in synovial fluid
normal, 267, 269, 269f
nutrition for, 55

in tissue destruction/repair, 153-154, 
156f, 157-158

cartilage collagen and, 158-159, 
160f, 161-162

Chondrocyte terminal differentiation 
inhibitors, in gene transfer, 
166t

Chondrodysplasias, 1764
Chondrodystrophies, 2048

description of, 2041
epidemiology of, 2048
history of, 2048
Paris nomenclature of, 2048, 2048b

Chondrogenesis, microenvironments 
promoting, 163-164

Chondrogenic induction, as gene 
transfer target, 166t

Chondroitin sulfate, 65-66
for osteoarthritis, 1798

Chondrolysis, idiopathic, in children, 
984

Chondroma/chondromatosis, 2065-
2066, 2066f

synovial, 1683, 1683f
imaging of, 1683
knee pain related to, 743-744, 744f

Chondromalacia patellae, 1723, 1729
in children, 984
in late teens/early adulthood, 741

Chondromyxoid fibroma, 2066, 2067f
Chondro-osteocyte formation, 1747
Chondrosarcoma, 2066f, 2067-2068

clear cell, 2068, 2068f
dedifferentiated, 2068
extraskeletal myxoid, 2068

Chordoma, 2072
Chorea, with systemic lupus 

erythematosus, 1236, 1236t
Choroidopathy, retinal vasculitis 

associated with, 300-301, 
301f

Christmas disease, 1915-1916
Chromatin antigen, 1283t, 1284
Chromatin immunoprecipitation 

(ChIP) assay, 113, 113f
Chromosome 4, sle1 region of, 1251
Chromosome 6, MHC gene 

organization on, 873, 874f
Chromosome linkage. See Linkage 

entries
Chromosome 10p13, 2021
Chromosome 5q35, 2021
Chromosomes

artificial, in gene cloning, 106-107
in human genome, 105
Paget’s disease associated with, 2021
sarcoidosis associated with, 1667
somatic recombination of, in 

adaptive immunity, 134-
136, 135f

Chronic diseases, bone mass and, 1960
Chronic fatigue syndrome (CFS), 770f, 

771, 775-776
Chronicity

of antigen-induced arthritis, 882
of lupus nephritis, indices for, 1234-

1235, 1234t, 1317-1318, 
1318b

of whiplash, 656
Chronic kidney disease (CKD)

bone disease related to, 2013-2019 
(See also Renal 
osteodystrophy)

from calcineurin inhibitors, 342
hyperuricemia and, 1855
lupus nephritis progression to, 1331, 

1332t
musculoskeletal conditions occurring 

with, 1685-1687
antirheumatic drugs and, 1687
arthritis and periarthritis as, 1685-

1686, 1686f
epidemiology of, 1685
β2-microglobulin amyloidosis as, 

1686
nephrogenic systemic fibrosis as, 

1686-1687, 1687f
NSAIDs and, 341
with rheumatic diseases, 330t, 340
rheumatologic complications of

bone disease as, 343
after renal transplantation, 344

crystal arthropathies as, 343
etiologic factors specific to, 342
β2-microglobulin amyloidosis as, 

342
other arthropathies as, 344
soft tissues and vessels 

calcification as, 343-344
signs and symptoms of, 329
stages of, based on GFR, 334, 334t, 

2013, 2014t
testing for, 332-333

Chronic obstructive pulmonary disease 
(COPD)

perioperative management of, 635-
636

TNF inhibitors for, 587
Chronic Pain Sleep Inventory, 1781t, 

1782
Chronic pyrophosphate arthropathy, 

1877-1879. See also 
Calcium pyrophosphate 
crystal-associated 
arthropathy

Chronic widespread pain (CWP)
epidemiology of, 771
evaluation of, 777-778, 777f-778f
fibromyalgia vs., 769

tender points significance of, 769, 
771

Churg-Strauss syndrome (CSS)
allergy and, 1560
Behçet’s syndrome vs., 1575
cardiac features of, 305, 308-309
cardiac involvement in, 1561-1562
in children, 1562
classification of, 1524t, 1559, 1560t
clinical features of, 1560-1562
cutaneous features of, 1562
as cutaneous vasculitides, 1597
differential diagnosis of, 1563
ear, nose, and throat involvement in, 

1561
end-organ damage in, 1563
eosinophilic inflammation in, 1560
epidemiology of, 1421, 1559
gastrointestinal involvement in, 1562
genetics in, 1559
histology in, 1560
imaging studies for, 1562-1563
immunopathogenesis of, 1515t, 

1517, 1518t
investigations for, 1562-1563
laboratory tests for, 1562
microscopic polyangiitis vs., 1526t
monitoring in, 1564
mortality in, 1563
natural history of, 1563
neurologic involvement in, 1562
ophthalmologic involvement in, 1562
overview of, 1559
pathogenesis of, 1559-1560
precipitating factors in, 1559
pulmonary disease in, 1561
relapse of, 1563
renal features of, 338t, 339, 1562
sarcoidosis vs., 1666-1667
treatment of, 1564
vasculitis in, 1560
Wegener granulomatosis vs., 1552-

1553, 1554t
Cigarette smoking

bone mass and, 1960
Cogan syndrome associated with, 

1627
juvenile idiopathic arthritis and, 991
low back pain and, 659
Raynaud’s phenomenon and, 1430

Children/childhood (Continued) Chlorambucil (CHL) (Continued) Chronic kidney disease (CKD) 
(Continued)
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rheumatoid arthritis and, 826, 839, 
876, 899

systemic lupus erythematosus risk 
related to, 1225

Cilia, primary, in mechanical stress 
response, 47

Ciliary neurotrophic factor (CNTF), 97, 
921

Cimetidine, 540
Cinacalcet (Sensipar)

renal osteodystrophy and, 2015-2017
C1 inhibitor, 191t
Ciprofloxacin, 1071, 1119, 1119t
Circadian rhythm, 216

in chronic inflammatory disease, 
216-217, 216f

effect on immune system, 211, 216-
217

night-time therapy and, 217
Circulatory depression, with narcotic 

therapy, 475t
Circumduction gait, 722t
Cirrhosis, with hemochromatosis, 1929
Cisapride, 1409, 1410t
Cis-presentation

of IL-15, 599, 600f
molecular biology of, 112-114

Citalopram, 780
Citric acid/sodium citrate (Bicitra), 

1331
Citrullinated antigens/proteins

antibodies to (See Anti-citrullinated 
protein antibodies (ACPAs))

derived from deimination of arginine, 
261, 888, 889f

in rheumatoid arthritis, 879, 882, 
888-890

Citrullination. See Deimination
Citrulline, source of, 261, 1011
Citrulline arthritis, 888-890

animal models of, 879, 882
CKD. See Chronic kidney disease 

(CKD)
Clarithromycin

angiogenesis inhibition by, 908,  
908t

for mycobacterial infections, 1071
Classification and regression tree 

(CART) methodology, in 
epidemiology, 5

Classification criteria
for bone tumors, 2063, 2064b
for osteonecrosis, 1819-1820, 1820b, 

1820t
for rheumatic diseases, 5t-6t, 6f (See 

also specific disease, e.g., 
Juvenile idiopathic arthritis 
(JIA))

common construct in, 5
consensus on, 5, 834
epidemiology applications of

prevalence estimates, 5
problems with, 5
sensitivity and specificity 

analysis, 5, 5t
Claudication, neurogenic, with lumbar 

spinal stenosis, 675-676, 
679

Clavicle
distal, osteolysis of, acromioclavicular 

pain with, 696, 696f
physical examination of, 686-687
in shoulder anatomy, 683, 684f, 685

CLE. See Cutaneous lupus 
erythematosus (CLE)

Clean Air Act (1956), 827
Clear cell chondrosarcoma, 2068, 

2068f

Cleavage products, in juvenile 
idiopathic arthritis, 1009, 
1010f

Climbing, force generated with, 45
Clindamycin, 1062t
Clinical cohorts, in observational 

studies, 222-223
Clinical equipoise, 227-228
Clinical measurement/metrology, 11, 

19, 19t
Clinical nurse practitioner care model, 

970
Clinical outcomes. See Outcome 

assessment
Clinical practice, routine

nutrition and, 437
consultation indications, 437
simple habits offering big returns, 

437
outcome measurement in, 15f, 

19-20, 19t, 20f
for osteoarthritis, 1779

patient education during, 427
research based in (See Observational 

studies)
research vs., 228

osteoarthritis and, 1779, 1787
Clinical research

ethics in, 227
requirements for, 227, 228t

osteoarthritis outcomes and, 1779
practice vs., 228

osteoarthritis and, 1779, 1787
published (See Medical literature)

Clinical trials
animal models for, 885-886
assessment strategies for, 946
on biologic therapies, 229b, 230
disease-specific (See specific 

pathology)
on drugs (See specific classification or 

drug)
economic evaluation in, 26
ethics in, 227-232 (See also Ethics)
fundamental theory for, 219
on gene-based therapies, 167, 229b, 

230
on gene transfer, 167
imaging as outcome measure in, 

413-424
on ankylosing spondylitis, 421-

423, 421t-423t, 422f
blinding time sequence, 414
data presentation, 414, 415f
different phases of disease, 413
different phases of drug 

development, 413
general aspects of, 413
grouping of films, 414
introduction to, 413
minimum duration of trial, 415-

416
missing data, 414-415
placebo vs. active comparator, 416
on psoriatic arthritis, 419-421, 

420t
reader agreement, 413-414, 414f
readers, 413
read sessions, 414
repair, 416
on rheumatoid arthritis, 416-418, 

417t-419t, 418f
statistical analyses, 415
statistical aspects of, 413-415, 

414f
interpretation of, 219-225 (See also 

Medical literature)
on mesenchymal stem cell 

transplantation, 165

outcome assessment in, 17-19, 1368, 
1368t (See also Outcome 
assessment)

on psoriatic arthritis, 1203
randomized controlled (See 

Randomized controlled trials 
(RCTs))

regulatory authorities for, 17
Clofazimine, 1071
Clofibrate, 1822
Clonal anergy, in immunologic 

tolerance, 553
Clonal selection/expansion, of 

lymphocytes, in adaptive 
immunity, 134

Clonazepam, 780
Cloning. See Gene cloning
Clopidogrel, 489
Clostridium difficile

colitis, 637
reactive arthritis associated with, 

1113
Clotting factors. See Coagulation 

factors
Clubfoot (talipes equinovarus), 979-980
Clusterin, 174t, 178
Cluster of differentiation (CD), of 

immune cells, 133. See also 
CD entries

Clutton’s joints, 1065
cM-T412 mAb therapy, 551-552
CNS. See Central nervous system 

(CNS)
Coagulation/coagulopathy

endothelial inflammation and, 1511-
1513

hemophilia as, 1913-1920 (See also 
Hemophilia)

inflammation and, 188-189
intravascular, in osteonecrosis,  

1817
in juvenile idiopathic arthritis, 999-

1000
as kidney biopsy contraindication, 

335
in Legg-Calvé-Perthes disease, 983
in nephrotic syndrome, 329, 1330
osteonecrosis associated with, 1815, 

1816b, 1822
perioperative management of, 638-

639
screening for, in children, 979
in systemic sclerosis (SSc), 1402
von Willebrand disease as, 1913, 

1920
Coagulation factor inhibitors, in 

hemophilia, 1919-1920
Coagulation factors

in complement system, 178
in hemophilia

deficiency of, 1913-1916
prophylactic treatment with, 1916-

1917
replacement protocols for, 1917, 

1918t, 1919
laboratory tests for, 260, 263

Coccidioidomycosis, 1074-1075
TNF inhibitors risk for, 606-608
treatment of, 1075

Cochin Index, 13, 14t
in osteoarthritis outcomes, 1781t, 

1783
Cochlea, 1625
Cochlear hydrops, 1632-1633
Cockcroft-Gault formula, for 

glomerular filtration rate, 
333, 1319

Codeine, 471t, 473, 476t

Coercion, in clinical trials, 230
Coffee consumption, rheumatoid 

arthritis and, 826
Cogan syndrome, 1625-1634

clinical features of, 1627-1628, 1628t
ocular manifestations as, 1627-

1628, 1628f-1629f
other systemic features as, 1628, 

1630t
vasculitis as, 1625, 1628, 1629f
vestibuloauditory manifestations 

as, 1628
conclusions of, 1633
differential diagnosis of, 1625, 1630, 

1632t
epidemiology of, 1625
etiology of, 1626-1627
history of, 1625
immunologic mechanisms of, 1627, 

1627b
organ-specific immunity as, 1627

interstitial keratitis associated with, 
302, 1625

investigations of, 1629-1630
angiography as, 666, 1630-1631
audiometry for, 1629, 1631f
blood and cerebrospinal fluid, 

1629-1631, 1630t
brain imaging for, 1629-1630
cardiovascular procedures for,  

1630
ocular procedures for, 1629

management of, 1630-1633
assessment coordination for, 1630-

1631
for cardiovascular conditions, 1633
for eye, 1631, 1632f
for vestibuloauditory conditions, 

1631-1633, 1633f
pathophysiology of, 1625-1627

eye disease in, 1625
hearing loss in, 1625-1626
vasculitis in, 1626, 1626f
vestibular dysfunction in, 1625-

1626
prognosis of, 1633
summary of, 1625

Cognitive behavioral therapy (CBT)
assumptions of, 462, 462b
essential components of, 462
for fibromyalgia, 777, 780, 780b
for myofascial pain disorder, 767
for pain control, 462

evidence base for, 463
in juvenile idiopathic arthritis, 

1023, 1048
in patient education, 428, 428f, 430
for rheumatoid arthritis, 969

Cognitive disorders
glucocorticoids risk for, 501-502
with Lyme disease, 1083
with primary angiitis of central 

nervous system, 1617
with systemic lupus erythematosus, 

1236-1238
immunopathology of, 1262

Cognitive factors, of fibromyalgia, 770f, 
775-778, 776f

subgroups based on, 777, 777f
Cognitive impairment, with narcotic 

therapy, 475t
Cognitive phase, of immune response, 

133
Cohen’s kappa, 13, 13t
Cohort studies, 3, 4f

pros and cons of, 8, 8t
Cohort types, in observational studies, 

222-223
COL1A1 gene, 2043-2044

Cigarette smoking (Continued) Clinical trials (Continued)
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COL2A1 gene
in Legg-Calvé-Perthes disease, 981-

983
in osteoarthritis, 1763-1765, 1767

COL6A1 gene, 1805
COL11A gene, 1764
COL9A genes, in osteoarthritis, 1764
Colchicine

for Behçet’s syndrome, 1579t, 1580
for calcium pyrophosphate crystal-

associated arthropathy, 1886
for cutaneous vasculitis, 1605-1606, 

1606t
Down syndrome and, 1643
for familial Mediterranean fever, 

1638t, 1643
for gout, 1868-1869

prophylaxis, 1869
myopathies related to, 1486t, 1487
for panniculitis, 1606
for pericarditis, 307
for relapsing polychondritis, 1674
for sarcoidosis, 1669
use in dialysis patients, 1687

Cold stimuli, in fibromyalgia, 773,  
778

Cold therapy. See Thermotherapy
Colitis

in Cogan syndrome, 1628, 1630t
collagenous, 326
juvenile-onset, 1032
lymphocytic, 326
microscopic, 326
perioperative management of, 637
in reactive arthritis, 1116-1117, 

1117f
ulcerative (See Ulcerative colitis 

(UC))
Collagen

cartilage, 1750f
in connective tissue, 153
degradation of, 153

bone resorption and, 157
intracellular control mechanisms 

of, 156-157, 159f
models of cartilage, 157-160, 158f

dermal deposits of, in systemic 
sclerosis, 290-291

excessive deposition of, in 
hypertrophic 
osteoarthropathy, 1703-
1704

in immunologic tolerance studies, 
553

in immunotherapies, 554
in joint osteoarthritis

dog model of, 1731
genetically modified mice models 

of, 1736, 1737t
guinea pig model of, 1735

matrix status of, MRI detection of, 
367, 373, 375

mechanical stress response in, 45-46
connexins and, 47

β2-microglobulin affinity for, 342
modification system of, in heritable 

disorders, 2041, 2043-2044
modifying enzymes of, in 

hypermobility syndrome, 
2051

in synovial intimal matrix, 53
synthesis of, intracellular control 

mechanisms of, 156-157, 
159f

in tendinopathy, 84-86, 86t
in urinary space of glomeruli, 337, 

1261
Collagen antibodies, in rheumatoid 

arthritis, 891-893

Collagenases
in angiogenesis, 905
injections of, for wrist and hand 

disorders, 716-717
intra-articular, for osteoarthritis 

induction, in small animals, 
1735

in matrix degradation, 154, 154f, 
156f, 158-159

in rheumatoid arthritis, 926, 926f
Collagen disorders

deficiency vs. vascular, 2041
heritable, 981, 2041-2049 (See also 

Heritable disorders of 
connective tissue (HDCTs))

modification system in, 2041, 
2043-2044

Collagen fibers/fibrillar network
in articular cartilage, 58-64, 58f

biglycan as, 64-65
collagen type II, 59, 59f-60f, 61
collagen type VI, 64
collagen type IX, 59f, 60
collagen type XI, 59-60

as minor constituent, 59
decorin as, 64
function of, 58-59
matrillins as, 64
module crosslinking to other 

matrix constituents, 59, 59f, 
64

molecules regulating assembly of, 
61-64

in bone matrix, 67-68
structure of, 69-70, 69f

cross-links of
in articular cartilage, 59f, 64
enzyme actions promoting, 69-70, 

73-74
in hypermobility syndrome, 2051
type I

angiogenesis mediation by, 906, 
907t

in bone, 69, 73-74
in Ehlers-Danlos syndrome, 2046
oral tolerance to, for systemic 

sclerosis, 1405t, 1406
in osteogenesis imperfecta, 2043
structure and synthesis of, 2043, 

2044f
in tissue engineering, 163, 165

type II
antibodies to, in rheumatoid 

arthritis, 65
in articular cartilage, 59, 59f-60f, 

61
in chondrodystrophies, 2048
in gene transfer, 166t
in rheumatoid arthritis, 897, 899

antibodies to, 891-892
tensile strength and, 45-46

type III
in capsulitis, 694
in Ehlers-Danlos syndrome, 2046

type V, in Ehlers-Danlos syndrome, 
2046

type VI
in articular cartilage, 64
mechanocoupling and, 45-46

type IX, in articular cartilage, 59f, 60
type XI

in articular cartilage, 59-60
as minor constituent, 59

in chondrodystrophies, 2048
Collagen-induced arthritis (CIA), 879, 

881t
cytokines as targets in, 884-886
features of, 884t-885t
transgenic KO mice model of, 160

Collagen type I hydrogels, in tissue 
engineering, 163, 165

Collateral ligaments, of wrist and hand, 
712-713

Colon
reactive arthritis features in, 1116-

1117, 1117f
spondyloarthritis pathology in, 1136
systemic lupus erythematosus 

involvement of, 1239
in systemic sclerosis, 1373

Colony-forming unit, granulocyte-
macrophage (CFU-GM), 74

Colony-stimulating factors (CSFs). See 
also specific factor, e.g., 
Granulocyte colony-
stimulating factor (G-CSF)

in cytokine signaling, 96f
in osteoclast physiology, 74
in rheumatoid synovium, 917t, 923
signaling receptors for, 101

Combined loading, 40f
COMET trial, on etanercept, 583, 583t
Common peroneal tendon sheath,  

750f
Common variable immunodeficiency, 

1664
Communication, provider-patient, 427-

428, 428f
Community(ies)

burden of illness estimation for, 9
as epidemiology case source, 6, 6f
planning rheumatology health care 

services for, 9
Co-morbidity. See Morbidity(ies)
Compact (cortical) bone, 67, 68f, 78f

bone remodeling in, 1960, 
1961f-1962f

in long bones, 1963-1964
Compartmental syndromes, 795

acute, 795
chronic, 795
definition of, 795
muscle of lower leg in, 795, 795f
within the orbit, 301

Compensation/litigation, treatment 
response documentation for, 
15

COMP gene, 1764
Complementarity determining regions 

(CDRs), 134
Complementary and alternative 

medicine (CAM), 449-460
common systems and therapies in, 

449-457, 450t
economic evaluation of, 23, 24f, 26
for fibromyalgia, 780, 780b
herbalism, 453, 454t-455t
homeopathy, 456
introduction to, 449
for lumbar spine disorders, 679-680
mind-body interventions, 456-457
for myofascial pain disorder, 767
NSAIDs vs., 453-457
nutriceuticals, 453-456
professional practice of, 457t, 458
for psoriatic arthritis, 1205, 1208
for Raynaud’s phenomenon, 1407, 

1408t
referrals for, 458
in remedial rehabilitation, 444
for rheumatic diseases, 449-451, 453
traditional Chinese medicine and 

acupuncture, 451-453
Complementary DNA (cDNA)

in DNA sequencing, 107-108
in gene function analysis, 114
in gene transcription, 110, 110f
in gene transfer, 167

in polymerase chain reaction, 107, 
107f

in protein analysis, 116
Complement cascade, 189-191, 190f
Complement deficiencies, 189-191
Complement fixation, of immune 

complexes, 1263t, 1264
for mixed connective tissue disease, 

1491-1492
Complement inhibitors, 177-179, 178f
Complement receptor-1 (CR1), 174t, 

177
in systemic lupus erythematosus, 

1268-1269
Complement receptor-2 (CR2), 174t, 

177
in synovium, 53

Complement receptor-3 (CR3), 174t, 
177

in systemic lupus erythematosus, 
1251

Complement receptor-4 (CR4), 177
Complement receptor-5 (CR5), 177
Complement receptors, 173, 174t, 177, 

177f
binding of immune complexes, 

1263t, 1264
Complement regulation, 189, 191t
Complement system, 173-182

activation pathways of, 173-177
alternative, 173, 174t-175t, 175-

176, 175f-176f
in articular cartilage, 65
classical, 173-175, 174t-175t, 

175f-176f
clinical profiles of, 181, 181t
C3 “tick-over”, 173, 175, 176f
lectin, 173, 174t-175t, 175, 

175f-176f
local vs. systemic components of, 

177
membrane attack complex in, 173-

177, 174t, 175f
overview of, 173-174, 175f, 175t
proteins in, 173, 174t
sequential events in, 174-177, 176f

in antiphospholipid antibody 
syndrome, fetal demise 
related to, 1337

biological roles of, 173, 179
in Cogan syndrome, 1629, 1630t
control mechanisms for, 177-179, 

178f
in gout, 1849-1850
in hematologic disorders

atypical, 181
SLE-related, 180

immune complexes in, 173, 175f, 
175t, 179

immunotherapies against (See Anti-
complement therapy)

in innate immunity, 144, 145f
introduction to, 173
in juvenile idiopathic arthritis, 1009, 

1010f
kidney disease and, 335, 1317
measurement of, 181, 181t
in myositis, 1465-1466

juvenile, 1038
regulatory proteins in, 173, 174t
in relapsing polychondritis, 1673-

1674
in rheumatoid arthritis, 181, 554
in rheumatoid synovium, 925, 925f
serology test for, 264
in Sjögren’s syndrome, 1342-1343, 

1347

Complementary DNA (cDNA) 
(Continued)
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soluble components of, synthesis of, 
177

in systemic lupus erythematosus, 
179-181, 1249, 1266

activation mechanisms of, 1264, 
1265f

deficiencies in, 179
atherosclerosis and, 180
clearance of immune complexes, 

1264-1266, 1265f
abnormalities of, 180

with CNS disease, 180-181
with cutaneous disease, 180
dual role of, 173
genetics of, 179, 1249, 1249f
with hematologic disturbances, 

180
immunopathology of, 1265-1268
juvenile-onset, 1035
with nephritis, 179-180, 1317, 

1319
during pregnancy, 180
with pulmonary disease, 180
treatment applications of, 1268-

1269, 1333t
with vasculitis, 180

Complete blood count (CBC)
in children, 979
for neck pain, 651
for Raynaud’s phenomenon, 1430

“Complete design” studies, of 
DMARDs combination 
therapy, 535

Complex regional pain syndrome 
(CRPS)

central mechanisms of, 801, 801f
knee pain associated with, 745
peripheral mechanisms of, 801, 801f

nerve injuries as, 797
type I

clinical features of, 797
groups of, 798-799, 798f, 799t
motor/trophic, 799, 799f
pain and related sensory 

abnormalities as, 799
sudomotor/edema, 799, 799f
vasomotor, 799

conclusions of, 803
definition of, 797
diagnostic criteria for, 797, 798b
differential diagnosis of, 800

importance of early, 802
epidemiology of, 797-798
history of, 797
investigations of, 800-801

isotope bone scanning in, 800, 
800f

MRI in, 800
other, 800-801
radiography in, 800, 800f
thermography in, 800, 801f

management of, 802-803
acupuncture in, 803
anecdotal, 802
drug treatment in, 802t, 803
future therapies in, 803
nerve blockade in, 803

regional, 803
sympathetic, 797, 803

occupational therapy in, 802
other treatments in, 803
physiotherapy in, 802
preventive measures in, 802
spinal cord stimulation in, 803, 

803f
surgical treatment in, 803
treatment options for, 802,  

802t

natural history of, 800
outcome measures of, 802-803
pathology of, 801
pathophysiology of, 801-802

central mechanisms in, 801
microvascular dysfunction in, 

802
neurogenic inflammation in, 

801-802
peripheral mechanisms in, 801
possible mechanisms in, 801-

802, 801f
personality traits and, 798
stages of, 800
terminology for, 797, 798b
triggers of, 797-798, 798t
type II vs., 797 (See also Causalgia)

COMP molecule. See Cartilage 
oligomeric matrix protein 
(COMP)

Compression loading, 40f, 42f
orientation-dependent modulus of 

cortical bone in, 42f
Compression syndromes. See 

Entrapment neuropathies
Compression test, for cervical nerve 

root entrapment, 649
Compressive force

acting on spine, 29, 30f-31f, 31
cord pathology with (See Spinal 

cord)
distribution of applied, 35f, 36
generative instability related to, 35
injuries related to, 32-33, 33f, 36

middle-aged vulnerability to, 
33-34, 34f

intervertebral disc mechanics and, 
31-32

measurement of, 31
resistance to, 32

on connective tissue (See also 
Mechanical stress)

physiochemical changes during, 
45-46

in entheses biomechanics, 1212-
1213, 1215

Computed tomographic angiography 
(CTA), 363

in cardiovascular examination, 306
of primary angiitis of central nervous 

system, 1623
of Takayasu’s arteritis, 1570-1571

Computed tomography arthrography
of osteoarthritis, 1777
of shoulder, 365f-366f

Computed tomography (CT)
applications in rheumatology, 362-

363
of bone, 362
for bone tumor staging, 2063
of brain

for Cogan syndrome, 1629-1630
for neuropsychiatric lupus, 1239

in calcium pyrophosphate crystal-
associated arthropathy, 1881

in cardiovascular examination, 306
of cervical spine, for neck pain, 648-

650, 650f
of diffuse idiopathic skeletal 

hyperostosis, 1803, 1803f
of Gaucher’s disease, 2034
guided injections, 363
of heart, with systemic lupus 

erythematosus, 1243
of hemophilic arthropathy, 1914
high-resolution, of lungs

for myositis, 1444-1445, 1451

for rheumatoid arthritis features, 
841-842

for sarcoidosis, 1659, 1660f, 1665, 
1669

for scleroderma, 1369
of hip, 724-726, 728

for bursitis, 727-728, 727f
history of, 358
of interstitial lung disease, 315-316, 

316f
with rheumatoid arthritis, 318
with systemic lupus 

erythematosus, 318-319
introduction to, 367
in kidney function testing, 335
of lumbar spinal stenosis, 675-676, 

676f
of lumbar spine disorders, 664-665, 

665f
MRI comparison to, 666

multidetector array, 358-362
of myofascial pain disorder, 766-767
of myositis, 1451
of osteoarthritis, 1777, 1791
of osteochondritis dissecans lesions, 

737
of osteonecrosis, 1819
of pelvis, 359f-362f
PET combined with, 393
of primary angiitis of central nervous 

system, 1617, 1619, 1623
quantitative, of bone mass, 399, 408
of relapsing polychondritis

with laryngotracheal disease, 1673-
1674

with renal disease, 1673
of rheumatoid arthritis, 865
of sacroiliac spondyloarthropathies, 

1148f
of skeletal dysplasia, 2057
of soft tissues, 363
of spine, for spondyloarthropathies, 

1150
of thoracic outlet syndrome, 784
of tuberculous arthritis, 1069
of vessels, 363
volume rendering, 358-362
of Wegener granulomatosis, 

1548f-1550f, 1549
Computer algorithms/programs

for data imputation, 224
for disease activity summaries,  

1302
for human genome analysis, 105

Computers, in juvenile idiopathic 
arthritis rehabilitation

as information resource, 1050
as writing tool, 1050

COMT gene, 1723-1724
Conduction defects. See Heart block
Confidence interval (CI), 225, 225f
Conflict of interest, in clinical research, 

227, 229
Confounding by indication, in 

observational studies, 223
Confusional state, postoperative, 638
Congenital anomalies/disorders

drug toxicities associated with, 613t
of heart, digital clubbing associated 

with, 1701-1702, 
1702f-1704f

of hip, 724
juvenile idiopathic arthritis vs., 997t
musculoskeletal features of, 976t

Congenital indifference to pain, 1807
Congenital myopathies, myositis vs., 

1446-1447, 1447t

Congestive heart failure (CHF)
from NSAIDs, 487-489, 489t, 491
with polyarteritis nodosa, 1528
with polymyositis, 310
postoperative, prediction factors of, 

633-634, 633t
with rheumatoid arthritis, 307-308

DMARDs therapy and, 955-956
with sarcoidosis, 1661, 1668-1669
TNF inhibitors risk for, 593-594

Congo red stain, for amyloidosis 
microscopy, 275f, 1482, 
1689, 1690f, 1694, 1695f

Conjunctivitis
in Cogan syndrome, 1627-1628, 

1631
in psoriatic arthritis, 1188

Connective tissue. See also specific 
tissue, e.g., Articular 
cartilage

atrophy of, with immobilization, 45
destruction and repair of, 153-162 

(See also Tissue destruction/
repair)

in entheses, 1212
mass, of standard man, 433-434, 

435f
remodeling of, in mechanical stress 

response, 45-46, 46f
G protein–coupled receptor signal 

transduction pathways in, 
47-48

integrins and, 46
responses to mechanical stress, 

45-50 (See also Mechanical 
stress)

Connective tissue cells
mechanosensitivity of, 45, 46f
mechanotransduction in, 46, 46f

Connective tissue diseases
carpal tunnel syndrome associated 

with, 787, 788t
cerebral vasculitis associated with, 

1617, 1618t, 1620-1621
in children, 1035-1044

inflammatory myopathies as, 
1038-1042, 1039f-1040f, 
1041t

introduction to, 1035
neonatal lupus syndrome as, 1038
scleroderma as, 1042, 1042t
systemic lupus erythematosus as, 

1035-1038, 1036t, 1037f
heritable, 2041-2049

chondrodystrophies as, 2048, 
2048b

Ehlers-Danlos syndrome as, 2045-
2047, 2045t, 2046f

hypermobility syndrome 
overlapping with, 2051

introduction to, 2041, 2041b
Marfan syndrome as, 2047-2048, 

2047b, 2047f
osteogenesis imperfecta as, 2041-

2045, 2042t, 2043f
HIV infection associated with, 1087, 

1088t
immune mediated, Raynaud’s 

phenomenon associated 
with, 1427, 1428b, 1429-
1430

keratoconjunctivitis sicca associated 
with, 302-303

major systemic, 285-295 (See also 
Skin lesions)

mixed (See Mixed connective tissue 
disease (MCTD))

myositis associated with, 1439,  
1457

Complement system (Continued) Complex regional pain syndrome 
(CRPS) (Continued)

Computed tomography (CT) 
(Continued)
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pharmacologic therapies for, 499, 
568-569

Sjögren’s syndrome associated with, 
1343, 1343b

undifferentiated, 1491
Connective tissue growth factor, in 

fibrosis, 1397
Connective tissue matrix, repair 

mechanisms in, 161-162
Connexins, 47
Consequences of disease

musculoskeletal, as central 
component, 169

in outcome assessment, 11, 16, 19
Consequences of interventions, 

economic evaluation of, 
24-26, 24f

Conservative management
of acromioclavicular joint injuries, 

695-696
of bicipital tendinitis, 693
of calcific tendinitis, of shoulder, 697
of cervical nerve root compression, 

655
of entrapment neuropathies

carpal tunnel syndrome, 790-791
with median nerve, 786-787
meralgia paresthetica, 793
with radial nerve, 791-792
tarsal tunnel syndrome, 793
thoracic outlet syndrome, 785
with ulnar nerve, 786

of lumbar spine disorders, 678
of myofascial pain disorder, 767
of osteitis pubis, 727
of osteonecrosis, 1820-1822
of osteoporosis of hip, 727
of Raynaud’s phenomenon, 1430
of rotator cuff disorders, 690, 692
of whiplash, 656

Constipation, with narcotic therapy, 
475t

Constitutional factors, of bone mass, 
1960

Constitutional symptoms
in children, 975, 1041t, 1057
of Cogan syndrome, 1628, 1630t
of gonococcal arthritis, 1063
history taking for, 238
with low back pain, 667
of microscopic polyangiitis, 1525
of myositis, 1441
of polyarteritis nodosa, 1526
of rheumatoid arthritis, 839
of sarcoidosis, 1664
of systemic lupus erythematosus, 

1229
treatment considerations of, 1307, 

1312
of Wegener granulomatosis, 1550

Construct validity, 12-13, 943t
convergent vs. discriminant, 12

Consultations
complementary and alternative 

medicine, 458
dietician, 437, 966t, 1024
in ethical research, 229
for musculoskeletal problems, 236, 

236t
communicating findings of, 250
documentation of, 249, 250f
examination in, 240-241, 

240f-241f, 241t (See also 
Physical examination)

history taking in, 236-240, 
236b-237b, 237t, 239t, 240f

interpretation of, 249-250
ten commandments for effective, 630

Content validity, 12, 943t
Contextual factors, in outcome 

assessment, 1779
of osteoarthritis, 1783

Continuous ambulatory peritoneal 
dialysis (CAPD), for 
peritonitis, 1239-1240

Contraceptives. See Oral contraceptives
Contractile proteins, of muscle fiber, 

1457, 1458f
Contract research organizations 

(CROs), 228-229
Contracture(s)

in complex regional pain syndrome, 
798f, 799, 802

Dupuytren’s (See Dupuytren’s 
contracture/disease)

with finger fasciitis, 256, 256f
of hip, 724, 1727, 1728f

flexion, 1727, 1728f
joint, with osteoarthritis, 1725, 

1727, 1728f, 1729
prevention of, with juvenile 

idiopathic arthritis, 1048-
1049, 1049f

quadriceps, with rheumatic knee, 
833

in rheumatic hands, 830-831, 831f
with systemic sclerosis, 1408-1409

Contralateral straight-leg-raising test, 
661-663, 661t

Contrast-enhanced MRI, 367-368, 373, 
373f

delayed, 373-374, 374f
Contrast sensitivity, in MRI, 368
Contrast-to-noise ratio (SNR), in MRI, 

368
Controlled trials, randomized. See 

Randomized controlled trials 
(RCTs)

Control points, in fibromyalgia, 771, 
773

Controls, selection of appropriate
for case-control studies, 8
for genetic association studies, 127

Control treatments, ethics in choice of, 
227-228

Coombs test, 1241
Coping

fibromyalgia relationship to, 772, 
776-777, 781

outcome assessment for, 14t
and pain, 461-463

with osteoarthritis, 1725
Copper, 437, 2000b
Coracoacromial ligaments, 683, 684f
Coracoclavicular ligaments, 684f, 695
Coracohumeral ligaments, 683, 684f, 

685
Core decompression

for osteonecrosis, 1822
for osteoporosis of hip, 727

Cornea, layers of, 1625
Corneal disease

inflammatory (See Interstitial 
keratitis (IK))

with mucopolysaccharidoses, 2037, 
2038t

with rheumatic diseases, 301-302, 
302f

Corneal ulcers
with keratitis, 302, 302f

marginal, 301-302, 302f
with scleritis, 299

Coronary arteries
aneurysms of

in Kawasaki disease, 308
in systemic lupus erythematosus, 

1243

calcification of, 343
in systemic lupus erythematosus, 

1227
Coronary arteritis, in rheumatoid 

arthritis, 843-844, 843f
Coronary artery disease (CAD)

abdominal aortic calcification and, 
403-404

patient evaluation for, 305-306
perioperative management of, 633-

634, 633t
psoriasis and, 312
in rheumatoid arthritis, 307-308, 

843-844
in systemic lupus erythematosus, 

310, 1227, 1243, 1243f, 
1262

accelerated, 1244
complement system and, 180
epidemiology of, 1227
mortality risk associated with, 

1226
Correlation, 12
Correlation coefficients, 13, 13t

in imaging reader agreement, 413-
414

Cortical (compact) bone, 67, 68f, 78f
bone remodeling in, 1960, 

1961f-1962f
in long bones, 1963-1964

orientation-dependent modulus in 
compression, 42f

Corticosteroids
for acute rheumatic fever, 1100
for adult-onset Still’s disease, 856
for ankle pain, 758-759
for ankylosing spondylitis, 1165

intra-articular, 1165, 1166f
systemic, 1165

in arthroscopic joint lavage, 280
for Behçet’s syndrome, 1579t, 1580
for calcium pyrophosphate crystal-

associated arthropathy, 1886
for cardiac complications, of 

polymyositis, 310
for carpal tunnel syndrome

injections of, 621, 790, 791f
oral, 791

for cervical nerve root compression, 
655

for Cogan syndrome, 1631-1633, 
1631f

for complex regional pain syndrome, 
802t, 803

for cutaneous lupus erythematosus, 
1313

for cutaneous vasculitis, 1605-1606, 
1606t

in DMARDs combination therapy, 
536t, 537

for giant cell arteritis, 1542-1543
glucocorticoids vs., 495 (See also 

Glucocorticoids)
for HCV-associated arthritis, 1090
in Henoch-Schönlein purpura, for 

abdominal pain, 1593
for hip bursitis, 727-728
for hypermobility syndrome, 2053
injections of, 619

for acromioclavicular osteoarthritis, 
696

for adductor tendinitis, of hip, 728
in ankle and foot, 624-627

specific joint procedures, 624-
627

for ankylosing spondylitis, 1165, 
1166f

for bicipital tendinitis, 693

for calcific tendinitis, of shoulder, 
697

for capsulitis, 695
complications of, 619
contraindications for, 618
for diffuse idiopathic skeletal 

hyperostosis, 1805, 1805t
doses for, 619
in elbow region, 622
for entrapment syndromes, 786, 

790, 791f, 792-793, 795
in hip region, 623-624
indications for, 619
intralesional indications for, e73f, 

627
in knee region, 624
local anesthetic for, 619
for lumbar spine pain, 674-675, 

679
for myofascial pain disorder, 767
procedure for, 617, 618f
for rotator cuff disorders, 690, 692
for SAPHO syndrome, 1683
in shoulder region, 622-623
for snapping hip, 728
in spine, 623
systemic complications of, 619
for viscosupplementation, 619
in wrist and hand, 714-717

specific joint procedures, 619-
622

for interstitial lung disease, 318-319
for juvenile idiopathic arthritis

epiphysiodesis indications 
following, 1024

growth disturbances related to, 
1002-1003, 1004f

intravenous vs. intra-articular vs. 
systemic, 1017, 1018t, 
1019, 1021t, 1025-1026, 
1026f

nutritional supplements for, 1024
synovectomy indications following, 

1024
for lupus nephritis, 1322, 1327t, 

1328f
in children, 1331
controlled studies of, 1320
for flares, 1329, 1330t
unresolved issues with, 1332

for microscopic polyangiitis, 1529-
1530, 1530t

mineralocorticoids vs., 495
for mixed connective tissue disease, 

1494-1495
for myositis, 1473, 1474f

in juveniles, 1040-1042
long-term disability and, 1454

myositis associated with, 1460t, 
1461

for neonatal lupus, 1337
for neuropathic arthropathy, 1811
for osteitis pubis, 727
for osteoarthritis, 1797

animal models of, 1734t, 1737t
osteonecrosis associated with, 619, 

1815, 1816b
for panniculitis, 1606
panniculitis associated with, 1603
perioperative management of

for chronic therapy, 636-637, 637t
for postoperative complications, 

639-640
for peripheral ulcerative keratitis,  

302
for plantar fasciitis, 760
for polyarteritis nodosa, 1531
in pregnancy, 1330, 1335, 1336t

Connective tissue diseases (Continued) Coronary arteries (Continued) Corticosteroids (Continued)
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prolonged high-dose, side effects of, 
1473

for reactive arthritis, 1119
for relapsing polychondritis, 1674
for retinal vasculitis, 300
for rheumatoid arthritis

infection risk with, 605
nutritional status and, 435-436, 

438
with rituximab, 565, 567

for sarcoidosis, 1663-1664, 1663f, 
1668

arthritis and, 1669
bone and muscle disease and,  

1669
cardiovascular disease and, 311, 

1668-1669
cutaneous disease and, 1668
empirical recommendations for, 

1668
neurologic disease and, 1669
ophthalmic disease and, 1668
pulmonary disease and, 1668
refractory disease and, 1669

for scleritis, 299-300
side effects of, 1310
for Sjögren’s syndrome, 1349
for subacute hemophilic arthropathy, 

1917-1918
for systemic lupus erythematosus, 

1309-1310
juvenile-onset, 1037
neuropsychiatric, 1314
outcomes of, 1226-1227

for systemic sclerosis, 1408-1409
in children, 1042

for Takayasu’s arteritis, 308
for tendinopathy, 88
for uveitis, 299
for virus-associated arthritis, 1092
for Wegener granulomatosis, 1555-

1556
Corticotrophin-releasing hormone 

(CRH), 211, 212f
in fibromyalgia, 772
influence on immune system, 212-

213
Cortisol, 211, 212f

immune/inflammatory response 
effect on, 213f

circadian rhythms and, 216-217, 
216f

inadequate secretion as, 214, 214f, 
217

pharmacology of, 495, 496f, 496t
Cortisone, 499t, 502

pharmacology of, 495, 496f
Cosmetics, systemic lupus 

erythematosus risk related 
to, 1225

Cost-benefit analysis, 25, 25t
reference case for, 26

Cost-effectiveness analysis, 23, 25-26, 
25t

of TNF inhibitors, 580
Cost-effectiveness ratio, incremental, 

25, 25f
Co-stimulation pathways, for T-cell 

activation, 557, 558f-559f
abatacept mediation of, 557, 559f
in adaptive immunity, 138-139
CD28 and, 138-139, 557, 558f-559f
CD40 and, 96
CD80 and, 138-139, 557, 558f-559f
CD86 and, 138-139, 557, 558f-559f
CD154 and, 96, 138-139, 557-560
other molecules involved with, 557-

560

thalidomide derivatives and, 543
TNF family and, 96

Co-stimulatory blockade agents, 1208
Co-stimulatory molecules

as immunotherapy target, 553
in innate immunity, 146-147, 147f
in myositis, 1464-1465
in rheumatoid arthritis, 551, 899
in signal transduction, 119, 121, 

121f
in Sjögren’s syndrome, 291, 1347-

1348
Co-stimulatory receptors, in B-cell 

activation and function,  
136

Co-stimulatory signals, 557
Costoclavicular maneuver, 783, 784f
Costoclavicular passage, in thoracic 

outlet syndrome, 783, 784f
Cost-of-illness studies, 25-26
Costovertebral joints, computed 

tomography of, 362-363
Costs and benefits

protocol-driven, 26
types of, 23, 24f, 24t

direct costs, 23
incremental costs, 25, 25f
indirect costs, 23
intangible costs, 23
opportunity costs, 23
productivity costs, 23

Cost-utility analysis, 25, 25t
Coumadin. See Warfarin (Coumadin)
Counahan-Barratt formula, for 

glomerular filtration rate, 
1319

Counseling
genetic (See Genetic screening tests)
pregnancy, with systemic lupus 

erythematosus, 1337
on psoriatic arthritis, 1205, 1208
psychosocial

in juvenile idiopathic arthritis, 
1023

in patient education, 429-431, 
429t

COX. See Cyclooxygenase (COX) 
entries

Coxa valga, of proximal femur, 719, 
721f

Coxa vara, of proximal femur, 719, 
721f

congenital, 724
Coxibs, 485

adverse effects of, 489-492
vascular events as, NSAIDs vs., 

490-491, 491f
drug interactions with, 486-487

Coxsackievirus
myositis associated with, 1440, 

1495-1496
rheumatic effects of, 1092

in juvenile idiopathic arthritis, 
1011-1012

Sjögren’s syndrome associated with, 
1345

CP-690,550
clinical trials of, 597
as JAK antagonist, 597
pharmacokinetic profile of, 597
selectivity of, 597, 2041

CPP. See Calcium pyrophosphate
C1q

in innate immunity, 144, 145f
in systemic lupus erythematosus, 

287, 1249, 1266
Cranial arteritis, 1539

Cranial nerves
familial amyloidotic polyneuropathy 

features in, 1694
systemic lupus erythematosus 

involvement of, 1236t, 1237
VIII, Cogan syndrome involvement 

of, 1625-1626
Cranial settling, 832, 833f
Craniofacial pain, temporomandibular 

disorders and, 763
Crank test, 807t
C-reactive protein (CRP), 260-261

in adult-onset Still’s disease, 854-
857, 855t, 856f

in ankylosing spondylitis, 1158, 1161
in children, 979
complement fixation and, 1265-1266
in fibromyalgia, 779
in juvenile idiopathic arthritis, 993, 

997
neck pain and, 651
in osteoarthritis, 1729
plasma vitamin B6 correlation with, 

436, 436f
in psoriatic arthritis, 1188-1189
in Raynaud’s phenomenon, 1430
in reactive arthritis, 1118
in rheumatoid arthritis severity 

assessment, 836
prognosis and, 837, 950

in sarcoidosis, 1665
as scleroderma biomarker, 1370
in septic arthritis, 1060
in systemic lupus erythematosus 

severity assessment, 1302
in Takayasu’s arteritis, 1570
TNF inhibitors effect on, 578, 580

Creatine kinase (CK)
in muscle bioenergetics, 1482, 1483f
in muscular dystrophies, 1488
in myopathies, 1479, 1480b, 1486

inflammatory, 1447-1448, 1482
in myositis

as disease activity indicator, 1449, 
1449t

MB isoenzyme of, 1452, 1476
in rhabdomyolysis, 1479

Creatine phosphokinase (CPK)
in myositis

as disease activity evidence, 1475-
1476

drug therapy consideration of, 
1460-1461, 1473-1475, 
1477

as scleroderma biomarker, 1370
Creatinine, plasma, in kidney function, 

333, 333f
age effect on, 333, 334f
with lupus nephritis, 1319

Creatinine clearance (Ccr)
in kidney function, 334-335, 334f

with lupus nephritis, 1319
in systemic lupus erythematosus, 

1302
Creatinine index, 335
Creep testing, 43f
Cre/lox-directed targeted disruption, 

115-116
Crepitus, 241, 1725-1726, 1728
Crescentic glomerulonephritis, 337

pauci-immune necrotizing, 1516-
1517

in rheumatic diseases, 337
Crescent sign, in knee, 833, 833f
CREST syndrome

autoantibodies in, 1283t
in scleroderma, 1361-1362

management of, 1409
skin lesions with, 289-290, 291f

CR1 gene, 1250t
CRHR1 (corticotrophin-releasing 

hormone receptor 1) gene, 
in drug response, 206, 206t

Cricoarytenoid arthritis, 842, 843f, 999
Criterion validity, 12, 943t
Critical appraisal, 219

of observational studies, 222-223
RCTs vs., 223-225

of randomized controlled trials, 220-
222

observational studies vs., 223-225
Critical illness myopathy, 1487
Crocodile model, of gout, 1853
Croft scale, of hip osteoarthritis, 1712
Crohn’s disease (CD)

endoscopic findings of, 321, 322f, 
322t

extraintestinal manifestations of, 
323, 323t

gastrointestinal features of, 321, 322t
genetics of, 1579
histology of, 321, 322f, 322t
IL23R gene associated with, 1142
inflammatory vs. obstructing, 321
juvenile-onset, 1032
spondyloarthritis pathology and, 

1136-1137
TNF inhibitors for, 577, 579, 585, 

588, 593-594
Cronbach’s alpha, 13t
Crossed straight-leg-raise, for low back 

pain, 662-663
Crosspriming, in antiviral immunity, 

147, 148f
CRTAP gene, 2042-2044
CRTL1 gene, 1766-1767, 1766b
Cruciate ligament. See Anterior cruciate 

ligament (ACL) entries
Cryoglobulinemia

classification of, 1523, 1524t
clinical features of, 1609-1612, 1610f
cryoglobulin detection in, 1612
differential diagnosis of, 1529, 1613
epidemiology of, 1609, 1610t
essential mixed

ocular features of, 298
renal features of, 338t, 339

etiopathogenesis of, 1613-1614
HCV-associated mixed, arthritis in, 

1090, 1090f
history of, 1609, 1610t
hyperviscosity syndrome in, 1612
investigations for, 1612-1613
joint involvement in, 1610
liver involvement in, 1611
lymphoproliferative disorders in, 

1611-1612
management of, 1614
mortality in, 1612

acute causes of, 1612t
outcomes in, 1612
peripheral nerve involvement in, 

1610-1611
purpura in, 1610, 1611f
Raynaud’s phenomenon in, 1610
renal involvement in, 1610
rheumatoid factor detection in, 1613
in Sjögren’s syndrome, 1341-1343, 

1347
Sjögren’s syndrome vs., 1613
systemic vasculitides vs., 1613

Cryoglobulinemic vasculitis
cerebral, 1620-1621
immunopathogenesis of, 1514, 1515f

Cryopyrin
in gout, 1850b, 1851
in hereditary recurrent fevers, 1638t
IL-1 secretion and, 91-92

Corticosteroids (Continued) Co-stimulation pathways, for T-cell 
activation (Continued)
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Cryopyrin-associated periodic 
syndromes (CAPS), 573t, 
575

Cryopyrinopathies
definition of, 1650
molecular genetics of, 1650-1651
pathophysiology of, 1650-1651

Cryptococcosis, 1075
Crystal deposition disease

cholesterol crystals in, 1899-1900
crystal types in, 1899-1901
depot corticosteroid crystals in, 1899, 

1900f
differential diagnosis for, 1902
etiology of, 1902
foreign bodies in, 1901
investigations for, 1902
lipid crystals in, 1899-1901
management of, 1903
in osteoarthritis, 1751
oxalate crystals in, 1899, 1900f
pathogenesis of, 1902
protein crystals in, 1901

Crystal-induced arthritis/arthropathies, 
575. See also specific 
pathology, e.g., Calcium 
hydroxyapatite crystal 
arthropathy

carpal tunnel syndrome associated 
with, 787, 788t

hyperparathyroidism and, 2007-2008
IL-1 inhibitors for, 573t, 575
inflammation and, 150
pattern recognition in, 251, 254-257

Crystalline material
in bone matrix, 69, 71-72
in synovial fluid, 268-269, 268f, 

270f-271f
laboratory test for, 264-265, 265f
with osteoarthritis, 1724, 1729

C5 single-chain Fv (scFv) antagonist, 
554

CT. See Computed tomography (CT)
CTD regimen, for amyloidosis, 1697
CTLA-4

in immunotherapy, 552
osteoclast differentiation and, 169, 

170f
in peripheral tolerance, 139-140
in T-cell activation, 139

abatacept effect on, 557, 559f
B-cell function and, 136
as downregulator, 557, 558f-559f

in Wegener granulomatosis, 1554
CTLA-4 fusion protein, in rheumatoid 

arthritis, 608-609, 902,  
902t

CTLA4 gene
in rheumatoid arthritis, 875
in systemic lupus erythematosus, 

1250t
CTLA4-Ig. See Abatacept (CTLA4-Ig)
C677T polymorphism, in drug 

response, 207-208, 207f, 
208t, 221

Cubital tunnel syndrome, 785
anatomy of, 785, 785f
clinical presentation of, 785
description of, 785
diagnosis of, 785-786
etiology of, 785
treatment of, 786

Cuboid, 752f
Cultural factors

of health care services planning, 9
osteoarthritis pain related to, 1724t, 

1725
of patient education, 428-429, 428f, 

429t, 431

Culture(s)
for Lyme disease, 1083
for N. gonorrhoeae, 1064
for septic arthritis, 1059-1060
for tuberculous arthritis, 1068

Cumulative frequency plot, of imaging 
for outcomes, 414, 415f

Cumulative incidence, 3-4, 4t
Cumulative prevalence, 3, 4t, 5

lifetime, 823
Cuneiforms, 752f
Cupping, 451
Cush criteria, for adult-onset Still’s 

disease, 850t
Cushingoid appearance, from 

glucocorticoids, 501
Cushing syndrome, 1910
Cutaneous Assessment Tool (CAT), 

1039-1040
Cutaneous lupus erythematosus (CLE), 

1229-1231, 1230t
chronic lupus as, 1230, 1231f
direct immunofluorescence of, 274
discoid, 286b, 287, 287f

skin biopsy for, 274, 274f
Disease Area and Severity Index for, 

1229
juvenile-onset, 1036, 1037f
lesions with, 285-288

acute, 1229, 1230f
LE-non-specific, 288, 1230-1231, 

1230t, 1231f
LE-specific, 1229-1230, 1230t
toxic-epidermal necrolysis (TEN)-

like, 285, 286b
neonatal, 287, 1337
photosensitivity with, 285-287, 

286f-287f
during pregnancy, 1335
scoring system for, 1229
subacute, 1229, 1230f

systemic lupus erythematosus 
associated with, 1223

treatment of, 1313
Cutaneous Lupus Erythematosus 

Disease Area and Severity 
Index (CLASI), 1229, 1313

Cutaneous manifestations. See Skin 
lesions

Cutaneous polyarteritis nodosa, 1597, 
1599t, 1600, 1600f-1601f

management of, 1606t
Cutaneous systemic sclerosis (cSSc), 

1409
diffuse vs. limited, 1361, 1362b, 

1364-1365
heart disease with, 311-312

Cutaneous vasculitis/vasculitides, 
1597-1607

classification of, 1597
clinical features of

leukocytoclastic, 1597, 1598b, 
1598f-1599f

palpable purpura as, 1597, 1598f, 
1599t

systemic, 1597-1600, 1598b
urticarial lesions as, 1597, 

1598f-1599f
differential diagnosis of, 1605
histopathology of, 1597, 1598f, 

1600, 1601f
investigations of, 1604-1605, 1605b
lesion characteristics of, 1597, 1598f
management of, 1605-1606

for antigen removal, 1605
based on syndrome, 1605, 1606t
drug therapy in, 1605-1606
for relief of itching, 1606
for symptomatic relief, 1605

pathogenic mechanisms of, 1605-
1606

physical examination for, 1604-1605, 
1605b

in rheumatic diseases, 1600
summary of, 1597, 1606
vasculitic syndromes with

acute hemorrhagic edema of 
infancy as, 1599, 1599f

cutaneous polyarteritis nodosa as, 
1600, 1600f-1601f

erythema elevatum diutinum as, 
1600, 1601f

paraneoplastic vasculitis as, 1600
as prominent disease, 1597, 1599-

1600, 1599t
urticarial vasculitis as, 1599-1600
vasculitis associated with 

paraproteinemia as, 1600, 
1600f

Cuticles, overgrowth of, with 
dermatomyositis, 1441, 
1443f, 1444b

C1 vertebra, rheumatoid arthritis in, 
832, 832f-833f

C2 vertebra
growth disturbances of, with juvenile 

idiopathic arthritis, 1002, 
1002f

innervation of, 651-652, 652f
rheumatoid arthritis in, 832, 832f

C3 vertebra
growth disturbances of, with juvenile 

idiopathic arthritis, 1002, 
1002f

innervation of, 651-652, 652f
pathology of, neck pain related to, 

646-647
C4 vertebra

growth disturbances of, with juvenile 
idiopathic arthritis, 1002, 
1002f

innervation of, 651-652, 652f
CXC chemokine ligand 12 (CXCL12), 

101
B-cell differentiation and, 171-172, 

171f
CXC chemokine ligand 13 (CXCL13), 

101-102
in angioimmunoblastic T-cell 

lymphoma, 1679
in Sjögren’s syndrome, 1347-1348

CXC chemokine ligand 16 (CXCL16), 
101

CXC chemokine ligand receptor 1 
(CXCR1), 102

CXC chemokine ligand receptor 2 
(CXCR2), 102

CXC chemokine ligand receptor 3 
(CXCR3), 102

CXC chemokine ligand receptor 4 
(CXCR4), 101-102, 901

CXC chemokine ligand receptor 5 
(CXCR5), 101-102

CXC chemokine ligand receptor 7 
(CXCR7), 101-102

CXC chemokine ligand receptor 8 
(CXCR8), 102

CXC chemokines, 101-102
angiogenesis mediation by, 906, 907t

inhibition of, 907-908
in gout, 1850b, 1851, 1852f
receptor-ligand relationship of, 101

Cyanoacrylate glue, for peripheral 
ulcerative keratitis, 302

Cyanosis, with digital clubbing, 1701, 
1704, 1704f

CYCAZAREM trial, on microscopic 
polyangiitis, 1530-1531, 
1530t

Cycle ergometry, for myopathies, 1481
Cycling, in rehabilitation, 444

of juvenile idiopathic arthritis, 1045, 
1049

Cyclooxygenase-1 (COX-1), in 
pharmacogenetics, 221

Cyclooxygenase-2 (COX-2)
in gout, 1850b, 1851-1852
in tendinopathy, 87t

Cyclooxygenase-1 (COX-1) inhibitors, 
485-487, 488f

platelet activity inhibition by, as 
reversible vs. irreversible, 
490, 490f

renal complications of, 341
Cyclooxygenase-2 (COX-2) inhibitors, 

485-487. See also Non-
steroidal anti-inflammatory 
drugs (NSAIDs)

cardiac illness risks with, 306
for gout, 1867
for lumbar spine pain, 679
observational studies of, 223
for osteoarthritis, NSAIDs vs., 1797
in pregnancy, 611-612, 613t
renal complications of, 341

Cyclooxygenase (COX)-isozyme 
selectivity, of NSAIDs, 485, 
487f

Cyclooxygenase (COX)/prostaglandin 
system, angiogenesis 
mediation by, 906, 907t

Cyclooxygenase products, in 
inflammation, 191

Cyclophosphamide (CYC, CTX)
for amyloidosis, 1697
for Behçet’s syndrome, 1579t, 1580
for Cogan syndrome, 1631-1633
for cutaneous vasculitis, 1605-1606, 

1606t
efficacy of, 533
for interstitial lung disease, 317-319
for juvenile idiopathic arthritis, 1021, 

1026
for juvenile-onset systemic lupus 

erythematosus, 1037
for lupus nephritis, 1322-1323, 

1323b, 1327t, 1328f
in children, 1331
controlled studies of, 1320
for flares, 1329, 1330t
fludarabine with, 1333t
high-dose with or without HSCT, 

1333t
mechanism of action, 529, 530t
for microscopic polyangiitis, 1529-

1531, 1530t
for mixed connective tissue disease, 

1495
for myositis, 1474-1475, 1474f

in juveniles, 1041
pharmacokinetics of, 530-531, 530t
in pregnancy, 613t, 615, 616t, 1335, 

1336t
for primary angiitis of central 

nervous system, 1623
for retinal vasculitis, 300
for rheumatoid arthritis

extra-articular features, 839
synovitis indications and strategies 

for, 950f, 953
for rheumatoid vasculitis, 847
for sarcoidosis, 1668-1669
for scleritis, 299-300
for systemic lupus erythematosus, 

1311

Cutaneous vasculitis/vasculitides 
(Continued)
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neuropsychiatric, 1314

for systemic sclerosis, 1404-1405, 
1405t

in children, 1042
for Takayasu’s arteritis, 1572
therapeutic use of, 532t, 534
toxicity of, 532t, 533-534, 1314
for Wegener granulomatosis, 1555-

1556
CYCLOPS trial

on microscopic polyangiitis, 1530, 
1530t

on Wegener granulomatosis, 1555
Cyclosporine (CSA)

for adult-onset Still’s disease, 856
for Behçet’s syndrome, 1579t, 1580
for Cogan syndrome, 1633
drug interactions with, 531, 531t, 

534
efficacy of, 534
for interstitial lung disease, 319
for juvenile idiopathic arthritis, 

1018t, 1021, 1026-1027, 
1026f

for keratoconjunctivitis sicca, 303
for lupus nephritis, 1324

controlled studies of, 1321
mechanism of action, 123, 529,  

530t
methotrexate combined with, 512
for myositis, 1474f, 1475

in juveniles, 1040-1041
for panniculitis, 1606
pharmacogenetics of, 208
pharmacokinetics of, 530t, 531
in pregnancy, 613t, 614-615, 1335, 

1336t
recommendations for, 616, 616t

for psoriatic arthritis, 1207
renal complications of, 341-342
for retinal vasculitis, 300
for rheumatoid arthritis, synovitis 

indications and strategies 
for, 950f, 953, 955

for sarcoidosis, 1668-1669
for systemic sclerosis, 1405, 1405t
therapeutic use of, 532t, 534
toxicity of, 532t, 534

CYP3A3/4 inducers, 470t
CYP3A3/4 inhibitors, 470t
CYP2C gene, in drug response, 207, 

207t
CYP2D6 gene, 1142-1143
CYP2D6 inducers, 470t
CYP2D6 inhibitors, 470t
C282Y protein mutation, in 

hemochromatosis, 1931-
1933

arthropathy correlated to, 1929-1931
epidemiology of, 1929, 1930f

Cystatin C, 1690t, 1693
Cysteine, in rheumatoid arthritis, 927
Cysteine proteinases, in tissue 

destruction, 154f, 157-158
Cysteine repeat domains (CRD), of 

TNF receptors, 94-95
Cystic fibrosis, 976t
Cystic kidney disease, medullary,  

1848
Cystinosis, 2000b
Cystitis

immunosuppressives associated with, 
533

interstitial, in Sjögren’s syndrome, 
1341

lupus, 1236

Cyst(s)
Baker’s (See Baker’s cyst)
bone (See Bone cysts)
with hemochromatosis, 1931, 1931f
herniation of, with osteoarthritis, 

1725-1726, 1726f, 1728
nerve (See Ganglia/ganglions)
popliteal, 743, 833

Cytoanalysis, of synovial fluid, 269-
270, 270f

diagnostic, 270, 270f-271f
Cytocentrifuge preparation, of synovial 

fluid, 269-271
Cytochrome c oxidase (COX), in 

myositis, 207t
Cytochrome oxidase deficiency, 2000b
Cytochrome P450 enzymes, 470t
Cytokine receptor genes, in myositis, 

1440
Cytokines, 91-103. See also individual 

cytokine, e.g., Interleukins 
(ILs)

in adaptive immunity, 133
in adult-onset Still’s disease, 856

early excessive activation of, 854
angiogenesis mediation by, 905-906, 

907t
inhibition of, 907-908

in animal models of arthritis
adjuvant-induced, 879-880, 880f
antigen-induced, 882
flares and, 882
as targets in susceptibility and 

destruction, 884-886, 885t
antagonists of, in gene transfer, 166t
in arthritogenic autoimmune 

response, 893-894, 894f
in Behçet’s syndrome, 1579
in bone physiology, 72-74
in bone remodeling, 1961
in capsulitis, 694
in cell-mediated immunity, 139
cellular sources of, 600t
chemokines as, 101-103

family members and their actions, 
101-102

other, 102
ligand and receptor structure, 101
signaling by, 102-103
sphingosine-1-phosphate, 102

chemotactic (See Chemokines)
circadian rhythm of, 216-217, 216f

night-time immunosuppressive 
therapy and, 217

in complement system, 177, 179
drug efficacies for (See specific 

classification or drug, e.g., 
Antimalarials)

effect on neuroendocrine system, 
211-212, 215-216

inadequate cortisol secretion as, 
214, 214f, 217

in endothelial inflammation, 1510-
1513, 1511f-1512f

in enthesitis, 1213, 1215, 1215f
in fibromyalgia, 776
in fibrosis, 1397
in gene transfer, 166t, 167
in giant cell arteritis, 1519f, 1520
glucocorticoids impact on, 497, 

497f-498f
in gout, 1849f, 1850-1852, 1850b
in gut spondyloarthritis, 1136

proinflammatory, 1137-1138
hematopoietic cytokine receptor 

superfamily as, 96-97
in hemophilia, 1916
heterodimeric, 99
homodimeric receptors as, 99

HPA axis influence on, 213-214
in chronic inflammatory diseases, 

211, 214
HPG axis influence on, 215
in immunologic tolerance, 553
in inflammation, 183-184
innate immunity role, 146, 146f- 

147f
interferon receptors as, 96-97
interferons as, 99-100
interleukin-14 as, 103
interleukin-16 as, 103
interleukin-18 as, 93
interleukin-32 as, 103
interleukin-33 as, 92f, 93
interleukin-1 receptor family as, 

91-94
family members and their action, 

91-94, 92f
ligand and receptor structure, 91
signal transduction, 94

interleukin-17 receptors as, 100
signaling by, 100

interleukins as
utilizing βc chain, 98t, 99
utilizing γC chain, 98t, 99
utilizing gp130, 97-99, 98t

introduction to, 91
in joint osteoarthritis

large animal model of, 1731, 1734t
small animal models of, 1735-

1736, 1737t
in juvenile idiopathic arthritis, 990-

991, 1002, 1009, 1011, 
1013

in lupus, 1293t
in lupus nephritis, 1261-1262
major families/classifications of, 91, 

98t
major functions of, 600t
in mechanical stress response, 48
methotrexate and, 510t
in myositis, 1461-1462, 1462b, 1464

indirect effects of, 1465
juvenile, 1038

in neuropathic arthropathy, 1811
nociceptors and, 200f, 201-202,  

201b
osteoclast differentiation and, 169-

170, 170f
in peripheral spondyloarthritis, 1137
pregnancy impact on, 611
in psoriatic arthritis, 1202
in reactive arthritis, 1104-1107
receptors of, 600t
receptor tyrosine kinases as, 101
in rheumatoid arthritis, 292, 551, 

554
cell-cell interactions with, 931, 

931f
cellular immunity and, 897
regulatory T cells and, 902, 902t
T-cell antigen recognition and, 

900-902
T-cell stimulation of, 900

in rheumatoid cachexia, 435-436
in sarcoidosis, 1667-1669
signaling pathways of, 120-121, 

120t, 121f, 600t
in Sjögren’s syndrome, 1347-1348
in synovium, 54-56
in systemic lupus erythematosus, 

1261-1262, 1264, 1266-
1267

FcγRs and, 1266-1269
as treatment target, 1333t

in systemic-onset juvenile 
rheumatoid arthritis, 294

in systemic sclerosis, 290-291
T cell–derived, in rheumatoid 

synovium, 917, 917t, 919-
920, 930

in tendinopathy, 87t
as therapeutic targets, 599-603

IL-15, 599, 600f
IL-17, 599-600
IL-18, 600-601
IL-23, 601-602, 601f
IL-inhibitors for, 571-576 (See also 

Interleukin-1 (IL-1) 
inhibitors)

potential, 599, 602t
summary of, 599, 602
in systemic lupus erythematosus, 

1268-1269
TNF inhibitors for, 578, 578b (See 

also Tumor necrosis factor-
α (TNF-α) inhibitors)

in tissue destruction/repair, 153-155, 
157, 157f, 159f

cartilage collagen and, 159-161, 
160f

TNF receptor superfamily as, 91, 
94-96, 97t-98t

family members and their actions, 
95-96

ligand and receptor structure, 
94-95, 94f, 97t-98t

signaling by, 95
TNF-α as, 605-606

transforming growth factor-β receptor 
family as, 100-101

signaling by, 101
in tuberculosis protection, 1067
type I/II receptors, 96-97, 96f

association with enzymes, 120-
121, 120t, 121f

ligand binding of, 96-97, 100
signaling by, 96-97, 96f, 100

in Wegener granulomatosis, 1554, 
1555f

Cytomegalovirus (CMV), 1345
Cytometry

flow, for protein analysis, 116
of rituximab effect, 568

Cytopenias
in Felty syndrome, 840-841
TNF inhibitors and, 594
in viral-associated arthritis, 1092

Cytoplasmic tyrosine kinases, 597
inhibition of, 597, 2041

Cytosine, in human genome, 105
Cytosolic glucocorticoid receptors, 496, 

497f-498f
Cytosolic signaling PRRs, in innate 

immunity, 142-143, 144f
crosspriming and, 147, 148f

Cytotoxic T-lymphocyte-associated 
antigen. See CTLA-4

Cytotoxic T lymphocytes (CTL)
in cell-mediated immunity, 133,  

139
mesenchymal stem cells modulation 

of, 166
in myositis, 1465

in reactive arthritis, 1105-1108

D

Dactylitis
disorders associated with, 254-256, 

255f
of fingers, 254, 255f
imaging of, 1151, 1151f, 1154
in juvenile idiopathic arthritis, 990, 

1000-1001

Cyclophosphamide (CYC, CTX) 
(Continued)
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in juvenile-onset 
spondyloarthropathies, 
1030f, 1032

in psoriatic arthritis, 1179-1181, 
1180t, 1187, 1187f, 1199

treatment of, 1206b, 1209, 1209t
in reactive arthritis, 1116, 1116f
rheumatic synovitis vs., 830
in sarcoidosis, 1663, 1663f
in sickle cell anemia, 1921, 1922f, 

1923
of toes, 254, 255f
on ultrasound, 384, 385f

Daily life. See also Activities of daily 
living (ADLs)

juvenile idiopathic arthritis impact 
on, 1005, 1047-1048

Damage, from disease, 9, 1367
DANCER study, of rituximab, 565, 

565f-566f, 567-568
Dapsone

adverse effects of, 539, 540t
dose-dependent hematologic 

reactions, 539-540, 540t
hypersensitivity syndrome, 540

for cutaneous lupus erythematosus, 
1313

for cutaneous vasculitis, 1605, 1606t
increasing patient tolerance to, 540
introduction to, 539
for leprosy, 1071
for lupus erythematosus profundus, 

539
monitoring guidelines for, 540
for panniculitis
pharmacology of, 539-540
for relapsing polychondritis, 1674
for rheumatoid arthritis, 539, 540t

Databases
disease occurrence estimates from, 

1846-1847
genetic, 127, 129-130, 1141-1142, 

1249-1250
human genome in, 105
progressive trends of, 130

juvenile idiopathic arthritis studies 
from, 1012-1013

for operative risk assessment
Data imputation, in clinical trials,  

224
Data interpretation

in clinical research, 224
statistical analysis for, 224-225, 

225f
in pharmacogenomics, 205-206

Data management
in clinical research, 219, 221

missing data and, 223
in imaging for outcomes

handling of missing, 414-415
presentation of, 414, 415f

in outcome measurement, 19
principles of, 11-12, 12f
statistics for, 12-13, 13t

DCs. See Dendritic cells (DCs)
DDH. See Developmental dysplasia of 

hip (DDH)
Deafness. See Hearing loss
Death. See Mortality
Death certificates, disease occurrence 

from, 6
Death domain, in signal transduction, 

122
Death receptors, TNF receptors as, 95, 

97t-98t
Debrancher enzyme deficiency, 

myopathy related to, 1481t, 
1482-1483, 1482b, 1484f

Débridement
of osteomyelitis, 1062
of rotator cuff tears, 692

Decay-accelerating factor (DAF), in 
complement system, 178

synovium physiology and, 51-54, 52f
Decision-making

economic evaluation and, 23, 26-27
for elective surgery, 629

anesthesiologist perspectives, 630
with osteoarthritis, 1821-1822
patient perspectives, 629
rheumatologist/internist 

perspectives, 629-630
surgeon perspectives, 629

in ethical research, 227-229
patient education for, 427-428

Declaration of Helsinki, 227-228
Decompression procedures

for compartmental syndromes, 795
for compressive optic neuropathy, 

301
core

for osteonecrosis, 1822
for osteoporosis of hip, 727

for entrapment neuropathies
carpal tunnel syndrome, 791
cubital tunnel syndrome, 786
femoroacetabular, 725
with median nerve, 786-787
Morton’s metatarsalgia, 795
piriformis syndrome, 792
with radial nerve, 791-792
tarsal tunnel syndrome, 793
thoracic outlet syndrome, 785
ulnar tunnel syndrome, 786

for Raynaud’s phenomenon, 1432
subacromial, for rotator cuff 

disorders, 690-692
Decorin

in articular cartilage, 64
as collagen fiber assembly 

regulator, 59f, 61f-62f, 
62-63

in bone matrix, 70, 71f
in rheumatoid arthritis, 897-898

Decoy receptors
of RANKL (See Osteoprotegerin 

(OPG))
TNF receptors as, 95, 97t-98t

Dectin-1, 143
Dedifferentiated chondrosarcoma, 2068
Deep artery of arm, 810f
Deep tendon reflexes, in lumbar spine 

disorders, 662
Deep venous thrombosis, in Behçet’s 

syndrome, 1579, 1579f
management of, 1579t, 1580

Deep zone, 1746t
Defective ribosomal products (DRiPs), 

136-137
Defensins, 146
Deferoxamine (DFO), for renal 

osteodystrophy, 2014
with osteomalacia, 2017

Deformity(ies). See also specific 
deformity, e.g., Swan-neck 
deformity

of bone, with Paget’s disease, 2022, 
2023f-2024f

of fingers, 1701 (See also 
Hypertrophic 
osteoarthropathy (HOA))

of hand, common, 242, 242f
history taking for, 238
of joints, with osteoarthritis, 1725-

1726, 1728-1729
radiographic scoring of, 1709-1711, 

1710t

with neuropathic arthropathy, 1808-
1809, 1808f-1809f, 1812

prevention of, 1812
physical examination of, 241-242
of wrist and hand, 711, 714f

Degenerative cascade/disorders
in diffuse idiopathic skeletal 

hyperostosis, 1802-1803
of hip, 721, 724-725
of knee, injury relationship to, 746
osteoarthritis as, 1723
in septic arthritis, 1062
of shoulder, 691-692, 696
of spine, 35

with ankylosing spondylitis, 1174, 
1174f

apophyseal joint osteoarthritis in, 
35

scoliosis in, 35
segmental instability with, 34f, 35
spinal stenosis in, 35
surgical interventions for, 1174, 

1175f
vertebral body osteophytes in, 33f, 

35
of vertebra (See Disc degeneration)

Degradative enzymes, methotrexate 
and, 510t

Degradome, 153
Dehydroepiandrosterone (DHEA, 

Prasterone), 211, 212f
immune/inflammatory response 

effect on, 213f, 214
influence on immune system, 211-

214
systemic lupus erythematosus and, 

1224, 1311
Dehydroepiandrosterone sulfate 

(DHEAS), 211
influence on immune system, 211-

212, 213f
Deimination

of arginine, citrullinated proteins 
derived from, 888, 889f

of fibrin, in rheumatoid arthritis, 
893, 893f

DEK gene, 873
Delirium

with narcotic therapy, 475t
postoperative, 638

Deltoid muscle, 685, 810f
Demyelinating syndromes

in systemic lupus erythematosus, 
1237, 1238f

TNF inhibitors risk for, 593
Dendritic cells (DCs)

autoimmune disease initiation role, 
215

autoimmunity and, 148, 150, 150f
B cells as, 133, 136
circadian rhythm of, 217
in entheses, 1215
17β-estradiol influence on, 215
in giant cell arteritis, 1519f, 1520
in gout, 1851
in innate immunity, 146, 146f-147f
in juvenile idiopathic arthritis, 1009, 

1011
in lupus, 1289-1290
mesenchymal stem cells effect on, 

166
plasmacytoid (See Plasmacytoid 

dendritic cells (pDCs))
in rheumatoid synovium, 600-601, 

902, 918, 930
myeloid vs. plasmacytoid, 918

in systemic sclerosis, 1399
T cells as, 136, 138-139, 138f

Denominator, in disease frequency, 4, 
4t, 6

Denosumab, 1208, 1986
Dental disorders

myofascial pain disorder vs., 766-767
with osteogenesis imperfecta, 2042
with Sjögren’s syndrome, 1348
with systemic sclerosis, 1410t

Dental occlusion, TMJ movements 
related to, 763

intraoral examination of, 765
Dent disease, 2000b
Dentin matrix protein-1 (DMP-1), 72, 

77
2-Deoxy-2[18F]fluoro-deoxyglucose (18F-

FDG), in positron emission 
tomography, 392, 392f. See 
also 18F-Fluorodeoxyglucose 
positron emission 
tomography (FDG-PET)

Deoxyribonucleotides, in DNA 
sequencing, 107-108, 108f

DEP-1, in Cogan syndrome, 1627
Department of Health and Human 

Services, U.S., ethics role, 
227

Depot corticosteroid crystals, 1899, 
1900f

Depot-medroxyprogesterone acetate 
(Depo-Provera), 1314

Depression
fibromyalgia associated with, 770f, 

772, 773f, 775-777, 777f
history taking for, 238
with hypermobility syndrome, 2051-

2053, 2053f
with osteoarthritis, 1725, 1781t, 

1782
and pain, 461, 659
with scleroderma, 1370

DeQuervain’s syndrome, 714, 715f
DeQuervain tenovaginosis, 69f-70f, 

621, 621f
Dermatan sulfate, 2037-2039, 2038t
Dermatitis. See also Rash(es)

interstitial granulomatous, with 
rheumatoid arthritis, 293-
294, 293f

Dermatographism, in adult-onset Still’s 
disease, 852

Dermatomes
neck pain and, 648
in sensory examination, of lumbar 

spine, 662-663
anterior view, 662f
posterior view, 662f

Dermatomyositis (DM)
amyopathic, 1439, 1441
biopsy for, 276-277
clinical presentations of, 1440-1442, 

1440t, 1444-1446
lesions as, 1441-1442, 

1442f-1444f, 1444b, 1446
diagnostic criteria for, 1439, 1440b
differential diagnosis of, 1446-1447, 

1447t
disease course of, 1473f
etiology of, 1458-1461, 1460t
heart disease with, 310
histology of, 1449-1450, 1450f
history of, 1439
hypomyopathic, 1441
introduction to, 1457
juvenile, 1038-1042 (See also 

Juvenile dermatomyositis 
(JDM))

lung disease with, 318, 1476
malignancy risk with, 1447-1448, 

1677

Dactylitis (Continued) Deformity(ies) (Continued)
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management of
algorithm for, 1474f
clinical trials on, 1472t
drug therapies in, 1475, 1477
extramuscular manifestations in, 

1476-1477
natural history of, 1453
outcome measures of, 1454
pathogenesis of, 1461-1468, 1462b
during pregnancy, 611, 614t
prognostic factors of, 1471
renal features of, 340
scleroderma overlap syndrome with, 

288-289, 289f
skin lesions of, 288-289

calcinosis as, 289
diagnostic significance of, 288
differential diagnosis of, 289
in hands, 288, 288f
heliotrope rash as, 288, 288f
histologic examination for, 289
key, 288
non-specific, 288-289, 289f
pathogenesis of, 289
violaceous plaques as, 288, 289f

Dermatosis, neutrophilic, 293
Descriptive epidemiology, 3, 4t

hypotheses generation from, 8
Descriptive prevalence study, 8t
Desensitization techniques, for complex 

regional pain syndrome, 
802, 802t

Desmoplastic fibroma, 2071
Destabilization of medial meniscus 

(DMM), as osteoarthritis 
model, 159-160

Detritus-rich synovitis, 1746
Developmental dysplasia of hip (DDH), 

725, 725f
in children, 981, 981f
osteoarthritis related to, 1721

Devil’s claw, 453, 455t
DEXA. See Dual-energy x-ray 

absorptiometry (DEXA)
Dexamethasone

for amyloidosis, 1697-1698
pharmacology of, 495, 496f, 496t, 

498f
in pregnancy, 1335

Dexterity. See Manual dexterity
Diabetes mellitus (DM)

adhesive capsulitis in, 1908-1909, 
1909t

arthropathy related to, 256
with muscle infarction, 1684

carpal tunnel syndrome in, 1909t
Charcot arthropathy in, 1909t
in diffuse idiopathic skeletal 

hyperostosis, 1804-1805
diffuse idiopathic skeletal 

hyperostosis in, 1909t
hand problems in, 1890
hemochromatosis and, 1929
low back pain and, 659-660
muscle infarction in, 1909t
musculoskeletal features of, 1890

in children, 976t
neuropathic arthropathy related to, 

1807, 1809f
perioperative management of, 636, 

636b
rheumatologic manifestations of, 

1909t
stenosing tenosynovitis in, 1909t
stiff person syndrome in, 1909t
in systemic lupus erythematosus, 

1244-1245
trigger finger in, 1894-1895

Diabetic cheiroarthropathy, 256
Diacerein, for osteoarthritis, 1797-1798

animal models of, 1734t, 1737t
Diagnostic arthrography, in rheumatoid 

arthritis, 863-864
Diagnostic injections, of foot and 

ankle, 752
Dial test, 734, 734f
Dialysis. See also specific modality, 

e.g., Hemodialysis
renal osteodystrophy and, 2014, 

2017
for Wegener granulomatosis, 1556

Diaphragm, neck pain referred from, 
646t

Diaphysis, 67, 68f
bone growth and, 77-78, 78f

Diarrhea. See also Colitis
juvenile idiopathic arthritis and, 998
in systemic sclerosis, 1409, 1410t
traveler’s, prophylaxis for, 1119

Diastolic dysfunction, with systemic 
sclerosis, 1382, 1410

Diastrophic dysplasia, 2060
Dicer, for gene function analysis, 114
Diclofenac

adverse effects of, 489-492
for ankylosing spondylitis, 1160, 

1164t
drug interactions with, 486-487
for juvenile idiopathic arthritis, 1018, 

1019t
pharmacogenetics of, 207, 207t
pharmacokinetics of, 486, 486t

Diet. See also Nutrition entries
exercise interplay with, 433, 434f

treatment applications of, 437-438
gluten, for celiac disease, 324-325
hemochromatosis related to, 1929, 

1933
hyperuricemia and, 1860
modifications of

for myofascial pain disorder, 767
for renal disease, 333-334
for rheumatoid arthritis, 969-970

in nutritional assessment, 434t, 435, 
437

RDAs for vitamins and minerals, 
438

urate balance and, 1842, 1843t
Dietary supplements. See also 

Nutriceuticals
for inflammatory arthritis, 438
for juvenile idiopathic arthritis, 1017, 

1024
routine monitoring of, 437

Diethylcarbamazine, 1077
Dietician, 437, 966t
Diet pyramid, U.S., 438
Diet therapies, 450t
Diffuse alveolar damage (DAD), in 

interstitial lung disease, 315
with myositis, 1445, 1451

Diffuse alveolar hemorrhage (DAH)
with interstitial lung disease, 318-

319, 1445
in systemic lupus erythematosus, 

1242, 1242f
Diffuse idiopathic skeletal hyperostosis 

(DISH), 1801-1806
clinical features of, 1802
criteria and characteristic description, 

1801-1802, 1802f
in diabetes, 1909t
differential diagnosis of, 1803-1804
epidemiology of, 1801
etiology and pathogenesis of, 1804-

1805, 1804f-1805f
genetics of, 1805

history of, 1801, 1802t
investigations of, 1802-1803, 1803f

imaging for, 1802-1803, 
1803f-1804f

laboratory studies for, 1803
management of, 1805

prevention as, 1805, 1805t
specific interventions for, 1805

pattern recognition in, 253
prevalence of, 1801, 1802f, 1802t
summary of, 1801

Diffuse infiltrative lymphocytosis 
syndrome (DILS), HIV 
infection associated with, 
1087-1088, 1088t

Diffuse lupus nephritis, 1257-1258, 
1258f-1259f

Diffuse noxious inhibitory controls 
(DNIC), attenuated, in 
fibromyalgia, 773-774

Diffuse podocyte foot process, 1262
Diflunisal, 486t, 679
Digital clubbing, 256, 1701-1705. See 

also Hypertrophic 
osteoarthropathy (HOA)

acromegaly vs., 1701
physical examination for, 1701, 

1702f
with sarcoidosis, 1663, 1663f

Digital flexor tenosynovitis, e69f, 620-
621, 621f

Digital Index, for clubbing 
measurement, 1701-1703, 
1702f

Digital pitting/scarring
in Raynaud’s phenomenon, 1429, 

1429f
management of, 1430, 1432

with systemic sclerosis, 290, 290f
in children, 1042, 1042t

Digital radiography, 353
Digital sympathectomy, localized, for 

Raynaud’s phenomenon, 
1407-1408, 1432

Digital telescoping, in arthritis 
mutilans, 1186, 1186f

Digital tip infarction
in polyarteritis nodosa, 1526, 1527f
in rheumatoid arthritis, 846-847, 

847f
Digital ulcers

in Raynaud’s phenomenon, 
management of, 1407-1408, 
1408t

in scleroderma, 290, 290f, 1369-
1370

in systemic lupus erythematosus, 
1231, 1231f

Digits. See also Finger; Toe
necrosis of, with dermatomyositis, 

1442, 1444f
“sausage-like” (See Dactylitis)
stenosing tenosynovitis of, 715, 829-

830
systolic blood pressure of, in 

Raynaud’s phenomenon, 
1430

Digoxin, 488t
Dihydroorotate dehydrogenase 

(DHODH), leflunomide 
inhibition of, 519, 520f

1,25-Dihydroxyvitamin D, 342, 1961
Dilazep hydrochloride, for 

antiphospholipid syndrome, 
1357

DIP. See Distal interphalangeal (DIP) 
joints

Disabilities of Arm, Shoulder, and 
Hand (DASH), 1781t, 1783

Disability. See Ability/disability
Disc degeneration

cervical, pain related to, 647, 647f, 
653-655

diffuse idiopathic skeletal 
hyperostosis vs., 1801, 1803

lumbar, 29
genetic associations in, 1766
imaging of, 666, 666f-667f
pain related to, 667, 668t, 673-675

mechanical influences in, 33-35
injury as, 34f
middle-age vulnerability as, 34f
osteoporotic deformities and, 36
prolapse and, 33f-34f

spinal degenerative cascade and, 35
Discitis, 1055
Disclosure, in ethical research, 229
Discography

for lumbar spine disorders, 666, 666f
MRI vs., 666, 667f

provocation, of cervical spine, 652
Discoidin domain receptor 2 (DDR-2), 

65
Discoid lupus erythematosus, 286b, 

287, 287f
clinical features of, 1230, 1231f
skin biopsy for, 274, 274f

Discoid meniscus, in children, 735, 
735f

Discovertebral joints, radiography of, 
for spondyloarthropathies, 
1148-1150, 1153

Discriminant validity, 943t
Discriminatory ability, in clinical 

research, 221, 223
Disease

chronic, bone mass and, 1960
risk factor causality between, 8, 8t

Disease Activity Score (DAS), of 
EULAR

for juvenile dermatomyositis, 1039-
1040

for rheumatoid arthritis, 836, 950
Disease activity/severity

articular cartilage indicators of, 66
complement profiles correlated with, 

181, 181t
continuum of, in epidemiology, 6
imaging for outcomes

disease phase and, 413
repair and, 416

indices of, 13, 14t
measurement of (See specific disease)
in observational studies, 222-225
patient education on, 427-432

Disease causation, 8, 8t
Disease duration, 4

of arthritis, pattern recognition and, 
251

minimum clinical trial, for imaging 
as outcome measure, 415-
416

Disease-modifying antirheumatic drugs 
(DMARDs). See also named 
drug, e.g., Sulfasalazine 
(SSZ)

angiogenesis inhibition by, 908
for ankylosing spondylitis, 1165-

1166
trends in, 1157, 1158f

bone loss and, 170
combination therapy with, 535-536, 

536t-537t
recent trials of, 536-537

double-blind trial, 536-537
open randomized trials, 537

Dermatomyositis (DM) (Continued) Diffuse idiopathic skeletal hyperostosis 
(DISH) (Continued)
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recommendations for use and 
monitoring, 537

description of, 505
for early arthritis, 939
for enthesitis, 1218
failure of

abatacept for, 560-561
minocycline for, 545
as TNF inhibitors indication, 579-

580, 585
for HCV-associated arthritis, 1090
for juvenile dermatomyositis, 1040-

1042
for juvenile idiopathic arthritis, 1021, 

1021t, 1025
combinations of, 1021

methotrexate combined with other, 
512

methotrexate vs. other, 512
miscellaneous immunosuppressives 

as, 529, 530t (See also 
named drug, e.g., 
Azathioprine (AZA))

for osteoarthritis, regulatory 
requirements for, 1787

penicillamine as, 541-542, 541t
perioperative management of, 640
pharmacogenetics of, 207-209

biologic, 208-209
for psoriatic arthritis, 1181, 1206-

1207, 1209f
for reactive arthritis, 1119
for rheumatoid arthritis, 170, 505, 

836-837
early institution of, 829, 834
extra-articular features, 839
with leflunomide, 522-523
with rituximab, 567, 569
vs. glucocorticoids, 499, 499t

for synovitis
assessing response to, 950
B-cell depletion agents, 954
choice of, 950-955, 952t
general strategies for, 949-951
historical timeline of, 949, 950f
IL-1 inhibitors, 954
monotherapy with biologic agents, 

953
failure of, 955

monotherapy with methotrexate, 
951-952

monotherapy with non-biologic 
alternatives, 952-953

monotherapy with non-biologic 
DMARDS, 953

combinations of, 953-955
failure of, 953

step-up combinations for 
inadequate response, 953

T-cell co-stimulatory modulators, 
954

third-line therapy with, 955
TNF inhibitors, 953-954

for systemic sclerosis, 1403-1407
antifibrotic strategies for, 1406-

1407, 1406t
immunomodulatory strategies for, 

1404-1406, 1405t
Disease-modifying osteoarthritis drugs 

(DMOADs)
animal models for

developmental aspects of
in large animals, 1731-1732
in medium animals, 1734-1735
in small animals, 1736, 1737t

evidence for, 1736-1738
limitations of, 1733, 1735-1736

imaging as outcome measure of, 
1772, 1787

Disease occurrence
data sources for estimating, 6-7
issues in measuring, 4-6, 4f
terms for, 3-4

Disease recurrence
of adult-onset Still’s disease, 854, 

855t
management of, 856

of juvenile idiopathic arthritis, 1012-
1013

of lupus nephritis, 1328-1329
of microscopic polyangiitis, 1530-

1532, 1530t, 1532f
of rheumatoid arthritis, 824

Disease remission
of juvenile idiopathic arthritis, 991, 

1006
preliminary definitions of, 1017, 

1018t
of lupus nephritis, 1328-1329
of rheumatoid arthritis, 823, 835
of sarcoidosis, 1668
of Wegener granulomatosis, 1555-

1556
Disintegrin

in osteoarthritis, 1766
in tissue destruction, 156, 158f

Dislocation, 242
of hip, surgical indications for, 725-

726
of patella, 740-741, 740f-741f
of shoulder

acute anterior, 805-806
rotator cuff tears and, 691

of wrist and hand, 711
Disseminated gonococcal infection 

(DGI), 1062-1063
bacteremic form of, 1063, 1063f
clinical features of, 1063, 

1063f-1064f
laboratory detection of, 1063-1065, 

1064f
management of, 1065
pathogenesis of, 1063

Distal interphalangeal (DIP) joints, 
712f-713f

arthritis involvement of, 252, 
253f-254f, 254

in Digital Index, 1701, 1702f
ganglions of, 715-716
juvenile idiopathic arthritis 

involvement of, 1000
osteoarthritis in, 1725, 1726f

presentations of, 1726, 1727f
radiographic prevalence of, 1712, 

1712f
synovial fluid presentations with, 

1729
physical examination of, 711-713
psoriatic arthritis involvement of, 

1179-1181, 1180b, 1185, 
1185f, 1187-1189

imaging of, 1189, 1189f, 1192f
rheumatoid arthritis in, 830-831
spondyloarthropathies in, imaging of, 

1150-1151, 1151f
Distal tibiofibular joint, in ankle 

anatomy, 750f
Diuretics, 488t
Dizziness, with heart disease, 305
DKK1 protein, bone formation and, 

171
DMARDs. See Disease-modifying 

antirheumatic drugs 
(DMARDs)

DMOADs. See Disease-modifying 
osteoarthritis drugs 
(DMOADs)

DNA
autoimmunity and, 148, 150, 893
bacterial

in animal models of arthritis, 881-
882

in rheumatoid arthritis, 899
complementary (See Complementary 

DNA (cDNA))
in innate immunity, 142-143
in juvenile idiopathic arthritis, 1011
methylation, in drug-induced lupus, 

1295
RNA synthesis from, 107
role in human disease, 873-874
somatic recombinations of, in 

adaptive immunity, 134-
135, 135f

B-cell maturation and, 135-136
DNA antibodies. See Anti-DNA 

antibodies
DNAase footprinting assay, 112-113
DNAase hypersensitivity, 113-114
DNA-based testing, 117-118. See also 

Nucleic acid entries
DNA-binding, in signal transduction, 

119-120
DNA inserts, in molecular biology, 

106-107
DNA manipulation, 106-107, 106f
DNA microarrays

chip, 111, 111f
spotted, 111, 112f

DNA polymerases
in DNA manipulation, 106f, 107
in DNA sequencing, 107-108, 108f

DNA sequencing, 107-108, 108f
for osteogenesis imperfecta, 2042-

2043
polymerase chain reaction in, 107-

108
rheumatoid synovium and, 915f, 916
technology for, 130

DNA templates, in molecular biology, 
107-108, 107f-108f

Documentation
of history and physical examination, 

249, 250f
of treatment response, for 

compensation/litigation, 15, 
836

Dog model
of gout, 1853
of joint osteoarthritis, 1731-1732, 

1732f-1733f
Domperidone, 1409, 1410t
Dopaminergic activity, in fibromyalgia, 

771, 774-776
Doppler, Christian, 377
Doppler artifacts, 380
Doppler echocardiography, 306
Doppler flowmetry, laser, for Raynaud’s 

phenomenon, 1430
Doppler ultrasonography

of enthesitis, 1217, 1217f
of inflammatory soft tissues, 1154
of juvenile idiopathic arthritis, 996
in kidney function testing, 335

Dorsal aspects
of rheumatic hands, 830, 831f
of wrist and hand anatomy, 713f

Dorsal horn neurons, pain transduction 
and, 202

Dorsal rami, cervical, articular vs. 
medial branches of, 651-
652, 652f

diagnostic block of, 652, 653f

Dorsal root ganglion cells, pain 
transduction and, 201-202

Dorsal spine, physical examination of, 
244, 244f

Double immunodiffusion, for lupus 
antinuclear antibodies, 1279

Double-stranded (ds) DNA
antibodies to (See Anti-double-

stranded (ds) DNA 
antibodies)

in polymerase chain reaction, 107, 
107f

Dowager’s hump, 1946f
Down syndrome, 976t

colchicine and, 1643
Doxycycline

chondroprotective properties of, 545
for Lyme disease, 1083-1084, 1084b
for osteoarthritis, large animal model 

of, 1734t
for osteoarthritis prevention, 161
for reactive arthritis, 1119t
for rheumatoid arthritis, efficacy data 

on, 546
meta-analysis, 546, 547t
randomized controlled trials, 545-

546, 545t-546t
DR3, as TNF receptor, 96, 97t-98t
Drift, diaphyseal, 78, 78f
Driven equilibrium Fourier transform 

(DEFT) imaging, in MRI, 
371

Drop arm test, 807t
“Drop-off” sign, 691
Dropout, in clinical research, 219, 221, 

223-224
Drosophila Toll system, mammalian 

TLR system vs., 144-146, 
145f

Drug development
contract research organizations in, 

228-229
economic evaluation in, 26
phases of, imaging for outcomes,  

413
Drug-induced lupus (DIL)

clinical findings in, 1296-1298
definition of, 1295
DNA methylation in, 1295
drug metabolization and, 1295-1296
epidemiology of, 1295
ethnicity and, 1295
genetics in, 1296
history of, 1295
incidence of, 1295
pathogenesis of, 1295
systemic lupus erythematosus vs., 

1296-1297
treatment of, 1298

Drug-induced myopathies, 1486-1488
alcohol in, 1488
chloroquine in, 1487
colchicine in, 1487
common drugs in, 1486-1488, 1486t
corticosteroids in, 1473, 1487
critical illness and, 1487
differential diagnosis of, 1479, 1480t
hydroxychloroquine in, 1487
lipid-lowering drugs in, 1486-1487
neuromuscular junction blocking 

agents in, 1487
penicillamine in, 1487
zidovudine in, 1488

Drug interactions. See named drug, 
e.g., Hydroxychloroquine 
(HCQ)

Drug response, pharmacogenomics of, 
205-206

Drug studies. See Clinical trials

Disease-modifying antirheumatic drugs 
(DMARDs) (Continued)

Disease-modifying osteoarthritis drugs 
(DMOADs) (Continued)
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Drug therapy, 450t

angiogenesis suppression with, 908, 
908t

bone mass and, 1960
cardiac illness risks with, 306-307
dialysis patients and, 1687
erythema nodosum associated with, 

1601, 1602b
genomics in, 130, 205-210 (See also 

Pharmacogenomics)
gout associated with, 1841, 1843t

indications for (See specific 
classification or drug, e.g., 
Disease-modifying 
antirheumatic drugs 
(DMARDs))pathology-
specific (See specific 
pathology)

induction (See Induction therapy)
interstitial lung disease induced by, 

319, 525 (See also 
Respiratory system toxicity)

lupus induced by, TNF inhibitors 
risk for, 590, 593

maintenance (See Maintenance 
therapy)

myopathies induced by (See Drug-
induced myopathies)

myositis associated with, 1459-1460, 
1460t

panniculitis induced by, 1601, 
1602b, 1603

during pregnancy, 611-616 (See also 
Pregnancy)

Drug toxicities. See named drug, e.g., 
Gold/gold salts

Drug users, intravenous, septic arthritis 
in, 1057, 1062t

Drug withdrawal, postoperative 
management of, 638

“Drumstick fingers”, 1701-1703
Dry cough, with Sjögren’s syndrome, 

1340-1341
Dry eye disease/syndrome, 301-303, 

302f
with Sjögren’s syndrome, 

management of, 1349
Dry mouth

with narcotic therapy, 475t
with Sjögren’s syndrome, 1349

DsDNA antigen, 1283t, 1284
DSTDT gene, 1764
Dual-echo steady-state (DESS) imaging, 

in MRI, 370
Dual-energy x-ray absorptiometry 

(DEXA), 399-411
in abdominal aorta assessment, 403-

404, 404f-405f, 404t
clinical practice applications of, 404-

406
case study of, 406-408
manufacturer influence on, 404-

406, 406f-408f
fan-array spine imaging with, 402-

404
FRAX algorithm in, for fracture 

prediction, 400-401, 401f
GE Lunar device for, 404-406, 404f, 

406f, 409f
Hologic device for, 403f, 404-406, 

408f
indications for, 409-410, 410t
limitations of, 408-409
monitoring bone changes with, 401-

402, 402t
Norland device for, 404-406, 407f
for osteogenesis imperfecta, 2042
in osteoporosis diagnosis, 399-400, 

400t

power sources for, 399
principles of, 399
radioactive isotopes in, 399
repeatability/reproducibility of, 401
in vertebral fracture assessment, 402-

403, 403b, 403f-405f
Dual photon absorptiometry (DPA), of 

bone mass, 399
Duchenne’s muscular dystrophy, 1479, 

1488
Duloxetine, 780
Dupuytren’s contracture/disease, 716-

717, 717f
capsulitis associated with, 694
in diabetes mellitus, 1890, 1909t
surgery for, prevention of CRPS with, 

802
Dupuytren’s diathesis, 716
Duration. See Disease duration
Durban criteria, for juvenile idiopathic 

arthritis, 988
Durkin’s test, 716
Dwarfism, in mucopolysaccharidoses, 

2037, 2039f
Dynamics, in whole joints, 37-38
Dynamometer, for muscle strength, 

1047
Dysferlinopathies, 1446-1447, 1447t, 

1488
Dyslipidemia

diffuse idiopathic skeletal 
hyperostosis and, 1805

management of, 1805, 1805t
glucocorticoids risk for, 501
lupus nephritis and, 1330, 1332t
psoriasis and, 312
systemic lupus erythematosus and, 

1227
Dyslipoproteinemia, in systemic lupus 

erythematosus, 1244
Dysostoses, 2048b
Dysphagia

with myositis, 1440-1441, 1476
in juveniles, 1039, 1040f, 1041, 

1041t
with Sjögren’s syndrome, 1341
with systemic lupus erythematosus, 

1239
Dysplasia

bone (See Skeletal dysplasia)
cartilage, 1764
epiphyseal (See Epiphyseal dysplasias)
fibrous, of bone, 2070
of hip, 722-724

developmental, 725, 725f
osteoarthritis related to, 725

Kneist, 1764-1765
pseudorheumatoid, 1013
spondyloepiphyseal, 1764

Dyspnea
with heart disease, 305
with myositis, 1440-1441, 1444, 

1445b
with scleroderma, indices for,  

1369
in systemic sclerosis (SSc), 1413

Dystrophinopathies, 1488

E

Ear
inner, 1625

Cogan syndrome involvement of, 
1625-1626

immune response in, 1627
nose, and throat (ENT) disorders, 

766-767

Wegener granulomatosis features in, 
1548

Earlobe inflammation, with relapsing 
polychondritis, 294, 294f, 
1671, 1672f, 1672t

cartilage biopsy for, 1673, 1673f
Early polyarthritis

concept of, 935
criteria for, 935
differential diagnosis of, 936-937
disease-modifying anti-rheumatic 

drugs for, 939
evaluation of, 936-937
extra-articular clinical signs in, 936-

937
glucocorticoids for, 939
history in, 936-937
imaging studies in, 937
laboratory studies in, 937
methotrexate for, 939
NSAIDs for, 938
patterns of joint involvement in, 937, 

938f
synovitis detection in, 936
treatment of, 938-939

Eburnation, 1746t
EBV. See Epstein-Barr virus (EBV)
Echocardiography

in acute rheumatic fever, 1099
for amyloidosis, 1695-1697, 1696t
for Behçet’s syndrome, 1578
in Kawasaki disease, 1584
perioperative indications for, 633
for sarcoidosis, 1661, 1665
in systemic lupus erythematosus

for endocarditis, 1243
for pericardial effusion, 1243
for pulmonary hypertension, 1242

transesophageal, in cardiovascular 
examination, 306

transthoracic, in cardiovascular 
examination, 306, 310-311

Echo time (TE), in MRI, 367-368
Economic evaluation, 23-26

analysis perspective in, 23, 24f, 25, 
27 (See also Costs and 
benefits)

application to rheumatic diseases, 
26-27

future of, 28
sensitivity analyses, 27
source of evaluations, 26-27
source of information, 27
summary of, 27
surgical intervention evaluations, 

27
therapeutic areas, 27, 1176
types of evaluations, 27

design features of, 24-25, 24f
dimensions of, 23, 24f
in drug development, 26
introduction to, 23
reference case for, 26
types of, 25, 25t

Ectopic lymphoid neogenesis, 568
Eculizumab, 554
EDARADD protein, 95
Edema

acute hemorrhagic, of infancy, 1599, 
1599f

bone, MRI measurement of, 418, 
419t

with complex regional pain 
syndrome, 799, 799f, 799t

with heart disease, 305
interstitial, with hypertrophic 

osteoarthropathy, 1703-
1704

in joints (See Swelling)
laryngeal, with rheumatoid arthritis, 

842, 843f
macular (See Macular edema)
periorbital, with myositis, 1440-

1441, 1442f
peripheral (See Peripheral edema)
subcutaneous, with dermatomyositis, 

1446
Edmonton criteria, for juvenile 

idiopathic arthritis, 988
Educational outcomes, juvenile 

idiopathic arthritis impact 
on, 1006

Educational resources
on complementary and alternative 

medicine, 457t, 458
on myositis, 1471, 1472b
for patient (See Patient education)

Efalizumab, in psoriatic arthritis, 1203
Effectiveness trials, 220

statistical tests for, 224-225, 225f
Effector cells

in B-cell co-stimulation, 563
chemokines and, 102
in juvenile idiopathic arthritis, 1009
in mechanical stress response, 45
in T-cell co-stimulation, 557

Effector mechanisms/molecules
in adaptive immunity, 134, 134f, 

136
in myositis, 1461

Effector phase, of immune response, 
133

Effect size (ES), 13, 13t
in clinical research, 221, 225
in genetic association studies, 127-

128
Efferent nerve fibers/system

in neuroendocrine system, 211, 212f
pain transduction and, 199, 202

Efficacy trials, 220, 223-224
Effusions

in adult-onset Still’s disease, 853-854
aspiration of, 617

procedure for, 617, 619f
joint (See Joint effusions)
pericardial (See Pericardial effusions)
pleural (See Pleural disease/effusions)

Ehlers-Danlos Syndrome (EDS), 2045-
2047

clinical features of, 2045-2046, 
2045t, 2046f

description of, 2041
diagnostic studies of, 2046
differential diagnosis of, 2046
epidemiology of, 2045
etiology and pathogenesis of, 2046
history of, 2045
hypermobility type (type III), 2051 

(See also Hypermobility 
syndrome)

management of, 2046-2047
Elasticity, visco-, 40-44
Elastin, in relapsing polychondritis, 

1673
Elbow

articular capsule in, 701
aspiration/injection of, 622, 622f

for golfer’s elbow, e70f, 622
olecranon bursa indications for, 

e70f, 622
for tennis elbow, 622, 622f

athletic injuries to, 812
bony components of, 701
bursae in, 702
clinical evaluation of, 702-704
functional anatomy of, 701-702

Dual-energy x-ray absorptiometry 
(DEXA) (Continued)

Ear (Continued) Edema (Continued)
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hemophilic arthropathy of, 1919
history in evaluation of, 702-703
humerus in, 701
inspection of, 703, 703t
investigations for, 703-704
ligaments in, 701, 702f
movement in examination of, 703, 

703t
movement of, 702
muscle insertions at, 702f
muscles in, 701-702
neurovascular relationships in, 702
pain, differential diagnosis of, 703
palpation of, 703, 703t
physical examination of, 246, 246f, 

703
in children, 978

radius in, 701
rheumatoid arthritis in, 829, 832

radiography of, 862
soft tissue components of, 701-702
soft tissue lesions in, 704-708
synovectomy of, for juvenile 

idiopathic arthritis, 1024
synovium in, 701
tendinopathy in, 811-812

Elbow replacement, for juvenile 
idiopathic arthritis, 1025

Elderly, use of TNF inhibitors in, 588
Electrical stimuli, in fibromyalgia,  

773
Electrocardiogram (ECG)

in acute rheumatic fever, 1099
for Behçet’s syndrome, 1578
for cardiac sarcoidosis, 310-311, 

1661, 1666
in cardiovascular examination, 305-

306
in perioperative care, 632-633
for systemic lupus erythematosus, 

1243
for systemic sclerosis, 311

Electroencephalogram, for 
neuropsychiatric lupus, 
1239

Electrolyte disorders, metabolic 
myopathy related to, 1481-
1482, 1482b

Electromyography (EMG)
for anterior interosseous nerve 

syndrome, 786
in biofeedback, for pain control, 464
of forces acting on spine, 31
for lumbar spine disorders, 667, 676-

677
muscle biopsy consideration of, 276
for muscular dystrophies, 1488
for myofascial pain disorder, 766
for myopathy evaluation, 1479, 

1483-1484, 1486
for myositis, 1446, 1449-1450

in juveniles, 1039-1040
for sarcoidosis, 1663-1664

Electron microscopy (EM)
of amyloidosis, 1694
of basic calcium phosphate crystal 

deposition disease, 1893-
1894

of hypertrophic osteoarthropathy, 
1703

of kidney biopsy, 336-337, 336t
for lupus nephritis, 1234-1235, 

1235f, 1319t
morphologic features seen on, 

1234, 1234t
for protein analysis, 116

Electron spray ionization, in 
proteomics, 117

Electron transport chain defects, in 
mitochondrial myopathies, 
1480, 1484

Electrophoretic mobility shift assay 
(EMSA), 112-113, 113f

Electrotherapy. See Transcutaneous 
electrical nerve stimulation 
(TENS)

ELISA. See Enzyme-linked 
immunosorbent assay 
(ELISA)

ELR amino acid motif, of chemokines, 
in angiogenesis mediation, 
906, 907t

inhibition of, 907-908
Ely test, 723, 724f
Emboli

cerebral, cerebral vasculitis vs., 1622, 
1622t

fat, 639
pulmonary, 638, 1242, 1550
venous (See Venous 

thromboembolism)
Embryo implantation, antiphospholipid 

antibody impact on, 1337
Embryology, of synovium, 51
Emergency management, of 

neuropathic arthropathy, 
1812

Emotional disability, measurement of, 
16

Emotional lability/states
history taking for, 238
myositis vs., 1446, 1446b
and pain, 461-462
perioperative management of, 638

Encephalitis, with Lyme disease, 1082
Endemic mycosis infection, in anti-

TNF-treated patients, 606-
607

Endocarditis
in acute rheumatic fever, 1096
digital clubbing associated with, 

1702f, 1703
in systemic lupus erythematosus, 

1243
immunopathology of, 1262
Libman-Sacks, 1253, 1254f

Endocrine diseases
bone mass and, 1960
carpal tunnel syndrome associated 

with, 788, 788t
glucocorticoids risk for, 501
lumbar pain related to, 672f, 672t
metabolic myopathy related to, 1481-

1482, 1482b
myositis and, 1446, 1446b
perioperative management of, 636, 

636b
systemic lupus erythematosus and, 

1244
Endocrine factors, of rheumatoid 

arthritis, 826
Endoglin, 906, 907t
Endolymphatic sac, of inner ear, 1625

Cogan syndrome involvement of, 
1625

immune response in, 1627, 1627b
Endomyocardial biopsy

for myositis, 1451-1452
for sarcoidosis, 310-311, 1661, 1666
for systemic lupus erythematosus, 

1243
Endomysial membrane, 1457, 1458f

in myositis, 1464, 1464f
Endoplasmic reticulum, in T cell-

mediated immunity, 136-
137, 137f

Endostatin, 908, 908t

Endothelial cells
activation during inflammation, 183-

184, 1510, 1511f
in angiogenesis, 905-906, 906f

sprouting vs. seeding of, 1513
in-vitro studies of function of, 1509
in lupus nephritis, 1257-1262, 

1259f, 1262f
in myositis, 1465
in rheumatoid synovium, 919
in sarcoidosis, 1667
in synovium, 54
in systemic sclerosis, 1400

Endothelial-mesenchymal 
transformation, in systemic 
sclerosis, 1402

Endothelial progenitor cells (EPC),  
307

Endothelin-1 (ET-1)
angiogenesis mediation by, 905-906, 

907t
inhibition of, 908, 908t

in Raynaud’s phenomenon, 1428
in systemic sclerosis, 1401

Endothelin receptor antagonists
for interstitial lung disease, 317
for pulmonary hypertension, 1422t
for Raynaud’s phenomenon, 1407, 

1408t, 1431
Endothelium

injury to
digital clubbing associated with, 

1702, 1704
hLamp-2 induced, in ANCA-

associated vasculitis, 1516, 
1518f

in rheumatoid arthritis, 307
main functions of, 1509
in Raynaud’s phenomenon

adrenoceptor subtypes and, 1427
vasodilation abnormalities of, 1428

in vasculitis inflammation, 1509-
1513

coagulation and, 1511-1513
damage and repair with, 1513-

1516
glomerular lesions, 1516, 1516f, 

1518f
endothelial cell activation during, 

1510, 1511f
leukocyte-endothelium interaction 

and, 1510-1511, 1512f
Endotracheal intubation, for anesthesia, 

632, 640
End-stage renal disease (ESRD)

lupus nephritis progression to, 1234-
1236, 1331-1332

dialysis for, 1331-1332
renal osteodystrophy and, 2013-

2014, 2014t, 2016-2017
in rheumatic diseases, 339
rheumatologic complications of

bone disease as, 343
crystal arthropathies as, 343
β2-microglobulin amyloidosis as, 

342
other arthropathies as, 344
soft tissue and vessel calcification 

as, 343
in systemic lupus erythematosus, 

1227
in Wegener granulomatosis, 1556

Energy
conservation interventions for, 446
vital, in Chinese medicine, 451, 

451f-452f
Energy expenditure

in rheumatoid cachexia, 436
total daily, 436

Energy intake, recommendations for, 
437-438

Energy metabolism
bone remodeling and, 1963
in mitochondria, 1483, 1485f
in muscle

disorders of (See Metabolic 
myopathies)

pathways of, 1482, 1483f
Engineering, biomechanical, 37
Enkephalins, in fibromyalgia, 774, 776
α-Enolase, in rheumatoid arthritis, 

898-899
antibodies to, 889, 894f

ENT (ear, nose, and throat) disorders, 
766-767

Enteritis. See also Gastroenteritis
lupus, 1239, 1239f

Enterobacter spp., in septic arthritis, 
1055-1056

Enteropathic arthropathies
ankylosing spondylitis vs., 1130t
imaging of, 1145

in peripheral joints, 1152
in sacroiliac joint, 1145

Enteropathy, protein-losing, with 
systemic lupus 
erythematosus, 1239

Entheses, 1136, 1180-1181, 1211
in adult-onset spondyloarthropathies, 

1029
biomechanics of, 1212-1213
functional, 1213
in psoriatic arthritis, 1198-1199

Enthesis organ complex, 1212-1215
Enthesitis, 1211

in ankylosing spondylitis, 1129-
1130, 1176f, 1211

in children, 977-978
with chronic kidney disease, 1685-

1686, 1686f
of interspinous ligaments, 623, 623f
in juvenile-onset 

spondyloarthropathies, 
1030, 1030f

peripheral, 1030, 1030f
midtarsal, 1212
in psoriatic arthritis, 1187-1189, 

1187f, 1205-1206
treatment of, 1206b, 1209, 1209t

secondary
management of, 1218
vs. primary, 1211

spectrum of pathology with, 1211-
1212

synovitis link to, 1213, 1214f
TNF inhibitors for, 1171
on ultrasound, 384, 384f

Enthesitis-related arthritis, 987-988, 
988t, 1136

ankylosing spondylitis evolved from, 
1001, 1001f

in children, 1029
clinical features of, 994b, 995t, 1001, 

1001f
disease characteristics of, 990, 990t
functional outcomes of, 1006
genetics of, 990, 991t, 1013t
imaging of, 1153-1154
pathogenesis of, 1214-1215, 1215f
pharmacologic therapies for, 1017-

1018, 1026
in psoriatic arthritis, 1180-1181

Enthesopathy(ies), 1211-1219
anatomy of, 1212-1214

definitions and concepts in, 1211-
1212, 1212f

fibrocartilage in, 1212-1213, 
1212f-1213f

Elbow (Continued)
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related structures in, 1213, 1214f
tissue zones in, 1212

clinical features of, 1215-1216
enthesitis sites, 1215-1216, 1216t
symptoms and signs, 1216

differential diagnosis of, 1211, 
1212b, 1216

in diffuse idiopathic skeletal 
hyperostosis, peripheral, 
1802f, 1803-1804, 1804f

management of, 1805, 1805t
epidemiology of, 1211-1212
histopathology of, 1213-1214, 1214f
history of, 1211
imaging of, 1216-1217

bone scintigraphy in, 1217, 1218f
MRI in, 1216, 1216f-1217f
radiography in, 1217, 1217f
ultrasonography in, 1217, 1217f

introduction to, 1211
management of, 1218

disease-modifying therapy in, 1218
first-line therapy in, 1218
for secondary enthesitis, 1218
stepwise approach to, 1218

pattern recognition in, 254
plantar fascia calcaneal, e72f, 626
in spondyloarthropathies, 1214-1215

enthesitis-based model of, 1215, 
1215f

enthesitis vs. osteitis, 1215
as universal hallmark of, 1211, 

1214-1215, 1215f
Enthesophytes, 1211-1212, 1217, 

1217f
Entrapment neuropathies, 783-796. See 

also specific syndrome
carpal tunnel syndrome as, 787-791
of cervical nerve roots, 645, 648, 655
compartmental syndromes and, 795
cubital tunnel syndrome as, 785
in forearm, 786-787, 787f

anterior interosseous nerve 
syndrome as, 786

pronator teres syndrome as, 786-
787

in hip
femoroacetabular, 723-726, 726f
pain related to, 720-721, 721t, 

727-728
introduction to, 783
in lumbar spine

low back pain related to, 659, 662-
663, 663f

with lumbar spinal stenosis, 676-
677, 679

median nerve compression 
syndromes as, 786-787, 
787f

meralgia paresthetica as, 792-793
Morton’s metatarsalgia as, 794-795
with mucopolysaccharidoses, 2037, 

2039
with Paget’s disease, 2022
piriformis syndrome as, 792
radial nerve compression syndrome 

as, 791-792
recognized sites of, 783, 784f
with rheumatoid arthritis, 783, 845, 

845f
in ankle, 833
in wrist, 831

rotator cuff disorders and, 688
Neer classification, 690

in shoulder
assessment of, 686-687, 687f, 689t
of glenohumeral joint, 697, 698f

internal vs. external, 697

of rotator cuff and subacromial 
bursa, 683-686, 685f, 688, 
690

decompression for, 690-692
of scapulothoracic joint, 685-686

tarsal tunnel syndrome as, 793
thoracic outlet syndrome as, 783-785
ulnar nerve compression syndromes 

as, 785-786
ulnar tunnel syndrome as, 786
in wrist and hand, 713, 715t

Environmental factors
of ankylosing spondylitis, 1141
of arthritogenic autoimmune 

response, 893-894, 894f
of Behçet’s syndrome, 1575
of bone mass, 1959-1960
of fibromyalgia, 771, 772b
of gout, 1853
of hemochromatosis, 1933
of juvenile dermatomyositis, 1038
of juvenile idiopathic arthritis, 987, 

989, 991, 1011-1012
of low back pain, 659
of lupus, 1290t
of microscopic polyangiitis, 1525
of myositis, 1440, 1459, 1460t
of nutritional status, 433, 434f
in outcome assessments, 1779

of osteoarthritis, 1783
of Paget’s disease, 2021-2022
of patient education, 428-429, 428f, 

429t
of polyarteritis nodosa, 1525
of psoriatic arthritis, 1196
of rehabilitation, 441, 444-445

work as, 446-447
of rheumatic diseases, 7, 7t

genetic interactions with, 7, 7t, 
125, 130

of rheumatoid arthritis, 826-827
gene interactions with, 826, 869, 

876
infectious agents as, 827
lifestyle as, 826
nutrition as, 826-827
occupation as, 827
socioeconomic status as, 827
urban industrialization as, 827

of Sjögren’s syndrome, 1345-1346, 
1346f

of spine diseases, 29
of systemic lupus erythematosus, 

1224-1225
of Wegener granulomatosis, 1554

Enzyme immunoassay (EIA), for 
Wegener granulomatosis, 
1552, 1553b

Enzyme-linked immunosorbent assay 
(ELISA)

ACPAs detection with, 261
for ANCA-associated vasculitides, 

1514
APAs detection with, 263
for lupus antibodies, 1279-1280
for Lyme disease, 1083
for myositis, 1451, 1453
for rheumatoid factor, 261, 887
for rheumatoid synovium, 915f, 922f

Enzyme replacement therapy, for 
Gaucher’s disease, 2035

Enzymes. See also specific enzyme, 
e.g., Angiotensin-converting 
enzyme (ACE)

in cartilage breakdown and turnover, 
58, 66

collagen fiber cross-links promoted 
by, 69-70, 73-74

collagen-modifying, in hypermobility 
syndrome, 2051

deficiencies of
genetic testing for, 1481t
mucopolysaccharidoses related to, 

2037-2039, 2038t
myopathies related to, 1479-1480, 

1482, 1484, 1484f, 1486 
(See also specific metabolic 
disorder)

in DNA manipulation, 106f, 107
in DNA sequencing, 107-108, 108f
in gene transfer, 166t
hepatic (See Liver enzymes)
joint destruction role (See also 

specific enzyme, e.g., 
Matrix metalloproteinases 
(MMPs))

in rheumatoid arthritis, 925, 927
musculoskeletal (See Muscle 

enzymes)
proteolytic (See Proteolytic enzymes)
in rheumatoid arthritis, as outcome 

predictor, 950
in signal transduction

receptors associating with, 120-122
multichain immune recognition, 

121-122, 121f
type I/II cytokines, 120-121, 

120t, 121f
receptors with intrinsic activity as, 

119-120
in synovium, 56

Eosinophilia, diagnostic applications of, 
260

Eosinophilia-myalgia syndrome, 1447
Eosinophilic cutaneous fibroses, 256
Eosinophilic fasciitis (EF), 1434t, 1436, 

1436f, 1447
Eosinophilic myositis, 1038, 1447
Eosinophils

in inflammation, 187
products, 187t

Ependymoma, 670t
Epicondylar syndromes, injections for

lateral, 622, 622f
medial, e70f, 622

Epicondyle, lateral, rheumatoid arthritis 
in, 832

Epidemics, reactive arthritis occurrence 
in, 1115, 1115t

Epidemiology, 3
basic study types in, 3, 4f, 4t
classification criteria for, 5t-6t, 6f

application problems of, 5
common construct in, 5
consensus on, 5, 834
prevalence estimates and, 5
sensitivity and specificity of, 5, 5t

Epidermal growth factor (EGF)
angiogenesis mediation by, 906,  

907t
in rheumatoid synovium, 923
signaling receptors for, 101

Epididymitis, in Behçet’s syndrome, 
1578

Epidural anesthesia, 639
Epidural corticosteroid injections, 679
Epidural hematoma, imaging of, 665, 

665f
Epidural nerve blockade, 802t, 803
Epiphycan, 63
Epiphyseal dysplasias, osteoarthritis 

associated with
in long bones, 1764
multiple, 1764, 1765f
spondyloepiphyseal, 1764

Epiphyseal plate, 77-78, 78f

Epiphyses, 67
bone growth and, 77-78, 78f
femoral, in Legg-Calvé-Perthes 

disease, 981-983, 982f
in juvenile idiopathic arthritis

ballooning of, 995, 996f
growth disturbances of, 1002

slipped capital femoral, 724-726, 997
tibial, in femoral stapling, 1024

Epiphysiodesis, for juvenile idiopathic 
arthritis, 1024

Episcleritis, 299
in Cogan syndrome, 1627, 1631
in inflammatory bowel disease, 323, 

323t
in relapsing polychondritis, 1672
in rheumatoid arthritis, 844, 844f

Episode incidence, 3-4, 4t
Epistatic effect, 1248
Epitenon, 1213
Epithelial cells

as barriers against microbes, 146
in Sjögren’s syndrome, 1345-1348

Epithelitis, autoimmune, in Sjögren’s 
syndrome, 1345, 1345f

Epithelium, in gut spondyloarthritis, 
1137

Epoprostenol, 1422t
Epratuzumab, 1349
Epstein-Barr nuclear antigen (EBNA-1), 

899-900
Epstein-Barr virus (EBV)

complement receptor for, 177, 179
fibromyalgia associated with, 771, 

772b
rheumatic effects of, 1092

in juvenile idiopathic arthritis, 
1011-1012

in rheumatoid arthritis, 827, 899-
900, 900f

systemic lupus erythematosus 
associated with, 1225-1226

Equipoise, clinical, 227-228
ERAP1 gene, in ankylosing spondylitis, 

1125-1126, 1142
HLA-B27 and, 1137

ERA trial, on etanercept, 582, 583t, 
588

Ergonomic assessment, for work 
adaptations, 446-447

Erlenmeyer flask deformity, 2032-2033, 
2032f-2033f, 2033t

Erosion
bone (See Bone erosion)
in osteoarthritis, 1746t
skin, 286b

Erosive osteoarthritis, 344, 902
Error

in clinical research, 223-224
in laboratory tests, 259
in outcome assessment, 11, 12f

clinical research vs. clinical 
practice differences of, 1779

minimization of, 13
Erythema

with dermatomyositis
facial, 1441, 1443f, 1444b
periungual, 1441, 1443f, 1444b

examination of, 240, 240f
with systemic lupus erythematosus, 

285-288
juvenile-onset, 1036, 1037f

Erythema elevatum diutinum, 1600, 
1601f

management of, 1605, 1606t
Erythema marginatum, in acute 

rheumatic fever, 1098
Erythema migrans, with Lyme disease, 

1081-1083, 1081t

Enthesopathy(ies) (Continued) Entrapment neuropathies (Continued) Enzymes (Continued)
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Erythema multiforme–like lesions, of 
leukocytoclastic vasculitis, 
1597, 1599f

Erythema nodosum (EN)
with Behçet’s syndrome, 1577, 1580
clinical features of, 1597, 1601, 

1601f
cutaneous polyarteritis nodosa vs., 

1600
etiologic causes or associations with, 

1601, 1602b
with inflammatory bowel disease, 

323, 323t
management of, 1606
with reactive arthritis, 1116-1117, 

1117f
with sarcoidosis, 1601, 1660-1661, 

1666
Erythrocyte sedimentation rate (ESR), 

260-261
in adult-onset Still’s disease, 854-

856, 855t
in calcific tendinitis, of shoulder, 697
in children, 979
in dermatomyositis, 1448
in fibromyalgia, 779
in hip disorders, 726-727
in juvenile idiopathic arthritis, 993

differential diagnosis of, 997, 999-
1000

neck pain and, 651
in psoriatic arthritis, 1188-1189
in Raynaud’s phenomenon, 1430
in reactive arthritis, 1118
in rheumatoid arthritis severity 

assessment, 836
prognosis and, 837, 950

in sarcoidosis, 1665
as scleroderma biomarker, 1370
in septic arthritis, 1060, 1060t
in Sjögren’s syndrome, 1343
in systemic lupus erythematosus 

severity assessment, 1302
in Takayasu’s arteritis, 1570
tetracyclines effect on, 544, 546, 

547t
Erythroderma, with dermatomyositis, 

1442
Erythromycin, 1409, 1410t
Erythropoietin (EPO)

angiogenesis mediation by, 906, 907t
as cytokine, 96-97, 98t, 99-100
recombinant, for systemic lupus 

erythematosus, 1268-1269
Escherichia coli

heat-shock proteins of, in juvenile 
idiopathic arthritis, 1012

reactive arthritis associated with, 
1113

in septic arthritis, 1055-1056, 1056t
E-selectin

angiogenesis mediation by, 906,  
907t

in endothelial inflammation, 1510-
1511, 1512f

in gout, 1850b, 1851
Esophageal dysmotility

in Sjögren’s syndrome, 1341
in systemic sclerosis, 1410t

interstitial lung disease related to, 
317

Esophagitis. See Reflux esophagitis
Esophagus

metaplasia of, with systemic 
sclerosis, 1410, 1410t

spasm of, 305
systemic lupus erythematosus 

features in, 1239
in systemic sclerosis, 1377-1378

Essential mixed cryoglobulinemia
ocular features of, 298
renal features of, 338t, 339

Estradiol, systemic lupus 
erythematosus risk related 
to, 1224

17β-Estradiol
chronic inflammatory diseases and, 

215
influence on immune system, 213f, 

215
Estrogen receptor modulators, for 

osteoporosis, 1979-1980
Estrogen receptors (ER), osteocyte 

survival and, 76
Estrogens

chronic inflammatory diseases and, 
215-216

deficiency of
bone remodeling and, 1962-1963
osteoarthritis related to, small 

animal models of, 1736, 
1737t

osteocyte apoptosis and, 76
in Sjögren’s syndrome, 1346

drug-induced lupus and, 1296
excess of, in systemic lupus 

erythematosus, 1244
immune/inflammatory response 

effect on, 211, 213f, 214
influence on immune system, 213f, 

215
lupus and, 1289
as uricosuric, 1871

Etanercept, 581-583
for adult-onset Still’s disease, 856
for ankylosing spondylitis

biologic basis of, 1167
impact on active inflammation on 

MRI, 1169, 1170f
long-term efficacy of, 1168f, 1169
short-term efficacy of, 1167f, 

1168-1169
socioeconomic aspects of, 1176

availability of, 581
for Behçet’s syndrome, 1579t, 1580
for hyper-IgD syndrome, 1638t
indications for, 577, 579-580, 579t, 

582
for juvenile dermatomyositis, 1041
for juvenile idiopathic arthritis, 

1018t, 1020t-1021t, 1021-
1022, 1025f

mechanism of action, 577-578
methotrexate vs., 512
molecular structure of, 578f
pharmacology of, 581-582
for psoriatic arthritis, 1207
for rheumatoid arthritis

infection risk with, 605-606
pivotal trials of, 582-583, 583t
synovitis indications and strategies 

for, 952t, 953-954
vs. abatacept, 560-561
vs. leflunomide, 523

safety of, 589-595, 591t
for sarcoidosis, 1669
for Sjögren’s syndrome, 1349
for Takayasu’s arteritis, 1572
for TNF receptor-associated periodic 

syndrome, 1638t
for Wegener granulomatosis, 1554, 

1556-1557
Ethambutol, 1070
Ethics

in clinical trials, 227-232
on biologic therapies, 229b, 230
case examples of, 229b, 230
conflict of interest and, 227, 229

on gene-based therapies, 167, 
229b, 230

general principles of, 227
observations from, 229-230
randomized trials and, 227-229
requirements for, 227, 228t
research perspectives of, 227

of complementary and alternative 
medicine, 458

of evidence-based medicine, 219
medical code of, 228
in outcome assessment, 11

Ethnicity
adult-onset Still’s disease and, 849, 

851t
ankylosing spondylitis and, 1125-

1126, 1141-1143
Behçet’s syndrome incidence and, 

1575
bone mass and, 1959
disease/conditions occurrence related 

to, 7, 7t, 9
drug-induced lupus and, 1295
Gaucher’s disease and, 2031, 2032t
gout and, 1853-1855
hemochromatosis and, 1929-1931, 

1933
hypermobility syndrome and, 2051
juvenile idiopathic arthritis and, 989-

990
juvenile-onset spondyloarthropathies 

and, 1029-1031
lupus and, 1271
Lyme disease incidence related to, 

1080
microscopic polyangiitis incidence 

and, 1525
musculoskeletal conditions frequency 

related to, 7, 7t
myositis and, 1439-1440, 1459
osteoarthritis and, 1718, 1718f, 

1766-1767
in hand, 1712
in hip, 1711, 1713, 1715
in knee, 1711-1712

osteogenesis imperfecta and, 2041, 
2044

polyarteritis nodosa incidence and, 
1525

psoriatic arthritis incidence and, 
1183-1184, 1184t

research ethics and, 228-229
rheumatoid arthritis risk and, 869-

871, 872t, 873, 875
GWAS findings for, 126-130

sarcoidosis presentations related to, 
1659-1664, 1668

intraracial heterogeneity of, 1667
scleroderma/systemic sclerosis 

incidence and, 1363
age at onset and, 1362-1363

sickle cell anemia and, 1921
Sjögren’s syndrome and, 1346
systemic lupus erythematosus and, 

1223-1224, 1249-1250
juvenile-onset, 1035
as outcome predictor, 1226-1227, 

1227f
Takayasu’s arteritis incidence and, 

308
Wegener granulomatosis and, 1547

Etidronate, 1982, 2000t, 2026
Etiologic factors, of rheumatic diseases, 

8, 9t
Etodolac, 486t, 1019t
Etoricoxib, 486t, 489-492

for ankylosing spondylitis, 1160, 
1164t

Eubacteria-induced arthritis, 
experimental in rats, 880-
881

EULAR. See European League Against 
Rheumatism (EULAR)

Euler’s theory, of bone fragility with 
remodeling, 1963, 1963f

European Agency for Evaluation of 
Medicinal Products  
(EMEA)

ethics role, 230
on imaging as outcome measure, 

415-416
on osteoarthritis imaging, 1772, 

1787
rituximab approval of, 565

European Consensus Lupus Activity 
Measure (ECLAM), 1302-
1303

European Disease Activity Index, for 
scleroderma, 1367, 1368t

limitations of, 1367
European League Against Rheumatism 

(EULAR), 823
ankylosing spondylitis treatment 

recommendations, 1157, 
1158f, 1158t

on Behçet’s syndrome management, 
1579, 1579t

juvenile idiopathic arthritis 
classification, 987, 988t, 
993, 994t

osteoarthritis criteria, 1726
polyarteritis nodosa classification 

criteria, 1523, 1524t
on rheumatoid arthritis activity 

assessment, 836, 950
on rituximab efficacy trials, 565, 

565f, 567
European Spondyloarthropathy Study 

Group (ESSG)
juvenile-onset spondyloarthropathies 

classification criteria, 1029, 
1030t

spondyloarthritis classification, 1123, 
1124t

juvenile, 987-988
Evaluation, prognostication vs., 944-

945
Evening primrose seed, 453, 455t
Evidence

for complementary and alternative 
medicine, 451-457

for glucocorticoid treatment, 502
levels of, 219, 224
for non-pharmacologic pain 

management, 463-464
for rehabilitation programs (See 

specific modality, e.g., 
Orthotic devices)

Evidence-Based Medicine Scale, Oxford 
Center, 219

Ewing’s sarcoma, 2068, 2069f
Examination. See Physical examination
Exanthema, of Still’s disease, 294,  

294f
Exercise

bone mass and, 1960
connective tissue response to, 45
diet interplay with, 433, 434f

treatment applications of, 437- 
438

for osteoarthritis, 1795
for osteoporosis, 1977
pain induced by, in compartmental 

syndromes, 795
synovial fluid cushion mechanisms 

during, 55
for tendinopathy, 88

Ethics (Continued)
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Exercise intolerance, with myopathies, 

1479
metabolic forms of, 1482, 1482b, 

1485
testing for, 1480-1481, 1481t, 1483

Exercise progression, in strength 
training, 443

Exercise stress testing
preoperative indications for, 633
for systemic lupus erythematosus, 

1243
Exercise therapy

for ankylosing spondylitis, 1159, 
1163f-1164f

for fibromyalgia, 463-464, 780, 780b
for hemophilia, 1917-1918
for juvenile idiopathic arthritis, 1024, 

1045, 1049
functional effects of, 1049

for lumbar spine disorders, 678
for lumbar spine pain, 674-675
for myofascial pain disorder, 767
for neck pain, 654
for pain control, 463
for psoriatic arthritis, 1205, 1208
for rheumatoid arthritis, 967-968

Exhaustion, myositis vs., 1446
Exocrinopathy, in Sjögren’s syndrome, 

1339, 1340t, 1341b
Exogenous antigens, in rheumatoid 

arthritis, 897, 899-900
bacteria as, 897, 899

molecular mimicry of, 898-900, 
900f

immune response driven by, 897, 
899-900

viruses as, 897, 899-900
molecular mimicry of, 900, 900f

Expectancy, in fibromyalgia, 773
Experimental drugs. See Investigational 

drugs
Experimental therapies

for Gaucher’s disease, 2035
for osteonecrosis, 1822

Exploitation, in clinical research, 227, 
228t

EXPLORER study, of rituximab, 569
Exposure(s)

causality between disease or 
outcome, 8, 8t

environmental (See Environmental 
factors)

infectious (See Infection(s))
Expression profiling, in molecular 

biology, 110-111
Extensor carpi radialis brevis (ECRB), 

714-715, 791
Extensor carpi radialis longus (ECRL), 

714-715, 791
Extensor digitorum communis (EDC), 

713f
Extensor digitorum longus tendon,  

750f
Extensor digitorum quinti (EDQ),  

713f
Extensor hallucis longus tendon, 750f
Extensor indicis proprius (EIP), 713f
Extensor mechanism

of knee
injuries to, 745, 745f
tendinitis of, 984

of wrist and hand, 713f
tenosynovitis of, 714-715

Extensor pollicis brevis (EPB), 713f
in deQuervain’s syndrome, 714
in intersection syndrome, 714-715

Extensor pollicis longus (EPL), 713f
External validity, of randomized 

controlled trials, 220

Extra-articular features
of ankylosing spondylitis, 

management of, 1173
of fungal infections, 1073
of hypermobility syndrome, 2051, 

2052f
of juvenile idiopathic arthritis, 987, 

990-991, 998, 999f
of juvenile-onset 

spondyloarthropathies,  
1032

of psoriatic arthritis, 1188
imaging of, 1189, 1192f

of reactive arthritis, 1116-1117, 
1116t, 1117f

treatment of, 1119
of rheumatoid arthritis, 839-848

amyloidosis as, 846, 846f
cardiac disease as, 842-844, 843f
Felty syndrome as, 840-841, 841f
hematologic abnormalities as, 839-

840
hepatic abnormalities as, 841
incidence of, 839, 840t
introduction to, 835, 839
local, 835, 839
muscular involvement as, 845-846
neurologic impairment as, 845, 

845f-846f
nodules as, 839, 840f
ocular involvement as, 844-845, 

844f
pulmonary involvement as, 841-

842, 841f-843f
renal abnormalities as, 846
survival with, 839, 840f
systemic, 835, 839, 840t
therapeutic strategies for, 839
vasculitis as, 839, 846-847, 

846f-847f
Extracellular matrix (ECM)

of articular cartilage, 59f, 60
disease activity biomarkers in, 66
molecules interacting at cell 

surface in, 64-65
other molecular functions in, 

65-66
components of, angiogenesis 

mediation by, 905-906, 907t
destruction of, in rheumatoid 

arthritis, 925-927
modeling/remodeling of, in 

mechanical stress response, 
45-46

connexins and, 47
in osteoarthritis, 1749-1750
osteoblasts anchorage to, 75
osteocytes interaction with, 76
remodeling, 86
in tendinopathy, 84-86, 86t
in tissue engineering, 163
turnover, 86

Extracellular proteolysis–neutral 
proteinases, in tissue 
destruction, 153-156

ADAM and ADAMTS families as, 
156, 158f

matrix metalloproteinases as, 153-
156, 155f-157f

miscellaneous, 154f-155f, 155-158
protein targets of, 153, 154f

Extracellular signal-regulated kinases 
(ERKs), in bone physiology, 
74, 76

Extracellular water (ECW), of standard 
man, 433-434, 435f

Extracorporeal shock wave therapy, for 
calcific tendinitis, of 
shoulder, 697

Extraglandular manifestations, of 
Sjögren’s syndrome, 1339-
1342, 1340t, 1349

Extraintestinal manifestations, of 
inflammatory bowel 
diseases, 321, 323, 323t

Extramuscular manifestations, of 
myositis, 1466, 1466f, 
1471, 1476-1477

calcinosis as, 1477
cardiac involvement as, 1476
gastrointestinal involvement as, 

1476-1477
interstitial lung disease as, 1476
skin involvement as, 1477

Extraoral examination, of 
temporomandibular joint, 
763, 764f

Extrapulmonary tuberculosis
musculoskeletal, 1067-1070 (See also 

Tuberculous arthritis)
treatment of, 1070

Extraskeletal myxoid chondrosarcoma, 
2068

Ex-vivo strategy, for gene transfer, 165f, 
166-167

Ex-vivo studies, 230
Eye examinations

of children, 977, 979
for Cogan syndrome, 1629
for Marfan syndrome, 2047-2048
for sarcoidosis

funduscopic, 1659-1660, 1666
slit-lamp, 1659-1660

for uveitis
in children, 979
schedule for, 1005, 1005b
slit-lamp, 1005

Eyes
antimalarials effect on, 506
in Churg-Strauss syndrome,  

1562
dry (See Dry eye disease/syndrome)
perioperative management of,  

640
rheumatic diseases involvement of, 

297-304 (See also Ocular 
manifestations)

F

FABER (flexion-abduction-external 
rotation) test

of hip, 723, 723f, 833
for low back pain, 661t, 662

Facet joints
in diffuse idiopathic skeletal 

hyperostosis, 1801, 1805t
injection of, for lumbar spine pain, 

679
Facet syndrome, 679
Face validity, 11-12, 943t
Facial dysmorphism, with 

mucopolysaccharidoses, 
2037, 2038f-2039f

Facial flushing, with corticosteroid 
injections, 619

Facial pain, atypical, 766
Facioscapulohumeral muscular 

dystrophy (FSHD), 1488
FACIT collagens, 60
Factor analysis, 13, 13t
Factor B, in complement system, 174t, 

175
Factor D, in complement system, 174t, 

175, 177
Factor H

in complement system, 65
in inflammation, 191t

Factor I
in complement system, 174t, 178
in inflammation, 191t

Factor IX
in coagulation, 1915
for hemophilia, 1913

future strategies for, 1920
immune tolerance goal of, 1919-

1920
prophylactic, 1916-1917
replacement protocols for, 1917, 

1918t, 1919
Factor IX deficiency (hemophilia B), 

1913-1914
coagulation factor inhibitors in, 1919
genetics of, 1915-1916

Factor VIIa
in coagulation, 1915
recombinant activated, 1919

Factor VIII
in coagulation, 1915
for hemophilia, 1913

future strategies for, 1920
immune tolerance goal of, 1919-

1920
prophylactic, 1916-1917
replacement protocols for, 1917, 

1918t, 1919
Factor VIII deficiency (hemophilia A), 

1913-1916
coagulation factor inhibitors in, 1919

Factor V Leiden, mutation of, in 
sclerosing panniculitis, 
1603-1604

Factor X, in coagulation, 1915
Falls, osteoporosis-related fractures and, 

1940, 1964, 1978
False-negatives, with laboratory tests, 

259
False-positives, with laboratory tests, 

259
Familial amyloidotic polyneuropathy 

(FAP)
with predominant cranial 

neuropathy, 1694
with variant transthyretin 

amyloidosis, 1693
Familial calcium pyrophosphate 

deposition disease, 1763-
1764

Familial cold autoinflammatory 
syndrome (FCAS), 573t, 
575, 1638t

amyloidosis in, 1652
clinical features of, 1651-1652
diagnosis of, 1652
hearing loss in, 1652
laboratory findings in, 1651-1652
molecular genetics of, 1652
rash in, 1652
treatment of, 1652

Familial disorders, osteoarthritis 
associated with, 1763-1765, 
1764t

Familial hypercholesterolemia, 1910-
1911

Familial juvenile hyperuricemia, 340
nephropathy with, 1848, 1855

Familial juvenile systemic 
granulomatosis (FJSG), 
uveitis associated with, 298

Familial Mediterranean fever (FMF)
associated disorders in, 1640
background of, 1638-1639
basic genetics of, 1638-1639
clinical features of, 1639-1641
diagnosis of, 1641-1642
epidemiology of, 1638-1639
laboratory findings in, 1639-1641
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molecular genetics in, 1641
overview of, 1638t
as prototypical hereditary recurrent 

fever, 1637
systemic amyloidosis in, 1640-1641
treatment of, 1643

Familial systemic sclerosis, 1364
Family education

on juvenile idiopathic arthritis, 1050
on myositis, 1471, 1472b, 1475
on psoriatic arthritis, 1205, 1208

Family studies
of adult-onset Still’s disease, 854
of ankylosing spondylitis, 1141,  

1143
spondyloarthritis subtypes in, 

1125-1126, 1135
of hemochromatosis, 1929, 1930f
of juvenile idiopathic arthritis, 1012
of juvenile-onset 

spondyloarthropathies, 
1029, 1032

of myositis, 1440
of osteoarthritis, 1762
principles of, 108-110, 109f
of rheumatic diseases, 125, 126t
of rheumatoid arthritis, 824-826, 

874-875
of Sjögren’s syndrome, 1346
of systemic lupus erythematosus, 

1247
Fan-array spine imaging, with DEXA, 

402-404
Fanconi-Bickel syndrome, 2000b
Fanconi syndrome, 1999, 2000b
Farnesyl diphosphate synthase 

inhibitors, 2026
Fas-associated protein with death 

domain (FADD), 122
TNF receptor recruitment of, 96, 

97t-98t
Fascia

biopsy of, 276-277, 277f (See also 
Muscle biopsy)

inflammation of
in fingers, flexion contracture with, 

256, 256f
at insertion sites (See 

Enthesopathy(ies))
pain syndrome of (See Myofascial 

pain disorder (MPD))
plantar (See Plantar fascia)
in shoulder myofascial syndrome, 

686
Fasciitis

eosinophilic, 1434t, 1436, 1436f, 
1447

macrophagic, 1447
palmar, cancer-related, 256, 256f, 

1678, 1679f
plantar

in sports medicine, 819
treatment of, 760

Fas molecule
in gene transfer, 166t
in rheumatoid arthritis, 901

Fast spin-echo (FSE), in MRI, 369
three-dimensional, 371, 372f

FAST4WARD study, of TNF inhibitors, 
589

Fat atrophy, with corticosteroid 
injections, 619

Fat bodies, in urine microscopy, 333
Fat embolism syndrome (FES), 639
Fatigue

in ankylosing spondylitis, 1132
in children, 975

chronic, adaptive rehabilitation for, 
446, 447t

history taking for, 238
with hypermobility syndrome, 2052-

2053, 2053f
with juvenile idiopathic arthritis, 

1005-1006
muscular, in myositis, 1446
with osteoarthritis, 1781t, 1782
outcome assessment for, 14t, 446, 

1782
with scleroderma, 1370
with Sjögren’s syndrome, 1339,  

1346
with systemic lupus erythematosus, 

1229, 1312
Fat intake, recommendations for, 438
Fat marrow, cell death in, 1815-1817, 

1816f. See also 
Osteonecrosis

Fat mass
anthropometric assessment of, 434-

435
in sarcopenic obesity, 438
of shoulder, rotator cuff tear repair 

and, 692
of standard man, 433-434, 435f

Fat metabolism, altered, in 
osteonecrosis, 1816-1817, 
1822

Fat pad
abdominal, fine-needle aspiration of, 

275, 275f
in juvenile idiopathic arthritis, 1011f
Kager’s, in tendon biomechanics, 

1212-1213
Fat suppression, in MRI

advanced, 371
conventional, 368-369
for juvenile-onset 

spondyloarthropathies, 
1031f

for myositis imaging, 1450, 1451f
Fatty acids

dietary supplements of, 438, 456
essential, 456
free

in muscle metabolism, 1482, 
1483f

myopathies associated with, 1482-
1484, 1482b, 1485f

Fautrel criteria, for adult-onset Still’s 
disease, 849, 850t

FBN1 gene, 2047-2048
FCGR genes, 1248, 1250t
FcγRIII receptors

function of, 1268
structure of, 1255f, 1266-1268, 

1266t-1267t, 1267f
in synovium, 52-53

rheumatoid, 925
in systemic lupus erythematosus, 

1268
as treatment target, 1269

FcγRII receptors
function of, 1268
structure of, 1255f, 1266-1268, 

1266t-1267t, 1267f
in systemic lupus erythematosus, 

1268
as treatment target, 1268-1269

FcγRI receptors
in animal models of arthritis, 883
function of, 1268
structure of, 1255f, 1266-1267, 

1266t-1267t, 1267f
in systemic lupus erythematosus, 

1268

FcγRs. See Receptors for Fc region of 
IgG (FcγRs)

FCRL3 (Fcγ-receptor-like) gene, 129
FDA. See Food and Drug 

Administration (FDA), U.S.
Fear

history taking for, 238
pain-related, remedial rehabilitation 

approach to, 444, 447t
Feasibility

definition of, 943t
of outcome assessment, 1367-1368, 

1368t
Febuxostat, 1872
Felty syndrome, 292, 840

genetics of, 840, 873
methotrexate for, 515
in rheumatoid arthritis, 840-841, 

840t, 841f
Female gout, 1863
Femoral epiphysis

osteochondrosis of, 724-726, 997
slipped (See Slipped capital femoral 

epiphysis (SCFE))
Femoral head

ankylosing spondylitis of, 1136
imaging of, 1152-1153, 

1152f-1153f
avascular necrosis of, 719-720, 724-

725
in children, 977
fractures of, 724-725
in hip joint, 719

blood supply to, 719-720
dysplasia of, 725
injury to, 719-720
thickness variations of, 719, 720f

in idiopathic chondrolysis, 984
in juvenile idiopathic arthritis, 1002, 

1010f
in Legg-Calvé-Perthes disease, 981-

983, 982f-983f
osteonecrosis of, 1816f, 1817-1818, 

1818f
classification of, 1819-1820, 1820b
in sickle cell anemia, 1921, 1925f, 

1926
Femoral head/neck junction

fractures of, 639-640
loss of sphericity at, impingement 

related to, 725-726, 726f
osteoplasty for, 726

Femoral neck
ankylosing spondylitis of, imaging of, 

1152-1153, 1152f
in developmental dysplasia of hip, 

725
DEXA imaging of, 400, 410t
in idiopathic chondrolysis, 984
in slipped capital femoral epiphysis, 

984
Femoral nerve

disorders of, lumbar pain related to, 
677

lateral cutaneous, in meralgia 
paresthetica, 792-793, 793f

Femoral stretch test, 661t, 663, 663f
Femoroacetabular impingement (FAI), 

725-726
cam-type, 725-726
clinical features of, 723-724, 726
imaging of, 726
pincer-type, 725-726
subtypes of, 725-726
treatment of, 726

Femur
development of, in children, 977
distal, in knee anatomy, 729, 730f

physeal fracture of, 738-739, 739f

in femoroacetabular impingement, 
725

Paget’s disease of, 2023, 2023f, 
2025f

proximal
DEXA imaging of, 399-400

case study of, 406-408, 406f, 
409f

guidelines for, 410t
limitations of, 408
manufacturer influence on, 404-

406, 406f-408f
in hip joint

muscle and capsular attachments 
of, 719, 720f

neck-shaft angle of, 719, 721f
rotational deformities about, 

722-723
stapling of, juvenile idiopathic 

arthritis indications for, 
1024

telescoping of, with DDH, 981, 981f
tuberculous osteomyelitis of, 1070f

Fenoprofen, 1018
Fentanyl, 471t, 476-477, 476t
Ferguson radiograph, of 

spondyloarthropathies, in 
sacroiliac joint, 1145, 
1146f-1147f

Ferritin
in adult-onset Still’s disease, 849, 

854, 855t, 856-857
acute-phase response and, 854-

856, 856f
in hemochromatosis, 1931-1933, 

1931f
in juvenile idiopathic arthritis, 993, 

999-1000
in rheumatoid arthritis, 839

Fertility
antiphospholipid antibody syndrome 

and, 1337
drug therapy concerns regarding, 

1335, 1336t
with immunosuppressives, 533

systemic lupus erythematosus and, 
1037, 1245, 1314

Fetal demise, antiphospholipid antibody 
syndrome and, 1336-1337

antepartum monitoring for, 1337
complement and adhesion molecule 

dependent, 1337
prior pregnancy in, 1336
treatment of, 1336-1337

Fetal exposures
to drug toxicities, 611, 613t (See also 

Pregnancy)
juvenile idiopathic arthritis and, 991
to rheumatic diseases, 611, 1038
systemic lupus erythematosus risk 

and, 1225
α-Fetoprotein, in systemic lupus 

erythematosus, 1337
Fever

with adult-onset Still’s disease, 849, 
850f, 850t-851t

in children, 975
in differential diagnosis

of juvenile idiopathic arthritis, 
998-1000, 999f

recurring, 999
of rheumatoid arthritis, 834

with myositis, 1441, 1444-1445
with osteitis pubis, 727
with relapsing polychondritis, 1673
with Still’s disease, 294
with systemic lupus erythematosus, 

1229, 1312

Familial Mediterranean fever (FMF) 
(Continued)

Fatigue (Continued) Femur (Continued)
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Fever of unknown origin, imaging for, 

394f-395f, 396
18F-FDG-PET. See 

18F-Fluorodeoxyglucose 
positron emission 
tomography (FDG-PET)

18F-FDG-6-phosphate, 392
FHL. See Flexor hallucis longus (FHL)
Fibrates, myositis associated with, 

1460-1461, 1460t
Fibrillin-1, in Marfan syndrome, 2047-

2048
Fibrin

deimination of, in rheumatoid 
arthritis, 893, 893f

in tissue engineering, 163
in urinary space of glomeruli, 337

Fibrinogen
in psoriatic arthritis, 1188-1189
in rheumatoid arthritis, 898

arterial, 846, 847f
Fibrinogen A α-chain amyloidosis 

(AFib), 1690t, 1693-1694, 
1696

organ transplantation for, 1698
Fibrinolytic agents, receptors for, 1511-

1513
Fibrinous exudate, 1747t
Fibroblast growth factor 2 (FGF2)

in hypertrophic osteoarthropathy, 
1704, 1704f

in inflammatory activation of 
endothelial cells, 1510

in mechanical stress response,  
48

in tissue engineering, 163-164
Fibroblast growth factor-18 (FGF18), 

for osteoarthritis, small 
animal models of, 1737t

Fibroblast growth factor-23 (FGF23)
in bone mineralization, 72
in renal osteodystrophy, 2015-2016

Fibroblast growth factor receptors 
(FGFRs), 70, 71f, 72-73

Fibroblast growth factors (FGFs)
angiogenesis mediation by, 905-906, 

907t
in articular cartilage, 65
bone formation role, 71f, 72-73
in rheumatoid synovium, 923

Fibroblastic rheumatism, 1684
Fibroblast-like synoviocytes (FLS), 911, 

912f
in rheumatoid synovium, 911, 912f, 

916, 931, 931f
Fibroblasts

in capsulitis, 694
in fibrosis, 1395
in joint osteoarthritis

small animal models of, 1737t
transgenic KO mice model of,  

160
in juvenile idiopathic arthritis,  

1011
in sarcoidosis, 1667-1668
scleroderma, 1398
as scleroderma biomarker, 290-291, 

1370
in children, 1042

steroid conversion in, 213f
in synovium, 51, 53, 53f

cadherin-11 and, 51
intimal, 52, 54
origin of, 54
rheumatoid, 601, 900-901, 1684
as therapeutic target, 2041

in tissue destruction/repair, 154, 
156f, 157, 159-160, 
159f-160f

Fibrocartilage
in entheses

Achilles tendon example of, 1212, 
1212f

biomechanical function of, 1212-
1213

calcified, 1212
dense, 1212
pathogenic mechanisms of, 1212-

1213, 1215
uncalcified, 1212

in osteoarthritis, MRI of, 1775, 
1775f

Fibrodysplasia ossificans progressiva 
(FOP), 72-73

Fibromas
of bone

chondromyxoid, 2066, 2067f
desmoplastic, 2071
non-ossifying, 2071, 2071f
ossifying, 2070-2071

of caudal nerves, 670t, 671f
Fibromodulin, 59f, 63, 65

in tendinopathy, 86t
Fibromyalgia (FM), 769-782

behavioral factors of, 776-777, 776f
clinical trials on, 14t, 19, 779, 779b
complementary and alternative 

medicine for, 449-451, 456-
457

control points in, 771, 773
diagnosis of, 778-779

algorithm for, 777-778, 778f
laboratory investigations of, 779
non-pain symptoms in, 778-779
pain history in, 778
physical examination for, 779

differential diagnosis of, 779, 779b
enthesopathies vs., 1211
epidemiology of, 771
etiology of, 771

environmental factors in, 771, 
772b

genetic factors in, 771
functional neuroimaging of

abnormalities on, 773-776
MRI in, 775, 775f, 777

historic perspective of, 769-770
hypermobility syndrome vs., 2053
introduction to, 769
in juvenile idiopathic arthritis, 997t, 

1023-1024
knee pain associated with, 745
low pain threshold mechanisms in, 

773-774
attenuated diffuse noxious 

inhibitory controls as, 773-
774

increased wind-up as, 774, 774f
lumbar pain related to, 672
neurobiological factors of, 775-776

autoantibodies as, 775-776
behavioral and psychological 

factors vs., 776-777, 776f
biochemical abnormalities as,  

776
cytokines as, 776
sleep and activity as, 776
structural abnormalities as, 776

neurotransmitters in, 769, 774, 774f, 
776

osteoarthritis pain vs., 1725
outcome assessment of, 14t, 19
pain evaluation for, 777-778, 778f
pain management for, 463-464
pathogenesis of, 772-777

augmented pain and sensory 
processing in, 773, 775, 
775f

heat, cold, and electrical stimuli 
in, 773

low pain threshold mechanisms in, 
773-774

neuroendocrine abnormalities in, 
772-774, 773f

other sensory stimuli in, 773
stressors in, 771-772, 772b

prognosis of, 781
psychological factors of, 775-777, 

776f
subgroups based on, 777, 777f

regional or localized syndromes 
overlapping, 769, 770f

rehabilitation for, remedial 
approaches to, 443

shoulder assessment for, 686
summary of, 781
systemic conditions overlapping, 769, 

770f
in systemic lupus erythematosus, 

1232-1233, 1307
temporomandibular pain 

characteristics with, 763
tender points in, 769, 771, 773, 779

counts of, 773
significance of, 771, 778

treatment of, 779-780
algorithm for, 777-778, 778f
diagnostic labeling and, 779
dually focused, 779, 779f
nonpharmacologic therapies in, 

780, 780b
pharmacologic therapy in, 769, 

779-780, 779b
Fibronectin

angiogenesis mediation by, 906, 907t
in articular cartilage, 65
in tendinopathy, 86t

Fibrosarcoma, 2071
Fibrosing dermopathy. See also 

Scleroderma
nephrogenic, 340

Fibrosis
adenosine in, 1398
bone marrow-derived mesenchymal 

progenitor cells in, 1395
capsular, 1747t
chemokines in, 1397-1398
cystic, 976t
cytokines in, 1397
fibroblasts in, 1395
growth factors in, 1397-1398
macrophage activation in, 1400
molecular determinants in, 1395
monocyte activation in, 1400
myelofibrosis, 1241
myofibroblasts in, 1395
nephrogenic systemic (See 

Nephrogenic systemic 
fibrosis (NSF))

pericytes in, 1395
peroxisome proliferator-activated 

receptor gamma in, 1397
platelet-derived growth factor in, 

1397
pulmonary (See Pulmonary fibrosis)
retroperitoneal, 1684-1685, 1685f
in systemic sclerosis, 1389-1390, 

1393-1397
Toll-like receptors in, 1397-1398
tumor necrosis factor alpha in, 1398

Fibrositis, 769-770
Fibrous bone tumors

benign, 2070-2071
malignant, 2071

Fibrous dysplasia, of bone, 2070
Fibula, 750f

Ficat Staging System, for osteonecrosis, 
1819-1820, 1820t

Fifth disease, 834
Filaggrin, in rheumatoid arthritis, 888-

889
antibodies to, 888-889, 889f

Filamentary keratitis, corneal, in 
rheumatoid arthritis, 844-
845, 844f

Filariasis, 1076t, 1077
Financial interests, in clinical research, 

229-230
Fine-needle aspiration

of abdominal fat pad, 275, 275f
of septic arthritis, 1059-1061

Finger
clubbing deformity of, 1701, 1702f 

(See also Hypertrophic 
osteoarthropathy (HOA))

fasciitis of, flexion contracture with, 
256, 256f

functional anatomy of
bones, 712f
tendon insertions, 712f
tendons and tendon sheaths, 711, 

712f-713f
hemochromatosis of, 1929-1931, 

1931f
injection of, e68f, 619-620, 620f
juvenile idiopathic arthritis 

involvement of, 1000, 1000f
osteoarthritis in

genetic studies of, 1761-1762, 
1762f-1763f, 1762t

injection for, 620, 620f
psoriatic arthritis of, 1179-1181, 

1180t
radiography of, 350b
range of motion of, 712
rheumatoid arthritis in (See specific 

joint, e.g., Proximal 
interphalangeal (PIP) joints)

sausage-like (See Dactylitis)
scleroderma/systemic sclerosis 

involvement of, 1361-1362, 
1365, 1365t

in children, 1042, 1042t
surface anatomy of, 711, 713f
tenosynovitis of, 1154, 1154f

Finite element analysis, of bone mass, 
399

Finklestein’s test, 714
First incidence, 3-4, 4t
Five Factor Score (FFS), for polyarteritis 

nodosa, 1532
5-Point questionnaire, for 

hypermobility, 2051, 2052b
Fixed flexion, 242
Fixed flexion (FF) radiograph, of knee 

osteoarthritis, 1788, 1789f
Fizzled proteins, in osteoblast 

physiology, 75-76
Flagellin, 142-143
Flail thumb, 831, 832f
Flares

in ankylosing spondylitis, 1161
in arthritis, animal models of, 882
in lupus nephritis, 1235, 1319,  

1325
diagnostic approach to, 1329, 

1329t
treatment of, 1329, 1330t

postinjection, with corticosteroid 
injections, 619

in rheumatoid arthritis, 882
in systemic lupus erythematosus, 

1226-1227, 1307
in disease activity assessment, 

1301-1302

Fibromyalgia (FM) (Continued)
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postpartum, 1301
treatment of, 1309

in uveitis, 299
in Wegener granulomatosis, 1556

Flat foot (pes planus)
in children, 977-978
with hypermobility syndrome,  

2053
with osteoarthritis, 1729

Flexor carpi radialis (FCR), 712f-713f
Flexor carpi ulnaris (FCU), 713f

in cubital tunnel syndrome, 785, 
785f

Flexor digitorum longus tendon, 751f
Flexor digitorum profundus (FDP), 712, 

712f
in median nerve compression 

syndromes, 786
Flexor digitorum superficialis (FDS), 

712, 712f
in median nerve compression 

syndromes, 786
Flexor hallucis longus (FHL), in ankle 

anatomy, 749
Flexor hallucis longus tendon, 751f
Flexor muscles, of hip, 719, 720f
Flexor pollicis longus (FPL), 712f

in median nerve compression 
syndromes, 786

Flexor retinaculum
in foot anatomy, 751f
in tarsal tunnel syndrome, 793,  

794f
Flip angle, in MRI, 367
Flip sign, of low back pain, 660
Flow cytometry, for protein analysis, 

116
Flucloxacillin, 1062t
Fluctuating equilibrium MRI (FEMR), 

371
Fludarabine, 1333t, 1475
Fluid film lubrication, 38
Fluid retention, glucocorticoids risk for, 

501
Fluorescence resonance energy transfer 

(FRET), 116
Fluorescent antinuclear antibody assay, 

1279, 1280f
Fluorescent dyes, in molecular biology, 

107-108, 116
Fluoride toxicity, 2000t, 2001
18F-Fluorodeoxyglucose positron 

emission tomography (FDG-
PET), 392, 392f

of arthritis, 394-396, 395f-397f
for fever of unknown origin, 

394f-395f, 396
inflammatory disease applications of, 

393-396
of large-vessel vasculitis, 393-394, 

393f-394f
of osteoarthritis, 1791
of primary angiitis of central nervous 

system, 1619
principles of, 392, 392f
of sarcoidosis, 394, 395f, 1665,  

1669
in central nervous system, 1661
in myocardium, 1661

of septic arthritis, 1058-1061
of systemic lupus erythematosus, 

394
uses of, 392-393

Fluoroquinolones, 1118-1119
Fluoxetine

for fibromyalgia, 779b, 780
for Raynaud’s phenomenon, 1427-

1428, 1432

Flurdiprofen
for ankylosing spondylitis, 1160, 

1164t
pharmacogenetics of, 207, 207t

FMS-like tyrosine kinase 3 ligand 
(FLT3-L), signaling receptors 
for, 101

Focal lupus nephritis, 1257, 1258f
Folate supplementation, 436, 438

for juveniles, 1020
Folic acid

chemical structure of, 510f
supplementation in methotrexate 

therapy, 514
Follicle-stimulating hormone (FSH), 

212f
Follow-up, in clinical research, 220, 

223-224
economic evaluation and, 26

Food and Drug Administration (FDA), 
U.S.

calcineurin inhibitors advisories of, 
535

drug use-in-pregnancy ratings of, 
611, 612t

ethics role, 227-229
on imaging as outcome measure, 

415-416
on osteoarthritis imaging, 1772, 

1787
rituximab approval of, 565

Food intake. See Diet; Nutrition
Foot

acute injury to, 818-819
aspiration/injection of

metatarsophalangeal joints, e72f, 
625, 625f

for Morton’s neuroma, 626, 626f
for myofascial syndromes, 627
for plantar fascia calcaneal 

enthesis, e72f, 626
bone scintigraphy of, for 

spondyloarthropathies, 1153
bones of, 752f
in children

anatomy of, 977
deformities of, 979-980
examination of, 978

chronic injuries to, 819
clinical evaluation of, 750-752
complex regional pain syndrome 

affecting, 798, 798f-800f
diagnostic injections for, 752
differential diagnoses in, 753-758
functional anatomy of, 749-750, 

750f-752f
juvenile idiopathic arthritis 

involvement of, 1001, 
1001f-1002f

juvenile-onset spondyloarthropathies 
involvement of, 1030f, 
1032, 1033f

neuropathic arthropathy of, 1808, 
1809f, 1809t

surgery for, 1812
osteoarthritis in, 1729, 1729f
physical examination of, 248-249, 

249f
in children, 978

radiography of, 350b
for clinical evaluation, 752
for spondyloarthropathies, 1152, 

1152f
rheumatoid arthritis in

imaging for outcomes of, 416, 417t
orthoses for, 969, 969f

rheumatoid nodules in, 753f
in skeletal dysplasia, 2059
in sports medicine, 818-819

symmetric enlargement of, 256
treatment of, 758-760

Foot progression, in walking cycle, 722, 
725

Foramen magnum, odontoid movement 
into, 832, 833f

Force(s)
acting on spine, 29-31

diurnal variations in, 31
gravitational as, 30
inertial vs. dynamic, 30
intra-abdominal pressure as, 31
loading as, 29, 30f
measurement of, 31
muscle forces as, 30, 30f
in vivo, 31, 31f, 34-35

compressive (See Compressive force)
displacement curve, 40f-41f
in entheses biomechanics, 1212-

1213, 1215
life, in Chinese medicine, 451,  

451f
macroscopic, in connective tissue 

response, 45
transduction of, 45, 46f

shear (See Shear force)
Forearm

compartment syndromes of, 795
muscles of, in neuropathies, 786, 

787f
Forearm entrapment syndromes, 786-

787, 787f
anterior interosseous nerve syndrome 

as, 786
pronator teres syndrome as, 786-787

Forearm exercise test, 1480-1481, 
1481t, 1483

Forefoot
functional anatomy of, 749-750
inflammatory conditions of, 794-795
pain, 756-758, 760
palpation of, 751
pronation of, in hypermobility 

syndrome, 2053
rheumatoid arthritis in, 833-834

Foreign material
arthropathies associated with, 256
primary angiitis of central nervous 

system associated with, 
1618, 1619f

in synovial fluid, 269-270
synovitis from, 1680, 1680t

4-1BB, as TNF receptor, 96, 97t-98t
4162W94 mAb, 552
“Four-point” technique, for small joint 

palpation, 830, 830f
Foxp3 gene

in juvenile idiopathic arthritis, 1010
in rheumatoid arthritis, 898-899, 

902, 902t
Fracture callus, 2063
Fracture(s)

bone mass and, 1960
bone repair mechanisms for, 77, 77t, 

79-80, 80f
diffuse idiopathic skeletal 

hyperostosis and, 1801-1803
femoral head, 724-725
fragility, in renal osteodystrophy, 

2016-2018
hip, 500, 639-640
intertrochanteric, perioperative 

management of, 639-640
knee

avulsion
in adolescents, 739
in late teens/early adulthood, 

742, 742f

metaphyseal, degeneration and, 
746

patellar, 745
physeal, 738

of distal femur, 738-739, 739f
metatarsal stress, 758f
β2-microglobulin amyloid and, 342-

343
with neuropathic arthropathy, 1810-

1812, 1810f
open, osteomyelitis risk with, 1055
osteoporosis-related, 1712, 1715-

1716
bone mineral density and, 1940
clinical consequences and 

outcomes in, 1950-1952
clinical presentation of, 1945-1947
clustering, 1942, 1951
economic cost of, 1942
epidemiology of, 1940-1942
falls and, 1940, 1964
health impacts of, 1938-1940
hip, 1941, 1952-1953
morbidity and, 1940
mortality and, 1939, 1951-1952
prediction of, 400-401

FRAX algorithm for, 400-401, 
401f, 408-409

risk assessment in, 1943
risk at various ages, 1939t
risk factors for, 1947-1955
stress, 1946-1947
vertebral, 1941-1942, 1945-1946, 

1954-1955, 1987-1988
wrist, 1942, 1953

with Paget’s disease, 2022-2023, 
2025f, 2027f

peripheral, complex regional pain 
syndrome associated with, 
797-798, 798t

in renal transplant patients, 344
risk factors for, 170

WHO criteria and, 401f, 405f-406f
sacral, lumbar pain related to, 677-

678
Salter-Harris II, of distal femur, 738-

739, 739f
Segond, 742, 742f
spinal, in ankylosing spondylitis, 

1131
tibial spine, 739, 739f
vertebral, 32, 33f, 36

compression, 673, 2032f
in osteogenesis imperfecta, 2042, 

2044-2045
DEXA imaging of, 402-403, 

403f-404f
with abdominal aortic 

calcification, 403-404, 
404f-405f, 404t

in Gaucher’s disease, 2032, 2033t
ISCD guidelines for assessment of, 

403, 403b
Framingham Osteoarthritis Study, 

prevalence findings of
radiographic, 1711-1712
symptomatic, 1713-1715, 1715t

FRAX algorithm, for fracture risk 
prediction, in osteoporosis, 
400-401, 401f, 408-409, 
1947-1949

Free induction delay, in MRI, 367, 368f
Free radicals

antagonists of, 544
in gene transfer, 166t

in complex regional pain syndrome, 
801-802, 801f

generation of, 194f

Flares (Continued) Foot (Continued) Fracture(s) (Continued)
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in gout, 1844, 1850b, 1851-1852, 
1852f

in hyperuricemia, 1855
inflammation and, 193-195, 194f
in osteoarthritis, 1752-1754
in Raynaud’s phenomenon, 1428

French classification, of polyarteritis 
nodosa, 1525, 1525t, 1531

Frequency, of disease. See Disease 
occurrence

Freund adjuvant, in animal models of 
arthritis, 879-880

Frozen shoulder, 686, 688, 689t, 693-
694. See also Capsulitis

FRZB gene, 1766, 1766b
Fumagillin, 908
Functional Assessment of Chronic 

Illness Therapy–fatigue scale 
(FACIT-fatigue), 1781t, 
1782

Functional capacity/status
with fibromyalgia, 776-777, 781
with hip pain, 721
history taking for, 238, 240, 240f
impaired (See Impairments)
with juvenile idiopathic arthritis, 

991, 1017, 1024
chronic disease activity and, 1006
core variables of, 1006
evaluation for rehabilitation, 1045, 

1047-1048
long-term, 1006
rehabilitation impact on, 1048-

1050
subtype distinctions, 1006

with juvenile-onset 
spondyloarthropathies, 
1031, 1034

with myositis, 1441, 1454, 1475-
1476

with osteoarthritis outcomes
of activity limitations, 1782
of clinical presentations, 1723, 

1725
of impairments with, 1780-1782
of participation restrictions, 1779, 

1780f
of patient status change, 1783-

1784
selection of evaluation measures 

for, 1780, 1781t
WHO framework for, 1779-1780, 

1780f, 1781t
as outcome measure, 11, 15-16

patient education and, 430
with psoriatic arthritis, 1191-1193
rehabilitation maximization of, 441-

443, 447t (See also 
Rehabilitation)

with rheumatoid arthritis, 835-836, 
836t

disease activity assessment in, 836, 
836t

patient education on, 965-967, 
966t

with scleroderma, 1370
screening examination for, 235, 236f
screening history for, 235
with systemic lupus erythematosus, 

1305
Functional enthesis, 1213
Functional Index for Hand 

Osteoarthritis (FIHOA), 13, 
14t, 1781t, 1783

Fungal infections
arthritis associated with, 1055-1056, 

1056t (See also Septic 
arthritis)

musculoskeletal, 1073-1076
aspergillosis as, 1075
blastomycosis as, 1074
candidiasis as, 1075-1076
clinical features of, 1073, 1073b
coccidioidomycosis as, 1074-1075
cryptococcosis as, 1075
diagnosis of, 1073, 1073t
epidemiology of, 1073
histoplasmosis as, 1073-1074
paracoccidioidomycosis as, 1074
sporotrichosis as, 1076
treatment of, 1073

myopathies related to, 1489, 1489b
sarcoidosis vs., 1666-1667
in synovial fluid, 271

Furin, in matrix degradation, 153-155, 
154f-155f

Fyn family kinase, in T cell activation 
and function, 139

G

Gabapentin, 679, 780
Gadolinium, nephrogenic systemic 

fibrosis related to, 340, 666, 
1686-1687

Gadolinium-diethylenetriamine-
pentaacetic acid (Gd-DTPA) 
MRI, for seronegative spon-
dyloarthropathies, 1148, 
1148f, 1150

Gadolinium-enhanced MRI (GEMRIC)
delayed, 373-374, 374f
for lumbar spine disorders, 666
for osteoarthritis, 1774-1775, 

1774f-1775f
Gait analysis

in ankle examination, 750
in children, 977t, 978, 979f
in hip examination, 722, 725
joint loading in, 1721
in knee examination, 732
in nutritional assessment, 435
in physical examination, 243b, 249
in screening examination, 235,  

236f
Gait disturbances

antalgic, 722t, 1727, 1728f
circumduction, 722t
with hip pathology, 722, 722t, 1727

in children, 981-984
with juvenile idiopathic arthritis, 

993, 997, 997t
with osteitis pubis, 727
with osteoarthritis, 1725, 1728

antalgic presentation of, 1727, 
1728f

feet contributions to, 1729
with Paget’s disease, 2022, 2027
Trendelenburg, 249, 722t, 1727
waddling, 722t, 727

Galactosemia, 2000b
Gallbladder, systemic lupus 

erythematosus involvement 
of, 1240

Gallium (67Ga) citrate scan, 391-392
for sarcoidosis, 1665, 1665f, 1669

Gametogenesis, immunosuppressives 
effect on, 533

Gamma-aminobutyric acid (GABA), 
776

γ-Aminobutyric acid (GABA), 776
in complex regional pain syndrome, 

801
Gamma common (γC) chain ligand/

receptor, cytokines utilizing, 
98t, 99

Gammaglobulin. See Intravenous 
immune globulin G (IVIgG)

Gammaglobulinemia, in Sjögren’s 
syndrome, 1343, 1346-1347

Gamma-hydroxybutyrate, 780
Ganglia/ganglions

of foot and ankle, e73f, 626
of suprascapular nerve, with glenoid 

labrum tears, 697, 698f
of wrist and hand, 711, 714f, 715-

716
Gangrene, digital, 846-847, 847f
Gap junctions

in mechanical stress response, 47
osteoblast function in, 75

Gap zones, in collagen fibril, 69, 69f
GARP (Genetics, Arthrosis, and 

Progression) Study, 1762
Gas-chromatography–mass 

spectrometry (GC-MS), 
1103-1104

Gasser cells, 2037
Gastric antral venous ectasia, 1409, 

1410t
Gastrocnemius-semimembranosus 

bursa, 731
Gastroenteritis

bacterial, 324, 324t
reactive arthritis associated with, 

1115, 1115t, 1118
treatment of, 1118, 1119t

Gastrointestinal disease
in ankylosing spondylitis, 1130
in Churg-Strauss syndrome, 1562
in Henoch-Schönlein purpura, 1588-

1589
inflammatory (See Inflammatory 

bowel diseases (IBDs))
perioperative management of, 637
in spondyloarthritis, 1135-1136

acquired immunity and, 1136-
1137

innate immunity and, 1137
in systemic sclerosis, 1376-1379, 

1390
Gastrointestinal (GI) system/tract

antimalarials effect on, 506
glucocorticoids adverse effects on, 

501
immunosuppressives effect on, 531-

532, 532t, 534
leflunomide effect on, 523, 524t-525t
methotrexate effect on, 1020
motility of, 637 (See also Esophageal 

dysmotility)
perioperative management of, 637
with systemic sclerosis, 1409, 

1410t
NSAIDs effect on, 489-490, 489f, 

489t-490t
in juveniles, 1018-1019

rheumatic diseases affecting, 321-328
amyloidosis, 1692, 1696t, 1698
axial arthritis associated with, 323-

324
bacterial enteritis, 324, 324t
Behçet’s syndrome, 325-326, 1578, 

1579t, 1580
celiac disease, 324-325
conclusions of, 326
Crohn’s disease, 321, 322t
extraintestinal manifestations of, 

323, 323t
Henoch-Schönlein purpura, 325
inflammatory bowel disease, 321, 

322t
introduction to, 321
Lyme disease, 1081t, 1082-1083
microscopic colitis, 326

microscopic polyangiitis, 1526, 
1526t

myositis, 1445-1446, 1452, 1476-
1477

in juveniles, 1039, 1040f, 1041, 
1041t

peripheral arthritis associated with, 
323

polyarteritis nodosum, 325, 1527
sarcoidosis, 1664
scleroderma, 1369
Sjögren’s syndrome, 1341
systemic lupus erythematosus, 

1239-1240
systemic sclerosis, 1409-1410, 

1410t
thalidomide for, 544t
ulcerative colitis, 321, 322t
Whipple disease, 325

sulfasalazine effect on, 506
systemic lupus erythematosus 

involvement of, 1239-1240
abdominal pain with, 1239
assessment of, 1304t
esophageal manifestations, 1239
large bowel in, 1239
mesenteric vessel in, 1239
pancreatitis with, 1240
peritonitis with, 1239-1240
small bowel manifestations, 1239, 

1239f
Gastroparesis, with systemic sclerosis, 

1409, 1410t
Gaucher’s disease, 2031-2036

biochemistry of, 2031, 2032f
clinical features of, 2031-2033

bone involvement as, 2032-2033, 
2032f-2033f

extraskeletal disorders as, 2031-
2032

hematologic manifestations as, 
2031, 2034

differential diagnosis of, 2033t, 2034
epidemiology of, 2031, 2032t
etiology of, 2031
initial assessment of, 2034, 2035t
investigations of, 2034

biochemical studies for, 2034
histology for, 2034, 2034f
imaging in, 2032f-2034f, 2034

management of, 2034-2035
bisphosphonates in, 2035
enzyme replacement therapy in, 

2035
experimental therapies in, 2035
orthopedic treatments for, 2035
splenectomy for, 2035
substrate reduction therapy in, 

2035
symptomatic treatments for, 2035
therapeutic goals for, 2034

molecular biology and genetics of, 
2031

pathogenesis of, 2031
summary of, 2031

GDF-5 gene, 1766, 1766b
Gelatinases

in angiogenesis, 905
in matrix degradation, 154, 

154f-155f, 156-157
in rheumatoid arthritis, 927

Gel electrophoresis, in molecular 
biology, 106f, 107-108, 112-
113, 117

Gelling, with rheumatoid arthritis, 829, 
830f

Gelsolin, 1690t, 1693-1694

Free radicals (Continued) Fungal infections (Continued) Gastrointestinal (GI) system/tract 
(Continued)
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Genant semiquantitative (SG) method, 
for vertebral fracture 
assessment, 403

Genant’s modification of Sharp score, 
for radiography, of 
rheumatoid arthritis, 417, 
417t-418t, 418f

Gender. See also Sex-specific disease 
occurrence

adult-onset Still’s disease and, 849, 
851t

bone remodeling and, 1962-1963, 
1962f

in long bones, 1963-1964
in epidemiologic studies (See Sex-

specific entries)
fibromyalgia and, 771
gout and, 1842, 1843t, 1854-1855
lupus and, 1289
osteoarthritis risk and, 1718, 1718f
psoriatic arthritis and, 1183
reactive arthritis and, 1116
septic arthritis/bursitis and, 1059, 

1063
spondyloarthritis and, 1125-1126
systemic lupus erythematosus and, 

1247
poor outcomes based on, 1226-

1227, 1227f
urate balance and, 1842, 1843t

Gene-based therapies, 163-168
animal models of, 885
clinical trial ethics of, 167, 229b, 

230
genetic insertion as

for hemophilia, 1920
molecular biology of, 106-107

gene transfer as, 166-167, 166t
intra-articular injection for, 165f, 

166-167
introduction to, 163, 164f
somatic cell, 164f, 2035

Gene cloning
polymerase chain reaction in, 107-

108
positional

for complex inheritance 
identification, 109-110

for simple Mendelian inheritance 
identification, 108-109, 109f

principles of, 106-107, 106f
Gene disruption, targeted. See Genetic 

manipulation of mice
Gene expression

profiling of, 110-111, 117-118
DNA chip microarrays for, 111, 

111f
spotted DNA microarrays for, 111, 

112f
techniques for, 110-111

regulation of, 112-114, 112f-113f
in rheumatoid synovium, 915f, 921f
in signal transduction, 119
in systemic sclerosis, 1387-1388, 

1388f
transcription vs., 110, 110f

Gene function analysis, 114
Gene products, for cartilage restoration, 

166, 166t
Generalizability, of clinical research, 

223
Genes/genetics, 125-132. See also 

Molecular biology
in adaptive immunity, 134-135
of adult-onset Still’s disease, 854
of amyloidosis, 1689, 1690t, 1693-

1695
of ankylosing spondylitis, 1141-1144
of Behçet’s syndrome, 1575

of bone formation, 70-73, 75, 77
of bone mass, 1959
in calcium pyrophosphate crystal-

associated arthropathy, 
1875-1876

of cancer risk, 93
of chondrodystrophies, 2048
of chronic Lyme disease 

development, 1080
of Crohn’s disease, 1579
databases of, 127, 129-130, 1141-

1142, 1249-1250
progressive trends for, 130

of diffuse idiopathic skeletal 
hyperostosis, 1805

in drug-induced lupus, 1296
in drug response, 205 (See also 

Pharmacogenetics)
of Ehlers-Danlos Syndrome, 2045-

2046
of FcγRs, 1266-1267, 1267f

in systemic lupus erythematosus, 
1267f, 1268

of fibromyalgia, 771
of Gaucher’s disease, 2031
of gout, 1853-1854
of hemochromatosis, 1929, 1930f, 

1931-1932
of hemophilia, 1913-1916
of hypermobility syndrome, 2051
of hypertrophic osteoarthropathy, 

1702, 1704
identification of disease-associated, 

108-110
analysis and interpretation of 

results, 128
approaches for, 126
association studies in, 127 (See 

also Association studies)
whole genome, 129-130, 

129f-130f (See also 
Genome-wide association 
studies (GWAS))

complex inheritance, 109-110
familial studies for, 125, 126t (See 

also Family studies)
GARP Study for, 1762
genotyping in, 128
linkage analysis in, 126-127
new horizons for, 107, 117-118, 

130
rationale for, 125-126
selection of markers for, 127-128
sibling studies for (See Sibling 

studies)
simple Mendelian inheritance, 

108-109, 109f
twin studies for, 125, 126t (See 

also Twin studies)
of infection predisposition, in 

rheumatoid arthritis, 605
of juvenile idiopathic arthritis

in epidemiology, 989-991, 991t
in etiology, 1012-1014, 1013t

of juvenile-onset 
spondyloarthropathies, 
1029-1030, 1032

of Legg-Calvé-Perthes disease, 981-
983

of lupus, 1247-1252
of mucopolysaccharidoses, 2038t, 

2039
of muscular dystrophies, 1488-1489
of myositis, 1440, 1459, 1460t

juvenile, 1038
neck pain and, 645
nutritional status and, 433, 434f
of osteoarthritis, 1761-1768

osteoarthritis and, 1758
of osteogenesis imperfecta, 2042-

2043, 2042t
of overlap syndromes, 1495-1496
of Paget’s disease, 2021
protein tyrosine phosphatase N22 in, 

128-129
in psoriatic arthritis, 1195-1196
of reactive arthritis, 1105, 1113
of rheumatic diseases, 7, 7t, 125

complex, 125
environment interactions with, 7, 

7t, 125, 130
of rheumatoid arthritis, 869-878
of sarcoidosis, 1667
of scleroderma/systemic sclerosis, 

1362-1364
of Sjögren’s syndrome, 1346-1347
spine diseases and, 29
of spondyloarthritis, 1123, 1125-

1126
subtypes, 1125, 1135

of systemic lupus erythematosus, 
1247-1252

of TNF receptors, 94, 97t-98t
of uveitis, 297

Genetic insertion therapy
for hemophilia, 1920
molecular biology of, 106-107

Genetic manipulation of mice, 114-116
cre/lox-directed targeted disruption, 

115-116
knockin, 115
knockout, 114-115, 115f (See also 

Knockout mice)
transgenic, 114, 115f (See also 

Transgenic mice models)
in arthritis, 883-884

Genetic screening tests
for hemochromatosis, 1929, 1931-

1932
for hemophilia, 1916
for myopathies and muscular 

dystrophies, 1479, 1481, 
1481t

Gene transcription, in molecular 
biology, 110, 110f

Gene transfer therapy, 166-167
gene products and targets for, 166, 

166t
in-vivo or ex-vivo strategies for, 166-

167
vector systems for, 166, 166t

Genital tract, lower female, gonococcal 
infection of, 1063

Genital ulcerations, in Behçet’s 
syndrome, 1576f, 1576t, 
1577-1578

management of, 1579t, 1580
scarring vs., 1578

Genitourinary problems, in Henoch-
Schönlein purpura, 1589-
1590

Genmab, 552
Genome

human (See Human genome)
of Lyme bacterium, 1080

Genome-wide association studies 
(GWAS), 129, 209

analysis and interpretation of, 128
epidemiologic principles of, 127
genetic marker selection for, 128
of gout, 1854
of juvenile idiopathic arthritis, 1013-

1014
of juvenile-onset 

spondyloarthropathies, 1029
microsatellite-based, 126-127

of osteoarthritis, 1766-1767
in psoriatic arthritis, 1195-1196
of rheumatoid arthritis, 129-130, 

129f-130f, 875-876
of simple Mendelian inheritance, 

109-110, 109f
statistical principles of, 127
of systemic lupus erythematosus, 

1248, 1248t
findings of, 1250-1251, 

1250t-1251t
Genome-wide linkage scans. See 

Linkage analysis
Genomics, 130

in drug design and selection, 205-
210 (See also 
Pharmacogenomics)

fundamental challenge of, 873-874
Genotyping

of psoriatic arthritis, 1180
of rheumatic diseases, 128-130, 129f

Gen-probe, for tuberculous arthritis, 
1068

Gentamicin, 1062t, 2000b
Genu valgum (knock knees)

in children, 977
with mucopolysaccharidoses, 2039, 

2039f
Genu varum (bow legs), 977
Geographic variations. See also 

Ethnicity
of rheumatic disease occurrence, 7, 

7t
of systemic lupus erythematosus 

occurrence, 1224, 1225f
Germ cells, in genetic manipulation of 

mice, 115, 115f
GFR. See Glomerular filtration rate 

(GFR)
Ghent nosology, of Marfan syndrome, 

2047, 2047b
Giant cell arteritis (GCA)

cerebral vasculitis associated with, 
1617-1618, 1618t, 1620

classification of, 1524t
clinical features of, 1538-1540, 1539t
corticosteroids for, 1542-1543
cranial, 1539
etiology of, 1540-1541
18F-FDG-PET imaging of, 393, 393f
glucocorticoids efficacy in, 499-500
imaging studies for, 1542
immunopathogenesis of, 1519f, 1520
investigations for, 1541-1542
laboratory studies for, 1542
large-vessel, 1539-1540
methotrexate for, 516, 1543-1544
myofascial pain disorder vs., 766
ocular features of, 301
overview of, 1535
pathogenesis of, 1540-1541
polymyalgia rheumatica in, 1540
systemic inflammatory syndrome 

with, 1540
in Takayasu’s arteritis, 1571
TNF inhibitors for, 587
treatment of, 1542-1544

Giant cells
bone tumors of, 2071-2072, 2072f
in myositis, 1447
in sarcoidosis, 1667

Giant notochordal hamartoma, 2072
Gingivitis

with Sjögren’s syndrome, 291
with Wegener granulomatosis, 1548, 

1549f
Ginkgo biloba, 1432

Genes/genetics (Continued) Genes/genetics (Continued) Genome-wide association studies 
(GWAS) (Continued)
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Glandular disease, in Sjögren’s 

syndrome, 1339, 1340t, 
1341b

Glaucoma, 297-298, 502, 640, 1244
Glenohumeral instability, 689t, 697

classifications of, 697
examination for, 686-687, 688f, 697, 

698f
rotator cuff disorders and, 688, 690-

691
scapular control and, 685-686
in sports medicine, 805-808
stress tests for, 687, 688f

Glenohumeral joint, 683
amyloidosis arthropathy in, 1692, 

1692f
aspiration/injection of, e70f, 622-

623, 623f
assessment of, in children, 978
functional anatomy of, 683

description, 683
ligaments, 683, 684f

anatomic variants in, 683, 684f
coracohumeral and 

coracoacromial, 683, 684f
nerve supply, 685

painful conditions of, 688, 689t
rheumatoid arthritis in, 688, 832

Glenohumeral ligaments
anatomic variants in, 683, 684f
functional anatomy of, 683, 684f

Glenoid fossa, functional anatomy of, 
683, 684f

Glenoid labrum
functional anatomy of, 683, 684f
physical examination of, 687, 687f
superior, injuries to, 687, 692
tears of, 697, 698f

Glial cells, pain state generation by, 
203

Global assessments
of clinical outcomes, 16, 20
of rheumatoid arthritis, 836

Globalization
of research, 227
of virus-associated arthritis, 1087-

1088, 1091-1092
Glomerular basement membrane 

(GBM) disease, microscopy 
of, 336

Glomerular filtration rate (GFR)
in kidney function

CKD based on, 334, 334t, 2013, 
2014t

creatinine clearance and, 334
equations of, 333-334
isotope measurement of, 335
MDRD equation for, 333-334
plasma creatinine relationship to, 

333, 333f
in normal pregnancy, 1335

systemic lupus erythematosus 
impact on, 1330, 1335

NSAIDs reduction of, 341
in renal osteodystrophy, 2013, 2014t

as hyperparathyroidism factor, 
2016

as hyperphosphatemia factor, 
2015-2016

metabolic acidosis and, 2017
in systemic lupus erythematosus, 

1302, 1335
with lupus nephritis, 1319, 1328-

1329, 1332t
Glomerular lesions

histologic patterns of, 336-337, 336t
in systemic lupus erythematosus, 

1234-1236, 1234t, 1235f 
(See also Lupus nephritis)

histopathology of, 1257-1260
pathogenetic mechanisms of, 

1261-1262
Glomerulonephritis

hypocomplementemia associated 
with, 335

in lupus nephritis, 1234-1236, 
1234t, 1235f, 1317

immunopathology of, 1256-1262
in microscopic polyangiitis, 1526, 

1528
morphologic terminology for, 336-

337, 336t
in polyarteritis nodosa, 1527, 1527t
in relapsing polychondritis, 1673
in rheumatic diseases, 337

crescentic, 337
pauci-immune necrotizing, 

1516-1517
cyclophosphamide for, 533
membranoproliferative, 336-337, 

336t
membranous, 337
persistent subacute, 330t
post-streptococcal, 340
proliferative

focal vs. diffuse, 337
mesangial (See Mesangial 

proliferative 
glomerulonephritis)

rapidly progressive (See Rapidly 
progressive 
glomerulonephritis (RPGN))

in rheumatoid arthritis, 846
in Sjögren’s syndrome, 1341
in Wegener granulomatosis, 1547, 

1550-1551, 1552f
Glomerulosclerosis

diffuse, global vs. segmental, 336, 
336t

focal segmental, 336, 336t
Glomerulus

immune complex deposition in, 
1263t, 1264

nephropathology morphologic 
terminology for, 336-337, 
336t

Glomus tumor, 2070
Glucocerebrosidase deficiency, 2031, 

2032f, 2034
replacement therapy for, 2035

β-Glucocerebrosidase gene, 2031-2032
Glucocorticoid/glucocorticoid receptor 

complex, 496, 497f-498f
Glucocorticoid-induced TNF receptor 

(GITR), 96, 97t-98t
Glucocorticoids

adverse effects of, 500-502, 500f
in bone and muscle, 500-501
cardiovascular, 501
dermatologic and appearance, 501
gastrointestinal, 501
infectious, 501
metabolic and endocrine, 501
neuropsychiatric, 501-502
ophthalmologic, 502

alternate-day therapy with, 501-502
in bone physiology, 74-77
cardiovascular risks with, 307
in children, 502
conversion and degradation of, in 

inflamed tissue, 213f, 214
corticosteroids vs., 495
for early arthritis, 939
efficacy of, 498-500

in large-vessel vasculitis, 499-500
in polymyalgia rheumatica, 499-

500

in rheumatoid arthritis, 498-499, 
499t

in systemic connective tissue 
disorders, 499

in vasculitis, 499
evidence-based treatment guidelines 

for, 502
for Felty syndrome, 841
for gout, 1867, 1868t
influence on immune system, 211-

213
introduction to, 495
for juvenile-onset 

spondyloarthropathies,  
1033

for juvenile-onset systemic lupus 
erythematosus, 1037

mechanisms of action, 496-498, 
497f-498f

NSAIDs interaction with, 489
osteoporosis induced by, 500

biochemical markers in, 1992
bisphosphonates for, 1993-1994
bone mineral density and fracture 

risk in, 1990-1991
bone mineral density testing for, 

410
calcitonin for, 1993
calcium for, 1993
dosage and, 1991-1992
epidemiology of, 1989-1992
in FRAX algorithm, 1949
hormone replacement therapy for, 

1993
investigations for, 1992
in juveniles, 1040-1042
management of, 1993-1994
parathyroid hormone for, 1994
pathophysiology of, 1989
preventive interventions for, 500, 

1557
vitamin D for, 1993

for pericarditis, 307
perioperative considerations of, 501-

502
pharmacogenetics of, 206, 206t
pharmacology of, 495

bioequivalence and bioavailability, 
495

clearance and dose timing, 495
dosing, 495
metabolism and drug interactions, 

495
preparations and structure, 495, 

496f, 496t
in pregnancy, 502, 612, 613t

recommendations for, 616, 616t
for primary angiitis of central 

nervous system, 1623
for psoriatic arthritis, 1206
for reactive arthritis, 1119
for rheumatoid arthritis

extra-articular features, 839
synovitis indications and strategies 

for, 949, 950f, 955
in signal transduction, 119
stress-dose considerations of, 502
systemic, 495-504
for Takayasu’s arteritis, 1571
for Wegener granulomatosis, 1555-

1557
withdrawal regimens for, 502

Glucokinase, in gout, 1854
Glucosamine and chondroitin therapy, 

453-456
rabbit model of, 1734f
small animal models of, 1737t, 

1738f

Glucosamine sulfate, for osteoarthritis, 
1798

Glucose
blood level of

glucocorticoids impact on, 501
perioperative management of,  

636
intolerance of, in diffuse idiopathic 

skeletal hyperostosis, 1804-
1805

metabolism of, in tumoral cells, 392-
393

in synovial fluid, 271
with septic arthritis, 1060

Glucose-6-phosphate dehydrogenase 
(G6PD) deficiency, 1308

Glucose-6-phosphate isomerase (G6PI)
in immune complex arthritis, 883
in rheumatoid arthritis, 898, 898t

antibodies to, 888t, 892-894
Glucosphingolipids, catabolism of, 

2031, 2032f
Glucosylceramide, in Gaucher’s 

disease, 2031, 2032f
GLUT9

in gout, 1853-1854
as renal uric acid transporter, 1846, 

1847f, 1848
Glutamate

in complex regional pain syndrome, 
803

in fibromyalgia, 769, 774, 774f
in tendinopathy, 87t
as transmitter in nociceptors, 201b, 

202-203
Glutathione S-transferase (GST), in 

molecular biology, 106, 116
Gluten diet, for celiac disease, 324-325
Glyceryl trinitrate patches, 1432
Glycogen metabolism

disorders of, myopathies related to, 
1482-1483, 1482b, 
1483f-1484f

mitochondrial, 1480, 1482, 1482b
in muscle bioenergetics, 1482, 

1483f-1484f
Glycogen storage disease, 1863, 2000b
Glycolipid antigens, T-cell recognition 

of, 136, 138
Glycolytic pathway, of muscle 

metabolism, 1482, 1483f
Glycoproteins, in connective tissue, 

153
Glycosaminoglycans (GAGs)

in amyloidosis, 1689
in articular cartilage, 57-58, 62-63, 

65
cartilage content of, MRI detection 

of, 373-375
in gene transfer, 166t
in tendinopathy, 84, 86t
urinary, in mucopolysaccharidoses, 

2038t, 2039
GO-AFTER study, of TNF inhibitors, 

589
GO-BEFORE study, of TNF inhibitors, 

589
GO-FORWARD study, of TNF 

inhibitors, 589
Gohn’s lesion, 1067
Goldenrod leaf, 453, 455t
Gold/gold salts, 505-507

methotrexate combined with, 512
methotrexate vs., 512
for rheumatoid arthritis

DMARDs combined with, 536t
dosage of, 505
efficacy of, 505
introduction to, 505

Glomerular lesions (Continued) Glucocorticoids (Continued)
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for juvenile idiopathic arthritis, 
1017, 1021

mode of action, 505
pharmacogenetics of, 208
pharmacology of, 505
in pregnancy, 505, 612, 613t
synovitis indications and strategies 

for, 949, 950f, 953, 955
toxicity of, 505

Goldman Cardiac Risk Index, for 
surgery, 631-632, 632t, 635

Golfer’s elbow, e70f, 622
Golimumab, 577, 578f

for ankylosing spondylitis, 1171
investigations of, 588-589
for psoriatic arthritis, 1207-1208

Gonadal hormones, 211, 212f
effects on bone cells, 74-77
female, autoimmune diseases and, 

211, 215
immune/inflammatory response 

effect on, 211, 213f
influence on immune system, 211

development, 212, 215
function, 213-215

rheumatoid arthritis and, 826
in systemic lupus erythematosus, 

1244
ovulation induction and, 211
premature failure of, 1037, 1245, 

1314
risk related to, 1223-1225

Gonadotrophic insufficiency, with 
hemochromatosis, 1929

Gonadotropin-releasing hormone 
(GnRH), 212f

Gonococcal arthritis, 1062-1065
clinical features of, 1063, 

1063f-1064f
description of, 1062
epidemiology of, 1062
investigations of, 1063-1065, 1064f
management of, 1065
microbiology of, 1062-1063, 1063f
pathogenesis of, 1063
pattern recognition in, 255

Goodpasture’s disease, 1529, 1553
Gottron papules, 288-289, 288f

in myositis, 1441, 1442f, 1444b, 
1451, 1466-1467

juvenile, 1038-1039, 1040f, 1041t
Gottron sign, 288, 289f

in myositis, 1441, 1442f, 1444b
Gout, 1841-1858

acute attack of, 1850-1852, 1850b, 
1850f

acute inflammatory mediators in, 
1850b, 1851, 1852f

chemokines in, 1850b, 1850f, 
1851, 1852f

choice of drug and treatment 
regimens in, 1867-1869

colchicine for, 1868-1869
colchicine for prophylaxis of,  

1869
glucocorticoids for, 1867, 1868t
intracellular messengers in, 1850b, 

1851
neutrophil activation in, 1852
NSAIDs for, 1867, 1868t
other mediators in, 1851-1852
termination of, 1850f, 1852
therapeutic targets in, 1867
treatment objectives in, 1867
treatment of, 1867-1869
urate crystals in, 1850-1851, 

1850b, 1850f
acute intermittent, 1861

adrenocorticotropic hormone for, 
1867

advanced gouty arthritis, 1861-1862
aspiration of (See specific joint, e.g., 

Radiocarpal joint)
asymptomatic hyperuricemia in, 

1860-1861
from calcineurin inhibitors, 342
cardiovascular disease and, 1864
chronic nephropathy associated with, 

338t, 340, 343, 1686
clinical stages of, 1859-1864
comorbid diseases associated with, 

1864-1865
COX-2 inhibitors for, 1867
with diffuse idiopathic skeletal 

hyperostosis, 1802
management of, 1805, 1805t

early-onset, 1862-1863
environmental factors of, 1853
etiology of, 1841
female, 1863
genetics of, 1853-1854

contributions of, 1853-1854, 
1854b

exacerbating factors, 1853
influencing crystal formation and 

crystal-triggered 
inflammation, 1854

kidney disease and, 1848-1850
polymorphism in metabolic genes, 

1854
X chromosome genes, 1845, 1854

history of, 1859
hyperparathyroidism and, 2007
hypertension and, 1864
hyperuricemia in, 1842-1844, 1842f, 

1843t
diseases associated with, 1854-

1856
models of, 1853

IL-1 antagonism for, 1868t, 1869
imaging of, 1853
inflammasome activation in, 150
intercritical and chronic, 1852-1853
kidney disease and, 1864
laboratory tests for, 260t
metabolic disease and, 1865
models of, 1853

hyperuricemia, 1853
non-rodent animal, 1847f, 1853
urate crystal injection, 1853, 1853f

nutritional status and, 433, 437
pathogenesis of, 1848-1850, 1849f

future study of, 1856, 1856b
simplified version, 1841, 1842f

pattern recognition in, 253-257, 
254f, 256f

pharmacologic therapies for, 1841, 
1844, 1846, 1852f

IL-1 inhibitors as, 573t, 575
progression of, 1841
promoters and inhibitors of, 1843-

1844, 1844t, 1848, 1851
purine metabolism in, 1844-1845, 

1844f-1846f
in renal transplant patients, 344
renal uric acid excretion, 1846-1847, 

1847f
impaired, 1847-1848

saturnine, 1864
in sickle cell anemia, 1923-1924
summary of, 1841
with systemic lupus erythematosus, 

1233, 1233f
tophaceous, 1849f, 1852-1853, 1863f
tophus in, 1862
transplantation, 1864

urate crystal formation in, 1843-
1844, 1844t, 1848

inflammatory response to, 1848-
1850, 1849f-1850f, 1850b

urate lowering in, indications for, 
1870

urate physiology in, 1841-1842, 
1842b, 1842f, 1843t

Gouty tophi, rheumatoid nodules vs., 
830

GP-39 protein, in articular cartilage, 66
gp130 receptor subunit, cytokines 

utilization of, 97-99, 98t
G protein–coupled receptors (GCPRs)

in endothelial inflammation, 1510-
1511, 1512f

in signal transduction, 122-123
of chemokines, 102-103
mechanical stress response and, 

47-48
autocrine/paracrine signaling 

events and, 46f, 48
mitogen-activated protein 

kinases and, 47-48
NF-kappa B pathway, 48
phosphoinositide 3-kinase–Akt/

Protein kinase B pathway, 
47

G proteins, nociceptor chemosensitivity 
and, 201

GRACILE syndrome, 2000b
Graded in-vivo Exposure (GivE), 444
Grading systems

for muscle weakness, n myositis, 
1441, 1441t

for osteoarthritis, 1787
MRI in, 1713, 1714t
radiography in, 1709-1711, 1711f, 

1711t, 1771, 1787
Grafts/grafting

bone, 1062, 1822
ocular patch, for peripheral ulcerative 

keratitis, 302
osteochondral, for osteochondritis 

dissecans, in knee, 737-738, 
738f

Graft-versus-host disease (GVHD)
chronic, 1436-1437
myositis associated with, 1440,  

1451
Graham genome scan, 1250, 1250t
Gram-negative bacilli infection, in anti-

TNF-treated patients, 607
Gram stain

for N. gonorrhoeae, 1063-1064, 
1064f

for septic arthritis, 1059-1061
Granulocyte colony-stimulating factor 

(G-CSF)
angiogenesis mediation by, 906, 907t
for Felty syndrome, 841
in rheumatoid synovium, 917t, 923

Granulocyte-macrophage colony-
stimulating factor (GM-CSF)

angiogenesis mediation by, 906,  
907t

in gout, 1850b, 1851-1853
osteoclast differentiation and, 74
in rheumatoid synovium, 917t, 923
TNF inhibitors effect on, 578-579, 

578b
utilization of βc chain, 98t, 99

Granulocytes, in inflammation, 184-
187

Granulocytic infiltrate, 1747t
Granulomas/granulomatosis

allergic, renal features of, 339
autosomal dominant familial, 1664

cerebral vasculitis associated with, 
1617-1618, 1618f-1619f, 
1618t, 1620-1621

erythema nodosum with, 1601, 
1602b

familial juvenile systemic, uveitis 
associated with, 298

formation of
in tuberculosis infection, 1067
in Wegener granulomatosis, 1554, 

1555f
lymphomatoid, 1554
Meischer’s, 1601
sarcoidosis as, 1659-1661, 1664 (See 

also specific organ or 
system)

differential diagnosis of, 1666-1667
immunopathogenesis of, 1667-

1668
TNF inhibitors for, 587
Wegener (See Wegener 

granulomatosis (WG))
Granulomatous dermatitis, interstitial, 

with arthritis, 293-294, 293f
Granulomatous vasculitis

ANCA-associated (See ANCA-
associated granulomatous 
vasculitides)

uveitis associated with, 298
Granzyme B, in myositis, 1468
Grapefruit juice, 436
Graphs, for clinical data interpretation, 

224
GRAPPA treatment, for psoriatic 

arthritis, 1205, 1208
Graves’ disease

digital clubbing associated with, 
1701, 1702f

pretibial myxedema in, 1909-1910
Green fluorescent protein (GFP), in 

molecular biology, 106, 
106f, 116

GR (glucocorticoid receptor) gene, in 
drug response, 206, 206t

Grip strength
hand exercises for, 968
as osteoarthritis risk, 1721
testing of, 712

for carpal tunnel syndrome, 789
Groningen Index, for vasculitis 

assessment, 1529
“Groove sign”, of eosinophilic fasciitis, 

1436, 1436f
Group A streptococcus, 1093-1094
“Growing pains of childhood”, 981, 

998
Growth and development

of bone (See Bone development)
of cartilage, collagen type IX 

mutations and, 60
in childhood

systemic lupus erythematosus 
impact on, 1036

velocity of, 977
Growth arrest lines

in juvenile idiopathic arthritis, 995-
996

in Legg-Calvé-Perthes disease, 982-
983

Growth assessment, anthropometric 
measurements for, 433-434

Growth disturbances/retardation
fetal, antiphospholipid antibody 

syndrome and, 1336-1337
glucocorticoids risk for, 502
in juvenile dermatomyositis, 1041-

1042

Gold/gold salts (Continued) Gout (Continued) Gout (Continued) Granulomas/granulomatosis 
(Continued)
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996, 996f, 998, 1000

general, 1003
local, 1002

of cervical spine, 1002, 1002f
of hip, 1002
influencing factors of, 1002
of knee, 1000f, 1002, 1002f
of TMJ, 1002, 1003f
of wrist and hand, 995f, 1002

management of, 1024
Growth factors (GF)

angiogenesis mediation by, 905-906, 
907t

inhibition of, 908
in articular cartilage, 65
candidate bone, in diffuse idiopathic 

skeletal hyperostosis, 1805
in capsulitis, 694
cytokines vs., 91, 96-97, 99, 101
in gene transfer, 166t
in hypertrophic osteoarthropathy, 

1704, 1704f
in mechanical stress response, 48
in rheumatoid arthritis, 551
in rheumatoid synovium, 923
in sarcoidosis, 1667-1668
in tissue destruction, 153, 156, 

156f-157f, 159f
in tissue engineering, 163-164, 

164f-165f
in tissue matrix repair, 159f, 161

Growth hormone (GH), 211, 212f
as cytokine, 96-97, 98t, 99
influence on immune system, 211-

212
in juvenile idiopathic arthritis, 1003, 

1024
recombinant, for osteogenesis 

imperfecta, 2045
Growth hormone (GH)/insulin-like 

growth factor-1 (IGF-1),  
436

Growth hormone–releasing hormone 
(GHRH), 211, 212f

Growth plate, 67
of femur, physeal fractures impact 

on, 738-739
GTPase activating proteins (GAPs), in 

chemokine signaling, 102-
103

Guanine
in purine metabolism, 1844, 1845f
in signal transduction, 122-123

Guanosine diphosphate (GDP), in 
chemokine signaling, 102-
103

Guanosine triphosphate (GTP), in 
signal transduction, 119, 
122-123

of chemokines, 102-103
Guanylate cyclases, 119
Guided imagery, 450t, 462, 464
Guinea pig model, of osteoarthritis, 

1735, 1736f
Gulf War illnesses, 775-776
Gut flora

reactive arthritis associated with, 
1113, 1115t, 1116-1117, 
1117f

in rheumatoid arthritis, 899
Gut pathology. See Gastrointestinal 

entries
Guttman scaling, of probability, 13
Guyon’s canal, ulnar nerve 

compression at, 785-786, 
786f

GVHD. See Graft-versus-host disease 
(GVHD)

GWAS. See Genome-wide association 
studies (GWAS)

Gynecologic conditions
in fibromyalgia, 770f, 778-779
hip pain referred from, 721

H

Habituation phenomena, of 
neuroendocrine system, 211, 
214

Haglund’s deformity, 755
Hairy cell leukemia, 1678-1679
Hallux rigidus, 757f

with osteoarthritis, 1729
Hallux valgus, 753f
Halofuginone, 1406t, 1407
Hamartoma, giant notochordal, 2072
Hammer toe, 757, 758f, 833-834
HAMP gene, 1929
Hamstrings, in knee anatomy, 732
Hand, 711-717

in acromegaly, 1890f
carpal tunnel syndrome of, 342, 716, 

831
injection for, e69f, 621, 621f

in children, examination of, 978
clinical evaluation of, 711-713

history in, 711
physical examination in, 711-713

common deformities of, 242, 242f
complex regional pain syndrome 

affecting, 798, 799f
DeQuervain’s syndrome of, 714, 

715f
injection for, 69f-70f, 621, 621f

in diabetes mellitus, 1890
diffuse idiopathic skeletal 

hyperostosis in, 1801, 
1802f, 1805

Dupuytren’s contractures of, 694, 
716-717, 717f, 802

functional anatomy of, 711
bones, 712f
tendons and tendon sheaths

extensor, 713f
finger insertions, 712f
flexor, 712f

ganglions of, 711, 715-716
hemochromatosis of, 1929-1931, 

1931f
injection of, 619-622
intersection syndrome of, 714-715
introduction to, 711
juvenile idiopathic arthritis 

involvement of, 1000, 
1000f, 1046

extension splints for, 1048, 
1048f-1049f

growth disturbances with, 995f, 
1002

Kashin-Beck disease in, 1831f
mixed connective tissue disease 

features in, 1492-1493, 
1492f-1493f

mucopolysaccharidoses involvement 
of, 2037, 2038f

neuropathic arthropathy of, 1808f, 
1809

osteoarthritis in
classification criteria for, 1709, 

1710b, 1710t
epidemiology of, 1715, 1715f
EULAR recommendations on, 

1796b
genetic studies of, 1761-1762, 

1762f-1763f, 1762t

pain with, 1723
presentations of, 1726-1727, 

1726f-1727f
prevalence of

radiographic, 1712, 1712f
symptomatic, 1713-1715, 1715t

radiography of, 1771
risk factors for, 1720-1721

physical examination of, 711-713
in children, 978
differential diagnosis, 711, 713, 

714f
general, 711
pain and disability, 713, 715t
range of motion in, 247, 247f, 

711-713, 713f
resting posture in, 711
specific disorders, 713-717
surface anatomy in, 711, 713f
swelling and deformity in, 711, 

714f
radiography of, 349, 350b, 350f-351f

for osteoarthritis, 1712, 1712f, 
1771

for spondyloarthropathies, 1151-
1152, 1151f

rheumatoid arthritis in, 829-830, 
830f (See also specific joint, 
e.g., Metacarpophalangeal 
(MCP) joints)

imaging for outcomes of, 416, 
417t, 418f

radiographic imaging of, 859-861
sensory supply to, 789, 789f
swan-neck deformity of, 1232, 

1232f-1233f
symmetric enlargement of, 256
tenosynovitis of, 713-714

in digital flexors, e69f, 620-621, 
621f

stenosing, 713-714
Hand-arm vibration syndrome (HAVS), 

1427-1430
Hand exercises, for rheumatoid 

arthritis, 968
Handicap, measures of, 15-16. See also 

Ability/disability
Hand splints

in adaptive rehabilitation, 445
for juvenile idiopathic arthritis

cock-up, 1048, 1048f
resting, 1048, 1049f

for rheumatoid arthritis, 968-969, 
969f

for wrist and hand disorders, 714-
717

Haplotypes, 205
ancestral, 109
fine map analysis of, 109f
risk, 1247-1248

HapMap Project, 109-110, 129, 205, 
875, 1247

Harrington instrumentation, 2045
Hatchet sign, 1153
Haversian canals/system, 67-69, 68f

in bone remodeling, 1961f, 1963-
1964

Hawkins test, 807t
HBV. See Hepatitis B (HBV) infection
HC-gp39 autoantigen, 553
HCV. See Hepatitis C (HCV) infection
H63D gene mutation, 1929, 1931-

1932
Head, physical examination of, 244, 

244f
Headaches

in fibromyalgia, 769, 778
with narcotic therapy, 475t

with systemic lupus erythematosus, 
1236, 1236t, 1262

tension, with myofascial pain 
disorder, 766, 766b

Health Assessment Questionnaire-
Disability Index (HAQ-DI), 
1367-1368, 1370, 1454

Health Assessment Questionnaire 
(HAQ), 13, 14t

for children, 1006
for education programs evaluation, 

430
for juvenile idiopathic arthritis, 991
for myositis, 1454, 1475-1476
for osteoarthritis outcomes, 1781t, 

1782
for psoriatic arthritis, 1205-1206, 

1206b
for rheumatoid arthritis, 836, 836t

radiographic progression correlation 
to, 837

for scleroderma
breathing VAS scale in, 1369
gastrointestinal VAS scale in, 1369
vascular scale in, 1369-1370

Health care provider databases, disease 
occurrence from, 7

Health care services
access to, 970
economic evaluation of, 23-28 (See 

also Economic evaluation)
multiple disciplinary team for, 970-

971 (See also 
Multidisciplinary team)

planning for rheumatology, 9
Health condition/status

in history taking, 237b, 238-239, 
239t

in outcome assessment, 1779, 1780f
of osteoarthritis, patient status 

change with, 1783
interpreting changes in measure 

scores, 1783-1784
responsiveness of measure scores 

in, 1783-1784
Health economics, 23-28. See also 

Economic evaluation
Health insurance, treatment response 

documentation for, 15, 836
Health interview surveys (HIS), 7
Health literacy, 429-430, 429t
Health-related quality of life (HRQOL), 

11, 19-20
with juvenile-onset 

spondyloarthropathies, 
1031, 1034

with osteoarthritis, 1780
with scleroderma, 1370

Health status measures (HSMs)
condition-specific, 13, 14t
multidimensional, 16
in routine clinical practice, 19, 19t
in systemic lupus erythematosus 

assessment, 1305
Health surveys, population, disease 

occurrence estimates from, 
7

Healthy cohorts, in observational 
studies, 222

Healthy People 2010, 431
Hearing loss

with Cogan syndrome, 1628
investigations of, 1629, 1631f
management of, 1631-1633, 1633f
pathophysiology of, 1625-1626
prognosis of, 1633

in familial cold autoinflammatory 
syndrome, 1652

Growth disturbances/retardation 
(Continued)

Hand (Continued) Headaches (Continued)
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in Muckle-Wells syndrome, 1653
with osteogenesis imperfecta, 2042, 

2045
with relapsing polychondritis, 1671, 

1672t
with systemic lupus erythematosus, 

1237, 1244
with Wegener granulomatosis, 1548

Heart
in acute rheumatic fever, 1095-1096
in Churg-Strauss syndrome, 1561-

1562
in Henoch-Schönlein purpura, 1590
in systemic sclerosis, 1380-1382, 

1391-1392
Heart anomalies, congenital, 976t

digital clubbing associated with, 
1701-1702, 1702f-1704f

Heart block
with Lyme disease, 1080f, 1082
with myositis, 1451-1452
with neonatal lupus, 1038, 1337

breastfeeding considerations of, 
1337-1338

perioperative management of, 635
with polymyositis, 310
with spondyloarthropathies, 312
with systemic lupus erythematosus, 

1243
with systemic sclerosis, 311, 1410

Heart failure. See Congestive heart 
failure (CHF)

Heart/heart disease, 305-314. See also 
Cardiovascular system

in amyloidosis, 1691-1692, 1695-
1696, 1696t

with rheumatoid arthritis, 308
supportive treatment of, 1698

in Behçet’s syndrome, 1578
cardiovascular examination for, 305
cyanotic, digital clubbing associated 

with, 1702, 1702f, 1704, 
1704f

in dermatomyositis, 310
history taking for, 305
hyperuricemia associated with, 1855
ischemic, 305, 307 (See also 

Coronary artery disease 
(CAD))

catheter-based interventions for, 
308

perioperative management of, 633-
634, 633t

in Kawasaki disease, 308
laboratory testing for, 305-306
in Lyme disease, 1081t, 1082
in microscopic polyangiitis, 1526, 

1526t
in myositis, 1445

investigations of, 1451-1452
neck pain referred from, 646t
perioperative management of

ischemic, 633-634, 633t
operative risk assessment in, 631-

633, 632t-633t
preoperative assessment in, 631
valvular, 634-635

in polyarteritis nodosa, 1528
in polymyositis, 310
in progressive systemic sclerosis, 

311-312
in relapsing polychondritis, 1671-

1672, 1672t
evaluation of, 1673
management of, 1674

in rheumatic disease, 305
medications associated with, 306-

307

in rheumatoid arthritis, 307-308, 
842-844, 843f

exercise therapy and, 968
in sarcoidosis, 310-311, 1661, 1665

management of, 1668-1669
in spondyloarthropathies, 312
in systemic lupus erythematosus, 

309-310, 1243-1244
coronary artery disease as, 1243, 

1243f
endocarditis as, 1243
immunopathology of, 1262
juvenile-onset, 1036
myocarditis as, 1243
other vascular involvement as, 

1244
pericardial manifestations, 1243

in systemic sclerosis, 311-312
management of, 1409-1410, 1411t

valvular (See Valvular heart disease)
in vasculitis, 305, 308-309

small and medium-sized vessels 
and, 308-309

Takayasu’s arteritis, 308, 1567, 
1569f, 1572-1573

Heart monitoring, fetal, with 
antiphospholipid antibody 
syndrome, 1337

Heart murmurs
patient evaluation for, 305-306
perioperative management of, 631, 

634-635
Heart transplantation, for cardiac 

sarcoidosis, 311
Heat-shock proteins (hsp)

in adjuvant-induced arthritis, 879-
880, 880f

in Behçet’s syndrome, 1575
glucocorticoids impact on, 496,  

497f
in juvenile idiopathic arthritis, 1012
in reactive arthritis, 1104-1105
in rheumatoid arthritis, 898-899

antibodies to, 892
Heat stimuli, in fibromyalgia, 773, 

775, 778
Heat therapy. See Thermotherapy
Heavy metals, osteomalacia and, 2001
Heberden’s nodes, 242f, 255, 256f,  

257
in diffuse idiopathic skeletal 

hyperostosis, 1802
with osteoarthritis, 1726

genetic associations of, 1761-1762, 
1762f, 1762t

Heel pain, 758, 760
Heerfordt’s syndrome, 1661
Height, routine monitoring of, 437
Height growth velocity, delayed, in 

juvenile idiopathic arthritis, 
1003, 1004f, 1024

Helicobacter infection, 899
Heliotrope rash, 288, 288f

of dermatomyositis, 1441, 1442f, 
1444b, 1466-1467

in juveniles, 1038-1039, 1041t
Helix inflammation, with relapsing 

polychondritis, 294, 294f
HELLP syndrome, during pregnancy, 

1335, 1337
Helplessness

outcome assessment for, 14t
and pain, 461

Hemagglutination test, for mixed 
connective tissue disease, 
1491-1493

Hemangioma, 2069-2070
Hemangiopericytoma, 2070

Hemarthrosis
in dialysis patients, 344
of hemophilia, 1913-1914

differential diagnosis, 1914
management of, 1917, 1918t

Hematologic disorders
bone mass and, 1960
in children

knee pain related to, 736
musculoskeletal features of, 976t

in Cogan syndrome, 1629, 1630t
complement system in

atypical, 181
SLE-related, 180

juvenile idiopathic arthritis vs., 997t
lumbar pain related to, 672t
in rheumatoid arthritis, 839-840
in systemic lupus erythematosus, 

1240-1241
complement system and, 180
juvenile-onset, 1036
other abnormalities as, 1241
pancytopenia as, 1241
of platelets, 1241
of red blood cells, 1240
treatment of, 1312-1313
of white blood cells, 1240-1241

Hematologic malignancies, thalidomide 
for, 544t

Hematologic system
dapsone effects on, 540

dose-related, 539-540, 540t
juvenile idiopathic arthritis 

involvement of, 999-1000
leflunomide effect on, 524t-525t, 

525-526
Hematology tests, 259-261

acute-phase reactants, 260-261, 260t
hemoglobin, 260
platelet count, 260
white blood cell count, 259-260

Hematomas
in bone regeneration/repair, 79-80, 

80f
epidural, imaging of, 665, 665f
in hemophilia, 1914
spinal, postoperative risks for, 639

Hematopoietic cytokine receptor 
superfamily, 96-97

Hematopoietic fat marrow, cell death 
in, 1815-1817, 1816f. See 
also Osteonecrosis

Hematopoietic organ, bone as, 171-172
Hematopoietic stem cells (HSCs)

B-cell differentiation and, 171-172, 
171f

in bone resorption, 159f
transplantation of (See Autologous 

stem cell transplantation 
(ASCT))

Hematoxylin bodies, in systemic lupus 
erythematosus, 1253, 1254f

Hematuria
causes of, 331, 331t

upper vs. lower tract, 331
signs and symptoms of, 329
testing for, 332

colorimetric method of, 332
microscopy in, 332

other findings of, 332-333
red blood cells in, 332, 332f

Hemochromatosis, 1929-1934
clinical features of, 1929-1931

adult vs. juvenile, 1929
arthropathy as, 1929-1931, 

1930f-1931f
asthenia as, 1929
hereditary, 1929, 1930f
liver abnormalities as, 1929

differential diagnosis of, 1932
epidemiology of, 1929, 1930t
genetics of, 1929, 1930f

screening for, 1929, 1931-1932
history of, 1929
investigations of, 1931-1932, 

1931f-1932f
management of, 1933
pathogenesis of, 1932-1933

environmental factors in, 1933
iron delivery in, 1932-1933, 1932f

summary of, 1929
Hemodialysis, 342

arthropathies related to, 343-344
carpal tunnel syndrome associated 

with, 342, 788
drugs removed by, 531
for lupus nephritis, 1331
β2-microglobulin clearance by, 342
for nephrogenic systemic fibrosis, 

1686-1687
Hemoglobin, 260

disorders of, osteonecrosis associated 
with, 1815, 1816b

Hemoglobinopathy. See Sickle cell 
anemia

Hemojuvelin gene, 1929
Hemolytic anemia

in antiphospholipid syndrome, 1354
autoimmune, in systemic lupus 

erythematosus, 1312-1313
complement system and, 180

thrombotic microangiopathic, 1330
Hemolytic-uremic syndrome (HUS), 

181, 342
Hemophilia, 1913-1920

classification of, 1913
clinical features of, 1913-1914

acute hemarthrosis as, 1913-1914
chronic arthropathy as, 1914
hemophilic pseudotumors as, 1914
muscle hemorrhage as, 1914, 

1914f
subacute arthropathy as, 1914

complications of, 1919
blood product–transmitted 

infections as, 1913, 1919
chronic pain as, 1919
coagulation factor inhibitors as, 

1919-1920
osteoporosis as, 1919

diagnosis of, 1914
differential diagnosis of acute 

hemarthroses in, 1914
epidemiology of, 1913
etiology of, 1915-1916
genetics of, 1913-1916
history of, 1913-1920
imaging of, 1914-1915, 1915b, 

1915f, 1917f
management of, 1916-1920

for acute hemarthroses, 1917, 
1918t

for chronic arthropathy, 1918
for complications, 1919
exercise and sport in, 1918
future options for, 1920
prophylactic factor treatment in, 

1916-1917
for specific sites, 1918-1919
for subacute hemophilic 

arthropathy, 1917-1918
musculoskeletal features of, in 

children, 976t, 979
pathogenesis of, 1916, 1918f
plasma coagulation factor in, 1913
secondary, 1913
summary of, 1913, 1920

Hearing loss (Continued) Heart/heart disease (Continued) Hemochromatosis (Continued)
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Hemophilia A (factor VIII deficiency), 

1913-1916
coagulation factor inhibitors in, 1919

Hemophilia B (factor IX deficiency), 
1913-1914

coagulation factor inhibitors in, 1919
genetics of, 1915-1916

Hemophilus influenzae
in anti-TNF-treated patients, 607
in osteomyelitis, 1056, 1056t
in septic arthritis, 1055-1056, 1056t

immunizations impact on, 1056
Hemorrhage

alveolar (See Diffuse alveolar 
hemorrhage (DAH))

cerebral, in systemic lupus 
erythematosus, 1262

with hemophilia
in muscles, 1914, 1914f
prophylactic factor treatment for, 

1916-1917
repeated, 1914, 1916

intramedullary, in osteonecrosis, 
1817

pulmonary (See Pulmonary 
hemorrhage)

Hemorrhagic edema of infancy, acute, 
1599, 1599f

Hemosiderin, 1933
Hemostasis failure, secondary, in 

hemophilia, 1915
Henoch-Schönlein purpura (HSP)

cardiac involvement in, 1590
central nervous system involvement 

in, 1590
classification of, 1523, 1524t, 1588b
clinical features of, 1587-1590
corticosteroids for abdominal pain in, 

1593
cutaneous manifestations of, 1587, 

1588f
as cutaneous vasculitides, 1597, 

1598f, 1599t
differential diagnosis of, 1529, 1590, 

1599, 1604-1605
environmental factors in, 1591
epidemiology of, 1421-1424, 1587
etiology of, 1591
gastrointestinal features of, 325, 

1588-1589
genetic factors in, 1591
genitourinary involvement in, 1589-

1590
history of, 1587
immunopathogenesis of, 1513-1514, 

1513f, 1592-1593
investigations for, 1590
joint involvement in, 1587-1588
juvenile idiopathic arthritis vs., 997t, 

998
management of, 1593-1594
nephritis in, treatment of, 1594-1595
pathogenesis of, 1591-1593
pulmonary involvement in, 1590
renal features of, 338t, 339

management of, 1593-1594
renal involvement in, 1589
skin biopsy for, 275, 275f
Wegener granulomatosis vs., 1553

Heparan sulfate
in articular cartilage, 63

ligands for, 65
as regulator of collagen fiber 

assembly, 63-64
in bone matrix, 70, 72-73
endothelial inflammation and, 1511-

1513
in mucopolysaccharidoses, 2037-

2039, 2038t

Heparin prophylaxis
for lupus anticoagulant, with 

pregnancy, 1336-1337
perioperative use of, 638-639

Hepatic system. See Liver entries
Hepatitis B (HBV) infection

methotrexate and, 513-514
polyarteritis nodosa associated with, 

1525, 1528-1529
immunopathogenesis of, 1518
management of, 1531
prognosis of, 1532

rheumatic effects of, 1089
clinical presentations of, 1089
virology of, 1089
vs. rheumatoid arthritis, 834

screening for, before rituximab 
therapy, 566

with systemic lupus erythematosus, 
1240, 1245

TNF inhibitors for, 587-588
Hepatitis B vaccine, 1226
Hepatitis C (HCV) infection

cerebral vasculitis associated with, 
1620-1621

fibromyalgia associated with, 771, 
772b, 779

hemophilia and, 1919
HLA-B27 and clearance of, 1105-

1106
methotrexate in, 513-514
rheumatic effects of, 1089-1090

arthritis associated with, 1090
clinical presentations of, 1089-

1090, 1089t
coexistent arthropathy and, 1090
IFN-α–induced arthritis and, 1090
mixed cryoglobulinemia associated 

with, arthritis in, 1090, 
1090f

vs. rheumatoid arthritis, 834
screening for, before rituximab 

therapy, 566
Sjögren’s syndrome and, 1344-1345
with systemic lupus erythematosus, 

1245
TNF inhibitors for, 587-588
vasculitis associated with, 1598b, 

1600
cryoglobulinemic, 1514
management of, 1605, 1606t

Hepatocyte growth factor (HGF), 905-
906, 907t

Hepatosplenomegaly, in adult-onset 
Still’s disease, 851t, 853-
854

Hepatotoxicity, of drugs. See Liver 
function

Hepcidin, 1929, 1932-1933, 1932f
Herbalism, 450t, 451

dilute doses of (See Homeopathy)
drug interactions of, adverse, 453, 

454t
evidence for, 453
history of, 453
licensing and training for, 457t
mechanism of action in, 453, 455t
in nutritional assessment, 437
philosophy of, 453
treatments in, 453, 455f, 456

Hereditary fructose intolerance,  
2000b

Hereditary multiple exostoses, 2061
Hereditary progressive arthro-

ophthalmopathy, 1764
Hereditary recurrent fevers. See also 

specific hereditary recurrent 
fevers

definition of, 1637

familial Mediterranean fever as 
prototypical, 1637

Heritability. See Genes/genetics
Heritable disorders of connective tissue 

(HDCTs), 2041-2049
chondrodystrophies as, 2048, 2048b
Ehlers-Danlos syndrome as, 2045-

2047, 2045t, 2046f
hypermobility syndrome overlapping 

with, 2051
introduction to, 2041, 2041b
Marfan syndrome as, 2047-2048, 

2047b, 2047f
osteogenesis imperfecta as, 2041-

2045, 2042t, 2043f
Hermann scores, for sacroiliac joint 

ankylosing spondylitis,  
423t

Herniation
cystic, with osteoarthritis, 1725-

1726, 1726f, 1728
of intervertebral discs, 33-34

clinical presentation of, 674
investigations of, 674f
low back pain with, 660, 660f, 

668t, 673-675
neck pain with, 648, 650, 650f
surgical treatment of, 680

Herpesvirus entry mediator (HVEM), as 
TNF receptor, 96, 97t-98t

Herpesviruses
Behçet’s syndrome associated with, 

1575
rheumatoid arthritis and, 827, 899-

900
Herpetic neuralgia, 673
Heterodimeric cytokines, 98t, 99
Heterogeneity, in osteoarthritis, 1765-

1767
Heterogeneous nuclear 

ribonucleoprotein-A2 
(hnRNP-A2) antibody, in 
rheumatoid arthritis, 890-
891

pathogenic involvement of, 891, 
892f, 893-894, 894f

Heterozygous familial 
hypercholesterolemia, 1910-
1911

HFE gene, in hemochromatosis, 1929, 
1931-1932

epidemiology of, 1929, 1930f
High endothelial venules (HEV), in 

inner ear, 1627, 1627b
Highly active antiretroviral therapy 

(HAART)
cerebral vasculitis and, 1621
HIV rheumatic disease and

in global areas without access to, 
1087-1088

in HAART era, 1087-1088
in pre-HAART era, 1087

sarcoidosis associated with, 1668
High mobility group box 1 protein 

(HMGB1) antibodies, 888t, 
892-893

High titer antibody to cardiolipin
oral contraceptives and, 1338
during pregnancy, 1336-1337

Hindfoot
functional anatomy of, 749
pain, 756
palpation of, 751
varus

in hypermobility syndrome, 2053
in physical examination, 750

Hip, 719-728
acute injury of, 813

adduction deformity of, due to leg 
shortening, 724, 724f

adductor tendinitis in, 728
in ankylosing spondylitis, 1129
apprehension tests of, 723-724
arthritis involvement of, 253

lumbar pain related to, 677-678, 
677f

aspiration/injection of, 618f-619f, 
623

for iliopsoas bursitis, 624
for pain relief, 724-725
for trochanteric syndrome, e71f, 

624
bursitis of, 727-728

iliopsoas, 624, 727-728
ischiogluteal, 728
trochanteric, 727

in children
disorders of, 981-984
examination of, 978

chronic injury to, 813-814
clinical evaluation of, 720-724

history in, 720-722
physical examination in, 722-724
radiographic examination in, 724-

725, 725f
for specific disorders, 725-728

contractures of, 724, 1727, 1728f
DEXA imaging of, 400, 410t
diffuse idiopathic skeletal 

hyperostosis in, 1802, 1805
dysplasia of, 722-724

developmental, 725, 725f
in children, 981, 981f
osteoarthritis related to, 1721

Ely test of, 723, 724f
femoroacetabular impingement in, 

723-726
fracture of, 500, 639-640

osteoporotic, 1941, 1946f, 1946t, 
1952-1953

functional anatomy of, 719-720
bony structures, 719, 720f
joint capsule, 719, 720f

ligaments of, 719
hemophilic arthropathy of, 1919
imaging of, 724-725

other imaging in, 724-725
radiography in, 724-725, 1770-

1771
role in clinical practice, 725
for spondyloarthropathies, 1152-

1153, 1152f-1153f
juvenile idiopathic arthritis 

involvement of, 1000
growth disturbances with, 1002
rehabilitation for, 1049
synovectomy of, 1024

juvenile-onset spondyloarthropathies 
involvement of, 1030,  
1032

labral tears of, 721t, 723-725, 726f
in athletes, 725-726
snapping syndrome with, 728

neuropathic arthropathy of, 1809, 
1809f, 1809t

Ober test of, 723, 724f
osteitis pubis in, 727, 727f
osteoarthritis in

abnormal joint shape and, 1719, 
1721

bone density and, 1722
classification criteria for, 1709, 

1710b, 1710t
deformity with, 1726
epidemiology of, 1712, 1715-1716, 

1715f

Hereditary recurrent fevers (Continued) Hip (Continued)
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EULAR recommendations for, 
1795b

genetic studies of, 1761, 1762t, 
1766-1767

OARSI recommendations for, 
1794b

obesity and, 1721
pain with, 1723-1724, 1727-1728
presentations of, 1727-1728, 1728f
prevalence of

radiographic, 1711
progression of, 1712
radiography of, 1770-1771

osteonecrosis of, 725, 1815, 1816f
idiopathic transient, 1818, 1818f
in sickle cell anemia, 1921, 1925f, 

1926
Paget’s disease in, 725, 2027, 2027f
Patrick (FABER) test of, 723, 723f

for rheumatoid arthritis, 833
periarticular soft tissue problems of, 

727-728
bursitis as, 727-728
tendinitis as, 728

physical examination of, 722-724
in children, 978
gait in, 722, 722f, 722t
inspection in, 722
leg-length measurement in, 724, 

724f
palpation in, 722
range of motion in, 248, 248f, 

722-723
special tests in, 723-724

radiography of, 350b
rheumatoid arthritis in, 829, 833

radiography of, 861-862
in sickle cell anemia, osteonecrotic, 

1921, 1925f, 1926
in skeletal dysplasia, 2058
snapping hip syndrome of, 728, 814
in sports medicine, 812-814
Stinchfield test of, 723
summary of, 719
synovitis of, 725

toxic, in children, 994, 997, 997t, 
998f

systemic lupus erythematosus 
involvement of, 1233, 1233f

Thomas test of, 723, 723f
transient osteoporosis of, 726-727

course and treatment of, 727
description of, 726
imaging of, 726, 726f

tuberculous arthritis in, 1070f
Hip Disability and Osteoarthritis 

Outcome Score (HOOS), 
1781t, 1782-1783

Hip extension test, 661t, 662-663, 663f
Hip pain

articular mechanisms of, 720-721, 
721t

bursitis-related, 727-728
differential diagnosis of, 720-721, 

721t
history taking for, 720-724

characteristics and impact of, 721
general inquiry in, 721-722
location of, 720-721

knee pain referred from, 734-735
non-rheumatologic causes of, 721, 

726
with osteitis pubis, 727
with osteoarthritis, 1723-1724, 1727

differential diagnosis of, 1727-1728
insidious onset of, 1727

referred, 720-721, 721t, 724
to knee, in children, 734-735

Hippocratic Oath, 228
Hip protectors, 1978
Hip replacement, total

for ankylosing spondylitis, 1173-
1174, 1173f

for juvenile idiopathic arthritis, 
1024-1025

for osteoarthritis, 1712
Hip socket, development of, 977
Histamine

angiogenesis mediation by, 906, 907t
in inflammation, 193

Histamine-1 (H1) receptor antagonists, 
1606

Histamine-2 (H2) receptor antagonists, 
637, 1606

Histidyl-tRNA synthetase
antibodies to (See Anti-Jo-1 

antibodies)
in overlap syndromes, 1495-1496, 

1495f
Histiocytoma

benign fibrous, 2071
malignant fibrous, 2071

Histiocytosis, Langerhans’, 2073
Histology/histopathology

of adjuvant-induced arthritis, 880, 
881t

of amyloidosis, 275f, 1689, 1690f, 
1694-1695, 1695f

of Behçet’s syndrome, 1577-1578, 
1579f

of capsulitis, 694
of celiac disease, 324-325, 325f
of Cogan syndrome

in temporal bone, 1626
with vascular involvement, 1626, 

1626f
of Crohn’s disease, 321, 322f
of diffuse idiopathic skeletal 

hyperostosis, 1804, 1804f
of enthesitis, 1213-1214, 1214f
of ganglions, in wrist and hand, 716
of Gaucher’s disease, 2034, 2034f
of hypertrophic osteoarthropathy, 

1703-1704
of inflammatory myopathies, 277

in juveniles, 1038, 1039f
of interstitial lung disease, 315, 316f, 

317
in rheumatoid arthritis, 841-842, 

842f
of joint osteoarthritis

in dog model, 1731, 1732f
in rabbit model, 1734-1735, 1734f
in small animal models, 1735-

1736, 1736f, 1738f
of juvenile-onset 

spondyloarthropathies, 
1029, 1032

of lupus nephritis, 1234-1235, 1235f, 
1317-1318, 1318t

Class I, 1257
Class II, 1257, 1257f
Class III, 1257-1260, 1258f
Class IV, 1257-1260, 1258f-1259f, 

1261f
Class IV-G, 1261
Class IV-S, 1261
Class V, 1258-1260, 1260f
Class VI, 1260
treatment recommendations based 

on, 1324, 1325f-1328f, 
1327t

of lymphadenopathy, with systemic 
lupus erythematosus, 1255-
1256, 1256f

of microscopic polyangiitis, 1528
of mucopolysaccharidoses, 2037

of myositis, 1461-1463, 1462f-1463f
lung findings, 1451
muscle findings, 1450, 1450f
skin findings, 1451

of neuropathic arthropathy, 1811
of Paget’s disease, 2022, 2022f
of pigmented villonodular synovitis, 

1681
of polyarteritis nodosa, 1528, 1528f
of primary angiitis of central nervous 

system, 1618, 1618f-1619f
of retroperitoneal fibrosis, 1684, 

1685f
of rheumatoid synovium, 911, 912f, 

913, 922f, 925f-926f
early, 913-914, 914f
pannus/bone interface findings, 

913, 914f
of rotator cuff tendinitis, 690
of sarcoidosis, 1666
of scleromyxedema, 1435, 1435f
of Sjögren’s syndrome, 1347-1348

infiltrates, 278
salivary gland, 1344-1345, 

1344f-1345f
skin lesions, 291-292, 292f

of skin lesions
with cutaneous vasculitides, 1597, 

1598f, 1600, 1601f
with dermatomyositis, 289
with panniculitis, 1602-1604, 

1602f, 1604f
with Sjögren’s syndrome, 291-292, 

292f
with systemic lupus 

erythematosus, 287-288, 
1253-1254, 1255f

with systemic-onset juvenile 
rheumatoid arthritis, 294

with systemic sclerosis, 290-291
of synovial sarcoma, 1683
of tendinopathy, 84-87, 85f
of ulcerative colitis, 321, 322f, 322t
of vasculitis, 274-275

with systemic lupus 
erythematosus, 1255, 
1255f-1256f

of Wegener granulomatosis, 1551-
1552

pulmonary lesions, 1551, 1553f
renal lesions, 1551, 1552f
upper respiratory tract lesions, 

1551-1552
Histomorphometry, bone, for renal 

osteodystrophy, 2013-2015, 
2017

Histoplasmosis, 1074
acute, sarcoidosis vs., 1666
TNF inhibitors risk for, 605-608
treatment of, 1074

History taking, 235-250
for arthritis, 251, 252t, 257
correlation to laboratory tests, 259, 

260t
for cutaneous vasculitides, 1604-

1605, 1605b
for fibromyalgia, 778-779
for heart disease, 305
for hip pain, 721-722
introduction to, 235
for knee pain, 732
for lumbar spine disorders, 659-660
for Lyme disease, 1083
for musculoskeletal assessment, 236-

240
in children, 975-976
emotional lability, 238
fatigue and malaise, 238

general principles of, 236, 236t
impact of condition, 240, 240f
loss of movement or function, 238
pain, 236-237

characteristics and pattern, 237, 
237t

effect on person, 237
precipitating/ameliorating 

factors, 237
site and distribution, 237, 237t

previous health interventions and 
symptom response, 239-240

relevant factors, 236, 236b
social history and occupation, 240
stiffness, 237-238
swelling and deformity, 238
symptoms, 236, 237b

associated, preceding factors, and 
other clues, 237b, 238-239, 
239t

pattern and chronology of, 238
weakness and instability, 238

for myositis, 1446, 1446b
for neck pain, 645-646, 646b
for osteonecrosis, 1817
for panniculitis, 1605
in preoperative evaluation, 630-631
for Raynaud’s phenomenon, 1429
for rheumatoid arthritis, 829, 836
screening, for musculoskeletal 

problems, 235
for shoulder disorders, 686, 690
for temporomandibular pain 

disorders, 765-766
for wrist and hand disorders, 711

HIV. See Human immunodeficiency 
virus (HIV) infection

HJV gene, 1929
HLA-A

in calcific tendinitis, 696
in juvenile idiopathic arthritis, 1012-

1013
HLA-A3, in hemochromatosis, 1929, 

1930f
HLA-B*08, in juvenile 

dermatomyositis, 1038
HLA-B27

in ankylosing spondylitis, 7, 1001, 
1141

as diagnostic criteria, 1124-1125, 
1125f

evolutionary concept of, 1123
genetics of, 1125-1126, 1141, 

1142f
KIR receptors and, 1143
subtypes of, 1141, 1143, 1186-

1187
in enthesopathies, 1211, 1215, 

1215f, 1217f
in inflammatory bowel disease, 323
in juvenile idiopathic arthritis, 987-

988, 988t, 990, 990t, 1012-
1013

in juvenile-onset 
spondyloarthropathies, 
1029, 1031-1032

low prevalence of, in sub-Saharan 
Africa, 1183-1184

in psoriatic arthritis, 1186-1187, 
1191-1193

in reactive arthritis
clinical aspects of, 1113, 1116t, 

1118
cytokines and, 1104-1107
effect on host immune responses, 

1107-1108
host cellular responses and, 1106
host humoral responses and, 1106

Hip (Continued) Histology/histopathology (Continued) History taking (Continued)
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host-to-pathogen interactions and, 
1105

viral infections and, 1105-1108
in rheumatoid arthritis, 900f, 929-

930, 1088
in uveitis, 297

HLA-B39
in brucellosis, 1072
in psoriatic arthritis, 1191-1193

HLA-B44, in inflammatory bowel 
disease, 323

HLA-B51, in Behçet’s syndrome, 1575
HLA-B60, in ankylosing spondylitis, 

1141
HLA-BO7, in juvenile-onset 

spondyloarthropathies, 1029
HLA-C*03, in rheumatoid arthritis, 

839
HLA class I genes

in ankylosing spondylitis, 1142-1143
in juvenile idiopathic arthritis, 990, 

991t
linkage associations, 1012-1013, 

1013t
HLA class II genes

in celiac disease, 324-325
in juvenile idiopathic arthritis, 990, 

1009
linkage associations, 1012-1013, 

1013t
in rheumatoid arthritis, TCR 

interaction with, 870, 872f
HLA-DP

in juvenile idiopathic arthritis, 990, 
991t

in scleroderma/systemic sclerosis, 
1366

HLA-DQ
in rheumatoid arthritis, 873
in scleroderma/systemic sclerosis, 

1366
HLA-DQA1*02, in juvenile 

dermatomyositis, 1038
HLA-DQA1*05, in myositis, 1440
HLA-DQA1*0501

in juvenile dermatomyositis, 1038
in myositis, 1440, 1459
in Sjögren’s syndrome, 1346

HLA-DQB1*02, in myositis, 1440
HLA-DQw3, in psoriatic arthritis, 

1191-1193
HLA-DR

in drug-induced lupus, 1296
in juvenile idiopathic arthritis, 990-

991, 991t, 1011-1013
in Lyme disease risk, 1080
in rheumatoid arthritis, 837, 901, 

930
antigen-binding cleft of, 870, 872f, 

873
infection and, 899-900, 900f

in scleroderma/systemic sclerosis, 
1366

in systemic lupus erythematosus, 
1247, 1249

HLA-DR4
in Lyme disease risk, 1080
in mixed connective tissue disease, 

1492
in relapsing polychondritis, 294
in rheumatoid arthritis, 292, 872-

873
HLA-DR103, in inflammatory bowel 

disease, 323
HLA-DRB1

in rheumatoid arthritis
amino acid sequence comparisons, 

869, 871f

association studies of, 127
as outcome predictor, 950
pathogenic role, 929-930
shared epitopes of, 292, 846, 869, 

870t, 872t
rheumatoid diseases associated with, 

873
HLA-DRB1*03, in myositis, 1440
HLA-DRB1*04, in rheumatoid 

arthritis, 839
HLA-DRB1*08, in juvenile-onset 

spondyloarthropathies, 
1029-1030

HLA-DRB1*0301
in juvenile dermatomyositis, 1038
in juvenile-onset 

spondyloarthropathies, 
1029-1030

in myositis, 1459
HLA-DRB1*0401, in Felty syndrome, 

840, 873
HLA-DRB104, in juvenile idiopathic 

arthritis, 1012-1013
HLA-DRB107, in juvenile idiopathic 

arthritis, 1012-1013
HLA-DRB108, in juvenile idiopathic 

arthritis, 1012-1013
HLA-DRB111, in juvenile idiopathic 

arthritis, 1012-1013
HLA-DRB10401, 553

in Lyme disease risk, 1080
in rheumatoid arthritis, 897-898, 

900
HLA-DRB10404, 553

in Lyme disease risk, 1080
HLA-DRB10404/B104041, 553
HLA-DRB10404/CDP263, 553
HLA-DR/DQ, in juvenile idiopathic 

arthritis, 990, 991t
HLA-G, mesenchymal stem cells effect 

on, 166
hLamp-2 induced glomerular 

endothelial injury, 1516, 
1518f

HLAs. See Human leukocyte antigens 
(HLAs)

HMG-CoA reductase inhibitors. See 
Statins

hnRNP-A2. See Heterogeneous nuclear 
ribonucleoprotein-A2 
(hnRNP-A2) antibody

Hoffman syndrome, 1909
Hole zones, in collagen fibril, 69, 69f
Holistic approach

to juvenile-onset systemic lupus 
erythematosus, 1036

to rehabilitation, for juvenile 
idiopathic arthritis, 1050

Holster sign, 1442, 1443f, 1444b
Holter monitoring

for cardiac sarcoidosis, 1661, 1666
in cardiovascular examination, 306

Homeopathy, 456
description of, 450t, 456
evidence for, 456
licensing and training for, 457t

Hom genome scan, 1250, 1250t
Homocysteine

bone mass and, 1960
in systemic lupus erythematosus

cardiovascular disease and, 1227
thrombotic diathesis and, 1330

Homodimeric receptors, of cytokines, 
98t, 99

Homunculus. See Joint homunculus
Hoover test, 661t
Hormonal effects, with narcotic 

therapy, 475t

Hormonal factors
of bone formation, 70, 71f, 74-75
of bone mass, 1959
of bone remodeling, 1961-1963
of nutritional status, 433, 434f
of osteocytes life span, 76-77
of rheumatoid arthritis, 826
of systemic lupus erythematosus, 

1223-1225
of systemic sclerosis, 1363

Hormone replacement therapy (HRT)
autoimmune disease risk with, 216
for osteoporosis, 1978-1979

glucocorticoid-induced, 1993
with renal osteodystrophy, 2017-

2018
rheumatoid arthritis and, 826

Hormones
cytokines vs., 91, 96-97, 99
in neuroendocrine system, 211, 212f 

(See also specific gland or 
hormone, e.g., Pineal 
hormones)

in rheumatoid cachexia, 436
steroidal

conversion in peripheral cells, 211, 
213f

rheumatic diseases and, 211 (See 
also Neuroendocrine system)

sex (See Gonadal hormones)
Hornblower test, 807t
“Horror autotoxicus”, 139
Hospital Anxiety and Depression Scale 

(HADS), 1781t, 1782
Hospitals, as epidemiology case source, 

6f
Host defense

cytokines role, 91, 98t
types of immunity of, 141, 142t

Host factors
of rheumatic diseases, 7, 7t, 577, 

589
of rheumatoid arthritis, 826

birth weight as, 826
exogenous hormones as, 826
reproductive hormones as, 826

of septic arthritis, 1057, 1063
Host-pathogen interactions, in reactive 

arthritis, 1104
bacteria and, 1110-1111, 

1110f-1111f
HLA-B27 role, 1105

effect on host immune responses, 
1107-1108

host cellular responses and, 1106
host humoral responses and,  

1106
innate immunity and, 1108-1110
in joints, 1104, 1110-1111, 

1110f-1111f
viruses and, 1105-1108

Hot dog sign, 711
HPA axis. See Hypothalamic-pituitary-

adrenal (HPA) axis
HPG axis. See Hypothalamic-pituitary-

gonadal (HPG) axis
HTLV-I. See Human T-cell 

lymphotropic virus I 
(HTLV-I)

Human cartilage glycoprotein 39 
(HCgp39), 897-898

Human chorionic gonadotropin, 1337
Human genome, 205

association studies derived from (See 
Genome-wide association 
studies (GWAS))

draft sequence of, 105, 106f, 116- 
117

post-genome era of, 117-118, 130

Human immunodeficiency virus (HIV) 
infection

cerebral vasculitis associated with, 
1617, 1621

hemophilia and, 1913, 1917, 1919
mycobacterial infection risk with, 

1067, 1070-1071
myopathies related to, 1489, 1489b
myositis associated with, 1440, 

1447, 1459, 1460t
polyarteritis nodosa associated with, 

1525, 1528
psoriatic arthritis relationship to, 

1183-1184
rheumatic effects of

epidemic trends and, 1087-1088
in global areas without access to 

HAART therapy, 1087- 
1088

in HAART era, 1087-1088
introduction to, 1087
in pre-HAART era, 1087
syndrome descriptions with, 1087, 

1088f, 1088t
Sjögren’s syndrome and, 1344
syphilitic arthritis and, 1065
vitamin D deficiency and treatment 

of, 2001
Human leukocyte antigen (HLA)  

genes
association studies of, 128, 128t

genome-wide, 129-130, 129f-130f
in drug response, 208-209
in juvenile-onset 

spondyloarthropathies, 
1029, 1031-1032

in rheumatoid arthritis
pathogenic role, 551, 897-898
shared epitope hypothesis of

antigen-binding cleft of HLA-DR 
in, 870, 872f

HLA-DRB1 susceptibility and, 
869, 870t, 872t

typing of, 869, 870f
in systemic lupus erythematosus, 

1248-1249, 1249f
Human leukocyte antigens (HLAs). See 

also HLA entries
in adult-onset Still’s disease, 854
in celiac disease, 324-325
in drug response, 208-209
in immunotherapies, 553
in inflammatory bowel disease, 323
in juvenile idiopathic arthritis

associations, 990-991, 1012, 1013t
linkage, 990, 1012-1013

in Lyme disease risk, 1080
in myositis, 1440, 1453, 1459

juvenile, 1038
in overlap syndromes, 1492, 1495-

1496
during pregnancy, 611
in reactive arthritis, 1105 (See also 

HLA-B27)
in rheumatoid arthritis

epidemiology of, 826
pathogenic role, 551, 897-898

in sarcoidosis, 1667
in scleroderma/systemic sclerosis, 

autoantibody associations 
of, 1364, 1366

in Sjögren’s syndrome, 291, 1339, 
1346-1348

in systemic lupus erythematosus, 
285-287

in Takayasu’s arteritis, 1571
in T cell-mediated immunity, 136-

138, 137f
in Wegener granulomatosis, 1554

HLA-B27 (Continued) HLA-DRB1 (Continued)
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Human T-cell lymphotropic virus I 
(HTLV-I)

myositis associated with, 1459, 
1460t

rheumatic effects of, 1092
Sjögren’s syndrome associated with, 

1344-1345
Humax-CD4/HM6G mAb, 552
Humeral head

in impingement mechanism, 684-
685, 685f

in rotator cuff disorders, 688, 690-
691

in shoulder anatomy, 683, 684f, 685
Humeral ligament, 683, 684f

acute rupture of, 693
Humerus

in elbow, 701
in shoulder joint, 683

physical examination of, 686-687
Humira. See Adalimumab (Humira)
Humoral activity/mechanisms

against EBV, in juvenile idiopathic 
arthritis, 1012

in myositis, 1466-1468, 1466f-1467f
Humoral immunity. See Cell-mediated 

immunity (CMI)
Hunter’s disease, 2037, 2038t, 2039f
Hurler’s disease

clinical features of, 2037, 2038f, 
2038t

radiographic features of, 2037, 2038f
H vertebrae, 2032-2033
Hyaluronan/CD44−, chondroitin 

sulfate-containing PGs, 65, 
70

Hyaluronan (hyaluronic acid)
in articular cartilage, 58, 65
in juvenile idiopathic arthritis, 1009
for osteoarthritis, animal models of, 

1734t, 1737t
in synovium, 51, 53, 54f

function of, 55
in tissue engineering, 163, 165

intra-articular injection of, 164
viscosupplementation with, 619

Hyaluronate preparations, for 
osteoarthritis, 1797

Hyaluronidase, intra-articular, for 
osteoarthritis induction, in 
small animals, 1735

Hybridization assays
in molecular biology, 110-111
nucleic acid, for septic arthritis, 

1060, 1064-1065
Hydralazine, drug-induced lupus and, 

1295, 1296f, 1297, 
1297t-1298t

Hydrarthrosis, intermittent, 1680
Hydrocodone, 471t, 473, 476t
Hydrodistention, of joint capsule, for 

capsulitis, 695
Hydrodynamic lubrication, 39f
Hydromorphone, 471t, 473
Hydrostatic pressure, in intervertebral 

disc injury, 33-35
Hydrotherapy, 1024, 1159, 2044
Hydroxyapatite

in bone matrix, 69, 71, 75
in synovial fluid, 269

Hydroxyapatite crystal arthropathy. See 
Calcium hydroxyapatite 
crystal arthropathy

Hydroxychloroquine (HCQ)
for antiphospholipid syndrome, 

1357t, 1358
in DMARDs combination therapy, 

536t, 537
efficacy of, 506

introduction to, 505-506
for juvenile dermatomyositis, 1040-

1041
for juvenile idiopathic arthritis, 1017, 

1021
for mixed connective tissue disease, 

1494
mode of action, 506
myopathies related to, 1486t, 1487
for panniculitis, 1606
pharmacology of, 506
in pregnancy, 1335, 1336t
for rheumatoid arthritis, synovitis 

indications and strategies 
for, 952t, 953-955

for sarcoidosis, 1668-1669
for Sjögren’s syndrome, 1349, 1497
for systemic lupus erythematosus, 

1308-1309, 1309t
toxicity of, 506

7β-Hydroxy-DHEA, 213-214, 213f
11β-Hydroxy-DHEA, osteocyte life span 

and, 76-77
11β-Hydroxysteroid dehydrogenase type 

1 and 2, in inflammatory 
response, 213f, 214

5-Hydroxytryptamine antagonists, 
1407, 1408t

Hyperabduction maneuver, 783, 785f
Hyperabduction syndrome, 783
Hyperalgesia

in complex regional pain syndrome, 
798b, 799, 799t, 801

with opioid therapy, 479-480
primary vs. secondary, 199, 202

Hyperexcitability, of spinal cord 
neurons, 201f, 202-203

Hypergammaglobulinemia
polyclonal, in eosinophilic fasciitis, 

1436
in psoriatic arthritis, 1188-1189
in sarcoidosis, 1665

Hypergammaglobulinemic purpura, 
1600, 1600f

SLE/Sjögren’s syndrome overlap 
defined by, 1496-1497, 
1497f

Hyper-IgD syndrome (HIDS), 1638t
amyloidosis in, 1648
arthralgia in, 1648
clinical features of, 1647-1648
diagnosis of, 1649-1650
laboratory findings in, 1647-1648
lymphadenopathy in, 1648
mevalonate levels in, 1648f
molecular genetics of, 1649
mucocutaneous lesions in, 1648
treatment of, 1650

Hyperinsulinemia, in diffuse idiopathic 
skeletal hyperostosis, 1805, 
1805f

Hyperlipidemia. See Dyslipidemia
Hypermobility

in children, 977, 979f
joint pain secondary to, 981

in Ehlers-Danlos syndrome, 2046
of shoulder, 688f

Hypermobility syndrome, 2051-2054
clinical presentation of, 2051-2053

dysautonomia as, 2052-2054, 
2053f

extra-articular manifestations as, 
2051, 2052f

musculoskeletal features as, 2051
pain, fatigue, and anxiety as, 2052-

2053, 2053f
diagnostic criteria for, 2051, 2053b

differential diagnosis of, 2051
epidemiology of, 2051
future research trends in, 2054
genetics of, 2051
heritability of, 2051
introduction to, 2051
marfanoid, 2048
multidisciplinary management of, 

2053-2054
drug treatment in, 2053
new physiotherapy approaches in, 

2053
occupational therapy in, 2053
podiatry in, 2053
self-management in, 2054

pathogenesis of, 2051
scoring systems for, 2051, 2052t

Hyperostosis
idiopathic skeletal (See Diffuse 

idiopathic skeletal 
hyperostosis (DISH))

in psoriatic arthritis, 1187
Hyperparathyroidism

bone mineral density in, 2008
calcium in, 2007
calcium pyrophosphate crystal 

deposition and, 2007-2008
crystal arthropathies and, 2007-2008
diabetes and, 1910
gout and, 2007
history of, 2007
presentation of, 2007
pseudogout and, 2007-2008
skeleton and, 2008-2009

Hyperparathyroid uremic bone disease, 
1910

Hyperpathia, in complex regional pain 
syndrome, 799, 799t

Hyperplasia
giant lymph node, 1679-1680
in hypertrophic osteoarthropathy, 

1703-1704
nodular lymphoid, in interstitial lung 

disease, 319
of synovium, 52

in rheumatoid arthritis, 911, 912f
Hypersensitivity effect/reaction

in Behçet’s syndrome, 1579
of dapsone, 540
in lupus nephritis, 1261
of NSAIDs, 489t
vasculitis related to, 1606t

Hypertension
cyclosporine risk for, 534
in diffuse idiopathic skeletal 

hyperostosis, management 
of, 1805

gout and, 1864
hyperuricemia and, 1855
leflunomide risk for, 524t-525t, 525
in lupus nephritis, 1330, 1332t
patient evaluation for, 305
perioperative management of, 634
pulmonary (See Pulmonary arterial 

hypertension (PAH))
renal (See Renal hypertension)
in systemic lupus erythematosus, 

1227
in Takayasu’s arteritis, 1567, 1572

Hypertensive crises, with “scleroderma 
kidney”, 337, 339-340

Hyperthyroidism, 1909-1910
Hypertrophic osteoarthropathy (HOA), 

1701-1705
calcium pyrophosphate crystal 

deposition and, 1876f
classification of, 1701, 1702f
clinical features of, 1701-1702, 1702f

diagnostic criteria for, 1703
differential diagnosis of, 1702-1703
digit structure with, 1703
epidemiology of, 1701
etiology and pathogenesis of, 1703

theoretical, 1704, 1704f
genetics of, 1702, 1704
history of, 1701
investigations of, 1702, 1703f
management of, 1704
pulmonary, 1701-1702, 1702f, 1704, 

1704f
summary of, 1701

Hypertrophy
of muscle, in myositis, 1441
prostatic, 638
of skin, digital clubbing and, 1701-

1703
ventricular (See Ventricular 

hypertrophy)
Hyperuricemia

asymptomatic, 1860-1861
from calcineurin inhibitors, 342
chronic kidney disease and, 1855
classification of, 1843, 1843t
conditioning factors of, 1842-1843, 

1842f, 1843t
factors in, 1860
familial juvenile, 340
future directions for study of, 1856, 

1856b
in gout, 1842-1844, 1842f

diseases associated with, 1854-
1856

models of, 1853
hypertension and, 1855
medications and, 1860
metabolic syndrome and, 1855-1856
prevalence of, 1860
in psoriatic arthritis, 1188-1189
in sickle cell anemia, 1925-1926
in systemic lupus erythematosus, 

1233
treatment of, 1869-1873
treatment-refractory, 1870
uricases for, 1872-1873
uricosurics for, 1870-1871

Hypervigilance, in fibromyalgia, 773
Hyperviscosity syndrome, in 

cryoglobulinemia, 1612
Hypethesia, in entrapment 

neuropathies, 783, 786, 
789, 789f

Hypnosis, for pain control, 450t, 456-
457, 464

Hypocomplementemia
diagnostic applications of, 264
kidney disease and, 335

Hypocomplementemic urticarial 
vasculitis (HUVS), 1599-
1600, 1599f

normocomplementemic vs., 1606t
uveitis associated with, 298

Hypoesthesia, in entrapment 
syndromes, 786, 788-789, 
789f

Hypoglycemic agents, 486, 488t, 636
Hypophosphatemia, 2000t
Hypopyon uveitis, in Behçet’s 

syndrome, 1577, 1577f
Hypothalamic-pituitary-adrenal (HPA) 

axis, 211-217
dysfunction of

in fibromyalgia, 772-774
glucocorticoids risk for, 501
in rheumatoid arthritis, 826
in Sjögren’s syndrome, 1346

Hydroxychloroquine (HCQ) 
(Continued)

Hypermobility syndrome (Continued) Hypertrophic osteoarthropathy (HOA) 
(Continued)
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inflammatory diseases 

pathophysiology and, 211-
212, 213f-214f, 214, 217

influence on immune system, 211-
214, 213f

Hypothalamic-pituitary-gonadal (HPG) 
axis, 211

dysfunction of, in Sjögren’s 
syndrome, 1346

inflammatory diseases 
pathophysiology and, 211, 
215-216

influence on immune system, 215
Hypothesis testing

in clinical research, 221, 224
for disease causation, 8

Hypothyroidism, 1909
Hypoxanthine-guanine 

phosphoribosyltransferase 
(HPRT)

deficiency of, renal features of, 340
in purine metabolism, 1844, 1845f, 

1853
Hypoxemia, with interstitial lung 

disease, 318-319
Hypoxia

as injury mechanism (See Free 
radicals)

muscle tissue, in myositis, 1465-
1466

Hypoxia-inducible factors (HIFs)
angiogenesis mediation by, 905-906, 

907t
inhibition of, 907-908

in inflammatory activation of 
endothelial cells, 1510

Hysteresis curve, 44f

I

Ibandronate, 1983
Ibuprofen

adverse effects of, 489-491
for ankylosing spondylitis, 1160, 

1164t
drug interactions with, 486-487
for juvenile idiopathic arthritis, 

1017-1018, 1019t
pharmacogenetics of, 207, 207t
pharmacokinetics of, 486, 486t

Ice packs, for calcium pyrophosphate 
crystal-associated 
arthropathy, 1886

IDEAL MRI technique, 369, 371, 375
IDEC-CE9.1/SB-210396 mAb, 552
Idiopathic chondrolysis, in children, 

984
imaging of, 984
treatment and prognosis of, 984

Idiopathic inflammatory myopathies 
(IIMs), 1439, 1479, 1488. 
See also Myositis

organs affected by, 1457, 1458t
Idiopathic skeletal hyperostosis. See 

Diffuse idiopathic skeletal 
hyperostosis (DISH)

Idiotype network theory, of 
autoimmunity, 1495-1496, 
1496f

Iduronate-2-sulfatase, recombinant 
human, 2039

α-l-Iduronidase, recombinant human, 
2039

IFN. See Interferon (IFN) entries
Ifosfamide, 2000b, 2001
Ig. See Immunoglobulins (Ig)

Igbo Ora virus, 1091t
IgG1 antibody, for interleukin 

inhibition, 599, 601
IgM 19S antiglobulin, in juvenile 

idiopathic arthritis, 1011
IκB kinase (IKK) family, in innate 

immunity, 147-148, 149f
IL. See Interleukin (IL) entries
ILAR. See International League of 

Associations for 
Rheumatology (ILAR)

Ilaris. See Canakinumab (Ilaris)
Il-2-DAB therapy, 551-552
IL2 gene, 876
IL10 gene, 1250t
IL21 gene, 876
Iliac bone

ankylosing spondylitis of, 1136
growth disturbances of, with juvenile 

idiopathic arthritis, 1002
Iliac crest contusions, 813
Iliofemoral ligament, 719

in snapping hip syndrome, 728
Iliopsoas bursitis, 624, 727-728
Iliopsoas tendon, in snapping hip 

syndrome, 728
Iliotibial band syndrome, 743, 817, 984
Iliotibial (IT) band

conditioning of, for trochanteric 
bursitis, 727

examination of, 733
in knee anatomy, 729, 731f, 732

extensor mechanism injuries and, 
745

stability assessment of, 734
in snapping hip syndrome, 728

Iloprost, 1042, 1422t, 1431, 1431t
IL-1Ra. See Anakinra (Kineret)
IL2RA/CD25 gene, 990-991, 1014
IL-1ra (interleukin-1 receptor 

antagonist) gene
in animal models of arthritis, 884
in gene transfer, 167
in myositis, 1459

IL2RB gene
genome-wide association studies of, 

129, 129f-130f
in rheumatoid arthritis, 876

IL23R gene
in ankylosing spondylitis, 1125-

1126, 1142
in juvenile-onset 

spondyloarthropathies,  
1029

IL1RN gene, 91-92
IL-1 trap. See Rilonacept (Arcalyst)
IMACS Group, on myositis activity 

assessment, 1448-1449, 
1449t

IMAGE study, of rituximab, 567-568
Imaging. See also specific technology, 

e.g., Ultrasonography
for basic calcium phosphate crystal 

deposition disease, 1892-
1893

of brain (See Brain imaging)
of calcium pyrophosphate crystal-

associated arthropathy, 
1879-1881

of children with musculoskeletal 
complaints, 978-979, 979f

for Churg-Strauss syndrome, 1562-
1563

diagnostic (See specific disease)
for early polyarthritis, 937
in kidney function testing, 335
nuclear (See specific modality, e.g., 

Magnetic resonance imaging 
(MRI))

for outcomes in clinical trials, 413-
424

on ankylosing spondylitis, 421-
423, 421t-423t, 422f

blinding time sequence, 414
data presentation, 414, 415f
different phases of disease, 413
different phases of drug 

development, 413
general aspects of, 413
grouping of films, 414
introduction to, 413
minimum duration of trial, 415-

416
missing data, 414-415
placebo vs. active comparator, 416
on psoriatic arthritis, 419-421, 

420t
reader agreement, 413-414, 414f
readers, 413
read sessions, 414
repair, 416
on rheumatoid arthritis, 416-418, 

417t-419t, 418f
statistical analyses, 415
statistical aspects of, 413-415, 414f

renal, 335
of rheumatoid arthritis

alignment changes in, 859
hand and wrist, 860-861

approach to, 859
bone mineralization in, 859
cartilage in, 859
distribution in, 859
18F-FDG-PET in, 394-396, 

395f-396f
joint spaces in, 859
modalities for, 859-866
modalities in, 859-866
MRI in, 170
as outcome measure, 416-418, 

417t-419t, 418f
outcome prediction with, 950
radiography in, 830f, 836, 859-863

cervical spine, 862-863
elbow, 862
foot and ankle, 861
hand, 859-861
hip, 861-862
knee, 862
large joints, 861
MRI vs., 866
pelvis, 861-862
shoulder, 862
wrist, 859-861

soft tissue in, 859
soft tissues in, 859
ultrasonography in, 834

Imatinib mesylate, 908
Imidazoquinoline, 142
Immobilization

for acromioclavicular joint injuries, 
695

of limb, complex regional pain 
syndrome associated with, 
797-798

musculoskeletal dangers of, 1049, 
1960

for neuropathic arthropathy, 1812
for septic arthritis, 1061
of shoulder

for calcific tendinitis, 697
for capsulitis, 695

Immune cells
cluster of differentiation of, 133 (See 

also CD entries)
deregulation of trafficking during 

inflammation, 169

Immune complexes
in complement system, 173, 175f, 

175t, 179
deposition in glomerulus, 1263t, 

1264
in juvenile idiopathic arthritis, 1009, 

1010f, 1011
net charge of, 1263t, 1264
in rheumatoid arthritis, 931-932
rheumatoid factor response to, 887
in systemic lupus erythematosus, 

1263-1264
antibodies as, 148, 1263-1264, 

1263f, 1263t
antigens as, 1263t, 1264
biology of handling, 1264-1268, 

1265f
complement system and, 180, 

1264-1266
critical properties of, 1263-1264, 

1263t
FcγRs relationship to, 1264-1265, 

1265f
introduction to, 1253
measurement of, 1264, 1264t
pathogenetic mechanisms of, 

1261-1262, 1264, 1265f
receptors Fcγ region of IgG in

function of, 1266f, 1268
importance of, 1265f, 1268
structure of, 1266-1268, 

1266f-1267f, 1266t-1267t
treatment considerations of, 1268-

1269, 1333t
in vasculitis, 1509

Immune complex (IC) arthritis
animal models of, 881t, 882-883

strain dependency in, 883
host-pathogen interactions in, 1110-

1111, 1110f
Immune deposits

arterial, with rheumatoid arthritis, 
846, 847f

in dermoepidermal junction
with discoid lupus, 274
with vasculitis, 275

in glomerulus, 1263t, 1264
Immune effects, with narcotic therapy, 

475t
Immune-inflammatory cascade/

response
cell biology of, 119, 120f
circadian variations of, 216-217
in Raynaud’s phenomenon, 1428-

1430
of synovitis, 551, 554

Immune mechanism/response
in Cogan syndrome, 1627, 1627b

organ-specific immunity as, 1627
cytokines role, 91, 98t
in fibromyalgia, 775-776
mesenchymal stem cells modulation 

of, 166
MHC region in, 873 (See also Major 

histocompatibility complex 
(MHC))

in myositis, 1464-1466
cell damage and, 1465
indirect effects on muscle 

metabolism and function, 
1465

involvement of microvasculature, 
1465-1466

in reactive arthritis, 1104
to bacteria, 1110-1111, 

1110f-1111f
HLA-B27 role in, 1105, 1107-1108

host cellular responses and, 
1106

Hypothalamic-pituitary-adrenal (HPA) 
axis (Continued)

Imaging (Continued)
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host humoral responses and, 
1106

innate immunity and, 1108-1110
in joints, 1104, 1110-1111, 

1110f-1111f
to viruses, 1105-1108

Immune receptors, innate, 1137
“Immune reconstitution” syndromes, 

1088
Immune system

complement system role, 173, 179
juvenile idiopathic arthritis and, 987, 

989-991
leflunomide effect on, 524t-525t, 

525-526
musculoskeletal system crosstalk 

with, 169 (See also 
Osteoimmunology)

neuroendocrine system effect on, 
211-218

circadian rhythms and, 211, 216-
217, 216f

components of, 211-217, 212f
conclusions of, 217
hypothalamic-pituitary-adrenal axis 

of, 211-217, 213f-214f
hypothalamic-pituitary-gonadal 

axis of, 211, 213f, 215- 
216

introduction to, 211
nutritional status and, 433, 434f
phase of response of, 133
pregnancy impact on, 611
purpose of, 133
rheumatoid arthritis and, 897 (See 

also Cell-mediated 
immunity (CMI))

signaling in (See Signal transduction/
pathways)

treatment toxicities impacting, 229
ethical research observations of, 

229-230
Immune tolerance induction, for 

hemophilia, 1919-1920
Immunity

acquired, in ankylosing spondylitis, 
1136-1137

adaptive, 133-140 (See also Adaptive 
immunity)

in ankylosing spondylitis
acquired, 1136-1137
innate, 1137

cellular (humoral), 897-904 (See also 
Cell-mediated immunity 
(CMI))

innate (See Innate immunity)
organ-specific, in Cogan syndrome, 

1627
T-helper cell-mediated B-cell

antibiotic inhibition of, 541, 544
vitamin D and, 217

Immunizations. See Vaccines/
vaccination

Immunoablation therapy, with stem 
cell transplantation, for 
systemic sclerosis, 1405, 
1405t

Immunoblotting, for protein analysis, 
116, 116f

Immunocyte dyscrasia amyloidosis 
(AL), 1691-1692, 1692f, 
1694-1695

treatment of, 1697-1698
Immunodeficiency, common variable, 

1664
Immunofixation, in urine protein 

electrophoresis, 331

Immunofluorescence (IF) assays/
microscopy

of abdominal fat pad, 275f
for ANCA-associated vasculitides, 

1514, 1515f-1516f
direct, of specific rheumatologic 

disorders, 274
of kidney biopsy, 336-337, 336t

patterns seen on, 336
microimmunofluorescence, of 

reactive arthritis, 1118
for overlap syndromes, 1493, 1493f, 

1496
for Wegener granulomatosis, 1552, 

1553b
Immunoglobulin crystals, 1901
Immunoglobulin light chains, 

monoclonal, in amyloidosis, 
1690t, 1692

treatment of, 1697-1698
Immunoglobulins (Ig). See also 

Antibodies (Ab)
in adaptive immunity, 133-134, 134f
cold-precipitable, in cryoglobulinemic 

vasculitis, 1514, 1515f
IgA

B-cell maturation and, 135-136
in Cogan syndrome, 1627, 1627b
in Henoch-Schönlein purpura, 275, 

275f, 325, 1513-1514, 
1513f

in juvenile idiopathic arthritis, 993
in psoriatic arthritis, 1188-1189
rheumatoid factor binding to, 887
in systemic lupus erythematosus, 

1263
renal, 1256

IgD, B-cell maturation and, 135-136
IgE, B-cell maturation and, 135-136
IgG

B-cell activity and, 136
B-cell maturation and, 135-136
in Cogan syndrome, 1627, 1627b
in cryoglobulinemic vasculitis, 

1514, 1515f
in dermoepidermal junction, with 

discoid lupus, 274
in gout, 1848-1850, 1850b, 1852f
in juvenile dermatomyositis, 1038
in juvenile idiopathic arthritis, 

1011
in juvenile-onset systemic lupus 

erythematosus, 1035
in Lyme disease, 1082-1083
in microscopic polyangiitis, 1517
in parvovirus B19 infection, 1089
in psoriatic arthritis, 1188-1189
rheumatoid factor directed against, 

887, 888f, 888t
in rheumatoid synovium, 925, 

925f, 931-932
schematic structure of, 134, 134f
in systemic lupus erythematosus

antigen targets of, 1263
assessment for disease activity, 

1302
binding to FcγRs, 1263t, 1264 

(See also Receptors for Fc 
region of IgG (FcγRs))

subclass specificity of, 1266-
1267, 1267t

complement binding in hinge 
region of, 1263f, 1264

molecular structure of, 1263, 
1263f

renal, 1256, 1257f-1260f
subclasses of, 1263, 1263t
treatment considerations of, 

1268-1269

in vitro measurement of, 1263, 
1264t

in vivo biologic properties of, 
1263, 1263t

technetium labeled, in bone 
scintigraphy, 391-392

therapeutic (See Intravenous 
immune globulin G (IVIgG))

IgG-RF complex, in rheumatoid 
arthritis, 292-293

IgM
in alphavirus infection, 1092
B-cell depletion therapy and, 563, 

566
B-cell maturation and, 135-136
in Cogan syndrome, 1627, 1627b
in dermoepidermal junction, with 

discoid lupus, 274
in gout, 1848
in juvenile idiopathic arthritis, 

993, 1000, 1000f, 1011
in Lyme disease, 1082-1083
in parvovirus B19 infection, 1089
rheumatoid factor binding to, 887, 

890
as rheumatoid arthritis marker, 

887-888, 888t
schematic structure of, 134, 134f
in systemic lupus erythematosus, 

renal, 1256, 1263
IgM-RF
in cryoglobulinemic vasculitis, 1514, 

1515f
in relapsing polychondritis, 1673-

1674
schematic structure of, 134, 134f
screening of, in children, 979
serum, in juvenile idiopathic 

arthritis, 993, 1011
in Sjögren’s syndrome

oligomonoclonal hyperactivity of, 
1347

polyclonal hyper-reactivity of, 
1346-1347

Immunohistochemical techniques
for adynamic renal bone disease, 

2017, 2017f
for amyloidosis detection, 275f, 

1689, 1690f, 1694-1695, 
1695f

for antinuclear antibodies, 262, 263f
for microscopy

of kidney biopsy, 336
of rheumatoid synovium, 911, 

912f, 922f, 925f-926f
Immunologic tolerance, 552-553

active suppression in, 553
bystander suppression in, 553

Immunomodulatory agents
for rheumatoid arthritis, extra-

articular features, 839
for systemic sclerosis, 1404-1406, 

1405t
tetracyclines as, 545

Immunopathology
of juvenile idiopathic arthritis, 1009-

1011
of Lyme disease, 1080-1081

chronic, 1080
of myositis, 1463-1464, 1463f-1464f
of primary angiitis of central nervous 

system, 1618
of psoriatic arthritis, 1196-1199, 

1203-1204
of rheumatoid arthritis, 605-608
of sarcoidosis, 1667-1668
of Sjögren’s syndrome, 1345-1348, 

1345f

environmental triggers in, 1345-
1346, 1346f

immunogenetics in, 1346
lymphocytes and lesions in, 1346-

1348, 1348f
serologic profile in, 1346-1347

synovium as target for, 56
of systemic lupus erythematosus, 

1253-1270
cardiac, 1262
central nervous system, 1262
characteristic lesions in, 1253
complement and Fcγ receptors in, 

1265-1268
activation mechanisms of, 1264, 

1265f
as treatment target, 1268-1269

hematoxylin bodies in, 1253, 
1254f

immune complexes in, 1261-1268
introduction to, 1253, 1254f
juvenile-onset, 1035
Libman-Sacks endocarditis, 1253, 

1254f
lymphoid organs, 1255-1256, 

1256f
pulmonary, 1262-1263
renal, 1256-1262, 1256t (See also 

Lupus nephritis)
vascular, 1255, 1255f-1256f

of vasculitis, 1509
large-vessel, 1520
major small-vessel, 1516-1517
medium- and small-sized arteries, 

1518
small-vessel, 1513-1516

Immunoprecipitation
for lupus antibodies, 1281
for protein analysis, 116, 116f

Immunoreceptor tyrosine activation 
motif (ITAM), of signal 
transduction, 121-122

FcγR receptor and, 1266f, 1268
innate immunity and, 143

Immunoreceptor tyrosine inhibitory 
motif (ITIM), of signal 
transduction, 121-123

FcγR receptor and, 1266f, 1268
Immunosuppressives, 529-538. See 

also named drug, e.g., 
Chlorambucil (CHL)

for amyloidosis, 1697-1698
for Behçet’s syndrome, 1579-1580, 

1579t
for coexistent arthropathy, with 

hepatitis C virus infection, 
1090

for Cogan syndrome, 1631-1633, 
1631f

combination therapy with, 535-536, 
536t-537t

recent trials of, 536-537
for cutaneous vasculitis, 1605-1606, 

1606t
drug interactions with, 531, 531t, 

534
efficacy, toxicity, and therapeutic 

uses of, 531-535, 532t
for HBV-associated PAN, 1089
high-dose

for relapsing polychondritis, 1674
for systemic sclerosis, 1405, 1405t

for HIV infection, rheumatic disease 
and, 1088

introduction to, 529
for lupus nephritis

in children, 1331
for flares, 1329, 1330t

Immune mechanism/response 
(Continued)

Immunoglobulins (Ig) (Continued) Immunopathology (Continued)
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induction vs. maintenance 
recommendations for, 1325-
1327, 1327t, 1328f

novel therapies with, 1332-1333, 
1333t

unresolved issues with, 1332
mechanisms of action, 529-530, 530t
mesenchymal stem cells as, 166
for microscopic polyangiitis, 1530-

1532
for mixed connective tissue disease, 

1494-1495
for myositis, 1473-1475, 1474f

inclusion body, 1468, 1477
long-term disability and, 1454

non-steroidal, for Takayasu’s 
arteritis, 308

for panniculitis, 1606
perioperative management of, 640
pharmacokinetics of, 530-531, 530t
in pregnancy, 532, 613t, 614-615
recommendations for use and 

monitoring, 537
for relapsing polychondritis, 1674
for retinal vasculitis, 300
for rheumatoid arthritis

infection risk with, 605
night-time, translational studies of, 

217
nutritional status and, 435-436, 

438
TB screening prior to initiation, 

607
T-cell co-stimulation modulators 

as, 557-562 (See also 
Abatacept (CTLA4-Ig))

for sarcoidosis, 1668-1669
for scleritis, 299-300
for systemic lupus erythematosus, 

1309-1310
neuropsychiatric, 1313-1314
outcomes of, 1227

for Takayasu’s arteritis, 1571-1572
for uveitis, 299
for Wegener granulomatosis, 1555-

1557
Immunotherapies, 551-555

against complement, 554
in rheumatoid arthritis, 554

animal models of, 554
pathogenesis and, 554
summary of, 554

rheumatoid arthritis pathogenesis 
and, 551, 554

summary of, 551, 553-554
for systemic sclerosis, 1404-1406, 

1405t
against T cells, 551-553

semi-specific T-cell 
immunomodulation as, 552-
553

CD28 superagonists, 553
MHC and MHC-peptide 

vaccines, 553
non-depleting mAbs, 552
oral tolerance and, 553
T-cell receptor vaccination, 552-

553
T-cell vaccination, 552

summary of, 551, 553
T-cell depletion as, 551-552

IMPACT trial, on TNF-α inhibitors, 
1207

Impairments
biologic, 1779, 1780f
measures of, 15, 15f
neurologic (See Neurologic 

impairments)

with osteoarthritis, outcome 
assessment of, 1780-1782, 
1781t

fatigue, 1781t, 1782
mood, 1781t, 1782
pain, 1781t, 1782
physical signs, 1780
sleep, 1781t, 1782
symptom reporting using 

standardized questionnaires, 
1780-1782, 1781t

rehabilitation for, 441-442, 447t (See 
also Rehabilitation)

levels of, 444
Impingement sign, 807t
Impingement syndromes

femoroacetabular (See 
Femoroacetabular 
impingement (FAI))

glenohumeral joint instability and, 
internal vs. external 
subacromial, 697

neuropathy with (See Entrapment 
neuropathies)

Impingement tests
of hip, 723-724, 726
of shoulder, 687, 687f, 689t, 807t

Imputation, of clinical trial data, 224
Inactivity. See also Immobilization

bone mass and, 1960
musculoskeletal dangers of, 1049
nutritional deficiencies and, 436,  

438
Incidence, in epidemiology, 4
Inclusion bodies, Schaumann, in 

sarcoidosis, 1667
Inclusion body myositis (IBM), 1439

biopsy for, 276-277
disease course of, 1473f
features of, 1468
introduction to, 1457
juvenile, 1038
management of

algorithm for, 1474f
clinical trials on, 1472t
drug therapy in, 1474-1475, 1477

Independent contractors, in drug 
development, 228-229

Independent data safety monitoring 
boards (DSMBs), 228

Independent review, in ethical research, 
227-228, 228t

Index finger, in median nerve 
compression syndromes, 
786, 787f

Indices of Clinical Severity (ICS), 13, 
14t

Indium-111 chloride (111InCl3) scan, 
391-392, 1060-1061

Indoleamine 2,3-dioxygenase (IDO) 
enzymes, 166

Indomethacin
for ankylosing spondylitis, 1160, 

1164t
for juvenile idiopathic arthritis, 

1017-1018, 1019t
for panniculitis, 1606
pharmacokinetics of, 486, 486t
for sarcoidosis, 1669

Induced models, of osteoarthritis, in 
small animals, 1735-1736

with anterior cruciate ligament 
transection, 1735-1736, 
1811

with intra-articular injections, 1735
with meniscectomy, 1735-1736, 

1736f
with ovariectomy, 1736

with surgical procedures, 1732f, 
1735-1736

Induction therapy
combination, for rheumatoid 

arthritis, 950-951, 955
for lupus nephritis, 1320-1321, 

1324, 1328f
with proliferative disease, 1325-

1326, 1327t
for membranous lupus nephropathy, 

1328
Industrialization, rheumatoid arthritis 

and, 827
virus-associated syndromes and, 

1087, 1091-1092
Infantile Marfan syndrome, 2047
Infants. See also Neonatal entries

acute hemorrhagic edema in, 1599, 
1599f

knee pain in, 734
musculoskeletal disorders presenting 

in, 979-980
Infarction

of brain, with systemic lupus 
erythematosus, 1236-1237, 
1262

digital tip
in polyarteritis nodosa, 1526, 

1527f
in rheumatoid arthritis, 846-847, 

847f
myocardial (See Myocardial 

infarction (MI))
Infection(s). See also specific 

classification, e.g., Viral 
infections; specific infection, 
e.g., Lyme disease

as adult-onset Still’s disease trigger, 
849, 854

arthritis associated with (See Septic 
arthritis)

autologous stem cell transplantation 
risk for, 1023

bacterial enteritis as, 324, 324t
Behçet’s syndrome associated with, 

1575
biologic therapy risk for

abatacept and, 561, 609
anakinra and, 609
anti-TNF therapy and, 590-592, 

591t, 605-606
bacterial pathogens in

infection prevention for, 607
intracellular, 608

in elderly, 588
endemic mycosis and 

opportunistic pathogens in, 
606-607

in juveniles, 1022
nontuberculous mycobacteria in, 

607-608
tuberculosis in, 592, 606-607

existing patients with, 607
prevention of, 607
screening for, 592, 595, 607, 

608f
treatment of, 607

immune dysfunction and, 605-608
rates and risks of, 606, 606t

pre-biologic era rates vs., 605, 
606t

rituximab and, 566, 566f, 608-609
blood product–transmitted, in 

hemophilia, 1913, 1919
of bone (See Osteomyelitis)
carpal tunnel syndrome associated 

with, 788, 788t

cerebral vasculitis associated with, 
1617-1618, 1618t, 1620-
1621

cestode, 1076t, 1077
during childhood, arthritis associated 

with, 980
Cogan syndrome associated with, 

1626-1627
corneal, peripheral ulcerative keratitis 

vs., 302
with corticosteroid injections, 619
cutaneous vasculitis associated with, 

1598b, 1599-1600, 1606t
erythema nodosum associated with, 

1601, 1602b
fibromyalgia associated with, 771, 

772b
gene interactions with, 130
glucocorticoids risk for, 501
immunosuppressive therapy and, 

531-532, 532t, 1571
juvenile idiopathic arthritis vs., 997t, 

998, 1011-1012
leflunomide risk for, 524t-525t, 525-

526
lumbar pain related to, 667-669, 

668t
methotrexate risk for, 1020-1021
musculoskeletal disorders related to, 

1067-1078 (See also 
Musculoskeletal infectious 
disorders)

myopathies related to, 1489, 1489b
myositis associated with, 1087, 

1088t, 1089, 1440, 1447, 
1459, 1460t

in juveniles, 1038
neck pain related to, 645-646, 646t, 

649
with neuropathic arthropathy, 1808, 

1812
opportunistic, TNF inhibitors risk 

for, 590, 592, 606-607
panniculitis associated with, 1601, 

1602b, 1605
polyarteritis nodosa associated with, 

1525
postoperative, prevention of, 638
protozoan, 1076t, 1077
in psoriatic arthritis, 1196
Raynaud’s phenomenon associated 

with, 1428b
reactive arthritis associated with, 987

in childhood, 980
in juveniles, 1032
microbe identification and, 1103
microbe studies interpretation of, 

1103-1105
rheumatoid factor response to, 887
in rheumatoid joints, DMARDs 

therapy and, 955-956
sarcoidosis related to, 1667
scleritis associated with, 299
Sjögren’s syndrome associated with, 

1345-1346
of synovium, 251-252, 254-255
systemic lupus erythematosus and, 

1225-1227, 1233, 1245
juvenile-onset, 1036
as outcome measure, 1305
treatment of, 1312

tetracyclines risk for, 547-548, 547t
trematode, 1076t, 1077
upper airway, Wegener 

granulomatosis and, 1553-
1554, 1557

Infectious agents. See Pathogens
Infectious arthritis. See Septic arthritis

Immunosuppressives (Continued) Impairments (Continued) Induced models, of osteoarthritis, in 
small animals (Continued)

Infection(s) (Continued)
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Inferior extensor retinaculum, 751f
Inferior peroneal retinaculum, 750f
Infertility. See Fertility
Inflammasomes

in gout, 1850b, 1851
IL-1 secretion and, 91-92
interleukin-1β maturation regulation 

by, 573
IL-1 antagonists impact on, 575

NLRs activation of, 144f, 148, 150
sensing of intracellular pathogens by, 

122, 123f
Inflammation/inflammatory response

acute vs. chronic, 183
in amyloidosis, as treatment target, 

1697
anaphylatoxins in, 189
anti-inflammatory lipids in, 193
arachidonic acid derivatives in, 191, 

192f
in articular cartilage, 65
autonomic influences on, 195-196
bone formation and, 171
calcitonin gene-related peptide in, 

197, 197t
cells in, 183-189
as central component, 169-170
chronic vs. acute, 183
coagulation and, 188-189
complement cascade in, 189-191, 

190f
cyclooxygenase products in, 191
cytokines role, 91, 98t, 183-184
disease-modifying antirheumatic 

drugs for, 170, 505
in disease pathologies (See specific 

disease, e.g., Ankylosing 
spondylitis (AS))

endothelial cell activation in, 183-
184

eosinophils in, 187
in fibromyalgia, 769
free radicals and, 193-195, 194f
in gout, 1848-1850

crystal phagocytosis, 1848, 1849f
genetics of, 1851
mediators of, 1850b, 1851, 1852f
phagocytes responsiveness, 

1849f-1850f, 1850, 1850b
proteins binding to crystals, 1849-

1850
to urate crystals, 1848, 1849f

granulocytes in, 184-187
in hemophilia, 1916
history of clinical experience with, 

183
importance of, 183
induction of, 146, 146f
interleukin-1 role, 571-573, 572f
leflunomide inhibition of, 519, 521
leukocyte migration in, 184f
leukotrienes in, 193
lipid mediators of, 191-193
local patterns in joint disease, 255-

256
in Lyme disease

of joints, 1081t-1082t, 1082, 
1082f

of nervous system, 1081t, 1082
of skin, 1079, 1081-1082, 1081t

lymphocytes in, 188
macrophages in, 187-188
mast cells in, 187
mediators of, 189-195 (See also 

Inflammatory mediators)
mucosal (See Mucosal inflammation)
nervous system in, 195-197
neuroendocrine system activation 

with, 196, 211

neurogenic, in complex regional pain 
syndrome, 801-802

in neuropathic arthropathy, 1808, 
1811

neuropeptides in, 196-197, 197t, 199
neuropeptide Y in, 197, 197t
neutrophils in, 184-187, 185f-186f
nitric oxide in, 194
nociceptive pain with, 199-200, 202

chemosensitivity and, 201
sensitization mechanism of, 200, 

201f, 202-203
NOD-like receptors and, 150
NSAIDs efficacy for, 487
in osteoarthritis, activation of 

signaling of, 1752
pattern recognition receptors and, 

150
peripheral nervous system in, 196-

197
PGD2 in, 192
PGJ2 in, 192
physical examination of, 240, 

240f-241f
platelet-activating factor in, 193
platelets in, 188
in primary angiitis of central nervous 

system, 1617-1619, 
1618f-1619f

prostacyclin (PGI2) in, 192
prostaglandin E2 (PGE2) in, 191-192
prostanoids mediation of, 485
proteases in, 193
protection from, as gene transfer 

target, 166t
in Raynaud’s phenomenon, 1428-

1430
reactive oxygen species and, 193-195, 

194f
in rheumatoid arthritis

cell-cell and cytokine interactions 
perpetuation of, 931, 931f

heterogeneous infiltrate with, 913
matrix metalloproteinases role, 927
mechanisms of, 913-914, 914f
synovitis treatment and, 949-950
unifying hypothesis of, 932-933, 

932f-933f
as self-limited in health, 183
substance P in, 196-197, 197t
sympathetic nervous system in, 196
of synovial lined joints (See 

Synovitis)
systemic

with gastrointestinal illnesses, 321
with reactive arthritis, 1117

in systemic lupus erythematosus, 
1264, 1265f

in systemic sclerosis, 1398-1400
in tendinopathy, 87
of tendon or ligament insertions on 

bone (See Entheses)
thromboxane A2 in, 192-193
tumor necrosis factor-α mediation of, 

578-579, 578b, 605-606
in ultrasound, as limitation, 381
in vasculitis, 1509

endothelium and, 1509-1513, 
1511f-1512f

vasoactive amines in, 193
vasoactive intestinal peptide in, 197, 

197t
Inflammatory arthritis

in hip, 725
osteoarthritis vs., 1724-1725, 1727
psoriatic arthritis association with, 

1183-1184, 1184t

Inflammatory bowel diseases (IBDs), 
321

arthritis associated with
axial, 323-324
pattern recognition in, 253
peripheral, 323

chronic, 324-325 (See also Celiac 
disease)

Crohn disease as, 321, 322f, 322t
enthesitis in, 1216t
extraintestinal manifestations of, 

321, 323, 323t
IL23R gene associated with, 1142
juvenile idiopathic arthritis vs., 997t, 

998, 1001
juvenile-onset, 1032
musculoskeletal features of, in 

children, 976t
perioperative management of, 637
scleritis associated with, 299
spondyloarthritis associated with

pathology of, 1136
acquired immunity and, 1136-

1137
innate immunity and, 1137

symptoms of, 1135, 1137
TNF inhibitors for, 1171
ulcerative colitis as, 321, 322f, 322t

Inflammatory cells, epitope-defined 
subclasses of, in synovial 
fluid, 269

Inflammatory diseases
atherosclerosis as, in systemic lupus 

erythematosus, 1244
Behçet’s syndrome as, 1578-1579, 

1579f
in children, 975 (See also Children/

childhood)
chronic (See also specific disease) 

circadian rhythm in,  
216-217, 216f

pathophysiology of
HPA axis and, 211-212, 

213f-214f, 214
HPG axis and, 211, 213f, 215-

216
treatment toxicities in, 229

ethical research observations of, 
229-230

enthesopathy as, 1211, 1213-1216, 
1214f, 1218

of eye (See also Uveitis)
TNF inhibitors for, 587

glucose metabolism and, 392-393
juvenile idiopathic arthritis as, 987, 

989-990, 1009, 1010f
pain control and, 1023-1024
rehabilitation consideration of, 1048

myofascial pain disorder vs., 766-767
myopathies as (See Myositis)
neck pain related to, 645-647, 646t, 

649
PET applications in, 393-396
polyarteritis nodosa as, 1528
psoriatic arthritis as, 1179-1180

classifications of, 1180-1181
relapsing polychondritis as, 1674
rheumatoid arthritis as, 829, 897, 

899
extra-articular features of, 839, 

840t (See also Extra-
articular features)

regulatory T cells and, 902, 902t
in synovium, 56
systemic

juvenile idiopathic arthritis vs., 
997t, 998

sarcoidosis as, 1659
Takayasu’s arteritis as, 1567, 1571

Inflammatory mediators, 199, 200f
complement cascade as, 554
in gout, 1850b, 1851, 1852f
intraspinal release of, 202
in rheumatoid arthritis, 551, 554
synovitis cascade and, 551

Inflammatory myopathy, methotrexate 
for, 516

Inflammatory syndromes, juvenile 
idiopathic arthritis vs., 997t, 
998

Infliximab (Remicade), 583-585
for adult-onset Still’s disease, 856
for ankylosing spondylitis

biologic basis of, 1167
in combination therapy, 1168
impact on active inflammation on 

MRI, 1168, 1169f
long-term efficacy of, 1168, 1168f, 

1175
short-term efficacy of, 1167, 1167f
socioeconomic aspects of, 1176

availability of, 583
for Behçet’s syndrome, 1579t, 1580
for Cogan syndrome, 1631-1632
indications for, 577, 579-580, 579t, 

584
for juvenile dermatomyositis, 1041
for juvenile idiopathic arthritis, 

1018t, 1020t-1021t, 1021-
1022, 1025f, 1026-1027

for microscopic polyangiitis, 1530
molecular structure of, 578f
pharmacology of, 583-584
for psoriatic arthritis, 1207
for retinal vasculitis, 300
for rheumatoid arthritis

clinical efficacy of, 584-585, 584t
infection risk with, 605-606
with leflunomide vs. methotrexate, 

523
synovitis indications and strategies 

for, 952t, 953-954
vs. abatacept, 561

safety of, 589-595, 591t
for sarcoidosis, 1668-1669
for Sjögren’s syndrome, 1349
for Takayasu’s arteritis, 1572

Influenza A and B
juvenile idiopathic arthritis and, 

1012
myopathies related to, 1489, 1489b

Influenza vaccine, 319, 980, 1226
Information sharing, preliminary, in 

research, 227-228
Informed consent, in ethical research, 

227-229, 228t
case example of, 229b, 230
components of, 230

Infrapatellar bursa, 731
Infraspinatus muscle, 810f
Infraspinatus tendon, 810f
Infusion reactions

to rituximab, 566
to TNF inhibitors, 590, 1022

Inguinal ligaments, in meralgia 
paresthetica, 792, 793f

Inguinal region, palpation of, 722
Inheritance/inheritance patterns. See 

also Genes/genetics
complex, positional cloning to 

identify, 109-110
Mendelian, 1247

positional cloning to identify, 108-
109, 109f

of mucopolysaccharidoses, 2038t
of osteoarthritis, 1761-1763

biomechanical factors in, 1763, 
1765

Inflammation/inflammatory response 
(Continued)
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structural components of knee and, 

1762-1763, 1763f
twin and family studies of, 1761-

1762, 1762f-1763f
Inhomogeneity, of cartilage, 42f
Injection

for calcium pyrophosphate crystal-
associated arthropathy,  
1886

computed tomography guided, 363
diagnostic, of foot and ankle, 752
of joints and periarticular tissues (See 

also specific agent, e.g., 
Corticosteroids)

in ankle, e71f, 618f, 624
for ganglia, e73f, 626
for myofascial syndromes,  

627
posterior tibialis tendon sheath, 

626, 626f
retrocalcaneal bursa, 625-626, 

625f
subtalar joint, e71f, 625

for carpal tunnel syndrome, e69f, 
621, 621f

with chemical agents, as medical 
synovectomy, 627

contraindications for, 618
in elbow, 622, 622f

for golfer’s elbow, e70f, 622
olecranon bursa, e70f, 622
for tennis elbow, 622, 622f

in foot, 624-627
metatarsophalangeal joints, e72f, 

625, 625f
for Morton’s neuroma, 626,  

626f
for plantar fascia calcaneal 

enthesis, e72f, 626
in hand, 619-622

for de Quervain tenovaginosis, 
69f-70f, 621, 621f

for digital flexor tenosynovitis, 
e69f, 620-621, 621f

for finger disorders, e68f, 619-
620, 620f

first carpometacarpal joint, 620, 
620f

metacarpophalangeal joints, 
e68f, 619-620, 620f

in hip, 618f-619f, 623
for iliopsoas bursitis, 624
for pain relief, 724-725
for trochanteric syndrome, e71f, 

624
with hyaluronates, for 

viscosupplementation, 627
indications for, 617
intra-articular (See Intra-articular 

injections)
in knee, 624, 624f, 731, 746

for pes anserinus syndrome, 624, 
625f

for lumbar spine pain, 674-675, 
679

procedure for, 617, 618f
in shoulder region, 622-623

acromioclavicular joint, e70f, 
623

for bicipital tendinosis, e71f, 623
glenohumeral joint, e70f, 622-

623, 623f
subacromial bursa, e71f, 623

in spine ligaments, 623, 623f
in wrist, 68f-69f, 620, 620f-621f

ultrasound-guided, 388

Injection site reactions
with corticosteroids, 619
with TNF inhibitors, 590

Injury(ies). See also Trauma; specific 
injury, e.g., Anterior cruciate 
ligament (ACL) tears

accidental, TNF inhibitors impact 
on, 594

to cervical spine, whiplash as, 33, 
34f, 645, 655-656, 656f

ischemic (See Ischemia)
to joints, as osteoarthritis risk, 1720
to knee

degeneration relationship to, 746
sports-related

in adolescents, 736, 739
in adults, 743-745, 745f

to nerves
compression as, 783 (See also 

Entrapment neuropathies)
peripheral, 797

perioperative management of, 
638

non-spinal, lumbar pain related to, 
677-678

overuse
of hip, 721-722
of shoulder, 692

to shoulder (See specific injury, e.g., 
Rotator cuff tears)

to spine, 32-33
adaptation vs., 29, 34-35
to apophyseal joint, 32-33
disc herniation as, 33-34
frustrated healing with, 34-35, 34f
internal disc disruption as, 33
to ligaments, 33
middle-aged vulnerability to, 34f
spondylolisthesis as, 32
spondylolysis as, 32
vertebral body fracture as, 32, 33f
whiplash as, 33, 34f

throwing, 686
Injury model, of back pain, 29
Innate immunity, 141-151

adaptive immunity vs., 133-134, 
136, 141, 142t

in ankylosing spondylitis, 1137
conclusions of, 150-151
critical functions of, 146-147

activation of adaptive immunity on 
infection as, 146, 147f

antiviral responses as, 146-147, 
148f

barriers against invasion as, 146
induction of inflammation as, 146, 

146f
as immediate response, 141
introduction to, 141, 142t
matrix proteins activation of, 65
microbial recognition by, 141-144, 

142f
phylogenetic comparison of, 141, 

143f, 144-146, 145f
pathogen-associated molecular 

patterns in, 133, 141
pattern recognition receptors in, 133, 

141, 142f, 150-151
autoimmune diseases and, 148-

150, 150f
inflammation and, 150
internalizing, 143
molecular mechanism of, 147-148, 

149f
signaling, 141-143, 143f-144f
soluble, 143-144, 145f

in rheumatoid arthritis, unifying 
hypothesis of, 932-933, 
932f-933f

Inner ear
anatomy of, 1625

Cogan syndrome involvement of, 
1625-1626

immune response in, 1627
Wegener granulomatosis features in, 

1548
Innervation, of joints, 195
Inosine monophosphate (IMP), in 

purine metabolism, 1844, 
1845f

Inositol nicotinate, 1431, 1431t
Insall-Salvati ratio, in knee, 740-741, 

740f
Inserts

in DNA manipulation, 106-107 (See 
also Genetic insertion 
therapy)

lateral wedge, in adaptive 
rehabilitation, 445

shoe (See Shoe inserts)
In situ hybridization, 110
Insoles, for forefoot pain, 760
Inspection

of hip, 722
Instability. See Joint stability/instability
Institutional Review Boards (IRBs), 

227, 230
Insula, hyperactivity of, in fibromyalgia, 

773, 775, 775f, 777
Insulin, 101, 636
Insulin-like growth factor-1 (IGF-1)

angiogenesis mediation by, 906, 907t
bone formation role, 72-73
in juvenile idiopathic arthritis, 1003
in neuroendocrine system, 211, 212f
in tissue destruction, 156, 159f
in tissue matrix repair, 161-162

Insulin-like growth factor-2 (IGF-2), 
72-73, 1003

Insulin resistance, in rheumatoid 
arthritis, 436

Integrative medicine. See 
Complementary and 
alternative medicine (CAM)

Integrins
angiogenesis mediation by, 906,  

907t
inhibition of, 907-908

in articular cartilage, binding proteins 
of, 64-65

β1, in synovium, 53
in complement system, 177
in endothelial inflammation, 1510-

1511, 1512f
in mechanical stress response, 46
osteoblast function and, 75
osteoclast function and, 73-74
osteocyte function and, 76
in systemic sclerosis, signaling of, 

1397
Intention-to-treat analysis (ITT), in 

randomized controlled trials, 
221, 221t

Intercarpal joints, 712f
Intercellular adhesion molecule-1 

(ICAM-1)
angiogenesis mediation by, 906,  

907t
in Cogan syndrome, 1627, 1627b
in inflammatory activation of 

endothelial cells, 1510-
1511, 1512f

in myositis, 1464-1465
in rheumatoid arthritis, 307
in rheumatoid synovitis, 913, 918, 

931
in synovium, 53
TNF inhibitors effect on, 578, 578b

Intercellular adhesion molecule-2 
(ICAM-2), in rheumatoid 
synovitis, 913

Intercritical gout, 1852-1853
Interdigital neuritis, 794-795, 794f
Interdigital plantar nerves, in Morton’s 

metatarsalgia, 794, 794f
Interdisciplinary team. See 

Multidisciplinary team
Interferon-α (IFN-α), 98t, 99-100

in angiogenesis, 907-908
for Behçet’s syndrome, 1579t, 1580
for hepatitis, in polyarteritis nodosa, 

1531
in lupus, 1286
in myositis, 1461, 1464
for systemic sclerosis, 1406, 1406t

Interferon-α (IFN-α)–induced arthritis, 
1475

Interferon-β (IFN-β), 98t, 99-100
Interferon-γ (IFN-γ), 98t, 100

in adult-onset Still’s disease, 856
in brucellosis, 1072
in juvenile idiopathic arthritis, 1009
in juvenile-onset 

spondyloarthropathies, 1029
in lupus, 1293t
proinflammatory cytokines blocked 

by, 161
response to anti-TNF therapy, 606
response to TB antigens, 607
in rheumatoid arthritis, 901-902
in rheumatoid synovium, 917t, 923
in sarcoidosis, 1667-1668
for systemic sclerosis, 1406, 1406t
in Wegener granulomatosis, 1554, 

1555f
Interferon-γ release assays (IGRAs), for 

TB screening, 607, 1068-
1069

Interferon Regulatory Factor 5. See 
IRF5 gene

Interferon regulatory factors (IRFs), 
147-148, 149f

Interferons (IFNs), 98t, 99-100
in autoimmunity, 148
for cutaneous vasculitis, 1605, 1606t
drug-induced lupus and
in giant cell arteritis, 1519f, 1520
glucocorticoids impact on, 497, 498f
in innate immunity, 146-147

molecular mechanism of, 147-148, 
149f

in lupus, 1280, 1281f
in lupus nephritis, 1261-1262
in rheumatoid cachexia, 435
in signal transduction, 120t, 121-122
in Sjögren’s syndrome, 1347-1348
for systemic sclerosis, 1406, 1406t
type I, 99-100

in juvenile dermatomyositis, 1038
in juvenile-onset systemic lupus 

erythematosus, 1035
in rheumatoid synovium, 917t, 

923
Interleukin-1 (IL-1), in tendinopathy, 

87t
Interleukin-17A, 599, 600t

in rheumatic disease, 600
Interleukin-1α (IL-1α), 92-93, 92f

negative regulation of, 93
Interleukin-1β (IL-1β), 91-93, 92f

in central sensitization, 203
in inflammatory response, 211

HPG axis influence on, 215
maturation regulation of, 573

IL-1 antagonists impact on, 575
in mechanical stress response, 48
negative regulation of, 93

Inheritance/inheritance patterns 
(Continued)
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production inhibitors of, 573t, 574-
575 (See also Anakinra 
(Kineret))

Interleukin-17F, 599, 600t
Interleukin-1F5 (IL-1F5), 92f, 94
Interleukin-1F6 (IL-1F6), 92f, 94
Interleukin-1F7 (IL-1F7), 92f, 94
Interleukin-1F8 (IL-1F8), 92f, 94
Interleukin-1F9 (IL-1F9), 92f, 94
Interleukin-1F10 (IL-1F10), 92f, 94
Interleukin-1 (IL-1)

in animal models of arthritis, 884, 
884t-885t

susceptibility and destruction 
related to, 884, 885t

in Cogan syndrome, 1627, 1627b
family members and their action, 

91-94, 92f, 571-573, 572f
gene cluster, in ankylosing 

spondylitis, 1142-1143
in inflammatory activation of 

endothelial cells, 1510, 
1511f

in juvenile idiopathic arthritis, 1011
ligand and receptor structure, 91
in myositis, 1464-1466
in osteoarthritis, 1766
osteoclast differentiation and, 74, 

170, 170f
in psoriatic arthritis, 1202
in rheumatoid arthritis, 900-902
in rheumatoid synovium, 917t, 920, 

920f, 930
role in inflammation, 571-573, 572f
signal transduction, 94
superfamily of, 91-94, 600, 600t
in synovium, 54-56
as therapeutic target (See 

Interleukin-1 (IL-1) 
inhibitors)

in tissue destruction/repair, 154-155, 
157, 159f

cartilage collagen and, 157-159
Interleukin-2 (IL-2)

in Cogan syndrome, 1627, 1627b
in inflammatory response, androgen 

inhibition of, 213-214
in lupus, 1293t
in rheumatoid synovium, 917t, 920
utilization of γC chain, 98t, 99

Interleukin-3 (IL-3), utilization of βc 
chain, 98t, 99

Interleukin-4 (IL-4)
in juvenile idiopathic arthritis,  

1009
in mechanical stress response, 48
in rheumatoid synovium, 917t, 920
in signal transduction, 120t, 121
utilization of γC chain, 98t, 99

Interleukin-5 (IL-5)
in rheumatoid synovium, 917t, 920
utilization of βc chain, 98t, 99

Interleukin-6 (IL-6)
in bone remodeling, 1961
in inflammatory response, 211

circadian rhythm of, 216-217, 216f
night-time immunosuppressive 

therapy and, 217
HPG axis influence on, 213-215
inadequate cortisol secretion 

relating to, 214, 214f, 217
in juvenile idiopathic arthritis, 1011, 

1013
in lupus, 1293t
nociceptor chemosensitivity and, 201
osteoclast differentiation and, 74, 

170, 170f
production of, 97-99

in reactive arthritis, 1104-1105, 
1107

receptor for, 97
in rheumatoid synovium, 917t, 921, 

921f
superfamily of, 917t, 921

in signal transduction, 121
in synovium, 54-55
as therapeutic target (See 

Interleukin-6 (IL-6) 
inhibitors)

in tissue destruction/repair, 154-155, 
159f

utilization of gp130, 97-99, 98t
Interleukin-7 (IL-7)

B-cell differentiation and, 171-172, 
171f

utilization of γC chain, 98t, 99
Interleukin-8 (IL-8), in fibromyalgia, 

776
Interleukin-9 (IL-9), utilization of γC 

chain, 98t, 99
Interleukin-10 (IL-10), 98t, 100

in lupus, 1293t
in reactive arthritis, 1106
receptor chains for, 100
in rheumatoid synovium, 917t, 921

Interleukin-11 (IL-11), in rheumatoid 
synovium, 917t, 921

Interleukin-12 (IL-12)
description, receptor, and function of, 

600t, 601, 601f
as heterodimeric, 98t, 99
in lupus, 1293t
in rheumatic diseases, 126-127, 600

as therapeutic target, 125-126, 
601-602, 602t

in rheumatoid synovium, 917t, 921
in signal transduction, 120t, 121
superfamily of, 601, 601f

Interleukin-13 (IL-13)
in rheumatoid synovium, 917t, 920
in signal transduction, 120t, 121

Interleukin-14 (IL-14), 103
Interleukin-15 (IL-15)

description, receptor, and function of, 
599, 600t

cis- vs. trans-presentation of, 599, 
600f

in rheumatoid synovium, 917t, 921-
922, 922f

as therapeutic target (See 
Interleukin-15 (IL-15) 
inhibitors)

utilization of γC chain, 98t, 99
Interleukin-16 (IL-16), 103
Interleukin-17 (IL-17)

description and function of, 599-600, 
600t

in inflammatory activation of 
endothelial cells, 1510, 
1511f

in juvenile idiopathic arthritis, 1009-
1010

in lupus, 1293t
osteoclast differentiation and, 170, 

170f
in psoriatic arthritis, 1202
in reactive arthritis, 1107
in rheumatoid arthritis, 901-902

animal models of, 884, 885t
flares and, 882

in rheumatoid synovium, 917t, 922
as therapeutic target (See 

Interleukin-17 (IL-17) 
inhibitors)

in tissue destruction/repair, 154-155, 
157-158, 159f

Interleukin-18 (IL-18), 91-93, 92f
description, receptor, and function of, 

600-601, 600t
in rheumatoid synovium, 917t, 922, 

922f
as therapeutic target (See 

Interleukin-18 (IL-18) 
inhibitors)

Interleukin-21 (IL-21)
in lupus, 1293t
utilization of γC chain, 98t, 99

Interleukin-23 (IL-23)
description, receptor, and function of, 

600t, 601, 601f
as heterodimeric, 98t, 99
in lupus, 1293t
in rheumatoid arthritis, 902
in rheumatoid synovium, 917t, 921
spondyloarthritis subtypes 

association with, 1137
as therapeutic target (See 

Interleukin-23 (IL-23) 
inhibitors)

Interleukin-27 (IL-27), as 
heterodimeric, 98t, 99

subunits of, 99
Interleukin-32 (IL-32), 103
Interleukin-33 (IL-33), 92f, 93
Interleukin-35 (IL-35), as 

heterodimeric, 98t, 99
Interleukin-1 (IL-1) antagonism, for 

gout, 1868t, 1869
Interleukin (IL) inhibitors, 599, 602

for juvenile idiopathic arthritis, 
1018t, 1022-1023, 1026, 
1026f

monoclonal antibodies as, 599
for IL-1, 573t, 574 (See also 

Interleukin-1 (IL-1) 
inhibitors)

for IL-15, 599
for IL-17, 600
for IL-18, 601
for IL-23, 601-602

potential targets of, 599, 600t, 602t
for relapsing polychondritis, 1674

Interleukin-1 (IL-1) inhibitors, 571-576
ACZ885 antibody as, 573t, 574
AMG-108 antibody as, 573t, 574
anakinra as, 573-575, 573t

infection risk with, 609
synovitis indications for, 954

canakinumab as, 573t, 574-575
caspase-1 as, 573t, 574, 600-601
in gene transfer, 166t, 167
IL-1β production inhibitors as, 573t, 

574-575
IL-1 family and, 571-573

role in inflammation, 571-573, 
572f

IL-1 trap as, 573t, 574-575
for juvenile idiopathic arthritis, 

1018t, 1022-1023, 1026, 
1026f

monoclonal antibodies as, 573t, 574
PEGylated soluble TNF receptor type 

1 as, 574
for rheumatoid arthritis, 932
rilonacept as, 573t, 574-575
soluble IL-1RI as, 573t, 574
soluble IL-1RII as, 573t, 574
in synovium, as therapeutic target, 

56
Interleukin-2 (IL-2) inhibitors, 529, 

530t. See also named drug, 
e.g., Tacrolimus

Interleukin-6 (IL-6) inhibitors
for juvenile idiopathic arthritis, 

1018t, 1023, 1026, 1026f

for psoriatic arthritis, 1208
for rheumatoid arthritis, 932
for Takayasu’s arteritis, 1572

Interleukin-12 (IL-12) inhibitors, for 
psoriatic arthritis, 1208

Interleukin-15 (IL-15) inhibitors, 599, 
602, 602t

clinical trials on, 599-600
for psoriatic arthritis, 1208
in rheumatic disease, 599

Interleukin-17 (IL-17) inhibitors, 599, 
602, 602t

clinical trials on, 600
in rheumatic disease, 600

Interleukin-18 (IL-18) inhibitors, 599, 
602, 602t

clinical trials on, 601
in rheumatic disease, 601
strategies for, 601

Interleukin-23 (IL-23) inhibitors, 599, 
602, 602t

clinical trials on, 601-602
for psoriatic arthritis, 1208
in rheumatic disease, 125-126, 601

Interleukin-17RA, 599-600, 600t
Interleukin-1ra (IL-1ra), 91-93, 92f

deficiency of, in arthritis, 884, 884t
recombinant version of, 93

Interleukin-17RC, 599-600, 600t
Interleukin-2 (IL-2) receptor

in juvenile idiopathic arthritis, 1009, 
1014

Interleukin-1 receptor antagonist 
deficiency, 1655-1656

in rheumatoid arthritis, 901
Interleukin-1 (IL-1) receptor family, 

91-94, 571, 572f
antagonists of, 571, 572f (See also 

Interleukin-1 (IL-1) 
inhibitors)

family members and their action, 
91-94, 92f

ligand and receptor structure, 91, 
571

signal transduction, 94, 122, 122f
Interleukin-17 (IL-17) receptors, 100

description and function of, 100, 
599-600, 600t

production of, 100
signaling by, 100

Interleukins (ILs)
in adult-onset Still’s disease, 856
angiogenesis mediation by, 905-906, 

907t
inhibition of, 907-908

in brucellosis, 1072
in cell-mediated immunity, 139
in fibromyalgia, 776
in giant cell arteritis, 1519f, 1520
glucocorticoids impact on, 497, 498f
in gout, 1849f, 1850-1852, 1850b, 

1854
heterodimeric, 98t, 99
in innate immunity, 146, 147f

molecular mechanism of, 148, 
149f

in juvenile dermatomyositis, 1038
in juvenile idiopathic arthritis, 1009
in juvenile-onset 

spondyloarthropathies, 1029
in osteoclast physiology, 74
in rheumatoid arthritis, 901-902

regulatory T cells and, 902, 902t
synovial pathology role, 917t, 920-

922, 920f-922f, 930-931, 
931f

systemic-onset juvenile, 294

Interleukin-1β (IL-1β) (Continued) Interleukin-6 (IL-6) (Continued) Interleukin-6 (IL-6) inhibitors 
(Continued)
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in sarcoidosis, 1667-1669
in signal transduction, 120-122, 

120t, 122f
tyrosine kinases and, 597, 2041

in Sjögren’s syndrome, 1347-1348
as therapeutic target (See Interleukin 

(IL) inhibitors)
in tissue destruction, 154-155, 157, 

159f
in tissue matrix repair, 161
TNF inhibitors effect on, 578, 578b
in tuberculosis protection, 1067

Intermetacarpal joints, 712f
Intermetatarsal bursitis, e72f, 626
Intermittent and Constant OA Pain 

(ICOAP), 1781t, 1782
Internal derangement, of 

temporomandibular joint, 
763, 764f

Internal validity, of randomized 
controlled trials, 220

International Classification of 
Diseases-10 (ICD10), case 
definitions from, 4

International Classification of 
Functioning Disability and 
Health (ICF), 15

in history taking, 240, 240f
in juvenile idiopathic arthritis 

rehabilitation, 1045
in osteoarthritis outcomes, 1779-

1780, 1780f, 1781t
International Haplotype Map Project, 

205, 875, 1247
International League of Associations for 

Rheumatology (ILAR)
juvenile idiopathic arthritis 

classification, 987-988, 
988t, 993, 995b

validity of, 988, 1001
juvenile-onset spondyloarthropathies 

classification criteria, 1029, 
1030t, 1032

International Myositis Assessment and 
Clinical Studies Group 
(IMACS), 1039-1040, 1475-
1476

International Organization of 
Standardization (ISO), on 
quantitative densitometry, 
401

International Society for Clinical 
Densitometry (ISCD)

DEXA imaging recommendations, 
400, 402

on vertebral fracture assessment, 
403, 403b

International Society of Nephrology/
Renal Pathology Society 
(ISN/RPS), lupus nephritis 
classification, 1234-1235, 
1234t, 1256, 1256t

International travel/transport, virus-
associated arthritis linked 
to, 1087, 1091-1092

Internet
juvenile idiopathic arthritis 

rehabilitation and, 1050
use for patient education, 429-430, 

1307-1308
Interosseous nerve syndromes

anterior, 786, 787f
posterior, 791

Interphalangeal (IP) joints
anatomy of, 749-750
arthritis involvement of

18F-FDG-PET imaging of, 396, 
396f

pattern recognition in, 252, 
253f-254f, 254-255

symmetric vs. asymmetric, 253, 
253t

assessment of, in children, 978
imaging of, for 

spondyloarthropathies, 
1151-1152, 1152f

injection of, e68f, 620f
juvenile-onset spondyloarthropathies 

involvement of, 1030
osteoarthritis in, 1725, 1726f

presentations of, 1726-1727, 1727f
Interpretation

of data (See Data interpretation)
of history and physical examination, 

249-250
Intersection syndrome, of wrist and 

hand, 714-715
Interspinous ligaments, injection of, 

623, 623f
Interstitial cystitis, in Sjögren’s 

syndrome, 1341
Interstitial granulomatous dermatitis 

with arthritis, 293-294, 293f
Interstitial keratitis (IK), 301-302

in Cogan syndrome, 302, 1625, 
1627-1628, 1628f-1629f

investigations of, 1629
management of, 1631, 1632f
pathophysiology of, 1625

Interstitial lung disease (ILD)
in dermatomyositis/polymositis, 318, 

1476
drug-induced, 319, 525 (See also 

Respiratory system toxicity)
evaluation of, 315-319, 316f

bronchoalveolar lavage in, 317
lung biopsy in, 317
pulmonary function testing in, 

316-319
radiographic studies in, 315-316

histologic subtypes of, 315, 316f,  
317

imaging of, 315-316, 316f
with rheumatoid arthritis, 318
with systemic lupus 

erythematosus, 318-319
introduction to, 315, 315b
with myositis, 1444-1445, 1451
pathologic features in, 315, 316f
rheumatic diseases associated with, 

315
in rheumatoid arthritis, 317-318, 

841-842, 842f
bimodal distribution of, 317-318
bronchietasis/bronchiolectasis with, 

318
cyclophosphamide for, 533
nodules with, 318
preclinical, 318

in Sjögren’s syndrome, 319, 1340-
1341

in systemic lupus erythematosus, 
318-319, 1242, 1242f

in systemic sclerosis, 1363, 1379
description of, 311, 317
investigations for, 1413-1417
measurement of, 317, 1369
treatment of, 317

treatment of, 317-319
vasculitic syndromes and, 319

Interstitial nephritis. See also 
Tubulointerstitial nephritis

allergic, from NSAIDs, 341
in Sjögren’s syndrome, 1341

Interstitial pneumonitis, in 
methotrexate therapy, 514

Interventional radiography, 358
Interventional ultrasound, 387-388
Intervertebral discs

biomechanics of, 31-32, 31f
degeneration of (See Disc 

degeneration)
forces acting on, 29-31 (See also 

Force(s))
herniation of, 33-34

clinical presentation of, 674
investigations of, 674f
low back pain with, 660, 660f, 

668t, 673-675
neck pain with, 648, 650, 650f
surgical treatment of, 680

infection of, lumbar pain related to, 
668-669, 668t, 669f

internal disruption of, 33
pain in cervical, 647, 647f

pathogenesis of, 653-654
treatment of, 655

prolapse of, 33f-34f
in spinal degenerative cascade, 35
spinal movements in plane of, 31

Intervertebral ligaments
injury to, 33
in spine biomechanics, 32

Intervertebral spaces, bony spurs along, 
171

Interzone, of synovium, 51
Intimal cells, in synovium, 51-52, 52f

type A vs. type B, 56
Intimal hyperplasia, in systemic 

sclerosis, 1401
Intimal matrix, of synovium, 51, 53, 

54f
Intra-abdominal conditions, hip pain 

referred from, 721, 721t
Intra-abdominal pressure, as force on 

spine, 31
Intra-articular basic calcium phosphate 

crystal deposition
clinical features of, 1890
history of, 1889
monoarthritis in, 1891
synovitis in, 1891

Intra-articular infection, synovial fluid 
diagnosis of, 267, 270-271

bacterial arthritis, 270-271
future techniques for, 271
non-bacterial, 271

Intra-articular injections
of chemicals, as medical 

synovectomy, 627, 1918
of hyaluronates, for 

viscosupplementation, 627
of mesenchymal stem cells, 164, 

165f
for osteoarthritis induction, in small 

animals, 1735
Intra-articular methotrexate, 513
Intracellular messengers, in gout, 

1850b, 1851
Intracellular pathogens

infection risks with, in anti-TNF-
treated patients, 605

bacterial, 608
nontuberculous, Histoplasma, and 

other, 607-608
tuberculous, endemic mycosis, and 

other, 606-607
inflammasome sensing of, 122, 123f

Intracellular pathways–acid proteinases, 
in tissue destruction, 156-
157, 159f

Intraclass correlation coefficients (ICC), 
13, 13t

in imaging reader agreement, 413-
414

Intracompartmental pressure, slit 
catheter measurement of, in 
lower leg, 795

Intralesional corticosteroid treatment, 
e73f, 627

Intramedullary hemorrhage, in 
osteonecrosis, 1817

Intramedullary rods, for osteogenesis 
imperfecta, 2044-2045

Intraoral appliances, for myofascial 
pain, 767, 767f

Intraoral examination, of 
temporomandibular joint, 
765, 765f

Intraosseous pressure, in osteonecrosis, 
1817

Intrauterine devices, 1314-1315
Intravenous drug users, septic arthritis 

in, 1057, 1062t
Intravenous immune globulin G 

(IVIgG)
for juvenile idiopathic arthritis, 

1018t, 1023, 1026, 1026f
for Kawasaki disease, 308, 1585
for myositis, 1474, 1474f, 1477

in juveniles, 1040-1041
in pregnancy, 613t, 615
for systemic lupus erythematosus, 

1268-1269, 1311, 1314
for systemic sclerosis, 1405, 1405t
for Wegener granulomatosis, 1556

Inulin clearance, in glomerular 
filtration rate measurement, 
335

Inversion recovery, in MRI, 368
Investigational drugs

for amyloidosis, 1698
for lupus nephritis, 1332-1333, 

1333t
for osteonecrosis, 1822
for rheumatoid arthritis, 955
for signal transduction/pathway 

modification, 123-124
for systemic lupus erythematosus, 

1311-1312
tumor necrosis factor inhibitors as, 

588-589
In-vivo gene transfer, 166-167
Ion channels

sensory transduction and, 200f, 201, 
201b

neuropathic pain mechanisms, 202
stretch-sensitive, in mechanical 

stress response, 46-47
Ionizing radiation, 367
Ionotropic receptors, of sensory 

neurons, 201, 201b
Ions, in synovial fluid, 271
IP. See Interphalangeal (IP) joints
IRF5 gene

in Sjögren’s syndrome, 1346
in systemic lupus erythematosus, 

1250-1251, 1251t
Iridocyclitis

in Cogan syndrome, 1627, 1631
Iris, juvenile idiopathic arthritis impact 

on, 1005, 1005f, 1011
Iritis

with psoriatic arthritis, 1188
Iron

deficiency of, 437
in systemic lupus erythematosus, 

1240
deposition of, in hemophilia, 1914, 

1916, 1918f
intake recommendations for, 437-

438
serum level of, in hemochromatosis, 

1931-1932, 1931f

Interleukins (ILs) (Continued) Interphalangeal (IP) joints (Continued)
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stores of, in hemochromatosis, 
1931f, 1933

supplements of, for juvenile 
idiopathic arthritis, 993

Iron-binding capacity, total, in 
hemochromatosis, 1931-
1932, 1931f

Iron overload, in hemochromatosis, 
1932-1933, 1932f

arthropathy features of, 1929-1931, 
1930f-1931f

clinical features of, 1929-1931, 1930f
differential diagnosis of, 1932

Irradiation. See Radiation therapy
Irritable bowel syndrome (IBS), 769, 

770f
Irritable hip, in children, 981, 982f, 

994, 997, 997t, 998f
ISCD. See International Society for 

Clinical Densitometry 
(ISCD)

Ischemia
of bone, in Gaucher’s disease, 2032-

2033, 2033f
complement system and, 179
digital

in polyarteritis nodosa, 1526, 
1527f

in Raynaud’s phenomenon, 
management of, 1407-1408, 
1408t

of eye vessels, perioperative 
management of, 640

of subchondral bone, in 
osteoarthritis, 1723, 1725

Ischemic heart disease, 305, 307. See 
also Coronary artery disease 
(CAD)

catheter-based interventions for, 308
perioperative management of, 633-

634, 633t
Ischemic necrosis

of hip, in children, 983
of skin, 343-344

Ischiofemoral ligament, 719
Ischiogluteal bursitis, 728
ISN/RPS (International Society of 

Nephrology/Renal Pathology 
Society), lupus nephritis 
classification, 1234-1235, 
1234t, 1256, 1256t

Isoniazid, 1070
drug-induced lupus and, 1296f, 

1297t
Isophthalanilide, 2000b
Isotopes

in glomerular filtration rate 
measurement, 335

in imaging (See Radioactive isotopes)
Isotypes, of immunoglobulins, in 

adaptive immunity, 134, 
134f, 136

class switching by, 135-136, 139
Itai-Itai disease, 2001
ITGAM (integrin alpha-M) gene, 1251, 

1251t
Ixodes ticks, Lyme disease carried by, 

1079

J

Jabs syndrome, 298
Jaccoud’s arthropathy, 1232, 

1232f-1233f
JAK/STAT pathway

HPA axis influence on, 212-213
in inflammatory bowel diseases, 

1142

inhibition of, 597, 2041
of signal transduction, 120-121, 

120t, 121f
Janus kinases (Jaks), 597. See also JAK/

STAT pathway
in signal transduction, 120-121, 121f

of cytokines, 96f, 100
as therapeutic target, 123-124

Jaw
bisphosphonate-induced 

osteonecrosis of, 1815-1816, 
1816b

dysfunction of, in myofascial pain 
disorder, 763, 766b

locking as, 766
Jerk test, 807t
Jette Late Life Disability Measure, 1783
Jo-1 antigen, 1283t
Job Accommodation Network (JAN), 

446
Jobe test, 807t
Johnston County Osteoarthritis Project, 

1711-1713, 1715-1716, 
1715t

Joint capsule
of hip, functional anatomy of, 719, 

720f
inflammation at insertion sites, 

1214-1215 (See also 
Enthesopathy(ies))

osteoarthritis pain relationship to, 
1724t, 1725

of shoulder
conditions affecting, 686, 688, 

689t
frozen (See Capsulitis)
functional anatomy of, 683
injuries to, 686, 695

Joint cavity
fluid volume in, synovial lubrication 

and, 55
synovial embryology of, 51

Joint count. See Joint homunculus
Joint damage/destruction

in gout, 1852-1853
imaging for outcomes of, 413, 415-

416
repair and, 416

in osteoarthritis, 1709, 1710b, 1710t
physical examination for, 241
in rheumatoid arthritis, 925-928

ADAMTS and, 927
aggrecan and, 927
of bone, 927-928, 928f-929f
of cartilage, ligaments, and 

tendons, 925, 927
collagenases and, 926, 926f
cysteine and, 927
definitions for MRI measures, 418, 

419t
enzymatic mechanisms of, 925, 

927
gelatinases in, 927
matrix metalloproteinases and, 

925-927, 925f-926f
inflammation role, 927

protease inhibitors and, 927
serine proteases and, 927
stromelysins and, 926

Joint effusions
in children, 979, 979f
with digital clubbing, 1701
glenohumeral, 686
in hip, 725-726, 726f

in children, 997, 998f
with juvenile idiopathic arthritis, 

997, 998f, 1009, 1010f
in knee, 733

β2-microglobulin amyloid and, 343
with osteoarthritis, 1724, 1726, 

1727f-1728f, 1728
MRI of, 1774-1775
ultrasound of, 1773, 1773f

synovial mechanisms creating, 55
with systemic lupus erythematosus, 

during pregnancy, 1335
Joint homunculus, 15, 15f

for examination documentation, 249, 
250f

for juvenile idiopathic arthritis, 1006
for osteoarthritis outcomes, 1780, 

1781t
for rheumatoid arthritis, 836

Joint hypermobility syndrome (JHS), 
2051. See also 
Hypermobility syndrome

Joint inflammation
in diffuse idiopathic skeletal 

hyperostosis, 1801-1803
gut spondyloarthritis leading to, 

1136-1137
acquired immunity and, 1136-

1137
joint remodeling with, 1138
pathogenesis of, 1137

myofascial pain disorder vs., 766-767
osteoimmunology of, 171
synovial fluid in, vs. non-

inflammatory arthropathy, 
269-270

viruses associated with, 1087, 1092
Joint involvement. See also specific 

joint, e.g., Distal 
interphalangeal (DIP) joints

of amyloidosis, 1692, 1692f
of ankylosing spondylitis, imaging for 

outcomes, 421-423 (See also 
Imaging)

of arthritis
axial, 253-254
with chronic kidney disease, 1685-

1686, 1686f
localization of, 253-255
local pattern of, 255-256
number of affected joints, 251-252
peripheral, 254-255
sequence of, 255
symmetric vs. asymmetric, 252-

253, 253f, 253t
of Behçet’s syndrome, 326
of celiac disease, 325
of fibromyalgia, 763
of gonococcal arthritis, 1063, 1063f
of hemochromatosis, 1929-1931, 

1931f
of hemophilia, 1914, 1916-1917
of Henoch-Schönlein purpura, 325
of inflammatory bowel disease, 323
of juvenile idiopathic arthritis, 1017 

(See also Polyarthritis)
effusions with, 997, 998f, 1009, 

1010f
functional implications of, 1045-

1046
with subtypes, 1000-1001, 1000f

of juvenile-onset 
spondyloarthropathies, 
1030, 1030f, 1032, 1033f

of Lyme disease, 1081t-1082t, 1082, 
1082f

of microscopic colitis, 326
of myositis, 1444, 1445f
of neuropathic arthropathy, 1808-

1809, 1809f, 1809t
of osteoarthritis, pain relationship to, 

1723-1725, 1724t

of Paget’s disease, 2022
of polyarteritis nodosa, 325
of psoriatic arthritis, 1179-1180, 

1184-1186, 1185f, 1185t
classifications based on, 1180-1181
imaging for outcomes, 419-421 

(See also Imaging)
radiographic features of, 1189, 

1189f
destructive changes as, 1189, 

1190f
proliferative changes as, 1189, 

1190f-1192f
typical, 419

symmetry of, 1185-1186
treatment of, 1206f, 1209, 1209t

of reactive arthritis, 1116, 1116f, 
1116t

recording (See Joint homunculus)
of rheumatic diseases, patterns of, 

241t
of rheumatoid arthritis, 829-834, 

830f-833f
autoantigen components in, 897-

898
disease activity assessment for, 

836
imaging for outcomes, 416-418 

(See also Imaging)
joint-specific nature of, 929, 930b
as outcome predictor, 950, 955

root, of adult-onset Still’s disease, 
856-857, 857f

of sarcoidosis, 1661-1662, 1662f
of septic arthritis, 1056-1058, 

1056f-1057f
with prostheses, 1058-1059, 

1058f-1059f
of systemic lupus erythematosus, 

1233, 1233f
of tuberculous arthritis, 1067-1068

imaging of, 1069, 1069f-1070f
treatment of, 1070

of Wegener granulomatosis, 1550
of Whipple disease, 325

Joint lavage, arthroscopic, 280
for calcium pyrophosphate crystal-

associated arthropathy,  
1886

Joint mice, in synovial fluid, with 
osteoarthritis, 1724, 1728

Joint noises
during examination, 243
with osteoarthritis, 1725-1726
in temporomandibular joint, 763

with myofascial pain disorder, 766, 
766b

Joint pain. See also specific joint
in children, 975-976, 976t
non-specific, juvenile idiopathic 

arthritis vs., 998
with osteoarthritis

anatomic site relationship to, 
1723-1725, 1724t

radiography discordance with, 
1710-1711, 1718, 1723-
1724

with systemic lupus erythematosus, 
1233

vs. musculoskeletal pain, in cervical 
spine (See Neck pain)

Joint protection programs/techniques, 
445-446, 446t, 967

Joint replacement. See also specific 
joint, e.g., Hip replacement

elective, 629
decision-making perspectives for, 

629

Iron (Continued) JAK/STAT pathway (Continued) Joint effusions (Continued) Joint involvement (Continued)
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for hemophilic arthropathy, 1917-
1919

for juvenile idiopathic arthritis,  
1024

in adulthood, 1017
of elbow, 1025
of hip, 1024-1025
of knee, 1024-1025
of shoulder, 1025

operative risk assessment for, 632
for osteoarthritis, 1712-1713
osteomyelitis related to, 1058-1059, 

1058f-1059f
for Paget’s disease, 2027
prophylactic antibiotic therapy for, 

638
Joint(s)

aspiration of, 617-628 (See also 
Aspiration)

aftercare for, 617
contraindications for, 618
indications for, 617
procedure for, 617, 619f

autoantigen components of, in 
rheumatoid arthritis, 897-
898

chondrocyte proteins as, 897-898
proteoglycans as, 897-898
type II collagen as, 897-899

biomechanics of whole, 37-39
bony spurs along, 171
in children

anatomy variations of, 977-979
assessment of, 976t-977t, 977-978
complaints concerning, 975-976
conditions affecting, 975, 976t

corticosteroid injections of, 619
complications of, 619

craniomandibular, 763, 764f
diseased (See Arthropathy(ies))
dynamics in, 37-38
“four-point” palpation technique for, 

830, 830f
functional anatomy of (See 

Biomechanics; specific joint)
hypermobility of

in children, 977, 979f, 981
in shoulder, 688f

infections of
with Lyme disease, 1082, 1082f
risk of, with rheumatoid arthritis, 

605, 606t
injection of (See also Injection)

contraindications for, 618
indications for, 617
procedure for, 617, 618f

innervation of, 195
of jaw, 763-768 (See also 

Temporomandibular joint 
(TMJ))

laxity of, as osteoarthritis risk, 1718, 
1720

lubrication of, 38-39
microbe identification in

bacterial cell wall components and, 
1104

detection of non-DNA bacterial 
elements, 1104

host interaction and, 1104, 1110-
1111, 1110f-1111f

infection mechanisms and, 1104-
1105

laboratory studies for, 1103, 1117-
1118

interpretation of, 1103-1105
lessons from other arthritic 

disorders, 1103-1104
β2-microglobulin amyloid and, 343

mobilization of, in rehabilitation, 
443, 447t

nociceptors in, 200
in osteoarthritis, 1723
peripheral (See Peripheral joints)
red-hot, 251-252, 252f, 252t
remodeling of, in spondyloarthritis, 

1138
routes by which bacteria can reach, 

1056-1057, 1056f
of shoulder, 683, 685-686
statics in, 37-38
tendon shortening in (See 

Contracture(s))
of wrist and hand, 711

Joint space
narrowing of

in hip, 725
with juvenile idiopathic arthritis, 

995, 996f, 1002
with juvenile-onset 

spondyloarthropathies, 1032
with osteoarthritis, 1725-1726, 

1728
in knee, 1787-1788
radiography of, 1769, 1770f

synovial embryology of, 51
Joint space width (JSW)

in osteoarthritis, radiography of, 
1769-1770, 1787-1788

criteria for, 1709-1711, 1710t
measurement methods for, 1772, 

1772f, 1788, 1788f-1789f
as outcome measure, 1771-1772

physical activity associated with, 
1721

Joint stability/instability
in children, 976t, 977-978, 981
history taking for, 238
of knee, ligament examination for, 

733-734, 734f
with osteoarthritis, 1725-1726,  

1728
of patellofemoral joint, radiography 

for, 740-741, 740f
of shoulder (See also Glenohumeral 

instability)
functional anatomy for, 683-685

of spine (See Spinal instability)
of wrist and hand, 712-713

Jo-1 synthetase
antibodies to (See Anti-Jo-1 

antibodies)
in overlap syndromes, 1495-1496, 

1495f
Jumper’s knee, 743, 984
Junctional cell adhesion molecules 

(JAM)
angiogenesis mediation by, 906,  

907t
in endothelial inflammation, 1511, 

1512f
Juvenile Arthritis Damage Index 

(JADI), 1006
Juvenile Arthritis Functional 

Assessment Report (JAFAR), 
1047

Juvenile Arthritis Functional 
Assessment Scale (JAFAS), 
1047

Juvenile Arthritis Functional Status 
Index (JASI), 1047

Juvenile Arthritis Quality of Life 
Questionnaire (JAQQ), 
1047-1048

Juvenile chronic arthritis (JCA), 987, 
988t, 989, 993

skin lesions with, 294, 294f

Juvenile dermatomyositis (JDM)
assessment and monitoring of, 1039-

1040
clinical features of, 1038-1039, 

1040f-1041f, 1041t, 1440-
1444, 1446

diagnostic criteria for, 1039
epidemiology of, 1038, 1440
etiopathogenesis of, 1038, 1039f
genetics of, 1440
natural history of, 1453
outcome measures of, 1441, 1454

long-term, 1041-1042
treatment of, 1040-1042

Juvenile idiopathic arthritis (JIA)
arthroplasty for, 1024-1025
assessment and outcome measure 

tools for, 1006, 1017, 1018t
clinical features and presentations of, 

993-1008
classifications based on, 987, 993, 

994b-995b, 994t
functional ability implications 

of, 1045
differential diagnosis for, 996-998, 

997t
introduction to, 993, 993b
at onset, 993-996
outcome perspectives of, 1006
special problems in children, 1001-

1006
of subgroups, 849, 995t, 998-1001

differential diagnosis of, 996-998, 
997t

limp vs., 997, 997t
other joint disorders vs., 998

disease activity of, 991
functional outcome related to, 

1006
epidemiology of, 987-992

classification for studies, 987, 988t
milestones in, 987, 988t

disease characteristics in, 989-990, 
990t

disease occurrence in, 989
compared to other chronic 

illnesses, 993
incidence, 989, 989t
prevalence, 989, 989t

environmental factors in, 987,  
991

genetic factors in, 990-991, 991t
ILAR classification in, 987-988, 

988t
validity of, 988

prognosis in, 991
risk factors in, 990-991
summary of, 987

epiphysiodesis for, 1024
etiology of
environmental factors in, 989, 

1011-1012
genetic factors in, 1012-1014, 

1013t
introduction to, 1009
pathogenic factors in, 1009-1011

functional outcomes of, 991, 1017, 
1024

chronic disease activity and, 1006
core variables of, 1006
long-term, 1006
subtype distinctions, 1006

genetic factors of
in epidemiology, 990-991, 991t
evidence for, 1012-1014
GWAS of, 1013-1014
HLA associations as, 1012, 1013t
HLA linkage as, 990, 1012-1013
interleukin-6 as, 1013

macrophage migration inhibitory 
factor as, 1013

non-HLA genes as, 1013
SLC11A1 as, 1013
Wnt1-inducible signaling pathway 

protein 3 as, 1013
imaging of, 995-996, 995f-996f
juvenile spondyloarthritides vs., 987-

988
laboratory investigations of, 993
macrophage activation syndrome in, 

993, 999-1000, 1019, 1021, 
1023, 1026

treatment of, 1026
management of, 1017-1028

autologous stem cell 
transplantation for, 1023

calcium supplements in, 1024
conclusions of, 1027
evidence for subtypes in, 1017, 

1025f
evolution of, 1017
growth retardation and, 1024
introduction to, 1017, 1017b
medical, 1017, 1018t, 1019-1023
nutritional support in, 1017,  

1024
outcome measures for, 1017, 

1018t
pain control in, 1019, 1023-1024
rehabilitative, 1017, 1024
surgical, 1017, 1024-1025
uveitis therapy in, 1023, 1026-

1027
pathology of

anti-citrullinated peptide antibodies 
in, 1011

antinuclear antibodies in, 1011
B-cell activity in, 1011
cartilage in, 1009, 1011f
characteristic mechanisms in, 

1009-1011, 1010f
introduction to, 1009
macrophages and fibroblasts in, 

1011
regulatory T cells in, 1009-1010
rheumatoid factor in, 1011
synovial fluid in, 1009
synovial tissue in, 1009, 1010f
T cells in, 1009
Th 17 cells in, 1009-1010

pattern recognition in, 251, 253
pauciarticular (See Pauciarticular 

juvenile idiopathic arthritis 
(PA-JIA))

pharmacologic therapies for
abatacept as, 1018t, 1020t-1021t, 

1022, 1025f
anti-IL-1 agents as, 1018t, 1022-

1023, 1026, 1026f
anti-IL-6 agents as, 1018t, 1023, 

1026, 1026f
anti–TNF agents as, 1017, 1018t, 

1021-1022, 1025-1026, 
1025f

aspirin as, 1017-1018, 1019t
biologic-modifying agents as, 1017, 

1021-1023
corticosteroids as, intravenous vs. 

intra-articular vs. systemic, 
1017, 1018t, 1019, 1021t, 
1025-1026, 1026f

cyclophosphamide as, 1021, 1026
cyclosporine as, 1018t, 1021, 

1026-1027, 1026f
DMARDs as, 1021, 1021t, 1025

combinations of, 1021

Joint replacement (Continued) Joint(s) (Continued) Juvenile idiopathic arthritis (JIA) 
(Continued)
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intravenous immunoglobulin as, 
1018t, 1023, 1026, 1026f

introduction to, 1017, 1018t
leflunomide as, 1018t, 1020t, 

1021, 1025f
methotrexate as, 1017, 1018t, 

1019-1021, 1020t-1021t, 
1025-1027

combined with other drugs, 
1021-1022, 1025-1026, 
1025f

NSAIDs as, 1017-1019, 
1018t-1019t, 1021t, 1025, 
1025f-1026f

rituximab as, 1023
sulfasalazine as, 1018t, 

1020t-1021t, 1021, 1025f, 
1026

thalidomide as, 1018t, 1021, 1026, 
1026f

physical examination for, functional 
assessment vs., 1047

psychosocial implications of, 1046-
1047

rehabilitation in, 1045-1052
conclusions of, 1050-1051
evaluation for, 1047-1048
evidence-based treatment and 

outcomes of, 1048-1050
functional implications of, 1046-

1047
goals of, 1017, 1024

remission of, 991, 1006
preliminary definitions of, 1017, 

1018t
special problems of, 1001-1006

amyloidosis as, 1005
general growth disturbance as, 

1003
local growth disturbances as, 1002
osteopenia as, 1003
pain as, 1005
sleep disturbance and fatigue as, 

1005-1006
uveitis as, 1003-1005 (See also 

Uveitis)
subtypes of (See also specific subtype, 

e.g., Oligoarthritis)
characteristics of, 849, 993, 995t
treatment evidence for, 1017, 

1025f
symptoms and signs of, 993
synovectomy for, 1024
systemic-onset (See Systemic-onset 

juvenile idiopathic arthritis 
(SOJIA))

TMJ deformities with, surgical 
treatment of, 1025

transition into adulthood, 1006, 
1050

joint replacement for, 1017
rehabilitation implications of, 

1046-1047
uveitis associated with, 297, 298f

Juvenile-onset spondyloarthropathies 
(JSPAs), 1029-1034

classification of, 987-988, 1029, 
1030t

clinical manifestations of, 1029-1031
adult-onset vs., 1029-1030
general aspects of, 1030, 

1030f-1031f
miscellaneous features with, 996, 

998, 1000-1001
peripheral arthritis as, 1030, 1030f
peripheral enthesitis as, 1030, 

1030f

sacroiliac arthritis as, 1030
spinal arthritis as, 1030

clinical types of, 1031-1032
ankylosing spondylitis as, 1031-

1032, 1032f
enthesitis-related arthritis 

evolving into, 1001, 1001f
ankylosing tarsitis as, 1032, 1033f
inflammatory bowel disease as, 

1032
psoriatic arthritis as, 987-988, 

988t, 1032
clinical features of, 994b, 995t, 

1000-1001
definition of, 1032
diagnostic criteria for, 1188, 

1188t
disease characteristics of, 990, 

990t, 1188
genetics of, 991t
subgroups of, 1188

reactive arthritis as, 1032
undifferentiated, 1031

epidemiology of, 987-988
health-related quality of life with, 

1031, 1034
histopathology of, 1029
imaging of, 1030-1034, 1031f-1033f
introduction to, 1029
juvenile idiopathic arthritis vs., 987-

988
knee pain related to, 736
nomenclature for, 1029
pathogenesis of, 1029
pauciarticular juvenile idiopathic 

arthritis evolution into, 
1001, 1001f

therapeutic approach to, 1032-1034, 
1033f

sulfasalazine in, 1021
Juvenile-onset systemic lupus 

erythematosus (JSLE), 1035-
1038

clinical presentation of, 1036, 1036t, 
1037f

description of, 1035
disease activity assessment of, 1036, 

1036t
epidemiology of, 1035
etiopathogenesis of, 1035
management of, 1036-1038

drug therapy for, 1037-1038
adult regimens vs., 1036-1037

goals for, 1036
outcome assessment of, in clinical 

trials, 1036, 1036t, 1038
Juvenile rheumatoid arthritis (JRA), 

987, 988t, 989, 993. See 
also Juvenile idiopathic 
arthritis (JIA)

knee pain related to, 736
systemic-onset (See Systemic-onset 

juvenile rheumatoid arthritis 
(SOJRA))

Juvenile systemic granulomatosis, 
familial, uveitis associated 
with, 298

Juvenile systemic sclerosis, 1042
Juxtacortical osteosarcoma, 2064-2065

K

Kager’s fat pad, in tendon 
biomechanics, 1212-1213

Kashin-Beck disease, 1827t
animal models of, 1834
clinical features of, 1830-1835

clinical investigations for, 1831-1835
differential diagnosis of, 1832-1833
epidemiology of, 1830
genetics in, 1833-1834
in hand, 1831f
history of, 1829-1830
management of, 1834-1835
pathogenesis of, 1833
staging systems for, 1832t-1833t

Kawasaki disease (KD)
classification of, 1524t
clinical features of, 1583
conjunctival injection in, 1584f
echocardiographic assessment in, 

1584
epidemiology of, 1420, 1583
etiology of, 1585
heart disease with, 308

management of, 308
history of, 1583
immunopathogenesis of, 1518
juvenile idiopathic arthritis vs., 997t, 

998
laboratory assessment in, 1584
management of, 1585
pathogenesis of, 1585
pathology of, 1584-1585
periungual desquamation in, 1584f
polymorphous exanthem in, 1584f
treatment of, 1585

Kelley-Seegmiller syndrome, 1853
Kellgren-Lawrence (K/L) grading system, 

for osteoarthritis, 1709, 
1711f, 1711t, 1771, 1787

Keratan sulfate, 2037-2039, 2038t
Keratin, in rheumatoid arthritis, 898-

900
antibodies to, 888-889, 889f

Keratinocyte growth factor (KGF), 906, 
907t

Keratinocytes, in rheumatoid 
synovium, 599-601

Keratitis, 301-302
corneal filamentary, in rheumatoid 

arthritis, 844-845, 844f
interstitial (See Interstitial keratitis 

(IK))
with relapsing polychondritis, 1672
ulcerative

peripheral (See Peripheral 
ulcerative keratitis (PUK))

in rheumatoid arthritis, 844-845, 
844f

Keratoconjunctivitis sicca (KCS), 301-
303, 302f

in rheumatoid arthritis, 844
in Sjögren’s syndrome, 1339, 1340f
in systemic lupus erythematosus, 

1244
treatment of, 303

Keratodermia blennorrhagia, 1116-
1117, 1117f, 1119

Keratopathy, band, with uveitis, 297-
298

Ketamine, 802t, 803
Ketanserin, 1432
Ketoprofen, 486t

for ankylosing spondylitis, 1160, 
1164t

for juvenile idiopathic arthritis, 1018
Ketorolac, 486t
Kidney, 329-346. See also Renal entries

in Churg-Strauss syndrome, 1562
in cryoglobulinemia, 1610
functional failure of (See Renal 

failure)
functional unit of, 329
functions of, 329

drug therapy impact on (See 
Kidney function)

function testing of, 333 (See also 
Kidney function testing)

in Henoch-Schönlein purpura, 1589
management of, 1593-1594

parathyroid hormone and, 1999
in systemic sclerosis, 1382-1383, 

1390-1391
Kidney disease

acute vs. chronic, 329 (See also 
Chronic kidney disease 
(CKD))

diet modification for, 333-334
end-stage (See also End-stage renal 

disease (ESRD))
lupus nephritis progression to, 

1234-1236, 1331-1332
dialysis for, 1331

in rheumatic diseases, 339
gout and, 1864
hypocomplementemia and, 335
medullary cystic, 1848
nephrogenic systemic fibrosis vs., 

340
rheumatic complications of, 342- 

344
bone disease as, 343
calcification of soft tissue and 

vessels as, 343-344
crystal arthropathies as, 343
β2-microglobulin as, 342-343
renal failure as, etiologic factors 

specific to, 342
in renal transplant patients, 344

gout as, 344
osteopenia as, 344

summary of, 342
rheumatic diseases associated with, 

329, 337, 338t (See also 
Renal involvement)

renal syndromes in, 330, 330t
signs and symptoms of, 329-330

failure, 329
hematuria, 329
hypertension, 329
proteinuria, 329
syndromes, 330, 330t

testing for, 330-337
hematuria, 331-333, 331t, 332f
proteinuria, 330-331

Kidney Disease Improving Global 
Outcomes (KDIGO), on 
renal osteodystrophy, 2013-
2018

Kidney function, 329
drug therapy impact on, 341-342

acetaminophen, 341
immunosuppressives, 341-342, 

531, 534
leflunomide, 526
NSAIDs, 341, 489t, 491, 1018-

1019
in juveniles, 1018-1019

Kidney function testing, 333
biopsy in, 335-337, 336t
creatinine clearance in, 334-335, 

334f
creatinine measurement in, plasma, 

333, 333f
glomerular filtration rate in, 333, 

333f
CKD based on, 334, 334t
equations of, 333-334
isotope measurement of, 335

for hypocomplementemia, 335
imaging in, 335
in normal pregnancy, 1335

Juvenile idiopathic arthritis (JIA) 
(Continued)

Juvenile-onset spondyloarthropathies 
(JSPAs) (Continued)

Kashin-Beck disease (Continued) Kidney (Continued)
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in systemic lupus erythematosus, 
1302, 1335

for lupus nephritis, 1319, 1328-
1329

during pregnancy, 1330, 1335
for tubular dysfunction, 335

Kidney stones. See Nephrolithiasis
KIF5A gene, genome-wide association 

studies of, 129, 129f-130f
KIF5A-PIP4K2C gene, 876
Kikuchi-Fujimoto disease, 1240
Killer immunoglobulin-like receptor 

(KIR), in psoriatic arthritis, 
1195

Kinase inhibitors, for lupus nephritis, 
1333t

Kinases
in B-cell activation and function, 136
in bone cell physiology, 74, 76
in signal transduction, 119-122, 121f

of IL-1, 94
multichain immune recognition 

receptors and, 121-122
as therapeutic target, 123-124
of TNF receptors, 95, 96f

Kineret. See Anakinra (Kineret)
Kinesiphobia, 2051
Kinetics, of cartilage and bone 

destruction, animal models 
of, 885-886

Kingella kingae
in osteomyelitis, 1056, 1056t
in septic arthritis, 1056, 1056t

KIR3DL1 gene, 1143
KIR3DL2 gene, 1143
KIR3DL5 gene, 1143
KIR3DS1 gene, 1143
KIR3DS5 gene, 1143
KIR genes, in ankylosing spondylitis, 

1142-1143
KIR receptors, in ankylosing 

spondylitis, HLA-B27 and, 
1143

Klebsiella pneumoniae
in anti-TNF-treated patients, 605
in septic arthritis, 1055-1056, 1056t

KL-6 glycoprotein, in myositis, 1451
Klinefelter syndrome, 1247
Knee, 729-748

acute injuries to, 815-817
of adult, 743-745

bursitis in, 743
extensor mechanism injuries in, 

745, 745f
iliotibial band syndrome in, 743
meniscal injuries in, 744-745, 745f
painful disorders of, 735t
patellar tendinitis in, 743
pigmented villonodular synovitis 

in, 744, 744f
popliteal cysts in, 743
synovial chondromatosis in, 743-

744, 744f
alignment of

assessment of, 732-733, 1719
valgus, Q angle in, 732, 732f
varus, osteoarthritis and, 1725-

1726, 1728-1729
as risk factor, 1719-1720, 1719f

arthritis involvement of, 256, 256f
aspiration and injection of, 731, 746
of children, 734

deformities of, 977
discoid meniscus in, 735, 735f
disorders of, 984

diagnostic maneuvers for, 976t, 
978, 978f

examination of, 976t, 978, 978f

hematologic conditions in, 736
inflammatory diseases in, 736
Lyme disease in, 736
malignancies in, 736
osteomyelitis in, 735
painful disorders of, 734, 735t
referred hip pain in, 734-735
septic arthritis in, 735

chronic injuries to, 817-818
of early adolescents, 736-739

Osgood-Schlatter disease in, 736-
737, 736f-737f

osteochondritis dissecans in, 737-
738, 737f-739f

imaging of, 737, 737f-739f
painful disorders of, 735t, 736
physeal injuries and fractures in, 

738
distal femoral, 738-739, 739f

proximal tibial fractures in, 739
Sinding-Larsen-Johansson 

syndrome in, 737
sports-related injuries in, 736
tibial spine fracture and ACL 

rupture in, 739, 739f
enthesitis in, 1214, 1215f
hemophilic arthropathy of, 1918-

1919, 1919f
history taking for, 732
imaging of

for osteoarthritis
MRI in, 1788-1791, 1789f-1790f
plain radiography in, 1787-1788

for spondyloarthropathies, 1153, 
1154f

of infants, 734
injury and degeneration of, 746
juvenile idiopathic arthritis 

involvement of, 1000, 1000f
extension splints for, 1048-1049, 

1049f
growth disturbances with, 1000f, 

1002, 1002f
valgus deformity with, 1024

of late teens/early adulthood, 739-
742

anterior knee pain in, 740
chondromalacia patellae in, 741
medial plica syndrome in, 741
painful disorders of, 735t, 739
patellofemoral maltracking, 

subluxation, and dislocation 
in, 740-741, 740f-741f

traumatic ligamentous injuries in, 
741-742

of anterior cruciate ligament, 
741-742, 742f

of lateral collateral ligament, 742
of medial collateral ligament, 

742
of posterior cruciate ligament, 

742, 742f
ligament injuries in, 815-816
meniscal injuries in, 815
needle arthroscopy of, 279-280, 279f
neuropathic arthropathy of, 1808-

1809, 1809f-1810f, 1809t
surgery for, 1812

normal movement of, 732
muscle and tendons in, 732
patellofemoral motion as, 732, 

732f
tibiofemoral motion as, 732

orthoses for, in adaptive 
rehabilitation, 445

osteoarthritis in
animal models of, 1731-1740 (See 

also Animal models/studies)

bone density and, 1722
classification criteria for, 1709, 

1710b, 1710t
deformity with, 1725-1726
epidemiology of, 1712, 1715-1716, 

1715f
EULAR recommendations on, 

1795b
genetic studies of, 1762-1763, 

1762t, 1763f, 1766-1767
instability with, 1726
joint space width and, 1787-1788

measurement methods for, 
1788, 1788f-1789f

load and, 1721-1722
mesenchymal stem cell 

transplantation for, 165-166
MRI analysis of, 1788-1791, 

1789f-1790f
scoring systems for, 1713,  

1714t
neuromuscular factors of, 1720-

1721
OARSI management guidelines for, 

1794b
obesity and, 1721
pain with, 1710-1711, 1723-1725, 

1724t, 1728-1729
physical activity and, 1721-1722
presentations of, 1728-1729,  

1728f
prevalence of

radiographic, 1711-1712
symptomatic, 1713, 1715t

previous injury and, 1720
progression of, 1712-1713, 1714t
proteinase inhibition for prevention 

of, 161
radiography of, 1770, 1772f

discordance with pain, 1710-
1711, 1718

prevalence in, 1711-1712
structural components contributing 

to, 1719-1720, 1719f, 1762-
1763, 1763f

transgenic KO mice models of, 
159-160

osteochondral fracture in, 817
osteonecrosis of, spontaneous, 1817, 

1818f
Paget’s disease of, 2024f, 2027
patellar dislocation in, 816
physical examination of, 248, 248f, 

732-734
in children, 976t, 978, 978f
for ligamentous stability, 733-734, 

734f
observation and palpation in, 732-

733
for range of motion, 733, 733f

radiography of, 350b, 351
rheumatoid arthritis in, 829, 833, 

833f
radiography of, 862

skeletal anatomy of, 729
distal femur in, 729, 730f
patella in, 729
proximal tibial plateau in, 729, 

730f
sagittal section of compartments, 

729, 730f
in skeletal dysplasia, 2058-2059
soft tissue anatomy of, 729-731

bursae in, 731
ligaments in, 729, 730f-731f
menisci in, 730-731, 731f

spontaneous osteonecrosis of, 1817, 
1818f

in sports medicine
diagnosis in, 814
history in, 814

summary of, 729
systemic lupus erythematosus 

involvement of, 1233
tenosynovitis of, 1154

Knee, and Knee Injury and 
Osteoarthritis Outcome 
Score (KOOS), 1781t, 1782-
1783

Knee pain
with osteoarthritis, 1710-1711, 

1723-1725, 1724t, 1728-
1729

specific disorders causing, per patient 
age group, 734-745, 735t

syndromes of, 745 (See also 
Patellofemoral pain 
syndrome)

Knee replacement, for juvenile 
idiopathic arthritis, 1024-
1025

Kniest’s dysplasia, 1758-1759, 2060
Knockin mouse, 115
Knock knees (genu valgum)

in children, 977
with mucopolysaccharidoses, 2039, 

2039f
Knockout mice

genetic manipulation of, 114-115, 
115f

for gout model, 1853
for metalloproteinase model, of 

osteoarthritis, 159-161
Knowledge transfer, in patient 

education, 428-429, 429t
Internet quality concerns, 429-430

Koebner’s (Köbner’s) phenomena, 282b
in adult-onset Still’s disease, 852
in psoriatic arthritis, 1199

KOSS scoring system, for knee 
osteoarthritis, 1714t

Kozyrev genome scan, 1250, 1250t
Krebs cycle, in mitochondrial 

myopathies, 1480
KRN-GPI arthritis, 882-883, 884t
Ku antigen, 1283t, 1285
Kveim-Siltzbach skin test, 1659, 1666
Kyphoplasty, 673
Kyphosis, 31, 242

with ankylosing spondylitis, surgical 
correction of, 1174, 1175f

L

Labor and delivery, systemic lupus 
erythematosus and, 1337

Laboratory tests, 259-266
for ankylosing spondylitis, 260t
for antiphospholipid antibody 

syndrome, 1241
for Behçet’s syndrome, 1578
biochemistry, 264-265

alkaline phosphatase, 264
calcium, 265
liver function tests, 264
uric acid, 264-265, 265f
vitamin D, 265

for brucellosis, 1073
for calcific tendinitis, of shoulder, 

697
for children with musculoskeletal 

complaints, 979
for chronic kidney disease, 1686
for Churg-Strauss syndrome, 1562
for Cogan syndrome, 1629-1631, 

1630t

Kidney function testing (Continued) Knee (Continued) Knee (Continued) Knee (Continued)
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for cutaneous vasculitides, 1605b
for diffuse idiopathic skeletal 

hyperostosis, 1803
for early polyarthritis, 937
for fibromyalgia, 779
for Gaucher’s disease, 2034, 2035t
for gout, 260t
for heart disease, 305-306
hematology, 259-261

acute-phase reactants, 260-261
hemoglobin, 260
platelet count, 260
white blood cell count, 259-260

for hemochromatosis, 1931-1932, 
1931f-1932f

for hemophilia, 1914
for juvenile dermatomyositis, 1039-

1040
for Lyme disease, 1083
for microscopic polyangiitis, 261t, 

1528-1529
for mixed connective tissue disease, 

1491-1493
in long-term follow-up, 1494

for mycobacterial infections, 1071
for myofascial pain disorder, 766
for myopathies, 1479-1480, 1480b
for neck pain, 651
for nephrogenic systemic fibrosis, 

1687
for neuropsychiatric lupus, 1238
for osteoarthritis, 260t, 1729
for osteonecrosis, 1817
for osteoporosis, of hip, 726
of Paget’s disease, 2023-2026
for panniculitis, 1605
for polyarteritis nodosa, 1528-1529
for polymyositis, 260t
in preoperative evaluation, 631-632, 

631t
for primary angiitis of central 

nervous system, 1618-1619, 
1623, 1623t

for psoriatic arthritis, 1179-1181, 
1180t, 1188-1189

for Raynaud’s phenomenon, 1430
for reactive arthritis, 1103, 1117-

1118
for relapsing polychondritis, 1673-

1674
for rheumatoid arthritis, 260t-261t
for sarcoidosis, 1664-1665, 1664b
for scleroderma, 260t
serology, 261-264

antibodies to citrullinated proteins, 
261-262, 262t, 823, 826, 
834

anti-centromere antibodies, 263
anti-La (SS-B) antibodies, 263
antinuclear antibodies, 260t, 262-

263, 262t, 263f
antinuclear cytoplasmic antibodies, 

264, 264f
antiphospholipid antibodies, 263-

264
anti-RNP antibodies, 263
anti-Ro (SS-A) antibodies, 263
anti-Scl-70 antibodies, 263
anti-Sm antibodies, 262
autoantibodies, 261, 261t
complement, 264
DNA antibodies, 260t, 262,  

262t
rheumatoid factor, 260t, 261, 823, 

829, 830f, 834, 898, 950, 
987

for Sjögren’s syndrome, 261t,  
1343

standard rheumatologic, 1179
biochemistry, 264-265
diagnostic efficacy of, 259, 260t, 

265
hematology, 259-261
outcome predictions with, 950
radiography as, 830f, 836, 950
serology, 261-264

for syphilitic arthritis, 1065
for systemic lupus erythematosus, 

260t-261t, 1302
for systemic sclerosis, 1365
for tuberculous arthritis, 1068

Labral tears
of glenoid, 697, 698f
of hip, 721t, 723-725, 726f

in athletes, 725-726
snapping syndrome with, 728

in sports medicine, 813
Labrum

hip, in femoroacetabular 
impingement, 725-726

shoulder (See Glenoid labrum)
superior, disorders of, 811

Lachman maneuver
for children, 976t
for knee stability, 733-734, 734f

Lachman test, 815f
Lactate dehydrogenase, in myositis, 

1449
Lactate level, in mitochondrial 

myopathies, 1480
Lactation. See Breastfeeding
Lactobacillus-induced arthritis, 

experimental in rats, 880-
881

Lamellar (primary) bone, 67-68, 68f
in long bones, 1963-1964

Laminectomy, for lumbar spine 
stenosis, 680

Laminin, 906, 907t
Lamivudine, 1531
Langerhans’ histiocytosis, 2073
Large bowel. See Colon
Large-vessel giant cell arteritis, 1539-

1540
Large-vessel vasculitis. See also 

Takayasu’s arteritis (TA)
classification of, 1523, 1524t
in Cogan syndrome, 1628, 1629f, 

1633
18F-FDG-PET imaging of, 393-394, 

393f-394f
glucocorticoids efficacy in, 499-500
immunopathogenesis of, 1520

Laronidase (recombinant human α-l-
iduronidase), 2039

Larsen scoring method, for radiography, 
of rheumatoid arthritis, 416, 
417t

Scott modification of, 416, 417t
Laryngotracheal disease, in relapsing 

polychondritis
evaluation for, 1673
management of, 1674
obstructions with, 1671, 1672f

Larynx
edema of, in rheumatoid arthritis, 

842, 843f
neck pain referred from, 646t
systemic lupus erythematosus 

features in, 1244
Laser therapy

for bicipital tendinitis, 693
low-level, for rheumatoid arthritis, 

968
for Raynaud’s phenomenon, 1432

La (SS-B) autoantigens, 1282-1284

Last-observation-carried-forward 
(LOCF), 224

in imaging for outcomes, 414-415
Lateral collateral ligament (LCL), of 

knee, 729
injuries to, 742
stability assessment of, 734

Lateral epicondylar syndrome, 622, 
622f

Lateral epicondyle, rheumatoid arthritis 
in, 832

Lateral epicondylitis, 705-708, 812
Lateral malleolus, in ankle anatomy, 

750f
Lateral subcutaneous malleolar bursa, 

750f
Latissimus dorsi muscle, 685
Lattice size, of immune complexes, 

1263t, 1264
LaValley definitions, of radiographic 

osteoarthritis, 1710-1713
Lck family kinase

in signal transduction, 121, 121f
in T-cell activation and function, 139

Lead, Fanconi syndrome and, 2000b
Lead intoxication, chronic, 340
Learning disabilities, in boys, of 

mothers with systemic 
lupus erythematosus, 1338

Least significant change (LSC), in bone 
density, 401-402

DEXA imaging detection of, 407-408
LE bodies, in systemic lupus 

erythematosus, 1253, 1254f
Lectins

as complement system pathway, 173, 
174t-175t, 176f

in innate immunity, 143-144, 145f
Leflunomide, 519-527

adverse events with, 523, 524t-525t
for ankylosing spondylitis, 1166
chemical structure of, 519
clinical pharmacokinetics of, 519

absorption and bioavailability, 519
drug interactions, 519
metabolism and elimination, 519

for coexistent arthropathy, with 
hepatitis C virus infection, 
1090

contraindications to, 526
efficacy of, 519-523

combination therapy, 521-523, 
522f

dosing studies, 523
long-term, 523
monotherapy, 519-521

for enthesitis, 1218
for juvenile idiopathic arthritis, 

1018t, 1020t, 1021, 1025f
laboratory tests and

effects on, 525-526
before initiation, 526

lung injury related to, 319, 
524t-525t, 525

for lupus nephritis, 1322
mode of action, 519, 520f
in pregnancy, 526, 613t, 615
prescribing tips for, 526
for psoriatic arthritis, 523, 1207
for rheumatoid arthritis, 519-523

with methotrexate, 521-523, 522f
synovitis indications and strategies 

for, 950f, 952-953, 952t, 
955

vs. infliximab, 523
vs. methotrexate, 519-520, 

520f-521f, 523
vs. sulfasalazine, 520-521, 522f, 

523

safety and tolerability of, 521, 523-
526

for sarcoidosis, 1669
summary of, 519
for systemic lupus erythematosus, 

1311
for Wegener granulomatosis,  

1556
Left censorship, in longitudinal studies, 

8
Left-censorship bias, in observational 

studies, 223
Leg. See also Lower extremities

acute injury to, 818-819
chronic injuries of, 819
lower, compartment syndromes of, 

795, 795f
screening examination of, 235
in sports medicine, 818-819
ulcers of

in antiphospholipid syndrome, 
1353-1354

in rheumatoid arthritis, 846,  
847f

Legg-Calvé-Perthes (LCP) disease, 981-
983

clinical presentations of, 997, 997t
epidemiology of, 981-982
imaging of, 982-983, 982f
long-term follow-up care for, 983
pathophysiology of, 983, 983f
prognosis of, 983
treatment of, 983

Legionellosis, in anti-TNF-treated 
patients, 607

Leg-length discrepancy
adduction deformity of hip with, 724, 

724f
congenital vs. acquired, 724
in juvenile idiopathic arthritis, 1002, 

1002f, 1025
epiphysiodesis for, 1024
rehabilitation and, 1046

pelvic tilt etiologies of, 724
Leg-length measurement, in hip 

examination, 724, 724f
Leigh syndrome, 2000b
Lenalidomide, 1698
Lenercept, 588, 593
Lentivirus-induced arthritis, 

experimental in rats, 880-
882, 881f

Leonine facies, 1434f, 1435
Leontiasis ossea, 2023f
Leprosy, 1070-1071

clinical features of, 1071, 1071b
epidemiology of, 1070-1071
investigations of, 1071
microbiology of, 1071
neuropathic arthropathy related to, 

1807
treatment of, 1071

Leptin
bone remodeling and, 1963
as cytokine, 99
TNF inhibitors impact on, 594

Leptomeningeal biopsy, for primary 
angiitis of central nervous 
system, 1619-1620

Lequesne Indices of Clinical Severity, 
1723, 1781t, 1782-1783

Lesch-Nyhan syndrome, 340, 1853
Leucine-rich repeat (LRR) protein 

family, in articular cartilage, 
62-64, 62f

Leucovorin rescue therapy, with 
methotrexate, for myositis, 
1473, 1477

Laboratory tests (Continued) Laboratory tests (Continued) Leflunomide (Continued)
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Leukemia

acute lymphoblastic, in children, 
1678

hairy cell, 1678-1679
Leukemia inhibition factor (LIF), 97-99

in angiogenesis, 907-908
in rheumatoid synovium, 921

Leukocyte function antigen (LFA-1)
in Lyme disease risk, 1080
in myositis, 1465

Leukocyte immunoglobulin-like 
receptors (LILRs), 1143

Leukocyte receptor cluster, 1143
Leukocytes

in adult-onset Still’s disease, 854, 
855t

in angiogenesis, 905-906
chemokine recruitment of, 101-102
in Cogan syndrome, 1627, 1627b, 

1630t
endothelial interaction during 

inflammation, 552-553, 
1512f

in inflammation, 184f
in juvenile idiopathic arthritis, 993, 

1012
ligands, 188t
migration of, in inflammation, 184f
in reactive arthritis, 1104-1105
receptors, 188t
in rheumatoid arthritis, 551, 554
in rheumatoid synovium, 599
in septic arthritis, 1060-1061
technetium labeled, in bone 

scintigraphy, 391-392, 
1060-1061

Leukocytoclastic angiitis, 1524t
Leukocytoclastic vasculitis (LCV)

clinical features of, 1597, 
1598f-1599f, 1599t

cutaneous, malignancies associated 
with, 1678-1679

skin biopsy of, 275, 275f, 1604-1605
systemic diseases associated with, 

1597-1600, 1598b
vasculitic syndromes vs., 1600

Leukoencephalopathy
progressive multifocal, rituximab 

associated with, 567
reversible posterior, with systemic 

lupus erythematosus, 1237
Leukopenia

leflunomide risk for, 524t-525t,  
526

in systemic lupus erythematosus, 
1240

Leukotriene B4 (LTB4)
in joint osteoarthritis, dog model of, 

1731
in rheumatoid synovium, 924

Leukotrienes, in inflammation, 193
Lewis rat models, of arthritis, 879,  

881
LGP2, in innate immunity, 142-143
Libman-Sacks (LS) endocarditis, 309, 

1253, 1254f
Lichen lesions, 1435
Licofelone, for ACL tears, in dog 

model, 1731, 1732f
Lidocaine patches, 802t, 803
Life span, ankylosing spondylitis and, 

1133
Lifestyle

gene interactions with, 130
maternal, juvenile idiopathic arthritis 

and, 991
rheumatoid arthritis and, 826

Lift-off test, 686-687, 807t
Ligamentous stress test, 814f

Ligament(s). See also named ligament, 
e.g., Carpal ligaments

assessment of, in children, 978
chronic pathology in, 83-84
destruction of, in rheumatoid 

arthritis, 925, 927
in elbow, 701, 702f
general considerations with, 83
of hip, 719
hysteresis curve for, 44f
inflammation at insertion sites (See 

Enthesopathy(ies))
injury to

acute, 83
exercise for, 88
NSAIDs for, 88
as osteoarthritis risk, 1720
repair and, 83
treatment of, 87-88

of knee, 729, 730f
anterior cruciate, 729
injury of (See also Anterior cruciate 

ligament (ACL) tears)
in children, 746
in late teens/early adulthood, 

741-742
lateral collateral, 729
medial collateral, 729, 730f
posterior cruciate, 729
posterolateral collection of, 729, 

731f
stability assessment of, 733-734, 

734f
osteoarthritis in, MRI of, 1775, 1775f
psoriatic arthritis in, 1189
of shoulder

acromioclavicular joint, 685
glenohumeral joint, 683, 684f

anatomic variants in, 683, 684f
coracohumeral and 

coracoacromial, 683, 684f
injuries to, 695
stabilizers, 683
sternoclavicular joint, 686

of spine, injection of, 623, 623f
spondyloarthropathies of

imaging for
in peripheral joints, 1153, 1153f
in spine, 1150

peripheral, 1136 (See also 
Enthesitis-related arthritis)

strain-stress response of, in tensile 
loading, 43f

Ligand binds/binding. See also specific 
ligand, e.g., Gamma 
common (γC) chain ligand/
receptor

in B-cell development, 136, 564f
of chemokine antagonists, 101-102
of chemokine receptors, 101 (See also 

CC chemokine entries; CXC 
chemokine entries)

of chemokines, 101
for heparan sulfate/syndecans, in 

articular cartilage, 65
of IL-1 receptor family, 91, 571
in immune response signaling, 119, 

120f (See also Signal 
transduction/pathways)

lipid
in innate immunity, 141, 143f
in signal transduction, 119

nucleic acid
in innate immunity, 141-143, 

143f-145f
in rheumatoid arthritis, 893

for osteoprotegerin (See Receptor 
activator of NF-κB ligand 
(RANKL))

protein, in innate immunity, 141-
142, 143f

of TNF receptor superfamily, 94-95, 
94f, 97t-98t

Toll-like receptor, in rheumatoid 
synovium, 924-925

of type I/II cytokine receptors, 96-97, 
100

Ligase chain reaction test, for N. 
gonorrhoeae, 1064

Ligases, in DNA manipulation, 106f, 
107

Light microscopy (LM)
of Gaucher’s disease, 2034, 2034f
of kidney biopsy, 336

interpretation of, 336
terminology for, 336-337,  

336t
patterns seen on, 336

LIGHT protein, in rheumatoid 
synovium, 919

Likelihood ratio (LR), of laboratory 
tests, 259, 260t

Limbal guttering, 301-302, 302f
Limb-girdle muscular dystrophies 

(LGMDs), 1481t, 1488
Limb pain, benign, in children, 981, 

998
Limp, in children, 997, 997t
Linear extrapolation, 224
Linear interpolation, 224
Linear scleroderma, 1362b, 1364

in children, 1042
clinical characteristics of, 1433-1435, 

1434t
Linkage analysis, 126-127

advantages of, 126
of ankylosing spondylitis, 1143
for complex inheritance, 109-110
microsatellite-based, 126-127
non-parametric, 126
of osteoarthritis, 126-127, 1762-

1763, 1766
parametric, 126
of rheumatoid arthritis, 873-874
for simple Mendelian inheritance, 

108-109, 109f
of systemic lupus erythematosus, 

1247, 1248t
findings of, 1248, 1248t

Linkage disequilibrium, 109
interpretative applications of, 127-

129, 873
in juvenile idiopathic arthritis, 990, 

1012-1013
in rheumatoid arthritis, mapping of, 

875
in systemic lupus erythematosus, 

1249
Lip biopsy, 277, 277f
Lipid crystals, 1899-1901
Lipid disorders, 1910-1911
Lipid liquid crystals, 1900-1901
Lipid-lowering drugs. See also S

tatins
myopathies related to, 1486-1487, 

1486t
myositis associated with, 1460-1461, 

1460t
Lipid mediators, of inflammation, 191-

193
Lipid metabolism

disorders of (See also Dyslipidemia)
myopathies related to, 1482-1484, 

1482b, 1485f
in psoriatic arthritis, 1208
in systemic lupus erythematosus, 

1244, 1262

Lipids
antigens of, T-cell recognition of, 

136, 138
anti-inflammatory, in inflammation, 

193
droplets of, in urine microscopy, 333
as ligands

in innate immunity, 141, 143f
in signal transduction, 119

in synovial fluid, 269, 270f
Lipocortin, 497, 498f
Lipodermatosclerosis, 1603-1604, 

1604f
Lipoma, of bone, 2072
Lipopolysaccharide (LPS)

in bacterial cell wall, 1104
in innate immunity, 141
in rheumatoid arthritis, 899, 916

Liposomes
factor VIII trapped in, for 

hemophilia, 1920
technetium labeled, in bone 

scintigraphy, 391-392
Listeria spp., infection risk with, in 

anti-TNF-treated patients, 
605-608

Literature review, systematic, 219
Lithium, 486, 488t
Livedo reticularis, 1429

in leukocytoclastic vasculitis, 1597, 
1599t

in polyarteritis nodosa, 1526, 1527f
in systemic lupus erythematosus, 

1231, 1231f
Liver

acute injury of, NSAIDs-induced, 
487-489, 489t

in cryoglobulinemia, 1611
granulomas of, in sarcoidosis, 1664
in systemic sclerosis, 1379

Liver disease
in amyloidosis, 1691-1692, 1696-

1697, 1696t
transplantation for, 1698

in Gaucher’s disease, 2031
in rheumatoid arthritis, 841
in Sjögren’s syndrome, 1341
in systemic lupus erythematosus, 

1240
Liver enzymes, 264

in adult-onset Still’s disease, 854, 
855t

in CHIKV-associated arthritis, 1092
in hemochromatosis, 1929, 1931f
hepatitis B virus elevation of, 1089
sarcoidosis and, 1664-1665, 1664b
systemic lupus erythematosus impact 

on, 1240
Liver function

in hemochromatosis, 1929
phlebotomy impact on, 1931f, 

1933
immunosuppressives effect on, 531-

532, 532t, 534
leflunomide effect on, 525-526
Lyme disease impact on, 1081t, 

1082-1083
methotrexate effect on, 1020-1021
NSAIDs effect on, 489t, 492
TNF inhibitors effect on, 594

Liver transplantation, for amyloidosis, 
1698

LJP 394 (abetimus), 1312
LMP2 gene, 1029-1030
Load and shift test, 807t
Loading modes, 40f, 42f
Load/loading

bone adaptation to, 67
Euler’s theory of, 1963, 1963f

Ligand binds/binding (Continued)
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main phases of, 45, 46f
osteocytes role, 1962
Wolff ’s law of, 45, 1960

exercise, in strength training, 443
joint, as osteoarthritis risk, 1718f, 

1719-1722
mechanical, connective tissue 

responses to, 45-50 (See also 
Mechanical stress)

reduced, vertebral weakening and,  
36

in temporomandibular joint, 763
types of, acting on spine, 29, 30f (See 

also Force(s))
in walking cycle, 722, 1721

Local anesthetics
for aspiration or injection, 617, 618t, 

619
for muscle biopsy, 276
for salivary gland biopsy, 277
for skin and subcutaneous tissue 

biopsy, 273
for synovium biopsy, 279-280
for trochanteric bursitis, 727

Local mechanisms
of amyloidosis, 1693

treatment of, 1697
of osteoarthritis risk, 1718f

environmental, 1719-1721, 1719f
hip joint shape as, 1719, 1721
neuromuscular, 1720-1721
previous joint injury as, 1720

Loci, in genome-wide association 
studies, of juvenile 
idiopathic arthritis, 1014

Locking, 238
of jaw, in myofascial pain disorder, 

766, 766b
Loeys-Dietz syndrome, 2048
Löfgren’s syndrome, 1601, 1661, 

1662f, 1666
management of, 1669

Logarithm of odds of linkage (LOD) 
score, 126

in molecular biology, 108-109
for osteoarthritis, 1766

Long bones
chondrodystrophies of, 2048, 2048b
growth disturbances of, in Gaucher’s 

disease, 2032-2033, 
2032f-2033f

osteogenesis imperfecta impact on, 
2042

orthopedic management of, 2044-
2045

osteomyelitis of, 1058, 1058f, 1062
osteoporosis in, bone remodeling 

and, 1963-1964
Longitudinal growth, of bone, 77-78, 

78f
Longitudinal studies, in epidemiology, 

8
censorship in, 8

Loose bodies, in synovial fluid, with 
osteoarthritis, 1724, 1728

Lordosis, of cervical spine, 31
Losartan, 1431, 1871
Lovastatin, 1822
Low back pain

in children, juvenile idiopathic 
arthritis vs., 987-988, 997t, 
998, 1001

clinical trials on, 14t, 19
complementary and alternative 

medicine for, 451-452, 457
economic evaluations of, 27
functional, Waddell tests for, 663, 

664t

with lumbar spine disorders, 659 
(See also Lumbar spine 
disorders)

categories of, 659, 660t
mechanical causes of, 659, 673-

678
non-mechanical causes of, 659, 

667-673
outcome assessment of, 14t, 19
in reactive arthritis, 1116, 1116t

Low-density lipoprotein receptor-related 
protein 5 (LRP5), 75-76. See 
also LRP-5 gene

Lower extremities
arthritis involvement of, 254-255, 

254f-255f
compartment syndromes of, 795, 

795f
complex regional pain syndrome 

affecting, 798, 798f, 800f
enthesis of, 1215-1216
entrapment neuropathies in, 783, 

784f
hypermobility of, in children, 977, 

979f, 981
myositis features in, 1441
Paget’s disease of, 2022-2023, 

2024f-2026f
paresthesia or pain in, with hip 

bursitis, 727-728
physical examination of, 248-249, 

248f
shortening of, with osteoarthritis, 

1726-1727
Lower extremity orthoses

in adaptive rehabilitation, 445
for hypermobility, in children, 981
for rheumatoid arthritis, in foot, 969, 

969f
Lowe syndrome, 2000b
LRCH1 gene, 1766-1767, 1766b
LRP-5 gene, in bone physiology, 75-76, 

1959, 1962
L-selectin, in endothelial inflammation, 

1510-1511, 1512f
LT proteins, in rheumatoid synovium, 

919
Lubrication

articular cartilage, 39f
boundary, 38
fluid film, 38
hydrodynamic, 39f
of joints, 38-39

Lubricin, 53, 55
Luciferase assay, 112, 112f
Lucio phenomenon, 1071
Lumbar spinal stenosis

clinical features of, 675-676
differential diagnosis of, 677, 677b
epidemiology of, 675
etiology of, 675
investigations of, 676-677, 676f- 

677f
low back pain related to, 668t, 675-

677
pathogenesis of, 35, 675, 676f
surgical treatment of, 680

Lumbar spine, 659-682
in acromegaly, 1890f
biomechanics of, 31
forces acting on, 29-31, 30f-31f

injuries related to, 32-33, 33f
resistance to, 32

in health vs. disease, 675, 676f
hip pain referred from, 720-721,  

721t
inflammatory bowel disease 

involvement of, 323, 324f

osteoarthritis in, 1766
low back pain associated with, 

668t
physical examination of, 244-245, 

245f
postero-anterior, DEXA imaging of, 

399-400
case study of, 406-408, 406f, 409f
guidelines for, 410, 410t
limitations of, 408
manufacturer influence on, 404-

406, 406f-408f
range of motion examination of, 661
in skeletal dysplasia, 2057-2058

Lumbar spine disorders
clinical evaluation of, 659-663

history in, 659-660
introduction to, 659
physical examination in, 660-663

disc degeneration as, 29
genetic associations in, 1766
imaging of, 666, 666f-667f
pain related to, 667, 668t, 673-675

electrodiagnostic studies of, 667
electromyography as, 667
nerve conduction tests as, 667
utility of, 667

epidemiology of, 659
impact in, 659
occurrence in, 659
risk factors in, 659

history taking for, 659-660
aggravating and relieving factors, 

660
pain severity measurement, 660, 

660f
pain site, 660
scope of, 659-660

imaging of, 663-666
computed tomography in, 664-665, 

665f
comparison to MRI, 666

MRI in, 665-666, 665f-666f
comparison with other 

modalities, 666, 667f
correlation with clinical findings, 

666
myelography for, 665-666
other techniques for, 666, 666f
plain radiographs for, 663-664, 

664f
radionuclide bone scintigraphy for, 

664, 664f
for spondyloarthropathies, 1148-

1149, 1149f-1151f
for stenosis, 675-677, 675f-677f

investigations of, 663-666
clinical laboratory tests in, 666-

667
electrodiagnostic studies in, 667
imaging in, 663-666

laboratory tests for, 666-667
low back pain with, 659, 660t

categories of, 659, 660t
discogenic axial, 660, 660f
mechanical causes of, 659, 673-

678
non-mechanical causes of, 659, 

667-673
management of, 678-680

complementary therapies in, 679-
680

conservative approaches to, 678
general recommendations for, 678
injection therapy in, 674-675, 679
oral drug therapy in, 678-679
surgical treatment in, 675, 680

mechanical causes of, 659, 673-678

back pain with regional radiation 
as, 677-678, 677f

intervertebral disc disorders as, 
673-675, 674f

spinal stenosis as, 675-677, 676f, 
677b

spondyloarthropathies as, 659-661, 
668t, 673, 674f

zygapophyseal (facet) joint 
syndrome as, 675

neuropathic arthropathy as, 1809, 
1810f, 1812

neuropathic origins of, 659, 660t
non-mechanical causes of, 659, 667-

673
abdominal aortic aneurysm and, 

667
cauda equina compression as, 667
herpetic neuralgia and, 673
infections as, 667-669, 668t
neoplasms as, 669-672, 670t
primary bone disorders as, 672-

673, 672t
rheumatologic, 672
visceral referred pain and, 659-660, 

660t, 673, 674t
physical examination of, 660-663

gait analysis in, 663
general, 660-661
genital, 661
manual muscle testing in, 661, 

663
motor neurons in, 661-662
non-organic physical signs, 663
objective of, 660-661
provocative maneuvers in, 662-663
range of motion in, 661
rectal, 661
reflexes in, 661-663
reproducibility of physical signs, 

663
root tension signs in, 662-663
sensory neurons in, 662
spinal, 661

summary of, 659
Lumican, 59f, 63
LUMINA study, of systemic lupus 

erythematosus, 1223
Lumiracoxib, 485, 486t, 489-490
LUNAR study, of rituximab, 569
Lung biopsy, for interstitial lung 

disease, 317, 841, 1444
with myositis, 1444, 1451

Lung cancer
arthropathy related to, 1677-1678
hypertrophic osteoarthropathy 

associated with, 1704, 1704f
rheumatic disease vs., 1678

Lung disease, 315-320
in Behçet’s syndrome, 1578
cardiac disease with (See 

Cardiopulmonary disease)
chronic, TNF inhibitors for, 587
in Churg-Strauss syndrome, 1561
drug-induced (See Respiratory system 

toxicity)
in Henoch-Schönlein purpura, 1590
in hypertrophic osteoarthropathy, 

1701-1702, 1702f, 1704, 
1704f

interstitial (See Interstitial lung 
disease (ILD))

introduction to, 315, 315b
in juvenile idiopathic arthritis, 998-

999, 999f
in myositis, 318, 1444-1445, 1445b, 

1476
investigations of, 1451

Load/loading (Continued) Low back pain (Continued) Lumbar spine (Continued) Lumbar spine disorders (Continued)
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parenchymal, 315, 317
perioperative management of, 635-

636
Raynaud’s phenomenon and, 318, 

1429f, 1430
restrictive, 635
in sarcoidosis, 1659, 1660f
in Sjögren’s syndrome, 319

imaging of, 1341
in systemic lupus erythematosus, 

318-319, 1241-1242
complement system and, 180

in systemic sclerosis, 1379-1380, 
1390

in systemic sclerosis/scleroderma, 
1363

description of, 317
measurement of, 317, 1369

dyspnea indices in, 1369
6-minute walk test for, 316-317, 

1369
in vasculitic syndromes, 319
in Wegener granulomatosis, 1547, 

1549-1551, 1550f, 1553f
Lupus

antigen-presenting cells in, 1289-
1290

antinuclear antibodies in, 1279-1281
autoantibody production in, 1285-

1287
autoantigens in, 1282-1285
B cells in, 1290-1292
cell debris clearance in, 1289-1290
cell membrane antigens in, 1285
chromatin antigen in, 1284
chronic, 1230, 1231f
cytokines in, 1293t
definition of, 1271
dendritic cells in, 1289-1290
in dialysis patients, 344
disease activity during pregnancy, 

1335
drug-induced

clinical findings in, 1296-1298
definition of, 1295
DNA methylation in, 1295
drug metabolization and, 1295-

1296
epidemiology of, 1295
ethnicity and, 1295
genetics in, 1296
history of, 1295
incidence of, 1295
pathogenesis of, 1295
systemic lupus erythematosus vs., 

1296-1297
treatment of, 1298

drug-induced, TNF inhibitors risk 
for, 590, 593

drug-induced lupus vs., 1296-1297
engineered mouse models of, 1275-

1276
environmental factors in, 1290t
enzyme-linked immunosorbent assay 

for antibodies in, 1279-1280
estrogens and, 1289
ethnicity and, 1271
female gender and, 1289
fluorescent antinuclear antibody 

assay in, 1279, 1280f
genetics of, 1247-1252
immunoprecipitation assays for, 

1281
induced mouse models of, 1275
interferon-γ in, 1293t
interferon overproduction in, 1286, 

1287f
interleukins in, 1293t

Ku antigen in, 1283t, 1285
La (SS-B) autoantigens in, 1282-1284
methotrexate for, 516
mouse models of, 1271-1275
neonatal, 1038, 1337
neuropsychiatric, 1236-1239, 1236t

immunopathology of, 1262
New Zealand black mouse model of, 

1271
nitric oxide in, 194
non-renal, treatment of, 1307-1316
PCNA antigen in, 1285
phospholipid-dependent antigens in, 

1285
plasmacytoid dendritic cells in, 1290
pristane-induced, 1275
renal (See Lupus nephritis)
RNA helicase A antigen in, 1285
RNP autoantigens in, 1282
Ro60 (SS-A) autoantigens in, 1282-

1284
seronegative, kidney biopsy for, 335
Sm autoantigens in, 1282
Su antigen in, 1283t, 1285
susceptibility to, 1289
T cells in, 1291-1293, 1291f
TLR ligands in, 1286-1287
triggering factors, 1289
Western blot test for antibodies in, 

1280f, 1281
Lupus anticoagulant (LAC), 263

in antiphospholipid syndrome, 1355
functional test of, 263
during pregnancy, 1336-1337

treatment of, 1336-1337
in systemic lupus erythematosus, 

1241
Lupus band test, 1254, 1255f
Lupus cystitis, 1236
Lupus enteritis, 1239, 1239f
Lupus erythematosus (LE)

cutaneous (See Cutaneous lupus 
erythematosus (CLE))

systemic (See Systemic lupus 
erythematosus (SLE))

Lupus erythematosus panniculitis/
profundus (LEP), 1603, 
1603f-1604f

management of, 539, 1606
skin lesions with, 286b, 287

Lupus erythematosus tumidus, 286b, 
287

Lupus nephritis, 1234-1236
activity and chronicity indices for, 

1234-1235, 1234t, 1317-
1318, 1318b

prognostic features related to, 
1260-1261

treatment recommendations based 
on, 1324, 1325t, 1328f

induction for proliferative 
disease, 1325-1327, 1327t, 
1328f

maintenance for moderate 
disease, 1326-1327, 1327t, 
1328f

in children, 1331
classification of, 1234-1235, 1234t

ISN/RPS vs. WHO, 1234-1235, 
1234t, 1256-1257, 1256t

clinical features of, 335, 1234
co-morbid conditions of, 1330
controlled trials for, 1319-1322
diagnosis and disease activity 

assessment of, 1317-1319
end-stage renal disease and dialysis 

with, 1331-1332
epidemiology of, 1234

EULAR recommendations for 
management of, 1324, 
1329b

flares in, 1235, 1319, 1325
diagnostic approach to, 1329, 1329t
treatment of, 1329, 1330t

histopathology of, 1234-1235, 1235f, 
1317-1318, 1318t

Class I, 1257, 1318t
Class II, 1257, 1257f, 1318t
Class III, 1257-1260, 1258f, 1318t
Class IV, 1257-1260, 1258f-1259f, 

1261f, 1318t
Class IV-G, 1261
Class IV-S, 1261
Class V, 1258-1260, 1260f, 1318t
Class VI, 1260, 1318t

immunopathology of, 1256-1262
classification approach based on, 

1256-1260
pathogenetic mechanisms in, 

1261-1262, 1262f
membranous lupus nephropathy vs., 

1327-1328
monitoring of, 1319
pharmacologic therapies for, 1322-

1324
azathioprine as, 1323
calcineurin inhibitors as, 1321-

1322, 1324
controlled trials on, 1319-1322
corticosteroids as, 1320, 1322
cyclophosphamide as, 1320, 1322-

1323, 1323b
cytotoxic agents as, 1320, 1322-

1323
leflunomide as, 1322
mycophenolate mofetil as, 1320-

1321, 1323
rituximab as, 1324
treatment recommendations for, 

1324, 1325t, 1327t, 1328f
poor outcome factors of, 1235
in pregnancy, 1330
prognosis of, 1319
progression to renal insufficiency, 

1234-1236
management of chronic, 1331, 

1332t
proliferative, 1325-1327
remission, response, and relapse of, 

1328-1329
renal biopsy for, 1234

electron microscopy of, 1234-1235, 
1235f, 1319t

evaluation of, 1318, 1319t
indications for, 1317-1318, 1318b
morphologic features seen on, 

1234, 1234t
renal transplantation for, 1236, 1332
in systemic lupus erythematosus, 

1223-1224, 1226-1227 (See 
also Systemic lupus 
erythematosus (SLE))

complement system and, 179-180
treatment options for, 1322-1324
treatment recommendations for, 

1324, 1325t, 1328f
Lupus pernio, with sarcoidosis, 1660-

1663, 1661f
Lupus pneumonitis, 1242, 1242f
Luteinizing hormone (LH), 212f
Lymecycline, 1119t
Lyme disease, 1079-1085

antibody tests for, 1083
in children

juvenile idiopathic arthritis related 
to, 1012

knee pain related to, 736
chronic, 1083
clinical features of, 1079
clinical manifestations of, 1080- 

1083
in cardiac system, 1082
continual, 1083
in gastrointestinal system, 1082-

1083
in hepatic function, 1082-1083
in joints, 1082, 1082f, 1082t
in nervous system, 1082
in skin, 1081-1082
by stage, 1080-1081, 1081t

definitions of, 1079
case, for national surveillance, 

1083, 1083b
diagnosis of, 1083
fibromyalgia associated with, 771, 

772b
introduction to, 1079, 1079b
pathogen of, 1079-1080, 1080f
prevention of, 1084
risk factors for, 1080
tick vector of, 1079
time trends of, 7-8
treatment of, 1083-1084

antibiotic-resistance and, 900
antibiotics in, 544, 1083-1084
regimens for, 1083, 1084b

vaccine against, 1084
worldwide locations of, 1079, 1080f

Lymphadenopathy
in adult-onset Still’s disease, 851t, 

853, 853f
in hereditary recurrent fevers, 1638t
in rheumatoid arthritis, 839-840
in sarcoidosis, 1663f, 1664-1665

differential diagnosis of, 1666-1667
in systemic lupus erythematosus, 

1240
18F-FDG-PET imaging of, 394, 

395f
immunopathology of, 1255-1256, 

1256f
Lymphangioma, 2069-2070
Lymphatic system

leflunomide effect on, 524t-525t, 525
in synovium, 53-54, 54f

Lymph nodes
arthritogenic autoimmune responses 

in, 893-894, 894f
hyperplasia of

giant, 1679-1680
in interstitial lung disease, 319

neck pain referred from, 646t
Lymphocyte function-assisted antigen-1 

(LFA-1), 557-560
Lymphocytes

in adaptive immunity
antigen receptors of, 134, 134f, 

141
generation of diversity of, 134-

135
clonal selection and expansion of, 

134
subpopulations of, 133-135

B cells as (See B cells/lymphocytes)
in dermatomyositis, 289
in Felty syndrome, 841, 841f
in inflammation, 188
in juvenile idiopathic arthritis, 1009, 

1010f
methotrexate and, 510t
in mucopolysaccharidoses, 2037
in Sjögren’s syndrome, 291

immunopathologic lesions and, 
1346-1348, 1348f

Lung disease (Continued) Lupus (Continued) Lupus nephritis (Continued) Lyme disease (Continued)
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proliferative diseases with, 1339-
1340, 1342-1343

in synovial fluid, 267, 269, 270f
in systemic lupus erythematosus, 

activation mechanisms of, 
1264, 1265f

T cells as (See T cells/lymphocytes)
TNF inhibitors effect on, 578-579, 

578b, 593
Lymphocytic alveolitis, 1667
Lymphocytic infiltrates, in interstitial 

lung disease, 315
Lymphocytopenia, in systemic lupus 

erythematosus, 1241
Lymphocytosis, diagnostic applications 

of, 259
Lymphoma(s)

B cell (See B-cell lymphoma)
as bone tumor, 2069
cerebral vasculitis associated with, 

1621
methotrexate risk for, 1020-1021
non-Hodgkin’s (See Non-Hodgkin’s 

lymphoma (NHL))
in Sjögren’s syndrome, 1341-1343, 

1347-1348
management of, 1349

subcutaneous panniculitis–like T 
cell, 1603, 1606

T cell (See T-cell lymphoma)
TNF inhibitors risk for, 590, 592-

593
Lymphomatoid granulomatosis (LG), 

1554
Lymphoplasmocellular infiltrate,  

1747t
Lymphoproliferative disease

in cryoglobulinemia, 1611-1612
in Felty syndrome, 841
leflunomide risk for, 525
in Sjögren’s syndrome, 1339-1340, 

1342-1343, 1347
Lymphotoxin, 577

in Raynaud’s phenomenon, 1428
in rheumatoid arthritis, 873

Lymphotoxin-β receptor (LTβR), 95-96, 
97t-98t

Lyon-Schuss radiograph, of knee 
osteoarthritis, 1788, 1789f

Lyrica. See Pregabalin (Lyrica)
Lysine, in collagen fibers, 69-70
Lysol, 2000b
Lysosomal enzymes

deficiencies of, in 
mucopolysaccharidoses, 
2037-2039, 2038t

in gout, 1849f, 1850-1852, 1852f
Lysozyme, in amyloidosis, 1690t, 

1693-1694, 1696

M

Macroglossia, 1692, 1692f
Macrolides, 1071, 1118-1119
Macrophage activation syndrome

in adult-onset Still’s disease, 854
in juvenile idiopathic arthritis, 993, 

999-1000, 1019, 1021, 
1023, 1026

treatment of, 1026
Macrophage colony stimulating factor 

(M-CSF)
osteoclast differentiation and, 74, 

169-170, 170f
in rheumatoid synovium, 917t, 923
signaling receptors for, 101

Macrophage inflammatory protein 1α 
(MIP-1α), 1464

Macrophage-like synoviocytes, 911, 
912f

Macrophage migration inhibitory factor 
(MIF)

angiogenesis mediation by, 905-906, 
907t

in juvenile idiopathic arthritis, 990-
991, 1013

in rheumatoid synovium, 922
Macrophages. See also Monocytes

in adjuvant-induced arthritis, 879-
880, 880f

autoimmune disease initiation role, 
215

in bacterial arthritis, animal models 
of, 881-882, 881f

B cells as, 133, 136
in brucellosis, 1072-1073
CD163-positive, in gut 

spondyloarthritis, 1136
circadian rhythm of, 217
in fibrosis, 1400
in Gaucher’s disease, 2031, 2032f, 

2035
in giant cell arteritis, 1519f, 1520
in inflammation, 187-188
inflammation induction and, 146, 

146f
in innate immunity, 143-144, 147
in juvenile idiopathic arthritis, 1009, 

1010f, 1011
in Kawasaki disease, 1518
melanocortin receptors in, 212-213
in myositis, 1464-1465
products of, 187t
in Raynaud’s phenomenon, 1428
in relapsing polychondritis, 1674
in rheumatoid arthritis, 551, 900-

902
in rheumatoid synovium, 601, 915-

916, 931, 931f
in sarcoidosis, 1667-1668
in Sjögren’s syndrome, 1347
in synovial fluid, 267, 269-270

steroid conversion in, 213f, 215-
216

in synovium, 51-53, 52f-53f
intimal, 52

T cells as, 136, 138-139, 138f
in tissue destruction/repair, 154, 

156f
TNF inhibitors effect on, 578-579, 

578b
in tuberculosis protection, 1067
in Wegener granulomatosis, 1554, 

1555f
Macrophagic myofasciitis, 1447
Macrovascular disease, with systemic 

sclerosis, 1409
Macular edema

in rheumatoid arthritis, 844-845
with uveitis, 297-299

Macule, 286b
MAGIC (Mouth and Genital ulceration 

with Inflamed Cartilage) 
syndrome, 295, 1578, 1673

Magnesium deficiency, bone mass and, 
1960

Magnesium whitlockite, 1894-1895
Magnetic field, external, in MRI, 367, 

368f
Magnetic resonance angiography (MRA)

of bicipital tendinitis, 693
of hip, 725, 726f
in kidney function testing, 335, 340
of primary angiitis of central nervous 

system, 1619, 1619f-1620f, 
1623

of Takayasu’s arteritis, 1570-1571

Magnetic resonance imaging (MRI), 
367-376

of adult-onset Still’s disease, 849, 
852f, 853

advanced techniques of, 370-375
balanced steady-state free 

precession as, 371, 
371f-372f

cartilage thickness and volume 
mapping as, 372-373, 373f

3D fast spin-echo as, 371, 372f
driven equilibrium Fourier 

transform as, 371
dual-echo steady-state as, 370
fluctuating equilibrium as, 371
high-field as, 372, 372f
physiologic, 373-375
vastly interpolated projection 

reconstruction as, 371, 
371f-372f

of ankylosing spondylitis, as outcome 
measure, 422-423, 
422t-423t

of axial spondyloarthritis, 1123-1125, 
1124f-1125f, 1125t

basic principles of, 367-368
contrast as, 367-368
free induction delay as, 367, 368f
overview of, 367
proton alignment as, 367, 368f
T1 relaxation as, 367
T2 relaxation as, 367, 368f

of bicipital tendinitis, 693, 693f
bone marrow abnormalities on, 865
for bone tumor staging, 2063
of brain

for Cogan syndrome, 1629-1630
for neuropsychiatric lupus, 1239
for systemic lupus erythematosus, 

1237, 1238f
of brucellosis, 1072, 1072f
of cardiac complications, 311
of cervical spine, for neck pain, 648, 

650, 650f
of compartment syndromes, 795
of complex regional pain syndrome, 

800
conclusions of, 375
conventional methods of

2D fast spin-echo as, 369, 
369f-370f

3D gradient-echo as, 369, 370f
3D spoiled gradient-recalled echo 

as, 369, 372f
overview of, 368-369

of diabetic muscle infarction, 1684
of diffuse idiopathic skeletal 

hyperostosis, 1802-1803, 
1802f

of enthesitis, 1216, 1216f-1217f
of entrapment neuropathies

carpal tunnel syndrome, 790
cubital tunnel syndrome, 785-786
median nerve and, 786
piriformis syndrome, 792
tarsal tunnel syndrome, 793
thoracic outlet syndrome, 784

functional, of fibromyalgia, 774-775, 
775f, 777

of Gaucher’s disease, 2032f-2033f, 
2033-2034

of heart, with systemic lupus 
erythematosus, 1243

of hemophilic arthropathy, 1915f
of hip, 724-725, 728

in children, 978, 982-983
for osteitis pubis, 727
for osteoporosis, 726, 726f

image quality in, 368

introduction to, 367
of juvenile idiopathic arthritis, 996, 

1009, 1011f, 1017
of juvenile-onset 

spondyloarthropathies, 
1030-1032, 1031f-1032f

after treatment, 1033-1034, 1033f
of knee

for meniscal injuries, 744-745, 
745f

MRI scoring systems for, 1713, 
1714t

for osteoarthritis, 1762-1763, 
1763f

dog model of, 1732, 1733f
of lumbar spinal stenosis, 675-676, 

675f
of lumbar spine disorders, 665-666, 

665f-666f
comparison with other modalities, 

666, 667f
correlation with clinical findings, 

666
as muscle biopsy adjunct, 276, 1039
of musculoskeletal system, 

advantages of, 367-368,  
375

of myofascial pain disorder, 766-767
of myositis, 1450-1451, 1451f, 1476-

1477
in juveniles, 1039-1040

of neuropathic arthropathy, 1808f, 
1810

of osteoarthritis, 1774-1777
abnormalities detected by, 1774-

1775
association with symptoms, 1775-

1776
of bone attrition, 1774
of cartilage abnormalities, 1775, 

1775f-1776f
of erosion, 1774
of fibrocartilage and ligament 

abnormalities, 1775, 1775f
grading systems for, 1713, 1714t
limitations of, 1776
of osteophytes, 1774
for outcome assessment, 1788-

1791
analysis methods for, 1788-1791

compositional measures of 
articular cartilage, 1789

observer-dependent semi-
quantitative, 1788-1789, 
1789f

quantitative cartilage 
measurement evaluation 
longitudinal change in 
morphometry, 1790

quantitative measurements 
using computer-aided 
processing, 1789, 1790f

quantitative measures 
interpretation issues, 1790-
1791

semi-quantitative progression, 
1790

whole-joint quantification, 
1789, 1790f

overview of, 1788
of subchondral bone marrow 

changes, 1774, 1774f
of synovitis and joint effusion, 

1774-1775
of osteochondritis dissecans lesions, 

737, 738f
of osteomyelitis, 1060-1061, 1061f

Lymphocytes (Continued) Magnetic resonance imaging (MRI) 
(Continued)
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EX of osteonecrosis, 1818-1820, 
1818f-1819f

for early diagnosis, 1817, 1818f, 
1819, 1820f-1822f

of Paget’s disease, 2023f, 2026
of peripheral joints, for 

spondyloarthropathies, 
1154, 1154f

PET combined with, 393
physiologic advanced techniques of, 

373-375
contrast-enhanced as, 373, 373f
delayed contrast-enhanced 

mapping as, 373-374, 374f
sodium as, 374-375, 375f
T2 relaxation time mapping as, 

373, 374f
T1rho mapping as, 373, 374f

of primary angiitis of central nervous 
system, 1617, 1619, 1623

of psoriatic arthritis, 1187, 1189, 
1192f, 1205-1206

as outcome measure, 421
of retroperitoneal fibrosis, 1684, 

1685f
of rheumatoid arthritis, 170, 865-

866
in cervical spine, 832, 833f
in hands and feet, 834
as outcome measure, 418, 419t

of rotator cuff tears, 691-692, 692f
of rotator cuff tendinitis, 690
of salivary gland, for Sjögren’s 

syndrome, 1344
of sarcoidosis, 1665, 1669

central nervous system, 1661
myocardial, 1661

of septic arthritis, 1058-1061, 1061f
of skeletal dysplasia, 2057
of spine, for spondyloarthropathies, 

1150, 1151f
of synovial sarcoma, 1683
of tuberculous arthritis, 1069, 1069f
of Wegener granulomatosis, 1550, 

1551f
Magnetic resonance spectroscopy 

(MRS), of myositis, 1451
Magnet therapy, 450t, 679, 1812
Magnification radiography, 352-353
Mahler dyspnea index, for scleroderma, 

1369
Maintenance therapy

for lupus nephritis, 1321, 1324
discontinuation guidelines for, 

1317, 1329b
recommendations for, 1326-1327, 

1327t, 1328f
unresolved issues with, 1332

for membranous lupus nephropathy, 
1328

Major histocompatibility complex 
(MHC)

in animal models of arthritis, 879, 
880f

class I
in muscle development and 

regeneration, 1458
in myositis, 1462f, 1464-1465, 

1464f
juvenile, 1038, 1039f

class II, TCR interaction with, in 
rheumatoid arthritis, 870, 
872f

in innate immunity, 146-147, 148f
in Kawasaki disease, 1518
β2-microglobulin as, 342
in psoriatic arthritis, 1195

in reactive arthritis, 1104-1105, 
1107-1108

in rheumatoid arthritis, 551-552, 
899f

infection and, 899-900
type II collagen and, 897

in T-cell co-stimulation, 557, 
558f-559f

in T cell-mediated immunity, 136, 
873

antigen processing and 
presentation by, 136-138, 
137f

CD1 pathway of, 138
class III pathway of, 873
class II pathway of, 137-138, 137f, 

873
class I pathway of, 136-138, 137f, 

873
developmental role, 138, 138f

Major histocompatibility complex 
(MHC) antigen-peptide 
vaccines, 553

Major histocompatibility complex 
(MHC) antigen vaccines, 
553

Major histocompatibility complex 
(MHC) genes

in ankylosing spondylitis, 1141-1143
HLA-B27 and B27 subtypes, 1141, 

1142f
linkage studies of, 1143
non–HLA-B genes vs., 1141-1143
other, 1141-1142

in Behçet’s syndrome, 1575
haplotypes of, in T cell-mediated 

immunity, 136
in myositis, 1440
organization on chromosome 6, 873, 

874f
in rheumatoid arthritis, 869

disease susceptibility vs. severity 
related to, 872-873

HLA-DRB1 susceptibility and, 869, 
870t, 872t

HLA typing of, 869, 870f
non-HLA genes within, 873, 874f
TcR interaction models of, 870, 

872f
in systemic lupus erythematosus, 

1248-1249
background on, 1248-1249, 1249f
complement components of, 1249
HLA and, 1248-1249
TNF gene and, 1248-1249

Maladaptive illness behaviors, in 
fibromyalgia, 776-777, 776f

Malaise, history taking for, 238
Malar dermatitis, 285, 286f
Malignancies. See also specific type, 

e.g., Lymphoma
abatacept risk for, 561-562
autoimmune disease associations 

with, 1677
of bone, 2064-2065

bone-forming, 2064-2065
cartilage-forming, 2067-2068
in children, 984
fibrous, 2071

in children
of bone, 984
of knee, 736
musculoskeletal features of, 976t, 

979
hematuria with, 329
juvenile idiopathic arthritis vs., 997t, 

998

lumbar pain related to, 670-672, 
670t, 671f-672f

of lung, digital clubbing associated 
with, 1702f, 1703-1704, 
1704f

myositis and, 1447-1448, 1461
clinical identification of increased 

risk with, 1448
increased risk with, 1447-1448
pathogenesis of, 1448
screening recommendations for, 

1448
types having increased risk with, 

1448
paraneoplastic theory of, 1448
rheumatoid arthritis and, 839-841
systemic lupus erythematosus and, 

1244
thalidomide for, 544t
that mimic rheumatic disease, 1678-

1679
TNF inhibitors risk for, 592-593

Malingering, 663
Malleoli, rheumatoid arthritis and,  

833
Mallet finger, 242f, 1726
Malocclusion, with juvenile idiopathic 

arthritis, 1002, 1003f
Mammalian TLR system, Drosophila 

Toll system vs., 144-146, 
145f

Mandible
growth disturbances of, with juvenile 

idiopathic arthritis, 1002, 
1003f

intraoral examination of, 765
in TMJ muscle palpation techniques, 

763-765
Manipulation

in gene analysis, of rheumatoid 
synovium, 915f

spinal (See Therapeutic 
manipulation)

Mannose-binding lectin (MBL), 173, 
174t

Manual dexterity
hemochromatosis impact on, 1931
juvenile idiopathic arthritis effect on, 

1046
rehabilitation consideration of, 

1050, 1050f
with osteoarthritis, 1725

Manual muscle testing
for lumbar spine disorders, 661,  

663
for myositis, 1441, 1441t, 1475-

1476, 1476t
in juveniles, 1039-1040

Manual therapies, for neck pain, 654
Manubriosternal joints, arthritis 

involvement of, 253
Marfan syndrome, 2047-2048

clinical features of, 2047
cardiovascular, 2047
Ghent nosology of, 2047, 2047b
infantile, 2047
ocular, 2047
skeletal, 2047, 2047f

description of, 2041
diagnostic studies for, 2047
differential diagnosis of, 2048
epidemiology of, 2047
etiology and pathogenesis of, 2048
history of, 2047
management of, 2048
prognosis of, Ghent nosology of, 

2047
Martin Gruber anastomosis, 790

MASCOT study, of DMARDs 
combination therapy, 536-
537

MASP proteases, in complement 
system, 174t, 175, 
175f-176f, 178

Massage therapy, 450t, 457t, 679, 
1048

Masseter muscle, in TMJ, 763
palpation of, 763-765, 764f-765f

Mass lesions, in primary angiitis of 
central nervous system, 
1618

Mass spectroscopy, in proteomics, 117
Mast cells

in inflammation, 187
in rheumatoid synovium, 918
in synovial fluid, 270

Mastication muscles, 763, 764f, 766, 
766b

relaxation techniques for, 767
Material properties, structural 

properties vs., 39
Maternal lifestyle, juvenile idiopathic 

arthritis and, 991
MATN3 gene, 1764
Matrilin-1. See Cartilage matrix protein 

(CMP)
Matrillins, in articular cartilage, 64
Matrix-assisted laser desorption 

ionization (MALDI), 117
Matrix-associated procedures of ACI 

(MACI), 163
Matrix extracellular 

phosphoglycoprotein 
(MEPE), 72

Matrix-guided application, of 
mesenchymal stem cells, 
164-166, 165f

Matrix metalloproteinases (MMPs). See 
also specific enzyme, e.g., 
Collagenases

in angiogenesis, 905-907
inhibition of, 908

in capsulitis, 694
in joint osteoarthritis

dog model of, 1731-1732
genetically modified mice models 

of, 1736, 1737t
rabbit model of, 1734-1735
sheep model of, 1733
small animal models of, 1735

in psoriatic arthritis, 1200
in rheumatoid arthritis, 925-927, 

925f-926f
inflammation role, 927

in rheumatoid synovium, 600, 900-
901

in synovium, 51, 56
in tendinopathy, 87t
tetracycline inhibition of, 545
in tissue destruction, 153-156

active enzyme inhibition and, 156, 
156f

collagenases as, 154, 156f
critical control mechanisms of, 

154, 157f
domain structure of, 154, 155f
main groups of, 154, 154f
membrane-type, 153-155, 154f
proenzyme activation and, 155, 

156f-157f
synthesis and secretion of, 154-

155, 157f
transgenic mice KO models of, 

160-161
tissue inhibitors of (See Tissue 

inhibitors of 
metalloproteinases (TIMPs))

Magnetic resonance imaging (MRI) 
(Continued)

Major histocompatibility complex 
(MHC) (Continued)

Malignancies (Continued)



IN
D

EX

I67

TNF inhibitors effect on, 578-579, 
578b

Matrix metalloproteinases (MMPs) 
inhibitors, 161

Matrix proteins, in articular cartilage, 
57-66, 58f-59f, 61f-62f

Maxilla, Paget’s disease of, 2023f, 2026
Maximum medical improvement 

(MMI), 15
Mayaro virus, 1091t
Mazzotti reaction, to 

diethylcarbamazine, 1077
MBL gene, 1250, 1250t
McArdle’s disease, 1479-1483
McGill Pain Questionnaire, 461, 

1781t, 1782
McKusick-type dysplasia, 2048
McMurray test

for children, 976t
for meniscal tear, 744, 1729

MCT9 gene, 1854
MDRD equation, for glomerular 

filtration rate, 333-334, 1319
MDR1 (multidrug resistance protein 1) 

gene, 208
Mean, in clinical research, 224
Measles, 179, 2022
Mechanical function, of bone, 67
Mechanical maneuvers, for 

thromboembolism 
prevention, 638-639

Mechanical noxious stimuli, 
nociception and, 200, 200f

Mechanical stress
biological (See Biomechanical stress)
connective tissue response to, 45-50

activated intracellular signal 
cascades in, 47

ATP in, 48
in bone matrix, 77, 77t, 153
concluding remarks, 48
connexins in, 47
cytokines in, 48
exposure factors, 45
G protein–coupled receptor signal 

transduction pathways in, 
47-48

autocrine/paracrine signaling 
events and, 48

mitogen-activated protein 
kinases and, 47-48

NF-kappa B pathway, 48
phosphoinositide 3-kinase–Akt/

Protein kinase B pathway, 
47

growth factors in, 48
integrins in, 46
mechanocoupling in, 45-46
mechanosensitive cells in, 45, 46f
mechanotransduction in, 46, 46f

autocrine/paracrine signaling 
events in, 48

nitric oxide in, 48
physiochemical changes as, 45-46
primary cilia in, 47
stretch-activated ion channels in, 

46-47
summary of, 45

in diffuse idiopathic skeletal 
hyperostosis, 1804-1805

osteocytes viability preservation with, 
76

bone remodeling and, 1962
osteonecrosis related to, 1817
synovium response to, 55

Mechanic’s hand, 288-289, 289f, 1442, 
1444b, 1444f

Mechanoreception, 200
in connective tissue cells, 46
in osteoarthritis, 1724-1725

Mechanosensory cells, 76
Medial collateral ligament (MCL), of 

knee, 729, 730f
injuries to, 742, 743f
stability assessment of, 733

Medial epicondylar syndrome, e70f, 
622

Medial epicondylitis, 708, 812
Medial femoral condyle (MFC), 

osteochondritis dissecans of, 
737, 737f

Medial malleolus, in ankle anatomy, 
750f-751f

Medial meniscus destabilization, as 
osteoarthritis model, 159-
160

Medial patellofemoral ligament (MPFL), 
740-741

Medial plica syndrome, 741
Medial ulnar collateral ligament 

injuries, 812
Median, in clinical research, 224
Median nerve compression syndromes, 

786-787, 787f
anterior interosseous, 786
carpal tunnel, 787, 788f-789f, 789
pronator teres, 786-787

Mediators
of angiogenesis, 906, 907t, 1513
of central sensitization, 202-203
of gout, 1850b, 1851-1852, 1852f
of inflammation, 189-195
of nociception, 199, 201-202, 201b
of synovial angiogenesis, 905-906, 

907t
Medical code of ethics, 228
Medical costs, vs. benefits. See 

Economic evaluation
Medical evaluation, economic 

evaluation in, 23
Medical events/illness, history taking 

for, 238-239, 239t
Medical expertise, in ethical research, 

228-229
Medical literature, 219-225

conclusions of, 225
introduction to, 219
levels of evidence in, 219
observational studies in (See also 

Observational studies)
critical appraisal of, 222-223
RCTs vs., 219-220

critical appraisal of, 223-225
RCTs in (See also Randomized 

controlled trials (RCTs))
critical appraisal of, 220-222
observational studies vs., 219-220

critical appraisal of, 223-225
Medical synovectomy, 627, 1918
Medication, description of, 450t. See 

also Drug entries
Meditation, 462
Medium-vessel vasculitis

classification of, 1523, 1524t
in Cogan syndrome, 1628
heart disease with, 308-309
immunopathogenesis of, 1518
in polyarteritis nodosa, 1528, 1528f
as rheumatic disease complication, 

1528
in rheumatoid arthritis, 846

Medsger Severity Index, for 
scleroderma, 1367-1368

Medullary cystic kidney disease 
(MCKD), 1848

Mefenamic acid, 486t

MEFV gene, 1637, 1641
Megakaryocytes, in hypertrophic 

osteoarthropathy, 1704, 
1704f

Meischer’s granulomas, 1601
Melanocortin receptors, in 

macrophages, 212-213
Melanocortins, in gout, 1852
MELAS syndrome, of myopathy, 1484-

1486
Meloxicam, 486t

for ankylosing spondylitis, 1160, 
1164t

for juvenile idiopathic arthritis, 
1017-1019, 1019t

Melphalan, 1697-1698
Meltzer’s syndrome. See Essential 

mixed cryoglobulinemia
Membrane attack complex (MAC)

in complement system, 173-174, 
174t, 178-179

in innate immunity, 144, 145f
Membrane cofactor protein (MCP),  

178
Membrane regulatory proteins, in 

complement system, 173, 
174t

control mechanisms of, 177-179, 
178f

targeting role, 554
Membrane-type matrix 

metalloproteinases 
(MT-MMPs)

in angiogenesis, 905
in tissue destruction, 153-155, 154f

Membranoproliferative 
glomerulonephritis (MPGN), 
336-337, 336t

Membranous glomerulonephritis, 336, 
336t

in rheumatic diseases, 337
Membranous lupus nephritis, 1258-

1260, 1260f
Membranous lupus nephropathy, 1327-

1328, 1330
Memory B cells, in rheumatoid 

arthritis, 563
Memory disorders, with Lyme disease, 

1083
Memory T cells

in juvenile idiopathic arthritis, 1009
in rheumatoid arthritis, 901
in synovium, 54

Men
bone mineral density testing of

guidelines for, 400, 409-410,  
410t

limitations of, 408
learning disabilities in, 1338
osteoporosis in, 1956

Mendelian inheritance, 1247
positional cloning to identify, 108-

109, 109f
Ménière-like attacks, in Cogan 

syndrome, 1625, 1628-1629
Meningioma, 670t
Meningitis

cerebral vasculitis vs., 1617-1618, 
1618t, 1620-1621, 1623

granulomatous, in rheumatoid 
arthritis, 845, 845f-846f

with Lyme disease, 1082
Meningomyelocele (spinal dysraphism), 

1807-1808
Meniscectomy

arthroscopic partial, 744-745, 745f
for myofascial pain disorder, 768
for osteoarthritis induction, in small 

animals, 1735-1736, 1736f

genetically modified, 1736
rabbit model of, 1734, 1734f
sheep model of, 1731-1733

Menisci
of knee

anatomy of, 730-731, 730f-731f
destabilization of medial, as 

osteoarthritis model, 159-
160

discoid, in children, 735, 735f
functions of, 1790
tears of, 741-742, 744-745, 745f

osteoarthritis and, 1720, 1724t, 
1725, 1729

mechanical stress response in, 
connexins and, 47

of temporomandibular joint
displacement of, 763, 764f
functional anatomy of, 763
osteoarthritis and, 1729

Meniscofemoral ligaments, of knee, 
731

Menopause
bone mineral density and, 407, 409-

410, 410t
bone remodeling and, 1962-1963, 

1963f
disease risks in, 436-437
estrogen stimulation of immune 

mechanisms and, 213f, 216
osteoarthritis and

glucocorticoids risk for, 500
radiographic prevalence of, 1711-

1712
as risk factor, 1711-1713, 1718
small animal models of, 1736
symptomatic prevalence of, 1713

osteoporosis and, 2017-2018
rheumatoid arthritis and, 211
systemic lupus erythematosus and, 

1223-1225
urate balance and, 1842, 1843t

Menstruation/menstrual cycle
autoimmune disease symptoms 

during, 211, 213f
bone mass and, 1960
gonococcal infection and, 1063
immunosuppressives effect on,  

533
Mental degradation, with 

mucopolysaccharidoses, 
2038t

Meperidine, 472
MEPEX trial, on microscopic 

polyangiitis, 1530, 1530t
Meralgia paresthetica, 792-793

anatomy of, 792, 793f
clinical presentation of, 792
description of, 792
diagnosis of, 792-793
etiology of, 792

6-Mercaptopurine, 2000b
6-Mercaptopurine sulfate (Mesna), 533-

534
in pregnancy, 613t, 614

Meridian theory, 451, 452f
MERRF syndrome, of myopathy, 1484-

1485
Mesangial proliferative 

glomerulonephritis, 336, 
336t

in lupus nephritis, 1234-1235, 
1234t, 1235f

immunopathology of, 1257, 1257f, 
1261

treatment of, 1327-1328, 1327t
in rheumatic diseases, 337, 340
in rheumatoid arthritis, 846

Matrix metalloproteinases (MMPs) 
(Continued)

Meniscectomy (Continued)
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Mesenchymal stem cells, 163-166

for connective tissue matrix repair, 
161-162

for knee osteoarthritis, 165-166
for lupus nephritis, 1332-1333, 

1333t
osteoblasts originating from, 75
in tissue engineering, 163-166

for cartilage repair, 77, 161-164
immune suppressive effects of,  

166
intra-articular injection of, 164, 

165f
matrix-guided application of, 164-

166, 165f
natural scaffolds for, 165-166
synthetic scaffolds for, 165

Mesenteric vessel, systemic lupus 
erythematosus involvement 
of, 1239

Mesna. See 6-Mercatopurine sulfate 
(Mesna)

Messenger RNA (mRNA)
in gene transcription, 110, 110f
myositis and, 1464
rheumatoid synovium and, 915f, 

921f, 925-926, 925f
Sjögren’s syndrome and, 1345-1348

Meta-analysis, 219, 224
of systemic lupus erythematosus 

genetics, 1250, 1250t
Metabolic acidosis

in renal insufficiency, 1331, 1332t
in renal osteodystrophy, 2017

Metabolic disease, gout and, 1865
Metabolic disorders

calcium pyrophosphate crystal-
associated arthropathy and, 
1876, 1882b

carpal tunnel syndrome associated 
with, 788, 788t

chondrodystrophies associated with, 
2048b

HIV infection associated with, 1088
juvenile idiopathic arthritis vs., 997t
metabolic myopathy related to, 1481-

1482, 1482b
in myositis, 1465-1466
neck pain related to, 645-647, 646t
postoperative management of, 638
Raynaud’s phenomenon associated 

with, 1428b
Metabolic myopathies, 1481-1486

description of, 1481-1482, 1482b
diagnostic evaluation of, 1479-1480
differential diagnosis of, 1479, 1480t
exercise intolerance in, 1482-1483, 

1482b, 1485
glycogen metabolism disorders, 1482-

1483, 1482b, 1483f-1484f
lipid metabolism disorders, 1482-

1484, 1482b, 1485f
myositis vs., 1446b, 1447, 1447t
pathology of, 1482
primary, 1482-1486
secondary, 1480t, 1486

Metabolic syndrome
in diffuse idiopathic skeletal 

hyperostosis, 1804-1805
management of, 1805

gout associated with, 1854
hyperuricemia and, 1855-1856
in systemic lupus erythematosus, 

1244
Metabolism

balance determinants of, 433, 434f
calcium, 1997-1998
drug, drug-induced lupus and, 1295-

1296

glucocorticoids adverse effects on, 
501

juvenile idiopathic arthritis impact 
on, 1003

leflunomide effect on, 524t-525t
phosphorus, 1997-1998
pyrophosphate, 1882-1884
vitamin D, 1997-1998

Metabolomics, 130
Metabotropic receptors, of sensory 

neurons, 201-203, 201b
Metacarpal bones

assessment of, in children, 978
growth defects in, with juvenile 

idiopathic arthritis, 1002
psoriatic arthritis in, 1189, 1190f

Metacarpophalangeal (MCP) joints, 
712f-713f

arthritis involvement of, 252-254, 
253f

aspiration/injection of, e68f, 619-
620, 620f

in Dupuytren’s disease, 716-717
hemochromatosis of, 1929, 1931, 

1931f
imaging of, for 

spondyloarthropathies, 
1151, 1151f, 1154, 1154f

juvenile idiopathic arthritis 
involvement of, 1000, 1000f

osteoarthritis in, 1725-1726
radiographic prevalence of, 1712, 

1712f
physical examination of, 711-713
rheumatoid arthritis in, 829-830, 

830f-831f
ulnar deviation at, 242f

Metalloproteinases. See also Matrix 
metalloproteinases (MMPs)

structure of, 926, 926f
Metalloproteinase transgenic KO mice, 

as osteoarthritis model, 160-
161

Metaphysis, 67
bone growth and, 77-78, 78f
Legg-Calvé-Perthes disease features 

in, 981-983, 982f
Metastases/metastatic disease

arthropathy related to, 1677-1678, 
1678f

of neuroblastoma, to bone, 2069
in Paget’s disease, 2023, 2026
skeletal, lumbar pain related to, 670-

672, 670t, 672f
Metatarsal bones

in foot anatomy, 752f
psoriatic arthritis in, 1189, 1191f

Metatarsalgia
causes of, 757-758
Morton’s, 794-795 (See also 

Morton’s metatarsalgia)
Metatarsal pad, 760
Metatarsophalangeal (MTP) joints

anatomy of, 749-750, 752f
arthritis involvement of, 254-255
arthrodesis of, 760, 760f
aspiration/injection of, e72f, 625, 

625f
assessment of, in children, 978
in forefoot pain, 756-758
juvenile-onset spondyloarthropathies 

involvement of, 1030, 1032
osteoarthritis in, 1729, 1729f

radiographic prevalence of, 1712
in physical examination, 751
psoriatic arthritis in, 1190f
rheumatoid arthritis in, 829, 833-

834

Methadone, 471t, 473-476, 476t
Methemoglobinemia, from dapsone, 

539-540, 540t
Methicillin-resistant Staphylococcus 

aureus (MRSA)
in anti-TNF-treated patients, 607
in septic arthritis, 1055-1056, 1062t

Methimazole, drug-induced lupus and, 
1296f

Methionine, methotrexate and 
synthesis of, 511f

Methodologic approach, to economic 
evaluations, 23, 24f, 25

in drug development, 26
Methotrexate (MTX)

abatacept combined with, 512-513
adenosine concentrations and, 

extracellular, 511f
adhesion molecules and, 510t
for adult-onset Still’s disease, 856
adverse effects of, 513-514, 514t
for ANCA-associated vasculitis, 515-

516
angiogenesis and, 510t
for ankylosing spondylitis, 515

with infliximab, 1168
aspartate aminotransferase elevation 

with, 513
auranofin combined with, 512
azathioprine combined with, 512
azathioprine vs., 512
for Behçet’s syndrome, 1580
betamethasone combined with, 512
bioavailability of, 509
bone formation and, 510t
cardiovascular risks with, 307
chemical structure of, 510f
for Cogan syndrome, 1631-1632
combined with other disease-

modifying antirheumatic 
drugs, 512

cytokines and, 510t
degradative enzymes and, 510t
DMARDs combined with, 535-537, 

536t-537t
for early arthritis, 939
effects of, 510t
for enthesitis, 1218
etanercept vs., 512
failure of, as TNF inhibitors 

indication, 578b, 579-580
for Felty syndrome, 515, 841
folic acid supplementation with, 514
for giant cell arteritis, 516, 1543-

1544
gold combined with, 512
gold vs., 512
hematologic abnormalities with, 513
hepatic safety monitoring in, 515b
in hepatitis patients, 513-514
interstitial pneumonitis with, 514
intra-articular administration of, for 

rheumatoid arthritis, 513
for juvenile idiopathic arthritis, 515, 

1017, 1018t, 1019-1021, 
1020t-1021t, 1025-1027

combined with other drugs, 1021-
1022, 1025-1026, 1025f

as uveitis therapy, 1023, 1026-
1027

for juvenile-onset 
spondyloarthropathies, 1033

for juvenile-onset systemic lupus 
erythematosus, 1037

lung injury related to, 319, 1020-
1021

for lupus, 516
lymphocyte function and, 510t
mechanism of action of, 509-510

methionine synthesis and, 511f
for microscopic polyangiitis, 1530, 

1530t
mode of action, 521
mortality reduction with, 513
for myositis, 1473-1474, 1474f

combined with azathioprine, 1475, 
1477

in juveniles, 1040-1041
neutrophils and, 510t
NSAIDs interaction with, 488t
penicillamine vs., 512
pharmacogenetics of, 207-208, 207f, 

208t
pharmacogenomics of, 514
pharmacology of, 509-516
for polymyalgia rheumatica, 516, 

1538
in pregnancy, 514, 613t, 615, 1335, 

1336t
prostaglandins and, 510t
for psoriatic arthritis, 515, 1206
purine synthesis and, 511f
pyrimidine synthesis and, 511f
for reactive arthritis, 1119
for rheumatoid arthritis, 514-515

with abatacept, 560-561, 560t
efficacy in, 510-513
folate supplement and, 436, 438
with infliximab, 523
with leflunomide, 521-523, 522f
nodulosis associated with, 292
with rituximab, 565-567
synovitis indications and strategies 

for, 951-952, 952t
non-biologic DMARDs combined 

with, 954-955
with TNF inhibitors, 580
vs. combined antimalarials/

sulfasalazine, 506
vs. glucocorticoids, 499, 499t
vs. leflunomide, 519-520, 

520f-521f, 523
vs. parenteral gold, 505
vs. sulfasalazine, 506

rituximab combined with, 512-513
for sarcoidosis, 1668-1669
for systemic lupus erythematosus, 

1310-1311
for systemic sclerosis, 1405, 1405t

in children, 1042
for Takayasu’s arteritis, 1571-1572
tumor necrosis factor-α (TNF-α) 

inhibitors combined with, 
512

tumor necrosis factor-α (TNF-α) 
inhibitors vs., 512, 513t

for Wegener granulomatosis, 1555-
1556

2-Methoxyestradiol (2-ME), 
angiogenesis inhibition by, 
908, 908t

Methy-3-chromone, 2000b
Methylnaltrexone (Relistor), 637
Methylprednisolone

injections of
in elbow, 622
in hip, 624
in knee, 624
in shoulder, 622-623
in spine, 623
in wrist and hand, 619-622

for juvenile-onset systemic lupus 
erythematosus, 1037

for microscopic polyangiitis, 1530, 
1530t

for myositis, 1473
in juveniles, 1040-1041

Metabolism (Continued) Methotrexate (MTX) (Continued)
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pharmacology of, 495, 496f, 496t
in pregnancy, 1335
for rheumatoid arthritis, with 

rituximab, 565
for sarcoidosis, 1668-1669
for systemic connective tissue 

diseases, 499
for systemic-onset juvenile idiopathic 

arthritis, 1026
Metoclopramide, 1409, 1410t
Mevalonate kinase (MK), 1638t
Mexican Modification of Systemic 

Lupus Erythematosus 
Disease Activity Index 
(MEX-SLEDAI), 1307

MHC. See Major histocompatibility 
complex (MHC) entries

Mice models
of arthritis, 879-886
of gout, 1853
of hyperuricemia, 1855
knockin, 115
knockout (See Knockout mice)
of myeloperoxidase-ANCA–associated 

vasculitides, 1515
of osteoarthritis, 1735, 1738f

genetically modified, 1736
metalloproteinase transgenic KO, 

160-161
of rheumatoid arthritis

monokines and, 900
regulatory T cells and, 902
SKG vs. K/BxN, 899
TCR transgenic of, 898, 898t, 901
type II collagen, 899

of systemic lupus erythematosus
for genetics, 1247, 1251
MRL lpr/lpr, 1251
murine, 1251
NZB/NZW, 1251

transgenic (See Transgenic mice 
models)

Microalbuminuria, testing for, 331
Microangiopathy. See Microvascular 

dysfunction/disease
Microarray technology, in molecular 

biology, 110-111
DNA chip, 111, 111f
for proteomics, 117
spotted DNA, 111, 112f

Microbe-host interaction, in reactive 
arthritis, 1104. See also 
Host-pathogen interactions

Microbial recognition, by innate 
immunity, 141-144, 142f

pathogen-associated molecular 
patterns in, 133, 141

pattern recognition receptors in, 133, 
141, 142f

internalizing, 143
molecular mechanism of, 147-148, 

149f
signaling, 141-143, 143f-144f
soluble, 143-144, 145f

phylogenetic comparison of, 141, 
143f, 144-146, 145f

Microbiology
of atypical mycobacteria infections, 

1071
of brucellosis, 1071-1072
of leprosy, 1071
of N. gonorrhoeae, 1062-1063, 

1063f
of osteomyelitis, 1056, 1056t
of septic arthritis, 1055-1056, 1056t

tests for, 1060
Microchimerism, as systemic sclerosis 

risk, 1363

Microenvironment, of articular tissues, 
56

studies for cartilage regeneration, 
163-164

β2-Microglobulin amyloidosis, 1692-
1693

with chronic kidney disease, 1686
clinical features of, 342-343
pathogenesis of, 1689, 1690t
renal failure and, 342

Micronutrients
bone mass and, 1960
deficiencies of, 433, 436-437

evaluation of, 437
minerals, 436-437
trace elements, 437
treatment of, 438
vitamins, 436

Microrevascularization, for Raynaud’s 
phenomenon, 1407-1408

Microsatellite markers, 108
Microscopic colitis, 326
Microscopic polyangiitis (MPA), 1523-

1534
classification of, 1523, 1524f, 1524t, 

1525
clinical features of, 1525-1526, 1526t

cardiac, 1526
gastrointestinal, 1526
neuropathy as, 1526
ocular, 1526
otorhinolaryngeal, 1526
polyarteritis nodosa vs., 1526, 

1527t
pulmonary, 1526, 1526f
renal, 1526
in skin, 1526
venous thromboembolism as, 1526

diagnostic criteria for, 1525
differential diagnosis of, 1529
disease activity/damage assessment 

for, 1529
environmental factors of, 1525
epidemiology of, 1420-1421, 1525
immunopathogenesis of, 1515t, 1517
introduction to, 1523
laboratory tests for, 261t, 1528-1529
management of, 1529-1531

biologic therapies in, 1530-1531
drug therapy in, 1529-1531
evidence-based, 1529
treatment trials for, 1530, 1530t

pathology of, 1528
prognosis of

according to ANCA subtype, 1531, 
1532f

according to renal function, 1531, 
1531f

mortality vs. survival trends in, 
1529-1531, 1531f

relapse rates in, 1530-1532, 1530t, 
1532f

renal features of, 337-339, 338t
systemic lupus erythematosus vs., 

1255, 1255f
Wegener granulomatosis vs., 1552, 

1554t
Microscopy, 117

electron (See Electron microscopy 
(EM))

findings of (See Histology/
histopathology)

fluorescent (See Immunofluorescence 
(IF) assays/microscopy)

light (See Light microscopy (LM))
of nail fold

for dermatomyositis, 1451
for Raynaud’s phenomenon, 1429-

1430, 1430f

for protein analysis, 116
of synovial fluid, 267

basic approach to, 267-270
in children, 979
in diagnosis, 270, 270f-271f
equipment for, 267

of urine, 332
other findings of, 332-333
red blood cells in, 332, 332f

Microstrain, mechanocoupling and, 45
Microtrauma, of tissue, entheses 

related to, 1215, 1215f
Microvascular bed, biology of, 1509
Microvascular dysfunction/disease

in complex regional pain syndrome, 
801-802, 801f

in lupus nephritis, 1330
in myositis, 1465-1466
thrombotic, in systemic lupus 

erythematosus, 1255, 1256f
vaso-occlusive, retinal vasculitis 

related to, 300-301, 
300f-301f

Middle zone, 1746t
Midfoot

functional anatomy of, 749
pain, 756
palpation of, 751

Midtarsal joint
in foot anatomy, 752f
neuropathic arthropathy of, 1808, 

1809f, 1809t
MIF gene, 990-991, 1013
Miglustat, 2035
Mikulicz disease. See Sjögren’s 

syndrome (SjS)
Milnacipran, 780
Milwaukee shoulder, 269-270, 1726, 

1727f, 1891f, 1892-1893
Mimecan, 63
Mind-body therapies (MBTs), 450t, 

456-457
Mineral baths, for psoriatic arthritis, 

1208-1209
Mineralization, in bone, 67-68, 399. 

See also Bone mineral 
density (BMD)

cell death and, 1815-1817, 1816f 
(See also Osteonecrosis)

components of, 69-72, 71f
with diffuse idiopathic skeletal 

hyperostosis, 1805
proteins involved in, 72

Mineralocorticoids
adrenal gland production of, 213f
corticosteroids vs., 495

Mineral oil exposure, rheumatoid 
arthritis and, 876

Minerals
deficiencies of, 436-438
RDA for, 438

Minimal anticipated biological effect 
level (MABEL), 230

Minimal change disease, 336, 1262
Minimally clinically important 

difference (MCID)
in clinical research, 220-221
in osteoarthritis outcomes, 1783-

1784
Minimally invasive procedures, 273-

284. See also specific 
procedure

arthrocentesis as, 273
arthroscopic joint lavage as, 280
biopsies as, 273-280
introduction to, 273

Minimum clinically important 
improvement (MCII), 1784

Minimum Perceptible Clinical 
Improvement (MPCI), 1784

Minisatellite markers, 108
Minocycline

angiogenesis inhibition by, 908, 908t
anti-inflammatory properties of, 544
chondroprotective properties of, 545
drug-induced lupus and, 1297, 1297t
introduction to, 539
for rheumatoid arthritis

efficacy data on, 545-546
baseline demographic and 

clinical features, 545, 545t
meta-analysis, 546, 547t
randomized controlled trials, 

545-546, 545t-546t
long-term data on, 546-547
synovitis indications and strategies 

for, 950f, 953
toxicity data on, 547-548, 547t, 

548f
for systemic sclerosis, 1406t, 1407

Mirror artifact, 380
Mirror therapy, for complex regional 

pain syndrome, 802, 802t
Mitochondria, energy metabolism in, 

1483, 1485f
Mitochondrial encephalopathy, lactic 

acidosis, and stroke-like 
illness (MELAS), 1622, 
1622t

Mitochondrial myopathies, 1484-1486
clinical presentations of, 1479, 1482, 

1485
diagnostic evaluation of, 1480
distinct syndromes of, 1484-1485
genetic testing for, 1481t
myositis vs., 1447, 1447t, 1453
pathology of, 1482-1484, 1482b, 

1485f
Mitogen-activated protein kinases 

(MAPKs)
in B-cell activation and function,  

136
glucocorticoids impact on, 496-497
in gout, 1850b, 1851
HPA axis influence on, 212-213
in mechanical stress response, 46f, 

47-48
in signal transduction, 121-123, 121f

of cytokines, 96f
as therapeutic target, 123-124, 

2041
Mitral valve disease, 634-635
Mixed connective tissue disease 

(MCTD), 1491-1495
autoantibodies in, 1283t
clinical features of, 1492-1493, 

1492f-1493f, 1493t
description of, 1491
diagnostic criteria for, 1491, 1492b
epidemiology and HLA associations 

of, 1492
etiology of, 1494, 1494b
history of, 1491-1492
investigations of, 1493
management of, 1494-1495
pattern recognition in, 255-256,  

255f
renal features of, 337, 338t
structure and function of U1-RNP 

particle in, 1491, 1493-
1494, 1494f

systemic lupus erythematosus 
overlap with, 1223

Mixed effect models, of imaging for 
outcomes, 415

MMPs. See Matrix metalloproteinases 
(MMPs)

Methylprednisolone (Continued) Microscopy (Continued)
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Mobilization

early, for complex regional pain 
syndrome, 802, 802t

for hypermobility syndrome, 2053
manual, for neck pain, 653-654
for tendinopathy, 88

Modes, loading, 40f
Modified load and shift test, 807t
Molar ratio, immune complexes and, 

1263t, 1264
Molecular biology, 105-118. See also 

Genes/genetics
DNA manipulation in, 106-107, 

106f
DNA sequencing in, 107-108, 108f
expression profiling, 110-111
of Gaucher’s disease, 2031
gene expression regulation in, 112-

114, 112f
gene function analysis in, 114
genetic manipulation of mice, 114-

116
cre/lox-directed targeted disruption, 

115-116
knockout mice, 114-115, 115f
transgenic mice, 114, 115f

gene transcription in, 110, 110f
human genome in, 105, 106f
identification of disease-associated 

genes with, 108-110
analysis and interpretation of 

results, 128
approaches for, 126
association studies in, 127

successful examples of, 128-129, 
128t

whole genome, 129-130, 
129f-130f (See also 
Genome-wide association 
studies (GWAS))

complex inheritance, 109-110
genotyping in, 128
linkage analysis in, 126-127
new horizons for, 107, 117-118, 

130
selection of markers for, 127-128
simple Mendelian inheritance, 

108-109, 109f
introduction to, 105
microarray technology in, 110-111

DNA chip, 111, 111f
for proteomics, 117
spotted DNA, 111, 112f

polymerase chain reaction in, 107, 
107f

protein analysis in, 106f, 116, 
116f-117f

protein-DNA interactions in, 112-
114, 113f

proteomics in, 116-117
in rheumatology, 107, 117-118

Molecular mechanisms
in articular cartilage, 65-66

of collagen assembly, 61-64
asporin in, 63
COMP in, 57, 59f, 61-62
decorin in, 59f, 61f-62f, 62-63
as disease indicator, 66
epiphycan in, 63
fibromodulin in, 59f, 63, 65
heparin/heparan sulfate in, 

63-64
lumican in, 59f, 63
mimecan in, 63
opticin in, 63
PRELP in, 63
schematic illustration of, 60f

fibroblast growth factor and, 65
GP-39 and, 66

growth factor binding and 
sequestering as, 65

low-molecular-weight proteins and, 
66

perlecan and, 65-66
transforming growth factor-β and, 

65
of endothelial inflammation, 1509-

1513
of inflammatory bone erosion, 169-

170, 170f
of joint disease, synovial fluid 

biomarkers of, 271
of osteophyte formation, 171
of pain, 200, 200f, 201b

central sensitization and, 202- 
203

of purine ring synthesis, 1844-1845, 
1844f-1845f

of Wegener granulomatosis, 1554, 
1555f

Molecular mimicry
in rheumatoid arthritis, 870, 872f

of infection, 898-900, 900f, 1104
by U1-RNP, 1494, 1494b

Moll and Wright classification, of 
psoriatic arthritis, 1180-
1181, 1180t, 1184, 1184b

Monoamine oxidase inhibitors, 
perioperative use of, 638

Monoarthritis
acute, in rheumatoid arthritis,  

835
asymmetric, psoriatic arthritis 

presenting as, 1179-1180, 
1180b

chronic, selected causes of, 251-252, 
252t

in intra-articular basic calcium 
phosphate crystal deposition 
disease, 1891

pattern recognition in, 251, 255-257, 
256f

Monoarticular presentation
initial, in arthritis, 251
of juvenile idiopathic arthritis, 997t, 

998
of psoriatic arthritis, 1186
of rheumatoid arthritis

acute, 835
slow, 835

Monoclonal antibodies (mAbs)
as complement targeted 

immunotherapies, 554
as interleukin inhibitors, 599

for IL-1, 573t, 574 (See also 
Interleukin-1 (IL-1) 
inhibitors)

for IL-6, 932
for IL-15, 599
for IL-17, 600
for IL-18, 601
for IL-23, 601-602
potential targets of, 599, 600t, 

602t
summary of, 599, 602

for lupus nephritis, 1333t
in Sjögren’s syndrome, 1347
specificity for tumor necrosis factor-

α, 577, 606
in T-cell co-stimulation, 557-560
as T-cell targeted immunotherapies, 

551-552
clinical trial ethics of, 229b, 230
depleting, 551-552
non-depleting, 552

technetium labeled, in bone 
scintigraphy, 391-392

Monoclonal gammopathy of 
undetermined significance 
(MGUS), 1692

Monoclonal immunoglobulin light 
chains, in amyloidosis, 
1690t, 1692

treatment of, 1697-1698
Monocyte chemoattractant protein-1 

(MCP-1), 215, 1464
Monocyte colony stimulating factor. 

See Macrophage colony 
stimulating factor (M-CSF)

Monocytes. See also Macrophages
in fibrosis, 1400
in Kawasaki disease, 1518
in lupus nephritis, 1261-1262
osteoclast differentiation and, 169, 

170f
in rheumatoid arthritis, 551, 900
in rheumatoid synovium, 601
in Wegener granulomatosis, 1554, 

1555f
Mono-iodoacetate (MIA), intra-

articular, for osteoarthritis 
induction, in small animals, 
1735

Monokines, in rheumatoid arthritis, 
899-901

Mononeuritis multiplex
cerebral angiitis and, 1620
in Wegener granulomatosis, 1550, 

1551f
Monosodium urate crystal deposition 

disease. See Gout
Monosodium urate (MSU) crystals, 

575, 1841
arthritis related to, 1686 (See also 

Gout)
IL-1 inhibitors for, 573t, 575
proteins binding to, 1849-1850
in synovial fluid, 268, 268f, 270f
ultrasound-guided synovial biopsy 

view of, 280f-282f
Montelukast, for hyper-IgD syndrome, 

1638t
Mood/mood disorders

in children, 975
in osteoarthritis outcome 

assessment, 1781t, 1782
with systemic lupus erythematosus, 

1236t, 1237-1238
Moral philosophy, for clinical research, 

227
Morbidity(ies)

of fibromyalgia, 770f, 778-779,  
779b

of lupus nephritis, 1330
in nutritional assessment, 434t
of osteoarthritis, 1723
as outcome measure, 11
perioperative management of, 633-

634 (See also Perioperative 
care)

of rheumatoid arthritis, 835-836
DMARDs therapy and, 955-956

of systemic lupus erythematosus, 
1227, 1244-1245

of Wegener granulomatosis, 1551, 
1557

Morbidity registers, disease occurrence 
from, 6-7

Morphea
autoantibodies in, 1433-1434
clinical forms of, 1433-1434, 1434f
in scleroderma, 1362b, 1364
treatment of, 1434

Morphine, 471t, 472-473, 476t
Morquio’s disease, 2037, 2038t, 2039f, 

2061

Mortality
of adult-onset Still’s disease, 854, 

855t
in Churg-Strauss syndrome, 1563
as clinical trial risk, 229b, 230
in cryoglobulinemia, 1612

acute causes of, 1612t
of juvenile idiopathic arthritis, 991, 

1017
methotrexate and reduced, 513
of microscopic polyangiitis, 1529-

1531, 1531f
of neurosarcoidosis, 1661
osteoporotic fractures and, 1939, 

1951-1952
as outcome measure, 11
of Paget’s disease, 2026
postoperative, prediction factors of, 

633, 633t
premature, 9
of psoriatic arthritis, 1193
of rheumatoid arthritis, 835-836
of sarcoidosis, 1661, 1668
of scleroderma/systemic sclerosis, 

1363, 1364f, 1365
of septic arthritis, 1055
of systemic lupus erythematosus, 

1226, 1226t
bimodal pattern of, 1226
as outcome measure, 1303-1305
sex-specific trends in, 1226-1227, 

1227f
of Wegener granulomatosis, 1557

Morton’s metatarsalgia, 794-795
anatomy of, 794, 794f
clinical presentation of, 794
description of, 794
diagnosis of, 794-795
etiology of, 794
treatment of, 795

Morton’s neuroma, 794-795, 794f
in forefoot pain, 757-758
injection for, 626, 626f

Mosquito vector, of Chikungunya virus, 
1091-1092

Motion artifact, 380
Motor function

abnormalities of
in complex regional pain 

syndrome, 799, 799t
in entrapment syndromes (See 

specific syndrome)
neck pain and, 648-649

examination of, for lumbar spine 
disorders, 661-663

systemic lupus erythematosus effect 
on, 1237

Mouse models. See Mice models
Mouth lesions. See Oral lesions
Movement/motion

bending (See Bending movements)
bone formation and, 45
difficulty initiating, in complex 

regional pain syndrome, 
799, 799t

dynamic, inertial vs., as force on 
spine, 30

examination of, 241, 242t, 243 (See 
also Range of motion 
(ROM))

active vs. passive, 243
loss of, history taking for, 238
repetitive (See Repetitive movements)
rotational (See Torsional movements; 

specific joint)
in shoulder

force-couple, 684-685
translational, 684-685

spontaneous, attitude and, 242

Molecular mechanisms (Continued)
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Moxibustion, 451
Moyamoya disease, 1622, 1622t
MRI. See Magnetic resonance imaging 

(MRI)
MRL lpr/lpr mouse model, of systemic 

lupus erythematosus, 1251
Mseleni joint disease, 1835f

animal models of, 1836
clinical features of, 1835-1836
differential diagnosis of, 1836
epidemiology of, 1835
genetics in, 1836
history of, 1835
investigations for, 1836
management of, 1836
pathogenesis of, 1836

MSH5 gene, 1249
MTHFR (methylenetetrahydrofolate 

reductase) gene
in drug response, 207-208, 207f, 221
methotrexate efficacy and, 1020

MTP. See Metatarsophalangeal (MTP) 
joints

Mu agonist analgesics, 477
Mucin, 287-288
Muckle-Wells syndrome (MWS), 573t, 

575, 1638t
amyloidosis in, 1653
clinical features of, 1653
diagnosis of, 1653-1654
hearing loss in, 1653
history of, 1652-1653
laboratory findings in, 1653
molecular genetics of, 1653
treatment of, 1654

Mucocutaneous lesions
of Behçet’s syndrome, 1575-1577, 

1576f-1577f
management of, 1579t, 1580

of reactive arthritis, 1116-1117, 
1116t, 1117f

treatment of, 1119
of Sjögren’s syndrome, 291

pathogenesis of, 291
Mucocutaneous lymph node syndrome. 

See Kawasaki disease (KD)
Mucopolysaccharidoses, 2037-2040

biochemical manifestations of, 2037-
2039

clinical features of, 2037
histologic manifestations of, 2037
history of, 2037
management of, 2039
pathogenesis of, 2039
summary of, 2037, 2038t
type IH, 2037, 2038f, 2038t
type IS, 2037, 2038t
type II, 2037, 2038t, 2039f
type III, 2037, 2038t, 2039f
type IV, 2037, 2038t, 2039f
type VI, 2037, 2038t
type VII, 2037, 2038t

Mucosa-associated lymphoid tissue 
(MALT) lymphoma, 1244, 
1342, 1347-1348

Mucosal inflammation, in 
spondyloarthritis, 1135-
1136

acquired immunity and, 1136-1137
innate immunity and, 1137

Multicentric reticulohistiocytosis, 1677, 
1681, 1681f

rheumatoid arthritis vs., 834
Multi-chain immune recognition 

receptors (MIRRs), 121-122, 
121f

Multidetector array computed 
tomography (MDCT), 358-
362

Multidimensional Fatigue Symptom 
Inventory (MFSI), 1781t, 
1782

Multidimensional Pain Inventory 
(MPI), 461

Multidisciplinary team
for adult-onset Still’s disease, 856
for Cogan syndrome, 1630
for complementary and alternative 

medicine, 458
for complex regional pain syndrome, 

802-803
for hemophilia, 1916
for hypermobility syndrome, 2053-

2054
for juvenile dermatomyositis, 1042
for juvenile idiopathic arthritis, 1006, 

1045
for juvenile-onset systemic lupus 

erythematosus, 1036
for Marfan syndrome, 2048
for patient education, 430-431, 431t
for preoperative consultation, 630
for psoriatic arthritis, 1205, 1208
for rehabilitation, 441-442, 1045
for rheumatoid arthritis, 965-972

assistive technology in, 969, 970f
exercise therapy in, 967-968
foot orthoses in, 969, 969f
hand orthoses in, 968-969, 969f
introduction to, 965-971
nursing care in, 967
nutrition in, 969-970
patient education in, 965-967, 

966t
physical activity in, 967-968, 967t
physical modalities in, 968
psychological interventions in, 969
shoe modifications in, 969, 969f
team care models for, 965, 970-

971
team member roles and expertise 

in, 965, 966t
vocational rehabilitation in, 970

for systemic sclerosis, 1407
for TMJ deformity correction, in 

juveniles, 1025
Multidrug resistance (MDR), of 

tuberculosis, 1070
Multiple epiphyseal dysplasia, 2060
Multiple myeloma, 2069, 2070f

arthropathy related to, 1679
Fanconi syndrome and, 2000b
lumbar pain related to, 670, 670t, 

671f
Multiple sclerosis (MS)

optic neuritis associated with, 301
pregnancy and, 213
TNF inhibitors risk for, 593

Multiplex bead assays, for lupus 
antibodies, 1280-1281

Multivitamin preparations, 438
Muramic acid, in reactive arthritis, 

1103-1104
Murine models, of rheumatoid 

arthritis, 159-160, 160f
cartilage and bone destruction in, 

885-886, 885t
Muscarinic receptor 3 (M3R) 

antibodies, in Sjögren’s 
syndrome, 1346-1347

Muscle atrophy
carpal tunnel syndrome and, 789-

791, 789t, 790f
with complex regional pain 

syndrome, 801
with myositis, 1441
with osteoarthritis, 1725, 1728
with sarcoidosis, 1663-1664

Muscle bioenergetics, 1482, 1482b, 
1483f

Muscle biopsy, 276-277, 277f
with fascia, 276-277, 277f
MRI as adjunct for, 276
for myopathies, 1479-1480, 1489
for myositis, 1449-1450, 1450f

histopathology findings with, 276-
277, 1461-1463, 
1462f-1463f

in juveniles, 1038-1040, 1039f
of myocardium, 1451-1452
syndrome differentiation with, 

276-277
open, 276
for parasitic arthritis, 276
percutaneous, using suction-assisted 

instrument, 276, 277f
for polyarteritis nodosa, 1529
for sarcoidosis, 1663-1664, 1666

Muscle bundle, schematic diagram of, 
1457, 1458f

Muscle channelopathies, 1480t
Muscle disease. See Myopathies
Muscle energy metabolism

disorders of (See Metabolic 
myopathies)

in myositis, 1465
pathways of, 1482, 1483f

Muscle enzymes. See also Creatine 
kinase (CK); Creatine 
phosphokinase (CPK)

in CHIKV-associated arthritis,  
1092

in myopathies, 1479, 1480b, 1486
inflammatory, 1447-1448, 1482

in myositis, 1452, 1476
as disease activity evidence, 1449, 

1449t, 1475-1476
drug therapy consideration of, 

1473-1475, 1477
Muscle fatigue, in myositis, 1446
Muscle fibers

functional units of, 1457, 1458f
type I (slow twitch) vs. type II (fast 

twitch), 1457-1458, 1459f
Muscle infarction, in diabetes, 1909t
Muscle relaxants, 483, 679
Muscle(s). See also named muscle, e.g., 

Flexor carpi ulnaris (FCU) 
muscle

of ankle, in tarsal tunnel syndrome, 
793, 794f

compartmental syndromes of, 795, 
795f

development of, 1458
in elbow, 701-702
force acting on spine, 30-31, 30f

measurement of, 31
of forearm, in entrapment 

syndromes, 786, 787f
glucocorticoids adverse effects on, 

500-501
hemorrhage in, with hemophilia, 

1914, 1914f
of hip, 719, 720f
infarction of, with diabetes, 1684
of knee, 732
of mastication, 763, 764f, 766, 766b

relaxation techniques for, 767
mechanical stress response in, 45
metabolism in (See Muscle energy 

metabolism)
myositis features in, 1441, 1441t 

(See also Muscle weakness)
nociceptors in, 200
of pelvis, 719, 720f
physiology of, 1457-1458, 1458f
regeneration of, 1458

rheumatoid arthritis involvement of, 
845-846

sarcoidosis involvement of, 1663-
1664

management of, 1669
of shoulder

outer sleeve, 685
physical examination of, 686-687
stabilizers, 683, 685

spasms of, osteoarthritis pain related 
to, 1724t, 1725

strain of, low back pain associated 
with, 668t

of temporomandibular joint, 763, 
764f

Muscle strength
juvenile idiopathic arthritis effect on, 

1045-1046
evaluation of, 1047

in knee, as osteoarthritis factor, 1763
regaining, in myositis, 1453
remedial rehabilitation approach to, 

443, 447t
testing of (See Strength testing)
training for (See Strengthening 

exercises/training)
Muscle wasting, 433, 435. See also 

Rheumatoid cachexia
age-related, 436
in myositis, 1453
physical examination of, 243
with sarcoidosis, 1663-1664
in shoulder, 686, 692

Muscle weakness
in children, 975, 1038-1040, 1041t
in dialysis patients, 344
history taking for, 238
with lumbar spine disorders, 661, 

663
with muscular dystrophies, 1488-

1489
with myopathies, 1479, 1485
with myositis, 1440-1441, 1440t

differential diagnosis of, 1446, 
1446b, 1447t

grading of, 1441, 1441t
natural history of, 1453
presentations of, 1441

neck pain and, 648
with osteoarthritis, 1728-1729
as osteoarthritis risk, 1718, 1718f

neuromuscular factors of, 1720-
1721

with rheumatoid arthritis, 829, 845-
846

with sarcoidosis, 1663-1664
Muscular dystrophies, 1488-1489

diagnostic evaluation of, 1479, 1481t
differential diagnosis of, 1479, 

1480b, 1480t, 1488
dysferlinopathies, 1446-1447, 1447t, 

1488
facioscapulohumeral, 1488
genetics of, 1488-1489

testing for, 1479, 1481, 1481t
limb-girdle, 1481t, 1488
myositis vs., 1446-1447, 1447t
proximal myotonic, 1488-1489
sarcoglycanopathies, 1488

Musculoskeletal conditions
assessment of, 236-249

general principles for, 236, 236t
history taking for, 236-240, 

236b-237b, 237t, 239t, 240f
physical examination for, 240-241, 

240f-241f, 241t
conclusions of, 249-250
documentation of, 249, 250f

Muscle(s) (Continued)
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methods of, 241-249, 241t-243t, 
242f

regional, 243-249, 243b-245b
in children

anatomy variations and, 977-979
arthritic disorders related to, 980
beginning during childhood, 980-

984, 980t
diagnosis of, 975

maneuvers for, 975, 976t
differential diagnosis of, 975, 976t, 

979, 979b
diseases associated with, 975, 976t
history taking for, 975-976
imaging of, 978-979, 979f
introduction to, 975
non-inflammatory disorders vs., 

979, 980t
physical examination of, 976-978, 

977t
presenting at birth or in neonatal 

period, 979-980
regional syndromes associated 

with, 981
with chronic kidney disease, 1685-

1687
antirheumatic drugs and, 1687
arthritis and periarthritis as, 1685-

1686, 1686f
epidemiology of, 1685
β2-microglobulin amyloidosis as, 

1686
nephrogenic systemic fibrosis as, 

1686-1687, 1687f
clinical signs of, 241, 241t
diagnostic features of, 239t, 241
epidemiology of, 3-10

analytical, 7
applications of data from, 8-9
classification criteria for, 5t-6t, 6f
descriptive, 3-7
disease causation in, 8, 8t
disease duration in, 4
disease occurrence in, 3-7, 4t

data sources for estimating, 6-7
geographic variations of, 7, 7t
incidence, 3-4, 4t
issues in measuring, 4-6, 4f
prevalence, 3, 4t
terms for, 3-4
time trends of, 7-8

infectious (See Musculoskeletal 
infectious disorders)

introduction to, 3
prognosis in, 8, 9t
susceptibility of disease in, 7

with fibromyalgia, structural, 776
with juvenile idiopathic arthritis, 

1017
patterns of distribution/involvement, 

241t
screening for, 235, 236f
in systemic sclerosis, 1383

Musculoskeletal health, in health care 
services planning, 9

Musculoskeletal infectious disorders, 
1067-1078. See also specific 
infection

atypical mycobacteria in, 1070-1071
brucellosis as, 1071-1073, 1072b
fungal, 1073-1076, 1073b
gonococcal arthritis as, 1063
introduction to, 1067
leprosy as, 1070-1071, 1071b
parasitic, 1076-1077, 1076t, 1077b
syphilitic arthritis as, 1065
tuberculous arthritis as, 1067-1070, 

1068b

Musculoskeletal system
arthritis pattern recognition and,  

251
Behçet’s syndrome involvement of, 

1577
in children

development of, normal variations 
with, 977-979

examination techniques for, 977-
978

of cervical spine, 978
of elbows and shoulders, 978
of feet and ankles, 978
of gait, 978, 979f
of hands and wrists, 978
of hips, 978
imaging in, 979, 979f
joint assessment in, 977-978, 

977t
of knees, 976t, 978, 978f
laboratory studies in, 979
of spine, 978
of temporomandibular joints, 

978
excessive rest impact on, 1049
HBV-associated PAN effects on, 

1089
hypermobility syndrome 

presentations in, 2051-2053
immune system crosstalk with, 169 

(See also Osteoimmunology)
juvenile idiopathic arthritis effect on, 

1045-1047
functional evaluation of, 1047

leflunomide impact on, 524t-525t
MRI advantages for imaging of, 367-

368, 375
mucopolysaccharidoses involvement 

of, 2037, 2038f, 2038t
orthopedic procedures for, 2039

polyarteritis nodosa features in,  
1527

relapsing polychondritis symptoms 
in, 1671

sarcoidosis involvement of, 1661-
1664

bone presentations, 1662-1663, 
1662f-1663f

joint presentations, 1661-1662, 
1662f

management of, 1669
muscle presentations, 1663-1664

spondyloarthritis effect on, 1135 (See 
also Ankylosing spondylitis 
(AS))

systemic lupus erythematosus 
features in, 1232-1234

arthritis as, 1232, 1232f
assessment of, 1304t
fibromyalgia as, 1232-1233
gouty arthritis as, 1233, 1233f
infections as, 1233
miscellaneous disorders as, 1233-

1234
myositis as, 1232
osteonecrosis as, 1233, 1233f
rheumatoid nodules as, 1232
tendon ruptures as, 1233
treatment of, 1313

systemic sclerosis complications in, 
1408-1409

Musculoskeletal Tumor Society 
(MSTS), 2063, 2064b

Myalgias
differential diagnosis of, 1479, 

1480b, 1480t
at rest, 1479, 1480b
with Sjögren’s syndrome, 1342
statin-induced, 1911

Myasthenia gravis (MG)
myositis vs., 1446, 1447t
sarcoidosis associated with, 1664
with systemic lupus erythematosus, 

1237
Mycobacteria infections

atypical, 1070-1071
clinical features of, 1071
epidemiology of, 1071
investigations of, 1071
microbiology of, 1071
treatment of, 1071

HIV infection and, 1067, 1070-1071
IL-23 levels and, 601
M. leprae as (See Leprosy)
M. tuberculosis as (See Tuberculosis 

(TB); Tuberculous arthritis)
nontuberculous, 607-608

in anti-TNF-treated patients, 606-
608

skin tests for, 1068-1069
vaccination for, 1069

rheumatoid arthritis and, 899
sarcoidosis and, 1666-1667
species of, 1067, 1069, 1071

Mycophenolate mofetil (MMF, 
CellCept)

efficacy of, 535
for interstitial lung disease, 317, 319
for JIA-related uveitis, 1026-1027
for juvenile-onset systemic lupus 

erythematosus, 1037-1038
for lupus nephritis, 1323

in children, 1331
controlled studies of, 1320-1321
for flares, 1329, 1330t
induction therapy with, 1320-

1321, 1325-1326, 1327t, 
1328f

maintenance therapy with, 1321, 
1326-1327, 1327t, 1328f

mechanism of action, 529-530, 530t
for myositis, 1474, 1474f
pharmacokinetics of, 530t, 531
in pregnancy, 613t, 615, 1330, 1335, 

1336t
for scleritis, 299-300
for systemic lupus erythematosus, 

1310
for systemic sclerosis, 1405, 1405t

in children, 1042
therapeutic use of, 535
toxicity of, 535, 1310
for Wegener granulomatosis, 1556

Mycoplasma genitalium, reactive 
arthritis associated with, 
1113

Mycoplasma pneumoniae
juvenile idiopathic arthritis and, 991, 

1012
juvenile-onset spondyloarthropathies 

associated with, 1029
Mydriatics, 299
Myelitis, transverse, with systemic 

lupus erythematosus, 1236t, 
1237

Myelodysplastic syndrome, 1673
Myelofibrosis, in systemic lupus 

erythematosus, 1241
Myelography

of cervical spine, for neck pain, 648-
651

of lumbar spinal stenosis, 675-676, 
677f

of lumbar spine disorders, 665-666
Myeloid effector cells, 102
Myeloma. See Multiple myeloma
Myeloperoxidase, drug-induced lupus 

and, 1295-1296

Myeloperoxidase (MPO)-ANCA–
associated vasculitides, 
1525, 1528-1529

animal models of, 1515, 1516f
immunopathogenesis of, 1514-1517, 

1515t
laboratory tests for, 264
microscopic polyangiitis and, 1517
prognosis of, 1531-1532

Myoadenylate deaminase deficiency, 
myopathies related to, 1486

Myoadenylate kinase, in muscle 
bioenergetics, 1482, 1483f

Myoblasts, in rheumatoid synovium, 
600

Myocardial infarction (MI)
abdominal aortic calcification and, 

403
from methotrexate, 307
from NSAIDs, 487-491, 489t
patient evaluation for, 305-306
postoperative, prediction factors of, 

633-634, 633t
psoriatic arthritis and, 1208
systemic lupus erythematosus and, 

1227, 1262
systemic sclerosis and, 1409-1410
Takayasu’s arteritis and, 1567, 1572-

1573
Myocarditis, in acute rheumatic fever, 

1095-1096
Myocardium

amyloidosis involvement of, 308
Behçet’s syndrome involvement of, 

1578
biopsy of

for sarcoidosis, 1661, 1666
for systemic lupus erythematosus, 

1243
in cardiovascular examination, 306
hemochromatosis features in, 1929
myositis involvement of, 1445, 1452
rheumatoid arthritis features in, 842-

843
sarcoidosis involvement of, 1661, 

1665
management of, 311, 1668-1669
patient evaluation for, 310-311

systemic lupus erythematosus 
involvement of, 309, 1243, 
1262

complement system and, 180
in systemic sclerosis, 1381-1382
systemic sclerosis involvement of, 

311
Myoclonus, with narcotic therapy, 475t
Myofascial pain disorder (MPD)

complex regional pain syndrome and, 
802

of temporomandibular joint, 763, 
765-768

clinical features of, 765-766
patient history in, 765-766, 

766b
physical examination in, 765-

766
description of, 763
differential diagnosis of, 766-767

atypical facial pain vs., 766
central and vascular causes vs., 

767
dental causes vs., 767
ENT causes vs., 767
giant cell arteritis vs., 766
inflammatory arthropathies vs., 

766-767
osteoarthritis vs., 766
salivary gland disorders vs., 767
trigeminal neuralgia vs., 766

Musculoskeletal conditions (Continued)
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epidemiology of, 765
investigations of, 766
management of, 767-768

goals of, 767
initial, 767
non-surgical, 767

drugs for, 767
injections for, 767
intraoral appliances for, 767, 

767f
principles for, 767
surgical, 767-768

arthroscopy and arthrocentesis 
for, 768

manipulation for, 767
open, 768

Myofascial release, for fibromyalgia, 
780, 780b

Myofascial syndromes, 627, 686
Myofasciitis, macrophagic, 1447
Myofibrils, 1457, 1458f
Myofibroblasts, in fibrosis, 1395
Myofilaments, 1457, 1458f
Myoglobinemia, in myositis, 1449
Myoglobinuria, in myopathies, 1479, 

1480b
Myopathies, 1479-1490

adult presentations of, 1479
associated with rest pain, 1479, 

1480b
diagnostic evaluation of, 1479-1481, 

1480b
differential diagnosis of, 1479, 1480t
drug-induced, 1486-1488

alcohol in, 1488
chloroquine in, 1487
colchicine in, 1487
common drugs in, 1486-1488, 

1486t
corticosteroids in, 1473, 1487
critical illness and, 1487
differential diagnosis of, 1479, 

1480t
hydroxychloroquine in, 1487
lipid-lowering drugs in, 1486-1487
neuromuscular junction blocking 

agents in, 1487
penicillamine in, 1487
zidovudine in, 1488

exercise tolerance testing for, 1480-
1481, 1481t, 1483

fibrotic, with systemic sclerosis, 
1408-1409

genetic testing for, 1479, 1481, 
1481t

glucocorticoids risk for, 501
idiopathic inflammatory, 1439, 1479, 

1488 (See also Myositis)
infectious, 1489, 1489b
inflammatory, methotrexate for, 516
introduction to, 1479
laboratory studies for, 1479-1480, 

1480b
metabolic, 1481-1486

description of, 1481-1482, 1482b
diagnostic evaluation of, 1479-

1480
differential diagnosis of, 1479, 

1480t
disorders of glycogen metabolism, 

1482-1483, 1482b, 
1483f-1484f

disorders of lipid metabolism, 
1482-1484, 1482b, 1485f

exercise intolerance in, 1482-1483, 
1482b, 1485

pathology of, 1482

primary, 1482-1486
secondary, 1480t, 1486

mitochondrial, 1484-1486
clinical presentations of, 1479, 

1482, 1485
diagnostic evaluation of, 1480
distinct syndromes of, 1484-1485
genetic testing for, 1481t
pathology of, 1482-1484, 1482b, 

1485f
muscle biopsy for, 1479-1480, 1489
muscular dystrophies, 1488-1489

diagnostic evaluation of, 1479, 
1481t

differential diagnosis of, 1479, 
1480b, 1480t, 1488

genetic testing for, 1479, 1481, 
1481t

necrotizing, 1466-1467
non-inflammatory, 1446-1447, 1447t
with sarcoidosis, 1663-1664
toxin-induced, differential diagnosis 

of, 1479, 1480t
Myophosphorylase deficiency

genetic testing for, 1481t
myopathy related to, 1479, 1482, 

1484f
Myoshi distal myopathy, 1488
Myosin, in muscle fiber, 1457
Myosin adenosine triphosphatase 

(mATPase), 1457-1458
Myositis, 1439-1456. See also 

Dermatomyositis (DM); 
Polymyositis (PM)

acute granulomatous, in sarcoidosis, 
1664, 1669

atypical, 276
autoantibodies in, 1440, 1452-1453, 

1452t
disease courses related to, 1451, 

1471, 1473f
juvenile, 1038-1040
pathogenic role, 1466-1468, 

1466f-1467f
in Behçet’s syndrome, 1577
biopsy for, 1457-1458

of lung, 1444, 1451
of muscle, 1449-1450, 1450f

histopathology in, 1461-1463, 
1462f-1463f

in juveniles, 1038-1040, 1039f
of myocardium, 1451-1452
percutaneous, using suction-

assisted instrument, 276, 
277f

of skin, 1451
syndrome differentiation with, 

276-277
cancer-associated, 1471
in children, 1038-1042 (See also 

Juvenile dermatomyositis 
(JDM))

clinical features of, 1440-1446
anatomic distribution of, 1466, 

1466f
calcinosis as, 1442-1444
clusters of, 1441
constitutional, 1441
in gastrointestinal tract, 1445-

1446
in heart, 1445
in joints, 1444, 1445f
in kidney, 1446
in lungs, 1444-1445, 1445b
miscellaneous, 1446
in peripheral vascular system, 

1446
in skeletal muscle, 1441, 1441t

in skin, 1441-1442, 1442f-1444f, 
1444b, 1447, 1477

variable presentations in, 1440-
1441, 1440t

clinical phenotypes of, 1457
connective tissue disease associated 

with, 1439, 1457
diagnostic criteria for, 1439, 1440b
differential diagnosis of, 1446-1448, 

1479, 1480t
history and physical examination 

for, 1446, 1446b
non-inflammatory myopathies vs., 

1446-1447, 1447t
other inflammatory myopathies 

vs., 1447
disease activity of, 1471, 1473f

assessment of, 1448-1453, 1475-
1476, 1476t

core set measures for, 1448-1449, 
1449t

with eosinophilic inflammatory 
infiltrates, 1447

epidemiology of, 1439-1440
association with other disorders, 

1439, 1441
classification criteria in, 1439, 

1440b
environmental factors in, 1440
genetic factors in, 1440
incidence and prevalence in, 1439-

1440
etiology of, 1458-1461

drugs in, 1459-1460, 1460t
environmental factors in, 1459, 

1460t
genetic factors in, 1459, 1460t
introduction to, 1457, 1468
malignancy in, 1461
possible factors in, 1458, 1460t
ultraviolet light in, 1459-1460

giant cell, 1447
history of, 1439
investigations of, 1448-1453

core set measures for, 1448-1449, 
1449t, 1454

electromyography in, 1446, 1449-
1450

general concepts for, 1448-1449
of heart, 1451-1452
of intestines, 1452
of lungs, 1451
MRI in, 1450-1451, 1451f
muscle biopsy in, 1449-1450, 

1450f
of serum autoantibodies, 1452-

1453, 1452t
serum muscle enzymes in, 1449
of skin, 1451
ultrasound in, 1451

malignancy and, 1447-1448
clinical identification of increased 

risk with, 1448
increased risk with, 1447-1448
pathogenesis of, 1448
screening recommendations for, 

1448
types having increased risk with, 

1448
management of

accurate diagnosis in, 1471
algorithm for, 1471, 1474f
clinical trials on, 19, 1471, 1472t
disease activity and courses in, 

1471, 1473f
assessment of, 1475-1476, 1476t

educational resources for, 1471, 
1472b

extramuscular manifestations in, 
1471, 1476-1477

calcinosis as, 1477
cardiac involvement as, 1476
gastrointestinal involvement as, 

1476-1477
inclusion body myositis as, 1477
interstitial lung disease as, 318, 

1476
skin involvement as, 1477

future directions for, 1477
goal of, 1471
nonmedical treatments in, 1475

patient and family education as, 
1471, 1472b, 1475

rehabilitation as, 1475, 1476b, 
1477

other drug therapies in, 1475
antimalarial agents as, 1475
anti–tumor necrosis factor agents 

as, 1475
miscellaneous agents as, 1475
rituximab as, 1475

primary drug therapies in, 1471-
1475

azathioprine as, 1474
corticosteroids as, 1473
cyclophosphamide as, 1474-1475
cyclosporine/tacrolimus as,  

1475
intravenous gammaglobulin as, 

1474, 1477
methotrexate as, 1473-1474
mycophenolate as, 1474
rituximab as, 1474f, 1475

prognostic factors in, 1471, 1472b
summary of, 1471

muscle physiology and, 1457-1458, 
1458f

natural history of, 1453
organs affected by, 1457, 1458t
outcome assessment of, 19
pathogenesis of, 1461-1468

B lymphocytes in, 1461, 1462b
chemokines in, 1464
cytokines in, 1461-1462, 1462b, 

1464
effector mechanisms in, 1461
humoral mechanisms in, 1466-

1468, 1466f-1467f
immune mechanisms in, 1464-

1466
cell damage and, 1465
indirect effects on muscle 

metabolism and function, 
1465

involvement of microvasculature, 
1465-1466

immunopathology in, 1463-1464, 
1463f-1464f

introduction to, 1457, 1468
muscle histopathology in, 1461-

1463, 1462f-1463f
T lymphocytes in, 1461-1465, 

1462b, 1463f
pregnancy and, 1453
prognosis of, 1453-1454
with rheumatoid arthritis, 845-846
summary of, 1439, 1457
survival with, 1454
with systemic lupus erythematosus, 

1232, 1313
with systemic sclerosis, 1408-1409
viral infections associated with, 

1087, 1088t, 1089, 1440
Myositis-associated autoantibodies 

(MAAs), 1452, 1452t, 1466
Myositis Damage Index (MDI), 1454

Myofascial pain disorder (MPD) 
(Continued)

Myopathies (Continued) Myositis (Continued) Myositis (Continued)
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Myositis Disease Activity Assessment 

Tool (MDAAT), 1454
Myositis-specific autoantibodies 

(MSAs), 1448, 1452-1453, 
1452t

humoral mechanisms of, 1466-1468, 
1466f-1467f

Myotomes, in manual muscle testing, 
of lumbar spine, 661, 661t

Myxoid chondrosarcoma, extraskeletal, 
2068

N

Nabumetone, 486, 486t, 1019t
NACHT domain, IL-1 secretion and, 

91-92
Naftidrofuryl oxalate, 1431, 1431t
Nail bed, in Digital Index, 1701, 1702f
Nail biting, with myofascial pain 

disorder, 766, 766b
Nail disease, in psoriatic arthritis, 1198
Nail/nail fold

dermatomyositis effect on, 288-289, 
289f, 1441, 1443f, 1444b, 
1451

in juveniles, 1038-1039, 1040f, 
1041t

infarcts of, in rheumatoid arthritis, 
846, 847f

juvenile-onset spondyloarthropathy 
features in, 1032

microscopy of
for dermatomyositis, 1451
for Raynaud’s phenomenon, 1429-

1430, 1430f
psoriatic arthritis involvement of, 

255f, 1179-1180, 1180t, 
1187-1188, 1188f

treatment of, 1209
reactive arthritis involvement of, 

1116-1117
systemic lupus erythematosus effect 

on, 288, 1037f
Naive T cells, in rheumatoid arthritis, 

901
NALP-3 molecule

in gout, 1850b, 1851, 1854
IL-1 secretion and, 91-92

Nanotechnology, for connective tissue 
matrix repair, 161-162

Naproxen, 486t
adverse effects of, 489-491
for ankylosing spondylitis, 1160, 

1164t
drug interactions with, 486-487
for juvenile idiopathic arthritis, 

1017-1019, 1019t
for lumbar spine pain, 679
pharmacogenetics of, 207, 207t

Narcotic therapy
abuse of, 470, 470t
addiction and, 470
adjunctive medications in, 482-483
adverse effects of, 475t
for ankylosing spondylitis, 1165
antitussive effects of, 475t
breakthrough pain and, 479
circulatory depression with, 475t
clinical approach to long-term 

prescribing of, 477-483
cognitive impairment with, 475t
constipation with, 475t
cost comparisons of, 476t
delirium with, 475t
dependence on, 469-470
dizziness with, 475t
dosing in, 471-472, 471t
drug interactions with, 470t

dry mouth with, 475t
efficacy of, 468f
for fibromyalgia, 780
hormonal effects with, 475t
hyperalgesia with, 479-480
immune effects with, 475t
for juvenile idiopathic arthritis, 

1023-1024
legal aspects of, 482
long-acting, cost comparisons of, 

476t
for lumbar spine pain, 678
mechanism of action in, 469-470
metabolism and, 470-471
myoclonus with, 475t
nausea and vomiting with, 475t
for neck pain, 654
opioid titration trial, 478-479
overdose, 475t
patient assessment in, 478
for persistent osteoarticular pain, 

468-469
pharmacokinetics of, 469-470
pharmacology of, 469-470
postoperative, 637-638
preparations, 472-477
prescribing, 478

long-term, 479
respiratory depression with, 475t
rotation in, 471-472, 479
sedation with, 475t
side effect management with, 480-

481
skin effects with, 475t
somnolence with, 475t
tolerance to, 469
troubleshooting problems with long-

term, 481-482
urinary abnormalities with, 475t

Nasal bone, sarcoidosis of, 1662-1663, 
1662f

Nasal cartilage, inflammation of, with 
relapsing polychondritis, 
1671, 1672f, 1672t, 1674

Nasal features, of Wegener 
granulomatosis, 1547-1548, 
1548f, 1553-1554, 1556

Nasal tolerance, in immunotherapy, 
553

Natal cleft, psoriatic arthritis in, 1190, 
1192f

National Health and Nutrition 
Examination Study 
(NHANES) I, osteoarthritis 
findings of, 1711

National Health and Nutrition 
Examination Study 
(NHANES) III

DEXA imaging recommendations 
from, 399-401

osteoarthritis findings of, 1711, 
1713-1715, 1715t

renal osteodystrophy findings of, 
2013, 2014t

National Institutes of Health (NIH)
ethics role, 230
lupus nephritis activity index of, 

1260-1261
microscopic polyangiitis treatment 

regimen of, 1529-1530
National Kidney Foundation’s (NFK) 

Disease Outcome Quality 
Initiative (KDOQI), 2013-
2017, 2014t

National Osteoporosis Foundation 
(NOF), U.S.

on bone density testing, 409-410, 
410t

on osteopenia treatment, 407
on vertebral fracture intervention, 

403
NAT2 (N-acetyltransferase 2) gene, in 

drug response, 208
Natural killer (NK) cells

in ankylosing spondylitis, 1142
HLA-B27 and, 1138
KIR genes and, 1143

in brucellosis, 1072
mesenchymal stem cells modulation 

of, 166
receptor types expressed by, 1143
in rheumatoid arthritis, 901
in rheumatoid synovium, 918
in T cell-mediated immunity, 136

Naturopathy, 450t, 457t, 1208
Nausea and vomiting

with narcotic therapy, 475t
postoperative, 637
in systemic sclerosis, 1409, 1410t

Navicular, 752f
Naviculocuneiform joint, arthrodesis of, 

759
NB:DIP ratio, in Digital Index, 1701, 

1702f
Neck, difficult, perioperative 

management of, 632, 640
Neck pain, 645-658

acupuncture for, 453
cervical nerve root compression 

causing, 655
natural history of, 655
treatment of, 655

clinical examination of, 648-649
general, 648-649
local, 649
neurologic, 649
principal role for, 648

clinical features of, 645
associated features as, 647
classification perspectives in, 645-

646, 646t
elicited from clinical history, 645-

646, 646b
frequency and duration as, 646
neurologic abnormalities as, 648, 

648f
onset as, 646
quality as, 646
site and radiation as, 646-647, 

647f
referral from other 

musculoskeletal structures, 
647

significance of, 647
conclusions of, 656
epidemiology of, 645
introduction to, 645
investigations of, 649-652

blood tests in, 651
computed tomography in, 650
MRI in, 650, 650f
myelography in, 651
radiography in, 649-650, 649f
scintigraphy in, 650-651, 650f
targeting pain, 651-652, 651f-653f

natural history of, 645
pathogenesis of, 653-654
sources of

musculoskeletal, 645-646, 646t
non-musculoskeletal, 645-646, 

646t
treatment of, 654-655

analgesics in, 654
for cervical nerve root compression, 

655

for disc pain, 655
exercises for, 654
manual therapy/manipulation in, 

654
physical therapy in, 654
pillows for, 654
posture correction for, 654
for whiplash, 656
for zygapophyseal joint pain, 654-

655
whiplash causing

biomechanics of, 33, 34f, 655, 
656f

natural history of, 645, 656
pathology of, 655-656, 656f
treatment of, 656

Necrosis. See specific anatomy or type, 
e.g., Papillary necrosis

Necrotizing crescentic 
glomerulonephritis (NCGN), 
pauci-immune, 1516-1517

Necrotizing myopathy, 1466-1467
Necrotizing scleritis, 299-300, 299f

in Wegener granulomatosis, 1548, 
1549f

Necrotizing vasculitis. See also 
Polyarteritis nodosa (PAN)

IgA-mediated (See Henoch-Schönlein 
purpura (HSP))

in systemic lupus erythematosus, 
1255, 1255f

Needle placement, in joints and 
periarticular tissues. See 
Aspiration; Injection

Needs assessment, for patient 
education, 428, 430t

Neer classification, of rotator cuff 
tendinitis, 690

Negative predictive value, of criteria 
sets, for rheumatic diseases, 
5t

Neisseria gonorrhoeae
arthritis associated with (See 

Gonococcal arthritis)
laboratory studies for, 1063-1065, 

1064f
microbiology of, 1062-1063, 1063f
reactive arthritis associated with, 

1113
Neisseria meningitides, arthritis 

associated with, 1055-1056
Nematode infections, 1076t, 1077
Neonatal lupus erythematosus, 287, 

1337
Neonatal lupus syndrome, 1038, 1337
Neonatal onset multiorgan 

inflammatory disease 
(NOMID), 91-93

Neoplasia. See also Tumors
lumbar pain related to, 669-672, 

670t
malignant (See Cancer(s); 

Malignancies)
neck pain related to, 645-647, 646t, 

650-651, 650f
TNF inhibitors risk for, 592-593

Neostigmine, postoperative use of, 637
Neovascularization. See Angiogenesis
Nephelometry, for rheumatoid factor

assays, 261
laser, 887

Nephritic syndrome, 330t, 1234
Nephritis

in Henoch-Schönlein purpura, 
treatment of, 1594-1595

interstitial (See Tubulointerstitial 
nephritis)

lupus (See Lupus nephritis)

Narcotic therapy (Continued) National Osteoporosis Foundation 
(NOF), U.S. (Continued)

Neck pain (Continued)
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Nephrogenic systemic fibrosis (NSF), 
256, 340, 666, 1434t, 1435

with chronic kidney disease, 1686-
1687, 1687f

Nephrolithiasis
hypercalcemia-associated, 341
in Paget’s disease, 2026
perioperative management of, 638
in sarcoidosis, 1664
in Sjögren’s syndrome, 1341
uric acid and, 340

Nephropathy
analgesic, 341
familial juvenile hyperuricemia, 1848
membranous lupus, 1327-1328, 

1330
morphologic terminology for, 336-

337, 336t
Nephrotic syndrome

from NSAIDs, 341
from parenteral gold, 505
proteinuria in, 329
in rheumatic diseases, 330t, 337, 

339-340
in rheumatoid arthritis, 846
in systemic lupus erythematosus, 

1262, 1317, 1327-1328
renal vasculopathy related to, 1330
treatment of, 1328

Neridronate, 2026
Nerve blockade

for complex regional pain syndrome, 
802t, 803

epidural, 802t, 803
paravertebral, 802t, 803
regional, 802t, 803

intravenous, of sympathetic 
ganglion, 802t, 803

sympathetic, 797, 802t, 803
diagnostic

for neck pain, 651-652, 653f
of third occipital nerve, 652, 653f

for surgery, 632
Nerve compression/impingement 

syndromes. See Entrapment 
neuropathies; specific 
syndrome, e.g., Posterior 
interosseous nerve syndrome

Nerve conduction studies
for entrapment neuropathies

carpal tunnel syndrome, 790
cubital tunnel syndrome, 785-786
of median nerve, 787
meralgia paresthetica, 793
tarsal tunnel syndrome, 793
thoracic outlet syndrome, 784
ulnar tunnel syndrome, 786

for lumbar spine disorders, 667
for neck pain, 648

Nerve fibers. See Afferent nerve fibers/
system; Efferent nerve fibers/
system

Nerve growth factor (NGF)
in fibromyalgia, 774, 774f
nociceptors and, 201

Nerve roots
of cervical spine (See Cervical nerve 

root compression)
of lumbar spine

manual muscle testing of, 661, 
661t

sensory examination of, 662, 662f
tension signs of, 662-663, 663f

Nerves. See also named nerve, e.g., 
Optic nervecranial (See 
Cranial nerves)

injury mechanisms of
compression as, 783 (See also 

Entrapment neuropathies)

neuropathic arthropathy associated 
with, 1811

peripheral, 797
of shoulder, 685
of zygapophyseal joints, cervical, 

651-652, 652f
Nervous system manifestations. See 

Central nervous system 
(CNS); Peripheral 
neuropathy

Nettle, stinging, 453, 455t
Neuralgia, 199

trigeminal, 766
Neuritis

brachial, 686
interdigital, 794-795, 794f
optic (See Optic neuritis)
in Wegener granulomatosis, 1550, 

1551f
Neurobiologic factors, of fibromyalgia, 

775-776
behavioral and psychological factors 

vs., 775-777, 776f-777f
Neuroblastomas, 979, 2069
Neuroborreliosis, 1082-1084
Neurodegenerative disorders, chronic 

pain as, 776
Neuroendocrine system

abnormalities of
fibromyalgia associated with, 772-

774, 773f
in Sjögren’s syndrome, 1346

cytokines effect on, 211-212, 215-216
inadequate cortisol secretion as, 

214, 214f, 217
effect on immune system, 211-218

circadian rhythms and, 211, 216-
217, 216f

components of, 211-217, 212f
conclusions of, 217
hypothalamic-pituitary-adrenal axis 

of, 211-217, 213f-214f
hypothalamic-pituitary-gonadal 

axis of, 211, 213f, 215-216
introduction to, 211

in inflammatory response, 196
Neurofibroma, caudal, 670t, 671f
Neurogenic mechanisms

of complex regional pain syndrome, 
801-802, 801f

of osteoarthritis pain, 1723-1724
of Raynaud’s phenomenon, 1427-

1428
Neuroimaging. See Brain imaging
Neurologic examination. See also 

Motor function; Sensory 
function

of cervical spine, for rheumatoid 
arthritis, 832

in hip examination, 722
in lumbar spine examination, 661-

663
for neck pain, 649
for neuropathic arthropathy, 1811

Neurologic impairments
neck pain and, 648
osteomyelitis and, 1058
perioperative management of, 638
with primary angiitis of central 

nervous system, 1617
with rheumatoid arthritis, 845, 

845f-846f
Neurologic involvement, in ankylosing 

spondylitis, 1131-1132
Neurologic syndromes, with systemic 

lupus erythematosus, 1236, 
1236t

rare, 1237

Neuromas, Morton’s, 794-795, 794f
in forefoot pain, 757-758
injection for, 626, 626f

Neuromuscular disorders
juvenile idiopathic arthritis vs., 997t
osteoarthritis risk and, 1720-1721
with Sjögren’s syndrome, 1342

Neuromuscular junction blocking 
agents, myopathies related 
to, 1486t, 1487

Neuronal axes, of neuroendocrine 
system, 211, 212f

Neuropathic arthropathy (NA), 1807-
1814

clinical features of, 1808-1809, 
1809f, 1809t

conclusions of, 1812
differential diagnosis of, 1811
etiology of, 1807

congenital indifference to pain as, 
1807

diabetes mellitus as, 1807
leprosy as, 1807
meningomyelocele (spinal 

dysraphism) as, 1807-1808
syringomyelia as, 1808f
tabes dorsalis as, 1807, 

1809f-1810f
histology of, 1811
history of, 1807
imaging of, 1810

bone scintigraphy in, 1810
MRI in, 1808f, 1810
plain radiography in, 1810, 1810f

laboratory investigations of, 1811
management of, 1812

acute, 1812
bisphosphonates in, 1812
chronic, 1812
weight bearing reduction for, 1812

mode of onset in, 251
pathogenesis of, 1811-1812
summary of, 1807

Neuropathic pain, 469
with arthropathy, 1808-1809, 1812
central sensitization and, 202, 1782
chronic pain syndromes vs., 776, 

777f
ectopic discharges in, 201-202,  

201f
peripheral basis of, 201-202
vs. non-neuropathic, 199

Neuropathy(ies)
arthropathy onset with, 251 (See also 

Neuropathic arthropathy 
(NA))

with corticosteroid injections, 619
cranial, with Sjögren’s syndrome, 

1342
entrapment, 783-796 (See also 

Entrapment neuropathies)
with HCV-associated mixed 

cryoglobulinemia, 1090
with Lyme disease, 1080f, 1082
optic, 301
peripheral (See Peripheral 

neuropathy)
primary, myositis vs., 1446, 1447t
with syphilitic arthritis, 1065

Neuropeptides
in central sensitization, 203
in complex regional pain syndrome, 

801-802
in inflammatory response, 196-197, 

197t, 199, 200f
intraspinal release of, 202

in tendinopathy, 87
Neuropeptide Y, in inflammation, 197, 

197t

Neuropsychiatric effects, of 
glucocorticoids, 501-502

Neuropsychiatric systemic lupus 
erythematosus (NPSLE), 
1236-1239

assessment of, 1302, 1304t
CNS features of, 1236-1237, 

1237f-1238f
diagnosis of, 1236, 1238-1239
18F-FDG-PET imaging of, 394
immunopathology of, 1262
juvenile-onset, 1036
psychiatric manifestations as, 1237-

1238
syndrome nomenclature for, 1236, 

1236t
treatment of, 1313-1314

Neuropsychologic battery, for systemic 
lupus erythematosus, 1238

Neurotransmitters
in central sensitization of pain, 202-

203
fibromyalgia and, 769, 774, 774f, 

776
in neuroendocrine system, 212f
rheumatic diseases and, 211 (See 

also Neuroendocrine system)
Neurotraumatic theory, of neuropathic 

arthropathy, 1811
Neurotrophins, in central sensitization, 

203
Neurovascular theory, of neuropathic 

arthropathy, 1811-1812
Neutra-Phos, 2004
Neutropenia

diagnostic applications of, 259
in Felty syndrome, 840-841
in systemic lupus erythematosus, 

1240, 1313
Neutrophilic dermatosis, with 

rheumatoid arthritis, 293
Neutrophils

activation, 187f
in ANCA-associated vasculitides, 

1514-1515, 1515f, 1517f
in Behçet’s syndrome, 1579
chemotaxis of, leflunomide inhibition 

of, 519
in endothelial inflammation, 1510-

1511, 1512f
FcγRs modulation of, 1268-1269
in gut spondyloarthritis, 1136
in inflammation, 184-187, 185f-186f
in juvenile idiopathic arthritis, 1009
in lupus nephritis, 1261-1262
in Lyme disease defense 

mechanisms, 1082
methotrexate and, 510t
products of, 187t
in rheumatoid synovium, 599, 918
in synovial fluid, 269, 271f
in systemic lupus erythematosus, as 

treatment target, 1269
in Wegener granulomatosis, 1554, 

1555f
New York criteria, for ankylosing 

spondylitis, 1123, 1124t, 
1132b

modified, 1123, 1124t
New York Heart Association (NYHA) 

functional class, in cardiac 
sarcoidosis risk, 311

New Zealand black mouse, lupus 
model in, 1271

NFKBIL1 gene, 873
Nicotinic acid, myositis associated 

with, 1460-1461
Nifedipine, 1431, 1431t
Nimesulide, 486t, 492

Nerve roots (Continued)
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Nitric/nitrous oxide (NO)

in adjuvant-induced arthritis, 194-
195

angiogenesis mediation by, 907t
in central sensitization, 203
in gene transfer, 166t
in gout, 1850b, 1851-1852
HPG axis influence on, 215
in inflammation, 194
in lupus, 194
in mechanical stress response, 48
in Raynaud’s phenomenon, 1428
in rheumatic diseases, 194-195
in signal transduction, 119
tetracycline inhibition of, 544

Nitric oxide synthase (iNOS), 166, 
1731

Nitric oxide synthase (iNOS) inhibitors, 
for osteoarthritis, animal 
models of, 1734t, 1737t

NLRP3 gene, 91-92
NLRP3 inflammasome, IL-1 secretion 

and, 91-92
NLRs. See Nucleotide-binding 

oligomerization domain 
(NOD)-like receptors (NLRs)

NMDA receptor antibodies, in systemic 
lupus erythematosus, 1238

NMDA receptors
in complex regional pain syndrome, 

801
in mechanical stress response, 46-47
in nociceptor transmission, 201b, 

202-203
Nocardia spp., in anti-TNF-treated 

patients, 606-607
Nociception, 199

central vs. peripheral, 199-200, 200f 
(See also Central 
sensitization; Peripheral 
sensitization)

in chronic widespread pain, 777, 
777f

Nociceptive pain
in osteoarthritis, 1723-1725
pathophysiology of, 199

Nociceptors
chemosensitivity of, 201
initially mechanoinsensitive (silent), 

200
in neuropathic arthropathy, 1811
sensitization of, 199-200, 200f-201f
sensory function of, 200, 200f
spinal cord neurons, 202
structure and dual function of, 199, 

200f
NOD-like receptors. See Nucleotide-

binding oligomerization 
domain (NOD)-like 
receptors (NLRs)

Nodules, 286b
of leukocytoclastic vasculitis, 1597, 

1599t
pulmonary, in Wegener 

granulomatosis, 1549, 1550f
histopathology of, 1551, 1553f

rheumatoid (See Rheumatoid 
nodules)

tendon, in wrist and hand, 711
NOF. See National Osteoporosis 

Foundation (NOF), U.S.
Noggin, for enthesitis, 1213
Noise (random error), in outcome 

assessment, 11, 12f
Noises. See Joint noises
NOMID/CINCA, 1638t

articular manifestations of, 1654-
1655

clinical features of, 1654-1655

diagnosis of, 1655
history of, 1654
laboratory findings in, 1654-1655
neurosensory manifestations of,  

1654
treatment of, 1655

Non-collagenous proteins (NCPs), in 
bone matrix, 70

Non-crystalline particles, in synovial 
fluid, 269, 269f

with osteoarthritis, 1724
Non-Hodgkin’s lymphoma (NHL)

malignancy associations with,  
1677

myositis and, 1447-1448
Sjögren’s syndrome vs., 1347
systemic lupus erythematosus and, 

1244
Non-inferiority margin, in clinical 

research, 220-221
Non-random error, in outcome 

assessment, 11, 12f
Non-renal lupus, 1307-1316. See also 

Cutaneous lupus 
erythematosus (CLE); 
Systemic lupus 
erythematosus (SLE)

Non-responder imputation, 224
Non-specific esterase (NSE), in 

synovium, 52-53
Non-steroidal anti-inflammatory drugs 

(NSAIDs), 485-493
for acute rheumatic fever, 1100
for adult-onset Still’s disease, 856
adverse effects of, 487-492

cardiovascular, 489t, 490-491, 
490f-491f, 1309

gastrointestinal, 489-490, 489f, 
489t-490t

incidence rates of, 487-489, 489t
on liver, 489t, 492
renal, 489t, 491, 1309
respiratory, 489t, 491-492
shared, as safety concern, 487-489, 

489t
for ankylosing spondylitis, 1160-

1165
as disease modifiers, 1161-1165
efficacy assessment of, 1157, 1160, 

1164f, 1164t
strategies for, 1161, 1165f
trends in, 1157, 1158f, 1160

for bicipital tendinitis, 693
for calcific periarthritis, 1895-1896
for calcific tendinitis, of shoulder, 

697
cardiac illness risks with, 306
for carpal tunnel syndrome, 791
clinical efficacy of, 487
combination therapy with, 487, 489-

491
complementary and alternative 

medicine vs., 453-457
for complex regional pain syndrome, 

802t, 803
COX-isozyme selectivity of, 485, 

487f
for cutaneous vasculitis, 1605-1606
drug-induced lupus and, 1298t
drug interactions with, 486-487, 

488t
for early arthritis, 938
for enthesitis, 1218
for fibromyalgia, 780
for gout, 1867, 1868t
for hip disorders, 727-728
for hyper-IgD syndrome, 1638t
introduction to, 485

for juvenile idiopathic arthritis, 
1017-1019, 1018t-1019t, 
1021t, 1025, 1025f-1026f

as pain control, 1023-1024
for juvenile-onset 

spondyloarthropathies, 1033
for ligament injury, 88
for lumbar spine disorders, 678-679
lung injury related to, 319, 489t, 

491-492
main chemical classes of, 485, 486t
mechanism of action, 485, 487f
for myofascial pain disorder, 767
for neuropathic arthropathy, 1812
observational studies of, 223
for osteoarthritis, 1797

acetaminophen vs., 1797
COX-2 inhibitors vs., 1797
systematic vs. “on-demand” intake 

of, 1797
topical, 1796

for osteoarthritis, animal models of, 
1734t, 1737t

for panniculitis, 1606
for pericarditis, 307
pharmacogenetics of, 206-207, 207t
pharmacokinetics of, 485-486
in pregnancy, 611-612, 613t, 1336t

recommendations for, 616, 616t
for psoriatic arthritis, 1206, 1208, 

1209f
rational selection of, 492, 492t
for reactive arthritis, 1118-1119
for relapsing polychondritis, 1674
renal complications of, 341

functional effects as, 341
interstitial nephritis and nephrotic 

syndrome as, 341
mechanisms of, 341

for rheumatoid arthritis, synovitis 
indications and strategies 
for, 955

for rotator cuff tendinitis, 690
for sarcoidosis, 1669
for scleritis, 299-300
for synovitis, 950f
for systemic lupus erythematosus, 

1309
for tendinopathy, 88
use in dialysis patients, 1687
for virus-associated arthritis, 1092

Non-superiority trials, 220-221
Noradrenergic agents, 2053
NORAM trial, on microscopic 

polyangiitis, 1530, 1530t
Norepinephrine, in fibromyalgia, 774, 

776
Norepinephrine-serotonin reuptake 

inhibitors (NSRIs), 779b, 
780

Northern blotting, in molecular biology, 
110

Notochordal hamartoma, giant, 2072
Novel therapies. See Experimental 

therapies; Investigational 
drugs

Noxious event/stimuli
in complex regional pain syndrome, 

797, 798b, 801
in fibromyalgia, 773
in neck pain, 645

diagnostic use of, 647, 647f
nociception and, 199-200, 200f, 202
pain response to, 202-203

in intervertebral discs, 673-674
NPT genes, in gout, 1854
NRAMP1 gene, 1013

NSAIDs. See Non-steroidal anti-
inflammatory drugs 
(NSAIDs)

N-telopeptide (NTx), in Paget’s disease, 
2023-2026

Nuclear antigens
antibodies to (See Antinuclear 

antibodies (ANA))
Epstein-Barr, in rheumatoid arthritis, 

899-900
in juvenile idiopathic arthritis, 1011

Nuclear factor-kappa B complex (NF-
κB)

in enthesopathies, 1215, 1215f
in inflammatory activation of 

endothelial cells, 1510, 
1511f

in innate immunity, 147-148, 149f
in mechanical stress response, 46f, 

48
night-time immunosuppressive 

therapy effect on, 217
in osteoclast physiology, 74
in rheumatoid arthritis, 875-876
in signal transduction, 121-122, 

121f-122f
GWAS analysis of, 130
as therapeutic target, 124

Nuclear factor of activated T cells-c1 
(NFATc1), 74

Nuclear factors, in gout, 1850b, 1851
Nuclear imaging. See specific modality, 

e.g., Positron emission 
tomography (PET)

Nuclear proteins
in autoimmunity, 150, 150f
in gene expression regulation, 112-

113, 113f
in rheumatoid arthritis, 

autoantibodies to, 887, 
888t, 890-891, 892f

Nuclear ribonucleoprotein-A2. See 
Heterogeneous nuclear 
ribonucleoprotein-A2 
(hnRNP-A2) antibody

Nucleated cells
complement system and, 179
in synovial fluid, 268-269

Nucleic acid amplification tests 
(NAATs)

for C. trachomatis, 1103, 1117-1118
for N. gonorrhoeae, 1064-1065

Nucleic acid hybridization assays, for 
septic arthritis, 1060, 1064-
1065

Nucleic acid ligands
in innate immunity, 141-142, 143f
in rheumatoid arthritis, 893

Nucleic acids
in autoimmunity, 148, 150, 893
bacterial sequences of, in synovial 

fluid analysis, 271
serology tests for, 260t, 262, 262t

Nucleosome remodeling deacetylases, 
in myositis, 1466-1467

Nucleotide-binding oligomerization 
domain (NOD)-like 
receptors (NLRs)

in gout, 1850b, 1851
IL-1 secretion and, 91-92
inflammation and, 150
in innate immunity, 143, 144f, 146, 

148
in signal transduction, 122, 123f

Nucleotide-binding oligomerization 
domain (NOD) proteins, 
1137

Null hypothesis, in clinical research, 
224-225

NOMID/CINCA (Continued) Non-steroidal anti-inflammatory drugs 
(NSAIDs) (Continued)
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Nulliparity, rheumatoid arthritis and, 
826

Number-needed-to-treat (NNT), 224
Numerator, in disease frequency, 4-6, 

4t
Nurse/nursing care, 966t, 967
Nurse practitioners, 970
Nutriceuticals, 453-456. See also 

Dietary supplements
S-adenosyl-methionine as, 456
description of, 450t, 453
essential fatty acids as, 438, 456
glucosamine and chondroitin as, 

453-456
for Raynaud’s phenomenon, 1407, 

1408t
Nutrition, 433-440. See also Diet 

entries
assessment of (See Nutritional 

assessment)
bone mass and, 1959-1960
deficiencies of

as osteoarthritis risk, 1718-1719, 
1718f

treatment for, 437-438
with inflammatory disease, 438
micronutrient abnormalities, 

438
rheumatoid cachexia and, 437-

438
diet and exercise interplay, 433, 434f

treatment applications of, 437-438
juvenile idiopathic arthritis and, 991
micronutrient abnormalities of, 433, 

436-437
evaluation of, 437
minerals, 436-437
trace elements, 437
treatment of, 438
vitamins, 436

obesity and, 433, 434f, 437
treatment of, 438

overnutrition, 433
relevance of, 433
rheumatoid arthritis and, 826-827
rheumatoid cachexia and, 435-436 

(See also Rheumatoid 
cachexia)

treatment of, 437-438
in routine care, 437

consultation indications, 437
simple habits offering big returns, 

437
summary of, 433, 438
systemic lupus erythematosus risk 

related to, 1225
undernutrition, 433

Nutritional assessment, 433-435
anthropometric and body 

composition techniques in, 
433-435, 434t, 435f

biochemical assessment in, 434t, 
435

clinical assessment in, 434t, 435, 
437

dietary assessment in, 435
for juvenile idiopathic arthritis, 1003, 

1024
summary of, 433, 434t

Nutritional consultation, 437, 1024
Nutritionist, 966t
Nutrition therapy

as anti-inflammatory treatment, 438
antioxidant nutrients, 438
dietary fatty acids, 438, 456
for rheumatoid arthritis, 438
supplement sources and trends, 

438
for inflammatory arthritis, 438

for juvenile idiopathic arthritis, 1017, 
1024

for psoriatic arthritis, 1205, 1208
for rheumatoid arthritis, 969-970

NZB/NZW mouse model, of systemic 
lupus erythematosus, 1251

O

Ober test, 723, 724f, 976t
Obesity

in diffuse idiopathic skeletal 
hyperostosis, 1804-1805

management of, 1805, 1805t
epidemic trends of, 433, 434f
gout and, 1865
osteoarthritis and, 1754-1755
as osteoarthritis risk, 1719-1721
preoperative evaluation of, 631
rheumatic disease and, 437

treatment of, 438
vitamin D supplementation in, 2003

O’Brien’s test, 687
Observational studies

cohort types of, 222-223
conclusions of, 225
critical appraisal of, 222-223
data interpretation in, 224
generalizability of, 223
introduction to, 219
levels of evidence, 219
longitudinal, in epidemiology, 8

censorship in, 8
missing data from, 223-224
RCTs vs., 219-220

critical appraisal of, 223-225
selection bias in, 223
statistical analysis/test in, 224-225, 

225f
Observation (look), in physical 

examination, 242-243, 242f, 
242t

Observer-dependent clinical measures, 
11

Observer-independent clinical 
measures, 11

Observer variability, in outcome 
assessment, 12

Obstructive lung disease
chronic (See Chronic obstructive 

pulmonary disease (COPD))
in rheumatoid arthritis, 842

Occipital nerve, third, diagnostic block 
of, 652, 653f

Occlusal splint, for myofascial pain 
disorder, 767, 767f

Occupational therapist, 966t
Occupational therapy

for complex regional pain syndrome, 
802, 802t

for hypermobility syndrome, 2053
for juvenile idiopathic arthritis, 1024, 

1045, 1048-1049
for juvenile-onset 

spondyloarthropathies, 1034
for pain control, 463
to psoriatic arthritis, 1205, 1208-

1209
in rehabilitation, 441-442, 447t
for systemic sclerosis, 1408

Occupation/occupational exposures
carpal tunnel syndrome associated 

with, 787, 788t
history taking for, 240
low back pain and, 659-660
microscopic polyangiitis associated 

with, 1525
neck pain and, 645-646

Raynaud’s phenomenon associated 
with, 1427, 1428b, 1429

rheumatoid arthritis and, 827, 876
sarcoidosis related to, 1667
systemic lupus erythematosus risk 

related to, 1225
Occurrence. See Disease occurrence
Ochronosis

animal models of, 1829
biochemical pathways leading to, 

1826f
clinical features of, 1825-1827
differential diagnosis of, 1828
epidemiology of, 1825
genetics in, 1829
history of, 1825
investigations for, 1827-1829
management of, 1829
osteoarthritis associated with, 1765
pathogenesis of, 1829
spine in, 1827f

Ocular manifestations
of Behçet’s syndrome, 1577, 1577f

management of, 1579t, 1580
of Cogan syndrome, 302, 1627-1628, 

1628f-1629f
investigations of, 1629
management of, 1631, 1632f
pathophysiology of, 1625
prognosis of, 1633

glucocorticoids risk for, 502
of Marfan syndrome, 2047
of microscopic polyangiitis, 1526, 

1526t
of myositis, 1446
of osteogenesis imperfecta, 2042
perioperative management of, 640
of psoriatic arthritis, 1188
of reactive arthritis, 1116-1117, 

1116t, 1119
of relapsing polychondritis, 1672, 

1674
of rheumatic diseases, 297-304

corneal disease as, 301-302, 302f
introduction to, 297, 297b, 298f
keratoconjuctivitis sicca as, 302-

303, 302f
optic nerve disease as, 301
orbital disease as, 301
retinal vascular disease as, 300-

301, 300f-301f
scleral disease as, 299-300, 299f
uveitis as, 297-299 (See also 

Uveitis)
of rheumatoid arthritis, 844-845, 

844f
of sarcoidosis, 1659-1660, 1668
of Sjögren’s syndrome, 1339, 1340f

investigations of, 1343
of systemic lupus erythematosus, 

1237, 1244
assessment of, 1304t

of Wegener granulomatosis, 1547-
1548, 1549f

Odds ratio, in descriptive epidemiology, 
8

Odontoid
imaging of peg, for 

spondyloarthropathies, 1150
process, erosion of, 845, 845f
rheumatoid arthritis impact on, 832, 

832f-833f
rheumatoid arthritis in, on CT, 

363f-364f
O’Duffy’s criteria, for Behçet’s 

syndrome, 1578
OKT4-cdr4a mAb therapy, 552

Olecranon bursa
aspiration/injection of, e70f, 622
rheumatoid arthritis in, 832
septic bursitis of, 1059, 1060f

Olecranon bursitis, 704-705, 704f
Olecranon process, in children, 978
Oligoarthritis, 987, 988t

clinical features of, 994b, 995t, 1000, 
1000f

continuation into adulthood, 1017
disease characteristics of, 989-991, 

990t
environmental etiologies of, 1012
functional outcomes of, 1006
genetics of, 990, 991t, 1012-1013, 

1013t
pattern recognition in, 252, 253t, 

256-257
symmetric vs. asymmetric patterns 

of, 253, 253t
pharmacologic therapies for, 1017, 

1025, 1025f
corticosteroids as, 1019, 1025
methotrexate as, 1019-1020
NSAIDs as, 1017-1018, 1025
penicillamine as, 1021
sulfasalazine as, 1021

psoriatic arthritis presenting as, 1186
asymmetric, 1179-1180, 1180b

radiography of, 995f
surgical management of, 1017
uveitis associated with, 297

Oligodeoxynucleotides (ODNs), in 
reactive arthritis, 1105

Oligonucleotides
antisense, in gene expression, 114
radiolabeled, for protein-DNA 

interaction identification, 
112-113, 113f

Oligospermia, from sulfasalazine, 506
Ollier’s disease, 2063
Omega-3 fatty acids, 438, 456
Omega-6 fatty acids, 456
Oncogenic osteomalacia, 1999
Oncostatin M (OSM), 97

angiogenesis mediation by, 906, 907t
in rheumatoid synovium, 921
in tissue destruction/repair, 154-159, 

159f
Onercept, 588
Onset of disease

in Behçet’s syndrome, 1575
in juvenile idiopathic arthritis, 987, 

988t, 989, 1013t
molecular biology of, 109
in musculoskeletal conditions, 6
in myositis, 1440
in psoriatic arthritis, 1183
in rheumatoid arthritis

acute- vs. gradual, 829, 835-836
infections and, 827
pregnancy and, 826

Onychopachydermoperiostitis, 
psoriatic, 1187

O’Nyong-nyong virus, 1091t
Operative risk assessment, 631-632

for cardiac events, 631-633, 
632t-633t

instruments for
national datasets for
at patient level, 632t
for pulmonary complications, 635

OPG. See Osteoprotegerin (OPG)
Ophthalmic photography, for Cogan 

syndrome, 1629
Ophthalmologic manifestations. See 

Ocular manifestations
Opioidergic systems, in fibromyalgia, 

774

Nutrition therapy (Continued) Occupation/occupational exposures 
(Continued)



I78

IN
D

EX
Opioid pain treatment

history of, 467-468
Opioids. See Narcotic therapy
Opium, 467-468
Opportunistic infections, TNF 

inhibitors risk for, 590, 592, 
606-607

Opsonization, in innate immunity, 
143-144, 145f

Opticin, 63
Optic nerve

Lyme disease involvement of, 1082
rheumatic diseases involvement of, 

301
orbital disease with, 301
perioperative management of, 640

Optic neuritis, 301
in rheumatoid arthritis, 845
in systemic lupus erythematosus, 

1237
TNF inhibitors risk for, 593

Oral contraceptives
autoimmune disease risk with, 216
rheumatoid arthritis and, 826
systemic lupus erythematosus risk 

related to, 1224-1225, 1338
treatment considerations of, 1314-

1315
Oral lesions

of amyloidosis, 1692, 1692f
of Behçet’s syndrome, 1575-1578, 

1576f, 1576t
management of, 1579t, 1580

of myositis, 1446
of psoriatic arthritis, 1188
of sarcoidosis, 1664
of Sjögren’s syndrome, 291, 1339, 

1341b
of systemic lupus erythematosus, 

285, 286f
of systemic sclerosis, 1410t
of Wegener granulomatosis, 1548, 

1549f
Oral tolerance

to human type I collagen, for 
systemic sclerosis, 1405t, 
1406

in immunotherapy, 553
Orbital disease, 301

in Wegener granulomatosis, 1548, 
1549f

Orchitis, with polyarteritis nodosa, 
1528

Organic anion transporters (OATs)
of gout, 1854
of renal uric acid, 1846-1847, 1847f

Organic brain syndrome, 1236-1238
Organ of Corti, 1625

Cogan syndrome involvement of, 
1625-1626

Organ-specific autoimmune diseases, 
1253, 1254f

Organ-specific immunity, in Cogan 
syndrome, 1627

Organ system involvement. See also 
specific organ or system, 
e.g., Central nervous system 
(CNS)

of amyloidosis, 1696, 1696t
biopsies for, 1694-1695
non-histologic investigations of, 

1695
transplantations for, 1698

arthritis pattern recognition and, 251
of juvenile-onset systemic lupus 

erythematosus, 1036, 1038
of mixed cryoglobulinemia, HCV-

associated, 1090
of vasculitis, 1529

of Wegener granulomatosis, 1547-
1550, 1548f

Orientation-dependent modulus, 42f
Oropharynx, in systemic sclerosis, 

1377
Orphan disorders, TNF inhibitors for, 

586t, 587
Orthomolecular therapy, 450t
Orthopantogram, for myofascial pain 

disorder, 766
Orthopedic surgeon, 966t
Orthopedic surgery. See Surgery
Orthoses/orthotic devices

in adaptive rehabilitation, 445, 447t
for enthesitis, 1218
for juvenile idiopathic arthritis, 1024
for lower limb hypermobility, in 

children, 981
for neuropathic arthropathy, 1812
for rheumatoid arthritis

foot, 969, 969f
hand, 968-969, 969f

Orthostatic tachycardia syndrome, 
2052-2053

Orthotics, for osteoarthritis, 1796
Orthotist, 966t
OSCAR (co-stimulation molecule), 

osteoclast differentiation 
and, 169

Osgood-Schlatter disease, 984
knee pain related to, 736-737, 

736f-737f
OspA, from B. burgdorferi, 1080
OspC, from B. burgdorferi, 1080-1081
Ossification

of posterior ligament, 1805
preferential, in diffuse idiopathic 

skeletal hyperostosis, 1802, 
1804-1805, 1804f

Ossification centers
of bone, 77-78, 78f
intramembranous, in bone 

regeneration/repair, 79-80
Osteitis

enthesitis and, 1215
in psoriatic arthritis, 1187, 1192f, 

1200
Osteitis fibrosa, 343
Osteitis fibrosa cystica, 1910
Osteitis pubis, 727, 727f
OsteoArthritis Knee and Hip Quality of 

Life (OAKHQOL) 
instrument, 1781t, 1783

Osteoarthritis (OA)
acetaminophen for, 1796-1797
in acromioclavicular joint, 696
adipokines and, 1754-1755
animal models of, 1731-1740, 1737t 

(See also Animal models/
studies)

conclusions of, 1736-1738
introduction to, 1731
large, 164, 1731-1733
medium, 1733-1735, 1811
small, 1735-1736

in apophyseal joints, 35
arthroscopic joint lavage for, 280, 

1788
articular cartilage in, 1749-1750
articular cartilage organization in, 57, 

58f
articular replacement for, 1798
avocado/soybean unsaponifiables for, 

1798
in basic calcium phosphate crystal 

deposition disease, 1891
basic calcium phosphate crystal 

deposition disease and, 1895

biochemical differences in, 1751
bone markers in, 1972-1973
braces for, 1796
calcium pyrophosphate crystal-

associated arthropathy and, 
1876-1877

cane use in, 1796
cell biology of, 1753f
chondrocyte phenotype in, 1752
chondroitin sulfate for, 1798
classification criteria for, 1709, 

1710b, 1710t
clinical features of, 1723-1730

conclusions of, 1730
introduction to, 1723, 1724b
presentations in, 1726-1729
signs in, 1723, 1724b, 1725-1726, 

1726f
symptoms in, 1723-1725, 1724b, 

1724t
clinical presentations of, 1726-1729

in ankle, 1729
in feet, 1729, 1729f
in hand, 1726-1727, 1726f-1727f
in hip, 1727-1728, 1728f
in knee, 1728-1729, 1728f
patterns in, 1726
in shoulder, 1726, 1727f
in temporomandibular joint, 1729

clinical trials on, 14t, 17-18, 17t-18t
complementary and alternative 

medicine for, 449-451, 453-
457

connective tissue matrix degradation 
in, 153, 156-157, 159-160, 
160f

crystal deposition disease in, 1751
definitions of, 1709-1716, 1710t

radiographic, 1709-1711
symptomatic, 1713-1715

diacerein for, 1797-1798
diagnostic criteria for, 1726
disease activity of, 1723, 1781t, 

1782-1783
epidemiology of, 1715-1716
epigenetics and, 1758
erosive, in dialysis patients, 344
EULAR recommendations for, 

1795b-1796b
evaluation of

imaging for, 1730, 1787-1792
laboratory tests for, 260t, 1729

exercise for, 1795
extracellular matrixin, 1749-1750
familial disorders associated with, 

1763-1765, 1764t
alkaptonuria as, 1765
Blount disease as, 1765, 1765f
calcium pyrophosphate deposition 

disease as, 1763-1764
chondrodysplasias as, 1764
hydroxyapatite arthritis as, 1764
Kniest dysplasia as, 1764-1765
multiple epiphyseal dysplasias as, 

1764, 1765f
spondyloepiphyseal dysplasias as, 

1764
Stickler syndrome as, 1764

in fingers
genetic studies of, 1761-1762, 

1762f-1763f, 1762t
injection for, 620, 620f

genetics of, 1748f, 1761-1768
candidate genes in

major postulated, 1766
other, 1765-1766

conclusions of, 1767
evidence of abnormalities in, 1767

familial disorders in, 1763-1765, 
1764t

GWAS of, 1766-1767
heterogeneity in, 1765-1767
inheritance evidence in, 1761-1763
introduction to, 1761
linkage analysis in, 126-127, 1766
modified small animal models of, 

1736, 1737t
pain associated with, 1723-1724
risk related to, 1718, 1718f
type II procollagen in, 1764-1765

gene transfer for, 167
glucosamine sulfate for, 1798
grading of, 1742-1746, 1745t
in hands (See Hand)
in hip, 725, 1721

femoroacetabular impingement 
related to, 725

genetic studies of, 1761, 1762t, 
1766-1767

hyaluronate preparations for, 1797
imaging of, 1769-1778

bone scintigraphy in, 1776, 1776f, 
1791

for clinical features, 1730, 1769
computed tomography in, 1777
CT arthrography in, 1777
introduction to, 1769
MRI in, 1774-1777

abnormalities detected by, 1774-
1775

association with symptoms, 
1775-1776

of bone attrition, 1774
of cartilage abnormalities, 1775, 

1775f-1776f
classification based on, 1713, 

1714t
of erosion, 1774
of fibrocartilage and ligament 

abnormalities, 1775, 1775f
limitations of, 1776
of osteophytes, 1774
of subchondral bone marrow 

changes, 1774, 1774f-1775f
of synovitis and joint effusion, 

1774-1775
for outcome assessment, 1787-

1792
conclusions of, 1791
18F-FDG-PET in, 1791
introduction to, 1787
MRI in, 1788-1791, 1789f-1790f
other modalities in, 1791
plain radiography in, 1787-1788, 

1788f-1789f
regulatory requirements for, 

1787
research vs. clinical practice role, 

1787
PET in, 1777
radiography in, 1769, 1770f

of bone remodeling and attrition, 
1769, 1771f

correlation with symptoms, 
1772-1773

to detect structural progression, 
1771-1772

discordance with joint pain, 
1710-1711, 1718, 1723-
1724

grading systems for, 1709-1711, 
1711t, 1771

of hand, 1771
of hip, 1770-1771
of joint space narrowing, 1769, 

1770f

Organ system involvement (Continued) Osteoarthritis (OA) (Continued) Osteoarthritis (OA) (Continued)



IN
D

EX

I79

joint space width in, 1787-1788
measurement methods for, 

1788, 1788f-1789f
of knee, 1770, 1772f
of osteophytes, 1769, 

1770f-1771f
as outcome measure, 1787-1788

protocols for, 1788
pathologic features of, 1769, 

1770f
procedures for, 1769-1771, 

1772f
of subchondral bone changes, 

1769, 1770f
ultrasound in, 1773

correlation with symptoms, 
1773

introduction to, 1773
limitations of, 1773
structures assessed, 1773,  

1773f
immobilization effect on 

development of, 45
incidence of, 1715, 1715f

progression studies vs., 1715-1717, 
1718b

radiographic, 1712-1713, 1714t
as inflammatory/immune reaction, 

55-56
inflammatory signaling activation in, 

1752
inheritance of, 1761-1763

biomechanical factors in, 1763, 
1765

clinical evidence for, 1761, 1762t
structural components of knee and, 

1762-1763, 1763f
twin and family studies of, 1761-

1762, 1762f-1763f
intra-articular therapy for, 1797
introduction to, 1709, 1710b, 1723
in knee (See Knee)
loading in, 1757
in lumbar spine, 1766

low back pain associated with, 
668t

menopause and
glucocorticoids risk for, 500
radiographic prevalence of, 1711-

1712
as risk factor, 1711-1713, 1718
small animal models of, 1736
symptomatic prevalence of, 1713

morbidity of, 1723
mortality of, 1716
myofascial pain disorder vs., 766
neuropathic arthropathy vs., 1811
non-pharmacologic treatment 

modalities for, 1793-1796
NSAIDs for, 1797

acetaminophen vs., 1797
COX-2 inhibitors vs., 1797
systematic vs. “on-demand” intake 

of, 1797
OARSI recommendations on, 1794b
obesity and, 1754-1755
opioid analgesics for, 1797
oral analgesics for, 1796-1797
orthotics for, 1796
osteotomy for, 1798
nutritional status and, 433, 437
outcome assessment of, 1779-1786

for activity limitations, 1782
performance-based, 1783
using standardized 

questionnaires, 1782-1783
biomedical vs. biopsychosocial 

perspectives in, 1779

clinical research vs. routine clinical 
practice fundamentals in, 
1779

in clinical trials, 14t, 17-18, 17t-
18t

conclusions of, 1784
for fatigue, 1781t, 1782
for impairments, 1779-1782,  

1780f
introduction to, 1779
for key contextual factors, 1779, 

1780f, 1783
for mood, 1781t, 1782
for pain, 1781t, 1782
for participation restrictions, 1782-

1783
for patient status change, 1783

interpreting changes in measure 
scores, 1783-1784

responsiveness of measure scores 
in, 1783-1784

for physical signs, 1780
selection of measures for, 1780, 

1781t
for sleep, 1781t, 1782
symptom reporting using 

standardized questionnaires 
for, 1780-1782, 1781t

WHO classification of functioning, 
disability, and health in, 
1779-1780, 1780f, 1781t

overview of, 1741
oxygen in, 1752-1754
with Paget’s disease, 2022, 

2023f-2024f, 2026
pain assessment of, 13, 13t, 15f
pain management for, 463
patellar taping for, 1796
pathogenic concepts in, 1749-1758
pathology of, 1746-1747
patient education for, 1793-1795
pattern recognition in, 253-255

nodal, 254, 254f
pharmacologic therapies for, 1787-

1788
anakinra as, 573t, 575
NSAIDs as, 453-456, 487
tetracyclines as, 548

efficacy data on, 548
toxicity data on, 548

predisposing factors of, 1731
prevalence of

radiographic, 1711-1712
symptomatic, 1713

primary vs. secondary, 1723
progression of, 1715-1716

barriers to detecting, 1717, 1718b
incidence studies vs., 1715, 1715f, 

1717, 1718b
radiographic, 1712-1713, 1714t

progressive cell loss and, 1755
proprioception and, 1757-1758
radiographic

definitions of, 1709-1711, 1710t, 
1711f

incidence and progression of, 
1712-1713, 1714t

prevalence of, 1711-1712
in hand, 1712, 1712f
in hip, 1711
in knee, 1711-1712

techniques for, 1769, 1770f
reactive nitrogen species in, 1752-

1754
reactive oxygen species in, 1752-

1754
rehabilitation for

adaptive approaches to, 445-446

remedial approaches to, 437, 442-
444

response to treatment criteria for, 20f
risk factors for, 1717-1722

bone density, 1722
framework for understanding, 

1718, 1718f
hip shape abnormalities, 1719, 

1721
incidence vs. progression study 

challenges, 1717, 1718b
introduction to, 1717
joint loading and, 1718f, 1719-

1722
local joint environment, 

1718f-1719f, 1719-1721
neuromuscular, 1720-1721
obesity, 1719-1721
physical activity, 1721-1722
previous joint injury, 1720
radiographic evidence vs. joint 

pain, 1717, 1718b
systemic, 1718-1719, 1718f

scoring of, 1745t
signs of, 1724b, 1725-1726

crepitus as, 1725-1726
gait alterations as, 1725
instability as, 1726
joint deformity as, 1726
joint swelling as, 1725, 1726f
outcome assessment for, 1780
reduced motion and function as, 

1726
tenderness as, 1725

staging of, 1742-1746, 1745t
stress in, 1757
structural changes occurring over 

time, 1731-1732, 1733f
subchondral bone in, 1757
surgical interventions for, 1798
symptomatic

definitions of, 1713-1715
prevalence of, 1713, 1715t

in hand, 1713-1715
in hip, 1713
in knee, 1713

symptoms of, 1723-1725, 1724b
enlarged and deformed joints as, 

1725
impaired weight-bearing as, 1725
inactivity as, 1725
outcome assessment of using 

standardized questionnaires, 
1780-1782, 1781t

pain as, 1723-1725
anatomic site relationship to, 

1723, 1724t
articular cartilage damage and, 

1724
bursae and, 1725
investigation correlations to, 

1718, 1723-1724
joint capsule and, 1725
mechanisms of, 1723-1724
meniscus damage and, 1725
muscle and, 1725
psychological factors of, 1725
quality of, 1723
severity of, 1723
standardized quantification of, 

1723
synovial bone and, 1725
synovial fluid and, 1724-1725

reduced dexterity as, 1725
stiffness as, 1725
swelling and fullness sensation as, 

1725
synovial fluid in, 267, 269

synovial membrane alterations in, 
1746-1747, 1756-1757

terminology in, 1746t
topical agents for, 1796
transgenic KO mice models of, 159-

161
treatment modalities in, 1793-1799
treatment objectives in, 1793
typing of, 1742-1746
ultrasound-guided synovial biopsy 

view of, 280f-282f
unilateral vs. bilateral, 1723
weight loss for, 1795

Osteoarthrosis, of glenohumeral joint, 
688, 689t

Osteoblastoma, 2064
Osteoblasts, 75-76

apoptosis of, 75
regulation of, 75-76

in bone resorption, 78f, 157, 159f
during bone remodeling, 1962-

1963
cell lines of, 72-74
formation and differentiation of, 75
function of, 75
in Haversian canals, 69
regulation of generation of, 75-76
in rheumatoid arthritis, 902
in rheumatoid synovium, 600

Osteocalcin (OC)
as biochemical marker of bone 

turnover, 1965-1966
in bone matrix, 70, 72-73, 75
bone remodeling and, 1963

Osteochondral allograft/autograft 
transfer (OAT), for 
osteochondritis dissecans, in 
knee, 737-738, 738f

Osteochondral cylinder transplantation 
(OCT), 163

Osteochondral defect, in ankle, 754, 
755f

Osteochondral fracture, in knee, 817
Osteochondritis dissecans (OCD)

of capitellum, 812
of knee, in adolescents

etiology of, 737
imaging of, 737, 737f-739f
lesions with, 737, 737f-739f
pain related to, 737-738

tissue engineering for, 163
Osteochondrodysplasias, 2048b
Osteochondroma/osteochondromatosis, 

2066-2067, 2067f
in osteoarthritis, 1724
synovial, 1683, 1683f

imaging of, 1683
knee pain related to, 743-744,  

744f
Osteochondrosis, of femoral epiphysis, 

724-726, 997
Osteochondrosis deformans tibiae, 

1765, 1765f
Osteoclastogenesis, in psoriatic 

arthritis, 1208
Osteoclastomas, 343
Osteoclasts, 73-75

activation and resorption of, in bone 
remodeling, 1960-1963

apoptosis of, 74
as bone erosion triggers, 169

cellular mechanisms of, 169-170, 
170f

molecular mechanisms of, 169
in rheumatoid arthritis, 927-928, 

928f-929f
bone remodeling regulation by, 

74-75, 2022
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in bone resorption, 73, 78f, 153, 
157, 159f

formation and differentiation of, 74
function of, 73-74
leflunomide inhibition of, 519
in Paget’s disease, 2021-2026, 2022f
regulation of generation and survival 

of, 74-75
in rheumatoid arthritis, 902

Osteocytes, 76
apoptosis of, 76

aging and, 76-77
bone formation regulation by, 77
bone remodeling regulation by, 1962
in Haversian canals, 69
life span of, hormonal regulation of, 

76-77
in mechanical stress response, 45-46

connexins and, 47
primary cilia and, 47

PTH impact on, 77
viability preservation of, by 

mechanical stimuli, 76
Osteocytoxicity, in osteonecrosis, 1817
Osteodystrophy. See Renal 

osteodystrophy
Osteogenesis imperfecta (OI), 2041-

2045
clinical features of, 2042

dental, 2042
ocular, 2042
in other systems, 2042
skeletal dysplasia as, 2042, 2043f

description of, 2041
epidemiology of, 2041
etiology and pathogenesis of, 2043, 

2044f
history of, 2041
investigations of, 2042-2043
management of, 2044-2045

for generalized connective tissue 
symptoms, 2045

orthopedic, 2044-2045
rehabilitation for, 2044

molecular defects and phenotypic 
correlations in, 2042-2044

Sillence classification of, 2042, 2042t
Osteogenic inhibition, as gene transfer 

target, 166t
Osteoid osteoma, 2064, 2064f

in children, 984, 997
lumbar pain related to, 669-670, 

670f, 670t
Osteoimmunology, 169-172

autoantibody formation and, 171-172
B-cell differentiation and, 171-172
of bone erosion

cellular mechanisms of, 169-170, 
170f

molecular mechanisms of, 169-170
osteoclasts as triggers in, 169, 170f
periarticular mechanisms of, 170
systemic mechanisms of, 170

of bone formation, 171
bone marrow role, 171-172
conclusions of, 172
current concepts of, 169
introduction to, 169

Osteolysis
of distal clavicle, acromioclavicular 

pain with, 696, 696f
idiopathic, 2048b
in psoriatic arthritis, 1197f

Osteomalacia, 343
biochemistries of, 2000t, 2002-2003
causes of, 1998-2001, 2002b
clinical findings in, 2003
drugs and, 2001

fluoride and, 2001
heavy metals and, 2001
oncogenic, 1999
in Paget’s disease, 2023, 2027
in renal failure, 1910
in renal osteodystrophy, 2014b, 

2016-2017, 2016f
toxicities and, 2000t
treatment of, 2003-2004

Osteomas, 2063-2064
osteoid, 2064, 2064f

in children, 984, 997
lumbar pain related to, 669-670, 

670f, 670t
Osteomyelitis

acute, development and continued 
course of, 1056-1057, 1057f

clinical features of
in long bones, 1058, 1058f, 1062
in prosthetic joints, 1058-1059, 

1058f-1059f
in vertebrae, 1057-1058

pain as, 668, 668f-669f, 668t
epidemiology of, 1055
in Gaucher’s disease, 2033, 2035
investigations of, 1059-1061, 1060t, 

1061f
knee pain related to, in children,  

735
management of, 1062
microbiology of, 1056, 1056t
pathogenesis of, 1057
risks and predisposing factors for, 

1057, 1057b
with rheumatoid arthritis, 605, 

606t
in sickle cell anemia, 1922-1926
subacute, 1058, 1058f, 1060-1061
tuberculous, 1068, 1068b

imaging of, 1070, 1070f
vertebral, lumbar pain related to, 

668, 668f-669f, 668t
Osteonal (secondary) bone, 67-69, 68f

canal diameter in, 69
remodeling of, 1960, 1961f, 1963-

1964
Osteonecrosis, 1815-1824

with Behçet’s syndrome, 1577
bone infarct vs., 1817
chemical exposures associated with, 

1815, 1816b
alcohol as, 1815
bisphosphonates as, 1815-1816
corticosteroids as, 619, 1815

clinical features of, 1817
diagnosis of, 1817

MRI utility for, 1818f, 1819, 
1820f-1822f

in dialysis patients, 344
differential diagnosis of, 1817-1818
epidemiology of, 1815-1816, 1816b
of femoral head, International 

Classification of, 1819-
1820, 1820b

in Gaucher’s disease, 2033, 2033f, 
2033t

glucocorticoids risk for, 500-501
of hip, 725, 1815, 1816f

idiopathic transient, 1818, 1818f
HIV infection associated with, 1088, 

1088t
imaging of, 1818-1820

computed tomography in, 1819
MRI in, 1818-1820, 1818f-1819f

for early diagnosis, 1817, 1818f, 
1819, 1820f-1822f

radiography for, 1817-1819, 1819f
radionuclide bone scan for, 1819

staging classifications using, 1819-
1820, 1820b, 1820t

introduction to, 1815
of knee, spontaneous, 1817, 1818f
management of, 1820-1822

arthroplasty for, 1822
conservative approaches to, 1820-

1822
core decompression for, 1822
other orthopedic interventions for, 

1822
medical conditions associated with, 

1815, 1816b
coagulopathies and 

hemoglobinopathies as, 
1815

systemic lupus erythematosus as, 
1233, 1233f, 1815

necrosis mechanisms in, 1817, 
1818f-1819f

with osteoarthritis, 1725, 1729
pathogenesis of, 1816-1817

altered fat metabolism in, 1816-
1817

elevated intraosseous pressure in, 
1817

intramedullary hemorrhage in, 
1817

intravascular coagulation in, 1817
osteocytotoxicity in, 1817
other participatory processes in, 

1817
pathology of, 1816-1817, 1816f
during pregnancy, 1818
in sickle cell anemia, 1921-1924, 

1926
spontaneous, of knee, 1817, 1818f

Osteonectin, 71
Osteopenia

with Gaucher’s disease, 2032, 2033t
with juvenile idiopathic arthritis, 

1003, 1046
in osteoporosis diagnosis, WHO 

criteria for, 399-400, 400t
in renal transplant patients, 344
with systemic lupus erythematosus, 

1245
treatment of, NOF recommendations 

for, 407
Osteopetrosis, 74
Osteophytes

molecular formation of, 171
in osteoarthritis, 1725, 1728

MRI of, 1774
radiography of, 1709-1711, 1710t, 

1769, 1770f-1771f
small animal models of, 1735-

1736, 1738f
with rotator cuff tears, 691
of vertebral body, spinal degeneration 

and, 33f, 35
Osteopontin (OPN), 70-71
Osteoporosis (OP)

alcohol and, 1977
in ankylosing spondylitis, 1131

management of, 1173
bisphosphonates for, 1980-1984
bone markers in

for adherence promotion, 1971
clinical uses of, 1968-1971
for treatment monitoring, 1970-

1971
bone mineral density and fracture in, 

1940
caffeine and, 1977
calcitonin for, 1980
calcium and, 1977-1978
classification of, 1937-1938

clinical consequences and outcomes 
of fractures in, 1950-1952

clinical presentation of fractures in, 
1945-1947

clinical trials on, 19
clustering of fractures in, 1942, 1951
cyclosporine risk for, 534
definition of, 1937
denosumab for, 1986
diagnosis of, 399-400

WHO criteria for, 399, 400t
fracture risk prediction and, 400-

401
FRAX algorithm for fracture risk 

prediction, 400-401, 401f, 
408-409

limitations of, 399-400
economic cost of fractures in, 1942
economic evaluation for, 27
epidemiology of fractures in, 1940-

1942
estrogen receptor modulators for, 

1979-1980
exercise for, 1977
fall prevention in, 1978
falls and fracture in, 1940
of foot, imaging of, 1152, 1152f
fractures related to, falls and, 1964
FRAX algorithm for, 1947-1949
glucocorticoid-induced, 500

biochemical markers in, 1992
bisphosphonates for, 1993-1994
bone mineral density and fracture 

risk in, 1990-1991
bone mineral density testing for, 

410
calcitonin for, 1993
dosage and, 1991-1992
epidemiology of, 1989-1992
hormone replacement therapy for, 

1993
investigations for, 1992
in juveniles, 1040-1042
management of, 1993-1994
parathyroid hormone for, 1994
pathophysiology of, 1989
preventive interventions for, 500, 

1557
vitamin D for, 1993

health impact of fractures in, 1938-
1940

in hemophilia, 1919
of hip

imaging of, 1152-1153, 1153f
transient, 726-727

hip fracture in, 1941, 1946f
clinical consequences of, 1946t

history of, 1937
hormone replacement therapy for, 

1978-1979
incidence of, 1938
laboratory investigations for, 1976t
lumbar pain related to, 672, 672f, 

672t
medications causing, 1976t
in men, 1956
menopause and, 2017-2018
morbidity and fractures in, 1940
mortality and fractures in, 1939, 

1951-1952
non-pharmacologic treatment of, 

1976-1978
non-traditional therapies for, 1985-

1987
nutritional deficiencies and, 436, 438
in osteogenesis imperfecta, 2042, 

2044
outcome assessment of, 19
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parathyroid hormone for, 1984-1985
pathogenesis of, 1959-1964

bone mass determinants vs., 1959-
1960

bone remodeling in, 1960-1964, 
1961f-1963f

introduction to, 1959
patient education for, 1976-1977
periarticular, 170
pharmacologic interventions for, 

1978-1985
prevalence of, 1938
prevention of, bone mineral density 

testing for, 410
in renal osteodystrophy, 2014, 

2014b, 2017-2018
risk factors for, 170, 438, 1938, 

1947-1955
risk of fractures in, assessment of, 

1943
secondary causes of, 1938b

evaluation for, 1975-1976
in FRAX algorithm, 1949-1950

smoking and, 1977
spinal, 29
stress fractures in, 1946-1947
strontium ranelate for, 1985-1986
in systemic lupus erythematosus, 

1245
treatment recommendations, 1975
of vertebrae

mechanical influences in, 34f-35f, 
36

spinal biomechanics and, 36
vertebral fractures in, 1941-1942, 

1945-1946, 1954-1955, 
1987-1988

vitamin D and, 1977-1978
wrist fracture in, 1942, 1946t, 1953

Osteoprotegerin (OPG)
in bone matrix, 70, 71f, 74
in bone resorption, 157, 159f

osteoclast activation and, 1961
estrogen influence on, 215
ligand for (See Receptor activator of 

NF-κB ligand (RANKL))
in osteoarthritis, 1766
osteoclast differentiation and, 169-

170
osteophyte formation and, 171
in psoriatic arthritis, 1201, 1201f
in rheumatoid arthritis, 902, 927-

928
Osteosarcoma, 2064, 2065f

juxtacortical, 2064-2065
with Paget’s disease, 2026
periosteal, 2065, 2065f

Osteotomy(ies)
for osteoarthritis, 1798
for osteogenesis imperfecta, 2044-

2045
for osteonecrosis, 1822
wedge, for ankylosing spondylitis, 

1174, 1175f
Otolaryngologic disorders, 766-767
Otorhinolaryngeal disease

in Churg-Strauss syndrome, 1561
in microscopic polyangiitis, 1526, 

1526t
in relapsing polychondritis, 1671, 

1672f, 1672t
evaluation for, 1673
management of, 1674

Outbreak cohorts, reactive arthritis 
occurrence and, 1115,  
1115t

Outcome assessment, 11-21
adverse reactions and, 13, 16-17

of ankylosing spondylitis, 14t, 17t-
18t, 18

imaging for, 421-423, 421t-423t, 
422f

of Behçet’s disease, 18
in clinical trials, 17-19 (See also 

specific pathology)
conceptual framework for, 11
of dermatomyositis, 1454

juvenile, 1441, 1454
of fibromyalgia, 14t, 19
functional (See Functional capacity/

status)
fundamental principles of, 11-12

ethics as, 11
reliability as, 12
responsiveness as, 12-13, 13t
validity as, 11-13, 12f

imaging for, 413-424, 414f-415f
blinding time sequence, 414
data presentation, 414, 415f
different phases of disease, 413
different phases of drug 

development, 413
general aspects of, 413
grouping of films, 414
introduction to, 413
minimum duration of trial, 415-

416
missing data, 414-415
placebo vs. active comparator, 416
reader agreement, 413-414, 414f
readers, 413
read sessions, 414
repair, 416
statistical analyses, 415
statistical aspects of, 413-415, 

414f
of inflammatory myopathies, 19
introduction to, 11
of juvenile idiopathic arthritis, 1006, 

1017, 1018t
of low back pain, 14t, 19
of osteoarthritis, 1779-1786

in clinical trials, 14t, 17-18, 17t-
18t

of osteoporosis, 19
of patient education, 428, 430

limitations of, 430
of polymyalgia rheumatica, 18-19
of polymyositis, 1454
of psoriatic arthritis, 18, 1205-1206, 

1206b
imaging for, 419-421, 420t

of rheumatoid arthritis, 14t, 17, 17t-
18t, 27, 835-836, 836t

imaging for, 416-418, 417t-419t, 
418f

in routine clinical practice, 15f, 
19-20, 19t, 20f

of Sjögren’s syndrome, 18
statistical issues with, 12-13, 13t, 

1367
study designs for, 221, 224-225, 225f
of systemic lupus erythematosus, 

14t, 18
for complications, 1303-1305, 

1304t
epidemiologic factors in, 1226
for health and functional status, 

1305
juvenile-onset, 1036, 1036t, 1038
predictors of poor, 1226-1227

of systemic sclerosis, 18
techniques and tools for, 11, 13-16, 

1368, 1368t
condition-specific health status 

instruments as, 13, 14t

for global assessments, 16
for impairment, ability/disability, 

and participation handicap, 
15-16, 15f

multidimensional health status 
instruments as, 16

for pain, 13, 15f
of vasculitis, 19

Outcome Measures in Rheumatology 
Clinical Trials (OMERACT), 
11, 17

ankylosing spondylitis outcome 
assessment tool from, 422-
423, 422t-423t

disease activity in, 1205-1206, 1206f
fatigue importance in, 446
osteoarthritis outcome assessment 

tool from, 1781t, 1782
responder criteria, 1784

psoriatic arthritis outcome 
assessment tool from, 421

Outcomes
patient education on, 965-967, 966t
risk factor causality between, 8, 8t

Outpatient surgery, 630
Outsourcing, of drug development, 

228-229
Ovarian cancer, myositis and, 1448
Ovariectomy, for osteoarthritis 

induction, in small animals, 
1736

Overdose, opioid, 475t
Overlap syndromes, 1491-1498

conclusions of, 1497
defined by autoantibodies, 1491
defined by clinical features, 1491
Ehlers-Danlos syndrome and, 2046
hypermobility syndrome as, 2051
introduction to, 1491
Marfan syndrome and, 2048
mixed connective tissue disease as, 

1491-1495
clinical features of, 1492-1493, 

1492f-1493f, 1493t
description of, 1491
diagnostic criteria for, 1491,  

1492b
epidemiology and HLA associations 

of, 1492
etiology of, 1494, 1494b
history of, 1491-1492
investigations of, 1493, 1493f
management of, 1494-1495
pattern recognition in, 255-256, 

255f
renal features of, 337, 338t
structure and function of U1-RNP 

particle in, 1493-1494, 
1494f

systemic lupus erythematosus 
overlap with, 1223

Pm/Scl-associated, 1496
rare, 1496
SLE/Sjögren syndrome defined by 

anti-La (SS-B), 1496-1497
clinical features of, 1496-1497
history of, 1496
management of, 1497
pathogenesis of, 1497

tRNA synthetase-associated, 1495-
1496

clinical features of, 1495, 1495t
diagnosis of, 1496
history of, 1495
management of, 1496
pathogenesis of, 1495-1496, 

1495f-1496f
Overnutrition, 433

Overuse injuries
of hip, 721-722
of shoulder, 692

Overweight. See also Obesity
as osteoarthritis risk, 1719-1721

Ovulation induction, rheumatic 
diseases and, 211

OX40, as TNF receptor, 96, 97t-98t
Oxalate crystals, 1899, 1900f
Oxidation reactions, collagen fiber 

cross-links and, 69-70
Oxidative phosphorylation, in muscle 

metabolism, 1482, 1483f, 
1484

Oxonic acid, in hyperuricemia, 1853
Oxycodone, 471t, 473, 476t
Oxygen radicals. See Free radicals
Oxymorphone, 471t, 476t, 477

P

Pacemaker, for heart block, in neonatal 
lupus, 1337-1338

Pachydermoperiostosis, 1701-1702
Pachymeningitis, 1550, 1551f
PADI4 gene, 129, 875, 899
Paediatric Rheumatology European 

Society, polyarteritis nodosa 
classification criteria, 1523, 
1524t

Paget’s disease, 2021-2028
bone markers in, 1971-1972
clinical features of, 2022

physical presentations in, 2022, 
2023f

skeletal sites in, 2022, 2023f-2024f
complications of, 2026
differential diagnosis of, 2026
epidemiology of, 2021
etiology of, 2021
history of, 2021
imaging of, 2023, 2023f-2026f

in hip, 725, 2027f
whole-body bone scans in, 392f

laboratory findings with, 2023-2026
lumbar pain related to, 672, 672f, 

672t, 679
malignancy associations with, 1677
natural history of, 2026
osteomalacia and, 2001
pathogenesis of, 2021-2022

environment factors in, 2021-2022
genetic factors in, 2021
histopathology in, 2022, 2022f

summary of, 2021, 2027
treatment of, 2026-2027

bisphosphonates for, 2026-2027, 
2027f

calcitonin for, 2026
goals of, 2026
supportive therapy in, 2027
surgery in, 2027

Pain, 199-203
abdominal, with systemic lupus 

erythematosus, 1239
ankle (See Ankle pain)
arthritis patterns of (See Pattern 

recognition)
articular, mechanisms in, 468
assessment of, 13, 15f
avoidance of movement causing, 

2051
back (See Back pain; Low back pain)
benign limb, in children, 981, 998
biomedical model of, 461
biopsychosocial model of, 461
bone, localized, 672-673, 672t

therapy for, 673
breakthrough, 479

Osteoporosis (OP) (Continued) Outcome assessment (Continued) Outcome assessment (Continued)
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buttock
low back pain vs., 660, 677-678
posterior, 720-721

cancer, 467
central basis of, 202-203

central sensitization, 202, 1782
conscious pain response, 199, 202
molecular mechanisms of, 202-203
nociceptive spinal cord neurons, 

202
chest (See Chest pain)
chronic, 199, 1781t

with hemophilia, 1919
with hypermobility syndrome, 

2053-2054
widespread (See Chronic 

widespread pain (CWP))
congenital indifference to, 1807
control of (See Pain management)
craniofacial, temporomandibular 

disorders in, 763
with diffuse idiopathic skeletal 

hyperostosis, 1802
with digital clubbing, 1701, 1704
effect on neuroendocrine system, 211
elbow, differential diagnosis of, 703
emotions and, 461-462
with entheses, 1213, 1216
facial, atypical, 766
forefoot, 756-758, 760
“growing”, of childhood, 981, 998
heel, 758, 760
hindfoot, 756
in hip (See Hip pain)
history taking for, 236-237

characteristics and pattern, 237, 
237t

effect on person, 237
precipitating/ameliorating factors, 

237
site and distribution, 237, 237t

with hypermobility syndrome, 2052-
2053, 2053f

importance of, 467
in joints (See Joint pain)
with juvenile idiopathic arthritis, 

993, 997t, 1001f, 1005, 
1009

functional implications of, 1045-
1046

rehabilitation consideration of, 
1048-1049

in knee (See Knee pain)
lumbar, 659-682 (See also Lumbar 

spine disorders)
measurement of, 461
midfoot, 756
mild (See Tenderness)
in muscles, 1479, 1480b
myofascial (See Myofascial pain 

disorder (MPD))
in neck (See Neck pain)
neuralgic, 199

trigeminal, 766
neuropathic, 469 (See also 

Neuropathic pain)
nociceptive (See Nociceptive pain)
with osteoarthritis, 1723-1725, 

1724t (See also 
Osteoarthritis (OA))

outcome assessment of, 1781t, 
1782

prevalence of, 1713-1715, 1715t
radiography discordance with, 

1710-1711, 1718, 1723-
1724

structural changes relationship to, 
1772-1776

osteoarticular, opioids for, 468-469
with osteonecrosis, 1817
peripheral basis of, 199-202

molecular mechanisms of, 200, 
200f, 201b

neuropathic, 201-202
sensitization of nociceptors, 200, 

201f
sensory function of nociceptors, 

200, 200f
structure and dual function of 

nociceptors, 199, 200f
physical examination for, 241-242
prevalence of, in rheumatologic 

conditions, 461
psychogenic

with lumbar spine disorders, 659, 
660t

myofascial pain disorder vs., 767
psychological factors of, 461-462, 

767
management of, 444, 447t
in osteoarthritis, 1724t, 1725

radicular (See Radicular pain)
referred, common patterns of, 237, 

237t
with rheumatoid arthritis, 829, 833, 

835-836
DMARDs therapy and, 955

with scleritis, 299-300
sensory-discriminative aspect of, 

201f, 202
in shoulder (See Shoulder pain)
somatic (See Somatic pain)
summary of, 199, 203
in temporomandibular joint (See 

Temporomandibular pain)
in tendinopathy, 87
in thigh (See Thigh pain)
types of, 199
in wrist and hand, 713

differential diagnosis of, 713,  
715t

Pain evaluation
in nutritional assessment, 435
tools for, 461

in lumbar spine disorders, 660, 
660f, 661t

in osteoarthritis outcomes, 1781t, 
1782

scales as, 13, 15f, 461, 464
Painful crisis, in sickle cell anemia, 

1921, 1922f, 1926
Pain management. See also Analgesia

biofeedback in, 462
evidence base for, 463-464

for calcific tendinitis, of shoulder, 
697

for capsulitis, 695
cognitive behavioral therapy in, 462

evidence base for, 463
complementary and alternative 

medicine in, 451-453, 457
for complex regional pain syndrome, 

802t, 803
for digital clubbing, 1704
for fibromyalgia, 463-464, 780
for juvenile idiopathic arthritis, 1005, 

1019, 1023-1024
during rehabilitation, 1048-1049

for lumbar spine disorders, 678-680
for myofascial pain disorder, 767
neuropathic, 679

with arthropathy, 1812
non-pharmacologic, 461-466

assessment of, 463
conclusions of, 464-465
introduction to, 461

psychosocial interventions for, 
461-462

evidence base for, 463-464
NSAIDs efficacy for, 487
for Paget’s disease, 2026-2027
patient education in, 462

evidence base for, 464
postoperative, 632, 637-638
rehabilitation for, 441-442, 447t (See 

also Rehabilitation)
remedial approach to, 444, 447t

relaxation therapy in, 462
evidence base for, 463-464

for rotator cuff disorders, 690, 692
self-management in, 462

behavior change models and, 462, 
463t

evidence base for, 464
social support interventions in, 462

Pain maps, of neck pain, 647, 647f
Pain provocation tests. See Provocative 

tests/testing
Pain response

affective, 201f, 202
fear as, 444, 447t

augmented, in fibromyalgia, 773-775, 
774f-775f, 777

central amplification of, 202, 1782 
(See also Central 
sensitization)

conscious, thalamocortical system 
generation of, 199, 
200f-201f, 202

sensory-discriminative, 201f, 202
Pain scales, 13, 15f, 461, 464

for low back pain, 660, 660f, 661t
in osteoarthritis outcomes, 1781t, 

1782
Pain syndromes

acromioclavicular (See 
Acromioclavicular pain 
syndrome)

acute, 199
bi, 451
central, 781
chronic, 774, 776 (See also Chronic 

widespread pain (CWP))
musculoskeletal (See Fibromyalgia 

(FM))
patellofemoral (See Patellofemoral 

pain syndrome)
regional, 769, 770f, 771 (See also 

Complex regional pain 
syndrome (CRPS))

in children, 981
somatic, 769, 770f, 771

Pain threshold, in fibromyalgia, 773-
774

attenuated diffuse noxious inhibitory 
controls and, 773-774

increased wind-up and, 774, 774f
Palindromic rheumatism, 1680

pattern recognition in, 251, 255
rheumatoid arthritis vs., 834

Palmar fasciitis syndrome, cancer-
related, 256, 256f, 1678, 
1679f

Palmaris longus tendon, 790, 791f
Palpation

of ankle joint, 753f
in children’s examination, 977
of elbow, 703, 703t
of forefoot, 751
of hands, for rheumatoid arthritis, 

830, 830f-831f
of hindfoot, 751
of hip, 722
of knee, 733

of midfoot, 751
of peripheral pulses, 305, 977
in physical examination, 242t-243t, 

243
Palpitations, with heart disease, 305-

306
Pamidronate

for ankylosing spondylitis, 1166
for digital clubbing, 1704
for neuropathic arthropathy, 1812
for osteitis pubis, 727
for Paget’s disease, 2026

Panarteritis
Takayasu’s arteritis as, 1571
in temporal artery walls, 276, 276f

Pancarditis, with Lyme disease, 1080f, 
1082

Pancreatitis
musculoskeletal features of, in 

children, 976t
polyarthritis related to, 1678
in Sjögren’s syndrome, 1341
in systemic lupus erythematosus, 

1240
Pancytopenia, in systemic lupus 

erythematosus, 1241
Panniculitis, 1597-1607

α1-antitrypsin deficiency-associated, 
1602

calcifying, of renal failure, 1603, 
1603f

classification of, 1597, 1598b
definition of, 1597
differential diagnosis of, 1605
erythema nodosum as, 1597, 1601, 

1601f, 1602b
factitial, 1604
histiocytic cytophagic, 1603
idiopathic neutrophilic lobular, 1601-

1602
investigations of, 1605
lipoatrophic, 1603
lupus erythematosus as (See Lupus 

erythematosus panniculitis/
profundus (LEP))

management of, 1606
pancreatic, 1602, 1602f
physical examination for, 1605
post-steroid, 1603
sclerosing, 1603-1604, 1604f
subcutaneous panniculitis–like T-cell 

lymphoma as, 1603, 1606
subcutaneous tissue biopsy for, 273-

274
summary of, 1597, 1606
tuberculous, 1068, 1068b

Pannus, 913, 914f, 916
rheumatoid, 829-830

in juvenile idiopathic arthritis, 
1009, 1010f

pigmented villonodular synovitis 
vs., 1681

Pansclerotic morphea, 1364
P0 antigen, 1283t, 1284-1285
P1 antigen, 1283t, 1284-1285
P2 antigen, 1283t, 1284-1285
P antigen, in parvovirus B19 infection, 

1088-1089
Panuveitis, 297-299
Papain, intra-articular, for osteoarthritis 

induction, in small animals, 
1735

Papillary muscle dysfunction, in 
sarcoidosis, 1661, 1665

Papillary necrosis, renal, from NSAIDs, 
341

Papule, 286b
Paracetamol. See Acetaminophen

Pain (Continued) Pain (Continued) Pain management (Continued) Palpation (Continued)
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Paracoccidioidomycosis, 1074
Paracrine signaling, intracellular, in 

mechanotransduction, 45, 
46f, 48

Paramyxoviruses, 2021-2022
Paraneoplastic angiitis, cerebral 

vasculitis associated with, 
1617-1618, 1618t, 1621

Paraneoplastic theory, of malignancy 
risk, 1448

Paraneoplastic vasculitis, 1600, 1605
Paraproteinemia, vasculitis associated 

with, 1600, 1600f, 1605
Paraquat, 2000b
Parasites

humoral immune response to, 139
myopathies related to, 1489, 1489b
myositis associated with, 1459, 

1460t
Parasitic arthritis, 1076-1077

cestode infections in, 1077
clinical features of, 1076, 1076t, 

1077b
diagnosis of, 1076, 1076t
muscle biopsy for, 276
nematodes in, 1077
protozoan infections in, 1077
treatment of, 1077
trematodes in, 1077

Parasympathetic nervous system
as anti-inflammatory pathway, 195-

196
in neuroendocrine system, 211, 212f
in systemic lupus erythematosus, 

1243
Parathyroidectomy, for renal 

osteodystrophy, 2016-2017
Parathyroid hormone (PTH)

in bone cell physiology, 76-77
bone mass and, 1959
bone remodeling and, 1961
bone resorption and, 157, 159f
calcium and, 1998-1999
disorders of

in Paget’s disease, 2026
in renal osteodystrophy, 2013-

2014, 2016
profiling of, 2015, 2015t, 2017

imbalance of, renal failure and, 342
arthropathies related to, 344
soft tissue presentations of, 343-

344
kidneys and, 1999
for osteoporosis, 1984-1985

glucocorticoid-induced, 1994
Paravertebral abscess, with tuberculous 

arthritis, 1069, 1069f
Parenchymal lung disease. See also 

Interstitial lung disease 
(ILD)

with myositis, 1445, 1451
rheumatic diseases associated with, 

315, 317
Paresthesias

in carpal tunnel syndrome, 788-789, 
789t

in cubital tunnel syndrome, 785
in median nerve compression 

syndromes, 786-787
neck pain and, 648
in tarsal tunnel syndrome, 793
of thigh, in meralgia paresthetica, 

792-793
in thoracic outlet syndrome, 783
in ulnar vs. carpal nerve compression 

syndromes, 786, 789, 789f
Paris nomenclature, of 

chondrodystrophies, 2048, 
2048b

Parker-Pearson needle, for synovium 
biopsy, 278f, 279

Parkinson’s disease, 2031-2032
Parotid gland

biopsy of, 278-279
sarcoidosis and, 1664
in Sjögren’s syndrome, 286b, 1339, 

1341f
ultrasonography of, 385

Paroxetine, 780
Parry-Romberg syndrome, 1364, 1434-

1435
Participation

measures of, 15-16
with juvenile idiopathic arthritis, 

1047-1048
rehabilitation consideration of, 

1047, 1050
restrictions on, in outcome 

assessment, 1779, 1780f
of osteoarthritis, 1781t, 1782- 

1783
WHO definition of, 1046

Parvovirus B19, rheumatic effects of, 
1088-1089

clinical presentations of, 827,  
1089

in juvenile idiopathic arthritis, 1011-
1012

laboratory investigations of, 826
peripheral, 254
virology of, 1088-1089
vs. rheumatoid arthritis, 834, 899-

900
Patch grafts, ocular, for peripheral 

ulcerative keratitis, 302
Patella

assessment of, in children, 978
chondromalacia of (See 

Chondromalacia patellae)
fractures of, 745
in knee anatomy, 729

aspiration and injection 
considerations of, 746

in rheumatic knee, 833
Patellar apprehension test, 976t
Patellar ballottement test, 733
Patellar dislocation, 816
Patellar reflex, in lumbar spine 

disorders, 662
Patellar tap, 241f
Patellar taping, for osteoarthritis,  

1796
Patellar tendinitis, 817
Patellar tendon

inflammation of, 743
injury to, 745
rupture, 817
systemic lupus erythematosus 

involvement of, 1233
on ultrasound, 383f

Patellofemoral joint
anatomy of, 729, 730f
dysfunction of

in children, 984
in late teens/early adulthood, 740-

741, 740f-741f
instability of, 740-741
motion of, 732, 732f

assessment of, 733
osteoarthritis of, 1712-1713

MRI scoring systems for, 1713, 
1714t

radiography of, axial (skyline) method 
for, 1770, 1772f

Patellofemoral pain syndrome, 818, 
1723

in children, 984
osteoarthritis vs., 1729

Patellofemoral tracking/maltracking, 
732

in late teens/early adulthood, 740-
741, 740f-741f

Patent ductus arteriosus, 1702, 1702f, 
1704

Pathergy phenomenon/reaction, 286b
in Behçet’s syndrome, 1576f, 1577

Pathogen-associated molecular patterns 
(PAMPs)

in innate immunity, 133, 141, 1108
in signal transduction, 119, 122

Pathogens. See also specific 
microorganism, e.g., Borrelia 
burgdorferi

arthritis related to, animal models of, 
879-882, 881f

bacterial (See also Bacterial 
infections)

in synovial fluid, 271
barriers against invasion by, 146
B-cell neutralization of, 136
Behçet’s syndrome associated with, 

1575
food- and water-borne, 1115, 1119
fungal (See also Fungal infections)

in synovial fluid, 271
for gene transfer, 166-167, 166t
innate immunity recognition of (See 

Microbial recognition)
intracellular (See Intracellular 

pathogens)
juvenile idiopathic arthritis and, 987, 

991, 1011-1012
in osteomyelitis, 1056, 1056t

virulence factors of, 1057
parasitic (See Parasitic entries)
protozoan, 1076t, 1077
reactive arthritis associated with, 

324, 324t, 987, 1109-1110, 
1113, 1114t

in children, 980
interaction with host, 1104
in juveniles, 1032

rheumatoid arthritis and, 827
autoantigens of, 897-899
molecular mimicry of, 898-900, 

900f, 1104
in septic arthritis, 1056-1057, 1056f, 

1056t
in systemic sclerosis, 1388-1389
T-cell neutralization of, 136, 137f, 

138
viral (See also Viral infections)

in synovial fluid, 270f, 271
Patient acceptable symptom state 

(PASS), 1783-1784
Patient-centered rehabilitation, 441-442
Patient-controlled analgesia, 

postoperative, 632
Patient education, 427-432

on ankylosing spondylitis, 1159
during clinical visit, 427
definition of, 427
delivery modes for, 427, 428t, 429-

431
effectiveness of, 430, 430t
on hypermobility syndrome, 2053-

2054
on juvenile idiopathic arthritis, 1050
multidisciplinary team approach to, 

430-431, 431t
on myositis, 1471, 1472b, 1475
needs assessment for, 428, 430t
on osteoarthritis, 1793-1795
on osteoporosis, 1976-1977
as pain control, 462

evidence base for, 463-464
patients’ rights for, 427

program designs for, 428
content of, 428-430, 429t
cultural considerations of, 429
health literacy and, 429-430
Internet and, 429-430
population needs, 430-431
theory-based, 428, 428f

provider-patient communication in, 
427-428

on psoriatic arthritis, 1205, 1208
public health approaches to, 431
research on, 430-431

limitations of, 430
on rheumatoid arthritis, 965-967, 

966t
on self-management skills (See Self-

management programs 
(SMPs))

settings for, 427, 428t
on skill development, 428-429, 429t, 

431
on systemic lupus erythematosus 

treatment, 1307
Patient history. See History taking
Patient status change, in osteoarthritis 

outcomes, 1783
interpreting changes in measure 

scores, 1783-1784
responsiveness of measure scores in, 

1783-1784
Patrick maneuver

of hip, 723, 723f, 833
for low back pain, 661t, 662

Pattern recognition
in arthritis, 251-257

clinical value of, 256-257
duration of symptoms and, 251
introduction to, 251, 257
joint involvement and

axial, 253-254
localization of, 253-255
local pattern of, 255-256
number of affected joints, 251-

252
peripheral, 254-255
sequence of, 255
symmetric vs. asymmetric, 252-

253, 253f, 253t
mode of onset and, 251

in rheumatoid arthritis, 251, 253-
257, 253t

monocyclic, 835, 835f
polycyclic, 835, 835f
progressive, 835, 835f

Pattern recognition receptors (PRRs)
in innate immunity, 133, 141, 142f, 

150-151
autoimmune diseases and, 148-

150, 150f
inflammation and, 150
internalizing, 143
phylogenetic comparison of, 141, 

143f, 144-146, 145f
signaling, 141-143, 143f-144f

cytosolic, 142-143, 144f
molecular mechanism of, 147-

148, 149f
Toll-like, 141-142, 143f

soluble, 143-144, 145f
in signal transduction, 122

Pauciarticular arthritis, inflammatory 
bowel disease presenting as, 
323

Pauciarticular juvenile idiopathic 
arthritis (PA-JIA), 994t

early-onset, pattern recognition in, 
251, 254-256, 256f

etiologies of, 1012-1013, 1013t

Patient education (Continued)
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1001, 1001f

Pauci-immune glomerulonephritis, 337
in ANCA-associated vasculitides, 

1516, 1516f, 1518f
idiopathic, 337-339, 338t
microscopy of, 336
in Wegener granulomatosis, 1551, 

1552f, 1554
Pauci-immune necrotizing crescentic 

glomerulonephritis, 1516-
1517

Pauci-immune small-vessel 
vasculitides, 1509

PCNA antigen, 1285
PDCD1 gene, 1248, 1250t
PDE5 inhibitors, for pulmonary 

hypertension, 1422t
PD-1 gene, 1248, 1250
p55-directed TNF inhibitors, 588, 593
PDZK1 gene, 1854
Peak bone mass, 1959
Pearson correlation coefficient, in 

imaging reader agreement, 
413-414

Pearson syndrome, 2000b
Pectoralis major muscle, 685
Pectoralis major tendon, injuries to, 

811-812
Pectoralis minor tendon, 783, 784f
Pectus carinatum, with 

mucopolysaccharidoses, 
2037, 2039f

Pectus excavatum, in Marfan 
syndrome, 2047, 2047f

Pediatric rehabilitation professionals, 
1045

Pediatric rheumatology. See Children/
childhood; specific 
pathology, e.g., Juvenile 
idiopathic arthritis (JIA)

Pediatric Rheumatology International 
Trials Organization 
(PRINTO), on myositis 
activity assessment, 1448-
1449, 1449t

in juveniles, 1039-1040
Pegloticase, 1873
Pegsunercept, 588
PEGylated soluble TNF receptor type 1, 

as IL-1 inhibitor, 574
Pellegrini-Stieda disease, of knee, 742, 

743f
Pelvic girdle, myositis features in, 1441
Pelvic radiography, 350b
Pelvic tilt

in gait examination, 722, 722f
leg-length discrepancy related to, 724

Pelvis
acute injury of, 813
chronic injury to, 813-814
computed tomography of, 359f-362f
in hip examination, 722-724, 725f
imaging of, for 

spondyloarthropathies, 1145 
(See also Sacroiliac joint)

muscular attachments of, 719, 720f
Paget’s disease of, 2023-2026
physical examination of, 244
rheumatoid arthritis in, radiography 

of, 861-862
in sports medicine, 812-814

Penicillamine
dosage of, 542
drug-induced lupus and, 1297t
drug interactions with, 542

introduction to, 539-540
for juvenile idiopathic arthritis, 1017, 

1021
methotrexate vs., 512
mode of action, 541
myopathies related to, 1486t, 1487
pharmacology of, 541
in pregnancy, 613t, 614
for rheumatoid arthritis, 540-541

synovitis indications and strategies 
for, 949, 950f, 953

vs. other DMARDs, 541-542, 541t
vs. placebo, 541, 541t

side effects of, 542, 542t
structure of, 541, 541f
for systemic sclerosis, 1406, 1406t

in children, 1042
use in combination therapy, 542

Penicillins
for gonococcal arthritis, 1065
for Lyme disease, 1083, 1084b
for septic arthritis, 1062t
for syphilitic arthritis, 1065

Pentosidine
in bone turnover, 1966
in tendinopathy, 86t

Peptic ulcer disease, 637, 899
Peptide antigens, T-cell recognition of, 

136
Peptides

in rheumatoid arthritis, 551
T-cell receptor, in immunotherapies, 

552-553
Peptidoglycan

in reactive arthritis, 1104
in rheumatoid arthritis, 899

Peptidylarginine deiminase-4. See 
PADI4 gene

Peptidyl arginine deiminase (PAD), in 
rheumatoid arthritis, 888, 
889f, 1011

antibodies to, 888t, 892
pathogenic role, 893, 893f

Peptostreptococcus spp., in septic 
arthritis, 1056

Percentiles, in clinical research, 224
Percutaneous biopsy, for myositis, 

using suction-assisted 
instrument, 276, 277f

Percutaneous transluminal angioplasty 
(PTCA), for Takayasu’s 
arteritis, 1572

Perforin, 1468
Performance-based assessment, 11

of ability/disability, 15-16
of osteoarthritis, 1781t, 1783

Perfusion scans, myocardial
for sarcoidosis, 311, 1661, 1665
for systemic sclerosis, 311

Periarticular features
of chronic kidney disease, 1685-

1686, 1686f
of Lyme disease, 1081t-1082t, 1082, 

1082f
of psoriatic arthritis, 1189

Periarticular mechanisms
of bone loss, 170
of hip pathology, 720-721, 721t, 

727-728
of shoulder disorders, 688, 692-695
of wrist and hand pain, 713, 715t

Periarticular tissues, aspiration/
injection of, 617-628. See 
also Aspiration; specific joint

Pericardial disease
evaluation of, 305-306
neck pain referred from, 646t
in systemic sclerosis, 1380-1381

Pericardial effusions
in juvenile idiopathic arthritis, 998-

999, 999f
patient evaluation for, 305
in sarcoidosis, 310-311, 1661, 1665
in systemic lupus erythematosus, 

309, 1243
Pericarditis

in acute rheumatic fever, 1096
in adult-onset Still’s disease, 853-854
in microscopic polyangiitis, 1526
in rheumatic disease, 305, 307
in rheumatoid arthritis, 842, 843f
in systemic lupus erythematosus, 

309, 1243
immunopathology of, 1262

Pericellular matrix, mechanocoupling 
and, 45-46

Pericytes
in fibrosis, 1395
in microvascular bed, 1509

Perimysium, 1457, 1458f
Perinatal period, osteogenesis 

imperfecta in, 2042, 2042t
Perineum, psoriatic arthritis in, 1190
Periodic acid–Schiff (PAS) stain, for T. 

whippelii, 1684
Periodic fever syndromes

adult-onset Still’s disease vs., 849, 
854

IL-1 inhibitors for, 573t, 575
Period prevalence, 3, 4t
Perioperative care

of co-morbidities, 633-634
chronic corticosteroid therapy in, 

636-637, 637t
conduction abnormalities and 

arrhythmias, 635
diabetes mellitus, 636, 636b
gastrointestinal disease, 637
genitourinary conditions, 638
history taking for, 630-631
hypertension, 634
ischemic heart disease, 633-634, 

633t
neurologic problems, 638
postoperative infection prevention, 

638
pulmonary disease, 635-636
specific clinical problems, 638-640

antiphospholipid syndrome as, 
639

difficult neck as, 640
with eyes, 640
fat embolism syndrome as, 639
hip fracture as, 639-640
immunosuppressive/anti-

inflammatory therapy as, 
640

with integument, 640
venous thromboembolism as, 

638-639
valvular heart disease, 634-635

glucocorticoid considerations in, 501-
502

of rheumatic disease patient, 629-
642 (See also Surgery)

Periosteal osteosarcoma, 2065, 2065f
Periosteum, in autologous chondrocyte 

implantation, 163
Periostosis, with digital clubbing, 1701-

1703
imaging of, 1701-1702, 1703f

Peripheral arthritis, in ankylosing 
spondylitis, 1129

Peripheral edema
in myositis, 1440-1441
from NSAIDs, 341
in psoriatic arthritis, 1187

Peripheral joints
arthritis patterns in, 253t, 254-255

with inflammatory bowel disease, 
323

lower limbs, 254-255, 254f-255f
upper limbs, 254, 254f

computed tomography of, 362-363
radiography of, for 

spondyloarthropathies, 
1151-1154

bone scintigraphy vs., 1153, 1153f
foot, 1152, 1152f
hand and wrist, 1151-1152, 1151f
hip, 1152-1153, 1152f-1153f
MRI vs., 1154, 1154f
other appendicular sites, 1153
overview of, 1151
shoulder, 1153, 1153f
ultrasonography vs., 1154, 1154f

rheumatic diseases in (See Joint 
involvement)

tuberculous arthritis in, 1067-1068
imaging of, 1069, 1069f-1070f
treatment of, 1070

Peripheral nerve pathology
in cryoglobulinemia, 1610-1611
on ultrasound, 385

Peripheral nervous system (PNS)
in inflammation, 196-197
inflammatory arthritis and, 195

Peripheral neuropathy
with Behçet’s syndrome, 1577-1578
with microscopic polyangiitis, 1526, 

1526t
perioperative management of, 638
with polyarteritis nodosa, 1527-1528
with relapsing polychondritis, 1673
with rheumatoid arthritis, 845
with sarcoidosis, 1661
with systemic lupus erythematosus, 

1236t, 1237
from thalidomide, 544, 544t

Peripheral sensitization, of pain
in chronic pain evaluation, 777-778, 

777f
molecular mechanisms of, 200, 200f, 

201b
nociceptor sensitization during 

inflammation and, 200, 
201f

Peripheral spondyloarthritis, 1135
acquired immunity and, 1136-1137
imaging of, 1151-1154 (See also 

specific joint)
inflammation mechanisms in (See 

Joint inflammation)
pathogenesis of, 1137

Peripheral ulcerative keratitis (PUK), 
301-302

treatment of, 302
in Wegener granulomatosis, 1548

Peripheral vascular disease, 1244, 
1304t

Peritoneal dialysis, 1331-1332
Peritonitis, with systemic lupus 

erythematosus, 1239-1240
Perlecan

in articular cartilage, 65-66
in bone matrix, 70, 71f

Peroneal tendon pathology, 819
Peroneus brevis, 750f
Peroneus longus, 750f
Peroneus tertius tendon, 750f
Peroxisome proliferator-activated 

receptor gamma (PPAR-γ), 
1397

Personal factors, in outcome 
assessments, 1779

of osteoarthritis, 1783

Pauciarticular juvenile idiopathic 
arthritis (PA-JIA) 
(Continued)

Penicillamine (Continued)
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Personality traits, complex regional 
pain syndrome and, 798

Perthes’ disease, 724-726, 997. See also 
Legg-Calvé-Perthes (LCP) 
disease

Pes anserine
bursitis of, in children, 984
in knee anatomy, 732

Pes anserinus syndrome, 624, 625f
Pes cavus, in physical examination, 

750
Pes planus (flat foot)

in children, 977-978
with hypermobility syndrome, 2053
with osteoarthritis, 1729
in physical examination, 750

PET. See Positron emission 
tomography (PET)

Petechia, 286b
PGD2, in inflammation, 192
PGDFR, in tendinopathy, 87t
PGE2, in tendinopathy, 87t
PGJ2, in inflammation, 192
pH, of synovial fluid, 271
Phagocytes/phagocytosis

autoimmunity and, 148, 150f
B-cell function in, 133, 136
in gout

responsiveness of, 1849f-1850f, 
1850, 1850b

of urate crystals, 1848, 1849f
internalizing PPRs and, 142f, 143-

144
intracellular control mechanisms of, 

156-157, 159f
mononuclear system of, 1264-1265, 

1265f, 1268-1269
in synovial fluid, 270, 270f

in Raynaud’s phenomenon, 1428
in systemic lupus erythematosus, 

1264, 1265f
as treatment target, 1268-1269

T-cell function in, 137-138, 137f
Phalanges/phalangeal joints

in foot anatomy, 752f
psoriatic arthritis in, 1189, 

1190f-1191f
Raynaud’s ulcers of, 1152
sarcoidosis in, 1662-1663, 1663f
spondyloarthropathies of, 1152, 

1152f-1153f
Phalen’s test, 716

for carpal tunnel syndrome, 789, 
789t, 790f

Pharmacist, 966t, 967
Pharmacodynamics. See named drug, 

e.g., Abatacept (CTLA4-Ig)
Pharmacoeconomics, of TNF 

inhibitors, 580
Pharmacogenetics

description of, 205-209
progressive trends for, 130

of DMARDs, 207-209
azathioprine, 208
biologic, 208-209
cyclosporine, 208
gold, 208
methotrexate, 207-208, 207f, 208t
sulfasalazine, 208

of glucocorticoids, 206, 206t
of NSAIDs, 206-207, 207t

Pharmacogenomics, 205-210
conclusions of, 209
data interpretation approaches to, 

205-206
description of, 205
evolution of, 205-206
experimental study designs for, 205-

206

of glucocorticoids, 496-498, 
497f-498f

of methotrexate, 514
Pharmacokinetics. See named drug, 

e.g., Leflunomide
Pharmacologic therapy. See Drug 

therapy
Pharynx

myositis features in, 1440-1441, 
1445

neck pain referred from, 646t
Sjögren’s syndrome features in,  

291, 1339, 1341, 1341b, 
1341f

Phase 1 clinical trials, 227
Phase 2 clinical trials, 227
Phase 3 clinical trials, 227
Phase 4 clinical trials, 227
Phenacetin, 341
Phenotype

in chondrodystrophies classification, 
2048

of developing muscles, 1458
in drug response, 205-206, 209
in osteogenesis imperfecta 

classification, 2044
in spondyloarthritis 

subclassifications, 1135
studies of, for psoriatic arthritis, 

1180
T-helper type 2 immune, 213-214
T lymphocyte surface, in rheumatoid 

arthritis, 900-901, 901f
Phentolamine, 801
Phenylbutazone, 1160, 1164t
Phenytoin, 488t

drug-induced lupus and, 1296f, 1297, 
1297t

P3H1 gene, 2042-2044
Phlebotomy, for hemochromatosis, 

1929, 1931f, 1933
Phosphatases, in signal transduction, 

119-120
Phosphate/phosphorus

bone storage of, 67
deficiency, 1999, 2000t
imbalance of

renal failure and, 342
musculoskeletal conditions with, 

1686
in renal osteodystrophy, 2015-

2016
intake of

bone mass and, 1960
recommendations for, 342, 438

Phosphatidylinositol 3-kinase, in bone 
physiology, 72-76

Phosphaturia, 2001
Phosphodiesterase inhibitors, 640, 

1407, 1408t
Phosphodiesterase nucleotide 

pyrophosphatase (PDNP) 
enzymes, 1883

Phosphofructokinase deficiency
genetic testing for, 1481t
myopathy related to, 1479, 1483, 

1484f
Phosphoinositide 3-kinase (PI3K)–Akt/

Protein kinase B (PKB) 
pathway, in mechanical 
stress response, 46f, 47

Phospholipase A2
in gout, 1850b, 1851
tetracycline inhibition of, 544

Phospholipase-Cγ (PLC-γ), in signal 
transduction, 123

Phospholipid-dependent antigens,  
1285

5-Phosphoribosyl 1-pyrophosphate 
(PRPP), in purine 
metabolism, 1844-1845, 
1845f

Phosphorus metabolism, 1997-1998
Phosphorylation

in B-cell activation and function, 136
oxidative, in muscle metabolism, 

1482, 1483f, 1484
in protein analysis, 116
in T-cell activation and function, 139

Phosphotransferases, in signal 
transduction, 119

Photopheresis, for systemic sclerosis, 
1405-1406, 1405t

Photosensitivity
with myositis, 1441, 1444b
with Sjögren’s syndrome, 1339
with systemic lupus erythematosus, 

285-287, 286f-287f
Phylogenetic tree, of Toll-like receptors, 

141, 143f
Drosophila Toll comparison, 144-

146, 145f
Physical activity, 967

bone mass and, 1960
hip pain and, 720-722
juvenile idiopathic arthritis 

implications for, 1046
functional evaluation of, 1047-

1048
during rehabilitation, 1045, 1049-

1050, 1049f
nutritional deficiencies and, 436, 438
osteoarthritis and, 1721-1722, 1725
for rheumatoid arthritis, 967-968, 

967t
rheumatoid cachexia and, 436, 438
therapeutic (See Exercise therapy)

Physical examination
of ankle, 750-751
in ankylosing spondylitis, 1130
correlation to laboratory tests, 259, 

260t
of foot, 750-751
for musculoskeletal assessment, 240-

241
aims of, 240-241

abnormalities, 240-241, 
240f-241f

diagnostic features, 239t, 241
normal appearance, 240
pattern of distribution, 241, 241t

conclusions of, 249-250
documentation of, 249, 250f
gait analysis in, 235, 236f, 243b, 

249
general principles of, 236, 236t
methods of, 241-249, 241t-242t

feel, 242t-243t, 243
general, 239t, 242t, 243
look, 242-243, 242f
move, 243
special tests, 243
stress, 243

posture analysis in, 241, 243b, 249
regional, 243-249, 244f

cervical spine, 244, 244f
dorsal spine, 244, 244f
elbow, 246, 246f
foot and ankle, 248-249, 249f
hand, 247, 247f
head, spine, pelvis, 244, 244f
hip, 248, 248f
knee, 248, 248f
lower extremity, 248-249, 248f
lumbar spine, 244-245, 245f
pelvis and sacroiliac joints, 245
shoulder, 245, 245f-246f

temporomandibular joints, 244, 
244f

upper extremity, 245-247, 245f
wrist, 246-247, 246f-247f

for outcome assessment, 11
for pathology (See specific anatomy 

or pathology)
in preoperative evaluation, 631
screening, for musculoskeletal 

problems, 235, 236f
Physical modalities. See Physical 

therapy; specific modality, 
e.g., Laser therapy

Physical therapist, 966t, 970
Physical therapy

for acromioclavicular osteoarthritis, 
696

for bicipital tendinitis, 693
for calcific tendinitis, of shoulder, 

697
for capsulitis, 695
for cervical nerve root compression, 

655
for complex regional pain syndrome, 

802, 802t
for diffuse idiopathic skeletal 

hyperostosis, 1805, 1805t
for enthesitis, 1218
for forefoot pain, 760
for hemophilic arthropathy, 1917-

1918
for hypermobility syndrome, 2053
for juvenile idiopathic arthritis, 1024, 

1045, 1048-1049, 1049f
for juvenile-onset 

spondyloarthropathies, 1034
for lumbar spine disorders, 678
for myofascial pain disorder, 767
for myositis, 1474f, 1475, 1476b

inclusion body, 1477
in juveniles, 1041

for neck pain, 654
for osteitis pubis, 727
for osteogenesis imperfecta, 2044
for osteoporosis of hip, 727
for psoriatic arthritis, 1205, 1208-

1209, 1209f
in rehabilitation, 441-442, 447t
for rheumatoid arthritis, 968
for systemic sclerosis, 1042, 1408
for wrist and hand disorders, 715-

717
Physiologic testing, for sarcoidosis, 

1659, 1661, 1664b, 1665, 
1669

Physiotherapy, 967. See also specific 
modality, e.g., Mobilization

Phytodolor, 453, 455t
Piano key sign, 711, 831, 833-834
Pigmentation

corticosteroid injection effects on, 
619

dermatomyositis and, 288
hemochromatosis and, 1929, 1930f
systemic lupus erythematosus and, 

285-287
systemic sclerosis and, 290-291, 291f

in children, 1042
tetracyclines effect on, 547-548, 

547t, 548f
Pigmented villonodular synovitis 

(PVNS), 1681-1682, 1682f
knee pain related to, 744, 744f

PI3-kinase/akt signal pathway, in 
mechanical stress response, 
46f, 47

Pillows, for neck pain, 654
Pimecrolimus, 535

Pharmacogenomics (Continued) Physical examination (Continued)
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Pinch sign, 786, 787f
Pineal hormones, in neuroendocrine 

system, 211, 212f
effects on immune system, 211

Pioglitazone
angiogenesis inhibition by, 908
for osteoarthritis, animal models of, 

1734t, 1736f
Pirfenidone

for interstitial lung disease, 317, 319
for systemic sclerosis, 1406t, 1407

Piriformis syndrome, 792
anatomy of, 792, 792f
clinical presentation of, 792
description of, 792
diagnosis of, 792
etiology of, 792
treatment of, 792

Piroxicam, 486t
for ankylosing spondylitis, 1160, 

1164t
for juvenile idiopathic arthritis, 

1019t
for lumbar spine pain, 679

Pistol grip deformity, 726
Pittsburgh Sleep Quality Index (PSQI), 

1781t, 1782
Pituitary hormones, in neuroendocrine 

system, 211, 212f
effects on immune system, 211-212

Pivot-shift test, 733
Placebos

imaging for outcomes of, 416
in research, 227-228

Placenta
antiphospholipid antibody impact on, 

1336-1337
maternal medications crossing, 1335

Placenta growth factor (PlGF), 906, 
907t

Planovalgus foot deformity, 753f
Plantar aponeurosis

in foot anatomy, 751f
spondyloarthropathies of, 1152, 

1152f
Plantar fascia

arthritis involvement of, 254
enthesis of, 1215-1216

calcaneal, e72f, 626
Plantar fasciitis

in sports medicine, 819
treatment of, 760

Plantar nerves, interdigital, in Morton’s 
metatarsalgia, 794, 794f

Plaque, 286b
Plaque morphea, 1362b, 1364
Plasma cells

B cells as, 133, 135-136, 135f
in rheumatoid arthritis, 563, 568

in juvenile idiopathic arthritis,  
1009

in osteoimmunology, 169, 171-172, 
171f

Plasma coagulation factor, in 
hemophilia, 1913, 1917, 
1919

Plasmacytoid dendritic cells (pDCs)
autoimmunity and, 148, 150, 150f
in innate immunity, 147, 149f
in lupus, 1290
in myositis, 1464-1465
in rheumatoid synovium, 918
in Sjögren’s syndrome, 1347-1348

Plasmacytoma, 2069, 2070f
lumbar pain related to, 672, 673f

Plasma exchange, for polyarteritis 
nodosa, 1531

Plasmapheresis, 1405-1406, 1405t, 
1556

Plasmids, in molecular biology, 106, 
106f, 112

Plasmin, 154f, 155-156
Plasminogen activator inhibitors (PAI), 

908
Plasminogen activator (urokinase), 154f

in angiogenesis, 905
inhibition of, 908

in joint osteoarthritis, dog model of, 
1731-1732

Platelet-activating factor (PAF), 906, 
907t

in inflammation, 193
Platelet-derived endothelial cell growth 

factor (PD-ECGF), 906, 907t
Platelet-derived growth factor (PDGF)

angiogenesis mediation by, 906, 
907t, 1513

bone formation role, 71-73
in fibrosis, 1397
in giant cell arteritis, 1519f, 1520
in hypertrophic osteoarthropathy, 

1704, 1704f
in rheumatoid synovium, 923
signaling receptors for, 101
in tissue destruction/repair, 159f, 

161-162
Platelet-endothelial cell adhesion 

molecule-1 (PECAM-1)
angiogenesis mediation by, 906, 907t
in endothelial inflammation, 1511, 

1512f
Platelet plug, in hemophilia, 1915
Platelets, 260

aspirin inhibition of, as reversible vs. 
irreversible, 490, 490f

corticosteroids impact on, 1017
in inflammation, 188
NSAIDs impact on, 486-487, 488f, 

489t
in Raynaud’s phenomenon, 1428
in systemic lupus erythematosus, 

1241
activation mechanisms of, 1264, 

1265f
in systemic sclerosis, activation of, 

1402
Platinum, 2000b
Play activities, juvenile idiopathic 

arthritis effect on, 1046, 
1048

Pleiotrophin, 906, 907t
Plethysmography, for interstitial lung 

disease, 316-317
Pleural disease/effusions

in adult-onset Still’s disease, 853-854
in interstitial lung disease, 318-319
patient evaluation for, 305-306
in rheumatoid arthritis, 841, 841f
in Sjögren’s syndrome, 1341
in systemic lupus erythematosus, 

1241, 1241f
Plica synoviales, 817
Pm/Scl-associated overlap syndrome, 

1496
PMX53 peptide, 554
Pneumococcal vaccine, 607

interstitial lung disease indication 
for, 319

rituximab and, 566-567
septic arthritis incidence and, 1056
systemic lupus erythematosus risk 

related to, 1226
Pneumoconiosis, 150

in interstitial lung disease, 318
in rheumatoid arthritis, 841, 842f

Pneumocystis carinii (PCP) prophylaxis
with interstitial lung disease, 319
with Wegener granulomatosis, 1557

Pneumocystis jiroveci prophylaxis
with microscopic polyangiitis, 1530
with primary angiitis of central 

nervous system, 1623-1624
with Takayasu’s arteritis, 1571-1572

Pneumomediastinum, with myositis, 
1445

Pneumonia
in interstitial lung disease, 315, 318

with myositis, 1451
in rheumatoid arthritis

cryptogenic obstructive, 842
interstitial, 841-842, 842f
risk of, 605, 606t

Pneumonitis
hypersensitivity, sarcoidosis vs., 

1666-1667
in methotrexate therapy, 514
in rheumatoid arthritis, 841-842, 

842f
in systemic lupus erythematosus, 

1242, 1242f
immunopathology of, 1262-1263

Podagra, 254-255
Podiatrist, 966t
Podiatry, for hypermobility syndrome, 

2053
POEMS syndrome, 291, 1680, 1701
Poikiloderma, 286b
Poikiloderma atrophicans vasculare, 

288
Point prevalence, 3, 4t, 5
Poisson’s ratio, 43f
Polyangiitis (polyarteritis)

limited forms of, 1528
microscopic, 1523-1534 (See also 

Microscopic polyangiitis 
(MPA))

Polyarteritis nodosa (PAN), 1523-1534
angiography for, 1527t, 1529, 1529f
cerebral vasculitis associated with, 

1620
classic, 1523, 1525

renal features of, 337, 338t
classification of, 1523, 1524f, 1524t, 

1525
clinical features of, 1526-1528

cardiac, 308-309, 1528
cutaneous, 1526, 1527f
gastrointestinal, 1527
microscopic polyangiitis vs., 1526, 

1527t
musculoskeletal, 1527
neurologic, 1527
orchitis as, 1528
other, 1528
renal, 1527

cutaneous, 1597, 1599t, 1600, 
1600f-1601f

management of, 1606t
diagnostic criteria for, 1525
differential diagnosis of, 1529
disease activity/damage assessment 

for, 1529
environmental factors of, 1525
epidemiology of, 1419, 1525
gastrointestinal features of, 324f,  

325
hepatitis B virus associated with, 

1089
immunopathogenesis of, 1518
introduction to, 1523
laboratory tests for, 1528-1529
limited polyarteritis vs., 1528
management of, 1531
muscle biopsy for, 1529
pathology of, 1528, 1528f
predictive criteria for, 1525, 1525t
secondary, 1528

in systemic lupus erythematosus, 
1255, 1255f

Polyarthritis
acute

abrupt, in rheumatoid arthritis, 
835

in sarcoidosis, 1661-1662
autologous stem cell transplantation 

for, 1023
carcinomatous, 1678
chronic, in sarcoidosis, 1662, 1662f
early

concept of, 935
criteria for, 935
differential diagnosis of, 936-937
disease-modifying anti-rheumatic 

drugs for, 939
evaluation of, 936-937
extra-articular clinical signs in, 

936-937
glucocorticoids for, 939
history in, 936-937
imaging studies in, 937
laboratory studies in, 937
methotrexate for, 939
NSAIDs for, 938
patterns of joint involvement in, 

937, 938f
synovitis detection in, 936
treatment of, 938-939

inflammatory bowel disease 
presenting as, 323

in juvenile idiopathic arthritis, 999
articular presentations of, 994t, 

997t, 998
clinical features of, 994b, 995t, 

1000
continuation into adulthood, 1017
environmental etiologies of, 1011-

1012
functional outcomes of, 1006
genetic factors of, 1012-1013
small joint involvement of hand, 

1046
management of, prognosis and, 1017
mode of onset in, 251
pattern recognition in, 251-252, 

253t, 255-257
symmetric vs. asymmetric, 253, 

253t
in psoriatic arthritis, 1179-1181

symmetric, 1186, 1186f
RF-negative

clinical features of, 994b, 995t, 
1000

disease characteristics of, 989-991, 
990t

genetics of, 990, 991t, 1013t
pharmacologic therapies for, 1025, 

1025f
anti-IL-1 agents as, 1022-1023
anti-TNF agents as, 1025
combination DMARDs as,  

1021
corticosteroids as, 1025
leflunomide as, 1025
methotrexate as, 1025
penicillamine as, 1021
sulfasalazine as, 1021, 1025

radiography of, 996f
vs. RF-positive, 987, 988t

RF-positive
clinical features of, 994b, 995t, 

1000, 1000f
disease characteristics of, 989-991, 

990t
genetics of, 990, 991t, 1013t
growth disturbances with, 1002

Polyarteritis nodosa (PAN) (Continued)
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pharmacologic therapies for, 1025-
1026

vs. RF-negative, 987, 988t
septic, 1055, 1057
viruses associated with, 1087, 1089-

1092
Polyarticular presentations, disorders 

associated with, 251-252, 
253t, 255-257

symmetric vs. asymmetric patterns 
of, 253, 253t

Polychondritis. See Relapsing 
polychondritis (RP)

Poly-ε-caprolactone (PCL), in tissue 
engineering, 163, 165

Polyethylene glycol (PEG), TNF 
inhibitors and, 578, 588

Polyglycolic acid (PGA), in tissue 
engineering, 163, 165

Polylactic acid (PLA), in tissue 
engineering, 163, 165

Poly(lactic-co-glycolic acid) (PLGA),  
in tissue engineering, 163, 
165

Poly-l-lysine (PLL)-coupled lysozyme, 
883

Polymerase chain reaction (PCR), 107, 
107f

in DNA cloning and/or sequencing, 
107-108

for Lyme disease, 1083
for mycobacterial infections, 1071
for myositis, 1459
quantitative real-time, in gene 

transcription, 110, 110f
for reactive arthritis, 1103, 1117-

1118
reverse transcriptase, 107

for synovial bacteria, 899
for synovial fluid analysis, 271
for synovial virus, in rheumatoid 

arthritis, 899-900
for tuberculous arthritis, 1068

Polymerases, DNA
in DNA manipulation, 106f, 107
in DNA sequencing, 107-108,  

108f
Polymorphisms

in drug response
A1298C, 207, 207f, 208t, 221
C677T, 207-208, 207f, 208t,  

221
as genetic marker, 108-109, 109f

of gout, 1854
of rheumatic diseases, 127, 873 

(See also Single nucleotide 
polymorphisms (SNPs))

Polymorphonuclear cells
in Behçet’s syndrome, 1575
in brucellosis, 1072
in endothelial inflammation, 1510-

1511, 1512f
Polymyalgia rheumatica

clinical features of, 1535-1536
clinical trials on, 18-19
diagnosis of, 1536-1537
diagnostic criteria for, 1536t
differential diagnosis of, 1537-1538
etiology of, 1536
in giant cell arteritis, 1540
glucocorticoids efficacy in, 499-500
imaging studies for, 1537
laboratory studies for, 1537
lumbar pain related to, 672
methotrexate for, 516, 1538
outcome assessment of, 18-19
overview of, 1535
pathogenesis of, 1536, 1536f

pattern recognition in, 254
prednisolone for, 1538
rheumatoid arthritis vs., 834
TNF inhibitors for, 587
treatment of, 1538

Polymyositis (PM)
autoantibodies in, 1283t
biopsy for, 276-277
clinical presentations of, 

1440t-1441t, 1441, 1444-
1446, 1445f

differential diagnosis of, 1446-1447, 
1447t, 1479, 1480t

disease course of, 1473f
etiology of, 1458-1461, 1460t
heart disease with, 310
histology of, 1449-1450, 1450f

muscle fibers in, 1459f
history of, 1439
introduction to, 1457
juvenile, 1038
laboratory tests for, 260t
lung disease with, 318, 1476
malignancy associations with, 1447-

1448, 1677
management of

algorithm for, 1474f
clinical trials on, 1472t
drug therapies in, 1475
extramuscular manifestations in, 

1476
natural history of, 1453
outcome measures of, 1454
in overlap syndromes, 1491-1493, 

1493t, 1495-1496
management of, 1494, 1497

pathogenesis of, 1461-1468, 1462b
prognostic factors of, 1471
renal features of, 340

Poncet’s disease, 1068, 1068b
Popliteal cysts, 743, 833
Popliteofibular ligament, 729, 731f, 

734
Popliteus ligament, 729, 731f, 734
Population attributable risk fraction,  

9
Population-based programs, for patient 

education
cultural aspects, 428-429, 428f, 429t, 

431
functional aspects, 430-431

Population screening, for 
hemochromatosis, 1929-
1932

Population surveillance
for Lyme disease, case definitions for, 

1083, 1083b
for reactive arthritis, 1113-1115, 

1115t
for rheumatoid arthritis occurrence, 

823
Population surveys

in epidemiology, 5-6, 8
health, disease occurrence estimates 

from, 7
Pores, in collagen fibril, 69, 69f
Porphyromonas gingivalis, in 

rheumatoid arthritis, 899
Positive predictive value, of criteria 

sets, for rheumatic diseases, 
5, 5t-6t

Positron emission tomography (PET), 
392-396

of brain, for neuropsychiatric lupus, 
1239

of cardiac sarcoidosis, 311
CT combined with, 393
of fibromyalgia, 774-775

fluorodeoxyglucose-labeled, 392, 392f 
(See also 
18F-Fluorodeoxyglucose 
positron emission 
tomography (FDG-PET))

of inflammatory diseases, 393-396
introduction to, 391
MRI combined with, 393
of osteoarthritis, 1777
practical issues of, 396
of primary angiitis of central nervous 

system, 1619, 1623
principles of, 392, 392f
of septic arthritis, 1058-1061
of Takayasu’s arteritis, 1571
uses of, 392-396

Posterior cruciate ligament (PCL), of 
knee, 729

injuries to, 742, 742f
stability assessment of, 734, 734f

Posterior drawer test, 815f
for children, 976t, 978
of knee

for injury, 1729
for stability, 734, 734f

Posterior interosseous nerve syndrome, 
791

anatomy of, 791
clinical presentation of, 791
description of, 791
diagnosis of, 791
etiology of, 791
treatment of, 791-792

Posterior medial impingement, 812
Posterior tibialis tendon (PTT)

aspiration/injection of sheath of, 626, 
626f

tendinitis of, 833
Posterior tibial nerve, in tarsal tunnel 

syndrome, 793, 794f
Posterior tibial tendon dysfunction 

(PTTD), 756
Posterolateral corner structures, of 

knee, 729, 731f
stability assessment of, 734, 734f

Posterolateral joint capsule, of knee, 
729, 731f, 734

stability assessment of, 734, 734f
Post-genome era, genetic analysis 

trends in, 130
Postinfectious arthritis. See Reactive 

arthritis (ReA)
Postinjection flare, with corticosteroid 

injections, 619
Post-Lyme disease syndrome, 1083
Postmenopausal women. See 

Menopause
Post-streptococcal glomerulonephritis 

(PSGN), 340
Posttraumatic stress disorder (PTSD), 

pain syndromes associated 
with, 772, 773f

Posture
physical examination of, 241, 243b, 

249
re-education for, 450t, 654, 1050, 

2053
Potassium gradient, transtubular, 335
Potassium imbalance

from NSAIDs, 341
with renal tubular dysfunction

in rheumatic diseases, 337
tests for, 335

Potassium iodide, 1606
Potassium-selective channels, in 

mechanical stress response, 
46-47

Pott’s disease, 1068, 1068b
PPARγ agonists

angiogenesis inhibition by, 908, 908t
for osteoarthritis

large animal model of, 1734t
small animal models of, 1736f, 

1737t
PPD. See Purified protein derivative 

(PPD) skin testing
Pralnacasan, 574
Pramipexole, 779b, 780
Prasterone. See 

Dehydroepiandrosterone 
(DHEA, Prasterone)

Prayer sign, 1890
Prazosin, 1431
“Pre-arthritis” phase, of rheumatoid 

arthritis, 898
Precision

in bone density measurement, 401-
402, 402t

root-mean-square, 402
of imaging readers, 413

agreement of, 413-414, 414f
grouped film sessions for, 414

Prednisolone
for amyloidosis, 1698
for juvenile dermatomyositis, 1040-

1041
for juvenile-onset systemic lupus 

erythematosus, 1037
for microscopic polyangiitis, 1529-

1530, 1530t
for mixed connective tissue disease, 

1494
pharmacology of, 495-496, 496f, 

496t
for polymyalgia rheumatica, 1538
for reactive arthritis, 1119
for rheumatoid arthritis, 216, 498-

499, 499t
for Takayasu’s arteritis, 1572
for Wegener granulomatosis, 1555

Prednisone
for Cogan syndrome, 1631-1633
in DMARDs combination therapy, 

536t, 537
for large-vessel vasculitis, 499-500
for lupus nephritis, 1325-1327, 

1327t
for membranous lupus nephropathy, 

1328
for myositis, 1473
perioperative management of, 502, 

636-637
pharmacology of, 495, 496f
in pregnancy, 1315, 1335
for primary angiitis of central 

nervous system, 1623
for reactive arthritis, 1119
for relapsing polychondritis, 1674
for rheumatoid arthritis

calcium supplements with, 438
synovitis indications and strategies 

for, 955
TB screening prior to initiation, 

607
vs. combined sulfasalazine/

antimalarials, 506
for rheumatoid vasculitis, 847
for sarcoidosis, 1668
for scleritis, 299-300
for Sjögren’s syndrome, 1349
for systemic connective tissue 

diseases, 499
for systemic lupus erythematosus, 

1309, 1315
for systemic sclerosis, 1408-1409
for Takayasu’s arteritis, 1571-1572

Polyarthritis (Continued) Polymyalgia rheumatica (Continued) Positron emission tomography (PET) 
(Continued)
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for TNF receptor-associated periodic 
syndrome, 1638t

for uveitis, 299
for Wegener granulomatosis, 1556

Preeclampsia
systemic lupus erythematosus effect 

on, 1335-1336
systemic lupus erythematosus vs., 

1330, 1335
Preformed pattern-recognition receptors 

(PRRs), 1108
Pregabalin (Lyrica), 679, 780, 1023-

1024
Pregnancy

antiphospholipid antibody syndrome 
and, 1335-1337

antiphospholipid syndrome and, 
1353, 1356

carpal tunnel syndrome associated 
with, 788, 788t

drug therapy during, 611-616
abatacept, 615
antimalarials, 506, 612, 1315
aspirin, 611-612
azathioprine, 614, 1310, 1330
for brucellosis, 1073
chlorambucil, 615
conclusive recommendations for, 

611, 616, 616t
COX-2 inhibitors, 611-612
cyclophosphamide, 534, 615
cyclosporine, 614-615
dapsone, 540
FDA ratings of, 611, 612t
glucocorticoids in, 502, 612, 613t

recommendations for, 616, 616t
immunosuppressives, 532, 613t, 

614-615
intravenous immunoglobulin, 615
leflunomide, 526, 615
6-mercaptopurine sulfate, 613t, 

614
methotrexate, 514, 615, 1315
mycophenolate mofetil, 615, 1330
NSAIDs, 611-612
parenteral gold, 505, 612
pencillamine, 614
prednisone, 1315
rituximab, 615
safety ratings for, 1335, 1336t
sulfasalazine, 506, 614
summary of, 611
for systemic lupus erythematosus, 

614t, 1335, 1336t
thalidomide, 543, 544t, 1313
TNF inhibitors, 594
toxicities of, 611, 613t, 616
tumor necrosis factor-α inhibitors, 

615
Ehlers-Danlos syndrome and, 2046-

2047
erythema nodosum during, 1601, 

1602b
gonococcal infection and, 1063
influence on immune system, 215
juvenile idiopathic arthritis and, 991
lupus nephritis in, 1330, 1335,  

1337
Marfan syndrome and, 2048
myositis and, 1453
osteonecrosis during, 1818
rheumatic diseases and, 611, 616t

treatment principles for, 611, 614t, 
616t

rheumatoid arthritis and, 824-826
sarcoidosis and, 1664
systemic lupus erythematosus and, 

1335-1338

breastfeeding issues, 1336t, 1337-
1338

complement system and, 180
contraception vs., 1338
counseling for, 1337
disease activity during, 213, 611, 

614t, 1335
disease damage effect during, 1335
increased disease activity during, 

1227
introduction to, 1335
labor and delivery management, 

1337
management of, 1308, 1337-1338
medications for, 614t, 1335, 1336t
monitoring recommendations for, 

1337
neonatal lupus associated with, 

287, 1337
postpartum flares of, 1335
renal features of, 1330, 1335, 1337
serologic predictors of harm, 1336-

1337
systemic sclerosis and, 1363
Takayasu’s arteritis and, 1573
T-cell immune response during, 213
transient osteoporosis of hip during, 

726, 726f
PRELP molecule, in articular cartilage, 

63
PREMIER trial, on adalimumab, 581, 

581t, 582f, 588
Preoperative evaluation, 630

core principles of, 630
efficacy of, 630
history taking in, 630-631
laboratory studies in, 631-632, 631t
for outpatient surgery, 630
physical examination in, 631
purposes of, 630
risk assessment in, 631-632, 632t

for cardiac events, 633, 633t
national datasets for
at patient level, 632t
for pulmonary complications, 635

Preosteoclasts, 169, 170f
Prepatellar bursa, 731
Pre-pro-B cells, 171-172, 171f
PRESTA trial, on TNF-α inhibitors, 

1207
Pretibial myxedema, 1909-1910
Prevalence, in epidemiology, 4, 8t, 823
Prevalence cohorts, in observational 

studies, 223
Prevalence day, 3, 4t, 5
Prevention. See also Prophylaxis

of brucellosis, 1073
of complex regional pain syndrome, 

802, 802t
of infections (See also Vaccines/

vaccination)
with anti-TNF therapy, 607
postoperative, 638

of tuberculous arthritis, 1070
Prevotella spp., Behçet’s syndrome 

associated with, 1575
Primary angiitis of central nervous 

system (PACNS), 1617-
1624

biopsy findings with, 1618-1620
brain imaging for, 1617-1619, 

1619f-1620f, 1623
case definition and criteria for, 1617
clinical features of, 1617-1618
clinical syndromes of, 1617, 1618t
diagnostic approach to, 1622-1623, 

1622t-1623t
criteria for, 1617

disease activity of, 1623
disorders that mimic, 1622, 1622t
history of, 1617
laboratory investigations of, 1618-

1619, 1623, 1623t
pathogenesis of, 1618
pathology of, 1618, 1618f-1619f
secondary CNS vasculitis vs., 1618t, 

1620-1622
amyloid angiitis as, 1621
connective tissue diseases as, 1620
diagnosis of, 1620
infection-associated, 1620
miscellaneous disorders as,  

1622
paraneoplastic angiitis as, 1621
reversible cerebral vasoconstriction 

syndromes as, 1621
systemic vasculitis as, 1620

summary of, 1617
treatment of, 1623-1624

Primary (lamellar) bone, 67-68, 68f
in long bones, 1963-1964

Primary sclerosing cholangitis, 323, 
323t

Primary therapist model (PTM), 970-
971

Pristane-induced arthritis, 879-880, 
880f

Pristane-induced lupus, 1275
PRKCQ gene

genome-wide association studies of, 
129, 129f-130f

in rheumatoid arthritis, 876
Probability analysis, 13

in clinical research, 224-225
Probenecid, 1870-1871
Problem-solving, patient education on, 

428, 429t
Procainamide, drug-induced lupus and, 

1295, 1296f, 1297, 
1297t-1298t

Procollagen type I N-terminal 
propeptide (PINP), 2023-
2026

Procollagen type II, in osteoarthritis, 
1764-1765

Professionalism
in complementary and alternative 

medicine
licensing and, 457t, 458
provider competency and, 457t, 

458
training and, 457t, 458

in ethical research, 228-229
in pediatric rehabilitation, 1045

Profile of Mood States–fatigue scale 
(POMS-fatigue), 1781t, 
1782

Progesterone
chronic inflammatory diseases and, 

215-216
influence on immune system, 212-

213
Prognathism, 1890
Prognosis

in clinical research, 219
of rheumatic diseases, 8, 9t (See also 

specific disease)
Prognostication, evaluation vs., 944-

945
Progression analysis, in clinical 

research, 224
Progressive multifocal 

leukoencephalopathy (PML), 
567, 1622, 1622t

Prolactin (PRL)
angiogenesis mediation by, 906, 907t
as cytokine, 99
excess of, in systemic lupus 

erythematosus, 1244, 1335
influence on immune system, 211-

212
systemic lupus erythematosus risk 

related to, 1224
Proliferation-inducing ligand (APRIL), 

in B-cell development, 136, 
564f

Proliferative glomerulonephritis
membranoproliferative, 336-337, 

336t
mesangial (See Mesangial 

proliferative 
glomerulonephritis)

in rheumatic diseases, focal vs. 
diffuse, 337

Prolyl 3-hydroxylase-1, in osteogenesis 
imperfecta, 2042-2043

Promoter/enhancer sequences
in gene expression, 112-114, 

112f-113f
in gene function analysis, 114
in genetic manipulation of mice, 

114-115
in gout, 1843-1844, 1844t, 1848, 

1851
Pronator quadratus muscle, 786
Pronator teres syndrome, 786-787, 

787f
carpal tunnel syndrome vs., 786-787

Proopiomelanocortin-derived proteins 
(POMC), 212f

Properties, material vs. structural, 39
Prophylaxis

antibiotic
for joint replacement, 638
for Lyme disease, 1084

anticoagulant (See Heparin 
prophylaxis)

for hemophilia, 1916-1917
for Pneumocystis pneumonia

with interstitial lung disease, 319
with microscopic polyangiitis, 

1530
with primary angiitis of central 

nervous system, 1623-1624
with Takayasu’s arteritis, 1571-

1572
with Wegener granulomatosis, 

1557
for primary angiitis of central 

nervous system, 1623-1624
for reactive arthritis, 1119
for rheumatic disease

cholestyramine with leflunomide 
as, 525-526

proton pump inhibitors with 
NSAIDs as, 489-490

for traveler’s diarrhea, 1119
Proprioception, osteoarthritis and, 

1729, 1757-1758
as risk factor, 1718, 1718f, 1720

Proprioceptive receptors, in entheses, 
1213

Proprioceptive taping, for rotator cuff 
tendinitis, 690

Proprioceptive training, 2053-2054
Proptosis, in Wegener granulomatosis, 

1547-1548, 1549f
Propylthiouracil

ANCA-associated vasculitis and, 
1910

drug-induced lupus and, 1296f
Prospective cohort studies, 3, 4f

pros and cons of, 8, 8t

Prednisolone (Continued) Pregnancy (Continued) Primary angiitis of central nervous 
system (PACNS) 
(Continued)
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Prospective studies, in 
pharmacogenomics, 206, 
209

Prostacyclin analogues, for pulmonary 
hypertension, 1422t

Prostacyclin (PGI2)
in inflammation, 192
Raynaud’s phenomenon and, 1407, 

1408t, 1428, 1431
Prostaglandin analogs

prophylaxis, with NSAIDs, 489
for Raynaud’s phenomenon, 1431, 

1431t
Prostaglandin E1 (PGE1), for Raynaud’s 

phenomenon, 1431, 1431t
Prostaglandin E2 (PGE2)

in gout, 1850b, 1851
in inflammation, 191-192
in osteoarthritis, small animal 

models of, 1735
in rheumatoid synovium, 924, 931

Prostaglandins
in hypertrophic osteoarthropathy, 

1704
in inflammation, 191
methotrexate and, 510t
nociceptors and, 201, 201b
spinal, in central sensitization, 203
TNF inhibitors effect on, 580

Prostanoids
angiogenesis mediation by, 905-906, 

907t
formation and action mechanisms of, 

485, 487f
inhibitors of, 485 (See also Non-

steroidal anti-inflammatory 
drugs (NSAIDs))

Prostatic hypertrophy, 638
Prostheses

custom made, for children, 1024
economic evaluation of, 27
material from, in synovial fluid, 269-

270, 270f
osteomyelitis related to, 1058-1059, 

1058f-1059f
Protease inhibitors

in rheumatoid arthritis, 927
in tendinopathy, 87t

Proteases
in angiogenesis, 905

inhibition of, 908, 908t
complete repertoire of human, 153
in inflammation, 193
serine, in rheumatoid arthritis, 927
in signal transduction, 122, 123f
in tendinopathy, 87t

Proteasomes
in matrix degradation, 154f
in T cell-mediated immunity, 136-

137
Protectin, 191t
Protective factors, of rheumatic 

diseases, 8, 9t
Protein analysis, 106f, 116, 116f-117f
Proteinase 3 (PR3), in ANCA-

associated vasculitides, 
1514-1516, 1515t

granulomatous, 1515t, 1516-1517
Proteinases

inhibitors of, in gene transfer, 166t
in tissue destruction

extracellular proteolysis–neutral, 
153-156

ADAM and ADAMTS families 
as, 156, 158f

matrix metalloproteinases as, 
153-156, 155f-157f (See also 
Matrix metalloproteinases 
(MMPs))

miscellaneous, 154f-155f, 155-
158

protein targets of, 153, 154f
intracellular pathways–acid, 156-

157, 159f
main classes of, 153, 154f
therapeutic inhibition of, 161

Protein crystals, 1901
Protein-DNA interactions, molecular 

biology of, 112-114, 113f
Protein electrophoresis, urine, 331
Protein expression

in rheumatoid synovium, 915f, 921f, 
925-927, 925f

in Sjögren’s syndrome, 1345-1346
Protein intake

bone mass and, 1960
recommendations for, 437-438
rheumatoid arthritis and, 826

Protein kinase A, nociceptors and, 201
Protein kinase B, in mechanical stress 

response, 46f, 47
Protein kinase C, 123, 212-213
Protein ligands, in innate immunity, 

141-142, 143f
Protein-losing enteropathy, 1239
Protein metabolism

in mitochondrial myopathies, 1480
in rheumatoid arthritis, 436

Protein-protein interactions, molecular 
biology of, 116-117, 116f

Protein(s)
adapter

in innate immunity, 147-148
in signal transduction, 122, 123f
of TNF receptors, 94-95, 94f, 97t-

98t
amyloid (See Amyloidosis (AL))
in articular cartilage (See also specific 

protein, e.g., Matrillins)
leucine-rich repeat, 62-64, 62f
low-molecular-weight, 66
matrix, 57-66, 58f-59f, 61f-62f

binding to urate crystals, 1849-1850
in complement system

activation role, 173, 174t
membrane regulatory, 173, 174t

control mechanisms of, 177-179, 
178f

contractile, of muscle fiber, 1457, 
1458f

fibrinolytic, in nephrotic syndrome, 
1330

Fizzled, in osteoblast physiology, 
75-76

green fluorescent, in molecular 
biology, 106, 106f, 116

in innate immunity, 143-144
non-collagenous, in bone matrix, 70
nuclear, in gene expression 

regulation, 112-113, 113f
SIBLING, in bone mineralization, 70
structural vs. intracellular, in 

nutritional assessment, 433-
434, 435f

surface, of B. burgdorferi, 1080
T cell–derived, in Raynaud’s 

phenomenon, 1428
visceral, in rheumatoid arthritis, 435, 

900, 900f
Protein-to-creatinine ratio, 331, 1302
Protein tyrosine phosphatase N22 

(PTPN22), 128-129
in rheumatic diseases (See PTPN22 

gene)
Proteinuria

from bucillamine, 544
glomerular, 330-331

in lupus nephritis, 1328-1329, 1332t
mesangial, 1327-1328, 1327t

measurement of, 330-331
normal, 330
from parenteral gold, 505
signs and symptoms of, 329
testing for, 330-331
tubular, 330-331

Proteoglycan-induced arthritis, 879, 
881t

Proteoglycans (PGs)
angiogenesis mediation by, 906, 907t
in articular cartilage, 57-58, 61f, 

63-64
in bone matrix, 70, 71f
in connective tissue, 153

intracellular control mechanisms 
of, 156-158

endothelial inflammation and, 1511-
1513

in entheses, 1212-1213, 1215
glucosamine and chondroitin 

increase of, 456
in hemophilia, 1916
intervertebral disc injury and, 33-35
in joint osteoarthritis

dog model of, 1731
guinea pig model of, 1735
rabbit model of, 1734-1735
sheep model of, 1733

in mechanical stress response, 45
MRI detection of, 367, 373, 375

in osteoarthritis, 1790-1791
in rheumatoid arthritis, 897-898
small leucine-rich

in bone matrix, 70, 71f
in hypermobility syndrome, 2051
in tendinopathy, 84

in tendinopathy, 84, 85f
Proteolytic enzymes, 153-154, 154f

in angiogenesis, 905-906, 907t
intra-articular, for osteoarthritis 

induction, in small animals, 
1735

MMP inhibition and, 156, 156f
proenzyme-MMPs activation and, 

155, 156f-157f
Proteolytic pathways, of tissue 

destruction, 153, 154f
extracellular proteolysis–neutral 

proteinases in, 153-156
ADAM and ADAMTS families as, 

156, 158f
matrix metalloproteinases as, 153-

156, 155f-157f
miscellaneous, 154f-155f, 155-158
protein targets of, 153, 154f

intracellular pathways–acid 
proteinases in, 156-157, 
159f

Proteomics, 116-117, 130
for synovial fluid analysis, 271

Proteus mirabilis, in septic arthritis, 
1055-1056, 1056t

Prothrombotic factor VIII, in Raynaud’s 
phenomenon, 1428

Prothrombotic state, perioperative 
management of, 638

Protium, 367
Proton pump inhibitors

postoperative use of, 637
prophylaxis, with NSAIDs, 489-490
for systemic sclerosis, 1403, 1409, 

1410t, 1411
Protons, in MRI

alignment of, 367, 368f
intrinsic density in tissues, 367-368
sodium-23 vs., 375, 375f

Proto-oncogenes, in Sjögren’s 
syndrome, 1345-1348

Protozoan infections, 1076t, 1077
Protrusio acetabuli, 1923
Provider-patient communication, 427-

428, 428f
Provocation discography, of cervical 

spine, 652
Provocative tests/testing

for entrapment neuropathies
carpal tunnel syndrome, 789, 790f
in cervical spine, 647, 647f, 649, 

652
of median nerve, 787
in shoulder, 687, 687f
thoracic outlet syndrome, 783, 

784f
of hip, 723-724
of knee

in adults, 743-744
in children, 976t
for stability, 733-734

of ligaments, 733-734, 734f
for lumbar spine disorders, 662-663
for neck pain, 647, 647f, 649

discography as, 652
for patella dysfunction, 733, 740, 

740f
for tenosynovitis, 714

Proximal interphalangeal (PIP) joints, 
712f-713f

arthritis involvement of, 252-255, 
253f

in Dupuytren’s disease, 716-717
imaging of, for 

spondyloarthropathies, 
1150-1151, 1151f

juvenile idiopathic arthritis 
involvement of, 1000

osteoarthritis in, 1725-1726, 1727f
radiographic prevalence of, 1712, 

1712f
physical examination of, 711-713
rheumatoid arthritis in, 829-831, 

830f-832f
Proximal myotonic dystrophy, type 2, 

1488-1489
PRPP synthetase overactivity, 1863
PRRs. See Pattern recognition receptors 

(PRRs)
PsA. See Psoriatic arthritis (PsA)
PsA MRI scoring system, for psoriatic 

arthritis, 421
P-selectin, in endothelial inflammation, 

1510-1513
Pseudogout, 575, 1851

in calcium pyrophosphate crystal-
associated arthropathy, 
1877f

with chronic kidney disease, 1686
hyperparathyroidism and, 2007-2008
IL-1 inhibitors for, 573t, 575
pattern recognition in, 256-257

Pseudolymphoma, in interstitial lung 
disease, 319

Pseudoparalysis, in children, 1057-
1058, 1058f

Pseudoparathyroidism (PHP), 1910
Pseudoporphyria, from NSAIDs, 1018-

1019
Pseudorheumatoid dysplasia, 1013
Pseudotumors

hemophilic, 1914
tophaceous, 1849f, 1852-1853

PSGL-1, in endothelial inflammation, 
1510-1513, 1512f

Psoriasis
heart disease with, 312
IL23R gene associated with, 1142

Proteinases (Continued) Proteinuria (Continued)
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intergluteal vs. perianal, 1180
pharmacologic therapies for, 560, 

1171
in psoriatic arthritis, 1180t, 1181
psoriatic arthritis and, 1198
skin biopsy for, 274, 274f

Psoriasis Area and Severity Index 
(PASI), 1205-1206

Psoriatic arthritis (PsA)
animal models of, 1202-1203
ankylosing spondylitis vs., 1130t
bone morphogenic proteins in, 1201-

1202
bone remodeling in, 1200-1202
cartilage resorption in, 1200
classification of, 1180-1181, 1184-

1188
CASPAR criteria for, 1181, 1184, 

1184b
Moll and Wright criteria for, 1180-

1181, 1180t, 1184, 1184b
subtypes in, 1180-1181, 1180b

time-dependent frequencies of, 
1184-1185, 1185f

clinical evaluation of, 1190
hidden areas in, 1190, 1192f

clinical features of, 1184-1188
arthritis mutilans as, 1186, 1186f, 

1189, 1190f
articular, 1184-1185, 1185f,  

1185t
radiographic changes with, 1189
symmetry of, 1185-1186

in children, 994b, 995t, 1000-
1001, 1188

classification criteria and, 1184-
1188, 1184b

dactylitis as, 1187, 1187f
in DIP joints, 1185, 1185f, 1187-

1188, 1192f
enthesitis as, 1187, 1187f
monarticular, 1186
in nails, 1187-1188, 1188f
oligoarticular, 1186
other extra-articular, 1188-1189, 

1192f
other musculoskeletal, 1187
peripheral edema as, 1187
psoriatic onychopachydermoperios-

titis as, 1187
renal, 340
SAPHO syndrome as, 1187
skin, 1187
spondyloarthropathy as, 1186-1187
summary of, 1183
symmetric polyarthritis as, 1186, 

1186f
clinical trials on, 18, 1203
cytokine pathways in, 1202
dactylitis in, 1199
diagnosis of, 1179
differential diagnosis of, 1189-1190, 

1191t
disease activity assessment for

domain hierarchy in, 1205-1206, 
1206f

treatment recommendations based, 
1209, 1209f, 1209t

efalizumab in, 1203
entheses in, 1198-1199
enthesitis in, 1216t, 1218
environmental factors in, 1196
epidemiology of, 1179-1180, 1183-

1184
additional observations in, 1183
HIV infection in, 1183-1184
incidence vs. prevalence in, 1179, 

1183, 1184t

inflammatory arthritis in, 1183-
1184, 1184t

risk predictors in, 1180, 1180b
study methodology challenges in, 

1179, 1180b
genetic factors in, 1195-1196
genotype-phenotype studies of, 1180
history of, 1183
HIV infection associated with, 1087-

1088, 1088f
IL-15 levels in, 599
IL-18 levels in, 601
IL-23 levels in, 601
imaging of, 1145-1156

for disease activity assessment, 
1205-1206, 1206f

in extra-articular tissues, 1189, 
1192f

18F-FDG-PET in, 396
introduction to, 1145
MRI scoring system with, 421
as outcome measure, 419-421, 

420t
in peripheral joints, 1153, 1154f, 

1189
destructive vs. proliferative 

changes, 1189
foot, 1152, 1152f
hand and wrist, 1151, 1151f
shoulder, 1153

radiographic changes in, 1189
in sacroiliac joint, 1147f-1148f, 

1189, 1192f
in spine, 1150, 1150f

for disease evaluation, 1150-
1151, 1189

immunopathogenetic concept for, 
1203-1204

immunopathology of, 1196-1199
infection in, 1196
interleukin-1 in, 1202
interleukin-17 in, 1202
introduction to, 1179
investigations of, 1188-1189

laboratory studies for, 1188-1189
other imaging modalities for, 1189
radiographic changes in, 1189

joint involvement of, 1179-1181
clinical features of, 1184-1185, 

1185f, 1185t
DIP joints, 1185, 1185f, 1187-

1188, 1192f
monarticular, 1186
oligoarticular, 1186
radiographic changes with, 1189
symmetry of, 1185-1186, 1186f

juvenile-onset, 987-988, 988t, 1032
clinical features of, 994b, 995t, 

1000-1001
definition of, 1032
diagnostic criteria for, 1188,  

1188t
disease characteristics of, 990, 

990t, 1188
genetics of, 991t
subgroups of, 1188

management of, 1205-1210
conclusions of, 1209-1210
disease activity assessment for, 

1205-1206, 1206f
treatment recommendations 

based on, 1209, 1209t
factors influencing, 1205
introduction to, 1205
non-pharmacologic, 1205, 1208-

1209
other potential treatments for, 

1208

outcome measures in, 1205-1206, 
1206b

recommendations based on clinical 
domains, 1209, 1209f, 
1209t

matrix metalloproteinases in, 1200
nail disease in, 1198
new bone formation in, 1197f
osteolysis in, 1197f
osteoprotegerin in, 1201
outcome assessment of, 18, 1205-

1206, 1206b
imaging for, 419-421, 420t

pathogenesis of, 1202f
osteoimmunologic aspects of, 169

pattern recognition in, 251, 253-255, 
253t, 254f-255f

pharmacologic therapies for
anakinra as, 573t, 574
anti-IL-12/23 agents as, 1208
biologic response modifiers as, 

1207-1208, 1209f
co-stimulatory blockade agents as, 

1208
cyclosporine as, 1207
diagnostic aspects of, 1179, 1181
DMARDs as, 1206-1207, 1209f
glucocorticoids as, 1206
leflunomide as, 523, 1207
methotrexate as, 515, 1206
NSAIDs as, 1206, 1208, 1209f
other potential treatments as, 1208
sulfasalazine as, 1207
TNF inhibitors as, 577, 586-587, 

1179, 1207-1208
plaque in, 1198
during pregnancy, 611, 614t
prognosis of, 1191-1193

functional impairment in, 1191-
1193

mortality in, 1193
predictors for, 1180, 1180b, 1191-

1193
psoriasis and, 1198
radiography of, 1189

classification based on, 1179-1181, 
1180t

introduction to, 1145
as outcome measure, 419-421, 

420t
peripheral joint features in, 1189, 

1189f
destructive changes, 1189, 1190f
proliferative changes, 1189, 

1190f-1192f
Sharp-van der Heijde score for, 

1205-1206
spinal changes in, 1189, 1192f

RANKL in, 1201
ray diversity in, 1197f
risk factors of, 1180, 1180b
spondyloarthritis symptoms in, 1135
synovium in, 1198, 1199f
trauma in, 1196

Psoriatic Arthritis Ratingen Score, in 
radiography, 419, 420t

Psoriatic disease, 1202
Psoriatic onychopachydermoperiostitis, 

1187
Psoriatic plaque, in psoriatic arthritis, 

1198
Psychiatric disorders

history taking for, 238
perioperative management of, 638
systemic lupus erythematosus and, 

1236, 1236t, 1238
Psychiatric manifestations

of glucocorticoids, 501-502

of systemic lupus erythematosus, 
1236-1238, 1236t

immunopathology of, 1262
Psychogenic pain

with lumbar spine disorders, 659, 
660t

myofascial pain disorder vs., 767
Psychological assessment

for complex regional pain syndrome, 
800-802

for myofascial pain disorder, 767
Psychological factors

of fibromyalgia, 775-777, 776f
subgroups based on, 777, 777f

of hypermobility syndrome, 2052-
2053, 2053f

of low back pain, 659, 663
of neck pain, 645, 653-654
of osteoarthritis, 1724t, 1725

outcome assessment of, 1781t, 
1782

of pain, 461-462, 767
with osteoarthritis, 1724t, 1725
remedial rehabilitation approach 

to, 444, 447t
of systemic lupus erythematosus, 

1226-1227
Psychological health, in systemic 

sclerosis, 1383
Psychological reactions, to 

methotrexate, in juveniles, 
1020

Psychologist, 966t, 969-970
Psychosocial dimensions

of ankylosing spondylitis, 1132
of juvenile idiopathic arthritis, 1046-

1047
functional evaluation of, 1047-

1048
rehabilitation consideration of, 

1046, 1050
well-being as, 1005-1006

Psychosocial interventions
for pain control, 462

evidence base for, 463-464
in juvenile idiopathic arthritis, 

1023
in patient education, 429-431, 429t
for scleroderma, in children, 1042

Psychotherapy, 457
for hypermobility syndrome, 2053-

2054
for myofascial pain disorder, 767
for rheumatoid arthritis, 969

Pterygoid muscles, lateral vs. medial, 
763, 764f

palpation of, 765, 765f
PTH. See Parathyroid hormone (PTH)
PTPN22 gene

association studies of, 128-129
genome-wide, 129-130, 129f

in juvenile idiopathic arthritis, 990-
991

in myositis, 1440, 1459
juvenile, 1038

in rheumatoid arthritis, 875-876, 899
in systemic lupus erythematosus, 

1250t
PTT. See Posterior tibialis tendon 

(PTT)
PTTD. See Posterior tibial tendon 

dysfunction (PTTD)
Pubalgia, athletic, 814
Pubic symphysis

imaging of, for 
spondyloarthropathies, 
1145, 1146f, 1153, 1153f

osteitis of, 727, 727f

Psoriasis (Continued) Psoriatic arthritis (PsA) (Continued) Psoriatic arthritis (PsA) (Continued) Psychiatric manifestations (Continued)



IN
D

EX

I91

Public accountability, in ethical 
research, 227, 228t

Public health
global, of virus-associated arthritis, 

1087-1088, 1091-1092
patient education and, 431

Pubofemoral ligament, 719
Puddu’s test, 743
Puerarin, 1822
Puhakka scores, for sacroiliac joint 

ankylosing spondylitis, 423t
Pulmonary aneurysms, in Behçet’s 

syndrome, 1578, 1578f
management of, 1580

Pulmonary arterial hypertension (PAH)
drugs for, 1422t
in overlap syndromes, 1493-1494
patient evaluation for, 305-306
perioperative management of, 635

with fat embolism syndrome, 639
in rheumatoid arthritis, 842
in sarcoidosis, 310-311
in systemic lupus erythematosus, 

1242
in systemic sclerosis, 311, 1363, 

1419-1424
interstitial lung disease related to, 

317, 319
Pulmonary artery

in cardiovascular examination, 306
Takayasu’s arteritis involvement of, 

1567, 1568t, 1570f
Pulmonary embolism, 638, 1242, 1550
Pulmonary fibrosis, 1173, 1404
Pulmonary function and testing

in interstitial lung disease, 316-319
in microscopic polyangiitis, 1526
in myositis, 1445, 1451
perioperative management of, 635-

636
in sarcoidosis, 1659, 1664b, 1665, 

1669
in scleroderma, 1369
in Sjögren’s syndrome, 1341
in systemic lupus erythematosus, 

1241
Pulmonary hemorrhage

diffuse (See Diffuse alveolar 
hemorrhage (DAH))

in microscopic polyangiitis, 1526, 
1526f, 1526t, 1528

prognosis of, 1531
in systemic lupus erythematosus, 

1242, 1242f
Pulmonary nodules, in rheumatoid 

arthritis
with Caplan syndrome, 841, 842f
parenchymal, 841, 841f

Pulmonary-renal syndromes, 319, 
1553. See also 
Goodpasture’s disease

Pulmonary sarcoidosis, 1659, 1660f
differential diagnosis of, 1666-1667
management of, 1668

monitoring strategies for, 1669
natural history of, 1668

Pulmonary system. See Respiratory 
system/tract

Pulsed electrical field therapy, 450t
Pulse oximeter, 632
Pulses, peripheral, palpation of, 305

in children, 977
“Pump bumps”, 833
Purified protein derivative (PPD) skin 

testing
for musculoskeletal tuberculosis, 

1068-1069
prior to drug therapy initiation, 592, 

595, 1022

Purine metabolism, 1844-1845
degradation to urate, 1844, 1845f
molecular contributors to, 1844, 

1844f
physiologic functions of, 1842b, 1844
regulation of synthesis, 1845, 1846f
structural aspects of, 1844, 1845f
synthetic pathways of, 1844, 1845f

Purine synthesis
de novo, 1844, 1845f

steps of, 1845, 1846f
methotrexate and, 511f

Purpura, 286b
in cryoglobulinemia, 1610f-1611f
with HCV-associated mixed 

cryoglobulinemia, 1090, 
1090f

hyperglobulinemic, 1600, 1600f
palpable, with cutaneous vasculitides, 

1597, 1598f, 1599t
differential diagnosis of, 1605
edema with, 1599f

with relapsing polychondritis, 1673
with Sjögren’s syndrome, 291, 292f
thrombotic thrombocytopenic (See 

Thrombotic 
thrombocytopenic purpura 
(TTP))

Pustule, 286b
Pustulosis

in psoriatic arthritis, 1187
in reactive arthritis, 1116-1117, 

1117f, 1119
Putative regions, in genome-wide 

association studies, of 
juvenile idiopathic arthritis, 
1013-1014

P value, 224-225
Pyoderma gangrenosum (PG)

with inflammatory bowel disease, 
323, 323t

with rheumatoid arthritis, 293, 293f
TNF inhibitors for, 587

Pyomyositis, 276, 1489
Pyramid treatment approach

to juvenile idiopathic arthritis, 1017
to rheumatoid arthritis, 949

Pyrazinamide, 1070
Pyridoxine, 1070
Pyrimidine biosynthesis

de novo, leflunomide inhibition of, 
519, 520f

methotrexate and, 511f
Pyrin, 1637, 1641
Pyrophosphate arthropathy, 1875. See 

also Calcium pyrophosphate 
crystal-associated 
arthropathy

Pyrophosphate crystals. See Calcium 
pyrophosphate dihydrate 
(CPPD) crystals

Pyrophosphate metabolism, 1882-1884
Pyruvate metabolism, with 

mitochondrial myopathies, 
1480, 1482, 1485f

Pyuria, in kidney disease, 332

Q

Q angle, in patellofemoral motion, 732, 
732f

assessment of, 733, 740
Qi gong, 450t, 456-457
Quadrangular space, 810f
Quadriceps contusions, 813
Quadriceps muscle

in knee anatomy, 732
in knee osteoarthritis, 1720, 1729
rheumatic knee impact on, 833

Quadriceps tendon, injury to, 745,  
816

Quality-adjusted life years (QALYs), 23, 
25-27

Quality of life (QOL)
with ankylosing spondylitis, 1176
in economic evaluations, 23, 24f,  

24t
health-related (See Health-related 

quality of life (HRQOL))
with juvenile-onset 

spondyloarthropathies, 
1031, 1034

with myositis, 1454
as outcome measure, 11, 13, 14t

of juvenile idiopathic arthritis, 
1005-1006

functional evaluation of, 1047-
1048

rehabilitation improvement of, 
1048-1050

of psoriatic arthritis, 1205-1206, 
1206b, 1208

with Paget’s disease, 2022
in pain management, 462
with Sjögren’s syndrome, 1339
TNF inhibitors impact on, 577, 580, 

594, 1207
QuantiFERON-TB Gold, 1068-1069
Quantitative trait loci (QTL) analysis, 

of knee osteoarthritis, 1762-
1763

Questionnaires
for bone mineral density, 1947
5-point, for hypermobility, 2051, 

2052b
for health assessment (See Health 

Assessment Questionnaire 
(HAQ))

for nutritional assessment, 435
for outcome assessment, 11, 16

of osteoarthritis
activity limitations in, 1782-

1783
impairments in, 1780-1782, 

1781t
for pain measurement, 461
for rheumatoid arthritis physical 

function assessment, 951
Quinacrine, 1308-1309, 1309t
Quinolones, 1065, 1073

R

RA. See Rheumatoid arthritis (RA)
Rabbit model

of antigen-induced arthritis, 882
of joint osteoarthritis, 1734-1735, 

1734f
Race, in disease epidemiology. See 

Ethnicity
Radial nerve, 810f
Radial nerve compression syndromes, 

791-792
Radial subluxation, at wrist, 242f
Radiation, ionizing, 367
Radiation therapy

cranial, for neurologic sarcoidosis, 
1669

for pigmented villonodular synovitis, 
1682

total body
cyclophosphamide and, 531
for myositis, 1475

Radicular pain
with lumbar spine disorders, 659-

660, 660f, 660t, 662-663
differential diagnosis of, 677, 677b
surgical treatment of, 680

neck pain related to, 646-647, 646t
with cervical nerve root 

compression, 648, 655
significance of site and radiation, 

647, 647f
Radioactive isotopes

in bone scintigraphy, 391
disorders exhibiting increased 

uptake of, 391-392, 392f, 
392t

practical issues of, 396
in dual-energy x-ray absorptiometry, 

399
in PET, 392, 392f

inflammatory disease applications 
of, 393-396

Radiocarpal joint
adult-onset Still’s disease 

involvement of, 856-857
aspiration of, e68f, 620

Radiofrequency field (RF), external, in 
MRI, 367, 368f

Radiogrammetry, of bone mass, 399
Radiographic absorptiometry, of bone 

mass, 399
Radiography

in acute rheumatic fever, 1099
of ankle, 350b
of ankylosing spondylitis, as outcome 

measure, 421-422, 421t, 
422f

of axial spondyloarthritis, 1123, 
1124f-1125f, 1125t

in basic calcium phosphate crystal 
deposition disease, 1892

of bicipital tendinitis, 693, 693f
of bone tumors, 2063 (See also 

specific lesion or tumor, e.g., 
Fracture callus)

for staging, 2063
of calcific periarthritis, shoulder, 

1890f
of calcific tendinitis, of shoulder, 

696-697, 697f
of calcium pyrophosphate crystal-

associated arthropathy, 
1881f

of capsulitis, 694-695
of cervical spine, 350b

for neck pain, 649-650, 649f
of chest (See Chest radiography)
in clinical evaluation, of foot and 

ankle, 752
of complex regional pain syndrome, 

800, 800f
computer-aided analysis of, 353-358, 

358f
correlation to laboratory tests, 259, 

260t
of diffuse idiopathic skeletal 

hyperostosis, 1802-1803, 
1803f

digital, 353
of digital clubbing, 1702, 1703f
of enthesitis, 1217, 1217f
of entrapment neuropathies

carpal tunnel syndrome, 790
cubital tunnel syndrome, 785-786
thoracic outlet syndrome, 784

of finger, 350b
of foot, 350b
of ganglions, in wrist and hand,  

716
of Gaucher’s disease, 2032f, 2034, 

2034f
of hand, 349, 350b, 350f-351f
of hemophilic arthropathy, 1914, 

1915f-1916f

Radicular pain (Continued)
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of hip, 350b, 724-725, 725f
for dysplasia, 725, 725f
for impingement, 726, 726f
for osteoporosis, 726-727

of Hurler’s disease, 2037, 2038f
interventional techniques with, 358
introduction to, 367
of juvenile idiopathic arthritis, 995-

996, 995f-996f, 1017
of knee, 350b, 351

for instability, 740-741, 740f-741f
for meniscal tears, 744
for osteochondritis dissecans, 737, 

737f-738f
of Legg-Calvé-Perthes disease, 982, 

982f
of lumbar spine disorders, 663-664, 

664f
magnification, 352-353
of myofascial pain disorder, 766, 768
of neuropathic arthropathy, 1810, 

1810f
of osteoarthritis, 1769 (See also 

Osteoarthritis (OA))
of osteogenesis imperfecta, 2042, 

2043f
of osteonecrosis, 1817-1819, 1819f
overview of, 1787
of Paget’s disease, 725, 2023, 

2024f-2025f
of patellofemoral joint dysfunction, 

740-741, 740f-741f
pelvic, 350b
of peripheral joints, for 

spondyloarthropathies, 
1151-1154 (See also 
Peripheral joints)

physics in, 352-358
projection views, 349-351
of psoriatic arthritis, 1189 (See also 

Psoriatic arthritis (PsA))
of pulmonary fibrosis in systemic 

sclerosis, 1413
in rheumatoid arthritis, scoring of for 

structural progression 
assessment, 951-953

of rheumatoid arthritis, 830f, 836, 
859-863 (See also 
Rheumatoid arthritis (RA))

cervical spine, 862-863
elbow, 862
foot and ankle, 861
hand, 859-861
hip, 861-862
knee, 862
large joints, 861
MRI vs., 866
pelvis, 861-862
wrist, 859-861

of rotator cuff pathology, 690-691
of sacroiliac joint, 349, 350b, 352f

for spondyloarthropathies, 1145-
1147, 1146f-1147f

screen thickness in, 353f
selenium detectors in, 353, 354f-357f
of septic arthritis, 1058-1061
of shoulder, 350b
of skeletal dysplasia, 2057
of spine, 350b

DEXA imaging vs., 402
for spondyloarthropathies, 1148-

1150
discovertebral joint changes 

noted, 1148-1150, 1153
other changes noted, 1150

standard, 350b
survey, 350b, 351-352
techniques in, 352-358

uses of, 349
of wrist, 349, 350b, 350f
x-ray tube in, 353f

Radiolabeled serum amyloid P (SAP) 
scintigraphy, 1696-1697, 
1696f

Radionuclide scans/studies. See also 
specific modality, e.g., Bone 
scintigraphy

of juvenile-onset 
spondyloarthropathies,  
1030

of osteoarthritis, 1776
Radionuclide synovectomy, for 

subacute hemophilic 
arthropathy, 1917-1918

Radiotracers. See Radioactive isotopes
Radioulnar joint

assessment of, in children, 978
subluxation of, 242f

Radius
in elbow, 701
in wrist and hand range of motion, 

712-713
RAG gene, in adaptive immunity, 141
Ragocytes, in synovial fluid, 269-271, 

269f-271f
Raloxifene, 215
RAMRIS (RA MRI scoring system), for 

rheumatoid arthritis, 418, 
419t

Random error (noise), in outcome 
assessment, 11, 12f

sample size and, 13
Randomization

ethics of, 228
stratified, 222

Randomized controlled trials (RCTs)
conclusions of, 225
critical appraisal of, 220-222
data interpretation in, 224
effectiveness of, 220
efficacy of, 220
ethics in, 227-229
generalizability of, 223
intention-to-treat analysis in, 221, 

221t
introduction to, 219
levels of evidence, 219
missing data from, 223-224
of non-superiority, 220-221
observational studies vs., 219-220

critical appraisal of, 223-225
statistical analysis/test in, 224-225, 

225f
statistical power in, 221, 223
subgroup analysis in, 222, 222f
of superiority, 220
validity of, internal vs. external, 220

Random noise, in ultrasound, 380
Range of motion (ROM)

assessment of
active vs. passive, 243
in children, 977, 978f
for musculoskeletal problems, 241, 

242t, 243
exercise therapy for, 968
of hip, 722-723
with juvenile idiopathic arthritis, 

1024
evaluation of, 1047
functional limitations of, 1045-

1046
rehabilitation goals for, 1048-1049
of TMJ, 1002

of knee, 732
assessment of, 733, 733f
muscle and tendons in, 732

patellofemoral motion as, 732, 
732f

tibiofemoral motion as, 732
limited, with osteoarthritis, 1725-

1728
of lumbar spine

examination of, 661
in manual muscle testing, 661, 

661t
of neck, 645

examination of for neck pain, 649
remedial rehabilitation approach to, 

442-443, 447t
of shoulder, 683, 685-686

calcific tendinitis and, 696
capsulitis and, 693-694
in differential diagnosis, 688, 689t, 

690, 694
examination of, 686-687

for hypermobility, 687, 688f
resisted, 686-687, 687f
special movements in, 687, 687f

restoration of, 697-698
rotator cuff disorders and, 690-692
stabilizers of, 683-685

of temporomandibular joint, 763, 
764f

examination of, 763-765, 
764f-765f

extraoral vs. intraoral, 763, 765
history of, 766

of wrist and hand, 711-713, 713f
RANK ligand. See Receptor activator of 

NF-κB ligand (RANKL)
RANTES, in myositis, 1464
Rapamycin, 531t, 1406
Rapidly progressive glomerulonephritis 

(RPGN)
in rheumatic diseases, 330t, 337, 

339
biopsy for, 335
causes of, 335

in Wegener granulomatosis, 1547, 
1550-1551, 1552f

RAPID studies, of TNF inhibitors, 588-
589

Ras activation, in B-cell activation and 
function, 136

Rasch analysis, 13, 13t
Ras-GTPase-MAPK pathway, activation 

of, 123
Rash(es)

with adult-onset Still’s disease, 851t, 
852, 852f-853f

with juvenile dermatomyositis, 1038-
1039, 1040f, 1041t

with juvenile idiopathic arthritis, 
998-999, 999f

lupus
heliotrope, 288, 288f
malar, 285, 286f
neonatal, 1337-1338
during pregnancy, 1335, 1338

with Lyme disease, 1079, 1081-1082, 
1081t

chronic, 1083
with rheumatoid arthritis, 293-294, 

293f
with systemic lupus erythematosus, 

285-288, 1229-1231, 1313
juvenile-onset, 1036, 1037f

vasculitic (See Cutaneous vasculitis/
vasculitides)

Ratingen scoring method, for 
radiography

of psoriatic arthritis, 419, 420t
of rheumatoid arthritis, 416, 417t

Raynaud’s disease, 1427

Raynaud’s phenomenon, 1427-1432
in acromegaly, 1890
carpal tunnel syndrome with, 1428-

1429, 1432
clinical features of, 1429, 1429f

progressive, 1429, 1429b
in cryoglobulinemia, 1610
diagnosis of, 1429-1430
epidemiology of, 1427
etiology of, 1427, 1428b

secondary, 1430, 1430f
history of, 1427
investigations of, 1429-1430
lung disease associated with, 318, 

1429f, 1430
management of, 1430-1432

drug treatment in, 1431-1432, 
1431t

general measures for, 1430
indications for, 1430
surgery in, 1432

with myositis, 1446, 1448
in overlap syndromes, 1491-1493, 

1496-1497
pathophysiology of, 1427-1429

blood and blood vessel wall 
interactions in, 1428

immune abnormalities in, 1428-
1429

inflammatory response in, 1428-
1429

neurogenic mechanisms in, 1427-
1428

primary vs. secondary, 1427-1428
investigations of, 1430

refractory, 1432
in scleroderma, 1361-1362, 1364, 

1365t
in children, 1042, 1042t
measurement of, 1369
systemic, 290-291, 290f

in Sjögren’s syndrome, 1343
summary of, 1427
in systemic sclerosis, 1373, 1374f, 

1407-1408, 1408t
RCTs. See Randomized controlled 

trials (RCTs)
RDA (Recommended Dietary 

Allowance), for vitamins and 
minerals, 438

Reaction time, neurologic, as 
osteoarthritis risk, 1718, 
1718f

Reactive arthritis (ReA), 1103, 1113
ankylosing spondylitis vs., 1130t
bacterial organisms associated with, 

324, 324t, 987, 1113, 1114t
in children, 980
in juveniles, 1032

in children, 980
classification criteria for, 1103, 1113

preliminary consensus on, 1113, 
1114t

proposed, 1113, 1114t
clinical features of, 1116-1117

arthritis as, 1116, 1116f
extra-articular, 1116-1117, 1116t, 

1117f
systemic inflammatory lesions as, 

1117
conclusions of, 1110-1111
enthesitis in, 1216t
environmental etiologies of, 1012
epidemiology of, 1113-1115

epidemic cohorts in, 1115, 1115t
population studies in, 1115, 1115t

genetic factors of, 1105, 1113
heart disease with, 312
history of, 1113

Radiography (Continued) Radiography (Continued) Range of motion (ROM) (Continued)



IN
D

EX

I93

HLA-B27 role
cytokines and, 1104-1107
effect on host immune responses, 

1107-1108
host cellular responses and, 1106
host humoral responses and, 1106
host-to-pathogen interactions and, 

1105
viral infections and, 1105-1108

imaging of, 1145-1156
introduction to, 1145
in peripheral joints, 1152-1153, 

1153f
in sacroiliac joint, 1147, 1147f

innate immunity and, 1108
epidemiologic studies of, 1109-

1110
as host response to bacteria, 1108-

1110
principles of, 1108

introduction to, 1103, 1113-1119
juvenile-onset, 1032
microbe identification in joints

bacterial cell wall components and, 
1104

detection of non-DNA bacterial 
elements, 1104

host interaction and, 1104, 1110-
1111, 1110f-1111f

infection mechanisms and, 1104-
1105

laboratory studies for, 1103, 1117-
1118

interpretation of, 1103-1105
lessons from other arthritic 

disorders, 1103-1104
natural history of, 1118
outcome assessment for, 14t
pattern recognition in, 253-255, 255f
prognosis of, long-term, 1118, 1118t
prophylaxis for, 1119
renal features of, 338t, 339
spondyloarthritis symptoms in, 1135
treatment of, 1118-1119

for acute arthritis, 1118-1119
antibiotics for, 1119, 1119t
disease-modifying antirheumatic 

drugs in, 1119
for extra-articular symptoms, 1119
for skin and mucosal lesions, 1119
for triggering infection, 1118

tuberculous, 1068, 1068b
Reactive hemophagocytic 

lymphohistiocytosis. See 
Macrophage activation 
syndrome

Reactive nitrogen species, in 
osteoarthritis, 1752-1754

Reactive oxygen species (ROS). See Free 
radicals

Reactive systemic amyloidosis (AA), 
1691, 1694, 1695f

treatment of, 1697
Readers, for imaging as outcome 

measure, 413
agreement of, 413-414, 414f
grouped film sessions for, 414

Receptor activator of NF-κB ligand 
(RANKL), 95-96, 97t-98t

bone metabolism and, 1997-1998
in bone resorption, 92, 157, 159f

animal models of, 885
osteoclast activation and, 1961-

1963
bone turnover and, 1966
calcium imbalance and, 436
decoy receptor of (See 

Osteoprotegerin (OPG))

glucocorticoids impact on, 496, 498f
in gout, 1850b, 1851-1853
in neuropathic arthropathy, 1811-

1812
osteoclast differentiation and, 73-74, 

169-170, 170f
osteophyte formation and, 171
in psoriatic arthritis, 1201, 1201f
in rheumatoid arthritis, 902, 917t, 

927-928, 929f
in synovium, 54-55
TNF inhibitors effect on, 578b, 579

Receptor activator of NF-κB ligand 
(RANKL) inhibitors, for 
psoriatic arthritis, 1208

Receptors for Fc region of IgG (FcγRs). 
See also specific FcγR 
receptor

allelic polymorphisms of, 1267, 
1267f

cellular distribution of, 1266-1267, 
1266t

families of, 1266-1267, 1266t
function of, 1266f, 1268
genetics of, 1266-1267, 1267f

in rheumatic arthritis, 129
in gout, 1849, 1850b, 1851
immune complexes relationship to, 

1264-1265, 1265f
in rheumatoid synovium, 925
signal transduction mechanisms of, 

1266f, 1268
structure of, 1266-1268, 1266f
in systemic lupus erythematosus

activation mechanisms of, 1264, 
1265f

IgG binding to, 1263t, 1264
subclass specificity and, 1266-

1267, 1267t
importance of, 1265f, 1268
lupus nephritis and, 1261
as treatment target, 1268-1269

Receptor tyrosine kinases (RTKs), 101
in signal transduction, 119-120, 

121f, 597
as therapeutic target, 123-124

Recombinant activated factor VIIa 
(rFVIIa), 1919

Recombinant erythropoietin, for 
systemic lupus 
erythematosus, 1268-1269

Recombinant growth hormone, for 
osteogenesis imperfecta, 
2045

Recombinant human α-l-iduronidase 
(laronidase), 2039

Recombinant human iduronate-2-
sulfatase, 2039

Recombinant human 
N-acetylgalactosamine 
4-sulfatase, 2039

Recombinant human relaxin, 1406, 
1406t

Recombinant interleukin-1ra, 93
Recommended Dietary Allowance 

(RDA), for vitamins and 
minerals, 438

Recurrence. See Disease recurrence
Recurvatum, physiologic, of knee, 733, 

733f
Red blood cells (RBCs)

in Raynaud’s phenomenon, 1428
in systemic lupus erythematosus, 

1240
in urine microscopy, 332, 332f

Red-hot joint, 251-252, 252f, 252t
Redness. See Erythema

Referrals. See Consultations
Reflexes, examination of

for lumbar spine disorders, 661-663
with neck pain, 649
sudomotor axon, 800-801

Reflexology, 450t
REFLEX study, of rituximab, 565-568, 

565f-566f
Reflex sympathetic dystrophy (RSD), as 

type I complex regional pain 
syndrome, 745, 797

diagnostic criteria for, 797, 798b
pattern recognition in, 255-256,  

255f
Reflux esophagitis

in myositis, 1476-1477
in systemic sclerosis, 1409, 1410t

Refractile shadowing, in ultrasound, 
379, 379t

ReGAL Database Project, 1249-1250
Regeneration

of articular tissues, 163-164
of bone (See Bone repair/

regeneration)
of cartilage, in osteoarthritis, 1747
of muscle, 1458
of tissue, 179

Regional pain syndromes, 769, 770f, 
771

in children, 981
complex (See Complex regional pain 

syndrome (CRPS))
Regression to the mean, in bone 

density measurement, 402
Regulatory proteins, complement, 191t
Regulatory requirements

for clinical trials, 17
for osteoarthritis imaging, 1787
of USA vs. Europe, for NSAIDs 

selection, 492, 492t
Regulatory T cells (Tregs)

in cell-mediated immunity, 139
in immunotherapy, 552-553
in juvenile idiopathic arthritis, 1009-

1010
in peripheral tolerance, 139-140
in rheumatoid arthritis, 898-899, 

902, 902t
in rheumatoid synovium, 917-918
in signal transduction, 119

Rehabilitation, 441-448
adaptive approaches to, 441, 444-447

assistive devices as, 444-445, 445t
fatigue and, 446
impairment levels in, 444
orthotic devices and splints as, 

442, 445
self-management instruction as, 

445-446, 446t
for work, 446-447

for complex regional pain syndrome, 
802, 802t

conclusions of, 447
definition and goals of, 441
interdisciplinary team for, 441-442, 

1045
for juvenile idiopathic arthritis, 

1045-1052
conclusions of, 1050-1051
evaluation for, 1047-1048
evidence-based treatment and 

outcomes of, 1024, 1048-
1050

functional implications of, 1046-
1047

goals of, 1017, 1024, 1048
introduction to, 1045
physical implications of, 1045-

1046

psychosocial implications of, 1046-
1047

summary of, 1045
for myositis, 1474f, 1475, 1476b

inclusion body, 1477
for osteogenesis imperfecta, 2044
patient-centered approach to, 441-

442
pediatric professionals for, 1045
remedial approaches to, 441-444, 

447
aerobic capacity as, 443-444
balance and agility as, 444
muscle strength as, 443
pain control as, 442
pain-related fear and, 444
range of motion as, 442-443

of shoulder, 697-698
for bicipital tendinitis, 693
for rotator cuff tendinitis, 690

summary of, 441, 447t
Reiki, 450t
Reiter’s syndrome

reactive arthritis associated with, 
1032, 1113

uveitis associated with, 297
Relapse. See Disease recurrence
Relapsing polychondritis (RP), 1671-

1675
in Behçet’s syndrome, 1578
biopsies for

ear, 1673, 1673f
renal, 1673

clinical features of, 1671-1673, 1672t
cardiovascular, 1671-1672
dermatologic, 1673
miscellaneous, 1672t, 1673
musculoskeletal, 1671
neurologic, 1673
ocular, 1672
otorhinolaryngeal, 1671, 1672f, 

1672t
renal, 337, 338t, 1673
respiratory, 1671, 1672f

conditions associated with, 1671, 
1672b

diagnosis of, 1673, 1673f
differential diagnosis of, 1674
epidemiology of, 1671
history of, 1671
investigations of, 1673

for laryngotracheal disease, 1673
for other rheumatoid diseases, 

1673
for renal status, 1673

pathogenesis of, 1674
refractory, 1674
renal features of, 337, 338t
skin lesions of, 294-295

differential diagnosis of, 295
ear cartilage inflammation as, 294, 

294f
histology of, 294
key, 294
non-specific, 294-295
pathogenesis of, 294

structural features of, 1674
summary of, 1671
in systemic lupus erythematosus, 

1233-1234
Relative Efficiency (RE), 13t
Relative risk

in descriptive epidemiology, 8
limitations of, 8-9

of osteoarthritis progression, 1717
Relaxation techniques, in MRI

spin-lattice, 367
spin-spin, 367, 368f

Reactive arthritis (ReA) (Continued) Receptor activator of NF-κB ligand 
(RANKL (Continued)

Rehabilitation (Continued)
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T2 relaxation, 367, 368f

mapping with, 373, 374f
Relaxation therapy, 450t

for myofascial pain disorder, 767
for pain control, 462-464
progressive muscle, 462-464

Relaxin, recombinant human, 1406, 
1406t

Relevance, in ethical research, 227-229, 
228t

Reliability
definition of, 943t
of outcome assessment, 12, 1367-

1368, 1368t
clinical research vs. clinical 

practice differences in, 1779
Relistor (methylnaltrexone), 637
Relocation test, 807t
Remicade. See Infliximab (Remicade)
Remission. See Disease remission
Remitting seronegative symmetric 

synovitis
pattern recognition in, 255-256, 256f
rheumatoid arthritis vs., 834

Remodeling
of bone (See Bone remodeling)
of connective tissue, in mechanical 

stress response, 45-46, 46f
G protein–coupled receptor signal 

transduction pathways in, 
47-48

integrins and, 46
of extracellular matrix, in mechanical 

stress response, 45-46
connexins and, 47

of joints, in spondyloarthritis, 1138
Renal arteries, Takayasu’s arteritis 

involvement of, 1567, 
1568t, 1570, 1572

Renal biopsy, 335-337
contraindications for, 335
immunofluorescence microscopy 

patterns seen with, 336
indications for, 335, 339-340
interpretation of, 336

terminology for, 336-337, 336t
for lupus nephritis, 1234

electron microscopy of, 1234-1235, 
1235f, 1319t

evaluation of, 1318, 1319t
indications for, 1317-1318, 1318b
morphologic features seen on, 

1234, 1234t
precautions with, 335-336
procedure for, 336
for relapsing polychondritis, 1673

Renal crisis, in systemic sclerosis, 
1410-1411, 1411f

Renal failure
acute vs. chronic, 329 (See also 

Chronic kidney disease 
(CKD))

calcifying panniculitis of, 1603, 
1603f

in rheumatic diseases, 330t, 339-340
rheumatologic complications of

crystal arthropathies and, 343
etiologic factors specific to, 342
β2-microglobulin amyloidosis and, 

342-343
soft tissue and vessel calcification 

and, 343-344
signs and symptoms of, 329

Renal hypertension
from calcineurin inhibitors, 342
in polyarteritis nodosa, 1527, 1527t

in rheumatic diseases, 337, 339-340
signs and symptoms of, 329
in systemic sclerosis, 1410-1411
in Takayasu’s arteritis, 1567, 1572

Renal imaging, 335
Renal insufficiency, lupus nephritis 

progression to, 1234-1236
management of chronic, 1331, 1332t

Renal involvement
of adult-onset Still’s disease, 854
of amyloidosis, 337, 338t, 340, 

1691-1692, 1695-1696, 
1696t

in ankylosing spondylitis, 1173
treatment of, 1172, 1698

of ANCA-associated vasculitides, 
337-339, 338t

glomerular injury mechanism in, 
1516, 1516f, 1518f

of ankylosing spondylitis, 338t, 339
of Behçet’s disease, 337, 338t
of essential mixed cryoglobulinemia, 

338t, 339
of gout, 338t, 340
of Henoch-Schönlein purpura, 338t, 

339
of microscopic polyangiitis, 1526, 

1526t
of mixed connective tissue disease, 

337, 338t
of myositis, 1446
of nephrogenic systemic fibrosis, 

1686-1687
of polyarteritis nodosa, 337, 338t, 

1527, 1527t
of progressive systemic sclerosis, 

338t, 339-340
of reactive arthritis, 338t, 339, 

1116t, 1117
of relapsing polychondritis, 337, 

338t, 1673
evaluation of, 1673

of rheumatoid arthritis, 337, 338t, 
846

amyloidosis associated with, 846, 
846f

of sarcoidosis, 1664
of scleroderma, 338t, 339-340, 1410-

1411, 1411f
of seronegative 

spondyloarthropathies, 338t, 
339

of Sjögren’s syndrome, 337, 338t, 
1341, 1342f

of systemic lupus erythematosus, 
1234-1236, 1317-1334

assessment of, 1302, 1304t
in children, 1331
chronic renal insufficiency with, 

1331
management of, 1331, 1332t

classification of severity, 1324, 
1325f-1327f, 1325t

clinical features of, 337, 338t, 
1234-1236, 1234t, 1317

co-morbid conditions with, 1330
controlled trials for, 1319-1322

unresolved issues of, 1332
cystitis as, 1236
future directions for, 1332-1333
introduction to, 1317
juvenile-onset, 1036
membranous lupus nephropathy 

with, 1327-1328
monitoring of, 1319
nephritis as, 1223-1224, 1226-

1227, 1234-1236 (See also 
Lupus nephritis)

proliferative, 1325-1327, 1327t, 
1328f, 1329b

novel therapies for, 1332-1333, 
1333t

other manifestations as, 1236
during pregnancy, 1330, 1335, 

1337
prognosis assessment for, 1319, 

1320b
remission, response, and relapse 

with, 1328-1329, 
1329t-1330t

renal biopsy for, 1317-1318, 
1318b, 1318t-1319t

renal transplantation for, 1332
treatment options for, 1322-1324, 

1323b
treatment recommendations for, 

1324
urinalysis for, 1317, 1318f, 1319

of Wegener granulomatosis, 1547, 
1550-1551, 1552f

management of, 1556
Renal osteodystrophy, 2013-2019

adynamic bone disease in, 2014, 
2017, 2017f

modifiable vs. non-modifiable 
causes of, 2014b, 2015

biochemical profiling for, 2013-2015, 
2015t, 2017

bone biopsy for, 343, 2014-2015, 
2014b, 2017

conclusions of, 2018
description of, 343
histomorphometric forms of, 2014b
hyperparathyroidism in, 2016
hyperphosphatemia in, 2015-2016
introduction to, 2013
metabolic acidosis in, 2017
osteomalacia in, 2016-2017, 2016f
osteoporosis in, 2017-2018
quantitative bone histomorphometry 

for, 2013-2015, 2017
stages of kidney disease in, 2013, 

2014t
Renal syndromes, with rheumatic 

diseases, 330, 330t
Renal transplantation

arthropathies related to, 344
hyperparathyroidism following,  

2015
for lupus nephritis, 1236, 1332
mycophenolate mofetil dosage and, 

535
systemic sclerosis and, 1411
for Wegener granulomatosis, 1556

Renal tubular acidosis (RTA)
Fanconi syndrome and, 1999
in renal osteodystrophy, 2017
in Sjögren’s syndrome, 1341, 1343
in systemic lupus erythematosus, 

1236
tests for, 335

Renal tubular disorders/dysfunction
in Sjögren’s syndrome, 1341, 1343
tests for, 330-331, 335

Renal vasculitis, 330t, 335
Renal vein thrombosis, 2000b
Renin-angiotensin-aldosterone system 

(RAAS), 212f
Repair of joint damage

connective tissue matrix repair 
mechanisms for, 161-162

imaging for outcomes of, 413, 416
Repetition time (TR), in MRI, 367-368
Repetitive movements

carpal tunnel syndrome associated 
with, 787, 788t, 789

femoroacetabular impingement and, 
725-726

shoulder injuries from, 690, 692, 
696

of wrist, intersection syndrome from, 
714-715

Reproductive hormones. See Gonadal 
hormones

Reproductive years. See also Fertility
autoimmune disease symptoms 

during, 211, 1037
Research

clinical (See Clinical research)
future

on amyloidosis treatment, 1698
on economics of rheumatic 

diseases, 28
on gout, 1856, 1856b
on hemophilia management, 1920
on hypermobility syndrome, 2054
on myositis management, 1477
on renal systemic lupus 

erythematosus, 1332-1333
on sarcoidosis management, 1669
on Sjögren’s syndrome 

management, 1349
on synovial pathology treatments, 

271, 955
on type I complex regional pain 

syndrome, 803
human, ethics of, 227 (See also 

Ethics)
on patient education, 430-431

Researchers, ethical duty of, 228
Research participants

respect for, 227, 228t
case examples of, 229-230, 229b

selection of (See Sample population)
Respiratory chain function, myopathies 

associated with, 1483, 1485f
Respiratory depression, with narcotic 

therapy, 475t
Respiratory infections

fungal, 1073
rheumatoid arthritis risk for, 605, 

606t
nontuberculous, 607-608
tuberculosis as (See Tuberculosis 

(TB))
Respiratory system toxicity, 319

of leflunomide, 319, 524t-525t, 525
of methotrexate, 319, 1020-1021
of NSAIDs, 319, 489t, 491-492
of TNF modulating agents, 319

Respiratory system/tract
Behçet’s syndrome involvement of, 

1578
fat embolism signs in, 639
Gaucher’s disease involvement of, 

2031-2032
microscopic polyangiitis involvement 

of, 1526, 1526t
myositis features in, 318, 1444-1445, 

1445b, 1451, 1476
osteogenesis imperfecta and, 2042, 

2043f, 2045
relapsing polychondritis symptoms 

in, 1671, 1672f
evaluation of, 1673
management of, 1674

rheumatoid arthritis involvement of, 
841-842, 841f-843f

sarcoidosis involvement of, 1659, 
1660f

management of, 1668-1669
upper, 1664

Sjögren’s syndrome involvement of, 
1339-1341

Relaxation techniques, in MRI 
(Continued)

Renal hypertension (Continued) Renal involvement (Continued) Repetitive movements (Continued)
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systemic lupus erythematosus 
involvement of, 318-319, 
1241-1242

assessment of, 1303-1304, 1304t
complement system and, 180
functional abnormalities with, 

1241
hemorrhage with, 1242, 1242f
immunopathology of, 1262-1263
juvenile-onset, 1036
miscellaneous findings with, 1242
of pleura, 1241, 1241f
pneumonitis as, 1242, 1242f
shrinking lung syndrome in, 1242
vascular disease with, 1242

upper (See Upper respiratory tract)
Wegener granulomatosis features in, 

1547, 1549-1551, 1550f, 
1553f

Responder criteria, in outcome 
assessment, 17, 17t, 20, 20f

of osteoarthritis, 1784
Responsiveness

definition of, 943t
of outcome assessment, 12-13, 13t
in randomized controlled trials, 221

Rest. See also RICE therapy
for acromioclavicular joint injuries, 

695-696
for bicipital tendinitis, 693
excessive, musculoskeletal dangers 

of, 1049
hip pain and, 721
for myositis, 1475
for rotator cuff tendinitis, 690
for wrist and hand disorders, 714-

715
Resting posture, for wrist and hand 

examination, 711
Restless leg syndrome, 770f, 776, 1725
Restriction fragment length 

polymorphism (RFLP), 108, 
128

Reticuloendothelial system, systemic 
lupus erythematosus 
involvement of, 1240

Reticulohistiocytosis, multicentric, 
1677, 1681, 1681f

rheumatoid arthritis vs., 834
Retiform purpuric plaques, 1597, 

1598f, 1599t
Retinal lesions

in Behçet’s syndrome, 1577
in relapsing polychondritis, 1672
in systemic lupus erythematosus, 

1244
in Takayasu’s arteritis, 1567, 1572-

1573
Retinal vasculitis

Behçet’s disease associated with, 300, 
300f

choroidopathy associated with, 300-
301, 301f

description of, 300-301
with uveitis, 298

management of, 300
relapsing polychondritis associated 

with, 1672
retinal artery disorders and, 301
in systemic lupus erythematosus, 

300-301, 301f, 1244
vaso-occlusive disease and, 300-301, 

300f-301f
Retinoic acid–inducible gene I (RIG-I)–

like receptors (RLRs), 142
in innate immunity, 147-148, 149f

Retinoid receptors, 119
Retroachilleal bursa, 750f-751f

Retrocalcaneal bursa, 750f-751f
Retrocalcaneal bursitis, 625-626, 625f
Retroperitoneal conditions

fibrosis as, 1684-1685, 1685f
hip pain referred from, 721, 721t

Retrospective case-control studies, 3, 4f
pros and cons of, 8

Retrospective cohort studies, 3, 4f
Retroviruses, U1-RNP homology 

between, 1494, 1494b
Reumalex, 453
Revascularization

for Raynaud’s phenomenon, 1407-
1408

for Takayasu’s arteritis, 1572
Reverberation artifact, 379, 379t
Reverse passive Arthus reaction, 1268
Reverse straight-leg-raise, 663, 663f
Reverse transcriptase, in molecular 

biology, 107
Reverse transcriptase polymerase chain 

reaction (RT-PCR), 107
for synovial bacteria, 899

Reversible cerebral vasoconstriction 
syndromes (RCVS), 1621, 
1622t

Reversible posterior 
leukoencephalopathy 
syndrome (RPLS), 1237, 
1622, 1622t

Reye syndrome, 1017-1018
Rhabdomyolysis

causes of, 1479-1481, 1480b
clinical features of, 1482, 1484
drug-induced, 1460-1461

Rheumatic fever, 255, 979
acute

acute-phase reactants in, 1099
antimicrobial therapy for, 1100
arthritis in, 1097
articular involvement, 1096
cardiac involvement in, 1095-1096
carditis in, 1097-1098
chest radiography in, 1099
clinical manifestations of, 1097-

1098
corticosteroids for, 1100
diagnosis guidelines, 1099t
diagnosis of, 1099-1100
echocardiography in, 1099
electrocardiography in, 1099
endocarditis in, 1096
epidemiology of, 1093
erythema marginatum in, 1098
group A streptococcus in, 1093-

1094
heart failure in, treatment of,  

1100
host factors in, 1095
immune response in, 1095
investigations for, 1099
myocarditis in, 1095-1096
nodules in, 1096, 1097f, 1098
NSAIDs for, 1100
organism factors in, 1094-1095
pathogenesis of, 1094-1095
pathology of, 1095-1096
pericarditis in, 1096
prevention of, 1101-1102
streptococcal antibody tests for, 

1099
Sydenham’s chorea in, 1098, 1101
throat cultures in, 1099
treatment of, 1100-1101
vaccines for, 1101-1102

Rheumatic/rheumatoid diseases
bone mass and, 1960
cerebral vasculitis associated with, 

1620-1621

in children (See Children/childhood)
clinical signs of, 241, 241t
cutaneous vasculitides in, 1600
cytokines role, 91, 98t
diagnostic features of, 239t, 241
economic evaluation of, 26-27

future of, 28
sensitivity analyses, 27
source of evaluations, 26-27
source of information, 27
summary of, 27
surgical intervention evaluations, 

27
therapeutic areas, 27, 1176
types of evaluations, 27

epidemiology of
classification criteria for, 5t-6t, 6f

application problems of, 5
common construct in, 5
consensus on, 5, 834
prevalence estimates and, 5
sensitivity and specificity of, 5, 

5t
environmental factors in, 7, 7t
etiologic factors in, 8, 9t
genetic factors in, 7, 7t
host factors in, 7, 7t
prognostic factors in, 8, 9t
protective factors in, 8, 9t
risk factors in, 8, 9t
seasonal factors in, 7-8
social factors in, 7, 7t, 9

fibroblastic, 1684
genetic factors of, 7, 7t, 125-132 (See 

also Genes/genetics)
host factors of, 7, 7t, 577, 589
infection-related (See Infection(s); 

specific disease, e.g., Septic 
arthritis)

major determinants of, 169
molecular biology in, 107, 117-118, 

130
nerve compression related to, 783
orphan, TNF inhibitors for, 586t, 

587
pain prevalence in, 461
palindromic (See Palindromic 

rheumatism)
patterns of distribution/involvement, 

241t (See also specific 
anatomy or feature)

pharmacogenomics of, 206-209
planning health care services for, 9
pregnancy and, 611, 616t

treatment principles for, 611, 614t, 
616t

quantitative view of, 20
screening for, 235, 236f
Sjögren’s syndrome associated with, 

1343, 1343b
of synovium, 56

cell recruitment with, 54-55
complications of, 833, 833f
structural aspects of, 51-54, 52f

thalidomide applications for, 543, 
544t

virus-associated syndromes of, 1087-
1092 (See also Viral 
infections)

Rheumatoid arthritis (RA)
angiogenesis in, 905-909

inhibition for treatment, 907-908, 
908t

introduction to, 905
process of, 905, 906f
specifics of, 905
synovial

mediators of, 905-906, 907t
regulation of, 906-907, 907f

arthrography of, 863-864
arthroscopic joint lavage for, 280
assessment of disease activity in, 

946-951
autoantibodies in, 887-896, 1283t

animal models of, 882-883
antigen targets of, 887, 888t, 891
antinuclear, 890-891
to calpastatin, 893
to citrullinated antigens, 563-564, 

846, 870, 875, 888-890, 
889f-891f, 890t, 1550

to collagen, 891-892
to collagen type II, 65
to filaggrin, 888-889
to glucose-6-phosphate isomerase, 

892
to high mobility group box 1 

protein, 892-893
introduction to, 887
to keratin, 888-889, 898-900
to nuclear ribonucleoprotein-A2, 

890-891, 892f
as outcome predictors, 950
pathogenic role, 887, 889, 891, 

893-894, 893f-894f, 916, 
930-932

to peptidyl arginine deiminase-4, 
892

rheumatoid factors as, 887-888, 
888f-889f, 888t

to stress or heat-shock proteins, 
892

to vimentin, 889, 898
as autoimmune disease, 897, 898t, 

1103-1104
B cells in, 563-564
benchmark trial in, 220
biologic therapies for

abatacept as, 609
anakinra as, 609
anti-TNF therapy as, 605-606
infections and, 605-610 (See also 

Infection(s))
with leflunomide, 523
rituximab as, 608-609

bone loss risk with, 170
bone marrow abnormalities in, MRI 

of, 865
cellular immunity in, 897-904

antigenic targets of, 897-900
conclusions of, 902
introduction to, 897
T cells and

antigen-dependent effects of, 
897-899, 898t, 899f

antigen-independent effects of, 
897, 900

collagen-specific, 897, 899
hsp-specific, 898-899
molecular mimicry at level of, 

900, 900f
properties of synovial, 897, 900-

902
proteoglycan-specific, 897-898
regulatory, 898-899, 902, 902t

cholesterol crystals in, 1911
circadian rhythm in, 216-217, 216f
classification of, 941, 942f, 943t
clinical features of, 829-838

in diagnosis, 829, 830f, 834
evaluation of, 829-834
introduction to, 829
natural history in, 834-836
non-articular, 835
prognosis in, 836-837

Respiratory system/tract (Continued) Rheumatic/rheumatoid diseases 
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skin lesions as, 1599f
specific joints in, 829-834, 

830f-833f, 836
systemic, 839-848 (See also Extra-

articular features)
in clinical trials, assessment 

strategies for, 946
clinical trials on, 14t, 17, 17t-18t
complementary and alternative 

medicine for, 449-451, 456-
457

complement system in, 181, 554
composite indices, 949t

vs. individual measures in, 945
composite indices in, 948-950
computed tomography of, 363f-364f
concepts in, 941-946
connective tissue matrix degradation 

in, 153, 159-160, 160f
constitutional features of, 839
CT of, 865
diagnosis of, 834

clinical criteria for, 829, 830f, 834
differential, 834

diffuse idiopathic skeletal 
hyperostosis in, 1802

disease activity assessment of, 836, 
836t, 946-951

MHC genes and, 872-873
progression patterns in, 835, 835f
synovitis treatment and, 949-951
time trends in, 824

disease activity core variables in, 
946-951

disease onset of, 834-835
acute vs. gradual pattern in, 835-

836
disease process in, 942-944
economic evaluation for, 27
epidemiology of, 823-828

classification for studies, 823, 824t
antibodies to citrullinated 

peptides in, 823, 829
disease occurrence in, 823-824, 

824t
geographic variations in, 824
incidence, 823
prevalence, 823-824

based on 1987 ACR criteria, 
823-824, 825t

based on populations not 
represented by 1987 ACR 
criteria, 823-824

time trends of, 824, 825f
environmental factors in, 826-827

infectious agents as, 827
lifestyle as, 826
nutrition as, 826-827
occupation as, 827
socioeconomic status as, 827
urban industrialization as, 827

genetic factors in, 824-826
disease-specific genes and, 826
environment interaction with, 

826
twin and family studies of, 824-

826, 869
host factors in, 826

birth weight as, 826
exogenous hormones as, 826
reproductive hormones as, 826

summary of, 823
evaluation vs. prognostication in, 

944-945
examination for, 829-834
extra-articular features of, 839-848

amyloidosis as, 846, 846f
cardiac disease as, 842-844, 843f

Felty syndrome as, 840-841, 841f
hematologic abnormalities as, 839-

840
hepatic abnormalities as, 841
incidence of, 839, 840t
introduction to, 835, 839
local, 835, 839
muscular involvement as, 845-846
neurologic impairment as, 845, 

845f-846f
nodules as, 839, 840f
ocular involvement as, 844-845, 

844f
pulmonary involvement as, 841-

842, 841f-843f
renal abnormalities as, 846
survival with, 839, 840f
systemic, 835, 839, 840t
therapeutic strategies for, 839
vasculitis as, 839, 846-847, 

846f-847f
flares in, 882
forefoot pain in, 756-758
functional capacity with, 835-836, 

836t
functional tests for physical function 

assessment in, 951
genetics of, 824-826, 869-878

conclusions of, 876
disease-specific genes and, 826
environment interaction with, 826, 

869, 876
GWAS investigations for, 129-130, 

129f-130f
infection predisposition and, 605
introduction to, 869
linkage analysis in, 126-127
MHC region in, 869

disease susceptibility vs. severity 
related to, 872-873

HLA typing of, 869, 870f
non-HLA genes within, 873, 

874f
TcR interaction models of, 870, 

872f
non-MHC genes in, 873-876

candidate gene association 
studies of, 875

GWAS of, 873-876
pathogenesis from, 876

as outcome predictor, 950
shared epitope hypothesis of, 869-

871
amino acid sequences in, 869, 

871f
antigen-binding cleft of HLA-DR 

in, 870, 872f
applications of, 826, 837, 869-

871, 898-899, 900f
biologic functions of alleles, 870, 

872f
HLA-DRB1 susceptibility and, 

869, 870t, 872t
limitations of, 870-871, 872t
TcR-HLA mechanisms in, 870, 

872f
skin lesions and, 292
strength of contribution, 824-826, 

869
susceptibility loci in, 130, 130f
twin and family studies of, 125, 

126t, 824-826, 869, 873-
875

gene transfer for, 167
glucocorticoid-induced osteoporosis 

in, 500
preventive therapies for, 500

heart disease with, 307-308

HIV infection associated with, 1087, 
1088f

IL-15 levels in, 599
IL-17 levels in, 600
IL-18 levels in, 601
IL-23 levels in, 601
imaging of

alignment changes in, 859
hand and wrist, 860-861

approach to, 859
bone mineralization in, 859
cartilage in, 859
distribution in, 859
18F-FDG-PET in, 394-396, 

395f-396f
joint spaces in, 859
modalities for, 859-866
MRI in, 170, 865-866
as outcome measure, 416-418, 

417t-419t, 418f
outcome prediction with, 950
radiography in, 830f, 836, 859- 

863
cervical spine, 862-863
elbow, 862
foot and ankle, 861
hand, 859-861
hip, 861-862
knee, 862
large joints, 861
pelvis, 861-862
shoulder, 862
wrist, 859-861

soft tissues in, 859
ultrasonography in, 834

immunopathology of, 605-608
improvement criteria, 950-951
individual measures vs. composite 

indices in, 945
infectious risk with

biologic therapies and, 605-606, 
608-609 (See also Tumor 
necrosis factor-α (TNF-α) 
inhibitors)

increased, 605-609
infectious triggers of, 827, 916, 

1103-1104
autoantigens of, 897, 899
molecular mimicry of, 898-900, 

900f, 1104
inflammation with

cell-cell and cytokine interactions 
perpetuation of, 931, 931f

heterogenous infiltrate with, 913
matrix metalloproteinases role, 

927
mechanisms of, 913-914, 914f
unifying hypothesis of, 932-933, 

932f-933f
interstitial lung disease with, 317-

318
bimodal distribution of, 317-318
bronchietasis/bronchiolectasis with, 

318
nodules with, 318
preclinical, 318

joint counts in, 947-948
joint destruction in, 925-928

ADAMTS and, 927
aggrecan and, 927
of bone, 927-928, 928f-929f
of cartilage, ligaments, and 

tendons, 925, 927
collagenases and, 926, 926f
cysteine and, 927
enzymatic mechanisms of, 925, 

927
gelatinases in, 927

matrix metalloproteinases and, 
925-927, 925f-926f

inflammation role, 927
protease inhibitors and, 927
serine proteases and, 927
stromelysins and, 926

juvenile, 987, 988t, 989, 993 (See 
also Juvenile idiopathic 
arthritis (JIA))

methotrexate for, 515
systemic-onset (See Systemic-onset 

juvenile rheumatoid arthritis 
(SOJRA))

laboratory tests for, 260t-261t
malignancy associations with, 1677
measurement in, pathogenesis and, 

941-942
menopause and, 211
methotrexate for, 510-515
morbidity of, 835-836
mortality of, 835-836
multidisciplinary approach to, 965-

972
assistive technology in, 969
exercise therapy in, 967-968
foot orthoses in, 969, 969f
hand orthoses in, 968-969, 969f
introduction to, 965-971
nursing care in, 967
nutrition in, 969-970
patient education in, 965-967, 

966t
physical activity in, 967-968, 967t
physical modalities in, 968
psychological interventions in, 969
shoe modifications in, 969, 969f
team care models for, 965, 970-

971
team member roles and expertise 

in, 965, 966t
vocational rehabilitation in, 970

natural history of, 834-836
articular patterns of, 835

nutritional therapies for, 437-438
antioxidants as, 438
for cachexia, 437-438
for micronutrient deficiencies, 437-

438
for nutritional deficiencies, 438
relevance of, 433, 435

ocular features of, 299
oral contraceptives and, 7-8
outcome assessment of

in clinical trials, 14t, 17, 17t-18t, 
27, 835-836, 836t

imaging for, 416-418, 417t-419t, 
418f, 422f

pain assessment of, 13, 13t, 15f
pain prevalence in, 461
pathogenesis of

animal models of, 914-915, 930
autoantibodies role, 887, 889, 891, 

893-894, 893f-894f, 916, 
930-932

B cells in, 551
B-cell depletion therapy and, 

563-564
targeting CD20 with, 564-567, 

564f
collagen-specific, 897
infection and, 566, 566f, 899

cell-cell and cytokine interactions 
in, 931, 931f

complement in, 554
conclusions of, 933
immune complexes and, 931-932
insight from non-MHC genetic 

studies, 876
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joint-specific factors in, 929, 930b
lesson from treatment, 932
osteoimmunologic aspects of,  

169
scope of influences in, 929-930
T-cell dependence in, 930-931
T-cell receptors in, 551, 900

autoimmune transgenic mice 
model of, 898, 898t, 901

class II MHC molecules 
interaction with, 870, 872f

TcR-HLA shared epitope 
mechanisms, 870, 872f

T cells in, 551
unifying hypothesis of, 932-933, 

932f-933f
patient history of, 829
pattern recognition in, 251, 253-257, 

253t
monocyclic, 835, 835f
polycyclic, 835, 835f
progressive, 835, 835f

pharmacogenetics for, 209
pharmacologic therapies for

abatacept as, 560-561
with methotrexate, 560-561, 

560t
vs. infliximab, 561

antibiotics as, 544-548 (See also 
Tetracyclines)

bucillamine as, 544
combination therapy in

step-down, 951
step-up, 950-951, 953-955

dapsone as, 539, 540t
DMARDs as, 170, 505, 836-837

early institution of, 829, 834
etanercept as, vs. abatacept, 560-

561
glucocorticoids as, 498-499, 499t
historical timeline of, 949, 950f
IL-1 inhibitors as, 573-574, 573t
immunosuppressives as (See 

Immunosuppressives)
immunotherapies as, 551, 554

against complement, 554
against T cells, 551-553

investigational drugs in, 955
leflunomide as, 519-523, 526

with methotrexate, 521-523, 
522f

vs. infliximab, 523
vs. methotrexate, 519-520, 

520f-521f, 523
vs. sulfasalazine, 520-521, 522f, 

523
NSAIDs as, 456, 487
nutritional supplement indications 

with, 438
penicillamine as, 540-541

vs. other DMARDs, 541-542, 
541t

vs. placebo, 541, 541t
rituximab as

B cells in, 563-564
clinical features and responses 

with, 565-567
efficacy of, 565
infection risk with, 566, 566f, 

608-609
infusion reactions with, 566
practical clinical considerations 

of, 567-569
progressive multifocal 

leukoencephalopathy with, 
567

repeat treatment efficacy of, 565-
566, 565f

safety of, 566
screening before therapy, 566

sequential monotherapy as, 950-
951

synovitis indications and strategies 
in, 949-958

tetracyclines as, 545-548
efficacy data on, 545-546, 

545t-547t
baseline demographic and 

clinical features, 545, 545t
long-term data on, 546-547
toxicity data on, 547-548, 547t, 

548f
thalidomide as, 543, 544t
tyrosine kinase inhibition as, 597

physical function assessment 
instruments in, 951

during pregnancy, 213, 611, 614t
presentation patterns of, 835

non-articular, 835
prognosis of, 836-837

early treatment impact on, 829
prognostication vs. evaluation of, 

944-945
progression pattern of, 835, 835f
psoriatic arthritis vs., 1189-1190, 

1191t
questionnaires for physical function 

assessment in, 951
radiography of, 830f, 836

acute-phase reactants prediction of, 
837

after rituximab therapy, 568
in cervical spine, 832, 833f
in hands and feet, 834, 837
HAQ score correlated to, 837
MRI vs., 866
at onset, as outcome predictor, 837
as outcome measure, 416, 

417t-418t, 418f
scoring, in structural progression 

assessment, 951-953
serologic markers prediction of, 

837
seronegative spondyloarthropathies 

vs., 1145
reactants in acute phase, 948
rehabilitation for

adaptive approaches to, 445-447
remedial approaches to, 442-443

remission of, 823, 835
renal features of, 337, 338t
in sickle cell anemia, 1923
Sjögren’s syndrome associated with, 

1343, 1343b
skin lesions of, 292-294

classic nodules as, 292, 292f
accelerated, with methotrexate 

therapy, 292
differential diagnosis of, 292-294
Felty syndrome and, 292
interstitial granulomatous 

dermatitis as, 293-294, 293f
key, 292
neutrophilic dermatosis as, 293
non-specific, 293, 293b
pathogenesis of, 292
pyoderma gangrenosum as, 293, 

293f
vasculitis as, 292-293, 292b

strength training for, 437
structural progression assessment 

instruments for, 951-953
synovial fluid in, 267, 269-270
synovitis in

early, 913-914, 914f
early recognition of, 834

exogenous antigens and, 899-900, 
900f

imaging of, 394-396, 395f-396f
immune response and, 897
management of, 949-958
mechanisms of chronic, 913-914
pannus/bone interface and, 913, 

914f, 916
pathology of, 829-830

synovium in
analysis difficulties of, 914-915, 

915f
antigen-specific T cells in, 918, 

930-931
arachidonic acid metabolites in, 

924
B cells in, 916-919
cells of, 915-919
chemokines in, 923-924, 924t
chondrocytes in, 918-919
colony-stimulating factors in, 923
complement in, 925, 925f
components of, 914-919
dendritic cells in, 600-601, 902, 

918, 930
myeloid vs. plasmacytoid, 918

description of, 911-913, 912f
endothelial cells in, 919
fibroblast-like synoviocytes in, 911, 

912f, 916, 931, 931f
genetic influences on, 915f, 916, 

929-930
IL-1 in, 920, 920f, 930
IL-2 in, 920
IL-4 in, 920
IL-5 in, 920
IL-6 in, 921, 921f
IL-10 in, 921
IL-11 in, 921
IL-12 in, 921
IL-13 in, 920
IL-15 in, 921-922, 922f
IL-17 in, 922
IL-18 in, 922, 922f
IL-23 in, 921
IL-6 superfamily in, 921
interferon-γ in, 923
introduction to, 56, 911
macrophage migration inhibitory 

factor in, 922
macrophages in, 915-916, 931, 

931f
mast cells in, 918
natural killer cells in, 918
neutrophils in, 918
oncostatin M in, 921
other growth factors in, 923
other TNF superfamily members 

in, 919-920
soluble factors in, 919-925, 931f
T cell–derived cytokines in, 917, 

917t, 919-920, 930
T cells in, 916-918
TGF-β in, 923
TNF in, 919, 921-922, 922f
Toll-like receptor ligands in, 924-

925
type I interferons in, 923

treatment of
documentation of response, 836
multidisciplinary approach to, 965-

972
pathogenesis lessons from, 932
targets in, 945-946

ultrasonography of, 864-865
ultrasound-guided synovial biopsy 

view of, 280f-282f
validity of measurements and, 942

Rheumatoid cachexia, 435-436
cytokines in, 435-436
description of, 433, 435f
energy expenditure in, 436
hormones in, 436
pathogenesis of, 433, 436
physical activity in, 436
protein metabolism in, 436
treatment of, 437-438

diet as, 437-438
exercise as, 437-438
micronutrient supplements for, 

438
thalidomide for, 544t

Rheumatoid factor (RF)
in adult-onset Still’s disease, 854, 

855t
autoantibodies of, 563-564, 897

B cells and, 563-564
in autoimmunity, 150
binding sites for, 887, 888f
as diagnostic and prognostic marker, 

887-888, 888t, 889f
in disease classification, 823, 987
in fibromyalgia, 777-779
in juvenile idiopathic arthritis, 991, 

993, 1009, 1011 (See also 
Polyarthritis)

measurement of, 887
pathogenic involvement of, 887, 

888f, 893
in psoriatic arthritis, 1179-1180, 

1180t
in Raynaud’s phenomenon, 1430
response to immune complexes, 887
in rheumatoid arthritis, 829, 830f, 

834, 898
as autoantibody, 887-888, 897-

898, 916, 930-932
animal models of, 882-883

as outcome predictor, 950
serology test for, 260t, 261, 823, 

829, 830f, 834, 898, 950, 
987

sensitivity compared to ACPA, 
261-262, 262t

Rheumatoid nodules, 829-830, 833
accelerated, with methotrexate 

therapy, 292
aspiration of, 830
classic presentations of, 292, 292f
differential diagnosis of, 292
intralesional corticosteroid treatment 

of, e73f, 627
in lung, 318
pathogenesis of, 292
in physical examination of foot, 751
in plantar surface of foot, 753f
pulmonary

with Caplan syndrome, 841, 842f
parenchymal, 841, 841f

skin biopsy of, 275
subcutaneous, 839, 840f, 840t
with systemic lupus erythematosus, 

1232
Rheumatoid vasculitis

skin lesions with, 292-293, 292b
syndrome of, 845-847

Rheumatologist, 966t
Rho family G proteins

in osteoclast function, 74
in signal transduction, 123

as therapeutic target, 124
Rhus tox, 456
Ribavirin, 1605, 1606t
Ribose-5-phosphate, in purine 

metabolism, 1844, 1845f
Ribosomal RNA (rRNA), in rheumatoid 

arthritis, 899
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Ribs

cervical
anomaly of, in thoracic outlet 

syndrome, 783-785
in Raynaud’s phenomenon, 1430

1st, in thoracic outlet syndrome, 
783, 784f, 785

osteogenesis imperfecta of, 2042, 
2043f

RICE therapy
for acute hemarthroses, 1917
for adductor tendinitis, of hip, 728
for calcific tendinitis, of shoulder, 

697
for osteitis pubis, 727

Rickets
biochemistries of, 2000t, 2002-2003
calcium deficiency and, 1999
causes of, 1998-2001, 2002b
clinical findings in, 2003
drugs and, 2001
phosphate deficiency and, 1999
toxicities and, 2000t
treatment of, 2003-2004

Rifampin
for brucellosis, 1073
for leprosy, 1071
for tuberculosis, 1070

Right censorship, in longitudinal 
studies, 8

Right-censorship bias, in observational 
studies, 223

Rilonacept (Arcalyst)
for familial cold autoinflammatory 

syndrome, 1638t
as IL-1 inhibitor, 93, 573t, 574-575
for juvenile idiopathic arthritis, 

1018t, 1021t, 1022-1023
for Muckle-Wells syndrome, 1638t
for NOMID/CINCA, 1638t

Risedronate, 1737t, 1982, 2018
Risk assessment

for clinical trials, 229b, 230
for surgery (See Operative risk 

assessment)
Risk assumption, in clinical trials, 

229b, 230
Risk-benefit ratio, in ethical research, 

227-228, 228t
case example of, 229b, 230

Risk factors
causality between disease or 

outcome, 8, 8t
history taking for, 238-239
of rheumatic diseases, 8, 9t (See also 

specific disease)
Risk haplotype, 1247-1248
Risk ratio, in descriptive epidemiology, 

8
Rituxan, 319
Rituximab, 563-570

for antiphospholipid syndrome, 
1357t, 1358

CD20 target of, 564-567, 564f
clinical considerations for, 567-569

antibody status as, 567
biologic hierarchy position as,  

567
with corticosteroids, 565, 567
DMARDs with, 567, 569
effect dose as, 567-568
effect on synovium as, 568
imaging outcomes after as, 568
infusion preparation and 

administration, 564
patient groups benefiting from,  

567
for connective tissue diseases, 568-

569

for cutaneous vasculitis, 1605, 1606t
introduction to, 563
for juvenile idiopathic arthritis,  

1023
for juvenile-onset systemic lupus 

erythematosus, 1038
for lupus nephritis, 1324, 1331
methotrexate combined with, 512-

513
for microscopic polyangiitis, 1531
for myositis, 1474f, 1475
in pregnancy, 613t, 615
for psoriatic arthritis, 1208
for rheumatoid arthritis

B cells in, 563-564, 882
clinical features and responses 

with, 565-567
efficacy of, 565
infection risk with, 566, 566f, 608-

609
infusion reactions with, 566
with methotrexate, 565-567
practical clinical considerations of, 

567-569
progressive multifocal 

leukoencephalopathy with, 
567

repeat treatment efficacy of, 565-
566, 565f

safety of, 566
screening before therapy, 566
synovitis indications and strategies 

for, 950f, 954
for Sjögren’s syndrome, 569, 1349
summary of, 569-570
for systemic lupus erythematosus, 

569, 569t, 1312
for systemic sclerosis, 1406
for vasculitis, 569
for Wegener granulomatosis, 1554, 

1556
RNA

in adaptive immunity, 134-136
double-stranded, in gene function 

analysis, 114
in innate immunity, 142-143
in juvenile idiopathic arthritis, 1011
messenger (See Messenger RNA 

(mRNA))
in rheumatoid arthritis, 893

ribosomal, 899
short-hairpin, 114
synthesis from DNA, 107
transfer (See tRNA synthetase-

associated overlap 
syndromes)

RNAase III enzymes, in gene function 
analysis, 114

RNAase protection assay, 110
RNA-DNA hybridization, in gene 

transcription, 110
RNA helicase A, 1285
RNA-induced silencing complex (RISC), 

114
RNA interference (RNAi), in gene 

function analysis, 114
RNA polymerase

in reactive arthritis, 1103-1104
in systemic sclerosis, 1403, 1409

RNP autoantigens, 1282
Rockwood’s classification of 

acromioclavicular injury, 
813f

Rod-cone dystrophy, 2000b
Rodent models. See Mice models
Rodnan skin score (RSS), modified, in 

scleroderma, 1368, 1376
Rofecoxib, 486-487, 489-490, 1018

Rolfing, 450t
Romanus lesions, 1150
Rome criteria, for ankylosing 

spondylitis, 1123, 1124t
Root-mean-square (RMS) precision, in 

bone density measurement, 
402

Rope sign, 293, 293f
Rose bengal staining, for Sjögren’s 

syndrome, 1340f, 1343
Rosiglitazone, 908
Ro60 (SS-A) autoantigens, 1282-1284
Ross River virus, 1091t
Rotational movements

of joints (See specific joint)
of spine (See Torsional movements)

Rotator cuff
disorders of, 688-692

arthropathy as, 691-692
in differential diagnosis, 686, 688, 

689t
etiology of, 688
pathology of, 688
ruptures as, 689t, 691-692
tears as (See Rotator cuff tears)
tendinitis as (See Rotator cuff 

tendinitis)
on ultrasound, 386

functional anatomy of, 684-685, 684f
histology of, 85f
muscular anatomy of, 810f
pathology, 808-809

Rotator cuff tears, 691-692
chronic complete, 691-692
clinical presentation and features of, 

691
differential diagnosis of, 689t, 832
full-thickness, 691-692, 691f-692f
investigations of, 691-692, 691f-692f
partial-thickness, 691-692, 691f-692f
pathology of, 691
with rheumatoid arthritis, 832
rotator cuff tendinitis and, 690

Rotator cuff tendinitis, 690-691
bicipital tendinitis with, 690, 692-

693
differential diagnosis of, 686, 689t, 

690, 694
examination of, 690
history of, 690
investigations of, 690
management of, 690-691
pathology of, 690
prevention of, 691

Rotator interval, 685
Rotator muscles, of hip, 719, 720f

testing of, 722-723
Rowell syndrome, 285
RS3-PE syndrome. See Remitting 

seronegative symmetric 
synovitis

R788 (tamatinib fosdium), 597
Rubber band sign, 807t
Rubella virus, rheumatic effects of, 

1092
in juvenile idiopathic arthritis, 991, 

1011-1012
vs. rheumatoid arthritis, 834, 899-

900
Ruffled membrane, 73-74
“Runner’s knee”, 743, 984
Running

joint loading in, 1721
osteoarthritis risk and, 1721-1722

Ruptures
of ACL (See Anterior cruciate 

ligament (ACL) tears)
of synovium, 833, 833f
of tendons (See Tendon ruptures)

S

Sacroiliac (SI) joint
ankylosing spondylitis of, 1136

imaging for outcomes of, 423,  
423t

in juveniles, 1031-1032, 1032f
arthritis involvement of, 253

with juvenile-onset 
spondyloarthropathies, 
1030, 1033-1034, 1033f

enthesitis in, 1213-1215, 1217f
imaging of, for 

spondyloarthropathies, 
1145-1148

bone scintigraphy in, 1147
computed tomography in, 1148f
radiography in, 1145-1147, 

1146f-1147f
changes noted, 1145-1147, 

1146f
technique for, 1145, 1146f

in juvenile idiopathic arthritis, 995-
996, 1000-1001

radiography of, 349, 350b, 352f
rheumatoid arthritis in, 861-862

Sacroiliitis
in axial spondyloarthritis, 1123-

1125, 1124f-1125f, 
1124t-1125t

gender and, 1126
in Behçet’s syndrome, 1577
in brucellosis, 1072, 1072f
computed tomography of, 363
imaging of, 1146f, 1147-1148
in inflammatory bowel disease,  

323
in juvenile-onset 

spondyloarthropathies, 
1031-1032, 1032f-1033f

in psoriatic arthritis, 1179-1181, 
1180b, 1180t

imaging of, 1189, 1192f
pyogenic, lumbar pain related to, 

668t, 669
ultrasound of, 384

Saddle-nose deformity
in relapsing polychondritis, 1671, 

1672f, 1672t
in Wegener granulomatosis, 1547-

1548, 1548f
Salicylates. See Aspirin
Salivary gland

biopsy of, 1666
for Sjögren’s syndrome, 277-279, 

277f, 1344-1345
disorders of, myofascial pain disorder 

vs., 767
in Sjögren’s syndrome, 291, 1339, 

1341b, 1343
imaging of, 1344
immunogenetics of, 1345-1346
investigations of, 1343-1344
management of, 1348-1349

on ultrasound, 385
Salmonella osteomyelitis, in sickle cell 

anemia, 1925-1926
Salmonella spp.

in anti-TNF-treated patients, 606-
608

IL-23 levels and, 601
reactive arthritis associated with, 

980, 1032, 1104, 1109-
1110, 1113-1115, 
1114t-1115t, 1117f, 1118

infection mechanism of, 1104-
1107, 1109

systemic lupus erythematosus and, 
1233

Rituximab (Continued)
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Sample population
for clinical research, 219-220

bias and, 223
economic evaluation and, 26
observational studies, 222-223
randomized trials, 220

in ethical research, 227, 228t, 230
for outcome assessment, 13

Sanfilippo’s disease, 2037, 2038t, 2039f
SAPHO syndrome, 253, 1682-1683

in psoriatic arthritis, 1187, 1200
S100A8/9 protein, in gout, 1850b, 

1851-1852, 1852f
Sarcoglycanopathies, 1488
Sarcoidosis, 1659-1670

biopsy for
miscellaneous tissue, 1664b, 1666-

1667, 1666f
specific organ/site, 1659, 1661, 

1663-1664, 1666
in children, 1664
chronic, pattern recognition in, 255
clinical features of, 310, 1659-1664

cardiac, 310-311, 1661
imaging of, 311, 1661, 1665

cutaneous, 1447, 1660-1661, 
1661f

gastrointestinal, 1664
musculoskeletal, 1661-1664

bone presentations, 1662-1663, 
1662f-1663f

joint presentations, 1661-1662, 
1662f

muscle presentations, 1663-1664
nervous system, 1661
ophthalmologic, 1659-1660
other organ systems, 1664
respiratory, 1659, 1660f

upper, 1664
spectrum of, 1659, 1660t

diagnosis of, 1659
differential diagnosis of, 1666-1667
epidemiology of, 310, 1659
erythema nodosum associated with, 

1601, 1660-1661, 1666
etiology of, 1667
18F-FDG-PET imaging of, 394, 395f, 

1665, 1669
of central nervous system, 1661
of myocardium, 1661

granulomatous myositis in, 276
history of, 1659
immune disorders associated with, 

1664
immunopathogenesis of, 1667-1668

step 1: lymphocytic alveolitis,  
1667

step 2: granuloma formation, 1667
step 3: granuloma resolution, 

1667-1668
investigations of, 1664-1666

additional tests for, 1666
baseline evaluation 

recommendations for, 1661, 
1664, 1664b

biopsy for
miscellaneous tissue, 1664b, 

1666-1667, 1666f
specific organ/site, 1659, 1661, 

1663-1664, 1666
laboratory studies for, 1664-1665
physiologic testing as, 1665
radiology for, 311, 394, 395f, 

1661, 1665, 1665f
scintigraphy, myocardial for, 307, 

1651, 1655
management of, 1668-1669

for arthritis, 1669
for bone and muscle disease, 1669

calcium metabolism and, 1663, 
1669

for cardiovascular disease, 1668-
1669

for cutaneous disease, 1668
empirical nature of, 1668
future therapies for, 1669
monitoring strategies for, 1669
for neurologic disease, 1669
for ophthalmic disease, 1668
for pulmonary disease, 1668
for refractory disease, 1669
TNF inhibitors for, 587

mortality of, 1661, 1668
myositis vs., 1447
natural history of, 1668
in pregnancy, 1664
prognosis of, 1668
pulmonary, Scadding staging system 

for, 1649
renal features of, 341
salivary gland biopsy for, 277-279
summary of, 1659
uveitis associated with, 297

Sarcoma(s)
Ewing’s, 2068, 2069f
with Paget’s disease, 2026
synovial, 1683-1684

Sarcopenia, 436
Sarcoplasm, in myositis, 1464,  

1464f
Sarsaparilla, 453, 455f
Satellite cells, in muscle regeneration, 

1458
Saturnine gout, 1864
“Sausage-like” digits. See Dactylitis
Scadding staging system, for pulmonary 

sarcoidosis, 1659
Scaffolds, in tissue engineering

autologous chondrocyte implantation, 
163

function of, 163, 164f
natural, 165-166
synthetic, 165

Scalene muscles, in thoracic outlet 
syndrome, 783, 784f

Scalp
psoriatic arthritis of, 1179-1180, 

1180t, 1190
rash, with dermatomyositis, 1441, 

1443f
Scapula

physical examination of, 686-687
in rotator cuff disorders, 690-691
in shoulder anatomy, 683, 685-686
spine of, 810f
winging of, 686

Scapulohumeral rhythm, 685-686, 696-
698

Scapulothoracic articulation injury, 
810-811

Scapulothoracic bursitis, 697
Scapulothoracic joint, 683, 697-698

functional anatomy of, 683, 685- 
686

physical examination of, 686-687
Scar formation

in airway, with Wegener 
granulomatosis, 1548-1549, 
1550f, 1556

in hypermobility syndrome, 2051, 
2052f

Scatter-plots, 13
Schaumann inclusion bodies, 1667
Scheie’s disease, 2037, 2038t
Schirmer test, 302-303, 1340f,  

1343
Schober test, 661, 661t, 663

School activities, juvenile idiopathic 
arthritis effect on, 1046

functional evaluation of, 1047-1048
rehabilitation for, 1050, 1050f

Sciatic nerve compression
differential diagnosis of, 677, 677b
in piriformis syndrome, 792, 792f

Sciatic stretch test, 662-663, 663f
Scientific methodology, for research, 

227-228, 228t
Scientific validity, in ethical research, 

227, 228t
Scientific value, in ethical research, 

227, 228t
Scintigraphy

bone (See Bone scintigraphy)
myocardial, for sarcoidosis, 311, 

1661, 1665
radiolabeled serum amyloid P, for 

amyloidosis, 1696-1697, 
1696f

salivary gland, for Sjögren’s 
syndrome, 1344

SCL39A13 gene, 2045
Scl-70 antibodies. See Anti-

topoisomerase-1 (Scl-70) 
antibodies

Scleral disease, 299-300, 299f
Scleredema, 1434t, 1436
Scleritis, 299

with Cogan syndrome, 1627, 1629f, 
1631

diffuse and nodular, 299, 299f
infections associated with, 299
inflammatory bowel disease 

associated with, 299
management of, 299-300
necrotizing, 299-300, 299f

with Wegener granulomatosis, 
1548, 1549f

with relapsing polychondritis, 1672
with rheumatoid arthritis, 844, 844f
systemic vasculitides associated with, 

299
Sclerodactyly

in overlap syndromes, 1491-1493, 
1492f-1493f

in Raynaud’s phenomenon, 1429, 
1429f

in scleroderma, 1361-1362, 1365, 
1365t

in systemic sclerosis, 290, 290f
Scleroderma, 1361-1366

biomarkers for, 290-291, 1370
calcification in, 1892f
cerebral vasculitis associated with, 

1621
in children, 1042

clinical presentations of, 1042, 
1042t

description of, 1042
epidemiology of, 1042
etiopathogenesis of, 1042
management of, 1042

classification of, 1364-1366
ACR criteria for, 1364-1365, 1365t
autoantibody profile in, 1365-

1366, 1365t
human leukocyte antigen 

associations of, 1364, 1366
cutaneous, limited vs. diffuse, 

1361, 1364-1365
localized vs. systemic, 1361, 1364, 

1365t (See also Systemic 
sclerosis (SSc))

subtypes of, 1362b, 1364
overview of, 1361, 1362b, 1364

dermatomyositis overlap syndrome 
with, 288-289, 289f

diffuse cutaneous
management of, 1405-1406, 1405t
vs. limited, 1361, 1364-1365

disease activity of, 1367-1368, 1368t
assessment of, 1367-1368
instrument properties for, 1367-

1368, 1368t
introduction to, 1367, 1370

epidemiology of, 1361-1364
age at onset in, 1362-1363
Choctaw Indians in, 1362
European study findings, 1361-

1362
familial studies in, 1364
gender differences in, 1363

age at onset and, 1362-1363
geographic differences in, 1361-

1362
incidence vs. prevalence in, 1361-

1362
North American study findings, 

1361, 1362t
racial and ethnic factors in, 1363
South Australia study findings, 

1361
spatiotemporal clustering in, 1361-

1362
survival rates in, 1363, 1364f, 

1365
time differences in, 1361, 1362t

genetic susceptibility of, 1362-1364
introduction to, 1361
laboratory tests for, 260t
localized, 1433-1438

clinical features of, 1433, 1434t
conditions associated with, 1433, 

1434b
conditions that mimic, 1433, 

1435-1437
epidemiology of, 1433-1434, 1434f
linear form of, 1433-1435
morphea as, 1433-1434, 1434f
summary of, 1433
vs. systemic, 1361, 1364, 1365t

outcome measures in
gastrointestinal disease and, 1369
health-related quality of life and, 

1370
instrument properties for, 1367-

1368, 1368t
introduction to, 1367-1368, 1368t, 

1370
lung disease and, 1369

dyspnea indices in, 1369
6-minute walk test of, 316-317, 

1369
physical function and, 1370
skin disease and, 1368-1369
vascular disease and, 1369-1370

during pregnancy, 611, 614t
prognosis of, 1363, 1365
renal

features of, 337, 338t, 339-340
management of, 1410-1411, 1411f

Sjögren’s syndrome associated with, 
1343, 1343b

skin biopsy for, 274
Scleroderma en coup de sabre, 1362b, 

1364
Scleroderma Gastrointestinal Tract 1.0 

(SSc-GIT 1.0), 1369
Scleroderma-like conditions, 1433, 

1434b
clinical features of, 1433, 1434t

Scleroderma sine scleroderma, 289-290, 
317, 1409

Sclerokeratitis, 301-302
Scleromalacia, 299, 844, 844f

Sarcoidosis (Continued) Scleroderma (Continued)
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Scleromyxedema

clinical features of, 1434t, 1435, 
1435f

histologic features of, 1435, 1435f
nephrogenic systemic fibrosis vs., 

340
Sclerosants, intra-articular, for subacute 

hemophilic arthropathy, 
1918

Sclerosing cholangitis, primary, 323, 
323t

Sclerosis, 286b
localized (See Scleroderma)
multiple (See Multiple sclerosis (MS))
renal (See Glomerulosclerosis)
systemic (See Systemic sclerosis 

(SSc))
Sclerosteosis, 1962
Sclerostin

in bone formation, 77
in bone remodeling, 1962

Sclerotomal referral, of back pain, 660
Scoliosis, 242

degenerative, 35
with heritable connective tissue 

disorders, 2045, 2047-2048
leg-length discrepancy related to,  

724
Scott modification of Larsen score, for 

radiography, of rheumatoid 
arthritis, 416, 417t

Screening
for ankylosing spondylitis, 1175-

1176
for cancer, 1448
for childhood inflammatory 

disorders, 979
genetic (See Genetic screening tests)
for hemochromatosis, 1931-1932, 

1931f
population, 1929-1932

for musculoskeletal conditions, 235
history taking in, 235
physical examination in, 235,  

236f
for psoriatic arthritis, 1180
before rituximab therapy, 566
for sexually transmitted diseases, 

1061, 1065
for tuberculosis

latent
before abatacept initiation, 561
before anti-TNF therapy 

initiation, 592, 595, 607, 
608f

musculoskeletal, 1068-1069
in utero, for hemophilia, 1916
for uveitis, with juvenile idiopathic 

arthritis, 979, 1005, 1005b
Seasonal factors, of rheumatic diseases, 

7-8, 1440
Secondary (osteonal) bone, 67-69, 68f

canal diameter in, 69
Secondary Sjögren’s syndrome, 1341, 

1343, 1343b
Sedation

for intra-articular corticosteroids, in 
juveniles, 1019

with narcotic therapy, 475t
Sedative-hypnotic compounds, 779b, 

780
Sedentary behavior, nutritional 

deficiencies and, 436, 438
SEFIR domain, of IL-17 receptors, 100
Seizures, with systemic lupus 

erythematosus, 1236, 1236t
Selectins

angiogenesis mediation by, 906, 907t
in gout, 1850b, 1851

in inflammatory activation of 
endothelial cells, 1510-
1511, 1512f

coagulation and, 1511-1513
Selective estrogen receptor modulators 

(SERMs), 2017-2018
Selective glucocorticoid receptor 

agonists (SEGRAs), 497-498
Selective serotonin reuptake inhibitors 

(SSRIs)
for fibromyalgia, 779b, 780
for juvenile idiopathic arthritis, 

1023-1024
for lumbar spine pain, 679
for Raynaud’s phenomenon, 1427-

1428, 1432
SELENA-SLEDAI, for systemic lupus 

erythematosus assessment, 
1302

Selenium, 437-438
Selenium detectors, in radiography, 

353, 354f-357f
Selenium supplementation, 1834t
Self antigens, unidentified, in 

rheumatoid arthritis, 899, 
902t

Self-efficacy
nursing assessment of, 967
and pain, 461, 463-464

Self-help groups, for pain control, 462
Self-management programs (SMPs)

in adaptive rehabilitation, 445-446, 
446t-447t

effectiveness of, 430
for fatigue reduction, 446
for hypermobility syndrome, 2054
in juvenile idiopathic arthritis 

rehabilitation, 1050
for pain control, 462

behavior change models and, 462, 
463t

evidence base for, 464
patient education on, 428-429, 428f, 

429t, 965-967
for rheumatoid arthritis, 965-967
for work adaptations, 446-447

Self-reports, of pain, 461, 463
Semicircular canals, 1625-1626
Senescence inhibition, as gene transfer 

target, 166t
Senile transthyretin (ATTR) 

amyloidosis, 1689, 1690t, 
1693

hereditary, 1693
treatment of, 1698

Sensipar. See Cinacalcet (Sensipar)
Sensitivity analysis

of criteria sets
for juvenile idiopathic arthritis, 

988
for rheumatic diseases, 5, 5t
for rheumatoid arthritis, 823, 834

in economic evaluation, 24
application to rheumatic diseases, 

27
of laboratory tests, 259

Sensitivity to change
in clinical research, 223-224
in outcome assessment, 12, 19,  

1367
Sensitization, of nociceptors, 200, 201f

peripheral vs. central, 200 (See also 
Central sensitization; 
Peripheral sensitization)

Sensory function
abnormalities of

in complex regional pain 
syndrome, 799, 799t

in entrapment syndromes, 786, 
788-789, 789f (See also 
specific syndrome, e.g., 
Carpal tunnel syndrome 
(CTS))

in fibromyalgia, 773, 778
neck pain and, 648-649
in neuropathic arthropathy, 1807, 

1811
in polyarteritis nodosa, 1527

of nociceptors, 200, 200f
Sensory neurons

afferent, in neuroendocrine system, 
211, 212f

in neuropathic pain mechanism, 
201-202, 201f

subgroups of, receptors in, 201, 201b
Sensory testing

for lumbar spine disorders, 662-663, 
662f

quantitative, for complex regional 
pain syndrome, 800-801

Sepsis, risk of, with rheumatoid 
arthritis, 605, 606t

Septic arthritis, 1055-1066
animal models of, 879-882, 884t
arthroscopic joint lavage for, 280
bursitis with, 1056, 1059, 1060f
in children, 980

knee pain with, 735
clinical features of, 1057-1058
epidemiology of, 1055
gonococcal, 1062-1065
introduction to, 1055
investigations of, 1059-1061

imaging in, 1060-1061, 1061f
laboratory features in, 1060,  

1060t
microbiologic testing in, 1060
synovial fluid analysis in, 1059-

1060, 1060t
management of, 1061-1062, 1062t
microbiology of, 1055-1056, 1056t
musculoskeletal features of, 1067-

1078 (See also 
Musculoskeletal infectious 
disorders)

pathogenesis of, 1056-1057, 1056f
host-pathogen interactions in, 

1110-1111, 1110f
osteomyelitis development with, 

1056-1057, 1057f
pattern recognition in, 251, 252f, 

254
prognosis of, 1055
risks and predisposing factors for, 

1057, 1057b
in sickle cell anemia, 1922-1923
synovial fluid in, 267, 269

bacterial vs. non-bacterial, 270-
271, 271f

syphilitic, 1065
SERENE study, of rituximab, 567
Serial analysis of gene expression 

(SAGE), 110-111
Serine proteinase inhibitors (SERPINs), 

927
Serine proteinases

in angiogenesis, 905
in rheumatoid arthritis, 927
in tissue destruction, 154f-155f, 155-

156
Serology tests, 261-264

for antibodies to citrullinated 
proteins, 261-262, 262t

for anticardiolipin antibody, 264
for anti-centromere antibodies, 263
for anti-La (SS-B) antibodies, 263

for antinuclear antibodies, 260t, 262-
263, 262t, 263f

for antinuclear cytoplasmic 
antibodies, 264, 264f

for antiphospholipid antibodies, 263-
264

for anti-RNP antibodies, 263
for anti-Ro (SS-A) antibodies, 263
for anti-Scl-70 antibodies, 263
for anti-Sm antibodies, 262
for autoantibodies, 261, 261t
for complement, 264
for DNA antibodies, 260t, 262, 262t
for rheumatoid factor, 260t, 261

Seronegative enthesopathy and 
arthropathy (SEA) syndrome, 
1031

Seronegative spondyloarthropathies
enthesopathies as, 1031, 1211, 1213
history of, 1123
imaging of, 1145-1156

gadolinium-diethylenetriaminepen-
taacetic acid MRI for, 1148, 
1148f, 1150

introduction to, 1145
in peripheral joints, 1151-1154
rheumatoid arthritis vs., 1145
in sacroiliac joint, 1145-1148
in spine, 1148-1151

inflammatory arthritides included in, 
1145

pattern recognition in, 252, 254
renal features of, 338t, 339
in synovium, 56
uveitis associated with, 297

Serotonergic agents, for hypermobility, 
2053

Serotonin
in fibromyalgia, 771, 774, 774f, 776
in inflammation, 193

Serotonin-norepinephrine reuptake 
inhibitors (SNRIs)

for fibromyalgia, 779b, 780
for juvenile idiopathic arthritis, 

1023-1024
Sertraline, 779b, 780
Serum amyloid A protein (SAA)

in amyloidosis, 1689, 1690t, 1695f
reactive systemic, 1691
treatment considerations of, 1697

angiogenesis mediation by, 906, 907t
Serum amyloid P (SAP) scintigraphy, 

radiolabeled, 1696-1697, 
1696f

Serum glutamic oxaloacetic 
transaminase (SGOT), 264. 
See also Aspartate 
aminotransferase (AST)

Serum glutamic pyruvic transaminase 
(SGPT), 264. See also 
Alanine aminotransferase 
(ALT)

Sesamoids, imaging of, for 
spondyloarthropathies, 1152

Severity of disease. See Disease activity/
severity

Sex-adjusted disease occurrence, of 
psoriatic arthritis, 1179-
1180

Sex hormones. See Gonadal hormones
Sex-specific disease occurrence. See also 

Gender
burden of illness and, 9
of complex regional pain syndrome, 

797
of juvenile idiopathic arthritis, 989, 

990t
of myositis, 1439-1440

Selectins (Continued) Sensory function (Continued) Serology tests (Continued)
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of rheumatoid arthritis, 823-824, 
824t-825t

reproductive factors in, 826
of scleroderma/systemic sclerosis, 

1363
age at onset and, 1362-1363

of systemic lupus erythematosus, 
1223

of uveitis, 297
Sex-specific disease susceptibility, 7
Sexual abuse, fibromyalgia and, 772
Sexual function, in systemic sclerosis, 

1383
Sexually transmitted diseases. See also 

associated disease, e.g., 
Syphilitic arthritis

screening for, 1061, 1065
Shared epitope (SE) hypothesis

in descriptive epidemiology, 8
in rheumatoid arthritis, 127, 869-

871
amino acid sequences in, 869,  

871f
antigen-binding cleft of HLA-DR 

in, 870, 872f
applications of, 826, 837, 898-899, 

900f
biologic functions of alleles, 870, 

872f
HLA-DRB1 susceptibility and, 869, 

870t, 872t
limitations of, 870-871, 872t
as outcome predictor, 950
TcR-HLA mechanisms in, 870, 

872f
Sharp scoring method

for imaging of outcomes, 414, 415f
for radiography

of psoriatic arthritis, 419-420,  
420t

of rheumatoid arthritis, 416-417, 
417t-418t, 418f

Genant’s modification of, 417, 
417t-418t, 418f

Sharp–van der Heijde progression score, 
224

for radiography
of psoriatic arthritis, 420-421, 

420t, 1205-1206
of rheumatoid arthritis, 417, 

417t-418t, 418f
Shawl sign, 1442, 1443f, 1444b, 1466-

1467
Shear force, 40f

acting on spine, 29, 30f
generative instability related to,  

35
injuries related to, 32-33
measurement of, 31
resistance to, 32

on connective tissue, physiochemical 
changes during, 45-46

in entheses biomechanics, 1212-
1213, 1215

synovial bursa and, 51
Sheep model, of joint osteoarthritis, 

1732-1733
Shigella spp.

in bacterial enteritis, 324, 324t
reactive arthritis associated with, 

980, 1032, 1109-1110, 
1113-1115, 1114t-1115t

Shoe inserts
in adaptive rehabilitation, 445
for rheumatoid arthritis, 969, 969f

Shoe modifications, for rheumatoid 
arthritis, 966t, 969, 969f

Shoes
in forefoot pain, 760
Morton’s metatarsalgia associated 

with, 794
osteoarthritis and, 1729
in physical examination, 750

Short Form (SF)-6D, for outcome 
measurements, 1367

Short Form (SF)-36 bodily pain scale, 
1781t, 1782

Short Form (SF)-36, for outcome 
measurements, 1305, 1367

Short Form (SF)-36 quality of life scale, 
for vasculitis, 1529

Short tau inversion recovery (STIR) 
MRI sequences

for myositis imaging, 1450-1451, 
1462-1463, 1463f

for spondyloarthropathies detection, 
1033f, 1159

Shoulder, 683-700
adhesive capsulitis in, 1908-1909
in ankylosing spondylitis, 1129
aspiration/injection of, 622-623

in acromioclavicular joint, e70f, 
623

for bicipital tendinosis, e71f, 623
in glenohumeral joint, e70f, 622-

623, 623f
in subacromial bursa, e71f, 623

calcific periarthritis in, 1890f
capsular anatomy in, 806f
in children, examination of, 978
clinical evaluation of, 686-687

history in, 686, 690
for periarticular disorders, 688, 

692-695
physical examination in, 686-687
for rotator cuff disorders, 688-692

computed tomography arthrography 
of, 365f-366f

dislocation of, acute anterior, 805-
806

force analysis in, 38f
functional anatomy of, 683-686

acromioclavicular joint, 683, 685
bones, 683
bursae, 686
glenohumeral joint, 683, 684f

ligaments, 683, 684f
nerve supply, 685
scapulothoracic joint, 683, 685-686
stabilizers, 683-685

biceps tendon, 683, 685
deltoid muscle, 685
ligaments and muscles, 683
outer muscle sleeve, 685
rotator cuff, 684-685

sternoclavicular joint, 683, 686
glenohumeral instability in, 689t, 

697 (See also Glenohumeral 
instability)

instability
classification of, 807t, 808f
multidirectional, 808
posterior, 807-808
recurrent anterior, 806-807

kinematics of, restoration of, 697-
698

muscle testing for injuries of, 807f, 
807t

neck pain referred from, 647, 653-
654

pathology of
acromioclavicular pain syndromes, 

695-696, 696f
arthritis involvement, 253-254
bicipital tendinitis, 692-693, 693f
bursitis, 693, 697

calcific tendinitis, 696-697, 697f
capsulitis, 693-695 (See also 

Capsulitis)
18F-FDG-PET imaging of, 396, 397f
internal impingement syndromes, 

697
juvenile idiopathic arthritis 

involvement, 1000
osteoarthritis, 1726, 1727f
periarticular disorders, 688, 692-

695
bicipital tendinitis as, 692-693, 

693f
capsulitis as, 693-695
subacromial bursitis as, 693

rheumatoid arthritis of, 829, 832
rotator cuff disorders, 688-692 (See 

also Rotator cuff tears; 
Rotator cuff tendinitis)

scapulothoracic bursitis in, 697
spondyloarthropathies, radiography 

for, 1153, 1153f
subacromial bursitis in, 693

physical examination of
in children, 978
differential diagnosis, 688, 689t
for instability, 686-687, 688f, 697, 

698f
joint hypermobility in, 688f
special movements in, 245, 

245f-246f, 687f
radiography of, 350b
rehabilitation principles for, 697-698

specific indications, 690, 693
rheumatoid arthritis in, radiography 

of, 862
in sports medicine, 805-812
subacromial impingement syndrome 

in, 809-810
summary of, 683
tendinopathy in, 811-812

Shoulder girdle, myositis features in, 
1441

Shoulder-hand syndrome, 798
Shoulder pad sign, 832, 1692, 1692f
Shoulder pain

acromioclavicular, 695-696
bicipital tendinitis and, 693
with capsulitis, 694
differential diagnosis of, 688, 689t
examination for, 686-687, 687f
history taking for, 686, 690
β2-microglobulin amyloid and, 343
with osteoarthritis, 1726
referred sources of, 686-688, 690
rotator cuff disorders and, 690-691

Shoulder replacement, for juvenile 
idiopathic arthritis, 1025

Shrinking lung syndrome, 318-319, 842
in systemic lupus erythematosus, 

1242, 1262-1263
Shunts/shunting, digital clubbing 

associated with, 1702, 
1702f, 1704

SI. See Sacroiliac (SI) joint
Sialography, for Sjögren’s syndrome, 

1344
Sialometry, for Sjögren’s syndrome, 

1343-1344
SIBLING proteins, in bone 

mineralization, 70
Sibling studies. See also Twin studies

of Behçet’s syndrome, 1575
of juvenile idiopathic arthritis, 990, 

1012-1013
psychosocial implications of, 1046

of rheumatoid arthritis, 824-826, 
870-871

Sib-pair analysis. See Linkage analysis
Sicca syndrome, 1339-1342. See also 

Sjögren’s syndrome (SjS)
management of, 1348-1349

Sickle cell anemia
cause of, 1921
in children, knee pain related to, 736
clinical features of, 1921-1923
dactylitis in, 1921, 1922f, 1923
differential diagnosis of 

rheumatologic 
manifestations in, 1925

ethnicity and, 1921
gout in, 1923-1924
hyperuricemia in, 1925-1926
investigations for, 1923-1924
management of rheumatologic 

manifestations in, 1926
osteomyelitis in, 1922-1924, 1926
osteonecrosis associated with, 1815, 

1816b, 1921-1924, 1926
painful crisis in, 1921, 1922f, 1926
pathogenesis of rheumatologic 

manifestations in, 1925-
1926

rheumatoid arthritis in, 1923, 1926
septic arthritis in, 1922-1923

Sickle cell trait, 1921
SIGIRR receptor, of IL-1 family, 92f,  

93
Signaling molecules/proteins

analysis of, 116, 116f
in B-cell activation and function, 136
in gene transfer, 166, 166t
in gout, 1850b, 1851, 1854
osteoclast function and, 73-74
in tendinopathy, 87t

Signal-to-noise ratio (SNR), in MRI, 
368-369

high-field, 372
sodium-23, 374-375

Signal transducer and activator of 
transcription (Stat). See also 
JAK/STAT pathway

autoimmune disease role, 120-121, 
120t, 121f

cytokine receptors and, 96f, 100
Signal transduction/pathways, 119-124

of chemokines, 102-103
of cytokines, 600t

in rheumatoid arthritis, 898-900
as therapeutic target, 600t (See 

also Interleukin (IL) 
inhibitors)

type I and II, 96-97, 96f, 100
enzyme-associated receptors for, 120-

122
multichain immune recognition 

receptors as, 121-122, 121f
type I/II cytokine receptors as, 120-

121, 120t, 121f
of FcγRs, 1266f, 1268
in gene transfer, 166, 166t
of glucocorticoids, 496-498, 

497f-498f
in gout, 1850b, 1851, 1854
G protein–coupled receptors for, 122-

123
inflammasome sensing of 

intracellular pathogens and, 
122, 123f

in innate immunity, 141-143, 
142f-144f (See also Pattern 
recognition receptors (PRRs))

interleukin-1 receptor family of, 94, 
122, 122f

interleukin-17 receptors as, 100
intracellular, in mechanical stress 

response, 45, 47

Sex-specific disease occurrence 
(Continued)

Shoulder (Continued)
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of, 46, 46f

connexins and, 47
intrinsic enzymatic activity receptors 

for, 119-120
introduction to, 119, 120f
membrane permeable ligands binding 

intracellular receptors for, 
119

molecular biology of, 116, 116f
novel therapeutic modification of, 

123-124
of osteoblast formation, 75-76
of osteoclast formation, 73-74
of osteocyte survival, 76
proinflammatory

HPA axis influence on, 212-213
HPG axis influence on, 215
IL23R gene and, 1142
molecular mechanism of PRRs in, 

147-148, 149f
for T-cell co-stimulation, 557, 

558f-559f
abatacept mediation of, 557,  

559f
CD28 and, 557, 558f-559f
GWAS analysis of, 130
other molecules involved with, 

557-560
of TNF receptor superfamily, 95
Toll-like receptors for, 122, 122f
of transforming growth factor-β 

receptor family, 101
tumor necrosis factor receptor 

superfamily for, 122, 123f
of type I/II cytokine receptors, 100
tyrosine kinases in, 597

CP-690,550 inhibition of, 597, 
2041

R788 inhibition of, 597
Sildenafil, 1407, 1408t, 1422t, 1431
Silica, crystalline, systemic lupus 

erythematosus risk related 
to, 1225

Silicone synovitis, 1680
Sillence classification, of osteogenesis 

imperfecta, 2042, 2042t
Simple Erosion Narrowing Score 

(SENS), for radiography, of 
rheumatoid arthritis, 417t, 
418

Sindbis virus, 1091t
Sinding-Larsen-Johansson (SLJ) 

syndrome, 737
Single nucleotide polymorphisms 

(SNPs)
in ankylosing spondylitis, 1142
in drug response, 205, 208-209
in juvenile idiopathic arthritis, 1013-

1014
in molecular biology, 108-110, 117-

118
in myositis, 1440
in reactive arthritis, 1105
in rheumatic diseases, 125-127, 873

association studies of, 127-128
genotyping of, 128

in rheumatoid arthritis, 873, 875-
876

GWAS analysis of, 129-130
in Sjögren’s syndrome, 1346
subsets of tagging, 875
in systemic lupus erythematosus, 

1247-1248, 1250, 1250t
Single photon absorptiometric (SPA) 

measurement, of bone mass, 
399-400

Signal transduction/pathways 
(Continued)

Single-photon emission computed 
tomography (SPECT)

bone scintigraphy vs., 391
of brain

for neuropsychiatric lupus, 1239
for primary angiitis of central 

nervous system, 1619
for fibromyalgia, 774-775
of heart

for rheumatic disease, 311
for systemic lupus erythematosus, 

1243
PET vs., 392

Sinus disease, in Wegener 
granulomatosis, 1548, 
1548f, 1551-1552, 1556

Sirolimus, 529, 530t
Sitaxentan, 1422t
Sitting, prolonged, ischiogluteal bursitis 

from, 728
Sitting root sign, of low back pain, 660
6-Minute walk test (6MWT), 316-317, 

1369
Sjögren’s syndrome (SjS), 1339-1350

antibodies in, 1339, 1342-1343, 
1345

polyclonal hyper-reactivity of, 
1346-1347

systemic lupus erythematosus 
associated with, 1223

autoantibodies in, 1283t
cerebral vasculitis associated with, 

1620
clinical features of, 1339-1342

arthritis as, 1340
autoimmune thyroid disease as, 

1342
exocrinopathy (glandular 

involvement) as, 1339
extraglandular manifestations as, 

1339-1342, 1340t
gastrointestinal, 1341
hepatobiliary, 1341
initial vs. over time, 1339, 1340f, 

1340t
lymphoproliferative disease as, 

1339-1340, 1342-1343, 
1347

immunopathologic lesions with, 
1347-1348

neuromuscular involvement, 1342
ocular involvement, 1339, 1340f
oropharyngeal involvement, 1339, 

1341b, 1341f
other glandular involvement, 1339
pulmonary involvement, 319, 

1340-1341
renal involvement, 337, 338t, 

1341, 1342f
skin involvement, 1340
systemic manifestations, 1339-

1340, 1340t, 1341f
vasculitis as, 1342, 1342f

clinical trials on, 18
cryoglobulinemia in, 1613
diagnosis of, 1344, 1348f
differential diagnosis of, 1344
epidemiology of, 1339
Fanconi syndrome and, 2000b
history of, 1339
immunoglobulins in

oligomonoclonal hyperactivity of, 
1347

polyclonal hyper-reactivity of, 
1346-1347

immunopathology of, 1345-1348, 
1345f

environmental triggers in, 1345-
1346, 1346f

immunogenetics in, 1346-1347
lymphocytes and lesions in, 1346-

1348, 1348f
serologic profile in, 1346-1347

investigations of, 1343-1344
for eyes, 1343
imaging as, 1341, 1344
laboratory tests, 261t, 1343
outcome assessment of, 18
for salivary glands, 1343-1344

keratoconjunctivitis sicca associated 
with, 302-303, 1339, 1340f

malignancy associations with, 1677
management of, 1348-1349

for extraglandular disease, 1349
for eye dryness, 1349
future strategies for, 1349
for mouth dryness, 1349
pharmacologic therapy in, 569, 

587
for salivary function, 1348-1349
for vaginal dryness, 1349

pathology of, 1344-1345, 1345f
prognostic factors and outcome of, 

1343
Raynaud’s phenomenon associated 

with, 1427, 1428b, 1430
salivary gland biopsy for, 277-279, 

1344-1345
secondary, 1341, 1343, 1343b
skin lesions of, 291-292, 1340

annular erythema as, 291-292
differential diagnosis of, 292
histology of, 291-292, 292f
key, 291
mucocutaneous presentations as, 

291
non-specific, 291, 292f
pathogenesis of, 291

summary of, 1339
Skeletal dysplasia

ankle in, 2059
cervical spine in, 2057
chondrodystrophies associated with, 

2048, 2048b
classification of, 2055
CT of, 2057
foot in, 2059
hip in, 2058
histopathology of, 2055
imaging of, 2057
knee in, 2058-2059
lumbar spine in, 2057-2058
management of, 2059-2060
markers of, 72-73
medical management of, 2059
molecular aspects of limb 

morphogenesis in, 2055
MRI of, 2057
mutations in, 2056t
in osteogenesis imperfecta, 2042
overview of, 2055
plain radiography of, 2057
presenting at birth, 980
specific regional abnormalities in, 

2057-2059
spine in, 2057-2058
surgical treatment of, 2059-2060
thoracic spine in, 2057-2058
ultrasonography of, 2057
upper extremity in, 2059

Skeletal hyperostosis. See Diffuse 
idiopathic skeletal 
hyperostosis (DISH)

Skeleton. See Bone entries
Skewing, 224
Skill development, patient education 

on, 428-429, 429t, 431

Skin
antimalarials effect on, 506
in antiphospholipid syndrome, 1353-

1354
atrophy of, with corticosteroid 

injections, 619
in Churg-Strauss syndrome, 1562
desquamation patterns of, in joint 

disease, 255-256, 256f
fragility of, in Ehlers-Danlos 

syndrome, 2046
glucocorticoids adverse effects on, 

501
in Henoch-Schönlein purpura, 1587
in hereditary recurrent fevers, 1638t
hypertrophy of, digital clubbing and, 

1701-1703
leflunomide effect on, 524t-525t, 525
nociceptors in, 200, 202
NSAIDs effect on, 489t
perioperative management of, 640
physical examination of, 242-243, 

242t
psoriatic arthritis and, 1198
rheumatic disease involvement of 

(See Skin lesions)
sulfasalazine effect on, 506
in systemic sclerosis, 1375-1376
tetracyclines effect on, 547, 547t
TNF inhibitors effect on, 590, 590b, 

594
Skin biopsy, 273-275

for adult-onset Still’s disease, 852, 
853f

for cutaneous vasculitides, 275, 275f, 
1600, 1601f, 1604-1605, 
1605b

for myositis, 1451
for nephrogenic systemic fibrosis, 

1687
for panniculitis, 1601, 1605
in specific rheumatologic disorders, 

274-275, 274f-275f
technique for, 273-274

Skin examination
for lesions, 242-243, 242t
of wrist and hand, 711

Skin infections
fungal, 1073
risk of, with rheumatoid arthritis, 

605, 606t
Skin lesions, 285-295

of cutaneous vasculitides
other, 1597, 1599f, 1599t
palpable purpura, 1597, 1598f, 

1599t
urticarial, 1597, 1598f-1599f

of dermatomyositis, 288-289
calcinosis as, 289
diagnostic significance of, 288
differential diagnosis of, 289
in hands, 288, 288f
heliotrope rash as, 288, 288f
histologic examination for, 289
juvenile, 1038-1039, 1040f, 1041t
key, 288
non-specific, 288-289, 289f
pathogenesis of, 289
violaceous plaques as, 288, 289f

examination of, 242-243, 242t
fibromyalgia and, 779
of gonococcal arthritis, 1063, 1064f
of HCV-associated mixed 

cryoglobulinemia, 1090, 
1090f

introduction to, 285
ischemic necrosis as, 343-344
of juvenile-onset 

spondyloarthropathies, 1032

Sjögren’s syndrome (SjS) (Continued)
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of Lyme disease, 1079, 1081-1082, 
1081t

diagnosis of, 1083
of microscopic polyangiitis, 1526, 

1526t
mucocutaneous (See Mucocutaneous 

lesions)
of multicentric reticulohistiocytosis, 

1681, 1681f
of myositis, 1441-1442, 1442f-1444f, 

1444b, 1447, 1477
humoral mechanisms of, 1466-

1467
investigations of, 1451

of nephrogenic systemic fibrosis, 
1687

of polyarteritis nodosa, 1526, 1527f, 
1528

of psoriatic arthritis, 1179-1180, 
1180t, 1187

classifications based on, 1180-1181
extensive, 1180
treatment of, 1205, 1206b, 1207, 

1209, 1209t
rash as (See Rash(es))
of reactive arthritis, 1116-1117, 

1116t, 1117f
treatment of, 1119, 1119t

of relapsing polychondritis, 294-295, 
1672t, 1673

differential diagnosis of, 295
ear cartilage inflammation as, 294, 

294f
histology of, 294
key, 294
non-specific, 294-295
pathogenesis of, 294

relevance of, 285
of rheumatoid arthritis, 292-294

classic nodules as, 292, 292f
accelerated, with methotrexate 

therapy, 292
differential diagnosis of, 292-294
Felty syndrome and, 292
interstitial granulomatous 

dermatitis as, 293-294, 293f
key, 292
neutrophilic dermatosis as, 293
non-specific, 293, 293b
pathogenesis of, 292
pyoderma gangrenosum as, 293, 

293f
vasculitis as, 292-293, 292b

of sarcoidosis, 1660-1661, 1661f
management of, 1668

of sclerosis/scleroderma, 1361, 1365
in children, 1042, 1042t
diffuse

limited vs., 1361, 1362b, 1364-
1365

management of, 1405-1406, 
1405t

localized, 1364, 1364f, 1365t, 
1433-1438

clinical features of, 1433, 1434t
conditions associated with, 

1433, 1434b
conditions that mimic, 1433, 

1435-1437
epidemiology of, 1433-1434, 

1434f
linear form of, 1433-1435
morphea as, 1433-1434, 1434f
summary of, 1433

measurement of, 1368-1369
systemic, 289-291

of Sjögren’s syndrome, 291-292, 
1340, 1343

annular erythema as, 291-292
differential diagnosis of, 292
histology of, 291-292, 292f
key, 291
mucocutaneous presentations as, 

291
non-specific, 291, 292f
pathogenesis of, 291

specific vs. non-specific, 285
of Still’s disease, 294

diagnostic challenges of, 294
differential diagnosis of, 294
histology of, 294
key, 294, 294f
pathogenesis of, 294

of systemic lupus erythematosus, 
285-288, 1229-1231

acute, 285, 286b, 1229, 1230f
hallmark lesions of, 285, 286f

assessment of, 1303-1304, 1304t
biopsy for, 274
chronic, 285, 286b

classic discoid lesions with, 287, 
287f

subtypes of, 287, 287f
with chronic lupus, 1230, 1231f
complement system and, 180
differential diagnosis of, 288
histopathologic examination for, 

287-288
immunopathology of, 1253-1254, 

1255f
juvenile-onset, 1036, 1037f
key, 285
LE-non-specific, 288, 1230-1231, 

1230t, 1231f
lesion classification in, 285, 286b
LE-specific, 1229-1230, 1230t
pathogenesis of, 287
scoring system for, 1229
subacute, 285, 286b

clinical features of, 285-287, 
287f

with subacute cutaneous lupus 
erythematosus, 1229, 1230f

treatment of, 1313
of systemic-onset juvenile 

rheumatoid arthritis, 294
diagnostic challenges of, 294
differential diagnosis of, 294
histology of, 294
key, 294, 294f
pathogenesis of, 294

of systemic sclerosis, 289-291
description of, 289
differential diagnosis of, 289, 291
digital pits as, 290, 290f
heterogenous cutaneous thickening 

as, 289-290
histology of, 290-291
hyperpigmentation as, 290, 291f
key, 289
management of, 1409
Raynaud’s phenomenon as, 290, 

290f
sclerodactyly as, 290, 290f
telangiectasias as, 290, 290f

of Takayasu’s arteritis, 1567
terms used for, 285, 286b
thalidomide for, 544t
TNF inhibitors associated with, 590, 

590b, 594
of Wegener granulomatosis, 1550, 

1551f
as cutaneous vasculitides, 1551-

1552, 1597, 1599t
Skin marking, for US-guided aspiration/

injection, 617, 618f

Skin stretch, in hypermobility 
syndrome, 2051, 2052f

Skin testing
for non-tuberculous mycobacterium, 

1068-1069
for sarcoidosis, 1659, 1666
for tuberculosis

latent
before abatacept initiation,  

561
before anti-TNF therapy 

initiation, 592, 595, 607, 
608f

musculoskeletal, 1068-1069
Skull, Paget’s disease of, 2022-2026, 

2023f-2025f
SLC2A9 gene

in gout, 1853-1854
in renal uric acid excretion, 1846-

1847
SLC16A9 gene, 1854
SLC11A genes, in juvenile idiopathic 

arthritis, 990-991, 1013
SLC17A genes

in gout, 1854
in renal uric acid excretion, 1846

SLC22A genes
in gout, 1854
in renal uric acid excretion, 1846-

1847
SLE. See Systemic lupus erythematosus 

(SLE)
SLEDAI study, of rituximab, 569
Sleep apnea

fibromyalgia vs., 776, 779, 779b
perioperative management of, 635

Sleep Disorders Questionnaire, 1781t, 
1782

Sleep disturbances
carpal tunnel syndrome and, 789
in fibromyalgia, 776
history taking for, 238
in juvenile idiopathic arthritis, 1005-

1006
in osteoarthritis, 1724t, 1725

outcome assessment of, 1781t, 
1782

Sleep hygiene, for juvenile idiopathic 
arthritis, 1005-1006, 1023-
1024

SLEGEN genome scan, 1250, 1250t
SLE/Sjögren syndrome defined by anti-

La(SS-B), 1496-1497
clinical features of, 1496-1497
history of, 1496
management of, 1497
pathogenesis of, 1491, 1497

SLICC/ACR. See Systemic Lupus 
International Collaborating 
Clinics (SLICC)/ACR 
Damage Index

Slipped capital femoral epiphysis 
(SCFE), 724-726

in children, 983-984
clinical findings of, 984, 997
epidemiology of, 993
imaging of, 1003
treatment of, 1003-1005

Sly’s disease, 2037, 2038t
SMAD signal molecules, 96f, 290-291
Smallest detectable change (SDC), in 

imaging reader agreement, 
413-414

Smallest detectable difference (SDD), in 
imaging reader agreement, 
413-414

Small intestines
chronic inflammation of, 324-325 

(See also Celiac disease)

enteritis in, lupus, 1239, 1239f (See 
also Gastroenteritis)

hypomotility of
perioperative management of, 637
with systemic sclerosis, 1409, 

1410t
in systemic sclerosis, 1378-1379

Small leucine-rich proteoglycans 
(SLRPs), 70, 71f, 84, 2051

Small-vessel vasculitis
classification of, 1523, 1524t
heart disease with, 308-310
immune complex-mediated, 1513
immunopathogenesis of, 139, 1513-

1516
juvenile dermatomyositis and, 1038
leukocytoclastic (See Leukocytoclastic 

vasculitis (LCV))
major, immunopathogenesis of, 

1515t, 1516-1517
in rheumatoid arthritis, 292-293, 

292b, 846
systemic diseases associated with, 

1597-1600, 1598b
urticarial (See Hypocomplementemic 

urticarial vasculitis (HUVS))
Sm antigens, in mixed connective 

tissue disease, 1491-1493
Sm autoantigens, 1282
Smoking, osteoporosis and, 1977
Snapping hip syndrome, 728, 814
Social activities, juvenile idiopathic 

arthritis effect on, 1046
functional evaluation of, 1047-1048
rehabilitation for participation in, 

1050
Social factors

of low back pain, 659-660
of myofascial pain disorder, 766-767
of osteoarthritis pain, 1724t, 1725
in outcome assessments, 1779

of osteoarthritis, 1783
of patient education, 428-429, 428f, 

429t
of rehabilitation, 441
of rheumatic diseases, 7, 7t, 9
of rheumatoid arthritis, 827

Social history, 240
Social isolation, 462
Social learning theory, 428, 428f
Social support interventions

for fibromyalgia, 772, 773f, 781
for juvenile idiopathic arthritis,  

1050
for osteoarthritis, 1779
for pain control, 462, 464

Social value, in ethical research, 227, 
228t

Social worker, 966t, 970
Socioeconomic status/parameters

juvenile idiopathic arthritis and,  
991

juvenile-onset spondyloarthropathies 
and, 1034

rheumatic diseases and, 7, 9
rheumatoid arthritis and, 827
as systemic lupus erythematosus 

outcome predictor, 1226
Sodium-dependent phosphate 

co-transporters, of renal uric 
acid, 1846, 1847f

Sodium-23 MRI, 374-375, 375f
Sodium (Na+) channels, voltage-gated, 

sensory transduction and, 
200f, 201

in neuropathic pain, 202
Sodium oxalate, 780
Sodium valproate, 488t

Skin lesions (Continued) Skin lesions (Continued) Small intestines (Continued)
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abscesses of
in subacute osteomyelitis, 1058, 

1058f, 1060-1061, 1061f
tuberculous, 1068, 1068b,  

1069f
calcification of, 343
computed tomography of, 363
in elbow, 701-702
in hip pathology, 724-726

periarticular, 727-728
infection risk of, with rheumatoid 

arthritis, 605, 606t, 607
injuries to, complex regional pain 

syndrome associated with, 
797-798, 798t, 800

in juvenile idiopathic arthritis, 995-
996, 1009, 1010f

of knee, 729-731
bursae as, 731
ligaments as, 729, 730f-731f
menisci as, 730-731, 731f

β2-microglobulin amyloid 
presentations in, 343

MRI advantages for imaging of, 367-
368

psoriatic arthritis in, 1189
Soluble factors, in rheumatoid 

synovium, 919-925, 931f
Soluble IL-1RI and RII, as IL-1 

inhibitors, 573t, 574
Somatic cell gene therapy, 164f, 2035
Somatic pain

in hip, 721
with lumbar spine disorders, 659-

660, 660t
syndromes of, 769, 770f, 771

Somatic recombination system, in 
adaptive immunity, 134-
136, 135f, 141

Somatic tissue, deep, nociceptors in, 
200, 202

Somatosensory cortex, in fibromyalgia, 
774-775, 775f, 777

Somatotropic axis, 211
influence on immune system, 211-

212
SOST gene, in bone physiology, 77, 

1962
Southern tick-associated rash illness 

(STARI), 1079
SP-40,40, in complement system, 174t, 

178
Space-occupying lesions, carpal tunnel 

syndrome associated with, 
788t, 789-790

Spallanzani, Lazzaro, 371
SPARC (secreted protein acidic and rich 

in cysteine), in bone 
mineralization, 71

Spatial resolution
in MRI, 368-369
in ultrasound, 381

Spearman correlation coefficient, in 
imaging reader agreement, 
413-414

Specificity analysis
of criteria sets

for juvenile idiopathic arthritis, 
988

for rheumatic diseases, 5, 5t
for rheumatoid arthritis, 823,  

834
of laboratory tests, 259

Speed’s test, 686-687
Speed test, 807t
Spermatogenesis, immunosuppressives 

effect on, 533
Sperm banking, 1037

Sphincter disturbances, neurogenic, 
with spinal stenosis, 676-
677

Sphingosine-1-phosphate (SIP1), 102
Sphingosine-1 phosphate (S1P) 

receptors, 123
Spinal cord

cerebral vasculitis involvement of, 
1618, 1620

compression of
with mucopolysaccharidoses, 2037
in rheumatoid arthritis, 832, 845, 

845f
disorders of, complex regional pain 

syndrome associated with, 
797-798, 798t, 802

lesions of, wrist and hand pain 
related to, 713, 715t

nociceptive system of, 199, 200f-201f
stimulation of, for complex regional 

pain syndrome, 802t, 803, 
803f

tumors of, imaging of, 665, 666f
Spinal cord neurons, nociceptors as, 

199, 200f, 202
hyperexcitability of, 201f, 202-203
pain generation from, 200, 201f
transmitters for, 201b, 202-203

Spinal cord transmitters. See 
Neurotransmitters

Spinal dysraphism (meningomyelocele), 
1807-1808

Spinal fracture, in ankylosing 
spondylitis, 1131

Spinal instability
with ankylosing spondylitis, 1174, 

1174f
segmental, 34f, 35

Spinal manipulation. See Therapeutic 
manipulation

Spinal sensitization, of pain, 202. See 
also Central sensitization

Spinal stenosis, 675
back pain with, 660
clinical presentations of, 675, 675f
degeneration and, 35
lumbar (See Lumbar spinal stenosis)

Spindle cells, in synovial sarcoma, 
1683

Spine/spinal column. See also 
Vertebrae; specific segment, 
e.g., Cervical spine

ankylosing spondylitis in, 1135-1136
imaging for outcomes of, 421-423, 

421t-422t
mobility measurement of, 1158-

1159, 1159t, 1162f-1163f
surgical interventions for, 1174, 

1174f
arthritis involvement of (See 

Spondyloarthritis)
biomechanics of, 29-36

adaptation vs. injury in, 29, 34-35
disc degeneration influences in, 

33-35
injury as, 34f
middle-age vulnerability as, 34f
prolapse and, 33f-34f

forces acting on, 29-31
diurnal variations in, 31
gravitational as, 30
inertial vs. dynamic, 30
intra-abdominal pressure as, 31
loading as, 29, 30f
measurement of, 31
muscle forces as, 30, 30f
in vivo, 31, 31f, 34-35

genes vs. environment in, 29
injury and, 32-33

adaptation vs., 29, 34-35
age-related vulnerability to, 34f
to apophyseal joint, 32-33
disc herniation as, 33-34
frustrated healing with, 34-35, 

34f
internal disc disruption as, 33
to ligaments, 33
spondylolisthesis as, 32
spondylolysis as, 32
vertebral body fracture as, 32, 

33f
whiplash as, 33, 34f

introduction to, 29
mechanical function and, 31-32

influence in disc degeneration 
and prolapse, 33-35

intervertebral discs in, 31-32
resistance to bending in, 32
resistance to compression in, 32
resistance to shear in, 32
resistance to torsion in, 32
spinal curvature in, 31
spinal movements in, 31

relevance of, 29
spinal degenerative cascade and, 35

apophyseal joint osteoarthritis 
in, 35

scoliosis in, 35
segmental instability with, 34f, 

35
spinal stenosis in, 35
vertebral body osteophytes in, 

33f, 35
vertebral osteoporosis influences 

in, 36
osteoporotic vertebral deformities 

as, 34f-35f, 36
reduced mechanical loading as, 

36
caudal cranial migration on, 832, 

833f
in children, examination of, 978
DEXA imaging of

fan-array, 402-404
lateral, for vertebral fractures, 402-

403, 403f-404f
with abdominal aortic 

calcification, 403-404, 
404f-405f

diffuse idiopathic skeletal 
hyperostosis in, 1801-1803, 
1803f

disc disease vs., 1801, 1803
management of, 1805, 1805t

elective surgery on, 629
decision-making perspectives for, 

629
enthesis of, 1215-1216, 1217f, 1218

disability related to, 1218
imaging of, for 

spondyloarthropathies, 
1148-1150

computed tomography in, 1150
disease evaluation with, 1150-1151
MRI in, 1123-1125, 1124f-1125f, 

1125t, 1150, 1151f
radiography in, 1123, 1124f-1125f, 

1125t
discovertebral joint changes 

noted, 1148-1150, 1153
other changes noted, 1150
technique for, 1148-1150

joint disease in (See 
Spondyloarthropathy(ies))

ligaments of, injection for, 623, 623f
neuropathic arthropathy of, 1808f, 

1809, 1810f, 1812

in ochronosis, 1827f
Paget’s disease of, 2022, 2024f-2025f
physical examination of, 244, 244f

in children, 978
for lumbar spine disorders, 661

primary tumors of, lumbar pain 
related to, 670, 670t, 671f

psoriatic arthritis in, 1135
imaging of, 1189, 1192f
treatment of, 1206b, 1208-1209, 

1209t
radiography of, 350b
rheumatoid arthritis in, 832, 832f
screening examination of, 235
shock-absorption by, 31-32
in skeletal dysplasia, 2057-2058
tuberculous arthritis in, 1068, 1068b

imaging of, 1069, 1069f
Spirochetes

Lyme disease resulting from, 544, 
1012, 1079-1080

clinical examination for, 1083
complex enzootic cycle of, 1079
electron micrograph of, 1080f
host response predilection for, 

1080-1081
neutrophils defense against, 1082

rash related to, 1079
Spirometry, for interstitial lung disease, 

316-317
Spleen

in Gaucher’s disease, 2031, 2034
in sarcoidosis, 1664
in systemic lupus erythematosus, 

1240
immunopathology of, 1256,  

1256f
Spleen tyrosine kinase (Syk), 597

in signal transduction, 121
inhibition of, 597
as therapeutic target, 124

Splenectomy, 841, 2035
Splints/splinting

in adaptive rehabilitation, 442, 445, 
447t

for carpal tunnel syndrome, 790
for juvenile idiopathic arthritis, 1024

during rehabilitation, 1048-1049
knee designs, 1048-1049, 1049f
wrist and hand designs, 1048, 

1048f-1049f
occlusal, for myofascial pain disorder, 

767, 767f
for wrist and hand disorders (See 

Hand splints; Wrist splints)
Spondylitis

in psoriatic arthritis, 1180-1181, 
1180b, 1180t

pyogenic, 1069
tuberculous, 1068, 1068b

imaging of, 1069, 1069f
uveitis associated with, 297

Spondyloarthritides classification, 
1132b

Spondyloarthritis
axial, 1135-1136

acquired immunity and, 1136-
1137

classifying, 1124-1125, 1125f, 
1125t

concept of, 1123, 1124f
diagnosing, 1124-1125, 1124t
imaging of, 1148-1150
with psoriatic arthritis, 1179-1181, 

1180b
vs. peripheral, 1135

classification of, 1123-1125
ankylosing criteria in, 1123, 1124t

Spine/spinal column (Continued) Spine/spinal column (Continued)
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axial concept in, 1123-1125, 
1124f-1125f, 1125t

evolutionary concept in, 1123
evolution of criteria for, 1123, 

1124t
inflammatory back pain in, 1123-

1125, 1124t
concept of, 1135
conclusions of, 1126
gender impact on, 1125-1126
genetic factors of, 1123, 1125-1126
of gut, 1135-1136

acquired immunity and, 1136-1137
innate immunity and, 1137

HLA-B27 role, 1137-1138
musculoskeletal classifications of, 

1135 (See also Ankylosing 
spondylitis (AS))

pattern recognition of, 253
peripheral joint, 1136

acquired immunity and, 1136-
1137

axial vs., 1135
inflammation pathogenesis in, 

1137
remodeling in, 1138

phenotypic subclassifications of, 
1135

prevalence of, 1125
Spondyloarthritis Research Consortium 

of Canada (SPARCC) 
scoring system

for sacroiliac joint disease, 423, 423t
for spinal disease, 422-423, 422t

Spondyloarthropathy(ies)
enthesopathy in, 1211, 1213-1215, 

1214f
clinical features of, 1215-1216, 

1216t
enthesitis-based model of, 1215, 

1215f
enthesitis vs. osteitis, 1215
imaging of, 1216-1217, 

1216f-1218f
management of, 1218
as universal hallmark, 1211, 1214-

1215, 1215f
evolutionary concept of, 1123
heart disease with, 312
HIV infection associated with, 1088, 

1088t
juvenile family of (See Juvenile-onset 

spondyloarthropathies 
(JSPAs))

lumbar pain related to, 659-661, 
673, 674f

surgical treatment of, 680
β2-microglobulin amyloid and, 342
in peripheral joints, 1151-1154 (See 

also Peripheral joints)
seronegative (See Seronegative 

spondyloarthropathies)
seropositive, pattern recognition in, 

252, 253f
synovial fluid in, 267

Spondylodiscitis, in ankylosing 
spondylosis, 1131

Spondyloepiphyseal dysplasias (SEDs), 
1764, 2060

Spondylolisthesis
injury biomechanics of, 32
lumbar spine pain associated with, 

668t, 673, 674f, 680
Spondylolysis, 32, 673
Spondylosis, cervical, shoulder pain 

with, 686-688, 689t
Spongiosa, primary vs. secondary, 67, 

68f

Sporotrichosis, 1076
Sport activities

hemophilia and, 1918
juvenile idiopathic arthritis effect on, 

1046-1048
knee injuries related to

in adolescents, 736, 739
in adults, 743-745, 745f

Sports medicine
ankle in, 818-819
elbow in, 812
foot in, 818-819
glenohumeral instability in, 805-808
hip in, 812-814
lateral epicondylitis in, 812
leg in, 818-819
lower extremities in, 812-819
medial epicondylitis in, 812
pelvis in, 812-814
shoulder dislocation in, acute 

anterior, 805-806
shoulder in, 805-812
subacromial impingement syndrome 

in, 809-810
thigh in, 812-814
upper extremities in, 805-812

SPORT trial, on lumbar spine surgery, 
675, 680

Sprain, ankle, 818
S protein, in complement system, 174t, 

178
S100 protein, in gout, 1850b, 1851
Spur, tibial, 754f
Spurling’s test, 649, 807t
SQSTM1 gene, 2021
Squama, 286b
Src family kinase

in B-cell activation and function, 136
in bone physiology, 74, 76

SS-A/SS-B antigens
in Sjögren’s syndrome, 1346-1347
in systemic lupus erythematosus

neonatal considerations of, 1337-
1338

photosensitivity related to, 1231
during pregnancy, 1335, 1337

Stabilizers
of hip

ligaments, 719
muscles, 719, 720f

of shoulder, 683-685
biceps tendon, 683, 685
deltoid muscle, 685
dynamic vs. static, 683
ligaments and muscles, 683
outer muscle sleeve, 685
rotator cuff, 684-685

Staging
of bone tumors, 2063, 2064b
of Lyme disease, 1080-1081, 1081t
of osteonecrosis, 1819-1820, 1820b, 

1820t
of pulmonary sarcoidosis, 1659

STA-5326 mesylate, as IL-23 inhibitor, 
601

Stance phase, 750
Standard deviation, 224
Standardized Response Mean (SRM), 

13t
Standing

force generated with, 45
screening examination of, 235

Staphylococcus aureus
in anti-TNF-treated patients, 607
Behçet’s syndrome associated with, 

1575
in children, 980
chronic kidney disease and, 1686
myopathies related to, 1489, 1489b

myositis associated with, 1459, 
1460t

osteomyelitis and, 1056-1058, 1056t
septic arthritis associated with, 1056-

1058, 1056t, 1061
methicillin-resistant, 1055-1056, 

1062t
State-attainment criteria, in outcome 

assessment, 17-18, 18t, 20
Statics, in whole joints, 37-38
Statin-drug induced muscle syndromes, 

1911
Statins

angiogenesis inhibition by, 908, 
908t, 1513

for antiphospholipid syndrome, 1357
for chronic kidney disease, in lupus 

nephritis, 1332t
for hyper-IgD syndrome, 1638t
for ischemic heart disease, 307
myopathies related to, 1486-1487, 

1486t
myositis associated with, 1460-1461, 

1460t
perioperative use of, 634
for Raynaud’s phenomenon, 1407, 

1408t
for rheumatoid vasculitis, 847

Statistical interaction, testing of, 222, 
222f

Statistical issues
with human genome, 105
with imaging as outcome measure, 

415
handling missing data, 414-415
reader agreement aspects, 413-414, 

414f
with laboratory tests, 259, 260t
with outcome assessment, 12-13, 

13t, 1367
Statistical power

in genetic association studies, 127
in randomized controlled trials, 221, 

223
Statistical tests, common

for clinical research, 224-225, 225f
for outcome assessment, 12-13, 13t

STAT4 (signal transducer and activator 
of transcription 4) gene

in rheumatoid arthritis, 126-127, 
875

in Sjögren’s syndrome, 1346
in systemic lupus erythematosus, 

1251, 1251t
Steinbrocker scoring method, modified, 

for radiography, of psoriatic 
arthritis, 419, 420t

Stellate ganglion blockade, 802t, 803
Stem cell factor (SCF), signaling 

receptors for, 101
Stem cells

in genetic manipulation of mice, 
114-115, 115f

hematopoietic (See Hematopoietic 
stem cells (HSCs))

non-hematopoietic (mesenchymal) 
(See Mesenchymal stem 
cells)

Stem cell transplantation. See 
Autologous stem cell 
transplantation (ASCT)

Stenosing tenosynovitis, in diabetes, 
1909t

Stenosis
spinal (See Spinal stenosis)
subglottic, in Wegener 

granulomatosis, 1548-1549, 
1550f, 1556

vascular, in Takayasu’s arteritis, 
1567, 1568t, 1570, 1572

Stents/stenting
coronary

Kawasaki disease and, 308
perioperative antiplatelet therapy 

and, 634
percutaneous, for Takayasu’s 

arteritis, 1572
Sternoclavicular joint

arthritis involvement of, 253
assessment of, in children, 978
computed tomography of, 362-363
functional anatomy of, 683, 686
injury, 810-811
neck pain referred from, 647
physical examination of, 686
SAPHO syndrome and, 1682

Sternomanubrial joint, imaging of, for 
spondyloarthropathies, 1153

Steroidal hormones
conversion in peripheral cells, 211, 

213f
rheumatic diseases and, 211 (See 

also Neuroendocrine 
system)

sex (See Gonadal hormones)
Steroidogenesis, in adrenal gland, 211, 

213f
Steroid withdrawal syndrome, 502
Stevens-Johnson syndrome, 540
Stickler’s syndrome, 1764, 2048
Stiffness

with diffuse idiopathic skeletal 
hyperostosis, 1802

hip pain and, 721
history taking for, 237-238
of joints, in children, 976
with juvenile idiopathic arthritis, 

1045-1046
rehabilitation consideration of, 

1049
neck pain and, 645
with osteoarthritis, 1725
with rheumatoid arthritis, 829, 830f
with tenosynovitis, 714

Stiff person syndrome, in diabetes, 
1909t

Stifle joints, in rabbit models, 1734-
1735

Still’s disease
adult-onset (See Adult-onset Still’s 

disease (AOSD))
skin lesions of, 294

diagnostic challenges of, 294
differential diagnosis of, 294
histology of, 294
key, 294, 294f
pathogenesis of, 294

Stinchfield test, 723
Stinging nettle, 453, 455t
Stoke Ankylosing Spondylitis Spine 

Score (SASSS), 421, 421t
modified, 421-422, 421t, 422f, 1150-

1151, 1159
Stomach, systemic sclerosis features in, 

1378, 1409, 1410t
Straight-leg-raises, for low back pain, 

661t, 662-663, 663f
Strain

cell activity regulation and, 86-87
in compressive loading, 42f
lateral, Poisson’s ratio and, 43f
muscle, low back pain associated 

with, 668t
at osteocyte cell surface, with bone 

loading, 45-46
stress curve, 41f

Spondyloarthritis (Continued) Staphylococcus aureus (Continued) Stenosis (Continued)
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stress response, in tensile loading of 
ligament, 43f

in tensile loading, 42f
in tissue biomechanics, 39-40

Strengthening exercises/training
concentric vs. eccentric, 443
connective tissue response to, 45
for entrapment neuropathies, 

thoracic outlet syndrome, 
785

for hemophilic arthropathy, 1918
isotonic vs. isokinetic, 443
for juvenile idiopathic arthritis,  

1024
in rehabilitation, 443, 447t
for rheumatoid arthritis, 437

multidisciplinary approach to, 967-
968

for shoulder, 697-698
rotator cuff disorders and, 690, 

693, 696
Strength testing

for carpal tunnel syndrome, 789, 
790f

in children, 975, 1039-1040
manual muscle (See Manual muscle 

testing)
of shoulder, 691
of wrist and hand, 712, 789

Streptococcal cell wall (SCW) arthritis, 
experimental, 880-882

features of, 884t-885t
Streptococcal toxins, 1094
Streptococcus, group A, 1093-1094
Streptococcus pneumoniae

in anti-TNF-treated patients, 605
in osteomyelitis, 1056, 1056t

Streptococcus spp.
in anti-TNF-treated patients, 607
Behçet’s syndrome associated with, 

1575
myopathies related to, 1489, 1489b
in prosthetic joint infections, 1058
in reactive arthritis, 980
rheumatoid arthritis and, 899
in septic arthritis, 1056, 1056t

Streptolysin O, 1094
Streptomycin, 1070, 1073
Streptozocin, 2000b
Stress

in compressive loading, 41f
fibromyalgia associated with, 771-

772, 772b, 773f
mechanical, 45-50 (See also Load/

loading; Mechanical stress)
myofascial pain disorder associated 

with, 766
osteoarthritis pain related to, 1725-

1726
psychological, systemic lupus 

erythematosus risk related 
to, 1226-1227

in shear loading, 41f
strain curve, 41f
strain response, in tensile loading 

ligament, 43f
in tensile loading, 41f
in tissue biomechanics, 39-40

Stress-dose glucocorticoids, 502
Stress fractures, in osteoporosis, 1946-

1947
Stress protein antibodies, in 

rheumatoid arthritis, 892-
894

Stress-relaxation testing, 43f
Stress response

in connective tissue, 45-50 (See also 
Mechanical stress)

ion channels and, 46-47
neuroendocrine, 211, 214

Stress tests/testing
exercise

preoperative indications for, 633
for systemic lupus erythematosus, 

1243
for glenohumeral instability, 687, 

688f
in physical examination, 242t, 243
for shoulder pain, 687, 687f

Stretching/stretching exercises
for iliotibial band, in hip disorders, 

727-728
in rehabilitation, 442-443, 447t

bicipital, 693
for juvenile idiopathic arthritis, 

1048-1049
Stretch-sensitive ion channels (SACs), 

46-47
Stroke. See Cerebrovascular accidents 

(CVAs)
Stromelysins

in matrix degradation, 153-155, 
154f-155f

in rheumatoid arthritis, 926
Strontium ranelate, 1985-1986
Structural properties, material 

properties vs., 39
Study design, 219-225

observational (See Observational 
studies)

randomized (See Randomized 
controlled trials (RCTs))

Study monitors, in ethical research, 
228-229

case example of, 229b, 230
Stulberg classification, of Legg-Calvé-

Perthes disease, 983
Su antigen, 1283t, 1285
Subacromial bursa, 683, 686

impingement of, 684-685, 685f
injection of, e71f, 623
in rotator cuff disorders, 688

Subacromial bursitis, 693
on ultrasound, 386

Subacromial decompression, for rotator 
cuff disorders, 690-692

Subacromial impingement syndrome, 
809-810

Subacute necrotizing 
encephalomyelopathy, 
2000b

Subcalcaneal bursa, 751f
Subchondral bone, in osteoarthritis, 

1757
dog model of, 1731, 1732f
imaging of

MRI in, 1774, 1774f
radiography in, 1769, 1770f

ischemia of, 1723, 1725
pain relationship to, 1724t, 1725
rabbit model of, 1734
sheep model of, 1733
small animal models of, 1735-1736

Subcutaneous tissue
biopsy of, 273-275
sarcoidosis involvement of, 1660-

1661
Subcutaneous tophus, 1862
Subdeltoid bursitis, 386
Subglottic stenosis, in Wegener 

granulomatosis, 1548-1549, 
1550f, 1556

Subgroup analysis, in randomized 
controlled trials, 222, 222f

Subintima, of synovium, 51
Subjective reports, of pain, 461, 463

Subject selection, in ethical research, 
227, 228t

Subluxation, 242
of acromioclavicular joint, 695
of atlantoaxial joint

in ankylosing spondylitis, 1174
in juvenile-onset 

spondyloarthropathies, 1032
in rheumatoid arthritis, 845

of atlanto-occipital joint, 1174
of bicipital tendon, 693
of glenohumeral joint, 697
of hip, in children, 982-984, 982f
of metacarpophalangeal joints, 830-

831, 831f
with osteoarthritis, 1726-1727, 1729
of patella, 740-741, 740f-741f
of thumb, 831
of wrist and hand, 711, 829, 831

common, 242f
Subphenotype

in drug response, 209
in systemic lupus erythematosus 

classifications, 1223
Subscapularis bursa, 686
Substance P, 199, 201-202

angiogenesis mediation by, 906, 907t
in central sensitization, 203
hyperactivity of, in fibromyalgia, 769, 

774, 774f
in inflammation, 196-197, 197t
in mechanical stress response, 48
in neuroendocrine system, 212f
osteoarthritis pain and, 1724-1725
in tendinopathy, 87t

Substance use, juvenile idiopathic 
arthritis and, 991

Substrate reduction therapy, for 
Gaucher’s disease, 2035

Subtalar joint
assessment of, in children, 978
examination, 752f
injection of, e71f, 625
osteoarthritis in, 1729
range of movements in, 752f
rheumatoid arthritis in, 833

Subtalar strap, in adaptive 
rehabilitation, 445

Sudomotor axon reflex test, 800-801
Sudomotor features, of complex 

regional pain syndrome, 
799, 799t

Sugars, free, in collagen fibers, 69-70
Sulcus sign, 807t
Sulfamethizole, in drug-induced lupus, 

1296f
Sulfasalazine (SSZ)

for ankylosing spondylitis, 1165
for Behçet’s syndrome, 1579t, 1580
in DMARDs combination therapy, 

535-537, 536t
dosage of, 506
drug-induced lupus and, 1297t
efficacy of, 506
for enthesitis, 1218
introduction to, 505-506
for juvenile idiopathic arthritis, 

1018t, 1020t-1021t, 1021, 
1025f, 1026

for juvenile-onset 
spondyloarthropathies, 1033

mode of action, 506
pharmacogenetics of, 208
pharmacology of, 506
in pregnancy, 506, 613t, 614, 1336t

recommendations for, 616, 616t
for psoriatic arthritis, 1207
for reactive arthritis, 1119
for rheumatoid arthritis

synovitis indications and strategies 
for, 949, 950f, 952-955, 
952t

vs. leflunomide, 520-521, 522f, 
523

toxicity of, 506
Sulfinpyrazole, 1871
Sulfones, 1605-1606
Sulfosalicylic acid (SSA) method, of 

proteinuria testing, 331
Sulindac, 492

for juvenile idiopathic arthritis, 1018, 
1019t

pharmacokinetics of, 486, 486t
Sum-scores, MRI, for rheumatoid 

arthritis, 418, 419t
Sunlight. See Ultraviolet (UV) light 

exposure
Sunscreens, for dermatomyositis, 

1474f, 1477
Superagonists

CD28, 553
TGN1412, 229b, 230, 553

Superantigens, in Kawasaki disease, 
1518

Superficial zone, 1746t
Superficial zone protein, in synovium, 

53, 55
Superior extensor retinaculum, 

750f-751f
Superiority trials, 220-221, 223
Superior labral and biceps anchor 

pathology (SLAP lesions), 
687, 692, 693f

Superior lateral cutaneous nerve of 
arm, 810f

Superior peroneal retinaculum, 750f
Superoxide

in gout, 1844, 1850b, 1851-1852
in hyperuricemia, 1855

Supinator muscle, 791
Support groups/networks. See Social 

support interventions
Supportive therapy

for amyloidosis, 1698
for Legg-Calvé-Perthes disease, 983
for neuropathic arthropathy, 1812
for Paget’s disease, 2027

Supraspinatus muscle, 810f
Supraspinatus tendon

in calcific tendinitis, 696
degenerate, 85f
rotator cuff tears and, 691, 691f-692f

Surface cell layer, of synovium, 53,  
267

Surface undulations, 1746t
Surface zone, 1746t
Surgery

for acromioclavicular joint injuries, 
695-696

for acromioclavicular osteoarthritis, 
696

for amyloidosis, 1697
anesthesia for, 632 (See also 

Anesthesia)
for Behçet’s syndrome, 1579t, 1580
for bicipital tendinitis, 693
for calcific tendinitis, of shoulder, 

697
for calcium pyrophosphate crystal-

associated arthropathy, 1886
for capsulitis, 695
for cervical nerve root compression, 

655
co-morbid conditions during, 

perioperative management 
of, 633-634 (See also 
Perioperative care)

Strain (Continued) Stress response (Continued) Sulfasalazine (SSZ) (Continued)
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for complex regional pain syndrome, 
802t, 803

complex regional pain syndrome 
associated with, 797-798, 
798t

for diffuse idiopathic skeletal 
hyperostosis, 1805

economic evaluation of, 27
elective, 629-630

decision-making perspectives for, 
629

of anesthesiologist, 630
with osteoarthritis, 1821-1822
of patient, 629
of rheumatologist/internist, 629-

630
of surgeon, 629

indications for, 629
for joint replacement, 629 (See also 

Joint replacement)
for spine disorders, 629

for entrapment neuropathies (See 
Decompression procedures)

for Gaucher’s disease, 2035
for glenohumeral joint instability, 

697
for hemophilic arthropathy, 1917-

1919
indications for, 629-630

elective, 629-630
non-elective, 630

for juvenile idiopathic arthritis, 1017, 
1024-1025

for juvenile-onset 
spondyloarthropathies,  
1034

for knee disorders, degeneration and, 
746

for Legg-Calvé-Perthes disease, 983
for lumbar spine disorders, 675, 680
for Marfan syndrome, 2048
for musculoskeletal deformities, in 

mucopolysaccharidoses, 
2039

for myofascial pain disorder, 767-768
for neuropathic arthropathy, 1812
non-elective, 630
for osteoarthritis, 1798
for osteoarthritis alterations

dog model of, 1731-1732, 
1732f-1733f

induced, small animal models of, 
1732f, 1735-1736

rabbit model of, 1734-1735, 1734f
sheep model of, 1731-1733

for osteonecrosis, 1821-1822
outpatient trends for, 630
for Paget’s disease, 2027
for pigmented villonodular synovitis, 

1682
preoperative evaluation for, 630 (See 

also Preoperative evaluation)
for psoriatic arthritis, 1205, 1208
for Raynaud’s phenomenon, 1407-

1408, 1432
risk assessment for (See Operative 

risk assessment)
for rotator cuff disorders, 690, 692
for scapulothoracic bursitis, 697
for skeletal dysplasia, 2059-2060
for slipped capital femoral epiphysis, 

984
spinal, for ankylosing spondylitis, 

1174, 1174f
for Takayasu’s arteritis, 308
for trochanteric bursitis, 727
for vertebral fractures in osteoporosis, 

1987-1988

for wrist and hand disorders, 714-
717

Surveillance. See Population 
surveillance

Survey radiography, 350b, 351-352
Surveys. See Population surveys
Survival rates. See also Mortality

for microscopic polyangiitis, 1529-
1531, 1531f

for myositis, 1454
for systemic lupus erythematosus, 

1226
bimodal pattern of, 1226

for systemic sclerosis, 1363, 1364f, 
1365

Survivin, 905-906, 907t
Susac’s syndrome, 1622, 1622t
Susceptibility loci

in autoimmune disease, 130, 130f
in rheumatic arthritis, 130, 130f

Susceptibility to disease, 7
age-specific, 7-8
in juvenile idiopathic arthritis, 990, 

991t, 1014
in musculoskeletal conditions, 7
in rheumatoid arthritis, 826-827, 

899
MHC genes and, 872-873

in scleroderma/systemic sclerosis, 
1362-1364

sex-specific, 7
Swan-Ganz catheter, in perioperative 

care, 632
Swan-neck deformity, 242f

of fingers, 711, 714f, 830-831, 831f
of hands, 1232, 1232f-1233f
of thumb, 831

Sweat testing, quantitative, for complex 
regional pain syndrome, 
800-801

Sweet’s syndrome, 1577
Swelling

history taking for, 238
of joints

with ankylosing tarsitis, 1032, 
1033f

in children, 976-977, 976t
with juvenile idiopathic arthritis, 

993, 1009, 1010f
local patterns of, 255-256, 

255f-256f
with osteoarthritis, 1725, 1726f
with rheumatoid arthritis, 829, 

830f, 833-834
joint count of, 836

in shoulder, 686, 688
in wrist and hand, 711, 714f

differential diagnosis of, 711, 
714f

with neuropathic arthropathy, 1808, 
1811

physical examination of, 240, 240f
observation in, 242, 242f
palpation in, 241f, 243

Swing phase, 750
Sydenham’s chorea, 1098, 1101
Syk family kinase, lymphocyte 

activation role, 136, 139
Sympathectomy, for Raynaud’s 

phenomenon, 1432
localized digital, 1407-1408, 1432

Sympathetic dystrophy, reflex. See 
Reflex sympathetic 
dystrophy (RSD)

Sympathetic nervous system
in complex regional pain syndrome, 

797, 801
in fibromyalgia, 772

in inflammation, 196
in neuroendocrine system, 211, 212f
in Raynaud’s phenomenon, 1427-

1428
surgical interventions for, 1407-

1408, 1432
in systemic lupus erythematosus, 

1243
Sympathetic skin response test, 800-

801
Symptoms

correlation with imaging (See specific 
disease or test)

history taking for, 236, 237b
associated, preceding factors, and 

other clues, 237b, 238-239, 
239t

pattern and chronology of, 238
standardized questionnaires for, in 

osteoarthritis, 1780-1782, 
1781t

Syncope, in hypermobility syndrome, 
2052-2053

Syndecans
in articular cartilage, 64
in bone matrix, 70, 71f

Syndesmophytes
in psoriatic arthritis, 1189, 1192f
in spondyloarthropathies, imaging of, 

1148-1151, 1149f
Synovectomy

arthroscopic
in juvenile idiopathic arthritis, 

1024
for subacute hemophilic 

arthropathy, 1918
for juvenile idiopathic arthritis, 1024
medical, 627
radionuclide, 1917-1918

Synovial biopsy, 278f, 279
arthroscopic, 279-280, 279f
blind (closed) needle, 278f, 279
for sarcoidosis, 1661, 1666
for tuberculous arthritis, 1069
ultrasound-guided, 280, 280f-282f

Synovial bone. See Subchondral bone
Synovial bursa, shear force impact on, 

51
Synovial chondromatosis/

osteochondromatosis, 1683, 
1683f

imaging of, 1683
knee pain related to, 743-744, 744f

Synovial fluid (SF), 267-272
analysis of

for basic calcium phosphate crystal 
deposition disease, 1893

for brucellosis, 1073
correlation to laboratory tests, 259, 

260t
for osteoarthritis, 1729
for septic arthritis, 1059-1060, 

1060t
for tuberculous arthritis, 1069

in Behçet’s syndrome, 1577
clarity of, 268
color of, 267
crystalline material in, 268-269, 268f

laboratory test for, 264-265, 265f
with osteoarthritis, 1729

cytoanalysis of, 269-270, 270f
cytocentrifuge preparation of, 269-

271
in diseased joint, 267

chemical changes in, 271, 271t
interleukins elevated in, 599-601
murine models of, 159-160, 160f

inflammation of (See Synovitis)
intra-articular infection diagnosis in, 

267, 270-271
bacterial arthritis, 270-271
future techniques for, 271
non-bacterial, 271

introduction to, 267
in juvenile idiopathic arthritis, 993, 

1009-1011, 1010f
microscopy of, 267

basic approach to, 267-270
in children, 979
in diagnosis, 270, 270f-271f
equipment for, 267

in neuropathic arthropathy, 1811
non-crystalline particles in, 269, 269f
normal, 267
nucleated cell count in, 268-269
in osteoarthritis

dog model of, 1731
pain relationship to, 1724-1725, 

1724t
particulate material in, 1724
rabbit model of, 1734-1735
small animal models of, 1736

ragocytes in, 269, 269f
rheumatoid

proliferation of, 829-830
in specific joints, 829-834, 

830f-833f
proteolytic proteinases in, 154

in systemic lupus erythematosus, 
1232

on ultrasound, 382
visual inspection of, 267-268
“wet preparation” of, 268-269

Synovial joint, enthesis vs., 1213
Synovial membrane, in osteoarthritis, 

1746-1747, 1756-1757
Synovial sarcoma, 1683-1684
Synovial T cells

in juvenile idiopathic arthritis, 1009
recruitment of, 54
in rheumatoid arthritis, 897

cytokine production and, 160f, 
901-902

infection and, 899
properties of, 897, 900-902
surface phenotype of lymphocytes, 

901, 901f
TCR studies of, 901

Synoviocytes, 267, 269
fibroblast-like, 911, 912f

in rheumatoid synovium, 911, 
912f, 916, 931, 931f

in gout, 1848
in juvenile idiopathic arthritis, 1009
origins and recruitment of, 54-55
in rheumatoid arthritis, 551, 900, 

916
steroid conversion in, 213f
type A vs. type B, 911, 912f

Synovioentheseal complex, 1213,  
1214f

Synoviorthesis, 627
Synovitis

bone and cartilage interplay with, 
159-160, 160f

clinical detection of, 936
detritus-rich, 1746
enthesitis link to, 1213, 1214f
foreign-body, 1680, 1680t
in hemophilia

boggy, 1917
chronic, 1916, 1918f

of hip, 725
transient (toxic), in children, 981, 

994, 997, 997t, 998f

Surgery (Continued) Surgery (Continued) Sympathetic nervous system 
(Continued)

Synovial fluid (SF) (Continued)



I108

IN
D

EX

immune-inflammatory cascade of, 
551, 554

infectious, 251-252, 254-255
infrapatellar, 1788-1789, 1789f
in intra-articular basic calcium 

phosphate crystal deposition 
disease, 1891

management of
aggressive therapy for, 949-950

barriers to, 955-956
considerations for, 949, 955-956
DMARDs in, 951-955, 952t
glucocorticoids in, 955
historic background on, 949, 950f
introduction to, 949
NSAIDs in, 955
patient characteristics affecting, 

949
predictors of poor outcomes of, 

950
rationale for strategies in, 950-951
third-line therapy for, 955

nerve compression related to, 783
in osteoarthritis, 1729

dog model of, 1731
MRI of, 1774-1775
ultrasound of, 1773, 1773f

pharmacologic therapies for
DMARDs as

assessing response to, 950
B-cell depletion agents, 954
choice of, 950-955, 952t
general strategies for, 949-951
historical timeline of, 949,  

950f
Il-1 inhibitors, 954
monotherapy with biologic 

agents, 953
failure of, 955

monotherapy with methotrexate, 
951-952

monotherapy with non-biologic 
alternatives, 952-953

monotherapy with non-biologic 
DMARDS, 953

combinations of, 953-955
failure of, 953

step-up combinations for 
inadequate response, 953

T-cell co-stimulatory 
modulators, 954

third-line therapy with, 955
TNF inhibitors, 953-954

future of, 955
glucocorticoids as, 955
maintenance of, 955
NSAIDs as, 955
other considerations in, 955

pigmented villonodular, 744, 744f, 
1681-1682, 1682f

in psoriatic arthritis, 1187
remitting seronegative symmetric

pattern recognition in, 255-256, 
256f

rheumatoid arthritis vs., 834
with rheumatoid arthritis, 829-830 

(See also specific joint, e.g., 
Hip)

early, 913-914, 914f
early recognition of, 834
exogenous antigens and, 899-900, 

900f
18F-FDG-PET imaging of, 394-396, 

395f-396f
immune response and, 897
management of, 949-958
mechanisms of chronic, 913-914
MRI measurement of, 418, 419t

pannus/bone interface and, 913, 
914f, 916

silicone, 1680
with systemic sclerosis, 1408
on ultrasound, 382f
villous, ultrasound-guided biopsy 

view of, 280f-282f
Synovium, 51-56

angiogenesis and
mediators of, 905-906, 907t
regulation of, 906-907, 907f
in rheumatoid arthritis, 905

cell origins and recruitment of, 54-55
definitions of, 51
in elbow, 701
embryology of, 51
function of, 55

chondrocyte nutrition as, 55
lubrication as, 55, 267
maintenance of tissue surface as, 

55
hyaluronan in, 51, 53, 54f

function of, 55
inflammation of (See Synovitis)
in joint osteoarthritis

dog model of, 1731
rabbit model of, 1734-1735
small animal models of, 1735-

1736
in juvenile idiopathic arthritis, 1009, 

1010f
normal, 51, 54-55, 55f

cells in, 911, 912f
microarchitecture of, 56
tissue in, 911, 912f

palpable, 829-830
in psoriatic arthritis, 1198, 1199f
in rheumatoid arthritis

arachidonic acid metabolites in, 
924

B cells in, 916-919
cells of, 915-919
chemokines in, 923-924, 924t
chondrocytes in, 918-919
colony-stimulating factors in, 923
complement in, 925, 925f
components of, 914-919
dendritic cells in, 600-601, 902, 

918, 930
myeloid vs. plasmacytoid, 918

description of, 911-913, 912f
difficulties with analysis of, 914-

915, 915f
endothelial cells in, 919
fibroblast-like synoviocytes in, 911, 

912f, 916, 931, 931f
genetic influences on, 915f, 916, 

929-930
IL-1 in, 920, 920f, 930
IL-2 in, 920
IL-4 in, 920
IL-5 in, 920
IL-6 in, 921, 921f
IL-10 in, 921
IL-11 in, 921
IL-12 in, 921
IL-13 in, 920
IL-15 in, 921-922, 922f
IL-17 in, 922
IL-18 in, 922, 922f
IL-23 in, 921
IL-6 superfamily in, 921
interferon-γ in, 923
introduction to, 56, 911
macrophage migration inhibitory 

factor in, 922
macrophages in, 915-916, 931, 

931f

mast cells in, 918
natural killer cells in, 918
neutrophils in, 918
oncostatin M in, 921
other growth factors in, 923
other TNF superfamily members 

in, 919-920
soluble factors in, 919-925, 931f
T cell–derived cytokines in, 917, 

917t, 919-920, 930
T cells in, 916-918

antigen-specific, 918, 930-931
properties of, 897, 900-902

TGF-β in, 923
TNF in, 919, 921-922, 922f
Toll-like receptor ligands in, 924-

925
type I interferons in, 923

rheumatoid diseases of, 56
ankylosing spondylitis as, 1136-

1137
cell recruitment with, 54-55
complications of, 833, 833f
rituximab effect on, 568
structural aspects of, 51-54, 52f

rupture of, in rheumatic knee, 833, 
833f

structure of, 51-54
fibroblasts in, 51, 53, 53f

cadherin-11 and, 51
intimal, 52, 54
origin of, 54

intimal cells in, 51-52, 52f
type A vs. type B, 56

intimal matrix in, 51, 53, 54f
macrophages in, 51-53, 52f-53f

intimal, 52
microscopic forms of, 51

adipose, 51-52, 52f
areolar, 51, 52f
fibrous, 52, 52f

subintima in, 51
vascular net in, 51, 53-54, 54f

surface cell layer of, 53, 267
as target for immunologic disease, 56

Syphilis, interstitial keratitis vs., 1625
Syphilitic arthritis, 1065

clinical features of, 1065
description of, 1065
investigations of, 1065
management of, 1065

Syringomyelia, neuropathic arthropathy 
related to, 1808f

Systemic amyloidosis
hereditary, 1693-1694

non-neuropathic, 1694
polyneuropathy, variant 

transthyretin amyloidosis, 
1693

polyneuropathy with predominant 
cranial neuropathy, 1694

reactive, 1691, 1694, 1695f
Systemic diseases

autoimmune, 1253, 1254f
erythema nodosum associated with, 

1601, 1602b
leukocytoclastic vasculitis associated 

with, 1597-1600, 1598b
Systemic error (bias), 11, 12f

longitudinal, 223
selection, 223

Systemic features/involvement. See also 
Vasculitis

of bone loss, 170
of Cogan syndrome, 1628, 1630t

management of, 1633
of inflammatory gastrointestinal 

illnesses, 321

of nephrogenic systemic fibrosis, 
1687, 1687f

of osteoarthritis risk, 1718-1719, 
1718f

of reactive arthritis, 1117
of rheumatoid arthritis, 839-848 ( 

See also Extra-articular 
features)

of Sjögren’s syndrome, 1339-1342, 
1340t, 1341f, 1349

Systemic fibrosis. See Nephrogenic 
systemic fibrosis (NSF)

Systemic Lupus Erythematosus Disease 
Activity Index (SLEDAI), 
1302, 1303t

adult- vs. juvenile-onset scores of, 
1036, 1036t

treatment considerations of, 1307
Systemic lupus erythematosus (SLE). 

See also Lupus
antigens in, 1263t, 1264
autoantibodies in, 285-287

anticardiolipin, 309, 1262
anti-cyclic citrullinated peptide, 

1232
anti-DNA, 1237-1238, 1244, 

1261-1262, 1268
anti-ds-DNA, 1223, 1241, 1251, 

1302
anti-EBNA-1, 1225-1226
anti–endothelial cell, 1239, 1262-

1263
anti-GPIIb/IIIa, 1241
anti-intrinsic factor, 1240
anti-La, 285-287, 1231
anti-nuclear, 1223, 1225-1226, 

1241, 1251
anti-nucleic acid, 148
antiphospholipid, 1223, 1236-

1237, 1238f, 1239-1240, 
1242, 1244, 1302, 1330

antiplatelet, 1241
anti–ribosomal P, 1240
anti-Ro, 285-287, 1223, 1231, 

1243
anti-SSA/SSB, 1242

cardiac disease related to, 309
neonatal considerations of, 1038, 

1337-1338
during pregnancy, 1335, 1337

anti-TPOR, 1241
anti-U1RNP, 1223, 1243
anti-VCA, 1225-1226
assessment for disease activity, 

1302
classification based on, 1223
hnRNP1 protein A1, 1239
immunopathology of, 1263-1264, 

1263f, 1263t
juvenile-onset, 1035
murine mouse models of, 1251
NMDA receptor, 1238
targets of, 1223
tubular basement membrane,  

1236
as autoimmune disease, 1253, 1254f
cardiac features of, 309-310, 1243-

1244
coronary artery disease as, 1243, 

1243f
endocarditis as, 1243
myocarditis as, 1243
other vascular involvement as, 

1244
pericardial manifestations, 1243

cerebral vasculitis associated with, 
1620

Synovitis (Continued) Synovitis (Continued) Synovitis (Continued) Systemic features/involvement 
(Continued)
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classification of, 1223
ACR criteria for, 1223, 1224t
heterogeneity and subphenotypes 

in, 1223
clinical features of, 1229-1246

cardiac, 1243-1244
conclusions of, 1245
cutaneous, 1229-1231, 1230t
diversity of, 1229
endocrine, 1244
eye, ear, nose and throat, 1244
gallbladder, 1240
gastrointestinal, 1239-1240
general manifestations, 1229
hematologic, 1240-1241
hepatic, 1240
introduction to, 1229
musculoskeletal, 1232-1234
neuropsychiatric, 1236-1239, 

1236t
pulmonary, 1241-1242
renal, 1234-1236, 1234t
reticuloendothelial system, 1240

clinical trials on, 14t, 18
complement system in, 179-181

activation mechanisms of, 1264, 
1265f

deficiencies in, 179
atherosclerosis and, 180
clearance of immune complexes, 

1264-1266, 1265f
abnormalities of, 180

with CNS disease, 180-181
with cutaneous disease, 180
dual role of, 173
genetics of, 179, 1249, 1249f
with hematologic disturbances, 

180
immunopathology of, 1265-1268
juvenile-onset, 1035
with nephritis, 179-180
during pregnancy, 180
with pulmonary disease, 180
treatment applications of, 1268-

1269
with vasculitis, 180

complications and co-morbidities of, 
1227, 1244-1245

accelerated atherosclerosis as, 1244
cardiovascular disease as, 1227
diabetes mellitus as, 1244-1245
infections as, 1245
malignancies as, 1244
nephritis as, 1223-1224, 1226-

1227
osteoporosis as, 1245
premature gonadal failure as, 1245

cutaneous features of, 1229-1231, 
1230t

chronic lupus as, 1230, 1231f
photosensitivity as, 285-287, 

286f-287f
during pregnancy, 1335
scoring system for, 1229
skin lesions as, 285-288

acute, 1229, 1230f
LE-non-specific, 288, 1230-1231, 

1230t, 1231f
LE-specific, 1229-1230, 1230t

subacute cutaneous lupus 
erythematosus as, 1229, 
1230f

diagnostic instruments for, 
260t-261t, 1302, 1307

18F-FDG-PET imaging as, 394
disease activity/severity of, 1301-

1306

atherosclerosis and, 1305
complications assessment for, 

1303-1305
functional ability and, 1305
health status assessment and, 1305
infection and, 1305
introduction to, 1301, 1305
juvenile-onset, 1036, 1036t

outcomes and, 1036, 1038
mortality and, 1303-1305
quality of life and, 1305
risk factors for increased, 1227
SLICC/ACR damage index for, 

1303-1305, 1304t
systemic approach to assessment 

of, 1301-1303
laboratory tests in, 1302
recording methods in, 1302-

1303, 1303t
treatment considerations of, 1307

epidemiology of, 1223-1228
age and, 1223-1224
descriptive, 1223-1224
ethnicity and, 1223-1224
geography and, 1224, 1225f
outcomes in, 1226

predictors of poor, 1226-1227
risk factors in, 1224-1226
sex and, 1223

flares in, 1226-1227, 1307
disease activity and, 1301-1302
postpartum, 1301
treatment of, 1309

gastrointestinal features of, 1239-
1240

abdominal pain as, 1239
esophageal, 1239
large bowel, 1239
mesenteric vessel, 1239
pancreatitis as, 1240
peritonitis as, 1239-1240
small bowel, 1239, 1239f

genetics of, 1247-1252
BLK gene, 1250, 1251t
candidate gene association studies 

of, 1247-1248, 1248t
findings of, 1248-1250, 1249f, 

1250t
complement components in, 1249, 

1249f
conclusions of, 1251
discovery approaches to, 1247-

1248, 1248t
evidence for contribution, 1247
FcγRs and, 1267f, 1268
GWAS of, 1248, 1248t

findings of, 1250-1251, 1250t
HLA and, 1248-1249, 1249f
introduction to, 1224, 1247
IRF5 gene, 1250-1251, 1251t
ITGAM gene, 1251, 1251t
linkage studies of, 126-127, 1247, 

1248t
findings of, 1248, 1248t

MHC genes, 1248-1249, 1249f
mouse models of, 1247, 1251
non-MHC genes, 1249-1250, 

1250t
STAT4 gene, 1251, 1251t
TNF gene, 1249, 1249f
twin and family studies of, 125, 

126t
IL-15 levels in, 599
IL-17 levels in, 600
immune complexes in, 1263-1264

antibodies as, 1263-1264, 1263f, 
1263t

antigens as, 1263t, 1264
biology of handling, 1264-1268, 

1265f
complement and, 1264-1266
critical properties of, 1263-1264, 

1263t
FcγRs and

function of, 1266f, 1268
IgG binding to, 1263t, 1264
importance of, 1265f, 1268
lupus nephritis and, 1261
structure of, 1266-1268, 

1266f-1267f, 1266t-1267t
measurement of, 1264, 1264t
pathogenetic mechanisms of, 

1261-1262, 1264, 1265f
treatment considerations of, 1268-

1269
immunopathology of, 1253-1270

cardiac, 1262
central nervous system, 1262
characteristic lesions in, 1253
complement and Fcγ receptors in, 

1265-1268
activation mechanisms of, 1264-

1265, 1265f
as treatment target, 1268-1269

hematoxylin bodies in, 1253, 
1254f

immune complexes in, 1261-1268
introduction to, 1253, 1254f
Libman-Sacks endocarditis, 1253, 

1254f
lymphoid organs, 1255-1256, 

1256f
pulmonary, 1262-1263
renal, 1256-1262, 1256t (See also 

Lupus nephritis)
vascular, 1255, 1255f-1256f

introduction to, 1223-1226
juvenile idiopathic arthritis vs., 997t, 

998
laboratory tests for, 260t-261t, 1302
malignancy associations with, 1677
menopause and, 1223-1225
micronutrient abnormalities in, 436
mortality of, 1226, 1226t

bimodal pattern of, 1226
disease severity and, 1303-1305
sex-specific trends in, 1226-1227, 

1227f
musculoskeletal features of, 1232-

1234
arthritis as, 1232, 1232f
fibromyalgia as, 1232-1233
gouty arthritis as, 1233, 1233f
infections as, 1233
miscellaneous disorders as, 1233-

1234
myositis as, 1232
osteonecrosis as, 1233, 1233f
rheumatoid nodules as, 1232
tendon ruptures as, 1233

myositis associated with, 1441
neuropsychiatric features of, 1236-

1239
in central nervous system, 1236-

1237, 1237f-1238f
diagnosis of, 1236, 1238-1239
in peripheral nervous system, 1237
psychiatric manifestations as, 

1237-1238
syndrome nomenclature for, 1236, 

1236t
optic neuritis associated with, 301
osteonecrosis associated with, 1233, 

1233f, 1815, 1816b

outcomes and assessment of, 1226
in clinical trials, 14t, 18

juvenile-onset, 1036, 1036t, 
1038

for complications, 1303-1305, 
1304t

epidemiologic factors in, 1226
for health and functional status, 

1305
health and functional status 

correlation to, 1305
mortality as, 1226, 1226t
predictors of poor, 1226-1227
socioeconomic status and, 1226

overlap syndromes of, 1491
SLE/Sjögren syndrome as, 1496-

1497 (See also SLE/Sjögren 
syndrome defined by anti-
La(SS-B))

ovulation induction and, 211
pathogenesis of, complement in, 287, 

1264, 1265f, 1266
pattern recognition in, 251-255
pharmacologic therapies for, 569, 

569t, 573t, 574, 1308-1312
alkylating agents as, 1311
anakinra as, 573t, 574
antimalarial drugs as, 1308-1309, 

1309t
azathioprine as, 1310
corticosteroids as, 1037, 1309-

1310
outcomes of, 1226-1227

immunosuppressives as, 1310
outcomes of, 1227

intravenous immunoglobulin as, 
1268-1269, 1311

investigational drugs as, 1311-
1312

leflunomide as, 1311
methotrexate as, 1310-1311
mycophenolate mofetil as, 1310
NSAIDs as, 1309
organ-specific indications for, 

1312-1314
rituximab as, 569, 569t

pregnancy and, 1335-1338
breastfeeding issues, 1336t, 1337-

1338
contraception vs., 1338
counseling for, 1337
disease activity during, 213, 611, 

614t, 1335
disease damage effect during, 1335
increased disease activity during, 

1227
introduction to, 1335
labor and delivery management, 

1337
management of, 1315, 1337-1338
medications during, 1335, 1336t
monitoring recommendations for, 

1337
neonatal lupus associated with, 

1337
postpartum flares of, 1335
serologic predictors of harm, 1336-

1337
pulmonary features of, 318-319, 

1241-1242
functional abnormalities as, 1241
hemorrhage as, 1242, 1242f
miscellaneous, 1242
in pleura, 1241, 1241f
pneumonitis as, 1242, 1242f
shrinking lung syndrome as, 1242
vascular disease as, 1242

Systemic lupus erythematosus (SLE) 
(Continued)

Systemic lupus erythematosus (SLE) 
(Continued)

Systemic lupus erythematosus (SLE) 
(Continued)

Systemic lupus erythematosus (SLE) 
(Continued)
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1317-1334

assessment of, 1302, 1304t
in children, 1331
chronic renal insufficiency with, 

1331
management of, 1331, 1332t

classification of severity, 1324, 
1325f-1327f, 1325t

clinical features of, 337, 338t, 
1234-1236, 1234t, 1317

clinical presentations, 337, 338t, 
1234-1236, 1234t

co-morbid conditions with, 1330
controlled trials for, 1319-1322

unresolved issues of, 1332
cystitis as, 1236
end-stage renal disease and dialysis 

with, 1331-1332
future directions for, 1332-1333
introduction to, 1317
juvenile-onset, 1036
membranous lupus nephropathy 

with, 1327-1328
monitoring of, 1319
nephritis as, 1223-1224, 1226-

1227, 1234-1236 (See also 
Lupus nephritis)

proliferative, 1325-1327, 1327t, 
1328f, 1329b

novel therapies for, 1332-1333, 
1333t

other manifestations as, 1236
during pregnancy, 1330, 1335, 

1337
prognosis assessment for, 1319, 

1320b
remission, response, and relapse 

with, 1328-1329, 
1329t-1330t

renal biopsy for, 1317-1318, 
1318b, 1318t-1319t

renal transplantation for, 1332
treatment options for, 1322-1324, 

1323b
treatment recommendations for, 

1324
urinalysis for, 1317, 1318f, 1319

retinal vasculitis associated with, 
300-301, 301f, 1244

rheumatoid arthritis vs., 834
risk factors for, 1224-1226

alcohol consumption as, 1225
breast implants as, 1225
cigarette smoking as, 1225
cosmetics as, 1225
early life, 1225
environmental contaminants as, 

1224-1225
Epstein-Barr virus as, 1225-1226
genetics as, 1224
hormonal/reproductive, 1223-1225
immunizations as, 1226
increased disease activity related 

to, 1227
nutritional, 1225
psychological stress as, 1226-1227
ultraviolet light as, 1226

Sjögren’s syndrome associated with, 
1343, 1343b

skin lesions of, 285-288
acute, 286b, 1229, 1230f

hallmark lesions of, 285, 286f
biopsy for, 274
chronic, 285, 286b

classic discoid lesions with, 287, 
287f

subtypes of, 287, 287f
differential diagnosis of, 288
histopathologic examination for, 

287-288
key, 285
LE-non-specific, 288, 1230-1231, 

1230t, 1231f
lesion classification in, 285, 286b
LE-specific, 1229-1230, 1230t
pathogenesis of, 287
subacute, 286b

clinical features of, 285-287, 
287f

synovial fluid in, 269
in synovium, 56
treatment of, 1307-1316

for constitutional symptoms, 1312
contraception and, 1314-1315
for cutaneous manifestations,  

1313
disease activity evaluation for, 

1307
fertility and, 1314
for hematologic manifestations, 

1312-1313
introduction to, 1307
for musculoskeletal involvement, 

1313
for neuropsychiatric lupus, 1313-

1314
for organ-specific manifestations, 

1312-1314
patient education on, 1307-1308
pharmacologic therapy in, 569, 

569t, 573t, 574, 1308-1312
during pregnancy, 1315, 1337-

1338
Systemic Lupus International 

Collaborating Clinics 
(SLICC)/ACR Damage 
Index, 1303-1305, 1304t

adult- vs. juvenile-onset scores of, 
1036, 1036t, 1038

treatment considerations of, 1307
Systemic-onset juvenile idiopathic 

arthritis (SOJIA)
autologous stem cell transplantation 

for, 1023
clinical features of, 994b, 995t, 998-

1000, 999f
continuation into adulthood, 1017
differential diagnosis of, 997t, 998
disease characteristics of, 987, 988t, 

989-990, 990t
rheumatoid arthritis vs., 834

environmental etiologies of, 1012
genetics of, 991t, 1012, 1013t
IL-18 levels in, 601
management of

medical, 1017-1018, 1026, 1026f
outcome measures for, 1017
prognosis and, 1017
surgical, 1017

pharmacologic therapies for, 1017, 
1026, 1026f

anti-IL-1 agents as, 1022-1023, 
1026

anti-IL-6 agents as, 1023, 1026
anti-TNF agents as, 1026
corticosteroids as, 1017, 1019, 

1026
cyclophosphamide as, 1026
cyclosporine as, 1021
IL-1 inhibitors as, 573t, 575
indomethacin as, 1017-1018
intravenous immunoglobulin as, 

1023, 1026

methotrexate as, 1019-1020, 1026
NSAIDs as, 1026

radiography of, 996f
Systemic-onset juvenile rheumatoid 

arthritis (SOJRA), skin 
lesions of, 294

diagnostic challenges of, 294
differential diagnosis of, 294
histology of, 294
key, 294, 294f
pathogenesis of, 294

Systemic sclerosis sine scleroderma, 
289-290, 317, 1383-1384, 
1409

Systemic sclerosis (SSc)
animal models, 1392-1393
autoantibodies in, 1399
biomarkers for, 290-291, 1370
cardiac involvement in, 1380-1382, 

1391-1392
cellular immunity in, 1399
cellular plasticity in, 1395
chemokines in, 1397
in children, 1042
classification of, 1364-1366, 1375

ACR criteria for, 1364-1365, 
1365b

autoantibody profile in, 1365-
1366, 1365t

human leukocyte antigen 
associations of, 1364, 1366

limited vs. diffuse, 1361, 1362b, 
1364-1365

cutaneous, 311-312
localized vs., 1361, 1364, 1365t 

(See also Scleroderma)
clinical trials on, 18
coagulation in, 1402
cutaneous features of, 1375-1376
dendritic cells in, 1399
disease activity in, 1367, 1368t

assessment of, 1367-1368
instrument properties for, 1367-

1368, 1368t
introduction to, 1367, 1370

drugs and, 1389
dyspnea in, 1413
endothelial cell apoptosis in, 1400
endothelial-mesenchymal 

transformation in, 1402
endothelin-1 in, 1401
environmental exposures and, 1389
epidemiology of, 1361-1364

age at onset, 1362-1363, 1362f
gender differences in, 1363

age at onset and, 1362-1363
incidence vs. prevalence in, 1361-

1362, 1362b, 1362t
racial and ethnic factors in, 1363
time differences in, 1361, 1362t

esophageal involvement in, 1377-
1378

etiology of, 1387-1389
familial, 1364
fibrosis in, 1393-1397
gastrointestinal involvement in, 

1376-1379, 1390
gene expression in, 1387-1388, 1388f
genetic factors in, 1387-1388
genetic susceptibility of, 1362-1364
hepatic involvement in, 1379
historical background of, 1373
humoral immunity in, 1399-1400
IL-17 levels in, 600
infectious agents and, 1388-1389
inflammation in, 1398-1400

integrin signaling in, 1397
interstitial lung disease with, 1363

description of, 317
measurement of, 317, 1369
treatment of, 317

intestinal involvement in, 1378- 
1379

intimal hyperplasia in, 1401
lung disease in, 1379-1380, 1390

concurrent with vascular disease, 
1424

spectrum of, 1413
malignancy and, 1384
management of, 1403-1412

clinical trials in, 1404
conclusions of, 1411
DMARDs in, 1403-1407

antifibrotic strategies for, 1406-
1407, 1406t

immunomodulatory strategies 
for, 1404-1406, 1405t

introduction to, 1403
multidisciplinary approach to, 

1407
organ-based assessment and, 1407-

1411
principles of, 1403-1404, 1404f

microvascular changes in, 1374-1375
musculoskeletal involvement in, 

1383
myocardial involvement in, 1381-

1382
myositis associated with, 1439, 1441
nephrogenic systemic fibrosis vs., 

340
organ-based management of, 1407-

1411
cardiac disease and, 311-312, 

1410, 1411t
gastrointestinal complications and, 

1409-1410, 1410t
macrovascular disease and, 1409
musculoskeletal complications and, 

1408-1409
overview of
Raynaud’s phenomenon and, 

1407-1408, 1408t
renal scleroderma and, 1410-1411, 

1411f
skin disease and, 311-312, 1409

oropharyngeal involvement in, 1377
outcome measures in, 18

gastrointestinal disease and, 1369
health-related quality of life and, 

1370
instrument properties for, 1367-

1368, 1368t
introduction to, 1367-1368, 1368t, 

1370
lung disease and, 1369

dyspnea indices in, 1369
6-minute walk test of, 316-317, 

1369
physical function and, 1370
skin disease and, 1368-1369
vascular disease and, 1369-1370

overlap syndromes of, 1491
pathogenesis of, 1393-1402
pathologic findings in, organ-specific, 

1390-1392
pathology of, 1389-1390
pattern recognition in, 255-256
platelet activation in, 1402
prognosis of, 1363, 1365
progressive

heart disease with, 311-312
pulmonary disease with, 311
renal features of, 338t, 339-340

Systemic lupus erythematosus (SLE) 
(Continued)

Systemic lupus erythematosus (SLE) 
(Continued)

Systemic-onset juvenile idiopathic 
arthritis (SOJIA) 
(Continued)

Systemic sclerosis (SSc) (Continued)
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Sjögren’s syndrome associated 
with, 1343, 1343b

psychological health in, 1383
pulmonary hypertension in, 1419-

1424
radiation and, 1389
Raynaud’s phenomenon associated 

with, 1373-1375, 1374f, 
1427-1431, 1428b, 
1429f-1430f

description of, 290, 290f
management of, 1407-1408, 1408t

renal involvement in, 1382-1383, 
1390-1391

serology of, 1384
sexual function in, 1383
skin lesions of, 289-291

description of, 289, 1433
differential diagnosis of, 289, 291
diffuse vs. limited, 311-312
digital pits as, 290, 290f
heterogenous cutaneous thickening 

as, 289-290
histology of, 290-291
hyperpigmentation as, 290, 291f
key, 289
Raynaud’s phenomenon as, 290, 

290f
sclerodactyly as, 290, 290f
telangiectasias as, 290, 290f

skin pathology in, 1390
stomach involvement in, 1378
survival rates for, 1363, 1364f, 1365
systemic features of, 1376-1383
thallium defects in, 1382
tissue fibrosis in, 1389-1390
Toll-like receptors in, 1400
ulnar artery vaso-occlusive disease in, 

1373-1374
vascular pathology in, 1389, 1400-

1402
vascular spasm in, 1401
vascular system in, 1373-1375
Wnt signaling in, 1397

Systemic vasculitis. See also 
Microscopic polyangiitis 
(MPA); Polyarteritis nodosa 
(PAN)

cerebral vasculitis associated with, 
1620

classification of, 1523-1525, 1524f, 
1524t

differential diagnosis of, 1529
introduction to, 1523, 1523b
pattern recognition in, 253
in rheumatoid arthritis, 839, 846, 

847f
scleritis associated with, 299

System Lupus Activity Measure 
(SLAM), 1302-1303

Systems biology, 130

T

Tabes dorsalis, neuropathic arthropathy 
related to, 1807, 
1809f-1810f

Tabulation data, in clinical research, 
224

TACI, as TNF receptor, 96, 97t-98t
Tacrolimus

for Behçet’s syndrome, 1579t, 1580
drug interactions with, 531, 531t
efficacy of, 535
for interstitial lung disease, 319
for lupus nephritis, 1324

controlled studies of, 1321-1322
mechanism of action, 529, 530t

for myositis, 1474f, 1475
pharmacokinetics of, 530t
renal complications of, 341-342
for rheumatoid arthritis, synovitis 

indications and strategies 
for, 950f, 953

toxicity of, 535
Tai chi, 444
Takayasu’s arteritis (TA), 1567-1574

classification of, 1524t
clinical features of, 1567

common symptoms and signs, 
1567, 1568t

vessel involvement patterns, 308, 
1567, 1568t, 1570

diagnosis of, 1567-1569
differential diagnosis of, 1571
disease activity assessment of, 1569-

1570
epidemiology of, 1418-1419, 1567
glucocorticoids efficacy in, 499-500
heart disease with, 308, 1567, 1569f, 

1572-1573
history of, 1567
immunopathogenesis of, 1520
investigations of, 1567-1571

18F-FDG-PET imaging for, 393-
394, 394f

laboratory studies, 1569-1570
radiographic studies, 393-394, 

1569-1571
management of, 1571

biologic therapies in, 1572
for co-morbid features, 1572
general principles of, 1571
immunosuppressives in, 308, 

1571-1572
non-medical interventions in, 1572
TNF inhibitors in, 587, 1572

outcomes of, 1572-1573
pathology of, 1571
pregnancy and, 1573
summary of, 1567

Talipes equinovarus (clubfoot), 979- 
980

Talocalcanean joint. See Subtalar joint
Talofibular ligament tear, 756f
Talonavicular joint

osteoarthritis in, 1729
rheumatoid arthritis in, 833

Talus
in ankle joint, 749, 750f, 752f
avascular necrosis of, 755f
osteochondral defect of, 755f

Tamatinib fosdium (R788), 597
Tamm-Horsfall proteins, 330, 332-333
Tamoxifen, 215, 1333t
Tapeworms, arthritis related to, 1076t, 

1077
TAP genes, Wegener granulomatosis 

and, 1554
Tardy ulnar palsy, 785
Target disease

in genetic studies, 125-126
in gene transfer, 166-167, 166t
in pharmacogenetics, 209

Target joints, in hemophilia, 1914, 
1916-1917

management of, 1918-1919
Tarsal tunnel syndrome, 793

anatomy of, 793, 794f
clinical presentation of, 793
description of, 793
diagnosis of, 793
etiology of, 793
rheumatoid arthritis and, 833
Tinel’s sign in, 756
treatment of, 793

Tarsitis, ankylosing, juvenile-onset, 
1032, 1033f

Tarsometatarsal (TMT) joints
anatomy of, 749, 752f
arthrodesis of, 759
in midfoot pain, 756
neuropathic arthropathy of, 1808, 

1809t
Tartrate-resistant acid phosphatase 

(TRACP), 1966
Tax gene, 1345
“Taylorwise” posture, 2003f
TB. See Tuberculosis (TB)
T-bet transcription factor, in drug 

response, 206, 206t
T-cell clones, in immunologic 

tolerance, 553
T-cell co-stimulation, 557-562

abatacept modulation of, 557, 559f 
(See also Abatacept (CTLA4-
Ig))

B-cell presentations with, 563-564
conclusions of, 562
in enthesopathies, 1215
introduction to, 557
T-cell activation and

in adaptive immunity, 138-139, 
146

CD28 pathway for, 138-139, 557, 
558f-559f

CD154 pathway for, 138-139
GWAS analysis of, 130
inflammatory process in, 557
other molecules involved with, 

557-560
signaling mechanisms required for, 

557, 558f-559f
modulation of, 557, 559f

thalidomide derivatives for, 543
T-cell lymphoma

angioimmunoblastic, 1679
subcutaneous panniculitis–like, 1603, 

1606
T-cell receptor α-β T lymphocytes, 

552-553
T-cell receptors (TCRs/TcRs)

in adaptive immunity, 134
activation role, 138-139
developmental role, 138, 138f
generation of diversity of, 134-135
recognition of peptide and lipid 

antigens, 136
schematic structure of, 134, 134f

as immunotherapy target, 552-553
in myositis, 1464-1466
in rheumatoid arthritis, 551, 900

autoimmune transgenic mice 
model of, 898, 898t, 901

class II MHC molecules 
interaction with, 870, 872f

in signal transduction, 121, 121f
T-cell receptor vaccination, 552-553
T cells/lymphocytes. See also CD 

entries
in adaptive immunity, 133-139, 141, 

142t
activation of, 138-139, 146, 

146f-147f
B-cell activation role, 136
cytotoxic, 133, 139
development of, 133, 138, 138f
function of, 139
helper, 139, 146
processing of antigens for 

presentation to, 136-138, 
137f

recognition of peptide and lipid 
antigens by, 136

regulatory, 139

in adjuvant-induced arthritis, 879-
880, 880f, 881t

antigen-presenting cells for, 136, 146
in arthritogenic autoimmune 

response, 893-894, 894f
autoimmune disease initiation role, 

215
in axial spondyloarthritis, 1135-1136
bone loss triggered by, 169-170, 170f
in cell-mediated immunity, 557
in Cogan syndrome, 1627, 1627b
in giant cell arteritis, 1519f, 1520
glucocorticoids impact on, 497, 498f
in gut spondyloarthritis, 1136

gut/joint axis and, 1136-1137
HPA axis influence on

development, 211-214
function, 212-214

HPG axis influence on, in chronic 
inflammatory diseases, 215-
216

hyperreactive, in antigen-induced 
arthritis, 882

in inflammatory myopathies, 277
in juvenile idiopathic arthritis, 1009, 

1010f
in juvenile-onset systemic lupus 

erythematosus, 1035
in Kawasaki disease, 1518
in lupus, 1291-1293, 1291f
mesenchymal stem cells inhibition 

of, 166
in myositis, 1461-1465, 1462b, 

1463f
in peripheral spondyloarthritis, 1136-

1137
HLA-B27 and, 1137-1138

in reactive arthritis, 1106
molecular mimicry and, 1104

receptors for (See T-cell receptors 
(TCRs/TcRs))

regulatory (See Regulatory T cells 
(Tregs))

in rheumatoid arthritis, 551
antigen-dependent effects of, 897-

899, 898t, 899f
antigen-independent effects of, 

897, 900
autoantibodies and, 893, 894f
collagen-specific, 897, 899
cytokine production driven by, 

901-902
dependence of, 930-931
hsp-specific, 898-899
infection and, 899
molecular mimicry at level of, 900, 

900f
proteoglycan-specific, 897-898
regulatory, 898-899, 902, 902t
surface phenotype of, 900-901, 

901f
surface phenotype studies of, 900-

901, 901f
synovial, 916-918

antigen-specific, 918, 930-931
properties of, 897, 900-902

TCR gene studies of, 898, 898t, 
900-901

in rheumatoid factor response, 887, 
888f

as scleroderma biomarker, 1370
in Sjögren’s syndrome, 1344, 1346-

1348, 1348f
in synovium (See Synovial T cells)
in Takayasu’s arteritis, 1571
in temporal artery infiltrates, 276
as therapy target (See T-cell targeted 

immunotherapies)

Systemic sclerosis (SSc) (Continued) Tacrolimus (Continued) T cells/lymphocytes (Continued)
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in Wegener granulomatosis, 1516-
1517, 1554, 1555f

T-cell targeted immunotherapies, 551-
553. See also Abatacept 
(CTLA4-Ig)

clinical trial ethics of, 229b, 230
for interstitial lung disease, 319
for lupus nephritis, 1332-1333, 

1333t
semi-specific T-cell 

immunomodulation as, 552-
553

CD28 superagonists, 553
MHC and MHC-peptide vaccines, 

553
non-depleting mAbs, 552
oral tolerance and, 553
T-cell receptor vaccination, 552-

553
T-cell vaccination, 552

summary of, 551, 553, 608-609
T-cell depletion as, 551-552

T-cell vaccination, 552
TCR. See T-cell receptors (TCRs/

TcRs)
TCRBV gene, 901
TCR complex, 134
TCR gene, 898, 898t, 900-901
Tear film break-up time, in Sjögren’s 

syndrome, 1343
Tear replacement therapy, for 

keratoconjunctivitis sicca, 
303

Tears
of knee meniscus, 741-742, 744-745, 

745f
osteoarthritis and, 1720, 1724t, 

1725, 1729
of labrum (See Labral tears)
of ligaments (See specific ligament, 

e.g., Anterior cruciate 
ligament (ACL) tears)

of rotator cuff (See Rotator cuff 
tears)

of tendons (See Tendon ruptures)
Technetium-99m (99mTc)-

diphosphonate, in bone 
scintigraphy, 391-392

dosimetry for, 396
other tracers vs., 391-392

Technetium-99m (99mTc)-
hydroxymethylene 
diphosphonate (HMDP) 
bone scintigraphy, 391

Technetium-99m (99mTc)-methylene 
diphosphonate (MDP), in 
bone scintigraphy, 391, 
2034

of osteoarthritis, 1776
Technetium-99m tracers, in bone 

scintigraphy, 391-392
cost of, 396
for septic arthritis, 1060-1061

Teens. See Adolescents/adolescence
Teeth, TMJ movements related to, 763

intraoral examination of, 765
Telangiectasias

with dermatomyositis, 1441-1442, 
1443f

nail fold, 288-289, 289f
with systemic sclerosis, 290, 290f

management of, 1409
Telemedicine, 431
Telomere erosion inhibitors, in gene 

transfer, 166t
N-Telopeptide (NTx), in Paget’s 

disease, 2023-2026
Temporal arteritis, 386f

Temporal artery, biopsy of, 275-276, 
276f

Temporal bone, Cogan syndrome 
involvement of, 1625-1626

Temporalis muscle, in TMJ, 763
palpation of, 765, 765f

Temporal summation, increased, in 
fibromyalgia, 773-774, 774f

Temporomandibular joint (TMJ), 763-
768

in children, examination of, 978
computed tomography of, 362-363
description of, 763
disease/disorders of

classification of, 763, 764f
inflammatory vs. non-

inflammatory, 763
specific, 763

functional anatomy of, 763-765
in closed position (sagittal section), 

763, 764f
load bearing and, 763
meniscus in, 763

displacement of, 763, 764f
movement mechanisms in (coronal 

section), 763, 764f
in open position, 763, 764f

internal derangement of, 763, 764f
juvenile idiopathic arthritis 

involvement of, 1000
deformities with, surgical 

treatment of, 1025
growth disturbances with, 1002, 

1003f
osteoarthritis in, 1729
physical examination of, 244, 244f, 

763-765
in children, 978
extraoral, 763, 764f
general, 763
intraoral, 765, 765f
muscles, 763-765, 764f-765f

rheumatoid disease of, perioperative 
management of, 640

Temporomandibular pain
classification of disorders associated 

with, 763
clinical features of, 763, 765-766
differential diagnosis of, 766-767
epidemiology of, 765
investigations of, 766
management of, 767-768
myofascial, 763, 765-768 (See also 

Myofascial pain disorder 
(MPD))

syndrome of, 769-770, 770f
TEMPO trial, on etanercept, 582-583, 

583t
Tenascin, 906, 907t

in tendinopathy, 86t
Tenderness, 771

in children, 977
examination of, 243, 243t
with fibromyalgia, 773, 778-779
in hip, 722, 727-728
with juvenile idiopathic arthritis, 

993, 1001
in knee, 733
in neck, 649
with osteoarthritis, 1725
with rheumatoid arthritis, 829, 830f

joint count of, 836
in shoulder, 686
in temporomandibular joint, 763

Tender points, in fibromyalgia, 769, 
771, 773, 778-779

Tendinitis/tendonitis
Achilles, 819
bicipital, 686, 689t, 692-693

in calcium pyrophosphate crystal-
associated arthropathy, 1879

with chronic kidney disease, 1685-
1686

in dialysis patients, 344
of hip, adductor, 728
knee extensor, in children, 984
patellar, 817
posterior tibialis tendon, 833
rotator cuff, 686, 689t, 690-691
of shoulder

calcific, 689t, 696-697, 697f
instability related to, 697

Tendinopathy
aggrecan in, 86t
caspases in, 87t
collagen in, 84, 86t
corticosteroids for, 88
cyclooxygenase-2 in, 87t
cytokines in, 87t
in elbow, 811-812
etiology of, 84
exercise for, 88
extracelluar matrix changes in, 

84-86, 86t
fibromodulin in, 86t
fibronectin in, 86t
glutamate in, 87t
glycosaminoglycans in, 84, 86t
histopathologic findings in, 84-87, 

85f
inflammation in, 87
interleukins in, 87t
matrix metalloproteinases in, 87t
mobilization therapies for, 88
neuropeptides in, 87
NSAIDs for, 88
pain in, 87
PDGFR in, 87t
PGE2, in, 87t
protease inhibitors in, 87t
proteases in, 87t
proteoglycans in, 84, 85f
in shoulder, 811-812
signaling molecules in, 87t
sites commonly affected by, 84
substance P in, 87t
tenascin in, 86t
tendinosis vs., 755
transforming growth factor-β in, 87t
treatment of, 87-88
on ultrasound, 383-384
vascular endothelial growth factor in, 

87t
versican in, 86t

Tendinosis
bicipital, e71f, 623
tendinopathy vs., 755

Tendon ruptures
bicipital, 693
with corticosteroid injections, 619
of rotator cuff, 689t, 691-692
with systemic lupus erythematosus, 

1233
of wrist extensors, with rheumatoid 

arthritis, 831, 832f
Tendon(s). See also named tendon, e.g., 

Achilles tendon
acute injuries of, 83
arthritis involvement of, 254
biomechanics of, 1212-1213
chronic pathology in, 83-84
destruction of, in rheumatoid 

arthritis, 925, 927
general considerations with, 83
immobilization impact on, 45
inflammation at insertion sites (See 

Enthesopathy(ies))

of knee, 732
mechanical stress response in, 45-46

connexins and, 47
in peripheral spondyloarthritis, 1136 

(See also Enthesitis-related 
arthritis)

of shoulder
scapulothoracic joint, 685-686
stabilizers, 685

of wrist and hand
in carpal tunnel syndrome 

treatment, 790, 791f
extensor, 713f
finger insertions, 712f
flexor, 712f
nodules of, 711

Tendon sheaths
of posterior tibialis, injections within, 

626, 626f
psoriatic arthritis in, 1189
sarcoidosis in, 1663, 1663f
of wrist and hand

extensor, 713f
finger insertions, 712f
flexor, 712f
injections within, e69f, 620-622, 

621f
Tennis elbow, 622, 622f
Tenocytes, 45, 85f
Tenosynovitis

in calcium pyrophosphate crystal-
associated arthropathy, 1879

of fingers, 1154, 1154f
digital flexors and, e69f, 620-621, 

621f
in juvenile idiopathic arthritis, 1012
of knee, 1154
nerve compression related to, 783
pattern recognition in, 255
of posterior tibialis, 626, 626f
in psoriatic arthritis, 1180-1181
in rheumatoid arthritis

of cervical spine, 832
of finger flexors, 829-830
of wrist extensors, 831, 832f

stenosing
digital, 715, 829-830
wrist and hand, 713-714

in systemic lupus erythematosus, 
1232

of wrist and hand, 713-714
between first and second dorsal 

extensor compartments, 
714-715

first dorsal compartment, 714, 
715f

primary vs. secondary, 714
stenosing, 713-714

Tenovaginosis, de Quervain, 69f-70f, 
621, 621f

Tensile loading, 40f, 42f
strain-stress response in, of ligament, 

43f
Tension headaches, with myofascial 

pain disorder, 766, 766b
Teratogenicity. See Pregnancy
Terbinafine, drug-induced lupus and, 

1297-1298, 1297t
Teres major muscle, 685, 810f
Teres minor muscle, 810f
Teriparatide, for osteoporosis, 1984

glucocorticoid-induced, 500
in renal osteodystrophy, 2017-2018

Testosterone
chronic inflammatory diseases and, 

215
conversion in peripheral cells, 213f, 

215

T cells/lymphocytes (Continued) Tendinitis/tendonitis (Continued) Tendon(s) (Continued)
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influence on immune system, 215
rheumatoid arthritis and, 826
systemic lupus erythematosus risk 

related to, 1224
Tetanus vaccine, systemic lupus 

erythematosus risk related 
to, 1226

Tetracyclines
anti-inflammatory properties of, 544
chondroprotective properties of, 545
derivatives of

dose-related toxicities of, 548
properties of, 544-545

drug interactions with, 545
immunomodulatory properties of, 

545
introduction to, 539, 544
monitoring of, 548
for mycobacterial infections, 1071
for osteoarthritis, 548

efficacy data on, 548
toxicity data on, 548

outdates, Fanconi syndrome and, 
2000b

pharmacology of, 545
for rheumatoid arthritis, 545-548

efficacy data on, 545-546, 
545t-547t

long-term data on, 546-547
toxicity data on, 547-548, 547t, 

548f
Tetranectin, 1766
Tetrodotoxin (TTX), sensory 

transduction and, 201, 201b
neuropathic pain mechanisms, 202

TGF-β. See Transforming growth 
factor-β (TGF-β)

TGN1412 superagonist, 229b, 230, 
553

TGRBR genes, 2048
Thalamocortical system, pain response 

generated in, 199, 200f-201f
lateral vs. medial, 202

Thalidomide
adverse effects of, 543-544, 544t
for amyloidosis, 1697
angiogenesis inhibition with, 908, 

908t
for ankylosing spondylitis, 1166
for Behçet’s syndrome, 1579t, 1580
clinical applications of, 543, 543t
for cutaneous lupus erythematosus, 

1313
derivatives of, 543
immunologic properties of, 542-543, 

543t
introduction to, 539, 542
for juvenile idiopathic arthritis, 

1018t, 1021, 1026, 1026f
pharmacology of, 542
for sarcoidosis, 1669
STEPS protocol for, 1313
structure of, 542, 543f

Thallium defects, in systemic sclerosis, 
1382

T-helper cell-mediated B-cell expansion
antibiotic inhibition of, 541, 544
vitamin D and, 217

T-helper cells. See also T-helper entries
in adaptive immunity, 133
in fibromyalgia, 775-776
in reactive arthritis, 1106-1107

T-helper type 1 (Th1) cells
in adult-onset Still’s disease, 856
in animal models of arthritis, 879
in Behçet’s syndrome, 1579
in cell-mediated immunity, 102, 139
in gut spondyloarthritis, 1136

in innate immunity, 146, 147f
in juvenile idiopathic arthritis, 1009
in rheumatoid arthritis, 213-214, 

901-902
skin lesions and, 292-293

in sarcoidosis, 1667, 1669
in Takayasu’s arteritis, 1571-1572

T-helper type 2 (Th2) cells
in cell-mediated immunity, 102, 139

phenotype of, 213-214
in innate immunity, 146, 147f
in juvenile idiopathic arthritis, 1009
in rheumatoid arthritis, 901-902

T-helper type 17 (Th17) cells
in animal models of arthritis, 879

flares and, 882
susceptibility and destruction 

related to, 884, 885t
in ankylosing spondylitis, 1142

gut/joint axis and, 1137
in cell-mediated immunity, 102, 139
in innate immunity, 146, 147f
in juvenile idiopathic arthritis, 1009-

1010
in rheumatoid arthritis, 213-214, 

901-902
in Sjögren’s syndrome, 1348

Thenar muscles, in carpal tunnel 
syndrome, 789t, 790

strength testing of, 789, 790f
Therapeutic manipulation, 450t, 457t

cervical, for neck pain, 654
for fibromyalgia, 780, 780b
for lumbar spine pain, 679
for myofascial pain disorder, 767

Therapeutic massage. See Massage 
therapy

Therapeutic misconception, 230
Therapeutic touch, 450t
Thermal noxious stimuli, nociception 

and, 200, 200f
transduction of, 200-201

Thermography
for complex regional pain syndrome, 

800, 801f
for Raynaud’s phenomenon, 1430

Thermotherapy
for juvenile idiopathic arthritis, 1049
for lumbar spine disorders, 678
for pain control, 442, 447t, 449
for rheumatoid arthritis, 968

Thiazide diuretics, hyperuricemia and, 
1860

Thigh
acute injury of, 813
chronic injury to, 813-814
circumference discrepancy of, in 

juvenile idiopathic arthritis, 
1046

meralgia paresthetica of, 792-793
in sports medicine, 812-814

Thigh pain, lumbar pain related to, 
677, 677f

anterior, 677, 677f
posterior or lateral, 677

Thiopurine methyltransferase (TPMT)
in azathioprine pharmacokinetics, 

530, 532, 1310
in drug response, 208
for Wegener granulomatosis, 1555

Thomas test, 723, 723f, 976t
Thoracic outlet syndrome (TOS), 783-

785
anatomy of, 783, 784f
clinical presentation of, 783
description of, 783
diagnosis of, 783-784, 784f-785f
differential diagnosis of, 784-785

etiology of, 783
shoulder assessment for, 686-687, 

689t
treatment of, 785

Thoracic spine
ankylosing spondylitis of, 1174, 

1174f-1175f
surgical interventions for, 1174, 

1175f
biomechanics of, 31
kyphosis of, 31
in skeletal dysplasia, 2057-2058

Thoracic sympathectomy/
sympathicotomy, for 
Raynaud’s phenomenon, 
1407-1408, 1432

Thorax, entrapment neuropathies in, 
783, 784f

3D fast spin-echo (3D FSE) imaging, in 
MRI, 371, 372f

3D gradient-echo (3D-GRE) imaging, in 
MRI, 369, 370f

3D spoiled gradient-recalled echo 
(3D-SPGR) imaging, in 
MRI, 369

high-field, 372, 372f
Threonine proteinases, in tissue 

destruction, 154f
Throat soreness, in adult-onset Still’s 

disease, 851t, 853
Throat swabs, for panniculitis, 1605
Thrombin

angiogenesis mediation by, 906,  
907t

in hemophilia, 1915
Thrombocytopenia

in antiphospholipid syndrome, 1354
diagnostic applications of, 260
in juvenile idiopathic arthritis, 993
from parenteral gold, 505
in systemic lupus erythematosus, 

1241
assessment of, 1302
complement system and, 180
early, 1241
neonatal, 1337-1338
during pregnancy, 1335, 1337
refractory, 1241
treatment of, 1313

Thrombocytosis, 260, 839
Thromboembolism. See Venous 

thromboembolism
Thrombomodulin, 1511-1513
Thrombophlebitis, superficial, 1577-

1578, 1577f
Thromboprophylaxis, in 

antiphospholipid syndrome, 
1355-1356

Thrombosis
in Behçet’s syndrome

deep venous, 1579, 1579f
management of, 1579t, 1580

pulmonary, 1578
superficial, 1577-1578, 1577f

cerebral, 1262
coronary artery

perioperative prevention of, 634
in systemic lupus erythematosus, 

309-310, 1243
hepatic, 1240
intra-aortic, 1244
mesenteric, 1239
microangiopathic, 1255, 1256f
during pregnancy, antiphospholipid 

antibody syndrome and, 
1336-1337

prophylaxis for, 1336-1337

renal, 1236, 1330
retinal microvascular, 1244

Thrombospondin-1
angiogenesis mediation by, 906, 907t

inhibition of, 908, 908t
in bone matrix, 71-72
in T-cell co-stimulation, 557-560
in tissue destruction, 156, 158f

Thrombospondin-2, 71-72
Thrombospondin-5. See Cartilage 

oligomeric matrix protein 
(COMP)

Thrombotic diathesis, in lupus 
nephritis, 329, 1330

Thrombotic microangiopathic 
hemolytic anemia (TMHA), 
1330

Thrombotic thrombocytopenic purpura 
(TTP), in systemic lupus 
erythematosus, 1241, 1262

nephropathy related to, 1330
treatment of, 1312-1313

Thromboxane A2, in inflammation, 
192-193

Throwing, phases of, 806f
Throwing injuries, 686
Thumbs

deformities of, 711, 714f, 831
in median nerve compression 

syndromes, 786, 787f
rheumatoid arthritis in, 831, 832f
trigger, 715

injection for, 621f
Thymine, 105, 1845f
Thymoxamine, 1431, 1431t
Thymus

autoantigen recognition role, 898-
899, 899f, 902t

in central tolerance, 139
estrogens influence on, 215
HPA axis influence on, 211-212
T-cell development in, 136, 138-139, 

138f
Thyroid acropachy, 1910
Thyroid deficiency, 1909
Thyroid disorders

autoimmune, in Sjögren’s syndrome, 
1342

capsulitis associated with, 694
digital clubbing associated with, 

1701, 1702f
musculoskeletal features of, in 

children, 976t
with myositis, 1446
neck pain referred with, 646t
rheumatologic manifestations of, 

1909-1910
sarcoidosis and, 1664
with systemic lupus erythematosus, 

1244
Thyroid stimulating hormone (TSH), 

212f, 1342
in fibromyalgia, 779

Thyrotropin-releasing hormone (TRH), 
212f

Thyroxine (T4), 212f
Tibia

in ankle anatomy, 750f
Tibial epiphysis, in femoral stapling, 

1024
Tibialis anterior tendon, 750f-751f
Tibial nerve, posterior, in tarsal tunnel 

syndrome, 793, 794f
Tibial plateau

avulsion fracture of, 742, 742f
in knee osteoarthritis, imaging of

lateral, 1788-1789, 1789f
medial, 1788, 1788f-1789f

Testosterone (Continued) T-helper type 1 (Th1) cells (Continued) Thoracic outlet syndrome (TOS) 
(Continued)

Thrombosis (Continued)
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proximal, in knee anatomy, 729, 
730f

Tibial spine, fracture of, 739, 739f
Tibial spur, 754f
Tibial tuberosity, proximal fractures of, 

739
Tibia vara, 1765, 1765f
Tibiofemoral joint

osteoarthritis in, 1726, 1728, 1728f
imaging of, 1788

joint space measurements with, 
1788, 1788f-1789f

radiographic prevalence of, 1712
radiography of, semiflexed position 

for, 1770, 1772f
Tibiofemoral motion, 732
Tibiotalar joint, e71f, 624, 833
Tick vector, of Lyme disease, 1079

habitats of, 1079-1080
incidence pattern related to,  

1079
preventive measures for, 1084

Tight Control for Rheumatoid Arthritis 
(TICORA) study, of 
DMARDs, 537, 951

TIGIRR receptor, of IL-1 family, 92f, 
94

Timed Chair Stand Test, 1780f, 1783
Timed Up and Go (TUG) test, 1780f, 

1783
Time trends, in disease occurrence,  

7-8
Tinel’s sign, 716, 756

in carpal tunnel syndrome, 789, 
789t, 790f

in cubital tunnel syndrome, 785
in median nerve compression 

syndromes, 787
in tarsal tunnel syndrome, 793

Tissue biomechanics, 39-44
Tissue destruction/repair, 153-162

cartilage breakdown in
model systems of, 157-160, 158f, 

160f
physiology of, 153

complement system role, 179
connective tissue matrix repair for, 

161
models of, 161-162

extracellular proteolysis–neutral 
proteinases in, 153-156

ADAM and ADAMTS families as, 
156, 158f

matrix metalloproteinases as, 153-
156, 155f-157f

miscellaneous, 154f-155f, 155-158
protein targets of, 153, 154f

intracellular pathways–acid 
proteinases in, 156-157, 
159f

introduction to, 153
metalloproteinase transgenic KO 

mice models of, 160-161
osteoclastic bone resorption in, 153, 

157, 159f
prevention of

inhibition of proteinases for, 161
therapeutic intervention points for, 

159-160, 160f
proteolytic pathways of breakdown, 

153, 154f
Tissue engineering, 163-168

animal models of, 885-886
autologous chondrocyte implantation 

as, 163
classical triad and functional 

components of, 163, 164f
introduction to, 163, 164f

mesenchymal stem cells in, 163-166 
(See also Mesenchymal stem 
cells)

scaffold function in, 163
Tissue factor

antiphospholipid syndrome and, 
1357

endothelial inflammation and, 1511-
1513

Tissue inhibitors of metalloproteinases 
(TIMPs)

in angiogenesis, 906-908
in connective tissue destruction, 156-

159, 157f-158f
HPG axis influence on, 215
in rheumatoid arthritis, 927, 931
in tissue matrix repair, 161
in transgenic KO mice model, of 

osteoarthritis, 160-161
Tissue mechanical adaptation, 45
Tissue metalloproteinases (TIMPs), in 

psoriatic arthritis, 1200
Tissue regeneration

bone (See Bone repair/regeneration)
complement system role, 179

Tizanidine, 779b, 780
T-lineage progenitor cells, 138, 138f
TLR ligands, in lupus, 1286-1287
Tlr proteins, in gout, 1850b, 1851
TMJ. See Temporomandibular joint 

(TMJ)
TNF. See Tumor necrosis factor (TNF) 

entries
TNF308A gene, 1038, 1459
TNFAIP3 gene

genome-wide association studies of, 
129-130, 129f-130f

in rheumatoid arthritis, 875-876
in systemic lupus erythematosus, 

1250
TNF receptor-associated death domain 

(TRADD) adapter protein, 
95, 96f

TNF receptor-associated factors 
(TRAFs), 95, 96f

TNF receptor-associated periodic 
syndrome (TRAPS), 93, 96f, 
1638t

clinical features of, 1644-1645
diagnosis of, 1646-1647
history of, 1643
laboratory findings in, 1644-1645
molecular genetics of, 1645-1646
pathophysiology of, 1646f
systemic amyloidosis in, 1644-1645
treatment of, 1647

TNFRSF1B gene, 1250t
TNFRSF14 gene, 876
TNFSF14, in rheumatoid synovium, 

919
TNFSF4 gene, 1250t
Tobacco smoke. See Cigarette smoking
Tocilizumab

for adult-onset Still’s disease, 856
angiogenesis inhibition by, 908,  

908t
for juvenile idiopathic arthritis, 

1018t, 1020t-1021t, 1023
for psoriatic arthritis, 1208
for Takayasu’s arteritis, 1572

Toe
clubbing of, 1702, 1703f (See also 

Hypertrophic 
osteoarthropathy (HOA))

imaging of, for 
spondyloarthropathies, 
1152, 1152f

osteoarthritis in, 1729, 1729f

sausage-like (See Dactylitis)
turf, 818-819, 819f

Tolerance, central vs. peripheral, in 
adaptive immunity, 139-140

Toll/IL-1R homologous (TIR) domain/
region, 91, 92f

in innate immunity, 141, 147, 149f
Toll-like receptors (TLRs)

autoimmunity and, 148-150, 150f
in entheses, 1215
in fibrosis, 1397-1398
in gout, 1850b, 1851
in innate immunity, 141-142, 1108

antiviral response and, 147, 148f
molecular mechanism of, 147-148, 

149f
phylogenetic tree of, 141, 143f

Drosophila Toll comparison, 
144-146, 145f

in juvenile-onset systemic lupus 
erythematosus, 1035

ligands for, in rheumatoid synovium, 
924-925

mucosal, in spondyloarthritis, 1137
in reactive arthritis, 1104-1105

response to bacteria and, 1108-
1110

in rheumatoid arthritis, 891, 893-
894

flares and, 882
in signal transduction, 122, 122f
in Sjögren’s syndrome, 1347-1348
in systemic sclerosis, 1400

Tolmetin, 1018, 1019t
Toluene inhalation, 2000b
Tomography

computed (See Computed 
tomography (CT))

“Too many toes sign”, 750
Tophaceous calcium pyrophosphate 

crystal deposition, 1879
Tophus, in gout, 1862, 1863f
Torsion, 40f
Torsional movements, acting on spine, 

29, 30f, 31
degeneration related to, 35
injuries related to, 32-33
measurement of, 31
resistance to, 32

Total articular replacement, for 
osteoarthritis, 1798

Total hemolytic complement (THC) 
assay, 181

Total joint replacement. See Joint 
replacement

Touch (feel). See Palpation
Toxic epidermal necrolysis (TEN), 540
Toxic-epidermal necrolysis (TEN)-like 

acute cutaneous lupus 
erythematosus (ACLE), 285, 
286b

Toxicities, drug. See named drug, e.g., 
Gold/gold salts

Toxic (transient) synovitis, of hip, in 
children, 981, 982f, 994, 
997, 997t, 998f

Toxoplasmosis
myopathies related to, 1489, 1489b
sarcoidosis vs., 1666-1667

Toxoplasmosis gondii, myositis 
associated with, 1459, 
1460t

TP53 gene, 1345-1347
TPMT gene, in drug response, 208
Trabecular (cancellous) bone, 67, 68f, 

78f, 79
bone remodeling in, 1960, 

1961f-1962f

influences on, 1962f, 1963-1964
strength of, 1963, 1963f

Trace element deficiencies, 437-438
Trachea

neck pain referred from, 646t
Wegener granulomatosis features in, 

1548-1549, 1550f
Tracheobronchial tree, relapsing 

polychondritis involvement 
of, 1671, 1672f

evaluation for, 1673-1674
management of, 1674

“Tracking”, patellar, 732
problems in late teens/early 

adulthood, 740-741, 
740f-741f

TRADD (TNF receptor-associated 
death domain) adapter 
protein, 95, 96f

Traditional Chinese medicine (TCM), 
450t

evidence for, 451-453
history of, 451
philosophy of, 451, 451f
treatment modalities in, 451, 452f

TRAF1-C5 locus, in rheumatoid 
arthritis, 875-876

GWAS analysis of, 129, 130f
TRAFs (TNF receptor-associated 

factors), 95, 96f
TRAIL R3 and R4, as TNF receptors, 

96, 97t-98t
Tramadol, 678

for osteoarthritis, 1797
Transaminases

in hemochromatosis, 1931f, 1933
in myositis, 1449

Transcription factors
B-cell activation and, 136
B-cell maturation and, 135
in gene transfer, 166, 166t
in innate immunity, 147-148, 149f
leflunomide inhibition of, 519
molecular biology of, 112-114, 

112f-113f
in osteoblast formation, 75
in osteoclast differentiation, 169-170, 

170f
in pharmacogenetics, 206, 206t
in rheumatoid arthritis, 902
in signal transduction, 119-121, 

120f, 120t, 122f
in T cell-mediated immunity,  

139
Transcriptomics, 130
Transcutaneous electrical nerve 

stimulation (TENS)
for cervical nerve root compression, 

655
for complex regional pain syndrome, 

802t, 803, 803f
for lumbar spine disorders, 678
for pain control, 447t, 451
for rheumatoid arthritis, 968

Transdermal fentanyl, 476-477
Transdisciplinary model, of disease 

management, 965
Transduction. See also Signal 

transduction/pathways
in gene transfer, 166-167, 166t

Transfer payments, 23
Transferrin, 1931-1932, 1931f-1932f
Transferrin receptor, iron deficiency 

and, 437
Transforming growth factor-β (TGF-β)

in angiogenesis, 1513
in articular cartilage, 65

Tibial plateau (Continued) Tissue engineering (Continued) Toe (Continued) Trabecular (cancellous) bone 
(Continued)
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in bone matrix formation, 70, 71f, 
72-73

in cell-mediated immunity, 139
in connective tissue remodeling, 

1396
estrogen influence on, 215
family of, 100-101
in gene transfer, 166t, 167
in gout, 1849f, 1850, 1852
in myositis, 1464-1466
in osteoarthritis, 1766, 1766b
osteophyte formation and, 171
receptors for, 100-101

in signal transduction, 101, 120
in rheumatoid arthritis, 902, 902t
in rheumatoid synovium, 917t, 923
in Sjögren’s syndrome, 1348
in systemic sclerosis, 290-291

blocking strategies for, 1406t, 1407
in tendinopathy, 87t
in tissue destruction, 156, 159f
in tissue engineering, 163-164, 164f
in tissue matrix repair, 161-162

Transgenic animals, 883
Transgenic mice models

of arthritis, 881t
cartilage and bone destruction in, 

885-886, 885t
gene manipulation and, 883-885
TNF and, 884

genetic manipulation of, 114, 115f
of osteoarthritis, 160-161
of T-cell receptors

in relapsing polychondritis, 1674
in rheumatoid arthritis, 898, 898t, 

901
Transient ischemic attacks (TIAs), 

antiphospholipid syndrome 
and, 1353

Transient receptor protein (TRP) 
molecules, thermal stimuli 
transduction by, 200-201, 
200f

Transitional B cells, 135-136
Transitional cell cancer, 329
Translational studies, of night-time 

immunosuppressive therapy, 
217

Transmission disequilibrium test 
(TDT), 127

for complex inheritance, 109
for juvenile idiopathic arthritis, 

1012-1013
Transplantation gout, 1864
Transplantations. See specific anatomy, 

e.g., Renal transplantation
Trans-presentation

of IL-15, 599, 600f
molecular biology of, 112

Transthyretin in senile amyloidosis, 
1689, 1690t, 1693

hereditary, 1693
treatment of, 1698

Trapeziometacarpal joints, 620f
osteoarthritis in, 1727, 1727f

Trapezioscaphoid joints, 1712f
osteoarthritis in, 1727, 1727f

Trapezius muscles, 685
TRAPS (TNF receptor-associated 

periodic syndrome), 93, 96f
Trauma. See also Injury(ies)

to acromioclavicular joint, 695-696
compartmental syndrome resulting 

from, 795
complex regional pain syndrome 

associated with, 797-798, 
798t

fibromyalgia associated with, 771-
772, 772b

hip pain related to, 721-722
history taking for, 238
juvenile idiopathic arthritis vs., 997t
to ligaments, 83
neck pain related to, 645-646, 655-

656
neuropathic arthropathy related to, 

1808, 1811-1812
open, osteomyelitis risk with, 1055-

1056
osteitis pubis related to, 727
in psoriatic arthritis, 1196
shoulder pain related to, 686, 695 

(See also specific injury, e.g., 
Rotator cuff tears)

to tendons, 83
to vertebral artery, cerebral vasculitis 

vs., 1622, 1622t
whiplash as, 33, 34f, 645, 655-656, 

656f
Traveler’s diarrhea, 1119
Treadmill, in juvenile idiopathic 

arthritis rehabilitation, 
1045, 1049

Treatment effects, statistical tests of, 
224-225, 225f

Treatment group, in clinical research, 
219, 223

Treatment response
compensation/litigation 

documentation requirements 
for, 15, 836

in juvenile idiopathic arthritis, 
criteria for, 1017, 1018t

in lupus nephritis, 1328-1329
measurement of (See Outcome 

assessment)
in rheumatoid arthritis, 

documentation requirements 
for, 836

Treatment(s)
adverse reactions to, 13, 16-17, 19
alternative, costs vs. benefits of, 23, 

24f, 26
economic evaluation of, 24-25, 24f 

(See also Economic 
evaluation)

genetic basis for, 125-126
immune system impact of, 229

ethical research observations of, 
229-230

multidisciplinary approach to (See 
Multidisciplinary team)

patient education on, 427-432 (See 
also Patient education)

Treatment vs. research dichotomy, 
ethics of, 227-228

Treg cells. See Regulatory T cells (Tregs)
Trematode infections, 1076t, 1077
Trendelenburg gait, 249, 722t, 1727
Trendelenburg sign, in hip, 722, 722f
Trendelenburg test, 661
Treponema pallidum

antibody tests for, 1065, 1241
arthritis associated with (See 

Syphilitic arthritis)
Treprostinil, 1422t
T1rho mapping, in MRI, 373, 374f
Trial population. See Sample 

population
Trial settings, atypical, 26
Triamcinolone acetonide

cream, for Behçet’s syndrome, 1579t, 
1580

injection, for panniculitis, 1606
pharmacology of, 495, 496f, 496t

Triamcinolone hexacetonide (TXA)
for juvenile idiopathic arthritis, 1013, 

1020t, 1025
for sarcoidosis, 1668

Triangular space, 810f
Tricarboxylic acid cycle, in 

mitochondrial myopathies, 
1480

Trichinosis, 1076t, 1077
Trigeminal neuralgia, 766
Trigger finger, 715, 829-830

in children, 1000
in diabetics, 1894-1895
injection for, e69f, 620f

Trigger point injections, for 
fibromyalgia, 780, 780b

Trigger points
in fibromyalgia, 769, 771, 773, 778-

779
in foot and ankle, with myofascial 

syndromes, 627
in lumbar spine pain, 674-675, 679
in shoulder, 686

Trigger thumb, 621f, 715
Triiodothyronine (T3), in 

neuroendocrine system, 
212f

Trimethoprim/sulfamethoxazole (T/S)
for brucellosis, 1073
for P. jiroveci prophylaxis, 1530
for Wegener granulomatosis, 1556-

1557
Tripod sign, of low back pain, 660
Trisomy 21, colchicine and, 1643
tRNA synthetase-associated overlap 

syndromes, 1495-1496
clinical features of, 1495, 1495t
diagnosis of, 1496
history of, 1495
management of, 1496
pathogenesis of, 1491, 1495-1496, 

1495f-1496f
Trochanter, greater, pain over, 833
Trochanteric bursitis, 720-721, 727, 

813
on ultrasound, 386-387

Trochanteric syndrome, e71f, 624
Tropheryma whippelii, in Whipple 

disease, 325, 1684
Trophic changes, in complex regional 

pain syndrome, 799, 799t
Tropism, 35
Troponin, cardiac

in amyloidosis, 1695-1697
in myositis, 1476

Tru-Cut biopsy needle, 276, 277f
Trypanosoma cruzi, myositis associated 

with, 1459, 1460t
Trypsin, intra-articular, for 

osteoarthritis induction, in 
small animals, 1735

L-Tryptophan, in fibromyalgia, 774, 
776

TS-A 8 complement antagonist, 554
T-SPOT.TB, 1068-1069
Tuberculin skin test, 561, 607, 1022
Tuberculosis (TB)

in anti-TNF-treated patients, 592, 
605-607

CDC guidelines for, 592
clinical trial results of, 592
juvenile, 1022
latent

abatacept activation of, 561
screening prior to therapy 

initiation, 592, 595, 607, 
608f

treatment of, 607
presentation of, 607

prevention of, 607
risks of, 592
treatment of, 607

extrapulmonary, treatment of, 1070
latent, treatment of, 1070
virulence factors of, 1067

Tuberculous arthritis, 1067-1070
anti–TNF-α therapy and, 1067, 

1070
biologic agents associated with, 1070
diagnosis of, 1068-1069
epidemiology of, 1067
imaging of, 1069-1070
musculoskeletal effects of, 1067, 

1068b
osteomyelitis with, 1068

imaging of, 1070, 1070f
panniculitis with, 1068
pathophysiology of, 1067
in peripheral joints, 1068

imaging of, 1069, 1069f-1070f
prevention of, 1070
reactive, 1068
soft tissue abscesses with, 1068, 

1068b, 1069f
spondylitis with, 1068

imaging of, 1069, 1069f
treatment of, 1070

Tubular basement membrane 
antibodies, 1236

Tubular dysfunction. See Renal tubular 
disorders/dysfunction

Tubulointerstitial nephritis
microscopy of, 336
from NSAIDs, 341
with rheumatic diseases, 330t, 337, 

340-341
with systemic lupus erythematosus, 

1236, 1236f, 1260, 1261f
Tubuloreticular inclusions, in lupus 

nephritis, 1261-1262, 1262f
Tuck sign, 711
Tumoral calcinosis, 1895-1896
Tumor lysis syndrome, 340
Tumor necrosis factor-α (TNF-α)

angiogenesis mediation by, 906,  
907t

biologic effects of, 578, 578b
bone formation suppression by, 74, 

171
in brucellosis, 1072
in drug response, 208-209
in fibrosis, 1398
in gene transfer, 166t, 167
in gout, 1850b, 1851, 1854
in inflammatory activation of 

endothelial cells, 1510, 
1511f

in juvenile idiopathic arthritis, 1011
in myositis, 1461-1462, 1464-1465

juvenile, 1038
nociceptors and, 201
osteoclast differentiation and, 169-

170, 170f
physiology of, 577
pregnancy impact on, 611
in reactive arthritis, 1104-1107
in rheumatoid cachexia, 435-436
in sarcoidosis, 1667-1669
in Sjögren’s syndrome, 1347-1348
in synovium, 54-55

as therapeutic target, 56
in systemic lupus erythematosus, 

287
in systemic-onset juvenile 

rheumatoid arthritis, 294
thalidomide inhibition of, 542-543

vs. derivatives, 543

Transforming growth factor-β (TGF-β) 
(Continued)

Trauma (Continued) Tuberculosis (TB) (Continued)
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cartilage collagen and, 157-159, 

161
Tumor necrosis factor-α (TNF-α) 

inhibitors. See also 
Adalimumab (Humira); 
Infliximab (Remicade)

for Behçet’s syndrome, 1579t, 1580
cardiac illness risks with, 306-307
for enthesitis, 1213, 1215, 1215f, 

1217f, 1218
for secondary disease, 1218

FDA approved indications for, 579-
580, 579t

for juvenile idiopathic arthritis, 1017, 
1018t, 1021-1022, 1025-
1026, 1025f

for juvenile-onset 
spondyloarthropathies, 
1033-1034

mechanism of action, 578
methotrexate combined with, 512
methotrexate vs., 512, 513t
for microscopic polyangiitis, 1530
monoclonal antibodies and, 577, 606
for pericarditis, 307
for polyarteritis nodosa, 1531
in pregnancy, 613t, 615
for psoriatic arthritis, 1207-1208
for rheumatoid arthritis, 574, 605

currently used drugs in, 606
infection risks with, 606

bacterial pathogens in
infection prevention for, 607
intracellular, 608

endemic mycosis and 
opportunistic pathogens in, 
606-607

nontuberculous mycobacteria in, 
607-608

tuberculosis in, 606-607
existing patients with, 607
prevention of, 607
screening for, 607, 608f
treatment of, 607

prognosis with, 836-837
rates of, 606, 606t

pre-biologic era rates vs., 605, 
606t

vs. abatacept, 561
for sarcoidosis, 1669
for Sjögren’s syndrome, 1349
for spondyloarthritis

peripheral, 1137-1138
in spine, imaging for therapeutic 

effects of, 1148, 1150-1151
for systemic sclerosis, 1406, 1409

Tumor necrosis factor-β (TNF-β), 577
Tumor necrosis factor-β (TNF-β) 

inhibitors, 577. See also 
Etanercept

Tumor necrosis factor-γ (TNF-γ), 1072, 
1106-1107

Tumor necrosis factor receptor 1 
(TNFR1), 96, 97t-98t

Tumor necrosis factor receptor 2 
(TNFR2), 96, 97t-98t

Tumor necrosis factor receptor (TNFR) 
superfamily, 94-96

common names of, 91, 97t-98t
family members and their actions, 

95-96
ligand and receptor structure, 94-95, 

94f, 97t-98t
physiology of, 577-578
in signal transduction, 95, 122, 123f
TNF-α and, 605-606

Tumor necrosis factors (TNFs)
in animal models of arthritis

features of, 884t-885t
immune complex, 883
susceptibility and destruction 

related to, 884-886, 885t
transgenic, 884

BAFF family of, in B-cell maturation, 
136

in Behçet’s syndrome, 1575
glucocorticoids impact on, 497, 498f
in inflammatory response, 211

circadian rhythm of, 216-217, 216f
night-time immunosuppressive 

therapy and, 217
HPG axis influence on, 213-215
prolonged, T-cell responsiveness 

and, 899
interference of hormonal conversions, 

211, 213f, 214
in juvenile idiopathic arthritis, 1011
in juvenile-onset 

spondyloarthropathies, 1029
in myositis, 1459
in osteoarthritis, 1766
in Raynaud’s phenomenon, 1428
in rheumatoid arthritis, 899-900, 

902
in rheumatoid synovium, 917t, 919-

922, 922f, 930
in Takayasu’s arteritis, 1571
in Wegener granulomatosis, 1554, 

1555f
Tumor necrosis factor (TNF) genes

in rheumatoid arthritis, 873, 876
in systemic lupus erythematosus, 

1249, 1249f, 1250t
Tumor necrosis factor (TNF) inhibitors

for ANCA-associated vasculitis,  
587

angiogenesis inhibition by, 908
for ankylosing spondylitis, 577, 585-

586, 586b
adverse events of, 1171
ASAS recommendation for 

continuing, 1172, 1172f
ASAS recommendation for starting, 

1171-1172, 1172f
biologic basis of, 1167
early diagnosis and, 1174-1176
efficacy of, 1167-1173, 

1167f-1170f
general treatment considerations 

of, 1171
with inflammatory bowel disease, 

1171
juvenile, 1171
with osteoporosis, 1173
patient selection for, 1171-1172
with peripheral arthritis and 

enthesitis, 1171
prediction of response to, 1172-

1173, 1172f
prevention of radiographic damage/

progression by, 1171
with psoriasis, 1171
trends in, 1157, 1158f
with uveitis, 1173

baseless use of, 586t, 588
in children, 588
in elderly, 588
in new-onset rheumatoid arthritis, 

588
p55-directed, 588

for Behçet’s syndrome, 587
benefits of, 577, 578b
for chronic lung disease, 587
conclusions of, 595
contraindications for, 579, 579b

DMARDs combined with, 535-537, 
536t

drug-induced lupus and, 1297t, 1298
for giant cell arteritis, 587
for granulomatous disease, 587
for HCV-associated arthritis, 1090
for hepatitis B and C, 587-588
indications for

approved and practical, 577, 579-
580, 579t

expanded, 585-588
for inflammatory eye/disease, 587
introduction to, 577
under investigation, 588-589
lung injury related to, 319
mechanism of action, 577-580, 578b
methotrexate vs., 578b, 579-580, 

583f, 585
methotrexate with, 580
for myositis, 1474f, 1475

in juveniles, 1041-1042
for neuropathic arthropathy, 1811-

1812
optimal candidates for, 579
for orphan disorders, 586t, 587
perioperative management of, 640
pharmacoeconomic considerations of, 

580
for polymyalgia rheumatica, 587
for psoriatic arthritis, 577, 586-587, 

1179, 1203
for pyoderma gangrenosum, 587
for reactive arthritis, 1119
for relapsing polychondritis, 1674
for rheumatoid arthritis, 919, 932

early, 580, 583f, 585, 588
extra-articular features, 839
guidelines for, 580
indications for, 577, 579-580
pivotal trials of, 581-585, 581t, 

583t-584t
synovitis indications and strategies 

for, 950f, 953-954
vs. rituximab, 563, 565, 567-568

for rheumatoid vasculitis, 847
safety of, 580, 589-595, 594b

antibiologic antibody responses 
and, 593

autoimmune responses and, 593
congestive heart failure and, 593-

594
cytopenias and, 594
demyelinating syndromes and, 593
hepatotoxicity and, 594
infectious risk and, 590-592, 591t
infusion reactions and, 590
injection site reactions and, 590
lactation and, 594
lymphoma and, 590, 592-593
monitoring for, 589, 594-595
neoplasia and, 592-593
other cutaneous reactions and, 

590, 590b
pregnancy and, 594
tuberculosis and, 592
unusual toxicities reported, 594

for sarcoidosis, 587
septic arthritis and, 607, 1057-1058
in sickle cell anemia, 1926
for Sjögren’s syndrome, 587
for Takayasu’s arteritis, 587, 1572
tuberculous arthritis and, 1067, 1070
for uveitis, 587

Tumors. See also Neoplasia
of bone (See Bone tumors)
of cartilage (See Cartilage-forming 

lesions of bone)

glucose metabolism in, 392-393
juvenile idiopathic arthritis vs., 997t, 

998
of lung

hypertrophic osteoarthropathy 
associated with, 1704, 1704f

malignant (See Cancer(s); 
Malignancies)

polyarthritis related to, 1678
primary spinal, lumbar pain related 

to, 670, 670t, 671f
solid, TNF inhibitors risk for, 593
of spinal cord, imaging of, 665, 666f

Tunnel syndromes. See also specific 
syndrome

carpal, 787-791
cubital, 785
tarsal, 793
ulnar, 786

Turbidometric techniques
for proteinuria testing, 331
for rheumatoid factor, 887

Turf toe, 818-819, 819f
Turmeric, 453, 455f
Twin studies

of ankylosing spondylitis, 1125-1126, 
1141

of fibromyalgia, 771-772
of gout, 1854
of juvenile idiopathic arthritis, 1012
of Legg-Calvé-Perthes disease, 981-

982
of lumbar spine disorders, 659
of myositis, 1440
of osteoarthritis, 1761-1762, 

1762f-1763f
of rheumatic diseases, 125, 126t
of rheumatoid arthritis, 824-826, 

869, 873, 929
of scleroderma/systemic sclerosis, 

1364
of systemic lupus erythematosus, 

1247
2D fast spin-echo imaging, in MRI, 

369, 369f-370f
2D gel electrophoresis, in proteomics, 

117
Type II error, in statistical tests, 224
Tyrosine kinase receptors, 101

in signal transduction, 119-120, 
121f, 597

as therapeutic target, 123-124
Tyrosine kinases

cytoplasmic, 597
in gout, 1850b, 1851
inhibition of, 597-598

CP-690,550 for, 597, 2041
for interstitial lung disease, 317
R788 for, 597
for systemic sclerosis, 1406t, 1407

spleen (See Spleen tyrosine kinase 
(Syk))

Tyrosinemia, 2000b

U

UAT-1, as renal uric acid transporter, 
1846-1847, 1847f

Ulcerative colitis (UC)
endoscopic findings of, 321, 322f, 

322t
extraintestinal manifestations of, 

323, 323t
gastrointestinal features of, 321,  

322t
histology of, 321, 322f, 322t
IL23R signaling associated with, 

1142

Tumor necrosis factor-α (TNF-α) 
(Continued)

Tumor necrosis factor (TNF) inhibitors 
(Continued)

Tumors (Continued)
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juvenile-onset, 1032
with systemic lupus erythematosus, 

1239
Ulcerative keratitis

peripheral (See Peripheral ulcerative 
keratitis (PUK))

in rheumatoid arthritis, 844-845, 
844f

Ulcers/ulcerations, 286b
aphthous

in Behçet’s syndrome, 1578
in Crohn’s disease, 321, 322f, 323, 

323t
oral, in systemic lupus 

erythematosus, 285, 286f
corneal

in keratitis, 302, 302f
marginal, 301-302, 302f

in scleritis, 299
in dermatomyositis, 288-289, 289f
digital

in polyarteritis nodosa, 1526, 
1527f

in Raynaud’s phenomenon, 
management of, 1407-1408, 
1408t

in scleroderma, 290, 290f, 1369-
1370

in systemic lupus erythematosus, 
1231, 1231f

of foot, in neuropathic arthropathy, 
1812

gastroduodenal, from NSAIDs, 489-
490, 490t

gastrointestinal
in Behçet’s syndrome, 1578
in sarcoidosis, 1664
in systemic lupus erythematosus, 

1239
genital, in Behçet’s syndrome, 1576f, 

1576t, 1577-1578
management of, 1579t, 1580
scarring vs., 1578

leg, in rheumatoid arthritis, 846, 
847f

in leukocytoclastic vasculitis, 1597, 
1599t

MAGIC syndrome of, 295, 1578, 
1673

in myositis, 1477
necrotic, in HCV-associated mixed 

cryoglobulinemia, 1090, 
1090f

ocular, in rheumatoid arthritis, 844-
845, 844f

oral
in Behçet’s syndrome, 1575-1578, 

1576f, 1576t
management of, 1579t, 1580

in psoriatic arthritis, 1188
peptic, 637, 899
perioperative management of, 637, 

640
in systemic sclerosis, 1407-1409, 

1408t
Ulna

deviation of, at metacarpophalangeal 
joints, 242f

growth defects in, with juvenile 
idiopathic arthritis, 1002

proximal, rheumatoid arthritis in, 
832

in wrist and hand range of motion, 
712-713

Ulnar artery vaso-occlusive disease, in 
systemic sclerosis, 1373-
1374

Ulnar drift, 830-831, 831f-832f

Ulnar nerve compression syndromes, 
785-786

carpal tunnel, 789, 789f
cubital tunnel, 785
ulnar tunnel, 786

Ulnar styloid, rheumatoid arthritis in, 
831, 832f

Ulnar tunnel syndrome, 786
anatomy of, 786, 786f
clinical presentation of, 786
description of, 786
diagnosis of, 786
etiology of, 786
treatment of, 786

Ultrasound
acoustic access limitation of, 381
advantages of, 377, 380-381
artifacts, 378-380, 379f
aspiration guided by, 387
basic principles of, 377-380
biopsy guided by, 388
bone erosion on, 384f
bursitis on, 385
in calcium pyrophosphate crystal-

associated arthropathy, 1881
cartilage on, 385
choosing machine for, 380
clinical applications of, 381-388
clinical correlation, 380-381
clinician acceptance of, 381
dactylitis on, 384, 385f
diagnostic

of bicipital tendinitis, 693, 693f
of capsulitis, 695
of carpal tunnel syndrome, 790
Doppler (See Doppler 

ultrasonography)
of enthesitis, 1217, 1217f
of hip disorders, in children, 979, 

979f
of juvenile idiopathic arthritis, 

996, 996f
of juvenile-onset 

spondyloarthropathies, 1030
in kidney function testing, 335
of Morton’s metatarsalgia, 794-795
of myositis, 1451
of osteoarthritis, 1773

correlation with symptoms, 
1773

introduction to, 1773
limitations of, 1773
as outcome measure, 1791
structures assessed, 1773, 1773f

of peripheral joints, for 
spondyloarthropathies, 
1154, 1154f

of psoriatic arthritis, 1205-1206
quantitative, of bone mass, 399
of rheumatoid arthritis, in hands 

and feet, 834
of rotator cuff tears, 691-692, 691f
of rotator cuff tendinitis, 690
of salivary gland, for Sjögren’s 

syndrome, 1344
of septic arthritis, 1060-1061
of snapping hip, 728
of Takayasu’s arteritis, 1571

Doppler, 378
dynamic examination with, 381
education, 388
enthesitis and, 384, 384f
gray-scale, 378
inflammation in, as limitation, 381
interfaces in musculoskeletal tissues, 

378f
interventional procedures with, 387-

388
joint-related structures on, 382-385

learning curve in, 864-865
limitations of, 381
milestones, 377
non-joint-related structures on, 385
as outcome measure

of ankylosing spondylitis, 422
of psoriatic arthritis, 421
of rheumatoid arthritis, 418

parotid glands on, 385
peripheral nerve pathology on, 385
propagation speeds, 377-378, 378t
properties of waves, 377-378
reliability of, 381
of rheumatoid arthritis, 864-865
rotator cuff disease on, 386
salivary glands on, 385
of skeletal dysplasia, 2057
spatial resolution and tissue 

visualization in, 381
synovial hypertrophy on, 382
technology, 380
tendinopathy on, 383-384
therapeutic

for neuropathic arthropathy, 1812
for rheumatoid arthritis, 968

training, 388
vasculitis on, 385, 386f

Ultrasound-guided aspiration/injection, 
617

direct method for, 617, 618f-619f
indirect method for, 617, 618f

Ultraviolet (UV) light exposure
bone mass and, 1959-1960
myositis associated with, 1440, 

1442, 1459-1460
systemic lupus erythematosus and, 

285-287, 286f-287f
avoidance recommendations for, 

1313
flares triggered by, 1226-1227
photosensitivity with, 1229

UMOD gene, 1848, 1854
Undernutrition, 433. See also 

Rheumatoid cachexia
Undifferentiated arthritis, in children, 

1001
Undifferentiated spondyloarthropathy, 

juvenile-onset, 1031
Unifying hypothesis

of axial spondyloarthritis, 1174-1175, 
1175f

of rheumatoid arthritis, 932-933, 
932f-933f

Upper airway obstruction
in rheumatoid arthritis, 842, 843f
in Wegener granulomatosis, 1548-

1549, 1550f
Upper extremities. See also Forearm

arthritis involvement of, 254, 254f
compartment syndromes of, 795
enthesis of, 1215-1216
entrapment neuropathies in, 783, 

784f
myositis features in, 1441
paresthesia or pain in, with shoulder 

injuries, 686-687, 689t, 690
physical examination of, 245-247, 

245f
shoulder girdle articulation with, 683
in skeletal dysplasia, 2059
sympathectomy of, for Raynaud’s 

phenomenon, 1432
Upper gastrointestinal (UGI) bleeding, 

from NSAIDs, 487-490, 
489f, 489t

Upper respiratory tract
Sjögren’s syndrome involvement of, 

1339

Wegener granulomatosis features in, 
1547-1548, 1548f, 1551-
1552

differential diagnosis of, 1553-1554
Upper zone, 1746t
Uranium, 2000b
URAT1

in gout, 1854
as renal uric acid transporter, 1846, 

1847f, 1848
Urate

balance of, 1842
factors affecting, 1842-1843,  

1843t
forms of uric acid, 1841, 1842f
pathways and regulation of 

production, 1844-1845, 
1844f-1846f

physiology of, 1841-1842, 1842b
renal excretion of, 1846-1847

impaired in gout, 1847-1848
kidney disease impact on, 1848
regulation of, 1848

Urate anion, 1841, 1842f, 1845f
Urate crystals

arthritis related to (See Crystal-
induced arthritis/
arthropathies)

chronic nephropathy associated with, 
338t, 340

in gout
formation of, 1843-1844, 1844t, 

1848
genetics of, 1854

inflammatory response to, 1848-
1850, 1849f-1850f, 1850b

genetics of, 1854
injection models of, 1853, 1853f
overview of, 1841-1842, 1842b, 

1842f, 1843t
monosodium (See Monosodium urate 

(MSU) crystals)
promoters and inhibitors of, 1843-

1844, 1844t, 1848, 1851
Uratin, 1848
Urbanization, rheumatoid arthritis and, 

827
virus-associated syndromes and, 

1087, 1091-1092
Ureaplasma urealyticum, reactive 

arthritis associated with, 
1113, 1114t

Uremia, carpal tunnel syndrome 
associated with, 788

U1-ribonucleoprotein (U1-RNP)
in mixed connective tissue disease, 

1491, 1493-1494, 1494f 
(See also Anti-U1-
ribonucleoprotein (RNP) 
antibodies)

molecular mimicry of viruses, 1494, 
1494b

Uric acid, 264-265, 265f
elevated (See Hyperuricemia)
forms of, 1841, 1842f
leflunomide effect on, 526
renal excretion of, 1846-1847

GLUT9 in, 1846
impaired in gout, 1847-1848

kidney disease associated with, 
1848

regulation of, 1848
other urate transporters in, 1846-

1847
tubular models of, 1846, 1847f
URAT1 in, 1846

weight gain/loss influence on, 437
Uricases, 1872-1873

Ulcerative colitis (UC) (Continued) Ultrasound (Continued) Upper respiratory tract (Continued)
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Uricosurics, 1870-1871
Uridine diphosphoglucose 

dehydrogenase (UDPGD), in 
synovium, 51-54

rheumatoid, 911
Uridine synthesis, leflunomide 

inhibition of, 519, 520f
Urinary abnormalities

asymptomatic, with rheumatic 
diseases, 330t

in fibromyalgia, 770f, 778-779
with narcotic therapy, 475t
perioperative management of, 638
screening for, in children, 979

Urinary anion gap, 335
Urine albumin excretion rate (UAER), 

331
Urine microscopy, 332

other findings of, 332-333
red blood cells in, 332, 332f

Urine net charge, 335
Urine protein electrophoresis (UPEP), 

331
Urine tests

for lupus nephritis monitoring, 1319
for proteinuria, 330-331, 335
for renal involvement, 1317, 1318f

Urogenital system/tract
leflunomide risk for, 524t-525t
lower female, gonococcal infection of, 

1063
perioperative care of, 638
reactive arthritis pathology in, 1117-

1118, 1135
treatment of, 1118-1119

upper vs. lower, hematuria related to, 
331-333, 331t

Urokinase. See Plasminogen activator 
(urokinase)

Urticarial vasculitis, 1599-1600
hypocomplementemic (See also 

Hypocomplementemic 
urticarial vasculitis (HUVS))

normocomplementemic vs., 1606t
Urtica/urticarial lesions, 286b

with cutaneous vasculitides, 1597, 
1598f-1599f

differential diagnosis of, 1605
with systemic lupus erythematosus, 

1231
Ustekinumab, 125-126, 1208
Uterus, NSAIDs impact on, 489t
Uveitis, 297-299, 298f

in ankylosing spondylitis, 1130
anterior

acute, 297, 298f
with ankylosing spondylitis, 1173
chronic, 297, 298f

sight-threatening complications 
of, 297-299

with Behçet’s syndrome, 298, 1577, 
1577f, 1580

in children, 979
with Cogan syndrome, 1627-1628
description of, 297, 298f
familial juvenile systemic 

granulomatosis associated 
with, 298

hypocomplementemic urticarial 
vasculitis associated with, 
298

with inflammatory bowel disease, 
323, 323t

intermediate, 297
with juvenile idiopathic arthritis, 

990, 1003-1005
age at onset, 1005
anti-TNF agents and, 1022
chronic anterior form of, 297, 298f

early detection of, 1005
intensive treatment of, 1005
occurrence of, 1003-1005
prognosis of, 1005
screening schedule for, 1005, 

1005b
treatment of, 1023, 1026-1027

management of, 299
TNF inhibitors in, 587, 1173

posterior, 297
with sarcoidosis, 1659-1660, 1668

Uveitis syndrome, 337

V

Vaccines/vaccination
BCG, 607, 1070

PPD testing and, 1068-1069
influenza, 319, 980, 1226
interstitial lung disease indications 

for, 319
against Lyme disease, 1084
methotrexate cautions with, 566-

567, 1020-1021
MHC and MHC-peptide, 553
pneumococcal (See Pneumococcal 

vaccine)
primary angiitis of central nervous 

system indications for, 
1623-1624

rituximab considerations of, 566-567
septic arthritis incidence and, 1056
systemic lupus erythematosus risk 

related to, 1226-1227
T-cell, 552
T-cell receptor, 552-553
tuberculosis, 607, 1068-1070

Vaginal dryness, in Sjögren’s syndrome, 
1339, 1349

Valdecoxib, 490-491
Valgus alignment, 242

of knee, Q angle in, 732, 732f
Valgus brace, 445
Valgus deformity, of knee

with juvenile idiopathic arthritis, 
977, 1024

with osteoarthritis, 1725-1726,  
1728

Valgus extension overload, 812
Valgus stress test, 976t
Validity

construct, 943t
content, 943t
criterion, 943t
definition of, 943t
discriminant, 943t
face, 943t
of outcome assessment, 11-12, 12f, 

1367-1368, 1368t
of randomized controlled trials, 

internal vs. external, 220
Valproic acid, 2000b
Valvular heart disease

with ankylosing spondylitis, 1173
with antiphospholipid syndrome, 

1353
with Cogan syndrome, 1626, 1630-

1631, 1633
with Marfan syndrome, 2047
with osteogenesis imperfecta, 2042
perioperative management of, 631, 

634-635
with relapsing polychondritis, 1671-

1672, 1672t
management of, 1674

with rheumatoid arthritis, 842-844
with sarcoidosis, 310, 1661, 1665
with spondyloarthropathies, 312

with systemic lupus erythematosus, 
309, 1243

Van Buchem disease, 1962
Vancomycin, 1062t
van der Heijde’s score, for radiography. 

See Sharp–van der Heijde 
progression score

Vanilloid receptor (VR)-1, thermal 
stimuli transduction by, 
200-201

Variability, in randomized controlled 
trials, 221

Varicella-zoster virus (VZV), 1617, 
1621

Varus alignment, 242
of hindfoot, in hypermobility 

syndrome, 2053
of knee, osteoarthritis and, 1725-

1726, 1728-1729
as risk factor, 1719-1720, 1719f

Varus stress test, 976t
VAS. See Visual analog scale (VAS)
Vascular cell adhesion molecule-1 

(VCAM-1)
angiogenesis mediation by, 906, 907t
in Cogan syndrome, 1627, 1627b
in inflammatory activation of 

endothelial cells, 1510-
1511, 1512f

in myositis, 1465
in rheumatoid arthritis, 307
in rheumatoid synovitis, 913, 916, 

918
in synovium, 51-54
in T-cell co-stimulation, 557-560
TNF inhibitors effect on, 578, 578b

Vascular disease/disorders. See also 
specific anatomy, e.g., 
Microvascular dysfunction/
disease

aneurysms as (See Aneurysms)
in Behçet’s syndrome, 1578

management of, 1579t, 1580
hip pain related to, 721-722, 721t
in hypertrophic osteoarthropathy, 

1703
in juvenile dermatomyositis, 1038
juvenile idiopathic arthritis vs., 997t
myofascial pain disorder vs., 767
in myositis, 1446, 1451
neuropathic arthropathy related to, 

1811-1812
osteoarthritis pain vs., 1725
Raynaud’s phenomenon associated 

with
obstructive, 1428b, 1429-1430
in scleroderma, 1361-1362, 1364, 

1365t
measurement of, 1369

in rheumatoid arthritis, 843-844, 
843f

in scleroderma, 1369-1370
in systemic lupus erythematosus, 

288, 1255
assessment of, 1304t
peripheral, 1244, 1304t
renal, 1330

thrombotic, in lupus nephritis, 1330
wrist and hand pain related to, 713, 

715t
Vascular endothelial cell–specific 

cadherin, 1511
Vascular endothelial growth factor 

(VEGF)
angiogenesis mediation by, 905-906, 

907t, 1513
inhibition of, 907-908
in rheumatoid arthritis, 906-907

bone formation role, 71-73
in giant cell arteritis, 1519f, 1520
in hypertrophic osteoarthropathy, 

1704
in inflammatory activation of 

endothelial cells, 1510
in myositis, 1465-1466
in tendinopathy, 87t
TNF inhibitors effect on, 579

Vascular net, of synovium, 51, 53-54, 
54f

Vascular spasm, in systemic sclerosis, 
1401

Vascular steal syndromes, 2022,  
2026

Vasculature
abnormal responses of, in Raynaud’s 

phenomenon, 1428
bone tumors related to, 2069-2070

angiosarcoma as, 2070
glomus tumor as, 2070
hemangioma and lymphangioma 

as, 2069-2070
hemangiopericytoma as, 2070

calcification of, 343-344
compromised, osteonecrosis related 

to, 1816-1817
of femoral head, in Legg-Calvé-

Perthes disease, 983, 983f
of hip, 719-720
renal, assessment of, 335

Vasculitic syndromes
with Behçet’s syndrome, 1577-1578
childhood, classification of, 1413
lung and, 319
with prominent cutaneous disease, 

1597, 1599-1600, 1599t
acute hemorrhagic edema of 

infancy as, 1599, 1599f
cutaneous polyarteritis nodosa as, 

1600, 1600f-1601f
erythema elevatum diutinum as, 

1600, 1601f
paraneoplastic vasculitis as, 1600
urticarial vasculitis as, 1599-1600
vasculitis associated with 

paraproteinemia as, 1600, 
1600f

rheumatoid, 845-847
skin lesions with, 292-293, 292b

systemic, 1422t
Vasculitis, 1509-1522. See also specific 

condition, e.g., Giant cell 
arteritis (GCA)

ANCA-associated (See ANCA-
associated vasculitides 
(AAVs))

angiogenesis in, 1513-1516
B-cell lymphoma with, 1605, 1606t
biology of, 1509-1516
cerebral (See Cerebral vasculitis)
Chapel Hill Consensus Conference 

on, 1509, 1523, 1524t, 
1531

chronic multisystem (See Behçet’s 
syndrome)

in Churg-Strauss syndrome, 1560
classification of, 1413, 1414f, 1509, 

1510t, 1513, 1597
concept of, 1413-1419
evolution of, 1413
history of, 1413

clinical trials on, 19
with Cogan syndrome, 1625, 1628, 

1629f
management of, 1633
pathophysiology of, 1626, 1626f

Uveitis (Continued) Vascular endothelial growth factor 
(VEGF) (Continued)

Valvular heart disease (Continued)
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coronary heart disease with, 305, 
308-309, 1243, 1243f

small and medium-sized vessels 
and, 308-310

cutaneous, 1597-1607 (See also 
Cutaneous vasculitis/
vasculitides)

definitions in, 1413
concept of, 1413-1419

description of, 1509
diagnostic criteria for, 1413

concept of, 1413-1419
endothelial inflammation in, 1509-

1513
coagulation and, 1511-1513
damage and repair with, 1513-

1516
endothelial cell activation during, 

1510, 1511f
leukocyte-endothelium interaction 

and, 1510-1511, 1512f
epidemiology of, 1417

analytic, 1417
descriptive, 1417
research in, 1417

eponyms in, 1415-1417
granulomatous

ANCA-associated (See ANCA-
associated granulomatous 
vasculitides)

uveitis associated with, 298
hemorrhagic necrotizing, with 

dermatomyositis, 288
hepatitis B virus associated with, 

1089
HIV infection associated with, 1087-

1088, 1088t
hypersensitivity, 1606t
hypocomplementemic urticarial, 

1599f
uveitis associated with, 298

immunopathogenesis of, 1509
large-vessel, 1520
major small-vessel, 1516-1517
medium- and small-sized arteries, 

1518
small-vessel, 1513-1516

introduction to, 1509
in large vessels (See Large-vessel 

vasculitis)
malignancies associated with, 1678-

1679
in medium vessels (See Medium-

vessel vasculitis)
with myositis, 1446, 1451, 1477

necrotizing (See Polyarteritis 
nodosa (PAN))IgA-mediated 
(See Henoch-Schönlein 
purpura (HSP))

outcome assessment of, 19
ovarian, 1244
with panniculitis, 1597
paraneoplastic, 1600
paraproteinemia associated with, 

1600, 1600f
pharmacologic therapies for

cyclophosphamide as, 533
glucocorticoids as, 499-500
rituximab as, 563, 569

with relapsing polychondritis, 1671-
1673, 1672t

differential diagnosis of, 1674
renal, 330t, 335
retinal, with uveitis, 298
rheumatoid, 846-847, 846f-847f

skin lesions with, 292-293, 292b
systemic, 839, 846, 847f

sarcoidosis vs., 1666-1667

secondary, 1509, 1510t
with Sjögren’s syndrome, 291, 1342, 

1342f
skin biopsy for, histologic analysis of, 

274-275, 275f
in small vessels (See Small-vessel 

vasculitis)
subcutaneous tissue biopsy for, 273-

274
systemic (See Systemic vasculitis)
with systemic lupus erythematosus, 

288, 1231, 1231f
complement system and, 180
immunopathology of, 1255, 

1255f-1256f
juvenile-onset, 1036, 1037f
mesenteric, 1239

on ultrasound, 385, 386f
urticarial (See Hypocomplementemic 

urticarial vasculitis  
(HUVS))

with Wegener granulomatosis, 1551-
1552, 1597, 1599t

differential diagnosis of, 1552-
1554, 1554t

Vasculitis Activity Index (VAI), 1529
Vasculitis Damage Index (VDI), 1529, 

1557
Vasculitis Integrated Assessment Log 

(VITAL), 1529
Vasoactive amines, in inflammation, 

193
Vasoactive intestinal peptide, in 

inflammation, 197,  
197t

Vasoconstriction/vasodilation
in complex regional pain syndrome, 

801
endothelial determinants of, 1509

in Raynaud’s phenomenon, 1427-
1428

Vasodilators
for complex regional pain syndrome, 

802t, 803
for Raynaud’s phenomenon, 1431, 

1431t
in children, 1042
digital iontophoresis of, 1432

for systemic sclerosis, 1409
Vasomotor disturbances

in complex regional pain syndrome, 
799, 799t

in thoracic outlet syndrome, 783
Vaso-occlusive disease, microvascular, 

retinal vasculitis related to, 
300-301, 300f-301f

Vasospasm, cold-related. See Raynaud’s 
phenomenon

Vastly interpolated projection 
reconstruction (VIPR) 
imaging, in MRI, 371, 
371f-372f

Vastus medialis obliquus (VMO), in 
patellofemoral dysfunction, 
740-741

VATER syndrome, 594
Vβ17 peptide therapy, 552-553
VCP gene, 2021
VDIPEN neoepitope, in transgenic KO 

mice model, of 
osteoarthritis, 160-161

V(D)J recombination, in adaptive 
immunity, 134-135, 135f

B-cell maturation and, 135-136
T-cell maturation and, 138

VDR (vitamin D receptor) gene
in drug response, 206
in osteoarthritis, 1766, 1766b

Vectors
in molecular biology, 106, 106f

gene cloning with, 106-107,  
106f

mosquito, 1091-1092
tick (See Tick vector)

Vector systems, for gene transfer 
strategies, 166, 166t

in osteoarthritis, 167
in rheumatoid arthritis, 167

Vegetarian diets, 969-970
Venereal Disease Research Laboratories 

(VDRL) test, 1065, 1241
Venlafaxine, 780
Venous ectasia, gastric antral, 1409, 

1410t
Venous lesions, with Behçet’s 

syndrome, 1578
Venous thromboembolism

in microscopic polyangiitis, 1526
perioperative management of, 638-

639
in systemic lupus erythematosus, 

309-310
Venous thrombosis

in antiphospholipid syndrome, 1352, 
1352f

deep, in Behçet’s syndrome, 1579, 
1579f

management of, 1579t, 1580
Ventricular dysfunction

perioperative management of, 633-
634

with rheumatoid arthritis, 842-843
with sarcoidosis, 311
in systemic sclerosis, 311, 1381

Ventricular hypertrophy
with amyloidosis, 1695, 1696t
patient evaluation for, 305-306
with sarcoidosis, 311, 1661, 1665
with systemic lupus erythematosus, 

1243
with systemic sclerosis, 311

Venules, vasculitis of. See Small-vessel 
vasculitis

Versican, in tendinopathy, 86t
Vertebrae

fractures of, 32, 33f, 36
compression, 673, 2032f

in osteogenesis imperfecta, 2042, 
2044-2045

DEXA imaging of, 402-403, 403f
in Gaucher’s disease, 2032,  

2033t
osteoporotic, 1941-1942, 1954-

1955, 1987-1988
growth disturbances of, with juvenile 

idiopathic arthritis, 1002, 
1002f

lumbar
in abdominal aortic calcification 

score, 403
osteomyelitis of, 668, 668f-669f, 

668t
osteomyelitis of, 1058

pain related to, 668, 668f-669f, 
668t

pathogenesis of, 660-661
osteoporosis of

clinical presentation of, 1945-1946
mechanical influences in, 34f-35f, 

36
spinal biomechanics and, 36

Paget’s disease of, 2022, 2024f-2025f
radiography of, for 

spondyloarthropathies, 
1148-1150

weakening of, with reduced loading, 
36

Vertebral artery
compression of, with rheumatoid 

arthritis, 832
Takayasu’s arteritis involvement of, 

1567, 1568t
traumatic dissection of, cerebral 

vasculitis vs., 1622, 1622t
Vertebral bodies

ankylosing spondylitis of, 1135
forces acting on, 29-31 (See also 

Force(s))
fractures of, 32, 33f, 36

DEXA imaging of, 402-403, 
403f-404f

with abdominal aortic 
calcification, 403-404, 
404f-405f, 404t

ISCD guidelines for assessment of, 
403, 403b

Hurler’s disease of, 2037, 2038f
osteophytes of, spinal degeneration 

and, 33f, 35
Vertebral joints, in 

spondyloarthropathies, 
1148-1150

Vertebral percussion test, 661t
Vertebroplasty, 673
Vertigo, with relapsing polychondritis, 

1671
Very late activation antigen type 1 

(VLA-1), 1009, 1465
Very late activation antigen type 4 

(VLA-4), 1510-1511
Vesicle, 286b
Vesiculobullous lesions, 1231
Vestibular apparatus, 1625
Vestibular compensation, 1625-1626
Vestibular lesions

in Behçet’s syndrome, 1578
in Cogan syndrome, 1628

management of, 1631-1633, 1633f
pathophysiology of, 1625-1626

Vibration exposures, Raynaud’s 
phenomenon associated 
with, 1427, 1428b, 1430

Vidarabine, 1531
Villous hyperplasia, 1747t
Vimentin, 889-890, 889f, 894f, 898
Violaceous plaques, 288, 289f

in sarcoidosis, 1660-1661, 1661f
Viral infections. See also specific virus, 

e.g., Parvovirus B19
arthritis associated with, 1055-1056, 

1056t (See also Septic 
arthritis)

animal models of, 880, 881f
cerebral vasculitis associated with, 

1617, 1618t, 1620-1621
innate immunity against

crosspriming in, 147, 148f
responses and regulation of, 146-

147
virus recognition in, 142-143

juvenile idiopathic arthritis and, 991, 
1011-1012

myopathies related to, 1489, 1489b
myositis associated with, 1087, 

1088t, 1089, 1440, 1447, 
1459, 1460t

Paget’s disease associated with, 2021-
2022

polyarteritis nodosa associated with, 
1525, 1528-1529

management of, 1531
prognosis of, 1532

reactive arthritis associated with
in children, 980
HLA-B27 and, 1105-1108

rheumatoid arthritis and, 827, 834

Vasculitis (Continued) Vasculitis (Continued)
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autoantigens of, 897, 899-900
molecular mimicry of, 900, 900f

rheumatologic aspects of, 1087-1092
alphaviruses, 1090-1092, 1091t
Chikungunya virus, 1090-1092, 

1091t
hepatitis B, 1089
hepatitis C, 1089-1090, 1089t
HIV disease, 1087-1088, 1088t
HTLV-1, 1092
introduction to, 1087
other rare viruses, 1092
parvovirus B19, 1088-1089
summary of, 1087b

Sjögren’s syndrome associated with, 
1344-1346

in synovial fluid, 270f, 271
tRNA synthetase antibodies to, 

1495-1496
U1-RNP and, 1494, 1494b

Viral vectors
in gene function analysis, 114
for gene transfer, 166-167, 166t

Virus(es). See also Viral infections
complement receptor for, 177, 179

Viscera
functional disorders of, in 

fibromyalgia, 778-779
hypermobility syndrome 

manifestations in, 2051
lesions of, complex regional pain 

syndrome associated with, 
797-798, 798t

nociceptors in, 200, 202
pathology of

hip pain referred from, 721, 721t
low back pain referred from, 659-

660, 660t, 673, 674t
scleroderma involvement of, 1361, 

1363, 1365, 1365t
in children, 1042, 1042t

Sjögren’s syndrome involvement of, 
1339-1340, 1340t

Viscoelasticity, 40-44
Viscosupplementation, intra-articular, 

with hyaluronates, 627
Visual acuity, with optic nerve disease, 

301
Visual analog scale (VAS)

in osteoarthritis outcomes, 1781t, 
1782

of pain
for juvenile idiopathic arthritis, 

1047
for low back pain, 660
for osteoarthritis, 1723
for pain intervention assessments, 

464
for rheumatoid arthritis, 836

for scleroderma
breathing, 1369
gastrointestinal, 1369

Visual field loss, with optic nerve 
disease, 301

Vital signs, in hip examination, 722
Vitamin A

bone mass and, 1960
in signal transduction, 119
toxicity of, diffuse idiopathic skeletal 

hyperostosis vs., 1805
Vitamin B, bone mass and, 1960
Vitamin B6 deficiency, 436-437, 436f

treatment of, 435, 438
Vitamin C

bone mass and, 1960
for complex regional pain syndrome, 

802
with dapsone, 539

deficiency of, 436
treatment of, 438

Vitamin D, 265
autoimmune disease role, 217
bone mass and, 1959-1960

genetic influences in, 1959
chronic kidney disease and, 1686
deficiency of, 436-437, 2000t, 2001

bone mineralization and, 1998-
1999

myopathy due to, 344
as osteoarthritis risk, 1718-1719
treatment of, 438

intake recommendations for, 1960
metabolism, 1997-1998
osteoporosis and, 1977-1978
for renal insufficiency, in lupus 

nephritis, 1331, 1332t
in renal osteodystrophy, 2013, 2015-

2016, 2018
profiling of, 2015, 2015t

rheumatoid arthritis and, 826-827
in signal transduction, 119
supplements of

for corticosteroid-induced 
myopathy, 1473

for juvenile idiopathic arthritis, 
1024

levels in, 2004f
obesity and, 2003
for osteomalacia/rickets, 2003
renal osteodystrophy and, 2015-

2017
systemic lupus erythematosus risk 

related to, 1225
Vitamin E

with dapsone, 539
deficiency of, 436

treatment of, 438
Vitamin K, 436, 1960
Vitamins

deficiencies of, 436
juvenile idiopathic arthritis and, 

1003
myopathy due to, 344
treatment of, 438

RDA for, 438
Vitaxin, 908, 908t
Vitronectin

angiogenesis mediation by, 906,  
907t

in bone mineralization, 70-71
in complement system, 174t, 178

V-neck rash, with dermatomyositis, 
1441, 1443f, 1444b

Vocational rehabilitation, 447
for juvenile idiopathic arthritis, 1050
for rheumatoid arthritis, 970

Volar aspects
of carpal tunnel syndrome, 790
of rheumatic hands, 830-831, 831f
of wrist and hand anatomy, 711, 

713f, 749
Volar subluxation, at wrist, 242f
Voltage-gated ion channels, sensory 

transduction and, 200f, 201, 
201b

in neuropathic pain, 202
Volume rendering (VR) computed 

tomography, 358-362
Volunteers/volunteering, for clinical 

trials, 230
Volvulus, intestinal, 637
Von Willebrand disease (VWD), 1913, 

1920
von Willebrand factor

collagen type VI and, 64
deficiency of, 1913, 1920

juvenile dermatomyositis correlation 
to, 1039-1040

in Raynaud’s phenomenon, 1428, 
1430

as scleroderma biomarker, 1370
in systemic lupus erythematosus, 

1241
V-sign, in myositis, 1441, 1443f, 

1444b, 1466-1467
VTCN1 gene, 1014

W

Waaler-Rose test, 887
Waddell tests, 663, 664t
Waddling gait, 722t, 727
Waldenström’s hypergammaglobu-

linemia, 1600f
Walking. See also Gait entries

force generated with, 45, 1721
hip mobility for, 719, 722
myositis impact on, 1441
remedial programs for, 444

Walking braces, pneumatic, for 
neuropathic arthropathy, 
1812

Walking cycle, phases of, 722
Wallerian degeneration, 201-202
Ward’s area, 405
Warfarin (Coumadin)

for heart disease, 309-310, 635
NSAIDs interaction with, 486, 488t, 

489
perioperative use of, 635, 638-639
in pregnancy, 1335, 1336t
tetracyclines interaction with, 545

Warmth, examination of, 240, 240f, 
243

Wartenberg sign, 785
Water, drinking, microbial 

contamination of, 1115, 
1119

Water-fat separation methods, in MRI, 
369, 375

Watermelon stomach, 1378f
Weakness. See Muscle weakness
Weber-Christian disease (WCD), 1601-

1602
Wegener granulomatosis (WG), 1547-

1558
antineutrophil cytoplasmic antibodies 

in, 1547, 1552, 1553b, 
1554, 1555f, 1556

Behçet’s syndrome vs., 1575
clinical features of, 1547

nasal symptoms as, 1547-1548, 
1548f, 1553-1554

constitutional symptoms of, 1550
definition of, 1547
differential diagnosis of, 1552-1554, 

1554t
disease assessment of, 1556
epidemiology of, 1547
etiology and pathogenesis of, 1554, 

1555f
history of, 1547
imaging of, 1548f-1551f, 1549-1550
immunopathogenesis of, 1514, 

1515t, 1516-1517
joint involvement of, 1550
limited disease with, 1553-1556
morbidity and mortality of, 1551, 

1557
organ system involvement of, 1547-

1550
central nervous system, 1550, 

1551f
ears, 1548

eyes, 1547-1548, 1549f
kidneys, 1547, 1550-1551, 1552f
lungs, 1547, 1549-1551, 1550f, 

1553f
mouth, 1548, 1549f
pattern of onset with, 1547-1548, 

1548f
skin, 1550, 1551f

as cutaneous vasculitides, 1551-
1552, 1597, 1599t

trachea, 1548-1549, 1550f
upper respiratory tract, 1547-1548, 

1548f, 1551-1552
pathology of, 1551-1552, 

1552f-1553f
severe disease with, 1555-1556
summary of, 1547
treatment of, 1555-1556

dialysis in, 1556
for limited disease, 1555-1556
non-pharmacologic interventions 

in, 1556
overview of, 1555
pharmacologic therapy in, 1547, 

1555-1556
renal transplantation for, 1556
for severe disease, 1555-1556

Weibel-Palade bodies, 1510-1513
Weight, routine monitoring of, 437
Weight-bearing

cancellous bone strength and, 1963, 
1963f

in developmental dysplasia of hip, 
725

exercise therapy and, 968
hip function for, 719, 725
knee function for, 732

injury impact on, 746
limited

for neuropathic arthropathy, 1811-
1812

for osteonecrosis, 1820-1822
for osteoporosis, 727

in osteoarthritis, 1725, 1727-1729
osteonecrosis related to, 1817

Weight gain, 433, 437. See also 
Obesity

from glucocorticoids, 501
lack of, in juvenile idiopathic 

arthritis, 1003, 1004f
nutritional consultation for, 437, 

1024
TNF inhibitors risk for, 594

Weight lifting, bicipital tendinitis 
related to, 692

Weight loss, 433
for diffuse idiopathic skeletal 

hyperostosis, 1805, 1805t
with myositis, 1441
for osteoarthritis, 1795
prescription for, 437
with rheumatoid arthritis (See 

Rheumatoid cachexia)
with systemic lupus erythematosus, 

1312
Wellcome Trust Case Control 

Consortium (WTCCC), 129
Western blot test

for lupus, 1280f, 1281
for Lyme disease, 1083
for protein analysis, 116, 116f

Western Ontario and McMaster 
Osteoarthritis Index 
(WOMAC), 13, 14t

as outcome measure, 1781t, 1782-
1784

pain quantification with, 1723

Viral infections (Continued) Vitamin C (Continued) Wegener granulomatosis (WG) 
(Continued)

von Willebrand factor (Continued)
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West Nile virus, 1092
“Wet preparation”, of synovial fluid, 

268-269
WGET trial, on etanercept, 1557
Wheal, 286b
Whiplash

biomechanics of, 33, 34f, 655, 656f
natural history of, 645, 656
pathology of, 655-656, 656f
treatment of, 656

Whipple’s disease
arthropathy related to, 1684
evolutionary concept of, 1123
gastrointestinal features of, 325
pattern recognition in, 255

Whiskering, 1189, 1191f
White blood cells (WBCs), 259-260

in juvenile idiopathic arthritis, 993
in Raynaud’s phenomenon, 1428
in synovial fluid, with septic 

arthritis, 1060, 1060t
in systemic lupus erythematosus, 

1240-1241
in urine microscopy, 332

WHO. See World Health Organization 
(WHO)

Willow bark, 455t
Wilson disease, 2000b
Wind-up, increased, in fibromyalgia, 

773-774, 774f
Wisdom teeth, removal of, 766
WISP3 gene, 1013
Withdrawal

from alcohol and drugs, 638
regimens, for glucocorticoids, 502

Wnt1-inducible signaling pathway 
protein 3 (WISP3), 1013

Wnt signaling, in systemic sclerosis, 
1397

Wnt signal transduction pathway
in bone formation, 72-73, 75-77, 171

genetics of, 1959
in bone remodeling, 1962
bone turnover and, 1966

Wolff ’s law, of bone adaptation, 45, 
1960

Women
ankylosing spondylitis in, 1132
bone mineral density testing of

guidelines for, 400, 409-410, 410t
limitations of, 408

gout in, 1863
in research, ethics of, 227

Wong-Baker Faces scale, for low back 
pain, 660

Work absenteeism records, disease 
occurrence estimates from, 
7

Work adaptations
rehabilitation for (See Vocational 

rehabilitation)
for rheumatoid arthritis, 970

Work disability, 446-447
World Health Organization (WHO)

bone tumor classification, 2063
disability model of (See International 

Classification of Functioning 
Disability and Health  
(ICF))

on ethical research, 227
lupus nephritis classification, 1234-

1235, 1256-1257, 1256t, 
1317-1318, 1318t

on osteoarthritis outcomes, 1779-
1780, 1780f, 1781t

on osteoporosis diagnosis, criteria 
for, 399, 400t

fracture risk prediction and, 400-
401

FRAX algorithm for fracture risk 
prediction, 400-401, 401f, 
408-409

limitations of, 399-400
participation definition of, 1046

Worm infestations, arthritis related to, 
1076t, 1077

WORMS scoring system, for knee 
osteoarthritis, 1714t

Woven bone, 67-68, 68f
Wright’s test, 807t
Wrist, 711-717

carpal tunnel syndrome of, 342, 716, 
831

injection for, e69f, 621, 621f
in children, examination of, 978
clinical evaluation of, 711-713

history in, 711
physical examination in, 711-713

complex regional pain syndrome 
affecting, 798, 799f

de Quervain’s syndrome of, 714, 
715f

injection for, 69f-70f, 621, 621f
Dupuytren’s contractures of, 694, 

716-717, 717f, 802
fracture, osteoporotic, 1942, 1946t, 

1953
functional anatomy of, 711

bones, 712f
tendons and tendon sheaths

extensor, 713f
finger insertions, 712f
flexor, 712f

ganglions of, 711, 714f, 715-716
hypertrophic osteoarthropathy of, 

1702, 1703f

injection of, 68f-69f, 620, 620f-621f
injury to, as osteoarthritis risk, 1720
intersection syndrome of, 714-715
introduction to, 711
juvenile idiopathic arthritis 

involvement of, 1000, 1000f
extension splints for, 1048, 

1048f-1049f
functional implications of, 1046
growth disturbances with, 

995f-996f, 1002
muscles of, in radial nerve 

compression, 791
needle arthroscopy of, 279-280,  

279f
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